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Abstract Numerous cytokines have been shown to par-

ticipate in the pathogenesis of type 1 diabetes (T1D). As gene

polymorphisms can influence cytokine production or

function, they may potentially contribute to genetic predis-

position to the disease. The aim of this study was therefore to

investigate the role of 22 single nucleotide polymorphisms

(SNPs) in 13 cytokine and cytokine receptor genes in genetic

susceptibility to T1D. Polymerase chain reaction with

sequence-specific primers was used to genotype cytokine

SNPs and HLA-DRB1 alleles in 151 diabetics and 140

healthy individuals of Slovak origin. Univariate analysis

showed that transforming growth factor (TGF)-b1 codon

10 TT homozygotes were significantly more susceptible to

developing T1D than C allele carriers (Pc = 0.0066, OR =

2.46). Furthermore, tumor necrosis factor (TNF)-a -308

A allele carriers were also significantly overrepresented

among the diabetics (Pc = 0.0031, OR = 2.62); however,

the association of the -308 A allele with T1D might be due

to its strong linkage disequilibrium with the susceptibility

allele HLA-DRB1*0301. An association was also found

with interleukin (IL)-6 -174 G/C and nt565 G/A SNPs;

however, its significance was lost when statistical correction

was applied. These data suggest that the TGF-b1 codon 10

SNP is among numerous genetic variations with small

individual effects on T1D development. Moreover, a possi-

ble role of TNF-a and IL-6 SNPs cannot be ruled out,

although their association with T1D was due to strong LD

with the HLA class II susceptibility allele or did not with-

stand statistical correction, respectively.

Keywords Cytokines � Interleukin-6 � Single nucleotide

polymorphisms � Transforming growth factor-b1 �
Tumor necrosis factor-a � Type 1 diabetes

Introduction

Type 1 diabetes (T1D) is one of the most common chronic

diseases in children and young adults and usually develops as

a result of progressive T cell-mediated autoimmune destruc-

tion of pancreatic b cells (American Diabetes Association

2004; Ichinose et al. 2007). To date, several susceptibility loci

have been identified on chromosomes 6p21 (HLA class II

genes), 11p15 (gene for insulin), 2q33 (CTLA4), 1p13

(PTPN22), 10p15 (IL2RA), 12q24 (with candidate genes

SH2B3, TRAFD1, and PTPN11), 12q13 (ERBB3), 16p13

(CLEC16A), 18p11 (PTPN2), 2q24 (IFIH1), 18q22 (CD226),
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and others to confer genetic risk for T1D (Barrett et al. 2009;

Smyth et al. 2006; Todd et al. 2007; Wellcome Trust Case

Control Consortium 2007). Potential candidates are also genes

encoding cytokines, molecules that play an important role in

the immunological process and inflammation resulting in the

destruction of pancreatic b cells (Ichinose et al. 2007; Yoon

and Jun 2005). Several studies have suggested that pro-

inflammatory cytokines and chemokines (IL-1, IL-6, IL-8,

TNF-a, and others), Th1 (IFN-c, LT, IL-2), and Th17 cyto-

kines (IL-17) may be responsible for destructive insulitis,

whereas Th2 (IL-4), Th3, Tr1, and Treg cytokines (IL-10 and

TGF-b) and cytokine antagonists (e.g. IL-1Ra) likely play a

protective role via suppressing the synthesis of Th1 and pro-

inflammatory cytokines (Rabinovitch 1998; Ichinose et al.

2007). In particular, IL-1b, IFN-c, and TNF-a are major

cytokines capable of inducing the apoptosis of insulin-

producing cells and mediating the inflammatory process in

Langerhans islets (Mauricio and Mandrup-Poulsen 1998;

Rabinovitch 1998). The role of pro-inflammatory cytokine

IL-6 is less clear and direct evidence for its deleterious and

cytotoxic effects on pancreatic b cells is still lacking

(Kristiansen and Mandrup-Poulsen 2005). IL-2 is another

attractive candidate for participation in T1D development, as

it is involved in the proliferation and activation of effector

CD4? and CD8? T cells. On the other hand, IL-2 also plays a

fundamental role in the development, survival, and function of

Foxp3? CD4? CD25? Treg cells. Thus the fine balance

between tolerance and autoimmunity may depend on an

optimal level of IL-2/IL-2R signaling (Dendrou and Wicker

2008; Wang et al. 2009).

Genome-wide association studies have recently identi-

fied an association between T1D and chromosome region

4q27, which harbors a few candidate genes, including IL2

(Cooper et al. 2008; Todd et al. 2007), providing further

support for a role of IL-2 in the pathogenesis of T1D.

Polymorphisms in the regulatory and coding regions of

cytokine genes have been shown to influence the level of

gene expression and in vivo cytokine production or to alter

the structure and function of cytokine molecules. In this

way they could contribute to genetic susceptibility and

development of the disease (Smith and Humphries 2009).

