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Description

FIELD OF THE INVENTION

[0001] The invention relates to a method for detecting
and measuring the presence of nucleosome-protein ad-
ducts and the use of such measurements for the detec-
tion and diagnosis of disease. The invention also relates
to a method of identifying nucleosome adduct biomarkers
for the detection and diagnosis of disease and to biomar-
kers identified by said method.

BACKGROUND OF THE INVENTION

[0002] The human body comprises several hundred
cell types. All of these cell types contain the same ge-
nome but widely different phenotypes and different func-
tions in the body. This phenotypic diversity is due to the
differential expression of the genome in different cell
types. The control of differential gene expression is not
entirely understood but the basic mechanisms include
gene regulation by a number of interconnected epigenet-
ic signals associated with the gene, including control of
the chromatin packing as euchromatin or heterochroma-
tin, control of nucleosome positioning and nuclease ac-
cessible sites, methylation of DNA and variation in the
structure of the nucleosomes around which the DNA is
wrapped.
[0003] The nucleosome is the basic unit of chromatin
structure and consists of a protein complex of eight highly
conserved core histones (comprising of a pair of each of
the histones H2A, H2B, H3, and H4). Around this complex
is wrapped approximately 146 base pairs of DNA. An-
other histone, H1 or H5, acts as a linker and is involved
in chromatin compaction. The DNA is wound around con-
secutive nucleosomes in a structure often said to resem-
ble "beads on a string" and this forms the basic structure
of open or euchromatin. In compacted or heterochroma-
tin this string is coiled and super coiled into a closed and
complex structure (Herranz and Esteller, 2007).
[0004] Normal cell turnover in adult humans involves
the creation by cell division of some 1011 cells daily and
the death of a similar number, mainly by apoptosis. Dur-
ing the process of apoptosis chromatin is broken down
into mononucleosomes and oligonucleosomes which are
released from the cells. Under normal condition these
are removed and the level of circulating nucleosomes
found in healthy subjects is low. Elevated levels are found
in subjects with a variety of conditions including many
cancers, auto-immune diseases, inflammatory condi-
tions, stroke and myocardial infarction (Holdenrieder &
Stieber, 2009).
[0005] Mononucleosomes and oligonucleosomes can
be detected by Enzyme-Linked ImmunoSorbant Assay
(ELISA) and several methods have been reported (Sal-
game et al, 1997; Holdenrieder et al, 2001; van Nieuwen-
huijze et al, 2003). These assays typically employ an
anti-histone antibody (for example anti-H2B, anti-H3 or

anti-H1, H2A, H2B, H3 and H4) as capture antibody and
an anti-DNA or anti-H2A-H2B-DNA complex antibody as
detection antibody. However, we have found that the re-
sults of these assays do not agree with each other. Fur-
thermore, although most circulating DNA in serum or
plasma is reported to exist as mono-nucleosomes and
oligo-nucleosomes (Holdenrieder et al, 2001), measured
levels of nucleosomes and DNA in serum or plasma do
not agree well. The correlation coefficient between ELISA
results for circulating cell free nucleosomes levels and
circulating DNA levels as measured by real time PCR
(Polymerase Chain Reaction) has been reported to be
r=0.531 in serum and r=0.350 in plasma (Holdenrieder
et al, 2005).
[0006] Nucleosome ELISA methods are used in cell
culture, primarily as a method to detect apoptosis (Sal-
game et al, 1997; Holdenrieder et al, 2001; van Nieuwen-
huijze et al, 2003), and are also used for the measure-
ment of circulating cell free nucleosomes in serum and
plasma (Holdenrieder et al, 2001). Cell free serum and
plasma nucleosome levels released into the circulation
by dying cells have been measured by ELISA methods
in studies of a number of different cancers to evaluate
their use as a potential biomarker (Holdenrieder et al,
2001). Mean circulating nucleosome levels are reported
to be high in most, but not all, cancers studied. The high-
est circulating nucleosome levels were observed in lung
cancer subjects. The lowest levels were observed in
prostate cancer, which were within the normal range of
healthy subjects. However, subjects with malignant tu-
mours are reported to have serum nucleosome concen-
trations that varied considerably and some subjects with
advanced tumour disease were found to have low circu-
lating nucleosome levels, within the range measured for
healthy subjects (Holdenrieder et al, 2001). Because of
this and the variety of non-cancer causes of raised nu-
cleosome levels, circulating nucleosome levels are not
used clinically as a biomarker of cancer (Holdenrieder
and Stieber, 2009).
[0007] The structure of nucleosomes can vary by Post
Transcriptional Modification (PTM) of histone proteins
and by the inclusion of variant histone proteins. PTM of
histone proteins typically occurs on the tails of the eight
core histones and common modifications include
acetylation, methylation or ubiquitination of lysine resi-
dues as well as methylation of arginine residues and
phosphorylation of serine residues. Histone modifica-
tions are known to be involved in epigenetic regulation
of gene expression (Herranz and Esteller, 2007). The
structure of the nucleosome can also vary by the inclusion
of alternative histone isoforms or variants which are dif-
ferent gene or splice products and have different amino
acid sequences. Histone variants can be classed into a
number of families which are subdivided into individual
types. The nucleotide sequences of a large number of
histone variants are known and publicly available for ex-
ample in the National Human Genome Research Institute
NHGRI Histone DataBase (Marino-Ramírez, L., Levine,
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K.M., Morales, M., Zhang, S., Moreland, R.T., Baxevanis,
A.D., and Landsman, D. The Histone Database: an inte-
grated resource for histones and histone fold-containing
proteins. Database Vol.2011. (Submitted) and http://ge-
nome.nhgri.nih.gov/histones/complete.shtml), the Gen-
Bank (NIH genetic sequence) DataBase, the EMBL Nu-
cleotide Sequence Database and the DNA Data Bank of
Japan (DDBJ).
[0008] Histone variant and histone modification pat-
terns present in healthy and diseased cells have been
shown to differ in numerous (mostly immunohistochem-
ical) studies (Herranz and Esteller, 2007). One disadvan-
tage of immunohistochemical methods for clinical use is
that tissue sample collection is invasive involving surgery
or biopsy.
[0009] In addition to the epigenetic signaling mediated
by nucleosome structure and position, control of gene
expression in cells is also mediated by the methylation
status of DNA (Herranz and Esteller, 2007). It has been
known in the art for some time that DNA may be meth-
ylated at the 5 position of cytosine nucleotides to form 5-
methylcytosine.
[0010] The involvement of DNA methylation in cancer
was reported as early as 1983 (Feinberg and Vogelstein,
1983). DNA methylation patterns observed in cancer
cells differ from those of healthy cells. Repetitive ele-
ments, particularly around pericentromeric areas, are re-
ported to be hypomethylated in cancer relative to healthy
cells but promoters of specific genes are reported to be
hypermethylated in cancer. The balance of these two ef-
fects is reported to result in global DNA hypomethylation
in cancer cells (Rodriguez-Paredes & Esteller, 2011).
[0011] Hypermethylation of certain specific genes can
be used as a diagnostic biomarker for cancers. For ex-
ample a method reported for detection of hypermethyla-
tion of the Septin 9 gene by PCR amplification of DNA
extracted from plasma was reported to detect 72% of
colon cancers with a false positive rate of 10% (Grutz-
mann et al, 2008). The DNA methylation status of specific
genes or loci is usually detected by selective bisulphite
deamination of cytosine, but not 5-methylcytosine, to
uracil, leading to a primary DNA sequence change that
can be detected by sequencing or other means (Allen et
al, 2004).
[0012] Global DNA hypomethylation is a hallmark of
cancer cells (Esteller 2007 and Hervouet et al, 2010).
Global DNA methylation can be studied in cells using
immunohistochemistry techniques. Alternatively the
DNA is extracted from the cells for analysis.
[0013] It has been known for many years that, in addi-
tion to nucleic acid and histone proteins, chromatin com-
prises a large number of non-histone proteins bound to
its constituent DNA and/or histones (Yoshida and Shimu-
ra, 1972). These chromatin associated proteins are of a
wide variety of types and have a variety of functions in-
cluding transcription factors, transcription enhancement
factors, transcription repression factors, histone modify-
ing enzymes, DNA damage repair proteins and many

more. The study of chromatin bound proteins has been
carried out largely by Chromatin ImmunoPrecipitation
(ChIP) methods. These methods are well known in the
art but are complex, laborious and expensive.
[0014] In a typical ChIP method the cellular chromatin
is cross-linked so that all the protein and nucleic acid
components are covalently attached to each other. The
chromatin is then sheared to form a preparation of mono-
nucleosomes and oligonucleosomes. An antibody to the
protein of interest is added to the sheared chromatin to
immunoprecipitate those chromatin fragments contain-
ing the protein. The antibody is normally attached to a
solid phase (eg; plastic beads) to facilitate isolation of
the chromatin complex containing the protein of interest.
The cross-linking is then reversed and the protein is re-
moved by digestion with a proteinase. The DNA associ-
ated with the chromatin complex is isolated and analysed
to determine the DNA sequence, gene or locus associ-
ated with the particular protein binding using any of a
variety of techniques including PCR followed by gel elec-
trophoresis, DNA sequencing (ChIP-Seq) or DNA micro-
arrays (ChIP-on-chip).
[0015] These ChIP methods reveal the DNA sequenc-
es associated with chromatin bound histone proteins. De-
rivatives of the ChIP method have been developed to
facilitate studies of the association of non-histone pro-
teins with histones and nucleosomes including for exam-
ple Histone Associated Assays (Ricke and Bielinsky,
2005). Many proteins that bind to chromatin are involved
in cancer and other disease mechanisms but their abun-
dance in nucleosome adduct form in the circulation has
not been previously investigated. Examples include the
High Mobility Group Box Protein 1 (HMGB1), the poly-
comb protein Enhancer of Zeste Homolog 2 (EZH2) and
the nuclear receptor group of proteins.
[0016] The High Mobility Group of proteins are a com-
ponent of chromatin present at about 3% of the weight
of DNA or histones. They are structural proteins that bind
to nucleosomes without any known specificity for the un-
derlying DNA sequence (Gerlitz et al; 2009). HMGB1 is
an architectural chromosomal protein and a pro-inflam-
matory mediator. It is involved in cell death, apoptosis
and in numerous diseases including various inflamma-
tory and autoimmune conditions, sepsis, meningitis and
neurodegeneration. Overexpression of HMGB1 is asso-
ciated with all of the central hallmarks of cancer (Tang
et al; 2010). HMGB1 is tightly attached to the chromatin
of apoptotic cells. Studies of nucleosome-HMGB1 com-
plexes have shown that these adducts are found in the
circulation of subjects suffering from the autoimmune dis-
ease Systemic Lupus Erythematosus (SLE) and that the
adducts are involved in the development of anti-nuclear
antibodies which is a key feature of SLE. Nucleosomes
not attached to HMGB1 do not illicit an immune response.
The binding of HMGB1 to nucleosomes in these adducts
was demonstrated by immunoprecipitation of nucleo-
somes with an antibody directed to DNA or histones fol-
lowed by Western Blot using an anti-HMGB1 antibody to
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demonstrate the presence of HMGB1 in the immunopre-
cipitated nucleosomes (Urbonaviciute et al; 2008).
[0017] HMGB proteins interact with many other pro-
teins known to affect chromatin function and chromatin
complexes involving HMGB proteins plus additional pro-
teins have been shown to occur (Gerlitz et al; 2009).
Thus, in addition to simple nucleosome-protein adducts,
nucleosome-protein-complex adducts in which 2 or mul-
tiple proteins are associated with nucleosomes occur in
chromatin.
[0018] EZH2 is a member of the Polycomb-group
(PcG) family that form multimeric protein complexes in-
volved in maintaining the transcriptional repressive state
of genes. EZH2 is a histone modification enzyme (his-
tone-lysine N-methyltransferase) that methylates the
lysine 27 amino acid residue of histone 3 of nucleosomes.
This histone modification is associated with chromatin
condensation and gene silencing (Cao et al; 2002).
[0019] Nuclear receptors are molecules that regulate
gene expression under the control of hormones or lig-
ands, for example the estrogen receptor (ER) regulates
the expression of estrogen dependent genes. Many of
these proteins are involved in disease processes, for ex-
ample ER is involved in the progression of breast cancer
and many breast cancer treatments are targeted to ER
and/or to prevention of the interaction of ER with its ligand
estradiol.
[0020] In addition to nucleosome-protein adducts that
occur in the cell, there are other nucleosome-protein ad-
ducts that may be formed after release of nucleosomes
from the cell following cell death. Such nucleosome ad-
ducts include the nucleosome-immunoglobulin adducts
that are a key feature of SLE.
[0021] We now report simple immunoassay methods
for the direct estimation of protein-nucleosome adducts
in biological samples. We have developed simple meth-
ods for the detection of nucleosome bound EZH2,
HMGB1 and several nuclear receptors and shown that
such nucleosome adducts can be detected in serum
samples and that they have use as biomarkers in dis-
ease.

