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INTRODUCTION

Discovery of the 3 billion-basepair long DNA-sequence of the
human genome was a principal milestone in human genetics and
genomics, this information has been available in databases on the
Internet for more than 15 years. This result, however, did not
mean the end of genetic researches, but instead it has provided
numerous novel possibilities and trends in the analysis of genetic
variations and molecular biological procedures.

One of the most thoroughly investigated fields is the analysis
of the heritable components of complex phenotypes, which is of
essential theoretical and practical importance. Identification of the
genetic components responsible for the development of diseases
contributes to prevention, prediction of prognosis, moreover it can
help in understanding the molecular patomechanism. It can sug-
gest molecular targets for novel medicaments, and thus can result
in the development of targeted and individualized therapeutic pro-
tocols. Although several large-scale collaborative projects analyz-
ing thousands of patients have aimed the identification of the ge-
netic components of various complex phenotypes, none of these
researches have managed to shed light on the complete list of any
complex disorders so far.

The WFS1 gene codes for the wolframin, which has a molecu-
lar weight of 100 kDa and consists of 890 amino acids. Wolframin
Is localized in the membrane of the endoplasmic reticulum, the
protein possesses 9 transmembrane, hydrophobic, tetramer re-
gions, its hydrophilic N terminal region faces to the cytosol,
whereas the C terminal is in the lumen of the ER. The protein is
abundantly expressed in practically all tissue types, highest ex-
pression levels can be observed in the heart, brain and beta-cells
of the pancreas.

Loss of function mutations are responsible for the development
of Wolfram-syndrome (WFS; OMIM 222300). The disease is also
known as DIDMOAD-syndrome, it is a rare, neurodegenerative



iliness including numerous disorders, such as diabetes insipidus,
diabetes mellitus optic atrophy and deafness often combined by
various mental deficiencies. A WFS1 knock-out animal model
was generated to model the disease, in these mice decreased glu-
cose-induced insulin secretion can be observed, and lower number
of beta-cells can be detected by immunohistochemistry. Isolated
Islet cells of these animals show apoptosis when treated with glu-
cose or ER-stress inducers. These data suggest that wolframin
might play an important role in maintaining normal number of be-
ta-cells, as well as in the exocytosis of insulin. Besides these,
wolframin was shown to bind calmodulin, and together with sev-
eral other proteins it influences numerous Ca**-dependent signal
transduction pathways and plays an important role in the regula-
tion of Ca’*-homeostasis.

All these data proposed the assumption that genetic polymor-
phisms of the gene might be the risk factors of psychiatric diseas-
es and diabetes mellitus. Association between the rs4689388 SNP
and type 2 diabetes mellitus was first shown by a genome-wide
association study (GWAS) in 2009. Metaanalysis of several asso-
ciation studies proved that the rs1046320 and the rs10010131
SNPs can be considered as the genetic risk factors of type 2 diabe-
tes. The former polymorphism is localized in the 3> UTR, whereas
the latter one in intron 4 of the gene, respectively, and linkage dis-
equilibrium is high between the two loci. Techniques analyzing
SNPs and DNA-sequences have been dramatically improved in
the recent years, however the time- and labor-intensive analysis of
the biological effect of the polymorphisms cannot keep step. This
IS the reason, why no data about the functional role of these SNPs
have been available so far, this question is however of importance,
because the two loci are localized in rather different gene regions.
This is not a unique situation: biological function of numerous hits
of the genome wide association studies have not yet been discov-
ered so far.



OBJECTIVES

The major goal of the project was the functional and association
analyses of some selected polymorphisms localized in the regula-
tory regions of the WFS1 gene. Most important tasks of the re-
search were as follows:

- selection of polymorphisms of interest by in silico approaches,

- elaboration of reliable genotyping technique for the genotype
analysis of the rs148797429 6 bp insertion / deletion polymor-
phism,

- elaboration of a method that is capable of the simultaneous gen-
otype determination of the SNPs localized in the regulatory re-
gion of the WFS1 gene in a multiplex format,

- analysis of linkage disequilibreium (LD) between the investi-
gated SNPs and determination of the haplotype blocks formed
by these loci,

- performance of genetic association studies to investigate,
whether allelic variants of the analyzed polymorphisms show
significantly different frequencies among patients with type 1 or
type 2 diabetes mellitus compared to a control group of healthy
individuals,

- optimization and application of in vitro luciferase system for the
analysis of biological function of the SNPs localized in the
promoter and the 3> UTR of the gene (regulation of transcrip-
tion or miRNA binding, respectively).



