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TITLE

Biological Markers

TECHNICAL FIELD

[0001] The present invention relates, inter alia, to the use of differentially expressed

microRNAs (miRNAs) as biological markers for identifying and/or managing subjects that have

Chronic Fatigue Syndrome (CFS) and/or Myalgic Encephalomyelitis (ME), or are at risk of

developing CFS and/or ME. The present invention also relates to probes, tools, reagents, kits and

assays for screening subjects for CFS and/or ME and/or managing subjects with CFS and/or ME.

BACKGROUND ART

[0002] It will be clearly understood that, if a prior art publication is referred to herein, this

reference does not constitute an admission that the publication forms part of the common general

knowledge in the art in Australia or in any other country.

[0003] Chronic Fatigue Syndrome/Myalgic Encephalomyelitis (CFS/ME) is known to affect

about 1-4% of individuals worldwide [1,2]. CFS/ME is a multi-symptom disorder including

profound disabling fatigue and post-exertional sickness, cognitive disturbances, tender or painful

lymph nodes, muscle ache and pain and irregular sleep patterns [3]. There is evidence to suggest

a dominant disruption of immunological process in CFS/ME and this may be characterised by

reduced cytotoxic activity and increases in regulatory T cells [4,5,6]. In addition patients with

CFS/ME may display differential expression in the mRNA and microRNA (miRNA) genes that

regulate various physiological processes known to be dysregulated in CFS/ME including

cytotoxicity, cytokine secretion and apoptosis [4,7,8,9,10,11,12]. Despite intensive research the

pathophysiology of CFS/ME is not yet fully understood and clear diagnostic biomarkers remain

elusive.

[0004] MicroRNAs are a class of small (typically 18-25 nucleotides in size) single-stranded,

non-coding RNAs that regulate gene expression at the post-transcriptional level [13]. Their

regulatory roles have been implicated in most biological processes including immunological,

neurological and physiological processes [14,15,16,17]. Differential expression of miRNA has

been associated with over 300 diseases, including cancer, cardiomyopathies, neurological

disorders and unexplained disorders such as CFS/ME [4,18,19,20,21].



SUMMARY OF INVENTION

[0005] The present inventors have now discovered and characterised miRNAs that are

differentially expressed in subjects having CFS and/or ME as compared with healthy subjects.

The inventors have found that the miRNAs can be used, inter alia, as biological markers to

identify subjects having, or at risk of developing, CFS and/or ME. This, of course, means that the

illness can be managed in those subjects that have been identified. This also means that subjects

that have not been identified as having the illness (or at risk of developing the illness) need not

be subjected to a management regime developed for CFS/ME sufferers.

[0006] CFS and/or ME may also be referred to by other names by skilled persons, such as

systemic exertion intolerance disease (SEID). Therefore, context allowing, it is to be understood

that CFS and/or ME as used herein may be interchangeable with the term SEID.

[0007] With the foregoing in view, the present invention in one form, resides broadly in at

least one miRNA for use as a biological marker for Chronic Fatigue Syndrome (CFS) and/or

Myalgic Encephalomyelitis (ME).

[0008] In another form, the present invention resides broadly in the use of at least one

miRNA as a biological marker for identifying or diagnosing a subject having CFS and/or ME.

[0009] In another form, the present invention resides broadly in the use of at least one

miRNA as a biological marker for identifying or diagnosing a subject at risk of developing CFS

and/or ME.

[0010] In another form, the present invention resides broadly in a method of identifying or

diagnosing a subject having CFS and/or ME, said method comprising the steps of:

(a) measuring the level of expression of at least one miRNA biological marker in a

biological sample obtained from the subject that is differentially expressed in CFS and/or

ME; and

(b) comparing the level of expression of the miRNA biological marker in the biological

sample relative to a reference, wherein detection of an alteration in the level of miRNA

biological marker expression in the biological sample relative to the reference indicates

that the subject has CFS and/or ME.

[001 1] In another form, the present invention resides broadly in a method of identifying or

diagnosing a subject having CFS and/or ME, said method comprising the steps of:

(a) determining the amount of at least one miRNA biological marker in a biological sample

obtained from the subject that is differently expressed in CFS and/or ME; and



(b) comparing the amount of the miRNA biological marker in the biological sample to a

reference, wherein detection of a difference in the amount of miRNA biological marker

in the biological sample relative to the reference indicates that the subject has CFS and/or

ME.

[0012] For another form, the present invention resides broadly in a method of identifying or

diagnosing a subject at risk of developing CFS and/or ME, said method comprising the steps of:

(a) measuring the level of expression of at least one miRNA biological marker in a

biological sample obtained from the subject that is differentially expressed in CFS and/or

ME; and

(b) comparing the level of expression of the miRNA biological marker in the biological

sample relative to a reference, wherein detection of an alteration in the level of miRNA

biological marker expression in the biological sample relative to the reference indicates

that the subject is at risk of developing CFS and/or ME.

[0013] In another form, the present invention resides broadly in a method of identifying or

diagnosing a subject at risk of developing CFS and/or ME, said method comprising the steps of:

(a) determining the amount of at least one miRNA biological marker in a biological sample

obtained from the subject that is differently expressed in CFS and/or ME; and

(b) comparing the amount of miRNA biological marker in the biological sample to a

reference, wherein detection of a difference in the amount of miRNA biological marker

in the biological sample relative to the reference indicates that the subject is at risk of

developing CFS and/or ME.

[0014] In another form, the present invention resides broadly in a method of screening

subjects for a prevalence of CFS and/or ME, said method comprising the steps of:

(a) measuring the level of expression of at least one miRNA biological marker in a

biological sample obtained from each subject that is differentially expressed in CFS

and/or ME; and

(b) comparing the level of expression in each said biological sample to a level of

expression in a reference, wherein detection of an alteration in the level of miRNA

biological marker expression relative to the reference identifies the subject as having

CFS and/or ME.

[0015] In another form, the present invention resides broadly in a method of screening

subjects for a prevalence of CFS and/or ME, said method comprising the steps of:

(a) determining the amount of at least one miRNA biological marker in a biological

sample obtained from each subject that is differently expressed in CFS and/or ME;

and



(b) comparing the amount in each said biological sample to a reference, wherein

detection of a difference in the amount of miRNA biological marker relative to the

reference identifies the subject as having CFS and/or ME.

[0016] In another form, the present invention resides broadly in a method of identifying

whether a subject having a CFS and/or ME illness is responding to management of that illness,

said method comprising the steps of:

(a) optionally, isolating a biological sample from the subject prior to management of the

illness and during and/or after management of the illness;

(b) measuring the level of expression in the biological samples of at least one miRNA

biological marker that is differentially expressed in CFS and/or ME; and

(c) comparing the level of expression of the miRNA biological marker in the biological

samples before and during and/or after management of the illness, wherein a change in

the level of expression identifies the subject as having responded to the management of

the illness.

[0017] In another form, the present invention resides broadly in a method of identifying

whether a subject having a CFS and/or ME illness is responding to management of that illness,

said method comprising the steps of:

(a) optionally, isolating a biological sample from the subject prior to management of the

illness and during and/or after management of the illness;

(b) measuring in the biological samples the amount of at least one miRNA biological marker

that is differently expressed in CFS and/or ME; and

(c) comparing the amount of the miRNA biological marker in the biological samples before

and during and/or after management of the illness, wherein a change in the amount

identifies the subject as having responded to the management of the illness.

[0018] In another form, the present invention resides broadly in a method of managing a

subject with CFS and/or ME comprising the step of managing the subject if the subject has been

found to have at least one miRNA biological marker that is differentially expressed (expressed

differently) in CFS and/or ME.

[0019] In another form, the present invention resides broadly in a method of identifying or

characterising at least one differentially expressed miRNA biological marker for CFS and/or

ME, said method comprising the steps of:

(a) subjecting a biological sample comprising miRNA obtained from a subject having CFS

and/or ME to a screening technique so as to identify a potential CFS and/or ME miRNA

biological marker;



(b) confirming differential expression of the potential CFS and/or ME miRNA biological

marker relative to a reference using an expression technique, wherein differential

expression of the potential CFS and/or ME miRNA biological marker indicates that a

miRNA biological marker for CFS and/or ME has been identified or characterised; and

(c) optionally, producing a nucleic acid or polynucleotide based on the miRNA biological

marker of step b).

[0020] In another form, the present invention resides broadly in a method of identifying or

characterising at least one miRNA biological marker for CFS and/or ME, said method

comprising the steps of:

(a) subjecting a biological sample comprising miRNA obtained from a subject having CFS

and/or ME to a screening technique so as to identify a potential CFS and/or ME miRNA

biological marker;

(b) confirming different expression of the potential CFS and/or ME miRNA biological

marker relative to a reference using a nucleic acid-based technique, wherein different

expression of the potential CFS and/or ME miRNA biological marker indicates that a

miRNA biological marker for CFS and/or ME has been identified or characterised; and

(c) optionally, producing a nucleic acid or polynucleotide based on the miRNA biological

marker of step b).

[0021] In another form, the present invention resides broadly in an isolated, purified or

recombinant form of a miRNA biological marker differentially expressed in CFS and/or ME.

[0022] In another form, the present invention resides broadly in a : (1) non-naturally

occurring or synthetic polynucleotide, recombinant polynucleotide, nucleic acid, oligonucleotide

or cDNA form of a miRNA biological marker (or fragment thereof or pre-processed [eg. pre-

miRNA] form thereof) that is differentially expressed in CFS and/or ME; or (2) a polynucleotide,

nucleic acid, cDNA or an oligonucleotide that is complementary to the miRNA biological

marker of (1); or (3) an expression vector, recombinant cell or biological sample, tool, reagent,

kit or assay comprising (1) or (2).

[0023] In another form, the present invention resides broadly in a miRNA-based probe, tool

or reagent for identifying a subject having CFS and/or ME.

[0024] In another form, the present invention resides broadly in a miRNA-based probe, tool

or reagent for identifying a subject at risk of developing CFS and/or ME.

[0025] In another form, the present invention resides broadly in a miRNA-based probe, tool

or reagent when used for identifying a subject having, or at risk of developing, CFS and/or ME.

[0026] In another form, the present invention resides broadly in a kit for identifying a

subject having CFS and/or ME, said kit comprising one or more tools or reagents for



determining expression or the amount of at least one miRNA biological marker in a biological

sample derived from the subject.

[0027] In another form, the present invention resides broadly in a kit for identifying a

subject at risk of developing CFS and/or ME, said kit comprising one or more tools or reagents

for determining expression or the amount of at least one miRNA biological marker in a

biological sample derived from the subject.

[0028] In another form, the present invention resides broadly in a kit for performing

measurement of at least one miRNA biological marker that is differentially expressed in CFS

and/or ME, wherein the kit comprises one or more tools or reagents for measuring expression of

the miRNA biological marker.

[0029] In another form, the present invention resides broadly in an assay for measuring

expression of a miRNA biological marker differentially expressed in CFS and/or ME.

[0030] In another form, the present invention resides broadly in a biological sample

comprising at least one miRNA biological marker that is differentially expressed in CFS and/or

ME.

[003 1] In another form, the present invention resides broadly in a biological sample

comprising at least one miRNA biological marker that is differentially expressed in CFS and/or

ME, when isolated for the purpose for testing the biological sample for CFS and/or ME.

[0032] In another form, the present invention resides broadly in an array of oligonucleotide

probes for identifying miRNAs in a biological sample, comprising probes that each selectively

bind to a miRNA that is differentially expressed in CFS and/or ME.

[0033] In another form, the present invention resides broadly in a biochip comprising a solid

substrate and at least one oligonucleotide probe capable of selectively binding to a miRNA that

is differentially expressed in CFS and/or ME.

[0034] In another form, the present invention resides broadly in measuring expression of at

least one miRNA as described in Table 3, Table 4, Table 5, Table 6 or Table 7, or a miRNA

substantially as described in Table 3, Table 4, Table 5, Table 6 or Table 7 . (Expression can be

measured in a biofluid such as cerebrospinal fluid, plasma or serum, for example.)

[0035] In another form, the present invention resides broadly in an isolated, purified,

synthetic or recombinant form of at least one miRNA having a sequence as found in Table 3,

Table 4 (SEQ. ID. Nos.:20-32 and Nos. 33-45), Table 5,Table 6 (SEQ. ID. Nos. 1-19) or Table 7

(SEQ. ID. Nos. 46-50), or a miRNA having a sequence substantially as found in Table 3, Table 4

(SEQ. ID. Nos.:20-32 and Nos. 33-45), Table 5, Table 6 (SEQ. ID. Nos. 1-19) or Table 7 (SEQ.

ID. Nos. 46-50).

[0036] In another form, the present invention resides broadly in a (1) non-naturally



occurring or synthetic polynucleotide, recombinant polynucleotide, oligonucleotide or cDNA

form of a miRNA having a sequence as found in Table 3, Table 4 (SEQ. ID. Nos.:20-32 and

Nos. 33-45), Table 5, Table 6 (SEQ. ID. Nos. 1-19) or Table 7 (SEQ. ID. Nos. 46-50), or a

miRNA having a sequence substantially as found in Table 3, Table 4 (SEQ. ID. Nos.:20-32 and

Nos. 33-45), Table 5, Table 6 (SEQ. ID. Nos. 1-19) or Table 7 (SEQ. ID. Nos. 46-50); or (2) a

polynucleotide, oligonucleotide or cDNA that is complementary to the miRNA of (1); or (3) an

expression vector, recombinant cell, biological sample, tool, reagent, kit or assay comprising (1)

or (2).

[0037] In another form, the present invention resides broadly in a biological sample

comprising at least one miRNA having a sequence as found in Table 3, Table 4 (SEQ. ID.

Nos.:20-32 and Nos. 33-45), Table 5, Table 6 (SEQ. ID. Nos. 1-19) or Table 7 (SEQ. ID. Nos.

46-50), or a miRNA having a sequence substantially as found in Table 3, Table 4 (SEQ. ID.

Nos.:20-32 and Nos. 33-45), Table 5, Table 6 (SEQ. ID. Nos. 1-19) or Table 7 (SEQ. ID. Nos.

46-50).

[0038] In another form, the present invention resides broadly in a biological sample

comprising at least one miRNA having a sequence as found in Table 3, Table 4 (SEQ. ID.

Nos.:20-32 and Nos. 33-45), Table 5, Table 6 (SEQ. ID. Nos. 1-19) or Table 7 (SEQ. ID. Nos.

46-50), or a miRNA having a sequence substantially as found in Table 3, Table 4 (SEQ. ID.

Nos.:20-32 and Nos. 33-45), Table 5, Table 6 (SEQ. ID. Nos. 1-19) or Table 7 (SEQ. ID. Nos.

46-50), when isolated for the purpose for testing the biological sample.

[0039] In another form, the present invention resides broadly in an isolated, purified,

synthetic or recombinant form of a miRNA, or precursor thereof, or a fragment thereof, or a

longer nucleic acid containing the miRNA sequence or fragment thereof. The form can contain a

sequence portion corresponding to the miRNA as well as a non-miRNA sequence portion.

[0040] In another form, the present invention resides broadly in a non-naturally occurring

polynucleotide, recombinant polynucleotide, oligonucleotide or cDNA form of a miRNA, or

precursor thereof, or a fragment thereof, or a longer nucleic acid containing the miRNA

sequence or fragment thereof - single stranded or double stranded. The form can contain a

sequence portion corresponding to the miRNA as well as a non-miRNA sequence portion.

[0041] In another form, the present invention resides broadly in an expression product of a

miRNA, or precursor thereof, or a fragment thereof, or a longer nucleic acid containing the

miRNA sequence or fragment thereof. The expression product may be unlabelled or labelled

with a detectable moiety. The expression product can contain a sequence portion corresponding

to the miRNA as well as a non-miRNA sequence portion.

[0042] In another form, the present invention resides broadly in a polynucleotide,



oligonucleotide, probe or primer (unlabelled or labelled with a detectable moiety) for specifically

binding to, annealing to, detecting, isolating or amplifying (eg. by PCR) a miRNA, or precursor

thereof, or a fragment thereof, or a longer nucleic acid containing the miRNA sequence or

fragment thereof. The polynucleotide, oligonucleotide, probe or primer can contain a sequence

portion corresponding to the miRNA as well as a non-miRNA sequence portion.

[0043] In another form, the present invention resides broadly in an expression vector,

recombinant cell or biological sample comprising the nucleic acid or polynucleotide of 1, 2, 3 or

4 .

[0044] Any of the forms of the invention or its features described above can be combined in

any combination with any one or more of the other forms of the invention or features described

below within the scope of the invention.

[0045] Other forms and advantages of the invention will become apparent from a reading of

this specification.

[0046] Preferred features, embodiments and variations of the invention may be discerned

from the following Detailed Description which provides sufficient information for those skilled

in the art to perform the invention. The Detailed Description is not to be regarded as limiting the

scope of the preceding Summary of Invention in any way. The Detailed Description will make

reference to a number of drawings as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] Figures 1A, IB and 1C. Read classification as predicted by miRanalyzer.

Percentage of A) read count and B) unique reads mapped to mature miRNAs, other microRNAs

(ambiguous, star and hairpin), other non-coding RNAs and unmapped. C) Length distribution of

sequenced small RNA. Data represents mean + SEM (n=6/group).

[0048] Figure 2. Expression stability values (M) of the putative reference genes tested

in plasma. The expression of four genes was analysed to determine the most suitable reference

gene. MicroRNAs are ranked from the most stable to the least stable (left to right). The dotted

line indicates the recommended threshold value of < 1.0 for heterogeneous samples.

[0049] Figure 3. Relative expression data presented as boxplots for miRNAs identified

as differentially expressed by Illumina HTS. Boxes indicate the interquartile range (25%-

75%) with the horizontal bar within each box indicating the media. The whiskers show the

minimum and maximum values. *P<0.05 vs. non-fatigued control (n=20/group).



[0050] Figure 4. Relative expression data presented as boxplots for miRNAs hsa-miR -

127~3p, hsa-miR-142~5p a d hsa-miR~143~3p. Boxes indicate the interquartile range (25%-

75%) with the horizontal bar within each box indicating the media. The whiskers show the

minimum and maximum values. Results for CFS/ME patients (n-49) are labelled 'CPS'. Results

for non-fatigued (healthy) controls (n=15) are labelled 'HE *. *P<0.05 vs. non-fatigued control.

DETAILED DESCRIPTION

[0051] Chronic Fatigue Syndrome (CFS) and Myalgic Encephalomyelitis (ME) are

significantly debilitating medical conditions characterised by persistent fatigue and other specific

symptoms that last for a minimum of six months. CFS and ME are often used interchangeably to

describe the same illness, although this need not be the case. The fatigue experienced by human

subjects suffering from CFS is not due to exertion or caused by other medical condition, and is

not significantly relieved by rest. It is a complex disease involving dysregulation of immune and

central nervous system, dysfunction of cellular energy metabolism and ion transport, and

cardiovascular abnormalities.

[0052] Note that CFS and/or ME may also be referred to by other names such as the recently

adopted name of systemic exertion intolerance disease (SEID). Therefore, it is to be understood

that CFS and/or ME as used herein may - context allowing - be interchangeable with the term

SEID.

[0053] A number of healthcare initiatives have been undertaken to advance research into the

likely cause(s), mechanism, preventive measures and potential therapeutic strategies for

CFS/ME. Presently, none of these initiatives have been successful and the medical community

remains baffled by the illness.

[0054] Currently there are no commercially available diagnostic tests or definitive methods

for screening of CFS/ME.

[0055] The most puzzling aspect of CFS/ME is its multifactorial, multi-symptom nature and

resulting difficulty in the diagnosis of CFS/ME. The current method of diagnosis is to rule out

other potential causes of the symptoms presented by the patients. When symptoms are

attributable to certain other conditions, the diagnosis of CFS/ME is excluded. As a result, there is

a prolonged 'elimination' process often including several attempted unsuccessful treatment

strategies. This process can often take from 6 to 18 months. Accordingly, it is a serious financial

burden to the subject and to the healthcare system and economy.

[0056] Although there is no specific treatment for CFS/ME, it can be appropriately managed

once a patient is diagnosed as suffering from CFS. Additionally, there is some evidence to

suggest that earlier a management regime is adopted the greater the chance of improvement. A



diagnostic/screening test would significantly help in diagnosis/screening of CFS/ME, thereby

reducing the patient suffering and healthcare costs associated with waiting for many months

before being diagnosed with CFS/ME.

[0057] The present inventors have now identified and characterised miRNAs that are found

in different quantities in biological samples obtained for CFS and/or ME subjects when

compared with healthy controls. This, of course, means that CFS/ME can be managed in those

subjects that have been identified.

[0058] The present inventors have identified and characterised (1) novel miRNAs, (2)

miRNAs that are expressed in cerebrospinal fluid, as well as (3) miRNAs that are differentially

expressed in subjects having CFS and/or ME as compared with healthy subjects.

[0059] The present inventors believe themselves to be the first to identify miRNAs,

particularly circulating or extracellular miRNAs that are differentially expressed in subjects

having CFS and/or ME. The inventors have found that these miRNAs, particularly from biofluid

such as plasma, (but also from serum, urine, sputum and cerebrospinal fluid), can serve as novel

reproducible biological markers for CFS/ME screening, prevalence, diagnosis, monitoring and/or

prognosis. However, the present invention is not limited to circulating miRNAs, extracellular

miRNA, nor extracellular miRNA found in plasma, serum, urine, sputum and cerebrospinal

fluid, nor to the afore-mentioned uses.

