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1. I ntroduction

1.1. Susceptibility gene finding in complex diseases

Linkage and association studies represent the two major approaches that attempt to determine
the genetic loci that confer susceptibility to diseases with a complex genetic background.
Linkage studies attempt to identify the approximate genetic location of a disease trait.
Association studies provide a method for the fine localisation. Association tests can be
pedigree or singleton-based. A case-control study is population based and investigates the
association between a disease trait and genetic markers using data (different genotype
frequencies) from unrelated patients (singletons) and unrelated controls. Genetic linkage
analysis tests for co-segregation between a marker (the most common used markers are short
tandem repeats (STRs) which are often referred to as microsatellites) and a putative disease
locus. Genotype association is useful to detect the precise location of disease susceptibility
markers. Such positional candidates are then investigated to characterise their potentia

function in the context of the disease.
1.1.1. Linkageanalyses

In complex diseases, linkage analysis tests are performed to detect a co-segregation between a
marker and a putative disease locus. The traditional lod score approach * tests the likelihood
of reduced recombination between a marker locus and disease gene versus independent
segregation of the two loci. Generally, highly-polymorphic STRs, whose chromosomal
locations are known, are genotyped using the polymerase chain reaction with the resulting
fragments separated electrophoretically according to length. Such microsatellites are
distributed throughout the genome at around 100kb intervals and the different aleles vary in
repeat length %,

Parametric lod score analysis requires a considerable number of large families and a clear
Mendelian mode of inheritance to be valid to show genetic linkage. However, in comgex
diseases, pedigrees are generally small and the mode of inheritance tends to be unclear. This
limitation has led to an emphasis on non-parametric linkage (NPL) analysis methods, which
do not require the mode of inheritance to be specified. Such analyses determine if alele

transmission in affected siblings pairs (ASP) deviate from Mendelian expectations 3 A
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significantly increased level of alele sharing (alleles that are identical by descent) suggests

the marker is linked to the disease locus . Multipoint linkage analysis is performed testing at
the same time several markers located on the same chromosome. The closer the microsatellite
is located to the disease gene, the higher LOD score value is expected because of arer
recombination. Successful location of linkage depends much on informativity of markers,

sample size and phenotype complexity °
1.1.2. Linkagedisequilibriumin the MHC and entire human genome

Each new dllele that arises by mutation in the sequence is initially associated with the
particular chromosomal background on which it arose. A set of closely linked alleles (genes
or DNA polymorphisms) inherited as a unit is caled haplotype. Different combinations of
polymorphisms are known as haplotypes. Coinheritance of haplotypes leads to associations
between the alleles present on the haplotypes at the population level °. This phenomenon of
non-random association between alleles at different but adjacent loci is known as Inkage
disequilibrium (LD) ’. A common measure of LD is the absolute D’ value 8, which is a
standardization of the LD coefficient D to an index between zero and one corresponding to no
LD and complete LD respectively. D is the difference between the observed and the expected
haplotype frequencies at two dialelic loci °.

Investigations of LD suggest that the genome consists of discrete haplotype blocks in which
there is a little evidence of historical recombination ®2LD blocks may extend from a few
kilobases (kb) to regions greater than 100 kb . A useful measure is the ,half-length’’ of LD
(the distance at which the average | D’} drops below 0.5). For example, LD in a United
States population of northern-European has a haf-length of about ~60 kb and in a Nigerian
population extends markedly less far 3. New haplotypes emerge through novel mutation
events and through recombination between homologous sites in the paternal and materna
chromosomes © LD patterns are influenced not only by ,hot’’ and ,warm’’ spots of

recombination butalso by selective pressures and demographic events 14 1> |

Haplotype-based methods offer a powerful approach to disease gene mapping, based on
association between causa mutations and the ancestral haplotype ™. Newly introduced
mutations are in LD with the alleles on the ancestral haplotype. Thus, genotyping effort and
costs might be effectively reduced by genotyping only a small fraction of carefully selected
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SNPs that tag common haplotypes ** *° Further steps would then include a fine mapping

experiment in the region of strong LD *2 On the other hand, strong association between
nearby aleles can make identification of the causa variant very difficult. The statistical
power to detect an alelic association depends on specific properties of each marker, including

its frequency and population history °.

The organization of the Human Magjor Histocompatibility Complex (MHC), which has been
implicated in many immune disorders, appears to be well conserved. The regions encoding
the class | and Il molecules in most of the cases (~97%) are inherited without
recombination®’. Investigations into MHC evolution suggest that the region is derived from a
single ancestral gene, which has expanded through seria duplications and has been modified
by mutations and contracted by deletions. Selection pressures have accompanied al these
processes 85 Although classical humantleukocyte-antigen (HLA) genes in this region
represent good candidates for immune disorders, linkage disequilibrium makes it difficult to
rule out the influence of neighbouring genes on disease susceptibility. The few studies that
have analysed the haplotype structure of the MHC region have suggested that LD variation in
the MHC, with the exception of the classical HLA loci B isnot essentially different from that

in the rest of the genome 4222,

1.1.3. Association studies

The main use of association tests in genetics is to identify genes that possibly influence
disease susceptibility. Disease association tests are carried out using either a casecontrol or
family-based study design. Single numcleotide polymorphisms (SNPs) are used to localise
disease susceptibility genes.

Case-control studies use data from unrelated affected individuals and unrelated controls.
Evidence for a statistically significant association between a marker and the disease is taken
from a comparison of the genotype (and thus allele) frequencies in both samples. A major
limitation with case-control association studies is that an association may arise if cases and
controls were drawn from genetically different populations even though no disease gene
association exists. Admixture in populations lead to a potential excess of both false positive
and fase negative associations. The possibility of false associations depends on the

population sampled, the trait being studied and the marker being tested 2% 24
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Family -based association studies use data from within families. Limiting analysis to familial
genetic information helps to avoid the matching problems experienced in case-control studies.
Sampling families is generally more difficult than cases and controls, but this methodology is
still possible in a sarcoidosis study because sarcoidosis typical has an onset in early-adulthood
and thus both parents of the proband may be available ?*. The association test in pedigrees is
performed measuring dstorted transmission of alleles®.

Sarcoidosis literature is replete with case-control association studies. However, the findings
often conflict with one another. One potential explanation for inconsistent results is that the
same phenotype can be caused by damage of different genetic mechanisms . Discrepancies
among studies can also arise due to differing sampling methodologies 2. Ideally, in the
functional candidate gene approach, associations found through case-control studies should be
confirmed in family-based studies #.

1.1.4. Candidate gene analyses

The selection of candidate genes includes a large number of potentia factors that are most
likely to be involved in te phenotype. Knowledge about biology, disease pathophysiology,
biological plausibility are evauated. Functiona effects of single nucleotide polymorphisms
(SNPs) on the protein are considered. Multiple SNPs can contribute to association, thus the
ones with strongest association are identified. Dose effect is evaluated in cases, when numbers

of variant copies contribute to a greater risk 2* %

Information about the location and type of the sequence variants in a gene can be used to
prioritize polymorphisms 28 Nonsense, missense, splice site mutations, and deletions in the
coding sequence can affect protein structure. Synonymous changes do not primarily affect the
protein structure. However, they may influence the mRNA glicing, if the polymorphism is
located in an exonic splicing enhancer 2% 0. Mutations affecting gene expression levels are
usualy localised in promoter, intronic and intergenic regions. Interpretation of the latter
mutations is more complex. As polymorphisms are frequent in the human genome
(approximately 1 in 1,000 bp), it is important to select carefully a limited number of SNPs to

genotype from the set that is often available in a particular candidate gene?® 3L,
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Replication of association is another critical aspect. Inconsistency of results between

different studies and different populations might point to the need for more studies in certain
populations or more detailed study of the function of a candidate gene 2. However,
population diversity may also be areason of lack of replication % (e.g. CARD15 is associated

with Crohn’s disease in European population, but not in Asians) %

1.2. Sarcoidoss

1.2.1. Thedisease

Sarcoidosis is a systemic inflammatory disease of unknown aetiology, characterized by T-
lymphocyte and mononuclear phagocyte infiltration leading to granuloma formation 33, The
hallmark of the disease is the presence of noncaseating granulomas in affected organs. These
granulomas can occur with varying rates in any organ system, but most commonly are found
in the lung and lymph nodes *. A range of 30-60% of reported cases of sarcoidosis are
asymptomatic and have been discovered by the presence of characteristic findings on routine

%37 For symptomatic patients, the most common

health screening chest radiographs
problems include respiratory symptoms e.g. dry cough, dyspnea, chest pain and systemc
symptoms e.g. fever, night-sweats, fatigue and malaise. The characteristic granuloma found in
sarcoidosis is discrete and compact, composed of multinucleated giant cells, mononuclear
phagocytes and lymphocytes surrounded by tightly organized fibroblasts, mast cells and an
extracellular matrix *. The finding of noncaseating granulomas in biopsy specimens requires
the presence of correlating clinical symptoms consistent with sarcoidosis and the exclusion of

alternative diseases like tuberculosis to establish confidently the diagnosis.

Clinical presentation of the disorder varies widely, with two main phenotypes. acute and
chronic sarcoidosis. Acute sarcoidosis resolves within two to three years, often disappearing
spontaneously and leaving no residual effects. A subset of acute patients exhibit Lofgren’s
syndrome, which is chacterised by a combination of fever, bilateral hilar lymphadenopathy,
erythema nodosum and arthritis, often at the ankle joints. Approximately one-quarter of
sarcoidosis patients have permanent lung damage because of scarring, and some may suffer
from chronic sarcoidosis. In about five percent of patients, the damage from sarcoidosis
progresses enough that organ transplantation (such as lungs, heart, liver) is required a death

occurs 342
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Despite of evidence suggesting that sarcoidosis results from a complex interaction of multiple
genes with environmental exposures or infection, no specific aetiologic agent has yet been
identified. Disease presentation in certain seasons supports the idea of an infective trigger,
possibly microbia in origin. The initiating agent responsible for sarcoidosis is likely to be
airborn since the lungs are the most commonly affected organ in this complex disease “* .
The seasonal peak occurs during spring “°. Investigations of bacteria (e.g. mycobacteria),
viruses (e.g. herpes, Epstein-Barr, retrovirus, cytomegalovirus) and environmental organic
(e.g. pine tree pollen, clay) or inorganic (e.g. aluminium, zirconium, talc) antigens have not

consistently demonstrated an association with sarcoidosis .

Many individuals with sarcoidosis are characterised as asymptomatic. Therefore, estimates of
the reported prevalence may depend on the way in which the epidemiologica data is
generated. The reported prevalence varies significantly by sex, racia group, and country.
Nevertheless, sarcoidosis appears to be one of the most frequent interstitial lung diseases .
There are up to 64 patients per 100,000 individuas in Sweden to 9 per 100,000 in Italy.
Intermediate numbers are observed in Denmark (53 per 100,000), Germany (43), Ireland (40),
Norway (27), UK (20) and France (9). Within the United States, the prevalence for the
Caucasian population of North America is 3 and for AfroAmericans 47 per 100,000 * .
Sarcoidosis is found in all races, affecting dightly more females than males. It most
commonly affects individuals aged 20 to 40 years. Initial presentation of sarcoidosis is also

related to race- AfricanAmericans are at greater risk of morbidity and mortality 36 %,

1.2.2. Familial aggregation of sarcoidosis

Numerous reports on the familiar occurrence of sarcoidosis suggest a genetic component to
disease predisposition ** * Data from a nationwide chest radiography screening program
indicated a recurrent risk in siblings of affected patients of approximately one in 100, which is
20 times higher thanthe prevalence rate of sarcoidosis in Germany %. A familial relative risk
observed in American whites (RR=18.0) was markedly higher compared with African
American (RR=2.8) cases **. Monozygotic twins are 24 times more concordant for disease
than dizygotic twins >’. From these studies, it is clear, that family members have a several-
fold increased risk of disease compared with the general population. The familia sarcoidosis

studies clearly exclude a ssmple mode of inheritance, suggesting a more complex genetic
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background. Genetic mechanisms such as single gene effects with greatly reduced
penetrance, polygenic inheritance or a multifactorial background with interactions between

genetic make-up and environmental agents could be characteristic features of sarcoidosis *.
1.2.3. Sarcoidosis and other hereditary granulomatous disorders

Sarcoidosis demonstrates remarkable overlap with other chronic inflammatory disorders. Blau
syndrome and QGrohn’s disease are complex disorders that show overlap with sarcoidosis in

the spectrum of involved organs and their immunopathophysiology.

Enhanced immune response to a yet unknown target with monocyte and T-cell activation and
granuloma formation in affected tissues are characteristic features of both sarcoidosis and
Crohn's disorders ** 3* . Although the primary sites of inflanmation differ (lung in
sarcoidosis and intestine in Crohn’s disease), affection of skin, joints and other argans is
common in both disorders. Coincidence of sarcoidosis and Crohn’s disease in families or even

in one individual is more common than expected by chance alone .

Blau syndrome demonstrates clinical similarities with sarcoidosis. The disease is
characterised by granulomatous arthritis, uveitis and erythema®®. Blau syndrome is caused by
a single dominant gene mutation and has onset in early childhood. Based on clinica
similarities with saroidosis, Blau syndrome might be a monogenic early-onset variant of

sarcoidosis.

1.2.4. Sarcoidosislinkage studies

In order to localize sarcoidosis susceptibility genes, severa linkage studies and many
association studies have been performed in different populations. A linkage sudy of seven
polymorphisms spanning the MHC region in 55 German sarcoidosis families gave an
estimated maximum NPL score of >2.5 for the entire MHC region, with a maximum value of
3.2 at marker locus D6S1666 (panel A of fig.1) ®*(see NPL definition in chapter 1.1.1). Later,
a detailed genome-wide linkage study of 63 German sarcoidosis families with 225
microsatellite markers identified seven peaks of linkage evidence located on six

chromosomes. The most prominent peak was ill located on chromosome 6 at the
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microsatellite marker D6S1666 with an NPL score of 2.99 (p=0.0001) (panel B of fig.1).
Other minor peaks (p<0.05) were found on chromosomes 1, 3, 7, 9 and X °8

Fig.1. Chromosome 6 multipoint NPL results.

A. Chromosome 6p multipoint NPL results based on 55 German sarcoidosis families.

B. Multipoint NPL results of the entire chromosome 6 based on 63 German families with
siblings suffering from sarcoidosis.

A. and B. as published by M.Schurmann et al., in 2000%! and 2001%. In both figures xaxis:
microsatellite markers; y-axis: NPL score.
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A linkage study of 225 AfricanAmerican nuclear families suffering from sarcoidosis reported

another significant marker DQCAR located on chromosome 6 ®. This microsatellite marker is
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located 3.9Mb centromeric from the marker D6S1666 which was implicated as indicating a
susceptibility region in German families.

1.2.5. Human Major Histocompatibility Complex

The human Magjor Histocompatibility Complex (MHC) is located on chromosome 6p21 and is
composed of three classes: (see fig.2) MHC class I, Il and I1l. MHC class | mainly includes
the HLA-A, HLA-B and HLA-C genes, MHC class Il contains the HLA-DR, HLA-DQ and
HLA-DP subclasses. The primary immune relevant genesin the MHC class 111 region (located
between the class | and class Il regions) encode TNFapha, TNF-beta, the complement
proteins (C4A, C4B, C2 and Bf), enzymes involved in steroid synthesis (CYP21A and
CY P21B) and heat-shock proteins (HSPA1A; HSPA1B and HSPA1L) &,

Fig.2. The Major histocompatibility complex (published by ®). Upper panel: classification of
the region into three classes. Lower panel: HLA gene content in every subclass.
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The products of the Human Leucocyte Antigen (HLA) genes play a fundamental role in the
regulation of immune processes by antigen presentation to T cells. The HLA genes and their
products are grouped into tvo classes according to their chemica structure and biological
properties. Class | molecules contain one heavy chain (45 kD) and a light chain called 32
microglobulin (12 kD) that contributes to the overall structure of the protein. Class Il
molecules do not contain 32 microglobulin and consist of two (alpha and 3) chains of similar
size (34 and 30 kD). Both classes differ according to their peptide-binding groove, which
accommodates 8-9 amino acids in class | but is openended in class II. MHC class | molecules
present endogenously amplified antigens, e.g. vira proteins, to CD8+ T-cells. MHC class |1
molecules present exogenously derived proteins, e.g. bacterial products or viral capsid
proteins, to CD4+ T cells. However, if the immune mechanism malfunctions and T-cells react
against “self”-peptides, an autoimmune disease may arise. MHC class | molecules are widely
expressed, although the level varies between different cell types. MHC class Il molecules are
constitutively expressed only by certain cells involved in immune responses, though they can
be induced in a wider variety of cells. All HLA alleles are expressed co-dominantly. In about
97% of individuals, the entire MHC haplotype is inherited without recombination. Each HLA
gene has an unusua number d aleles (for instance HLA-DRB1 gene has over 200 different
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aleles) caused by high levels of polymorphism in the region.
1.2.6. Sarcoidosis associations with HLA genes

Many HLA genes have been tested for association with sarcoidoss; investigating the theory
that disease-associated HLA molecules present specific antigenic peptides in such a way that
the recognizing T-lymphocytes initiate an inflammatory response with peculiar pathological
consequences %. Originally, associations with sarcoidosis were attributed to the MHC-|
aleles. A positive association between HLA-B7 and HLA-B13 was found in Moravian
Czechs ®. However, the HLA-B7 was significantly decreased in Japanese patients %.

Recently, many studies have concentrated on MHC-II typing sustaining the hypothesis that
sarcoidosis is triggered by exogenous antigene. HLA-DR allele typing have provided
comprehensive results for numerous populations, although reports of risk alleles were
conflicting. HLA-DR5, HLA-DR8 and HLA-DR9 were risk aleles in Japanese %, HLA-
DR5 has been found significantly associated with chronic form of sarcoidosis in Germans %

P HLA-DR3 was associated with acute disease in Germans and Scandinavians, whilst the
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chronic form in Scandinavians was associated with HLA-DR14 and HLA-DR15 ®™ A
study in Asian Indians reported two risk aleless HLA-DRB*11 and HLA-DRB1*14 *
Recently, significant association with HLA-DRB1*1101 alleles was found in American
blacks and whites " More consistent results were achieved when evaluating ,,protective’’
HLA-DRB allelesin different populations. The HLA-DR alleles, which encode DR1 and DR4
antigens, which share characteristic small hydrophobic residues a amino acid position 11,
were negatively associated with Scandinavian, Japanese, British, Polish and Czech sarcoidosis
cases % In this study, a previously reported association between sarcoidosis and single
nucleotide polymorphisms of the TAP2 gene ™ was shown to be probably due to linkage
disequilibrium with the HLA-DR locus.

HLA-DQ locus analysis has provided fewer significant alleles. HLA-DQA1 0101/4 was
significantly associated with sarcoidosis in Asian Indians ™ Alleles of the more centromeric
gene HLA-DQB1*0201 and HLA-DQB1*0602 were over-transmitted in AfricanAmerican
sarcoidosis families 6. However, the HLA-DQB1*0201 was strongly ,,protective’’ against
severe sarcoidosis in British, Dutch and Asian Indian patients, whereas HLA-DQB1* 0602
was associated with disease "> " HLA-DQB1*0503 has been found associated with disease

in Asian Indians.

Despite only few reports about the HLA-DP locus, the HLA-DPB1 gene is interesting because
of its association with berylliosis (a phenocopy of sarcoidosis characterised by accumulation
of beryllium-specific CD4+ T lymphocytes). An allele-association study indicated that a
glutamine located at position 69 of DPB1 confers susceptibility to chronic beryllium disease
. The immunopathologic and clinical similarities between chronic beryllium disease and
sarcoidosis suggest that similar immune-response genes may be involved in susceptibility to
both diseases However, no association was found with the Glu69+ alele in sarcoidosis
patients from the US " and from Europe ® ™. Further HL A-DPB1 amino acids, Val36+ and
AspS5+, which are involved in antigen binding have been shown to be significantly
associated with sarcoidosis risk in African-American cases’®.

1.2.7. Autoimmune and chronic inflammatory disease mapping to the human MHC

Numerous studies have indicated a role for the peri-MHC in susceptibility to chronic

inflammatory and autoimmune diseases. Most studies have focused on the alelic variants of



21

the HLA genes, as the products of these genes are primarily involved in immune processes.

Autoimmune responses involve T-cells, which respond to a particular MHC genotype-
dependent antigen. Thus, the associations are supported by the hypothesis that susceptibility
to autoimmune disease could be caused by certain HLA al€lic variants through their
presentation of auto-antigenic peptides to autoreactive T-cells. However, there are many other
inflammatory response related genes in the MHC region (for gene content in the per-MHC
region see fig.3), which have not been tested for disease association. Therefae, the MHC

region is still one of the main targets for association studies for autoimmune disorders.



Fig.3. Gene content in peri-MHC region (published by %)
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Linkage and association studies on chromosome 6p have been performed on patients with

3 insuline

inflanmatory bowel disease &, psoriasis %, systemic lupus erythematosus ®
dependent diabetes 84, rheumatoid arthritis ° and multiple sclerosis ®. All these studies

indicated the presence of genetic factors located in the MHC.

Many association studies have investigated non-HLA genes as well that map to the MHC.
However, association results obtained from investigations of Caucasian sub-populations or
different populations often do not overlap or are even contradictory. Thus, in only a few
successful studies an initial association between a typica HLA gene and a disease been
excluded by finding a nearby locus possessing a causative mutation. Mutations in the
CYP21A2 gene were found in patients suffering from congenital adrenal hyperplasia 8" %,
Defects of the HFE gene were assigned to the iron storage disorder referred as hereditary
haemochromatosis %. Sequence variants in the lymphotoxin-alpha (LTA) gene were indicated

as risk factors for myocardial infarction .
1.2.8. Sarcoidosis candidate genesin the entire genome

Numerous reports have implicated angiotensin-converting enzyme (ACE) in the
pathophysiology of sarcoidosis. The gene has a 300bp insertion/deletion (1/D) polymorphism,
which influences serum ACE levels. ID and DD genotypes were found to be associated with
the disease in several studies 3 However, in later studies no cosegregation was found with
familial sarcoidosis* and no associations with the various sub-phenotypes of the disease was
detected in a case-control study in two European populations®. Therefore, it seems that ACE
polymorphisms do not represent a major hereditary cause of the disease, but rather, they
modify the course of the disorder %%

The inflammatory response in sarcoidosis is characterised by an increased production of
several preinflammatory cytokines and chemokines at the sites of disease ** Therefore, it is
plausible that polymorphisms in these genes may contribute to differences in the regulation of
cytokine release ®. In sarcoidosis major mediators are released by both T-lymphocytes (IL-2,
IFN-gamma, LT) and alveolar macrophages (IL -1beta, 1L -12, TNF-alpha). Tumor necrosis
factor —alpha (TNFa) is thought to play a key role as a mediator of inflammation and cellular
response. TNFa production is increased in the sarcoid lung and its role in the formation of

granulomas has been widely studied °“*. Biallelic polymorphisms at position -308 in the
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promoter region of the TNFa gene and in the first intron of the LTA gene have been

associated with variation in TNFa production and with susceptibility to infectious and
autoimmune diseases ®. Association studies on genetic polymorphisms in promoter region
have raised the possibility that this cytokine might influence the predisposition or severity of
sarcoidosis " ® Except for a higher allele frequency of arare TNFa alele found in patients
suffering from acute sarcoidosis, other studies have not found significant association of either
polymorphism with sarcoidosis % 1°. Among the chemokines, many association studies have
focused on gene polymorphisms in CC chemokine receptor 2 (CCR2) and CC chemokine
receptor 5 (CCR5) because the products of these genes are expressed on the surface of CD4+
T cells. The CCR2 valine to isoleucine substitution at amino acid position 64 appears to have
a protective effect 1%, whereas the 32 bp deletion in the promoter of the CCR5 gene increases
susceptibility to sarcoidosis 1°% A haplotype study indicated that variations in the CCR2 gene

are associated with different sarcoidosis phenotypes ',

Clinical similarities between Blau syndrome, Crohn’s disease and sarcoidosis suggest the
presence of shared susceptibility genes. Linkage on chromosome 16 has been established for
both Blau syndrome and Crohn'’s disease 1®%". L ater, several independent association studies
have demonstrated that distinct alleles of the CARD15 gene contribute to susceptibility for
Crohn's disease '®*° The CARD15 gene resides on the long arm of chromosome 16
(16912). The protein is composed of two caspase recruitment domains (CARD), a nucleotide
oligomerisation domain (NOD) and a stretch of leucine rich repeats (LRR). The putative
function of the CARD15 protein also contributes to the hypothesis of shared susceptibility
genes. CARD15 may be involved in activation of the nuclear regulatory factor kappa B
(NFkB) pathway, which is activated after stimulation with microbial lipopolysaccharides.
High NFKB activity is characteristic feature of both disorders ™ 2. Furthermore, mutations

inthe CARD15 gene could influence the regulation of immune cell apoptosis 1.

Blau syndrome mutations were found in the NOD domain of the CARD15, while mutations
associated with Crohn’s disease are located in the LRR region. Thus, aterations in different

regions of the gene could cause or contribute to different granulomatous disorders.
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1.3. Aims of the study

1. Identification of HLA-independent susceptibility marker for sarcoidosis in the chromosome
6 linkage region.

2 Evauation of CARD15 as a candidate gene for sarcoidosis.



2. M aterials and methods

2.1. Materiasand equipment

Table 1. Part 1 materials
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Material

Manufacturer/Supplier, Country

100bp DNA ladder

2.2 ml storage plate (96 well)

384 deep well storage plate

Agarose

Tag® DNA polymerase

AmpliTag® Gold DNA polymerase
Bacilol®

BigDye Terminator Ready reaction kit
Bromphenol blue

dNTP set (100mM solutions: each 100uM)
Ethanol

Ethidium bromide solution (10mg/ml)
GeenAmp PCR buffer system (10x buffer
w/o MgCly; 25mM MgCh)

Invisorb Blood Giga Kit

MgCk

MicroAmp®optical 96-well reaction plate
MicroAmp®single strips

MicroAmp® single tubes

Microtiter 384-well plates

Microtiter 384-well plates

Microtiter 96-well plates
Microtiter 96-well plates

Microtiter plates, 96 well, round bottom with
lid

Invitrogen, Karlsruhe, Germany

ABgene, Epsom, UK

ABgene, Epsom, UK

Eurogentec; Kdln, Germany

Qiagen, Hilden, Germany

Applied Biosystems; Darmstadt, Germany
Bode Chemie, Hamburg, Germany
Applied Biosystems, Darmstadt, Germany
Sigma, Minchen, Germany

Amersham Biosciences; Freiburg, Germany
Merk; Darmstadt, Germany

Invitrogen; Karlsruhe, Germany

Applied Biosystems, Darmstadt, Germany

Invitek; Berlin, Germany

Merck; Darmstadt, Germany

Applied Biosystems, Darmstadt, Germany
Applied Biosystems, Darmstadt, Germany
Applied Biosystems, Darmstadt, Germany
Sarstedt; Nirnberg, Germany

Greiner Bio-One GmbH, Frickenhausen,
Germany

Sarstedt; Nirnberg, Germany

Costar Corning Incorporated; Cambridge,
MA, USA

Sarstedt; Nirnberg, Germany




Table 1. Part 2: materials
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Material Manufacturer/Supplier, Country
PicoGreen® Molecular Probes Europe BV; Leiden, The

Pipette (serological, sterile with filter
5/10/25ml)

Pipette tips with filter (10/200/1,000pl)

SAP shrimp akaline phosphatase

Sephadex powder (G50 superfine)

Sepahdex spin column plates MAHVN 4550
SmartLadder DNA marker

TAE Buffer 25x ready pack

TagMan® Universa PCR Master Mix

TBE Buffer 10x ready pack

Tubes (0.5/ 15/ 2.0 ml)

Tubes (05/ 1.5/ 2.0 ml)

Tubes, flat bottom (60 ml)

Tubes, sterile (15 ml)

Tubes, sterile (50 ml)

Xylene Cyanol FF

Netherlands
Sarstedt; Numbrecht, Germany

Sarstedt; Nirnberg, Germany

Amersham Biosciences; Freiburg, Germany
Amersham Biosciences; Freiburg, Germany
Amersham Biosciences; Freiburg, Germany
Eurogentec; Kdln, Germany

Amresco; Solon, OH, USA

Applied Biosystems; Darmstadt, Germany
Amresco; Solon, OH,USA

Eppendorf; Koln, Germany

Eppendorf; Kdln, Germany

Sarstedt; Numbrecht, Germany

Sarstedt; Numbrecht, Germany

BD Biosciences, Heidelberg, Germany

Sigma; Munchen, Germany




Table 2. Equipment

28

Equipment Manufacturer/Supplier, Country
10/100/300/1000 ul  single/multi-channel | Eppendorf; Hamburg, Germany
pipettes

7900HT Seguence Detection Systems

ABI PRISM®7700 Sequence Detector
Biometra® T Gradient

Biometra® T1 Termocycler

GeneAmp®PCR system 9700

Gibco BRL Electrophoresis Power Supply™
250 EX

Gibco BRL Horizontal Gel Electrophoresis
Apparatus™

Heraeus Kelvitron®t

Heraeus Labofuge 400

High

Transi|luminator

Performance Ultraviolet

Horizontal Electrophoresis Apparatus
Hydra™384 Robbins Scientific®

Hydra™96 Robbins Scientific®

Platesealer ALPS-300

Power Pack 300 Electrophoresis Power

Supply

TECAN Genesis RSP 150

TECAN GENESIS Workstation 150
TECAN GENESIS Workstation 200

TECAN Spectrafluor Plus

Vortex-GENIE 2® G-560E

Applied Biosystems; Darmstadt, Germany
Applied Biosystems; Darmstadt, Germany
Whatman Biometra GmbH; Gottingen, Germany
Whatman Biometra GmbH; Géttingen, Germany
Applied Biosystems; Darmstadt, Germany
BioRad; Munchen, Germany

BioRad; Munchen, Germany

Kendro; Hanau, Germany
Kendro, Hanau, Germany

VWR; Hamburg, Germany

BioRad; Mnchen, Germany

Dunn Labortechnik GmbH; Asbah, Germany
Dunn Labortechnik GmbH; Asbah, Germany
Abgene, Epsom, UK

BioRad; Munchen, Germany

Tecan Deutschland GmbH;  Crailsheim,
Germany
Tecan Deutschland GmbH;  Crailsheim,
Germany
Tecan Deutschland GmiH;  Crailsheim,
Germany
Tecan Deutschland GmbH;  Crailsheim,
Germany

Scientific Industries, Inc., Bohemia, N.Y ., USA
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2.2. Electronic data bases

Applied Biosystems http://www.appliedbiosystems.com/

BLAST http://www.ncbi.nlm.nih.gov/BLAST/

Celera Discovery Systemshttp://www.celera.com/

dbSNP http://www.ncbi.nlm.nih.gov/SNP/index.html

GeneCards http://bioinfo.weizmann.ac.il/cards/

HLA database http://www.ebi.ac.uk/imgt/hla/align.html

Locus Link http://www.ncbi.nim.nih.gov/L ocusLink/

MAP viewer http://www.ncbi.nlm.nih.gov/mapview/

NCBI http://www.ncbi.nlm.nih.gov/

PubMed http://www.ncbi.nlm.nih.gov/entrez/query.fcgi ?db=PubM ed
Repeat Masker http://repeatmasker.genome.washington.edu/cgi - bin/RepeatM asker

UCSC Genome Browser  http://genome.ucsc.edu/



2.3. Participants

2.3.1. Sarcoidosis population for the chromosome 6 association study

Sarcoidosis patients and close relatives were contacted between years 1996 and 2003 through
specialised hospitals and general practitioners, or through the German sarcoidosis patient
organisation (Deutsche SarkoidoseVereinigung e. V., www.sarkoidose.de). Others were
enrolled after calls for participation in the study that were forwarded by health insurance
institutions. Diagnoses were made on the basis of the International Consensus Statement on
Sarcoidosis % ™. Patients from sarcoidosis families were interviewed by telephone about
their individual and familial sarcoidosis history. All patients (families and single affected
patients) completed a questionnaire about the course of their disease. Physicians were
contacted to confirm the diagnosis, and the presence of sarcoidosis was additionally verified
by biopsy in 78% of cases from the “exploratory” sample, 90% of patients from the
“extension” sample, and in 88% of patients from the “replication” sample. For the remainder,
the clinical course and the radiology and laboratory data were regarded as sufficiently

consistent with the diagnosis of sarcoidosis ™.

