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CRPP C-Reactive Protein 

CTABB Cetyl-trimethyl-ammonium-bromide 

DPCC Diagnostic Products Corporation 

ECPP Eosinophil Cationic Protein 

EIBB Exercise-induced Bronchoconstriction 

ESRR Erythrocyte Sedimentation Rate 

FEIAA Fluorescence Enzyme Immuno Assay 

FEV,, Forced Expiratory Volume one second 

FVCC Forced Vital Capacity 

GM-CSFF Granulocyte-macrophage colony-stimulating factor 

IBDD Inflammatory Bowel Disease 

IgGG Immunoglobulin G 

IgAA Immunoglobulin A 

NPVV Negative Predictive Value 

PAFF Platelet activating factor 

PC200 Provocative Concentration of histamine that induces a 20% reduction in 

FEV! ! 

PMAA Phorbol-myristate acetate 

PPVV Positive Predictive Value 

RIAA Radio-immuno assay 

sdd Standard deviation 

UCC Ulcerative Colitis 
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Introduction n 

Introductio n n 

Eosinophilss constitute a type of granulocyte and as such are derived from the bone 

marrow.. The most distinguishing morphologic feature of the eosinophilic granulocyte is 

itss content of distinctive cytoplasmic granules (Gleich et al. 1992). The eosinophilic 

granulocytee was first recognized in human blood in 1879 by Paul Ehrlich (Spry 1988). 

Sincee then, the presence of either high or low numbers of eosinophils in blood has been 

documentedd in a number of diseases (Cohen and Ottesen 1983, Weller 1984, Bruijnzeel 

etet al. 1992, Corrigan and Kay 1992). 

Involvementt of eosinophils has been demonstrated especially in allergy, in asthma and 

inn the defence against helminthic infections (Gleich and Adolphson 1986). 

Accumulationn of eosinophils in tissues is sometimes associated with tissue damage 

(Gleichh 1990, Holgate et al. 1991). The eosinophil expresses its biological activity by 

meanss of the products released from the cell (Gleich 1992). Eosinophil Cationic Protein 

(ECP)) is an eosinophilic granule protein whose concentration can be established in 

humann body fluids (Venge et al. 1977). With respect to this measurement, it has been 

claimedd that it is indicative not only of the number of circulating eosinophils but also of 

theirr activity grade. However, there are several problems with the interpretation of this 

activityy parameter. We have tried to obtain more insight in the activation mechanism, 

andd we have investigated the value of this assay by detection of granule proteins in 

bloodd in relation to eosinophil count and eosinophil morphology. 

Maturatio n n 

Eosinophilss are terminally differentiated effector cells of the immune system. 

Eosinophilicc granulocytes originate from bone marrow precursor cells. Bone marrow 

eosinophilicc promyelocytes and myelocytes are capable of mitosis (Spry 1971). One 

findss a continuous flow of maturing cells via myelocyte and metamyelocyte to 
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Chapterr 1 

eosinophilicc granulocytes; a substantial bone marrow reserve of mature cells can be 

mobilizedd on demand (Archer 1970). Spry (1971) calculated a total bone marrow transit 

timee of 5.5 days for the eosinophil in rats. The process of post-mitotic differentiation in 

mann takes about 2.5 days (Herion etal. 1970). Thereafter, the eosinophilic granulocyte 

leavess the bone marrow and moves into the blood circulation. 

Littl ee is known about the mechanisms leading to production of eosinophil progenitors 

fromm pluripotent stem cells. However, their subsequent proliferation and differentiation 

iss influenced by humoral factors, viz. IL-3, IL-5 and granulocyte-macrophage colony-

stimulatingg factor (GM-CSF) (Groopman et al. 1989, Erna et al. 1990, Denburg et al. 

1996,, Caldenhoven et al. 1998, Denburg 1998). These cytokines can induce the 

productionn of eosinophils from both human bone marrow cells and cord blood 

mononuclearr cells in culture (Clutterbuck et al. 1989). Different eosinophilopoietins 

mayy support distinct stages of eosinophil growth and differentiation (Ueno et al. 1994, 

Denburgg 1999). 

Thee eosinophilic granulocyte spends 13-18 hours in the blood circulation before it 

migratess to the tissues, especially the lungs, the skin and the gut (Kroegel et al. 1994). In 

thee vascular bed of these tissues, eosinophils are temporarily stored, creating a reservoir 

off  cells (marginating pool) that can be rapidly recruited into the blood circulation. For 

eachh eosinophil that is present in blood there are about 300 in the bone marrow and 

aboutt 100 to 300 eosinophils distributed in the tissues. Most eosinophils enter the tissue 

fromm the vascular bed and stay there for the rest of their lifetime, which is approximately 

66 days (Kroegel et al. 1994). However, eosinophils that are continuously exposed to 

cytokiness (e.g. IL-3, IL-5, GM-CSF, TNFa) in inflamed tissue may have a lifespan of 

severall  weeks (Rothenberg et al. 1988, Clutterbuck et al. 1989). In addition to 

differentiationn and supporting the survival time, some cytokines are also able to increase 

thee activity grade of mature eosinophils (Weller 1992, Carlson etal. 1993) (figure 1). 

Therefore,, it is interesting to establish whether eosinophils in individuals with higher 

eosinophill  blood concentrations wil l reveal a higher activity grade. 
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FigureFigure 1: Eosinophil differentiation and activation 

Morphology y 

Onee of the parameters that may reveal activity features of eosinophils is the morphology 

off  these cells. A mature eosinophilic granulocyte measures 10-15 um in diameter, 

whichh is similar to the neutrophil (Weller 1984). The nucleus is characteristically 
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Chapterr 1 

bilobedd with condensed chromatin. Nucleoli are rarely present (Clark and Kaplan 1975). 

Thee most characteristic morphologic feature of the eosinophilic granulocyte is its 

contentt of distinctive cytoplasmic granules (Gleich etal. 1992). These granules are 

termedd secondary or specific granules and stain avidly with acid dyes, such as eosin. 

Theyy also have a characteristic electron-microscopic appearance with a crystalloid core 

(Gleichh and Adolphson 1986). Besides the secondary or specific granules the 

eosinophilicc granulocyte contains three other sorts of granule that can be detected by 

electronn microscopy, viz. primary granules, which lack a crytalloid core and develop 

earlyy in eosinophil maturation; small granules, which contain arylsulfatase and other 

enzymes;; and microgranules, which are prominent tubulovesicular structures (Weller 

1991).. Eosinophils also contain organelles such as a rough endoplasmic reticulum, free 

ribosomes,, Golgi apparatus and mitochondria (Kroegel 1994) (figure 2). Only the 

secondaryy (specific) granules are seen by light microscopy. 

Eosinophilss are heterogeneous with respect to morphology and functional status (Fukuda 

andd Gleich 1989). The significance of this heterogeneity is not known. It could reflect a 

phasee in the life cycle of the cell or an adaptation to a change in the environment. One of 

thee aspects of heterogeneity of eosinophils is reflected in their density (specific gravity) 

profilee (Winqvist et al. 1982, Prin et al. 1983, Prin et al. 1984, Fukuda et al. 1985, 

Fukudaa and Gleich 1989). The eosinophilic granulocyte is the most dense leukocyte in 

peripherall  blood. When blood specimens from patients with eosinophilia are compared 

withh those from apparently healthy individuals, a difference in the density of the 

eosinophilss become apparent; the eosinophils of lower density (D < 1.082 g/ml) are 

termedd 'light density' or 'hypodense' cells, whereas those of normal density (D = 1.088 

g/ml)) are termed 'normodense' cells. In patients with hypereosinophilia a large 

percentagee of blood eosinophils is hypodense (Prin et al. 1984). Whilst normodense 

eosinophilss represent approximately 90% of the cells found in normal individuals, in 

asthmaticc patients the mean percentage of hypodense blood eosinophils varies between 

355 and 65% (Fukuda et al. 1985, Shult et al 1988, Frick et al. 1989). Experiments 
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suggestt that reduction of density may be an early sign of eosinophil activation and 

incipientt degranulation (Winqvist et al. 1982, Prin et al. 1983, Prin et al. 1984, Fukuda 

etet al. 1985). In patients with bronchial asthma, the numbers of hypodense eosinophils 

correlatee positively with the degree of blood eosinophilia (Fukuda et al. 1985). 

Heterogeneityy of eosinophils is also reflected in morphology. Eosinophils are usually 

circularr or ovoid when observed by light microscopy, but cells with one or more 

pseudopodss have also been observed in human peripheral blood, sputum, bone marrow 

andd nasal smears (Hanker et al. 1981). These cells have been named 'medusa cells', to 

emphasizee their length and the presence of pseudopods. The significance of 'medusa 

cells'' is unknown. Electron microscopic studies of tissue eosinophils in human biopsies 

fromm patients with a wide variety of diseases show numerous differences in their 

morphologyy when compared to circulating eosinophils obtained from healthy donors 

(Dvorakk 1994). Activated tissue eosinophils may contain increased numbers of lipid 

bodies,, primary and small granules and tubulovesicles. Lipid bodies may also increase 

considerablyy in size and display focal lucencies (Dvorak et al. 1991). In tissue 

eosinophilss the number of specific granules with an empty appearance (e.g. vacuoles) 

increasess (Dvorak and Ishizaka 1994). The presence of cytoplasmic vacuoles and loss of 

thee dense core of specific granules can be associated with secretion of granule contents. 

Thiss means that these tissue eosinophils may be degranulated eosinophils (Dvorak et al. 

1991). . 

Theree are also studies in which the morphology of blood eosinophils has been 

investigatedd in more detail (Tai and Spry 1976, Spry 1981, White 1986). It cannot be 

assumedd that activated blood eosinophils have identical properties to tissue eosinophils, 

becausee blood eosinophils have not met analogous stimuli that affect eosinophils at 

tissuee sites. However, many alterations are comparable to those observed with tissue 

eosinophils.. In acquired disorders, eosinophils may be vacuolated or agranular, such as 

demonstratedd in reactive eosinophilia with parasitic infections (Tai and Spry 1976, Spry 

1981,, White et al. 1986). Bain (1989) mentions that the most characteristic change in the 
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Chapterr 1 

hypereosinophill  syndrome is a slight increase in eosinophil nuclear lobulation or the 

presencee of ring-shaped nuclei. The significance of segmentation of granulocyte nuclei 

iss not known, but the hypothesis that the number of nuclear lobes reflects the age of the 

celll  is usually accepted (Arneth 1920). However, it is also possible that this phenomenon 

reflectss an activity grade (Tai and Spry 1976). Several studies have been performed by 

electronn microscopy and others by light microscopy. Light microscopy might be an easy 

wayy to determine differences in the morphology of eosinophilic granulocytes. Besides 

studyingg eosinophils in patients with eosinophilia, the morphologic characteristics of 

eosinophilss under normal conditions should also be described. We have studied 

alterationss in the morphology of eosinophilic granulocytes in relation to their 

concentrationn in blood and their activity grade as measured by the property to release 

granulee proteins. 

Secondaryy (specific) granule! 

FigureFigure 2: Morphology and characteristic organelles of the mature eosinophil 

granulocyte. granulocyte. 
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Eosinophill  functions 

Eosinophilss have several effector functions. It is well established that a blood and tissue 

eosinophiliaa is associated with helminthic infections and that eosinophils are also a 

featuree of allergic inflammation (Gleich and Adolphson 1986). For executing their 

effectorr functions, the cells should migrate to the site of inflammation. This transfer is a 

multistepp process, consisting of first rolling and adhesion to vascular endothelium, 

followedd by transmigration through the endothelium (diapedesis) and chemotaxis to the 

specificc site (Rothenberg 1998). During this process eosinophils are primed or 

preactivated.. The term 'primed' refers to a state in which the cell is nott yet activated. 

Thee primed cell does not respond autonomously but reacts more rapidly and to a greater 

extentt to a subsequent activating stimulus (Henson et al. 1992). When the primed cell 

enterss the end organ, it can be stimulated by a combined effect of several mediators. The 

ultimatee effector function, e.g. the killin g process, is mediated by the production of 

reactivee oxygen metabolites (respiratory burst) and the release of cytotoxic proteins 

(degranulation).. The respiratory burst results in the generation of toxic oxygen 

metabolites,, including superoxide anions and hydrogen peroxide, which together with 

thee protein Eosinophil Peroxidase (EPO), generate the highly tissue-damaging 

hypohalouss acids in the immediate environment of the cell (Gleich and Adolphson 1986, 

Gleichh et al. 1992). Degranulation results in the release of cationic proteins, such as 

Eosinophill  Cationic Protein (ECP) or Eosinophil Protein X (EPX), which have cytotoxic 

activitiess (Gleich and Adolphson 1986, Gleich et al 1992). 

Granulee proteins 

Ann eosinophilic granulocyte contains several species of granule, as described above. 

Granuless differ not only in appearance but also in content. 
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Microgranuless are considered to be small parts of the reticulo-endothelial system. They 

containn albumin (Berger et al. 1991). Small granules (< 0.5 um) have been shown to 

containn hydrolytic enzymes (acid phosphatase, arylsulfatase) and catalase (Parmley and 

Spicerr 1974). 

Primaryy granules are round and uniformly electron-dense, and they are characteristically 

seenn in eosinophilic promyelocytes. In the primary granules, only the Charcot-Leyden 

Crystall  (CLC) protein has been determined (Gleich etal. 1992). In addition, eosinophils 

alsoo contain non-membrane bound lipid-rich inclusions, called lipid bodies (Gleich and 

Adolphsonn 1986, Venge 1990). 

Inn this study, we focussed on proteins of the secondary (specific) granules. Four distinct 

proteins,, which comprise about 90% of the granule proteins, have been isolated and 

characterizedd (Egesten et al. 1986). These proteins are known as Eosinophil Cationic 

Proteinn (ECP), Eosinophil Protein X (EPX), Eosinophil Peroxidase (EPO) and Major 

Basicc Protein (MBP) (Venge 1990) (table I). The crystalloid, electron-dense core in 

secondaryy granules is composed of MBP. In the matrix compartment ECP, EPX and 

EPOO are present (Egesten et al. 1986). The common characteristics of these four 

proteinss are their high isoelectric points, ranging from about pH 9 to pH 11 (Gleich and 

Adolphsonn 1986). Another feature is their cytotoxic activity. Thus, all four have been 

shownn to be able to kil l both mammalian and non-mammalian cells (Gleich et al 1979, 

Mcc Laren et al. 1981). 

Eosinophill  Cationic Protein is a heterogeneous protein with respect to molecular mass, 

whichh ranges from about 18-21 kD (Abu-Ghazaleh et al. 1992, Venge and Byström 

1998,, Venge et al. 1999). This heterogeneity is caused by differences in glycosylation of 

thee protein. Upon release, deglycosylation of ECP occurs (Rosenberg and Tiffani 1994). 

Glycosylationn may protect cells from toxic ECP effects during storage, and 

deglycosylationn may therefore be a way of increasing the cytotoxic properties of ECP. 

Itss cytotoxic activity may be due to the fact that ECP is capable of making channels in 
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lipidd membranes that allow the passage of water and other small molecules (Young et al. 

1986).. In most systems ECP is by far the most cytotoxic of the four proteins. The 

amino-acidd sequence shows 66% homology to EPX and 31% homology to pancreatic 

ribonucleasee (Gleich and Adolphson 1986). Thus, ECP belongs to a ribonuclease 

multigenee family. ECP causes direct histamine release from human basophils and was 

foundd to inhibit lymphocyte proliferation in vitro (Peterson et al. 1986). In addition, 

ECPP has been shown to enhance the coagulation activity of plasma through a 

mechanismm dependent on activation of coagulation factor XII and also to enhance the 

plasminogen-activatingg activity of urokinase (Venge et al. 1979, Dahl and Venge 1979). 

Eosinophill  Protein X is a protein with a molecular mass of about 18 kD. EPX and 

eosinophil-derivedd neurotoxin (EDN) are considered to be identical (Peterson and Venge 

1983).. EDN was initially so called because of its capacity to induce cerebellar 

dysfunctionn when injected intracerebrally in hamsters, i.e. the Gordon phenomenon 

(Fredenss et al. 1982). EPX/EDN is the least basic of the four eosinophil granule proteins 

butt still has an isoelectric point of about 9 (Gleich et al. 1992). EPX shows a 40% 

amino-acidd sequence homology with ECP in the N-terminal part of the molecule. EPX 

hass been found to be a very active ribonuclease (Gleich and Adolphson 1986). The 

cytotoxitycytotoxity of EPX against parasites is less than that of MBP or ECP (Gleich et al. 1992). 

Eosinophill  peroxidase is a heterodimeric peroxidase with a light chain of 15 kD and a 

heavyy chain of 52 kD. It is 60% homologous with myeloperoxidase of neutrophils 

(Sakamakii  et al. 1989). EPO forms a potent cytotoxic principle together with a halide 

andd H202 (Jong et al. 1981). In addition, EPO triggers degranulation of mast cells 

(Hendersonn et al. 1980). 

Majorr Basic Protein has a molecular mass of 13.9 kD and a calculated pi of 10.9. Within 

thee secondary (specific) granules a unique structure exists, a crystalloid core, which can 

onlyy be seen by electron microscopy (Gleich and Adolphson 1986). MBP has a high 

tendencyy to polymerize and is stored in the granules as typical crystalloid formations. 
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MBPP probably acts by crosslinking membrane structures (Gleich et al. 1992). It is not 

entirelyy specific for eosinophils since it is also found in low amounts in basophils and in 

considerablee amounts in some placental cells (Gleich et al. 1992). 

Thee total amount of granule proteins in eosinophils may vary (Abu-Ghazaleh et al. 

1992,, Kita et al. 1992, Kaneko et al. 1995) (table I). Winqvist et al. (1982) and Carlson 

etet al. (1994) have shown that eosinophils with higher density contain more ECP per 

eosinophil.. This observation can possibly be explained by the fact that activated 

eosinophilss show a decreased quantity of specific granules (Dvorak 1991). The method 

off  extraction, used to determine the total amount of granule proteins can also yield 

differentt results (Carlson 1994). 

TableTable I: Cationic proteins of specific (secondary) eosinophil granules 

Protein n 

ECP P 

EPX X 

EPO O 

MBP P 

Moll  mass 

18-211 kD 

18-199 kD 

15+522 kD 

144 kD 

Pi i 

10.8 8 

8.9 9 

10.8 8 

10.9 9 

site e 

matrix x 

matrix x 

matrix x 

core e 

totall  amount (pg/eo) 

5.3*,, 4.0", 13 .5"" 

3.3',, 2.3*", 9.1 " " 

12.2* * 

8.9* * 

**  Abu-Ghazaleh et al. 1992 
""  Kita et al. 1992 
*""  Kaneko et al. J995 
""Carlson""Carlson et al. 1994 
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Degranulation n 

Activatedd eosinophilic granulocytes are involved in inflammation and allergy by release 

off  granule proteins. Cytotoxic proteins of eosinophils are stored in cytoplasmic granules, 

whichh function as a storage compartment until the content is released to the outside of 

thee cell or into phagosomes. The mechanism of degranulation by which ECP and other 

cationicc granular proteins are released from eosinophils is poorly understood. Regulation 

off  the secretion of eosinophilic granule proteins is complex, as shown by the wide range 

off  responses of eosinophils to different stimuli (Weller 1991). Eosinophils possess both 

highh (FCERI) and low (FceRII) affinity receptors for IgE, which may permit them to 

participatee directly in the response to allergens (Weller 1991). Also surface-bound 

complement,, immunoglobulins and soluble secretagogues may provide stimuli for 

granulegranule release. Serum-opsonized non-phagocytosable beads are potent inducers of 

granulegranule release, mainly depending on their content of C3-derivatives on their surface 

(Winqvistt et al. 1984). IgG and (s)IgA receptors on eosinophils may stimulate selective 

releasee of granule proteins (Abu Ghazaleh et al. 1989). These stimuli induce 

degranulationn when eosinophils are attached to a surface (Horie and Kita 1994). 

Eosinophill  degranulation on Ig-coated or C3b-coated beads is potentiated in experiments 

inin vitro by preincubation (priming) with GM-CSF, IL-3 and IL-5 (Fujizawa et al. 1990, 

Carlsonn etal. 1993). Soluble secretagogues include GM-CSF, PMA and platelet-

activatingg factor (PAF). PAF is an activator of eosinophils, which is synthesized and 

releasedd by stimulated eosinophils. Cytochalasin B, a priming agent of eosinophil 

degranulation,, disrupts the cytoskeleton of the cells, but the exact mechanism of its 

enhancingg effect on degranulation is not known. The calcium ionophore A23187 causes 

calcium-dependentt degranulation in eosinophils (Fukuda et al. 1985). 

Apartt from their biological activities, ECP or EPX levels in biological fluids may be 

usedd as markers of eosinophil degranulation. To investigate the phenomenon of 

degranulationn of eosinophils and to study the activation mechanisms in health and 

disease,, immunoassays for ECP and EPX have been developed (Venge et al. 1977). 
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Eosinophilss in pathological conditions 

Initially ,, the eosinophilic granulocyte was considered to have an exclusively protective 

role,, for example in host defence against parasites (Dessein and David 1982). Later, the 

eosinophill  was recognized as a pro-inflammatory cell that mediates allergic symptoms 

(Gleichh and Adolphson 1986). 

Eosinophilss normally constitute only a small proportion of the circulating leukocytes, 

withh a reference range from 0 to 0.5 x 109/1. A diurnal variation occurs, with eosinophil 

bloodd counts peaking at night and being at the lowest level in the morning. Increased 

amountss of eosinophils may be present in blood and inflammatory tissues of individuals 

withh allergic diseases such as asthma (Bruijnzeel et al. 1992, Smith 1992, Barnes 1996), 

allergicc rhinitis (Mullarkey et al. 1980), hypereosinophilic syndrome (Fauci et al, 1982), 

neoplasmataa (Slungaard et al. 1983) and (auto) immune diseases (ulcerative colitis) 

(Makiyamaa et al. 1995). In a study with 43 asthmatic individuals, the number of 

eosinophilss in affected tissues correlated with the severity of the clinical symptoms 

(Bousquett et al. 1990). 

Anotherr marker of eosinophils is the measurement of secretory granule proteins {e.g. 

ECP)) in biological fluids. With application of a commercially available kit, the levels of 

ECPP can be evaluated. In various diseases, the concentrations of eosinophilic granule 

proteinss in serum and tissue fluids, such as bronchoalveolar lavage, sputum, intestinal 

fluidd and urine, have been established (Durham et al. 1989, Bousquet et al. 1993, 

Kristjanssonn et al. 1996). In many of these materials, the levels of these eosinophilic 

proteinss are higher than what is necessary to cause in vitro injury of the cells (Venge et 

al.al. 1988). Therefore, it is obvious that the eosinophilic granulocyte is actively involved 

inn many inflammatory diseases. 

InIn several studies, laboratory parameters have been correlated with clinical and lung 

functionn parameters (Bonini et al. 1993, Ferguson et al. 1995). In asthmatic patients, 

lungg function and bronchial hyperreactivity in relation to serum ECP have been studied 

22 2 



Introduction n 

(Zimmermann et al. 1993, Wever et al. 1994, Roquet et al 1996, Skedinger et al. 1996). 

Itt has been concluded that serum ECP concentrations might be a clinically useful tool 

forr assessing the severity of bronchial symptoms (Roquet et al. 1996, Skedinger et al. 

1996).. However, in other studies, serum ECP has been demonstrated to be only a poor 

indicatorr of disease activity in individuals with chronic asthma (Ferguson et al. 1995, 

Hoekstraa et al. 1998). Thus, the validity of serum ECP concentrations as a marker of, for 

example,, asthma activity may be questioned (Niimi et al. 1999). 

AA few studies have described the relationship between serum ECP and clinical or 

functionall  scores in patients with ulcerative colitis (Makiyama et al. 1995, Luck et al. 

1997).. In the active state of the disease, the colonic mucosa exhibit infiltration sites with 

numerouss eosinophils. The eosinophils were classified as active cells, positively stained 

byy an antibody to the secreted form of ECP (EG2). Makiyama et al. (1995) also showed 

higherr concentrations of serum ECP in patients with active ulcerative colitis compared 

withh normal individuals and patients with inactive ulcerative colitis. However, the 

additionall  value of serum ECP in comparison with eosinophil numbers in blood has not 

beenn demonstrated. 

Forr monitoring of seasonal respiratory allergy in patients treated with specific 

immunotherapy,, measurement of eosinophils and ECP can be a useful diagnostic tool 

(Rakk 1993, D'Amato et al. 1996). Immunotherapy is a well-documented method of 

treatmentt for allergic rhinitis, especially in pollen-induced disease. Initially, such studies 

weree focused on number, differentiation and activation of lymphocytes and the switch 

betweenn Thl and Th2 cells. Recent developments in the field of cytokines resulted in a 

widerr view. Th2 lymphocytes were found to produce cytokines responsible for 

differentiation,, activation and viability of eosinophils (Moens et al. 1994). 

Becausee glucocorticoids are potent anti-inflammatory drugs, the effect of their 

administrationn on eosinophilic inflammation has been studied (Pedersen et al. 1993, 
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Zimmermann and Tsui 1993, Selroos et al 1994). A broad range of diseases in which 

eosinophilss play an important role, as mentioned above, are effectively treated with 

glucocorticoids.. Despite the extensive use of inhaled or orally supplied glucocorticoids 

inn the treatment of asthma, ulcerative colitis and immediate hypersensitivity allergic 

conditions,, the mechanism is poorly understood. Actions of corticosteroids are mediated 

throughh binding to a DNA-binding protein. This interaction leads to target gene 

activationn or suppression. Activation or suppression occurs in cells that are involved in 

thee pathophysiology of inflammation and causes an increase or decrease, respectively, in 

thee production of mediators (Pederson and O'Byrne 1997). It is known that 

glucocorticoidss may result in eosinophilopenia (Morris 1985). The affected mediators 

mayy negatively influence eosinophil differentiation or eosinophil migration to 

inflammatoryy tissues (Fauci et al. 1976). Nittoh et al. (1998) revealed that 

glucocorticoidss inhibit the survival of rat peritoneal eosinophils by enhancing eosinophil 

apoptosis. . 

Otherr mediators may result in effects on cellular functions and influence the activity 

gradee of eosinophils, for instance the propensity to release granule proteins (Fauci et al. 

1976).. Therefore, it is interesting to study the effect of glucocorticoids on blood 

eosinophill  numbers and serum ECP concentrations. In clinical studies, we have 

investigatedd the possibility to distinguish patients from apparently healthy controls by 

measuringg these parameters. Subsequently, we have determined the influence of 

corticosteroidd treatment on these laboratory parameters. 

Measurementt  of eosinophil degranulation 

Ass described previously, ECP or EPX levels in biological fluids may be used as markers 

off  eosinophil degranulation. There is no additive value in measuring both proteins 

simultaneouslyy (Reimert et al. 1993, Pedersen etal. 1993, Robinson et al. 1995, Rao et 

al.al. 1996). High correlations between ECP and EPX levels have been established 
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(Reimertt et al. 1993, Rao et al. 1996). ECP is considered to be a specific indicator of 

eosinophill  activity, because the content in other cells is negligible. EPX is also present in 

neutrophils,, albeit to a very small extent, i.e. 1 - 2% of the content of an eosinophil. 

Therefore,, we have decided to measure ECP. 

However,, several problems should be considered when measuring cell-derived products. 

Forr measuring the degree of eosinophil activation, anticoagulated plasma cannot be 

used,, because the concentration of ECP or EPX in plasma is very low (Reimert et al. 