[0060] As mentioned, the inventors have also, for the first time, characterised miRNAs that

are expressed in cerebrospinal fluid.

[0061] The subject can be any mammal. Mammals include humans, primates, livestock and

farm animals (eg. horses, sheep and pigs), companion animals (eg. dogs and cats), and laboratory

test animals (eg. rats, mice and rabbits). The subject is preferably human.

[0062] Human subjects having CFS and/or ME can be defined as per the American CDC

1994 case definition [26] and in the following citations [75,76,77,78,79,80,81,82].

[0063] Non-fatigued/healthy 'controls' or 'references'/subjects (not having CFS/ME)

preferably have no medical history or symptoms of persistent fatigue or illness. Human subjects

also preferably exclude individuals who were smokers, pregnant/breast- feeding or immobile, or

had autoimmune, thyroid or cardiac related disorders prior to the onset of CFS/ME.

[0064] The term 'extracellular miRNA' means that the miRNA is found, located or

circulates in a biofluid (biological fluid). For clarity, the term 'extracellular miRNA' includes

any one or more of miRNA found in exosomes or in other vesicles of cellular origin, miRNA

originating from cells or more generally being of cellular origin, or being cellular isolates.

[0065] Biofluid can be, for example, blood, plasma, serum, urine, sputum, cerebrospinal

fluid, milk, or ductal fluid, and can be fresh, frozen or fixed. For clarity, biofluid can comprise



cells, cellular isolates, lysed cells or any type of cellular material.

[0066] In some embodiments, the biofluid is plasma or serum. Typically the at least one

extracellular miRNA will be relatively stable in plasma.

[0067] Although, there is currently no definitive source identified for extracellular miRNAs

- i.e. a definitive source leading to miRNAs locating within biofluids - blood cells in particular

reticulocytes, myeloid cells, lymphoid cells, platelets, cells from the liver, lungs and kidneys or

lysed cells may release miRNAs into the circulation [31,32,33]. Similarly, miRNAs may be

discharged into biofluid/plasma following tissue damage, for example, following acute

myocardial infarction [34].

[0068] By 'differentially expressed' and 'alteration in the level of miRNA expression', it is

meant that the miRNA biological marker is either up-regulated (having an elevated level of

expression) or down-regulated (having a reduced level of expression or no expression) in a

subject having CFS and/or ME compared with a healthy subject or reference or control -

regardless of the actual molecular regulatory mechanism (eg. transcription or incomplete RNA

processing to mature miRNA). Put another way, the terms 'differentially expressed' and

'alteration in the level of miRNA expression' can be understood as meaning 'a differing amount

of miRNA'. It also compassed situations where there is no detectable RNA or mature miRNA

expression whatsoever. The inventors have found some preferred biological markers for

CFS/ME to be up-regulated.

[0069] Although the different forms (definitions) of the invention in this specification

mostly refer to mature microRNA (miRNA), it is to be appreciated that some forms of the

invention (definitions) could equally apply to pre-miRNA/precursor/pre-processed miRNA. That

is, pre-miRNA/precursor/pre-processed miRNA could be used as a biological marker to identify

subjects having, or at risk of developing, CFS and/or ME - both in method and product forms

(eg. assays, tools and reagents) of the invention.

[0070] The at least one miRNA can be any suitable differentially expressed miRNA (up-

regulated/having an elevated level of expression or down-regulated/having a reduced level of

expression or no expression), and will typically be about 18 to 25 nucleotides in length/size. This

means that the miRNA will typically be 18, 19, 20, 21, 22, 23, 24 or 25 nucleotides/residues in

length/size.

[0071] Single nucleotide polymorphisms (SNPs) in coding, regulatory, intron, promoter, 5'

UTR and 3' UTR may be pre-processed miRNAs, flanking regions or target sites, and have been

demonstrated to affect certain physiological processes or be related to diseases. The at least one



miRNA can be a SNP, including a SNP in pre-miRNA or miRNA flanks.

[0072] It is to be appreciated that features described for one form of the invention can be

features of one or more other forms of the invention. For the sake of succinctness, those features

have not been recited after each form of the invention.

[0073] Accordingly, in a first form, the present invention resides in at least one miRNA for

use as a biological marker for Chronic Fatigue Syndrome (CFS) and/or Myalgic

Encephalomyelitis (ME).

[0074] Accordingly, in a second form, the present invention resides in the use of at least one

miRNA as a biological marker for identifying or diagnosing a subject having, or at risk of

developing, CFS or ME.

[0075] In some embodiments 2, 3, 4, 5, 6, 7, 8, 9, 10 or even more different types of

miRNAs can be used for identification or diagnosis of CFS and/or ME at the same time or

substantially same time.

[0076] In some embodiments, the at least one miRNA biological marker can have increased

or decreased expression relative to a reference, control, or normal sample by at least about 0.5

fold, at least about 0.6 fold, at least about 0.7 fold, at least about 0.8 fold, at least about 0.9 fold,

at least about 1.0 fold, at least about 1.1 fold, at least about 1.2 fold, at least about 1.3 fold, at

least about 1.4 fold, at least about 1.5 fold, at least about 1.6-fold, at least about 1.7-fold, at least

about 1.8-fold, at least about 1.9- fold, at least about 2.0-fold, at least about 2.1 -fold, at least

about 2.2-fold, at least about 2.3-fold, at least about 2.4-fold, at least about 2.5-fold, at least

about 2.6-fold, at least about 2.7-fold, at least about 2.8-fold, at least about 2.9-fold, at least

about 3.0-fold, at least about 3.1 -fold, at least about 3.2-fold, at least about 3.3-fold, at least

about 3.4- fold, at least about 3.5-fold, at least about 3.6-fold, at least about 3.7-fold, at least

about 3.8-fold, at least about 3.9-fold, at least about 4.0-fold, at least about 4.1 -fold, at least

about 4.2-fold, at least about 4.3-fold, at least about 4.4- fold, at least about 4.5-fold, at least

about 4.6-fold, at least about 4.7-fold, at least about 4.8-fold, at least about 4.9-fold, at least

about 5.0-fold, at least about 5.1 -fold, at least about 5.2-fold, at least about 5.3-fold, at least

about 5.4- fold, at least about 5.5-fold, at least about 5.6-fold, at least about 5.7-fold, at least

about 5.8-fold, at least about 5.9-fold, at least about 6.0-fold, at least about 6.1 -fold, at least

about 6.2-fold, at least about 6.3-fold, at least about 6.4- fold, at least about 6.5-fold, at least

about 6.6-fold, at least about 6.7-fold, at least about 6.8-fold, at least about 6.9-fold, at least

about 7.0-fold, at least about 7.1 -fold, at least about 7.2-fold, at least about 7.3-fold, at least

about 7.4- fold, at least about 7.5-fold, at least about 7.6-fold, at least about 7.7-fold, at least



about 7.8-fold, at least about 7.9-fold, at least about 8.0-fold, at least about 8.1 -fold, at least

about 8.2-fold, at least about 8.3-fold, at least about 8.4- fold, at least about 8.5-fold, at least

about 8.6-fold, at least about 8.7-fold, at least about 8.8-fold, at least about 8.9-fold, at least

about 9.0-fold, at least about 9.1 -fold, at least about 9.2-fold, at least about 9.3-fold, at least

about 9.4- fold, at least about 9.5-fold, at least about 9.6-fold, at least about 9.7-fold, at least

about 9.8-fold, at least about 9.9-fold, at least about 10.0-fold, at least about 10.1 fold, at least

about 10.2 fold, at least about 10.3 fold, at least about 10.4 fold, at least about 10.5 fold, at least

about 10.6-fold, at least about 10.7-fold, at least about 10.8-fold, at least about 10.9- fold, at least

about 11.0-fold, at least about 11.1 -fold, at least about 11.2-fold, at least about 11.3-fold, at least

about 11.4-fold, at least about 11.5-fold, at least about 11.6-fold, at least about 11.7-fold, at least

about 11.8-fold, at least about 11.9-fold, at least about 12.0-fold, at least about 12.1 -fold, at least

about 12.2-fold, at least about 12.3-fold, at least about 12.4- fold, at least about 12.5-fold, at least

about 12.6-fold, at least about 12.7-fold, at least about 12.8-fold, at least about 12.9-fold, at least

about 13.0-fold, at least about 13.1 -fold, at least about 13.2-fold, at least about 13.3-fold, at least

about 13.4- fold, at least about 13.5-fold, at least about 13.6-fold, at least about 13.7-fold, at least

about 13.8-fold, at least about 13.9-fold, at least about 14.0-fold, at least about 14.1 -fold, at least

about 14.2-fold, at least about 14.3-fold, at least about 14.4- fold, at least about 14.5-fold, at least

about 14.6-fold, at least about 14.7-fold, at least about 14.8-fold, at least about 14.9-fold, at least

about 15.0-fold, at least about 15.1 -fold, at least about 15.2-fold, at least about 15.3-fold, at least

about 15.4- fold, at least about 15.5-fold, at least about 15.6-fold, at least about 15.7-fold, at least

about 15.8-fold, at least about 15.9-fold, at least about 16.0-fold, at least about 16.1 -fold, at least

about 16.2-fold, at least about 16.3-fold, at least about 16.4- fold, at least about 16.5-fold, at least

about 16.6-fold, at least about 16.7-fold, at least about 16.8-fold, at least about 16.9-fold, at least

about 17.0-fold, at least about 17.1 -fold, at least about 17.2-fold, at least about 17.3-fold, at least

about 17.4- fold, at least about 17.5-fold, at least about 17.6-fold, at least about 17.7-fold, at least

about 17.8-fold, at least about 17.9-fold, at least about 18.0-fold, at least about 18.1 -fold, at least

about 18.2-fold, at least about 18.3-fold, at least about 18.4- fold, at least about 18.5-fold, at least

about 18.6-fold, at least about 18.7-fold, at least about 18.8-fold, at least about 18.9-fold, at least

about 19.0-fold, at least about 19.1 -fold, at least about 19.2-fold, at least about 19.3-fold, at least

about 19.4- fold, at least about 19.5-fold, at least about 19.6-fold, at least about 19.7-fold, at least

about 19.8-fold, at least about 19.9-fold, or at least about 20.0-fold. (Of course, these amounts

may equally be expressed as percentage increases or decreases.)

[0077] Preferably, the at least one miRNA biological marker has increased or decreased

expression relative to a reference, control, or normal sample by about the value listed in Table 5

(column labeled 'Fold Change').



[0078] In some embodiments, the at least one miRNA biological marker is cellular miRNA.

[0079] In some embodiments, the at least one miRNA biological marker is extracellular or

circulating miRNA or miRNA found in biofluid.

[0080] In some embodiments, the at least one miRNA biological marker is both extracellular

and cellular miRNA.

[0081] In some embodiments, the at least one miRNA biological marker is circulating

miRNA.

[0082] "Circulating miRNA" means miRNA that circulates in the bloodstream or other body

fluid, such as the lymphatic system. "Circulating miRNA" means miRNA, for example, found in

blood, plasma, serum, urine, sputum, cerebrospinal fluid, milk, or ductal fluid.

[0083] In some embodiments, the at least one miRNA biological marker can be selected

from a miRNA listed in any one or more of Table 3, Table 4, Table 5, Table 6 or Table 7, or a

miRNA having a sequence substantially as listed in Table 3, Table 4, Table 5, Table 6 or Table

7 .

[0084] The at least one miRNA biological marker can be selected from a miRNA listed in

Table 6 (SEQ. ID. NOs.:l-19) or a miRNA having a sequence substantially as listed in Table 6 .

The at least one miRNA biological marker is preferably a biological marker selected from the

group consisting of: hsa-miR127-3p (SEQ. ID. NO.:l); hsa-miR-143-3p (SEQ. ID. NO.:2); and

hsa-miR-142-5p (SEQ. ID. NO.:3) or a biological marker having a sequence substantially the

same a marker of that group - each of which is up-regulated (increased in expression) in CFS

and/or ME.

[0085] In other forms, the invention concerns a method of identifying or diagnosing CFS

and/or ME in a subject, a method of identifying a subject at risk of developing CFS and/or ME,

and a method of identifying whether a subject having CFS and/or ME is likely to respond to, or

is responding to, management of that illness.

[0086] Accordingly, in a third form, the present invention resides in a method of identifying

or diagnosing a subject having, or at risk of developing, CFS and/or ME, said method

comprising the steps of:

(a) measuring the level of expression of at least one miRNA biological marker in a

biological sample obtained from the subject that is differentially expressed in CFS and/or

ME; and

(b) comparing the level of expression of the miRNA biological marker in the biological

sample relative to a reference, wherein detection of an alteration in the level of miRNA

biological marker expression in the biological sample relative to the reference indicates

that the subject has, or is at risk of developing, CFS and/or ME.



[0087] Accordingly, in a fourth form, the present invention resides in a method of screening

subjects for a prevalence of CFS and/or ME, said method comprising the steps of:

(a) measuring the level of expression of at least one miRNA biological marker in a

biological sample obtained from each subject that is differentially expressed in CFS

and/or ME; and

(b) comparing the level of expression in each said biological sample to a level of expression

in a reference, wherein detection of an alteration in the level of miRNA biological marker

expression identifies the subject as having CFS and/or ME.

[0088] The reference can be any suitable control sample known in the art, such as, for

example, a sample from a normal, healthy subject. In some embodiments, the reference can be a

sample from the same subject prior to demonstration of illness symptoms or prior to

identification with CFS and/or ME.

[0089] In some embodiments, the reference can be a 'standardised' sample, such as a sample

comprising material or data from several samples, preferably also from several subjects.

[0090] In some embodiments, a reference, control or normal sample can be, or can be

obtained, prepared or derived from, a subject not having CFS/ME, and preferably having no

medical history or symptoms of persistent fatigue or illness.

[0091] In some embodiments, a reference, control or normal sample can be, or can be

obtained, prepared or derived from, more than one subject not having CFS/ME, and preferably

having no medical history or symptoms of persistent fatigue or illness.

[0092] In view of the fact that one or more miRNA biological markers for CFS and/or ME

have been discovered and characterised, this enables management of a subject that has been

identified as having CFS and/or ME, and identifying whether a subject having CFS and/or ME is

likely to respond to, or is responding to, management of that illness.

[0093] Therefore, a further method step for the third and fourth forms of the invention can

comprise (c) managing a subject having, or at risk of developing, CFS and/or ME.

[0094] Accordingly, there is provided a method of identifying or diagnosing and managing a

subject having, or at risk of developing, CFS and/or ME, said method comprising the steps of:

(a) measuring the level of expression of at least one miRNA biological marker in a

biological sample obtained from the subject that is differentially expressed in CFS and/or

ME;

(b) comparing the level of expression of the miRNA biological marker in the biological

sample relative to a reference, wherein detection of an alteration in the level of miRNA

biological marker expression in the biological sample relative to the reference indicates

that the subject has, or is at risk of developing, CFS and/or ME; and



(c) managing the subject having, or at risk of developing, CFS and/or ME.

[0095] Accordingly, there is provided a method of screening subjects for a prevalence of

CFS and/or ME and treating subjects having CFS and/or ME, said method comprising the steps

of:

(a) measuring the level of expression of at least one miRNA biological marker in a

biological sample obtained from each subject that is differentially expressed in CFS

and/or ME;

(b) comparing the level of expression in each said biological sample to a level of expression

in a reference, wherein detection of an alteration in the level of miRNA biological marker

expression identifies the subject as having CFS and/or ME;

(c) managing the subject having, or at risk of developing, CFS and/or ME.

[0096] Accordingly, in a fifth form, the present invention resides in a method of identifying

whether a subject having a CFS and/or ME illness is likely to respond to, or is responding to,

management of that illness, said method comprising the steps of:

(a) optionally, isolating a biological sample from the subject prior to management of the

illness and during and/or after management of the illness;

(b) measuring the level of expression in the biological samples of at least one miRNA

biological marker that is differentially expressed in CFS and/or ME; and

(c) comparing the level of expression of the miRNA biological marker in the biological

samples before and during and/or after management of the illness, wherein a change in

the level of expression identifies the subject as having responded to the management of

the illness.

[0097] The method according to the fifth form can comprise step (a).

[0098] The method according to the fifth form can comprise the step of managing the

subject for the illness.

[0099] Accordingly, in a sixth form, the present invention resides in a method of managing a

subject with CFS and/or ME, or at risk of developing CFS and/or ME, comprising the step of

managing the subject if the subject has been found to have at least one miRNA biological marker

that is differentially expressed in CFS and/or ME.

[00100] In some embodiments, the methods of the different forms of the invention can

comprise the step of isolating a biological sample from a subject.

[00101] In some embodiments, the methods of the different forms of the invention can

comprise processing a biological sample.

[00102] In some embodiments, the methods of the different forms of the invention can

comprise the step of extracting RNA from a biological sample.



[00103] In some embodiments, the methods of the different forms of the invention can

comprise the step of identifying miRNA.

[00104] In some embodiments, the methods of the different forms of the invention can

comprise the step of miRNA profiling.

[00105] In some embodiments, the methods of the different forms of the invention can

comprise the step of miRNA screening.

[00106] In some embodiments, the methods of the different forms of the invention can

comprise the step of miRNA sequencing.

[00107] In some embodiments, the methods of the different forms of the invention can

comprise the step of miRNA sequence analyses.

[00108] In some embodiments, the methods of the different forms of the invention can

comprise the step of measuring a level of expression of miRNA.

[00109] In some embodiments, the methods of the different forms of the invention can

comprise the step of comparing expression levels (differential expression) of a miRNA.

[001 10] In some embodiments, the methods of the different forms of the invention can

comprise the step of using a reference or control in the form of a reference gene. The reference

gene can be any suitable stably expressed gene but is preferably hsa-miR-16-5p or RNU6B.

[001 11] The steps/techniques of isolating a biological sample from a subject, processing a

biological sample, RNA extraction from a biological sample, miRNA location and identification,

miRNA profiling, miRNA screening, miRNA sequencing, miRNA sequence analyses, measuring

a level of expression of miRNA in a biological sample, and comparing expression levels

(differential expression) of a miRNA in a biological sample can be carried out in any suitable

way. Such steps are described, for example, in the following references, the entire contents of

which are incorporated herein:

[001 12] RNA extraction techniques: PureLink (Invitrogen), Trizol reagent (Invitrogen),

MiRNEasy (Qiagen), mirVana (ambion), mRCURY (Exiqon), Stratagene (total and small RNA),

TRI-Reagent (Sigma-Aldrich), Nucleospin (Machery-Nagel) and RNA-Bee (Tel-test). Reference

[89].

[001 13] The degree to which miRNA expression differs need only be large enough to

quantify via standard characterization techniques such as expression arrays, RT-qPCR, northern

analysis and RNase protection.

[001 14] Blotting and hybridization assays: [103,104].

[001 15] Different ways of locating putative miRNAs. Computational prediction Methods: 1.

miRdeep [90,91]; 2 . miRdeep* [92]; 3 . MIReNA [93]; 4 . miRanalyzer [94,95]; 5 . MIRcheck

[96]; 6 . MiRalign [97]; 7 . ProMir [98]; 8. MatureBayes [99]; 9 . MaturePred [100]; 10. MiRmat



[101]; and 11. MiRdup [102].

[00116] Microarrays: [105].

[00117] MiRNA cloning assays: [106].

[001 18] Next generation assays covering all platforms: [107].

[001 19] Different ways of assaying expression: Real time PCR, Affymetrix, Agilent,

Illumina, miRNA-Seq and Nanostring.

[00120] Profiling methods: Agilent microarray, exiqon array, exiqon microarray, miRCURY

LNA ncode array, LC Sciences array ABI Taqman array, affymetrix , illumine array, SOLiD

ligation sequencing, Illumina HiSeq and TaqMan miR assay.

[00121] Tools or reagents for assaying for miRNA differential expression: SYBR green

probes and TaqMan probes.

[00122] Radiolabeled splinted ligation detection: [ 110,1 11].

[00123] Preferably, for one or more methods of the present invention, the level of miRNA

expression or differential expression can be carried out using: Northern analysis and a probe that

specifically binds to the miRNA; RNase protection; or, reverse transcription-polymerase chain

reaction (RT-PCR) using one or more oligonucleotide s/primers that will amplify transcribed

miRNA. A universal primer can be used in combination with the one or more

oligonucleotides/primers that will amplify transcribed miRNA. Preferably, RT-qPCR is used.

Preferably, for one or more methods of the present invention, the method/s can comprise the step

of statistical analysis so as to identify differential expression.

[00124] Preferably, for one or more methods of the present invention, the method/s can

comprise the step of extracting miRNA.

[00125] The biological sample can be any suitable sample derived from the subject -

obtained either non-invasively or invasively. It can be cellular- or extracellular-derived, or both.

For example: 1. Buccal (mouth) cells - obtained by swishing mouthwash in the mouth or by

swabbing or bushing the inside of the cheek with a swab or brush; 2 . Blood - obtained by

pricking the finger and collecting the drops (dried blood spot) or by venepuncture (whole blood);

3 . Skin - obtained by a (punch) biopsy; 4 . Organ tissue - obtained by biopsy; 5 . Plasma -

obtained by blood plasma fractionation; 6 . Urine - obtained by urination; 7 . Faeces - obtained by

stool sample; 8. Cerebrospinal fluid - obtained by spinal tap; and 9 . Sputum - obtained by

expectoration or nasotracheal suctioning.

[00126] Techniques for biological sample collection are well known to skilled persons.

