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Description

FIELD OF THE INVENTION

[0001] The invention relates to a gene which has been associated with sarcoidosis where the gene is found to be
mutated. More specifically, the invention relates to the coding sequence of the BTNL2 gene of human subjects.

BACKGROUND OF THE INVENTION

[0002] Sarcoidosis is a multi-systemic immune disorder, characterized by non-caseating granulomas and an exag-
gerated cellular immune response due to increased inflammatory activity of macrophages and CD4 helper T cells
(Newman et al. 1997, Ziegenhagen et al. 2003). Typical sites of disease manifestation include the lung, lymph nodes,
eyes and skin. The clinically presentation of the disease varies between smouldering inflammation, with slowly progress-
ing pulmonary fibrosis, and an acute inflammatory syndrome (L6fgren Syndrome). Although spontaneous resolution is
observed in more than 50% of cases, the disease can also take a recalcitrant course with ultimate chronic respiratory
failure. The prevalence of sarcoidosis ranges from 10-14 per 100,000 in central Europe and among US Caucasians to
64 per 100,000 in Sweden. Familial clustering of the disease has been observed in several populations although estimates
of the relative risk to first degree relatives vary between 2.8 and 18 (Rybicki et al. 2001).

[0003] In a recent genome screen of 63 sarcoidosis families {(Schurmann et al. 2001), the inventors of the present
invention identified linkage of the disease to chromosome 6p21. Several HLA markers have since been investigated for
disease association (Sato et al. 2002, Foley et al. 2001, Rybicki et al. 2003, Rossman et al. 2003) and, following conflicting
initial results, the DRBT gene has recently been identified as a risk factor for sarcoidosis (Foley et al. 2001, Rossman
et al. 2003). Nevertheless, the population attributable risk of mutations in this gene is only small (~10% for Caucasians),
and in view of the strong linkage signal obtained for 6p21 it appears likely that additional risk factors exist in the region.
This hypothesis has been investigated before for some candidate genes (Grutters et al. 2002, Abdallah et al. 2003).

DESCRIPTION OF THE INVENTION

[0004] The invention is based on the isolation of a coding sequence of the BTNL2 gene found in human individuals.
It is another object of the invention to provide a method wherein BTNL2, or parts thereof, is amplified with one or more
oligonucleotide primers. It is another object of the invention to provide a method of identifying individuals who carry no
mutation of the BTNL2 coding sequence and therefore have no increased genetic susceptibility to sarcoidosis based
on their BTNL2 genes. It is another object of the invention to provide a method of identifying a mutation leading to an
increased susceptibility to sarcoidosis.

[0005] A person skilled in the art of genetic susceptibility testing will find the present invention useful for:

a) identifying individuals having a BTNL2 gene with no coding mutations, who therefore cannot be said to have an
increased susceptibility to sarcoidosis from their BTNL2 genes;

b) avoiding of misinterpretations of polymorphisms found in the BTNL2 gene;

c) determining the presence of a previously unknown mutation in the BTNL2 gene;

d) identifying a mutation which increases the genetic susceptibility to sarcoidosis;

e) probing a human sample of the BTNL2 gene;

f) performing gene therapy;

g) making a functioning protein coded for by the BTNL2 genes for therapy of sarcoidosis.

[0006] In view of the strong linkage signal obtained for 6p21 and the associated likelihood of an additional risk factors
inthis region, theinventors of the presentinvention performed acomprehensive three-stage SNP fine mapping experiment
on 6p21 in order to search for additional disease susceptibility genes. To overcome the preceding misinterpretations it
is one aspect of the invention to have recruited a combination of extended families, trios and singleton patients, allowing
both family-based (TDT) and population-based (case-control) association analyses to be performed in parallel. The idea
of this procedure is that the consistency of TDT and case-control would deliver a pragmatic guide to the trustworthiness
of individual association signals.

