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List of abbreviations 

IgE immunoglobulin E 

Specific IgEs to allergens 

m6 Alternaria alternata 

m3 Aspergillus fumigatus 

m2 Cladosporium herbatum 

m1 Penicillium notatum 

e3 horse 

e2 dog 

e1 cat 

d2 Dermatophagoides farinae 

d1 Dermatophagoides pteronyssinus 

w9 plantain - Plantago lanceolata 

w6 mugwort -  Artemisia vulgaris 

w1 common ragweed - Ambrosia elatior 

t7 oak - Quercus alba 

t4 hazel - Corylus avellana 

t3 birch - Betula verrucosa 

t2 alder - Alnus incana 

g12 cultivated rye - Secale cereale 

g6 timothy grass - Phleum pratense 

g3 cock's foot - Dactylis glomerata 

g1 sweet vernal grass - Anthoxantum odoratum 

f23 crab  

f3 codfish 
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f85 celery 

f35 potato 

f31 carrot 

f25 tomato 

f237 apricot 

f84 kiwi 

f49 apple 

f20 almond 

f17 hazelnut  

f13 peanut 

f14 soya bean 

f9 rice 

f5 rye flour 

f4 wheat flour 

f45 yeast 

f2 cow's milk 

f75 egg yolk 

f1 egg white 

Spirometric indeces 

FEV1(%) percentage of forced expiratory volume in 1 second 

FVC(%) percentage of forced vital capacity 

FEV1/FVC(%) Tiffenau index 

BNR bronchial hyperresponsiveness 
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PCR polymerase chain reaction 

STR short tandem repeat markers 

SNP single nucleotide polymorphism 

HapMap  haplotype map 

p, q chromosomal arms 

CD cytoplesmic domain 

Th T helper 

IL interleukin 

IFN interferon 

PGE2 prostaglandin E2 

TNF tumor necrosis factor 

CO2 carbon dioxide 

NO nitric oxide 

DEPs diesel exhausted particles 
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I. Preamble  

 

IgE overproduction, known as atopy, is usually associated with development of allergic 

diseases such as allergic asthma, allergic rhinitis, atopic dermatitis, conjunctivitis, hay 

fever and others. The level of serum IgE is a complex physiological trait with both 

environmental and genetic factors playing a role in its regulation. While the concept of 

allergy has been well accepted since asthma and IgE were first described in 1880 and 

1921, respectively (Holgate and Holloway 2003), the progress in establishment of 

heredity of allergy and atopy and definition of crucial environmental factors that can 

contribute to their development has become considerable only in the last few decades. 

Integration of different approaches of human and mouse genetics has revealed a number 

of genetic loci and genes involved in regulation of the level of IgE and influencing 

development of allergic diseases. Investigation of environmental and life-style conditions 

in different human populations has enabled to distinguish important risk factors of 

development of allergy in different populations from all over the world. Despite this 

remarkable progress, the etiology of atopy and acute allergic disorders (asthma, rhinitis 

and dermatitis) has not been completely elucidated and there are much more questions in 

this field than answers.           
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II. Introduction  

 

1 Atopy 

 

Atopy is a complex trait characterized by an individual predisposition to hyperproduction 

of IgE against common environmental allergens. It is the major risk factor for 

development of allergic diseases, the most acute of which are asthma, rhinitis, and atopic 

dermatitis. Patients with allergy are usually sensitized to inhalant and/or food allergens 

and express high level of total and allergen-specific IgE. The levels of total IgE >100 

kU/l and allergen-specific IgE > 3.5 kU/l are usually associated with clinical symptoms 

of allergy and characterized as atopy.  

Normally IgE is produced to protect humans against extracellular parasites 

(helminthes, schistosomes etc.). However, in atopic individuals IgE overproduction is 

stimulated by innocuous antigenic proteins of food, plant, fungi, or animal epidermis. The 

production of IgE is a cascade process of activation of T lymphocytes by antigen 

presenting cells, differentiation of T lymphocytes into T helper (Th2) cells that produce 

cytokines for activation and proliferation of B lymphocytes that subsequently 

differentiate into plasma cells and start IgE secretion (Figure. 1). Cytokines IL-4, IL-13, 

IL-5, IL-6, IL-9 and TNF augment IgE expression, whereas interferon (IFN), IFN, 

IL-8, IL-10, IL-12 and prostaglandin E2 (PGE2) inhibit this process (reviewed in 

Romagnani 1997). IgE receptors on mast cells FcRI and FcRII (CD23) influence IgE 

level by the feedback mechanism (Gould et al. 2003). The allergic inflammation and 

symptoms of allergy are caused by mediators of inflammation (histamine, leukotrienes 
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and prostaglandins) that are released by mast cells in response to repetitive allergen 

exposure and recognition of the allergens by IgE on the surface of mast cells (Figure 1). 

The initial allergic response leads to vasodilatation, vascular leakage, and smooth muscle 

spasm (in case of asthma). The late phase of allergic reaction is associated with activation 

and degranulation of mast cells and eosinophiles that cause mucosal edema, mucus 

secretion, leukocyte infiltration, epithelial damage, and bronchospasm (in case of 

asthma). Obviously, the symptoms can be very different depending on whether the 

allergen was injected, inhaled, or eaten and depending also on the dose of the allergen.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Type I hypersensitivity (allergic) reaction 
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2 Environmental risk factors of atopy in humans 

 

The prevalence of atopy and atopic disorders varies in different geographical regions 

(Leonardi et al. 2002) and between urban and rural populations (Sozanska et al. 2007) 

and has a tendency to increase over the last few decades (Jarvis and Burney 1998). Since 

the natural mutation rate is low, altered environmental and life-style conditions most 

likely contribute to the increasing prevalence and incidence of atopy and allergic 

disorders. It is clear now that allergy is generally associated with the level of economical 

development, industrialization and life-style of a human population and it is the most 

prevalent in western and northern countries of Europe, USA, Australia, and New Zeeland 

(Jarvis and Burney 1998). Several factors have been found to be related to development 

of atopy: exposure to common allergens, deficiency in exposure to common viral and 

bacterial infections during early childhood, and exposure to irritants such as air pollutants 

and tobacco smoking (Figure 2).  

Depending on socioeconomic habits (e.g. living conditions, profession, diet), 

prevalence of various allergen sources in a region and exposure to other environmental 

trigger factors, different allergens become the most harmful for development of atopy and 

manifestation of allergic disorders in human populations. For example, dust mites are 

potentially causative allergens for asthma in Australia (Peat et al. 1996), Central Virginia 

(Squillace et al. 1997), India (Chowgule et al. 1998), dust mites and cat in New Zealand 

(Sears et al. 1989), cat and dog in Scandinavian countries (Plaschke et al. 1999), cat in 

Siberia, Russia (Gusareva et al. 2006) and the mold Alternaria in Tuscon, Arizona 

(Halonen et al. 1997). In Puerto Rico atopic patients exhibited high sensitization to dust 

mites irrespectively of whether they suffered from dermatitis, rhinitis or asthma 
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(Montealegre et al. 2004). Dust mites, grass pollen and cat were the most prominent 

allergens in atopic children from the UK (Kurukulaaratchy et al. 2005), 74% and 45% 

atopic asthmatic children from Italy showed positive reaction to dust mites and grass 

pollen, respectively (Verini et al. 2001). Reactivity to cat, dog and house dust mite 

allergens exceeded 50% in patients with asthma and rhinitis from Canada (Boulet et al. 

1997), whereas in China sensitization to silk allergens was significantly associated with 

allergic rhinitis (Celedon et al. 2001). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Hypothesis explaining the increase in the prevalence of atopy and allergic 

diseases. Risk factors (marked red) and protective factors (marked green) of atopy and 

allergic diseases. 
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often exacerbate allergenicity of different inhalant allergens, especially pollens. Through 

physical contact with pollen particles, DEPs can disrupt it – thus facilitating their 

penetration to the human airways (Bartra et al. 2007). Accumulation of CO2 and higher 

air temperature in a city versus suburb increases pollen output and makes it more 

aggressive to stimulate allergic reactions (Bartra et al. 2007). 

However, the life-style conditions seem to have even stronger effect on the 

frequency of atopy and allergy in human populations. It has been consistently noted that 

in regions with higher pollution level the prevalence of atopy and allergic disease might 

be lower that in ecologically more clear places and that is strongly associated with 

“western type of life-style”. Eventually, the comparison between East and West Germany 

give rise to “hygiene hypothesis”. East Germany was much more polluted than West 

Germany before unification. However, the prevalence of allergic asthma was much lower 

in East than in West Germany, which is less polluted (Nicolai et al. 1997). It was also 

observed that children with a higher number of siblings have a reduced risk of allergic 

rhinitis than the older siblings (Strachan 1989). This observation was explained by the 

fact that younger children in the family acquire more respiratory infections at an early 

age, which are acquired from their older siblings. It was argued that infections in early 

life are protective against atopy and a decline in infections during early childhood has led 

to the increase in allergic disease in the industrialized world. Subsequently, studies 

showed a lower prevalence of atopy expression in children attended day care centers 

(Krämer et al. 1999), those living in farms (Braun-Fahrlander et al. 1999) and those with 

an anthroposophic life style (Alm et al. 1999), all of which are associated with an 

increased exposure to infections and microorganisms in early life.  

However, the timing of the exposure to infection is critical for promoting 
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beneficial or harmful effects. The development of the immune system starts in utero and 

the initial priming of a fetus T cells against allergens intervenes during pregnancy. 

Allergens exposure of mother initiates Th2 immune response in fetus. In this time, the 

Th1 immune response is inhibited by IL-4, IL-10 and prostaglandin E2 because of the 

toxicity of Th1-cytokines (especially IFNγ) for placenta. The prenatal period and early 

childhood is considered to be critical for the establishment of the normal Th1/Th2 

balance. All newborns have a Th2 immune response. During normal maturation through 

infancy, a Th1/Th2 balance is achieved with the induction of tolerance. However, atopic 

infants fail to achieve this balance continue to respond to allergens with a Th2-type 

response and the production of IgE antibodies. It was considered that bacterial and viral 

infection during early life directs the maturating of the immune system towards Th1 cells, 

which counterbalance to pro-allergic Th2 responses. A reduction in overall microbial 

exposure will result in weak Th1 cell stimulation that cause increased risk of atopy. 

However, when the infection occurs at the same site after the allergy has already 

developed and has become chronic it is considered to be more likely harmful. The 

presence of IL-4 during T cell priming may deviate the normally dominant Th1 response 

induced by infectious agent into a mixed Th1/Th2 response, resulting in exacerbation of 

the atopic disorder (Erb 1999). Thus, the development of the immune system is strongly 

dependent on the environmental factors that stimulate the immune system toward Th1 or 

Th2 response, whereas genetic factors determine individual predisposition to develop 

normally or to progress into pathology. 
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3 Genetic regulation of atopy and its impact on allergic disorders in 

humans 

 

Atopy and allergic disorders show substantial familial aggregation. Although the model 

of IgE inheritance has not been completely elucidated (Los et al. 1999), studies of 

families, twins and mouse models of IgE overproduction have suggested that the level of 

IgE is a complex physiological trait with a high genetic heritability (36% - 82%) 

(Grundbacher 1975, Hopp et al. 1984, Hanson et al. 1991, Palmer et al. 2000) and is 

under control of multiple genes (Badalová et al. 2002), the effects of which can be 

strongly modified by environmental factors. Several approaches have been elaborated 

and applied to search for IgE-controlling genes and to investigate their biological role in 

development of allergies including candidate-gene approach, genome-wide linkage and 

association mapping in humans and genome-wide linkage analysis in mouse models with 

subsequent prediction of the trait loci/genes in humans (Figure 3). 

The candidate-gene approach (hypothesis-driven) selects candidate genes on the 

basis of a priori knowledge of the trait/disease of interest (biological candidates) or of 

candidate-gene regions (positional) previously linked to the trait of interest. The method 

includes association studies that test the role of specific mutations (single nucleotide 

polymorphisms – SNPs and/or short tandem repeat – STR markers) in candidate genes. 

These can be either population-based (case-control) or family-based (transmission 

disequilibrium test). As an outcome of this approach, Th2 cytokines were a high priority 

of candidate genes in some of the earliest association studies on atopy and asthma (e.g. 

IL-4, IL-5, IL-13, CD14, ets.) and represent some of the most replicated associations to 

date (Wills-Karp and Ewart 2004). However, the complexity of IgE regulation makes 
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impossible to predict all genes that might be involved in predisposition to atopy.  

 

 

 

 

 

 

 

 

 

 

Figure 3. Strategies in genetic studies of atopy. 

Strategies that have been successfully applied marked in green. Recent strategies that 

have just started applying are marked in red. 
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al. 2001; Shugart et al. 2001; Altmüller et al. 2005), 7q (Xu et al. 2000; Koppelman et al. 

2002; Altmüller et al. 2005), 11q (Daniels et al. 1996; Shugart et al. 2001; Altmüller et al. 

2005), 12q (Xu et al. 2000; Koppelman et al. 2002; Yokoushi et al. 2002) and 16q 

(Daniels et al. 1996; Ober et al. 2000; Kurz et al. 2005) (Table 1). Positional cloning 

approach (genome-wide scans for susceptibility loci and subsequent fine-mapping of the 

loci) indicated six genes at loci 2q14 (DPP10 – dipeptidyl serine protease) (Allen et al. 

