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Abstract

The aim of this study was to genotype IL-1 gene cluster polymorphisms in the
Macedonian population. A group composed of 301 healthy unrelated individuals
was selected. IL-1 genotyping of the samples was performed by the PCR-SSP
procedure followed by analysis of the IL-1 data with the PyPop population genetic
analysis software package. The frequency of IL-1 alleles varies from 0.814 for IL1A
-889/C, 0.729 for IL-1B +3962/C, 0.698 for IL-1RN mspa 11100/T, 0.671 for IL-1B
-511/C, followed by 0.663 for IL-1R psti 1970/C indicating common “wild type” allele.
We determined 27 different haplotypes from the total number of 32. The most
frequent haplotypes for IL-1 are CCCCT (0.191), CTCCT (0.127), CCCTT (0.098),
CCCCC (0.085), CTCTT (0.082). All pairs of loci for IL-1, except for IL-1R psti 1970,
are in linkage disequilibrium, with p<0.05. The closest genetic distance is observed
between the studied Macedonian population and the population from ItalyTorino,
while the most genetically distant populations were TaiwanTsou, and TaiwanYami.
It is concluded that IL-1 cluster alleles, genotypes, and haplotypes in Macedonian
population show a good concordance with Hardy Weinberg equilibrium and can be
used for anthropological comparisons, as well as for association studies with
different diseases.

Introduction
Until recently, the IL-1 ligand family consisted of

four members of: IL-1A, IL-1B, IL-1RA, and IL-18. Six
additional members of this family have been described
since. The entire new gene map of the region of
chromosome 2 between the IL-1B and IL-1RN loci was
proposed (1), suggesting that each of the new IL-1
family members arose from a common ancestral gene
that later became duplicated (2). The novel Il-1 family
members have been described by several groups using
their own nomenclature, thus resulting in a number of
different names for the same molecule (3, 4).

The prototypic members of the IL-1 family gene

cluster are the IL-1A (MIM 147760), IL-1B (MIM 147720),
and IL-1RN genes. IL-1A and -1B encode
proinflammatory cytokines involved in host defense
against infection. The IL-1 receptor antagonist, en-
coded by the gene IL-1RN, is an anti-inflammatory
nonsignalling molecule that competes for receptor
binding with IL-1A and IL-1B (5, 6). Six genes with
structural homology to IL-1A/B or IL-1RN lie between
IL-1A and IL-1RN. They are named IL-1F5 (MIM
605507), IL-1F6 (MIM 605509), IL-1F7 (MIM 605510),
IL-1F8 (MIM 605508), IL-1F9 (MIM 605542), and IL-
1F10; IL-1A, IL-1B, and IL-1RN have been renamed IL-
1F1, IL-1F2, and IL-1F3, respectively (7, 8). The genes
are ordered, from centromere to telomere, as IL-1A, IL-
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1B, IL-1F7, IL-1F9, IL-1F6, IL-1F8, IL-1F5, IL-1F10, IL-
1RN, in a cluster covering a region of ~360-kb region
(9).

The protein encoded by IL1R1 gene is a cytokine
receptor that belongs to the interleukin 1 receptor
family. This protein is a common receptor for interleukin
alpha (IL1A), interleukin beta (IL1B), and interleukin 1
receptor, type I (IL1R1/IL1RN) and is an important
mediator involved in many cytokine induced immune
and inflammatory responses. It has been shown by
radiation hybrid mapping that IL1R1, IL1R2 (MIM
147811), IL1RL2 (MIM 604512), IL1RL1 (MIM 601203),
and IL18R1 (MIM 604494) map to 2q12 and are
transcribed in the same direction with IL1R2 and form
a cytokine receptor gene cluster (10).

Cytokines are potent immunomodulating mol-
ecules that mediate the inflammation and immune
response, and influence cellular activation, differentia-
tion, and function. There are many reports showing that
a number of cytokine genes are polymorphic and that
polymorphisms in the gene regulatory regions corre-
late with the level of cytokine secretion (11, 12). As
these polymorphisms are independently segregated,
one individual may have a cytokine expression pattern
quite different from each other (13).

Fourteen cytokine genes (22 SNP alleles) were
identified as the candidates for the cytokine polymor-
phism component (CPC) at the 13th International
Histocompatibility Workshop and Congress (IHWC)
(14). Five cytokine polymorphisms, related to the IL-1
cluster gene on chromosome 2, were included in the
cytokine polymorphism component i.e;  IL-1A -889, IL-
1B -511, IL-1B +3962, IL-1R psti 1970, and IL-1RN
mspa 11100.

The aim of this study was to obtain specific data
of IL-1 cluster gene polymorphisms in Macedonian
population that can be used as useful anthropological
markers and serve as a basis for disease association
studies.

Methods
Population
The studied population consists of 301 healthy

unrelated individuals, aged between 20-35 years. All
individuals are of Macedonian origin and nationality
and residents of different geographical regions of the
Republic of Macedonia. The spoken language is Mac-
edonian. Each individual was interviewed on a one-to-
one basis, his/her genealogy was recorded for the last

three generations, and a signed consent was obtained.
Individuals with only one Macedonian parent were
excluded from the study .The participants were in-
formed that they can withdraw or destroy their depos-
ited DNA samples in any time. Blood samples were
collected, DNA was isolated from peripheral blood
leukocytes by the phenol-chlorophorm extraction
method (15, 16), samples were anonymized for pri-
vacy, and stored in the Macedonian Human DNA Bank
(hDNAMKD) (17).

