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PROGNOSTIC METHOD

Related applications
This application is related to GB Patent Application No. 0613844.0, filed 12 July 2006, the contents
of which are incorporated herein by reference in their entirety.

Field of the invention

The invention relates to methods and products in particular, microarrays for in vitro genotyping of
Rheumatoid Arthritis (RA) associated genetic variations. The invention further relates to methods
for the prognosis and treatment of RA, and to products for use therein.

Background to the invention
Rheumatoid Arthritis (RA) is a chronic inflammatory disorder, which characteristically has joint
involvement. The prevalence is about 0.8% (approximately 2.9 million people in Europe) with some

variation among ethnic groups. RA is more common in women than men.

In the RA disease process, inflammation involves the synovium and may cause damage to the
cartilage and bone itself. Areas that may be affected include the joints of the hands, wrists, neck, .
jaw, elbows, feet, and ankles. Often RA causes the joints of the body to be affected in a
symmetrical manner, meaning that the disease attacks the same joint on both sides of the body—
for example, both hands.

Diagnosis of RA is currently made according to the criteria set out by the American College of
Rheumatology in 1987 (published in Arnett et al., Arthritis and Rheumatism 1988 Mar;31(3):315-
24).

A number of pharmacological agents are commonly used to manage the signs and symptoms of
RA. These fall into four main classes: NSAIDs (nonsteroidal anti-inflammatory drugs) that relieve
the pain and inflammation associated with RA; DMARDs (disease-modifying antirheumatic drugs)
that both relieve symptoms and help to control RA by modifying its disease process);
Glucocorticoids (a group of anti-inflammatory drugs that are related to cortisol, a natural steroid
hormone produced by the body); and Biologicals (drugs like Kineret® (anakinra) that are designed
to target specific molecules in the immune system that contribute to the RA disease process.

Epidemiologic and genetic studies have provided evidence of the presence of genetic susceptibility
factors for RA, accounting for approximately 60% of the variation in liability to disease.
Identification of those genes related to RA could bring a better understanding of the pathogenesis,
diagnosis, location, and prognosis and eventually appropriate adequate treatment. From a clinical
point of view, early diagnosis, prognosis _and location of the disease would signify an important

change in therapeutic decisions used for treatment.
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Association studies have recently identified several genes in which one or more genetic variations
result in a higher or lower risk of contracting this disease, a better or worse response to drugs
and/or, a better or worse prognosis. A means of characterising multiple RA associated variations

which could be used clinically would provide a great advance in diagnosis and therapy.

DNA-chips are often used to discriminate between alleles at genetic loci.

In 2001, the Consortium for the Human Genome ‘Project and the private company Celera
presented the first complete example of the human genome with 30,000 genes. From this moment
on, the possibility of studying the- complete genome or large scale (high-throughput) studies began.
So-called “DNA-chips”, also named “micro-arrays”, “DNA-arrays” or “DNA bio-chips” are apparatus
that functional genomics can use for large scale studies. Functional genomics studies changes in
the expression of genes due to environmental factors and to genetic characteristics of an
individual. Gene sequences present small interindividual variations at one unique nucleotide called
an SNP (“single nucleotide polymorphism”), which in a small percentage are involved in changes in
the expression and/or function of genes that cause certain pathologies. The majority of studies
which apply DNA-chips study gene expression, although chips are also used in the detection of
SNPs.

The first DNA-chip was the “Southern blot” where labelled nucleic acid molecules were used to
examine nucleic acid molecules attached to a solid support. The support was typically a nylon

membrane.

Two breakthroughs marked the definitive beginning of DNA-chip. The use of a solid non-porous
support, such as glass, enabled miniaturisation of arrays thereby allowing a large number of
individual probe features to be incorporated onto the surface of the support at a density of >1,000
probes per cm?.  The adaptation of semiconductor photolithographic techniques enabled the
production of DNA-chips containing more than 400,000 different oligonucleotides in a region of

approximately 20 pmz, so-called high density DNA-chips.

In general, a DNA—chip comprises a solid support, which contains hundreds of fragments of
sequences of different genes represented in the form of DNA, cDNA or fixed oligonucleotides,
attached to the solid surface in fixed positions. The supports are generally glass slides for the
microscope, nylon membranes or silicon “chips”. It is important that the nucleotide sequences or
probes are attached to the support in fixed positions as the robotized localisation of each probe
determines the gene whose expression is being measured. DNA-chips can be classified as:

- high density DNA-chips: the oligonucleotides found on the surface of the support, e.q.
glass slides, have been synthesized “in situ”, by a method called photolithography.
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- low density DNA-chips: the oligonucleotides, cDNA or PCR ampilification fragments are
deposited in the form of nanodrops on the surface of the support, e.g. glass, by means of a robot
that prints those DNA sequences on the support. There are very few examples of low density DNA-
chips which exist: a DNA-chip to detect 5 mutations in the tyrosinase gene; a DNA-chip to detect
mutations in p53 and k-ras; a DNA-chip to detect 12 mutations which cause hypertrophic
cardiomypathy; a DNA-chip for genotyping of Escherichia coli strains; or DNA-chips to detect

pathogens such as Cryptosporidium parvum or rotavirus.

For genetic expression studies, probes deposited on the solid surface, e.g. glass, are hybridized to
cDNAs synthesized from mRNAs extracted from a given sample. In general the cDNA has been
labelled with a fluorophore. The larger the number of cDNA molecules joined to their
complementary sequence in the DNA-chip, the greater the intensity of the fluorescent signal
detected, typically measured with a laser. This measure is therefore a reflection of the number of
mRNA molecules in the analyzed sample and consequently, a reflection of the level of expression

of each gene represented in the DNA-chip.

Gene expression DNA-chips typically also contain probes for detection of expression of control
genes, often referred to as “house-keeping genes”, which allow experimental results to be
standardized and multiple experiments to be compared in a quantitive manner. With the DNA-chip,
the levels of expression of hundreds or thousands of genes in one cell can be determined in one
single experiment. cDNA of a test sample and that of a control sample can be labelled with two
different fluorophores so that the same DNA-chip can be used to study diﬁerenceé in gene

expression.

DNA-chips for detection of genetic polymorphisms, changes or mutations (in general, genetic
variations) in the DNA sequence, comprise a solid surface, typically glass, on which a high number
of genetic sequences are deposited (the probes), complementary to the genetic variations to be
studied. Using standard robotic printers to apply probes to the array a high density of individual
probe features can be obtained, for example probe densities of 600 features per cm? or more can
be typically achieved. The positioning of probes on an array is precisely controlled by the printing
device (robot, inkjet printer, photolithographic mask etc) and probes are aligned in a grid. The
organisation of probes on the array facilitates the subsequent identification of specific probe-target
interactions. Additionally it is common, but not necessary to divide the array features into smaller
sectors, also grid-shaped, that are subsequently referred to as sub-arrays. Sub-arrays typically
comprise 32 individual probe features although lower (e.g. 16) or higher (e.g. 64 or more) features

can comprise each subarray.

One strategy used to detect genetic variations involves hybridization to sequences which
specifically recognize the normal and the mutant allele in a fragment of DNA derived from a test
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sample. Typically, the fragment has been amplified, e.g. by using the polymerase chain reaction
(PCR), and labelled e.g. with a fluorescent molecule. A laser can be used to detect bound labelled
fragments on the chip and thus an individual who is homozygous for the normal allele can be
specifically distinguished from heterozygous individuals (in the case of autosomal dominant
conditions then these individuals are referred to as carriers) or those who are homozygous for the

mutant allele.

Another strategy to detect genetic variations comprises carrying out an amplification reaction or

extension reaction on the DNA-chip itself.

For differential hybridisation based methods there are a number of methods for analysing
hybridization data for genotyping:

-Increase in hybridization level: The hybridization level of complementary probes to the
normal and mutant alleles are compared.

-Decrease in hybridization level: Differences in the sequence between a control sample
and a test sample can be identified by a fall in the hybridization level of the totally complementary
oligonucleotides with a reference sequence. A complete loss is produced in mutant homozygous
individuals while there is only 50% loss in heterozygotes. In DNA-chips for examining all the bases
of a sequence of “n” nucleotides (“oligonucleotide™) of length in both strands, a minimum of “2n”
oligonucleotides that overlap with the previous oligonucleotide in all the sequence except in the
nucleotide are necessary. Typically the size of the oligonucleotides is about 25 nucleotides. The
increased number of oligonucleotides used to reconstruct the sequence reduces errors derived
from fluctuation of the hybridization level. However, the exact change in sequence cannot be
identified with this method; sequencing is later necessary in order to identify the mutation.

Where amplification or extension is carried out on the DNA-chip itself, three methods are presented

by way of example:

In the Minisequencing strategy, a mutation specific primer is fixed on the slide and after an
extension reaction with fluorescent dideoxynucleotides, the image of the DNA-chip is captured with

a scanner.

In the Primer extension strategy, two oligonucleotides are designed for detection of the wild type
and mutant sequences respectively. The extension reaction is subsequently carried out with one
fluorescently labelled nucleotide and the remaining nucleotides unlabelled. In either case the
starting material can be either an RNA sample or a DNA product amplified by PCR.

In the Tag arrays strategy, an extension reaction is carried out in solution with specific primers,
which carry a determined &' sequence or “tag”. The use of DNA-chips with oligonucleotides
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complementary to these sequences or “tags” allows the capture of the resultant products of the
extension. Examples of this include the high density DNA-chip “Flex-flex” (Affymetrix).

For genetic diagnosis, simplicity must be taken into account. The need for amplification and
purification reactions presents disadvantages for the on-chip extension/amplification methods

compared to the differential hybridization based methods.

Typically, DNA-chip analysis is carried out using differential hybridization techniques. However,
differential hybridization does not produce as high specificity or sensitivity as methods associated
with amplification on glass slides. For this reason the development of mathematical algorithms,
which increase specificity and sensitivity of the hybridization methodology, are needed (Cutler DJ,
Zwick ME, Carrasquillo MN, Yohn CT, Tobi KP, Kashuk C, Mathews DJ, Shah N, Eichler EE,
Warrington JA, Chakravarti A. Genome Research; 11:1913-1925 (2001).

Thus, despite advances in technology, the problems of existing methods is simultaneously
analysing a large number of genetic variations in a sensitive, specific and reproducible way, has
prevented the application of DNA-chips for routine use in clinical diagnosis.

Summary of the invention

The inventors have identified new means for prognosing RA phenotypes using combinations of
informative SNP variables and clinical variables. Accordingly the invention provides a method of
prognosing a rheumatoid arthritis (RA) phenotype in a subject, which comprises:

(1) obtaining outcomes for one or more single nucleotide polymorphism variables and one or more
clinical variables listed in Table 11A for the subject; and

(1) using the outcomes obtained in (I} to prognose the phenotype;

wherein

(i) an outcome for an SNP variable is the identity of the nucleotide in the genomic DNA of the
subject at the position of the single nucleotide polymorphism;

(ii) an outcome for the clinical variable ANTI-PCC is the level of anti-cyclic citrullinated peptide
antibody in the serum of the subject;

(iii) an outcome for the clinical variable ANTI-PCC Bl is a binary representation of the level of anti-
cyclic citrullinated peptide antibody in the serum of the subject;

(iv) an outcome for the clinical variable VSG is the erythrocyte sedimentation rate in the blood of
the subject;

(v) an outcome for the clinical variable NOARTDOL is the number of painful joints referred by the
subject;

(vi) an outcome for the clinical variable RF is the level of Rheumatoid Factor antibody in the serum

of the subject;
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(vii) an outcome for the clinical variable PCR is the level of C-reactive protein in the blood; and

(viii) an outcome for the clinical variable onset age is the age in years at which the subject was
diagnosed with RA;

and wherein:

(a) the RA phenotype is a health assessment questionnaire (HAQ) score of >2 (HAQ>2) and the
variables for which outcomes are obtained in step (I} comprise the HAQ>2 SNP and clinical
variables in Table 11A; and/or

(b) the RA phenotype is presence of multiple of erosions in the hands and feet (RX2) and the
variables for which outcomes are obtained in step (l) comprise the RX2 SNP and clinical variables
in Table 11A; and/or

(c) the RA phenotype is receiving 3 or more different treatments (TTO_30M) and the variables for
which outcomes are obtained in step (I) comprise the TTO_30M SNP and clinical variables in Table
11A,; and/or

(d) the RA phenotype is being forced to leave employment because of RA (leaving the job) and the
variables for which outcomes are obtained in step (I) comprise the “leaving the job” SNP and
clinical variables in Table 11A; and/or

(e) the RA phenotype is receiving an articular prosthesis (surgical intervention) and the variables
for which outcomes are obtained in step (I) comprise the “surgical intervention” SNP and clinical
variables in Table 11A; and/or

(f) the RA phenotype is methotrexate intolerance and the variables for which— outcomes are
obtained in step (I) comprise the “methotexate intolerance” SNP and clinical variables in Table 11A,
and/or

(g) the RA phenotype is remission and the variables for which outcomes are obtained in step (1)

comprise the “remission” SNP and clinical variables in Table 11A.

The invention also provides a method of deriving a probability function for use in prognosing an RA
phenotype, a computational method of deriving a probability function for use in prognosing an RA
phenotype and a method for prognosing an RA phenotype in a subject comprising use of a
probability function derived using the data in any one of Tables 4 to 10, as set out in the claims.

The inventors have also identified SNPs which have significant allelic association with prostate
cancer recurrence. Accordingly the invention also provides a method of prognosing an RA
phenotype in a subject comprising determining the genotype of the subject at one or more positions

of single nucleotide polymorphism selected from the SNPs in Table 12.

The invention also provides an in vitro method for genotyping RA associated genetic variations in

an individual as set out in the claims.
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Further aspects of the invention include a computational method for obtaining a genotype from
DNA-chip hybridisation intensity data, a method of deriving linear functions for use in a genotyping
method of the invention, a computational method of deriving linear functions for use in a genotyping
method of the invention, a method of diagnosing RA or susceptibility to RA in an individual
comprising genotyping an individual with respect to one or more genetic variations, methods for
selecting a treatment for RA in a subject and for treating RA in a subject, a method of identifying
genetic variations predictive of a particular RA phenotype and a method of predicting the likely
development of a RA phenotype in an individual using the identified variation(s).

Still further aspects include a computer system comprising a processor and means for controlling
the processor to carry out a computational method of the invention, a computer program
comprising computer program code which when run on a computer or computer network causes

the computer or computer network to carry out a computational method of the invention.

The invention also provides a DNA chip or micoarray suitable for use in the methods of the
invention, an oligonucleotide probe, probe pair, or 4-probe set listed in Table 2 (Figure 2), an
oligonucleotide primer or primer pair listed in Table 3 (Figure 3), a PCR amplification kit comprising
at least one pair of the listed primers, a diagnostic kit for detection of RA associated genetic

variations and a kit for prognosing an RA phenotype in a subject.

All of these aspects of the invention are as set out in the claims.

Brief description of the sequences

SEQ ID NOS: 1-360 are probes suitable for detection of the RA associated genetic variations in
Table 1A (or Table 1B). The probe sequences are shown in Table 2.

SEQ ID NOS: 361-540 are PCR primers suitable for amplifying target DNA regions comprising RA
associated genetic variations listed in Table 1A (or Table 1B). The primer sequences are shown in
Table 3.

SEQ ID NO: 541 is an external control nucleic acid.

SEQ ID NOS: 542 & 543 are probes suitable for detection of the external control nucleic acid of
SEQ ID NO: 541.

SEQ ID NO: 544 is a forward TAG sequence.

SEQ ID NO: 545 is a reverse TAG sequence.
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Brief description of the drawings

Figure 1

Tables 1A and 1B list genetic variations associated with RA which may be analysed according to
the invention. The sequences of all the genes mentioned in Tables 1A and 1B are known and
recognised on the following website: GeneBank (NcRI), GeneCard (Weizmann Institute of
Sciences) and snpper.chip.org (Innate Immunity PLA).

Table 1A of GB Application No. 0613844.0, included an additional polymorphism, IL6 -174

polymorphism. In one aspect Table 1A as used herein may additionally include this polymorphism.

Figure 2
Table 2 lists oligonucleotide probes for discriminating between alleles at the SNPs listed in Tables

1A and 1B. The Table lists two probe pairs for each SNP (a four-probe set)

Figure 3
Table 3 lists oligonucleotide primers for PCR amplification of each of the SNPs listed in Tables 1A

and 1B.

Figure 4
(A) Table 4 showing the two SNPs (40 and 78) and the 2 clinical variables (VSG and ANTI-PCC)

together with their significance (Sig.) and their odds ratios (Exp (B)) used to compute the model for
the prediction of the HAQ>2 phenotype. This model provides the probability to develop a HAQ>2
phenotype from 0 (no risk) to 1 {(maximum risk).

(B) ROC (receiver operating characteristic) curve obtained for the model HAQ>2 that allows the
estimation of its discriminatory power. The ROC curve has been calculated in order to maximize
the specificity, thus reducing at the same time the “false” positive rate. A specificity of 95% with a
sensibility of 41% is the cut-off for this model regarding the phenotype HAQ>2. This model shows a
likelihood ratio (LR) value of 8.

Figure 5
(A) Table 5 showing the two SNPs (28 and 41) and the clinical variable (ANTI-PCC BI) together

with their significance (Sig.) and their odds ratios (Exp (B)) used to compute the model for the
prediction of the phenotype REMISSION (the patient did not need any treatment in the last 5
years).

(B) ROC curve obtained for the model of the phenotype REMISSION. As shown by the curve, a
sensibility of 71% and a specificity of 89% with a LR of 6,5 were obtained for this ;nodel.
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Figure 6

(A) Table 6 showing the four SNPs (14, 15, 20 and 26) and the two clinical variables (number of
involved joints and ANTI-PCC BIl) together with their significance (Sig.) and their odds ratios (Exp
(B)) used to compute the model for the prediction of the phenotype RX2.

(B) ROC curve obtained for the model of the phenotype RX2. As shown by the curve, a sensibility
of 41% and a specificity of 95% with a LR of 6,5 were obtained for this model.

Figure 7

(A) Table 7 showing the three SNPs (16, 27 and 73) and the four clinical variables (and ANTI-PCC
Bl, FR, PCR and onset age) together with their significance (Sig.) and their odds ratios (Exp (B))
used to compute the model for the prediction of the phenotype TTO_30M.

(B) ROC curve obtained for the model of the phenotype TTO_30M. As shown by the curve, a
sensibility of 31% and a specificity of 95% with a LR of 6,2 were obtained for this model.

Figure 8
(A) Table 8 showing the four SNPs (2, 12, 29 and 32) and the two clinical variables (and ANTI-PCC

and VSG) together with their significance (Sig.) and their odds ratios (Exp (B)) used to compute the
model for the prediction of the phenotype surgical intervention.

{(B) ROC curve obtained for the model of the phenotype surgical intervention. As shown by the
curve, a sensibility of 23% and a specificity of 95% with a LR of 5,4 were obtained for this model.

Figure 9
(A) Table 9 showing the three SNPs (32, 42 and 50) together with their significance (Sig.) and their

odds ratios (Exp (B)) used to compute the model for the prediction of the phenotype “leaving the
job”.

(B) ROC curve obtained for the model of the phenotype “leaving the job”. As shown by the curve, a
sensibility of 10% and a specificity of 95% with a LR of 1,9 were obtained for this model.

Figure 10
(A) Table 10 showing the SNP (50) and the clinical variable (onset age) together with their

significance (Sig.) and their odds ratios (Exp (B)) used to compute the model for the prediction of
the phenotype “therapy response”.

(B)_ ROC curve obtained for the model of the phenotype “therapy response”. As shown by the
curve, a sensibility of 16% and a specificity of 96% with a LR of 4,3 were obtained for this model.

Figure 11
(A) Table 11A shows the SNP variables and the clinical variables included in each of the models 1

to 7 described herein. The Table indicates which SNP variables and clinical variables (of those
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listed in the first column) are informative for determining each phenotype, and shows which
outcome for each variable is associated with poor prognosis of phenotype.
(B) Table 11B provides more information including rs identifiers for the SNPs in Table 11A.

Figure 12
Table 12 lists the allelic associations of individual SNPs with the RA phenotypes described herein.

Detailed description of the invention

Rheumatoid arthritis (RA) presents a number of phenotypes, most notably in terms of disease
severity. Mild disease is distinguished from severe and destructive disease, as well as the speed
and nature of disease progression. This clinical heterogeneity is thought to correlate with genetic

heterogeneity.

Using the Artchip of the present invention and clinical investigation, the inventors have identified a
number of profiles (based on combinations of SNP and clinical variables) which are informative for
predicting RA phenotypes. The inventors have thus established models for predicting the course of
RA in RA patients. Accordingly, in one aspect, the present invention relates to methods for

prognosis of RA.

For example, the invention relates to methods for predicting aggressive RA, as represented by one

or more of the following phenotypes:

having a health assessment questionnaire of greater than 2;
having multiple erosions in hands and feet;
receiving 3 or more different treatments,

being obliged to leave one’s job; and

A e

a need for articular prosthesis (surgical intervention).

The invention also relates to methods for predicting response to therapy, in particular predicting

methotrexate tolerance. The invention further relates to methods for predicting remission.

The inventors selected a study population of Spanish individuals, as in Example 2. Each individual
was clinically assessed to determine the presence (yes) or absence (no) of each of seven
phenotypes, namely phenotypes 1 to 5 above, phenotype of methotrexate intolerance, and the

remission phenotype..

Each individual was also tested for baseline clinical and analytical variables, and genotyped at a

number of genetic loci using the Artchip DNA microarray of the present invention (see Example 2).
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The inventors then used genetic analysis to select a subset of the most informative SNPs for
further modelling. Statistical analysis was carried out to establish seven models (based on
combinations of informative SNPs and informative clinical variables) that will allow reliable
discrimination between patients with alternative forms (yes and no) of each phenotype in the
population with high specificity, sensitivity and accuracy.

The SNP and clinical variables which were selected for inclusion in models 1 to 7 are listed in
Table 11A (Figure 11A). The Table also shows which SNP alleles are associated with a poor
prognosis for each phenotype. The SNP variables included in the models are listed in more detail
in Figure 11B (Table 11B).

Mode! 1 allows discrimination between patients having a health assessment questionnaire of
greater than 2 and less than 2. Model 2 allows discrimination between patients having or not
having multiple erosions in hands and feet. Model 3 allows discrimination between patients
receiving three or more different treatments and patients receiving less than three treatments.
Model 4 allows discrimination between patients whose disease obligates them to leave their job
and patients for whom this is not the case. Model 5 allows discrimination between patients needing
and not needing surgical intervention (articular prosthesis). Model 6 allows discrimination patients
between patients having and not having methotrexate intolerance. Model 7 allows discrimination
patients between patients achieving and not achieving remission.

Figures 4 to 10 show the ROC curves, sensitivity, specificity and positive likelihood ratios (LR+) of

all of the models developed by the inventors.

Tables 4 to 10 show the calculation of probability functions using the discriminating SNPs and
clinical variables for each of the models. Regression probability functions are built using the
statistical package for the social sciences (SPSS Inc. Headquarters, Chicago, IL, USA) Version
14.0, SPSS Version 14. B is the coefficient associated to each genotype in the probability function.
ET is the error in the calculation of B. Wald is the statistical test. GL are the degrees of freedoms.
Sig .P is the value of B for the Wald test. EXP (B) is the relative risk.

The clinical and SNP variables identified, and the models constructed using them, provide new
means for predicting the development of each of the corresponding phenotypes in a subject. Thus
the invention provides methods for the prognosis of RA and in particular for predicting the risk of
developing aggressive of RA phenotype, methotrexate intolerance phenotype, and remission

phenotype, as described herein
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Aggressive RA may be represented clinically by one of a number of presenting phenotypes and
reference to predicting aggressive RA may refer to predicting the likelihood of developing one or

more of these phenotypes.

The presenting phenotypes for aggressive RA are listed below.

HAQ>2

The health assessment questionnaire (HAQ) (published in Sokka T, Krishnan E, Hakkinen A,
Hannonen P, Arthritis Rheum. 2003 Jan;48(1):59-63) measures the ability of RA patients to carry
on normal duties in daily life. A HAQ score of greater than 2 (HAQ>2) indicates that the RA
disease is progressing relatively rapidly and that the RA is causing important functional incapacity.
Methods for carrying out a HAQ and calculating HAQ score are known in the art

Muitiple erosions in hands and feet (RX2)

The presence of multiple of erosions in the hands and feet may be measured through visual
inspection of x-rays from patients. The greater the number of erosions, the more aggressive the
disease is considered to be (Rossi F, Di Dia F, Galipo O, Pistorio A, Valle M, Magni-Manzoni S,
Ruperto N, Toma P, Martini A, Ravelli A., Arthritis Rheum. 2006 Oct 15;55(5):717-23). A patient is
typically considered to display the multiple erosions phenotype if the erosions are affecting muiltiple

joints and are considered severe.

Receiving =3 different treatments (TTO 30M)
A patient is generally considered to display the receiving 3 or more different treatments phenotype

if the patient doesn’t improve after two different treatments and another has to be prescribed.

Obligation to leave job (leaving job)

Clinicians in general consider that a person suffering from aggressive RA is more likely to need to
leave its job. A patient is considered to display the leaving job phenotype if he or she is forced to
leave their employment because of RA.

Receiving an articular prosthesis (surgical intervention)

Aggressive RA normally requires surgical intervention at the joints to insert articular prosthesis
(Verstappen SM, Hoes JN, Ter Borg EJ, Bijlsma JW, Blaauw AA, van Albada-Kuipers GA, van
Booma-Frankfort C, Jacobs JW., Ann Rheum Dis. 2006 Nov;65(11):1506-11). A patient is
considered to display this phenotype if they receive an articular prosthesis.

Any one or more of the models for predicting these presenting phenotypes may be considered as a

model for predicting aggressive RA.
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Another phenotype which may be predicted according to the invention is the likely response to
therapy. In particular, prediction of likely methotrexate intolerance. Intolerance to methotrexate is
generally tested for clinically by testing for dose response related toxic effects, such as
gastrointestinal intolerance, haematological normalities, alopecia, hepatoxicity and pulmonary
toxicity. Approximately 30 to 90% of patients given methotrexate will show intolerance (McKendry
RJ, Dale P., J Rheumatol. 1993 Nov;20(11):1850-6) A patient is generally considered to display the
methotrexate phenotype if he shows a secondary effect related to the administration of the drug.

The invention also provides means for predicting likelihood of remission in RA patients. A subject
is generally considered to have the remission phenotype of there is éomplete absence of pain in

the joints, in the absence of therapy for at least five years.

In general, the subject in the present methods is a human. The subject may be, for example,
Chinese, Japanese or Caucasian. Preferably the subject is a Caucasian such as a Spanish
individual. The subject may be male or female even if for rheumatoid arthritis the female to male

ratio is 3:1.

Preferably, the subject meets the clinical criteria for the diagnosis of rheumatoid arthritis, as
decided by the American College of Rheumatology in 1987 (ACR 1987 criteria). These criteria
have been published by Arnette et al (Arthritis and Rheumatism, 1988). The subject has already
been diagnosed with RA.

Typically the present method may be used to prognose the likelihood of development of one or
more of the phenotypes described herein, e.g. at any time during the 5 years after diagnosis.

The present prognostic methods involve determining an outcome for one or more single nucleotide
polymorphism (SNP) variables or predictors. The SNP variables are listed in Tables 11A and 11B.
The SNPs included in models 1 to 7 are listed in Table 11A. RefSNP codes (rs#) for each SNP
are taken from the Single Nucleotide Polymorphism Database (dbSNP) curated by the National
Center for Biotechnology Information (NCBI)
(http://www.ncbi.nim.nih.qov/entrez/query.fcgi?CMD=search&DB=snp, as at 22 June 2007).

Note that rs numbers are not assigned to NULL Alleles.

An outcome for a given SNP variable is the identity of the nucleotide at that position in the genomic
DNA sequence of a subject, or the genotype of the subject at that SNP. Thus an outcome for a
given SNP maybe A, T, C or G.
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Table 11B lists the polymorphisms which exist at each of the SNPs included in the present models
and Table 11A lists, for each SNP, the polymorphism or allele which is associated with a poor

prognosis for each of the phenotypes.

The inventors found that by determining outcomes for these informative SNPs (i.e. nucleotide
identities at the SNPs), or particular combinations thereof, it is possible to assess the likelihood of a

particular phenotype, e.g. aggressive RA, methotrexate intolerance or remission, in a subject.

The present prognostic methods may also comprise determining an outcome for one or more
clinical variables for a subject. These clinical variables are also listed in Table 11A, together with

the clinical outcome for each variable which is associated with poor prognosis

ANTI PCC is a clinical variable which refers to the level of anti-cyclic citrullinated peptide antibody
in the serum of the patient. This is measure in U/mi and is in the range 0-1700U/ml. In the models
this measure is a continuous variable which is included in the logistic regression function. Thus an

outcome for this variable is the units per millilitre measured in the patient's serum.

ANTI PCC Bl is a binary representation of the continuous ANT! PCC clinical variable. Typically,
serum levels of antibody are measured, and it is determined whether the level of antibody if above
or below a given threshold value. If the level is above the threshold, this is classified as high (1). If
the level is below the threshold, this is classified as low or absent (0). Thus an outcome for this

variable is 0 or 1.

