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“The human mind treats a new idea the way the body treats a strange 

protein.... it rejects it.” 

Peter Medawar
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Introduction 

Heart failure (HF) is a progressive disorder characterized by impaired cardiac 

function and often by circulatory congestion. Once considered a sole problem of 

left ventricular pump dysfunction, HF has now come to be perceived as a highly 

complex clinical syndrome that is manifested by many extracardiac features, 

including neuroendocrine activation and cytokine release [1]. Common clinical 

manifestations of HF such as dyspnoea and fatigue limit exercise tolerance, 

while fl uid retention may lead to pulmonary and peripheral oedema. Ischemia 

through coronary artery disease and hypertension are the most common 

underlying causes of left ventricular systolic dysfunction. Other, less frequent, 

causes of dysfunction include primary myocardial disease (cardiomyopathy), 

congenital malformations and valvular disorders [2]. Virtually any form of heart 

disease can lead to HF while abnormalities of systolic and diastolic function 

frequently coexist. Whereas the presence of immune activation as well as the 

prognostic relevance of low-grade infl ammation in chronic HF is now widely 

accepted [3], the site and the source of cytokine production remain the object 

of intense research [4]. In many cases the onset of the disease is completely 

unknown, clinically silent, and not fully understood. This is particularly true for 

patients with dilated cardiomyopathy, one of the types of myocardial disease 

that may result in HF, even at a young age [5]. 

The recent addition of beta-blockers and resynchronization therapy to the 

HF armamentarium have resulted in better clinical outcomes [6-8]. However, 

the prognosis of patients suffering from HF, remains very poor with estimated 

life expectancies far less than in many forms of cancer. In real end-stage 

disease, heart transplantation (HTx) is the only therapeutic option that can 

prolong life and improve quality of life considerably. Despite improvements in 

short-term heart allograft survival through the available immunosuppressive 

medication, late-graft loss due to rejection remains a clinical obstacle post-HTx 

[9]. In addition, complications of continual immunosuppressive therapy, which 

include markedly increased risks for opportunistic infections, nephrotoxicity, 

malignancies, diabetes, hypertension and additional cardiovascular disease, 

negatively affect the survival and quality of life of cardiac allograft recipients. 

For years, the transplantation community attempts to improve graft outcome 

while obviating the need for immunosuppression in selected patients. In this 

context, predicting rejection would be advantageous for the prevention of 

short- and long-term complications post-HTx. Identifying patients at high risk 

for rejection is important as appropriate adjustments in immunosuppressive 

thesis_athanassopoulos.indd 10 25-5-2006 11:53:17



General Introduction

11

regimens may avoid over-immunosuppression of patients at a lower risk for 

rejection after clinical HTx. 

Peptide/MHCII TCR

CD40CD40L

CD80/86CD28

CD134CD134L

CD80/86CTLA-4

PDL1/2PD-1

ICOSLICOS

T-cell DC

CD27/CD70CD70/CD27

Figure 1: Co-stimulatory pathways. Signaling between dendritic cells (DCs) and T-cells 

is based primarily on ligation of the T-cell receptor with its antigen (peptide) bound 

to MHC molecules on the surface of DCs. Positive signals through CD80/86 – CD28, 

CD40L – CD40 and the TNF/TNF-R family of molecules (e.g. CD134 – CD134L, CD70/27 

– CD27/70) induce T-cell proliferation, cytokine production and differentiation into 

effector T-cells. Negative signals like CTLA-4 – CD80/86 and PD-1 – PDL1/2 can result in 

anergy, loss of proliferative capacity and impaired cytokine production.

The primary basis for allograft rejection is the ability of T-lymphocytes 

to recognize, polymorphic versions of a variety of proteins referred to as 

alloantigens, through their antigen receptors. Alloantigens are encoded within 

the major histocompatibility complex (MHC) with hundreds of different alleles 

identifi ed at the fi ve major human MHC (HLA) loci (HLA-A, HLA-B, HLA-C, 

HLA-DR and HLA-DQ). Alloantigen specifi c T-cells can secrete cytokines – e.g. 

interferon-γ (IFN-γ) and interleukin-4 (IL-4) – that recruit and activate cells of 

the innate immune system (macrophages and eosinophils, respectively), which 

in turn can secrete tumor necrosis factor-α (TNF-α) and lymphotoxin which 
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cause direct tissue destruction [10]. Optimal activation of naïve CD4+ and CD8+ 

T-cells essential for rejection, is accomplished by both alloantigen recognition 

through the T-cell receptor (TCR) and the delivery of co-stimulatory signals 

through the binding of T-cell−surface receptors (e.g. CD28) to their ligands (e.g. 

CD80 or CD86), expressed on antigen-presenting cells, such as dendritic cells 

(DCs) [11] (Figure 1). Once activated and recruited by chemokines expressed 

in the graft, T-cells can directly kill donor target T-cells through perforin and 

granzyme B [12].

Chemokines and their receptors
Chemokines are a large family of 8 to 12 kDa glycoproteins, which primarily 

function as leukocyte chemoattractants [13,14]. According to the number and 

position of NH2-terminal cysteine (C) residues, the majority of chemokines are 

subdivided into the CC (CCL1-28) and CXC (CXCL1-16) subfamilies, while the 

C family contains only 2 members (XCL1 and XCL2) and CX3C only 1 member 

(CX3CL1) [15,16]. Except for regulating leukocyte homeostasis, chemokines exert 

diverse biological effects on many cell types such as endothelial cells, fi broblasts 

and vascular smooth muscle cells. While contributing in physiological processes 

such as infection, angiogenesis [17], wound healing and hematopoiesis [18], 

excessive chemokine activation may result in inappropriate infl ammation 

through immune cell activation [19], leading to cell and tissue damage. 

Chemokines exert their effects through interactions with the chemokine 

receptors: a family of 7 transmembrane domain-containing G-protein 

coupled receptors (GPCRs). Signaling by chemokine receptors is mediated by 

heterotrimeric G-proteins containing Gαi. These activate protein and lipid 

kinases such as mitogen-activated protein (MAP), Janus kinase-signal transducer 

and activator of transcription (JAK-STAT), and phosphatidyl inositol-3-kinase 

(PI3K), which mediate actin cytoskeleton rearrangement, changes in integrin 

affi nity and avidity, leukocyte proliferation, differentiation, and apoptosis 

[20]. Within the chemokine system, there is a signifi cant redundancy, as shown 

by the binding of multiple chemokines to a particular receptor and multiple 

receptors interacting with a particular chemokine. Currently, there are 10 

identifi ed CC chemokine receptors (CCR1-10), 6 CXC receptors (CXCR1-6), 1 C 

receptor (XCR1), and 1 CX3C receptor (CX3CR1) [15,16].

In total, three functional families of chemokines and their receptors have been 

defi ned [14]. The “homeostatic family” includes those molecules functioning 

specifi cally in the migration of leukocytes to and within lymphoid tissues, as 

well as those functioning in hematopoiesis, including chemokines such as CCL19 
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and CCL21 which bind to CCR7 [21-26], CXCL12/SDF-1 and its receptor CXCR4 

[27-30] and CXCL13 and its receptor CXCR5 [31-33]. The “infl ammatory family” 

includes a wide array of molecules involved in the migration of innate and 

adaptive immune effector cells to sites of infl ammation. Chemokines in this 

group (CCL2, CCL4, CCL5, CXCL8, CXCL10) are expressed in response to a host 

of infl ammatory stimuli, including pathogen-associated molecular products, 

and infl ammatory cytokines such as TNFα and type I and type II interferons. 

These chemokines are expressed by tissue cells, fi broblasts, endothelial cells, 

DCs, monocytes, NK cells, and T-cells. The “dual function family” includes 

CCL1, CCL17, CCL25 (and receptors CCR8, CCR4, and CCR9, respectively), CXCL9 

to CXCL11 (interacting with CXCR3), and CXCL16 (interacting with CXCR6), 

which function both in infl ammation and in the migration of T-cells within 

the thymus [14]. Several chemokines within this group are involved in the 

recirculation of memory T-cells restricted to specifi c tissues such as the small 

intestine (CCL25/CCR9) [34,35] and skin (CCL17, CCL22/CCR4) [36,37].

Responsiveness to infl ammatory and homeostatic chemokines is further 

regulated by desensitization of receptors after chemokine binding. 

Homologous desensitization occurs in a ligand-dependent manner and involves 

phosphorylation of the receptor by specifi c G-protein–coupled receptor kinases 

(GRKs), followed by β-arrestin-mediated targeting for endocytosis [38]. Ligand-

independent desensitization also occurs, when stimulation of a heterologous 

GPCR leads to phosphorylation of others through second messenger-dependent 

kinases such as protein kinase C, and subsequent G-protein decoupling [39]. In 

this manner, cross talk between chemokine receptors has been demonstrated 

[40,41].

Dendritic- and T- cell traffi cking as dictated by chemokines and their 
receptors
Dendritic cells (DCs) comprise a heterogeneous family of antigen presenting 

cells that possess the ability to prime naïve helper and cytotoxic T-lymphocytes 

[42]. Normally, phenotypically immature DCs migrate continuously into blood 

from the bone marrow. Under the infl uence of infl ammatory chemokines, DCs 

reside in non-lymphoid tissues where they constantly process microbial or viral 

antigens [43]. Upon tissue damage, infection or infl ammation, further pro-

infl ammatory cytokine and chemokine release induces DCs to phagocytose 

antigens and increase surface expression of the maturation marker CD83 as 

well as MHC class I & II molecules [44]. Antigen-loaded DCs begin ‘homing’ 

to lymphatic tissue through differential regulation of chemokine receptors 
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on their surface. Enhanced interaction of chemokine receptor CCR7 with its 

chemokine ligands CCL19 & CCL21, thereby enables mature DCs to migrate via 

afferent lymphatic vessels or blood to secondary lymphoid organs. Naïve and 

central memory T-cells also express CCR7 and migrate to secondary lymphoid 

tissues through specialized postcapillary venules that support high levels of 

lymphocyte extravasation from the blood, called high endothelial venules 

(HEVs). CCR7+ T-cells stay in the T-cell area under infl uence of CCL19 and 

CCL21, whereas mature dendritic cells expressing CCR7 colocalize with T-cells 

for antigen presentation. Once in the T-cell area, T-cells are antigen primed 

by dendritic cells and undergo activation, multiplication, and functional 

maturation [45]. 

The initial DC- naïve T-helper (TH) cell interaction is critical in that it defi nes 

the type of acquired immune response. Except for antigenic stimuli (‘signal 1’), 

DCs are also equipped to deliver co-stimulatory information (‘signal 2’) and 

‘signal 3’ for optimal differentiation of naïve T-cells into distinct TH subsets 

[46]. Depending upon their progeny from a common myeloid or a common 

lymphoid precursor, the nature of antigen and cytokine/chemokine micro-

environment, it has been shown that DC maturation infl uences subsequent 

T-cell responses with myeloid (m) and plasmacytoid (p) DCs preferentially 

polarizing to T-helper 1 (TH1) or T-helper 2 (TH2) responses in vitro [47]. 

Accordingly, the cellular makeup of infi ltrates at infl ammatory sites is 

determined both by the chemokines induced at the tissue site and the 

responsiveness of various cell types to those chemokines. After the priming 

process by DCs within secondary lymphoid tissues, multiple effector CD4+ or 

CD8+ T-cell subsets are generated which down-regulate CCR7 & CXCR4 and 

become less responsive to chemokines involved in traffi cking of naïve cells to 

lymphoid tissues (CCL19, CCL21 & CXCL12). Additionally, effector T-cells up-

regulate different sets of receptors for infl ammatory chemokines, guiding 

further their migration to non-lymphoid sites of infl ammation: TH1/cytotoxic 

cells expressing CCR1, CCR2, CCR5, CXCR3, CX3CR1 and CXCR6, whereas TH2/

cytotoxic cells express CCR4 and CCR3. Non-polarized memory T-cells are 

uncommitted T-cells and circulate in blood and lymphoid tissues in a manner 

similar to naïve T-cells [48] (Figure 2). 

Chemokines and their receptors in activation of leukocytes during heart 
failure 
Chronic low-grade infl ammation with infi ltrating leukocytes has been found 

in the failing human myocardium independent of the cause of failure [49-51]. 

By playing a crucial role in recruitment and activation of these cells, certain 
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chemokines (e.g. CCL2 & CXCL8) lead to damage and dysfunction of the 

cardiac muscle in patients with chronic HF through activation and production 

of reactive oxygen species (ROS), matrix metalloproteinases (MMPs) and 

infl ammatory cytokines [52]. Representing a pathogenic loop in end-stage HF, 

oxidative stress may further activate the transcription factor NF-κB in various cell 

types, which again induces the synthesis of CXCL8 & CCL2 [53]. Enhanced MMP 

activity has been found in non-ischemic and ischemic forms of cardiomyopathy, 

possibly contributing to myocardial remodeling, and infl ammatory chemokines 

are involved in this process [54]. Notably, increased cardiomyocyte gene 

expression of the CCL2 receptor (CCR2) has been demonstrated in the failing 

human myocardium, suggesting that CCL2 may play a pathogenic role in HF by 

directly acting on cardiomyocytes [55]. Chemokines may potentially modulate 

myocardial function both directly through effects on cardiomyocytes and 

indirectly through effects on infi ltrating T-cells, monocytes, granulocytes and 

native fi broblasts or endothelial cells within the failing myocardium. Enhanced 

myocardial expression of chemokine receptors on both cardiomyocytes and 

infi ltrating leukocytes in various forms of myocardial failure suggests a 

potential central role for chemokine related interactions in the pathogenesis 

of these disorders [56]. 

Besides chemotaxis and leukocyte activation, chemokines may also regulate 

several other biological processes of importance to the pathogenesis of HF, 

e.g. fi brosis, angiogenesis, apoptosis [57]. Furthermore, multiple DC-based 

mechanisms have been implicated in progression of HF after infectious 

autoimmune disease [58]. Chronic DC-driven myocardial infl ammation has 

been demonstrated to result in functional impairment of the ventricles with 

hemodynamic characteristics of dilated cardiomyopathy. In such cases, tissue-

resident DCs appear to be critical for the propagation and maintenance of HF 

after autoimmune myocarditis [59]. 

Chemokines and their receptors in leukocyte infi ltration during heart 
allograft rejection
Acute rejection (AR) after HTx, is diagnosed by histological examination of 

routine endomyocardial biopsies (EMBs) from within the fi rst weeks up to the 

1st year after transplantation. Characteristically, AR is diagnosed histologically 

by allograft infi ltration with CD4+ and CD8+ T-cells, cardiomyocyte lysis and 

necrosis [60]. Experimental data point to the chemokine receptors CXCR3 

and CCR5, which are induced upon activation of T-cells, as key mediators of 

effector cell recruitment in response to the local elaboration of chemokines by 
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graft endothelial and parenchymal cells [61]. Data from clinical studies suggest 

that these pathways are also active in human recipients of cardiac allografts. 

Serial EMBs from clinical cardiac allograft recipients have demonstrated that 

expression of CXCR3 was temporally and spatially associated with CD3+ T-cell 

infi ltrates, and correlated with the histopathological diagnosis of AR [62]. 

The CXCR3 ligand, CXCL10, was rarely expressed in biopsies showing normal 

myocardium, but was markedly induced in endomyocardial biopsies from 

patients suffering from AR [63,64]. Furthermore, expression of CCL5 has been 

demonstrated by infi ltrating neointimal lymphocytes and macrophages in 

arterioles and venules adjacent to the wall of coronary arteries showing graft 

vascular disease [65,66].

-

-

-

Figure 2: Chemokine receptor make-up of human dendritic cells (DCs) and T-cells. 

Peripheral blood contains both immature and mature DCs as well as naïve and 

effector T-cell populations. According to the immune response, polarized effector cells 

comprise of TH1/cytotoxic or TH2/cytotoxic cells, which arise after mature DC- naïve T-

cell interaction in the lymph nodes.
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As their immunostimulatory capacity also contributes to the pathogenesis of 

rejection, DCs have also been ascribed a role in heart allograft rejection [67,68]. 

Indirectly, evidence has been provided by experimental models of cardiac 

transplantation where it was demonstrated that DCs are critical for the 

induction of tolerance to the heart allograft [69-72]. However, the lack of 

accurate techniques for quantifi cation of DC populations in humans has 

resulted in a limited number of studies questioning the role of mDCs and pDCs 

in AR after HTx in humans. 

Aims of the thesis

Numerous studies have associated the state of immune activation with the 

presentation of HF as a clinical syndrome. As shown by transplantation studies, 

heart allograft rejection is characterized by the presence of infi ltrating cells and 

a high local expression of infl ammatory chemokines. The scope of this thesis 

is to acquire more insight into the circulating leukocyte chemokine receptor 

characteristics from patients with end-stage HF and of the same patients after 

implantation of a cardiac allograft. In the state of HF, except for expression 

patterns on circulating DCs, monocytes and granulocytes we investigated 

peripheral blood CD4+ and CD8+ T-cell chemokine receptor expression in 

patients, according to clinical severity of HF and pathophysiology of cardiac 

dysfunction. After HTx, we attempted to clarify the role of peripheral blood 

DCs, CD4+ and CD8+ T-cells in cardiac allograft rejection by examining their 

kinetics in relation to immune reactivity seen during AR. 

Concerning HF, chapter 2 describes alterations in the expression of CC- and CXC- 

chemokine receptors as well as the circulating frequency of peripheral blood 

CD4+ and CD8+ T-cell subsets, monocytes and granulocytes positive for the 

chemokine receptors questioned, from patients with end-stage HF. In chapter 

3, changes in absolute numbers and frequency of phenotypically mature 

peripheral blood myeloid and plasmacytoid dendritic cells are presented in 

end-stage HF as well as early after HTx. Chapter 4 is concerned with circulating 

dendritic cells according to the etiology of HF. Absolute numbers, frequency of 

phenotypically activated myeloid and plasmacytoid dendritic cells but also the 

surface expression levels of maturation marker CD83 and lymphoid homing 

chemokine receptor CCR7 on the two peripheral blood dendritic cell subsets, 

were measured according to pathophysiology of myocardial dysfunction in 

end-stage HF patients. Regarding HTx, chapter 5 describes peripheral blood 

DC subset distribution, maturation and lymphoid homing properties in 
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relation to the histological diagnosis of acute cardiac allograft rejection early 

and late after HTx. In chapter 6, total peripheral blood DC incidence and DC 

subset reconstitution was investigated in time for both rejecting and non-

rejecting heart allograft recipients considering administration of rejection 

therapy. Finally in chapter 7, we examined the differential contribution of 

infl ammatory and homeostatic chemokines and their receptors on CD4+ and 

CD8+ T-cell recirculation in relation to corresponding intragraft chemokine 

and chemokine receptor expression during the process of rejection.
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Abstract

Chemokines and their receptors have been implicated in the pathogenesis of 

different forms of heart failure (HF). We examined CC- and CXC- chemokine 

receptor expression in fresh peripheral blood leukocyte populations from 24 

end-stage HF patients consisting of coronary artery disease (CAD, n = 6) and 

hypertrophic cardiomyopathy (HCM, n = 7) or idiopathic dilated cardiomyopathy 

(IDCM, n = 8) or valvular disease (VD, n = 3) and compared the data with 18 healthy 

controls. Levels of CCR1, 2, 3, 4, 5 and 7, and CXCR1, 2, 3 and 4 were measured 

by fl ow cytometry, and the expression profi le was assessed as molecules of 

equivalent soluble fl uorochrome units as well as frequency (percentage) of 

CD3+, CD4+ & CD8+ T-cells and monocytes or granulocytes. Frequency of CD3+ 

CXCR4+, CD3+ CXCR1+ and CD3+ CXCR3+ cells was signifi cantly increased in 

HF patients whereas only CCR7 and CXCR4 expression levels were elevated 

on CD3+ cells. Both CD4+ CXCR4+ and CD8+ CXCR4+ cell frequencies were 

signifi cantly increased irrespective of cardiac disease etiology. Elevated CCR7 

expression was less pronounced on CD4+ than CD8+ cells in patients with CAD 

and IDCM. Expression of CXCR4 on CD8+ cells was upregulated substantially, 

independent of the cause of disease. CD8+ CXCR1+ and CD8+ CXCR3+ but not 

CD4+ CXCR1+ or CD4+ CXCR3+ cells were increased in the HF patients with 

IDCM and CAD, respectively. Expression of CXCR1 or CXCR3 on both CD4+ and 

CD8+ cells did not differ in all the groups. For monocytes, frequency of CD14+ 

CCR1+ and CD14+ CCR2+ cells were signifi cantly decreased in CAD patients, 

whereas, increase in CD14+ CXCR4+ cell frequency was accompanied with 

elevated CXCR4 expression. On granulocytes, CXCR1 and CXCR2 receptors were 

downregulated in all patients, as compared to controls. Our results suggest 

that the altered expression profi le of CC- and CXC- chemokine receptors on 

circulating leukocyte populations involve enhanced activation of the immune 

system perhaps as part of the pathogenic mechanisms in HF. Modulation of 

the chemokine network could offer interesting novel therapeutic modalities 

for end-stage HF. 
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Introduction

Heart failure (HF) is a clinical syndrome with a prevalence of 40-45 / 1000 people 

above the age of 55 years in the western world. HF is no longer considered a pure 

cardiac entity, but instead a syndrome because its etiology is diverse and involves 

several, initially adaptive and later detrimental, neurohumoral compensatory 

mechanisms [1]. Some aspects of HF are mediated by nonlethal alteration of 

cardiac function and structural changes of the ventricular myocardium induced 

by cytokines [2]. In murine models of myocarditis, infl ammatory cytokines are 

induced rapidly in the myocardium and are continuously expressed during the 

chronic stage, even when the heart assumes the typical pattern of dilated 

cardiomyopathy in the absence of infl ammatory processes [3,4]. In the pressure 

overloaded left ventricle, myocardium fi rst develops adaptive hypertrophy, a 

pattern which in later stages undergoes transition to HF. Cytokines appear to 

play a signifi cant role in the development of HF by accelerating myocardial 

hypertrophy, fi brosis and downmodulating cardiac function [5,6]. In the 

ischemic heart, the nonischemic myocardium develops hypertrophy associated 

with the progression of ischemic area scarring. This remodeling process initially 

exerts an important compensatory mechanism for ventricular function, but it 

later results in the development of HF [7].

Systemic infl ammatory responses triggered by hypoxia and ischemia are 

characterized by activation of various cell types and a massive release of 

endogenous mediators of infl ammation which may produce severe clinical 

sequlae [8]. A series of experimental studies have demonstrated that the 

progressive nature of HF resides in a complex blend of structural, functional 

and biologic alterations leading to irreversible cardiac remodeling. A number 

of clinical studies have demonstrated that attraction of leukocytes into tissue 

is essential for infl ammation, the host response to infection, and may also be 

involved in the pathogenesis of human end-stage HF [9]. The intrinsic systemic 

immune activation in human congestive HF has been demonstrated by 

abnormal plasma profi les of pro-infl ammatory cytokines such as tumor necrosis 

factor (TNF)-α, interleukin (IL)-1β, IL-2, IL-6, [10-13], soluble cytokine receptors 

(sTNFR-I and sTNFR-II),[14-16] and chemokines (CXCL1, 5 & 8 and CCL2, 3 & 

5), [15-17] in patients with cogenital heart disease, coronary syndromes and 

cardiomyopathies of different origin.
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Chemokines and chemokine receptors
Chemokines play an important role in the control and regulation of leukocyte 

homeostasis in normal and diseased tissue. They are small (8-11 kDa) heparin 

binding single polypeptide chemotactic cytokine (ranging from 70 to 100 

aminoacids) that are involved in the traffi cking of leukocytes. The chemokine 

superfamily is divided into four groups (CC-, CXC-, CX3C-, and XC-), according 

to the relative positioning of the fi rst two closely paired and highly conserved 

cysteine residues in their protein sequence. Chemokines exert diverse biological 

effects also on other cell types such as endothelial cells, fi broblasts and 

vascular smooth muscle cells [18]. Although chemokine dependent functions 

are essential for the control of infection, wound healing and hematopoiesis, 

excessive chemokine activation may result in inappropriate infl ammation 

leading to cell and tissue damage. 

Chemokine actions are mediated by binding to a family of seven-

transmembrane heterotrimeric G-protein-coupled receptors, named chemo-

kine receptors [19,20]. Eighteen chemokine receptors (10 CC-, 6 CX-, 1 CX3C- 

and 1 XC-) have been cloned so far and are expressed on the surface of several 

cell types, including leukocytes and endothelial cells. Concerted action of 

chemokines and chemokine receptors has been suggested to play a role in 

the induction and maintenance of many immune-mediated disorders (e.g. 

rheumatoid arthritis and bronchial asthma) [21]. Biological functions for some 

of the chemokine receptors and the array of effects of their ligands on immune 

cells are summarized in Table 1.

Chemokines, chemokine receptors and cardiovascular diseases
There is growing evidence to suggest that chemokines and their receptors play 

an important pathogenic role in various cardiovascular disorders and different 

forms of myocardial failure. 

Myocarditis
Association between chemokine expression and the infl ux of leukocytes 

has been reported in experimental models of infective and autoimmune 

myocarditits [22]. In these models, the cytokines interferon (IFN)-γ and TNF-

α play a major role in modulating chemokine expression and consequently, 

the chemokine mediated leukocyte infl ux through chemokine receptors. In 

humans, high plasma levels of CCL-2 (monocyte chemoattractant protein-1), 

are associated with fatal outcomes in patients with acute myocarditis [23]. 

Furthermore, chemokines were shown to be produced by infected macrophages 
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or cardiomyocytes in in vitro and in vivo models of experimental Trypanosoma 

cruzi infection [24]. Recently, the expression of receptor CCR5 was found to 

be augmented on the surface of isolated leukocytes from chronic Chagasic 

cardiomyopathy patients and associated with the development of mild forms 

of the disease [25].

Cardiomyopathy
Increased CCL-2 levels have been demonstrated in animal models of cardiac 

decompensation secondary to pressure-overload or ischemia [26-28]. In 

transgenic mice, interstitial monocyte infi ltration in the myocardium due to 

CCL-2 over-expression has been related to the development of a number of 

pathological changes characterizing HF, including cardiac hypertrophy, ventri-

cular dilatation and depressed contractile function [29]. In patients, increased 

serum levels of CXCL-1 (growth-related oncogene α), CXCL-5 (epithelial-cell-

derived neutrophil chemoattractant-78) and CXCL-8 (IL-8) have been found 

in chronic congestive HF resulting from both ischemic and nonischemic 

cardiomyopathy, with the highest levels present in those with the most 

advanced disease [16,30]. Also, enhanced expression of CCR2 and CXCR4 has 

been observed in the failing human myocardium [31]. 

Atherosclerosis
Enhanced expression of CCR2 and CXCR2 in macrophages has been reported 

in advanced murine and human atherogenesis [32]. Knock-out mice lacking 

these receptors or their corresponding ligands CCL-3 (macrophage infl am-

matory protein α) and CXCL-8, exhibit signifi cantly reduced progression of 

atherosclerosis [33-35]. In humans, raised CCL-3 and CXCL-8 levels have been 

found both in plasma and in the atherosclerotic vessel itself with the levels 

being the highest in patients with acute coronary syndromes [36]. Furthermore, 

enhanced expression of CCL-2, CXCL-8 and CXCL-10 (interferon-inducible 

protein-10), has been found in human atherosclerotic lesions, possibly 

mediating chemoattractant and mitogenic effects on neutrophils, T-cells and 

vascular smooth muscle cells [37]. 

Heart failure 
In congestive HF, both ischemia, cachexia as well as endotoxin translocation, 

are discussed as causes of infl ammation. However, it is not clear whether whole 

body infl ammation is involved in the pathogenesis of circulatory failure or it 

simply represents an epiphenomenon. In cardiogenic shock and severe HF, a 
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signifi cant increase in plasma concentrations of TNF-α, IL-6 and the chemokine 

CXCL-8 as well as of soluble adhesion molecules has been observed, suggesting 

systemic infl ammation similar to septic disease or polytrauma [8,13]. Chronic 

low-grade infl ammation with infi ltrating leukocytes has been described 

in the human failing myocardium [38], and chemokines, through their 

receptors, are thought to recruit and activate these cells. CCR2 mRNA has been 

demonstrated in the failing myocardium, suggesting that CCL-2 may modulate 

myocardial function by directly acting on cardiomyocytes [30]. Furthermore, 

chemokines are thought to lead indirectly to damage and dysfunction of 

the cardiac muscle through the release of other infl ammatory cytokines (e.g. 

IL-1β and IL-6), activation and production of reactive oxygen species (ROS), 

matrix metalloproteinases (MMPs) and infl ammatory cytokines [9]. CCL-

2 has been described to stimulate the release of IL-1β and IL-6 in adult rat 

cardiomyocytes [39]. Moreover, chemokines may regulate fi brosis, angiogenesis 

and apoptosis [40,41]. CCL-2 and CXCL-8 may directly induce ROS generation 

in congestive HF patients. Oxidative stress activates NF-κB in various cell types, 

that could induce the synthesis of CXCL-8 and CCL-2, indicating a pathogenic 

loop in congestive HF [42, 43]. Enhanced MMP activity and selective MMP 

upregulation in non-ischemic and ischemic cardiomyopathy, contributes to 

myocardial remodeling [44], and CCL-2 may be involved in this process [45].

Seemingly chemokines modulate myocardial function directly through effects 

on cardiomyocytes and indirectly through effects on infi ltrating leukocytes, 

fi broblasts or endothelial cells within the failing myocardium. Based on the 

potential pathogenic role of CC- and CXC- chemokines in the activation 

and possibly in the recruitment of peripheral blood neutrophils, T- cells and 

monocytes into the myocardium through chemokine receptors, we investigated 

CC- and CXC- chemokine receptor expression on peripheral blood leukocyte 

populations of patients with end-stage HF. To assess the signifi cance of the 

infl ammatory response through chemokine receptors with the etiology of HF, 

circulating leukocyte frequency and receptor expression were also analyzed in 

relation to underlying disease. 
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Materials and methods

Patient selection
Twenty-four patients with chronic symptomatic end-stage HF participated 

in this study. The patients were included if they: 1) were classifi ed in New 

York Heart Association (NYHA) functional class III/IV, 2) had a Left Ventricular 

Ejection Fraction <40%, 3) were receiving optimal unchanged medical 

treatment during 1 month preceding the study and 4) were considered 

suitable for heart transplantation. Patients were excluded if they were re-

transplanted or had evidence of signifi cant concomitant pathology such as 

infections, pulmonary disorders, autoimmune or connective tissue disease. 

Their clinical situation was stable, with no change of medication during the last 

month before the investigation. All patients were screened for hypertension, 

hypercholesterolemia and atherosclerotic vascular disease. Diagnoses at 

transplantation were idiopathic dilated cardiomyopathy (IDCM), hypertrophic 

cardiomyopathy (HCM), coronary artery disease (CAD) and severe concomitant 

valvular disease (VD) (see Table 2). Control subjects were 18 laboratory co-

workers matched for age and gender, who volunteered to donate blood for 

this investigation. This normal healthy control (NHC) population received no 

medication during follow-up and represented a baseline for all values obtained 

throughout our study. Demographic characteristics for groups, HF classifi cation 

and hemodynamic parameters of the HF patients are depicted in Table 2. The 

research conformed with the principles outlined in the Declaration of Helsinki. 

All patients provided written informed consent in accordance with a protocol 

approved by the local medical ethical committee of the Erasmus University 

Medical Center, The Netherlands (MEC 215.732/2002/157).

Monoclonal antibodies
Allophycocyanin (APC)-conjugated CD3 (clone SK7), peridinin chlorophyll 

protein Cy5 (PerCPCy5)-conjugated CD8 (clone RPA-T8) and phycoerythrin 

(PE)-conjugated anti-CCR4 (clone 1G1), anti-CCR5 (CD195; clone 2D7/CCR5), 

anti-CXCR3 (CD183; clone 1C6/CXCR3) and anti-CXCR4 (clone 12G5) were 

purchased from BD Biosciences (San Jose, CA). Phycoerythrin (PE)-conjugated 

anti-CCR1 (clone 53504,111), anti-CCR2 (clone 48607,211), anti-CCR3 (clone 

61828,11), anti-CCR7 (CD197w; clone 150503), anti-CXCR1 (clone 42705,111) 

and anti-CXCR2 (clone 48311,11) were obtained from R&D Systems Europe 

(Abingdon, UK). Fluorescein isothiocyanate (FITC)-conjugated CD14 (clone 

UCHM1) was provided by Serotec (Oxford, UK). Irrelevant PE-conjugated 
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control murine isotypic antibodies (IgG1, IgG2a & IgG2b) were purchased from 

BD Biosciences. Mouse anti-human CD45 FITC (clone F10-89-4) / CD14 PE (clone 

UHCM-1) reagent from Serotec was used to sample peripheral whole blood 

lymphocyte, monocyte and granulocyte presence. All antibodies were directly 

conjugated to FITC, PE, APC or PerCPCy5.

Table 2: Clinical parameters of study subjects 

HF patients Controls

Age (years) 52.5 (37–65) 49.0 (27-60)

Gender, (males/females) 15/9 10/8

Duration of heart failure (years) 4.5 (2-15)

NYHA functional class (III/IV) 8/16

Cause of heart failure (NYHA III/IV)

CAD n = 6 (2/4)

IDCM n = 8 (2/6)

HCM n = 7 (3/4)

VD n = 3 (1/2)

LVEF (%) 29.0 ± 3.5

Medication (%)

ACE inhibitor n = 21 (88)

HMG-CoA reductase inhibitors n = 9 (38)

β-blockers n = 14 (58)

Diuretics n = 22 (92) 

Anti-coagulants n = 11 (46)

Anti-arrhythmics n = 19 (79)

NYHA = New York Heart Association classifi cation, CAD = Coronary artery disease, IDCM = idiopathic 
dilated cardiomyopathy, HCM = hypertrophic cardiomyopathy, VD = valvular disease, LVEF = Left 
Ventricular Ejection Fraction, ACE = angiotensin converting enzyme, HMG-CoA = 3-hydroxy-3-
methylglutaryl-CoA. Data on age and duration of heart failure are given as the median (range).

