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Abstract

The increasing incidence of type 1 diabetes has led researchers on a quest to
find the reason behind this phenomenon. The rate of increase is too great to be
caused simply by changes in the genetic component, and many environmental
factors are under investigation for their possible contribution. These studies
require, however, the participation of those individuals most likely to develop
the disease, and the approach chosen by many is to screen vast populations to
find persons with increased genetic risk factors. The participating individuals
are then followed for signs of disease development, and their exposure to
suspected environmental factors is studied.

The main purpose of this study was to find a suitable tool for easy and
inexpensive screening of certain genetic risk markers for type 1 diabetes. The
method should be applicable to using whole blood dried on sample collection
cards as sample material, since the shipping and storage of samples in this
format 1s preferred. However, the screening of vast sample libraries of
extracted genomic DNA should also be possible, if such a need should arise,
for example, when studying the effect of newly discovered genetic risk
markers.

The method developed in this study is based on homogeneous assay chemistry
and an asymmetrical polymerase chain reaction (PCR). The generated single-
stranded PCR product is probed by lanthanide-labelled, LNA (locked nucleic
acid)-spiked, short oligonucleotides with exact complementary sequences. In
the case of a perfect match, the probe is hybridised to the product. However, if
even a single nucleotide difference occurs, the probe is bound instead of the
PCR product to a complementary quencher-oligonucleotide labelled with a
dabcyl-moiety, causing the signal of the lanthanide label to be quenched.

The method was applied to the screening of the well-known type 1 diabetes
risk alleles of the HLA-DQBI1 gene. The method was shown to be suitable as
an 1initial screening step including thousands of samples in the scheme used in
the TEDDY (The Environmental Determinants of Diabetes in the Young) study
to identify those individuals at increased genetic risk.

The method was further developed into dry-reagent form to allow an even
simpler approach to screening. The reagents needed in the assay were in dry
format in the reaction vessel, and performing the assay required only the



addition of the sample and, if necessary, water to rehydrate the reagents. This
allows the assay to be successfully executed even by a person with minimal
laboratory experience.



Introduction

1 Introduction

Type 1 diabetes (T1D) is one example of a multitude of multifactorial diseases
with a genetic and an environmental component. In T1D, like many other
autoimmune diseases in this group, genes within the HLA (human leukocyte
antigen) region are most important in the genetic component. T1D has a special
position as a childhood disease with a large number of cases in small children
and a very strong, although complex, HLA association. Approximately fifty
percent of the genetic component is contributed by the HLA genes on
chromosome 6, the DR and DQ being the most important factors (Mehers and
Gillespie 2008; Ounissi-Benkalha and Polychronakos 2008). The genetic
component alone is not sufficient for the development of the disease, since
many of those with a strong genetic risk are not affected, but the contribution
of environmental factors triggering the disease is crucial. The disease itself
results from the destruction of insulin producing pancreatic beta cells by an
autoimmune mechanism, and after the loss of insulin production, lifelong
treatment with insulin is needed.

The incidence of T1D is increasing worldwide, with Finland having the highest
incidence in the world. In 2005, the incidence rate in Finland was greater than
60 affected children per 100 000 children per year, and even further increases
in the incidence rates in the future are predicted (Harjutsalo et al. 2008; Mehers
and Gillespie 2008). The increasing incidence rate over recent decades remains
unexplained; the genetic component can not be accountable due to the rapidity
of the growth of the incidence rates (Mehers and Gillespie 2008; Patterson et
al. 2009). Therefore, many environmental factors have become the focus of
interest in studies attempting to find the causes behind the development of the
disease.

Studies searching for the environmental factors of T1D need tools for finding
those individuals with an increased genetic risk for disease development. These
individuals are then included in follow-up programs with the purpose of tracing
the possible factors triggering the autoimmune process. Since the contribution
of the HLA genes is well-known and a considerable factor of the genetic
component, many assays have been developed for deciphering the alleles of the
genes in the region. An ideal method would be fast and inexpensive, have a
high-throughput, and produce all the genetic information required to assess the
genetic risk of an individual according to the knowledge available. With the
enormity of genetic factors affecting disease susceptibility, many still unknown
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Introduction

restrictions to the numbers of analytes used in the risk assessment have usually
been made for the assays to be conceivable.

11



Review of the literature

2 Review of the literature

2.1 Human leukocyte antigen (HLA)

2.1.1 Structure and function

HLA (human leukocyte antigen) is the human version of the major
histocompatibility complex (MHC) containing many genes related to the
functions of the immune system. It is located on chromosome 6 and contains
over 200 genes, and it is known to be the most polymorphic genetic system of
the human genome. The HLA region is divided into three groups of genes:
class I, class II and class III, of which the class III genes are structurally and
functionally different from the two other classes, but are named thus due to
their location on chromosome 6 between class I and II genes (Figure 1).

4—— class|l —_—) —— classlll —)p ¢—— class| —_—

DP DMDO DQ DR B C E A G F

N E— ]

DP DQ DR
—— DO DM DO —_— —_—
B2 A2 B1 B2 A AB B B2 A2B3  B1A1 B1B2 B3.B9 A

A ]

Figure 1. A simplified diagram of the HLA region in chromosome 6 with a limited number of
genes shown.
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Among class I genes there are three classic transplantation genes, HLA-A, -B
and —C, which encode the a-polypeptide chains of the class I molecules. There
are also the non-classical HLA-E, -F and -G—genes in addition to some non-
expressed pseudogenes. The B-chain of the class I molecules is coded by the
beta,-microglobulin gene outside the HLA region in chromosome 15, and this
chain combines with the a-chain to form the complete molecule (Figure 2).
(Marsh et al. 2000)

There are five isotypes of class II molecules, HLA-DM, -DO, -DP, -DQ and
-DR, each consisting of two chains, a and B, encoded by the A and B genes,
respectively. The a and B chains are roughly similar in size and they form
heterodimeric (af) protein receptors molecules. Both the a and B chains have
two extracellular domains, a transmembrane region, and a cytoplasmic tail
(Figure 2). Among the functional class II genes there are also pseudogenes,
such as DQA2 and DQB2. HLA-DR is rather complex in structure as it
consists of several functional B-chain genes as well as pseudogenes, the
number of which can vary. (Marsh et al. 2000)

class | molecule class Il molecule

o o2

B1

o3
extracellular B2

space

plasma membrane

cytosol

Figure 2. The structure of HLA class I and class II molecules.
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Class II genes are typically expressed by a subgroup of immune cells,
including B cells, activated T cells, macrophages and dendritic cells, while
class I genes are expressed in most somatic cells although at variable levels
depending on the tissue. Both class I and II molecules function as the
presenters of short peptides to T cells, class I molecules mostly for endogenous
and class II for exogenous proteins, although this division is not absolute
(Klein and Sato 2000a; Turner 2004).

The polymorphisms in class I and II genes are not evenly distributed but are
concentrated in regions coding for the peptide binding domains of the HLA
molecule: the ol and a2 domains of class I molecules, coded by the exons 2
and 3; and the al and f1 domains of class II molecules coded by exon 2 of the
respective genes. The DR isoform is an exception with a monomorphic a chain
(Marsh et al. 2000). The amino acid changes in these positions modify the
peptide-binding specificity by altering the shapes of the antigen-binding
groove, resulting in a repertoire of molecules with different specificities. The
number of different alleles discovered for these highly polymorphic HLA loci
has been increasing steadily. According to the IMGT/HLA database
(http://www.ebi.ac.uk/imgt/hla/, accessed June 9™ 2009) (Robinson et al. 2009)
the sequence of almost 2500 class I alleles and over 1000 class II alleles has
been deciphered.

An important aspect of the HLA region is linkage disequilibrium, referring to
the phenomenon of recombination occurring very rarely between two loci.
Thus certain alleles of, for example, DQB1- and DQA1-genes are almost
always inherited together (Bodmer 1987; Tomlinson and Bodmer 1995). This
phenomenon can be utilised by deducing the allele of a gene from the typing
information of another gene that is known to be in linkage disequilibrium. For
example, the HLA-DQB1*0302-allele is found to be in linkage disequilibrium
with DQA1*03-alleles (Klitz et al. 2003).

2.1.2 The nomenclature of HLA alleles

A committee for HLA nomenclature was formed in 1965, and the names were
originally based on serological results. The current system was introduced in
1987 with each HLA allele name having a four, six or eight digit number, of
which all alleles have the four digit number and the longer ones are used if
necessary. The first two digits specify the group, often corresponding to the
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serological antigen. For example, DRB1*04 signifies a group of alleles which
encode the DR4 antigen. The third and fourth digits are used to list the
subtypes, which are assigned according to the order in which the sequences are
determined, such as DRB1*0401 and DRB1*0402, which refer to two different
alleles. The fifth and sixth digits are used to separate non-coding substitutions,
for example, DRB1*040101 and DRB1*040102. The seventh and eight digits
separate alleles that differ only in the introns or in the 5' or 3' untranslated
regions that flank the exons and introns. (Marsh et al. 2004, The HLA
Informatics  Group, Anthony Nolan Research Institute —website:
http://www.anthonynolan.org.uk/research/hlainformaticsgroup/, accessed May
26" 2009.)

Alleles that are not expressed due to substitutions introducing premature stop
codons or insertions or deletions altering the reading frame are called null
alleles and a suffix ‘N’ is added to the number. Other suffixes are ‘L’ for low
expression as compared to normal and ‘S’ denoting a secreted molecule not
present on the cell surface.

2.2 HLA and disease

Initial interest in HLA was due to the need for avoiding rejection reactions in
transplantations, in which the matching of the HLA type of the donor and the
recipient is of utmost importance (Marsh et al. 2000). Since then the classical
HLA class I and II genes have been associated with over 100 diseases,
including most autoimmune diseases, and interest in HLA typing has stretched
beyond the field of transplantation medicine to diseases such as TID,
rheumatoid arthritis, celiac disease, narcolepsy and asthma. For a review see
Shiina et al. 2004; Gough and Simmonds 2007; Caillat-Zucman 2009. The
relationship between the HLA and disease is often complicated, and nearly all
HLA-associated diseases are multifactorial polygenic diseases with other
genetic as well as environmental factors involved in disease susceptibility
(Caillat-Zucman 2009). In addition to autoimmune diseases, the HLA region is
also associated with the course of many infectious diseases, such as human
immunodeficiency virus infections, malaria and tuberculosis (Klein and Sato
2000b; Blackwell et al. 2009).
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2.2.1 Type 1 diabetes

In TID the insulin production of an individual is compromised due to the
destruction of the pancreatic B cells by an autoimmune process eventually
leading to an inability to maintain normal blood glucose levels. Although the
exact trigger of the onset of the disease is not known, both genetic and
environmental factors are known to contribute to the process. For a recent
review see Morran et al. 2008.

Although multiple genes have been suggested to play a role in disease
susceptibility, the HLA region remains the major genetic risk factor. There is
also strong evidence for the association of the insulin gene region in
susceptibility to the disease (Bell ef al. 1984; Bennett et al. 1995). Other genes
involved in disease susceptibility include the CTLA-4- (cytotoxic T-
lymphocyte antigen) (Nistico et al. 1996), PTPN22-(the gene encoding the
lymphoid protein tyrosine phosphatase) (Bottini et al. 2004) and the IFIHI-
(interferon induced with helicase C domain 1) (Smyth ef al. 2006) genes. (For
a review see Kelly et al. 2001; Mehers and Gillespie 2008.) Among the
suspected environmental influences are dietary factors, such as exposure to
cow’s milk or cereals, and different viral infections (Gillespie 2006; TEDDY
Study Group 2008).

2.2.2 The genetic risk for type 1 diabetes conferred by the
HLA region

At least three major genes from the HLA region, namely HLA-DRBI, -DQB1
and -DQAI1, contribute to the genetic risk for T1D, but other genes may also be
involved (Singal and Blajchman 1973; Nerup et al. 1974; Cudworth and
Woodrow 1975; Platz et al. 1981; Owerbach et al. 1988; Erlich et al. 1990;
She 1996; Noble et al. 2002; Valdes et al. 2005; Nejentsev et al. 2007). The
identification of the effects of individual genes is complicated by the strong
linkage disequilibrium between the HLA genes; recombination events are rare
and certain alleles of the loci are usually inherited together. The contribution of
the HLA region to genetic risk is estimated to be approximately 50 percent
(Risch 1987; Cox et al. 2001; Ounissi-Benkalha and Polychronakos 2008). The
most important DQB1 alleles influencing disease risk are *02 and *0302,
which increase disease susceptibility, and *0602 which has a protective effect.
Table 1 shows examples of a number of haplotypes combined from the DQB1-,
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DQAI- and DRBI1-alleles conferring either disease susceptibility or protection.
The DQA1- and DRBI-alleles further define the calculated risk. For example,
in Caucasian populations of the DQB1*0302-DRB1*0401/2/4/5 and the
DQB1*0302-DRB1*0403 haplotypes the latter is moderately protective, and of
the DQB1*0302-DRB1*0401 and the DQB1*0302-DRB1*0404 haplotypes
the latter 1s only moderately predisposing (Thomson et al. 2007; Erlich et al.
2008). The disease risk of an individual is estimated from the combination of
both haplotypes, the DQBI1*02-DQA1*05/DQB1*0302-DRB1*0401/2/4/5-
genotype being associated with the most increased risk. (Nejentsev ef al. 1999;
Ilonen et al. 2000; Ilonen et al. 2002)

Table 1. HLA-DR-DQ haplotypes associated with increased or decreased disease risk in
Caucasian populations (Ilonen et al. 2002; Hermann et al. 2004; Ilonen 2004; Erlich et al.

2008).

DQB1 DQA1 DRB1
*02 *05 *03
susceptible | *0302 *03 *0401/2/4/5
*0304 *03 *0408
*02 *0201 *07
neutral *0301 *03 *0401/7/8
*0303 *03 *09
moderately *0301 *05 *11/12/1303
, *0603 *01 *13
protective —357 03 *0403
*0303 *0201 *07
strongly - 553 01 14
protective 0602 01 15

2.2.3 Ankylosing spondylitis and HLA-B*27

Ankylosing spondylitis (AS) is a chronic, inflammatory arthritis, causing pain
in the lower back, and resulting eventually in the fusion of the spine and thus
causing rigidity of the spine. Disease onset is typically around 20-30 years, and
males are more often affected than females. For a review see Gladman 1998;
Kataria and Brent 2004; Reveille 2006. The association of the HLA-B27
antigen with AS was demonstrated already in 1973 (Brewerton et al. 1973),
and it has, in addition to narcolepsy and celiac disease, remained among the
strongest of the variable HLA disease associations reported (Pile 1999; Lin et
al. 2001; Choo 2007; Caillat-Zucman 2009). The presence of HLA-B*27 is
almost necessary for disease development with over 90 percent of patients of
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European ancestry being HLA-B*27 positive (Brown et al. 1996; Marsh et al.
2000; Thorsby and Lie 2005). However, the presence of HLA-B*27 is not
alone sufficient for disease development. The HLA-B*27 allele is rather
common in the Caucasian population, 7-14 % of the population being HLA-
B*27 positive, while only 2-5 % actually develop the disease. Consequently,
the test for the presence of HLA-B*27 can be used as a confirmatory assay if,
based on other symptoms the patient may have, AS is suspected. (Kataria and
Brent 2004; Laitinen and Hakala 2005; Caillat-Zucman 2009, dbMHC
database: www.ncbi.nlm.nih.gov/gv/mhc/, accessed June 9™ 2009)

The HLA-B*27 allele is also associated with other diseases, such as reactive
arthritis and acute anterior uveitis; however, the association is not as strong as
in the case of AS (Pile 1999; Marsh et al. 2000; Bowness 2002).

