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Description
FIELD OF THE INVENTION

[0001] The invention relates to a method for detecting
and measuring the presence of mono-nucleosomes and
oligo-nucleosomes and nucleosomes that contain par-
ticular histone isoforms and the use of such measure-
ments for the detection and diagnosis of disease.

BACKGROUND OF THE INVENTION

[0002] The human body comprises several hundred
cell types. All of these cell types contain the same ge-
nome but have widely different phenotypes and different
functions 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 a pair of each of
the histones H2A, H2B, H3, and H4). Around this complex
are 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] 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 core
histones and common modifications include acetylation,
methylation or ubiquitination of lysine residues as well
as methylation of arginine residues and phosphorylation
of serine residues and many others. Histone modifica-
tions are known to be involved in epigenetic regulation
of gene expression (Herranz and Esteller, 2007). The
structure ofthe 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 inthe National Human Genome Research Institute
NHGRI Histone DataBase (Mariﬁo-Ramirez, L., Levine,
K.M., Morales, M., Zhang, S., Moreland, R.T., Baxevanis,
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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).

[0005] Normal cell turnover in adult humans involves
the creation by cell division of some 101! 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 fromthe cells. Under normal conditions the level
of circulating nucleosomes found in healthy subjects is
reported to be low. Elevated levels are found in subjects
with a variety of conditions including many cancers, auto-
immune diseases, inflammatory conditions, stroke and
myocardial infarction (Holdenreider & Stieber, 2009).
[0006] 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. Using these assays workers in the
field reportthatthe level of nucleosomes in serumis high-
er (by up to an order of magnitude) than in plasma sam-
ples taken from the same patients. This is also true for
serum and plasma measurements of DNA made by PCR
(Holdenrieder et al, 2005). The reason for this is not
known but the authors speculate that it may be due to
additional release of DNA during the clotting process.
However, we have found that the results of nucleosome
ELISA assays of the current art do not agree with each
other. Furthermore, although most circulating DNA in se-
rum or plasma is reported to exist as mono-nucleosomes
and oligo-nucleosomes (Holdenrieder et al,2001), meas-
ured 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).

[0007] Current nucleosome ELISA methods are used
in cell culture, primarily as a method to detect apoptosis
(Salgame et al, 1997; Holdenrieder et al, 2001; van Nieu-
wenhuijze et al, 2003), and are also used for the meas-
urement of circulating cell free nucleosomes in serum
and plasma (Holdenrieder et al, 2001). Cell free serum
and plasma nucleosome levels released into the circu-
lation by dying cells have been measured by ELISA meth-
ods 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-
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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, patients with malignant tu-
mours are reported to have serum nucleosome concen-
trations that varied considerably and some patients 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). Surprisingly we have shown that
many cancer subjects whose circulating nucleosome lev-
els are low or undetectable as measured by these nucle-
osome ELISA methods of the current art, do in fact have
raised levels of circulating cell free nucleosomes. We
have designed and demonstrated novel ELISA methods
for nucleosomes that detect nucleosomes not detected
by ELISA methods of the current art.

[0008] ELISA methods for the detection of histone
PTMs are also known in the art. ELISA methods for PTM
detection in free histone proteins (not attached to other
histones and DNA in a nucleosome complex) are used
for the detection of PTMs in histones extracted, usually
by acid extraction, from cell lysates. Immunoassay for
the detection of PTMs in circulating cell free nucleosomes
has been reported (Bawden et al, 2005). A method for
ELISA detection of histone PTMs in purified nucleo-
somes directly coated to microtitre wells has recently
been reported (Dai et al, 2011). In this method nucleo-
somes obtained by digestion of chromatin extracts from
cultured cells are coated directly to microtitre wells and
reacted with anti-PTM antibodies. It will be clear to those
skilled in the art that this method requires relatively pure
nucleosome samples and is not suitable for the direct
measurement of histone PTMs in complex biological me-
dia such as blood or serum.

[0009] A modified chromatin immunoprecipitation
(ChlIP) method for the detection of a histone PTM
(H3K9Me, histone H3 monomethylated at lysine residue
K9) in cell free nucleosomes associated with a particular
DNA sequence has been reported in plasma. The level
of sequence specific histone methylation was reported
to be independent of the concentration of circulating nu-
cleosomes (Deligezer et al, 2008).

[0010] In addition to the epigenetic signaling mediated
by nucleosome position and nucleosome structure (in
terms of both constituent histone protein variantand PTM
structures), control of gene expression in cells is also
mediated by modifications to DNA nucleotides including
the cytosine methylation status of DNA. 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. Methylated DNA in the form of 5-meth-
ylcytosine is reported to occur at positions in the DNA
sequence where a cytosine nucleotide occurs next to a
guanine nucleotide. These positions are termed "CpG"
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for shorthand. It is reported that more than 70% of CpG
positions are methylated in vertebrates (Pennings et al,
2005). Regions of the genome that contain a high pro-
portion of CpG sites are often termed "CpG islands", and
approximately 60% of human gene promoter sequences
are associated with such CpG islands (Rodriguez-Pare-
des and Esteller, 2011). In active genes these CpG is-
lands are generally hypomethylated. Methylation of gene
promoter sequences is associated with stable gene in-
activation. DNA methylation also commonly occurs in re-
petitive elements including Alu repetitive elements and
long interspersed nucleotide elements (Herranz and Es-
tellar, 2007; Allen et al, 2004).

[0011] 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 have been reported
to be hypermethylated in cancer. The balance of these
two effects is reported to result in global DNA hypometh-
ylation in cancer cells (Rodriguez-Paredes; Esteller,
2007).

[0012] 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).

[0013] Global DNA hypomethylation is a hallmark of
cancer cells (Estellar 2007 and Hervouet et al, 2010).
Global DNA methylation can be studied in cells using
immunohistochemistry (IHC) techniques. Alternatively
the DNA is extracted from the cells for analysis. A number
of methods have been reported for the detection of global
methylation in DNA extracted from cells including restric-
tion digestion and nearest-neighbour analysis, fluores-
cent assays using chloracetaldehyde, inverse determi-
nation by methylation of all CpG sites using DNA meth-
yltransferase in conjunction with tritium-labelled S-ade-
nosyl methionine to calculate the amount of unmethylat-
ed CpG and digestion of DNA into single nucleotides for
analysis by high-performance liquid chromatography,
thin-layer chromatography, or liquid chromatography fol-
lowed by mass spectroscopy. The disadvantages of
these methods are that they are labour intensive and/or
require large amounts of good quality extracted DNA (Al-
len et al 2004). PCR based methods involving bisulfite
deamination overcome the need for large amounts of
DNA but must amplify specific genome regions, typically
repetitive sequences, as indicative of the total genome
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content of 5-methylcytosine (Allen et al 2004). These
methods for global DNA methylation measurement have
been used to study DNA extracted from a variety of cells
and tissues. Some workers have studied DNA extracted
from white blood cells in whole blood as this is easier to
obtain in a minimally-invasive manner (Moore et al, 2008;
Ting Hsiung et al, 2007; Mansour et al, 2010). Liquid
Chromatography with mass spectrometry is considered
the gold standard for global DNA methylation measure-
ment but it is costly, and the DNA must be digested to
the single nucleotide level prior to analysis (Vasser et al,
2009).

[0014] Recent methods for the estimation of global
DNA methylation include ultra highpressure liquid chro-
matography with mass spectrometry of hydrolysed DNA
extracted from tissue (Zhang et al, 2011) and a methyl-
ation-specific digital sequencing (MSDS) method (Og-
oshi et al 2011). A classical competitive immunoassay
for global DNA methylation (as well as a similar assay
for global 5-hydroxymethylcytosine methylation) has
been described. In this method DNA extracted from cells
or tissues is added to a microtitre well coated with a 5-
methylated cytidine conjugate, an anti-5-methylcytidine
antibody is added and the distribution of antibody binding
between the coated 5-methylcytidine conjugate and the
methylated DNA in the extracted sample is compared to
that of known standards to estimate the global DNA meth-
ylation level present in the sample (Cell Biolabs, 2011).
In anotherimmunoassay like method DNA extracted from
tissues or from plasma or serum samples is coated to a
microtitre well and methylated DNA is detected using an
anti-5-methylcytosine antibody (Vasser, et al, 2009; Ep-
igentek, 2009). A disadvantage of these methods is that
they require extraction of DNA involving the denaturation
and removal of all nucleosome and chromatin structure
from the DNA. They are not suited for example; for the
direct measurement of global DNA methylation in biolog-
ical fluids such as tissue lysate, blood, plasma or serum
without a DNA extraction step.

[0015] 5-hydroxymethyl modification of cytosine bases
in DNA has also been reported. The role of 5-hy-
droxymethylation is not yet well understood but it appears
to be involved in gene regulation (Stroud et al, 2011).
[0016] Current methods for the detection of global DNA
methylation involve extraction or purification of the DNA
and are not suitable for rapid, high throughput, low cost,
minimally-invasive diagnostic methods. Similarly, analy-
sis of DNA for other modified or unusual bases (for ex-
ample uracil, inosine, xanthine, and hypoxanthine) can
only be investigated by the analysis of substantially pure
or extracted DNA. Such analysis cannot be carried out
directly in complex biological media such as tissue lysate,
blood, plasma or serum.

[0017] Histone variants (also known as histone isofor-
ms) are also known to be epigenetic regulators of gene
expression (Herranz and Esteller, 2007). Histone vari-
ants have been studied in vivo and in vitro using a variety
of techniques including knock-down studies of the gene

10

15

20

25

30

35

40

45

50

55

encoding a particular variant (for example using RNAi
knock-down), chromatin immunoprecipitation, stable iso-
tope labeling of amino acids and quantitative mass spec-
trometry proteomics, immunohistochemistry and West-
ern Blotting (Whittle et al, 2008; Boulard et al, 2010;
Sporn et al, 2009; Kapoor et al, 2010; Zee et al, 2010;
Hua et al, 2008).

[0018] Immunohistochemistry studies of histone vari-
ant expression in tissue samples removed at surgery or
by biopsy from subjects diagnosed with lung cancer,
breast cancer and melanoma have beenreported. These
immunohistochemistry studies report that staining of his-
tone macroH2A (mH2A) and H2AZ variants in resected
cancer tissue samples may have prognostic application
in these cancers (Sporn et al, 2009, Hua et al, 2008,
Kapoor et al, 2010). One disadvantage of immunohisto-
chemical methods for clinical use is that tissue sample
collectionis invasive involving surgery or biopsy. Another
disadvantage of immunohistochemistry methods is that
they are unsuited for early diagnosis or for screening di-
agnostics as a reasonable expectation of the disease
must usually already exist before a biopsy or tissue re-
section is made. Minimally invasive blood ELISA tests
are suitable for a wider range of applications and would
overcome these disadvantages and be preferable for the
patient as well as faster, lower cost and more high-
throughput for the healthcare provider.