Erythrocyte sedimentation (VSG) is a continuous variable and refers to the time take by the solid
part of the blood to sediment from the liquid part. This may be measured (typically in mm/h) using
standard techniques (Vives-Corrons JL, Jou JM. Sangre (Barc). 1982;27(4A):573-8). In the models
this measure is a continuous variable which is included in the logistic regression function. Thus an
outcome for this variable is a value in mm/h.

Number of involved joints (NOARTDOL) is a continuous variable which refers to the number of
joints that are causing pain to the patient. It is typically assessed by interview. In the models this
measure is a continuous variable which is included in the logistic regression function.

Thus an outcome for this variable is the number of painful joints referred by the patients.

The Rheumatoid Factor test (RF) is primarily used to help diagnose RA and to distinguish it from
other forms of arthritis and other conditions that cause similar symptoms of joint pain, inflammation,
and stiffness. The test comprises determining the level of RF antibody (typically in units/ml (U/ml))
in a patient's serum. For the purposes of the present models, this is a continuous variable (Greiner
A, Plischke H, Kellner H, Gruber R. Ann N Y Acad Sci. 2005 Jun;1050:295-303). In the models this



10

15

20

25

30

35

WO 2008/010085 PCT/IB2007/002366

15

measure is a continuous variable which is included in the logistic regression function. Thus an

outcome for this variable is U/ml of antibodies measured in the serum of the patient.

PCR is a measure of the amount of C-reactive protein in the blood. C-reactive protein
concentration in the blood is related to infections and inflammations. The laboratory PCR test
measures the concentration of the protein in the serum in milligrams per litre (mg/L) (Miller VM,
Redfield MM, McConnell JP. Curr Vasc Pharmacol. 2007 Jan;5(1):15-25). In the present models
this measure has been treated as a continuous variable, which is included in the logistic regression
function. Thus an outcome for this variable is quantity of protein measured in the blood -of the

patient.

Onset age refers to the age in years at which the patient was diagnosed with RA according to the
ACR 1987. In the present models this measure has been treated as a continuous variable. which
is included in the logistic regression function of the models. Thus an outcome for this variable is
age of patient when diagnosed for RA.

Table 11A shows which SNP variables and clinical variables are included in each of the seven
models for prognosing phenotypes. As used herein, the “(phenotype name)’ variables for a
particular phenotype are the SNP variables and clinical variables , selected from those in the first
column of Table 11A, which are included in the model for prognosing that phenotype, and which
are informative for prognosing the likelihood of the phenotype developing. For example, the
“HAQ>2 variables” are the SNP variables and clinical variables , selected from those in the first
column of Table 11A, which are included in the HAQ>2 model and which are informative for
prognosing the likelihood of the HAQ>2 phenotype (i.e. FGB rs1800790, IL4 rs2070874, ANTI-PCC
and VSG).

For each of the variables included in each phenotype model, Table 11A indicates which outcome
(SNP allele or clinical outcome) is associated with or suggestive of a poor prognosis for that

phenotype.

Accordingly the invention in one aspect provides a method for predicting the likely course of RA in
a subject, comprising the step of determining or obtaining, for that subject, outcomes for one or
more SNP variables and one or more clinical variables listed in Tables 11A & B. Predicting RA

course may refer in particular to predicting one or more of the phenotypes described herein.

The methods include a method for predicting aggressive RA in a subject. This may be done by
determining the likelihood of the subject developing one of more of the aggressive RA phenotypes

described herein.
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For exampie, a method may comprise determining the likelihood of a subject developing the
HAQ>2 phenotype described herein. Typically the method comprises determining or obtaining for
the subject, an outcome for each of the HAQ>2 variables listed in Table 11A (model 1 variables).
Use of these variables allows prognosis of the HAQ>2 phenotype in a Spanish population with an
LR+ of 8 (see Example 2 and Figure 4). Details for the calculation of a probability function using

these variables are given in Table 4.

For example, a method may comprise determining the likelihood of a subject developing the
multiple erosions phenotype described herein. Typically the method comprises determining or
obtaining for the subject, an outcome for each of the multiple erosions variables listed in Table 11A
(model 2 variables). Use of these variables allows prognosis of multiple erosions phenotype in a
Spanish population with an LR+ of 6.5 (see Example 2 and Figure 6). Details for the calculation of
a probability function using these variables are given in Table 6.

For example, a method may comprise détermining the likelihood of a subject developing the >3
different treatments phenotype described herein. Typically the method comprises determining or
obtaining for the subject, an outcome for each of the >3 different treatments variables listed in
Table 11A (model 3 variables). Use of these variables allows prognosis of >3 different treatments
phenotype in a Spanish population with an LR+ of 6.2 (see Example 2 and Figure 7). Details for
the calculation of a probability function using these variables are given in Table 7.

For example, a method may comprise determining the likelihood of a subject developing the
leaving the job phenotype described herein. Typically the method comprises determining or
obtaining for the subject, an outcome for each of the leaving the job variables listed in Table 11A
(model 4 variables). Use of these variables allows prognosis of the leaving the job phenotype in a
Spanish population with an LR+ of 1.9 (see Example 2 and Figure 9). Details for the calculation of
a probability function using these variables are given in Table 9.

For example, @ method may comprise determining the likelihood of a subject developing the
surgical intervention phenotype described herein. Typically the method comprises determining or
obtaining for the subject, an outcome for each of the surgical intervention variables listed in Table
11A. (model 5 variables). Use of these variables allows prognosis of the surgical intervention
phenotype in a Spanish population with an LR+ of 5.4 (see Example 2 and Figure 8). Details for

the calculation of a probability function using these variables are given in Table 8.

A method may comprise carrying out one or more of the above tests for development of aggressive
phenotypes. For example, a method may comprise carrying out at least 2, 3, 4 or all 5 of the above
test methods, using the corresponding model variables. For example, a method may comprise at
least assessing the likelihood of the HAQ>2, multiple erosions, >3 different treatments, and surgical
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intervention phenotypes, or the HAQ>2, multiple erosions and >3 different treatments phenotypes,
or the HAQ>2 and multiple erosions phenotypes. In one example the method comprises at least
predicting the likelihood of the HAQ>2 phenotype. The variables tested will be selected
accordingly in line with the models above and the information in Table 11A.

The present methods also include a method for predicting the likelihood of methofrexate
intolerance in a patient. Typically the method comprises determining or obtaining for the subject,
an outcome for each of the therapy response variables listed in Table 11A. (model 6 variables).
Use of these variables allows prognosis of methotrexate intolerance phenotype in a Spanish
population with an LR+ of 4.3 (see Example 2 and Figure 10). Details for the calculation of a

probability function using these variables are given in Table 10.

The present methods also include a method for predicting the likelihood of remission in a patient.
Typically the method comprises determining or obtaining for the subject, an outcome for each of
the remission variables listed in Table 11A. (model 7 variables). Use of these variables allows
prognosis of remission phenotype in a Spanish population with an LR+ of 6.5 (see Example 2 and
Figure 5). Details for the calculation of a probability function using these variables are given in
Table 5.

A subject may be tested for likely development of one or more of the above phenotypes. For
example, a subject may be tested for likelihood of developing aggressive RA (by any one or more
of the methods described above) in combination with a test for likelihood of developing
methotrexate intolerance and/or remission. Similarly, a subject may be tested for likely remission
as well as methotrexate intolerance. Any combination of the above methods may be used, so that
a subject may be simultaneously assessed for likely development of more than one phenotype.
The variables tested will be selected accordingly in line with the models above and the information
in Table 11A.

In one example, a method may comprise at least assessing the likelihood of the HAQ>2, multiple
erosions, remission, >3 different treatments, surgical intervention and therapy response
phenotypes, or the HAQ>2, multiple erosions, remission, >3 different treatments and surgical
intervention phenotypes, or the HAQ>2, muitiple erosions, remission and >3 different treatments
phenotypes, or the HAQ>2, multiple erosions and remission phenotypes. In one example, the
method comprises at least predicting the likelihood of the HAQ>2 and remission phenotypes.

In one example, a method of the invention comprises determining the likelihood of developing the
HAQ>2 phenotype and determining the likelihood of developing the multiple erosions phenotype
and determining the likelihood of developing the >3 different treatments phenotype and determining
the likelihood of developing the leaving the job phenotype and determining the likelihood of
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developing the surgical intervention phenotype and determining the likelihood of developing
methotrexate intolerance and determining the likelihood of remission in a subject. In that case

typically, outcomes are determined for all of the variables in Table 11A.

In some aspects the present methods may include determining other factors for a subject. For
example, the subject may be genotyped for one or more other genetic variations (such as other
SNPs not listed in Table 11A or 11B). These may be mutations associated with RA or another
condition. For example, a subject may be genotyped at one or more of the remaining SNPs listed
in Table 1A or 1B, e.g. using the Artchip microarray described herein. Other markers (e.g. SNPs)

associated with other diseases may also be determined.
The present methods may be used in conjunction with or in addition to standard clinical tests.

The present methods allow accurate prediction of RA phenotypes based on a relatively small
number of informative SNPs and clinical variables. This can be advantageous in that it allows use
of genotyping techniques that would not necessarily be suitable for large scale SNP screening, as

well as larger scale genotyping methods.

In general, even if a larger number of SNPs or genetic variations or factors are tested in the
present methods, prediction of an RA phenotype can be made based only on outcomes for the
variables of the corresponding phenotype model in Table 11A. These variables are sufficient for
the prediction. Therefore in one example, the present methods allow differential prognosis of the
RA phenotypes described herein, based on (at a maximum) the outcomes for the variables of the

corresponding models in Table 11A. .

In some instances though, it may be that some additional variables such as SNPs or other factors
are used in the prediction. For example, in the present methods, prognosis may be made based
on the outcomes of a maximum of 100, 90, 80, 70, 60, 50, 45, 40, 35, 30, 29, 25, 20, 19,18,17, 16,
15, 14, 13, 12, 11,10, 9, 8, 7, 6, 5, 4, 3, or 2 variables, such as SNPs or RA associated SNPs. The

SNPs may comprise (or consist of), or be selected from the Table 11A variables or SNP variables.

In one aspect the method may involve genotyping a maximum of 100, 90, 80, 70, 60, 50, 40, 30,
25, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11,10, 9, 8, 7, 6, 5, 4, 3, or 2 SNPs or RA- associated
SNPs. The method may involve genotyping a maximum of (no more than) all the SNPs in Table
11A, Table 1A or Table 1B. In some instances, the method comprises genotyping at a maximum,

SNP variables for one or more of models 1 to 7, selected as described above.

Preferably the number and combination of variables such as SNPs used to construct a model for
predicting a phenotype according to the invention, is such that the model allows prediction to be
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made with an LR+ value of at least 1.5, such as at least 2, 3, 4, 5, 6, 7, 8, 9, or 10. Calculation of

LR+ values is described herein.

Once an outcome is determined for each of the variables for prediction of a given phenotype, these
outcomes are used in or inserted in a suitable probability function (for prediction of that phenotype),
as described herein and a probability function value is calculated. Outcomes may be codified for
use in the probability function and calculation of the probability function value. The probability
function value is then compared with probability function values obtained for a population of
individuals of known (clinically determined) phenotype. = The risk of the subject having or

developing the particular phenotype is thereby determined.

A suitable probability function for determining a given phenotype may be derived by methods as set
out in Example 2 and described herein. Typically a study population of individuals is provided.
These individuals are of known (clinically determined) phenotype with respect to the phenotype that
the probability function will be used to determine. Clinical diagnosis and of RA can be made
following the criteria of the American College of Rheumatology (1987) (ACR 1987) as described
herein. Preferably the individuals in the study population meet the ACR 1987 definition. Each of
the RA phenotypes which may be assessed according to the invention may be clinically diagnosed

as described herein.

In one example, the individuals in the study population may meet one or more, for example, 2, 3, 4,
5 or all 6 of the complete inclusion criteria for the study population in Example 2: meeting the ACR
1987 criteria for RA diagnosis; having RA onset after the age of 18; having radiological erosions
(damage at the level of the joints affected by RA); Caucasian; having more than 5 years of

evolution; diagnosed after 1 January 1990.

The population may be for example, a Chinese, Japanese or a Caucasian population, such as
Spanish population. The population may comprise females and males. In one example, the female
to male ratio may be about 3:1. Preferably the population used for deriving a probability function
comprises a representative sample of the population in which the probability function will be

applied.

In general at least n individuals are included in the study population. Typically n is 200-1000, for
example 300, 400, 500 or 600. Where a probability function is for determining between alternative
phenotypes, preferably there are approximately equal numbers of individuals with each of the
alternative phenotypes in the population. Thus where there are two alternative phenotypes, A and
B, the population is preferably approximately 50% phenotype A and 50% phenotype B. However,
the ratios may be for example, 60%/40%, 70%/30%, 80%/20%, 90%/10% or any statistically
acceptable distribution. For example, where the probability function is for prognosis of HAQ>2 vs
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HAQ<=2, preferably about 50% of the population are of clinically determined HAQ>2 phenotype and
about 50% of the population are of clinically determined HAQ<2 phenotype. Where the probability
function is for prognosis of muitiple erosions, preferably about 50% of the population meet the

clinical criteria for multiple erosions and about 50% of the population do not.

Each individual in the study population is then tested to determine an outcome for each of the
discriminating variables for the particular phenotype (see Table 11A). This provides a number of
outcomes for each individual. Testing, e.g. genotyping, may be carried out by any of the methods
described herein, e.g. by microarray analysis as described herein. Testing is typically ex vivo,
carried out on a suitable sample obtained from an individual.

Multiple genotype-phenotype associations may then be analysed using stepwise multivariate
logistic regression. analysis, using as the dependent variable the clinically determined RA
phenotype and as independent variables the outcomes of the informative variables, e.g. as
recommended by Balding DJ. (2006%°). The goodness of fit of the models obtained may be
evaluated using Hosmer-Lemeshow statistics and their accuracy assessed by calculating the area
under the curve (AUC) of the Receiver Operating Characteristic curve (ROC) with 95% confidence

intervals (see, e.g. (Janssens ACJW et al., 2006*°. Suitable methods are described in Example 2.

The sensitivity, specificity, and positive likelihood ratio (LR+ = sensitivity/(1-specificity)) may be
computed by means of ROC curves. Preferably the model has an LR+ value of at least 1.5, for
example, at least 2, 3,4, 5,6,7,8,90r 10.

Mean probability function values for each of the alternative phenotypes in the population can be
compared using a t test. In general the probability functions are able to distinguish between the
different phenotypes in the study population in a statistically significant way, for example, at p <
0.05 in a t-test. Thus the probability functions produce a statistically significant separation between

individuals of different phenotype in the population.

Statistical analyses may be performed, for example, using the Statistical Package for the Social
Sciences (SPSS Inc. Headquarters, Chicago, IL, USA) version 14.0.

Probability function values can be calculated for each individual of known phenotype in the study
population and plotted in a suitable graph. ‘

In order to carry out the present methods of prognosis, a probability function value is calculated for
the test individual, and this is compared with the probability function values for the individuals of

known phenotype in the study population in order to determine the risk of a given phenotype in that
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individual. The comparison may be done by comparison with a graph or by any other suitable

means known to those skilled in the art.

Thus for example, in deriving a probability function for use in differentially prognosing HAQ>2 vs
HAQ=2, a study population of individuals clinically diagnosed as HAQ>2 and individuals clinically
diagnosed as HAQ=2 is provided. Each individual may then be tested to determine an outcome for
each of the HAQ>2 (model 1) discriminating variables in Table 11A. Stepwise multiple logistic
'regression is performed on the “outcomes” and “phenotype” data and a probability function is
derived which is able to distinguish between the two phenotypic groups in the study population in a

statistically significant way.

Thus in one aspect the invention further provides a method of deriving a probability function for use
in determining an RA phenotype as described herein, comprising:

(i) providing a study population of individuals, wherein each individual is of known clinically
determined phenotype with respect to the RA phenotype;

(i) determining or obtaining for each individual an outcome for each of a set of variables, thereby
obtaining a set of outcomes for each individual,

(iii) applying stepwise muitiple logistic regression analysis to the outcomes obtained in (ii) and the
known phenotypes referred to in (i); and

(iv) thereby deriving a probability function which produces a statistically significant separation
between individuals of different phenotype in the population;
wherein: ,

(a) the probability function is for prognosing the likelihood of developing the HAQ>2 phenotype
according to the invention, and the set of variables for which outcomes are determined or obtained
in step (ii) is selected from or consists of the HAQ>2 variables in Table 11A;

(b) the probability function is for prognosing the likelihood of developing the multiple erosions
phenotype according to the invention, and the set of variables for which outcomes are determined
or obtained in step (ii) is selected from or consists of the multiple erosions variables in Table 1 1A;
(c) the probability function is for prognosing the likelihood of developing the >3 different treatments
phenotype according to the invention, and the set of variables for which outcomes are determined
or obtained in step (ii) is selected from or consists of the >3 different treatments variables in Table
11A;

(d) the probability function is for prognosing the likelihood of developing the leaving the job
phenotype according to the invention, and the set of variables for which outcomes are determined
or obtained in step (ii) is selected from or consists of the leaving the job variables in Table 11A;

(e) the probability function is for prognosing the likelihood of developing the surgical intervention
phenotype according to the invention, and the set of variables for which outcomes are determined
or obtained in step (ii) is selected from or consists of the surgical intervention variables in Table
11A;
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(f) the probability function is for prognosing the likelihood of developing the methotrexate
intolerance phenotype according to the invention, and the set of variables for which outcomes are
determined or obtained in step (ii) is selected from or consists of the HAQ>2 variables in Table
11A; and/or

(g) the probability function is for prognosing the likelihood of developing the HAQ>2 phenotype
according to the invention, and the set of variables for which outcomes are determined or obtained

in step (i) is selected from or consists of the HAQ>2 variables in Table 11A.

Derivation of the probability functions may be carried out by a computer. Therefore in one aspect,
the invention also relates to a computational method of deriving a probability function for use in
determining an RA phenotype which method comprises applying stepwise multiple logistic
regression analysis to outcomes data and phenotype data obtained from a suitable study
population of individuals, wherein each individual is of known clinically determined phenotype with
respect to the RA phenotype, thereby deriving a probability function which produces a statistically
significant separation between individuals of different phenotype in the population;

wherein:

(i) the phenotype data comprises the known clinically determined phenotype of each individual;

(i) the outcomes data for each individual comprises outcomes for one or more single nucleotide
polymorphism variables and one or more clinical variables listed in column 1 of Table 11A;

and wherein:

(a) the probability function is for prognosing the likelihood of developing the HAQ>2 phenotype
according to the invention, and the variables for which outcomes data is obtained (and referred to
in (ii)) comprise or consist of the HAQ>2 variables in Table 11A;

(b) the probability function is for prognosing the likelihood of developing the multiple erosions
phenotype according to the invention, and the variables for which outcomes data is obtained (and
referred to in (ii}) comprise or consist of the muiltiple erosions variables in Table 11A,;

(c) the probability function is for prognosing the likelihood of developing the >3 different treatments
phenotype according to the invention, and the variables for which outcomes data is obtained (and
referred to in (ii)) comprise or consist of the >3 different treatments variables in Table 11A,

(d) the probability function is for prognosing the likelihood of developing the leaving the job
phenotype according to the invention, and the variables for which outcomes data is obtained (and
referred to in (ii)) comprise or consist of the leaving the job variables in Table 11A;

(e) the probability function is for prognosing the likelihood of developing the surgical intervention
phenotype according to the invention, and the variables for which outcomes data is obtained (and
referred to in (ii)) comprise or consist of the surgical intervention variables in Table 11A,;

(f) the probability function is for prognosing the likelihood of developing the methotrexate
intolerance phenotype according to the invention, and the variables for which outcomes data is

obtained (and referred to in (ii}) comprise or consist of the HAQ>2 variables in Table 11A; and/or
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(g) the probability function is for prognosing the likelihood of developing the HAQ>2 phenotype
according to the invention, and and the variables for which outcomes data is obtained (and referred

to in (ii)) comprise or consist of the HAQ>2 variables in Table 11A.

Suitable study populations and statistical analysis methods are described above. Reference may

also be made to the present Examples.

Details for calculation of a probability function from the SNP and clinical variables listed for each
phenotype are given in Tables 4 to 10. Statistical analyses may be performed, for example, using
the Statistical Package for the Social Sciences (SPSS Inc. Headquarters, Chicago, IL, USA)
version 14.0. These may be used for calculation of probability function values for use in the
methods herein. The data in the Tables may be used to construct probability functions for use in
the invention. The probability functions, together with the information in Tables 11A and 11B may

be used to determine a diagnosis or prognosis according to the invention.

In one aspect the invention relates to probability functions constructed or derived using the data in
any of Tables 4 to 10, and to their use in a method, e.g. a computational method, for prognosing an
RA phenotype. The invention further relates to associated computer programs and computer
systems as described herein. The invention also relates to the probability functions derived
according to the present methods and to their use in the methods described herein.

The process of calculating a probability function value for a test subject and comparing the value to
values obtained from a study population of individuals of known phenotypes in order to evaluate
the risk of developing a phenotype in the test subject may also be carried out using appropriate

software.

Therefore in one aspect the invention relates to a computational method for determining a RA
phenotype using the outcomes of discriminating variables (“outcomes data”) for that phenotype
obtained according to the methods described herein. In the computational method, outcomes data
for the discriminating variables for a particular phenotype obtained from a test subject (test
outcomes data) is inputted in a suitable probability function to produce a probability function value
for the test subject. The test probability function value is then compared with probability function
values for individuals of known phenotype in order to diagnose or prognose the phenotype of the

test individual. The comparison may be made using the methods described herein.

The invention further relates to a computer system comprising a processor and means for
controlling the processor to carry out a computational method described herein, and to a computer

program comprising computer program code which when run on a computer or computer network
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causes the computer or computer network to carry out the computational method. In one aspect,

the computer program is stored on a computer readable medium.

As described above and in the Examples, the present inventors have also identified a number of
single nucleotide polymorphisms (SNPs) which show single locus allelic association with the RA
phenotypes described herein. The SNPs which show statistically significant association are listed
in Table 12 (Figure 12). P-values were calculated by Chi square test using SPSS and HelixTree

softwares.

By identifying the nucleotide in the genomic DNA of a subject at one (or more) of these SNPs, it is

possible to assess the risk or susceptibility of that individual to the given phenotype.

In one aspect the invention relates to the use of one or more of the SNPs in Table 12 in a method
for prognosing an RA phenotype, in particular for determining the likelihood of development of an
RA phenotype with which the SNP(s) is or are statistically significantly associated (Table 12) as

described herein.

Thus the invention in one aspect relates to. a method for prognosing HAQ>2 phenotype (as
described herein) comprising determining the genotype of an individual at one or more of the
HAQ>2 SNPs in Table 12.

The invention also relates to a method for prognosing RX2 phenotype (as.described herein)

comprising determining the genotype of an individual at one or more of the RX2 SNPs in Table 12.

The invention also relates to a method for prognosing TT0_30M phenotype (as described herein)
comprising determining the genotype of an individual at one or more of the TT0_3 SNPs in Table
12.

The invention also relates to a method for prognosing surgical intervention phenotype (as
described herein) comprising determining the genotype of an individual at the surgical intervention
SNP in Table 12.

The invention also relates to a method for prognosing remission phenotype (as described herein)
comprising determining the genotype of an individual at one or more of the remission SNPs in
Table 12.

The invention also relates to a method for prognosing leaving the job phenotype (as described
herein) comprising determining the genotype of an individual at one or more of the leaving the job
SNPs in Table 12.
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The invention also relates to a method for prognosing methotrexate intolerance phenotype (as
described herein) comprising determining the genotype of an individual at one or more of the
methotrexate intolerance SNPs in Table 12.

In general the present methods are carried out ex vivo or in vitro, e.g. using a sample obtained
from the individual. A method may comprise use of the outcomes of clinical variables which have
been obtained by the methods described herein.

Various methods are known in the art for determining the presence or absence in a test sample of
a particular nucleic acid sequence, for example a nucleic acid sequence which has a particular
nucleotide at a position of single nucleotide polymorphism. For example, genotype may be
determined by microarray analysis, sequencing, primer extension, ligation of allele specific
oligonucleotides, mass determination of primer extension products, restriction length polymorphism
analysis, single strand conformational polymorphism analysis, pyrosequencing, dHPLC or
denaturing gradient gel electrophoresis (DGGE). Furthermore, having sequenced nucleic acid of
an individual or sample, the sequence information can be retained and subsequently searched
without recourse to the original nucleic acid itself. Thus, for example, a sequence alteration or
mutation may be identified by scanning a database of sequence information using a computer or

other electronic means.

In general, a .sample is provided, containing nucleic acid which comprises at least one of the
genetic variations to be tested. The nucleic acid comprises one or more target regions comprising

the genetic variation(s) (SNPs) which are to be characterised.

The nucleic acid may be obtained from any appropriate biological sample which contains nucleic
acid. The sample may be taken from a fluid or tissue, secretion, cell or cell line derived from the

human body.

For example, samples may be taken from blood, including serum, lymphocytes, lymphoblastoid
cells, fibroblasts, platelets, mononuclear cells or other blood cells, from saliva, liver, kidney,
pancreas or heart, urine or from any other tissue, fluid, cell or cell line derived from the human

body. For example, a suitable sample may be a sample of cells from the buccal cavity.
Preferably nucleic acid is obtained from a blood sample.

In general, nucleic acid is extracted from the biological sample using conventional techniques. The
nucleic acid to be extracted from the biological sample may be DNA, or RNA, typically total RNA.
Typically RNA is extracted if the genetic variation to be studied is situated in the coding sequence
of a gene. Where RNA is extracted from the biological sample, the methods may further comprise
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a step of obtaining cDNA from the RNA. This may be carried out using conventional methods,
such as reverse transcription using suitable primers. Subsequent procedures are then typically
carried out on the extracted DNA or the cDNA obtained from extracted RNA. The term DNA, as
used herein, may include both DNA and cDNA.

In general the genetic variations to be tested are known and characterised, e.g. in terms of
sequence. Therefore nucleic acid regions comprising the genetic variations may be obtained using
methods known in the art.

In one aspect, DNA regions which contain the genetic variations (SNPS) to be identified (target
regions) are subjected to an amplification reaction in order to obtain amplification products which
contain the genetic variations to be identified. Any suitable technique or method may be used for

amplification.

For example, the polymerase chain reaction (PCR) (reviewed for instarice in "PCR protocols; A
Guide to Methods and Applications”, Eds. Innis et al, 1990, Academic Press, New York, Mullis et
al, Cold Spring Harbor Symp. Quant. Biol., 51:263, (1987), Ehrlich (ed), PCR technology, Stockton
Press, NY, 1989, and Ehrlich et al, Science, 252:1643-1650, (1991)) may be used. The nucleic
acid used as template in the amplification reaction may be genomic DNA, cDNA or RNA.

Other specific nucleic acid amplification techniques include strand displacement activation, the QB
replicase system, the repair chain reaction, the ligase chain reaction, rolling circle amplification and
ligation activated transcription.

Allele- -specific oligonucleotides may be used in PCR to specifically amplify particular sequences if
present in a test sample. Assessment of whether a PCR band contains a gene variant may be
carried out in a number of ways familiar to those skilled in the art. The PCR product may for
instance be treated in a way that enables one to display the polymorphism on a denaturing
polyacrylamide DNA sequencing gel, with specific bands that are linked to the gene variants being
selected.

Those skilled in the art are well versed in the design of primers for use in processes such as PCR.
Various techniques for synthesizing oligonucleotide primers are well known in the art, including

phosphotriester and phosphodiester synthesis methods.

A further aspect of the present invention provides a pair of oligonucleotide amplification primers

suitable for use in the methods described herein.
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PCR primers suitable for amplification of target DNA regions comprising the SNPs in Table 1A are
listed in Table 3A and Table 3B. The present methods may comprise the use of one or more of
these primers or one or more of the listed primer pairs, according to the SNPs to be genotyped,
wherein these SNPs are selected as described herein. In one aspect the method comprises use of
all of the primers listed in Tables 3A and 3B. Suitable reaction conditions may be determined using

the knowledge in the art.

The amplified nucleic acid may then be sequenced and/or tested in any other way to determine the
presence or absence of a particular feature. Nucleic acid for testing may be prepared from nucleic
acid removed from cells or in a library using a variety of other techniques such as restriction

enzyme digest and electrophoresis.

For example, the allele of the at least one polymorphism (i.e. the identity of the nucleotide at the
position of single nucleotide polymorphism) may be determined by determining the binding of an
oligonucleotide probe to the amplified region of the genomic sample. A suitable oligonucleotide
probe comprises a nucleotide sequence which binds specifically to a particular allele of the at least
one polymorphism and does not bind specifically to other alleles of the at least one polymorphism.
Such a probe may correspond in sequence to a region of genomic nucleic acid, or its complement,
which contains one or more of the SNPs described herein. Under suitably stringent conditions,
specific hybridisation of such a probe to test nucleic acid is iﬁdicative of the presence of the
sequence alteration in the test nucleic acid. For efficient screening purposes, more than one probe

may be used.on the same test sample.

Those skilled in the art are well able to employ suitable conditions of the desired stringency for
selective hybridisation, taking into account factors such as oligonucleotide length and base

composition, temperature and so on.