2.3 Methods used for typing the genetic risk for type 1
diabetes conferred by the HLA region

Initially, HLA-typing relied on serological methods, but it later became evident
that these methods were not able to discriminate between all the differences in
the HLA molecules. When typing down to the nucleotide level became
possible, the unique complexity of the HLA genes became evident. This typing
can be low-resolution, which resembles serological typing in the sense that a
group of alleles, rather than individual alleles, are recognised. With high-
resolution typing, discrimination is down to the individual allele level, and an
intermediate resolution can be defined as distinguishing some individual alleles
in addition to groups of alleles. (Marsh et al. 2000)

2.3.1 Studies using HLA screening to identify subjects at risk
for type 1 diabetes

Several research programs have been screening or are currently screening
newborns to identify those having an increased genetic risk for type 1 diabetes.
These high-risk children are then followed with the hope of elucidating the
factors contributing to disease pathogenesis (Carmichael ef al. 2003). Table 2
lists some of the studies which are using various methods for typing HLA-
based genetic risk, and which are investigating different aspects of TI1D
development, such as environmental and genetic risk factors, and also possible
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approaches for the prevention of the disease (Rewers et al. 1996; Nejentsev et
al. 1999; Schenker et al. 1999; Dorman and Bunker 2000; Schatz et al. 2002;
Hagopian et al. 2006; Hood et al. 2006; TRIGR Study Group 2007).

Table 2. Projects using various methods for the screenin

g of HLA-based genetic risk for T1D.

The study Typing Aim of the study Location | Reference
method
DAISY — To learn how genes
Diabetes and environment Rewers et al. 1996
Autoimmunity Dot-blot interact to trigger the | Denver http://www.teddy-
Study in the onset of type 1 colorado.org/
Young diabetes
To investigate the
development of
BABYDIAB Dot-blot autoantibodies in Germany | Schenker et al. 1999
children of mothers
or fathers with T1D
DIPP — Diabetes To sFudy the Nejentsev et al. 1999
Prediction and DELFIA pred?ctlon and . Finland http://research.utu.fi/
Prevention possible prevention dipp/index.php
of T1D )
PANDA - To understand the
Prospective mechanisms leading Hood et al. 2006
Assessment in Luminex to the disease and to Florida http://www.uf-
Newborns for develop a prevention diabetes.org/
Diabetes therapy research PANDA. asp
Autoimmunity
TEDDY — The To investigate the '
Environmental role. of Finland, .
Determinants of | DELFIA env1ronmental Sweden, Hagopian et a1: 2006
Diabetes in the factors in the Germany, | http://teddy.epi.usf.edu/
development of TID | USA
Young
To test whether
TRIGR — Trial p hydrolysed infant E
to Reduce yro- formula compared to urope, The TRIGR Study
IDDM in the SCqUENCINg | w's milk-based Usa, Group 2007
Genetically at and formula decreases Canada., http://trigr.epi.usf.edu/
. DELFIA . Australia
Risk the risk of
developing T1D

One option for the screening of genetic risk is a step-wise approach. Different
factors influencing risk are analysed with several consecutive assays, and the
screened population is thus narrowed down to those eligible for the study. The
number of screened individuals is diminished after each step and the order of
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the analytes needs to be carefully selected to provide the most economical
screening program.

A second option for screening is to include all the genetic risk factors in one
step, requiring a multiplex assay capable of typing all the loci in a single assay.
The latter approach is usually technically more complex than step-wise typing,
and is better suited for studies where it is essential to have the full information
of the genetic risk factors of all the screened individuals. Even with the
intention of selecting only a small percentage of the population, including those
with the highest genetic risk, the number of screened samples easily expands to
several thousand and the selected screening method becomes a critical aspect
in the study budget. However, once the progress of the disease can be
prevented or the disease cured the full genetic risk panel of those individuals
receiving treatment might have a major effect on the chosen therapy, and the
all-at-once approach of screening would thus be the most advantageous.

2.3.2 Dot-blot and reverse dot-blot

The first assay using the basic principle of a dot-blot assay with labelled,
sequence-specific oligonucleotides (SSO) to detect PCR product immobilised
onto a membrane (Figure 3) was published in the 1980s (Saiki et al. 1986) and
has been a popular method ever since. The method was also quickly applied to
the typing of HLA polymorphisms, such as DQAI- and DQBI alleles (Morel
et al. 1988; Dorman et al. 1990; Bugawan and Erlich 1991; Heimberg et al.
1992). The primers used were designed to include all the polymorphisms of
interest within the amplicon, and the resulting PCR product was usually
immobilised onto a membrane by baking or UV cross-linking. Sequence
specific oligonucleotides with radioactive labels (Dorman et al. 1990; Khalil et
al. 1990; Heimberg et al. 1992; Berzina et al. 2002) or nonradioactive labels
with chromogenic dyes or chemiluminescent substrates for detection (Bugawan
and Erlich 1991; van der Auwera et al. 1995; Rewers et al. 1996) were then
used to identify the alleles of the immobilised PCR products under
investigation.

In the reverse dot-blot method (Figure 3) the positions of the PCR product and
the probes are reversed with the probes being those immobilised onto a solid
surface and the PCR product labelled for detection and hybridised to the
probes. With this reversed dot-blot method microtiter plates have been used,
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instead of membranes, as the solid phase for immobilizing the probes thus

enabling automation and high-throughput screening of HLA genes (Giorda et

al. 1993; Kawai et al. 1994; Cinek et al. 2000; Geranton et al. 2003).
dot-blot reverse dot-blot

solid phase with dots of

immobilised immobiised
PCR-product oligonucleotide
/ \ probes
labelled probe + labelled PCR-product
P )Xm)/ ~esmsssmmamas
solid phase solid phase

Figure 3. The principle of dot-blot and reverse dot-blot assays. In dot-blot assays PCR
products are immobilised onto the solid phase and labelled oligonucleotide probes are
hybridised to the PCR product, whereas in reverse dot-blot assays the positions of the PCR
products and probes are reversed.

Studies that have used dot-blot for typing the HLA-DQBI alleles include the
NOBADIA (Norwegian Babies against Diabetes) study (Ronningen 1997), the
German BABYDIAB study (Schenker ef al. 1999) and the ABIS (All Babies in
Southeast Sweden) study (Berzina et al. 2002). In the DEW-IT (Diabetes
Evaluation in Washington) study glass slides were used instead of nylon
membranes for immobilizing the PCR products (Wion et al. 2003). The
DAISY (Diabetes Autoimmunity Study in the Young) study, conducted in
Denver, Colorado, and initiated in 1994 (Rewers ef al. 1996), initially also used
the dot-blot method for their screening. In addition to these screening programs
to find individuals with an increased genetic risk for T1D, the dot-blot method
has also been used in research to further elucidate the genetic risk behind T1D
(van der Auwera et al. 1995; Erlich et al. 2008) or to evaluate the best possible
inclusion criteria for follow-up studies (Lampasona et al. 1995).
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A commercial kit for typing HLA-DQBI1 alleles called RELI" SSO with a
reverse dot-blot principle is available from Invitrogen (Carlsbad, CA, USA).
Kits for other HLA genes, such as DRBI, are also available in the same
product line. The RELI" SSO method, to evaluate the HLA-based genetic risk
for T1D, has been used in the DIABFIN (Diabetes Finalized Italian Network)
(Buzzetti ef al. 2004) and Prefin Italy (Lorini ez al. 2005) studies as well as by
the JDRF (The Juvenile Diabetes Research Foundation) / Wellcome Trust
Diabetes and Inflammation Laboratory (DIL) (https://www-
gene.cimr.cam.ac.uk/todd/public_data/HLA/HLA.shtml, accessed 4™ March,
2009). The DAISY study has also proceeded in 2002 to type the samples with a
reverse line-blot method using strips, performed in the HLA typing laboratory
at Roche Molecular Systems Inc. (Alameda, CA, USA) (Blair et al. 2002;
Emery et al. 2005). In this method biotinylated, amplified DNA is hybridised
to nylon membrane strips containing immobilised probes in linear arrays, and
detected with streptavidin-horseradish peroxsidase and chromogenic substrate.

2.3.3 DELFIA

The DELFIA® method, using sequence-specific oligonucleotides with
lanthanide labels closely resembling the dot-blot method performed on a
microtiter plate, is commercially available from PerkinElmer, Wallac.
DELFIA® assays are available for screening certain alleles of the HLA-DQBI,
-DQAT and DRBI1 genes that provide valuable information when evaluating
the genetic risk for developing type 1 diabetes. This method has been used for
screening for eligible participants in the DIPP (The Diabetes Prediction and
Prevention) study in Finland (Nejentsev ef al. 1999; Kukko et al. 2004) as well
as in the TEDDY (The Environmental Determinants of Diabetes in the Young)
study (The TEDDY Study Group 2007), and also in a Danish study with the
objective of improving the tools used for predicting of T1D at birth (Eising ef
al. 2007).

In the DELFIA® method the region of interest of the gene under investigation
is amplified by PCR using a primer pair with one of the primers labelled with
biotin. As shown in Figure 4, the biotin moiety is then used to attach the PCR
product onto a microtiter plate well coated with streptavidin which allows the
removal of all the other components of the PCR by washes. The PCR product
is then denatured using sodium hydroxide and the non-biotinylated
complementary strand is removed by washes leaving a single-stranded PCR
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product in the microtiter well. Lanthanide-labelled probes are added and are
allowed to hybridise to their complementary sequences in the PCR products.
The microtiter wells are washed once more, to remove the excess probes, and a
development solution is added, after which the signals can be measured and the
results interpreted. (Sjoroos et al. 1995; llonen et al. 1996; Sjoroos et al. 1998;
Nejentsev et al. 1999; Laaksonen et al. 2002)

streptavidin

\J

microtiter well

Figure 4. DELFIA hybridisation. The biotinylated PCR product is attached to the well of a
streptavidin coated microtiter plate and stripped of the complementary strand. The lanthanide-
labelled probes hybridise to the single-stranded PCR products, and after removal of unbound
probes by washes, the signals produced by the labels are measured from the wells.

The utilisation of lanthanide labels provides an advantage. Due to their unique
nature, the biological background of sample material does not interfere with the
measurement allowing the use of less pure DNA material in the assays. Since
the sample material need not be pre-treated excessively, valuable time and
materials are saved.

2.3.4 Luminex xMAP —-technology

The PANDA (Prospective Assessment in Newborns for Diabetes
Autoimmunity) study is relying on the Luminex platform for typing the HLA-
DQBI and —~DRBI -alleles (Hood ez al. 2006). Luminex xMap® technology
(Figure 5) is based on microspheres that are internally labelled with two
spectrally distinct fluorochromes. The ratio of the fluorochromes is specific for
each type of microbead, and forms the basis of recognition of different beads.
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bead 1 - sequence A bead 2 - sequence B

denature amplified DNA +
hybridise to beads

label & detect

bead signal: 1 bead signal: 2
label signal: + label signal: -

N

sample result: sequence A

Figure 5. The Luminex assay. The labelled beads have different oligonucleotide probes
attached onto their surfaces. The beads, and the particular probes attached to them, can be
recognised through the varying dye ratios of the beads. The amplified and biotinylated PCR
products are hybridised to the bead sequences, and the biotin is used to label the attached PCR
products on the beads. The signals are then measured both from the beads, to recognise the
probe sequence, and the biotin attached label, to identify if a PCR product is hybridised to the
probe or not.

The beads are coated with capture probes, usually approximately 20 base pairs
in length, containing a sequence complementary to a sequence in the
appropriate amplified PCR product (Fulton et al. 1997; Dunbar 2006). The
sequence of the capture probe is consequently linked to the ratio of the dyes in
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the bead enabling the identification of the probe sequence through the bead.
Primers are designed to amplify a region from 100 to 300 base pairs. As one of
the primers is biotinylated, biotin is thus incorporated into the PCR product
during amplification. This biotin is then used for labelling the PCR product
hybridised to the microsphere with a streptavidin coupled label moiety. Once
the PCR products are hybridised to the capture probes on the beads, the beads
are analysed with a flow cytometer capable of measuring the bead
fluorescence, as well as the signal from the labelled PCR product possibly
hybridised to the capture sequence of the bead. (Fulton et al. 1997; Itoh et al.
2005; Dunbar 2006)

A few possible assay formats for analyzing nucleic acids with the Luminex
principle have been described. In the direct hybridisation format the single-
stranded PCR products, rendered such by denaturing or by asymmetric
amplification, are hybridised to the capture probes. If the labelling of the target
DNA is undesirable or not possible, a competitive format can be used, where
biotinylated single-stranded oligonucleotide targets compete with the double-
stranded PCR products for hybridisation to the capture probes. (Dunbar 2006)

The beads can also be used for analyzing the results of solution-based
sequence-specific enzymatic reactions used for typing the target sequence.
These reactions include the allele-specific primer extension (ASPE), the
oligonucleotide ligation assay (OLA), and the single base chain extension
(SBCE). In all of these approaches, a capture sequence is included in one of the
oligonucleotides used in the assays to attach the product to a recognisable bead
via a complementary sequence on a bead. In ASPE (Figure 6) a primer with a
capture sequence is extended by the incorporation of dNTPs, one of which is
biotinylated. The extension can only occur if the 3’-end of the primer, located
at the site of the polymorphism, is complementary to the target. In OLA
(Figure 7) a capture probe with the 3’end of the probe positioned at the site of
the polymorphism and a biotinylated reporter probe are ligated by a
thermostable ligase provided the probes and target are perfectly matched.
Unlike in ASPE and OLA, in the SBCE method (Figure 8) the 3’-end of a
primer containing a capture sequence is located one base upstream of the
polymorphism. Separate reactions are required for all possible single base
extensions using biotinylated nucleotides. However, after the extension step the
detection can be multiplexed into a single reaction. (Dunbar 2006)
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capture sequence

+
target DNA

primer extension with
a biotinylated dNTP
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Figure 6. Allele-specific primer extension (ASPE). A capture sequence is included in the
primer used for amplification of the target. The 3’-end of the primer is located at the site of the
polymorphism, and amplification can occur only in the case of a perfect match of the 3’-end.
One of the dNTPs is biotinylated and this biotin is incorporated into the amplification product.
The capture sequence is used to attach the biotinylated PCR product to the correct bead, while
the biotin moieties are used for labelling the product
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capture sequence biotinylated reporter probe/.
_—A .........................

+
target DNA
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Figure 7. The oligonucleotide ligation assay (OLA). A probe with a capture sequence
complementary to a sequence on a specified bead and a biotinylated reporter probe are both
hybridised to the target sequence. A ligation reaction will occur only in the case of a perfect
match. The capture sequence is then used to attach the formed ligation product onto a
recognisable bead.
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Figure 8. Single base chain extension (SBCE). A primer with a capture sequence hybridises to
the target with the 3’-end next to the polymorphic site. A biotinylated ddNTP is used to extend
the primer by a single base. The different ddNTPs, used for typing the different alleles, all
require separate reactions, and in each reaction a different capture probe is used linking the
added dANTP to a specific sequence. The single base extension products from all reactions are
then mixed with the beads. Through the capture sequence the added ddNTP can be linked to a
specific bead, and the base added to the site of the polymorphism can thus be identified.