Observed sarcoidosis phenotypes were grouped into ten classes in the entire sample presented
in this study (for detailed sarcoidosis phenotype classification and description see supplement
information 9.1.2.). 31% of all affected individuals had an acute form of sarcoidosis (mainly
with Loefgren syndrome) and 61% were classified as chronic patients. Both acute and chronic

patients had involvement of the lung.

All patients were of Gaman origin. All participants gave written informed consent for
participation in the study. The protocols were approved in writing by the institutional ethics

and data protection authorities. An overview of the patient samples is given in table 3.
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Table 3. Sarcoiodosis sample for the chromosome 6 association mapping study. Upper
part: non-overlapping categories of sampling units (families, trios, singleton cases); lower
part: summary of case/patient numbers. The total number of independent cases equals the sum
of the sampling units in the upper part. The experiments performed in different combinations
of patient samples are depicted in the lower part of the table.

Patient sample

Sampling unit exploratory extension replication Full
Affected sb pars
(ASP)— 2sbs 70 9 10 89
ASP- 3dbs 8 - - 8
Complex families 11 5 - 16
Trios (complete) 153 72 203 428
Trios (one parent 10 79 62 151
missing)
Single patients 13 65 177 255
Total  number  of 265 230 452 947
independent cases
Tota number of 372 (163200)  248(123/125) 462 (175/287) 1082 (461/621)
patients
(mae/female)
Average age at 34.7 (10.3) 37.2(11.49) 37.3(11.3) 36.4 (11.1)
diagnosis (SD) in
years
Experiment Initial SNP screen
SNP fine mapping Replication
Differentiation
of DRB1-
BTNL2 effects
———

2.3.2. Control group individuals

A group of 517 age- and sex-matched healthy blood donors of German origin were included

as control group in the association analysis.
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2.3.3. Sequencing patients for association mapping experiment on chromosome 6

Only for a minority of sequence variations annotated in databases, SNP alele frequency is
indicated. Even more, part of annotated SNPs derive from mismatches by comparing
sequences of overlapping clones. Such mismatches can arise due to mutations introduced in
the clone sequence so that the variation in reality does not exist as an SNP. In regions where
no SNPs in databases are annotated but for a higher density of a map more SNPs are needed,
variations can be detected trough resequencing of genomic DNA. For all these reasons,
resequencing of genomic DNA of 47 unrelated individuals was used. To not overlook specific
sequence variations that could be the disease causing mutations and thus have a very low

frequency in sample of healthy individuals, sarcoidosis patients have been chosen.

2.3.4. CARD15 geneanalysis samples

The CARD15 gene was investigated in the following two sarcoidosis populations: i) families
with two or more members suffering from sarcoidosis (henceforth referred to as "sarcoidosis
families'), ii) unrelated sarcoidosis patients without a family history of sarcoidosis, together
with their healthy parents (henceforth referred to as ,,sarcoidosis trios'’). For the case-control
analysis, a sample of healthy control individuals was used. The complete families panel

comprised 302 patients (135 males, 137 females, average age at incluson (meantSD)
51+13.1 yrs, average age at diagnosis 35+11.3 yrs, range 12-73 yrs) and 153 close relatives
without sarcoidosis (64 males, 89 females). The trios sample consisted of 127 patients (49
males, 78 males;, average age at inclusion 34+6.8 yrs, average age at diagnosis 33+6.9 yrs,
range 11-51 yrs) and 254 parents without sarcoidosis. The control groups comprised 265
healthy German Caucasian blood donors recruited through the Dept of Trasnfusion Medicine
at the Kiel University Hospital, Kiel, Germany (118 males, 147 females. average age at
inclusion 51+8,2 yrs).

The sample of 138 German families of Caucasian origin included 66 families with two @
three affected sibling pairs, 41 families with affected parent-offspring pairs, 19 families with
two more distantly related patients and 12 families with a more complex structure involving
more than two patients. The sarcoidosis trio sample comprised 127 spontaneous cases with
unaffected parents. (seethe detailed CARD15 study family sample information in 9.1.3.). All
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CARD15 study patients were a subset of the chromosome 6 association mapping study
sample.

2.4. DNA samples

2.4.1. Isolation of genomic DNA from blood

Genomic DNA was extracted using a slightly optimised Invisorb®Blood Giga Kit for DNA
isolation (Invitek, Germany). 10ml of whole blood were incubated with 30ml of cold Buffer |
for 10 minutes at a room temperature to achieve lysis of erythrocytes and centrifuged at 3000
rpm for 3 minutes. After the supernatant was carefully removed, the procedure was repeated
with 20ml of Buffer | to achieve a better purification of leucocytes from erythrocytes. The
cells were centrifuged at 3000 rpm for 3 minutes. The cell pellet containing leucocytes should
be white, if this was not the case then the second step was repeated. The pellet was then
resuspended in 3ml of Buffer Il and 50pl of Proteinase K and incubated overnight in a 60°C
water bath with continuous shaking. During this step, the reagents lyse the leucocytes and the
DNA becomes free from nuclei. For protein lyses, 1,8ml of Buffer 111 was added, the mix was
vigorously shaken and incubated on ice for 5 minutes. After incubation, the mix was
centrifuged for 15 minutes at 5000rpm. The cleared supernatant was transferred into a 15ml
centrifuge tube. For the precipitation of the genomic DNA, 10ml of 96% Ethanol was added
and the tube was carefully inverted several times. The precipitated DNA was collectedwith a
pipette tip and transferred into 2ml eppendorf tubes containing 1 ml of 70% ethanol. The
DNA pellet was rinsed with ethanol, vortexed and then centrifuged at 13000rpm for 2
minutes. In cases where no DNA pellet was present, patients were contacted for an additional
blood sample. After the rinsing step, the ethanol was removed by pipette and samples were
dried for 10 minutes at a room temperature. The purified genomic DNA was resuspended in
500l of IXTE buffer and stored at +4°C for a short time or at -20°C for longer periods.

2.4.2. Platesfor genotyping with TagMan assays

The DNA samples for di-allelic genotyping were arrayed into 96- and 384-well format plates.
Every 96 well plate contained not more than 92 DNA samples leaving the rest of space for
controls. Complete families were included in the same plate. There were at least two wells
with CEPH (Centre d’ Etude du Polymorphisme Humain, Paris, France) cell line samples in
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each plate as positive amplification controls. One to four wells were left empty for a

negative amplification control. Every 96 well plate received a unique identifier and was
entered into the laboratory data base system. 384 well format plates were designed by
arraying four 96 well plates. A barcode system has been implementedfor the identification of
each individua plate. Samples were pipetted into 96 and 384 deep-well plates (Abgene,
Epsom, UK) and the DNA concentration adjusted through two steps of dilution to 10ng/pu and
0,5ng/ul using a TECAN Genesis RSP 150 multipipetting robot (Tecan Deutschland GmbH;
Crailsheim, Germany). The aliquots of DNA (5ul of 0,5ng/ul DNA-TE aiquot) were
distributed via either a 96- or 384-channel Robbins Scientific Hydra microdispener into the
9%6-well and 384-well plates (Costar Corning Incorpaated; Cambridge MA, USA, Greiner
Bio-one GmbH; Frickenhausen, Germany) and dried at 60°C (~2 hours). Dry DNA plates
were covered with Plate Sealer (AB Gene, Hamburg, Germany ) and stored at room

temperature until use.

2.4.3. HLA-DRB1typingplatedesign

Standard 96-well format dry DNA plates with sarcoidosis patients and control sample DNA
(as described in the chapter above) were used for genotyping the multiallelic marker HLA-
DRB1. Additiona DNA samples with known HLA-DRB1 genotypes were used as positive
controls for typing of HLA alleles (see table 4).

1l of the 2.5ng/ul positive control DNA was pipetted into two empty (no-template) positions
on each 96-well plate. Amplification of a positive DNA sample precluded false interpretation
of amplification results: i) if both positive controls were successfully amplified but no patient
was amplified, then the plate was still recorded as working; ii) if positive amplification was
achieved in patients but not in both controls then the plate was discarded, since the result
could be obtained from mixed-up primers. Allele-groups 6 and 7 had ambiguous positive
DNAs ( DRB1*03,*09 for amplification group 6 and DRB1*03,* 10 for amplification group
7) because the alleles DRB1*09 and * 10 are rare there was little likelihood that homozyotes
would be observed. Results of these two amplification groups were accepted based on a
comparison of the number of positive amplifications in the plate and the expected population
allele frequency. Contamination with DNA carrying the frequent HLA-DRB1*03 alele or
usage of amplification group 3 primers by mistake, would have given up to a 20 times higher

frequency of positive amplification. Consistency of CEPH (positive controls for TagMan
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assays) final genotypes in all plates was checked after all allele-groups were amplified and
final genotypes were defined.

The remaining no-template wells served as controls of negative amplification for the PCR

reagents.

Table 4. Known HLA-DRB1 genotypes of patients used as positive controls for
amplification of HLA-DRB1 allele-groups 1 to 7. Positive DNA: patient DNA with known
genotype used as positive control for respective HLA-DRBL1 dlde-group.

HLA-DRB1 HLA-DRBL1 aleles amplified by corresponding Positive DNA
dlele alele group genotypes
amplification
group
1 DRB1*01 DRB1*01
2 DRB1*15.*16 DRB1*15*16
3 DRB1 *03,*08,*11(not *1122/30),*12,*13*14 | DRB1*08,*12
(not *1410/39)
4 DRB1*04,* 1122,* 1410 DRB1*04
6 DRB1*09 DRB1*03,*09
7 DRB1*10 DRB1*03,%10

2.5. Di-dlélic genotyping

To determine the genotype a known SNPs, di-alelic genotyping was performed using a
TagMan 5 nuclease fluorogenic assay > An oligonucleotide probe that is specific for the
target (SNP) to be amplified is labeled with the fluorescent reporter dyes FAM™, VIC® or
TET at the 5’ end and a quenching molecule TAMRA at the 3' end. During the extension step
of a PCR the AmpliTag Gold® polymerase digests the probe bound to the target and separates
the fluorescent tag from its quencher molecule thus permitting fluorescence. Consequently,
the fluorescence signal(s) generated by PCR amplification indicate(s) the alleles that are

present in the sample (see fig.4).
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Fluorescence results of diallelic genotyping were visualized using laser scanning technology
(ABI Prism® 7700 Sequence Detection System for 96-well format plates or ABI
Prism®7900HT Sequence Detection System for 384-well format plates). The laser light is
targeted into 96 or 384 wells via a multiplexed array of optical fibres. The fluorescent
emission returns via the fibres and is directed to a spectrograph with a charge-coupled device
camera. Possible results of alelic discrimination are as following: i) TET (VIC® for
TagMan® -MGB assays) fluorescence only for alele 1 homozygosity, ii) FAM™

fluorescence only for allele 2 homozygosity, ii) both fluorescent signals for heterozygosity.

Diallelic genotyping of individuals plated on 96well and 384-well plates was performed
using TagMan® and TagMan®-MGB assays. The TagMan®-MGB probe *° is an alternative
probe for TagMan® (demonstrated in fig.4). These probes differ in the following features: i)
there is a nonfluorescent quencher attached to the 3’ end, which allows the fluor escence of the
reporter dye to be measured more precisely against a lower background fluorescence, ii) the
3 end has a minor groove binder (MGB) ,which increases the melting temperature of the
probes and thus permits shorter probes. Short probes exhibit geater differences in annealing
temperature values between matched and mismatched probes. That feature provides a higher
qudity of alelic discrimination.
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2.5.1. Di-allelic assay design and genotyping

TagMan® and TagMan®-MGB assays were utilised for the genotyping of SNPsin a panel of
sarcoidosis and control DNAs. Some pre-optimised assays for allelic discrimination were
available from the ABI company (Assay-on-Demand, Assay-by-Design, Applied Biosystems
Inc., Foster City, CA, USA) and from laboratory resources built up for other projects ™" 2,
Severa assays in more complicated sequence regions were self-designed by hand as

TagMan® -MGB assays.

To design aTagMan®-MGB assay the genomic region of interest has to be analysed in detai.
It is essentia that the target region be first anadysed for repetitive elements
(http://repeatmasker.genome.washington.edu/cgi- bin/RepeatMasker).  Probes can only be
designed for a unique sequence with one SNP. The sequence should contain no repetitive
elements or additional SNPs. Non-repetitive sequence is not obligatory, but is certainly
desirable for primers. The presence of other SNPs is not permitted at the primer binding sites.
If the sequence had many repetitive elements and the positioning of both primers on unique
sequence was not possible, at least one of the primers was positioned on non-repetitive

sequence (for detailed sequencing and mutation detection description, see chapter 2.7.).

TagMan® -MGB dialelic assays were designed using the software Primer Express 2.0
(Applied Biosystems Inc., Foster City, CA, USA). Probes and primers were designed
according to the criteria of the supplier. Accordingly, the melting temperature of the probe
must be 7°C higher than the primer melting temperature and range between 65°C and 67°C.
The melting temperatures of both probes have to be as close as possible with a maximum
difference of 1°C. The C and G nucleotide content should be 20-80%. The probe must be 13
to 20 base pairs in length and contain less than four contiguous G nucleotides. The tota
number of G nucleotides should not exceed the number of C nuclectides in the probe. The
probe must not have a G a the 5 end. The polymorphism has to be located in the interva
between the middle and 3' end of the pobe, but not at the last 2 nucleotides. The primers
were designed to match the probes. The primer sequence was selected to as to meet the
criterion of a 7°C lower Tm difference than the probe. The Tm interval therefore was between
58°C and 60°C with a less then 2°C difference between the two primers. The CG content
ranged between 30% and 80% with a maximum of 2 out of 5 C nucleotides at the 3' end.

Primers with high nucleotide variation at the 3'end were preferred. Primer length varied
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between 9 and 40 base pairs. The amplicon length varied between 50 and 150bp. The 3'

end of the forward primer (located on the same strand as the probe) had to be positioned as
close to the probe as possible, but without overlapping. As the reverse primer only amplifies
the &rget sequence, this may overlap with the probe (but not with the SNP). If the assay
design did not meet the described conditions the complement strand was examined to

facilitate the best choice of assay.

A specia design was applied to the measurement of sequence variation at the BTNL2 M 286l
site. The target SNP was flanked by another two SNPs and hence a standard probe could not
be designed. Therefore, a special four probe combination was chosen. For each alele at the
target SNP two FAM and two VIC labelled probes were designed such that each alele at an
adjacent SNP would be targeted by both FAM and VIC probes and have no impact on the
discrimination at the target SNP (see fig.5).

Fig.5. TagMan® assay using four-probe combination. Two probes labelled with FAM™
had a T nuclectide at the BTNL2 _M286l variation site, but both C and T nucleotides at
another variation site located eight nucleotides upstream. The same was applied for the probes
labelled with VIC® fluorescentic dye.

BTNL2 M285l

T T| A
CACCCATCCGAAGAGCAATCGGCTGCATITCT

FAM™-ATCOGAAGAGCATATC
FAM™-CATCTGAAGAGCATATC
VIC®-CATCTGAAGAGCACATC
VICR-ATCCGAAGAGCACATC

Sdf-designed TagMan®-MGB  assays were optimised for annealing temperature. The
experiment was performed on 96-well plates with 2.5ng control sample DNA. Two annealing
temperatures were tested: 60°C and 62°C (for standard cycling protocol, see next page).
Supplied probes and primers were adjusted to 100uM storage concentration with double
distilled water. Working dilutions were 10uM for probes and 20uM for primers. The find
reaction mixture volume was 5ul and contained 200nmol of each probe and 900nmol of each
primer. 2.5ul of 2-times TagMan® Universal MasterMix (Applied Biosystems Inc., Foster
City, CA, USA) and DDW were added into reaction up to the 5ul final volume. The
Termocycler GeneAMp®PCR System 9700 (Applied Biosystems Inc., Foster City, CA, USA)
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was employed for TagMan® -MGB assay optimisation. Standard cycling conditions with
aternative annealing temperatures were applied. After cycling, plates were visualised in the
ABI Prism®7700 Sequence Detector (Applied Biosystems Inc., Foster City, CA, USA). The
assay had to meet the following quality criteria. For dialelic assays, only a maximum of 3
clouds of dots corresponding to the 3 different genotypes (two homozygotes and one
heterozygote) was satisfactory. One additional cloud located at the cross of the x- and y-axis
had to contain only notemplate control samples (represented as genotype “0/0” - see fig.6).
The observed genotypes of the positive controls (the CEPH cell line DNA) had to be the same
across al plates genotyped for that assay. Missing genotype data was not allowed to exceed
5% of the sample. The genotype frequency distributions in the independent control samples
had to satisfy Hardy-Weinberg Equilibrium.

Fig.6. Schematic representation of fluorescent measurement of TagMan® assay. The assay
measures fluorescence of hallelic variations. A maximum of three genotype clouds and one
negative control cloud are detectable in the view.

TET Legend

@ @ 0/0- negative controls and

unidentified genotypes
1/1 homozygote for allele 1

1/2 heterozygote

@ 2/2 homozygote for alele 2

96 and 384 platforms were employed for the genotyping of all dialelic SNPs in the
sarcoidosis sample and the healthy controls. The PCR reaction mastermix was prepared for at
least one plate. For the 96-well reactions, primers and probes were mixed with the 2.5ul 2
times concentrated TagMan® Universal PCR Master Mix (Applied Biosystems, Darmstadt,
Germany) and diluted with DDW to achieve a 5ul reaction volume. Optimal fina
concentrations for primers and probes in all assays of this study varied from 50nmol to
900nmol and from 100nmol to 200nmol respectively (see supplement 9.1.5.). The mix was
applied to the plates containing 2.5ng dried DNA. The amplification step was performed in
the GeneAmMp®PCR system 9700 (Applied Biosystems Inc., Foster City, CA, USA). The
thermal cycle had the following profile: a 2min hold step for optimal AmpErase uracil-
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N.glycosylase activity fdlowed by a 10min hold step at 95°C for AmpliTag Gold DNA

Polymerase activation (both are components of the TagMan® Universa PCR Master Mix).
This was followed by 45 PCR cycles consisting of a denaturation step at 95°C for 15sec and
then a 1Imin annealing step at the optimal temperature (which ranges between 58°C and 64°C
-see supplement 9.1.5). The plates were read in the 7900HT Sequence Detection System
(Applied Biosystems, Darmstadt, Germany). The resulting fluorescence was analysed using
an integrated software to manually call the genotypes on each plate. Plates were repeated or
the assay was excluded from analysis, if the performance rate was lower than 95%. Other

quality criteria were the same as applied for the assay optimisation.

For higher automation, a 384-well platform was employed. Reaction mix was applied to the
plates with the aid of The TECAN GENESIS Workstation 150 (Tecan Deutschland GmbH;
Crailsheim, Germany) and thermal cycling was performed in Biometra® T1 Termocyclers
(Whatman Biometra GmbH; Gottingen, Germany). Fluorescence was evaluated in the ABI
PRISM®7700 Sequence Detector (Applied Biosystems; Darmstadt, Germany).

The resulting genotype scoring was integrated into an internal data base and linked with the
patient information (i.e., pedigree information, patient identification number, gender and

affection status).
2.5.2. SNP selection for chromosome 6 mapping

The interval for association mapping on chromosome 6 was selected based on the linkage
result in the genome scan . Defined by a decrease in LOD score by 1.5 units or less, this
interval represented an approximate 99% confidence region for linkage. 69 bialelic markers
for the initial screening of the region were selected largely from the ,,peri-HLA SNP set’’ that
was previously evaluated for association studies on chromosome 6 ***. The SNP set covered
the target region located at 27.80 — 44.14 Mb (NCBI release 32) on chromosome 6.

2.5.3. Typing of the CARD15 gene
In total, 1101 individuals were genotyped for the three Crohn’'s disease associated CARD15

polymorphisms. SNP8 (2104C>T; R702W; nomenclature according to ref.1%), SNP12
(2722G>C; G908R), SNP13 (3020insC; 1007fs) and SNP5 (802C>T; P268S) were selected as
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the susceptibility haplotype tagging SNP. Furthermore, SNP5 is located in exon 4 of the

CARD15 gene, the exon where the mutations causing Blau syndrome reside. The TagMan™
system was used for the genotyping. In this thesis, the rarer adleles of these polymorphisms
are annotated as alele 1. For detailed primer and probe information see supplement 9.1.4.,

and for genotyping conditions supplement 9.1.5.

2.6. Multi-allelic genotyping

2.6.1. The Problem of multi-allelic genotyping

Current HLA genotyping methodologies include group-specific PCR 2, genomic or cDNA
sequencing 2, and hybridisation 2 methods, employed either individually or in combination.
The standard methods of SNP genotyping for nonHLA loci, for example the TagMan™
system, face significant problems in highly polymorphic regions such as the informative HLA
molecule exon sequences. There is an extremely high density of SNPs in the HLA region,
which makes probe and primer design very difficult. This high diversity is further
complicated by a complex haplotype structure that makes successful allele resolution, even
with multiple probes, impossible. The standard techniques require a universal and stable
underlying PCR. For many HLA loci, the design of such primers is impossible, because either
undesirable co-amplification of pseudogenes or lack of amplification of the relevant alleles at

the locus of interest occurs.

The DRB1 locus has all these — from a genotyping point of view — undesirable characteristics.
123 124 (HLA Database at www.ebi.ac.uk/imgt/hla). Therefore, an appropriate method that

genotype this multi-aldic locus had to be employed.

2.6.2. Genotyping of HLA-DRB1 by allele-graup PCR

High resolution typing of specific HLA-DRB1 alleles was not required in our situation,
because we were interested in tagging of “risk haplotypes’ and differentiation of the genetic
effect from the BTNL2 gene. Therefore, a system of non-overlapping alele groups was
exploited in order to amplify the basic aleles of the DRB1 gene.
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Primers for the detection of the seven major DRB1 allele groups were adopted from
published reports ** 12 and are listed in table 5. Specific HLA-DRBL alleles were merged into
dlele groups: DRB1*01 (alele-group 1); DRB1*15*16 (2); DRB1 *03,*08,* 11(not
*1122/30),*12,*13,*14 (not *1410/39) (3), DRB1*04,*1122,*1410 (4), DRB1*07 (5),
DRB1*09 (6) and DRB1*10 (7) (see table 5).

Table 5. Primers used for the amplification of HLA-DRB1 allele groups. Allele group
specific primers were adapted according to ref *2” 1% Specific seven forward primers and one
common reverse primer 5 -CCGCTGCACTGTGAAGCTCT-3 were used for 4l
amplifications . Primers were selected for use in a Caucasian sample. Certain rare DRB1
aleles will not be amplified with these primers, but their combined frequencies are below
0.05% and thus not relevant for the application needed in this context.

Amplification Primer DRBL alleles detected
group

1 5-TTCTTGTGGSAGCTTAAGTT-3 DRB1*01

2 5-TTCCTGTGGCAGCCTAAGAGG-3 | DRB1*15, *16

3 5-CACGTTTCTTGGAGTACTCTAB-3 | DRB1*03, ~ *08,  *11(  not
*1122/30), *12, *13, *14 (not
*1410/39)

4 5-GTTTCTTGGAGCAGGTTAAAC-3 | DRB1*04, *1122, *1410

5 5-CCTGTGGCAGGGTAARTATA-3 DRB1*07

6 5-CCCAACCACGTTTCTTGA-3 DRB1*09

7 5-AGACCACGTTTCTTGGAGG 3 DRB1*10

To acheive optima PCR conditions, MgCl, (1,0;1,5;2,0;2,5;3.0;3,5;4,0ul) and Taq
polymerase (0,02;0,03;0,06;0,09;0,12ul) concentrations were titrated for all seven PCR
reactions. PCR optimisation was performed in a 25ul reaction mixture. In each case, optimal
PCR conditions were established using a panel of human DNAs of known genotype taken
from the German HLA quality control panel. These DNAs were used in al allele-group
amplification experiments as a quality controls for positive amplification (for control DNA
panel see table 4).

All alele-group genotyping reactions were carried out in 10ul reaction mixtures with
1ul(10x) buffer, 0.2mM dNTPs (each), 0.2uM primer (each) and the MgChk and Taq
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polymerase concentrations listed in table 6. All reactions employed AmpliTaq Gold® with
Gene Amp, Applied Biosystems, USA.

Table 6 .PCR conditions used for DRB1 allele-group amplification. Optimal MgCl,and Taq
DNA polymerase concentrations varied between amplification groups.

Amplification MgCl2 Taq DNA
group mM polymerase
U/l
1 2 0.024
2 2 0.030
3 3.5 0.036
4 2 0.024
5 2 0.018
6 3 0.036
7 2 0.036

Touchdown PCR programs wer e used for all primer pairs (performed with the GeneAmp PCR
System 9700, Applied Biosystems, USA). Optimal annealing temperatures for each primer
pair were identified via a temperature gradient (employing a Biometra® T Gradient,
Whatman Biometra GmbH; Gottingen, Germany). Optimal annealing temperatures was
identified through inspection of the intensity of the amplicon bands when visualised on 1.5%
agarose gel (Agarose, Eurogentec; K6ln, Germany). Electrophoresis conditions were 30min at
110V. The PCR cycle conditions used for the genotyping of the entire sarcoidosis sample and

controls are listed in table 7.



Table 7. PCR temperature profiles used for DRB1 allele-group amplification.

Allde-amplification group Time Number Process
7 3 6 2145 of cycles
95°C 95°C 95°C 95°C 12 min Hot start
95°C 95°C 95°C 95°C 30sec Denaturation
56°C 61°C 63°C 65°C 30sec Annealing
(touchdown - 16
0.5°C)

72°C 72°C 72°C 72°C 30sec Extention
95°C 95°C 95°C 95°C 30sec Denaturation
48°C 53°C 55°C 57°C 30sec 19 Annealing
72°C 72°C 72°C 72°C 30sec Extention
10°C 10°C 10°C 10°C Pause Hold

2.6.3. Development of a non-electrophoretic method for high-throughput DRB1 allele-

group identification

The majority of methods for the visualisation of HLA allele amplification products employ an
electrophoretic approach. However, this technique does not scale well in a high throughput
setting. Thus, for the characterisation of PCR products a non-electrophoretic method was
adapted. The method was previously described for genotyping a G/A transition in the p53
proto-oncogene of Chinook salmon 2. The methodology is based on ability of the fluorescent
dye PicoGreen® (Molecular Probes Europe BV; Leiden, The Netherlands) to bind
specifically to dsDNA and thus to identify amplified product by its increased fluorescence.

Initially, the validity of the non-electrophoretic measurement assay was tested by comparing
PicoGreen® measurement results with those obtained by agarose gel assay. One 96-well
format plate with ninety individuals was genotyped for all seven allele groups. 5ul of the PCR
products were visuaised on an agarose gel stained with ethidium bromide (1.5% agarose gel
(Agarose, Eurogentec; Koln, Germany); electrophoresis conditions were 30min at 110V).

Another 5ul of PCR products were incubated with PicoGreen® and the fluorescence was
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measured. Results of both methods coincided for all ninety samples through al seven
amplification groups.

Five microliters of PCR product were transferred into 96 well plates (Microtiter plates, 96
well, round bottom with lid, Sarstedt; Nurnberg, Germany) containing 45ul of PicoGreen®
diluted 1:400 with IXTE buffer. The plates were vortexed, incubated for 5 min, and then read
in a TECAN Spectrafluor plus Fluorometer (TECAN, Mannedorf, Switzerland) with
excitation wavelength 485nm. The raw data files were exported for each plate separately.

PCR plates were read in a TECAN Spectrafluor plus (Tecan Deutschland GmbH; Crailsheim,
Germany), which generated “device-specific artificial units’. Anaysis of raw data was
performed in Microsoft Excel®. Measurements were automatically arranged based on signal
intensity. A clear, sudden increase in intensity in the ,,positive’’ samples (samples that contain
the amplified allele) corresponded to the dSDNA of a PCR product (see fig. 7).

Fig.7. Fluorescence reading of a 96-well plate for the amplification group 1. The yaxis
denotes the signal intensity of the fluorescence measurement of the TECAN Spectrafluor plus
in device-specific artificial units. Based on the signal intensity, measurements 1 to 96 of a 96
well plate are ordered on the x-axis. The positions of the positive and negative controls on the
araphic are denoted with solid and open arrows, respectively.
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In this example, samples that had a fluorescence more than 600 units were assigned as

»positives’ ,i.e., containing that alele. The ,,negative’’ samples contained only original DNA
that was not amplified, because the allele was not present in their gnotype. In this example,
al samples that had fluorescence lower than 400 fluorescence units where assigned as
»hegatives’. Negative amplification of blank controls, a positive signa in control DNA wells

and clear peak of ,,positive’’ samples were basic quality criteria.

For the analysis of raw fluorescence a specialised software was created (available from
http://www.mucosa.de/neu/index_bioinformatics.html.). The software allows manual entering
of cut-off values for the scoring of each PCR reaction. Negative, unknown and positive cut-
offs were defined based on the signa intensity of the alele-specific positive and negative
controls included in each plate as described previously. Where the signa intensity did not
allow assignment of the result to either a positive or negative amplification, the sample was

marked as unknown.

After al seven PCRs were performed and cutoffs for ,,positive’” and ,,negative’’ samples
were defined, final genotypes were assigned by software (see fig.8). In this example, the
sample located at the position Al has the genotype ,,3/5’. This result comes from positive
amplifications in the amplification groups 3 and 5 and negative amplifications in groups
1246and7.
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Fig.8. Screenshot of the " DRB tool" software. The software displays the final composite
genotypes for a 96-well plate. Discrepancies that occur during the verification of Mendelian
inheritance, positions of positive and negative controls are highlighted automatically in red.
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Finally, the data was tested for inconsistencies (e.g. false positive amplifications creating the
fina ,,genotype’’ with three or more chromosomes) and Mendelian segregation (possible only

in pedigrees). The software facilitated import of the data into the laboratory information
system %,

This method was applied to the entire sarcoidosis sample and the healthy unrelated
individuals. A genotyping success rate of 94.11% was achieved. Genotyping failure was
recorded in situations where signal intensities could not be dearly assigned either to the
positive or negative groups. A percentage of 1.3 of the data had to be discarded from the
family data due to violations of Mendelian inheritance within the families. This error rate
compares favorably to other genotyping methodologies, for example Matise et al. ** reported
recently a 1.6% error rate for SNP data. The analysis of genotype and allele frequencies in the

DRB1 dlde-group genotyping data revealed no departures from Hardy-Weinberg
Equilibrium.



2.7. SNP veification and mutation detection

The successful design of TagMan™ assays for an association study requires detailed analysis
of the DNA sequence in a set of individuals. This typically consists of a gene content analysis
in the region and a search for annotated sequence variations in the genomic sequence data

bases (in http://www.celera.com/ http://genome.ucsc.edu/ and

http://www.ncbi.nlm.nih.gov/SNP/index.html ). Known SNPs may then have to be

validated and/or patient DNA screened for novel polymorphisms.