Suitable selective hybridisation conditions for oligonucleotides of 17 to 30 bases include
hybridization overnight at 42°C in 6X SSC and washing in 6X SSC at a series of increasing
temperatures from 42°C to 65°C.

Other suitable conditions and protocols are described in Molecular Cloning: a Laboratory Manual:
2nd edition, Sambrook et al., 1989, Cold Spring Harbor Laboratory Press and Current Protocols in
Molecular Biology, Ausubel et al. eds., John Wiley & Sons, 1992.

A further aspect of the present invention provides an oligonucleotide which hybridises specifically
to a nucleic acid sequence which comprises a particular allele of a polymorphism selected from the

group consisting of the single nucleotide polymorphisms shown in Table 1A. 1B or Table 18, and
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does not bind specifically to other alleles of the SNP. Hybridisation may be determined under

suitable selective hybridisation conditions as described herein.

Such oligonucleotides may be used in a method of screening nucleic acid.

In some preferred embodiments, oligonucleotides according to the present invention are at least
about 10 nucleotides in length, more preferably at least about 15 nucleotides in length, more
preferably at least about 20 nucleotides in length. Oligonucleotides may be up to about 100
nucleotides in length, more preferably up to about 50 nucleotides in length, more preferably up to
about 30 nucleotides in length. The boundary value ‘about X nucleotides’ as used above includes
the boundary value ‘X nucleotides’. Oligonucleotides which specifically hybridise to particular
alleles of the SNPs listed in Table 1A are listed in Table 2 and are described herein.

Where the nucleic acid is double-stranded DNA, hybridisation will .generally be preceded by
denaturation to produce single-stranded DNA. The hybridisation may be as part of an
amplification, e.g. PCR procedure, or as part of a probing procedure not involving amplification. An
example procedure would be a combination of PCR and low stringency hybridisation. A screening
procedure, chosen from the many available to those skilled in the art, is used to identify successful

hybridisation events and isolated hybridised nucleic acid.

Binding of a probe to target nucleic acid (e.g. DNA) may be measured using any of a variety of
techniques at the disposal of those skilled in the art. For instance, probes may be radioactively,
fluorescently or enzymatically labelled. Other methods not employing labelling of probe include
examination of restriction fragment length polymorphisms, amplification using PCR, RN'ase
cleavage and allele specific oligonucleotide probing. Probing may employ the standard Southern
blotting technique. For instance DNA may be extracted from cells and digested with different
restriction enzymes. Restriction fragments may then be separated by electrophoresis on an
agarose gel, before denaturation and transfer to a nitroceliulose filter. Labelled probe may be
hybridised to the DNA fragments on the filter and binding determined. DNA for probing may be

prepared from RNA preparations from cells.

Approaches which rely on hybridisation between a probe and test nucleic acid and subsequent
detection of a mismatch may be employed. Under appropriate conditions (temperature, pH etc.),
an oligonucleotide probe will hybridise with a sequence which is not entirely complementary. The
degree of base-pairing between the two molecules will be sufficient for them to anneal despite a
mis-match. Various approaches are well known in the art for detecting the presence of a mis-

match between two annealing nucleic acid molecules.
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For instance, RN'ase A cleaves at the site of a mis-match. Cleavage can be detected by
electrophoresing test nucleic acid to which the relevant probe or probe has annealed and looking
for smaller molecules (i.e. molecules with higher electrophoretic mobility) than the full length
probe/test hybrid.

Nucleic acid in a test sample, which may be a genomic sample or an amplified region thereof, may
be sequenced to identify or determine the identity of a polymorphic allele. The allele of the SNP in
the test nucleic acid can therefore be compared with the susceptibility alleles of the SNP as
described herein to determine whether the test nucleic acid contains one or more alleles which are

associated with disease.

Typically in sequencing, primers complementary to the target sequence are designed so that they
are a suitable distance (e.g. 50-400 nucleotides) from the polymorphism. Sequencing is then
carried out using conventional techniques. For example, primers may be designed using software
that aims to select sequence(s) within an appropriate window which have suitable Tm values and
do not possess secondary structure or that will hybridise to non-target sequence.

Sequencing of an amplified product may involve precipitation with isopropanol, resuspension and
sequencing using a TagFS+ Dye terminator sequencing kit. Extension products may be
electrophoresed on an ABI 377 DNA sequencer and data analysed using Sequence Navigator

software.

Genotype analysis may be carried out by microarray analysis. Any suitable microarray technology
may be used. The methodology reported in Tejedor et al 2005 (Clinical Chemistry 51: 1137-1144),
including the MG 1.0 software and in International Patent Application No. PCT/IB2006/00796 filed
12 January 2006 (the contents of which are hereby incorporated by reference) may be used. This
technology uses a low-density DNA array and hybridisation to allele-specific oligonucleotide probes
to screen for SNPs. Thus in one aspect the Artchip microarray and technology of the present

invention rﬁay be used to determine the genotype of the informative SNPs as described herein.

Once a subject has received a prognosis of a particular RA phenotype (a significant risk of that
phenotype developing according to the invention), the most appropriate treatment for that subject

can be selected. In this way, the invention allows better targeting of therapies to patients.

Thus in a further aspect, the invention provides a method of selecting a suitable treatment for a
subject diagnosed as having RA, the method comprising: '
(a) determining the likelihood of a particular RA phenotype developing in the subject by a method
described herein; and

(b) selecting a suitable treatment.
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The selected treatment may then be administered to the subject. Thus the invention also relates to
a method of treating RA in a subject comprising:

(a) determining the likelihood of particular RA phenotype developing in the subject by a method
described herein; and

(b) treating the subject with a suitable treatment.

For example, if a subject is determined to be at higher risk of developing an aggressive RA
phenotype (by one or more of the methods described herein), an appropriate treatment, e,g, more
intensive treatment, may be selected. |If a subject is assessed as likely to be intolerant to

methotrexate, an alternative therapy can be provided.

Means for carrying out the present prognostic methods may be provided in kit form e.g. in a
suitable container such as a vial in which the contents are protected from the external environment.
Therefore in one aspect the invention further relates to prognostic kits suitable for use in the
methods described herein. Typically a kit comprises:

(i) means for determining outcomes for the selected variable(s) or SNP variables; and

(i) instructions for determining prognosis based on the outcomes of the variables.

The means (i) may comprise one or more oligonucleotide probes suitable for detection of one or
more SNP variables to be determined. For example, the means (i) may comprise one or more
probe pairs or probe sets listed in Table 2. In one instance the kit may comprise all of the probe

sets in Table 2.

The means (i) may comprise a suitable microarray, as described herein. The means (i) may
comprise one or more pairs of sequencing primers suitable for sequencing one or more of the SNP

variables to be determined.

The instructions (ii) typically comprise instructions to use the outcomes determined using the
means (i) for the prognosis. The instructions may comprise a chart showing risks of RA
recurrence. The kit may include details of probability functions which may be used in prognosis,

such as those described herein.
A kit may in some cases include a computer program as described herein.

A kit may include other components suitable for use in the present methods. For example, a kit
may include primers suitable for amplification of target DNA regions containing the SNPs to be
determined, such as those described herein. For example, a kit may contain one or more primer
pairs listed in Tables 3. A kit may also include suitable labelling and detection means, controls
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and/or other reagents such as buffers, nucleotides or enzymes e.g. polymerase, nuclease,

transferase.

Nucleic acid according to the present invention, such as an oligonucleotide probe and/or pair of

'amplification primers, may be provided as part of a kit. The kit may include instructions for use of

the nucleic acid, e.g. in PCR and/or a method for determining the presence of nucleic acid of
interest in a test sample. A kit wherein the nucleic acid is intended for use in PCR may include one
or more other reagents required for the reaction, such as polymerase, nucleosides, buffer solution
etc. The nucleic acid may be labelled.

A kit for use in determining the presence or absence of nucleic acid of interest may include one or
more articles and/or reagents for performance of the method, such as means for providing the test
sample itself, e.g. a swab for removing cells from the buccal cavity or a syringe for removing a

blood sample (such components generally being sterile).

In a further aspect the present invention also relates to DNA chips or microarrays and methods for
their use, which allow reliable genotyping of individuals with respect to multiple RA associated

genetic variations simultaneously and for clinical purposes.

Thus in one aspect, the invention further provides a method of genotyping RA associated genetic
variations in an individual, which is sufficiently sensitive, specific and reproducible for clinical use.
The inventors have developed low density DNA-microarrays with specifically designed probes for
use in the method, and a computational method or algorithm for interpreting and processing the
data generated by the arrays.

In one aspect, the invention relates to an in vitro method for genotyping RA associated genetic
variations in an individual. The method allows simultaneous genotyping of multiple human genetic
variations present in one or more genes of a subject. The method of the invention allows
identification of nucleotide changes, such as, insertions, duplications and deletions and the

determination of the genotype of a subject for a given genetic variation.

Genetic variation or genetic variant refers to mutations, polymorphisms or allelic variants. A
variation or genetic variant is found amongst individuals within the population and amongst

populations within the species.

A RA associated genetic variation may refer to a genetic variation that is associated with RA in a
statistically significant way and that can be used as an aid in the diagnosis, prognosis or prediction

of response to therapy in an individual.
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Polymorphism refers to a variation in the sequence of nucleotides of nucleic acid where every
possible sequence is present in a proportion of equal to or greater than 1% of a population; in a
particular case, when the said variation occurs in just one nucleotide (A, C, T or G) it is called a

single nucleotide polymorphism (SNP).

Genetic mutation refers to a variation in the sequence of nucleotides in a nucleic acid where every

possible sequence is present in less than 1% of a population

Allelic variant or allele refers to a polymorphism that appears in the same locus in the same

population.
Thus a genetic variation may comprise a deletion, substitution or insertion of one or more
nucleotides. In one aspect the genetic variations to be genotyped according to the present methods

comprise SNPs.

A given gene may comprise one or more genetic variations. Thus the present methods may be

used for genotyping of one or more genetic variations in one or more genes.

Typically the individual is a human.

Typically, for a given genetic variation there are three possible genotypes:
AA . the individual is homozygous for genetic variation A (e.g. homozygous for a wild type

allele)
BB the individual is homozygous for genetic variation B (e.g. homozygous for a mutant allele)
AB the individual is heterozygous for genetic variations A and B (e.g. one wild type and one

mutant allele)

The genetic variations, such as SNPs, to be analysed according to the present methods, are
associated with RA. Examples of genetic variations associated with RA which may be assessed by

the present methods include those in Table 1A and Table 1B (Figure 1).

The sequences of all the genes mentioned in Figure 1 are known and recognized on the following
websites: GeneBank (NCBI), GeneCard (Weizmann Institute of Sciences) and Snpper.chip.org
(Innate Immunity PGA). Table 11 provides refSNP codes (rs#) for a number of SNPs. These are
taken from the Single Nucleotide Polymorphism Database (dbSNP) curated by the National Center
for Biotechnology Information (NCBIU)
(http://www.ncbi.nim.nih.gov/entrez/query.fcqi?CMD=search&DB=snp, as at 22 June 2007).
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By permitting clinical genotyping of one or more of the above genetic variations, the present
method has use in for example, diagnosing susceptibility to or the presence of RA in a subject.
The present genotyping methods are also be useful in prognosing RA phenotypes, as described
herein.

At least one RA associated genetic variation, e.g. SNP, is analysed in the present genotyping
methods. The present methods allow simultaneous genotyping of multiple variations in an
individual and typically multiple variations are analysed, in general, at least 10, 12, 14, 16, 18 or 20
RA associated genetic variations. For example, at least 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,
80, 85, 90, 95, 100, 105 or 110 variations or up to 150, 200, 300, 400, 500, or 600 variations may
be tested, such as 250, 350 or 450 variations.

Thus the genotyping methods may be used for genotyping an individual with respect to all of or a
selection of the variations in Table 1A or 1B, as described herein. For example, at least 1, 2, 3, 4,
5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85 or all of the Table 1A or 1B
variations may be genotyped. The variations to be detected may additionally include other RA
associated genetic variations.

The present invention also encompasses methods in which other genetic variations are assessed
in addition to the RA associated genetic variations.

According to the present methods, a sample is provided, containing nucleic acid which comprises
at least one of the genetic variations to be tested (the target DNA). Suitable samples and methods
for obtaining the samples are described herein in relation to the prognostic methods.

As described, DNA regions which contain the genetic variations to be identified (target DNA
regions) may be subjected to an amplification reaction in order to obtain amplification products
which contain the genetic variations to be identified. Any suitable technique or method may be
used for amplification. In general, the technique allows the (simultaneous) amplification of all the
DNA sequences containing the genetic variations to be identified. In other words, where multiple
genetic variations are to be analysed, it is preferable to simultaneously amplify all of the
corresponding target DNA regions (comprising the variations). Carrying out the amplification in a

single step (or as few steps as possible) simplifies the method.

For example, multiplex PCR may be carried out, using appropriate bairs of oligonucleotide PCR
primers which are capable of amplifying the target regions containing the genetic variations to be
identified. Any suitable pair of primers which allow specific amplification of a target DNA region
may be used. In one aspect, the primers allow amplification in the least possibie number of PCR

reactions. Thus, by using appropriate pairs of oligonucleotide primers and appropriate conditions,
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all of the target DNA regions necessary for genotyping the genetic variations can be amplified for
genotyping (e.g. DNA-chip) analysis with the minimum number of reactions. Suitable PCR primers
for amplification of target DNA regions comprising the RA-associated genetic variations in Table 1A
and 1B are listed in Tables 3. The present method may comprise the use of one or more of these
primers or one or more of the listed primer pairs. For example, the present methods may be used
for genotyping of Table 1A variations selected as described above. The corresponding primers in

Table 3 may be selected for use accordingly.

In one instance, the amplification products can be labelled during the amplification reaction with a
detectable label. The aim is to be able to later detect hybridisation between the fragments of target
DNA containing the genetic variations being analysed and probes fixed on a solid support. The
greater the extent of hybridisation of labelled target DNA to a probe, the greater the intensity of

detectable [abel at that probe position.

The amplification products may be labelled by conventional methods. For example, a labelled
nucleotide may be incorporated during the amplification reaction or labelled primers may be used

for amplification.

Labelling may be direct using for example, fluorescent or radioactive markers or any other marker
known by persons skilled in the art. Examples of fluorophores which can be used, include for
example, Cy3 or Cy5. Alternatively enzymes may be used for sample labelling, for example
alkaline phosphatase or peroxidase. Examples of radioactive isotopes which can be used include
for example **P, |, or any other marker known by persons skilled in the art. In one instance,
labelling of amplification products is carried out using a nucleotide which has been labelled directly
or indirectly with one or more fluorophores. In another example, Iabelling of amplification products

is carried out using primers labelled directly or indirectly with one or more fluorophores.

Labelling may also be indirect, using, for example, chemical or enzymatic methods. For example,
an amplification product may incorporate one member of a specific binding pair, for example avidin
or streptavidin, conjugated with a fluorescent marker and the probe to which it will hybridise may be
joined to the other member of the specific binding pair, for example biotin (indicator), allowing the
probe/target binding signal to be measured by fluorimetry. In another example, an amplification
product may incorporate one member of a specific binding pair, for example, an anti-dioxigenin
antibody combined with an enzyme (marker) and the probe to which it will hybridise may be joined
to the other member of the specific binding pair, for example dioxigenin (indicator). On hybridization
of amplification product to probe the enzyme substrate is converted into a luminous or fluorescent

product and the signal can be read by, for example, chemi-luminescence or fluorometry.
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The nucleic acid comprising the genetic variation(s) to be tested, e.g. the (optionally labelled)
amplification products, may further undergo a fragmentation reaction, thereby obtaining some
fragmentation products which comprise or contain the genetic variations to be identified or
analysed. Typically fragmentation increases the efficiency of the hybridisation reaction.
Fragmentation may be carried out by any suitable method known in the art, for example, by
contacting the nucleic acid, e.g. the ampilification products with a suitable enzyme such as a
DNase.

If the nucleic acid has not been previously labelled, e.g. during the amplification reaction, (and,
typically, where no posthybridisation ampilification or ligation is carried out on the solid support)
then labelling with a detectable label may be carried out prehybridisation by labelling the
fragmentation products. Suitable labelling techniques are known in the art and may be direct or
indirect as described herein. Direct labelling may comprise the use of, for example, fluorophores,
enzymes or radioactive isotopes. Indirect labelling may comprise the use of, for example, specific
binding pairs that incorporate e.g. fluorophores, enzymes, etc. For example, if amplification
products have not been labelled during the amplification reaction the fragmentation products may
undergo a direct or indirect labelling with one or various markers, for example one or various
fluorophores, although other known markers can be used by those skilled in the art.

According to the present methods the nucleic acid, e.g. the amplification or fragmentation products,
comprising the genetic variation(s) to be detected (target DNA), is contacted with oligonucleotide
probes which are capable of detecting the corresponding genetic: variations by hybridisation under

suitable conditions.

Typically the hybridisation conditions allow specific hybridisation between probes and
corresponding target nucleic acids to form specific probe/target hybridisation complexes while
minimising hybridisation between probes carrying one or more mismatches to the DNA. Such
conditions may be determined empirically, for example by varying the time and/or temperature of
hybridisation and/or the number and stringency of the array washing steps that are performed

following hybridisation and are designed to eliminate all probe-DNA interactions that are inspecific.

In the method, the probes are provided deposited on a solid support or surface. The probes are
deposited at positions on the solid support according to a predetermined pattern, forming a “DNA-
chip”. It has been found that the chips should comply with a number of requirements in order to be
used in the present methods, for example in terms of the design of the probes, the number of
probes provided for each genetic variation to be detected and the distribution of probes on the
support. These are described in detail herein. The inventors have developed suitable genotyping

chips for use in the present methods and accordingly in one aspect the invention provides a DNA-
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chip or (micro)array comprising a plurality of probes deposited or immobilised on a solid support as
described herein.

In general the solid support or phase comprises oligonucleotide probes suitable for detection of
each genetic variation to be tested in the present method. The number and type of genetic
variations to be tested using a chip may be selected as described herein.

Typically there will be at least one probe which is capable of hybridising specifically to genetic
variation A (e.g. a wildtype or normal allele) (probe 1) and one probe which is capable of
hybridising specifically to genetic variation B (e.g. a mutant allele) (probe 2) under the selected
hybridisation conditions. These probes form a probe pair. Probe 1 is for detection of genetic
variation A and probe 2 for detection of genetic variation B. Typically the probes can be used to
discriminate between A and B (e.g. the wildtype and mutant alleles).

The probes may examine either the sense or the antisense strand. Typically, probes 1 and 2
examine the same nucleic acid strand (e.g. the sense strand or antisense strand) although in some
cases the probes may examine different strands. In one aspect probes 1 and 2 have the same

sequence except for the site of the genetic variation.

In one instance, the probes in a probe pair have the same length. In some aspects, where two or
more pairs of probes are provided for analysis of a genetic variation, the probes may all have the

same length.

Preferably more than one probe pair is provided for detection of each genetic variation. Thus, at
least 2, 3, 4, 5, 6, 7, 8, 9, 10 or more probe pairs may be provided per genetic variation. In one
aspect, (at least) 2 probe pairs are provided. The aim is to reduce the rate of false positives and

negatives in the present methods.

For example, for a given genetic variation there may be:

Probe 1 which is capable of hybridising to genetic variation A (e.g. a normal allele)
Probe 2 which is capable of hybridising to genetic variation B (e.g. a mutant allele)
Probe 3 which is capable of hybridising to genetic variation A (e.g. a normal allele)
Probe 4 which is capable of hybridising to genetic variation B {(e.g. a mutant allele).

The probes may examine the same or different strands. Thus in one embodiment, probes 3 and 4
are the complementary probes of probes 1 and 2 respectively and are designed to examine the
complementary strand. In one aspect it is preferred that the probes provided for detection of each

genetic variation examine both strands.
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More than 2 pairs of probes may be provided for analysis of a genetic variation as above. For
example, where a genetic variation exists as any one of 4 bases in the same strand (e.g. there are
three mutant possibilities), at least one pair of probes may be provided to detect each possibility.

Preferably, at least 2 pairs of probes are provided for each possibility.

Thus, for example, for an SNP G2677T/IAIC, at least one pair of probes may be provided for
detection of G2677T, one pair for detection of G2677/A, and one pair for detection of G2677C.
Preferably at least two pairs of probes are provided for each of these substitutions.

A number of methods are known in the art for designing oligonucleotide probes suitable for use in
DNA-chips.

A “standard tiling” method may be used. In this method, 4 oligonucleotides are designed that are
totally complementary to the reference sequence except in the central position where, typically the
4 possible nucleotides A, C, G and T are examined. An illustrative example of this strategy is the
DNA-chip for genotyping of HIV-1 (Affymetrix).

In “alternative tiling” 5 oligonucleotides are designed, so that the fifth examines a possible deletion
in the sequence. An example of this strategy is the DNA-chip to detect mutations in p53
(Affymetrix).

In “block tiling” 4 oligonucleotides are designed that are totally complementary to the normal
sequence and another 4 totally complementary to the mutant sequence. The nucleotide which
changes is placed in the central position, but a mismatch of one of the 4 bases (A, C, T or G) is
placed 2 nucleotides before or after the nucleotide position that it is wished to interrogate. An
example of this strategy is the DNA-chip for the detection of mutations in cytochrome p450 (Roche
and Affymetrix).

A further example is “alternative block tiling” where the “mismatch” is used to increase the
specificity of the hybrid not only in one position but also in the positions —4, -1, 0, +1 and +4 to
identify the change produced in the central position or 0. An example is the DNA-chip to detect
1,500 SNPs (Affymetrix).

Any one or more of these strategies may be used to design probes for the present invention.
Preferably standard tiling is used, in particular with 2 pairs of probes e.g. 2 pairs of complementary
probes as above. Thus it is preferable that the oligonucleotide sequence is complementary to the
target DNA or sequence in the regions flanking the variable nucleotide(s). However, in some

cases, one or more mismatches may be introduced, as described above.
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The oligonucleotide probes for use in the present invention typically present the base to be
examined (the site of the genetic variation) at the centre of the oligonucleotide. This is particularly
the case where differential hybridisation methods are used, as in general this allows the best
discrimination between matched and mismatched probes. In these methods, typically there is
formation of specific detectable hybridisation complexes without post-hybridisation on-chip
amplification. For example, for precise (single base) mutations, the base which differs between the
normal and the mutant allele is typically placed in the central position of the probe. In the case of
insertions, deletions and duplications, the first nucleotide which differs between the normal and the
mutant sequence is placed in the central position. It is believed that placing the mutation at the

centre of the probe maximises specificity.

Where post-hybridisation on-chip amplification (e.g. ligation or primer extension methods) is
employed, oligonucleotide probes typically present the variable base(s) at the 3’ end of the probe.
Where OLA methodology is used, oligonucleotides (labelied directly or indirectly) are also designed

which hybridise to probe-target complexes to allow ligation.
in general the probes for use in the present invention comprise or in some embodiments consist
(essentially) of 17 to 27 nucleotides, for example, 19, 21, 23, or 25 nucleotides or 18, 20, 22, 24 or

26 nucleotides.

Preferably the individual probes provided for detection of a genetic variation are capable of

_hybridising specifically to the normal and mutant alleles respectively under the selected. ..

hybridisation conditions. For example, the melting temperature of the probe/target compiexes may
occur at 75-85 °C and hybridisation may be for one hour, although higher and lower temperatures

and longer or shorter hybridisations may also suffice.

The probes provided for (suitable for) detection of each genetic variation (as described above) are
typically capable of discriminating between genetic variation A and B (e.g. the normal and mutant
alleles) under the given hybridisation conditions as above. Preferably the discrimination capacity of
the probes is substantially 100%. If the discrimination capacity is not 100%, the probes are
preferably redesigned. Preferably the melting temperature of the probe/target complexes occurs at
75-85 degrees C. Methods for testing discrimination capacity are described herein.

In one example, the probes provided for detection of a genetic variation examine both strands and
have lengths ranging from 19-27 nucleotides. Preferably the probes have 100% discrimination

capacity and the melting temperature of probe/target complexes is 75-85 degrees C.

Typically in order to obtain probes for use in the present methods, a number of probes are
designed and tested experimentally for, e.g. hybridisétion specificity and ability to discriminate
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between genetic variants (e.g. a normal and a mutant allele). Candidate oligonucleotide probe
sequences may be designed as described above. These may vary for example in length, strand
specificity, position of the genetic variation and degree of complementarity to the sequence flanking
the genetic variation in the target DNA. Once probe pairs have been designed, these can be
tested for hybridisation specificity and discrimination capacity. ‘The capacity of specific probes to
discriminate between the genetic variations A and B (e.g. normal and mutant alleles) depends on
hybridisation conditions, the sequence flanking the mutation and the secondary structure of the
sequence in the region of the mutation. By using stable hybridisation conditions, appropriate
parameters such as strand specificities and lengths can be. established in order to maximise
discrimination. Preferably, the genetic variation is maintained at the central position in the tested

probes.

Methods for testing discrimination capacity of probes are described herein. Typically a number of
candidate probe pairs are provided and used in a training method as described below. In general
two pairs of probes (probes 1 and 2, and probes 3 and 4) are tested in the method. For example,
two pairs of probes examining both strands (complementary to each other) may be tested. If it is
not possible to obtain 100% discrimination between the three genotyping groups using the probes,
the probes are typically redesigned. Hybridisation conditions in the training method are generally

maintained stably. Typically the melting temperature of probe/target complexes is 75-85 °C.

For example, starting from probes of 25 nucleotides which detect a genetic variation (e.g. the

. normal allele) and another genetic variation (e.g. a mutant allele) in both strands (sense and..

antisense), in general an average of 8 probes may be experimentally tested to identify two definite

pairs.

Probes are chosen to have maximum hybridisation specificity and discrimination capacity between
genetic variants (e.g. a normal and a mutant allele) under suitable hybridisation conditions. For
example, the probes for detection of a given genetic variation, e.g. two probe pairs, typically have
substantially 100% discrimination capacity. Typically the melting temperature of probe/target
complexes is at 75-85-C.

Using the methods herein the inventors have developed oligonucleotide probes suitable for
detection of the RA-associated genetic variations in Table 1A and 1B. These probes are presented
as SEQ ID NOS 1-360 (Table 2). The probes are listed in probe sets (90 sets in total), according to
the genetic variation to be detected. At least two pairs of probes are listed in each set.

In one aspect the invention relates to any one or more of the oligonucleotide probes, pairs of
probes or sets of probes set out in SEQ ID NOS 1-360 (Table 2), and to their use in the
genotyping, diagnostic or prognostic or therapeutic methods of the invention. The invention further
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relates to any one or more of the oligonucleotide probes, pairs of probes or sets of probes set out
in SEQ ID NOS 1-360 for use in medicine, for example in a diagnostic or prognostic or therapeutic
method described herein. A chip of the invention may comprise one or more of the listed probe

pairs or sets as described herein.

In general probes are provided on the support in replicate. Typically, at least 4, 6, 8, 10, 12, 14, 16,
18 or 20 replicates are provided of each probe, in particular, 6, 8 or 10 replicates. Thus for
example, the support (or DNA-chip) may comprise or include 10 replicates for each of (at least) 4
probes used to detect each genetic variation (i.e. 40 probes). Alternatively the suppbrt (or DNA-
chip) may comprise or include 8 replicates for each of (at least) 4 probes used to detect each
genetic variation (i.e. 32 probes). Still further the support (or DNA-chip) may comprise or include 6
replicates for each of (at least) 4 probes used to detect each genetic variation (i.e. 24 probes).
Using probe replicates helps to minimise distortions in data interpretation from the chip and

improves reliability of the methods.

In general the support also comprises one or more control oligonucleotide probes. These are also
provided in replicate as above. Thus the support (or DNA-chip) may additionally comprise one or
more oligonucleotides deposited on the support which are useful as positive and/or negative
controls of the hybridisation reactions. If post-hybridisation amplification or ligation reactions are
carried out on the chip, there may also be one or more positive or negative controls of these

reactions.

Typically the chip or array will include positive control probes, e.g., probes known to be
complementary and hybridisable to sequences in the target polynucleotide molecules, probes
known to hybridise to an external control DNA, and negative control probes, e.g., probes known to
not be complementary and hybridizable to sequences in the target polynucleotide molecules. The
chip may have one or more controls specific for each target, for example, 2, 3, or more controls.
There may also be at least one control for the array.

Positive controls may for example be synthesized along the perimeter of the array or in diagonal
stripes across the array. The reverse complement for each probe may be synthesized next to the
position of the probe to serve as a negative control. In yet another example, sequences from other
species of organism may be used as negative controls in order to help determine background (non-

specific) hybridisation.

As above, the support (or DNA-chip) may include some (one or more) oligonucleotides deposited
on the support which are useful as positive and negative controls of the hybridization reactions. In

general, each one of the sub-arrays, for example 16, which typically constitute a DNA-chip, is
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flanked by some external hybridization controls, which serve as reference points allowing allow the

points within the grid to be located more easily.

