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Polymorphism Markers For Predicting Response To Interleukin-6
Receptor-Inhibiting Monoclonal Antibody Drug Treatment

BACKGROUND OF THE INVENTION

Tocilizumab is the first humanized interleukin-6 receptor (IL-6R)-inhibiting monoclonal
antibody that has been developed to treat rheumatoid arthritis. As with other treatments,
the antibody exhibits a range of therapeutic efficacy in patients. Thus, there is a need to
determine those patients that are more likely to respond positively to treatment with

tocilizumab, and/or to identify those patients who are unlikely to respond to treatment with

tocilizumab. The present invention addresses this need.
BRIEF SUMMARY OF THE INVENTION

The invention is based, in part, on the discovery of single nucleotide polymorphisms
(SNPs) that are associated with a positive therapeutic response to treatment with a
humanized IL-6R-inhibiting monoclonal antibody such as tocilizumab. The invention
therefore relates to the identification of SNPs, as well as combinations of such SNPs and
haplotypes of SNPs, that are associated with predicting a rheumatoid arthritis patient's
response to treatment with an IL-6R-inhibiting monoclonal antibody such as tocilizumab.
Thus, in one aspect, the invention provides a method of identifying a patient that has an
increased likelihood of responding to an IL-6R antibody, e.g. tocilizumab, the method
comprising determining the presence of at least one SNP allele, or a polymorphism in
strong linkage disequilibrium with the SNP, that is associated with a positive clinical
outcome, wherein the SNP is selected from the SNPs listed in Table 1 (Figure 1). In a
further aspect, the invention provides a method of identifying a patient that should be
excluded from treatment, the method comprising determining the presence of at least one
SNP allele, or a polymorphism in strong linkage disequilibrium with the SNP, that is
associated with a negative clinical out come, wherein the SNP is selected from the SNPs

listed in Table 1 (Figure 1).

CONFIRMATION COPY
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In another aspect, the invention additionally provides devices and/or kits for determining
the presence of one or more SNP alleles associated with positive and/or negative
therapeutic response to treatment with an IL-6R-inhibiting monoclonal antibody such as
tocilizumab. Such a device can, e.g., include an array (or microarray) that comprises

nucleic acid probes selective for SNP alleles set forth in Table 1 (Figure 1).

In another aspect, the invention provides methods of generating a report on the likelihood
of a rheumatoid arthritis patient exhibiting a positive therapeutic response to an IL-6R-

inhibiting monoclonal antibody such as tocilizumab.

In a further aspect of the invention, the SNPs and haplotypes described herein may also be
used to predict the likelihood of a positive or negative therapeutic outcome to treatment

with any therapeutic molecule that disrupts IL-6 signaling.

DETAILED DESCRIPTION OF THE INVENTION

A “single nucleotide polymorphism (SNP) biomarker” refers to a SNP, or a polymorphism
that is in strong linkage disequilibrium with the SNP, where an allele of the polymorphism
is associated with the presence of a therapeutic response, often a positive therapeutic

response, to a therapeutic treatment.

A “synonymous codon change” or a polymorphism that is “synonymous” refers to a change

in a nucleic acid sequence that does not result in an alteration in protein sequence.

Terms such as "SNP," "polymorphism,” "mutation, or "variation” are used interchangeably
unless it is expressly indicated otherwise. Thus, an "allelic variant” in the context of this

invention is an alternative form of a polymorphic allele.

As used herein, references to SNPs and SNP genotypes include individual SNPs and/or
haplotypes, which are groups of SNPs that are generally inherited together.
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A “SNP profile” of a rheumatoid arthritis patient, as used herein, refers to the pattern of
alleles that a rheumatoid arthritis patient possesses at one or more of the SNPs set forth in
Table 1 (Figure 1), or a polymorphism that is in strong linkage disequilibrium (LD) with a
SNP set forth in Table 1 (Figure 1).

The term “a polymorphism in strong linkage disequilibrium with a SNP” refers to a
polymorphism that is in linkage disequilibrium with a SNP identified herein, e.g., a SNP set
forth in Table 1 (Figure 1), where the linkage disequilibrium value is such that r 20.8.
Linkage disequilibrium values can be calculated using various methods (see, e.g., Devlin &
Risch, Genomics 29:311-322, 1995; and Jorde, Genome Res. 10:1435-1444, 2000 for
reviews; see also Lewontin, Genetics120:849-52, 1988; Hill & Robertson, Gernet Res.
8:269-94, 1966). Data for determining LD can be obtained from various sources, e.g., from
the HapMap project (The International HapMap Consortium. A second generation human
haplotype map of over 3.1 million SNPs. Nature 449:851-61, 2007; see also Barrett, ef al.,
Haploview: analysis and visualization of LD and haplotype maps. Bioinformatics 21:263-5,

2005.)

As used herein, a “positive therapeutic response” or “therapeutic benefit” refers to an

improvement in, and/or delay in the onset of, any symptom of rheumatoid arthritis.

As used herein “negative therapeutic response” refers to a lack of improvement of one or
more symptoms of rheumatoid arthritis; or in some embodiments, refers to an adverse side

effect such as increases in LDL or a serious infection adverse event.

An “interleukin-6 receptor (IL-6R) inhibiting antibody” refers to an antibody to IL-6
receptor where the antibody binds to IL-6 receptor and antagonizes (i.e., inhibits) IL-6
receptor activity. An example of such an antibody is tocilizumab, a humanized IL-6R
monoclonal antibody (see, e.g., Sato et al., Cancer Res 1993; 53: 851-6; and U.S. Patent
No. 7479543) that is used for the treatment of rheumatoid arthritis.

The term "hybridization" refers to the formation of a duplex structure by two single

stranded nucleic acids due to complementary base pairing. Hybridization can occur
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between exactly complementary nucleic acid strands or between nucleic acid strands that
contain minor regions of mismatch. As used herein, the term "substantially
complementary" refers to sequences that are complementary except for minor regions of
mismatch. Typically, the total number of mismatched nucleotides over a hybridizing
region is not more than 3 nucleotides for sequences about 15 nucleotides in length.
Conditions under which only exactly complementary nucleic acid strands will hybridize are
referred to as "stringent" or "sequence-specific" hybridization conditions. Stable duplexes
of substantially complementary nucleic acids can be achieved under less stringent
hybridization conditions. Those skilled in the art of nucleic acid technology can determine
duplex stability empirically considering a number of variables including, for example, the
length and base pair concentration of the oligonucleotides, ionic strength, and incidence of
mismatched base pairs. For example, computer software for calculating duplex stability is
commercially available from National Biosciences, Inc. (Plymouth, Minn.); e.g., OLIGO
version 5, or from DNA Software (Ann Arbor, Michigan), e.g., Visual OMP 6.

Stringent, sequence-specific hybridization conditions, under which an oligonucleotide will
hybridize only to the exactly complementary target sequence, are well known in the art
(see, e.g., the general references provided in the section on detecting polymorphisms in
nucleic acid sequences). Stringent conditions are sequence-dependent and will be different
in different circumstances. Generally, stringent conditions are selected to be about 5°C
lower than the thermal melting point (Tm) for the specific sequence at a defined ionic
strength and pH. The Tm is the temperature (under defined ionic strength and pH) at which
50% of the base pairs have dissociated. Relaxing the stringency of the hybridizing
conditions will allow sequence mismatches to be tolerated; the degree of mismatch

tolerated can be controlled by suitable adjustment of the hybridization conditions.

The term "primer" refers to an oligonucleotide that acts as a point of initiation of DNA
synthesis under conditions in which synthesis of a primer extension product complementary
to a nucleic acid strand is induced, i.e., in the presence of four different nucleoside
triphosphates and an agent for polymerization (i.e., DNA polymerase or reverse

transcriptase) in an appropriate buffer and at a suitable temperature. A primer is preferably
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a single-stranded oligodeoxyribonucleotide. The primer includes a "hybridizing region”
exactly or substantially complementary to the target sequence, preferably about 15 to about
35 nucleotides in length. A primer oligonucleotide can either consist entirely of the
hybridizing region or can contain additional features which allow for the detection,
immobilization, or manipulation of the amplified product, but which do not alter the ability
of the primer to serve as a starting reagent for DNA synthesis. For example, a nucleic acid
sequence tail can be included at the 5' end of the primer that hybridizes to a capture

oligonucleotide.

An "allele-specific" primer, as used herein, is a primer that hybridizes to a target sequence
such that the 3' end, usually the 3' nucleotide, of the primer aligns with a site of interest,
e.g., a SNP site, and is exactly complementary to either the major allele or a minor allele at
the position of interest. As used herein, the primer is "specific for" the allele to which it is
exactly complementary at the 3' end, e.g., at the 3' nucleotide or penultimate nucleotide. In
general, primer extension is inhibited when a mismatch is present at the 3' end of the
primer. An allele-specific primer, when hybridized to the exactly complementary allele, is
extendable at a greater efficiency. The same primer, when hybridized to the other allele, is
not as readily extendable because of the mismatch at the 3' end, e.g., the 3' nucleotide or
penultimate nucleotide at the 3' end, of the primer in the hybridization duplex. Thus, the
use of an allele-specific primer provides allelic discrimination based on differential

formation of an extension product.

The term "probe" refers to an oligonucleotide that selectively hybridizes to a target nucleic

acid under suitable conditions.

An "allele-specific" probe contains a "hybridizing region"” exactly or substantially
complementary to the target sequence, and is exactly complementary to the target sequence
at the site of interest, e.g., a SNP polymorphic site. Thus, for example, an allele-specific
probe for one SNP allele selectively detects one of the nucleotides at the polymorphic site,
whereas a different allele-specific probe selectively detects an alternative nucleotide present

at the polymorphic site. A hybridization assay carried out using the probe under
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sufficiently stringent hybridization conditions enables the selective detection of a specific
target sequence comprising the site of interest. The probe hybridizing region is preferably
from about 10 to about 35 nucleotides in length, more preferably from about 15 to about 35
nucleotides in length. The use of modified bases or base analogues which affect the
hybridization stability, which are well known in the art, may enable the use of shorter or
longer probes with comparable stability. A probe oligonucleotide can either consist
entirely of the hybridizing region or can contain additional features which allow for the
detection or immobilization of the probe, but which do not significantly alter the

hybridization characteristics of the hybridizing region.

The term "target sequence" or "target region" refers to a region of a nucleic acid that is to

be analyzed and comprises the polymorphic site of interest.

As used herein, the terms “nucleic acid,” “polynucleotide” and “oligonucleotide” refer to
primers, probes, and oligomer fragments. The terms are not limited by length and are
generic to linear polymers of polydeoxyribonucleotides (containing 2-deoxy-D-ribose),
polyribonucleotides (containing D-ribose), and any other N-glycoside of a purine or
pyrimidine base, or modified purine or pyrimidine bases. These terms include double- and
single-stranded DNA, as well as double- and single-stranded RNA. Oligonucleotides for

use in the invention may be used as primers and/or probes.

A nucleic acid, polynucleotide or oligonucleotide can comprise phosphodiester linkages or
modified linkages including, but not limited to phosphotriester, phosphoramidate, siloxane,
carbonate, carboxymethylester, acetamidate, carbamate, thioether, bridged
phosphoramidate, bridged methylene phosphonate, phosphorothioate, methylphosphonate,
phosphorodithioate, bridged phosphorothioate or sulfone linkages, and combinations of

such linkages.

A nucleic acid, polynucleotide or oligonucleotide can comprise the five biologically
occurring bases (adenine, guanine, thymine, cytosine and uracil) and/or bases other than the
five biologically occurring bases. These bases may serve a number of purposes, e.g., to

stabilize or destabilize hybridization; to promote or inhibit probe degradation; or as
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attachment points for detectable moieties or quencher moieties. For example, a
polynucleotide of the invention can contain one or more modified, non-standard, or
derivatized base moieties, including, but not limited to, N6-methyl-adenine, N6-tert-butyl-
benzyl-adenine, imidazole, substituted imidazoles, 5-fluorouracil, 5 bromouracil, 5-
chlorouracil, S-iodouracil, hypoxanthine, xanthine, 4-acetylcytosine, 5
(carboxyhydroxymethyl)uracil, 5 carboxymethylaminomethyl-2-thiouridine, 5
carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, inosine, N6
isopentenyladenine, 1-methylguanine, 1-methylinosine, 2,2-dimethylguanine, 2-
methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-methyladenine,
7-methylguanine, 5S-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta-D
mannosylqueosine, 5'-methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-N6-
isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, queosine, 2
thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil-5-
oxyacetic acidmethylester, 3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, 2,6-
diaminopurine, and 5-propynyl pyrimidine. Other examples of modified, non-standard, or
derivatized base moieties may be found in U.S. Patent Nos. 6,001,611; 5,955,589;
5,844,106; 5,789,562; 5,750,343; 5,728,525; and 5,679,785. Furthermore, a nucleic acid,
polynucleotide or oligonucleotide can comprise one or more modified sugar moieties

including, but not limited to, arabinose, 2-fluoroarabinose, xylulose, and a hexose.

The terms "arrays," "microarrays," and "DNA chips" are used herein interchangeably to
refer to an array of distinct polynucleotides affixed to a substrate, such as glass, plastic,
paper, nylon or other type of membrane, filter, chip, or any other suitable solid support.
The polynucleotides can be synthesized directly on the substrate, or synthesized separate
from the substrate and then affixed to the substrate. The arrays are prepared using known

methods.
Introduction

The invention is based, at least in part, on the identification of a number of SNPs (see, e.g.,

Table 1 (Figure 1)) that are associated with magnitude of clinical response of rheumatoid
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arthritis patients to treatment with an IL-6R antibody, tocilizamab. Thus, the invention
provides methods and devices for analyzing for the presence of particular SNP alleles to
use in the determination of rheumatoid arthritis patients that are likely to have a beneficial
response to treatment with an IL-6R antibody, preferably tocilizumab; or to identify those
patients that have a SNP pattern that is associated with a poor clinical response to treatment
with an IL-6R antibody such as tocilizumab. Further, detection of at least one SNP set
forth in Table 1 (Figure 1) may also be used to predict endpoints other than rheumatoid
arthritis symptoms, e.g., changes in Low Density Lipoprotein (ALDL) or a Serious
Infection Adverse Event (SIAE) following dosing with IL-6R antibody, e.g., tocilizumab.

The identification of a gene/transcript/protein/metabolite, linked by pathway or cell type or
tissue expression to the SNPs identified in this analysis, may also be used as an alternative
biomarker for measurement of response to treatment with an IL-6R antibody such as
tocilizumab. Similarly, the identification of a gene/transcript/protein/metabolite, linked by
pathway or cell type or tissue expression to one or more SNPs identified in Table 1 (Figure
1) may also be used as an alternative biomarker to predict ALDL or a SIAE following

dosing with tocilizumab, or other IL-6R antibody therapeutic agent.