[0019] WO2005019826 describes methods of detect-
ing histone modifications in cell-free nucleosomes in or-
der to diagnose disease. Salgame et al. (1997) Nuc. Ac-
ids Res. 25(3): 680-681 describes an ELISA method for
detecting apoptosis by measuring nucleosomes. The
PathScan Pan-Methyl Histone H3 Sandwich ELISA kit
(see Cell Signalling, 2008) detects endogenous levels of
histone H3 when methylated atLys9. MotifVations (2011)
12(1): 1-12 describes products from Active Motif which
include ELISA tests for the measurement of post-trans-
lational histone modifications. Sporn et al. (2009) Onco-
gene 28:3423-3428 describes detecting histone
macroH2A isoforms to predict the risk of lung cancer re-
currence. Hua et al. (2008) Mol. Syst. Biol. 4: 1-14 de-
scribes the measurement of histone isoform H2AZ in
MCF7 breast cancer cells using immunohistochemistry.
Zeerleder et al. (2003) Crit. Care Med. 31(7): 1947-1951
describes the measurement of circulating nucleosomes
in patients with systemic inflammation and sepsis.
[0020] However, cellfree nucleosomes containing par-
ticular nucleotides, modified nucleotides or histone var-
iants have not been measured in blood or any other me-
dium and no such measurements have been suggested
or contemplated. No studies on the presence or absence
of nucleotides, modified nucleotides or histone variants
in cell free nucleosomes in blood have been reported nor
whether they have value as blood biomarkers of disease.
There are currently no methods for the detection or meas-
urement of nucleotides, modified nucleotides or histone
variants in intact cell free nucleosomes. We now report
methods for such tests and their use in plasma and serum
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samples taken from healthy and diseased subjects. Sur-
prisingly we have shown that high levels of intact nucle-
osomes comprising specific histone variants can be de-
tected in plasma and serum samples for which no nucle-
osomes, or low levels, are detected by nucleosome ELI-
SA methods of the current art.

SUMMARY OF THE INVENTION

[0021] According to a first aspect of the invention there
is provided the use of a histone isoform associated with
a cell free nucleosome as a biomarker in a body fluid
sample for the diagnosis of cancer.

[0022] According to a second aspect of the invention
there is provided a method for detecting the presence of
a histone isoform associated with a cell free nucleosome
in a body fluid sample which comprises the steps of:

(i) contacting the body fluid sample with a binding
agent which binds to the histone isoform;

(i) detecting or quantifying the binding of said binding
agent to the histone isoform in the body fluid sample;
and

(iii) using the presence or degree of such binding as
a measure of the presence of nucleosomes contain-
ing the histone isoform in the body fluid sample.

[0023] Accordingto athird aspectofthe inventionthere
is provided a method for detecting the presence of a his-
tone isoform associated with a cell free nucleosome in a
body fluid sample which comprises the steps of:

(i) contacting the body fluid sample with afirst binding
agent which binds to nucleosomes;

(i) contacting the nucleosomes or body fluid sample
with a second binding agent which binds to the his-
tone isoform;

(iii) detecting or quantifying the binding of said sec-
ond binding agent to histone isoform in the body fluid
sample; and

(iv) using the presence or degree of such binding as
a measure of the presence of nucleosomes contain-
ing the histone isoform in the body fluid sample.

[0024] According to a fourth aspect of the invention
there is provided a method for detecting the presence of
a histone isoform associated with a cell free nucleosome
in a body fluid sample which comprises the steps of:

(i) contacting the body fluid sample with afirst binding
agent which binds to the histone isoform;

(i) contacting the nucleosomes or body fluid sample
with a second binding agent which binds to nucleo-
somes;

(iii) detecting or quantifying the binding of said sec-
ond binding agent to nucleosomes in the body fluid
sample; and

(iv) using the presence or degree of such binding as
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a measure of the presence of nucleosomes contain-
ing the histone isoform in the body fluid sample.

[0025] According to a further aspect of the invention
there is provided an in vitro method for detecting or di-
agnosing cancer in an animal or a human subject which
comprises the steps of:

(i) detecting or measuring a histone isoform associ-
ated with a cell free nucleosome in a body fluid ob-
tained from a subject; and

(ii) using the nucleosome associated histone isoform
level detected to identify cancer in the subject.

BRIEF DESCRIPTION OF THE FIGURES
[0026]

Figure 1. ELISA dose response curve for the detec-
tion of human cell free nucleosomes prepared by a
published method (*Holdenrieder et al, 2001) con-
taining histone variant macroH2A1.1 diluted into calf
serum.

Figure 2. ELISA dose response curve for the detec-
tion of histone variant macroH2A2 in cell free nucle-
osomes in cross-linked digested chromatin extract-
ed from MCF7 cells diluted into calf serum.

Figure 3. ELISA dose response curve for the detec-
tion of histone variant H2AZ in cell free nucleosomes
in cross-linked digested chromatin extracted from
MCF7 cells diluted into calf serum.

Figure 4. Nucleosome levels detected for serum and
EDTA plasma samples taken from 20 healthy volun-
teers using nucleosome ELISA methods of the cur-
rent art.

Figure 5. Cell free nucleosome associated levels of
histone variantmH2A1.1 detected for serum and ED-
TA plasma samples taken from 20 healthy volun-
teers using the ELISA of the invention.

Figure 6. Cell free nucleosome associated levels of
histone variant mH2A2 detected for serum and ED-
TA plasma samples taken from 20 healthy volun-
teers using the ELISA of the invention.

Figure 7. Cell free nucleosome associated levels of
histone variant H2AZ detected for serum and EDTA
plasma samples taken from 20 healthy volunteers
using the ELISA of the invention.

Figure 8. Cell free nucleosome associated levels of
P-H2AX(Ser139) detected for serum and EDTA
plasma samples taken from 20 healthy volunteers
using the ELISA of the invention.
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Figure 9. Cell free nucleosome associated levels of
5-methylcytosine methylated DNA detected for se-
rum and EDTA plasma samples taken from 20
healthy volunteers using the ELISA of the invention.

Figure 10. Cell free nucleosome associated levels
of 5-hydroxymethylcytosine methylated DNA detect-
ed for serum samples taken from 20 healthy volun-
teers using the ELISA of the invention.

Figure 11. Cell free nucleosome associated levels
oftypes of histones and nucleotides detected for ED-
TA plasma samples taken from 3 colon cancer sub-
jects detected using ELISA methods of the invention.

Figure 12. Cell free nucleosome associated levels
oftypes of histones and nucleotides detected for ED-
TA plasma samples taken from 13 lung cancer sub-
jects detected using ELISA methods of the invention.

Figure 13. Cell free nucleosome associated levels
oftypes of histones and nucleotides detected for ED-
TA plasma samples taken from 2 pancreatic cancer
subjects detected using ELISA methods of the in-
vention.

Figure 14. Cell free nucleosome associated levels
of types of histones and nucleotides detected for an
EDTA plasma sample taken from 1 oral cancer sub-
ject detected using ELISA methods of the invention.

Figure 15. Cell free nucleosome associated levels
oftypes of histones and nucleotides detected for ED-
TA plasma samples taken from 4 different cancer
diseases normalised as a proportion of nucleosome
associated 5-methylcytosine methylated DNA levels
detected using ELISA methods of the invention. Nor-
malised levels for a sample containing nucleosomes
from healthy volunteers produced by the method of
*Holdenrieder et al 2001 is shown for comparison.

Figure 16. Cell free nucleosome associated histone
H2AZ levels of human EDTA plasma samples taken
from cancer patients measured using a biotinylated
anti-H2AZ detection antibody with two different mon-
oclonal anti-histone capture antibodies.

Figure 17. Cell free nucleosome associated levels
of mH2A1.1, H2AZ, P-H2AX(Ser139) and 5-methyl-
cytosine (5mc) detected in EDTA plasma, citrate
plasma and heparin plasma samples taken from
healthy volunteers using the ELISA method of the
invention.

Figure 18. Cell free nucleosome associated 5-meth-
ylcytosine levels detected for serum samples taken
from 3 healthy volunteers and 10 colon cancer sub-
jects detected using the ELISA method of the inven-
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tion.

Figure 19. Cell free nucleosome associated histone
variant H2AZ levels detected for EDTA plasma sam-
ples taken from 13 healthy volunteers and 55 cancer
patients. The cut-off points defined as the mean val-
ue of the healthy samples plus one or two standard
deviations in the mean are shown.

Figure 20. Cell free nucleosome associated histone
variant H2AZ levels detected for EDTA plasma sam-
ples taken from 10 healthy volunteers and 61 cancer
patients. The cut-off point defined as the mean value
of the healthy samples plus two standard deviations
in the mean is shown.

Figure 21. Cell free nucleosome associated histone
variant H2AZ levels detected for serum samples tak-
en from 4 healthy volunteers and 20 pancreatic can-
cer patients. The cut-off point shown is defined as
the mean value of the healthy samples plus two
standard deviations in the mean.

Figure 22. Cell free nucleosome associated histone
variant H2AZ levels detected for EDTA plasma sam-
ples taken from lung cancer patients with increasing
tumour size, stage and nodal development of dis-
ease.

N1 Metastasis in ipsilateral peribronchial and/or
ipsilateral hilar lymph nodes and intrapulmonary
nodes, including involvement by direct exten-
sion

N2 Metastasis in ipsilateral mediastinal and/or
subcarinal lymph node(s)

N3 Metastasis in contralateral mediastinal, con-
tralateral hilar, ipsilateral or contralateral sca-
lene, or supraclavicular lymph node(s)

T1: tumor <3cm

T2: 3cm < tumor < 7cm

T3: tumor >7 cm

T4: tumor of any size that invades other organ,
tissue

MO: no spread of disease beyond regional
nymph nodes

M1: spread of disease to distant metastases.

Figure 23. Mean cell-free nucleosome associated
levels of nucleotides and types of histones detected
using ELISA methods of the invention for EDTA plas-
ma samples taken from 10 different cancer diseases
normalised as a proportion of nucleosome associat-
ed 5-methylcytosine (5mc) methylated DNA levels
and expressed relative to the mean proportions
found in 11 healthy subjects.

Figure 24. Mean cell-free nucleosome associated
levels of nucleotides and types of histones detected
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using ELISA methods of the invention for EDTA plas-
ma samples taken from 2 cardiomyopathy patients,
10 systemic lupus erythematosus (lupus) patients,
12 ulcerative colitis patients, 10 chronic obstructive
pulmonary disease (COPD) patients, 8 Crohn’s dis-
ease patients and 10 rheumatoid arthritis (RA) pa-
tients normalised as a proportion of nucleosome as-
sociated 5-methylcytosine (5mc) methylated DNA
levels and expressed relative to the mean propor-
tions found in 11 healthy subjects.

DETAILED DESCRIPTION OF THE INVENTION

[0027] According to a first aspect of the invention there
is provided the use of a histone isoform associated with
a cell free nucleosome as a biomarker in a body fluid
sample for the diagnosis of cancer.

[0028] In one embodiment, the nucleosome is a mono-
nucleosome or oligonucleosome.

[0029] In one embodiment, the cancer is a cancer of
the bladder, breast, colon, cervix, esophagus, kidney,
large intestine, lung, oral cavity, ovary, pancreas, pros-
tate, rectum, skin or stomach. In one particular embodi-
ment which may be mentioned, the cancer is a cancer
of the colon, lung, oral cavity or pancreas.