Multiple analytes are easily detected from a single reaction based on the
identification of the beads and, consequently, the capture probes. The Luminex
system is reported to be able to analyze up to 100 different analytes in a single
reaction, thus enabling, if necessary, the typing of several HLA genes in a
single run (Fulton et al. 1997; Dunbar 2006; Dalva and Beksac 2007).
Recently, a version of the Luminex system capable of analysing up to 500
analytes in a single reaction has been released (Luminex-website
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http://www.luminexcorp.com/flexmap3d/index.html, accessed 14™ October
2009). In this version, three different dyes are used in the beads, instead of two,
for identification purposes, and thus the number of beads can be increased. The
Luminex assay principle can also be applied to other analytes beyond nucleic
acid analysis, such as antigens, antibodies, and enzyme substrates (Fulton et al.
1997).

Kits for typing HLA alleles, including the DQBI1-gene polymorphisms, are
available from One Lambda Inc. (Canoga Park, CA, USA) and Tepnel
Lifecodes (Stamford, CT, USA) (Dunbar 2006; Dalva and Beksac 2007). Both
kits use the direct hybridisation approach, but there are slight differences
between the kits, for example in the assay protocol. Tepnel Lifecodes relies on
asymmetric PCR, whereas the One Lambda —kit uses regular PCR. There are
also differences in the number of probes used for typing of the alleles. (Dunbar
2006; Dalva and Beksac 2007) Products for typing polymorphisms in other
HLA genes, such as for DRBI, are also available from both companies.

2.3.5 Pyrosequencing

A sequence-based typing method called pyrosequencing, originally designed
for sequencing short stretches of approximately 10 bases of DNA, has also
been adapted for typing the HLA genes DQBI1 and DRBI1 (Ringquist et al.
2002a; Ringquist et al. 2002b; Ringquist et al. 2004; Entz et al. 2005). It has
been used in the TRIGR (Trial to Reduce IDDM in the Genetically at Risk)
—project to type samples from the USA and Canada (TRIGR Study Group
2007). The pyrosequencing method requires a single-stranded DNA-template,
purified of any residual PCR components, either by solid phase capture of the
PCR product or by enzymatic removal of any remaining primers and
nucleotides (Ronaghi 2001). The actual sequencing reaction (Figure 9) consists
of four steps: (1) A sequencing primer is hybridised to the single-stranded PCR
product. (2) The sequencing is performed by adding each dNTP one-by-one
into the reaction, and when the correct dNTP is added to the reaction, it
becomes incorporated and pyrophosphate is released. (3) The pyrophosphate is
then converted by ATP sulfurylase, with exogenous adenosine 5’
phosphosulfate, into ATP, followed by the production of light with the use of
luciferase. In the nucleotide additions dATPasS is used instead of dATP since it
is incorporated efficiently by DNA polymerases, but it is not a substrate for
luciferase. (4) Unincorporated dNTPs are degraded by apyrase before the
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addition of the next ANTP. The production of light is used to determine which
dNTP was successfully added and thus is the correct base in the studied
sequence. Steps 2 to 4 are then repeated to further decode the target sequence.
(Ronaghi et al. 1996; Ronaghi 2001; Fakhrai-Rad ef al. 2002; Ringquist ef al.
2002b; Ringquist et al. 2004)

I: correct dNTP added [I: incorrect dNTP added

polymerase

+ dCTPw —w no
incorporation

L +dTTP
A P-
\ ;ulfurylase apyrase
> T citerase . dTMP + no light

X 7
Ilght7

/\\

Figure 9. Pyrosequencing. I: When a correct dNTP is added, the polymerase incorporates it
and a pyrophosphate is released. ATP-sulfurylase converts this pyrophosphate into ATP, which
is then used by luciferase to produce light which is measured to identify a successful
incorporation. II: If a wrong dNTP is added, incorporation does not occur and the added dNTP
is removed from the reaction by apyrase.

Based on previous knowledge of the sequences of the region being assayed, the
dispensation order of the dNTPs can be adjusted, instead of the four different
dNTPs rigidly following one after another always in the same order (Ramon et
al. 2003). This adjusted order of ANTP dispensation has also been exploited in
the typing of HLA-DRBI1 alleles in heterozygous DNA samples by using out-
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of-phase dispensation. The order of nucleotides added is selected to cause
incorporation in only one of the alleles, resulting in the sequencing of this
allele to be ahead of the other. DRB1-alleles otherwise indistinguishable have
been successfully typed by this method. (Ramon et al. 2003)

The read lengths obtained when typing the genes of the HLA region have been
from 30 to 70 nucleotides (Ringquist et al. 2002b; Ringquist et al. 2004; Entz
et al. 2005), although some methods have been reported that enable the reading
of sequences up to 150 residues in length (Gharizadeh et al. 2002). The DQB1
and DRBI alleles have been completely resolved by using a combination of a
number of sequencing primers. The primers hybridise to different locations on
the PCR product, usually in the most polymorphic exon 2 of these genes.
Consequently, a more complete view of the sequence and the alleles in
question can be achieved than by using the information gained from a single
sequence (Ringquist ef al. 2002b; Ringquist ef al. 2004; Entz et al. 2005; Lu et
al. 2009). To decipher the DRBI1 alleles of a sample, a task complicated by the
sheer number of different DRB1 alleles, a group-specific amplification as a
pre-selection step combined with pyrosequencing of the identified sub-groups
has also been used (Entz ef al. 2005).

The unique, highly polymorphic nature of the genes in the HLA region requires
appropriate software to resolve the alleles in question. However,
pyrosequencing is a convenient method for the analysis of HLA alleles, and
provides increased resolution of the region sequenced not obtainable by other
methods relying on oligonucleotide probes, which dictate in advance the
sequence information that can be acquired by the method in question. Thus
previously unpublished polymorphisms can also be discovered by the
pyrosequencing method. An added benefit of the method is the possibility to
resolve some allelic combinations by out-of-phase sequencing (Ramon et al.
2003; Lu et al. 2009) that would be undecipherable by conventional
sequencing.

2.3.6 Other methods for typing HLA genes

In the well-established TagMan method (Holland et al. 1991), a DNA-
polymerase with a 5’-nuclease activity is used in PCR to cleave a double-
labelled probe hybridised to the template being amplified by the polymerase.
When the probe, containing a reporter fluorophore on one end and a quencher
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label on the other, is cleaved, the reporter label is released and the resulting
increase in its fluorescence signal can be measured. This principle of detecting
the amplified PCR product has also been applied to the testing of HLA alleles.
Faas and colleagues have developed a system based on TagMan probes to
analyse HLA-DQBI1 alleles where the specificity of the assay relies mostly on
sequence specific primers (Faas et al. 1996). They noted that the TagMan
probes hybridised under PCR conditions to templates containing up to two
mismatches, and thus were not able to provide the specificity required to
distinguish the alleles. However, if such a method, based on a repertoire of
sequence specific primers to identify the alleles, were used, fewer labelled
probes would be required, since a separate probe would not be needed to detect
each allele; whereas in a method where generic primers are employed, a larger
panel of more specific probes would be needed to identify all required alleles.
This combination of sequence-specific priming (SSP) with TagMan detection
has later also been applied to other HLA genes (Luedeck and Blasczyk 1997;
Menon et al. 1997; Slateva et al. 1998; Albis-Camps and Blasczyk 1999;
Gelsthorpe et al. 1999; Tremmel et al. 1999; Slateva et al. 2001; Reinton et al.
2006; Danzer et al. 2007), but despite these developments the utilisation of this
approach in large-scale screening for the risk alleles for T1D has not been
reported.

Due to the complex nature of the HLA region, an alternative approach to
typing the HLA alleles, with the help of single nucleotide polymorphisms
(SNP), called HLA tagging has been proposed (de Bakker e al. 2006; Goris et
al. 2008; Leslie et al. 2008). In this method, the HLA alleles are deciphered by
analysing SNPs that are located outside the HLA genes, but are strongly
associated with certain HLA alleles. The use of a TagMan-assay to screen for
two SNPs identifying DR3/4-DQS8 subjects has been suggested as a primary
step by Barker and colleagues, since this would identify those individuals
considered at the highest risk for developing T1D (Barker et al. 2008). One
SNP was successfully typed by the TagMan method, but the second SNP was
assayed using a restriction enzyme digestion, since nearby polymorphisms
prevented the utilisation of a TagMan assay with this SNP. Additionally, since
the association of the SNP to the targeted genotype was not 100 % when
compared to results obtained by a reverse dot-blot method, the HLA genotype
of the individuals suspected of a high risk had to be confirmed by other
methods. This SNP tagging using the TagMan-method has also been shown to
be applicable to the detection of HLA risk alleles for celiac disease (Monsuur
et al. 2008; Koskinen et al. 2009).
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Commercial kits based on sequence-specific primers are also available for
typing the HLA genes. These methods were published already in the 1990s,
and have been widely used (Olerup and Zetterquist 1992; Bunce et al. 1995;
Welsh and Bunce 1999; Gerlach 2002). The identification of the alleles is
based on the pattern of PCR products produced by an array of allele-specific
primer sets, usually visualised by gel-electrophoresis. Qiagen provides Olerup
SSP —kits for both low and high resolution typing of class I and class II genes
(Qiagen website: http://wwwl.qiagen.com/Products/Assays/HLA/, accessed
April 11™ 2009). Invitrogen manufactures two kits relying on the same
principle of sequence-specific priming: SSP UniTray® and AllSet+™Gold
SSP (Invitrogen website: http://www.invitrogen.com, accessed April 1"
2009).

HLA typing can also be done by sequencing. For example, Qiagen offers the
SBTexcellerator HLA kit, Invitrogen manufactures the SeCore™ kit, and
Abbott Laboratories the AlleleSEQR kit (Abbot Molecular website:
httg://international.abbottmolecular.com/HLA_1246.aspx, accessed October
24™ 2009). These methods are usually quite labour-intensive and consequently
not suitable for the primary screening of large sample collections.

The different methods used in the screening for the HLA risk alleles for T1D
all have their advantages as well as some disadvantages (Table 3). Some of the
methods, namely the pyrosequencing and the Luminex assay, require a multi-
step sample pre-treatment, while some methods allow the use of quite crude
sample material, such as whole blood dried on a sample collection paper used
in the DELFIA system. However, the labour required by some of the methods
is compensated, for example in the Luminex assay, by the number of alleles or
analytes than can be analysed simultaneously. The intended use dictates to a
great extent which of the assays is the most suitable for the purpose.
Considering a study aimed at the screening of thousands of samples, such as
the TEDDY study, a method with minimal costs combined with fast production
of results would be ideal. The costs of an assay usually mainly consist of
labour and reagents. Thus an economical method would require minimal
hands-on time and inexpensive reagents as well as minimal sample pre-
treatment, and would not require the use of specialised equipment.
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Table 3. Characteristics influencing the method of choice for screening the HLA risk alleles.

Method Advantages Drawbacks
dot-blot -no complicated sample pre- | -limited number of alleles
treatment detected simultaneously
-simple method principle —
easily applied to new analytes
Luminex -number of alleles detected -multiple steps
simultaneously can vary from | -laborious sample pre-
few to hundred treatment
Pyrosequencing -detection of unknown alleles | -laborious sample pre-
treatment
-specialised equipment
required
DELFIA -no complicated sample pre- | -limited number of alleles
treatment detected simultaneously
TagMan -uncomplicated assay -limited number of alleles
principle requiring only up to | detected simultaneously
2 steps -design of assay may be
complicated

At present there is no cure or method of prevention for type 1 diabetes.
Screening for the genetic risk for T1D is currently used to identify those
individuals eligible for prevention trials (Dantonio ef al. 2006). It has also been
stated that until an effective intervention is available, this should be the only
purpose of the genetic screening of the general public (Schatz et al. 2002).
Several studies have focused on identifying environmental factors that are
thought to contribute to the disease susceptibility. Possible ways of preventing
the disease or delaying the disease progress can be investigated, and also
deeper knowledge of the molecular mechanisms behind the disease can be
gained by studying individuals with increased genetic risk (Schatz et al. 2002;
Gillespie 2006; Mehers and Gillespie 2008). Hopefully in the future T1D can
be prevented and the methods developed for screening genetic risk factors can
be applied to population screening programs, and possibly even identify those
preventive measures most suited for the individual with a certain genetic risk
for T1D. (Knip 1998; Schatz ef al. 2002; Kim and Polychronakos 2005)
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3 Aims of the study

The aim of the present study was to improve the current methods used in the
screening for the genetic risk for type 1 diabetes in order to reduce the costs
and time spent in analyzing the samples. More specifically, the aim was to
develop a method generally suitable for the screening of blood samples dried
on sample collection paper for different polymorphisms.

The aims of the original publications were as follows:

1. To provide proof-of-principle for a method based on asymmetric
PCR and competitive homogeneous hybridisation with a simple
SNP assay.

2. To develop the method created further to suit a more complex assay
for HLA-DQBI1 screening and to develop a method allowing the use
of whole blood dried on sample collection paper as sample material.

3. To show the functionality of the method developed in a large-scale
screening program involving the typing of thousands of samples.

4. To provide a possible dry reagent approach to further simplify the
method developed and to compare the method developed to an
existing method used in a routine screening program.
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4 Summary of materials and methods

A summary of the materials and methods used and some unpublished
information is presented in this chapter. A more detailed description of the
published materials and methods can be found in the original publications (I-
V).

4.1 Oligonucleotides

The detailed sequences and labels of the oligonucleotide primers and probes
are described in the original publications (I-IV) and in Table 4. The primers
and probes for study I were purchased from MWG Biotech AG (Ebersberg,
Germany) and for studies II-IV from ThermoElectron GmbH (Ulm, Germany).
The lanthanide probes were labelled at the Department of Biotechnology at the
University of Turku (I and II) or at Abacus Diagnostica (Turku, Finland) (III
and IV).

The LNA (locked nucleic acid)-spiked probes were designed according to
published guidelines (Orum et al. 1999; Braasch and Corey 2001; Simeonov
and Nikiforov 2002; Costa et al. 2004; Ugozzoli et al. 2004; You et al. 2006)
and with the aid of web-based calculation programs (http://Inatools.com) suited
for the design of LNA-spiked probes.

4.2 DNA samples and sample pre-treatment

The whole blood samples used in the studies were collected for genetic studies
from Finnish type 1 diabetic families (I, II), and from population-based birth
cohorts in Germany and from the three cities in Finland, Turku, Oulu and
Tampere, participating in the TEDDY and DIPP studies (III). Samples
originally drawn for diagnostic purposes were also used as reference material
in IV for the development of a new method.

DNA was extracted from EDTA (ethylenediaminetetraacetic acid) -treated
blood with a salting-out method (Olerup and Zetterquist 1992). The HLA-
DQBI1 genotypes of the samples were determined using a time-resolved
fluorometry-based DELFIA® plate hybridisation assay (Perkin Elmer Life and

36



Summary of materials and methods

Analytical Sciences Wallac, Turku, Finland) (Sjoroos ef al. 1995; Nejentsev et
al. 1999). The insulin gene -2221 C/T—polymorphism (Laine et al. 2004; Laine
et al. 2007) and the presence of HLA-B*27 (Vilimaa et al. 1998) were also
typed using DELFIA®-based plate hybridisation methods. For the poliovirus
receptor (PVR)-A/G-SNP and the CD86-gene exon 2 A/G-SNP sequencing
was used as a reference method.

