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marginally significantly associated with rhinitis (p = 0.030, 
p corr   1  0.05). This polymorphism also showed a marginal as-
sociation with total serum IgE levels (log e  IgE, mean  8  SD: 
genotypes GG = 2.60  8  1.20; GA = 2.47  8  1.88; AA = 2.38  8  
1.49; p  !  0.05). Furthermore, significant differences in haplo-
type frequencies between patients and healthy subjects 
were observed (p  !  0.05).  Conclusions:  Our study supports 
the hypothesis that genetic variability in the EPO gene may 
contribute to the susceptibility to allergic rhinitis (or related 
phenotypes) in the Czech population. 

 Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Allergic rhinitis is an inflammatory disease of the na-
sal mucosa induced by an immunoglobulin E (IgE)-me-
diated reaction in allergen-sensitized subjects. It is a com-
mon disease worldwide affecting at least 10–40% of the 
population, and its prevalence is increasing  [1] . Clinically, 
this disease manifests as nasal itching (pruritus), sneez-
ing, rhinorrhea (runny nose) and congestion. It is classi-
fied as ‘intermittent’ or ‘persistent’, depending on the du-
ration of the symptoms, and as ‘mild’ or ‘moderate/se-
vere’ depending on the severity of symptoms and on the 
quality of life outcomes  [2] . Rhinitis has a negative impact 
on quality of life and generates important direct as well 
as indirect economic costs  [3] . There is clear evidence 
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 Abstract 

  Background:  Eosinophil peroxidase (EPO) gene codes a cat-
ionic protein released from the specific granules of activated 
eosinophils. Eosinophil granulocytes play a central role in 
the protection of organisms against parasites. They are also 
regarded as key effector cells in allergic inflammation. We 
attempted to determine the polymorphisms in the EPO gene 
typical for the Czech population and to analyze their asso-
ciations with allergic rhinitis and its intermediary pheno-
types.  Methods:  We sequenced all 12 exons of the EPO gene, 
and selected variants were subsequently analyzed by poly-
merase chain reaction and restriction fragment length poly-
morphism methods in a case-control study comprising a to-
tal of 613 subjects (319 controls and 294 patients with rhinitis). 
 Results:  In total, 5 polymorphisms (–1710T/C and –1710T/
CTCC, 2649T/C, 3097A/G and 3979A/G) were found in the 
EPO gene. Polymorphisms 2649T/C and 3097A/G were in 
complete linkage disequilibrium (D �  = 1 for both groups), 
and both of them were in a strong disequilibrium with the 
3979A/G variant (D �  = 0.801 for controls, D �  = 0.848 for rhinit-
ics). Consequently, these 3 polymorphisms were studied in 
association with the allergic phenotype. In a single locus 
analysis, only 3979A/G single nucleotide polymorphism was 
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supporting the concept that allergic diseases including 
rhinitis are influenced by genetic predisposition and en-
vironmental exposure  [4] . Several regions in the human 
genome probably involved in the development of allergic 
reaction  [5–7]  and polymorphisms of many candidate 
genes associated with clinical expression of these diseas-
es have already been described  [8–11] . However, the char-
acterization of susceptibility markers in discriminating 
an ‘allergic individual’ from the general population has 
not yet been achieved, and the value of how this genetic 
insight leads to the recognition of specific subtypes of 
these disorders still needs to be confirmed.

  Although primarily the immune response in allergic 
rhinitis is mediated by IgE-triggering degranulation of 
mast cells, the development of allergic inflammation in-
volves many other cells, e.g. eosinophils and Th2 lym-
phocytes  [12, 13] . The Th2 cells seem to be the initiators 
of the process, whereas the eosinophils and mast cells 
are the major effector cells. The activation of mast cells 
leads to the release of histamine and the other mediators 
responsible for an acute allergic reaction. The eosino-
phil activation induces an extracellular release of nu-
merous granular proteins, such as eosinophil cationic 
protein, major basic protein and peroxidase  [14, 15] . 
They play a role in the development of subacute and 
chronic symptoms of allergy and have been implicated 

as final effector molecules in eosinophil-mediated tis-
sue damage.