[0030] We have developed ELISA tests for the detec-
tion and measurement of nucleosomes containing the
histone variants macroH2A1.1 (mH2A1.1), macroH2A2
(mH2A2) and H2AZ. We have used an anti-histone an-
tibody as capture antibody for these assays in combina-
tion with an appropriate specific anti-histone variant an-
tibody as detection antibody. We have shown that these
ELISA methods work with alternative anti-nucleosome
capture antibodies. We have also used the assays to
show that nucleosomes containing specific histone var-
iants can be measured in blood samples taken from dis-
eased subjects and are discriminating for use as non-
invasive or minimally invasive biomarkers. The histone
variant levels detected in nucleosomes in serum and
plasma samples taken from diseased subjects, relative
to levels of other nucleosome epitopes, differ from those
detected in samples from healthy subjects. In addition
the pattern of levels of nucleosomes containing different
histone variants detected in nucleosomes in samples
from different diseases was found to differ for different
diseases, particularly when the nucleosome associated
histone variant patterns were examined in combination
with the patterns determined for nucleosomes containing
different nucleotides and PTMs, such that a differential
diagnosis of disease was possible. It will be clear to those
skilled in the art that inclusion of tests for nucleosomes
containing different or additional histone variants or his-
tone modifications or nucleotides would be likely to im-
prove the discrimination of differential diagnosis using
such patterns.

[0031] To investigate levels of nucleosomes found in
healthy subjects using the methods of the current art we
measured nucleosomes in serum and plasma samples,
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taken from the 20 healthy subjects. Both methods of the
current art produced higher signals in serum samples
taken from healthy subjects than in plasma samples. The
results are shown in Figure 4. This is consistent with pub-
lished data that nucleosome levels are higher in serum
than plasma (*Holdenrieder et al, 2001).

[0032] To investigate levels of nucleosomes found in
healthy subjects using the methods of the invention we
measured nucleosomes containing the three histone var-
iants in the sera of 20 healthy subjects and in healthy
bovine serum. The serum results for all three ELISA tests
were all low or undetectable for all 20 healthy subjects.
We also conducted a similar test in EDTA plasma sam-
ples, taken from the 20 healthy subjects, for the three
ELISA methods of the invention and, surprisingly, higher
signals were observed. High levels of cell free nucleo-
somes containing the histone variants mH2A1.1,
mH2A2, H2AZ as well as histone P-H2AX(Ser139) were
detectable by methods of the presentinvention in healthy
human EDTA plasma but lower levels were detected in
healthy human serum as shown in Figures 5-8. Figures
9 and 10 show that similar results were obtained for other
nucleosome structures. This finding is unexpected and
different to both the published results (*Holdenrieder et
al, 2001) and the results we found for nucleosome ELISA
methods of the current art. Thus, surprisingly the meth-
ods of the invention produce opposite results to methods
of the current art for the relative levels of nucleosomes
that occur in serum and EDTA plasma samples.

[0033] We investigated whether nucleosome struc-
tures are detectable in all of the various common types
of plasma that can be collected. We have found that high
levels of cell free nucleosome associated H2AZ,
mH2A1.1 and P-H2AX(Ser139) were detectable by the
method of the invention in EDTA plasma and, to a lesser
extent, in citrate plasma taken from healthy subjects, but
that nucleosome associated H2AZ, mH2A1.1 and P-
H2AX(Ser139) were undetectable over buffer or horse
serum background signals in heparin plasma taken from
healthy subjects. Some heparin plasma samples (2 of 5)
were found to contain detectable levels of nucleosome
associated 5-methylcytosine. The results are shown in
Figure 17. To summarise, cell free nucleosomes are
found inrelatively high concentrations in mostorallEDTA
plasma and citrate plasma samples taken from healthy
subjects using the method of the invention, but are low
or absentin heparin plasma or serum samples taken from
healthy subjects. It is therefore clear that the precise
choice of sample type will be critical for different applica-
tions.

[0034] We have shown that sample selection for the
detection of cell free nucleosomes containing particular
histone structures involves several parameters. These
include the low levels of cell free nucleosomes generally
presentinserum and heparin plasma samples taken from
healthy subjects, the higher levels generally present in
EDTA and citrate plasma samples taken from healthy
subjects, the recommendation that serum samples con-
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taining cell free nucleosomes should be stabilised by the
addition of EDTA after separation of the serum from the
clot (*Holdenreider et al, 2001), and the serum sampling
protocol. Other stabilizing agents (for example protease
inhibitors) may also be used. Where possible we used
serum samples centrifuged within 1 hour of venepuncture
after which 10mM EDTA was added and the sample fro-
zen.

[0035] The choice of blood sample type for clinical
samples should be made on the basis of optimal clinical
discrimination for the particular test. Following our finding
of consistently low nucleosome levels by the method of
the invention in the serum of healthy subjects, we meas-
ured nucleosomes containing the histone variants
mH2A1.1 and H2AZ in serum samples taken from sub-
jects with a variety of cancer diseases. Clinical sensitiv-
ities of up to 75% for lung cancer and 80% for pancreatic
cancer (Figure 21) were observed. We also tested serum
samples from cancer patients for nucleosomes contain-
ing 5-methylcytosine and observed clinical sensitivities
of up to 100% as shown in Figure 18 for colon cancer
samples

[0036] We also measured the relative levels of cell free
nucleosomes containing various histone variants and
other nucleosome structures in EDTA plasma samples
taken from subjects with a variety of diseases. The levels
of cell free nucleosomes are high in EDTA plasma sam-
ples taken from both healthy subjects and diseased sub-
jects and EDTA plasma samples would therefore seem
unlikely to be the best sample choice for a sensitive dis-
criminator of diseased and healthy subjects. However,
we have shown that the levels and the composition of
circulating cell free nucleosomes, in terms of the relative
levels of nucleosomes containing different histone vari-
ants (as well as other nucleosome structures), varies be-
tween diseased and healthy individuals and also be-
tween different diseases. We are thus the first to report
both that (i) high levels of circulating nucleosomes are
presentin all or most EDTA plasma samples taken from
both healthy and diseased subjects but this is not true of
all blood sample types; and also that (ii) surprisingly, de-
tection of disease and discrimination of disease type can
none the less be made by analysis ofthese EDTA plasma
nucleosomes on the basis of the levels and structural
profile of one or more of the relative types of nucleosome
structures present in the plasma of diseased and healthy
subjects.

[0037] We measured cell free nucleosomes in EDTA
plasma taken from healthy subjects and 117 subjects
with a variety of cancer types in two experiments con-
sisting of 55 and 62 cancer subjects respectively. In total
90% (105 of 117) of cancer samples were correctly iden-
tified as positive for cancer using the method of the in-
vention for nucleosome associated histone variant H2AZ
using a cut-offlevel of the mean result for healthy subjects
+ 2 standard deviations of the mean.

[0038] In the first of these 2 experiments we measured
cell free nucleosomes in EDTA plasma taken from 13
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healthy subjects and 55 subjects with cancer of the stom-
ach, large intestine, rectum, lung (small cell carcinoma
and various non-small cell carcinomas), breast, ovary,
prostate, kidney and various oral cancers (oral cavity,
palate, pharynx and larynx). All of the samples from
healthy subjects and cancer patients were positive for
cell free nucleosomes. However, the levels detected in
samples taken from cancer subjects were higher than
found in samples from healthy subjects and the results
showed that healthy and cancer subjects can be discrim-
inated. For example the normal range calculated in OD
terms as the mean * 2 standard deviations in the mean,
for the H2AZ nucleosome assay was 0 - 0.95. Using this
cut-off level of 0.95; all 13 healthy subjects were negative
for elevated nucleosome H2AZ levels. By contrast a pos-
itive result for elevated nucleosome H2AZ levels was
found for 46 of the 55 cancer samples (an overall clinical
sensitivity of 84%) including 100% (8 of 8) of stomach
100% (5 of 5) of large intestinal, 67% (2 of 3) of rectal,
83% (5 of 6) of small cell lung, 79% of non-small cell lung,
50% (3 of 6) of breast, 100% (1 of 1) of ovarian, 83% (5
of 6) of prostate, 100% (1 of 1) of kidney and 100% (5 of
5) of oral cancer samples. The results are shownin Figure
19.

[0039] In one embodiment of the invention a control
sample is provided and the cut-off level for the assay to
distinguish between positive or negative results is de-
fined in relation to the result for the control sample. This
could be any proportion equal to above or below the level
of the control sample result. Patient results below this
level are considered negative and patient results above
this level are considered positive. There may also be a
"grey area" range of patient results very close to the cut-
off level for which the decision is considered indetermi-
nate and/or the test should be repeated.

[0040] Similarly for the nucleosome associated
mH2A1.1 assay the normal range was 0 - 0.91. Using
this cut-off value all 13 healthy samples were negative
and 64% (35 of 55) of cancer samples were positive. For
the nucleosome associated P-H2AX(Ser139) assay the
normal range was 0 - 1.08. Using this cut-off value all 13
healthy samples were negative and 60% (33 of 55) of
cancer samples were positive. Nucleosome associated
5-methylcytosine was also measured and the normal
range was 0 - 1.41. Using this cut-off value all 13 healthy
samples were negative and 55% (30 of 55) of cancer
samples were positive. Thus some nucleosome assays
exhibit better clinical sensitivity than others.

[0041] In addition, it is possible to use the pattern of
nucleosome structures to improve the clinical utility of
theinvention. This may be done, for example, by lowering
the cut-off point of the nucleosome associated H2AZ as-
say to mean + 1 standard deviation which gives a range
of up to 0.69. In this case the number of false negatives
is reduced to 3 giving an improved clinical sensitivity of
95% (52 of 55) at the expense of an increase in false
positive results for samples taken from healthy subjects
from 0% to 23% (3 of 13). The results are shown in Figure
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19.

[0042] Samples found positive for H2AZ associated
nucleosomes, or any nucleosomes, can be interrogated
for nucleosome structure profile. The nucleosome profile
can be used to distinguish between healthy and diseased
patients as illustrated in Figures 23 and 24 where the
relative proportions of various nucleosome structures in
diseased patients are expressed relative to those found
in healthy patients and patients with other non-cancer
diseases. This shows that investigation of multiple nu-
cleosome structures in a test panel can facilitate better
clinical discrimination.

[0043] Similarly the diagnostic specificity and/or sen-
sitivity of the invention may by increased by combining
data from more than one test in the form of ratios. For
example by use of the nucleosome associated
H2AZ:mH2A1.1 ratio.

[0044] Thus the methods of the invention are able to
detect cancer in both plasma and serum samples taken
from cancer patients.

[0045] We measured the levels of circulating cell free
nucleosomes containing three different histone variants
in EDTA plasma samples taken from 3 patients with colon
cancer, 13 patients with lung cancer, 2 patients with pan-
creatic cancer and 1 patient with oral cancer and com-
pared these with the levels presentin blood samples from
20 healthy subjects as well as with an artificially produced
preparation of nucleosomes from healthy subjects pre-
pared as described in the literature (*Holdenreider et al,
2001). We have also expressed the levels observed in a
normalised form as ratios of the level of nucleosomes
containing different epitopes and shown that such ratios
or patterns of ratios are useful for the diagnosis both of
cancer in general and for the differential diagnosis of spe-
cific cancer types. We also investigated whether the level
of nucleosome associated histone H2AZ varies with dis-
ease progression. We observed that the mean level of
cell free nucleosomes containing histone variants in-
creases with severity of disease and rises with increasing
spread of disease to lymph nodes and with increasing
tumour size and stage. This provides evidence that the
nucleosomes detected are tumour associated.

