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EPIGENETIC CHROMOSOME INTERACTIONS 

Field of the Invention 

The invention relates to detecting chromosome interactions and rheumatoid arthritis.  

5 More particularly, the invention relates to a method of determining responsiveness to a specific 

therapy for rheumatoid arthritis in a subject; a companion diagnostic method; a therapeutic agent for 

use in the treatment and/or prophylaxis of rheumatoid arthritis in an individual (in particular in a 

human individual); a method of screening for (identifying) an agent, in particular a therapeutic agent, 

which is capable of changing responsiveness (in particular of an individual e.g. human individual) to a 

10 therapy for rheumatoid arthritis; a method of determining the effect of a drug (e.g. therapeutic agent) 

comprising detecting the change in epigenetic chromosome interactions caused by the drug; and/or 

a library of nucleic acid and/or a nucleic acid.  

15 Background of the Invention 

Healthcare costs are spiralling and so there is a need to treat people more effectively using existing 

drugs. Some patients are non-responsive to particular pharmaceutical treatments. One example is the 

treatment of rheumatoid arthritis by methotrexate (MTX).  

Rheumatoid arthritis (RA) is a chronic autoimmune disease affecting up to 1% of the global population.  

20 Pathogenesis is multifactorial and characterized by primarily immune host gene loci interacting with 

environmental factors, particularly smoking and other pulmonary stimuli" 2 . The exposure of a 

genetically susceptible individual to such environmental factors suggests an epigenetic context for 

disease onset and progression. Recent studies of chromatin markers (e.g. methylation status of the 

genome) provide the first evidence of epigenetic differences associated with RA 5 "'". However, to 

25 date neither genetic associations, nor epigenetic changes, have provided a validated predictive marker 

for response to a given therapy. Moreover, clinical presentation only weakly predicts the efficacy and 

toxicity of known disease modifying anti-rheumatic drugs (DMARDs) such as methotrexate (MTX).  

MTX8, the commonest first-choice medication recommended by EULAR and ACR management 

30 guidelines, delivers clinically meaningful response rates ranging from 50% to 65% after 6 months of 

treatment". Such responses, and especially the rather smaller proportion that exhibits high hurdle 

responses, cannot currently be predicted in an individual patient. This begets a 'trial and error' based 

approach to therapeutic regimen choice (mono or combinatorial therapeutics).  
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The ability to predict responsiveness to MTX, and/or other RA drugs, in an individual patient would 

be an invaluable clinical tool, given that response to first-line treatment is the most significant 

predictor of long-term outcome.  

5 Summary of the Invention 

The inventors have investigated the use of epigenetic chromosome interactions as the basis of or for 

use in conjunction with companion diagnostics to rheumatoid arthritis (RA), and in particular in the 

detection of epigenetic states to determine responsiveness to RA therapy, in particular 

pharmaceutical therapy of RA such as methotrexate. The inventors' work shows the role played by 

10 epigenetic interactions and provides methods for identifying the relevant chromosomal interactions.  

The invention relates to using chromosome interactions as the basis for companion diagnostic tests.  

Accordingly, a first aspect of the present invention provides a method of determining 

responsiveness to a specific therapy (in particular a specific pharmaceutical therapy) for rheumatoid 

15 arthritis in a subject (preferably a mammalian such as human subject), comprising detecting the 

presence or absence of 5 or more (in particular 7 or more, or 10 or more, or 15 or more, or 20 or 

more) chromosomal interactions, wherein said chromosomal interactions are preferably at 5 or 

more (for example 5) different loci.  

20 Preferably, in all aspects of the invention, said detecting comprises determining for each interaction 

whether or not the regions of a chromosome which are part of the interaction have been brought 

together.  

More preferably, in all aspects of the invention, said detecting comprises determining for each 

25 interaction whether or not the regions of a chromosome which are part of the interaction have been 

brought together, by cross-linking chromosome interactions in a sample from the subject and 

detecting whether a sequence from both chromosome regions which are brought together is 

present in the cross-linked product.  

30 Preferably, in all aspects of the invention, the chromosome interactions are or have been identified 

in an assay method that that identifies chromosome interactions which are relevant to subgroups 

that comprises contacting a first set of nucleic acids from the subgroups with a second set of nucleic 

acids representing an index population of chromosome interactions, and allowing complementary 

sequences to hybridise, wherein the nucleic acids in the first and second sets of nucleic acids 
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represent (in particular are in the form of) a ligated product comprising sequences from both of the 

chromosome regions that have come together in the epigenetic chromosome interaction, and 

wherein the pattern of hybridisation between the first and second set of nucleic acids allows a 

determination of which epigenetic chromosome interactions are specific to subgroups in the 

5 population, wherein the subgroups differ in responsiveness to a specific therapy for rheumatoid 

arthritis.  

Preferably, in all aspects of the invention, the feature ".... the nucleic acids in the first and second sets 

of nucleic acids represent a ligated product comprising sequences from both of the chromosome 

10 regions that have come together in the epigenetic chromosome interaction ... " comprises or is: 

"... the nucleic acids in the first and second sets of nucleic acids are in the form of a ligated product(s) 

(preferably a ligated nucleic acid(s), more preferably ligated DNA) comprising sequences from both of 

the chromosome regions that have come together in the epigenetic chromosome interaction".  

15 More preferably, in all aspects of the invention: 

- the first set of nucleic acids is from at least 8 individuals, and/or 

-the first set of nucleic acids is from at least 4 individuals from a first subgroup and at least 4 individuals 

from a second subgroup which is preferably non-overlapping with the first subgroup, and/or 

- the second set of nucleic acids represents an unselected group of chromosome interactions, and/or 

20 - the second set of nucleic acids is bound to an array at defined locations, and/or 

- the second set of nucleic acids represents chromosome interactions in least 100 different genes or 

loci, and/or 

- the second set of nucleic acids comprises at least 1000 different nucleic acids representing at least 

1000 different epigenetic chromosome interactions, and/or 

25 - the first set of nucleic acids and the second set of nucleic acids comprise nucleic acid sequences of 

length 10 to 100 nucleotide bases, 

and/or 

- the first set of nucleic acids is or has been generated in a method comprising the steps: 

(i) in vitro cross-linking of chromosome regions which have come together in a 

30 chromosome interaction; 

(ii) subjecting said cross-linked DNA to restriction digestion cleavage with an enzyme; 

and 

(iii) ligating said cross-linked cleaved DNA ends to form the first set of nucleic acids (in 

particular comprising ligated DNA).  
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Preferably, in all aspects of the invention, the subject is human; and/or the subgroups are subgroups 

in a human population.  

5 Preferably, in all aspects of the invention: 

a. said locus is a gene, and/or 

b. a microRNA (miRNA) is expressed from the locus, and/or 

c. a non-coding RNA (ncRNA) is expressed from the locus, and/or 

d. the locus expresses a nucleic acid sequence encoding at least 10 contiguous 

10 amino acid residues, and/or 

e. the locus expresses a regulating element.  

Preferably, in all aspects of the invention, 5 or more (in particular 5 to 20, 5 to 100, 5 to 300, or 5 to 

500), 7 or more (e.g. 7 to 500 or 7 to 100), more preferably 10 or more or 15 or more (e.g. 10 to 500 

15 or 10 to 100 or 15 to 500 or 15 to 100), or even more preferably 20 or more (e.g. 20 to 500, 20 to 

300 or 20 to 100), yet more preferably 50 or more e.g. 50 to 100, epigenetic chromosome 

interactions are typed.  

Preferably, in the first aspect (and/or all other aspects) of the invention, the specific therapy (in 

20 particular the specific pharmaceutical therapy) for rheumatoid arthritis, and/or the therapeutic agent 

(in particular the pharmaceutical therapeutic agent), comprises a pharmaceutically active agent (e.g.  

a compound or a biologic/ biological agent such as a protein or antibody) suitable for use (in particular 

human use) in the treatment and/or prophylaxis of rheumatoid arthritis (RA), preferably a disease 

modifying anti-rheumatic drug (DMARD); in particular in a mammal, more particularly in a human.  

25 

More preferably, in all aspects of the invention, the pharmaceutically active agent comprises: 

- a synthetic disease modifying anti-rheumatic drug (sDMARD), preferably comprising: 

- a sDMARD which inhibits the metabolism and/or action of folic acid (preferably a sDMARD 

being an inhibitor of mammalian dihydrofolate reductase (DHFR), most preferably methotrexate, or 

30 less preferably pemetrexed); 

- sulfasalazine, or 5-aminosalicylic acid (5-ASA, mesalazine) which is an active metabolite of 

sulfasalazine, 
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- a sDMARD which is a pyrimidine synthesis inhibitor (in particular a dihydroorotate 

dehydrogenase (DHODH) inhibitor), most preferably leflunomide or its active metabolite 

teriflunomide, 

- a quinolone-class antimalarial drug and sDMARD, most preferably hydroxychloroquine, 

5 - a janus kinase (JAK) inhibitor sDMARD, preferably a JAK-I and/or JAK-3 inhibitor sDMARD, 

most preferably tofacitinib, 

- or a combination of 2, 3 or more of the sDMARDs listed herein (such a combination can, in 

particular, comprise or be: methotrexate + sulfasalazine, methotrexate + leflunomide, methotrexate 

+ hydroxychloroquine, sulfasalazine + leflunomide, methotrexate + sulfasalazine + 

10 hydroxychloroquine, [sulfasalazine and/or leflunomide] + hydroxychloroquine, or tofacitinib + 

[methotrexate, sulfasalazine, leflunomide, and/or hydroxychloroquine]); 

wherein each sDMARD compound mentioned hereinabove can, independently, be in the form 

of the free compound and/or a pharmaceutically acceptable salt thereof; and/or 

15 - a TNF-alpha (tumor necrosis factor alpha) inhibitor, in particular: a monoclonal antibody TNF-alpha 

inhibitor such as infliximab, adalimumab, certolizumab pegol, golimumab, or a biosimilar (in particular 

a USA- (e.g. FDA-) and/or European- (e.g. EMEA-) approved biosimilar) of any of these (in particular a 

biosimilar of infliximab such as CT-P13); and/or a circulating receptor fusion protein TNF-alpha 

inhibitor such as etanercept or a biosimilar thereof (in particular a USA- (e.g. FDA-) and/or European

20 (e.g. EMEA-) approved biosimilar thereof); and/or 

- a T cell costimulation inhibitor such as abatacept; and/or 

- an interleukin 1 (IL-1) inhibitor such as anakinra; and/or 

- monoclonal antibody against B cells such as rituximab or a biosimilar thereof (in particular a USA

(e.g. FDA-) and/or European- (e.g. EMEA-) approved biosimilar thereof), and/or 

25 - an interleukin-6 (IL-6) receptor inhibitor monoclonal antibody such as tocilizumab or a biosimilar 

thereof (in particular a USA- (e.g. FDA-) and/or European- (e.g. EMEA-) approved biosimilar thereof); 

and/or 

- a glucocorticoid drug suitable for use in the treatment and/or prophylaxis of rheumatoid arthritis 

such as prednisone, prednisolone or dexamethasone (in particular a glucocorticoid drug in 

30 combination with an sDMARD, e.g. as listed hereinabove).  