Typing Methods
Cytokine genotyping for the anthropology sam-

ples was performed by PCR-SSP (Heidelberg kit/ CST-
PCR-SSP Tray, obtained from the University clinic of
Heidelberg, University of Heidelberg, Heidelberg, Ger-
many). Briefly, PCR-SSP typing by the Heidelberg kit
represents 48 PCR primer mixes aliquotted in 96 well
PCR trays (two typings 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 the 48 wells. Agarose gel electrophoresis
on a 2% agarose of an aliquot of the obtained products,
revealed a positive or a negative specific amplification
for each well (18). Subsequently, the results were
entered in the Cytokine-SCORE software and analyzed
automatically (19). A manual interpretation was also
performed according to the interpretation scheme
provided along with the kit.

Statistical Methods
The population genetics analysis package,

PyPop (20-22), was used for analysis of the cytokine
data for this report. Allele frequencies and expected
Hardy Weinberg proportions (HWP) for each SNP were
determined (23). The exact test for genotype frequency
deviation from HWP was calculated using the Arlequin
implementation accessed via PyPop (24). 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 were
significantly different from expected frequencies by the
chi square test. The Ewens-Watterson homozygozity
test of neutrality (25) with Slatkins’ p-values (26, 27)
was used to indicate any deviations from the hypoth-
esis of neutral selection for each locus. The statistic for
the Ewens-Watterson homozygozity test of neutrality
is the F statistic. If the Normal Deviate of Homozygozity
(Fnd) is significantly less than 0, it indicates balancing
selection is operating on the alleles at that locus;
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significant Fnd > 0 indicates directional selection (28),
provided the assumptions of the model are met. P-
values less than 0.025 or greater than 0.975 are
considered to be significant for this 2-tailed test at the
0.05 level. For the all IL-1 SNPs, test of neutrality
showed negative value for Fnd statistic (Ewens-
Watterson test of neutrality) which indicates balancing
selection operating on the IL-1 alleles, but without
significant p of F statistics.

Linkage disequilibrium (LD) was calculated,
where D’ weights the contribution to LD of specific
allele pairs by the product of their allele frequencies
(29); Wn is a re-expression of the chi-square statistic
for deviations between observed and expected haplo-
type frequencies; S is defined as twice the difference
between log-likelihood of obtaining the observed data
given the inferred haplotype frequencies [ln(L_1)], and
the likelihood of the data under the null hypothesis of
linkage equilibrium [ln(L_0)]); p-value is the fraction of
permutations that results in values of S greater or equal
to that observed.

The DISPAN software was used for computa-
tion of the genetic distances between the studied
population and other populations for which a complete
data for IL-1 gene cluster was available (30).
Phylogenetic and molecular evolutionary analyses
were conducted using MEGA software version 3.1
(31).

Results

IL-1 Alleles
Frequencies of polymorphic IL-1 alleles, test of

neutrality with Fnd statistic [Ewens-Watterson test of
neutrality (EWN)], and Slatkin’s Exact P Value (SEPV)
with p of F statistics in the studied population are
shown on the Table 1.  The frequency of IL-1 alleles
varies from 0.814 for IL-1A -889/C, 0.729 for IL-1B
+3962/C, 0.698 for IL-1RN mspa 11100/T, 0.671 for IL-
1B -511/C, followed by 0.663 for IL-1R pstI 1970/C
indicating common “wild type” allele in those cytokines
(Table 1).

IL-1 genotypes
Observed versus expected cytokine genotype

frequencies for each IL-1 SNP, Hardy Weinberg pro-
portion (HWP), and Guo and Thompson Hardy Weinberg
Output (GTHWO) in Macedonian population are given
on the Table 2. Several observed frequencies of IL-1

genotypes were significantly different from the expec-
tations: IL-1A -889/T:T (p=0.015), IL-1B +3962/C:T
(0.011), and IL-1B +3962/T:T (p=0.003). The rest of IL-
1 genotypes showed a good concordance with HWP
expectations. Two IL-1 SNPs (IL-1A -889, and IL-1B
+3962) were not in HWP (p<0.003, and <0.001, re-
spectively), and Guo and Thompson Hardy Weinberg
Output (GTHWO) was significant (p<0.006, and <0.001,
respectively) (Table 2).

IL-1 Linkage Disequilibrium (LD)
Linkage disequilibrium (LD) measures for each

pair of loci for IL-1 are presented on Table 3. One can
see from the Table 3 that all pairs of loci for IL-1, except
for IL-1R psti 1970, are in linkage disequilibrium, with
p<0.05.