In one instance, the nucleotide sequence of an external control DNA is the following (5'->3’):

CEH: GTCGTCAAGATGCTACCGTTCAGGAGTCGTCAAGATGCTACCGTTCAGGA (SEQ ID NO:
541)

and the sequences of the oligonucleotides for its detection are the following:

ON1: CTTGACGACTCCTGAACGG (SEQ ID NO: 542)

ON2: CTTGACGACACCTGAACGG (SEQ ID NO: 543)

Positive control probes are generally designed to hybridise equally to all target DNA samples and
provide a reference signal intensity against which hybridisation of the target DNA (sample) to the
test probes can be compared. Negative controls comprise either “blanks” where only solvent
(DMSO) has been applied to the support or control oligonucleotides that have been selected to
show no, or only minimal, hybridisation to the target, e.g. human, DNA (the test DNA). The intensity
of any signal detected at either blank or negative control oligonucleotide features is an indication of
non-specific interactions between the sample DNA and the array and is thus a measure of the
background signal against which the signal from real probe-sample interactions must be

discriminated.

Desirably, the number of sequences in the array will be such that where the number of nucleic
acids suitable for detection of genetic variations is n, the number of positive and negative control

nucleic acids is n’, where n’ is typically from 0.01 to 0.4n.

In general, the support or chip is suitable for genotyping RA associated genetic variations, in
particular, genotyping according to the present methods. The chip typically comprises probes
suitable for detection of at least one but preferably multiple, RA associated genetic variation(s),
typically at least 10, 12, 14, 16, 18 or 20 variations. For example, at least 25, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, 80, 85, 90, 95, 100, 105 or 110 variations or up to 150, 200, 300, 400, 500, or 600

variations may be tested, such as 250, 350 or 450 variations.

The RA associated genetic variations may include any or all of those in Table 1A or 1B. Thus an
array or chip may comprise probes suitable for genotyping an individual with respect to all of the

variations in Table 1A or 1B, or a selection of the variations in the Table, as described herein.

A DNA-chip according to the invention (‘Artchip’) allows simultaneous, sensitive, specific and
reproducible genotyping of genetic variations associated with RA. Non-limiting examples of such

variations are given in Table 1A and 1B. Nevertheless, the number of genetic variations contained
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in the Table can be increased as other genetic variations are subsequently identified and are
associated with RA. Thus the genetic variations detectable by the chip may comprise, or consist
(essentially) of those listed in Table 1A or Table 1B or Figure 11 or a selection of these, as
described in relation to the present methods. The chip will comprise probes suitable for detection
of these genetic variations as described herein. Preferably where a chip comprises probes for
detection of a genetic variation in Table 1A the chip comprises one or more of the probes listed in
SEQ ID NOS 1-360 (Table 2) as suitable for detection of that genetic variation, e.g. the probes set
listed in SEQ ID NOs 1-360 for detection of that variation. In one aspect the present chip comprises
one or more probes selected from those in SEQ ID NOS 1-360. The probes are listed in probe
sets, according to the genetic variation to be detected. At least two pairs of probes are provided in
each set. A chip may comprise at least one probe pair or at least one probe set, or a selection of
the probe sets, for example a probe pair or a probe set from at least 5, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85 or all 90 sets, according to the genetic variations being tested. A
chip may comprise other probes for detection of variations in Table 1A or other variations
associated with RA instead of or in addition to those specifically listed.

" Artchip may additionally comprise oligonucleotide probes for detection of genetic variations not
associated with -RA. For example, the chips may comprise probes for detection of genetic
variations such as SNPs associated with another (related) condition such as colon, rectal or
bladder cancer. Typically, in Artchip, the number of nucleic acids suitable for detection of genetic
variations associated with RA (e.g. those in Table 1A or Table 1B or Figure 11) represent at least
50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% or more of the nucleic acids in the

array.

In general the support or chip has from 300 to 40000 nucleic acids (probes), for example, from 400
to 30000 or 400 to 20000. The chip may have from 1000 to 20000 probes, such as 1000 to 15000
or 1000 to 10000, or 1000 to 5000. A suitable chip may have from 2000 to 20000, 2000 to 10000
or 2000 to 5000 probes. For example, a chip may have 1000, 2000, 3000, 4000, 5000, 6000,
7000, 8000, 9000, 10000, 12000, 14000, 16000, 18000 or 20000 probes. Smaller chips 400 to
1000 probes, such as 400, 500, 600, 700, 800, 900 or 950 probes are also envisaged.

In general the array or chip of the invention comprises a support or surface with an ordered array of
binding (e.g. hybridisation) sites or probes. Thus the arrangement of probes on the support is
predetermined. Each probe (i.e each probe replicate) is located at a known predetermined position
on the solid support such that the identity (i.e. the sequence) of each probe can be determined
from its position in the array. Typically the probes are uniformly distributed in a predetermined

pattern.
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Preferably, the probes deposited on the support, although they maintain a predetermined
arrangement, are not grouped by genetic variation but have a random distribution. Typically they
are also not grouped within the same genetic variation. If desired, this random distribution can be
always the same. Therefore, typically the probes are deposited on the solid support (in an array)
following a predetermined pattern so that they are uniformly diétributed, for example, between the
two areas that may constitute a DNA-chip, but not grouped according to the genetic variation to be
characterised. Distributing probe replicates across the array in this way helps to reduce or eliminate
any distortion of signal and data interpretation, e.g. arising from a non-uniform distribution of

background noise across the array.
As explained above, probes may be arranged on the support in subarrays.

'The support, on which the plurality of probes is deposited, can be any solid support to which
oligonucleotides can be attached. Practically any support, to which an oligonucleotide can be
joined or immobilized, and which may be used in the production of DNA-chips, can be used in the
invention. For example, the said support can be of a non-porous material, for example, glass,
silicone, plastic, or a porous material such as a membrane or filter (for example, nylon,
nitrocelullose) or a gel. In one embodiment, the said support is a glass support, such as a glass

slide.

Microarrays are in general prepared by selecting probes which comprise a given polynucleotide
sequence, and then immobilizing such probes to a solid support or surface. Probes may be
designed, tested and selected as described herein. In general the probes may comprise DNA
sequences. [n some embodiments the probes may comprise RNA sequences, or copolymer
sequences of DNA and RNA. The polynucleotide sequences of the probes may also comprise DNA
and/or RNA analogues, or combinations thereof. For example, the polynucleotide sequences of the
probes may be full or partial fragments of genomic DNA. The polynucleotide sequences of the
probes may also be synthesized nucleotide sequences, such as synthetic oligonucleotide
sequences. The probe sequences can be synthesized either enzymatically in vivo, enzymatically in

vitro (e.g., by PCR), or non-enzymatically in vitro.

Microarrays or chips can be made in a number of ways. However produced, microarrays typically
share certain characteristics. The arrays are reproducible, allowing multiple copies of a given array
to be produced and easily compared with each other. Preferably, microarrays are made from
materials that are stable under binding (e.g., nucleic acid hybridization) conditions. The microarrays
are preferably small, e.g., between 0.25 to 25 or 0.5 to 20cm?, such 0.5 to 20cm? or 0.5 to 15cm?,

for example, 1 to 15cm? or 1 to 10cm?, such as 2, 4, 6 or 8cm’.
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Probes may be attached to the present support using conventional techniques for immobilization of
oligonucieotides on the surface of the supports. The techniques used depend, amongst other
factors, on the nature of the support used [porous (membranes, micro-particles, etc.) or non-porous
(glass, plastic, silicone, etc.)] In general, the probes can be immobilized on the support either by
using non-covalent immobilization techniques or by using immobilization techniques based on the
covalent binding of the probes to the support by chemical processes. '

Preparation of non-porous supports (e.g., glass, silicone, plastic) requires, in general, either pre-
treatment with reactive groups (e.g., amino, aldehyde) or covering the surface of the support with a
member of a specific binding pair (e.g. avidin, streptavidin). Likewise, in general, it is advisable to
pre-activate the probes to be immobilized by means of corresponding groups such as thiol, amino
or biotin, in order to achieve a specific immobilization of the probes on the support.

The immobilization of the probes on the support can be carried out by conventional methods, for
example, by means of techniques based on the synthesis in situ of probes on the support (e.g.,
photolithography, direct chemical synthesis, etc.) or by techniques based on, for example, robotic
arms which deposit the corresponding pre-synthesized probe (e.g. printing without contact, printing

by contact).

In one embodiment, the support is a glass slide and in this case, the probes, in the number of
established replicates (for example, 6, 8 or 10) are printed on pre-treated glass slides, for example
coated with aminosilanes, using equipment for automated production of DNA-chips by deposition of
the oligonucleotides on the glass slides (“micro-arrayer”). Deposition is carried out under
appropriate conditions, for example, by means of crosslinking with ultraviolet radiation and heating
(80°C), maintaining the humidity and controlling the temperature during the process of deposition,

typically at a relative humidity of between 40-50% and typically at a temperature of 20°C.

The replicate probes are distributed uniformly amongst the areas or sectors (sub-arrays), which
typically constitute a DNA-chip. The number of replicas and their uniform distribution across the
DNA-chip minimizes the variability arising from the printing process that can affect experimental

results. Likewise, positive and negative hybridisation controls (as described herein) may be printed.

To control the quality of the manufacturing process of the DNA-chip, in terms of hybridizatiori
signal, background noise, specificity, sensitivity and reproducibility of each replica as well as
differences caused by variations in the morphology of the spotted probe features after printing, a
commercial DNA can be used. For example, as a quality control of the printing of the DNA-chips,
hybridization may be carried out with a commercial DNA (e.g. k562 DNA High Molecular Weight,

Promega).



10

15

20

25

30

35

WO 2008/010085 PCT/IB2007/002366
45

In the first place, the morphology and size of the printed spots are analyzed. In the hybridization
with control DNA the parameters described below for determining reliability of genotype
determination, are adhered to; specifically the relationship between the signal intensity and
background noise, average specificity and sensitivity and reproducibility between replicated copies
of the same probe. This method allows the correct genotype of the controlv DNA to be determined.

As above, in accordance with the present method, a nucleic acid sample, e.g. amplification or
fragmentation products, comprising the genetic variation(s) to be detected (target DNA) is
contacted with a probe array as described herein, under conditions which allow hybridisation to
occur between target DNA and the corresponding probes. Specific hybridisation complexes are

thus formed between target nucleic acid and corresponding probes.

The hybridization of e.g. fragmentation products, with probes capable of detecting corresponding
genetic variations deposited on a support may be carried out using conventional methods and
devices. In one instance, hybridization is carried out using an automated hybridisation station. For
hybridization to occur, the e.g. fragmentation products, are placed in contact with the probes under
conditions which allow hybridization to take place. Using stable hybridization conditions allows the
length and sequence of the probes to be optimised in-order to maximize the discrimination between
genetic variations A and B, e.g. between wild type and mutant sequenéés, as described herein.

In one instance, the method relies on differential hybridisation, in particular an increase in
hybridisation signal. The method involves formation of specific hybridisation complexes between
target DNA and corresponding probes. Thus target DNA bearing the wild type sequence will
hybridise to the probes designed to detect the wild type sequence, whereas target DNA bearing a
mutant sequence will hybridise to the probes designed to detect that mutant sequence. The
hybridisation complexes are detectably labelled by means described herein (e.g. the target DNA is
directly labelled, or both target and probe are labelled in such a way that the label is only
detectable on hybridisation). By detecting the intensity of detectable label (if any) at the
predetermined probe positions it is possible to determine the nature of the target DNA in the
sample. In this instance the probes (also referred to as allele specific oligonucleotides, ASOs)

preferably have the variable nucleotide(s) at the central position, as described herein.

In another instance, hybridisation of target DNA to probes on the solid support (chip) may be
followed by on-chip amplification, for example, using primer extension or ligation, e.g.
oligonucleotide ligation assay (OLA) technologies (Eggerding FA, lovannisci DM, Brinson E.,
Grossman P., Winn-Deen E.S. 1995 Human Mutation, 5:153-65). In this case, the probes on the
support typically comprise the variable nucleotide(s) at the 3’ end of the probe.
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Labelling can be carried out during post hybridisation amplification. The labelling can be by direct
labelling using, for example, fluorophores, enzymes, radioactive isotopes, etc. or by indirect
labelling using, for example, specific binding pairs which incorporate fluorophores, enzymes etc.,
by using conventional methods, such as those previously mentioned in relation to labelling
ampilification or fragmentation products.

Post-hybridization amplification may be carried out, for example, using the “primer extension”
methodology. Typically, after hybridization, an extension reaction of the hybrid oligonucleotides is
carried out on the support (e.g. a glass slide). Extension may be carried out with directly or
indirectly labelled nucleotides and will only happen if the extreme 3’ of the oligonucleotide

hybridizes perfectly with the amplification product.

Primer extension is a known method for genotype discrimination (Pastinen T, Raitio M, Lindroos K,
Tainola P, Peltonen L, Syvanen AC. 2000 Genome Research 10:1031-42.) and can be performed
in a number of different ways. In a commonly used approach a set of allele specific oligonucleotide
probes are designed to hybridise to the target sequences. The probes differ from one another in
their extreme 3’ nucleotide, which for each probe is designed to complement one of the possible

polymorphic nucleotides at a given position.

When the 3’ nucleotide of the probe complements the sequence under test then the ensuing base
pairing allows a DNA polymerase to extend the oligonucleotide primer by incorporation of additional
nucleotides that can be directly or indirectly labelled thereby allowing the subsequent identification
of those probes that have been extended and those that have not. Probes that are successfully
extended carry the complementary nucleotide to the SNP at their 3’ end thus allowing the genotype
of the test sample to be determined. Similar approaches, for example the Ampilification Refractory
Mutation System (ARMS) have also been developed.

Alternatively, a post hybridization ligation reaction may be carried out, for example using OLA
methodology. After hybridization, a ligation reaction of the hybridised oligonucleotides is carried out
on the support (e.g. glass slide) with labelled oligonucleotides. A ligation will only take place if the
extreme 3' end of the probe deposited on the support hybridizes perfectly with the target DNA (e.g.

amplification product).

The oligonucleotide ligation assay (OLA) is another method for interrogating SNPs (Eggerding FA,
lovannisci DM, Brinson E., Grossman P., Winn-Deen E.S. 1995 Human Mutation, 5:153-65). OLA
uses a pair of oligonucleotide probes' that hybridize to adjacent segments of target DNA including
the variable base. The probe designed to hybridise to the 5' side of the polymorphic nucleotide is
an allele-specific oligonucleotide (ASO) to one of the target alleles. The last base at the 3' end of
this ASO is positioned at the site of the target DNA's polymorphism; the ASO typically also has a
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biotin molecule at its 5' end that functions as a “hook” that can subsequently be used to recover the

oligonucleotide by virtue of the highly specific interaction that biotin undergoes with streptavidin.

The oligomer on the 3' or right-hand side of the pair is the common oligomer (the sequence is the
same for the two or more different alleles it is wished to test.) The common oligomer is positioned
at an invariable site next to the target DNA's polymorphism and is fluorescently labelled at its 3'

end.

If the ASO is perfectly complementary to the target sequence the ASO hybridizes completely when
annealed and will lie flat against that target allowing DNA ligase to covalently join the ASO to the
common oligomer. After the ligation reaction the biotin hook is used to remove the ASO and the
e.g. fluorescently labeled common oligomer will also be removed, producing detectable

fluorescence.

When the ASO is not a perfect match to the target sequence hybridization is incomplete and the 3'
base of the oligomer will not be base-paired to the target DNA thus preventing ligation. Under
these circumstances when the biotin hook is used to remove the ASO, the common oligonucleotide
will not be removed and therefore there is no detectable label, e.g. fluorescence, in the molecule

removed.

To distinguish between two known alleles that differ by a single base, three oligonucleotides are
necessary: Two are allele-specific oligonucleotides (ASOs) that differ from each other only in the
single 3' terminal base, the first is complementary to one allele and the second is complementary to
the second allele. The third oligonucleotide is complementary to the invariable sequence adjacent

to the variant base.

Once hybridisation (and optionally post-hybridisation amplification) has taken place, the intensity of
detectable label at each probe position (including control probes) can be determined. The intensity

of the signal (the raw intensity value) is a measure of hybridisation at each probe.

The intensity of detectable label at each probe position (each probe replica) may be determined
using any suitable means. The means chosen will depend upon the nature of the label. In general
an appropriate device, for example, a scanner, collects the image of the hybridized and developed
DNA-chip. An image is captured and quantified.

In one instance, e.g. where fluorescent labelling is used, after hybridization, (optionally after post-
hybridization amplification or ligation) the hybridized and developed DNA-chip is placed in a
scanner in order to quantify the intensity of labelling at the points where hybridization has taken
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place. Although practically any scanner can be used, in one embodiment a fluorescence confocal
scanner is used. In this case, the DNA-chip is placed in the said apparatus and the signal emitted
by the fluorpohore due to excitation by a laser is scanned in order to quantify the signal intensity at
the points where hybridization has taken place. Non-limiting examples of scanners which can be
used according to the present invention, include scanners marketed by the following companies:
Axon, Agilent, Perkin Elmer, etc.

Typically, in determining the intensity of detectable label at each probe position (i.e. for each probe
replica), account is taken of background noise, which is eliminated. Background noise arises
because of non-specific binding to the probe array and may be determined by means of controls
included in the array. Once the intensity of the background signal has been determined, this can
be subtracted from the raw intensity value for each probe re‘plica in order to obtain a clean intensity
value. Typically the local background, based on the signal intensity detected in the vicinity of each
individual feature is subtracted from the raw signal intensity value. This background is determihed
from the signal intensity in a predetermined area surrounding each feature (e.g. an area of X, Y or
Z ym2 centred on the position of the probe).

The background signal is typically determined from the local signal of “blank” controls (solvent
only). In many instances the device, e.g. scanner, which is used to determine signal intensities will
provide means for determining background signali.

Thus, for example, where the label is a fluorescent label, absolute fluorescence values (raw
intensity values) may be gathered for each probe replica and the background noise associated with
each probe replica can also be assessed in order to produce “clean” values for signal intensity at

each probe position.

Once the target DNA has been hybridised to the chip and the intensity of detectable label has been
determined at the probe replica positions on the chip (the raw intensity values), it is necessary to
provide a method (model) which can relate the intensity data from the chip to the genotype of the

individual.

The inventors have found that this can be done by applying a suitable algorithm to the intensity
data. The algorithm and computer software developed by the inventors allows analysis of the
genetic variations with sufficient sensitivity and reproducibility as to allow use in a clinical setting.
The algorithm uses three linear functions which characterise each of the three genotypes AA, AB
and BB for a given genetic variation. The method generally involves collating the intensity values

for all of the replicas of each probe, to calculate an average intensity value for each probe.
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Optionally, the raw intensity values for each replica may be amended to take account of
background noise (to obtain a clean intensity value) before the intensity values for each of the
replicas are collated.

In general, for a given genetic variation, analysis and interpretation of a chip comprises the
following steps:

(a) providing the intensity of detectable label at each replica for each of at least four probes (probes

1,2, 3 and 4) provided for detection of the genetic variation (the raw intensity value), wherein:

- probe 1 detects (is capable of specifically hybridising to) genetic variation A (e.g. a normal allele),
and probe 2 detects (is capable of specifically hybridising to) genetic variation B (e.g. a mutant
allele); '

- probe 3 detects (is capable of specifically hybridising to) genetic variation A (e.g. a normai
allele)and probe 4 detects (is capable of specifically hybridising to) genetic variation B (e.g. a
mutant allele); and

- probes 1 and 2 form a first probe pair and probes 3 and 4 form a second probe pair;

(b) optionally amending the raw intensity value for each replica to take account of background

noise, thus obtaining a clean intensity value;

(c) collating the (optionally clean) intensity values for each of the replicas of each probe and

determining an average intensity value for each probe;

(d) calculating ratios 1 and 2 wherein:

Ratio1 = average intensity value for probe 1
average intensity value for probe1

_ + average intensity value for probe 2

and

Ratio 2 = average intensity value for probe 3
average intensity value for probe 3

+ average intensity value for probe 4

(e) inputting ratios 1 and 2 into each of three linear functions which characterise each of the three

possible genotypes, AA, AB and BB, wherein:
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Function 1 is the linear function that characterises individuals with the genotype AA and consists of

a linear combination of ratios 1 and 2;

Function 2 is the linear function that characterises individuals with the genotype AB and consists of
a linear combination of ratios 1 and 2; v

Function 3 is the linear function that characterises individuals with the genotype BB and consists of
a linear combination of ratios 1 and 2;

the linear functions are formed by coefficients which accompany the variables ratio 1 and 2;
(f) determining which of the three linear functions has the highest value; and
(g) thereby determining the genotype of the individual for the genetic variation.

Thus the linear function corresponding to the genotype of that individual will have the highest
absolute value.

The inventors have found that the use of replicas and averages calculated from replicas is
important for reliable working of the invention. Use of the functions speeds up analysis and allows

better discrimination.

Preferably the discrimination capacity between the three genotypes is (approximately) 100%. {f the
discrimination is less than 100% the probes are preferably redesigned.

The raw intensity value for each probe replica may be determined according to the methods
described above. Thus probe sequences and replicas can be selected as described herein. In one
example, 4 probes are used per genetic variation and 6, 8 or 10 replicas are used per probe.

Typically, amending the raw intensity value to obtain the clean intensity value for each probe
replica comprises subtracting background noise from the raw value. Background noise is typically

determined using appropriate controls as described herein.

Typically calculating the ‘average intensity value comprises eliminating extreme values or outliers.
Thus, when the (optionally clean) intensity values from each of the probe replicas are collated,
outlying values can be identified and excluded from further consideration. In one embodiment
outliers make up between 10% and 50%, for example, 15, 20, 25, 30, 35, 40 or 45% of the values

obtained. In one embodiment, 40% of values are eliminated. In one embodiment, 4 probes are
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used with 6, 8 or 10 replicas per probe and extreme values or outliers make up between 10% and
50% of the values obtained.

A number of suitable linear functions are known in the art. These functions may be used in a linear
discriminant analysis for the purposes of the present invention.

In one aspect the invention thus relates to a computational method or model (algorithm) for
determining genotype with respect to a given genetic variation using ratios 1 and 2 in the three
linear functions as defined above (steps e and f). The method can thus in one embodiment produce
an output of genotype (AA, AB or BB) from an input of ratios 1 and 2. The method may also
include calculating one or both of ratios 1 and 2 (step d). In some embodiments the method
additionally comprises calculating an average intensity value for each probe (step c¢) and/or
calculating a clean intensity value for each probe replica (step b). Thus the input to the model may
comprise one or more of the average intensity values, clean replica intensity values or raw replica
intensity values. The method may additionally comprise determining the raw intensity value for
each probe replica (step a). The method may comprise one or more of the above steps.

In order to carry out the above methods, the coefficients for the linear functions must first be
determined in a training process using data from control individuals whose genotype for the genetic
variation is already known. Methods for training are known in the art. Typically in such methods,
input data (in this case, typically ratios 1 and 2) is used for which the output (in the present case,
genotype) is already known. Coefficients are substituted in the three linear equations at random
and the output is calculated. Based on that output, one or more coefficients are altered and the
input data is entered again to produce another output. The process is continued until coefficients
are obtained which optimise the desired output. These optimised coefficients are then used in the

linear functions when the method is applied to test data (where the output is as yet unknown).

In order to train the present model, ratios 1 and 2 are obtained for n control individuals having
genotype AA (for example, homozygous wild type), n control individuals having genotype AB
(heterozygous) and n control individuals having genotype BB (for example, homozygous mutant).
The ratios may be obtained using the methods described above. The ratios are inputted as above
and the coefficients altered in a discriminatory analysis until three linear functions are obtained
which maximise discrimination between the AA, AB and BB groups. These coefficients are then
used in the three functions when the model is used on unknown test samples (where the genotype

is not predetermined).

Thus in one aspect the invention provides a method of deriving linear functions for use in the

present genotyping methods. The method typically comprises carrying out the steps of the
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genotyping methods as described, for n control individuals having genotype AA (for example,
homozygous wild type), n control individuals having genotype AB (heterozygous) and n control
individuals having genotype BB (for example, homozygous mutant) with respect to a genetic
variation. The intensity values obtained for each of the probe replicas are gathered as described

and an algorithm is applied.

As described for the genotyping methods, application of the algorithm comprises calculating an
average intensity value for each probe and the algorithm uses three linear functions intended to
characterise each of the three possible genotypes, AA, AB and BB for the given genetic variation.
Coefficients are inserted in the functions in a repetitive way until functions are derived which
maximise discrimination between the genotypes in a discriminatory analysis. This provides the
coefficients for use in the linear functions when the method or algorithm is in operational use (i.e. to

determine the genotype of test individuals).

The algorithm or method which uses the three linear functions for analysing the intensity data may
be as described above.

In some cases, the training method allows feedback optimisation. Thus, as intensity values and
ratios are obtained for test individuals and these are genotyped, the intensity data, e.g. the ratios,
and genotype are inputted and coefficients recalculated for the linear functions.

In one aspect the invention relates to a computational method for training. The method can be
used to derive linear functions for use in the present genotyping methods by using ratios 1 and 2
obtained for each of n individuals having genotype AA, n individuals having genotype AB and n
individuals having genotype BB with respect to a genetic variation. The ratios can be obtained by
the methods described above. The method typically comprises applying the algorithm which uses
the three linear functions (Functions 1, 2 and 3) intended to characterise each of the three possible
genotypes AA, AB or BB for the genetic variation such that:

Function 1 is the linear function that characterises individuals with the genotype AA and consists of

a linear combination of ratios 1 and 2;

Function 2 is the linear function that characterises individuals with the genotype AB and consists of

a linear combination of ratios 1 and 2;

Function 3 is the linear function that characterises individuals with the genotype BB and consists of

a linear combination of ratios 1 and 2; and

the linear functions are formed by coefficients which accompany the variables ratio 1 and 2;
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and deriving linear functions which maximise discrimination between the three genotype groups
AA, AB and BB in a discriminatory analysis, so as to obtain the coefficients which can be used in
the linear functions when the algorithm is used in a test method (i.e. is in operational use for

determining genotype).

The algorithm or method which uses the three linear functions for analysing the intensity data may

be as described above.

The computational training method may additionally involve calculating ratios 1 and 2 from average
intensity value provided for each of the probes, and/or collating intensity values from probe replicas
to determine an average intensity value for each probe and/or amending a raw intensity value for a
probe replica to take account of background noise thereby obtaining clean intensity values for the

replica.
In some aspects the computational method also allows a feedback optimisation step as described.

Typically in training n is = 3, for example, 3, 4, 5, 6, 7, 8, 9 or 10. In one aspect, nis 2 5. In some
cases n may be from 10 to 50 or more, for example, 15 to 40, or 25 to 35, such as 20 or 30.

Probes and probe replicas for the training method are selected as described herein. In one
embodiment 4 probes are used for each genetic variation, with 6, 8 or 10 replicas of each probe.
Once selected, the probes used in training are also used when the model is in operational use (to
determine unknown genotype). If the probes are altered, typically the model must be retrained to

optimise discrimination with the new probes.

Preferably the coefficients are such that the discrimination between the three genotype groups
(both in training and in operational use) is substantially 100%. If the discrimination is not 100%, the

probes are preferably redesigned.

As above, the model may also undergo feedback optimisation when it is in operational use. In that
case, the model is first used to determine the genotype of an individual (AA, AB or BB). The ratios
1 and 2 for that individual are then inputted into the model and the coefficients in the linear
functions altered as necessary in order to optimise discrimination between the three genotype
groups. In this way, the additional data gathered as the model is in use can be used to optimise

the discrimination capacity of the linear functions.

There are a number of parameters which can be determined and optimised in order to optimise

performance and reliability of the analytical model or method.
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(i) In one aspect ratios 1 and 2 determined for an individual fall within the range of ratios 1 and 2
used to train the model (i.e. to optimise the three linear functions). If desired this can thus provide

a double test for the genotype of an individual.

(i) In one aspect the average fluorescence intensity of 4n replicas (where “n” is the number of
replicas for each probe, e.g. 6, 8 or 10), for example, 40 replicas, with regard to the background

noise is greater than 5.

(i) In one aspect the variation between intensity values (raw or clean) for replicas of the same
probe is a minimum. For example, the coefficient of variation between the intensity values for the

replicas of a given probe is preferably less than 0.25

(iv) In one aspect the ratio of the sum of the raw intensity values for all probe replicas on a chip to
the intensity of the background noise is greater than 15 when a fluorescence scanner is used.

(v) In one aspect the raw signal intensity value obtained for the negative controls is <3 times
greater than the intensity value of the background noise. For example, negative controls may
include the DMSO “blank” and the non-hybridising oligonucleotides referred to above. The
background noise is the signal derived from the regions of the array where no probe has been

spotted and may be determined as above.

Preferably any one or more of (i) to (v) applies when intensity is fluorescence intensity of a
fluorescent label, in particular where the intensity is determined by means of a confocal fluorescent

scanner.

Ensuring that the model meets one or more of the above helps to provide reliability and
reproducibility. Any one or more of (i) to (v) may be true for the model. Preferably the model meets
(i) above. In one example, (i), (i) and (iii) are true. In another example, (iii), (iv), (v) are true.
Preferably, all of the above are true for the model. This applies both to training and to operational

use.

As above, the experimentally derived ratios obtained for a test sample may be compared to the
ratios previously obtained for the (n) control samples obtained from individuals of known genotype,
where n is as above, usually >5,‘ or >10, or >20. The reference ratios derived from analysis of the
control samples permits a genotype to be assigned to the test sample. This can therefore be a

double test.