The aim of our study was to investigate the distribution

of 22 polymorphisms in 13 cytokine and cytokine receptor

genes (for IL-1a, IL-1b, IL-1RI, IL-1Ra, IL-4Ra, IL-12,

IFN-c, TGF-b1, TNF-a, IL-2, IL-4, IL-6, and IL-10) in

patients with T1D and healthy controls in order to under-

stand their role in susceptibility to the disease. The

selection of candidate genes was based on current knowl-

edge about the role of encoded molecules in the

pathogenesis of the disease and the investigated polymor-

phisms in their sequences have been reported to have

impact on cytokine expression or function (Smith and

Humphries 2009). Candidate gene association studies have

previously indicated possible association between T1D and

some of these single nucleotide polymorphisms (SNPs),

including IL-1b ?3962 T/C, TNF-a -308 G/A, IL-6 -174

G/C, IL-4Ra ?1902 G/A, and IL-10 -1082 G/A, -819 C/T,

and -592 C/A (reviewed by Bidwell et al. 1999, 2001;

Haukim et al. 2002; Hollegaard and Bidwell 2006). Further

replication studies and meta-analyses along with functional

analyses are, however, required to confirm the role of

cytokine SNPs in susceptibility to T1D.

Materials and Methods

Study Population

A total of two hundred and ninety-one unrelated Slovak

subjects of Caucasian origin were selected and included in

this study. The patient group consisted of 151 T1D cases

(median age: 26.0, range: 5–65 years, median age at dis-

ease onset: 14.0, range: 0–49 years), of whom 81 were men

(median age: 26.0, range: 5–65 years, median age at dis-

ease onset: 14.0, range: 0–46 years) and 70 were women

(median age: 28.0, range: 7–61 years, median age at dis-

ease onset: 14.0, range: 2–49 years). The diagnosis of T1D

was established by referring clinicians according to the

criteria of the American Diabetes Association (2004). All

patients required insulin for glycemic control at the time of

diagnosis and had serum C-peptide levels \0.16 nmol/l.

The control group comprised 140 unrelated healthy

subjects (66 men and 74 women, median age: 38.0, range:

21–80 years) with neither symptoms nor family history of

T1D and other autoimmune disorders. Informed consent

from the patients and controls as well as Comenius Uni-

versity Ethics Committee approval were obtained before

the study started.

Genotyping

Genomic DNA was extracted from whole blood with a

Chemagic Magnetic Separation Module I using the

Chemagic DNA Blood2k Kit (Chemagen Biopolymer-

Technologie AG, Baesweiler, Germany). Cytokine geno-

typing was performed by polymerase chain reaction with

sequence-specific primers (PCR-SSP) using a commercial

kit (Cytokine Genotyping Kit; Invitrogen Corp., Brown

Deer, WI, USA) developed for the cytokine polymorphism

component of the 13th International Histocompatibility

Workshop (http://www.ihwg.org/components/cytokine/cyt

over.htm). Information on the studied SNPs, including their

kit designations, dbSNP-IDs, aliases, and chromosome

location, is listed in Table 1. The HLA-DRB1 locus was

analyzed in 151 patients and 113 controls by PCR-SSP

using a commercially available kit (Dynal AllSet?TM SSP
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Kit; Dynal Biotech, Hamburg, Germany). PCR amplifica-

tions were carried out according to the manufacturers’

manuals using a PTC-200 Thermal Cycler (MJ Research,

Inc., Waltham, MA, USA).

Statistical Analysis

Observed and expected genotype frequencies of all the

SNPs were compared using the v2 test to test for their fit to

Hardy–Weinberg equilibrium. Fisher’s exact test was used

to compare allele, genotype, and haplotype frequencies

between patients and controls. P values were corrected by

Bonferroni’s method for multiple testing and the differ-

ences were considered statistically significant when the

corrected two-sided P value was less than 0.05. Odds ratios

(OR) and 95% confidence intervals (95% CI) were calcu-

lated to estimate the strength of the association. The

analyses were performed with InStat statistical software

(GraphPad Software, Inc., San Diego, CA, USA). To test

for linkage disequilibrium (LD) between HLA-DRB1*0301

and TNF-a -308 A (TNF2) alleles, D, D0, v2, and P values

were calculated using the Arlequin 3.1 software (Excoffier

et al. 2005). Power analysis for each investigated SNP was

performed according to protocols described elsewhere

(Uitenbroek 1997).

Results

The genotype distributions of all the polymorphic cytokine

genes followed the Hardy–Weinberg distribution and no

deviation from HW equilibrium was observed either in the

patient or in the control group. Analysis of the 22 cytokine

SNPs revealed marked differences in allele, genotype, and

haplotype distribution between patients and controls only

in the TGF-b1 codon 10 T/C, TNF-a -308 G/A, IL-6 -174

G/C, and IL-6 nt565 G/A polymorphisms (Tables 2, 3, 4). We

found significantly increased frequency of TGF-b1 codon 10

TT homozygotes among the patients (50.67 vs. 29.50%,

Pc = 0.0066, OR = 2.46) and, similarly, the proportion of

TNF-a -308 A allele carriers (AA ? AG genotypes) was

also higher in the T1D group than in the controls (45.70 vs.

24.28%, Pc = 0.0031, OR = 2.62). However, LD testing

revealed strong LD between the -308 A allele (also known as

TNF2) and the HLA-DRB1*0301 allele in both patients

(D0 = 0.746, v2 = 149.12, P \ 0.00001) and controls

(D0 = 0.869, v2 = 80.51, P \ 0.00001). HLA-DRB1*0301

acts a strong susceptibility allele and its occurrence was sig-

nificantly increased among the diabetics compared with the

healthy controls (27.48 vs. 7.96%, Pc \ 0.01, OR = 4.38).