1991,, Pena et al. 1996, Rubira et al. 1997, Venge et al. 1999). Granule proteins released 

inin vivo wil l adhere to tissues; e.g. positively charged and sticky proteins may be 

expectedd to bind to tissue elements before reaching the blood compartment. In serum, 

muchh higher concentrations of ECP are found. Thus, ECP is released during in vitro 

clotting.. One hypothesis is that allergen exposure to inflammatory tissues gives rise to 

cytokinee formation, which activates eosinophils in vivo locally and pre-activates 

eosinophilss systemically (Venge 1993). During clotting in vitro, these in vivo primed 

eosinophilss will become activated, and proteins are released in the serum. In healthy 

individuals,, eosinophils are in majority not pre-activated, which means that they wil l 

releasee lower quantities of granule proteins during in vitro clotting (Venge 1993). In this 

hypothesis,, the extent to which eosinophils wil l release ECP during in vitro clotting may 

reflectt the state of pre-activation of the eosinophil population in vivo. The higher the 

ECPP levels in serum, the higher may be the propensity of the eosinophils to release their 

contentt when attracted to the site of inflammation. 

However,, serum ECP levels do not necessarily reflect in vivo release of granule proteins, 

becausee activation during in vitro clotting can result in different signals to the cells than 

thosee generated during in vivo inflammation. It is not known which agents, liberated 

duringg in vitro clotting, are responsible for degranulation of eosinophils (Björk et al. 

2000).. During clotting, PAF released from platelets may activate eosinophils to 

degranulate,, or complement activation is induced. C3b coupled to a surface is able to 

enhancee degranulation of eosinophil (Carlson et al. 1993). 

Duee to variable clotting conditions, the different ECP results may lead to problems in 
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clinicall  interpretation (Reimert et al. 1993). For clinical interpretation, it is a drawback 

thatt many publications on eosinophil-derived proteins in serum do not provide any 

particularr information with respect to preanalytical conditions (Juntunen-Backman et al. 

1993,, Roquet et al. 1996). Blood sample processing methods will affect serum ECP 

concentration.. Factors like incubation time and temperature during sample processing 

aree of significant importance for appropriate clinical interpretation of the results 

(Reimertt et al. 1993, Kurihara et al. 1992). Clotting for 2 hours at 37°C has been 

demonstratedd to result in 2 - 3 times higher serum ECP concentrations compared with 

clottingg for 2 hours at 21°C (Reimert et al. 1993). Another study showed a difference of 

200 times between clotting at 37°C and 0°C (Pena et al. 1996). Increased serum ECP 

concentrationss may be due to priming of eosinophils for increased degranulation by 

contactt with the equipment used for blood sampling and not by conditions encountered 

inin vivo (Rubira et al. 1997). Therefore, the kind of blood sampling rube and equipment 

shouldd be specified for correct interpretation of the results (Reimert et al. 1993, Rubira 

etal.etal. 1997). 

Inn several studies, a linear correlation between serum ECP and eosinophil count has 

beenn observed (Griffi n et al. 1991, Sont et al. 1993, Björnsson et al. 1994). Serum ECP 

perhapss only reflects the number of eosinophils present in the blood sample, if clotting 

activatess the complete eosinophil population instead of only the preactivated 

eosinophils.. Therefore, measuring serum ECP under standardized preanalytical 

conditionss may reflect a combination of the number of eosinophils and their state of 

activation.. In clinical studies, the additional value of serum ECP over eosinophil counts 

cann be investigated. For determination of the activity grade of the eosinophils it is 

recommendedd to calculate the ECP release per eosinophil. In addition, it should be 

emphasizedd that the intracellular ECP content of eosinophils is about 50 - 1000 times as 

highh as the ECP concentration in serum (Carlson et al. 1991). Thus, the amount of ECP 

actuallyy released during in vitro clotting is only a minor fraction of the total content of 

ECPP in the eosinophils. In vitro clotting does not result in such a strong activation that 
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eosinophilss release their total content of granule proteins. In most studies, the ECP 

releasedd per eosinophil has not been calculated. Moreover, the serum ECP is highly 

correlatedd with eosinophil counts, so the additional value of serum ECP levels over 

bloodd eosinophil counts is not obvious (Björnsson et al. 1994, Skedinger et al. 1995). In 

ourr study with several patient groups, eosinophils, ECP in serum and ECP released per 

eosinophill  (ECP/eosinophil ratio) have been investigated in relation to the clinical state, 

andd serum ECP has been measured under standardized preanalytical conditions. 

Aimm of the study 

Althoughh many studies have contributed to our understanding of the specific role of 

eosinophilss and the clinical effects of eosinophil degranulation, several questions remain 

too be answered. 

Itemss that emerge are: 

11 Pre-analytical factors and analytical circumstances that influence serum ECP 

concentrationss and the interpretation of this parameter. 

22 The additional value of serum ECP with respect to blood eosinophil concentrations 

inn monitoring disease activity and efficacy of treatment, as well as distinguishing 

diseasedd individuals from apparently healthy controls. 

33 Investigation of the clinical significance of other factors that can be used as 

markersmarkers of eosinophil activation, e.g. 

-- morphology of eosinophils 

-- ECP released per eosinophil 

27 7 



Chapterr 1 

References s 

Abu-Ghazalehh RI, Fujisawa T, Mestecky JG, Kyle RA, Gleich GJ. IgA-induced eosinophil 

degradation.. J Immunol 1989; 142: 2393-400. 

Abu-Ghazalehh RI, Dunnette SL, Loegering DA, Checkel JL, Kita H, Thomas LL, Gleich GJ. 

Eosinophill  granule proteins in peripheral blood granulocytes. J Leukoc Biol 1992; 52: 611-8. 

Adelrothh E, Rosenhall L, Johansson S-A, Linden M, Venge P. Inflammatory cells and 

eosinophilicc activity in asthmatics investigated by bronchoalveolar lavage: the effects of 

antiasthmaticc treatment with budesonide or terbutaline. Am Rev Respir Dis 1990; 148: 91-9. 

Archerr  RK. Regulatory mechanisms in eosinophil leukocyte production, release and distribution. 

Inn Regulation of Hematopoiesis, Vol II ed AS Gordon New York; Appleton-Century-Crafts. 

1970. . 

Arnethh J. Die qualitative Blutlehre. Klinkhardt, Leipzig 1920. 

Bainn BJ. The significance of ring eosinophils in humans. Br J Haematol 1989; 73: 580-1. 

Barness N. Evaluating asthma and its treatment: clinical markers and indicators of efficacy. Eur 

Respirr Rev 1996; 6: 31-7. 

Bergerr  M, Wetzler EM, Welter E, Turner JR, Tartakoff AM. Intracellular sites for storage and 

recyclingg of C3b receptors in human neutrophils. Proc. Natl. Acad Sci USA. 1991; 88: 3019-23. 

Björ kk A, Venge P, Peterson CGB. Measurements of ECP in serum and the impact of plasma 

coagulation.. Allergy 2000; 55: 442-8. 

Björnssonn E, Janson C, Hakansson L, Enander I, Venge P, Boman G. Serum eosinophil cationic 

proteinn in relation to bronchial asthma in a young Swedish population. Allergy 1994; 49: 730-6. 

Boninii  S, Tomassini M, Adriani E, Magrini L, Rumi C, Bussa S, Ronchetti F, Bonini S. Markers 

off  eosinophilic inflammation allergic diseases. Allergy 1993; 48: 133-7. 

Bousquett  J, Chanez P, Lacoste JY, Baruen G, Chavanian N, Enander I, Venge P, Ahlstedt S. 

Eosinophill  inflammation in asthma. N Eng J Med 1990; 323: 1033-9. 

28 8 



Introduction n 

Bousquett  J, Van Vyve T, Chanez P, Enander I, Michel F-B, Godard P. Cells and mediators in 

bronchoalvelarr lavage of asthmatic patients: the example of eosinophilic inflammation. Allergy 

1993;48:70-6. . 

Bruijnzeell  PLB, Rihs S, Betz S. Der eosinophile Granulozyt und seine Bedeutung bei 

altergischenn Erkrankungen, Schweiz. med. Wschr. 1992; 122: 173-80. 

Bruijnzeell  PLB, Rihs S, Virchow jr JChr, Warringa RAJ, Moser R, Walker C. Early activation 

orr "priming" of eosinophils in asthma. Schweiz med Wschr 1992; 122: 298-301. 

Caldenhovenn E, van Dijk TB, Tijmensen A, Raaijmakers JA, Lammers JW, Koenderman L, de 

Groott RP. Differential activation of functionally distinct STAT5 proteins by IL-5 and GM-CSF 

duringg eosinophil and neutrophil differentiation from human CD34+ hematopoietic stem cells. 

Stemm Cells 1998; 16:397-403. 

Carlsonn M, Hakansson L, Peterson C, Stalenheim G, Venge P. Secretion of granule proteins from 

eosinophilss and neutrophils is increased in asthma. J Allergy Clin Immunol 1991; 87: 27-33. 

CarlsonCarlson M, Peterson C, Venge P. The influence of 11-3,11-5 and GM-CSF on normal human 

eosinophill  and neutrophil C3b-induced degranulation. Allergy 1993; 48: 437-42. 

Carlsonn M, Öberg G, Peterson C, Venge P. Releasability of human hypereosinophilic eosinophils 

iss related to the density of the cells. Br J Haem 1994; 86: 41-7. 

Clarkk RAF, Kaplan AP. Eosinophil Leucocytes: structure and function. Clinics in Haematology 

1975;4:635-49. . 

Clutterbuckk EJ, Hirst EMA, Sanderson CJ. Human interleukin-5 (IL-5) regulates the production 

off  eosinophils in human bone marrow cultures: Comparison and interaction with IL-1, IL-3, IL-6 

andd GM-CSF. Blood 1989; 73: 1504-12. 

Cohenn SG, Ottesen EA. The eosinophil, eosinophilia and eosinophil related disorders. In: 

Middletonn E Jr, Reed CE, Ellis EF, editors. Allergy-Principles and Practice. St Louis, 1983. The 

CVV Mosby Co. 

Corrigann CJ and Kay AB. T cells and eosinophils in the pathogenesis of asthma. Immunology 

Todayy 1992; 13:501-7. 

29 9 



Chapterr 1 

Dahll  R and Venge P. Enhancement of urokinase-induced plasminogen activation by the cationic 

proteinn of human eosinophil granulocytes . Thromb Res 1779; 14: 599-608. 

D'Amat oo G, Liccardi G, Russo M, Saggese M, D'Amato M. Measurement of serum levels of 

eosinophill  cationic protein to monitor patients with seasonal respiratory allergy induced by 

Parietariaa pollen (treated and untreated with specific immunotherapy). Allergy 1996; 51: 245-50. 

Denburgg JA, Inman MD, Leber B, Sehmi R, O'Byrne PM. The role of the bone marrow in 

allergyy and asthma. Allergy 1996; 51: 141-8. 

Denburgg JA. Hemopoietic progenitors and cytokines in allergic inflammation. Allergy 1998; 53: 

22-6. . 

Denburgg JA. Bone marrow in atopy and asthma: hematopoietic mechanisms in allergic 

inflammation.. Immunology Today 1999; 20: 111-3. 

Desseinn AJ and David JR. The eosinophil in parasitic diseases. In "Advances in Host Defense 

Mechanisms,, Phagocytic cells". JI Gallin & Fauci AS, editors. 1982; 1: 243-68 Raven, New York. 

Durhamm SR, Loegering DA, Dunnette S, Gleich GJ, Kay AB. Blood eosinophils and eosinophil 

derivedd proteins in allergic asthma. J Allergy Clin Immunol 1989; 84: I-14. 

Dvorakk AM, Furitsu T, Letoumeau L, Ishizaka T, Ackerman SJ. Mature eosinophils stimulated to 

developp in human cord blood mononuclear cell cultures supplemented with recombinant human 

interleukin-5:: Part I. Piecemeal degranulation of specific granules and distribution of Charcot-

Leydenn crystal protein. Am J Pathol 1991; 138: 69-82. 

Dvorakk AM, Ackerman SJ, Weller PF. Subcellular morphology and biochemistry of osinophils. 

In:: Blood Cell Biochemistry, volume 2. Harris JR, editor 1991. 

Dvorakk AM  and Ishizaka. Human eosinophils in vitro. An ultrastructural morphology primer. 

Histoll  Histopath 1994; 9: 339-74. 

Dvorakk AM. Ultrastructural studies on mechanisms of human eosinophil activation and secretion. 

In:: Eosinophils in Allergy and Inflammation. Ed Gleich GJ and Kay AB. 1994; 159-209. 

Egestenn A, Alumets J, von Mecklenburg C, Palmegren M, Olsson I. Localization of Eosinophil 

Cationicc Protein, Major Basic Protein, And Eosinophil Peroxidase in Human Eosinophils by 

Immunoo Electron Microscopic Technique. J Histochem Cytochem 1986; 34: 1399-1403. 

30 0 



Introduction n 

Emaa H, Suda T, Nagayoshi K, Miura Y, Civin CI, Nakauchi H. Target cells for granulocyte 

colonyy stimulating factor, interleukin-3, and interleukin-5 in differentiation pathways of 

neutrophilss and eosinophils. Blood 1990; 76: 1956-61. 

Faucii  AS, Dale DC, Balow JE. Glucocorticosteroid therapy: mechanisms of action and clinical 

considerations.. Ann Int Med 1976; 84: 304-14. 

Faucii  AS, Harley JB, Roberts WC, Ferrans VJ, Gralnied HR, Bjornsson BH. The idiopathic 

hypereosinophilicc syndrome. Ann Int Med 1982; 97: 78-92. 

Fergusonn AC, Vaughan R, Brown H, Curtis C. Evaluation of serum eosinophilic cationic protein 

ass a marker of disease activity in chronic asthma. J Allergy Clin Immunol 1995; 95: 23-8. 

Fredenss K, Dahl R, Venge P. The Gordon Phenomenon induced by Eosinophil Cationic Protein 

andd Eosinophil Protein X. J Allergy Clin Immunol 1982; 70: 361-6. 

Frickk WE, Sedwick JB, Busse WW. The appearance of hypodense eosinophils in antigen-

dependentt late phase asthma. Am Rev Respir Dis 1989; 139: 1401-6. 

Fujizawaa T, Abu-Ghazaleh R, Kita H, Sandersson CJ, Gleich GJ. Regulatory effects of cytokines 

onn eosinophil degranulation. J Immunol 1990; 144: 642-6. 

Fukudaa T, Ackerman SJ, Reed CE, Peters MS, Dunnette SL, Gleich GJ. Calcium ionophore 

A231877 gives calcium-dependent cytolytic degranulation in human eosinophils. J Immunol 1985; 

135:: 1349-56. 

Fukudaa T, Dunnette S, Reed C, Ackerman SJ, Peters MS, Gleich GJ. Increased numbers of 

hypodensee eosinophils in the blood of patients with bronchial asthma. Am Rev Respir Dis 1985; 

132:981-5. . 

Fukudaa T and Gleich GJ. Heterogeneity of human eosinophils. J Allergy Clin Immunol 1989; 83: 

369-73. . 

Gleichh GJ, Frigas E, Loegering DA, Wassom DL, Steinmuller D. Cytotoxic properties of 

eosinophill  major basic protein . J Immunol 1979; 123: 2925-32. 

Gleichh GJ, Adolphson CR. The Eosinophilic Leukocyte: Structure and Function. Adv Immunol 

1986;; 39: 177-253. 

31 1 



Chapterr 1 

Gleichh GJ. The eosinophil and bronchial asthma: current understanding. J Allergy Clin Immunol 

1990;85:422-36. . 

Gleichh GJ, Adolphson CR, Leiferman KM. Eosinophils. Raven Press Ldt., New York 1992; 32: 

663-99. . 

Griffi nn E, Hakansson L, Formgren H, Jórgensen, Peterson C, Venge P. Blood eosinophil number 

andd activity in relation to lungfunction in patients with asthma and with eosinophilia. J Allergy 

Clinn Immunol 1991; 87: 548-57. 

Groopmann JE, Molina J-M, Scadden DT. Hematopoietic growth factors. Biology and clinical 

applications.. N Eng J Med 1989; 321: 1449-59. 

Hankerr  JS, Chandross RJ, Solic JJ, Weatherly NF, Laszlo J, Moore JO, Ottolenghi A. Medusa 

cells:: cytostructure and cytochemistry of amoeboid eosinophils with pseudopod-like processes. 

HistochemJ1981;; 13:905-19. 

Hendersonn WR, Chi EY, Klebanoff J. Eosinophil peroxidase-induced mast cell secretion. J Exp 

Medd 1980; 152:265-79. 

Hendersonn WR, Chi EY. Ulrrastructural characterization and morphometric analysis of human 

eosinophill  degranulation. J Cell Sci 1985; 73: 33-48. 

Hensonn PM, Henson JE, Fittschen C, Bratton DL, Riches DWH. Degranulation and secretion by 

phagocyticc cells. In Inflammation: basic principles and clinical correlates. Gallin JI, Goldstein IM, 

Snydermann R eds. Raven Press, New York 1992; 511-39. 

Herionn JC, Glasser RM, Walker RI, Palmer JG. Eosinophil kinetics in two patients with 

eosinophilia.. Blood 1970; 35: 361-70. 

Hoekstraa MO, Grol MH, Hovenga H, Bouman K, Stijnen T, Koeter GH, Gerritsen J, Kauffman 

HF.. Eosinophil and mast cell parameters in children with stable moderate asthma. Pediatr Allergy 

Immunoll  1998; 9: 143-9. 

Holgatee ST, Roche WR, Church MK. The role of the eosinophil in asthma. Am Rev Respir Dis 

1991;; 143:66-70. 

32 2 



Introduction n 

Hori ee S , Kita H. CD1 lb/CD 18 (Mac-1) is required for degranulation of human eosinophils 

inducedd by human recombinant granulocyte-macrophage colony-stimulating factor and platelet 

activatingg factor. J Immunol 1994; 152: 5457-67. 

Jongg EC, Mahmoud AAF, Klebanoff SJ. Peroxidase-mediated toxicity to schistosomula of 

schistosomaa mansoni. J Immunol 1981; 126: 468-71. 

Juntunen-Backmann K, Jarvinen P, Sorva R. Serum eosinophil cationic protein during treatment 

off  asthma in children. J Allergy Clin Immunol 1993; 92: 34-8. 

Kanekoo M, Horie S, Kato M, Gleich GJ, Kita H. A crucial role for p2 integrin in the activation of 

eosinophilss stimulated by IgG. J Immunol 1995; 155: 2631-41. 

Kit aa H, Weiler DA, Abu-Ghazaleh R, Sanderson CJ, Gleich GJ. Release of granule proteins from 

eosinophilss cultured with IL5. J Immunol 1992; 149: 629-35. 

Kristjanssonn S, Strannegard IL, Strannegard Ö, Peterson C, Enander I, Wennergren G. Urinary 

eosinophill  protein X in children with atopic asthma: A useful marker of antiinflammatory 

treatment.. J Allergy Clin Immunol 1996; 97: 1179-87. 

Kroegell  C, Virchow J-C, Lurtmann W, Walker C, Warner JA. Pulmonary immunecells in health 

andd disease: the eosinophil leucocyte (part I). Eur Respir J 1994; 7: 519-43. 

Kurihar aa K, Yamada T, Saito H, Iikura Y, Kawaguchi H. Basic research into the measurement 

off  eosinophil cationic protein (ECP) in blood samples. Arerugi 1992; 41: 512-8. 

Luckk  W, Becker M, Niggeman B, Wahn U. In vitro release of eosinophil cationic protein from 

peripherall  eosinophils reflects disease activity in childhood Crohn disease and ulcerative colitis. 

EurJPediatrr 1997; 156:921-4. 

Makiyamaa K, Kanzaki S, Yamaski K, Zea-Iriarte W, Tsuji Y. Activation of eosinophils in the 

pathophysiologyy of ulcerative colitis. J Gastroenterol 1995; 30: 64-9. 

McLarenn DJ, McKean JR, Olsson I, Venge P, Kay AB. Morphological studies on the killin g of 

schistosomulaa of schistosoma mansoni by human eosinophil and neutrophil cationic proteins in 

vitro.vitro. Parasite Immunol 1981; 3: 359-65. 

33 3 



Chapterr 1 

Moenss MM , Van Bever HP, Stevens WJ, Mertens AV, Bridts CH, De Clerck LS. Influence of 

hyposensitizationn on soluble interleukin-2 receptor, eosinophil cationic protein, in vitro 

lymphocytee proliferation, in vitro lymphocyte adhesion, and lymphocyte membrane markers in 

childhoodd asthma. Allergy 1994; 49: 653-8. 

Morri ss HG. Mechanisms of action and therapeutic role of corticosteroids in asthma. J Allergy 

Clinn Immunol 1985; 75: 1-13. 

Mullarke yy MF, Mil l JS, Webb DR. Allergic and nonallergic rhinitis: their characterization with 

attentionn to the meaning of nasal eosinophilia. J Allergy Clin Immunol 1980; 65: 122-6. 

Niimii  A and Matsumoto H. Serum measurement of eosinophil cationic protein in the management 

off  asthma. Curr Opinion Pulm Med 1999; 5: 111-7. 

Nittohh T, Fujimori H, Ishihara K, Mue S, Ohuchi K. Effects of glucocorticoids on apoptosis of 

infiltratedd eosinophils and neutrophils in rats. Eur J Pharmacol 1998; 354 (1): 73-81. 

Parmleyy RT, Spicer SS. Cytochemical and ultrastructural identification of a small type granule in 

humann late eosinophils. Lab Invest 1974; 30: 557-67. 

Pedersenn B, Dahl R, Larssen BB, Venge P. The effect of salmeterol on the early- and late-phase 

reactionn to bronchial allergen and postchallenge variation in bronchial reactivity, blood 

eosinophils,, serum eosinophil cationic protein, and serum eosinophil protein X. Allergy 1993; 48: 

377-82. . 

Pedersonn S, O'Byrne P. A comparison of the efficacy and safety of inhaled corticosteroids in 

asthma.. Allergy 1997; 52: 1-34. 

Penaa JM, Rubira N, Botey J, Rodrigo MJ, Alonso R, Eseverri JL, Marin A, Ras RM. Effect of 

conditionn in obtaining blood samples for ECP testing in children. Allergie Immunologie 1996; 28: 

39-43. . 

Petersonn CGB, Skoog V, Venge P. Human eosinophil cationic proteins (ECP and EPX) and their 

suppressivee effects on lymphocyte proliferation. Immunobiology 1986; 171: 1-11. 

Petersonn CGB and Venge P. Purification and characterization of a new cationic protein-

eosinophill  protein X (EPX) from granules of human eosinophils. Immunology 1983; 50: 19-26. 

34 4 



Introduction n 

Prinn L, Capron M, Tonnel A, Bletry O, Capron A. Heterogeneity of human peripheral blood 

eosinophils.. Variability in cell density and cytotoxic ability in relation to the level and the origin 

off  hypereosinophilia. Int Archs Allergy appl Immun 1983; 72: 336-46. 

Prinn L, Charon J, Capron M, Gosset Ph, Taelman H, Tonnel A, Capron A. Heterogeneity of 

humann eosinophils. Variability of respiratory burst activity related to cell density. Clin Exp 

Immunoll  1984;57:735-42. 

Raoo R, Frederick JM, Enander I, Gregson RK, Warner JA, Warner JO. Airway function correlates 

withh circulating eosinophil, but not mast cells, markers of inflammation in childhood asthma. Clin 

Expp Allergy 1996; 26: 789-93. 

Rakk  S. Effects of immunotherapy on the inflammation in pollen asthma. Allergy 1993; 48: 125-8. 

Reimertt  CM, Minuva U, Kharazmi A, Bendtzen K. Eosinophil protein X/eosinophil derived 

neurotoxinn (EXP/EDN). Detection by enzyme-linked immunosorbent assay and purification from 

normall  human urine. J Immunol Methods 1991; 141: 97-104. 

Reimertt  CM, Poulsen LK, Bindslev-Jensen C, Kharazmi A, Bendtzen K. Measurement of 

eosinophill  cationic protein (ECP) and eosinophil protein X/ eosinophil derived neurotoxin 

(EPX/EDN).. Time and temperature dependent spontaneous release in vitro demands standardized 

samplee processing. J Immunol Methods 1993; 166: 183-90. 

Robinsonn DS, Assoufi B, Durham SR,Kay AB. Eosinophil cationic protein (ECP) and eosinophil 

proteinn X (EPX) concentrations in serum and bronchial fluid in asthma. Effect of prednisolon 

treatment.. Clin Exp Allergy 1995; 25: 1118-27. 

Roquett  A, Halldén G, Ihre E, Zetterström O. Eosinophil activity markers in peripheral blood have 

highh predictive value for bronchial hyperreactivity in patients with suspected mild asthma. 

Allergyy 1996;51:482-8. 

Rosenbergg HF, Tiffani HL. Characterization of the eosinophil granule proteins recognized by the 

activationn specific antibody EG2. J Leukoc Biol 1994; 56: 502-6. 

Rothenbergg ME, Owen I, Silberstein DS. Human eosinophils have prolonged survival, enhanced 

functionall  properties, and become hypodense when exposed to human interleukin 3. J Clin Invest 

1988;; 81: 1986-92. 

Rothenbergg ME. Mechanisms of disease. N Eng J Med 1998; 338: 1592-1600. 

35 5 



Chapterr 1 

Rubir aa N, Rodrigo MJ, Pena M, Nogueiras C, Jesus Cruz M, Cadahia A. Blood sample 

processingg effect on eosinophil cationic protein concentration. Ann Allergy Asthma Immunol 

1997;78:394-8. . 

Sakamakii  K, Tomonaga M, Tsukui K, Nagata S. Molecular cloning and characterization of a 

chromosomall  gene for human eosinophil peroxidase. J Biol Chem 1989; 264: 16828-36. 

Selrooss O, Backman R, Forsen K-O, Löfroos A-B, Niemistö" M, Pietinalho A, Riska H. Clinical 

efficacyy of budesonide Turbuhaler compared with that of beclomethasone dipropionate pMDI 

withh volumatic spacer. Allergy 1994; 49: 833-6. 

Shultt  PA, Lega M, Jadidi S, Vrtis R, Warner T, Graziano FW, Busse WW. The presence of 

hypodensee eosinophils and diminished chemiluminescence response in asthma. J Allergy Clin 

Immunoll  1988; 81:429-35. 

Skedingerr  M, Halldén G, Lundahl J, Hed J, Zetterström O. Eosinophil activity reflects clinical 

statuss in patient with asthma before and during a prednisolone course. Ann Allergy Asthma 

Immunoll  1995;75:250-5. 

Slungaardd A, Ascencao J, Zanjani E, Jacob HS. Pulmonary carcinoma with eosinophilia: 

demonstrationn of a tumor-derived eosinophilopoietic factor. N Eng J Med 1983; 309: 708-12. 

Smithh H. Asthma, inflammation, eosinophils and bronchial hyperresponsiveness. Clin Exp 

Allergyy 1992; 22: 187-97. 

Sontt  JK, Booms P, Bel EH, Vandenbroucke JP, Sterk PJ. The determinants of airway 

hyperresponsivenesss to hypertonic saline in atopic asthma in vivo. Relationship with sub-

populationss of peripheral blood leucocytes. Clin Exp Allergy 1993; 23: 678-88. 

Spryy CJF. Mechanism of eosinophilia. Kinetics of normal and accelerated eosinopoiesis. Cell 

Tissuee Kinet. 1971; 4: 351-64. 

Spryy CJF. Alterations in blood eosinophil morphology, binding capacity for complexed IgG and 

kineticss in patients with tropical (filarial) eosinophilia. Parasite Immunol 1981; 3: 1-11. 

Spryy CJF. Eosinophils: a guide to the scientific and medical literature. Oxford, England: Oxford 

Universityy Press, 1988. 

36 6 



Introduction n 

Taii  PC and Spry CJF. Studies on blood eosinophils. Patients with a transient eosinophilia. Clin 

Expp Immunol 1976; 24: 415-22. 

Uenoo M, Watanabe K, Tsurufuji S, Hirashima M. Effects of eosinophiltropic cytokines on 

differentationn of an eosinophil cell line, YY-I . Int Arch Allergy Immunol 1994; 104: 60-2. 

Vengee P, Roxin LE, Olsson I. Radioimmunoassay of human eosinophil cationic protein. Br J 

Haematologyy 1977; 37: 331-5. 

Vengee P, Dahl R, Hallgren R. Enhancement of factor XII dependent reactions by eosinophil 

cationicc protein. Thromb Res 1979; 14: 641-9. 

