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Introduction 

Basic Immunology  
The immune system in the human body is an intricate network of molecules 
and cells working together with the purpose to protect the host against infec-
tious agents such as bacteria, viruses and parasites. Due to the vast number 
of pathogens in the environment there are a wide variety of immune re-
sponses which are often divided into two entities: innate and adaptive immu-
nity. The innate immunity is basically the first line of defense against invad-
ing microorganisms and is characterized by the actions of leukocytes such as 
monocytes, macrophages, neutrophil granulocytes and eosinophil granulo-
cytes. These leukocytes can release a number of effector molecules to fight 
the pathogens or act as phagocytes and bind to the invading microorganisms, 
internalize them and kill them. This non-specific recognition system allows 
the cells to kill a number of different pathogens1.  
Adaptive immunity is more specific and is characterized by the actions of 
lymphocytes, another class of leukocytes, which will specifically recognize 
individual pathogens.  The lymphocytes are basically categorized into B- and 
T-lymphocytes, where B-lymphocytes (B-cells) fight extra cellular patho-
gens by producing antibodies against antigens on the pathogen surface and 
where T-lymphocytes (T-cells) can either interact with B-cells and phago-
cytes, or destroy host cells infected by virus.  
The focus of the present work has been on one of the cells of innate immu-
nity; the eosinophil granulocyte, and more importantly on one of its effector 
proteins; Eosinophil Cationic Protein (ECP).  

Inflammation  
Inflammation is a defense process characterized by immune reactions in 
tissues due to antigen challenge, infection or tissue damage. The purpose of 
the inflammatory response is to prevent the causative agent to spread further 
into surrounding tissues. Inflammation is often divided into acute and 
chronic inflammation. During the acute inflammation there is a swelling and 
redness of the affected area due to increased blood flow and the recruitment 
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of leukocytes to the area2. The chronic inflammation is more characterized 
by the infiltration of mononuclear cells such as monocytes, macrophages and 
lymphocytes. Tissue destruction and attempts at tissue repair such as fibrosis 
is often evident.  

Inflammatory cells  
A number of different cells participate in inflammatory processes of which 
many are leukocytes. In the section below the different types of cells will be 
described in brief, after which the eosinophil will be described in more de-
tail.   

 Neutrophil granulocytes 
Neutrophils are the most abundant of the leukocytes in the circulation, they 
constitute about 60-70 % in a normal healthy individual2. They are typically 
characterized by the multilobed nucleus; it usually has between 2-5 lobes. 
There are granules in the cytoplasm of the cells, specific (secondary), azuro-
philic (primary) and secretory granules. The azurophilic granules contain 
lysozyme, myeloperoxidase3, elastase and defensins4, the secondary granules 
contain lysozyme5, collagenase and human neutrophil lipocalin6 (HNL) and 
the secretory granules contain gelatinase6.  

Neutrophils participate in the defense against invading microorganisms, 
especially bacteria, and are professional phagocytes.    

Mast cells 
The cytoplasm of the mast cell is filled with basophilic granules which con-
tain histamine, proteoglycans such as heparin and proteases2. Mast cells play 
a major role in allergic reactions, they express the high affinity IgE receptor 
on their surface, and activation of this receptor by binding of antigen to IgE 
mediates the release of histamine and other mast cells products7. This can 
result in smooth muscle contraction such as in the lung of asthmatics. Mast 
cells are also potent producers of leukotrienes. 

Basophil granulocytes 
The basophil is a very rare leukocyte of the circulation; it constitutes less 
than 1 % of blood leukocytes8. It also has a lobed nucleus and granules in the 
cytoplasm. The specific granules stain by basic dyes due to the contents of 
heparin2. They also contain the potent inflammatory mediator histamine and 
have the potency to produce leukotrienes. Basophils can supplement the 
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actions of mast cells in immediate hypersensitivity reactions; just like the 
mast cells they have the high affinity IgE receptor8.   

Monocytes/macrophages 
Monocytes have fine azurophilic granules in the cytoplasm which are ly-
sosomes. After the monocytes cross capillary walls and enter the tissues, 
they will develop into macrophages which are potent phagocytes that can 
survive in the tissues for months2. Macrophages work as professional antigen 
presenting cells and interact with other cells of the immune system and they 
are abundant cells in the lungs and the GI tract.   

Morphology of eosinophil granulocytes 
The eosinophil granulocyte is another of the human leukocytes and it was 
first described by the German scientist Paul Ehrlich in 1879. He found a 
granulated blood cell that was stained red by the acidic dye eosin, and hence 
named it the eosinophil granulocyte after the Greek goddess of the dawn; 
Eos 9,10. Characteristic for the eosinophil is the bi-lobed nucleus and the pres-
ence of granules in the cytoplasm9 (figure 1).  

 
Figure 1. An electron microscopic image of a human eosinophil isolated from a 
healthy blood donor, published with courtesy of Dr Malgorzata Karawajczyk.   
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There are several types of granules; the small granules contain acid phos-
phatase and elastase, the primary granules contain the Charcot Leyden 
Chrystal protein11 and the secondary, or specific, granules contain the basic 
granule proteins10 and are hence the granules stained red by the acidic dye 
eosin. 

Eosinophil development  
Eosinophils are developed in the bone marrow from haematopoietic stem 
cells and are of the myeloid lineage together with erythrocytes, monocytes 
and the other granulocytes. Three classes of transcription factors are of im-
portance in the development of eosinophils; GATA-1, PU 112 and C/EBP13 
family members. The GATA transcription factors are not only important in 
lineage commitment but also for the expression of granule proteins9.  Eosi-
nophil development from the myeloid progenitors is dependent on several 
factors such as IL-314, IL-514,15 and GM-CSF14.  

Eosinophil migration and recruitment 
When eosinophils are released into the circulation they only stay for a matter 
of hours (13-18h) before they migrate into the tissues and are hence often 
though of as tissue cells. In the tissues the cells can survive for weeks16.  

The recruitment of eosinophils into tissues is a multi-step process which 
begins with priming of the eosinophils in the circulation. Signals for priming 
of eosinophils in the circulation are cytokines such as IL-5, IL-3 and GM-
CSF17. The primed eosinophils migrate through a process called rolling ad-
hesion. Rolling is mediated by selectins and the adhesion is mediated by 
integrins such as CD18 and VLA-4 that will bind to ICAM-1 and VCAM-1 
on the endothelial wall18. The eosinophils will then migrate through the en-
dothelial wall and out into the surrounding tissue and by the aid of chemoat-
tractants such as RANTES19 and eotaxin20 they will migrate to inflammatory 
foci.   

Inflammatory mediators  
The eosinophil is a potent producer of several inflammatory mediators. It 
produces pro-inflammatory cytokines such as IL-2, IL-4, IL-5, IL-10, IL-12, 
IL-13, IL-16 and IL-1821,22, TGF-� and chemokines such as RANTES and 
eotaxin23,24. Other pro-inflammatory mediators produced by the eosinophil 
are lipid mediators such as leukotriene C4

25 and the cell is also a potent pro-
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ducer of reactive oxygen species which significantly enhances its cytotoxic 
potential.  

Eosinophil degranulation  
Eosinophils degranulate, or release their granule contents, by three different 
mechanisms known as cytolytic degranulation, regulated secretion and 
piecemeal degranulation.  Cytolytic degranulation is the same as necrosis9 
and has been observed in the airway tissue in vivo26 and is also seen in dis-
eases such as the hypereosinophilic syndrome.  The regulated secretion is 
characterized by the fusion of granule membranes with the plasma mem-
brane which causes the release of granule contents through pores. Piecemeal 
degranulation is characterized by a selective vesicular transport of granule 
contents to the plasma membrane27, resulting in partially or completely 
empty specific granules. There are several stimuli of the eosinophil that re-
sults in degranulation and release of granule proteins such as IgA and IgG9, 
especially in combination with IL-5.  Interactions with extracellular matrix 
and certain bacterial products such as fMLP also stimulate eosinophil de-
granulation9. 

Granular proteins of the specific granules 
Classic characteristics of the eosinophil granulocyte are the specific granules 
stained red by the acidic dye eosin. These granules contain a variety of 
highly basic proteins such as Major Basic Protein (MBP), Eosinophil per-
oxidase (EPO), Eosinophil Protein X/ Eosinophil Derived Neurotoxin 
(EPX/EDN) and Eosinophil Cationic Protein (ECP)28. 

 Two homologues of MBP have been found in humans; MBP1 and 
MBP29. MBP1, a 14 kDa protein is found in the core of the specific eosino-
phil granules29. Although MBP2 is granule associated, its location within the 
granule is still unknown. MBP1 is translated as a preproprotein and then 
processed to a proprotein of 32 kDa. The conversion of pro-MBP to MBP1 
then takes place in the granules9. It is believed that MBP1 is synthesized in 
such a fashion as a means to protect the cell from the toxic properties of the 
molecule during the transport to the granules.  

MBP1 is highly basic with an isoelectric point of 11.410. It is a cytotoxic 
protein; it binds to the membrane of schistosomules, the larvae of the Schis-
tosoma mansoni parasite, and causes its disruption30. MBP1 also kills several 
other helminth parasites such as Trypanosoma cruzi31 and the larvae of Tri-
chinella spiralis and it is also cytotoxic to the bacteria Staphylococcus 
aureus and Escherichia coli9.  MBP1 is also toxic to the body’s own cells, as 
in asthmatic subjects where it can destroy the epithelial cells of the lung, its 
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toxicity towards epithelial cells has been demonstrated in vitro32. MBP1 is a 
C-lectin type protein and has been shown to bind to heparin, and this could 
indicate that the first step of its toxicity is to bind to the proteoglycans on the 
surface of the target cells. Apart from the toxic functions of MBP1, it can 
also stimulate the release of the inflammatory mediator histamine from the 
basophil granulocyte33 and also stimulate airway-hyperreactivity. 