Even more preferably, in all aspects of the invention, the pharmaceutically active agent comprises: 

- a synthetic disease modifying anti-rheumatic drug (sDMARD), preferably comprising: 
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- a sDMARD which inhibits the metabolism and/or action of folic acid (preferably a sDMARD 

being an inhibitor of mammalian dihydrofolate reductase (DHFR), most preferably methotrexate, or 

less preferably pemetrexed); 

- sulfasalazine, or 5-aminosalicylic acid (5-ASA, mesalazine) which is an active metabolite of 

5 sulfasalazine, 

- a sDMARD which is a pyrimidine synthesis inhibitor (in particular a dihydroorotate 

dehydrogenase (DHODH) inhibitor), most preferably leflunomide or its active metabolite 

teriflunomide, 

- a quinolone-class antimalarial drug and sDMARD, most preferably hydroxychloroquine, 

10 - a janus kinase (JAK) inhibitor sDMARD, preferably a JAK-1 and/or JAK-3 inhibitor sDMARD, 

most preferably tofacitinib, 

- or a combination of 2, 3 or more of the sDMARDs listed herein (such a combination can, in 

particular, comprise or be: methotrexate + sulfasalazine, methotrexate + leflunomide, methotrexate 

+ hydroxychloroquine, sulfasalazine + leflunomide, methotrexate + sulfasalazine + 

15 hydroxychloroquine, [sulfasalazine and/or leflunomide] + hydroxychloroquine, or tofacitinib + 

[methotrexate, sulfasalazine, leflunomide, and/or hydroxychloroquine]); 

wherein each sDMARD compound mentioned hereinabove can, independently, be in the form 

of the free compound and/or a pharmaceutically acceptable salt thereof.  

20 Most preferably, in all aspects of the invention, the pharmaceutically active agent comprises: 

- a synthetic disease modifying anti-rheumatic drug (sDMARD) which inhibits the metabolism 

and/or action of folic acid (preferably a sDMARD being an inhibitor of mammalian dihydrofolate 

reductase (DHFR), most preferably methotrexate, or less preferably pemetrexed); 

- or a combination of methotrexate or pemetrexed (preferably methotrexate) with I or more 

25 of the following sDMARDs: sulfasalazine, leflunomide, hydroxychloroquine, and/or tofacitinib; 

wherein each sDMARD compound mentioned hereinabove can, independently, be in the form 

of the free compound and/or a pharmaceutically acceptable salt thereof.  

Most preferably, in all aspects of the invention, the specific therapy for rheumatoid arthritis 

30 comprises methotrexate or a pharmaceutically acceptable salt thereof, in particular for use in the 

treatment and/or prophylaxis of rheumatoid arthritis.  

A second aspect of the present invention provides an agent (in particular a pharmaceutically active 

agent, preferably methotrexate or a pharmaceutically acceptable salt thereof) which is therapeutic 
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for rheumatoid arthritis, for use in treatment and/or prophylaxis of rheumatoid arthritis in an 

individual (preferably in a human individual) that has been identified as being in need of said agent 

by a method according to the first aspect of the invention. The second aspect of the invention also 

provides the use of an agent (in particular a pharmaceutically active agent, preferably methotrexate 

5 or a pharmaceutically acceptable salt thereof) which is therapeutic for rheumatoid arthritis, in the 

manufacture of a medicament (e.g. pharmaceutical composition comprising the pharmaceutically 

active agent) for use in treatment and/or prophylaxis of rheumatoid arthritis in an individual 

(preferably in a human individual) that has been identified as being in need of said agent by a 

method according to the first aspect of the invention. The second aspect of the invention also 

10 provides a method of treatment and/or prophylaxis of rheumatoid arthritis in an individual 

(preferably in a human individual), comprising administering to the individual an agent (in particular 

a pharmaceutically active agent, preferably methotrexate or a pharmaceutically acceptable salt 

thereof) which is therapeutic for rheumatoid arthritis, wherein the individual has been identified as 

being in need of said agent by a method according to the first aspect of the invention.  

15 

A third aspect of the present invention provides a method of identifying a substance which is 

capable of changing in an individual (preferably in a human individual) a non-responsive state to a 

responsive state, in respect of the individual's responsiveness to a therapeutic agent for rheumatoid 

arthritis, comprising determining whether or not a candidate agent is capable of changing the 

20 chromosomal interactions from those corresponding to a non-responsive state to those which 

correspond to a responsive state.  

A fourth aspect of the present invention provides a method of determining whether a candidate 

substance (in particular a pharmaceutically active agent) is suitable for the treatment and/or 

25 prophylaxis of rheumatoid arthritis, comprising detecting the change in epigenetic chromosome 

interactions caused by the drug (i.e. the candidate substance, in particular a pharmaceutically active 

agent), wherein said interactions relate to the mechanism of action of the drug or the 

pharmacodynamics properties of the drug.  

30 A fifth aspect of the present invention provides a library of nucleic acids (e.g. DNA and/or isolated 

nucleic acids) which comprises at least 200 different second nucleic acids (e.g. DNA and/or isolated 

nucleic acids), as defined herein, optionally bound to an array.  
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Preferably, in the fifth aspect of the invention, the library comprises 5 or more, 7 or more, 10 or 

more, 15 or more, 20 or more, 25 or more, 30 or more, or 40 or more, or 50 or more, nucleic acids 

(e.g. DNA and/or isolated nucleic acids) each of which comprise (for example each of which consist 

5 essentially of, e.g. consist of) a nucleic acid sequence (e.g. DNA sequence) selected from the group 

consisting of: 

(i) the nucleic acid (e.g. DNA) sequences listed in Table 7a and/or Table 8a and/or Table 9 (preferably 

Table 7a and/or Table 8a, most preferably Table 7a); and 

(ii) nucleic acid (e.g. DNA) sequences having at least 70%, at least 80%, at least 85%, at least 90%, at 

10 least 95%, at least 97%, at least 98%, or at least 99% identity to one or more sequences listed in 

Table 7a and/or Table 8a and/or Table 9 (preferably Table 7a and/or Table 8a, most preferably Table 

7a).  

A sixth aspect of the present invention provides a library of nucleic acids (e.g. DNA and/or isolated 

15 nucleic acids) comprising 5 or more, 7 or more, 10 or more, 15 or more, 20 or more, 25 or more, 30 

or more, or 40 or more, or 50 or more, or 70 or more, nucleic acids (e.g. DNA and/or isolated nucleic 

acids), each of which comprise (for example each of which consist essentially of, e.g. consist of) a 

nucleic acid sequence (e.g. DNA sequence) selected from the group consisting of: 

(i) the nucleic acid (e.g. DNA) sequences listed in Table 7a and/or Table 8a and/or Table 9 (preferably 

20 Table 7a and/or Table 8a, most preferably Table 7a); and 

(ii) nucleic acid (e.g. DNA) sequences having at least 70%, at least 80%, at least 85%, at least 90%, at 

least 95%, at least 97%, at least 98%, or at least 99% identity to one or more sequences listed in 

Table 7a and/or Table 8a and/or Table 9 (preferably Table 7a and/or Table 8a, most preferably Table 

7a).  

25 

A seventh aspect of the present invention provides a nucleic acid (e.g. DNA and/or an isolated 

nucleic acid) comprising (for example consisting essentially of, e.g. consisting of) a nucleic acid 

sequence (e.g. DNA sequence) selected from the group consisting of: 

(i) the nucleic acid (e.g. DNA) sequences listed in Table 7a and/or Table 8a and/or Table 9 (preferably 

30 Table 7a and/or Table 8, most preferably Table 7a); and 

(ii) nucleic acid (e.g. DNA) sequences having at least 80%, at least 85%, at least 90%, at least 95%, at 

least 97%, at least 98%, or at least 99% identity to one or more sequences listed in Table 7a and/or 

Table 8a and/or Table 9 (preferably Table 7a and/or Table 8a, most preferably Table 7a).  
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The invention also provides a nucleic acid (e.g. DNA and/or an isolated nucleic acid) comprising (for 

example consisting essentially of, e.g. consisting of) a nucleic acid sequence (e.g. DNA sequence) 

selected from the nucleic acid (e.g. DNA) sequences listed in Table 7a and/or Table 8a and/or Table 9 

(preferably Table 7a and/or Table 8a, most preferably Table 7a).  

5 

For clarity, sequence identity is the amount of nucleotide characters that match exactly between 

two sequences, and these values are typically estimated by common algorithms such as BLAST 

and/or BLAT. See hereinafter under "Homologues" for more information.  

10 

Brief Description of the Drawings 

Figure l is a figure comprising pie-charts and graphs relating to: Chromosome Conformation Signature 

EpiSwitch T Markers discriminate MTX responders (R) from non-responders (NR). A discovery cohort 

of responder (R) and non-responder (NR) RA patients were selected based on DAS28 (Disease Activity 

15 Score of 28joints) EULAR (The European LeagueAgainst Rheumatism) response criteria (see methods).  

(A) Pie charts show the clinical interpretation of CDAI scores for both R and NR patients at baseline 

and 6 months. (B) CDAI scores of R and NR patients at baseline and 6 months. (C) EpiSwitch" array 

analysis of peripheral blood mononuclear cells taken at diagnosis from R and NR, and healthy controls 

(HC) identified 922 statistically significant stratifying marker candidates. Further analysis revealed that 

20 420 were specific for NR, 210 to R and 159 to HC. Pie charts show the proportion in relation to the 

13,322 conditional chromosome conformations screened. All markers showed adjusted p<0.2. (D) 

Hierarchical clustering using Manhattan distance measure with complete linkage agglomeration is 

shown by the heatmaps. Marker selection using binary pattering across the 3 groups (R, NR and HC) 

initially reduced the 922 EpiSwitch T" Markers to 65 and then the top 30 markers.  

25 

Figure 2 is a figure comprising pie-charts and graphs relating to: Refinement and validation of the 

Chromosome Conformation Signature EpiSwitch'" Markers. The validation cohort of responder (R) 

and non-responder (NR) RA patients were selected based on DAS28 (Disease Activity Score of 28 

joints) EULAR (The European League Against Rheumatism) response criteria (see methods). (A) Pie 

30 charts show the clinical interpretation of CDAI scores for both R and NR patients at baseline and 6 

months. (B) CDAI scores of R and NR patients at baseline and 6 months. ****P<0.0001 by Kruskal

Wallis test with Dunn's multiple comparison post test (C) Correlation plot of the classifying 5 

EpiSwitch T markers. The red box indicates the markers that define NR whilst the orange box indicated 
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markers that define R. (D) Principle Component Analysis (PCA) for a 60 patient cohort based on their 

binary scores for the classifying 5 EpiSwitchTM markers.  

Figure 3 is a figure comprising graphs relating to: Prognostic stratification and model validation for 

response to methotrexate (MTX) treatment. (A) Representative examples of 5 selected Receiver 

5 Operating Characteristics (ROC) curves from 150 randomisations of the data using the 5 CCS marker 

logistic regression classifiers. (B) Factor Analysis for responder (R) and non-responder (NR) RA patients 

vs healthy controls (HC) using EpiSwitch' TCCS markers selected for discerning MTX responders from 

MTX non-responders.  

Figure 4 is a Schematic diagram of the 3C extraction process. 3C means chromatin conformation 

10 capture, or chromosome conformation capture.  