Vengee P, Dahl R, Hallgren R, Olsson I. Cationic proteins of human eosinophils and their role in 

thee inflammatory reaction. In 'The Eosinophil in Health and Disease' 1980. AAF Mahmoud and 

KFF Austen eds. 131-44. Grune & Stratton, New York 

Vengee P, Dahl R, Fredens K, Peterson CGB. Epithelial injury by human eosinophils. Am Rev 

RespirDis.. 1988; 138:54-7. 

Vengee P. The human eosinophil in inflammation. Agents Actions 1990; 29: 122-6. 

Vengee P. Eosinophil and neutrophil granulocytes. Allergy 1993; 48: 39-47. 

Vengee P. Serum measurements of eosinophil cationic protein (ECP) in bronchial asthma. Clin 

Expp Allergy 1993;23:3-7. 

Vengee P, Byström J. Molecules in focus Eosinophil cationic protein. Int J Biochem Cell Biology 

1998;; 30: 433-7. 

Vengee P, Byström J, Carlson M, Hakanson L, Karawacjzyk M, Peterson C, Sevéus L, Trulson A. 

Eosinophill  cationic protein (ECP): molecular and biological properties and the use of ECP as a 

markerr of eosinophil activation in disease. Clin Exp Allergy 1999; 29: 1172-86. 

Wellerr  PF. Eosinophilia. Allergy Clin Immunol 1984; 73: 1-10. 

Wellerr  PF. The immunology of eosinophils. N Engl J Med 1991; 324: 1110-8. 

Wellerr  PF. Cytokine regulation of eosinophil function. Clin Immunol Immunopathol 1992; 62: 

55-9. . 

37 7 



Chapterr 1 

Weverr  AMJ , Wever-Hess J, Hensgens HESJ, Hermans J. Serum eosinophil cationic protein 

(ECP)) in chronic asthma. Relationship to spirometry, flow-volume curves, PC20, and 

exacerbations.. Resp Med 1994; 88: 613-21. 

Whit ee CJ, Maxwell CJ, Gallin JI. Changes in the structural and functional properties of human 

eosinophilss during experimental hookworm infection. J Infect Dis 1986; 154: 778-83. 

Winqvistt  J, Olofsson T, Olsson J, Persson AM, Hallberg T. Altered density, metabolism and 

surfacee receptors of eosinophils in eosinophils. Immunology 1982; 47: 531-9. 

Winqvistt  J, Olofsson T, Olsson J. Mechanisms for eosinophil degranulation; release of the 

eosinophill  cationic protein. Immunology 1984; 5 1: 1-8. 

Youngg JD, Peterson CGB, Venge P, Cohn ZA. Mechanism of membrane damage mediated by 

humann Eosinophil Cationic Protein. Nature 1986; 321: 613-6. 

Zimmermannn B, Tsui F. Can the measurement of serum ECP be used to monitor treatment of 

childhoodd asthma with inhaled steroid? Allergy 1993; 48: 129-32. 

Zimmermannn B, Lanner A, Enander I, Zimmerman S, Peterson CGB, Ahlstedt S. Total blood 

eosinophils,, serum eosinophil cationic protein and eosinophil protein x in childhood asthma: 

relationn to disease status and therapy. Clin Exp Allergy 1993; 23: 564-70. 

38 8 



Effectss of clotting temperature on serum ECP levels 

Chapterr 2 

Effectt  of clotting temperature and blood eosinophil concentration on 

thee eosinophil cationic protein concentration in serum 

C.J.. Pronk-Admiraal and P.C.M. Bartels 

Departmentt of Clinical Chemistry, Haematology and Immunology, Medical Centre 

Alkmaar,, The Netherlands 

ScandJClinScandJClin Lab Invest 1994; 54: 185-8 

39 9 





Effectss of clotting temperature on serum ECP levels 

Abstract t 

Earlierr investigations have indicated die need for defined incubation conditions of blood 

sampless before establishment of eosinophil cationic protein concentration in serum. 

Therefore,, me effect of different clotting temperatures and blood eosinophil 

concentrationss on the serum eosinophil cationic protein concentration was quantified in 

400 individuals. Our results showed that serum eosinophil cationic protein concentrations 

stronglyy depend on the clotting temperature. Blood samples clotted for one hour at 37°C 

hadd 5-10 times higher serum eosinophil cationic protein concentrations than blood 

sampless of the same person clotted for one hour at 0°C. Higher blood eosinophil counts 

resultedd also in increased serum eosinophil cationic protein concentrations. 
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Introductio n n 

Thee eosinophilic granulocyte is associated with helminthic infections and also takes part 

inn different mechanisms of inflammatory processes. The eosinophil secretory granules 

containn several specific cationic proteins. Some of these proteins have been further 

characterized,, including eosinophil cationic protein (ECP), major basic protein, 

eosinophill  protein X or eosinophil-derived neurotoxin (1). Several studies have 

indicatedd that the levels of eosinophil granule proteins in serum, for example, ECP, are 

closelyy correlated with indices of asthma severity (2). Therefore, determination of ECP 

concentrationss in serum may provide an additional tool for monitoring the activity grade 

off  asthmatic inflammation and the efficacy of anti-inflammatory therapy. ECP 

concentrationss in serum can now be measured by use of a radio-immuno-assay kit. It is 

importantt to study in particular the effect of handling blood samples, because the level 

off  ECP in the samples is known to be affected by the method of treatment (3). Probably, 

besidess the effect of clotting temperature, also an effect of blood eosinophil 

concentrationn on the serum ECP concentration exists. 

Material ss and Methods 

Bloodd samples were taken from 40 outclinic patients. From every patient two serum 

sampless (Vacutainer*-system, ref. 367783, with addition of SST gel and clot activator, 

Bectonn Dickinson, Plymouth, UK) and one plasma sample (Vacutainer*-system, ref. 

367652,, with addition of K3EDTA as an anti-coagulant, Becton Dickinson, Plymouth, 

UK)) were obtained. Serum ECP concentrations were established with a radio-immuno-

assayy kit (Kabi Pharmacia, Uppsala, Sweden). After venepuncture, blood samples 

shouldd be allowed to clot, according to the manufacturer's instructions, at room 

temperaturee for 60  10 minutes. To investigate the temperature dependency during 
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clotting,, from every individual one blood sample was clotted for 60  10 minutes in ice-

waterr (0°C) while the other one was clotted in a warmed bath of 37°C for the same time. 

Afterr clotting, serum samples were centrifuged at room temperature during 10 minutes 

att 1350 x g. Subsequently, serum samples were stored at -20°C until the serum ECP 

concentrationn was assayed. Eosinophil concentrations in blood samples were determined 

withh a Sysmex NE-8000 hematology analyzer (Charles Goffm Medical Systems BV, 

Tiel,, The Netherlands). 

Results s 

SerumSerum ECP concentrations from samples clotted at 0°C and 37°C, respectively, are 

plottedd against the blood eosinophil counts in figure 1. At a certain eosinophil 

concentration,, a strong difference was demonstrated between the serum ECP 

concentrationss resulting after clotting at 0°C and 37°C, respectively. Serum ECP 

concentrationss in samples clotted at 37°C were established to be approximately 5-10 

timess higher than in samples clotted at 0°C. In figure 1 the effect of the blood eosinophil 

countss on the serum ECP concentration is also shown. Samples with higher blood 

eosinophill  counts usually yielded increased values for serum ECP concentration. 

Thee effect of temperature on the serum ECP concentration is more obviously shown in 

figuree 2. ECP concentrations of samples clotted at 37°C are plotted against samples 

clottedd at 0°C of the same subject. It is shown that a higher temperature during clotting 

definitelyy gives rise to a higher serum ECP concentration. Serum ECP concentrations 

resultingg from clotting at 37°C are 5 - 10 times higher in comparison with samples 

clottedd at 0°C. 
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FigureFigure 1: ECP concentrations in serum from samples clotted at 0"C (open triangles) and 

37"C37"C (black circles), respectively, versus blood eosinophil counts in 40 individuals. 

ResultsResults of statistical analysis gave: y = 84. 7x + 22.4, r = 0.67 (37"C); 

yy = 7.3x + 2.9, r = 0.51 (0°C). 
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FigureFigure 2: ECP concentrations in serum from samples clotted at 37°C (y axis) versus 

ECPECP concentrations in serum from samples clotted at 0"C (x axis), in 40 individuals. 

StatisticalStatistical analysis of results: y = 4.6x + 22.1, r = 0.52. 
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Discussionn and conclusion 

Itt should be emphasized that the intracellular amount of ECP in eosinophils is about 

1000 - 1000 times as high as the amount of ECP released in serum (4). As a consequence, 

thee amount of actually in vitro released ECP is only a very small part of the total content 

off  ECP in eosinophils. The mechanism of ECP release has not yet been elucidated. 

Furtherr details concerning the interaction between clotting and ECP release after blood 

samplingg are not available. 

Becausee of the striking effect of clotting temperature on in vitro release of ECP, blood 

sampless should be clotted in our opinion at a precisely fixed temperature. This 

conclusionn is in contrast to the less strictly described manufacturer's instructions. 

Forr choosing conditions with respect to an optimal clotting temperature, empirical 

findingss should be considered. Clotting at 0°C induces such a low serum ECP 

concentrationn that it even does not exceed in many cases the minimum detection limit of 

thee radio-immuno-assay kit. Therefore, we prefer to clot the blood samples at 37°C. This 

temperaturee wil l yield in different individuals a more exaggerated range of ECP 

concentrationss that are still within the detection range of the kit. An additional advantage 

inn practice is that this temperature can be simply and accurately standardized in a water 

bath.. Temperature dependency during clotting has been shown previously in samples 

fromm atopic patients. However, in this study (5), serum ECP concentrations in samples 

clottedd at 37°C were only 2 times higher than after clotting at 4°C. In the cases just 

mentionedd serum ECP concentrations from atopic patients (5, 6) and from asthmatic 

patientss (6) clotted at 4°C are above the minimum detection limit of the kit. The latter 

findingss are not in agreement with our observations. 

Clinicall  interpretation of the serum ECP concentration alone in individuals with atopic 

allergyy and asthma is not conclusive for an unambiguous diagnosis. Healthy people with 

aa normal or high blood eosinophil count may have a rather high serum ECP 

concentrationn (5). In experiments of the latter study also a correlation between these 
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parameterss was observed in healthy persons but not in asthmatic patients. If it is true that 

eosinophilss of allergic patients excrete ECP more easily than do eosinophils of healthy 

personss (4), it wil l be of clinical importance to calculate the ratio of serum ECP 

concentrationn and the blood eosinophil count. A discrepancy in the ratios of serum ECP 

andd blood eosinophil concentrations might yield useful information with respect to the 

primedd state of the eosinophil. Therefore, blood eosinophil counts should also be 

consideredd in the clinical interpretation of ECP levels. 

Probably,, other conditions in the test environment should be investigated in more detail 

too yield insight in the effect of clotting on the primed state of the eosinophil. 
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Summary y 

Thee relationship between the blood eosinophil concentration and the serum Eosinophil 

Proteinn X concentration was investigated in 80 individuals. Higher blood eosinophil 

countss resulted in clearly increased serum Eosinophil Protein X concentrations. 

However,, the amount of Eosinophil Protein X released per eosinophilic granulocyte was 

significantlyy higher in individuals with lower blood eosinophil counts. 

Atopicc individuals (N = 19) showed a significantly higher blood eosinophil 

concentrationn (p = 0.002) and serum Eosinophil Protein X concentration (p = 0.004) 

andd a significantly lower serum Eosinophil Protein X/eosinophil ratio (p = 0.02), 

comparedd to non-atopic individuals (N = 61). However, the concentration of Eosinophil 

Proteinn X in serum from atopic and non-atopic individuals seems not to be different if 

thee blood eosinophil concentration is taken into account. When considering serum 

Eosinophill  Protein X concentration as an indicator of eosinophil activation, for instance 

inn asthmatic patients, the blood eosinophil count should be considered for correct 

clinicall  interpretation of results. 
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Introductio n n 

Eosinophilss play an important role in the immune response to parasites and in the 

pathogenesiss of certain inflammatory diseases, especiallyy asthma. The granules of the 

eosinophilicc granulocytes contain a number of highly cationic proteins, which are 

releasedd following activation and stimulation of the eosinophil. Release of granule 

proteinss from eosinophils is a selective phenomenon with respect to the individual 

proteinss (1). Several proteins have been characterized, including eosinophil cationic 

proteinn (ECP) and Eosinophil Protein X (EPX), which is synonymous with eosinophil-

derivedd neurotoxin (EDN) (2). ECP and EPX are single-chain proteins with a molecular 

masss in the range of 18 - 21 kDa, and pl>l 1 and pl>9, respectively (2). The 

measurementt of eosinophil-derived proteins such as EPX in biological fluids may be a 

usefull  indicator of eosinophil activation. 

EPXX has a lower pi than ECP. This causes EPX to stick less easily to cell membranes 

afterr degranulation than ECP. Therefore, it might be a more suitable marker to measure 

thee state of activation of the eosinophil. 

Reportedd ranges of EPX concentrations in serum deviate widely between laboratories (3, 

4).. In the measurement of eosinophil-derived proteins in serum it is particularly 

importantt to standardize the handling of the blood samples (7, 8, 9, 10). Previous studies 

havee shown that serum concentrations of eosinophil granule proteins are related to the 

severityy of asthma (5, 6) and may provide an additional tool to monitor the efficacy of 

anti-inflammatoryy therapy. 

Inn our study, the relationship was established between blood eosinophil counts and the 

serumm EPX concentration under standardized conditions. Furthermore, atopic and non-

atopicc individuals within this group were compared to establish differences in blood 

eosinophill  counts, serum EPX concentration and serum EPX concentration recorded per 

eosinophil. . 
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Material ss and Methods 

Bloodd samples were taken from 80 apparently healthy adults (males and females, aged 

18-600 year). From each subject two serum samples (Vacutainer*, ref. 367783, with 

additionn of SST gel and clot activator, Becton Dickinson, Plymouth, UK) and one 

plasmaa sample (Vacutainer®, ref. 367652, with addition of K3EDTA as an anti-

coagulant,, Becton Dickinson, Plymouth, UK) were obtained. After venepuncture, blood 

sampless were clotted for 60  10 minutes in a waterbath of 37°C. After clotting, blood 

sampless were centrifuged at room temperature for 10 minutes at 1350 x g. Subsequently, 

thee serum samples were stored at -20°C until the serum EPX concentration was 

measured.. Serum EPX concentrations were established with a radio-immuno-assay kit 

(Kabii  Pharmacia, Uppsala, Sweden), with a interassay coefficient of variation of 

4.88 - 10.6% as specified by the firm. This range has been confirmed by our own 

experiments.. For the EPX concentration a detection limit of 3 ug/1 has been established. 

Eosinophill  concentrations in blood samples were determined with a Sysmex NE-8000 

hematologyy analyzer (Charles Goffm Medical Systems BV, Tiel, The Netherlands). 

IgEE concentrations and determination of IgE antibodies specific to inhalant allergens 

weree measured with a radio-immuno-assay kit (Total IgE and Phadiatop; Kabi 

Pharmacia,, Uppsala, Sweden). 

Statistics s 

Thee statistical significance of the regression coefficient showing the correlation between 

bloodd eosinophil counts and serum EPX concentrations was established by application 

off  multiple regression analysis. To establish statistically significant differences between 

thee subject groups on the basis of blood eosinophil concentrations, the Mann-Whitney-U 

testt was applied. 
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Thiss test was also used to determine statistical differences between atopic and non-atopic 

individuals. . 

Results s 

Serumm EPX concentrations obtained at different blood eosinophil counts are depicted in 

figuree 1. It is apparent from this figure, that the serum EPX concentration increased 

significantlyy with higher blood eosinophil counts. 

0.000 0.20 0.40 0.60 0.80 1.00 
Eosinophilss (109/l) 

FigureFigure 1: EPX concentrations determined in samples clotted at 37"C versus eosinophilic 

granulocytegranulocyte blood counts in 80 individuals. Black circles represent values from samples 

ofof non-atopic individuals. Open circles show results from samples of atopic individuals. 

ResultsResults of statistical analysis: y = 200x + 20, r = 0.84 (37"C), p<0.001. 
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Subsequently,, the mean quantity of EPX released per eosinophil was calculated. The 

wholee group (N = 80) was divided in four groups with blood eosinophil counts of 

0-0.100 xl07l (N = 29), 0.11 - 0.20 xl09/l (N = 23), 0.21 - 0.30 xl09/l (N = 17) and 

0.311 - 0.80 xl09/l (N = 11). For each group the median of the serum EPX/eosinophil 

ratioratio was calculated. Results are depicted in figure 2. A statistically significant increase 

wass found in the EPX/eosinophil ratio in subjects with lower blood eosinophil counts. 
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FigureFigure 2: Median values (horizontal line inside the box) concerning serum 

EPX/eosinophilEPX/eosinophil ratio in 4 groups with regard to different ranges for eosinophil blood 

counts.counts. Boxes indicate the 25th and 75th percentiles, and the length of the tail, which is a 

measuremeasure for scattering of results, is shown by the upper and lower lines. 
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Totall  IgE concentrations and concentrations of IgE specific to inhalant allergens were 

determinedd in the serum samples from 80 apparently healthy individuals. An individual 

iss considered to be atopic when the IgE concentration is above 120 kIU/1 (11, 12) and 

thee result for IgE specific for inhalant allergens is positive. Within the 80 adults, who 

weree all without allergic complaints, 19 (25%) were classified to be atopic by 

applicationn of the criteria mentioned above. The blood eosinophil count, serum EPX 

concentrationn and serum EPX/eosinophil ratio of both groups are reported in table I. 

Thee blood eosinophil counts were significantly higher in the atopic individuals 

(mediann = 0.23 x 109/1) than in the non-atopic individuals (median = 0.11 x 109/1, 

p=0.002).. Serum EPX concentrations were significantly higher in the atopic group 

(mediann = 69 ug/1) in comparison with the non-atopic group (median = 41 ug/1, 

p=0.004).. The serum EPX/eosinophil ratios were significantly lower in the atopic group 

(mediann = 165 ug/109 cells) than in the non-atopic group (median = 214 ug/109 cells, 

p=0.02). . 

TableTable 1 : Median values of the established parameters in atopic and non-atopic subjects. 

ResultsResults of application of the Mann-Whitney U- Wilcoxon Rank Sum test, to establish 

statisticallystatistically significant differences between the groups of atopic (N = 19) and non-atopic 

(N(N = 61) subjects, A statistical significant difference is considered to be present when 

p-value<0.05. p-value<0.05. 

Parameterr p-value median median 

(atopic)) (non-atopic) 

bloodd eosinophil count (1071) O.002 0.23 0.11 

serumm Eosinophil Protein X (ug/1) 0.004 69 41 

serumm Eosinophil Protein X/ 

eosinophill  (ug/109 cells) O02 165 214 
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Discussion n 

Thee EPX content in eosinophilic granulocytes is estimated to be about 17 ug/106 

eosinophilss (13). When considering this estimation in combination with the results from 

ourr study, it should be emphasized that the release of EPX in serum during clotting at 

37°CC amounts to 0.3 to 2% of the total EPX content in eosinophils. As a consequence, 

thee amount of actually in vitro released EPX is only a small fraction of the total content 

off  EPX in eosinophils. A minimal fraction of the EPX concentration in serum might be 

duee to release from neutrophilic granulocytes. Compared with eosinophils, EPX is 

presentt in neutrophilic granulocytes to a very small extent, i.e. 1 - 2% of the content of 

ann eosinophilic granulocyte (14). 

Comparedd with EPX, even less ECP is being released from eosinophils in vitro (9, 10). 

Thee various mechanisms by which eosinophils may be activated and release their 

granulee proteins are only poorly understood. The reason for deviations between ECP and 

EPXX release has not yet been elucidated. One possible explanation may be the fact that 

ECPP will tend to stick more tightly to cell membranes than EPX because of the more 

basicc character of ECP. Another explanation is the selective release mechanism of both 

granulegranule proteins (1). Differences in mechanisms and kinetics for clearing these proteins 

fromm the circulation should also be taken into consideration. 

Itt has been demonstrated that ECP has the ability to bind to clotting factors (15). 

Particularr information concerning the interaction between clotting and EPX release after 

bloodd sampling is not yet available. 

Becausee of the striking effect of the temperature of serum preparation on in vitro release 

off  granule proteins (7, 8, 9, 10), blood samples should be clotted in our opinion at a 

preciselyy fixed temperature. We prefer to clot blood samples at 37°C. This temperature 

wil ll  yield a rather extended range of EPX concentrations in samples from different 

individuals,, which are still within the detection range of the kit. 

Inn a previous study it has been stated that eosinophils of allergic patients excrete EPX 
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moree easily than do eosinophils of healthy persons (13). Concerning this statement, it 

mayy be of clinical importance to calculate the ratio of serum EPX concentration to the 

bloodd eosinophil count. When calculating this ratio for apparently healthy individuals, 

wee observed that the amount of EPX released per eosinophil demonstrated a significant 

tendencyy to increase with decreasing blood eosinophil counts. An explanation for this 

observationn might be that eosinophils in samples with a rather high number of 

eosinophilss are less primed than eosinophils in samples with lower eosinophil counts. 

Concerningg the laboratory procedure for measurement, the relatively high serum 

EPX/eosinophill  ratio in the lower blood eosinophil concentration range might be caused 

byy inaccuracy in the eosinophil count measurement. However, experiments dealing with 

dilutionn of the blood samples did not yield any indication with respect to a systematic 

deviationn in the low blood eosinophil count range. 

Bothh the blood eosinophil count and the serum EPX concentration are significantly 

higherr in the atopic group. Finally, the serum EPX/eosinophil ratio is significantly lower 

inn the atopic group than in the non-atopic group. 
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Summary y 

SerumSerum Eosinophil Cationic Protein (ECP) and serum ECP/Eosinophil ratio were 

measuredd in 223 apparently healthy individuals. The serum sample for ECP 

measurementt was obtained by standardized clotting of the blood sample for 2 hours at 

37°C.. No statistically significant differences between men (n = 122) and women 

(nn = 101) were found for either eosinophil blood count, serum ECP concentration or 

serumm ECP/Eosinophil ratio. For serum ECP a reference range from 12-99 ug/1 was 

established,, whereas the serum ECP/Eosinophil ratio ranged from 61-367 ug ECP per 

1099 eosinophils. Plotting serum ECP versus blood eosinophil count revealed a significant 

positivee correlation (y = 141x + 18, Rsq = 0.45, pO.001). The serum ECP/Eosinophil 

ratio,, however, was found to decrease with increasing eosinophil blood counts. 

Twenty-threee percent of the apparently healthy individuals was found to have a positive 

scoree for IgE antibodies specific to inhalant allergens, and thus should be considered 

atopic.. These atopic individuals demonstrated significantly higher mean serum ECP 

concentrationss and eosinophil blood counts than did the nonatopic subgroup. In this 

healthyy population, no decision level for either eosinophil blood count, serum ECP or 

serumm ECP/Eosinophil ratio could be found that discriminated atopic from nonatopic 

individuals. . 
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Introductio n n 

Initially ,, the eosinophilic granulocyte was considered to have an exclusively protective 

role,, for example in host defense against parasites (1). Later, the eosinophil was 

recognizedd as a pro-inflammatory cell mediating allergic symptoms (2). 

Increasedd numbers of eosinophils may occur in blood and tissues of subjects with 

allergicc diseases such as asthma, allergic rhinitis and atopic dermatitis. In most cases the 

concentrationn of eosinophils in affected tissues correlates with the severity of clinical 

symptomss (3, 4, 5). The eosinophilic granulocyte is involved in inflammation by release 

off  granule proteins and inflammatory mediators (6). Eosinophil granule proteins are, 

amongstt others, major basic protein (MBP), eosinophil cationic protein (ECP), 

eosinophill  protein X (EPX) and eosinophil peroxidase (EPO). These granule proteins 

givee rise to toxic effects on a target organism or on the surrounding tissue. 

Thee mechanism of action, in particular the cytotoxic activity of eosinophil granule 

proteins,, has been investigated already in detail. It has been hypothesized that ECP, 

beingg a highly cationic protein, facilitates channel formation in lipid membranes (2). 

Thiss feature of ECP is different from other eosinophil granule proteins, such as MBP, 

whichh probably act by crosslinking membrane structures. ECP is consideredd to be one of 

thee most cytotoxic granule proteins (7). 

Thee mechanism by which ECP and other cationic granular proteins are released from 

eosinophilss is poorly understood. With respect to clinical interpretation it is a drawback 

thatt publications on eosinophil-derived proteins in serum or lavage fluid either refer to 

essentiallyy different sample processing procedures or do not yield any specific 

informationn with regard to preanalytical conditions. 

Factorss such as incubation time and temperature during sample processing have been 

demonstratedd to be of significant importance for appropriate clinical interpretation of 

resultss (8, 9). Therefore, this paper describes the determination of reference values for 

ECPP in serum, obtained under strictly defined clotting conditions, i.e. 2 hours at 37°C. 
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Moreover,, the relation of serum ECP with eosinophil blood count, expressed as serum 

ECP/Eosinophill  ratio, has been studied, in particular with respect to the detection of 

atopicc individuals in an apparently healthy population. 

Subjectss and methods 

Bloodd samples were drawn from 223 apparently healthy adults (blood donors; 122 males 

andd 101 females; aged 18-65 years). Two serum specimens and one plasma sample 

(Vacutainer®,, ref. 367703 SST with clot activator and ref. 367652 with 

K3EDTAA as an anticoagulant, Becton Dickinson, Plymouth, UK) were drawn from each 

subject.. After venepuncture, blood samples were clotted immediately for serum 

preparationn for 120  10 minutes in a water bath of 37°C. After incubation, the samples 

weree centrifuged during 10 minutes at 1350 x g at room temperature. 

SerumSerum samples were stored at -20°C until the ECP concentration was assayed. Serum 

ECPP concentrations were established by use of a radio-immuno-assay kit (Kabi 

Pharmacia,, Uppsala, Sweden). Eosinophilic granulocytes were counted on a Sysmex 

NE-80000 hematology analyzer (Charles Goffin Medical Systems BV, Tiel, The 

Netherlands).. Levels of IgE antibodies specific to inhalant allergens were estimated by 

meansmeans of a radio-immuno-assay kit (Phadiatop, Kabi Pharmacia, Uppsala, Sweden). 

Statisticall  methods 

Forr statistical analysis the computer program SPSS (Windows, release 6.1) was used. 

Thee T-test was applied to establish the statistical significance of differences in serum 

ECPP concentrations, eosinophil blood counts and serum ECP/Eosinophil ratios between 

atopicc and nonatopic individuals. P-values below 0.05 were considered to indicate 
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statisticall  significance. 

Too determine reference ranges the 95% prediction intervals were calculated. Ranges for 

serumm ECP and serum ECP/eosinophil ratio are shown in frequency distribution 

histograms.. The reference ranges were determined as the estimation of the 2.5 and 97.5 

percentiless directly. For this estimation the observations were ranked and a point was 

foundd below and above which 2.5% of the observations fall. 

Too establish the correlation between eosinophil blood count and serum ECP, and to 

indicatee reference ranges for serum ECP concentrations in relationship with the 

eosinophilicc granulocyte blood counts, regression analysis was applied and the 95% 

predictionn intervals (with confidence of 95%) were calculated. After applying curve 

estimationn the linear model seemed to be the best fitted curve; alternative models have 

lowerr Rsq values and are therefore less explanatory for the data. 

Forr the correlation between the serum ECP/Eosinophil ratio and the eosinophil blood 

count,, the same procedure as described for the reference range of serum ECP with 

respectt to the eosinophil blood count was performed. However, for this parameter a 

cubicc model was applied for drawing the best fitted curve. 

Results s 

Whenn comparing the results for male and female subjects, no statistically significant 

differencee was detected in eosinophil blood counts. The mean value for both groups was 

0.166 x 109 eosinophils/1, with a standard deviation (sd) of 0.10 x 109 eosinophils/1. 