  EPO belongs to the mammalian peroxidase family, which also includes 
myeloperoxidase and lactoperoxidase. EPO is another basic granule protein 
with a pI of 10.810 and it is located in the granular matrix29. It is a 70 kDa 
protein built up by a heavy and a light chain; heavy chain is about 50-58 kDa 
and the light chain 10.5-15.5 kDa9. Activated eosinophils produce a respira-
tory burst which will generate toxic superoxide anions and H2O2. EPO in the 
presence of H2O2 and a halide such as bromide forms highly reactive hypo-
halous acids such as HOBr, a powerful oxidant. Eosinophil activation in vivo 
causes oxidative damage of proteins through the bromination of tyrosine 
residues9.    

EPO in the presence of H2O2 and a halide such as chloride or bromide can 
kill several different microorganisms such as the E. coli bacteria and several 
different parasites such as trypanosoma, S. mansoni34 and Brugia malayi35. 
Some studies also indicate that the release of EPO in the presence of H2O2 
and halides can initiate mast cell secretion. Also, it is shown that binding of 
EPO to microbes such as S. aureus and T. cruzi greatly potentiates their kill-
ing by mononuclear phagocytes9.  

EPX/EDN is another basic granule protein located in the granular ma-
trix36. It is also known as RNase 2 and together with ECP it is a member of 
the pancreatic RNAse A superfamily. EPX is an 18.6 kDa28 protein which 
shares a 70% homology with ECP. It has been found not only in eosinophils 
but also in neutrophils37.  

EPX has a weak cytotoxic activity as compared to the other granule pro-
teins, but it has a potent RNase activity.  This RNase activity seems impor-
tant for the neurotoxic activities of EPX, when the RNase activity was 
chemically abolished the neurotoxic effects were also lost38. In vitro studies 
on recombinant EPX has shown that it decrease the infectivity of the RNA-
virus respiratory syncytial virus for mammalian cells39,40. EPX has been 
shown to display toxicity towards some microorganisms such as larvae of 
the T. spiralis helminth, and the microfilariae B. pahangi and B. malayi35.  

ECP  
ECP is a 133 amino acid41, single polypeptide protein with an isoelectric 
point of 10.842,43, and it is located in the matrix of the specific granule36. It is 
a very basic protein due to several arginine residues in the molecule. ECP is 
also known as RNase 344 and has RNase activity45,46, and as already men-
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tioned it is a member of the pancreatic RNase A superfamily47. However, its 
RNase activity is much lower than that of the other members; it has been 
estimated to be approximately 100-fold lower than that of EPX48. ECP and 
EPX show approximately 70 % sequence homology49, and the genes are 
localized at q24 to q31 on chromosome 1450. It is believed that these two 
genes arose as the result of a gene duplication event about 30 million years 
ago51.  
The molecular weight of ECP can differ from approximately 15-22 kDa due 
to glycosylation of the protein42,52. There are 3 known sites for N-linked 
glycosylation43 on the molecule and deglycosylation experiments with gly-
cosidases have indeed demonstrated the presence of N-linked carbohydrates 
on native53,54 and recombinant ECP39.  

Several Single Nucleotide Polymorphisms (SNPs) have been identified in 
the ECP encoding gene (RNASE3)50,55. Some have been linked to function 
or cellular content of ECP. In a study by Jönsson et al56 the 562(G>C) poly-
morphism in the 3’UTR region of the ECP gene correlated to the cellular 
levels of ECP. In another study the intron polymorphism -38(C>A) that is 
positioned in a putative GATA-1 binding site was correlated to serum ECP 
levels57. The 434(G>C) polymorphism is located in exon 2 of the ECP gene 
and this SNP results in a shift from arginine at position 97 in the mature 
protein to threonine50,58. 

The ECP 434(G>C) polymorphism not only results in an amino acid 
change from arginine to a threonine, but  with this transition a potential new 
glycosylation site is also created. It could be either O-linked glycosylation 
where the O-linked glycans are linked to the hydroxyl group of threonine, or 
N-linked glycosylation where the carbohydrate is attached to the asparagine 
in the tripeptide sequence Asn-x-Thr.  

ECP is a multifunctional protein but perhaps the cytotoxic properties are 
the most characteristic feature. The cytotoxic ability of ECP has been as-
cribed to its membrane disrupting capacity59 which has been shown to be 
dependent on both hydrophobic and cationic residues60-62. As shown in table 
1, ECP is cytotoxic to a number of microorganisms and cells. Toxicity has 
been shown to parasites, bacteria, viruses, cancer cells and also to the hosts 
own cells such as in the allergic inflammation where the epithelial cells are 
destroyed by the cytotoxic activities of ECP63 and other eosinophil derived 
proteins. The RNase activity is required for the antiviral39,64 and neurotoxic 
activity38, but not for the antibacterial65 and antihelminthic activities.    
  ECP also has multiple other functions in the body and these activities in-
clude a role in tissue remodeling and fibrosis which will be discussed more 
in detail later, airway mucus secretion and immunomodulatory effects48. 

 ECP is produced in eosinophils and have also been found in neutrophils37 
and monocytes66. Monocytes have been shown to produce ECP, whereas 
neutrophils are suggested to internalize ECP and store it in the primary gran-
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ules67. However, in a recent publication68 de novo synthesis of ECP in neu-
trophils was demonstrated.  

The coding 434(G>C) polymorphism of the ECP gene has been studied to 
some extent in an attempt to determine possible functional differences of the 
two allele products. The G- allele (ECP97arg) of the ECP 434(G>C) polymor-
phism has been associated both to the occurrence of allergic symptoms58, 
and also to the Nodular Sclerosis subgroup of Hodgkin Lymphoma69. In a 
recent study on recombinant ECP97arg and ECP97thr it was shown that they 
differed in terms of cytotoxicity70. ECP97arg displayed potent toxic properties 
towards the mammalian cell line H69 whereas ECP97thr was non-cytotoxic. 
Interestingly, when ECP97thr was enzymatically deglycosylated it regained 
the toxic properties, indicating that not only the amino acid shift is important 
for the functions, but perhaps also the post-translational modifications. Sev-
eral studies on different RNases have implicated that carbohydrates play a 
functional role71,72.  

Table 1. A summary of the cytotoxic actions of ECP. 

ECP sensitive cell types and microorganisms Reference 
Parasites   

 S.mansoni  30,73,74 
T.spiralis 44 
B. pahangi 35 
B. malayi 35 
T.cruzi 75 

Bacteria   
 E. coli 60,65,76 
 S. aureus 60,65,76 

Virus  
 RSV 39,40 

Human cell lines  
 H69 70 
 K562 70,77 
HL-60 61,77 
A431 77 
MDA-MB-453 77 
HeLa 61 

Eosinophil function in health and disease  
Eosinophils are fairly rare in the circulation, they constitute about 2-4 % of 
the total amount of leukocytes in the blood stream of a healthy individual 2. 
As previously mentioned, eosinophils are mainly regarded as tissue cells and 
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can be found in most tissues of the body in different diseases, but in healthy 
subjects they are most prominent in the GI tract and the lymphatic system24.  

In the tissues eosinophils take part in the innate immunity and have been 
proposed to modulate immune response by a wide array of mechanisms.  
They can initiate antigen specific immune response by acting as antigen 
presenting cells78. They are effector cells inducing tissue damage and dys-
function by the release of toxic proteins and lipid mediators.    
The purpose and main function of the eosinophil in the human body is a 
topic of debate, but a clue to the actual role of the eosinophil can be found 
when looking at its correlation to disease. Elevated levels of blood eosino-
phils were first observed in association with infection with parasites, sug-
gesting a role of eosinophils in the host defense against parasites. Eosino-
phils have been found to mediate antibody- or complement- induced toxicity 
towards helminths79, and to degranulate in the vicinity of damaged parasites. 
Elevated levels of eosinophil granule proteins have been found in asthmatic 
subjects and are suggested to induce cytotoxicity to respiratory epithelial 
cells and also to induce airway hyper-reactivity24. Eosinophils interact with 
mast cells in the allergic reaction and facilitate mast cell activation80 and 
release of histamine80 and the cells have also been shown to be involved in 
several malignancies.  

Host defense  
The beneficial function of eosinophils has mainly been attributed to their 
role in host defense, and most notably in the defense against parasites. The 
exact function of eosinophils in parasite infections in vivo is still not fully 
understood, but several in vitro studies have demonstrated the toxic potential 
of eosinophils and killing of parasites. Some parasites such as helminths 
have many developmental stages during infection and the host will be ex-
posed to different antigens during each stage. Hence, the immune response 
to the parasite might differ at every stage of development.  

Infection by helminthic parasites is generally associated by eosinophilia 
and increased serum IgE levels, which is associated by the production of IL-
4 and IL-581. The importance of IL-5 in this eosinophilic response has been 
demonstrated in several animal studies82 and IL-4 is responsible for the re-
cruitment of eosinophils to the tissue83. Blood eosinophilia is usually pro-
nounced for the first weeks after infection, but generally decreases when the 
migration of the larval stages cease and the parasites reaches sexual matur-
ity81. The mechanism for eosinophil mediated killing of parasites is not fully 
elucidated, but it seems as if the eosinophil mediates killing in several ways. 
In most cases it seems to involve antibody- or complement-induced release 
of the toxic granule proteins and/or reactive oxygen species84. Eosinophils 
have been shown to adhere to parasites, and the have been shown to deposit 
their granule contents in the vicinity of parasites. It also seems as if there are 
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differences in the mechanisms during different developmental stages of the 
same parasite81,85.    

One helminthic infection where eosinophils have a demonstrated defen-
sive role is schistosomiasis or bilharzia. This helminthic infection occurs 
with one of five Schistosoma species that can infect humans86. It is a com-
mon infection in tropical areas and it is estimated by the WHO that over 200 
million individuals are infected worldwide. Schistosomes need two host 
organisms to complete their lifecycle; humans and the intermediate host of 
fresh water snails. Humans are infected when they come in contact with 
infected fresh water where the cercariae, a larval stage of the parasite, can 
penetrate the skin. After it penetrates the skin it will develop into the next 
larval stage and start to migrate through the body. The mature, adult para-
sites will eventually dwell in the blood vessels of the body and mate and 
start to produce eggs. Some of these eggs will get trapped in small blood 
vessels in the body, but most will leave the body through the faeces87. When 
the eggs reach fresh water they will hatch and the parasite is then free to 
infect the intermediate host and thus complete the lifecycle. 