Finally, the IL-6 -174 C allele and nt565 A allele carriers

were also overrepresented in the T1D patients; however, these

Table 1 List of the investigated cytokine SNPs (modified from Kleinrath et al. 2007; Gallo et al. 2009)

Cytokine

gene

Chromosome

location

SNP designation

in the kit

dbSNP-ID Other designations Function

IL1A 2q13–q21 -889 T/C rs1800587 IL-1a NcoI 50-UTR

IL1B 2q13–q21 -511 C/T rs16944 IL-1b AvaI Promoter

IL1B 2q13–q21 ?3962 T/C rs1143634 ?3954 Coding/synonymous

IL1R1 2q13–q21 pst1 1970 C/T rs2234650 IL-1R1 PstI Distal promoter

IL1RN 2q13–q21 mspa1 11100 T/C rs315952 Coding/synonymous

IL4RA 16p11–p12 ?1902 G/A rs1801275 Gln576Arg Coding/missense

IL12B 5q31–33 -1188 C/A rs3212227 1188 30-UTR

IFNG 12q24 ?874 A/T rs2430561 Intron

TGFB1 19q13 codon 10 T/C rs1800470 ?868 Coding/missense

TGFB1 19q13 codon 25 G/C rs1800471 ?915 Coding/missense

TNFA 6p21 -308 G/A rs1800629 Promoter

TNFA 6p21 -238 G/A rs361525 Promoter

IL2 4q27 -330 T/G rs2069762 Promoter

IL2 4q27 ?166 G/T rs2069763 Coding/synonymous

IL4 5q31–q33 -1098 T/G rs2243248 Promoter

IL4 5q31–q33 -590 C/T rs2243250 -589, -524 Promoter

IL4 5q31–q33 -33 C/T rs2070874 50-UTR

IL6 7p21 -174 G/C rs1800795 Promoter

IL6 7p21 nt565 G/A rs1800797 -597 Promoter

IL10 1q31–q32 -1082 G/A rs1800896 -1117 Promoter

IL10 1q31–q32 -819 C/T rs1800871 -854 Promoter

IL10 1q31–q32 -592 C/A rs1800872 -627 Promoter
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Table 2 Allele frequencies of the investigated cytokine polymorphisms in the patients with T1D and the healthy controls

