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Abstract  

INTRODUCTION: For some time it is known that cytokines and their receptors are encoded by 
highly polymorphic genes. These polymorphisms can be responsible for differences in the 
production of cytokines between individuals. Large number of the polymorphisms within the 
regulatory regions of the cytokine genes is in correlation with the production and there are 
variations among populations.  

AIM: The aim of this study was to analyze association between polymorphisms in the IFN-
gamma, IL-1alpha, IL-1beta, IL-1R, IL-1RA, IL-2, IL-4, IL-4R alpha, IL-6, IL-10, IL-12B, TGF-
beta1 and TNF-alpha and hyperimmunoglobulinemia E. 

MATERIAL AND METHODS: The study included 28 unrelated patients with high IgE levels in 
serum and the control group consisted of 301 unrelated healthy individuals. Cytokine 
genotyping was performed with PCR-SSP method. We analyzed the allele frequencies, 
genotypes, haplotypes and diplotypes of the cytokine genes. The differences were analyzed 

using 2 test, odds ratio and Confidence Interval. 

RESULTS: Susceptible association with hyperimmunoglobulinemia E was found for four 
different cytokine alleles (IL-4 -33/T, TGF-beta1 cdn25/C, IL-1 alpha -889/T andTNF-alpha -
238/A), ten different genotypes (IL4 -1098/G:G, IL4 -33/T:T, IL-1 alpha -889/C :T, IFN gamma 
utr5644/A:T, TGF-beta1 cdn25/C:G, IL-6  -174/G:G, IL-1 beta -511/C:T, IL-10 -1082/A:G, TNF 
alpha -238/A:G andIL-1 beta +3962/C:T) and five different combinations of haplotypes (IL-
4/GTT, IL-4/TCT, IL-6/TCC, TNF-alpha/GA and TGF-beta1/CC). Protective association with 
hyperimmunoglobulinemia E was found in four cytokine alleles (IL-4 -33/C, TGF-beta1 cdn25/G, 
IL-1 alpha -889/C andTNF-alpha -238/G), three genotypes (IL-10 -1082/A:A, IL-1 alpha -
889/C:C and IL4 -33/C:C) and for only one haplotype (IL-4/GCC). 

CONCLUSION: Several susceptible and protective associations between cytokine gene 
polymorphisms and hyperimmunoglobulinemia E were found. However, it is still speculative 
weather these polymorphisms contribute to susceptibility/protection from 
hyperimmunoglobulinemia E or they might be in significant linkage disequilibrium with some 
unknown gene responsible for the disease. It is also possible that different ethnical groups show 
different association with cytokine polymorphisms. 

 

 

 

 

Introduction 

  

Hyperimmunoglobulinemia E Syndrome 
(HIES) was described by Davis and Wedgwood in 
1966 [1, 2]. Through the years different groups further 
characterized the syndrome by reporting 
immunological and clinical features of 
Hyperimmunoglobulinemia E and established two 
forms of the Syndrome: a dominant and a recessive 
form [3–13]. 

Minegishi et al. in 2007 found that eight out of 

fifteen unrelated non-familial HIES patients had 
heterozygous STAT3 mutations, but their parents and 
siblings did not have the mutant STAT3 alleles, 
suggesting that these were de novo mutations. Five 
different mutations were established, all of which were 
located in the STAT3 DNA-binding domain. In the 
patients’ peripheral blood cells they found impaired 
responses to cytokines, including IL-6 and IL-10. They 
also discovered that the DNA-binding ability of STAT3 
in these cells was very moderate. All of them 
demonstrated dominant-negative effects when they 
were co-expressed with wild-type STAT3. These 



Immunogenetics 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

  2                                                                                                                                                                                                           http://www.id-press.eu/seejim/ 

 

results emphasize the multiple roles played by STAT3 
in humans, and indicate the involvement of multiple 
cytokine pathways in the pathogenesis of HIES [14]. 
Also in 2007, Holland et al. reported clinical data from 
HIES patients and their families. They measured the 
cytokine levels exuded by stimulated leukocytes. They 
also measured the gene expression in resting and 
stimulated cells. In the HIES patients the levels of 
proinflammatory gene transcripts in neutrophils and 
mononuclear cells from the peripheral blood were 
increased and they suggested that there is a defect in 
the IL-6 signaling pathway. The defect was in the 
signaling through the downstream mediators, one of 
which is STAT3. They sequenced the STAT3 gene 
from the HIES patients and found missense mutations 
and single-codon in-frame deletions within STAT3. 
They suggested that eighteen discrete mutations, five 
of which were hot spots, are involved in affecting DNA 
binding and SRC homology 2 (SH2) domains. They 
found that STAT3 mutations are present in sporadic 
and dominant forms of the hyper-IgE syndrome [15]. 
From this, the conclusion was made that a dominant 
form is caused by mutations in STAT3.  

In 2009, Zhang et al. reported 11 patients with 
the AR form of HIES and discovered homozygosity or 
compound heterozygosity for deletions or mutations in 
the DOCK8 gene. The protein function was lost and 
they could not detect the DOCK8 protein itself in 
primary T-cell cultures or in transformed lymphocyte 
lines [16, 17]. In continued investigations by Alsum et 
al., 25 patients with the AR form of HIES were 
described and three novel DOCK8 mutations and two 
large deletions in thirteen patients were identified [18].  

It is known that cytokines and their receptors 
are coded by highly polymorphic genes. These 
polymorphisms are responsible for individual 
differences which appear in the production of the 
cytokines and maybe this represents one of the 
mechanisms which are responsible for the defective 
Th1/Th2 imbalance. Because of this, in the last years 
there is an increase of the studies which analyzed 
polymorphic genes responsible for the cytokines and 
their receptors [19-21].  Therefore we can expect that 
cytokine gene polymorphisms will have a great impact 
in the ethiopathogenesis of the Hyperimmuno-
globulinemia E Syndrome.  

The aim if this study was to determine if there 
is an association between genetic polymorphisms of 
the cytokine genes and Hyperimmunoglobulinemia E.
  

 

Patients and Methods 

 

Groups 

 The total studied sample consisted of 329 
examinees, divided into healthy individuals, and 
patients with Hyperimmunoglobulinemia E. 

 Healthy individuals. All of the healthy 
individuals included in this study attended the Institute 
of Immunobiology and Human Genetics for donation 
of DNA and signed written consent to participate in 
the study. There were 301 unrelated individuals. 
Individuals with family history of allergies and atopy 
were excluded from the investigation. 

 Hyperimmunoglobulinemia E. Twenty eight 
hyperimmunoglobulinemia E patients aged 4 months 
to 21 years participated in this study that took place 
during 2006 - 2010 at the Institute of Immunobiology 
and Human Genetics. The 20 male and 8 female 
patients exhibited at least three-fold higher IgE levels 
than normal. 

 All individuals were of Macedonian origin and 
nationality, and residents of different regions of the 
Republic of Macedonia. Each individual was 
interviewed on a one-to-one basis, his/her genealogy 
was recorded for the past three generations, and a 
signed consent was obtained. All of the patients and 
normal individuals included in this study signed a 
written consent to participate in the study which was 
approved by the Committee of the Ministry of 
Education and Science from Republic of Macedonia 
(No 087405), and Ethical Committee of the Medical 
Faculty in Skopje (No 03-5325/2). 

 

Genomic DNA Isolation and Storage 

 Ten millilitres of blood samples were collected 
after the signing of the written consent and with the 
usage of phenol-chlorophorm extraction method or 
BioRobot EZ1 workstation (QIAGEN) the DNA was 
isolated [22]. The quality and quantity of DNA were 
analyzed by GeneQuant (Pharmacia Biotech, 
Uppsala, Sweden). The DNA samples were stored in 
the anthropology project field of the Macedonian 
Human DNA Bank (hDNAMKD) [23].  

 

Typing Methods 

 For cytokine genotyping we used 
commercially available PCR-SSP kit (Heidelberg kit, 
Cytokine genotyping Tray, Invitrogen, GmbH, 
Karlsruhe, Germany). Fourteen cytokine genes with 
22 single nucleotide polymorphisms (SNP) were 
typed: IL-1alpha -889, IL-1beta -511, IL-1beta +3962, 
IL-1R psti1970, IL-1RA mspa11100, IL-4Ralpha 
+1902, IL-12 -1188, IFNgamma utr5644, TGF-beta1 
cdn10, TGF-beta1 cdn25, TNF-alpha -308, TNF-alpha 
-238, IL-2 -330, IL-2 +166, IL-4 -1098, IL-4 -590, IL-4 -
33, IL-6 -174, IL-6 565, IL-10 -1082, IL-10 -819, and 
IL-10 -592. Briefly, PCR-SSP typing Heidelberg kit 
consists of 48 PCR primer mixes aliquoted in 96-well 
PCR trays (two typing per tray). Master mix, which 
was supplied along with the reagents and consisted of 
MgCl2, buffer, dNTP's, and glycerol was mixed with 
1.2-3.0 μg DNA and 20 U Taq polymerase and 
dispensed in 48 wells [24]. Agarose gel 
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electrophoresis on a 2% gel revealed a positive or 
negative signal for specific amplification in each well. 
Subsequently, the results were analysed according to 
the interpretation scheme provided with the kit. 