BRIEF DESCRIPTION OF THE FIG.S

[0007]

Fig. 1 shows a graphical representation of the stage | SNP screen on chromosome 6p21.
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Fig. 2 shows a graphical representation of the stage || SNP screen of the combined "basic" and "extension” patient
samples.

Fig. 3 shows the splicing alternative at SNP rs2076530 in exon 5 of the BTNLZ gene.

Fig. 4 shows the computationally derived domain architecture of the BTNLZ2 gene product.

Fig. 5 shows the computationally derived 3D structure model of the second IgV domain and the following IgC domain
of the BTNL2 homodimer.

Fig. 6 shows the expression pattern of the BTNLZ2 gene, analysed by nested rt-PCR and subsequent agarose gel
electrophoresis of the n-PCR products.

Fig. 7 shows fluorescence images of allelic BTNL2-GFP fusion protein transiently transfected into Hela cells.

DETAILED DESCRIPTION OF THE INVENTION

Identification of association lead - stage | SNP scan

[0008] In the initial "stage " SNP scan, individuals from the so-called "basic" sample were genotyped for 69 SNPs
from an interval surrounding the maximum LOD position of the original genome screen (Schurmann et al. 2001), as
shown in Fig. 1 (NCBI release 32 map coordinates 27.8 Mb - 44.1 Mb). Defined by a decrease in LOD score by 1.5 units
or less, this interval represented an approximate 99% confidence region for linkage. To achieve sufficient power for
association lead identification, a p value of 0.001 was adopted as a threshold for significance in both the TDT and the
case-control analyses of three-locus SNP haplotypes. Applying this criterion, only the BTNLZ sub-region gave aconsistent
association signal. A second peak in the MICB sub-region yielded a p value smaller than 0.001 in the case-control
comparison, but notin the TDT analysis (p=0.3). This second putative lead region was nevertheless investigated further
by genotyping markers rs1063635, rs3134900, rs3130062, rs1041981 and rs1799964 (for details: see Table 4a and
Table 4b) in the "extension" sample (Table 1), together with the BTNLZ2 lead markers rs2076523, hCV2455668,
hCV2455646 and rs7192. 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 BTNLZ region (rs2076523, rs7192), but none
of the MICB markers. Furthermore, substantial long range LD was observed between markers in the BTNLZ region and
in the MICB region, with D’ values ranging up to 0.94. Therefore, all subsequent mapping efforts were confined to the
BTNLZ region.

Investigation of the BTNLZ gene region - stage Il SNP scan

[0009] In “"stage II", a total of 48 SNPs from the 440 kb association region around the BTNLZ2 gene (NCBI release 32
map coordinates 32.177 - 32.616 Mb) were genotyped in the combined "basic" and "extension" samples, as shown in
Table 1. SNPs were identified either in the ABI "Assay on Demand" database (www.store.appliedbiosystems.com), in
dbSNP (www.ncbi.nim.nih.gov), or by direct genomic sequencing of 47 sarcoidosis patients. Mutation screening of these
individuals covered all exon and adjacent intron sequences of the revised BTNL2 gene model (see next paragraph).
Further SNPs were established in the TSBP gene, the DRA gene (including the promoter, not hitherto analysed for
SNPs), and in some non-coding sequence telomeric of the BTNLZ gene as shown in Fig. 2 and table 5. Single point
TDT and case-control data were interpreted taking the haplotype structure of the region into account (Fig. 2B). Consistent
results were obtained by the two tests for a 15 kb region at the 3-prime end of the BTNL2 gene (markers hCV2488476
to rs2294878). Here, p-values were two to three orders of magnitude smaller than for the other regions (Fig. 2C).

Functional and structural effects of BTNL2 gene mutations

[0010] The gene structure of BTNLZ, as logged in public sequence databases, was scrutinised by means of cDNA
cloning. In the original report (Stammers et al. 2000), no contiguous cDNA amplification was achieved for exons 1-4 and
5-6, raising the possibility that two different genes exist at this locus. We have identified three additional exons (one 5’
and two 3’) and excluded original exon 3 from the gene model. Overlapping rt-PCR successfully confirmed the presence
of a single transcript and, thereby, corroborated the validity of this revised gene model.