2.7.1. SNP sdection

SNP selection criteria depend on the aims of the study. The purpose of screening the
chromosome 6 linkage region with biallelic markers was to identify the association region.
16.34Mb of linkage region were screened with 69 SNPs from the marker set developed for

identification of disease-susceptibility genes located in the peri-HLA region ™’

(for marker
set see table 8). The average density of the markers in the screening region was one per
240kb. The highest marker density was achieved in the linkage peak region (e.g. four SNPs
were located in the TNFa promoter region), whereas more distant regions had lower marker
density (e.g the maximal distance was between markers rs943461 and rs755658 located at

33.77 Mb and 35.55Mb respectively).

The 69 used assays for the | stage chromosome 6 screen were aready optimised and typed on
at least two 96 well plates with unrelated individuals from control sample for assay quality
validation and Hardy-Weinberg equilibrium testing (Hardy-Weinberg equilibrium was re-
estimated later in the entire sample of controls). Two candidate assaiation regions were
identified, one at MICB-1kBL (demonstrating only case-control association) and one at
BTNL2-DRA (demonstrating consistent results in both TDT and case-controls analyses).
These loci were analysed for gene content and sequence variation. A set of pre-available
Assays-on-Demand and Assays-by-Design ( both from Applied Biosystems Inc., Foster City,
CA, USA) was checked for available markers covering the both regions and adding one
flanking gene upstream and downstream: MICA-TNFa (rs1063635-rs1799964) and AGER-
DQAL (rs1035798rs707952). A high density map was established at the AGER-DQAL locus
by selecting 48 markers covering 440kb ( 32.177Mb to 32.616Mb in NCBI release 32).
Because of the complex patterns of haplotype structure and high sequence variation in the
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HLA region, densely located biallelic markers were established in the genomic sequence
between the AGER (rs2070600) and HLA-DRA (rs2395182). The average distance between
these 47 markers in that region was 5.6kb. Distance to the last marker of the high-density LD
map, HLA-DQAL (rs707952), varies according to individual HLA haplotype structure.

In addition to pre-available Assays-on-Demand and Assays-by-Design (Applied Biosystems
Inc., Foster City, CA, USA), additional SNPs were established through de novo mutation
detection and through verification of annotated sequence variations. A targeted SNP search
was performed on the candidate BTNL2 gene and the flanking intergenic sequences, where a
higher density of markers was required. Non-synonymous SNPs found in the BTNL2 coding
sequence had a priority. In cases where only synonymous or non-coding polymorphisms were
found, SNPs with a higher frequency and therefore informativity were selected for the further

typing.

SNP markers were gerotyped in the CARD15 gene, a candidate gene for sarcoidosis
association. Selection of these markers was based on the association findings in Crohn’'s
disease. The CARD15 sequence variations in the NOD domain, which is responsible for Blau
syndrome, were investigated by sequencing 47 sarcoidosis DNA samples.

2.7.2. Primer design and PCR

The primers for mutation detection were designed for sequencing the exons and flanking
intronic sequences in candidate genes, known SNP verification or searching for new SNPsin
intergenic regions at loci of interest. Primers for exonic sequences were generally located in
introns, covering the exon itself, splice site and 20-50bp of intronic sequence. Typically,
amplicon length was 500 700bp. For longer exons, overlapping primer pairs were designed.
Both chromosomes were always sequenced to avoid sequencing artefacts and verify the SNP
on both the forward and the reverse strand. Primers were designed using the Primer Express
2.0 software (Applied Biosystems Inc., Foster City, CA, USA). If the program has failed to
find optimal primers automatically, the oligonuleotide sequences were selected manually and

tested for self-annealing loops and dimers.

PCR optimisation was carried out according to manufacturer’s protocols (Qiagen GmbH;

Hilden, Germany). Primers were diluted with DDW to a storage concentration of 100pmol/pl
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and a working concentration of 20pmol/pl. The reaction solution contained the following
reagents. 2.5ul Qiagen Buffer (10x), 0.5u MgClk (25mmol), 0.5ul dNTP (10mmol each),
0.25 forward primer (20pmol/ul), 0.25 reverse primer (20pmol/ul), 0.2ul Taq polymerase
(Qiagen GmbH; Hilden, Germany) and DDW to a final volume of 25.0ul per reaction. 2.5ng
dried or liquid human DNA was amplified. MgClz was titrated for problematic amplifications.
The reaction solution was set up for 13 reactions (of which 12 were used) and pipetted into
the MicroAmp®single strips (Applied Biosystems, Darmstadt, Germany) or Microtiter 96
well plates (for testing up to eight primer pairs) (Costar Corning Incorporated; Cambridge,
MA, USA) in the T1 Gradient (Whatman Biometra GmbH; Gottingen, Germany). An
annealing temperature gradient was used to select the optimum annealing temperature for
each primer pair. A two step touchdown program was employed with denaturation at 95°C for
10 min followed by 16 cycles of denaturation at 95°C for 30 sec, annedling at 66°C (the
middle annealing temperature of the gradient; reduced by 0,5°C with every following cycle)
for 30 sec, and extension at 72°C for 30 min. This was continued by 19 cycles of denaturation
at 95°C for 30 sec, annealing at 58°C (the middle annealing temperature of the gradient) for
30 sec, extension at 72°C for 30 sec and final extension at 72°C for 10 min. The gradient
covered annealing temperatures 5°C lower and higher than the given conditions. 5ul of PCR
amplification product together with 5l of 2times loading buffer (0.25% bromphenol blue,
0.25% Xylene Cyanol FF, 30% Glycerol in Water) were loaded into a 2% agarose gel (300ml
TBE (Tris borate EDTA), 3ul ethidium-bromide). A 100bp ladder (Invitrogen, GmbH;
Karlsruhe, Germany) was run to size the PCR products. PCR products were run at 150V for
50 min. The gel was analysed under UV light. A single clear band of expected size and only a
low amount of primer-dimer indicated optimal PCR conditions. As necessary, optimisation
was repeated with either a modified PCR mix (MgC} concentration gradient ranging from
0.5ul to 3.0ul per reaction) or modified cycle conditions ( changing annealing temperature).

2.7.3. Sequencing

For SNP identification, DNA from mutation detection patients (see chapter 2.3.3. for patient
information) was amplified using the reaction conditions optimal for each primer-pair. The
reaction was performed in the GeneAmp®PCR system 9700 (Applied Biosystems;
Darmstadt, Germany) and visuaized on a 2% agarose gel as described in the chapter 2.7.2.
The criteria for the PCR quality were a single band of amplified product with alow amount of

primer-dimer, a low number of failed reactions in the patient samples and no visible
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amplification in the blank control well. Following PCR an enzymatic digestion step
removed primer-dimers and free dNTPs from the samples. If the band on the gel was very
intense, the amplified PCR product was diluted with the DDW (1:5). For weak bands, the
original PCR product was used. The digestion reaction contained 0.30ul SAP (Shrimp
Alkaline Phosphatase; 1U/ul), 0.15ul Exol (Exonuclease I; 10U/ul) and 1,55u1 DDW mixed
with 8ul of PCR product (either concentrated or diluted) and was transferred to a new plate.
The samples were incubated for 15min at 37°C followed by 15min at 72°C. Sequencing was
performed using BigDye™ chemistry (BigDye Terminator Kit, Applied Biosystems, USA)
according to the manufacturer’s prdocol. Next, in a separate plate, 2ul of the digested product
was mixed with 1.0ul forward primer (1.6pmol/pl), 1.0ul of Big Dye Ready Reaction Mix
and 6.0ul DDW. The same reaction was prepared with the reverse primer. The samples were
incubated at 95°C fa 5min followed by 25 cycles at 95°C for 1min, 50°C for 45sec and 60°C
for 4 min. The thermal cycle was completed with a 5min extension at 60°C. After sequencing,
samples were purified using Sephadex spin columns. The Sephadex powder (G50 Superfine;
Amersham Biosciences, Freiburg, Germany) was measured with a 96 well format Multiscreen
Column loader and applied to specia filter plates (MAHVN 4550). 300ul of DDW were
added into each well. The filter column plates were then incubated for ~3 hours at a room
temperature followed by centrifugation at 910xg for 5min to eliminate excess water. The
columns were then washed with 150ul of DDW and again centrifuged at 910xg for 5min.
Finaly, the sequencing product was mixed with 20ul of water and applied to the columns.
The plate was centrifuged at 910xg for 5min the purified sequencing product collected in a
MicroAmp® Optical 96-Well Reaction Plate (Applied Biosystems Inc., Foster City, CA,
USA). Sequence detection was performed with an automated, high-throughput, 96-capillary
fluorescence detection system ABI PRISM®3700DNA Analyzer (Applied Biosystems Inc.,
Foster City, CA, USA ). The sequences of both strands were analysed and compared to the
consensus sequence using the Sequencher program (Version 4.0.5. Gene Codes Corporation,
Ann Arbor, MI, USA).



52

2.7.4. SNP verification and mutation detection in the association region and in
sarcoidosis candidate genes

2.7.4.1. The BTNL2 locus on chromosome 6

Taking the consistency of the TDT, case-control results and significance levels into account, a
~15kb region at the 3-prime end of the BTNL2 gene (from marker hCV2488476 to
hCV 2488463) yielded results two to three orders of magnitude more significant than the other
regions. TheBTNL2 gene is located within the linkage region and within the associated region
identified in the association mapping experiment. BTNL2 therefore qualified as a candidate
gene based on this data. Consequently, mutation detection of all exon sequences and the
adjacent intron boundaries of BTNL2 was performed in 47 sarcoidosis patients. Alignment of
the revised cDNA sequence (see sequence information in the supplement 9.1.8.) with the
genomic sequence (AL935032) was performed to determine the exact positions of the exons.
Sequencher (version 4.0.5 created by Gene Codes Corporation, Ann Arbor, MI, USA) was
employed for the analysis of al experimental sequences. Annotated sequence variations were
compared to the experimental sequences and new SNPs were recorded. The coding sequence
was located between 32. 43Mb and 32.45Mb on chromosome 6p21 in the NCBI (release 32).

The DRA promoter, which in contrast to the coding region of this HLA molecule has not been
hitherto investigated for polymorphisms, was sequenced in the same group of patients. To
achieve a high map-density, markers in the genomic sequence between BTNL2 and the TSBP
were established either by direct sequencing or retrieved from the databases. The
oligonucleotide primer sequences and reaction conditions used for amplification and
sequencing of genomic DNA are listed in the supplement 9.1.6.

2.7.4.2. CARD15 on chromosome 16

Based on haplotype information from a genome-wide linkage analysis in 63 families *®, 39 sib
pairs or trios were identified as sharing at least one parental chromosome 16. One patient
representing each of these families, together with eight patients who represent seven complex
families and do not share the parental chomosome 16, were selected for DNA sequence

andyss of CARD15 exon 4. In order to cover 1175 Ip of exon 4, including the sites of
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missense mutations responsible for susceptibility to Blau syndrome %% %

, two overlapping
primer pairs were used:

5-TCCCTTCAGTTATGTCAGCGTC-3 / 5-CAGAGAAGCCCTTGAGGTTGA-3

and

5-AAACCACTCTCTGTGCGGACTC-3 /5 -AGAACGCGGCAAAGAAGCA-3.

2.8. Internal data bases

An integrated internal data base system ™ | with data entry and retrieval tools, was employed
to store patient, genotype and assay information. All samples were entered into a patient data
taes of the data base and received a unique identification number. Pedigrees contained all
available information about probands and their relatives: phenotypic trait (affection status),
date of birth and gender.

Plate layouts were also stored in the data base. Information about the sample positions on 96
and 384well format plates was stored and plates were identified with uniqgue numbers and
labelled using a barcode system. Samples were assigned to certain positions in the plate

layout.

Genotype data ard assay information was aso stored. After the assay was run, the resulting
genotypes were entered into the data base and the data linked to the barcode on the plate. If
families were genotyped, internal software checked for Mendelian inheritance errors. In cases
were inconsistencies were found, genotypes for that entire pedigree at the assay in question
were excluded from the data base. Primers and probes data were also stored in the database
along with the assay reaction conditions. The data base tools also permitted the construction
of user-defined marker maps, and marker sets for data export and further analysis.

A multialeic-genotype information tool was developed for the DRB1 dalele-group
genotyping experiment. This tool was developed for definition of dlele-group positive and
negative amplification in samples, genotype construction and checking of genotyping
inconsistencies. Information was linked to the main genotype data base described above thus

enabling the concurrent export of multialelic and dialellic genotypes.



4

All regions of the data base were relationally linked to each other thus integrating all

available sample information. Additional software programs were used for the controlling of
robots used in processing DNA and assay preparation. The genotype data base was facilitated
the production of export files with sample genotype information for detailed datistical

analysis programs running under UNIX.
2.9. Satidtical analysis

Prior to detailed genetic analyses, each marker was tested for Hardy-Weinberg equilibrium ***

35 in the control population using a ¢ test.

Many anayses utilized utility scripts implemented in the GENEDIGGER software
environment (www.genedigger.de) for genetic analysis using the principles outlined below.

136138 \vere performed for

Single point and haplotype transmission disequilibrium tests
association analysis using TRANSMIT ¥ and GENEHUNTER 2.1 1%, In cases of families
with multiple af fected individuals, analyses were performed by random selection of single
trios from those families (as implmented by both programs). Haplotype frequency estimates
of singletons were obtained using an implementation of the expectation maximisation (EM)

agorithm (HAPMAX, www.uwcm.ac.uk\uwcm\mg\download #% Significance testing of

haplotype frequency differences was performed with HAPMAX, making use of the fact that
twice the log-likelihood ratio between two nested data models approximately follows a c?
distribution with k degrees of freedom, where k is the difference in parameter number
between the two models. Significance assessment of associations with or between single locus
genotypes was performed with c? or Fisher's exact test for 2 x 3 contingency tables
(http://home.clara.net/sisalfishrhlp.htm). Allele and genotype frequency differences between

cases and controls were calculated using Pearsonsc 2 (http://home.clara.net/sisaltwo2hlp.htm).

In order to assess the relative importance of the MICB and BTNL2 leads, logistic regression
analysis was used. Genotypic regression analysis was performed with SPSS anadysis
(http://www.spss.com/). Individual SNP genotypes were coded as categorical variables and

the affection status was used as a binary outcome measure. Forward likelihood ratio inclusion

was used in the program.
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Standardized coefficients r* and D’ ® % were computed for pair-wise LD estimation
between markers. To this end, haplotype frequercies were estimated using the EM
implementation in HAPMAX, excluding markers that frequency was below 1% **!. Bresow-
Day test (http://www.cochrane.dk/cochrane/handbook/hbookBredowDay test.htm) for
homogeneity of odds ratios of genotypes was used to stratify the BTNL2 rs2076530 effect
from the DRB1 gene dlele-groups.



3. Results

3.1. Association study in the peri-MHC
3.1.1. Identification of the association lead on chromosome 6

For the association study of sarcoidosis susceptibility genes on chromosome 6 we defined the
27.8-44.1 Mb region on the basis of linkage as identified in a whole genome scan (fig. 9A
according to published information by Schiirmann et.al. *). The ,exploratory’’ sample of
sarcoidosis patients was genotyped for 69 SNP markers covering the linkage region that was
defined by a decrease in LOD score by 1.5 units or less, representing an approximate 99%
confidence region for linkage in the original genome screen s (see marker details in
supplement 9.1.1.). In order to maximise the informativity of the data, three-locus SNP
haplotypes were analysed in the TDT (fig. B) and case-control (fig. 9C) designs. A P-vaue
less than 0.001 was selected as a cut-off for our association mapping study. According to this
criterion, only the BTNL2-HLA-DRA locus (marker rs2076523 to rs7192) demonstrated a
consistent association signa in both study designs. A second putative peak was detected in the
MICB-IkBL sub-region. This region was significant only in the case- control analysis.
Nevertheless, the peak was further investigated by typing additional markers (rs1063635,
rs3134900, rs3130062, rs1041981 and rs1799964) in the ,,extended’’ sample of sarcoidosis
patients (see table 3 for patient information). In the same sample set, markers rs2076523,
hCV 2455668, hCV 2455646, rs7192 were genotyped to verify the asociation signa in the
BTNL2 -HLA-DRA region. Genotype logistic regression analysis with likelihood ratio-based
forward inclusion at the p<0.05 level resulted in a model that included only two markers from
the BTNL2— DRA region (rs2076523, rs7192), but none of the MICB markers. Furthermore,
long range LD with D’ values up to 0.94 was observed between markers of the two loci (see
fig.10). Thus, further association study was pointed only to the BTNL2-HLA-DRA locus.
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Fig.9. Graphical representation of the stage | SNP screen on chromosome 6p21. Panel A
illustrates the NPL- score curve from the original genome scan 8. Approximately 99% of the
confidence interva for linkage is marked in grey. Panel B: results of a three-locus haplotype
TDT, using TRANSMIT **. Panel C: results of athree-locus haplotype case-control analysis,
using HAPMAX **. In panels B and C, the black dots represent markers; the P-value is
plotted against the physical map position (NCBI coordinates, release 32) of the most
telomeric marker of each haplotype. Using a cut-off of p-value 0.001, two potential lead
regions (MICB and BTNL2 regions) were identified (marked by arrows).
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Table 8.Part 1: Analysis of 69SNP marker covering chromosome 6 linkage region typed
in the ,exploratory’” sample. Three-locus haplotype anaysis: haplotype TDT, using
TRANSMIT ¥, and three-locus haplotype case-control analysis, using HAPMAX 4.
Meaning of the headers Marker: name of the first marker in the analyzed three-marker
haplotype; Position: map position of this marker in NCBI release 32; Gene: gene name is
provided, if the marker was assigned to the gene; GLOBAL_P: global P-value (using
tabulated chi-squared values) of the TRANSMIT analysis, (represented graphicaly in the B
panel of fig.9) LR_P: likelihood ratio P-value in HAPMAX analysis (represented graphically
in the panel C of fig.9). Using a cut-off of P-value 0.001, two potential lead regions MICB
and BTNL2 regions) were identified. Three-locus analysis results are represented at the first
marker, thus no separate information can be provided for the last two SNPs.

Nr | Marker Gene Position GLOBAL_P LR P
MB
1| rs126007 27,80 0.66272 0.33685
2| rs929042 RFP 28,95 0.31158 0.35774
3| rs53161 29,56 0.00439 0.02515
4| rs404240 UBD 29,59 0.60590 0.24800
5| rs362536 UBD 29,59 0.28863 0.18665
6| rs1805057 GABBR1 29,64 0.38716 0.25904
7| rs3130253 MOG 29,73 0.06654 0.32363
8| rs1569315 HLA-G 29,85 0.30168 0.73116
9| rs8347 HCG-V 30,10 0.06731 0.03672
10| rs1264457 HLA-E 30,52 0.06068 0.04346
11 | rs2074510 GTF2H4 30,94 0.07043 0.00569
12 | rs3095318 CDSN 31,15 0.44813 0.03073
13| rs2073721 1 31,19 0.59125 0.02606
14 | rs1050393 HLA-C 31,30 0.14277 0.08974
15| rs1051488 HLA-B 31,38 0.62729 0.11985
16 | rs1063635 MICA 31,44 0.17855 0.00031
17 | rs3134900 MICB 31,53 0.14103 0.00011
18 | rs3130062 IkBL 31,59 0.24477 0.00631
19 | rs1799964 TNFa 31,60 0.65624 0.17068
20| rsl799742 TNFa 31,60 0.02797 0.36793
21| rs1800629 TNFa 31,60 0.01595 0.26435
22| rs361525 TNFa 31,60 0.04533 0.34753




Table 8.Part 2: Analysis of 69SNP marker covering chromosome 6 linkage region typed

in the ,,exploratory’’ sample.

59

Nr | Marker Gene Position | GLOBAL_P (R P
MB
23| rs707916 DDAH2 31,76 0.23426 0.13348
24 rs707926 VAR 31,81 0.59715 0.42364
25 | rs2075800 HSP70-HOM 31,84 0.64525 0.36278
26 | rs539689 HSPA1B 31,86 0.03912 0.57590
27| AF019413_C89532G C2 31,96 0.46907 0.20283
28| rs1035798 AGER 32,18 0.21567 0.00011
29| rs2076523 BTNL2 32,40 0.02512 0.00005
30| rs7192 HLA-DRA 32,44 0.00068 0.00008
31| rs707952 HLA-DQA1 32,62 0.19542 0.02065
32| X66401_G48629A TAP2 32,80 0.28180 0.07202
33| rs1042337 HLA-DMB 32,01 0.78721 0.13677
34| rs1063478 HLA-DMA 32,02 0.64879 0.06935
35| rs3918143 RING3 32,95 0.89879 0.58044
36| rs2581 HLA-DNA 32,08 0.29726 0.74512
37| rs926424 RXRB 33,16 0.39056 0.35662
38| rs1547387 HKE4 33,17 0.23682 0.04729
39| rs466384 BING4 33,26 0.18172 0.85135
40| rs2071888 TAPBP 33,27 0.24968 0.32265
41 15999942 ITPR3 33,63 0.06519 0.89534
42 15943461 MLN 33,77 0.20307 0.86884
43| rs755658 FKBP5 35,55 0.48398 0.72043
44 15992105 FKBP5 35,56 0.15834 0.72385
45| rs1320991 FKBP5 35,56 0.01655 0.57041
46 | rs1326752 SRPK1 35,83 0.97381 0.14943
47| Z95152_G57723A 36,03 0.69303 0.09150
48| Z95152_T58784G 36,08 0.79999 0.16206
49| 795152 T106861C 36,08 0.39651 0.90485
50 [ rs763096 MAPK13 36,10 0.44718 0.31687
51| rs2007683 MAPK13 36,10 0.48579 0.51913




Table 8.Part 3: Analysis of 69SNP marker covering chromosome 6 linkage region typed
in the ,,exploratory’’ sample.

Nr | Marker Gene Position GLOBAL_P LR P
MB

52 | rs881648 TEL2 36,35 0.39159 0.24957
53| rs881647 TEL2 36,35 0.52845 0.43205
54| rs916287 TEL2 36,35 0.45249 0.66488
55 rs1885205 TEL2 36,35 0.60848 0.39376
56| rs2055272 FLJ20337 37,29 0.32889 0.71445
57| rs1004279 GLP1R 39,03 0.23950 0.16773
58| rs1541816 KCNK5 39,16 0.25399 0.91441
59| rs1014737 APOBEC2 41,02 0.22457 0.36773
60 | rs2234246 TREM1 41,25 0.45006 0.00228
61| rs1817538 TREM1 41,25 0.69467 0.03263
62| rs1351835 TREM1 41,25 0.32326 0.15618
63| rs2234237 TREM1 41,25 0.95560 0.60305
64| AL391903_C88694T TREM1 41,26 0.33000 0.52120
65| rs742735 MDFI 41,62 0.39961 0.55194
66 | rs1410492 CCND3 41,91 0.19828 0.16327
67| rs1160867 TNRC5 42,90 0.32091 0.85330
68| rs9395 SRF 43,15

69| rs1418488 CAPN11 44,14

3.1.2. Analysisof LD in the screened region

Due to linkage disequilibrium between genes, a distortion of the true location of a
susceptibility gene is likely. Therefore, pair-wise LD anaysis in the control population was
performed on the set of markers employed for the screening experiment. Generally, the lower
is the frequency of an SNP, the further extended LD around such alleles is expected, because
such dledes are generally young and there has been less historica opportunity for
recombination to break down ancestral haplotypes 2. Markers with a higher frequency than
1% were included into analysis of LD structure in this study. D’ values were calculated for all

pair-wise inferred two-locus haplotypes for the 69 SNPs covering a 16,34 Mb region. The LD
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in this region was found to vary greatly, with strongly correlated regions of sequence

forming so called LD blocks interspersed with regions of low LD. D’ values grater than 0.5
were considered as evidence of linkage disequilibrium between markers *3 (see fig.10). In the
analysed fragment, six such blocks were discovered. In general, the telomeric end of the
region presented higher LD values which are represented by ,LD block 1"’ (29.55Mb
29.84Mb) and ,,.LD block 2’ (31.14Mb-31.86Mb). The strongest LD was observed between
markers in the second region, which is bordered by rs3095318 and rs539689. This region
includes the MICB and 1kBL genes that exhibit high LD values over long physical distance
reaching the BTNL2-HLA-DRA region. Interaction between the two putative association
regions was of a special interest because both regions demonstrated significant results in the
case-control analysis. The size of LD blocks 3 to 6 was notably smaller, ranging from 253bp
(LD block 5) to 91kb (at LD block 3). These blocks represented densely located markers. The
LD analysis results in our sample set in the peri-MHC region agree with previous studies that

19

have asserted that apart from the classical HLA loci ~, the LD patterns in this region are no

different from those found in other studiesin the rest of the genome 13 14 20. 2,
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Figl0. Linkage disequilibrium between 69SNP markers typed for association screening
on chromosome 6. 16,34Mb sequence of 517 unrelated individuals of German origin were
tested for LD between markers. The 69 SNPs are plotted against each other (from left to right
and from top to bottom). The colour squares code D’ values. LD values from 0.00 to 1.00 are
colour-coded as following: light blue- blue (0.00.34), green (0.35-0.49) and red (3 0.5).
,Blocks” formed by D’ values 3 0.5 were designated as ,,LD blocksl-6"", formed by markers
38, 12-26, 37-39, 47-50, 52-54 and 6063 respectively.
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3.1.3. Highdensity SNP mapping in the association region

Further investigation of the BTNL2-HLA-DRA region comprised genotyping 48 additional
markers (NCBI release 32, map coordinates 32,177 — 32,616 Mb) in the ,,fine mapping’’
sample. This sample consisted of the combined ,,exploratory’’ and ,,extension’’ samples (see

table 3. for sample information).

To establish a dense SNP map in the locus and to identify the disease-associated marker, 47

sarcoidosis patients were sequenced for mutation detection screening (see fig.11). The
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sequencing experiment covered al BTNL2 gene exons and adjacent intronic sequences.
Seven non-synonymous polymorphisms were identified: BTNL2 W94R ( tryptophan
changed into arginine at amino acid position 94 of the revised BTNL2 transcript see
sequences in  supplement 9.1.7. ); BTNL2 S240L; rs2076530; BTNL2 P285L;
BTNL2 M286l; BTNL2 P299Q; BTNL2_E360Amb. Two synonymous SNPs were
identified: BTNL2_H60H; rs2076529. Seven intronic sequence variations were identifed:
BTNL2 i1 G1717T (G nuclectide is changed into T at position 1717 of intron 1 of the
BTNL2 gene); BTNL2_ i3 A1837G; rs2076523; BTNL2 i3 C1900T; rs2076524;
BTNL2_ i4 A239T; rs2294878. These SNPs were selected for high density SNP mapping (see
marker details in supplement 9.1.1.). Further SNPs were established in the intergenic
sequence between the BTNL2 and TSBP genes. AL034394 C16965T (C changed to T at
nucleotide position 16965 of sequence AL034394 from the BAC clone RP5-107715);
AL034394_C20283T; hCV248876; AL034394 A26270C and AL034394 T26355G (see
fig.11). The remaining markers were located in the AGER, NOTCH4, TSBP and HLA-DRA
genes and were obtained from Assays-onDemand and Assays-by-Design (Applied
Biosystems Inc., Foster City, CA, USA) or sequencing experiment.
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Fig.11. Fragment of the high density SNP map established in the association region.
Upper panel: SNP markers (marked in green) identified through ABI and dbSNP databases.
Lower panel: SNP markers established through mutation detection experiments. Central
panel: SNP marker locations in the revised BTNL2 gene; e: exon.
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Additional assays were obtained either from the ABI ,,Assay on Demand’ database
(www.store.appliedbiosystems.com), or from the dbSNP web page (www.ncbi.nlm.nih.gov).

Single point TDT and case-control analyses were performed to evaluate the contribution of
individual markers to the significant signal detected at the locus. Taking the consistency of
results from both the family- and populationbased analyses nto account, markers at the 3'

end of the BTNL2 region (rs2294878 to hCV2488476) demonstrated the strongest and most
robust association (see fig.12.). Average rate of the P-values for these markers were two to
three orders of magnitude smaller than for other significant markers. Thehuman BTN gene
cluster consists of seven genes (BTN1AL, BTN3A3, BTN2AL, BTN3AL, BTN2A3, BTN3A2 and
BTN2A2) and is located on chromosome 6p22 & % gpproximately 6 Mb telomeric of BTNL2.
For completeness, six markers (rs2073528, rs2072803, hCV2474907, hCV 2474883,
hCV 9804528 and rs3736781) covering ~130kb of the BTN cluster were also genotyped in the
combined “exploratory” and “extended” samples of the present study. There was no evidence

for disease association (data not shown).
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Fig.12.High density mapping in the association region. SNP markers comprising 440 kb
region of chromosome 6p21 were typed in the combined ,,exploratory’’ and ,.extension’
samples. Table: results of diseaseassociation tests. feontrols dlele frequency in controls; TDT:
P-values from a single point TDT calculated by GENEHUNTER 2.1, Case-control: single
point P-values from a genotype- based c? test of casecontrol data. Colour intensity-code was
used to mark decreasing P-values. Right panel: revised intronexon structure of the BTNL2
gene. The most disease-associated BTNL2 markers P299Q, M 2861, P285L (located in exon 6)
and rs2076530 (locatedin exon 5) are indicated with arrows.

RTNII

marker gene feontrols TDT Case_control

rs2070600 AGER 0.03 0.5637 0.547556261 8
rs1800624 AGER 0.70 0.8932 0.888288117 7
rs2071287 NOTCH4 0.43 0.4857 0.471723107

rs384247 NOTCH4 0.13 0.7797 0.615679814

rs915894 NOTCH4 0.38 0.7963 0.050395291 6
rs436845 0.75 0.8282 0.170348756

rs560505 TSBP 0.57 0.1203 0.001818197,

1485774 TSBP 0.56 0.0872 0.001808805)

rs552339 TSBP 0.44 0.1351 0.004321214) .I 5
rs761187 TSBP 0.56 0.1482 0.003243398

rs2073044 TSBP 0.75 0.0107 0.000155551]

rs2050190 TSBP 0.67 0.0993 0.019714402

rs2073045 TSBP 0.36 0.9468 0.038608552

AL034394_T26355G 0.93 0.3770 0.513599058

AL034394_A26270C 0.26 0.1509 0.000115550)

AL034394_C20283T 0.03 0.7237 0.355508299

AL034394_C16965T 0.15 0.0066 0.001426440|

hCV2488476 0.41 0.0001 0.000000021]

AL034394_C12339T 0.15 0.0025 0.001453209 rm 4
AL034394_T10552C 0.86 0.0027 0.002117374

BTNL2_E360Amb BTNL2 0.99 0.4142 0.999962285

BTNL2_P299Q BTNL2 0.15 0.0013 0.000565354

BTNL2_M286l BTNL2 0.85 0.0008 0.001159376

BTNL2_P285L BTNL2 0.85 0.0001 0.000186665]

rs2076530 BTNL2 0.58 0.0009 0.000000103]

BTNL2_S240L BTNL2 0.98 0.2008 0.532618389

rs2076529 BTNL2 0.59 0.0001 0.000000044]

rs2294878 BTNL2 0.56 0.0012 0.000000700)

BTNL2_i4_A239T BTNL2 0.97 1.0000 0.900004549

rs2076524 BTNL2 0.74 0.0588 0.000076997, .l 3
BTNL2_i3_C1900T |BTNL2 0.92 0.5876 0.727167218

rs2076523 BTNL2 0.35 0.1385 0.000907369)

BTNL2_i3_A1837G |BTNL2 0.08 0.3173 0.843149836

BTLIIW94R BTNL2 0.08 0.9068 0.908877597

BTLIIH60H BTNL2 0.92 0.7255 0.829924141

BTNL2_ il _G1717T |BTNL2 0.98 0.8084 0.993204521

hCV2455668 0.42 0.2359 0.041676362

DRAp_231 HLA-DRA 0.30 1.0000 0.451078993 2
DRAp_224 HLA-DRA 0.30 0.7400 0.492950227 .I
DRAp_196 HLA-DRA 0.31 0.8435 0.490587034]

DRAp_127 HLA-DRA 0.98 0.4927 0.984228521

rs14004 HLA-DRA 0.42 0.1761 0.058413905

hCV2455646 HLA-DRA 0.39 0.7622 0.937496596

rs8084 HLA-DRA 0.44 0.0083 0.000183610]

rs7192 HLA-DRA 0.58 0.0014 0.000094646)

rs2213584 HLA-DRA 0.59 0.0010 0.000176354| 1
rs2395182 HLA-DRA 0.79 0.2626 0.000847780)

rs707952 HLA-DQA1L 0.28 0.0115 0.025177725
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Fig.13. The matrix of pair-wise r* values estimated at the locus AGER-HLA-DQAL (from
rs1035798 through rs707952, as used in the stage || chromosome 6 screening). Left panel:
gene map of the analysed 440 kb region on human chromosome 6p21. Equidistance plot of
par-wise LD (%) between al markers in the analysed region. 69 SNPs are plotted against
each other (from left to right and from top to bottom). The left panel presents the physical
map of the analysed region. The colour squaresin the plot code r? valuesr? values that range
from 0.00 till 1.0 (no LD and complete LD respectively) are colour-coded according to LD
strength (indicated in r? value legend). The most disease-associated marker positions in the
LD plot indicated by arrows.