[0046] We also measured the nucleosomes presentin
these 19 cancer samples using two nucleosome ELISA
methods of the current art. Of the 19 cancer subjects
studied most were found to have low EDTA plasma nu-
cleosome levels as determined by nucleosome ELISA 1
and 2 of the current art. This resultillustrates one reason
why the assays of the current art are not used for routine
clinical purposes.

[0047] We used ELISA methods of the present inven-
tion to measure nucleosomes containing the histone var-
iants mH2A1.1, mH2A2 and H2AZ in the same 19 sam-
ples. Nucleosomes containing histone variants, particu-
larly mH2A2 and H2AZ, were detectable in 16 of the 19
samples. Thus in one embodiment the invention provides
a novel nucleosome ELISA method capable of detecting
nucleosomes not detected by nucleosome assays of the

10

15

20

25

30

35

40

45

50

55

current art.

[0048] We have also measured the levels of nucleo-
somes containing 2 different nucleotides and a histone
PTM in the same 19 samples taken from cancer subjects
as well as a sample of nucleosomes generated from
healthy subjects by a method described in the literature
(*Holdenrieder et al, 2001). We have used these meas-
urements together with the nucleosome associated his-
tone variant measurements described here, as a panel
of the variety of cell free nucleosomes present in biolog-
ical fluids taken from subjects with 4 different types of
cancers and with nucleosomes generated from healthy
subjects. Surprisingly, the pattern of nucleosomes found
in the 4 types of cancer investigated (lung, colon, pan-
creatic and oral) were all distinguishable from that found
in a nucleosome sample generated from healthy sub-
jects. Furthermore, the different cancer types were also
distinguishable from each other based on the pattern of
cell free nucleosomes detectable in the blood of subjects.
Thus in one embodiment of the invention there is provid-
ed a method for detecting or diagnosing the presence,
type, recurrence or severity of a disease by testing a sam-
ple for a panel of different nucleosome epitopes consist-
ing of two or more measurements of nucleosomes con-
taining different histone variants or a combination of one
or more DNA histone variants and one or more histone
DNA bases and/or one or more histone modifications
and/or measurements of nucleosomes per se, or any
combination or ratio of any of these, as an indicator of
the health or disease status of a subject.

[0049] We similarly used ELISA methods of the inven-
tion to detect variability in the histone and nucleotide
structures of circulating cell free nucleosomes in a variety
of cancer and non-cancer diseases and compared these
to the structure of nucleosomes found in 11 healthy sub-
jects. Nucleosomes were found to be present in all the
cancer and non-cancer diseases investigated and were
found to have profiles that differed from those of healthy
subjects.

[0050] We studied EDTA plasma samples taken from
2 cardiomyopathy patients, 10 systemic lupus erythema-
tosus (lupus) patients, 12 ulcerative colitis patients, 10
chronic obstructive pulmonary disease (COPD) patients,
8 Crohn’s disease patients and 10 rheumatoid arthritis
(RA) patients and normalised the levels of various nucle-
osome structures as a proportion of the nucleosome as-
sociated 5-methylcytosine levels and expressed these
relative to the levels found in healthy subjects. We found
that the diseases were associated with nucleosome
structure profiles that differed from those of healthy or
cancer subjects. Thus nucleosome structure profiles can
be used as a diagnostic tool for the detection, prognosis
prediction, monitoring and therapeutic efficacy prediction
in a wide variety of non-cancer diseases. The results are
shown in Figure 24.

[0051] We also studied the variability in structure of
cell-free nucleosomes in terms of types of histones and
nucleotides detected using ELISA methods of the inven-
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tion for EDTA plasma samples taken from 55 patients
with 10 different cancer diseases normalised as a pro-
portion of nucleosome associated 5-methylcytosine
(5mc) methylated DNA levels and expressed relative to
the mean proportions found in 11 healthy subjects. We
found nucleosomes present in all subjects and nucleo-
some structure profiles that varied between cancer dis-
eases, non-cancer diseases and healthy subjects. Thus
nucleosome structure profiles can be used as a diagnos-
tic tool for the detection, prognosis prediction, monitoring
and therapeutic efficacy prediction in cancer and other
diseases. The results are shown in Figures 23 and 24.
[0052] Multiple isoforms or variants have been report-
ed for histones H2A, H2B and H3. Histone H4 on the
other hand is reported to exist as a single form (Tachi-
wana et al, 2011). It will be clear to those skilled in the
art that an ELISA method of the invention using an anti-
body or binder targeted to bind to histone H4 will bind to
virtually all nucleosomes in a sample. Thus, also dis-
closed is a novel method for the detection of nucleo-
somes per se in which nucleosomes containing a com-
mon histone variant are measured as a way of ensuring
that all or most nucleotides are detected. It will further be
clear to those skilled in the art that suitable antibodies or
ligands produced for this application may be targeted to
regions of histone H4 that are not subject to PTM modi-
fication. This will further increase the universality of the
selected epitope as an epitope common to all or most
nucleosomes. Similarly, it will be clear to those skilled in
the art that similar suitable antibodies may be targeted
to bind regions of other histone moieties selected such
that the regions are common to all or most histone vari-
ants or isoforms of the said histone moiety and that are
not subject to PTM (for example without limitation; com-
mon regions of histones H2A, H2B or H3). Thus the
present invention described provides a means to detect
all or most nucleosomes in a sample despite the variation
in constituent histone isoforms and PTMs.

[0053] We conclude that the method of the present in-
vention is a successful method for the detection and
measurement of nucleosomes containing specific his-
tone isoforms, that this method can also be used as a
method for the detection of nucleosomes per se and that
it is a superior method for the detection of nucleosomes
per se than the methods of the current art. The methods
of the invention thus employed have advantages over
methods for measuring nucleosomes of the current art.
It will be clear to those skilled in the art that the methods
of the invention can be used to detect and measure nu-
cleosomes directly in in biological fluids such as blood,
serum or plasma samples. It will also be clear that the
methods described here can be developed for any his-
tone variant or modified histone variant for which an an-
tibody or other binder can be produced.

[0054] The invention has been tested on many cancer
and non-cancer diseases and has been found effective
in the detection of all the diseases tested. This includes
the detection of prostate cancer cases which is reported
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to be undetectable by the nucleosome tests of the current
art (Holdenrieder, 2001). It is clear that the invention is
effective for the detection of all or most cancers. It will be
clear to those skilled in the art that the clinical perform-
ance of the invention may be improved further by inclu-
sion of further nucleosome structure tests and by exam-
ination of the ratios of different nucleosome structures
present.

[0055] According to one aspect of the invention there
is provided a method for detecting and measuring cell
free nucleosomes containing specific histone isoforms in
abody fluid sample by animmunoassay which comprises
the steps of:

(i) contacting the body fluid sample with an antibody
or other binder which binds to a histone isoform;
(i) detecting and/or quantifying the binding of said
antibody or other binder to histone isoform species
in the body fluid sample; and

(iiif) using the presence or degree of such binding as
a measure of the presence of a nucleosome asso-
ciated histone isoform in the body fluid sample.

[0056] According to a further aspect of the invention
there is provided a double antibody, immunometric or
sandwich immunoassay method for detecting and meas-
uring cell free nucleosomes containing specific histone
isoforms in a body fluid sample. One embodiment of this
aspect is animmunoassay which comprises the steps of:

(i) contacting the body fluid sample which may con-
tain nucleosomes with a first antibody or other binder
which binds to nucleosomes;

(ii) contacting the nucleosomes or body fluid sample
with a second antibody or other binder which binds
to a histone isoform;

(iii) detecting and/or quantifying the binding of said
second antibody or other binder to a histone isoform
species in the body fluid sample; and

(iv) using the presence or degree of such binding as
a measure of the presence of a nucleosome asso-
ciated histone isoform in the body fluid sample.

[0057] According to another embodiment there is pro-
vided a method for detecting and measuring cell free nu-
cleosomes containing specific histone isoforms in a body
fluid sample by an immunoassay which comprises the
steps of:

(i) contacting the body fluid sample which may con-
tain nucleosomes with a first antibody or other binder
which binds to a histone isoform;

(ii) contacting the nucleosomes or body fluid sample
with a second antibody or other binder which binds
to nucleosomes;

(iii) detecting and/or quantifying the binding of said
second antibody or other binder to nucleosomes in
the body fluid sample; and
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(iv) using the presence or degree of such binding as
a measure of the presence of a nucleosome asso-
ciated histone isoform in the body fluid sample.

[0058] A variety of antibodies or other binders may be
employed in the invention as a binder which binds to nu-
cleosomes. These include binders directed to bind to
epitopes that occur in intact nucleosomes and not in free
histones (for example; an epitope found at the junction
between two histones in a nucleosome) and also binders
directed to any nucleosome component including com-
mon nucleosome protein, histone or nucleic acid
epitopes. We have run samples with the method of the
invention using two different capture antibodies and
shown that the particular capture antibody used does not
materially affect the results of the method of the invention.
The results are shown in Figure 16.

[0059] It will be clear to those skilled in the art that the
methods of the invention described include a variety of
embodiments including classical competitive immu-
noassays as well as biosensor type assays and label-
free assays of the type marketed for example by ForteBio
Incorporated of USA which may be immunometric in na-
ture.

[0060] According to one embodiment of the invention
there is provided a method for detecting and measuring
a nucleosome associated histone isoform in a sample by
alabel-free immunometricimmunoassay which compris-
es the steps of:

(i) contacting the body fluid sample with an antibody
or other binder which binds to a histone isoform;
(i) detecting and/or quantifying the binding of said
antibody or other binder to a histone isoform in the
body fluid sample; and

(iii) using the presence or degree of such binding as
a measure of the presence of a nucleosome asso-
ciated histone isoform in the body fluid sample.

[0061] Accordingto a further embodiment of the inven-
tion there is provided a method for detecting and meas-
uring a nucleosome associated histone isoform in a body
fluid sample by a competitive immunoassay which com-
prises the steps of:

(i) contacting the body fluid sample with an antibody
or other binder which binds to a histone isoform;
(ii) detecting and/or quantifying the binding of said
antibody or other binder to a histone isoform in the
body fluid sample; and

(iii) using the presence or degree of such binding as
a measure of the presence of a histone isoform in
the body fluid sample.

[0062] According to a further aspect of the disclosure
there is provided a method for detecting the proportion
of nucleosomes that comprises a histone isoform in a
sample comprising the steps of:
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(i) detecting or measuring the level of nucleosomes
in a sample;

(ii) detecting or measuring the level of a nucleosome
associated histone isoform according to a method
of the invention; and

(i) using the two measurements to determine the
proportion of nucleosomes that contain the histone
isoform.

[0063] Both the total nucleosome level in the sample
and the nucleosome associated histone variant level of
interest can be measured using the method of the inven-
tion. Nucleosome ELISA methods of the current art can
be used to determine total nucleosome levels. Ameasure
of total DNA may be used as a proxy for total nucleosome
level.