  Eosinophil peroxidase (EPO) is a cationic heme pro-
tein composed of 2 subunits, heavy chain (M r  = 50–57 
kDa) and light chain (M r  = 10–15 kDa)  [16, 17] . It is a 
member of the haloperoxidase family that catalyzes the 
peroxidative oxidation of halides and pseudohalides. It 
means that in the presence of peroxide and bromide, it 
can catalyze the formation of hypobromous acid and the 
highly reactive singlet oxygen  [18] . These agents may con-
tribute to inflammatory tissue injury similarly as in bron-
chial asthma or rhinitis  [19–22] . The gene for EPO is lo-
cated on chromosome 17q23.1 and is composed of 12 ex-
ons. To date, the variability of this gene has been examined 
mainly in hereditary EPO deficiency  [23–25]  and only in 
2 Japanese studies of cedar pollinosis  [26, 27] . We at-
tempted to determine the polymorphisms in the EPO 
gene typical for the Czech population and to analyze 
their associations with allergic rhinitis or its related phe-
notypes.

  Methods 

 Subjects 
 This case-control study comprised 613 unrelated Czech sub-

jects living in the South Moravia region. The demographic char-
acteristics of rhinitis patients and healthy controls are shown in 
 table 1 . All subjects filled in a detailed questionnaire considering 
lifetime symptoms suggestive of asthma, rhinoconjunctivitis and 
atopic eczema/dermatitis syndrome extended with additional 
questions regarding symptoms and therapy as well as other dis-
eases. A total of 294 patients with clinically manifested allergic 
rhinitis – only rhinitis (n = 40), rhinitis and asthma (n = 148), rhi-
nitis and dermatitis (n = 9) and a combination of all 3 manifesta-
tions (n = 97) – were studied. Diagnosis of allergic rhinitis was 
based on the coordination between a typical history of allergic 
symptoms which include watery secretion from the nose, nasal 
obstruction, nasal mucosa itching and sneezing that are reversible 
spontaneously or after therapy (according to the criteria of the 
Allergic Rhinitis and Its Impact on Asthma Initiative) as well as 
on a diagnostic test for IgE-mediated allergy. Concomitant asth-
ma diagnosis was based on the criteria of the Global Initiative for 
Asthma 2002 which include the following symptoms: nonproduc-
tive cough, wheezing, breathlessness, reversibility airway ob-
struction and bronchial hyperactivity. The diagnosis of atopic 
dermatitis was defined according to the diagnostic criteria first 
described by Hanifin and Rajka  [28]  in 1980.

  Atopy was defined as the presence of a positive skin test reac-
tion ( 6 3 mm greater than the reaction to saline) to 1 or more of 
the common allergens (house dust mite, common mixed grass 
and tree pollens, mixed molds, cat and dog dander, together with 
histamine and normal saline as a positive and a negative control, 
respectively) and/or raised specific serum IgE levels ( 1 0.35 kU/l 
by the AlaSTAT test, DPC Biermann, Bad Nauheim, Germany, 

Table 1. Clinical characteristics of the studied subjects

Characteristics Controls
(n  = 319)

Rhinitis
patients
(n = 294)

Age, years 41.0814.8 34.0812.3*
Sex, males/females 169/150 184/140
Smoking (no/yes), % 69.8/30.2 84.7/15.3*
Serum log IgE 1.9281.74 2.5781.42*
Rhinitis only 0 40 (13.6)
Rhinitis and asthma 0 148 (50.3)
Rhinitis and dermatitis 0 9 (3.1)
Rhinitis, asthma and dermatitis 0 97 (33.0)
Rhinitis, intermittent
Rhinitis, persistent

0
0

204 (69.4)
90 (30.6)

FVCa, % predicted
FEV1

a, % predicted
FEV1/FVCa, %

ND
ND
ND

94.2812.6
93.9814.3
86.1822.4

Data are expressed as means 8 SD, unless stated otherwise. 
Figures in parentheses are percentages. ND = Not determined.

a Spirometry was performed in rhinitics only.
* p < 0.001 (controls vs. rhinitics).
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produced in response to 1 or more of the common allergens in-
cluding  Dermatophagoides farinae,  grass pollens, animal danders 
and molds) and/or raised total serum IgE levels above normal val-
ues ( 1 100 IU/ml in nonsmoking adults measured by the nephelo-
metric test, Dade-Behring, Mannheim, Germany), as described 
previously  [29] .