Immunophenotypic labeling of white blood cells
Whole blood cells from all patients were collected 4-6 h before transplantation 

and at 1- and 4- wk follow-up from the control group. All samples were obtained 

in 7- mL heparinized tubes during the morning, by using venous puncture and 

were processed within 3 h of blood collection. Blood was divided equally in 

100-μL aliquots and all samples were placed directly into 5-mL polystyrene 

tubes containing 10 μL of CD3 (APC), 10 μL of CD14 (FITC), and 20 μL of CD8 

(PerCPCy5). In separate tubes, 5 μL of anti- CCR1, 2, 3, 4, 5, 7 or anti- CXCR1, 

2, 3, 4 were added to the aforementioned monoclonal antibodies (mAbs) 

to resolute peripheral blood leukocyte chemokine receptor expression, by 
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four-color fl ow cytometry. To minimize selective loss during the preparation 

procedure, cells were fi rst stained with the mAbs for 20 minutes at room 

temperature, followed by lysis of the erythrocytes with fl uorescence-activated 

cell sorter (FACS) lyzing solution (BD Biosciences). For each test, a sample of 

whole peripheral blood was incubated with 10 μL of the CD14PE/CD45FITC 

mAbs. After washing with FACSfl ow (BD Biosciences) 100,000 total leukocytes 

were acquired for chemokine receptor expression analysis on peripheral blood 

T-cells, monocytes, and granulocytes. White blood cell numbers in the samples 

were determined using an automated cell counter (Sysmex Microcellcounter 

F300, Goffi n Meyvis, Etten Leur, The Netherlands). 

Flow cytometric analysis 
APC-stained CD3+ cells were identifi ed within lymphocytes (gate R2; ≥ 5000 

events), based on the forward scatter (FSC) / sideward scatter (SSC) plot (Figure 

1A). Within CD3+ cells, PerCPCy5 CD8+ and PerCPCy5 CD8- cells, accounted for 

CD8+ and CD4+ T-cells, respectively (Figure 1B). Defi nition of monocytes was 

based on CD14-FITC staining and SSC within all leukocytes (gate R6; ≥ 2000 

events) (Figure 1C). Granulocytes were identifi ed as CD3-CD14- cells and were 

determined within gates R3 and R7 of the CD3-APC / CD14-FITC plot (Figure 

1D). Surface PE markers for CCR1, 2, 3, 4, 5, 7 and CXCR1, 2, 3 and 4 were then 

analyzed with a FACSCalibur® four-color fl ow cytometer using the CellQuest 

Pro software program (BD Biosciences). To compare various measurements of 

chemokine receptor expression in time, the fl ow cytometer was calibrated 

using Calibration Beads Quantum 1000 (Bangs Lab Inc., Fishers, IN). Each bead 

contained a known amount of the PE fl uorochrome. The fl uorescence intensity 

was denoted as molecular equivalents of soluble fl uorochrome (MESF) and 

was converted to a standard curve using Quick Cal software program (Bangs 

Lab) for Quantum Beads (Figure 2).

Statistical analysis
Expression levels of CCR1, 2, 3, 4, 5, 7 and CXCR1, 2, 3, and 4 on CD3+, CD4+, 

CD8+ T-cells, monocytes and granulocytes are presented in MESF units. The 

percentage of positive peripheral white blood cells, represented the frequency 

of each leukocyte population positive for the receptor in question per subject 

at the time of sampling, as defi ned by fl ow cytometric analysis. All values 

are expressed in mean ± SEM unless stated otherwise. Continuous values for 

the NHC group were compared by the paired samples t-test or the Wilcoxon 

matched pairs test, as appropriate. Data sets were tested before comparisons 

in order to assess whether they passed normality. The unpaired Student’s 
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t- test and the Mann-Whitney U-test were employed to compare differences 

between means of controls and patients, as appropriate. One-way ANOVA 

with Bonferroni’s post-hoc analysis was applied for comparisons between 

more than two groups of patients. Two-sided tests were performed and a p-

value < 0.05 was considered signifi cant. SPSS 11.0.1 software (SPSS, Chicago, 

IL, USA) and the GraphPad statistical program (GraphPad, San Diego, CA, USA) 

were applied for analyses and graphics, respectively. 

Figure 1: Selection of whole blood leukocyte subsets with four-color fl ow cytometry. (A) 

In total leukocytes gated within the lyzed cells (R1), lymphocytes (R2), and granulocytes 

(R3) were determined. (B) Within R1 & R2, CD3 cells positive or negative for CD8 

(CD8+and CD4+cells, respectively) were characterized. (C) R1-gated CD14+ cells were 

defi ned as monocytes (R6). (D) R1- and R3- gated cells negative for CD3 or CD14 were 

identifi ed as granulocytes (R7). 
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Figure 2: Calibration of the PE channel for surface expression analysis of CC- and CXC- 

chemokine receptors on peripheral blood leukocyte populations, in a four-color fl ow 

cytometer. (A) For each experiment, 10,000 events of Quantum 1000, Calibration Beads 

(R1) were identifi ed within the forward scatter (FSC) / sideward scatter (SSC) plot, 

upon fl ow cytometric analysis. (B) R1-gated PE beads containing a specifi c amount of 

fl uoresceïn were analyzed using the CellQuest Pro software program (BD Biosciences). 

(C) Fluorescence intensity was calculated through the geometric mean (Geomean = 

10 Σlog(xi)/n) of the histogram signal acquired for each of the fi ve gated PE beads. (D) 

Standard curve of fl uoresence intensity constructed after using the QuickCal program 

for quantum beads software, whereby fl uorescence intensity is depicted as MESF.

Results

Clinical and hematologic characteristics of HF patients 
Number of T-lymphocytes, monocytes and granulocytes was comparable in all 

patient groups either with CAD, HCM, IDCM or VD (Table 3). None of the 

patients suffered from hypertension during the course of the study, and there 

were no signifi cant differences in systolic (p = 0.091) or diastolic (p = 0.236) 
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pressure among patients with CAD, HCM, IDCM or VD (data not shown). 

Similarly, all patients had normal total cholesterol levels (< 6.5 mmol/L) with no 

marked differences between the groups (p = 0.707; data not shown). All CAD 

patients received statin therapy, whereas, only 14% of HCM, 13% of IDCM and 

33% of VD patients were given statins. None of the patients presented with 

peripheral vascular atherosclerosis. 

Chemokine receptor profi le in controls and end-stage HF patients
Expression of CC- and CXC- chemokine receptors on peripheral blood CD3+ 

T-cells and CD4+ and CD8+ T-cell subsets of healthy individuals did not reveal 

any signifi cant differences in a period of 1 mo (p values ranged from 0.113 to 

0.529). Similarly, they exhibited comparable expression of the same receptors 

on blood monocytes or granulocytes in time (p values ranged from 0.098 to 

0.260) (data not shown). 

CD3+ T-cells 
The majority of fresh peripheral blood CD3+ T-cells from controls expressed 

CCR7 (75%) and CXCR4 (95%) on their surface (Figure 3A). As for controls, 

approx. 75% of peripheral blood CD3+ cells from patients were found to be 

strongly positive for CCR7, but mean CCR7 expression was markedly increased 

on patient CD3+ cells compared to controls (6047 MESF vs 3289 MESF; p < 0.0001) 

(Figure 3B). Both the percentage of CXCR4+ cells (98%) and mean CXCR4 

expression on patient CD3+ cells (7971 MESF), were signifi cantly increased 

against controls (95%, p = 0.0008 and 3546 MESF, p < 0.0001) (Figure 3A,B). 

The frequency of CD3+ T-cells that expressed CXCR1 and CXCR3 was increased 

in the patients compared with controls (17 vs 4%; p = 0.0097 and 55 vs 47%; 

p = 0.045, respectively) (Figure 3A) without overall changes in mean CXCR1 or 

CXCR3 expression levels (1243 MESF vs 1145 MESF; p = 0.550 and 3597 MESF 

vs 3889 MESF; p = 0.478) (Figure 3B). On CD3+ cells from controls, there was 

low (11%) to hardly any (0.7%) expression for the rest of the infl ammatory 

receptors (CCR1, CCR2, CCR3 and CXCR2) (Figure 3A), whereas frequencies of 

CD3+ CCR4+ and CD3+ CCR5+ cells were at 48 and 26%, respectively. Circulating 

frequency of CD3+ cells and expression of these receptors on CD3+ cells did not 

reveal any signifi cant differences between controls and patients.
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Table 3: Circulating leukocyte numbers and chemokine receptor profi le in relation to

 HF etiology 

NYHA III-IV

CAD (n = 6) HCM (n = 7) IDCM (n = 8) VD (n = 3) P value

T-lymphocytes, 
cells/μL 766.1 ± 161.2 904.9 ± 172.2 1072 ± 303.8 478.6 ± 70.3 0.474

CD3+ cells

 CCR7+ % 74.0 ± 4.0 74.3 ± 8.4 76.3 ± 9.5 73.0 ± 5.0 0.996

 MESF 6083 ± 228.1 5860 ± 343.9 6122 ± 847.1 4071 ± 494.2 0.062

 CXCR1+ % 24.5 ± 12.7 12.3 ± 1.0 21.0 ± 12.2 11.7 ± 5.9 0.817

 MESF 1271 ± 77.3 1248 ± 158.9 1791 ± 716.2 813.0 ± 70.7 0.385

 CXCR3+ % 66.6 ± 7.9 58.8 ± 6.7 39.4 ± 7.7 48.0 ± 7.0 0.082

 MESF 4787 ± 1059 3192 ± 184.6 4493 ± 903.7 2262 ± 400.2 0.152

 CXCR4+ % 98.6 ± 0.9 97.5 ± 0.8 99.1 ± 0.3 95.5 ± 2.5 0.111

 MESF 7601 ± 1289 7036 ± 1033 8220 ± 540.4 7273 ± 2305 0.839

CD4+ cells

 CCR7+ % 85.0 ± 5.1 91.0 ± 2.0 86.0 ± 1.0 77.5 ± 6.5 0.581

 MESF 2979 ± 757.1 4678 ± 908.5 3600 ± 509.5 1573 ± 382.5 0.232

 CXCR1+ % 2.0 ± 0.6 3.0 ± 1.0 4.0 ± 3.0 9.0 ± 8.0 0.555

 MESF 1357 ± 362.0 1113 ± 285.5 1033 ± 322.5 819.5 ± 109.5 0.789

 CXCR3+ % 41.0 ± 4.2 24.0 ± 1.0 42.5 ± 1.5 40.0 ± 2.0 0.101

 MESF 5726 ± 1880 8598 ± 4460 3177 ± 154.2 2047 ± 301.0 0.376

 CXCR4+ % 95.2 ± 2.2 97.0 ± 2.0 99.0 ± 1.0 99.0 ± 1.0 0.594

 MESF 4692 ± 1537 9038 ± 6119 3020 ± 1837 4937 ± 2485 0.344

CD8+ cells

 CCR7+ % 45.5 ± 7.9 58.0 ± 9.0 39.5 ± 11.5 60.5 ± 39.5 0.508

 MESF 4635 ± 274.5a 3049 ± 680.1 3680 ± 559.9a 2925 ± 876.5 0.037

 CXCR1+ % 13.0 ± 2.1 10.0 ± 6.0 19.0 ± 1.0 9.5 ± 3.5 0.315

 MESF 1467 ± 212.5 1512 ± 527.5 5904 ± 3707 1009 ± 181.5 0.401

 CXCR3+ % 94.6 ± 2.0a 85.5 ± 1.5 87.0 ± 1.0 86.7 ± 2.7 0.042

 MESF 4782 ± 939.6 2053 ± 235.6 4823 ± 1953 1862 ± 251.0 0.187

 CXCR4+ % 95.8 ± 1.2 96.5 ± 3.5 98.5 ± 1.5 98.0 ± 1.8 0.608

 MESF 5486 ± 1519 8645 ± 1795 6277 ± 1079 5756 ± 2508 0.471
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NYHA III-IV

CAD (n = 6) HCM (n = 7) IDCM (n = 8) VD (n = 3) P value

Monocytes, 
cells/μL

553.3 ± 157.0 398.5 ± 121.4 475.6 ± 121.8 905.0 ± 342.7 0.307

 CCR1+ % 48.6 ± 7.9a 71.5 ± 7.2 72.3 ± 2.1 64.0 ± 2.1 0.041

 MESF 1711 ± 335.6 2090 ± 574.5 1809 ± 265.2 1248 ± 293.5 0.678

 CCR2+ % 68.4 ± 5.0b 86.2 ± 3.4 81.5 ± 8.9 79.0 ± 8.7 0.003

 MESF 4543 ± 701.0 4925 ± 643.9 6266 ± 1310 3967 ± 1105 0.437

 CXCR4+ % 93.7 ± 4.3 93.2 ± 3.8 93.3 ± 1.8 92.3 ± 6.2 0.997

 MESF 7619 ± 1965 4971 ± 736.8 4853 ± 1004 5809 ± 3135 0.682

Granulocytes, 
cells/μL

6606 ± 715.9 6130 ± 1159 6560 ± 1062 9084 ± 3584 0.613

 CXCR1+ % 99.2 ± 0.2 99.3 ± 0.2 99.8 ± 0.2 99.7 ± 0.3 0.236

 MESF 25601 ± 4949 22284 ± 2990 32890 ± 1231 18849 ± 3857 0.085

 CXCR2+ % 92.8 ± 5.5 97.7 ± 0.4 99.0 ± 0.5 98.7 ± 0.3 0.429

 MESF 6611 ± 783.2 5099 ± 1173 8716 ± 2068 3728 ± 1534 0.173

ap < 0.05, bp < 0.01, from one-way ANOVA with Bonferroni’s Multiple Comparison Test between 
patients with coronary artery disease (CAD), hypertrophic cardiomyopathy (HCM), idiopathic dilated 
cardiomyopathy (IDCM) and valvular disease (VD). 

CD4+ and CD8+ T-cell subsets 
In controls, a high proportion of CD4+ cells stained positive for CCR7 (80%) 

and CXCR4 (90%), whereas CD8+ cells were found to be positive for CCR7 

(48%) and CXCR4 (88%) (Figures 4A and 5A). Elevated mean CCR7 expression 

on patient peripheral blood CD3+ cells versus controls was refl ected less on 

the CD4+ subset (3314 MESF vs 2431 MESF; p = 0.02) (Figure 4B), but more on 

the CD8+ subset (3104 MESF vs 2033 MESF; p = 0.003) (Figure 5B). Compared 

with controls, percentage of CD4+ CXCR4+ (96 vs 89%) and percentage of 

CD8+ CXCR4+ (97 vs 89%) cells were both signifi cantly increased (p = 0.001 

and p = 0.009, respectively) (Figures 4A and 5A). Mean CXCR4 expression was 

upregulated substantially on both CD4+ and CD8+ subsets of patients compared 

to controls (CD4: 7231 MESF vs 3583 MESF; p < 0.0001 and CD8: 6201 MESF vs 

3276 MESF; p = 0.006) (Figures 4B and 5B). 

Table 3 (Continued)
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Figure 3: Chemokine receptor profi le of peripheral blood CD3 T-cells from 18 healthy 

controls (light bars) and 24 patients with end-stage HF (dark bars). Percentage of 

positive cells (A) and expression levels in MESF (B) for all receptors studied are depicted 

accordingly. All values are expressed in mean ± SEM and are compared with normal 

healthy controls. *p < 0.05, **p < 0.01, ***p < 0.0005

Only the percentage of CD8+ CXCR1+ but not CD4+ CXCR1+ cells was increased 

in the patients (CD4: 5% vs 3%; p = 0.234 and CD8: 11% vs 5%; p < 0.0001). 

Similarly, the percentage of CD8+ CXCR3+ and not the percentage of CD4+ 

CXCR3+ cells was increased in patients compared with controls (CD4: 39 vs 43%; 

p = 0.437 and CD8: 91 vs 83%; p = 0.005) (Figure 5A). CXCR1 or CXCR3 expression 

on both CD4+ and CD8+ subsets from patients did not differ from the control 

levels of expression [CD4 (CXCR1: 1177 MESF vs 970.3 MESF; p = 0.186 and 

CXCR3: 4594 MESF vs 4924 MESF; p = 0.639)], [CD8 (CXCR1: 3241 MESF vs 2291.1 
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MESF; p = 0.113 and CXCR3: 3474 MESF vs 3911 MESF; p = 0.529)] (Figure 4B 

and 5B). In controls, only CD4+ cell frequency corresponded with the CD3+ cell 

frequency for CCR4 and CCR5 (49 and 17%), because CD8+ cells expressed the 

same receptors at 43 and 47%, respectively (Figures 4A and 5A). As for CD3+ 

cells, percentage and expression of CCR1, CCR2, CCR3 and CXCR2 on CD4+ and 

CD8+ T-cell subsets from controls were low. When studied between controls 

and patients, no obvious differences for these chemokine receptors could be 

detected on CD4+ or CD8+ T-cell subsets.

Figure 4: Chemokine receptor profi le of peripheral blood CD4 T-cells from 18 healthy 

controls (light bars) and 24 patients with end-stage HF (dark bars). Percentage of 

positive cells (A) and expression levels in MESF (B) for all receptors studied are depicted 

accordingly. All values are expressed in mean ± SEM and were compared with normal 

healthy controls. *p < 0.05, **p < 0.01, ***p < 0.0005
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Figure 5: Chemokine receptor profi le of peripheral blood CD8 T-cells from 18 healthy 

controls (light bars) and 24 patients with end-stage HF (dark bars). Percentage of 

positive cells (A) and expression levels in MESF (B) for all receptors studied are depicted 

accordingly. All values are expressed in mean ± SEM and were compared with normal 

healthy controls. **p < 0.01, ***p < 0.0005 

Monocytes 
Approximately 40 and 90% of circulating monocytes in controls expressed 

CCR7 and CXCR4 on their surface, respectively. A proportion of monocytes 

also expressed CCR1 (80%) and CCR2 (87%) (Figure 6A). Patient peripheral 

blood monocytes revealed a signifi cant decrease in the frequency of CCR1+ 

cells (from 77% in controls to 60% in patients; p = 0.032), and CCR2+ cells (from 

88% in controls to 77% in patients; p = 0.006). Additionally, a concomitant 
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increase in CD14+ CXCR4+ cells (from 89 to 95%; p = 0.041) in comparison with 

controls was observed (Fig. 6A). CXCR4 expression was upregulated from 3579 

MESF to 5395 MESF in patients (p = 0.039) but not expression levels of CCR1 

(1748 MESF) or CCR2 (4906 MESF), which remained at the same levels as the 

expression in controls (1946 MESF and 4388 MESF, respectively) (Figure 6B). 

No substantial percentage of monocytes in controls (4-9%) was observed to 

express CCR3, CCR5, or CXCR3 whereas CCR4+, CXCR1+ and CXCR2+ monocytes 

reached a frequency of 43, 58, and 56%, respectively. The frequencies and 

expression levels for these receptors did not differ signifi cantly between 

controls and patients.

Figure 6: Chemokine receptor profi le of peripheral blood monocytes from 18 healthy 

controls (light bars) and 24 patients with end-stage HF (dark bars). Percentage of 

positive cells (A) and expression levels in MESF (B) for all receptors studied are depicted 

accordingly. All values are expressed in mean ± SEM and were compared with normal 

healthy controls. *p < 0.05, **p < 0.01
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Figure 7: Chemokine receptor profi le of peripheral blood granulocytes from 18 healthy 

controls (light bars) and 24 patients with end-stage heart failure (dark bars). Percentage 

of positive cells (A) and expression levels in MESF (B) for all receptors studied are 

depicted accordingly. All values are expressed in mean ± SEM and were compared with 

normal healthy controls. *p < 0.05

Granulocytes
The bulk of blood granulocytes in controls expressed CXCR1 (99%) and CXCR2 

(97%), whereas notable proportion of these cells also expressed CCR4 (39%) 

and CXCR4 (75%) (Figure 7A). CCR1, CCR2, CCR3, CCR5, CCR7, and CXCR3 were 

expressed only at a fraction of the total population of granulocytes (1-10%) in 

patients and controls. Both CXCR1+ and CXCR2+ granulocyte frequencies were 
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equally high between patients and controls (CXCR1+: 99 vs 98%; p = 0.112 and 

CXCR2+: 97 vs 98%; p = 0.488) (Figure 7A). Only a marginal, albeit signifi cant 

downregulation of the CXCR1 and CXCR2 receptor expression was observed 

in patients, compared with controls. CXCR1 levels decreased from 29671 MESF 

in controls to 24480 MESF in the patients (p = 0.034). The downregulation of 

CXCR2 levels from 9342 MESF to 6318 MESF was of analogous proportions 

(p = 0.032) (Figure 7B). 

Chemokine receptor profi le in HF patients according to disease etiology 
We further analyzed the frequency of CD3+, CD4+ and CD8+ T-cells, monocytes, 

and granulocytes as well as the expression profi le of chemokine receptors in 

relation to the underlying disease etiology. Both frequency of CD3+ CXCR4+ 

cells and the expression of CXCR4 on CD3+ cells were substantially increased in 

all patient groups, irrespective of disease etiology (p = 0.002 and p < 0.0001, 

respectively). Expression of CXCR4 was higher only on CD8+ but not CD4+ cells 

for all patients than controls (p = 0.030 and 0.128, respectively; data not shown). 

As seen in Table 3, although percentage of CD4+ CXCR4+ and percentage of 

CD8+ CXCR4+ cells were not signifi cantly different with respect to the cause 

of disease (p = 0.594 and 0.608), both CD4+ CXCR4+ and CD8+ CXCR4+ cell 

frequencies from all patients revealed a tendency to be higher than the 

corresponding frequencies from controls (p = 0.067 and 0.117, respectively; 

data not shown). Within HF patients, the CAD and IDCM groups tended 

towards higher mean expression levels of CCR7 on CD3+ cells, compared to 

HCM and VD patients (p = 0.062). This was refl ected on higher CCR7 expression 

on CD8+ cells (p = 0.037) but not CD4+ cells (p = 0.232) of the CAD and IDCM 

patients (Table 3). 

In patients with CAD, there was a tendency for higher percentage of 

circulating CD3+ CXCR3+ cells than in IDCM, HCM or VD patients (p = 0.082), 

but a signifi cantly higher percentage of CD8+ CXCR3+ cells in the CAD patients 

(p = 0.042) were observed. Although differences were not signifi cant, patients 

with IDCM showed the highest percentage of CD8+ CXCR1+ cells and expression 

of CXCR1 on CD8+ cells compared to other etiologies of cardiac disease (Table 

3). For monocytes, CAD group accounted for the decrease in frequencies of 

both CCR1+ CD14+ and CCR2+ CD14+ cells as compared to IDCM, HCM or VD 

(p = 0.041 and 0.003, respectively). With the exception of IDCM patients, the 

CAD, HCM and VD groups exhibited lower expression of CXCR1 and CXCR2 on 

granulocytes compared to controls (Table 3; Figure 7B). However, granulocyte 

CXCR1 and CXCR2 expression levels were not signifi cantly different according 

to cause of cardiac disease (p = 0.085 and p = 0.173, respectively; Table 3). 
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Discussion

In the present study we assessed blood from heart transplant recipients before 

transplantation and healthy individuals to clarify whether circulating leukocyte 

chemokine receptor expression profi le is modifi ed during NYHA III-IV HF. We 

found that conditions of systemic hypoxia and low-grade infl ammation as seen 

in end-stage HF, impose alterations both in the leukocyte surface expression 

as well as the frequency of peripheral blood T-cell, monocyte and granulocyte 

populations bearing CC- or CXC- chemokine receptors. 

Leukocyte populations from fresh peripheral blood of healthy individuals 

express a wide variety of CC- and CXC- chemokine receptors, selectively. For 

example, T-cells exhibit high expression of the homeostatic CCR7 and CXCR4 

on both CD4+ and CD8+ subpopulations, with preferential expression of 

CCR4 at intermediate levels. Interestingly, within T-cells the majority of CD8+ 

but not CD4+ cells, were positive for the infl ammatory CXCR3 and CCR5 at 

intermediate levels. In contrast, monocytes were demonstrated to express 

high levels of CCR2 and CXCR4, whereas the majority of these cells were dimly 

positive for CCR1, CCR4, CXCR1 and CXCR3 at lower frequencies. Alternatively, 

granulocytes strongly expressed CXCR1, were highly positive for CXCR2 and 

intermediate for CXCR4. 

Our results show that peripheral blood T-cells from HF patients exhibited 

upregulated expression of the chemokine receptor CXCR4, which was refl ected 

more on CD8+ than CD4+ cells, independent of etiology of the disease. Given 

that the CXCR4 ligand, CXCL-12 (stromal derived factor-1), is increased in 

patients with chronic ischemic heart disease [46], and in various stages of 

human congestive HF [47], it is plausible that elevated CXCR4 expression 

on both circulating CD4+ and CD8+ cells in our patient cohort, refl ects 

enhanced migration of both T-cell subsets with a naïve (CXCR4) phenotype 

towards lymphoid organs in end-stage HF. These results concur with the 

upregulation of an additional lymphoid tissue homing chemokine receptor 

-CCR7- expression on the surface of both circulating CD4+ and CD8+ cells in 

our patient cohort. Interestingly, CAD and IDCM patients had a higher CCR7 

expression on CD8+ cells than patients with HCM and VD. Seemingly, increased 

expression of homeostatic chemokine receptors (CCR7 and CXCR4) on naïve 

peripheral blood T-cell subsets could result in accelerated homing of CD4+ or 

CD8+ cells to lymphoid tissues for T-helper (TH)1 or TH2 priming during end-

stage HF (Figure 8). In this state, lymph nodes could play a central role in T-cell 

and dendritic cell (DC) homing, because lymphatic endothelial cells have been 
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shown to increase CCL21 (secondary lymphoid tissue chemokine) expression 

upon pre-conditioning by increased concentrations of TNFα [48].

-

-

-

Figure 8: Schematic diagram depicting possible cellular interactions through chemo-

kines and their receptors both in circulation and at the tissue sites in human heart 

failure. Altered chemokine receptor expression could be implicated in: CD4 and CD8 

T-cell lymphoid homing through CCR7 and CXCR4, effector CD8 myocardial T-cell 

infi ltration through CXCR1 and CXCR3, myocardial monocyte infl ux through CCR1, 

CCR2 and CXCR4, and granulocyte recruitment through CXCR1 and CXCR2. Some of 

these mechanisms may be associated with the cause of cardiac disease.

We have previously shown that myeloid DCs, which are able to prime T-cells 

towards TH1 responses [49], with a mature lymphoid-homing CCR7+ phenotype 

are present at higher numbers in the circulation of HF patients compared 

with controls [50]. However, in peripheral blood, we did not see any clear 

polarization of CD4+ cells towards a TH1 (CCR1, CCR2, CCR5, CXCR3) or TH2 

(CCR3, CCR4) phenotype. On the contrary, CD8+ CXCR3+ and CD8+ CXCR1+ 

T -cell frequency in the venous blood of our patients was increased. As CXCR3 is 

known to be induced on effector-memory T-cells [51], and CXCR1 was recently 
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shown to be expressed on human effector CD8+ T-cells [52], our results provide 

the evidence for a small fraction of CD8+ cells with a TH1-type infl ammatory 

inducing capacity in the peripheral blood of end-stage HF patients. Enhanced 

CXCR3 and CXCR1 expression on CD8 cells might be specifi c for patients with 

CAD and IDCM, respectively. Conceptually, these cells should exhibit affi nity for 

homing into infl ammatory sites through CXCL-1, CXCL-5 or CXCL-8, and in the 

case of our patients this should be the myocardium (Figure 8). Indeed, several 

studies have demonstrated an activated state of myocardial T-lymphocytes [53], 

and cytotoxic T-cells after myocardial infarction, which are able to recognize 

and kill even healthy cardiomyocytes in vitro [54]. Furthermore, patients with 

ischemic heart disease exhibited increased frequencies of circulating cytotoxic 

T-lymphocytes, irrespective of their clinical presentation [12]. Moreover, in 

another study, a peripheral blood effector-memory CD8+ pool with an increased 

lymph-node homing potential through CD62L (Leu-8), was found to infl ux the 

myocardium of patients with dilated cardiomyopathy, continuously [55]. 

In monocytes, we saw an increased frequency of CD14+ CXCR4+ cells and an 

elevated expression of CXCR4, except for a decreased frequency of CD14+ 

CCR1+ and CD14+ CCR2+ cells, compared with healthy volunteers. These results 

can be explained by elevated CCL-2 expression, found in animal models of 

cardiac decompensation secondary to pressure-overload or ischemia [43-45]. 

Furthermore, both CCL-2 and CCL-1 (macrophage infl ammatory protein 1α) 

have been correlated to interstitial monocyte infi ltration of the myocardium 

with development of a number of pathological changes including cardiac 

hypertrophy, ventricular dilatation, and depressed contractile function, and 

their levels are the highest in those with the most advanced disease [16]. The 

lower CD14+ CCR1+ and CD14+ CCR2+ cell frequency in patients with CAD, was 

responsible for the overall decrease of CCR1+ and CCR2+ monocyte frequencies 

in chronic HF patients compared with controls. We suggest that in such 

conditions, CCR1+ and CCR2+ monocyte frequencies are decreased in peripheral 

blood of HF patients because these monocyte subsets infi ltrate myocardium. 

This view can be supported by the particularly enhanced CCR2 expression in the 

human failing myocardium, together with the expression of the constitutive 

chemokine receptor CXCR4 [30]. Alternatively, the effects of statin therapy 

may be superimposed on the effects of the disease in monocytes, particularly in 

CAD patients, because hydroxymethylglutaryl coenzyme A reductase inhibitors 

(statins) are known to reduce CCR1 and CCR2 gene expression of peripheral 

blood mononuclear cells [56]. However, low oxygen concentrations induce 

high expression of CXCR4 in monocytes, monocyte-derived macrophages and 
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endothelial cells [57]. Hence, it is conceivable that local and systemic hypoxic 

conditions encountered in end-stage HF, account for the elevated frequency 

of CD14+ CXCR4+ cells and the enhanced CXCR4 expression on peripheral 

blood monocytes. Given the increased chemotactic responsiveness of CXCR4 

to its specifi c ligand CXCL-12 under hypoxia [58], we believe that CXCR4, in a 

concerted action with CCR1 and CCR2 on monocytes, could play an important 

role in the continuous colonization of failing myocardium with monocytes 

and macrophages from blood in patients with CAD during end-stage HF 

(Figure 8). 

Virtually, all circulating granulocytes were positive for both IL-8 receptors (CXCR1 

and CXCR2), implying their constitutive expression in the peripheral blood of 

both patients and healthy individuals. However, with the exception of the IDCM 

group, expression of both receptors was shown to be downregulated in the 

patients compared with controls. This could be the result of systemic presence 

of TNF-α which has been demonstrated to cause proteolytic degradation of 

both receptors for CXCL-8 (IL-8) [59]. Alternatively, the reduced surface CXCR1 

and CXCR2 expression levels could be explained by the internalization of 

the receptor-ligand complex. This allows destruction of the ligand, receptor 

recycling, and a continuous cellular response to the chemokine, suggesting 

that both receptors have been engaged during neutrophil recruitment 

(Figure 8). Indeed, both CXCL-8 mRNA levels in mononuclear blood cells and 

serum CXCL-8 protein concentration, are elevated in patients with congestive 

HF [17,30], and such high concentrations have been demonstrated to down-

regulate both CXCR1 and CXCR2 receptors [60]. 

Some of our results contrast the fi ndings of other studies that have demonstrated 

enhanced overall chemokine receptor mRNA levels as assessed by RNAse 

protection assays in PBMCs of patients with end-stage HF. The reasons for this 

discrepancy could be sought in the different techniques used for assessing 

chemokine receptor expression. Although Damas et al. used mRNA-based 

strategies [17,31], our study evaluated the expression of chemokine receptor 

protein using fl ow-cytometry. Even though protein evaluation is a better 

estimate of function than the expression of mRNA, studies that assess the 

migration of leukocytes from these patients must be performed in the future, 

to fi rmly establish a role for any given chemokine receptor. 

Nevertheless, we believe that the strength of our study resides in the technique 

used to measure chemokine receptor expression on T-cells, monocytes and 

granulocytes. As chemokine receptors undergo internalization and endocytic 

recycling, the detection sensitivity of receptor expression may also depend 
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on the manipulations used to isolate the cells being studied. A small signal 

induced by subtle changes such as temperature shifts, media changes (e.g. 

Ficoll Paque), or even extended duration of sample storage might induce 

internalization of the receptor, rendering the cell apparently negative 

[61]. Recently, it was demonstrated that the staining of whole blood and 

performing fl ow cytometric analysis without a lyzing procedure is the least 

interfering protocol with chemokine receptor expression [62]. Hence, by using 

whole blood and processing cells within 3h after collection, we used optimal 

conditions for isolating the cells in order to best identify cell subset expression 

of chemokine receptors. 

The enhanced myocardial expression of chemokines and their corresponding 

receptors on both cardiomyocytes and infi ltrating leukocytes in various forms 

of myocardial failure suggests a central role for chemokine-related interactions 

in the pathogenesis of HF. Our study further supports the notion that in 

end-stage HF, alterations of chemokine receptor expression may not only be 

a new parameter of enhanced immune activation, but may also refl ect an 

important mechanism contributing to the progression of HF with underlying 

etiology. The capacity to control activation and migration of infl ammatory 

cells suggests chemokines and their receptors as novel targets for therapeutic 

intervention in a number of diseases characterized by chronic infl ammation. In 

acute and chronic myocardial failure, modulation of the chemokine network 

may represent interesting novel therapeutic modalities. 
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Abstract 

Objective: Dendritic cells (DCs) are antigen presenting cells that play a central 

role in infl ammation, allograft rejection and immune tolerance. Myeloid (mDC) 

and plasmacytoid (pDC) subsets regulate immune reactions by polarizing naïve 

T-helper cells into a TH1 or TH2 response, respectively. In this study we examined 

total peripheral blood DCs, mDC and pDC subsets in chronic heart failure (CHF) 

and clinical heart transplantation (HTx). 