Similarly,, serum ECP values were established for male and female subjects, with mean 

valuess  sd of 40.1  19.5 and 41.9  23.2 ug/1, respectively. The serum ECP/Eosinophil 

ratioss for males and females were 166  76 and 183  83 ug/109 cells respectively, a 

non-significantt difference. Consequently, results obtained for men and women were 

combinedd to establish the following reference ranges: for serum ECP 12-99 ug/1 and 

forr serum ECP/Eosinophil ratio 61 - 367 ug ECP/109 eosinophils (figure la + lb). 
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(a) ) 
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55 0 25.0 45.0 65.0 85 0 105.0 

15.00 350 55.0 75.0 95.0 115.0 
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ECP/Eosinophill (pg/10s) ) 

FigureFigure I: Frequency distribution histograms for serum ECP concentrations (a) and 

serumserum ECP/Eosinophil ratios (b) in 223 apparently healthy adults. 
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AA significant increase in serum ECP results towards higher eosinophil blood counts was 

noticedd (figure 2): y = 141x + 18, Rsq = 0.45 with p<0.001. In contrast, a statistically 

significantt decrease in serum ECP/Eosinophil ratio towards higher eosinophil blood 

concentrationss was observed (figure 3): y = -1524x + 3772x2 - 2960x3 + 315, Rsq = 0.28 

withh p<0.02. 

Thee reference range corresponding with the 95% prediction interval for ECP 

concentrationss with regard to the eosinophil blood count was found to be limited by the 

linee functions: y = 141x - 13, y = 141x +49 (figure 2). 

Thee 95% prediction area for the serum ECP/Eosinophil ratio with respect to the 

eosinophill  blood concentration was limited by y = -1546x + 3939x2 - 3286x3 + 181 and 

yy = -1501x + 3604x2 - 2633x3 + 449 respectively (figure 3). 
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0.00 .1 .2 .3 .4 .5 .6 .7 .8 

Eosinophill Count (1071) 

FigureFigure 2: Serum ECP concentrations versus blood eosinophil counts in 223 subjects. 

OpenOpen circles indicate results from nonatopic individuals. Black circles reflect results 

correspondingcorresponding with atopic subjects. Reference ranges with respect to the eosinophil 

countcount are limited by: y = 141x - 13 andy = I41x + 49. 
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.22 .3 .4 

Eosinophill count (10'/l) 

FigureFigure 3: Serum ECF'/eosinophil ratios versus blood eosinophil counts in 223 subjects. 

BlackBlack circles reflect atopic subjects, open circles correspond with non-atopic subjects. 

RegressionRegression analysis for determination of a bivariate reference area with respect to the 

eosinophileosinophil concentration resulted in the lines y = -1546x + 3939r - 3286x3 + 181 and 

vv = -1501x + 3604x2 - 2633xs + 449. 
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Nobodyy in the randomly selected group of apparently healthy subjects (N = 223) 

sufferedd from obvious allergic complaints. Nevertheless, 23% of the subjects had a 

positivee score for IgE antibodies specific to inhalant allergens. Thus, these subjects 

shouldd be regarded as atopic. 

Inn these atopic subjects significantly higher blood eosinophil concentrations and serum 

ECPP concentrations were observed than in the nonatopic subjects (table I). 

TableTable I: Mean values and standard deviations (sd) for eosinophil blood counts, serum 

ECPECP concentrations and serum ECP/eosinophil ratios in atopic (n ~ 52) and nonatopic 

(n(n = 171) individuals. 

Parameterr nonatopic subjects atopic subjects p-value 

(meann value  sd) (mean value  sd) 

bloodd eosinophils (109/1) 0.15 9 0.19 2 p=0.02 

serumm ECP (ug/1) 39.1 3 46.9 2 p=0.02 

serumm ECP/EOS 174.7 1 170.4 7 p=0.73 (ns) 

(ug/1099 cells) 

However,, no statistically significant difference between the two subgroups was detected 

inn serum ECP/Eosinophil ratios. 

Forr individual, asymptomatic cases, serum ECP nor eosinophil blood count is of any 

valuee in predicting an atopic condition, as can be readily seen from the distribution of 

thee observations from specific IgE-positive samples in figure 2 and 3. 
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Discussion n 

ECPP is a granule protein that is released by the eosinophil in vivo in the process of an 

allergicc reaction and in vitro during clotting of whole blood. Serum ECP might be useful 

ass an indicator of allergic disease activity. The fact that the large majority of ECP 

measuredd in serum is in fact released during the clotting process, necessitates thorough 

standardizationn of the sample preparation. In the present study, whole blood samples 

weree allowed to clot for exactly two hours at 37°C. This procedure resulted in a 

referencee range for serum ECP from 12-99 ug/1, which is obviously higher than found 

inn studies in which clotting took place at room temperature (10, 11). Another advantage 

iss the better defined clotting at 37°C than at room temperature (8). 

Inn particular in cases of eosinophilia the blood sample processing has a large influence 

onn the assay results. Serum ECP concentrations demonstrated a positive correlation with 

bloodd eosinophil counts (figure 2). Therefore, we calculated the serum ECP/Eosinophil 

ratioo in each individual sample, determined the reference interval of this ratio for the 

populationn investigated and plotted the ratio versus the eosinophil blood count. The 

relationshipp between serum ECP/Eosinophil ratio and blood eosinophil counts is 

importantt for determining the activation grade per eosinophil. Whereas serum ECP 

showedd a positive correlation with eosinophil blood count, the serum ECP/Eosinophil 

ratioo turned out to be negatively correlated with the eosinophil blood count. In particular 

att eosinophil blood counts below 0.2 x 109/1, a parabolic increase was apparent. An 

overalll  reference range from 61 - 367 ug/ 109 cells was calculated, and in figure 3 a 95% 

predictionn area for the serum ECP/Eosinophil ratio with respect to the eosinophil 

concentrationn in blood is indicated. 

Thee decreasing trend of the serum ECP/Eosinophil ratio might amongst other factors be 

duee to a relatively high release of ECP from persons with rather low eosinophil counts. 

Anotherr explanation for the decreasing trend of serum ECP/Eosinophil ratio might be 

thatt in individuals with high eosinophil counts the turnover rate of the eosinophilic 

72 2 



Referencee range of ECP in serum 

granulocytess is higher compared with individuals with low eosinophil counts. In case of 

aa high turnover rate, eosinophils in the circulation are relatively young cells, which 

mightt release a substantially smaller amount of ECP per eosinophil than relatively older 

cells. . 

Onee of the most typical cells characterizing atopic disease is the eosinophilic 

granulocytee (1). We demonstrated that in about 23% of apparently healthy subjects an 

atopicc constitution was demonstrated on the basis of a positive score for IgE antibodies 

specificc to inhalant allergens (12). Information concerning the frequency of positive 

scoress for specific IgE to inhalant allergens in adult subjects populations is rare. 

Kerkhoff  et al. (13) reported that 32% of the Dutch population had detectable amounts of 

specificc IgE antibodies to common aeroallergens, whereas in about 20% of a French 

populationn positive Phadiatop tests were observed (14). 

Inn atopic subjects statistically significant higher serum ECP values and blood eosinophil 

concentrationss were demonstrated in comparison with nonatopic individuals (table I). 

Detectionn of an increase in ECP serum concentrations in atopic individuals, who never 

hadd specific complaints due to allergic disease, is surprising. This observation can be 

explainedd by the fact that atopic individuals mostly reveal higher blood eosinophil 

concentrationss (1). Nonatopic and atopic subjects showed similar results for serum 

ECP/Eosinophill  ratios. From these observations it may be concluded that eosinophils of 

thee atopic group of individuals are not enough preactivated to release an increased 

amountt of ECP per eosinophil. 

Inn accordance with results from other studies (15), we conclude that the sensitivity and 

specificityy of eosinophil blood count, ECP serum concentrations and serum 

ECP/Eosinophill  ratio are insufficient to detect an allergic constitution in an 

asymptomaticc person. Therefore, an additional value of serum ECP or serum 

ECP/Eosinophill  ratio over the simple determination of eosinophil blood count was 

detected.. In our study, the atopic persons concern individuals in an inactive state of 
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allergy.. Atopics in an active state of allergy are expected to release a more pronounced 

quantityy of ECP per eosinophil. This consideration will be checked in a longitudinal 

studyy in individuals with eosinophil-related diseases. 
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Abstract t 

Too interpret results of serum ECP concentrations between studies, it is necessary to 

establishh the differences in results obtained with different tests. Two commercially 

availablee tests, the fluorescence immunoassay from Kabi Pharmacia and the 

chemiluminescentt immunometric assay of Diagnostic Products Corporation, were 

compared.. A relation between the results from these tests of y = 0.87x + 2.7 was 

established.. Both tests yield comparable results, except for concentrations of ECP 

exceedingg 80 ug/1. When measuring control samples or calibration standards from Kabi 

Pharmaciaa with the assay from Diagnostic Products Corporation, increased 

concentrationss over the whole concentration range were obtained. Discrepancies might 

bee due to matrix effects and recognition of different epitopes by the antibodies used in 

thee tests. 

InIn addition, stability of Eosinophil Cationic Protein during storage of serum samples was 

measured.. Eosinophil Cationic Protein in serum was shown to be stable for two weeks at 

4°CC or for 9 months at -20°C or -80°C. Commercially available control specimens from 

Kabii  Pharmacia were stable at 4°C for at least one year. 
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Introductio n n 

Itt is known that inflammatory conditions and parasitic diseases are associated with 

eosinophilia.. Evidence has accumulated that increased numbers of eosinophils may be 

involvedd in tissue damage observed in subjects with an allergic constitution (1,2). 

Whenn stimulated, eosinophils are able to secrete toxic proteins, amongst others 

Eosinophill  Cationic Protein (ECP). ECP is stored in the granules and is a very potent 

cytotoxicc agent (3, 4). ECP acts by causing membrane damage of parasites or tissue cells 

(5). . 

Severall  studies dealing with results of serum ECP concentrations have been published 

(6,, 7). Standardized preanalytical conditions are important to reduce variations in 

analyticall  results (8, 9). To interpret results from several studies it is necessary to 

establishh methodological deviations in results of different tests. Therefore, we studied 

thee performance of two commercially available tests for ECP, i.e. the fluorescence 

immunoassayy from Kabi Pharmacia and the chemiluminescent immunometric assay of 

Diagnosticc Products Corporation. The stability of ECP during storage was also 

established. . 

Material ss and Methods 

Serumm samples were obtained from outclinic patients. Blood samples were collected by 

venepuncturee in plain tubes (Vacutainer*  ref 367703 SST with clot activator, Becton 

Dickinson,, Plymouth, UK). The blood sample was allowed to clot for 120 minutes in a 

waterbathh at 37°C. After incubation, samples were centrifuged for 10 minutes at 

13500 x g at room temperature. Serum was separated from the blood clot and stored at 

-20°C. . 

Bothh tests for ECP determination are immunoassays. 
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Inn the fluorescence immuno-assay (Kabi Pharmacia, Uppsala, Sweden) monoclonal anti-

ECP,, covalently coupled to the reaction tube, reacts with the ECP in the patient serum 

specimen.. After washing, enzyme-labeled (P-galactosidase) monoclonal antibody 

againstt ECP are added to form a complex. After incubation, unbound enzyme-anti-ECP 

iss washed away and the bound complex is then incubated with a developing agent 

(4-methylumbelliferyl-P-D-galactoside).. The fluorescence is directly proportional to the 

concentrationn of ECP in the serum sample. 

Thee ECP assay from DPC (Los Angeles, USA) is a two-site chemiluminescent 

immunometricc assay. The solid phase is coated with a monoclonal antibody specific for 

ECP.. Patient serum sample and alkaline phosphatase-conjugated polyclonal antibody are 

simultaneouslyy incubated for approximately 30 minutes at 37°C. The added 

chemiluminescentt substrate, a phosphate ester of adamantyldioxethane, undergoes 

hydrolysiss to yield an unstable intermediate which forms two stable compounds, 

resultingg in emission of light. The amount of bound phosphate-conjugated antibody and 

thuss indirectly the amount of ECP bound to the solid phase, is proportional to the 

concentrationn of ECP in the sample. 

Statisticall  analysis 

Statisticall  analysis was performed with SPSS (Benelux BV, Gorinchem, The 

Netherlands;; Windows, Release 8.0). To establish the correlation between the assays, 

regressionn analysis was performed. 

AA paired T-test was used for statistical evaluation of results to test the stability of ECP in 

time.. A p-value less than 0.05 was considered to be statistically significant. 
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Results s 

Inn figure 1 the relationship between the Kabi Pharmacia (x axis) and the DPC (y axis) 

resultss is shown. The line reflecting the relationship between the results from both tests 

iss calculated as y = 0.87x + 2.7 (r = 0.96, pO.01). A few samples with serum ECP 

concentrationss exceeding 80 ug/1 showed discrepancies; lower results were measured 

withh the DPC method than with the method of Kabi Pharmacia. The bias between these 

valuess was also measured when the samples were diluted. 

140 0 

20 0 400 60 80 100 

ECPP Kabi Pharmacia (pg/l) 

120 0 140 0 

FigureFigure 1: Correlation between ECP values measured with Kabi Pharmacia and DPC 

assay.assay. Solid line, y = 0.87x + 2.7 (r - 0.96, p<0.01). Broken line, y = x. 
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Whenn serum samples were diluted with the diluent provided by the Kabi Pharmacia test, 

threee times higher results in the DPC assay were measured, while in the Kabi Pharmacia 

assayassay no influence on the results was measured in several dilutions with this diluent. 

Thee standards of the Kabi Pharmacia assay also yielded deviating results in the DPC 

assayassay and vice versa (table I). 

TableTable I: Results of control samples and calibration standards measured with the two 

teststests (Kabi Pharmacia and Diagnostic Products Corporation (DPC)). Mean data of 

duplicateduplicate assays are shown. 

Sample e 

controll  Kabi Pharmacia 

cal.. standard Kabi Pharmacia 

cal.. standard Kabi Pharmacia 

cal.. standard Kabi Pharmacia 

cal.. standard Kabi Pharmacia 

cal.. standard Kabi Pharmacia 

controll  DPC 

controll  DPC 

adjusterr DPC 

adjustorr DPC 

ECP P (ug/1)) measured 

withh Kabi Pharmacia 

65 5 

2 2 

5 5 

15 5 

100 0 

200 0 

2.6 6 

20.7 7 

<2 2 

23.2 2 

ECPP (ng/1) measured 

withh DPC 

>200 0 

5 5 

13.1 1 

48.6 6 

>200 0 

>200 0 

3.7 7 

29.4 4 

2 2 

33.8 8 
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ECPP in serum, frozen for 12 months at -20°C or -80°C, showed appropriate stability 

(tablee II) . A slight increase of about 15% was found during storage, but this increase was 

nott statistically significant. One day storage at room temperature did not show 

deterioration.. Stability of ECP was found for two weeks at 4°C. Storage for more than 

twoo weeks at 4°C gave a significant decrease in ECP concentration. Control specimens, 

commerciallyy available from Kabi Pharmacia, stored at 4°C, showed stability for one 

year.. The control sample, measured twice a month, demonstrated a mean value of 

677 fig/1 together with a coefficient of variation amounting to 6.5% (n = 25). However, 

whenn a control sample was mixed with a serum sample, a decrease of 14% was found 

afterr a storage period of one day at 4°C and a decrease of 36% after 5 weeks at 4°C. 
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TableTable II:  ECP recovery percentages (mean  sd) with respect to day 0 during the 

mentionedmentioned time interval at mentioned temperatures, regarding 11 patient samples. The 

ECPECP concentrations in these patients ranged from 5 to 115 jug/l, with a mean of 35 fig/l. 

**  statistically significant deviation compared with day 0. 

storagee ECP in serum samples ECP in 

intervall  control samples 

roomm 4°C -20°C -80°C 4°C 

temperature e 

dayO O 

dayy 1 

weekk 1 

weekk 2 

weekk 4 

weekk 6 

monthh 2 

monthh 4 

monthh 7 

monthh 9 

monthh 12 

100 0 

1066  11 

100 0 

1055  13 

1088 1 

988 1 

711 * 

533  15* 

100 0 

1177  21 

1177 3 

1177 2 

1133 2 

1244 9 

1077 5 

100 0 

1255 0 

1166 0 

1166  16 

1133  16 

1200 1 

1111  18 

100 0 

106 6 

117 7 

122 2 

106 6 

106 6 

99 9 

106 6 

107 7 

96 6 

94 4 
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Discussion n 

Thee Kabi Pharmacia and DPC immuno-assay methodologies revealed uniform reference 

ranges.. Linear regression analysis with respect to these two methodologies, as provided 

inn the DPC manufacturer's guide showed another correlation (y = 1.16x + 1.46 ; 

rr = 0.988) than we have determined. At higher ECP concentrations we found lower 

levelss with the DPC method. The bias between these values was also measured when the 

sampless were diluted. This may be explained by the fact that both methods use different 

antibodiess to detect the amount of ECP. During release of higher amounts of ECP other 

epitopess can be formed, for example due to different stages of glycosylation. Possibly 

thee polyclonal antiserum detects "neo-epitopes" of ECP when samples are diluted in a 

dilutionn solution of Kabi Pharmacia. 

Controll  samples showed deviating results with both tests. When measuring the control 

sampless or calibration standards from Kabi Pharmacia with the test assay from 

Diagnosticc Products Corporation considerably higher results were found than those 

givenn by Kabi Pharmacia. We assume that these results can be explained by the fact that 

thee matrix of control specimens is different from patients' sera. Binding of antibodies to 

thee epitope may be influenced by the matrix. 

Too explain the deviation of a few patient samples and the control samples, the stability 

off  ECP should be taken into consideration. Storage of samples is allowed for one day at 

roomm temperature, two weeks at 4°C or at least 9 months at -20°C or -80°C. A 

remarkablee finding is the control stability of one year at 4°C of specimens, while mixing 

thesee control samples with patients' serum give a rapid decrease in results during 

storage.. Proteases present in serum may lead to ECP degradation in the standard 

solution. . 

Inn conclusion, within the reference range both tests yielded comparable results with 

patients'' samples. Therefore, it is allowed to compare the results from studies that apply 

eitherr of these two different immuno assays. The differences between both methods, 
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measuredd in control samples or in patient samples with higher ECP concentrations, 

cannott be explained by sample instability. It is more likely that the discrepancies are due 

too detection of different epitopes of ECP, when present in a higher serum concentration, 

orr to matrix effects. 
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Abstract t 

Itt is questionable whether Eosinophil Cationic Protein serum concentrations yield 

additionall  information regarding the activity of allergic diseases, because Eosinophil 

Cationicc Protein serum concentrations correlate very well with blood eosinophil counts. 

Wee established spontaneous release of Eosinophil Cationic Protein from eosinophils 

duringg in vitro coagulation amounting to 0.03 - 0.5 pg per eosinophil. When comparing 

thee serum Eosinophil Cationic Protein per eosinophil ratio with the eosinophil 

concentration,, a decreasing trend of released ECP in serum was observed towards higher 

eosinophill  counts. The total amount of extractable Eosinophil Cationic Protein in 

eosinophilicc granulocytes was determined by means of extraction with 0.5% Cetyl-

trimethyl-ammonium-bromide.. The total amount of extractable Eosinophil Cationic 

Proteinn in eosinophils amounted to 0.4 - 17 pg/eosinophil. The results showed a slight 

tendencyy to decrease with higher blood eosinophil counts. Irrespective of their 

concentrationn in blood, eosinophils were demonstrated to release 2 - 4% of their total 

ECPP amount. From experiments in this study it is concluded that ECP release during in 

vitrovitro blood clotting or measuring the total amount of extractable ECP does not yield any 

additionall  diagnostic value to detect the degree of activation in eosinophils. 
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Introductio n n 

Duringg blood clotting, eosinophilic granulocytes become activated and release proteins 

inn serum. The extent to which eosinophils release Eosinophil Cationic Protein (ECP) in 

vitrovitro during clotting may reflect the state of activation of the eosinophil population in 

vivovivo (1). Due to in vitro clotting, pre-activated eosinophils might become activated e.g. 

byy released platelet activating factor (PAF) or by activated complement components (2). 

Ass a result of blood clotting, proteins from the specific granules are released in serum. 

InIn healthy subjects, eosinophils are in majority not pre-activated. This statement 

implicatess that eosinophils from healthy subjects will release lower amounts of granule 

proteinss during in vitro clotting (1) in comparison with eosinophils from diseased 

subjects. . 

Thee extent to which eosinophils will be able to release ECP during in vitro clotting may 

reflectt the overall state of activation of the eosinophil population in vivo. The higher the 

ECPP level in serum, the higher will be the in vivo propensity of the eosinophils to release 

theirr content at the local site of inflammation. Indeed, in several groups of patients with 

allergicc complaints an increased amount of circulating eosinophils has been detected (3). 

Ann increased concentration of ECP in serum may be due to an increased concentration 

off  blood eosinophils instead of a higher state of activation of the eosinophil population 

inin vivo. In several studies a statistically significant correlation between serum ECP and 

bloodd eosinophil count has been established (4, 5, 6, 7). Due to in vitro clotting the 

entiree eosinophil population may be activated instead of a subgroup of pre-activated 

eosinophils.. We assume that serum ECP possibly reflects the total number of eosinophils 

inn a blood sample. However, if preactivated eosinophilic granulocytes from allergic 

subjectss would release more ECP during in vitro clotting, serum ECP concentrations 

shouldd be higher than expected from the blood eosinophil count. This is the reason why 

ECPP serum concentrations should be evaluated with regard to the blood eosinophil 

counts.. We additionally estimated the total amount of ECP in the eosinophils by 
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extraction.. We investigated the possible additional diagnostic value of serum ECP per 

eosinophill  and critical factors that may influence the procedure for measurement of this 

ratioo and the clinical interpretation of the results. 

Patientss and methods 

Too establish the relationship between serum ECP concentration and eosinophil blood 

count,, blood samples were drawn from 223 apparently healthy adults (blood donors; 122 

maless and 101 females; aged 18-65 years). One serum specimen and one 

anticoagulatedd blood sample (Vacutainer*, ref. 367703 SST with addition of clot 

activatorr and ref. 367652 with K3EDTA as an anticoagulant, Becton Dickinson, 

Plymouth,, UK) was drawn from every subject. After venepuncture, blood samples were 

clottedd immediately for serum preparation during 120  10 minutes in a waterbath of 

37°C.. After incubation, the samples were centrifuged during 10 minutes at 1350 x g at 

roomm temperature. 

SerumSerum samples were stored at -20°C until ECP concentrations were assayed. Serum ECP 

concentrationss were established by application of a radio-immuno assay kit (Kabi 

Pharmacia,, Uppsala, Sweden). Eosinophilic granulocytes were counted on a Sysmex NE 

80000 Haematology Analyser (Charles Goffin Medical Systems BV, Tiel, The 

Netherlands). . 

Thee total amount of extractable ECP per eosinophil was established in a group of 40 

apparentlyy healthy blood donors. For determination of the total amount of ECP in 

eosinophils,, a blood sample anticoagulated with EDTA was extracted with 0.5% CTAB 

(Cetyl-trimethyl-ammonium-bromide)) for 10 minutes. After centrifugation at 8370 x g, 

ECPP analysis was performed in the supernatant. 

Forr additional investigations concerning dilution experiments, nineteen blood samples 

withh eosinophil concentrations amounting from 0.21 to 0.71 x 109/1 were diluted with 

93 3 



Chapterr 6 

PBSS two-, five-, ten- and twenty-fold, respectively. After dilution, the cell suspensions 

weree lysed by addition of 0.5% CTAB. 

Statistics s 

Forr statistical evaluation the computerprogram SPSS (Windows, release 6.1) was used. 

Thee statistical significance of differences in dilution steps was assessed by paired t-test 

analysis.. P-values below 0.05 were considered to indicate statistically significant 

deviations. . 

Results s 

Ass shown in figure 1 a statistically significant linear relationship between serum ECP 

concentrationss and blood eosinophil concentrations was established in healthy subjects 

(yy = 141x + 18; r = 0.67, p<0.001). 

Whenn comparing the ECP release per eosinophil during in vitro clotting with the blood 

eosinophill  concentration (figure 2) a decreasing trend towards higher blood eosinophil 

countss was demonstrated (y = -1.5x +3.8x2- 3.0x3+ 0.3; r - 0.52, pO.001). 

Thee total amount of ECP refers to the amount of ECP extracted from eosinophils with 

0.5%% CTAB. All 40 samples taken together, a mean total concentration of 5.4 pg ECP 

perr eosinophil (range 0.4 - 17 pg/eosinophil, standard deviation 3.7 pg ) was observed. 

Inn figure 3 significant lower amounts of extractable ECP per eosinophil are shown in 

sampless with increasing eosinophil concentrations (y = 0.82/x + 1.03, n = 40, r = 0.91, 

pO.01). . 
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.00 .1 .2 .3 .4 .5 .6 .7 

Eosinophill count (109/l) 

.8 8 1.0 0 

FigureFigure 1: Relationship between serum ECP (y) and blood eosinophil count (x) in 223 

apparentlyapparently healthy adults; y = 14Ix + 18 (r = 0.67, p<0.001). 
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Too examine whether the deviation from the straight line in figure 2 results from sticking 

off  released ECP to membrane fragments, blood samples of 19 subjects were serially 

diluted,, resulting in a wide range of eosinophilic granulocyte counts, and then lysed with 

CTAB.. After evaluation of the total amount of extractable ECP per eosinophil, a 

statisticallyy significant increase amounting to 16% in the first dilution step was 

observed.. After the next step (five time dilution) the total amount of extractable 

ECP/Eosinophill  was significantly increased with 56% in comparison with the initial 

amount.. Towards higher dilutions, total ECP amounts showed a statistical significant 

increasee of 28% (table I). 
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FigureFigure 2: Relationship between ECP per eosinophil ratio released during in vitro 

clottingclotting (y) and blood eosinophil count (x) in 223 apparently healthy adults; 

yy = -1.5x+ 3.8x2- 3.0x3+ 0.3 (r = 0.53, p<0.001). 
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0.0 0 0.44 0.6 0.8 
Eosinophill count (10'/l) 

1.0 0 

FigureFigure 3: Relationship between total amount of extractable ECPper eosinophil (y) and 

thethe eosinophil count (x) in 40 individuals; y = 0.82/x + 1.03 (r = 0.93, p<0.001). 
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TableTable I: Total amount of ECP per eosinophil established in blood samples (n = 19) of 

severalseveral dilutions. Diluted samples were lysed with 0.5% CTAB. Percentage recovery was 

calculatedcalculated in relation to the mean result in the undiluted samples. Undiluted eosinophil 

concentrationconcentration was measured, other eosinophil concentrations were calculated by means 

ofof the dilution, statistically significant increase with respect to undiluted samples. 

Dilution n 

undiluted d 

11 : 1 

11 :4 

11 :9 

1:: 19 

Eosinophill  concentration 

(109 ) ) 

0.488 7 

0.244  0.08 

0.100 3 

0.055  0.02 

0.022  0.01 

totall  ECP/EOS (pg/eos) 

(meann  sd) 

3.22  1.3 

3.77 4 

5.00 8 

4.11 9 

4.11 1 

%% recovery 

100 0 

116* * 

156* * 

128 8 

128* * 

Discussion n 

Specificc granules in eosinophilic granulocytes contain basic proteins such as ECP (7). 

Ass a result of spontaneous clotting in vitro, eosinophilic granulocytes become activated, 

resultingg in ECP release in serum (1). Quantification of ECP serum concentrations is 

consideredd to be an indicator of eosinophil activity (1,9). However, serum levels of ECP 

doo not adequately reflect in vivo release of ECP, because activation during in vitro 

clottingg may result in essentially different ECP release. In addition, for proper evaluation 

itt is important to standardize the preanalytical process for serum ECP determination 

(1,7,10,11,12). . 

