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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. 

108 8 



ECPP and eosinophil count in asthma 

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. 

122 2 



ECPP and eosinophil count in asthma 

References s 

1.. Rodriguez-Roisin R. Physiological markers of airway inflammation in asthma. Eur Respir 

Revv 1996; 6: 19-22. 

2.. Barnes N. Evaluating asthma and its treatment: clinical markers and indicators of efficacy. 

Eurr Respir Rev 1996; 6: 31-7. 

3.. Laitinen LA, Laitinen A, Haahtela T. Airway mucosal inflammation even in patient with 

newlyy diagnosed asthma. Am Rev Respir Dis 1993; 147: 669-704. 

4.. Frew AJ. The inflammatory basis of asthma. Eur Respir Rev 1996; 32: 1 -3. 

5.. Horn B, Robin E, Teodore J, van Kessel A. Total eosinophilia counts in the management 

off  bronchial asthma. N Eng J Med 1975; 292: 1152-5. 

6.. Lowell F. Clinical aspects of eosinophilia in atopic disease. J Am Med Ass 1967; 202: 

875-8. . 

7.. Laitinen LA, Laitinen A, Heino M, Haahtela T. Eosinophilic airway inflammation during 

exacerbationn of asthma and its treatment with inhaled corticosteroid. Am Rev Respir Dis 

1991;; 143:423-7. 

8.. Bousquet J, Chanez P, Lacoste JY, Baruen G, Chavanian N, Enander I, Venge P, Ahlstedt 

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

9.. Kay AB. Asthma and inflammation. J Allergy Clin Immunol 1991; 87: 893-910. 

10.. Aalbers R, de Monchy JGR, Kauffman HF, Smith M, Hoekstra Y, Vrugt B, Timens W. 

Dynamicss of eosinophil infiltration in the bronchial mucosa before and after the late 

asthmaticc reaction. Eur Resp J 1993; 6: 840-7. 

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

12.. Weller  P. Eosinophilia. J Allergy Clin Immunol 1984; 73: 1-10. 

13.. Durham SR, Loegering DA, Dunnette S, Gleich GJ, Kay AB. Blood eosinophils and 

eosinophil-derivedd proteins in allergic asthma. J Allergy Clin Immunol 1989; 84: 931-6. 

123 3 



Chapterr 7 

14.. Venge P, Roxin LE, Olsson I. Radioimmunoassay of Human Eosinophil Cationic Protein. 

Brr J Haematology 1977; 37: 331-5. 

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

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

andd exacerbations. Respir Med 1994; 88: 613-21. 

16.. Skedinger  M, Hallden G, Lundahl J, Hed J, Zetterstrom O. Eosinophil activity reflects 

clinicall  status in patients with asthma before and during a prednisolon course. Ann Allergy 

Asthmaa Immunol 1995; 75: 250-5. 

17.. Roquet A, Hallden G, Ihre E, Hed J, Zetterstrom O. Eosinophil activity markers in 

peripherall  blood have high predictive value for bronchial hyperreactivity in patients with 

suspectedd mild asthma. Allergy 1996; 51: 482-8. 

18.. Ferguson AC, Vaughan R, Brown H, Curtis C. Evaluation of serum eosinophilic cationic 

proteinn as a marker of disease activity in chronic asthma. J Allergy Clin Immunol 1995; 95: 

23-8. . 

19.. Zimmerman B, Lanner A, Enander I, Zimmerman RS, Peterson CGB, Ahlstedt S. Total 

bloodd eosinophils, serum eosinophil cationic protein and eosinophil Protein X in childhood 

asthma.. Clin Exp Allergy 1993; 23: 564-70. 

20.. Sterk PJ, Fabbri LM, Quanjer PhH. Airway responsiveness. Standardized challenge testing 

withh pharmacological, physical and sensitizing stimuli in adults. Eur Respir J 1993; 6: 

53-83. . 

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

eosinophill  cationic protein (ECP) and eosinophil protein XJ eosinophil derived neurotoxin 

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

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

22.. Rao R, Frederick JM, Enander I, Gregson RK, Warner JA, Warner JO. Airway function 

correlatess with circulating eosinophil, but not mast cells, markers of inflammation in 

childhoodd asthma. Clin Exp Allergy 1996; 26: 789-93. 

124 4 



ECPP and eosinophil count in asthma 

23.. Carlsson M, Hakansson L, Peterson C, Stalenheim G, Venge P. Secretion of granule 

proteinss from eosinophils and neutrophils is increased in asthma. J Allergy Clin Immunol 

1991;92:537-48 8 

24.. Pronk-Admiraa l CJ, Bartels PCM. Effect of clotting temperature and eosinophil 

concentrationn on the eosinophil cationic protein concentration in serum. Scand J Clin Lab 

Investt 1994; 54: 185-8. 

25.. Rubir a N, Rodrigo MJ, Pena M, Nogueiras C, Jesüs Cruz M, Cadahia A. Blood sample 

processingg effect on eosinophil cationic protein concentration. Ann Allergy Asthma 

Immunoll  1997;78:394-8. 

26.. Dahl R, Venge P. Blood eosinophil leukocytes and eosinophil cationic protein in vivo 

studyy of the influence of beta-2-adrenergic drugs and steroid medication. Scand J Respir 

Diss 1978; 59: 319-22. 

27.. Kaliner  M. Mechanisms of glucocorticosteroid action in bronchial asthma. J Allergy Clin 

Immunoll  1985; 76: 321-9. 

28.. Hermansson BA, Jenkins RJ. A 4-week comparison of salmeterol and terbutaline in adult 

asthma.. Allergy 1995; 50: 551-8. 

125 5 