IL-1 Haplotypes
Haplotype frequency estimated for IL-1 loci and

number of copies is shown on the Table 4. Haplotype
frequencies were estimated from unphased data using
the expectation-maximization (EM) algorithm (21, 28)
reported by PyPop. IL-1B had 2 SNPs individually
typed by the Heidelberg PCR-SSP kit, but the kit was
not designed to detect haplotypes for these SNPs. We
estimated 27 different haplotypes from the total number
of 32. The most frequent haplotypes (more than 5%) for
IL-1 are CCCCT (0.191), CTCCT (0.127), CCCTT
(0.098), CCCCC (0.085), CTCTT (0.082). The less
frequent haplotype was CTTCC (0.002). Five possible
IL-1 haplotypes are missing in Macedonian population

Table 1: Frequencies of polymorphic IL-1 cluster alleles,
test of neutrality with Fnd statistic (Ewens-Watterson
test of neutrality (EWN)), and Slatkin’s Exact P. Value
(SEPV) with p of F statistics in Macedonian population.

Statistically significant Fnd < 0 indicates balancing selection; significant Fnd > 0 indicates
directional selection.

Test of Neutrality
Alleles

EWN SEPVIl-1 Polymorphism

Allele Number Frequency Fnd P of F

C 482 0.814
IL-1A -889

T 110 0.186
-0.967 0.214

C 404 0.671
IL-1B -511

T 198 0.329
-1.809 0.103

C 439 0.729
IL-1B +3962

T 163 0.271
-1.527 0.141

C 399 0.663
IL-1R psti 1970

T 203 0.337
-1.843 0.096

T 420 0.698
IL-1RN mspa 11100

C 182 0.302
-1.691 0.119
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(Table 4).

IL-1 Genetic Distances
We used data from 26 populations published on

the WEB (32), selected on the basis of presence of IL-
1 gene cluster frequencies. The names of the populations
are given as they are deposited. For most of the
populations, the heterozygosity was around 0.5,
populations from SouthKoreaSeoul, Taiwan, and
TurkeyBursa had heterozygosity around 0.4, and popu-
lation from TaiwanAtayal had the smallest heterozy-
gosity around 0.37. Standard genetic distance (SGD)
between Macedonian population (present study) and
different populations are given x 102 (Table 5).

Diversity of investigated populations for IL-1

Table 2: Observed vs. expected IL-1 cluster genotypes
for each SNP, Hardy Weinberg proportions (HWP), and
Guo and Thompson Hardy Weinberg Output (GTHWO)
in Macedonian population.

*, Statistically significant.

D’ weights the contribution to LD of specific allele pairs by the product of their allele
frequencies (30); Wn is a re-expression of the chi-square statistic for deviations between
observed and expected haplotype frequencies; S is defined as twice the difference between log-
likelihood of obtaining the observed data given the inferred haplotype frequencies [ln(L_1)], and
the likelihood of the data under the null hypothesis of linkage equilibrium [ln(L_0)]); p-value is
the fraction of permutations that results in values of S greater or equal to that observed. A p-
value < 0.05 is indicative of overall significant LD. *, statistically significant.

Table 3: Linkage disequilibrium (LD) measures for
each pair of loci of IL-1 cluster genes.

Table 4: Haplotype frequency estimated for IL-1 cluster
loci: IL-1A -889: IL-1B -511: IL-1B +3962: IL-1R psti1079:
IL-1RN mspa11100.

Haplotype frequencies were estimated from unphased data using the expectation-maximization
(EM) algorithm (22, 29) reported by PyPop. IL-1B had 2 SNPs individually typed by the
Heidelberg PCR-SSP kit, but the kit was not designed to detect haplotypes for these SNPs.
Number of individuals: 301 (before-filtering); Number of individuals: 296 (after-filtering);
Unique phenotypes: 95; Unique genotypes: 244; Number of haplotypes: 32; Loglikelihood
under linkage equilibrium [ln(L_0)]: -1379.169; Loglikelihood obtained via the EM algorithm
[ln(L_1)]: -1315.539; Number of iterations before convergence: 56.

IL-1A

-889

IL-1B

-511

IL-1B

+3962

IL-1R

psti 1970

IL-1RN

mspa 11100

IL-1A

-889

IL-1B

-511

D’

Wn

S

p

0.45745

0.15257

8.56

0.002*

IL-1B

+3962

D’

Wn

S

p

0.58741

0.46110

72.25

<0.001*

0.41033

0.17504

12.99

0.001*

IL-1R

psti 1970

D’

Wn

S

p

0.18242

0.06225

1.44

0.225

0.08051

0.07902

2.21

0.150

0.15419

0.06701

1.77

0.189

IL-1RN

mspa

11100

D’

Wn

S

p

0.19685

0.14171

7.23

0.009*

0.32096

0.14791

8.81

0.004*

0.18452

0.1708

10.90

0.001*

0.09878

0.09116

2.36

0.124

IL-1

Polymorphism
Genotype Observed

Observed

frequency

(%)