AA statistically significant relationship between serum ECP and blood eosinophil count 

hass already been established previously (4, 5, 6, 7). Because of the relationship between 
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serumm ECP and blood eosinophil count, also depicted in figure 1 of this study, the 

additionall  diagnostic value of serum ECP in comparison with blood eosinophil count is 

questionable.. However, this statistically significant relationship between eosinophils and 

ECPP demonstrated a range too wide for proper individual interpretation. Therefore, we 

estimatedd additionally the amount of serum ECP released per eosinophil. We and others 

hypothesizedd that the serum ECP per eosinophil ratio may yield additional information 

forr determining eosinophil activity (12,13). As a result of our study, serum ECP per 

eosinophill  ratios were demonstrated to increase towards decreasing eosinophil blood 

counts.. In previous studies, we demonstrated that patients with ulcerative colitis or 

allergicc asthma showed similar relationships when comparing ECP per eosinophil 

releasee during in vitro clotting with eosinophil blood count (14, 15). The decreasing 

trendd of the serum ECP/eosinophil ratio might amongst other factors be due to a 

relativelyy high release of ECP from individuals with rather low eosinophil counts. 

Anotherr explanation for the decreasing trend of serum ECP/eosinophil ratio might be 

thatt in individuals with high eosinophil counts the turnover rate of the eosinophilic 

granulocytess may be higher compared with individuals with low eosinophil counts. In 

casee of a high turnover rate, eosinophils in the circulation are relatively young cells, 

whichh might release a substantially smaller amount of ECP per eosinophil than relatively 

olderr cells. 

Eosinophilicc granules in subjects with lower eosinophil concentrations may contain a 

higherr total amount of ECP. To investigate this hypothesis, the total amount of ECP was 

establishedd by lysis with 0.5% CTAB. The total amount of extractable ECP per 

eosinophill  demonstrated a slight tendency to increase in samples with decreasing 

eosinophill  counts, from 0.4 to 17 pg per eosinophil. This observation is in agreement 

withh the lower amount of ECP per eosinophil released during in vitro clotting in case of 

higherr eosinophil counts. A coefficient of variation amounting to 10 percent of the total 

amountt of extractable ECP per eosinophil between subjects was established. In previous 

experiments,, the percentage release of granule proteins after activation with several 
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mediatorss has been quantified, but the total amount of extractable granule protein was 

nott clearly indicated (16). Kita et al. (17) reported a range of 4.0 2 (mean  SEM) 

pg/eosinophill  after lysis of the cells with 0.5% Nonidet P-40. Abu-Ghazaleh etal. (18) 

establishedd a total amount of 5.3  0.28 pg ECP/eosinophil after granule lysis in 0.01 M 

HC11 (pH 2) and sonication. Carlson et al. (19) obtained 13.5  2.0 pg ECP per 

eosinophill  after extraction of eosinophils with 0.5% CTAB. Variability of ECP recovery 

afterr extraction in relation to the blood eosinophil concentration was not investigated. 

AA deviation in the measurement of total amount of extractable ECP per eosinophil may 

bee due to adhesion of the positively charged ECP to negatively charged membrane 

fragments.. When determining the total amount of extractable ECP per eosinophil in 

differentt eosinophil dilutions in blood donors, a gradual increase in ECP recovery 

amountingg to a maximum increase of 56% was observed. Therefore, the decreasing 

tendencyy of ECP per eosinophil released during in vitro clotting with higher eosinophil 

countss and the wide inter-donor variation in the total amount of extractable ECP per 

eosinophill  can be only partly due to this artefact. In the present study the range in the 

totall  amount of extractable ECP per eosinophil between low-level and high-level 

eosinophill  counts is 35 times (0.4 pg ECP/eosinophil in comparison to 17 pg 

ECP/eosinophil),, and the ratio of ECP released per eosinophil during in vitro clotting 

showedd a difference between low and high levels of approximately 6 times (0.06 pg 

ECP/eosinophill  in comparison to 0.36 pg ECP/eosinophil). When blood eosinophil 

countss are decreased beyond the reference range (0.1 x 109/1) the release of ECP during 

inin vitro clotting is about 0.1-0.5 pg/ eosinophil, from cells with a total amount of 10 to 

155 pg ECP/eosinophil. Thus, during in vitro clotting, about 2% of the total amount of 

ECPP is released in serum. A similar range was also established for higher concentrations 

off  eosinophils, i.e. when the eosinophil count amounted to 0.4 x 109/1, the releasability 

off  ECP during in vitro clotting was 0.05 to 0.2 pg/ eosinophil. With a total amount of 

2-55 pg ECP/eosinophil, the percentage release of ECP in this case was about 3%. Thus, 

noo deviation in percentage release of ECP during in vitro clotting with respect to 

eosinophill  count was detected. We conclude that eosinophils, independent of their 
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numberr in blood, release approximately identical, relative small amounts of their total 

ECPP content during in vitro clotting. Therefore, the hypothesis that priming factors that 

aree present in allergic patients, preactivate eosinophils in vivo both locally and 

systemicallyy (1, 2) is not confirmed by the results of our study. 

Wee conclude that measurements of ECP release during in vitro clotting or of the total 

amountt of extractable ECP do not yield additional information to detect eosinophil 

activityy in healthy subjects with various eosinophil concentrations. Therefore, it is not 

possiblee to establish the activation stage of eosinophils with one single test. 
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Summary y 

Background Background 

Eosinophill  Cationic Protein is one of the granule proteins in eosinophilic granulocytes. 

Releasee of this protein during blood clotting may reflect the activity state of eosinophilic 

granulocytess in diseased individuals. The purpose of this study was to evaluate the 

additionall  value of serum ECP over blood eosinophil count, (specific) IgE concentration 

andd CRP concentration in order to follow the effects of corticosteroid treatment in 

asthmaticc patients and to distinguish individual patients with asthma from healthy 

subjectss on the basis of laboratory results. 

Methods Methods 

Inn a longitudinal study, serial measurements of serum Eosinophil Cationic Protein 

concentration,, blood eosinophil count and other laboratory parameters have been 

evaluatedd and compared with spirometry and tests of bronchial hyperresponsiveness in 

100 asthmatic subjects. The patients were investigated before therapy was started and 3, 6 

andd 9 months after the start of therapy with inhaled corticosteroids. Laboratory 

parameterss of the patient group are compared with results obtained from a reference 

groupp of apparently healthy adults (n = 223). 

Results Results 

Statisticallyy significant correlations were observed between blood eosinophil counts and 

serumm Eosinophil Cationic Protein concentrations with the hyperresponsiveness tests 

PC200 (r = 0.44 and r = 0.46, respectively) and with a decrease in FEV, after exercise 

(rr = 0.66 and r = 0.60, respectively). A significant difference was detected between 

serumm ECP concentrations from the patient group and from the reference group. 

However,, a wide range of overlapping results was observed between the reference group 

andd the asthmatic patients. 
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Conclusions Conclusions 

Asthmaa is a disease that is now more frequently treated by general practitioners. In 

generall  practice, one has not always the opportunity to evaluate asthma activity by 

applicationn of hyperreactivity tests. When hyperreactivity testing is not available, 

measuringg serum Eosinophil Cationic Protein concentration or eosinophil blood count 

wouldd be an alternative method to monitor effects of corticosteroid treatment. 

InIn this study the additional value of serum ECP in addition to blood eosinophil count 

wass evaluated to determine the effects of treatment in patients who started with 

applicationn of corticosteroids. However, because analogous correlation coefficients of 

laboratoryy parameters with tests regarding hyperresponsiveness were found, no 

additionall  value of serum Eosinophil Cationic Protein concentration over eosinophil 

bloodd count in monitoring the effect of corticosteroids was detected. 

Thee additional value of serum ECP concentrations and eosinophil blood counts to detect 

ann asthmatic constitution for individual cases is doubtful. 
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Introductio n n 

Asthmaa is a disease characterized by a variable degree of severity of airway obstruction, 

airwayy inflammation and bronchial hyperresponsiveness (1,2). The precise mechanism 

underlyingg the hyperresponsiveness is still unclear, but it is believed that inflammation 

off  the airways plays a major role (3, 4). 

Thee presence of infiltrating eosinophils in biopsies of bronchial mucosa and eosinophilia 

inn blood and sputum of asthmatic patients reflects the involvement of these cells in the 

asthmaa inflammatory reaction, especially in late-phase reactions (5, 6, 7). 

Thee blood eosinophil count is considered to be a simple technique to monitor asthma 

activityy (5, 8, 9, 10). Eosinophill  pathogenicity is caused by the release of its granular 

contentt (11). The granules of eosinophilic granulocytes contain several biologically 

activee basic proteins, such as Eosinophil Cationic Protein (ECP) (12). The quantification 

off  this protein in serum is accepted as an indicator of eosinophil degranulation activity 

(13).. A blood test that could assess the activity of disease in asthmatic patients would be 

off  great diagnostic value. ECP concentration can be established in serum (14). It has 

beenn suggested that serum ECP concentration is an additional tool for assessing the 

activityy of bronchial asthma (15, 16, 17). However, there are also studies in which serum 

ECPP appears to be a poor indicator of disease activity for asthmatic patients (18). We 

hypothesizee that it might be valuable to establish the ECP release per eosinophil for 

determinationn of disease activity grade. 

Corticosteroidd inhalation therapy has improved the quality of life for many asthmatic 

patientss by reducing the severity of airway inflammation. Treatment with corticosteroids 

doess not only reduce the clinical symptoms but also decreases serum ECP levels (19). 

Wee performed a longitudinal study in asthmatic patients with serial measurements of 

serumm ECP, eosinophil count and other laboratory parameters in comparison with 

estimationn of lung function and bronchial hyperreactivity to assess the effect of 

corticosteroidd treatment. Serum CRP concentrations were measured as a marker of 
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inflammationn and (specific) IgE concentrations may indicate the atopic component in 

allergicc asthma. The purpose of this study was to evaluate the additional value of serum 

ECPP levels over eosinophil blood counts, (specific) IgE concentrations and CRP 

concentrationss to evaluate the effect of treatment in patients starting to use 

corticosteroidss and to distinguish individual patients with asthma from healthy subjects 

onn the basis of laboratory results. We also studied whether laboratory parameters, such 

ass eosinophil blood count or ECP serum concentration, are good alternatives to diagnose 

orr to monitor asthma activity instead of lung function tests. 

Material ss and Methods 

Subjects Subjects 

Adultt symptomatic asthmatic patients (n = 10 (4 women and 6 men), aged 23 - 60 years) 

weree enclosed. It concerned atopic asthmatic patients selected on the basis of a positive 

screeningg result for specific IgE against inhalation allergens or a positive skin test with 

inhalationn allergens. All individuals were newly diagnosed asthmatic patients. The study 

wass double blinded with regard to laboratory parameters and lung function results. 

Patientss were considered to be asthmatic when fulfillin g the following criteria: reversible 

airwayy obstruction (increase in Forced Expiratory Volume in one second (FEV,) after 

bronchodilatorr amounting to > 12% predicted FEV,) combined with PC20 < 2 mg/ml 

and/orr a > 10% decline in FEV, after an exercise of 6 - 8 minutes on a treadmill (EIB). 

Meann initial values for FEV,, FEV/FVC, PC20, EIB, eosinophil count and serum ECP 

concentrationn were 71% of the predicted value, 0.64, 0.52 mg/ml, 37% decrease, 0.34 x 

109/11 and 94 ug/1, respectively. Exclusion criteria comprised airway infection, acute or 

chronicc inflammation different from asthma, autoimmune disease, neoplasma, 

cardiovascularr disease and comedication with anticoagulants. 

Afterr the first visit the patients received corticosteroids by inhalation (2 times a day 

budesonidee 400 ug to 800 jig bd via Turbuhaler*) as well as Ö2 mimetics (Formoterol*) 
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orr B2 sympathicomimetica (Salbutamol*) as clinically indicated. Three patients started 

withh 2x 800 ug Budesonide and ended the study with 2x 400 ug Budesonide, while the 

otherr patients were treated the whole study with 2x 400 jig Budesonide. 

Thee reference group consisted of 223 apparently healthy adults (blood donors, 122 

males,, 101 females; aged 18-65 years). 

Thee study was approved by the local medical ethical committee; patients who 

participatedd signed an informed consent. 

StudyStudy design 

Patientss did not receive inhaled or oral corticosteroids prior to the study medication 

protocol.. After the start of the study, the hospital was visited at 3, 6 and 9 months. At 

eachh visit, blood sampling and lung function testing was performed. From subjects in the 

referencee group only blood samples were drawn. For measurement of CRP only 21 

apparentlyy healthy subjects were taken into consideration. 

LaboratoryLaboratory tests 

BloodBlood samples were drawn in Vacutainer*  tubes with K3EDTA as an anticoagulant or in 

tubess with addition of SST gel and clot activator (ref. 367652 and ref. 367783 

respectively,, Becton Dickinson, Plymouth, UK). In the anticoagulated blood samples 

leukocytee count and differentiation was measured. Leukocyte counts and leukocyte 

differentiationn in blood samples were performed on a Sysmex NE-8000 hematology 

analyzerr (Charles Goffin Medical Systems BV, Tiel, The Netherlands). 

BloodBlood samples for serum preparation were drawn for measurement of ECP, total IgE and 

CRPP concentrations. In addition, at the first visit a blood sample was also drawn for 

determinationn of specific IgE serum concentration against inhalation allergens. After 

bloodd sampling, clotting occurred for 2 hours at 37°C. Thereafter, blood samples were 

centrifugedd for 10 minutes at 1350 x g. Subsequently, the serum samples were stored at 

-20°CC until analysis. ECP, IgE and specific IgE were measured with commercially 

availablee immunoassays (Kabi Pharmacia, Uppsala, Sweden). C-Reactive Protein (CRP) 
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concentrationn was measured by nephelometry (Dade Behring, Marburg, Germany) 

LungLung function tests 

Patientss underwent spirometry by means of a master screen FRC (Jaeger Benelux bv, 

Wurzburg,, Germany). In this way Forced Vital Capacity (FVC) and Forced Expiratory 

Volumee (FEV,) were assessed. FEVj is expressed as a percentage of the predicted value 

(FEV,, % pred) and with respect to the Forced Vital Capacity (FEV,/FVC); both 

measurementss reflect airway obstruction. 

Bronchiall  responsiveness to inhaled histamine was assessed as described (20) by means 

off  tidal breathing and doubling stepwise concentrations of histamine from 0.5 to 

88 mg/ml. The histamine concentration causing a 20% fall in FEV, (PC20) was recorded 

afterr linear interpolation on a semi-logarithmic graph. Exercise-induced 

bronchoconstrictionn (EIB), an alternative parameter of airway inflammation, was 

assessedd by exercising the patients on a treadmill for 6 - 8 minutes. FEV, was measured 

att 0.5, 5, 10, 15 and 20 minutes after starting the exercise. A decrease in FEV, of > 10% 

wass considered abnormal. 

StatisticalStatistical analysis 

Thee statistical software package SPSS/PC, version +5.0 was used for statistical 

evaluation.. Results are expressed as mean values together with the standard deviation. 

Thee statistical significance of deviations between groups was assessed by ANOVA 

analysiss of variance and a T-test when appropriate. A paired T-test was assessed for 

statisticall  evaluation of patients results before and after therapy with inhaled 

corticosteroids.. A p-value less than 0.05 was considered to be statistically significant. 
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Results s 

Resultss are shown in figure 1. Compared with the reference group of apparently healthy 

individuals,, asthmatic subjects before corticosteroid therapy showed significantly higher 

serumm ECP concentrations and blood eosinophil counts (figure 1 A, figure IB). 

Threee months after the start of therapy with inhaled corticosteroids these parameters did 

nott show a statistically significant deviation any more in comparison with apparently 

healthyy subjects. ECP per eosinophil (ECP/EOS) (figure 1C), granulocyte counts and 

CRPP concentrations did not vary in time and were comparable with respect to apparently 

healthyy subjects. 

Immediatelyy after the start of inhaled corticosteroids, asthma activity established by 

performancee of lung function tests decreased; FEV, (% pred) (figure ID), FEV,/FVC 

andd exercise-induced bronchoconstriction (EIB) (figure IF) improved significantly, 

whilee PC20 (figure IE) had improved significantly after 6 months of therapy. 

1A A 
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IF F 

month h 

FigureFigure I: Results of laboratory parameters and lung function tests before (month 0) and 

duringduring therapy with inhaled corticosteroids (month 3, 6, 9) in 10 asthmatic patients. The 

thickthick line represents the mean longitudinal course of all patients. The two horizontal 

lineslines in figures I A, IB and 1C represent the 95% area of the reference group (n = 223). 

X-axisX-axis *  statistically significant deviation of the patient group with regard to the 

referencereference group; X-axis'statistically significant deviation with regard to month 0 

(before(before start of therapy). 

Bothh serum ECP concentrations and eosinophil blood counts correlated with lung 

functionn parameters that reflect the severity of airway inflammation (PC20 and EIB) 

(figuree 2A, 2B, 2D, 2E). ECP/eosinophil ratios did not show a significant relationship 

withh any of the lung function tests (figure 2C, 2F). We found a positive correlation 

betweenn eosinophil counts and serum ECP concentrations (correlation coefficient 0.87, 
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p<0.001).. Correlations between parameters reflecting lung obstruction (FEV, % pred, 

FEV,/FVC)) and laboratory test results were weak and in most cases not statistically 

significant.. FEV, % pred, as a marker of broncho-obstruction, showed only a marginal 

correlationn with the concentration of the inflammation marker CRP (r = -0.33, 

pp = 0.04). FEV,/FVC showed a weak but significant correlation with eosinophil counts 

andd ECP concentrations (r = -0.38 p = 0.02 and r = -0.37 p = 0.02, respectively). 

AA wide range of overlapping results was observed between the serum ECP 

concentrationss in the reference group and the individual results of the asthmatic patients 

(figuree 1 A). Similar overlap was seen between eosinophil blood counts in the reference 

groupp and the individual patient values (figure IB). 
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FigureFigure 2: Relationships between serum ECP, eosinophil blood counts and serum 

ECP/eosinophilECP/eosinophil ratios with PC20 (A,B,C) and Exercise Induced Bronchoconstriction 

(D,E,F)(D,E,F) in asthmatic patients (n = 10) before and during corticosteroid therapy. Boxes 

indicateindicate the 25'h and 75'h percentiles, with median values as horizontal lines indicated in 

thethe boxes. The length of the tail is a measure of the scattering of results. 

a)ya)y = -27x + 94; r = 0.46, p=0.003 

b)yb)y = -0.09x + 0.31; r = 0.44, p=0.005 

c)c) no significant correlation 

d)yd)y = 1.8x + 29.2; r = 0.60, p<0.0001 

e)ye)y = 0.007x + 0.069; r = 0.66, p<O.000J 

f)f) no significant correlation 

PC20PC20 category 1 = 0-0.5 mg/ml, PC20 category 2 = 0.51-1.0 mg/ml, PC20 category 

33 = 1.1-2.0 mg/ml, PC20 category 4 = 2.1-4.0 mg/ml, PC20 category 5 = 4.1-8.0 mg/ml, 

PC20PC20 category 6 = 8.1-16.0 mg/ml. 
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Discussion n 

Priorr to the start of therapy, serum ECP concentrations were significantly higher than 

duringg therapy. In several studies, serum ECP concentrations have been demonstrated to 

correlatee positively with eosinophil blood counts (21, 22). In this study, a similar 

correlationn between these parameters was established. We hypothesized that for 

determinationn of the disease activity grade it might be valuable to calculate the ECP 

releasee per eosinophil. However, the activity grade of the eosinophils expressed as 

ECP/EosinophilECP/Eosinophil ratio did not show any deviation if compared with the reference group. 

Duringg therapy with corticosteroids, the ECP/Eosinophil ratio was stable. This 

observationn means that corticosteroid treatment reduces the eosinophil blood 

concentrationn but does not influence the propensity of eosinophils to release ECP. 

Likee others (5, 6, 23), we found comparable relationships between eosinophil counts and 

ECPP concentrations with hyperreactivity tests (PC20 and EIB). This observation 

implicatess that serum ECP concentration does not yield any additional value over 

eosinophill  blood counts to assess the effect of treatment with corticosteroids. This 

statementt can be explained by the strong correlation between eosinophil counts in blood 

andd ECP concentrations in serum, and the constant ECP/Eosinophil ratio in all subjects 

duringg the longitudinal study. To study the additional value of serum ECP 

concentrationss in more detail it would be of interest when patients underwent an 

exacerbation.. However, none of the patients in this study experienced an exacerbation of 

disease.. The correlation coefficients between FEV, (%pred) and FEV^/FVC with 

laboratoryy parameters are lower than in case of EIB and PC20. This finding can be 

explainedd by the fact that bronchus obstruction is a parameter in asthmatic patients that 

contributess to one of the criteria regarding asthma. Additionally, FEV, (%pred) and 

FEV[/FVCC improved up to three months with inhaled corticosteroids while PC20 and 

EIBB improved continuously for over 9 months. Since serum ECP measurements are 

variable,, they did not correlate with FEV, (%pred) or FEV[/FVC, but they did with 
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PC200 and EIB. 

Thee eosinophilic granulocyte is a major participant in airway disease and in the 

developmentt of asthma (10, 12). In symptomatic patients, a local accumulation of 

eosinophilss is found in the submucosa of the bronchi (3, 5). In agreement with these 

studies,, we showed that asthmatic patients without steroid therapy had higher eosinophil 

bloodd concentrations in comparison with apparently healthy controls. These eosinophils 

aree possibly activated to secrete more readily their stored products, e.g. ECP, which can 

bee measured in serum (14). Various preanalytical conditions can influence the serum 

ECPP concentration (21, 24, 25). In this study standardized preanalytical conditions have 

beenn applied for the release of ECP in serum (21, 22). A significant difference was 

detectedd between serum ECP from the patients' group and from the reference group. 

However,, for individual cases, none of the laboratory parameters is of conclusive 

diagnosticc value in detecting an asthmatic constitution. A wide range of overlapping 

resultss was observed between the reference group and the asthmatic patients. 

Ass prevalence of asthma increases, the number of patients treated by physicians will rise 

inn future. Assays for monitoring the activity status of the disease would be valuable. 

Treatmentt with corticosteroids and p2 mimetics aims to reduce clinical symptoms by 

decreasingg bronchial inflammation and improving bronchial tone (26, 27, 28). Effects 

cann be registered by monitoring lung function parameters but also by follow-up from 

laboratoryy results. Because of the good correlation between eosinophils or ECP 

concentrationss and hyperreactivity tests, we conclude that measuring these laboratory 

parameterss may yield an alternative method to monitor effects of corticosteroids if lung 

functionn testing for hyperreactivity is not available. However, the additional value of 

serumm ECP over eosinophil blood counts to detect the degree of severity in case of an 

asthmaticc constitution for individual cases during treatment is doubtful. 
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Summary y 

Immunotherapyy is a well-documented method for treatment of children with allergic 

airwayy diseases and allergic rhinitis. The aim of this investigation was to establish the 

effectt of immunotherapy on the presence and activation state of eosinophils in pollen 

sensitivee patients, measured by eosinophil counts and their degranulation product in 

serum,, Eosinophil Cationic Protein, in comparison with the (specific) IgE concentration 

inn the patients. Neither in patients treated with conventional anti-allergic therapy, nor in 

patientss treated with immunotherapy, intra-individual variations in (specific) IgE 

concentrations,, due to increase of pollen exposure, were observed. Blood eosinophil 

countss and serum ECP concentrations showed similar results before and after starting 

immunotherapy.. Overall release of ECP per eosinophil remained also unaffected after 

thee start of the immunotherapy. Results of ECP serum concentrations and eosinophil 

bloodd counts in the immunotherapy group did not show any deviation compared with 

thee conventional treatment group. It is concluded that the laboratory parameters are not 

helpfull  in monitoring the efficacy of immunotherapy in patients with seasonal rhinitis. 
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Introductio n n 

Increasedd sensitivity to nonspecific allergen stimuli is a characteristic feature in case of 

individualss with allergic rhinitis (1). A wide range of different cells and mediators have 

beenn identified in the course of an allergic reaction. Pathophysiology in allergic diseases 

iss characterised by ongoing tissue inflammation, according to type I immediate 

hypersensitivityy reaction (2). Activation and recruitment of several effector cells will 

leadd to hyperreactivity in target tissues, resulting in clinical symptoms (2, 3). In patients 

withh allergic diseases, the concentration of eosinophils is increased in blood and tissues 

afterr contact with stimuli released from mast cells activated by IgE. Alterations of 

allergenn exposure in the course of the pollen season may yield a suitable model to 

evaluatee the dependency of eosinophils and IgE concentrations on allergen exposure in 

subjectss with allergic diseases. Immunotherapy is a well-documented method for 

treatmentt of allergic airway diseases. Several studies with double-blind, placebo-

controledd protocols have confirmed the efficacy of grass-pollen immunotherapy in 

patientss with pollen allergy (4, 5, 6, 7). Knowledge of mechanisms underlying 

immunotherapyy has increased in recent years. However, the exact mechanism of 

immunotherapyy has not yet been clarified. It has been hypothesized that treatment with 

appropriatee dosages of allergens induces a switch from Th2 to Thl lymphocyte 

populationn (8, 9, 10, 11). Th2 cells, but not Thl cells, have been found to produce 

cytokiness responsible for differentiation, activation and viability of eosinophils (12). 

Thereby,, Th2 cells, but not Thl cells, have been found to produce cytokines responsible 

forr production of IgE by B-lymphocytes. 

Thee aim of this longitudinal investigation was to study the effect of immunotherapy on 

thee presence and activation state of eosinophils measured by eosinophil blood count and 

thee degranulation product ECP in serum, in comparison with the (specific) IgE 

concentration,, in pollen sensitive patients. 
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Material ss and methods 

Patients s 

Patientss were selected according to the following criteria 

1)) history of summer hay fever 

2)) poor control of clinical symptoms in spring, despite regular anti-allergic treatment 

withh addition of antihistamines, intra-nasal corticosteroids and sodium 

cromoglycates s 

3)) positive skin prick test with respect to tree pollen and/or grass pollen extract or a 

positivee result for specific IgE against inhalation allergens. 

Patientss treated with immunotherapy (n = 12) and patients treated with conventional 

anti-allergicc therapy (n = 15) participated in the study. These children were aged 

betweenn 6 and 16 years. 

Patientss treated with conventional anti-allergic therapy received corticosteroids by 

inhalationn as well as P2 mimetics or p2 sympathomimetics as clinically indicated. 

PatientsPatients treated with immunotherapy received only p2 mimetics or P2 

sympathomimeticss as clinically indicated. 

Studyy design 

Laboratoryy investigations were performed before, during and after the pollen season. In 

19955 (period 1 to 4), patients were treated with a conventional anti-allergic medication. 

Inn the beginning of 1996, immunotherapy was started; tree-pollen allergic children 

startedd in January and grass-pollen children started in March 1996. Control patients 

receivedd the conventional anti-allergic therapy as usual. Effect of immunotherapy in 

comparisonn to conventional anti-allergic medication was studied during 1996, 1997 and 

1998. . 
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Immunotherapyy scheme 

Immunotherapyy was performed by application of a modification according to the 

RUSH-protocoll  (13); within one day a dosage of 1000 Biological Units of purified 

pollenn extracts was administered by injection, within 2 weeks 10,000 Biological Units 

andd within 3 weeks 100,000 Biological Units. Immunotherapy was applied with purified 

extractss from ALK (Denmark). 

Fourr patients received extracts with tree and grass pollen allergens and eight patients 

receivedd extracts with only grass pollen allergens. 