Polymorphism Allele T1D (n = 151) Controls (n = 140) P Pc OR 95% CI

IL-1a -889 C 216 (71.52) 204 (74.45) n.s. n.s. 0.862 0.60–1.25

T 86 (28.48) 70 (25.55) 1.160 0.80–1.68

IL-1b -511 C 205 (67.88) 195 (69.64) n.s. n.s. 0.921 0.65–1.31

T 97 (32.12) 85 (30.36) 1.086 0.76–1.54

IL-1b ?3962 C 227 (75.17) 209 (74.64) n.s. n.s. 1.028 0.71–1.50

T 75 (24.83) 71 (25.36) 0.973 0.67–1.42

IL-1R1 pst1 1970 C 194 (64.24) 174 (62.14) n.s. n.s. 1.094 0.78–1.53

T 108 (35.76) 106 (37.86) 0.914 0.65–1.28

IL-1Ra mspa1 11100 C 104 (34.44) 97 (34.46) n.s. n.s. 0.991 0.71–1.39

T 198 (65.56) 183 (65.36) 1.009 0.72–1.42

IL-4Ra ?1902 A 233 (77.15) 211 (76.45) n.s. n.s. 1.040 0.71–1.53

G 69 (22.85) 65 (23.55) 0.961 0.65–1.42

IL-12 -1188 A 237 (78.48) 215 (77.34) n.s. n.s. 1.068 0.72–1.58

C 65 (21.52) 63 (22.66) 0.936 0.63–1.39

IFN-c ?874 A 163 (54.33) 149 (53.21) n.s. n.s. 1.046 0.76–1.45

T 137 (45.67) 131 (46.79) 0.956 0.69–1.33

TGF-b1 codon 10 C 90 (30.41) 125 (44.96) 0.0004 0.0087 0.535 0.38–0.75

T 206 (69.59) 153 (55.04) 1.870 1.33–2.63

TGF-b1 codon 25 C 11 (3.72) 22 (7.91) 0.0326 n.s. 0.449 0.21–0.95

G 285 (96.28) 256 (92.09) 2.227 1.06–4.68

TNF-a -308 A 76 (25.17) 37 (13.21) 0.0003 0.0074 2.209 1.43–3.40

G 226 (74.83) 243 (86.79) 0.453 0.29–0.70

TNF-a -238 A 12 (3.97) 11 (3.93) n.s. n.s. 1.012 0.44–2.33

G 290 (96.03) 269 (96.07) 0.988 0.43–2.28

IL-2 -330 G 102 (33.77) 87 (31.52) n.s. n.s. 1.108 0.78–1.57

T 200 (66.23) 189 (68.48) 0.903 0.64–1.28

IL-2 ?166 G 198 (65.56) 174 (63.04) n.s. n.s. 1.116 0.79–1.57

T 104 (34.44) 102 (36.96) 0.896 0.64–1.26

IL-4 -1098 G 14 (4.64) 23 (8.21) n.s. n.s. 0.543 0.27–1.08

T 288 (95.36) 257 (91.79) 1.841 0.93–3.65

IL-4 -590 C 248 (82.12) 229 (81.79) n.s. n.s. 1.023 0.67–1.56

T 54 (17.88) 51 (18.21) 0.978 0.64–1.49

IL-4 -33 C 248 (82.12) 229 (81.79) n.s. n.s. 1.023 0.67–1.56

T 54 (17.88) 51 (18.21) 0.978 0.64–1.49

IL-6 -174 C 147 (48.68) 108 (38.57) 0.0154 n.s. 1.510 1.09–2.10

G 155 (51.32) 172 (61.43) 0.662 0.48–0.92

IL-6 nt565 A 145 (48.01) 103 (36.79) 0.0072 n.s. 1.587 1.14–2.21

G 157 (51.99) 177 (63.21) 0.630 0.45–0.88

IL-10 -1082 A 166 (54.97) 159 (56.79) n.s. n.s. 0.929 0.67–1.29

G 136 (45.03) 121 (43.21) 1.077 0.78–1.49

IL-10 -819 C 238 (78.81) 205 (72.21) n.s. n.s. 1.361 0.93–1.99

T 64 (21.19) 75 (26.79) 0.735 0.50–1.08

IL-10 -592 A 64 (21.19) 75 (26.79) n.s. n.s. 0.735 0.50–1.08

C 238 (78.81) 205 (72.21) 1.361 0.93–1.99

Allelic frequencies are presented as absolute numbers with percentages in parentheses

Pc corrected P value, OR odds ratio, CI confidence interval, n.s. not significant
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Table 3 Genotype frequencies of the investigated cytokine polymorphisms in the patients with T1D and the healthy controls