 The importance of eosinophils in the protection against schistosomes has 
been suggested in several studies 88,89. In vitro experiments on schistosomu-
lae, a larval stage of the S. mansoni parasite, have demonstrated their suscep-
tibility to ECP30,73,74.  Other granule proteins such as MBP and EPX also 
demonstrated a potential toxic effect but not to the same extent as ECP.  

 
Figure 2. The irrigation canal in a village south of Khartoum, Sudan. The canal runs 
through the entire village and is the source of fresh water for the villagers. Since the 
canal is inhabited by the Biomphalaria Glabrata snail, the intermediate host for the 
S. mansoni parasite, the villagers are constantly exposed to the parasite and hence 
the level of infection is high.   
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Although eosinophils seem to have a protective role against parasite infec-
tion, they are also involved in the pathogenesis of infection. With the release 
of the potent cytotoxic granule proteins due to infection, there is also exten-
sive tissue damage in the host. For instance, in infection with the S. mansoni 
parasite, a fibrotic reaction can occur due to egg accumulation in tissues. 
Granulomas form around the eggs and these are rich in infiltrating eosino-
phils and other inflammatory cells and eventually there is irreversible fibro-
sis which leads to severe consequences to the host87.  

Eosinophils might also have protective roles in other infections than 
helminthic infections, such as viral infections. It has been suggested that 
eosinophils play a protective role against infection with the RNA-virus 
RSV40.  

Allergy and asthma  
One of the first functions suggested for eosinophils was the involvement in 
the allergic inflammation. Several different cells are involved in the allergic 
inflammation such as mast cells, T-cells and eosinophils. When an antigen 
enters the body it will first be processed by antigen presenting cells such as 
macrophages. The macrophage takes up the antigen and presents it on the 
cell surface for the T-lymphocyte to recognize. The T-cell starts producing a 
wide array of cytokines and other inflammatory mediators. One consequence 
of this is the isotype switch of B-cells to produce IgE antibodies. Also, the 
T-cells can produce certain cytokines such as IL-5 which will recruit eosino-
phils to the area. The IgE and allergen bind to the surface of mast cells, 
which will facilitate the release of histamine and lipid mediators. The mast 
cell secretion gives rise to airway hyperresponsiveness and the recruitment 
of more inflammatory cells such as eosinophils to the area. Eosinophils are 
more involved in the late phase reaction, where the release of their toxic 
granule proteins leads to epithelial cell damage90 and tissue remodeling.  

Asthma is a chronic inflammation of the airways that is characterized by a 
prominent eosinophil infiltration in the bronchial mucosa91. There is obstruc-
tion of the airways and airway hyperresponsiveness and patients often ex-
perience cough, wheezing and shortness of breath10. Classical features of the 
airway inflammation are the infiltration of leukocytes, basement membrane 
thickening and hypertrophy of the bronchial smooth muscle.  

The role of eosinophils in asthma is under much debate. That eosinophils 
are present in the lung of asthmatics is undisputable, but the actual role of 
the cell is unclear. Eosinophils have been argued to be critical mediators of 
disease activity, and experiments were made with anti-IL-5 antibodies in an 
attempt to demonstrate this. It was anticipated that the administration of anti-
IL 5 antibody to asthmatic patients would eradicate the eosinophils and also 
the disease manifestations. Administration of the antibody did result in the 
depletion of blood and sputum eosinophils, but did not inhibit allergen-
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induced bronchoconstriction or airway hyperresponsiveness92 and these data 
were interpreted as evidence against the eosinophils role in asthma. How-
ever, a later study demonstrated that the administration only decreased the 
eosinophils in the lung by approximately 50 % and did not eradicate them, 
and there was no difference in the tissue deposition of MBP between patients 
treated with the antibody and those who had received placebo91. Hence, 
eosinophils might very well play a significant role in the disease manifesta-
tion of asthma.  

 

Tumor associated tissue eosinophilia  
Tumor associated tissue eosinophilia (TATE) has been reported for many 
different malignancies such as colonic tumors, lymphomas, breast cancer 
and cervical cancer. Some studies have reported a favorable prognosis in 
correlation with tissue eosiniphilia which would suggest a protective role of 
eosinophils. A study on colonic carcinomas reported an increase in survival 
and decrease in metastases in correlation to tissue eosinophilia93.  Studies on 
tumors of the uterine cervix94 and squamous cell carcinomas of the oral cav-
ity95 and bladder have also reported a more favorable outcome in correlation 
with TATE.      

However, some studies have correlated tissue eosinophilia to a worse 
prognosis, hence suggesting that eosinophils may play a tumor promoting 
role. 

In Hodgkins Lymphoma there is a substantial infiltration of inflammatory 
cells in the tumor, the actual tumor cells only constitute a few percent of the 
total amount of cells. These inflammatory cells, often referred to as by-
stander cells, are all kinds of lymphocytes and leukocytes, including eosino-
phils.  The presence of eosinophils in Hodgkin Lymphoma tumors has been 
correlated to a poor prognosis96,97. There is also a correlation between the 
abundance of eosinophils and NS-histology of HL. NS-HL, or nodular scle-
rosing HL, is characterized by collagen bands within the tumor which could 
imply a functional role of the eosinophils in the development of fibrosis. In a 
previous study the ECP 434 (G>C) polymorphism was examined in 43 sub-
jects with HL98. A correlation was found between ECP genotype and the NS-
histology, there was an overrepresentation of subjects with the GG-genotype 
in this group of patients. This would implicate ECP, and in particular 
ECP97arg, in the development of fibrosis.  

Eosinophils and tissue remodeling  
Eosinophils are implicated in many diseases of which several contain a fi-
brotic component. The main effector cell in fibrosis and tissue remodeling is 
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the fibroblast, a mesenchymal cell of the connective tissue matrix, which 
will migrate towards an injured area and proliferate. The activated fibro-
blasts produce proteins of the extracellular matrix, thus making the fibrotic 
tissue thick and inelastic which may eventually lead to loss of function of the 
affected organ. 

Eosinophils are often found in fibrotic tissue and can affect fibroblasts in 
several ways. They release potent fibrogenic factors such as TGF-�99, FGF-
2100, NGF and VEGF101,102, and several interleukins such as IL-6103, IL-11 
and IL-13104. The release of the eosinophil granule proteins will also enhance 
the activities of the fibroblasts. EPX has been shown to stimulate fibroblast 
proliferation102, and in vitro experiments of primary cultured normal human 
bronchial epithelial cells (NHBE cells) cultured in the presence of MBP or 
EPO resulted in increased production of TGF-� and -��as well as PDGF-�, 
but also MMP-9105. ECP is shown to inhibit proteoglycan degradation and 
also to increase the intracellular accumulation of glycosaminoglycans in 
human lung fibroblasts106. ECP stimulates migration of human lung fibro-
blasts107 and co-cultures of eosinophils or ECP and human lung fibroblasts in 
a collage gel contraction assay results in a augmented fibroblast mediated 
collagen gel contraction108. Also, co-culture of fibroblasts and ECP results in 
an increased TGF-� release109. Figure 3 summarizes some of the eosinophils 
actions in tissue remodeling and fibrosis.  

 
Figure 3. A schematic overview of the eosinophils actions in tissue remodeling and 
fibrosis, picture adapted from Gomes et al, J Allergy Clin Immunol, Oct 2005103.  
Eosinophils release a wide array of molecules, including the granule proteins, that 
stimulates fibroblast activation.  The fibroblasts proliferate and differentiate and 
there is an increased production of components of the ECM while ECM turnover is 
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decreased, leading to tissue remodeling and fibrosis. Abbreviations: ECM, extracel-
lular matrix. 

As mentioned above, the G-allele of the ECP 434(G>C) polymorphism has 
been associated to Nodular Sclerosing HL69,98, a subtype of HL characterized 
by collagen bands in the tumor. This would imply that the various alleles of 
the ECP 434(G>C) polymorphism display varying properties not only in 
cytotoxicity but also regarding development of fibrosis. 
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Aims of the present study 

The overall aim of the present thesis work was to characterize the molecular 
and functional heterogeneity of ECP.  

Previous studies have suggested that the coding ECP 434(G>C) gene po-
lymorphism affects the functional properties of ECP regarding cytotoxicity. 
Also, the post-translational modifications of the protein seem to be corre-
lated to function. Therefore, the aim of this work was to purify and charac-
terize ECP further, with special emphasis on the cytotoxic potential of the 
molecule.  
In more detail, the aims were:  

Paper I  
To explore genotype frequencies of the ECP 434(G>C) polymorphism in 
three populations of different ethnicity. Examine whether the ECP polymor-
phism was correlated to infection with the S. mansoni parasite in an endemi-
cally exposed population.  

 Paper II 
To explore differences in molecular structure of the native protein and iden-
tify the constituents. ECP displays a mass heterogeneity of several kDa due 
to post-translational modifications (PTMs) and efforts will be made to iden-
tify the PTMs.    

 Paper III 
To study the functional properties of the various allele products of the 
434(G>C) polymorphism. The two native allele products (ECP97arg and 
ECP97thr) will be purified from healthy blood donors and tested in functional 
assays in an attempt to verify results from previous studies on recombinant 
ECP.  

Paper IV 
To explore the effect of different PTMs on the function of ECP. It will be 
examined whether the rather extensive mass heterogeneity of ECP due to 
PTMs has an impact of the functional properties of the protein.   
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Materials and Methods 

ECP Genotyping  
Genomic DNA was extracted from whole blood using the MagAttract DNA 
Blood mini M48 kit (Qiagen, GmbH Hilden, Germany) on a Biorobot M48, 
or from de-identified buffy coats by extraction with the QIAamp DNA 
Blood mini kit (Qiagen) according to manufactures instructions. DNA sam-
ples were genotyped for the ECP 434(G>C) polymorphism by the 5´ nucle-
ase allelic discrimination assay. Shortly, each 10 �L reaction contained 2�L 
of genomic DNA, 900 nM of each primer, (forward) 5´-GCC TTT ACT 
CCA CTG TGA CCT CAT-3´ and (reverse) 5´-TGC AAC TAC ATA GAA 
CCT CCT TCC T-3´, 200 nM of each oligonucleotide probe labelled with 
fluorescent reporter dyes VIC and FAM, 5´- VIC-AAA CTG CAG GTA 
TGC AGA-3´ and 5´- 6-FAM-AAA CTG CAC GTA TGC AG-3´, 
1xUniversal PCR Master mix (Applied Biosystems, Foster City, California), 
0.2�mM of BSA (Sigma-Aldrich, St Louis, MO, USA) and sterile water. 
Cycling took place in an ABI Prism 7000 and cycling conditions were: 50°C 
for 2 minutes, 95°C for ten minutes followed by 40 cycles of 95°C for 15 
seconds and 60°C for 1 minute. The genotypes were determined by allelic 
discrimination according to the ABI Prism 7000 SDS software. 
 