Expected
P-

value

HWP P-

value

GTHWO

P-value

IL-1A -889

C:C

C:T

T:T

204

74

18

68.9

25.0

6.1

196.2

89.6

10.2

0.579

0.100

0.015*

<0.003* <0.006*

IL-1B -511

C:C

C:T

T:T

143

118

40

47.5

39.2

13.3

135.6

132.9

32.6

0.523

0.197

0.192

0.052 0.052

IL-1B +3962

C:C

C:T

T:T

174

91

36

57.8

30.2

12.0

160.0

118.9

22.1

0.271

0.011*

0.003*

<0.001* <0.001*

IL-1R psti1970

C:C

C:T

T:T

133

133

35

44.2

44.2

11.6

132.2

134.5

34.2

0.946

0.894

0.895

0.840 0.898

IL-1RN

mspa11100

C:C

C:T

T:T

30

122

149

10.0

40.5

49.5

27.5

127.0

146.5

0.635

0.659

0.837

0.497 0.499

Haplotype Frequency Number of Copies

1. CCCCT 0.191 113.3

2. CTCCT 0.127 75.0

3. CCCTT 0.098 58.3

4. CCCCC 0.085 50.1

5. CTCTT 0.082 48.5

6. CCTCT 0.048 28.3

7. TCTCT 0.047 27.7

8. CCCTC 0.038 22.5

9. TCTCC 0.037 22.0

10. CTCCC 0.033 19.4

11. TCCCT 0.030 17.9

12. TCTTC 0.027 15.8

13. CCTCC 0.024 14.3

14. CTCTC 0.020 12.1

15. CTTCT 0.020 11.7

16. CCTTC 0.017 10.1

17. CCTTT 0.015 9.1

18. TCCTC 0.011 6.5

19. CTTTT 0.010 5.8

20. TTTCT 0.008 4.8

21. TTCTT 0.008 4.6

22. TTCCT 0.007 3.9

23. TTTCC 0.004 2.6

24. CTTTC 0.004 2.5

25. TTTTC 0.004 2.1

26. TCTTT 0.003 2.1

27. CTTCC 0.002 1.1
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gene cluster is given for all loci, and locus by locus on
the Table 6. Measure of population differentiation (GST)
for all loci was 0.079, for the locus IL-1B +3962 was the
biggest (0.143), and the smallest was for locus IL-1RN
mspa11100 (0.046). Total genetic diversity in the
pooled populations (HT) for all loci was 0.561, the
biggest was for locus IL-1B -511 (0.630), and the
smallest was for the locus IL-1B +3962 (0.478). Mean
diversity within each population (HS) for all loci was
0.516, the biggest was for the locus IL-1B -511 (0.598),
and the smallest was for the locus IL-1B +3962 (0.409)
(Table 6).

The Neighbor-Joining phylogenetic tree was
constructed on the basis of comparison of allele
frequencies for IL-1 gene cluster in different populations.
The closest genetic distance is observed between the
studied Macedonian population and the ItalyTorino
(SGD = 1.44), while the most genetically distant
populations were TaiwanTsou (SGD=17.43), and
TaiwanYami (SGD=15.10) (Table 5). Populations from
Taiwan (six different populations), from TurkeyBursa
and from SouthKoreaSeoul are in the same cluster on

the bottom of the tree. Populations from IndiaNorth and
GreeceMacedoniaandTraceRegions are in the same
cluster above the bottom cluster. Above is the cluster
with IranSouteastSistani and BrasilSaoPaolo. Euro-
pean populations are on the opposite side of the
genetic tree (CzechRepublicMoravia, Greece,
PortugalCentre, IrelandSouth and Germany).
Populations from ItalyTorino and from Macedonia are
in the same cluster, between the European populations
and the cluster of populations from Iran (five populations),
and from IndiaDelhi. The population from Cyprus is
isolated and is situated between the cluster with
Iranian populations, and the cluster of
IranSouteastSistani and BrasilSaoPaolo (Fig. 1).

Discussion
This report summarizes IL-1 gene cluster

polymorphisms and variations that exist in Macedo-
nian population.

With the test of neutrality we found negative Fnd
for IL-1 cluster genes, but without significant p of F
statistics, which indicates balancing selection operat-
ing on the alleles at that cluster. We found also that
most of IL-1 genes showed a good concordance with
HWP expectations. Two IL-1 genes (IL-1A -889, and
IL-1B +3962) were not in HWP, and Guo and Thompson
Hardy Weinberg Output was significant and could be
as a result of existence of selective pressures, or
because of the small frequencies in the investigated
groups.

Inter-population discrepancies in allele frequen-
cies particularly between Caucasian and non-Cauca-
sian sample cohorts are often large (33). Evaluation of
the allele frequencies of the Dutch, Italian and Czech
populations showed that five SNPs were significantly
different between the Dutch and the Italians, while

Table 5: Investigated populations, number of individu-
als, heterozygousity, and standard genetic distances
(SGD) between Macedonian population (present study)
and different populations (www.allelefrequencies.net)
using IL-1 gene cluster frequencies (32).

Table 6: Diversity of investigated populations for IL-1
cluster genes locus by locus.

*, GST, measure of population differentiation; HT, total genetic diversity in the pooled populations;
HS, mean diversity within each population.