[0011] The 15kb segment most strongly associated with sarcoidosis contains four functional SNPs (P299Q, M286l,
P285L, rs2076530), which together yielded a p value of 1.9*10-7 in a four-marker haplotype TDT, and of 6.2*10-7 in the
corresponding case-control analysis (for single point results, see Fig. 2C). 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
association between sarcoidosis and rs2076530 was verified in an independent "replication” sample ("stage IlI", Table
1; TDT %2=9.7, p=0.0018; case-control ¥2=21.0, p=2.7 * 10-5),

[0012] According to the reported gene model (Stammers et al. 2000), rs2076530 would have been predicted to cause
an amino acid exchange. But as a further aspect of the invention it was presumed and could be shown indeed that, in
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reality, the SNP is located at position -1 of a donor splice site as shown in Fig. 3. A four base pair cDNA deletion observed
in cloned rt-PCR products from the gene model verification is explicable by the way in which rs2076530 alters the
anatomy of the splice site. Guanine is present at position -1 of 77% of donor sites (Krawczak et al. 1992, Long et al.
1999) so that the A to G transition of rs2076530 is likely to result in the recruitment of an alternative splice site located
4 bp upstream as shown in Fig. 3. Genotype-specific splicing was confirmed by rt-PCR of DNA/cDNA pairs from lym-
phoblastoid cell lines and peripheral blood samples (Table 2). The loss of four bases from the cDNA transcribed from
the A allele causes a frameshift and a premature stop in the next exon. In the corresponding protein product, the 118
C-terminal residues in the untruncated protein would be replaced by five differing amino acids.

[0013] The effects of the disease-associated variants upon the structure of the BTNL2 protein were investigated in
silico. The BTN (butyrophilin-like) genes are members of the immunoglobulin superfamily (IgSF). The general domain
architecture of the BTN genes comprises a small but variable number of consecutive immunoglobulin-like (lg-like)
ectodomains, with an N-terminal signal peptide and a C-terminal transmembrane helix anchoring the protein to the
membrane of antigen-presenting cells (Rhodes et al. 2001, Sharpe et al. 2002). The protein product of the revised BTNL2
gene as shown in Fig. 4 contains two N-terminal homologous IgV (lg-like variable) domains with a sequence identity of
46% and one C-terminal IgC (Ig-like constant) domain. The cleavage site of the putative N-terminal signal peptide
(Rhodes etal. 2001, Sharpe etal. 2002, Stammers et al. 2000) is predicted between residues 26 and 27, and a hydropathy
index plot as shown in Fig. 5A together with the results of transmembrane prediction servers (Albrecht et al. 2003)
support a single C-terminal transmembrane helix following the IgC domain. Such a membrane-anchoring helix is also
found at the C-termini of IgC domains of MHC antigens and other co-stimulatory receptors. Indeed, a distant homology
of butyrophilin-like proteins to MHC antigens and B7-1/-2 (CD80/CD86) co-stimulatory receptors (lkemizu et al. 2000,
Schwartz etal. 2001, Stamperetal. 2001, Zhang et al. 2003) has previously been reported (Rhodes et al. 2001, Stammers
et al. 2000). The IgV and IgC domain sequence of the crystal structure of the B7-1 homodimer (lkemizu et al. 2000,
Stamper et al. 2000, Bajorath et al. 2001) is detected, with a significant E-value of 3-10-7, by a BLAST search of PDB
using the second IgV and the adjacent IgC domain of BTNL2. We thus modeled the 3D structure of both BTNL2 domains
based on a manually curated sequence-structure alignment of BTNL2 to the B7-1 template, sharing an amino acid
sequence identity of 24%. The resulting 3D model of BTNL2 as depicted in Fig. 5 shows a truncation of the protein
structure at the site of the premature stop introduced by rs2076530, just before the start of the IgC domain and the
attached transmembrane helix. Variants P285L, M2861 and P299Q are located in B-strands on the protein surface of
the IgC domain (Bajorath et al. 2001) and mapped to the residues 1126, 1127 and S140 of B7-1. Interestingly, all variants
change to amino acids whose side chains are physico-chemically more similar to the corresponding wild-type B7-1
residues in its IgC domain. Several residues involved in binding of the IgV domain of B7-1 to its receptor CTLA-4 (Stamper
et al. 2000) are conserved in BTNL2 (Fig. 4, Fig. 5). This observation suggests that BTNL2 may have a similar receptor-
binding site as B7-1 (see Fig. 5).