ECP purification from buffy coat leukocytes 

Isolation of granules 
ECP was purified from buffy coats using the method described by Peterson 
et al110 with some modification. Buffy coats from healthy blood donors were 
mixed with an equal volume of 2% Dextran T-500 (GE Healthcare Bio-
sciences, Uppsala, Sweden) in NaCl/PBS (Invitrogen, Groening, the Nether-
lands) in a measuring cylinder and the erythrocytes were left to sediment for 
60 minutes in room temperature. The granulocyte rich plasma was collected 
from the cylinders and the cells were washed twice with PBS and once with 
0.34 M sucrose (Merck, Darmstadt, Germany), between each wash centrifu-



 25

gation was performed for 10 minutes at 400 x g at room temperature. Finally 
the cells were suspended in five times the volume of 0.34 M sucrose. 300 
mL cell suspension was mixed with an equal amount of cold 0.34 M sucrose 
and was pressurized with N2 in a nitrogen bomb (Parr Instrument Company, 
Moline, IL) at 750 psi, 4°C with constant stirring for 30 minutes. The ho-
mogenate was then collected in 400 mL 0.34 M sucrose, 0.3 M NaCl and 
centrifuged at 450 x g for 20 minutes in 4°C. The supernatant was collected 
and centrifuged for 20 minutes at 10 000 x g at 4°C. The pellet containing 
granules was collected and frozen at -70°C until further purification.  

Extraction of granules  
The granule preparations were thawed and 5 volumes of 50 mM HAc was 
added, extraction was performed at 4°C for 1 h at constant stirring. The dou-
ble amount of 0.4 M NaAc (pH 4.0) was added and the granules were ex-
tracted for another 3 hours at 4°C with constant stirring. The extract was 
centrifuged at 12 000 x g for 30 minutes at 4°C and the supernatant was col-
lected. The granule extract was then concentrated to about 3 mL using YM-
10 filters (Amicon Corporation, Lexington, USA).  

ECP purification by Gel filtration and Ion exchange chromatography  
Gel filtration chromatography was performed using the Sephadex G-75 su-
perfine column (GE Healthcare Bio-sciences) calibrated with 0.2 M NaAc 
(pH 4.5). The eluted fractions were divided into 10 pools of which 2 con-
tained ECP. The first ECP containing G-75 pool contained high molecular 
weight ECP (HMW-ECP) and the second contained low molecular weight 
ECP (LMW-ECP). The eluted fractions were kept at -70°C until further puri-
fication. Ion-exchange chromatography was performed using the ÄK-
TAprime system and a Mono-S column (GE Healthcare Bio-sciences). The 
column was equilibrated with 50 mM MES (Merck), 2% Betaine (Sigma-
Aldrich, Saint Louis, Missouri, USA), 0.1 M LiCl (Merck) (pH 6.0) and the 
proteins were eluted with a linear gradient from 0.1 to 2.0 M LiCl (pH 6.0). 
Eluted fractions were pooled together according to the chromatograms in 
papers II-IV. 

Protein determination and concentration  
The purity of ECP in the pools was assessed by analysis on NuPAGE® 10% 
Bis-Tris Gels (Invitrogen) and the purity was > 95%. The concentration of 
ECP was determined by the absorbance at 280 nm using the extinction coef-
ficient (E1%.1cm) of ECP of 15.45110 and by immunoassay in the UniCAP 
system (Phadia, Uppsala, Sweden). ECP containing fractions were concen-
trated using YM-10 filters (Amicon) and buffer change was accomplished 
using the ÄKTAprime system (GE Healthcare Bio-sciences). Purified ECP 
was stored in 0.2 M NaAc buffer (pH 5.5) at -70°C.  
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Enzymatic deglycosylation of ECP 
Five �g of ECP in 0.2 M NaAc (pH 5.5) was incubated without or with 5 
units of either N-glycosidase F (Roche Diagnostics GmbH, Penzberg, Ger-
many), 2.5 mU Endoglycosidase H (Roche) or 2.5 mU O-glycosidase 
(Sigma-Aldrich) at 37°C over night, according to the instructions of the 
manufacturer. Deglycosylation was also performed with the E-DEGLY kit 
from Sigma-Aldrich according to the instructions from the supplier. Kit con-
tains enzymes PNGase F, O-glycosidase, � -2(3,6,8,9) Neuraminidase, � -
1,4- Galactosidase and � -N-Acetylglucosaminidase. Shortly, 2 �g of ECP 
was incubated with 35�L MQ water, 10 �L reaction buffer and 0.5 �L of 
each enzyme or different enzyme combinations in 37°C for 24 hours.  
As a control, 2 �g of the ECP sample was incubated with only 35�L MQ 
water and 10 �L reaction buffer at 37°C for 24 hours.  

Isolation of eosinophils from peripheral blood 
Preparation of granulocyte suspension and eosinophil isolation 

Eosinophils were isolated from 80 mL of peripheral venous blood from each 
donor using the magnetic cell separation system (MACS) (Miltenyi Biotec, 
Bergisch-Gladbach, Germany), as described by Hansel et al111. Venous 
heparinised blood was diluted 1:1 in PBS before loaded on 67 % Percoll 
(density 1.085 g/mL) (GE Healthcare Bio-sciences). After centrifugation at 
1000 x g for 30 min, mononuclear cells were removed and the erythrocytes 
in the cell pellet were hypotonically lysed for 60 seconds. The obtained 
PMN (polymorphonuclear leukocytes) were incubated for 1 h at 4� C with 
anti – CD16 beads (Miltenyi Biotec) and the suspension was placed in a 
MACS column for the final separation. Eosinophil purity was � 95 % in all 
cases.  

Cell counting and quantification  
Cells were stained with Türk’s dye and counted under the light microscope. 
Cell viability was measured using Trypan blue exclusion. Total blood cell 
counts were performed with a Technicon H1 (Tournai, Belgium) cell 
counter. Differential counts were obtained using a cytocentrifuge preparation 
(Cytospin, Shandon Southern Instruments, Sewickley, USA) stained with 
May Grünewald and Giemsa, then examined under the light microscope.  

Release and extraction of ECP from eosinophils  
Serums-opsonization of Sephadex G-15 particles (GE Healthcare Bio-
sciences) was performed as described112, with some modification. 42 mg 
Sephadex G-15 particles were dissolved in 250 �L PBS. NHS (normal hu-
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man serum) (50 %,vol/vol) was added and the particles were incubated at 37 
ºC for 10 minutes. After centrifugation at 1000 rpm for 10 minutes, the par-
ticles were washed twice in PBS and resuspended in 500 �L Gey’s buffer 
(pH 7.4). 
The eosinophils were pelleted by centrifugation for 10 minutes at 600 x g at 
4� C, and were then re-suspended in Gey’s buffer (pH 7.4). Cell suspension 
was divided in two; un-stimulated and stimulated cells. Un-stimulated cells 
were kept on ice, and 200 �L of the serum-opsonized particles were added to 
the cells to be stimulated. The stimulated cells were incubated for 30 minutes 
at 37 ºC with careful mixing every 10 minute. The cells were put on ice to 
stop the reaction, and were then centrifuged for 10 minutes at 600 x g in 4 
ºC. The supernatant was collected and the granule proteins were extracted 
from the remaining cell pellet of the stimulated cells and from the un-
stimulated cells by addition of 100 �L 0.5 % CTAB (Merck), 0.9% NaCl for 
1 h in room temperature.  

SELDI-TOF MS affinity capture assay 
PS20 ProteinChip® arrays (Bio-Rad Laboratories, Hercules, CA, USA) were 
assembled in a bioprocessor and 0.6 �g antibody in a 10 �L volume of PBS 
was added to each spot. The arrays were incubated in a humidity chamber in 
room temperature for 2.5 hours. 25 �L of 0.5 M ethanolamine (Merck) in 
PBS, pH 8.0 was added to each well to block unspecific binding and the 
arrays were incubated for another 30 minutes in RT with mild shaking. The 
bioprocessor was inverted to discard the contents of the wells, and 100 �L of 
0.5% Triton X100 (Merck) in PBS was added to each well and then incu-
bated with mild shaking in RT for five minutes. The contents of the wells 
were discarded and the Triton wash was repeated twice. 100 �L of PBS was 
added to each well and incubated with mild shaking for 5 minutes in RT. 
The contents of the wells were discarded and the PBS wash was repeated 
twice. Samples (purified ECP of 0.5 to 5 �g or eosinophil extracts of 1-2 x 
106 cells) were added to the wells, PBS was added to make a total volume of 
50 �L and then the arrays were incubated in 4°C over night with mild shak-
ing.  
The following morning the contents of the wells were discarded and the ar-
rays were then washed with 100 �L 0.5 %Triton X100 in PBS with mild 
shaking for 5 minutes in 4°C. The content of the wells was discarded and the 
triton wash was repeated two times. The arrays were then washed with 100 
�L PBS, and incubated in 4°C for 5 minutes with mild shaking. The PBS 
wash was repeated twice. Finally, the arrays were washed with 200 �L of 
1mM HEPES buffer. The arrays were taken out of the bioprocessor and were 
allowed to dry in room temperature for about 15 minutes after which 0.6 �L 
of saturated SPA in 0.5% TFA, 50% ACN was added twice to each spot on 
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the array. The arrays were then analyzed in the PBS-IIC instrument (Bio-
Rad Laboratories) and a total of 192 transients were collected from each 
spot.  

Data analysis 
Background was deducted and all mass spectra were externally calibrated 
with the All-in-one protein standard (Bio-Rad Laboratories) using three cali-
brants covering the mass region of interest.  