Figure 5 is a Scheme illustrating the Design for Discovery and Validation of Epigenetic Stratifying 

Biomarker Signature for DMARDS Nave ERA patients, who were confirmed within 6 months of MTX 

treatment as responders (N) or non-responders (NR). Epigenetic stratification was based on 

conditional chromosome confirmations screened and monitored by EpiSwitch TM Array and PCR 

15 (polymerase chain reaction) platforms. Disease specific epigenetic nature of the identified biomarkers 

was confirmed by stratification against healthy controls (HC). Validation was performed on 60 RA 

patients (30 responders and 30 non-responders) and 30 HC.  

Detailed Description of the Invention 

20 

The invention has several different aspects: 

- a method of determining responsiveness to a specific therapy for rheumatoid arthritis in a 

subject; 

- a companion diagnostic method; 

25 - a therapeutic agent for use in treatment and/or prophylaxis of an individual (specifically, in 

the treatment and/or prophylaxis of rheumatoid arthritis in an individual, in particular in a 

human individual), wherein said individual has been identified as being in need of the 

therapeutic agent in particular by a method of determining responsiveness and/or a 

companion diagnostic method of the invention; 

30 - a method of screening for (identifying) an agent, in particular a therapeutic agent, which is 

capable of changing responsiveness (in particular of an individual e.g. human individual) to a 

therapy for rheumatoid arthritis; 

10
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- a method of determining the effect of a drug (e.g. therapeutic agent) comprising detecting 

the change in epigenetic chromosome interactions caused by the drug.  

Epigenetic Interactions 

As used herein, the term 'epigenetic' interactions typically refers to interactions between distal 

5 regions of a locus on a chromosome, said interactions being dynamic and altering, forming or 

breaking depending upon the status of the region of the chromosome.  

In particular methods of the invention chromosome interactions are detected by first generating a 

ligated nucleic acid that comprises sequence(s) from both regions of the chromosomes that are part 

of the chromosome interactions. In such methods the regions can be cross-linked by any suitable 

10 means. In a preferred embodiment, the interactions are cross-linked using formaldehyde, but may 

also be cross-linked by any aldehyde, or D-Biotinoyl-e- aminocaproic acid-N-hydroxysuccinimide 

ester or Digoxigenin-3-0-methylcarbonyl- e-aminocaproic acid-N-hydroxysuccinimide ester. Para

formaldehyde can cross link DNA chains which are 4 Angstroms apart.  

The chromosome interaction may reflect the status of the region of the chromosome, for example, if 

15 it is being transcribed or repressed in response to change of the physiological conditions.  

Chromosome interactions which are specific to subgroups as defined herein have been found to be 

stable, thus providing a reliable means of measuring the differences between the two subgroups.  

In addition, chromosome interactions specific to a disease condition will normally occur early in the 

disease process, for example compared to other epigenetic markers such as methylation or changes 

20 to binding of histone proteins. Thus the companion diagnostic method of the invention is able to 

detect early stages of a disease state. This allows early treatment which may as a consequence be 

more effective. Another advantage of the invention is that no prior knowledge is needed about 

which loci are relevant for identification of relevant chromosome interactions. Furthermore there is 

little variation in the relevant chromosome interactions between individuals within the same 

25 subgroup. Detecting chromosome interactions is highly informative with up to 50 different possible 

interactions per gene, and so methods of the invention can interrogate 500,000 different 

interactions.  

Location and Causes of Epigenetic Interactions 

Epigenetic chromosomal interactions may overlap and include the regions of chromosomes shown 

30 to encode relevant or undescribed genes, but equally may be in intergenic regions. It should further 

be noted that the inventors have discovered that epigenetic interactions in all regions are equally 
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important in determining the status of the chromosomal locus. These interactions are not 

necessarily in the coding region of a particular gene located at the locus and may be in intergenic 

regions.  

5 The chromosome interactions which are detected in the invention could be caused by changes to 

the underlying DNA sequence, by environmental factors, DNA methylation, non-coding antisense 

RNA transcripts, non-mutagenic carcinogens, histone modifications, chromatin remodelling and 

specific local DNA interactions. The changes which lead to the chromosome interactions may be 

caused by changes to the underlying nucleic acid sequence, which themselves do not directly affect 

10 a gene product or the mode of gene expression. Such changes may be for example, SNP's within 

and/or outside of the genes, gene fusions and/or deletions of intergenic DNA, microRNA, and non

coding RNA. For example, it is known that roughly 20% SNPs are in non-coding regions, and 

therefore the method as described is also informative in non-coding situation. In one embodiment 

the regions of the chromosome which come together to form the interaction are less than 5 kb, 3 kb, 

15 1 kb, 500 base pairs or 200 base pairs apart.  

The chromosome interaction which is detected in the companion diagnostic method is preferably one 

which is within any of the genes mentioned in the Tables herein. However it may also be upstream or 

downstream of the genes, for example up to 50,000, 30,000, 20,000, 10,000 or 5000 bases upstream 

or downstream from the gene or from the coding sequence.  

20 The chromosome interaction which is detected may or may not be one which occurs between a gene 

(including coding sequence) and its regulatory region, such as a promoter. The chromosome 

interaction which is detected may or may not be one which is inherited, for example an inherited 

imprinted characteristic of a gene region. The individual may be male or female. The individual may 

be 30 years old or older. The individual may be 29 years old or younger.  

25 

Types of Clinical Situation 

The specific case of use of methotrexate (MTX) to treat RA (Rheumatoid Arthritis) illustrates the 

general principles. There are currently no tests that clinicians can use a priori to determine if 

patients will respond to MTX when the patients are first given the drug. Since a significant number 

30 (about 30%) of patients do not respond to MTX, being able to predict whether a patient is a 

responder or non-responder will increase the chances of successfully treating RA, as well as saving 

time and money.  

12
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The invention allows stratification based on biomarkers for specific phenotypes relating to 

rheumatoid arthritis, i.e. by recognising a particular chromosome confirmation signature and/or a 

change in that particular signature.  

The method may or may not be used for diagnosis of the presence of rheumatoid arthritis. The 

5 methods of the invention can be used to type loci where the mechanisms of disease are unknown, 

unclear or complex. Detection of chromosome interactions provides an efficient way of following 

changes at the different levels of regulation, some of which are complex. For example in some cases 

around 37,000 non-coding RNAs can be activated by a single impulse.  

Subgroups and Personolised Treatment 

10 As used herein, a "subgroup" preferably refers to a population subgroup (a subgroup in a population), 

more preferably a subgroup in a or the population of a particular animal such as a particular mammal 

(e.g. human, non-human primate, or rodent e.g. mouse or rat) or a particular nematode worm (e.g. C.  

elegans). Most preferably, a "subgroup" refers to a subgroup in a or the human population.  

Particular populations, e.g. human populations, of interest include: the human population overall, the 

15 human RA population (i.e. humans suffering from RA), the human healthy population (healthy 

controls), the human population which is healthy in the sense of not suffering from RA, the human 

(healthy and/or RA) population who are responders to a particular drug / therapy, or the human 

(healthy and/or RA) population who are non-responders to a particular drug / therapy.  

The invention relates to detecting and treating particular subgroups in a population, preferably in a 

20 or the human population. Within such subgroups the characteristics discussed herein (such as 

responsiveness to treatment and/or prophylaxis; in particular responsiveness to a specific e.g.  

pharmaceutical treatment and/or prophylaxis e.g. to a therapeutically active substance / therapeutic 

agent e.g. pharmaceutical therapeutic agent) will be present or absent. Epigenetic interaction 

differences on a chromosome are, generally speaking, structural differences which exist at a 

25 genomic level. The inventors have discovered that these differ between subsets (for example two, or 

two or more, subsets) in a given population. Identifying these differences will allow physicians to 

categorize their patients as a part of one subset of the population as described in the method. The 

invention therefore provides physicians with a method of personalizing medicine for the patient 

based on their epigenetic chromosome interactions, and provide an alternative more effective 

30 treatment and/or prophylaxis regime.  

In another embodiment, threshold levels for determining to what extent a subject is defined as 

belonging to one subgroup and not to a or the other subgroup of the population (e.g. human 
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population, e.g. human RA population) are applied. In one preferable embodiment wherein the 

subgroups comprise responders versus non-responders of a therapy for the treatment of a particular 

disease (e.g. or i.e. RA), said threshold may be measured by change in DAS28 score (Disease Activity 

Score of 28 joints). In one embodiment, a score above 1.2 units indicates a subject falls into the 

5 responder subgroup, whilst a score below 1.2 units indicates a subject is defined as a non-responder.  

Typically a subgroup will be at least 10%, at least 30%, at least 50%, at least 70%, or at least 80% of 

the general population.  

Generating Ligated Nucleic Acids 

Certain embodiments of the invention utilise ligated nucleic acids, in particular ligated DNA. These 

10 comprise sequences from both of the regions that come together in a chromosome interaction and 

therefore provide information about the interaction. The EpiSwitch method described herein uses 

generation of such ligated nucleic acids to detect chromosome interactions.  

One such method, in particular one particular method of detecting chromosome interactions and/or 

one particular method of determining epigenetic chromosome interactions and/or one particular 

15 method of generating ligated nucleic acids (e.g. DNA), comprises the steps of: 

(i) in vitro crosslinking of said epigenetic chromosomal interactions present at the chromosomal 

locus; 

(ii) optionally isolating the cross-linked DNA from said chromosomal locus; 

(iii) subjecting said cross-linked DNA to restriction digestion with an enzyme that cuts it at least once 

20 (in particular an enzyme that cuts at least once within said chromosomal locus); 

(iv) ligating said cross-linked cleaved DNA ends (in particular to form DNA loops); and 

(v) identifying the presence of said ligated DNA and/or said DNA loops, in particular using techniques 

such as PCR (polymerase chain reaction), to identify the presence of a specific chromosomal 

interaction.  

25 One particularly preferable method of detecting, determining and/or monitoring chromosome 

interactions and/or epigenetic changes, involving inter alia the above-mentioned steps of 

crosslinking, restriction digestion, ligating, and identifying, is disclosed in WO 2009/147386 Al 

(Oxford Biodynamics Ltd), the entire disclosure of which (in particular claims 1, 2, 3, 4, 5, 6, 7, 8, 9, 

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21of which) are incorporated herein by reference as 

30 though fully set forth. Claim I of WO 2009/147386 Al, which can be used in those methods of the 
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present invention which involve a ligated product(s) and/or a ligated nucleic acid(s), discloses a 

method of monitoring epigenetic changes comprising monitoring changes in conditional long range 

chromosomal interactions at at least one chromosomal locus where the spectrum of long range 

interaction is associated with a specific physiological condition, said method comprising the steps 

5 of:

(i) in vitro crosslinking of said long range chromosomal interactions present at the at least one 

chromosomal locus; 

(ii) isolating the cross linked DNA from said chromosomal locus; 

(iii) subjecting said cross linked DNA to restriction digestion with an enzyme that cuts at least once 

10 within the at least one chromosomal locus; 

(iv) ligating said cross linked cleaved DNA ends to form DNA loops; and 

(v) identifying the presence of said DNA loops; 

wherein the presence of DNA loops indicates the presence of a specific long range chromosomal 

interaction.  