Colour coding of r? value

0.00 .0.50 1.00
C T T 1T o0 T s

[a e

w

(O]

< |] h

. ey

=3 | I

8 - e =

g -I..-.I
| | 1N

M cognp TREEER

? ccE-EC-coE- BTNL2 P299G

|_

S zcec:-HEHENER- BTNL2_M286l
=== =-HEHEEE-EHEL BTNL2_P285L

7 -...-..-...-...I.I 12076530
el Bl [ | | ...

~ -......-..Il..I.I .....

2| SR - = = e = s = .

E m e s nm =m=E .-- =N = - ‘
-......-..-...... ..... com -
::::::i:ii::i:':"':::-i"

| -......-...-...I.III I-. . ;

< 1 HE= === EEEEE=- -F=E= I ....... I-..

< e Pegegestetrer S | b || || e b P

o ;:_::::::::::::I;:;:;;;::::I:;::::I;

N BB | || R ..I..

g | mu- - sRERENE: iR e -HAREEE N

a -...-..-...-......-...-..-.i.-.. N . Il

R | BT | [ | FTH M H®iE ] 1 | S

8’ 0 P EEEEEEEE L R oo Do




67

To investigate the association signal in more detail, the haplotype structure of the high
density mapping region was analysed. According to our experience, D’ vaues are of little
utility between markers in close proximity, therefore a r? value of LD measure were
investigated (see fig.13). The four potentialy functional and with disease mostly associated
markers rs2076530, P285L, M286l1, P299Q had r’ values ranging from 0.88 till 0.99
indicating high LD between markers.

From the 15kb segment, four SNPs (rs2076530, P285L, M286l, P299Q) in the BTNL2 gene
were the most strongly associated with sarcoidosis. Combined in a four marker TDT
haplotype analysis they yielded a P-value of 1.9x10°, and a Rvalue of 6.2x107 in the
equivalent case-control analysis. Most of the association was due to rs2076530, leaving
P=0.03 for the inclusion of the other three markers in a case-control haplotype regression
model. The strong assaciation of rs2076530 with sarcoidosis was verified by typing a
»replication”” sample containing 452 independent cases (see table 9.). Both TDT and case
control analyses demonstrated increased significance in the ,,full’’ sarcoidosis patient sample,
which represents the entire sample of 947 affected individuals (single affected individual per
family). Transmission disequilibrium tests and case-control tests returned Ry = 3.0x10and

Pease-control = 6.7x108values respectively.

Table 9. Significance of disease-associated BTNL2 markersin the replication sample. The
markers were analysed in the ,,SNP fine mapping’’ and ,,replication *’ samples separately and
combined. TDT pvalue: single point TDTs were calculated by GENEHUNTER 2.1. Case
control genotype p-value: single point genotype-based ¢ 2 test in the population study design.
Homozygotes: odds of ratio between wild type homozygote genotype,,2/2” and mutated type
homozygote ,,1/1"’; heterozygotes. odds of ratio between wild type homozygote ,,2/2" and
mutated type heterozygote ,,1/2'". Marker rs2076530 demonstrated consistent results in both
samples and had the highest odds ratio in homozygotes for allele ,,A’’. Colour intensity
indicated the decreasing P values.

Sample Genotype odds
SNPfine mapping | Replication Full ratio
Case Case
control | TDT | control Case control

TDT | genotype | p- |genotype| TDT genotype | Homo [Heteroz
Marker p-vaue| pvdue |vaue| pvdue | pvaue pvdue |zygotes| ygotes

BTNL2_P2990Q(0.00175 |0.00056535|0.1118 |0.644517 |0.000631(0.024066193 [0.61  |0.71

BTNL2_M286l |0.00175 |0.00115938|0.2752 (0.429132 |0.001963|0.008748047 |1.65 [1.11

BTNL2 P285L 0.00085 |0.00018667|0.1129 [0.269000 |0.000322(0.006999268 [1.86 |1.26

rs2076530 0.00052 |0.00000010]0.0019 |0.000059 |0.000003]0.000000067 |2.59  |1.53




68

The underlying allele transmission rates in the transmission disequilibrium tests and the
alele and genotype frequencies in the case-control analyses of the marker rs2076530 are
listed in table 10. The disease susceptibility alele, alele “1” (corresponding to the nucleotide
A), was over-transmitted in families. 256 alleles were transmitted from heterozygous parents
to affected children against 161 un-transmitted (aratio of 1.59). Case-control statistics agreed
with the TDT results with the following distribution d frequencies for genotypes AA, AG and
GG in controls and cases respectively: 0.32; 0.53; 0.16 and 0.46; 0.44; 0.09.

Table 10. Association of the rs2076530 with susceptibility to sarocoidosis. Table A:
transmission disequilibrium test. Trans: number of transmitted alleles; untrans: number of un
transmitted alleles. Table B: case-control analysis test. Frequencies of aleles and genotype
frequencies are presented for various samples (see table 3 for detailed sample information).
Allelel denotes nucleotide A and allele 2 denotes nucleotide G of the rs2076530 marker.

A.

Allde Sample
SNP fine mapping Replication Full
Trans Untrans Trans Untrans Trans Untrans
1 158 102 98 59 256 161
2 102 158 59 98 161 256
B.
Alldes Sample
Controls SNPfine Replication Full
mapping
1 0.58 0.70 0.68 0.69
2 0.42 0.30 0.32 0.31
Genotypes
11 0.32 0.50 044 0.46
12 0.53 0.40 047 0.44
2 0.16 0.10 0.09 0.09

3.1.4. Separation of the genetic effect of BTNL2 and the HLA-DRB1 genes

The marker rs2076530 demonstrated high significance in family-based and population-based
study designs. Thus, BTNL2 could be regarded as a sarcoidosis susceptibility gene. However,
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it is located in the vicinity of the HLA-DRB1 gene (~200kb) (see fig.14), which has been

previously implicated in the aetiology of the disease " .

Fig.14. Gene content in the fragment of the chromosome 6p21. The BTNL2 gene maps
~200kb (indicated by black arrow) telomeric from HLA-DRB1 gene. Grey arrows indicate
gene direction.

HLA-DRA HLA-DQA1
> - =
= = = = =
AGER NOTCH4 TSBP BTNL2 HLA -DRB1
~200kb
< >

To investigate the association signa and possible effect of linkage disequilibrium in the
association region, the HLA-DRB1 gene was genotyped. To differentiate the BTNL2 genetic
effect from the HLA marker, a low -resolution typing approach for non-overlapping HLA-
DRB1 dlele groups was applied (see chapter 2.6.2. for experiment design details). Allele
group genotyping results in the full sarcoidosis sample plus controls confirmed that a group of
aleles confers an increased risk of sarcoidosis. Amplification group 3, comprising alleles
DRB1*03, *08, *11(not *1122/30), *12, *13, *14, (not*1410/39), demonstrated a significant
signal (see table 11). To evauate the relative genetic effect of both markers, a stratification
analysis of the respective HLA-DRB1 and BTNL2 genotypes was employed. However, a
stratified analysis of the respective DRB1 and BTNL2 genotypes (see table 12) was
insignificant throughout (Breslow-Day test for homogeneity of odds ratios: ¢*=0.12, 1 d.f.,
p>0.5 for both stratifications). Therefore, DRB1 amplification group 3 and rs2076530 alele A

represent independent risk factors for sarcoidosis.



70

Table 11: Association between BTNL2 and DRBL risk alleles and sarcoidosis (based on
947 cases and 517 controlg. feas, feontrol: @ll€ele frequency in cases and controls. P (global):
error probability of a global c? test for allelic association. tdt (obs./exp.) ratio between
observed and expected number of transmissions; P (alele): alele group-specific TDT error
probability, as reported by the TRANSMIT program **°.

Locus dlde fease fcontrol P (globa) tdt (obs/exp.)  p (alele)
BTNL2 (rs2076360) A 069 0.8 1303/1239 3.1¥10
G 031 042 3.3*10° 605/669 3.1*107
DRB1 (dlelegroups) 1 0.067 0.112 124/155 1.1¥10°
2 0.193 0.169 344/330 ns
3 0551 0.461 1010/947 7.4¥107
4 0.100 0.146 186/217 0.0001
5 0.082 0.103 145/156 ns
6 0.003  0.005 10/4 ns
7 0.004 0.004 7.1v10% 713 ns

Table 12. Differentiation between BTNL2 and DRB1 effects. , x’’ denotes DRB1 aleles

other than alele group 3.

rs2076530 DRB1 case control
any 33 282 125
any 3X 481 227
any X-X 184 165
AA any 445 170
AG any 414 261
GG any 88 86
AA 33,3-x 388 137
AA X-X 57 33
AG,GG 33,3-x 375 215
AG,GG X-X 127 132
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3.1.5. BTNL2 structural analysis

Originally, Stammers et a. *** described the structure of the BTNL2 gene. . The complete
MRNA sequence was described as consisting of 6 exons ( see exon accession numbers in
supplement 9.1.8.). However, a problem of contiguous cDNA amplification between primers
in exons 14 and exons 5 and 6 was indicated ***. This raised the possibility that the non
overlapping transcripts belong to two different genes. A cDNA experiment was developed to
verify the tissue specific expression and gene structure (see method description in appendix
9.2.2.). Successful amplification of overlapping transcripts confirmed the presence of asingle
transcript. The origina exon 3 was removed from the gene model. The excuded exon did not
affect the open reading frame. One additional exon was detected at the 5 untrandlated region
and two exons at the 3' end of the gene ( see supplement 9.1.8. for sequence information).

The expression of BTNL2 was investigated in order to verify the presence of the transcript in
the lung - the organ which is most commonly affected by sarcoidosis. Gene expression was
detected in myelomonocytic (THP-1) cdls activated with TNFa and in bronchoalveolar
(BAL) lavages from sarcoidosis patients (fig.15; see detailed description of BAL lavages
extraction in appendix 9.2.1.). No BTNL2 expression was found in bronchoalveolar lavage

extracted from control individuals or in naive THP-1 célls.

Fig.15. Expression pattern of the BTNL2 gene (experiment performed in collaboration with
Dr.K.Huse). Nested PCR amplification products are viewed on an agarosis gel (for detailed
experiment information see supplement 9.2.2.). BTNL?2 transcript amplification products in
THP-1 cells (native and after a4 hour incubation with 10ng/ul TNFa) and in cDNA prepared
from BAL cells of sarcoidosis patients and controls.
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3.1.6. Functional exploration of BTNL2 mutations

The association mapping experiments indicated four potentially functional SNPs in the
BTNL2 gene that are associated with sarcoidosis. Three SNPs are located in exon 6 and cause
a proline change to leucine at amino acid position 285, methionine to isoleucine at 286 and
proline to glutamine at 299 (denoted P285L, M2861 and P299Q respectively). According to
the original gene model, the A to G mutation at rs2076530 causes a serine to be replaced by
glycine ***. However, in the revised gene model, the SNP is located at position -1 of the splice
donor site, where guanine is conserved in 77% of donor splicing sites ** ° Thus, the
substitution of this conserved nucleotide could influence exon splicing and ater the gene
transcript.

To investigate the hypothesis of alternative splicing, DNA/cDNA pairs from lymphoblastoid
cell lines and peripheral blood samples were compared by rtPCR (see method description in
appendix 9.2.2.). Indeed, a four base deletion in the cDNA was observed in cases where the
genomic DNA contained alele A at the -1 splice donor site (see fig.16). The loss of four bases
in the BTNL2 transcript causes a frameshift and generates a premature stop codon in exon 6.
In splice variants with frameshift and premature stop codon, the 118 amino acids at the G
terminus are then replaced by 5 different residues.
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Fig.16. Alternative splicing of the BTNL2 transcript at exon 5 (experiment performed in
collaboration with Dr.K.Huse and Dr.P.Rosenstiel ). Alternative splicing is introduced
through an A to G transition at rs2076530. Top panel: reference genomic sequence around the
mutation site Central panel: consensus splicing in the presence of the G allele. Bottom panel:
aternative splicing in the presence of the allele A. The GT of the active donor is underlined in
both panels.

rs2076530

Reference sequence GATCTGAAGGTGGTARGTAAGAATTCTAGAT
CDNA gatctgaaggtggtag...

Genomic sequence GATCTGAAGGTGGTAGGTAAGAATTCTAGAT
CDNA gatctgaaggtg...

Genomic sequence GATCTGAAGGTGGTAAGTAAGAATTCTAGAT

The BTNL2 gene belongs to the bur yrophilin family. Butyrophilin genes are members of the
immunoglobulin superfamily ** ' According to sequence and structure homology, the
entire butyrophilin family shares similarity with the B7 proteins **” which are important in the
regulation of previously activated T-cells "%, Structurally, the BTNL2 gene is organised
into domains marked by the separate exons **. The revised BTNL2 protein consists of an N-
terminal signal peptide encoded by exon 1 and 2, two N-termina homologous IgV
(immunoglobuline-like variable) domains encoded by exons 3 and 5, an heptad domain in
exon 4 and a C-terminal 1gC (immunoglobuline-like constant) domain encoded by exon 6. In
the resulting protein model, a truncation of the protein at the site of the premature stop is
introduced through rs2076530, just before the start of the IgC domain and the attached
transmembrane helix. The variants P285L, P299Q and M286l are located in b-strands on the

protein surface of the IgC domain (for details see appendix 9.2.4. and 9.2.5.).
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3.2. Results of the CARD15 gene analysis

3.2.1. CARD15 mutationsin sarcoidosis

Allele and genotype frequencies for all four CARD15 SNPs in cases from the families and
trios sample s were compared to controls using chi-squared statistics. One patient per family
was randomly drawn from the sarcoidosis families for this case—control analysis. Related
patients were excluded to avoid over-representation of specific aleles from multi-case
families. In addition to the populationbased analysis, family -based analyses were performed
by evaluating transmission disequilibrium. In total, 1011 individuals from the sarcoidosis
families, the sarcoidosis trios and controls were genotyped for four Crohn’s disease associated
CARD15 polymorphisms: SNP5, SNP8, SNP12, and SNP13. All genotyped SNPs were

consistent with expectations of the Hardy-Weinberg law in controls.

Three different types of data analysis. casecontrol comparisons, genetic linkage analyses and
family based association studies were performed to investigate the influence of CARD15
mutations in sarcoidosis families and trios. In order not to overlook a possible effect, because
of the relatively small sarcoidosis family and sarcoidosis trio sample sizes, both samples were
also analysed together. Comparisons of allele frequencies for each SNP in 265 cases (138
cases from 138 sarcoidosis families, one patient at random chosen from each family, and 127
cases from 127 sarcoidosis trios) and 265 matched controls, revealed only two significant
(p<0.05) results. The frequency of alele 1 in both SNP5 and SNP12 was increased in cases.
For SNP12 this effect was observed both in cases from sarcoidosis families and cases from
sarcoidosis trios However, only cases from sarcoidosis families showed a significant increase
of SNP5 allele 1. Furthermore, a significant difference in genotype frequencies was observed
only in SNP12 for the sarcoidosis trios and the combined cases from trios and families. All

case-control comparisons are listed in table 13.
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Table 13. CARD15 allele (A) and genotype(B) frequencies in sarcoidosis patients and
healthy controls. Numbering of CARD15 mutations according to ref. 1 . The rare allele of
each SNP refersto dlde 1.

A.
CARD15 Controls Sarcoidosis Sarcoidosis Sarcoidosis
Alldes families trios families + trios
(n=265) (138 patients) (127 patients) (265 patients)
NP5 1 144 (27,2%) 97 (35.1%) 80 (31.5%) 177 (33.4%)
SNP5 2 386 (72,8%) 179 (64.9%) 174 (68.5%) 353 (66.6%)
p=0,019 p=0.21 p=0.027
SNP8 1 25 (4.7%) 15 (5.4%) 19 (7.5%) 34 (6.4%)
SNP8 2 505 (95.3%) 261 (94.6%) 235 (92.5%) 496 (93.6%)
p=0.66 p=0.12 p=0.23
SNP12 1 4(0.8%) 8 (2.9%) 8 (3.2%) 16 (3.0%)
SNP12 2 526 (99.2%) 268 (97.1%) 246 (96.8%) 514 (97.0%)
p=0.017 p=0.011 p=0.007
SNPI3 1 19 (3.6%) 11 (4.0%) 8 (3.2%) 19 (3.6%)
SNP13 2 511 (96.4%) 265 (96.0%) 246 (96.8%) 511 (96.4%)
p=0.78 p=0.75 p=0.99
B.
CARD15 genotypes | Controls Sarcoidosis families Sarcoidosis trios Sarcoidosis families +
(n =265) (138 patierts) (127 patients) trios
(265 patients)
SNP5 1/1 18 (6.8%) 17 (12.3%) 11 (8.7%) 28 (10.6%)
SNP5 1/2 108 (40.7%) 63 (45.7%) 58 (45.7%) 121 (45.7%)
SNP5 2/2 139 (52.5%) 58 (42%) 58 (45.7%) 116 (43.8%)
p=0.06 p=0.43 p=0.083
SNP8 1/1 0 0 1(0.8%) 1(0.4%)
SNP8 1/2 25(9.4%) 15 (10.9%) 17 (13.4%) 32 (12.1%)
SNP8 2/2 240 (90.6%) 123(89.1%) 109 (85.8%) 232 (87.5%)
p=0.65 p=0.17 p=0.37
SNP1Z 1/1 0 1(0.7%) 0 1 (0.4%)
SNP12 1/2 4(1.5%) 6 (4.3%) 8 (6.3%) 14 (5.3%)
SNP12 2/2 261 (98.5%) 131 (95.0%) 119(93.7%) 250 (94.3%)
p=0.08 p=0.01 p=0.034
SNP13 1/1 0 0 0 0
SNP13 1/2 19 (7.2%) 11 (8.0%) 8 (6.3%) 19 (7.2%)
SNP13 2/2 246 (92.8%) 127 (92.0%) 119(93.7%) 246 (92.8%)
p=0.77 p=0.75 p=0.99
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Family based association studies were performed to determine if there was any deviation
from random expectation in the transmission of SNP aleles from heterozygote parents to
affected offspring using the transmission disequilibrium test. 109 complete trios were
extracted from the sarcoidosis families sample in addition to the 127 trios of the sarcoidosis
trios set. No transmission disequilibrium was observed in trios taken from the sarcoidosis
families sample, neither for single SNPs nor for 4 marker haplotypes. By contrast, significant
increased transmission of SNP5 adlele 1 as well as significantly decreased transmission of
SNP allele 2 was detected in the sarcoidosis trios sample. Allele 1 was more often transmitted
from heterozygote parents to affected offspring. Haplotype analysis demonstrated the same
results, including significantly decreased transmission of haplotypes carrying SNP5 allele 2.
Results of transmission disequilibrium tests are listed in table 14.

Table 14. Results of transmission disequilibrium test. The analysis use 109 complete trios
extracted from the sarcoidosis families sample and 127 trios of the sarcoidosis trios set. Only
the results of the rarer allele 1 of individual single nucleotide polymorphisms (SNP) are listed.
For allele 2 of the biallelic polymorphisms, the number of transmitted and untransmitted
aleles (denoted as trans and untrans respectively) is inverse, with identical P values.
Haplotypes are formed by alleles of SNP5-SN P8 SNP12-SNP13. P- P vaue.

Families Trios Families and trios
SNPs trans untrans p | trans untrans p trans untrans P
SNP5 1 31 33 08 | 60 39 0.034 91 72 0.13
SNP8 1 8 18 10 0.13 26 18 0.23
SNP12 1 5 5 8 3 0.13 13 8 0.28
SNP13 1 7 08| 8 8 16 15 0.86
Haplotypes
1122 7 0.8 14 7 0.13 22 14 0.18
1212 074 6 2 0.16 11 6 0.23
1221 6 032| 8 0.59 11 12 0.83
1222 18 19 087 31 23 0.28 49 42 0.46
2122 1 0.32 1 3 0.32
2212 0
2221 0.18| O 1 0.18
2222 25 26 0.89| 33 52 0.039 58 78 0.086
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3.2.2. Sequence analysis of the CARD15 gene NOD domain

In 39 patients (from 39 families) sharing at least one parental chromosome 16 (identical by
descent) with their affected sibling(s), nore of the reported Blau syndrome mutations and no
new mutations of exon 4 were detected. No new mutations were found in eight patients
representing 7 complex families and sharing no parental chromosome 16. Sequence analysis
of these 47 patients revealed only the known sequence variations denoted SNP5, SNP6, and
SNP7 in ref ™. The frequencies of these alleles in 47 sequenced individually did not differ

from the frequencies reported for larger samples of healthy individuas of German origin 1,
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4, Discussion

4.1. Association of the BTNL2 mutations with sarcoidosis
4.1.1. Experimental design

A three-stage SNP mapping experiment with mutation detection in the linkage region was
performed on chromosome 6p21 in order to localise genetic variants that may generate a
predisposition to sarcoidosis. Because allele/genotype frequencies depend heavily on the
genetic background and history of a population, families, trios and incomplete pedigrees were
collected in addition to single affected cases so that both population- and family-based
association study designs could be implemented. Such an experimental strategy, with both
family and case-control analyses, was chosen so that the case-control studies, which can be
prone to false positive (or false negative) results due to possible population admixture/sub-
structure, could be validated. For population based analyses, unrelated controls were matched
to cases according to ethnic background, age and gender ratio. In the family-based analyses,
families with both parents were preferentially collected (if available) to obtain the maximum

number of informative trios for the transmission disequilibrium tests.

A high throughput SNP typing method was applied to the association mapping experiment. It
is an enabling technology that is useful for the identification of susceptibility genes by linkage
disequilibrium mapping in large samples like in our study ** **%, The method utilizes the 5
exonuclease activity of Taq polymerase and employs a combination of PCR and competitive
hybridization . The TagMan genotyping results, as well as pedigree, patient phenotype,
plate layout and marker information were stored and analysed in an integrated database

system, which enabled to achieve the required throughput and to ensure the quality of the data
130

4.1.2. Identification of the association region on chromosome 6p

The genotyping strategy involved screening the linkage region, fine mapping in the resulting
association region and then verifying the disease-marker association in an independent sample
set. The linkage region had previously been identified in a study of 55 sarcoidosis families

and was further supported in an extended sample set containing 63 families 8 The linkage
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was consistent with numerous reports on associations between gene variants in the region
and the risk of sarcoidosis. The linkage region was screened with 69 SNP marker in a
combined sample set of families, trios and single patients containing 265 independent cases in
total (refered as ,,exploratory’’). Three marker haplotypes in casecontrol and transmission
disequilibrium tests were analyzed to maximize the informativity of the SNPs. Only the
BTNL2-HLA-DRA locus showed significance and demonstrated consistent results in both
anayses. The association region peak was located at the HLA-DRA marker rs7192
(PTDT(global=0.00068;  Pcasecontrol(LrR=0.00008), decreasing at BTNL2 marker rs2076523
ProT(global=0.02512 Peasecontrol(LR=0.00005. Another region located around the MICB-IkBL
genes was significant only in the case-control analysis (rs3134900 R:asecontrol(r=0.00011.
ProT(giobay=0.14103). This locus also demonstrated long range LD with the markers from the
previous region, exhibiting D’ values as large as 0.94. This indicates that the significance in
the case-control analyses at MICB-IkBL may be influenced by the haplotype structure of the
MHC locus. To resolve this problem, a genotype-based logistic regression anaysis was
performed that included markers from both regions. This anaysis excluded the MICB-1kBL
region and indicated that the disease susceptibility locus maps to the BTNL2-HLA-DRA locus.
Consequently, the BTNL2-HLA-DRA region was sdected for further fine mapping
experiments. In order to verify the significant findings from the first screening experiment,
and to test the validity of final mapping experiment result, an additional sample set containing
trios and single cases (referred as the ,,extension’’ sample) was added to the ,,exploratory’’
sample. The resulting set of patients contained 495 independent cases, representing a larger
population affected by sarcoidosis.

4.1.3. Sarcoidosis candidate genes on chromosome 6p

The establishment of a high density LD map in the association region involved a detailed
analysis of the sequence in the on-line databases. The chromosomal segquence was analysed
for its gene content, the function of the genes and possible functional mutations At the
beginning of this study, there were five known genes in the region covered by the SNP
screening experiment. The AGER gene (located at 32.22Mb of chromosome 6) belongs to the
immunoglobulin superfamily of cell-surface molecules and is an important receptor for the
amyloid beta peptide. Expression of this receptor has been found to be increased in
Alzheimer’s disease 3. The gene is also involved in inflammatory processes > The product

of the NOTCH4 gene (at 32.25Mb) functions as a receptor for membrane-bound ligands and it
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may play arolein vascular, rena and hepatic development. This gene has been found to be
associated with susceptibility to schizophreniain a fraction of cases **>**® Two genes TSBP
(at 32.37Mb)and BTNL2 (at 32.44Mb) had unknown function. However, it was known, that
BTNL2 contains immunoglobulin domains'** and is related to the B7-CD28 superfamily:
these molecules have a crucia role in regulating T-cell activation and tolerance .
Centromeric to the BTNL2 gene lies in the HLA gene cluster. These play a central role in the
immune system by presenting peptides derived from extracellular proteins . Although many
investigators have reported associations between HLA-DRB1 and sarcoidos's, BTNL2 became
an interesting positional and functional candidate gene. The 440kb region bordered by the
AGERad HLA-DQA1 genes and containing the BTNL2 gene therefore represented a prime-
target for the establishment of a high-density SNP map. As HLA genes are highly
polymorphic and TagMan assay design is largely not possible in the region, the high-density
SNP map covered HLA-DRA gene and finished at the 3-primeend HLA-DRA gene.

Every exon of the positiona candidate gene BTNL2 was sequenced in 47 sarcoidosis patients
in order to verify the known sequence variations and to detect any not previously described
mutations. 48 SNP markers were genotyped in the combined ,,exploratory’’ and ,,extersion’’
sample set that contained 495 independent cases. As in the first screening experiment, both
family and population based analyses were carried out on this data. A 15kb region at the 3’
end of the BTNL2 gene, containing the markers rs2076530, P285L, M2861 and P299Q,
demonstrated a strong and consistent signal in both case-control and TDT analyses.

It is important that an association study finding should be replicable in independent sample
sets. In this study, the initial association study results were verified in an independent sample
set (referred to in our study as ,verification'’). For this, an additional sarcoidosis sample
consisting mostly of trios and single patients, and yielding 452 independent cases in total, was
genotyped at the four disease-associated markers: rs2076530, P285L, M2861 and P299Q. The
SNP (rs2076530), in the downstream region of the BTNL2 gene, was most strongly associated
with disease and this observation was replicated in the verification sample. This variant is
common and has a minor allele (allele 2 that corresponds to nucleotide G) frequency of 0.42
in the control population. The allele 1 (corresponds to nucleotide A) apparently contributes to
disease susceptibility in a manner that is completely independently of the (known) disease
associated alleles in the HLA-DRB1 gene. The susceptibility alele A of rs2076530 is
characterised by an odds ratio of 1.55 in heterozygotes, and of 2.56 in homozygotes,
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corresponding to PARs of 22% and 34%, respectively. Comparing this result to other
complex diseases associated loci, for example CARD15 in Crohn disease, rs2076530 has only
a moderate impact on an individual’s disease risk. This is particularly intriguing in light of its
profound impact upon the BTNL2 protein structure and function. This apparent discrepancy
may be in part explained by a highly redundant system of co stimulatory molecules, including
the products of the butyrophilin gene cluster, B7-1, plus other, as yet unknown, members of
the same functional class of proteins.

The revised BTNL2 transcript consists of eight exons. Experiments on cDNA indicated that
the annotated BTNL2 gene transcript was incomplete in that it was missing one exon at the 5’
and two exons at the 3' end. Exon 3, referred to as an IgC domain in the original reference 1,
was not identified in our transcripts, thereby rendering the hypothesis of two transcripts at this
locus somewhat unlikely. Furthermore, the most significant variation, rs2076530, does not
result in an amino acid exchange but rather appears to influence splicing through the
replacement of the normally conserved G allele at the -1 donor site of exon 5 with an A.

The BTNL2 expression experiments supported the hypothesis, that the gene is implicated in
susceptibility to sarcoidosis. Expression was found only in the bronchoalveolar lavage of
affected lungs and in myelomonocytic cell-lines stimulated with TNFa. It is known, that
activated alveolar macrophages secrete increased amounts of TNFa in sarcoidosis patients .

Therefore, it may be speculated that TNFainduces BTNL2 transcription in the sarcoid lung.

Phylogenetic analyses and homology searches with the immunoglobulin domains of BTNL2
indicated, that the gene is similar to five human butyrophilin genes and belongs to the
extended butyrophilin family***. BTNL2 also shows similarity to mouse NG9 and NG10 genes
144 and is homologous to the Zipper proteins, bg2, MOG, and B-G which, phylogenetically,
appear to be members of extended B7 family **’. The immunopathogenesis of demyelination
in multiple sclerosis involves an autoantibody response to the immunoglobulin superfamily
member myelin oligodendrocyte glycoprotein (MOG) % Crystal structure analysis has
demonstrated that the extracelular domain of MOG adopts an IgV like fold that harbours a
cavity that is similar to the one used by the costimulatory molecule B%2 to bind its ligand
CTLA4 ™ Based on amino acid homology and domain structure, BTNL2 is most similar to
the B7-1 protein (for details see chapters 9.2.4. and 9.2.5.). B7-1 (CD80) is a co-stimulatory

molecule with known anti-inflammatory activity that is mediated through an interaction with
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CTLA-4 1L co-stimulatory pathways for T -cells are initiated when CTLA-4 and CD28
engage B7 class molecules in the context of a primary signa delivered through the TCR-
MHC interaction 1%* 62183 Deletion the IgC domain in the CD80 gene had a substantia pro
inflammatory effect in a mouse plasmid vaccination model, suggesting that the constant-like
domains are critically important for immune regulation during co-stimulation ***. It may be
therefore hypothesised that BTNL2 potentially has a downregulatory effect on T-cells and
that this would be impaired by the truncating mutation at rs2076530. This leads to a loss of
the 1gC domain, thereby leading to inappropriate T-cell activation. This hypothesis would also
be compatible with the clinical immunology of sarcoidosis, which is characterized by a
dysregulated T -helper cell activation .