2003), 2q33 (CTLA4 – cytotoxic T-lymphocyte-associated-4 gene) (Howard et al. 2002), 

5q32-33 (PCDH1 – protocadherin-1) (Whittaker 2003),
 
7p14.3 (GPRA – G protein-

coupled receptor) (Laitinen et al. 2004), 13q14 (PHF11 – PHD finger protein 11) (Zhang 

et al. 2003), and 20p13 (ADAM33 – Zn dependent metalloproteinase) (van Eerdewegh et 

al. 2002) predisposing to atopy or atopy-associated traits (Table 2).  

In the last decade, the completion of the International HapMap Project makes the 

start of a new phase in human genetics (McVean et al. 2005). Characterization of patterns 

of genetic variation through typing over one million SNPs, calculation of linkage 

disequilibrium between them and construction of comprehensive map of SNP haplotypes 

provided an unprecedented view of human genetic diversity and become a wonderful tool 

for genome-wide association studies of complex traits in humans. In genetics of atopy 

and allergies genome-wide association mapping has led to identification of genes 

ORMDL3 (an endoplasmic reticulum membrane protein) at locus 17q21 (Moffatt et al. 

2007) and CHI3L1 (chitinase 3-like 1) at locus 1q32.1 (Ober et al. 2008) that contribute 

to the risk of allergic asthma (Table 2). 
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Table 1. IgE-controlling loci described in genome-wide studies in humans 

Chr. Segment cM Marker Population Reference 

1 
1p31.1-13.2 138.69-146.53 D1S207 – D1S502 

97 Caucasian families 

(83 German, 14 others) 
Wjst1 et al. 999 

1q23-24 202.19 D1S518 533 Chinese families Xu et al. 2001 

2 

2p21 65.94 D2S2298 
97 Caucasian families 

(83 German, 14 others) 
Wjst et al. 1999 

2q33.1 198.65 D2S116 
97 Caucasian families 

(83 German, 14 others) 
Wjst et al. 1999 

3 

3p24.1 52.6 D3S1266 48 Japanese families Yokouchi et al. 2002 

3q24 161.04 D3S1744 100 Danish families Haagerup et al. 2002 

3q29 224.88 D3S1311 200 Dutch families Koppelman et al. 2002 

4 

4q23 104.94 D4S1647 38 Finnish pedigrees Laitinen et al. 2001 

4q35.2 208.07 D4S2930 
97 Caucasian families 

(83 German, 14 others) 
Wjst et al. 1999 

5 

5q23.1-31.1 129.83-139.33 D5S1505 – D5S816 200 Dutch families Koppelman et al. 2002 

5q23.2 127.29 (de code) D5S818 100 Danish families Haagerup et al. 2002 

5q33.2 156.47 D5S410 48 Japanese families Yokouchi et al. 2002 

5q23-32 135.25-147.49 D5S666 – D5S402 200 Dutch families Xu et al. 2000 

6 

6p23-21.3 34-60  USA Caucasians families CSGA,1997 

6p23-21 35.0 – 60.9 D6S291 
97 Caucasian families 

(83 German, 14 others) 
Wjst et al. 1999 

6p22.2 44.41 D6S276 80 UK families Daniels et al. 1996 

6p24.3 14.61 D6S277 100 Danish families Haagerup et al. 2002 

7 

7p15.1-12.1 49.22 – 72.78 D7S526 – D7S1830 38 Finnish pedigrees Laitinen et al. 2001 

7p14.1 57.79 D7S528 
97 Caucasian families 

(83 German, 14 others) 
Wjst et al. 1999 

7p14.3 54.11 D7S2250 80 UK families Daniels et al. 1996 

7p14.1 61.0 – 63.67 D7S678 – D7S691 29 Karelian pedigrees Laitinen et al. 2001 

7q21.11-22.3 98.44 – 109.12 D7S820 – D7S821 200 Dutch families Xu et al. 2000 

7q21.11-22 98.44 – 109.12 D7S820 – D7S812 200 Dutch families Koppelman et al. 2002 

8 8p23.1 16.19 D8S503 107 French families Dizier et al. 2003 

9 9q31.1 111.99 – 129.74 D9S1784 – D9S195 
97 Caucasian families 

(83 German, 14 others) 
Wjst et al. 1999 

11 

11p13 42.55 D11S907 107 French families Dizier et al. 2000 

11p15  D11S96 80 UK families Daniels et al. 1996 

11q14.1 85.48 D11S901 80 UK families Daniels et al. 1996 

12 

12p13.1 30.6 D12S364 48 Japanese families Yokouchi et al. 2002 

12q24.23 134.54 D12S86 48 Japanese families Yokouchi et al. 2002 

12q22-24.21 109.47 – 125.31 PAH – D12S2070 200 Dutch families Xu et al. 2000 

12q22-24.21 109.47 – 125.31 PAH – D12S2070 200 Dutch families Koppelman et al. 2002 

13 13q13.2-13.3 25.80 – 32.90 D13S1493 – D13S218 200 Dutch families Koppelman et al. 2002 

15 15q26.1 86.81 D15S127 
97 Caucasian families 

(83 German, 14 others) 
Wjst et al. 1999 

16 16q22.1-23.2 85.94 – 108.96 D16S421 – D16S505 80 UK families Daniels et al. 1996 

X Xq23 70.91 DXS8081 
97 Caucasian families 

(83 German, 14 others) 
Wjst et al. 1999 
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Table 2. Genes controlling IgE, asthma and bronchial hyperresponsiveness 

(BHR) 

Locus 
Gene 
symbol 

Gene name 
Possible effects of 

the gene 
Linkage to Reference 

1q32.1 CHI3L1 chitinase 3-like 1 remodeling lung tissue asthma, BHR Ober et al. 2008 

2q33.2 CTLA4 
cytotoxic T-
lymphocyte-
associated-4 gene 

regulation of IgE level, 
costimulation and T-
cell activation 

total IgE, asthma, 
BHR 

Hovard et al. 2002 

2q14.1 DPP10 
dipeptidyl serine 
proteases 

cytokines and 
chemokines processing 

asthma Allen et al. 2003 

5q31.3 PCDH1 protocadherin-1 

Increase the 
susceptibility of 
epithelium, remodeling 
lung tissue 

BHR Whittaker et al. 2003 

7p14.3 GPRA 
G protein-coupled 
receptor 

possible receptor for an 
unidentified ligand 

asthma, BHR, 
total IgE 

Laitinen et al. 2004 

13q14.3 

PHF11 
PDH finger protein 
11 

regulation of IgE level asthma, total IgE Zhang et al. 2003 

SETDB2 
histone H3 
methyltransferase 

regulation of IgE level asthma, total IgE Zhang et al. 2003 

RCBTB1 

egulator of 
chromosome 
condensation 
(RCC1) and BTB 
(POZ) domain 
containing protein 1 

? asthma, total IgE Zhang et al. 2003 

17q21 ORMDL3 

endoplasmic 
reticulum 
transmembrane 
protein 

? asthma Moffatt et al. 2007 

20q13 ADAM33 
Zn dependent 
metalloproteinase 

airway 
hyperresponsiveness 
and remodeling 

asthma, BHR Van Eerdewegh et al. 2002 

 

Despite this remarkable progress in identification of genes controlling atopy and 

asthma in humans, the complete elucidation of its genetics is hindered by many factors 

including sample size, genetic heterogeneity of human populations, gene interactions, 

low frequency and/or incomplete penentrance of trait-controlling alleles and a high 

variability of environmental factors (Lander and Schork 1994). Some limitations of 

human genetic studies can be overcome by the use of mouse models. The availability of 

genetically homogenous mouse strains, possibility to manipulate mouse genome through 

selective breading strategies and direct gene-targeting approaches and possibility to 
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control environment that reduces the phenotypic variance, affords mouse models 

considerable power to the study of complex genetic traits in human (Lipoldová and 

Demant 2006). Congenic mice strains are among the most useful tool for mapping of 

loci/genes of complex traits 

that simplify the genetic 

analysis because they allow 

characterization of a single 

locus without interference 

from multiple epistatic 

genes that also influence a 

phenotype (McIntire et al. 

2001). Once the genetic 

regions of interest have 

been identified in mouse, 

the high level of synteny 

between many mouse and 

human chromosomal 

segments allows predicting 

their locations in human 

(DeBry and Seldin 1996) 

(Figure 4).  

 

Figure 4. Combination of genome-wide scan for IgE-controlling 

loci in mice with candidate gene approach in humans. 
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Genome-wide scans in mouse models have been successfully applied for 

identification of human asthma genes on chromosome 2 (C5 - complement component 5, 

human homolog 9q34) (Karp et al. 2000), chromosome 6 (IL5RA - interleukin 5 receptor, 

alpha, human homolog 3p26) (Daser et al. 2000), and chromosome 11 (HAVCR1 - 

hepatitis A virus cellular receptor 1, human homolog 5q33.2) (McIntire et al. 2001) 

(Table 3).  

Investigation of IgE regulation has been also conducted on mouse models of 

infection diseases caused by intracellular parasites (Leishmania major, Heligmosomoides 

polygyrus etc.) (Lipoldová et al. 2000, Badalová et al. 2002, Menge et al. 2003), the 

immune response to which is also characterized with IgE overproduction (Table 4). In the 

genome-wide search for IgE-controlling loci in mouse models of Leishmania major 

infection several chromosomal regions all over genome were identified (Table 4). From 

the conserved synteny between mouse and human genomes the homologous 

chromosomal segments were determined in humans. Majority of these segments 

(homologous to Lmr3, Lmr5, Lmr8, Lmr10, Lmr11, Lmr13 and Lmr14 in mouse) had 

been already described in genome-wide scans for atopy and asthma loci in humans 

(Koppelman et al. 2002; Xu et al. 2000; Yokoushi et al. 2002; Wjst et al. 1999; Howard 

et al. 2002). However, two chromosomal segments identified from the homology with 

mouse (Lmr9 and Lmr12) have not shown evidence for linkage with IgE or some allergic 

disorder in the previous studies in humans, and therefore are good targets for further 

identification of novel human genes, which are relevant for atopy. 
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Table 3. Genes and loci of IgE and traits associated with allergic asthma: Mouse 

models of atopy and allergies 

 
Note: ↑ - high responder; ↓ - low responder; CcS strains contains a different, random set of approximately 12.5% genes of 

the “donor” strain STS and approximately 87.5% genes of “background” strain BALB/c 

 

In the genome-wide study in mouse models of Heligmosomoides polygyrus 

infection two loci on chromosome 12 (39.0 – 45.0 cM) and chromosome 17 (15.1 – 29.4 

cM) were described to control IgE (Menge et al. 2003) (Table 4). Later genome-wide 

study conducted by another group confirmed the locus on chromosome 17 and even 

shortened it to 0.9 cM (18.4 – 19.1cM) (Behnke et al. 2006) (Table 4). This data 

corroborate the genome-wide study that earlier identified the homologous locus (6p21-

22) to control total IgE in humans (Daniels et al. 1996; Wjst et al. 1999). This facts 

support efficiency and power of the genome-wide screening in mice in identification of 

loci/genes of complex traits such as IgE in humans. 

 

Chromosome / 

cM 

Flanking 

markers Locus 

Candidate 

gene 

Mouse 

cross Phenotype Reference 

Orthologous 

locus in 

humans 

(MGI) 

Orthologous 

locus in 

humans 

linked with 

IgE 

6 / 45.5 D6Mit105  Il5rα A/J ↑  

C57BL/6 ↓ 

immediate 

cutaneous 

hypersensitivity 

in response to 

immunization 

with birch 

pollen 

Daser et 

al. 2000 

3p26 - 

11 / 20.8 – 23.0  D11Mit271 

–D11Mit22 

Tapr Havcr1 

( Tim1) 

BALB/c ↑  

DBA/2 ↓ 

Th2 cytokine 

production, 

BHR 

McIntire et 

al. 2001 

5q33.2 5q33.2 / 

Yokouchi et 

al. 2002 

2 / 28.0 – 30.0   Abhr2 C5  A/J ↑  

C3H/HeJ ↓ 

allergen 

induced BHR, 

IL-12 

production 

Karp et al. 

2000 

9q34 - 
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 Table 4. IgE-controlling loci: mice models of IgE regulation during parasite infection 
 

  
Note: ↑ - high responder; ↓ - low responder; CcS strains contains a different, random set of approximately 12.5% genes of the “donor” strain STS and approximately 87.5% genes of 

“background” strain BALB/c.

Chromosome / 

cM 

Flanking 

markers Locus 

Potential 

candidate 

gene 

Mouse 

cross Phenotype Reference 

Orthologous locus in humans 

(MGI) 

Orthologous locus in humans  

linked with IgE during 

allergies 

1 / 79.0 – 88.3 rs6181202 – 

gnf01.167.396 

Lmr8  Tnfsf4 

 Tnfsf6 

CcS-20 ↓ 

BALB/c ↑  

 

IgE induced by 

Leishmania major 

infection 

Badalová et 

al. 2002 

1q22-31.1 - 

1 / 101.5 –

112.0 

rs3693165 –

gnf01.197.353 

Lmr8 ? CcS-20 ↓ 

BALB/c ↑  

 

IgE induced by 

Leishmania major 

infection 

Badalová et 

al. 2002 

1q32.2-41, 1q44 - 

2 / 47.51–107.0 D2Mit272 – 

D2Mit74 

Lmr14 Traf6, 

Ltk 

Pla2g 

ADAM 33 

CcS-16 ↑ 

BALB/c ↑  

 

IgE induced by 

Leishmania major 

infection 

Badalová et 

al. 2002 

2p13-q14, 2q31.2, 2q32 

7p14-cen, 9q34 

11p14-11 

11q11-12 

15q11-22.2 15q26 

20q11-13.33 

20pter-q12 

7p14.1 /  Wjst et al. 1999; 

Laitinen et al. 2001 

7p14.3 / Daniels et al. 1996; 

Laitinen at al. 2004 

15q26.1 /  Wjst et al. 1999 

20q13 / Van Eerdewegh at al. 