15 PCR (polymerase chain reaction) may be used to detect or identify the ligated nucleic acid, for 

example the size of the PCR product produced may be indicative of the specific chromosome 

interaction which is present, and may therefore be used to identify the status of the locus. The 

skilled person will be aware of numerous restriction enzymes which can be used to cut the DNA 

within the chromosomal locus of interest. It will be apparent that the particular enzyme used will 

20 depend upon the locus studied and the sequence of the DNA located therein. A non-limiting 

example of a restriction enzyme which can be used to cut the DNA as described in the present 

invention is TakaRa LA Taq polymerase.  

Embodiments such as EpiSwitch M Technology 

The EpiSwitchT 
TTechnology relates to the use of microarray EpiSwitch TM marker data in the 

25 detection of epigenetic chromosome conformation signatures specific for phenotypes. The present 

inventors describe herein how the EpiSwitchT 
TArray Platform has been used for discovery of 

chromosome signature pool of potential biomarkers specific for particular disadvantageous 

phenotypes subgroups versus healthy controls. The inventors also provide examples of validated 

use and translation of chromosome conformation signatures from microarray into PCR platform with 

30 examples of several markers specific between subgroups from the cohorts tested on the array.  

Embodiments such as EpiSwitchTM which utilise ligated nucleic acids in the manner described herein 

(for identifying relevant chromosome interactions and in companion diagnostic methods) have 
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several advantages. They have a low level of stochastic noise, for example because the nucleic acid 

sequences from the first set of nucleic acids of the present invention either hybridise or fail to 

hybridise with the second set of nucleic acids. This provides a binary result permitting a relatively 

simple way to measure a complex mechanism at the epigenetic level. EpiSwitchT Itechnologyalso 

5 has fast processing time and low cost. In one embodiment the processing time is 3 hours to 6 hours.  

Samples and Sample Treatment 

The sample will contain DNA from the individual. It will normally contain cells. In one embodiment a 

sample is obtained by minimally invasive means, and may for example be blood. DNA may be 

extracted and cut up with standard restriction enzymes. This can pre-determine which chromosome 

10 conformations are retained and will be detected with the EpiSwitch Tplatforms. In one embodiment 

wherein the sample is a blood sample previously obtained from the patient, the described method is 

advantageous because the procedure is minimally invasive. Due to the synchronisation of 

chromosome interactions between tissues and blood, including horizontal transfer, a blood sample 

can be used to detect the chromosome interactions in tissues, such as tissues relevant to disease.  

15 For certain conditions, such as cancer, genetic noise due to mutations can affect the chromosome 

interaction 'signal' in the relevant tissues and therefore using blood is advantageous.  

Properties of Nucleic acids ofthe invention 

20 The disclosure herein mentions first and second nucleic acids. In addition the nucleic acids are used in 

the companion diagnostic method and in other embodiments to detect the presence or absence of 

chromosome interactions (for example by binding to ligated nucleic acids generated from samples).  

The nucleic acids of the invention typically comprise two portions each comprising sequence from one 

of the two regions of the chromosome which come together in the chromosome interaction. Typically 

25 each portion is at least 8, 10, 15, 20, 30 or 40 nucleotides in length. Preferred nucleic acids comprise 

sequence from any of the genes mentioned in the tables, in particular where the nucleic acid is used 

in embodiments relevant to the condition relevant for that table. Preferred nucleic acids comprise the 

specific probe sequences mentioned in the tables for specific conditions or fragments or homologues 

of such sequences. Preferably the nucleic acids are DNA. It is understood that where a specific 

30 sequence is provided the invention may use the complementary as required in the particular 

embodiment.  
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The Second Set of Nucleic Acids - the 'Index' Sequences 

The second set of nucleic acid sequences has the function of being an index, and is essentially a set 

of nuclei acid sequences which are suitable for identifying subgroup specific sequence. They can 

represents the 'background' chromosomal interactions and might be selected in some way or be 

5 unselected. They are a subset of all possible chromosomal interactions.  

The second set of nucleic acids may be derived by any suitable method. The can be derived 

computationally or they may be based on chromosome interaction in individuals. They typically 

represent a larger population group than the first set of nucleic acids. In one embodiment, the 

second set of nucleic acids represents all possible epigenetic chromosomal interactions in a specific 

10 set of genes. In another embodiment, the second set of nucleic acids represents a large proportion 

of all possible epigenetic chromosomal interactions present in a population described herein. In one 

embodiment, the second set of nucleic acids represents at least 50% or at least 80% of epigenetic 

chromosomal interactions in at least 20, 50, 100 or 500 genes.  

The second set of nucleic acids typically represents at least 100 possible epigenetic chromosome 

15 interactions which modify, regulate or any way mediate a disease state / phenotype in population.  

The second set of nucleic acids may represent chromosome interactions that affect a diseases state 

in a species, for example comprising nucleic acids sequences which encode cytokines, kinases, or 

regulators associated with any disease state, predisposition to a disease or a disease phenotype. The 

second set of nucleic acids comprises sequences representing epigenetic interactions relevant and 

20 not relevant to the companion diagnostic method.  

In one embodiment the second set of nucleic acids derive at least partially from naturally occurring 

sequences in a population, and are typically obtained by in silico methods. Said nucleic acids may 

further comprise single or multiple mutations in comparison to a corresponding portion of nucleic 

acids present in the naturally occurring nucleic acids. Mutations include deletions, substitutions 

25 and/or additions of one or more nucleotide base pairs. In one embodiment, the second set of 

nucleic acids may comprise sequence representing a homologue and/or orthologue with at least 

70% sequence identity to the corresponding portion of nucleic acids present in the naturally 

occurring species. In another embodiment, at least 80% sequence identity or at least 90% sequence 

identity to the corresponding portion of nucleic acids present in the naturally occurring species is 

30 provided.  
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Properties of the second set of nucleic acids 

In one embodiment, there are at least 100 different nucleic acid sequences in the second set of 

nucleic acids, preferably at least 1000, 2000 or 5000 different nucleic acids sequences, with up to 

5 100,000, 1,000,000 or 10,000,000 different nucleic acid sequences. A typical number would be 100 

to 1,000,000, such as 1,000 to 100,000 different nucleic acids sequences. All or at least 90% or at 

least 50% or these would correspond to different chromosomal interactions.  

In one embodiment, the second set of nucleic acids represent chromosome interactions in at least 

20 different loci or genes, preferably at least 40 different loci or genes, and more preferably at least 

10 100, at least 500, at least 1000 or at least 5000 different loci or genes, such as 100 to 10,000 

different loci or genes.  

The lengths of the second set of nucleic acids are suitable for them to specifically hybridise according 

to Watson Crick base pairing to the first set of nucleic acids to allow identification of chromosome 

interactions specific to subgroups. Typically the second set of nucleic acids will comprise two 

15 portions corresponding in sequence to the two chromosome regions which come together in the 

chromosome interaction. The second set of nucleic acids typically comprise nucleic acid sequences 

which are at least 10, preferably 20, and preferably still 30 bases (nucleotides) in length. In another 

embodiment, the nucleic acid sequences may be at the most 500, preferably at most 100, and 

preferably still at most 50 base pairs in length. In a preferred embodiment, the second set of nucleic 

20 acids comprises nucleic acid sequences of between 17 and 25 base pairs. In one embodiment at least 

100, 80% or 50% of the second set of nucleic acid sequences have lengths as described above.  

Preferably the different nucleic acids do not have any overlapping sequences, for example at least 

100%, 90%, 80% or 50% of the nucleic acids do not have the same sequence over at least 5 

contiguous nucleotides.  

25 Given that the second set of nucleic acids acts as an 'index' then the same set of second nucleic acids 

may be used with different sets of first nucleic acids which represent subgroups for different 

characteristics, i.e. the second set of nucleic acids may represent a 'universal' collection of nucleic 

acids which can be used to identify chromosome interactions relevant to different disease 

characteristics.  

30 

18



WO 2016/207647 PCT/GB2016/051894 

Thefirst set ofnucleic acids 

The first set of nucleic acids are normally from individuals known to be in two or more distinct 

subgroups defined by presence or absence of a characteristic relevant to a companion diagnostic, 

5 such as any such characteristic mentioned herein. The first nucleic acids may have any of the 

characteristics and properties of the second set of nucleic acids mentioned herein. The first set of 

nucleic acids is normally derived from a sample from the individuals which has undergone treatment 

and processing as described herein, particularly the EpiSwitch cross-linking and cleaving steps.  

Typically the first set of nucleic acids represents all or at least 80% or 50% of the chromosome 

10 interactions present in the samples taken from the individuals.  

Typically, the first set of nucleic acids represents a smaller population of chromosome interactions 

across the loci or genes represented by the second set of nucleic acids in comparison to the 

chromosome interactions represented by second set of nucleic acids, i.e. the second set of nucleic 

acids is representing a background or index set of interactions in a defined set of loci or genes.  

15 Library of Nucleic Acids 

The invention provides a library of nucleic acids which comprises at least 200, 500, 1000, 5000 or at 

least 10,000 different nucleic acids from the second set of nucleic acids. The invention provides a 

particular library of nucleic acids which typically comprises at least 200 different nucleic acids. The 

library of nucleic acids may have any of the characteristics or properties of the second set of nucleic 

20 acids mentioned herein. The library may be in the form of nucleic acids bound to an array.  

Hybridisation 

The invention requires a means for allowing wholly or partially complementary nucleic acid 

sequences from the first set of nucleic acids and the second set of nucleic acids to hybridise. In one 

embodiment all of the first set of nucleic acids is contacted with all of the second set of nucleic acids 

25 in a single assay, i.e. in a single hybridisation step. However any suitable assay can be used.  

Labelled Nucleic Acids and Pattern of Hybridisation 

The nucleic acids mentioned herein may be labelled, preferably using an independent label such as a 

fluorophore (fluorescent molecule) or radioactive label which assists detection of successful 

hybridisation. Certain labels can be detected under UV light.  
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The pattern of hybridisation, for example on an array described herein, represents differences in 

epigenetic chromosome interactions between the two subgroups, and thus provides a method of 

comparing epigenetic chromosome interactions and determination of which epigenetic 

chromosome interactions are specific to a subgroup in the population of the present invention.  

5 The term 'pattern of hybridisation' broadly covers the presence and absence of hybridisation 

between the first and second set of nucleic acids, i.e. which specific nucleic acids from the first set 

hybridise to which specific nucleic acids from the second set, and so it not limited to any particular 

assay or technique, or the need to have a surface or array on which a 'pattern' can be detected.  

Companion Diagnostic Method 

10 The invention provides a companion diagnostic method based on information provided by 

chromosome interactions. Two distinct companion diagnostic methods are provided which identify 

whether an individual has a particular characteristic relevant to a companion diagnostic. One 

method is based on typing a locus in any suitable way and the other is based on detecting the 

presence or absence of chromosome interactions. The characteristic may be any one of the 

15 characteristics mentioned herein relating to a condition. The companion diagnostic method can be 

carried out at more than one time point, for example where monitoring of an individual is required.  