The importance of co-stimulatory dysfunction is becoming increasingly recognized in many
autoimmune disorders *®. Our findings also emphasize the importance of the costimulatory
mechanism in the regulation of T-cell activity, since CTLA4, a prototype of a putative
BTNL2 receptor, is a risk factor for such autoimmune disorders as type | diabetes,
autoimmune hypothyroidism and Grave's disease ®. The exact function of BTNL2 and its
role in the costimulatory system remains to be elucidated. The identification of the BTNL2
gene as a risk factor for sarcoidosis will give new impetus to the understanding of
immunological co-stimulation. Functional studies of BTNL2 may provide a perspective for
future therapeutic targeting of this disorder.

4.1.4. Genotyping of the HL A-DRBL1

Linkage to the HLA region has been shown for many complex autommune diseases. Despite
the primary function of HLA genes in the immune system, many other immune response
related genes also map to the region and their role in disease aetiology can not be excluded.
However, only afew non-HLA disease genes have been successfully implicated with disease
in the MHC region ® . In the search for disease genes in this region, HLA genotyping is
essential either to differentiate the gene effect from a nearby HLA gene or to implicate the
HLA molecule itself in the disease aetiology. However, in such situations, high-throughput
methods are required and low-resolution is sufficient. Current HLA genotyping methods do
not meet such requirements.
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In this study, a method was developed that combined allele-specific PCR with non

elecrophoretic scoring of amplification products, an approach that is useful for high
throughput HLA-DRB1 dlele-group genotyping. Seven, non-overlapping groups of HLA-
DRBL1 aleles were genotyped in place of the actua aldes 2" 12, Because HLA-DRB1 isa
multi-allelic system, al groups had to be typed for an individual in order to reconstruct the
final genotype. The scoring of PCR amplification products usually involves agarose gel
electrophoresis. However, this method does not scale well for highthroughput. A non
electrophoretic detection method was therefore adapted %5 This method specifically measures
dsDNA concentration and detects an increase in samples where the PCR targeted DRB1 allele
is present. A specialized software was developed for the scoring of PCR amplification
products, genotype assignment, Mendelian segregation checking and integration into the
laboratory database system. This alowed flexible handling of the DRB1 dlde-group

genotype information.

In general, multi-allelic systems demonstrate a higher rate of genotyping error when
compared to bialelic SNP genotyping. An individual can be miscalled as a homozygote
simply because of a single failed PCR reaction. In our method, DNA concentration is further
critical parameter because the detection of PCR amplification products with the dsDNA-
specific dye PicoGreen® is based on an increase in the dsDNA concentration when the
targeted alele is present. To achieve uniform and reproducible genotyping results, the initial
DNA concentration was measured and adjusted to 2.5ng/well for al analysed samples. The
approach was evaluated in 2,295 individuals and gave a genotyping success rate of 94.11%.
Mendel error rates in the family sample (1.3%) compared favourably with other genotyping

methodologies .

The primary purpose of this study was to establish a high-throughput HLA-DRB1 dlee-group
typing method for disease gene finding in the MHC region and to facilitate the differentiation
of the genetic effect of a disease gene from anearby HLA gene. Nevertheless, the HLA-DRB1
alele genotyping results were also compared with associations reported in the literature for
other populations. In principle, the results obtained in the current study were in agreement
with previously described associations in distinct Caucasian ethnic groups. DRB1*01 and
DRB1*04 were reported as ,,protective’”’ aleles in case-control studies with UK, Czech,
Polish, Scandinavian, Italian and US Caucasian patients (with the exception of DRB1*01 in
the US Caucasians) "> ™. Although the frequencies of the “protective” HLA alleles varied to
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some extent among the control samples of these studies, the reduction in alele frequency in
patients was consistent across all investigated populations ". In the current study design, the
DRB1*01 and DRB1*04 dlees were amplified in alele amplification groups 1 and 4
respectively. For both these alele groups reduced allele frequenciesin samples of affected
individuals were detected. As expected, this result was in agreement with the pattern of
observed and expected transmissions in TDT analyses. That DRB aleles carrying
hydrophobic side-chain residues at position 11 of the HLA-DRB1 peptide may confer a
protective effect remains open to exploration. As the disease causing antigenic stimulus is
unknown, it is still unclear whether the possible protective effect of HLA-DRBL alleles could
be due to an altered hinding of autoantigens or foreign antigens "

In contrast to the consistent reports of ,,protective” HLA-DR dleles across a variety of
populations, descriptions of aleles associated with sarcoidosis susceptibility demonstrate non
overlapping results, and seem to appear to act in ethnicity-dependent manner, or to influence
the course of disease. For example, the aleles carrying hydrophilic residues at position 11
(HLA-DRB1*07, *08, *09) apparently influence disease susceptibility in different ways in
UK, Polish, Czech, Scandinavian and Japanese patients.HLA-DR-14 and —15 were found to
be more common in UK, Polish and Czech populations ">. HLA-DR17 was found to be
particularly associated with an acute disease course in Scandinavian and German cases ™ ™.
HLA-DRB1*1101 has been suggested to be the most important susceptibility factor for
sarcoidosis among the HLA class Il dleles on the grounds that this allele has been
significantly associated with sarcoidosis in both people of African ancestry and Caucasians “.
In the current study, amplification group 3 aleles (DRB1*03, *08, *11(not *1122/30, *12,
*13, *14, (not *1410/39)) appeared confer an increased risk of sarcoidosis. The frequency of
group 3 dleles was sgnificantly increased in sarcoidosis cases relative to controls. A
significant over-transmissions of these aleles was aso observed in the family sample, thus
supporting the case-control finding. It was therefore possible that HLA aleles and not the
sequence variation at rs2076530 in BTNL2 might be driving the association effect in the
region and that the signal at rs2076530 resulted from linkage disequilibirum between the
markers. However, separation of the gene effects via a stratification analysis of the respective
HLA-DRB1 and BTNL2 genotypes using a Bresow -Day test for homogeneity of odds ratios
has rejected this hypothesis. Therefore, it appears that HLA-DRB1 amplification group 3 and
rs2076530 allele A represent independent risk factors for sarcoidasis.



4.2. CARD15 mutations in sarcoidosis

Sarcoidosis and Crohn’s disease are multifactorial disorders, in which disease is caused by an
inherited susceptibility and an additive influence of unknown exogenous agents 3 3 *° In
contrast, Blau syndrome is caused by single dominant gene mutation that directly leads to
Mendelian inheritance of the disorder, although yet unknown factors modify the expression of
the disorder between and within affected families considerably * ***. The clear mode of
monogenic inheritance helped to localise the Blau syndrome gene. It was mapped to the
centromeric region of chromosome 16 by linkage analysis of only one extended family * In
contrast to monogenic diseases, large numbers of affected families and repeated genome-wide
linkage studies are necessary to locate disease genes in complex diseases '®1%. Such a
strategy finally led to the successful identification of CARD15 mutations as a major
contributory factor in Crohn’'s disease susceptibility *®*°. In sarcoidosis, genomewide
linkage information is so far limited to one report > showing a main peak at the MHC region
on the short arm of chromosome 6 -’ The genetic mechanisms behind a predisposition to
sarcoidosis are unclear, athough the contribution and cooperation of several genetic factorsin
the development of sarcoidosis is likely. Therefore the peak at the MHC region cannot fully
explain the increased familial recurrence risk found in different studies in European

populations > 168189 gnd in the USA *.

In addition to a genome-wide search by linkage analysis in affected siblings, association
gudies with candidate genes are widely used for the study of complex diseases 2. However,
heterogeneity in sarcoidosis aetiology is likely to be caused by variable influences from
different genetic factors that depend on the ethnic background. This could be the reason for
the many contrasting reports on associations between sarcoidosis and polymorphisms in
candidate genes 1. Nevertheless, there is an on-going search for promising candidate genes

that connects an inhaled microbial trigger to a balanced cellular immune response .

Significant familial clustering of sarcoidosis and Crohn's disease has been reported. # This
suggests homologous mechanisms in the pathophysiology of both disorcers. In Crohn’s
disease, increased levels of NF kappa B play an important role in the development and
maintenance of inflammation ***. Increased levels of NF kappa B have been aso found in
sarcoidosis 2. Since the function of the CARD15 protein includes the regulation of NF kappa
B levels, mutations in the CARD15 gene in patients with Crohn’s disease seem to clarify an
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important link in the pathway from a presumed exogenous agent to granulomatous
inflammation process.

Blau syndrome is a rare condition with a limited number of reports in literature. The first
mutations were identified in four unrelated families ¥ All patients from these families
carried a mutation in the nucleotide oligomerisation domain (NOD) of the CARD15 gene. In
three families the same amino acid of the NOD, arginine at amino acid position 334 of the
protein, was substituted by glutamine or tryptophan (R334Q and R334W). Both mutations
were confirmed in another 5 out of 10 unrelatedfamilies **. According to these findings,
Blau syndrome mutations appear to cluster strongly within the NOD, and mutations of the
LRR seem to be linked with Crohn’'s disease. Thus the mutations in different domains of the
CARD15 protein cause different phenotypes within the spectrum of granulomatous disorders,
leading to the development of Blau syndrome or to a significant increase in the risk of
Crohn's disease, respectively. Taking into account the considerable overlap of clinical
features between Crohn’s diasease, Blau syndrome and sarcoidosis, the CARD15 gene could

be considered an excellent candidate gene of sarcoidosis susceptibility.

There was preliminary information concerning the Blau syndrome mutation region in the
CARD15 gere of sarcoidosis patients . In a study of 33 African-American nuclear families
with 67 sarcoidosis siblings, tested for co-segregation of the disease with eight highly-
polymorphic DNA markers from the centromeric region of chromosome 16, no evidence of
linkage was found. However, the heterogeneity of disease between AfricanrAmerican and
Caucasians ¥ * suggests that the results from this study may not necessarily be valid in
Caucasians.

A subgroup of the study population used in this experiment has been analysed in a genome-
wide linkage study °°. The microsatelite marker D16S3396 analysed in the scan is located
close to the CARD15 gene. The results did not provide any significant evidence (P = 0.21)
that siblings suffering from sarcoidosis tend to be identical by descent for this region of
chromosome 16. However, these linkage data do not rule out the possibility that CARD15
mutations could play arole in a subgroup of sarcoidosis patients. Therefore, mutations of the
CARD15 gene that could contribute to sarcoidosis in only a portion of families seemed likely.
In the current study, we have analysed the sequence of the CADRL15 gene region that is altered

in Blau syndrome, in a selected panel of patients We excluded the presence of Blau syndrome



87

mutations in sarcoidosis patients and detected no other sequence variations than the known

polymorphic sites. This result from sarcoidosis families cannot exclude a minor influence of
rare NOD seguence variants in sarcoidosis. However, it clearly implies that a major
contribution of CARD15 NOD variants in Caucasian patients is unlikely because a major

gene effect would be linked to the familial occurrence of sarcoidosis.

In order to investigate a minor contribution of Crohn's disease CARD15 mutations to the
aetiology of sarcoidosis, extended panels of sarcoidosis families, sarcoidosis trios and controls
were genotyped for four SNPs that are associated with an increased risk of Crohn’s disease.
With the exception of SNP13 in the sarcoidosis families set, the rarer aleles of the four SNPs
tended to be more frequent in cases than in controls, replicating the observations made in
Crohn's disease study '®™°. A significant difference was detected for SNP5 in sarcoidosis
families and for SNP12 in sarcoidosis families and in sarcoidosis trios. The alele frequencies
of SNP5, SNP8 and SNP12 in our controls were in agreement with the published frequencies
for controls in an Europe-wide study of Crohn’s disease *°, however, the SNP13 minor allele
frequency of our study was considerably higher (3.6% versus 2%). On the other hand, a
German control sample created for the case-control study of Crohn's disease had an even
higher frequency of SNP13 dlde 1 of 5.3% % Genotyping of our extended group of
available German controls, who were excluded from this study because of young age,
indicates that the SNP12 dlele 1 frequency in the matched control group is relatively low.
Therefae, significant differences between sarcoidosis cases and controls might be attributable
in part to this control group related phenomenon.

Taking into account the limitations of case-control comparisons in association studies of
candidate gene polymorphians in complex disorders, family-based strategies such asthe TDT
have been employed in this study to overcome control group related problems. Although
sarcoidosis trios exhibited an over-transmission of SNP5 dlele 1, this observation did not
overlap with the case-control results for this marker in the same set of patients. In addition,
further information about haplotype segregation extracted from families has been analysed.
Strong linkage disequilibrium between the four SNPs has been observed in other studies %
71 “and can provisionally be derived from the haplotype proportions of the TDT analysis. As
listed in table 14, the rare alleles of SNP8, SNP12 and SNP13 occur amost exclusively in
combination with SNP5 alele 1.
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In the trios, al haplotypes with the rare alele of at least one of the four SNPs are
preferentially transmitted from heterozygote parents to affected offspring athough this
deviation does not reach significance. However, complementary haplotypes composed of the
four common adleles demonstrates a dSignificant under-transmission. Interestingly,
transmission of alleles and haplotypes is almost perfectly balanced in the sarcoidosis families.
This fact could point to heterogeneity in the genetic aetiology of sarcoidosis with respect to
CARD15 gene variation.
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5. Conclusions

The chromosome 6 association study in this thesis uses an association mapping method for
identification of a disease susceptibility gene. The experiment design included both family-
and population-based study approaches. The basic criterion for the validity of association
findings was consistency of resultsin both family- and population based study designs. Using
a single nucleotide polymorphism typing method, 16.4 Mb of the chromosome 6p21 region
that was implicated in the chromosome 6 linkage study ® were scanned in order to identify
primary association lead(s). Consistently significant results in both study designs were
obtained for one peak located at the BTNL2-HLA-DRA region. To map the disease-associated
gene, a certain marker density had to be achieved in the lead region. A high-density SNP map
in the primary association region was therefore established through a detailed analysis of the
physical map and the identification of seguence variations. Using TDT and case-control
analysis, a 15kb segment of the BTNL2 gene was identified as being strongly associated with
sarcoidosis. The major disease-associated variant rs2076530, located in exon 5 of BTNL2
represents a risk factor that $ entirely independent of the previously reported association
between sarcoidosis and alleles of the DRB1 gene. The risk allele A of rs2076530 leads to
aternative splicing of the BTNL2 transcript, which introduces a premature stop codon and
leads to the truncation of the protein. BTNL2 is a member of the immunoglobulin superfamily

and has been implicated as a costimulatory molecule based on its homology to B7-1.

The BTNL2 gene, containing the disease susceptibility alele (rs2076530), is located in the
close vicinity (~200kb) of the HLA-DRBL1 gene. Since the HLA gene has also been implicated
in the aetiology of disease, a special method of alele group-specific PCR typing with a non
electrophoretic method and novel software to support scoring have been developed for high
throughput typing. By design, primers amplified non-overlapping groups of HLA-DRB1
aleles and only limited resolution of DRBL1 alleles was achieved. Separate PCR-reactions had
to be performed for each allele group in order to construct the final genotype. The method has
several advantages over the aternatives and will complement other approaches 2% 72 173,
dsDNA measurement was used instead of agarose gel electrophoresis that does not scale well
for highthroughput applications. Measurement of dsDNA is much less expensive than
TagMan assays ™ or fluorescently labeled PCR products for automated sequencing. The low-

resolution HLA-DRB1 alele genotyping strategy developed in this study has been
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successfully applied for 2,295 individuals. The method may facilitate the gene
identification of complex, HLA linked autoimmune disorders.

A candidate gene approach is a useful approach for association testing between a disease and
positional or functional candidate genes. In this study, CARD15, which leads to the
development of Blau syndrome or to a significant increase in the risk of Crohn’s disease has
been selected as a sarcoidosis candidate gene. In a case-control analysis, SNP12 alelel was
more frequent in sarcoidosis cases comparing to the controls. From the TDT results,
sarcoidosis trios but not families demonstrate significant result for SNP5. Thus, replication of
the investigation is desirable. Nevertheless, the present association and sequence analysis
results seem to rule out a major role of CARD15 mutations in the pathogenesis of sarcoidosis.
Because Crohn’s disease, Blau syndrome and sarcoidosis significantly overlap with respect to
their pathophysiology and clinical phenotypes, this finding demonstrates the genetic
heterogeneity of granulomatous inflammatory disorders.
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6. Summary: ldentification of sarcoidosis susceptibility genes by
association mapping and candidate gene appr oaches

Sarcoidosis is a systemic immune disorder with predominant manifestations in the lung,
lymph nodes, eyes and skin. The disease can lead to pulmonary fibrosis and chronic
respiratory failure and is pathophysiologically characterized by an exaggerated T-helper cell
response. ldentification of a sarcoidosis susceptibility gene on chromosome 6 in this study has
been performed using the association mapping approach. In a previous genome wide linkage
analysis, the extended MHC region on chromosome 6p has been implicated in the aetiology of
sarcoidosis. Here, a systematic threeestage single nucleotide polymorphism (SNP) scan of
16.4 Mb on chromosome 6p21 was performed in up to 947 independent cases of familial and
sporadic sarcoidosis. Using TDT and case-control analyses, a 15 kb segment located at the 3
prime end of the BTNL2 gene could be identified as being strongly associated with
sarcoidosis. The major diseaseassociated variant, rs2076530, represents a risk factor that is
entirely independent of the previoudly reported association between sarcoidosis and alleles of
the DRB1 gere, located within ~200kb of BTNL2. BTNL2 is a member of the
immunoglobulin superfamily. Homology to B7-1 implicates the BTNL2 as a co-stimulatory
molecule. The risk allele A of rs2076530 leads to alternative splicing of the BTNL2
transcript, which introduces a premature stop. The resulting truncated protein lacks the G
terminal 1gC domain and transmembrane helix, thereby disturbing the putative co-stimulatory

function of this molecule.

Differentiating specific gene effects from the nearby HLA loci is a conmon problem in the
mapping of susceptibility genes of disorders linked to the MHC region. The HLA molecules
may be risk factors for the disease themselves or they may serve as markers tagging risk
haplotypes. Since the BTNL2 gene with the disease-associated variant is located near HLA-
DRB1, which has itself previously been implicated as arisk factor for sarcoidosis, genotyping
of the HLA was performed to evauate the effects of both genes. In this situation, high
throughput rather than detailed resolution of the HLA genotype was required. Current methods
do not support to this kind of requirement. A method combining non-electrophoretic scoring
and genotyping of nonoverlapping alele-groups, instead of specific HLA-DRB1 alleles, has
been developed for gendyping large patient samples. A specialized software facilitated the
congtruction of the final DRB1 genotype, testing of Mendelian segregation and database
import. The approach was practically evaluated in a sample of 2,295 individuals from nuclear
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families and 538 unrelated control individuals. Genotyping success rate was 94.11% and
only 1.3% of the data had to be discarded due to Mendel errors. The HLA-DRB1 dlele
genotyping strategy developed in this study may contribute to gene identification in other

complex, HLA linked autoimmune disorders.

Association studies of candidate genes are widely used for the study of complex diseases.
Crohn’s disease, Blau syndrome and sarcoidosis significantly overlap in clinical phenotypes
and pathophysiology. In our sarcoidosis study, a minor contribution of CARD15 SNP12
cannot be excluded because allele 1 was significantly more frequent in cases than controls.
TDT results indicated association in sarcoidosis trios but not in families, thus replication of
the investigation is desirable. However, association and sequence anaysis results rule out a
magjor role for the CARD15 mutations that confer susceptibility to Crohn's disease and Blau
syndrome in the pathogenesis of sarcoidosis in Caucasians. This finding demonstrates the

genetic heterogeneity of granulomatous inflammatory disorders.

The association mapping and candidate gene testing results in patients suffering from
sarcoidosis should provide insights into the pathogenesis of this complex disease.



93

7.  Zusammenfassung: | dentifikation von Sarkoidose Krankheitsgenen
durch Assoziationsstudien und Kandidatengen Ansatze

Sarkoidose ist eine systemische Immunkrankheit mit vorwiegenden Manifestationen in der
Lunge, den Lymphknoten, den Augen und der Haut. Die Krankheit kann 21 Lungenfibrose
und chronischem Atemwegsversagen fuhren. Pathophysiologisch wird Sarkoidose durch eine
stark Ubertriebene T-Helferzellen Antwort charakterisiert. Mit Hilfe von Assoziationsstudien
konnte ein Sarkoidose Empfanglichkeitsgen auf Chromosom 6 identifiziert werden. Eine
vorher durchgefiihrte, genomweite Kopplungsstudie belegt einen Zusammenhang zwischen
der erweiterten MHC Region auf Chromosom 6p und der Atiologie von Sarkoidose.
Daraufhin wurde ein systematischer, dreistufiger Einzelnukleotid Poly morphismus (SNP)
Scan der 16,4 Mb auf Chromosom 6p2l fur 947 unabhéngige Félle von familidrer und
spontaner  Sarkoidose durchgefiihrt. Durch das Benutzen des TDT und von
Patient-/Kontrollanalysen, konnte ein 15 kb grosses Segment in der Néhe des 3' Endes des
BTNL2 Genes identifiziert werden, welches stark mit Sarkoidose assoziert ist. Die am
haufigsten mit der Krankheit assoziierte Variante, rs2076530, stellt einen Risikofaktor dar,
welcher komplett unabhéngig von der schon lénger bekannten Assoziation zwischen
Sarkoidose und DRB1 Allelen ist. DRB1 liegt ~200 kb entfernt von BTNL2. Letzteres ist ein
Mitglied der Immunglobulin Superfamilie. Die Homologie zu B7-1 impliziert, dass BTNL2
as co-stimulierendes Molekil fungiert. Das Risiko-Allel A von rs2076530 fihrt zum
aternativen Splicing des BTNL2 Transkriptes, welches zu einem friihzeitigen Abbruch der
Trangdlation fuhrt. Dem resultierenden gekurzten Protein fehlt die C-terminale IgC-Doméne
samt transmembraner Helix, weshalb die vermutete co stimulierende Funktion des Molekuls
gestort wird.

Es ist ein bekanntes Problem, spezifische Geneffekte von nahegelegenen HLA Loci zu
unterscheiden, wenn man potentielle Krankheitsgene kartiert, welche mit der MHC Region in
Verbindung stehen. Die HLA Molekile konnen selber Risikofaktoren fur die Krankheit
darstellen bzw. Marker auf Risiko Haplotypen sein. Da das BTNL2 Gen mit der
krankheitsassoziierten Variante in der Nahe von HLA-DRBL1 liegt, welches zuvor schon als
Risikofaktor fur Sarkoidose identifiziert wurde, wurde die HLA Region genotypisiert, um die
Effekte der belden Gene abzuschétzen. An Stelle von detaillierter Auflosung des HLA
Genotyps, wurde eine Hochdurchsatz Methode angewandt. Da aktuelle Methoden noch nicht

die ndtigen Anforderungen erfillen, wurde eine Methode entwickelt, welche nicht-
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elektrophoretisches scoring mit Genotypisieren von nichttberlappenden Allel-Gruppen

kombiniert, um eine hohe Anzahl an Patienten zu genotypisieren. Dabei erleichterte eine
spezidlle Software die Konstruktion des endglltigen DRB1 Genotyps, den Test auf
Mendelsche Vererbung, a's auch den Datenbank Import. Der Versuch wurde mit einer Anzahl
von 2.295 Individuen aus Kernfamilien und 538 nicht miteinander vewandten Kontroll-
Individuen durchgefiihrt. Die Erfolgsrate lag beim Genotypisieren bel 94,11%, und nur 1,3%
der Daten mussten wegen auftretender Mendelfehler vernachl&ssigt werden. Die HLA-DRB1
Allel Genotypisierungs-Strategie, welche in dieser Studie entwickelt wurde, kdnnte fir die
Genidentifikation bei anderen komplexen, HLA gekoppelten Autoimmunkrankheiten von

grosser Bedeutung sein.

Assoziationsstudien an Kandidatengenen werden generell fir Studien von komplexen
Krankheiten genutzt. Die Krankheiten Morbus Crohn, Blau Syndrom und Sarkoidose
uberlappen sich signifikant beziglich klinischer Phanotypen und ihrer Pathophysiologie. So
konnte in der Vergangenheit das Krankheitsgen CARD15 bei Morbus Crohn und beim Blau
Syndrom identifiziert werden. In unser Sarkoidose Studie kénnen wir nicht den geringen
Einfluss von CARD15 SNP12 ausschliessen, da Allel 1 hdufiger in Patienten als in
Kontrollpersonen zu finden ist. Die Ergebnisse des TDT lassen auf eine Assoziation in
Sarkoidose Trios aber nicht in Familen schliessen. Es wére wiinschenswert diese Ergebnisse
durch erneute Studien zu festigen und zu verifizieren. Trotz allem schlief3en die CARD15
Assoziations- und Sequenzanalysen eine grundlegende Beteiligung an der Pathogenese der
Sarkoidose aus. Diese Ergebnisse demonstrieren die genetische Heterogenitdt von

granulomattsen entzindlichen Krankheiten.

Die Ergebnisse der Assoziationsstudie und die Kandidatengen Testergebnisse sollten einen
Einblick in die Pathogenese der komplexen Krankheit Sarkoidose geben.



10.

11

13.

14.

15.

16.

95

Refer ences

Morton NE. Sequentia tests for the detection of linkage. Am J Hum Genet 1955;
7:277-318.

Nakamura Y, Leppert M, O'Connell P, et a. Variable number of tandem repeat
(VNTR) markers for human gene mapping. Science 1987; 235:1616-22.

Suarez BK, Rice J, Reich T. The generalized sib pair IBD distribution: its use in the
detection of linkage. Ann Hum Genet 1978; 42:87-%4.

Schaid DJ, Nick TG. Sib-pair linkage tests for disease susceptibility loci: common
tests vs. the asymptotically most powerful test. Genet Epidemiol 1990; 7:359-70.
Kruglyak L, Lander ES. Complete multipoint sib-pair analysis of qualitative and
quantitative traits. Am J Hum Genet 1995; 57:439-54.

Gibbs RA, Belmont JW, Hardenbol P, et a. The International HapMap Project. Nature
2003; 426:789-96.

Goldstein DB. Idands of linkage disequilibrium. Nat Genet 2001; 29:109-11.

Lewontin RC. The Interaction of Selection and Linkage. li. Optimum Models.
Genetics 1964, 50:757-82.

Devlin B, Risch N. A comparison of linkage disequilibrium measures for fine-scale
mapping. Genomics 1995; 29:311-22.

Daly MJ, Rioux JD, Schaffner SF, Hudson TJ, Lander ES. High-resolution haplotype
structure in the human genome. Nat Genet 2001; 29:229-32.

Gabrid SB, Schaffner SF, Nguyen H, et a. The structure of haplotype blocks in the
human genome. Science 2002; 296:2225-9.

Patil N, Berno AJ, Hinds DA, et a. Blocks of limited haplotype diversity revealed by
high-resolution scanning of human chromosome 21. Science 2001; 294:1719-23.

Reich DE, Cargill M, Bolk S, et a. Linkage disequilibrium in the human genome.
Nature 2001; 411:199-204.

Cullen M, Perfetto SP, Klitz W, Nelson G, Carrington M. High-resolution patterns of
meiotic recombination across the human major histocompatibility complex. Am J
Hum Genet 2002; 71:759-76.

Chapman NH, Thompson EA. Linkage disequilibrium mapping: the role of population
history, size, and structure. Adv Genet 2001; 42:413-37.

Johnson GC, Esposito L, Barratt BJ, et a. Haplotype tagging for the identification of
common disease genes. Nat Genet 2001; 29:233-7.



17.

18.

19.

21.

23.

24.

25.

26.

27.

28.

3L

96

Kumanovics A, Takada T, Lindahl KF. Genomic organization of the mammalian
MHC. Annu Rev Immunol 2003; 21:629-57.

Nei M, Gu X, Sitnikova T. Evolution by the birthand-death process in multigene
families of the vertebrate immune system. Proc Natl Acad Sci U S A 1997; 94:7799
806.

Ahmad T, Neville M, Marshall SE, et al. Haplotype-specific linkage disequilibrium
patterns define the genetic topography of the human MHC. Hum Mol Genet 2003;
12:647-56.

Jeffreys AJ, Kauppi L, Neumann R. Intensely punctate meiotic recombination in the
class 11 region of the major histocompatibility complex. Nat Genet 2001; 29:217-22.
Walsh EC, Mather KA, Schaffner SF, et a. An integrated haplotype map of the human
major histocompatibility complex. Am J Hum Geret 2003; 73:580- 90.

Stenzel A, Lu T, Koch WA, et al. Patterns of linkage disequilibrium in the MHC
region on human chromosome 6p. Hum Genet 2004; 22:22.

Ziv E, Burchard EG. Human population structure and genetic association studies.
Pharmacogenomics 2003; 4:431-41.

Cardon LR, Bell JI. Association study designs for complex disecases. Nat Rev Genet
2001, 2:91-9.

Spielman RS, Ewens WJ. The TDT and other family-based tests for linkage
disequilibrium and association. Am J Hum Genet 1996; 59:983-9.

Croucher PJ, Mascheretti S, Hampe J, et a. Haplotype structure and association to
Crohn's disease of CARD15 mutations in two ethnically divergent populations. Eur J
Hum Genet 2003; 11:6-16.

lannuzzi MC, Madliarik M, Rybicki BA. Nomination of a candidate susceptibility gene
in sarcoidosis: the complement receptor 1 gene. Am J Respir Cell Mol Biol 2002,
27:3-7.

Tabor HK, Risch NJ, Myers RM. Opinion: Candidate-gene approaches for studying
complex genetic traits: practical considerations. Nat Rev Genet 2002; 3:391-7.
Blencowe B. Exonic splicing enhancers. mechanism of action, diversity and role in
human genetic diseases. Trends Biochem Sci. 2000; 25:106- 10.

Cartegni L, Chew SL, Krainer AR. Listening to silence and understanding nonsense:
exonic mutations that affect splicing. Nat Rev Genet 2002; 3:285-98.

Genin E. Selection of single nucleotide polymorphisms for association studies in
candidate genes. Genet Epidemiol 2001; 21:S614-9,



32.

37.

4]1.

42,

97

loannidis JP, Ntzani EE, Trikalinos TA, Contopoulos-loannidis DG. Replication
validity of genetic association studies. Nat Genet 2001; 29:306-9.

Statement on sarcoidosis. Joint Statement of the American Thoracic Society (ATS),
the European Respiratory Society (ERS) and the World Association of Sarcoidosis and
Other Granulomatous Disorders (WASOG) adopted by the ATS Board of Directors
and by the ERS Executive Committee, February 1999. Am J Respir Crit Care Med
1999; 160:736-55.

Muller-Quernheim J. Sarcoidosis. immunopathogenetic concepts and their clinical
application. Eur Respir J 1998; 12:716-38.

Hillerdal G, Nou E, Osterman K, Schmekel B. Sarcoidosis. epidemiology and
prognosis. A 15 year European study. Am Rev Respir Dis 1984; 130:29-32.

Pietinalho A, Hiraga Y, Hosoda Y, Lofroos AB, Yamaguchi M, Selroos O. The
freqguency of sarcoidosis in Finland and Hokkaido, Japan. A comparative
epidemiological study. Sarcoidosis 1995; 12:61-7.

Siltzbach LE, James DG, Neville E, et al. Course and prognosis of sarcoidosis around
theworld. Am J Med 1974; 57:847-52.

Hunninghake GW, Costabel U, Ando M, et a. ATSERS/WASOG statement on
sarcoidosis. American Thoracic Society/European Respiratory Society/World
Association of Sarcoidosis and other Granulomatous Disorders. Sarcoidosis Vasc
Diffuse Lung Dis 1999; 16:149 73.

Drent M, Wirnsberger RM, Breteler MH, Kock LM, de Vries J, Wouters EF. Quality
of life and depressive symptoms in patients suffering from sarcoidosis. Sarcoidosis
Vasc Diffuse Lung Dis 1998; 15:59 66.