Testingg of blood parameters 

Bloodd collection was performed quarterly each year and immediately before injection 

withh pollen extracts. The longitudinal study started in 1995 and ended in 1998: 

yearr 1; Regular therapy 

yearr 2; Start Immunotherapy 

yearr 3 

yearr 4 

Periodd 1 

Periodd 2 

Periodd 3 

Periodd 4 

Periodd 5 

Periodd 6 

Periodd 7 

Periodd 8 

Periodd 9 

Periodd 10 

Periodd 11 

Periodd 12 

Periodd 13 

Periodd 14 

Periodd 15 

Periodd 16 

Januaryy - March 1995 

Aprill  - June 1995 

Julyy - September 1995 

Octoberr - December 1995 

Januaryy - March 1996 

April-Junee 1996 

Julyy - September 1996 

Octoberr - December 1996 

Januaryy - March 1997 

April-Junee 1997 

Julyy - September 1997 

Octoberr - December 1997 

Januaryy - March 1998 

April-Junee 1998 

Julyy - September 1998 

Octoberr - December 1998 
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BloodBlood samples were drawn for measurement of ECP, total IgE, specific IgE against 

inhalationn allergens in serum, and leukocyte counts together with leukocyte 

differentiationn in blood (Vacutainer*, ref. 367783 with addition of SST gel and clot 

activatorr and ref 367652 with K3EDTA as an anticoagulant, respectively, Becton 

Dickinson,, Plymouth, UK). After clotting for 2 hours at 37°C, blood samples were 

centrifugedd for 10 minutes at 1350 x g. Subsequently, the serum samples were stored at 

-20°CC until analysis. ECP, and IgE (total and specific) concentrations were measured 

withh commercially available immunoassays (Kabi Pharmacia, Uppsala, Sweden). 

Too establish the correlation between eosinophil blood count and serum ECP, regression 

analysiss was applied to the results of 223 apparently healthy individuals, to calculate the 

50%% reference line (y = -1524x + 3772 x2 - 2960 x3 + 315). 

Specificc IgE concentrations are classified in four ranges; score 1 reflects 0.35-0.7 kIU/1, 

scoree 2 reflects 0.7-3.5 kIU/1 score 3 reflects 3.5-17.5 kIU/1 and score 4 reflects 

17.5-50.00 kIU/1. 

Leukocytee counts and leukocyte differentiation in blood samples were performed with a 

Sysmexx NE-8000 haematology analyser (Charles Goffin Medical Systems BV, Tiel, The 

Netherlands). . 

Seasonall  registration of pollen counts 

Thee pollen count was continuously registered by application of a volumetric pollen trap 

(Burkard)) placed on the top of a building, approximately 15 m. high, and microscopic 

evaluation.. Measurements occured from February until September by the Laboratory of 

Aerobiology,, Leiden University Medical Centre. 

Statisticall  analysis 

Thee statistical package SPSS/PC, version +5.0 was used for statistical evaluation of 

results.. The statistical significance of differences between groups was assessed by 
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applicationn of ANOVA analysis of variance and a t-test when appropriate. A p-value 

lesss than 0.05 was considered to be statistically significant. 

Results s 

Pollenn counts with regard to trees and grasses demonstrated several peaks, viz. in the 

periodss April-June 1995, April-June 1996, July-September 1997, February-March 1998 

andd April-June 1998 (figure 1). Laboratory parameters did not show any significant 

correlationn with pollen counts. However, patients treated with immunotherapy and 

patientss treated conventionally reported seasonal increases or onset of symptoms, e.g. 

wheezingg and irritated mucous membranes, during pollen exposure. 
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FigureFigure 1: Registration of grass- and tree-pollen count per cubic meter during the period 

studied. studied. 

Patientss treated with immunotherapy 

Serumm ECP levels in patients during treatment with immunotherapy revealed 

comparablee results over the years; no significant decrease in serum ECP concentrations 

wass established (figure 2A). Eosinophil blood counts also showed stability during the 

yearss of immunotherapy. However, after two years treatment with immunotherapy the 

eosinophill  counts had returned within the reference range (figure 2B). 
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Resultss for serum ECP per eosinophil in period 5 (January-March 1996) and period 13 

(January-Marchh 1998) were significantly higher compared with the first four periods, in 

whichh the patients were treated only with the regular medication (figure 2C). ECP 

releasee per eosinophil in relation to the eosinophil blood counts also increased during 

immunotherapy.. At the start of the study, 67% of the patients had a serum 

ECP/eosinophill  ratio below the 50% reference line established in 223 apparently healthy 

subjectss (14). After 1, 2 and 3 years of immunotherapy 66%, 58% and 55% respectively, 

off  the patients were situated below the 50% reference line (figure 2D). 

Concentrationss of total IgE were increased in 1995 (first year). After the start of 

immunotherapyy in period 5, IgE values showed a tendency to decrease (figure 3A) but 

thee values remained above the reference range (< 120 kIU/1). Scores for specific IgE 

concentrationss showed variable results; however, the concentrations of specific IgE 

againstt grass pollen remained higher than phase 3 score (3.5-17.5 kIU/1; figure 3B) and 

specificc IgE against tree pollen remained a phase 1 score (specific IgE between 0.35 and 

0.700 kIU/1; figure 3C). 

Controll  patient group 

Thee control patients, who received conventional anti-allergic medication, showed results 

forr eosinophil counts and serum ECP concentrations similar with patients treated with 

immunotherapyy (figure 2A + 2B). 

Serumm ECP per eosinophil ratios in control patients showed similar sinusoidal variations 

whenn compared with patients treated with immunotherapy. 

IgEE concentrations measured in control patients remained above the reference range 

(<< 120 kIU/1). No significant differences between the patient group and the control 

patientss were established (figure 3A). Also IgE concentrations specific to grass- or tree-

pollenn showed comparable results (figure 3B + figure 3C). 

InIn patients treated with immunotherapy as well as in control patients a significant 

correlationn between ECP and eosinophil count was established (r = 0.78 and 0.75, 
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respectively).. Other laboratory parameters did not show a significant relationship. 

Period d 

FigureFigure 2A: Mean values  SEM) of serum ECP concentrations for patients with 

immunotherapyimmunotherapy (—  and control patients (- - -). Periodic results were calculated as an 

iterativeiterative average of results of the previous, present and future period. Reference range is 

markedmarked with the horizontal lines (12-99 fig/l). 
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FigureFigure 2B: Mean results  SEM) of eosinophil blood counts for patients with 

immunotherapyimmunotherapy (—) and control patients (- - -). Periodic results are calculated as an 

iterativeiterative average of results of the previous, present and future period. Reference range is 

indicatedindicated as the horizontal line (< 0.5 x 10 /I). 
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significantlysignificantly higher in comparison to period 1-4. Reference range (61-367 p.g/109 cells) 
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FigureFigure 2D: Serum ECP per eosinophil release in relation to eosinophil blood count in a 

referencereference group (n = 223; x) and the mean values of the serum ECP/eosinophil ratio in 

thethe patients treated with immunotherapy (n = 12) in the first year (O), the second year 

(%),(%), the third year (*) and the fourth year (%). Line represents the 50% reference line 

yy = -1524x + 3772x2 - 2960x3 + 315 (Rsq = 0.28, p<0.02). 
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FigureFigure 3 A: Mean concentration  SEM) of total IgE for patients with immunotherapy 

((——)) and control patients (- - -). Periodic results are calculated as an iterative average 

ofof results of the previous, present and future period. Reference range (< 120 kIU/1) is 

markedmarked with the horizontal line. 
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FigureFigure 3B: Mean score  SEM) results of specific IgE against grass pollen for patients 

withwith immunotherapy (—) and control patients (- - -J. Periodic results are calculated as 

anan iterative average of results of the previous, present and future period. 
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FigureFigure 3C: Mean score  SEM) results of specific IgE against tree pollen for patients 

withwith immunotherapy (—) and control patients (- - -). Periodic results are calculated as 

anan iterative average of results of the previous, present and future period. 
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Discussion n 

Inflammationn of airways is considered to be an important factor for aggravation of 

asthmaa symptoms. Laboratory parameters may yield additional information for 

monitoringg disease activity. An allergic constitution can be deduced from the eosinophil 

countss in peripheral blood. Additionally, serum ECP concentration is accepted as an 

indicatorr reflecting eosinophil activity (15). Our results are not in agreement with results 

fromm previous studies, which demonstrated increased blood eosinophil counts and 

serumm ECP concentrations during natural allergen exposure in sensitized patients 

(16,, 17, 18, 19,20,21). 

InIn our study, blood eosinophil counts were stable during the years of immunotherapy. A 

similarr trend was established for ECP serum concentrations, in contrast to the results 

describedd by others (21, 22). 

InIn individual persons, fluctuations of eosinophil blood counts coincided with 

fluctuationss in serum ECP concentrations. However, when compared to patients 

receivingg immunotherapy, the control patients showed a similar trend for these 

parameters.. Serum ECP per eosinophil ratio, irrespective of the therapy, increased over 

thee years. These results are in contrast with the hypothesis and the results described by 

Imaii  et al. (23), in which this serum ECP per eosinophil ratio decreased after discharge 

off  the patients. 

IgEE concentrations and specific IgE scores remained above the reference range in both 

patientt groups. In both groups no variation in (specific) IgE concentrations, due to 

increasee of pollen exposure, was observed. 

Inn conclusion, our results do not support evidence that serum ECP levels or blood 

eosinophill  counts are sensitive markers reflecting the disease activity state in case of 

pollenn exposure to asthmatic patients. Also, reaction to therapy cannot be followed by 

thesee parameters. The additional value of eosinophil activation expressed as 

ECP/eosinophill  ratio during treatment with immunotherapy has not been proven. 
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Nonee of the laboratory parameters showed differences between both patient groups that 

couldd be helpful in monitoring of the effect of treatment. 
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Abstract t 

Inflammatoryy bowel disorders are characterized by an accumulation of eosinophilic 

granulocytes,, mast cells, lymphocytes and neutrophilic granulocytes in intestinal 

mucosa.. The aim of this study was to examine the concentration of eosinophilic 

granulocytess in the blood of patients during active ulcerative colitis in comparison with 

patientss during remission and apparently healthy control individuals. Besides the 

enumeration,, the activity grade of eosinophilic granulocytes has been studied by 

estimationn of their degranulation product, Eosinophil Cationic Protein, in serum. 

Patientss with active ulcerative colitis could be distinguished from patients with quiescent 

ulcerativee colitis by establishment of the Eosinophil Cationic Protein serum 

concentration,, neutrophilic granulocyte blood count, Erythrocyte Sedimentation Rate, 

C-Reactivee Protein and albumin concentration. 

Afterr two weeks of corticosteroid treatment, Eosinophil Cationic Protein serum 

concentrationss and eosinophil counts in blood were significantly decreased. A decrease 

inn blood eosinophil count was accompanied by a decrease in Eosinophil Cationic 

Proteinn concentrations in serum in most patients with ulcerative colitis. After twelve 

weekss of corticosteroids administration, serum albumin concentrations were 

significantlyy increased, whereas serum concentrations of C-reactive Protein were 

significantlyy decreased. 

Duringg treatment with corticosteroids, serum Eosinophil Cationic Protein 

concentrationss and blood eosinophil counts are appropriate laboratory parameters to 

detectt the effect of medication in the course of ulcerative colitis. 
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Introductio n n 

Ulcerativee colitis (UC) is an inflammatory disorder of the gastrointestinal tract. The 

etiologyy of UC still remains unclear. The inflammatory process is characterized by 

oedema,, congestion, spontaneous bleeding, erosion and ulcerations of colorectal 

mucosa.. The damage caused to tissues during the inflammatory process results from 

involvementt of inflammatory lymphocytes, neutrophils, eosinophils and mast cells (1). 

Proinflammatoryy cytokines, released in active UC, are able to activate eosinophilic 

granulocytes,, resulting in the release of pivotal inflammatory proteins (1). Eosinophil 

Cationicc Protein (ECP) is a cytotoxic protein localized in the matrix of eosinophil 

granules,, which causes mucosal damage (2). Data concerning longitudinal follow-up of 

serumm ECP concentrations in the course of UC are sparse. Several studies indicate that 

serumm ECP is related to the activity grade of the inflammatory process (3). 

Thee aim of this investigation was to examine the alterations of eosinophilic granulocytes 

duringg active phases of ulcerative colitis in comparison to UC patients in remission or 

apparentlyy healthy control individuals. The activity grade of eosinophilic granulocytes 

wass established by quantification of the degranulation product ECP in serum. 

Underr standardized preanalytical conditions for blood sampling (4), ECP concentrations 

weree determined in sera from UC patients and apparently healthy controls. Besides this 

parameter,, the eosinophil blood counts, neutrophil blood counts, ESR, albumin and CRP 

concentrationn in serum were also determined. 

Patientss and methods 

Fourteenn patients with UC, referred to the gastroenterology department for endoscopy, 

weree included in the study (2 women and 7 men with active UC (mean age 37 years, 

rangee 21-50) and 3 women and 2 men with quiescent UC (mean age 46 years, range 

366 - 65)). Diagnosis of UC was documented on clinical, endoscopic and histopathologic 
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criteria.. Degree of severity of UC was assessed by using a patient score list (5), and an 

endoscopicc score (6). Six patients had pancolitis, whereas three patients were diagnosed 

ass having left-sided disease. Patients with an atopic constitution, tranexamic acid 

medication,, thrombolytic therapy or treatment with coumarin derivates, pregnancy, 

bacteriall  colitis or severe comorbidity were excluded from the study. 

Patientss with UC in remission were treated with 1.5-3 gram of mesalazine daily as a 

maintenancee therapy. Patients with an exacerbation were newly diagnosed UC patients 

orr known UC patients. These known UC patients were previously also treated with 

1.5-33 gram of mesalazine daily. After exacerbation, patients were treated daily with a 

standardd oral dose of 30 mg of prednisone or in severe pancolitis with 200 mg of 

hydrocortisonee intravenously. Steroid dosage was tapered on signs of clinical symptoms. 

Followingg endoscopy, blood samples were drawn for determination of eosinophil and 

neutrophill  counts, serum ECP, CRP and albumin concentration and ESR. Blood was 

takenn at the first visit and 12 weeks later. From patients with active UC, blood samples 

weree also taken two weeks after the start of corticosteroid treatment. 

Besidess patients with UC, 21 apparently healthy controls (11 women and 10 men (mean 

agee 40 years, range 28-56) were included. The study was approved by the medical 

ethicalethical committee of the hospital. All patients provided written informed consent. 

Too measure serum ECP, a standardized blood clotting procedure was applied by blood 

clottingg for two hours at 37°C. Serum samples were drawn with the Vacutainer® system 

(ref.. 367783 with addition of SST gel and clot activator, Becton Dickinson, Plymouth, 

UK).. Serum samples were stored at -20°C until analysis was performed. ECP 

concentrationss were measured with an immunoassay kit (ECP FEIA; Kabi Parmacia, 

Uppsala,, Sweden). CRP and albumin serum concentrations were determined by use of 

nephelometryy (Dade Behring, Marburg, Germany). For measuring the leukocyte count 

andd differentiation, blood samples were taken in Vacutainer® tubes with K3EDTA as an 

anticoagulantt (ref. 367652, Becton Dickinson, Plymouth, UK). Blood samples were 
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countedd on a Sysmex NE-8000 haematology analyser (Charles Goffin Medical Systems 

BV,, Tiel, The Netherlands). 

Too calculate sensitivity, specificity, negative predictive value (NPV) and positive 

predictivee value (PPV), reference ranges for laboratory parameters were indicated as 

follows:: eosinophil count < 0.5 x 109/l, serum ECP concentration 12-99 ug/1 (7), 

ECP/eosinophill  ratio 61-367 ug/109(7) and CRP < 5 mg/1. 

Statistics s 

Resultss of analyses are expressed as mean values with standard deviations. Application 

off  ANOVA and (paired) T-test was performed when appropriate. The level of statistical 

significancee was set at 0.05. All calculations were performed with SPSS 6.1. Sensitivity, 

specificity,, positive and negative predictive values are calculated as described by Shultz 

(8). . 

Results s 

ECPP concentrations in serum were found to be significantly higher in individuals with 

activee UC than in either patients with quiescent UC or apparently healthy controls (table 

I).. However, significant differences were not established for eosinophil blood counts 

betweenn active and quiescent UC patients or apparently healthy controls (table I). In the 

activee phase of UC, neutrophil blood counts, CRP and ESR, as markers of inflammation 

weree significantly higher than in quiescent UC patients or apparently healthy controls. 

Serumm albumin concentrations were decreased in active UC patients when compared 

withh UC patients in remission or apparently healthy adults (table I). To discriminate 

betweenn patients with active or quiescent UC (UC in exacerbation or in remission) and 

apparentlyy healthy individuals, indicators concerning sensitivity and specificity of 
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laboratoryy parameters were calculated. Results referring to negative and positive 

predictivee values of laboratory parameters are listed in table II . 

Duringg 2 weeks of corticosteroid treatment, serum ECP and blood eosinophil counts 

significantlyy decreased to 30.9 ug/1 and 0.11 x 109/1, respectively. 

Afterr 12 weeks of corticosteroid therapy, mean values of serum albumin concentrations 

increasedd to 42.4 g/1 and CRP concentrations decreased to 5.6 mg/1. The mean values for 

ESRR showed a tendency to decrease. However, this shift towards lower values was not 

statisticallyy significant. 

Thee increased neutrophilic granulocyte count at baseline showed a further increase until 

peakk values after two weeks of treatment with glucocorticoids. The propensity to release 

granulee proteins, measured by the serum ECP per eosinophil ratio, remained constant, 

exceptt in one patient (table I). In patients with quiescent UC and in apparently healthy 

controls,, similar results were measured at the first visit and 12 weeks later. 

Overall,, a positive correlation was found between eosinophil blood counts and serum 

ECPP concentration in the active UC population (r = 0.67, pO.0001). 
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TableTable I: Blood parameters [mean values and (standard deviations)] in patients with UC 

andand apparently healthy individuals. A statistically significant deviation in comparison 

withwith UC patients in exacerbation during the first visit.  statistically significant 

differencesdifferences between UC patients in remission and apparently healthy individuals. 

UC; ; 

att exacerbation (n = 9) 

UC; ; 

in n 

remission n 

(nn = 5) 

apparently y 

healthy y 

individuals s 

(nn = 21) 

parameter r tt  = 0 tt = 2 weeks t= 12 weeks tt  = 0 tt  = 0 

eosinophil l 

countt (109/1) 

0.34(0.27)) 0.11 (0.08)A 0.09 (0.06)a 0.21(0.17) 0.15(0.10) 

ECPP (ng/1) 90(49)**  31 (14)A 23 (10)A 34(15) 44(17) 

ECP/eos s 

(ug/109) ) 

neutrophil l 

countt (109/1) 

Albuminn (g/1) 

ESR R 

(mm/hour) ) 

CRPP (mg/1) 

204(93) ) 

6.99 (2.8)" 

32(12)* * 

27(18)* * 

19(13)* * 

1911 (70) 

10.6(5.3) ) 

35(6) ) 

24(21) ) 

144 (22) 

180(82) ) 

6.7(4.2) ) 

422 (6)A 

18(18) ) 

6(3)* * 

136(67) ) 

3.2(1.1) ) 

42(5) ) 

7(3) ) 

<5 5 

215(119) ) 

3.7(0.8) ) 

45(4) ) 

10(4) ) 

<5 5 
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TableTable II:  Efficacy of various laboratory parameters and predictive values to establish a 

diseaseddiseased or healthy state. 

eoss ECP ECP/Eos CRP 

poss neg pos neg pos neg pos neg 

UCC active (n = 9) 1 8 4 5 0 9 8 1 

sensitivityy 11% 44% 0% 89% 

UCC quiescent (n - 5) 0 5 0 5 0 5 0 5 

specificityy 100% 100% 100% 100% 

apparentlyy healthy 0 21 0 21 1 20 2 19 
controlss (n = 21) 

specificityy 100% 100% 95% 89% 

PPVV 100% 100% 0% 80% 

NPVV 62% 68% 59% 76% 

Discussionn &  conclusions 

InIn this study increased serum ECP levels were observed in patients with active UC in 

comparisonn with patients with quiescent UC and apparently healthy controls. A 

statisticallyy significant deviation in eosinophil blood counts could not be established. 

Therefore,, establishment of serum ECP concentration, and not eosinophil count, is 

usefull  to distinguish a group of patients with active UC from patients with UC in 

remission.. It should be noticed that for all mentioned parameters a large overlap of the 

resultss between the studied groups was found. 

Too establish diagnostic efficacy and clinical value in discriminating active UC from 

quiescentt UC or a healthy state at the individual level, the most favourable results were 

foundd for CRP concentration. To detect an active stage of disease, eosinophil blood 

countss and serum ECP concentration revealed comparable results; the positive predictive 

valuee of both tests amounted to 100%. To separate subjects with UC from a healthy 
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subjectt group, CRP was demonstrated to be the most sensitive test, with a negative 

predictivee value of 76%. 

Treatmentt with corticosteroids resulted in decreased values in serum ECP concentrations 

andd blood eosinophil counts. Within 2 weeks of corticosteroids administration, a 

decreasee in blood eosinophil count was accompanied by a simultaneous decrease in 

serumm ECP concentration. The propensity to release granule proteins, measured by the 

ECPP per eosinophil ratio remained unaltered. After 12 weeks of therapy, serum albumin 

concentrationss increased significantly when compared with the baseline measurement 

duringg active UC. CRP concentration, being an inflammation marker, remained 

significantlyy decreased after 12 weeks of corticosteroid treatment. This observation 

implicatess that in the first stage of corticosteroid treatment the allergic inflammation 

processs is resolved to a considerable extent, as can be concluded from the decreased 

eosinophill  count and serum ECP concentration. Involvement of the gastrointestinal tract 

cann be evaluated for the long term by the interpretation of deviations with respect to 

serumm albumin and CRP concentrations. 

Initially ,, the neutrophilic granulocyte blood counts increased immediately after starting 

corticosteroidd treatment. Only at a later stage, i.e. after 2 weeks, the neutrophil blood 

countss decreased. Nittoh et al. (9) showed that glucocorticoids enhance eosinophil 

apoptosiss but inhibit neutrophil apoptosis. This corticosteroid-induced effect on 

apoptosiss has been described previously also by others (10, 11, 12). These findings 

accentuatee the contrasting effects of corticosteroids on eosinophil and neutrophil 

concentrations.. After two weeks, the inflammation activity diminished, and effects on 

thee cell production may have caused the decrease in the neutrophilic granulocyte blood 

counts.. ESR, a less specific parameter for inflammation, did not change significantly 

duringg steroid treatment of 12 weeks but showed higher values in comparison to patients 

withh UC in a remission state and apparently healthy subjects. 
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Therefore,, we conclude that patients with active UC need a longer period of treatment 

too reach a final remission state. 

Duringg corticosteroid treatment, eosinophil blood counts and serum ECP concentrations 

weree low compared to UC patients in remission and apparently healthy controls, while 

ECPP release per eosinophil of UC patients in a remission state was lower than in 

apparentlyy healthy controls and UC patients who were treated with corticosteroids for 12 

weeks.. These observations are in agreement with previous results (7). Release of ECP 

perr eosinophil is negatively correlated with eosinophil blood counts. Therefore, a 

bivariatee reference area for serum ECP per eosinophil with respect to the eosinophil 

countt has been calculated (7). Usually, steroid therapy wil l induce downregulation of 

cytokinee release from monocytes, macrophages and T cells, resulting in a decrease in 

eosinophill  count and eosinophil activation (13). The present study showed that the 

activationn grade (expressed as serum ECP/eosinophil ratio) of eosinophils treated with 

corticosteroidss did not differ from eosinophils of apparently healthy individuals (7), 

irrespectivee of their eosinophil counts. Other methods to detect eosinophil activation 

havee also been described in literature. Some investigators (14, 15) proposed that the 

methodd of discontinuous Percoll density gradient centrifugation might be another 

possibility.. However, this is not one of the available ready-to-use laboratory tests. 

Inn conclusion, serum ECP concentration can be used to distinguish groups of patients 

withh UC and apparently healthy subjects. However, to diagnose UC at the individual 

level,, neither ECP nor eosinophil blood count is a useful parameter, because the overlap 

betweenn both groups is too large. After starting treatment with corticosteroids in patients 

withh active UC, serum ECP concentrations and blood eosinophil counts are the most 

sensitivee laboratory parameters to detect the change during the course of UC. 

Itt must be emphasized that results concerning peripheral blood cells or constituents do 

nott necessarily illustrate processes in the large intestine, specifically the colonic mucosa. 

Forr diagnosing UC or monitoring the effect of medication, biopsies from the mucosa 

shouldd be studied. 
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Therefore,, histological and biochemical data of mucosal biopsies wil l be combined with 

laboratoryy parameters in a follow-up study. 
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Summary y 

Too diagnose and monitor patients with allergic diseases, we have studied not only the 

numberr of circulating eosinophils but also morphologic features that may reveal 

additionall  information concerning the activation state of the eosinophils. To establish the 

morphologicc characteristics of eosinophils and the number of circulating eosinophils 

elevenn apparently healthy individuals and nine individuals with eosinophilia and allergic 

complaintss were included in this study. Effects of corticosteroids on the parameters 

mentionedd above were studied in five newly diagnosed patients with COPD. The 

numberr of nuclear lobes, the cell size, the number of vacuoles and the density of 

granulationn were considered as characteristic features of eosinophils. Our results indicate 

thatt patients with an eosinophil concentration above 0.5 x 109/1 and allergic complaints 

havee an eosinophil population with an increased diameter. Treatment with 

corticosteroidss did not affect morphological characteristics such as the number of 

vacuoles,, the density of granulation, the cell diameter and the nucleus/cell surface ratio. 

However,, the number of lobes per nucleus, a marker of eosinophil maturation, was 

significantlyy decreased under the influence of corticosteroids. This observation led to the 

conclusionn that during corticosteroid treatment more immature or younger eosinophils 

aree present in the blood. 

165 5 



Chapterr 10 

Introductio n n 

Thee eosinophilic granulocyte was first observed in human blood in 1879 by Paul Ehrlich 

(1).. Since then, deviations of blood eosinophil counts have been documented in a 

numberr of diseases (2, 3, 4, 5, 6). Eosinophilic granulocytes are terminally differentiated 

effectorr cells of the immune system. Bone marrow eosinophilic promyelocytes and 

myelocytess are still capable of mitosis (7). Maturation concerns generation of a 

continuouss flow of cells via myelocyte and metamyelocyte stages to an eosinophilic 

granulocyte.. A substantial bone marrow storage pool of mature eosinophilic cells can be 

mobilizedd when needed (8). After finishing maturation, eosinophilic granulocytes leave 

thee bone marrow and move into the blood circulation (chapter 1, figure 1). 

Eosinophilicc granulocytes are activated to release granule proteins and toxic enzymes. 

Thee eosinophil may reveal morphologic features with regard to the activation state. 

Immaturee eosinophils undergo a series of changes during maturation in vivo or in vitro 

(9).. Eosinophilic myelocytes are rather large cells (10-18 um diameter), which 

demonstratee a size reduction during maturation (10). Diameters of a mature eosinophilic 

granulocytee amount to 10-16 um, which is similar to that of neutrophilic granulocytes 

(5).. The nucleus is characteristically bilobed. The most characteristic morphologic 

featuree of the eosinophilic granulocyte is its content of distinctive cytoplasmic granules 

(11),, which stain avidly with acid dyes, such as eosin. Several studies concerning 

morphologicc features of eosinophils have been performed by application of electron 

microscopyy techniques (9, 12). This microscopic evaluation reveals small numbers of 

primaryy granules, lipid bodies and small granules in addition to the large specific 

granuless (chapter 1, figure 2). 

Activatedd eosinophils remain polymorphonuclear. Increased numbers of cytoplasmic 

lipidd bodies, vesicles, tubules and glycogen appear. In eosinophils found in tissues, the 

numberr of empty specific granules {e.g. vacuoles) is increased (9). The presence of a 
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higherr number of cytoplasmic vacuoles and loss of the dense core of specific granules is 

associatedd with previous secretion of granule contents. As a result, so-called tissue 

eosinophilss can be recognized in the circulation as degranulated eosinophils (12). It has 

beenn shown that activated (hypodense) eosinophils contain less granules (13). 

Too diagnose and monitor patients with allergic diseases it would be useful to have 

additionall  parameters available that will not only reflect the presence of eosinophils but 

alsoo their state of activation. To investigate this state of activation, we have studied the 

amountt of released granule proteins, i.e. Eosinophil Cationic Protein, during blood 

clottingg in vitro, and light microscopy of the cells. Light microscopy instead of electron 

microscopyy may provide an easy method to establish deviations in morphology. 