EDTA-treated blood was also used in testing the possibility of using FTA®
Classic Card (Whatman International Ltd., Maidstone, UK) sample collection
cards as sample material. In order to use dried blood spots in the homogeneous
assay format, a pre-treatment strategy to liberate the DNA from the blood spots
into solution was needed. An approach where circles 3 mm in diameter were
cut from the FTA cards into the wells of a PCR plate, incubated in water for
ten minutes at 100 °C, and cooled to 10 °C and briefly centrifuged was found
successful. 1 pl volumes of this solution per reaction were then used as the
source of sample DNA. A slightly modified approach, including a washing step
with 50 mM sodium hydroxide before the addition of water, was needed when
the blood was spotted onto 903 ProteinSaver™ cards (Whatman International
Ltd). (1L, III)

4.3 The assay principle

The basic principle behind all assays developed is the same, relying on
asymmetric PCR and post-PCR hybridisation of lanthanide-labelled probes
with either single-stranded PCR product or complementary quencher
oligonucleotides. In homogeneous assays, also known as closed tube assays, no
separation steps are required: the unreacted label is not removed from the
reaction; instead the PCR products can be detected without opening the
reaction vessel (Higuchi et al. 1992). The benefits of homogeneous assays have
long been accepted, compared to assays requiring separate post-PCR analysis
steps (Foy and Parkes 2001). The assays developed are all homogeneous with
all reagents needed to complete the analysis included in the PCR mix. After
preparing the reactions and adding the samples, only thermal cycling and signal
measurement are required.

The method developed requires the amplification of the PCR to be asymmetric,

using an excess of one primer, in order to create single-stranded PCR product
during thermal cycling (Gyllensten and Erlich 1988). This single-stranded PCR
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product is then available for the probes to hybridise to after the thermal cycling
1s completed.

The probes used in these assays are short, and do not hybridise in the high
temperature used during PCR amplification. Instead, once the amplification is
finished and the temperature of the reactions is slowly lowered to room
temperature, the probes hybridise to their complementary sequences. The
principle behind the competitive hybridisation (Morrison ef al. 1989; Li et al.
2002; Shengqi et al. 2002) of the probes and PCR products is described in
Figure 10. Should the single-stranded PCR product contain a complementary
sequence to the lanthanide-labelled probe, the probe can hybridise to this
product instead of its complementary quencher oligonucleotide, and the
fluorescence of the probe is not quenched. However, if the PCR product does
not contain a complementary sequence, with as little as a single base difference
in sequence, or if there is no PCR product due to failed amplification, the
lanthanide probe binds to the complementary quencher and the fluorescence of
the probe is quenched.

positive result negative result unsuccessful
amplification

B /=i
— °

single-stranded PCR product

N\~
fL lanthanide-labelled probe

quencher

Figure 10. The possible hybridisations of the probes and quenchers. If the PCR product
contains a complementary sequence the probe hybridises to it resulting in a high fluorescence
signal. If the PCR product contains even a single nucleotide mismatch or there is no PCR
product present due to failed amplification, the probe binds to its complementary quencher
oligonucleotide and the signal from the probe is quenched.

A Victor 1420 Multilabel Counter (PerkinElmer, Wallac, Turku, Finland), with
the default parameters of the instrument, was used for the measurement of
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signals in all the assays developed. The signal-to-background ratios were
calculated for each of the probes by dividing the mean of the measured signal
from the sample by the mean of the appropriate background, this being either a
no-template control reaction or a control reaction negative for the assayed
parameter.

4.4 The SNP assays

The details of the reaction conditions of the SNP assays for the insulin gene
-2221 C/T, the PVR-A/G and the CD86 gene exon 2 A/G polymorphisms are
given in publication I. In all three assays one primer pair and two pairs of
probes were used to detect the two possible alleles of each SNP according to
the principle outlined above. The samples were divided into three genotype
groups according to the signal-to-background ratios of both probes, since for
each SNP only three genotypes were possible.

4.5 HLA-DQB1 screening

The HLA-DQBI-screening assay differed from the SNP assay in that
genotyping single SNPs was not possible due to the complex nature of the
typed HLA-DQBI1 gene. Instead, probes that recognise short stretches of
sequence, appearing in only one or a few alleles, were used. The genotypes of
the samples were then deduced from the patterns produced by positive signals.

The typing scheme for the HLA-DQBI1 gene was based on a heterogeneous
DELFIA® assay previously developed in our laboratory (Sj6roos et al. 1995)
and the details of the assay are described in publication II. Five probe-quencher
pairs were used to recognise the DQBI1 alleles *02, *0301, *0302, *0602/3 (II)
and *0603/4 (unpublished). A probe hybridising to a consensus sequence found
in all DQBI1 alleles was also included in the assay, so that the possible failures
in the amplification could be detected.

Due to the specific requirements imposed by the TEDDY study to the
screening of the HLA-DQBI1 conferred genetic risk, the probes used in the
homogenous assay were further adjusted in publication III. The changes were
made to provide a simple and fast primary screening step to be used for the
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typing of thousands of samples and also, with the eligibility criteria in mind, to
minimise the number of samples requiring more detailed genotyping.

The repertoire of probes currently available for typing the HLA-DQBI alleles
with the homogeneous assay developed has expanded since, and is shown in
Table 4. (11, III, unpublished)

Table 4. Probes available for typing the HLA-DQBI1 alleles in the homogeneous assay format.
The LNA-bases are marked with underlined, bold letters. The lanthanide label, europium (Eu)
or terbium (Tb) is always placed in the 5’-end of the probe and the dabcyl moiety in the 3’-end
of the quencher oligonucleotide. The concentrations of the probe and the complementary
quenchers in the reactions are shown. (II, ITI, unpublished)

target , . |lanthanide|concentration quencher sequence quencher
allele(s) probe sequence 5'—3 label (nM) 5'—>3' concentration (nM)
*02 AAG AGA TCG TG Tb 0,33 CGC ACG ATC TCT 2,66
*0302 GCC GCC TGC CG Eu 6,6 GGC AGG CGG 33,2
*0301 TGG AGG TGT AC Eu 6,6 CGG TAC ACC TCC 33,2
*0301/3 GCC GCC TGA CG Tb 3,3 CGT CAG GCG G 16,6
*04 AAC GGG ACC GAG C Eu 5,0 GCT CGG TCC CGT T 39,9
*04/5 TGC GGG GTG TGA C Tb 1,66 GTC ACA CCC CGC A 5,0
*05/6 GGG CGG CCT Tb 3,3 AGG CCG CCC 6,6
*0501 ACCGGGCAGTGA Eu 13,8 TCACTGCCCGGT 13,8
*0602/3 TAC CGC GCG Tb 3,3 CGC GCG GTA 6,6
*0603/4 | TTG TAA CCA GAC AC Eu 16,6 GTG TCT GGT TAC A 33,2
all (control)] CGC TTC GAC AG Eu 6,6 CTG TCG AAG CG 66,4

4.6 HLA-B*27 screening with the dry reagent approach

In HLA-B*27 screening the specificity of the assay relies on both allele-
specific primers and an allele-specific probe. The details of the assay are
described in publication IV. In short, the B*27-specific primers are used to
amplify only the B*27 alleles, if the specific alleles are present in the sample,
and the terbium-labelled probe is used to recognise the PCR product. Since
only the B*27 alleles are amplified with these primers, a second pair of primers
amplifying a section of the B-actin gene is used to control the success of the
amplification, and this PCR product is detected by a europium-labelled probe.

The feasibility of a dry reagent approach was studied by drying all the reagents
needed in the PCR to a well on a PCR plate. The drying of the enzyme was
tested together with the other reagents in addition to drying it separately from
other reagents. The stability of the reagents at room temperature sealed into
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storage packages, and protected from light was monitored over the period of
eighteen weeks.

41



Summary of results and discussion

5 Summary of results and discussion

5.1 The SNP assays

The functionality of the approach developed was first demonstrated in three
basic SNP assays (I). The hybridisation patterns of the europium- and terbium-
labelled probes are described in the upper part of Figure 11 with respect to the
results of the SNP assays, and the lower part of Figure 11 shows genotyping
results produced by the insulin gene -2221 C/T and the PVR-A/G assays. The
three differing genotypes of all three SNP assays, the insulin gene -2221 C/T
polymorphism, the PVR-A/G-polymorphism and the CD86 gene exon 2 A/G-
polymorphism, were clearly distinguishable, providing support for the
functionality of the chosen approach. Moreover, of the hundreds of samples
typed, only a very small number required reanalysis, varying from 0.3 to 5
percent of samples.

The chosen probe format of two complementary oligonucleotides both with a
single label moiety, one with a lanthanide label and the other with a dabcyl-
quencher molecule, provides an affordable approach when compared to
double-labelled probes which are usually significantly more expensive than
single-labelled oligonucleotides (Nurmi et al. 2001). Further, the design of the
new probes is relatively simple since no complicated secondary structures are
required for the functionality of the probes, such as for Molecular Beacons
(Tyagi and Kramer 1996). The efficiency of the quenching of the signal by the
quencher-oligonucleotide, in the approach where the label moiety and the
quencher molecule are on opposite, complementary strands has already been
demonstrated to be comparable to the characteristics of TagMan probes and
Molecular Beacons (Nurmi ef al. 2002). The quenching efficiency was shown,
also in this instance, to be quite high, with 97 % and 88 % of the signal
quenched, when tested with the insulin-C-europium and insulin-T-terbium
probes, respectively.
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Figure 11. The hybridisation of the probes and the results of the insulin gene -2221 C/T and
PVR-A/G assays. As shown in the upper part, depending on the sample genotype, in groups A
and B only one of the probes produces a positive result indicating a homozygous sample,
whereas in group C both probes are positive. If any of the samples failed to amplify, they
would be shown in group D. In the lower part of the figure the insulin gene -2221 —results are
marked with crosses and the PVR-results with open circles. The results showed the clear
division of results into three distinct groups; A, B and C; based on their genotypes with no

Ins-C-Eu and PVR-G-Eu-probe signal-to-background ratio

samples failing to be amplified (group D). (I)
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The discrimination potential of short probes (Lipsky ef al. 2001) was utilised
by performing the hybridisation close to room temperature as opposed to the
high temperatures used in TagMan assays (Holland ef al. 1991; Livak 1999).
Even a G-T mismatch with minimal destabilising effect and cross-reactivity,
that has been shown to complicate SNP typings (Ikuta et al. 1987; Luo et al.
1996; Allawi and Santalucia 1997; Bernard et al. 1998; Smit et al. 2001),
could successfully be analysed in the insulin gene assay.

An advantage in preventing the cross-reactivity is provided by the possibility
of including both probes in the same reaction, enabled by the use of two
lanthanide labels, europium and terbium, since only one probe can hybridise to
one PCR product. Thus the probe with the completely complementary
sequence has the advantage over the one with a single mismatch when
competing for the same complementary strand (Livak 1999).

5.2 HLA-DQB1 assay with LNA-spiked probes

The second challenge was to apply the assay principle developed to a more
complicated analyte, namely the HLA-DQBI1 gene with its complex
polymorphisms. The alleles are not defined by single SNPs, but rather a series
of SNPs creating, in a sense, a haplotype that is called an allele. Although some
alleles can be identified by probes covering a single SNP, or more typically
two to three SNPs, there are alleles that can be distinguished only by a pattern
produced by several probes covering multiple SNPs.

Due to the complex nature of the DQB1-gene, the approach with competing
probes for a single SNP could not be used. The probes used in the initial
attempts to analyse the DQBI alleles did not have any base analogs, but
contained only DNA, similar to those used in the SNP assays (II, unpublished
results). However, the signal-to-background ratios of these probes did not
provide acceptable results, and thus those probes with only the quencher
oligonucleotide to compete with the hybridisation to the PCR product did not
provide a setting strict enough to attain adequate specificity.

LNA additions were then made to the lanthanide-labelled probes to improve
the functionality of the probes (II). LNAs are DNA analogs which have been
shown to have strong affinity and high discriminatory power (Koshkin et al.
1998; Braasch and Corey 2001; Petersen and Wengel 2003; Ugozzoli et al.
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2004). The structure of the LNA is conformationally restricted with an extra
methylene bridge in the ribose ring. This structure enables a very efficient
binding to complementary nucleic acids (Latorra et al. 2003; Vester and
Wengel 2004; Yang et al. 2007). LNAs have been used to improve the
discriminatory power of different assays. For example, LNAs have been added
to probes that fail to reliably differentiate genotypes, and also to primers to
enhance their specificity and strength of binding to targets (Jacobsen et al.
2002; Simeonov and Nikiforov 2002; Latorra et al. 2003; Letertre et al. 2003;
Arjomand-Nahad et al. 2004; Kennedy et al. 2006). As shown by the
comparisons of LNA-spiked probes with traditional only-DNA containing
probes (II) this superior discrimination enabled a practical DQB1-assay set up.

A set-up mimicking that of an existing DELFIA® HLA-DQBI-assay designed
for the analysis of TID risk alleles was first developed with six probes
identifying the DQB1*02, *0301, *0302, *0602, *0603 and *0604 alleles (II,
unpublished) (Figure 12). A control probe with a consensus sequence found in
all DQBI alleles was included to ensure the successful amplification of the
samples. A corresponding chart for the additional probes, *0301/3, *04, *04/5,
*0501 and *05/6, designed later for a more detailed typing of the DQBI1
alleles, 1s shown in Figure 13 (unpublished). The positive average signal-to-
background ratios for each probe were calculated from all samples positive for
the typed allele. (For example, the *02 probe has an average signal-to-
background ratio of 3.09 for samples positive for *02 allele.) The signal-to-
background ratios for those alleles not recognised by the probe were calculated
from all those samples which were positive for the allele in question, but not
the allele the probe hybridises to. (For example, the *02 probe has an average
signal-to-background ratio of 0.86 for those *0301 positive samples which are
not positive for the *02 allele.) Average signal-to-background ratios of these
probes ranged from 1.7 to 4.5 with positive samples and remained below 1.2
for negative samples providing unambiguous typing results.
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Figure 12. The average signal-to-background ratios of the HLA-DQB1 probes used for typing
of the alleles important for assessing the relative genetic risk for T1D. The probes used are
marked on the right and the average signal-to-background ratios of samples containing a
specified allele on the left. Alleles marked with *0502/3 denote both *0502 and *0503 alleles
and were not differentiated by the assay.

The bases in the probes substituted with LNA were chosen based on the
differences in sequence between the allele or alleles recognised by the probe in
question and all other possible sequences. LNA was usually added to the most
critical bases differing between the targeted sequence and the majority of the
other alleles, in order to provide the greatest possible difference between
melting temperatures. However, too many LNA additions might have raised
the melting temperature (T,) of the probe too high, and destroyed the
specificity achieved by the use of short probes. Therefore, the number of LNA-
bases per probe was limited to between two and five, depending on the probe
sequence and its GC-content (I, unpublished results).
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Figure 13. The average signal-to-background ratios of the HLA-DQB1 probes used for more
detailed typing of DQBI alleles. The *0301/3-probe hybridises to both *0301- and *0303-
alleles; similarly the *04/5-probe recognises all *04- and *05-alleles and the *05/6-probe all
*05- and *(06-alleles.