Polymorphism Genotype T1D (n = 151) Controls (n = 140) P Pc OR 95% CI

IL-1a -889 CC 77 (50.99) 76 (55.47) n.s. n.s. 0.835 0.52–1.33

CT 62 (41.06) 52 (37.96) n.s. n.s. 1.139 0.71–1.83

TT 12 (7.95) 9 (6.57) n.s. n.s. 1.228 0.51–3.01

IL-1b -511 CC 72 (47.68) 69 (49.29) n.s. n.s. 0.938 0.59–1.49

CT 61 (40.40) 57 (40.71) n.s. n.s. 0.987 0.62–1.58

TT 18 (11.92) 14 (10.00) n.s. n.s. 1.218 0.58–2.55

IL-1b ?3962 CC 86 (56.95) 81 (57.86) n.s. n.s. 0.964 0.61–1.54

CT 55 (36.42) 47 (33.57) n.s. n.s. 1.134 0.70–1.84

TT 10 (6.62) 12 (8.57) n.s. n.s. 0.757 0.32–1.81

IL-1R1 pst1 1970 CC 64 (42.38) 53 (37.86) n.s. n.s. 1.208 0.76–1.93

CT 66 (43.71) 68 (48.57) n.s. n.s. 0.822 0.52–1.31

TT 21 (13.91) 19 (13.57) n.s. n.s. 1.029 0.53–2.01

IL-1Ra mspa1 11100 CC 19 (12.58) 21 (15.00) n.s. n.s. 0.816 0.42–1.59

CT 66 (43.71) 55 (39.29) n.s. n.s. 1.200 0.75–1.92

TT 66 (43.71) 64 (45.71) n.s. n.s. 0.922 0.58–1.47

IL-4Ra ?1902 AA 91 (60.27) 82 (59.42) n.s. n.s. 1.036 0.65–1.66

AG 51 (33.77) 47 (34.06) n.s. n.s. 0.987 0.61–1.61

GG 9 (5.96) 9 (6.52) n.s. n.s. 0.909 0.35–2.36

IL-12 -1188 AA 91 (60.27) 85 (61.15) n.s. n.s. 0.964 0.60–1.55

AC 55 (36.42) 45 (32.37) n.s. n.s. 1.197 0.74–1.95

CC 5 (3.31) 9 (6.48) n.s. n.s. 0.495 0.16–1.51

IFN-c ?874 AA 46 (30.67) 41 (29.28) n.s. n.s. 1.068 0.65–1.77

AT 71 (47.33) 67 (47.86) n.s. n.s. 0.979 0.62–1.55

TT 33 (22.00) 32 (22.86) n.s. n.s. 0.952 0.55–1.65

TGF-b1 codon 10 CC 17 (11.49) 27 (19.42) n.s. n.s. 0.538 0.28–1.04

CT 56 (37.84) 71 (51.08) 0.0321 n.s. 0.583 0.36–0.93

TT 75 (50.67) 41 (29.50) 0.0003 0.0066 2.456 1.51–3.99

TGF-b1 codon 25 CC 0 (0.00) 0 (0.00) – – – –

CG 11 (7.43) 22 (15.83) 0.0276 n.s. 0.427 0.20–0.92

GG 137 (92.57) 117 (84.17) 0.0276 n.s. 2.342 1.09–5.03

TNF-a -308 AA 7 (4.64) 3 (2.14) n.s. n.s. 2.220 0.56–8.76

AG 62 (41.06) 31 (22.14) 0.0007 0.0144 2.449 1.47–4.10

GG 82 (54.30) 106 (75.72) 0.0001 0.0031 0.381 0.23–0.63

TNF-a -238 AA 0 (0.00) 0 (0.00) – – – –

AG 12 (7.95) 11 (7.86) n.s. n.s. 1.012 0.43–2.38

GG 139 (92.05) 129 (92.14) n.s. n.s. 0.988 0.42–2.32

IL-2 -330 GG 16 (10.60) 16 (11.59) n.s. n.s. 0.904 0.43–1.89

GT 70 (46.36) 55 (39.86) n.s. n.s. 1.304 0.82–2.08

TT 65 (43.04) 67 (48.55) n.s. n.s. 0.801 0.51–1.27

IL-2 ?166 GG 64 (42.38) 56 (40.58) n.s. n.s. 1.077 0.67–1.72

GT 70 (46.36) 62 (44.93) n.s. n.s. 1.059 0.67–1.68

TT 17 (11.26) 20 (14.49) n.s. n.s. 0.749 0.38–1.50

IL-4 -1098 GG 0 (0.00) 1 (0.71) n.s. n.s. 0.307 0.01–7.60

GT 14 (9.27) 21 (15.00) n.s. n.s. 0.579 0.28–1.19

TT 137 (90.73) 118 (84.29) n.s. n.s. 1.824 0.89–3.73

IL-4 -590 CC 103 (68.21) 94 (67.14) n.s. n.s. 1.050 0.64–1.72

CT 42 (27.82) 41 (29.29) n.s. n.s. 0.930 0.56–1.55

TT 6 (3.97) 5 (3.57) n.s. n.s. 1.117 0.33–3.75
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Table 4 Haplotype frequencies of the TGF-b, TNF-a, IL-2, IL-4, IL-6, and IL-10 polymorphisms in the patients with T1D and the healthy

controls

Gene Haplotype T1D (n = 151) Controls (n = 140) P Pc OR 95% CI

TGF-b1 TG 206 (69.59) 153 (55.04) 0.0004 0.0087 1.870 1.33–2.63

CG 79 (26.69) 103 (37.05) 0.0092 n.s. 0.619 0.43–0.88

CC 11 (3.72) 22 (7.91) 0.0326 n.s. 0.449 0.21–0.95

TNF-a GG 214 (70.86) 232 (82.86) 0.0008 0.0181 0.503 0.39–0.75

AG 76 (25.17) 37 (13.21) 0.0003 0.0074 2.209 1.43–3.40

GA 12 (3.97) 11 (3.93) n.s. n.s. 1.012 0.44–2.33

IL-2 TT 104 (34.44) 102 (36.96) n.s. n.s. 0.896 0.64–1.26

TG 96 (31.79) 87 (31.52) n.s. n.s. 1.012 0.71–1.44

GG 102 (33.77) 87 (31.52) n.s. n.s. 1.108 0.78–1.57

IL-4 GCC 14 (4.64) 23 (8.21) n.s. n.s. 0.543 0.27–1.08

TCC 234 (77.48) 206 (73.58) n.s. n.s. 1.236 0.85–1.81

TTT 54 (17.88) 51 (18.21) n.s. n.s. 0.978 0.64–1.49

IL-6 CA 145 (48.01) 103 (36.79) 0.0072 n.s. 1.587 1.14–2.21

CG 2 (0.66) 5 (1.79) n.s. n.s. 0.367 0.07–1.91

GG 155 (51.32) 172 (61.43) 0.0154 n.s. 0.662 0.48–0.92

IL-10 GCC 136 (45.03) 121 (43.21) n.s. n.s. 1.077 0.78–1.49

ACC 102 (33.78) 84 (30.00) n.s. n.s. 1.190 0.84–1.69

ATA 64 (21.19) 75 (26.79) n.s. n.s. 0.735 0.50–1.08

TGF-b1 haplotypes were formed by alleles of codon 10 and 25 SNPs; TNF-a haplotypes by -308 and -238 SNPs; IL-2 haplotypes by -330 and

?166 SNPs; IL-4 haplotypes by -1098, -590 and -33 SNPs; IL-6 haplotypes by -174 and nt565 SNPs; IL-10 haplotypes by -1082, -819 and

-592 SNPs

Haplotype frequencies are presented as absolute numbers with percentages in parentheses

Pc corrected P value, OR odds ratio, CI confidence interval, n.s. not significant

Table 3 continued

Polymorphism Genotype T1D (n = 151) Controls (n = 140) P Pc OR 95% CI

IL-4 -33 CC 103 (68.21) 94 (67.14) n.s. n.s. 1.050 0.64–1.72

CT 42 (27.82) 41 (29.29) n.s. n.s. 0.930 0.56–1.55

TT 6 (3.97) 5 (3.57) n.s. n.s. 1.117 0.33–3.75

IL-6 -174 CC 31 (20.53) 21 (15.00) n.s. n.s. 1.464 0.80–2.69

CG 85 (56.29) 66 (47.14) n.s. n.s. 1.444 0.91–2.29

GG 35 (23.18) 53 (37.86) 0.0074 n.s. 0.495 0.30–0.82

IL-6 nt565 AA 31 (20.53) 18 (12.86) n.s. n.s. 1.751 0.93–3.30

AG 83 (54.97) 67 (47.86) n.s. n.s. 1.330 0.84–2.11

GG 37 (24.50) 55 (39.28) 0.0080 n.s. 0.502 0.30–0.83

IL-10 -1082 AA 51 (33.78) 49 (35.00) n.s. n.s. 0.947 0.58–1.54

AG 64 (42.38) 61 (43.57) n.s. n.s. 0.953 0.60–1.52

GG 36 (23.84) 30 (21.43) n.s. n.s. 1.148 0.66–1.99

IL-10 -819 CC 92 (60.93) 77 (55.00) n.s. n.s. 1.276 0.80–2.04

CT 54 (35.76) 51 (36.43) n.s. n.s. 0.972 0.60–1.57

TT 5 (3.31) 12 (8.57) n.s. n.s. 0.365 0.13–1.07

IL-10 -592 AA 5 (3.31) 12 (8.57) n.s. n.s. 0.365 0.13–1.07

AC 54 (35.76) 51 (36.43) n.s. n.s. 0.972 0.60–1.57

CC 92 (60.93) 77 (55.00) n.s. n.s. 1.276 0.80–2.04

Genotype frequencies are presented as absolute numbers with percentage in parentheses

Pc corrected P value, OR odds ratio, CI confidence interval, n.s. not significant
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differences lost their significance when statistical correction

was applied.