MATERIALS AND METHODS

Patient Groups, DNA-sampling and DNA-purification

DNA samples of 900 patients with diabetes mellitus as well as that
of 892 healthy individuals were analyzed in the genetic association
study. The project was approved by the Local Ethical Committee
(ETT-TUKEB, Scientific and Research Ethics Committee of the
Medical Research Council, 4514-0/2010-1018EKU). Participants
were informed in detail about the project in written form and
signed informed consent prior to providing DNA sample.

DNA sampling was carried out by non-invasive method: buc-
cal cells were collected from the inner surface of the cheek or the
gum using cotton swabs. This method provided sufficient amount
of DNA for the genotype analysis. First steps of the DNA purifi-
cation were the lysis of the cells, denaturing and digestion of the
proteins by SDS and proteinase K, respectively. It was followed
by salting out the proteins using NaCl, then DNA was precipitated
by isopropanol and ethanol. Finally, DNA precipitations were re-
suspended in TE buffer solution.

In silico Methods

Several on-line tools and databases were employed to prepare the
genetic and molecular biological experiments. Data about gene
sequence and polymorphisms of the WFS1 gene were downloaded
from genebanks of NCBI and Ensembl. SNPs putatively altering
MIRNA binding were identified by the Patrocles, the PolymiRTS
and the miRWalk 2.0 databases. Sequence of the micro-RNAs of
interest were obtained form miRBase. Primers for the PCR-based
analyses were designed by the Primer Blast tool of NCBI. Recog-
nition sites of restriction endonucleases were searched using
NEBcutter v2.0.



Methods for Genotype Determination
Genotype determination of 7 SNPs of the WFS1 gene was carried
out by real-time PCR-based technique. The rs4273545 (T/G) SNP
was analyzed by allele-specific amplification. This method em-
ploys two outer and two allele-specific primers (annealing to the
polymorphic locus with the 3° end) in two separate reaction mix-
tures. PCR products were visualized by traditional agarose gel-
electrophoresis. The rs4689388 SNP was genotyped by PCR-
RFLP. The principle of this technique is the application of a
retriction endonuclease, which can cut the PCR product in the
presence of one allele, whereas the recognition site is eliminated
by the other variant. PCR primers were designed to include a con-
trol, non-polymorphic recognition site of the enzyme serving as
control of the digestion. Genotype analysis of the rs4689388,
rs4273545, rs1064320, rs1046322 and rs9457 SNPs was carried
out by primer extension. First the adjacent regions of the SNPs
were amplified, genotypes were then determined applying the four
labeled terminator acyclo-nucleotides. Analyses were performed
in multiplex format using extension primers of different lengths,
products were visualized by capillary gel-electrophoresis.

The first step of the investigation of the rs148797429 insertion
/ deletion was the amplification of the adjacent gene region by
PCR. Products were subjected to downstream analyses employing
traditional or — for higher accuracy — capillary gel-electrophoresis
as well as melting curve analysis.

In vitro Functional Analysis of Selected Polymorphisms

The pGL3B and the pMIR-REPORT luciferase vectors were used
for the analysis of the promoter and the 3° UTR of the WFS1
gene, respectively. Constructs with different lengths were gener-
ated for the investigation of the promoter region. The entire 3’
UTR of the WFS1 gene was subcloned into pMIR-REPORT vec-
tor for the analysis of the regulatory effect of micro-RNAs. Re-
striction digestion followed by gel-electrophoresis was used to



verify the proper incorporation of the insert into the vector, fur-
thermore each generated construct was confirmed by Sanger se-
quencing as well. Site-directed mutagenesis was used to prepare
the constructs with the different allelic variants.

HEK293T cell line was used for the functional analyses of the
polymorphisms. The different pGL3B constructs were cotrans-
fected with a construct coding for beta-galactosidase for the anal-
ysis of the promoter. The pMIR-REPORT constructs were applied
together with the miR185 precursor and a construct coding for be-
ta-galactosidase for the investigation of the SNPs in the 3’ UTR.
Each measurement was carried out in triplicates.