2002 

3 / 25.0 – 55.0 rs13477108 –

rs13477365 

Lmr11  Il12a 

 Il6ra 

CcS-20 ↓ 

BALB/c ↑  

 

IgE induced by 

Leishmania major 

infection 

Badalová et 

al. 2002 

1p21-11.2 

1p32-31 

1q12, 1q21-23.1 

4q21-25, 4q28-31.3, 4q32-35 

13q13.1-13.3 

4q23 / Laitinen et al. 2001 

4q35.2 / Wjst et al. 1999 

4 / 0 – 1.9 0 - D4Mit264 Lmr9  Lyn CcS-20 ↓ 

BALB/c ↑  

 

IgE induced by 

Leishmania major 

infection 

Badalová et 

al. 2002 

8q12 8q12 Gusareva et al. in press 

5 / 36.0 – 44.0 CEL-

5_56167948 – 

rs13478349 

Lmr3 ? CcS-5 ↓ 

BALB/c ↑  

 

IgE induced by 

Leishmania major 

infection 

Lipoldová et 

al. 2000 

4p15.1-12cen  

4q11-13.1 

13q12.2 

- 

 

 

5 / 28.0 – 64.0 D5Mit54 – 

D5Mit319 

Lmr3 ? CcS-20 ↓ 

BALB/c ↑  

 

IgE induced by 

Leishmania major 

infection 

Badalová et 

al. 2002 

1p22, 4p16-cen 

4q11-13, 4q21, 4q24-25, 7q11, 

12q24, 13q12 

22cen-q12 

4q23 / Laitinen et al. 2001 

12q24.23 / Yokouchi et al. 2002 

12q22-24.21 / Xu et al. 2000; 

Koppelman et al. 2002 
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Table 4. Continuation 
 

 

Note: ↑ - high responder; ↓ - low responder; CcS strains contains a different, random set of approximately 12.5% genes of the “donor” strain STS and approximately 87.5% genes of 

“background” strain BALB/c.

Chromosome / 

cM 

Flanking 

markers Locus 

Candidate 

gene 

Mouse 

cross Phenotype Reference 

Orthologous 

locus in 

humans (MGI) 

Orthologous locus in humans 

linked with IgE during allergies 

8 / 16.0 – 32.0 D8Mit64 –  

rs3717251 

Lmr10  Scvr 

 Casp3 

CcS-20 ↓ 

BALB/c ↑  

 

IgE induced by Leishmania 

major infection 

Badalová et al. 

2002 

8p12-11.2 

8p23.1-21.3 

4q31-35.2 

8p23.1 / Dizier et al. 2000 

4q35.2 / Wjst et al. 1999 

10 / 50.0 – 70.0 D10Mit161 – 

rs13480828 

Lmr5  Ifng 

 Stat6 

CcS-5 ↓ 

BALB/c ↑  

 

IgE indused by Leishmania 

major infection 

Lipoldová et al. 

2000 

12cen -q24.1 

19p13.3 

12q22-24.21 / Xu et al. 2000; 

Koppelman et al. 2002 

10 / 68.0 – 70.0 D10Mit25 – 

D10Mit269 

Lmr5  Stat6 CcS-16 ↑ 

BALB/c ↑  

 

IgE indused by Leishmania 

major infection 

Badalová et al. 

2002 

12q13-15 - 

12 / 39.0 – 45.0 D12Mit177 – 

D12Mit194 

 ? SWR ↑ 

CBA ↓ 

IgE induced by 

Heligmosomoides polygyrus 

infection 

Menge et al. 

2003 

14q24  

14q31-32 

- 

 

16 / 26.5 – 36.0 D16Mit167 – 

D16Mit184 

Lmr12 ? CcS-16 ↑ 

BALB/c ↑  

IgE induced by Leishmania 

major infection 

Badalová et al. 

2002 

3q12-21 

3q28-29 

3q29 /  Koppelman et al. 2002 

17 / 15.1 – 29.4 D17Mit29 – 

D17Mit180 

 ? SWR ↑ 

CBA ↓ 

IgE induced by 

Heligmosomoides polygyrus 

infection 

Menge et al. 

2003 

3p24, 6p12,   

6p22-21 

16p13 

19p13 

21q22 

3p24.1 /  Yokouchi et al. 2002 

6p23-21.3 / CSGA 1997 

6p23-21 / Wjst et al. 1999 

6p22.2 / Daniels et al. 1996 

17 / 18.4 – 19.1  H2-D 

TNF 

 H2-D 

 TNF 

SWR ↑ 

CBA ↓ 

IgE induced by L4 antigen 

(against worms) 

Behnke et al. 

2006 

6p22-21 6p23-21.3 / CSGA 1997 

6p23-21 / Wjst et al. 1999 

6p22.2 / Daniels et al. 1996 

18 / 21.0 – 49.9 D18Mit37 – 

D18Mit46 

Lmr13  Scf1r 

 Cd14 

 Adbr2 

CcS-16 ↑ 

BALB/c ↑  

 

IgE induced by Leishmania 

major infection 

Badalová et al. 

2002 

5q21-35 

18p11.2 

18q11-21 

5q23.1-31.1 /  Koppelman et al. 2002 

5q23.2 / Haagerup et al. 2002 

5q33.2 /  Yokouchi et al. 2002 

5q23-33 /  Xu et al. 2000 

5q31.3 / Whittaker et al. 2003 
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4 Concluding remarks 

 

Over the past decades, using various new approaches, genetics of atopy and allergy 

progressed from broad linkage regions to gene identification. The range of candidate 

atopy and allergy genes includes not only immune response genes (such as HAVCR1, C5, 

genes of interleukins and its receptors) but also genes, the effects of which on the 

development of atopy and susceptibility to allergy have not been clearly understood (e.g. 

PHF11, ADAM33, DPP10). Some of the loci/genes were found to regulate susceptibility 

to atopy and/or atopic diseases in several populations, whereas others have been detected 

in one or a few populations only (reviewed in Ober and Hoffjan 2006). Since many of the 

identified loci contain several genes of unknown effects on development of atopy, it is 

possible that in different populations different genes from the same chromosomal region 

may be involved in control of susceptibility (reviewed in Ober and Hoffjan 2006). 

Although a number of genes were identified, it is highly improbable that all the genes or 

combinations of genes that underlie atopy have been identified, therefore the etiology of 

atopy is still hidden. 
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III. Aims of the study 

 

Aim 1. Definition of the major allergens that trigger development of atopy and allergic 

disorders in different human populations. 

1. Define the major allergens that trigger development of allergy in Czech, Russian and 

Ukrainian atopic patients.  

2. Estimate the level of allergic sensitization in healthy blood donors from Prague.  

3. Define the impact of specific IgE to particular allergens on the level of total IgE in 

Russian patients with asthma and in Prague blood donors. 

 

Aim 2. Mapping genetic loci of atopy and atopy-associated traits in Czech and Russian 

populations using results of genome-wide search in mice (obtained in the Laboratory of 

Molecular and Cellular Immunology, Institute of Molecular Genetics, Prague, Czech 

Republic) and in humans (detected by other scientific groups). 

1. Select the most important candidate chromosomal regions of atopy described in 

humans by others and define the candidate chromosomal regions from the conserved 

synteny between mouse and human genomes. Study the effect of the candidate loci on 

IgE regulation and development of atopy-associated traits in Czech and Russian family 

groups of atopic patients.   
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IV. Materials and Methods 

 

1 Subjects and patients 

The genetic studies were conducted using two groups of nuclear families of atopic 

patients and their relatives from the Czech Republic (67 families, n=276) and from the 

Russian Federation (152 families, n=602). For investigation of risk factors of atopy and 

prevalence of allergic sensitization in different human populations we used two groups of 

patients with atopy from the Czech Republic (n=75) and Ukraine (n=53) and a group of 

patients with asthma from the Russian Federation (n=110). We also used a group of 

Prague blood donors (n=476) to study prevalence of total and specific IgE in healthy 

population. All the analyzed groups are described in details in the chapter V. Results.  

 

2 Estimation of total and specific IgE levels 

The collection of blood samples of atopic individuals and their relatives from the Czech 

Republic and Ukraine was conducted from February 1999 to February 2001. Blood 

samples of donors from Prague (Czech Republic) were collected in December 2007 – 

January 2008. Blood samples of Russian patients with asthma and their relatives were 

collected in 2004 – 2007. No blood samples were collected during the summer months. 

The sera were stored at –70
o
C before use. The total IgE level was estimated by CAP-

FEIA (Phadia, Uppsala, SE) in the Czech and Ukrainian subjects and by IgE-EIA-BEST–

strip (VECTOR-BEST, Novosibirsk, Russia) in Russian subjects. Specific IgE was 

measured by the in vitro test system EUROLINE (EUROIMMUN, Medizinische 

Labordiagnostika GmbH, Lübeck, Germany) according to the instructions of the 
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manufacturer. In this system allergen extracts were used for detection of specific IgEs. 

The lowest threshold of detection was 0.35 kU/l. Sensitization to moulds (m6 – 

Alternaria alternata, m3 – Aspergillus fumigatus, m2 – Cladosporium herbatum, m1 – 

Penicillium notatum), animals (e3 – horse, e2 – dog, e1 – cat), mites (d2 – 

Dermatophagoides farinae, d1 – Dermatophagoides pteronyssinus), weeds (w9 – 

Plantago lanceolata, w6 – Artemisia vulgaris, w1 – Ambrosia elatior), trees (t7 – 

Quercus alba, t4 – Corylus avellana, t3 – Betula verrucosa, t2 – Alnus incana), and grass 

(g12 – Secale cereale, g6 – Phleum pratense, g3 – Dactylis glomerata, g1 – Anthoxantum 

odoratum) was measured by Inhalation test-system in all studied groups. Sensitization to 

fish (f23 – crab, f3 – codfish), vegetables (f85 – celery, f35 – potato, f31 – carrot, f25 – 

tomato), fruits (f237 – apricot, f84 – kiwi, f49 – apple), nuts (f20 – almond, f17 – 

hazelnut, f13 – peanut), grains (f14 – soy bean, f9 – rice, f5 – rye flour, f4 - wheat flour), 

and food of animal origin (f45 – yeast, f2 – cow’s milk, f75 – egg yolk, f1 – egg white) 

was measured by Food test-system only in Czech and Ukrainian patients. The inhalant 

and food atopy were defined as sensitization to at least one of the tested inhalant and food 

allergens, respectively. The major allergen and important allergen were defined as the 

allergen to which more than 50% and 30% of patients in a group were sensitized, 

respectively. The clinically important level of sensitization was defined as more than 3.5 

kU/l, which is usually concomitant with symptoms of allergy (according to the 

EUROLINE protocol). 

 

3 Genetic markers 

Genetic studies were conducted in Czech and Russian family groups. Genetic markers are 
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described in details in the chapter V. Results. For the analysis, short tandem repeat (STR) 

markers located at different chromosomes/chromosomal regions were selected (Table 5) 

from the National Centre for Biotechnology Information (NCBI) database 

(http://www.ncbi.nih.gov). The STR markers are characterized in the Marshfield genetic 

map and show high heterozygosity. 

 

Table 5. The list of markers tested for linkage and association with asthma, total 

IgE, and specific IgEs. 

Note: * - markers were tested in the Russian family group only. 

Marker Chromosome
 

cM (Marshfield) Reference 

D2S308 2q14.1 124.03 Allen et al. 2003  

D5S816 5q31.1 139.33 Koppelman et al. 2002 

D5S1507 5q33.2 157.57 Yokoushi et al. 2000 

D6S291 6p21.31 49.50 Wjst et al. 1999 

D7S2250 7p14.3 54.11 

Daniels et al. 1996; Shugartt et al. 

2001; Laitinen et al. 2001 

D7S821 7q21.3 109.12 Xu et al. 2000 

D8S1828  8q12 71.00 Badalová et al. 2002 

D8S285  8q12 71.00 Badalová et al. 2002 

D8S1816  8q12 71.00 Badalová et al. 2002 

D11S2006 11q12.1 59.24 Adra et al. 1999 

D12S1298 12q14.1 75.17  

D12S379 12q21.31 93.69 Barnes et al. 1996, Nickel et al. 1997  

D12S1059 12q23.1 105.18  

D12S338* 12q23.3 111.87  

D12S1645* 12q24.11 119.55  

D12S2082* 12q24.22 130.94  

D12S1282 12q24.3 136.82  

D12S1611* 12q24.3 140.17  

D12S1634* 12q24.3 148.24  

D13S165 13q14.2 45.55 Zhang et al. 2003 

D16S3253 16q12.2 71.77 Daniels et al. 1996 

D16S539 16q24.1 124.73 Ober et al. 2000 

D19S601 19q13.33 83.19 Venanzi et al. 2001 

D20S473 20p13 9.53 van Eerdewegh et al. 2002 



 31 

All markers, with the exception of the markers on chromosome 8 (D8S1828, 

D8S285, D8S1816),  are located in atopy candidate regions previously described in 

genome-wide studies of atopy and/or asthma (Daniels et al. 1996, Wjst et al. 1999, Ober 

et al. 2000, Xu2000, Yokoushi et al. 2000, Laitinen et al. 2001, Shugart et al. 2001, 

Haagerup et al. 2002, Koppelman et al. 2002, Yokouchi et al. 2002, Altmüller et al. 2005, 

Ferreira et al. 2005, Kurz et al. 2005). Markers selected in regions 2q14.1 (Allen2003), 

5q31.1 (Koppelman et al. 2002), 5q33.2 (Yokoushi et al. 2000), 6p21.31 (Wjst et al. 