Population
Number of

individuals

Heterozygosity

± SE
SGD (x 102)

1. BrazilSaoPaolo 99 0.538 ± 0.043 4.99

2. Cyprus 100 0.549 ± 0.020 3.38

3. CzechRepublicMoravia 67 0.554 ± 0.011 5.82

4. Germany 200 0.571 ± 0.008 2.50

5. Greece 120 0.568 ± 0.017 5.64

6. GreeceMacedoniaand-

ThraceRegions
27 0.524 ± 0.026 5.71

7. IndiaDelhi 34 0.559 ± 0.034 6.19

8. IndiaNorth 130 0.512 ± 0.052 9.53

9. Iran 40 0.559 ± 0.021 3.91

10. IranSoutheastBaloch 96 0.550 ± 0.038 7.01

11. IranSoutheastSistani 98 0.547 ± 0.053 5.39

12. IranTehran 140 0.568 ± 0.015 4.41

13. IranTehranFarsi 40 0.577 ± 0.009 3.96

14. IranYazd 121 0.542 ± 0.016 5.45

15. IrelandSouth 200 0.564 ± 0.016 3.15

16. ItalyTorino 140 0.558 ± 0.012 1.44

17. Macedonia 301 0.568 ± 0.027 -

18. PortugalCentre 174 0.558 ± 0.016 3.06

19. SouthKoreaSeoul 57 0.418 ± 0.093 13.27

20. TaiwanAmi 50 0.499 ± 0.073 5.76

21. TaiwanAtayal 50 0.373 ± 0.119 12.31

22. TaiwanHakka 45 0.447 ± 0.112 13.00

23. TaiwanMinnan 50 0.468 ± 0.109 12.65

24. TaiwanTsou 50 0.421 ± 0.115 17.43

25. TaiwanYami 40 0.434 ± 0.111 15.10

26. TurkeyBursa 60 0.495 ± 0.047 12.03

Locus GST* HT HS

IL-1A -889 0.099 0.520 0.469

IL-1B -511 0.051 0.630 0.598

IL-1B +3962 0.143 0.478 0.409

IL-1R psti1970 0.076 0.571 0.527

IL-1RN mspa11100 0.046 0.604 0.577

All loci 0.079 0.561 0.516



6

Basic Science

www.mjms.ukim.edu.mk

these SNPs did not vary between the Dutch and the
Czechs (34). Significant differences in allelic frequen-
cies among ethnic groups were reported (35). The IL-
1RN allele 2 was very rare in Koreans (frequency,
0.060). In addition, it was also found a significant
difference for the IL-1A (-889) and IL-1B (+3953)
polymorphisms in Koreans compared with Cauca-
sians (36). The frequency of IL-1RN 2-repeat allele was
significantly lower in Taiwanese than in Caucasians. In
contrast, the frequencies of the pro-inflammatory IL-1B
–511T allele and +3954C allele were significantly
higher among Taiwanese compared with Caucasians
(37).

In some countries, where large ethnic
populations exist in dense clusters, these observa-
tions should be taken into account when designing a
high impact association study. It is particularly impor-
tant to achieve accurate matched population profiling
in both, case control and cohorts, as small differences
can provide positive associations brought about by
ethnic mismatch rather than disease susceptibility.

We found significant association between all
pair of loci (LD had p less than 0.05), except for IL-1R
psti 1970 which was not significantly associated with
any of the IL-1 cluster loci. Haplotype frequencies
estimated for IL-1 cluster loci have shown 27 haplotypes,
from 32 possible, meaning that 5 haplotypes of IL-1
cluster genes are not present in Macedonian popula-
tion. The most frequent haplotypes were CCCCT
(0.191), and CTCCT (0.127); and most rare haplotypes
were TCTTT (0.003), and CTTCC (0.002).

Published results indicated that after the expo-
sure to LPS, whole blood leukocytes from subjects
with the homozygous IL-1B haplotype -1470G, -511C,
and -31T (GCT) produced more IL-1b in vitro than those
from subjects with haplotype -1470C, -511T, and -31C
(CTC) and that the transcriptional activity of the haplo-
type GCT was also higher than that of the haplotype
CTC (38). It is suggested that the haplotypes of the IL-
1B promoter influence the expression and transcrip-
tional activity of the IL-1B gene and that the upregulation
of IL-1B gene expression after LPS exposure in sub-
jects with haplotype GCT may be due to an increased
transcriptional activity of that haplotype (38). Since the
effect of IL-1B polymorphisms on IL-1b production is
still controversial, two polymorphisms were selected
to test their cis-acting effect on IL-1b mRNA expres-
sion by means of the allele-specific transcript quanti-
fication and the haplotype analysis. As for the C-31T
polymorphism, it was found that expression of the -31T
allele was 2.2 times greater then that of the -31C allele.
This higher transcription efficiency may correspond to
the fact that C-31T is located in a TATA box. The other
polymorphism, C+3954T, did not alter the levels of
transcription (39).

Under treatment with 10-4M prednisolone, the
levels of IL-1b protein production stimulated by LPS in
PBMC extracted from the subjects with the IL-1B TT-
31, TC-31, and CC-31 genotypes were suppressed to
6.0±3.4%, 31.4±57.0%, and 87.7±84.8%, respectively,
of the level in prednisolone-untreated control cells (TT-
31 vs. CC-31, p<0.05). Glucocorticoid-based anti-
inflammatory therapy might be less effective in pa-
tients with the IL-1B TC-31 and CC-31 genotypes than
those with the TT-31 genotype (40).

In general, an understanding of which markers
are in strong linkage disequilibrium allows for the more
rational design of genetic studies. In the IL-1 system
in particular, where alleles of different IL-1 genes may
act in concert to determine an overall inflammatory
phenotype, knowledge of the existing disequilibria is
vital to our understanding of which allele combinations
are important in disease.