Methods: We compared 16 heart transplant patients before and after HTx to 

14 healthy controls. Whole blood was collected pre-HTx and 1 week post-HTx 

from patients and at corresponding time-points from controls. All patients 

received induction and maintenance immunosuppression post-HTx. mDCs and 

pDCs were measured by fl ow cytometry and were further characterised for 

maturation and homing potential to the secondary lymphoid organs with 

CD83 and CCR7, respectively. Data were expressed as absolute numbers / μL 

whole blood, percentage (%) mDC or pDC of total blood DCs and % positive 

DCs for CD83 and CCR7. 

Results: CHF patients had more peripheral blood DCs compared to controls 

(p < 0.01) while only the mDC fraction was increased compared to controls 

(p = 0.01). % CD83+ and CCR7+ mDCs was also higher than control levels 

(p < 0.05). One week post-HTx, total DCs, mDCs and pDCs decreased below 

controls (p < 0.001). At the same time % mDCs in peripheral blood increased 

markedly compared to CHF and control levels (p < 0.001). The %CD83+ mDC, 

%CD83+ pDC and %CCR7+ mDC also returned to control levels and only 

%CCR7+ pDC decreased below control levels (p = 0.005). 

Conclusions: Total peripheral blood DCs are elevated during CHF due to an 

increase in the mature fraction of the mDC subset suggesting a possible TH1 

response in end-stage heart failure. The decrease in total DCs and mature mDCs 

and pDCs seen post-HTx, probably refl ects immunological quiescence through 

adequate immunosuppression. Peripheral blood DC monitoring may provide 

a new insight into mechanisms of heart failure and allograft rejection by safe 

weaning from immunosuppression after clinical heart transplantation.
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Introduction

Heart failure is a clinical syndrome with unknown pathophysiological parameters. 

Many molecular, genetic and biochemical pathways have been suggested 

as determinants for the development of overt myocardial dysfunction [1]. 

Progression of the disease to chronic heart failure (CHF) is based on intrinsic 

compensatory neurohormonal, cellular and mechanical signals which lead to 

further cardiac deterioration and adverse remodelling. In the latter process, 

mononuclear phagocyte migration into the injured myocardial tissue is 

considered a pivotal step in potentiating cardiac infl ammatory responses. The 

contribution of systemic immune activation to the pathogenesis of human 

CHF has been demonstrated by abnormal plasma profi les of pro-infl ammatory 

cytokines such as tumor necrosis factor-α (TNF-α), IL-1β, IL-2, IL-6 [2], soluble 

cytokine receptors (sTNFR-I and sTNFR-II) [3], and chemokines (CXCL1, -5, -8 and 

CCL2, -3, -5) [4, 5] in several studies on ischaemic heart disease (IHD), dilated 

(DCM) or hypertrophic cardiomyopathy (HCM). Others have also been able to 

display the involvement of specifi c immune components which are capable 

of polarizing the immune response towards a T-helper-1 type of reaction in 

experimental in vivo models of myocardial ischaemia-reperfusion injury [6], 

DCM [7] and myocarditis [8]. The factors causing this apparent TH1 deviation 

of immune responses in heart failure still remain to be elucidated. 

There is growing evidence that the polarization of immune responses resides 

on the progeny, development and phenotype of antigen presenting cells 

(APCs) [9]. Dendritic cells (DCs) are professional APCs that play a central role 

in establishing and controlling immune responses by priming naïve helper and 

cytotoxic T-lymphocytes [10]. Immature DCs are characterised by an increased 

potential for phagocytosis and a low co-stimulatory molecule (CD40, CD25) and 

maturation marker (CD80, CD83, CD86) expression. Ligation of infl ammatory 

chemokine receptors like CCR1, CCR2 and CCR5 on their surface is thought to 

recruit immature DCs and their blood precursors to sites of infl ammation and 

infection [11]. In this state, DCs reside in peripheral tissues where they act as 

sentinels by capturing and processing microbial antigens and pro-infl ammatory 

T-cell-derived stimuli, constantly. Upon antigen encounter however, DCs 

become mature and exert effector functions such as antigen presentation and 

T-cell activation in the lymph nodes. In this maturation process, DCs undergo 

characteristic phenotypical and functional changes. They exhibit reduced 

phagocytic activity and expression of major histocompatibility complex 

(MHC) molecules, they upregulate co-stimulatory molecules and expression of 
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maturation markers. They also secrete large amounts of immunostimulatory 

cytokines like IL-12 [12] and display a solely lymphoid chemokine receptor 

expression pattern (CCR7 and CXCR4) which enables them to migrate to 

the T-cell areas of draining secondary lymphoid organs, where they initiate 

adaptive immune responses [13]. 

In humans, two DC subsets, myeloid DCs (mDCs) and plasmacytoid DCs (pDCs), 

have been identifi ed. The mDCs, derived from myeloid precursors, express 

cell markers CD11c, CD13 and CD33, and require exogenous granulocyte-

macrophage colony-stimulating factor in their micro-environment for survival. 

mDCs, also called Type 1 DCs (DC1), produce high levels of IL-12 when stimulated 

with TNF-α or CD40 ligand and drive a potent TH1 polarized immune response. 

On the other hand, pDCs, which originate from lymphoid precursors, show 

a plasma cell-like morphology and express high amounts of IL-3 receptor-α 

chain (CD123), which is necessary for their survival and differentiation. pDCs, 

also called Type 2 DCs (DC2), can elicit an IL-4-independent TH2 polarization of 

naïve T-cells [14]. 

The two distinct peripheral blood DC subsets follow different migratory 

patterns. Myeloid DCs capture foreign antigens and migrate into the regional 

lymph nodes through afferent lymphatics, where they present the antigens to 

T-cells. Thus, mDCs are considered the primary TH1-inducing DCs responsible 

for the surveillance against pathogenic signals in the periphery. By contrast, 

plasmacytoid DCs enter the T-cell areas of the lymph nodes directly from the 

blood stream via high endothelial venules (HEVs). pDCs also express high levels 

of L-selectin, which mediates their extravasation by interaction with L-selectin 

ligand peripheral lymph node addressin, which in turn is exclusively expressed 

by HEVs [15].

On the basis of these distinct properties of the DC subsets, mDCs and pDCs 

are considered to be specialized APCs preferentially inducing a TH1 and TH2 

response, respectively. In end-stage heart failure, it is suggested that TH1-

biased immune responses may evolve from a skewing to a primarily myeloid 

blood DC population. To clarify whether the balance between mDCs and pDCs 

is altered in CHF, and to observe the effects of heart transplantation (HTx) on 

DC subsets we examined the numbers of mDCs and pDCs and the percentage 

mDCs and pDCs of total peripheral blood DCs. We further investigated the 

state of maturation and potential for homing to the lymphoid organs within 

each circulating DC subset from heart transplant candidates before and early 

after HTx.
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Patients and Methods

Study groups
The study protocol was approved by the local medical ethical committee on 

human research (MEC 215.732/2002/157). All patients were recruited from the 

Thoraxcenter, Erasmus Medical Center (Rotterdam, The Netherlands) and gave 

informed consent before entering the study. Patients with heart failure were 

meticulously defi ned by the New York Heart Association (NYHA) classifi cation 

system at least one month prior to transplantation. The subjects included 16 

heart transplant candidates, consisting of four patients with IHD, fi ve patients 

with HCM and seven patients with DCM who underwent HTx. 

All patients received typical medication against heart failure before 

transplantation (pre-HTx), namely a combination of an ACE inhibitor, a 

β-blocker, a diuretic, a statin, anti-arrhythmic and anti-coagulant agents. 

After transplantation, all patients received induction therapy in the form 

of horse-ATG (Imtix Sangstat BV., Lyon, France) at 3 to 8 i.v. dosages daily (1 

dosage = 212,5 lymphocytotoxic-units/kg/24hrs) until adequate Cyclosporin A 

(CsA) or Tacrolimus (FK506) trough levels were achieved (250-350 ng/mL and 

12-16ng/mL, respectively). The combination of Prednisolone, CsA or FK506 and 

Mycophenolate Mofetil (MMF) was used as maintenance immunosuppression. 

All patients received 75mg prednisolone i.v. in the fi rst post-transplant day and 

50mg/day for 5 consecutive days post-HTx. At the time of venous puncture for 

DC enumeration (day 7-8 post-HTx) all patients received 40mg prednisolone 

daily. CsA and FK506 were started at 8mg/kg/24hrs and 0.3mg/kg/24hrs oral 

dosages respectively, divided in 2 doses daily which were titrated futher 

according to the corresponding trough levels. Two patients were already 

converted to FK506 within the fi rst week post-HTx after experiencing CsA 

induced nephrotoxicity. MMF was administered daily in dosages between 500 

and 1500mg, at the end of the induction therapy. Fourteen healthy volunteers, 

which received no medication, were also studied as control subjects. 

Monoclonal antibodies
Allophycocyanin (APC)-conjugated CD11c, phycoerythrin (PE)-conjugated anti-

IL-3 receptor α chain (CD123), PE-conjugated CD83 and PE-conjugated anti-

CCR7 (CD197w), peridinin chlorophyll protein (PerCP)-conjugated anti-HLA-

DR and fl uorescein isothiocyanate (FITC)-conjugated lineage cocktail 1 (lin 1) 

were purchased from Becton Dickinson (San Jose, CA, USA) and R&D Systems 

(Abingdon, UK). The lin 1 contains monoclonal antibodies (mAbs): CD3 (T-cells), 
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CD14 (monocytes/macrophages), CD16 (natural killer cells), CD19 (B cells), and 

CD56 (natural killer cells). PE- and PerCP-conjugated isotype control murine 

mAbs were obtained from Becton Dickinson.

Flow cytometric analysis
Peripheral blood cells, obtained from the subjects in a prospective manner, 

were analyzed by four-colour fl ow cytometry. All blood samples from patients 

and controls were collected in the morning. To minimize selective loss during 

the preparation procedure, the cells were fi rst stained with mAbs followed by 

lyzing of the erythrocytes. Briefl y, the blood cells were incubated with APC-, 

PE-, PerCP-, and FITC-conjugated mAbs for 20 minutes at room temperature. 

The erythrocytes were then lysed with FACS lyzing solution (Becton 

Dickinson). After washing with FACSfl ow, the stained cells were analyzed 

with a FACSCaliber fl ow cytometer and the CellQuest Pro software (Becton 

Dickinson). DCs were defi ned as the cells positive for PerCP-conjugated anti-

HLA-DR mAb and negative for FITC-conjugated lin1 mAbs. The number of 

total white blood cells in the samples was determined using an automated 

cell counter. CD11c conjugated with APC or CD123 conjugated with PE was 

used for identifi cation of the mDC and pDC subsets. CD83 or anti-CCR7 were 

used for further characterization of the maturation status and homing pattern 

of mDCs and pDCs, respectively. Absolute numbers of mDCs and pDCs were 

calculated from the white blood cell count multiplied by the proportion of 

each subset within the white blood cells. The percentage of mDCs and pDCs 

was derived from the total number of DCs as determined by fl ow cytometric 

analysis. Percentage positive mDCs or pDCs for CD83 or CCR7 was calculated 

from the total number of mDCs or pDCs, respectively. 

Dendritic cell characterization 
For gating Lin– HLA-DR+ cells, whole peripheral blood cells were stained with 

anti-HLA-DR mAb and the Lineage Cocktail (Figure 1A). In the gated cells we 

further defi ned the expression of CD11c and CD123 to determine the two 

distinct DC lineages. mDCs and pDCs were defi ned as Lin– HLA-DR+ CD11chigh 

CD123low and Lin– HLA-DR+ CD11clow CD123high, respectively. Representative 

profi les of CD11c and CD123 on peripheral blood dendritic cells from a CHF 

patient are shown in Figure 1B, which clearly indicates the two DC subsets. 

Acquired mDC and pDC subsets of controls and patients were analyzed 

according to the maturation marker CD83 and the homing chemokine receptor 

CCR7 (Figure 1C). 
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Figure 1: Typical example of peripheral blood DC phenotype in a CHF patient. Dendritic 

cells (DC) were identifi ed by positive HLA-DR and negative lineage markers (A). DCs 

were further analyzed for the expression of CD11c and CD123. mDCs and pDCs were 

defi ned as Lin– HLA-DR+ CD11chigh CD123low and Lin– HLA-DR+ CD11clow CD123high, 

respectively (B). Characterization of the maturation status was achieved by analysis 

of the acquired mDCs and pDCs for CD83 and CCR7 positivity (M2) when compared to 

negative (M1) isotype controls, respectively (C).

Statistical analysis
The unpaired (Mann-Whitney) and the paired (Wilcoxon) t-tests were used for 

statistical analysis with the GraphPad statistical program (GraphPad Software 

Inc., San Diego, CA, USA). A p value of < 0.05 was considered signifi cant. 

Values are expressed as the mean ± SEM of absolute dendritic cell numbers or 

percentage (%) positive myeloid and plasmacytoid dendritic cells. 

Results

Clinical characteristics
Between healthy controls and patients with CHF, there was no signifi cant 

difference in age or sex proportion (see table 1). The heart transplant 

candidates from all 3 categories (IHD, HCM, DCM) were classifi ed clinically with 

end-stage heart failure (NYHA III-IV). The blood total leukocyte counts were 

not signifi cantly higher in heart failure than in controls (p = 0.24), although a 

relative lymphopenia (p < 0.01) and a relative granulocytosis (p < 0.0001) were 

apparent in the CHF group against controls (Table 1). However, at 1 week after 

transplantation total leukocyte count was signifi cantly higher than in controls 
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(p < 0.0001) or patients during CHF (p < 0.02). This was attributed to a relative 

increase of granulocyte proportions (p < 0.001) and a concomitant decrease 

in lymphocytes (p < 0.02) when compared to the CHF condition, probably 

due to the rebound effect of horse-ATG (Table 1). No age or sex proportion 

difference was found between patients with HCM or DCM and patients with 

IHD or between patients classifi ed with NYHA III or NYHA IV heart failure.

Table 1: Clinical characteristics of study subjects

Heart Failure (NYHA III-IV)

Control 
(n = 14)

Total
(n = 16)

IHD
(n = 4)

HCM
(n = 5)

DCM
(n = 7)

Post-HTx
(n = 16)

Age, years 48.4 ± 3.6 52.6 ± 2.1 51.7 ± 4.9 53.0 ± 4.6 53.2 ± 3.8 52.6 ± 2.1

Gender, m:f 8:6 9:7 2:2 3:2 4:3 9:7

WBC, 103cells/μL 5.8 ± 0.6 7.1 ± 0.9 8.8 ± 0.8 8.3 ± 2.1 6.7 ± 0.9 11.6 ± 1.3***†

% lymphocytes 28.6 ± 1.4 18.8 ± 2.7** 17.3 ± 4.2* 18.4 ± 4.8* 19.9 ± 2.9* 7.9 ± 2.8***†

% monocytes 5.9 ± 0.5 5.6 ± 0.7 6.0 ± 2.0 7.0 ± 1.0 4.4 ± 0.9 5.2 ± 0.5

% granulocytes 65.5 ± 1.5 75.6 ± 2.6*** 76.7 ± 5.6* 74.6 ± 4.0* 75.7 ± 2.0** 86.9 ± 1.9***§

IHD = Ischaemic Heart Disease; HCM = Hypertrophic Cardiomyopathy; DCM = Dilated Cardiomyopathy. 
Post-HTx, patients used induction and maintenance immunosuppression as described in Section 2.1. 
Age in years, white blood cell (WBC) counts and % values are expressed as the mean ± SEM. 
* p < 0.05, **p < 0.01, ***p < 0.0001; all compared to normal healthy controls. † p < 0.02, § p < 0.001; 
compared to total (NYHA III-IV).

Numbers of blood mDCs and pDCs in heart transplant recipients and 
normal subjects
The % of DCs in peripheral blood of controls was stable at 0.32 ± 0.02 of total 

white blood cells (Figure 2) and remained constant during a 1 month follow-

up (data not shown). The % DCs in CHF patients (0.44 ± 0.05) was higher than 

controls (p = 0.001). At 1 week post-HTx we saw a marked decrease in the % 

of dendritic cells (0.04 ± 0.01; p < 0.001) (Figure 2A).

By analyzing the distribution of absolute numbers of dendritic cells in 

peripheral blood of individual subjects we observed that controls had a total 

DC number at 16.2 ± 1.8 cells/μL. For patients during CHF, total DC numbers 

at 31.3 ± 4.7 cells/μL were higher than controls (p = 0.008) (Figure 2B). The 

mDC numbers in CHF patients were also higher than in the healthy controls 

(20.2 ± 3.8 vs 8.2 ± 1.0 cells/μL; p = 0.01) (Figure 3A). However, the numbers 

of blood pDCs in CHF patients were no different to the corresponding pDC 

numbers in normal subjects (7.5 ± 0.9 vs 6.5 ± 1.0 cells/μL; p = 0.45) (Figure 3B). 

One week post-transplant however, total DC numbers were lower than the pre-

transplant and control condition at 3.1 ± 0.6 cells/μL (p < 0.0001) (Figure 2B). 
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The mDC and pDC numbers were 2.5 ± 0.6 and 0.5 ± 0.1 cells/μL respectively, 

both clearly lower than the pre-transplant (p ≤ 0.0005) and control condition 

(p < 0.0001) (Figure 3A and 3B). 

Figure 2: Percentage DCs of total white blood cells (A) and absolute numbers of total 

peripheral blood DCs (pbDC) (B) in controls (n = 14) and patients with end stage 

heart failure, before (NYHA III-IV) and 1 week after heart transplantation (post-HTx), 

(n = 16). ** p < 0.01, *** p < 0.0001; both compared to normal healthy controls.
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Figure 3: Absolute numbers of (A) mDCs, (B) pDCs and (C) percentage of mDCs and 

pDCs in the peripheral blood of all subjects. mDCs and pDCs were defi ned as shown in 

Figure 1. Absolute numbers of mDCs and pDCs, and the % mDCs or pDCs of total DCs, 

were determined as described in the Flow cytometric analysis section. Values represent 

means ± SEM from 16 patients with end-stage heart failure before (NYHA III-IV) and 1 

week after heart transplantation (post-HTx) and 14 normal subjects.
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Figure 4: Percentage of positive (A) mDCs and (B) pDCs for CD83 and CCR7 in the 

peripheral blood of 16 patients with end-stage heart failure before (pre-HTx) and 

1 week after heart transplantation (post-HTx) and 14 normal subjects. * p < 0.05, 

**p < 0.01, ***p < 0.0001; all compared to normal healthy controls.

When compared to normal subjects, heart failure patients pre-HTx, exhibited 

a signifi cant increment of 8.4% in blood mDCs (% mDC: from 56.3 ± 1.7 to 

64.7 ± 2.9; p < 0.01) and an equal decrement in pDCs (% pDC: from 43.7 ± 

1.5 to 35.3 ± 3.2; p < 0.01) (Figure 3C). We noted that amongst CHF patients, 

the highest % mDCs were attributed to subjects with manifested DCM and 

HCM (88.3 ± 3.1 and 66.0 ± 2.8, respectively) compared to subjects with IHD 
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(52.9 ± 7.8) (data not shown). In the fi rst week post-HTx an increase in % blood 

mDCs to 81.8 ± 3.2 accompanied by a concomitant decrease in % blood pDCs 

to 18.2 ± 3.2, was dramatic for all transplanted patients when compared to the 

pre-HTx condition (p < 0.001) (Figure 3C).

Maturation status and homing potential of mDCs and pDCs in heart 
transplant recipients and normal subjects 
Before transplantation, CD83 and CCR7 positive mDCs were signifi cantly higher 

than control (%CD83+ mDC: 22.2 ± 4.6 vs 12.4 ± 1.8; p = 0.02) (%CCR7+ mDC: 

28.2 ± 6.7 vs 13.9 ± 2.1; p = 0.01). While the numbers of mDCs remained low 

post-transplant, %CD83+ mDCs and %CCR7+ mDCs decreased to control levels 

(10.1 ± 2.3 and 14.8 ± 3.7, respectively) (Figure 4A). At 1 week post-HTx, the 

numbers of pDCs were also lower than the pre-HTx or the control condition. Pre-

HTx, CD83+ pDCs but not CCR7+ pDCs were signifi cantly higher than controls 

(%CD83+ pDC: 16.9 ± 4.2 vs 3.0 ± 0.5; p < 0.0001) (%CCR7+ pDC: 73.2 ± 5.9 vs 

68.1 ± 1.9; p = 0.29). At 1 week post-HTx however, %CD83+ pDCs and %CCR7+ 

pDCs decreased signifi cantly (5.7 ± 1.7 and 40.9 ± 7.6, respectively), but the 

decrease in CCR7+ pDCs with 33 % was more prompt than the decrease in 

CD83+ pDCs (Figure 4B).

Discussion

In the present study, we directly enumerated two distinct dendritic cell 

subsets, mDCs and pDCs, in the peripheral blood of patients with end-stage 

heart failure (NYHA III-IV) before and shortly after transplantation, using four-

color fl ow cytometry. We found signifi cantly elevated total DC numbers and 

a marked increase of circulating mDCs with a concomitant decrease of pDCs 

in patients with end-stage CHF, leading to an apparent alteration of the mDC:

pDC balance toward mDCs. These data suggest that a TH1 predisposition of 

immune responses in heart failure may be associated with a polarized mDC:

pDC balance towards mDCs.

Two hypotheses on the origin of immune activation in patients with chronic 

heart failure have been proposed, based on experimental and clinical data. 

The fi rst suggests that bowel wall oedema may lead to bacterial translocation 

with subsequent endotoxin release and immune activation [16]. The second 

indicates that in CHF, the heart might also contribute to infl ammatory cytokine 

and chemokine production. This has been demonstrated by the fact that TNF-α 
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and CCL2 (MCP-1) are produced by the failing human myocardium but not by 

a normal heart [17]. However, no single source of cytokine production seems 

suffi cient to fully explain the multiple organ involvement and the systemic low-

grade infl ammation seen in CHF. Although chronic physiological shear stress 

may exert anti-infl ammatory effects on intact vessels [18], tissue hypoperfusion, 

hypoxia, cell death and haemodynamic overload in combination with patholo-

gical shear stress as seen in extensive atherosclerosis and CHF, are the most 

potent stimuli inducing immune responses with peripheral or myocardial 

pro-infl ammatory cytokine and chemokine production [19]. In this context, 

dendritic cells may play a central role, acting as scavengers for peripheral stress 

stimuli when they are immature and as the amplifi ers of systemic activation 

through the involvement of lymphoid organs at a mature state. 

During a systemic immune response, dendritic cells are considered critical 

determinants for the polarization of naïve T-cells into TH1 or TH2 cells. Rissoan 

and coworkers [13], demonstrated that the distinct subsets of human DCs, 

mDC and pDC, induce the different profi les of T-cell responses during immune 

activation. Consistent with this, several reports have shown that mDCs produce 

a large amount of the pro-infl ammatory IL-12 and preferentially induce TH1 

development which augments infl ammatory responses, whereas pDCs secrete 

lower amounts of IL-12 and primarily elicit TH2 development [20]. Contrary 

to these observations, other studies have described also a plasticity of the 

DC subsets in directing T-cell responses. Certain anti-infl ammatory molecules 

such as IL-10, transforming growth factor-β, and prostaglandin E2, are capable 

to stimulate immature mDCs to induce TH2 differentiation [21,22]. Therefore, 

functional differences between DCs in guiding T-cell responses might depend 

not only on their lineage but also on the micro-environment of cytokines and/or 

infl ammatory mediators produced in immune responses. It is generally agreed 

though, that a reciprocal equilibrium of mDCs and pDCs with IL-12 regulates 

T-helper reactions, proposing the mDCs as the principal APCs inducing a TH1 

response in humans. 

We demonstrated that in a pathological state, such as end-stage heart failure, 

DC subsets may exhibit altered migratory properties. The profound shift in 

mDC:pDC balance towards mDCs in patients with CHF must refl ect systemic 

TH1 polarization. Furthermore, the mDCs and pDCs encountered in the blood 

of the CHF patients included in our study were also mature, according to 

their upregulation for CD83. The concurrent CCR7 increase on the mDCs must 

account not only for maturation of this subset but also for increased potential 

of the mDCs encountered in CHF to migrate towards secondary lymphoid 
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organs. An observation which suggests that mDCs are indeed more effi cient 

in eliciting systemic infl ammatory responses through the lymph nodes in end-

stage heart failure.

In our patient cohort, the balance shifted towards mDCs also shortly after 

HTx. An observation which suggests a mechanism of immune deviation by 

acute heart injury, probably due to trauma or during the transplantation 

procedure through ischemia/reperfusion injury. Cell damage and death have 

been demonstrated to present danger signals that program DCs to mature and 

secrete IL-12 [23]. In murine heart allografts, chemokines CCL2 (MCP-1), CXCL1 

(Gro-α) and CXCL10 (IP-10) have been detected by the fi fth posttansplant day. 

Thereby, intragraft released pro-infl ammatory cytokines increase expression 

of MHC molecules and co-stimulatory molecules on graft derived and recipient 

infi ltrating DCs [24]. Our results suggest that both donor and recipient DCs are 

considered to be programmed to drive the differentiation of TH0 to TH1 cells 

and to initiate acute rejection. 

However, after transplantation, the numbers of circulating mDCs and 

pDCs were decreased signifi cantly, suggesting that the components of the 

immunosuppressive treatment administered already in the fi rst week after 

transplantation (e.g. h-ATG, corticosteroids, calcineurin inhibitors or MMF) are 

able to induce immunological quiescence. Indeed the impact on pDC numbers 

was more striking, suggesting that pDCs might be differentially affected by 

this specifi c immunosuppressive drug regimen. One can only speculate that 

pDCs: a) become prone to die earlier, b) migrate quicker into the lymphoid 

organs or c) are selectively more expeditiously inhibited in their egress 

from bone marrow, when compared to the mDCs post-HTx. Both circulating 

DC subsets were also rendered into an immature state. This was confi rmed 

by the lack of the maturation markers CD83 and CCR7 on mDCs and pDCs, 

suggesting that immunosuppression may exert a potent effect not only on 

the maturation status but also on the migration characteristics of the mDCs 

and pDCs. Nevertheless, the differential homing pattern of pDCs due to 

downregulation of CCR7 below control levels can be explained, since pDCs in 

contrast to mDCs, have a defective responsiveness to the CCR7 ligands (CCL19 

and CCL21). Moreover, pDCs seem to be able to enter the T-cell areas of the 

lymph nodes from the blood stream directly via HEVs only through chemokine 

receptor CXCR4 and its ligand SDF-1 (CXCL12) interaction [15]. 

Dendritic cell recirculation appears to be a dynamic process but the principles 

governing DC subset recruitment, migration and thus blood mDC:pDC 

balance remain unknown. In heart failure, it is also uncertain whether the 
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alteration in blood mDC:pDC balance refl ects an intrinsic DC aberrancy or it 

follows from commitment imposed by extrinsic factors inducing ventricular 

remodelling or cardiac decompensation. Because IL-12 has a potent capacity 

to recruit granulocytes and CD34+ progenitor cells from the bone marrow 

into the circulation, it might also selectively mobilise mDCs or their precursor 

into the peripheral blood [25]. It is accepted that IL-12, as the principal 

pro-infl ammatory cytokine produced by antigen presenting cells, could be 

regulated by mediators with opposing functions produced in infl ammation, 

such as TNF-α and IL-10 [26]. Therefore it is also likely that the interaction of 

dendritic cells with differential systemic or lymphoid levels of TNF-α and IL-10 

may contribute to a selective perseverance of mDCs in heart failure patients 

and the early post-HTx period. Further studies will be required to clarify the 

precise mechanisms causing this presence of mDCs in abundance. 

We are aware of the limitations of our study. Our patient group in which we 

measured and characterised circulating DCs is possibly too small in order to 

conclude that mDCs, their state of maturation or homing potential could be 

correlated precisely to the clinical classifi cation of NYHA III or IV CHF. Moreover, 

the clinical data used to characterize the subjects were available from their 

last pre-transplant screening in the out-patient department of our clinic and 

did not match precisely the time-point of blood sampling for DC enumeration. 

However, the fact that CHF patients had generally higher total peripheral 

blood DC numbers than healthy individuals is intriguing. In particular, the 

observation that subjects with DCM or HCM prior to heart transplantation 

accounted for higher percentages of circulating mature myeloid DCs needs to 

be investigated in the future. 

In summary, the present data clearly indicate that in patients with heart failure, 

the mDC:pDC balance polarizes towards mature mDCs in the peripheral blood, 

which may be associated with TH1 biased immune responses in later stages 

of heart failure. We suggest that DC stimulation may possibly be a biological 

mechanism involved in the pathogenesis of end-stage heart failure. The 

decrease in total DC, mature mDCs and pDCs after transplantation probably 

refl ects immunological quiescence through adequate immunosuppression. 
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Abstract

Background: Dysregulation of dendritic cell (DC) mediated immune responses 

towards auto-antigens, is considered an important feature in the maintenance 

of experimentally induced heart failure (HF). In order to evaluate the role 

of blood DCs in cardiomyopathies of different origins, we examined myeloid 

(mDC) and plasmacytoid (pDC) subset levels and maturation characteristics, 

according to HF severity and etiology in humans. 

Methods and Results: Absolute numbers of mDCs and pDCs in 12 New York 

Heart Association (NYHA) class-II, 28 NYHA class III-IV HF patients and 18 

healthy controls, were studied by four-color whole blood fl ow cytometry. End-

stage (NYHA III-IV) HF patients had comparable circulating DC subset levels 

to NYHA-II patients and controls. However, within the NYHA III-IV group 

total DC levels in patients with non-ischemic dilated cardiomyopathy (DCM) 

were higher (p < 0.001) than in patients with coronary artery disease (CAD), 

hypertrophic cardiomyopathy (HCM) or other HF etiology. This was due to 

a signifi cant increase of primarily mDCs (p < 0.0001) and to a lesser extent 

of pDCs (p < 0.05) in idiopathic DCM patients, independent of systolic or 

diastolic cardiac dysfunction. Maturation marker CD83 and lymphoid homing 

chemokine receptor CCR7 surface expression was enhanced only on mDCs, but 

not pDCs from DCM patients (p < 0.05), compared to patients with CAD, HCM 

or other underlying cardiac pathophysiology. 

Conclusions: Total blood DC levels in end-stage HF are elevated in patients 

with DCM. Whole blood DC characterization may lead to new insights into the 

pathophysiology of idiopathic DCM in humans.
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Introduction

Growing evidence suggests that immunologic and infl ammatory processes may 

play a pathogenic role in the development of different forms of myocardial 

dysfunction resulting in heart failure (HF) [1]. As such, non-ischemic dilated 

cardiomyopathy (DCM) encompasses diseases of the heart characterized 

by dilatation and impaired systolic function of one or both ventricles [2]. 

Traditionally, contributing factors like cardiotoxic agents, positive familiy 

history, alcohol abuse, nutritional defi ciency, neuromuscular disorders 

and a post-partal state have been implicated in the development of the 

disease [3]. Other possible underlying pathophysiological mechanisms have 

included genetic predisposition (e.g. HLA-DR4 [4]), cardiomyocyte metabolic, 

energetic and contractile defects (PKC-α [5], cardiac C-protein [6], SERCA2a & 

phospholamban [7]) and abnormal modulation of cellular immune responses 

as represented by activated blood T-lymphocytes [8] and infi ltrating memory 

T-cells and macrophages [9]. 

New insight into the etiology of DCM has provided evidence for initial viral 

infection prior to manifestation of HF symptoms [10]. Molecular mimicry 

between viral and cardiotropic endogenous molecules is hypothesized to 

trigger pathogenic heart-specifi c autoreactivity through autoantibody 

production against intracellular cardiac epitopes, like α-myosin heavy 

chain [11]. Alternatively, myocardial persistence of enteroviruses, is considered 

crucial for the development of DCM through adaptive CD4+ and cytolytic CD8+ 

T-cell driven autoimmune myocarditis [12,13]. As part of innate immunity, 

dendritic cells (DCs) are thought to become undesirable participants in the 

pathologic condition of DCM, by continuously presenting self-antigens to 

autoreactive T- cells [14].

Under physiological conditions, DC progenitors emerge from bone marrow and 

home to virtually all tissues where they take up and process foreign material 

as well as apoptotic and necrotic self-tissue [15]. Tissue-resident DCs appear 

to be critical for the propagation and maintenance of HF with autoimmune 

origins. Studies in murine models of post-infl ammatory HF, have demonstrated 

that non-specifi c activation of α-myosin loaded DCs via Toll-like receptors, is 

suffi cient to induce ongoing autoimmune myocarditis [16]. Recently, chronic DC-

driven myocardial infl ammation was shown to result in ventricular functional 

impairment with hemodynamic characteristics resembling DCM [17]. 

In humans, two major DC subsets have been identifi ed, differing in their 

phenotype and infl uence on T-cell priming [18]. Myeloid DCs (mDCs) expressing 
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CD11c, are involved in cellular autoreactivity [19], while plasmacytoid 

DCs (pDCs) express CD123 and are regarded as crucial effectors in antiviral 

innate immunity [20]. Both DC subsets are able to promote polarization of 

naïve T-cells into TH1 or TH2 immune responses [21]. However, as pDC primed 

T-lymphocytes also differentiate into T-regulatory cells [22], it is postulated 

that pDCs may promote peripheral tolerance to self-antigens. Following tissue 

damage, infection, or infl ammation, DC subsets phagocytose antigens, increase 

maturation marker CD83 as well as MHC class I & II molecule expression and 

migrate via afferent lymphatic vessels or blood to secondary lymphoid organs 

in order to present antigens and co-stimulatory signals to naïve T-cells [23]. 