 

Statistical Analysis 

 For analysis of the data we used the 
population genetics analysis package, PyPop, 
developed by the Biostatistics Core for the Workshop 
[25]. Allele frequencies and expected Hardy Weinberg 
proportions (HWP) for each single nucleotide 
polymorphism (SNP) were determined [25]. The exact 
test for genotype frequency deviation from HWP was 
calculated using the Arlequin implementation 
accessed via PyPop [26]. Those SNPs that did not fit 
HWP were evaluated to determine whether there was 
an excess of homozygotes or heterozygotes, or if any 
particular genotypes significantly differed from the 
expected frequencies by the chi square test [27]. 
Comparisons of frequencies for two groups were 

tested by the 2 test. Crude odds ratios (OR) (as 
estimates of the relative risk) were calculated with 
95% confidence interval (CI).  

 

 

Results  

 

Cytokine Alleles 

 Cytokine allele frequency, Pearson's p-value, 
Odds ratio and Wald's 95% confidence interval in 
patients with Hyperimmunoglobulinemia E and normal 
Macedonian population are shown in Table 1. In the 
region of IL-1 gene cluster, IL-1 alpha -889/T 
(P=0.002, OR=2.835, Wald’s 95% CI between 1.596 
and 5.038) we found positive (susceptible) association 
with Hyperimminoglobulinemia E, and negative 
(protective) association for HIES was found in IL-1 
alpha -889/C (P=0.006, OR=0.352, Wald’s 95% CI 
between 0.199 and 0.627).  

In the group of proinflammatory cytokines 
positive (susceptible) association was found also for 
TNF-alpha -238/G (P=0.041, OR=0.391, Wald’s 95% 
CI between 0.154 and 0.992). This means that 
patients with TNF-alpha -238/A have 2.556 times 
higer risk (possibility) to develop 
Hyperimmunoglobulinemia E (P=0.041, Wald’s 95% 
CI between 1.007 and 6.481) in comparison with 
those who have TNF-alpha -238/A. 

In the gruop of anti-inflammatory cytokines, 
positive (susceptible) association with HIES was 
found for IL-4 -33/T (P<0.001, OR=6.087, Wald’s 95% 
CI between 2.646 and 14.00), whereas IL-4 -33/G has 
shown negative (protective) association (P<0.001, 
OR=0.164, Wald’s 95% CI between 0.071 and 0.377).  

 

Table 1: Cytokine allele frequency, Pearson's p-value, Odds 
ratio and Wald's 95% confidence interval in patients with HIES 
and normal Macedonian population. 

Cytokine 
Polymorphism 

Allele 

HIES 
(n=28) 

Control 
(n=301) 

Pearson's p-
value 

Odds 
ratio 

Wald' 95% 
CI 

N F N F 

IL-1 alpha -889 
C 34 0.607 482 0.814 

0.002* 
0.352 0.199-0.627 

T 22 0.393 110 0.186 2.835 1.596-5.038 

IL-1 beta -511 
C 36 0.643 404 0.671 

0.667 
0.882 0.497-1.563 

T 20 0.357 198 0.329 1.133 0.639-2.009 

IL-1 beta  +3962 
C 40 0.715 439 0.729 

0.810 
0.982 0.505-1.703 

T 16 0.285 163 0.270 1.077 0.587-1.976 

IL-1R pstl1970 
C 33 0.589 399 0.662 

0.267 
0.733 0.417-1.276 

T 23 0.411 203 0.337 1.370 0.783-2.394 

IL-1RA mspa11100 
T 35 0.625 420 0.698 

0.260 
0.722 0.409-1.274 

C 21 0.375 182 0.302 1.384 0.784-2.444 

IL-4R alpha +1902 
A 47 0.839 502 0.834 

0.917 
1.040 0.494-2.190 

G 9 0.161 100 0.166 0.961 0.456-2.024 

IL-12 -1188 
A 24 0.755 433 0.744 

0.940 
1.032 0.454-2.347 

C 8 0.255 149 0.256 0.968 0.426-2.202 

IFNgamma +874 
T 32 0.572 259 0.520 

0.465 
1.230 0.704-2.150 

A 24 0.428 239 0.480 0.812 0.465-1.119 

TGF-beta1 cdn10 
T 26 0.525 282 0.502 

0.804 
1.075 0.602-1.920 

C 24 0.485 280 0.498 0.929 0.521-1.658 

TGF-beta1 cdn25 
G 42 0.845 532 0.947 

0.003* 
0.296 0.128-0.686 

C 8 0.165 30 0.053 3.378 1.457-7.830 

TNF-alpha -308 
A 9 0.161 74 0.123 

0.415 
1.366 0.643-2.902 

G 47 0.840 528 0.877 0.731 0.344-1.554 

TNF-alpha -238 
A 6 0.107 27 0.045 

0.041* 
2.556 1.007-6.481 

G 50 0.893 575 0.955 0.391 0.154-0.992 

IL-2 -330 
G 14 0.731 191 0.332 

0.350 
0.738 0.400-1.400 

T 38 0.654 383 0.667 1.353 0.716-2.560 

IL-2 +166 
G 34 0.346 422 0.735 

0.206 
0.680 0.373-1.240 

T 18 0.255 152 0.264 1.470 0.806-2.680 

IL-4 -1098 
G 6 0.755 176 0.308 

0.574 
0.750 0.292-1.921 

T 18 0.708 396 0.692 1.333 0.520-3.416 

IL-4 -590 
C 17 0.292 377 0.659 

0.617 
1.256 0.512-3.080 

T 7 0.458 195 0.341 0.796 0.324-1.952 

IL-4 -33 
C 11 0.542 479 0.837 

<0.001* 
0.164 0.071-0.377 

T 13 0.233 93 0.163 6.087 2.646-14.00 

IL-6 -174 
C 13 0.767 182 0.302 

0.217 
0.697 0.366-1.328 

G 43 0.258 420 0.698 1.433 0.752-2.733 

IL-6 nt565 
A 14 0.250 173 0.287 

0.553 
0.826 0.440-1.552 

G 42 0.750 429 0.713 1.210 0.644-2.271 

IL-10 -1082 
A 29 0.483 352 0.589 

0.304 
0.750 0.433-1.300 

G 27 0.733 246 0.411 1.332 0.769-2.306 

IL-10 -819 
C 41 0.267 435 0.727 

0.940 
1.024 0.551-1.900 

T 15 0.375 163 0.272 0.976 0.526-1.811 

IL-10 -592 
A 21 0.625 173 0.289 

0.180 
1.474 0.834-2.604 

C 35 0.375 425 0.710 0.678 0.384-1.198 

N = total number; F = frequency; CI = Confidence Interval; 
*
 = statistically significant. 

 

During the analyzes for the gene 
polymorphisms for TGF-beta1 cdn25, we found that C 
allele is positively associated with HIES (P=0.003, 
OR=3.378, Wald’s 95% CI between 1.457 and 7.830), 
and for the G allele we found negative association 
(P=0.003, OR=0.296, Wald’s 95% CI between 0.128 
and 0.686) (Table 1). 

 

Cytokine Genotypes 

 Cytokine genotype frequency in patients with 
HIES and normal Macedonian population are shown 
in Table 2. From all genotypes which belonging to IL-1 
gene cluster we found that only homozygous C:C  
genotype in IL-1 alpha -889 is with negative 
(protective) association with HIES (P<0.001, 
OR=0.158, Wald’s 95% CI between 0.065 and 0.385), 
while the heterozygous genotype showed positive 
association (P<0.001, OR=7.668, Wald’s 95% CI 
between 3.242 and 18.13). We found positive 
(susceptible) association between patients with HIES 
and heterozygous genotypes of IL-1 beta -511 and IL-
1 beta +3962 (P=0.009, OR=3.877, Wald’s 95% CI 
between 1.653 and 9.088, and P=0.031, OR=2.307, 
Wald’s 95% CI between 1.057 and 5.037). Apart from 
that, in the IL12/IFN gamma axis, we found that only 
heterozygous genotype of IFN gamma utr5644 
showed positive association with HIES  (P=0.005, 
OR=5.991, Wald’s 95% CI between 1.924 and 18.65).  
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Table 2: Cytokine genotype frequency, Pearson's p-value, 
Odds ratio and Wald's 95% confidence interval in patients with 
Hyperimmunoglobulinemia E and normal Macedonian 
population. 