Cytotoxicity assay  
A modification of the Fluorometric microculture cytotoxic assay (FMCA) 
described in113 was used. The small-lung cancer cell line NCI-H69 was cul-
tured in RPMI-1640 (Sigma-Aldrich) supplemented with 10% heat inacti-
vated FCS, 100 U/mL penicillin and 100 μg/mL streptomycin. The cells 
were pelleted and washed once with RPMI-1640 medium containing 100 
U/mL penicillin and 100 μg/mL streptomycin but without FCS. The cells 
were separated by accumax treatment for 15 minutes at 37 °C and then cells 
were washed another two times with RPMI-1640 medium containing 100 
U/mL penicillin and 100 μg/mL streptomycin. Cells were counted and 
seeded into V-shaped 96-well microtitre plates, 10 000 cells/well. ECP in a 
total volume of 20 μL NaAc buffer (pH 5.5) was added in duplicates to the 
wells before the cells were seeded. ECP concentrations in the wells ranged 
from 0.6-20 μg/mL. Eight wells containing cells and NaAc buffer (pH 5.5) 
served as a negative control. Two wells of cells and 0.01 % Triton X-100 
served as a positive control for cytotoxicity. Plates were incubated for 72 h 
at 37ºC, 5% CO2 and were then centrifuged 5 minutes at 200 x g. Medium 
was removed and the cells washed once with 200 μL/ well PBS before the 
addition of 100 μL FDA (Sigma) (10 μg/mL). Plates were incubated at 37ºC, 
5% CO2 for 30 minutes before reading fluorescence with filters set at 485 
and 538 for excitation and emission respectively (Fluorescan 2, Labsystems 
OY, Helsinki).  

Data analysis 
The fluorescence generated is proportional to the number of cells with intact 
plasma membrane in the well, and data are presented as survival index (SI 
%). Survival Index is calculated as  
   

SI = mean fluorescence in 2 test wells- mean fluorescence in 12 blank wells x 100 (%)  

 mean fluorescence in 8 control wells- mean fluorescence in 12 blank 
wells 
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Criteria for a successful assay included a fluorescent signal in control wells 
of >5 x mean blank values.   

RNase activity  
To determine the RNase activity of the ECP variants, the RNaseAlert® QC 
System (Ambion Inc, Foster City, USA) was used according to instructions 
from manufacturer. Shortly, 4 ng/L of the different ECP preparations were 
incubated with the RNaseAlert substrate supplied in the kit. When the sub-
strate was cleaved by the RNase (ECP) the substrate emitted a fluorescent 
signal that was measured at 485/535 nm using the Multicoated Victor 1420 
(Wallac, Turku, Finland).    

Collagen gel contraction assay  
 
To study the fibrotic properties of ECP, the fibroblast- mediated collagen gel 
contraction assay described in108 was used. Briefly, distilled water, type I 
collagen (rat-tail tendon collagen), 4x Dulbecco’s modified Eagle medium 
(DMEM) (GIBCO&SOL, BRL Life Technologies, Rockville, MD), cultured 
human lung fibroblasts ( HFL1) and ECP were mixed together on ice to a 
final concentration of 0.75 mg/mL of collagen, 3x105 fibroblasts/mL and 
physiological ionic strength of 1x DMEM. ECP was added in concentrations 
ranging from 0.2-5 �g/mL. Five hundred and fifty μL of each ECP-
containing gel solution was cast into three wells of a 24-well tissue culture 
plate with a 2-cm2 growth area (Falcon). After gelation (30 min at 37ºC, 5% 
CO2) the gels were transferred into 60-mm tissue culture dishes containing 5 
mL serum-free DMEM using a sterile spatula (as displayed in figure 4). The 
ability of ECP to affect fibroblast mediated gel contraction was determined 
by the slow contraction assay of Bell et al114. The floating gels were incu-
bated at 37ºC, 5% CO2 for 96 h and the gel areas were measured daily by an 
image analyzer system (LEICA Microsystems AG, Wetzlar, Germany). The 
area of the gels was captured and processed by computer software from 
LEICA Microsystems AG and collagen gel contraction in the horizontal axes 
was determined. Thickness was not measured and contraction in the vertical 
area was not assessed.   
 
Data is presented as mean of three replicate gels for each condition and stan-
dard error of mean (±SEM).  
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Figure 4. The fibroblast-containing collagen gels are cast in the wells of 24-well 
tissue culture plate, three gels per experiment. After gelation, the gels are transferred 
to 60-mm tissue culture dishes containing serum-free medium. The floating gels are 
incubated for 96h and the area of the gels is measured daily. Published with courtesy 
of Dr Ulrika Zagai.  

Statistical analysis 
Statistical analyses were performed using the Statistica 7.0 software for win-
dows (Statsoft, Tulsa, USA) or the Excel software. To examine differences 
in genotype distribution between different populations and to examine asso-
ciations between genotype class and clinical parameters, the �2-test was used. 
For the comparison of numerical variables between more than two groups; 
analysis of variance was used (ANOVA).  For the comparison of numerical 
variables between two groups, the student’s t-test was used.  P<0.05 was 
considered significant. 



 31

Subjects and study populations  

Paper I 
In study I two populations were genotyped for the ECP 434(G>C) polymor-
phism; a Ugandan population from a S. mansoni endemic area and a Suda-
nese population from a non-endemic area. 

 The Ugandan study population consists of 297 individuals living in a 
Schistosoma mansoni endemic area at Lake Albert, Uganda. All subjects 
reside in the village of Walukuba, a fishing community, and the population 
includes several tribes such as the Alur, Mugungo, Munyoro, Acholi, Lug-
bara and others. Tribal status was only obtained for 240 of the 297 subjects. 
Of the 297 subjects there are 130 males in 6-60 years of age and 165 females 
in ages 6-54, information on age and gender is missing from two individuals 
in the population. Parasitological data on eggs in faeces are present for 292 
individuals and fibrosis data are present for 296 individuals. Detailed infor-
mation on sample collection and physical examinations to determine infec-
tion status are available in paper I.   

The Sudanese study population consists of 78 subjects without clinical 
signs of S. mansoni infection, living in an area not endemic for S. mansoni in 
south of Sudan. The population includes 53 males in the ages 7-75 and 25 
females in 6-92 years of age. This population includes subjects from several 
tribes, mainly the Nuba from the Nuba Mountains and nilotic tribes of south-
ern Sudan such as the Dinka, Shilluk and Neuir. To get as much similarity as 
possible to the Ugandan population, all Arab tribes were excluded from the 
study cohort.  

A group of 209 apparently healthy Swedes previously genotyped for the 
ECP 434(G>C) polymorphism58 served as an ethnic control group.  

 

Paper II 
In paper II, eosinophil granulocytes were purified from venous blood of 
seemingly healthy volunteer donors.  
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Paper II-IV 
In studies II-IV, leukocyte-rich buffy coats of healthy blood donors were 
collected for ECP purification.  
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Results and Discussion  

Paper I 
The ECP 434(G>C) polymorphism is located in exon 2 of the ECP gene and 
results in an amino acid shift; arginine at sequence position 97 is exchanged 
to a threonine. With this amino acid shift the functional properties of the 
protein seem to change; studies on recombinant variants of ECP97arg and 
ECP97thr have demonstrated that the arginine-containing ECP is a potent 
toxin towards the mammalian cell line H69 whereas the threonine-containing 
ECP had lost the cytotoxic properties70. ECP has previously been shown to 
be cytotoxic towards the larval stage of the helminth parasite Schistosoma 
mansoni. If the ECP 434(G>C) polymorphism alters the cytotoxic properties 
of ECP in vivo such as against the S. mansoni parasite is not known.  

To explore this, two African populations; a Ugandan population from an 
S. mansoni endemic area and a Sudanese population from a non-endemic 
area of S. mansoni were genotyped for the ECP 434(G>C) polymorphism. 
Genotype frequencies were compared to a Swedish cohort of healthy sub-
jects (with no endemic exposure to the S. mansoni parasite) that had been 
genotyped previously in a study by Jönsson et al58. The genotype frequencies 
were found to be significantly different in-between the three populations 
(table 2). 

Table 2. The allele frequencies of the ECP 434(G>C) polymorphism in the three 
populations. (p<0.0001, �2-test). 

Allele Ugandan population 
from an S. mansoni 

endemic area 

Sudanese popula-
tion from a non 
endemic area 

Swedish popula-
tion 

G-allele, % 36.5 55.8 73 
C-allele, % 63.5 44.2 27 

We expected that the G-allele, which will translate into a cytotoxically active 
protein70, would be the most common allele in the Ugandan population since 
it should be beneficial to have the toxic variant of ECP to fight the parasite. 
Instead, it was shown that the C-allele, which will translate into a cytotoxi-
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cally inactive form, was more common in this population. In the Sudanese 
and Swedish populations the G-allele was more common. These results 
would indicate genetic selection in either of the populations, but the question 
remains in which one. However, it has been suggested that the G-allele is the 
ancestral allele50 which would indicate that the genetic selection is on the 
Ugandan population.  

The Ugandan cohort was studied further by examining parasitological 
data such as prevalence and intensity of infection in relation to the ECP 
434(G>C) polymorphism. We found that there was a significant difference 
in the prevalence of infection between the genotypes with a lower prevalence 
in subjects with the GG-genotype as compared to subjects with the GC- and 
CC-genotypes. This would indicate a reduction in infection prevalence with 
the G-allele and this supports our initial hypothesis that the G-allele that is 
translated into a cytotoxically active ECP is necessary in the defense against 
the parasite. It is also compatible with earlier findings that ECP is cytotoxic 
towards the larval stage of the S mansoni parasite73,74 and that the two allele 
products have different toxic properties70.  

 

 
Figure 5. Percent of S. mansoni related fibrosis in each genotype group in the Alur 
tribe. There is a significant difference in the occurrence of fibrosis between the 
genotypes (p=0.004, �2-test).   