Homing of immature DCs to areas of infl ammation and of antigen-loaded DCs 

to lymphatic tissue is mediated through differential regulation of chemokine 

receptors on their surface, whereby expression of CCR7 enables mature DCs to 

migrate towards regional lymph nodes [24].

In this study, we hypothesized that the contribution of peripheral blood 

DCs in progression or etiology of cardiac dysfunction, would be refl ected on 

the absolute levels of circulating DC subsets in patients with heterogeneous 

severity or pathogenesis of HF. After identifying peripheral blood mDCs and 

pDCs, we examined their levels according to the New York Heart Association 

(NYHA) classifi cation, in HF patients with cardiomyopathies of different origins. 

Based on the distinct phenotypic properties between mature and immature 

DC subsets, surface maturation marker and lymphoid chemokine receptor 

expression were analyzed in relation to underlying cause of cardiac disease.

Methods

Patients and control subjects
We performed a single-center cross-sectional assessment of blood DC 

parameters in 28 consecutive adults with end-stage HF before transplantation 

(NYHA class III-IV) and 12 HF patients with coronary artery disease (CAD) 

before elective coronary artery bypass grafting (CABG) (NYHA-II). Written 

informed consent was obtained from each patient before entering the study. 

End-stage HF patients were subgrouped according to etiology of cardiac 

dysfunction in CAD (n = 9), hypertrophic cardiomyopathy (HCM, n = 7) and 

non-ischaemic DCM (n = 8) categories. Additionally, 3 patients presented with 

severe valvular disease (VD: 1 congenital, 2 as a complication of rheumatic 

disease) and 1 patient developed severe acute heart failure due to giant-
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cell myocarditis (Table 1). After transplantation, diagnosis was confi rmed by 

macroscopical examination of the explanted heart and microscopical evaluation 

of cardiac tissue sections for various histopathologic features, as described 

previously [25]. Haemodynamically, all patients were stable, with no change 

of medication during the last month before the investigation. No subjects 

with recent infections, pulmonary disorders, renal failure, collagen vascular 

disease or cancer were included in the study. Eighteen healthy laboratory co-

workers and staff members from the Erasmus MC (age 48.8 ± 11.5, 10 men 

and 8 women) without any history of cardiac disease, functioned as controls. 

All subjects were of Caucasian descent. None of the study participants were 

taking antibiotics or oral contraceptive therapy at the time of assessment. 

The investigation conformed with the principles outlined in the Declaration 

of Helsinki and was approved by the Committee for Scientifi c Research with 

Humans of the University Medical Center Rotterdam (MEC 215.732/2002/157). 

Table 1: Clinical and hemodynamic characteristics 

NYHA II NYHA III-IV

Age, years 63 ± 13 52 ± 9

Sex, male/female 7/5 16/12

Duration of heart failure, years 3 ± 1 5 ± 3

Cause of HF (class II or III/IV)

 CAD 12 9 (5/4)

 HCM – 7 (3/4)

 DCM – 8 (2/6)

 Other* –- 4 (2/2)

LVEF, % 43 ± 11 29 ± 9

Medication, n (%)

 Nitrates 5 (42) 9 (32)

 Diuretics 7 (58) 22 (79)

 β-blockers 7 (58) 14 (50)

 Digoxin 2 (17) 11 (39)

 ACE-I or ARB 5 (42) 24 (86)

 Coumarins 6 (50) 12 (43)

 Statins 6 (50) 9 (32)

* Three patients with valvular disease and one with giant-cell myocarditis. NYHA = New York Heart 
Association functional class, CAD = Coronary artery disease, HCM = hypertrophic cardiomyopathy, 
DCM = non-ischaemic dilated cardiomyopathy, LVEF = Left Ventricular Ejection Fraction, ACE-I = 
angiotensin converting enzyme inhibitor, ARB = angiotensin II receptor blocker. Data are given as 
mean ± SD.
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Figure 1: (A) Surface expression of maturation marker (CD83) and lymphoid chemokine 

receptor (CCR7) on circulating myeloid and plasmacytoid dendritic cells. Fluorescence 

intensity was calculated through the geomean of the histogram signal for each of the 

two molecules on mDCs or pDCs. (B) Standard curve of fl uoresence intensity constructed 

after using the QuickCal program for quantum beads software, whereby fl uorescence 

intensity is depicted as molecular equivalents of soluble fl uorochrome (MESF).
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Clinical and hemodynamic parameters
Typing for DQB1 and DRB1 human leukocyte antigens (HLA) was performed 

on PCR amplifi ed DNA, using sequence specifi c oligonucleotides, [26], and 

results are shown as HLA-DQ and -DR antigens according to the latest HLA 

Dictionary [27]. Clinical condition was evaluated on the basis of the NYHA 

classifi cation through the Modifi ed Framingham Criteria for diagnosis of heart 

failure [28]. Trans-thoracic echocardiography was performed using a Hewlett 

Packard Sonos 5500 ultrasonograph with a 3.75 MHz transducer (Hewlett 

Packard, Andover, MA, USA) and interpreted by 2 blinded, independent 

observers. The primary parameter for evaluation of systolic heart function was 

the left ventricular ejection fraction (LVEF). In 23 patients this parameter was 

assessed quantitatively by echocardiography through 2- and 4-chamber views. 

For 17 patients LVEF was measured by radionuclide angiography using a 20mCi/

740Mbq Tc99m tracer on the Orbiter® system (Siemens, Erlangen, Germany). To 

evaluate diastolic heart function, 2-dimensional Doppler echocardiography 

was performed to measure peak early (E) / peak atrial (A) mitral infl ow (E/

A ratio), deceleration time of E (DT) and pulmonary vein velocity, within 

the valve orifi ces near the leafl et tips through an apical 4-chamber view. 

Diastolic function was defi ned as being normal, impaired during relaxation, 

pseudonormal or restrictive [29]. 

Circulating dendritic cell immunophenotypic characterization 
Fresh whole blood cells from the transplant patients were collected 4-6 

hours before transplantation and at 1 day pre-operatively from the CABG 

group. Heparinized pyrogen-free tubes were used to divide all specimens 

in 300 μL aliquots for DC immunophenotypic characterization by four-color 

fl ow cytometric analysis. Within non-DC lineage– HLA-DR+ cells, peripheral 

blood mDC (CD11chigh CD123low) and pDC (CD11clow CD123high) subsets were 

delineated as described previously [30]. All samples were processed within 3 h 

after venous puncture. Accuracy and reproducibility of this assay for whole 

blood DC subset assessment have been confi rmed previously [31]. 

Dendritic cell subset maturation marker and lymphoid chemokine 
receptor expression 
The mDC and pDC subsets of controls and patients were analyzed for 

maturation marker (CD83) and homing chemokine receptor (CCR7) as 

described previously [31]. In order to compare various measurements of CD83 

and CCR7 expression in time, the fl ow cytometer was calibrated before each 

experiment [32] using 5 different Quantum Medium Level Calibration Beads 

with a known amount of the PE fl uorochrome (Bangs Lab, Fishers, IN, USA). 
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Fluorescence intensity for CD83 and CCR7 was calculated through the geometric 

mean of the histogram signal acquired for each of the molecules on mDCs or 

pDCs (Figure 1A). Cell surface expression was denoted as molecular equivalents 

of soluble fl uorochrome (MESF) after conversion of fl uorescence intensity to 

a standard curve using Quick Cal software program (Verity Software House, 

Topsham, ME, USA) for Quantum Beads (Figure 1B). 

Statistical analysis
Data are given as mean ± SD unless stated otherwise. For comparison of two 

groups of individuals the Mann-Whitney U-test (two-tailed) was used. When 

more than two groups were compared, one-way ANOVA or the Kruskal-

Wallis test were applied as appropriate. Post-hoc analysis was performed 

using Bonferroni’s or Dunn’s multiple comparisons procedures, accordingly. 

Coeffi cients of correlation (r) were calculated by the Spearman rank test. 

All tests were performed with the GraphPad statistical program (GraphPad 

Software, San Diego, CA, USA). Probability values are two-sided and considered 

signifi cant when α < 0.05. 

Results

Clinical characteristics and immune parameters of study subjects
For demographic characteristics, groups differed only in age, as NYHA-II 

patients were on average 11 years older than NYHA III-IV patients. Clinically, 

mean duration of HF was longer in NYHA III-IV than NYHA-II patients. LVEF 

was more depressed in NYHA III-IV patients, compared to NYHA-II patients. 

The use of diuretics, digoxin and ACE inhibitors was more common among 

NYHA III-IV patients. Statin use was more pronounced in NYHA-II patients, as 

could be expected in CAD patients (Table 1). Within the NYHA III-IV group, 

proportionally more CAD patients received statin therapy compared to HCM, 

DCM and patients of other HF pathophysiology. Blood total leukocyte counts 

of NYHA-II patients tended towards higher levels (p = 0.063), while a relative 

lymphopenia (p < 0.0001) and granulocytosis (P < 0.01) were apparent in both 

NYHA-II and NYHA III-IV groups of HF patients against controls (Table 2). 

Circulating DC levels and severity of heart failure
Within the CAD group, blood mean mDC numbers did not differ signifi cantly 

between NYHA-II or NYHA III-IV patients and controls [CAD, NYHA III-IV: 11 ± 7; 

CAD, NYHA-II: 11 ± 3; controls: 9 ± 5 cells/μL, p = 0.397] (Figure 2A). Also, blood 

mean pDC levels were comparable between patients and controls [CAD, NYHA 
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III-IV: 8 ± 5; CAD, NYHA-II: 6 ± 4; controls: 7 ± 5 cells/μL, p = 0.535] (Figure 2B). 

When circulating DC levels were examined within all end-stage HF patients 

(NYHA III-IV), mean mDC numbers were not different between the NYHA-III 

and NYHA-IV groups [NYHA-III: 18 ± 12 vs NYHA-IV: 15 ± 13 cells/μL, p = 0.557]. 

Similarly, although pDC levels tended to be higher in the NYHA-III patients, 

mean pDC numbers were not signifi cantly different between the two groups 

[NYHA-III: 11 ± 6 vs NYHA-IV: 7 ± 3 cells/μL, p = 0.083] (data not shown). 

Circulating DC levels and etiology of end-stage cardiac disease 
For all NYHA III-IV patients, only the proportion of mDCs in peripheral blood 

leukocytes was higher when compared with NYHA-II patients and controls 

(p = 0.032) (Table 2). Compared directly to controls, NYHA class III-IV HF 

patients showed higher absolute blood mDC levels (16 ± 14 vs 9 ± 5 cells/μL, 

p = 0.031), while mDC numbers were the highest in DCM patients compared 

to other cardiac disease etiology within the same group [DCM: 34 ± 13; CAD: 

11 ± 7; HCM: 11 ± 5; other: 6 ± 2 cells/μL, p < 0.0001] (Figure 3A). To a lesser 

extent, pDC numbers were also increased in patients with DCM compared to 

CAD, HCM or other end-stage HF patients [DCM: 13 ± 6; CAD: 8 ± 5; HCM: 7 ± 2; 

other: 4 ± 3 cells/μL, respectively, p = 0.025] (Figure 3B). Consequently, total 

circulating DC content in end-stage HF tended to be higher than in controls 

(25 ± 17 vs 16 ± 9 cells/μL, p = 0.081) due to the signifi cantly raised total DC 

numbers of DCM patients [DCM: 44 ± 18; CAD: 19 ± 11; HCM: 18 ± 7; other: 

10 ± 4 cells/μL, p = 0.0002] (Figure 3C). Among DCM patients, 2 individuals 

possessed a HLA-phenotype known to be associated with DCM development 

(HLA-DR4). While cardiac histopathological fi ndings did not differ considerably, 

patients without known predisposition for disease manifestation (idiopathic 

DCM) exhibited the highest total circulating DC content due to higher mDC 

numbers, compared to 2 patients who developed the disease after pregnancy 

and alcohol abuse, respectively. This effect was also refl ected in the mDC/pDC 

ratio, which was abnormally high in the same patients (Table 3).

Circulating DC levels with systolic and diastolic cardiac dysfunction 
As individual DCM patients had elevated absolute mDC levels, we further 

examined whether hemodynamic impairment infl uenced circulating DC levels. 

Within the DCM group, all patients had a depressed LVEF (< 40%). However, no 

signifi cant correlation was found between the numbers of mDCs (R2 = 0.002) or 

pDCs (R2 = 0.034) and LVEF (Figure 4A and 4B). Associated with the degree of 

diastolic dysfunction, no signifi cant correlation was found for mDC (R2 = 0.009) 

or pDC (R2 = 0.029) numbers in peripheral blood of NYHA-II and NYHA III-IV HF 

patients (Figure 4C and 4D).
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Figure 2: Absolute levels of circulating (A) myeloid and (B) plasmacytoid dendritic cells 

in 21 HF patients with coronary artery disease (CAD) as a function of symptom severity 

according to NYHA functional classifi cation (NYHA II, n = 12; NYHA III-IV,  n = 9), and 

18 healthy control subjects. 
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Figure 3: Peripheral blood levels of (A) myeloid, (B) plasmacytoid and (C) total den-

dritic cell numbers from 28 end-stage HF patients according to etiology of cardiac 

disease (CAD, n = 9; HCM, n = 7; DCM, n = 8, other, n = 4). *p < 0.05 (Mann-Whitney 

U-test); ¤p < 0.05, §p < 0.01, #p < 0.001 (one-way ANOVA with Bonferroni’s Multiple 

Comparisons).
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Figure 4: Circulating levels of (A) myeloid and (B) plasmacytoid DCs as a function of 

left ventricular ejection fraction in 40 HF patients. The degree of cardiac diastolic 

dysfunction was also associated to the levels of (C) myeloid and (D) plasmacytoid DCs. 

Diastolic heart function was defi ned as normal (grade 1), with impaired relaxation 

(grade 2), pseudonormal (grade 3) or restrictive (grade 4). 

DC subset maturation marker and lymphoid chemokine receptor 
expression with etiology of end-stage cardiac disease
Upon comparison of blood CD83 or CCR7 positive mDCs and pDCs between 

NYHA III-IV HF patients and controls, CD83+ mDC and CCR7+ mDC frequency 

were increased in the patients [% CD83+ mDC: 22.1 ± 21.3 vs 8.7 ± 3.8, p = 0.018; 

% CCR7+ mDC: 24.2 ± 18.7 vs 17.4 ± 16.8, p = 0.011]. Surface expression of both 

molecules was also increased on patient mDCs [CD83: 1939 ± 1733 vs 830 ± 424 

MESF, p = 0.016; CCR7: 1648 ± 791 vs 985 ± 346 MESF, p = 0.0002] (Figure 5A and 

5B). However, only circulating mDCs of individuals with DCM showed higher 

CD83 levels [2785 ± 2147 MESF] compared to patients with other etiology 

of cardiac disease [CAD: 1232 ± 1100; HCM: 1363 ± 1302; other: 1878 ± 1449 
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MESF, p = 0.016] (Figure 5A). Similarly CCR7 expression on mDCs from DCM 

patients was elevated, compared to other HF pathophysiology [DCM: 2323 ± 

1076; CAD: 1272 ± 193; HCM: 1223 ± 259; other: 1547 ± 817 MESF, p = 0.043] 

(Figure 5B). Expression of CD83 and CCR7 on blood pDCs from patients was 

similar to control pDCs [p = 0.159 and p = 0.258, respectively]. No substantial 

differences on CD83 or CCR7 expression levels were found on patient pDCs 

with underlying disease [p = 0.815 and p =0.461] (Figures 5C and 5D). 

Discussion

We have previously reported that raised blood levels of mDCs, but not pDCs, 

in a pre-transplant cohort when compared with age and sex-matched healthy 

individuals, could be part of the infl ammatory response seen in end-stage 

HF [33]. Here, we demonstrate that within end-stage HF patients, individuals 

with the most advanced disease (NYHA-IV), did not exhibit signifi cantly different 

DC levels than their NYHA-III counterparts. Conceptually, homogeneous 

cardiac disease etiology (CAD) and older age of NYHA-II patients, might 

have affected DC subset content through interference with their leukocyte 

counts. However, CAD patients with different symptom severity (NYHA-II or 

NYHA III-IV) exhibited comparable mDC and pDC levels to healthy individuals. 

Furthermore, in adults, only pDCs are known to decline gradually (1-1.5% 

per year) with age [34]. Except for elevated leukocyte levels in patients with 

acute coronary syndromes, no signifi cant covariance of leukocyte counts with 

increasing age or symptom severity has been reported in the past [35]. Our 

fi ndings show that altered absolute DC content is a phenomenon independent 

of symptoms or white blood cell numbers in individual HF patients. 

Cardiac endothelium activation and neurohumoral dysregulation are known 

to promote chronic immune activation and to induce impaired diastolic 

distensibility and cardiac stiffness in end-stage HF [36]. Longer mean HF duration 

and deterioration of cardiac output in the NYHA III-IV group, may account for 

a higher state of immune activation in relation to systolic dysfunction [37]. 

However, in our study neither mDC nor pDC levels were correlated with 

parameters of systolic or diastolic cardiac dysfunction for the whole group 

of HF patients. Presumably, blood absolute DC content, although a very small 

entity within circulating leukocytes, refl ects the pathogenesis of end-stage HF 

in humans irrespective of impairment in systolic or diastolic function of one or 

both ventricles.
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The novel and important fi nding of the present study is a strong association of 

DC levels with DCM as etiology of end-stage HF. Patients with DCM exhibited 

elevated circulating mDC levels when compared to patients with cardiac 

dysfunction of other origins (CAD, HCM, VD, or gianT-cell myocarditits). 

Except for their elevated levels, blood mDCs from DCM patients also showed 

increased CD83 and CCR7 surface expression compared with mDCs from the 

other groups of end-stage HF patients. In our opinion the parallel enhancement 

of maturation marker and lymphoid homing chemokine receptor expression 

levels only on mDCs from DCM patients, accounts for a state of functional 

mDC response to immunogenic stimuli related with the pathogenesis of DCM. 

More importantly, the imbalance in the two blood DC subsets with a skewing 

towards mDCs in patients with idiopathic DCM (IDCM), suggests that these 

patients may have a reduced ability to generate peripheral tolerance to a 

number of auto-antigens. These results support the notion that immunologic 

and infl ammatory processes are important features of IDCM. However, 

the exact cause of raised blood absolute mDC levels in patients with IDCM 

particular, is at present unclear. 

Phenotypic characterization of myocardial infi ltrate cell populations in patients 

with IDCM has substantiated the involvement of immune cell-mediated 

infl ammation. Onset of IDCM is thought to be triggered by diverse causes of 

heart injury, leading to activation of antigen-specifi c auto-reactive cells [38]. 

Except for mimicry with known viral or bacterial proteins, IDCM may also 

be preceded by sub-clinical infections with a wide variety of pathogens not 

sharing any antigenic similarity with cardiac antigen components [39]. Under 

normal conditions intracellular auto-antigens can be seen by the immune 

system and maintain tolerance but in the presence of appropriate triggers 

(e.g. infl ammatory stimuli and genetic predisposition), tolerance could break 

up due to activation of mDCs and autoimmunity to these self-intracellular 

auto-antigens might ensue. 

Endogenous peptides derived from the intracellular processing of myocardial 

cytoplasmic proteins are also associated with IDCM etiology. Resident DCs in 

the normal mouse heart process and express myosin in the context of MHC 

molecules. It has already been demonstrated that expression of these myosin 

complexes is increased by the induction of autoimmune myocarditis [40]. 

Similarly, autoantibodies to cardiac troponin-I induce heart dysfunction and 

dilatation in a mouse model of dilated cardiomyopathy by chronic stimulation 

of Ca2+ infl ux in cardiomyocytes [41]. In addition, stress molecules like heat 

shock proteins (HSPs) have been implicated in the pathophysiology of IDCM. 
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Myocardial HSP-27, -60, -70, -72 mRNA expression and considerable amounts 

of serum antibodies against HSP-60 and HSP-70 have been detected in a high 

proportion of IDCM patients [42-44]. 

Interestingly, both HSP-60 and HSP-70 have been shown to activate DCs and 

polarise towards potent TH1 responses [45,46]. Co-culture of mDCs and pDCs 

with pro-infl ammatory cytokines (IL-3, TNF-α) and HSP-70 up-regulates CD83 

expression only in mDCs, but not pDCs [47]. As abnormal recruitment to 

infl amed tissue and the retention of antigen-loaded DCs in blood and ectopic 

lymphoid tissue within target organs are known to contribute to the chronicity 

of infl ammation [48], we suggest that CD83 and CCR7 upregulation on mDCs 

is functional and refl ects IDCM progression. This CD83+CCR7+ circulating mDC 

population may represent a fraction of mDCs capable to present non-specifi c 

auto-antigens and lead to the production of cardiac auto-antibodies [49]. 

In conclusion, circulating DC subsets in patients with end-stage HF are 

differentially regulated upon etiology of human HF. Still, the precise mechanism 

of DCM pathogenesis is unknown, but the association of altered blood mDC 

levels and phenotypic characteristics with DCM is intriguing. The absence of 

patients with DCM in the NYHA-II group does not allow us to consolidate 

if this observation is exclusive for NYHA III-IV HF patients. However, by lack 

of autoimmune markers and little evidence for cellular involvement in late 

IDCM [50], whole blood DC characterization may lead to new insights into the 

pathophysiology of cardiac decompensation in IDCM patients. Further studies 

are needed to clarify the possible pathogenic role of blood and myocardial 

DCs in the development of human IDCM.
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Abstract

Allo-Ag presentation to Ag-specifi c T-lymphocytes by donor or recipient dendritic 

cells (DCs) induces acute rejection (AR) after solid organ transplantation. It 

is postulated that myeloid (mDC) and plasmacytoid (pDC) subsets circulate 

differentially between bone marrow, heart and lymphoid tissues after cardiac 

transplantation (HTx). We investigated peripheral blood DC subset distribution, 

maturation and lymphoid homing properties in relation to endomyocardial 

biopsy (EMB) rejection grade after clinical HTx. Twenty-one HTx recipients 

under standard immunosuppression were studied in a 9-month follow-up. mDC 

and pDC numbers were analyzed by fl ow-cytometry in fresh venous whole 

blood samples collected during the EMB procedures and before histological 

diagnosis of AR. Subsets were further characterized for maturation marker 

CD83 and lymphoid homing chemokine receptor CCR7. Although numbers of 

both DC subsets remained low for the whole post-HTx period, we observed a 

negative association of mDCs with rejection grade. Repeated measurements 

analysis revealed that only mDCs decreased during AR episodes. Rejectors had 

lower mDC numbers after 3 months follow-up compared to non-rejectors. 

Furthermore, patients during AR exhibited low proportions of mDCs positive 

for CD83 or CCR7. These fi ndings suggest peripheral blood mDC depletion 

in association with selective lymphoid homing of this subset during AR after 

clinical HTx. 
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Introduction

Acute rejection (AR) remains a clinical obstacle in the fi rst year after clinical 

heart transplantation (HTx) [1]. Allo-specifi c T-cell activation is the major 

immunogenic mechanism leading to this condition. The latter is initiated by 

the presentation of foreign allo-Ag to the TCR complex of naïve or memory 

T-cells by APCs such as macrophages, B cells and dendritic cells (DCs). In this 

respect, donor and recipient bone-marrow derived DCs are regarded as the 

most effi cient APCs to elicit rejection post-HTx [2,3].

Human DCs can be divided into 2 functional phenotypes. Plasmacytoid DCs 

(pDCs) delineate from lymphoid precursors, show plasma cell-like morphology, 

express high amounts of IL-3 receptor-α chain (CD123) and are regarded as 

the main IFNα-producing blood cells that induce T-helper 2 (TH2) immune 

responses [4]. As pDC primed T-lymphocytes also differentiate into regulatory 

T-cells, it is hypothesized that pDCs may promote tolerance [5]. On the other 

hand, myeloid DCs (mDCs) which originate from myeloid precursors, express 

the β2 integrin CD11c, CD13 and CD33. In vitro, they can be derived from 

circulating monocytes in response to GM-CSF & IL-4 and are able to polarize 

naïve T-cells towards a T-helper 1 (TH1) immune response [6,7]. As mDC 

primed T-lymphocytes are able to differentiate into effector CD4+ helper or 

cytotoxic CD8+ cells, it is suggested that mDCs are involved in the induction of 

immunity [8]. 

Circulating DC subsets are identifi ed by a distinct surface immunophenotype, 

that includes non-DC lineage negativity, infl ammatory chemokine receptor 

expression (CCR1, CCR5), constitutive MHC class II Ag expression and low 

surface levels of maturation marker (CD83) and co-stimulatory molecules 

(CD40, CD80, CD86) necessary for T-cell activation [9,10,11]. Under homeostatic 

conditions, immature DCs migrate into blood from the bone marrow and 

reside in non-lymphoid tissues where they constantly process microbial or viral 

Ags. Upon Ag encounter mDCs migrate into regional lymph nodes primarily 

through afferent lymphatics [12,13], while pDCs enter the T-cell lymph node 

areas directly from the blood stream via high endothelial venules (HEVs) by 

expressing high levels of L-selectin, or the interaction of chemokine receptor 

CXCR4 and its ligand SDF-1 (CXCL12) [14]. Migrating donor or recipient DCs 

lose their ability to capture Ags, increase the expression of MHC class I and II 

molecules, upregulate CD80, CD83 and CD86 and secrete pro-infl ammatory 

cytokines [15]. With heart allograft lymph drainage being disrupted post-

HTx, mature mDCs and pDCs traffi c from allograft via the blood, with homing 
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chemokine receptor CCR7 into draining lymph node T-cell areas where they 

will present allo-Ag and activate T-cells [16]. 

The scope of this study was to investigate peripheral whole blood mDCs and 

pDCs in relation to AR after clinical HTx. Given their differential traffi cking 

pattern between bone marrow, heart and lymphoid tissues, we identifi ed 

circulating DCs in a patient cohort under standard immunosuppressive therapy. 

In an attempt to unravel a role for mDCs or pDCs in AR, incidence, maturation 

and homing properties of circulating DC subsets were associated with the 

histological diagnosis of AR post-HTx. 

Patients and Methods

Study populations
Twenty-one consecutive adult heart transplant (HTx) recipients became 

eligible for study between May 2002 and November 2003. All patients had 

experienced a stable medical regimen of ACE inhibitor, statin, β-blocker, 

diuretic, anti-arrhythmic and anti-coagulant agents for at least 1 month prior 

to transplantation. One patient had received maintenance immunosuppression 

pre-HTx as he was re-transplanted due to cardiac allograft failure induced by 

transplant coronary artery disease. Donor and recipient clinical parameters 

are depicted in Table 1. Eighteen healthy laboratory co-workers, matched for 

age and gender, (10 men and 8 women; mean age 48.8 ± 11.5; range 26.7-60.1 

years) volunteered to donate blood for this investigation as control subjects. 

They received no medication and represented a reference for all values 

obtained throughout our inquiry. None of the patients presented with any 

severe co-morbidity directly prior to transplantation. The research conformed 

with the principles outlined by the Declaration of Helsinki. Before entering 

the study, all patients provided written informed consent in accordance with a 

protocol approved by the medical ethical committee (MEC 215.732/2002/157) 

of the Erasmus University Medical Center, The Netherlands. 

Endomyocardial biopsies
Scheduled right venticular endomyocardial biopsies (EMB) were performed 

weekly until week 6, biweekly until week 10, monthly up to 6 months and 

bimonthly up to the fi rst annual examination, on week 52 post-HTx. Clinical 

course and prior rejection profi le of each individual patient triggered EMB 

rescheduling in 2- to 4- weekly intervals at later time-points of follow-up. Six 
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tissue samples were extracted during each procedure and diagnosis was based 

on the verdict of two independent cardiac pathologists. Multiple sections 

stained with hematoxylin and eosin were analyzed to exclude Quilty effect 

as the etiology of lymphocytic infi ltration. EMB grading was performed by 

light microscopy using the standard working formulation of the International 

Society for Heart and Lung Transplantation (ISHLT) [17]. Histologically, only 

patients with ISHLT grade ≥ 3A episodes were considered to experience 

signifi cant acute cellular rejection. 

Table 1: Recipient and donor demographic characteristics 

Recipients 

 age 51.6 ± 9.2

 sex, (m/f) 12/9

 no of transplantation

 1st 20

 2nd 1

Donors

 age 34.7 ± 11.9

 sex, (m/f) 7/14

 etiology of death 

 intracerebral hematoma 2

 post-anoxic encephalopathy 4

 subarrachnoidal hemorrhage 8

 cerebral trauma 7

CMV D/R combinations

 +/+ 4

 +/– 9

 –/+ 5

 –/– 3

m = male, f = female, CMV = cytomegalovirus, D = donor, R = recipient. Age in years, is expressed 
as the mean ± SD.

After transplantation, all HTx patients received anti-thymocyte globulin (ATG) 

induction and triple therapy in the form of corticosteroids, CsA (Novartis, 

Basel, Switzerland) or Tacrolimus (FK506, Fujisawa GmbH, Munich, Germany) & 

MMF (Roche, Basel, Switzerland) as maintenance immunosuppression. Horse-

ATG (Imtix Sangstat B.V., Lyon, France) at 3 to 8 i.v. doses daily (mean dose 

= 3.8 ± 1.1; 1 dose = 212.5 lymphocytotoxic-units/kg/24hrs) was administered 

for a median of 7 days (range: 5-12) until adequate CsA or FK506 trough 

thesis_athanassopoulos.indd 99 15-5-2006 8:52:17



100

Chapter 5

levels were achieved. All patients received 75mg prednisolone i.v. during 

the fi rst post-transplant day, 50mg/day for 5, 40mg/day for 3 and 30mg/day 

for 2 consecutive days post-HTx. Thereafter, orally administered prednisone 

was tapered with 5mg decrements up to 20mg/day for 3 days and then with 

2.5mg decrements every 7 days up to 10mg/day. CsA and FK506 were started 

at 8mg/kg/24hrs and 0.3mg/kg/24hrs oral dosages respectively, divided in 2 

doses daily, were titrated further to reach trough levels of 150-250ng/mL 

and 12-16ng/mL respectively. MMF was started at the end of the induction 

therapy in doses between 2000 and 3000mg, daily. Rejecting recipients 

received additional anti-rejection therapy in the form of methyl-prednisolone 

(Pfi zer, Pharmacia & Upjohn, Sandwich, UK) 1000 mg/day i.v. for 3 days upon 

biopsy-proven AR episodes. All patients were further adjusted to a dosage of 

10-20 mg/day pravastatin per os.

CMV seronegative (-ve) recipient / seropositive (+ve) donor combinations 

(Table 1) received prophylaxis with 450 mg/day Valganciclovir (n = 3) or anti-

CMV hyper-Ig (Megalotect, Biotest Pharma GmbH, Dreiech, Germany), from 5-7 

days post-HTx (n  = 6). CMV status (IgG, IgM and PCR) was routinely screened 

at 14, 30, 60, 90, 120 days post-HTx and at the end of follow-up. CMV disease, 

as manifested by symptoms and a positive PCR, was treated with ganciclovir 

(5 mg/kg, 2 times daily) for 10-14 days. Inadequate effi cacy of ganciclovir, as 

determined by ongoing symptoms and positive PCR, was an indication for 

MMF withdrawal. No patients received anti-CMV globulin as therapy for 

documented disease.

Monoclonal antibodies
Allophycocyanin (APC)-conjugated CD11c, PE-conjugated anti-IL-3 receptor 

α chain, PerCP-conjugated anti-HLA-DR, FITC-conjugated CD34 and FITC-

lineage cocktail 1 (Lin-1) which contained mAbs: CD3 (T-cells), CD14 

(monocytes/macrophages), CD16 (NK cells), CD19 (B cells) & CD56 (NK cells) 

were all purchased from Becton Dickinson Biosciences (San Jose, CA, USA). PE-

conjugated CD83 and PE-conjugated anti-CCR7 (CD197w) were obtained from 

Serotec (Oxford, UK) and R&D Systems (Abingdon, UK), respectivelly. PE- and 

PerCP-conjugated isotype control murine mAbs (IgG1 & IgG2a) were provided 

by Becton Dickinson. CD45 FITC / CD14 PE reagent from Serotec was used to 

monitor lymphocyte, monocyte and granulocyte presence in each sample.
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Whole blood preparation
Peripheral blood cells from patients were collected 4-6 hrs before (pre-) and 

at 1, 2, 3, 4, 12, 24 and 38 wks post-HTx. Venous blood drawn at wks 1, 2 and 

4 within 1-month from controls, was used for comparison. All samples from 

patients and controls were collected in the morning. Blood from patients post-

HTx was obtained during the EMB procedure and before administration of 

anti-rejection therapy. Heparinized pyrogen-free tubes were used to divide 

all specimens in 300 μL aliquots for DC characterization. Samples were placed 

directly into a 5 mL polystyrene tube containing 10μL anti-HLA-DR (PerCP), 

20μL Lin1 (FITC), 10μL CD11c (APC) and 10μL CD123 (PE) used for rare event 

four-color fl ow cytometric analysis. In separate tubes, CD123 (PE) was replaced 

by 5μL CD83 (PE) or 5μL CCR7 (PE). For the latter analyses, the acquired 

CD11clow cells were considered to be pDCs as their numbers were equal to 

the CD123high cells in the fi rst tube. Negative controls, with irrelevant isotypic 

antibodies (IgG, IgM), were prepared in each experiment, as appropriate. To 

minimize selective loss during the preparation procedure, whole blood cells 

were fi rst incubated in the dark with mAbs for 20 mins, followed by 10-min 

lysis of the erythrocytes with FACS lyzing solution (BD Biosciences) at room 

temperature. After washing with FACSfl ow (BD Immunocytometry Systems), 

200,000-300,000 events were acquired. A minimum of 100 events per DC 

subset was analyzed in a fl uorescence-activated cell sorter (FACSCalibur) with 

the CellQuest Pro software (both supplied by BD Biosciences). White blood cell 

(WBC) numbers in all samples were determined by an automated cell counter 

(Sysmex Microcellcounter F-300, Goffi n Meyvis, Etten Leur, The Netherlands).