In one instance the analytical method or algorithm of the invention comprises a sequence of the

following steps:
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using 4 probes (2 pairs of probes) in replicate (6, 8 or 10 replicas), calculating the average
intensity of each probe from the collated intensities of the replicas; calculating ratios 1 and 2 as
above for the 2 pairs of probes (to detect the genetic variations A and B); substituting ratios 1 and
2 obtained in three linear equations which have been derived in a discriminatory analysis using
ratios 1 and 2 calculated for “n” control patients with genotype AA, “n” control patients with
genotype AB and “n” control patients with genotype BB (with respect to the genetic variation) (in
one experiment “n” is 5); and determining the genotype of a patient for the genetic variation (for
each genetic variation included in the DNA-chip) based on which linear function has the greatest
absolute value. The test ratios may also be compared to the ratios of the “n” control patients to

determine each genotype.

The analysis and interpretation above has been described with respect to one genetic variation.
However, it is to be understood that the present chip generally includes probes for detection of
multiple genetic variations which can be analysed at the same time. Thus the present methods

include analysis of multiple genetic variations, as described herein, in parallel.

In a further aspect the invention relates to a computer system comprising a processor and means
for controlling the processor to carry out a computational method of the invention.

The invention additionally relates to a computer program comprising computer program code which
when run on a computer or computer network causes the computer or computer network to carry
out a computational method of the invention. The computer program may be stored on a computer

readable medium.

In addition to the probes and chips described herein, the inventors have also designed and
validated oligonucleotide primers which are capable of amplifying, e.g. by means of multiplex PCR,
target DNA regions containing the human genetic variations associated with RA in Table 1A. These
primers are useful in preparing nucleic acid for use in the present genotyping, prognostic and

therapeutic methods.

Table 3 lists pairs of primers which amplify target DNA regions containing the RA associated
genetic variations in Table 1A (SEQ ID NOS 361-540) along with the corresponding genetic

variation.

The listed oligonucleotide primers have the advantage of allowing specific amplification of the said
target DNA regions in a very low number of PCR reactions. The listed primers allow, in a minimum
number of multiplex PCR reactions, amplification of all the fragments necessary for genotyping the
genetic variations in Table 1A, and which may be analyzed on Artchip.
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In a further aspect, the present invention relates to each of the PCR primers listed in Table 3, and
in particular to each of the listed pairs of PCR primers and their use in PCR amplification, e.g. in a
multiplex PCR reaction, of a target DNA region containing the corresponding genetic variation. The
invention in one aspect provides any one of these primers or pairs of primers for use in medicine, in

particular for use in the present genotyping, prognostic or therapeutic methods.

The invention further relates to a PCR amplification kit comprising at least one pair of listed PCR
primers. The kit may additionally include, for example, a (thermostable) polymerase, dNTPs, a
suitable buffer, additional primers, and/or instructions for use, e.g. to amplify a target DNA region
containing the corresponding genetic variation. The kit may be used for amplification of target DNA

regions from nucleic acid samples, for use in the present methods.

In another aspect the present invention relates to a genotyping or diagnostic (preferably in vitro) kit
for genotyping RA associated genetic variations and/or for diagnosing RA or susceptibility to RA.
The kit comprises a DNA-chip or array according to the invention. The kit may additionally
comprise instructions for use of the chip in a genotyping method of the invention, for example
instructions for use in the present analytical method or algorithm. Further components of a kit may
include:

- computer software, a computer program or a computer system according to the invention;

- one or more PCR primers or pairs of PCR primers according to the invention; and/or

- a PCR amplification kit according to the invention.

The probes for the chip or PCR primers may be selected as above depending on the genetic

variations to be detected or the diagnostic purpose of the kit.
The kit may contain one or more positive and/or negative controls of the hybridisation reaction.

The invention further relates to the use of the kit in a genotyping, prognostic or therapeutic method

of the invention.

As described herein, the present genotyping methods are useful for diagnosing RA or susceptibility
to RA in a subject. The genotyping results obtained in the methods may be used to determine
prognosis and may be useful in determining the appropriate treatment for RA (e.g. by predicting

response to therapy).

RA presents a number of phénotypes, most notably in terms of disease severity. Mild disease is
distinguished from severe and destructive disease, as well as the speed and nature of disease

progression, and this clinical heterogeneity correlates with genetic heterogeneity.
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Particular genetic variations associated with RA may be predictive of particular phenotypes or
development of particular phenotypes and hence disease progression. In other words, it may be
that there is a statistically significant association between e.g. the mutant allele B, of a given

genetic variation and the occurrence/development of a particular phenotype.

Since the present genotyping methods allow reliable genotyping of multiple genetic variations in a
clinical setting, these can be used to genotype individuals of known RA phenotype, and to thus
identify genetic variations predictive of particular RA phenotypes.

In one aspect the invention therefore relates to a method of identifying genetic variations predictive
of a particular RA phenotype, such as the phenotypes listed above. The method involves
genotyping a plurality of individuals with respect to one or more genetic variations associated with
RAa using a method of the invention. In such a retrospective study typically 300-1000 individuals
are genotyped, for example 400,500 or 600 individuals may be genotyped. The phenotype of each
individual is already known based on standard clinical procedures.

Once the genotypes are obtained, this data is compared with the phenotype data and statistically
significant associations between particular genotypes and particular phenotypes are identified.

Methods for determining statistical significance are known in the art.

The genetic variations identified as predictive of particular phenotypes/disease course can then be
used to diagnose these phenotypes/disease courses in test individuals, by genotyping the
individuals with respect to the predictive genetic variation(s). Thus it is possible to determine the
likely course of disease progression in the individual. Genotyping can be done by any appropriate
method, depending on the number of variations to be tested. For example, a genotyping method of
the invention may be used. Alternatively, sequence based or other chip-based methods may be

appropriate.

Thus in one aspect the invention further relates to a method of diagnosing RA phenotype or
predicting the likely course of disease progression in an individual by determining the genotype of
the individual with respect to one or more genetic variations which have been identified as
predictive (of the particular RA phenotype or disease course) by the methods described herein.

Once the prediction has been made, it will then be possible to select the most suitable therapeutic

approach, e.g. to determine the need for surgical intervention.

The present arrays and methods thus provide a means for clinicians to predict the likely course of
disease progression in RA patients and also aid in the selection of the most suitable treatment
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regime. They are therefore useful prognostic tools. Genotype information obtained according to
the present invention may aid in clinical decision making or diagnosis in cases where symptoms
(disease phenotype) are ambiguous. Genetic information provided by Artchip or other methods
could also help in determining the likelihood of disease development in asymptomatic individuals
(e.g. immediate family members of RA sufferers) allowing, for example, guidance on lifestyle and
diet to be provided and indicating the need for continued monitoring of individuals who have a
genetic constitution that indicates possible susceptibility to disease development.

In one aspect the invention therefore relates to a method of diagnosing RA or susceptibility to RA in
an individual, or determining the likely course of disease progression in an individual as above.
Preferably the method is in vitro. The invention further relates to a method of selecting a treatment,
for an individual having RA, in some cases where the individual has been diagnosed or tested
according to the methods of the invention. Still further the invention in some aspects relates to
methods of treating an individual suffering from RA, wherein, after the treatment is selected, the

treatment is administered to the individual.

The diagnostic, predictive and therapeutic methods may comprise carrying out a genotyping
method of the invention as described herein. Any of the methods may involve carrying out a
training method of the invention as described herein in order to derive linear functions for use in
determining genotype. Further the methods may comprise the use of a chip, computer system,
computer program, oligonucleotide probes or pair or set of probes, oligonucleotide primer or pair of
primers, PCR amplification kit or diagnostic kit of the invention as described herein.

Apart from the contribution to the diagnosis and treatment of RA and the development of new
therapeutic strategies for this disease, the present invention is useful for elucidating the
physiopathology of the inflammatory reaction in RA which will also be of great interest for the study
of other diseases, of an autoimmune base, and belonging to fields so diverse such as pneumology,

dermatology, etc.

in one aspect the present invention relates to a microarray adapted for use in the present methods

as described herein.

The invention further relates to the use of one or more oligonucleotide probe(s) and/or one or more
primer(s) or primer pair(s) of the invention in a method for prognosing RA, such as a method

described herein.

Further aspects of the invention will now be illustrated with reference to the accompanying Figures

and experimental exemplification, by way of example and not limitation. Further aspects and
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embodiments will be apparent to those of ordinary skill in the art. All documents mentioned in this
specification are hereby incorporated herein by reference.
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EXAMPLES

Although in general, the techniques mentioned herein are weil known in the art, reference may be

made in particular to Sambrook et al, 1989, Molecular Cloning: a laboratory manual.

Example 1- Detection of RA associated human genetic variations using a DNA-chip
according to the invention (Artchip)

1.1_Desiagn of the DNA-chip for genotyping RA associated genetic variations
A DNA-chip to detect human genetic variations associated with RA which permits simultaneous,

sensitive, specific and reproducible detection was designed and manufactured. The said genetic
variations are related to a greater or lesser risk of suffering from RA, a better or worse response to
treatment and also a better or worse prognosis of the disease. lilustrative examples of human
genetic variations associated with antigens connected to RA which can be determined using this
DNA-chip are shown in Table 1A and 1B.

The DNA-chip designed and manufactured consists of a support (glass slide) which shows a
plurality of probes on its surface that permits the detection of genetic variations previously
mentioned. These probes are capable of hybridizing with the amplified sequences of the genes
related to RA. The DNA sequences of each one of the probes used are listed in Table 2 (Figure 2)
In general, the name of the gene and the mutation is indicated (change of nucleotide, “ins”:
insertion “del” deletion or change of aminoacid) All of the listed probes have been technically

validated.

The probes are listed below in probes sets, each set consisting of 4 or more probes. The listed
probes correspond to SEQ ID NOS: 1-360 with consecutive probes given consecutive SEQ ID
NOS. For example, the probes listed below the set for analysis of the C1672T polymorphism
correspond to SEQ ID NOS: 1-4 respectively, with the first listed probe SEQ ID NO: 1 and the
fourth listed probe in the set, SEQ ID NO: 4. Similarly, for example, the probes listed below in the
set for analysis of the (VEGF) G1154A polymorphism correspond to SEQ ID NOS: 37 -40, with the
first listed probe SEQ ID NO: 37 and the fourth listed probe in the set SEQ ID NO: 40.

1.2 Production of the DNA-chip

Printing and processing of the glass slides

The probes capable of detecting the genetic variations previously identified are printed onto
aminosilane coated supports (glass slides) using DMSO as a solvent. The printing is carried out
using a spotter or printer of oligonucleotides (probes) while controlling the temperature and relative

humidity.
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The joining of the probes to the support (glass slides) is carried out by means of crosslinking with
ultraviolet radiation and heating as described in the documentation provided by the manufacturer

(for example, Corning Lifesciences http://www.corning.com). The relative humidity during the

deposition process is maintained between 40-50% and the temperature around 20°C.

1.3 Validation of the clinical usefulness of the DNA-chip

1.3.1 Preparation of the sample to be hybridized

The DNA of the individual is extracted from a blood sample by a standard protocol of filtration. (For
example, commercial kits from Macherey Nagel, Qiagene etc).

Target DNA regions containing the genetic variations of interest are ampilified by multiplex PCR
using appropriate pairs of oligonucieotide primers. Any suitable pair of oligonucieotides can be
used which allow specific amplification of genetic fragments where a genetic variation to be
detected might exist. Advantageously, those pairs of oligonuclectide primers which permit the said
amplifications to be performed in the least possible number of PCR reactions are used.

The oligonucleotide primers used to PCR amplify target regions containing the genetic variations in
Figure 1 are listed in Table 3 (Figure 3). These primers represent an additional aspect to the

invention.

The PCR multiplex reactions are carried out simultaneously under the same conditions of time and
temperature which permit specific amplification of the gene fragments in which the genetic
variations to be detected might exist. Once the PCR multiplex has finished, agarose gel analysis is
used to check that the amplification reaction has taken place.

Next, the sample to be hybridized (products of amplification) is subjected to fragmentation with a
DNase and the resulting fragmentation products subjected to indirect labelling. A terminal
transferase adds a nucleotide, covalently joined to one member of a pair of molecules that
specifically bind to one another (e.g. biotin allowing subsequerit specific binding to streptavidin) to
the ends of these small DNA fragments.

Before applying the sample to the DNA-chip, the sample is denatured by heating to 95°C for 5
minutes and then, the “ChipMap Kit Hybridization Buffer” (Ventana Medical System) is added.

1.3.2 Hybridization

Hybridization is carried out automatically in a hybridisation station such as the Ventana Discovery
(Ventana Medical Systems) that has been specifically developed for such a use. Alternatively

hybridisation can be performed manually.
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The prehybridization and blocking of the slides is carried out with BSA. Next, the hybridization
solution {ChipMap Kit Hybridization Buffer, Ventana Medical System) is applied to the surface of
thé DNA-chip which is maintained at 45°C for 1 hour following the protocol of Ventana 9.0 Europe
(Ventana Medical System). Finally the slides are subjected to different cleaning solutions (ChipMap
hybridisation Kit Buffers, Ventana Medical System). Once the process of hybridization has finished,

the final cleaning and drying of the slides begins.

When hybridization has taken place, the DNA chip is developed by incubation with a fluorescently
labelled molecule that is able to specifically bind to the molecule incorporated into the amplification
product by terminal transferase (e.g. in the case of biotin incorporation a fluorophore coupled to
streptavidin such as streptavidin—Cy3 can be used) to label the probe positions where hybridization
has occured.

1.3.3. Scanning the slides

The slides are placed in a fluorescent confocal scanner, for example Axon 4100? and the signal
emitted by the fluorophore is scanned when stimulated by the laser.

1.3.4 Quantification of the image

The scanner's own software allows quantification of the image obtained from the signal at the
points where hybridization has taken place.

1.3.5 Interpretation of the results

From the signal obtained with the probes which detect the different genetic variations, the genotype
of the individual is established. In the first instance the scanner software executes a function to
subtract the local background noise from the absolute signal intensity value obtained for each
probe. Next, the replicates for each of the 4 probes that are used to characterize each genetic
variation are grouped. The average intensity value for each of 4 probes is calculated using the
average collated from the replicates in order to identify abnormal values (outliers) that can be
excluded from further consideration. Once the average intensity value for each of the probes ié
known then two ratios are calculated (ratio 1 and ratio 2):

Average intensity for probe 1

Ratio 1 =
Average intensity for probe 1 + Average intensity
for probe 2
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Average intensity for probe 3
Ratio 2 =

Average intensity for probe 3 + Average intensity

for probe 4

wherein probe 1 detects (is capable of specifically hybridising to) genetic variation A (e.g. a normal
allele), probe 2 detects (is capable of specifically hybridising to) genetic variation B (e.g. a mutant
allele), probe 3 detects (is capable of specifically hybridising to) genetic variation A (e.g. a normal
allele) and probe 4 detects (is capable of specifically hybridising to) genetic variation B (e.g. a
mutant allele).

These ratios are substituted in three linear functions which characterize each one of the three
possible genotypes:

AA Function 1
AB Function 2
BB Function 3

The function which presents the highest absolute value determines the genotype of the patient.

In this case, the linear functions are obtained by analyzing 5 subjects for each of the three possible
genotypes of the genetic variation (AA, AB, BB). With the results, ratios 1 and 2 are calculated for
the 15 subjects. These ratios are classification variables for the three groups to create the linear
functions, with which the discriminatory capacity of the two pairs of designed probes are evaluated.
If the discriminatory capacity is not 100%, the probes are redesigned. New subjects characterized
for each of the three genotypes make up new ratios 1 and 2 to perfect the linear functions and in
short, to improve the discriminatory capacity of the algorithm based on these three functions.

When using a confocal fluorescent scanner, to obtain reliable results it is preferable that ratios 1
and 2 are within the range of the ratios used to build the groups, the average fluorescence intensity
of the 4n (for example 40) replicates with regard to background noise is greater than 5 and the

coefficient of variation of all of the DNA-chip replicates is below 0.25.

Again when a fluorescent confocal scanner is used in the experiment, for a complete hybridization
to be considered reliable preferably the ratio of probe fluorescence intensity to background noise of
all the DNA-chip probes is above 15. Likewise, the average of all the ratios is preferably above 0.6

and the negative control is preferably less than or equal to 3 times the background noise
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To sum up, in this case 4 probes (repeated 10 times) are presented on the slide for detection of
each mutation. Two of the probes detect one genetic variation (A) and the other two the other

genetic variation (B). The examined base is located in the central position of the probes.

A subject homozygous for the genetic variation A will not show genetic variation B. Consequently,
in the image obtained from the glass support the probes which detect genetic variation B will shov&
a hybridization signal significantly less than that shown by variation A and vice versa. In this case
the ratios 1 and 2 will show 1 and the subjects will be assigned as homozygous AA by the software

analysis.

On the other hand, a heterozygous subject for the determined genetic variation shows both the
genetic variations. Therefore, the probes which detect them show an equivalent hybridization
signal. The ratios 1 and 2 will show 0.5 and the subject will be assigned as heterozygous AB by the

software analysis.

The oligonucleotide primers used to amplify (by means of PCR multiplex) target regions cbntaining
RA associated genetic variations in Figure 1 are listed in Table 3. The said oligonucleotide primers

represent an additional aspect to the present invention.

Oligonucleotide primers used for PCR amplifications are listed in Table 3. These correspond to
SEQ ID NOS: 361-540, with primers numbered consecutively as they are listed.
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Example 2 — Establishing models for predicting RA phenotypes
Methods

Study design

Patients with RA fulfilling the 1987 ACR criteria were enrolled from five Rheumatology Departments
of university hospitals in Spain: Hospital Puerta de Hierro (Madrid), Hospital Virgen de las Nieves
(Granada), Hospital Clinic (Barcelona), Hospital La Paz (Madrid) and Hospital Juan Canalejo (A
Corufia). In order to have a homogeneous therapeutical management, the patients included in the
study had to be diagnosed and treated in a Rheumatology Service after 1% January 1990, that is to
say, the samples should have at least five years of follow-up. Complete inclusion criteria were the
following: 1) patients disclosed according to American College of Rheumatology (ACR) criteria, 2)
RA onset after 18 years old, 3) with radiological erosions. 4) caucasian, 5) more than 5 years of
evolution and 6) diagnosed after the 1 January 1990. A total of 375 individuals matching those

criteria were included in the study.

Baseline clinical and analytical variables were recorded from every patient: onset age, number of
involved joints, anti-cyclic citrullinated peptide, erythrocyte sedimentation rate, rheumatoid factor,
C-reactive protein, gender, age and smoking status. The study adhered to the Helsinki Declaration
(World Medical Association) and the EMEA (European Medicines Agency) recommendations.

Studied phenotypes

After five years of follow-up the seven following outcomes were considered: 1) Aggressiveness;
prediction of aggressive RA was analyzed by studying different sub-phenotypes: 1.1) Patients with
Health Assessment Questionnaire (HAQ) greater than 2, wherein indicates RA causing important
functional incapacity. 1.2) Patients showing multiple erosions in hands and feet. 1.3) Patients.
receiving more than three different treatments. 1.4) Patients whose disease obliged them to leave
their jobs. 1.5) Patients receiving an articular prosthesis due to RA. 2) Therapy response;
prediction of patients showing methotrexate intolerance. 3) Remission; defined as complete
absence of joint symptoms without therapy, for at least 5 years. Every patient was classified as

No/Yes (0/1) regarding those seven phenotypes.

Genotyping and Single Nucleotide Polymorphism (SNP) selection

Peripheral blood (2 ml) was obtained from each patient, placed in an EDTA-treated tube. Plasma
DNA was extracted with the QlAamp DNA Blood MiniKit (Qiagen) following the manufacturer's
specifications. Genotyping was carried out using ARTchip DNA microarray. Several SNPs
belonging to genes coding for protein involved in innate and adaptive immunity and metabolism of
the bone and of the cartilage were genotyped for each patient. The SNP selection was based on

previous published data, emerging pharmacological therapies and our own research expertise. The
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SNP selection in those genes was based on a minor allele frequency of 0.1. Only “TagSNPs”
(R2<0.8) were taken into account as this gave more statistical power by reducing the degrees of
freedom (df) of our tests.

Foward TAG SEQ ID NO 554 GCTAGATGAAGAGCAAGCGC
Reverse TAG SEQ ID NO 555 TACAACCGACAGATGTATGT

From all the SNPs genotyped, only one fraction was included in the stepwise logistic regression
analysis to limit the overall false-positive rate. First of all, chi-squared ()(2) tests were performed in
order to test the conformity with Hardy-Weinberg expectations (HWE) of the genetic
polymorphisms under analysis. Only SNPs that agreed HWE law in both separate groups under
analysis were included in this study. SNPs with extremely high deviations from the predictions of
HWE (p values lower than 0.01) were excluded from the analysis as deviations could indicate
problems such as genotyping errors. In addition, single locus association tests between SNP allele
frequency (allelic associations) and patient phenotype were carried out using the standard
contingency x2 test, and p-values were determined, including Bonferroni correction for multiple
testing. The possibility that deviations from HWE in our overall population (both phenotypes under
analysis together) could be important in disease causation was also investigated by combining the
effect of the allelic association and total HWE. The product of the HWE p-value and the ailelic
association p-value was used to rank the SNPé ih order of importance. The ones with the smallest
p-values were included in the regression analysis. All the genetic analyses were carried out using
HelixTree® software (Golden Helix, Inc., Bozeman, MT, USA).

Statistical modelling

The statistical analysis was carried out between the patient groups (Nb-O/Yes-1) to attempt
discrimination between both groups for each of the seven different studied phenotypes. Seven
different models were evaluated: one model to distinguish between HAQ<2 and HAQ>2 (model 1),
one model to distinguish patients with or without multiple erosions in hands and feet (model 2), one
model to distinguish patients receiving equal or more than or less than three different treatments
(model 3); one model to distinguish patients whose disease obliged them to leave their jobs (Yes or
No) (model 4); one model to distinguish patients receiving an articular prosthesis due to RA (Yes or
No) (model 5); one model to distinguish patients showing methotrexate intolerance (Yes or No)
{model 6) and one model to distinguish patients achieving remission (Yes or No) (model 7).

Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS
Inc. Headquarters, Chicago, IL, USA) version 11.0. Multiple genotype-phenotype associations were
analysed by means of multivariate logistic regression (Forward LR) with clinically determined
disease phenotypes as dependent variables and the individual loci and clinical and analytical data
as independent variables. The goodness of fit of the models was evaluated using Hosmer-

Lemeshow statistics and their accuracy was assessed by calculating the area under the curve
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(AUC) of the Receiver Operating Characteristic curve (ROC) with 95% confidence intervals. The
exblained variability of the models on the basis of the SNPs was evaluated by means of the R?
Nagelkerke. To measure the impact of the SNPs and variables included in the models of the
analysed phenotypes, the sensitivity, specificity, and positive likelihood ratio (LR+ = sensitivity/(1-
specificity)) were computed by means of ROC curves.

Results

To differentiate between HAQ>2 (model 1) 3 predictors (2 SNPs + 1 clinical variable) entered into
the forward LR model. For model 2 (Multiple erosions) 4 predictors SNPs + 2 clinical variables
entered in the model. For model 3 (3 or more treatments) 3 predictors SNPs + 4 clinical variables
entered in the model. For model 4 (leaving the job) only 3 predictors SNPs entered in the model.
For model 5 (articular prosthesis) 4 predictors SNPs + 2 clinical variable entered in the model. For
model 6 (Methotrexate intolerance) 1 predictors SNPs + 1 clinical variable entered in the model.
Finally, for model 7 (achieving remission status) 2 predictors SNPs + 1 clinical variable entered in
the model. The SNP variables and clinical variables included on each model are listed in Table 11A
(Figure 11A).

Information regarding the variables (clinical .and SNPs) remaining in each function is shown in.
Tables 4 to 10. Regression probability functions are built using the Statistical Package for the
Social Sciences (SPSS Inc. Headquarters, Chicago, IL, USA) version 14.0. SPSSvi4. B is the
coefficient associated to each genotype in the probability function. ET is the error in the calculation
of B. Wald is the statistical test. GL freedom degrees. Sig. P value of B for the Wald test. Exp (B) is
Relative Risk.

The contribution of genetic and clinical factors to studied RA phenotypes can be further
demonstrated by the substantial proportion of variance (R2 Nagelkerke) explained by the functions
(26.0% for model 1; 43.6% for model 2; 20.1% for model 3; 18.3% for model 4; 15.3% for model 5;
18.3% for model 6 and 26% for model 7). Probability functions and ROC curves were obtained for
each phenotype analysed. ROC curves, sensitivity, specificity and positive likelihood ratios (LR+) of
all the models are given in Figures 4 to 10.

Nagelkerke R2 is a way of measuring the proportion of variants explained by the function. The
area under the ROC curve (ROC AUC) is a measure of test performance or diagnostic accuracy.
The positive likelihood ratio (LR+) is calculated as sensititivty/1- specificity.

Discussion

Likelihood ratios are a useful and practical way of expressing the power of diagnostic tests. Four of
the seven models described in this patent present a relatively high LR value, thus evidencing the
capacity of the SNP combinations studied to predict that particular phenotype. The high ROC-
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AUCs obtained for these models provides further evidence for the high discriminatory power of the
SNP combinations used. The usefulness of the ROC-AUC magnitude as a tool for evaluating the
strength of the relationship between genotypes and disease has been described previously. Using
these SNPs to obtain a genetic profile of the patient provides an extra tool for the physician to
differentiate between patients with a different course of the disease, possibility of remission,
presence of major erosion on the X-rays and number of treatment needed. For the remaining
models we obtained a lower LR probably due to the fact that the studied phenotype is also
dependent on environmental factors not calculated in our functions. However with these models,
based mainly on genetics factors, physicians can reasonably consider the possibility of a surgical
intervention, that a patient could leave its job and the possibility of a different therapy. The clinical
symptoms, together with biochemical routine tests form part of the diagnosis of RA and are
necessary for a correct therapeutic and prognostic orientation. The models described herein, based
both on genetics and biochemical laboratory data, are suitable for use during the follow-up of RA
patients and allow the identification of well defined patient subtypes, giving important indications on

their future treatment.
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CLAIMS

1. A method of prognosing a rheumatoid arthritis (RA) phenotype in a subject, which comprises:

(1) obtaining outcomes for one or more single nucleotide polymorphism variables and one or more
clinical variables listed in Table 11A for the subject; and

(11) using the outcomes obtained in (1) to prognose the phenotype;

wherein

(i) an outcome for an SNP variable is the identity of the nucleotide in the genomic DNA of the
subject at the position of the single nucleotide polymorphism;

(i) an outcome for the clinical variable ANTI-PCC is the level of anti-cyclic citrullinated peptide
antibody in the serum of the subject;

(iii) an outcome for the clinical variable ANTI-PCC Bl is a binary representation of the level of anti-
cyclic citrullinated peptide antibody in the serum of the subject;

(iv) an outcome for the clinical variable VSG is the erythrocyte sedimentation rate in the blood of
the subject;

(v) an outcome for the clinical variable NOARTDOL is the number of painful joints referred by the
subject;

(vi) an outcome for the clinical variable RF is the level of Rheumatoid Factor antibody in-the serum
of the subject; }

(vii) an outcome for the clinical variable PCR is the lével of C-reactive protein in the blood; and

(viii) an outcome for the clinical variable onset age is the age in years at which the subject was
diagnosed with RA; -

and wherein: .

(a) the RA phenotype is a health assessment questionnaire (HAQ) score of >2 (HAQ>2) and the
variables for which outcomes are obtained in step (I) comprise the HAQ>2 SNP and clinical
variables in Table 11A; and/or

(b) the RA phenotype is presence of multiple of erosions in the hands and feet (RX2) and the
variables for which outcomes are obtained in step () comprise the RX2 SNP and clinical variables
in Table 11A; and/or

(c) the RA phenotype is receiving 3 or more different treatments (TTO_30M) and the variables for
which outcomes are obtained in step (I) comprise the TTO_30M SNP and clinical variables in Table
11A; and/or

(d) the RA phenotype is being forced to leave employment because of RA (leaving the job) and the
variables for which outcomes are obtained in step (I) comprise the “leaving the job” SNP and
clinical variables in Table 11A; and/or

(e) the RA phenotype is receiving an articular prosthesis (surgical intervention) and the variables
for which outcomes are obtained in step (I) comprise the “surgical intervention” SNP and clinical
variables in Table 11A; and/or
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(f) the RA phenotype is methotrexate intolerance and the variables for which outcomes are
obtained in step (I) comprise the “methotexate intolerance” SNP and clinical variables in Table 11A;
and/or

(g) the RA phenotype is remission and the variables for which outcomes are obtained in step (1)
comprise the “remission” SNP and clinical variables in Table 11A.

2. A method according to claim 1 for prognosis of aggressive RA wherein the method comprises
prognosis of one or more of the HAQ>2, RX2, TTO_30M, leaving the job and surgical intervention
phenotypes.

3. A method according to claim 2 which further comprises prognosing the methotrexate intolerance
and/or remission phenotype.

4. A method according to any of the preceding claims wherein in any of (a) to (g) the variables for
which outcomes are obtained in step (I) consist of the SNP and clinical variables listed in Table
11A for the phenotype.

5. A method according to any of the preceding claims wherein in step (ll), only the outcomes
obtained in step (|} are used to prognose the phenotype. '

6. A method according to any of the preceding claims wherein obtaining outcomes for SNP

variables comprises microarray analysis or sequencing.