SUMMARY OF THE INVENTION

[0022] According to a first aspect of the invention there
is provided a method for detecting the presence of a nu-
cleosome-protein adduct in a sample, wherein the protein
adducted to the nucleosome is selected from: a transcrip-
tion factor, a pro-inflammatory protein, a polycomb pro-
tein or a chromatin modifying enzyme, which comprises
the steps of:

(i) contacting the sample with a first binding agent
which binds to nucleosomes or a component thereof;
(ii) contacting the nucleosomes or sample with a sec-
ond binding agent which binds to a protein adducted
to a nucleosome;
(iii) detecting or quantifying the binding of said sec-

ond binding agent to the adducted protein in the sam-
ple; and
(iv) using the presence or degree of such binding as
a measure of the presence of nucleosome-protein
adducts in the sample.

[0023] According to a second aspect of the invention
there is provided a method for detecting the presence of
a nucleosome-protein adduct in a sample wherein the
protein adducted to the nucleosome is selected from: a
transcription factor, a pro-inflammatory protein, a poly-
comb protein or a chromatin modifying enzyme, which
comprises the steps of:

(i) contacting a sample with a first binding agent
which binds to a protein adducted to a nucleosome;
(ii) contacting the nucleosomes or sample with a sec-
ond binding agent which binds to nucleosomes or a
component thereof;
(iii) detecting or quantifying the binding of said sec-
ond binding agent to nucleosomes or a component
thereof in the sample; and
(iv) using the presence or degree of such binding as
a measure of the presence of nucleosome-protein
adducts in the sample.

[0024] According to a further aspect of the invention
there is provided a method for detecting or diagnosing a
disease status in an animal or a human subject which
comprises the steps of:

(i) detecting or measuring a nucleosome-protein ad-
duct in a body fluid of a subject as defined in any one
of the methods defined herein; and
(ii) using the nucleosome-protein adduct level de-
tected to identify the disease status of the subject.

[0025] According to a further aspect of the invention
there is provided a method for assessment of an animal
or a human subject for suitability for a medical treatment
which comprises the steps of:

(i) detecting or measuring a nucleosome-protein ad-
duct in a body fluid of the subject as defined in any
one of the methods defined herein; and
(ii) using the nucleosome-protein adduct level de-
tected as a parameter for selection of a suitable treat-
ment for the subject.

[0026] According to a further aspect of the invention
there is provided a method for monitoring a treatment of
an animal or a human subject which comprises the steps
of:

(i) detecting or measuring a nucleosome-protein ad-
duct in a body fluid of the subject as defined in any
one of the methods defined herein;
(ii) repeating the detection or measurement of a nu-
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cleosome-protein adduct in a body fluid of the subject
on one or more occasions;
(iii) using any changes in the nucleosome-protein
adduct level detected as a parameter for any chang-
es in the condition of the subject.

BRIEF DESCRIPTION OF THE FIGURES

[0027]

Figure 1: ELISA dose response curve for the detec-
tion of nucleosome EZH2 adduct levels in digested
chromatin extracted from Hela cells diluted into
horse serum.
Figure 2: Nucleosome-EZH2 adduct ELISA results
for serum samples taken from 5 healthy subjects and
11 subjects with tumours.
Figure 3: ELISA dose response curve for the detec-
tion of nucleosome-HMGB1 adduct levels in digest-
ed chromatin extracted from Hela cells diluted into
horse serum.
Figure 4: Nucleosome-HMGB1 adduct ELISA re-
sults for serum samples taken from 5 healthy sub-
jects and 11 subjects with tumours.
Figure 5: Nucleosome-HMGB1 adduct ELISA re-
sults for serum samples taken from 31 healthy sub-
jects and 74 subjects with (A) colon cancer,(B) breast
cancer or (C) lung cancer.
Figure 6: ELISA dose response curve for the detec-
tion of nucleosome-Progesterone Receptor adduct
levels in cell-free nucleosomes prepared by the
method of *Holdenrieder et al; 2001.
Figure 7: ELISA results for the detection of nucleo-
some-Androgen Receptor adduct levels in 2 prostate
cancer cases and a cell-free nucleosome sample
prepared by the method of *Holdenrieder et al; 2001.
Figure 8: ELISA dose response curve for the detec-
tion of nucleosome-Estrogen Receptor alpha (ERα)
adduct levels in cell-free nucleosomes prepared by
the method of *Holdenrieder et al; 2001.
Figure 9: ELISA results for the detection of nucleo-
some-ERβ adduct levels in digested MCF7 chroma-
tin. The assay was carried out in two different for-
mats. In the first format the anti-nucleosome anti-
body was coated on the wells and the anti-ERβ an-
tibody was biotinylated. In the second format the anti-
ERβ antibody was coated on the wells and the anti-
nucleosome antibody was biotinylated.
Figure 10: Nucleosome H2AZ-ERβ adduct ELISA re-
sults.
Figure 11: Nucleosome-ERβ adduct ELISA results
for serum samples taken from 12 healthy subjects
and 16 subjects with tumours.

DETAILED DESCRIPTION OF THE INVENTION

[0028] According to one aspect of the invention there
is provided the use of a nucleosome-protein adduct as a

biomarker in blood for the diagnosis of cancer, autoim-
mune disease or inflammatory disease. In one embodi-
ment, the biomarker is used for the diagnosis of cancer.
We have shown that two such adducts containing
HMGB1 and EZH2 are present in the circulation of sub-
jects with cancer but are not detected in the circulation
of healthy subjects.
[0029] It is well known in the art that cancers may be
hormone dependent and require the presence of hor-
mone for growth. It is also well known that nuclear hor-
mones function by nuclear localisation of the receptor
bound hormone complex and binding to specific hormone
response elements in the genome. The expression of
genes associated with the elements is regulated by bind-
ing of the receptor bound hormone complex to the ge-
nomic response element. In one embodiment the inven-
tion provides hormone receptor-nucleosome adduct and
hormone-hormone receptor-nucleosome complex ad-
duct biomarkers to characterise the tumour status of a
subject. These adducts may be circulating adducts
present in the blood or in another body fluid or may be
produced by the digestion of chromatin from a sample of
tumour tissue.
[0030] It is well known in the art that nuclear hormone
receptors regulate gene expression under hormonal or
ligand control. For example the estrogen receptor func-
tions by binding its substrate (the steroid hormone estro-
gen) at the cell surface membrane. Binding is followed
by internalisation of the hormone-receptor complex and
intra-nuclear localisation where the receptor binds to spe-
cific hormone response elements in the genome. The
specific gene sequence to which the estrogen receptor
binds is known as the Estrogen Response Element
(ERE). Expression of genes associated with the ERE
may be regulated by the receptor and hence by the pres-
ence or level of estrogen in the circulation of a subject.
It is also well known in the art that growth of breast cancer
is often under estrogen control and such cancer is often
termed estrogen dependent. As these tumours over ex-
press the Estrogen Receptor (ER) they are often termed
ER+ tumours. The growth of estrogen dependent tu-
mours can be slowed or prevented by therapeutic inter-
ventions aimed at prevention of estrogen binding to the
estrogen receptor and this is a common method of breast
cancer treatment. Examples of such treatments include
the drug Tamoxifen which acts as an antagonist for es-
trogen in estrogen dependent breast cancer and aro-
matase inhibitors which slow or prevent estrogen pro-
duction. However, with time, cancers develop into estro-
gen independent tumours which will grow even in the
absence of estrogen stimulation and require different
treatments. The diagnosis of estrogen dependent and
independent tumours is currently performed routinely by
immunostaining of tumour biopsy tissue to determine the
abundance or otherwise of the estrogen receptor in tu-
mour cells. Clinicians may need to retest the estrogen
dependency of a tumour repeatedly during the course of
tumour treatment to determine whether or not further es-
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trogen dependent treatment is appropriate or whether
the subject’s treatment regime should be altered to reflect
the changing nature of the tumour as the disease
progresses. Unfortunately current tests are suboptimal
and require repeated painful biopsy on each occasion
the test is performed. In one embodiment of the invention
the detection of estrogen receptor-nucleosome adducts
in the circulation of breast cancer patients is used as an
indicator of estrogen receptor binding to ERE in the nu-
cleus of tumour cells as an indicator for estrogen depend-
ency of a tumour to aid the selection of appropriate treat-
ment and for predictive prognostic information. This
method has the advantages that it is indicative of ERE-
estrogen receptor binding in the tumour, rather than a
simple indicator of the presence or abundance of estro-
gen receptor, and that it may be repeated as frequently
as desired by a simple blood test without the need for
biopsy. We have developed simple ELISA methods for
the detection and quantification of nucleosome-ER ad-
ducts containing both the ERα and ERβ forms of the re-
ceptor. Surprisingly these adducts are present in the cir-
culation of cancer patients.
[0031] It will be clear to those skilled in the art that the
same principle can be applied to the detection of estrogen
receptor-nucleosome adducts in cell chromatin digests
produced from the tumour tissue itself. This method for
assessing the estrogen dependency of a tumour is su-
perior to current methods because it is indicative of ERE-
estrogen receptor binding in the tumour, rather than a
simple indicator of the presence or abundance of estro-
gen receptor.
[0032] In another embodiment of the invention the de-
tection of the presence of steroid estrogen itself in an
estrogen-estrogen receptor-nucleosome complex ad-
duct either in the circulation, or in another body fluid, or
in nucleosomes produced as a digest of chromatin from
tumour tissue is used as an indicator of estrogen depend-
ency status of a tumour.
[0033] It is reported that circulating nucleosomes are
elevated in endometriosis (Holdenrieder et al; 2001) and,
as endometriosis tissue is estrogen responsive, binding
of the estrogen receptor in the chromatin of endometri-
osis cells may lead to estrogen receptor-nucleosome ad-
ducts or estrogen-estrogen receptor-nucleosome com-
plex adducts in the circulation. In a further embodiment
of the invention estrogen receptor-nucleosome adducts
or estrogen-estrogen receptor-nucleosome complex ad-
ducts are detected in a body fluid as a biomarker for the
presence of an estrogen dependent gynaecological con-
dition including for example endometriosis.
[0034] In a similar manner to estrogen dependent
breast cancer, the growth of androgen dependent pros-
tate cancer requires, or is accelerated by androgen. An-
drogen dependent prostate tumours are similarly treated
by methods that prevent androgen binding to the andro-
gen receptor (AR). Androgen dependent prostate tu-
mours may also develop to become androgen independ-
ent and hence resistant to treatments including physical