Figure 1: Neighbor-Joining phylogenetic tree, constructed
on the basis of standard genetic distances of IL-1 gene
cluster, shows the relations between Macedonian and
other populations (www.allelefrequencies.net) (Middleton
et al., 2003).
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We report here, for the first time, genetic dis-
tances of IL-1 gene cluster polymorphism for 26
populations, deposited on the allelefrequencies.net
(32), and they group in several clusters: Taiwan
populations on the bottom of the tree, and European
populations on the top of the tree. Macedonian popu-
lation is situated in the same cluster with the popula-
tion of ItalyTorino, between the cluster of European
populations and cluster with Iranian populations. One
could speculate that diferent selective pressures in
the past might have contributed to the population
positions in the clusters.

In summary, the results of IL-1 cluster alleles,
genotypes, estimated haplotypes, and linkage dis-
equilibrium in Macedonian population are similar with
the published data for cytokine polymorphism, and can
be used for anthropological comparisons, as well for
association studies with different diseases.

Acknowledgements

This research is part of the project “Molecular
analysis of cytokine gene polymorphisms in the Republic
of Macedonia” supported by the Ministry of Education and
Science from Republic of Macedonia (Project No. 087405).
We would like to gratefully acknowledge Prof. G. Opelz and
Dr. J. Mytilineos from the Institute of Immunology, Depart-
ment of Transplantation Immunology, University of
Heidelberg, Heidelberg, Germany for kindly supplying the
Heidelberg PCR-SSP kit reagents in this project. For
sample collection, technical support, and laboratory di-
rection, we thank Elena Zaharieva.

References
1. Dunn E, Sims JE, Nicklin MJH, O’Neill LAJ. Annotating
genes with potential roles in the immune system: six
new members of the IL-1 family. Trends Immunol,
2001;22:533-536. doi:10.1016/S1471-4906(01)02034-8
PMID:11574261

2. Lin H, Ho AS, Haley-Vicente D, Zhang J, Bernal-Fussell
J, Pace AM, et al. Cloning and characterization of IL-1HY2,
a novel interleukin-1 family member. J Biol Chem.
2001;276(23):20597-602. doi:10.1074/jbc.M010095200
PMID:11278614

3. Smith DE, Renshaw BR, Ketchem RR, Kubin M, Garka
KE, Sims JE. Four new members expand the interleukin-
1 superfamily. J Biol Chem. 2000;275(2):1169-75.
doi:10.1074/jbc.275.2.1169 PMID:10625660

4. Sims JE, Nicklin MJ, Bazan JF, Barton JL, Busfield SJ,
Ford JE, et al. A new nomenclature for IL-1-family genes.
Trends Immunol. 2001;22(10):536-7. doi:10.1016/S1471-
4906(01)02040-3 PMID:11574262

5. Dinarello CA. Biologic basis for interleukin-1 in dis-
ease. Blood. 1996;87: 2095–147. PMID: 8630372

6. Arend WP, Malyak M, Guthridge CJ, Gabay C. Interleukin-
1 receptor antagonist: role in biology. Annu Rev Immunol.
1998;16: 27–55. doi:10.1146/annurev.immunol.16.1.27
PMID:9597123

7. Wain HM, Bruford EA, Lovering RC, Lush MJ, Wright
MW, Povey S. Guidelines for human gene nomenclature.
Genomics. 2002;79(4):464-70. doi:10.1006/
geno.2002.6748 PMID:11944974

8. Eyre TA, Ducluzeau F, Sneddon TP, Povey S, Bruford
EA, Lush MJ. HUGO Gene Nomenclature Database, 2006
updates. Nucleic Acids Res. 2006;Jan 1;34 (Database
issue):D319-21. PMID: 16381876

9. Nicklin MJ, Barton JL, Nguyen M, FitzGerald MG, Duff
GW, Kornman K. A sequence-based map of the nine
genes of the human interleukin-1 cluster. Genomics.
2002;79(5):718-25. doi:10.1006/geno.2002.6751
PMID:11991722

10. Dale M, Nicklin MJ. Interleukin-1 receptor cluster: gene
organization of IL1R2, IL1R1, IL1RL2 (IL-1Rrp2), IL1RL1
(T1/ST2), and IL18R1 (IL-1Rrp) on human chromosome
2q. Genomics. 1999;57: 177-179. doi:10.1006/
geno.1999.5767 PMID:10191101

11. Kilpinen S, Huhtala H, Hurme M. The combination of
the interleukin-1alpha (IL-1alpha-889) genotype and the
interleukin-10 (IL-10 ATA) haplotype is associated with
increased interleukin-10 (IL-10) plasma levels in healthy
individuals. Eur Cytokine Netw. 2002;13(1):66-71. PMID:
11956022

12. Warle MC, Farhan A, Metselaar HJ, Hop WC, Perrey
C, Zondervan PE, et al. Are cytokine gene polymorphisms
related to in vitro cytokine production profiles? Liver
Transpl. 2003;9(2):170-81. doi:10.1053/jlts.2002.50014
PMID:12548511

13. Hoffmann SC, Stanley EM, Cox ED, DiMercurio BS,
Koziol DE, Harlan DM, et al. Ethnicity greatly influences
cytokine gene polymorphism distribution. Am J Trans-
plant. 2002;2(6):560-7. doi:10.1034/j.1600-
6143.2002.20611.x PMID:12118901

14. Louie LG, Silver, EW, Direskeneli GS, Schmelzer K,
Kearney FC, Crowley J et al. Worldwide variation in
cytokine genes. In: HLA 2002: immunobiology of the hu-
man MHC. Proceedings of the 13th International Histo-
compatibility Workshop and Congress. (ed. by J.A.
Hansen & B. Dupont). IHWG Press, Seattle, WA.