  The control group consisted of 319 healthy subjects who met 
the following criteria: (1) no prior or current physician diagnosis 
of allergic diseases (rhinitis and/or asthma and/or dermatitis), (2) 
no history of wheezing, shortness of breath and other symptoms 
of allergic diseases such as nasal and skin symptoms, (3) no use of 
antiallergic medications, and (4) absence of first-degree relatives 
with a history of allergic diseases.

  The study was approved by the Committee for Ethics of the 
Faculty of Medicine, Masaryk University, and informed consent 
was obtained from all participants, in line with the Helsinki dec-
laration before inclusion in the study.

  DNA Isolation 
 Genomic DNA was isolated from peripheral blood by stan-

dard protocol (http://www.genome.ou.edu/protocol_book/pro-
tocol_partIII.html#III.H) and archived in the DNA bank at the 
Department of Pathological Physiology, Faculty of Medicine, Ma-
saryk University, Brno, Czech Republic.

  Polymerase Chain Reaction 
 In all reactions, polymerase chain reaction (PCR) was per-

formed in 15- or 25- � l volumes consisting of DNA 50 ng, dNTP 

250 m M  (Roche), MgCl 2  25 m M  (MBI Fermentas), 10 !  buffer 
(BioTools), Taq polymerase 1 U/ � l (BioTools) and 10  �  M  of prim-
ers. The specific primers for exons 10 and 12 were designed with 
the program Primer 3 (http://www-genome.wi.mit.edu/cgi-bin/
primer/primer3_www.cgi), and for the remaining exons as de-
scribed previously  [27]  ( table 2 ). The PCR products were resolved 
by electrophoresis on 2% agarose gel.

   Heteroduplex Analysis  
 We analyzed PCR products of all 8 EPO regions (EPO1–3, 

EPO4–5, EPO6, EPO7, EPO8–9, EPO10, EPO11, EPO12) by het-
eroduplex analysis (double-strand conformation polymorphism 
analysis) using ethidium bromide for band visualization. Our set 
contained 60 samples (30 allergic patients and 30 healthy con-
trols) for each region.

  DNA Sequencing 
 We sequenced 3–5 samples from each EPO region according 

to the PCR-heteroduplex analysis results. In our laboratory, we 
used Sangerns DNA sequencing by Terminator Cycle Sequencing 
Kit + 33P Labeled (Amersham) and Thermo Sequenase Radiola-
beled Terminator Cycle Sequencing Kit (USB Corporation) for 
regions EPO1–3, EPO4–5, EPO6, EPO7, EPO8–9, EPO10 and 
EPO11. EPO12 DNA sequencing was performed by genetic ana-
lyzer ABI PRISM 310 (Applied Biosystems) in the Core Labora-
tory, Department of Functional Genomics and Proteomics, Insti-
tute of Experimental Biology, Faculty of Science, Masaryk Uni-
versity, Brno, Czech Republic.

Table 2. List of primer pairs used for PCR

EPO gene region Primer Annealing
temperature, ° C

Product
size bp

1–3 5�-CTGGAGGAAGTGAGAGGTCGG-3�
5�-TCTCCTCCCAGCACCCCAA-3�

64.5 918

4–5 5�-TTGGGGTGCTGGGAGGAGA-3�
5�-TGCGTGACTCTGGGCTGTG-3�

60 539

4–5 RFLP 5�-GCCAGCTCAGGTCTGTGCA-3�
5�-GGCTGTGTTTTACTCCGTGCA-3�

58 475

6 (= 6 RFLP) 5�-GGAATGAGAGCAGGAGGTGGC-3�
5�-ACCTCTCAAACACACACGGCG-3�

65 565

7 5�-CTGGGTGAGTCAAGGAGGGC-3�
5�-CACATCCCACCATTGCTTCCC-3�

65 530

8–9 5�-GGAGGGTGGCGATGAGGAG-3�
5�-CTGGGGAGATATTAGCAGTGGC-3�

63 1,043

10 5�-CCAATCTGTGCTGCTCACAT-3�
5�-CAAAGCTGGGAGAAGAGGTG-3�

55 238

11 5�-GGGTACTGTCTTACTTGTGTCT-3�
5�-CCTGGGTCAGTGTCTCTCTTCC-3�

64 757

12 5�-GTAATTCCTCCCCAGCCTT-3�
5�-TAAGAGGACTCAGCCATCCA-3�

55 339



 EPO   Polymorphisms in Allergic Rhinitis Int Arch Allergy Immunol 2009;150:184–191 187