The contribution or association of particular SNPs and/or SNP haplotypes with positive
responses to treatment with tocilizumab provides the basis of diagnostic/prognostic tests to
identify patients who are more likely to respond to therapy with an IL-6 receptor antibody.
In the current invention, the diagnostic/prognostic analysis may be based on a single SNP
or a group of SNPs. Combined detection of a plurality of SNPs (for example, 2, 3, 4, 5, 6,
7,8,9, 10, 15, 20, 25, 30, 35, 50, 100, 150, 200, 250, or 300, or 319, or any other number
in-between, or more, of the SNPs provided in Table 1 (Figure 1)) is typically preferable for
increased predictive power. SNP analysis may also be combined with other prognostic
indicators, e.g., pathological characteristics, to assist in identifying patients that are likely to
respond to treatment with tocilizumab, or another IL-6 receptor antibody used for the
treatment of rheumatoid arthritis; or another therapy for rheumatoid arthritis that disrupts

IL-6 signaling.
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Similarly, SNP analysis may also serve as a prognostic indicator for those patients who

would not likely benefit from treatment with an IL-6R antibody such as tocilizumab.

The process of determining which nucleotide(s) is/are present at each of one or more SNP
positions (such as a SNP position disclosed in Table 1 (Figure 1)), for either or both alleles,
may be referred to by such phrases as SNP genotyping, determining the "identity" of a
SNP, determining the "content" of a SNP, or determining which nucleotide(s)/allele(s)
is/are present at a SNP position. Thus, these terms can refer to detecting a single allele
(nucleotide) at a SNP position or can encompass detecting both alleles (nucleotides) at a
SNP position (such as to determine the homozygous or heterozygous state of a SNP
position). Furthermore, in some embodiments, these terms may also refer to detecting an
amino acid residue encoded by a SNP (such as alternative amino acid residues that are

encoded by different codons created by alternative nucleotides at a SNP position).

The SNPs shown in Table 1 (Figure 1) include SNPs that are associated with a positive
therapeutic outcome as well as those associated with a negative therapeutic outcome. Thus,
in some embodiments, patients are excluded from treatment to IL-6R antibody, e.g.,

tocilizumab, based on the SNP alleles present in the patient.

In some embodiments, the SNPs that are analyzed are one or more of the seven SNPs set
forth in Table 2. In some embodiments, two of the seven SNPs are analyzed. In additional

embodiments, three, four, five, six, or all of the seven SNPs are analyzed.

In Table 1 (Figure 1), the beta value reflects the association (negative or positive) with the
number of minor SNP alleles. Thus, for example, if the presence of a minor allele (in a
patient being tested) of a SNP in Table I is detected, this is indicative of a positive response
to the IL-6R antagonist, e.g., tocilizumab if the SNP is shown as having a negative beta for

a symptom of RA.
Detection of nucleic acid sequence polymorphisms

Detection techniques for evaluating nucleic acids for the presence of a SNP involve

procedures well known in the field of molecular genetics. Many of the methods involve
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amplification of nucleic acids. Ample guidance for performing methods of SNP analysis is
readily available in the art. Exemplary references include manuals such as PCR
Technology: Principles and Applications for DNA Amplification (ed. H. A. Erlich,
Freeman Press, NY, N.Y., 1992); PCR Protocols: A Guide to Methods and Applications
(eds. Innis, et al., Academic Press, San Diego, Calif., 1990); Current Protocols in Molecular

Biology, Ausubel, 1994-1999, including supplemental updates through April 2010;
Sambrook & Russell, Molecular Cloning, A Laboratory Manual (3rd Ed, 2001).

Although SNP allele detection methods typically employ PCR steps, other amplification
protocols may also be used. Suitable amplification methods include ligase chain reaction
(see, e.g., Wu & Wallace, Genomics 4:560-569, 1988); strand displacement assay (see, e.g.,
Walker et al., Proc. Natl. Acad. Sci. USA 89:392-396, 1992; U.S. Pat. No. 5,455,166); and
several transcription-based amplification systems, including the methods described in U.S.
Pat. Nos. 5,437,990, 5,409,818; and 5,399,491; the transcription amplification system
(TAS) (Kwoh et al., Proc. Natl. Acad. Sci. USA 86:1173-1177, 1989); and self-sustained
sequence replication (3SR) (Guatelli et al., Proc. Natl. Acad. Sci. USA 87:1874-1878, 1990;
WO 92/08800). Alternatively, methods that amplify a probe to detectable levels can be
used, such as Q-replicase amplification (Kramer & Lizardi, Nature 339:401-402, 1989;
Lomeli et al., Clin. Chem. 35:1826-1831, 1989). A review of known amplification
methods is provided, for example, by Abramson and Myers in Current Opinion in

Biotechnology 4:41-47, 1993.

In numerous embodiments, the detection of the genotype at a SNP biomarker, e.g., of a
SNP set forth in Table 1 (Figure 1), of an individual is performed using oligonucleotide
primers and/or probes. Oligonucleotides can be prepared by any suitable method, usually
chemical synthesis, and can also be purchased through commercial sources.
Oligonucleotides can include modified phosphodiester linkages (e.g., phosphorothioate,
methylphosphonates, phosphoamidate, or boranophosphate) or linkages other than a
phosphorous acid derivative oligonucleotide may be used to prevent cleavage at a selected

site. In addition, the use of 2’-amino modified sugars tends to favor displacement over
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digestion of the oligonucleotide when hybridized to a nucleic acid that is also the template

for synthesis of a new nucleic acid strand.

In some embodiments, one of skill in the art may determine expression levels of a transcript
of a gene linked by pathway, cell-type, etc. to a SNP identified herein. The expression
levels in a rheumatoid arthritis patient of a product encoded by a gene biomarker can be

determined using many detection methods that are well known in the art.

Determination of expression level is often performed by analyzing a nucleic acid sample
that is obtained from the individual to be analyzed. Often, the nucleic acid sample

comprises messenger RNA.

In embodiments in which the SNP genotype is determined, the nucleic acid sample
typically comprises genomic DNA, which can be obtained from peripheral blood

lymphocytes or from other cells or tissues.

It is also possible to analyze RNA samples (and the cDNA transcribed therefrom) for the
presence of polymorphic alleles where the polymorphism is present in a region that is
transcribed. For example, mRNA can be used to determine the genotype of an individual at
a transcribed polymorphic site. Such an analysis can be performed by first reverse-
transcribing the target RNA using, for example, a viral reverse trahscriptase, and then
amplifying the resulting cDNA,; or using a combined high-temperature reverse-
transcription-polymerase chain reaction (RT-PCR), as described in U.S. Pat. Nos.
5,310,652; 5,322,770; 5,561,058; 5,641,864; and 5,693,517.

Frequently used methodologies for analysis of nucleic acid samples to detect SNPs are
briefly described. However, any method known in the art can be used in the invention to

detect the presence of single nucleotide polymorphisms.

Allele Specific Hybridization

This technique, also commonly referred to as allele-specific oligonucleotide hybridization

(ASO) (e.g., Stoneking et al., Am. J. Hum. Genet. 48:70-382, 1991; Saiki et al., Nature
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324, 163-166, 1986; EP 235,726; and WO 89/11548), relies on distinguishing between two
DNA molecules differing by one base by hybridizing an oligonucleotide probe that is
specific for one of the variants to an amplified product obtained from amplifying the
nucleic acid sample. This method typically employs short oligonucleotides, e.g., 15-20
bases in length. The probes are designed to differentially hybridize to one variant versus
another. Principles and guidance for designing such probe is available in the art, e.g., in the
references cited herein. Hybridization conditions should be sufficiently stringent that there
is a significant difference in hybridization intensity between alleles, and preferably an
essentially binary response, whereby a probe hybridizes to only one of the alleles. Some
probes are designed to hybridize to a segment of target DNA such that the polymorphic site
aligns with a central position (e.g., in a 15-base oligonucleotide at the 7 position; in a 16-
based oligonucleotide at either the 8 or 9 position) of the probe, but this design is not

required.

The amount and/or presence of an allele is determined by measuring the amount of allele-
specific oligonucleotide that is hybridized to the sample. Typically, the oligonucleotide is
labeled with a label such as a fluorescent label. For example, an allele-specific
oligonucleotide is applied to immobilized oligonucleotides representing one of the SNP

allele sequences. After stringent hybridization and washing conditions, fluorescence

~ intensity is measured for each SNP oligonucleotide.

In one embodiment, the nucleotide present at the polymorphic site is identified by
hybridization under sequence-specific hybridization conditions with an oligonucleotide
probe exactly complementary to one of the polymorphic alleles in a region encompassing
the polymorphic site. The probe hybridizing sequence and sequence-specific hybridization
conditions are selected such that a single mismatch at the polymorphic site destabilizes the
hybridization duplex sufficiently so that it is effectively not formed. Thus, under sequence-
specific hybridization conditions, stable duplexes will form only between the probe and the
exactly complementary allelic sequence. Thus, oligonucleotides from about 10 to about 35

nucleotides in length, preferably from about 15 to about 35 nucleotides in length, which are
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exactly complementary to an allele sequence in a region which encompasses the

polymorphic site are within the scope of the invention.

In an alternative embodiment, the nucleotide present at the polymorphic site is identified by
hybridization under sufficiently stringent hybridization conditions with an oligonucleotide
substantially complementary to one of the SNP alleles in a region encompassing the
polymorphic site, and exactly complementary to the allele at the polymorphic site. Because
mismatches which occur at non-polymorphic sites are mismatches with both allele
sequences, the difference in the number of mismatches in a duplex formed with the target
allele sequence and in a duplex formed with the corresponding non-target allele sequence is
the same as when an oligonucleotide exactly complementary to the target allele sequence is
used. In this embodiment, the hybridization conditions are relaxed sufficiently to allow the
formation of stable duplexes with the target sequence, while maintaining sufficient
stringency to preclude the formation of stable duplexes with non-target sequences. Under
such sufficiently stringent hybridization conditions, stable duplexes will form only between
the probe and the target allele. Thus, oligonucleotides from about 10 to about 35
nucleotides in length, preferably from about 15 to about 35 nucleotides in length, which are
substantially complementary to an allele sequence in a region which encompasses the
polymorphic site, and are exactly complementary to the allele sequence at the polymorphic

site, are within the scope of the invention.

The use of substantially, rather than exactly, complementary oligonucleotides may be
desirable in assay formats in which optimization of hybridization conditions is limited. For
example, in a typical multi-target immobilized-probe assay format, probes for each target
are immobilized on a single solid support. Hybridizations are carried out simultaneously
by contacting the solid support with a solution containing target DNA. As all hybridizations
are carried out under identical conditions, the hybridization conditions cannot be separately
optimized for each probe. The incorporation of mismatches into a probe can be used to
adjust duplex stability when the assay format precludes adjusting the hybridization
conditions. The effect of a particular introduced mismatch on duplex stability is well

known, and the duplex stability can be routinely both estimated and empirically
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determined, as described above. Suitable hybridization conditions, which depend on the
exact size and sequence of the probe, can be selected empirically using the guidance
provided herein and well known in the art. The use of oligonucleotide probes to detect
single base pair differences in sequence is described in, for example, Conner et al., 1983,

Proc. Natl. Acad. Sci. USA 80:278-282, and U.S. Pat. Nos. 5,468,613 and 5,604,099.

The proportional change in stability between a perfectly matched and a single-base
mismatched hybridization duplex depends on the length of the hybridized oligonucleotides.
Duplexes formed with shorter probe sequences are destabilized proportionally more by the
presence of a mismatch. In practice, oligonucleotides between about 15 and about 35
nucleotides in length are preferred for sequence-specific detection. Furthermore, because
the ends of a hybridized oligonucleotide undergo continuous random dissociation and re-
annealing due to thermal energy, a mismatch at either end destabilizes the hybridization
duplex less than a mismatch occurring internally. Preferably, for discrimination of a single
base pair change in target sequence, the probe sequence is selected which hybridizes to the

target sequence such that the polymorphic site occurs in the interior region of the probe.

The above criteria for selecting a probe sequence that hybridizes to a particular SNP allele
apply to the hybridizing region of the probe, i.e., that part of the probe which is involved in
hybridization with the target sequence. A probe may be bound to an additional nucleic acid
sequence, such as a poly-T tail used to immobilize the probe, without significantly altering
the hybridization characteristics of the probe. One of skill in the art will recognize that for
use in the present methods, a probe bound to an additional nucleic acid sequence which is
not complementary to the target sequence and, thus, is not involved in the hybridization, is

essentially equivalent to the unbound probe.

Suitable assay formats for detecting hybrids formed between probes and target nucleic acid
sequences in a sample are known in the art and include the immobilized target (dot-blot)
format and immobilized probe (reverse dot-blot or line-blot) assay formats. Dot blot and
reverse dot blot assay formats are described in U.S. Pat. Nos. 5,310,893; 5,451,512;
5,468,613; and 5,604,099.
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In a dot-blot format, amplified target DNA is immobilized on a solid support, such as a
nylon membrane. The membrane-target complex is incubated with labeled probe under
suitable hybridization conditions, unhybridized probe is removed by washing under
suitably stringent conditions, and the membrane is monitored for the presence of bound
probe. In the reverse dot-blot (or line-blot) format, the probes are immobilized on a solid
support, such as a nylon membrane or a microtiter plate. The target DNA is labeled,
typically during amplification by the incorporation of labeled primers. One or both of the
primers can be labeled. The membrane-probe complex is incubated with the labeled
amplified target DNA under suitable hybridization conditions, unhybridized target DNA is
removed by washing under suitably stringent conditions, and the membrane is monitored

for the presence of bound target DNA.

An allele-specific probe that is specific for one of the polymorphism variants is often used
in conjunction with the allele-specific probe for the other polymorphism variant. In some
embodiments, the probes are immobilized on a solid support and the target sequence in an
individual is analyzed using both probes simultaneously. Examples of nucleic acid arrays
are described by WO 95/11995. The same array or a different array can be used for
analysis of characterized polymorphisms. WO 95/11995 also describes subarrays that are
optimized for detection of variant forms of a pre-characterized polymorphism. Such a

subarray can be used in detecting the presence of a SNP described herein.

Allele-Specific Primers

Polymorphisms are also commonly detected using allele-specific amplification or primer
extension methods. These reactions typically involve use of primers that are designed to
specifically target a polymorphism via a mismatch at the 3' end of a primer. The presence
of a mismatch effects the ability of a polymerase to extend a primer when the polymerase
lacks error-correcting activity. For example, to detect an allele sequence using an allele-
specific amplification- or extension-based method, a primer complementary to one of the
specific alleles of a SNP is designed such that the 3' terminal nucleotide hybridizes at the
polymorphic position. The presence of the particular allele can be determined by the ability
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of the primer to initiate extension. If the 3' terminus is mismatched, the extension is
impeded. Thus, for example, if a primer matches the target allele nucleotide at the 3' end,

the primer will be efficiently extended.

Typically, the primer is used in conjunction with a second primer in an amplification
reaction. The second primer hybridizes at a site unrelated to the polymorphic position.
Amplification proceeds from the two primers leading to a detectable product signifying the
particular allelic form is present. Allele-specific amplification- or extension-based methods
are described in, for example, WO 93/22456; U.S. Pat. Nos. 5,137,806; 5,595,890;
5,639,611; and U.S. Pat. No. 4,851,331.

Using allele-specific amplification-based genotyping, identification of the alleles requires
only detection of the presence or absence of amplified target sequences. Methods for the
detection of amplified target sequences are well known in the art. For example, gel
electrophoresis and probe hybridization assays described are often used to detect the

presence of nucleic acids.