[00127] As mentioned, in some embodiments, the biological sample can be a biofluid such as

plasma, serum, urine, sputum, cerebrospinal fluid, milk, or ductal fluid, and can be fresh, frozen

or fixed.



[00128] In some preferred embodiments, for example, biofluid or biological sample

comprising plasma or serum can be removed surgically and preferably by extraction, e.g. by

hypodermic or other types of needles.

[00129] In some embodiments, plasma harvesting is employed. Plasma harvesting/extraction

can be performed in any suitable way, but preferably immediately after peripheral blood

collection. Plasma harvesting can involve a centrifugation step so as to separate the plasma from

other blood components, and frozen storage of that plasma.

[00130] In some embodiments, RNA can be extracted from plasma using a commercially

available kit such as the miRNeasy Serum/Plasma kit (Qiagen, Hilden, Germany). The size,

quantity and quality of the extracted extracellular RNA can be assessed using a small RNA chip

on an Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA).

[00131] MiRNA profiling and sequencing can be carried out in any suitable way. Preferably

high throughput sequencing (HTS) is utilised. In some embodiments, CFS/ME patients and non-

fatigued controls with the highest abundance of small RNA can be used for HTS. Small RNA

libraries can be constructed using the TruSeq Small RNA Sample Preparation kit (Illumina, San

Diego, CA). Small RNA samples can be ligated with 5' and 3' adapters, followed by reverse

transcription-polymerase chain reaction (RT-PCR) for cDNA library construction and

incorporation of index tags. The cDNA library fragments can be separated and size fractioned,

and an about 145-160 bp size fraction containing miRNA inserts can be isolated. cDNA library

samples can be pooled in equimolar amounts and used for cluster generation and sequence

analysis.

[00132] In some embodiments, a genome-wide small RNA screening of CFS/ME subjects

and non-fatigued subjects can be carried out to select for candidate miRNAs differentially

expressed in CFS/ME (eg. circulating, extracellular and/or cellular miRNAs).

[00133] Sequence data that has been generated can be analysed in any suitable way. In some

embodiments, raw FASTQ sequences can be generated and demultiplexed using the Illumina

CASAVA vl.8 pipeline. Per base sequence quality (quality score >30) can then be assessed

using the FastQC toolkit (http://www.bioinformatics.babraham.ac.uk/projects/fastqc). Prior to

mapping the read data can be pre-processed using the UEA small RNA Workbench (http://srna-

workbench.cmp.uea.ac.uk) [27]. Briefly, the 3' adapter sequences can be trimmed, the read size

filtered (16-35nt), unique reads can be counted and low abundance reads (<10 reads) can be

discarded. Unique sequence reads can then be aligned to the human genome (hgl8) and

miRBase_vl6 using the miRanalyzer web server tool

(http://bioinfo2.ugr.es/miRanalyzer/miRanalyzer.php)

[00134] In some embodiments, reverse transcription-quantitative polymerase chain reaction



(RT-qPCR) may be used for expression and comparison. The expression of miRNAs can be

validated using PerfeCTa miRNA primers (Quanta Biosciences, Gaithersburg, MD). The choice

of a stable reference gene may be important for accurate gene expression analysis by RT-qPCR.

Any suitable reference gene can be used. MiRNAs (miR-10, miR-15b, miR-16 and miR-24), for

example, may be suitable as a stable reference gene. Extracted RNA may be reverse transcribed

into cDNA using the NCode miRNA First-Strand cDNA Synthesis kit (Life Technologies,

Carlsbad, CA). RT-qPCR can be performed as previously described in [4].

[00135] Statistical analyses of the data can be carried out in any suitable way. In some

embodiments, Mann-Whitney rank sum test can be used in analysing differences between the

CFS/ME subjects and non-fatigued controls regarding age and haematological characteristics.

[00136] For RT-qPCR analysis unpaired groups of values can be compared according to the

non-parametric Mann-Whitney U test. These data can be analysed using GraphPad Prism 5

(GraphPad Software, San Diego, CA). Differential expression of the miRNA-Seq raw count data

can be assessed using the BioC/R package DESeq [29] . Due to the small sample size and the

heterogeneity of the CFS/ME phenotype the inventors interpreted significance from the

unadjusted P-value, without the Benjamini-Hochberg method for False Discovery (FDR)

correction. Statistical significance can be accepted at P<0.05.

[00137] As used herein, the term 'managing' a subject or 'management' is such that at least

one symptom of CFS or ME is cured, healed, alleviated, relieved, altered, remedied, ameliorated,

or improved. Management can include administering one or more therapeutic compounds in an

amount effective to alleviate, relieve, alter, remedy, ameliorate, improve, or affect the illness or a

symptom of the illness. The term can also refer to providing the subject with a management

regime which can comprise, for example, psychological counselling and/or administration of one

or more therapeutic compounds by any appropriate route to achieve the desired effect.

[00138] Potential therapeutic compounds include: antidepressants (eg. low-dose tricyclic

antidepressants, SSRIs); pain relievers (eg. NSAIDs, COX-2 inhibitors); medications for helping

with sleep (eg. tricyclics, melatonin); stimulants (eg. dexamphetamine, adderall,

methylphenidate (Ritalin) and Ritalin-like drugs); herbal and dietary supplements; and, vitamin

and mineral supplements.

[00139] Administration can include, but is not limited to, oral, sublingual, parenteral (e.g.,

intravenous, subcutaneous, intracutaneous, intramuscular, intraarticular, intraarterial,

intrasynovial, intrasternal, intrathecal, intralesional or intracranial injection), transdermal,

topical, buccal, rectal, vaginal, nasal, ophthalmic, via inhalation, and implants.

[00140] The present inventors have also devised a method of identifying or characterising

differentially expressed miRNA biological markers for CFS and/or ME.



[00141] Accordingly, in a seventh form, the present invention resides in a method of

identifying or characterising at least one differentially expressed miRNA biological marker for

CFS and/or ME, said method comprising the steps of:

(a) subjecting a biological sample comprising miRNA obtained from a subject having

CFS and/or ME to a screening technique so as to identify a potential CFS and/or ME miRNA

biological marker; and

(b) confirming differential expression of the potential CFS and/or ME miRNA biological

marker relative to a reference using an expression technique, wherein differential expression of

the potential CFS and/or ME miRNA biological marker indicates that a miRNA biological

marker for CFS and/or ME has been identified or characterised. The method can also comprise

the step of producing a nucleic acid or polynucleotide based on the miRNA biological marker of

step b).

[00142] The present invention also resides in a miRNA biological marker for CFS and/or ME

identified by the method of the seventh form.

[00143] The screening and expression techniques can comprise a suitable technique or

protocol described in this specification or as otherwise known to those of skill in the art.

[00144] The present inventors have also devised reagents, tools, kits and assays for screening,

identifying, diagnosing and/or managing subjects with CFS and/or ME and for performing

measurement of miRNA biological markers known to be differentially expressed in CFS and/or

ME. The miRNA biological markers can be, for example, the miRNAs of any one or more of

Tables 1 to 7 . The present inventors have also devised other useful types of products based on

the miRNA biological markers, particularly those of any one or more of Tables 1-7, and more

particularly those miRNA markers listed in Table 6 .

[00145] Accordingly, in an eighth form, the present invention resides in an isolated, purified

or recombinant form of a miRNA biological marker differentially expressed in CFS or ME.

[00146] Accordingly, in an ninth form, the present invention resides in a : (1) non-naturally

occurring or synthetic polynucleotide, recombinant polynucleotide, nucleic acid, oligonucleotide

or cDNA form of a miRNA biological marker that is differentially expressed in CFS and/or ME;

or (2) a polynucleotide, oligonucleotide or cDNA that is complementary to the miRNA

biological marker of (1); or (3) an expression vector, recombinant cell or biological sample, tool,

reagent, kit or assay comprising (1) or (2).

[00147] Accordingly, in a tenth form, the present invention resides in a miRNA- based probe,

tool or reagent for identifying a subject having, or at risk of developing, CFS and/or ME.

[00148] For the tenth form, the present invention also resides in a miRNA-based probe, tool

or reagent when used for identifying a subject having, or at risk of developing, CFS and/or ME.



[00149] Accordingly, in an eleventh form, the present invention resides in a kit for

identifying a subject having, or at risk of developing, CFS and/or ME, said kit comprising one or

more tools or reagents for determining expression of at least one miRNA biological marker in a

biological sample derived from the subject.

[00150] Accordingly, in a twelfth form, the present invention resides in a kit for performing

measurement of at least one miRNA biological marker that is differentially expressed in CFS

and/or ME, wherein the kit comprises one or more tools or reagents for measuring expression of

the miRNA biological marker.

[00151] Accordingly, in a thirteenth form, the present invention resides in an assay for

measuring expression of a miRNA biological marker differentially expressed in CFS and/or ME.

[00152] Accordingly, in a fourteenth form, the present invention resides in a biological

sample comprising at least one miRNA biological marker that is differentially expressed in CFS

or ME.

[00153] Preferably, the present invention resides in a biological sample comprising at least

one miRNA biological marker that is differentially expressed in CFS and/or ME, when isolated

for the purpose for testing the biological sample for CFS and/or ME.

[00154] Accordingly, in a fifteenth form, the present invention resides in an array of

oligonucleotide probes for identifying miRNAs in a biological sample, comprising probes that

each selectively bind to miRNA that is differentially expressed in CFS and/or ME. In some

embodiments, the probes can bind to the same type of miRNA (ie. miRNAs having the same

sequence). In other embodiments, the probes can selectively bind to different types of miRNAs

(ie. miRNAs having different sequences).

[00155] Accordingly, in a sixteenth form, the present invention resides in a biochip

comprising a solid substrate and at least one oligonucleotide probe capable of selectively binding

to a miRNA that is differentially expressed in CFS and/or ME. In some embodiments, the probes

can bind to the same type of miRNA (ie. miRNAs having the same sequence). In other

embodiments, the probes can selectively bind to different types of miRNAs (ie. miRNAs having

different sequences).

[00156] The one or more tools or reagents can comprise one or more tools or reagents for:

processing a biological sample; RNA extraction from a biological sample; miRNA identification,

miRNA profiling; miRNA screening; miRNA sequencing; miRNA sequence analyses;

measuring miRNA expression; and comparing miRNA expression levels (differential

expression). The one or more tools or reagents may be suitable for use in one or more of the

techniques/references/methods cited herein.

[00157] The one or more tools or reagents can comprise oligonucleotides (primers or probes)



or other types of polynucleotides or nucleic acids that hybridise to miRNA biological markers

for miRNA detection, characterisation, quantification and/or expression etc. Preferably the one

or more tools or reagents comprise oligonucleotides or probes that hybridise to any of the

miRNA sequences preferably as listed in Table 6 .

[00158] The assay can comprise any technique for measuring expression of a miRNA

biological marker as described herein.

[00159] The kit or assay can comprise a package insert containing written instructions for

performing screening, detection and/or measurement etc of the miRNA biological marker and/or

for determining expression of the miRNA biological marker etc.

[00160] As already mentioned, the present inventors have discovered and characterised

tentatively novel miRNAs that are listed in Table 4 (SEQ. ID. Nos.:20-32).

[00161] As already mentioned, the present inventors have characterised miRNAs that are

found in cerebrospinal fluid, as listed in in Table 7 .

[00162] Accordingly, in a seventeenth form, the present invention resides in an isolated,

purified or recombinant form of a miRNA having a sequence, preferably as found in Table 4

(SEQ. ID. Nos.:20-32) or Table 7 (SEQ. ID. Nos. 46-50), or a miRNA having a sequence

substantially as found in Table 4 (SEQ. ID. Nos.:20-32) or Table 7 (SEQ. ID. Nos. 46-50).

[00163] Accordingly, in an eighteenth form, the present invention resides in a : (1) non-

naturally occurring or synthetic polynucleotide, recombinant polynucleotide, oligonucleotide or

cDNA form of a miRNA having a sequence as found in Table 4 (SEQ. ID. Nos.:20-32) or Table

7 (SEQ. ID. Nos. 46-50), or a miRNA having a sequence substantially as found in Table 4 (SEQ.

ID. Nos.:20-32) or Table 7 (SEQ. ID. Nos. 46-50); or (2) a polynucleotide or an oligonucleotide

that is complementary to the miRNA of (1); or (3) an expression vector, recombinant cell,

biological sample, tool, reagent, kit or assay comprising (1) or (2).

[00164] Accordingly, in a nineteenth form, the present invention resides in a biological

sample comprising at least one miRNA having a sequence as found in Table 4 (SEQ. ID.

Nos.:20-32) or Table 7 (SEQ. ID. Nos. 46-50), or a miRNA having a sequence substantially as

found in Table 4 (SEQ. ID. Nos.:20-32) or Table 7 (SEQ. ID. Nos. 46-50).

[00165] Preferably, the present invention resides in a biological sample comprising at least

one miRNA having a sequence as found in Table 4 (SEQ. ID. Nos.:20-32) or Table 7 (SEQ. ID.

Nos. 46-50), or a miRNA having a sequence substantially as found in Table 4 (SEQ. ID.

Nos.:20-32) or Table 7 (SEQ. ID. Nos. 46-50), when isolated for the purpose for testing the

biological sample.

[00166] In a twentieth form, the present invention resides in an isolated, purified, synthetic or

recombinant form of at least one miRNA having a sequence as found in Table 3, Table 4 (SEQ.



ID. Nos.:20-32 and Nos. 33-45), Table 5, Table 6 (SEQ. ID. Nos. 1-19) or Table 7 (SEQ. ID.

Nos. 46-50) or a miRNA having a sequence substantially as found in Table 3, Table 4 (SEQ. ID.

Nos.:20-32 and Nos. 33-45), Table 5, Table 6 (SEQ. ID. Nos. 1-19) or Table 7 (SEQ. ID. Nos.

46-50).

[00167] In a twenty-first form, the present invention resides in a (1) non-naturally occurring

or synthetic polynucleotide, recombinant polynucleotide, oligonucleotide or cDNA form of a

miRNA having a sequence as found in Table 3, Table 4 (SEQ. ID. Nos.:20-32 and Nos. 33-45),

Table 5, Table 6 (SEQ. ID. Nos. 1-19) or Table 7 (SEQ. ID. Nos. 46-50) or a miRNA having a

sequence substantially as found in Table 3, Table 4 (SEQ. ID. Nos.:20-32 and Nos. 33-45), Table

5, Table 6 (SEQ. ID. Nos. 1-19) or Table 7 (SEQ. ID. Nos. 46-50); or (2) a polynucleotide,

oligonucleotide or cDNA that is complementary to the miRNA of (1); or (3) an expression

vector, recombinant cell, biological sample, tool, reagent, kit or assay comprising (1) or (2).

[00168] In a twenty-second form, the present invention resides in a biological sample

comprising at least one miRNA having a sequence as found in Table 3, Table 4 (SEQ. ID.

Nos.:20-32 and Nos. 33-45), Table 5, Table 6 (SEQ. ID. Nos. 1-19) or Table 7 (SEQ. ID. Nos.

46-50) or a miRNA having a sequence substantially as found in Table 3, Table 4 (SEQ. ID.

Nos.:20-32 and Nos. 33-45), Table 5, Table 6 (SEQ. ID. Nos. 1-19) or Table 7 (SEQ. ID. Nos.

46-50).

[00169] In a twenty-third form, the present invention resides in a biological sample

comprising at least one miRNA having a sequence as found in Table 3, Table 4 (SEQ. ID.

Nos.:20-32 and Nos. 33-45), Table 5, Table 6 (SEQ. ID. Nos. 1-19) or Table 7 (SEQ. ID. Nos.

46-50) or a miRNA having a sequence substantially as found in Table 3, Table 4 (SEQ. ID.

Nos.:20-32 and Nos. 33-45), Table 5, Table 6 (SEQ. ID. Nos. 1-19) or Table 7 (SEQ. ID. Nos.

46-50), when isolated for the purpose for testing the biological sample.

[00170] In a twenty-fourth form, the invention resides in a reagent, tool, kit or assay based on

the twentieth to twenty-third forms of the invention, said reagent, tool, kit or assay being as

described above for other forms of the invention.

[00171] In a twenty-fifth form, the invention resides in measuring expression of at least one

miRNA as described in Table 3, Table 4, Table 5, Table 6 or Table 7, or a miRNA substantially

as described in Table 3, Table 4, Table 5, Table 6 or Table 7 .

[00172] One of more aspects or steps of each form of the present invention, including each

use or method of the present invention, can be carried out in vitro. For example, the l -S 10 th

and 15 th-19th forms of the invention (or steps thereof) can be partially or completely carried out

in vitro.



[00173] The term Oligonucleotide' refers to a single-stranded sequence of ribonucleotide or

deoxyribonucleotide bases, known analogues of natural nucleotides, or mixtures thereof. An

oligonucleotide comprises a nucleic-acid based molecule including DNA, cDNA, RNA, PNA,

LNA, UNA or any combination thereof. Oligonucleotides are typically less than about 50

nucleotides in length and may be prepared by direct chemical synthesis or cloning and restriction

of appropriate sequences.

[00174] The term 'polynucleotide' refers to a single- or double- stranded polymer of

deoxyribonucleotide, ribonucleotide bases or known analogues of natural nucleotides, or

mixtures thereof. A polynucleotide comprises a nucleic-acid based molecule including DNA,

cDNA, RNA, PNA, LNA, UNA or any combination thereof. The term includes reference to the

specified sequence as well as to the sequence complimentary thereto, unless otherwise indicated.

The term 'polynucleotide' includes chemically modified variants, as realised by those skilled in

the art.

[00175] The term 'complementary' refers to the ability of two single-stranded nucleotide

sequences to base pair, typically according to the Watson-Crick base pairing rules. For two

nucleotide molecules to be complementary they need not display 100% complementarity across

the base pairing regions, but rather there must be sufficient complementarity to enable base

pairing to occur. Thus a degree of mismatching between the sequences may be tolerated and the

sequences may still be complementary.

[00176] 'Nucleic acid' as used herein includes 'polynucleotide', 'oligonucleotide', and

'nucleic acid molecule', and generally means a polymer of DNA or RNA, which can be single-

stranded or double- stranded, synthesized or obtained (e.g., isolated and/or purified) from natural

sources, which can contain natural, non-natural or altered nucleotides, and which can contain a

natural, non-natural or altered internucleotide linkage, such as a phosphoroamidate linkage or a

phosphorothioate linkage, instead of the phosphodiester found between the nucleotides of an

unmodified oligonucleotide. This can include cDNA.

[00177] As used herein, the term 'recombinant' refers to (i) molecules that are constructed

outside living cells by joining natural or synthetic nucleic acid segments to nucleic acid

molecules that can replicate in a living cell, or (ii) molecules that result from the replication of

those described in (i) above. For purposes herein, the replication can be in vitro replication or in

vivo replication.

[00178] The terms 'isolated', 'purified' and 'substantially purified' as used herein mean



essentially free of association with other biological components/contaminants, e.g., as a naturally

occurring protein that has been separated from cellular and other contaminants by the use of

antibodies or other methods or as a purification product of a recombinant host cell culture.

[00179] 'Probe' as used herein may mean an oligonucleotide (or cDNA) capable of binding

to a target nucleic acid/miRNA of complementary sequence through one or more types of

chemical bonds, usually through complementary base pairing, usually through hydrogen bond

formation. Probes may bind target sequences lacking complete complementarity with the probe

sequence depending upon the stringency of the hybridization conditions. There may be any

number of base pair mismatches which will interfere with hybridization between the target

sequence and the single stranded nucleic acids described herein. However, if the number of

mutations is so great that no hybridization can occur under even the least stringent of

hybridization conditions, the sequence is not a complementary target sequence. A probe may be

single stranded or partially single and partially double stranded. The strandedness of the probe is

dictated by the structure, composition, and properties of the target sequence. Probes may be

directly labeled or indirectly labeled such as with biotin to which a streptavidin complex may

later bind.

[00180] The term 'miRNA. . .having a sequence substantially the same as. . .' (as well as

similar terms used herein), is meant to encompass sequence variants such as natural

polymorphisms of those miRNAs. It is possible that the sequence of any given miRNA may

differ between subjects and the present invention encompasses those sequence variants.

[00181] 'Target' as used herein can mean an oligonucleotide or portions or fragments thereof,

which may be bound by one or more probes under stringent hybridization conditions. 'Target' as

used herein may also mean a specific miRNA or portions or fragments thereof, which may be

bound by one or more probes under stringent hybridization conditions.

[00182] Probes may be used for screening and diagnostic methods, as described herein. The

probes may be attached or immobilized to a solid substrate or apparatus, such as a biochip.

[00183] A biochip is also provided. The biochip is an apparatus which, in certain

embodiments, comprises a solid substrate comprising an attached probe or plurality of

probes/oligonucleotides. The probes may be capable of hybridizing to a target sequence under

stringent hybridization conditions. The probes may be attached at spatially defined address on

the substrate. More than one probe per target sequence may be used, with either overlapping

probes or probes to different sections of a particular target sequence. In an embodiment, two or



more probes per target sequence are used. The probes may be capable of hybridizing to different

target sequences (miRNAs) associated with CFS/ME.

[00184] The probes may be attached to the biochip in a wide variety of ways, as will be

appreciated by those of skill in the art. The probes may either be synthesized first, with

subsequent attachment to the biochip, or may be directly synthesized on the biochip.