The results of an assay comprising all the possible probes available in the
homogeneous assay format developed for the typing of HLA-DQBI alleles are
shown in Table 5. The signal-to-background ratios from each probe and the
genotype of the sample that can be deduced from these results are shown.
Some of the sample genotypes can not be resolved completely due to possible
homozygosity that is not revealed by the assay (only one allele as a result).
Furthermore, due to the multiple alleles recognised by some probes, other
possible alleles that might be present, but remain concealed, are in parenthesis.
For example a *0301(0303) result might be a *0301 homozygote or the
genotype of the sample could be *0301/0303. Moreover, the *0602/3/4 result
could consist of a sample with a combination of *0602, *0603 and *0604
alleles or it could be the *0603 allele together with another, infrequent *06
allele.
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Table 5. The results of a homogeneous assay for typing HLA-DQBI1 alleles. The positive
signal-to-background ratios are marked in bold. The resulting DQB1-genotype of the sample
that can be deduced from the results is shown. For some of the samples a detailed genotype
could not be identified and possible second alleles are set in parenthesis. The cut-off values set
for each probe are also shown together with the average signal-to-background ratios for both
positive and negative samples. (unpublished)

DQB1-result probe
allele 1 allele 2 *02 *0302 | *0301 |*0301/3] *04 *04/5 | *05/6 | *0501 |*0602/3|*0603/4| control
*02 *0301 2,54 0,59 2,59 3,00 1,27 1,00 1,05 1,00 0,81 0,68 3,02
*0302 *0602 0,90 2,20 1,00 0,81 0,91 0,96 2,92 0,86 6,04 0,59 2,74
*0302 *0303 0,93 2,04 0,71 2,85 0,80 0,92 1,05 0,95 0,61 0,64 2,56
*0301 *0501 0,95 0,46 2,32 3,29 0,96 2,61 1,98 2,26 0,68 0,90 2,57
*04 *0602 0,92 0,45 1,07 0,72 2,25 2,65 3,82 1,13 6,38 0,65 3,08
*02 *0602 2,49 0,54 1,04 0,70 1,36 1,12 3,67 0,87 6,10 0,65 3,10
*04 *0602 1,06 0,53 1,12 0,74 2,30 2,65 3,65 1,04 6,39 0,77 3,02
*02 *0501 2,41 0,54 0,95 0,72 1,46 2,76 2,02 2,45 0,68 0,88 2,95
*04 *0501 0,98 0,48 0,93 0,69 2,58 3,08 2,02 2,75 0,82 0,93 2,66
*0302 0,94 3,68 0,71 1,03 1,11 1,15 1,03 0,96 0,64 0,71 2,85
*02 *0602 2,46 0,62 1,14 0,72 1,50 1,06 3,91 1,03 6,46 0,70 3,40
*0501 *0604 0,97 0,47 1,30 0,72 1,07 2,41 5,67 2,38 0,83 2,75 2,63
*0301 *0302 0,90 2,39 2,28 2,90 0,90 1,01 1,06 0,88 0,61 0,61 2,45
*02 *0501 2,38 0,53 0,91 0,70 1,28 2,35 2,01 2,47 0,62 0,96 2,78
*04 *0501 0,97 0,47 0,94 0,71 2,10 2,57 1,99 2,32 0,69 0,90 2,58
*0303 *05 0,89 0,47 0,76 3,09 1,06 2,40 2,05 0,86 0,63 0,86 2,58
*02 *05 2,37 0,51 0,80 0,76 1,18 2,38 1,35 1,02 0,60 0,78 2,55
*02 *0301 2,26 0,54 2,20 2,45 1,20 0,91 0,92 0,99 0,69 0,79 2,59
*0301 *04 0,88 0,45 2,54 3,10 2,31 2,64 0,94 1,07 0,59 0,68 2,40
*04 *0603 0,83 0,41 0,91 0,67 2,07 2,54 3,25 1,06 5,35 2,05 2,49
*02 *0301 2,27 0,54 2,41 2,81 1,24 0,97 0,93 0,88 0,70 0,62 2,51
*0301 *0603 0,87 0,45 2,38 2,87 1,04 1,06 3,65 1,00 5,92 2,35 2,67
*0301 (*0303) 0,96 0,51 2,96 3,75 0,90 0,82 1,15 0,98 0,61 0,68 2,54
*04 *0501 0,93 0,48 1,01 0,77 2,24 2,65 2,12 2,59 0,87 1,01 2,53
*0602/3/4 0,91 0,48 1,35 0,67 1,12 1,03 6,10 0,93 6,97 2,87 2,88
*0301 (*0303) 0,83 0,46 2,75 3,51 0,85 0,83 1,02 0,93 0,59 0,61 2,50
*0602 0,83 0,41 1,10 0,65 0,95 0,97 4,89 0,76 6,31 0,58 2,51
*0303 0,86 0,47 0,75 3,54 0,95 1,00 1,03 0,69 0,70 0,62 2,46
*0303 *05 0,89 0,44 0,70 2,84 0,99 2,35 2,06 0,83 0,59 0,87 2,30
*02 2,51 0,53 0,70 0,70 1,41 0,98 0,99 0,88 0,61 0,69 2,52
*02 *0603 2,16 0,49 0,98 0,65 1,22 0,97 3,18 0,86 5,73 2,12 2,88
*0602/3/4 0,88 0,44 1,15 0,63 1,08 1,08 5,42 1,26 5,43 2,21 2,70
*0301 *04 0,91 0,46 2,49 2,96 2,33 2,64 1,00 0,98 0,62 0,62 2,43
*0602/3/4 0,85 0,40 1,29 0,68 1,12 1,04 5,08 0,99 6,46 2,15 2,62
*02 *0301 2,43 0,57 2,61 3,12 1,31 1,16 1,01 1,00 0,78 0,70 2,64
*0301 (*0303) 0,83 0,43 2,20 3,56 0,83 0,89 1,09 0,83 0,57 0,56 2,15
*0301 *04 0,85 0,44 2,68 3,23 2,20 2,49 0,99 0,92 0,61 0,67 2,43
*02 *0301 2,34 0,55 2,53 2,97 1,20 0,85 0,96 0,90 0,66 0,66 2,49
*02 *04 2,23 0,49 0,66 0,65 2,10 2,38 0,96 0,96 0,57 0,62 2,47
*0302 *05 0,88 2,42 0,96 0,83 1,05 2,43 1,92 0,81 0,58 0,84 2,31
*02 *04 2,17 0,49 0,65 0,66 2,19 2,47 0,90 0,99 0,63 0,59 2,50
*0302 *04 0,79 2,37 0,70 0,93 2,03 2,39 0,87 0,68 0,55 0,60 2,34
*0302 *0603 0,81 2,69 1,04 0,81 1,00 0,90 3,76 0,98 5,53 2,38 2,63
*02 *05 2,23 0,49 0,68 0,68 1,37 2,47 1,78 1,01 0,71 0,90 2,35
*0302 *05 0,87 2,63 0,88 0,85 1,16 2,60 1,43 0,87 0,65 0,91 2,34
cut-off S/B for positive 1,50 1,50 1,50 1,50 1,70 1,50 1,30 1,50 1,50 1,50 1,50
average positive S/B 2,35 2,55 2,50 3,10 2,23 2,54 3,14 2,46 6,08 2,36 2,62
standard deviation positive | 0,13 0,50 0,22 0,33 0,15 0,17 1,40 0,17 0,48 0,30 0,25
average negative S/N 0,90 0,49 0,93 0,74 1,12 0,99 1,00 0,94 0,66 0,73
standard deviation negative| 0,06 0,05 0,20 0,09 0,19 0,10 0,07 0,11 0,08 0,13
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The general levels of the signal-to-background ratios for positive samples are
above 2.0 and the cut-off values were set for most probes at 1.50. The
exceptions were the *04-probe, for which the cut-off was set at 1.70, and the
*05/6-probe with a cut-off value of 1.30. The *05/6-probe seems to, on many
occasions, generate lower signal-to-background ratios when an *05 allele is
present, as is shown in Figure 13. Since the sequences of *05 and *06 alleles
are identical at the probe binding site, the difference might be caused by the
lower efficiency of amplification shown by the *05 alleles already in the
DELFIA® based DQBl-assay (unpublished results). Further, the secondary
structure of the PCR product at the probe binding site may cause the difference
between the alleles, since the *05 alleles most likely have a stronger helix
structure than the *06 alleles at the probe binding site (mfold web server,
http://www.bioinfo.rpi.edu/applications/mfold, (Zuker 2003)) hindering the
*05/6-probe from displacing the base pairing of the helix and binding to the
PCR product.

The cut-off value for the *04-probe was set at 1.70, slightly higher than for the
majority of the probes, to ensure correct genotyping. The cross-reactivity
shown by this probe seems to be greatest for those samples positive for the
DQB1*02 allele. A possible explanation for this might be the presence of a G-
T-mismatch between the *04-probe and the PCR product of a DQB1*02 allele.
This base pair in other non-*04 alleles is a G-C mismatch which is known to be
more destabilizing than the G-T mismatch (Ikuta ef al. 1987; Allawi and
SantaLucia 1997). Since the *04/5-probe must also give a positive result for
*04 positive samples, the information provided by this probe can be used to
ascertain the *04 result.

When the full DQB1 genotype of a sample has to be attained, it is valuable to
be able to deduce whether a sample giving a positive result for only one allele
1s homozygous, or if there is a second allele not typed by the assay. This,
however, is not possible with the assay developed, since it has been designed to
be only qualitative. No unambiguous difference in the signal-to-background
ratios has been observed between homozygous and heterozygous samples even
when the differences in amplification efficiency have been taken into account.
If the homoxygosity of a sample has to be confirmed, sequencing is required.

Based on the application and allele information required, different
combinations of the available probes can be chosen for an assay. For example,
the typing of the genetic component for celiac disease would require the
investigation of the DQB1*02 and *0302 alleles (Méki et al. 2003; Reinton et
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al. 2006; Ollikka et al. 2009), but does not benefit from the information
provided by the other probes rendering them useless in this analysis. As
demonstrated by the chosen approach for the primary screening step for the
TEDDY study, the numbers of samples requiring further, more detailed
genotyping can easily be reduced by the proper selection of the alleles typed.
The most economical scheme can vary from the detection of only one or a few
alleles in the primary step to the typing of as many alleles as possible at once,
depending on the required genotype information.

Due to several simultaneous screening programs requiring slightly different
DQBI information, the primary screening step has been further adjusted from
the one published for the TEDDY screening strategy. The availability of the
array of DQB1 probes, presented in Table 4, has enabled the number of probes
utilised in the primary screening step to be increased. This allows the detection
of the most important DQB1 alleles influencing disease risk assessment in the
current screening programs. This approach has further diminished the necessity
of secondary screening steps using DELFIA® technology than was used in the
original TEDDY screening strategy (unpublished).

The use of whole blood dried on sample collection paper as sample material
was successfully adapted to the assay method. Since the direct use of paper
discs in the reaction was not possible (unpublished), a simple method for
liberating the DNA from the discs was developed that was also suited for large-
scale sample processing (II, III). The collection paper is a very convenient
method for the handling and shipping of blood samples: only a small volume of
blood is needed, the samples can be stored at room temperature, and possible
spills of potentially biologically hazardous material are avoided. The minimal
space these samples take up is also a very important aspect when large
numbers of samples are to be shipped or stored. An added benefit of this
sample pre-treatment method is the reduced consumption of the original
sample material, an important fact when the sample is scarce and multiple
genetic assays are to be performed from a single sample.

5.3 HLA-B*27 screening with a dry reagent approach

In the interest of simplifying the method developed even further, a dry
chemistry application aimed at the screening of the HLA-B*27 allele was
tested and compared to the DELFIA® method used in routine screening
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(Vélimaa et al. 1998). The principle of the probe chemistry remained the same,
but the specificity of the B*27 assay relied heavily on allele specific primers in
contrast to the SNP assays presented and the HLA-DQB1 screening where the
probes are solely responsible for the genotyping. Further, a second pair of
primers producing a second amplicon, namely a portion of the B-actin gene,
was also required to control the success of amplification: the primers used to
amplify the B*27 alleles did not amplify the other HLA-B alleles. Thus, any
negative B*27 result required an assurance that it was a true negative result and
was not due to failure in amplification.

The dry reagents were shown to be stable at room temperature (Figure 14) at
least up to eighteen weeks, and since no clear decline in the signals was shown
during this period, it could be speculated that even longer storage would be
possible. Storing the reagents at lower temperatures would most likely result in
an even longer shelf-life (Glynou et al. 2007; Hagren et al. 2008). The reagents
were successfully air-dried in sealed containers with desiccant without the use
of any sophisticated instrumentation, a simple and inexpensive approach. The
separation of the enzyme from the other reagents was shown to be necessary,
and was accomplished by drying it into a separate well. If a method providing
the separation of the enzyme from the other reagents within the reaction vessel
was available, all the reagents could be placed directly into the PCR well, and
the performance of the assay would consist only of the adding of the sample
and optionally water.

The performance time of the homogeneous assay was compared to a
corresponding heterogeneous assay based on the DELFIA® technique. The
homogeneous method, using dried reagents, required hours less hands-on time
when compared to the DELFIA® assay and it could be performed within three
to four hours depending on the speed of the thermal cycler. The DELFIA®
assay, with its multiple steps, would require at least three hours longer. In
addition, the savings achieved with the homogeneous approach in reagent and
material costs due to the omitted, separate hybridisation step, were significant.
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Figure 14. The stability of the dried reagents for the typing of HLA-B*27. The B*27 positive
samples are marked with filled circles and the negative samples with open circles. The ratio of
the terbium-labelled B*27-probe and the Eu-labelled control probe is shown on the y-axis and
the time of storage on the x-axis. Four HLA-B*27 positive and three negative samples were
included in each time-point tested. (IV, unpublished)

52



Conclusions

6 Conclusions

In this study, the principle of a genotyping method based on competing
hybridisation (Morrison et al. 1989; Li et al. 2002; Shengqi et al. 2002) was
described and demonstrated to be applicable to both SNP assays as well as
more complicated sequence analysis. LNA-base substitutions at critical bases
in the oligonucletide probes were used to enhance the specificity of the probes
in the assays aimed at HLA polymorphisms. The possibility of a dry reagent
approach was explored with an assay developed for the detection of the HLA-
B*27 allele.

The main conclusions based on the original publications are as follows:

I The principle of the homogeneous assay based on asymmetric PCR and
competitive hybridisation was shown to be applicable to three different SNP
assays from three different genes investigated for possible associations to the
susceptibility to type I diabetes. With the simple probe structure of a single
label per oligonucleotide, the costs of the probes per assay are minimal. The
expenses of the assay are mostly due to other reagents and consumables needed
in the assay, all of which are commonly quite inexpensive and generally used,
such as the DNA-polymerase, ANTPs and PCR plates and sealers. Combined
with the use of only two instruments, a thermal cycler and a time-resolved
fluorescence counter, this method is an easily adaptable and cost-effective
approach to genotyping SNPs.

II The assay principle developed was successfully applied to a more
complicated analyte, the HLA-DQB1-gene, where due to the unique character
of the DQB1-gene sequence, the competition between two probes aimed at a
single SNP used in the three previous assays could not be exploited. Instead the
required specificity of the probes had to be attained with the help of LNA-base
substitutions at critical bases to the lanthanide-labelled probes. The
functionality and specificity of the LNA-spiked probes were shown to be
superior to their DNA-only counterparts. Further, the possibility of using whole
blood dried on sample collection cards instead of extracted DNA was explored,
and a method of liberating the DNA from the card into solution was developed
and applied.

11 The HLA-DQBI1-assay was further developed into a form that could be
used as a primary screening step for a study comprising the genotyping of

53



Conclusions

thousands of samples for the estimation of genetic risk for type 1 diabetes. An
efficient screening system enables the exclusion of ineligible individuals as
early in the screening system as possible to avoid unnecessary costs by
multiple screening rounds. The addition of a probe recognizing the DQB1*05
and *06 alleles in the primary screening was proven to be an effective
approach with only 16.5 % of the general population samples requiring further
genotyping. With little hands-on time and with only 4 hours total time needed
to perform the assay, the homogeneous assay format is a suitable and cost-
effective way of initiating the screening.

v A further simplification of the method was introduced to the assay for
the presence of the HLA-B*27 allele as a dry-reagent concept, where all the
reagents required to perform the assay, excluding the sample, are dried into the
reaction vessel. When the actual assay is performed, only water and the sample
need to be added to the vessels. The reagents were shown to be stable at room
temperature for at least 18 weeks, enabling easy shipping and storage of
reagents. In lower temperatures the reagents could, in all probability, be stored
for even longer periods. The assay developed also compared favourably with
the original DELFIA®-based assay when assay performance and costs were
considered.