7. A method according to any of the preceding claims wherein obtaining outcomes for SNP

variables comprises the use of one or more oligonucleotide probe pairs listed in Figure 2.

8. A method according to any one of the preceding claims wherein obtaining outcomes for SNP
variables comprises amplification of nucleic acid obtained from the subject.

9. A method according to claim 8 which comprises use of one or more oligonucleotide primer pairs
listed in Figure 3.

10. A method according to any one of the preceding claims wherein step (II) comprises:

(i) inputting the outcomes determined in step(l) into a probability function thereby calculating a
probability function value; and

(i) comparing the probability function value with probability function values calculated for

individuals of known phenotype.
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11. A method of deriving a probability function for use in prognosing an RA phenotype in a subject,
comprising: .

() providing a study population of individuals, wherein each individual is of known clinically.
determined phenotype with respect to the RA phenotype;

() obtaining, for each individual, outcomes for one or more single nucleotide polymorphism
variables and one or more clinical variables listed in Table 11A, thereby obtaining a set of
outcomes for each individual;

(111} applying stepwise multiple logistic regression analysis to the outcomes obtained in (Il) and the
known phenotypes referred to in (I); and

(IV) thereby deriving a probability function which produces a statistically significant separation
between individuals of different phenotype in the population; ‘
wherein:

(i) an outcome for an SNP is the identity of the nucleotide in the genomic DNA of the subject at the
position of single nucleotide polymorphism;

(ii) an outcome for the clinical variable ANTI-PCC is the level of anti-cyclic citrullinated peptide
antibody in the serum of the subject;

(ili} an outcome for the clinical variable ANTI-PCC Bl is a binary representation of the level of anti-
cyclic citrullinated peptide antibody in-the-serum of the subject; -

(iv) an outcome for the clinical variable VSG is the erythrocyte sedimentation rate in the blood of
the subject;

(v) an outcome for the clinical variable NOARTDOL is the number of painful joints referred by the
subject;

(vi) an outcome for the clinical variable RF is the level of Rheumatoid Factor antibody in the serum
of the subject;

(vii) an outcome for the clinical variable PCR is the level of C-reactive protein in the blood; and

(viii) an outcome for the clinical variable onset age is the age in years at which the subject was
diagnosed with RA;

and wherein:

(a) the RA phenotype is a health assessment questionnaire (HAQ) score of >2 (HAQ>2) and the
variables for which outcomes are obtained in step (If) comprise the HAQ>2 SNP and clinical
variables in Table 11A; and/or

(b) the RA phenotype is presence of multiple of erosions in the hands and feet (RX2) and the
variables for which outcomes are obtained in step (lI) comprise the RX2 SNP and clinical variables
in Table 11A; and/or

(c) the RA phenotype is receiving 3 or more different treatments (TTO_30M) and the variables for
which outcomes are obtained in step (ll) comprise the TTO_30M SNP and clinical variables in
Table 11A; and/or
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(d) the RA phenotype is being forced to leave employment because of RA (leaving the job) and the
variables for which outcomes are obtained in step (Il) comprise the “leaving the job” SNP and
clinical variables in Table 11A; and/or

(e) the RA phenotype is receiving an articular prosthesis (surgical intervention) and the variables
for which outcomes are obtained in step (ll) comprise the “surgical intervention” SNP and clinical
variables in Table 11A; and/or

(f) the RA phenotype is methotrexate intolerance and the variables for which outcomes are
obtained in step (ll) comprise the “methotexate intolerance” SNP and clinical variables in Table
11A; and/or |

(g) the RA phenotype is remission and the variables for which outcomes are obtained in step (l1)
comprise the “remission” SNP and clinical variables in Table 11A.

12. A computational method of deriving a probability function for use in prognosing an RA
phenotype in a subject which method comprises applying stepwise multiple logistic regression
analysis to outcomes data and phenotype data obtained from a suitable study population of
individuals, wherein each individual is of known clinically determined phenotype with respect to the
RA phenotype, thereby deriving a probability function which produces a statistically significant
separation between individuals of different phenotype in the population;

wherein:

(I) the phenotype data comprises the known clinically determined phenotype of each individual,

(1) the outcomes data for each individual comprises outcomes for one or more single nucleotide
polymorphism variables and one or more clinical variables listed in Table 11A;

wherein

(i) an outcome for an SNP is the identity of the nucleotide in the genomic DNA of the subject at the
position of single nucleotide polymorphism;

(i) an outcome for the clinical variable ANTI-PCC is the level of anti-cyclic citrullinated peptide
antibody in the serum of the subject;

(iii) an outcome for the clinical variable ANTI-PCC Bl is a binary representation of the level of anti-
cyclic citrullinated peptide antibody in the serum of the subject;

(iv) an outcome for the clinical variable VSG is the erythrocyte sedimentation rate in the blood of
the subject;

(v) an outcome for the clinical variable NOARTDOL is the number of painful joints referred by the
subject;

(vi) an outcome for the clinical variable RF is the level of Rheumatoid Factor antibody in the serum
of the subject;

(vii) an outcome for the clinical variable PCR is the level of C-reactive protein in the blood; and

(viii) an outcome for the clinical variable onset age is the age in years at which the subject was
diagnosed with RA,

and wherein:
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a) the RA phenotype is a health assessment questionnaire (HAQ) score of >2 (HAQ>2) and the
variables for which outcomes are obtained to provide the outcomes data in (II) comprise thé
HAQ>2 SNP and clinical variables in Table 11A; and/or

(b} the RA phenotype is presence of multiple of erosions in the hands and feet (RX2) and the
variables for which outcomes are obtained to provide the outcomes data in (ll) comprise the RX2
SNP and clinical variables in Table 11A; and/or

(c) the RA phenotype is receiving 3 or more different treatments (TTO_30M) and the variables for
which outcomes are obtained to provide the outcomes data in (I1) comprise the TTO_30M SNP and
clinical variables in Table 11A; and/or

(d) the RA phenotype is being forced to leave employment because of RA (leaving the job) and the
variables for which outcomes are obtained to provide the outcomes data in (ll) comprise the
“leaving the job” SNP and clinical variables in Table 11A; and/or

(e) the RA phenotype is receiving an articular prosthesis (surgical intervention) and the variables
for which outcomes are obtained to provide the outcomes data in (lI) comprise the “surgical
intervention” SNP and clinical variables in Table 11A; and/or

(f) the RA phenotype is methotrexate intolerance and the variables for which outcomes are

obtained to provide the outcomes data in (ll) comprise the “methotexate intolerance™ SNP and

- ~clinical variables in Table 11A; and/or ~

(g) the RA phenotype is remission and the variables for which outcomes are obtained to provide
the outcomes data in (Il) comprise the “remission” SNP and clinical variables in Table 11A.

13. A method according to claim 11 or 12 wherein in any of (a) to (g) the variables for which
outcomes are obtained to provide the outcomes data in (Il} consist of the SNP and clinical variables
listed in Table 11A for the phenotype

14. A method according to any one of claims 1 to 10 comprising use of a probability function

derived using the data in any of Tables 4 to 10.
15. A method according to claim 14 which is a computational method.

16. A method of prognosing an RA phenotype in a subject comprising determining the genotype of
the subject at one or more positions of single nucleotide polymorphism selected from the SNPs in
Table 12, wherein:

(a) the RA phenotype is a health assessment questionnaire (HAQ) score of >2 (HAQ>2) and the
one or more SNPs is selected from the HAQ>2 SNPs in Table 12; and/or

(b) the RA phenotype is presence of multiple of erosions in the hands and feet (RX2) and the one
or more SNPs is selected from the RX2 SNPs in Table 12; and/or

(c) the RA phenotype is receiving 3 or more different treatments (TTO_30M) and the one or more
SNPs is selected from the TTO_30M SNPs in Table 12; and/or



10

15

20

25

30

35

WO 2008/010085 PCT/IB2007/002366

74

(d) the RA phenotype is being forced to leave employment because of RA (leaving the job) and the
one or more SNPs is selected from the “leaving the job” SNPs in Table 12; and/or

(e) the RA phenotype is receiving an articular prosthesis (surgical intervention) and the one or
more SNPs is selected from the “surgical intervention” SNPs in Table 12; and/or

(f) the RA phenotype is methotrexate intolerance and the one or more SNPs is selected from the
“methotexate intolerance” SNPs in Table 12; and/or

(g) the RA phenotype is remission and the one or more SNPs is selected from the “remission”
SNPs in Table 12.

17. A method of selecting a suitable treatment for treating RA in a subject, the method comprising:
(a) prognosing an RA phenotype in the subject by a method according to any of claims 1 to 10 or
14 to 16; and

(b) selecting a treatment which is suitable for the determined RA phenotype.

18. A method of treating RA in a subject comprising:

(a) prognosing an RA phenotype in the subject by a method according to any of claims 1 to 10 or
14 to 16; and

(b) administering to the subject a treatment which is suitable for the determined phenotype.

19. An in vitro method for genotyping RA associated genetic variations in an individual, the method
comprising: .

(a) providing a sample containing nucleic acid which- comprises the genetic variations to be
genotyped (the target DNA);

(b) providing, for each genetic variation to be genotyped, at least 2 oligonucieotide probe pairs,
wherein:

(i) one pair consists of probes 1 and 2, and the other pair consists of probes 3 and 4;

(ii) one probe in each pair is capable of hybridising to genetic variation A and the other probe in
each pair is capable of hybridising to genetic variation B;

(iii) each probe is provided in replicates; and

(iv) the probe replicates are deposited at positions on a solid support according to a known uniform
distribution;

(c) contacting the target DNA with the probes under conditions which allow hybridisation to occur,
thereby forming nucleic acid-probe hybridisation complexes, wherein each complex is detectably
labelled;

(d) determining the intensity of detectable label at each probe replica position, thereby obtaining a
raw intensity value;

(e) optionally amending the raw intensity value to take account of background noise, thereby

obtaining a clean intensity value for each replica; and
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(e) applying a suitable algorithm to the intensity data from (d) or (e), thereby determining the
genotype with respect to each genetic variation, wherein application of the algorithm comprises
calculating an average intensity value from the intensity values for each of the replicas of each
probe and wherein the algorithm uses three linear functions that characterise each of the three
possible genotypes AA, AB or BB for the genetic variation.

20. A method according to claim 19 wherein the genetic variations comprise single nucleotide
polymorphisms (SNPs).

21. A method according to claim 19 or 20 wherein the genetic variations comprise at least 5

variations selected from those in Table 1A or 1B.

22. A method according to any one of claims 19 to 21 wherein the genetic variations comprise the

variations in Table 1A or 1B.
23. A method according to any one of claims 19 to 22 wherein step (a) further comprises:
(i) amplifying regions of nucleic acid comprising a genetic variation to be tested; and optionally

(i) fragmenting the products of amplification.

24. A method according to claim 23 wherein amplification is carried out using the polymerase chain
reaction (PCR).

25. A method according to claim 24 which comprises use of at least one pair of PCR primers

selected from those in Table 3.

26. A method according to any one of claims 23 to 25 wherein the amplification products or the

fragmentation products are detectably labelled.

27. A method according to any of claims 19 to 26 which further comprises extracting the nucleic

acid from a biological sample obtained from an individual.

28. A method according to claim 27 wherein the nucleic acid extracted from the sample is DNA or
RNA.

29. A method according to claim 28, further comprising producing cDNA from extracted RNA.

30. A method according to any one of claims 19 to 29 wherein the detectable label is a fluorescent

label.
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31. A method according to any one of claims 19 to 30 wherein the intensity of detectable label is

determined using a scanner.
32. A method according to claim 31 wherein the scanner is a fluorescent confocal scanner.

33. A method according to any one of claims 19 to 32 wherein the probes are not grouped on the
support according to genetic variation.

34. A method according to any one of claims 19 to 33 wherein the support comprises at least one

pair of probes of 19 to 27 nucleotides in length.

35. A method according to any one of claims 19 to 34 wherein the support comprises at least one
pair of probes having the genetic variation to be tested at the central position of the probes.

36. A method according to any one of claims 19 to 35 wherein the support comprises at least one
probe, probe pair or probe set selected from the probes, probe pairs and probe sets in Table 2.

37. A method according to claim 36 wherein the support comprises at least 10, at least 20, at least
40, at least 60, or at least 80 probe pairs or probe sets selected from the probe pairs and probe
sets in Table 2.

38. A method according to claim 37 wherein the support comprises the probe sets in Table 2.

39. A method according to any one of claims 19 to 34 wherein step (c) further comprises, after
hybridisation of nucleic acid to probe, performing an amplification or ligation reaction on the solid

support.

40. A method according to claim 39 wherein the amplification reaction comprises a primer

extension reaction or an oligonucleotide ligation assay (OLA) reaction.

41. A method according to claim 39 or 40 wherein labelling is carried out before hybridisation or
during post hybridisation amplification.

42. A method according to any one of claims 19 to 41 wherein the solid support is glass.

43. A method according to any one of claims 19 to 42 wherein each probe is provided in at least 6,

8 or 10 replicates.
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44. A method according to any one of claims 19 to 43 wherein the solid support comprises probes

for genotyping at least 10, at least 20, at least 40 or at least 80, RA associated genetic variations.

45. A method according to any one of claims 19 to 44 wherein the solid support comprises probes
for genotyping at least 10, at least 20, at least 40, at least 60 or at least 80, RA associated genetic
variations listed in Table 1A or 1B.

46. A method according to claim 45 wherein the solid support comprises probes for genotyping the
RA associated genetic variations listed in Table 1A or 1B.

47. A method according to any one of claims 19 to 46 wherein the solid support additionally
comprises one or more control probes.

48. A method according to any one of claims 19 to 47 wherein calculating the average intensity
value for each probe comprises eliminating outlying intensity values.

49. A method according to any one of claims 19 to 48 wherein the algorithm uses 3 linear functions
(Functions 1, 2 and 3) which characterise each of the 3 possible genotypes for each genetic
variation;

wherein:

Function 1 .is the linear function that characterises individuals with the genotype AA and consists of
a linear combination of ratios 1 and 2;

Function 2 is the linear function that characterises individuals with the genotype AB and consists of
a linear combination of ratios 1 and 2;

Function 3 is the linear function that characterises individuals with the genotype BB and consists of

a linear combination of ratios 1 and 2; and

the linear functions are formed by coefficients which accompany the variables ratio 1 and 2;

and wherein:

ratio1 = average intensity value for probe 1
average intensity value for probe 1

+ average intensity value for probe 2

and
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ratio 2 = average intensity value for probe 3
average intensity value for probe 3

+ average intensity value for probe 4

and wherein:

probes 1 and 3 detect genetic variation A and probes 2 and 4 detect genetic variation B.

50. A method according to claim 49 wherein the coefficients in the three linear functions have been
determined by a training method comprising calculating ratios 1 and 2 for “n” control individuals
having each of the genotypes AA, AB and BB, and obtaining suitable coefficients for the 3
genotypes in a discriminating analysis.

51. A method according to claim 50 wherein “n” is a number which is at least 3.

52. A method according to any one of claims 49 to 51 wherein the discrimination capacity of the
three functions with respect to the three genotypes is 100%.

53. A method according to any one of claims 49 to 52 which comprises calculating ratios 1 and 2
and substituting the ratios in the linear functions 1, 2 and 3, wherein the function that has the
greatest absolute value determines the genotype that the individual presents in relation to the

genetic variation being tested.

54. A method according to any one of claims 49 to 53 which further comprises using ratios 1 and 2
calculated for an individual being genotyped to redetermine the coefficients for the three linear

functions in a feedback optimisation step.

55. A method according to any one of claims 50 to 54 wherein ratios 1 and 2 determined for an
individual being genotyped are within the range of the ratios 1 and 2 used to determine the

coefficients in the three linear functions.

56. A method according to any one of claims 49 to 55 wherein:

- the average fluorescence intensity of 4n replicas (where “n” is the number of replicas for
each probe)with regard to the background noise is greater than 5, when intensity is
determined by the use of a confocal fluorescent scanner; and/or

- the coefficient of variation between the intensity values for the replicas of a given probe is
less than 0.25.
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57. A method according to any one of claims 49 to 56 wherein, when a fluorescent confocal
scanner is used to determine intensities:
- the ratio of the sum of the raw intensity values for all probe replicas on a chip to the
intensity of the background noise is greater than 15; and/or
- the coefficient of variation between the intensity values for the replicas of a given probe is
less than 0.25; and/or

- the raw signal intensity value obtained for the negative controls is <3 times greater than the
intensity value of the background noise.

58. A computational method for obtaining a genotype from DNA-chip hybridisation intensity data
wherein the method comprises

using ratios 1 and 2 in each of three linear functions which characterise each of the three possible
genotypes, AA, AB and BB, for a genetic variation wherein:

Function 1 is the linear function that characterises individuals with the genotype AA and consists of
a linear combination of ratios 1 and 2;

Function 2 is the linear function that characterises individuals with the genotype AB and consists of

a linear combination of ratios 1 and 2;

Function 3 is the linear function that characterises individuals with the genotype BB and consists of

a linear combination of ratios 1 and 2; and

the linear functions are formed by coefficients which accompany the variables ratio 1 and 2;

and wherein:
ratio1 = average intensity value for probe 1
average intensity value for probe1
+ average intensity value for probe 2
and
ratio 2 = average intensity value for probe 3

average intensity value for probe 3

+ average intensity value for probe 4

and wherein:



10

15

20

25

30

35

WO 2008/010085 PCT/IB2007/002366

80

probes 1 and 3 detect genetic variation A and probes 2 and 4 detect genetic variation B; and
the average intensity values are obtainable by a method according to any one of claims 19 to 57.

59. A computational method according to claim 58 which further comprises calculating ratios 1 and
2 from average intensity values obtained for each probe.

60. A computational method according to claim 58 or 59 which further comprises collating intensity
values obtained for replicas of each probe and determining an average intensity value for each

probe.

61. A computational method according to any one of claims 58 to 60 which further comprises
amending a raw intensity value obtained for a replica of a probe to take account of background
noise, thereby obtaining a clean intensity value for the replica.

62. A computational method according to any one of claims 58 to 61 wherein the coefficients in the
three linear functions have been determined by a training method comprising calculating ratios 1
and 2 for “n” _g:ontrol individuals having each of the genotypes AA, AB and BB, and obtaining

suitable coefficients for the 3 genotypes in a discriminating analysis.
63. A computational method according to claim 62 wherein “n” is a number which is at least 3.

64. A computational method according to any one of claims 58 to 63 wherein the discrimination
capacity of the three functions with respect to the three genotypes is 100%.

65. A computational method according to any one of claims 58 to 64 which further comprises using
ratios 1 and 2 calculated for an individual being genotyped to redetermine the coefficients for the

three linear functions in a feedback optimisation step.

66. A method of deriving linear functions for use in a method according to any one of claims 19 to
65, the method comprising, for each of n individuals having genotype AA, n individuals having
genotype AB and n individuals having genotype BB with respect to a genetic variation:

(a) providing a sample containing nucleic acid which comprises the genetic variation (the target
DNA);

(b) providing, for the genetic variation, at least 2 oligonucleotide probe pairs (probes 1 + 2, and
probes 3 + 4), wherein:

(i) one pair consists of probes 1 and 2 and the other pair consists of probes 3 and 4,

(i) one probe in each pair is capable of hybridising to genetic variation A and the other probe in

each pair is capable of hybridising to genetic variation B;
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(i) each probe is provided in replicates; and

(iv) the probes are deposited at positions on a solid support which comprises additional deposited
probes, and the probes are deposited according to a known uniform distribution:

(c) contacting the nucleic acid sample with the probes under conditions which allow hybridisation to -
occur, thereby forming nucleic acid-probe hybridisation complexes, wherein each complex is
detectably labelled;

(d) determining the intensity of detectable label at each probe replica position thereby obtaining a
raw intensity value;

(e) optionally amending the raw intensity value to take account of background noise thereby
obtaining a clean intensity value for each replica;

(f) applying a suitable algorithm to the intensity data from (d) or (e), wherein application of the
algorithm comprises calculating an average intensity value from the intensity values for each of the
replicas of each probe and wherein the algorithm uses three linear functions intended to
characterise each of the three possible genotypes AA, AB or BB for the genetic variation; and

(9) deriving linear functions which maximise discrimination between the three genotype groups AA,
AB and BB in a discriminatory analysis.

67. A method according to claim 66 wherein the probes are not grouped on the support according

to genetic variation.

68. A method according to claim 66 or 67 wherein calculating the average intensity value for each

probe comprises eliminating outlying intensity values.

69. A method according to any one of claims 66 to 68 wherein the algorithm uses 3 linear functions
(Functions 1, 2 and 3) which characterise each of the 3 possible genotypes for each genetic
variation;

wherein:

Function 1 is the linear function that characterises individuals with the genotype AA and consists of

a linear combination of ratios 1 and 2;

Function 2 is the linear function that characterises individuals with the genotype AB and consists of

a linear combination of ratios 1 and 2;

Function 3 is the linear function that characterises individuals with the genotype BB and consists of

a linear combination of ratios 1 and 2; and

the linear functions are formed by coefficients which accompany the variables ratio 1 and 2;



10

15

20

25

30

35

WO 2008/010085 PCT/IB2007/002366

82

and wherein:
ratio 1 = average intensity value for probe 1

average intensity value for probe 1

+ average intensity value for probe 2
and
ratio 2 = average intensity value for probe 3

average intensity value for probe 3

+ average intensity value for probe 4
and wherein:

probes 1 and 3 detect genetic variation A and probes 2 and 4 detect genetic variation B.

70. A method according to any one of claims 66 to 69 wherein the discrimination capacity‘ of the

three functions with respect to the three genotypes is 100%.

71. A method according to any one of claim 66 to 70 wherein

the average fluorescence intensity of 4n replicas (where “n” is the number of replicas for
each probe)with regard to the background noise is greater than 5, when intensity is
determined by the use of a confocal fluorescent scanner; and/or

the coefficient of variation between the intensity values for the replicas of a given probe is
less than 0.25.

72. A method according to any one of claims 66 to 71 wherein, when a fluorescent confocal

scanner is used to determine intensities:

the ratio of the sum of the raw intensity values for all probe replicas on a chip to the
intensity of the background noise is greater than 15; and/or

the coefficient of variation between the intensity values for the replicas of a given probe is
less than 0.25; and/or

the raw signal intensity value obtained for the negative controls is <3 times greater than the

intensity value of the background noise.

73. A computational method of deriving linear functions for use in a method according to any one

of claim

s 19 to 65 using ratios 1 and 2 obtained for each of n individuals having genotype AA, n

individuais having genotype AB and n individuals having genotype BB with respect to a genetic

variation, which
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comprises:

(a) applying a suitable algorithm, wherein the algorithm uses three linear functions (Functions 1, 2
and 3) intended to characterise each of the three possible genotypes AA, AB or BB for the genetic
variation and wherein:

Function 1 is the linear function that characterises individuals with the genotype AA and consists of
a linear combination of ratios 1 and 2;

Function 2 is the linear function that characterises individuals with the genotype AB and consists of
a linear combination of ratios 1 and 2;

Function 3 is the linear function that characterises individuals with the genotype BB and consists of

a linear combination of ratios 1 and 2; and

the linear functions are formed by coefficients which accompany the variables ratio 1 and 2;

and wherein:
ratio1 = average intensity value for probe 1
average intensity value for probe 1
+ average intensity value for probe 2
and
ratio 2 = average intensity value for probe 3
average intensity value for probe 3
+ average intensity value for probe 4
and wherein:

probes 1 and 3 detect genetic variation A and probes 2 and 4 detect genetic variation B;

and

(b) deriving linear functions which maximise discrimination between the three genotype groups AA,
AB and BB in a discriminatory analysis, thereby obtaining coefficients for each of the three

functions;

wherein ratios 1 and 2 are obtainable by a method according to any one of claims 66 to 72.
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74. A computational method according to claim 73 which further comprises calculating ratios 1 and

2 from average intensity values obtained for each probe.

75. A computational method according to claim 73 or 74 which further comprises collating intensity
values obtained for replicas of each probe and determining an average intensity value for each
probe.

76. A computational method according to any one of claims 73 to 75 which further comprises
amending a raw intensity value obtained for a replica of a probe to take account of background
noise, thereby obtaining a clean intensity value for the replica.

77. A computational method according to any one of claims 73 to 76 wherein “n” is a number
which is at least 3.

78. A computational method according to any one of claims 73 to 77 wherein the discrimination
capacity of the three functions with respect to the three genotypes is 100%.

79. A computational method according to any one of claims 73 to 78 which further comprises using
ratios 1 and 2 calculated for a further test individual to redetermine the coefficients for the three
linear functions in a feedback optimisation step.

80. A method of diagnosing RA or susceptibility to RA in an individual comprising genotyping an
individual with respect to one or more genetic variations by a method according to any one of
claims 19 to 65.

81. A method of selecting a treatment for an individual having RA comprising:
(a) genotyping an individual with respect to one or more genetic variations by a method according
to any one of claims 19 to 65; and

(b) selecting a suitable treatment based on the genotype determined in (a).

82. A method of treating an individual having RA comprising:

(a) genotyping an individual with respect to one or more genetic variations by a method according
to any one of claims 19 to 65; and

(b) selecting a suitable treatment based on the genotype determined in (a); and

(c) administering said treatment to the individual.

83. A method of identifying genetic variations predictive of a particular RA phenotype the method

comprising:
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(a) genotyping a pIurali'ty of individuals with respect to one or more genetic variations by a method
according to any one of claims 19 to 65, wherein the RA phenotype of the individuals is known;

(b) comparing the genotypes of the individuals tested for one or more genetic variations with t-he
known phenotypes of the individuals; and

(c) identifying any genetic variations for which there is a statistically significant association between

the genetic variation and the phenotype.

84. A method according to claim 83 further comprising:
(d) using the genetic variations so identified to predict the likely course of disease progression.

85. A method according to claim 84 further comprising:
(e} using the prediction made in (d) to indicate the therapeutic approach best suited to the
individual.

86. A method of predicting the likely development of the RA phenotype of an individual by
determining the genotype of the individual with respect to one more genetic variations which have
been identified as predictive of development of a particular RA phenotype by the method of claim
83.

87. A method according to any one of claims 80 to 86 further comprising carrying out a method

according to any one of claims 66 to 79.

88. A computer system comprising a processor and means for controlling the processor to carry
out the computational method of any one of claims 12, 15, 58 to 65 or 73 to 79.

89. A computer program comprising computer program code which when run on a computer or
computer network causes the computer or computer network to carry out the computational
method of any one of claims 12, 15, 58 to 65 or 73 to 79.

90. A computer program according to claim 89 which is stored on a computer readable medium.

91. A DNA chip comprising a plurality of oligonucleotide probes deposited on a solid support, the

chip being suitable for use in a method according to any one of claims 19 to 57.

92. A microarray comprising oligonucleotide probes suitable for determining the allele in a sample
nucleic acid at SNPs selected from: the HAQ>2 SNPs in Table 11A; and/or the RX2 SNPs in Table
11A; and/or the TTO_30M SNPs in Table 11A; and/or the leaving the job SNPs in Table 11A;
and/or the surgical intervention SNPs in Table 11A; and/or the methotrexate intolerance SNPs in
Table 11A; and/or the remission SNPs in Table 11A.
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93. A microarray according to claim 92 comprising oligonucleotide probes suitable for determining |
the allele in a sample nucleic acid at the SNPs in Table 11A.

94. A microarray according to claim 92 or 93 comprising oligonucleotide probes suitable for
determining the allele in a sample nucleic acid at the SNPs in Table 1A or 1B.

95. A microarray according to any of claims 92 to 94 wherein the said oligonucleotide probes make
up at least 50% of the oligonucleotide probes on the array.

96. A microarray according to any of claims 92 to 95 wherein the said probes are selected from the
probes in Table 2 (Figure 2).

97. A microarray according to any of claims 92 to 96 wherein the said probes comprise the -

oligonucleotide probes in Table 2 (Figure 2).

98. An oligonucleotide probe, probe pair, or 4-probe set listed in Table 2 (Figure 2).

99. An oligonucleotide primer or primer pair listed in Table 3 (Figure 3).

100. A PCR amplification kit comprising at least one pair of primers according to claim 99.

101. A diagnostic kit for detection of RA associated genetic variations comprising a DNA-chip or

micorarray according to any of claims 91 to 97.

102. A kit according to claim 101 further comprising instructions for use in a method according to

any one of claims 1 to 65.

103. A kit according to claim 101 or 102 further comprising a computer system according to claim

88 or a computer program according to claim 89 or 90.

104. A kit according to any one of claims 101 to 103 which further comprises one or more pairs of
PCR primers according to claim 99 or a PCR amplification kit according to claim 100.

105. A kit for prognosing an RA phenotype in a subject by a method according to any one of claims
1 to 10 or 14 to 16, the kit comprising:
(i) means for determining the selected outcomes; and

(i) instructions for determining the RA phenotype from the outcomes.
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106. A kit according to claim 105 wherein the means comprises a microarray according to any of

claims 91 to 97.

107. A kit according to claim 105 or 106 which further comprises:
(a) one or more primer pairs listed in Table 3 (Figure 3); and/or
(b) a computer system according to claim 88 or a computer program according to claim 89 or 90.