Discussion

This case–control study aimed to investigate the role of

specific cytokine and cytokine receptor gene polymor-

phisms in genetic susceptibility to T1D. Our results suggest

that SNPs in genes for the anti-inflammatory cytokine

TGF-b1 and pro-inflammatory TNF-a may be associated

with the development of the disease. Moreover, evidence

of a weak association was also found with two polymor-

phisms in IL-6 gene, although it lost its significance after

statistical correction.

The first SNP significantly associated with T1D in this

study was a T/C substitution at position ?869 (codon 10,

rs1800470 a.k.a. rs1982073) in exon 1 of the gene encod-

ing TGF-b1 located on chromosome 19q13 (Cambien et al.

1996). Homozygotes for the T allele were at significantly

increased risk of developing T1D compared with those

carrying codon 10 C allele. The C allele was repeatedly

associated with increased TGF-b1 production, resulting

from a leucine-to-proline substitution in the signal amino-

acid sequence of the protein (Cambien et al. 1996; Dunning

et al. 2003; Yamada et al. 1998; Yokota et al. 2000). As an

immunosuppressive and regulatory cytokine produced by

numerous cells, including Th3 and Treg subsets, TGF-b1

could possibly prevent or slow down the autoimmune-

mediated destruction of pancreatic Langerhans islets,

leading to an absolute lack of insulin production (Ichinose

et al. 2007; Richer et al. 2008). We speculate that carriage

of two copies of the T allele may contribute to suscepti-

bility to T1D via reduced production of the anti-

inflammatory TGF-b1. Until now, only one study has

indicated a possible role of the codon 10 SNP in suscep-

tibility to T1D (Jahromi et al. 2010). In contrast to our

study, the authors found significant association of TC

genotype, but not TT, with the disease. Although both

studies suggest a role of this SNP in the predisposition to

developing T1D, further investigations are necessary to

replicate or question these results.

A SNP in the gene encoding tumor necrosis factor-a was

another polymorphism associated with T1D. TNF-a is a

cytokine with distinct cytostatic effects on pancreatic

b cells, including inhibition of insulin synthesis and secre-

tion. In cooperation with IL-1b and IFN-c, TNF-a also

participates in the destruction of insulin-producing cells by

inducing their apoptosis and mediating the inflammatory

process in Langerhans islets (Mauricio and Mandrup-Poulsen

1998; Rabinovitch 1998). We found that A allele carriers

of the TNFA -308 G/A SNP (rs1800629) were significantly

more prone to develop T1D than GG homozygotes.

As the variant A allele (TNF2) was repeatedly associated

with higher transcriptional activity and TNF-a production

(Kroeger et al. 1997; Wilson et al. 1997), this effect on

TNF-a production may be a possible explanation for a

mechanism by which this SNP contributes to T1D develop-

ment. Our result is in line with the outcomes of several

studies reporting significantly increased frequencies of TNF2

in T1D patients in different European populations, including

the neighboring Polish and Hungarian populations (Cox et al.

1994; Deja et al. 2006; Krikovszky et al. 2002; Noble et al.

2006; Pociot et al. 1993). In addition, this association was

also confirmed by a meta-analysis in both Caucasian and

Asian populations (Feng et al. 2009). Strong LD between

TNF2 and HLA-DRB1*0301 alleles was also found in the

present study, which indicates that the association of this

TNF-a variation may actually not be independent. Moreover,

several other polymorphisms within the TNFA gene may also

confer/modify the risk for T1D, including TNFa microsat-

ellite (Törn et al. 2006) or -1031 T/C, -863 C/A, and -857

C/T SNPs (Hamaguchi et al. 2000).

Finally, distinct differences in allele, genotype, and

haplotype distribution between patients and controls were

also found for the -174 G/C (rs1800795) and nt565 G/A

(rs1800797) polymorphisms in the gene for IL-6. IL-6 is a

pleiotropic cytokine with important proinflammatory and

regulatory roles that participates in the pathogenesis of

several autoimmune diseases, such as rheumatoid arthritis

and inflammatory bowel disease (Ishihara and Hirano

2002; Kristiansen and Mandrup-Poulsen 2005; Naugler and

Karin 2008). Its role in the pathogenesis of T1D remains,

however, unclear and direct evidence for its deleterious and

cytotoxic effects on pancreatic b cells is lacking (Kris-

tiansen and Mandrup-Poulsen 2005). Moreover, some

studies have indicated a protective effect of IL-6 on cyto-

kine-induced b-cell death and function impairment in NOD

mice (DiCosmo et al. 1994; Choi et al. 2004). In the

present study, carriers of the IL-6 -174 C and nt565 A

alleles were at increased risk of developing T1D, although

the significance of this association disappeared after con-

servative statistical correction. Both alleles were in almost

complete LD, generating the susceptibility haplotype -174

C/nt565 A. Genetic studies on IL-6 SNPs have so far

delivered inconsistent evidence of their association with

T1D (for reviews, see Kristiansen and Mandrup-Poulsen

2005; Cooper et al. 2007). Our results are in contrast with

one of the first case–control studies on the IL-6 -174 G/C

SNP, which identified GG homozygotes as those at

increased risk of T1D (Jahromi et al. 2000). On the other

hand, they are in line with the results of a recent study in

the neighboring Polish population (Myśliwiec et al. 2008)