Dendritic cell immunophenotypic analysis 
DC characterization was practically censored for occurrence of AR at the time 

of blood sampling. Whole peripheral blood cells stained with anti-HLA-DR 

mAb were identifi ed within CD34– Lin-1– events as discussed in the past [18]. 

In the gated cells, CD11c and CD123 expression was determined in order to 

defi ne the two distinct DC subsets. Precursor mDCs and pDCs were delineated 

as CD11chigh CD123low and CD11clow CD123high, respectively. Absolute numbers 

of mDCs and pDCs, expressed in cells/μL, were calculated from the WBC count 

multiplied by the proportion of each subset within WBCs and represented the 

incidence of each subset per subject at the time of sampling, as defi ned by 

fl ow cytometric analysis. The acquired mDCs (CD11chigh) and pDCs (CD11clow) 

were further analyzed for maturation marker CD83 and lymphoid homing 

chemokine receptor CCR7. Percentage of precursor mDCs or pDCs positive for 
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CD83 or CCR7 was calculated from the total number of mDCs or pDCs and was 

used as a means to express the proportion of mature or homing peripheral 

blood mDCs or pDCs, respectively. 

Statistical analysis
Results are expressed as absolute mDC & pDC numbers or mean ± SD of 

percentage (%) lymphocytes, monocytes, granulocytes, DC, WBC numbers, 

absolute DC numbers and % positive mDC or pDC for CD83 or CCR7. All 

data sets were tested before comparisons whether they passed normality. 

Coeffi cient of variation (CV) was determined to assess assay reproducibility. The 

Mann Whitney U-test and the paired Wilcoxon samples t-test were employed 

to compare differences between means as appropriate. Associations were 

calculated using the Spearman (r) correlation coeffi cient. Continuous data 

were analyzed by repeated measurements and one-way ANOVA in order to 

decipher differences within and between groups or individual patients over 

time. Two-sided tests were performed and ‘p’ values with an α level of < 0.05 

were considered to be signifi cant. SPSS 11.0.1 software (Chicago, IL, USA) 

and the GraphPad statistical program (San Diego, CA, USA) were applied for 

analyses and graphics, respectively. 

Results

Transplantation outcome
Fourteen patients experienced a total of 20 biopsy-proven AR episodes post-

HTx. Between rejecting (R) and non-rejecting (NR) recipients there were 

no signifi cant differences in clinical variables (Table 2). Infections were the 

major complications in both groups post-HTx and these were treated with 

conventional antibiotic or anti-viral therapy according to local protocol. 

Median time for initiation of statin therapy was 19 days after transplantation 

(range: 7-115) and was tolerated in 20 of the 21 patients for the whole period 

post-HTx. Between R and NR patients, h-ATG dosis (mean: 3.7 ± 1.1 vs 4.2 ± 1.0 

dosages daily) and duration of therapy [median time: 6.5 (range: 5-12) vs 

7.5 (range: 5-11) days] were not different. Maintenance immunosuppressive 

drug dosages and acquired trough levels were comparable between R and NR 

recipients for the whole period of follow-up (Table 2). Despite prophylaxis, 11 

patients presented with CMV disease post-HTx and for 8 of those MMF therapy 

was discontinued. One NR patient died at 21 days post-HTx due to brain 
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stem coning after a severe cerebro-vascular accident. Further complications 

included groin wound dehiscence, pleural empyema, femoral bone fracture 

and motoric axonal polyneuropathy.

Table 2: Clinical variables for non-rejecting and rejecting recipients post-HTx 

NR R P value

n 7 14

Recipient 

 age 52.0 ± 10.6 50.4 ± 8.1 0.685

 sex (m/f) 4/3 8/6

Donor

 age 38.6 ±12.3 33.4 ±11.9 0.414

 sex (m/f) 3/4 4/10

Ischemic time 150.8 ± 46.5 158.4 ± 38.6 0.697

HLA mismatches 

 HLA-A 1.8 ± 0.4 1.2 ± 0.9 0.098

 HLA-B 1.8 ± 0.4 1.9 ± 0.4 0.947

 HLA-DR 1.5 ± 0.6 1.6 ± 0.7 0.713

Immunosuppression

 Prednisone, dosis

 early 20.0 (15.0 – 40.0) 20.0 (10.0 – 50.0) 0.799

 late 10.0 (10.0 – 15.0) 10.0 (5.0 – 12.5) 0.596

 FK506, trough levels

 early 10.6 (7.4 – 13.8) 10.3 (6.7 – 21.6) 0.889

 late 7.2 (6.5 – 10.5) 10.9 (8.4 – 14.5) 0.095

 CsA, trough levels

 early 262.5 (225.0 – 307.9) 327.1 (256.0 – 370.0) 0.073

 late 177.5 (173.8 – 226.0) 218.8 (186.7 – 277.0) 0.262

 MMF, trough levels 

 early 2.0 (1.5 – 2.5) 2.1 (0.9 – 2.9) 0.886

 late 1.7 (1.5 – 2.9) 1.5 (0.7 – 3.0) 0.714

 MMF, withdrawal 3/6† 5/14

NR = non-rejectors, R = rejectors, HLA = human leukocyte antigen, early = 1-4 weeks post-HTx, late 
= 12-38 weeks post-HTx. Age (years), ischemic time (minutes) and HLA-mismatches are expressed as 
mean ± SD. Dosis (mg/day) and trough levels (ng/mL) are expressed as median (range). †One of the 
NR patients died due to brain stem coning after severe cerebro-vascular accident
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Hematological characteristics of study subjects
Patient WBC counts pre-HTx, were comparable to control leukocytes at 

5.93 ± 3.13 x103 cells/μL (p = 0.156). WBCs were signifi cantly elevated at 1-wk 

post-HTx, against the pre-HTx condition. This was attributed to a transient 

increment of 9.9% in granulocytes and an equal albeit more persistent 

decrement in lymphocytes. WBC counts normalized again at 2 weeks post-

HTx and remained within a constant range for the rest of the follow-up. 

Granulocyte and lymphocyte proportions returned to pre-HTx levels at 2 and 

3 weeks post-HTx, respectively (Table 3).

DC numbers and subset distribution in HTx recipients and normal 
subjects 
Sequential profi les of CD11c and CD123 expression by peripheral blood DCs 

from a healthy control subject, a non-rejecting and a rejecting patient post-

HTx, are depicted in Figure 1. For each individual, mDC incidence was greater 

than pDC incidence while a third, Lineage– HLA-DR+ CD11clow, CD123low cell 

population was subtly but consistently present in controls and patients pre- 

and post-HTx. Control DC sample analysis within 1-mo, confi rmed interassay 

reproducibility as % DC was stable during this period (Figure 2A) and CV 

for mDC, pDC numbers and the mDC:pDC ratio were all consistently < 15% 

(13.3%, 14.8% and 12.6%, respectively). Patient total DC numbers decreased 

signifi cantly at 1-wk post-HTx and remained lower than the pre-HTx condition 

for the whole post-HTx period (Table 3). Consequently, % DC declined sharply 

post-HTx and ranged from 0.05-0.13 % of WBC until the completion of follow-

up (Figure 2B). Controls exhibited stable mDC and pDC subset incidence during 

1-mo follow-up (Figure 2C). For patients 1-wk post-HTx, mDC and pDC numbers 

at 3.63 ± 2.99 and 0.67 ± 0.29 cells/μL were signifi cantly lower than the pre-

transplant and control condition. Further subset distribution analysis revealed 

that both mDC (range 3.63-7.88 cells/μL) and pDC (range 1.00-2.91 cells/μL) 

numbers remained consistently lower post-HTx than the pre-HTx condition 

(Figure 2D).
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Association of DC numbers with endomyocardial biopsy ISHLT grade 
A total of 142 right ventricular biopsies became available for study. Histological 

diagnosis could not be certifi ed for 2 biopsies due to shortage of material. 

No severe (grade 4) AR episodes were documented during follow-up. Upon 

analysis of blood samples corresponding to 70 grade 0, 39 grade 1A, 2 grade 

1B, 16 grade 2, 12 grade 3A and 1 grade 3B biopsies, there was a negative 

association of absolute mDC numbers with the diagnosed ISHLT infi ltration 

grade observed for the whole period of follow-up (Figure 3A). The difference 

between 7.0 or 5.2 cells/μL during grades 0 or 1A/B with 2.9 or 1.6 cells/μL 

during grades 2 or 3A/B, was signifi cant. However, this effect was not seen 

in the pDCs as this fraction was constitutively present at a low but stable 

level (< 2 cells/μL) in peripheral blood independent of the pathological grade 

of rejection (Figure 3B). Correlation with ISHLT grade, although weak, was 

signifi cant for mDCs (r = -0.49, R2 = 0.24; p = 0.02) but not for pDCs (r = -0.38, 

R2 = 0.14; p = 0.33) at the peak of the AR period (12 weeks post-HTx). From 

the 13 AR episodes (grade 3A/B) caught in the follow-up, 2 occurred at the 

1st, 2 in the 3rd, 2 in the 4th, 4 in the 12th, 2 in the 24th and 1 in the 38th week 

post-HTx. Complete data before, during and after rejection were available 

for 10 AR episodes. Paired samples analysis in the rejecting HTx-recipients for 

all episodes before, during and after AR (n = 13) revealed that mDC, but not 

pDC, numbers decreased during each episode and the majority increased after 

resolution of the rejection (Figure 4). 

Rejection and non-rejection DC subset maturation and lymphoid homing 
properties 
Characterization of CD83 and CCR7 on mDCs and pDCs has been described 

before [18]. The % of CD83 or CCR7 positive blood mDCs and pDCs for both 

R and NR patients were low post-HTx. However, rejecting recipient paired 

analysis of samples acquired during the biopsy-proven AR episodes (AR+) and 

non-rejection episodes (AR-) exhibited a nearly signifi cant decrease in CD83 

and a signifi cant decrease in CCR7 positive mDCs during AR for the total 

follow-up period (%CD83+ mDCs: 8.9 ± 4.3 vs 17.3 ± 10.4; p = 0.062) (%CCR7+ 

mDCs 9.7 ± 5.9 vs 21.1 ± 14.7; p = 0.024) (Figure 5A). No differences were 

observed in the % CD83 or CCR7 positive pDCs when blood taken during AR+ 

was compared to samples taken from the same patients during AR- episodes 

(%CD83+ pDCs: 11.6 ± 9.1 vs 10.6 ± 9.6; p = 0.161) (%CCR7+ pDCs 56.1 ± 22.6 

vs 52.1 ± 23.1; p = 0.580) (Figure 5B).

thesis_athanassopoulos.indd 108 15-5-2006 8:52:18



109

Dendritic Cells in Acute Rejection after Heart Transplantation

Figure 3: Incidence of peripheral blood (A) mDCs and (B) pDCs with ISHLT grade of 140 

endomyocardial biopsies acquired within 9 months post-HTx. p-values were < 0.0001 

for mDCs and 0.996 for pDCs (one way ANOVA); *p < 0.05, **p < 0.01, ***p < 0.001 

represent outcome of the Tukey’s multiple comparisons test for mDCs.
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Figure 4: Peripheral blood (A) mDC and (B) pDC absolute numbers of 14 rejecting 

patients post-HTx before, during and after 13 acute rejection (AR) episodes caught 

during 9 months follow-up. *p < 0.05, **p < 0.01 represents the outcome of paired 

samples analysis for mDCs; pDC numbers did not alter signifi cantly during the same 

time-intervals (p = 0.557 and p = 0.339, respectively).
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Figure 5: Percentage of positive (a) mDCs and (b) pDCs for CD83 and CCR7 in the 

peripheral blood of 14 patients which experienced at least one rejection episode during 

9 months post-HTx. Episodes with no rejection (AR-: 0, n = 44; 1A/1B; n = 23; 2, n = 10) 

were compared to 13 acute rejection (AR+) episodes. n.s. not signifi cant; *p < 0.05 

paired samples analysis.
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Figure 6: Temporal mDC (A) and pDC (B) subset distribution in peripheral blood of 7 

non-rejecting (NR) and 14 rejecting (R) recipients up to 9 months post-HTx. *p < 0.05, 

#p < 0.0001 represent the outcome of between groups one-way ANOVA comparisons.

Rejector and non-rejector mDC and pDC numbers in time
One patient was diagnosed to reject 3 times during follow-up (wk 1, wk 4 and 

wk 12). For 3 rejecting HTx recipients no data on AR episodes were caught in 

our follow-up. Sequential analysis performed for the whole period designated 

lower mDC numbers in time, to patients who had experienced biopsy-proven AR, 

when compared to NR patients who started recovering in their mDC numbers 

thesis_athanassopoulos.indd 112 15-5-2006 8:52:19



113

Dendritic Cells in Acute Rejection after Heart Transplantation

after 12 weeks post-HTx (Figure 6A). At that time, it became obvious that this 

difference could not be seen for pDCs (Figure 6B). However, the respective mDC 

recovery and depletion observed in NR and R patients, was not infl uenced by 

manifestation of infections or withdrawal of immunosuppressants post-HTx. 

Patients receiving statin therapy post-HTx were found to be distributed equally 

amongst the NR and R groups (100% and 93%, repectively). Median time of 

CMV disease onset post-HTx was 79 days (range 40-122) for the NR group and 

96 days (range 48-139) for the R group. Consequently, MMF withdrawal for NR 

and R groups occurred in 130 days (range: 121-182) and 146.5 days (102-212) 

post-HTx, respectively. Repeated measures ANOVA analysis between R or NR 

subjects showed that CMV disease development or MMF use were factors that 

did not affect mDC outcome signifi cantly, up to 38 weeks post-HTx (p = 0.980 

and p = 0.900, respectively). 

Discussion

We investigated peripheral blood DC incidence, phenotype and subset 

distribution in an attempt to reveal a possible mechanism by which circulating 

bone marrow-derived DCs may be involved in the initiation or progression of 

AR after clinical HTx. Dendritic cell homeostasis is altered considerably after 

transplantation as DC incidence and subset distribution differed substantially 

between the recipients pre- and post-HTx and normal subjects. The overall 

decrease in circulating mDC and pDC numbers must be ascribed to the controlled 

immunosuppression (h-ATG, Prednisone, CsA or FK506 and MMF), administered 

post-HTx. Anti-thymocyte globulin (ATG) has been demonstrated to bind both 

immature and mature human dendritic cell subsets and induce complement-

mediated DC lysis, in vitro [19]. Prednisone reduces circulating pDC numbers [20] 

and inhibits their function in vivo [21], an effect which may explain the abrupt 

and sustained pDC shortage for the whole period post-HTx. Evidence suggests 

that corticosteroids and calcineurin inhibitors not only restrain immature DC 

differentiation from their hemopoietic progenitors [22,23] but can also inhibit 

DC migration to lymphoid tissues [24] by competitive inhibition of the lipid 

transporters Abcb1 (p-glycoprotein, MDR1) and Abcc1 (multidrug resistance 

protein 1, MRP1) [25]. Specifi cally, CsA may interfere with DC recirculation 

also through cyclooxygenase 2 (COX2) inhibition or prostaglandin E2 (PGE2) 

uncoupling with CCR7 [26-28]. On the one hand, statins are known to impair 

DC maturation by down-regulating CD83 and CCR7 and inhibit both antigen 
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capture capacity and T-stimulatory activity as part of their anti-infl ammatory 

potential [29-30]. On the other hand, FK506 and the anti-proliferative MMF 

seem to be of minor infl uence to DC differentiation, maturation or migration, 

although both agents suppress DC allo-co-stimulatory capacity by decreasing 

TNFα and IL12 secretion, respectively [31]. 

During each AR episode mDC numbers decreased markedly and we observed 

that mDCs were negatively associated with EMB pathological grade of 

rejection, while pDCs remained constantly low. Rejecting patients did not 

exhibit the mDC recovery that non-rejectors experienced after 3 months post-

HTx. Despite convincing evidence of immunosuppressive drugs affecting blood 

DC traffi cking, to our knowledge no reports exist in supporting differential 

in vivo DC subset kinetics during AR after clinical HTx. Conceptually, the 

mDC profi les of rejectors and non-rejectors in time might be explained by 

quantitative differences in their immunosuppressive regimen. However, in our 

patient cohort, rejectors and non-rejectors received comparable prednisone 

dosages and experienced similar trough levels of CsA, FK506 and MMF for the 

whole period of follow-up. Additionally, MMF therapy was discontinued for a 

comparable number of rejectors and non-rejectors. Both groups were further 

comparable with respect to age, which might infl uence DC subset distribution 

substantially [32]. Donor age was also similar between the R and NR groups. 

Manifestation and onset time of a major infectious complication post-HTx such 

as CMV disease, which induces a severe but transient immunosuppression in the 

host [33], was comparable between rejectors and non-rejectors. Furthermore, 

patients receiving statin therapy post-HTx were found to be equally distributed 

amongst the NR and R groups. Thus, rejecting HTx recipients undergo circulating 

mDC depletion over time, independent of infection onset, statin treatment or 

tapering of maintenance immunosuppression. Nonetheless, additional anti-

rejection therapy (methyl-prednisolone) cannot be excluded when accounting 

for the long-term disparity between mDC numbers of rejectors and non-

rejectors post-HTx. However, such a prolonged effect in vivo is highly unlikely 

as steroids, the only form of anti-rejection therapy administered to this cohort, 

are implicated in DC redistribution by selectively reducing only circulating pDC 

numbers [20]. 

The immunostimulatory capacity of DCs has been shown to depend on 

membrane-bound CD83 [34,35]. In our patients, the percentage CD83+ 

circulating mDCs or pDCs declined signifi cantly post-HTx. Analyzed sequentially, 

no signifi cant differences were found between rejectors and non-rejectors 

during follow-up. Except for immunosuppression, this effect may reside on 

CMV as mature DCs have been shown to downregulate CD83 expression upon 
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infection with human CMV (hCMV) [36]. On the other hand, monocyte derived 

DCs infected with hCMV do not attain different CCR7 expression, but only an 

altered expression of CD11c, CD33, CD54 and CD58 [37]. Thus, it is conceivable 

that the decrease of circulating %CCR7+ mDCs relies only on CsA use post-HTx. 

However, it is interesting that rejectors experienced a decreased % of CCR7+ 

mDCs in their blood during AR. Seeing blood purely as a DC traffi cking module 

post-HTx, uniformly altered DC kinetics must refl ect an inherent mechanism of 

circulating mDC depletion during AR. We speculate that low % CCR7+ mDCs 

suggest selective mDC homing to secondary lymphoid tissues in order to induce 

T-cell clonal expansion and differentiation into CD4+ helper or cytotoxic CD8+ 

cells and therefore initiate AR. 

The limitation of this study is in the nature of the chosen follow-up, which 

inadvertently lead to some loss of AR episodes due to a large variance in the 

time-intervals between measurements before, during and after rejection for 

some rejectors. However, we feel that censoring for AR grade was useful as 

follow-up time was the same for all patients. Looking at the chosen time 

for venous puncture (during routine EMB procedure and before histological 

diagnosis of AR), we have avoided any adverse effects caused by circadian 

rhythm or administration of anti-rejection therapy at the time of blood 

sampling.

Experience on DC reconstitution after allogeneic stem cell transplantation 

dictates that low circulating mDC and pDC numbers for up to 6 months can 

be imposed by the administration of lymphocyte depleting antibodies [38]. 

However, as such protocols exert profound inhibitory effects on the bone 

marrow, they cannot be compared to the effects of polyclonal ATG, which 

are restricted to the intravascular and lymphoid compartments [39]. Induction 

analogous to ATG, via Campath-1G antibody (CD52), causes early depletion of 

both circulating mDCs and pDCs but late defective reconstitution for pDCs only, 

at 1 year after stem cell transplantation [40]. Comparable effects were described 

recently for both induction via ATG or CD52, after human lung transplantation 

[41,42]. In our patients, we speculate that both mDCs and pDCs regenerated 

in an abberant fashion due to h-ATG induction, early post-HTx. However, since 

the intensity of this therapy did not differ between rejecting and non-rejecting 

recipients, we conclude that the long-term differences observed in mDCs post-

HTx are not caused by the induction therapy. Furthermore, non-rejecting 

patients on maintenance immunosuppression experienced lower DC levels, but 

exhibited comparable DC subset distribution to normal adult controls after 6 

months post-HTx. This suggests further that a normal peripheral blood DC 

reconstitution late post-HTx, is associated with allograft non-responsiveness 
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independent of induction therapy. Moreover, it is intriguing that low 

circulating DC counts have been demonstrated to characterize patients at risk 

for relapse and graft-versus-host disease late after stem cell transplantation 

[43] or acute rejection shortly after kidney transplantation [44]. To us, these 

fi ndings imply a basic immunological phenomenon, occurring irrespective of 

the transplanted organ and independent of induction therapy. 

One may further reckon that the differences in mDC numbers between 

rejectors and non-rejectors post-HTx could be based on the reappearance of 

circulating donor derived DCs. Indeed, late blood APC microchimerism has been 

demonstrated to arise due to the survival of a few donor-type hematopoietic 

stem cells originating from the organ graft [45]. However, in clinical heart 

transplantation, allograft derived circulating DC progenitors appear only after 

cessation of therapeutic immunosuppression [46]. As their frequency in cardiac 

allografts has been shown to be extremely low under induction with antibody 

depleting protocols [47], we do not believe that donor derived mDCs are the 

explanation for the overall elevation of mDC numbers for the non-rejector 

group after 6 months post-HTx. 

Identifying potential causes of low blood DC counts post-HTx warrants further 

investigation as adequate reconstitution of mDCs but not pDCs appears to be 

important for improved outcomes within the 1st year post-HTx. DC profi ling 

might refl ect the status of HTx recipients with respect to risk for AR after 3 

months post-HTx, but extended prospective follow-up studies of both rejector 

and non-rejector cohorts are needed to identify patients dependent on anti-

rejection therapy long post-HTx. Understanding the role of chemokines in 

the recruitment and activation of DCs post-HTx are likely, with time, to yield 

important new targets for efforts to promote tolerance induction.
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Abstract

Objective: Dendritic cell (DC) mediated allo-antigen presentation to host antigen 

specifi c T-lymphocytes initiates acute allograft rejection. We investigated 

peripheral blood DC (PBDC) incidence and DC subset reconstitution in relation 

to histological diagnosis of acute cellular rejection (AR) and administration of 

rejection therapy after clinical heart transplantation (post-HTx). 

Methods: Venous blood from 20 HTx recipients under standard immuno-

suppression was collected during serial endomyocardial biopsy (EMB) prior 

to administration of rejection therapy in a 9-month follow-up post-HTx. 

Echocardiographic assessment of allograft function during EMB was performed 

to distinguish clinical necessity for rejection therapy within histologically 

rejecting patients (R). Myeloid (mDC) and plasmacytoid (pDC) subsets identifi ed 

by fl ow cytometry were analyzed for different ISHLT rejection grades. 

Circulating PBDC incidence and mDC/pDC ratio were compared sequentially 

between non-rejecting (NR) recipients and R patients treated (3A+) or not-

treated (3A–) with rejection therapy during follow-up. 

Results: Eleven samples from biopsy-proven AR episodes (AR+: ISHLT ≥ 3) were 

compared to 89 samples from non-rejection episodes (AR–: ISHLT grade 0, 

n = 52; grade 1, n = 29; grade 2, n = 8). We observed an inverse correlation of 

mDCs (p < 0.05) but not pDCs with increasing rejection grade. PBDC incidence 

and mDC/pDC ratio were low in blood samples obtained during AR (p < 0.05 

and p < 0.01, respectively). Both PBDCs and mDC/pDC ratio decreased during 

each AR episode (p < 0.05). Comparison of 3A+ and 3A– rejectors with NR 

patients after 12 weeks post-HTx revealed lower PBDC incidence (p < 0.01) 

and mDC/pDC ratio (p < 0.05) for R patients, independent of rejection therapy. 

Conclusions: Defective DC subset reconstitution by dendritic cell profi ling 

identifi es patients at risk for AR after 3 months post-HTx. This fi nding may 

contribute to further optimization of immunosuppressive treatment strategies 

after clinical heart transplantation. 
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Introduction

Macrophages, neutrophils and natural killer (NK) cells are intrinsic components 

of early non-specifi c allograft damage induced by ischaemia-reperfusion 

injury after heart transplantation (HTx) [1,2]. Acute rejection (AR) through 

allo-specifi c T-cell graft infi ltration remains the leading cause of cardiac 

allograft dysfunction in the fi rst months post-HTx [3]. The latter is initiated by 

the presentation of foreign allo-antigen (allo-Ag) to T-lymphocytes by antigen 

presenting cells (APCs) such as donor or recipient dendritic cells (DCs) [4]. 

Two major DC subsets have been identifi ed in human circulation [5]. The 

CD11c+ subset belongs to the myeloid lineage, whereas the CD11c– subset, 

recognized as plasmacytoid cells, expresses the IL-3 receptor-α chain (CD123) 

and consists of the direct precursors of lymphoid DCs [6]. Peripheral blood 

DCs (PBDCs) emerge in an immature state from bone marrow progenitors and 

traffi c via blood to non-lymphoid tissues, where they exhibit high phagocytic 

capacity for antigens (Ags). Upon Ag encounter, DC subsets undergo multi-step 

maturation and present Ags in the lymph nodes. In this process, DC chemokine 

receptor expression is altered from an infl ammatory to a lymphoid homing 

mode [7]. Major histocompatibility class I and II molecules, several adhesion 

(CD11a, CD18, CD44 & CD54) and co-stimulatory molecules (CD40, CD80, CD86) 

are increased on their surface, while DCs start secreting pro-infl ammatory 

cytokines like IL-1β, IL-6, IL-12, IL-10 and IL-23 [8]. 

After transplantation, DCs induce anti-donor responses through the direct or 

indirect presentation of donor Ags [9]. Myeloid DCs (mDCs) and plasmacytoid 

DCs (pDCs) enter the T-cell areas of secondary lymphoid organs via the blood 

and drive the proliferation and differentiation of donor specifi c T-cells [10]. 

As mDC primed T-lymphocytes are able to differentiate into effector CD4+ or 

cytotoxic CD8+ cells [11] it is postulated that mDCs are the primary instigators of 

allograft rejection post-HTx. On the other hand, as pDC primed T-lymphocytes 

also differentiate into regulatory T-cells, it is suggested that pDCs may promote 

allograft tolerance [12]. Accordingly, peripheral blood DC subset balance is 

believed to be critical for the development of allograft acceptance. However, 

clinical doses of induction and maintenance immunosuppressive regimens are 

known to negatively affect peripheral blood DC subset Ag presenting capacity 

as well as maturation, migration and differentiation from their haemopoietic 

progenitors after transplantation [13]. Interestingly, patients at risk for AR are 

known to differ substantially in the mDC/pDC ratio from patients successfully 

withdrawn from immunosuppression [14]. 
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The aim of this study was to look into circulating DC subset kinetics in relation 

to histological grading of AR and administration of rejection therapy after 

heart transplantation. Given that 1 week post-HTx circulating mDC and pDC 

numbers decrease signifi cantly [15], we investigated peripheral blood DC 

numbers and the mDC/pDC ratio as a measure of DC subset reconstitution 

in a prospective 9 month follow-up post-HTx. Non-rejecting recipients were 

compared to patients with biopsy proven AR episodes in order to explore 

whether DC content might refl ect their status with respect to risk for AR. 

Rejecting recipients were analyzed according to rejection treatment in order 

to investigate dependence of DC profi le on rejection therapy post-HTx.

 

Patients and Methods

Patients
We studied 20 adult HTx recipients (11 men and 9 women, mean age 51.6 

years, range 37-65 years) operated between June 2002 and December 2003. 

All patients were classifi ed with chronic symptomatic but clinically stable 

NYHA III-IV heart failure and had experienced a standardised medical regimen 

before transplantation [15]. One patient had already received maintenance 

immunosuppression pre-HTx, as he was re-transplanted due to graft vascular 

disease of an 11-year old cardiac allograft. None of the patients presented 

with any major co-morbidity pre-HTx. The study protocol was approved by the 

local medical ethical committee on human research, (MEC 215.732/2002/157). 

All patients were recruited from the Thoraxcenter, Erasmus Medical Center 

(Rotterdam, The Netherlands) and gave written informed consent before 

entering the study. 

Endomyocardial biopsies
Scheduled right venticular endomyocardial biopsies (EMB) were performed 

weekly until week 6, once every two weeks until week 10, monthly up to 6 

months and once every two months up to the end of the fi rst year post-HTx. 

Clinical course and prior rejection profi le of each individual patient triggered 

EMB rescheduling in 2- to 4- weekly intervals late during follow-up. Using 

light microscopy, rejection grade was evaluated by two cardiac pathologists 

on 6 tissue samples extracted during each EMB procedure, according to the 

standard working formulation of the International Society for Heart and Lung 

Transplantation (ISHLT) [16]. Hematoxylin and eosin stained sections were also 
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analyzed to exclude Quilty effect as the etiology of lymphocytic infi ltration. 

Patients with ISHLT grade ≥ 3 episodes were considered to experience acute 

cellular rejection. 

Echocardiography 
All patients underwent trans-thoracic echocardiography in order to assess 

left ventricular (LV) function within 4 hours of each EMB procedure, using 

a Hewlett Packard Sonos 5500 utrasonograph with a 3.75 MHz transducer 

(Hewlett Packard, Andover, MA, USA). LV wall dimensions were obtained by 

parasternal M-mode recordings combined with an electrocardiogram. Mitral 

fl ow velocities were measured within the valve orifi ce near the leafl et tips by 

two-dimensional Doppler echocardiography through an apical four-chamber 

view. M-mode echocardiograms were analyzed for end-diastolic total wall 

thickness (TWT), calculated by adding posterior left ventricular wall thickness 

and end-diastolic interventricular septum thickness. Overall changes in systolic 

function were assessed by “eyeballing” technique. Diastolic function was 

evaluated by peak early (E) / peak atrial (A) mitral fl ow velocity (E/A ratio) and 

deceleration time of E (DT). Recordings were analyzed by a single investigator 

without knowledge of EMB outcome.

Immunosuppressive regimen
After transplantation, all HTx patients received anti-thymocyte globulin (ATG) 

and triple therapy consisting of steroids, Cyclosporine A (CsA, Novartis, Basel, 

Switzerland) or Tacrolimus (FK506, Fujisawa GmbH, Munich, Germany) and 

Mycophenolate Mofetil (MMF, Roche, Basel, Switzerland) as maintenance 

immunosuppression, for the whole post-HTx period. Horse-ATG (Imtix Sangstat 

BV., Lyon, France) at 3 to 8 i.v. dosages daily (1 dosage = 212,5 lymphocytotoxic-

units/kg/24hrs) was administered until adequate CsA or FK506 trough levels 

were achieved. All patients received 75mg prednisolone i.v. in the fi rst post-

transplant day, 50mg/day for 5, 40mg/day for 3 and 30mg/day for 2 consecutive 

days post-HTx. Thereafter, orally administered prednisone was tapered with 

5mg decrements up to 20mg/day for 3 days and then with 2.5mg decrements 

every 7 days up to 10mg/day. CsA and FK506 were started at 8mg/kg/24hrs 

and 0.3mg/kg/24hrs oral dosages respectively, divided in 2 doses daily which 

were titrated further according to the corresponding trough levels. MMF 

was started at the end of the induction therapy in doses between 2000 and 

3000mg, daily. CMV syndrome, as manifested by symptoms and a positive PCR, 

was treated with ganciclovir (5 mg/kg, 2 times daily) for 10-14 days. In case of 
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resistance to this therapy, MMF was withdrawn from the immunosuppressive 

regimen. Patients presenting with ISHLT grade ≥ 3A biopsies were considered 

for treatment of rejection with additional immunosuppression in the form of 

methyl-prednisolone i.v. for 3 days at 1000 mg/day (Pfi zer, Pharmacia & Upjohn, 

Sandwich, UK). In case of minor infi ltrates and when myocardial damage 

was considered too mild to warrant rejection therapy, echocardiographic 

assessment was used to decide upon rejection treatment: in such cases rejection 

therapy was omitted when systolic and diastolic LV function were normal or 

unchanged compared to earlier measurements. 

Monoclonal antibodies
Allophycocyanin (APC)-conjugated CD11c (clone S-HCL-3), phycoerythrin 

(PE)-conjugated anti-IL-3 receptor α chain (CD123; clone 9F5), peridinin 

chlorophyll protein (PerCP)-conjugated anti-HLA-DR (clone L243) and 

fl uorescein isothiocyanate (FITC)-conjugated lineage cocktail 1 (Lin 1) were 

commercially obtained (Becton Dickinson Biosciences, San Jose, CA, USA). The 

Lin 1 contained monoclonal antibodies (mAbs): CD3 (T-cells; clone SK7), CD14 

(monocytes/macrophages; clone MΦP9), CD16 (natural killer cells; clone 3G8), 

CD19 (B cells; clone SJ25C1), and CD56 (natural killer cells, clone NCAM16.2). 

Mouse anti-human CD45 FITC (clone F10-89-4) / CD14 PE (clone UHCM-1) 

reagent (Serotec, Oxford, UK) was used to monitor lymphocyte, monocyte and 

granulocyte presence in each sample.