The assay method developed has been shown be adaptable to both SNP
analysis as well as more complicated sequence analysis, and it can be
speculated that other types of polymorphisms, such as deletions and insertions,
might also be possible targets for successful analysis. The main drawback of
the assay is the current availability of only two labels, europium and terbium,
which are suitable for this approach, and the limitations of multiplexing due to
this fact. The use of prompt fluorophores in addition to the two time-resolved
labels might offer an opportunity to increase the number of analytes detected
from a single reaction. However, the unique characteristics of the lanthanide
labels render them especially suitable for the analysis of crude sample material,
such as whole blood dried on sample collection cards, as the impurities of this
type of samples generate difficulties in the use of many other conventional
fluorescent labels (Soini and Lovgren 1987; Iitid et al. 1992; Nurmi et al.
2000a; Nurmi et al. 2000b). If purified DNA is to be used as a sample or if a
convenient method for extracting DNA from crude samples or purifying it to
an acceptable degree were available, these labels could be combined for the
simultaneous detection of several analytes (Nurmi et al. 2002). Another
possibility enabling the use of whole blood dried on sample collection cards
might be the use of several different assay chemistries based on the use of
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time-resolved fluorometry and lanthanide labels allowing the detection of
several analytes from a single well (Laitala et al. 2007; Ollikka et al. 2009).

As our knowledge of the genetic components behind the development of T1D
increases, a method for the typing of all these polymorphisms for the accurate
estimation of the genetic risk becomes essential. However, as long as the other
environmental factors remain elusive and a reliable prevention method or a
cure is not available, the main use of these screening systems will be in studies
attempting to further illuminate disease progress and possible intervention
mechanisms.

55



Acknowledgements

Acknowledgements

This work was carried out at the Immunogenetics Laboratory, Medicity,
University of Turku.

I wish to express my gratitude to my supervisor Professor Timo Lovgren for
giving me the opportunity to be a part of the Department of Biotechnology
despite my relocation two floors down. I also wish to thank my other
supervisor Jussi Nurmi for all the support I received during this work and for
the friendship that has lasted since the very beginning of my studies.

I also wish to thank Professor Jorma Ilonen for the opportunity to be a part of
the Immunogenetic Laboratory. I have truly enjoyed the encouraging and warm
working environment in our laboratory these past years.

This thesis was reviewed by Alice Ylikoski and Marja-Liisa Lokki and I wish
to thank them for their valuable comments and suggestions. I am grateful to Dr.
Mike Nelson for revising the language of the thesis.

I have had the pleasure of working with many talented people in our laboratory
and I want to collectively thank all the past and present members of our
laboratory. In particular I am indebted to Antti-Pekka Laine for all the support
in matters relating to computers, Zsofia Gombos, Kati Lipponen and Tanja
Kakko for their friendship and for sharing the office, some gossip and the highs
and lows of research. I am also grateful to Viveka Oling, Johanna Lempainen,
Robert Hermann, Mari-Liis Mikk and Pauliina Tryykild for the pleasant
company in the lab.

I wish to thank Ritva Suominen, Mia Karlsson, Terhi Laakso, Piia Nurmi,
Anne Suominen and Terttu Laurén for the warm atmosphere they have created
in our lab and for all those discussions about dogs. I am especially indebted to
Ritva, the mother-figure of our lab for all the help I have received as well as
the good advice, and to Terhi, my PCR-princess, who was always eager to
execute all the experiments I came up with.

I am grateful to our friends, Piia von Lode, Virve Hagren and Anniina Syrjéla,

at Abacus Diagnostica for the help and advice that has made this work
possible.

56



Acknokledgements

I am deeply grateful to all my friends for their support and understanding,
especially during these last stages of the work. Nelli has been such a great
friend since our very first day at the university. I am also indebted to her for all
the advice during my years as a PhD student. Eija deserves a special thank you
for being an amazing friend also when life seems overwhelming, in and outside
the lab. To Mirkka I owe you a huge thank you (and that chocolate cake I have
promised) for all the help during the final stages of this thesis work. I am also
grateful for all the fun times we have shared at thaiboxing and combat,
shopping, discussing the most important issues in life, or just having ice cream.

I am also fortunate to have friends who have no idea what I actually do for
living, but who still have always patiently listened to all my complaints about
all matters relating to work issues. Thank you for everything.

Finally I wish to express my gratitude to my family. I was blessed with a
grandmother only those most fortunate of us have. I wish Mamma could have
been here today. To my mother and father, thank you just does not seem to be
enough. I could not have better parents.

Turku, January 2010

{/c - - f o~ N -

T ——

Minna Kiviniemi

57



References

References

Albis-Camps, M and Blasczyk, R (1999). Fluorotyping of HLA-DRB by sequence-
specific priming and fluorogenic probing. Tissue Antigens 53(3): 301-307.

Allawi, HT and Santalucia, JJ (1997). Thermodynamics and NMR of internal G.T
mismatches in DNA. Biochemistry 36(34): 10581-10594.

Arjomand-Nahad, F, Diefenbach, K, Landt, O, Gaikovitch, E and Roots, 1 (2004).
Genotyping of the triallelic variant G2677T/A in MDRI1 using LightCycler
with locked-nucleic-acid-modified hybridization probes. Anal Biochem
334(1): 201-203.

Barker, JM, Triolo, TM, Aly, TA, Baschal, EE, Babu, SR, Kretowski, A, Rewers, MJ
and Eisenbarth, GS (2008). Two single nucleotide polymorphisms identify the
highest-risk diabetes HLA genotype: potential for rapid screening. Diabetes
57(11): 3152-3155.

Bell, GI, Horita, S and Karam, JH (1984). A polymorphic locus near the human
insulin gene is associated with insulin-dependent diabetes mellitus. Diabetes
33(2): 176-183.

Bennett, ST, Lucassen, AM, Gough, SC, Powell, EE, Undlien, DE, Pritchard, LE,
Merriman, ME, Kawaguchi, Y, Dronsfield, MJ and Pociot, F (1995).
Susceptibility to human type 1 diabetes at IDDM2 is determined by tandem
repeat variation at the insulin gene minisatellite locus. Nat Genet 9(3): 284-
292.

Bernard, PS, Lay, MJ and Wittwer, CT (1998). Integrated amplification and detection
of the C677T point mutation in the methylenetetrahydrofolate reductase gene
by fluorescence resonance energy transfer and probe melting curves. Anal
Biochem 255(1): 101-107.

Berzina, L, Shtauvere-Brameus, A, Ludvigsson, J and Sanjeevi, CB (2002). Newborn
screening for high-risk human leukocyte antigen markers associated with
insulin-dependent diabetes mellitus: the ABIS study. A4nn N Y Acad Sci 958:
312-316.

Blackwell, JM, Jamieson, SE and Burgner, D (2009). HLA and Infectious Diseases.
Clin Microbiol Rev 22(2): 370-385.

Blair, A, Bugawan, TL and Erlich, HA (2002). PCR-SSOP reverse lineblot assay for
type 1 diabetes genetic risk: HLA and NON-HLA markers. Hum Immunol
63(10, Supplement 1): S59.

Bodmer, WF (1987). The HLA system: structure and function. J Clin Pathol 40(9):
948-958.

Bottini, N, Musumeci, L, Alonso, A, Rahmouni, S, Nika, K, Rostamkhani, M,
MacMurray, J, Meloni, GF, Lucarelli, P, Pellecchia, M, et al. (2004). A
functional variant of lymphoid tyrosine phosphatase is associated with type I
diabetes. Nat Genet 36(4): 337-338.

58



References

Bowness, P (2002). HLA B27 in health and disease: a double-edged sword?
Rheumatology 41(8): 857-868.

Braasch, DA and Corey, DR (2001). Locked nucleic acid (LNA): fine-tuning the
recognition of DNA and RNA. Chem Biol 8(1): 1-7.

Brewerton, DA, Hart, FD, Nicholls, A, Caffrey, M, James, DCO and Sturrock, RD
(1973). Ankylosing spondylitis and HL-A 27. Lancet 301(7809): 904-907.

Brown, MA, Pile, KD, Kennedy, LG, Calin, A, Darke, C, Bell, J, Wordsworth, BP and
Cornelis, F (1996). HLA class I associations of ankylosing spondylitis in the
white population in the United Kingdom. Ann Rheum Dis 55(4): 268-270.

Bugawan, TL and Erlich, HA (1991). Rapid typing of HLA-DQB1 DNA
polymorphism using nonradioactive oligonucleotide probes and amplified
DNA. Immunogenetics 33(3): 163-170.

Bunce, M, O'Neill, CM, Barnardo, MC, Krausa, P, Browning, MJ, Morris, PJ and
Welsh, KI (1995). Phototyping: comprehensive DNA typing for HLA-A, B,
C, DRB1, DRB3, DRB4, DRB5 & DQBI1 by PCR with 144 primer mixes
utilizing sequence-specific primers (PCR-SSP). Tissue Antigens 46(5): 355-
367.

Buzzetti, R, Galgani, A, Petrone, A, Del Buono, ML, Erlich, HA, Bugawan, TL,
Lorini, R, Meschi, F, Multari, G, Pozzilli, P, et al. (2004). Genetic prediction
of type 1 diabetes in a population with low frequency of HLA risk genotypes
and low incidence of the disease (the DIABFIN study). Diabetes Metab Res
Rev 20(2): 137-143.

Caillat-Zucman, S (2009). Molecular mechanisms of HLA association with
autoimmune diseases. Tissue Antigens 73(1): 1-8.

Carmichael, SK, Johnson, SB, Baughcum, A, North, K, Hopkins, D, Dukes, MG, She,
JX and Schatz, DA (2003). Prospective assessment in newborns of diabetes
autoimmunity (PANDA): maternal understanding of infant diabetes risk.
Genet Med 5(2): 77-83.

Choo, SY (2007). The HLA system: genetics, immunology, clinical testing, and
clinical implications. Yonsei Med J 48(1): 11-23.

Cinek, O, Wilkinson, E, Paltiel, L, Saugstad, OD, Magnus, P and Renningen, KS
(2000). Screening for the IDDM high-risk genotype. A rapid microtitre plate
method using serum as source of DNA. Tissue Antigens 56(4): 344-349.

Costa, J-M, Ernault, P, Olivi, M, Gaillon, T and Arar, K (2004). Chimeric LNA/DNA
probes as a detection system for real-time PCR. Clin Biochem 37(10): 930-
932.

Cox, NJ, Wapelhorst, B, Morrison, VA, Johnson, L, Pinchuk, L, Spielman, RS, Todd,
JA and Concannon, P (2001). Seven Regions of the Genome Show Evidence
of Linkage to Type 1 Diabetes in a Consensus Analysis of 767 Multiplex
Families. Am J Hum Genet 69(4): 820-830.

Cudworth, AG and Woodrow, JC (1975). Evidence for HL-A-linked genes in
"juvenile" diabetes mellitus. Br Med J 3(5976): 133-135.

59



References

Dalva, K and Beksac, M (2007). HLA typing with sequence-specific oligonucleotide
primed PCR (PCR-SSO) and use of the Luminex technology. Methods Mol
Med 134: 61-69.

Dantonio, P, Meredith, N, Earley, M, Cordovado, S, Callan, WJ, Rollin, D, Morris, D,
Vogt, RF and Hannon, WH (2006). A screening system for detecting genetic
risk markers of type 1 diabetes in dried blood spots. Diabetes Technol Ther
8(4): 433-443.

Danzer, M, Polin, H, Proll, J, Hofer, K, Fae, I, Fischer, GF and Gabriel, C (2007).
High-throughput sequence-based typing strategy for HLA-DRB1 based on
real-time polymerase chain reaction. Hum Immunol 68(11): 915-917.

de Bakker, PI, McVean, G, Sabeti, PC, Miretti, MM, Green, T, Marchini, J, Ke, X,
Monsuur, AJ, Whittaker, P, Delgado, M, et al. (2006). A high-resolution HLA
and SNP haplotype map for disease association studies in the extended human
MHC. Nat Genet 38(10): 1166-1172.

Dorman, JS, LaPorte, RE, Stone, RA and Trucco, M (1990). Worldwide differences in
the incidence of type I diabetes are associated with amino acid variation at
position 57 of the HLA-DQ beta chain. Proc Natl Acad Sci U S A 87(19):
7370-7374.

Dorman, JS and Bunker, CH (2000). HLA-DQ locus of the human leukocyte antigen
complex and type 1 diabetes mellitus: a HuGE review. Epidemiol Rev 22(2):
218-227.

Dunbar, SA (2006). Applications of Luminex xMAP technology for rapid, high-
throughput multiplexed nucleic acid detection. Clin Chim Acta 363(1-2): 71-
82.

Eising, S, Svensson, J, Skogstrand, K, Nilsson, A, Lynch, K, Andersen, PS, Lernmark,
A, Hougaard, DM, Pociot, F, Norgaard-Pedersen, B, et al. (2007). Type 1
diabetes risk analysis on dried blood spot samples from population-based
newborns: design and feasibility of an unselected case-control study. Paediatr
Perinat Epidemiol 21(6): 507-517.

Emery, LM, Babu, S, Bugawan, TL, Norris, JM, Erlich, HA, Eisenbarth, GS and
Rewers, M (2005). Newborn HLA-DR,DQ genotype screening: age- and
ethnicity-specific type 1 diabetes risk estimates. Pediatr Diabetes 6(3): 136-
144,

Entz, P, Toliat, MR, Hampe, J, Valentonyte, R, Jenisch, S, Niirnberg, P and Nagy, M
(2005). New strategies for efficient typing of HLA class-II loci DQB1 and
DRBI by using Pyrosequencing™™. Tissue Antigens 65(1): 67-80.

Erlich, HA, Bugawan, TL, Scharf, S, Nepom, GT, Tait, B and Griffith, RL (1990).
HLA-DQ beta sequence polymorphism and genetic susceptibility to IDDM.
Diabetes 39(1): 96-103.

Erlich, H, Valdes, AM, Noble, J, Carlson, JA, Varney, M, Concannon, P,
Mychaleckyj, JC, Todd, JA, Bonella, P, Fear, AL, et al. (2008). HLA DR-DQ
Haplotypes and Genotypes and Type 1 Diabetes Risk. Diabetes 57(4): 1084-
1092.

60



References

Faas, SJ, Menon, R, Braun, ER, Rudert, WA and Trucco, M (1996). Sequence-specific
priming and exonuclease-released fluorescence detection of HLA-DQBI1
alleles. Tissue Antigens 48(2): 97-112.

Fakhrai-Rad, H, Pourmand, N and Ronaghi, M (2002). Pyrosequencing: an accurate
detection platform for single nucleotide polymorphisms. Hum Mutat 19(5):
479-485.

Foy, CA and Parkes, HC (2001). Emerging homogeneous DNA-based technologies in
the clinical laboratory. Clin Chem 47(6): 990-1000.

Fulton, RJ, McDade, RL, Smith, PL, Kienker, LJ and Kettman, JR, Jr. (1997).
Advanced multiplexed analysis with the FlowMetrixTM system. Clin Chem
43(9): 1749-1756.