Companion Diagnostic Method Based on Typing a Locus 

The method of the invention which identified chromosome interactions that are specific to 

subgroups can be used to identity a locus, which may be a gene that can be typed as the basis of 

20 companion diagnostic test. Many different gene-related effects can lead to the same chromosome 

interaction occurring. In this embodiment any characteristic of the locus may be typed, such as 

presence of a polymorphism in the locus or in an expressed nucleic acid or protein, the level of 

expression from the locus, the physical structure of the locus or the chromosome interactions 

present in the locus. In one particular embodiment the locus may be any of the genes mentioned 

25 herein in the tables, in particular in Tables 1, 3, 5, 7, 8 and/or 9 (in particular Tables 1, 3 and/or 5), or 

any property of a locus which is in the vicinity of a chromosome interaction found to be linked to the 

relevant condition.  

Companion Diagnostic Method Based on Detecting Chromosome Interactions 

The invention provides a companion diagnostic method which comprises detecting the presence or 

30 absence of chromosome interactions, typically 5 to 20 or 5 to 500 such interactions, preferably 20 to 
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300 or 50 to 100 interactions, in order to determine the presence or absence of a characteristic in an 

individual. Preferably the chromosome interactions are those in any of the genes mentioned herein.  

In one particular embodiment the chromosome interactions which are typed are those represented 

by the nucleic acids disclosed in the tables herein, in particular in in Tables 7a, 8a and/or 9, for 

5 example when the method is for the purpose of determining the presence or absence of 

characteristics defined in those tables.  

Specific Conditions 

The companion diagnostic method can be used to detect the presence of any of the specific conditions 

or characteristics mentioned herein. The companion diagnostic method can be used to detect 

10 responsiveness to methotrexate in rheumatoid arthritis patients.  

Preferably the presence or absence of any of the chromosome interactions within any of the relevant 

genes mentioned in the tables is detected. For example in at least 1, 3, 10, 20, 50 of the genes 

mentioned in any one of the tables. Preferably the presence or absence of chromosome interactions 

represented by the probes sequences in the Tables I s determined in the method. For example at least 

15 1, 3, 10, 20, 50, or 100 of the relevant chromosome interactions from any one of the tables. These 

numbers of genes or chromosome interactions can be used in any of the different embodiments 

mentioned herein.  

The Individual Tested Using the Companion Diagnostic Method 

The individual to be tested may or may not have any symptoms of any disease condition or 

20 characteristic mentioned herein. The individual may be at risk of any such condition or characteristic.  

The individual may have recovered or be in the process of recovering from the condition or 

characteristic. The individual is preferably a mammal, such as a primate, human or rodent.  

Screening Method 

A method of identifying a substance which is capable of changing in an individual a non-responsive 

25 state to a responsive state to a therapeutic agent for rheumatoid arthritis comprising determining 

whether a candidate agent is capable of changing the chromosomal interactions from those 

corresponding to a non-responsive state to those which correspond to a responsive state.  
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In one particular embodiment the method determines whether a candidate agent is capable of 

changing any chromosomal interaction mentioned herein.  

The method may be carried out in vitro (inside or outside a cell) or in vivo (upon a non-human 

organism). In one particular embodiment the method is carried out on a cell, cell culture, cell 

5 extract, tissue, organ or organism, such as one which comprises the relevant chromosome 

interaction(s). The method is typically carried out by contacting (or administering) the candidate 

agent with the gene, cell, cell culture, cell extract, tissue, organ or organism.  

Suitable candidate substances which tested in the above screening methods include antibody agents 

(for example, monoclonal and polyclonal antibodies, single chain antibodies, chimeric antibodies and 

10 CDR-grafted antibodies). Furthermore, combinatorial libraries, defined chemical identities, peptide 

and peptide mimetics, oligonucleotides and natural agent libraries, such as display libraries (e.g.  

phage display libraries) may also be tested. The candidate substances may be chemical compounds, 

which are typically derived from synthesis around small molecules which may have any of the 

properties of the agent mentioned herein.  

15 Preferred Loci, Genes and Chromosome Interactions 

For all aspects of the invention preferred loci, genes and chromosome interactions are mentioned in 

the tables. For all aspects of the invention preferred loci, genes and chromosome interactions are 

provided in the tables. Typically the methods chromosome interactions are detected from at least 1, 

3, 10, 20, 30 or 50 of the relevant genes listed in the table. Preferably the presence or absence pf at 

20 least 1, 3, 10, 20, 30 or 50 of the relevant specific chromosome interactions represented by the probe 

sequences in any one table is detected.  

The loci may be upstream or downstream of any of the genes mentioned herein, for example 50 kb 

upstream or 20 kb downstream.  

Preferred Embodimentsfor Sample Preparation and Chromosome Interaction Detection 

25 Methods of preparing samples and detecting chromosome conformations are described herein.  

Optimised (non-conventional) versions of these methods can be used, for example as described in this 

section.  

Typically the sample will contain at least 2 x105 cells. The sample may contain up to 5 x105 cells. In 

one embodiment, the sample will contain 2 x105 to 5.5 x105 cells 

30 Crosslinking of epigenetic chromosomal interactions present at the chromosomal locus is described 

herein. This may be performed before cell lysis takes place. Cell lysis may be performed for 3 to 7 
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minutes, such as 4 to 6 or about 5 minutes. In some embodiments, cell lysis is performed for at least 

5 minutes and for less than 10 minutes.  

Digesting DNA with a restriction enzyme is described herein. Typically, DNA restriction is performed 

at about 55°C to about 70°C, such as for about 65°C, for a period of about 10 to 30 minutes, such as 

5 about 20 minutes.  

Preferably a frequent cutter restriction enzyme is used which results in fragments of ligated DNA 

with an average fragment size up to 4000 base pair. Optionally the restriction enzyme results in 

fragments of ligated DNA have an average fragment size of about 200 to 300 base pairs, such as 

about 256 base pairs. In one embodiment, the typical fragment size is from 200 base pairs to 4,000 

10 base pairs, such as 400 to 2,000 or 500 to 1,000 base pairs.  

In one embodiment of the EpiSwitch method a DNA precipitation step is not performed between the 

DNA restriction digest step and the DNA ligation step.  

DNA ligation is described herein. Typically the DNA ligation is performed for 5 to 30 minutes, such as 

about 10 minutes.  

15 The protein in the sample may be digested enzymatically, for example using a proteinase, optionally 

Proteinase K. The protein may be enzymatically digested for a period of about 30 minutes to 1 hour, 

for example for about 45 minutes. In one embodiment after digestion of the protein, for example 

Proteinase K digestion, there is no cross-link reversal or phenol DNA extraction step.  

In one embodiment PCR detection is capable of detecting a single copy of the ligated nucleic acid, 

20 preferably with a binary read-out for presence/absence of the ligated nucleic acid.  

Homologues 

Homologues of polynucleotide / nucleic acid (e.g. DNA) sequences are referred to herein. Such 

homologues typically have at least 70% homology, preferably at least 80, at least 85%, at least 90%, 

25 at least 95%, at least 97%, at least 98% or at least 99% homology, for example over a region of at 

least 10, 15, 20, 30, 100 or more contiguous nucleotides, or across the portion of the nucleic acid 

which is from the region of the chromosome involved in the chromosome interaction. The homology 

may be calculated on the basis of nucleotide identity (sometimes referred to as "hard homology").  

30 Therefore, in a particular embodiment, homologues of polynucleotide / nucleic acid (e.g. DNA) 

sequences are referred to herein by reference to % sequence identity. Typically such homologues 

have at least 70% sequence identity, preferably at least 80%, at least 85%, at least 90%, at least 95%, 
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at least 97%, at least 98% or at least 99% sequence identity, for example over a region of at least 10, 

15, 20, 30, 100 or more contiguous nucleotides, or across the portion of the nucleic acid which is 

from the region of the chromosome involved in the chromosome interaction.  

5 For example the UWGCG Package provides the BESTFIT program which can be used to calculate 

homology and/or % sequence identity (for example used on its default settings) (Devereux et al 

(1984) Nucleic Acids Research 12, p387-395). The PILEUP and BLAST algorithms can be used to 

calculate homology and/or % sequence identity and/or line up sequences (such as identifying 

equivalent or corresponding sequences (typically on their default settings), for example as described 

10 in Altschul S. F. (1993) J Mol Evol 36:290-300; Altschul, S, F et al (1990) J Mol Biol 215:403-10.  

Software for performing BLAST analyses is publicly available through the National Center for 

Biotechnology Information. This algorithm involves first identifying high scoring sequence pair (HSPs) 

by identifying short words of length W in the query sequence that either match or satisfy some 

15 positive-valued threshold score T when aligned with a word of the same length in a database 

sequence. T is referred to as the neighbourhood word score threshold (Altschul et al, supra). These 

initial neighbourhood word hits act as seeds for initiating searches to find HSPs containing them. The 

word hits are extended in both directions along each sequence for as far as the cumulative 

alignment score can be increased. Extensions for the word hits in each direction are halted when: 

20 the cumulative alignment score falls off by the quantity X from its maximum achieved value; the 

cumulative score goes to zero or below, due to the accumulation of one or more negative-scoring 

residue alignments; or the end of either sequence is reached. The BLAST algorithm parameters W5 T 

and X determine the sensitivity and speed of the alignment. The BLAST program uses as defaults a 

word length (W) of 11, the BLOSUM62 scoring matrix (see Henikoff and Henikoff (1992) Proc. Nat.  

25 Acad. Sci. USA 89: 10915-10919) alignments (B) oi 50, expectation (E) of 10, M=5, N=4, and a 

comparison of both strands.  

The BLAST algorithm performs a statistical analysis of the similarity between two sequences; see 

e.g., Karlin and Altschul (1993) Proc. Nati. Acad. Sci. USA 90: 5873-5787. One measure of similarity 

30 provided by the BLAST algorithm is the smallest sum probability (P(N)), which provides an indication 

of the probability by which a match between two polynucleotide sequences would occur by chance.  

For example, a sequence is considered similar to another sequence if the smallest sum probability in 

comparison of the first sequence to the second sequence is less than about 1, preferably less than 

about 0.1, more preferably less than about 0.01, and most preferably less than about 0.001.  
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The homologous sequence typically differs by 1, 2, 3, 4 or more bases, such as less than 10, 15 or 20 

bases (which may be substitutions, deletions or insertions of nucleotides). These changes may be 

measured across any of the regions mentioned above in relation to calculating homology and/or % 

5 sequence identity.  

Arrays 

The second set of nucleic acids may be bound to an array, and in one embodiment there are at least 

15,000, 45,000, 100,000 or 250,000 different second nucleic acids bound to the array, which 

preferably represent at least 300, 900, 2000 or 5000 loci. In one embodiment one, or more, or all of 

10 the different populations of second nucleic acids are bound to more than one distinct region of the 

array, in effect repeated on the array allowing for error detection. The array may be based on an 

Agilent SurePrint G3 Custom CGH microarray platform. Detection of binding of first nucleic acids to 

the array may be performed by a dual colour system.  

15 Therapeutic Agents 

Therapeutic agents are mentioned herein. The invention provides such agents for use in preventing 

or treating the relevant condition. This may comprise administering to an individual in need a 

therapeutically effective amount of the agent. The invention provides use of the agent in the 

manufacture of a medicament to prevent or treat the disease. The methods of the invention may be 

20 used to select an individual for treatment. The methods of the invention, and in particular the 

method for carrying out a companion diagnostic test, may include a treatment step where a person 

identified by the method may then be administered with an agent that prevents or treats the 

relevant condition.  