Apparentlyy healthy individuals and patients with allergic complaints were studied to 

evaluatee the possibility of patient recognition by these eosinophilic activation markers. 

Too monitor the effect of corticosteroids, patients with COPD were selected. These 

individualss were newly diagnosed COPD patients, who started with inhalation of 

corticosteroidss after the first visit. Corticosteroid treatment has an opposite effect on the 

numberr of circulating neutrophils compared with eosinophils. Therefore, the effects on 

morphologicc parameters in neutrophils were also investigated in these COPD patients. 

Patientss and methods 

Too establish morphologic characteristics of eosinophils and the serum ECP 

concentration,, blood samples were drawn from 11 apparently healthy individuals (aged 

18-655 years) and 9 individuals with eosinophilia (eosinophil count > 0.5 x 109/1) who 

didd have allergic complaints but did not use corticosteroids. To monitor the effect of 

corticosteroids,, newly diagnosed patients with COPD (n = 5) were selected. After the 

firstfirst visit, these patients received corticosteroids by inhalation. From each subject a 

serumm sample and an anticoagulated blood sample was drawn (Vacutainer®, ref. 367703 
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SSTT with clot activator and ref. 367652 with K3EDTA as an anticoagulant, Becton 

Dickinson,, Plymouth, UK). After venepuncture, the blood samples were clotted 

immediatelyy for serum preparation during 120  10 minutes in a water bath of 37°C. 

Afterr incubation, the samples were centrifüged for 10 minutes at 1350 x g at room 

temperature.. Serum samples were stored at -20°C until the serum ECP concentration was 

assayed.. Serum ECP concentrations were established by application of a fluorescence 

enzymee immuno-assay kit (Kabi Pharmacia, Uppsala, Sweden). 

InIn the anticoagulated blood samples, eosinophilic granulocytes were counted on a 

Sysmexx NE-8000 Haematology Analyser (Charles Goffin Medical Systems BV, Tiel, 

Thee Netherlands). Five blood smears were prepared for microscopic morphology 

evaluation,, after staining with May-Grünwald Giemsa dye solution. 

Morphologicc features were established by a total of 14 experienced microscopists. A 

microscopistt evaluated ten eosinophilic granulocytes per individual. Evaluation whether 

differencess in morphology exist between apparently healthy individuals and patients 

withh eosinophilia and allergic complaints was established by 9 microscopists. Effects of 

corticosteroidd treatment on morphologic characteristics were investigated by 5 

microscopists.. Eight microscopist of the first group (n = 9) established morphologic 

featuress of one apparently healthy individual and one patient with eosinophilia. One 

microscopistt of the first group (n = 9) evaluated 3 apparently healthy individuals and 

onee patient with eosinophilia. This evaluation was performed without knowledge of the 

patientt or healthy control nature of the samples by the microscopist. To monitor the 

effectss of corticosteroids, results before and during treatment of one patient were 

investigatedd by one microscopist (n = 5). 

Forr classification of morphologic features of eosinophils, the number of nuclear lobes, 

thee number of vacuoles and the density of granulation were established. A nuclear lobe 

iss defined to be present if the connection between two lobes is less than one third of the 

maximall  width of the lobe. The density of granulation was established by comparison of 

thee amount of granules in relation to the cytoplasm. Granules are orange-stained while 

thee cytoplasm is coloured pink after staining with May-Grünwald Giemsa dye solution. 
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Thee density of granulation was divided in to four groups; 100% (whole cytoplasm 

orange-stained),, 75 - 99%, 50 - 74% and less than 50% (half of the cytoplasm orange-

stained). . 

Becausee variability between microscopists exists, we also established eosinophil 

morphologyy features by application of an automated blood-cell recognising system. By 

meanss of this blood cell evaluation system, the diameter and the nucleus/cell surface 

ratioo of each scanned eosinophil was determined. 

Thee same morphologic features as those described above were also determined by light 

miroscopyy in the neutrophilic granulocytes of the COPD patients. 

Statistics s 

Forr statistical analysis the computer program SPSS (Windows, release 6.1) was used. 

Thee statistical significance of differences between results from each group of subjects 

wass assessed by application of ANOVA analysis of variance and T-test when 

appropriate.. P-values below 0.05 were considered statistically significant. 

Results Results 

Thee number of vacuoles, the granulation density and the number of nuclear lobes in 

eosinophilicc granulocytes did not reveal significant deviations when comparing results 

off  patients with eosinophilia and apparently healthy control individuals (table I). In the 

patientss with eosinophilia, larger eosinophilic granulocytes (mean diameter 15.3 um) 

weree observed than in apparently healthy individuals (mean diameter 12.4 um). The 

nucleus/celll  surface ratio was similar for both groups. 
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TableTable I: Characteristic measures of eosinophil morphology (expressed as mean 

 standard deviation). Results refer to patients with eosinophilia (n = 9, 

[eosinophil][eosinophil] > 0.5 x 109/l) compared with apparently healthy controls (n - 11, 

[eosinophil][eosinophil] < 0.5 x 109/lJ. The density of granulation was divided into four groups: 

100%100% (group 1), 75 - 99% (group 2), 50- 74% (group 3), < 50% (group 4). 

morphologic c 

characteristics s 

vacuoles s 

granulationn density 

(group) ) 

nuclearr lobes 

diameterr (urn) 

nucleus/cell l 

surfacee ratio (%) 

apparentlyy healthy 

subjects s 

1.2  1.0 

2 2 

2.11 3 

12.44 0 

39.44 1 

patientss with 

eosinophilia a 

1.22 8 

2 2 

2.44 2 

15.33 6 

42.22 4 

p-value e 

n.s. . 

n.s. . 

n.s. . 

<0.02 2 

n.s. . 

Ass a result of corticosteroid inhalation used by COPD patients (n = 5), the eosinophil 

bloodd counts significantly decreased, but the serum ECP concentrations remained 

unaffectedd during 4 weeks of steroid therapy (table II). The number of vacuoles, the 

granulationn density, the nucleus/cell surface ratio and the cell diameter did not show 

alterationss within 4 weeks of treatment with corticosteroids, whereas the number of 

lobess per nucleus decreased. 

Neutrophill  counts demonstrated an increasing trend during 4 weeks of steroid therapy. 

Morphologicc characteristics, such as number of nuclear lobes, number of vacuoles per 

neutrophill  and percentage of granulation did not show significant differences (table II) . 
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TableTable II:  Characteristics of eosinophil and neutrophil morphology (expressed as mean 

 standard deviation) observed by light microscopy. Results concern 5 patients with 

COPDCOPD before and during inhaled corticosteroid therapy. The density of granulation was 

divideddivided into four groups: 100% (group I), 75 - 99% (group 2), 50- 74% (group 3), 

<<  50% (group 4). 

morphologicc characteristics 

eosinophill  count (109/1) 

ECPP (ug/1) 

ECP/eoss (ug/109) 

eosinophill  vacuoles 

eosinophill  granulation 

densityy (group) 

nucleus/celll  surface ratio 

diameterr (um) 

eosinophill  nuclear lobes 

neutrophill  count (109/1) 

neutrophill  nuclear lobes 

neutrophill  vacuoles 

neutrophill  granulation 

densityy (group) 

before e 

corticosteroid d 

therapy y 

0.22 1 

566 3 

1688  44 

0.966 0 

2 2 

48.33  5.0 

13.66 3 

2.44  0.2 

4.44 8 

4.88 3 

0.066 3 

4 4 

afterr corticosteroid 

therapyy for 4 weeks 

0.11 1 

522 0 

7099  669 

0.66 5 

2 2 

49.22 5 

14.00 7 

2.11 2 

7.22 1 

4.99  0.2 

0.288 9 

4 4 

p-value e 

<0.04 4 

n.s. . 

n.s. . 

n.s. . 

n.s. . 

n.s. . 

n.s. . 

<0.05 5 

n.s. . 

n.s. . 

n.s. . 

n.s. . 
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Discussion n 

Arnethh (14) has stated that more cells with a high level of maturation are present in 

patientss with an eosinophil count in blood exceeding 0.5 x 109/1. We were unable to 

confirmm this statement with the observation that patients with eosinophilia indeed have 

eosinophilss with a significantly increased number of nuclear lobes and nucleus/cell 

surfacee ratio compared with apparently healthy individuals. However, in our study, the 

diameterr of these cells in patients with eosinophilia was increased compared to the 

diameterr of eosinophils of apparently healthy individuals. In patients with allergic 

complaintss and eosinophilia, the occurence of a high number of eosinophils in blood 

mayy be a consequence of the requirement of marrow reserves to be transported to the 

tissues.. In general, undifferentiated cells are larger compared to more mature eosinophils 

(15).. It is not known whether younger eosinophils in blood are also larger compared to 

eosinophilss in their last stage of life in blood. Probably, the group of patients with 

eosinophiliaa possesses more eosinophils in blood with a less differentiated appearance, 

recentlyy released from bone marrow, than apparently healthy individuals do. 

Differencess according to the activation state of eosinophils were not supported by 

morphologicc deviations as observed by microscopic evaluation. The granulation density 

andd the number of vacuoles in eosinophils from patients with eosinophilia were in 

agreementt with the results obtained with eosinophils from apparently healthy subjects. 

Glucocorticoidss are anti-inflammatory drugs, which decrease the number of circulating 

eosinophilicc granulocytes (16, 17, 18,19, 20). Despite the extensive prescription of 

inhaledd or orally supplied glucocorticoids in case of COPD, asthma or ulcerative colitis, 

thee mechanism of corticosteroids on the eosinophilic maturation in bone marrow, the 

releasee into the blood and the requirement of eosinophils in tissues is poorly understood. 

Thee mediators that are affected by corticosteroids may suppress eosinophil maturation or 

eosinophill  migration to inflammatory tissues (21). Nittoh et al. (22) have elucidated that 

glucocorticoidss inhibit the survival of rat peritoneal eosinophils by enhancing eosinophil 
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apoptosis.. In the present study it was shown that treatment of COPD patients with 

glucocorticoidss results in the presence of a lower number of peripheral eosinophils, with 

aa significantly decreased number of nuclear lobes. ECP serum concentrations did not 

decreasee significantly. We conclude that corticosteroid treatment does not have a 

morphologicallyy detectable effect on the eosinophil activity grade. 

Thee decrease in the number of circulating eosinophils could be due to enhancement of 

apoptosiss of mature eosinophils in tissues and/or an inhibitory effect on maturation in 

thee bone marrow. However, this hypothesis was not confirmed by measuring the 

diameterr of the cell, a morphologic marker of maturation. After 4 weeks of 

corticosteroidd treatment, the circulating cells were of approximately the same size. The 

nucleus/celll  surface ratio was also almost the same before and after 4 weeks of therapy 

withh corticosteroids. However, it is remarkable that patients with COPD have higher 

nucleus/celll  surface ratios than apparently healthy controls and patients with 

eosinophiliaa without allergic or inflammatory symptoms. 

Thee possible effect of apoptosis on neutrophilic granulocytes due to corticosteroids (22) 

iss not apparent from morphologic characteristics; significant deviations with respect to 

thee percentage of granulation, the number of vacuoles and the number of nuclear lobes 

havee not been established. 

Wee conclude that the size of the eosinophilic granulocyte, as a parameter of maturation, 

cann be used to discriminate between a group of patients with allergic complaints and 

eosinophiliaa and apparently healthy controls. However, a remarkable overlap of this 

markerr was shown between patients and apparently healthy controls. Therefore, the 

individuall  predicting value of this marker is low. Effects of corticosteroid treatment in 

patientss with COPD can be evaluated by measuring the number of nuclear lobes, which 

iss considered a marker of maturation. 
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Otherr morphologic markers, such as the number of vacuoles and the density of 

granulation,, can not be used, neither to discriminate between a group of apparently 

healthyy controls and patients with eosinophilia nor to evaluate the effects of 

corticosteroids. . 
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Discussionn and summary 

Introductio n n 

Thee eosinophilic granulocyte is a type of white blood cell, that, like all other blood cells, 

originatess in the bone marrow. Immature eosinophils in bone marrow differentiate to 

maturee cells, which subsequently circulate in the blood, migrate into a tissue or target 

organn and finally die by apoptosis. Under normal circumstances, the eosinophil count in 

bloodd is below 0.5 x 10*71. 

Thee eosinophilic granulocyte is involved in several processes; e.g. as an effector cell in 

thee defense against parasite larvae and as an inflammatory cell in allergic reactions in 

thee skin, in the lungs, in the nose and in the intestinal tissues. When the eosinophilic 

granulocytee binds activating factors, the cell is activated. Activation results in a certain 

degreee of degranulation. During degranulation strongly positively charged proteins are 

released,, e.g. eosinophil protein X (EPX) and eosinophil cationic protein (EC?). The 

releasee of proteins is increased if the eosinophilic granulocyte has contacted certain 

mediatorss at an earlier stage. These mediators are produced locally in inflamed tissue 

andd induce pre-activation or priming of eosinophils. Earlier studies have shown that 

bloodd eosinophils of allergic patients are pre-activated for chemotaxis and oxygen 

radicall  formation. It is not yet clear whether the circulating eosinophils of patients with 

disorderss in which the eosinophil plays a role, are already pre-activated to degranulation 

whenn they are in the blood circulation. 

Objectivee of the study 

Studiess to evaluate the priming state of eosinophils with regard to degranulation have 

failed,, because these cells release only a small fraction of their total granule protein 

contentt during in vitro activation. However, it has been claimed that the release of these 
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proteinss during blood clotting in vitro can be used as a test to establish the priming state 

off  eosinophils (Venge, 1993). 

Thus,, the amount of products of eosinophil degranulation in serum, like ECP or EPX, 

mightt yield insight in the pre-activation state of these cells in healthy and diseased 

individuals.. The aim of this study was to determine the usefulness and additional value 

off  measurement of degranulation proteins (e.g. ECP and EPX) in serum and 

morphologicc characteristics of the eosinophils in relation to the absolute number of 

eosinophilicc granulocytes in blood. For example, we studied whether the concentration 

off  granule proteins in serum is either a better differentiation marker between patients 

andd healthy persons or shows earlier than the eosinophil count an effect of therapy. In 

clinicall  studies we have evaluated the value of these parameters for diagnosis or for 

establishingg the effects of therapy in several groups of patients. 

Whenn starting the study it became clear that for the clinical evaluation not only the 

proteinn assays were important, but even more the pre-analytical phase of serum sample 

preparation.. A number of variables important for a correct interpretation were evaluated, 

e.g.e.g. the clotting time and temperature of the blood sample. 

Pre-analyticall  conditions and test methodology 

ECPP and EPX are present in very low concentrations in EDTA plasma samples. Higher 

concentrationss of ECP and EPX are detected in serum. ECP and EPX in serum originate 

bothh from in vivo and from in vitro degranulation of eosinophils. The in vitro 

contributionn is the dominant factor. For interpretation of serum concentrations of 

granulee proteins originating from eosinophils it is necessary that procedures for blood 

collectionn and pre-analytical processing of the samples are standardized. The influence 

off  temperature during clotting and the clotting time, the dependency on eosinophil 

count,, differences and similarities between the granule proteins (ECP and EPX) and 

differencess between detection methods for ECP are described in chapters 2, 3, 4 and 5. 
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ECPP and EPX are present in the same granules. Therefore, we expected no differences in 

releasee during degranulation. Indeed, ECP and EPX release showed a similar 

dependencyy on clotting temperature and eosinophil count (chapters 2 and 3). For this 

reason,, only one granule protein, ECP, was measured in the following studies. 

Measuringg the ECP concentration in serum affords an indirect parameter for eosinophil 

degranulationn in vivo. For a correct interpretation of results it is necessary to standardize 

thee clotting process. Temperature of clotting influences the results; e.g. clotting at 37°C 

resultss in ECP concentrations that are 5 - 10 times higher compared to samples clotted at 

4°C.. Additionally, the clotting time has been standardized. After 2 hours of clotting at 

37°C,, ECP concentrations in serum are stable. After standardizing clotting time and 

temperature,, ECP concentrations in various sera show less variability. 

Thee reference range for serum ECP concentrations, independent of eosinophil counts, 

coverss a large area (12 - 99 /ug ECP/1) (chapter 4). The variation in results should even 

bee higher when using different analytical techniques to measure the ECP concentration. 

Too establish reference ranges, it is important to know whether various methods yield 

similarr results (chapter 5). Comparing results from serum samples with normal ECP 

concentrations,, we found a rather good correlation between two commercially available 

methodss (DPC and Kabi Pharmacia). At higher concentrations of ECP, the method of 

DPCC yields lower values than the method of Kabi Pharmacia. Control samples, 

consistingg of purified ECP or a part of ECP in an aqueous solution, showed higher 

resultss when using the method of DPC compared to results obtained with the method of 

Kabii  Pharmacia. 

Wee found a strong correlation between the values of ECP in serum and the number of 

eosinophilss in the blood used for clotting. Therefore, we have also calculated the serum 

ECPP values per eosinophil, in an attempt to eliminate the variation induced by the 

eosinophill  numbers. In this way, we established a reference range for the serum ECP per 

eosinophill  ratio of 61 to 367 ug ECP per 109 eosinophilic granulocytes. This range is 

narrowerr than that of the reference range of serum ECP. 

181 1 



Chapterr 11 

Forr measuring the total concent of ECP per eosinophil, eosinophils were lysed in a 

solutionn of Cetyl-trimethyl-ammonium-bromide (CTAB). We found total amounts of 

0.88 to 6 pg ECP/eosinophilic granulocyte (chapter 6). More ECP was present in 

eosinophilss from individuals with a low eosinophil count in blood. In other studies, the 

totall  ECP content has not been quantified in relation to the eosinophil count. The 

variationn in the ECP amounts in literature is high: from 4.0 to 13.5 pg/eosinophilic 

granulocyte.. This may be due to the fact the total amount has been established by cell 

lysiss in various solutions. 

Characteristicc features of eosinophil populations with respect to 

degranulation n 

Previouss studies have described the hypothesis that circulating eosinophils of allergic 

patientss are pre-activated and therefore release more ECP during in vitro clotting than do 

eosinophilss of apparently healthy individuals. However, it is not known whether 

circulatingg eosinophils are pre-activated for degranulation in vitro and show a similar 

degranulationn as eosinophils in affected tissues. We established that both in apparently 

healthyy individuals and in patients a strong relationship was found between the 

eosinophill  counts in blood and the ECP concentrations in serum. The higher the 

concentrationn of eosinophils in blood, the higher was the serum ECP concentration. We 

concludedd that it is important to interpret serum ECP results in relation to the eosinophil 

count. . 

AA parameter has been defined that yields a useful marker for the state of eosinophil 

activation,, i.e. the serum ECP per eosinophil ratio (chapter 6). This ratio concerns the 

amountt of ECP released per eosinophilic granulocyte. The ECP release per eosinophil 

duringg in vitro clotting showed an inverse trend with respect to the eosinophil count. 

Whenn the number of eosinophils in blood was low, the ECP release per eosinophil was 
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ratherr high. A study with patients with an allergic predisposition (chapter 4) showed no 

differencess in the serum ECP/eosinophil ratio compared to apparently healthy 

individuals.. The serum ECP per eosinophil ratio in asthmatic patients, in patients with 

colitiss ulcerosa and in patients with hay fever also did not show obvious differences 

comparedd with a healthy population. During therapy, the eosinophil count decreased and 

thee serum ECP per eosinophil ratio increased. Therefore, the additional value of the 

serumm ECP concentration over the blood eosinophil count has not been demonstrated. 

Serumm ECP only reflects the eosinophil count in the blood. 

Too elucidate the observation that eosinophils that are present in low numbers in the 

bloodd release more ECP per eosinophil during in vitro clotting, we also determined the 

contentt of ECP per eosinophil. This total amount of ECP per eosinophil was obtained by 

lysiss in a solution of CTAB (chapter 6). The total amount of ECP per eosinophil in 

relationn to the blood eosinophil number showed an analogous inverse trend compared to 

thee serum ECP per eosinophil ratio. When the number of eosinophils in the blood was 

high,, the ECP content of the eosinophils was rather low. Independently of the eosinophil 

countt in blood, the amount of ECP released during in vitro clotting at 37 °C was about 

3%% of the total amount of ECP in the eosinophils (chapter 6). Therefore, no signs of pre-

activationn of ECP release during in vitro clotting was established by our studies. 

Proliferationn and terminal maturation of eosinophilic granulocytes occur in bone 

marrow.. After the myelocytic stage, the cells enter a large storage pool in the bone 

marrow.. A few days later they are released into the blood. When eosinophils are needed 

(e.g.(e.g. in allergic diseases or in host defense) the eosinophilic granulocytes migrate at an 

increasedd rate from the blood into the tissues (Smith and Goetzl 1980). At higher 

eosinophill  blood concentrations, more eosinophils, which might include younger cells, 

havee been released from bone marrow. The increased release of ECP by eosinophilic 

granulocytess at low eosinophil concentrations is probably caused in part by the fact that 

eosinophilss in individuals with a low eosinophil count will contain a higher amount of 

ECPP per eosinophil. This might be due to the longer time of eosinophil maturation in the 
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bonee marrow storage pool in case of patients with a low blood count of circulating 

eosinophils. . 

Clinicall  studies 

Too study the clinical usefulness of the serum ECP concentration and the ECP released 

perr eosinophil as potential markers of eosinophil activation, compared to the eosinophil 

count,, several patient groups were investigated. The groups concerned adult asthmatic 

patientss (chapter 7), patients with colitis ulcerosa (chapter 8) and children with hay fever 

(chapterr 9). The asthmatic patients, who did not use corticosteroids at the start of the 

studyy and later on were treated with inhalation steroids, were monitored for one year. 

Patientss with colitis ulcerosa were monitored before and during 12 weeks of treatment 

withh oral corticosteroids. In hay fever patients the effects of a new method of therapy, 

whichh involves triggering the immune system (immunotherapy), were studied and 

comparedd with a control group treated only with corticosteroids. During 

immunotherapy,, small amounts of allergen are applied. As a result of frequent injections 

off  low amounts of allergen, a decrease in the allergic reactions in these patients is 

observed. . 

Wee tried to determine differences between patients and healthy adults by using the 

serumm ECP measurement. In most cases, it was possible to differentiate between these 

groupss of individuals on the basis of the eosinophil counts in their blood. An additional 

valuee of serum ECP as a potential marker of activation to diagnose an allergic disease, 

suchh as asthma or hay fever, has not been found. For both parameters, a large overlap 

betweenn the patient group and the control group exists. Therefore, these parameters 

cannott be used for confirmation of a disease in an individual. 

Also,, ECP serum concentration as a marker of activation was shown to be unfit for 

predictingg the disease activity state in patients treated with corticosteroids or 
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immunotherapy.. Alterations in serum ECP concentration as well as the eosinophil 

countss in blood demonstrated the effect of treatment. The serum ECP per eosinophil 

ratioo was rather constant. An unexpected increase was observed when the eosinophil 

countt was decreased to below 0.05 x 109/1. 

Underr corticosteroid therapy, a striking decrease in the eosinophilic granulocyte count in 

thee blood occurred. The number of eosinophilic granulocytes in blood and the serum 

ECPP concentration are both suitable laboratory parameters to show the effects of 

corticosteroidd therapy. After 3 months of corticosteroid inhalation therapy, a decrease in 

thesee parameters was detectable. Eosinophil blood counts decreased to half the original 

value,, while the ECP serum concentrations decreased to 65%. Oral corticosteroid 

therapyy (chapter 9) showed for both parameters after two weeks treatment a decrease 

amountingg to 35% of the initial values. The difference in effects might be explained by 

differentt sensitivities for corticosteroids in the two patient groups. However, the 

calculatedd ratio of ECP release per eosinophil did not show differences before and after 

thee start of corticosteroid therapy. Therefore, measuring the ECP concentration in serum 

offerss no additional value over counting the number of circulating eosinophils as a 

parameterr forjudging the clinical situation of the patient. 

Itt is remarkable that the number of neutrophilic granulocytes in the circulation increases 

afterr the start of the corticosteroid therapy. A possible explanation for an inverse effect 

onn blood neutrophil and eosinophil counts can be found in the acceleration or slowing 

downn of programmed cell death (apoptosis). Other in vitro studies have shown that 

apoptosiss in eosinophils is increased and in neutrophils is decreased in case of treatment 

withh corticosteroids (Matsukura et al. 1996, Meagher et al. 1996, Nittoh et al. 1998). 

Morphologicall  features of eosinophils 

Treatmentt with corticosteroids does not only influence the number of eosinophilic 

granulocytess but also the maturation process and apoptosis of these cells. Therefore, it 
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wass worthwhile to investigate with a light microscope the morphological appearance of 

eosinophilicc granulocytes before and during therapy. The eosinophilic granulocyte is 

characterizedd by big, round granules with an affinity for acid dyes like eosine. 

Eosinophill  granules appear in the promyelocytes in the bone marrow. The nucleus of 

eosinophilicc granulocytes consists of two lobes. In chapter 10 we describe which 

differencess were observed when studying the eosinophilic granulocytes in a blood smear 

withh a light microscope. The number of vacuoles, the percentage of granulation, the 

diameterr of the cell, the lobe/cell surface ratio and the number of lobes per nucleus were 

usedd as markers of activation and differentiation. Eosinophils of patients with a high 

eosinophill  blood count turned out to have an identical appearance to eosinophils from 

individualss with lower number of eosinophils in their blood, except that the former cells 

hadd an increased diameter. In general, undifferentiated granulocytes are larger than 

maturee granulocytes (Baggiolini 1980). 

Corticosteroidd therapy induces a significantly lower concentration of the eosinophilic 

granulocytess in the blood of most patients. These eosinophils contained less lobes per 

nucleus,, a marker of maturation, than the eosinophils present before starting therapy. 

Thiss observation led to the conclusion that during corticosteroid treatment more 

immaturee or younger eosinophils are present in the blood. Corticosteroid treatment did 

nott show effects on morphologic parameters reflecting activation. We hypothesize that 

duringg treatment with corticosteroids older (more mature) eosinophils are attracted to the 

tissuess and are not found in the circulation. Another possibility is a suppresion of 

eosinophill  production; the cells therefore stay longer in the bone marrow, and more fully 

maturee cells are present in the bone marrow. 

Conclusion n 

Inn this study, we observed that in several conditions in which the eosinophilic 

granulocytee plays a role in pathology, the cells are present in high concentrations in 
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blood.. It is not possible to detect a higher activation state of eosinophils by means of the 

degranulationn parameter ECP in serum. Both parameters (eosinophil blood counts and 

ECPP release during blood clotting) followed the same trend. Therefore, useful changes 

inn the serum ECP per eosinophil ratio were not observed. After standardizing pre-

analyticall  conditions, an analogous trend for serum ECP concentrations and blood 

eosinophill  counts was observed. An additional value of serum ECP to the eosinophil 

countt was not established in this study. The additional parameter, serum ECP per 

eosinophill  ratio, showed hardly any variation in the various patient groups. The 

hypothesis,, described in the literature, that eosinophils of allergic or asthmatic patients 

wouldd release more ECP during in vitro clotting because of their pre-activated state, has 

nott been substanciated by our study. Small morphological differences were observed 

betweenn eosinophils in case of increased and decreased eosinophil blood counts. Thus, 

ourr observations have revealed a difference in the differentiation and maturation of the 

eosinophils,, but not an essential difference in the activation state of the eosinophils. 

Justt like the eosinophil blood counts and serum ECP concentrations, morphological 

markerss show a remarkable overlap between patients and healthy individuals. Therefore, 

thee individual predicting value of these markers to diagnose or follow treatment in a 

patientt is low. 

Itt appears to be difficult to determine the activity of the eosinophil population (quality) 

besidess the number of circulating eosinophils (quantity) with simple diagnostic 

measurements. . 

Suggestionss for  further  investigations 

Too understand the process of eosinophil degranulation during blood clotting and to 

determinee the clinical value of serum ECP measurements, it should be studied which 

particularr factor, released during in vitro blood clotting, induces eosinophil 

degranulation. . 