Dendritic cell characterization
Patient peripheral blood cells were collected at 1, 4, 12, 24 and 38 weeks 

post-HTx, during the EMB procedure and before histological diagnosis of 

AR. Whole blood cells were incubated with mAbs followed by erythrocyte 

lysis with FACS lyzing solution (BD Biosciences) at room temperature. After 

washing with FACSfl ow (BD Immunocytometry Systems), 200000-300000 

events were analyzed in a FACSCalibur fl uorescence-activated cell sorter with 

the CellQuest Pro software program (BD Biosciences). White blood cell (WBC) 

numbers were determined by a Sysmex Microcellcounter F-300 automated 

cell counter, (Goffi n Meyvis, Etten Leur, The Netherlands). DC characterization 

was blinded for occurrence of AR at the time of blood sampling. CD11c and 

CD123 expression was determined within Lin– HLA-DR+ cells in order to defi ne 

mDC (CD11chigh CD123low) and pDC (CD11clow CD123high) subsets, as described 

before [15]. Absolute mDC and pDC numbers were calculated from the WBC 

count multiplied by the proportion of each subset within WBCs. DC incidence 
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was calculated by adding absolute mDC and pDC numbers. The mDC/pDC ratio 

was used as a means to express circulating DC reconstitution post-HTx. Assay 

reproducibility has been confi rmed previously, as DC sample analysis in healthy 

controls revealed stable % DC, absolute numbers of mDCs and pDCs as well as 

a constant mDC/pDC ratio, within the period of 1 month [17].

Statistical analysis
Results are expressed as mean ± SEM of absolute white blood cell, lymphocyte, 

monocyte, granulocyte and total DC numbers. All continuous data sets 

were tested before comparisons in order to assess whether the assumption 

of normality was met. The Mann Whitney U-test and the paired Wilcoxon 

samples t-test were employed to compare differences between means as 

appropriate. Correlation of mDC/pDC ratio with ISHLT grade was performed 

by linear regression analysis after log10 transformation of the data using the 

Pearson’s (r) correlation coeffi cient. One-way analysis of variance (ANOVA) 

was used for comparisons of clinical parameters between groups of patients 

and DC counts or mDC/pDC ratio between different rejection grades. Post-hoc 

analysis was performed to compare DC counts and mDC/pDC ratio for each 

rejection grade separately, using the Tukey’s test for multiple comparisons. 

Continuous DC number and mDC/pDC ratio data of different groups of 

patients were compared by repeated measurements ANOVA. A p-value < 0.05 

was considered signifi cant. SPSS 11.0.1 software (Chicago, IL, USA) and the 

GraphPad statistical program (San Diego, CA, USA) were applied for analyses 

and graphics, respectively. 

Results

Clinical characteristics
After transplantation, 14 of the 20 patients developed rejection in the whole 

period of 9-months follow-up. Within this group, 11 patients presented with 

impaired diastolic function during AR as assessed by echocardiography and 

therefore received rejection therapy (3A+) on one or more occasions during 

this period. However, 3 of the 14 rejecting patients, revealed once histological 

signs of AR but did not receive any rejection therapy after normal diastolic 

heart function assessment at the time of EMB (3A–). Infection was the most 

prominent complication for both non-rejecting (NR) and rejecting (R) groups 

of patients post-HTx (Table 1). In total 11 patients presented with CMV 
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syndrome post-HTx, and for 8 of those MMF therapy was discontinued. Mean 

time of CMV syndrome onset between non-rejectors (83.4 ± 12.8 days) and 

the 3A+ or 3A- rejectors (96.7 ± 17.7 and 84.0 ± 13.0 days, respectively) was 

not signifi cantly different (p = 0.79). Similarly, mean time for MMF withdrawal 

was comparable (p = 0.66) between the NR (147.6 ± 12.7 days) and the 3A- or 

3A+ rejecting subjects (124.7 ± 21.7 and 158.4 ± 16.8 days, respectively). Seven 

patients were converted to FK506 after experiencing calcineurin inhibitor 

related renal insuffi ciency post-HTx (2 in the 1st, 1 in the 2nd, 2 in the 3rd, 1 

in the 13th and 1 in the 18th week follow-up). Maintenance steroid dosages 

and acquired trough levels of immunosuppressive drugs were comparable 

between R and NR patients. However, 3A+ rejecting patients tended towards 

higher CsA trough levels (310.0 ± 19.8 ng/mL) than 3A- rejectors (272.3 ± 25.8 

ng/mL) and NR patients (233.6 ± 19.5 ng/mL) for the whole period of follow-up 

(P = 0.06). No differences were observed in immunologic or operation-related 

parameters between the 3 patient groups (Table 2). 

Table 1: Complications for rejecting and non-rejecting patients after heart 

 transplantation

NR R

Patients (n) 6 14

CNI related nephrotoxicity (%) 5 (83) 2 (14)

Infections

 CMV syndrome, total (%) 3 (50) 8 (57)

 primary infection 2 5 

 reactivation 1 3

Other 

 surgical wound 3 1

 respiratory 4 7

 oropharyngeal 4 7

 urogenital 8 2

 sepsis 1 1

NR, non-rejectors; R, rejectors; CNI, calcineurin inhibitor; CMV, cytomegalovirus; Percentages (%) are 
calculated from the total number of NR and R patients. Other post-transplant infection episodes are 
depicted accordingly
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Table 2: Clinical outcomes for non-rejecting and rejecting recipients post-HTx 

NR R P value

3A– 3A+

n 6 3 11

Gender (m/f) 4/2 2/1 7/4

Age, years 56.3 ± 2.4 55.3 ± 2.0 48.9 ± 2.6 0.201

Transplant procedure

 ECC perfusion time (hrs) 1.9 ± 0.3 2.0 ± 0.5 2.1 ± 0.2 0.966

 aortic occlusion time (hrs) 1.1 ± 0.1 1.1 ± 0.3 1.0 ± 0.1 0.884

 total ischemia time (hrs) 2.6 ± 0.3 2.9 ± 0.4 2.5 ± 0.2 0.568

HLA mismatches 

 HLA-A 1.8 ± 0.2 1.3 ± 0.7 1.1 ± 0.3 0.334

 HLA-B 2.0 ± 0.1 1.7 ± 0.3 1.9 ± 0.1 0.388

 HLA-DR 1.5 ± 0.2 1.7 ± 0.3 1.6 ± 0.2 0.924

NR, non-rejectors; R, rejectors; ECC, extracorporeal circulation; HLA, human leukocyte antigen; 
All values are expressed as mean ± SEM. 

DC numbers after heart transplantation
Table 3 shows the transplant recipient haematologic characteristics pre- and at 

1, 4, 12, 24 and 38 weeks post-HTx. Leukocytes were elevated signifi cantly at 1-

week post-HTx compared to the pre-HTx condition (p = 0.02), as granulocytes 

increased (p = 0.04) early post-HTx. Blood monocyte counts remained unaffected 

while lymphocyte counts, initially decreased by 41-48% but returned to pre-

HTx levels at 12 weeks post-HTx, long after termination of h-ATG therapy. 

White blood cell counts normalised again at 2 weeks post-HTx and remained 

within a normal range for the rest of the follow-up while total DC numbers 

decreased signifi cantly at 1-week post-HTx and remained lower than the pre-

HTx condition for the whole post-HTx period (p < 0.001). 

Circulating DC reconstitution and EMB rejection grade 
In total 100 right ventricular biopsies became available for study. Fourteen 

patients experienced a total of 20 biopsy-proven AR episodes post-HTx. No 

severe (grade 4) AR episodes were documented during follow-up. Blood 

samples corresponded to 52 grade 0, 27 grade 1A, 2 grade 1B, 8 grade 2, 10 

grade 3A and 1 grade 3B biopsies. Table 4 shows a cross-tabulation of DC 

counts and rejection grade. We observed a negative association between 

absolute total DCs and the diagnosed ISHLT rejection grade for the whole 

period of follow-up (p = 0.001). This effect was seen only in the mDC fraction 

(p < 0.001), but not in the pDC fraction (p = 0.55). Consequently the mDC/
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pDC ratio decreased signifi cantly by increasing rejection grade (p = 0.002). At 

the peak of the AR period (12 weeks post-HTx), mDC/pDC ratio was inversely 

correlated with ISHLT grade (r = -0.59, p = 0.006) (Figure 1). From the 11 AR 

episodes (grade 3A/B) caught in our follow-up, 2 occurred in the 1st, 2 in the 

4th, 4 in the 12th, 2 in the 24th and 1 in the 38th week post-HTx. Complete data 

before, during and after rejection were available for 8 AR episodes. Paired 

samples analysis in the rejecting HTx-recipients for all episodes before, during 

and after AR (n = 11) revealed that DC numbers and mDC/pDC ratio decreased 

during each rejection episode (Figure 2A and 2B).

Circulating DC reconstitution and rejection therapy post-HTx
Figure 3 shows absolute DC counts and the mDC/pDC ratio at 1, 4, 12, 24 and 

38 weeks post-HTx. Rejecting patients exhibited impaired DC recovery post-

HTx when compared to NR patients. This phenomenon was independent of 

rejection therapy as in both 3A+ and 3A– rejectors circulating DC levels were 

equally lower than the PBDC counts of NR patients at 24 weeks (p = 0.01) and 

38 weeks post-HTx (p = 0.0006) (Figure 3A). Both mDC and pDC numbers for 

all patients remained signifi cantly lower than the pre-HTx condition (mDCs: 

range 3.63-7.88 cells/μL; pDCs: range 1.00-2.91 cells/μL) for the whole period 

of follow-up. Interestingly, the mDC/pDC ratio of NR patients in the 1st week 

post-HTx appeared to be lower, compared to the ratio of 3A+ or 3A– rejecting 

recipients, but this difference did not reach statistical signifi cance (p = 0.09). 

For all patients mDC/pDC ratio decreased equally at 4 weeks post-HTx. For the 

whole period of follow-up, PBDC counts in patients who experienced clinical 

CMV syndrome were not different from patients that did not have symptomatic 

CMV infection (p = 0.98). Later during follow-up it became evident that NR 

patients attained a higher mDC/pDC ratio over time than 3A+ or 3A– rejectors 

patients. Repeated measures ANOVA analysis showed that the difference in 

mDC/pDC ratio between NR vs 3A– and 3A+ rejector groups became signifi cant 

at 38 weeks post-HTx (p = 0.04) (Figure 3B). 
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Figure 1: Correlation of mDC/pDC ratio with endomyocardial biopsy ISHLT infi ltration 

grade for 20 heart transplant (HTx) recipients at 12 weeks post-HTx. 

Discussion

In the present study, we investigated PBDC counts and DC subset ratio as a 

means to explore circulating DC reconstitution after HTx. We observed that 

PBDC numbers do not return to pre-HTx levels for up to 38 weeks post-HTx. 

In addition, during AR, mDC levels decrease signifi cantly, suggesting selective 

usage of this subset for induction of AR. The latter fi nding may be useful for 

early detection of AR after heart transplantation. 

As surgery and stress impose a minimal and transient PBDC increase 

respectively [18,19] low circulating mDC, pDC and thus PBDC numbers post-

HTx, must be ascribed to the administered immunosuppressive regimen. After 

heart transplantation, circulating mDC kinetics are seemingly affected by the 

ISHLT rejection grade at the time of the EMB procedure. As pDCs remained 

constantly low post-HTx, we observed that mDCs, PBDCs and consequently the 

circulating mDC/pDC ratio were negatively associated with a higher number 

of infi ltrating lymphocytes and presence of myocyte damage diagnosed by 

ISHLT histological grades ≥ 3. Furthermore, both PBDC counts and mDC/pDC 

ratio decreased markedly during the majority of AR episodes. We hypothesize 
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that altered PBDC kinetics refl ect an intrinsic mechanism of circulating mDC 

depletion during AR. We can speculate that selective homing of this subset to 

secondary lymphoid tissues precedes in order to induce T-cell differentiation 

into CD4+ helper or cytotoxic CD8+ cells and therefore initiate rejection. 

Figure 2: Total peripheral blood DC numbers (A) and circulating mDC/pDC ratio (B) of 

14 rejecting patients post-HTx before, during and after 11 acute rejection (AR) episodes 

caught during 9 months follow-up. * p < 0.05 represents the outcome of paired samples 

analysis for DC numbers or mDC/pDC ratio before vs during and during vs after AR. 
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Figure 3: Temporal analysis of absolute DC numbers (A) and mDC/pDC ratio (B) in 

peripheral blood of 6 non-rejecting (NR) recipients and 14 rejecting (R) patients treated 

(3A+, n = 11) or not-treated (3A–, n = 3) with rejection therapy up to 9 months post-HTx. 

*p < 0.05, **p < 0.01, *** p < 0.001 represent the outcome of between groups one-way 

ANOVA comparisons.

Rejecting patients did not exhibit the PBDC recovery that the NR recipients 

experienced after 12 weeks post-HTx. Interestingly, within R recipients PBDC 

numbers remained low in both patients treated (3A+) or not-treated (3A–) 

with rejection therapy during follow-up. The fact that rejecting HTx recipients 

undergo circulating mDC depletion over time is supported by the observation 
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that the mDC/pDC ratio decreases after 24 weeks post-HTx, independent of 

rejection therapy. This suggests that defective circulating DC reconstitution 

post-HTx, is inherently related to the immunological process of AR and not to 

additional immunosuppression administered as rejection treatment post-HTx. 

On the other hand, it is unlikely that the temporal differences seen between 

NR and R recipients depend on infection onset or tapering of maintenance 

immunosuppression post-HTx. Opportunistic infections experienced by 

both groups of patients, were evenly distributed during follow-up and all 

recipients were treated according to the same local antibiotic or anti-viral 

therapeutic protocol. No signifi cant differences were seen in the dosages or 

the acquired trough levels of maintenance immunosuppressants administered 

post-HTx, although 3A+ rejectors tended towards higher trough levels of 

CsA than 3A– rejectors and NR recipients for the whole period post-HTx. Nor 

was the manifestation and onset time of a major post-transplant infectious 

complication, such as CMV syndrome, different between the patient groups. 

Furthermore, time of MMF withdrawal from the immunosuppressive regimen 

for patients with CMV was similar between 3A+ or 3A– rejectors and NR 

recipients. 

Emerging evidence suggests that abberant DC reconstitution is indeed 

related to adverse clinical outcomes after transplantation. For example, 

PBDCs decrease during acute graft-versus-host disease [20] and low DC counts 

predict relapse and even death after allogeneic hematopoietic stem cell 

transplantation [21]. In our hands, cardiac allograft rejectors, exhibited mean 

total DC numbers of 2.5 cells/μL during AR, for the whole period of follow-up. 

At 6 and 9 months post-HTx, low mean total DC numbers of 6.5 and 7.7 cells/μL 

identifi ed patients that had undergone AR independent of rejection therapy, 

whereas higher mean total DC numbers (15.7 and 15.1 cells/μL, respectively) 

characterised cardiac allograft non-rejectors. Similarly, shortly after kidney 

transplantation non-rejecting recipients exhibit higher % PBDCs than their 

rejecting counterparts [22]. Indeed, in our patient cohort we observed lower 

DC numbers for rejecting patients at 1 week post-HTx. At the same time DC 

subset distribution revealed that patients who rejected later during follow-

up, had a higher circulating mDC/pDC ratio than NR patients. The differences 

seen during the early post-transplant period were not signifi cant. However, 

these observations maybe biased by post-operative infections or infl uenced 

by clinical confounders such as induction immunosuppression in the form of 

h-ATG, high-doses of steroids or normalization of trough levels for CsA, FK506 

and MMF, which may interfere with peripheral blood DC data acquired during 

the fi rst month post-HTx.
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The inclusion of small groups of patients and the restricted numbers of 

rejection episodes examined in this investigation, may limit the extrapolation 

of our results to clinical outcomes after heart transplantation. However, our 

long-term fi ndings seem not to be affected by the clinical presentation of 

the patients after transplantation, with regard to post-operative infections 

and CMV syndrome manifestation. The analysis of fresh human material, 

the prospective nature of follow-up and blinding for AR grade during blood 

sampling, were all advantageous attributes to this study. 

In summary, our results show that immunosuppression renders peripheral blood 

DC numbers decreased after heart transplantation. We have demonstrated 

that incidence of mDCs as well as the circulating mDC/pDC ratio are negatively 

associated with ISHLT infi ltration grade. Both PBDC numbers and mDC/pDC 

ratio decreased markedly during AR. Rejecting patients exhibited impaired 

circulating DC reconstitution after 12 weeks post-HTx when compared to 

NR patients, independent of rejection therapy. In light of these fi ndings, 

peripheral blood mDCs may be attributed an important role in eliciting and 

maintaining allograft rejection post-HTx. Although this technique is prone to 

bias from immunological complications such as opportunistic infections and 

CMV syndrome after transplantation, PBDC monitoring may identify patients 

with high risk for rejection after 3 months post-HTx. This might prove clinically 

relevant as appropriate adjustments in immunosuppressive regimens may 

avoid over-immunosuppression of patients at a lower risk for rejection long 

after clinical HTx. 
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Abstract 

Infl ammatory and homeostatic chemokines (CKs) and chemokine receptors 

(CKRs) exert differential effects on T-cell homing after heart transplantation 

(HTx). We investigated circulating T-cell CKR and intragraft CK and CKR 

levels from cardiac allograft recipients in relation to the histological grade of 

acute rejection (AR+: ISHLT 3A/B). CCR5, CCR7, CXCR3 and CXCR4 expression 

on peripheral blood CD4 and CD8 T-cells was measured by fl ow-cytometry. 

Intragraft CCR5, CCR7, CXCR3, CXCR4 and CCL5, CCL19, CCL21, CXCL10, CXCL12 

mRNA levels were quantifi ed by real-time PCR. Between AR+ and absence of 

rejection (AR-: ISHLT 0-2), no differences were found in the proportion of 

CCR5+, CCR7+, CXCR3+ or CXCR4+ cells within circulating CD4 T-cells. For the 

CD8 subset, during AR+ mean proportions of CCR5+ and CCR7+ cells were 1.5-

fold higher and 2.0-fold lower respectively, compared to AR-. Mean intragraft 

CCR5, CCL5, CCR7 and CCL19 mRNA levels had increased during AR+ compared 

to time-points before rejection. Additionally, rejecting patients had higher 

myocardial CCR5 and CXCL10 mRNA levels even before AR+. In these patients, 

high intragraft CCL19 mRNA was inversely correlated to circulating CD8+CCR7+ 

T-cell frequency. This suggests that myocardial CCL19 production affects CD8 

T-cell recirculation post-HTx, under infl uence of homeostatic receptor CCR7. 

Intragraft homeostatic CK and CKR interactions represent a novel aspect in 

allograft rejection.
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Introduction 

Mononuclear leukocyte infi ltration is a hallmark in the development of acute 

cellular rejection (AR+) and a strong predisposing factor for chronic transplant 

dysfunction [1, 2]. After transplantation of vascularized grafts, both donor- and 

recipient-derived dendritic cells migrate to lymphoid tissues in order to present 

allo-antigens and activate T-cells [3]. Consisting of helper and cytotoxic CD4+ 

and CD8+ subsets, allo-antigen-specifi c T-cells are continuously recruited into 

the allograft where they mediate rejection and direct graft loss [4]. Cardiac 

rejection episodes are dictated by traffi cking of allo-activated T-cells from the 

circulating pool into the engrafted myocardium as a response to production 

of chemokines by infi ltrating mononuclear cells, resident cardiac stromal cells 

or vascular endothelial cells. Chemotactic gradients have been shown to play 

a critical role in the infl ux of T-cells to the transplanted heart during AR+, as 

they provide signals for activation and intragraft recruitment of effector cells 

through specifi c G protein-coupled receptors, the chemokine receptors [5].

Infl ammatory chemokines and chemokine receptors amplify cardiac allograft 

infl ammation through integrin activation and endothelial transmigration of 

allo-activated effector or memory T-cells during rejection [6,7]. Studies on 

murine models of heart allograft rejection have demonstrated the importance 

of the interaction between receptors CCR5, CXCR3 and their respective ligands 

CCL5 (RANTES), CXCL9 (MIG), CXCL10 (IP-10) and CXCL11 (I-TAC), in the outcome 

of transplantation [8-11]. Additionally, experience from acute cardiac rejection 

and chronic allograft vasculopathy in humans, has demonstrated predictable 

temporal and spatial relations between corresponding infl ammatory chemo-

kines and chemokine receptor pairs [12-17]. Cognate interactions of homeostatic 

chemokine receptors with their ligands allow basal traffi cking of naïve 

T-cells to lymphoid tissues in a systematic fashion. In particular, expression of 

receptors CCR7 and CXCR4 on lymphocytes together with their corresponding 

chemokines CCL19 (ELC or MIP-3β), CCL21 (SLC) and CXCL12 (SDF-1) on high 

endothelial venules (HEVs) and marginal zone structures, is thought to 

be essential for effective migration of naïve T-cells and B lymphocytes into 

lymph nodes, Peyer’s patches and spleen [18]. This classifi cation provides an 

explanation for the functional compartmentalization of lymphocyte subsets 

in the immune system, with naïve T-cell homing to lymphoid tissues and allo-

reactive T-cell recruitment into the graft, after transplantation [19]. 

The supporting role of homeostatic chemokines and their receptors within 

the context of secondary lymphoid organs was confi rmed recently, upon 
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experimentally induced allo-immune responses [20]. Yet, as animals with an 

abrogated homeostatic receptor (CCR7) phenotype in a fully MHC-disparate 

combination, exhibit direct negative effects on cardiac allograft cytotoxic T-cell 

infi ltration, it is not clear whether the same paradigm applies to the navigation 

of different lymphocyte populations under conditions of immnosuppressive 

therapy after heart transplantation [21]. New insights from models of ongoing 

infl ammation, suggest the necessity of both homeostatic and infl ammatory 

chemokine receptors for local lymphocyte recruitment within infl amed 

tissues [22,23]. In this model, homeostatic ligand – receptor interactions would 

support T-lymphocyte re-entry or infi ltration within infl ammed tissue, while 

infl ammatory ligands and their receptors would regulate T-cell activation 

and retention within the same target tissue [24-26]. However, the infl uence 

of homeostatic chemokines and their corresponding receptors has been ill-

defi ned in the setting of human cardiac allograft rejection. Our goal was 

to identify the differential contribution of infl ammatory and homeostatic 

chemokines and their receptors on the process of acute rejection under 

clinical conditions of heart transplantation. In an attempt to dissect markers 

indicative of AR+, we defi ned the CCR5, CXCR3 and CCR7, CXCR4 receptor 

repertoire of peripheral blood CD4+ and CD8+ T-cells, and related their 

circulating frequencies to the presence or absence of histologically proven 

AR+ episodes. Gene expression of the corresponding infl ammatory (CCL5 and 

CXCL10) and homeostatic (CCL19, CCL21, CXCL12) chemokines as well as the 

levels of their receptors were analyzed simultaneously with peripheral blood 

in endomyocardial biopsy (EMB) specimens from the same individuals, in order 

to elucidate their intragraft roles during rejection. 

Material and Methods 

Study Groups and Design
Twenty-one adult heart allograft recipients recruited from the Thoraxcenter 

(Erasmus MC, Rotterdam, The Netherlands) transplanted between May 2002 

and November 2003 were studied. All patients gave informed consent before 

entering a prospective follow-up of 9 months after transplantation. The study 

was approved by the local ethics committee (MEC 215.732/2002/157) and was 

conducted according to the principles outlined by the Declaration of Helsinki. 

None of the patients presented with any severe co-morbidity directly prior to 

transplantation. All patients received initial horse-ATG (Imtix Sangstat B.V., 
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Lyon, France) induction and triple maintenance immunosuppressive therapy 

with cyclosporine A (Novartis, Basel, Switzerland) or tacrolimus (FK506, Fujisawa 

GmbH, Munich, Germany), prednisone and mycophenolate mofetil (Roche, 

Basel, Switzerland) after transplantation [27]. Oral statin therapy was initiated 

for all patients after transplantation. One patient died during the course of 

the investigation. Cytomegalovirus (CMV) seronegative recipient / seropositive 

donor combinations received prophylaxis in the form of Valganciclovir (Roche, 

Basel, Switzerland or anti-CMV hyper-Ig (Megalotect, Biotest Pharma GmbH, 

Dreiech, Germany). CMV disease, as manifested by symptoms and a positive 

PCR, was treated with ganciclovir for 10-14 days. Inadequate effi cacy of 

ganciclovir, as determined by ongoing symptoms and positive PCR, was an 

indication for MMF withdrawal. 

Sample Collection and Processing 

Endomyocardial biopsies
Myocardial samples were collected according to the scheduled surveillance 

heart biopsy program to monitor histological signs of acute rejection. Right 

ventricular serial endomyocardial biopsy (EMB) procedures were performed 

using a central venous access, with a mean of 13 ± 3 procedures per patient. 

Allograft biopsies were fi xed in formalin, embedded in paraffi n, and stained 

with hematoxylin and periodic acid-Schiff. All samples were reviewed by a 

pathologist who was blinded for the results of all other analyses. Specimens 

were graded for acute cellular rejection by light microscopy using the criteria 

outlined by the International Society for Heart and Lung Transplantation 

(ISHLT) [28]. According to defi nition of rejection, only patients with ISHLT 

grade ≥ 3A episodes were considered to experience acute cellular rejection. 

At the time of EMB procurement, one additional sample was collected for 

this investigation. Upon biopsy-proven rejection episodes, patients received 

anti-rejection therapy in the form of methyl-prednisolone (Pfi zer, Pharmacia 

& Upjohn, Sandwich, UK). 

Quantitative Real-Time Polymerase Chain Reaction (Q-PCR)
Messenger RNA extraction and cDNA synthesis were performed as described 

previously [29]. Assay-on-Demand products for the detection and quantifi cation 

of CCL5 (Hs00174575_m1), CCR5 (Hs00152917_m1), CCL19 (Hs00171149_m1), 

CCL21 (Hs00171076_m1), CCR7 (Hs00171054_m1), CXCL10 (Hs00171042_m1), 
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CXCR3 (Hs00171041_m1) and CXCL12 (Hs00171022_m1) mRNA were designed 

by Applied Biosystems (Foster City, CA, USA). A 5 μL sample of cDNA, 0.625 μL 

of each specifi c Primer & Probe-on-Demand mix, 12.5 μL Universal PCR Master 

Mix (Applied Biosystems), and 6.875 μL H2O-DEPC were mixed and real-time 

PCR analysis was performed in an ABI Prism 7000 Sequence Detection System 

(Applied Biosystems). Sequence-specifi c PCR primers and probes for CXCR4 

were: Taq-Man probe, FAM-5′-ACACTTCAGATAACTACACCGAGGAAATGGG–

TAMRA-3′; Forward Primer, 5′-GGTTACCATGGAGGGGATCAGTA- 3′; Reverse 

Primer, 5′-CAGGGTTCCTTCATGGAGTCATAG-3′ [30]. For CXCR4, 5 μL of cDNA 

was added to 20 μL of PCR mixture containing 12.5 μL Universal PCR Master 

Mix (Applied Biosystems), 25 pmol forward primer, 25 pmol reverse primer and 

5 pmol probe for the in-house developed PCR. PCR conditions were incubation 

for 2 min at 50°C, incubation for 10 min at 95°C followed by 40 cycles of 15 sec 

denaturation at 95°C, 1 min annealing and extension at optimal temperature 

(60°C). The amount of each target molecule was quantifi ed by measuring 

threshold cycle (Ct), which was transformed to the number of cDNA copies 

[2(40-Ct)] on a TaqManTM Real-Time PCR System. Each run contained several 

negative controls, and three positive reference samples. The obtained 

values were normalized to the amount of house-keeping gene 18S rRNA 

(PDAR4319413E; Applied Biosystems) present in each sample and multiplied 

by 106 due to the lower concentration of the target gene as compared to the 

concentration of 18S. 

Whole blood staining
One hundred forty two peripheral venous blood samples were included in this 

study. Circulating cells from patients were collected in the morning hours at 

1, 2, 3, 4, 12, 24 and 38 weeks after transplantation at the time of each EMB 

procedure and before administration of anti-rejection therapy. All samples 

were processed within 3 hours of EMB procurement. Whole blood obtained in 

7 mL heparinized tubes was divided equally in 100 μL aliquots. Samples were 

placed directly into 5 mL polystyrene tubes containing 10μL allophycocyanin-

conjugated anti-human CD3 (clone SK7), 10μL fl uorescein isothiocyanate-

conjugated anti-human CD4 (clone S3.5) and 20μL peridinin chlorophyll 

protein Cy5 CD8 (clone RPA-T8). In separate tubes, 5μL of phycoerythrin (PE)-

conjugated anti-CCR5 (CD195; clone 2D7/CCR5), anti-CCR7 (CD197w; clone 

150503), anti-CXCR3 (CD183; clone 1C6/CXCR3) and anti-CXCR4 (clone 12G5) 

were added. Mouse immunoglobulin (Ig) G1, G2a or G2b PE-conjugated murine 

isotypic antibodies (BD Biosciences, San Jose, CA, USA) were used as negative 
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controls. To minimize selective loss during the preparation procedure, cells 

were fi rst stained at room temperature with the monoclonal antibodies for 

20 minutes, followed by lysis of the erythrocytes with FACS lyzing solution (BD 

Biosciences). After washing with FACSfl ow (BD Biosciences), 100,000 leukocytes 

were acquired for chemokine receptor expression analyzis on peripheral blood 

T-cell subsets.

Flow cytometric analysis
Stained cells were analyzed by a four-color fl uorescence-activated cell sorter 

(FACSCalibur, BD Biosciences). At least 10,000 gated CD3+ lymphocytes were 

analyzed with the CellQuest Pro software (BD Biosciences). To compare various 

measurements of chemokine receptor expression in time, the fl ow cytometer 

was calibrated using specifi c RPE fl uorescence beads (Calibration Quantum 1000 

Beads, Bangs Lab, Fishers, IN, USA). Results were expressed as the frequency 

(%) of CD4+ or CD8+ T-cells expressing CCR5, CCR7, CXCR3 or CXCR4 in the 

gated lymphocyte population and were compared according to pathologic 

grade of rejection. Our laboratory’s lymphocyte cytometry performance, 

is controlled biannually by the Dutch Foundation for Quality Assessment in 

Medical Laboratories (SKML; http://www.skml.nl).

Statistical analysis
All values are expressed in mean ± SD unless stated otherwise. The Mann 

Whitney U-test, unpaired Student’s t-test, and the paired Wilcoxon samples 

t-test were employed to compare differences between means as appropriate. 

Continuous data were analyzed by repeated measurements and one-way 

ANOVA analyses in order to decipher differences within and between groups 

or individual patients over time. Associations were calculated using the 

Spearman (r) correlation coeffi cient. Two-sided tests were performed and ‘p’ 

values < 0.05 were considered to be signifi cant. SPSS 11.0.1 software (Chicago, 

IL, USA) and the GraphPad statistical program (San Diego, CA, USA) were 

applied for analyses and graphics, respectively.
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Results

Clinical Characteristics
Demographic and clinical data for all 21 patients have been described previously 

[31]. Fourteen patients experienced a total of 20 biopsy-proven rejection 

episodes after transplantation. Histological diagnosis could not be confi rmed 

for 2 biopsies due to shortage of material. Mean values for both non-rejector 

(NR, n = 7) and rejector (R, n = 14) patient groups were as follows: age of 

recipients (years), 52 ± 11 vs 50 ± 8; age of donors (years), 39 ± 12 vs 33 ± 12; 

gender (percentage of males), 57.2 vs 57.1; cold ischemia time (hr), 2.5 ± 0.8 

vs 2.6 ± 0.6; HLA mismatches, 4.7 ± 1.1 vs 4.5 ± 1.4. Differences of clinical data 

between the two groups were not statistically signifi cant. Institution time and 

intensity of CMV prophylaxis (Valganciclovir, n = 3; Megalotect, n = 6) did not 

differ between R and NR patients. Similarly, administered dosages and assessed 

trough levels of maintenance immunosuppressants at the time of biopsy were 

comparable between the two groups. Triple-maintenance immunosuppressive 

therapy was not maintained in all study participants, as 11 recipients (3 NR vs 

8R) presented with CMV disease post-HTx and for 8 of those (3 NR vs 5R) MMF 

therapy was tapered. Other post-operative infections in both groups were 

treated with identical antibiotic or anti-viral therapy protocols. Statin therapy 

was tolerated by all except for one patient after transplantation. 

In peripheral blood only frequency of CD8+ T-cells bearing CCR5 and 
CCR7 is altered upon rejection 
In total, 140 blood samples corresponding to EMB specimens with histological 

rejection diagnosis were included in this study. Forty-nine percent (70 biopsy 

specimens) were ISHLT grade 0, 28% (39 biopsy specimens) were grade 1A, 1% 

(2 biopsy specimens) were grade 1B, 11% (16 biopsy specimens) were grade 2, 

9% (12 biopsy specimens) were grade 3A, and < 1% (1 biopsy specimen) was 

grade 3B. Blood samples collected from the heart transplant patients during 

the EMB procedure revealed no difference in the frequency of CD4+ T-cells 

expressing CCR5, CCR7, CXCR3 or CXCR4 with increasing ISHLT grade (P values 

from 0.17 to 0.94; Figure 1A-D). However, we noticed an increase of the % 

CD8+ T-cells expressing CCR5 (from 42.2 ± 23.9 to 61.6 ± 22.1, p < 0.05; Figure 

1E) and a statistically signifi cant decrease of the % CD8+ T-cells expressing 

CCR7 (from 42.1 ± 26.6 to 19.3 ± 10.7, p < 0.01; Figure 1F) in the blood of 

patients experiencing grade 3 rejection, when compared to ISHLT grades 

with no infi ltration or unifocal to multifocal aggressive infi ltrates. Similar 
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observations could not be noted for CD8+ T-cells expressing CXCR3 or CXCR4 

(p values at 0.96 and 0.97, respectively; Figure 1G and 1H).