1999), 7p14.3 (Daniels et al. 1996, Laitinen et al. 2001, Shugart et al. 2001), 7q21.3 (Xu 

et al. 2000), 12q21.31 (Nickel et al. 1997), 16q24.1 (Ober et al. 2000), and 19q13.33 

(Venanzi et al. 2001) were exactly those that exhibited linkage, or in regions 11q12.1 

(Adra et al. 1999), and 16q12.2 (Daniels et al. 1996, Kurz2000) were located in the close 

proximity. To test 13q14.2 and 20p13 we selected the nearest polymorphic STR marker 

to the genes PHF11 (Zhang et al. 2003) and ADAM33 (van Eerdewegh et al. 2002), 

respectively. Chromosome 12q harbors multiple genetic loci related to asthma and 

asthma-associated phenotypes, distinct peaks of linkage being observed in different 

populations (Raby et al. 2003). Four markers in regions 12q14.1, 12q21.31, 12q23.1, and 

12q24.3 (D12S1298, D12S379 (Barnes et al. 1996, Nickel et al. 1997), D12S1059, and 

D12S1282, respectively) were selected in positions that would enable to test presence of 

described linkages in the studied population. After identification of a linkage of atopy to 

12q24.3 at 136.82 cM in Russian family group, we selected five additional STRs from 

surrounding regions (D12S338 at 111.87 cM, D12S164 at 119.55 cM, D12S2082 at 

130.94 cM, D12S1611 at 140.17 cM, and D12S1634 at 148.24 cM) to position the 

linkage map more precisely. 
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Markers on chromosome 8q12 (D8S1828, D8S285, D8S1816) were chosen on the 

basis of our previous whole-genome search for IgE-controlling loci in mouse (Badalová 

et al. 2002). The mouse locus Lmr9 (represented by marker D4Mit149) was mapped to 

the centromeric part of the mouse chromosome 4 with the most likely and maximal 

lengths 3.58 and 9.32 Mb, respectively, and was shown to have linkage with IgE level 

(Badalová et al. 2002). The region homologous to the mouse Lmr9 is located on human 

chromosome 8q12 (NCBI database) and the markers D8S1828, D8S285, D8S1816 were 

selected for the search for IgE-controlling loci in humans. 

 

4 Genotyping  

The primer sequences were obtained from the NCBI database. We used Cy5 

carbocyanine dye 5’-end-labeled forward primers and unlabeled reverse primers 

synthesized by Generi-Biotech s.r.o., (Hradec Králové, Czech Republic) or Sigma-

Genosys Ltd., (Steinheim, Germany). DNA was amplified in a 10-µl PCR reaction with 

10 pmol/µl of forward and reverse primer, 0.2 mM concentration of each dNTP, 1.5 or 

2.0 mM MgCl2 (optimized for each STR), 50 mM KCl, 20 mM Tris-HCl (pH 8.4), and 

0.1 U of Taq polymerase, recombinant (GIBCO, Grand Island, NY) and 5 ng/µl of 

template DNA. The PCR reaction was performed on 0.2 ml non-skirted 96-well PCR 

plate (ABgene, Epsom, UK) by MJ Research Thermal Cycler PTC 100 Model 96 (MJ 

Research, Watertown, MA). The universal program was used for DNA amplification: an 

initial hot start 5 min at 94 °C, followed by 39 cycles of 94 °C for 20 s for denaturing, 55 

°C for 20 s for annealing, 74 °C for 20 s for elongation, and finally 10 min at 72°C
 
for 

final extension. PCR products (0.25 µl) were separated by CEQ™ 8800 Genetic Analysis 
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System (Beckman Coulter Inc., Fullerton, CA, USA). All inconclusive genotypes were 

excluded (less than 2.2% for each marker).  

 

5 Statistical analyses  

5.1 Comparison of sensitization to the tested allergens in subgroups of patients and 

correlation between total and specific IgE. 

Data were analyzed using the software Microsoft Excel 2000 (Microsoft Copyright 1985-

1999) and STATISTICA 8.0 (StatSoft, Inc. 1984-2007, Tulsa, OK, USA). The level of 

sensitization in the groups was compared by Mann Whitney U test. All asymptotic P 

values were corrected for Bonferroni correction. Relationship between total and specific 

IgEs was evaluated by nonparametric Spearman correlation analysis.  

 

5.2 Linkage and association analysis 

We included all family members in statistical analysis regardless of affected status. Two 

different approaches were used for statistical analysis of data. The first approach included 

non-parametric linkage analysis for co-segregation of a chromosomal region and a trait of 

interest (qualitative and quantitative). The analysis is based on the calculation of LOD 

score using the Kong and Cox linear model (Kong and Cox 1997). This method allows 

using small nuclear families and calculation of linkage without assuming the normal 

distribution of the studied trait. We used the Whittemore and Halpern NPL pairs statistic 

(Whittemore and Halpern 1994)
 
to test for allele sharing among affected individuals. The 

computer program MERLIN version 1.0.0 - © 2000 – 2005 (Abecasis et al. 2002)
 
was 

used for calculation allele frequencies (across all individuals) and LOD scores.  
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 The second approach used association analysis for quantitative and discrete 

traits (QTDT). The general models of QTDT described by Abecasis et al. (Abecasis et al. 

2000a, Abecasis et al. 2000b)
 
is applicable to the analysis of quantitative or discrete traits 

in nuclear families of any size and optionally uses parental phenotypes. We used the 

orthogonal model (Abecasis et al. 2002) to perform the association analysis of the 

markers as well as their allelic variants with total and specific IgEs. Calculation was 

conducted by QTDT program version 2.4.6 - © 1998 – 2004 (Abecasis et al. 2000b). 

Permutation framework (100 000 permutations) provided by QTDT program was used to 

obtain global P values that were subsequently corrected for multiple testing by 

Bonferroni correction for number of tested markers and numbers of alleles of the tested 

markers.  

Sex and age were chosen as covariates in both non-parametric linkage and 

linkage disequilibrium analysis of the total and specific IgEs, and inhalant and food 

atopy. Correlation between phenotypes (sensitization to different allergens) was 

estimated by the Nonparametric Spearman Correlation analysis using STATISTICA for 

Windows version 8.0 (StatSoft, Inc. 1984-2008, Tulsa, OK, USA).  
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V. Results 
 
 
1 Prevalence of total and specific IgE in different human populations 
 
 
 

 

1.1 Cat is a major allergen in patients with asthma from the west Siberia, 

Russia. 

 

Elena S. Gusareva1,2, Elena Ju. Bragina3, Evgenija V. Deeva4,  

Nadezhda V. Kazakevich5, Valery P. Puzyrev3,6, Ludmila M. Ogorodova4,  

Marie Lipoldová1,2 

 

1Institute of Molecular Genetics, Academy of Sciences of the Czech Republic, 

Prague, Czech Republic; 2Third Faculty of Medicine, Charles University, Prague, 

Czech Republic; 3Scientific Research Institute of Molecular Genetics of the 

Tomsk Scientific Center of Siberian Branch of Russian Academy of Science, 

Tomsk, Russia; 4Siberian State Medical University, Faculty of Pediatrics, Tomsk, 

Russia; 5General Hospital of Thumen State Medical Academy, Thumen, Russia; 

6Siberian State Medical University, Department of Medical Genetics, Tomsk, 

Russia;  

 

Allergy 2006; 61:509-510.  
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Summary statement  

  Specificity of the major allergen profiles characteristic for certain geographical area 

determines elaboration of prophylactic programs and immunotherapeutic methods of 

treatment. The aim of this study was to define major allergens for Russian patients with 

asthma from Siberia. Therefore, specificity and intensity of sensitization to 20 different 

inhalant allergens was estimated in patients with atopic bronchial asthma from Tomsk 

and Thumen, cities in the west Siberia, Russia. Our data indicated the importance of cat, 

and also dog, and dust mite allergens in maintaining the manifestation of asthma, while 

sensitization to outdoor allergens (molds and plant origin allergens) was low. The present 

work is the first report on allergic sensitization in Russian asthmatic patients from 

Siberian region and can serve as a baseline for future studies of risk factors of asthma 

development in Russia. 

As a first author, I contributed to the study design, estimation of specific IgEs, 

statistical analysis and interpretation of data, and preparation of the manuscript.



 37 



 38 

Additional results to the publication “Cat is a major allergen in patients with asthma from the west 

Siberia, Russia”: High positive correlation was observed between sensitization to cat and dog allergens (R 

= 0.68 and R = 0.74, P < 0.001 for Tomsk and Thumen patients, respectively) and house dust mite 

allergens D. pteronyssinus and D. farinae (R = 0.90 and R = 0.84, P < 0.001 for Tomsk and Thumen 

patients, respectively). 
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1.2 Relationship between total and specific IgE in patients with asthma 

from Siberia, Russia. 

 

Elena S. Gusareva1,2, Lyudmila M. Ogorodova3, Boris A. Chernyak4, 

Marie Lipoldová1,2 

 

1Institute of Molecular Genetics, Academy of Sciences of the Czech Republic 

v.v.i., Prague, Czech Republic; 2Third Faculty of Medicine, Charles University, 

Prague, Czech Republic; 3Faculty of Pediatrics, Siberian State Medical 

University, Tomsk, Russia; 4Department of Allergology and Pulmonology, Irkutsk 

State Institute for Post-graduate Medical Education, Irkutsk, Russia  

 

J Allergy Clin Immunol, 2008; 121:781. 
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Summary statement  

The letter to the editor “Relationship between total and specific IgE in patients with 

asthma from Siberia, Russia” was reported in response to original paper of Erwin et al. 

(2007), which analyzed relationship between total and specific IgE to cat and dust mite in 

patients with wheezing from New Zealand and Sweden. The aim of this work was to 

study relationship between total IgE and specific IgE to cat, dog, birch, and dust mites 

(D. pteronyssinus and D. farinae) in Russian patients with asthma from Tomsk, Thumen 

and Irkutsk (Siberia, Russia) and compare our data with results of Erwin et al. (2007). In 

the present publication, we supported results of Erwin et al. and demonstrated that 

allergen-specific IgE might not contribute prominently to the level of total IgE. Similar to 

data from Sweden, cat-specific IgE did not correlate significantly to high total IgE even 

though cat is a major allergen in Siberia.  

As a first author, I contributed to estimation of specific IgEs, statistical analysis 

and interpretation of data, and preparation of the manuscript. 
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Related data: Relationship between total IgE and specific IgEs to the most 

important allergens in Czech and Ukrainian populations. 

 

In both Czech (n=75) and Ukrainian (n=45) groups of atopic patients correlation between 

total IgE and allergen-specific IgEs to moulds, animal origin allergens, dust mites, weeds, 

trees, and grass was low (R=0.319 – -0.004 and R=0.359 – -0.016). 

 

Table 6. Spearman Rank Order Correlations of total IgE and specific IgEs to inhalant 

allergens in Czech and Ukrainian atopic patients 

Allergen 

Czech patients n=75 Ukrainian patients n=45 

R / P-level R / P-level 

       m6 
Alternaria alternaria 

0.109 / 0.354 0.033 / 0.83 

       m3 
Aspergillius fumigatus 

       -0.004 / 0.971 -0.038 / 0.803 

       m2 
Cladosporium herbatum 

0.151 / 0.195 0.264 / 0.080 

       m1 
Penicillium notatum 

0.041 / 0.727 0.046 / 0.762 

       e3 
horse 

0.100 / 0.394 0.186 / 0.221 

       e2 
dog 

0.147 / 0.210 0.281 / 0.061 

       e1 
cat 

0.103 / 0.379 0.359 / 0.016 

       d2 
D. farinae 

0.319 / 0.005 0.357 / 0.016 

       d1 
D. pteronyssinus 

0.158 / 0.176 0.291 / 0.052 

       w9 
plantain  

0.194 / 0.095 0.202 / 0.184 

       w6 
mugwort  

0.174 / 0.316 0.151 / 0.323 

       w1 
common ragweed  

0.105 / 0.370 0.123 / 0.420 

       t7 
oak  

0.048 / 0.685 -0.016 / 0.918 

       t4 
hazel  

0.087 / 0.459 0.059 / 0.698 

       t3 
birch  

0.096 / 0.413 0.192 / 0.206 

       t2 
alder  

0.140 / 0.231 0.221 / 0.145 

      g12 
cultivated rye  

0.259 / 0.025 0.208 / 0.170 

       g6 
timothy grass  

0.310 / 0.007 0.160 / 0.295 

       g3 
cock's foot  

0.224 / 0.054 0.112 / 0.464 

       g1 
sweet vernal grass  

0.251 / 0.030 0.102 / 0.504 
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Summary statement  

Blood transfusion is often associated with a risk of allergy manifestation in recipients due 

to hidden allergic sensitization of the blood donors that do not express symptoms of 

allergy but have increased levels of total and specific IgE to common allergens. 

Therefore, we performed a cross-sectional survey of sensitization to common inhalant 

allergens in blood donors form Prague (Czech Republic) and presented a retrospective 

changes in the level of total IgE in healthy members of the Prague population. The 

proportion of individuals declared been non-allergic but expressed elevated production of 

total IgE remains high and changed insignificantly from 1984 to 2008 years. These 

donors should be dismissed from blood transfusion to avoid passive transfer of IgE and 

priming of allergy in recipients. Grass allergens stimulate the highest IgE production and 

likely to be the most harmful for recipients.  