or chemical castration by drugs to prevent androgen
binding to its receptor. The androgen dependency status
of a tumour may be determined by the level of androgen
receptor binding to androgen response elements (ARE)
in the genome and this may be determined by the anal-
ysis of androgen receptor-nucleosome adduct levels
present in the circulation of a subject or in chromatin di-
gests from prostate tissue. Embodiments of the invention
for this purpose include the detection of androgen recep-
tor-nucleosome adducts or androgen-androgen recep-
tor-nucleosome complex adducts in the circulation or in
a body fluid of a subject or in nucleosomes produced by
digestion of chromatin from tumour tissue of a subject.
We have now developed simple ELISA methods for the
detection and quantification of nucleosome-AR adducts
and demonstrated their utility. We have also developed
simple ELISA methods for the detection and quantifica-
tion of nucleosome-Progesterone Receptor adducts.
Other hormone dependent diseases may be addressed
with similar embodiments of the method of the invention.
Such embodiments include the detection of other recep-
tor-nucleosome adducts including for example glucocor-
ticoid receptor, thyroid hormone receptor and retinoic ac-
id receptor-nucleosome adducts for the detection of tu-
mours including for example various types of leukaemia
involving the retinoic acid receptor.
[0035] According to a further aspect of the invention,
the methods described hereinbefore may be used to de-
tect hormone-hormone receptor-nucleosome complex
adducts. In one embodiment, the hormone-hormone re-
ceptor-nucleosome complex adducts comprise a thyrox-
ine-thyroid hormone receptor-nucleosome complex ad-
duct, a triiodothyronine-thyroid hormone receptor-nucle-
osome complex adduct, a retinoic acid-retinoic acid re-
ceptor-nucleosome complex adduct, an androgen-an-
drogen receptor-nucleosome complex adduct or an es-
trogen-estrogen receptor-nucleosome complex adduct.
This aspect of the invention has the advantage of distin-
guishing hormone activated adducts as well as adducts
containing wild type or normal hormone receptor from
hormone receptor which does not bind its ligand, for ex-
ample due to mutation in the course of disease progres-
sion (for example in estrogen independent breast can-
cer). This aspect of the invention may be carried out in
multiple ways. In one embodiment an antibody or other
binder directed to bind to the hormone itself is used in
place of the antibody directed to bind the hormone re-
ceptor. In an alternative embodiment hormone is extract-
ed from an antibody captured hormone-hormone recep-
tor-nucleosome complex adduct and quantified by estab-
lished methods for example immunoassay methods,
spectrographic methods or chromatographic methods in-
cluding high performance liquid chromatography
(HPLC), liquid chromatography followed by mass spec-
troscopy (LC/MS) or gas chromatography followed by
mass spectroscopy (GC/MS). For example, androgen-
androgen receptor-nucleosome complex adduct is cap-
tured by immobilised antibodies directed to bind to an
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epitope present on the adduct (for example on the an-
drogen receptor or on a nucleosome). The hormone is
then extracted from the solid phase bound adduct into
an organic solvent (for example; diethyl ether). The sol-
vent is transferred, dried and the androgen is redissolved
in assay buffer and its concentration is measured (for
example by competitive immunoassay). It will be clear to
those skilled in the art that this embodiment will have
particular application for small molecule hormones such
as steroid and thyroid hormones.
[0036] The present invention is aimed at detection of
proteins which are bound to nucleosomes. This can be
done by means of a double antibody ELISA test in which
one antibody is directed to bind nucleosomes and the
other is directed to bind to the protein bound to the nu-
cleosome. However the antibody directed to bind to the
nucleosome need not be directed to the whole nucleo-
some complex but may be directed to a protein or nucleic
acid component part of the nucleosome. In this embod-
iment of the invention the antibody employed to bind to
the nucleosome may be directed to bind any component
part of a nucleosome including, for example to a particular
histone, histone modification, histone variant or isoform
or to a particular nucleotide or modified nucleotide. We
have shown that this design of assay works well using
the example of using an antibody directed to bind to the
histone variant H2AZ as a binder of nucleosomes. It will
be clear to those skilled in the art that this method has
the additional advantage of selectively binding only those
nucleosomes which contain both the protein of interest
in the adduct and H2AZ. This design provides a method
for an assay to test for any combination of adduct protein
with any particular histone, histone modification, histone
variant, nucleotide, modified nucleotide or other nucleo-
some structure.
[0037] According to a first aspect of the invention there
is provided a method for detecting the presence of a nu-
cleosome-protein adduct in a sample which comprises
the steps of:

(i) contacting the sample with a first binding agent
which binds to nucleosomes or a component thereof;
(ii) contacting the nucleosomes or sample with a sec-
ond binding agent which binds to a protein adducted
to a nucleosome;
(iii) detecting or quantifying the binding of said sec-
ond binding agent to the adducted protein in the sam-
ple; and
(iv) using the presence or degree of such binding as
a measure of the presence of nucleosome adducts
in the sample.

[0038] It will be clear to those skilled in the art that the
binding agent to be detected may be selected to be either
the antibody directed to the adducted protein or to the
nucleosome or a component part of the nucleosome.
[0039] According to a second aspect of the invention
there is provided a method for detecting the presence of

a nucleosome adduct in a sample which comprises the
steps of:

(i) contacting a sample with a first binding agent
which binds to a protein adducted to a nucleosome;
(ii) contacting the nucleosomes or sample with a sec-
ond binding agent which binds to nucleosomes or a
component thereof;
(iii) detecting or quantifying the binding of said sec-
ond binding agent to nucleosomes or a component
thereof in the sample; and
(iv) using the presence or degree of such binding as
a measure of the presence of nucleosome adducts
in the sample.

[0040] In one embodiment, the nucleosome adduct in-
cludes a pro-inflammatory protein, a High Mobility Group
Protein, a polycomb protein, a chromatin modifying en-
zyme, a nuclear receptor or a hormone. In an alternative
embodiment, the nucleosome adduct includes a High
Mobility Group Protein, a polycomb protein, a chromatin
modifying enzyme, a hormone receptor or a hormone. In
a further embodiment, the nucleosome adduct includes
a chromatin modifying enzyme, a nuclear receptor or a
hormone. In a further embodiment, the High Mobility
Group Protein is HMGB1. In one embodiment, when the
biomarker is used for the diagnosis of cancer, the nucle-
osome-protein adduct includes a High Mobility Group
Protein.
[0041] In one embodiment, the chromatin modifying
enzyme is a histone acetylation, deacetylation, methyl-
ation, demethylation phosphorylation, dephosphoryla-
tion ubiquitination, deubiquitination sumoylation, des-
umoylation or DNA methyltransferase enzyme. In an al-
ternative embodiment, the chromatin modifying enzyme
is EZH2.
[0042] In one embodiment, when the nucleosome-pro-
tein adduct includes a nuclear receptor, said nuclear re-
ceptor is the estrogen receptor, androgen receptor, pro-
gesterone receptor, thyroid hormone receptor, glucocor-
ticoid receptor or retinoic acid receptor. In an alternative
embodiment, when the nucleosome-protein adduct in-
cludes a nuclear receptor, said nuclear receptor is the
estrogen receptor, androgen receptor or retinoic acid re-
ceptor.
[0043] In one embodiment, when the nucleosome-pro-
tein adduct includes a hormone, said hormone is a thyroid
hormone, a glucocorticoid hormone or a steroid hormone
including an estrogen, an androgen, a progestogen , a
corticosteroid or retinoic acid. In an alternative embodi-
ment, when the nucleosome-protein adduct includes a
hormone, said hormone is a steroid hormone including
an estrogen, an androgen, a corticosteroid or retinoic ac-
id.
[0044] In one embodiment, when the nucleosome-pro-
tein adduct includes a hormone receptor, said hormone
receptor is the estrogen receptor, androgen receptor,
progesterone receptor, thyroid hormone receptor or
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retinoic acid receptor.
[0045] We have shown that the method can be per-
formed using an antibody directed to the nucleosome
itself in combination with an antibody directed to bind to
the protein adducted to the nucleosome or using an an-
tibody directed to a component of a nucleosome, again
in combination with an antibody directed to bind to the
protein adducted to the nucleosome. In one embodiment,
the nucleosome or nucleosome component antibody or
binder is directed to bind a particular epigenetic nucleo-
some epitope; for example any histone variant (eg;
H2AZ), any histone modification (eg; trimethyl H3K9) or
any nucleotide or modified nucleotide (eg; 5-methylcyto-
sine). In an alternative embodiment, the nucleosome or
nucleosome component binder is directed to bind to a
particular epigenetic signal structure such that only a par-
ticular subset of nucleosome adducts containing said ep-
igenetic signal structure are detected.
[0046] In one embodiment, the binding agent used is
an antibody, an antibody fragment or an aptamer. In a
further embodiment, the binding agent used is an anti-
body.
[0047] In one embodiment, the sample is a biological
fluid. In a further embodiment, the sample is blood or
serum or plasma. It will be clear to those skilled in the art
that the detection of nucleosome adducts in a body fluid
has the advantage of being a minimally invasive method
that does not require biopsy.
[0048] In some cases however, it may be preferable
to assess the nucleosome adduct status of a cell directly
by producing nucleosomes from that cell and analyzing
the nucleosomes for the presence of particular nucleo-
some adducts.
[0049] According to a further aspect of the invention
there is provided a method for detecting a nucleosome
adduct in a cell which comprises the steps of:

(i) isolating chromatin from a cell;
(ii) digesting, sonicating or otherwise breaking down
the chromatin to form mono-nucleosomes and/or ol-
igo-nucleosomes; and
(iii) detecting or measuring the presence of the nu-
cleosome adduct according to an ELISA method of
the invention described in any of the above second
to sixth aspects.

[0050] According to a further aspect of the invention
there is provided a method for detecting or diagnosing a
disease status in an animal or a human subject which
comprises the steps of:

(i) detecting or measuring a nucleosome adduct in
a body fluid of a subject; and
(ii) using the nucleosome adduct level detected to
identify the disease status of the subject.

[0051] In one embodiment of the invention the pres-
ence of a nucleosome adduct in a sample is used to de-

termine the optimal treatment regime for a subject in need
of such treatment. One example of such an embodiment
is the detection of a nuclear hormone receptor-nucleo-
some adduct or a hormone-hormone receptor-nucleo-
some complex adduct for assessment of the hormone
dependency of a tumour.
[0052] According to a further aspect of the invention
there is provided a method for assessment of an animal
or a human subject for suitability for a medical treatment
which comprises the steps of:

(i) detecting or measuring a nucleosome adduct in
a body fluid of the subject; and
(ii) using the nucleosome adduct level detected as
a parameter for selection of a suitable treatment for
the subject.

[0053] According to a further aspect of the invention
there is provided a method for monitoring a treatment of
an animal or a human subject which comprises the steps
of:

(i) detecting or measuring a nucleosome adduct in
a body fluid of the subject;
(ii) repeating the detection or measurement of a nu-
cleosome adduct in a body fluid of the subject on
one or more occasions;
(iii) using any changes in the nucleosome adduct
level detected as a parameter for any changes in the
condition of the subject.

[0054] In one embodiment, the nucleosome adduct is
detected or measured as one of a panel of measure-
ments.
[0055] According to a further aspect of the invention
there is provided a method for detecting or measuring a
nucleosome adduct, either alone or as part of a panel of
measurements, for the purposes of detecting or diagnos-
ing a disease status, or for assessment of an animal or
a human subject for suitability for a medical treatment,
or for monitoring a treatment of an animal or a human
subject, for use in subjects with actual or suspected can-
cer, benign tumours, inflammatory disease, autoimmune
disease, endometriosis, infectious disease, sepsis,
stroke or myocardial infarction.
[0056] According to a further aspect of the invention
there is provided a method for identifying a nucleosome
adduct biomarker for detecting or diagnosing a disease
status in an animal or a human subject which comprises
the steps of:

(i) detecting or measuring a nucleosome adduct in
a body fluid of the subject;
(ii) detecting or measuring a nucleosome adduct in
a body fluid of a healthy subject or a control subject;
and
(iii) using the difference between the levels detected
in diseased and control subjects to identify whether
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a nucleosome adduct is useful as a biomarker for
the disease status.

[0057] According to a further aspect of the invention
there is provided a kit for the detection of a nucleosome
adduct which comprises a ligand or binder specific for
the nucleosome adduct or component part thereof, or a
structural/shape mimic of the DNA base, nucleotide or
nucleoside or component part thereof, together with in-
structions for use of the kit.
[0058] In addition to histone and nucleic acid compo-
nents, chromatin is known to contain a wide variety of
proteins that perform a wide range of functions. We se-
lected HMGB1, EZH2 and several nuclear receptors as
examples of these proteins and have developed simple
ELISA methods for the detection of mononucleosome
and oligonucleosome adducts of these proteins. We per-
formed these ELISA methods directly on serum samples
taken from healthy and diseased subjects and the meth-
ods require no sample extraction or other sample pre-
treatment. Surprisingly we have shown that these nucle-
osome adducts can be detected in the serum of cancer
subjects and that nucleosome adduct ELISA assays are
useful in the detection and diagnosis of disease states.
[0059] HMGB1 is a damage associated molecular pat-
tern (DAMP) protein associated with cell death, apoptosis
and numerous diseases including various inflammatory
and autoimmune conditions, sepsis, meningitis, neuro-
degeneration, SLE and cancer (Tang et al; 2010). Ele-
vated expression of HMGB1 occurs in many cancers and
is thought to be associated with invasion and metastases
(Sims et al, 2010). Elevated levels of HMGB1 also occur
in the blood of cancer patients as well as in a variety of
other conditions (Stoetzer et al, 2012). Circulating
HMGB1 can be measured by ELISA but such measure-
ments are not used in routine clinical practice because
circulating HMGB1 occurs in bound and free forms and
the Western immunoblot methods currently available to
distinguish these are not suitable for routine use. There-
fore there is a need for a reliable method to distinguish
between free HMGB1 and HMGB1 complexes (Urbon-
aviciute and Voll, 2011). An important class of circulating
HMGB1 complexes is HMGB1-nucleosome adducts and
one embodiment of the present invention is directed to
the detection of HMGB1-nucleosome adducts and other
HMG-nucleosome adducts. We have shown that HMG-
nucleosome adducts can be measured in the blood of
cancer patients using a rapid and simple ELISA method.
[0060] HMGB1 is tightly attached to the chromatin of
apoptotic cells. Studies of nucleosome-HMGB1 com-
plexes have shown that these adducts are found in the
circulation of subjects suffering from the autoimmune dis-
ease SLE and that the adducts are involved in the devel-
opment of anti-nuclear antibodies which is a key feature
of SLE. The presence of these adducts in the circulation
has not been used for clinical diagnostic purposes be-
cause the Western blot methods used for their detection
are expensive, slow and laborious and not suitable for