Circulating CD8+CCR7+ T-cell frequency in relation to rejection and CMV 
manifestation after transplantation 
From the 13 AR+ episodes (ISHLT grade 3A/B) caught in the follow-up, 2 occurred 

at the 1st, 2 in the 3rd, 2 in the 4th, 4 in the 12th, 2 in the 24th and 1 in the 38th 

week post-HTx. Sequential analysis of peripheral blood T-cell subsets revealed 

that the proportion of CD4+ and CD8+ T-cells did not differ signifi cantly between 

R and NR patients during follow-up (Table 1). Compared to recipients who did 

not experience any biopsy-proven AR+ for the whole post-HTx period, rejecting 

patients showed a signifi cantly lower mean % of CD8+CCR7+ T-cells at 38 weeks 

post-HTx (p = 0.007), irrespective of the presence or absence of AR+ (data not 

shown). At the same time, both absolute CD4+ and CD8+ T-cell numbers of the 

rejectors were signifi cantly lower (Table 1). However, the percentage of CD8+ 

T-cells in patients who presented with CMV disease increased in time when 

compared to the recipients who did not manifest with the disease (Table 2). 

Median time of CMV disease onset post-HTx was 79 days (range 40-122) for 

the NR group and 96 days (range 48-139) for the R group. The CD8+CCR7+ T-cell 

decrease at 38 weeks post-HTx in R patients, was independent of CMV disease 

manifestation (Table 2). Discontinuation of mycophenolate mofetil (MMF) for 

NR and R patients occurred at 130 days (range: 121-182) and 146.5 days (102-

212) post-HTx respectively, but CD8+CCR7+ T-cell frequency was not infl uenced 

by MMF withdrawal post-HTx (data not shown). 

Infl ammatory and homeostatic myocardial chemokine and chemokine 
receptor RNA intragraft expression is increased upon rejection 
From histologic analysis of the 140 EMB specimens used for chemokine and 

chemokine receptor gene expression evaluation, 42 biopsy specimens were 

excluded from the study, as 25 specimens originated from grafts that had 

evidence of ischemia and 17 specimens were from grafts with Quilty lesions. 

Additionally, 15 biopsy specimens from 8 individuals in which the 18S rRNA 

concentration was below the reliable detection limit, were considered as 

insuffi cient material and subsequently excluded. The intragraft expression of 

the infl ammatory chemokines CCL5 and CXCL10 as well as their corresponding 

receptors (CCR5 and CXCR3) was increased during AR+ (Figure 2A & 2B). 

Compared with grades 0 or 1A/B-2, high expression levels of CCL5 and CCR5 

during rejection grade 3 were statistically signifi cant (p < 0.001 and p < 0.0001, 
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respectively). The same was observed for CXCL10 and its receptor CXCR3, when 

compared with grade 0 (p < 0.05). With regard to homeostatic chemokines, a 

higher expression of CCL19 and its receptor CCR7 was observed during AR+. 

When compared with grade 0, increased expression of both CCL19 (Figure 2A) 

and CCR7 (Figure 2B) during rejection grade 3, were statistically signifi cant 

(p < 0.05). Expression levels of the other CCR7 ligand (CCL21), homeostatic 

chemokine CXCL12 and its receptor CXCR4, were not signifi cantly different 

between any rejection grade.

Intragraft chemokine and chemokine receptor expression is altered 
already before fi rst biopsy-proven rejection 
Next, we studied intragraft chemokine and chemokine receptor gene 

expression in rejectors during AR- episodes (ISHLT grades 0-2) and NR patients. 

Within R patients we also compared intragraft chemokine and chemokine 

receptor gene expression before AR+, as well as at the time-point of AR+. 

In order to avoid possible infl uence of prior anti-rejection treatment to the 

myocardial expression profi les both for chemokines and their receptors, only 

fi rst AR+ episodes were studied (n = 11). Intracardial CCL5 mRNA expression in 

R patients was signifi cantly increased during AR+, compared to the time-points 

before AR+ (p = 0.042). No difference in mean CCL5 mRNA levels between R 

and NR patients for ISHLT grades 0-2 was observed (Figure 3A). During AR+, 

higher mRNA levels of the corresponding receptor CCR5 were observed, when 

compared with the time-points before AR+ (p = 0.009). Mean CCR5 intragraft 

expression for ISHLT grades 0-2 within R patients was higher than the CCR5 

expression in the NR patients (p = 0.011; Fig. 4A). For CXCL10 and its receptor 

CXCR3, we saw higher expression levels of both genes during AR+ (p = 0.024; 

Figure 3B & p = 0.002; Figure 4B, respectively). For ISHLT grades 0-2, CXCL10 

expression in R patients was higher than the corresponding levels from the 

NR patients (p = 0.0005; Figure 3B). Furthermore, for the CCR7 ligands, only 

CCL19 (p = 0.003) but not CCL21 (p = 0.206) expression was higher during AR+ 

than before AR+ (Figure 3C & 3D, respectively). Additionally, CCR7 expression 

was higher during AR+, compared to time-points before biopsy-proven AR+ 

(p = 0.002; Figure 4C). Expression of the other homeostatic chemokine ligand 

(CXCL12) and its receptor (CXCR4) did not reveal any signifi cant differences in 

R recipients, during as well as before AR+, when compared to the pattern seen 

by the NR patients (Figure 3E & Figure 4D, respectively). 

thesis_athanassopoulos.indd 148 15-5-2006 8:52:21



149

Intragraft Chemokine Expression and T-cell Recirculation in Heart Transplant Recipients

Myocardial CCL19 expression affects circulating frequency of CD8+CCR7+ 

T-cells in rejecting patients 
We also investigated whether myocardial CCL19 gene expression differentially 

affected peripheral blood frequency of CD8+CCR7+ T-cells in NR and R patients. 

Complete data (n = 83) on simultaneous intragraft CCL19 mRNA levels and CCR7 

expression on peripheral blood CD8+ T-cells during AR+ and AR- episodes were 

available for 60 and 23 time-points in the R and NR recipients, respectively. 

Upon association of the two parameters for the whole period of follow-up, we 

found a signifi cant inverse correlation between intragraft CCL19 mRNA levels 

and circulating CD8+CCR7+ T-cell frequency in the R patients (p < 0.001; Figure 

5A) but not the NR patients (p = 0.553; Figure 5B). During the AR+ time-points, 

no signifi cant correlation between the two parameters was found (rS = -0.298, 

R2 = 0.089, p = 0.323; Figure 5A). Similarly, no association was observed in 

patients who manifested with CMV disease (rS = -0.079, R2 = 0.006, p = 0.638; 

data not shown). 

Intragraft CXCL10 and CCR5 mRNA levels before rejection correlate to 
CCL19 expression during rejection
During all AR+ episodes, we found strong positive correlations between 

infl ammatory chemokines (CCL5 & CXCL10) and their corresponding receptors 

(CCR5 & CXCR3). At the same period, we also observed positive correlations for 

the homeostatic chemokines (CCL19, CCL21 & CXCL12) and their corresponding 

receptors (CCR7 & CXCR4) (Table 3). Intrigued by the high expression of 

CCL19 during AR+ we sought to associate CCL19 mRNA levels during AR with 

chemokine and chemokine receptor driven events before AR+. We found that 

the increased CCL19 levels during AR+ correlated strongly with the mRNA 

levels of one infl ammatory chemokine CXCL10 (p < 0.01) before AR+ (Figure 

6A). Also, CCL19 expression during AR+ correlated positively with the levels of 

infl ammatory chemokine receptor CCR5 (p < 0.05) before AR+ (Figure 6B).
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Figure 1: Percentage of CCR5, CCR7, CXCR3 and CXCR4 expressing (A to D) CD4+ and 

(E to H) CD8+ cells in peripheral blood T-lymphocytes of cardiac transplant patients. 

The rejection grade of recipient EMB specimens is shown at the time each blood 

sample was procured (ISHLT 0, n = 70; ISHLT 1A/B-2, n = 57; ISHLT 3A/B, n = 13). Overall 

statistical results from one-way ANOVA analyses (p) are depicted accordingly; *p < 

0.05, **p < 0.01 represent the outcome of Tukey’s multiple comparisons test.
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Figure 2: Compilation of (A) chemokine and (B) chemokine receptor gene expression 

compared with pathological grades of rejection, in the 83 endomyocardial biopsies 

included in the study during the whole period of follow-up (ISHLT 0, n = 42; ISHLT 1A/B-2, 

n = 28; ISHLT 3A/B, n = 13). Results from one-way ANOVA analyses for chemokines were: 

CCL5, p < 0.001; CCL19, p = 0.031; CCL21, p = 0.096; CXCL10, p = 0.0005 and CXCL12, 

p = 0.569. For their receptors one-way ANOVA analysis results were: CCR5, p = 0.001; 

CCR7, p = 0.024; CXCR3, p = 0.047 and CXCR4, p = 0.598. *p < 0.05, §p <0.01, #p < 0.001 

represent the outcome of Tukey’s multiple comparisons test. 
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Figure 3: Rejecting patient (R) intragraft gene expression before and at the time of 

fi rst AR+ (n = 11), in comparison to all non-rejecting time points (ISHLT 0-2) from the 

rejectors (n = 47) as well as the non-rejectors (n = 23), for the chemokines (A) CCL5, 

(B) CXCL10, (C) CCL19, (D) CCL21 and (E) CXCL12. *p < 0.05, §p < 0.01 and #p < 0.001 

represent results from comparisons within R patients (Wilcoxon matched pairs test) 

and between the R and NR patients (Mann-Whitney U-test).
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Figure 4: Rejecting patient (R) intragraft gene expression before and at the time of 

fi rst AR+ (n = 11), in comparison to all non-rejecting time points (ISHLT 0-2) from the 

rejectors (n = 47) as well as the non-rejectors (n = 23), for the chemokine receptors (A) 

CCR5, (B) CXCR3, (C) CCR7 and (D) CXCR4. *p < 0.05, §p < 0.01 and #p < 0.001 represent 

signifi cant differences within R patients (Wilcoxon matched pairs test) and between 

the R and NR patients (Mann-Whitney U-test).

Table 3: Correlation of intragraft chemokine and chemokine receptor gene expression

 during 13 AR+ episodes 

Chemokine Chemokine receptor rS (95% C.I.) R2 P value

CCL5 CCR5 0.84 (0.57 – 0.95) 0.71 < 0.0001

CXCL10  CXCR3 0.60 (0.11 – 0.86) 0.36 0.018

CCL19  CCR7 0.68 (0.24 – 0.89) 0.46 0.006

CCL21  CCR7 0.55 (0.04 – 0.83) 0.30 0.033

CXCL12  CXCR4 0.66 (0.21 – 0.88) 0.44 0.007

rS = Spearman’s rank correlation coeffi cient; C.I. = confi dence interval; R2 = rS squared
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P

P

Figure 5: Correlation of simultaneous myocardial CCL19 mRNA expression and the 

frequency of circulating CD8+CCR7+ T-cells at (A) 47 time-points from R patients, (AR-: 

ISHLT 0, n = 31.; ISHLT 1A/1B, n = 10; ISHLT 2, n = 6) and (B) 23 time-points from NR 

patients (ISHLT 0, n = 11 ; ISHLT 1A/1B, n = 8; ISHLT 2, n = 4). Acute rejection (AR+) 

episodes (ISHLT ≥ 3A, n = 13) for the R patients are depicted accordingly.

Discussion 

The present study analyzed circulating CD4+ and CD8+ T-cell chemokine receptor 

expression in parallel with intragraft chemokine and chemokine receptor gene 

expression of cardiac allograft biopsy specimens, from a 9-month follow-up 

of 21 patients after heart transplantation. No differences were observed in 
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the frequency of circulating CD4+ cells positive for the chemokine receptors 

questioned, in relation to the ISHLT classifi cation for histological infi ltration 

grade. Within the CD8+ subset, mean percentage of CCR5+ cells was raised 

while the percentage of CCR7+ cells was reduced during rejection. This 

reciprocal regulation of CCR5+ and CCR7+ cells only within circulating CD8+ T-

lymphocytes could be explained as proportionally more CD8+ than CD4+ cells, 

with a predominantly effector or memory CD45RO+ phenotype, are known to 

infi ltrate rejecting human cardiac allografts [32,33]. However, no CXCR3+CXCR4– 

effector/memory phenotype could be confi rmed for the peripheral blood CD8+ 

pool, as both mean frequency of CXCR3- and CXCR4- bearing CD8+ cells were 

constantly high, irrespective of the ISHLT grade. Furthermore, low percentage 

of CCR7+ and high percentage of CCR5+ cells within CD8+ T-cells were not 

specifi c for ISHLT grade 3. Therefore, no satisfactory values could be obtained 

by peripheral blood analysis to reliably monitor AR+, as both rejecting and 

non-rejecting recipients presented with a variable frequency of CCR5+ (0-88%) 

and CCR7+ (2-87%) CD8+ cells at ISHLT grades 0 to 2, for the whole follow-

up period. Nonetheless, decreased mean circulating CD8+CCR7+ T-lymphocyte 

frequency during acute cardiac allograft rejection is a novel fi nding, which 

suggests either effl ux of circulating CD8+CCR7+ T-cells, or enrichment of blood 

with CD8+CCR7– T-cells, as part of the rejection process. 

In endomyocardial biopsies, gene expression indicated that apart from a strong 

association of intragraft levels from infl ammatory chemokines (CCL5 & CXCL10) 

and their corresponding receptors (CCR5 & CXCR3) with the appearance of 

AR+ episodes, also intracardial mRNA levels of a homeostatic chemokine 

(CCL19) and its receptor (CCR7) were signifi cantly elevated upon rejection. 

Immunohistochemical studies on sections from heart biopsy specimens have 

shown that elevated expression of chemokine and chemokine receptor 

genes correlates with the presence of their respective protein levels during 

rejection [34]. Consequently, differential CCR5 and CXCL10 gene expression 

profi le between rejectors during AR- episodes (ISHLT grades 0-2) and non-

rejectors, must represent altered intracardial chemokine and chemokine 

receptor micro-environment in the rejecting patients, even prior to histologically 

proven rejection. Furthermore, the signifi cant positive correlations between all 

infl ammatory and homeostatic chemokines with their corresponding receptors 

during AR+, support the notion that the mRNA quantities from all chemokine 

ligands measured in our study could be functional in the recruitment of cells 

positive for the respective chemokine receptors in question. 
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Figure 6: Correlation of intragraft CCL19 mRNA expression during all AR+ episodes 

(ISHLT ≥ 3) caught in our follow-up (n = 13) with myocardial (A) CXCL10 and (B) CCR5 

mRNA levels before AR+ (ISHLT 0-2) for the rejectors.

Indeed, during cardiac allograft rejection, CCL5 and CXCL10 have been 

known to drive local intracardial recruitment of effector CCR5+ and CXCR3+ 

cells, respectively [35]. However, the elevated intragraft levels of CCL19 and 

CCR7 during AR+ shown by our study, suggest that intragraft homeostatic 

chemokine – chemokine receptor interactions are also involved in rejection. 

Both CCL19 and CCR7 have been suggested to participate in the traffi cking 

of a broad spectrum of lymphocytes and especially activated T-cells [36]. 

Additionally, CCR7 mediated T-cell homing has been implicated in naïve and 
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activated CD8+ T-cell recruitment to non-lymphoid tissues upon fulminant 

infl ammatory responses and exacerbations of autoimmune diseases [37-41]. 

In our study, myocardial CCL19 expression was shown to negatively affect 

circulating CD8+CCR7+ T-cell frequency in rejecting patients. We postulate 

that high intragraft CCL19 production infl uences peripheral blood CD8+ T-cell 

recirculation by facilitating intracardial CD8+CCR7+ T-cell infi ltration in these 

patients. This phenomenon may potentially refl ect a reduction in the homing 

specifi city of CD8+ cells in rejecting patients, driven by high myocardial CCL19 

expression after heart transplantation. Such a mechanism could explain the 

high post-transplant incidence of non-donor specifi c cytotoxic T-lymphocytes 

in the grafts of rejecting patients, as described previously [42,43]. 

Nevertheless, this effect seems to be time-dependent as, in contrast to the 

non-rejecting patients, circulating CD8+CCR7+ T-cell frequency in rejectors 

decreased more markedly during the course of follow-up. Although viral – 

and specifi cally CMV – infections are known to interfere with CCR7 expression 

on CD8+ T-cells [44], no substantial effects of CMV syndrome manifestation 

were noted on CD8+CCR7+ T-cell frequency during follow-up. As CMV-specifi c 

CCR7+ cells are known to account for 0.5-4% of CD8+ cells [45], they could be 

practically undetectable by our technique within the bulk of peripheral blood 

T-cells studied. Alternatively, circulating CMV-specifi c CD8+ T-cells that do not 

express CCR7 may not be able to recirculate through blood to peripheral lymph 

nodes [46]. Furthermore, as immunosuppressants are known to affect CCR7-

dependent T-cell migration in vivo [47], decreased frequency of CD8+CCR7+ 

T-cells in rejectors with time, could be ascribed to additional infl uence on 

chemokine receptor expression from anti-rejection therapy. However, while 

absolute numbers of both CD4+ and CD8+ T-cell subsets decreased in the 

rejecting patients towards the end of follow-up (possibly due to the effects 

of methyl-prednisolone treatment), low CCR7+ cell frequency was observed 

only for the CD8+ and not the CD4+ subset. In our opinion, a reduced CCR7+, 

or alternatively raised CCR7-, proportion within circulating CD8+ T-cells, may 

refl ect the increasing magnitude of allo-antigen-specifi c responses that 

develop with time after transplantation. 

Tissue specifi c endothelial chemokine expression within target organs has 

been demonstrated to be crucial for the recruitment of immune cells with 

a certain chemokine receptor repertoire [48]. After heart transplantation, 

generation of a single infl ammatory chemokine CXCL10 through allograft 

vascular endothelium in response to IFN-γ secretion, oxidant stress or ischemia-

reperfusion injury can initiate progressive graft infi ltration and amplifi cation 
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of multiple effector pathways [49,50]. Targetting the graft, infi ltrating 

neutrophils, macrophages, monocytes and NK cells are capable of producing 

infl ammatory chemokines like CCL2 (MCP-1), CCL3 (MIP-1α), CCL4 (MIP-1β), CCL5 

(RANTES) and CXCL8 (IL-8) [51]. In our study, increased intragraft expression 

of CXCL10 and CCR5 in rejecting patients already before fi rst biopsy-proven 

acute rejection, may represent endothelial activation and CCR5+ monocyte/

macrophage infl ux before cardiomyocyte damage. Considering that increased 

CCL19 expression during AR+ was positively correlated to raised CXCL10 and 

CCR5 levels before AR+, it is tempting to speculate that monocyte/macrophage 

infi ltration and infl ammatory chemokine expression before AR+ potentiates 

vascular endothelial or cardiomyocyte homeostatic chemokine production with 

a tropism for CCL19. Conceptually, this abberant chemokine microenvironment 

might not only cause intracardial effector T-cell infl ux, but may also lead to 

intragraft naïve lymphocyte activation, dendritic cell maturation and homing 

[52]. Such a process may support local lymphoid follicle formation and 

contribute to persistence of risk for cardiac allograft loss, as described by late 

acute and chronic rejection after heart transplantation [53]. 

Our fi ndings suggest that T-cell subset heart allograft infi ltration is regulated 

differentially by infl ammatory and homeostatic chemokines and their 

respective chemokine receptors. Here, we provide evidence that CCL19 and 

CCR7 interactions are involved in the onset and chronicity of cardiac rejection 

by a systemic effect on CD8+ T-cell homing and recirculation after heart 

transplantation. In this manner, homeostatic and infl ammatory chemokines 

may act synergistically in CD8+ T-cell infi ltration during acute cardiac allograft 

rejection [54]. Further analyses are required to consolidate this view-point: 

immunohistochemical investigation of cardiac allograft CCL19 production and 

in situ CCR7+ cell localization on biopsies from rejecting and non-rejecting 

patients in order to dissect the nature of intracardial tissue segments or cells 

producing CCL19, is pending. Functional roles of CCL19 could be unraveled 

for endothelial dysfunction during rejection and accelerated coronary artery 

disease after heart transplantation. 
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Discussion

Circulating dendritic cell phenotype in end-stage heart failure
In this thesis, two distinct human dendritic cell subsets, myeloid (m) DCs and 

plasmacytoid (p) DCs, were directly enumerated in peripheral blood of patients 

with end-stage (NYHA III-IV) heart failure (HF) before and after transplantation, 

using four-color fl ow cytometry. We found signifi cantly elevated total DC 

numbers and a marked increase of circulating mDCs with a concomitant 

decrease of pDCs in patients with end-stage HF. This polarized mDC/pDC balance 

towards mDCs suggests immune responses with a TH1 predisposition under 

such conditions [1]. We also demonstrated that in a pathological state like 

HF, according to their chemokine receptor profi le, DC subsets exhibit altered 

migratory properties. Differential chemokine expression has been shown to 

affect hemopoietic cell migration and induce stem cell homing to injured 

myocardium in animal models of HF [2]. In our studies, both mDCs and pDCs 

encountered in the blood of the HF patients were phenotypically activated, 

according to the upregulation of CD83+ cells. The concurrent increase of CCR7+ 

mDCs, must also account for increased potential of the mDCs encountered in 

HF patients to migrate towards secondary lymphoid organs. 

Whereas patients with the most advanced disease (NYHA-IV), did not exhibit 

signifi cantly different DC levels than their NYHA-III counterparts, we found a 

strong association of DC levels with dilated cardiomyopathy (DCM) as etiology 

of end-stage HF. Blood mDCs from patients with DCM, except for their elevated 

levels also showed increased CD83 and CCR7 surface expression compared to 

mDCs from groups with different cardiac dysfunction etiology. We propose that 

parallel enhancement of maturation marker and lymphoid homing chemokine 

receptor expression levels only on mDCs from DCM patients, accounts for a 

state of functional response of mDCs to immunogenic stimuli related with 

the pathogenesis of DCM. More importantly, the imbalance in the two blood 

DC subsets with a skewing towards mDCs in patients with idiopathic DCM, 

suggests that these patients may have a reduced ability to generate peripheral 

tolerance to a number of auto-antigens [Chapter 4]. 

Circulating dendritic cell phenotype in acute rejection after clinical heart 
transplantation
After transplantation, the numbers of circulating mDCs and pDCs were decreased 

signifi cantly, suggesting that the components of the immunosuppressive 

treatment administered already in the fi rst week after transplantation 
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(e.g. antithymocyte globulin, corticosteroids, calcineurin inhibitors or 

mycophenolate mofetil) are able to induce immunological quiescence. Both 

circulating DC subsets were also rendered into an immature state. This was 

confi rmed by the lack of the maturation markers CD83 and CCR7 on mDCs and 

pDCs, suggesting that immunosuppression exerts a potent effect not only on 

the maturation status but also on the migration characteristics of both mDCs 

and pDCs [1]. 

Peritransplant ischemic injury induces complex immune responses through 

differential chemokine and chemokine receptor gene induction [3]. After 

heart transplantation (HTx), processes such as stem cell homing and tissue 

regeneration are based on altered chemokine receptor expression on circulating 

hematopoietic cells [4]. Similarly, we believe that a shifted balance between 

blood mDCs and pDCs towards mDCs shortly post-HTx refl ects a mechanism 

based on immune deviation by acute heart injury, due to trauma or ischemia/

reperfusion injury during the transplantation procedure. Our results suggest 

that both donor and recipient DCs are programmed to drive the differentiation 

of TH0 to TH1 cells and to initiate acute rejection (AR) after transplantation. 

Indirectly, this is confi rmed as only blood mDC numbers decreased markedly 

during each AR episode. Furthermore, we observed that mDCs were negatively 

associated with endomyocardial biopsy (EMB) pathological grade of rejection 

(ISHLT), while pDCs remained constantly low. Interestingly, rejecting patients 

experienced a decreased frequency of CCR7+ mDCs in their blood during AR. 

Uniformly altered DC kinetics must refl ect an inherent mechanism of circulating 

mDC depletion during AR. We speculate that low CCR7+ mDC frequency must 

suggest selective mDC homing to secondary lymphoid tissues in order to 

induce CD4+ and CD8+ T-cell clonal expansion and differentiation into helper 

or cytotoxic T-cells and therefore initiate AR. In this context, it is interesting 

that rejectors experienced a decreased % of CCR7+ mDCs in their blood during 

AR. Uniformly altered DC kinetics must refl ect an inherent mechanism of 

circulating mDC depletion during AR [5].

However, rejecting patients did not exhibit the mDC recovery that non-rejectors 

experienced after 3 months post-HTx. Furthermore, in rejecting HTx recipients 

the defective circulating mDC reconstitution over time was independent 

of infection onset (e.g. CMV), statin treatment or tapering of maintenance 

immunosuppression. Moreover, within rejecting recipients mDC numbers 

remained low in both patients treated or not-treated with rejection therapy 

during follow-up. This phenomenon suggests that defective circulating DC 

reconstitution post-HTx, is inherently related to the immunological process 
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of AR and not to additional immunosuppression administered as rejection 

treatment post-HTx [6]. 

Circulating T-cell phenotypic characteristics in end-stage heart failure
We also assessed blood from heart transplant recipients before transplantation 

and healthy individuals in order to clarify whether circulating leukocyte 

chemokine receptor expression profi le is modifi ed during NYHA III-IV heart 

failure. Peripheral blood T-cells from HF patients exhibited upregulated 

expression of the chemokine receptor CXCR4, which was refl ected primarily on 

CD8+ cells, independent of etiology of the disease. Elevated CXCR4 expression 

on both circulating CD4+ and CD8+ cells in the same patients, must refl ect 

enhanced migration of both T-cell subsets with a naïve phenotype towards 

lymphoid organs in end-stage HF. These results concur with the upregulation 

of CCR7 expression on the surface of both circulating CD4+ and CD8+ cells. 

Interestingly, patients with coronary artery disease and idiopathic DCM 

had higher CCR7 expression on CD8+ cells than patients with hypertrophic 

cardiomyopathy and valvular disease. Parallel increased homeostatic chemokine 

receptor (CCR7 and CXCR4) expression on naïve peripheral blood T-cell subsets 

could result in accelerated homing of CD4+ or CD8+ cells to lymphoid tissues 

for TH1 or TH2 priming during end-stage HF. In this state, lymphoid tissue could 

play a central role in T-cell and dendritic cell recirculation. 

In peripheral blood, we did not see any clear polarization of CD4+ cells towards 

a TH1 or TH2 phenotype. On the contrary, CD8+ CXCR3+ and CD8+ CXCR1+ T-cell 

frequency in the blood of patients was increased. As CXCR3 is known to be 

induced on effector-memory T-cells and CXCR1 expression has been shown 

on human effector CD8+ T-cells, our results provide the evidence for a small 

fraction of CD8+ cells with a TH1 type infl ammatory inducing capacity in the 

peripheral blood of end-stage HF patients. Conceptually, these cells should 

exhibit affi nity for homing into infl ammatory sites through CXCL-1, CXCL-5 or 

CXCL-8, and in the case of our patients this should be the myocardium [7]. 

Circulating T-cell phenotype in relation to endomyocardial biopsy 
chemokine production by acute rejection after clinical heart 
transplantation
By analyzing circulating CD4+ and CD8+ T-cell chemokine receptor expression 

in parallel with intragraft chemokine and chemokine receptor gene expression 

of cardiac allograft biopsy specimens, in relation to the ISHLT classifi cation 

for histological infi ltration grade after transplantation, no differences were 
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observed in the frequency of circulating CD4+ cells positive for the chemokine 

receptors questioned. Within the CD8+ subset, mean percentage of CCR5+ 

cells was raised while the percentage of CCR7+ cells was reduced during AR. 

Reciprocal regulation of CCR5+ and CCR7+ cells only within circulating CD8+ 

but not CD4+ T-lymphocytes could be explained as proportionally more CD8+ 

than CD4+ cells, with an effector/memory CD45RO+ phenotype, are known to 

infi ltrate rejecting human cardiac allografts. However, no satisfactory values 

could be obtained by peripheral blood analysis to reliably monitor AR, as both 

rejecting and non-rejecting recipients presented with a variable frequency 

of CCR5+ and CCR7+ CD8+ cells at ISHLT grades 0 to 2, for the whole follow-

up period after transplantation. Decreased mean circulating CD8+CCR7+ 

T-lymphocyte frequency during acute cardiac allograft rejection suggests 

either effl ux of circulating CD8+CCR7+ T-cells, or alternatively enrichment of 

blood with CD8+CCR7- T-cells, as part of the rejection process. 

Endomyocardial biopsy gene expression indicated a strong association of 

intragraft levels from infl ammatory chemokines (CCL5 & CXCL10) and their 

corresponding receptors (CCR5 & CXCR3) with the appearance of AR episodes. 

Intracardial mRNA levels of the homeostatic chemokine (CCL19) and its receptor 

(CCR7) were signifi cantly elevated upon AR. In our opinion, differential CCR5 

and CXCL10 gene expression profi les between rejectors during non-rejection 

episodes (ISHLT grades 0–2) and non-rejectors, must represent altered 

intracardial chemokine and chemokine receptor micro-environment in the 

rejecting patients, prior to histologically proven rejection. 

It is known that during cardiac allograft rejection, CCL5 and CXCL10 drive 

local intracardial recruitment of effector CCR5+ and CXCR3+ cells, respectively. 

However, the elevated intragraft levels of CCL19 and CCR7 during AR, suggest 

that intragraft homeostatic chemokine – chemokine receptor interactions 

are also involved in the process of rejection. As myocardial CCL19 expression 

negatively affects circulating CD8+CCR7+ T-cell frequency in rejecting patients, 

high intragraft CCL19 production must infl uence peripheral blood CD8+ 

T-cell recirculation by facilitating intracardial CD8+CCR7+ T-cell infi ltration in 

these patients. This phenomenon must refl ect a reduction in the migratory 

specifi city of CD8+ cells in rejecting patients, driven by high myocardial CCL19 

expression after heart transplantation. Such a mechanism may explain the 

high post-transplant incidence of non-donor specifi c cytotoxic T-lymphocytes 

in the grafts of rejecting patients. 

This effect seems to be time-dependent as circulating CD8+CCR7+ T-cell 

frequency in rejectors decreased more markedly, independent of CMV syndrome 
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manifestation during the course of follow-up. As immunosuppressants are 

known to affect CCR7-dependent T-cell migration in vivo, decreased CD8+CCR7+ 

T-cell frequency in rejectors with time, could be ascribed to additional infl uence 

on chemokine receptor expression from anti-rejection therapy. Reduced 

CCR7+, or alternatively raised CCR7-, proportion within circulating CD8+ T-cells, 

may refl ect the increasing magnitude of allo-antigen-specifi c responses that 

develop with time after transplantation. 

Considering the positive correlation between CCL19 expression during AR+ 

and raised CXCL10 and CCR5 levels before AR, we speculate that monocyte/

macrophage infi ltration and infl ammatory chemokine expression before AR 

potentiates vascular endothelial or cardiomyocyte homeostatic chemokine 

production with a tropism for CCL19. This chemokine microenvironment 

might not only facilitate intracardial effector T-cell infl ux, but may also lead to 

intragraft naïve lymphocyte activation, dendritic cell maturation and homing. 

Such a process may support local lymphoid follicle formation and contribute 

to persistence of risk for cardiac allograft loss, as described by late acute and 

chronic rejection after heart transplantation. In this manner, homeostatic and 

infl ammatory chemokines may act synergistically in CD8+ T-cell infi ltration 

during cardiac allograft rejection [Chapter 7].

Prospects

Chemokines and their receptors by DC and T-cell recirculation in heart 
failure
Despite recent improvements in cardiovascular treatment, HF is a progressive 

disease with high mortality and morbidity,  suggesting that important patho-

genic mechanisms like persistent immune activation and infl ammation, remain 

active and unmodifi ed by the present treatment modalities [8]. Indeed, neither 

of the already existing drugs seem to have any profound effects on infl ammatory 

cytokines in HF patients [9]. Different forms of immunomodulatory therapy, 

such as pentoxyfylline, intravenous immunoglobulin, thalidomide and statins 

in addition to conventional cardiovascular treatment regimens, have therefore 

emerged as possible new and promising treatment modalities for end-stage 

HF patients. 

Following tissue damage, infection, or infl ammation, mDCs become activated 

and migrate via afferent lymphatic vessels or blood to secondary lymphoid 

organs and to infl amed myocardium [1]. Enhanced myocardial expression of 
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chemokines and their corresponding receptors on both cardiomyocytes and 

infi ltrating T-cells in various forms of myocardial failure suggests a central 

role for chemokine-related interactions in the pathogenesis of end-stage HF. 

In this context, alterations of chemokine receptor expression may not only 

be a new parameter of enhanced immune activation, but may also refl ect an 

important mechanism contributing to the progression of HF with underlying 

etiology [7]. 

The capacity to control activation and movement of DC and T-cell subsets, 

suggests that chemokines and their receptors might provide novel targets for 

therapeutical intervention in chronic myocardial failure. A series of chemokine 

receptor antagonists have been found to prevent the development of several 

infl ammatory diseases in animal models [10]. In depth knowledge of the 

possible pathogenic role of chemokines in human heart failure suggests that 

modulation of the chemokine network may represent interesting alternative 

therapeutic modalities in this disorder. 

Chemokines and their receptors by DC and T-cell recirculation in rejection 
after heart transplantation
Innate and adaptive immune responses in allograft rejection are linked 

through chemokine-chemokine receptor directed DC and T-cell traffi cking. 

For example, certain chemokines are important in directing exit of DCs 

from peripheral tissues to secondary lymphoid organs [11]. In this context, 

peripheral blood mDCs may be attributed an important role in eliciting and 

maintaining allograft rejection post-HTx [5]. Monitoring of peripheral blood 

DC subsets may identify patients at high risk for rejection after 3 months 

post-HTx. This might prove clinically relevant as appropriate adjustments in 

immunosuppressive regimens may avoid over-immunosuppression of patients 

at a lower risk for rejection long after clinical HTx [6].

