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Introduction 
 
Single nucleotid polymorphism (SNP)- and haplotype-based 

methods offer a powerful approach to catch candidate genes 

for multifactorial diseases. Haplotypes are the particular 

combinations of different SNP alleles observed in a 

population. SNP is the most common type of variants in 

human genom and in one haplotype block several SNP-s can 

be found. Furthermore, only the most informative SNP-s are 

genotyped from one haplotype block in disease association 

studies. These tagSNP-s are capable to distinct the all 

observed haplotypes. After the selection of disease associated 

SNP-s, in vitro model systems are used to examine their 

functionality. 

In our studies, we showed the practical applications and 

difficulties of these haplotype-based methods in three different 

human model systems. 

The major histocompatibility complex (MHC) on human 

chromosome 6 is a special region, whereas the linkage 

disequilibrium is very high between locuses. The LD and hot-

spot structure of the MHC are still incomplete. Identification 

of hot-spot regions is more informative to select candidate 

genes for diseases. The frequency of 8.1 ancestral haplotypes 
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and its haplotype variants can be useful to find hot-spot 

regions. 

In next studies we examined the genetic background of a 

multifactorial disease, the autoimmune reaction of 

atherosclerosis. Several research groups showed high serum 

levels of soluble Hsp60 heat-shock proteins and anti-Hsp60 

autoantibody in coronary heart and artery disease. Hsp60 

molecule is phylogenetically highly conserved protein. After 

infections specific antibodies against microbial Hsp60 can 

crossreact with human Hsp60. Furthermore atherosclerosis 

risk factors alter the physiological appearance of Hsp60 and it 

becomes autoantigen. The IL-6 can play an important role in 

the development of autoantigen reactive plasma cells. IL-6 is a 

B-cell growth factor that induces the maturation of B-cells. 

Elevated IL-6 plasma levels were shown in atherosclerotic and 

autoimmune diseases. The effect of IL-6 -174 G/C 

polymorphism was investigated most often, because this SNP 

is close to an important transcription factor binding site. 
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Aims 

I. Model system 

 

To determine and compare the frequency of 8.1 ancestral 

haplotype and its haplotype variants in two different 

Caucasian populations and in one family study 

 

II. Model system 

 

To examine the associations between IL-6 -174 G/C 

polymorphism and anti-Hsp60 autoantibody levels in one 

independent, healthy Hungarian population. To expand the 

analysis with several new SNP-s in IL-6 promoter and coding 

region. To determine the relationship between IL-6 haplotypes 

and autoantibody levels. 

 

III. Model system 

 

To examine the functionality of IL-6 -174 G/C polymorphism 

in a direct biological model system. To compare the LPS or 

IL-1β induced IL-6 production of HUVECs with different 

genotypes at IL-6 -174 position. 
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Materials and methods 

In the I. model system 127 healthy Hungarian individuals, 101 

healthy Ohioan female and 9 Hungarian families affected with 

type I diabetes mellitus were recruited. HLA-DQ, HLA-DR, 

RAGE -429 T/C, C4A/B (L/S), HSP70-2 +1267 A/G, TNFA -

308 G/A polymorphisms of MHC region on chromosome 6 

were genotyped by PCR-RFLP and Southern blot methods. 

In the II. model system 313 healthy Hungarian individuals and 

399 healthy Finnish subjects were recruited. The level of anti-

Hsp60 autoantibodies was detected by indirect ELISA. The IL-

6 -174 G/C polymorphism was genotyped by PCR-RFLP. The 

other SNP-s in IL-6 promoter and coding region (IL-6 -9316 

T/C, -7164 C/A, -1363 G/T, -597 G/A, +1753 C/G, +2954 

G/C) were genotyped using a 5’ nuclease (TaqMan) assay for 

allelic discrimination. 

In the III. model system 33 umbilical cords were collected in 

Budapest. The IL-6 -174 G/C polymorphism was genotyped 

by PCR-RFLP in HUVECs. The ICAM-1 expression of IL-1β 

and LPS stimulated HUVECs was measured by cellular 

ELISA to detect the appropriate activation of these cells. IL-6 

concentration of supernatants was detected by sandwich 

ELISA. 
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Results 

 

The frequency of 8.1 ancestral haplotype (AH8.1) and its 

haplotype variants were determined in parents of 8 healthy 

children and 8 children affected with type I diabetes mellitus. 

 

There were remarkable differences in the frequency of AH8.1 

markers in the Hungarian and Ohioan Caucasian population. 

 

The frequency of 8.1 ancestral haplotype was the same in the 

two Caucasian healthy populations. 

 

The HSP70-2 +1267 G allele occurred the most frequently in 

an 8.1 haplotype variant with one 8.1 AH marker. 

 

The linkage disequilibrium was relatively low when linkage of 

one AH8.1 marker to the HSP70-2 G allele was tested. The 

linkage of two-three AH8.1 marker fragments to the HSP70-2 

G allele was high and significant D’ values were obtained. 

 

Our original observation on the association between IL-6 -174 

G allele carriers and high autoantibody levels was repeated in 

an independent Hungarian population. 
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In the IL-6 promoter and coding region six new SNP-s were 

genotyped in a smaller Hungarian group. The individuals were 

chosen randomly. Two 2000 bp long haplotype blocks were 

found between -9316 and -7164 positions and among -597, -

174 and +1754 positions. 

 

Five SNP-s (-9316T/C, -1363G/T, -174G/C, +1753C/G, 

+2954G/C) in IL-6 promoter and coding region were 

genotyped in the whole Hungarian population. No significant 

association was observed between four new SNP-s and anti-

Hsp60 autoantibody levels. 

 

Significantly lower autoantibody levels were observed in 

homozygote carriers of the most common halotype (-9316C/-

1363G/-174C/+1753C/+2954G), than the non-carriers. 

 

The maximal IL-6 response of HUVECs was significantly 

higher after IL-1β than after LPS stimulation. 

 

The IL-6 productions did not differ among the different 

genotyped HUVECs at IL-6 -174 G/C polymorphism after IL-

1β and LPS stimulation.  
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Conclusions 

Out of the examined 8.1 AH markers, HSP70-2 +1267 G allele 

occurred most frequently in a recombinant 8.1 AH variant, 

which carried only one 8.1 AH marker. Therefore, we can 

conclude that hot-spot regions may be located around HSP70-

2 gene. In the next studies the IL-6 -174 G allele carriers have 

significantly higher autoantibody levels than subjects with CC 

genotype in healthy Hungarian population. Two 2000 bp long 

haplotype blocks were found. The most frequent haplotype, 

which carried C allele at -174 position, had low autoantibody 

levels. These results can be explained in several ways. High 

IL-6 levels can cause high autoantibody levels or other genes, 

which are in linkage disequilibrium with IL-6 gene on the 

chromosome 7, may have indirect effect on the production of 

autoantibodies. In our third study we examined the functional 

effect of IL-6 -174 G/C polymorphism in in vitro model 

system. No significant differences were observed between IL-

6 expression of HUVEC cells with different IL-6 -174 G/C 

genotypes. IL-6 production of HUVECs did not depend on 

different genotypes at IL-6 -174 position. However, we can 

not exclude that the IL-6 production can be influenced by IL-6 

-174 SNP in endothelial cells with different origins. 
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