routine clinical use. The present invention overcomes
these shortcomings.
[0061] EZH2 is a chromatin modification enzyme (his-
tone-lysine N-methyltransferase) that methylates the
lysine 27 amino acid residue of histone 3 of nucleosomes
leading to chromatin condensation and gene silencing
(Cao et al; 2002). This protein is known to bind chromatin
in the nucleus of living cells. Surprisingly we have shown
that EZH2 remains bound to nucleosomes after cell death
and mononucleosome-EZH2 and oligonucleosome-
EZH2 adducts can be detected in the serum of cancer
subjects using the novel ELISA methods of the present
invention.
[0062] It is known that chromatin modifying enzymes
are involved in cancer (Fullgrabe et al, 2011) and inhibi-
tion of the activity of these enzymes through the use of
targeted drugs is a major form of cancer therapy. These
drugs include for example and without limitation Histone
Deacetylation Complex inhibitors (HDACi), Histone Me-
thyl Transferase inhibitors (HMTi) and DNA Methyl
Transferase inhibitors (DNMTi). Whilst the presence of
HMGB1 adducts in the circulation is known to be patho-
logical and associated with anti-nuclear antibodies, the
finding that chromatin modifying enzyme-nucleosome
adducts are present in the circulation has not previously
been reported. Assays for chromatin modifying enzyme-
nucleosome adducts have multiple uses in cancer includ-
ing for example in the assessment of cancer disease
states and in the determination of the efficacy of chro-
matin modifying enzyme inhibitor drugs, for example to
determine if the level of circulating chromatin modifying
enzyme-nucleosome adduct is altered by treatment with
particular drugs. The method of the invention may be
used to determine circulating chromatin modifying en-
zyme-nucleosome adduct levels for a wide variety of dis-
ease diagnostic purposes including disease detection,
monitoring, prognosis, differential diagnosis and choice
of treatment regimes. We have shown that nucleosome
adducts containing the HMT enzyme EZH2 can be de-
tected in the circulation of cancer patients. It will be clear
to those skilled in the art that the method of the invention
may be applied to other chromatin modifying enzymes
including the before mentioned HDAC and DNMT en-
zymes as well as many other enzymes including for ex-
ample enzymes for histone acetylation, demethylation,
phosphorylation, dephosphorylation, ubiquitination, deu-
biquitination, sumoylation and desumoylation.
[0063] Nuclear receptors exert their gene regulatory
effects in the nucleus under ligand hormone control. Ex-
amples include the steroid hormone receptors, thyroid
receptor, glucocorticoid receptor and retinoic acid and
vitamin D receptor. These receptors are involved in a
variety of cancer and other disease mechanisms. Some
examples include the involvement of the Retinoic Acid
Receptor (RAR) in leukaemia, the Estrogen Receptor
(ER) in breast cancer and endometriosis, the Androgen
Receptor (AR) in prostate cancer and the Thyroid Hor-
mone Receptor in thyroid disease and cancer.
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[0064] Surprisingly we have shown that nuclear recep-
tor-nucleosome adducts can be detected in the circula-
tion of cancer patients.
[0065] Thus all of the intra-cellular chromatin associ-
ated proteins we chose to study can be found in the serum
of cancer patients in the form of nucleosome adducts.
These findings indicate that such adducts may not be
unusual and that many such intra-cellular nucleosome
protein adducts, involving many different chromatin as-
sociated proteins, may retain their integrity following cell
death and be amenable to detection in the serum of can-
cer, auto-immune and inflammatory disease patients by
the method of the present invention.
[0066] We have used an anti-histone antibody as cap-
ture antibody for these assays in combination with an
appropriate specific anti-chromatin protein (anti-
HMGB1, anti-EZH2 or anti-nuclear receptor) antibody.
We have used the assays to show that nucleosome ad-
ducts containing specific proteins can be measured in
blood samples taken from subjects with cancer and are
discriminating for use as non-invasive or minimally inva-
sive biomarkers. The nucleosome-adduct levels detect-
ed in serum samples taken from diseased subjects dif-
fered from those detected in serum samples from healthy
subjects.
[0067] We measured the levels of circulating cell free
nucleosome-HMGB1 and nucleosome-EZH2 adducts in
blood samples taken from 3 subjects with colon cancer,
6 subjects with lung cancer and 2 subjects with pancreatic
cancer and compared these with the levels present in
blood samples from 5 healthy subjects as well as with an
artificially produced preparation of serum nucleosomes
from healthy subjects prepared as described in the liter-
ature (*Holdenrieder et al, 2001) and with a commercially
available preparation of nucleosomes prepared by diges-
tion of chromatin extracted from Hela cells.
[0068] Normal ranges were calculated from the results
for the 5 healthy subjects (mean result 6 2 standard de-
viations of the mean) for the nucleosome-HMBG1 and
nucleosome-EZH2 adducts and the results for cancer
subjects were examined to see if they fall within, or out-
side of, the respective normal range. The data show that
2 of 3 colon cancer samples, 4 of 6 lung cancer samples
and 1 of 2 pancreatic cancer samples had elevated nu-
cleosome-HMBG1 adduct levels and similarly that 2 of 3
colon cancer samples, 4 of 6 lung cancer samples and
1 of 2 pancreatic cancer samples had elevated nucleo-
some-EZH2 adduct levels (Optical Density results higher
than the top of the normal range).
[0069] We have similarly measured the levels of nu-
clear receptor-nucleosome adducts in healthy and dis-
eased patients and shown that these are present in the
serum of cancer patients.
[0070] Proteins that bind to chromatin include, without
limitation, nuclear receptors, the High Mobility Group pro-
teins (such as HMGB1), polycomb proteins, chromatin
modification enzymes (such as EZH2), DNA modification
enzymes, nuclear receptors, transcription factors, archi-

tectural or structural proteins, transcription enhancement
factors, transcription repression factors, replication pro-
teins, DNA damage repair proteins and any other pro-
teins involved in the control of gene expression, chroma-
tin packing or replication.
[0071] Nucleosome adducts can also occur due to
binding of nucleosomes present in a biological fluid after
cell death. An example of such an adduct would be a
nucleosome-antibody adduct formed an autoimmune
disease such as SLE.
[0072] Thus in one embodiment of the invention there
is provided a method for detecting or measuring the pres-
ence of a nucleosome-protein complex or adduct. The
nucleosome adducts to be measured may be of any origin
including, without limitation, naturally occurring nucleo-
some adducts present in biological fluids as a conse-
quence of a healthy or diseased condition or nucleosome
adducts may be produced by the digestion of chromatin
extracted from cells, or they may be produced by induced
apoptosis or necrosis of cells (for example by the method
of *Holdenrieder et al; 2001). Surprisingly, we have
shown that nucleosome adducts occur in all these situ-
ations and can be detected by the method of the inven-
tion.
[0073] In another embodiment of the invention there is
provided a method for detecting or measuring the pres-
ence of a nucleosome-protein adduct in a biological fluid.
[0074] In a further embodiment of the invention there
is provided a method for detecting or diagnosing the pres-
ence, type, recurrence or severity of a disease or assess-
ing optimal drug or other treatment options by testing a
subject sample for the presence or level of one or more
nucleosome-protein complexes or adducts.
[0075] In a further embodiment of the invention there
is provided a method for detecting or diagnosing the pres-
ence, type, recurrence or severity of a disease or assess-
ing optimal drug or other treatment options by testing a
sample taken from a subject for the presence or level of
a nucleosome-protein complex or adduct as part of a
panel of tests. An ELISA method for the detection of cell
free nucleosomes containing different histone modifica-
tions has been reported (Bawden et al; 2005).
[0076] Thus, such a panel of tests may consist, for ex-
ample, of two or more measurements of nucleosomes
containing different nucleosome epitopes; including with-
out limitation different adducts and/or histone modifica-
tions and/or histone variants and/or modified nucleotides
and/or measurements of nucleosomes per se, or any
combination or ratio of any of these and any other nucle-
osome epitopes, as an indicator of the health or disease
status of a subject.
[0077] We conclude that the method of the present in-
vention is a successful method for the detection and
measurement of nucleosome adducts containing partic-
ular proteins, and that this method is a superior method
for the detection of nucleosome adducts than the meth-
ods of the current art. The method is rapid, low cost and
suitable for use in complex biological media and fluids
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including blood and its derivatives. We have demonstrat-
ed that the method of the current invention can be used
to detect nucleosome adducts in blood, and that this may
be used as a biomarker for cancer. It will be clear to those
skilled in the art that a biomarker present in the blood
has value for a broad range of diagnostic and disease
screening purposes for cancer and other diseases which
are associated with elevated circulating nucleosomes
(Holdenrieder et al, 2001).
[0078] According to one aspect of the invention there
is provided a double antibody, immunometric or sand-
wich immunoassay method for detecting and measuring
cell free nucleosome adducts in a sample. One embod-
iment of this aspect is an immunoassay which comprises
the steps of:

(i) contacting a sample which may contain nucleo-
some adducts with a first antibody or other binder
which binds to nucleosomes or a component thereof;
(ii) contacting the nucleosomes or sample with a sec-
ond antibody or other binder which binds to a protein
that may be present as a nucleosome-protein ad-
duct;
(iii) detecting and/or quantifying the binding of said
second antibody or other binder to a nucleosome-
protein adduct in the sample; and
(iv) using the presence or degree of such binding as
a measure of the presence of a nucleosome-protein
adduct in the sample.

[0079] According to another aspect of the invention
there is provided a method for detecting and measuring
cell free nucleosome adducts in a sample by an immu-
nometric immunoassay which comprises the steps of:

(i) contacting a sample which may contain nucleo-
some adducts containing a particular protein with a
first antibody or other binder which binds to the pro-
tein of interest;
(ii) contacting the nucleosomes or sample with a sec-
ond antibody or other binder which binds to nucleo-
somes or a component thereof;
(iii) detecting and/or quantifying the binding of said
second antibody or other binder to nucleosomes
sample with a second antibody or other binder which
binds to nucleosomes or a component thereof in the
sample; and
(iv) using the presence or degree of such binding as
a measure of the presence of a nucleosome adduct
in the sample.

[0080] It will be clear to those skilled in the art that the
antibody or other binder used to bind nucleosomes or a
component thereof in stage (i) of the first aspect above
and stage (ii) of the second aspect above may be an
antibody (or other binder) directed against intact nucle-
osomes or against any component part of a nucleosome
including without limitation against a histone, a histone

variant, a histone modification, a nucleotide, a modified
nucleotide or other part of the DNA component of a nu-
cleosome. Thus in a further aspect of the invention there
is provided a method for detecting (only) those nucleo-
some-protein adducts which additionally contain another
feature to which this binder is directed including without
limitation a particular histone modification, histone vari-
ant or nucleotide. An advantage of this design is that the
nucleosome component epitope and adducted protein
epitope of the assay can be selected to be epitopes
whose levels both differ greatly in healthy or diseased
patients, or other patient status under investigation. Thus
is likely to reduce the proportion of nucleosomes detected
by the assay but to increase the clinical selectivity or spe-
cificity of the assay.
[0081] We have performed this design of assay using
an antibody directed to the nucleosome component
H2AZ as the anti-nucleosome antibody in conjunction
with anti-EZH2 antibodies and shown that nucleosome-
EZH2 adducts specifically associated with H2AZ can be
detected by such assays and that these assays can be
used to discriminate between samples taken from
healthy and diseased subjects.
[0082] In a further aspect of the invention the nucleo-
some adduct to be detected may contain more than one
protein. Further proteins in an adduct may be directly or
indirectly bound to the nucleosome. For example a nu-
cleosome may be bound to a HMGB protein and addi-
tionally to a further protein or proteins. The further pro-
tein(s) may be directly bound to the nucleosome or may
be bound to the HMGB protein, and hence indirectly to
the nucleosome. Nucleosome adducts may contain large
protein complexes consisting of multiple protein compo-
nents where the binding of a particular protein in the com-
plex adduct to the nucleosome may be through multiple
intermediary binding connections. It will be clear to those
skilled in the art that a protein bound to a nucleosome in
a nucleosome adduct, either directly or indirectly, may
be detected by a method of the present invention.
[0083] It will be clear to those skilled in the art that the
methods of the invention described include a variety of
embodiments including biosensor type assays and label-
free assays of the type marketed for example by ForteBio
Incorporated of USA. According to a further aspect of the
invention there is provided a method for detecting the
proportion of nucleosomes that comprises a particular
nucleosome adduct in a sample comprising the steps of:

(i) detecting or measuring the level of nucleosomes
in a sample;
(ii) detecting or measuring the level of a nucleosome
adduct according to a method of the current inven-
tion; and
(iii) using the two measurements to determine the
proportion of nucleosomes that comprises the nu-
cleotide adduct.