De Vries J, Drent M, Van Heck GL, Wouters EF. Quality of life in sarcoidosis. a
comparison between members of a patient organisation and a random sample.
Sarcoidosis Vasc Diffuse Lung Dis 1998; 15:183-8

Wirnsberger RM, de Vries J, Breteler MH, van Heck GL, Wouters EF, Drent M.
Evaluation of quality of life in sarcoidosis patients. Respir Med 1998; 92:750-6.
Wirnsberger RM, de Vries J, Wouters EF, Drent M. Clinical presentation of
sarcoidosis in The Netherlands an epidemiological study. Neth J Med 1998; 53:53-60.
lannuzzi MC. Clara cell protein in sarcoidosis. another job for the respiratory tract
protector? Am J Respir Crit Care Med 2004; 169:143-4.

McGrath DS, Goh N, Foley PJ, du Bois RM. Sarcoidosis. genes and microbes--soil or
seed? Sarcoidosis Vasc Diffuse Lung Dis 2001; 18:149-64.



47.

49,

IR

52.

57.

59.

98

du Bois RM, Goh N, McGrath D, Cullinan P. Is there a role for microorganisms in
the pathogenesis of sarcoidosis? J Intern Med 2003; 253:4-17.

Hance AJ. The role of mycobacteria in the pathogenesis of sarcoidosis. Semin Respir
Infect 1998; 13:197-205.

Jindal SK, Gupta D, Aggarwal AN. Sarcoidosis in developing countries. Curr Opin
Pulm Med 2000; 6:448-54.

Maeda H, Niimi T, Sato S, et a. Human herpesvirus 8 is not associated with
sarcoidosis in Japanese patients. Chest 2000; 118:923-7.

De Vuyst P, Dumortier P, Schandene L, Estenne M, Verhest A, Yernault JC.
Sarcoidlike lung granulomatosis induced by aluminum dusts. Am Rev Respir Dis
1987; 135:493-7.

Skelton HG, 3rd, Smith KJ, Johnson FB, Cooper CR, Tyler WF, Lupton GP.
Zirconium granuloma resulting from an aluminum zirconium complex: a previously
unrecognized agent in the development of hypersensitivity granulomas. J Am Acad
Dermatol 1993; 28:874-6.

Demedts M, Wells AU, Anto JM, et a. Interstitial lung diseases. an epidemiological
overview. Eur Respir J Suppl 2001; 32:2s-16s.

Rybicki BA, Mgor M, Popovich J, Jr., Maiarik MJ, lannuzzi MC. Racia differences
in sarcoidosis incidence: a 5-year study in a health maintenance organization. Am J
Epidemiol 1997; 145:234-41.

Baughman RP, Teirstein AS, Judson MA, et a. Clinical characteristics of patientsin a
case control study of sarcoidosis. Am J Respir Crit Care Med 2001; 164:1885-9.
Rybicki BA, lannuzzi MC, Frederick MM, et a. Familial aggregation of sarcoidosis.
A case-control etiologic study of sarcoidosis (ACCESS). Am J Respir Crit Care Med
2001, 164:2085-91.

Rybicki BA, Kirkey KL, Major M, et a. Familial risk ratio of sarcoidosis in African
American sibs and parents. Am J Epidemiol 2001; 153:188-93.

Jorgensen G. The genetics of sarcoidosis. Acta Med Scand Suppl 1964; 425:209-12.
Willoughby JM, Mitchell DN, Wilson JD. Sarcoidosis and Crohn disease in siblings.
Am Rev Respir Dis 1971; 104:249-54.

Schurmann M, Reiche P, Muller-Myhsok B, Schlaak M, Muller-Quernheim J,
Schwinger E. Results from a genome-wide search for predisposing genes in
sarcoidosis. Am J Respir Crit Care Med 2001; 164:840-6.

Podolsky DK. Inflammatory bowel disease (1). N Engl J Med 1991; 325:928-37.



61.

62.

67.

69.

70.

71

72.

99

Blau EB. Familial granulomatous arthritis, iritis, and rash. J Pediatr 1985; 107:689
93.

Schurmann M, Lympany PA, Reichel P, et a. Familial sarcoidosis is linked to the
major histocompatibility complex region. Am J Respir Crit Care Med 2000; 162:861-
4

Rybicki BA, Mdiarik MJ, Poisson LM, et a. The major histocompatibility complex
gene region and sarcoidosis susceptibility in African Americans. Am J Respir Crit
Care Med 2003; 167:444-9.

Cooke GS, Hill AV. Genetics of susceptibility to human infectious disease. Nat Rev
Genet 2001; 2:967-77.

Martinetti M, Luisetti M, Cuccia M. HLA and sarcoidosis. new pathogenetic insights.
Sarcoidosis Vasc Diffuse Lung Dis 2002; 19:83-95.

Lenhart K, Kolek V, Bartova A. HLA antigens associated with sarcoidosis. Dis
Markers 1990; 8:23-9.

InaY, TakadaK, Yamamoto M, MorishitaM, SendaY, Torii Y. HLA and sarcoidosis
in the Japanese. Chest 1989; 95:1257-61.

Kunikane H, Abe S, Yamaguchi E, et al. Analysis of restriction fragment length
polymorphism for the HLA-DR gene in Japanese patients with sarcoidosis. Thorax
1994; 49:573-6.

Kunikane H, Abe S, Tsuneta VY, et a. Role of HLA-DR antigens in Japanese patients
with sarcoidosis. Am Rev Respir Dis 1987; 135:688-91.

Nowack D, Goebel KM. Genetic aspects of sarcoidosis. Class Il histocompatibility
antigens and a family study. Arch Intern Med 1987; 147:481-3.

Swider C, Schnittger L, Bogunia-Kubik K, et a. TNF-alpha and HLA-DR genotyping
as potential prognostic markers in pulmonary sarcoidosis. Eur Cytokine Netw 1999;
10:143-6.

Berlin M, Fogdell-Hahn A, Olerup O, et a. HLA-DR predicts the prognosis in
Scandinavian patients with pulmonary sarcoidosis

Myelin oligodendrocyte glycoprotein: a novel candidate autoantigen in multiple
sclerosis. Am JRespir Crit Care Med 1997; 156:1601-5.

Foley PJ, McGrath DS, Puscinska E, et a. Human leukocyte antigenrDRB1 position
11 residues are a common protective marker for sarcoidosis. Am J Respir Cell Mol
Biol 2001; 25:272-7.



73.

74.

75.

76.

78.

79.

8L

82.

100

Sharma SK, Balamurugan A, Pandey RM, Saha PK, Mehra NK. Human leukocyte
antigen-DR alleles influence the clinical course of pulmonary sarcoidosis in Asian
Indians. Am J Respir Cell Mol Biol 2003; 29:225-31.

Rossman MD, Thompson B, Frederick M, et a. HLA-DRB1*1101: a significant risk
factor for sarcoidosis in blacks and whites. Am J Hum Genet 2003; 73:720-35.

Foley PJ, Lympany PA, Puscinska E, Zielinski J, Welsh K, du Bois RM. Analysis of
MHC encoded antigen-processing genes TAP1 and TAP2 polymorphisms in
sarcoidosis. Am J Respir Crit Care Med 1999; 160:1009-14.

lannuzzi MC, Madiarik MJ, Poisson LM, Rybicki BA. Sarcoidosis susceptibility and
resistance HLA-DQB1 dlleles in African Americans. Am J Respir Crit Care Med
2003; 167:1225-31.

Sato H, Grutters JC, Pantelidis P, et a. HLA-DQB1*0201: a marker for good
prognosis in British and Dutch patients with sarcoidosis. Am J Respir Cell Mol Biol
2002; 27:406-12.

Richeldi L, Sorrentino R, Saltini C. HLA-DPB1 glutamate 69: a genetic marker of
beryllium disease. Science 1993; 262:242-4.

Maliarik MJ, Chen KM, Major ML, et a. Analysis of HLA-DPB1 polymorphisms in
AfricanrAmericans with sarcoidosis. Am J Respir Crit Care Med 1998; 158:111-4.
Mungall AJ, Pamer SA, Sims SK, et a. The DNA sequence and analysis of human
chromosome 6. Naure 2003; 425:805-11.

Hampe J, Shaw SH, Saiz R, et d. Linkage of inflammatory bowel disease to human
chromosome 6p. Am J Hum Genet 1999; 65:1647-55.

Jenisch S, Henseler T, Nair RP, et a. Linkage analysis of human leukocyte antigen
(HLA) markers in familial psoriasis: strong disequilibrium effects provide evidence
for amajor determinant in the HLA-B/-C region. Am J Hum Genet 1998; 63:191-9.
Gaffney PM, Kearns GM, Shark KB, et a. A genome-wide search for susceptibility
genes in human systemic lupus erythematosus sib-pair families. Proc Natl Acad Sci U
S A 1998; 95:14875-9.

Todd JA. Genetic control of autoimmunity in type 1 diabetes. Immunol Today 1990;
11:122-9,

Okamoto K, Makino S, Yoshikawa Y, et a. Identification of | kappa BL as the second
major histocompatibility complex-linked susceptibility locus for rheumatoid arthritis.
Am J Hum Genet 2003; 72:303-12.



87.

oL

92.

93.

95.

97.

101

Haines JL, TerMinassian M, Bazyk A, et a. A complete genomic screen for
multiple sclerosis underscores a role for the major histocompatability complex. The
Multiple Sclerosis Genetics Group. Nat Genet 1996; 13:469-71.

Amor M, Parker KL, Globerman H, New MI, White PC. Mutation in the CYP21B
gene (lle-172----Asn) causes steroid 21-hydroxylase deficiency. Proc Natl Acad Sci U
S A 1988; 85:1600-4

Dupont B, Oberfield SE, Smithwick EM, Lee TD, Levine LS. Close genetic linkage
between HLA and congenital adrenal hyperplasia (21- hydroxylase deficiency). Lancet
1977; 2:1309-12.

Feder JN, Gnirke A, Thomas W, et a. A novel MHC class I-like gene is mutated in
patients with hereditary haemochromatosis. Nat Genet 1996; 13:399-408.

Ozaki K, Ohnishi Y, lida A, et a. Functional SNPs in the lymphotoxin-alpha gene that
are associated with susceptibility to myocardial infarction. Nat Genet 2002; 32:650-4.
Furuya K, Yamaguchi E, Itoh A, et a. Deletion polymorphism in the angiotensin |
converting enzyme (ACE) gene as a genetic risk factor for sarcoidosis. Thorax 1996;
51:777-80.

Maliarik MJ, Rybicki BA, Malvitz E, et a. A ngiotensin-converting enzyme gene
polymorphism and risk of sarcoidosis. Am J Respir Crit Care Med 1998; 158:1566-70.
Papadopoulos KI, Melander O, Orho-Melander M, Groop LC, Carlsson M, Hallengren
B. Angiotensin converting enzyme (ACE) gene polymorphism in sarcoidosis in
relation to associated autoimmune diseases. J Intern Med 2000; 247:71-7.

Schurmann M, Reichel P, Muller-Myhsok B, et a. Angiotensin-converting enzyme
(ACE) gene polymorphisms and familial occurrence of sarcoidosis. J Intern Med
2001, 249:77-83.

McGrath DS, Foley PJ, Petrek M, et a. Ace gene I/D polymorphism and sarcoidosis
pulmonary disease severity. Am J Respir Crit Care Med 2001; 164:197-201.
Ziegenhagen MW, Muller-Quernheim J. The cytokine network in sarcoidosis and its
clinical relevance. J Intern Med 2003; 253:18-30.

Zheng L, Teschler H, Guzman J, Hubner K, Striz I, Costabel U. Alveolar macrophage
TNF-alpha release and BAL cell phenotypes in sarcoidosis. Am J Respir Crit Care
Med 1995; 152:1061-6.

Seitzer U, Swider C, Stuber F, et a. Tumour necrosis factor apha promoter gene
polymorphism in sarcoidosis. Cytokine 1997; 9:787-90.



100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

102

Higuchi T, Seki N, Kamizono S, et a. Polymorphism of the 5'-flanking region of

the human tumor necrosis factor (TNF)-alpha gene in Japanese. Tissue Antigens 1998;
51:605-12.

Somoskovi A, Zissel G, Seitzer U, Gerdes J, Schlask M, Muller Quernheim J.
Polymorphisms at position -308 in the promoter region of the TNF-apha and in the
first intron of the TNFbeta genes and spontaneous and lipopolysaccharide induced
TNF-alpha release in sarcoidosis. Cytokine 1999; 11:882-7.

HizawaN, Yamaguchi E, Furuya K, Jinushi E, I1to A, Kawakami Y. Therole of the C-
C chemokine receptor 2 gene polymorphism V64l (CCR264l) in sarcoidosis in a
Japanese population. Am J Respir Crit Care Med 1999; 159:2021-3.

Petrek M, Drabek J, Kolek V, et a. CC chemokine receptor gene polymorphisms in
Czech patients with pulmonary sarcoidosis. Am J Respir Crit Care Med 2000;
162:1000-3

Spagnolo P, Renzoni EA, Wells AU, et al. C-C chemokine receptor 2 and sarcoidosis:
association with Lofgren's syndrome. Am J Respir Crit Care Med 2003; 168:1162-6.
Tromp G, Kuivaniemi H, Raphadl S, et a. Genetic linkage of familia granulomatous
inflammatory arthritis, skin rash, and uveitis to chromosome 16. Am J Hum Genet
1996; 59:1097-107.

Hugot JP, LaurentPuig P, Gower-Rousseau C, et a. Mapping of a susceptibility locus
for Crohn's disease on chromosome 16. Nature 1996; 379:821-3

Hampe J, Schreiber S, Shaw SH, et a. A genomewide analysis provides evidence for
novel linkages in inflammatory bowel disease in a large European cohort. Am J Hum
Genet 1999; 64:808-16.

Cavanaugh J. International collaboration provides convincing linkage replication in
complex disease through analysis of a large pooled data set: Crohn disease and
chromosome 16. Am J Hum Genet 2001; 68:1165-71.

Hugot JP, Chamaillard M, Zouali H, et al. Association of NOD2 leucine-rich repeat
variants with susceptibility to Crohn's disease. Nature 2001; 411:599-603.

OguraY, Bonen DK, InoharaN, et a. A frameshift mutation in NOD2 associated with
susceptibility to Crohn's disease. Nature 2001; 411:603-6.

Hampe J, Cuthbert A, Croucher PJ, et a. Association between insertion mutation in
NOD2 gene and Crohn's disease in German and British populations. Lancet 2001,
357:1925-8



111

112.

113

114.

115.

116.

117.

118.

119.

121

103

Schreiber S, Nikolaus S, Hampe J. Activation of nuclear factor kappa B
inflammatory bowel disease. Gut 1998; 42:477-84.

Drent M, van den Berg R, Haenen GR, van den Berg H, Wouters EF, Bast A. N~
kappaB activation in sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis 2001; 18:50-6.
Beutler B. Autoimmunity and apoptosis: the Crohn's connection. Immunity 2001,
155-14.

Costabel U, Hunninghake GW. ATSERSWASOG statement on sarcoidosis.
Sarcoidosis Statement Committee. American Thoracic Society. European Respiratory
Society. World Association for Sarcoidosis and Other Granulomatous Disorders. Eur
Respir J 1999; 14:735-7.

Livak KJ. Alldic discrimination using fluorogenic probes and the 5' nuclease assay.
Genet Ana 1999; 14:143-9.

Kutyavin IV, AfoninalA, Mills A, et a. 3'-minor groove binder-DNA probes increase
sequence specificity at PCR extension temperatures. Nucleic Acids Res 2000; 28:655
61.

Lantermann A, Gong J, Hampe J, Schreiber S. Development of a Single Nucleotide
Polymorphism Map in the HLA-Region on Chromosome 6, German Human Genome
Project (DHGP), Jahrestagung, Braunschweig, Germany, November, 2001.

Hampe J, Grebe J, Nikolaus S, et a. Association of NOD2 (CARD 15) genotype with
clinical course of Crohn's disease: a cohort study. Lancet 2002; 359:1661-5.

Lesage S, Zouai H, Cezard JP, et a. CARD15/NOD2 mutational analysis and
genotype- phenotype correlation in 612 patients with inflammatory bowel disease. Am
J Hum Genet 2002; 70:845-57.

Zhang Y, Costin C, Giang C, Vorhaben R, Stastny P. Typing for al known HLA-DR
alleles by group-specific PCR and flow cytometry-based multiplexed single nucleoctide
extension. Hum Immunol 2003; 64:S38.

Cordovado SK, Simone AE, Mueller PW. Highresolution sequence-based typing
strategy for HLA-DQAL1 using SSP-PCR and subsequent genotyping analysis with
novel spreadsheet program. Tissue Antigens 2001; 58:308-14.

Geranton S, Rostagnat-Stefanutti A, Bendelac N, et al. Highrisk genotype for type 1
diabetes: a new simple microtiter plate-based ELOSA assay. Genet Test 2003; 7:7-12.
Bodmer JG, Marsh SG, Albert ED, et al. Nomenclature for factors of the HLA system,
1990. Hum Immunol 1991; 31:186-9%4.



124,

127.

130.

131

133

134.
135

104

Marsh SG, Albert ED, Bodmer WF, et al. Nomenclature for factors of the HLA
system, 2002. Eur J Immunogenet 2002; 29:463-515.

Moran P, Dightman DA, Park LK. Nonelectrophoretic genotyping using alele-specific
PCR and a dsDNA -specific dye. Biotechniques 1998; 24:206-8, 210, 212.

Nurmi J, Kiviniemi M, Kujanpaa M, Sjoroos M, Ilonen J, Lovgren T. High-throughput
genetic analysis using time-resolved fluorometry and closed-tube detection. Anal
Biochem 2001; 299:211-7.

Wu J, Griffith BB, Bassinger S, et a. Strategies for Unambiguous Detection of Allelic
Heterozygosity via Direct DNA Sequencing of PCR Products: Application to the HLA
DRB1 Locus. Mol Diagn 1996; 1:89-98.

Wu J, Williams TM. DRBL/3/5 Locus Segquence Based Allele Identification. In:
Tilanus MGJ, Hansen JA, Hurley C, eds. IHWG Technical Manual Genomic Analysis
of the Human MHC - DNA-Based Typing for HLA Alleles and Linked
Polymorphisms. International Histocompatibility Working Group, 2002.

Kimura A, Sasazuki T. Eleventh International Histocompatibility Workshop reference
protocol for the HLA DNA -typing technique, 1991. Oxford University Press, Oxford.
Hampe J, Wallstein A, Lu T, et a. An integrated system for high throughput TagMan
based SNP genotyping. Bioinformatics 2001; 17:654-5.

Matise TC, Sachidanandam R, Clark AG, et al. A 3.9-centimorganresolution human
single-nucleotide polymorphism linkage map and screening set. Am J Hum Genet
2003; 73:271-84.

Micdli-Richard C, Lesage S, Rybojad M, et . CARD15 mutations in Blau syndrome.
Nat Genet 2001; 29:19-20.

Wang X, Kuivaniemi H, Bonavita G, e a. CARD15 mutations in familia
granulomatosis syndromes: a study of the origina Blau syndrome kindred and other
families with large-vessel arteritis and cranial neuropathy. Arthritis Rheum 2002;
46:3041-5.

Hardy G. Mendelian proportions in a mixed population. Science 1908; 28:49-50.
Weinberg W. On the demongtration of heredity in man. Naturkunde in Wurttemberg,
Stuttgart 1908; 64:368-382.

Spielman RS, McGinnis RE, Ewens WJ. Transmission test for linkage disequilibrium:
the insulin gene region and insulin-dependent diabetes mellitus (IDDM). Am J Hum
Genet 1993; 52:506-16.



137.

138.

139.

140.

141

142,

143.

144.

145,

146.

147.

148.

149.

150.

105

Spielman RS, McGinnis RE, Ewens WJ. The transmission/disequilibrium test
detects cosegregation and linkage. Am J Hum Genet 1994; 54:559 60.

Terwilliger JD. A powerful likelihood method for the analysis of linkage
disequilibrium between trait loci and one or more polymorphic marker loci. Am J
Hum Genet 1995; 56:777-87.

Clayton D, Jones H. Transmission/disequilibrium tests for extended marker
haplotypes. Am J Hum Genet 1999; 65:1161-9.

Kruglyak L, Daly MJ, Reeve-Daly MP, Lander ES. Parametric and nonparametric
linkage analysis: a unified multipoint approach. Am J Hum Genet 1996; 58:1347-63.
Krawczak M, Konecki DS, Schmidtke J, et a. Allelic association of the cystic fibrosis
locus and two DNA markers, XV2c and KM19, in 55 German families. Hum Genet
1988; 80:78-80.

Kruglyak L. Prosgects for whole-genome linkage disequilibrium mapping of common
disease genes. Nat Genet 1999; 22:139-44.

Rhodes DA, Stammers M, Malcherek G, Beck S, Trowsdale J. The cluster of BTN
genes in the extended major histocompatibility complex. Genomics 2001; 71:351-62.
Stammers M, Rowen L, Rhodes D, Trowsdale J, Beck S. BTL-I1: a polymorphic locus
with homology to the butyrophilin gene family, located at the border of the maor
histocompatibility complex class Il and class Il regions in human and mouse.
Immunogenetics 2000; 51:373-82.

Krawczak M, Reiss J, Cooper DN. The mutational spectrum of single base-pair
substitutions in MRNA splice junctions of human genes. causes and conseguences.
Hum Genet 1992; 90:41-54.

Long M, Deutsch M. Association of intron phases with conservation at splice site
sequences and evolution of spliceosomal introns. Mol Biol Evol 1999; 16:1528-34.
Sharpe AH, Freeman GJ. The BZCD28 superfamily. Nat Rev Immunol 2002; 2:116-
26.

Nurieva RI, Ma XM, Forbush K, Bevan MJ, Dong C. B7h is required for T cell
activation, differentiation, and effector function. Proc Natl Acad Sci U S A 2003;
100:14163-8.

Ermann J, Fathman CG. Costimulatory signals controlling regulatory T cells. Proc
Natl Acad Sci U S A 2003; 100:15292- 3.

Dong C, Nurieva RI, Prasad DV. Immune regulation by novel costimulatory
molecules. Immunol Res 2003; 28:39-48.



151

152,

153.

155,

157.

158

159.

160.

161.

162.

163.

164.

106

Hampe J, Wienker T, Nurnberg P, Schreiber S. Mapping genes for polygenic
disorders: considerations for study design in the complex trait of inflammatory bowel
disease. Hum Hered 2000; 50:91-101.

Livak KJ, Flood SJ, Marmaro J, Giusti W, Deetz K. Oligonucleotides with fluorescent
dyes at opposite ends provide a quenched probe system useful for detecting PCR
product and nucleic acid hybridization. PCR Methods Appl 1995; 4:357-62.

Yan SD, Chen X, Fu J, et d. RAGE and amyloid-beta peptide neurotoxicity in
Alzheimer's disease. Nature 1996; 382:685-91.

Hofmann MA, Drury S, Fu C, et d. RAGE mediates a novel proinflammatory axis. a
central cell surface receptor for S100/calgranulin polypeptides. Cell 1999; 97:889-901.
We J, Hemmings GP. The NOTCH4 locus is associated with susceptibility to
schizophrenia. Nat Genet 2000; 25:376-7.

McGinnis RE, Fox H, Yates P, et al. Failure to confirm NOTCH4 association with
schizophrenia in a large population-based sample from Scotland. Nat Genet 2001;
28:128-9.

Henry J, Miller MM, Pontarotti P. Structure and evolution of the extended B7 family.
Immunol Today 1999; 20:285-8.

Bernard CC, Johns TG, Slavin A, et a. Myelin oligodendrocyte glycoprotein: a novel
candidate autoantigen in multiple sclerosis. J Mol Med 1997; 75:77-83.

Breithaupt C, Schubart A, Zander H, et a. Structura insights into the antigenicity of
mydin oligodendrocyte glycoprotein. Proc Natl Acad Sci U S A 2003; 100:9446-51.
Borriello F, Sethna MP, Boyd SD, et a. B7-1 and B7-2 have overlapping, critical roles
in immunoglobulin class switching and germina center formation. Immunity 1997;
6:303-13.

Callins AV, Brodie DW, Gilbert RJ, et al. The interaction properties of costimulatory
molecules revisited. Immunity 2002; 17:201-10.

Walunas TL, Bakker CY, Bluestone JA. CTLA-4 ligation blocks CD28-dependent T
cell activation. J Exp Med 1996; 183:2541-50.

Carreno BM, Collins M. The B7 family of ligands and its receptors: new pathways for
costimulation and inhibition of immune responses. Annu Rev Immunol 2002; 20:29-
53.

Agadjanyan MG, Chattergoon MA, Holterman MJ, et a. Costimulatory molecule
immune enhancement in a plasmid vaccine modd is regulated in part through the Ig
constant-like domain of CD80/86. J Immunol 2003; 171:4311-9,



165.

166.

167.

168.

169.

170.

171

172.

173.

174.

175

176.
177.

107

Zissel G, Ernst M, Rabe K, et d. Human aveolar epithelia cells type Il are
capable of regulating T-cell activity. J Investig Med 2000; 48:66- 75.

Ueda H, Howson JM, Esposito L, et a. Association of the T-cell regulatory gene
CTLA4 with susceptibility to autoimmune disease. Nature 2003; 423:506-11.

Luisetti M, Beretta A, Casali L. Genetic aspects in sarcoidosis. Eur Respir J 2000;
16:768-80.

Kirsten D. Sarcoidosis in Germany. Analysis of a questionnaire survey in 1992 of
patients of the German Sarcoidosis Group. Pneumologie 1995; 49:378-82.

McGrath DS, Daniil Z, Foley P, et a. Epidemiology of familia sarcoidosisin the UK.
Thorax 2000; 55:751-4.

Rybicki BA, Maliarik MJ, Bock CH, et a. The Blau syndrome gene is not a major risk
factor for sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis 1999; 16:203-8

Cuthbert AP, Fisher SA, Mirza MM, et a. The contribution of NOD2 gene mutations
to the risk and site of disease in inflammatory bowel disease. Gastroenterology 2002;
122:867-74.

Consolandi C, Busti E, Pera C, et a. Detection of HLA polymorphisms by ligase
detection reaction and a universal array format: a pilot study for low resolution
genotyping. Hum Immunol 2003; 64:168-78.

Feolo M, Fuller TC, Taylor M, Zone JJ, Neuhausen SL. A strategy for high throughput
HLA-DQ typing. J Immunol Methods 2001; 258:65-71.

Sateva K, Elsner HA, AlbisCamps M, Blasczyk R. HLA-DRB fluorotyping by dark
guenching and automated analysis. Tissue Antigens 2001; 58:250-4.

Hunninghake GW, Gadek JE, Kawanami O, Ferrans VJ, Crystal RG. Inflammatory
and immune processes in the human lung in hedth and disease: evaluation by
bronchoalveolar lavage. Am J Pathol 1979; 97:149- 206.

Roitt I, Brostoff J, Male D. Immunology; sixth edition. 2001;87-103.

Alberts B, Jochnson A, Lewis J, et al. Molecular biology of the cell; fourth edition.
2001; 1392-1409.



0.