Cytokine 
polymorphism 

Geno-
type 

HIES (n=28) Control (n=301) Pearson's  
p-value 

Odds ratio Wald' 95% CI 
N F N F 

IL-1alpha  -889 
C:C 
C:T 
T:T 

7 
20 
1 

0.250 
0.714 
0.036 

204 
74 
18 

0.689 
0.250 
0.061 

<0.001* 
<0.001* 
0.601 

0.158 
7.668 
0.582 

0.065-0.385 
3.242-18.13 
0.074-4.532 

IL-1beta  -511 
C:C 
C:T 
T:T 

8 
20 
0 

0.285 
0.714 

0 

143 
118 
40 

0.475 
0.392 
0.133 

0.054 
0.009* 

§ 

0.442 
3.877 

§ 

0.188-1.034 
1.653-9.088 

§ 

IL-1 beta +3962 
C:C 
C:T 
T:T 

13 
14 
1 

0.465 
0.500 
0.036 

174 
91 
36 

0.578 
0.302 
0.120 

0.244 
0.031* 
0.178 

0.632 
2.307 
0.272 

0.290-1.376 
1.057-5.037 
0.035-2.067 

IL-1R pstl1970 
C:C 
C:T 
T:T 

9 
15 
4 

0.321 
0.535 
0.142 

133 
133 
35 

0.442 
0.442 
0.116 

0.589 
0.340 
0.677 

0.874 
0.874 
1.688 

0.262-0.251 
0.670-3.170 
0.415-3.865 

IL-1RA mspa11100 
C:C 
C:T 
T:T 

4 
13 
11 

0.442 
0.464 
0.392 

30 
122 
149 

0.100 
0.405 
0.495 

0.472 
0.544* 
0.300* 

1.505 
1.271 
0.606 

0.489-4.613 
0.584-2.767 
0.299-1.456 

IL-4Ralpha +1902 
A:A 
A:G 
G:G 

19 
9 
0 

0.680 
0.321 

0 

212 
78 
11 

0.704 
0.259 
0.037 

0.775 
0.474 

§ 

0.886 
1.354 

§ 

0.386-2.034 
0.588-3.118 

§ 

IL-12 -1188 
A:A 
A:C 
C:C 

10 
4 
2 

0.625 
0.250 
0.125 

160 
113 
18 

0.550 
0.388 
0.062 

0.470 
0.311 
0.300 

1.468 
0.554 
2.246 

0.520-4.143 
0.174-1.760 
0.473-10.65 

IFNgamma  +874 
A:A 
A:T 
T:T 

5 
14 
9 

0.178 
0.500 
0.321 

64 
111 
74 

0.257 
0.446 
0.297 

0.672 
0.005* 
0.380 

0.805 
5.991 
1.453 

0.300-2.201 
1.924-18.65 
0.630-3.350 

TGF-beta1  cdn10 
C:C 
C:T 
T:T 

6 
12 
7 

0.240 
0.480 
0.280 

65 
150 
66 

0.231 
0.534 
0.235 

0.309 
0.260 
0.132 

1.675 
1.725 
2.077 

0.613-4.580 
0.661-4.503 
0.786-5.486 

TGF-beta1  cdn25 
C:G 
G:G 
C:C 

8 
17 
0 

0.320 
0.680 

/ 

30 
251 
0 

0.107 
0.893 

/ 

0.001* 
0.053 

§ 

5.560 
0.423 

§ 

2.132-14.49 
0.173-1.034 

§ 

TNF-alpha  -308 
A:G 
G:G 
A:A 

9 
19 
0 

0.321 
0.678 

0 

66 
231 
4 

0.219 
0.768 
0.013 

0.220 
0.292 
0.540 

1.686 
0.640 

/ 

0.729-3.902 
0.277-1.477 

/ 

TNF-alpha  -238 
A:G 
G:G 
A:A 

6 
22 
0 

0.214 
0.785 

/ 

23 
276 
2 

0.076 
0.917 
0.007 

0.013* 
0.223 

§ 

3.296 
0.500 

§ 

1.215-8.941 
0.159-1.560 

§ 

IL-2 -330 
G:G 
G:T 
T:T 

0 
14 
12 

/ 
0.538 
0.461 

27 
137 
123 

0.094 
0.477 
0.429 

§ 
0.413 
0.600 

§ 
1.400 
1.240 

§ 
0.625-3.120 
0.554-2.773 

IL-2 +166 
G:G 
G:T 
T:T 

11 
12 
5 

0.423 
0.461 
0.115 

162 
98 
27 

0.565 
0.341 
0.094 

0.260 
0.160 
0.091 

0.629 
1.775 
2.416 

0.280-1.414 
0.790-3.982 
0.843-6.921 

IL-4 -1098 
G:T 
T:T 
G:G 

4 
7 
1 

0.333 
0.583 
0.083 

174 
111 
1 

0.608 
0.388 
0.004 

0.093 
0.132 
0.006* 

0.364 
2.396 

27.272 

0.107-1.238 
0.742-7.731 
1.600-465.1 

IL-4 -590 
C:C 
C:T 
T:T 

5 
7 
0 

0.416 
0.583 

/ 

95 
187 
4 

0.332 
0.654 
0.014 

0.461 
0.846 

§ 

1.548 
0.890 

§ 

0.480-5.006 
0.276-2.871 

§ 

IL-4 -33 
C:C 
C:T 
T:T 

5 
1 
6 

0.416 
0.083 
0.500 

209 
61 
16 

0.731 
0.213 
0.056 

0.042* 
0.309 

<0.001* 

0.314 
0.357 

17.812 

0.097-1.016 
0.045-2.824 
5.161-61.46 

IL-6 -174 
C:C 
C:G 
G:G 

2 
9 
17 

0.095 
0.428 
0.772 

25 
132 
144 

0.083 
0.439 
0.478 

0.845 
0.929 
0.033* 

1.162 
0.960 
4.633 

0.255-5.278 
0.400-2.347 
1.523-14.09 

IL-6 nt565 
A:A 
A:G 
G:G 

2 
10 
16 

0.071 
0.357 
0.572 

25 
123 
153 

0.083 
0.409 
0.508 

0.830 
0.595 
0.523 

0.849 
0.804 
1.290 

0.190-3.788 
0.359-1.801 
0.590-2.819 

IL-10 -1082 
A:A 
A:G 
G:G 

2 
25 
1 

0.071 
0.892 
0.035 

70 
212 
17 

0.234 
0.709 
0.057 

0.045* 
0.007* 
0.670 

0.040 
3.706 
0.700 

0.058-1.096 
1.333-10.305 
0.080-4.830 

IL-10 -819 
C:C 
C:T 
T:T 

13 
15 
0 

0.464 
0.535 

/ 

155 
125 
19 

0.518 
0.418 
0.064 

0.607 
0.217 

§ 

0.607 
0.217 

§ 

0.380-1.774 
0.750-3.535 

§ 

IL-10 -592 
A:A 
A:C 
C:C 

5 
11 
12 

0.178 
0.392 
0.428 

28 
117 
154 

0.094 
0.391 
0.515 

0.149 
0.965 
0.400 

0.150 
0.965 
0.400 

0.747-6.011 
0.460-2.249 
0.327-1.564 

N = absolute number; F = frequency; CI = Confidence Interval; &, cannot be calculated 

because expected <5, 2 test; 
*
, statistically significant. 

 

 For the IL-4 gene, we found positive 
association for the homozygous  genotypes IL-4 -
1098/G:G (P=0.006, OR=27.272, Wald’s 95% CI 
between 1.600 and 465.1) and IL-4 -33/T:T (P<0.001, 
OR=17.812, Wald’s 95% CI between 5.161 and 
61.46) with HIES, and for the homozygous variant of 
IL-4 -33/C:C (P=0.042, OR=0.314, Wald’s 95% CI 
between 0.097 and 1.016) we found negative 
association with HIES. 

 We found that patients with IL-10 -1082/A:G 
have positive association with HIES (P=0.007, 
OR=3.706, Wald’s 95% CI between 1.333 and 
10.305), while IL-10 -1082/G:G genotype is with 
negative association (P=0.033, OR=0.033, Wald’s 
95% CI between 1.117 and 5.831) in comparison to 
patients who have the rest of the IL-10 genotypes. We 
also found that patients with genotype IL-6 -174/G:G 
have 4.633 times higher possibility to develop HIES 
(P=0.033, OR=2.552, Wald’s 95% CI between 1.523-
14.09) than the patients with the others IL-6 
genotypes. 

