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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).



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.



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 > 0.8.

Linkage disequilibrium values can be calculated using various methods (see, e.g., Devlin &

Risch, Genomics 29:31 1-322, 1995; and Jorde, Genome Res. 10:1435-1444, 2000 for

reviews; see also Lewontin, Genetics\20:S49-52, 1988; Hill & Robertson, Genet 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, et 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: 8 1-6; 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



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



a single-stranded oligodeoxyribonucleotide. The primer includes a "hybridizing region"

exactly or substantially complementary to the target sequence, preferably about 5 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



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



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, 5-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, 5-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. 6,001,61 1; 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



arthritis patients to treatment with an IL-6R antibody, tocilizumab. 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.



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



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 86:1 173-1 177, 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 a/., 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



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 transcriptase, 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



324, 163-166, 1986; EP 235,726; and WO 89/1 1548), 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



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



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.



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 95/1 1995. The same array or a different array can be used for

analysis of characterized polymorphisms. WO 95/1 1995 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



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;

5,639,61 1 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.



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 "TaqMan®" or "5'-nuclease assay", as described

in U.S. Pat. Nos. 5,210,015; 5,487,972; and 5,804,375; and Holland et al, 1988, Proc. Natl.

Acad. Sci. USA 88:7276-7280. In the TaqMan® 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



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

sulfiirylase, luciferase and apyrase, and the substrates, adenosine 5' phosphosulfate (APS)

and luciferin. The first of four deoxynucleotide triphosphates (dNTP) 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 sulfiirylase 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



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).



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 a , 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



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 95/1 1995; 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



Application Publication Nos. 2007/0037274, 2007/0140906, 2004/0126757, 2004/01 10212,

2004/01 1021 1, 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



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 kits (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. In a 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.



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



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



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 lOBaseT), 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



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



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 (SIAEs).

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 WA 18062 (n= 119) (Emery et al, Annals of the Rheumatic Diseases

2008;67:1516-1523)



AMBITION WA17824 (n=108) (Jones. G et al, (2009) Ann Rheum Dis - ARD Online First,

published on March 17, 2009 as 10.1 136/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 IM-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 8;

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

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

Clearance; and

Infection adverse event.



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 q<0.05 in either subject set, or

p<lxl0 5 in single-point analysis of White Subjects, or

p<lxl0 4 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 5 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



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), rs65 19366

(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), rsl 1205321, 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 rsl 1205321, the presence of the minor allele is associated with an

increase in TJC units, i.e., is associated with a negative therapeutic endpoint (increased TJC

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, rsl 1886534 and



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 MYOl 8B (MYOSIN XVIIIB). Marker rs7104941 (SEQ ID NO: 7) is an intronic

marker in D K3 (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

rs752 l783 14840981 7 -- 4.02e-05 7.97e-06 2

rs 1886534 2 38 15178 - 5.40e-05 5.39e-08 2

rs9883073 3 4 1259540 -- 0.000342 0.001 1 4 2

rs407461 7 6 3858629 - 8. 8e-05 0.0001 07 2

rs7 10494 11 11977 192 D K3 2.39e-05 1.88e-06 2

rs8049 l45 16 7060587 - 4.84e-05 0.0001 89 2

rs600491 22 24768495 — 3.94e-06 9.71 e-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

MYO 8B. 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; rs7 0494 1 (SEQ ID NO: 7) is an

intronic marker in DKK3 (Dickkopf-related protein 3 precursor). The secreted protein

interacts with the Wnt signaling pathway.

Marker rs752 1783 (SEQ ID NO: 3) is in strong LD ( 1̂ =0.95) with two intronic markers in

PLE HO (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



tumor necrosis factor TNF. The marker is also in strong LD (r2 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 small nu-clear ribonucleoprotin

PRP3), KIAA0460 (uncharacterised protein), TARS2 (threonyl-tRNA synthetase,

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

Marker rsl 1886534 (SEQ ID NO: 4) is in LD (r =0.45) with an intronic marker in

AC019172.4, 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 ). CTNNB1 is involved in the regulation of cell adhesion and in signal

transduction through the Wnt pathway. The marker is also in LD (r2=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. It is in LD

(r2=0.534) with a marker in the 3' UTR of XYLT1 (xylosyltransferase 1). XYLT1 is

required for the biosynthesis of the glycosaminoglycan chains characteristic of

proteoglycans.

Rs6078937 ies 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=4.43x 0 6 in White Subjects

P= 1.73x10 in All Subjects



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 rs600491 3 (SEQ ID NO: 2) or any neighboring SNPs in tight correlation, i.e.,

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-DRB1 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 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 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



IL-6 level at baseline, HLA-DRB 1 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.



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.

2. The method of claim 1, wherein the at least one biomarker is set forth in Table 2.

3. The method of claim 2, wherein the SNP biomarker is rs60049 13 (SEQ ID NO: 2) or

a polymorphism 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) .

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

forth in Table 2.

5. The method of claim , wherein the nucleic acid sample is analyzed for the presence

of at least two biomarkers set forth in Table (Figure ) that are associated with

therapeutic response to treatment with IL-6 receptor antibody.

6. The method of claim 5, wherein the at least two biomarkers are rs60049 13 (SEQ ID

NO: 2) or a polymorphism in strong linkage disequilibrium with rs600491 3 (SEQ ID

NO: 2), and rs6078937 (SEQ ID NO: ) or a polymorphism in strong linkage

disequilibrium with rs6078937 (SEQ ID NO: 1) .



7. 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.

8. 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.

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

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

comprises sequencing the nucleic acid.

11. 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.

12. 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.

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

the patient.

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

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

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

Table 2.

16. 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).

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