25 The formulation of the agent will depend upon the nature of the agent. The agent will be provided in 

the form of a pharmaceutical composition containing the agent and a pharmaceutically acceptable 

carrier or diluent. Suitable carriers and diluents include isotonic saline solutions, for example 

phosphate-buffered saline. Typical oral dosage compositions include tablets, capsules, liquid 

solutions and liquid suspensions. The agent may be formulated for parenteral, intravenous, 

30 intramuscular, subcutaneous, transdermal or oral administration.  

The dose of agent may be determined according to various parameters, especially according to the 
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substance used; the age, weight and condition of the individual to be treated; the route of 

administration; and the required regimen. A physician will be able to determine the required route 

of administration and dosage for any particular agent. A suitable dose may however be from 0.1 to 

100 mg/kg body weight such as I to 40 mg/kg body weight, for example, to be taken from I to 3 

5 times daily.  

Forms of the Substance Mentioned Herein 

Any of the substances, such as nucleic acids or therapeutic agents, mentioned herein may be in 

purified or isolated form. The may be in a form which is different from that found in nature, for 

example they may be present in combination with other substance with which they do not occur in 

10 nature. The nucleic acids (including portions of sequences defined herein) may have sequences 

which are different to those found in nature, for example having at least 1, 2, 3, 4 or more 

nucleotide changes in the sequence as described in the section on homology. The nucleic acids may 

have heterologous sequence at the 5' or 3' end. The nucleic acids may be chemically different from 

those found in nature, for example they may be modified in some way, but preferably are still 

15 capable of Watson-Crick base pairing. Where appropriate the nucleic acids will be provided in 

double stranded or single stranded form. The invention provides all the of specific nucleic acid 

sequences mentioned herein in single or double stranded form, and thus includes the 

complementary strand to any sequence which is disclosed.  

The invention also provides a kit for carrying out any method of the invention, including detection of 

20 a chromosomal interaction associated with a particular subgroup. Such a kit can include a specific 

binding agent capable of detecting the relevant chromosomal interaction, such as agents capable of 

detecting a ligated nucleic acid generated by methods of the invention. Preferred agents present in 

the kit include probes capable of hybridising to the ligated nucleic acid or primer pairs, for example as 

described herein, capable of amplifying the ligated nucleic acid in a PCR reaction.  

25 The invention also provides a device that is capable of detecting the relevant chromosome 

interactions. The device preferably comprises any specific binding agents, probe or primer pair 

capable of detecting the chromosome interaction, such as any such agent, probe or primer pair 

described herein.  

Publications 

30 The contents of all publications mentioned herein are incorporated by reference into the present 

specification and may be used to further define the features relevant to the invention.  
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Specific Embodiments 

The EpiSwitchl Tplatform technology detects epigenetic regulatory signatures of regulatory changes 

between normal and abnormal conditions at loci. The EpiSwitch M platform identifies and monitors 

the fundamental epigenetic level of gene regulation associated with regulatory high order structures 

5 of human chromosomes also known as chromosome conformation signatures. Chromosome 

signatures are a distinct primary step in a cascade of gene deregulation. They are high order 

biomarkers with a unique set of advantages against biomarker platforms that utilize late epigenetic 

and gene expression biomarkers, such as DNA methylation and RNA profiling.  

10 EpiSwitch" Array Assay 

The custom EpiSwitch' T array-screening platforms come in 4 densities of, 15K, 45K, OOK, and 250K 

unique chromosome conformations, each chimeric fragment is repeated on the arrays 4 times, 

making the effective densities 60K, 180K, 400K and I Million respectively.  

15 Custom Designed EpiSwitch" Arrays 

The 15K EpiSwitch' array can screen the whole genome including around 300 loci interrogated with 

the EpiSwitchT" Biornarker discovery technology. The EpiSwitch T array is built on the Agilent 

SurePrint G3 Custom CGH microarray platform; this technology offers 4 densities, 60K, 180K, 400K 

and I Million probes. The density per array is reduced to 15K, 45K, 100K and 250K as each 

20 EpiSwitch" probe is presented as a quadruplicate, thus allowing for statistical evaluation of the 

reproducibility. The average number of potential EpiSwitchT markers interrogated per genetic loci is 

50; as such the numbers of loci that can be investigated are 300, 900, 2000, and 5000.  

EpiSwitch" Custom Array Pipeline 

25 The EpiSwitch' T array is a dual colour system with one set of samples, after EpiSwitch" library 

generation, labelled in Cy5 and the other of sample (controls) to be compared/ analyzed labelled in 

Cy3. The arrays are scanned using the Agilent SureScan Scanner and the resultant features extracted 

using the Agilent Feature Extraction software. The data is then processed using the EpiSwitch" Marray 

processing scripts in R. The arrays are processed using standard dual colour packages in 

30 Bioconductor in R: Limma *. The normalization of the arrays is done using the normalized within 

Arrays function in Limma * and this done to the on chip Agilent positive controls and EpiSwitch" 

positive controls. The data is filtered based on the Agilent Flag calls, the Agilent control probes are 

removed and the technical replicate probes are averaged, in order for them to be analyzed using 

Limma *. The probes are modelled based on their difference between the 2 scenarios being 
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compared and then corrected by using False Discover rate. Probes with Coefficient of Variation (CV) 

<30% that are <1 or > 1 and pass the p=0.01 FDR p-value are used for further screening. To reduce 

the probe set further Multiple Factor Analysis is performed using the FactorMineR package in R.  

5 * Note: LIMMA is Linear Models and Empirical Bayes Methods for Assessing Differential Expression 

in Microarray Experiments. Limma is a R package for the analysis of gene expression data arising 

from microarray or RNA-Seq.  

The pool of probes is initially selected based on adjusted p-value, FC and CV <30% (arbitrary cut off 

10 point) parameters for final picking. Further analyses and the final list are drawn based only on the 

first two parameters (adj p-value; FC).  

Publications 

The contents of all publications mentioned herein are incorporated by reference into the present 

15 specification and may be used to further define the features relevant to the invention.  

Specific Embodiments 

The EpiSwitchrv platform technology detects epigenetic regulatory signatures of regulatory changes 

between normal and abnormal conditions at loci. The EpiSwitchM platform identifies and monitors 

the fundamental epigenetic level of gene regulation associated with regulatory high order structures 

20 of human chromosomes also known as chromosome conformation signatures. Chromosome 

signatures are a distinct primary step in a cascade of gene deregulation. They are high order 

biomarkers with a unique set of advantages against biomarker platforms that utilize late epigenetic 

and gene expression biomarkers, such as DNA methylation and RNA profiling.  

25 EpiSwitchT' Array Assay 

The custom EpiSwitch T array-screening platforms come in 4 densities of, 15K, 45K, 100K, and 250K 

unique chromosome conformations, each chimeric fragment is repeated on the arrays 4 times, making 

the effective densities 60K, 180K, 400K and 1 Million respectively.  

30 
Custom Designed EpiSwitch" 'Arrays 

The 15K EpiSwitch' T" array can screen the whole genome including around 300 loci interrogated with 

the EpiSwitch'T" Biomarker discovery technology. The EpiSwitch T array is built on the Agilent SurePrint 
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G3 Custom CGH microarray platform; this technology offers 4 densities, 60K, 180K, 400K and 1 Million 

probes. The density per array is reduced to 15K, 45K, 1OOK and 250K as each EpiSwitch M probe is 

presented as a quadruplicate, thus allowing for statistical evaluation of the reproducibility. The 

average number of potential EpiSwitchTImarkers interrogated per genetic loci is 50; as such the 

5 numbers of loci that can be investigated are 300, 900, 2000, and 5000.  

EpiSwitch'" Custom Array Pipeline 

The EpiSwitch Tarray is a dual colour system with one set of samples, after EpiSwitch Tlibrary 

10 generation, labelled in Cy5 and the other of sample (controls) to be compared/ analyzed labelled in 

Cy3. The arrays are scanned using the Agilent SureScan Scanner and the resultant features extracted 

using the Agilent Feature Extraction software. The data is then processed using the EpiSwitch Marray 

processing scripts in R. The arrays are processed using standard dual colour packages in Bioconductor 

in R: Limma *. The normalisation of the arrays is done using the normalised within Arrays function in 

15 Limma * and this is done to the on chip Agilent positive controls and EpiSwitch" positive controls. The 

data is filtered based on the Agilent Flag calls, the Agilent control probes are removed and the 

technical replicate probes are averaged, in order for them to be analysed using Limma *. The probes 

are modelled based on their difference between the 2 scenarios being compared and then corrected 

by using False Discovery Rate. Probes with Coefficient of Variation (CV) <=30% that are <=-1.1 or =>1.1 

20 and pass the p<=0.1 FDR p-value are used for further screening. To reduce the probe set further 

Multiple Factor Analysis is performed using the FactorMineR package in R.  

* Note: LIMMA is Linear Models and Empirical Bayes Methods for Assessing Differential Expression 

in Microarray Experiments. Limma is a R package for the analysis of gene expression data arising 

25 from microarray or RNA-Seq.  

The pool of probes is initially selected based on adjusted p-value, FC and CV <30% (arbitrary cut off 

point) parameters for final picking. Further analyses and the final list are drawn based only on the first 

two parameters (adj p-value; FC).  

30 
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Examples 

The invention is illustrated by the following non-limiting Examples.  

5 Statistical Pipeline 

EpiSwitchl screening arrays are processed using the EpiSwitch" TAnalytical Package in R in order to 

select high value EpiSwitchT M markers for translation on to the EpiSwitch'T " PCR platform.  

Step I 

10 Probes are selected based on their corrected p-value (False Discovery Rate, FDR), which is the product 

of a modified linear regression model. Probes below p-value <= 0.1 are selected and then further 

reduced by their Epigenetic ratio (ER), probes ER have to be <=-1.1 or =>1.1 in order to be selected for 

further analysis. The last filter is a coefficient of variation (CV), probes have to be below <=0.3.  

Step 2 

15 The top 40 markers from the statistical lists are selected based on their ER for selection as markers for 

PCR translation. The top 20 markers with the highest negative ER load and the top 20 markers with 

the highest positive ER load form the list.  

Step 3 

The resultant markers from step 1, the statistically significant probes form the bases of enrichment 

20 analysis using hypergeometric enrichment (HE). This analysis enables marker reduction from the 

significant probe list, and along with the markers from step 2 forms the list of probes translated on to 

the EpiSwitch" PCR platform.  

The statistical probes are processed by HE to determine which genetic locations have an enrichment 

of statistically significant probes, indicating which genetic locations are hubs of epigenetic difference.  

25 The most significant enriched loci based on a corrected p-value are selected for probe list generation.  

Genetic locations below p-value of 0.3 or 0.2 are selected. The statistical probes mapping to these 

genetic locations, with the markers from step 2, form the high value markers for EpiSwitch'" PCR 

translation.  

30 
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Example 1: A method of determining the chromosome interactions which are relevant to a 

companion diagnostic that distinguishes between non-responders and responders of 

methotrexate for the treatment of Rheumatoid Arthritis 

5 Source: Glasgow Scottish Educational Research Association (SERA) cohort.  

Introduction to and Brief Summary of Example I 

Stable epigenetic profiles of individual patients modulate sensitivity of signalling pathways, regulate 

10 gene expression, influence the paths of disease development, and can render ineffective the 

regulatory controls responsible for effective action of the drug and response to treatment. Here we 

analysed epigenetic profiles of rheumatoid arthritis (RA) patients in order to evaluate its role in 

defining the non-responders to Methotrexate (MTX) treatment.  