Chemokines and their receptors, are also pivotal mediators in allograft rejection 

by recruiting alloantigen-primed T-cells into allografts through their activity as 

regulators of T-cell movement, adhesion, and effector function [12]. Because 

the regulation of effector T-cell infi ltration is complex, it is diffi cult to dissect 

the relative role of each chemokine in the infl ammatory processes leading 

to allograft rejection, especially since many chemokines and their receptors 

are seemingly redundant [13]. Nevertheless, it is clear that specifi c chemokine 

and/or chemokine receptor blockades may infl uence various aspects of the 

rejection process. Experimental data point to the chemokine receptors CXCR3 

and CCR5, which are induced upon activation of T-cells, as key mediators of 
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effector cell recruitment in response to the local elaboration of chemokines by 

graft endothelial and parenchymal cells [14]. 

Most researchers in the transplantation fi eld have so far concentrated on 

chemokines rather than receptors and on a rather few chemokines at that, 

especially some of the original chemokines described (RANTES, MCP-1 and 

IL-8). Tools are now becoming available to analyze these roles in a meaningful 

manner, including commercially available anti-chemokine and anti-chemokine-

receptor mAbs and gene knockout animals. It is a reasonable expectation that 

within the coming years the key primary data as to which receptors and ligands 

are of fundamental signifi cance for therapeutic targeting will become available 

from experimental systems. Clinical applications are still several years away, 

with the exception that use of mAbs and cDNA arrays for monitoring purposes 

is likely to yield new diagnostic and prognostic application in transplantation 

for knowledge of this unique family of genes [15]. 

Clinical therapeutic interventions aimed at chemokines and/or their receptors 

may prove useful in treatment of transplant rejection and/or induction of 

immunologic tolerance. Therapeutic effects will likely differ, depending upon 

the stage of rejection and the other therapeutics administered. As to now, data 

from clinical studies suggests that certain pathways are also active in human 

recipients of solid organ allografts. The marked enhancement of long-term 

heart transplant survival in patients homozygous for a CCR5 null allele is very 

encouraging for future therapies directed at CCR5-positive mononuclear cells. 

Results with blockades of other chemokine receptors expressed by effector 

T-cells CCR1, CXCR3, and CX3CR1 are also remarkable [16]. Clearly, interruption 

of the afferent pathway leading to allosensitization – e.g. through inhibition 

of the CCL19/CCR7 interaction – might also be of potential therapeutic 

importance [17]. For this, immunohistochemical analyses are required to 

consolidate CCL19 production and in situ CCR7+ cell localization on allograft 

biopsies from rejecting and non-rejecting patients. In this manner, functional 

roles of CCL19 and CCR7 could be unraveled for endothelial dysfunction during 

rejection and accelerated coronary artery disease after heart transplantation 

[Chapter 7]. In this context, anti-CCR7 antibodies as well as the drug Ciglitazone 

and other selective peroxisome proliferative activated receptor-γ agonists 

known to decrease expression of CCR7, may have the potential to become 

important therapeutics in treatment of acute and chronic allograft rejection 

[18]. The extent to which these processes can be usefully targeted to the 

benefi cial effect of an allograft recipient, constitutes one of the most exciting 

areas of transplant immunobiology at the present time.
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Although it is becoming apparent that inhibiting DC and T-cell traffi cking is 

a very effective strategy for inhibiting rejection after heart transplantation, 

other checkpoints in leukocyte traffi cking can be potential targets. For 

example, T-cell exit from lymphoid tissue requires sphingosine 1-phosphate 

(S1P) and its G- Protein Coupled Receptor S1P1,[19] whereas exit of DCs and 

T- cells from peripheral tissue requires CCR7 [20, 21]. Pharmacological inhibition 

of this pathway with drugs such as FTY720 traps T-cells in lymph nodes and 

primary organs, leading to peripheral T-cell depletion [22, 23]. FTY720 and 

other S1P1 antagonists are being evaluated as new immunosuppressants for 

organ transplantation. Other examples include targeting proteases secreted 

by leukocytes, which facilitate leukocyte movement through basement 

membrane and the ECM in tissue, and targeting signaling molecules that link 

GPCR activation to changes in integrin affi nity and to directed cell migration. 

The challenge for the future is to identify the key DC or T-cell subset that initiates 

rejection and to identify the traffi cking molecule(s) that will most specifi cally 

inhibit that subset of cells while leaving most leukocytes unaffected to avoid 

untoward infectious complications. An unavoidable consequence of inhibiting 

leukocyte traffi cking will be that the host is left more susceptible to certain 

infections. It is clear, then, that better understanding of the consequences of 

inhibiting the traffi cking of specifi c leukocyte subsets is needed, and patients 

must be screened for latent infections and/or provided with prophylaxis 

against the relevant potential pathogens before therapy is initiated. The goal, 

then, is to minimize infectious risk by identifying the traffi cking molecules 

whose inhibition will result in the narrowest range of cellular inhibition while 

still allowing the therapy to be effi cacious. Furthermore, regional delivery of 

this inhibition (such as the heart or lymph nodes) and precise targeting of 

pathogenic DC or T-cell subsets will minimize systemic immunodefi ciency and 

improve the therapeutic ‘window’ of treatments aimed at dampening the 

infl ammatory response by inhibiting DC or T-cell traffi cking.
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Summary

Heart failure (HF) is a complex clinical syndrome characterized by immune 

activation in its chronic stages. By different forms of cardiac dysfunction, 

infi ltration of failing human myocardium with effector leukocytes through 

low-grade infl ammation, leads to deterioration of clinical condition to end-

stage HF. The only available permanent therapeutic option for patients 

with end-stage cardiac disease is heart transplantation (HTx). Allo-antigen 

dependent immune cell activation and recirculation determine graft outcome, 

with heart allograft rejection remaining a severe complication after HTx. 

For years the international transplantation community attempts to improve 

patient survival and prevent graft loss. In this context, identifying patients at 

high risk for rejection or even predicting acute cardiac rejection (AR) would 

be important, as appropriate adjustments in immunosuppressive regimens 

may avoid over-immunosuppression related complications after clinical HTx. 

In this thesis, we attempted to clarify the role of chemokines and chemokine 

receptors in leukocyte recirculation during end-stage HF and rejection after 

HTx. Traffi cking of dendritic cell (DC) and T-cell subsets received our particular 

attention, because their interaction critically determines the type of immune 

reactivity elicited in chronic disease and transplantation. 

Chapter 1, provides a general introduction on the migratory routes followed by 

DCs and T-cells, based on chemokines and their receptors. Known chemotactic 

pathways of leukocyte activation and infi ltration as well as their role in the 

pathogenesis of HF and heart allograft rejection are presented. A description 

of the objectives of our studies is also included. 

Chapter 2 describes alterations in CC- and CXC- chemokine receptor expression 

as well as circulating frequency of peripheral blood CD4+ and CD8+ T-cell 

subsets, monocytes and granulocytes positive for the chemokine receptors 

questioned, from patients with end-stage HF. The results were outlined 

for both non-ischemic and ischemic forms of cardiomyopathy. No clear 

polarization of circulating T-cells towards a TH1 or TH2 phenotype was seen. 

Circulating T-cells from HF patients exhibited upregulated CCR7 and CXCR4 

expression, while CD8+ cells from patients with coronary artery disease (CAD) 

and dilated cardiomyopathy (DCM) had higher CCR7 expression than patients 

with hypertrophic cardiomyopathy (HCM) and valvular disease (VD). In CAD 

patients, frequencies of CCR1+ and CCR2+ monocytes were decreased, while on 

granulocytes, CXCR1 and CXCR2 receptors were downregulated in all patients, 

irrespective of cardiac disease etiology.
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In chapter 3, changes in absolute numbers and frequency of phenotypically 

mature peripheral blood myeloid (m) and plasmacytoid (p) DCs are discussed 

in end-stage HF as well as early after HTx. Patients with NYHA III-IV HF had 

higher DC numbers compared to controls, due to enrichment of their mDC 

fraction. According to the upregulation of CD83+ cells, both DC subsets 

exhibited an activated phenotype, while following the upregulation of CCR7, 

mDCs possessed an increased potential to migrate towards secondary lymphoid 

organs. After transplantation, numbers of circulating mDCs and pDCs were 

decreased drastically, suggesting “immunological quiescence” on the basis of 

immunosuppression. The mDC/pDC balance shifted in favour of mDCs, while 

both circulating DC subsets were also rendered into a non-activated, immature 

state. 

Chapter 4 is concerned with circulating DC numbers and phenotype according 

to etiology of end-stage HF. While NYHA III-IV HF patients had comparable 

circulating DC subset levels to NYHA-II patients and controls, total blood 

DC levels in end-stage HF were elevated in patients with DCM. This was due 

to a marked increase of mDCs and to a lesser extent of pDCs in idiopathic 

DCM patients, independent of systolic or diastolic cardiac dysfunction. Blood 

mDCs from patients with DCM, except for their elevated levels also showed 

increased CD83 and CCR7 surface expression compared to mDCs from groups 

with different etiology of cardiac dysfunction. 

Chapter 5 describes circulating DC subset distribution, maturation and lymphoid 

homing properties in relation to histological diagnosis of AR early and late 

after clinical HTx. Overall circulating numbers of both DC subsets remained 

low for the whole post-HTx period, while a negative association of mDCs 

was observed with rejection grade. Only mDCs decreased during AR episodes 

while compared to non-rejectors, rejectors had lower mDC numbers after 3 

months post-HTx. This defective circulating mDC reconstitution over time was 

independent of infection onset (e.g. CMV), statin treatment or tapering of 

maintenance immunosuppression. Rejecting patients during AR exhibited 

low proportions of mDCs positive for CCR7, suggesting that circulating mDC 

depletion is associated with selective lymphoid homing of this subset in the 

process of rejection. 

In chapter 6, total peripheral blood DC incidence and DC subset reconstitution 

was analyzed in time for both rejecting and non-rejecting recipients considering 

administration of rejection therapy after transplantation. Both mDC incidence 

as well as circulating mDC/pDC ratio – representing DC subset reconstitution 

– were negatively associated with ISHLT infi ltration grade. Rejecting patients 
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exhibited impaired circulating DC reconstitution after 12 weeks post-HTx 

when compared to NR patients. Within rejectors, mDC numbers remained low 

in both patients treated or not-treated with rejection therapy during follow-

up after HTx. 

Chapter 7, investigated the differential contribution of infl ammatory 

and homeostatic chemokines and their receptors on CD4+ and CD8+ T-cell 

recirculation in relation to corresponding intragraft chemokine and chemokine 

receptor gene expression during the process of rejection. While no differences 

were observed in the frequency of circulating CD4+ cells positive for the 

chemokine receptors questioned, during AR mean proportions of CCR5+ and 

CCR7+ CD8+ cells were altered. Mean intragraft CCR5, CCL5, CXCL10, CXCR3, 

CCR7 and CCL19 mRNA levels had increased during AR, while rejecting patients 

presented with higher myocardial CCR5 and CXCL10 mRNA levels even before 

AR. In these patients, high intragraft CCL19 mRNA was inversely correlated 

to circulating CD8+CCR7+ T-cell frequency, suggesting that myocardial CCL19 

production affects CD8+ T-cell recirculation under infl uence of CCR7 after 

HTx. 

Finally, chapter 8 embodies a comprehensive discussion of the aforementioned 

studies in the perspective of the international literature. The most important 

results and conclusions of the manuscripts comprising this thesis are reviewed 

for possible clinical implications and future directions in this fi eld of research. 

Conclusions

Heart Failure
The whole blood studies on chemokine receptor mediated DC and T-cell 

recirculation presented in this thesis, provided us with a new perspective in 

the immunological basis of human end-stage myocardial failure. Here, we 

present evidence for altered migratory potential of circulating T-cells in HF 

patients, based on their lymphoid homing chemokine receptor expression. 

Through CCR7 and CXCR4 upregulation, peripheral blood CD4+ and CD8+ T-cell 

subsets from such patients, may experience accelerated homing to lymphoid 

tissues for TH1 or TH2 priming. This suggests a new pathway completing 

the pathogenic loop for recruitment and activation of these cells under 

such conditions. Modulation of the chemokine network with infl ammatory 

or lymphoid homing chemokine receptor antagonists, might provide novel 

targets for therapeutical intervention in chronic HF. 

thesis_athanassopoulos.indd 180 15-5-2006 8:52:24



181

Summary and Conclusions

Blood DC characterization may also lead to new insights into the etiology of 

end-stage HF in humans. Elevated circulating DC levels confi rm the altered 

migration patterns of bone marrow derived cells in this state. Moreover, the 

shifted mDC/pDC balance towards mDCs with a mature phenotype, suggests 

immune responses with a TH1 predisposition in end-stage HF. In particular, 

parallel enhancement of CD83 and CCR7 expression only on mDCs from DCM 

patients, must account for functional mDC responses to immunogenic stimuli 

related with the pathogenesis of DCM. We propose that further skewing of 

the balance between the two blood DC subsets towards mDCs in patients 

with idiopathic DCM, is part of their reduced ability to generate peripheral 

tolerance to a number of auto-antigens. Further studies are needed to clarify 

the possible pathogenic role of blood and resident DCs in the development of 

human DCM.

Heart Transplantation
Involvement of chemokine – chemokine receptor interactions in DC and T-cell 

recirculation was also confi rmed for rejection after clinical HTx. Circulating 

DC numbers decreased drastically, suggesting immunological quiescence on 

the basis of immunosuppression administered after transplantation. Thus, 

with DC homeostasis altered considerably, a shifted balance between blood 

mDCs and pDCs towards mDCs shortly post-HTx must refl ect immune deviation 

due to trauma or ischemia/reperfusion injury during the transplantation 

procedure. During AR, peripheral blood mDC depletion was associated with 

selective mDC homing to secondary lymphoid tissues through CCR7, inducing 

T-cell clonal expansion and differentiation into effector-cytotoxic T-cells. In 

this context, circulating mDCs may be attributed an important role in eliciting 

and maintaining allograft rejection post-HTx. Except for providing insight 

into in vivo mechanisms of heart allograft rejection, peripheral blood DC 

monitoring may contribute to further optimization of immunosuppressive 

treatment strategies after clinical HTx. Although the technique is prone to 

bias from immunological phenomena such as opportunistic infections or 

cytomegalovirus syndrome after transplantation, DC monitoring may identify 

patients with high risk for rejection after 3 months post-HTx. This might prove 

clinically relevant as appropriate adjustments in immunosuppressive regimens 

may avoid over-immunosuppression of patients at a lower risk for rejection 

long after clinical HTx. 

By the analysis of chemokine receptor expression on peripheral blood T-cells, 

no satisfactory values to reliably monitor AR could be obtained. However, 
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decreased mean circulating CD8+CCR7+ T-lymphocyte frequency during AR 

suggests either effl ux of circulating CD8+CCR7+ T-cells, or enrichment of blood 

with CD8+CCR7- T-cells, as part of the rejection process. Except for the confi rmed 

associations of intragraft gene expression for infl ammatory chemokines 

(CCL5 & CXCL10) and their corresponding receptors (CCR5 & CXCR3) with the 

appearance of AR, intracardial mRNA levels of the homeostatic chemokine 

(CCL19) and its receptor (CCR7) were also elevated upon AR. As myocardial 

CCL19 expression negatively affects circulating CD8+CCR7+ T-cell frequency in 

rejecting patients, high intragraft CCL19 production must infl uence peripheral 

blood CD8+ T-cell recirculation by facilitating intracardial CD8+CCR7+ T-cell 

infi ltration in these patients. Involvement of intragraft homeostatic chemokine 

– chemokine receptor interactions represents a novel aspect in the process of 

allograft rejection. Such a chemokine microenvironment may lead to intragraft 

naïve lymphocyte activation, dendritic cell maturation and homing. This could 

support local lymphoid follicle formation and contribute to persistent risk for 

cardiac allograft loss, by late acute and chronic rejection after HTx. Functional 

roles for CCL19 and CCR7 should be further investigated. Anti-CCR7 antibodies 

or agents known to decrease CCR7 expression and therefore inhibit DC or T-cell 

traffi cking, may become important therapeutics in the treatment of acute and 

chronic allograft rejection in the future.
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Samenvatting

Hartfalen (HF) is een complex klinisch syndroom dat in haar chronische 

vorm gekarakteriseerd wordt door activatie van het afweersysteem. Bij 

verschillende uitingen van cardiale dysfunctie zien we dat infi ltratie van het 

falende menselijke myocard door effector leukocyten, tot verslechtering 

van de klinische conditie naar eind-stadium HF leidt, via een laag-gradige 

ontstekingsproces. Vaak blijft harttransplantatie (HTx) als de enige beschikbare 

therapeutische optie over, voor patiënten met eind-stadium HF. Terwijl allo-

antigeen afhankelijke immuuncel activatie en recirculatie de transplantaat 

overleving bepalen, blijft transplantaatafstoting een van de belangrijkste 

complicaties na HTx. De internationale transplantatie gemeenschap probeert 

de overleving van patiënten te bevorderen, tegelijkertijd met het verhinderen 

van het verlies van het transplantaat. Daarom probeert men patiënten met 

een hoog risico op afstoting te identifi ceren of zelfs acute afstoting (AR) te 

voorspellen, met als doel de toegediende immunosuppressie zodanig aan 

te passen om de daaraan gerelateerde complicaties te minimaliseren. In dit 

proefschrift, probeerden we de rol van chemokinen en chemokine receptoren 

te ontcijferen bij de recirculatie van leukocyten bij eind-stadium HF en afstoting 

na HTx. We richtten speciaal ons aandacht op dendritische cellen (DCs) en 

T-cel subtypen, aangezien hun interactie bepalend is voor immuunreacties bij 

zowel chronische ziekten als transplantatie.

Hoofdstuk 1 geeft een algemene introductie in de migratie van DCs en T 

cellen, op basis van chemokinen en hun receptoren. De rol hiervan op de 

pathogenese van HF en afstoting na HTx worden besproken samen met 

bekende chemotactische routes van activatie en infi ltratie van leukocyten. In 

dit hoofdstuk wordt ook het doel van dit onderzoek besproken.

In hoofdstuk 2 worden de veranderingen beschreven in zowel de expressie 

van CC- en CXC- chemokine receptoren als de frequentie van circulerende 

CD4+ and CD8+ T-cell subtypen, monocyten en granulocyten die positief 

zijn voor de genoemde receptoren, in patiënten met eind-stadium HF. De 

resultaten werden zowel voor non-ischemische en ischemische vormen van 

cardiomyopathie weergegeven. We vonden geen duidelijke polarisatie van 

circulerende T cellen naar een TH1 of TH2 fenotype. Wel lieten de circulerende 

T cellen van patiënten met eind-stadium HF een toegenomen CCR7 en CXCR4 

expressie zien, terwijl de CD8+ cellen van patiënten met coronairlijden (CAD) 

en gedilateerde cardiomyopathie (DCM) hogere expressie van CCR7 hadden 

dan patiënten met hypertrophische cardiomyopathie (HCM) of kleplijden 
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(VD). Patiënten met CAD, lieten een lager percentage van CCR1+ en CCR2+ 

monocyten zien, terwijl de CXCR1 en CXCR2 receptoren minder tot expressie 

kwamen op granulocyten van alle patiënten, onafhankelijk van de etiologie 

van hartlijden.

In hoofdstuk 3, worden het absoluut aantal en de frequentie van fenotypisch 

rijpe myeloïde (m) en plasmacytoïde (p) DCs in het perifeer bloed besproken, 

zowel tijdens eind-stadium HF als vroeg na HTx. Vergeleken met gezonde 

vrijwilligers, presenteerden patiënten met “New York Heart Association” 

(NYHA) Klasse III-IV HF zich met een hoger aantal DCs door een verrijking van 

de mDC fractie. Door een toename van CD83+ cellen, lieten de mDCs en pDCs 

van patiënten een geactiveerd fenotype zien, terwijl de toename van CCR7+ 

mDCs op een verhoogd migratie potentiaal van mDCs naar secundaire lymfoïde 

organen duidde. Na transplantatie, was het aantal circulerende mDCs and 

pDCs drastisch gedaald, een fenomeen dat “immunologische rust” suggereert 

waarschijnlijk tengevolge van de toegediende immunosuppressie. De balans 

tussen mDCs en pDCs (mDC/pDC) verschoof in de richting van mDCs, en beide 

circulerende DC subtypen verkeerden in een fenotypisch onrijpe staat.

Hoofdstuk 4 behandelt circulerende DCs en hun fenotype op basis van de 

etiologie van eind-stadium HF. Hoewel, het aantal circulerende mDCs en pDCs 

vergelijkbaar was tussen patiënten met NYHA III-IV, NYHA-II HF en controles, 

was het totaal aantal bloed DCs tijdens eind-stadium HF verhoogd in patiënten 

met DCM. Dit kwam door een toename van voornamelijk mDCs in patiënten 

met idiopathische DCM, onafhankelijk van systolische of diastolische dysfunctie 

van het hart. Wanneer er een onderscheid werd gemaakt op basis van het 

ontstaan van cardiale dysfunctie, toonden de mDCs van patiënten met DCM 

ook een hogere CD83 en CCR7 expressie. 

Hoofdstuk 5 beschrijft de distributie, maturatie en eigenschappen voor 

lymfoïde “homing” van circulerende DC subtypen, in relatie tot vroege en late 

afstoting na klinische HTx. Het aantal circulerende mDCs en pDCs bleef laag 

voor de gehele periode na transplantatie. Bovendien, was het aantal mDCs 

op een negatieve manier geassocieerd met de afstotingsgraad en tijdens AR 

waren de mDCs het laagst. Drie maanden na HTx was het aantal mDCs bij 

patiënten die een afstoting hadden doorgemaakt lager dan bij patiënten 

zonder afstotingsverschijnselen. Dit was onafhankelijk van het optreden van 

infecties (zoals Cytomegalovirus), therapie met statines of vermindering van 

de immunosuppressieve onderhoudstherapie. Bij AR, waren lage percentages 

van CCR7+ mDCs waar te nemen, hetgeen suggereert dat depletie van 

circulerende mDCs geassocieerd is met selectieve “homing” van mDCs naar 

lymfoïde organen ten tijde van de afstoting. 
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Hoofdstuk 6, behandelt de invloed van afstotingsbehandeling op het 

totaal aantal van bloed DCs en onderzoekt het herstel van mDCs en pDCs 

na transplantatie. Zowel het aantal circulerende mDCs als de mDC/pDC 

ratio waren op een negatieve manier geassocieerd met de afstotingsgraad 

volgens de richtlijnen van de “International Society for Heart and Lung 

Transplantation”. Twaalf weken na HTx lieten de afstoters geen herstel in het 

aantal circulerende DCs zien in tegenstelling tot de niet-afstoters. Binnen de 

groep van de afstoters bleef het aantal mDCs laag, niet alleen bij patiënten die 

een afstotingsbehandeling ondergingen, maar ook bij patiënten die tijdens 

een periode met afstoting niet extra werden behandeld. 

Hoofdstuk 7, beschrijft zowel infl ammatoiïre als homeostatische chemokinen 

en hun receptoren op CD4+ en CD8+ T cellen in de circulatie in relatie tot 

hun corresponderende chemokine en chemokine receptor gen expressie in 

het transplantaat tijdens afstoting. Er werden geen verschillen waargenomen 

in het percentage circulerende CD4+ cellen die positief waren voor de 

onderzochte chemokine receptoren. De gemiddelde percentages van CCR5+ 

en CCR7+ CD8+ cellen tijdens AR waren echter veranderd. De mRNA expressie 

van CCR5, CCL5, CXCL10, CXCR3, CCR7 en CCL19 was tijdens AR hoger in het 

transplantaat, vergeleken met momenten zonder afstoting. Patiënten met 

afstoting hadden daarentegen hogere hoeveelheden CCR5 en CXCL10 mRNA 

dan patiënten zonder afstoting, zelfs vóór AR. Bij dezelfde patiënten, was 

de CCL19 mRNA expressie in het transplantaat negatief gecorreleerd met 

de hoeveelheid circulerende CD8+CCR7+ T-cellen. Dit suggereert dat CCL19 

produktie door donor myocard de ontvanger CD8+ T-cell recirculatie beïnvloedt 

via de chemokine receptor CCR7 . 

Ten slotte, worden in hoofdstuk 8 de resultaten van de voorgenoemde studies 

in het perspectief van de internationale literatuur besproken in de vorm 

van een algemene discussie. De belangrijkste conclusies van dit proefschrift 

worden in kaart gebracht om de klinische implicaties hiervan en de verdere 

mogelijkheden binnen dit onderzoeksveld te evalueren. 

Conclusies

Hartfalen
De studies op humane DC en T-cel recirculatie in volbloed die in dit proefschrift 

beschreven worden, geven een nieuw perspectief in de immunologische 

mechanismen, die betrokken zijn bij eind-stadium HF. Met de eiwit-expressie 

van chemokine receptoren, die een rol spelen bij “homing” van leukocyten 
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naar lymfoïde organen, geven we hier een bewijs voor veranderde migratie 

patronen van circulerende T cellen in patiënten met HF. Door de verhoogde 

expressie van CCR7 en CXCR4, kunnen perifeer bloed CD4+ en CD8+ T-cellen 

van patiënten met HF versneld aangetrokken worden naar lymfoïd weefsel 

hetgeen leidt tot de inductie van TH1 of TH2 reacties. Het proces van migratie 

en activatie van deze cellen maakt deel uit van mechanismen die ten grondslag 

liggen aan de pathologische conditie van HF. Mogelijk kan modulatie van 

het netwerk van chemokinen met antagonisten van zowel infl ammatoïre als 

lymfoïde chemokine-receptoren in de toekomst voor nieuwe therapeutische 

interventies bij patiënten met chronische HF zorgen. 

Het karakteriseren van humane perifeer bloed DCs biedt ook nieuwe inzichten 

in het ontstaan van eind-stadium HF. Ten tijde van HF bevestigt het verhoogd 

aantal van circulerende DCs de veranderde migratie patronen van cellen die 

afkomstig uit het beenmerg zijn. Overigens, suggereert de verschuiving van de 

mDC/pDC balans naar mDCs met een rijpe fenotype, een predispositie naar TH1 

immuunrereacties bij patiënten met eind-stadium HF. De verhoogde expressie 

van zowel CD83 en CCR7 vooral op de mDCs van patiënten met DCM, zal 

mogelijk een onderdeel van de immunogene stimuli zijn die gerelateerd zijn 

aan de pathogenese van DCM. We suggereren dat de verdere verschuiving van 

de mDC/pDC balans naar mDCs bij patiënten met idiopathische DCM, ervoor 

zorgt dat minder perifere tolerantie tegen auto-antigenen optreedt. In de 

toekomst zijn meer studies nodig om de mogelijke rol van circulerende en 

weefsel DCs in de ontwikkeling van DCM te achterhalen. 

Harttransplantatie
In dit proefschrift werd ook de betrokkenheid van interacties tussen 

chemokinen en chemokine-receptoren in de recirculatie van DCs en T-cellen 

bevestigd bij afstoting na klinische HTx. Het aantal perifeer bloed DCs was 

drastisch verminderd mogelijk op basis van immunosuppressie-gerelateerde 

“rust” van het afweersysteem na transplantatie. De homeostase van DCs was 

aanzienlijk veranderd en de verschuiving in de mDC/pDC balans naar mDCs kort 

na transplantatie, refl ecteert mogelijk een deviatie van het afweerapparaat 

veroorzaakt door trauma of ischemie/reperfusie schade gedurende de 

transplantatie procedure. De depletie van perifeer bloed mDCs tijdens AR, 

was geassocieerd met CCR7 afhankelijke selectieve “homing” van mDCs 

naar lymfoïde organen, die mogelijk clonale expansie en differentiatie van T 

cellen naar effector-cytotoxische T cellen veroorzaken. In deze context, spelen 

circulerende mDCs misschien een belangrijke rol in het tot stand brengen van 

transplantaatafstoting na HTx. Behalve het verdiepen van ons inzicht naar 
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in vivo mechanismen van harttransplantaat afstoting, kan het vervolgen van 

perifeer bloed DCs na klinische HTx tevens bijdragen aan het verder verfi jnen 

van de immunosuppressieve therapie. Het vervolgen van DCs in de tijd kan 

patiënten met een verhoogd risico op afstoting langer dan 3 maanden na HTx 

identifi ceren. Dit zou klinisch relevant kunnen zijn omdat het afbouwen van 

de immunosuppressieve medicatie naar aanleiding van het aantal DCs gericht 

zou kunnen worden op patiënten met een relatief hoger aantal DCs, die een 

verlaagd risico op afstoting blijken te hebben langer na transplantatie. 

Het ontstaan van AR na transplantatie kon niet worden voorspeld door de 

analyse van expressie van chemokine-receptoren op perifeer bloed T-cellen. 

Desalniettemin, suggereert de daling in het gemiddelde percentage van bloed 

CD8+CCR7+ T-cellen tijdens AR het uittreden van circulerende CD8+CCR7+ T-

cellen of het verrijken van het bloed met CD8+CCR7- T-cellen, als onderdeel van 

het proces van de afstoting. Weliswaar zijn onze resultaten op gen expressie 

niveau in het donor myocard een bevestiging voor de betrokkenheid van 

infl ammatoïre chemokinen (CCL5 & CXCL10) en hun receptoren (CCR5 & CXCR3) 

bij AR, maar de gemiddelde mRNA expressie niveau’s van de homeostatische 

chemokine (CCL19) en haar receptor (CCR7) waren echter ook hoger ten tijde 

van AR. Het feit dat verhoogde CCL19 mRNA expressie in het transplantaat 

negatief gecorreleerd was met het percentage circulerende CD8+CCR7+ T-cellen 

in de afstoters, suggereert dat hoge CCL19 produktie in het donor myocard 

van deze patiënten de recirculatie van perifeer bloed CD8+ T-cellen beïnvloedt 

door infi ltratie van CD8+CCR7+ T-cellen in het transplantaat. De betrokkenheid 

van interacties tussen homeostatische chemokinen en lymfoïde chemokine-

receptoren in het transplantaat geeft een nieuw inzicht in het proces van 

transplantaatafstoting. Een dusdanige chemokine micromilieu in het 

transplantaat zou in staat zijn om niet alleen activatie van naïeve lymfocyten 

maar ook intragraft maturatie en “homing” van DCs te veroorzaken. Dit 

zou vorming van lokale lymfoïde follikels bevorderen en bijdragen aan een 

continu risico op verlies van het harttransplantaat bij late acute en chronische 

afstoting. Verder onderzoek is nodig om de functionele rol van CCL19 en CCR7 

in dit proces te achterhalen. Anti-CCR7 antilichamen of medicijnen die de DC of 

T-cel recirculatie verhinderen door vermindering van CCR7 expressie, kunnen 

in de toekomst onderdeel worden van de therapeutische mogelijkheden ter 

voorkoming van acute en chronische afstoting na transplantatie.

thesis_athanassopoulos.indd 188 15-5-2006 8:52:24



189

Samenvatting – 

.
,

. ,

. ,
.

-

.

.

. ,

. ,
- ,

.

- ,
.

,
,

.
.

CC-  CXC-  CD4+

 CD8+ - ,

thesis_athanassopoulos.indd 189 15-5-2006 8:52:24



190

Chapter 10

,
.

.
-

 TH1  TH2 . , -
 CCR7  CXCR4, 

 CD8+ -
 CCR7 

’  CD8+ -
. ,

 CCR1+  CCR2+ ,
 CXCR1  CXCR2 

,
.

. ,
 III-IV, 

 ( ),
.

,  CD83+

,
.

,  CCR7+

. ,

,
.

,
/ ,

.

.

thesis_athanassopoulos.indd 190 15-5-2006 8:52:24



191

Samenvatting – 

 III-IV  II 
,

.

,
. ,

 CD83  CCR7, 
.

,
,

, .
’

. ,
,

.
,

, ’
.

 ( . .
),

.
,  CCR7+

,

.

.
 (ISHLT), 

 / 
.

, ,

thesis_athanassopoulos.indd 191 15-5-2006 8:52:24



192

Chapter 10

.
,

.

 CD4+

 CD8+ -

. ’ , -
 CD4+

. ’ ,  CCR5+CD8+  CCR7+CD8+

- .
,  mRNA  CCL5, CXCL10 & CCL19 

 CCR5, CXCR3 & CCR7, 
.

 CCR5 mRNA  CXCL10 mRNA ’
, .

, ,
CCL19 mRNA  CD8+CCR7+

- .
CCL19  CD8+ -

,  CCR7.
,

.

.

-
,

. , ’

thesis_athanassopoulos.indd 192 15-5-2006 8:52:24



193

Samenvatting – 

,
-

. ,
 CCR7  CXCR4, 

 CD4+  CD8+ -
 TH1  TH2 .

- ,

.
 –  – 

,

.
’

,
.

, . ,
 / 

,

 TH1 .
 CD83 

 CCR7 
,

.

/
,

- .

.

thesis_athanassopoulos.indd 193 15-5-2006 8:52:25



194

Chapter 10

- ,
.

.
,

/

 / 
. ,

 CCR7, 
-

- . , ,

.

, in vivo
,

. ,

,

,
.

,

 - 

 – 
.

,

thesis_athanassopoulos.indd 194 15-5-2006 8:52:25



195

Samenvatting – 

- . ,  CD8+CCR7+

- ,
 CD8+CCR7+ ,

 CD8+CCR7+ , .

CCL5 & CXCL10  CCR5 & CXCR3 
,  mRNA 

 CCL19  (CCR7) 
.

,  CCL19 mRNA 
 CD8+CCR7+ - ,
 CCL19 

 CD8+ -
 CD8+CCR7+ -

. ,  CCL19 
 (CCR7) ,

.
 CCL19 ,

.
,

. ,
CCL19  CCR7, . ,

 CCR7 
 CCR7, 

,
- .

thesis_athanassopoulos.indd 195 25-5-2006 12:11:48



thesis_athanassopoulos.indd 196 15-5-2006 8:52:25



A
p

p
en

d
ices
Dankwoord

Presentations

List of Publications

thesis_athanassopoulos.indd 197 15-5-2006 8:52:25



thesis_athanassopoulos.indd 198 15-5-2006 8:52:25



199

Dankwoord

Dankwoord

Hoewel elk proefschrift één auteur kent, zou het schrijven ervan niet mogelijk 
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