108. Use of a computer system according to claim 88, a computer program according to claim 89
or 90, a DNA chip or microarray according to any of claims 91 to 97, an oligonucleotide probe,
probe pair or probe set according to claim 98, a primer or primer pair according to claim 99 or a kit
according to any of claims 100 to 107 in a method according to any or claims 1 to 87.
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Figure 1: Table 1A: Genetic variations associated with RA

The Solute Carrier Family 22 A4 (SL022A4) C1672T polymorphism.

The Runt-retated Transcription Factor 1 (RUNX1) C24658G polymorphism
The Peptidylarginine Deiminase type IV (PADI 4) G117A polymorphism
The Peptidylarginine Deiminase type IV (PADI 4) G55S polymorphism.
The Peptidylarginine Deiminase type IV (PADI 4) V82A polymorphism

The Peptidylarginine Deiminase type IV (PADI 4) G112A polymorphism

The Major Histocompatibility Complex class | chain-related gene A (MICA) Hla25

polymorphism

The Major Histocompatibility Complex class | chain-related gene A (MICA) Hia28

polymorphism.

The NOTCH4 HIa58 T/G polymorphism

The Vascular Endothelial Growth Factor (VEGF) G1154A polymorphism.
The Vascular Endothelial Growth Factor (VEGF) C634G polymorphism.
The Vascular Endothelial Growth Factor (VEGF)C936T polymorphism.
The Interleukin 18 (IL18) A607C polymorphism.

The Interleukin ‘18 (iL18) G-137C polymorphism.

The Interleukin 4 receptor (IL-4R) Q551R polymorphism.

The IL-1 receptor antagonist allele 2 (IL1RN*2) T2018C polymorphism.
The IL-1 receptor antagonist allele 2 (IL1RN*2) C2073T polymorphism.

The Programmed Death 1 (PD-1, PDCD1) C872T polymorphism.
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The Toll-Like Receptor 4 (TLR4) Asp299Gly polymorphism.

The Vitamin D (1,25- dihydroxyvitamin D3) receptor Apos.VS7+283(b>B)

polymorphism.

The T-cell immunoglobulin domain and mucin domain 3 (TIM3) C-547T polymorphism.
The T-cell immunoglobulin domain and mucin domain 3 (TIM3) T4259G polymorphism.
The Urokinase (-A2849G) 3' UTR polymorphism.

The Cytotoxic T-lymphocyte antigen-4 (CTLA4A/G) in exon 1.

The Transporter associated with antigen processing 2 (TAP2) Ala565Thr

polymorphism.

The | kappa BL A-62T polymorphism. Poly (ADP-ribose) polymerase 1 (PARP-1)
C1362T polymorphism.

The Protein-tyrosine phosphatase T1858C polymorphism.

The Vitamin D Receptor Fok | polymorphism.

The Uteroglobin (UG) G38A polymorphism.

The Matrix Metalloproteinase 3 (MMP3) 6A/6A polymorphism.

The Tumor Protein p53 Arg/Arg and the Pro/Pro genotypes at codon 72.
The Interleukin 10 (IL-10) (-A2849G) polymorphism.

The Tumor necrosis factor-alpha gene promotor (TNF alpha) the —308, the +488, the -
857 and the —238 polymorphisms.

The Tumor Necrosis Factor Receptor 2 (TNFR2) T587G polymorphism.
The Tumor Necrosis Factor Receptor 1 (TNFR1) +36 A/A polymorphism.

The Fibrinogen B beta polypeptide (FGB).G-455A polymorphism.
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The Glutathione S-transferase M1 transcript variant 1 GSTM1 null genotype

polymorphism.

The Glutathione S-transferase T1 ( GSTT1) GSTT1-0 genotype polymorphism.
The Multidrug Resistance Protein (MDR-1) (-C3435T) polymorphism.

The Adhesion Molecule 1 (ICAM1) R241G polymorphism.

The interleukin 1 beta (IL-1B) C3954T polymorphism.

The Chondromodulin If (Chm Il) Val58lle polymorphism.

The Interleukin 6 gene (IL-6) — 622 polymorphism.

The 5 -Aminoimidazole- 4 -carboxamide ribonucleotide formyitransferase / IMP
cyclohydrolase (ATIC) 347 GG. Solute Carrier Family 22 member 4 (SLC22A4) G80A

polymorphism.

The Methylenetetrahydrofolate Reductase (MTHFR) C677T and A1298C

polymorphism.
The Lymphotoxin alpha gene (LTA) 249, 365 and 720 polymorphism.

The Interleukin 10 (IL-10) -1087 G/G allele and the Tumor necrosis factor-alpha (TNF)-
308 TNF1/TNF1 allele (These variations are associated with RA in combination, but not

alone)

The Transforming Growth Factor beta TGFbeta1 (rare C allele in codon 25) and IL1
receptor antagonist (A2 allele in intron 2) (These variations are associated with RA in

combination, but not alone). Codon 10 T869C polymorphism.
The Interleukin-10 gene (IL-10) -1087 AA polymorphism.

The N-Acetyltransferase 2 (arylamine N-acetyltransferase) 282C>T, 590G>A, 341T>C,
481C>T, 803A>G, 857G>A and 191G>Apolymorphism.

The Thiopurine methyltransferase (TPMT) G460A and the A719G polymorphisms.



WO 2008/010085 PCT/IB2007/002366

4/53

The Fc receptor-like protein 3 (FCRL3) —C196T polymorphism.
The Tapasin gene (TPSN) Arg260Thr polymorphism.

The Poly(ADP-ribose) polymerase 1 (PARP-1) haplotype A (410T-[A](10)-[CA](10-12)-
1362C, which includes short PARP-1 CA alleles) and haplotype B (410C-[A])(11)-
[CA](13-20)-1362T.

The Histocompatibility Antigen Hia 76 and Hia 78 polyfnorphisms.
The Melatonin Receptor 1B (MTNR1B) polymorphism.

The Major Histocompatibility Complex, class I, Transactivator (MHC2TA)
polymorphism (-168A—G).

The BETA-2-Adrenergic Receptor polymorphism.

The Methylenetetrahydrofolate Reductase (MTHFR) A1298C polymorphism.
The Monocyte chemotactic protein 1 (MCP1) polymorphism (-2518)G>A polymorphism.
The FAS LIGAND gene minus 843C/T polymorphism.

The Inflammatory Bowel Disease gene IBD5 locusIGR2060a_1 polymorphism..
The cd16a géne V158F (G/T) polymorphism.

The Interleukin 1 beta (IL1b) minus 511a/c polymorphism.

The Interleukin 4 (IL4) 34c/t polymorphism.

The Caspase 9 C93T polymorphism.

The Intracellular Adhesion Molecule 1 (ICAM1) K469E polymorphism.

The Lectin, Mannose-binding (MBL) gene Gly54Asp polymorphism.

The Interleukin 4 (IL4) gene -590 polymorphism.
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The THIOPURINE S-METHYLTRANSFERASE 5 (TPMT5) gene T145C (Leu49Ser)
" polymorphism.

The THIOPURINE S-METHYLTRANSFERASE 6 (TPMT6) gene A539T polymorphism.

The THIOPURINE S-METHYLTRANSFERASE 7 (TPMT7) gene T681G (His227GIn)
polymorphism.

The THIOPURINE S-METHYLTRANSFERASE 8 (TPMT8) gene G644A (Arg215His)
polymorphism.

The Histocompatability Antigen HLA b27 polymorphism.

The Solute Carrier Family 19 (folate reductase) SLC19A1 G80A.
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Figure 2: Table 2

1.- Solute Carrier Family 22 A4 (SLC22A4) C1672T polymorphism. (probes to
detect the polymorphism Cl1672T of the gene Solute Carrier Family 22 A4)

AAAAAAGGGTGAGGATTCCAATCAG

AAAAAAGGGTGAAGATTCCAATCAG

AAAAAGGGTGAGGATTCCAATCA

AAAAAGGGTGAAGATTCCAATCA

2.- Runt-related Transcription Factor 1 (RUNX1l) C24658G polymorphism
TAAGAGCTGTCCCTGGGGCAGAT

TAAGAGCTGTCGCTGGGGCAGAT

ATCTGCCCCAGGGACAGCTCTTA

ATCTGCCCCAGCGACAGCTCTTA

3.- Peptidylarginine Deiminase type IV (PADI 4) G117A polymorphism
CAGAAATCTCCCTGTGCGCAGAC

CAGAAATCTCCTTGTGCGCAGAC

GTCTGCGCACAGGGAGATTTCTG

GTCTGCGCACAAGGAGATTTCTG

4.- Peptidylarginine Deiminase type IV (PADI 4) G55S polymorphism.
ATATTGCCCACGGCCCTCCAGCC

ATATTGCCCACAGCCCTCCAGCC

GGCTGGAGGGCCGTGGGCAATAT

GGCTGGAGGGCTGTGGGCAATAT

5.- Peptidylarginine Deiminase type IV (PADI 4) V82A polymorphism
GACGATGAAAGTGGCCAGTGGTA

GACGATGAARAGCGGCCAGTGGTA

TACCACTGGCCACTTTCATCGTC

TACCACTGGCCGCTTTCATCGTC



WO 2008/010085 PCT/IB2007/002366

10/53
6.- Peptidylarginine Deiminase type IV (PADI 4) G112A polymorphism
CTACCTCACCGCGGTGGGTAAGT
CTACCTCACCGGGGTGGGTAAGT
ACTTACCCACCGCGGTGAGGTAG
ACTTACCCACCCCGGTGAGGTAG

7.- Major Histocompatibility Complex class I chain-related gene A (MICA)
Hla25 polymorphism

AGCGGGAGCAGAGGGACGTTTCC
AGCGGGAGCAGGGGGACGTTTCC
GGAAACGTCCCTCTGCTCCCGCT
GGAAACGTCCCCCTGCTCCCGCT

8.- Major Histocompatibility Complex class I chain-related gene A (MICA)
Hla28 polymorphism.

GCCCTGCCTGTGTAGCCCTTTGG
GCCCTGCCTGTTTAGCCCTTTGG
CCAAAGGGCTACACAGGCAGGGC
CCAAAGGGCTAAACAGGCAGGGC

9.- NOTCH4 Hla58 T/G polymorphism.
CACACAGACAAATCAGTTCTTGA
CACACAGACAACTCAGTTCTTGA
TCAAGAACTGATTTGTCTGTGTG
TCAAGAACTGAGTTGTCTGTGTG

10.- Vascular Endothelial Growth Factor (VEGF) Gl1154A polymorphism.
CCGCGTGTGGAGGGGCTGAGGCT
AGCCTCAGCCCCTCCACACGCGG
CCGCGTGTGGAAGGGCTGAGGCT
AGCCTCAGCCCCTCCACACGCGG

11.- Vascular Endothelial Growth Factor (VEGF) C634G polymorphism.
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AGCAGCGAAAGGGACAGGGGCAA
AGCAGCGAAAGCGACAGGGGCAA
TTGCCCCTGTCCCTTTCGCTGCT
TTGCCCCTGTCGCTTTCGCTGCT
12.- Vascular Endothelial Growth Factor (VEGF)C936T polymorphism.
GTGACCCAGCACGGTCCCTCTTG
GTGACCCAGCATGGTCCCTCTTG
CAAGAGGGACCGTGCTGGGTCAC
CAAGAGGGACCATGCTGGGTCAC
13.- Interleukin 18 (IL18) A607C polymorphism.
AAAAATTATTACATAAAATTCTA
AAAAATTATTAAATAAAATTCTA
TAGAATTTTATGTAATAATTTTT
TAGAATTTTATTTAATAATTTTT
14.- Interleukin 18 (IL18) G-137C polymorphism.
ACGGAAGAAAACATTTCATGAAA
ACGGAAGAAAAGATTTCATGAAA
TTTCATGAAATGTTTTCTTCCGT
TTTCATGAAATCTTTTCTTCCGT
15.- Interleukin 4 receptor (IL-4R) Q551R polymorphism.
CAGTGGCTATCGGGAGTTTGTAC
CAGTGGCTATCAGGAGTTTGTAC
GTACAAACTCCCGATAGCCACTG
GTACAAACTCCTGATAGCCACTG
16.- IL-1 receptor antagonist allele 2 (IL1RN*2) T2018C polymorphism.
CCAACTAGTTGCTGGATACTTGCAA

CCAACTAGTTGCCGGATACTTGCAA
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CAACTAGTTGCTGGATACTTGCA
CAACTAGTTGCCGGATACTTGCA
17.- IL-1 receptor antagonist allele 2 (ILIRN*2) C2073T polymorphism.
GCCAGGAAAGCCAATGTATGT
GCCAGGAAAGTCAATGTATGT
GCCAGGAAAGCCAATGTATGT
GCCAGGAAAGTCAATGTATGT
18.- Programmed Death 1 (PD-1, PDCD1l) C872T polymorphism.
AGGGGCTCAGCCGACGGCCCTCG
AGGGGCTCAGCTGACGGCCCTCG
CGAGGGCCGTCGGCTGAGCCCCT
CGAGGGCCGTCAGCTGAGCCCCT
19. Toll-Like Receptor 4 (TLR4) Asp299Gly polymorphism.
AAGTCAATAATATCATCGAGGTAGT
AAGTCAATAATACCATCGAGGTAGT
AGTCAATAATATCATCGAGGTAG
AGTCAATAATACCATCGAGGTAG

20. Vitamin D (1,25- dihydroxyvitamin D3) receptor Apos.VS7+283 (b>B)
polymorphism.

GACAGGCCTGCGCATTCCCAATA
GACAGGCCTGCACATTCCCAATA
TATTGGGAATGCGCAGGCCTGTC
TATTGGGAATGTGCAGGCCTGTC

21. T-cell immunoglobulin domain and mucin domain 3 (TIM3) C-547T
polymorphism.

CTGGGAGTTGCGATGGTCTGTAA
CTGGGAGTTGCTATGGTCTGTAA

TTACAGACCATCGCAACTCCCAG
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TTACAGACCATAGCAACTCCCAG

22. T-cell immunoglobulin domain and mucin domain 3 (TIM3) T4259G
polymorphism.

TGCACCGACTCTGCAGAGAGACT
TGCACCGACTCGGCAGAGAGACT
AGTCTCTCTGCAGAGTCGGTGCA
AGTCTCTCTGCCGAGTCGGTGCA

23. Urokinase 3’ UTR (-A2849G) polymorphism.
ACCCACCAGGGCGAACGACAATA
ACCCACCAGGGTGAACGACAATA
TATTGTCGTTCGCCCTGGTGGGT
TATTGTCGTTCACCCTGGTGGGT

24. Cytotoxic T-lymphocyte antigen-4 (CTLA4A/G) in exon 1.
TGAACCTGGCTGCCAGGACCTGG
TGAACCTGGCTACCAGGACCTGG
CCAGGTCCTGGCAGCCAGGTTCA
CCAGGTCCTGGTAGCCAGGTTCA

25. Transporter associated with antigen processing 2 (TAP2) AlaS565Thr
polymorphism.

GGAACAACATTGCTTATGGGCTG
CAGCCCATAAGCAATGTTGTTCC
GGAACAACATTACTTATGGGCTG
CAGCCCATAAGTAATGTTGTTCC
26. I kappa BL A-62T polymorphism.
AGCAGAGACGCAGGTGGAGGACG
AGCAGAGACGCTGGTGGAGGACG
CGTCCTCCACCTGCGTCTCTGCT

CGTCCTCCACCAGCGTCTCTGCT
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27. Poly (ADP-ribose) polymerase 1 (PARP-1) C1362T polymorphism.
Poly (ADP-ribose) polymerase 1 (PARP-1) haplotype A (410T-[A] (10)-[CA] (10~
12)-1362C, which includes short PARP-1 CA alleles) and haplotype B (410C-

[A] (11)-[CA] (13-20)-1362T.

AGGCGGGGGCCCGCGCTTCCCGG

AGGCGGGGGCCTGCGCTTCCCGG

CCGGGAAGCGCGGGCCCCCGCCT

CCGGGAAGCGCAGGCCCCCGCCT

28. Protein-tyrosine phosphatase T1858C polymorphism.

CACTTCCTGTACGGACACCTGAA

CACTTCCTGTATGGACACCTGAA

TTCAGGTGTCCGTACAGGAAGTG

TTCAGGTGTCCATACAGGAAGTG

29. Vitamin D Receptor Fok I polymorphism.

TCTTACAGGGATGGAGGCAATGG

TCTTACAGGGACGGAGGCAATGG

CCATTGCCTCCATCCCTGTAAGA

CCATTGCCTCCGTCCCTGTAAGA

30. Uteroglobin (UG) G38A polymorphism.

GAACCAGAGACGGGCCAGAGCAT

GAACCAGAGACAGGCCAGAGCAT

ATGCTCTGGCCCGTCTCTGGTTC

ATGCTCTGGCCTGTCTCTGGTTC

31. Matrix Metalloproteinase 3 (MMP3) 6A/6A polymorphism.

ACATGGTTTTTTCCCCCCATCAA

ACATGGTTTTTCCCCCCATCAAA

TTGATGGGGGGAAAAAACCATGT

TTGATGGGGGGGAAAAACCATGT

32. Tumor Protein p53 Arg/Arg and the Pro/Pro genotypes at codon 72.



WO 2008/010085 PCT/IB2007/002366

15/53
CAGGGGCCACGCGGGGAGCAGCC
CAGGGGCCACGGGGGGAGCAGCC
GGCTGCTCCCCGCGTGGCCCCTG
GGCTGCTCCCCCCGTGGCCCCTG
33. Interleukin 10 (IL-10) (-A2849G) polymorphism.
ACCTTATGATCTGCCCGCCTTGG
ACCTTATGATCCGCCCGCCTTGG
CCAAGGCGGGCAGATCATAAGGT
CCAAGGCGGGCGGATCATAAGGT
34. Tumor necrosis factor-alpha gene promotor (TNF alpha) the -308.
ACCCCGTCCCCATGCCCCT
ACCCCGTCCTCATGCCCCT
ACCCCGTCCCCATGCCCCT
ACCCCGTCCTCATGCCCCT
35. Tumor necrosis factor-alpha gene promotor (TNF alpha) the +488.
GAGAAAAAAACATGGAGAAAGAC
GAGAAAAAAACGTGGAGAAAGAC
AGGTCCTGGCAGCCAGGTT
AGGTCCTGGTAGCCAGGTT
36. Tumor necrosis factor-alpha gene promotor (TNF alpha) the -857
GAACCAGAGACGGGCCAGAGCAT
GAACCAGAGACAGGCCAGAGCAT
ATGCTCTGGCCCGTCTCTGGTTC
ATGCTCTGGCCTGTCTCTGGTTC
37. Tumor necrosis factor-alpha gene promotor (TNF alpha) the -238
CTCCCTGCTCCGATTCCGAGG

CTCCCTGCTCTGATTCCGAGG
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TCCCTGCTCCGATTCCGAG
TCCCTGCTCTGATTCCGAG
38. Tumor Necrosis Factor Receptor 2 (TNFR2) T587G polymorphism.
GAATGCAAGCATGGATGCAGTCT
GAATGCAAGCAGGGATGCAGTCT
GACTGCATCCATGCTTGCATT
GACTGCATCCCTGCTTGCATT
39. Tumor Necrosis Factor Receptor 1 (TNFR1) +36 A/A polymorphism.
CTGCTGCTGCCGCTGGTGAGACC
CTGCTGCTGCCACTGGTGAGACC
GGTCTCACCAGCGGCAGCAGCAG
GGTCTCACCAGTGGCAGCAGCAG
40. Fibrinogen B beta polypeptide (FGB).G-455A polymorphism.
TTGATTTTAATGGCCCCTTTTGA
TTGATTTTAATAGCCCCTTTTGA
TCAABAAGGGGCCATTAAAATCAA
TCAAAAGGGGCTATTAAAATCAA

41. Glutathione S-transferase M1l transcript variant 1 GSTM1l null genotype
polymorphism.

ACACATTCTTGGCCTTCTGCAGA
ACACATTCTTGACCTTCTGCAGA
TCTGCAGAAGGCCAAGAATGTGT
TCTGCAGAAGGTCAAGAATGTGT
42. Glutathione S-transferase Tl ( GSTT1) GSTT1-0 genotype polymorphism.
TGCCTAGTGGGTTCACCTGCCCA
TGCCTAGTGGGGTCACCTGCCCA
TGGGCAGGTGAACCCACTAGGCA

TGGGCAGGTGACCCCACTAGGCA
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43. Multidrug Resistance Protein (MDR-1) (-C3435T) polymorphism.
AGGAAGAGATCGTGAGGGCAG
AGGAAGAGATTGTGAGGGCAG
AGGAAGAGATCGTGAGGGCAG
AGGAAGAGATTGTGAGGGCAG
44 . Adhesion Molecule 1 (ICAM1) R241G polymorphism.
TTCCCTGGACGGGCTGTTCCC
TTCCCTGGACAGGCTGTTCCC
GGGAACAGCCCGTCCAGGGAA
GGGAACAGCCTGTCCAGGGAA
45. Interleukin 1 beta (IL-1B) C3954T polymorphism.
- ACCTATCTTCTTCGACACATGGGAT
ACCTATCTTCTTTGACACATGGGAT
ATCCCATGTGTCGAAGAAGATAGGT
ATCCCATGTGTCAAAGAAGATAGGT
46. Chondromodulin II (Chm II) Val58Ile polymorphism.
AGGGTGTGGACGTCTTGTGCTCT
AGGGTGTGGACATCTTGTGCTCT
AGAGCACAAGACGTCCACACCCT
AGAGCACAAGATGTCCACACCCT
47. Interleukin 6 gene (IL-6) —~ 622 polymorphism.
TGGGATTTTCCGATGCTAAAGGA
TGGGATTTTCCCATGCTAAAGGA
TCCTTTAGCATCGGAAAATCCCA
TCCTTTAGCATGGGAAAATCCCA

48. 5 -Aminoimidazole- 4 -carboxamide ribonucleotide formyltransferase /
IMP cyclohydrolase (ATIC) 347 GG.

TCCAGGTGTAACTGTTGAGGAGG
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49. Solute Carrier Family 22 member 4 (SLC22A4) GB80A polymorphism.

AAAAAAGGGTGAGGATTCCAATCAG

AAAAAAGGGTGAAGATTCCAATCAG

AAAAAGGGTGAGGATTCCAATCA

AAAAAGGGTGAAGATTCCAATCA

50. Methylenetetrahydrofolate Reductase (MTHFR) C677T polymorphism.

GATGAAATCGGCTCCCGCAGA

GATGAAATCGACTCCCGCAGA

GATGAAATCGGCTCCCGCAGA

GATGAAATCGACTCCCGCAGA

51.Lymphotoxin alpha gene (LTA) 249 polymorphism.

ACAGAGAGGAATCATGGCAGAAA
ACAGAGAGGAACCATGGCAGAAA
TTCTGCCATGATTCCTCTCTG

TTCTGCCATGGTTCCTCTCTG

52. Lymphotoxin alpha
CGGGGGGTGCTCTCTCCCAGGGC
CGGGGGGTGCTGTCTCCCAGGGC
GCCCTGGGAGAGAGCACCCCCCG
GCCCTGGGAGACAGCACCCCCCG
53. Lymphotoxin alpha
CAGGTTTGAGGGTGCTGTGGGCA
CAGGTTTGAGGTTGCTGTGGGCA

GGTTTGAGGGTGCTGTGGG

gene (LTA) 365 polymorphism.

gene (LTA) 720 polymorphism.
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GGTTTGAGGTTGCTGTGGG
54. Interleukin 10 (IL-10) -1087 G/G polymorphism
CTTCTTTGGGAAGGGGAAGTAGG
CTTCTTTGGGAGGGGGAAGTAGG
CCTACTTCCCCTAGGGTTTCTTC
CCTACTTCCCCCAGGGTTTCTTC
55. Tumor necrosis factor-alpha (TNF)-308 TNF1/TNF1l polymorphism
ACCCCGTCCCCATGCCCCT
ACCCCGTCCTCATGCCCCT
ACCCCGTCCCCATGCCCCT
ACCCCGTCCTCATGCCCCT
56. Transforming Growth Factor TGFbetal polymorphism.
GACGCCTGGCCGGCCGGCCGLCGG
GACGCCTGGCCCGCCGGCCGCGG
CCGCGGCCGGCCGGCCAGGCGTC
CCGCGGCCGGCGGGCCAGGCGTC
57. Interleukin-10 gene (IL-10) -1087 AA polymorphism.
CTTCTTTGGGAGGGGGAAGTAGG
CTTCTTTGGGAAGGGGAAGTAGG
CCTACTTCCCCCAGGGTTTCTTC
CCTACTTCCCCTAGGGTTTCTTC
58. Thiopurine methyltransferase (TPMT) G460A polymorphism.
TGGGATAGAGGAGCATTAGTTGCCA
TGGGATAGAGGAACATTAGTTGCCA
GGGATAGAGGAGCATTAGTTGCC
GGGATAGAGGAACATTAGTTGCC

59. Thiopurine methyltransferase (TPMT) A719G polymorphism.
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TCTGTAAGTAGATATAACTTTTCAA
TCTGTAAGTAGACATAACTTTTCAA
CTGTAAGTAGATATAACTTTTCA
CTGTAAGTAGACATAACTTTTCA
60. Fc receptor-like protein 3 (FCRL3) -Cl96T polymorphism.
ACGGGAAGTCCTTGATCTGTACA
ACGGGAAGTCCCTGATCTGTACA
TGTACAGATCAAGGACTTCCCGT
TGTACAGATCAGGGACTTCCCGT
61. Tapasin gene (TPSN) Arg260Thr polymorphism.
CTGGCTGCCTAGAGTTCAACCCT
CTGGCTGCCTACAGTTCAACCCT
AQGGTTGAACTCTAGGCAGCCAG
AGGGTTGAACTGTAGGCAGCCAG
62. N-Acetyltransferase 2 (NAT2) 341T>C polymorphism.
GCAGGTGACCATTGACGGCAGGA
TCCTGCCGTCAATGGTCACCTGC
GCAGGTGACCACTGACGGCAGGA
TCCTGCCGTCAGTGGTCACCTGC
63. N-Acetyltransferase 2 (NAT2) 481C>T polymorphism.
GAATCTGGTACCTGGACCAAATC
GATTTGGTCCAGGTACCAGATTC
GAATCTGGTACTTGGACCAAATC
GATTTGGTCCAAGTACCAGATTC
64. ‘ N-Acetyltransferase 2 (NAT2) 803A>G polymorphism.
AGAAGTGCTGAAAAATATATTTA

TAAATATATTTTTCAGCACTTCT
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AGAAGTGCTGAGAAATATATTTA

TAAATATATTTCTCAGCACTTCT

65. ﬁ—Acetyltransferase 2 (NAT2) 857G>A polymorphism.
ACCTGGTGATGGATCCCTTACTA

TAGTAAGGGATCCATCACCAGGT

ACCTGGTGATGAATCCCTTACTA

TAGTAAGGGATTCATCACCAGGT

66. N-Acetyltransferase 2 (NAT2) 191G>A polymorphism.
AAGAAGAAACCGGGGTGGGTGGT

ACCACCCACCCCGGTTTCTTCTT

AAGAAGAAACCAGGGTGGGTGGT

ACCACCCACCCTGGTTTCTTCTT

67 .Histocompatibility Antigen Hla 78 polymorphism.
TTCCCCCCAGCGTGGCAGGATCT

TTCCCCCCAGCATGGCAGGATCT

AGATCCTGCCACGCTGGGGGGAA

AGATCCTGCCATGCTGGGGGGAA

68 .Histocompatibility Antigen Hla 76 polymorphism.
TCAAGAACTGATTTGTCTGTGTG

TCAAGAACTGAGTTGTCTGTGTG

CACACAGACAAATCAGTTCTTGA

CACACAGACAACTCAGTTCTTGA

69. Melatonin Receptor 1B (MTNR1B) polymorphism.
TTCCCCCCAGCATGGCAGGATCT
VTTCCCCCCAGCGTGGCAGGATCT

AGATCCTGCCA TGCTGGGGGGAA

AGATCCTGCCACGCTGGGGGGAA
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70. Major Histocompatibility Complex, class II, Transactivator (MHC2TA)
polymorphism.