[0084] We have shown that the detection and meas-
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urement of nucleosome adducts in the blood taken from
subjects can be used as a diagnostic method to identify
subjects with cancer and to differentiate them from
healthy subjects. According to a further aspect of the in-
vention there is provided a method for detecting or diag-
nosing the presence of a disease by measuring or de-
tecting the presence and/or the level or concentration of
cell free nucleosome adducts in a body fluid, and using
the detected level as a biomarker of the disease status
of a subject including, without limitation, a clinical diag-
nosis of a disease, a differential diagnosis of disease type
or subtype, or a disease prognosis, or a disease relapse,
or a diagnosis of subject susceptibility to treatment reg-
imens. It will be appreciated by those skilled in the art
that body fluids used for diagnostic testing include without
limitation blood, serum, plasma, urine, cerebrospinal fluid
and other fluids. In a preferred embodiment the body fluid
selected as the sample is blood, serum or plasma. The
assay response, level, concentration or quantity of a nu-
cleosome adduct in a body fluid may be expressed in
absolute terms or relative terms, for example without lim-
itation as a proportion of the total nucleosome level
present or as a ratio to the level of nucleosomes contain-
ing another nucleosome structure such as a histone mod-
ification or to the level of total DNA.
[0085] In one embodiment of the invention the nucle-
osome adduct measurement is used as a member of a
diagnostic panel of tests or measurements for the detec-
tion or diagnosis of the disease status of a subject includ-
ing, without limitation, a clinical diagnosis of a disease,
a differential diagnosis of disease type or subtype, or a
disease prognosis, or a disease relapse, or a diagnosis
of subject susceptibility to treatment regimens
[0086] According to another aspect of the invention
there is provided a method for detecting or measuring
the presence and/or the level of chromatin binding of a
protein in a cell which comprises the steps of:

(i) isolating chromatin from a cell;
(ii) breaking down the chromatin to form mono-nu-
cleosomes and/or oligo-nucleosomes; and
(iii) detecting or measuring the presence of a nucle-
osome adduct in the mono-nucleosomes and/or ol-
igo-nucleosomes by means of an immunoassay
method of the invention.

[0087] Methods for producing mono-nucleosomes
and/or oligo-nucleosomes from chromatin are well
known in the art and include enzyme digestion and son-
ication (Dai et al, 2011). We have demonstrated this as-
pect for nucleosomes produced from Hela and from
MCF7 cells.
[0088] It will be clear to those skilled in the art that the
terms antibody, binder or ligand in regard to any aspect
of the invention is not limiting but intended to include an-
tibody fragments, aptamers or any binder capable of
binding to particular molecules or entities and that any
suitable binder can be used in the method of the inven-

tion. It will also be clear that the term nucleosomes is
intended to include mononucleosomes and oligonucleo-
somes and any such chromatin fragments that can be
analysed in fluid media.
[0089] According to another aspect of the invention
there is provided a kit for detecting or measuring nucle-
osome adducts which comprises a ligand or binder spe-
cific for the nucleosome adduct or a component part
thereof, or a structural/shape mimic of the nucleosome
adduct or component part thereof, together with instruc-
tions for use of the kit in accordance with any of the meth-
ods defined herein.
[0090] According to another aspect of the invention
there is provided a method for identifying a nucleosome
adduct biomarker for detecting or diagnosing disease
status in animals or humans which comprises the steps
of:

(i) detecting or measuring the level of a cell free nu-
cleosome adduct in a body fluid of diseased subjects;
(ii) detecting or measuring the level of a cell free nu-
cleosome adduct in a body fluid of control subjects;
and
(iii) using the difference between the levels detected
in diseased and control subjects to identify whether
a nucleosome adduct is useful as a biomarker for
that disease.

[0091] It will be clear to those skilled in the art that the
control subjects may be selected on a variety of basis
which may include, for example, subjects known to be
free of the disease or may be subjects with a different
disease (for example; for the investigation of differential
diagnosis).
[0092] According to a further aspect of the invention
there is provided a method for identifying a nucleosome
adduct biomarker for assessing the prognosis of a dis-
eased animal or human subject which comprises the
steps of:

(i) detecting or measuring the level of a cell free nu-
cleosome adduct in a body fluid of diseased subjects;
and
(ii) correlating the level of cell free nucleosome ad-
duct detected in a body fluid of diseased subjects
with the disease outcome of the subjects.

[0093] According to a further aspect of the invention
there is provided a method for identifying a nucleosome
adduct biomarker to be used for the selection of a treat-
ment regimen for a diseased animal or human subject in
need of treatment which comprises the steps of:

(i) detecting or measuring the level of a cell free nu-
cleosome adduct in a body fluid of diseased subjects;
and
(ii) correlating the level of cell free nucleosome ad-
duct detected in a body fluid of diseased subjects
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with the observed efficacy of a treatment regimen in
those subjects.

[0094] According to a further aspect of the invention
there is provided a method for identifying a nucleosome
adduct biomarker to be used for monitoring the treatment
of a diseased animal or human subject which comprises
the steps of:

(i) detecting or measuring the level of a cell free nu-
cleosome adduct in a body fluid of a diseased sub-
ject;
(ii) repeating said detection or measurement on one
or more occasions during the disease progression
of the subject; and
(iii) correlating the level of cell free nucleosome ad-
duct detected in a body fluid of a diseased subject
with the disease progression in the subject.

[0095] According to a further aspect of the invention,
there is provided a biomarker identified by the method
as defined herein.
[0096] A further aspect of the invention provides lig-
ands or binders, such as naturally occurring or chemically
synthesised compounds, capable of specific binding to
the biomarker. A ligand or binder according to the inven-
tion may comprise a peptide, an antibody or a fragment
thereof, or a synthetic ligand such as a plastic antibody,
or an aptamer or oligonucleotide, capable of specific
binding to the biomarker. The antibody can be a mono-
clonal antibody or a fragment thereof capable of specific
binding to the biomarker. A ligand according to the in-
vention may be labeled with a detectable marker, such
as a luminescent, fluorescent, enzyme or radioactive
marker; alternatively or additionally a ligand according to
the invention may be labelled with an affinity tag, e.g. a
biotin, avidin, streptavidin or His (e.g. hexa-His) tag. Al-
ternatively ligand binding may be determined using a la-
bel-free technology for example that of ForteBio Inc.
[0097] A biosensor according to the invention may
comprise the biomarker or a structural/shape mimic
thereof capable of specific binding to an antibody against
the biomarker. Also provided is an array comprising a
ligand or mimic as described herein.
[0098] Also provided by the invention is the use of one
or more ligands as described herein, which may be nat-
urally occurring or chemically synthesised, and is suitably
a peptide, antibody or fragment thereof, aptamer or oli-
gonucleotide, or the use of a biosensor of the invention,
or an array of the invention, or a kit of the invention to
detect and/or quantify the biomarker. In these uses, the
detection and/or quantification can be performed on a
biological sample as defined herein.
[0099] Diagnostic or monitoring kits are provided for
performing methods of the invention. Such kits will suit-
ably comprise a ligand according to the invention, for
detection and/or quantification of the biomarker, and/or
a biosensor, and/or an array as described herein, option-

ally together with instructions for use of the kit.
[0100] A further aspect of the invention is a kit for de-
tecting the presence of a disease state, comprising a
biosensor capable of detecting and/or quantifying one or
more of the biomarkers as defined herein.
[0101] Biomarkers for detecting the presence of a dis-
ease are essential targets for discovery of novel targets
and drug molecules that retard or halt progression of the
disorder. As the level of the biomarker is indicative of
disorder and of drug response, the biomarker is useful
for identification of novel therapeutic compounds in in
vitro and/or in vivo assays. Biomarkers of the invention
can be employed in methods for screening for com-
pounds that modulate the activity of the biomarker.
[0102] Thus, in a further aspect of the invention, there
is provided the use of a binder or ligand, as described,
which can be a peptide, antibody or fragment thereof or
aptamer or oligonucleotide according to the invention; or
the use of a biosensor according to the invention, or an
array according to the invention; or a kit according to the
invention, to identify a substance capable of promoting
and/or of suppressing the generation of the biomarker.
[0103] Also there is provided a method of identifying a
substance capable of promoting or suppressing the gen-
eration of the biomarker in a subject, comprising admin-
istering a test substance to a subject animal and detecting
and/or quantifying the level of the biomarker present in
a test sample from the subject.
[0104] The term "biomarker" means a distinctive bio-
logical or biologically derived indicator of a process,
event, or condition. Biomarkers can be used in methods
of diagnosis, e.g. clinical screening, and prognosis as-
sessment and in monitoring the results of therapy, iden-
tifying subjects most likely to respond to a particular ther-
apeutic treatment, drug screening and development. Bi-
omarkers and uses thereof are valuable for identification
of new drug treatments and for discovery of new targets
for drug treatment.
[0105] The terms "detecting" and "diagnosing" as used
herein encompass identification, confirmation, and/or
characterisation of a disease state. Methods of detecting,
monitoring and of diagnosis according to the invention
are useful to confirm the existence of a disease, to mon-
itor development of the disease by assessing onset and
progression, or to assess amelioration or regression of
the disease. Methods of detecting, monitoring and of di-
agnosis are also useful in methods for assessment of
clinical screening, prognosis, choice of therapy, evalua-
tion of therapeutic benefit, i.e. for drug screening and
drug development.
[0106] Efficient diagnosis and monitoring methods pro-
vide very powerful "subject solutions" with the potential
for improved prognosis, by establishing the correct diag-
nosis, allowing rapid identification of the most appropriate
treatment (thus lessening unnecessary exposure to
harmful drug side effects), and reducing relapse rates.
[0107] In one embodiment, said biomarker is released
from the cells of a tumour. Thus, according to a further
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aspect of the invention there is provided a method for the
detection of a tumour growth which comprises the steps
of (i) measuring a biomarker in a biological sample that
is associated with or released from the cells of a tumour
and (ii) demonstrating that the level of said biomarker is
associated with the size, stage, aggressiveness or dis-
semination of the tumour.
[0108] It is known that increased cell turnover, cell
death and apoptosis lead to increased circulatory levels
of cell free nucleosomes (Holdenrieder et al, 2001). Cir-
culating cell free nucleosomes level is a non-specific in-
dicator and occurs in a variety of conditions including
inflammatory diseases, a large variety of benign and ma-
lignant conditions, autoimmune diseases, as well as fol-
lowing trauma or ischaemia (Holdenrieder et al 2001). It
will be clear to those skilled in the art that the invention
will have application in a variety of disease areas where
circulating nucleosomes have been found in subjects.
These include, without limitation, trauma (for example;
severe injury or surgery), extreme exercise (for example
running a marathon), stroke and heart attack, sepsis or
other serious infection and endometriosis.
[0109] The immunoassays of the invention include im-
munometric assays employing enzyme detection meth-
ods (for example ELISA), fluorescence labelled immu-
nometric assays, time-resolved fluorescence labelled im-
munometric assays, chemiluminescent immunometric
assays, immunoturbidimetric assays, particulate labelled
immunometric assays and immunoradiometric assays
and competitive immunoassay methods including la-
belled antigen and labelled antibody competitive immu-
noassay methods with a variety of label types including
radioactive, enzyme, fluorescent, time-resolved fluores-
cent and particulate labels. All of said immunoassay
methods are well known in the art, see for example Sal-
game et al, 1997 and van Nieuwenhuijze et al, 2003.
[0110] In one embodiment, said biological sample
comprises a body fluid. For example, biological samples
that may be tested in a method of the invention include
cerebrospinal fluid (CSF), whole blood, blood serum,
plasma, menstrual blood, endometrial fluid, urine, saliva,
or other bodily fluid (stool, tear fluid, synovial fluid, spu-
tum), breath, e.g. as condensed breath, or an extract or
purification therefrom, or dilution thereof. Biological sam-
ples also include specimens from a live subject, or taken
post-mortem. The samples can be prepared, for example
where appropriate diluted or concentrated, and stored in
the usual manner.
[0111] In one embodiment, the method of the invention
is repeated on multiple occasions. This embodiment pro-
vides the advantage of allowing the detection results to
be monitored over a time period. Such an arrangement
will provide the benefit of monitoring or assessing the
efficacy of treatment of a disease state. Such monitoring
methods of the invention can be used to monitor onset,
progression, stabilisation, amelioration, relapse and/or
remission.
[0112] Thus, the invention also provides a method of

monitoring efficacy of a therapy for a disease state in a
subject, suspected of having such a disease, comprising
detecting and/or quantifying the biomarker present in a
biological sample from said subject. In monitoring meth-
ods, test samples may be taken on two or more occa-
sions. The method may further comprise comparing the
level of the biomarker(s) present in the test sample with
one or more control(s) and/or with one or more previous
test sample(s) taken earlier from the same test subject,
e.g. prior to commencement of therapy, and/or from the
same test subject at an earlier stage of therapy. The
method may comprise detecting a change in the nature
or amount of the biomarker(s) in test samples taken on
different occasions.
[0113] Thus, according to a further aspect of the inven-
tion, there is provided a method for monitoring efficacy
of therapy for a disease state in a human or animal sub-
ject, comprising:

(a) quantifying the amount of the biomarker as de-
fined herein; and
(b) comparing the amount of said biomarker in a test
sample with the amount present in one or more con-
trol(s) and/or one or more previous test sample(s)
taken at an earlier time from the same test subject.

