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The incidence of cystic echinococcosis (CE) due to Echinococcus granulosus is as high as 2000–2500 patients
per year in Turkey. Whether genetic characteristics of the Turkish population cause a tendency to the disease
is currently unknown. We aimed at studying the role of TAP gene polymorphisms in Turkish children with
cystic echinococcosis. For an overview of allelic distribution of TAP1 and TAP2 genes, genotypes of 85
patients with CE and 100 controls were studied. To determine the genotype–phenotype correlation, 81 of the
patients whose clinical data were available were analyzed. For TAP1-637, Asp/Gly heterozygosity was
significantly more prevalent in CE patients than in controls (20 vs. 4%, odds ratio 6.0), while Gly/Gly
homozygosity was less frequent (5 vs. 14%). For TAP2-379, Ile/Val heterozygosity was significantly more
prevalent in CE patients than in controls (14 vs. 1%, odds ratio 16.27), while Ile/Ile homozygosity was less
frequent (13 vs. 25%). TAP1-637 and TAP2-379 polymorphisms may have a role in causing genetic tendency
for CE in children. The data may reflect the genetic properties of the Turkish population or may reveal the
minor role of TAP gene polymorphisms in CE.
artment of Pediatrics, Chest
+90 3123051334; fax: +90

Ltd. All rights reserved.
© 2010 Elsevier Ireland Ltd. All rights reserved.
Echinococcosis is common in Mediterranean countries, affecting
mainly the liver and the lungs. The disease may be clinically
troublesome, particularlywhen a desired clinical response is dependent
on an optimum patient-based approach and when recurrences are
frequent.

Incidence of cystic echinococcosis (CE) due to Echinococcus
granulosus is as high as 2000–2500 patients per year in Turkey [1]. A
number of factorsmay be responsible for the high prevalence in Turkey.
A major portion of the population (50–60%) lives in rural areas as
farmers and animal breeders [1]. Prevention of transmission by stray
(free-living) dogs is inadequate [1]. Whether genetic characteristics of
the Turkish population cause a tendency to the disease is currently
unknown.

Questions regarding the geographic distribution of CE are still
unanswered despite various studies recently reported. Besides the
incidence being higher in some geographic areas, the disease affects
only somemembers of a family. Differences in organ(s) of involvement
and clinical courses of the affected subjects remain unclear as well.

Studies regarding the underlying pathophysiological mechanisms
of CE target usually the immune functions, as in all infectious diseases.
The mechanism requires that antigenic peptides degraded by
proteasomes are secreted into the lumina of rough endoplasmic
reticulum (RER) through ATP-dependent pumps, called transporters
of antigenic peptides (TAP1 and TAP2). Afterwards these peptides are
transferred to the cell surface to be presented to CD8+ T lymphocytes
together with MHC class 1 protein and B2-m [2]. Data gathered so far
revealed that severity of CE is associated with HLA-DR3, -DQ2 and
susceptibility is associated with HLA-DP 0401 [3,4]. TAP molecules are
associated with HLA groups and are targets of current investigations,
as participants of this cellular defense mechanism.

Understanding the factors underlying clinical susceptibility consti-
tutes one of the current topics in CE. Elucidation of these factors may
permit a more clear understanding of the underlying pathophysiology
and host defense mechanisms, as well as providing access to more
effective ways of preventing and curing the disease. With TAPs being
among the relevant molecules, we aimed at studying the role of TAP
gene polymorphisms in Turkish children with cystic echinococcosis.

For a general overviewof allelic distribution of TAP1 and TAP2 genes,
genotypes of 85 patients with CE and 100 controls (25–45 years and
female to male ratio 1:1,2) were studied. To determine the genotype–
phenotype correlation, 81 of the patients whose clinical data were
available were analyzed. This latter group of 81 patients included 56
females and 25males with a mean age of 9.2 years (3–18 years), which
were enrolled in the study at Hacettepe University Department of
Pediatric ChestDiseases fromMay1987 toMay 2008. Diagnosis of cystic
echinococcosis was based on clinical, radiological and serological
findings. Chest X-rays and computerized tomography were used to
diagnose pulmonary CE and diagnosis of hepatic CE were based on
ultrasonography and serology. The patients were analyzed according to
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the anatomic localization, number and diameter of the cysts. Manage-
ment was evaluated whether the clinical course required medical
therapy (with mebendazole or albendazole) only, combined medical
and surgical therapy and combinedmedical and percutaneous drainage
treatment. Response to the treatment was evaluated in three groups;
recurrence, success and failure. Complete disappearance, collapse or
calcification of the cyst (cure), or decrease in size or changes in
morphology (improvement) were included to the group “success”.
“Failure” group included patients with no change in size or morphology
of the cyst, or increase in the diameter. Appearance of the cyst at the
sameor another organ after success of the initial treatmentwasgrouped
as “recurrence”.

Informed consent was obtained from the parents of the patients
and the control subjects. The study was approved by the local ethics
committee.