15 Reliable clinical prediction of response to first-line disease modifying anti-rheumatic drugs (DMARDs, 

usually methotrexate (MTX)) in rheumatoid arthritis is not currently possible. Currently the ability to 

determine response to first line DMARDs (in particular, methotrexate (MTX) is dependent on empiric 

clinical measures after the therapy.  

20 In early rheumatoid arthritis (ERA), it has not been possible to predict response to first line DMARDs 

(in particular methotrexate (MTX)) and as such treatment decisions rely primarily on clinical 

algorithms. The capacity to classify drug naive patients into those that will not respond to first line 

DMARDs would be an invaluable tool for patient stratification. Here we report that chromosome 

conformational signatures (highly informative and stable epigenetic modifications that 

25 have not previously been described in RA) in blood leukocytes of early RA patients can predict non

responsiveness to MTX treatment.  

Methods: 

Peripheral blood mononuclear cells (PBMCs) were obtained from DMARD naive ERA patients recruited 

30 in the Scottish early rheumatoid arthritis (SERA) inception cohort. Inclusion in this study was based on 

diagnosis of RA (fulfilling the 2010 ACR/EULAR Criteria) with moderate to high disease activity (DAS28 

3.2) and subsequent monotherapy with methotrexate (MTX). DAS28 = Disease Activity Score of 28 

joints. EULAR = The European League Against Rheumatism. ACR = American College of Rheumatology.  

MTX responsiveness was defined at 6 months using the following criteria: Responders - DAS28 

35 remission (DAS28 <2.6) or a good response (DAS28 improvement of >1.2 and DAS28 3.2). Non
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responders - no improvement in DAS28 (0.6). Initial analysis of chromosome conformational 

signatures (CCS) in 4 MTX responders, 4 MTX non-responders and 4 healthy controls was undertaken 

using an EpiSwitch T M array containing 13,322 unique probes covering 309 RA-related genetic loci.  

Differentiating CCS were defined by LIMMA * linear modeling, subsequent binary filtering and cluster 

5 analysis. A validation cohort of 30 MTX responders and 30 non-responders were screened for the 

differentiating CCS using the EpiSwitch T M PCR platform. The differentiating signature was further 

refined using binary scores and logistical regression modeling, and the accuracy and robustness of the 

model determined by ROC ** analysis.  

10 * Note: LIMMA is Linear Models and Empirical Bayes Methods for Assessing Differential Expression 

in Microarray Experiments. Limma is a R package for the analysis of gene expression data arising 

from microarray or RNA-Seq.  

** Note: ROC means Receiver Operating Characteristic and refers to ROC curves. An ROC curve is a 

graphical plot that illustrates the performance of a binary classifier system as its discrimination 

15 threshold is varied. The curve is created by plotting the true positive rate against the false positive 

rate at various threshold settings.  

CCS EpiSwitchTM array analysis identified a 30-marker stratifying profile differentiating responder and 

non-responder ERA patients. Subsequent evaluation of this signature in our validation cohort refined 

20 this to a 5-marker CCS signature that was able to discriminate responders and non-responders.  

Prediction modeling provided a probability score for responders and non-responders, ranging from 

0.0098 to 0.99 (0 = responder, I = non-responder). There was a true positive rate of 92% (95% 

confidence interval [95% Cl] 75-99%) for responders and a true negative rate of 93% (95% CI 76-99%) 

for non-responders. Importantly, ROC analysis to validate this stratification model demonstrated that 

25 the signature had a predictive power of sensitivity at 92% for NR to MTX.  

We have identified a highly informative systemic epigenetic state in the peripheral blood of DMARD 

naive ERA patients that has the power to stratify patients at the time of diagnosis. The capacity to 

differentiate patients a priori into non-responders, using a blood-based clinical test, would be an 

30 invaluable clinical tool; paving the way towards stratified medicine and justifying more aggressive 

treatment regimes in ERA clinics.  
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Detailed Version of Example 1 

The capacity to differentiate patients a priori into responders (R) and non-responders (NR) would be 

an invaluable tool for patient stratification leading to earlier introduction of effective treatment. We 

5 have used the EpiSwitch M biomarker discovery platform to identify Chromosome Conformation 

Signatures (CCS) in blood-derived leukocytes, which are indicative of disease state and MTX 

responsiveness. Thereby we identified an epigenetic signature contained in the CXCL13, IFNAR1, IL

17A, IL-21R and IL-23 loci that provide the first prognostic molecular signature that enables the 

stratification of treatment naive early RA (ERA) patients into MTX R and NR. Importantly, this 

10 stratification model had a predictive power of sensitivity at 92% for NR to MTX. This epigenetic RA 

biomarker signature can distinguish between ERA and healthy controls (HC). This combinatorial, 

predictive peripheral blood signature can support earlier introduction of more aggressive therapeutics 

in the clinic, paving the way towards personalized medicine in RA.  

15 RA is a chronic autoimmune disease affecting up to 1% of the global population. Pathogenesis is 

multifactorial and characterized by primarily immune host gene loci interacting with environmental 

factors, particularly smoking and other pulmonary stimuli" 2,. The exposure of a genetically 

susceptible individual to such environmental factors suggests an epigenetic context for disease onset 

and progression. Recent studies of chromatin markers (e.g. methylation status of the genome) provide 

20 the first evidence of epigenetic differences associated with RA4I 7. However, to date neither genetic 

associations, nor epigenetic changes, have provided a validated predictive marker for response to a 

given therapy. Moreover, clinical presentation only weakly predicts the efficacy and toxicity of 

conventional DMARDs. MTX, the commonest first-choice medication recommended by EULAR (The 

European League Against Rheumatism) and ACR (American College of Rheumatology) management 

25 guidelines, delivers clinically meaningful response rates ranging from 50 to 65% after 6 months of 

treatment". Such responses, and especially the rather smaller proportion that exhibits high hurdle 

responses, cannot currently be predicted in an individual patient. This begets a 'trial and error' based 

approach to therapeutic regimen choice (mono or combinatorial therapeutics). The ability to predict 

drug responsiveness in an individual patient would be an invaluable clinical tool, given that response 

30 to first-line treatment is the most significant predictor of long-term outcome"".  

Herein we focused on epigenetic profiling of DMARD-naive, ERA patients from the Scottish Early 

Rheumatoid Arthritis (SERA) inception cohort in order to ascertain if there is a stable blood-based 

epigenetic profile that indicates NR to MTX treatment and thus enables a priori identification and 
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stratification of such patients to an alternate therapeutic. The source Epigenetic modulation can 

strongly influence cellular activation and transcriptional profiles. Conceivably, the mode of action for 

a drug could be affected by epigenetically modified loci. We have focused on CCS, also known as long

range chromatin interactions, because they reflect highly informative and stable high-order epigenetic 

5 status which have significant implications for transcriptional regulation",",". They also offer 

significant advantages 5 and early functionallinks to phenotypic differences", and have been reported 

as informative biomarkers candidates in oncology and other disease areas".  

We used early RA (ERA) patients provided by the Scottish early rheumatoid arthritis (SERA) 

10 inception cohort. Demographic, clinical and immunological factors were obtained at diagnosis 

and 6 months. Inclusion in this study was based on a diagnosis of RA (fulfilling the 2010 ACR/EULAR 

Criteria) with moderate to high disease activity (DAS28 3.2) and subsequent monotherapy with 

MTX. Responders were defined aspatients who uponreceiving MTX achieved DAS28 remission 

(DAS28 <2.6) or a good response (DAS28 improvementof >1.2 and DAS28:53.2) at 6 months.  

15 Non-responders were defined as patients who upon receiving MTX had no improvement in DAS28 

( 0.6) at 6 months. Blood samples for epigenetic analysis were collected at diagnosis. (DAS28= 

Disease Activity Score of 28 joints.) 

We used a binary epigenetic biomarker profiling by analysing over 13,322 chromosome 

conformation signatures (CCS) (13,322 unique probes) across 309 genetic loci functionally linked 

20 to RA. CCS, as a highly informative class of epigenetic biomarkers (1), were read, monitored and 

evaluated on EpiSwitch T M platformwhichhasbeenalreadysuccessfullyutilizedinbloodbased 

stratifications of Mayo Clinic cohort with early melanoma (2) and is currently used for predictive 

stratification of responses to immunotherapies with PD-1/PD-L1.  

Identified epigenetic profiles of naive RA patients were subject to statistical analysis using GraphPad 

25 Prism, WEKA and R Statistical language. By using EpiSwitch T M platform and extended cohort of 90 

clinical samples we have identified a pool of over 922 epigenetic lead biomarkers, statistically 

significant for responders, non-responders, RA patients and healthy controls.  

To identify a pre-treatment circulating CCS status in ERA patients, 123 genetic loci (Table 1) associated 

30 with RA pathogenesis were selected and annotated with chromosome conformations interactions 

predicted using the EpiSwitch" in silico prediction package .The EpiSwitch in silico prediction 

generated 13,322 high-confidence CCS marker candidates (Table 1). These candidates were used to 

generate a bespoke discovery EpiSwitch'" array (Figure 5) to screen peripheral blood mononuclear 

cells isolated at the time of diagnosis (DMARD-naive) from 4 MTX responders (R) and 4 MTX NR, all 
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clinically defined after 6 months therapy (Figure 1A, B and Table 2), and 4 healthy controls (HC). To 

identify the CCS that differentiated R, NR and HC, a LIMMA linear model of the normalized epigenetic 

load was employed. A total of 922 statistically significant stratifying markers (significance assessed on 

the basis of adjusted p value and EpiSwitch Ratio) were identified. Of the 922 lead markers, 420 

5 were associated with NR, 210 with R and 159 with HC (Fig. 1C). Binary filtering and cluster analysis was 

applied to the EpiSwitch T markers to assess the significance of CCS identified. A stepwise hierarchical 

clustering approach (using Manhattan distance measure with complete linkage agglomeration and 

taking into account R vs NR, HC vs R & HC vs NR) reduced the number of significant markers from 922 

to 65 and finally resulted in a 30-marker stratifying profile (Figure ID and Table 3).  

10 

To refine and validate the CCS signature, the 30 identified markers were screened in a second ERA 

patient cohort of R and NR (Figure 2A, B and Table 4) in a stepwise approach, using the EpiSwitch" 

PCR platform (Figure 5). In the first instance, the entire 30 CCS markers were run in 12 ERA patients (6 

R and 6 NR). The best differentiating CCS markers were identified by applying a Chi-squared test for 

15 independence with Yate's continuity correction on the binary scores, revealing a 12-marker CCS profile 

(Table 5). These 12 CCS markers were run on an additional 12 ERA patients (6 R and 6 NR) and the data 

combined with the previous 12 ERA. Combining the 24 patient samples (12 R and 12 NR) a logistic 

regression Model in the WEKA classification platform (using 5-fold cross validation to score the 

discerning power of each marker) was built and run 10 times by random data re-sampling of the initial 

20 data set to generate 10 different start points for model generation. The markers with the highest 

average scores were selected, thus reducing the profile to the 10 best discerning CCS markers (Table 

5). The 10 CCS markers were used to probe a further 36 ERA samples (18 R and 18 NR). Combining all 

data (30 R and 30 NR), and usingthe same logistical regression and score calculation analysis, revealed 

a5CCS marker signature (IFNAR1, IL-21R, IL-23, IL-17A and CXCL13) that distinguished MTX R from NR 

25 (Figure 2C, and Table 5). CCS in the CXCL13 and IL-17A loci were associated with non-responders whilst 

CCS in the IFNAR1, IL-23 and IL-21R loci were associated with responders. This was an intriguing profile 

given the central role postulated for the IL-17 axis in human autoimmunity.  