One complication that can lead to morbidity in subjects infected by the 
S.mansoni parasite is development of liver fibrosis, and since ECP previ-
ously has been implicated in the development of fibrosis we analyzed ultra-
sound detectable liver fibrosis in relation to the ECP 434(G>C) polymor-
phism. In the entire Ugandan cohort 22 subjects had signs of fibrosis but 
there was no statistical correlation to ECP genotype. The major tribe in the 
Ugandan cohort, the Alur, (212 out of 297 subjects) was then analyzed sepa-
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rately since it should constitute a more homogeneous population from a ge-
netic point of view. There was an overrepresentation of subjects with the 
GG-genotype among those who had developed liver fibrosis; only one sub-
ject with the CC-genotype had signs of fibrosis (figure 5).  

This would suggest that the cytotoxically active form of ECP is impli-
cated in the process of tissue fibrosis. ECP has previously been shown to 
augment fibroblast-mediated collagen gel contraction and also to stimulate 
TGF-beta production by fibroblasts which would support this finding.   

Paper II 
In this work the aim was to develop a method to facilitate the study of the 
molecular heterogeneity of ECP. A SELDI-TOF MS assay using monoclonal 
anti-ECP antibodies was developed. The new assay was used to study ex-
tracts of eosinophils from healthy blood donors. We found that the ECP pro-
files generated by mass spectrometry analysis were very similar in-between 
subjects; the same five molecular species of ECP were present in the extract 
from all blood donors. A closer examination of the mass spectra demon-
strated that there was a two-peak pattern with two peaks very close in mass 
through the entire spectra of some donors. These two peaks were approxi-
mately 50 Da apart, and this could in theory correspond to the amino acid 
shift from arginine to threonine, the consequence of the ECP 434(G>C) 
polymorphism. To explore whether these double-peaks corresponded to the 
two allele products, all blood donors were genotyped for the ECP 434(G>C) 
polymorphism. It was shown that subjects with the double-peak appearance 
in their mass spectra were indeed heterozygous for the ECP 434(G>C) poly-
morphism and hence translated both gene products, resulting in two peaks 
approximately 50 Da apart. Subjects that were homozygous had either of the 
two peaks (figure 6).  

Approximately five molecular species of ECP were present in the eosino-
phil extracts of all donors. To explore whether all or just a few molecular 
species were released by the cell at activation, purified eosinophils were 
stimulated by serum opsonized sephadex particles. The supernatant was col-
lected after stimulation and then ECP was extracted from the remaining cell 
pellet to examine whether there was a difference in what was released upon 
stimulation and what remained in the cell. We showed that the mass spec-
trometry profiles of ECP were seemingly identical in the supernatant and the 
pellet, indicating that there is no molecular processing of ECP before the 
release from the cell. However, the possibility still remains that other 
mechanisms such as in vivo priming could result in molecular processing 
before release.  
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Figure 6. ECP capture with the 614 monoclonal antibody of three eosinophil ex-
tracts from blood donors with different ECP 434(G>C) genotypes. A zoom in on the 
16 kDa region demonstrates the two-peak pattern due to ECP genotype. Heterozy-
gous subjects have two peaks approximately 50 Daltons apart, corresponding to the 
55 Da mass difference of arginine and threonine. Homozygous subjects have either 
one peak in their mass spectra. Top spectrum is from a homozygous G blood donor, 
middle spectrum from a heterozygous subject and bottom spectrum from a homozy-
gous C blood donor.   

ECP purified from buffy coats of a large number of blood donors was stud-
ied in an attempt to identify the post-translational modifications. Approxi-
mately 10 different molecular species of ECP were evident when this frac-
tionated ECP was studied. It was demonstrated that the major cause to mo-
lecular heterogeneity was glycosylation; enzymatic deglycosylation reduced 
the molecular weight of the protein in 6 out of 8 ECP pools. Stepwise enzy-
matic deglycosylation showed that the major cause of heterogeneity of ECP 
was N-linked carbohydrate chains which consisted in part of sialic acid, ga-
lactose and acetylglucoseamine. It has previously been shown that the ECP 
sequence harbors three sites for N-linked glycosylation43, and several studies 
have indeed demonstrated the presence of N-linked carbohydrates39,53,54. 
However, after deglycosylation there were still additional post-translational 
modifications on ECP.    

The ECP 434(G>C) polymorphism not only results in an amino acid 
change from arginine to a threonine, but  with this transition a potential new 
glycosylation site is also created. It could be either O-linked glycosylation 
where the O-linked glycans are linked to the hydroxyl group of threonine, or 
N-linked glycosylation where the carbohydrate is attached to the asparagine 
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in the tripeptide sequence Asn-x-Thr. To explore whether the amino acid 
change also results in additional glycosylation, ECP of the different geno-
types needs to be purified.  

To fully understand the purpose of such a molecular diversity as is the 
case in ECP it is important to study the heterogeneity in detail and explore 
whether a certain molecular variant is linked to a particular trait or function.    

Paper III 
Since previous studies indicate a functional difference between the two allele 
products of the 434(G>C) polymorphism in the ECP gene, the aim of this 
study was to characterize the functional properties of native ECP97arg and 
ECP97thr. Previous studies on the activities of ECP have been performed on 
recombinant proteins39,60,65,70,77 or native preparations containing mixtures of 
the different allele products108, so our aim was to purify the native allele 
products and test for differences in functionality.  

To accomplish this, ECP was purified from large numbers of subjects of 
the various 434(G>C) genotypes and tested in three functional assays; 
RNase activity, cytotoxic activity towards a mammalian cell-line and impact 
on tissue remodeling in a three-dimensional fibroblast-mediated collagen gel 
contraction assay.  

ECP was purified from donors with the ECP 434GG and ECP 434GC 
genotypes. Previous studies have demonstrated that of the two gel filtration 
pools containing ECP, only the low molecular weight ECP has a potent cyto-
toxic activity70, hence only this pool was further fractionated by ion ex-
change chromatography in our study. It was shown that an almost pure C-
allele product could be purified from the GC-genotype donors, the first ion 
exchange pool contained less than 5 % G-allele product. This ECP pool and 
one ECP pool from GG-genotype donors was chosen to represent the 
ECP97thr and ECP97arg respectively, in the functional testing.  

Four low molecular weight ECP pools from GG-genotype donors and five 
low molecular weight ECP pools from GC-genotype donors were character-
ized by the SELDI-TOF MS assay developed in study II. All ECP pools 
were quite heterogeneous with several molecular species present due to post-
translational modifications, the highest degree of heterogeneity was observed 
in the most acidic pools.  

All nine ECP pools were tested for cytotoxicity by FMCA, an in vitro as-
say of cytotoxicity as tested on the mammalian cancer cell line H69. All four 
ECP pools from GG-donors had similar cytotoxic activities with clear effects 
at concentrations of 1.25 μg/mL of ECP. The GC-ECP I pool contained an 
almost pure C-allele product (less that 5 % G-allele product) and this ECP 
was non-cytotoxic to the H69 cell line. At 10 μg/mL of GC-ECP I, less than 
20 % of the cells were killed (figure 7).  
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Pools GC-ECP II-V all displayed cytotoxic activity towards the cell line 
but in various degrees. All four pools had clear cytotoxic effects at 2.5 
μg/mL of ECP. These results verify findings in a previous study on recom-
binant variants of ECP97arg and ECP97thr where the ECP containing threonine 
at position 97 was non-cytotoxic70. 

 In our study, all ECP pools containing the pure native G-allele product 
(ECP97arg) showed potent cytotoxic activities. These activities were similar to 
the activities of the two most basic ECP pools from the heterozygous donors, 
and by comparing the SELDI mass spectra one can assume that they contain 
the same molecular species of ECP. The pools from the heterozygous donors 
with intermediate cytotoxicity probably contained a mixture of G- and C-
allele products. Whether our results on the differences in cytotoxic activity 
are generally applicable to all cells is not known, but is suggested by our 
recent findings in a S. mansoni exposed population115.  In this population we 
found significantly lower rates of infection in subjects carrying the G-allele, 
suggesting protection against the parasite by the cytotoxically active ECP. 

 
Figure 7. A representative dose-response experiment of the cytotoxic activity of 
ECP97arg (pool GG-ECP IV) and ECP97thr (pool GC-ECP I) on the H69 cell line. The 
threonine-containing ECP was non-cytotoxic at all concentrations tested. 

 

As mentioned above, two ECP pools, the non-cytotoxic GC-ECP I and the 
cytotoxic GG-ECP IV, were selected to represent ECP97thr and ECP97arg re-
spectively. These two ECP pools were tested in a ribonuclease activity assay 
and were both found to have a potent activity. Hence, the ribonuclease activ-
ity of ECP seemed unaffected by the amino acid substitution. A previous 
study on ECP´s RNase activity demonstrated that the amino acids Lys88 and 
His128 were important to maintain the RNase activity, ECP mutated at these 
positions lost the ribonuclease activity but the bacteriostatic effect re-
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mained65. These results would support our findings that the cytotoxic proper-
ties of ECP can be independent of the RNase activity. Some toxic activities 
of ECP seem to be dependent on the RNase activity though, such as the anti-
viral effects39,64.  

The two ECP pools, GG-ECP IV and GC-ECP I, were analyzed in a fi-
broblast-mediated collagen gel contraction assay. Both ECP pools were 
shown to significantly enhance gel contraction in a dose-dependent manner. 
It was also shown that the enhancement of gel contraction by GC-ECP I was 
significantly higher than GG-ECP IV at all concentrations tested. In our pre-
vious study we found a correlation of ECP 434(G>C) genotype and devel-
opment of fibrosis, in subjects infected by the helminth parasite S. mansoni  
there was an over-representation of the G-allele among those that developed 
liver fibrosis115. This would indicate that ECP, and in particular ECP with 
arginine at position 97, is involved in the development of liver fibrosis. Sev-
eral studies have indeed suggested a potent role of ECP in this process; in 
vitro experiments have demonstrated that ECP stimulate proteoglycan pro-
duction in fibroblasts106 and also the production of TGF-�109 and ECP has 
also been shown to augment fibroblast-mediated gel contraction108. Hence, 
we expected that ECP97arg would be a more potent stimulator of gel contrac-
tion than ECP97thr, but in fact we found the opposite.  This might be ex-
plained by the possibility that the cytotoxic ECP97arg could also be cytotoxic 
to the fibroblasts, which would affect the gel contraction. Also, our findings 
led us to speculate on the actual mechanism of the collagen gel contraction 
model and how representative this model is for the mechanisms seen in vivo 
during the development of peri-portal fibrosis due to S. mansoni infection.  