Cells were harvested 24 hours after transfection and extracted
by three consecutive freeze—thaw cycles. Enzyme activity assays
were carried out with a Varioskan Flash instrument, capable of
measuring both luminescent (luciferase) signals as well as light
absorption (photometry for beta galactosidase).

RNA-purification, Micro-RNA Assays

The TRI reagent was used to harvest cells for micro-RNA assays.
This solution prevented RNA from degradation, RNA was isolat-
ed using chloroform, isopropanol and ethanol for extraction and
purification, respectively. Expression levels of micro-RNAs were
assessed by real time PCR. As micro-RNAs are rather short, a
special step was required during cDNA synthesis, which attached
an adapter sequence to the products serving for the annealing site
of a universal primer during real-time PCR.

Statistical Analysis

The Hardy—Weinberg equilibrium was tested to confirm reliability
of sampling and genotyping protocols. The case—control studies
were evaluated by y*-test, the Bonferroni method was employed
for correction for multiple testing. Luciferas enzyme activity data
were normalized by beta-galactosidase in each case, results were
tested by one-way ANOVA.



RESULTS

Selection of candidate polymorphisms

Our aim was the recruitment of polymorphisms possessing mo-
lecular biological role, thus putatively influencing the amount of
the generated wolframin protein. Consequently, SNPs were se-
lected that were suggested to alter the binding efficiency of tran-
scription factors in the promoter region, or were localized in the
binding site of micro-RNAs (miR-SNPs) in the 3” UTR.

Genotyping techniques

Independent methods were elaborated for the reliable genotype
analysis of the rs148797429 6-bp-long insertion / deletion poly-
morphism. Each technique was initiated by the PCR-based ampli-
fication of the adjacent gene region. The obtained products were
analyzed by (1) traditional horizontal gel electrophoresis, (2)
melting curve analysis and (3) denaturing multicapillary gel elec-
trophoresis.

A novel, primer extension-based technique employing multi-
capillary gel electrophoresis was optimized for the simultaneous
genotype determination of the 5 SNPs in the regulatory regions of
the gene. First, the adjacent regions were amplified by PCR. It
was followed by the single base extension reaction. Unlabeled
primers were applied that annealed to the very adjacent nucleotide
of the SNP of interest. This primer was elongated by one single
chain terminator, acyclo nucleotide. These nucleotides were la-
beled with different fluorescent dyes, thus the genotype could be
determined based on the color of the obtained product. Multiplex
analysis of the 5 SNPs could be carried out using extension pri-
mers with different lengths: products corresponding to the appro-
priate SNPs could been unambiguously separated from each other.



Linkage Disequilibrium and Halotype Analysis

Assessment of linkage disequilibrium between SNPs is of im-
portance because of several reasons. Association studies often
reveal polymorphisms that do not possess relevant biological
function, they are just in linkage disequilibrium with the locus
with molecular biological, functional importance. When identifi-
cation of “functional” SNPs (possessing molecular effect) is also
aimed, determination of linkage disequilibrium is of high signifi-
cance.

Linkage disequilibrium between the investigated polymor-
phisms in the WFS1 gene was determined by calculating the D’
(Lewontin’s standardized linkage disequilibrium coefficient) as
well as the R? (correlation coefficient) values. The 3 polymor-
phisms localized in the promoter region formed a haplotype
block. This high level of linkage disequilibrium was confirmed
by the observation, that the total frequency of two out of the the-
oretically possible eight haplotypes was higher than 90% in the
investigated population (A—insertion-T: 62.9%, G-insertion-G:
28.5%). Besides these variants, only two further haplotypes
could be detected with notably lower frequencies (G—deletion—G:
7%, A—deletion-G: 1.6%)

Association Analyses

Association between diabetes mellitus and polymorphisms of the
WFS1 gene was analyzed in case—control settings: we compared
the allele frequencies of the selected polymorphisms measured in
the patient and healthy control group, respectively. An outstand-
ingly high value of statistical significance as well as odds ratio
could be observed for the rs1046322 SNP when investigating pa-
tients with type 1 diabetes mellitus, this suggests the significant
role of this locus in the background of the disease. Although it is



not exceptional but notable that — except the rs1046322 locus —
the major allele proved to be the risk factor in case of all the oth-
er SNPs showing an association with diabetes. Please note, that
the association proved to be significant in case of these polymor-
phisms even using the Bonferroni correction for multiple testing,
however the odds ratio values were relatively low. This can be
explained by the complex etiology of diabetes mellitus, and
demonstrates that each genetic component has only a minor role
in the development of the disease.