 Positive association with HIES was also found 

for the heterzygous genotypes of  TGF-beta1 cdn25 
and TNF-alpha -238 (P=0.001, OR=5.560, Wald’s 
95% CI between 2.132 and 14.49, P=0.013, 
OR=3.296, Wald’s 95% CI between 1.215-8.941). 

 

Cytokine Haplotypes 

Cytokine haplotypes frequency, Pearson's p-
value, crude odds ratio and Wald's 95% confidence 
interval in the patients with hyperimmunoglobulinemia 
E and normal Macedonian population are presented in 
Table 3. With the Heidelberg kit it was possible to 
analyze haplotypes for TGFbeta1, TNFalpha, IL-2, IL-
4, IL-6 and IL-10. 

Table 3: Haplotype frequency of cytokine polymorphism, 
Pearson's p-value, Odds ratio and Wald's 95% confidence 
interval in patients with hyperimmunoglobulinemia E and 
normal Macedonian population. 

Cytokine 
polymorphism  

Haplotype 

HIES 
(n=28) 

Control 
(n=301) 

Pearson's 

p-value 

Odds 
ratio 

Wald' 95% 
CI 

N F N F 

TGF-beta1 

CC 
CG 
TG 
TC 

6 
18 
24 
2 

0.120 
0.360 
0.480 
0.040 

30 
250 
282 

/ 

0.053 
0.445 
0.502 

/ 

0.038* 
0.411 
0.907 

/ 

2.595 
0.774 
1.036 

/ 

1.021-6.662 
0.420-1.427 
0.571-1.880 

/ 

TNF-alpha 

AG 
GA 
GG 
AA 

7 
6 

42 
1 

0.125 
0.107 
0.750 
0.018 

74 
26 

502 
/ 

0.123 
0.043 
0.834 

/ 

0.963 
0.033* 
0.112 

/ 

1.019 
2.658 
0.600 

/ 

0.445-2.334 
1.045-6.671 
0.314-1.135 

/ 

IL-2 

GG 
GT 
TG 
TT 

12 
2 

22 
16 

0.230 
0.038 
0.423 
0.307 

178 
14 

244 
138 

0.310 
0.024 
0.425 
0.240 

0.233 
0.538 
0.977 
0.280 

0.667 
1.600 
0.991 
1.404 

0.341-1.302 
0.353-7.239 
0.558-1.761 
0.755-2.608 

IL-4  

GCC 
GCT 
GTC 
GTT 
TCC 
TCT 
TTC 
TTT 

2 
1 
1 
2 
7 
6 
1 
4 

0.083 
0.041 
0.041 
0.083 
0.291 
0.250 
0.041 
0.166 

163 
8 
4 
1 

202 
4 

110 
80 

0.285 
0.014 
0.007 
0.002 
0.353 
0.007 
0.192 
0.140 

0.026* 
0.260 
0.068 

<0.001* 
0.536 

<0.001* 
0.063 
0.711 

0.220 
3.065 
6.173 
51.90 
0.754 
47.33 
0.182 
1.230 

0.051-0.950 
0.367-25.54 
0.663-57.45 
4.533-594.3 
0.307-1.850 
12.27-182.4 
0.024-1.366 
0.409-3.692 

IL-6 

CA 
CG 
GG 
GA 

13 
/ 

42 
1 

0.232 
/ 

0.750 
0.017 

172 
9 

420 
1 

0.286 
0.150 
0.698 
0.002 

0.393 
/ 

0.412 
0.035* 

0.755 
/ 

1.300 
10.92 

0.400-1.440 
/ 

0.692-2.439 
0.674-177.1 

IL-10 

ACA 
ACC 
ATA 
ATC 
GCC 
GCA 

3 
11 
15 
/ 

24 
3 

0.053 
0.196 
0.267 

/ 
0.428 
0.053 

12 
177 
161 
2 

246 
/ 

0.020 
0.296 
0.269 
0.003 
0.411 

/ 

0.109 
0.115 
0.964 

/ 
0.802 

/ 

2.764 
0.581 
0.986 

/ 
1.073 

/ 

0.756-10.10 
0.293-1.150 
0.531-1.830 

/ 
0.616-1.867 

/ 

N = absolute number; F = frequency; CI = Confidence Interval; &, cannot be calculated 

because expected <5, 2 test; 
*
, statistically significant. 

 

We have found significant association with 
Hyperimmunoglobulinemia E for three haplotypes of 
IL-4, one haplotype of IL-6, one haplotype of TNF-
alpha and one haplotype of TGF-beta1. We found 
positive association (according the level of 
susceptibility) for IL-4/GTT (P<0.001), odds ratio 
51.90 (4.533-594.3); IL-4/TCT (P<0.001), odds ratio 
47.33 (12.27-182.4); IL-6/GA (P=0.035), odds ratio 
10.92 (0.674-177.1); TNF-alpha/GA (P=0.033), odds 
ratio 2.658 (1.045-6.671) and TGF-beta1/CC 
(P=0.038), odds ratio 2.595 (1.021-6.662). We found 
negative (protective) association with 
hyperimmunoglobulinemia E only for IL-4/GCC 
(p=0.026), odds ratio 0.220 (0.051-0.950). 

 

Susceptible and protective cytokine 
polymorphisms for hyperimmuno-
globulinemia E 

Summary of all susceptible and protective 
cytokine polymorphisms for hyperimmunoglobulinemia 
E in Macedonian population are presented in Table 4.  
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We can see that most of the cytokine genotypes (ten 
of them) and cytokine haplotypes (five of them) have 
shown positive association with 
hyperimmunoglobulinemia E, but only three cytokine 
genotypes and only one cytokine haplotype have 
negative association. Positive association was found 
for four cytokines alleles. Negative association was 
also found in four cytokines alleles.  

Tabele 4: Summary of all susceptible and protective cytokine 
polymorphisms for hyperimmunoglobulinemia E in 
Macedonian population. 
 Susceptible Protective 

 Polymorphism p Odds ratio Polymorphism p Odds ratio 

Cytokine Alleles IL-4 -33/T 
TGF-beta1 cdn25/C 

IL-1 alpha -889/T  
TNF-alpha -238/A 

<0.001 
0.002 
0.002 
0.041 

6.087 
3.377 
2.835 
2.556 

IL-4 -33/C 
TGF-beta1 cdn25/G 

IL-1 alpha -889/C  
TNF-alpha -238/G 

<0.001 
0.002 
0.002 
0.041 

0.164 
0.296 
0.352 
0.391 

Cytokine 
Genotypes 

IL4 -1098/G:G 
IL4 -33/T:T 

IL-1 alpha -889/C :T 
IFN gamma +874/A:T 
TGF-beta1 cdn25/C:G 

IL-6  -174/G:G 
IL-1 beta -511/C:T 
IL-10 -1082/A:G 

TNF alpha -238/A:G 
IL-1 beta +3962/C:T 

0.006 
<0.001 
<0.001 
0.005 
0.001 
0.033 
0.009 
0.007 
0.013 
0.031 

27.272 
17.812 
7.668 
5.991 
5.560 
4.663 
3.877 
3.706 
3.296 
2.307 

IL-10 -1082/A:A 
IL-1 alpha -889/C:C 

IL4 -33/C:C 

0.045 
<0.001 
0.042 

0.040 
0.158 
0.314 

Cytokine 
Haplotypes 

IL-4/GTT 
IL-4/TCT 
IL-6/TCC 

TNF-alpha/GA 
TGF-beta1/CC 

<0.001 
<0.001 
0.035 
0.033 
0.038 

51.90 
47.33 
10.92 
2.658 
2.595 

IL-4/GCC 0.026 0.220 

 

 

 

Discussion 

 

Previous studies of the cytokine 
polymorphisms in Macedonian population have shown 
association with a number of diseases [28-32]. In this 
paper we present our results of 22 cytokine 
polymorphisms in patients with HIES and in normal 
Macedonian population. To our knowledge, these are 
first results about the cytokine polymorphism in the 
world.  