In conclusion, there is a clear dissociation between the functional activi-
ties of ECP. The ECP 434(G>C) polymorphism affects the cytotoxic activity 
of ECP but not the RNase activity and apparently not the ability to stimulate 
gel-contraction.  

Paper IV  
Previous studies have demonstrated that only a portion of the ECP stored in 
the granules of eosinophils is in fact cytotoxic. Low molecular weight ECP 
has a potent cytotoxic activity whereas high molecular weight ECP in gen-
eral has a pretty low activity in this regard. The aim of the fourth study was 
to examine whether the cytotoxic activity of ECP could be induced by alter-
ing the post-translational modifications on the surface.  For this purpose high 
molecular weight ECP (purified in study III from GG-genotype donors) was 
fractionated by ion exchange chromatography into five pools. ECP from 
GG-donors was selected for the study since the G-allele results in a protein 
with potent cytotoxic activity.  
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The five ECP pools were characterized by SELDI-TOF MS before and af-
ter enzymatic deglycosylation, and were also tested in the in vitro assay of 
cytotoxicity, FMCA, before and after deglycosylation. SELDI analysis of the 
five ECP pools revealed that there was extensive mass heterogeneity; several 
molecular species of ECP were present ranging in molecular weight from 
approximately 15.9 to 17.9 kDa. The ECP variants of the highest molecular 
weights were present in the first pool and molecular weights decreased by 
pool number.  

All five ECP pools were tested regarding their cytotoxic properties to-
wards the lung cancer cell line H69 in a dose-dependent manner. The ECP 
pools with the highest degree of glycosylation displayed the lowest cytotoxic 
activity; when ECP of pools HMW-ECP I and HMW-ECP II was added in 
concentrations of 10 μg/mL it was not enough to achieve a 50 % inhibition 
of the cell line growth. For pools HMW-ECP III, IV and V the IC50 was ap-
proximately 5, 5 and 2.5 μg/mL respectively. Hence, a lower degree of gly-
cosylation of ECP correlated to higher cytotoxic activity.   

To examine whether removal of carbohydrates from ECP would enhance 
the cytotoxic activity or even induce activity of in-active forms, the five 
pools were enzymatically deglycosylated. Deglycosylation was performed 
either with the N-Glycosidase F enzyme alone or by a combination of the 
enzymes � -2(3,6,8,9) Neuraminidase, � -1,4- Galactosidase and � -N-
Acetylglucosaminidase. These enzymes were previously shown to cleave off 
part of the N-linked carbohydrate chain116.  

SELDI analysis demonstrated that deglycosylation with the N-
Glycosidase F enzyme was successful in three of the five ECP pools, HMW-
ECP I-III. In these three pools the peak of highest peak intensity shifted to 
approximately 15.77 kDa after deglycosylation. After deglycosylation all 
five pools were again tested regarding their cytotoxic properties towards the 
H69 cell line. In the three pools where deglycosylation had been successful 
the cytotoxicity was enhanced (figure 8). The difference in cytotoxic activity 
before and after deglycosylation was statistically significant in fractions 
HMW-ECP I (p=0.02) and II (p=0.04).  Although treatment of the HMW-
ECP IV and HMW-ECP V pools with the Endoglycosidase F enzyme did 
not result in any deglycosylation, there seemed to be small differences in 
cytotoxic activity of the treated and untreated ECPs. This small enhancement 
of cytotoxicity in the enzyme treated preparations could be due to the pres-
ence of the enzyme.  
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Figure 8. The cytotoxic activity of fractions HMW-ECP I-III on the H69 cell line, 
tested at 5 μg/mL of ECP before and after deglycosylation with the N-Glucosidase F 
enzyme. One representative experiment is displayed and data are presented as mean 
± SEM. 

Deglycosylation with the combination of enzymes � -2(3,6,8,9) Neuramini-
dase, � -1,4- Galactosidase and � -N-Acetylglucosaminidase only reduced 
the molecular weight of one ECP pool; HMW-ECP I. The peak of highest 
peak intensity in SELDI analysis shifted from approximately 17.5 to 16.8 
kDa. HMW-ECP II was partially deglycosylated. Again, all five ECP pools 
were tested regarding their cytotoxic properties towards the H69 cell line 
after deglycosylation but there were no differences in cytotoxicity before and 
after deglycosylation of any ECP pool. 

Previous studies have shown that only part of the ECP stored in the gran-
ules of the eosinophil has cytotoxic activity, and we have demonstrated that 
in subjects with the ECP 434GG genotype only about 50 % have cytotoxic 
activity; the low molecular weight ECP and a small portion of the high mo-
lecular weight ECP. However, deglycosylation of the high molecular weight 
ECP enhanced the cytotoxic activity significantly. Since the entire carbohy-
drate chain apparently needs to be removed to gain cytotoxic activity, it is 
possible that the carbohydrate chains block potential binding sites. Removal 
of these carbohydrates would then enhance the possibilities for interactions 
with target cells. 

 We speculate that ECP is synthesized in heavily glycosylated forms as a 
means to protect the host from this highly reactive molecule, and that degly-
cosylation occur in vivo when the cytotoxic activity is acquired. The mecha-
nism for such an event and whether the deglycosylation occurs in the eosi-
nophil or at the site of action remains to be investigated.    
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General discussion and future perspectives  

ECP remains an enigmatic molecule; with its cytotoxic properties it has such 
destructive potential that it is potentially harmful for the host. As we have 
show in this thesis, ECP is synthesized in several molecular variants. Highly 
glycosylated variants have a lower degree of activity in terms of cytotoxicity 
compared to less glycosylated variants.  The reason for why there are several 
variants of ECP is still not fully elucidated, but we hypothesize that ECP is 
synthesized in heavily glycosylated forms in an attempt to protect the host. 
The presence of carbohydrate chains on the surface might limit the interac-
tion to surrounding cells and hence protect against unwanted cytotoxicity.  
Enzymatic deglycosylation in vitro of highly glycosylated ECP enhances the 
cytotoxicity and we speculate that perhaps ECP is deglycosylated in vivo 
also. Whether deglycosylation would occur in the eosinophil at the time of 
secretion as a ways to activate ECP, or whether deglycosylation occurs after 
secretion is still not known. However, in paper II we demonstrated that the 
same molecular variants of ECP were released from the cell upon comple-
ment activation as was stored in the cell, and this would indicate that no 
molecular processing occur before ECP secretion. The possibility that other 
stimuli of the cell such as priming could induce molecular processing before 
ECP release is still possible though.  
    In this thesis we have also demonstrated that the cytotoxic activity of ECP 
is correlated to ECP 434(G>C) genotype. In paper III we purified the two 
allele products, ECP97arg and ECP97thr, from healthy blood donors. We could 
then verify results from previous studies on recombinant ECP; that ECP97arg 
is cytotoxic whereas ECP97thr is not70. These results are based on in vitro 
experiments on a mammalian cancer cell line though, and we do not know if 
they are applicable to all cells, but results from study I indeed indicate that 
ECP97arg is cytotoxic to the S.mansoni parasite and ECP97thr is non-cytotoxic.  

With the amino acid shift due to the gene polymorphism there might also 
be structural changes on the surface of ECP, and this could be the reason for 
the altered cytotoxic properties. When arginine at position 97 is exchanged 
to a treonine, a potential new glycosylation site is also created. Either for O-
linked glycosylation where the glycans are linked to the hydroxyl group of 
threonine, or N-linked glycosylation where the glycans are linked to the as-
paragine in the tripeptide sequence Asn-x-Thr. To explore whether there are 
indeed additional carbohydrates on the surface of the threonine-containing 
ECP, this variant of ECP needs to be purified in large amounts from blood 
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donors with the CC-genotype. This is an ongoing project, but since the CC-
genotype is so scarce in the Swedish population, we still have not been able 
to obtain enough granules from subjects with this genotype to make it worth 
while to start extracting ECP. 

Also, the results on the differences in cytotoxicity between ECP97arg and 
ECP97thr in this thesis are based on ECP97thr purified from GC-genotype do-
nors. Although we obtained an almost pure ECP97thr containing pool (less 
than 5 % ECP97arg), it is necessary to purify ECP from CC-genotype donors 
to get not only an entirely pure preparation, but also to have fractionated 
ECP which can then be compared to the fractionated ECP from GG-
genotype donors. In our experiments in paper III we have compared the first 
ion-exchange chromatography pool from GC-donors (ECP97thr) to the last ion 
exchange chromatography pool from GG-genotype donors (ECP97arg). These 
two pools will differ in their glycosylation degree; hence it would be very 
useful to have the entire spectra of glycosylated variants of the two gene 
products to compare. As we show in paper IV, the degree of glycosylation is 
important for the cytotoxic activity, with less activity in the highly glycosy-
lated forms of ECP.  

When we examined other functional properties of ECP, we found that the 
amino acid substitution did not affect the RNase activity of ECP. This was to 
be expected, previous studies have implicated amino acids on other positions 
on the molecule to be part of the catalytic site for RNase activity. If Lys88 
and His128 are mutated, the RNase activity of ECP will disappear65. In the 
same study it was also demonstrated that the cytotoxic properties of ECP 
were independent on the RNase activity, the bacteriostatic effect of ECP still 
remained even though the RNase activity was removed. These results con-
firm findings from our study III where we also show that the cytotoxic prop-
erties are differed from the RNase activity of ECP.  