15. Trajkov D, Arsov T, Petlichkovski A, Strezova A, Efinska-
Mladenovska O, Spiroski M. Cytokine gene
polymorphisms in population of ethnic Macedonians.
Croat Med J. 2005;46(4):685-92. PMID: 16100774

16. Towner P. Purification of DNA. Essential Molecular
Biology (ed.T.A.Brown). Oxford University Press, Oxford,
1995:47-54.

17. Spiroski M, Arsov T, Petlichkovski A, Strezova A, Trajkov

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11574261&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11278614&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=10625660&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11574262&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=8630372&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=9597123&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11944974&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16381876&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11991722&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=10191101&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11956022&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11956022&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12548511&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12118901&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16100774&dopt=Abstract
http://dx.doi.org/10.1016/S1471-4906(01)02034-8
http://dx.doi.org/10.1074/jbc.M010095200
http://dx.doi.org/10.1074/jbc.275.2.1169
http://dx.doi.org/10.1016/S1471-4906(01)02040-3
http://dx.doi.org/10.1016/S1471-4906(01)02040-3
http://dx.doi.org/10.1146/annurev.immunol.16.1.27
http://dx.doi.org/10.1006/geno.2002.6748
http://dx.doi.org/10.1006/geno.2002.6748
http://dx.doi.org/10.1006/geno.2002.6751
http://dx.doi.org/10.1006/geno.1999.5767
http://dx.doi.org/10.1006/geno.1999.5767
http://dx.doi.org/10.1053/jlts.2002.50014
http://dx.doi.org/10.1034/j.1600-6143.2002.20611.x
http://dx.doi.org/10.1034/j.1600-6143.2002.20611.x


8

Basic Science

www.mjms.ukim.edu.mk

D, Efinska-Mladenovska O, et al. Case Study: Macedo-
nian Human DNA Bank (hDNAMKD) as a source for pub-
lic health Genetics. In: Health Determinants in the Scope
of New Public Health. Ed. by Georgieva L, Burazeri G.
Hans Jacobs Company: Sofia, 2005:33-44.

18. Tseng LH, Chen PJ, Lin MT, Singleton K, Martin EG,
Yen AH, et al. Simultaneous genotyping of single nucle-
otide polymorphisms in the IL-1 gene complex by multi-
plex polymerase chain reaction-restriction fragment length
polymorphism. J Immunol Methods. 2002;267:151-6.
doi:10.1016/S0022-1759(02)00165-5 PMID:12165436

19. Helmberg W, Lanzer G, Zahn R, Weinmayr B, Wagner
T, Albert E. Virtual DNA analysis—a new tool for combina-
tion and standardised evaluation of SSO, SSP and
sequencing-based typing results. Tissue Antigens.
1998;51(6):587-92. PMID: 9694350

20. 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. PMID:
12603054

21. Lancaster AK, Single RM, Solberg OD, Nelson MP,
Thomson G. PyPop update—a software pipeline for large-
scale multilocus population genomics. Tissue Antigens.
2007;69 Suppl 1:192-7. doi:10.1111/j.1399-
0039.2006.00769.x PMID:17445199

22. Single RM, Meyer D, Mack SJ, Lancaster A, Erlich HA,
Thomson G. (2007) 14th International HLA and Immuno-
genetics Workshop: report of progress in methodology,
data collection, and analyses. Tissue Antigens.
2007;69(Suppl 1):185-7. doi:10.1111/j.1399-
0039.2006.00767.x PMID:17445197

23. Guo S, Thomson E. Performing the exact test of Hardy
Weinberg proportion for multiple alleles. Biometrics.
1992;48:361. doi:10.2307/2532296 PMID:1637966

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

25. Watterson GA. The homozygozity test of neutrality.
Genetics. 1978;88(2): 405-17. PMID: 17248803

26. Slatkin M. An exact test for neutrality based on the
Ewens sampling distribution. Genet Res. 1994;64(1):71-
4. PMID: 7958833

27. Slatkin M, Excoffier L. Testing for linkage disequilib-
rium in genotypic data using the Expectation-Maximization
algorithm. Heredity. 1996;76 (Pt 4):377-83. doi:10.1038/
hdy.1996.55 PMID:8626222

28. Excoffier L, Slatkin M. Maximum-likelihood estimation
of molecular haplotype frequencies in a diploid popula-
tion. Molecular Biology & Evolution, 1995;12: 921-7. PMID:
7476138

29. Hedrick PW. Gametic disequilibrium measures: pro-
ceed with caution. Genetics. 1987;117(2):331-41. PMID:

3666445

30. Saitou N, Nei M. The neighbor-joining method: a new
method for reconstructing phylogenetic trees. Mol Biol
Evol. 1987;4:406-425. PMID: 3447015