As a first author I contributed to the study design, estimation of specific IgEs, 

statistical analysis and interpretation of data, and preparation of the manuscript. 
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Abstract  

Background: Blood transfusion from asymptomatic sensitized donors that have high 

levels of total and specific IgEs to common allergens can lead to allergy manifestation in 

recipients. Estimation of atopic sensitization in healthy blood donors might therefore 

reveal a hidden risk factors of allergy reaction in recipients. In 1984 the level of total 

IgE>100 kU/l was detected in 31% of healthy blood donors from Prague. 

Aim of the study: To assess present size and specificity of allergic sensitization in blood 

donors (n=476) from Prague.  

Methods: Total IgE and specific IgEs to 20 inhalant allergens was estimated by in vitro 

test system CAP-FEIA (Phadia, Uppsala, SE) and EUROLINE (EUROIMMUN, 

Medizinische Labordiagnostika GmbH, Lübeck, Germany), respectively.  

Results: None of the donors declared having active allergy in the current year, however 

some of them (n=105) had a medical history of allergy. Total IgE>100 kU/l was observed 

in 27% (n=129) of donors. 33.2% of the donors had IgE antibodies to at least one 

allergen; 12.6% exhibited specific IgEs>3.5 kU/l. The allergens most often causing 

sensitization were grass pollen, dog and dust mites. Male donors without and with a 

medical history of allergy differ in level of total IgE (P=0.027). Donors with allergy in 

the past exhibited significantly higher sensitization to grass allergens than non-allergic 

donors (P=0.0148 - 0.0059). 

Conclusions: High level of total and specific IgE is common in blood donors from 

Prague and might potentially harm recipients. Grass allergens stimulate the highest IgE 

production and might be linked with a medical history of allergy.   
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Blood transfusion is often associated with risk of allergy manifestation in recipients due 

to hidden allergic sensitization of the blood donors that do not express symptomes of 

allergy but have increased levels of total and specific IgE to common allergens 

(Johansson2005a). Transferred allergy can be a serious medical problem since prevalence 

of hidden allergic sensitization may be high in healthy population. In Sweden and 

Norway the proportions of donors with potentially clinically important level of specific 

IgE to inhalant allergens (> 3.5kU/l) were 14.60%, and 10.6% and to common food 

allergens were 3.9% and 3.0%, respectively (Johansson2005b)). The most recent research 

on the range of total IgE in non-allergic donors from Prague was published in 1985 

(Antošová1985). No information is available about present size and specificity of allergic 

sensitization of blood donors from the Czech Republic. 

Therefore, we report a cross-sectional survey of sensitization to common inhalant 

allergens in blood donors from Prague (Czech Republic) and present a retrospective 

comparison of levels of total IgE in healthy members of the Prague population.  
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Material and Methods 

Blood donors 

In November 2007 – January 2008 the Department of Blood Transfusion of the 

University Hospital KV (Prague, Czech Republic) collected blood samples of 476 non-

cognate blood donors aged between 18 and 63 years (male to female ratio - 0.73:0.27). 

All the donors reside in Prague, majority had Czech nationality (97.9%) and the others 

were Slovaks (2.1%). The volunteers provided information about their allergy status (no 

medical history of allergy, allergy in the past - before 2007 year), family history of 

allergy (no, yes, non-informed), smoking habits and pet ownership (45.0%). We stratified 

the group of donors depending on their allergy status into donors without and with a 

medical history of allergy (Table 1). None of the donors express any severe allergic 

disease, any serious infectious disease or diabetes (even in the past). The study was 

approved by the Ethical Committee of University Hospital KV.   

 

Estimation of total and specific IgE levels 

The total IgE level was estimated by CAP-FEIA (Phadia, Uppsala, SE). Specific IgE to 

moulds (Alternaria alternata, Aspergillus fumigatus, Cladosporium herbatum, 

Penicillium notatum), animals (horse, dog, cat), mites (Dermatophagoides farinae, 

Dermatophagoides pteronyssinus), weeds pollen (Plantago lanceolata, Artemisia 

vulgaris, Ambrosia elatior), trees pollen (Quercus alba, Corylus avellana, Betula 

verrucosa, Alnus incana), and grass pollen (Secale cereale, Phleum pratense, Dactylis 

glomerata, Anthoxantum odoratum) was measured by in vitro test system EUROLINE 

(EUROIMMUN, Medizinische Labordiagnostika GmbH, Lübeck, Germany).  
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Statistical analysis  

All data were analyzed using the software Microsoft Excel 2000 (Microsoft Copyright 

1985-1999) and STATISTICA 8.0 (StatSoft, Inc. 1984-2007, Tulsa, OK, USA). The 

differences in total and specific IgE between subgroups of donors as well as contribution 

of sex, pet ownership, and family history of allergy were estimated by the Mann Whitney 

U test. Correlation was estimated by the Nonparametric Spearman Correlation analysis. 
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Results  

Total IgE 

We estimated total IgE in serum of all donors. Overproduction of total IgE (> 100 kU/l) 

was observed in 129 donors (27%), only 30 (6.3%) of them declared been allergic in the 

past. The geometric and arithmetic means of total IgE in non-allergic donors and donors 

with a medical history of allergy were 47.65 kU/l versus 60.60 kU/l and 120.6 kU/l 

versus 119.8 kU/l, respectively (the differences were insignificant - P=0.068) (Table 2). 

Males with a medical history of allergy had significantly higher level of total IgE than 

males without medical history of allergy (P=0.027), whereas total IgE in females without 

and with a medical history of allergy did not differ (P=0.752) (Table 2).  

  

Specific IgE 

We have studied circulating IgEs against 20 inhalant allergens in blood donors residing in 

Prague (n=476) (Table1). As many as 33.2% (n=158) of the donors had IgE to at least 

one of the 20 allergens tested. Sixty (12.6%) donors exhibited the level of one or more 

specific IgEs higher than 3.5 kU/l, which is usually concomitant with clinical symptoms 

of allergy. However, only one third of these donors (n=22) declared having allergy in the 

past.  

The most prominent allergens were similar in both non-allergic donors and those 

having allergy in the past: dog (e2) (12.4% and 20.0%, respectively), dust mite (d2, 

Dermatophagoides farinae) (8.9% and 13.3%, respectively), cultivated rye (g12) (9.7% 

and 19.0%, respectively), timothy grass (g6) (9.2% and 19.0, respectively), cock's foot 

(g3) (10.0% and 20.0%, respectively), and sweet vernal grass (g1) (6.2% and 15.2%, 

respectively). Among them the most abundant were specific IgEs to grass allergens (1.3 – 
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2.6% and 5.7 – 9.5% of donors with the level of specific IgEs higher than 3.5 kU/l for 

non-allergic donors and donors with medical history of allergy, respectively).  

Donors with and without medical history of allergy differed in the sensitization to 

cultivated rye (e2) (P=0.0148), timothy grass (g6) (P=0.0059), cock's foot (g3) 

(P=0.0101), and sweet vernal grass (g1) (P=0.0061) (Fig. 1). These two groups of donors 

differed also in sensitization to Aspergillius fumigatus (m3) (P=0.0017), Penicillium 

notatum (m1) (P=0.0103) and horse (e3) (P=0.0148), however the total number of donors 

sensitized to these allergens was small (Fig. 1).  

We observed influence of family history of allergy on increased sensitization to 

Dermatophagoides farinae (d2) and sweet vernal grass (g1) in the subgroup of non-

allergic donors (P=0.023 and P=0.041, respectively). However, the same effect was not 

found in the subgroup of donors with a medical history of allergy (P=0.116 and 0.819, 

respectively). Some donors (n=120) were not informed about allergy status of their 

relatives (Table 1). 

We also observed dependency of mite (d1, Dermatophagoides pteronyssinus) 

sensitization on sex (only males (8.6%) were sensitized, P=0.014) in the subgroup of 

donors with a medical history of allergy. The same effect was not observed in the 

subgroup of non-allergic donors (P=0.148). Sensitization to other allergens did not 

depend on sex in both subgroups of donors (P=0.071 – 0.892). Ownership of pets such as 

dog or cat was not associated with sensitization to dog or cat allergens (P=0.76 and 

P=0.81, respectively). 
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Discussion  

Our data demonstrate high level of total IgE and specific allergen sensitization in Prague 

blood donors that might be a crucial risk factor for priming allergy in recipients. High 

levels of total IgE and specific IgE to at least one inhalant allergen was detected in 26.7% 

and 28.8% of donors without medical history of allergy, respectively, and in 28.6% and 

48.5% of donors that expressed some allergy in the past, respectively. These donors are 

of high risks and their exclusions as routine donors should be considered.  

We compared distribution of total IgE in donors without medical history of 

allergy collected by us in 2007-2008 years with results of Antošová et al. (1985) 

describing total IgE in a group of Czech blood donors (n=320) collected in Prague in 

1984 (Antošová1985) (Fig. 2) We observed only a weak tendency to increase of the 

proportion of donors with low level of total IgE (< 80 kU/l) collected by us in years 

2007-2008 versus donors collected in 1984. There were no prominent differences in 

prevalence of donors with overproduction of total IgE (>100 kU/l) between the groups of 

donors. Thus, the proportion of individuals declared been non-allergic but expressed 

overproduction of total IgE remains high and changed insignificantly over the last 24 

years.  

The most frequently specific IgEs were detected to dog and grass allergens, 

intensity of sensitization being higher to the latter. 12.4% and 20% of non-allergic donors 

and donors with medical history of allergy, respectively, were sensitized to dog. High 

prevalence of reactivity to dog allergen is most likely explained by frequent dog 

ownership in Prague (27.7% of donors are dog owners). Although we did not found 

association between dog ownership, easy transportability of dog allergens on clothing 
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facilitates sensitization irrespectively of pet-keeping at home directly (Arbes2004).  

Sensitization to grass allergens (g12, Secale cereale, cultivated rye; g6, Phleum 

pretensem timothy grass; g3, Dactylis glomerata, cock's foot; g1, Anthoxantum 

odoratum, sweet vernal grass) differed in non-allergic donors and donors with a medical 

history of allergy (Fig. 1). These data suggest that grass sensitization might be among the 

major risk factors for priming allergy manifestation in recipients. High level of air 

pollution due to high traffic and widespread individual residential heating using coal and 

other highly polluting fuels (Binková2003), which increases pollen output and makes it 

more aggressive to stimulate allergic reactions (Bartra2007) might contribute to the high 

sensitization to grass allergens.  

However, besides unfavorable environment conditions, there seems to be also 

influence of genetic factors and sex since we found dependency of sensitization to some 

allergens on family history of allergy and sex of donors. It was described that boys are 

more prone to sensitization, the risk for allergy in adulthood is less evident (Govaere 

E2007). In our group, we found adult males more sensitized to at least some particular 

allergens, which can be explained by the modulation of the immune response by sex 

hormones.  

In conclusion, high level of total and allergen-specific IgE is common in blood 

donors from Prague even though they do not express symptoms of allergy, which is 

similar to situation described in Norway and Sweden (Johanson,allergy 60: 1312, 2005). 

To avoid potential passive IgE sensitization in recipients it would be useful to test each 

donor for presence of specific IgE, especially to grass pollen, dog and dust mites 

allergens that have been found to be high in the blood donors from Prague. 
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Table 1. Stratification of the group of Prague blood donors (n = 476).  

 

Characteristics Subgroups of the Czech donors 

Donors No history of allergy Allergy in the past 

N of donors 371 105 

Age   

mean ± SD 36.5 ± 9.87 33.2 ± 8.3  

min - max 18 - 63 19 - 57 

Sex ratio: male (%) / female (%) 284 (76.5) / 87 (23.5) 65 (61.9) / 40 (38.1) 

Smokers   

active (%) 87 (23.5) 18 (17.1) 

passive (%) 17 (4.6) 4 (3.8) 

Family history of allergy   

yes (%) 115 (31.0) 45 (42.9) 

no (%) 165 (44.5) 31 (29.5) 

non-informed (%) 91 (24.5) 29 (27.6) 

IgE > 100 kU/l, n (%) 99 (26.7) 30 (28.6) 

Specific IgEs > 3.5 kU/l, n (%) 38 (10.2) 22 (21.0) 
Sensitization to at least one inhalant 
allergen, n (%)   107 (28.8) 51 (48.5%) 

   

 

 Table 2. Total IgE (kU/l) in the Prague blood donors. Dependency of total IgE on sex.  

 

Characteristics 

Total IgE 

P - level of 
difference 
between donors 
with and without 
history of allergy 

No history of 
allergy  Allergy in the past  

Arithmetic mean ± SD 120.6 ± 204.8  119.8 ± 272.4 
0.068 

Geometric mean  47.65 (n=371)  60.60 (n=105) 

Sex differences in total IgE    

Geometric mean in males  49.05 (n=284)  70.57 (n=65) 0.027 

Geometric mean in females  43.36 (n=87)  47.31 (n=40) 0.752 
P - level of difference 
between males and females 0.458 0.056  
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Figure 1. The profiles of allergic sensitization in Prague blood donors. 

Proportion of the donors declared to be non-allergic (marked as +) (n=371) and the 

donors declared having allergy in the past (marked as –) (n=105) in relation to the level 

of circulating specific IgEs. Sensitization to moulds (m6 – Alternaria alternata, m3 – 

Aspergillus fumigatus, m2 – Cladosporium herbatum, m1 – Penicillium notatum), 

animals (e3 – horse, e2 – dog, e1 – cat), mites (d2 – Dermatophagoides farinae, d1 – 

Dermatophagoides pteronyssinus), weeds (w9 – Plantago lanceolata, w6 – Artemisia 

vulgaris, w1 – Ambrosia elatior), trees (t7 – Quercus alba, t4 – Corylus avellana, t3 – 

Betula verrucosa, t2 – Alnus incana), and grass (g12 – Secale cereale, g6 – Phleum 

pratense, g3 – Dactylis glomerata, g1 – Anthoxantum odoratum) is shown.  