A haplotype analysis was also carried out for the polymor-
phisms in the 3° UTR (rs1046320, rs1046322 and rs9457). Results
confirmed the significance of the role of rs1046322 SNP in the
background of type 1 diabetes mellitus, whereas case—control
study suggested, that the C allele of the rs9457 locus might be the
genetic component of type 2 form of the disease.

Functional Studies of the Polymorphisms Localized if the
Regulatory Regions

The rs148797429 and the rs4273545 polymorphisms are local-
ized in the promoter of the WFS1 gene, their putative effect on
gene expression was analyzed using cell culture system.

Two DNA-constructs with different lengths were generated to
investigate the biological effect of the polymorphisms. The
shorter construct included the “minimal promoter”, it contained
the rs4273545 SNP only. Analyses with this system did not show
any difference in the effect on the regulation of gene expression
between the promoter regions containing “G” or “T” allele at the
SNP site. The longer construct contained both the rs148797429
insertion / deletion, as well as the rs4273545 SNP. Although the
rs148797429 variant did not influence the activity of transcrip-
tion, the adjacent sequence seems to contribute to the regulation



of the activity of gene expression. It was namely observed that
the “T” and the “G” variants of the rs4273545 SNP lead to dif-
ferent transcriptional activity in this system. In the presence of
the “T” allele the relative luciferase activity was approximately
2.5 times higher than in case of the “G” form. This difference
could be observed regardless of the rs148797429 locus, i.e. in
case of both the insertion and the deletion variant at this site.

Putative effect of the rs9457 SNP on micro-RNA binding was
analyzed using in vitro cell culture system as well. The SNP is lo-
calized in the “seed” region of miR-185 according to the
PolymiRTS database. The entire 3> UTR of the WFS1 gene was
subcloned into the pMIR-Report vector to assess the regulatory
role of the polymorphism on protein expression. Site directed mu-
tagenesis was used to generate the construct with the other allelic
variant as well as the “seed” mutation. Furthermore, a control
construct was also prepared, which contained an insert of similar
length, however lacking the recognition site of miR-185. Lowest
relative luciferase activity was detected in case of the C variant of
the rs9457 SNP, this value was only 35% of that of the control
construct. The presence of the G allele resulted in as high as 1.7
times increase in enzyme activity, and this value was practically
identical with the activity of the construct with the “seed muta-
tion”. Based on the sequence alignment, the C allele results in 6
complementary bases in the “seed” region of miR-185, thus the G
variant leads to 5 base pairs only. It is also notable that the SNP is
in the middle of the binding site, which probably also contributes
to its prominent effect.
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CONCLUSIONS

Rapid development of technology and computer engineering sig-
nificantly contributes to the advancement of natural sciences. This
effect could already be observed during the Human Genome Pro-
ject. A couple of years after the initiation of the work results were
disappointing: approximately 100,000 basepairs could be se-
quenced during a year, and based on this number the discovery of
the entire genome seemed to be hopeless. Because of this, rela-
tively slow progress theoretical innovations were also introduced,
although the rapid development and success of the project would
have been impossible without the application of the fluorescently
labeled dideoxy nucleotides and the multicapillary gel electropho-
resis instruments, which opened new perspectives in Sanger-
sequencing. The advancements have been recently undiminished:
the novel and sophisticated technological applications offer a wide
range of innovative tools in practically all fields of theoretical and
clinical sciences from research to diagnosis and therapy.

Applying these innovative methods dysfunctions in the back-
ground of several diseases can be determined at molecular level.
This provides significant advancements in diagnostics and therapy.
Whereas healing often used to be palliation only, today molecular
dysfunctions in the background of diseases can be improved in
case of more and more disorders. As an example, dysfunction of
wolframin was suggested to play a role in the development of dia-
betes mellitus. This protein is localized in the membrane of endo-
plasmic reticulum and contributes to Ca”*-homeostasis. Data sug-
gest that alteration of gene expression regulated by micro-RNAs
might be one of the molecular components of the disease. It is also
notable that these kind of molecular procedures are only small
pieces of the whole complex system. Although results of similar
researches will help to complete the puzzle: discovery of the mo-
lecular patomechanism might contribute to diagnostics, prevention
as well as targeted and individualized therapy.
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