Appendix

9.1. Supplemental data

9.1.1. Primer and probe information for chromosome 6 assays

Table 15. Part 1: Primers and probes of SNP assays

108

OCAGAGGTCTCCTGTAACCCA

TET- AGCAAAGGAGAAGCTGAGAAGACGAAGGAAAAG

Mar ker hCQV nunber * Gene Posi t Priners: Probes Sanpl e used
ion Forward 5 -3’
(NGB Reverse 5'-3’
) M8
rs2073528 hCv11255445 BTN3A2 26, 44 Expl orat ory/ exten
sion
rs2072803 hCv2474923 BTN2A2 26, 46 Expl or at ory/ exten
sion
- hCv2474907 BTN3AL 26, 48 Exploratory/exten
sion
- hCv2474883 26, 50 Expl or at ory/ ext en
sion
- hCv9804528 26,54 Expl oratory/ exten
sion
rs3736781 hCv9804725 BTN1AL 26, 57 Exploratory/exten
sion
rs126007 27,80 TCCTTAACCAACCTCATCCTGG FAM AGAAGAGCAGCAACCAAAGECTAACGTGA Expl orat ory-
TGGTAACTCGACAGCTGATTCTTG TET- AGAAGAGCAGCAAACAAAGECTAACGTGAGA screen
1929042 RFP 28, 95 OXACGTGIGGT TCACACC FAM CTGTAGCT GBOGAGGAAGGECAGEAGT Exploratory-
CTCOGTGTACAATGTGTCCGTG TET- CTGTAGCTGEOGAGGAAGCCAGGAGT screen
rs53161 29, 56 ACECTGTCCACGTGCAC FAM AAGEECAACATACACAATGIGI TTACCAAAAT T Expl orat ory-
GCAGAGTTGAACCAGTATATAACCTTTC TET- AAGGGECAACATACACATTGTGT TTACCAAAATT screen
rs404240 UBD 29,59 OCACAAGAAACAAGEECARC FAM TCTTGGAGCOCAGOGAAAGAACCTG Expl orat ory-
GAACATGTCCGGTCTAAGACCAA TET- ATCTTGGAGOOCAGCAAAAGAACCTGG screen
rs362536 UBD 29, 59 TGGAGAGAACCTGEAATTAAGEC FAM ATTGEGAGAATATTTCTGAATGEAGTATGAGSGAG Expl orat ory-
GGACTATATCTAAGTCTTACTTCAATAGCTGGA TET- TATCTAGATTGGGAAAATATTTCTGAATGGAGTATGAGEG screen
rs1805057 GABBRL 29, 64 OCATCTG3ECCTTGECA FAM AGGAGEOEXOGT TCTAGIGIG Exploratory-
GGTAATGGTCTGGTTGITGTAGTTGAA TET- TGGAGGAGECAGCCGT TCTGGTGT screen
rs3130253 MOG 29,73 GITCTCCTOEOEEIACTG FAM CACTCTTGEOCTGGTCTTACTCTAC Expl orat ory-
OOCACCCTCTGOCCTGTAC TET- TCACTCTTGEOCTCATCTTCCTCTGCCT screen
rs1569315 HLA-G 29, 85 OGCAGGTCCTCGI TCAGG FAM AGGAGEOGTCOGTCEGACCC Expl orat or y-
AGTGGATGATTGECTGCGA TET- AGGAGECGACOGTCGGACCC screen
rs8347 HCG-V 30, 10 AGGAGACCT CAGAGCTCCCAG FAM AAATGGAATAAGAAATAATCATATCCTTTCTTCOCACCC Expl orat ory-
AAGTGACCAATCTCAAGCCAGC TET- AAATGGAACAAGAAATAATCATATCCTTTCTTOOCACC screen
rs1264457 HLA-E 30, 52 CTCACACCCTGCAGIGGATG FAM QOCGACAGECGCT TCCTCCG Exploratory-
AGGGTGAGATAATCCTTGOOG TET- CCOGACGEE0GCTTCCTCC screen
rs2074510 GTF2HA 30,94 GAGTGCAGOGTCTATTCTCATCC FAM CATTCTGAGCTCT TGOCTGIGAAATCTTTC Expl orat or y-
TTGECTCCTGRAGATTGAGG TET- CCATTCTGEECTCTTTCCTGTGAAATCTTTC screen/ ext ensi on
3095318 CDSN 31,15 CGICTORACACCTG FAVF CACGGGATGATGACACTGLTCCT Expl or at or y-
AGACACACAGACTAGAGGTAGGTGICA TET- CACGGGATGT TGRCACTGCTCCT screen
rs2073721 SC1 31,19 GGTGGACCAAAGAGCCTGC FAM ACCT GEEGAAGTGEEGACCACG Expl oratory-
CATCCAGTTCOGOCAACAC TET- ACCTGEEGAAATGEEGACCACG screen
rs1050393 HLA-C 31,30 GGAGTATTAECACCEEGAG FAM CCAGECACAGECTGACCGAGTG Expl orat ory-
COGCTCTGGTTGTAGTAGOCG TET- OGOCAGGCACAGACTGACCGAGT screen
rs1051488 HCA-B 31,38 CTGGOCTGGCTGICCTAGC FAMF ACCTGTGGTOGCTGCTGI GATGTGA Expl or at or y-
CTTCOCAGTAATGAGECAGEG TET- AGCTGTGGTOGCTACTGTGATGTGAGGAG screen
rs1063630 M CA 31,44 OCCCAGAGCCCCACAGTCTT FAM ATOOOOGGACAGCA Expl orat ory/ exten
AGAAACCCTGACTGCACAGATC VI G- CATOOCAGGACAGCA sion
rs1063635 M CA 31,44 CTTTGAGOCACGACACCCA FAM ACCAGGAT TTGOCAAGGAGAGGAGCA Expl oratory-
GGCTCACCAGAGGECACA VI G- ACCAGGATTTGOCGAGGAGAGGAGC screen/ ext ensi on
| 153828016 | hCV3273671 31,53 EXpl or at or y/ ext en
sion
rs3131639 M CB 31,53 GCAGAAACGCAGEECAAA FAM CAGGACATTTTCTG Expl orat ory/ exten
TGTCAAGTCCTOGGTCTCTGTGT TET- AGGACATCTTCTGOC sion
rs3134900 M CB 31,53 CTTGEGTGAAAGGTGATGS FAM TCTGTGAGATCCATGAAGACAGCAGCACC Expl orat ory-
GGTTTTGEGAGAGGAAGACCTC TET- CTGTGAGATGCATGAAGACAGCAGCACC screen/ ext ensi on
ACD06046_G3 M CB 31,53 CTGCTCTAOCCTTTCTTCTC FAM TGCAGATGACATTCA Expl or at or y/ ext en
0156A OGGTGATGTTGOCCTCTGA TET- TGCAGGTGACATTC sion
r 3130062 I'’kBL 31,59 CGEGAACATGCCCAGAAGT FAM TOGACAGGATOOCTCTGCTTCTOG Expl orat ory-
GECTGGAGCCCTCAGCA TET- TOGACGGGATCCCTCTACTTCTC screen/ ext ensi on
rs1800683 hCv7514865 LTA 31, 60 Explorat ory/exten
sion
rs1041981 LTA 31, 60 COOGTCAGCACCOCAAGATG FAM TGOOCACAGCAACCTCAAACCTGC Expl or at ory/ ext en
TGGEGAGGTCAGGTGGATGITTACC TET- TTGOOCACAGCACCCTCAAACCTG sion
rs1799964 TNFa 31, 60 GATGGEGACTCACCAGGT GAGG FAM AGCAAAGGAGAAGCT GAGAAGATGAAGGAAAAGTC Expl orat ory-

screen/ ext ensi on




Table 15. Part 2: Primers and probes of SNP assays

109

CAAAAAGGCAGDGGTACTG

TET- TOGTQOGAAGGTCT

Nar ker hCV nunber * Gene Posi t Priners: Probes Sanpl e used
ion Forward 5' -3’
(NCBI) Reverse 5' -3’
MB
rs1799742 TNFa 31, 60 TCCAGEGCTATGAAAGTCGA FAM AGTATGEEGACCCOOCCT TAATGAAGA Exploratory-
TGCTGGTTTCAGTCTTGECT TET- TATGEGEGACCCCOCCTTAACGAAG screen
rs1800629 TNFa 31, 60 CCTGCATCCTGTCTGGAAGT TAGAAG FAM AACCOOGTCCTCATGOOCCTC Expl orat ory-
TGGEOCACTGACTGATTTGIGTGT TET- AACCCCGTCOOCATGOOOCTC screen
rs361525 TNFa 31, 60 CAGTGEOOCAGAAGACCC FAM AATCAGAGCAGEGAGGATGEEA Expl orat ory-
AGCATCAAGGATACCCCTCAC TET- AATCGGAGCAGEGAGGATGEG screen
rs707916 DDAH2 31,76 CTGGAGCOGEEAGTAGTGC FAM TTTATACTAGGTCGT GCTAGEEGECAGCGT Expl orat ory-
OGAGCCTAAGGAGT TAAGCATCC TET- TTTATACTAGGTCGOGCTAGEEECAGC screen
rs707926 VARS2 31,81 GGTCCAGTGEGAGCAGTCAG FAM CCATAGATGACGT CCAGEGATCGAT Exploratory-
TCACGEOCGGAAGATGAG TET- CCATAGATGACATCCAGEEGATCCATG screen
rs2075800 HSP70- 31,84 AACGAGCTCCTTTOGTGXT FAM CATAAGAGAAAGAAT TGGAGCAGATGTGTAACCC Expl oratory-
HOM CACATACCCTGT TOOGCAGG TET- TCATAAGAGAAAGGAAT TGAAGCAGATGTGTAACCC screen
rs539689 HSPA1B 31, 86 CAAAGT CCTTGAGTCOCAACAGT FAM COOGAAGCCEOCAGECC Expl orat ory-
AACCCCATCATCAGOGGA TET- COO0GAAGCOO0CAGEC screen
AF019413_CG8 c2 31, 96 TGAGOGT TGOCATTATCACC FAM- TOOOGEGATATGACT GAGGTGATCAGC Expl orat ory-
9532G TCCTCTCTCATCACCATCACGT TET- OOOGEGATATGACTGACGTGATCAGC screen
rs1035798 AGER 32,18 CCAGGGTCTTCTCCAAGEC FAM TGOCTCATTTOCACATACAGAGT TTGAGAAC Expl orat ory-
GCOGTGAGT TCAGAGECAG TET- TGEOCTCATTTCCACACACAGAGITTGA screen
rs2070600 AGER 32,18 AGEOCCCTGEGACAGTGT FAM CCAACGGCTOCCT Exploratory/exten
COGACAGOOGGAAGGAA TET- CCAACAGCTOOCTC sion
r 1800624 hCv3293837 AGER 32,18 Expl or at ory/ ext en
sion
rs2071287 hCv3293818 NOTCH4 32,20 Expl or at or y/ ext en
sion
rs384247 hCv2412441 NOTCHA 32,21 Expl orat ory/ exten
sion
rs915894 hCv3293780 NOTCH4 32,22 Expl or at ory/ exten
sion
r 436845 hCv2412414 32,22 Expl or at ory/ ext en
sion
rs560505 hCv2495657 GCoor f 10 32,29 Expl or at or y/ ext en
sion
TS485774 RCV2495577 Toor 710 32,32 EXpl or at or y/ ext en
sion
rs552339 hCv2495574 Coor f 10 32,32 Expl orat ory/ exten
sion
rs761187 hCv2234065 Coéor f 10 32,34 Expl or at ory/ ext en
sion
rs2073044 hCv2488525 GCeor f 10 32,37 Expl orat ory/ exten
sion
| 152050190 | hCv2488524 Coorf 10 32,37 EXpl or at or y/ ext en
sion
rs2073045 hCv2488523 Ceor f 10 32,37 Expl orat ory/ exten
sion
AL034394_T2 32,37 AGAACTTCTTAGATGAGAGTGCAACTTC FAM TGAGOGTAGTCGATTC Expl or at ory/ ext en
6355G GGGAAAGAAAATGTCTATGGCAAAGG TET- TGAGOGTAGTAGATTC sion
AL034394_A2 32,37 CCATAGACATTTTCTTTOOCTGATGATTTTTT FAM CAAACACATTTTTCTTTC Expl or at ory/ ext en
6270C CTTGAGACACAGATTCTGGAACCT TET- CAAACACATGITTCTTTC sion
AL034394_C2 32,38 GTAGGAGCTTAAGACACTGIGTACTG FAM AGICTATTGCTTATT Exploratory/exten
0283T GOCAAGGCATCTGAACTAAGAGA TET- CAGGCCTATTACTTATT sion
AL034394_C1 32,38 GCAGCTCATCCCAACCTCATC FAM TTCTTCAACGGAGAATG Expl or at ory/ ext en
6965T GCAGCTCATCOCAACCTCATC TET- TTCTTCAACAGAGAATG sion
hCv2488476 32,38 Expl or at or y/ ext en
- sion
AL034394_C1 32,39 GITCAGAGTGCTGT TCATGAGT GAT FAM CGCATGEGACOEC Expl orat or y/ exten
2339T CAGGATGGCAGACGTCAGA TET- COGCATAGGACORC sion
32,39 ACTGTAAAGAAAGAGAATCCATTCTGATAATTA FAM TTCCACTTTAAATTTCTTACGTC Exploratory/exten
AL034394_T1 ATCAATAT TET- CTTCCACTTTAAATTTCTTATGIC sion
0552C GCTGITTTGIGTGCTCTAGAAAGTG
BTNL2_E360A BTNL2 32,39 QOGAGGAGAAAATCRCAACT T FAM TTTCTCTCTCATGITGGTG Explorat ory/exten
nb TTTCCAAACCTGAAGGAACATAAGGAA TET- TTTCTCTCTCAGGTTGGTG sion
BTNL2 32,39 GAGTCAGGBGCCTGGGAAGA FAM TGTCCCTOCACTGCA Expl or at ory/ ext en
BTNL2_P299Q GGAGGGGCAAGAAGATGGA TET- ATGTOOCTCCATGEC sion/replication
BTNL2 32,39 ACCCTTAGCAATGT CTGCACGT! FAM ATCOGAAGAGCATATC Expl or at or y/ ext en
GGTTCTTOOCCACTGATCACTG FAM CATCTGAAGAGCATATC sion/replication
VI G- CATCTGAAGAGCACATC
BTNL2_M286I VI G- ATCOGAAGAGCACATC
BTNL2_P285L BTNL2 32,39 GTTCTTCOOCACTGATCACTGT FAM TGGAGAAATGCAGCTGA Expl orat ory/ exten
TGAGTCAGEGOCTGEGA TET- ATGGAGAAAT GCAGOOGA sion/replication
rs2076530 BTNL2 32,39 AGTACCGCTGCCTTTTTGAAAA FAM AAGGTGGTAGGTAAGAA Expl or at ory/ ext en
GTGGCAGGAGCAGGTATTGAATA TET- AGGTGGTAAGTAAGAAT sion/replication
BTNL2_S240L BTNL2 32,39 AGACTGACCCTGCAGATACTCA FAM TOGTQCAAAGGTCT Expl orat ory/ exten

sion
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Nar ker hCV nunber * Gene Posi t Priners: Probes Sanpl e used
ion Forward 5' -3’
(NCBI) Reverse 5' -3’
MB
rs2076529 BTNL2 32,39 GGAGAGCAGATGECAGAGTACAG FAM ACCAGCACAGTCCT Expl or at or y/ ext en
CCTOGTCAATGEOGTCACT TET- ACCAGTACAGICCTC sion
2294878 hCv2488463 BTNL2 32,39 Expl or at ory/ ext en
sion
BTNL2_I 4_A2 BTNL2 32,40 TTGCAGCTGTGI TACCTGACA FAM ATCAGATGGTCACCTAT Expl or at ory/ exten
39T CAGAGATGATGOCATGCTTCCT TET- CATCAGATGGACACCTAT sion
rs2076524 hCv2488453 BTNL2 32,40 Expl or at ory/ ext en
sion
BTNL2_i 3_CL BTNL2 32,40 TCTGAGCATCGCATCCAAGAT FAM TGSCTTOCACATAGA Expl orat ory/ exten
900T AGACTCTGCAGAGEOGTTCCT TET- CTTOOGCATAGAAC sion
rs2076523 BTNL2 32,40 CCAGACCCOCAGGTGTATTG FAM CATCCCATCCAAGATAAAGATGCCTGI T Expl orat ory-
TGGACCAAGCAGGACACAGA TET- CATOGCATCCAAGATGAAGATGEOCT screen/ ext ensi on
BTNL2_i 3_AL BTNL2 32,40 CAGAGOOCCAGGTGTATTGG FAM CTCCCOGGATGTC Expl oratory/exten
837G ACACGECCAGCAGCTTCT TET- CTOOCTGGATGICT sion
BTNL2 32,40 GACTGAGATGCAGATGGAGGAGTAC FAM AGAGECTGGEGTAGAGT Expl or at ory/ ext en
BTNL2_V@4R CTTTGCAATGOCATTCTCTATCC TET- AGAGGCAGGGTAGAGT sion
BTNL2 32,40 TGOCAGCTACTOOOCAAGAG FAM AATGCATGTGGAGGTG Expl orat ory/ exten
BTNL2_HG60H GEECTCTGAGOGGTACCA TET- AATGCACGTGGAGGT sion
BTNL2_i 1_GL BTNL2 32,40 GGAGOCAAGCCCATTTCAC FAM ACOOCTGAACAGTC Exploratory/exten
77T CAGTCTTAGCAGAGAATCCACATCA TET- COCCTGCACAGIC sion
hCv2455668 32,43 Expl or at ory/ ext en
sion
HLA-DRA 32,43 AATGTGCTTCAGGTATATCCCTGICT FAM TGTCOGTGATTGAC Expl or at ory/ ext en
DRAp_231 AGTAAAGTTCTTAAACAAACAGGACAACAA TET- TGTOQOGTCATTGAC sion
HLA-DRA 32,43 AATGTGCTTCAGGTATATCCCTGICT FAM ATTTAAGACTGI TAGTCAAT Expl or at ory/ ext en
DRAp_224 AGTAAAGTTCTTAAACAAACAGGACAACAA TET- TTAAGACTGITGGTCAAT sion
HLA-DRA 32,43 AATGTGCTTCAGGTATATCCCTGTCT FAM CAACAACAACAACAAA Exploratory/exten
DRAp_196 COGTTCATTGGATAAAGAAGTAAAGTT TET- ACAACGACAACAAAT sion
HLA-DRA 32,43 TTATCCAATGAACGGAGTATCTTGIG FAM CCTGAACTCTTTG Expl or at ory/ ext en
DRAp_127 ATGACGCATCTGTTGCTAGSG TET- CTGGACCCTTTGCA si on
r$14004 HLA-DRA 32,43 OCTCACTOOOCGAGCTCTACTGA FAM CTOOCAACAGAGCG Expl or at or y/ ext en
CCACTTATGECCATTTTCTTCTTG TET- TOOCAAAAGAGOEC sion
hCv2455646 HLA-DRA 32,44 Expl or at ory/ ext en
sion
rs8084 hCv2455637 HLA-DRA 32,44 Expl orat ory/ exten
sion
rs7192 HLA-DRA 32,44 TGEECCTGACTGTGSGTC FAM TCATCATCAAGGGAT TGOGCAAAAGC Expl oratory-
ACCACACCTAACTCACCTCCATG TET- TCATCATCAAGEGAGTGOGCAAAAGC screen/ ext ensi on
rs2213584 HLA-DRA 32,44 AATGEGTAAGSCCAGICTTCAG FAM TGTCCAATCTCTTTGC Expl orat ory/ exten
TGCAGGATTTACATATCAACATCGT TET- TGTCCAACCTCTTTG sion
rs2395182 HLA-DRA 32,44 GGTGGT T TCAAGAATCAGT CAGACT FAM CGGTAATACAATAGC Expl orat ory/ exten
ACCCATTCTGITAGACATA TET- CTOGGTAATAAAATAGG sion
rs707952 HLA-DQAL 32,62 CATAGAGGT TCCTGAGGTCACA FAM CTGEGTCAGCCCAACACCCTC Expl orat ory-
TGGTCTCAGAAACACCTTCTGT TET- CTGEGTCAGOOCAACATCCTCA screen/ ext ensi on
X66401_GA86 TAP2 32, 80 GGTGGTTTCAGI TGEECAG FAM TGTGAGGAACAACATTACT TATGEECTGCAG Expl orat ory-
29A CTCCATTTCCTGGATGAAGTCA TET- TGAGGAACAACATTGCTTATGEECTGC screen
rs1042337 HLA-DVB 32,91 GCCCAGOCCAATGGAGAC FAM TGTGTGGTAGAGCACAT TAEAACTOC Expl oratory-
T AATTOCATCCATCTGOCATAC TET- TGTGTGGTAGAGCACACTGEEECTCC screen
rs1063478 HLA-DVA 32,92 AAAAGECCTGEAAGCTGAGIC FAM CTTOCACAGGGATGGAATGATACTG Expl orat ory-
GAGTTTGGECAAGOOCAACAC TET- CTTOCACAGGGACGGAATGATGCT screen
rs3918143 R NG 32,95 GATGOCAGATGAACCACTAGAACC FAM CCTGCTTGEOCAAATCGTCTTCAG Expl orat ory-
OCTCAGAGGAGCTCTCACTGCTAC TET- COCTGGCTTGGTCAAATCOGTCTTCAGA screen
152581 HLA-DNA 32,98 TGTGCTGACT T TGAGTGGGATC FAMVE CCT TOOCAT TCAACACACACACACATTC Expl or at or y-
AACACCACCAAAGCATTTAGIGC TET- OCTTOOCATTCAACACAAACACACATTCTT screen
r$926424 RXRB 33,16 CTCCTTCTCTTCCACTGATGTGC FAM CATTGOCTCCTTTTCACACCGATCC Expl orat ory-
GCACGTGAAGACCTGTGC TET- CATTGCCTCCTTCTCACACCGATCC screen
rs1547387 HKE4 33,17 AGTGOGEECGAGGT GAGGAATAG FAM QCTCACCACTGTGEGAGI GTQCATGT Expl orat ory-
COCCAAATACACACTCATTGIGTC TET- CTCACCACTGTGOGAGTGTCCATGTC screen
5466384 BI NG 33,26 CCTCAGECTTAGGTGIGTATTAGCA FAME CTCT TCCAGGTACTGIGICT T TATGGAGT CCAG Expl or at or y-
TCGTGCCTGTAGAATCTACTGCC TET- TOCAGGTACTGCGTCTTTATGGAGICCA screen
152071888 TAPBP 33,27 QCATTTGCTGCTTGGGATG FAMF CTTCTGGCTGOCTAGAGT TCAACOCT TTCA Expl or at or y-
AGCAAGCTCCAGGGTGACC TET- TCTGGECTGCCTACAGT TCAACCCTTTCA screen
r 999942 | TPR3 33,63 OOCTOCATCAGACTGECACTC FAM CAGCAGGAGAGECTTGCCATGG Expl oratory-
OGGTCACACAGOCACATCC TET- CAGCAGGAGAGCCTTGOCATGG screen
rs943461 M.N 33,77 COOCAAGACOCAGAGAGACC FAM CAAGOCCAGATGACGAGECTCTG Expl orat ory-
AGGGATACAGCTOCATGCTGAA TET- CAAGOCCAGATGACCAGECTCTG screen
rs755658 FKBPS 35,55 TTGAAGTCCTGTATCACAGCATG FAM ACTCGACAGT GAGATGTACEORCTGAC Expl orat ory-
ACCAACAGTGTTAAGACCATGTTACTAGG TET- TOGGCAGTGAGATGTACGOGCTG screen
rs992105 FKBPS 35, 56 TTOCATCATGACCAAGCTGTAGC FAM ACTCTGGTAAGCACTGCTACAAAGTGCATCTTTAGAA Expl orat ory-

CAGAGGGAGATAAGECATGRC

TET- OGTACTCTGGTAAGCACTGCTACAAAGTGAATCTTTAGA

screen
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Nar ker hCV nunber * Gene Posi t Priners: Probes Sanpl e used
ion Forward 5' -3’
(NCBI) Reverse 5' -3’
MB
rs1320991 FKBPS 35, 56 TGTTGGTATGI TGGAGAATTATGTGAA FAM TAGAAAACCOCTACGTGCTATATATGI GTGTGOGT Expl orat ory-
AAACAAGTAAATTCACTGCCTGCAC TET- TAGAAAACCCCTACATGCTATATATGTGTGTGOGTATG screen
rs1326752 SRPK1 35,83 AAAAAAGCCTGITGTCTTAGGTATGC FAM CTGCAGOCAGGT CAGCOOGAA Expl orat ory-
AGAGGTTAATGCTAGGTTGORC TET- CTGCAGCCACGT CAGOOCCA screen
Z95152_&77 36, 03 CAGGTGATTGGTCTGT TGGACG FAM TGAGTAAATTTTTTGCATTTGOCTTCCTGGTCTA Expl orat ory-
23A COCAAAAAGAGGTGCATGATAGG TET- TGAGTAAATTTTTTGOGT TTGOCTTCCTGG screen
Z95152_T1587 36, 08 GGAGAAGAGGCTAATATATCCTAGAGTAG FAME TTCCTTCCTGTCTATGGTACTGATAGCTGTCGACT T Expl or at or y-
84G GEOOGCTGTAATTCTCTTATCTG TET- TCCTTCCTGTCTCTGGTACTGATAGCTGTCGAC screen
Z95152_T106 36, 08 GAAGTCATCAGCTTTGITGOCAC FAM AAGCCTTTTCACGEGAACTCTOCAAA Expl orat ory-
861C ACCATGGAGGAAATCTCTGCA TET- AAGECCTTTTCATGGGAACTCTCCAAATATTC screen
rs763096 NMAPK13 36, 10 CTGTGAGGACTGCAGATGTG FAM CCAGECAAGCACTCCACAAAGTCCTT Expl oratory-
QOCTTTGOCTGTCAAGTGTG TET- CAGGCAAGCACCCCACAAAGTCCT screen
2007683 VAPKI3 36, 10 CAGCTTCTTOCATCTGCTCA FAME ATGT TGATATCTGAATCAATGCTATCT TACCACATT Expl or at or y-
ACAGTCGATATTGGEGTAGCCA TET- TGTTGATATCTGAATCAATACTATCTTACCACATTCTACA screen
rs881648 TEL2 36, 35 CTAGECCTOCAACCCAGGAC FAM CTCACTTTGGATGCAGAGGAAATGAGACTTC Expl orat ory-
OOCATGECTTATTTACAGCTAGGA TET- CTCACTTTGGATGCAAAGGAAATGAGACTTC screen
rs881647 TEL2 36, 35 TTCAGAACTGECTGATATCACAG FAM QAAGEGACAACT TAGAGAATTTTGAGAGG Expl orat ory-
AATGAGEOCATGGTGGTGAC TET- AAGEGACAACT TGEGAGAATTCTGAGAGGA screen
rs916287 TEL2 36, 35 AGAAGAAGAGACCCAGACCG FAM CTCTGAACTGOCTCCTCTCAAAATTCTCOCAA Expl oratory-
CCATTTTCAGAACTGGGATGATA TET- CTCTGAACTGOCTCCTCTCAGAATTCTCCCA screen
rs1885205 TEL2 36, 35 CTCCTGACTCACTCTGECCTTG FAM ACCCTCATGEOCATGGACCGG Expl orat ory-
TCCACTCTGAGGACAACCGTG TET- CATGEOCATGGACCAGGEGATGG screen
rs2055272 FLJ20337 37,29 CATGGTGGTAATGAATTGIGATTATG FAM AGGTAGGT TOGEEOGCTCTTACATTGTCT Expl orat ory-
ATGCTTAAGATTTATGTCATGAGTCCA TET- AGGTTCGAGDGCTCTTACATTGTCTCCAC screen
rs1004279 QPIR 39, 03 AGGAGCTGAGGTCAAGC FAM TGAGTGGTOOGOCTACTTTOC Expl orat ory-
GOCATCATGAAACTTATCACTACTGAC TET- AGTGAGTGGTCCACCTGOCTTTCCTG screen
rs1541816 KO\KS 39, 16 AGECCTCTAGAATTGGACCA FAM COCTOOOGIGT TAGCTGEGTAC Expl orat ory-
GAGCAGGAGEOCAAGTCAGA TET- OCTOOOGGGTCAGECTGEG screen
rs1014737 APCBEC2 41,02 AACACAGAGEGAGEGTAGGTCA FAM AGCAATGGATOCTGAAGGEGT TAAGTOCACT Expl orat ory-
GITGTGATTATAAAGOOCTGGACA TET- AGCAATGGATCCTGAAGGGATAAGTCCACT screen
152234246 TREML 41, 25 AAAAGCCAGEGAGT TAATAACATGA FAM ATCTGIAATCACCGCTATT TCTAAAGT CAGCGTCT Exploratory-
TAGAGGAACGAGGEECAGIGG TET- ATCTGTAATCACCAGCTATTTCTAAAGTCAGOGTCTCA screen
rs1817538 TREML 41, 25 CTCCTTGCATGICTCCTGATG FAM COCAGAAACCT TAGAATCAT TTTGOCAAAATCT Expl orat ory-
CGAGAAGAATCCACCCGTAGTG TET- COCAGAAACCT TAGAATCATTTCOGCCAAAAT screen
rs1351835 TREML 41,25 ATGT TCCTGCATAGCACTGC FAMF CTCTCATCTGCT TGCT TGTCTGCTGATGAA Expl or at or y-
AGGAGTGAGGGECACTTGC TET- TCTCATCTGCTTGCATGTCTGCTGATGA screen
12234237 TREML 41,25 GAACCCATTCTCT TTCOCTGCT FAM CTOOGAGCTGCAACTAAATTATCTGAGGAAAAGTATGA Expl orat ory-
AGOGTGTAGICACATTTCACATCC TET- CTCOGAGCTGCAACTAAATTAACTGAGGAAAAGTATGA screen
AL391903_CG8 TREML 41, 26 ATTTACATTCAAGTATCATTCTCCCT TAGAT FAM AGGTAATTGICATTATTACCACAAAAAGGAAAACTGGAG Expl orat ory-
8694T GACATCAACACAATAATACAGAGACCAA TET- AGGTAATTGTCATTATTACCACAGAAAGGAAAACTGA screen
rs742735 VDFI 41,62 TCAATTGATGGCTGATGAGGAG FAV CACATOGECTGGT TAGGTGICTG Expl orat or y-
AGCAGAATAAAATGGTGOCAGG TET- CACATOGECTGECTGEGTGICT screen
rs1410492 [eo\oc) 41,91 GQOCCATTGTGGIGIGATGG FAVF AGGGGATGOCACTCOCT TGCTGGTCT Expl or at or y-
GCAAAGTACTAGTGAGTGTAGACATGCA TET- AGEEGATGOCACTCCTTCCTGGICTT screen
rs1160867 TNRCS 42,90 CCCTAACGGAGCTCTGG FAM ACCAAGACCOGAGGAGAAGAAGCCT Expl orat ory-
TTOOOCACATCTTOCAGCAC TET- CAAGACCCGAGAAGAAGCCTGOG screen
rs9395 SRF 43,15 COCAGTGAGTGAATCAGCA FAM ATGOGT GT GTCAGEGATGAGT TGAGGT Expl orat ory-
ACOOCAGAGCCACCGAG TET- OGTGITGTCAGOGATGAGT TGAGGTGA screen
rs1418488 CAPNL1 44,14 GAAGGACAGTGTGAGAGCCACTG FAM QOCACCAAAGAAATCATGTAAGGTAATTTTTTAAGICCC Expl orat ory-
AAAGAGCCACAAATTGCTAACAACTA TET- COCACCAAAGAAATCATGTAAGCTAATTTTTTAAGTOCC screen

*-hCV

assays were oObtained

from ABI

“Assay on Demand”

database

(https.//www.store.appliedbiosystems.com). Primer and probe sequences for AoD are not

available.




9.1.2. Sarcoidosis patient phenotypes
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Sarcoidosis phenotypes fall into two main categories, namely, acute and chronic sarcoidosis.

Classification of sarcoidosis patients in this study into a further ten categories involved the

following criteria: disease location, symptoms, duration and therapy. 30.77% of patients in the

entire sample have an acute form of sarcoidosis with lung involvement (phenotype groups 1

plus 2), whereas chronic form has 61.13% of patients (groups 3 to 6).