  PCR-Restriction Fragment Length Polymorphism Analysis 
 PCR-restriction fragment length polymorphism (RFLP) 

methods were used to study 2 regions of the EPO gene: EPO4–5 
[containing 2 polymorphisms in intron 3 (2649T/C) and intron
5 (3097A/G)] and EPO6 [1 polymorphism in exon 6 (3979A/G; 
Arg220Arg)].

  EPO4–5 polymorphisms (2649T/C, 3097A/G) were deter-
mined by a newly developed PCR technique with mismatch prim-
ers ( table 2 ). The PCR product (478 bp) was digested by 2 enzymes 
simultaneously:  Alw 44I ( Apa LI) and  Nco I (both BioLabs).  Nco I 
digestion resulted in 2 fragments of 272 and 206 bp, and at the 
same time,  Alw 44I digested the DNA only in the presence of poly-
morphism; a 15-bp fragment was created with the 2649T/C poly-
morphism, and the presence of the 3097A/G polymorphism pro-
duced a 17-bp fragment ( table 3 ).

  The analysis of the 3979 A/G (Arg220Arg) polymorphism in 
exon 6 of the EPO gene was performed by PCR-RFLP with the 
same primers as in the previously described PCR ( table 2 ).  Apa I 
digestion in the presence of polymorphism (allele G) resulted in 
316- and 240-bp fragments. There was only one 556-bp fragment 
in the presence of allele A ( table 3 ).

  The PCR-RFLP products were resolved by electrophoresis, for 
EPO4–5 on 4% Metaphore (Cambrex Bioscience) and for EPO6 
on 2% agarose (Serva) gel. All analyses were performed without 
prior knowledge of the subject’s case/control status.

  Statistics 
 Comparisons of the allele frequencies of selected EPO single 

nucleotide polymorphisms (SNPs) between the rhinitis patients 
and controls were carried out using the  �  2  test. The same analysis 
was also used to test for deviation of the genotype distribution 
from Hardy-Weinberg equilibrium and for comparison of differ-
ences in genotypes and genotype combinations among groups. 
Where appropriate, Bonferroni correction was applied to adjust 
the  �  level according to the number of independent comparisons 
to an overall value of 0.05. Adjusted p values are denoted as p corr ;  
 p corr   !  0.05 was considered significant.

  Pairwise linkage disequilibrium among 3 common polymor-
phisms was measured by the Lewontin standardized disequilib-

rium coefficient  � D �  �     [30]  in both groups separately. Haplotype 
frequencies were calculated from the observed genotype frequen-
cies assuming that during zygote formation, haplotypes combine 
randomly according to their frequencies in the set (the assump-
tion being analogous to Hardy-Weinberg equilibrium). This as-
sumption was verified by a reversed calculation of the expected 
genotype frequencies from the calculated haplotype frequencies. 
Differences between the patient and control groups were tested by 
a simulation using the Monte Carlo method. In this test, 10,000 
random simulations were performed to generate haplotype distri-
bution tables, and subsequently, tested for the frequency equal to, 
or more extreme than, the observed data. Empirical probabilities 
were transformed and tested with the  �  2  test.

  The Kruskal-Wallis ANOVA test was used for the evaluation 
of total IgE levels. Contingency table analysis, odds ratios (ORs), 
95% confidence intervals (95% CIs) and significance values were 
estimated with the use of the program package Statistica version 
6.0 (Statsoft Inc., Tulsa, Okla., USA).