[0064] We have shown that the detection and meas-
urement of nucleosomes containing histone variants in
the blood taken from subjects can be used as a diagnostic
method to identify subjects with cancer and to differenti-
ate them from healthy subjects. Furthermore we have
shown that the patterns of nucleosomes containing a
panel of different histone variants, nucleotides and his-
tone PTMs can be used to distinguish between different
cancers. It will be clear to those skilled in the art that this
provides the basis for a cancer blood test that will detect
cancer in subjects and can be used to distinguish be-
tween cancer types in cancer positive subjects. Accord-
ing to a another aspect of the invention there is provided
a method for detecting or diagnosing the presence of a
disease by measuring or detecting the presence and/or
the level or concentration of cell free nucleosomes con-
taining a histone isoform in a body fluid, and using the
detected level as a biomarker of the disease status of a
subject including, 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 reg-
imens. It will be appreciated by those skilled in the art
thatbody 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 associated histone variant in a body fluid may
be expressed in absolute terms or relative terms, for ex-
ample, without limitation, as a proportion of the total nu-
cleosome or total DNA level present or as a ratio to the
level of nucleosomes containing another histone variant
or nucleotide or PTM.

[0065] According to a further aspect of the disclosure
there is provided a method for detecting or measuring
the presence and/or the level of nucleosomes containing
a particular histone variant in a cell which comprises the
steps of:

(i) isolating chromatin from a cell;
(i) breaking down the chromatin to form mono-nu-
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cleosomes and/or oligonucleosomes; and

(iii) detecting or measuring the presence of a histone
variant in the mono-nucleosomes and/or oligo-nu-
cleosomes by means of an immunoassay method
as described herein.

[0066] 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 produced cell free nu-
cleosomes from MCF7 cells using standard procedures
and used the method of the invention to show that these
MCF7 nucleosomes do include nucleosomes containing
the histone variants mH2A1.1, H2AZ as well as P-
H2AX(Ser139).

[0067] In one embodiment the histone isoform select-
ed for detection by the method is a commonly occurring
isoform that occurs in all or most intact nucleosomes,
providing a method for the detection or measurement of
nucleosomes per se. In another embodiment the epitope
on a histone isoform selected for detection by the method
is located at a region of the histone isoform that is com-
mon to, and occurs in, all or most isoforms of the said
histone and hence in all or most intact nucleosomes and
is further not subject to PTM, providing a method for the
detection or measurement of nucleosomes per se.
[0068] It will be appreciated by those skilled in the art
that the described method of detecting nucleosome as-
sociated histone variants in cells or tissues is simpler,
faster, cheaper, more quantitative and/or more reproduc-
ible than currently used methods including IHC, Western
Blotting or FACS. The level, concentration or quantity of
a particular nucleosome associated histone variant may
be expressed in absolute terms or relative terms, for ex-
ample as a proportion of the total nucleosomes or total
DNA present or as a ratio to the level of nucleosomes
containing another histone variant or PTM or nucleotide.
[0069] 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 any
binder capable of binding to specific molecules or entities
and that any suitable binder can be used in the method
of the invention. It will also be clear that the term nucle-
osomes is intended to include mononucleosomes and
oligonucleosomes and any such chromatin fragments
that can be analysed in fluid media.

[0070] According to another aspect of the disclosure
there is provided a kit for detecting or measuring nucle-
osomes which comprises a ligand or binder specific for
the histone variant or a component part thereof, or a
structural/shape mimic of the nucleosome or component
part thereof, together with instructions for use of the kit
in accordance with any of the methods defined herein.
[0071] According to a further aspect of the disclosure
there is provided a kit for detecting or measuring nucle-
osomes containing a particular histone variant which
comprises a ligand or binder specific for the histone var-
iant or a component part thereof, or a structural/shape
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mimic of the nucleosome or component part thereof, to-
gether with instructions for use of the kit in accordance
with any of the methods defined herein.

[0072] According to another aspect of the disclosure
thereis provided a method for identifying a histone variant
biomarker for detecting or diagnosing disease status in
animals or humans which comprises the steps of:

(i) detecting or measuring the level of cell free nu-
cleosomes containing a histone variant in a body flu-
id of diseased subjects;

(i) detecting or measuring the level of cell free nu-
cleosomes containing a histone variant in a body flu-
id of control subjects; and

(i) using the difference between the levels detected
in diseased and control subjects to identify whether
a particular histone variant is useful as a biomarker
for that disease.

[0073] 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).

[0074] According to a further aspect of the disclosure
thereis provided a method foridentifying a histone variant
biomarker for assessing the prognosis of a diseased an-
imal or human subject which comprises the steps of:

(i) detecting or measuring the level of cell free nu-
cleosomes containing a histone variant in a body flu-
id of diseased subjects; and

(ii) correlating the level of cell free nucleosomes con-
taining a histone variant detected in a body fluid of
diseased subjects with the disease outcome of the
subjects.

[0075] According to a further aspect of the disclosure
thereis provided a method for identifying a histone variant
biomarker to be used for the selection of a treatment reg-
imen for a diseased animal or human subject in need of
treatment which comprises the steps of:

(i) detecting or measuring the level of cell free nu-
cleosomes containing a histone variant in a body flu-
id of diseased subjects; and

(ii) correlating the level of cell free nucleosomes con-
taining a histone variant detected in a body fluid of
diseased subjects with the observed efficacy of a
treatment regimen in those subjects.

[0076] According to a further aspect of the disclosure
thereis provided a method foridentifying a histone variant
biomarker to be used for monitoring the treatment of a
diseased animal or human subject which comprises the
steps of:
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(i) detecting or measuring the level of cell free nu-
cleosomes containing a histone variant in a body flu-
id of a diseased subject;

(i) 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 nucleosomes con-
taining a histone variant detected in a body fluid of
a diseased subject with the disease progression in
the subject.

[0077] According to a further aspect of the disclosure,
there is provided a biomarker identified by the method
as defined herein.

[0078] It will be clear to those skilled in the art that cell
free nucleosomes containing a histone variant can also
be detected in a biological fluid including blood, plasma,
serum and urine by a procedure involving the extraction
of the histone variant protein from the nucleosome com-
plex followed by a method for the detection or quantifi-
cation of the extracted free histone variant protein. Suit-
able extraction procedures include commonly used acid
extraction procedures for histones which utilise the basic
nature of histones proteins. The detection of the free his-
tone variant may be performed, for example, by an im-
munoassay for the free histone moiety. Thus in one em-
bodiment of the invention a histone isoform is extracted
from a biological fluid including blood, plasma, serum and
urine and the extract is tested for the presence of a his-
tone isoform.

[0079] It is known in the art that one may detect the
presence of a protein thatis comprised as part of a com-
plex containing other moieties by immunoassay meth-
ods. It will be clear to those skilled in the art that cell free
nucleosomes containing a histone variant can be detect-
ed in a biological fluid including blood, plasma, serum
and urine by a procedure involving the direct immu-
noassay of the histone variant itself in the fluid. In this
procedure a single antibody immunoassay, utilising an
antibody directed to an epitope present on a histone var-
iant, or a 2-site immunoassay, utilising two antibodies
directed to two epitopes present on a histone variant, is
used to detect the presence of a histone variant within a
nucleosome. Thus in another embodiment of the inven-
tion a histone isoform contained within a nucleosome is
detected directly in a biological fluid including blood, plas-
ma, serum and urine by use of an immunoassay method
for a histone isoform.

[0080] Thus in one embodiment of the invention a his-
tone isoform is extracted from a biological fluid including
blood, plasma, serum and urine and the extract is tested
for the presence of a histone isoform.

[0081] Also described are ligands or binders, such as
naturally occurring or chemically synthesised com-
pounds, capable of specific binding to the biomarker. A
ligand or binder may comprise a peptide, an antibody or
afragment thereof, or a synthetic ligand such as a plastic
antibody, or an aptamer or oligonucleotide, capable of
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specific binding to the biomarker. The antibody can be a
monoclonal antibody or a fragment thereof capable of
specificbinding to the biomarker. Aligand may be labeled
with a detectable marker, such as a luminescent, fluo-
rescent, enzyme or radioactive marker; alternatively or
additionally a ligand may be labeled with an affinity tag,
e.g. a biotin, avidin, streptavidin or His (e.g. hexa-His)
tag. Alternatively ligand binding may be determined using
a label-free technology for example that of ForteBio Inc.
[0082] A biosensor may comprise the biomarker or a
structural/shape mimic thereof capable of specific bind-
ing to an antibody against the biomarker. Also provided
is an array comprising a ligand or mimic as described
herein.

[0083] Alsodescribed is the use of one or more ligands
as described herein, which may be naturally occurring or
chemically synthesised, and is suitably a peptide, anti-
body or fragment thereof, aptamer or oligonucleotide, or
the use of a biosensor, or an array, or a kit to detect
and/or quantify the biomarker. In these uses, the detec-
tion and/or quantification can be performed on a biolog-
ical sample as defined herein.

[0084] Diagnostic or monitoring kits are disclosed for
performing methods of the invention. Such kits will suit-
ably comprise a ligand, for detection and/or quantification
of the biomarker, and/or a biosensor, and/or an array as
described herein, optionally together with instructions for
use of the kit. A further aspect of the disclosure is a kit
for detecting the presence of a disease state, comprising
a biosensor capable of detecting and/or quantifying one
or more of the biomarkers as defined herein.

[0085] 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 can be employed
in methods for screening for compounds that modulate
the activity of the biomarker.

[0086] Thus, there is disclosed the use of a binder or
ligand, as described, which can be a peptide, antibody
or fragment thereof or aptamer or oligonucleotide; or the
use of a biosensor, or an array; or a kit, to identify a
substance capable of promoting and/or of suppressing
the generation of the biomarker.

[0087] Also there is disclosed a method of identifying
a substance capable of promoting or suppressing the
generation of the biomarker in a subject, comprising ad-
ministering a test substance to a subject animal and de-
tecting and/or quantifying the level of the biomarker
present in a test sample from the subject.

[0088] 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 patients most likely to respond to a particular ther-



25 EP 2 751 569 B1 26

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.

[0089] Theterms"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.

[0090] Efficientdiagnosis and monitoring methods pro-
vide very powerful "patient 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.
[0091] In one embodiment, said biomarker is released
from the cells of a tumour. Thus, according to a further
aspect of the disclosure 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 bi-
omarker is associated with the size, stage, aggressive-
ness or dissemination of the tumour.

[0092] 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 a/ 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 and sepsis
or other serious infection. We have used the immu-
noassay method of the invention to measure nucleosome
levels and investigate their histone and nucleotide struc-
ture variability in a variety of such diseases including car-
diomyopathy, systemic lupus erythematosus, ulcerative
colitis, chronic obstructive pulmonary disease, Crohn’s
disease and rheumatoid arthritis and compared these
with the results of healthy subjects. We can detect nu-
cleosomes and determine their relative structures (in
terms of histone and nucleotide composition) in all these
diseases. As methods of the current invention are capa-
ble of detection of a wider range of nucleosomes than
current nucleosome ELISA methods, the methods of the
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invention have applications in awide range of cancer and
non-cancer disease areas.