[0114] A change in the level of the biomarker in the
test sample relative to the level in a previous test sample
taken earlier from the same test subject may be indicative
of a beneficial effect, e.g. stabilisation or improvement,
of said therapy on the disorder or suspected disorder.
Furthermore, once treatment has been completed, the
method of the invention may be periodically repeated in
order to monitor for the recurrence of a disease.
[0115] Methods for monitoring efficacy of a therapy can
be used to monitor the therapeutic effectiveness of ex-
isting therapies and new therapies in human subjects
and in non-human animals (e.g. in animal models). These
monitoring methods can be incorporated into screens for
new drug substances and combinations of substances.
[0116] In a further embodiment the monitoring of more
rapid changes due to fast acting therapies may be con-
ducted at shorter intervals of hours or days.
[0117] According to a further aspect of the invention,
there is provided a method for identifying a biomarker for
detecting the presence of a disease state. The term "iden-
tifying" as used herein means confirming the presence
of the biomarker present in the biological sample. Quan-
tifying the amount of the biomarker present in a sample
may include determining the concentration of the biomar-
ker present in the sample. Identifying and/or quantifying
may be performed directly on the sample, or indirectly
on an extract therefrom, or on a dilution thereof.
[0118] In alternative aspects of the invention, the pres-
ence of the biomarker is assessed by detecting and/or
quantifying antibody or fragments thereof capable of spe-
cific binding to the biomarker that are generated by the
subject’s body in response to the biomarker and thus are
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present in a biological sample from a subject having a
disease state.
[0119] Identifying and/or quantifying can be performed
by any method suitable to identify the presence and/or
amount of a specific protein in a biological sample from
a subject or a purification or extract of a biological sample
or a dilution thereof. In methods of the invention, quan-
tifying may be performed by measuring the concentration
of the biomarker in the sample or samples. Biological
samples that may be tested in a method of the invention
include those as defined hereinbefore. The samples can
be prepared, for example where appropriate diluted or
concentrated, and stored in the usual manner.
[0120] Identification and/or quantification of biomark-
ers may be performed by detection of the biomarker or
of a fragment thereof, e.g. a fragment with C-terminal
truncation, or with N-terminal truncation. Fragments are
suitably greater than 4 amino acids in length, for example
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20
amino acids in length. It is noted in particular that peptides
of the same or related sequence to that of histone tails
are particularly useful fragments of histone proteins.
[0121] The biomarker may be directly detected, e.g.
by SELDI or MALDI-TOF. Alternatively, the biomarker
may be detected directly or indirectly via interaction with
a ligand or ligands such as an antibody or a biomarker-
binding fragment thereof, or other peptide, or ligand, e.g.
aptamer, or oligonucleotide, capable of specifically bind-
ing the biomarker. The ligand or binder may possess a
detectable label, such as a luminescent, fluorescent or
radioactive label, and/or an affinity tag.
[0122] For example, detecting and/or quantifying can
be performed by one or more method(s) selected from
the group consisting of: SELDI (-TOF), MALDI (-TOF), a
1-D gel-based analysis, a 2-D gel-based analysis, Mass
spec (MS), reverse phase (RP) LC, size permeation (gel
filtration), ion exchange, affinity, HPLC, UPLC and other
LC or LC MS-based techniques. Appropriate LC MS tech-
niques include ICAT® (Applied Biosystems, CA, USA),
or iTRAQ® (Applied Biosystems, CA, USA). Liquid chro-
matography (e.g. high pressure liquid chromatography
(HPLC) or low pressure liquid chromatography (LPLC)),
thin-layer chromatography, NMR (nuclear magnetic res-
onance) spectroscopy could also be used.
[0123] Methods of diagnosing or monitoring according
to the invention may comprise analysing a sample by
SELDI TOF or MALDI TOF to detect the presence or
level of the biomarker. These methods are also suitable
for clinical screening, prognosis, monitoring the results
of therapy, identifying subjects most likely to respond to
a particular therapeutic treatment, for drug screening and
development, and identification of new targets for drug
treatment.
[0124] Identifying and/or quantifying the analyte bi-
omarkers may be performed using an immunological
method, involving an antibody, or a fragment thereof ca-
pable of specific binding to the biomarker. Suitable im-
munological methods include sandwich immunoassays,

such as sandwich ELISA, in which the detection of the
analyte biomarkers is performed using two antibodies
which recognize different epitopes on a analyte biomar-
ker; radioimmunoassays (RIA), direct, indirect or com-
petitive enzyme linked immunosorbent assays (ELISA),
enzyme immunoassays (EIA), Fluorescence immu-
noassays (FIA), western blotting, immunoprecipitation
and any particle-based immunoassay (e.g. using gold,
silver, or latex particles, magnetic particles, or Q-dots).
Immunological methods may be performed, for example,
in microtitre plate or strip format.
[0125] In one embodiment, one or more of the biomar-
kers may be replaced by a molecule, or a measurable
fragment of the molecule, found upstream or downstream
of the biomarker in a biological pathway.
[0126] The identification of key biomarkers specific to
a disease is central to integration of diagnostic proce-
dures and therapeutic regimes. Using predictive biomar-
kers appropriate diagnostic tools such as biosensors can
be developed; accordingly, in methods and uses of the
invention, identifying and quantifying can be performed
using a biosensor, microanalytical system, microengi-
neered system, microseparation system, immunochro-
matography system or other suitable analytical devices.
The biosensor may incorporate an immunological meth-
od for detection of the biomarker(s), electrical, thermal,
magnetic, optical (e.g. hologram) or acoustic technolo-
gies. Using such biosensors, it is possible to detect the
target biomarker(s) at the anticipated concentrations
found in biological samples.
[0127] As used herein, the term "biosensor" means an-
ything capable of detecting the presence of the biomar-
ker. Examples of biosensors are described herein.
[0128] Biosensors according to the invention may
comprise a ligand binder or ligands, as described herein,
capable of specific binding to the biomarker. Such bio-
sensors are useful in detecting and/or quantifying a bi-
omarker of the invention.
[0129] The biomarker(s) of the invention can be de-
tected using a biosensor incorporating technologies
based on "smart" holograms, or high frequency acoustic
systems, such systems are particularly amenable to "bar
code" or array configurations.
[0130] In smart hologram sensors (Smart Holograms
Ltd, Cambridge, UK), a holographic image is stored in a
thin polymer film that is sensitised to react specifically
with the biomarker. On exposure, the biomarker reacts
with the polymer leading to an alteration in the image
displayed by the hologram. The test result read-out can
be a change in the optical brightness, image, colour
and/or position of the image. For qualitative and semi-
quantitative applications, a sensor hologram can be read
by eye, thus removing the need for detection equipment.
A simple colour sensor can be used to read the signal
when quantitative measurements are required. Opacity
or colour of the sample does not interfere with operation
of the sensor. The format of the sensor allows multiplex-
ing for simultaneous detection of several substances. Re-
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versible and irreversible sensors can be designed to
meet different requirements, and continuous monitoring
of a particular biomarker of interest is feasible.
[0131] Suitably, biosensors for detection of one or
more biomarkers of the invention combine biomolecular
recognition with appropriate means to convert detection
of the presence, or quantitation, of the biomarker in the
sample into a signal. Biosensors can be adapted for "al-
ternate site" diagnostic testing, e.g. in the ward, outsub-
jects’ department, surgery, home, field and workplace.
[0132] Biosensors to detect one or more biomarkers
of the invention include acoustic, plasmon resonance,
holographic, Bio-Layer Interferometry (BLI) and micro-
engineered sensors. Imprinted recognition elements,
thin film transistor technology, magnetic acoustic reso-
nator devices and other novel acousto-electrical systems
may be employed in biosensors for detection of the one
or more biomarkers of the invention.
[0133] Methods involving identification and/or quanti-
fication of one or more biomarkers of the invention can
be performed on bench-top instruments, or can be incor-
porated onto disposable, diagnostic or monitoring plat-
forms that can be used in a non-laboratory environment,
e.g. in the physician’s office or at the subject’s bedside.
Suitable biosensors for performing methods of the inven-
tion include "credit" cards with optical or acoustic readers.
Biosensors can be configured to allow the data collected
to be electronically transmitted to the physician for inter-
pretation and thus can form the basis for e-medicine.
[0134] Diagnostic kits for the diagnosis and monitoring
of the presence of a disease state are described herein.
In one embodiment, the kits additionally contain a bio-
sensor capable of identifying and/or quantifying a biomar-
ker. Suitably a kit according to the invention may contain
one or more components selected from the group: a lig-
and binder, or ligands, specific for the biomarker or a
structural/shape mimic of the biomarker, one or more
controls, one or more reagents and one or more consum-
ables; optionally together with instructions for use of the
kit in accordance with any of the methods defined herein.
[0135] The identification of biomarkers for a disease
state permits integration of diagnostic procedures and
therapeutic regimes. Detection of a biomarker of the in-
vention can be used to screen subjects prior to their par-
ticipation in clinical trials. The biomarkers provide the
means to indicate therapeutic response, failure to re-
spond, unfavourable side-effect profile, degree of medi-
cation compliance and achievement of adequate serum
drug levels. The biomarkers may be used to provide
warning of adverse drug response. Biomarkers are useful
in development of personalized therapies, as assess-
ment of response can be used to fine-tune dosage, min-
imise the number of prescribed medications, reduce the
delay in attaining effective therapy and avoid adverse
drug reactions. Thus by monitoring a biomarker of the
invention, subject care can be tailored precisely to match
the needs determined by the disorder and the pharma-
cogenomic profile of the subject, the biomarker can thus

be used to titrate the optimal dose, predict a positive ther-
apeutic response and identify those subjects at high risk
of severe side effects.
[0136] Biomarker-based tests provide a first line as-
sessment of ’new’ subjects, and provide objective meas-
ures for accurate and rapid diagnosis, not achievable us-
ing the current measures.
[0137] Furthermore, diagnostic biomarker tests are
useful to identify family members or subjects with mild or
asymptomatic disease or who may be at high risk of de-
veloping symptomatic disease. This permits initiation of
appropriate therapy, or preventive measures, e.g. man-
aging risk factors. These approaches are recognised to
improve outcome and may prevent overt onset of the
disorder.
[0138] Biomarker monitoring methods, biosensors and
kits are also vital as subject monitoring tools, to enable
the physician to determine whether relapse is due to
worsening of the disorder. If pharmacological treatment
is assessed to be inadequate, then therapy can be rein-
stated or increased; a change in therapy can be given if
appropriate. As the biomarkers are sensitive to the state
of the disorder, they provide an indication of the impact
of drug therapy.

EMBODIMENTS

[0139]

Embodiment 1: Use of a nucleosome-protein adduct
as a biomarker in blood for the diagnosis of cancer,
autoimmune disease or inflammatory disease. Em-
bodiment 2: Use as defined in Embodiment 1, where-
in the biomarker is used for the diagnosis of cancer.