Importantly, the composition of the stratifying signature identifies the location of chromosomal 

30 conformations that potentially control genetic locations of primary importance for determining MTX 

response. Principal component analysis (PCA) of the binary scores for the classifying 5 EpiSwitch TCCS 

markers provided clear separation of ERA patients based on their MTX response (Figure 2D). The 

model provided a prediction probability score for responders and non-responders, ranging from 

0.0098 to 0.99 (0 = responder, 1= non-responder). The cut-off values were set at 0.30 for responders 
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and 0.70 for non-responders. The score of 0.30 had a true positive rate of 92% (95% confidence 

interval [95% Cl] 75-99%) whilst a score of 0.70 had a true negative response rate of 93% (95% C 76

99%). The number of observed and predicted patients per response category (R or NR to MTX) is 

shown in Table 6. With the EpiSwitchT" CCS marker model, 53 patients (88%) were classified as either 

5 responder or non-responder.  

Table 6. Observed and predicted number of R and NR to M7X monotherapy at 6 months using the 
EpiSwitch TM CCS mode 

Predicted response 

Non
Observed response Undefined Responder 

responder 

Non-responder 25 3 2 

Responder 2 4 24 

10 

Notes to Table 6: Cut off levels were chosen based on the probability of response to MTX of 

(approximately) >0.70 for NR and <0.3 for R. NR and R were defined as described in the methods.  

In order to test the 'accuracy' and 'robustness of performance' of the logistic classifying model that 

15 determined the 5 EpiSwitch" CSS markers, 150 ROC ** curves (with unique start points) were 

generated by random data re-sampling of the R and NR data (Figure 3A). This resulted in the data 

being split into training (66%, equivalent to 6000 known class samples) and test (34%, equivalent to 

3000 unknown class samples) groups; importantly the same split is never seen in the data for cross 

validation. The average discriminative ability (AUC) of the model was 89.9% (95% C 87-100%), with 

20 an average sensitivity (adjusted for response prevalence) for NR of 92% and an average specificity for 

R of 84%. To determine the predictive capability of the model, the average model accuracy statistics 

were adjusted for population R/NR to MTX using Bayes prevalence theore 21 .Using a 55% MTX 

response rate, the positive predictive value (PPV) was 90.3%whilst the negative predictive value (NPV) 

was 86.5%. If the response rate was adjusted to 60%, this decreased the PPV to 87% whilst increasing 

25 the NPVto89%.  

** Note: ROC means Receiver Operating Characteristic and refers to ROC curves. An ROC curve is a 

graphical plot that illustrates the performance of a binary classifier system as its discrimination 

threshold is varied. The curve is created by plotting the true positive rate against the false positive 

30 rate at various threshold settings.  
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As an independent evaluation of the discerning powers of the selected 5 EpiSwitch" CCS markers, 

factor analysis of mixed data (FAMD) incorporating 30 HC was performed. This illustrated that the 

signature not only has the power to differentiate between MTX R and NR but also retains sufficient 

5 disease-specific features to differentiate between healthy individuals and RA patients (Figure 3B).  

Example 1 - Table 8o - Stratifying between RA-MTX responders and non-responders 

Table 8a, and continuation Table 8b, presented hereinafter, show inter alia a list of about 54 DNA 

probes (60mers) and their DNA sequences. These probes represent some of the probes used in 

10 Example 1. Without being bound, most of the probes illustrated in Table 8a+8b are thought likely to 

be significant to / useful in stratifying between RA-MTX responders and RA-MTX non-responders. The 

shown probes were investigated further by PCR. P Value = Probability value; adj. = adjusted.  

Exampie I - Conclusion 

15 In conclusion, our study of the epigenetic profile classification of DMARD naive ERA patients on the 

basis of prospective clinical assessment for R/NR has identified a consistent epigenetic signature, 

which discriminates an epigenetic state that is conducive and non-conducive to MTX response. This is 

to our knowledge, the first example of a stable and selectively differentiating blood based epigenetic 

biomarker in early RA patients that appears disease related (versus healthy controls) and that can 

20 predict non-responsiveness to first-line MTX therapy. This model offers direct and practical benefits 

with a validated classifier based on 5 conditional CCS and their detection by the industrial 150-13485 

EpiSwitch' platform, which has the potential to be routinely available in the near future within clinical 

practice. Importantly, by adopting this predictive signature it should be possible to stratify MTX naYve 

ERA patients into R and NR cohorts. This offers the potential to accelerate patient progression through 

25 the currently approved treatment strategy for ERA seeking earlier use of effective therapeutics, hence 

leading to a 'personalised' treatment regime. Furthermore, it is conceivable that alternative CCS 

signatures are present in RA patients (and patients with other autoimmune diseases) that could be 

used to justify fast-tracked biological treatment regimes in the clinic. This would have far reaching 

socio-economic implications, providing more cost effective and robust therapeutic approaches.  

30 

37



WO 2016/207647 PCT/GB2016/051894 

Example I - Materialand Methods 

Example 1- RA patient population 

ERA patients in this study are part of the Scottish early rheumatoid arthritis (SERA) inception cohort, 

Demographic, clinical and immunological factors were obtained at diagnosis and 6 months (Table 2) 

5 inclusion in the inception cohort was based on clinical diagnosis of undifferentiated polyarthritis or RA 

( swollen joint) at a secondary care rheumatology unit in Scotland Exclusion criteria were previous 

or current DMARD/biological therapy and/or established alternative diagnosis (Le. psoriatic arthritis, 

reactive arthritis). inclusion in this study was based on a diagnosis of RA (fulfilled the 2010 ACR/EULAR 

criteria for RA) with moderate to high disease activity (DAS28 > 32) and subsequent monotherapy 

10 with MTX. [DAS28 = Disease Activity Score of 28 joints. EULAR = The European League Against 

Rheumatism. ACR = American College of Rheumatology.] Responders were defined as patients who 

upon receiving MTX achieved DAS28 remission (DAS28 <2.6) or a good response (DAS28 improvement 

of >1.2 and DAS2 532) at 6 months Non-responders were defined as patients who upon receiving 

MTX had no improvement in DAS28 ( 0.6) at 6 months. Blood samples were collected at diagnosis 

15 (Baseline) in EDTA tubes and centrifuged to generate a buffy layer containing PBMCs, which was 

harvested and stored at -0C. Local ethics committees approved the study protocol and all patients 

gave informed consent before enrolment into the study.  

Example 1 - EpiSwitch" processing, array and PCR detection. Probe design and locations for 

EpiSwitch' assays 

20 

Pattern recognition methodology was used to analyse human genome data in relation to the 

transcriptional units in the human genome. The proprietary EpiSwitch" pattern recognition 

software' 8 ,2 provides a probabilistic score that a region is involved in chromatin interaction.  

Sequences from 123 gene loci were downloaded and processed to generate a list of the 13,322 most 

25 probable chromosomal interactions. 60mer probes were designed to interrogate these potential 

interactions and uploaded as a custom array to the Agilent SureDesign website. Sequence-specific 

oligonucleotides were designed using Primer32 , at the chosen sites for screening potential markers 

by nested PCR. Oligonucleotides were tested for specificity using oligonucleotide specific BLAST.  

30 Exampie 1 - Chromatin Conformation signature analysisfrom patient PBMC's 

Template preparation: Chromatin from 50 of each PBMC sample was extracted using the 

EpiSwitch T assay following the manufacturer's instructions (Oxford BioDynamics Ltd). Briefly, the 
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higher order structures are fixed with formaldehyde, the chromatin extracted, digested with Taql, 

dilution and ligation in conditions to maximize intramolecular ligation, and subsequent proteinase K 

treatment. EpiSwitch" microarray: EpiSwitch" microarray hybridization was performed using the 

custom Agilent 8x60k array using the Agilent system, following the manufacturer's instructions 

5 (Agilent). Each array contains 55088 probes spots, representing 13,322 potential chromosomal 

interactions predicted by the EpiSwitchr pattern recognition software quadruplicated, plus 

EpiSwitch' and Agilent controls. Briefly, I pg of EpiSwitch" template was labelled using the Agilent 

SureTag labelling kit. Processing of labelled DNA was performed. Array analysis was performed 

immediately after washing using the Agilent scanner and software. In order to compare all the 

10 experiments the data was background corrected and normalized. Since each spot in the array is 

present in quadruplicate, the median of the four spots of each probe in the array was calculated and 

its log2 transformed value was used for further analysis. The coefficient of variation and p-value was 

calculated for each probe replicate. EpiSwitch' PCR detection: Oligonucleotides were tested on 

template to confirm that each primer set was working correctly. To accommodate for technical and 

15 replicate variations, each sample was processed four times. All the extracts from these four replicates 

were pooled and the final nested PCR was performed on each sample. This procedure permitted the 

detection of limited copy-number templates with higher accuracy4 . All PCR amplified samples were 

visualised by electrophoresis in the LabChip GX from Perkin Elmer, using the LabChip DNA 1K Version2 

kit (Perkin Elmer) and internal DNA marker was loaded on the DNA chip according to the 

20 manufacturer's protocol using fluorescent dyes. Fluorescence was detected by laser and 

electropherogram read-outs translated into a simulated band on gel picture using the instrument 

software. The threshold we set for a band to be deemed positive was 30 fluorescence units and above.  

Example I - Stotistico Methods and Packages 

25 

GraphPad Prism and SPSS were used for all statistical analyses of clinical data. The chi-square test and 

Fisher's exact test (for categorical variables), the t-test for independent samples (for continuous 

normally distributed variables), and the Mann-Whitney U test (for continuous variables without 

normal distribution) were used to identify differences. The level of statistical significance was set at 

30 0.05, and all tests were 2-sided. R (and appropriate packages) was used for evaluation of EpiSwitchT 

data. This included Stats package for Chi-square test and GLM (logit), ROCR package for ROC curves 

from WEKA odds probabilities, plot & stats package in R for Heatmaps. FactorMiner package was 

used for PCA and Factor plots. Weka was used for Attribute Reduction, data randomisation and re

sampling, Logistic Model Classifier, AUC calculations and model accuracy calculations.  
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CLAIMS

1. A method of determining responsiveness to a specific therapy for rheumatoid arthritis in a

subject, comprising detecting the presence or absence of 5 or more chromosomal

interactions from Table 7a or Table 8a, wherein the specific therapy for rheumatoid arthritis

comprises methotrexate or a pharmaceutically acceptable salt thereof.

2. A method according to claim 1, wherein 5 to 500 chromosomal interactions are typed.

3. A method according to claim 2 wherein 20 to 300 chromosomal interactions are typed.

4. A method according to claim 3 wherein 50 to 100 chromosomal interactions are typed.
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