Blood samples from patients and control subjects were collected
into tubes containing EDTA. Genomic DNA was isolated by standard
salting out procedure [5]. The DNA concentrations were measured
and DNAs were stored at −80 °C until use. For the analysis of TAP
gene polymorphisms and TAP genotyping, the Amplification Refrac-
tory Mutation System (ARMS) based on polymerase chain reaction
(PCR) [6] was used. Two polymorphisms in TAP1 gene (positions 333
and 637) and three polymorphisms in TAP2 gene (positions 379, 565
and 665) were analyzed. Oligonucleotide primer sequences were as
previously described. The PCR was carried out in a 25 µl reaction
mixture containing 0.25 µg template DNA, 0.25 µg of each primer,
200 µM dNTPs, 0.5 unit of Taq DNA polymerase (Promega, Madison,
USA) and the manufacturer-supplied buffer. Reaction conditions
using a thermal cycler (MJ Research PTC-200, Massachusetts, USA)
were as follows: the first denaturing step at 95°C for 5 min, 35 cycles
of 94 °C for 1 min, the appropriate annealing temperature for
2 min, 72 °C for 2 min, and the final extension step at 72 °C for
10 min. The annealing temperature for TAP1-333, TAP1-637, TAP2-
565 is 55 °C, while it is 56 °C for TAP2-379 and TAP2-665. Reaction
products were separated on a 2% agarose gel containing 0.1% w/v
ethidium bromide for visualization. Flanking primers of each
polymorphic site were used to have an “internal control” for each
specific reaction. Genotype frequencies were calculated for patients
and control subjects, and were compared by chi-square test using the
statistical program SPSS 11.

A summary of the review of the clinical records of 81 childrenwith a
total of 222 hydatid cysts are presented in Table 1. Isolated pulmonary
hydatid cysts were detected in 20 patients (25%), isolated hepatic CE
was present in 33 patients (41%). In 24 patients (30%) the disease
involved both the liver and the lung. In4 of thepatients (5%), the disease
Table 1
Several characteristics of children with cystic echinococcosis.

Items of patient information Children (n=81)

Age (years) 3–18 (mean 9.2)
Male/female 25/56
Isolated pulmonary CE 20 (25%)
Isolated hepatic CE 33 (41%)
Lung and liver location 24 (30%)
Other organs 4 (5%)
Single cyst 32 (40%)
Multiple cysts 49 (60%)
Diameter of the lung cysts 1.5–10 cm (mean 54 mm)
Diameter of the liver cysts 0.5–14 cm (mean 53 mm)
Medical therapy 37 (46%)
Medical and surgical therapy 23 (28%)
Medical and percutaneous drainage treatment 21 (26%)
Recurrence 14 (17%)
Success 64 (79%)
Failure 17 (21%)
Follow-up time 6 months – 18 years

CE: cystic echinococcosis.
involved other organs. Hydatid cystwas single in 32 patients (40%), and
multiple cysts (≥2)were detected in 49 patients (60%). The diameter of
the cysts ranged between 0.5 and 14 cm(mean; 5.3) in the liver, and 1.5
and 10 cm(mean; 5.4) in the lung. In 28patients (47%), at least one liver
cyst size was larger than 5 cm, in 20 patients (60%) at least one
pulmonary cyst were larger than 5 cm. Thirty-seven patients (46%) had
medical therapy only; however, 23 patients (28%) had combined
medical and surgical therapy, and 21 patients (26%) had a combination
of medical and percutaneous drainage. Recurrence was detected in 14
patients (17%), and therapy modification was performed in these
patients. Finally, in 64 (79%) of 81 patients, the treatmentwas successful
and in 17 (21%) the treatment failed. The total follow-up period ranged
between 6 months to 18 years.

Next, the association between TAP gene polymorphisms and
clinical severity of CE was assessed. No significant difference between
patients and controls was found in TAP1-333, TAP2-565 and TAP2-665.
The difference was present for TAP1-637 and TAP2-379 (Table 2).
For TAP1-637, Asp/Gly heterozygosity was significantly more prevalent
in CE patients than in controls (20 vs. 4%, odds ratio 6.0), while Gly/
Gly homozygosity was less frequent (5 vs. 14%, odds ratio 0.30). For
TAP2-379, Ile/Val heterozygosity was significantly more prevalent in
CE patients than in controls (14 vs. 1%, odds ratio 16.27), while Ile/Ile
homozygosity was less frequent (13 vs. 25%, odds ratio 0.45).

When the data were analysed for genotype–phenotype correlation
(Table 3), results suggested a possible resistance to pulmonary CE
with Asp/Asp homozygosity in TAP1-637 and a possible predisposi-
tion with Gly/Gly homozygosity (x2=5.824, df=2, p=0.054).
Polymorphism in TAP2-379 suggested a stronger predisposition to
pulmonary CE with Ile/Ile homozygosity, and possible resistance with
Ile/Val heterozygosity (x2=7.109, df=2, p=0.029).