Embodiment 3: Use as defined in Embodiment 1 or
Embodiment 2, wherein the nucleosome-protein ad-
duct includes a chromatin modifying enzyme, a nu-
clear receptor or a hormone.

Embodiment 4: Use as defined in Embodiment 2,
wherein the nucleosome-protein adduct includes a
High Mobility Group Protein.

Embodiment 5: Use as defined in Embodiment 3,
wherein the chromatin modifying enzyme is a histone
acetylation, deacetylation, methylation, demethyla-
tion phosphorylation, dephosphorylation ubiquitina-
tion, deubiquitination sumoylation, desumoylation or
DNA methyltransferase enzyme.

Embodiment 6: Use as defined in Embodiment 3,
wherein the nuclear receptor is the estrogen recep-
tor, androgen receptor, progesterone receptor, thy-
roid hormone receptor, glucocorticoid receptor or
retinoic acid receptor.

Embodiment 7: Use as defined in Embodiment 3,
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wherein the hormone is a thyroid hormone, a gluco-
corticoid hormone or a steroid hormone including an
estrogen, an androgen, a progestogen, a corticos-
teroid or retinoic acid.

Embodiment 8: A method for detecting the presence
of a nucleosome-protein adduct in a sample which
comprises the steps of:

(i) contacting the sample with a first binding
agent which binds to nucleosomes or a compo-
nent thereof;
(ii) contacting the nucleosomes or sample with
a second binding agent which binds to a protein
adducted to a nucleosome;
(iii) detecting or quantifying the binding of said
second binding agent to the adducted protein in
the sample; and
(iv) using the presence or degree of such binding
as a measure of the presence of nucleosome
adducts in the sample.

Embodiment 9: A method for detecting the presence
of a nucleosome adduct in a sample which compris-
es the steps of:

(i) contacting a sample with a first binding agent
which binds to a protein adducted to a nucleo-
some;
(ii) contacting the nucleosomes or sample with
a second binding agent which binds to nucleo-
somes or a component thereof;
(iii) detecting or quantifying the binding of said
second binding agent to nucleosomes or a com-
ponent thereof in the sample; and
(iv) using the presence or degree of such binding
as a measure of the presence of nucleosome
adducts in the sample.

Embodiment 10: The method as defined in Embod-
iment 8 or Embodiment 9, wherein the nucleosome
adduct includes a pro-inflammatory protein, a High
Mobility Group Protein, a polycomb protein, a chro-
matin modifying enzyme, a nuclear receptor or a hor-
mone.

Embodiment 11: The method as defined in Embod-
iment 10, wherein the High Mobility Group Protein
is HMGB1.

Embodiment 12: The method as defined in Embod-
iment 10, wherein the chromatin modifying enzyme
is EZH2.

Embodiment 13: The method as defined in Embod-
iment 10, wherein the hormone receptor is the es-
trogen receptor, androgen receptor, progesterone
receptor, thyroid hormone receptor or retinoic acid

receptor.

Embodiment 14: The method as defined in Embod-
iment 10, wherein the hormone is a thyroid hormone,
a glucocorticoid hormone or a steroid hormone in-
cluding an estrogen, an androgen, a progestogen or
retinoic acid.

Embodiment 15: The method as defined in any one
of Embodiments 8 to 14, wherein the nucleosome or
nucleosome component binder is directed to bind to
a particular epigenetic signal structure such that only
a particular subset of nucleosome adducts contain-
ing said epigenetic signal structure are detected.

Embodiment 16: The method as defined in any one
of Embodiments 8 to 15, wherein the binding agent
is an antibody, an antibody fragment or an aptamer.
Embodiment 17: The method as defined in any one
of Embodiments 8 to 16, wherein the sample is a
biological fluid.

Embodiment 18: A method as defined in any one of
Embodiments 8 to 17, wherein the sample is blood
or serum or plasma.

Embodiment 19: A method for detecting the pres-
ence of a nucleosome-protein adduct as defined in
any one of Embodiments 8 to 18, in a cell which
comprises the steps of:

(i) isolating chromatin from a cell;
(ii) digesting, sonicating or otherwise breaking
down the chromatin to form mono-nucleosomes
and/or oligo-nucleosomes; and
(iii) detecting or measuring the presence of the
nucleosome adduct as defined in a method of
any one of Embodiments 8 to 18.

Embodiment 20: A method for detecting or diagnos-
ing a disease status in an animal or a human subject
which comprises the steps of:

(i) detecting or measuring a nucleosome adduct
in a body fluid of a subject as defined in either
of the methods of Embodiment 8 or Embodiment
9; and
(ii) using the nucleosome adduct level detected
to identify the disease status of the subject.

Embodiment 21: A method for assessment of an an-
imal or a human subject for suitability for a medical
treatment which comprises the steps of:

(i) detecting or measuring a nucleosome adduct
in a body fluid of the subject as defined in either
of the methods of Embodiment 8 or Embodiment
9; and
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(ii) using the nucleosome adduct level detected
as a parameter for selection of a suitable treat-
ment for the subject.

Embodiment 22: A method for monitoring a treat-
ment of an animal or a human subject which com-
prises the steps of:

(i) detecting or measuring a nucleosome adduct
in a body fluid of the subject as defined in either
of the methods of Embodiment 8 or Embodiment
9;
(ii) repeating the detection or measurement of a
nucleosome adduct in a body fluid of the subject
on one or more occasions;
(iii) using any changes in the nucleosome adduct
level detected as a parameter for any changes
in the condition of the subject.

Embodiment 23: A method as defined in any one of
Embodiments 20 to 22, wherein the nucleosome ad-
duct is detected or measured as one of a panel of
measurements.

Embodiment 24: A method as defined in any one of
Embodiments 20 to 23, for use in subjects with actual
or suspected cancer, benign tumours, inflammatory
disease, autoimmune disease, endometriosis, infec-
tious disease, sepsis, stroke or myocardial infarc-
tion.

Embodiment 25: A method as defined in any one of
Embodiments 8 to 24 for use in detecting hormone-
hormone receptor-nucleosome complex adducts.

Embodiment 26: The method as defined in Embod-
iment 25, wherein the hormone-hormone receptor-
nucleosome complex adducts comprise a thyroxine-
thyroid hormone receptor-nucleosome complex ad-
duct, a triiodothyronine-thyroid hormone receptor-
nucleosome complex adduct, a retinoic acid-retinoic
acid receptor-nucleosome complex adduct, an an-
drogen-androgen receptor-nucleosome complex
adduct or an estrogen-estrogen receptor-nucleo-
some complex adduct.

Embodiment 27: The method as defined in Embod-
iment 25 or Embodiment 26, which comprises an
antibody or other binder directed to bind to the hor-
mone.

Embodiment 28: The method as defined in Embod-
iment 25 or Embodiment 26, which comprises the
step of extracting the hormone from an antibody cap-
tured hormone-hormone receptor-nucleosome com-
plex adduct followed by a quantification step.

Embodiment 29: A method for identifying a nucleo-

some adduct biomarker for detecting or diagnosing
a disease status in an animal or a human subject
which comprises the steps of:

(i) detecting or measuring a nucleosome adduct
in a body fluid of the subject as defined in either
of the methods of Embodiment 8 or Embodiment
9;
(ii) detecting or measuring a nucleosome adduct
in a body fluid of a healthy subject or a control
subject; and
(iii) using the difference between the levels de-
tected in diseased and control subjects to iden-
tify whether a nucleosome adduct is useful as a
biomarker for the disease status.

Embodiment 30: A biomarker identified by the meth-
od as defined in Embodiment 29.

Embodiment 31: A kit for the detection of a nucleo-
some adduct which comprises a ligand or binder spe-
cific for the protein in the adduct or component part
thereof, or a structural/shape mimic of the protein in
the adduct or component part thereof, together with
instructions for use of the kit in accordance with any
one of the methods defined in Embodiments 3 to 28.

[0140] The invention will now be illustrated with refer-
ence to the following non-limiting examples.

EXAMPLE 1

[0141] Serum samples were taken from 5 healthy sub-
jects, 3 subjects with colon cancer, 6 subjects with lung
cancer and 2 subjects with pancreatic cancer. A com-
mercially available nucleosome preparation produced by
digestion of chromatin extracted from Hela cells, in which
the DNA and proteins in the nucleosome are cross-linked
for stability, was serially diluted in horse serum. A nucle-
osome preparation in human blood was prepared accord-
ing to the method of Holdenrieder (*Holdenrieder et al;
2001). These samples and preparations were assayed
in duplicate for nucleosome-EZH2 adduct by the method
of the invention. Neat commercially available horse se-
rum produced for use in tissue culture was also assayed
as a negative control sample containing no nucleosomes
or nucleosome adducts.
[0142] The ELISA method used a solid phase anti-his-
tone capture antibody that binds intact nucleosomes and
a biotinylated monoclonal anti-EZH2 detection antibody
as follows: A solution of anti-histone antibody in 0.1 M
phosphate buffer pH 7.4 was added to microtitre wells
(100 mL/well) and incubated overnight at 4°C to coat the
wells with capture antibody. Excess anti-histone antibody
was decanted. A solution of bovine serum albumin
(20g/L) was added to the wells (200 mL/well) and incu-
bated for 30 minutes at room temperature to block excess
protein binding sites on the wells. Excess bovine serum
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albumin solution was decanted and the wells were
washed three times with wash buffer (200 mL/well, 0.05M
TRIS/HCl buffer pH 7.5 containing 1% Tween 20). Serum
sample (10 mL/well) and assay buffer (50 mL/well, 0.05M
TRIS/HCl pH 7.5 containing 0.9% NaCl, 0.05% sodium
deoxycholate and 1% Nonidet P40 substitute) were add-
ed to the wells incubated overnight at 4°C. The serum
and assay buffer mixture was decanted and the wells
were washed three times with wash buffer (200 mL/well).
A solution of biotinylated anti-EZH2 detection antibody
was added (50 mL/well) and incubated for 90 minutes at
room temperature with mild agitation. Excess detection
antibody was decanted and the wells were again washed
three times with wash buffer (200 mL/well). A solution
containing a streptavidin-horse radish peroxidase conju-
gate was added (50 mL/well) and incubated for 30 min-
utes at room temperature with mild agitation. Excess con-
jugate was decanted and the wells were again washed
three times with wash buffer (200 mL/well). A coloured
substrate solution (100 mL/well, 2,2’-Azinobis [3-ethyl-
benzothiazoline-6-sulfonic acid]-diammonium salt) was
added and incubated for 20 minutes at room temperature
with mild agitation. The optical density (OD) of the wells
was measured at a wavelength of 405nm using a stand-
ard microtitre plate reader. A dose response curve of
increasing colour with increasing nucleosome-EZH2 ad-
duct concentration was observed with a low background
signal observed in the absence of nucleosome adduct
(horse serum). The positive ELISA signal indicates that
the EZH2 detected by the ELISA is incorporated within
a nucleosome-EZH2 adduct comprising both histone
protein and EZH2 as (i) the capture antibody binds to
histones in the sample and (ii) detection antibody binds
to the EZH2 component of the adduct. The results are
shown in Figures 1 and 2.