  Results 

 A total of 294 patients (184 men and 140 women, aged 
34.0  8  12.3 years) with clinically manifested allergic rhi-
nitis and 319 control subjects (169 men and 150 women, 
aged 41.0  8  14.8 years) were enrolled in this study ( ta-
ble 1 ). The mean age of control subjects was significantly 
higher than that of the patients (p  !  0.001). The signifi-
cantly higher mean age of the controls compared with 
patients (p  !  0.001) did not distort our findings seriously, 
contrary to the opposite situation (i.e. younger controls) 
where the possibility of the disease development could 
not be ruled out.

  Smoking was significantly less common in the rhinitis 
group (p  !  0.001) in which less than 15.3% persons smoked 
in comparison with more than a 30% representation of 
smokers in controls. As expected, total IgE levels were 
higher in patients with allergic rhinitis (log IgE = 2.57  8  
1.42) than in healthy controls (log IgE = 1.92  8  1.74; p  !  
0.001).

  All individuals were genotyped for EPO 2649T/C, 
3097A/G and 3979A/G polymorphisms. Only in 2 cases 
of the 2649T/C and 3097A/G polymorphisms it was not 
possible to determine the genotype. Polymorphisms 
2649T/C and 3097A/G were in complete linkage disequi-
librium (D �  = 1.000 for both groups) and both of them 
were in a strong disequilibrium with the 3979A/G variant 
(D �  = 0.801 for controls, D �  = 0.848 for rhinitics).

  The allele and genotype distributions of all 3 polymor-
phisms in both groups are shown in  table 3 . The genotype 
frequencies were in Hardy-Weinberg equilibrium (p  1  
0.05, data not shown) and they did not differ between pa-

Table 3. List of fragment lengths for selected individual polymor-
phisms determined by PCR-RFLP

EPO
region

Polymorphisms Genotypes Fragment lengths
bp

EPO4–5 2649T/C TT 272
TC 272, 257, 15
CC 257, 15

3097A/G AA 206
AG 206, 189, 17
GG 189, 17

EPO6 3979A/G AA 556
AG 556, 316, 240
GG 316, 240
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tients and controls. However, the allele frequencies of the 
3979A/G polymorphism in allergic rhinitis patients were 
marginally significantly different ( table 4 ) from those in 
the controls group (p = 0.030, p corr   1  0.05).

  This polymorphism also showed a marginal associa-
tion with total serum IgE levels adjusted for age and sex 
that was the highest in GG homozygotes (log e  IgE = 2.60 

 8  1.20), intermediate in heterozygotes (2.47  8  1.88) and 
the lowest in wild-type (AA) homozygotes (2.38  8  1.49) 
of the 3979A/G polymorphism (p = 0.05, p corr   1  0.05). The 
2649T/C and 3097A/G variants showed the same but 
nonsignificant trend; the highest level was seen in CC 
and GG homozygotes (2.57  8  1.18), intermediate in het-
erozygotes (2.49  8  1.84) and the lowest in wild-type TT 

Table 4. Genotype distribution and allele frequencies of the EPO gene polymorphisms in allergic rhinitis patients and controls

EPO SNPs Controls Allergic rhinitis p value OR

2649T/C 3097A/G n % n % dominant model recessive model

TT AA 150 47.3 116 39.5 1.00 1.00
TC AG 129 40.7 140 47.6 0.139 1.40 (1.00–1.97) 1.00
CC GG 38 12.0 38 12.9 1.29 (0.78–2.16) 1.38 (1.00–1.90) 1.09 (0.67–1.76)

T A 429 67.7 372 63.3
0.106C G 205 32.3 216 36.7

3979A/G

AA 106 33.2 75 25.5 1.00 1.00
AG 153 48.0 150 51.0 0.084 1.39 (0.96–2.01) 1.00
GG 60 18.8 69 23.5 1.63 (1.03–2.56) 1.45 (1.02–2.06) 1.32 (0.90–1.95)

A 365 57.2 300 51.0
0.030G 273 42.8 288 49.0

Figures in parentheses are 95% CIs. p value indicates the statistical significance for comparison of genotype and allele frequencies (�2 test).