Gelsthorpe, AR, Wells, RS, Lowe, AP, Tonks, S, Bodmer, JG and Bodmer, WF
(1999). High-throughput class I HLA genotyping using fluorescence
resonance energy transfer (FRET) probes and sequence-specific primer-
polymerase chain reaction (SSP-PCR). Tissue Antigens 54(6): 603-614.

Geranton, S, Rostagnat-Stefanutti, A, Bendelac, N, Cerrato, E, Barbalat, V, Leissner,
P, Nicolino, M, Thivolet, C and Mougin, B (2003). High-Risk Genotype for
Type 1 Diabetes: A New Simple Microtiter Plate-Based ELOSA Assay. Genet
Test 7(1): 7-12.

Gerlach, JA (2002). Human lymphocyte antigen molecular typing: how to identify the
1250+ alleles out there. Arch Pathol Lab Med 126(3): 281-284.

Gharizadeh, B, Nordstrom, T, Ahmadian, A, Ronaghi, M and Nyren, P (2002). Long-
read pyrosequencing using pure 2'-deoxyadenosine-5'-O'-(1-thiotriphosphate)
Sp-isomer. Anal Biochem 301(1): 82-90.

Gillespie, KM (2006). Type 1 diabetes: pathogenesis and prevention. CMAJ 175(2):
165-170.

Giorda, R, Lampasona, V, Kocova, M and Trucco, M (1993). Non-radioisotopic
typing of human leukocyte antigen class II genes on microplates.
Biotechniques 15(5): 918-925.

Gladman, DD (1998). Clinical aspects of the spondyloarthropathies. Am J Med Sci
316(4): 234-238.

Glynou, K, Kastanis, P, Boukouvala, S, Tsaoussis, V, loannou, PC, Christopoulos,
TK, Traeger-Synodinos, J and Kanavakis, E (2007). High-Throughput
Microtiter Well-Based Chemiluminometric Genotyping of 15 HBB Gene
Mutations in a Dry-Reagent Format. Clin Chem 53(3): 384-391.

Goris, A, Walton, A, Ban, M, Dubois, B, Compston, A and Sawcer, S (2008). A
Taqman assay for high-throughput genotyping of the multiple sclerosis-
associated HLA-DRB1*1501 allele. Tissue Antigens 72(4): 401-403.

Gough, SC and Simmonds, MJ (2007). The HLA Region and Autoimmune Disease:
Associations and Mechanisms of Action. Curr Genomics 8(7): 453-465.

Gyllensten, UB and Erlich, HA (1988). Generation of Single-Stranded DNA by the
Polymerase Chain Reaction and Its Application to Direct Sequencing of the
HLA-DQA Locus. Proc Natl Acad Sci U S A 85(20): 7652-7656.

61



References

Hagopian, WA, Lernmark, A, Rewers, MJ, Simell, OG, She, JX, Ziegler, AG,
Krischer, JP and Akolkar, B (2006). TEDDY-The Environmental
Determinants of Diabetes in the Young: an observational clinical trial. Ann N
Y Acad Sci 1079: 320-326.

Hagren, V, von Lode, P, Syrjéla, A, Soukka, T, Lovgren, T, Kojola, H and Nurmi, J
(2008). An automated PCR platform with homogeneous time-resolved
fluorescence detection and dry chemistry assay kits. Anal Biochem 374(2):
411-416.

Harjutsalo, V, Sjoberg, L and Tuomilehto, J (2008). Time trends in the incidence of
type 1 diabetes in Finnish children: a cohort study. Lancet 371(9626): 1777-
1782.

Heimberg, H, Nagy, ZP, Somers, G, De Leeuw, I and Schuit, FC (1992).
Complementation of HLA-DQA and -DQB genes confers susceptibility and
protection to insulin-dependent diabetes mellitus. Hum Immunol 33(1): 10-17.

Hermann, R, Bartsocas, CS, Soltesz, G, Vazeou, A, Paschou, P, Bozas, E, Malamitsi-
Puchner, A, Simell, O, Knip, M and Ilonen, J (2004). Genetic screening for
individuals at high risk for type 1 diabetes in the general population using
HLA Class II alleles as disease markers. A comparison between three
European populations with variable rates of disease incidence. Diabetes
Metab Res Rev 20: 322-329.

Higuchi, R, Dollinger, G, Walsh, PS and Griffith, R (1992). Simultaneous
amplification and detection of specific DNA sequences. Biotechnology 10(4):
413-417.

Holland, PM, Abramson, RD, Watson, R and Gelfand, DH (1991). Detection of
specific polymerase chain reaction product by utilizing the 5'->3' exonuclease
activity of Thermus aquaticus DNA polymerase. Proc Natl Acad Sci U S A
88(16): 7276-7280.

Hood, KK, Johnson, SB, Baughcum, AE, She, JX and Schatz, DA (2006). Maternal
understanding of infant diabetes risk: differential effects of maternal anxiety
and depression. Genet Med 8(10): 665-670.

Iitid, A, Liukkonen, L and Siitari, H (1992). Simultaneous detection of two cystic
fibrosis alleles using dual-label time-resolved fluorometry. Mol Cell Probes
6(6): 505-512.

Ikuta, S, Takagi, K, Wallace, RB and Itakura, K (1987). Dissociation kinetics of 19
base paired oligonucleotide-DNA duplexes containing different single
mismatched base pairs. Nucleic Acids Res 15(2): 797-811.

Ilonen, J, Reijonen, H, Herva, E, Sjoroos, M, litia, A, Lovgren, T, Veijola, R, Knip, M
and Akerblom, HK (1996). Rapid HLA-DQB1 genotyping for four alleles in
the assessment of risk for IDDM in the Finnish population. The Childhood
Diabetes in Finland (DiMe) Study Group. Diabetes Care 19(8): 795-800.

Ilonen, J, Reijonen, H, Green, A, Reunanen, A, Knip, M, Simell, O and Akerblom,
HK (2000). Geographical differences within Finland in the frequency of HLA-
DQ genotypes associated with type 1 diabetes susceptibility. The Childhood
Diabetes in Finland Study Group. Eur J Immunogenet 27(4): 225-230.

62



References

Ilonen, J, Sjoroos, M, Knip, M, Veijola, R, Simell, O, Akerblom, HK, Paschou, P,
Bozas, E, Havarani, B, Malamitsi-Puchner, A, et al. (2002). Estimation of
genetic risk for type 1 diabetes. Am J Med Genet 115(1): 30-36.

Ilonen, J (2004). Tyypin 1 diabetes ja geenit. Duodecim 120(9): 1139-1145.

Itoh, Y, Mizuki, N, Shimada, T, Azuma, F, Itakura, M, Kashiwase, K, Kikkawa, E,
Kulski, JK, Satake, M and Inoko, H (2005). High-throughput DNA typing of
HLA-A, -B, -C, and -DRBI loci by a PCR-SSOP-Luminex method in the
Japanese population. Immunogenetics 57(10): 717-729.

Jacobsen, N, Bentzen, J, Meldgaard, M, Jakobsen, MH, Fenger, M, Kauppinen, S and
Skouv, J (2002). LNA-enhanced detection of single nucleotide
polymorphisms in the apolipoprotein E. Nucleic Acids Res 30(19): €100.

Kataria, RK and Brent, LH (2004). Spondyloarthropathies. Am Fam Physician 69(12):
2853-2860.

Kawai, S, Maekawajiri, S, Tokunaga, K, Juji, T and Yamane, A (1994). A simple
method of HLA-DRB typing using enzymatically amplified DNA and
immobilized probes on microtiter plate. Hum Immunol 41(2): 121-126.

Kelly, MA, Mijovic, CH and Barnett, AH (2001). Genetics of type 1 diabetes. Best
Pract Res Clin Endocrinol Metab 15(3): 279-291.

Kennedy, B, Arar, K, Reja, V and Henry, RJ (2006). Locked nucleic acids for
optimizing displacement probes for quantitative real-time PCR. Anal Biochem
348(2): 294-299.

Khalil, I, d'Auriol, L, Gobet, M, Morin, L, Lepage, V, Deschamps, I, Park, MS,
Degos, L, Galibert, F and Hors, J (1990). A combination of HLA-DQ beta
AspS57-negative and HLA DQ alpha Arg52 confers susceptibility to insulin-
dependent diabetes mellitus. J Clin Invest 85(4): 1315-1319.

Kim, MS and Polychronakos, C (2005). Immunogenetics of Type 1 Diabetes. Horm
Res 64(4): 180-188.

Klein, J and Sato, A (2000a). The HLA system. First of two parts. N Engl J Med
343(10): 702-709.

Klein, J and Sato, A (2000b). The HLA system. Second of two parts. N Engl J Med
343(11): 782-786.

Klitz, W, Maiers, M, Spellman, S, Baxter-Lowe, LA, Schmeckpeper, B, Williams, TM
and Fernandez-Vina, M (2003). New HLA haplotype frequency reference
standards: high-resolution and large sample typing of HLA DR-DQ
haplotypes in a sample of European Americans. Tissue Antigens 62(4): 296-
307.

Knip, M (1998). Prediction and prevention of type 1 diabetes. Acta Paediatr 87(10
supp 425): 54 - 62.

Koshkin, AA, Nielsen, P, Melgaard, M, Rajwanshi, VK, Singh, SK and Wengel, J
(1998). LNA (locked nucleic acid): An RNA mimic forming exceedingly
stable LNA:LNA duplexes. J Am Chem Soc 120: 13252-13253.

Koskinen, L, Romanos, J, Kaukinen, K, Mustalahti, K, Korponay-Szabo, I, Barisani,
D, Bardella, MT, Ziberna, F, Vatta, S, Széles, G, et al. (2009). Cost-effective

63



References

HLA typing with tagging SNPs predicts celiac disease risk haplotypes in the
Finnish, Hungarian, and Italian populations. Immunogenetics 61(4): 247-256.

Kukko, M, Virtanen, SM, Toivonen, A, Simell, S, Korhonen, S, Ilonen, J, Simell, O
and Knip, M (2004). Geographical Variation in Risk HLA-DQB1 Genotypes
for Type 1 Diabetes and Signs of Beta-Cell Autoimmunity in a High-
Incidence Country. Diabetes Care 27(3): 676-681.

Laaksonen, M, Pastinen, T, Sjoroos, M, Kuokkanen, S, Ruutiainen, J, Sumelahti, ML,
Reijonen, H, Salonen, R, Wikstrom, J, Panelius, M, et al. (2002). HLA class II
associated risk and protection against multiple sclerosis- a Finnish family
study. J Neuroimmunol 122(1-2): 140-145.

Laine, AP, Hermann, R, Knip, M, Simell, O, Akerblom, HK and Ilonen, J (2004). The
human leukocyte antigen genotype has a modest effect on the insulin gene
polymorphism-associated susceptibility to type 1 diabetes in the Finnish
population. Tissue Antigens 63(1): 72-74.

Laine, A-P, Holmberg, H, Nilsson, A, Ortqvist, E, Kiviniemi, M, Vaarala, O,
Akerblom, HK, Simell, O, Knip, M, Ludvigsson, J, et al. (2007). Two insulin
gene single nucleotide polymorphisms associated with type 1 diabetes risk in
the Finnish and Swedish populations. Dis Markers 23(3): 139-145.

Laitala, V, Ylikoski, A, Raussi, HM, Ollikka, P and Hemmila, I (2007). Time-resolved
detection probe for homogeneous nucleic acid analyses in one-step format.
Anal Biochem 361(1): 126-131.

Laitinen, M and Hakala, M (2005). Selkdrankareuma. Duodecim 121(15): 1635-1642.

Lampasona, V, Ferrari, M, Bonifacio, E, Pastore, MR, Carrera, P, Sergi, A, Genovese,
S, Trucco, M, Dorman, J and Bosi, E (1995). HLA-DQ screening for risk
assessment of insulin dependent diabetes in northern Italy. Acta Diabetol
32(3): 137-142.

Latorra, D, Arar, K and Michael Hurley, J (2003). Design considerations and effects
of LNA in PCR primers. Mol Cell Probes 17(5): 253-259.

Leslie, S, Donnelly, P and McVean, G (2008). A statistical method for predicting
classical HLA alleles from SNP data. 4m J Hum Genet 82(1): 48-56.

Letertre, C, Perelle, S, Dilasser, F, Arar, K and Fach, P (2003). Evaluation of the
performance of LNA and MGB probes in 5'-nuclease PCR assays. Mol Cell
Probes 17(6): 307-311.

Li, Q, Luan, G, Guo, Q and Liang, J (2002). A new class of homogeneous nucleic acid
probes based on specific displacement hybridization. Nucleic Acids Res 30(2):
ES.

Lin, L, Hungs, M and Mignot, E (2001). Narcolepsy and the HLA region. J
Neuroimmunol 117(1-2): 9-20.

Lipsky, RH, Mazzanti, CM, Rudolph, JG, Xu, K, Vyas, G, Bozak, D, Radel, MQ and
Goldman, D (2001). DNA melting analysis for detection of single nucleotide
polymorphisms. Clin Chem 47(4): 635-644.

Livak, KJ (1999). Allelic discrimination using fluorogenic probes and the 5' nuclease
assay. Genet Anal 14(5-6): 143-149.

64



References

Lorini, R, Minicucci, L, Napoli, F, Padovani, P, Bazzigaluppi, E, Tortoioli, C,
Cherubini, V, Bottazzo, G, Pozzilli, P, Falorni, A, et al. (2005). Screening for
type 1 diabetes genetic risk in newborns of continental Italy. Primary
prevention (Prevefin Italy)-preliminary data. Acta Biomed Ateneo Parmense
76 Suppl 3: 31-35.

Lu, Y, Boehm, J, Nichol, L, Trucco, M and Ringquist, S (2009). Multiplex HLA-
typing by pyrosequencing. Methods Mol Biol 496: 89-114.

Luedeck, H and Blasczyk, R (1997). Fluorotyping of HLA-C: differential detection of
amplicons by sequence-specific priming and fluorogenic probing. Tissue
Antigens 50(6): 627-638.

Luo, J, Bergstrom, DE and Barany, F (1996). Improving the fidelity of Thermus
thermophilus DNA ligase. Nucleic Acids Res 24(15): 3071-3078.

Marsh, SGE, Parham, P and Barber, L (2000). The HLA FactsBook. Academic Press,
London.

Mehers, KL and Gillespie, KM (2008). The genetic basis for type 1 diabetes. Br Med
Bull 88(1): 115-129.

Menon, R, Rudert, WA, Braun, ER, Jaquins-Gerstl, A, Faas, SJ and Trucco, M (1997).
Sequence-specific Priming and Exonuclease-released Fluorescence Assay for
Rapid and Reliable HLA-A Molecular Typing. Mol Diagn 2(2): 99-111.

Monsuur, AJ, de Bakker, PIW, Zhernakova, A, Pinto, D, Verduijn, W, Romanos, J,
Auricchio, R, Lopez, A, van Heel, DA, Crusius, JBA, et al. (2008). Effective
Detection of Human Leukocyte Antigen Risk Alleles in Celiac Disease Using
Tag Single Nucleotide Polymorphisms. PLoS One 3(5): €2270.

Morel, PA, Dorman, JS, Todd, JA, McDevitt, HO and Trucco, M (1988). Aspartic
acid at position 57 of the HLA-DQ beta chain protects against type I diabetes:
a family study. Proc Natl Acad Sci U S A 85(21): 8111-8115.