TTCAGAGGTGTAGGGAGGGCTTA
TTCAGAGGTGTGGGGAGGGCTTA
TAAGCCCTCCCTACACCTCTGAA
TAAGCCCTCCCCACACCTCTGARA

71. BETA-~2-Adrenergic Receptor polymorphism.
TGGCACCCAATGGAAGCCATGCG
TGGCACCCAATAGAAGCCATGCG
CGCATGGCTTCCATTGGGTGCCA
CGCATGGCTTCTATTGGGTGCCA

72. Methylenetetrahydrofolate Reductase (MTHFR) Al1298C polymorphism.
GACCAGTGAAGAAAGTGTCTTTG
GACCAGTGAAGCAAGTGTCTTTG
CAAAGACACTTTCTTCACTGGTC
CAAAGACACTTGCTTCACTGGTC

73. Monocyte chemotactic protein 1 (MCP1l).
GGCAGACAGCTGTCACTTTCCAG
GGCAGACAGCTATCACTTTCCAG
CTGGAAAGTGACAGCTGTCTGCC
CTGGAAAGTGATAGCTGTCTGCC

74, FAS LIGAND minus 843C/T polymorphism.
TGAAAACATTGCGAAATACARAG
TGAAAACATTGTGAAATACAAAG
TTTGTATTTCGCAATGTTTTC

TTTGTATTTCACAATGTTTTC

75. IBD5 locusIGR2060a_1 polymorphism.

CCTTGCAACCCTGGCAAAGGTAATG
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CCTTGCAACCCTCGCAAAGGTAATG
CATTACCTTTGCCAGGGTTGCAAGG
CATTACCTTTGCGAGGGTTGCAAGG
76. cdl6éa VI158F (G/T) polymorphism.
TGCAGGGGGCTTGTTGGGAGTARAA
TGCAGGGGGCTTTTTGGGAGTAAAA
TTACTCCCAACAAGCCCCCTG
TTACTCCCAAAAAGCCCCCTG
77.Interleukin 1 beta minus 51la/c polymorphism.
AAGAGAATCCCAGAGCAGCCTGT
AAGAGAATCCCCGAGCAGCCTGT
ACAGGCTGCTCTGGGATTCTCTT
ACAGGCTGCTCGGGGATTCTCTT
78.Interleukin 4 (IL4) 34c/t polymorphism.
TAAACTAATTGCCTCACATTGTC
TAAACTAATTGTCTCACATTGTC
GACAATGTGAGGCAATTAGTTTA
GACAATGTGAGACAATTAGTTTA
79 .Caspase 9 C93T polymorphism.
GTCCTGCTGAGCCGCGAGCTGTT
GTCCTGCTGAGTCGCGAGCTGTT
ACAGCTCGCGGCTCAGCAGGA
ACAGCTCGCGACTCAGCAGGA
80.ICAM1 K469E polymorphism.
AGGTCACCCGCAAGGTGACCGTG
CACGGTCACCTTGCGGGTGACCT

AGGTCACCCGCGAGGTGACCGTG
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CACGGTCACCTCGCGGGTGACCT
81. LECTIN, MANNOSE-BINDING (MBL) Gly54Asp polymorphism.
TGGGCGTGATGACACCAAGGGAG
CTCCCTTGGTGTCATCACGCCCA
TGGGCGTGATGGCACCAAGGGAG
CTCCCTTGGTGCCATCACGCCCA
82. Interleukin 4 -590 polymorphism.
GAGAACATTGTCCCCCAGTGCTG
CAGCACTGGGGGACAATGTTCTC
GAGAACATTGTTCCCCAGTGCTG
CAGCACTGGGGAACAATGTTCTC

83. Thiopurine S-Methyltransferase 5 TPMT5 T145C (Leu49Ser)
polymorphism.

CTTCAGGCTATTAAAGAAGCATT
CTTCAGGCTATCAAAGAAGCATT
AATGCTTCTTTAATAGCCTGAAG
AATGCTTCTTTGATAGCCTGAAG
84. Thiopurine S-Methyltransferase 6 TPMT6 AS539T polymorphism.
GAAGTTTCAGTATCTCCTGTGTG
GAAGTTTCAGTTTCTCCTGTGTG
CACACAGGAGAT ACTGAAACTTC
CACACAGGAGAAACTGAAACTTC

85. Thiopurine S-Methyltransferase 7 TPMT7 T681G (His227Gln)
polymorphism.

GAAGAACGACATAAAAGTTGGGG
GAAGAACGACAGAAAAGTTGGGG
CCCCAACTTTT ATGTCGTTCTTC

CCCCAACTTTT CTGTCGTTCTTC
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86 .Thiopurine S-Methyltransferase 8 TPMT 8 G644A (Arg2l5His)
polymorphism.

ATGCAATATACGTTGTCTTGAGA

ATGCAATATACATTGTCTTGAGA

TCTCAAGACAACGTATATTGCAT

TCTCAAGACAATGTATATTGCAT

87 .Histocompatibility Antigen HLA b27 polimorphism.
Gacagcgacgccgegagtccgag

Ctcggactcgcggegtcegcectgte

Gacagcgacgccgcgagtccgag

Ctcggactcgeggegtegetgte

88. Solute Carrier Family 19 ( folate reductase ) SLC19A1 G8OA.
GTCCTGGCGGCGCCTCGTGTGCT

GTCCTGGCGGCACCTCGTGTGCT

AGCACACGAGGCGCCGCCAGGAC

AGCACACGAGGTGCCGCCAGGAC

89. N-Acetyltransferase 2 (NAT2) 282 polymorphism.
GGGTATTTTTACATCCCTCCAGT

GGGTATTTTTATATCCCTCCAGT

GGTATTTTTACATCCCTCCAG

GGTATTTTTATATCCCTCCAG

90. N-Acetyltransferase 2 (NAT2) 590 polymorphism.
CTTCAATTGTTCGAGGTTCAAGC

CTTCAATTGTTTGAGGTTCAAGC

GCTTGAACCTCGAACAATTGAAG

GCTTGAACCTCAAACAATTGAAG
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Figure 3: Table 3

Solute Carrier Family 22 A4 (SLC22A4) C1672T polymorphism. (probes to
detect polymorphism Cl672T of gene Solute Carrier Family 22 A4)

GCTAGATGAAGAGCAAGCGCCAAGAGTGCCCAGAGAGTCC
TACAACCGACAGATGTATGTTTCTCCCTAAGGCATTTTGGT

Runt-related Transcription Factor 1 (RUNX1) C24658G polymorphism
GCTAGATGAAGAGCAAGCGCTCTCCACTGTGCTGATGAGG
TACAACCGACAGATGTATGTTTTTTCTTGCGTGCTGACAC

Peptidylarginine Deiminase type IV (PADI 4) G117A polymorphism.
GCTAGATGAAGAGCAAGCGCACCCTCACCAACCTCTCCTC
TACAACCGACAGATGTATGTACACGGAATACGTGGGACAG

Peptidylagginine Deiminase type IV (PADI 4) G55S polymorphism.
GCTAGATGAAGAGCAAGCGCCCCATGTGTCTTGTCCACAG
TACAACCGACAGATGTATGTTCGTCAGGGTCACCTCTACC

Peptidylarginine Deiminase type IV (PADI 4) V82A polymorphism.
GCTAGATGAAGAGCAAGCGC CCCATGTGTCTTGTCCACAG
TACAACCGACAGATGTATGTCCCCACAGCTATGACACTCA

Peptidylarginine Deiminase @ype IV (PADI 4) Gl12A polymorphism.
GCTAGATGAAGAGCAAGCGCTCCAGTGGGTGTTTGTTGA
TACAACCGACAGATGTATGTGGATGAGACGGCACTCTAGG

Major Histocompatibility Complex class I chain-related gene A (MICA)
Hla25 polymorphism.

GCTAGATGAAGAGCAAGCGCCATCTTCCCTTTTGCACCT
TACAACCGACAGATGTATGTGATCCCGAGGAGGACTGAA

Major Histocompatibility Complex class I chain-related gene A (MICA)
Hla28 polymorphism.

GCTAGATGAAGAGCAAGCGCATGCTAAGGGCCTGGATGAT
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TACAACCGACAGATGTATGTCAGGACCCTCCCTGTTACAA
NOTCH4 Hla58 T/G polymorphism.
" GCTAGATGAAGAGCAAGCGCGGCCAAAACAACCATCTGAG
TACAACCGACAGATGTATGTTCCCTCATGGTTGGGTTAARA
Vascular Endolial Growth Factor (VEGF) Gl1154A polymorphism.
GCTAGATGAAGAGCAAGCGCTTTTCAGGCTGTGAACCTTG
TACAACCGACAGATGTATGTGAGATCCTCCCCGCTACCAG
Vascular Endolial Growth Factor (VEGF) C634G polymorphism.
GCTAGATGAAGAGCAAGCGCGGATTTTGGAAACCAGCAGA
TACAACCGACAGATGTATGTCTGTCTGTCTGTCCGTCAGC
Vascular Endolial Growth Factor (VEGF)C936T polymorphism.
GCTAGATGAAGAGCAAGCGCAGGGTTTCGGGAACCAGATC
TACAACCGACAGATGTATGTCTCGGTGATTTAGCAGCAAG
Interleukin 18 (IL18) A607C polymorphigm.
GCTAGATGAAGAGCAAGCGCTCCCTCTCCCCAAGCTTACT
TACAACCGACAGATGTATGTTTCAGGACTTCCCCTTCCTC
Interleukin 18 (IL18) G-137C polymorphism.
GCTAGATGAAGAGCAAGCGCGTGCTGAAGTGTGACCAGGA
TACAACCGACAGATGTATGTGGGCAATGGAAGTCGAAATA
0551R polymorphism in the Interleukin 4 receptor (IL-4R)
GCTAGATGAAGAGCAAGCGCCAACCTGAGCCAGAAACCTG
TACAACCGACAGATGTATGTCCACATTTCTCTGGGGACAC
IL-1 receptor antagonist allele 2 (IL1RN*2) T2018C polymorphism.
GCTAGATGAAGAGCAAGCGCACAAGTTCTGGGGGACACAG
TACAACCGACAGATGTATGTATTGCACCTAGGGTTTGTGC
Programmed Death 1 (PD-1, PDCD1l) C872T polymorphism.

GCTAGATGAAGAGCAAGCGCGTGCCTGTGTTCTCTGTGGA
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TACRACCGACAGATGTATGTCCAAGAGCAGTGTCCATCCT
IL-1 receptor antagonist allele 2 (IL1RN*2) C2073T polymorphism.
GCTAGATGRAGAGCAAGCGCCTCTAGAGGGCCTGTGCAAT
TACAACCGACAGATGTATGTTCAATGTGGGAAACTGTCCA

Vitamin D (1,25- dihydroxyvitamin D3) receptor Apos.VS7+283 (b>B)
polymorphism.

GCTAGATGAAGAGCAAGCGCCCTCACTGCCCTTAGCTCTG
TACAACCGACAGATGTATGTCCCGCAAGAAACCTCAAATA

T-cell immunoglobulin domain and mucin domain 3 (TIM3) C-547T
polymorphism.

GCTAGATGAAGAGCAAGCGCTGAGGCTTATGCTGGGAGTT
TACAACCGACAGATGTATGTAAATGGAGCATGTCCGAGTC

T-cell immunoglobulin domain and mucin domain 3 (TIM3) T4259G
polymorphism.

GCTAGATGAAGAGCAAGCGCCCCCTTTGATTCCCTGARATA
TACAACCGACAGATGTATGTGCCCCATGCATAGTTACCTG

Urokinase 3’ UTR (-A2849G) polymorphism.
GCTAGATGAAGAGCAAGCGCAGGCTCTGCACAGATGGATT
TACAACCGACAGATGTATGTATGCCCTGCCCTTTTTAACT

Cytotoxic T-lymphocyte antigen-4 (CTLA4A/G) in exon 1.
GCTAGATGAAGAGCAAGCGCCTGAACACCGCTCCCATAAA
TACAACCGACAGATGTATGTCCTCCTCCATCTTCATGCTC

Transporter associated with antigen processing 2 (TAP2) Ala565Thr
polymorphism.

GCTAGATGAAGAGCAAGCGC GCACCAGGTGTTCATTCTGA
TACAACCGACAGATGTATGT CCGCCATCACCTTATCATCT
I kappa BL A-62T polymorphism.

GCTAGATGAAGAGCAAGCGCCCCAAGGCCTGTGTTTAAGA

TACAACCGACAGATGTATGTGCCTCCAGTCCAGTCTTCTG
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Poly (ADP-ribose) polymerase 1 (PARP-1) C1l362T polymorphism. Poly(ADP-
ribose) polymerase 1 (PARP-1) haplotype A (410T-[A] (10)-[CA] (10-12)-
1362C, which includes short PARP-1 CA alleles) and haplotype B (410C-
[A] (11)-[CA] (13-0)1362T.

GCTAGATGAAGAGCAAGCGCAGGAGGGTGGACCTAGCACT
TACAACCGACAGATGTATGTCAAGTGATCTTCACGCCTCA
Protein-tyrosine phosphatase T1858C polymorphism.
GCTAGATGAAGAGCAAGCGCGGATAGCAACTGCTCCAAGG
TACAACCGACAGATGTATGTTCACACATCAGCTTCCCAAA

Vitamin D Receptor Fok I polymorphism.
GCTAGATGAAGAGCAAGCGCGGCCTGCTTGCTGTTCTTAC
TACAACCGACAGATGTATGTTGCTTCTTCTCCCTCCCTTT

Uteroglobin (UG) G38A polymorphism.
GCTAGATGAAGAGCAAGCGCCTTGCTGGGCATGTCTCATA
TACAACCGACAGATGTATGTGGGGGTCCTGAGAGTTCCTA

Matrix Metalloproteinase 3 (MMP3) 6A/6A polymorphism.
GCTAGATGAAGAGCAAGCGCTCACTGCCACCACTCTGTTC
TACAACCGACAGATGTATGTGCCTCAACCTCTCAAAGTGC

Tumor Protein p53 Arg/Arg and Pro/Pro genotypes at codon 72.
GCTAGATGAAGAGCAAGCGCCTGCCCTGGTAGGTTTTCTG
TACAACCGACAGATGTATGTGAAGACCCAGGTCCAGATG

Interleukin 10 (IL-10) (-A2849G) polymorphism.
GCTAGATGAAGAGCAAGCGCTCTCAGCTCACTGCAAGCTC
TACAACCGACAGATGTATGTACAGTGGCTCATGCCfGTAA

Tumor necrosis factor-alpha gene promotor (TNF alpha) -308 polymorphism.
GCTAGATGAAGAGCAAGCGCAAAGATGTGCGCTGATAGGG
TACAACCGACAGATGTATGTTTCCCCCATCTCTCTTCTCA

Tumor necrosis factor-alpha gene promotor (TNF alpha) -238 polymorphism.
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GCTAGATGAAGAGCAAGCGCAAAGATGTGCGCTGATAGGG
TACAACCGACAGATGTATGTTTCCCCCATCTCTCTTCTCA

Tumor necrosis factor-alpha gene promotor (TNF alpha) +488 polymorphism.
GCTAGATGAAGAGCAAGCGCACCTGGTCCCCAAAAGAAAT
TACAACCGACAGATGTATGTAAAGTTGGGGACACACAAGC

Tumor necrosis factor-alpha gene promotor (TNF alpha) -857 polymorphism.
GCTAGATGAAGAGCAAGCGCTGTCCAGGGCTATGGAAGTC
TACAACCGACAGATGTATGTTTTCATTCTGACCCGGAGAC

Tumor Necrosis Factor Receptor 2 (TNFR2) T587G polymorphism.
GCTAGATGAAGAGCAAGCGCCTCTCCTATCCTGCCTGCTG
TACAACCGACAGATGTATGTGGCTGGGGTAAGTGTACTGC

Tumor Necrosis Factor Receptor 1 (TNFR1) +36 A/A polymorphism.
CTGCTGCTGCCGCTGGTGAGACC GGTCTCACCAGCGGCAGCAGCAG

CTGCTGCTGCCACTGGTGAGACC GGTCTCACCAGTGGCAGCAGCAG

Fibrinogen B beta polypeptide (FGB) .G-455A polymorphism.
GCTAGATGAAGAGCAAGCGCGGAGTGAGAGGCCATAGCTG
TACAACCGACAGATGTATGTGCAGTGGCTGAGGTTAGGAC

Glutathione S-transferase M1 transcript variant 1 GSTM1 null genotype
polymorphism.

GCTAGATGAAGAGCAAGCGCATGGTTTGCAGGAARACAAGG
TACAACCGACAGATGTATGTAAAGCGGGAGATGAAGTCCT

Glutathione S-transferase Tl (GSTT1l) GSTT1-0 genotype polymorphism.
GCTAGATGAAGAGCAAGCGCGGCAGCATAAGCAGGACTTC
TACAACCGACAGATGTATGTGTTGCTCGAGGACAAGTTCC

Multidrug Resistance Protein (MDR-1) (-C3435T) polymorphism.
GCTAGATGAAGAGCAAGCGC TGCTCCCAGGCTGTTTATTT

TACAACCGACAGATGTATGT TGTTTTCAGCTGCTTGATGG
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Adhesion Molecule 1 (ICAM1) R241G polymorphism.
GCTAGATGAAGAGCAAGCGCGAATGAAATGCCCCAGAGAA
TACAACCGACAGATGTATGTACTGTGGGGTTCAACCTCTG
Interleukin 1 beta (IL-1B) C3954T polymorphism.
GCTAGATGAAGAGCAAGCGCTGTTCTTAGCCACCCCACTC
TACAACCGACAGATGTATGTGTGATCGTACAGGTGCATCG
Chondromodulin II (Chm II) Val58Ile polymorphism.
GCTAGATGAAGAGCAAGCGC CTGCAAACAGTGGGCTAACA
TACAACCGACAGATGTATGT CCCACAATCATTCCAGTGAA
Interleukin 6 gene (IL-6) - 622 polymorphism.
GCTAGATGAAGAGCAAGCGCTCCCCCTAGTTGTGTCTTGC
TACAACCGACAGATGTATGTTCATGGGAAAATCCCACATT

5 -Aminoimidazole- 4 -carboxamide ribonucleotide formyltransferase / IMP
cyclohydrolase (ATIC) 347 GG.

GCTAGATGAAGAGCAAGCGCGACAGTGGCTTCTCCAGGTG
TACAACCGACAGATGTATGTTCCCAAAACACAATCCAGAA

Solute Carrier Family 22 member 4 (SLC22A4) G8OA polymorphism.
GCTAGATGAAGAGCAAGCGCCAAGAGTGCCCAGAGAGTCC
TACAACCGACAGATGTATGTTTCTCCCTAAGGCATTTTGGT
Methylenetetrahydrofolate Reductase (MTHFR) C677T polymorphism.
GCTAGATGAAGAGCAAGCGCGCCTCTCCTGACTGTCATCC
TACAACCGACAGATGTATGTTCACAAAGCGGAAGAATGTG
Methylenetetrahydrofolate Reductase (MTHFR) Al298C polymorphism.
GCTAGATGAAGAGCAAGCGCGCCTCTCCTGACTGTCATCC
TACAACCGACAGATGTATGTTCACAAAGCGGAAGAATGTG

Lymphotoxin alpha gene (LTA) 249 polymorphism.

GCTAGATGAAGAGCAAGCGCGGGTTTGGTTTTGGTTTCCT
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TACAACCGACAGATGTATGTCCCGAGAGAGAGATCGACAG

Lymphotoxin alpha gene (LTA) 365 polymorphism.
GCTAGATGAAGAGCAAGCGCTGTCTCCCTCTGCTCACCTT
TACAACCGACAGATGTATGTAGGAGGAGGTGTAGGGTGGT

Lymphotoxin alpha gene (LTA) 720 polymorphism.
GCTAGATGAAGAGCAAGCGCAGGTGAGGCAGCAGGAGAAT
TACAACCGACAGATGTATGTATGAGGTGAGCAGCAGGTTT

Interleukin 10 (IL-10) -1087 G/G polymorphism.
GCTAGATGAAGAGCAAGCGCTTCCCCAGGTAGAGCAACAC
TACAACCGACAGATGTATGTGATGGGGTGGAAGAAGTTGA

Tumor necrosis factor-alpha (TNF)-308 TNF1/TNF1l polymorphism.
GCTAGATGAAGAGCAAGCGCACCTGGTCCCCAAAAGAAAT
TACAACCGACAGATGTATGTAAAGTTGGGGACACACAAGC

Transforming Growth Factor beta TGF betal (rare C allele in codon 25)
GCTAGATGAAGAGCAAGCGCCGAGGCCCTCCTACCTTTT
TACAACCGACAGATGTATGTTCGATAGTCTTGCAGGTGGA

Interleukin-10 gene (IL-10) -1087 AA polymorphism.
GCTAGATGAAGAGCAAGCGCTTCCCCAGGTAGAGCAACAC
TACAACCGACAGATGTATGTGATGGGGTGGAAGAAGTTGA

N-Acetyltransferase 2 (arylamine N-acetyltransferase) NAT2 282C>T
polymorphism.

GCTAGATGAAGAGCAAGCGCCCTGCCAAAGAAGAAACACC
TACAACCGACAGATGTATGTGATGAAGCCCACCAAACAGT

N-Acetyltransferase 2 (arylamine N-acetyltransferase) NAT2 S90G>A
polymorphism.

GCTAGATGAAGAGCAAGCGCACTGGGCTCTGACCACAATC
TACAACCGACAGATGTATGTGGCTGATCCTTCCCAGAAAT

Thiopurine methyltransferase (TPMT) G460A polymorphism.
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GCTAGATGAAGAGCAAGCGCCCAGGTCCACACATTCCTCT
TACAACCGACAGATGTATGTTTACCATTTGCGATCACCTG

Thiopurine methyltransferase (TPMT) A719G polymorphism.
GCTAGATGAAGAGCAAGCGCCCAGGTCCACACATTCCTCT
TACAACCGACAGATGTATGTTTACCATTTGCGATCACCTG

Fc receptor-like protein 3 (FCRL3) -Cl196T polymorphism.
GCTAGATGAAGAGCAAGCGCGGGGTGGAACCTCTTTGATT
TACAACCGACAGATGTATGTGCTTAATGAGCGTGGTGTGA

Tapasin gene (TPSN) Arg260Thr polymorphism.
GCTAGATGAAGAGCAAGCGCTGGGTAAGGGACATCTGCTC
TACAACCGACAGATGTATGTCAGATAGGTGCCCTCCTGAA

Toll-Like Receptor 4 (TLR4) Asp299Gly polymorphism.
GCTAGATGAAGAGCAAGCGCCTCTAGAGGGCCTGTGCAAT
TACAACCGACAGATGTATGTTCAATGTGGGAAACTGTCCA

Solute Carrier Family 19 ( folate reductase ) SLC19A1 GB8OA
GCTAGATGAAGAGCAAGCGCAGGCACAGTGTCACCTTCGT
TACAACCGACAGATGTATGTGCCGTAGAAGCAARAGGTAGC
Histocompatibility Antigen Hla 76 polymorphisms.
GCTAGATGAAGAGCAAGCGCGCACAATTCAACAéCTCTGC
TACAACCGACAGATGTATGTCTGCAACCTTCCACTGTCCT
Histocompatibility Antigen Hla 78 polymorphisms.
GCTAGATGAAGAGCAAGCGCGATCTGCAGAGCCATCTTCC
TACAACCGACAGATGTATGTTGAGGTCCTTCAGCTCCAGT

Melatonin Receptor 1B (MTNR1B) polymorphism.
GCTAGATGAAGAGCAAGCGCGCAGAAGAGCCCAACTCCTT

TACAACCGACAGATGTATGTTGCATGTGTGGTTGTGATTG
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Major Histocompatibility Complex, class II, Transactivator (MHC2TA)
polymorphism.

GCTAGATGAAGAGCAAGCGCAAGGTTCCCCCAACAGACTT
TACAACCGACAGATGTATGTCAAGCTAAGCCAACATGCAA
BETA-2-Adrenergic Receptor polymorphism.
GCTAGATGAAGAGCAAGCGCGCTCACCTGCCAGACTGC

GCTAGATGAAGAGCAAGCGCGCCAGGACGATGAGAGACAT

Monocyte chemotactic protein 1 (MCPl) polymorphism (-2518)G>A
polymorphism.

GCTAGATGAAGAGCAAGCGCCCAGCCAAATGCATTCTCTT
TACAACCGACAGATGTATGTCACAGGGAAGGTGAAGGGTA

FAS LIGAND gene minus 843C/T polymorphism.
GCTAGATGAAGAGCAAGCGCCTTGAGCCCAGGAGTTTGAG
TACAACCGACAGATGTATGTATCAGAGGCTGCAAACCAGT

The Inflammatory Bowel Disease gene IBD5 locusIGR2060a_1 polymorphism.
GCTAGATGAAGAGCAAGCGCCATACAGCACCTTCGGGTCT
TACAACCGACAGATGTATGTGGGCAGACTTTGGAACTCAG

The cdléa gene V158F (G/T) polymorphism.
GCTAGATGAAGAGCAAGCGC CCAAAAGCCACACTCAAAGAC
TACAACCGACAGATGTATGT CTTGAGTGATGGTGATGTTCA

The Interleukin 1 beta (ILlb) minus 51la/c polymorphism.
GCTAGATGAAGAGCAAGCG CAGGCAGAGAGGGAAGGAGAG
TACAACCGACAGATGTATGT AAACAGCGAGGGAGAAACTG

The Interleukin 4 (IL4) 34c/t polymorphism.
GCTAGATGAAGAGCAAGCGCTCATTTTCCCTCGGTTTCAG
TACAACCGACAGATGTATGTAGAACAGAGGGGGAAGCAGT

The Caspase 9 C93T polymorphism.

GCTAGATGAAGAGCAAGCGCGCGGCCTGGAGTCTTAGTT
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TACAACCGACAGATGTATGTGATCATATGGGGCCTGAACA

The Adhesion Molecule 1 (ICAM1) R241G polymorphism.
GCTAGATGAAGAGCAAGCGCGAATGAAATGCCCCAGAGRAA
TACAACCGACAGATGTATGTACTGTGGGGTTCAACCTCTG

The Interleukin 4 (IL4) gene -590 polymorphism.
GCTAGATGAAGAGCAAGCGACCCAAACTAGGCCTCACCT
TACAACCGACAGATGTATGTACAGGTGGCATCTTGGAAAC

The THIOPURINE S-METHYLTRANSFERASE 5 (TPMT5) gene T145C (Leu49Ser)
polymorphism.

GCTAGATGAAGAGCAAGCGCCACTGACTGGGTGTGTGTC
TACAACCGACAGATGTATGTCCTCAGTCCACTCTTGCCTTT

The THIOPURINE S-METHYLTRANSFERASE 6 (TPMT6) gene A539T polymorphism.
GCTAGATGAAGAGCAAGCGCTTCCTTCCCTGCCTTTTGT
TACAACCGACAGATGTATGTCCCAACAACTTTACCTGGATG

The THIOPURINE S-METHYLTRANSFERASE 7 (TPMT7) gene T681G (His227Gln)
polymorphism. :

GCTAGATGAAGAGCAAGCGCCATCCATTACATTTTCAGGCTTT
TACAACCGACAGATGTATGTGGTTGATGCTTTTGAAGAACG

The THIOPURINE S-METHYLTRANSFERASE 8 (TPMT8) gene G644A (Arg215His)
polymorphism.

GCTAGATGAAGAGCAAGCGTCCTGACCTCAAGTGATCCA
TACAACCGACAGATGTATGTCGTTCTTCARAAGCATCAACC

The N-Acetyltransferase 2 (arylamine N-acetyltransferase) 341T>C
polymorphism.

GCTAGATGAAGAGCAAGCGTGGTGTCTCCAGGTCAATCA
TACAACCGACAGATGTATGTGGCTGATCCTTCCCAGAAAT

The N-Acetyltransferase 2 (arylamine N-acetyltransferase) 481C>T
polymorphism.

GCTAGATGAAGAGCAAGCGTGACGGCAGGAATTACATTG

TACAACCGACAGATGTATGTTGTTTCTTCTTTGGCAGGAGA
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The N-Acetyltransferase 2 (arylamine N-acetyltransferase) 803A>G
polymorphism.

GCTAGATGAAGAGCAAGCGCCTGCCAAAGAAGAAACACC
TACAACCGACAGATGTATGTCGTGAGGGTAGAGAGGATATCTG

The N-Acetyltransferase 2 (arylamine N-acetyltransferase) 857G>A
polymorphism.

GCTAGATGAAGAGCAAGCGCCTGCCAARAGAAGAAACACC
TACAACCGACAGATGTATGTCGTGAGGGTAGAGAGGATATCTG

The N-Acetyltransferase 2 (arylamine N-acetyltransferase) 191G>A
polymorphism.

GCTAGATGAAGAGCAAGCGCCATGGAGTTGGGCTTAGAG
TACAACCGACAGATGTATGTCCATGCCAGTGCTGTATTTG

The Lectin, Mannose-binding (MBL) gene Gly54Asp polymorphism.
GCTAGATGAAGAGCAAGCGTGGCAGCGTCTTACTCAGAA
TACAACCGACAGAT8TATGTAGAACAGCCCAACACGTACC

Histocompatibility Antigen Hla B27 polymorphism.
GCTAGATGAAGAGCAAGCGCGCTACGTGGACGACACGCT

TACAACCGACAGATGTATGTCAGTCTGTGCCTTGGCGTTGC
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Figure 12: Table 12
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[Phenotype and SNPs P value
HAQ>2
SNP 78 (rs2070874) 0,01723806
SNP 89 (rs1041983) 0,01859894
SNP 40 (rs1800790) 0,01905114
SNP 87 (rs not available) 0,0480329
RX2
SNP 42 (rs not available) 0,00351956
SNP 26 (rs2071592) 0,02199691
SNP 15 (rs1801275) 0,03075416
SNP 34 (rs1800629) 0,03181104
110 _3
SNP 20 (rs1544410) 0,00625435
SNP 87 (rs not available) 0,04457328
Surgical Intervention
SNP 41 (rs not available) 0,01281179
Remission
SNP 87 (rs not available) 0,02296336
SNP 28 (rs2476601) 0,0237744
SNP 27 (rs7531668) 0,02581015
Leaving the job
SNP 32 (rs1042522) 0,0350
Methotrexate intolerance
SNP 50 (rs1801133) 0,0100
SNP 58 (rs2842934) 0,0360
SNP 78 (rs2070874) 0,0270
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