In an alternative probe-less method, the amplified nucleic acid is detected by monitoring
the increase in the total amount of double-stranded DNA in the reaction mixture, is
described, e.g., in U.S. Pat. No. 5,994,056; and European Patent Publication Nos. 487,218
and 512,334. The detection of double-stranded target DNA relies on the increased
fluorescence various DNA-binding dyes, e.g., SYBR Green, exhibit when bound to double-
stranded DNA.

As appreciated by one in the art, allele-specific amplification methods can be performed in
reaction that employ multiple allele-specific primers to target particular alleles. Primers for
such multiplex applications are generally labeled with distinguishable labels or are selected
such that the amplification products produced from the alleles are distinguishable by size.
Thus, for example, both alleles in a single sample can be identified using a single

amplification by gel analysis of the amplification product.
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As in the case of allele-specific probes, an allele-specific oligonucleotide primer may be
exactly complementary to one of the polymorphic alleles in the hybridizing region or may
have some mismatches at positions other than the 3' terminus of the oligonucleotide, which

mismatches occur at non-polymorphic sites in both allele sequences.

5'-nuclease assay

Genotyping can also be performed using a "TagMan®" or "5'-nuclease assay", as described
in U.S. Pat. Nos. 5,210,015; 5,487,972; and 5,804,375; and Holland ef al., 1988, Proc. Natl.
Acad. Sci. USA 88:7276-7280. In the TagMan® assay, labeled detection probes that
hybridize within the amplified region are added during the amplification reaction. The
probes are modified so as to prevent the probes from acting as primers for DNA synthesis.
The amplification is performed using a DNA polymerase having 5' to 3' exonuclease
activity. During each synthesis step of the amplification, any probe which hybridizes to the
target nucleic acid downstream from the primer being extended is degraded by the 5' to 3'
exonuclease activity of the DNA polymerase. Thus, the synthesis of a new target strand
also results in the degradation of a probe, and the accumulation of degradation product

provides a measure of the synthesis of target sequences.

The hybridization probe can be an allele-specific probe that discriminates between the SNP
alleles. Alternatively, the method can be performed using an allele-specific primer and a

labeled probe that binds to amplified product.

Any method suitable for detecting degradation product can be used in a 5' nuclease assay.
Often, the detection probe is labeled with two fluorescent dyes, one of which is capable of
quenching the fluorescence of the other dye. The dyes are attached to the probe, preferably
one attached to the 5' terminus and the other is attached to an internal site, such that
quenching occurs when the probe is in an unhybridized state and such that cleavage of the
probe by the 5' to 3' exonuclease activity of the DNA polymerase occurs in between the two
dyes. Amplification results in cleavage of the probe between the dyes with a concomitant
elimination of quenching and an increase in the fluorescence observable from the initially

quenched dye. The accumulation of degradation product is monitored by measuring the
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increase in reaction fluorescence. U.S. Pat. Nos. 5,491,063 and 5,571,673 describe
alternative methods for detecting the degradation of probe which occurs concomitant with

amplification.

DNA sequencing and single base extensions

A SNP biomarker can also be detected by direct sequencing. Methods include e.g.,
dideoxy sequencing-based methods although other methods such as Maxam and Gilbert

sequencing are also known (see, e.g., Sambrook and Russell, supra).

Sequencing detection methods include Pyrosequencing™ of oligonucleotide-length
products. Such methods often employ amplification techniques such as PCR. For
example, in pyrosequencing, a sequencing primer is hybridized to a single stranded, PCR-
amplified, DNA template; and incubated with the enzymes, DNA polymerase, ATP
sulfurylase, luciferase and apyrase, and the substrates, adenosine 5° phosphosulfate (APS)
and luciferin. The first of four deoxynucleotide triphosphates (ANTP) is added to the
reaction. DNA polymerase catalyzes the incorporation of the deoxynucleotide triphosphate
into the DNA strand, if it is complementary to the base in the template strand. Each
incorporation event is accompanied by release of pyrophosphate (PPi) in a quantity
equimolar to the amount of incorporated nucleotide. ATP sulfurylase quantitatively
converts PPi to ATP in the presence of adenosine 5° phosphosulfate. This ATP drives the
luciferase-mediated conversion of luciferin to oxyluciferin that generates visible light in
amounts that are proportional to the amount of ATP. The light produced in the luciferase-
catalyzed reaction is detected by a charge coupled device (CCD) camera and seen as a peak
in a pyrogram™, Each light signal is proportional to the number of nucleotides
incorporated. Apyrase, a nucleotide degrading enzyme, continuously degrades
unincorporated dNTPs and excess ATP. When degradation is complete, another dNTP is
added.

Another similar method for characterizing SNPs does not require use of a complete PCR,
but typically uses only the extension of a primer by a single, fluorescence-labeled

dideoxyribonucleic acid molecule (ddNTP) that is complementary to the nucleotide to be
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investigated. The nucleotide at the polymorphic site can be identified via detection of a
primer that has been extended by one base and is fluorescently labeled (e.g., Kobayashi et

al, Mol. Cell. Probes, 9:175-182, 1995).

The sequence can be determined using any other DNA sequencing method including, e.g.,
methods that use semiconductor technology to detect nucleotides that are incorporated into
an extended primer by measuring changes in current that occur when a nucleotide is
incorporated (see, e.g., U.S. Patent Application Publication Nos. 2009/0127589 and
2010/0035252). Other techniques include direct label-free exonuclease sequencing in
which nucleotides cleaved from the nucleic acid are detected by passing through a
nanopore (Oxford Nanopore) (Clark et al., Nature Nanotechnology 4: 265 — 270, 2009);
and Single Molecule Real Time (SMRT™) DNA sequencing technology (Pacific

Biosciences), which is a sequencing-by synthesis technique.

Additional techniques

Another method for SNP genotyping is based on mass spectrometry. Mass spectrometry
takes advantage of the unique mass of each of the four nucleotides of DNA. SNPs can be
unambiguously genotyped by mass spectrometry by measuring the differences in the mass
of nucleic acids having alternative SNP alleles. MALDI-TOF (Matrix Assisted Laser
Desorption Ionization - Time of Flight) mass spectrometry technology is preferred for
extremely precise determinations of molecular mass, such as SNPs. Numerous approaches
to SNP analysis have been developed based on mass spectrometry. Preferred mass
spectrometry-based methods of SNP genotyping include primer extension assays, which
can also be utilized in combination with other approaches, such as traditional gel-based

formats and microarrays.

Amplification products generated using the polymerase chain reaction can be analyzed by
the use of denaturing gradient gel electrophoresis. Different alleles can be identified based
on the different sequence-dependent melting properties and electrophoretic migration of

DNA in solution (see, e.g., Erlich, ed., PCR Technology, Principles and Applications for
DNA Amplification, W. H. Freeman and Co, New York, 1992, Chapter 7).
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Alleles of target sequences can be differentiated using single-strand conformation
polymorphism analysis, which identifies base differences by alteration in electrophoretic
migration of single stranded PCR products, as described, e.g., in Orita et al., Proc. Nat.
Acad. Sci. 86,2766-2770 (1989). Amplified PCR products can be generated as described
above, and heated or otherwise denatured, to form single stranded amplification products.
Single-stranded nucleic acids may refold or form secondary structures which are partially
dependent on the base sequence. The different electrophoretic mobilities of single-stranded

amplification products can be related to base-sequence difference between alleles of target

SNP detection methods often employ labeled oligonucleotides. Oligonucleotides can be
labeled by incorporating a label detectable by spectroscopic, photochemical, biochemical,
immunochemical, or chemical means. Useful labels include fluorescent dyes, radioactive
labels, e.g., **P, electron-dense reagents, enzyme, such as peroxidase or alkaline
phsophatase, biotin, or haptens and proteins for which antisera or monoclonal antibodies
are available. Labeling techniques are well known in the art (see, e.g., Current Protocols in

Molecular Biology, supra; Sambrook & Russell, supra).
Detection of protein variants

In some embodiments, e.g., where a biomarker allele results in a change of a protein
sequence, it may be possible to detect variant alleles using methods that discriminate
between the two variant proteins. Often these methods employ an antibody specific to the

protein encoded by a variant allele.

A general overview of the applicable technology can be found in Harlow & Lane,
Antibodies: A Laboratory Manual (1988) and Harlow & Lane, Using Antibodies (1999).
Methods of producing polyclonal and monoclonal antibodies that react specifically with an
allelic variant are known to those of skill in the art (see, e.g., Coligan, Current Protocols in
Immunology (1991); Harlow & Lane, supra; Goding, Monoclonal Antibodies: Principles
and Practice (2d ed. 1986); and Kohler & Milstein, Nature 256:495-497 (1975)). Such
techniques include antibody preparation by selection of antibodies from libraries of

recombinant antibodies in phage or similar vectors, as well as preparation of polyclonal and
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monoclonal antibodies by immunizing rabbits or mice (see, e.g., Huse et al., Science

246:1275-1281 (1989); Ward et al., Nature 341:544-546 (1989)).

Polymorphic alleles can be detected by a variety of immunoassay methods. For a review of
immunological and immunoassay procedures, see Basic and Clinical Immunology (Stites &
Terr eds., 7th ed. 1991). Moreover, the immunoassays can be performed in any of several
configurations, which are reviewed extensively in Enzyme Immunoassay (Maggio, ed.,
1980); and Harlow & Lane, supra. For a review of the general immunoassays, see also
Methods in Cell Biology: Antibodies in Cell Biology, volume 37 (Asai, ed. 1993); Basic
and Clinical Immunology (Stites & Terr, eds., 7th ed. 1991).

Commonly used assays include noncompetitive assays, e.g., sandwich assays, and
competitive assays. Typically, an assay such as an ELISA assay can be used. The amount

of the polypeptide variant can be determined by performing quantitative analyses.

Other detection techniques, e.g., MALDI, may be used to directly detect the presence of a

difference in protein sequence when comparing SNP alleles.
Devices and Kits

In a further aspect, the invention provides diagnostic devices and kits for identifying SNPs
associated with improved responsiveness of a rheumatoid arthritis patient to a therapeutic

IL-6R antibody such as tocilizumab.

In some embodiments, a diagnostic device comprises probes to detect at least 2, 3, 4, 5, 6,
7, 8,9, 10, 15, 20, or 50, or at least 100, at least 200, or at least 300 of the SNPs set forth in
Table 1 (Figure 1). In some embodiments, the present invention provides oligonucleotide
probes attached to a solid support, such as a microarray slide or chip, e.g., as described in
DNA Microarrays: A Molecular Cloning Manual, 2003, Eds. Bowtell and Sambrook, Cold
Spring Harbor Laboratory Press. Construction of such devices are well known in the art,
for example as described in US Patents and Patent Publications U.S. Patent No. 5,837,832;
PCT application WO 95/11995; U.S. Patent No. 5,807,522; US Patent Nos. 7,157,229,
7,083,975, 6,444,175, 6,375,903, 6,315,958, 6,295,153, and 5,143,854; U.S. Patent
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Application Publication Nos. 2007/0037274, 2007/0140906, 2004/0126757, 2004/0110212,
2004/0110211, 2003/0143550, 2003/0003032, and 2002/0041420. Nucleic acid arrays are
also reviewed in the following references: Biotechnol Annu Rev 8:85-101 (2002); |
Sosnowski et al, Psychiatr Genet 12(4):181-92 (Dec. 2002); Heller, Annu Rev Biomed Eng
4: 129-53 (2002); Kolchinsky et al, Hum. Mutat 19(4):343-60 (Apr. 2002); and McGail et
al, Adv Biochem Eng Biotechnol 77:21-42 (2002).

Any number of probes, such as allele-specific probes, may be implemented in an array, and
each probe or pair of probes can hybridize to a different SNP position. In the case of
polynucleotide probes, they can be synthesized at designated areas (or synthesized
separately and then affixed to designated areas) on a substrate using a light-directed
chemical process. An array can be composed of a large number of unique, single-stranded
polynucleotides. Typical polynucleotides are preferably about 6-60 nucleotides in length,
more preferably about 15-30 nucleotides in length, and most preferably about 18-25
nucleotides in length. For certain types of arrays or other detection kits/systems, it may be
preferable to use oligonucleotides that are only about 7-20 nucleotides in length. In other
types of arrays, such as arrays used in conjunction with chemiluminescent detection
technology, preferred probe lengths can be, for example, about 15-80 nucleotides in length,
preferably about 50-70 nucleotides in length, more preferably about 55-65 nucleotides in
length, and most preferably about 60 nucleotides in length. Polynucleotides used in the
microarray or detection kit can be specific to a SNP or SNPs of interest (e.g., specific to a
particular SNP allele at a target SNP site, or specific to particular SNP alleles at multiple
different SNP sites), or specific to a polymorphic gene/transcript or genes/transcripts of

interest.

A person skilled in the art will recognize that, based on the SNP and associated sequence
information disclosed herein, detection reagents can be developed and used to assay any
SNP set forth in Table 1 (Figure 1), or a polymorphism in linkage disequilibrium (LD) with
a SNP set forth in Table 1 (Figure 1), individually or in combination, and that such
detection reagents can be incorporated into a kit. The term “kit” as used herein in the

context of SNP detection reagents, refers to such things as combinations of multiple SNP
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detection reagents, or one or more SNP detection reagents in combination with one or more
other types of elements or components (e.g., other types of biochemical reagents,
containers, packages such as packaging intended for commercial sale, substrates to which
SNP detection reagents are attached, electronic hardware components, etc.). Accordingly,
the present invention further provides SNP detection kits and systems, including but not
limited to, packaged probe and primer sets (e.g., TaqMan probe/primer sets) for detecting
one or more SNP alleles described herein, e.g., in Table 1 (Figure 1) or Table 2,
arrays/microarrays of nucleic acid molecules to detect one or more SNP alleles, and beads
that contain one or more probes, primers, or other detection reagents for detecting one or
more SNPs of the present invention. The kits can optionally include various electronic
hardware components; for example, arrays ("DNA chips") and microfluidic systems ("lab-
on-a-chip" systems) provided by various manufacturers typically comprise hardware
components. Other Kkits (e.g., probe/primer sets) may not include electronic hardware
components, but may be comprised of, for example, one or more SNP detection reagents

(along with, optionally, other biochemical reagents) packaged in one or more containers.

In some embodiments, a SNP detection kit typically contains one or more detection
reagents and other components (e.g. a buffer, enzymes such as DNA polymerases or
ligases, chain extension nucleotides such as deoxynucleotide triphosphates, and in the case
of Sanger- type DNA sequencing reactions, chain terminating nucleotides, positive‘control
sequences, negative control sequences, and the like) necessary to carry out an assay or
reaction, such as amplification and/or detection of a SNP-containing nucleic acid molecule.
A kit may further contain means for determining the amount of a target nucleic acid, e.g.,
whether an individual is heterozygous or homozygous for a polymorphism or when
detecting a gene transcrip, and means for comparing the amount with a standard, and can
comprise instructions for using the kit to detect the SNP- containing nucleic acid molecule
of interest. In one embodiment of the present invention, kits are provided which contain
the necessary reagents to carry out one or more assays to detect one or more SNPs
disclosed herein. Ina preferred embodiment of the present invention, SNP detection
kits/systems are in the form of nucleic acid arrays, or compartmentalized kits, including

microfluidic/lab-on-a-chip systems.
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SNP detection kits/systems may contain, for example, one or more probes, or pairs of
probes, that hybridize to a nucleic acid molecule at or near each target SNP position.
Multiple pairs of allele-specific probes may be included in the kit/system to simultaneously
assay multiple SNPs, preferably one or more SNPs set forth in Table 1 (Figure 1) . In some
kits/systems, the allele-specific probes are immobilized to a substrate such as an array or
bead. For example, the same substrate can comprise allele-specific probes for detecting at
least 1, 10, 100, (or any other number in-between) or substantially all of the SNPs shown in

Table 1 (Figure 1).