We examined the role of two single nucleotide 
polymorphisms of the IL-1 beta gene (-511 C/T and 
+3962 C/T), one polymorphism of IL-1 alpha gene      
(-889 C/T), one polymorphism of IL-1R gene (psti1970 
C/T) and one polymorphism of the IL-1RA gene 
(mspa11100 T/C) in the pathogenesis of 
hyperimmunoglobulinemia E. The results have shown 
that the genes from the IL-1 gene cluster are 
associated with the hyperimmunoglobulinemia E, 
meaning that persons who have IL-1 alpha -889/T 
allele have three times higher susceptibility for 
hyperimmunoglobulinemia E than those who have IL-
1 alpha -889/C allele. Regarding the genotypes, 
persons who are heterozygotes for IL-1 alpha -889 
have eight times higher possibility to develop 
hyperimmunoglobulinemia E unlike the heterozygotes 
for IL-1 beta -511 and IL-1 beta +3962 where the 
susceptibility is 3.8 or 2.3 times. Our investigation 
didn’t show any association between 
hyperimmunoglobulinemia E and IL-1R and IL-1RA 
polymorphisms (alleles or genotypes).  

 IL- 12, as part of the IL-12/IFN gamma axis, 
plays an important role in the host defence from the 

intracellular pathogens [33, 34]. The results from the 
polymorphisms of IL- 12 and their role is still unclear. 
It was shown that additionally to the polymorphisms 
located in the promoter region also the polymorphism 
in the 3’UTR is in correlation with the intensity of the 
secretion of the protein [35, 36].  

We examined the possible role of 
polymorphisms in the 3'UTR of the IL-12B gene in the 
pathogenesis of hyperimmunoglobulinemia E. The 
results showed that there is no significant difference in 
allele frequencies or in the genotypes, suggesting that 
3'UTR polymorphisms have none or negligible effect 
in the pathogenesis of hyperimmunoglobulinemia E in 
the Macedonian population. A possibility remains that 
there is some role of 3'UTR polymorphisms in the 
pathogenesis of hyperimmunoglobulinemia E through 
its association with another functional polymorphism 
in the IL-12/IFN gamma axis [37, 38]. 

 IFN gamma is also a participant in the IL-
12/IFN gamma axis, in addition to IL- 12, IL-12R and 
the receptor for IFN gamma. He is one of the most 
important Th1 cytokines that participate in the host 
defense established through the activation of 
macrophages [39]. IFN gamma plays a key role in 
defense against viruses and intracellular organisms. 
The analysis of the data found significant differences 
only for IFN gamma +874 / A: T genotype. Individuals 
who are heterozygous for this polymorphism have 
almost 6 times higher chances to develop 
hyperimmunoglobulinemia E. The possible 
significance of this polymorphism arises from the fact 
that this polymorphism is in significantly unbalanced 
relationship with the other two polymorphisms of the 
IFN gamma gene, and it is known that they are 
associated with certain diseases [40]. 

 It is believed that the role of TGF-beta1 is 
associated with its anti - inflammatory and profibrotic 
activities, such as regulation of growth and 
differentiation of cells, release of cytokines and 
angiogenesis, production of extra- cellular matrix and 
restoration of tissues [41, 42] and the creation of 
elastin [43, 44]. The results showed an association 
with hyperimmunoglobulinemia E only for TGF-beta1 
cdn 25 polymorphism. We found protective 
association only for TGF-beta1 cdn 25/G allele, while 
the /C, /C:G genotype and /CC haplotype showed 
negative association with hyperimmunoglobulinemia 
E. 

 Tumor - necrosis factor alpha (TNF-alpha) is 
a proinflammatory cytokine that acts synergistically 
with IFN gamma in the activation of the macrophages 
[45]. TNF-alpha has a role in airway remodeling and 
alters the function of smooth muscle cells [46], and 
because of that it is considered as a major factor in 
the genesis and the maintenance of the lung damage 
in patients with certain respiratory system diseases 
[47, 48]. Our results showed association between 
TNF-alpha -238 A/G polymorphism and 
hyperimmunoglobulinemia E. TNF-alpha -238/A allele, 
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/A:G genotype and /GA haplotype showed negative 
association with hyperimmunoglobulinemia E, while 
TNF-alpha -238/G showed protective association. The 
question remains whether this association represents 
an independent effect of TNF-alpha or it is a result of 
his association with the HLA-A1, B17 and DR7 [49]. 

 Interleukin 2 is a cytokine produced by T cells 
during an immune response. It can be also produced 
by eosinophils and epithelial cells from the respiratory 
system. He stimulates the growth, differentiation and 
survival of number of immune cells [50]. In our study 
we did not find any significant association between 
allele frequencies, genotypes and haplotypes in the 
IL-2 -330 and IL-2 +160 polymorphisms and 
hyperimmunoglobulinemia E. 

 Interleukin - 4 (IL-4) is a multifunctional Th2 
cytokine, which reduces Th1 cell response. IL-4 may 
also stimulate the production of mucus, as well as 
hyperplasia of the goblet cells in the bronhial 
submucosa [51]. In this study we examined alleles 
frequency, genotypes and haplotypes in three 
polymorphisms in the IL-4 gene at positions -1098 , -
590 and -33. Results showed positive association 
between IL-4 -33/C allel, /C:C genotype and /GCC 
and hyperimmunoglobulinemia E. Analysis of the 
frequencies showed negative associaton between IL-4 
-33/T allel and hyperimmunoglobulinemia E, which 
increases from 6 times to 17.8 times in homozygous T 
genotype, to 47.3 times in TCT haplotype and 52 
times in GTT haplotype.  Only /G:G genotype from  IL-
4 -1098 polymorphism showed significant association. 
People who have this genotype have 27.2 times 
greater chance to develop hyperimmunoglobulinemia 
E in comparison with the individuals who are carriers 
of the other genotypes. For the alleles, genotypes and 
haplotypes in  IL-4 -590 and IL-4R alpha +1902 
polymorphisms with didn’t find any associations with 
hyperimmunoglobulinemia E . 

 It is known that IL-6 plays an important role in 
the initial phase of the innate immune response [52, 
53]. We investigated the association of two 
polymorphisms in the IL-6, -174C/G and nt565 A/G. 
The results showed that IL-6 -174/G:G genotype and 
IL-4/GA haplotype are associated with 
hyperimmunoglobulinemia E (postitive). 

 IL-10 is a possible anti-inflammatory Th2 
cytokine which inhibits the replication of on 
macrophages/ monocytes and T lymphocytes, 
reduces the production of the proinflammatory 
cytokines in the inflammatory responses [54-57] and 
inhibits the expression of the co-stimulatory molecules 
and the moleculs of class 2 of MHC on the 
macrophages surfeces [58]. We examined the 
association between 3 single nucleotide 
polymorphisms in the region of the gene promotor for 
IL-10 (-1082 A/G, -819 C/T and -592 A/C) and 
hyperimmunoglobulinemia E. We analyzed the 
polymorphisms and we did not find any significant 
association between the investigated alleles and 

hyperimmunoglobulinemia E. But the analysis of the 
genotypes showed positive association between IL-10 
-1082/A:A genotype (homozygous for the A allele) and 
the heterozygous genotype of the same polymorphism 
with hyperimmunoglobulinaemia E . 

 Although the mechanisms which are 
associated with polymorphisms which makes changes 
in the gene expression are still not well known, today 
we known that hyperimmunoglobulinemia E is partly 
under polygenic control. The role inn the pathogenesis 
of hyperimmunoglobulinemia E is played not only by 
the large number of alleles located on different genes 
and even on the chromosomes, but also by the 
interaction between the genes and surrounding. We 
still don’t know whether the polymorphisms alone by 
themself contribute for protection/susceptibility of 
hyperimmunoglobulinaemia E. Because of this it is 
possible that various ethnic groups will show different 
associations with cytokine polymorphisms. 

 The number of patients in our study is very 
small. In the association studies, there are possibilities 
that some positive results might be spurious and 
some negative findings might be a consequence of 
low statistical power. It could be due to their small 
sample size or methodological shortcomings, such as 
the selection of an appropriate control group. It is 
necessary to investigate cytokine gene 
polymorphisms in our population in well defined 
subgroups of phenotypes with bigger number of 
participants in order to have more precise conclusions 
for genetic background of development of 
hyperimmunoglobulinemia E in Macedonians. 
However, multicentre studies and/or meta-analysis of 
the patients with hyperimmunoglobulinaemia E and 
association with cytokine polymorphisms should be 
very useful, as it was shown before with our published 
data about cytokine polymorphism associations [59-
61].  

The results of this study for the association of 
the cytokine polymorphisms with hyperimmuno-
globulinaemia E in the Macedonians showed positive 
association with four alleles, 10 genotypes and 5 
haplotypes and negative associations with four alleles, 
3 genotypes and 1 haplotype. The results can be used 
for future meta analyses of the association of cytokine 
polymorphisms with patients with hyperimmun-
oglobulinemia E. 

 

 

References 

1. Davis SD, Schaller J, Wedgwood RJ. Job’s syndrome: 
recurrent, “cold,” staphylococcal abscesses. Lancet. 
1966;1:1013-5. 