Table 16. Sarcoidosis phenotypes

Sarcoidosis Phenotype description Proportion of
phenotype patients (%)
group

1 Acute sarcoidosis (mainly with Loefgren syndrome), without 12.08
systemic Cortison therapy, to complete or large recovery,
possibly relapse after more than 2 years

2 Acute Sarcoidosis (mainly with Loefgren syndrome), with 18.69
systemic Cortison therapy, to complete or large recovery,
possibly relapse after more than 2 years

3 Chronic Sarcoidosis (mainly with stealthy beginning), without 8.44
systemic Cortison therapy, to complete or large recovery

4 Chronic Sarcoidosis (mainly with stealthy beginning), with 14.89
systemic Cortison therapy, to complete or large recovery

5 Chronic Sarcoidosis (mainly with stealthy beginning), with 33.33
systemic Cortison therapy, with enduring disease activity

6 Chronic Sarcoidosis (mainly with stealthy beginning), with 4.47
systemic immunosuppressive therapy, lung transplantation

7 Sarcoidosis without lung participation (mainly with skin 0.66
Sarcoidosis)

8 Sarcoidosis in the infancy 0.16

9 Not classifiable (mainly with missing documents, 3.39
contradictory information)

10 Coincidence findings, no complaints 3.89




9.1.3. Structure of 138 sarcoidosis families investigated in the CARD15 study
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Table 17. Structure of sarcoidosis families investigated in CARD15 association study

Relationship of patients No. families |No. patients [(Male Female
Affected siblings
Sster / sister 2 44 44
sister / brother 27 54 27 27
brother / brother 11 22 22
3siblings 6 18 9 9
Affected parent / offspring
mother / daughter 18 36 36
mother / son 8 16 8 8
father / daughter 10
father / son 10 20 20
Affected 2 and 3 relatives 19 38 21 17
Complex families
Three patients 7 21 9 12
Four matients 3 12 9
Five patients 1 5 1
Six patients 1 6 4
Total 138 302 135 167




9.1.4. Assaysfor CARD15 genotyping

Table 18. SNP assays for CARD15 genotyping
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Marker Forward primer Probe 1
Reverse primer Probe 2

SNP5 5-GGAGGACATATACACAGAGAATGTCC | FAM-ATGGCTGGACCCCCGCAGAAGAGT
5-ATGGCTGGATCCCCGCAGAAGAGCT TET-ATGGCTGGATCCCCGCAGAAGAGCT

SNP8 5-TTCCTGGCAGGGCTGTTGTC FAM-CCTGCTCCGGCGCCAGGC
5-AGTGGAAGTGCTTGCGGAGG TET-CCTGCTCTGGCGCCAGGCC

SNP12 5-ACTCACTGACACTGTCTGTTGACTCT FAM-TTTTCAGATTCTGGGGCAACAGAGTGGGT
5-AGCCACCTCAAGCTCTGGTG TET-TTCAGATTCTGGCGCAACAGAGTGGGT

SNP13 | 5-GTCCAATAACTGCATCACCTACCTAG | FAM-CCCTCCTGCAGGCCCTTGAAA

S-CTTACCAGACTTCCAGGATGGTGT

TET-CCTCCTGCAGGCCCCTTGAAA




9.1.5. Reaction conditionsfor diallelic genotyping assays
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Table 19. Part 1. reaction conditions of SNP assays in chromosome 6 and CARD15
genotyping experiments

Forward Reverse
primer primer Probe 1 Probe 2
Assay (nmol final (nmol fina (nmol final (nmol final Annealing
concentratio | concentratio | concentratio | concentratio | temperature | Number of
n) n n n) (°C) cycles
rs2073528 900 900 200 200 60 45
rs2072803 900 900 200 200 60 45
hCV 2474907 900 900 200 200 60 45
hCV 2474883 900 900 200 200 60 45
hCVv 9804528 900 900 200 200 60 45
rs3736781 900 900 200 200 60 45
rs126007 300 300 100 100 62 45
rs929042 900 900 100 100 62 45
rsb3161 300 300 100 100 62 40
rs404240 50 900 100 100 62 45
rs362536 300 900 100 100 60 45
rs1805057 300 300 100 100 60 45
rs3130253 900 900 100 100 62 45
rs1569315 300 300 100 100 64 45
rs8347 300 300 100 100 62 45
rs1264457 300 300 100 100 62 45
rs2074510 300 300 100 100 62 45
rs3095318 300 50 100 100 60 45
rs2073721 50 300 100 100 62 45
rs1050393 300 300 100 100 60 45
rs1051488 900 900 100 100 60 45
rs1063630 900 900 200 200 60 45
rs1063635 300 900 100 100 62 45
rs3828916 900 900 200 200 60 45
rs3131639 900 900 200 200 60 45
rs3134900 300 300 100 100 62 45
AC006046_G30156A 900 900 200 200 60 45
rs3130062 900 300 100 100 62 40
rs1800683 900 900 200 200 60 45
rs1041981 900 900 100 100 65 40




Table 19. Part 2: reaction conditions of SNP assays in chromosome 6 and CARD15

genotyping experiments
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Forward Reverse
primer primer Probe 1 Probe 2
Assay (nmol final (nmol fina (nmol final (nmol find Annealing
concentratio | concentratio | concentratio | concentratio | temperature | Number of
n) n) n n) (°C) cycles
rs1799964 300 300 100 100 62 55
rs1799742 300 300 200 200 60 50
rs1800629 900 300 100 100 62 40
rs361525 900 300 100 100 62 40
rs707916 300 300 100 100 62 45
rs707926 50 900 100 100 60 45
rs2075800 300 300 100 100 60 45
rs539689 50 900 100 100 60 45
AF019413_C89532G 300 900 100 100 62 45
rs1035798 50 900 100 100 60 45
rs2070600 900 900 200 200 60 45
rs1800624 900 900 200 200 60 45
rs2071287 900 900 200 200 60 45
rs384247 900 900 200 200 60 45
rs915894 900 900 200 200 60 45
rs436845 900 900 200 200 60 45
rs560505 900 900 200 200 60 45
rs485774 900 900 200 200 60 45
rs552339 900 900 200 200 60 45
rs761187 900 900 200 200 60 45
rs2073044 900 900 200 200 60 45
rs2050190 900 900 200 200 60 45
rs2073045 900 900 200 200 60 45
AL034394_T26355G 900 900 200 200 60 45
AL034394_A26270C 900 900 200 200 60 45
AL034394_C20283T 900 900 200 200 60 45
AL034394_C16965T 900 900 200 200 60 45
hCV 2488476 900 900 200 200 60 45
AL034394_C12339T 900 900 200 200 60 45
AL034394_T10552C 900 900 200 200 60 45
BTNL2_E360Amb 900 900 200 200 60 45




Table 19. Part 3: reaction conditions of SNP assays in chromosome 6 and CARD15

genotyping experiments
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Forward Reverse
primer primer Probe 1 Probe 2
Assay (nmol final (nmol fina (nmol final (nmol final Annealing
concentratio | concentratio | concentratio | concentratio | temperature | Number of
n) n) n n) (°C) cycles
BTNL2_P299Q 900 900 200 200 60 45
BTNL2_M2861* 900 900 200 200 60 45
BTNL2_P285L 900 900 200 200 60 45
rs2076530 900 900 200 200 60 45
BTNL2_S240L 900 900 200 200 60 45
rs2076529 900 900 200 200 60 45
rs2294878 900 900 200 200 60 45
BTNL2_i4 A239T 900 900 200 200 60 45
rs2076524 900 900 200 200 60 45
BTNL2_i3_C1900T 900 900 200 200 60 45
rs2076523 300 300 100 100 62 45
BTNL2_i3_A1837G 900 900 200 200 60 45
BTLIIW94R 900 900 200 200 60 45
BTLIIH60H 900 900 200 200 60 45
BTNL2_ i1 G1717T 900 900 200 200 60 45
hCV 2455668 900 900 200 200 60 45
DRAp_231 900 900 200 200 60 45
DRAp_224 900 900 200 200 60 45
DRAp_196 900 900 200 200 60 45
DRAp_127 900 900 200 200 60 45
rs14004 900 900 200 200 60 45
hCV 2455646 900 900 200 200 60 45
rs8084 900 900 200 200 60 45
rs7192 300 300 100 100 62 45
rs2213584 900 900 200 200 60 45
rs2395182 900 900 200 200 60 45
rs707952 300 300 100 100 62 45
X66401_G48629A 300 300 100 100 62 45
rs1042337 900 900 100 100 62 45
rs1063478 300 300 100 100 62 45
rs3918143 300 300 100 100 64 45




Table 19. Part 4: reaction conditions of SNP assays in chromosome 6 and CARD15

genotyping experiments
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Forward Reverse
primer primer Probe 1 Probe 2
Assay (nmol final (nmol fina (nmol final (nmol final Annealing
concentratio | concentratio | concentratio | concentratio | temperature | Number of
n) n) n n) (°C) cycles
rs2581 50 300 100 100 62 45
rs926424 900 50 100 100 60 45
rs1547387 50 900 100 100 62 45
rs466384 900 50 100 100 60 45
rs2071888 300 900 100 100 62 45
rs999942 50 900 100 100 60 45
rs943461 50 900 100 100 62 45
rs755658 300 300 100 100 62 45
rs992105 300 300 100 100 60 45
rs1320991 300 300 100 100 62 45
rs1326752 900 300 100 100 62 45
795152 _G57723A 50 300 100 100 62 45
Z795152_T58784G 300 300 100 100 62 45
795152 T106861C 50 900 100 100 62 45
rs763096 50 300 100 100 62 45
rs2007683 300 900 100 100 62 45
rs881648 300 900 100 100 62 45
rs881647 900 300 100 100 60 45
rs916287 50 300 100 100 62 45
rs1885205 50 300 100 100 62 45
rs2055272 50 300 100 100 62 45
rs1004279 50 900 100 100 60 45
rs1541816 300 900 100 100 62 45
rs1014737 300 300 100 100 62 45
rs2234246 300 300 100 100 64 40
rs1817538 50 300 100 100 60 45
rs1351835 900 300 100 100 62 45
rs2234237 50 300 100 100 62 45
AL391903_C88694T 900 900 100 100 62 45
rs742735 300 900 100 100 60 45
rs1410492 50 900 100 100 60 45




Table 19. Part 5: reaction conditions of SNP assaysin chromosome 6 and CARD15

genotyping experiments
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Forward Reverse
primer primer Probe 1 Probe 2
Assay (nmol final (nmol fina (nmol final (nmol final Annealing
concentratio | concentratio | concentratio | concentratio | temperature | Number of
n) n) n n) (°C) cycles
rs1160867 50 900 100 100 58 45
rs9395 300 300 100 100 60 45
rs1418488 50 300 100 100 62 45
NOD2_SNP5 900 900 100 100 60 45
NOD2_SNP8 400 400 100 100 62 45
NOD2_SNP12 300 300 100 100 62 45
NOD2_SNP13 400 400 100 100 62 45

*-all four probes of the assay had the same 200nmol concentration
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9.1.6. Mutation detection primers used for chromosome 6 PCR and sequencing

experiments

Table 20. Partl: mutation detection primers and SNP markers selected for chromosome 6
high density L D mapping experiment.

Primer Sequence Ampl | SNP marker selected for
icon genotyping*
length
1 For 5 -CCTCACACATGCCAATTCCC-3 463bp | AL034394_T26355G
1 Rev 5-TTTTGCCTCCCCATCGAC-3 AL034394 A26270C
2 _For 5-CCTCACACATGCCAATTCCC-3 359bp | AL034394 C20283T
2 Rev 5-TTTTGCCTCCCCATCGAC-3
3 For 5-CAAACCACCACTCTCTCTTCATTG-3 384bp | AL034394_C16965T
3 Rev 5-CTCCCTCTTGTTTTTCTCCATTCT-3
4 For 5-TAAACATTTGTGGAAGAATAATGTGTAGTT-3 | 271bp | AL034394 C12339T
4 Rev 5-TCAAGAAGATAAACTATATGTGGAAGACAG-
3
5 For 5-GAGCTGTGTTTGAAGCCAATGTC-3 540bp | AL034394 T10552C
5 Rev 5-GAGCCTCCCTTTTCACAAGTCA-3
BTNL2_e8 For 5-CTTGTCTTCCTGTTTGGCTGTTAA -3 497bp
BTNL2 e8 Rev | 5-GGGAAGGTGTAGATAGGGCACTT -3
BTNL2 e7_For | 5-AGCAGGCCAACTGCTTCCT-3 402bp
BTNL2_e7 Rev | 5-ACTGAGCCTGGATTGCATGAT-3
BTNLZ2 6 For | 5-CCTGGCCGAAGTITATITIGT 3 738bp | BTNL2_e6_E360Amb
BTNL2 e6 Rev | 5-TAGAATCCCTGGGTGTCCTG-3 BTNL2_e6_P299Q
BTNL2_ e6_M286l
BTNL2_e6 P285L
BTNLZ2 €5 For | 5-GGTTTCTAAACTCCAATGGAGCTGTT-3 528bp | BTNL2_e5_S240L
BTNL2_ e5 Rev | 5-CAAATGTCAGAGAAATTGTCCAGGA-3 .
BTNL2_i4_For 5-GGTAAGTACGAGGTGCTGGCA-3 5ibp | BTNL2_i4_A239T
BTNL2 i4 Rev | 5-TTGCTACACTCACAGTATCCCAGG-3
BTNL2 e4 For [ 5-GTGACAGCATTTTTGTTGTGCAG-3 474bp
BTNL2_ e4 Rev | 5-GGTGTCCATCTGATGCTCACTG-3
BTNL2_ i3 For | 5-CCTCAGACTCCTGAACTCCG-3 469bp | BTNL2_i3_C1900T
BTNL2_ i3 Rev | 5-GGTGCTATGGTGCAGTCCC-3 BTNL2_i3_A1837G
BTNL2 e3 For | 5-CATTTTGACAGGCTGGACACC-3 511bp | BTNL2 e3 W94R
BTNL2_e3 Rev | 5-CCTCAACTGTCACAAAGCTTACCA-3 BTNL2_e3 H60H
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Table 20. Part2: mutation detection primers and SNP markers selected for chromosome 6
high density LD mapping experiment.

Primer Sequence Ampl | SNP marker selected for
icon genotyping*
length
BTNL2 e2_For | 5-CAATGGAAGCCATGGAGTGTG-3 489bp
BTNL2_e2 Rev | 5-AACGTGGTGCAACCACTGATT-3
BTNL2_i1_For 5-AAGCCGAACTACATCAACGTTTG-3 528bp | BTNL2 i1 G1717T
BTNL2 i1 Rev | 5-CTGCACCAGACAGATTGTAGCC-3
BTNL2 el For [ 5-TGTCCTCTAAGGGCAAAACAGGCS3 693bp
BTNL2_ el Rev | 5-GTTTCCCCCTTTCCAAGAAACTA-3 .
DRAp_For 5 -TAGGTGTTTCCATTGATTCTATTCTICAC-3 462bp | 06DRAp_231
DRAp_Rev 5-TGATAGCCCATGATTCCTGAGC-3 06DRAp_224
06DRAp_196
06DRAp_127
DRA_5 _For 5-CCCAAGCCTAACTCATTTCAACA-3 491bp | rs2213584
DRA_5_Rev 5 -CCCCAAGGTATGGATCTCAGAAT 3 rs2395182

*- only markers selected for genotyping are represented in the table. Data of other SNPs is not

shown.
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9.1.7. Sequence variations detected via sequencing

New sequence variations observed in the mutation detection experiment and selected for the
further high LD mapping experiment:

AL034394 T26355G

5 FLANK:ATCAGGGAAAGAAAATGTCTATGGCAAAGGGCCTAAGATTAGAATC
OBSERVED:T/G

3 FLANK:ACTACGCTCAGCGAAGTTGCACTCTCATCTAAGAAGTTCTTATCTAAA

AL034394_A26270C

5 FLANK: AGCCACGTAGGCTTGAGACACAGATTCTGGAACCTGAGGGAAAGAAA
OBSERVED:A/C

3 _FLANK:ATGTGTTTGCAGATATAAAATATGGATTTAAAAAAATCATCAGGGAAA

AL034394_C20283T

5 FLANK:ATCTGAACTAAGAGATGACAAGAAAGAGGGGTACGGCAGAAATAAG
OBSERVED:C/T

3 _FLANK:AATAGCCCTGCCAGTACACAGTGTCTTAAGCTCCTACTTCTTGATTTTT

AL034394_C16965T

5 FLANK:CCTTGTCCTTGGTGTGTGGGGGCATCCCAGTTCGGGGAACATTCTC
OBSERVED:C/T

3 _FLANK:GTTGAAGAAGTGTATCTTCTACCCTCAGATCGGATGAGGTTGGGATGA

AL034394_C12339T
5 FLANK:ACGCTCTGCTGCTCTCCAGGATGGCAGACGTCAGAGGCATCGCGGTCC
OBSERVED:C/T

3_FLANK:ATGCGGATCACTCATGAACAGCACTCTGAACTTGCTCTTCTGGGCCAT

AL034394 T10552C

5 _FLANK:GTTAGGGAGGCTGTTTTGTGTGCTCTAGAAAGTGCTTCCACTTTAAATTTCTTA
OBSERVED:T/C
3_FLANK:GTCCGTGAAACACTTGTCTTCCTGTTTGGCTGTTAATAGAATGAAATTATATTG

BTNL2 e6 _E360Amb
5 FLANK:ATCAGCATCCCCTTTTTGGGCGAGGAGAAAATCGCAACTTTTTCTCTCTCA
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OBSERVED:G/T
3 _FLANK:GTTGGTGATTCCTTATGTTCCTTCAGGTTTGGAAAATAAATATGAAGACCAACT

BTNL2_e6_P299Q

5 FLANK:AGAAATGCAGCCGATGTGCTCTTCAGATGGGTGGTTCCCACAGCCCCACGTGC
OBSERVED:CA/AG

3 FLANK:TGGAGGGACATGGAAGGAAAGACGATACCATCATCTTCCCAGGCCCTGACTC

BTNL2 e6_M286l

5 FLANK:CTTCCCCACTGATCACTGTGGAGGGGCAAGAAGATGGAGAAATGCAGCCGAT
OBSERVED:G/A

3 FLANK:TGCTCTTCAGATGGGTGGTTCCCACAGCCCCACGTGCCATGGAGGGACATGGA

BTNL2 e6 P285L

5 FLANK:GGTTCTTCCCCACTGATCACTGTGGAGGGGCAAGAAGATGGAGAAATGCAGC
OBSERVED:C/T

3 FLANK:GATGTGCTCTTCAGATGGGTGGTTCCCACAGCCCCACGTGCCATGGAGGGACA

BTNL2 &5 S240L

5 FLANK:TGACGCCATTGACGAGGGCAGACTGACCCTGCAGATACTCAGTGCCAGACCTT
OBSERVED:C/T

3 FLANK:GGACGACGGGCAGTACCGCTGCCTTTTTGAAAAAGATGATGTCTACCAGGAGG

BTNL2_ i4 A239T

5 FLANK:TGTGTTACCTGACACTTTGGGGGCTCATGGAGATTCCAGTGAGCATCAGATGG
OBSERVED:A/T
3_FLANK:CACCTATAGGAAGCATGGCATCATCTCTGTTCTATGTGTTGAGGGGAAAGGGA

BTNL2_ i3 C1900T

5 FLANK:GCTGCTGGCCGTGTCTGAGCATCGCATCCAAGATAAAGATGGCCTGTTCTATG
OBSERVED:C/T

3 FLANK:GGAAGCCACCCTGGTGGTCAGGAACGCCTCTGCAGAGTCTGTGTCCTGCTTGG

BTNL2 i3 A1837G

5 FLANK:GTGCACTGCAAGGGGCTGGTTCCCAGAGCCCCAGGTGTATTGGGAAGACATCC
OBSERVED:G/A

3 FLANK:GGGAGAGAAGCTGCTGGCCGTGTCTGAGCATCGCATCCAAGATAAAGATG
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BTNL2_e3 WOH4R
5 FLANK:GCACAGGGATGGAGTGGAGGTGACTGAGATGCAGATGGAGGAGTACAGAGGC
OBSERVED:T/A
3_FLANK:GGGTAGAGTGGATAGAGAATGGCATTGCAAAGGGAAATGTGGCACTGAAGAT

BTNL2 e3 H60H
5 FLANK:GGGAAGATGCCCTGTTAACCTGCCAGCTACTCCCCAAGAGGACCACAATGCA
OBSERVED:C/T

3 FLANK:GTGGAGGTGAGGTGGTACCGCTCAGAGCCCAGCACACCTGTGTTTGTGCACAG

BTNL2 i1 G1717T

5 FLANK:GGATGTGATCAGTAATTGCAGAGAAATGGAGCCAAGCCCATTTCACTGACTGT
OBSERVED:G/T

3 FLANK:CAGGGGTTGATGTGGATTCTCTGCTAAGACTGCATAACCAATGGAAGCCATGG

HLA-DRA-G231C

5 FLANK:ACAAACAGGACAACAACGACAACAAATCAAGTATTTAAGACTGTTGGTCAAT
OBSERVED:G/C
3_FLANK:ACGGACAGACTCTTTAACCCCAATCTGAGTTCTAGACAGGGATATACCTGAAG

HLA-DRA-G224A

5 FLANK:GTTCTTAAACAAACAGGACAACAACGACAACAAATCAAGTATTTAAGACTGTT
OBSERVED:G/A
3_FLANK:GTCAATGACGGACAGACTCTTTAACCCCAATCITGAGTTCTAGACAGGGATATA

HLA-DRA-G196A

5 FLANK:TACTCCGTTCATTGGATAAAGAAGTAAAGTTCTTAAACAAACAGGACAACAAC
OBSERVED:G/A
3_FLANK:ACAACAAATCAAGTATTTAAGACTGTTGGTCAATGACGGACAGACTCTTTAAC

HLA-DRA-G127A

5 FLANK:GAAAAATATTTTGAGATGACGCATCTGTTGCTAGGGGAAGGGTTCTTGCAAAG
OBSERVED:G/A

3 _FLANK:GTCCAGGACACAAGATACTCCGTTCATTGGATAAAGAAGTAAAGTTCTTAAAC
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Frequencies of listed variations in control population:

AL034394 T26355G:T=0.93/G=0.07
AL034394 A26270C:A=0.74/C=0.26
AL034394 C20283T:C=0.97/T=0.03
AL034394 C16965T:C=0.85/T=0.15
AL034394 C12339T:C=0.86/T=0.14
AL034394 T10552C:T=0.86/C=0.14
BTNL2 e6_E360Amb:G=0.996/T=0.004
BTNL2 €6 P299Q:CA=0.85/AG=0.15
BTNL2 e6_M2861:G=0.85/A=0.15
BTNL2 6 _P285L:C=0.85/T=0.15
BTNL2 €5 S240L:C=0.98/T=0.02
BTNL2 i4 A239T:A=0.97/T=0.03
BTNL2_i3_C1900T:C=0.92/T=0.08
BTNL2_ i3 A1837G:G=0.92/A=0.08
BTNL2 €3 W94R:T=0.92/A=0.08
BTNL2 €3 H60H:C=0.92/T=0.08
BTNL2 i1 G1717T:G=0.98/T=0.02
HLA-DRA-G231C:G=0.30/C=0.70
HLA-DRA-G224A:G=0.30/A=0.70
HLA-DRA-G196A:G=0.31/A=0.69
HLA-DRA-G127A:G=0.98/A=0.02
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9.1.8. Sequencedata

Stammerset al. 144 *
the GenBank corresponded to each exon: AF186588, AF186589, AF186590, AF186591,

AF186592 and AF186593, all located in the BAC insert AL935032.

initially described BTL-l1 sequence information. Six separate entries in

The revised structure of the BTNL2 gene comprises 8 exons.

Exon 1
ACCCTTCAGTCTAAGGGGAGGTGACTGGTAAGTTTCAG

Exon 2
GGAGGATGGTGGATTTTCCAGGCTACAATCTGTCTGGTGCAGTCGCCTCCTTCCTATTCATCCTGCT
GACAATGAAGCAGTCAG

Exon 3
AAGACTTTAGAGTCATTGGCCCTGCTCATCCTATCCTGGCCGGGGTTGGGGAAGATGCCCTGTTAA
CCTGCCAGCTACTCCCCAAGAGGACCACAATGCACGTGGAGGTGAGGTGGTACCGCTCAGAGCCC
AGCACACCTGTGTTTGTGCACAGGGATGGAGTGGAGGTGACTGAGATGCAGATGGAGGAGTACAG
AGGCTGGGTAGAGTGGATAGAGAATGGCATTGCAAAGGGAAATGTGGCACTGAAGATACACAACA
TCCAGCCCTCCGACAATGGACAATACTGGTGCCATTTCCAGGATGGGAACTACTGTGGAGAAACAA
GCTTGCTGCTCAAAGTAGCAG

Exon 4
AGAAACTCCAGACTGAGCTGG

Exon 5
CTTCTTTAAAAGTGAATGGACCTTCCCAGCCCATCCTCGTCAGAGTGGGAGAAGATATACAGCTAA
CCTGTTACCTGTCCCCCAAGGCGAATGCACAGAGCATGGAGGTGAGGTGGGACCGATCCCACCGTT
ACCCTGCTGTGCATGTGTATATGGATGGGGACCATGTGGCTGGAGAGCAGATGGCAGAGTACAGA
GGGAGGACTGTACTGGTGAGTGACGCCATTGACGAGGGCAGACTGACCCTGCAGATACTCAGTGC
CAGACCTTCGGACGACGGGCAGTACCGCTGCCTTTTTGAAAAAGATGATGTCTACCAGGAGGCCAG
TTTGGATCTGAAGGTGGTAG

Exon 6
GTCTGGGTTCTTCCCCACTGATCACTGTGGAGGGGCAAGAAGATGGAGAAATGCAGCCGATGTGCT
CTTCAGATGGGTGGTTCCCACAGCCCCACGTGCCATGGAGGGACATGGAAGGAAAGACGATACCA
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TCATCTTCCCAGGCCCTGACTCAAGGCAGCCACGGGCTGTTCCACGTGCAGACATTGCTAAGG
GTCACAAACATCTCCGCTGTGGACGTCACTTGTTCCATCAGCATCCCCTTTTTGGGCGAGGAGAAA
ATCGCAACTTTTTCTCTCTCAG

Exon 7

AGTCCAGGATGACATTTTTGTGGAAAACACTGCTTGTTTGGGGATTGCTTCTTGCTGTGGCTGTAGG
CCTGCCCAGGAAGAGGAGCTGAAAAGAG

Exon 8
TGAATGTGACATTGGCTTCAAACACAGCTCACCTGAGACTGATTTCTTCTGAACAGAACAAGCGTG
TGATCCATGGACATTCAGGCAGCCAGATATCCCACAGAGATCTGACTATCTGCTCTATGGGC

The protein structure of the revised BTNL2 has two splice variants.

The long splice form of the BTNL2 protein:

MVDFPGYNLSGAVASFLFILLTMKQSEDFRVIGPAHPILAGVGEDALLTCQLLPKRTTMHVEVRWY RSE
PSTPVFVHRDGVEVTEMQMEEY RGWVEWIENGIAKGNVALKIHNIQPSDNGQYWCHFQDGNY CGETS
LLLKVAEKLQTELASLKVNGPSQPILVRVGEDIQLTCYLSPKANAQSMEVRWDRSHRYPAVHVYMDG
DHVAGEQMAEYRGRTVLVSDAIDEGRLTLQILSARPSDDGQY RCLFEKDDVY QEASLDLKVVGLGSSP
LITVEGQEDGEMQPMCSSDGWFPQPHVPWRDMEGKTIPSSSQALTQGSHGLFHVQTLLRVTNISAVDV
TCSISIPFLGEEKIATFSLSESRMTFLWKTLLVWGLLLAVAVGLPRKRS

The short splice for m of the BTNL2 protein:

MVDFPGYNLSGAVASFLFILLTMKQSEDFRVIGPAHPILAGVGEDALLTCQLLPKRTTMHVEVRWY RSE
PSTPVFVHRDGVEVTEMQMEEY RGWVEWIENGIAKGNVALKIHNIQPSDNGQYWCHFQDGNY CGETS
LLLKVAEKLQTELASLKVNGPSQPILVRVGEDIQLTCYLSPKANAQSMEVRWDRSHRY PAVHVYMDG
DHVAGEQMAEYRGRTVLVSDAIDEGRLTLQILSARPSDDGQYRCLFEKDDVY QEASLDLKVVWYV LPH
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9.2. Additiona experimentson BTNL2

This chapter includes unpublished (to this date) laboratory experiments performed with
collaborators: Dr.K.A.Gaede (BAL extraction), Dr.P.Rosenstiel Dr.K.Huse cDNA (cloning

and expression experiments), Mario Albrecht (in silico analysis).

9.2.1. Preparation of Bronchoalveolar lavage cell samples

Bronchoalveolar lavage (BAL) cell samples were taken from eight chronic sarcoidosis
patients with overt disease (average age: 44.8 + 3.6 years), and four controls (average age:
32.7 = 8.2 years). All sarcoidosis patients showed clinica signs of active disease. Four
patients, who underwent bronchoscopy for evaluation of chronic coughing and were
retrospectively found to be free of inflammatory or malignant disorder, served as additiona
controls. All patients and controls gave written informed consent to the study. The protocol
was approved by the ingtitutional review board of the institution. BAL was performed as

previously described . Mean recovery was 62.5% and the average cell number/100ml of

BAL cellswas 12.9 + 3.3x106. The cells were centrifuged at 500 x g and washed three times
with phosphate buffered saline (PBS) at +4°C. The cell suspensions used in this study
contained 85.4 + 5.3% aveolar macrophages. Total cellular RNA was extracted from BAL
cells using TRIzol reagent® (Invitrogen, Paidey, UK) according to the manufacturer’'s
recommendations. To remove contaminating genomic DNA, total RNA samples were treated
with deoxyribonuclease | (Boehringer Mannheim, Mannheim, FRG). Reverse transcription
was performed on equal amounts of total RNA per sample, using 1x First Strand Buffer
(Invitrogen, Paidey, UK), 2'-deoxynucleotide 5'triphosphate (Invitrogen, Paisley, UK),
dithiothreitol, oligo (dT)12-18 primer (Invitrogen, Paisley, UK), RNasin, and Superscript RT
reverse transcriptase (RT) (Invitrogen, Paisley, UK). Prior to addition of the RT, the RT
mixture was incubated for 5 min at 65°C, followed by an incubation period of 5 min at 37°C.
After addition of the enzyme, incubation was continued for another 1 h at 37°C. For quality
control, each RNA sample was subjected to RT-PCR omitting the RT.
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9.2.2. BTNL2 expression experiment

In order to verify the published BTNL2 gene model, conserved exons were searched in mouse
and human genomic sequences (Twinscan gene predictions, genome.ucsc.edu) and related to
predicted splice sites (www.fruitfly.org/seq_tools/splice.ntml). The predicted exons were
verified by rt-PCR in a pool of cDNA tissue samples (Human Multiple Tissue cDNA Panels |
and Il, Clontech; data not shown) and by subsequent cloning and sequencing of PCR
products. Primersfor rt-PCR and cDNA cloning are listed in table 21.

Table 21. Primers for rt-PCR and cDNA cloning. The position of the primer sequences in
the revised BNTL2 transcript refers to the 5 end for forward primers and to the 3' end for
reverse primers.

Primer Sequence Position in cDNA
BTNL2f1 ACCCTTCAGTCTAAGGGGAG |1
BTNL2f2 TGGTGGATTTTCCAGGCTAC 45
BTNL2f3 TTAGAGTCATTGGCCCTGCT 126
BTNL2r1 CTTCAGTGCCACATTTCCCT 370
BTNL2r2 CTTCTCCCACTCTGACGAGG 542
BTNL2f4 CCTGCAGATACTCAGTGCCA | 733
BTNL2r3 CGAAGGTCTGGCACTGAGTA | 760
BTNL2f5 AGTACCGCTGCCTTTTTGAA 771
BTNL2r4 TTCAAAAAGGCAGCGGTACT | 790
BTNL2f6 TCGTCTTTCCTTCCATGTCC 958
BTNL2f7 CGGAGATGTTTGTGACCCTT 1042
BTNL2f8 ACTTGTTCCATCAGCATCCC 1073
BTNL2r5 TGGATCACACGCTTGTTCTG 1282
BTNL2r6 GCCCATAGAGCAGATAGTCAG | 1337

For expression analysis, nested PCR in THP-1 cells and BALSs was performed with primers
5-TTAGAGTCATTGGCCCTGCT and 5 -GCCCATAGAGCAGATAGTCAG for the firgt,
and 5-AGTACCGCTGCCTTTTTGAA and 5 -TGGATCACACGCTTGTTCTG for the

second round of amplification.




9.2.3. Verification of the splicing effects of rs2076530
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Matching pairs of cDNA and DNA from lymphoblastoid cell lines (upper part) and fran the

peripheral blood of normal controls (lower part) were genotyped and the BTNL2 splice forms

evauated by rtPCR, cloning and sequencing of PCR products.

Table 22. BTNL 2 rs2076530 genotype correlation with two different splicing forms.

Source rs2076530 genotype  no.samples  no. clones 4 bp present 4 bp deleted
cdl lines GG 4 64 64 0

AG 5 93 22 76

AA 3 131 0 131
leucocytes GG 1 36 36 0

AG 3 36 9 27

AA 3 35 0 35
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9.2.4. InsilicoBTNL2 protein analysis

Domain architecture of the BTNL2 gene product was derived computationally. The figure 17
shows a sequence-structure alignment of BTNL2 to the IgV domain and the following 1gC
domain of B7-1 (PDB identifier 1i8l). Coloured frames embrace the putative N-terminal
signal peptide (light green), the three immunoglobulin-like domains IgV -1gV -1gC (blue), and
a potentid C-terminal PKA phosphorylation motif (dark green). The DSSP secondary
structure of 1i8l and the corresponding predictions by the PSIPRED server for BTNL2 are
depicted on top and below each alignment row, respectively (curled lines: a-helices,
horizontal arrows: b-strands). The predicted transmembrane helices are annotated at the G
termini. Blue and yellow boxes highlight identical and conserved residues, respectively. The
disease-associated sequence truncation of BTNL2, variants P285L, M286] and P299Q, a
strictly conserved tryptophan W300, and the adjacent disulfide bond between residues C287
and C341 are annotated by text labels. Asterisks in the IgV domain of B7-1 indicate residues
involved in binding to the CTLA-4 receptor; solid circles mark residues participating in the
dimer interface of B7-1

Fig.17. In silico BTNL2 protein alignement to the B7-1 molecule
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9.2.5. Computational 3D structure model of the second 1gV domain and the following
IgC domain of the BTNL2 homodimer

3D structure model of the second IgV domain (upper half) and the following 1gC domain
(lower half) of the BTNL2 homodimer were derived computationally. The model was created
using the B71 structure as a emplate. The location of the Gtermina truncation and of
sequence variants P285L, M2861 and P299Q are annotated. A stabilising disulfide bond
between residues C287 and C341, which are located adjacent to variants P285L and M286l, is
highlighted in brown. A strongly conserved tryptophan W300 located close to variant P285L
and the disulfide bond are highlighted in light green. The putative binding site of BTNL2 to a
yet unknown receptor is marked in the IgV domain in yellow. This site has been deduced
from the location of residues interacting with the B71 receptor CTLA-4. Residues
participating in the dimerisation interface of the IgV domain are shown in dark blue. The
figure also indicates the predicted transmembrane helix and a potential PKA phosphorylation
ste at the C-terminus of BTNL2.

Fig.18. Second |1 gV domain and the following I gC domain of the BTNL2 homodimer
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