[00185] The solid substrate may be a material that may be modified to contain discrete

individual sites appropriate for the attachment or association of the probes and is amenable to at

least one detection method. Representative examples of substrates include glass and modified or

functionalized glass, plastics (including acrylics, polystyrene and copolymers of styrene and

other materials, polypropylene, polyethylene, polybutylene, polyurethanes, Teflon, etc.),

polysaccharides, nylon or nitrocellulose, resins, silica or silica-based materials including silicon

and modified silicon, carbon, metals, inorganic glasses and plastics. The substrates may allow

optical detection without appreciably fluorescing.

[00186] The substrate may be planar, although other configurations of substrates may be used

as well. For example, probes may be placed on the inside surface of a tube, for flow-through

sample analysis to minimize sample volume. Similarly, the substrate may be flexible, such as a

flexible foam, including closed cell foams made of particular plastics.

[00187] The biochip and the probe may be derivatized with chemical functional groups for

subsequent attachment of the two. For example, the biochip may be derivatized with a chemical

functional group including, but not limited to, amino groups, carboxyl groups, oxo groups or

thiol groups. Using these functional groups, the probes may be attached using functional groups

on the probes either directly or indirectly using linkers. The probes may be attached to the solid

support by either the 5' terminus, 3' terminus, or via an internal nucleotide.

[00188] The probe may also be attached to the solid support non-covalently. For example,

biotinylated oligonucleotides can be made, which may bind to surfaces covalently coated with

streptavidin, resulting in attachment. Alternatively, probes may be synthesized on the surface

using techniques such as photopolymerization and photolithography.

[00189] A variety of hybridization conditions may be used, including high, moderate and low

stringency conditions as outlined above. The assays may be performed under stringency

conditions which allow hybridization of the probe only to the target. Stringency can be

controlled by altering a step parameter that is a thermodynamic variable, including, but not

limited to, temperature, formamide concentration, salt concentration, chaotropic salt



concentration H, or organic solvent concentration.

[00190] Hybridization reactions may be accomplished in a variety of ways. Components of

the reaction may be added simultaneously, or sequentially, in different orders. In addition, the

reaction may include a variety of other reagents. These include salts, buffers, neutral proteins,

e.g., albumin, detergents, etc. which may be used to facilitate optimal hybridization and

detection, and/or reduce non-specific or background interactions. Reagents that otherwise

improve the efficiency of the assay, such as protease inhibitors, nuclease inhibitors and anti

microbial agents may also be used as appropriate, depending on the sample preparation methods

and purity of the target.

[00191] Exemplary biochips of the present invention include an organized assortment of

oligonucleotide probes described above immobilized onto an appropriate platform. Each probe

selectively binds a miRNA in a sample. In certain embodiments, each probe of the biochip

selectively binds a biologically active mature miRNA in a sample.

[00192] In accordance with another embodiment, the biochip of the present invention can

also include one or more positive or negative controls. For example, oligonucleotides with

randomized sequences can be used as positive controls, indicating orientation of the biochip

based on where they are placed on the biochip, and providing controls for the detection time of

the biochip when it is used for detecting miRNAs in a sample.

[00193] Embodiments of the biochip can be made in the following manner. The

oligonucleotide probes to be included in the biochip are selected and obtained. The probes can be

selected, for example, based on a particular subset of miRNAs of interest. The probes can be

synthesized using methods and materials known to those skilled in the art, or they can be

synthesized by and obtained from a commercial source, such as GeneScript USA (Piscataway,

N.J.).

[00194] Each discrete probe is then attached to an appropriate platform in a discrete location,

to provide an organized array of probes. Appropriate platforms include membranes and glass

slides. Appropriate membranes include, for example, nylon membranes and nitrocellulose

membranes. The probes are attached to the platform using methods and materials known to those

skilled in the art. Briefly, the probes can be attached to the platform by synthesizing the probes

directly on the platform, or probe- spotting using a contact or non-contact printing system. Probe-

spotting can be accomplished using any of several commercially available systems, such as the

GeneMachines(TM) OmniGrid (San Carlos, Calif.).



[00195] The miRNA sample can be amplified and labeled as is appropriate or desired. If

amplification is desired, methods known to those skilled in the art can be applied. The miRNA

samples can be labeled using various methods known to those skilled in the art. In accordance

with an embodiment, the miRNA samples are labeled with digoxigenin using a Digoxigenin

(DIG) Nucleotide Tailing Kit (Roche Diagnostics Corporation, Indianapolis, Ind.) in a

GeneAmp(R) PCR System 9700 (Applied Biosystems, Foster City, Calif.).

[00196] The labeled miRNA sample is incubated with the biochip, allowing the miRNAs in

the sample to hybridize with a probe specific for the miRNAs in the sample. In certain

embodiments, the labeled miRNA sample is added to a DIG Easy Hyb Solution or Hybrid Easy

Buffer (Roche Diagnostics Corporation, Indianapolis, Ind.) that has been preheated to

hybridization temperature. The miRNA sample is the incubated with the biochip in the solution,

for example, for about 4 hours to about 24 hours.

[00197] The miRNAs in the sample can be detected, identified, and quantified in the

following manner. After the miRNA sample has been incubated with the biochip for an

appropriate time period, the biochip is washed with a series of washing buffers, and then

incubated with a blocking buffer. When Digoxigenin (DIG) labeling of the miRNA samples has

been used, the biochip is then incubated with an Anti-DIG-AP antibody (Roche Diagnostics

Corporation, Indianapolis, Ind.). The biochip is them washed with washing buffer and incubated

with detection buffer, for example, for about 5 minutes. NBT/BCIP dye (5-Bromo-4-Chloro-3'-

Indolyphosphate p-Toluidine Salt and NBT Nitro-Blue Tetrazolium Chloride) diluted with

detection buffer is added to the biochip, which is allowed to develop in the dark, for example, for

about 1 hour to about 2 days under humid conditions.

[00198] The biochips are scanned, for example, using an Epson Expression 1680 Scanner

(Seiko Epson Corporation, Long Beach, Calif.) at a resolution of about 1500 dpi and 16-bit

grayscale. The biochip images are analyzed using Array-Pro Analyzer (Media Cybernetics, Inc.,

Silver Spring, Md.) software. Because the identity of the miRNA probes on the biochip are

known, the sample can be identified as including particular miRNAs when spots of hybridized

miRNAs-and-probes are visualized. Additionally, the density of the spots can be obtained and

used to quantitate the identified miRNAs in the sample.

[00199] The identity and relative quantity of miRNAs in a sample can be used to provide a

miRNA profiles for a particular sample. A miRNA profile for a sample includes information

about the identities of miRNAs contained in the sample, quantitative levels of miRNAs

contained in the sample, and/or changes in quantitative levels of miRNAs relative to another



sample. For example, a miRNA profile for a sample includes information about the identities,

quantitative levels, and/or changes in quantitative levels of miRNAs associated a particular

cellular type, process, condition of interest, illness, or other cellular state. Such information can

be used, for diagnostic purposes, illness management, drug development, drug screening and/or

drug efficacy testing.

[00200] Some embodiments of the invention are defined below.

[00201] 1. A miRNA for use as a biological marker for Chronic Fatigue Syndrome (CFS)

and/or Myalgic Encephalomyelitis (ME), or a miRNA biological marker for use in identifying or

diagnosing a subject having CFS and/or ME, or a miRNA biological marker for use in

identifying or diagnosing a subject at risk of developing CFS and/or ME

[00202] 2 . A miRNA when used as a biological marker for CFS and/or ME, or a miRNA

biological marker when used in identifying or diagnosing a subject having CFS and/or ME.

[00203] 3 . Use of at least one miRNA as a biological marker for identifying or diagnosing a

subject having CFS and/or ME.

[00204] 4 . Use of at least one miRNA as a biological marker for identifying or diagnosing a

subject at risk of developing CFS and/or ME.

[00205] 5 . A method of identifying or diagnosing a subject having CFS and/or ME, said

method comprising the steps of: (a) measuring the level of expression of at least one miRNA

biological marker in a biological sample obtained from the subject that is differentially expressed

in CFS and/or ME; and (b) comparing the level of expression of the miRNA biological marker in

the biological sample relative to a reference, wherein detection of an alteration in the level of

miRNA biological marker expression in the biological sample relative to the reference indicates

that the subject has CFS and/or ME.

[00206] 6 . A method of identifying or diagnosing a subject at risk of developing CFS and/or

ME, said method comprising the steps of: (a) measuring the level of expression of at least one

miRNA biological marker in a biological sample obtained from the subject that is differentially

expressed in CFS and/or ME; and (b) comparing the level of expression of the miRNA biological

marker in the biological sample relative to a reference, wherein detection of an alteration in the

level of miRNA biological marker expression in the biological sample relative to the reference

indicates that the subject is at risk of developing CFS and/or ME.



[00207] 7 . A method of screening subjects for a prevalence of CFS and/or ME, said method

comprising the steps of: (a) measuring the level of expression of at least one miRNA biological

marker in a biological sample obtained from each subject that is differentially expressed in CFS

and/or ME; and (b) comparing the level of expression in each said biological sample to a level of

expression in a reference, wherein detection of an alteration in the level of miRNA biological

marker expression identifies the subject as having CFS and/or ME.

[00208] 8. A method of identifying whether a subject having a CFS and/or ME illness is

responding to management of that illness, said method comprising the steps of: (a) optionally,

isolating a biological sample from the subject prior to management of the illness and during

and/or after management of the illness; (b) measuring the level of expression in the biological

samples of at least one miRNA biological marker that is differentially expressed in CFS and/or

ME; and (c) comparing the level of expression of the miRNA biological marker in the biological

samples before and during and/or after management of the illness, wherein a change in the level

of expression identifies the subject as having responded to the management of the illness.

[00209] 9 . A method of managing a subject with CFS and/or ME comprising the step of

managing the subject if the subject has been found to have at least one miRNA biological marker

that is differentially expressed in CFS and/or ME.

[00210] 10. A method of identifying or characterising at least one differentially expressed

miRNA biological marker for CFS and/or ME, said method comprising the steps of: (a)

subjecting a biological sample comprising miRNA obtained from a subject having CFS and/or

ME to a screening technique so as to identify a potential CFS and/or ME miRNA biological

marker; and (b) confirming differential expression of the potential CFS and/or ME miRNA

biological marker relative to a reference using an expression technique, wherein differential

expression of the potential CFS and/or ME miRNA biological marker indicates that a miRNA

biological marker for CFS and/or ME has been identified or characterised.

[0021 1] 11. An isolated, purified or recombinant form of a miRNA biological marker

differentially expressed in CFS and/or ME.

[00212] 12. An article of manufacture comprising: (1) non-naturally occurring

polynucleotide, recombinant polynucleotide, oligonucleotide or cDNA form of a miRNA

biological marker that is differentially expressed in CFS and/or ME; or (2) a polynucleotide or an

oligonucleotide that is complementary to the miRNA biological marker of (1); or (3) an

expression vector, recombinant cell or biological sample, tool, reagent, kit or assay comprising



(l) or (2).

[00213] 13. A miRNA-based probe, tool or reagent for identifying a subject having CFS

and/or ME, or a miRNA-based probe, tool or reagent for use in identifying a subject having CFS

and/or ME.

[00214] 14. A miRNA-based probe, tool or reagent for identifying a subject at risk of

developing CFS and/or ME, or a miRNA-based probe, tool or reagent for use in identifying a

subject at risk of developing CFS and/or ME.

[00215] 15. A miRNA-based probe, tool or reagent when used for identifying a subject

having, or at risk of developing, CFS and/or ME.

[00216] 16. A kit for identifying a subject having CFS and/or ME, said kit comprising one or

more tools or reagents for determining expression of at least one miRNA biological marker in a

biological sample derived from the subject.

[00217] 17. A kit for identifying a subject at risk of developing CFS and/or ME, said kit

comprising one or more tools or reagents for determining expression of at least one miRNA

biological marker in a biological sample derived from the subject.

[00218] 18. A kit for performing measurement of at least one miRNA biological marker that

is differentially expressed in CFS and/or ME, wherein the kit comprises one or more tools or

reagents for measuring expression of the miRNA biological marker.

[00219] 19. An assay for measuring expression of a miRNA biological marker differentially

expressed in CFS and/or ME.

[00220] 20. A biological sample comprising at least one miRNA biological marker that is

differentially expressed in CFS and/or ME.

[00221] 21. A biological sample comprising at least one miRNA biological marker that is

differentially expressed in CFS and/or ME, when isolated for the purpose for testing the

biological sample for CFS and/or ME.

[00222] 22. An array of oligonucleotide probes for identifying miRNAs in a biological

sample, comprising probes that each selectively bind to miRNA that is differentially expressed in

CFS and/or ME.

[00223] 23. A biochip comprising a solid substrate and at least one oligonucleotide probe



capable of selectively binding to a miRNA that is differentially expressed in CFS and/or ME.

[00224] 24. The miRNA of paragraph 1 or paragraph 2, the use of paragraph 3 or paragraph

4, the method of any one of paragraph 5 to 10, the miRNA biological marker of paragraph 11,

the article of manufacture of paragraph 12, the probe, tool or reagent of any one of paragraphs 13

to 15, the kit of any one of paragraphs 16 to 18, the assay of paragraph 19, the biological sample

of paragraph 20 or paragraph 21, the array of paragraph 22, or the biochip of paragraph 23,

wherein the miRNA is circulating miRNA, extracellular miRNA, cellular miRNA, or both

extracellular and cellular miRNA.

[00225] 25. The miRNA of paragraph 1 or paragraph 2, the use of paragraph 3 or paragraph

4, the method of any one of paragraphs 5 to 10, the miRNA biological marker of paragraph 11,

the article of manufacture of paragraph 12, the probe, tool or reagent of any one of paragraphs 13

to 15, the kit of any one of paragraphs 16 to 18, the assay of paragraph 19, the biological sample

of paragraph 20 or paragraph 21, the array of paragraph 22, or the biochip of paragraph 23,

wherein the miRNA is circulating miRNA or extracellular miRNA.

[00226] 26. The miRNA of paragraph 1 paragraph claim 2, the use of paragraph 3 or

paragraph 4, the method of any one of paragraphs 5 to 10, the miRNA biological marker of

paragraph 11, the article of manufacture of paragraph 12, the probe, tool or reagent of any one of

paragraphs 13 to 15, the kit of any one of paragraph 16 to 18, the assay of claim 19, the

biological sample of paragraph 20 or paragraph 21, the array of paragraph 22, or the biochip of

paragraph 23, wherein the miRNA is found in a biofluid (biological fluid).

[00227] 27. The miRNA of paragraph 1 or paragraph 2, the use of paragraph 3 or paragraph

4, the method of any one of paragraphs 5 to 10, the miRNA biological marker of paragraph 11,

the article of manufacture of paragraph 12, the probe, tool or reagent of any one of paragraphs 13

to 15, the kit of any one of paragraphs 16 to 18, the assay of paragraph 19, the biological sample

of paragraph 20 or paragraph 21, the array of paragraph 22, or the biochip of paragraph 23,

wherein the miRNA is found in plasma, serum, urine, sputum or cerebrospinal fluid, milk or

ductal fluid.

[00228] 28. The miRNA of paragraph 1 or paragraph 2, the use of paragraph 3 or paragraph

4, the method of any one of paragraphs 5 to 10, the miRNA biological marker of paragraph 11,

the article of manufacture of paragraph 12, the probe, tool or reagent of any one of paragraphs 13

to 15, the kit of any one of paragraph 16 to 18, the assay of paragraph 19, the biological sample

of paragraph 20 or paragraph 21, the array of paragraph 22, or the biochip of paragraph 23,



wherein the miRNA is found in plasma or serum.

[00229] 29. The miRNA of paragraph 1 or paragraph 2, the use of paragraph 3 or paragraph

4, the method of any one of paragraphs 5 to 10, the miRNA biological marker of paragraph 11,

the article of manufacture of paragraph 12, the probe, tool or reagent of any one of paragraphs 13

to 15, the kit of any one of paragraphs 16 to 18, the assay of paragraph 19, the biological sample

of paragraph 20 or paragraph 21, the array of paragraph 22, or the biochip of paragraph 23,

wherein the miRNA has an elevated level of expression in CFS and/or ME.

[00230] 30. The miRNA of paragraph 1 or paragraph 2, the use of paragraph 3 or paragraph

4, the method of any one of paragraphs 5 to 10, the miRNA biological marker of paragraph 11,

the article of manufacture of paragraph 12, the probe, tool or reagent of any one of paragraphs 13

to 15, the kit of any one of paragraphs 16 to 18, the assay of paragraph 19, the biological sample

of paragraph 20 or paragraph 21, the array of paragraph 22, or the biochip of paragraph 23,

wherein the miRNA has a reduced level of expression or no expression in CFS and/or ME.

[0023 1] 31. The miRNA of paragraph 1 or paragraph 2, the use of paragraph 3 or paragraph

4, the method of any one of paragraphs 5 to 10, the miRNA biological marker of paragraph 11,

the article of manufacture of paragraph 12, the probe, tool or reagent of any one of paragraphs 13

to 15, the kit of any one of paragraphs 16 to 18, the assay of paragraph 19, the biological sample

of paragraph 20 or paragraph 21, the array of paragraph 22, or the biochip of paragraph 23,

wherein the miRNA has increased or decreased expression by at least about 0.5 fold to at least

about 20.0-fold.

[00232] 32. The miRNA of paragraph 1 or paragraph 2, the use of paragraph 3 or paragraph

4, the method of any one of paragraphs 5 to 10, the miRNA biological marker of paragraph 11,

the article of manufacture of paragraph 12, the probe, tool or reagent of any one of paragraphs 13

to 15, the kit of any one of paragraphs 16 to 18, the assay of paragraph 19, the biological sample

of paragraph 20 or paragraph 21, the array of paragraph 22, or the biochip of paragraph 23,

wherein the miRNA has increased expression by about a value listed in Table 5 .

[00233] 33. The miRNA of paragraph 1 or paragraph 2, the use of paragraph 3 or paragraph

4, the method of any one of paragraphs 5 to 10, the miRNA biological marker of paragraph 11,

the article of manufacture of paragraph 12, the probe, tool or reagent of any one of paragraphs 13

to 15, the kit of any one of paragraphs 16 to 18, the assay of paragraph 19, the biological sample

of paragraph 20 or paragraph 21, the array of paragraph 22, or the biochip of paragraph 23,

wherein the miRNA is selected from a miRNA listed in Table 6 (SEQ. ID. NOs.:l-19) or has a



sequence substantially the same as a miRNA listed in Table 6 (SEQ. ID. N0s.:l-19).

[00234] 34. The miRNA of paragraph 1 or paragraph 2, the use of paragraph 3 or paragraph

4, the method of any one of paragraphs 5 to 10, the miRNA biological marker of paragraph 11,

the article of manufacture of paragraph 12, the probe, tool or reagent of any one of paragraphs 13

to 15, the kit of any one of paragraphs 16 to 18, the assay of paragraph 19, the biological sample

of paragraph 20 or paragraph 21, the array of paragraph 22, or the biochip of paragraph 23,

wherein the miRNA is selected from the group consisting of: hsa-miR127-3p (SEQ. ID. NO.:l);

hsa-miR-143-3p (SEQ. ID. NO.:2); and hsa-miR-142-5p (SEQ. ID. NO.:3), or has a sequence

substantially the same as a miRNA of that group.

[00235] 35. The method of any one of paragraphs 5 to 8 and 10, wherein the method further

comprises a step of obtaining the biological sample.

[00236] 36. The method of any one of paragraphs 5 to 8 and 10, wherein the biological

sample is obtained from the subject non-invasively.

[00237] 37. The method of any one of paragraphs 5 to 8 and 10, wherein the biological

sample is obtained from the subject invasively.

[00238] 38. The method of any one of paragraphs 5 to 8 and 10, wherein the biological

sample is obtained from a cellular source.

[00239] 39. The method of any one of paragraphs 5 to 8 and 10, wherein the biological

sample is obtained from an extracellular source.

[00240] 40. The method of any one of paragraphs 5 to 8 and 10, wherein the biological

sample is obtained from both a cellular and extra-cellular source.

[00241] 41. The method of any one of paragraphs 5 to 8 and 10, wherein the biological

sample comprises buccal cells, blood, skin, organ tissue, plasma, urine, faeces, cerebrospinal

fluid and/or sputum.

[00242] 42. The method of any one of paragraphs 5 to 8 and 10, wherein the biological

sample comprises a biofluid.

[00243] 43. The method of any one of paragraphs 5 to 8 and 10, wherein the biological

sample comprises plasma, serum, urine, sputum, cerebrospinal fluid, milk, or ductal fluid.

[00244] 44. The method of any one of paragraphs 5 to 8 and 10, wherein the biological



sample comprises plasma or serum.

[00245] 45. The method of paragraph 8 or paragraph 9, wherein managing or management is

such that at least one symptom of CFS and/or ME is cured, healed, alleviated, relieved, altered,

remedied, ameliorated or improved.

[00246] 46. The method of paragraph 8 or paragraph 9, wherein managing or management

comprises administering one or more therapeutic compounds in an amount effective to alleviate,

relieve, alter, remedy, ameliorate, improve, or affect CFS and/or ME or a symptom of CFS

and/or ME.

[00247] 47. The kit of any one of paragraphs 16 to 18, wherein the tool or reagent is for:

processing a biological sample; RNA extraction from a biological sample; miRNA identification;

miRNA profiling; miRNA screening; miRNA sequencing; miRNA sequence analyses;

measuring miRNA expression; or comparing miRNA expression levels (differential expression).