2. Buckley RH, Wray BB, Belmaker EZ. Extreme 
hyperimmunoglobulinemia E and undue susceptibility to 
infection. Pediatrics. 1972;49:59-70. 

3. Hill, H. R., Quie, P. G. Raised serum-IgE levels and defective 
neutrophil chemotaxis in three children with eczema and 



 Hristomanova Mitkovska et al. Gene Polymorphisms of 22 Cytokines in Macedonian Children with Hyperimmunoglobulinemia E 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

SEE J Immunol. 2015 Jan 23; 2015:20001.                                                                                                                                                                                       7 

 

recurrent bacterial infections. Lancet. 1974; 303: 183-187. 

4. Van Scoy RE, Hill HR, Ritts RE, Quie PG. Familial neutrophil 
chemotaxis defect, recurrent bacterial infections, 
mucocutaneous candidiasis, and hyperimmunoglobulinemia E. 
Ann Intern Med. 1975;82(6):766-71. 

5. Brestel EP, Klingberg WG, Veltri RW, Dorn JS. Osteogenesis 
imperfecta tarda in a child with hyper-IgE syndrome. Am J Dis 
Child. 1982;136(9):774-6. 

6. Robinson MF, McGregor R, Collins R, Cheung K. Combined 
neutrophil and T-cell deficiency: initial report of a kindred with 
features of the hyper-IgE syndrome and chronic 
granulomatous disease. Am J Med. 1982;73(1):63-70. 

7. Donabedian H, Gallin JI. Mononuclear cells from patients with 
the hyperimmunoglobulin E-recurrent infection syndrome 
produce an inhibitor of leukocyte chemotaxis. J Clin 
Invest. 1982;69(5):1155-63. 

8. Hoger PH, Boltshauser E, Hitzig WH. Craniosynostosis in 
hyper-IgE syndrome. European Journal of Pediatrics. 
1985;144:414 – 417 

9. Donabedian H, Gallin JI. The hyperimmunoglobulin E 
recurrent-infection (Job's) syndrome. A review of the NIH 
experience and the literature.Medicine 
(Baltimore). 1983;62(4):195-208. 

10. Dreskin SC, Goldsmith PK, Gallin JI. Immunoglobulins in the 
hyperimmunoglobulin E and recurrent infection (Job's) 
syndrome. Deficiency of anti-Staphylococcus aureus 
immunoglobulin A. J Clin Invest. 1985;75(1):26-34. 

11. Lui RC, Inculet RI. Job's syndrome: a rare cause of recurrent 
lung abscess in childhood. Ann Thorac Surg. 1990;50(6):992-
4. 

12. Borges WG, Hensley T, Carey JC, Petrak BA, Hill HR. The 
face of Job. J Pediatr. 1998;133(2):303-5. 

13. Grimbacher B, Holland SM, Gallin JI, Greenberg F, Hill 
SC, Malech HL, Miller JA, O'Connell AC, Puck JM. Hyper-IgE 
syndrome with recurrent infections--an autosomal dominant 
multisystem disorder. N Engl J Med. 1999;340(9):692-702. 

14. Minegishi Y, Saito M, Tsuchiya S, Tsuge I, Takada H, Hara 
T, Kawamura N, Ariga T, Pasic S, Stojkovic O, Metin 
A, Karasuyama H. Dominant-negative mutations in the DNA-
binding domain of STAT3 cause hyper-IgE syndrome. 
Nature. 2007;448(7157):1058-62. 

15. Holland SM, DeLeo FR, Elloumi HZ, Hsu AP, Uzel G, Brodsky 
N, Freeman AF, Demidowich A, Davis J, Turner ML, Anderson 
VL, Darnell DN, Welch PA, Kuhns DB, Frucht DM, Malech 
HL, Gallin JI, Kobayashi SD, Whitney AR, Voyich JM, Musser 
JM, Woellner C, Schäffer AA, Puck JM, Grimbacher B. STAT3 
mutations in the hyper-IgE syndrome. N Engl J 
Med. 2007;357(16):1608-19. 

16. Zhang Q, Davis JC, Lamborn IT, Freeman AF, Jing H, Favreau 
AJ, Matthews HF, Davis J, Turner ML, Uzel G, Holland SM, Su 
HC. Combined immunodeficiency associated with DOCK8 
mutations. N Engl J Med. 2009;361(21):2046-55. 

17. Alsum Z, Hawwari A, Alsmadi O, Al-Hissi S, Borrero E, Abu-
Staiteh A, Khalak HG, Wakil S, Eldali AM, Arnaout R, Al-
Ghonaium A, Al-Muhsen S, Al-Dhekri H, Al-Saud B, Al-Mousa 
H.Clinical, immunological and molecular characterization of 
DOCK8 and DOCK8-like deficient patients: single center 
experience of twenty five patients. J Clin 
Immunol. 2013;33(1):55-67. 

18. Lan Q, Zheng T, Rothman N, Zhang Y, Wang SS, Shen M, 
Berndt SI, Zahm SH, Holford TR, Leaderer B, Yeager M, 
Welch R, Boyle P, Zhang B, Zou K, Zhu Y, Chanock S. 
Cytokine polymorphisms in the Th1/Th2 pathway and 
susceptibility to non-Hodgkin lymphoma. Blood. 
2006;107(10):4101-8. 

19. Nieters A, Linсеiсеn J, Becker N. Association of 
polymorphisms in Th1, Th2 cytokine genes with hay fever and 

atopy in a subsample of EPIC-Heidelberg. Clin Exp Allergy 
2004;34(3):346-53. 

20. Muller B, Gimsa U, Mitchison NA, Radbruch A, Sieper J, Yin Z. 
Modulating the Th1/Th2 balance in inflammatory arthritis. 
Springer Сеmin Immunopathol. 1998;20(1-2):181-96. 

21. Towner P. Purification of DNA. Essential molecular biology. In: 
Brown TA, editor. Oxford University Press: Oxford, 1995: 47-
54. 

22. Spiroski M, Arsov T, Petlichkovski A, Strezova A, Trajkov D, 
Efinska-Mladenovska O, et al. Case Study: Macedonian 
human DNA bank (hDNAMKD) as a source for public health 
Genetics. In: Georgieva L, Burazeri G, Editors. Health 
determinants in the scope of new public health. Sofia: Hans 
Jacobs Company, 2005: 33-44. 

23. Tseng LH, Chen PJ, Lin MT, Singleton K, Martin EG, Yen AH, 
Martin PJ, Hansen JA. Simultaneous genotyping of single 
nucleotide polymorphisms in the IL-1 gene complex by 
multiplex polymerase chain reaction-restriction fragment length 
polymorphism. J Immunol Methods. 2002;267(2):151-6. 

24. Lancaster A, Nelson MP, Meyer D, Thomson G, Single RM. 
PyPop: a software framework for population genomics: 
analyzing large-scale multi-locus genotype data. Pac Symp 
Biocomput. 2003:514-25. 

25. Lancaster AK, Single RM, Solberg OD, Nelson MP, Thomson 
G. PyPop update--a software pipeline for largescale multilocus 
population genomics. Tissue Antigens. 2007; 69 (Suppl 
1):192-7. 

26. Single RM, Meyer D, Mack SJ, Lancaster A, Erlich HA, 
Thomson G. 14th International HLA and Immunogenetics 
Workshop: report of progress in methodology, data collection, 
and analyses. Tissue Antigens. 2007;69(Suppl 1):185-7. 

27. Schneider S, Roessli D, Excoffier L. Arlequin version 2.000: 
software for population genetics data analysis. Geneva 
(Switzerland): Genetics and Biometry Laboratory, University of 
Geneva, 2000. 

28. Trajkov D, Trajchevska M, Arsov T, Petlichkovski A, Strezova 
A,  Efinska-Mladenovska O, Sandevski A, Spiroski M. 
Association of 22 cytokine gene polyphorphisms with 
tuberculosis in Macedonians. Indian J Tuberc. 2009; 56:117-
131. 

29. Spiroska V, Kedev S, Antov S, Trajkov D, Petlichkovski A, 
Strezova A, Efinska-Mladenovska O,  Sibinovska O, 
Hristomanova S, Djulejic E, Petrov J, Spiroski M. Association 
of 22 cytokine gene polymorphisms with dilated 
cardiomyopathy in Macedonian patients. Kardiol Pol. 2009; 
67:1237-1247. 

30. Trajkov D, Mishevska-Perchinkova S, Karadzova-Stojanoska 
A, Petlichkovski A, Strezova A, Spiroski M.  Association of 22 
cytokine gene polymorphisms with rheumatoid arthritis in 
population of ethnic Macedonians. Clin Rheumatol. 2009 
28:1291–1300.  