EXAMPLE 2

[0143] Serum samples were taken from 5 healthy sub-
jects, 3 subjects with colon cancer, 6 subjects with lung
cancer and 2 subjects with pancreatic cancer. A com-
mercially available nucleosome preparation produced by
digestion of chromatin extracted from Hela cells, was se-
rially diluted in horse serum. A nucleosome preparation
in human blood was prepared according to the method
of Holdenrieder (*Holdenrieder et al; 2001). These sam-
ples and preparations were assayed in duplicate for nu-
cleosome-HMGB1 adduct by the method of the invention.
Neat horse serum was also assayed as a negative control
sample containing no nucleosomes or nucleosome ad-
ducts. The ELISA method used a solid phase anti-histone
capture antibody that binds intact nucleosomes and a
biotinylated monoclonal anti-HMGB1 detection antibody
as follows: A solution of anti-histone antibody in 0.1 M
phosphate buffer pH 7.4 was added to microtitre wells
(100 mL/well) and incubated overnight at 4°C to coat the
wells with capture antibody. Excess anti-histone antibody
was decanted. A solution of bovine serum albumin

(20g/L) was added to the wells (200 mL/well) and incu-
bated for 30 minutes at room temperature to block excess
protein binding sites on the wells. Excess bovine serum
albumin solution was decanted and the wells were
washed three times with wash buffer (200 mL/well, 0.05M
TRIS/HCl buffer pH 7.5 containing 1% Tween 20). Serum
sample (10 mL/well) and assay buffer (50 mL/well, 0.05M
TRIS/HCl pH 7.5 containing 0.9% NaCl, 0.05% sodium
deoxycholate and 1% Nonidet P40 substitute) were add-
ed to the wells incubated overnight at 4°C. The serum
and assay buffer mixture was decanted and the wells
were washed three times with wash buffer (200 mL/well).
A solution of biotinylated anti-HMGB1 detection antibody
was added (50 mL/well) and incubated for 90 minutes at
room temperature with mild agitation. Excess detection
antibody was decanted and the wells were again washed
three times with wash buffer (200 mL/well). A solution
containing a streptavidin-horse radish peroxidase conju-
gate was added (50 mL/well) and incubated for 30 min-
utes at room temperature with mild agitation. Excess con-
jugate was decanted and the wells were again washed
three times with wash buffer (200 mL/well). A coloured
substrate solution (100 mL/well, 2,2’-Azinobis [3-ethyl-
benzothiazoline-6-sulfonic acid]-diammonium salt) was
added and incubated for 20 minutes at room temperature
with mild agitation. The optical density (OD) of the wells
was measured at a wavelength of 405nm using a stand-
ard microtitre plate reader. A dose response curve of
increasing colour with increasing nucleosome-HMGB1
adduct concentration was observed with a low back-
ground signal observed in the absence of nucleosome
adduct (horse serum). The positive ELISA signal indi-
cates that the HMGB1 detected by the ELISA is incorpo-
rated in a nucleosome-HMGB1 adduct comprising both
histone protein and HMGB1 as (i) the capture antibody
binds to histones in the sample and (ii) detection antibody
binds to the HMGB1 component of the adduct. The re-
sults are shown in Figures 3 and 4.
[0144] In a larger experiment, serum samples were
taken from 25 patients with colon cancer, 25 patients with
breast cancer and 24 patients with lung cancer as well
as samples from 31 healthy subjects. The samples were
tested for nucleosome-HMGB1 level and, using the mean
healthy result plus 2 standard deviations in the mean as
cut-off, the following results were obtained for colon,
breast and lung cancer:

• Colon: 76% of cancers were detected (19 of 25 pa-
tients) and 90% specificity (3 false positives from 31
healthy samples);

• Breast: 96% of cancers were detected (24 of 25 pa-
tients) and 90% specificity (3 false positives from 31
healthy samples); and

• Lung: 100% of cancers were detected (24 of 24 pa-
tients) and 86% specificity (4 false positives from 28
healthy samples);

where a measured nucleosome-HMGB1 adduct level
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above the cut-off level is considered a positive result and
a lower level is considered a negative result. The results
are shown in Figure 5.
[0145] The assay for nucleosome-HMGB1 adduct lev-
els was also carried out in the reverse format where the
anti-HMGB1 antibody was coated to wells as capture an-
tibody and the anti-nucleosome antibody was biotinylat-
ed and used as detection antibody. This format of the
assay also successfully detected nucleosome-HMGB1
adducts in the positive controls used (OD405nm=1.15)
but not in either horse serum or buffer (both
OD406nm=0.13)

EXAMPLE 3

[0146] A nucleosome-PR ELISA assay was carried out
using the method of Example 1 above except that the
biotinylated antibody used was directed to bind the pro-
gesterone receptor (PR). The results are shown in Figure
6.

EXAMPLE 4

[0147] Serum samples taken from two prostate cancer
patients, as well as positive and negative controls, were
assayed using a nucleosome-AR adduct ELISA assay
carried out using the method of Example 1 above except
that the biotinylated antibody used was directed to bind
the androgen receptor (AR). The results are shown in
Figure 7.

EXAMPLE 5

[0148] A nucleosome-ERα adduct ELISA assay was
carried out using a nucleosome sample prepared by the
method of *Holdenrieder et al; 2001 by the method of
Example 1 above except that the biotinylated antibody
used was directed to bind the alpha form of the estrogen
receptor (ERα). The results are shown in Figure 8.

EXAMPLE 6

[0149] A nucleosome sample was prepared by diges-
tion of chromatin extracted from MCF7 cells and assayed
for nucieosome-ERβ adduct by ELISA. The assay was
carried out by a method similar to that of Example 1 above
except that the assay was performed using a different
anti-nucleosome antibody and an antibody directed to
bind the beta form of the estrogen receptor (ERβ). The
assay was carried out in two different formats. In the first
format the anti-nucleosome antibody was coated on the
wells and the anti-ERβ antibody was biotinylated. In the
second format the anti-ERβ antibody was coated on the
wells and the anti-nucleosome antibody was biotinylated.
The assay was successful in both formats. Interestingly
the assay appeared to perform less well when the MCF7
chromatin was cross-linked as is often done in ChIP
methods. The results are shown in Figure 9.

EXAMPLE 7

[0150] A nucleosome H2AZ-ERβ adduct ELISA assay
was carried out using a nucleosome sample prepared by
the method of *Holdenrieder et al; 2001 by the method
of Example 6 above where the anti-ERβ antibody was
coated on the wells except that the biotinylated antibody
used was directed to bind the histone variant H2AZ such
that only the subset of nucleosome-ERβ adducts con-
taining H2AZ were detected. Using this method, wherein
the nucleosome or nucleosome component binder is di-
rected to bind to a particular epigenetic signal structure,
it is possible to detect a particular subset of nucleosome
adducts containing only that epigenetic signal. The re-
sults are shown in Figure 10.

EXAMPLE 8

[0151] Serum samples were taken from 12 healthy
subjects, 3 subjects with colon cancer, 6 subjects with
breast cancer, 3 subjects with lung cancer and 4 subjects
with pancreatic cancer. A nucleosome preparation in hu-
man blood was prepared according to the method of
Holdenrieder (*Holdenrieder et al; 2001) and was serially
diluted in horse serum. These samples and preparations
were assayed in duplicate for nucleosome-ERβ adduct
by the method of the invention. Neat commercially avail-
able horse serum produced for use in tissue culture was
also assayed as a negative control sample containing no
nucleosomes or nucleosome adducts. The assay was
carried out using the method of Example 1 above except
that the detection antibody used was directed against the
estrogen receptor (ERβ). Using a cut-off calculated as
the mean healthy result plus 2 standard deviations of the
mean; 2 of 3 colon cancer samples, 3 of 6 breast cancer
samples, 2 of 3 lung cancer samples and 4 of 4 pancreatic
cancer samples were found positive for nucleosome-
ERβ adduct. The results are shown in Figure 11.

EXAMPLE 9

[0152] A nucleosome-estrogen receptor-steroid estro-
gen ELISA assay is carried out using the method of Ex-
ample 6 above except that the detection antibody used
was directed against steroid estrogen. This assay there-
for detected only nucleosome-estrogen receptor adducts
that additionally contained steroid hormone.

EXAMPLE 10

[0153] A nucleosome-estrogen receptor-estrogen ad-
duct ELISA assay is carried out using a method similar
to that of Example above except that the assay is per-
formed in a microtitre plate or tube that is resistant to
organic solvents and, following anti-nucleosome anti-
body capture of nucleosome-estrogen receptor adducts
on the surface of the well, the liquid contents of the well
are decanted and diethylether is added to dissolve any
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steroid present in the captured adduct. The ether is trans-
ferred, to another well or tube and dried. The dried extract
is redissolved in assay buffer and the estrogen concen-
tration is determined using a classical competitive immu-
noassay method for estrogen analysis. This assay there-
fore detects only nucleosome-estrogen receptor adducts
that additionally contain estrogen.

EXAMPLE 11

[0154] A nucleosome-retinoic acid receptor-retinoic
acid ELISA assay is carried out using the method of Ex-
ample 10 above except that the steroid competitive im-
munoassay used was directed against retinoic acid. This
assay therefor detects only nucleosome-retinoic acid re-
ceptor adducts that additionally contain steroid retinoic
acid.

EXAMPLE 12

[0155] Nucleosome adduct assays similar to those de-
scribed in Examples 1-10 are performed except that the
solid phase coated antibody used was directed against
5-methylcytidine. These assays therefor detect only nu-
cleosome-hormone receptor adducts and nucleosome-
hormone receptor-hormone complex adducts which are
additionally associated with methylated DNA.
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Claims

1. A method for detecting the presence of a nucleo-
some-protein adduct in a sample, wherein the pro-
tein adducted to the nucleosome is selected from: a
transcription factor, a pro-inflammatory protein, a
polycomb protein or a chromatin modifying enzyme,
which comprises the steps of:

(v) contacting the sample with a first binding
agent which binds to nucleosomes or a compo-
nent thereof;
(vi) contacting the nucleosomes or sample with
a second binding agent which binds to a protein
adducted to a nucleosome;
(vii) detecting or quantifying the binding of said
second binding agent to the adducted protein in
the sample; and
(viii) using the presence or degree of such bind-
ing as a measure of the presence of nucleo-
some-protein adducts in the sample.

2. A method for detecting the presence of a nucleo-
some-protein adduct in a sample, wherein the pro-
tein adducted to the nucleosome is selected from: a
transcription factor, a pro-inflammatory protein, a
polycomb protein or a chromatin modifying enzyme,
which comprises the steps of:

(v) contacting a sample with a first binding agent
which binds to a protein adducted to a nucleo-
some;
(vi) contacting the nucleosomes or sample with
a second binding agent which binds to nucleo-
somes or a component thereof;
(vii) detecting or quantifying the binding of said
second binding agent to nucleosomes or a com-
ponent thereof in the sample; and
(viii) using the presence or degree of such bind-
ing as a measure of the presence of nucleo-
some-protein adducts in the sample.

3. The method as defined in claim 1 or claim 2, wherein
the protein adducted to the nucleosome is a tran-
scription factor.

4. The method as defined in claim 3, wherein the tran-
scription factor is a nuclear hormone receptor.

5. The method as defined in claim 4, wherein the nu-
clear hormone receptor is an estrogen receptor, an-
drogen receptor, progesterone receptor, thyroid hor-
mone receptor, glucocorticoid receptor or retinoic
acid receptor.

6. The method as defined in claim 5, wherein the nu-
clear hormone receptor is additionally bound to a
hormone which is selected from a thyroid hormone,

a glucocorticoid hormone, an estrogen, an andro-
gen, a progestogen or retinoic acid.

7. The method as defined in claim 3, wherein the chro-
matin modifying enzyme is EZH2.

8. The method as defined in any one of claims 1 to 7,
wherein the nucleosome or nucleosome component
binder is directed to bind to a particular epigenetic
signal structure such that only a particular subset of
nucleosome-protein adducts containing said epige-
netic signal structure are detected.

9. The method as defined in any one of claims 1 to 8,
wherein the binding agent is an antibody, an antibody
fragment or an aptamer.

10. The method as defined in any one of claims 1 to 9,
wherein the sample is a body fluid, such as blood or
serum or plasma.

11. A method for detecting or diagnosing a disease sta-
tus in an animal or a human subject which comprises
the steps of:

(iii) detecting or measuring a nucleosome-pro-
tein adduct in a body fluid of a subject as defined
in any one of the methods of claims 1 to 10; and
(iv) using the nucleosome-protein adduct level
detected to identify the disease status of the sub-
ject.

12. A method for assessment of an animal or a human
subject for suitability for a medical treatment which
comprises the steps of:

(iii) detecting or measuring a nucleosome-pro-
tein adduct in a body fluid of the subject as de-
fined in any one of the methods of claims 1 to
10; and
(iv) using the nucleosome-protein adduct level
detected as a parameter for selection of a suit-
able treatment for the subject.

13. A method for monitoring a treatment of an animal or
a human subject which comprises the steps of:

(iv) detecting or measuring a nucleosome-pro-
tein adduct in a body fluid of the subject as de-
fined in any one of the methods of claims 1 to 10;
(v) repeating the detection or measurement of
a nucleosome-protein adduct in a body fluid of
the subject on one or more occasions;
(vi) using any changes in the nucleosome-pro-
tein adduct level detected as a parameter for
any changes in the condition of the subject.

14. A method as defined in any one of claims 11 to 13,
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wherein the nucleosome-protein adduct is detected
or measured as one of a panel of measurements.

15. A method as defined in any one of claims 11 to 13,
for use in subjects with actual or suspected cancer,
benign tumours, inflammatory disease, autoimmune
disease, endometriosis, infectious disease, sepsis,
stroke or myocardial infarction.
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