[00248] 48. The article of manufacture of paragraph 12, the probe, tool or reagent of any one

of paragraphs 13 to 15, or the kit of any one of paragraphs 16 to 18, wherein the tool or reagent

comprises an oligonucleotide that hybridises to miRNA for miRNA detection, characterisation,

quantification and/or expression.

[00249] 49. The article of manufacture of paragraph 12, the probe, tool or reagent of any one

of paragraphs 13 to 15, or the kit of any one of paragraphs 16 to 18, wherein the tool or reagent

comprises an oligonucleotide that hybridises to any one of the miRNA sequences listed in Table

6 or to a miRNA having a sequence substantially as listed in Table 6 .

[00250] 50. An isolated, purified or recombinant form of a miRNA having a sequence as

found in Table 4 (SEQ. ID. Nos.:20-32) or substantially as found in Table 4 (SEQ. ID. Nos.:20-

32).

[0025 1] 51. A (1) non-naturally occurring polynucleotide, recombinant polynucleotide,

oligonucleotide or cDNA form of a miRNA having a sequence as found in, or substantially as

found in, Table 4 (SEQ. ID. Nos.:20-32); or (2) a polynucleotide or an oligonucleotide that is

complementary to the miRNA of (1); or (3) an expression vector, recombinant cell, biological

sample, tool, reagent, kit or assay comprising (1) or (2).

[00252] 52. A biological sample comprising at least one miRNA having a sequence as found

in, or substantially as found in, Table 4 (SEQ. ID. Nos.:20-32).



[00253] 53. A biological sample comprising at least one miRNA having a sequence as found

in, or substantially as found in, Table 4 (SEQ. ID. Nos.:20-32), when isolated for the purpose for

testing the biological sample.

[00254] 54. The method of any one of paragraphs 5, 6, 7, 8, 9 and 10, wherein the level of

miRNA expression or differential expression is carried out using: Northern analysis and a probe

that specifically binds to the miRNA; RNase protection; or, reverse transcription-polymerase

chain reaction (RT-PCR) using one or more oligonucleotides/primers that will amplify

transcribed said miRNA.

[00255] 55. The method of any one of paragraphs 5, 6, 7, 8 and 10, wherein the method

comprises the step of extracting miRNA.

[00256] 56. The method of any one of paragraphs 5, 6, 7, 8 and 10, wherein the method

comprises the step of statistical analysis.

[00257] Further, particularly preferred, embodiments of the invention are defined below.

[00258] 1. At least one miRNA for use as a biological marker for Chronic Fatigue Syndrome

(CFS) and/or Myalgic Encephalomyelitis (ME), or at least one miRNA biological marker for use

in identifying or diagnosing a subject having CFS and/or ME, or at least one miRNA biological

marker for use in identifying or diagnosing a subject at risk of developing CFS and/or ME, or at

least one miRNA biological marker for use in managing a subject having or at risk of developing

CFS and/or ME, or at least one miRNA when used as a biological marker for CFS and/or ME, or

at least one miRNA biological marker when used in identifying, diagnosing and/or managing a

subject having or at risk of developing CFS and/or ME.

[00259] 2 . The at least one miRNA of paragraph 1, wherein said at least one miRNA is a

circulating miRNA.

[00260] 3 . The at least one miRNA of paragraph 1 or 2, wherein said at least one miRNA is

found in a biofluid.

[00261] 4 . The at least one miRNA of paragraph 3, wherein said biofluid is plasma or serum.

[00262] 5 . The at least one miRNA of any one of paragraphs 1 to 4, wherein said at least one

miRNA is selected from one or more of the miRNAs shown in Table 5 or Table 6 .

[00263] 6 . The at least one miRNA of any one of paragraphs 1 to 5, wherein said at least one



miRNA has a sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of

Table 6 .

[00264] 7 . The at least one miRNA of any one of paragraphs 1 to 6, wherein said miRNA is

hsa-miR127-3p, hsa-miR-142-5p or hsa-miR-143-3p.

[00265] 8. The at least one miRNA of any one of paragraphs 1 to 7, wherein said use

involves the use of more than one said at least one miRNA.

[00266] 9 . Use of at least one miRNA as a biological marker for identifying or diagnosing a

subject having CFS and/or ME, or use of at least one miRNA as a biological marker for

identifying or diagnosing a subject at risk of developing CFS and/or ME, or use of at least one

miRNA as a biological marker for managing a subject having or at risk of developing CFS

and/or ME.

[00267] 10.The use of paragraph 9, wherein said at least one miRNA is a circulating miRNA.

[00268] 1l.The use of paragraph 9 or paragraph 9 or 10, wherein said at least one miRNA is

found in a biofluid.

[00269] 12.The use of paragraph 11, wherein said biofluid is plasma or serum.

[00270] 13.The use of any one of paragraphs 9 to 12, wherein said at least one miRNA is

selected from one or more of the miRNAs shown in Table 5 or Table 6 .

[00271] 14.The use of any one of paragraphs 9 to 13, wherein said at least one miRNA has a

sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table 6 .

[00272] 15.The use of any one of paragraphs 6 to 14, wherein said miRNA is hsa-miR127-

3p, hsa-miR-142-5p or hsa-miR-143-3p.

[00273] 16.The use of any one of paragraphs 6 to 15, wherein said use involves the use of

more than one said at least one miRNA.

[00274] 17.A method of identifying or diagnosing a subject having CFS and/or ME, or at risk

of developing CFS and/or ME, said method comprising the steps of:

[00275] (a) measuring the level of expression of at least one miRNA biological marker in a

biological sample obtained from the subject that is differentially expressed in CFS and/or ME;

and



[00276] (b) comparing the level of expression of the miRNA biological marker in the

biological sample relative to a reference, wherein detection of an alteration in the level of

miRNA biological marker expression in the biological sample relative to the reference indicates

that the subject has CFS and/or ME.

[00277] 18.The method of paragraph 17, wherein said at least one miRNA is a circulating

miRNA.

[00278] 19.The method of paragraph 17 or paragraph 18, wherein said biological sample is a

biofluid.

[00279] 20.The method of paragraph 19, wherein said biofluid is plasma or serum.

[00280] 21.The method of any one of paragraphs 17 to 20, wherein said at least one miRNA

is selected from one or more of the miRNAs shown in Table 5 or Table 6 .

[00281] 22.The method of any one of paragraphs 17 to 21, wherein said at least one miRNA

has a sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table 6 .

[00282] 23.The method of any one of paragraphs 17 to 22, wherein said miRNA is hsa-

miR127-3p, hsa-miR-142-5p or hsa-miR-143-3p.

[00283] 24.The method of any one of paragraphs 17 to 23, wherein said method involves the

use of more than one said at least one miRNA.

[00284] 25.The method of any one of paragraphs 17 to 24, wherein said method comprises

the step of managing the subject for CFS and/or ME.

[00285] 26.The method of paragraph 25, wherein managing the subject is such that at least

one symptom of CFS and/or ME is cured, healed, alleviated, relieved, altered, remedied,

ameliorated or improved.

[00286] 27.The method of paragraph 25 or paragraph 26, wherein managing the subject

comprises administering one or more therapeutic compounds in an amount effective to alleviate,

relieve, alter, remedy, ameliorate, improve, or affect CFS and/or ME or a symptom of CFS

and/or ME.

[00287] 28.The method of any one of paragraphs 17 to 27, wherein the level of miRNA

expression or differential expression is carried out using: Northern analysis and a probe that

specifically binds to the miRNA; RNase protection; or, reverse transcription-polymerase chain



reaction (RT-PCR) using one or more oligonucleotide s/primers that will amplify transcribed said

miRNA.

[00288] 29.A method of identifying or diagnosing and managing a subject having, or at risk

of developing, CFS and/or ME, said method comprising the steps of:

[00289] (a) measuring the level of expression of at least one miRNA biological marker in a

biological sample obtained from the subject that is differentially expressed in CFS and/or ME;

[00290] (b) comparing the level of expression of the miRNA biological marker in the

biological sample relative to a reference, wherein detection of an alteration in the level of

miRNA biological marker expression in the biological sample relative to the reference indicates

that the subject has, or is at risk of developing, CFS and/or ME; and

[00291] (c) managing the subject having, or at risk of developing, CFS and/or ME.

[00292] 30.The method of paragraph 29, wherein said at least one miRNA is a circulating

miRNA.

[00293] 31.The method of paragraph 29 or 30, wherein said biological sample is a biofluid.

[00294] 32.The method of paragraph 31, wherein said biofluid is plasma or serum.

[00295] 33.The method of any one of paragraphs 29 to 32, wherein said at least one miRNA

is selected from one or more of the miRNAs shown in Table 5 or Table 6 .

[00296] 34.The method of any one of paragraphs 29 to 33, wherein said at least one miRNA

has a sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table 6 .

[00297] 35.The method of any one of paragraphs 29 to 34, wherein said miRNA is hsa-

miR127-3p, hsa-miR-142-5p or hsa-miR-143-3p.

[00298] 36.The method of any one of paragraphs 29 to 35, wherein said method involves the

use of more than one said at least one miRNA.

[00299] 37.The method of any one of paragraphs 29 to 36, wherein managing the subject is

such that at least one symptom of CFS and/or ME is cured, healed, alleviated, relieved, altered,

remedied, ameliorated or improved.

[00300] 38.The method of any one of paragraphs 29 to 37, wherein managing the subject



comprises administering one or more therapeutic compounds in an amount effective to alleviate,

relieve, alter, remedy, ameliorate, improve, or affect CFS and/or ME or a symptom of CFS

and/or ME.

[00301] 39.The method of any one of paragraphs 29 to 38, wherein the level of miRNA

expression or differential expression is carried out using: Northern analysis and a probe that

specifically binds to the miRNA; RNase protection; or, reverse transcription-polymerase chain

reaction (RT-PCR) using one or more oligonucleotide s/primers that will amplify transcribed said

miRNA.

[00302] 40.A method of screening subjects for a prevalence of CFS and/or ME, said method

comprising the steps of:

[00303] (a) measuring the level of expression of at least one miRNA biological marker in a

biological sample obtained from each subject that is differentially expressed in CFS and/or ME;

and

[00304] (b) comparing the level of expression in each said biological sample to a level of

expression in a reference, wherein detection of an alteration in the level of miRNA biological

marker expression identifies the subject as having CFS and/or ME.

[00305] 41.The method of paragraph 40, wherein said at least one miRNA is a circulating

miRNA.

[00306] 42.The method of paragraph 40 or paragraph 41, wherein said biological sample is a

biofluid.

[00307] 43.The method of paragraph 42, wherein said biofluid is plasma or serum.

[00308] 44.The method of any one of paragraphs 40 to 43, wherein said at least one miRNA

is selected from one or more of the miRNAs shown in Table 5 or Table 6 .

[00309] 45.The method of any one of paragraphs 40 to 44, wherein said at least one miRNA

has a sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table 6 .

[003 10] 46.The method of any one of paragraphs 40 to 45, wherein said miRNA is hsa-

miR127-3p, hsa-miR-142-5p or hsa-miR-143-3p.

[003 11] 47.The method of any one of paragraphs 40 to 46, wherein said method involves the

use of more than one said at least one miRNA.



[003 12] 48.The method of any one of paragraphs 40 to 47, wherein said method comprises

the step of managing the subject having CFS and/or ME.

[00313] 49.The method of any one of paragraphs 40 to 48, wherein the level of miRNA

expression or differential expression is carried out using: Northern analysis and a probe that

specifically binds to the miRNA; RNase protection; or, reverse transcription-polymerase chain

reaction (RT-PCR) using one or more oligonucleotide s/primers that will amplify transcribed said

miRNA.

[003 14] 50.A method of identifying whether a subject having a CFS and/or ME illness is

responding to management of that illness, said method comprising the steps of:

[003 15] (a) optionally, isolating a biological sample from the subject prior to management of

the illness and during and/or after management of the illness;

[003 16] (b) measuring the level of expression in the biological samples of at least one miRNA

biological marker that is differentially expressed in CFS and/or ME; and

[003 17] (c) comparing the level of expression of the miRNA biological marker in the

biological samples before and during and/or after management of the illness, wherein a change in

the level of expression identifies the subject as having responded to the management of the

illness.

[00318] 51.The method of paragraph 50, wherein said at least one miRNA is a circulating

miRNA.

[00319] 52.The method of paragraph 50 or paragraph 51, wherein said biological sample is a

biofluid.

[00320] 53.The method of paragraph 52, wherein said biofluid is plasma or serum.

[00321] 54.The method of any one of paragraphs 50 to 53, wherein said at least one miRNA

is selected from one or more of the miRNAs shown in Table 5 or Table 6 .

[00322] 55.The method of any one of paragraphs 50 to 54, wherein said at least one miRNA

has a sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table 6 .

[00323] 56.The method of any one of paragraphs 50 to 55, wherein said miRNA

miR127-3p, hsa-miR-142-5p or hsa-miR-143-3p.



[00324] 57.The method of any one of paragraphs 50 to 56, wherein said method involves the

use of more than one said at least one miRNA.

[00325] 58.The method of any one of paragraphs 50 to 57, wherein said method comprises

isolating a biological sample from the subject prior to management of the illness and during

and/or after management of the illness.

[00326] 59.The method of any one of paragraphs 50 to 58, wherein said method comprises

the step of managing the subject if still having the illness.

[00327] 60.The method of paragraph 59, wherein managing the subject is such that at least

one symptom of CFS and/or ME is cured, healed, alleviated, relieved, altered, remedied,

ameliorated or improved.

[00328] 61.The method of paragraph 59 or paragraph 60, wherein managing the subject

comprises administering one or more therapeutic compounds in an amount effective to alleviate,

relieve, alter, remedy, ameliorate, improve, or affect CFS and/or ME or a symptom of CFS

and/or ME.

[00329] 62.The method of any one of paragraphs 50 to 61, wherein the level of miRNA

expression or differential expression is carried out using: Northern analysis and a probe that

specifically binds to the miRNA; RNase protection; or, reverse transcription-polymerase chain

reaction (RT-PCR) using one or more oligonucleotide s/primers that will amplify transcribed said

miRNA.

[00330] 63.A method of managing a subject with CFS and/or ME comprising the step of

managing the subject if the subject has been found to have at least one miRNA biological marker

that is differentially expressed in CFS and/or ME.

[0033 1] 64.The method of paragraph 63, wherein said at least one miRNA is a circulating

miRNA.

[00332] 65.The method of paragraph 63 or paragraph 64, wherein said at least one miRNA is

selected from one or more of the miRNAs shown in Table 5 or Table 6 .

[00333] 66.The method of any one of paragraphs 63 to 65, wherein said at least one miRNA

has a sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table 6 .

[00334] 67.The method of any one of paragraphs 63 to 66, wherein said miRNA is hsa-



miR127-3p, hsa-miR-142-5p or hsa-miR-143-3p.

[00335] 68.The method of any one of paragraphs 63 to 67, wherein said method involves the

use of more than one said at least one miRNA.

[00336] 69.The method of any one of paragraphs 63 to 68, wherein said method comprises

isolating a biological sample from the subject prior to management of the illness and during

and/or after management of the illness.

[00337] 70.The method of paragraph 69, wherein said biological sample is a biofluid.

[00338] 71.The method of paragraph 70, wherein said biofluid is plasma or serum.

[00339] 72.The method of any one of paragraphs 63 to 71, wherein managing the subject is

such that at least one symptom of CFS and/or ME is cured, healed, alleviated, relieved, altered,

remedied, ameliorated or improved.

[00340] 73.The method of any one of paragraphs 63 to 72, wherein managing the subject

comprises administering one or more therapeutic compounds in an amount effective to alleviate,

relieve, alter, remedy, ameliorate, improve, or affect CFS and/or ME or a symptom of CFS

and/or ME.

[00341] 74.A method of identifying or characterising at least one differentially expressed

miRNA biological marker for CFS and/or ME, said method comprising the steps of:

[00342] (a) subjecting a biological sample comprising miRNA obtained from a subject having

CFS and/or ME to a screening technique so as to identify a potential CFS and/or ME miRNA

biological marker;

[00343] (b) confirming differential expression of the potential CFS and/or ME miRNA

biological marker relative to a reference using an expression technique, wherein differential

expression of the potential CFS and/or ME miRNA biological marker indicates that a miRNA

biological marker for CFS and/or ME has been identified or characterised; and

[00344] (c) optionally, producing a nucleic acid or polynucleotide based on the miRNA

biological marker of step b).

[00345] 75.The method of paragraph 74, wherein said at least one miRNA is a circulating

miRNA.



[00346] 76.The method of paragraph 75, wherein said biological sample is a biofluid.

[00347] 77.The method of paragraph 76, wherein said biofluid is plasma or serum.

[00348] 78.The method of any one of paragraphs 74 to 77, wherein said at least one miRNA

is selected from one or more of the miRNAs shown in Table 5 or Table 6 .

[00349] 79.The method of any one of paragraphs 74 to 78, wherein said at least one miRNA

has a sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table 6 .

[00350] 80.The method of any one of paragraphs 74 to 79, wherein said miRNA is hsa-

miR127-3p, hsa-miR-142-5p or hsa-miR-143-3p.

[00351] 81.The method of any one of paragraphs 74 to 80, wherein the level of miRNA

expression or differential expression is carried out using: Northern analysis and a probe that

specifically binds to the miRNA; RNase protection; or, reverse transcription-polymerase chain

reaction (RT-PCR) using one or more oligonucleotide s/primers that will amplify transcribed said

miRNA.

[00352] 82.An isolated, purified or recombinant form of a miRNA biological marker

differentially expressed in CFS and/or ME.

[00353] 83.The biological marker of paragraph 82, being a circulating miRNA.

[00354] 84.The biological marker of paragraph 82 or paragraph 83, being a miRNA shown in

Table 5 or Table 6 .

[00355] 85.The biological marker of any one of paragraphs 82 to 84, having a sequence as

shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table 6 .

[00356] 86.The biological marker of any one of paragraphs 82 to 85, being hsa-miR127-3p,

hsa-miR-142-5p or hsa-miR-143-3p.

[00357] 87.An article of manufacture comprising: (1) non-naturally occurring polynucleotide,

recombinant polynucleotide, oligonucleotide or cDNA form of a miRNA biological marker that

is differentially expressed in CFS and/or ME; or (2) a polynucleotide or an oligonucleotide that

is complementary to the miRNA biological marker of (1); or (3) an expression vector,

recombinant cell or biological sample, tool, reagent, kit or assay comprising (1) or (2).

[00358] 88.The article of manufacture of paragraph 87, wherein said miRNA biological



marker is a circulating miRNA.

[00359] 89.The article of manufacture of paragraph 87 or paragraph 88, wherein said miRNA

biological marker is as shown in Table 5 or Table 6 .

[00360] 90.The article of manufacture of any one of paragraphs 87 to 89, wherein said

miRNA biological marker has a sequence as shown, or substantially as shown, in any one of

SEQ. ID Nos. 1-19 of Table 6 .

[00361] 91.The article of manufacture of any one of paragraphs 87 to 90, wherein said

miRNA biological marker is hsa-miR127-3p, hsa-miR-142-5p or hsa-miR-143-3p.

[00362] 92.The article of manufacture of any one of paragraphs 87 to 91, wherein the tool or

reagent comprises an oligonucleotide that hybridises to the miRNA for miRNA detection,

characterisation, quantification and/or expression.

[00363] 93.The article of manufacture of any one of paragraphs 87 to 92, wherein the tool or

reagent comprises an oligonucleotide that hybridises to any one of the miRNA sequences listed

in Table 6 or to a miRNA having a sequence substantially as listed in Table 6 .

[00364] 94.A miRNA-based probe, tool or reagent for identifying a subject having CFS

and/or ME, or a miRNA-based probe, tool or reagent for identifying a subject at risk of

developing CFS and/or ME, or a miRNA-based probe, tool or reagent for use in managing a

subject having or at risk of developing CFS and/or ME, or a miRNA-based probe, tool or reagent

when used in identifying, diagnosing and/or managing a subject having or at risk of developing

CFS and/or ME.

[00365] 95.The miRNA-based probe, tool or reagent of paragraph 94, wherein said miRNA-

based probe, tool or reagent is based on a circulating miRNA.

[00366] 96.The miRNA-based probe, tool or reagent of paragraph 94 or paragraph 95,

wherein said miRNA-based probe, tool or reagent is based on a miRNA shown in Table 5 or

Table 6 .

[00367] 97.The miRNA-based probe, tool or reagent of any one of paragraphs 94 to 96,

wherein said miRNA-based probe, tool or reagent is based on a sequence as shown, or

substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table 6 .

[00368] 98.The miRNA-based probe, tool or reagent of any one of paragraphs 94 to 97,



wherein said miRNA-based probe, tool or reagent is based on hsa-miR127-3p, hsa-miR-142-5p

or hsa-miR-143-3p.

[00369] 99.A kit for identifying a subject having, at risk of developing, and/or managing CFS

and/or ME, said kit comprising one or more tools or reagents for determining expression of at

least one miRNA biological marker in a biological sample derived from the subject.

[00370] 100. The kit of paragraph 99, wherein said tool or reagent is based on a

circulating miRNA.

[00371] 101. The kit of paragraph 99 or paragraph 100, wherein said tool or reagent is

based on a miRNA shown in Table 5 or Table 6 .

[00372] 102. The kit of any one of paragraphs 99 to 101, wherein said tool or reagent is

based on a sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of

Table 6 .

[00373] 103. The kit of any one of paragraphs 99 to 102, wherein said tool or reagent is

based on hsa-miR127-3p, hsa-miR-142-5p or hsa-miR-143-3p.