Using such arrays or other kits/systems, the present invention provides methods of
identifying the SNPs disclosed herein in a test sample. Such methods typically involve
incubating a test sample of nucleic acids obtained from the patient with an array comprising
one or more probes corresponding to at least one SNP position of the present invention, and
assaying for binding of a nucleic acid from the test sample with one or more of the probes.
Conditions for incubating a SNP detection reagent (or a kit/system that employs one or
more such SNP detection reagents) with a test sample vary as briefly described herinabove.
Incubation conditions depend on such factors as the format employed in the assay, the
detection methods employed, and the type and nature of the detection reagents used in the
assay. One skilled in the art will recognize that any one of the commonly available .
hybridization, amplification and array assay formats can readily be adapted to detect the

SNPs disclosed herein.

In the current invention, a test sample of a rheumatoid arthritis patient is analyzed for the
presence of one or more SNPs of the invention. Typically, the test sample is a nucleic acid

sample such as genomic DNA.

A SNP detection kit of the present invention may include components that are used to
prepare nucleic acids from a test sample for the subsequent amplification and/or detection
of a SNP-containing nucleic acid molecule. Such sample preparation components can be
used to produce nucleic acid extracts (including DNA and/or RNA) from any bodily fluids

(such as blood, serum, plasma, etc.) or from tissue samples. Methods ofextracting nucleic
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acids, proteins, from samples are well known in the art and can be readily adapted to obtain
a sample that is compatible with the system utilized. Automated sample preparation
systems for extracting nucleic acids from a test sample are commercially available, and
examples are Roche Molecular Systems' COBAS AmpliPrep System, Qiagen's BioRobot
9600, and Applied Biosystems' PRISM™ 6700 sample preparation system.

Microfluidic devices, which may also be referred to as "lab-on-a-chip" systems, biomedical
micro-electro-mechanical systems (bioMEMs), or multicomponent integrated systems, are
other examples of device or kits for analyzing SNPs. Such systems miniaturize and
compartmentalize processes such as probe/target hybridization, nucleic acid amplification,
and capillary electrophoresis reactions in a single functional device. Such microfluidic
devices typically utilize detection reagents in at least one aspect of the system, and such
detection reagents may be used to detect one or more SNPs of the present invention. One
example of a microfluidic system is disclosed in U.S. Patent No. 5,589,136, which
describes the integration of PCR amplification and capillary electrophoresis in chips.
Exemplary microfluidic systems comprise a pattern of microchannels designed onto a
glass, silicon, quartz, or plastic wafer included on a microchip. The movements of the
samples may be controlled by electric, electroosmotic or hydrostatic forces applied across
different areas of the microchip to create functional microscopic valves and pumps with no
moving parts. Varying the voltage can be used as a means to control the liquid flow at
intersections between the micro-machined channels and to change the liquid flow rate for
pumping across different sections of the microchip. See, for example, U.S. Patent Nos.

6,153,073 and 6,156,181.

For genotyping SNPs, an exemplary microfluidic system may integrate, for example,
nucleic acid amplification, primer extension, capillary electrophoresis, and a detection

method such as laser induced fluorescence detection.
Correlating the presence of SNP biomarkers with therapeutic response

The present invention provides methods of SNP genotyping in evaluating the likelihood

that a rheumatoid arthritis patient will respond to treatment with an IL-6R antibody, such as
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tocilizumab. Either female or male rheumatoid arthritis patients can be analyzed for the
presence of one or more SNP biomarkers in accordance with the invention. The allelic
frequencies may vary in particular populations. For some SNP biomarkers, white
populations have the highest allele frequency of certain SNP biomarkers set forth in Table
1 (Figure 1). In the context of this invention, the term “White” refers to an individual who

reports himself or herself to be Caucasian or White.

The methods of the invention typically involve recording the presence or absence of a SNP
biomarker associated with a beneficial therapeutic outcome, or in the alternative a negative
therapeutic outcome, in a rheumatoid arthritis patient treated with an IL-6R antibody such
as tocilizumab. This information may be stored in a computer readable form. Such a
computer system typically comprises major subsystems such as a central processor, a
system memory (typically RAM), an input/output (I/O) controller, an external device such
as a display screen via a display adapter, serial ports, a keyboard, a fixed disk drive via a
storage interface and the like. Many other devices can be connected, such as a network

interface connected via a serial port.

The computer system also be linked to a network, comprising a plurality of computing
devices linked via a data link, such as an Ethernet cable (coax or 10BaseT), telephone line,
ISDN line, wireless network, optical fiber, or other suitable signal transmission medium,
whereby at least one network device (e.g., computer, disk array, etc.) comprises a pattern of
magnetic domains (e.g., magnetic disk) and/or charge domains (e.g., an array of DRAM

cells) composing a bit pattern encoding data acquired from an assay of the invention.

The computer system can comprise code for interpreting the results of a genotype study
evaluating the presence of one or more SNP biomarkers. Thus in an exemplary
embodiment, the genotype results are provided to a computer where a central processor
executes a computer program for determining the propensity for a therapeutic response to

treatment with an IL-6 receptor antibody.

The invention also provides the use of a computer system, such as that described above,

which comprises: (1) a computer; (2) a stored bit pattern encoding the genotyping results
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obtained by the methods of the invention, which may be stored in the computer; (3) and,
optionally, (4) a program for determining the likelihood for a positive therapeutic response,

and/or the likelihood of a negative therapeutic outcome.

The invention further provides methods of generating a report based on the detection of the
SNP pattern of a patient that has rheumatoid arthritis. Such a report is based on the
detection of SNP alleles set forth in Table 1 (Figure 1), or polymorphisms in strong linkage
disequilibrium with the Table I SNP biomarker, that are associated with a therapeutic
outcome. The report can make use of data that has been obtained from a patient sample
where the data is available prior to the diagnosis of rheumatoid arthritis, e.g., the patient has
been analyzed for SNP patterns prior to diagnosis. Thus, in some embodiments, a report is
generated based on the SNP allele pattern of one or more SNP biomarkers set forth in Table
1 (Figure 1) (or a SNP biomarker in strong linkage disequilibrium with the SNP biomarker)
where the SNP alleles are determined in a sample from a patient who has been diagnosed
with rheumatoid arthritis and is undergoing an evaluation for potential therapeutic efficacy
of an IL-6 receptor antibody. In alternative embodiments, the report may make use of
whole genome SNP array data for a rheumatoid arthritis patient where the data for that

patient were generated previously, as the SNP biomarker pattern in genomic DNA is static.

A patient who is determined to have at least one SNP allele that is shown in Table 1 (Figure
1) as having an association with a positive, i.e., improved, therapeutic endpoint, is
considered to have an increased likelihood of exhibiting a positive therapeutic response to
treatment with an IL-6R antibody, such as tocilizumab. Furthermore, patients having 2 or
more of the SNP alleles, e.g., 3,4, 5, 6, 7, 8, 9, or 10 or more SNP alleles (that are shown in
Table 1 (Figure 1) as having an association with a positive therapeutic endpoint) can have a

further increased likelihood of exhibiting a positive therapeutic response.

Similarly, a patient who is determined to have at least one SNP allele that is shown in Table
1 (Figure 1) as having an association with a negative therapeutic endpoint is considered to
have an increased likelihood of having a negative therapeutic response to treatment with an

IL-6R antibody, such as tocilizumab. Furthermore, patients having 2 or more of the SNP
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alleles, e.g, 3,4,5,6,7, 8,9, or 10 or more SNP alleles, that are shown in Table 1 (Figure
1) as having an association with a negative therapeutic endpoint, can have a further
increased likelihood of exhibiting a negative therapeutic response to treatment with an IL-

6R antibody such as tocilizumab.

In further embodiments, the methods of the invention can be employed to identify patients
that are predicted to be non-responsive to treatment regimens comprising an IL-6R
antibody such as tocilizumab. In Table 1 (Figure 1), the beta or effect size (White(B)) can
be either negative or positive. Thus, for example, the presence of a minor allele of a SNP
may be associated with a negative outcome where the beta value for a rheumatoid arthritis

symptom is positive.

In some embodiments, SNPs predicting both negative and positive outcomes may be
combined into an algorithm to give an overall superior prediction of responsiveness to

treatment.

Example 1. Identification of SNPs associated with therapeutic response

This example identifies SNPs associated with the magnitude of response to treatment with
tocilizumab in rheumatoid arthritis patients. The responses include safety end points:

change in LDL at week 14 (ALDL) and Serious Infection Adverse Events (SIAESs).

706 DNA samples from TCZ treated patients from four tocilizumab (ACTEMRA®) Phase

III trials were genotyped: The studies are as follows:
OPTION WA17822 (n= 180) (Smolen et al, Lancet. 2008:371:987-997) —
TOWARD WA18063 (n=299)(Genovese et al Arthritis. Rheum. 2008; 58:2968-2980.),

RADIATE WA18062 (n= 119) (Emery et al, Annals of the Rheumatic Diseases
2008;67:1516-1523)
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AMBITION WA 17824 (n=108) (Jones. G et al, (2009) Ann Rheum Dis - ARD Online First,
published on March 17, 2009 as 10.1136/ard.2008.105197).

All of the four trials were randomized, multi-center double-blind, placebo-controlled
studies to evaluate the efficacy and safety of tocilizumab in subjects with active rheumatoid

arthritis.

AMBITION subjects, consenting to the genetics sub-study, were genotyped for >1 million
markers genome-wide, using the Illumina 1M-Duo BeadChip. Subjects from the other
trials were genotyped for >550,000 bi-allelic markers genome-wide using the Illumina

HumanHap550v3_A array.

The aim of the current analysis was to detect genetic variants associated with baseline
disease activity and response to tocilizumab in patients with rheumatoid arthritis.

Associations with nine primary endpoints were investigated and reported.

Resultant data were statistically analyzed. Clinical endpoints used for analysis were:
Change from baseline (CFB) of Disease Activity Score (DAS28) at week 16 (ADAS28);
Baseline DAS28;

CFB of Swollen Joint Count (SJC) at week 16;

CFB of Tender Joint Count (TJC) at week 16;

CFB of C-Reactive Protein (CRP) at week §;

CFB of Health Assessment Questionnaire score (HAQ) at week 16;

CFB of Low-density lipoprotein (LDL) at week 14;

Clearance; and

Infection adverse event.
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All primary endpoints were subjected to adjusted single-point tests of association to
Analysis Markers. Ordinary linear regression was applied to test for association between
genetic markers and quantitative endpoints; logistic regression was applied to test
association between genetic markers and dichotomous endpoints. All endpoints were also
subject to multivariate analysis using Lasso variable selection (Wu & Lange, Annals Appl

Stat 2: 224-244, 2008).

Two subject populations were considered. White subjects formed by far the largest racial
group in this study, thus associations derived in those subjects, with the inherently low
ethnic confounding, were analyzed. All subjects were adjusted by principal components

from ancestry analysis (Price, et al., Nat Gen (38): 904-909, 2006).
The analysis identified 319 markers by the following criteria:

FDR g<0.05 in either subject set, or

p<1x10~ in single-point analysis of White Subjects, or

p<1x10 in White subjects and a lower p-value in All, or

selected by Lasso analysis of either subject set

The thresholds used for identification are non-conservative; they reflect a greater emphasis
on false negative rates than on false positive rates. The threshold of p<10~ however, has
been used in other studies in this field. For example, it was used for reporting in the
National Human Genome Research Institute’s (NHGRI) Catalogue of Published Genome-
Wide Association Studies (Hindorff et al, 2008 ). A number of markers with p< 1x10”
(genome-wide significance) or FDR q<0.05 in either White Subjects or the All subjects set

are identified.

Table 1 (Figure 1) provides a list of 319 biomarkers identified. In Table 1 (Figure 1), “BP”

refers to the base pair position on the chromosome; “MAF” refers to “Major Allele
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Frequency;” “White (B)” refers to the ‘Beta’ or ‘coefficient’ and describes the effect size of

the response; the “C” preceding the terms in the “Trait” filed refers to “Change”.

In this study, departure from Hardy-Weinberg Equilibrium (HWE) is used to flag potential
genotyping error or population admixture. A test for Hardy-Weinberg Equilibrium was
performed on all SNPs. Among the 319 SNPs in Table 1 (Figure 1), with the exception of
4 SNPs, all had a HWE p-value of greater than 0.02, indicating that there was no significant
departure from HWE. The 4 SNPs with lower p-values are rs3769124 (0.0024), rs6519366
(0.0065), rs2330191( 0.0086) and rs715594 (0.0086). The Hardy-Weinberg deviation test

p-values for these 4 SNPs are considered as false positives at the genome-wide scale level.

The term “White (B)” in Table 1 (Figure 1) refers to the ‘Beta’ or ‘coefficient’ and
describes the effect size. The sign of beta indicates the direction of the effect, i.e., a
positive number indicates an increase in units of a particular endpoint and a negative value
indicates a reduction. For example, SNP number 8 in Table 1 (Figure 1), rs11205321, is
significant for the clinical endpoint CTJC_WK16 and has a coefficient or beta of 5.033.
This indicates that the mean change for every copy of the minor allele is approx +5 TJC
units relative to the patient group that doesn’t carry the minor allele. As greater TJC means
poor response, the minor allele is the risk allele for poorer response for this SNP. Thus,
using the example rs11205321, the presence of the minor allele is associated with an
increase in TJC units, i.e., is associated with a negative therapeutic endpoint (increased TIC
units); or equivalently, the presence of the major allele is associated with better response,
with mean change for each copy of the major allele equals to -5 TJC unit relative to the
patient group homozygous of the minor allele. Accordingly, a patient carrying the minor
allele (2 copies or at least one copy, depending on the further assessment) will be excluded

from treatment.

Two hundred and ninety-one unique markers were highlighted overall; these were either
nominally significant in single-point analysis, or retained in a multivariate Lasso model.
Markers identified included one marker (rs6004913) associated to three efficacy endpoints
and six markers (rs8049145, rs9883073, rs4074617, rs7104941, rs11886534 and
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rs7521783, SEQ ID NO: 3) associated to two efficacy endpoints. Marker rs6004913

(SEQ ID NO: 2) is in linkage disequilibrium with rs2236006, a non-synonymous coding
change in MYO18B (MYOSIN XVIIIB). Marker rs7104941 (SEQ ID NO: 7) is an intronic
marker in DKK3 (Dickkopf Homolog 3). The rest of the SNPs in Table 2 are intergenic.