The present study revealed that TAP1-637 and TAP2-379 poly-
morphisms may have a role in causing genetic tendency for CE in
children. Asp/Gly heterozygosity in TAP1-637 and Ile/Val heterozy-
gosity in TAP2-379 was found to cause susceptibility to CE. On the
other hand, Gly/Gly homozygosity in TAP1-637 and Ile/Ile homozy-
gosity in TAP2-379 was found to cause resistance to CE. In a previous
study by Zhang et al. [7], TAP2-665 polymorphismwas shown to have
an influence on clinical susceptibility to E. multilocularis infestation in
adult patients. They have shown that Thr/Thr homozygosity wasmore
frequently present in patients than in controls. They did not find
differences in TAP1-333 and -637 polymorphisms and TAP2-379 and
-565 polymorphisms.

Our data revealed that Asp/Gly heterozygosity in TAP1-637 was
significantly more prevalent and Gly/Gly homozygosity was less
frequent in CE patients when compared to controls. However, when
genotype–phenotype correlation was investigated in the patient
group, the data suggested a possible predisposition to pulmonary CE
with Gly/Gly homozygosity and a possible resistance with Asp/Gly
genotype (Table 3). Similarly, predisposition by Ile/Val genotype and
resistance by Ile/Ile homozygosity were not observed when geno-
type–phenotype correlationwas searched for TAP2-379 (Table 3). The
first point to consider is that the number of patients is very low. As
Table 2
Comparison of TAP1-637 and TAP2-379 genotype frequencies in patients with CE and
controls.

Patients N (%) Controls N (%) Odds ratio

TAP1-637 Asp/Asp 64 (75) 82 (82) 0.69
Asp/Gly 17 (20) 4 (4) 6.00
Gly/Gly 4 (5) 14 (14) 0.30

TAP2-379 Ile/Ile 11 (13) 25 (25) 0.45
Ile/Val 12 (14) 1 (1) 16.27
Val/Val 62 (73) 74 (74) 0.95

CE: cystic echinococcosis.



Table 3
Distribution of genotypes in TAP1-637 and TAP2-379 among patients with pulmonary CE.

Pulmonary CE absent N (%) Pulmonary CE present N (%) Total

TAP1-637
Asp/Asp 38 (81) 24 (70.5) 62 (76.5)
Asp/Gly 9 (19) 6 (17.5) 15 (18.5)
Gly/Gly 0 (0) 4 (12) 4 (5)
TOTAL 47 (100) 34 (100) 81 (100)

TAP2-379
Ile/Ile 4 (9) 7 (20.5) 11 (13.5)
Ile/Val 10 (21) 1 (3) 11 (13.5)
Val/Val 33 (70) 26 (76.5) 59 (73)
Total 47 (100) 34 (100) 81 (100)
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well as that, the results may suggest that Asp/Gly heterozygosity in
TAP1-637 and Ile/Val genotype in TAP2-379 may indeed cause
susceptibility to CE in other body localizations, however, data were
insufficient to analyse this due to the low number of patients with the
disease in other organs.

Results of our study, when compared with the study by Zhang et al.
[7] may reflect differences in between genotypes of Turkish and
European populations. Besides, different genetic susceptibilities may
reflect the different characteristics of CE and alveolar echinococcosis. To
the best of our knowledge, the present study is the first on children on
the role of TAP1andTAP2genepolymorphisms inCE, limitingourability
to compare the results with previous data. Further studies on larger
groups of patients would allow better delineation of genetic suscepti-
bility to CE. Further analyses of TAP1 and TAP2 gene polymorphisms in
multiplex families would consolidate the present results, explaining
individual differences in susceptibility among family members. Never-
theless, the results overall may suggest that TAP gene polymorphisms
play only a minor role in causing CE, which is a multifactorial disease
covering multiple genetic and environmental factors.

Host–parasite interaction and the development of the disease
depend on the genetic characteristics of both the host and the parasite.
Different studies over the past decade showed variations in the
epidemiologic data regarding different species of echinococcus in
Turkey [8–10]. The prevalence of CE and the distribution of different
species over the countries are affected by biological factors, environ-
mental factors including the physical and mechanical factors, as well as
important socio-cultural characteristics of populations including feed-
ing behavior of the hosts, livestock practice, levels of human awareness
and occupational issues [8–10]. Biological factors are particularly very
complex, and include many genetic and physiological characteristics of
the parasite, and the intermediate and/or definitive hosts. Therefore,
further studies on CEwould expectedly considermany different aspects
of the parasite–host interaction.

In conclusion, this first study in genetic polymorphisms in
childhood CE revealed that TAP1-637 and TAP2-379 polymorphisms
may have a role in causing genetic tendency to CE. The current data
revealed conflicting results when genotype–phenotype correlation is
considered, most likely as a result of low number of patients. It must
be considered that the data may reflect the genetic properties of the
Turkish population or may simply reveal the minor role of the TAP
gene polymorphisms in the occurrence of CE, however; further
studies are definitely required to further increase our ability to more
clearly evaluate the presence of any roles of TAP polymorphisms and
their functional consequences in the development of CE.
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