Significant differences between the subgroups of the donors are represented by asterisks 

(* - P – level < 0.02, ** - P – level < 0.002). 



 57 

 

Figure 2. Distribution of the total IgE in the non-allergic blood donors from Prague 

collected in the year 1984 (n=320) (Antošová et al., 1985) and in 2007 – 2008 years (n = 

371). Number of the donors in percentage in relation to the level of total IgE is shown.  
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Summary statement  

The aim of this work was to study the differences of sensitization to a wide range of 

inhalant and food allergens between atopic patients from the Czech Republic and from 

Ukraine, representing two genetically not very distant populations, which live in different 

environmental conditions. Atopic patients from the Czech Republic and Ukraine differed 

in the level of sensitization to the tested allergens, proportion of sensitized persons, and in 

major allergens. The allergic sensitization was significantly higher in the Czech patients 

than in the patients from Ukraine. Ukrainians were mostly sensitized to cat and dust mite 

allergens. In the atopic patients from the Czech Republic, the level of sensitization to 

these allergens was similar, but the level of sensitization to outdoor allergens, grasses and 

trees was dramatically higher. The presented information about the specificity and 

intensity of allergic sensitization in a country at the very beginning of the process of 

westernization (Ukraine) and a country well progressed along this path (Czech Republic) 

is relevant in view of the high prevalence of atopy in Western industrial countries. 

Therefore, our study will form a baseline for monitoring of atopic diseases in these 

countries in the future and will likely contribute to the understanding of mechanisms by 

which social and environmental aspects of westernization contribute to these diseases. 

This study is also the first step in analysis of gene-environment interactions. 

As a first author, I contributed to the estimation of specific IgEs, statistical 

analysis and interpretation of data, and preparation of the manuscript. 
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2 Genetic regulation of IgE in Czech and Russian populations 
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Summary statement  

Mouse to human comparative genetics can significantly improve understanding of etiology of 

complex traits and diseases in humans. The aim of this study was to study genetic regulation of 

IgE level in humans and its impact on development of allergic diseases. Therefore, we used 

information on previously reported IgE-controlling locus in mice to test their orthologous region 

for regulation of total IgE and a numbers of specific IgEs in humans (Czech atopic patients). 

Using this approach, a new IgE-controlling locus was identified on human chromosome 8q12 

that influences the sensitization to a number of allergens. The finding of this linkage shows the 

precision and predictive power of mouse models in investigation of the complex traits in 

humans. In order to define other loci that may control IgE in Czech atopic patients we also 

selected markers in additional 16 candidate chromosomal regions for linkage and association 

testing with the atopic phenotypes. By the candidate gene approach, we confirmed the role of the 

previously reported loci 5q33.3, 7p14.1, 12q13 and 13q14 in control of IgE and development of 

atopy.  

As a first author, I contributed to the study design, genotyping of DNA samples, 

estimation of specific IgEs, statistical analysis and interpretation of data, and preparation of the 

manuscript. 
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Summary statement  

Definition of the genetic component of asthma-associated traits such as total IgE, specific 

IgE to the most prominent allergens and pulmonary function is important for 

understanding of etiology of asthma and atopy in humans. To define loci contributing 

asthma and atopy in Russian patients from Siberia, we have selected a set of 

microsatellite markers from the most promising candidate chromosomal regions reported 

by others and have tested them for linkage with asthma, and traits often related to asthma 

in Siberian population (total IgE, specific IgE to cat (e1), dog (e2) and dust mite (d1 and 

d2) and pulmonary function represented by spirometric indeces: FEV1(%) – percentage 

of forced expiratory volume in 1 second, FVC(%) – percentage of forced vital capacity, 

and FEV1/FVC(%) – Tiffenau index. The most significant results were obtained for the 

candidate region on chromosome 12. Cat-specific IgE, which is the most abundant in 

asthma patients from Siberian population, showed suggestive linkage with a segment of 

136-140 cM on chromosome 12q24.3. This data indicate that the locus 12q24.3 is the 

most promising candidate for identification of genes of cat allergic sensitization and 

asthma in Siberian population of Russian patients. 

As a first author, I contributed to the study design, DNA isolation and genotyping, 

estimation of specific IgEs, statistical analysis and interpretation of data, and preparation 

of the manuscript. 
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Abstract  

In Russian population of Siberia asthma is usually concomitant with high sensitization to 

indoor allergens (cat, dog and house dust mite), overproduction of total IgE and airway 

hyperreactivity. Definition of genes that predispose to development of various 

subcomponents of the asthma phenotype is important for understanding of etiology of 

this disease. To map genes predisposing to asthma, we tested 21 microsatellite markers 

from candidate chromosomal regions in 152 Russian nuclear families from Siberia. We 

performed non-parametric analysis for linkage with asthma, total IgE, specific IgE to cat, 

dog, and dust mites, and spirometric indices (FEV1(%) – percentage of forced expiratory 

volume in 1 s, FVC(%) – percentage of forced vital capacity, and FEV1/FVC(%) - 

Tiffenau index). The most significant linkage was to the candidate region on 

chromosome 12. Cat-specific IgE, which is the most abundant in asthma patients from 

Siberian population, showed suggestive linkage with the interval between 136 and 140 

cM on chromosome 12q24.3, near markers D12S1282 (LOD=2.0, P=0.0012) and 

D12S1611 (LOD=2.15, P=0.0008). Total IgE was also linked to this region (D12S1611 – 

LOD=1.22, P=0.009). FEV1(%) and FVC(%) exceeded LOD>1 threshold for 

significance with the same locus 12q24.3 but with the peak at a more proximal region at 

111.87 cM (D12S338 – LOD=1.19, P=0.01 and LOD=1.16, P=0.01, respectively). Some 

evidence of linkage (LOD>1.0) was also detected for asthma at 6p21.31 (D6S291), total 

IgE at 13q14.2 (D13S165), and FEV1(%) at 5q31.1 (D5S816). These data indicate that 

the locus 12q24.3 is the most promising candidate for identification of asthma genes in 

Russian population of Siberia. 



Introduction  

Atopy is an inherited predisposition to overproduction of immunoglobulin E (IgE) in 

response to common environmental allergens. It is the major risk factor for development 

of allergic diseases, the most severe of which is allergic bronchial asthma, a chronic 

inflammatory disease of airways characterized by air-flow limitations that cause recurrent 

episodes of wheezing, breathlessness, chest tightness, and cought. The reduced 

pulmonary function during asthma is usually caused by allergic reaction with elevated 

production of allergen-specific IgE and T helper 2 type cytokines, reversible bronchial 

obstruction, mucus hypersecrecion, and bronchial hyperreactivity [1]. Both atopy and 

allergic asthma are complex traits that are under control of multiple genes, the effects of 

which can be modulated by environmental factors. In the last decades a number of 

asthma and atopy associated trait loci have been identified. Several loci including 5q [2–

6], 6p [4,7–9], 7p [7,10–12], 7q [2,5,12], 11q [7,11,12], 12q [2,5,6,13–17] and 16q 

[7,18,19] were corroborated in different human populations. Positional cloning indicated 

genes at six loci 2q14 (DPP10 – dipeptidyl serine protease) [20], 2q33 (CTLA4 – 

cytotoxic T-lymphocyte-associated-4 gene) [21], 5q32-33 (PCDH1 – protocadherin-1) 

[22],
 
7p14.3 (GPRA – G protein-coupled receptor) [23], 13q14 (PHF11 – PHD finger 

protein 11) [24], and 20p13 (ADAM33 – Zn dependent metalloproteinase) [25] 

predisposing to asthma, atopy and airway responsiveness. Genome-wide association 

mapping led to identification of the genes ORMDL3 (an endoplasmic reticulum 

membrane protein) at locus 17q21 [26] and CHI3L1 (chitinase 3-like 1) at locus 1q32.1 

[27] that contribute to the risk of asthma. 

Genetic heterogeneity of human populations and variety of environmental factors 
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cause diversity in allergic sensitization in different geographical areas. Our previous 

study revealed that cat (e1) and also dog (e2) and dust mites (d1, d2) are the most 

prominent allergens in patients with allergic bronchial asthma from the Russian 

population of Siberia [28]. Later study provided evidence that early-life exposure to cats 

increases the risk of asthma in Russians [29]. Definition of the genetic component of 

sensitization to the most prominent allergens and other asthma associated traits (total IgE, 

pulmonary function) in Russian patients with asthma is therefore important for 

understanding of etiology of this disease in Siberian population. To define loci that 

contribute to susceptibility to asthma and atopy in Russian population from Siberia, we 

have selected a set of short tandem repeat (STR) markers (Table 1) from the most 

promising candidate chromosomal regions reported by others and have tested them for 

linkage with asthma, and traits often related to asthma: total IgE, specific IgE to cat (e1), 

dog (e2) and dust mite (d1 and d2) allergens and pulmonary function represented by 

spirometric indices FEV1(%) – percentage of forced expiratory volume in 1 second, 

FVC(%) – percentage of forced vital capacity, and Tiffenau index - FEV1/FVC(%).  
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Material and Methods 

Families 

Nuclear families (152 families, n=602) of Russian ethnicity from Siberian cities Tomsk, 

Thumen and Irkutsk (Russia) were collected through probands registered in local clinics 

as patients with allergic bronchial asthma (136 families) or with allergic rhinitis and/or 

atopic dermatitis (16 families) (Table 2). Asthma was diagnosed according to criteria of 

the Global Initiative for Asthma (GINA 2002 - http://ginaasthma.org). Allergic rhinitis 

and dermatitis were diagnosed according to EAACI guidelines [30]. All participants 

received a full explanation of the study design. The clinical examination was approved by 

the local Ethical Committees.  

 

Estimation of total and specific IgE  

Collection of blood samples was conducted in 2004 – 2007 excluding summer months   

(pollination season). The total IgE level was measured by IgE-EIA-BEST–strip 

(VECTOR-BEST, Novosibirsk, Russia). Specific IgEs to cat (e1), dog (e2), and dust mite 

Dermatophagoides pteronyssinus (d1) and D. farinae (d2) allergens were estimated by in 

vitro test system EUROLINE (EUROIMMUN, Medizinische Labordiagnostika GmbH, 

Lübeck, Germany). In this system allergen extracts are used for detection of specific IgE. 

The lowest threshold of detection was 0.35 kU/l. 

 

Genetic markers 

For the analysis, 21 STR markers located at different chromosomes/chromosomal regions 

http://ginaasthma.org/
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were selected (Table 1) from the National Centre for Biotechnology Information (NCBI) 

database (http://www.ncbi.nih.gov). The STR markers are characterized in the Marshfield 

genetic map and show high heterozygosity. All markers are located in atopy candidate 

regions previously described in genome-wide studies of atopy and/or asthma [2-12,19,18] 

(Table 1). Markers selected in regions 2q14.1 [20], 5q31.1 [5], 5q33.2 [3], 6p21.31 [8], 

7p14.3 [7,10,11], 7q21.3 [2], 12q21.31 [14], 16q24.1 [18], and 19q13.33 [32] were 

exactly those that exhibited linkage, or in regions 11q12.1 [31], and 16q12.2 [7,19] were 

located in the close proximity. To test 13q14.2 and 20p13 we selected the nearest 

polymorphic STR marker to the genes PHF11 [24] and ADAM33 [25], respectively. 

Chromosome 12q harbors multiple genetic loci related to asthma and asthma-associated 

phenotypes, distinct peaks of linkage being observed in different populations [33]. Four 

markers in regions 12q14.1, 12q21.31, 12q23.1, and 12q24.3 (D12S1298, D12S379 

[13,14], D12S1059, and D12S1282, respectively) were chosen in positions that would 

enable to test presence of described linkages in the studied population. After 

identification of a linkage with atopy to 12q24.3 at 136.82 cM, we selected five 

additional STRs from surrounding regions (D12S338 at 111.87 cM, D12S164 at 119.55 

cM, D12S2082 at 130.94 cM, D12S1611 at 140.17 cM, and D12S1634 at 148.24 cM) to 

map position of the linkage more precisely.  

 

Genotyping  

The primer sequences were obtained from the NCBI database. We used Cy5 

carbocyanine dye 5’-end-labeled forward primers and unlabeled reverse primers 

synthesized by Generi-Biotech s.r.o. (Hradec Králové, Czech Republic) or Sigma-
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Genosys Ltd. (Steinheim, Germany). DNA was amplified in a 10-µl PCR reaction using 

universal program described in detail elsewhere [34]. PCR products were separated by 

CEQ™ 8800 Genetic Analysis System (Beckman Coulter Inc., Fullerton, CA, USA). All 

inconclusive genotypes were excluded (less than 2.2% for each marker).  

 

Statistical analysis  

The statistical analysis included all family members (also probands) regardless of 

affected status. Non-parametric linkage analysis for co-segregation of a chromosomal 

region and a trait of interest (qualitative and quantitative) was performed. The analysis is 

based on the calculation of LOD score using the Kong and Cox linear model [35]. This 

method allows using small nuclear families and calculation of linkage without assuming 

the normal distribution of the studied trait. We used the Whittemore and Halpern NPL 

pairs statistics [36]
 
to test for allele sharing among affected individuals. The computer 

program MERLIN version 1.0.0 - © 2000 – 2005 [37]
 
was used for calculation of allele 

frequencies (across all individuals) and LOD scores. Sex, age and smoking were 

covariates in all calculations. 