The seven markers noted below are shown in Table 2:

Table 2

Marker Chr BP Coding CDAS28 CSJC CTJC CHAQ No.
Endpoints

rs7521783 ] 148409817 - 4.02e-05 7.97¢-06 2
rs11886534 2 3815178 -- 5.40e-05  5.39e-08 2
rs9883073 3 41259540 -- 0.000342 0.001194 2
rs4074617 6 3858629 - 8.18¢-05  0.000107 2
rs7104941 11 11977192 DKK3 2.39¢-05 1.88¢-06 2
rs8049145 16 17060587 -- 4.84¢-05  0.000189 2
rs6004913 22 24768495 -- 3.94¢-06 9.71e-06  1.50e-06 3 |

One marker was highlighted three times: rs6004913 (SEQ ID NO: 2) was identified for
Change in DAS28, Change in Tender Joint Count and Change in HAQ Score. It is an
intergenic SNP in LD (r2=0.62) with a non-synonymous coding change (rs2236005) in
MYOI18B. This is a putative tumor suppressor gene that may regulate anchorage

independent cell growth

Only one of the 7 markers from Table 2 fell with a gene; rs7104941 (SEQ ID NO: 7) is an
intronic marker in DKK?3 (Dickkopf-related protein 3 precursor). The secreted protein

interacts with the Wnt signaling pathway.

Marker rs7521783 (SEQ ID NO: 3) is in strong LD (r=0.95) with two intronic markers in
PLEKHOI (pleckstrin homology domain containing, family O member 1). The protein
produced plays a role in the regulation of the actin cytoskeleton through its interactions

with actin capping protein. It has been implicated in the promotion of apoptosis induced by

RECTIFIED SHEET (RULE 91) ISA/EP
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tumor necrosis factor TNF. The marker is also in strong LD s range: 0.65-0.95) with

20 intronic markers and one marker in the 5’ UTR of VPS45 (vacuolar protein sorting-
associated protein 45). The protein plays an important role in the segregation of
intracellular molecules into distinct organelles. High expression of the gene in peripheral
blood mononuclear cells suggests a role in trafficking proteins, including inflammatory
mediators. Finally, the marker is also in lower LD with markers in Clorf54, MRPS21
(mitochondrial 28S ribosomal protein S21), PRPF3 (U4/U6 sméll nu-clear ribonucleoprotin
PRP3), KIAA0460 (uncharacterised protein), TARS2 (thrednyl-tRNA synthetase,

mitochondrial precursor), and ECM1 (extracellular matrix protein 1 precursor).

Marker rs11886534 (SEQ ID NO: 4) isin LD (r2=0.45) with an intronic marker in

ACO019172.4, a putative double-cortin domain-containing protein.

Marker rs9883073 (SEQ ID NO: 5) is in perfect LD with 7 intronic markers in CTNNB1
(Catenin beta-1). CTNNBI is involved in the regulation of cell adhesion and in signal
transduction through the Wnt pathway. The marker is also in LD (r*=0.97) with an intronic

marker in ULK4, a serine/threonine-protein kinase.

Marker rs4074617 (SEQ ID NO: 6) is intergenic and not in LD with any gene-based
markers using Hapmap CEU data.

Lastly, marker rs8049145 (SEQ ID NO: 8) is another intergenic SNP. Itis in LD
(r*=0.534) with a marker in the 3° UTR of XYLT! (xylosyltransferase 1). XYLTI is
required for the biosynthesis of the glycosaminoglycan chains characteristic of

proteoglycans.

Rs6078937 lies within an intron of the SPTLC3 gene (Serine Palmitoyltransferase, Long
Chain base subunit 3). This SNP was identified from the analysis of cDAS28 and is the

only marker highlighted by all four analysis criteria for a specific clinical endpoint:

P=4.43x10" in White Subjects

P=1.73x10" in All Subjects

RECTIFIED SHEET (RULE 91) ISA/EP
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Selected by Lasso in White Subjects

Selected by Lasso in All Subjects.

SPTLC3 is part of the trimeric serine palmitoyltransferase (SPT) complex and catalyses the
rate-limiting step of the de novo synthesis of sphingolipids. Sphingolipids play a role in

inflammatory response and in the regulation of TNF-alpha.

All of the 319 SNPs set forth in Table 1 (Figure 1) may be used as univariate biomarkers or

in combination in a multivariate model.

Example 2. SNP alleles for the detection of patient response to treatment with tocilizumab

The SNP rs6004913 (SEQ ID NO: 2) or any neighboring SNPs in tight correlation, ie.,
linkage disequilibrium, with it, may be used alone or in combination with additional genetic
or other non-genetic variables in a composite biomarker score that allows the individual
prediction of response to tocilizumab prior to treatment. In a such a score, the effect of
rs6004913 (SEQ ID NO: 2) may be additive, dominant or recessive. The clinical response
is defined based on change of DAS score, Eular criteria or ACR20, ACR50 or ACR70.
Additional covariates included in the composite biomarker score can include, but are not
limited to, platelet counts, serum IL-6 level at baseline, HLA-DRBI1 genotypes. The
functional form of the biomarker score may be linear or on-linear, including interaction

term between covariates or tree-based.

The SNP rs6078937 (SEQ ID NO: 1) or any neighboring SNPs in tight correlation, i.e.,
linkage disequilibrium, with it, may be used alone or in combination with additional genetic
variables, including SNP rs6004913 (SEQ ID NO: 2), or other nbn-genetic variables in a
composite biomarker score that allows the individual prediction of response to tocilizumab
prior to treatment. In a such a score, the effect of rs6004913 (SEQ ID NO: 2) may be
additive, dominant or recessive. The clinical response may be defined based on change of
DAS score, Eular criteria or ACR20, ACR50 or ACR70. Additional covariates included in

the composite biomarker score can include, but are not limited to, platelet counts, serum

RECTIFIED SHEET (RULE 91) ISA/EP
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IL-6 level at baseline, HLA-DRB1 genotypes. The functional form of the biomarker score

may be linear or non-linear, including interaction term between covariates or tree-based.

It is understood that the examples and embodiments described herein are for illustrative
purposes only and that various modifications or changes in light thereof will be suggested
to persons skilled in the art and are to be included within the spirit and purview of this

application and scope of the appended claims.

RECTIFIED SHEET (RULE 91) ISA/EP
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CLAIMS:

A method of identifying a rheumatoid arthritis patient that is a candidate for treatment
with an human interleukin-6 receptor antibody or patient that should be excluded

from treatment, the method comprising:
providing a nucleic acid sample from the patient;

analyzing the nucleic acid sample for the presence of at least one single nucleotide
polymorphism (SNP) biomarker set forth in Table 1 (Figure 1) that is associated with
a therapeutic response to treatment with IL-6 receptor antibody, or a polymorphism in
strong linkage disequilibrium with a SNP biomarker set forth in Table 1 (Figure 1),
wherein the presence of the associated biomarker is indicative of a patient that is a
candidate for treatment with the human interleukin-6 receptor antibody; or a patient

that should be excluded from treatment.
The method of claim 1, wherein the at least one biomarker is set forth in Table 2.

The method of claim 2, wherein the SNP biomarker is rs6004913 (SEQ ID NO: 2) or
a pblymorphiém in strong linkage disequilibrium with rs6004913 (SEQ ID NO: 2), or
the SNP biomarker is rs6078937 (SEQ ID NO: 1) or a polymorphism in strong
linkage disequilibrium with rs6078937 (SEQ ID NO: 1) .

The method of claim 2, wherein the biomarkers comprise the seven biomarkers set

forth in Table 2.

The method of claim 1, wherein the nucleic acid sample is analyzed for the presence
of at least two biomarkers set forth in Table | (Figure 1) that are associated with

therapeutic response to treatment with IL-6 receptor antibody.

The method of claim 5, wherein the at least two biomarkers are rs6004913 (SEQ ID
NO: 2) or a polymorphism in strong linkage disequilibrium with rs6004913 (SEQ ID
NO: 2), and rs6078937 (SEQ ID NO: 1) or a polymorphism in strong Iihkage
disequilibrium with rs6078937 (SEQ ID NO: 1) .

RECTIFIED SHEET (RULE 91) ISA/EP
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The method of claim 1, wherein the nucleic acid sample is analyzed for the presence
of at least 10 biomarkers associated with therapeutic response to treatment with IL-6

receptor antibody.

The method of claim 1, wherein the nucleic acid sample is analyzed for the presence
of at least 50 biomarkers associated with therapeutic response to treatment with IL-6

receptor antibody.
The method of claim 1, wherein the nucleic acid sample comprises genomic DNA.

The method of claim 1, wherein the step of analyzing the nucleic acid sample

comprises sequencing the nucleic acid.

The method of claim 1, wherein the step of analyzing the nucleic acid sample
comprises determining the presence of the SNP allele using an allele-selective

oligonucleotide probe.

The method of claim 1, further comprising recording the correlation of the presence

of the SNP with a positive response to treatment with IL-6 receptor antibody.

The method of claim 1, further comprising administering IL-6 receptor antibody to

the patient.

A diagnostic device comprising probes attached to a solid surface to detect two or

more SNPs set forth in Table 1 (Figure 1).

The diagnostic device of claim 14, wherein the two are more SNPs are set forth in

Table 2.

A kit comprising allele-specific oligonucleotides to detect a major allele and a minor

allele for two or more SNPs set forth in Table 1 (Figure 1).

The kit of claim 16, wherein the two or more SNPs are set forth in Table 2.



PCT/EP2011/001885

WO 2011/128096

1/10

9THM OVHD
9TIM OVHD
STIM 8ZSVaD
adueses))

g 8zsva

a7 8Tsva
9TAM™IISD
9TIM 8ZSVAD
9TIM If$D
9TIM OVHD
PIAMTIAD
9THM OVHD
9TAM OVHD
9IAM IISD
9TIM DISD
9TIM IfSD
9IAM DIISD
9TAM IISD
9IAM IISD
9TNM IO
STIM IISD
9TAM IISD
9TIM DISD
9TIM IISD
9TIM DD
9TIM 8ZSVAD
9THM JfLD
9TIM IrLD

re 1

Fi

9TAM IISD

ITIM OVHD
ajueses)
ANIS3V
9TAM OVHD
9TIM OVHD
nesy

(z6)TIv2dH - 90-359'F
(£6)TIWDdH - 10000
- - €200
- - S0-32€'8
- —~ 90-358°T
- -- 20000
(£8-)onv - L0-38E'T
(£8-omv - £0-348'L
(98-)omv -- §0-3TV'E
- - 50-369'C
(0T)EWYHD -- 90-3£2'9
(85)s4t¥0 - 52000
(0)2949L (81-)STAYY 191 YSTET SO-ITH'E
{€€-)zsoLd - S0-3LS'E
{61-)z594d - 90-36T'L
(p-)zsold -~ 90-359°€
(z-)zsold - 60-3€T°T
(6T)Z591d - §0-380°T
(0Z)zsoLd -~ 90-3¥0°€
(s6)2591d -- 90-310'6
- -- 90-3¥8'S
(62-)2ad {L£-)W1D0 (£5-)LTy0TD - 503852
{0)20ad (91-JW1D0 (9Z-)£Z4H0TD (€£-)¥dL 2Qd 50-398°'T
(t)oad (0t-)W1D0 (T2-)£Z30TD (£9-)udL - 90-32T¥
(P6)VTHAY {£8)¥T¥D (6Y)3ZEANV {TT-)TOHN3G (9Z-)S¥SdA - 90-362°C
(V6IVTHAY (£8)vTVD (6V)3ZEANY (TT-)TOHNI1d (92-)S¥SdA -- 90-386'6
(96)TOHN3d (ET)SHSA (E¥-)9LaANLO - 90-3¢L'T
(£€)SSdA (6T-)920NLO (¥6-)TTYWLA - £0-326'9
(¥9)T45d1V (95)224aM (62)TdOAO (EE-)8BHOTD {#9-)WIHD -- 2000
(65)88101D (82)VIHD (v¥-)Z1EIHD (98-)aZANNIQ - ¥500°0
(0)sxv (0)syv SNY 50-3L9'F
(89)SIVNIVD9LS - ¥000'0
(68)T5Z-18H (0£)8E0TN {£5)€0TN (HS)TNG (0}€DAQS €30S ¥000'0

-V 6¥68708V S0-31S°T

(qn)souan AqiesN

T3iqel

8uipoy  (d))v

90-385°€
90-318°S
L9000

10000

90-386'8
§0-31€8
80-16€'S
S0-30t°'S
S0-38¥°E
SO-3TEE
§0-396'%
S000°0

§0-31T'S
S0-3g9°'t
S0-3vLT
S0-3LE°C
S0-3vT'E
S0-3Zv'T
S0-3CT°C
S0-3LS'V
S0-38Y°t
S0-31SY
S0-3EV'T
§0-3ev'T
90-3L6'¢
§0-320°
S0Pt
S0-ar't
20000

10000

90-39€°C
v000°0

S0-32T'T
S0-358'6

(dlaaym  (a)auym

8S5C°0-
1282°0-
7SST0
99.00
SETT0-
8L9T°0-
€6L7C-
L2920~
9eC’Z-
Y9ET'0-
TLeeo
S0T°0-
89910
660'¢
199°C
vZ0'e
149
9IT'E
[41T43
6ET'E
IvT'E
ET'E
wi'e
1174
€80°S
Tees’o
€E0'S
€£0°S
T68°1-
Wit o
T62T'0
09t
€¢ST'0-
L81°0-

6L0°0

8400

T6v°0
188v°0
€02T0
T6EV'0
S8ev0
S8EV'0
8TLE0
€LZE0
134141]
SS6v°'0
809T°0
9ZY1'0
STZ0
94ST0
99€T0
TESTO
CEET'O
£L8TT°0
88¢T0
TZET0
STETO
86CT°0
8¥9T°0
8910
€09T°0
L6ST°0
14724 4Y]
85’0
°LoT0
8510
SE6C°0
SZCT0
«3VIN

vLeSBEOT
E0E08E0T
V811959
6028819
CT965ES
9TYYSES
8LIST8E
8L1ST8E
SESVIBE
S80VTST
0899¢18¢EC
ELEBYLYET
0Z66199T¢
86v6v618T
STLSEGYBT
0Tt0Z6v8T
8T06T6V8T
62506881
€600631381
SLSYT8Y8T
¥S886L¥81
VITYTLYST
L01v89¥81
028L9t8T
L1860V8YT
L1860V8YT
I83:14:74:1 44
09069281
£898TZLITT
8T0TESTITT
695SL9LL
8Y9L80LL
00TVZILE
T95868YT
d8

6T19589Ts4
68tv691TTSJ
v688810TSJ
6906991s.
€896vELS)
6210TOETS!
V¥E€S988TTS:
YES98BTTSS
9208T0LTS/
9£2895LS)
S9T6TY9sd
08€99ZTs/
STII68ESI
S88TOYTTS!
67SEBETSI
LTYEPTTS)
SO6TT60TS4
TO6TT60TSS
TYTSoveIs)
6£8695Ts!
018TYSLs)
£PL2902TS4
8€9CL99s!
976C881s!
€8LTISLSM
€8LTTSLS)
TZESOCTTS)
6TEEI0TTS4
0££555454
LELTOVTTSY
TY6ELBOTS!
EGCBLSTTS
61YT68TS4
€/96¢C954
dNS 3D

ol e o e e e e e e e A e A e - NN NN NN NN NN



PCT/EP2011/001885

WO 2011/128096

2/10

re 1 cont.