[0093] 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.
[0094] Biological samplesthat may be testedinameth-
od of the invention include cerebrospinal fluid (CSF),
whole blood, blood serum, plasma, menstrual blood, en-
dometrial fluid, urine, saliva, or other bodily fluid (stool,
tear fluid, synovial fluid, sputum), breath, e.g. as con-
densed breath, or an extract or purification therefrom, or
dilution thereof. Biological samples also include speci-
mens from a live subject, or taken post-mortem. The sam-
ples can be prepared, for example where appropriate
diluted or concentrated, and stored in the usual manner.
[0095] Inoneembodiment, 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 can be used to monitor onset, progression, sta-
bilisation, amelioration, relapse and/or remission.
[0096] Thus, the disclosure 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.

[0097] Thus, according to a further aspect of the dis-
closure, there is provided a method for monitoring effi-
cacy of therapy for a disease state in a human or animal
subject, comprising:

(i) quantifying the amount of the biomarker as de-
fined herein; and

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

[0098] 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 may be periodically repeated in order to monitor
for the recurrence of a disease.

[0099] 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
andin non-human animals (e.g. in animalmodels). These
monitoring methods can be incorporated into screens for
new drug substances and combinations of substances.
[0100] The monitoring of more rapid changes due to
fast acting therapies may be conducted at shorter inter-
vals of hours or days.

[0101] According to a further aspect of the disclosure,
there is provided a method for identifying a biomarker for
detecting the presence of adisease 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.

[0102] The presence of the biomarker is assessed by
detecting and/or quantifying antibody or fragments there-
of capable of specific binding to the biomarker that are
generated by the subject’s body in response to the bi-
omarker and thus are presentin a biological sample from
a subject having a disease state.

[0103] 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 patient 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.

[0104] 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 inlength. Itis noted in particular that peptides
of the same or related sequence to that of histone tails
are particularly useful fragments of histone proteins.
[0105] The biomarker may be directly detected, e.g.
by SELDI or MALDI-TOF. Alternatively, the biomarker
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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.

[0106] 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 orLC 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.

[0107] 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 patients most likely to respond to
a particular therapeutic treatment, for drug screening and
development, and identification of new targets for drug
treatment.

[0108] 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.

[0109] 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
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target biomarker(s) at the anticipated concentrations
found in biological samples.

[0110] Asused herein, the term "biosensor" means an-
ything capable of detecting the presence of the biomar-
ker. Examples of biosensors are described herein.
[0111] Biosensors may comprise a ligand binder or lig-
ands, as described herein, capable of specific binding to
the biomarker. Such biosensors are useful in detecting
and/or quantifying a biomarker.

[0112] The biomarker(s) can be detected using a bio-
sensor incorporating technologies based on "smart"
holograms, or high frequency acoustic systems, such
systems are particularly amenable to "bar code" or array
configurations.

[0113] 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-
versible and irreversible sensors can be designed to
meet different requirements, and continuous monitoring
of a particular biomarker of interest is feasible.

[0114] Suitably, biosensors for detection of one or
more biomarkers combine biomolecular recognition with
appropriate means to convert detection of the presence,
or quantitation, of the biomarker in the sample into a sig-
nal. Biosensors can be adapted for "alternate site" diag-
nostic testing, e.g. in the ward, outpatients’ department,
surgery, home, field and workplace.

[0115] Biosensors to detect one or more biomarkers
include acoustic, plasmon resonance, holographic, Bio-
Layer Interferometry (BLI) and microengineered sen-
sors. Imprinted recognition elements, thin film transistor
technology, magnetic acoustic resonator devices and
other novel acousto-electrical systems may be employed
in biosensors for detection of the one or more biomarkers.
[0116] Methods involving identification and/or quanti-
fication of one or more biomarkers can be performed on
bench-top instruments, or can be incorporated onto dis-
posable, diagnostic or monitoring platforms that can be
used in a non-laboratory environment, e.g. in the physi-
cian’s office or at the patient’s bedside. Suitable biosen-
sors for performing methods of the invention include
"credit" cards with optical or acoustic readers. Biosensors
can be configured to allow the data collected to be elec-
tronically transmitted to the physician for interpretation
and thus can form the basis for e-medicine.

[0117] Diagnostic kits for the diagnosis and monitoring

10

15

20

25

30

35

40

45

50

55

16

of the presence of a disease state are described herein.
The kits may additionally contain a biosensor capable of
identifying and/or quantifying a biomarker. Suitably a kit
may contain one or more components selected from the
group: a ligand binder, or ligands, specific for the biomar-
ker or a structural/shape mimic of the biomarker, one or
more controls, one or more reagents and one or more
consumables; optionally together with instructions for
use of the kit in accordance with any of the methods de-
fined herein.

[0118] The identification of biomarkers for a disease
state permits integration of diagnostic procedures and
therapeutic regimes. Detection of a biomarker can be
used to screen subjects prior to their participation in clin-
ical trials. The biomarkers provide the means to indicate
therapeutic response, failure to respond, unfavourable
side-effect profile, degree of medication compliance and
achievement of adequate serum drug levels. The biomar-
kers may be used to provide warning of adverse drug
response. Biomarkers are useful in development of per-
sonalized therapies, as assessment of response can be
used to fine-tune dosage, minimise the number of pre-
scribed medications, reduce the delay in attaining effec-
tive therapy and avoid adverse drug reactions. Thus by
monitoring a biomarker, patient care can be tailored pre-
cisely to match the needs determined by the disorder and
the pharmacogenomic profile of the patient, the biomar-
ker can thus be used to titrate the optimal dose, predict
a positive therapeutic response and identify those pa-
tients at high risk of severe side effects.

[0119] Biomarker-based tests provide a first line as-
sessment of 'new’ patients, and provide objective meas-
ures for accurate and rapid diagnosis, not achievable us-
ing the current measures.

[0120] Furthermore, diagnostic biomarker tests are
useful to identify family members or patients 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.

[0121] Biomarker monitoring methods, biosensors and
kits are also vital as patient 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.

[0122] The invention will now be illustrated with refer-
ence to the following non-limiting examples.

EXAMPLE 1

[0123] A human blood sample containing cell free nu-
cleosomes from healthy subjects prepared according to
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the method described by Holdenrieder (*Holdenrieder et
al, 2001) was tested using an ELISA for the nucleosome
associated histone variant macroH2A1.1 using a solid
phase anti-histone capture antibody that binds intact nu-
cleosomes and a biotinylated affinity purified polyclonal
anti-histone variant macroH2A1.1 detection antibody.
The human sample was serially diluted in fetal calf serum
and was tested in duplicate in the ELISA undiluted and
at dilutions of 1:2, 1:4, and 1:8. Neat fetal calf serum was
also run in the ELISA as a control sample containing no
cellfree nucleosomes. The assay method was as follows:
A solution of anti-histone antibody in 0.1M phosphate
buffer pH 7.4 was added to microtitre wells (100 pL/well)
and incubated overnight at 4°C to coat the wells with
capture antibody. Excess anti-histone antibody was de-
canted. A solution of bovine serum albumin (20g/L) was
added to the wells (150 pL/well) and incubated 60 min-
utes atroom temperature to block excess protein binding
sites on the wells. Excess bovine serum albumin solution
was decanted and the wells were washed twice with wash
buffer (200 pL/well, 0.05M TRIS/HCI buffer pH 7.5 con-
taining 1% Tween 20). Sample (10 pL/well) and assay
buffer (50 wL/well, 0.05M TRIS/HCI pH 7.5 containing
0.9% NaCl, 0.05% sodium deoxycholate and 1% Nonidet
P40 substitute) were added to the wells and incubated
90 minutes at room temperature with mild agitation. The
sample and assay buffer mixture was decanted and the
wells were washed three times with wash buffer (200
wL/well). A solution of biotinylated affinity purified poly-
clonal anti-histone variant macroH2A1.1 detection anti-
body was added (50 pL/well) and incubated 90 minutes
atroom temperature with mild agitation. Excess detection
antibody was decanted and the wells were again washed
three times with wash buffer (200 pL/well). A solution
containing a streptavidin-horse radish peroxidase conju-
gate was added (50 pL/well) and incubated 30 minutes
at room temperature with mild agitation. Excess conju-
gate was decanted and the wells were again washed
three times with wash buffer (200 pL/well). A coloured
substrate solution (100 pL/well, 2,2’-Azinobis [3-ethyl-
benzothiazoline-6-sulfonic acid]-diammonium salt) was
added and incubated 30 minutes at room temperature
with mild agitation. A STOP solution (100 wL/well) con-
taining 1% sodium dodecyl sulphate was added and the
optical density (OD) of the wells was measured at a wave-
length of 405nm using a standard microtitre plate reader.
A reproducible dose response curve of increasing colour
with increasing nucleosome associated histone variant
macroH2A1.1 concentration was observed with a low
background signal observed in the absence of nucleo-
some associated histone variant macroH2A1.1 (fetal calf
serum). The positive ELISA signal indicates that the his-
tone variant macroH2A1.1 detected by the ELISA is in-
corporated within a nucleosome as the capture antibody
used binds to histones within intact nucleosomes and
does not bind to histone H2. The results are shown in
Figure 1.
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EXAMPLE 2

[0124] A commercially available nucleosome prepara-
tion produced by digestion of chromatin extracted from
MCF7 cells in which the DNA and proteins in the nucle-
osome are cross-linked for stability (ensuring that all his-
tones present in the preparation are incorporated into
intact nucleosomes) was assayed using an ELISA meth-
od for the nucleosome associated histone variant
macroH2A2 using a solid phase anti-histone capture an-
tibody that binds intact nucleosomes and a biotinylated
affinity  purified polyclonal anti-histone variant
macroH2A2 detection antibody. The nucleosome sample
was serially diluted in fetal calf serum and was tested in
duplicate in the ELISA. Neat fetal calf serum was also
run in the ELISA as a control sample containing no cell
free nucleosomes. The assay method was as follows: A
solution of anti-histone antibody in 0.1M phosphate buffer
pH 7.4 was added to microtitre wells (100 pnL/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 pL/well) and incubated 30 minutes at room
temperature to block excess protein binding sites on the
wells. Excess bovine serum albumin solution was de-
canted and the wells were washed three times with wash
buffer (200 pL/well, 0.05M TRIS/HCI buffer pH 7.5 con-
taining 1% Tween 20). Sample (10 pL/well) and assay
buffer (50 pL/well, 0.05M TRIS/HCI pH 7.5 containing
0.9% NaCl, 0.05% sodium deoxycholate and 1% Nonidet
P40 substitute) were added to the wells and incubated
overnight at 4°C. The sample and assay buffer mixture
was decanted and the wells were washed three times
with wash buffer (200 pL/well). A solution of biotinylated
affinity  purified polyclonal anti-histone variant
macroH2A1.1 detection antibody was added (50 pL/well)
and incubated 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 p.L/well). A solution containing a streptavidin-horse
radish peroxidase conjugate was added (50 pL/well) and
incubated 30 minutes at room temperature with mild ag-
itation. Excess conjugate was decanted and the wells
were again washed three times with wash buffer (200
pL/well). A coloured substrate solution (100 wL/well, 2,2’-
Azinobis [3-ethylbenzothiazoline-6-sulfonic acid]-diam-
monium salt) was added and incubated 20 minutes at
room temperature with mild agitation. The optical density
(OD) of the wells was measured at a wavelength of
405nm using a standard microtitre plate reader. A dose
response curve of increasing colour with increasing nu-
cleosome associated histone variant macroH2A2 con-
centration was observed with a low background signal
observed in the absence of histone variant macroH2A2
(fetal calf serum). The positive ELISA signal indicates
that the histone variant macroH2A2 detected by the ELI-
SA is incorporated within a nucleosome as (i) no free
histones are present in the sample and (ii) the capture
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antibody used binds to histones within intact nucleo-
somes and does not bind to histone H2. The results are
shown in Figure 2.