[00374] 104. The kit of any one of paragraphs 99 to 103, wherein said kit comprises a

plurality of tools or reagents based on miRNAs shown in Table 5 or Table 6 .

[00375] 105. The kit of paragraph 104, wherein said tools or reagents comprise two or

more of hsa-miR127-3p, hsa-miR-142-5p and hsa-miR-143-3p.

[00376] 106. The kit of any one of paragraphs 99 to 105, wherein the tool or reagent is

for: processing a biological sample; RNA extraction from a biological sample; miRNA

identification; miRNA profiling; miRNA screening; miRNA sequencing; miRNA sequence

analyses; measuring miRNA expression; or comparing miRNA expression levels (differential

expression).

[00377] 107. A kit or assay for performing measurement of at least one miRNA

biological marker that is differentially expressed in CFS and/or ME, wherein the kit comprises

one or more tools or reagents for measuring expression of the miRNA biological marker.

[00378] 108. The kit or assay of paragraph 107, wherein said tool or reagent is based on

a circulating miRNA.

[00379] 109. The kit or assay of paragraph 107 or 108, wherein said tool or reagent is



based on a miRNA shown in Table 5 or Table 6 .

[00380] 110. The kit or assay of any one of paragraphs 107 to 109, wherein said tool or

reagent is based on a sequence as shown, or substantially as shown, in any one of SEQ. ID Nos.

1-19 of Table 6 .

[0038 1] 111. The kit or assay of any one of paragraphs 107 to 110, wherein said tool or

reagent is based on hsa-miR127-3p, hsa-miR-142-5p or hsa-miR-143-3p.

[00382] 112. The kit or assay of any one of paragraphs 107 to 111, wherein said kit

comprises a plurality of tools or reagents based on miRNAs shown in Table 5 or Table 6 .

[00383] 113. The kit or assay of paragraph 112, wherein said tools or reagents comprise

two or more of hsa-miR127-3p, hsa-miR-142-5p and hsa-miR-143-3p.

[00384] 114. The kit of any one of paragraphs 107 to 113, wherein the tool or reagent is

for: processing a biological sample; RNA extraction from a biological sample; miRNA

identification; miRNA profiling; miRNA screening; miRNA sequencing; miRNA sequence

analyses; measuring miRNA expression; or comparing miRNA expression levels (differential

expression).

[00385] 115. A biological sample comprising at least one miRNA biological marker

that is differentially expressed in CFS and/or ME.

[00386] 116. The biological sample of paragraph 115, wherein said at least one miRNA

biological marker is a circulating miRNA.

[00387] 117. The biological sample of paragraph 115 or paragraph 116, wherein said at

least one miRNA biological marker is a miRNA shown in Table 5 or Table 6 .

[00388] 118. The biological sample of any one of paragraphs 115 to 117 wherein said at

least one miRNA biological marker has a sequence as shown, or substantially as shown, in any

one of SEQ. ID Nos. 1-19 of Table 6 .

[00389] 119. The biological sample of any one of paragraphs 115 to 118, wherein said

at least one miRNA biological marker is hsa-miR127-3p, hsa-miR-142-5p or hsa-miR-143-3p.

[00390] 120. The biological sample of any one of paragraphs 115 to 119, wherein said

at least one miRNA biological marker comprises two or more miRNAs shown in Table 5 or

Table 6 .



[00391] 121. The biological sample of any one of paragraphs 115 to 119, wherein said

at least one miRNA biological marker comprises one or more of hsa-miR127-3p, hsa-miR-142-

5p and hsa-miR-143-3p.

[00392] 122. The biological sample of any one of paragraphs 115 to 121, wherein

isolated for the purpose for testing the biological sample for CFS and/or ME.

[00393] 123. An array of oligonucleotide probes for identifying miRNAs in a biological

sample, comprising probes that each selectively bind to miRNA that is differentially expressed in

CFS and/or ME.

[00394] 124. The array of paragraph 123, wherein said miRNA is a circulating miRNA.

[00395] 125. The array of paragraph 123 or paragraph 124, wherein said miRNA is a

miRNA shown in Table 5 or Table 6 .

[00396] 126. The array of any one of paragraphs 123 to 125 wherein said miRNA has a

sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table 6 .

[00397] 127. The array of any one of paragraphs 123 to 126, wherein said miRNA is

hsa-miR127-3p, hsa-miR-142-5p or hsa-miR-143-3p.

[00398] 128. The array of any one of paragraphs 123 to 127, wherein said miRNA

comprises two or more miRNAs shown in Table 5 or Table 6 .

[00399] 129. The array of any one of paragraphs 123 to 128, wherein said miRNA

comprises two or more of hsa-miR127-3p, hsa-miR-142-5p and hsa-miR-143-3p.

[00400] 130. A biochip comprising a solid substrate and at least one oligonucleotide

probe capable of selectively binding to a miRNA that is differentially expressed in CFS and/or

ME.

[00401] 131. The biochip of paragraph 130, wherein said miRNA is a circulating

miRNA.

[00402] 132. The biochip of paragraph 130 or paragraph 131, wherein said miRNA is a

miRNA shown in Table 5 or Table 6 .

[00403] 133. The biochip of any one of paragraphs 130 to 132, wherein said miRNA

has a sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table 6 .



[00404] 134. The biochip of any one of paragraphs 130 to 133, wherein said miRNA is

hsa-miR127-3p, hsa-miR-142-5p or hsa-miR-143-3p.

[00405] 135. The biochip of any one of paragraphs 130 to 134, wherein said miRNA

comprises two or more miRNAs shown in Table 5 or Table 6 .

[00406] 136. The biochip of any one of paragraphs 130 to 135, wherein said miRNA

comprises two or more of hsa-miR127-3p, hsa-miR-142-5p and hsa-miR-143-3p.

[00407] 137. At least one miRNA having a sequence listed, or substantially as listed, in

Table 4 or Table 6 .

[00408] 138. A polynucleotide, nucleic acid, oligonucleotide, probe or primer capable

of binding to or detecting the miRNA sequence defined in paragraph 137.

[00409] 139. A tool, reagent, kit or assay containing or based on the miRNA of

paragraph 137 or the polynucleotide, nucleic acid, oligonucleotide, probe or primer of paragraph

138.

EXAMPLES

[00410] The following examples are illustrative only and should not be construed as limiting

in any way the general nature of the disclosure of the description throughout this specification.

[00411] Figures 1 to 3 relate to Example 1. Figure 4 relates to Example 2 .

[00412] EXAMPLE 1

[004 13] Materials and Methods

[00414] Participants

[00415] CFS/ME patients (n=20, age=44.5 + 6.0 years) were recruited from a South-East

Queensland patient database in Australia. Inclusion criteria for the CFS/ME participants were

according to the American CDC 1994 case definition [26]. Non-fatigued controls (n=20,

age=47.3 + 6.7 years) were recruited mainly from the general public, and were participants with

no medical history or symptoms of persistent fatigue or illness. Individuals who were smokers,

pregnant/breast-feeding or immobile were excluded from the study, as were individuals with

autoimmune, thyroid or cardiac related disorders prior to the onset of CFS/ME.



[00416] Sample processing and RNA extraction

[00417] Plasma harvesting was performed immediately after peripheral blood collection.

Briefly 10 mL of whole blood was collected from each participant into EDTA collection tubes.

Plasma was immediately separated via centrifugation at 500 x g for 10 min, and 5 mL of the

plasma was transferred to a new tube and stored at -80°C. Prior to RNA extraction, the plasma

samples were centrifuged for 10 min at 16,000 x g at 4°C in order to remove any cellular debris

left in the plasma. Circulating RNA was extracted from plasma using the miRNeasy

Serum/Plasma kit (Qiagen, Hilden, Germany) according to manufacturer's instruction with

minor modifications. Briefly, 1 mL of plasma was incubated with 5 mL of QIAzol Lysis Reagent

for 10 min. Samples were processed using a vacuum manifold to help process the larger quantity

of plasma. An additional 80% ethanol wash step was included and sample elution was performed

twice using 15 of RNase-free water. The size, quantity and quality of the extracted

circulating RNA was assessed using a small RNA chip on an Agilent 2100 Bioanalyzer (Agilent

Technologies, Palo Alto, CA).

[004 18] MicroRNA profiling by HiSeq2000 sequencing

[00419] The six CFS/ME patients and six non-fatigued controls with the highest abundance

of small RNA were used for HTS. Small RNA libraries were constructed using the TruSeq Small

RNA Sample Preparation kit (Illumina, San Diego, CA) according to the manufacturer's

protocols. Briefly, small RNA samples (5-10ng) were ligated with 5' and 3' adapters, followed

by reverse transcription-PCR (RT-PCR) for cDNA library construction and incorporation of

index tags. The cDNA library fragments were purified by way of separation on a 6% TBE PAGE

gel and a 145-160 bp size fraction containing miRNA inserts was isolated. The twelve cDNA

library samples were pooled in equimolar amounts and used for cluster generation and sequence

analysis in a single lane on an Illumina HiSeq2000 (50 bp single read).

[00420] Sequencing data analysis

[00421] Raw FASTQ sequences were generated and demultiplexed using the Illumina

CASAVA vl.8 pipeline. Per base sequence quality (quality score >30) was then assessed using

the FastQC toolkit (http://www.bioinformatics.babraham.ac.uk/projects/fastqc). Prior to mapping

the read data was pre-processed using the UEA small RNA Workbench (http://srna-

workbench.cmp.uea.ac.uk) [27]. Briefly, the 3' adapter sequences were trimmed, the read size

filtered (16-35nt), unique reads counted and low abundance reads (<10 reads) discarded. Unique

sequence reads were then aligned to the human genome (hgl8) and miRBase_vl6 using the



miRanalyzer web server tool (http://bioinfo2.ugr.es/miRanalyzer/miRanalyzer.php) [28].

[00422] Quantification of miRNA by RT-qPCR

[00423] The expression of eight miRNAs was validated using PerfeCTa miRNA primers

(Quanta Biosciences, Gaithersburg, MD). In addition four miRNAs (miR-10, miR-15b, miR-16

and miR-24) were assessed for their suitability as a stable reference gene. Briefly, 15µ of

extracted RNA were reverse transcribed into cDNA using the NCode miRNA First-Strand

cDNA Synthesis kit (Life Technologies, Carlsbad, CA). RT-qPCR was performed as previously

described [4].

[00424] Statistical analyses

[00425] Mann-Whitney rank sum test was used in analysing differences between the CFS/ME

patients and non-fatigued controls regarding age and haematological characteristics (Tables 1A

and 2). For RT-qPCR analysis unpaired groups of values were compared according to the non-

parametric Mann-Whitney U test. These data were analysed using GraphPad Prism 5 (GraphPad

Software, San Diego, CA). Differential expression of the miRNA-Seq raw count data was

assessed using the BioC/R package DESeq [29]. Due to the small sample size and the

heterogeneity of the CFS/ME phenotype we interpreted significance from the unadjusted P-

value, without the Benjamini-Hochberg method for False Discovery (FDR) correction. Statistical

significance was accepted at P<0.05.

[00426] Table 1: Characteristics of CFS/ME and non-fatigued control participants.

[00427] The blood characteristics of the participants in the study are presented below

following full blood count analysis.

Parameters Non-Fatigued CFS/ME *P-values

(n = 20) (n = 20)

Age 47.3 + 6.7 44.5 + 6.0 0.24

White Blood Cells (10 L) 6.19 + 1.58 5.53 + 1.45 0.12

Lymphocytes ( ) 35.89 + 8.81 34.80 + 6.41 0.53

Monocytes ( ) 6.72 + 1.60 6.96 + 1.77 0.66

Granulocytes ( ) 57.39 + 8.94 58.25 + 6.49 0.74

Lymphocytes (χ10 /µΙ ) 2.14 + 0.53 1.89 + 0.46 0.13

Monocytes (χ10 /µ ) 0.41 + 0.12 0.39 + 0.15 0.66

Granulocytes 3.64 + 1.53 3.25 + 1.05 0.36



Red Blood Cells (xlO%iL) 4.20 + 0.36 4.13 + 0.24 0.43

Haemoglobin (g/L) 133.68 ± 8.52 132.20 + 7.88 0.40

Haematocrit ( ) 37.14 + 1.95 36.67 + 2.10 0.40

Mean Cell Volume (fl) 88.82 + 5.39 88.69 + 2.58 0.51

Mean Cell Haemoglobin (pg) 31.97 + 2.01 32.02 + 1.13 0.78

Mean Corpuscular 359.95 + 7.17 360.95 + 6.44 0.64

Haemoglobin Concentration

(g L)

Red Blood Cell Distribution 12.52 + 1.28 12.44 + 0.69 0.41

Width ( )

Platelet (χ103/µ ) 231.06 + 88.61 243.80 + 53.20 0.38

Mean Platelet Volume (fl) 7.59 + 0.77 7.63 + 1.16 0.72

[00428] Denotes statistical significance set at P < 0.05.

[00429] Table 2 : Characteristics of miRNA-Seq subset of CFS/ME and non-fatigued control

participants.

[00430] The blood characteristics of the participants chosen for sequencing analysis.



(g )

Red Blood Cell Distribution 12.03 + 0.47 12.62 + 0.37 0.03*

Width ( )

Platelet (χ103/µ ) 248.17 + 85.41 237.17 + 41.39 0.70

Mean Platelet Volume (fl) 7.58 + 0.80 6.90 + 0.86 0.24

[00431] * Denotes statistical significance set at P < 0.05

[00432] Results

[00433] Subject characteristics

[00434] The age of the study participants was recorded and a full blood count performed on

whole blood samples prior to plasma separation. There were no significant differences between

age or full blood count values in the CFS/ME and control groups (Table 1). For sequencing, a

subset of six CFS/ME and six non-fatigued control samples were selected. A significant

difference in lymphocyte and granulocyte percentages, lymphocyte count and red blood cell

distribution width between the CFS/ME and control groups was observed in these subsets (Table

2).

[00435] niumina high-throughput sequencing of plasma miRNA in CFS/ME

[00436] To select for candidate plasma miRNAs differentially expressed in CFS/ME, an

initial genome-wide small RNA screening of six CFS/ME patients and six non-fatigued controls

by Illumina HTS was performed. A total of 154,989,205 reads were generated from a single flow

cell lane on the HiSeq2000 sequencer. After demultiplexing an average of 12 million reads per

library was obtained. Initial analysis of the library read lengths demonstrated a bimodal

distribution of reads with peaks at 22 and 32 nucleotides (Figure 1C). These populations were

subsequently found to contain miRNA and long non-coding RNA (IncRNA) sequences

respectively. On average 57.4% of decoded sequences were mappable, with 97.5% of mappable

reads aligning to the human genome (hgl8). Mature miRNA constituted 17% of all mapped

reads, whilst other RNA species (including IncRNA and snoRNA) constituted 80.5% of mapped

reads (Figure 1A). 75.1% of the mapped other RNA species consisted of IncRNA known as Ro-

associated RNA Y4 (RNY4) which is the main component of the 32-33 nucleotide population.

When examining unique reads, miRNA comprised 44.3% of all unique reads mapped whilst

other RNA species comprised only 7% (Figure IB).

[00437] MiRNA characterisation



[00438] A total of 375 mature miRNA were initially identified in one or more samples based

on sequence alignment to the miRBase registry (release 19). The top 25 expressed miRNAs in

each sample group are listed in Table 3 .

[00439] Table 3 : Top 25 most abundant miRNAs identified.

[00440] The base mean is the mean of the counts for each miRNA divided by the size factor

for each condition (as calculated by DESeq).



[00441] Furthermore, 13 tentatively novel candidate miRNAs were predicted, although these

amounted to a very small fraction of the total read count. However, using the current techniques,

it appeared that none of these novel miRNA showed significant differences between CFS/ME

and non-fatigued controls (Table 4). These novel candidate miRNAs nevertheless remain

tentatively useful screening tools.

[00442] Table 4 : Novel miRNA candidates as predicted by miRanalyzer



AAGAGGGATGCA
GAGTAAGTGGGG
AC
(SED. ID. No. 37)
ACTGCTAATGTGA
GACGAATTTTTGA
GCGGGTAAAGGT
CGCCCTCAAGGT

GATGCCTGGGAG GACCCGCCTACTT
Candidate_

chr22 43,01 1,306 43,01 1,426 + TTGCGATCTGC TGCGGGATGCCT
6

(SED. ID. No. 25) GGGAGTTGCGAT
CTGCCCGACCTTA
TTCACGCCTAAAA
AGTAGACT
(SED. ID. No. 38)
GGGCGGGGGCAC
AGGCTCCGGGAT
GGGCACTCTGCTC

CTCCGGGATGGG ATGAACAAGATT
Candidate_

chr20 57,598,899 57,598,989 + CACTCTGCTCA AGAGAGGAGTAC
7

(SED. ID. No. 26) CCGGACCGGATC
ATGAATTCCTTCA
GCGTC
(SED. ID. No. 39)
TGGGCCACAGTA
TTTATCAGGCGGC
GCTTCGCTCCCCT
CCGCCTTCTCTTC
CCGGTTCTTCCCG

AAAAGCTGGGTT
Candidate_ GAGTCGGGAAAA

chr8 22,102,453 22,102,58 1 - GAGAGGGCGA
8 GCTGGGTTGAGA

(SED. ID. No. 27)
GGGCGAAAAAGG
ATGAGGTGACTG
GTCTGGGCTACGC
TATG
(SED. ID. No. 40)
ACAGGATAACAC
AGTTGGTCCGAGT
GTTGTGGGTTATT

CGAGTGTTGTGG GTTAAGTTGATTT
Candidate_

chr7 148,638,568 148,638,668 + GTTATTG AACATTGTCTCCC
9

(SED. ID. No. 28) CCCACAACCGCG
CTTGACTAGCTTG
CTGTTTTGCACT
(SED. ID. No. 41)
TTACCTCCCCTGC
ACCTCTGCCTTGG
GGGTGGGGGGAT

CTCTGACCTCTGA AGAGGCATGGAA
Candidate_

chr7 143,079,609 143,079,705 + CCCTCTAG TAGGTGCTCTGAC
10

(SED. ID. No. 29) CTCTGACCCTCTA
GCCCAGGGAGAA
GGTGAGCAG
(SED. ID. No. 42)
CAGCCCACGGCA
GCCAGAGAACCA
CACCCACTGGAG

ACCACACCCACT AACTCTAGGTTCT
Candidate_

chr6 5,83 1,634 5,83 1,730 - GGAGAACTC CTACGGCCTCTTG
11

(SED. ID. No. 30) TTACTGCCAGTGC
TTGTGTGGTTTGA
GGTGGGTAA
(SED. ID. No. 43)



[00443] Differential expression of plasma miRNA in CFS

[00444] Differential expression of identified miRNAs from miRBase was calculated using

DESeq. A total of 19 microRNAs were significantly dysregulated/differentially expressed in

CFS/ME compared to non-fatigued controls (Table 5).

[00445] Table 5 : MiRNAs differentially expressed between CFS/ME and non-fatigued

controls



hsa-miR-450b-5p 1.72 1.23 0.71 0.0208

hsa-miR-26a-l-3p 1.56 1.16 0.75 0.0106

hsa-mir-126* 1.39 0.91 0.65 0.0449

hsa-miR-5187-3p 1.31 1.10 0.84 0.0217

hsa-miR-641 1.07 0.78 0.73 0.0240

hsa-miR-548j 1.07 1.10 1.03 0.0446

hsa-miR-3065-3p 0.90 0.71 0.79 0.0126

hsa-miR-16-2-3p 0.82 0.71 0.87 0.0128

hsa-let-7g-3p 0.82 0.78 0.95 0.0251

hsa-miR-548ax 0.82 0.91 1.11 0.0484

[00446] The base mean is the mean of the counts for each miRNA divided by the size factor

for each condition (as calculated by DESeq).

[00447] Of the 19 differentially expressed miRNAs 16 were considered low in abundance

due to a base mean count of less than 1,000 reads, their detection was found to be unreliable for

confirmative RT-qPCR. However, they remain excellent candidates as miRNA biological

markers for CFS/ME. The remaining three miRNAs (hsa-miR127-3p, hsa-miR-142-5p and hsa-

miR-143-3p) were all up-regulated in CFS/ME compared to non-fatigued controls.

[00448] The sequences of the 19 differentially expressed miRNAs are shown in Table 6 .

[00449] Table 6 : Differentially expressed miRNA sequences.



13 hsa-miR-5187-3p acugaauccucuuuuccucag
14 hsa-miR-641 aaagacauaggauagagucaccuc
15 hsa-miR-548j AAAAGUAAUUGCGGUCUUUGGU
16 hsa-miR-3065-3p ucagcaccaggauauuguuggag
17 hsa-miR-16-2-3p ccaauauuacugugcugcuuua
18 hsa-let-7g-3p cuguacaggccacugccuugc
19 hsa-miR-548ax agaaguaauugcgguuuugcca

[00450] RT-qPCR confirmation of plasma miRNA-Seq data

[00451] The choice of a stable reference gene is critical for accurate gene expression analysis

by RT-qPCR. Of the four putative reference genes tested hsa-miR- 16-5p was determined to be

the most stably expressed (Figure 2). To validate the RNA-Seq results (n=6/group) RT-qPCR

was performed in an expanded sample cohort (n=20/group). Three differentially expressed

miRNAs (hsa-miR127-3p, hsa-miR- 142-5p and hsa-miR- 143-3p) and four non-differentially

expressed miRNAs (hsa-miR-21-5p, hsa-miR- 103-3p, hsa-miR- 146a-5p and hsa-miR-223-3p)

were selected and their expression levels quantified using RT-qPCR. The four non-differentially

expressed miRNAs were selected as they previously demonstrated dysregulation in cytotoxic

lymphocytes in CFS/ME patients [3], although HTS did not identify differential expression in

plasma. All RT-qPCR results for the remaining three miRNAs were consistent with the RNA-

Seq data (Figure 3).