Fi

8OIM dH¥DD
9TIM DVHD
9TIM DILD
9TIM™OISD
9TIM DfLD
PINMTIAD
$TAM 107D
9ITHM IfSD
SONM dHDD
9TXM OVHD
97825va
YZAMOTHOV
adueiel)
SONM ™ dY¥DD
80%M dYDD
duelesd
dueIed))

97 875va

97 8Z5va
YIIMTICD
g 8zsva
STIM OVHD
YIIM IO
PDIMTIOD
IDIM LD
9TAM DL
PIIMTI0D
INIS3V
80NM dyID
SONM d¥DD
9TIM 8ZSVAD
9TIM 8ZSVAD
9TIMIISD
POIMTOTHOV
dduesespd

(88-)E430HYUV  Z99EEYAY LE6D
{0IN9TWINL 3 XITWIWL 62000

{E-)TANNLD
(€-)TaNNLD
(66-)9€0u1
(tr-)8eouyl
(€L)8uwy
(0)6593NZ

(T6INGYD (69)TANYL (TEIWHST (TTIVHST (Z-JUNIND

(86)wus Tl (82)vusTl (O)NLIND
(0Z)YNLND

(0JONLND

(0)tasv (Tv-)TdigdvyL

- S010°0
- T100'0

- §0-3£8'8

- §0-380'S

- §0-36L°€
- 10000
6594NZ L69T°0

= S0-38L°T

- §0-385'p
YNLND Z000°0

YNIND S0-3v9°'v
- 8000°0
9NLND L9ZZ0
19SV ¥000°0

(62)18SV (0)TdIE4VYL 1 9SPZHZ4V SO-I5€°9

(0)vagy3

{£SNhd4L (Sp)IdIL {SE-NUDIVD
(0)e€S3NZ

»88Y3 T000'0
- 90-307°L
- 50-356'9
~ §0-3ZLT

€ESINZ LT00'0

-V ¥SST6EdV SO-3vTy
-V ¥SST6EJV S0-3LS°T

(0IWLNDS

(OIWLNDS

(9s)saa

(EV)T1£4DL (TE-)T4ANDN
(€2-)vE€D3Y (09-)vTO3Y (56-)8T93Y

(zL-)T9s0
(TE)o0TTINVS

Talqey

VLNDS $000°0

VLNIS ¥000°0
-~ S100°0
- 71000
- 919£°0
~ L1680
- 90-32ST
~ 90-3EL'8
-~ §0-3TT'T
- €000'0
- 70000

L9560
YETO'0
Z100°0
£000°0
£000°0
11000
10000
#0000
66510
50-310°9
50-396'6
$0-362°T
50-359°9
90-360'T
16520
90-32T°L
50-36t"t
§5€0°0
£000°0
90-309'L
S0-3LE°L
920'0
S0-3tE°6
S0-3L6'
90-386'%
90-386'v
10000
£200°0
v9¥9°0
19250
L0-360°6
S0-3v0°T
50-3€9°Z
£000°0
SO-3TY'v

S00°0
18L0°0-
LSS°C-
T08°1-
| £4: 24
TE9T0-
L8T°0-
LL6'T-
9020
9ZST'0-
L8ST'0-
8v6'T
€9L0°0-
SE88°0
9507°0
6S¢T°0
(4190
52600
€ST'O
6S¢C°0
S08S°0-
£990°0-
6L6T°0
91’0
S8t's
S8Y°S
SEBT0-
66TC°0
€LEDO-
1601°0
65vv°0-
86€°0
€T
€09'T
9780°0-

9LET'0
89ev'0
6E9Y°0
6E9Y°0
8LIV'0
Svov'0
TZ9Y°0
SOSE0
608070
¥S02°0
8SCT0
9€0€E°0
6Iv'0
L5S0°0
vESZ'0
SLLT0
£880°0
L8LE0
S8EY'0
€EE0
S120°0
69Lv°0
vZor'o
6SYE'0
€8ET0
LLETO
9€E8Y'0
Lov'0
£9LY°0
88600
8TYY'0
L08%°0
v8ZE0
145140
v'0

1566895
6LETO9EY
0vS6STTY
OvS6SZIY
LYE66ZOE
T9€92892
72589£92
P9LTLEST
EYITLITZ
91506£07
L8LSL0E
0£T800€E
S159682
65888E7
6SZETET
TOTYT06EC
L00TZ68EC
WSTLTTZ
265912607
SYLIEE00T
SS6€66/8T
1090TZ08T
€9TZ060LT
952168041
868VE0L9T
L69TZ0£9T
6685/886T
£0TTTLZZT
97ZTL158
SS8E9T6L
09%8Z0ES
vveLS82S
LYBTLETT
66268V6T
66£0089T

CTTIT6TITS!
8SLETOTSS
€L0£88654
€40£8865/

L86¥T6TTSI
TCBELEYS!
8vT88YTs!
196055954

SBETSTLTSS
STTE9LIs!

LLSEITSI
089758654
£9LLv9ss

LIEYIOETSS
SCBESETSS
vT69LEss
0L06ELESS
99L20VTs4
0686ZvTsd

9800€TS4
YLOTLLES)
EveeTIES)
EETHETTSS
65941254

Z86LTOETSA

80Z888TTS4

61.6610Ts4
LS8E09.54
T6ELSSLS)
99876854
LE6TLLSLSY
T0ZTL6TSd
v90TTLSS
L62EOLS:
69€86L54

NN NN AN NNNNNNNNNNNNNNND NN MmN MmN N MmN Mmoo



PCT/EP2011/001885

WO 2011/128096

3/10

Figure 1 cont.

9TNM OVHD
9THM OVHD
YOIM 024V
ajueses|d)
80MNM dY¥ID
80)M ™ dY¥ID
PINMTIAD
YOIMTIAN
aouesea|)
9TIM OVHD
9TIM IMSD
80MM dYID
aJueles|d

g 8Zsva

§ 8ZSva

g 87sva
9THM 8ZSVAD
9INM 8ZSVAD
9TIM 8ISVAD
SONM ™ dHdD
POIM0ZYOV
ITHIM DOVHD
9INM DMLD
SONM dYID
IvJuelesd
IJueles|))
YOIM 0THOV
8 8Zsva
9TNM8ZSYAD
9TIM BZSVAD
ITHM IMLD
INIS3V

ITHM IMLD
9TIM IISD

g7 8Zsva

(z9-)a0sNVd -- 2000°0
- TAWNDY S0-360'C
- SO-IET'T
(8)TANVH (TT-)10€4dVS (0S-)OTINIVO - #0000
(£8)OVdYNH (LT-)p£8-31w-BSY (O)ETHN €009 E1HIN S0-358°Y
- $876'0
- 90-30£°L
- - 90-38C°L
{86-)TISDd -- 8000'0
(€)3£x00 - 50-38£°C
- - SO-3TV'T
(TT)EINLDTD (0)UDVINY (D)UDIVINY (PT-)ZWSHDTS (09-)EdIXY EAV HOVIAY STLO
- - 80000
- - 50-3(8'L
- - 90-3¥2°T
- - 90-ITL
- —- L0-3LES
- -~ £0-315'8
- - 90-3SV'E
- - 20000
- - 20000
(62)TTILTASH (0)ETILTASH H 0SZ9BTAV S0-IT9'T
(9%)THAON3 (T¥)1QdYNH (0T-)OdYNH ~ 90-3ES'P
(9)ZHSD (62-)ZDIHD  T686TTAV 90-3ET'E
- © - €000°0
{oshecdL -- 20000
(z8)Tvo91s S0-38T'V
- - §0-325°C
(0)21avIVYN  Z1aVIVVN £000°0
- - S0-3SV'T
- - S0-38T°T
(0)Tvz0D1S (0£-)9EH0ED  TVWZODTS SO-IVST
(L€)4SvD (£6-)980D -- §000'0
- -~ ¥000°0
(¥2)818D (29-)WvDY =~ §0-3L9'E

T3jqeL

T000°0
T000°0
90-3LL'8
%000
S0-398°6
LL59°0
S0-3TS'Y
S0-3IS'Y
90-30T8
90-3€S°S
S0-368°T
SS€9°0
20000
§0-3S4'6
S0-308°T
SO-IvT'T
S0-39T°T
S0-3ST'T
S0-31T¢L
90-389°€
90-38LY
£€000°0
§0-369°L
90-30S°2
€000°0
91000
S0-3vL'v
€000°0
¥000°0
€T00°0
S0-3€0°'6
50-388°T
10000
€000°0
90-3€6'L

86TT°0
T o-
8IS0
88500~
949870~
450'0
P19€°0
v19¢°0
91T'0-
T00Z°0
veZ
6LE0O
{8L0°0-
26810
7S6T°0
8981°0
955°0
S5SS°0
vesy'o
2989°0
800S0
S¢1°0
vLLE-
9€SS°0
86900
89S0°0-
8LL'T
CIsT'0-
weeo
E0-
€61y
SLE6Y
805°€-
988'T
8S8T°0~

9610
(44330}
8E6¥'0
S89€E°0
60L2°0

SOT'0
6980°0
6980°0
SETC0

610
950v'0

8LY'0
TrEE0
6992°0
8L0€°0
EYSY'0

TIETO

60€T'0
L9YT°0
10800
T1ST0
60LT°0
€TT0
LEET'O
LOLY0
6¥6v'0
£S9€°0
LLSY'O
LYo
81EE°0
981°0
w0
€L5C°0
TZ6v'0
S6IY'0

629858¢
08611£69T
CELLOTTIT
T90LZ8EST
¥988C0LET
£58¢CY0OTT
£90056801
¥868E680T
09ZEv8S6
0885v658
896EY8L9
9EBYEOVE
6YT9TLST
87987L8T
8€209981
97,0981
6L€061L
€6868TL
96€69TL
9€880¢8LT
8EBYYSLST
£9181788
C0EYTSES
T9LYSOYS
81£09T12
20118061
0€909188T
TTecevLLT
¢T60S5941
CTTIE6EST
¥82600%1T
8E900ZSET
9ESBTVELT
899086411
SEBSEBIOT

LIOVLOYSS
S0S€E0LSH
166VT6ES)
€¢S9LE00TS.
96ETVLTITSI
€SBSELLSS
868€L895)
9¢L985184
0ESESTTTSS
L6T9LPLTS)
115968954
QTTTYE0TSS
8L¥PS6sd

09YS00TS!

99S06ETS4
89S06€TS/
6ZbT0LYs!
T9E96Y 1S4
8ESTETLSS
LT8TTSLTSI
T0TL06TS)
TYODETETSS
§8879LE5)
0889TTETS!
066€0S5Ts4
9/£958¢ES4
88Tvi9s)
PE6TTB6SY
675S789Tss
L1S06vTTs)
LT9ps]
S8.LpS8YS.
8T6SY8ES/
8ESTEILTSS
£9S0€654

MM MmMmMe®MmOMNMNMT T T T N !D ;NN TnnWymyn NN N n ;LN



PCT/EP2011/001885

WO 2011/128096

4/10

re 1 cont.

Fi

sdueses|d
47825va
9TIM OVHD
STAM DI5D
SONM dYDD
SONMdYDD

9 8zsva
YDIMTIAD
9TAM 8ZSVad
9TIM 8ZSVAD
SOMM dY¥DD

g 8zsva

g 8¢sva
SOMNM D
BONM dYdD
80XM d¥ID
9TIM OVHD
PINMTIGD
YOIMTIAD

8 8Zsva
9IIM LD
9TIM 8Z5VaD
SONM ™ d¥DD
SOMM dY¥DD
SONM dHDD

g 87sva
INIS3V

9TIM IISD
POIMT0ZYOV
9INM8ZSVAD
POIM 028V
INISaV

9TIM IISD
INIS3Y

9TIM ML)

{(6S)VIVYAY (LSIVTVHAY (SYIVTVEAY (LE)VIVYAY (S5-)Z1SAdA
(69)vvLvO (52-)9

- 90-3€€°9
- S0-30T'T’
-- SE00°0

(0)ZdVYNLIND  ZdVNLND £000°0

(TS)TdUN
(€8-)TINIY
(9g)ogzTrnd

()TLIYX (T9-)TVISdAD (S8-)6dVHY

(£9)21£ON {8)892DdSH V¥ 956SZTNY ZTHOT0

- 100
-- 6100°0
- T000'0
- G0-36£9
- §0-39b°t

(0)TQZYNDYD TAZVNIVD ZT6L'O

(19)rLvdOV (ONEdYIN
(Z8)rLvdOV (0)pIEdYW

(T2)TINYL (P2IPTINTYL (2-)2TN3YL (Ot-)ZW3YL (67-)TINTYL

T3lqeL

{0)TINAS (0)TINAS (0)TINAS (99-)TYS3 vPdV TINAS SO-30t°T

(0)TQYIZ4LO TAYIZALO S0-309°T
{0)TQYIZ4LD  TAHIZALD 90-3TL'T
- - 75000
- - 19100
(9v)9qounan - 50-36v'T
(€1-)84S {€v-)saoav - 20100
--IH 80865YIV S0-3.8'Y
(SB)ETXNS -- 1000°0
- 8T9LZONY €000°0
(ve-y1v! - 60-329°'S
{0)voT3Qd 14¥ YOT3Ad 8000°0
tXEdVIN 90-382°Y
YXEdVIN 80-3€0°E
{O)PNEAYIN  PNEJVIN LO-3TS'Y
{9e)TIS - 8000°0
(TT)8TXEL - 60-30S'T
- - 6£00°0
- - 90-355°Y
(o)eiva €Iva 90-355't
- §0-396°¢
(F4YE IN4Y1 65200
- -- 16000
(z9-)80sWv4 - 1000

$0-300'v

S0-38€p

9€10°0
0100
90-3vy'T
TL450°0
10000
8000°0
§0-398'9
S0-3TT'S
6L¥5°0
S0-3LT°L
S0-3EV'9
L0-38L°€
90-38T°L
S0-3vT’e
90000
$000°0
50-30S°€
90-388'¢
90-318'9
S0-389°C
S0-30€'6
S0-3¢0't
§0-30€'S
S0-3TE'E
60000
S0-3TT°C
T000°0
S0-31T°C
S0-38¢€°S
10000
58000
S0-39T'S
S0-38T'8

1020
16610
9¥L0'0
PET
780°T
62°0
6T9T°0
E€VIT°0
£08E0
188€°0
8L61°0-
1661°0
88020
L9571
ySLT
L6SE0~
6010
EvLT0-
9TYZ'0-
S612°0
T€9°¢-
Wiv'o-
LELY'O
99¢£S0
T€8Y°0
¥252°0
TET0
69%'S
9T
6£68°0
TLLt
9Sv'9
9€'T-
6EV'L
L6T'E

sv00
[44:14Y)
88SV'0
8e6t°0
L9€0°0
LEBOO
885v°0
¥6EV'0
STE0
99T€°0
¢ST0°0
SETT0
¥96T1°0
V9100
0100
68870
2960
£L9SE0
98YE0
L8T0
ELVWO
€STE0
€CIT0
£660°0
El449]
9ZET'0
VEVY'O
8LEC0
(414
16¥0°0
LTSE0
6LEV'O
116€°0
S9TY'0
96¢'0

8bSYT99¢
S60ESTT
158885
ELEIESLYT
9VLLTSBET
9SEEE06CT
0898L0S0T
€98¥1656
¥01E99T6
S678LIT6
97618818
9YS8LSEL
6TELLSEL
6v£889.9
0TL66L1S
906L6CTE
9L¥S0802
GSSEL88T
8LSTTLLY
T9EL9ETT
81594¢8
69¥588991
8Y9STHTIT
9S6v6ETIT
8TSOLETIT
§9087S2ZST
£€5806001
V6616158
0£0L6TC8
STTBOYSL
Z80TS00L
i6T6LTTY
EYYEIVOY
TTLSOLYT
679858¢€

6SLETOLS!
vSTOSZTISS
0128010154
TY¥9t5T0TSs)
Yb9rSe0Ts)
Y96STIZOTSS
TTLL9Ss4
TYOvTLTss
€L86Y20TS4
T0060ZTS4
08C9STLTSY
69v108€S!
8TLLY96S)
SSTEOPTSS
09£0LZ0Ts2
61950884
€5L6¢STs)
68ETIPI9sd
8STHYOTs!
08€ES0TS/
L952L6984
T59¥€9s)
0£855€654
L8L0TTZTS:
YETS6L6S!
6T6ETZZTSS
9TTSSLLS)
0TEY6L6S!
27088014
S6£E01695)
£SCS8Y0Ts,
CEVVTLYSI
LSSYELESS
OvEY8YOTS:
LT9bLOpS4

O W W W W W WWWLWWWWONRNMNBNENNAENNNMNENNSNNAENMNNMSENNNSNSMENSNNSESOO®®



PCT/EP2011/001885

WO 2011/128096

5/10

re 1 cont.