When we examined potential functional differences of ECP97arg and 
ECP97thr in the development of fibrosis, we used a three-dimensional in vitro 
model of fibroblast-mediated collagen gel contraction which is commonly 
used as a model of wound healing. We had anticipated an enhanced contrac-
tion with ECP97arg as compared to ECP97thr since results in study I indicated 
that the arginine-containing ECP was correlated to the development of liver 
fibrosis in subjects infected by the S. mansoni parasite. However, both ECPs 
significantly augmented contraction of the collagen gels, and ECP97thr to an 
even higher extent than ECP97arg. These somewhat unexpected results led us 
to speculate on the actual mechanism of the gel contraction model and 
whether this model correctly depicts the in vivo mechanisms of development 
of liver fibrosis due to bilharzia infection. Also, since ECP97arg has a potent 
cytotoxicity, the possibility remains that it is also cytotoxic to the fibroblasts 
which results in a weak gel contraction due to cell death. An easy way to test 
this hypothesis would be to expose in vitro cultures of fibroblasts to ECP97arg 
and ECP97thr respectively.  Any potential cytotoxic effects of ECP97arg would 
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then be easily monitored. Also, since ECP has been shown to stimulate fi-
broblasts to produce proteoglycans106 and release pro-fibrotic cytokines such 
as TGF-�109, culture of fibroblasts with the different ECPs would enable 
monitoring of potential differences in these effects. Hence, these experi-
ments are part of our future aims regarding the functional characteristics of 
ECP.  
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Svensk sammanfattning  

Studier av Eosinophil Cationic Protein (ECP) in vivo 
och in vitro -Effekter av genetiska och post-translationella 
modifieringar 
 
 Eosinofila granulocyter är vita blodkroppar, eller så kallade leukocyter. Det 
finns flera olika sorters vita blodkroppar och vad som är karaktäristiskt för 
just eosinofiler är att de har en bi-lobulär cellkärna och granula i cytoplas-
man. Granula är små blåsor där cellen förvarar olika basiska proteiner, som 
den sedan kan frisätta vid behov. Eosinofiler bildas i kroppens benmärg och 
frisätts därifrån ut till blodcirkulationen, men efter bara några timmar i cirku-
lationen vandrar de ut i kroppens vävnader. 

 Eosinofiler är en del i kroppens naturliga immunförsvar och hjälper till 
att försvara oss mot bland annat bakterier, virus och parasiter, t ex via fri-
sättning av giftiga granulaproteiner. De är även inblandade i vävnadsupp-
byggnad vid sårläkning och har en central roll i inflammationen där de sam-
verkar med de andra inflammatoriska cellerna. 

Eosinophil Cationic Protein (ECP) är ett av eosinofilens granula protei-
ner, och det här proteinet har varit fokus för den här avhandlingen. ECP är 
ett protein med många funktioner. Dels är det toxiskt mot flera olika bakteri-
er, virus och parasiter. Det är även toxiskt mot flera kroppsegna celler, som t 
ex vid den allergiska inflammationen i lungan då man får vävnadsförstörelse 
av epitelet. ECP har även icke-toxiska funktioner, det kan stimulera vissa 
andra celler som t ex fibroblaster att producera olika cytokiner och det har 
immunomodulerande effekter. 

 Det övergripande syftet med avhandlingsarbetet har varit att studera den 
cytotoxiska aktiviteten hos ECP. Tidigare studier på ECP har visat att det 
finns en polymorfi i genen som kodar för ECP, denna polymorfi resulterar i 
att aminosyran arginin på position 97 byts ut mot treonin (arg97thr). Det här 
aminosyra-utbytet påverkar den cytotoxiska aktiviteten av ECP, försök med 
rekombinant producerade proteiner visade att treonin-innehållande ECP 
(ECP97thr) hade förlorat sin cytotoxiska aktivitet.  
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  I delarbete I har vi har studerat förekomsten av den här gen-polymorfin 
i tre populationer med olika etniskt ursprung; en svensk, en sudanesisk och 
en ugandisk population. Frågeställningen var dels att undersöka om det var 
skillnad i genotypsfrekvenser i de olika populationerna pga etnicitet, dels att 
undersöka om det i populationen från Uganda fanns någon korrelation mel-
lan ECP genotyp och infektion med sötvattensparasiten Schistosoma manso-
ni. Vi såg att förekomsten av de olika gen-varianterna skiljde sig åt signifi-
kant i de tre populationerna. Det är tidigare visat att genvarianten som resul-
terar i ett arginin-innehållande, toxiskt ECP (ECP97arg) är vanligast i en frisk 
svensk population.  Vi hade förväntat oss en ännu högre frekvens av denna 
gen-variant i den ugandiska populationen eftersom det borde vara fördelak-
tigt att ha gen-varianten som resulterar i ett cytotoxiskt protein för att försva-
ra sig mot parasiter. Istället visade det sig att gen-varianten som resulterar i 
threonin-innehållande, icke-cytotoxiskt ECP (ECP97thr) var vanligast. Där-
emot var gen-varianten som ger ett toxiskt ECP överrepresenterad bland de 
personer i den ugandiska populationen som ej blivit infekterade av parasiten, 
vilket stödjer vår ursprungliga hypotes om att det aktiva, toxiska proteinet 
behövs för att försvara sig mot parasiten. Hos de individer som var infekte-
rade av parasiten hittade vi en överrepresentation av gen-varianten som ger 
ett toxiskt ECP bland dem som fick allvarliga komplikationer, dvs leverfib-
ros, till följd av infektionen. Detta antyder att ECP, och speciellt ECP97arg, är 
inblandat i utveckling av leverfibros.  

I delarbete II utvecklade vi en ny metod för att bättre kunna studera 
ECP-molekylen i detalj. De flesta proteiner i kroppen har olika molekyler på 
ytan som t ex kolhydrater, vilket gör att det hos en och samma person finns 
flera varianter av samma protein. Detta är även fallet med ECP då det är känt 
sedan tidigare att det finns tre olika ställen på ytan där det kan sitta N-
linkade kolhydrater. I vår studie utvecklade vi en ny metod där vi använde 
monoklonala antikroppar mot ECP ihop med SELDI-TOF MS, en mass-
spektrometrisk teknik där man mäter molekylmassan på proteiner. ECP som 
renats fram från buffy coats studerades med den nya metoden och vi kunde 
visa att det fanns ca 10 olika ECP varianter som skiljde i molekylvikt. Ge-
nom att ta bort kolhydraterna på ytan av ECP med hjälp av enzymer kunde 
vi bevisa att det sitter N-linkade kolhydrater på proteinets yta, vilka till viss 
del består av sialinsyra, galaktos och acetylglukosamin. Det är dessa kolhyd-
ratkedjor som är den största orsaken till att det finns många varianter av 
ECP. Vi kunde även se att det fanns ytterligare ytmolekyler, som vi inte 
identifierat än.  

Vi studerade även ECP från eosinofiler som renats fram från venblod från 
enskilda blodgivare. Hos varje person kunde vi detektera ca 5 varianter av 
ECP med vår metod. Vi kunde även visa att vår metod kunde detektera de 
båda varianterna av gen-polymorfin; ECP97arg och ECP97thr.  

I delarbete III renade vi fram ECP97arg och ECP97thr från friska blodgivare 
för att sedan testa om det fanns funktionella skillnader. Tidigare studier på 
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rekombinant tillverkat ECP97arg och ECP97thr har visat att de har olika funk-
tioner, i alla fall med avseende på cytotoxicitet. Flera genetiska studier har 
också antytt funktionella skillnader, bland annat visade vi i delarbete I att det 
fanns en koppling mellan utveckling av leverfibros och den genvariant som 
kodar för ECP97arg.  Därför renade vi fram de två varianterna av ECP 
(ECP97arg och ECP97thr) för att kunna studera deras funktionella egenskaper i 
detalj. Vi valde att studera dem med tre olika funktionella metoder; cytotoxi-
citet mot en cancer cell-linje, RNase aktivitet och påverkan på fibroblast-
medierad kollagen gel kontraktion, ett mått på sårläkning.  

Våra resultat bekräftade resultaten i tidigare studier på rekombinant pro-
ducerat ECP97arg och ECP97thr; ECP97arg var cytotoxiskt medan ECP97thr ej 
hade cytotoxisk aktivitet. De skiljde dock inte i sin RNase aktivitet och båda 
ECP- varianterna stimulerade gel kontraktion. Vår slutsats är att gen poly-
morfin påverkar den cytotoxiska aktiviteten av ECP men ej RNase aktivite-
ten eller förmågan att stimulera fibroblast-medierad gel kontraktion, vilket 
antyder att de olika biologiska funktionerna av ECP är åtskiljda.    

Tidigare studier på ECP har visat att bara en viss del av den totala prote-
inmängden som lagras i granula har cytotoxisk aktivitet, ECP med hög mo-
lekylvikt har generellt väldigt låg aktivitet. Målsättningen i delarbete IV var 
därför att undersöka om det går att inducera eller förstärka den cytotoxiska 
aktiviteten av ECP genom att ändra på de post-translationella modifieringar-
na.  Högmolekylärt ECP från blodgivare med genotypen som resulterar i ett 
cytotoxiskt ECP (ECP97arg), användes för att studera hur deglykosylering av 
ECP påverkar den cytotoxiska aktiviteten. Den cytotoxiska aktiviteten av 
fem olika högmolekylära ECP fraktioner testades före och efter deglykosyle-
ring med två olika enzymkombinationer. Alla prover analyserades även med 
SELDI-TOF MS metoden från delarbete II för att följa hur molekylmassan 
förändrades p g a deglykosylering. Det visade sig att genom att ta bort hela 
de N-linkade kolhydratkedjorna kunde den cytotoxiska aktiviteten förstärkas 
hos tre av de fem högmolekylära ECP fraktionerna. Genom att ta bort sialin-
syra, galaktos och acetylglukosamin förändrades molekylvikten av en ECP 
fraktion, men det påverkade inte den cytotoxiska aktiviteten. 

 
För att sammanfatta så har vi i den här avhandlingen studerat den cytotoxis-
ka aktiviteten av ett av eosinofilens granulaproteiner; ECP. Vi har visat att 
flera faktorer påverkar den cytotoxiska aktiviteten av ECP, dels en kodande 
genpolymorfi och även molekylerna på ytan i form av glykosylering. Vi har 
även visat att den cytotoxiska aktiviteten av ECP verkar vara skiljd från 
andra funktioner; ECP97arg och ECP97thr har samma RNase aktivitet och kan 
båda stimulera fibroblast-medierad gel kontraktion trots att de har motsatta 
toxiska egenskaper.  Våra data tyder dock på att de båda ECP-varianterna 
skiljer i sina fibrosfrämjande egenskaper in vivo, så en målsättning för fort-
satta studier är att studera detta mer i detalj i lämplig in vitro modell.     
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