[00452] Discussion

[00453] To date, screening for CFS/ME has been based on well-established case definitions

[3,30]. Profiling of biofluid/circulating miRNA levels serves to enhance the molecular diagnosis

of CFS/ME. Using Illumina HTS, 19 miRNAs were identified that were differentially expressed

in CFS/ME patients. Of these, only three were confirmed to be highly abundant in the CFS/ME

patients in comparison to the controls. These results suggest that miR-127-3p, miR-142-5p and

miR-143-3p may be implicated in the pathogenesis of CFS/ME.

[00454] Although, there is currently no definitive source identified for the presence of

miRNAs in biofluids, blood cells in particular reticulocytes, myeloid cells, lymphoid cells,

platelets, cells from the liver, lungs and kidneys or lysed cells may release miRNAs into the

circulation [31,32,33]. Similarly, miRNAs may be discharged into the plasma following tissue

damage for example, circulating miR-1 and miR-133a, are significantly increased following

acute myocardial infarction [34]. The miRNAs as described herein have expressions in various



tissues. MiR-127-3p is found in the testicular and nervous system [35], miR-143-3p is expressed

in the colon [36] while miR-142-5p is expressed by cells of the immune system [37,38].

[00455] However, both miR-142-5p and miR-143-3p are reported to be amongst the miRNAs

frequently found in plasma and serum [32]. Over-expression of miR-142-5p has been observed

in most cancer-related and immunological disorders [39]. This particular miRNA is abundant in

most hematopoietic cell lines and may be involved in thwarting inflammatory processes [40]. In

Systemic Lupus Erythematosus (SLE), increased expression of miR-142-5p in CD4+T cells

prevents autoimmunity while a downregulation may result in autoreactive T cells and

hyperactive B cells [41].

[00456] MiR-142-5p is important for T cell development where it targets SLAM associate

protein (SAP). Inhibition of miR-142-5p may increase the expression of CD84, IL-10, SAP and

IgG production [41]. CD84 is an important T cell regulatory marker as it regulates cytokine

production, function, adhesion and interaction with B cells [42]. The levels of IL-10 have been

shown to be equivocal in CFS/ME patients. The cause of an increase in miR-142-5p is unknown,

however, it is possible that this may be related to heightened Treg suppression and additional

autoimmune responses.

[00457] MiR-143-3p targets IgG Fey receptor 1 and also CD64 reducing lung inflammation.

It is a tumour suppressor gene and is highly down regulated in colorectal cancer [43]. It inhibits

the oncogene KRAS [44]. Overexpression of miR-143-3p in most cancer cells stagnates the

growth of tumours and cancer cells [45] as it may act to reduce BCL2 mRNA thereby preventing

tumour or cancer cell proliferation and promoting apoptosis [46]. miR-143-3p has been

identified as a neutrophil specific miRNA [47]. Importantly, its expression is upregulated in

cases of heightened erythropoiesis such as in polycythemia [48]. In CFS/ME increased levels of

neutrophil apoptosis occurs in some patients [49,50,51], and this potentially ensues from high

levels of miR-143-3p.

[00458] MiR-127-3p interferes with ERK signalling, a tumour suppressor and upregulations

have been shown to increase apoptosis [52]. Importantly, it targets BCL6 a transcription factor

which increases p53 expression [53]. BCL6 inhibits the production of IL-10 therefore by

dampening BCL6 as a consequence of miR-127 upregulation may result in significant increases

in IL-10 [54]. In CFS/ME equivocal levels of IL-10 have been reported and an over expression

of miR-127-3p may explain to some extent some of these patterns. BCL6 is an important

transcription factor required for germinal centre B cell and follicular helper T cell development

[55,56,57]. Irregularities in the expression of BCL6 may result in aberrant inflammatory



responses and the development of various lymphomas [58].

[00459] The presence of a high proportion of the RNA Y4 within the small RNA sequencing

libraries reduced miRNA sequencing capacity. Y RNAs are components of Ro

ribonucleoproteins (RNPs) and were first identified in the serum of patients with the autoimmune

disorder lupus erythematosus [59]. Y RNAs are similar in size and structure to miRNAs as they

both have comparable stem and loop structures [60] . These similarities may explain the presence

of Y RNA following small RNA library construction. Efficient depletion of Y RNA would yield

higher quality HTS miRNA data allowing deeper sequencing. Methods for the reduction of Y

RNA in a similar manner to rRNA depletion could be employed to improve the ratio of useful

miRNA data [61]. Most extracellular miRNA studies do not report on the abundance of Y RNAs

in circulation and this may be related to the read size filtering used. Given that Y RNAs upon

degradation produce two classes of fragments and majority of which bind to Ro60, it is possible

to posit that these fragments that we observed in the plasma samples are those Y RNAs bound to

Ro60.

[00460] Plasma miRNAs show great promise as potential non-invasive biological markers,

but at present the precise and accurate measurement is challenging. A number of factors

including cellular contamination, haemolysis and low quantity can result in significant bias that

does not reflect the original biological state of the sample. Current circulating miRNA research

indicates that haemolysis may influence the availability of miRNAs in circulation [33].

Haemolysis may be evaluated in archival data by examining the delta Cq of miR-45 1 and miR-

23a [33]. In healthy individuals, 194 miRNAs may be detected in both haemolysed and non-

haemolysed blood samples, where 40.2% may be upregulated following haemolysis, 13% may

be down regulated and 28.9% are unaffected by haemolysis [62,63]. As described herein, three

candidate miRNAs, miR-127-3p, miR-143-3p and miR-142-5p are among the miRNA genes

unaffected by haemolysis in healthy individuals [62] .

[00461] The benefit of biofluid/circulating miRNAs as biological markers for diseases relates

to a number of characteristics such as reduced complexity compared to proteins, stability,

conserved sequences in various species and restricted expression in specific tissues and

biological processes. It has been suggested that 206 miRNAs are expressed in blood cells, serum

and plasma, thus in most plasma and serum studies it is highly necessary to observe strict sample

processing procedures to ensure the samples are cell free [64]. Cellular content contamination of

biofluids may be reduced by employing additional centrifugation steps during the initial plasma

separation to lessen potential contamination from cellular debris and haemolysis [65].



Additionally, it may be important to assess blood cell counts and lysis during sample collection

as variation in plasma levels of miRNAs in some cases have been credited to circulating blood

cell effects [66,67].

[00462] Starting concentration of miRNA levels vary among individuals due to age, sex and

other factors and this may significantly impact the outcomes of various expression studies

[68,69]. To date there are no established reference values for miRNAs among normal individuals

and this may be necessary for diagnostic marker purposes, hence, the inclusion of appropriate

calibrator controls during RT-qPCR analysis is necessary. Nonetheless, despite these challenges,

miRNA signatures from normal individuals are reproducible with similar expression patterns and

a limited amount of variability [32,70].

[00463] Potential shortcomings with using biofluid is the low abundance of RNA thus a large

quantity of sample is often required to achieve high yields and quality of RNA. Presently, the use

of HTS as a means to detecting possible changes in miRNAs in disease presentations is in its

infancy. Further studies are required to evaluate and refine the method to promote better

detection and reliable data that can be replicated across studies.

[00464] The present inventors are of the view that one or more earlier studies not finding

differentially expressed miRNA for CFS/ME may have been limited by the particular

experimental techniques employed.

[00465] EXAMPLE 2

[00466] Validation of microRNAs

[00467] Three miRNAs upregulated in CFS/ME patients were described in Example 1 (hsa-

miR-127-3p, hsa-miR-l42-5p, hsa-miR- 4 3 -3p ) . This second example confirms and validates the

expression of these miRNAs in new cohort of CFS/ME patients in comparison to controls. 49

CFS E patients and 1 controls were used in this validation study. Hence a total of 69 CFS/ME

patients and 35 controls have been examined for the expression of these three miRNAs (hsa-

miR-127-3p, hsa-miR-142-5p, hsa-miR-143-3p).

[00468] Methods and Methods

[00469] Sample processing and RNA extraction

[00470] Plasma isolation was achieved as described in Example 1 and stored at -80°C. RNA

extraction was performed as previously described in Example 1 using the miRNeasy

Serum/Plasma kit (Qiagen, Bilden, Germany) and the niiRVana Paris kit (Life Technologies,

Carlsbad, CA) according to manufacturer's instructions with slight adjustments. Quantity and

quality of the total RNA and miRNA extracted was determined using the small RNA chip on an



Agilent 2100 Bioanaiyzer (Agilent Technologies, Palo Alto, CA).

[0047 1] Quantification of miRNA by RT-qPCR

[00472] For this study the preparation of cDNA and qRT-PCR was performed using the

TaqMan MicroRNA Assays (Applied Biosysteras, Life Technologies, Carlsbad, CA) as per the

manufacturer' s instructions.

[00473] Statistical analyses

[00474] The non-parametric Mann-Whitney test was used to analyse the data from the RT-

qPCR using GraphPad Prism 6 (GraphPad Software, San Diego, CA).

[00475] Results

[00476] RT-qPCR validation and confirmation of plasma miRNAs

[00477] As per Example 1, hsa-miR-16-5p was the preferred reference gene. To determine

whether hsa-miR-127-3p, hsa-miR-J42-5p, hsa-miR-143-3p are specific to CFS/ME patients,

RT-qPCR was undertaken in a new and larger cohort of CFS/ME patients (n-49). RT-qPCR

results for hsa-miR-127-3p, hsa-miR-l42-5p, hsa-miR-143-3p were consistent with previous

findings in Example 1. However hsa-miR~142-5p was no statistically significant. See Figure 4,

wherein CFS/ME patients are labelled 'CPS' and non-fatigued (healthy) controls are labelled

'HE'.

[00478] Discussion

[00479] The results from this validation study demonstrate that hsa-miR-l27-3p, hsa-miR-

142-5p, hsa-miR-143-3p are upregulated in the plasma samples of patients with CFS/ME as

described in Example thus confirming biological marker suitability.

[00480] Although the use of miRNA in biofluid, particularly plasma, has been exemplified, it

is to be appreciated that present inventive concept equally embraces the use of other biofluids

such as, for example, serum, urine, sputum and cerebrospinal fluid. Any one of these biofluids

could have been equally examplified by the present inventors. Biological samples could have

been obtained from a subject either non-invasively or invasively. For example: urine - obtained

by urination; cerebrospinal fluid - obtained by spinal tap; and sputum - obtained by

expectoration or nasotracheal suctioning.

[00481] Moreover, the present inventive concept further embraces miRNAs from cellular

sources. Biological samples could have been obtained from a subject either non-invasively or

invasively. For example: 1. buccal (mouth) cells - obtained by swishing mouthwash in the mouth

or by swabbing or bushing the inside of the cheek with a swab or brush; 2 . blood cells - obtained

by pricking the finger and collecting the drops (dried blood spot) or by venepuncture (whole

blood); 3 . skin - obtained by a (punch) biopsy; 4 . organ tissue - obtained by biopsy. Any one of

these cellular sources of miRNA could have been equally examplified by the present inventors.



[00482] Advantages of using plasma as a source of biological marker miRNA for CFS/ME,

particularly as exemplified, include: (1) plasma samples are obtained less invasively; (2) plasma-

derived miRNAs can be stored for a lengthy period of time, as they highly stable and can resist

freeze-thawing, temperature variation, acids, etc.; (3) plasma is likely to contain a great diversity

of circulating miRNAs, particularly because of their role in extracellular communication and

release from cells/tissues (eg. plasma miRNAs may be reflective of a lesion or an injured tissue,

and plasma miRNAs may be involved in cellular signal transduction through various

intracellular and extracellular vesicles).

[00483] EXAMPLE 3

[00484] MicroRNAs in Cerebrospinal Fluid Samples from Patients with CFS/ ME. The

purpose of this study was to assess the presence and expression of miRNAs in cerebrospinal

fluid (CSF) from CFS/ME and healthy control patients.

[00485] Methods

[00486] Participants

[00487] CSF samples were collected from 18 well-characterized CFS/ME patients and 5

healthy controls.

[00488] Extraction of miRNA

[00489] To isolate small RNAs from cerebrospinal fluid samples the mirVANA miRNA

extraction kit (Life Technologies) was used as per manufacturer's instructions. Briefly, 625 µ ΐ of

CSF samples were mixed with 625 of denaturing solution. An equal volume of acid phenol

chloroform was then added to the total volume of CSF plus the denaturing solution. Following

centrifugation, the aqueous layer was removed and supplemented with ethanol. A filter cartridge

was used to separate the small RNAs from the samples. This was washed with buffer solutions

containing ethanol and eluted with 95°C nuclease-free water. Samples were stored at -20°C.

[00490] cDNA Synthesis

[00491] cDNA synthesis was performed using 10 ng of total RNA. The TaqMan MicroRNA

Reverse Transcription Kit was the preferred kit for cDNA synthesis. Therefore RNA was

converted into cDNA as per manufacturer's instructions. Briefly, an RT master mix was

prepared using lOOmM dNTPs (with dTTP), MultiScribe Reverse Transcriptase 50 υ / , 10 X

Reverse Transcription Buffer, RNase Inhibitor, 20 I , Nuclease-free water, 5X RT primer

(Primer specific RT for each gene of interest). The master mix was added to the total RNA

template. The reactions were placed in a thermal cycler where samples were 16°C for 30 minutes

and 42°C for 30 minutes. The reaction was stopped at 85°C for 5 minutes and placed on ice.

Samples were stored at -20°C for later qPCR analysis.



[00492] RT-qPCR Reaction

[00493] The expression profile of miRNAs in CSF was performed on the 480 Light Cycler

instrument (Roche). The TaqMan MicroRNA Assays were used in designing the miRNA

primers. Five miRNAs were screened to determine the relative abundance of these miRNAs in

CSF. RNU6B was the housekeeping or normalization gene. The miRNAs screened are shown in

Table 7 below.

[00494] Table 7 : miRNA sequences.

[00495] The miRNA are characterised at http://www.genenames.org/cgi-

and at miRBase at http://www.mirbase.org/.

[00496] The reaction mixture for the RT-qPCR reaction was comprised of TaqMan Universal

PCR Master Mix, primer of interest, nuclease-free water and cDNA. RT-qPCR conditions

applied were as follows; 95°C for 10 mins, 40 cycles of 95°C for 15s, 60°C for 60s, melt curves

were generated at 65 to 95°C. Each reaction was performed in triplicate on a 96 well plate and a

no template control was used each time.

[00497] Results

[00498] Of the 5 miRNAs examined, there were no significant differences in the expression

levels of these miRNAs between the CFS/ME patients and the controls. However, miR-124 was

the most abundant miRNA expressed in the CSF samples of both the CFS/ME patients and the

controls.

[00499] Despite this intial result, it is possible that any one or more of these 5 miRNAs may

play a role in the pathology and progression of CFS/ME. Importantly, this Example shows that

miRNAs can successfully be characterised in CSF.

[00500] EXAMPLE 4

[00501] MiRNAs as indicators of CFS/ME - probes, tools and reagents

[00502] Based on Examples 1, 2 and 3, the skilled person will appreciate that miRNAs can be

used for identifying, screening, diagnosing or monitoring subjects with CFS/ME or at risk of

developing CFS/ME. This, of course, means that the illness can be better managed in those

subjects that have been identified. This also means that subjects that have not been identified as



having the illness (or at risk of developing the illness) need not be subjected to a management

regime developed for CFS/ME sufferers.

[00503] One or more miRNAs of interest are listed in Tables 4, 5, 6 and 7 . The miRNAs of

particular interest are hsa-miR-127-3p, hsa-miR-142-5p, hsa-miR-143-3p.

[00504] One of skill in the art could readily design, produce or manufacture a wide range of

miRNA sequence-based probes, tools, reagents, methods and assays based on the information in

Tables 3, 4, 5, 6 and 7 .

[00505] Generally speaking, such miRNA sequence-based probes, tools, reagents, methods

and assays can be used for identifying, screening, diagnosing or monitoring or treating subjects

with, or predisposed to, CFS/ME.

[00506] Generally speaking, such probes, tools or reagents can be for use in nucleic acid-

based techniques, assays and protocols, including miRNA detection, qualitative measurement of

miRNA and quantitative measurement of miRNA.

[00507] Generally speaking, such probes, tools or reagents can also be an antibody or other

type of molecule or chemical entity capable of detecting miRNA.

[00508] More specifically, probes, tools and reagents of particular interest include, but are not

limited to, the following:

[00509] 1. An isolated, purified, synthetic or recombinant form of a miRNA, or precursor

thereof, or a fragment thereof, or a longer nucleic acid containing the miRNA sequence or

fragment thereof. The form can contain a sequence portion corresponding to the miRNA as well

as a non-miRNA sequence portion.

[00510] 2 . A non-naturally occurring polynucleotide, recombinant polynucleotide,

oligonucleotide or cDNA form of a miRNA, or precursor thereof, or a fragment thereof, or a

longer nucleic acid containing the miRNA sequence or fragment thereof - single stranded or

double stranded. The form can contain a sequence portion corresponding to the miRNA as well

as a non-miRNA sequence portion.

[0051 1] 3 . An expression product of a miRNA, or precursor thereof, or a fragment thereof, or

a longer nucleic acid containing the miRNA sequence or fragment thereof. The expression

product may be unlabelled or labelled with a detectable moiety. The expression product can

contain a sequence portion corresponding to the miRNA as well as a non-miRNA sequence

portion.

[00512] 4 . A polynucleotide, oligonucleotide, probe or primer (unlabelled or labelled with a

detectable moiety) for specifically binding to, annealing to, detecting, isolating or amplifying

(eg. by PCR) a miRNA, or precursor thereof, or a fragment thereof, or a longer nucleic acid

containing the miRNA sequence or fragment thereof. The polynucleotide, oligonucleotide, probe



or primer can contain a sequence portion corresponding to the miRNA as well as a non-miRNA

sequence portion.

[00513] 5 . An expression vector, recombinant cell or biological sample comprising the

nucleic acid or polynucleotide of 1, 2, 3 or 4 .

[00514] Yet other probes, tools and reagents are described in the specification section entitled

"Detailed Description".

[00515] The key finding that particular miRNAs can be differentially expressed also enables

the inventors to develop kits, assays, microarrays, biochips and methods for identifying,

screening, diagnosing, monitoring and/or treating subjects with, or predisposed to CFS/ME.

[00516] Generally speaking, the kit, assay, microarray, biochip or method for identifying,

screening, diagnosing, monitoring and/or treating subjects with, or predisposed to, CFS/ME can

comprise one or more materials of any one of 1-5. This may be, for example, for identifying or

measuring miRNA expression or lack of expression.

[00517] Yet other kits, assays, microarrays, biochips and methods are described in the

specification section entitled "Detailed Description".

[00518] In the present specification and claims, the word 'comprising' and its derivatives

including 'comprises' and 'comprise' include each of the stated integers but do not exclude the

inclusion of one or more further integers.

[00519] Reference throughout this specification to 'one embodiment' or 'an embodiment'

means that a particular feature, structure, or characteristic described in connection with the

embodiment is included in at least one embodiment of the present invention. Thus, the

appearance of the phrases 'in one embodiment' or 'in an embodiment' in various places

throughout this specification are not necessarily all referring to the same embodiment.

Furthermore, the particular features, structures, or characteristics may be combined in any

suitable manner in one or more combinations.

[00520] The articles 'a' and 'an' are used herein to refer to one or to more than one of the

article.

[00521] The term 'about' is to be understood as referring to a range of numbers that a person

of skill in the art would consider equivalent to the recited value in the context of achieving the

same function or result.

[00522] In compliance with the statute, the invention has been described in language more or

less specific to structural or methodical features. It is to be understood that the invention is not



limited to specific features shown or described since the means herein described comprises

preferred forms of putting the invention into effect. The invention is, therefore, claimed in any

of its forms or modifications within the proper scope of the appended claims appropriately

interpreted by those skilled in the art.
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CLAIMS

1. At least one miRNA for use as a biological marker for Chronic Fatigue Syndrome (CFS)

and/or Myalgic Encephalomyelitis (ME), or at least one miRNA biological marker for

use in identifying or diagnosing a subject having CFS and/or ME, or at least one miRNA

biological marker for use in identifying or diagnosing a subject at risk of developing CFS

and/or ME, or at least one miRNA biological marker for use in managing a subject

having or at risk of developing CFS and/or ME, or at least one miRNA when used as a

biological marker for CFS and/or ME, or at least one miRNA biological marker when

used in identifying, diagnosing and/or managing a subject having or at risk of developing

CFS and/or ME.

2 . The at least one miRNA of claim 1, wherein said at least one miRNA is a circulating

miRNA.

3 . The at least one miRNA of claim 1 or claim 2, wherein said at least one miRNA is found

in a biofluid.

4 . The at least one miRNA of claim 3, wherein said biofluid is plasma or serum.

5 . The at least one miRNA of any one of claims 1 to 4, wherein said at least one miRNA is

selected from one or more of the miRNAs shown in Table 5 or Table 6 .