Fi

9TIM DfSD
9TIM OIS
9TIM DISD
9TIM 8ZSYAd
9THM 8ZSVAD
adueled)
SONM d¥DD
8OIM d¥DD
aduegiesp
IJuetes)d
9TIM DISD
9TIMIISD
80NM~d¥DD
YOIM 0ZHOY
INIS3V

SONM d¥DD
SOMM ™ d¥DD
Jueses|)
INISIV

9TIM DISD
9TXM OVHD
ANIS3V
PIAMTIAD
ITIM IILD
SONM dYDD
9TIM DVHD
9TAM DISD
9TIM DILD
9TIM DI
STHM 8ZSVQD
9ITIM DML
PIIM 1A
ITIM IMLD
ueses]d
Jdueles|d

(EZ-)TVIAINDY
(9T-)TVIAINDY
(PT-)TVIAINDN
(z8)888nL
(z€)€05:1NZ
(¢£8-)1082d (86-)11495

- 90-38T'V
- 90-36v°C
- 90-361°8
- 90-306°€
= 90-355v
- 20000

{0)EVNNLD 108 EVNNLD 9580°0
(28)888N1108 EVNNLD €669°0
(0)STHQDd 31V STHADd 20000
(28)898NL 1V STHADd TOCO0
(0)TONYd *ud ¥985PQ S000°0
(0)TONYd Nud t98S¥A 9000°0

(zs)tnsy (zs)1nsy (0Z-)€10TD (62-)¥3Ld
(16-)zuvay

(0g-)03u4

(sz-Yo3ud

(s)e-oud

- §0-3Z§°S
- 20000
- S0-3ET'T
- 90-30T'%
- 90-38L°6
= S000°0

(0)240Y ¥ £L69EE008 10000

(0)SMSDd

{L6)vOvYY (0)8ETHOED

{v)8E000r13

(€T-)TaIYL (28-)Z3DNSN
{€2-)d0Dd

_(tT)taand

(0)tvA3

(vS)vivyav (0sS)VIviay (ov)vivday (ZEvTvyay (09-)215Ad0

TalqeL

SASId LST0°0
- S0-3TEY
- S0-35S°T

8ETHO6D S0-3VT'9

== 80000
- 27600
- 90-38t't
-~ SBES'O
- £€000'0
- ¢T00°0
- S0-3¢ET
- S0-3L0°T
- CET00
TVA3 ¥200°0
- §0-319°C
- 90-31€°L

S0-39v'v
S0-34S°C
S0-3€6'8
S0-397°1
90-3t5'9
$0-382°C
€917°0
¥909°0
1000
25000
9000°0
£000°0
S0-3L6'S
90-3LT°C
90-3vv'8
S0-3¢€9
80-30Z°8
§0-319°9
20000
1000
20000
90-3€8°¢
S200°0
§200°0
8vSY'0
S0-3s8'v
90-368'T
§0-396'8
90-3SL°E
S0-38V°L
S0-3€8'S
20000
1000
10000
S0-3€8'Y

13244
SES°C
ave
9L6€°0
65TY'0
§S80°0
vivy'o-
LEVO'O
v1L0°0-
60900~
€6'T-
816'T-
1650
LLY'O
91
TISED
950
v6L0°0-
L4424
8ELT
9¢LT0-
LTTE
SSST'0
ws't
ST90°0-
808T°0-
SE'6E
[4:1 84
9TE'8
6790
60°L
6LLT°0-
19°C-
96L0°0-
ST0Z°0

698¢°0
SY62°0
SE9T°0
99Zv'0
960v°0
yi61'0
2671°0
£EIV0
8¥CE0
9062°0
£987°0
€687°0
25800
LEOT'0
$920°0
LETED
€9S1°0
96€£°0
E0TY'0
LIEV'O
CETED
9600°0
6VTE0
v8SE'0
vZovo
L0ST'0
T100°0
Toro
€850°0
9£60°0
¥550°0
96€v°0
Lo
6982°0
TEVO'O

0S¢T606L
§99€8064
TSvT806L
9008649
0985649L
IVLSOVIL
¥€800189
120£66£9
TT€098SS
¥80T£9SS
LBOTIEES
E0EBSEES
TYv89E6T
SSTETI9T
6SE£098T
6T06S0ZET
8SPPSOZET
69€Z86C0T
9ESLSSEE
LTTETELL
1685985L
09¥Z0€TE
60SZY68T
88TZTYPT
C88S69ET
LSSELT6
0ESTLVLET
67ECBYBIT
CSCTESILT
T008TTL0T
vST81C86
€9Y9€6L8
TLVTIBELL
6L0€8CTS
VEEETIT

v60vSTTs!
60T0L928/
PLYELITSS
06S6STTs+
€CLL9TTS
PZ8ILYTS)
8L0ET6LS4
8€9LL0L84
T986TZTS4
02€96654
8LT000TTS4
£686EECSI
0TE6BLTSS
SS¥980L54
0£6088v54
8L8SY0LS)
T6ST0EETS!
STYLLETTS)
966£9v¥s!
S9EPTES)
T88YTTOTS4
$85006€5/
vrL88TS4
29.4810.5)
LS¥C668)
609ZCT01s4
88878LS)
9558080154
¥86vYSTTSS
TSE0EBLSS
v88TEYTS!
90SSY0Tss
SPSLS60TS:
9/T6TTIS)
EP6.5598)

©0 00 00 00 00 0 0 o0 0 O Y OO Y Y OV O Oy OO O O



PCT/EP2011/001885

WO 2011/128096

6/10

re 1 cont.

Fi

8OMM a4
PIIMTICD
SOXM dYdD
POAMTIAD
PIIMTI0D
STAM IfLD
YOIM 0TYOV
SONM ™~ d¥DD
dueies))
POIM0ZYOV
POIM 02UV
SONM dYDD
POIMTIAD
9THM OVHD
ITIM IS
§782sva
9TIM 8ZSVAD
dueses|d)
adueses|)
ITIM DVHD
POAIMTIAGD
9TIM IISD
9TIM IISD

(0)wLL0vvIN - ¥€85°0

- - 10000

(8z)6TNEY - €000°0
(0)TN11D (0)SOTNTID 1D 8ITSYBIV 90-389'E
(8T)TNMD (ST)S0TNTD - GO-3EET
- - 60-3Ev'Y
(09-)1L8vD - §0-39%°'C
(z8-)VTHdAY - S0-32LE
(6L)p682EN4 - §0-3€L'T

(1£)6902 (0v)TIv20 (0)a22312 (0)0ZD31D (v2-)TaYIN 008 AZII1D SO-386'%
(€8)690D (z5)11v20 (0}az2312 (0)aZI31D (29-)T8Y TN 009 AZIID +000°0

(£)9vND) (0€-)8LNTVD
(9t-)6NVdSL

- 8990
- 70000

(1)8avDV (0)TNAHL (0)TNAHL (3-)892SdA (8Z-)EGAVIN VAHL 8ZAHL SO-ISE'S

(0)3NDdO (€£-NTDdO
{£6)6TWINL
(EL)LWNN (S)ovuvH (0)9Ta18Z

(0)SNLND
(0)SNLND
(S)zeouw

9TAM DVHD J€M4 (ST-)TI0AO (0€-)86T3T9£0ZINA (06-)OZHISYNY (Z6-)dILVLH

9TIM OVHD
9TIM OVHD
9THM DD
9TIM OVHD
9TIM DILD
9TAM IISD
YTIM0ZYOV
YZIM0ZHOV
9TIM DVHD
IIIM OVHD
9TIM 8ZSVAD

(TT-)ENNA (09-)LvdSn

(0)exNa (2t-)Lvdsn

(o)exna (6€-)LbdSN

(0)exna (6€-)Lvdsn

{0} 1LNTYD

(£z-)sa38z (08-)L6n (SL-)2ovdI3
(€2)€dING (0)aZY¥Zddd
(0)13204a

(0)E9UN

INDO EZETO
~ 5000°0
918182 27100
- £900°0
- 1S100

- §0-3269

SNLND SO-ITLE

- 50-35t'2
- 2000°0

- 50-360'C

- 50-3€0°Z

£I%0 90-396'v

£34Q £0-3v0°6

£Y4Q §0-300°T
#1LNTVO 81000

- 4200

6LELH0DT 10000
TI000 11000

- 90-39.°¢

- §0-36°'T

£9YN $0-319°'S

13)qeL

L1441
20000
90-39S°T
S0-3L6'9
<0000
S0-300'6
S0-388°'v
90-3SL°E
TT00°0
50-368'S
€100°0
90T¥'0
20100
S0-3L9°6
PLITO .
§0-3SL’E
¥000°0
90-35L°S
90-3SL°S
¢000°0
20000
$0-320°9
€000°0
S0-3eL’L
§0-36S°L
90-310'C
S0-36€°C
90-388°1T
20000
v10'0
91000
81000
50-388'7
§0-302°9
§0-340'9

2660°0-
95810
S¥9°0
SS1Z0-
79610
80%'9-
€0TZ
99£9°0
74900
S7ZS0
L8590
¥660°0-
SEZT'0
1ET0-
88€8°0-
6L10
£9T€°0
1LT6°0
LLT60
9TTT0-
SSLT'0
190°2-
BT
6v210
veET0-
6v8T0-
v8EV-
¥681°0-
v20°€-
192°1-
6¥59°0
8151
TovT0-
YET0-
9Z8E0-

SZ8V°0
6T¥Y'0
960T°0
1987°0
€80E°0
9990°0

6020

760'0
S66€E°0
YILT0
TIEYO
TZTo
v06Y°0
ZLTED
£€28T°0
Vo

LLE'D
11000
11000
ZILY0
69L1°0
8850
6860
8L9E'0
LBEED
U610
VEST'0
VEBT'0
789%°0
L8110
9LYED
£99v°0
Z6€€°0
LYEED

820

186€8L87
OvSTEEOET
TELITLITT
E19CVETE
LTTECETE
CELESETS
0666LCV8
65621619
145114144
8YLSTLE
61ZYTL6
96TI8LY
BTC60EE
09YLT9EET
£8STOEZET
vZliseett
OST66SETT
P0ES0EEOT
€VL85760T
8CTLINOT
8641966
61686586
PLETPOSL
8YTSEESI
2L08661T
bLV6LETT
C6TLLETT
C6TLLETT
(442194148
E¥90980T
8YEBO9EET
0LbLETELT
¥9550022T
0TZ8661ZT
861S.9v8

SYE80565)
BETYIELS)
0b£990TTS)
£ST085ZTS!
L1105
T8YYOTTTS)
VETET6IS)
£8T660LTS!
9€0562L54
VBEZSOTTS!
TT009STS!
0859TEYS!
£6£098Ts)
ETT0L55)
£250SL01S)
0008€9s1
TEEBLES)
96v9ZTLS!
S0£6055:
£09TLTTTS!
29959128!
£89T9Y1s)
25626815!
90€LTTTTSI
9900554
0v60SLES!
TY6YOTLS!
TY6H0TLS)
8000T6YSI
6TSYSSTS!
L8E6TYESS
£900€80Ts!
8v99880TS!
9zSELTTIS!
YOPITHTTS!

€T
A}
[49
49
[49
49
49
4
[A¢
4}
49
43
[A°
1T
It
1T
1T
1T
1T
1T
Tt
44
T
11
19
141
11
11
1
1T
)4
ot
01
[1]8
1)



PCT/EP2011/001885

WO 2011/128096

7/10

Figure 1 cont.

9TIM OVHD
9THM DVHD
80MM™dYID
YOIMT0ZHIV
9TIM IfLD
878Zsva
9TAM JISD
9TIM DISD
PDIM0ZHOV
wu:m._mw_u
INIS3V
8OMM dH¥ID
uelel|)
ANIS3V

97 8zsva
9THM IS
BONM YD
g 8Isva
ANISAY
8OMM ™ dY¥DD
978Zsva
9TAM DfLD
80MM dHID
SOMNM ™ dYDD
8OXM ™ dYD
80MM dHDD
8OMM dHID
9 8Zs5va
ITIMIISI
4NISIV
ANIS3Y
9THM 8ZSVAD
PIIMTICD
dduesedd
9TIM OVHD

(o)azas
(98)£509999dz4%a (0)TANL43

(ZT-)TZTNBNL (Eb-)081OPTD (€5-)TIND (29-)2dIMD (ZL-)TVIW
(STITHTINAG (rZ-)DSyZddd

(0)ywbeos

(88-)zxLO

- S0-3LSC
- §0-368°T
- 90-350°€
- S0-390°T
89CAS T200°0
TaN143 62000
- L2000
-- T000°0
-- £000°0
== L0-3¥6°'S
- §0-388¢C
- %3000
S0-319°7
: - £000°0
YYPIONS SO-3E6°E
- 90-319°C
- 9800
- 20000

--Z TEYE9008 1000°0

{(6)tvtn0d

{£LTN8AD (9Z-)24S6NL
(L8)zINEW (L8)INGW
(te)zINaw (Te)zINaW

(o)zTa1% (O)zTaN

T alqeL

- 1000°0
- §0-3€6°¢C
== ¥000°0
- €000°0
- 20000
- 80000
== 90-3TT'6
- 90-3TT'6
-~ 90-308'8
- 90-3¥S°L
T4 90-382°2

- 60-36L'S

t
4

S000°0
8TT00
€000°0
S0-39S'T

S0-3€6'6
S0-36L8
S0-3LY'S
S0-31S°L
$000°0
20000
L8Y0°0
L00°0
60000
§0-355°'9
$0-3ZS°€
90310’V
90-350°L
50000
£000°0
80-326'L
08¢0
90-38€C
€000°0
90-3€L'S
S0-3tL's
29100
90-3TS'T
90-3€L'V
90-39L°T
§0-3STY
§0-3S¢'V
90000
S0-3€¢T
£0-320°'S
S0-3vL'8
90-30t'S
10000
§0-382°¢