[0014] To evaluate the expression of the BTNLZ gene in relevant target cells, rt-PCR was performed in a tissue panel,
in THP 1 cells, and in bronchoalveolar lavage (BAL) cells from patients and controls. Since BTNLZ expression was
generally low, nested rt-PCR had to be employed to detect sufficient amounts of transcript. Fig. 6A shows the observed
expression in a variety of tissues, including leucocytes and thymus. Transcripts were also detected in all eight BAL cell
samples from sarcoidosis patients, but not in BAL-cells from control individuals or in normal lung cells as shown in Fig.
6B. Expression of the BTNL gene could also be induced by TNFa-stimulation in the myelomonocytic cell line THP1 (Fig.
6B).

[0015] The two alleles of the BTNLZ transcript (4bp deletion versus full length) were cloned into a mammalian expres-
sion vector with C-terminal fusion GFP. In transfection experiments of HeLa and HEK-cells (data not shown), these
allelic constructs showed a different subcellular localization. In contrast to the full-length transcript with a clear membrane
pattern, the deletion allele of the BTNL2-GFP fusion protein was contained in cytoplasmatic vesicular structures as
shown in Fig. 7. The high expression levels in the transfection experiments do not reflect the physiological abundance
of the protein in immunoregulatory cells, where a nested PCR was necessary to detect the transcript. Therefore, the
vesicle formation and the high abundance of BTNLZ2 in all membranes represents likely an effect of this overexpression.

Differentiation of BTNL2 and DRB1 effects

[0016] ThetruncatingA allele of rs2076530 represents a strong predisposing factorfor sarcoidosis (table 3A). However,
the DRB1 gene in close vicinity (~200 kb) of the BTNLZ gene has also been implicated in the aetiology of the disease
(Foley et al. 2001, Rossman et al. 2003). Group typing of DRB1T alleles in all three samples of the present study (Hampe
et al. 2004) indeed confirmed that amplification group 3 (alleles DRB1*03, *08, *11(not *1122/30), *12, *13, *14,
(not*1410/39)) (Hampe et al. 2004) confers an increased disease risk. It was therefore possible that alleles in amplification
group 3 acted as a confounder of the association between rs2076530 and sarcoidosis. However, a stratified analysis of
the respective DRB71 and BTNLZ genotypes (table 3B) was insignificant throughout (Breslow-Day test for homogeneity
of odds ratios: X2=0.12, 1d.f., p>0.5for both stratifications). Therefore, DRB1 amplification group 3 and rs2076530 allele
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A represent independent risk factors for sarcoidosis. Since no important protective alleles have hitherto been identified
within DRB1 amplification group 3, further subtyping of DRB1 was regarded unnecessary. Interestingly, the odds ratios
obtained for heterozygous (OR=1.55) and homozygous (OR=2.56) carriers of rs2076530 allele A follow a multiplicative
model whereas the presence of DRB1 group 3 had an almost dominant effect (ORs=1.90 and 2.02). The population
attributable risks of rs2076530 were 34% for genotype AA and 22% for AG, owing to the high frequency of the risk allele.