31. Trajkov D, Mirkovska-Stojkovikj J, Arsov T, Petlichkovski A, 
Strezova A, Efinska-Mladenovska O, Sandevska E, Gogusev 
J, Spiroski M. Association of Cytokine Gene Polymorphisms 
with Bronchial Asthma in Macedonians. Iran J Allergy Asthma 
Immunol. 2008; 7(3): 143-156. 

32. Trajkov D, Mirkovska-Stojkovikj J, Petlichkovski A, Strezova A, 
Efinska-Mladenovska O,  Sandevska E, Sibinovska O, 
Hristomanova S, Djulejic E, Petrov J, Gogusev J, Spiroski M. 
Association of Cytokine Gene Polymorphisms with Chronic 
Obstructive Pulmonary Disease in Macedonians. Iran J Allergy 
Asthma Immunol. 2009; 8 (1): 31-42. 

33. Casanova JL, Abel L. Genetic dissection of immunity to 
mycobacteria: the human model. Annu Rev Immunol. 2002; 
20: 581-620. 

34. Schluger NW, Rom WN. The host immune response to 
tuberculosis. Am J Respir Crit Care Med. 1998;157: 679-91. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20Scoy%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=1138587
http://www.ncbi.nlm.nih.gov/pubmed?term=Hill%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=1138587
http://www.ncbi.nlm.nih.gov/pubmed?term=Ritts%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=1138587
http://www.ncbi.nlm.nih.gov/pubmed?term=Quie%20PG%5BAuthor%5D&cauthor=true&cauthor_uid=1138587
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20Scoy%2C%20R.%20E.%2C%20Hill%2C%20H.%20R.%2C%20Ritts%2C%20R.%20E.%2C%20Jr.%2C%20Quie%2C%20P.%20G.%20Familial%20neutrophil%20chemotaxis%20defect%2C%20recurrent%20bacterial%20infections%2C%20mucocutaneous%20candidiasis%2C%20and%20hyperimmunoglobulinemia%20E.%20Ann.%20Intern.%20Med.%2082%3A%20766-771%2C%201975.%20%5BPubMed%3A%201138587%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Brestel%20EP%5BAuthor%5D&cauthor=true&cauthor_uid=6981344
http://www.ncbi.nlm.nih.gov/pubmed?term=Klingberg%20WG%5BAuthor%5D&cauthor=true&cauthor_uid=6981344
http://www.ncbi.nlm.nih.gov/pubmed?term=Veltri%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=6981344
http://www.ncbi.nlm.nih.gov/pubmed?term=Dorn%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=6981344
http://www.ncbi.nlm.nih.gov/pubmed?term=Brestel%2C%20E.%20P.%2C%20Klingberg%2C%20W.%20G.%2C%20Veltri%2C%20R.%20W.%2C%20Dorn%2C%20J.%20S.%20Osteogenesis%20imperfecta%20tarda%20in%20a%20child%20with%20hyper%20IgE%20syndrome.%20Am.%20J.%20Dis.%20Child.%20136%3A%20774-776%2C%201982.%20%5BPubMed%3A%206981344
http://www.ncbi.nlm.nih.gov/pubmed?term=Brestel%2C%20E.%20P.%2C%20Klingberg%2C%20W.%20G.%2C%20Veltri%2C%20R.%20W.%2C%20Dorn%2C%20J.%20S.%20Osteogenesis%20imperfecta%20tarda%20in%20a%20child%20with%20hyper%20IgE%20syndrome.%20Am.%20J.%20Dis.%20Child.%20136%3A%20774-776%2C%201982.%20%5BPubMed%3A%206981344
http://www.ncbi.nlm.nih.gov/pubmed?term=Robinson%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=6979928
http://www.ncbi.nlm.nih.gov/pubmed?term=McGregor%20R%5BAuthor%5D&cauthor=true&cauthor_uid=6979928
http://www.ncbi.nlm.nih.gov/pubmed?term=Collins%20R%5BAuthor%5D&cauthor=true&cauthor_uid=6979928
http://www.ncbi.nlm.nih.gov/pubmed?term=Cheung%20K%5BAuthor%5D&cauthor=true&cauthor_uid=6979928
http://www.ncbi.nlm.nih.gov/pubmed?term=Robinson%2C%20M.%20F.%2C%20McGregor%2C%20R.%2C%20Collins%2C%20R.%2C%20Cheung%2C%20K.%20Combined%20neutrophil%20and%20T-cell%20deficiency%3A%20initial%20report%20of%20a%20kindred%20with%20features%20of%20the%20hyper-IgE%20syndrome%20and%20chronic%20granulomatous%20disease.%20Am.%20J.%20Med.%2073%3A%2063-70%2C%201982.%20%5BPubMed%3A%206979928
http://www.ncbi.nlm.nih.gov/pubmed?term=Donabedian%20H%5BAuthor%5D&cauthor=true&cauthor_uid=7068851
http://www.ncbi.nlm.nih.gov/pubmed?term=Gallin%20JI%5BAuthor%5D&cauthor=true&cauthor_uid=7068851
http://www.ncbi.nlm.nih.gov/pubmed?term=Donabedian%2C%20H.%2C%20Gallin%2C%20J.%20I.%20Mononuclear%20cells%20from%20patients%20with%20the%20hyperimmunoglobulin%20E-recurrent-infection%20syndrome%20produce%20an%20inhibitor%20of%20leukocyte%20chemotaxis.%20J.%20Clin.%20Invest.%2069%3A%201155-1163%2C%201982.%20%5BPubMed%3A%207068851
http://www.ncbi.nlm.nih.gov/pubmed?term=Donabedian%2C%20H.%2C%20Gallin%2C%20J.%20I.%20Mononuclear%20cells%20from%20patients%20with%20the%20hyperimmunoglobulin%20E-recurrent-infection%20syndrome%20produce%20an%20inhibitor%20of%20leukocyte%20chemotaxis.%20J.%20Clin.%20Invest.%2069%3A%201155-1163%2C%201982.%20%5BPubMed%3A%207068851
http://www.ncbi.nlm.nih.gov/pubmed?term=Donabedian%20H%5BAuthor%5D&cauthor=true&cauthor_uid=6348470
http://www.ncbi.nlm.nih.gov/pubmed?term=Gallin%20JI%5BAuthor%5D&cauthor=true&cauthor_uid=6348470
http://www.ncbi.nlm.nih.gov/pubmed?term=Donabedian%2C%20H.%2C%20Gallin%2C%20J.%20I.%20The%20hyperimmunoglobulin%20E%20recurrent-infection%20(Job's)%20syndrome%3A%20a%20review%20of%20the%20NIH%20experience%20and%20the%20literature.%20Medicine%2062%3A%20195-208%2C%201983.%20%5BPubMed%3A%206348470
http://www.ncbi.nlm.nih.gov/pubmed?term=Donabedian%2C%20H.%2C%20Gallin%2C%20J.%20I.%20The%20hyperimmunoglobulin%20E%20recurrent-infection%20(Job's)%20syndrome%3A%20a%20review%20of%20the%20NIH%20experience%20and%20the%20literature.%20Medicine%2062%3A%20195-208%2C%201983.%20%5BPubMed%3A%206348470
http://www.ncbi.nlm.nih.gov/pubmed?term=Dreskin%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=3871199
http://www.ncbi.nlm.nih.gov/pubmed?term=Goldsmith%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=3871199
http://www.ncbi.nlm.nih.gov/pubmed?term=Gallin%20JI%5BAuthor%5D&cauthor=true&cauthor_uid=3871199
http://www.ncbi.nlm.nih.gov/pubmed?term=Dreskin%2C%20S.%20C.%2C%20Goldsmith%2C%20P.%20K.%2C%20Gallin%2C%20J.%20I.%20Immunoglobulins%20in%20the%20hyperimmunoglobulin%20E%20and%20recurrent%20infection%20(Job's)%20syndrome%3A%20deficiency%20of%20anti-Staphylococcus%20aureus%20immunoglobulin%20A.%20J.%20Clin.%20Invest.%2075%3A%2026-34%2C%201985.%20%5BPubMed%3A%203871199
http://www.ncbi.nlm.nih.gov/pubmed?term=Alsum%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=22968740
http://www.ncbi.nlm.nih.gov/pubmed?term=Hawwari%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22968740
http://www.ncbi.nlm.nih.gov/pubmed?term=Alsmadi%20O%5BAuthor%5D&cauthor=true&cauthor_uid=22968740
http://www.ncbi.nlm.nih.gov/pubmed?term=Al-Hissi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22968740
http://www.ncbi.nlm.nih.gov/pubmed?term=Borrero%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22968740
http://www.ncbi.nlm.nih.gov/pubmed?term=Abu-Staiteh%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22968740
http://www.ncbi.nlm.nih.gov/pubmed?term=Abu-Staiteh%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22968740
http://www.ncbi.nlm.nih.gov/pubmed?term=Khalak%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=22968740
http://www.ncbi.nlm.nih.gov/pubmed?term=Wakil%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22968740
http://www.ncbi.nlm.nih.gov/pubmed?term=Eldali%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=22968740
http://www.ncbi.nlm.nih.gov/pubmed?term=Arnaout%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22968740
http://www.ncbi.nlm.nih.gov/pubmed?term=Al-Ghonaium%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22968740
http://www.ncbi.nlm.nih.gov/pubmed?term=Al-Ghonaium%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22968740
http://www.ncbi.nlm.nih.gov/pubmed?term=Al-Muhsen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22968740
http://www.ncbi.nlm.nih.gov/pubmed?term=Al-Dhekri%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22968740
http://www.ncbi.nlm.nih.gov/pubmed?term=Al-Saud%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22968740
http://www.ncbi.nlm.nih.gov/pubmed?term=Al-Mousa%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22968740
http://www.ncbi.nlm.nih.gov/pubmed?term=Al-Mousa%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22968740
http://www.ncbi.nlm.nih.gov/pubmed/22968740
http://www.ncbi.nlm.nih.gov/pubmed/22968740