Morran, MP, Omenn, GS and Pietropaolo, M (2008). Immunology and genetics of
type 1 diabetes. Mt Sinai J Med 75(4): 314-327.

Morrison, LE, Halder, TC and Stols, LM (1989). Solution-phase detection of
polynucleotides using interacting fluorescent labels and competitive
hybridization. Anal Biochem 183(2): 231-244.

Maiki, M, Mustalahti, K, Kokkonen, J, Kulmala, P, Haapalahti, M, Karttunen, T,
Ilonen, J, Laurila, K, Dahlbom, I, Hansson, T, et al. (2003). Prevalence of
Celiac disease among children in Finland. N Engl J Med 348(25): 2517-2524.

Nejentsev, S, Sjoroos, M, Soukka, T, Knip, M, Simell, O, Lovgren, T and Ilonen, J
(1999). Population-based genetic screening for the estimation of Type 1
diabetes mellitus risk in Finland: selective genotyping of markers in the HLA-
DQB1, HLA-DQA1 and HLA-DRBI1 loci. Diabet Med 16(12): 985-992.

Nejentsev, S, Howson, JMM, Walker, NM, Szeszko, J, Field, SF, Stevens, HE,
Reynolds, P, Hardy, M, King, E, Masters, J, et al. (2007). Localization of type
1 diabetes susceptibility to the MHC class I genes HLA-B and HLA-A.
Nature 450(7171): 887-892.

65



References

Nerup, J, Platz, P, Andersen, OO, Christy, M, Lyngsoe, J, Poulsen, JE, Ryder, LP,
Nielsen, LS, Thomsen, M and Svejgaard, A (1974). HL-A antigens and
diabetes mellitus. Lancet 2(7885): 864-866.

Nistico, L, Buzzetti, R, Pritchard, LE, Van der Auwera, B, Giovannini, C, Bosi, E,
Larrad, MT, Rios, MS, Chow, CC, Cockram, CS, et al. (1996). The CTLA-4
gene region of chromosome 2q33 is linked to, and associated with, type 1
diabetes. Belgian Diabetes Registry. Hum Mol Genet 5(7): 1075-1080.

Noble, JA, Valdes, AM, Bugawan, TL, Apple, RJ, Thomson, G and Erlich, HA
(2002). The HLA class I A locus affects susceptibility to type 1 diabetes. Hum
Immunol 63(8): 657-664.

Nurmi, J, Ylikoski, A, Soukka, T, Karp, M and Lovgren, T (2000a). A new label
technology for the detection of specific polymerase chain reaction products in
a closed tube. Nucleic Acids Res 28(8): E28.

Nurmi, J, Lilja, H and Ylikoski, A (2000b). Time-resolved fluorometry in end-point
and real-time PCR quantification of nucleic acids. Luminescence 15(6): 381-
388.

Nurmi, J, Kiviniemi, M, Kujanpéd, M, Sjoroos, M, Ilonen, J and Lovgren, T (2001).
High-throughput genetic analysis using time-resolved fluorometry and closed-
tube detection. Anal Biochem 299(2): 211-217.

Nurmi, J, Wikman, T, Karp, M and Ldvgren, T (2002). High-performance real-time
quantitative RT-PCR wusing lanthanide probes and a dual-temperature
hybridization assay. Anal Chem 74(14): 3525-3532.

Olerup, O and Zetterquist, H (1992). HLA-DR typing by PCR amplification with
sequence-specific primers (PCR- SSP) in 2 hours: an alternative to serological
DR typing in clinical practice including donor-recipient matching in cadaveric
transplantation. Tissue Antigens 39(5): 225-235.

Ollikka, P, Raussi, H-M, Laitala, V, Jaakkola, L, Hovinen, J, Hemmild, I and
Ylikoski, A (2009). Genotyping of celiac disease-related-risk haplotypes using
a closed-tube polymerase chain reaction analysis of dried blood and saliva
disk samples. Anal Biochem 386(1): 20-29.

Orum, H, Jakobsen, MH, Koch, T, Vuust, J and Borre, MB (1999). Detection of the
Factor V Leiden Mutation by Direct Allele-specific Hybridization of PCR
Amplicons to Photoimmobilized Locked Nucleic Acids. Clin Chem 45(11):
1898-1905.

Ounissi-Benkalha, H and Polychronakos, C (2008). The molecular genetics of type 1
diabetes: new genes and emerging mechanisms. Trends Mol Med 14(6): 268-
275.

Owerbach, D, Gunn, S, Ty, G, Wible, L and Gabbay, KH (1988). Oligonucleotide
probes for HLA-DQA and DQB genes define susceptibility to type 1 (insulin-
dependent) diabetes mellitus. Diabetologia 31(10): 751-757.

Patterson, CC, Dahlquist, GG, Gyiiriis, E, Green, A and Soltész, G (2009). Incidence
trends for childhood type 1 diabetes in Europe during 1989-2003 and
predicted new cases 2005-20: a multicentre prospective registration study.
Lancet 373(9680): 2027-2033.

66



References

Petersen, M and Wengel, J (2003). LNA: a versatile tool for therapeutics and
genomics. Trends Biotechnol 21(2): 74-81.

Pile, KD (1999). Broadsheet number 51: HLA and disease associations. Pathology
31(3): 202 - 212.

Platz, P, Jakobsen, BK, Morling, N, Ryder, LP, Svejgaard, A, Thomsen, M, Christy,
M, Kromann, H, Benn, J, Nerup, J, et al. (1981). HLA-D and -DR antigens in
genetic analysis of insulin dependent diabetes mellitus. Diabetologia 21(2):
108-115.

Ramon, D, Braden, M, Adams, S, Marincola, F and Wang, L (2003).
PyrosequencingTM : A one-step method for high resolution HLA typing. J
Transl Med 1(1): 9.

Reinton, N, Helgheim, A, Shegarfi, H and Moghaddam, A (2006). A one-step real-
time PCR assay for detection of DQA1*05, DQB1*02 and DQB1*0302 to aid
diagnosis of celiac disease. J Immunol Methods 316(1-2): 125-132.

Reveille, JD (2006). The genetic basis of ankylosing spondylitis. Curr Opin
Rheumatol 18(4): 332-341.

Rewers, M, Bugawan, TL, Norris, JM, Blair, A, Beaty, B, Hoffman, M, McDuffie,
RS, Jr., Hamman, RF, Klingensmith, G, Eisenbarth, GS, et al. (1996).
Newborn screening for HLA markers associated with IDDM: diabetes
autoimmunity study in the young (DAISY). Diabetologia 39(7): 807-812.

Ringquist, S, Alexander, AM, Rudert, WA, Styche, A and Trucco, M (2002a).
Pyrosequence based typing: nucleotide resolution of the HLA system. Tissue
Antigens 59(2 Suppl): 127.

Ringquist, S, Alexander, AM, Rudert, WA, Styche, A and Trucco, M (2002b).
Pyrosequence-based typing of alleles of the HLA-DQBI1 gene. Biotechniques
33(1): 166-170.

Ringquist, S, Alexander, AM, Styche, A, Pecoraro, C, Rudert, WA and Trucco, M
(2004). HLA class II DRB high resolution genotyping by pyrosequencing:
comparison of group specific PCR and pyrosequencing primers. Hum
Immunol 65(2): 163-174.

Risch, N (1987). Assessing the role of HLA-linked and unlinked determinants of
disease. Am J Hum Genet 40(1): 1-14.

Robinson, J, Waller, MJ, Fail, SC, McWilliam, H, Lopez, R, Parham, P and Marsh,
SGE (2009). The IMGT/HLA database. Nucleic Acids Res 37(suppl 1):
D1013-1017.

Ronaghi, M, Karamohamed, S, Pettersson, B, Uhlén, M and Nyrén, P (1996). Real-
Time DNA Sequencing Using Detection of Pyrophosphate Release. Anal
Biochem 242(1): 84-89.

Ronaghi, M (2001). Pyrosequencing Sheds Light on DNA Sequencing. Genome Res
11(1): 3-11.

Ronningen, KS (1997). Genetics in the prediction of insulin-dependent diabetes
mellitus: from theory to practice. Ann Med 29(5): 387-392.

67



References

Saiki, RK, Bugawan, TL, Horn, GT, Mullis, KB and Erlich, HA (1986). Analysis of
enzymatically amplified [beta]-globin and HLA-DQ[alpha] DNA with allele-
specific oligonucleotide probes. Nature 324(6093): 163-166.

Schatz, D, Krischer, J and She, J-X (2002). To Screen or Not to Screen for Pre-Type 1
Diabetes? Horm Res 57(Suppl. 1): 12-17.

Schenker, M, Hummel, M, Ferber, K, Walter, M, Keller, E, Albert, ED, Janka, HU,
Kastendiek, C, Sorger, M, Louwen, F, et al. (1999). Early expression and high
prevalence of islet autoantibodies for DR3/4 heterozygous and DR4/4
homozygous offspring of parents with Type [ diabetes: the German
BABYDIAB study. Diabetologia 42(6): 671-677.

She, JX (1996). Susceptibility to type I diabetes: HLA-DQ and DR revisited. Immunol
Today 17(7): 323-329.

Shengqi, W, Xiaohong, W, Suhong, C and Wei, G (2002). A new fluorescent
quantitative polymerase chain reaction technique. Anal Biochem 309(2): 206-
211.

Shiina, T, Inoko, H and Kulski, JK (2004). An update of the HLA genomic region,
locus information and disease associations: 2004. Tissue Antigens 64(6): 631-
649.

Simeonov, A and Nikiforov, TT (2002). Single nucleotide polymorphism genotyping
using short, fluorescently labeled locked nucleic acid (LNA) probes and
fluorescence polarization detection. Nucleic Acids Res 30(17): €91.

Singal, DP and Blajchman, MA (1973). Histocompatibility (HL-A) antigens,
lymphocytotoxic antibodies and tissue antibodies in patients with diabetes
mellitus. Diabetes 22(6): 429-432.

Sjoroos, M, litid, A, Ilonen, J, Reijonen, H and Ldvgren, T (1995). Triple-label
hybridization assay for type-1 diabetes-related HLA alleles. Biotechniques
18(5): 870-877.

Sjoroos, M, Ilonen, J, Reijonen, H and Lovgren, T (1998). Time-resolved fluorometry
based sandwich hybridisation assay for HLA-DQAI1 typing. Dis Markers
14(1): 9-19.

Slateva, K, Camps, MA and Blasczyk, R (1998). Fluorotyping of HLA-A by
sequence-specific priming and fluorogenic probing. Tissue Antigens 52(5):
462-472.

Slateva, K, Elsner, HA, Albis-Camps, M and Blasczyk, R (2001). HLA-DRB
fluorotyping by dark quenching and automated analysis. Tissue Antigens
58(4): 250-254.

Smit, ML, Giesendorf, BA, Vet, JA, Trijbels, FJ and Blom, HJ (2001). Semiautomated
DNA mutation analysis using a robotic workstation and molecular beacons.
Clin Chem 47(4): 739-744.

Smyth, DJ, Cooper, JD, Bailey, R, Field, S, Burren, O, Smink, LJ, Guja, C, lonescu-
Tirgoviste, C, Widmer, B, Dunger, DB, 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(6): 617-619.

68



References

Soini, E and Lovgren, T (1987). Time-resolved fluorescence of lanthanide probes and
applications in biotechnology. CRC Crit Rev Anal Chem 15(2): 105-154.

TEDDY Study Group (2008). The Environmental Determinants of Diabetes in the
Young (TEDDY) Study. Ann N Y Acad Sci 1150: 1-13.

The TEDDY Study Group (2007). The Environmental Determinants of Diabetes in the
Young (TEDDY) study: study design. Pediatr Diabetes 8(5): 286-298.
Thomson, G, Valdes, AM, Noble, JA, Kockum, I, Grote, MN, Najman, J, Erlich, HA,
Cucca, F, Pugliese, A, Steenkiste, A, et al. (2007). Relative predispositional
effects of HLA class II DRB1-DQB1 haplotypes and genotypes on type 1

diabetes: a meta-analysis. Tissue Antigens 70(2): 110-127.

Thorsby, E and Lie, BA (2005). HLA associated genetic predisposition to autoimmune
diseases: Genes involved and possible mechanisms. Transpl Immunol 14(3-4):
175-182.

Tomlinson, IPM and Bodmer, WF (1995). The HLA system and the analysis of
multifactorial genetic disease. Trends Genet 11(12): 493-498.

Tremmel, M, Opelz, G and Mytilineos, J (1999). High-resolution typing for HLA-
DRB1*15 amd -DRB1*16 by fluorescence-marked sequence-specific priming
(TagMan assay). Tissue Antigens 54(5): 508-516.

TRIGR Study Group (2007). Study design of the Trial to Reduce IDDM in the
Genetically at Risk (TRIGR). Pediatr Diabetes 8(3): 117-137.

Turner, D (2004). The human leucocyte antigen (HLA) system. Vox Sang 87: 87-90.

Tyagi, S and Kramer, FR (1996). Molecular beacons: probes that fluoresce upon
hybridization. Nat Biotechnol 14(3): 303-308.

Ugozzoli, LA, Latorra, D, Puckett, R, Arar, K and Hamby, K (2004). Real-time
genotyping with oligonucleotide probes containing locked nucleic acids. Anal
Biochem 324(1): 143-152.

Valdes, AM, Erlich, HA and Noble, JA (2005). Human leukocyte antigen class I B
and C loci contribute to Type 1 Diabetes (T1D) susceptibility and age at T1D
onset. Hum Immunol 66(3): 301-313.

van der Auwera, B, Schuit, F, Lyaruu, I, Falorni, A, Svanholm, S, Vandewalle, CL,
Gorus, FK and Registry, TBD (1995). Genetic susceptibility for insulin-
dependent diabetes mellitus in Caucasians revisited: the importance of
diabetes registries in disclosing interactions between HLA-DQ- and insulin
gene-linked risk. J Clin Endocrinol Metab 80(9): 2567-2573.

Welsh, K and Bunce, M (1999). Molecular typing for the MHC with PCR-SSP. Rev
Immunogenet 1(2): 157-176.

Vester, B and Wengel, J (2004). LNA (Locked Nucleic Acid): High-Affinity
Targeting of Complementary RNA and DNA. Biochemistry 43(42): 13233-
13241.

Wion, E, Brantley, M, Stevens, J, Gallinger, S, Peng, H, Glass, M and Hagopian, W
(2003). Population-wide infant screening for HLA-based type 1 diabetes risk
via dried blood spots from the public health infrastructure. Ann N Y Acad Sci
1005: 400-403.

69



References

Vilimaa, L, Sjoroos, M, Luhtala, M, Toivanen, P, Lovgren, T and Ilonen, J (1998).
Detection of HLA-B27 alleles by group-specific amplification and time-
resolved fluorometry. J Immunol Methods 219(1-2): 131-137.

Yang, CJ, Wang, L, Wu, Y, Kim, Y, Medley, CD, Lin, H and Tan, W (2007).
Synthesis and investigation of deoxyribonucleic acid/locked nucleic acid
chimeric molecular beacons. Nucleic Acids Res 35(12): 4030-4041.

You, Y, Moreira, BG, Behlke, MA and Owczarzy, R (2006). Design of LNA probes
that improve mismatch discrimination. Nucleic Acids Res 34(8): €60-.

Zuker, M (2003). Mfold web server for nucleic acid folding and hybridization
prediction. Nucleic Acids Res 31(13): 3406-3415.

70




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Subsample
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Subsample
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <>
    /DEU <>
    /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.)
  >>
  /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 [841.890 1190.551]
>> setpagedevice