2000°0

6EVT0
LovT0
v8CED.
SEESO
LTCE-
€€9T°0
¥8T°T-
L8Y°T-
8¥S'T
£960°0
1848
FTAN
800T°0-
wIitro
6291°0
v66'C
82600
T€0C°0-
86’
SEC9'0
97020~
v6'T
ELV'O
59810
¥9sv'0
6£98°0
64980
EvvT0
v9°9¢
LT'9¢
86¢'9
8989°0-
906T°0
97800
SZIT0-

20€CT0
L62T0
EETPO
vL8T°0
€920
0TY'0
LIST0
TTZEQ
[ATA4Y
S6€Z°0
€6€7°0
LETO'0
9v6T0
vSEV'O
L1TE0
610€°0
8960
TT9%°0
vBEE'0
€060°0
98vT'0
SC0v'0
T9TZ°0
€69T°0
LETO
91€0°0
9TE0°0
Sviv'o
T100°0
20100
S6CP°0
T460°0
897°0
PLEV'O
99Zv'0

00tSZ69T
6ELTT69T
TVTLse
Y616966
08.8.568
0TSSS208
T6TZ8Y19
08EELYPTI
98ESTIVS
69¥87Z1S
Ov6YTEEE
0696.050T
SLSS8YTOT
8€96¥£00T
VYSLLTET6
8ESOEVIS
EV6LILEE
SETBOSTE
0TT9Z81C
YZIT6560T
1866£8V0T
6¢S6€066
6976£996
9019€£996
S6¢98996
SLL81906
96097906
V1682158
TL90v0V8
9TSLEYEL
S7956£L9
€980ZT19
159500tS
£880S99%
V668CTEY

CTSESHTIS)
85028L 5!
BOEDLTLSS
20002665
9£0¥TZZs)
ZLETOSTS)
82189£5!
SLTZO0TS)
968STLIS)
EZTITLIS!
226668151
¥22ZYT0TS!
68L052Z5
STSST08S!
L9zvvYvs)
9p20585!
SSTZB6YS)
996756154
90962T0TS!
£€59595)
LT98101S!
8Y6TLSTS)
LOTTLLYSS
£25206€sS!
£2v78225)
T00v86L5
ETLLEELSS
zs6eeLss
666¥66L5)
S6100965)
182625654
209886.5
9692€81s)
195¥ES6S)
£86¥6565

)4
91
ST
ST
st
St
ST
ST
St
ST
St
121
14
141
248
141
2
28
1
€T
€1
£1
134
€1
€1
€1
€1
€T
£1
£1
£T
£1
34
€1
131



PCT/EP2011/001885

WO 2011/128096

8/10

re 1 cont.

Fi

9TIM IISD
9TAM DIISD
9TAM 8ZSVGD
9TIM 8ZSVQD
9TAM 8ISVAD
9TIM 8ZSVQAD
9IAM DfLD
INISIV
PIIMTIOD
Joueses|))
SONM d¥DD
9TNM OVHD
ITIM IISD
9TIM IrLD
9TAM OVHD
IIAM I
9THM 8ZSVAD
80MM dY¥DD
SONM ™ dHID
SONM dHDD
SONM d¥DD
SONM ~dY¥ID
auelesp)
Q3uesedp)
9TIM 8ZSVaD
INISIV

ITIM 8TSVAD
g 875va

4 87sva

9 8Zsva

97 875va
978ZSva
STHM OIS
9TAM IILD
9TIMIISD

- - 90-3LL'Y
- - 90-3eT’E
- - §0-3¢¢’Y
~.0AV €J11dS 90-3€L'T
(88-)8€41007D 0NV €21LdS 90-387°L
(28-)8€41002 0NV €D1LdS 90-3LE8

(6)8€4002D - 20000
{09)€T84NZ (£¥)T9LINZ (0)S9LINZ D01 §9LINZ SO-IET'Y
(6T-)62ZPANZ - 90-380°L
(ZTIVETONN (9-)1QSTLIO (bE-1D6T TNV (£9-)$19d (€8-)TVLZD1S - S0-3LT'T
{1Z-)oTXUus (€€-)arTaa1a (SS-YTLNYL (04-)TIAT (2L-)XI4N - §0-39T'T

(Z¥)NdSd (6€)LHBNTV (82)dd1D (0)EHVSY (€5-)TLTIN EHVSY §0-3TT°€E
(T£)ws8AD (89)vS8AD (92-)55H08TD (6b-)STOXES - 9000

(S£)wS8AD (2L)vsSaAD (Z2-)SSHOBTD (Sb-)STOXEA - 91000
- - 20000
- - ¥600°0
(o) 1ON ¥10N 10000
- - 90-326'9
- - 50-3§9'S
- - §0-359°S
(86-)TdvADQY - §0-359°S
(0)E0ETVVIN I8 EOETYVIN SOLL'0
- - S0-3vV'Y
- -~ §0-30L°€
{0)otvd 0TvD 21000
(T6)2TX3d (68)L1-9n3w (8E-)ETNATS (09-)2INATS - 50000
- - 20000
{£2)9z6Wvd (0)ETSOVVIN (T8-)ZDHHAZ  E£ISOVVIN #0000
(LT)HSDD (T-)9t409TD (0Z-)ZIDSV {2Tr-ININID (£9-)T9409TD - 10500
- - 60-3ZET
(69)9dN (89)9dW (8Y)TIAEHY (EV)EEHO9TD (LEMEUTIOd - S0-39S°€
- - 90-3t8°€
(v¢)8HAD - §0-358'S
(6¥)TL1AX - 1€00°0
(6¥)TL1AX - 000

T3jqeL

S0-365°t
50-3¢S°S
S0-3L¢°9
90-3tv'y
S0-36€°C
S0-3v'e
82000
S0-38L'S
90-3v6'T
S0-3ET'T
S0-3T6'
90-36C'
€€00°0
€££00°0
12000
11000
$100°0
S0-360°T
§0-359°'6
50-359'6
S0-359'6
99450
50-358'8
§0-388°L
£000°0
20000
T200°0
S0-36€°1T
90-3v6'v
<1000
9000
§50-358'v
S0-3v9°9
20000
S0-avgv

9sT'C-
6CT'C-
9S€0
85IV 0-
48250
SS8E°0
ELY'C
S95°S
S€TT0
99ST°0-
69180
S6v1°0-
viv'T-
£90°C
6660°0-
189°C
SS62°0
YEESD
S¥95°0
SY9S°0
S¥95°0
80L0°0-
LL80°0
49800
BIEE0
6T’y
v87°0
9Z61°0-
v9te'C-
S6v1°0
62¢T'0
LST2°0
e
vLvE-
L87°C-

T0LE0
€5LE°0
S0L¥°0
9tye0
LEETO
9Zsv'0
80LE'0
EVETO
LIEV'O
€800
SEO0

610€°0
6v°0

o

¥8ZE0
VOEV'0
TZEVO
€980°0
85800
85800
85800
0tT0
200E°0
990E°0
£68Y°0
S0S€E°0
j14A 40
Z6SE0
L1000
67620
2S6€°0
6/8T°0
vLITO
LESE'D
LESE'D

8¥90VTET
6068ETET
TES660€ET
9608L0ET
TO6990€ET
669090¢€T
97887621
0EET098S
TLLTESTT
6V209SLT
SECEVIET
06Tv8e9
CTSENDOL
617766669
6SST6TL9
8TTI9T09
££00566C
£8SL00T
656£00T
LIv866
6££866
07810294
YOLLEVLY
6T182ZYL9
TLYBLILY
9YTSEBOE
9811019
voTE9SER
62195964
9SCT08Y9
86STvLYy9
+0v80/t9
PYEOLTO9
£85090LT
£8S090LT

L¥0S0T9s!
£5L60T95!
LE6TYOIS!
LE68L09S!
9E68L0951
£29€££0951
SLTOTEES!
144190251
9Z6T0bTS!
SYTEYTLS)
12860185)
26TSEETS!
5969851
0EZYTITS!
STYYEES!
060£0S0TS!
558505£51
0v068L5:
YOPOZLIS!
7L068151
1L068L5)
$50068%5.
L1685T2S4
600LL69TS!
286£92T5)
9L¥50595!
SLTTL8TSI
SETL6STTS!
OESTEEETS!
18287343
2605€Z54
SES0050TS!
SLEYOZLS!
SYT6v085)
SYT6v08S)

0c
174
174
114
0c
0c
174
6T
6T
61
6T
61
8T
8T
8T
87
81
8T
8T
8T
8t
L1
LT
LT
LT
LT
LT
9T
9t
91
9t
91
91
9T
9T



PCT/EP2011/001885

WO 2011/128096

9/10

re 1 cont.

Fi

9IXM OVHD
9TIM ™ 8ZSVYAD
ANIS3Y

STIM OVHD
YOIM 02UV
adueles))
YOIMTOZHOV
YIIM 10D
PTIMTIAD
aduesesd
SOMM dYID
SONM d¥ID
9TIM 8ZSVAD
ITIM DML
9TIM OVHD
9THM 8ZSVAD
9TIM OVHD
9TIM JILD
POIM 0ZYIV
9TIM IMLD
9TIM IILD
JdueIed))
9TIM JrLD
9TIM JMLD
STIM I
9THIM IISD
9TIM DfLD
POIM0ZYOV
POIMOZHOV
9TAMIMD
9TIM 8ZSVYAD
9TIM JILD
9TIM 8TSVAD
INIS3IV
Jdueses|)

(82)evHOXD -

(0)Lved1s Lveds

(0)T1dVHTY  TIdVHTH

(LO)TIavYT L -

(86)T14VYT I -

(0)OTNXLY  OTNXLY

- OANVd

- ENAS

(TT-)88TOAN -

(TT-)a8TOAN -

(TT-)98TOAW -

(v-)asTOAN -

(0)9STOAW  98TOAN

(0)a8TOAWN  98TOAW

(0)eSTOAW  9STOAW

(0)98TOAW  9STOAN

(0Z)429 (0)9gavy (L€-)ZvND (02-)THALY 9gavy
- 18LSX TJ19I

(2£)1199 (9T-)3WVHd (9t-)TMHNS (Z£-)ZMHNS 28LSX TS
(62)41199 (0T-)INVYd (6€-)TMHNS (59-)ZMHNS 28LSX TI19)
(TZ)THsDd -

{olwvosa WVI5G

(0£)o¥dsa (0)sH SOMH

(2£)9¥2sa (0)SH $OTH

(82-)19N0 (2L-)zoNno -

(065310020 (6-}TTH00ZD (E¥-)TOAIQ (E¥-}TOQIA (€6-)S714DL D TTESZOD8
(0)/yHAD [60MY YHAD
(v8)PHQD -

(S2)Tds49 (0)Z¥SDd d 9¥S0r0D08

1 3iqel

90-395'9
86000
50000
80000
S0-3rT'Z
50-386°S
50000
Y1000
L0000
52000
159L°0
87590
10000
0000
20000
81000
SO-30€°€
£€000°0
S0-361°S
10000
£000°0
SE00°0
50-376°€
S0-3v6'E
S0-376°E
S0-36€°S
79000
90-35L°S
S0-3LTT
90-319'9
70000
17000
S0-32TZ
S0-30t'v
60500

S0-3SL°L
90000
80000
90-309t
£000°0
87000
¢000°0
€000°0
<1000
80-32T9
9¢is0
T6EY°0
€500°0
90-31L6
90-30S°T
90-3v6°€
90-328'T
90-397°6
S0-30€°9
£0-3€6'8
90-3¥9°T
T000°0
S0-3EL'S
SO-3€L'S
SO-3EL'S
$0-3¢T°L
S0-3S6'S
S0-386't
S0-3LC€
90-398'6
90000
$700°0
S0-3LT’E
T000'0
60000

S6ET0-
L69E'0
v00'v
€LYT0-
819'1T
€450°0
L2650
1681°0
IULTO
€008°0
¥990'0
v8L0°0-
79970
$S0°S
110
96850
TECT0
1485
86910
L0V'9.
6TL’S
99£0°0
9TL’e-
9TL'E-
9TL’E-
L18'C
LTE'E-
97450
v1L5°0
185°C
SST1E0
S79'C
€L8E°0-
TEL'B
L4900

L1620
98570
1SSE0
veLY'0
€LEVO
62ZV'0
S8LY°0
€TV
LYEY'0
S¥00°0
9681°0
€70
S9TY'0
SUT0
STLT0
STLT0
[4449)
LSST°0
LSST'0
TSIT°0
6LET0
LZ6v'0
6270
62CC°0
€7¢T0
9LYT'0
26LE0
9680
6€0
LS6T°0
oo
€TLEQ
€L9Y'0
LLEYO
Yo

YOE0LEITT
619¥05.6
8799Ev98
S98YEVES
8TY9SroY
TESLESSE
EV6EBYET
STZ0Y98T
64681982
665S10ZY
T9vL95vY
8EvETGLY
CEETTETE
S6¥89LYT
S6¥89LVT
S6v89LYT
0S8T9LYT
0862SL¥T
0862SL¥C
€6LTSLVT
T6STSLYT
80LZ€81T
0969v21T
90T9vZIT
06S6€ZTZ
6YLYLYST
€202990v
[4441 144
110822LE
OELYBEEE
¥2995019
£585096S
9vL9LT6S
SE08YIIL
ETLLGELT

TL9TT6SS)
C90TZ6SS4
€6E61615)
pS62C6SS4
LOTSS0LS)
£66SEETS
voT6Z8YS
LEBLBETTSS
78696154
20E889TTS4
£0SZe0Ts4
CET6ETS)
BYOTETS
£16v009s.
€16t009s.
€T6v00954
920.66581
5009¢zTs)
5009€TTsd
92ZI8E9TS)
20466554
80965554
Y6SSTLS4
1610€€ETS)
99£6T59s.
L£5960754
V8SLE8LS]
6£55€8¢s4
TLLLBLES]
16064665/
LY1980TTS4
137444738
LTSTLO9S]
699780354
Y£069¢Ts!

114
€
€
€¢
14
14
€¢
114
€
134
[44
[44
[44
[A4
[44
[44
[44
[44
[44
[44
44
[44
[44
[44
[44
[44
144
j14
)14
T
0z
0z
0t
0z
114



PCT/EP2011/001885

WO 2011/128096

10/10

re 1 cont.

Fi

9TIM 8ZSVAD
ueselp)

g7 8zsva
PIIM 1A
9TIM OVHD

{VS)SYINNG (99-1HASN SX8 S8TINZ 20000  8T000  ZTEO-
(92)054dD - 71000  S000'0  £O°O-
(8v-)THad - VN VN VN
- - 61000 60000  90.T°0
- - §0-30T'6 S0-319'8 8ET0-

T3lqeL

LLBED
87€0
8T8Y°0
649€°0
6E6C°0

8bTSS8IST
9188900ST
SCITVLGET
STOESO9ET
ETT6019TT

0TLL299s!

¥8708Ts.
TECELBLS)
£40TE655/
CELTTESSS

€
1 14
114
€2
14



International application No.

INTERNATIONAL SEARCH REPORT

PCT/EP2011/001885
Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)
1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and necessary to the claimed
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in electronic form

b.  (time)
D in the international application as filed
D together with the international application in electronic form
subsequently to this Authority for the purpose of search

2. In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto has been filed
or furnished, the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.
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