Table 5. EPO genotype combinations in both groups

Genotype combinations
2649T/C, 3097A/G, 3979A/G

Control Allergic
rhinitis

p value1 OR1

TT AA AA 93 (29.3) 67 (22.8) 0.019 0.61 [0.40–0.92]
TT AA AG 54 (17.0) 38 (12.9) 0.039 0.59 [0.36–0.98]
TT AA GG 3 (1.0) 11 (3.7) 0.077 3.08 [0.83–11.40]
TC AG AA 13 (4.1) 7 (2.4) 0.099 0.45 [0.17–1.18]
TC AG AG 90 (28.4) 107 (36.4) Wild 1.00
TC AG GG 26 (8.2) 26 (8.8) 0.579 0.84 [0.46–1.55]
CC GG AA 0 (0) 1 (0.3) n.a. n.a.
CC GG AG 7 (2.2) 5 (1.7) 0.394 0.60 [0.18–1.96]
CC GG GG 31 (9.8) 32 (11.0) 0.626 0.87 [0.49–1.53]
p level p = 0.05, pcorr > 0.05 pcorr > 0.05 in all cases
OR (95% CI) 1.44 (1.03–2.03)2

Figures in parentheses are percentages; figures in brackets are 95% CIs. Comparison of differences in geno-
type combinations among groups (�2 test). n.a. = Not applicable (small numbers).

1 A combined genotype with the highest frequency (TC AG AG – the most frequent in the whole popula-
tion – assigned as a wild genotype) was compared with all other genotypes. 

2 OR was calculated for TC AG AG versus the other genotypes.
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and AA homozygotes (2.42  8  1.45; p  1  0.05). Allergic 
rhinitics did not show any relationships among EPO vari-
ants and a number of other quantitative traits investigat-
ed in our study, including selected specific IgE levels and 
skin prick test responses to aeroallergens (data not 
shown).

  Furthermore, the relationship between rhinitis and 
interaction of investigated variants was studied. A mar-
ginally significant association of the composite genotype 
(formed by 3 studied polymorphisms of the EPO gene) 
with allergic rhinitis was found (p = 0.05, p corr   1  0.05); 
patients with the EPO 2649/TC, 3097/AG and 3979/AG 
genotypes had an almost 1.5 times increased risk of al-
lergic rhinitis as compared with subjects without this 
combination (OR = 1.44, 95% CI 1.03–2.03;  table 5 ).

  Finally, when we combined multiple SNP sites and an-
alyzed haplotypes, we observed only 4 haplotypes be-
cause all 3 SNPs in the EPO gene are in linkage disequi-
librium with each other to various degrees. The frequen-
cies of the EPO haplotypes are summarized in  table 6 . 
There was a significant difference (p  !  0.05) between cas-
es and healthy controls in the frequency of haplotypes. 
The risk of having allergic rhinitis was noted to increase 
in subjects positive for TGG (OR = 1.27, 95% CI 1.00–
1.62) and to decrease in children with CAA (OR = 0.80, 
95% CI 0.72–1.04) haplotypes.

  Discussion 

 Allergic rhinitis, like other atopic diseases, is the result 
of an allergen-triggered early and late or chronic response 
mediated by a series of inflammatory cells and mediators. 
The known biological activity and contribution of eosin-
ophils to allergic inflammation supports an important 
role of cationic proteins released from activated eosino-

phils: eosinophil cationic protein, eosinophil protein X, 
major basic protein and EPO. EPO is one of the most 
abundant proteins in eosinophils, comprising approxi-
mately 25% of the total protein mass of specific granule 
protein  [31] . Increased levels of EPO were found in the 
bronchoalveolar lavage fluid of asthmatics 24 h after al-
lergen provocation, but not after saline challenge, where-
as in healthy subjects, no EPO was detectable in the bron-
choalveolar lavage fluid. Interestingly, serum levels of 
EPO, but not the number of peripheral eosinophils, in-
creased significantly in asthmatics  [32] .