187 7 



Chapterr 11 _ _ _ 

Becausee measuring ECP in serum yields only an indirect measure for eosinophil 

activation,, it may be better to study the eosinophil degranulation markers in body fluids, 

forr example broncho-alveolar lavage fluid, sputum or faeces, in which pre-analytical 

activationn (e.g. in vitro clotting) is not necessary. However, it is questionable whether 

thesee fluids wil l represent the activity of the eosinophils in the affected tissues. Another 

optionn is to examine the concentration of ECP or EPX in urine samples. But 

measurementt of ECP in urine is also an indirect parameter; again it is questionable what 

thee concentration tells us about the degranulation activity in the affected tissue. It might 

representt ECP released in the inflamed tissues but also ECP released by eosinophils 

presentt in the kidney. 

AA more direct determination would be measuring the amount of degranulation markers 

inn a small piece of affected tissue (biopt). However, measuring in a tissue biopt does not 

belongg to the category of easy-to-use laboratory methodologies for diagnosing and 

monitoringg disorders. 
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Inleidin g g 

Dee eosinofiele granulocyt (kortweg eosinofiel) is één van de witte-bloedcelsoorten die 

evenalss andere bloedcellen ontstaat in beenmerg uit een voorlopercel. De cellen rijpen in 

ongeveerr 10 dagen. Vervolgens circuleren ze 13 tot 18 uur in bloed, om daarna in 

weefselss of doelorganen te infiltreren, waar ze na een verblijf van circa 6 dagen te 

grondee gaan. Bij gezonde personen is de concentratie aan eosinofiele granulocyten in het 

bloedd minder dan 0,5 x 109/1. Eosinofïlocytopenie (tekort aan circulerende eosinofïelen) 

iss als zodanig niet gedefinieerd, omdat er ook bij gezonde mensen weinig circulerende 

eosinofielee granulocyten voorkomen. Een verhoogde concentratie eosinofïelen wordt 

o.a.. gevonden bij allergische aandoeningen en bij infecties met parasieten. 

Pass in de laatste jaren is er meer inzicht ontstaan in de functies van de eosinofiele 

granulocyt.. De eosinofiele granulocyt is betrokken bij verschillende processen; als 

'effector**  cel bij de afweer tegen parasitaire larven en als 'ontstekings' cel bij 

allergischee reacties in o.a. huid, long, neus en darm. De cel speelt daarom niet alleen een 

positievee (beschermende) rol in het menselijk lichaam, maar kan ook een negatieve 

(aanvallende)) rol spelen door beschadiging van eigen weefsel. 

Wanneerr de eosinofiele granulocyt in contact komt met initiërende factoren, wordt de 

cell  geactiveerd. De activatie leidt onder andere tot een bepaalde mate van degranulatie. 

Bijj  degranulatie komen diverse eiwitten vrij . Bij onderzoek van de samenstelling van de 

inhoudd van eosinofiele granula werden vier groepen sterk positief geladen eiwitten 

aangetoond:: major basic protein (MBP), eosinofiel peroxidase (EPO), eosinofiel 

proteïnee X (EPX) en eosinofiel kationisch proteïne (ECP). 

Hett vrijkomen van de eiwitten wordt gepotentieerd door contact van de eosinofiele 

granulocytenn met bepaalde ontstekingsmediatoren die vaak lokaal in het aangedane 

weefsell  worden geproduceerd. Dit proces wordt pre-activatie of priming genoemd. 

Platelet-Activatingg Factor (PAF) is een bekende pre-activator van de eosinofiele 
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granulocyt.. Eerdere studies laten in ieder geval zien dat eosinofïele granulocyten van 

allergisch-astmatischee patiënten gepreactiveerd zijn voor chemotaxie en 

zuurstofradicaall  vorming. Het is niet duidelijk of de eosinofïele granulocyten bij 

patiëntenn met ziektebeelden waarbij de eosinofïele granulocyt waarschijnlijk een rol 

speelt,, al op deze wijze gepreactiveerd zijn tot degranulatie terwijl de cellen zich nog in 

bloedd bevinden. 

Doell  van het onderzoek 

Studiess waarin de mate van priming van eosinofielen met betrekking tot hun 

degranulatiee is geëvalueerd zijn niet toereikend geweest omdat deze cellen slechts een 

kleinn deel van hun totale hoeveelheid granula-eiwitten vrijmaken tijdens in vitro 

activatie.. Er is echter beschreven dat vrijgifte van deze eiwitten tijdens in vitro 

bloedstollingg gebruikt kan worden als een test om de mate van priming van de 

aanwezigee eosinofielen te kunnen vaststellen (Venge, 1993). 

Dee bepaling van de concentraties van degranulatieproducten afkomstig van eosinofielen, 

zoalss de granula-eiwitten ECP en EPX, in een zieke en gezonde populatie kan informatie 

verschaffenn over de activatiegraad van de cellen. Het doel van mijn studie is de 

bruikbaarheidd en de eventuele meerwaarde van deze degranulatietest voor diagnostische 

enn therapeutische toepassingen te bepalen in vergelijking met het aantal eosinofïele 

granulocytenn in bloed. De vraag is of de concentratie van degranulatie eiwitten in het 

serumm een betere parameter is voor differentiatie tussen zieke en gezonde personen of 

datdat deze parameter eerder een effect van therapie aantoont dan het aantal eosinofielen in 

hett bloed. 

Aann de hand van enkele klinische studies is de toepasbaarheid van de genoemde 

parameterr geëvalueerd voor het diagnostiseren of voor het vervolgen van het effect van 

therapiee in enkele groepen patiënten met ziekten waarbij de eosinofïele granulocyt een 

duidelijkee rol speelt. 
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Bijj  aanvang van de studie bleek reeds dat niet alleen de ECP en EPX metingen zelf, 

maarr meer nog de pre-analytische fase van belang is voor het nauwkeurig kunnen 

diagnostiserenn en vervolgen van patiënten. Een aantal facetten die belangrijk zijn voor 

eenn betrouwbare analyse methode in serum werden geëvalueerd, zoals de invloed van 

stoltemperatuurr en stoltijd. 

Pre-analytischee factoren en methodologische aspecten 

ECPP en EPX zijn slechts in zeer lage concentraties aanwezig in plasma. De concentraties 

inn serum zijn hoger. ECP en EPX in serum zijn afkomstig van zowel in vivo als in vitro 

degranulatiee van eosinofielen, waarbij de in vitro bijdrage de dominante factor is. Voor 

eenn juiste interpretatie van serumconcentraties van eiwitten afkomstig uit eosinofiele 

granulaa is het noodzakelijk om de bloedafnameprocedure en de pre-analytische 

verwerkingg van de monsters te standaardiseren. De invloed van stoltemperatuur en 

stoltijd,, de afhankelijkheid van het aantal eosinofielen in het bloed, de verschillen en 

overeenkomstenn tussen de twee te meten degranulatie-eiwitten (ECP en EPX) en de 

verschillenn tussen twee meetmethoden zijn beschreven in de hoofdstukken 2, 3, 4 en 5. 

Omdatt ECP en EPX in dezelfde granula aanwezig zijn was de verwachting dat bij 

degranulatiee geen verschil in de toename van ECP of EPX valt te detecteren. Er bleek in 

dee experimenten inderdaad geen essentieel verschil te bestaan tussen de resultaten van 

dee EPX of ECP metingen (hoofdstuk 2 en 3). Daarom is bij de uitvoering van de overige 

experimentenn gekozen voor beperking tot één eiwit, het ECP. 

Dee bepaling van de ECP concentratie in serum is een indirecte maatstaf voor de mate 

vann degranulatie van de eosinofiele granulocyt in vivo. Voor een juiste interpretatie is 

hethet noodzakelijk dat de omstandigheden tijdens het stolproces in de afnamebuis 

gestandaardiseerdd zijn. De invloed van de omgevingstemperatuur is essentieel; stolling 

bijj  37°C leidt tot een 5-10 maal hogere ECP serumconcentratie in vergelijking met 

4°C.. De stoltijd behoort ook gestandaardiseerd te worden. Na 2 uur bij 37°C wordt er 
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voorr het vrijkomen van ECP en EPX een plateaufase bereikt. Standaardisatie in tijd en 

temperatuurr tijdens stollen leidt tot minder spreiding in resultaten en zodoende tot een 

meerr eenduidige interpretatie. De spreiding in serum ECP concentraties omvat voor 

normalee personen (ogenschijnlijk gezonde donoren) een groot gebied (12 tot 99 ug 

ECP/1)) (hoofdstuk 4). De variatie zal nog hoger worden indien er verschillende 

meetmethodenn worden gebruikt bij de bepaling van de serum ECP concentratie. Voor 

hett bepalen van referentiewaarden is het belangrijk vast te stellen of verschillende 

meetmethodenn vergelijkbare analyseresultaten geven (hoofdstuk 5). Vergelijking van de 

resultatenn van serum contrölemonsters laat in geval van normale concentraties een goede 

correlatiee zien tussen twee commercieel verkrijgbare bepalingsmethoden (DPC en Kabi 

Pharmacia).. Bij een verhoogde concentratie van ECP wordt relatief minder ECP 

gedetecteerdd met de methode van DPC dan met die van Kabi Pharmacia. 

Contrölemonsterss die ECP of een klein herkenbaar gedeelte (epitoop) ervan bevatten in 

eenn waterige oplossing vertonen eveneens verschillen tussen beide methoden. 

Err is door ons een sterke correlatie gevonden tussen de serum ECP resultaten en het 

aantall  eosinofielen in bloed. Daarom hebben we ook de serum ECP per eosinofiel ratio 

berekend,, om daarmee de variatie, bewerkstelligd door het aantal eosinofielen, uit te 

sluiten.. Op deze manier is voor de serum ECP per eosinofiel ratio is bij gezonde donoren 

eenn range vastgesteld van 61 tot 367 ug ECP per 109 eosinofiele granulocytes De 

omvangg van de spreiding is iets kleiner dan de spreiding van het serum ECP. 

Omm de totale hoeveelheid ECP per eosinofiel vast te stellen zijn eosinofielen gelyseerd 

mett behulp van Cetyl-trimethyl-ammonium-bromide (CTAB). De totale hoeveelheid 

bedraagtt 0,8 tot 6 pg ECP/eosinofiele granulocyt (hoofdstuk 6). Er is meer ECP 

aanwezigg in eosinofielen afkomstig van individuen met een lage concentratie 

eosinofielenn in bloed. In andere studies wordt de totale hoeveelheid niet uitgedrukt in 

relatiee tot het aantal eosinofielen in bloed. De variatie in de opgegeven hoeveelheden in 

dee literatuur is groot: van 4,0 tot 13,5 pg ECP/eosinofiele granulocyt. Deze spreiding 
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kann voor een deel verklaard worden door het feit dat de totale hoeveelheid ECP bepaald 

iss na lysis van de cellen in verschillende media. 

Karakteristiekenn van de eosinofïelpopulatie met betrekking tot 

degranulatie e 

Bepaaldee studies veronderstellen dat circulerende eosinofiele granulocyten van 

allergischee patiënten gepre-activeerd zijn en om deze reden een verhoogde excretie van 

ECPP vertonen tijdens stolling in vitro ten opzichte van de eosinofielen afkomstig van een 

gezondee populatie. Het is echter de vraag of degranulatie van de eosinofiele granulocyt 

tijdenss stolling in vitro volgens hetzelfde mechanisme verloopt als de degranulatie in het 

aangedanee weefsel. Daarnaast stelden wij vast dat zowel in de gezonde populatie als in 

dee patiëntengroepen een sterke relatie bestaat tussen de concentraties eosinofielen in 

bloedd en de serum ECP concentraties. In het algemeen geldt: hoe hoger het aantal 

eosinofielenn in bloed des te hoger is de serum ECP concentratie. Het is voor de 

interpretatiee van de uitkomsten daarom van belang om de ECP serumconcentratie te 

beoordelenn in relatie tot de concentratie eosinofielen in het bloed. 

Err is een afgeleide parameter gedefinieerd voor het kwantificeren van de mate van 

eosinofiell  activatie: de serum ECP per eosinofiel ratio (hoofdstuk 6). Deze ratio geeft 

eenn indruk omtrent de in vitro tijdens stolling vrijgekomen hoeveelheid ECP per 

eosinofielee granulocyt. Deze serum ECP per eosinofiel ratio laat een inverse trend zien 

inn relatie tot het aantal eosinofiele granulocyten. Bij een lage concentratie eosinofielen in 

bloedd is de ECP per eosinofiel ratio hoog. Indien patiënten met een allergische aanleg 

werdenn vergeleken met ogenschijnlijk gezonde personen (hoofdstuk 4) werd geen 

verschill  in de serum ECP/eosinofiel ratio tussen de twee groepen waargenomen. In de 

groepenn van respectievelijk astma-, colitis ulcerosa- en hooikoortspatiënten laat de 

serumm ECP per eosinofiel ratio evenmin een duidelijk verschil zien in vergelijking met 
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eenn gezonde populatie. Tijdens therapie vindt er een daling van het aantal eosinofielen 

plaatss en tegelijkertijd een stijging van de ECP afgifte per eosinofiel. Het is moeilijk om 

dee meerwaarde van de serum ECP concentratie in vergelijking met de eosinofiel 

concentratiee aan te geven. ECP reflecteert in feite slechts de hoeveelheid eosinofielen in 

bloed. . 

Omm te kunnen verklaren waarom eosinofielen die in bloed aanwezig zijn in een lage 

concentratie,, meer ECP per eosinofiele granulocyt vrijmaken tijdens in vitro stolling, is 

dee totale hoeveelheid ECP aanwezig in een eosinofiele granulocyt bepaald. 

Inn deze experimenten werden eosinofielen gelyseerd met behulp van Cetyl-trimethyl-

arnmoniurn-bromidee (CTAB) (hoofdstuk 6). Er werd hierbij een analoge inverse trend 

voorr de totale hoeveelheid ECP per eosinofiele granulocyt waargenomen als functie van 

dee concentratie eosinofiele granulocyten. Wanneer het aantal eosinofielen in bloed hoog 

is,, is de hoeveelheid ECP per eosinofiel laag. Uit de experimenten blijkt dat de 

hoeveelheidd vrijgekomen ECP tijdens in vitro stolling bij 37°C ongeveer 3% van de 

totalee hoeveelheid aanwezige ECP omvat, ongeacht de eosinofielconcentratie in het 

bloed.. Onze studies geven dan ook geen aanwijzingen voor de hypothese dat door pre-

activatiee van circulerende eosinofielen in vivo er meer ECP vrijkomt tijdens het 

stolprocess in vitro. 

Proliferatiee en uitrijping van eosinofiele granulocyten vindt plaats in het beenmerg. Na 

hett myelocytaire stadium worden de cellen toegevoegd aan de voorraad in het 

beenmerg.. Na een aantal dagen worden de cellen afgegeven aan het bloed. Indien er 

eosinofielenn nodig zijn, bijvoorbeeld bij allergische ziekten of voor 

afweermechanismen,, migreren eosinofielen in versterkte mate vanuit het bloed naar de 

betreffendee weefsels. Bij hogere concentraties aan eosinofielen in het bloed komen er 

meerr eosinofielen, wellicht jongere cellen, uit het beenmerg naar het bloed (Smith en 

Goetzll  1980). Waarschijnlijk kan de verhoogde hoeveelheid vrijgekomen ECP per 

eosinofielee granulocyt bij een lage concentratie eosinofielen worden verklaard uit het 
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feitt dat deze eosinofïelen meer ECP per cel bevatten. Dit gegeven heeft wellicht te 

makenn met de langere rijpingsperiode van eosinofïelen in het beenmerg van personen 

mett weinig eosinofïelen in de circulatie. 

Klinischee studies 

OmOm de klinische bruikbaarheid van de serum ECP concentratie en de serum ECP per 

eosinofiell  ratio als activatiemarkers van de eosinofiele granulocyt in vergelijking met het 

aantall  eosinofïelen in bloed te bestuderen zijn enkele patiëntengroepen onderzocht. De 

patiëntengroepenn betroffen astmapatiënten (hoofdstuk 7), personen met Colitis Ulcerosa 

(hoofdstukk 8) en kinderen met hooikoorts (hoofdstuk 9). De astmapatiënten, die 

aanvankelijkk geen corticosteroïden gebruikten maar later startten met inhalatiesteroïden, 

zijnn gedurende een periode van 1 jaar bestudeerd. Patiënten met Colitis Ulcerosa zijn 

voorr en direct na start van de suppletie met orale corticosteroïden gedurende 12 weken 

bestudeerd.. Bij hooikoortspatiënten is het effect van immunotherapie bestudeerd in 

vergelijkingg met een controlegroep van patiënten die uitsluitend met corticosteroïden 

werdenn behandeld. Bij immunotherapie worden patiënten ingespoten met geringe 

hoeveelhedenn van het allergeen waar men allergisch voor is. Door een herhaling van de 

blootstellingg maakt het lichaam stoffen aan die de bestaande reactiviteit bij blootstelling 

aann allergenen doet afnemen. 

Err is onderscheid tussen groepen zieke en gezonde volwassenen mogelijk op grond van 

dee resultaten van de serum ECP meting. Dit geldt in de meeste gevallen echter ook voor 

hett aantal eosinofïelen in bloed. Een meerwaarde van de serum ECP concentratie als 

activatiemarkerr van eosinofïelen voor het beoordelen van de ernst van de ziekte is in 

dezee gevallen dus niet aan te geven. Daarbij valt op dat er bij het onderscheid tussen een 

ziekee en gezonde populatie en bij exacerbatie respectievelijk remissie een grote overlap 

bestaatt tussen de groepen. De individueel voorspellende waarde voor de aanwezigheid 

vann een ziekte op grond van de genoemde parameters is daarom gering. 
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Dee hypothese is onderzocht of ECP serumconcentraties als activatiemarker een 

voorspellendee waarde hebben voor het verloop van de activiteit van de ziekte tijdens 

therapie.. Zowel serum ECP concentraties als het aantal eosinofielen in bloed geven na 

dee start van medicatie het effect weer van de behandeling. De ECP serumconcentratie in 

verhoudingg tot het aantal eosinofielen, uitgedrukt als serum ECP per eosinofiel ratio, 

blijf tt vrijwel constant maar vertoont een abrupte verhoging wanneer het aantal 

eosinofielenn onder 0,05 x 109/1 daalt. 

Therapiee met corticosteroïden leidt tot een opmerkelijke daling in het aantal eosinofiele 

granulocytenn in bloed. Het aantal eosinofiele granulocyten in bloed en de concentratie in 

serumm van het degranulatieproduct ECP zijn laboratoriumparameters die onmiddellijk na 

dee start van corticosteroïd-therapie een effect laten zien. Na drie maanden 

corticosteroidtherapiee door middel van inhalatie is een verlaging in de parameters waar 

tee nemen (hoofdstuk 7). Het aantal eosinofielen daalt drastisch tot ongeveer de helft van 

dee aanvankelijke waarde, terwijl de serum ECP concentratie slechts met 35% afneemt. 

Oralee corticosteroid therapie bij colitis patiënten (hoofdstuk 9), laat na twee weken voor 

beidee parameters een daling tot 35% van de beginwaarden zien. Het verschil zou 

verklaardd kunnen worden door een verschillende gevoeligheid voor corticosteroïden in 

dee verschillende patiëntengroepen. ECP vrijgifte per eosinofiel laat geen verschil zien 

voorr en na therapie. Om deze reden levert de ECP concentratie in serum geen 

meerwaardee ten opzichte van het aantal circulerende eosinofielen in bloed als een 

parameterr voor het vaststellen van de klinische situatie van een patiënt. 

Opmerkelijkk is dat de neutrofiele granulocyten steeds een éénmalige kortdurende 

verhogingg laten zien na start van de corticosteroidtherapie. Eén van de verklaringen voor 

dee tegengestelde effecten van therapie bij eosinofiele en neutrofiele granulocyten zou 

kunnenn zijn het versnellen of het vertragen van geprogrammeerde celdood (apoptose). In 

vitrovitro studies hebben namelijk laten zien dat apoptose in eosinofielen verhoogd en in 

neutrofielenn juist verlaagd wordt in aanwezigheid van corticosteroïden (Matsukura et al. 

1996,, Meagher et al 1996, Nittoh et al 1998). 
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Bruikbaarheidd van gesignaleerde verschillen in morfologische 

kenmerken n 

Omdatt in de literatuur beschreven is dat medische behandeling niet alleen invloed heeft 

opp het aantal eosinofïele granulocyten in het bloed maar ook op de uitrijping en het 

afstervenn van de cellen, werden met behulp van een lichtmicroscoop de morfologische 

variatiess in eosinofïele granulocyten onderzocht. Een eosinofïele granulocyt wordt 

gekenmerktt door relatief grote, ronde korrels. De eosinofïele korrels verschijnen in het 

promyelocytairee stadium van de cellen in het beenmerg. De kern van een eosinofïele 

granulocytt bestaat meestal uit twee lobben. In hoofdstuk 10 is beschreven welke 

morfologischee verschillen bij mensen met veel, respectievelijk weinig, circulerende 

eosinofïelenn in bloed waargenomen worden. Het aantal vacuolen, het 

granulatiepercentage,, de diameter van de cel, de kern/cel oppervlakte verhouding en het 

aantall  lobben in de kern werden als activatie- en rijpingskenmerken gebruikt. 

Eosinofïelenn van patiënten met een hoge eosinofielconcentratie in bloed bleken groter te 

zijnn dan eosinofïelen die aanwezig zijn in een lage concentratie in bloed. De overige 

morfologischee kenmerken van deze twee celpopulaties waren gelijk. In het algemeen 

hebbenn onrijpe granulocyten een grotere diameter dan rijpe granulocyten (Baggiolini 

1980). . 

Corticosteroïdtherapiee leidt bij de meeste patiënten tot een lagere eosinofielconcentratie 

inn het bloed. De eosinofïele granulocyten in bloed bevatten dan minder lobben per kern 

dann eosinofïelen die aanwezig waren voor de start van de therapie. Bovenstaande eigen 

waarnemingenn hebben tot de conclusie geleid dat bij een hogere eosinofielconcentratie 

inn het bloed er meer onrijpe eosinofïelen aanwezig zijn. Corticosteroïdtherapie laat geen 

verschill  in de morfologische activatiekenmerken zien, maar het aantal lobben per kern 

alss marker voor rijping neemt in geringe mate af tijdens therapie. Waarschijnlijk worden 

tijdenss corticosteroïdtherapie de oudere cellen sneller naar de weefsels gevoerd voor een 

201 1 



Hoofdstukk 12 

versneldee apoptose of de aanmaak van de eosinofielen wordt onderdrukt, waardoor de 

cellenn langere tijd in het beenmerg blijven en er daardoor meer rijping van de cellen 

plaatsvindtt in het beenmerg. 

Conclusie e 

Inn situaties waarbij de eosinofiele granulocyt een rol speelt zijn de eosinofiele 

granulocytenn in verhoogde hoeveelheden aanwezig in bloed. Het is niet mogelijk 

geblekenn om aan de hand van de concentratieveranderingen van degranulatie-eiwitten 

inn serum aan te tonen dat de cellen in dergelijke omstandigheden gemakkelijker in vitro 

degranuleren.. Een verhoogde mate van vrijkomen van de hoeveelheid ECP per 

eosinofielee granulocyt is niet waargenomen. Een gestandaardiseerde pre-analytische fase 

laatt voor de ECP concentraties in serum en het aantal eosinofielen in het bloed een 

duidelijkk verband zien, zowel voor als na start van therapie. De meerwaarde van de 

serumm ECP concentratie ten opzichte van de eosinofielconcentratie in het bloed werd in 

dezee studie niet bevestigd. Een nieuwe parameter, de serum ECP per eosinofïel ratio, 

laatt nauwelijks variatie zien bij verschillende groepen patiënten en tijdens het vervolgen 

vann de ziekte-activiteit bij diverse patiënten. De elders in de literatuur beschreven 

hypothesee dat eosinofielen van diverse soorten allergische patiënten ten gevolge van de 

gepreactiveerdee status tijdens in vitro stolling meer ECP vrijmaken wordt door mijn 

studiee niet onderbouwd. 

Dee morfologische kenmerken manifesteren een gering verschil in eosinofiele 

granulocytenn bij hoge respectievelijk lage concentraties in bloed. Het verschil wijst 

overigenss veeleer op een verschil in uitrijping dan op een wezenlijk verschillende 

activatiegraadd van de eosinofielen. Evenals het aantal eosinofielen in bloed en de serum 

ECPP concentratie laten ook de morfologische kenmerken een duidelijke overlap zien 

tussenn de eosinofielen van zieke en gezonde personen, zodat de individueel 

voorspellendee waarde gering is. 
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Hett blijkt niet mogelijk om naast de hoeveelheid eosinofïelen in bloed (kwantiteit) met 

behulpp van gemakkelijk toegankelijke diagnostische bepalingen ook de pre-

activatiegraadd (kwaliteit) van de populatie eosinofiele granulocyten aan te tonen. 

Suggestiess voor  vervolgonderzoek 

OmOm het proces van degranulatie en de bruikbaarheid van ECP bepalingen beter te 

begrijpenn is het zinvol te onderzoeken welke factor er bij bloedstolling vrijkomt die 

resulteertt in eosinofieldegranulatie. 

Omdatt meting van ECP in serum beschouwd wordt als een indirecte maat voor 

eosinofielactivatie,, is het aan te bevelen eosinofiele degranulatiemarkers te meten in 

lichaamsvloeistoffenn waarin geen sprake is van activatie zoals bij in vitro bloedstolling. 

Hett betreft analyse in vloeistoffen die aanwezig zijn rondom het aangedane weefsel, 

zoalss broncho-alveolaire lavage vloeistof, sputum of faeces. Hierbij treden echter 

problemenn op bij het verkrijgen van monsters: representeert de kleine hoeveelheid 

monsterr wel de toestand in het gehele weefsel, en in welk oplosmiddel wordt het 

materiaall  gesuspendeerd? Een andere optie is om de bruikbaarheid van ECP of EPX in 

urinemonsterss te onderzoeken. Bepaling in urine is echter evenals bepaling in bloed 

slechtss een indirecte maatstaf voor degranulatie in het aangedane weefsel; het is niet 

duidelijkk of de gemeten ECP het vrijgekomen eiwit is uit de aangedane weefsels of dat 

hethet ECP betreft dat vrijgekomen is uit de eosinofïelen in de nieren. 

Eenn meer directe benadering zou zijn bepaling van de hoeveelheid degranulatie-eiwitten 

inn een stukje ontstoken weefsel (biopt). Maar de bepaling in een weefselbiopt valt niet 

onderr de categorie gemakkelijk toegankelijke laboratoriumtechnieken voor diagnose en 

vervolgg van ziektebeelden. 
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"Eosinophill  Degranulation as an Allergy Activation Marker" , 

C.J.. Pronk-Admiraal , 17 oktober  2001 

11 Meting van het gehalte aan "eosinofïel kationisch eiwit" (EC?) in serum heeft een 

lagee voorspellende waarde met betrekking tot de pre-activatiegraad van eosinofiele 

granulocytenn in het bloed van een bepaald individu. (Dit proefschrift) 

22 Corticosteroïden hebben invloed op de aanwezigheid van eosinofielen in het bloed 

dochh niet aantoonbaar op de degranulatie van deze cellen. (Dit proefschrift) 

33 Een methode voor het vaststellen van de mate van pre-activatie bij eosinofielen in 

vivovivo is niet voorhanden. (Dit proefschrift) 

44 De pre-analytische fase leidt tot de grootste variatie in het meetresultaat. 

55 Om in deze hectische en dynamische tijd overeind te blijven is het belangrijk óók als 

volwassenenn de bekende R's voor baby's (rust, reinheid, ruimte en regelmaat) te 

respecteren. . 

66 Samenwerken levert in vele aspecten winst op, terwijl het slechts 'wil ' en 

'vertrouwen'' vraagt. 

77 Klinisch chemicus is een beroep dat bij uitstek geschikt is voor de bèta-

wetenschapperss met een menselijke kijk op het leven. 

88 Je kunt pas iets uitstralen als je het van binnen bezit. 

99 Toeval bestaat niet! 

100 Kinderen zijn de mooiste en meest waardevolle aandelen die je kunt bezitten. 
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