as well as a large-scale UK case–control study (Cooper

et al. 2007), both showing a weak positive association

of the -174 C allele with T1D. Hence we suggest that IL-6
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-174 G/C polymorphism may be among numerous genetic

variations with modest effects on T1D development. In

light of our insufficient knowledge about the role of IL-6 in

the pathogenesis of T1D as well as the functional effect of

the -174 G/C SNP, the exact mechanism by which this

promoter polymorphism participates in the genetic deter-

mination of T1D has yet to be elucidated.

Limitations of the Study

Although the number of subjects in both the patient and

control groups was comparable to those in similar studies

in neighboring populations, it may still be argued that our

study suffers from relatively small sample sizes. The sta-

tistical power to detect association at the 5% type I error

rate with the given numbers of patients and controls was

84% for the TGF-b1 codon 10 T/C SNP, 85% for TNF-a
-308 G/A, 57% for IL-6 -174 C/G, and 64% for IL-6

nt565 G/A SNP. Hence suboptimal sample sizes must be

considered as the major limitation of the present study.

We are also aware that population stratification (PS) and

cryptic relatedness (CR) are among the important sources

of genetic confounding. Therefore we carefully excluded

all first-degree relatives as well as any ethnic and racial

minorities from our study. Previous comparisons of the

allele frequencies of all the 22 SNPs in the Slovak popu-

lation with those found in other Central and Western

European populations revealed no significant differences

(Javor et al. 2007; Kubistova et al. 2006), which indicates

that the cytokine SNP distribution is homogenous in this

region. Therefore, any unintentional sporadic occurrence of

individuals from other European Caucasoid populations in

our samples should have negligible effect on the outcome.

However, as no further analyses were performed to address

the problem of PS and CR, we cannot fully exclude their

impact on the outcome of this study. This can therefore

also be considered as one of the shortcomings of the study.

In our work we only focused on selected SNPs within

cytokine genes and did not perform a complete assessment

of all genetic variations at each locus. Therefore a possible

role of polymorphisms other than those identified in our

study cannot be ruled out. Future complex studies on

candidate cytokine genes with haplotype analyses are

required to fully understand the role of genetic variations

and their interactions in genetic predisposition to T1D.

In conclusion, our results suggest that a T/C polymor-

phism at position ?869 (codon 10) in the gene encoding

TGF-b1 may contribute to the complex genetic predispo-

sition to T1D. We have also confirmed a previously

reported association of TNF-a -308 G/A with T1D;

however, this may reflect the existence of a strong LD

pattern within the HLA region rather than its actual role

in susceptibility to T1D. Finally, despite the loss of

significance after strict statistical correction, a possible role

of the IL-6 -174 G/C and nt565 SNPs also cannot be ruled

out, especially in consideration of the results of other

studies reported previously. Advances in understanding the

genetic factors underlying immunological processes that

lead to the development of the auto-destructive process in

pancreatic Langerhans islets promise future improvements

in the prediction, prevention, and therapy of T1D.
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Deja G, Jarosz-Chobot P, Polańska J et al (2006) Is the association

between TNF-a-308 A allele and DMT1 independent of HLA-

DRB1, DQB1 alleles? Mediators Inflamm 2006:19724

Dendrou CA, Wicker LS (2008) The IL-2/CD25 pathway determines

susceptibility to T1D in humans and NOD mice. J Clin Immunol

28:685–696

DiCosmo BF, Picarella D, Flavell RA (1994) Local production of

human IL-6 promotes insulitis but retards the onset of insulin-

dependent diabetes mellitus in non-obese diabetic mice. Int

Immunol 6:1829–1837

Dunning AM, Ellis PD, McBride S et al (2003) A transforming

growth factorbeta1 signal peptide variant increases secretion in

vitro and is associated with increased incidence of invasive

breast cancer. Cancer Res 63:2610–2615

Excoffier L, Laval G, Schneider S (2005) Arlequin ver. 3.0.: an

integrated software package for population genetics data anal-

ysis. Evol Bioinform Online 1:47–50

Feng RN, Li Y, Sun CH (2009) TNF 308 G/A polymorphism and type

1 diabetes: a meta-analysis. Diabetes Res Clin Pract 85:e4–e7

392 Arch. Immunol. Ther. Exp. (2010) 58:385–393



Gallo J, Mrazek F, Petrek M (2009) Variation in cytokine genes can

contribute to severity of acetabular osteolysis and risk for

revision in patients with ABG 1 total hip arthroplasty: a genetic

association study. BMC Med Genet 10:109

Hamaguchi K, Kimura A, Seki N et al (2000) Analysis of tumor

necrosis factor-a promoter polymorphism in type 1 diabetes:

HLA-B and -DRB1 alleles are primarily associated with the

disease in Japanese. Tissue Antigens 55:10–16

Haukim N, Bidwell JL, Smith AJP et al (2002) Cytokine gene

polymorphisms in human disease: on-line databases, Supplement

2. Genes Immun 3:313–330

Hollegaard MV, Bidwell JL (2006) Cytokine gene polymorphism in

human disease: on-line databases, Supplement 3. Genes Immun

7:269–276

Ichinose K, Kawasaki E, Eguchi K (2007) Recent advancement of

understanding pathogenesis of type 1 diabetes mellitus and

potential relevance to diabetic nephropathy. Am J Nephrol

27:554–564

Ishihara K, Hirano T (2002) IL-6 in autoimmune disease and chronic

inflammatory proliferative disease. Cytokine Growth Factor Rev

13:357–368

Jahromi MM, Millward BA, Demaine AG (2000) A polymorphism in

the promoter region of the gene for interleukin-6 is associated

with susceptibility to type 1 diabetes mellitus. J Interferon

Cytokine Res 20:885–888

Jahromi MM, Millward BA, Demaine AG (2010) Significant

correlation between association of polymorphism in codon 10

of the transforming growth factor-beta1 T (29) C with type 1

diabetes and patients with nephropathy disorder. J Interferon

Cytokine Res 30:59–66

Javor J, Bucova M, Ferencik S et al (2007) Single nucleotide

polymorphisms of cytokine genes in the healthy Slovak popu-

lation. Int J Immunogenet 34:273–280

Kleinrath T, Gassner C, Lackner P et al (2007) Interleukin-4 promoter

polymorphisms: a genetic prognostic factor for survival in

metastatic renal cell carcinoma. J Clin Oncol 25:845–851
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Myśliwiec M, Myśliwska J, Zorena K et al (2008) Interleukin

6–174(G[C) gene polymorphism is related to celiac disease and

autoimmune thyroiditis coincidence in diabetes type 1 children.

Diabetes Res Clin Pract 82:108–112

Naugler WE, Karin M (2008) The wolf in sheep’s clothing: the role of

interleukin-6 in immunity, inflammation and cancer. Trends Mol

Med 14:109–119

Noble JA, Valdes AM, Lane JA et al (2006) Linkage disequilibrium

with predisposing DR3 haplotypes accounts for apparent effects

of tumor necrosis factor and lymphotoxin-a polymorphisms on

type 1 diabetes susceptibility. Hum Immunol 67:999–1004

Pociot F, Wilson AG, Nerup J et al (1993) No independent association

between a tumor necrosis factor-a promotor region polymor-

phism and insulin-dependent diabetes mellitus. Eur J Immunol

23:3050–3053

Rabinovitch A (1998) An update on cytokines in the pathogenesis

of insulin-dependent diabetes mellitus. Diabetes Metab Rev

14:129–151

Richer MJ, Straka N, Fang D et al (2008) Regulatory T-cells protect

from type 1 diabetes after induction by coxsackievirus infection

in the context of transforming growth factor-beta. Diabetes

57:1302–1311

Smith AJP, Humphries SE (2009) Cytokine and cytokine receptor

gene polymorphisms and their functionality. Cytokine Growth

Factor Rev 20:43–59

Smyth DJ, Cooper JD, Bailey R et al (2006) A genome-wide

association study of nonsynonymous SNPs identifies a type 1

diabetes locus in the interferon-induced helicase (IFIH1) region.

Nat Genet 38:617–619

Todd JA, Walker NM, Cooper JD et al (2007) Robust associations of

four new chromosome regions from genome-wide analyses of

type 1 diabetes. Nat Genet 39:857–864

Törn C, Hillman M, Sanjeevi CB et al (2006) Polymorphisms of TNF

microsatellite marker a and HLA-DR-DQ in diabetes mellitus––

a study in 609 Swedish subjects. Hum Immunol 67:527–534

Uitenbroek DG (1997) SISA-Binomial. http://www.quantitativeskills.

com/sisa/distributions/binomial.htm

Wang J, Wicker LS, Santamaria P (2009) IL-2 and its high-affinity

receptor: genetic control of immunoregulation and autoimmu-

nity. Semin Immunol 21:363–371

Wellcome Trust Case Control Consortium (2007) Genome-wide

association study of 14,000 cases of seven common diseases and

3,000 shared controls. Nature 447:661–678

Wilson AG, Symons JA, McDowell TL et al (1997) Effects of a

polymorphism in the human tumor necrosis factor a promoter on

transcriptional activation. Proc Natl Acad Sci USA 94:3195–3199

Yamada Y, Miyauchi A, Goto J et al (1998) Association of a

polymorphism of a transforming growth factor-b1 gene with

genetic susceptibility to osteoporosis in postmenopausal Japa-

nese women. J Bone Miner Res 13:1569–1576

Yokota M, Ichihara S, Lin TL et al (2000) Association of a T29 ? C

polymorphism of the transforming growth factor-b1 gene with

genetic susceptibility to myocardial infarction in Japanese.

Circulation 101:2783–2787

Yoon JW, Jun HS (2005) Autoimmune destruction of pancreatic beta

cells. Am J Ther 12:580–591

Arch. Immunol. Ther. Exp. (2010) 58:385–393 393

http://www.quantitativeskills.com/sisa/distributions/binomial.htm
http://www.quantitativeskills.com/sisa/distributions/binomial.htm

	Polymorphisms in the Genes Encoding TGF- beta 1, TNF- alpha , and IL-6 Show Association with Type 1 Diabetes Mellitus in the Slovak Population
	Abstract
	Introduction
	Materials and Methods
	Study Population
	Genotyping
	Statistical Analysis

	Results
	Discussion
	Limitations of the Study

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