Immunogenetics 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

  8                                                                                                                                                                                                           http://www.id-press.eu/seejim/ 

 

35. Seegers D, Zwiers A, Strober W, Pena AS, Bouma G. A Taq1 
polymorphiasm in the 3’UTR of the IL-12 p40 gene correlates 
with increased IL-12 secretion. Genes Immun. 2002;3: 419-23.  

36. Stanilova S, Miteva L. Taq-I polymorphism in 3UTR of the 
IL12B and association with IL-12p40 production from human 
PBMC. Genes Immun. 2005;6: 364-6. 

37. Tso HW, Lau YL, Tam CM, Wong HS, Chiang AKS. 
Associations between IL12B polymorphisms and tuberculosis 
in the Hong Kong Chinese population. J Infect Dis. 2004;190: 
913–9. 

38. Sahiratmadja E, Baak-Pablo R, de Visser AW, Alisjahbana B, 
Adnan I, van Crevel R, Marzuki S, van Dissel JT, Ottenhoff 
THM, van de Vosse E. Association of polymorphisms in IL-
12/IFN-gamma pathway genes with susceptibility to pulmonary 
tuberculosis in Indonesia. Tuberculosis. 2007;87: 303-311. 

39. Dorman SE, Holland SM. Interferon-g and interleukin-12 
pathway defects and human disease. Cytokine Growth Factor 
Rev. 2000;11:321–33. 

40. Cooke GS, Campbell SJ, Sillah J, Gustafson P, Bah B, Sirugo 
G, Bennett S, McAdam KPWJ, Sow O, Lienhardt C, Hill AVS. 

Polymorphism within the Interferon-/Receptor complex is 
associated with pulmonary tuberculosis. Am J Respir Crit Care 
Med. 2006;174: 339–343. 

41. Blobe GC, Schiemann WP, Lodish HF. Role of transforming 
growth factor beta in human disease. N Engl J Med. 2000;342: 
1350–1358. 

42. Munger JS, Huang X, Kawakatsu H, Griffiths MJ, Dalton SL, 
Wu J, Pittet JF, Kaminski N, Garat C, Matthay MA, Rifkin DB, 
Sheppard D. The integrin alpha v beta 6 binds and activates 
latent TGF beta 1: a mechanism for regulating pulmonary 
inflammation and fibrosis. Cell. 1999;96: 319–328. 

43. Eickelberg O, Kohler E, Reichenberger F,Bertschin S, Woodtli 
T, Erne P, Perruchoud AP, Roth M. Extracellular matrix 
deposition by primary human lung fibroblasts in response to 
TGF-beta 1 and TGF-beta 3. Am J Physiol. 1999:276: L814-
24. 

44. Fang KC, Wolters PJ, Steinhoff M, Bidgol A, Blount JL, 
Caughey GH. Mast cell expresion of gelatinases A and B is 
regulated by kit ligand and TGF-beta. J Immunol. 1999;162: 
5528-35. 

45. Garcia I, Miyazaki Y, Marchal G, Lesslauer W, Vassalli P. High 
sensitivity of transgenic mice expressing soluble TNFR1 fusion 
protein to mycobacterial infections: synergistic action of TNF 
and IFN-gamma in the differentiation of protective granulomas. 
Eur J Immunol. 1997;27: 3182 –90. 

46. Emala CW, Kuhl J, Hungerford CL, Hirshman CA. TNF-alpha 
inhibits isoproterenol stimulated adenylyl cyclase activity in 
cultured airway smooth muscle cells. Am J Physiol. 1997;272: 
L644-L650. 

47. Rook GA, Taverne J, Leveton C, Steele J. The role of gamma-
interferon, vitamin D3 metabolites and tumour necrosis factor 
in the pathogenesis of tuberculosis. Immunology. 
1987;62(2):229–34. 

48. Bekker L-G, Moreira AL, Bergtold A, Freeman S, Ryffel B, 
Kaplan G. Immunopathologic effects of tumor necrosis factor 
alpha in murine mycobacterial infection are dose dependent. 
Infect Immun. 2000;68(1): 6954–61. 

49. Selvaraj P, Sriram U, Mathan Kurian S, Reetha AM, 
Narayanan PR. Tumor necrosis factor alpha (-238 and –308) 
and beta gene polymorphisms in pulmonary tuberculosis: 
haplotype analysis with HLA-A, B and DR genes. 
Tuberculosis. 2001; 81 (5-6): 335-41. 

50. Seder RA, Paul WE. Acquisition of lymphokine-producting 
phenotype by CD4+ T cell. Annu Rev Immunol. 1994;12:635-
73. 

51. Dabbagh K, Takeyama K, Lee HM, Ufki IF, Lausier JA, Nadel 

JA. IL-4 induces mucin gene expression and goblet cell 
metaplasia in vitro and in vivo. J Immunol. 1999;162: 6233-37. 

52. Saunders BM, Frank AA, Orme IM, Cooper AM. Interleukin-6 
induces early gamma interferon production in the infected lung 
but is not required for generation of specific immunity to 
Mycobacterium tuberculosis infection. Infect Immun. 2000;68 
(6): 3322–6. 

53. Ladel CH, Blum C, Dreher A, Reifenberg K, Kopf M, Kaufmann 
SH. Lethal tuberculosis in interleukin-6-deficient mutant mice. 
Infect Immun. 1997;65(11): 4843–9. 

54. Howard M, O'Garra A, Ishida H, de Waal Malefyt R, de Vries J. 
Biological properties of interleukin-10. J Clin Immunol. 
1992;12: 239-47.  

55. de Waal Malefyt R, Abram J, Benett B, Figdor CG, de Vries J. 
Interleukin 10 (IL-10) inhibits cytokine synthesis by human 
monocytes: an autoregulatory role of IL-10 produced by 
monocytes. J Exp Med. 1991;174: 1209-20. 

56. Choi Y, Kim JJ. B cells activated in the presence of Th1-
cytokines inhibit osteoclastogenesis. Exp Mol Med. 2003;35: 
385-92. 

57. Redpath S, Ghazal P,Gascoigne NR. Hijacking, exploitation of 
IL-10 by intracellular pathogens. Trends Microbiol. 2001;9: 86-
92. 

58. Moore KW, de Waal Malefyt R, Coffman RL, O’Garra A. 
Interleukin-10 and the interleukin-10 receptor. Annu Rev 
Immunol. 2001;19: 683–765. 

59. Zhang Y, Zhang J, Tian C, Xiao Y, He C, Li X, Bogati A, 
Huang J, Fan H. The -308 G/A polymorphism in TNF-α gene is 
associated with asthma risk: an update by meta-analysis. J 
Clin Immunol. 2011;31(2):174-85. 

60. Lee YH, Bae SC, Choi SJ, Ji JD, Song GG. Associations 
between interleukin-10 polymorphisms and susceptibility to 
rheumatoid arthritis: a meta-analysis. Mol Biol Rep. 
2012;39(1):81-7. 

61. Wang Q, Zhan P, Qiu LX, Qian Q, Yu LK. TNF-308 gene 
polymorphism and tuberculosis susceptibility: a meta-analysis 
involving 18 studies. Mol Biol Rep. 2012;39(4):3393-400. 