31. Kumar S, Tamura K, and Nei M. MEGA3: Integrated
software for Molecular Evolutionary Genetics Analysis and
sequence alignment. Briefings in Bioinformatics.
2004;5:150-163. doi:10.1093/bib/5.2.150
PMID:15260895

32. Middleton D, Menchaca L, Rood H, Komerofsky R.
New allele frequency database: http://
www.allelefrequencies.net. Tissue Antigens.
2003;61(5):403-7. PMID: 12753660

33. Ness RB, Haggerty CL, Harger G, Ferrell R. Differen-
tial distribution of allelic variants in cytokine genes among
American Americans and white Americans. Am J
Epidemiol. 2004;160:1033-1038.doi:10.1093/aje/kwh325
PMID:15561982

34. Skorpil N, Kolesar L, Striz I, Lardy NM, Slavcev A.
Cytokine gene polymorphisms in the Dutch population.
Int J Immunogenet. 2007;34(2):87-90. doi:10.1111/j.1744-
313X.2007.00663.x PMID:17373932

35. Um JY, Kim HM. Frequencies of interleukin 1 gene
polymorphisms in Koreans. Clin Chem.
2003;49(12):2101-2. doi:10.1373/clinchem.2003.022855
PMID:14633889

36. Pyo CW, Hur SS, Kim YK, Choi HB, Hong YS, Kim DW,
et al. Polymorphisms of IL-1B, IL-1RN, IL-2, IL-4, IL-6, IL-
10, and IFN-gamma genes in the Korean population. Hum
Immunol. 2003;64(10):979-89. doi:10.1016/S0198-
8859(03)00173-3 PMID:14522096

37. Tseng LH, Chen PJ, Lin MT, Shau WY, Chaung SM,
Martin PJ, et al. Single nucleotide polymorphisms in intron
2 of the human interleukin-1 receptor antagonist (IL-1Ra)
gene: further definition of the IL-1 beta and IL-1Ra
polymorphisms in North American Caucasians and Tai-
wanese Chinese. Tissue Antigens. 2001;57(4):318-24.
d o i : 1 0 . 1 0 3 4 / j . 1 3 9 9 - 0 0 3 9 . 2 0 0 1 . 0 5 7 0 0 4 3 1 8 . x
PMID:11380940

38. Wen AQ, Wang J, Feng K, Zhu PF, Wang ZG, Jiang JX.
Effects of haplotypes in the interleukin 1beta promoter on
lipopolysaccharide-induced interleukin 1beta expression.
Shock. 2006;26(1):25-30. doi:10.1097/
01.shk.0000223125.56888.c7 PMID:16783194

39. Kimura R, Nishioka T, Soemantri A, Ishida T. Cis-
acting effect of the IL1B C-31T polymorphism on IL-1 beta
mRNA expression. Genes Immun. 2004;Nov;5(7):572-5.
PMID: 15356674

40. Markova S, Nakamura T, Makimoto H, Ichijima T,
Yamamori M, Kuwahara A et al. IL-1beta genotype-related
effect of prednisolone on IL-1beta production in human
peripheral blood mononuclear cells under acute inflam-
mation. Biol Pharm Bull. 2007;30(8):1481-7. doi:10.1248/
bpb.30.1481 PMID: 17666808

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12165436&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=9694350&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12603054&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12603054&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17445199&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17445197&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=1637966&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17248803&dopt=Abstrac
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=7958833&dopt=Abstrac
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=8626222&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=7476138&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=7476138&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=3666445&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=3666445&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=3447015&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15260895&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12753660&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15561982&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17373932&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=14633889&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=14522096&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11380940&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16783194&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15356674&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17666808&dopt=Abstract
http://dx.doi.org/10.1016/S0022-1759(02)00165-5
http://dx.doi.org/10.1111/j.1399-0039.2006.00769.x
http://dx.doi.org/10.1111/j.1399-0039.2006.00769.x
http://dx.doi.org/10.1111/j.1399-0039.2006.00767.x
http://dx.doi.org/10.1111/j.1399-0039.2006.00767.x
http://dx.doi.org/10.2307/2532296
http://dx.doi.org/10.1038/hdy.1996.55
http://dx.doi.org/10.1038/hdy.1996.55
http://dx.doi.org/10.1093/bib/5.2.150
http://dx.doi.org/10.1093/aje/kwh325
http://dx.doi.org/10.1111/j.1744-313X.2007.00663.x
http://dx.doi.org/10.1111/j.1744-313X.2007.00663.x
http://dx.doi.org/10.1373/clinchem.2003.022855
http://dx.doi.org/10.1016/S0198-8859(03)00173-3
http://dx.doi.org/10.1016/S0198-8859(03)00173-3
http://dx.doi.org/10.1034/j.1399-0039.2001.057004318.x
http://dx.doi.org/10.1097/01.shk.0000223125.56888.c7
http://dx.doi.org/10.1097/01.shk.0000223125.56888.c7
http://dx.doi.org/10.1248/bpb.30.1481
http://dx.doi.org/10.1248/bpb.30.1481