6 . The at least one miRNA of any one of claims 1 to 5, wherein said at least one miRNA

has a sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of

Table 6 .

7 . The at least one miRNA of any one of claims 1 to 6, wherein said miRNA is hsa-

miR127-3p, hsa-miR-142-5p or hsa-miR-143-3p.

8. The at least one miRNA of any one of claims 1 to 7, wherein said use involves the use of

more than one said at least one miRNA.

9 . Use of at least one miRNA as a biological marker for identifying or diagnosing a subject

having CFS and/or ME, or use of at least one miRNA as a biological marker for

identifying or diagnosing a subject at risk of developing CFS and/or ME, or use of at

least one miRNA as a biological marker for managing a subject having or at risk of

developing CFS and/or ME.



10. The use of claim 9, wherein said at least one miRNA is a circulating miRNA.

11. The use of claim 9 or claim 10, wherein said at least one miRNA is found in a biofluid.

12. The use of claim 11, wherein said biofluid is plasma or serum.

13. The use of any one of claims 9 to 12, wherein said at least one miRNA is selected from

one or more of the miRNAs shown in Table 5 or Table 6 .

14. The use of any one of claims 9 to 13, wherein said at least one miRNA has a sequence as

shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table 6 .

15. The use of any one of claims 6 to 14, wherein said miRNA is hsa-miR127-3p, hsa-miR-

142-5p or hsa-miR-143-3p.

16. The use of any one of claims 6 to 15, wherein said use involves the use of more than one

said at least one miRNA.

17. A method of identifying or diagnosing a subject having CFS and/or ME, or at risk of

developing CFS and/or ME, said method comprising the steps of:

(a) measuring the level of expression of at least one miRNA biological marker in a

biological sample obtained from the subject that is differentially expressed in CFS and/or

ME; and

(b) comparing the level of expression of the miRNA biological marker in the biological

sample relative to a reference, wherein detection of an alteration in the level of miRNA

biological marker expression in the biological sample relative to the reference indicates

that the subject has CFS and/or ME.

18. The method of claim 17, wherein said at least one miRNA is a circulating miRNA.

19. The method of claim 17 or claim 18, wherein said biological sample is a biofluid.

20. The method of claim 19, wherein said biofluid is plasma or serum.

21. The method of any one of claims 17 to 20, wherein said at least one miRNA is selected

from one or more of the miRNAs shown in Table 5 or Table 6 .

22. The method of any one of claims 17 to 21, wherein said at least one miRNA has a

sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table



6 .

23. The method of any one of claims 17 to 22, wherein said miRNA is hsa-miR127-3p, hsa-

miR-142-5p or hsa-miR-143-3p.

24. The method of any one of claims 17 to 23, wherein said method involves the use of more

than one said at least one miRNA.

25. The method of any one of claims 17 to 24, wherein said method comprises the step of

managing the subject for CFS and/or ME.

26. The method of claim 25, wherein managing the subject is such that at least one symptom

of CFS and/or ME is cured, healed, alleviated, relieved, altered, remedied, ameliorated or

improved.

27. The method of claim 25 or claim 26, wherein managing the subject comprises

administering one or more therapeutic compounds in an amount effective to alleviate,

relieve, alter, remedy, ameliorate, improve, or affect CFS and/or ME or a symptom of

CFS and/or ME.

28. The method of any one of claims 17 to 27, wherein the level of miRNA expression or

differential expression is carried out using: Northern analysis and a probe that

specifically binds to the miRNA; RNase protection; or, reverse transcription-polymerase

chain reaction (RT-PCR) using one or more oligonucleotides/primers that will amplify

transcribed said miRNA.

29. A method of identifying or diagnosing and managing a subject having, or at risk of

developing, CFS and/or ME, said method comprising the steps of:

(a) measuring the level of expression of at least one miRNA biological marker in a

biological sample obtained from the subject that is differentially expressed in CFS and/or

ME;

(b) comparing the level of expression of the miRNA biological marker in the biological

sample relative to a reference, wherein detection of an alteration in the level of miRNA

biological marker expression in the biological sample relative to the reference indicates

that the subject has, or is at risk of developing, CFS and/or ME; and

(c) managing the subject having, or at risk of developing, CFS and/or ME.

30. The method of claim 29, wherein said at least one miRNA is a circulating miRNA.



31. The method of claim 29 or 30, wherein said biological sample is a biofluid.

32. The method of claim 31, wherein said biofluid is plasma or serum.

33. The method of any one of claims 29 to 32, wherein said at least one miRNA is selected

from one or more of the miRNAs shown in Table 5 or Table 6 .

34. The method of any one of claims 29 to 33, wherein said at least one miRNA has a

sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table

6 .

35. The method of any one of claims 29 to 34, wherein said miRNA is hsa-miR127-3p, hsa-

miR-142-5p or hsa-miR-143-3p.

36. The method of any one of claims 29 to 35, wherein said method involves the use of more

than one said at least one miRNA.

37. The method of any one of claims 29 to 36, wherein managing the subject is such that at

least one symptom of CFS and/or ME is cured, healed, alleviated, relieved, altered,

remedied, ameliorated or improved.

38. The method of any one of claims 29 to 37, wherein managing the subject comprises

administering one or more therapeutic compounds in an amount effective to alleviate,

relieve, alter, remedy, ameliorate, improve, or affect CFS and/or ME or a symptom of

CFS and/or ME.

39. The method of any one of claims 29 to 38, wherein the level of miRNA expression or

differential expression is carried out using: Northern analysis and a probe that

specifically binds to the miRNA; RNase protection; or, reverse transcription-polymerase

chain reaction (RT-PCR) using one or more oligonucleotides/primers that will amplify

transcribed said miRNA.

40. A method of screening subjects for a prevalence of CFS and/or ME, said method

comprising the steps of:

(a) measuring the level of expression of at least one miRNA biological marker in a

biological sample obtained from each subject that is differentially expressed in CFS

and/or ME; and

(b) comparing the level of expression in each said biological sample to a level of

expression in a reference, wherein detection of an alteration in the level of miRNA

biological marker expression identifies the subject as having CFS and/or ME.



41. The method of claim 40, wherein said at least one miRNA is a circulating miRNA.

42. The method of claim 40 or claim 41, wherein said biological sample is a biofluid.

43. The method of claim 42, wherein said biofluid is plasma or serum.

44. The method of any one of claims 40 to 43, wherein said at least one miRNA is selected

from one or more of the miRNAs shown in Table 5 or Table 6 .

45. The method of any one of claims 40 to 44, wherein said at least one miRNA has a

sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table

6 .

46. The method of any one of claims 40 to 45, wherein said miRNA is hsa-miR127-3p, hsa-

miR-142-5p or hsa-miR-143-3p.

47. The method of any one of claims 40 to 46, wherein said method involves the use of more

than one said at least one miRNA.

48. The method of any one of claims 40 to 47, wherein said method comprises the step of

managing the subject having CFS and/or ME.

49. The method of any one of claims 40 to 48, wherein the level of miRNA expression or

differential expression is carried out using: Northern analysis and a probe that

specifically binds to the miRNA; RNase protection; or, reverse transcription-polymerase

chain reaction (RT-PCR) using one or more oligonucleotides/primers that will amplify

transcribed said miRNA.

50. A method of identifying whether a subject having a CFS and/or ME illness is responding

to management of that illness, said method comprising the steps of:

(a) optionally, isolating a biological sample from the subject prior to management of the

illness and during and/or after management of the illness;

(b) measuring the level of expression in the biological samples of at least one miRNA

biological marker that is differentially expressed in CFS and/or ME; and

(c) comparing the level of expression of the miRNA biological marker in the biological

samples before and during and/or after management of the illness, wherein a change in

the level of expression identifies the subject as having responded to the management of

the illness.



51. The method of claim 50, wherein said at least one miRNA is a circulating miRNA.

52. The method of claim 50 or claim 51, wherein said biological sample is a biofluid.

53. The method of claim 52, wherein said biofluid is plasma or serum.

54. The method of any one of claims 50 to 53, wherein said at least one miRNA is selected

from one or more of the miRNAs shown in Table 5 or Table 6 .

55. The method of any one of claims 50 to 54, wherein said at least one miRNA has a

sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table

6 .

56. The method of any one of claims 50 to 55, wherein said miRNA is hsa-miR127-3p, hsa-

miR-142-5p or hsa-miR-143-3p.

57. The method of any one of claims 50 to 56, wherein said method involves the use of more

than one said at least one miRNA.

58. The method of any one of claims 50 to 57, wherein said method comprises isolating a

biological sample from the subject prior to management of the illness and during and/or

after management of the illness.

59. The method of any one of claims 50 to 58, wherein said method comprises the step of

managing the subject if still having the illness.

60. The method of claim 59, wherein managing the subject is such that at least one symptom

of CFS and/or ME is cured, healed, alleviated, relieved, altered, remedied, ameliorated or

improved.

61. The method of claim 59 or claim 60, wherein managing the subject comprises

administering one or more therapeutic compounds in an amount effective to alleviate,

relieve, alter, remedy, ameliorate, improve, or affect CFS and/or ME or a symptom of

CFS and/or ME.

62. The method of any one of claims 50 to 61, wherein the level of miRNA expression or

differential expression is carried out using: Northern analysis and a probe that

specifically binds to the miRNA; RNase protection; or, reverse transcription-polymerase

chain reaction (RT-PCR) using one or more oligonucleotides/primers that will amplify

transcribed said miRNA.

63. A method of managing a subject with CFS and/or ME comprising the step of managing



the subject if the subject has been found to have at least one miRNA biological marker

that is differentially expressed in CFS and/or ME.

64. The method of claim 63, wherein said at least one miRNA is a circulating miRNA.

65. The method of claim 63 or claim 64, wherein said at least one miRNA is selected from

one or more of the miRNAs shown in Table 5 or Table 6 .

66. The method of any one of claims 63 to 65, wherein said at least one miRNA has a

sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table

6 .

67. The method of any one of claims 63 to 66, wherein said miRNA is hsa-miR127-3p, hsa-

miR-142-5p or hsa-miR-143-3p.

68. The method of any one of claims 63 to 67, wherein said method involves the use of more

than one said at least one miRNA.

69. The method of any one of claims 63 to 68, wherein said method comprises isolating a

biological sample from the subject prior to management of the illness and during and/or

after management of the illness.

70. The method of claim 69, wherein said biological sample is a biofluid.

71. The method of claim 70, wherein said biofluid is plasma or serum.

72. The method of any one of claims 63 to 71, wherein managing the subject is such that at

least one symptom of CFS and/or ME is cured, healed, alleviated, relieved, altered,

remedied, ameliorated or improved.

73. The method of any one of claims 63 to 72, wherein managing the subject comprises

administering one or more therapeutic compounds in an amount effective to alleviate,

relieve, alter, remedy, ameliorate, improve, or affect CFS and/or ME or a symptom of

CFS and/or ME.

74. A method of identifying or characterising at least one differentially expressed miRNA

biological marker for CFS and/or ME, said method comprising the steps of:

(a) subjecting a biological sample comprising miRNA obtained from a subject having CFS

and/or ME to a screening technique so as to identify a potential CFS and/or ME miRNA

biological marker; and

(b) confirming differential expression of the potential CFS and/or ME miRNA biological



marker relative to a reference using an expression technique, wherein differential

expression of the potential CFS and/or ME miRNA biological marker indicates that a

miRNA biological marker for CFS and/or ME has been identified or characterised.

75. The method of claim 74, wherein said at least one miRNA is a circulating miRNA.

76. The method of claim 75, wherein said biological sample is a biofluid.

77. The method of claim 76, wherein said biofluid is plasma or serum.

78. The method of any one of claims 74 to 77, wherein said at least one miRNA is selected

from one or more of the miRNAs shown in Table 5 or Table 6.

79. The method of any one of claims 74 to 78, wherein said at least one miRNA has a

sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table

6 .

80. The method of any one of claims 74 to 79, wherein said miRNA is hsa-miR127-3p, hsa-

miR-142-5p or hsa-miR-143-3p.

81. The method of any one of claims 74 to 80, wherein the level of miRNA expression or

differential expression is carried out using: Northern analysis and a probe that

specifically binds to the miRNA; RNase protection; or, reverse transcription-polymerase

chain reaction (RT-PCR) using one or more oligonucleotides/primers that will amplify

transcribed said miRNA.

82. An isolated, purified or recombinant form of a miRNA biological marker differentially

expressed in CFS and/or ME.

83. The biological marker of claim 82, being a circulating miRNA.

84. The biological marker of claim 82 or claim 83, being a miRNA shown in Table 5 or

Table 6 .

85. The biological marker of any one of claims 82 to 84, having a sequence as shown, or

substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table 6 .

86. The biological marker of any one of claims 82 to 85, being hsa-miR127-3p, hsa-miR-

142-5p or hsa-miR-143-3p.



87. An article of manufacture comprising: (1) non-naturally occurring polynucleotide,

recombinant polynucleotide, oligonucleotide or cDNA form of a miRNA biological

marker that is differentially expressed in CFS and/or ME; or (2) a polynucleotide or an

oligonucleotide that is complementary to the miRNA biological marker of (1); or (3) an

expression vector, recombinant cell or biological sample, tool, reagent, kit or assay

comprising (1) or (2).

88. The article of manufacture of claim 87, wherein said miRNA biological marker is a

circulating miRNA.

89. The article of manufacture of claim 87 or claim 88, wherein said miRNA biological

marker is as shown in Table 5 or Table 6 .

90. The article of manufacture of any one of claims 87 to 89, wherein said miRNA biological

marker has a sequence as shown, or substantially as shown, in any one of SEQ. ID Nos.

1-19 of Table 6 .

91. The article of manufacture of any one of claims 87 to 90, wherein said miRNA biological

marker is hsa-miR127-3p, hsa-miR-142-5p or hsa-miR-143-3p.

92. The article of manufacture of any one of claims 87 to 91, wherein the tool or reagent

comprises an oligonucleotide that hybridises to the miRNA for miRNA detection,

characterisation, quantification and/or expression.

93. The article of manufacture of any one of claims 87 to 92, wherein the tool or reagent

comprises an oligonucleotide that hybridises to any one of the miRNA sequences listed in

Table 6 or to a miRNA having a sequence substantially as listed in Table 6 .

94. A miRNA-based probe, tool or reagent for identifying a subject having CFS and/or ME,

or a miRNA-based probe, tool or reagent for identifying a subject at risk of developing

CFS and/or ME, or a miRNA-based probe, tool or reagent for use in managing a subject

having or at risk of developing CFS and/or ME, or a miRNA-based probe, tool or reagent

when used in identifying, diagnosing and/or managing a subject having or at risk of

developing CFS and/or ME.

95. The miRNA-based probe, tool or reagent of claim 94, wherein said miRNA-based probe,

tool or reagent is based on a circulating miRNA.

96. The miRNA-based probe, tool or reagent of claim 94 or claim 95, wherein said miRNA-



based probe, tool or reagent is based on a miRNA shown in Table 5 or Table 6 .

97. The miRNA-based probe, tool or reagent of any one of claims 94 to 96, wherein said

miRNA-based probe, tool or reagent is based on a sequence as shown, or substantially as

shown, in any one of SEQ. ID Nos. 1-19 of Table 6 .

98. The miRNA-based probe, tool or reagent of any one of claims 94 to 97, wherein said

miRNA-based probe, tool or reagent is based on hsa-miR127-3p, hsa-miR-142-5p or hsa-

miR-143-3p.

99. A kit for identifying a subject having, at risk of developing, and/or managing CFS and/or

ME, said kit comprising one or more tools or reagents for determining expression of at

least one miRNA biological marker in a biological sample derived from the subject.

100. The kit of claim 99, wherein said tool or reagent is based on a circulating miRNA.

101. The kit of claim 99 or claim 100, wherein said tool or reagent is based on a

miRNA shown in Table 5 or Table 6 .

102. The kit of any one of claims 99 to 101, wherein said tool or reagent is based on a

sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table

6 .

103. The kit of any one of claims 99 to 102, wherein said tool or reagent is based on

hsa-miR127-3p, hsa-miR-142-5p or hsa-miR-143-3p.

104. The kit of any one of claims 99 to 103, wherein said kit comprises a plurality of

tools or reagents based on miRNAs shown in Table 5 or Table 6 .

105. The kit of claim 104, wherein said tools or reagents comprise two or more of hsa-

miR127-3p, hsa-miR-142-5p and hsa-miR-143-3p.

106. The kit of any one of claims 99 to 105, wherein the tool or reagent is for:

processing a biological sample; RNA extraction from a biological sample; miRNA

identification; miRNA profiling; miRNA screening; miRNA sequencing; miRNA

sequence analyses; measuring miRNA expression; or comparing miRNA expression

levels (differential expression).

107. A kit or assay for performing measurement of at least one miRNA biological

marker that is differentially expressed in CFS and/or ME, wherein the kit comprises one



or more tools or reagents for measuring expression of the miRNA biological marker.

108. The kit or assay of claim 107, wherein said tool or reagent is based on a

circulating miRNA.

109. The kit or assay of claim 107 or 108, wherein said tool or reagent is based on a

miRNA shown in Table 5 or Table 6 .

110. The kit or assay of any one of claims 107 to 109, wherein said tool or reagent is

based on a sequence as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-

19 of Table 6 .

111. The kit or assay of any one of claims 107 to 110, wherein said tool or reagent is

based on hsa-miR127-3p, hsa-miR-142-5p or hsa-miR-143-3p.

112. The kit or assay of any one of claims 107 to 111, wherein said kit comprises a

plurality of tools or reagents based on miRNAs shown in Table 5 or Table 6 .

113. The kit or assay of claim 112, wherein said tools or reagents comprise two or

more of hsa-miR127-3p, hsa-miR-142-5p and hsa-miR-143-3p.

114. The kit of any one of claims 107 to 113, wherein the tool or reagent is for:

processing a biological sample; RNA extraction from a biological sample; miRNA

identification; miRNA profiling; miRNA screening; miRNA sequencing; miRNA

sequence analyses; measuring miRNA expression; or comparing miRNA expression

levels (differential expression).

115. A biological sample comprising at least one miRNA biological marker that is

differentially expressed in CFS and/or ME.

116. The biological sample of claim 115, wherein said at least one miRNA biological

marker is a circulating miRNA.

117. The biological sample of claim 115 or claim 116, wherein said at least one

miRNA biological marker is a miRNA shown in Table 5 or Table 6 .

118. The biological sample of any one of claims 115 to 117 wherein said at least one

miRNA biological marker has a sequence as shown, or substantially as shown, in any one

of SEQ. ID Nos. 1-19 of Table 6 .

The biological sample of any one of claims 115 to 118, wherein said at least one



miRNA biological marker is hsa-miR127-3p, hsa-miR-142-5p or hsa-miR-143-3p.

120. The biological sample of any one of claims 115 to 119, wherein said at least one

miRNA biological marker comprises two or more miRNAs shown in Table 5 or Table 6 .

121. The biological sample of any one of claims 115 to 119, wherein said at least one

miRNA biological marker comprises one or more of hsa-miR127-3p, hsa-miR-142-5p

and hsa-miR-143-3p.

122. The biological sample of any one of claims 115 to 121, wherein isolated for the

purpose for testing the biological sample for CFS and/or ME.

123. An array of oligonucleotide probes for identifying miRNAs in a biological

sample, comprising probes that each selectively bind to miRNA that is differentially

expressed in CFS and/or ME.

124. The array of claim 123, wherein said miRNA is a circulating miRNA.

125. The array of claim 123 or claim 124, wherein said miRNA is a miRNA shown in

Table 5 or Table 6 .

126. The array of any one of claims 123 to 125 wherein said miRNA has a sequence as

shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table 6 .

127. The array of any one of claims 123 to 126, wherein said miRNA is hsa-miR127-

3p, hsa-miR-142-5p or hsa-miR-143-3p.

128. The array of any one of claims 123 to 127, wherein said miRNA comprises two or

more miRNAs shown in Table 5 or Table 6 .

129. The array of any one of claims 123 to 128, wherein said miRNA comprises two or

more of hsa-miR127-3p, hsa-miR-142-5p and hsa-miR-143-3p.

130. A biochip comprising a solid substrate and at least one oligonucleotide probe

capable of selectively binding to a miRNA that is differentially expressed in CFS and/or

ME.

131. The biochip of claim 130, wherein said miRNA is a circulating miRNA.

132. The biochip of claim 130 or claim 131, wherein said miRNA is a miRNA shown

in Table 5 or Table 6 .



133. The biochip of any one of claims 130 to 132, wherein said miRNA has a sequence

as shown, or substantially as shown, in any one of SEQ. ID Nos. 1-19 of Table 6 .

134. The biochip of any one of claims 130 to 133, wherein said miRNA is hsa-

miR127-3p, hsa-miR-142-5p or hsa-miR-143-3p.

135. The biochip of any one of claims 130 to 134, wherein said miRNA comprises two

or more miRNAs shown in Table 5 or Table 6 .

136. The biochip of any one of claims 130 to 135, wherein said miRNA comprises two

or more of hsa-miR127-3p, hsa-miR-142-5p and hsa-miR-143-3p.

137. At least one miRNA having a sequence listed, or substantially as listed, in Table 4

or Table 6.

138. A polynucleotide, nucleic acid, oligonucleotide, probe or primer capable of

binding to or detecting the miRNA sequence defined in claim 137.

139. A tool, reagent, kit or assay containing or based on the miRNA of claim 137 or

the polynucleotide, nucleic acid, oligonucleotide, probe or primer of claim 138.
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