EXAMPLE 3

[0125] A commercially available nucleosome prepara-
tion produced by digestion of chromatin extracted from
MCF7 cells in which the DNA and proteins were cross-
linked for stability (ensuring all histones present are in-
corporated into intact nucleosomes) was tested using an
ELISA method for nucleosome associated histone vari-
ant H2AZ using a solid phase anti-histone capture anti-
body that binds intact nucleosomes and does not bind
histone H2 and a biotinylated affinity purified polyclonal
anti-histone variant H2AZ detection antibody. The details
of the assay procedure are similar to those described in
EXAMPLE 2 above. A reproducible dose response curve
of increasing colour with increasing nucleosome associ-
ated histone variant H2AZ concentration was observed
with a low background signal observed in the absence
of nucleosome associated histone variant H2AZ (fetal
calf serum). The positive ELISA signal indicates that the
histone variant macroH2A2 detected is incorporated
within a nucleosome as (i) no free histones are present
in the sample and (ii) the capture antibody used binds to
histones within intact nucleosomes and does not bind to
histone H2. The results are shown in Figure 3.

EXAMPLE 4

[0126] We used two nucleosome ELISA methods of
the current art to measure the circulating cell free nucle-
osome content of serum and plasma blood samples tak-
en from 20 healthy subjects. The first current ELISA
method (ELISA 1) was the Roche Cell Death ELISA and
the other (ELISA 2) an ELISA employing an anti-histone
capture antibody and an anti-histone-DNA complex de-
tection antibody. The nucleosome levels detected by
both current nucleosome ELISA methods were both low-
er in normal plasma than in normal serum. The normal
range (expressed in optical density units) for the serum
level of nucleosomes was calculated (mean = 2 standard
deviations of the mean of the 20 healthy subject serum
results) to be 0 - 4.3 OD units for ELISA 1 and 0 - 1.4 for
ELISA 2. The respective ranges for plasma were 0 - 0.95
and 0 - 0.96. The results are shown in Figure 4.

[0127] We also measured the levels of nucleosomes
containing a histone PTM and two nucleotides as well as
the three nucleosome associated histone variants
mH2A1.1, mH2A2 and H2AZ, in the same samples. The
results show that the serum samples taken from healthy
subjects have uniformly low levels of nucleosomes con-
taining histone variants or PTM or nucleotides. The nor-
mal ranges (expressed as optical density) for the serum
level of nucleosomes containing histone variants, PTM
or nucleotides were; (a) 0 - 0.36 for mH2A1.1, (b) 0.05 -
0.78 for mH2A2, (c) 0.11 - 0.58 for H2AZ, (d) 0.06 - 0.61
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for P-H2AX (Ser139), (e) 0.06-0.36 for 5-methylcytosine
and (f) 0.03-0.36 for 5-hydroxymethylcytrosine. The
measured EDTA plasma results were higher for all 20
healthy subjects. The results are shown in Figures 5, 6,
7,8,9and 10.

EXAMPLE 5

[0128] We measured cell free nucleosomes in EDTA
plasma taken from 13 healthy subjects and 55 subjects
with cancer of the stomach, large intestine, rectum, lung
(small cell carcinoma and various non-small cell carci-
nomas), breast, ovary, prostate, kidney and various oral
cancers (oral cavity, palate, pharynx and larynx). All of
the samples from healthy subjects and cancer patients
were positive for cell free nucleosomes. However, the
levels detected in samples taken from cancer subjects
were higher than found in samples from healthy subjects
and the results showed that healthy and cancer subjects
can be discriminated. For example the normal range cal-
culated in OD terms as the mean = 2 standard deviations
in the mean, for the H2AZ nucleosome assay was 0 -
0.95. Using this cut-off level of 0.95; all 13 healthy sub-
jects were negative for elevated nucleosome H2AZ lev-
els. By contrast a positive result for elevated nucleosome
H2AZ levels was found for 46 of the 55 cancer samples
(an overall clinical sensitivity of 84%) including 100% (8
of 8) of stomach 100% (5 of 5) of large intestinal, 67% (2
of 3) of rectal, 83% (5 of 6) of small cell lung, 79% of non-
small cell lung, 50% (3 of 6) of breast, 100% (1 of 1) of
ovarian, 100% (1 of 1) of pancreas, 80% (4 of 5) of pros-
tate, 100% (1 of 1) of kidney and 100% (5 of 5) of oral
cancer samples. The results are shown in Figure 19.
[0129] Similarly for the nucleosome associated
mH2A1.1 assay the normal range was 0 - 0.91. Using
this cut-off value all 13 healthy samples were negative
and 64% (35 of 55) of cancer samples were positive. For
the nucleosome associated P-H2AX(Ser139) assay the
normal range was 0 - 1.08. Using this cut-off value all 13
healthy samples were negative and 60% (33 of 55) of
cancer samples were positive. Nucleosome associated
5-methylcytosine was also measured and the assay the
normal range was 0 - 1.41. Using this cut-off value all 13
healthy samples were negative and 55% (30 of 55) of
cancer samples were positive.

[0130] We also used the methods of the invention to
measure a variety of other nucleosome associated struc-
tures in the same samples. The results of these immu-
noassays were compiled to provide a profile of nucleo-
some structures in samples taken from cancer patients
normalised relative to detected levels of nucleosomes
containing 5-methylcytosine. We compared the resulting
profiles to the nucleosome structure of samples taken
from healthy subjects. The nucleosome structure profile
of cell free nucleosomes was found to be different to
those of healthy subjects. The results are shown in Figure
23. We similarly compiled nucleosome structure profiles
for samples taken from a variety of non-cancer diseases
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and compared these to the profile of nucleosomes in
samples taken from cancer patients and from healthy
subjects. The results are shown in Figure 24.

[0131] We then performed another similar experiment
including samples from 10 healthy subjects and a further
62 patients with cancer of various types. The results were
similar to the first experiment. For example using the re-
sults for nucleosome associated histone variant H2AZ
and a cut-off of mean + 2 standard deviations of the mean
of the results for healthy subjects, negative results were
obtained for all 10 healthy subjects and positive results
were obtained for 95% (59 of 62) of cancer patients in-
cluding 9 of 9 prostate cancer patients, 5 of 5 skin cancer
patients, 6 of 8 esophagus cancer patients, 12 of 13 blad-
der cancer patients, 2 of 2 cervix cancer patients and 1
of 1 colon cancer patients, 4 of 4 breast cancer patients,
7 of 7 ovary cancer patients, 7 of 7 larynx cancer patients,
3 of 3 lung cancer patients and 3 of 3 renal cancer pa-
tients. This result indicates that nucleosome associated
histone variants are clinically sensitive biomarkers for
cancer. The results are shown in Figure 20.

EXAMPLE 6

[0132] We used two nucleosome ELISA methods of
the current art to measure the circulating cell free nucle-
osome content of EDTA plasma samples taken from 3
subjects with colon cancer, 13 subjects with lung cancer,
2 subjects with pancreatic cancer, 1 subject with oral can-
cer and a nucleosome sample produced from healthy
subjects according to method of Holdenrieder (*Holden-
rieder etal, 2001). The first current ELISA method (ELISA
1) was the Roche Cell Death ELISA and the other (ELISA
2) an ELISA employing an anti-histone capture antibody
and an anti-histone-DNA complex detection antibody.
[0133] We also measured the levels of nucleosomes
containing three variant histones, a histone PTM and two
nucleotides. The results show that, although low nucle-
osome results for ELISA methods of the current art were
detected for most subjects, particularly for pancreaticand
oral cancer patient, most of these samples have higher
detectable levels of nucleosomes that contain one or
more nucleosome associated variant histones. The re-
sults for samples taken from 3 subjects with colon cancer,
13 subjects with lung cancer, 2 subjects with pancreatic
cancer and 1 subject with oral cancer are shown in Fig-
ures 11, 12, 13 and 14 respectively. Significant nucleo-
some associated histone variant levels were detected in
16 of the 19 cancer samples (all but 3 lung cancer sam-
ples). In addition nucleosome associated 5-hy-
droxymethylcytosine was detected in 12 of the 19 cancer
samples and nucleosome associated 5-methylcytosine
was detected in all 19 cancer samples.

[0134] Furthermore the pattern of nucleosome levels
containing different histone variant levels is not uniform
for all subjects but displays different patterns for different
cancers tested. To facilitate comparison between results
for subjects with the same or different cancers; the results
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for the nucleosome tests (for nucleosomes containing
macroH2A1.1, macroH2A2, H2AZ, P-H2AX(Ser139), 5-
methylcytosine and 5-hydroxymethylcytosine) were nor-
malised as a proportion of the OD signal observed for
nucleosomes containing 5-methylcytosine. The normal-
ised results (with error bars showing the standard devi-
ation in results where samples from more than one sub-
ject were tested) are shown for each cancer in Figure 15
as well as the same results for the nucleosome sample
produced from healthy subjects (mH2A2 and 5-hy-
droxymethylcytosine were not measured for this sam-
ple). Figure 15 shows that the distribution pattern of nu-
cleosomes containing the different normalised histone
variants, nucleotides or PTM in all four cancers investi-
gated differs quite markedly to the distribution of nucle-
osomes in the sample from healthy subjects. Thus the
present invention can be used as a method for the de-
tection of cancer in a simple blood based screening test.
It will be clear to those skilled in the art that the invention
includes the testing of nucleosomes containing other fur-
ther histone variants, nucleotides and/or histone modifi-
cations to further or better discriminate between circulat-
ing cell free nucleosomes of tumour or other disease or-
igin.

[0135] Furthermore the pattern of nucleosome types
observed differs for different cancer types. For example;
the sample taken from a subject with oral cancer has
lower normalised levels of both nucleosomes containing
mH2A2 or P-H2AX(Ser139) than any of the other three
cancer types. Similarly, samples from subjects with pan-
creatic cancer can be distinguished from samples from
subjects with colon cancer on the basis of a different nor-
malised level of nucleosomes containing variant
macroH2A1.1. Thus the present invention can be used
as a method to diagnose cancer generally and to distin-
guish a particular cancer type. It will be clear to those
skilled in the art that the invention includes the testing of
nucleosomes containing other further histone variants
and/or histone modifications and/or nucleotides to further
or better discriminate between circulating cell free nucle-
osomes of different specific tumour origin or other dis-
ease origin.