DISCUSSION

[0017] A three-stage SNP mapping experiment was performed on chromosome 6p21 in order to localise genetic
variants that predispose to sarcoidosis. A major disease-associated SNP (rs2076530) was identified in the 3’ region of
the BTNLZ gene. This variant is common (minor allele frequency 0.42) and confers its risk completely independently of
(known) disease-associated mutations in the DRB T gene. The susceptibility allele of rs2076530 is characterised by an
odds ratio of 1.55 in heterozygotes, and of 2.56 in homozygotes. Compared to associations seen in other complex
diseases like, for instance, that of CARD175 gene mutations and Crohn disease, rs2076530 is of moderate influence
upon the individual disease risk, but has a substantial contribution on the population level (PARs 22% for heterozygotes
and 34% for homozygotes). This is especially intriguing in view of the profound impact of the SNP upon BTNL2 protein
structure and function. This apparent discrepancy may be explicable in terms of a highly redundant system of co-
stimulatory molecules, including the products of the butyrophilin gene cluster, B7-1 and other, as yet unknown members
of the same functional class of proteins. The human BTN gene cluster has recently been localised on chromosome 6p22
(Rhodes et al. 2001), approximately 6 Mb telomeric of BTNLZ. For completeness, six markers from the BTN cluster
were also genotyped in the combined "basic" and "extended" samples of the present study, however without providing
any evidence for disease association (data not shown).

[0018] One of the principal co-stimulatory pathways for naive T-cells is initiated when CTLA-4 and CD28 engage B7
class molecules in the context of a primary signal, delivered through the TCR (Walunas et al. 1996). The B7-1 protein
(CD80) is a co-stimulatory molecule with known anti-inflammatory activity mediated through interaction with CTLA-4
(Borriello etal. 1997, Collins et al. 2002). Deletion of the IgC domain in the CD80 gene had a substantial pro-inflammatory
effect in a mouse plasmid vaccination model (Agadjanyan et al. 2003). Based upon amino acid homology and domain
structure, BTNL2 was modelled along the B7-1 protein (Fig. 4). It may therefore be hypothesised that a potential T-cell
down-regulatory function of BTNL2 would be impaired by the truncating mutation rs2076530 and the concomitant loss
of the IgC domain and transmembrane helix, possibly by the lack of membrane localisation (Fig. 7). Inappropriate T-cell
activation would also be compatible with the clinical immunology of sarcoidosis, characterized by a dysregulated T-
helper cell activation (Zissel et al. 2000).

[0019] The importance of co-stimulation and its dysfunction are increasingly recognised for many autoimmune disor-
ders (Ueda et al. 2003). The findings of the inventors of the present invention also emphasise the importance of this
pathway since CTLA4, a prototype of a putative BTNL2 receptor, is a risk factor for a wide range of autoimmune disorders,
including type | diabetes, autoimmune hypothyroidism and Graves disease (Ueda et al. 2003). The exact functional role
of BTNL2 in the co-stimulatory system remains to be elucidated.

[0020] However it could be shown that variants of BTNLZ2 confer susceptibility to sarcoidosis, a disorder that is char-
acterized by a disturbed T-cell function. As the BTNL2 protein serves as a co-stimulatory molecule, the disease sus-
ceptibility variants likely influence T-cell activation. Therefore diagnosis on basis of the genetic or the protein variants is
useful for the choice of therapy. Especially interference with or enhancement of BTNL2 function provides a handle for
therapeutic targeting of T-cell function and the immunoregulatory balance.

[0021] Enhancement of the BTNL2 function may be accomplished by administration of the long protein form (SEQ ID
NO: 456) either by parenteral (intravenous, subcutaneous) or oral administration. Also the naturally occurring variants
as depicted in SEQ ID NO: 457 and SEQ ID NO: 458, which only differ in their amino acids at positions 285, 286 and
299, may be used.

[0022] Interference with BTNL2 function may be accomplished by the design of a small molecule or antibody (or
antibody fragment) inhibitors of BTNLZ2 binding to its natural ligands on the T-cell.