 95 

Results 

The most significant results were obtained for the candidate region on chromosome 12. 

Initially we tested four markers in regions 12q14.1, 12q21.31, 12q23.1, and 12q24.3 

(D12S1298, D12S379, D12S1059, and D12S1282, respectively). Multipoint linkage 

analysis showed suggestive linkage of cat-specific IgE with marker D12S1282 at the 

position 136.82 cM in 12q24.3 chromosomal region (LOD=2.13, P=0.0009). To localize 

the locus of linkage more precisely we have tested five additional STRs (D12S338 at 

111.87 cM, D12S1645 at 119.55 cM, D12S2082 at 130.94 cM, D12S1611 at 140.17 cM, 

and D12S1634 at 148.24 cM) from the regions surrounding the marker D12S1282. This 

analysis revealed suggestive linkage of cat-specific IgE with a peak of linkage in an 

interval between 136 and 140 cM (markers D12S1282 – LOD=2.0, P=0.0012 and 

D12S1611 – LOD=2.15, P=0.0008) in 12q24.3 (Table 3) (Fig. 1). The linkage of the 

adjacent markers D12S2082 (130.94 cM) and D12S1634 (148.24 cM) exceeded 

LOD>1.0 (LOD=1.15, P=0.011 and LOD=1.28, P=0.008, respectively). After 

elimination of the families collected though probands without asthma, the linkage of cat-

specific IgE to D12S1611 increased (LOD=2.23, P=0.0007). Total IgE showed evidence 

of linkage at 12q24.3 with marker D12S1611 (LOD=1.22, P=0.009) (Table 3) (Fig. 1), 

the peak of linkage being the same as for cat-specific IgE. On the other hand, peak of 

linkage with spirometric indices FEV1(%) and FVC(%) was observed at the more 

proximal position of 111.87 cM to the marker D12S338 – LOD=1.19, P=0.01 and 

LOD=1.16, P=0.01, respectively (Table 3). Some evidence of linkage (LOD>1.0) was 

also detected to asthma at 6p21.31 (D6S291 – LOD=1.04, P=0.014), total IgE at 13q14.2 

(D13S165 – LOD=1.20, P=0.009), and FEV1(%) at 5q31.1 (D5S816 – LOD=1.12, 
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P=0.012) (Table 3). We did not detect linkage of specific IgE to dog and dust mites, and 

to Tiffenau index to any of the tested markers.  
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Discussion 

In the present study we have replicated evidence for an atopy susceptibility locus at the 

chromosomal region 12q24 in Russian patients with asthma from Siberia. We have 

observed a peak of a suggestive linkage at the positions of 136-140 cM for cat-specific 

IgE and some evidence of linkage for total IgE at the same position. The linkage of the 

region 12q24.3 (125-134 cM) with total IgE, asthma and wheeze, eosinophil count and 

airway responsiveness, was reported in Dutch [2,5] and Japanese [6], British [15], French 

[38] and Costa Rica Hispanic [17] population, respectively, supporting the important role 

of this locus in development of asthma and atopy related traits (Fig. 2). The locus at 136-

140 cM linked to cat-specific IgE detected in the present study is located in a close 

proximity (within 9 cM) to the loci described above (Fig. 2) and confirms the presence of 

atopy related loci reported by others. 

      We have not found a significant or a suggestive linkage of the locus on 12q24.3 with 

asthma. This difference in susceptibility in different human populations might be caused 

by variation of genetic composition, by different lifestyles and exposures and/or by 

environmental variations in major allergens triggering development of asthma. This 

supports the importance of analysis of disease susceptibility in different human 

populations. 

Although the peak of linkage for cat-specific IgE and total IgE was at the same 

position (marker D12S1611), linkage of a total IgE was weaker than linkage for cat-

specific IgE. This can be explained by the fact that total IgE and cat-specific IgE correlate 

only partly (R=0.36, P=0.00003) [42]. These data also show importance of studies of 

different subphenotypes of complex traits because they are often under a distinct genetic 
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control.  

The locus 12q24.3 encompasses in the interval 136-140 cM a large gene cluster 

with a several potential candidate genes (Fig. 2). The most promising target for a future 

research is a gene for interleukin 31 (IL31). IL-31 is a pro-inflammatory cytokine 

expressed preferentially by CD4
+
 T helper (Th) type cells, which has been recently 

implicated as a good marker for allergic skin inflammation during atopic dermatitis [43] 

and bronchial inflammation during allergic asthma [44]. Increased mRNA levels of IL-31 

mRNA were observed in biopsy specimens taken from patients with atopic dermatitis 

[43]. Similarly, mRNA levels of IL-31 were significantly higher in peripheral blood 

mononuclear cells of patients with asthma versus non-asthmatic healthy individuals [44] 

and correlated with the serum concentration of this cytokine [44]. It was reported that IL-

31 mediates activation of bronchial epithelial cells, thereby contributing to bronchial 

inflammation during asthma [45]. All this data strongly indicate IL31 gene as the main 

target from the locus 12q24.3 (136-140 cM) for atopy and allergy development.  

Three other candidate genes previously suggested in this locus include PLA2G1B 

(phospholipase A2, group IB) [46], NCOR2 (nuclear receptor co-repressor 2) [17], and 

UBC (ubiquitin C) [17].  Phospholipase A2 cleaves phospholipids releasing 

lysophosphatidylcholine plus free fatty acid, most commonly arachidonic acid, which can 

be metabolized to prostaglandins and leukotrienes. These molecules could be important 

mediators of the early phase of the asthmatic response to inhaled allergens and can also 

regulate T-cell trafficking that occurs in allergic pulmonary inflammation [47]. Nuclear 

receptor co-repressor (NCOR) is involved in control of broad subsets of AP-1 (activator 

protein 1) and NF-κB (nuclear factor kappa-B)-dependent gene networks that regulate 



 99 

diverse biological processes including inflammation and cell migration [48]. The 

attachment of ubiquitin chains targets proteins for proteosomal degradation and thus has 

ability to modulate immune responses, such as NF-κB activation and differentiation of 

CD4
+
 T cells into T helper 2 cells [49]. 

This is a first report indicating the role of the locus 12q24.3 in control of 

sensitization to cat allergens. Previous studies detected some evidence of linkage to cat-

specific IgE to chromosomal region 11q13 in African American families with asthma 

[50] and to 12q22 in Czech atopic families [34]. Association studies indicated 

polymorphic variants in genes HLA-DRB1 (6p21.3) in Australian population [51], 

interleukin 4 receptor, alpha - IL4RA, polymorphism Gln551Arg (16p12) in German 

population [52], and chemokine (C-C motif) ligand 5 – CCL5/RANTES, polymorphism 

G401A (17q11.2-q12) and thromboxane A2 receptor – TBXA2R, polymorphism T924C 

(19p13.3) in Chinese population [53,54] that predispose to cat allergic sensitization in 

patients with asthma. The relatively limited phenotypic effects of the detected loci and 

genes suggest that they represent only a part of an extensive polygenic inheritance. The 

genetic and environmental variation in different geographical areas might explain 

different genetic control of sensitization to cat allergens in different populations.  

The present data describe the first genetic linkage to asthma related traits in the 

Russian population. They will also contribute to understanding of genetic control of 

sensitization to cat allergens.  
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gene polymorphism is associated with the serum concentration of cat-specific 

immunoglobulin E as well as the development and severity of asthma in Chinese 

children. Pediatr Allergy Immunol 2002;13:10-17. 
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Table 1.  The list of markers tested for multipoint linkage with asthma, total IgE, 

specific IgE to cat (e1), dog (e2) and dust mites (d1 and d2) and spirometric indices 

(FEV1(%), FVC (%) and FEV1/FVC(%).  

Marker Chromosome
 

cM (Marshfield) Reference 

D2S308 2q14.1 124.03 20  

D5S816 5q31.1 139.33 5 

D5S1507 5q33.2 157.57 3 

D6S291 6p21.31 49.50 8 

D7S2250 7p14.3 54.11 7, 10, 11 

D7S821 7q21.3 109.12  

D11S2006 11q12.1 59.24 31 

D12S1298 12q14.1 75.17  

D12S379 12q21.31 93.69 13, 14  

D12S1059 12q23.1 105.18  

D12S338 12q23.3 111.87  

D12S1645 12q24.11 119.55  

D12S2082 12q24.22 130.94  

D12S1282 12q24.3 136.82  

D12S1611 12q24.3 140.17  

D12S1634 12q24.3 148.24  

D13S165 13q14.2 45.55 24 

D16S3253 16q12.2 71.77 7 

D16S539 16q24.1 124.73 18 

D19S601 19q13.33 83.19 32 

D20S473 20p13 9.53 25 

a 
The chromosomal regions were found in the Ensembl Database 

(http://www.ensembl.org/index.html, November 13, 2008) 
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Table 2. Characterization of the Russian nuclear family group.  

Russian family group characteristics number (percentage) 

Nuclear families with atopy  152 

Subjects 602 

Parents 305 

Age, mean ± SD, median 39.51 ± 6.69, 39.0 

Smokers among parents, n (%)  

active 76 (24.92 %) 

passive 81 (26.56 %) 

non-smokers 148 (48.52 %) 

Parents with allergic bronchial asthma 56 (18.36 %) 

Parents with total IgE ≥ 100 kU/l, n (%) 135 (44.26 %) 

Parents with sensitization to cat (e1) 70 (22.95 %) 

Parents with sensitization to dog (e2) 68 (22.30 %) 

Parents with sensitization to D. pteronyssinus (d1) 40 (13.11 %) 

Parents with sensitization to D. farinae (d2)  41 (13.44%) 

Children 297 

Age, mean ± SD, median 12.95 ± 5.67, 13.0 

Sex, male : female 0.65 : 0.35 

Children with allergic bronchial asthma 169 (56.90 %) 

affected sib trios 2 

affected sib pairs  32 

affected half-sibs 99 

Smokers among children, n (%)  

active 32 (10.77 %) 

passive 94 (31.65 %) 

non-smokers 171 (57.58 %) 

Children with total IgE ≥ 100 kU/l, n (%) 175 (58.92 %) 

affected sib trios 6 

affected sib pairs  41 

affected half-sibs 76 

Children with sensitization to cat (e1) 127 (42.76 %) 

affected sib trios 4 

affected sib pairs  27 

affected half-sibs 62 

Children with sensitization to dog (e2) 103 (34.68 %) 

affected sib trios 1 

affected sib pairs  26 

affected half-sibs 48 

Children with sensitization to D. pteronyssinus (d1) 63 (21.21%) 

affected sib pairs  9 

affected half-sibs 45 

Children with sensitization to D. farinae (d2)  56 (18.86 %) 

affected sib pairs  5 

affected half-sibs 46 
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Table 3. Linkage results for asthma, total and specific IgE, and spirometric indices. 

Locus cM (Marshfield) Marker 

Linkage in all 

family group 

LODa / P – level 

Linkage  

in families with 

asthma 

LODa / P – level 

Phenotype 

5q31.1 139.33 D5S816 1.12 / 0.012 - FEV1(%) 

6p21.31 49.5 D6S291 1.04 / 0.014 1.04 / 0.014 asthma 

12q23.1 105.18 D12S1059 - 1.01 / 0.02 cat-specific IgE 

12q23.3 111.87 D12S338 - 1.28 / 0.008 cat-specific IgE 

   1.19 / 0.01 1.21 / 0.009 FEV1(%) 

   1.16 / 0.01 - FVC(%) 

12q24.22 130.94 D12S2082 1.15 / 0.011 1.01 / 0.02 cat-specific IgE 

12q24.3 136.82 D12S1282 2.0 / 0.0012 1.76 / 0.002 cat-specific IgE 

 140.17 D12S1611 2.15 / 0.0008 2.23 / 0.0007 cat-specific IgE 

   1.22 / 0.009 1.12 / 0.012 total IgE 

 148.24 D12S1634 1.28 / 0.008 - cat-specific IgE 

13q14.2 45.55 D13S165 1.20 / 0.009 1.05 / 0.014 total IgE 

aOnly LOD scores > 1.0 are shown
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 Fig. 1. Linkage of total IgE and cat-specific IgE to markers on chromosome 12q24.  
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Fig. 2. Results of linkage analysis of chromosomal region 12q13-q24.3 for asthma, total 

and specific IgE, and spirometric indices in different human populations. Candidate 

genes in the locus 12q are shown: STAT6 - signal transducer and activator of transcription 

6, IFNG - interferon gamma, MGF (KITLG) - mast cell growth factor, IGF1 - insulin-like 

growth factor 1 (somatomedin C), PAH - phenylalanine hydroxylase, NFYB - nuclear 

transcription factor Y, beta, NOS1 - nitric oxide synthase 1, PLA2G1B - phospholipase 

A2, group IB, IL31 - interleukin 31, NCOR2 - nuclear receptor co-repressor 2, UBC - 

ubiquitin C, SFRS8 - splicing factor, arginine/serine-rich 8. 
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VI. Discussion and future perspectives 

The level of IgE is a complex trait, which is under control of multiple genes and various 

environmental factors. In the present work, both genetic and environmental components 

were studied in Caucasian populations from the Czech Republic, Russia and Ukraine. 

The detailed discussion of all the results is given in our publications and manuscripts, 

please see chapter V. Results. In this chapter, the discussion of the most important data 

and conclusions are presented.  