  These immunological studies have been supported by 
genetic research according to which EPO polymorphisms 
might be involved in the regulation of allergic processes. 
EPO, which maps to human chromosome 17q23.1, was 
recently identified to be a cedar pollinosis susceptibility 
gene  [26, 27] . Our study was designed to investigate the 
involvement of the EPO polymorphisms in the pathogen-
esis of allergic rhinitis in a Czech population. To our 
knowledge, this is the first study to examine this gene as 
a susceptibility locus for nasal allergy in Caucasians. We 
performed a sufficiently powered case-control associa-
tion study consisting of a total of 613 subjects. We screened 
a total of 12 exons of the EPO gene. A further 3 selected 
(from 5 found) SNPs were analyzed in detail and evalu-
ated whether the genetic variants (alleles, genotypes and 
haplotypes) were associated with allergic rhinitis and re-
lated traits.

  When comparing 294 rhinitics with 319 controls, a 
coding 3979A/G SNP in exon 6 at the EPO locus was mar-
ginally significantly associated with rhinitis. This find-
ing is consistent with the results of a previous study, 
which reported an association between the same poly-
morphism and cedar pollinosis in a Japanese population 
of 40 families including 60 affected  [27] . One year earlier, 
the same group of authors in a case-control study of 351 

Table 6. Frequencies of the EPO haplotypes in both groups

Haplotypes Healthy
subjects

Rhinitis
patients

p level OR

2649T/C 3097A/G 3979A/G

C A A 0.5365 0.4817 0.0571 0.80 (0.72–1.04)
T G A 0.0361 0.0285 NS 0.79 (0.42–1.49)
C A G 0.1402 0.1509 NS 1.09 (0.79–1.50)
T G G 0.2873 0.3389 0.0304 1.27 (1.00–1.62)

Figures in parentheses are 95% CIs. NS = Not significant. p < 0.05, significant difference between cases  and 
healthy controls. Bold values indicate the most signifi cant diff erences in haplotype frequencies.
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subjects (145 patients with pollinosis and 206 healthy 
controls) had shown a significantly higher frequency of 
the 358Leu allele (Pro358Leu variant in exon 7) of the 
EPO gene in patients than in healthy subjects with an OR 
of 6.92 and a 95% CI of 2.14–22.4, respectively  [26] . Ac-
cording to these authors, this variant, associated with 
substitution of amino acid proline for leucine, might be 
involved in the hyperactivity of peroxidase, resulting in 
allergy, or might be in linkage disequilibrium with a true 
functional variant. However, exon 7 of the EPO gene was 
nonpolymorphic in our subjects, which can be a result of 
the ethnic differences in the gene structure.

  In addition to targeting the disease status, we observed 
weak correlations between the 3979A/G polymorphism 
and rhinitis-related traits, such as the total IgE level. Pa-
tients with a G allele (and GG genotype) of this variant 
had higher total IgE levels compared with subjects with 
an A allele. The same but nonsignificant trend was also 
evident for both intronic variants. In contrast, no SNP 
was associated with the clinical severity of rhinitis, sen-
sitization to the selected aeroallergens or eosinophilia.

  However, individual SNPs do not exist in isolation, but 
are genetically linked, forming distinct haplotypes. As 
haplotype analyses may be of higher informative value to 
draw associations between phenotypes and genetic varia-
tion compared with SNPs  [33] , we inferred haplotypes in 
EPO from genotype data and performed a haplotype-
based association analysis with rhinitis – for the first time 
to our knowledge – which revealed significant differenc-
es in the haplotype distributions between the study 
groups.

  There are a number of limitations to this study. The 
present study is limited by the fact that rhinitis is a het-
erogeneous group of different phenotypes. Importantly, 
this limitation could lead to a reduced ability to identify 
genetic risk factors but would not account for significant 
positive associations. Second, the case-control approach 
used is generally quite vulnerable to the population strat-
ification, e.g. due to the different ethnic origin. However, 
the present sample is exclusively of Czech Caucasian ori-
gin, restricted to the limited geographical area populated 
by a quite homogeneous population. Moreover, a previ-
ous Japanese study that found a significant association of 
this EPO 3979A/G variant used a different approach – a 
family study, with similar results.

  In summary, we conclude that the association between 
EPO polymorphisms and allergic rhinitis found by us 
supports previous findings of the role of EPO gene vari-
ants in cedar pollinosis  [26, 27] . However, the functional 
relationship of ascertained associations still needs clari-
fication. Thus, further genetic and functional studies are 
needed to elucidate the role of EPO polymorphims in the 
molecular mechanisms underlying.
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