[0023] Stillanothertherapeutic approach is the performance of gene therapy with a vector transformed with a nucleotide
sequence of the wild type BTNL2 sequence (SEQ ID NO: 455), comprising transfecting sarcoidosis affected cells in vivo
with an effective amount of vector, allowing the cells to take up the vector, and measuring a reduction in sarcoidosis.
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EXAMPLE
METHODS
Sample recruitment

[0024] Index patients were contacted between 2000 and 2003 through either specialised hospitals and general prac-
titioners, or through the German sarcoidosis patient organisation (Deutsche Sarkoidose-Vereinigung e. V., http://http:
/lwww .sarkoidose.de). All diagnoses were made on the basis of the International Consensus Statement on sarcoidosis
(Costabel and Hunninghake 1999, Statement on sarcoidosis 1999). Patients from sarcoidosis families were interviewed
by telephone about their individual and familial sarcoidosis history. All patients (families and singletons) 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 "basic" 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 (Costabel and
Hunninghake 1999, Statement on sarcoidosis 1999). All patients were of German origin. A group of 517 age- and sex-
matched healthy German controls were also included in the study. 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 1.

Additional details about the preparation of biological material

[0025] Bronchoalveolar lavage (BAL) cell samples were taken from eight sarcoidosis patients with overt disease
(average age: 44.8 + 3.6 years), and four controls (average age: 32.7 = 8.2 years). The diagnosis of chronic sarcoidosis
was established as noted in the text (Costabel and Hunninghake 1999). All sarcoidosis patients showed clinical signs
for active disease. Four patients, who underwent bronchoscopy for evaluation of chronic coughing and were retrospec-
tively found to be free of inflammatory or malignant disorder, served as additional controls. All patients and controls gave
written informed consent to the study. The protocol was approved the institutional review board of the institution. BAL
was performed as previously described (Hunninghake et al. 1979). Mean recovery was 62.5% and the average cell
number/100ml of BAL cells was 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% alveolar
macrophages. Total cellular RNA was extracted from BAL cells using TRIzol reagent® (Invitrogen, Paisley, 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 (RT) was performed on equal
amounts of total RNA persample, using 1x First Strand Buffer (Invitrogen, Paisley, UK), 2’-deoxynucleotide 5'triphosphate
(Invitrogen, Paisley, UK), dithiothreitol, oligo (dT)12-18 primer (Invitrogen, Paisley, UK), RNasin, and Superscript 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.
Forquality control, each RNA sample was subjected to RT-PCR omitting the RT.

Genotyping and sequencing

[0026] SNP genotyping was performed as previously described, using TagMan technology on an automated platform
(Hampe et al. 2002, Hampe et al. 2001). Primer and probe sequences of all assays are included in Table 4a and Table
4b. Sequencing of genomic DNA was performed using Applied Biosystems (Foster City, Ca, USA) BigDye™ chemistry
according to the supplier's recommendations (for primer sequences, see Table 5). DRB1 genotyping was performed
using group-specific primers in PCRs of 2,5ng of genomic DNA as described (Hampe et al. 2004). All markers were
tested for Hardy-Weinberg equilibrium in controls before inclusion in the association statistics.

¢DNA cloning and rt-PCR

[0027] In order to verify the published BTNLZ gene model, conserved exons were searched for in mouse and human
genomic sequences (Twinscan gene predictions, genome.ucsc.edu) and related to predicted splice sites (www fruit-
fly.org/seq_tools/splice.html). The predicted exons were verified by rt-PCR in a pool of cDNA tissue samples (Human
Multiple Tissue cDNA Panels | and I, Clontech) and by subsequent cloning and sequencing of PCR products. Details
of the primers are given in tables 4a, 4b, 5 and 6. Bronchoalveolar lavage (BAL) cell cDNA samples were obtained from
sarcoidosis patients with overt disease and from controls according to standard clinical and molecular procedures {(Hun-
ninghake et al. 1979). For expression analysis, nested PCR was performed with primers TTAGAGTCATTGGCCCTGCT
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