The first part of the Results chapter is devoted to study prevalence of sensitization 

to a wide number of inhalant and food allergens, distribution of total IgE and relationship 

between total and specific IgE. Several important results were obtained. First, major 

allergens for atopic patients from the Czech Republic, Russia and Ukraine were 

identified. Reactivity to food allergens was low in both Czech and Ukrainian patients 

(sensitization to food allergens in Russians was not estimated, because a pilot study had 

shown that it is very low). Russian and Ukrainian patients were mostly sensitized to 

indoor allergens such as cat, dog and dust mites. In the Czech patients with atopy, there 

was approximately the same level of sensitization to indoor allergens but they were 

dramatically higher sensitized to outdoor allergens such as trees and most prominently 

grass pollens. Interestingly, the level of allergic sensitization to inhalant allergens was 

also high in the healthy Czech blood donors. Thus, the profiles of the allergic 

sensitization in different populations can vary significantly and most probably reflect 

differences in environmental conditions and life-style. The major allergens seem to 

contribute most significantly to priming allergy in atopic patients of a particular 

population.  
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Second, the retrospective changes in the levels of total IgE in the healthy Czech 

blood donors were studied (the results of Dr. Antošová et al. (1985) were used for 

comparison). The high level of total IgE was found to be common in healthy blood 

donors from Prague and it changed insignificantly from 1984 to 2008 years. This might 

be potentially harmful for blood recipients because passive transfer of IgE can increase 

the risk of priming allergy.  

Finally, the relationship between total and specific IgE was studied in Russian 

patients with asthma from Siberia and in atopic patients from the Czech Republic and 

Ukraine. In Russians, we observed a weak correlation between the high levels of total IgE 

and specific IgE to cat. Thus, cat-specific IgE contributes only partly to the total IgE even 

though cat is a major allergen for patients with asthma from Siberia. Similarly, major 

allergens for the Czech (grass, trees, dust mites and cat) and Ukrainian (cat and dust 

mites) atopic patients did not correlate significantly with the levels of total IgE in these 

groups. This may have an important implementation to genetic studies of atopy in this 

populations and provide clues on operation of IgE-controlling genes. In particular, the 

low correlation between total and the allergen-specific IgEs can indicate that these 

phenotypes might be partly under control of different genes. These hypothesises were 

tested by a genetic analysis (please see the next section). 

The second part of the Results chapter is devoted to study genetic regulation of 

IgE (total and allergen-specific) and mapping of genetic loci that contribute to atopy and 

are involved in development of allergic diseases. Two approaches were used for 

identification of genetic loci regulating IgE level: the candidate loci approach in humans 

and genome-wide search for IgE-controlling loci in mouse with subsequent verification 
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of these loci in human (the detailed description of the used approaches is given in chapter 

II. Introduction). In the previous genome-wide search performed in mouse recombinant 

congenic strains (Badalova et al. 2002, Lipoldová et al. 2000) several regions on 

chromosomes 1, 2, 3, 4, 5, 8, 10, 16 and 18 were identified to control IgE level. 

Subsequently, the homology between genetic maps of mouse and human was used to 

identify the corresponding orthologous regions on human chromosomes. Most of the 

orthologous regions in humans have been already found to be linked with regulation of 

IgE level, thus supporting the precision and predictive power of mouse models in 

investigation of complex traits in humans. However, the human region 8q12 orthologous 

to the shortest IgE locus Lmr9 (chromosome 4) in mouse has not been described in 

human studies of atopy. Therefore, we suggested that the 8q12 locus might point to 

hitherto undetected human genes, which are relevant for regulation of IgE level. In the 

8q12 region, we selected three microsatellite markers D8S1828, D8S285, and D8S1816, 

and tested them for non-parametric linkage and association (QTDT) with inhalant and 

food atopy and with levels of total IgE and specific IgEs to 20 inhalant and to 5 food 

allergens in the Czech atopic nuclear families. In the position marked by D8S285 (57.22 

Mb, 71cM) we demonstrated a novel human IgE-controlling locus exhibiting suggestive 

linkage to composite inhalant allergic sensitization and to nine specific IgEs (Table 7). 

Further dense SNP coverage, fine-mapping, expression studies and resequencing of the 

8q12 region are required to define the gene/s affecting atopy. 
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Table 7. IgE-controlling loci in the Czech and Russian atopic families. 

Locus 
cM 
(Marshfield) 

LODa / P - 
level 

Association (corr. P – 
levelb) 

Groupg Allergen-specific IgEe
 

Markerc Allelesd 

5q31.1 139.33 1.77 / 0.002   CZ g12 - cultivated rye 

  1.35 / 0.006   CZ g3 - cock's foot 

    1.27 / 0.008     CZ g1 - sweet vernal grass 

5q33.3 157.57 1.17 / 0.01   CZ w9 - plantain 

  2.11 / 0.0009   CZ g12 - cultivated rye 

  1.47 / 0.005   CZ g6 - timothy grass 

  1.41 / 0.005   CZ g3 - cock's foot 

    1.95 / 0.0014     CZ g1 - sweet vernal grass 

7p14.1 54.65   0.026 147 bp / 0.034 CZ w9 - plantain 

 8q12 71.0 1.16 / 0.011   CZ t2 - alder 

  1.11 / 0.012   CZ g12 - cultivated rye 

 8q12 71.0 2.11 / 0.0009   CZ inhalant atopyf 

  1.22 / 0.009   CZ m3 - mould 

  1.36 / 0.006   CZ m2 - mould 

  1.11 / 0.012   CZ e2 - dog 

  1.21 / 0.009   CZ e1 - cat  

  1.05 / 0.014   CZ d2 - dust mite 

  1.04 / 0.014   CZ d1 - dust mite 

  2.42 / 0.0004   CZ w9 - plantain 

  1.14 / 0.011   CZ w1 - common ragweed 

    1.59 / 0.003     CZ f35 - potato 

12q13 75.17     199 bp / 0.043 CZ w6 - mugwort 

12q22 105.18 1.12 / 0.012   CZ e1 - cat 

    1.00 / 0.02     CZ f20 - almond 

12q24.22 130.94 1.15 / 0.011   RUS e1 - cat 

12q24.3 136.82 2.0 / 0.0012   RUS e1 - cat 

 140.17 2.15 / 0.0008   RUS e1 - cat 

  1.22 / 0.009   RUS total IgE 

 148.24 1.28 / 0.008   RUS e1 - cat 

13q14.2 45.55 1.80 / 0.002   CZ w9 - plantain 

  2.74 / 0.0002     CZ w1 - common ragweed 

  1.20 / 0.009   RUS total IgE 

16q21 71.77 1.33 / 0.007   CZ inhalant atopyf 

  1.32 / 0.007   CZ food atopyf 

    1.72 / 0.002     CZ g3 - cock's foot 

20p13 9.53 1.30 / 0.007     CZ e3 - horse 

aOnly LOD scores > 1.0 are shown, LOD scores >2 are shown in bold; bP-values were corrected 

for multiple testing by the permutation framework (100 000 permutations) provided by QTDT 

program and by Bonferroni correction; cassociation with markers; dassociation with specific 

allele(s);
 
ephenotype is described in detail in methods; fthe phenotypes of inhalant and food atopy 

are defined as sensitization to at least one of the inhalant and food allergens, respectively; gCzech 

(CZ) and Russian (RUS) nuclear family groups were analyzed.  
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To define loci that control total IgE and sensitization to the most prominent 

allergens in Czech and Russian atopic patients a set of microsatellite markers from the 

most promising candidate chromosomal regions was tested for linkage and association 

(QTDT) with the levels of specific IgEs to inhalant and food (only in Czech family 

group) allergens. Linkage and association to plant-specific IgEs were identified at loci 

5q33 (157.57 cM), 7p14 (54.65 cM), 12q13 (75.17 cM) and 13q14 (45.55 cM) in the 

Czech atopic patients (Table 7). In Russian family group, cat-specific IgE (which is the 

most abundant in Russian patients with asthma from Siberia) showed suggestive linkage 

with a segment of 136-140 cM on chromosome 12q24.3 (Table 7). We also found some 

evidence of linkage for total IgE at the same position. Identification of the candidate 

genes from these loci using fine-mapping approach and subsequent study of the 

polymorphism of the potential candidate genes and functional studies are required to 

prove the role of the genes from the identified loci in predisposition to atopy.  

This is a first report presenting genetic loci linked to different allergen-specific 

IgEs in Czech and Russian populations. Before the present work, the association studies 

had only been reported. In the Czech population, polymorphic variants of nitric oxide 

synthase 1 (NOS1, locus 12q24.2-q24.31, 128.05 cM) and CD14 (locus 5q31.1, 142.92 

cM) genes were associated with high total IgE (Hollá et al. 2004) and specific IgE to 

moulds and mites (Bucková at al. 2006), respectively. In Russian population, 

polymorphic variants of genes for interleukin (IL) 4 and IL5 (locus 5q31.1) were 

associated with allergic asthma (Freidin et al. 2003). In our study, we observed a weak 

linkage to 5q31.1 locus in Czech population and no linkage to 12q24.2-q24.31 locus. 

That can indicate the low effect of the gene/s on atopy, so we were able to detect only a 
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weak linkage or no linkage.  

Sensitization to different allergens was found to be under control of different sets 

of loci/genes that only partly overlap (Table 7). Therefore, elevated production of 

particular specific IgE is most likely under control of a few genetic loci/genes (e.g. 

weeds-specific IgE) that might be the same for some allergens (e.g. loci on chromosome 

5q control sensitization to different grass allergens, 8q12 locus controls sensitization to 

moulds, dust mites, weeds and animal origin allergens) and different for others. 

Moreover, the related phenotypes (such as specific IgEs to grasses, dust mites, animal 

origin allergens, etc.) might be under control of the same gene/s, whereas different allelic 

variants of the gene/s may predispose to these phenotypes. 

The present work also gives evidence for distinct genetic regulation of specific 

IgE level in Czech and Russian populations. Different genetic loci showed linkage with 

the same allergen-specific IgEs in the studied family groups. In the Czech population cat-

specific IgE is controlled by two loci on chromosomes 8q12 and 12q22, whereas in 

Russian population cat sensitization was linked to the single locus on chromosome 

12q24. The level of sensitization to cat allergen was found to be similar in both Czech 

and Russian populations. The different genetic background in Czech and Russian 

populations may modify the effects of the majority of genes and the same allele can have 

opposite effects in different environments. These data are in agreement with literature 

and support the importance of mapping of genes controlling pathological phenotype/s in 

different populations. 

In the present work, we found multiple loci controlling sensitization to various 

allergens. Total IgE only showed some linkage with loci 12q24.3 and 13q14.2 in Russian 
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population and no linkage in Czech population (Table 7). Indeed, total IgE is an attractive 

parameter for genetic study of allergies, as it has well-established values and in large 

population surveys correlates with the presence of allergic asthma. However, total IgE 

and the most prevalent specific IgEs correlate only partly that was shown in the present 

work in Russian, Czech and Ukrainian populations (please see the previous section). This 

finding is also in agreement with data from Sweden, where cat-specific IgE (one of the 

most important for patients with allergic wheezing) did not correlate with the high level 

of total IgE (Erwin et al. 2007). In the other study, only about 45% of the variation in the 

total serum IgE is attributable to the specific IgE to house dust mite or grass pollen, that 

were found to be of the important allergens in British population (Cookson at al. 1991). 

After specific IgE was taken into account, the residual total IgE did not correlate with the 

presence of asthma (Cookson at al. 1991). These data show importance of studies of 

different subphenotypes of complex traits (such as specific IgEs) because they are often 

under a distinct genetic control and are less complex physiological traits.  

The present work contributes understanding of etiology of atopy in humans and 

gives new information about prevalence of allergic sensitization in different geographical 

areas. 
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VII. Conclusions 

Major allergens and relationship between total and specific IgE in atopic patients 

from different human populations 

1. Cat was found to be the major allergen in patients with asthma from the west 

Siberia, Russia and was the most important allergen in maintaining the manifestation of 

asthma. Sensitization to outdoor allergens (molds and plant origin allergens) was 

insignificant in patients with asthma from the west Siberia, Russia. 

2. Cat-specific IgE did not correlate significantly to the high level of total IgE even 

though cat is a major allergen in Siberia.  

3. Cat and dust mites were found to be the major allergens in atopic patients from 

Ukraine.  

4. In atopic patients from the Czech Republic, outdoor allergens (grasses and trees) 

and indoor allergens (cat and dust mites) were the major allergens.  

5. Sensitization to food allergens was low in both Czech and Ukrainian atopic 

patients.  

6. The level of total and allergen-specific IgE was found to be constantly high in 

blood donors from Prague even though they do not express symptoms of allergy. Grass 

allergens stimulated the highest IgE production in Czech population.  

Genetic regulation of IgE in Czech and Russian populations  

1. From the homology with mice, a new IgE-controlling locus has been identified on 

human chromosome 8q12 that influences specific IgE level to a number of 

allergens in the Czech atopic patients.  
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2. We confirmed the role of the previously reported loci 5q33.3, 7p14.1, 12q13, and 

13q14 in the control of IgE and the development of atopy in Czech atopic 

patients.  

3. Cat-specific IgE showed suggestive linkage with a segment of 136-140 cM on 

chromosome 12q24.3 in patients with asthma from Siberia, Russia. According to 

our data, chromosomal region 12q24.3 is the most promising candidate for the 

identification of asthma genes in the Siberian population of Russian patients. 

4. Genetic regulation of allergen-specific IgEs is different in Czech and Russian 

populations. 

5. Specific IgEs are more likely under the control of several genetic loci than a 

single locus/gene that is in agreement with the data of others. 
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