EXAMPLE 7

[0136] We measured the nucleosome associated his-
tone variantlevels in serum samples taken from 4 healthy
subjects and 20 serum samples taken from subjects with
pancreatic cancer using the method of the invention as
described above. Using a cut-off level of 0.27 (mean + 2
standard deviations of the levels found in healthy pa-
tients), the nucleosome associated H2AZ levels were el-
evated in 80% (16 of 20) of the samples taken from pan-
creatic cancer patients and none of the healthy subjects.
The results are shown in Figure 21.
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EXAMPLE 8

[0137] We measured the nucleosome associated his-
tone H2AZ levels of some human samples taken from
cancer patients using a biotinylated anti-H2AZ detection
antibody as described in Example 3. The method was
performed twice using two different monoclonal clonal
anti-histone capture antibodies to determine if the H2AZ
results were repeatable for different capture antibodies.
The results in Figure 16 show that the nucleosome as-
sociated histone H2AZ levels of the two assays are lin-
early related with a line of best fit that intercepts at ap-
proximately zero. The units are simple optical density
readings.

EXAMPLE 9

[0138] We measured the nucleosome associated his-
tone H2AZ levels of human EDTA plasma samples taken
from lung cancer patients as described in Example 3.
The levels detected were correlated with the disease pro-
gression of the patients. The results shown in Figure 22
indicate that nucleosome associated histone H2AZ lev-
els increase with severity of disease in terms of size,
stage, nodal spread and distant metastatic spread and
nucleosome associated histone H2AZ levels may be
used, alone or as part of a diagnostic panel, as indicators
of disease nodal, size, stage or metastatic progression,
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Claims

1. Use of a histone isoform associated with a cell free
nucleosome as a biomarker in a body fluid sample
for the diagnosis of cancer.

2. The use as defined in claim 1 wherein the cell free
nucleosome is a mononucleosome or an oligonucle-
osome.

3. The use as defined in claim 1 or claim 2 wherein the
histone isoform associated with a cell free nucleo-
some is measured in a blood sample.

4. Theuse asdefinedin any one of claims 1to 3, where-
inthe canceris a cancer of the bladder, breast, colon,
cervix, esophagus, kidney, large intestine, lung, oral
cavity, ovary, pancreas, prostate, rectum, skin or
stomach.

5. A method for detecting the presence of a histone
isoform associated with a cell free nucleosome in a
body fluid sample which comprises the steps of:

(i) contacting the body fluid sample with a bind-
ing agent which binds to the histone isoform;
(ii) detecting or quantifying the binding of said
binding agent to the histone isoform in the body
fluid sample; and

(iii) using the presence or degree of such binding
as ameasure of the presence of the histone iso-
form or nucleosomes containing the histone iso-
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6.

7.

10.

1.

12.

form in the body fluid sample.

A method for detecting the presence of a histone
isoform associated with a cell free nucleosome in a
body fluid sample which comprises the steps of:

(i) contacting the body fluid sample with a first
binding agent which binds to nucleosomes;

(ii) contacting the nucleosomes or body fluid
sample with a second binding agent which binds
to the histone isoform;

(iii) detecting or quantifying the binding of said
second binding agent to the histone isoform in
the body fluid sample; and

(iv) using the presence or degree of such binding
as a measure of the presence of nucleosomes
containing the histone isoform in the body fluid
sample.

A method for detecting the presence of a histone
isoform associated with a cell free nucleosome in a
body fluid sample which comprises the steps of:

(i) contacting the body fluid sample with a first
binding agentwhich binds to the histone isoform;
(ii) contacting the nucleosomes or body fluid
sample with a second binding agent which binds
to nucleosomes;

(iii) detecting or quantifying the binding of said
second binding agent to nucleosomes in the
body fluid sample; and

(iv) using the presence or degree of such binding
as a measure of the presence of nucleosomes
containing the histone isoform in the body fluid
sample.

The method as defined in any one of claims 5-7
wherein the histone isoform is a common histone
isoform that occurs in all or most nucleosomes to
test for nucleosomes per se.

The method as defined in any one of claims 5-8
wherein the binding agent used to bind a histone is
targeted to bind a region of the said histone that is
common to all or most histone isoforms of the said
histone moiety and occurs in all or most nucleo-
somes to test for nucleosomes per se.

A method as defined in any one of claims 5 to 9
wherein the binding agent is an antibody.

A method according to any one of claims 5 to 10
wherein the body fluid is selected from blood, serum
or plasma.

An in vitro method for detecting or diagnosing cancer
in an animal or a human subject which comprises
the steps of:
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(i) detecting or measuring a histone isoform as-
sociated with a cell free nucleosome in a body
fluid obtained from a subject; and

(ii) using the nucleosome associated histone
isoform level detected to identify cancer in the
subject.

Patentanspriiche

1.

Verwendung einer Histonisoform, die mit einem zell-
freien Nukleosom assoziiert wird, als Biomarker in
einer Korperflissigkeitsprobe fiir die Diagnose von
Krebs.

Verwendung nach Anspruch 1, wobei das zellfreie
Nukleosom ein Mononukleosom oder ein Oligonuk-
leosom ist.

Verwendung nach Anspruch 1 oder Anspruch 2, wo-
bei die Histonisoform, die mit einem zellfreien Nuk-
leosom assoziiert wird, in einer Blutprobe gemessen
wird.

Verwendung nach einem der Anspriiche 1 bis 3, wo-
bei der Krebs ein Krebs der Blase, der Brust, des
Darms, des Gebarmutterhalses, der Speiserohre,
der Niere, des Dickdarms, der Lunge, der Mundh&h-
le, des Eierstocks, der Bauchspeicheldriise, der Pro-
stata, des Rektums, der Haut oder des Magens ist.

Verfahren zur Erkennung des Vorhandenseins einer
Histonisoform, die mit einem zellfreien Nukleosom
assoziiert wird, in einer Korperfllssigkeitsprobe, das
die folgenden Schritte umfasst:

(i) Kontaktieren der Kérperflissigkeitsprobe mit
einem Bindemittel, das an die Histonisoform bin-
det;

(ii) Erkennen oder Quantifizieren der Bindung
des Bindemittels an die Histonisoform in der
Korperflissigkeitsprobe; und

(iii) Verwenden des Vorhandenseins oder Grads
einer solchen Bindung als ein Maf} des Vorhan-
denseins der Histonisoform oder von Nukleoso-
men, welche die Histonisoform enthalten, in der
Korperflissigkeitsprobe.

Verfahren zur Erkennung des Vorhandenseins einer
Histonisoform, die mit einem zellfreien Nukleosom
assoziiert wird, in einer Korperfllissigkeitsprobe, das
die folgenden Schritte umfasst:

(i) Kontaktieren der Kérperflissigkeitsprobe mit
einem ersten Bindemittel, das an Nukleosome
bindet;

(ii) Kontaktieren der Nukleosome oder Korper-
flissigkeitsprobe mit einem zweiten Bindemit-
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tel, das an die Histonisoform bindet;

(iii) Erkennen oder Quantifizieren der Bindung
des zweiten Bindemittels an die Histonisoform
in der Korperflussigkeitsprobe; und

(iv) Verwenden des Vorhandenseins oder
Grads einer solchen Bindung als ein Mal} des
Vorhandenseins von Nukleosomen, welche die
Histonisoform enthalten, in der Korperflissig-
keitsprobe.

Verfahren zur Erkennung des Vorhandenseins einer
Histonisoform, die mit einem zellfreien Nukleosom
assoziiert wird, in einer Korperflissigkeitsprobe, das
die folgenden Schritte umfasst:

(i) Kontaktieren der Kérperflissigkeitsprobe mit
einem ersten Bindemittel, das an die Histoniso-
form bindet;

(ii) Kontaktieren der Nukleosome oder Korper-
flissigkeitsprobe mit einem zweiten Bindemit-
tel, das an Nukleosome bindet;

(iii) Erkennen oder Quantifizieren der Bindung
des zweiten Bindemittels an Nukleosome in der
Korperflussigkeitsprobe; und

(iv) Verwenden des Vorhandenseins oder
Grads einer solchen Bindung als ein Mal} des
Vorhandenseins von Nukleosomen, welche die
Histonisoform enthalten, in der Korperflissig-
keitsprobe.

Verfahren nach einem der Anspriiche 5-7, wobei die
Histonisoform eine gemeine Histonisoform ist, die in
allen oder den meisten Nukleosomen zum Testen
auf Nukleosome per se vorkommt.

Verfahren nach einem der Anspriiche 5-8, wobei das
zum Binden eines Histons verwendete Bindemittel
anvisiert wird, um eine Region des Histons, das allen
oder den meisten Histonisoformen des Histonteils
gemein ist und in allen oder den meisten Nukleoso-
men zum Testen auf Nukleosome per se vorkommt,
zu binden.

Verfahren nach einem der Anspriiche 5 bis 9, wobei
das Bindemittel ein Antikorper ist.

Verfahren nach einem der Anspriiche 5 bis 10, wobei
die Korperflussigkeit aus Blut, Serum oder Plasma
ausgewahlt ist.

In-vitro-Verfahren zum Erkennen oder Diagnostizie-
ren von Krebs bei einem tierischen oder einem
menschlichen Patienten, das die folgenden Schritte
umfasst:

(i) Erkennen oder Messen einer Histonisoform,
die mit einem zellfreien Nukleosom assoziiert
wird, in einer von einem Patienten erhaltenen
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Kérperflissigkeit; und

(ii) Verwenden des erkannten Grads der mit ei-
nem Nukleosom assoziierten Histonisoform
zum ldentifizieren von Krebs bei dem Patienten.

Revendications

1. Utilisation d’une isoforme d’histone associée a un
nucléosome acellulaire comme biomarqueur dans
un échantillon de fluide corporel pour le diagnostic
du cancer.

2. Utilisation selon la revendication 1, dans laquelle le
nucléosome acellulaire est un mononucléosome ou
un oligonucléosome.

3. Utilisation selon la revendication 1 ou la revendica-
tion 2, dans laquelle I'isoforme d’histone associée a
un nucléosome acellulaire est mesurée dans un
échantillon sanguin.

4. Utilisation selon l'une quelconque des revendica-
tions 1 a 3, dans laquelle le cancer est un cancer de
la vessie, du sein, du cdlon, du col de l'utérus, de
I'oesophage, des reins, du gros intestin, des pou-
mons, de la cavité buccale, de 'ovaire, du pancréas,
dela prostate, durectum, de la peau ou de I'estomac.

5. Méthode de détection de la présence d’une isoforme
d’histone associée a un nucléosome acellulaire dans
un échantillon de fluide corporel qui comprend les
étapes suivantes :

(i) la mise en contact de I'échantillon de fluide
corporel avec un agent de liaison qui se lie a
'isoforme d’histone ;

(ii) la détection ou la quantification de la liaison
duditagentdeliaison al'isoforme d’histone dans
I'échantillon de fluide corporel ; et

(iii) l'utilisation de la présence ou du degré d’'une
telle liaison comme une mesure de la présence
de l'isoforme d’histone ou des nucléosomes
contenantl'isoforme d’histone dans I'échantillon
de fluide corporel.

6. Méthode de détection de la présence d’une isoforme
d’histone associée a un nucléosome acellulaire dans
un échantillon de fluide corporel qui comprend les
étapes suivantes :

(i) la mise en contact de I'échantillon de fluide
corporel avec un premier agent de liaison qui se
lie aux nucléosomes ;

(i) la mise en contact des nucléosomes ou de
I'échantillon de fluide corporel avec un second
agent de liaison qui se lie a l'isoforme d’histone ;
(iii) la détection ou la quantification de la liaison
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dudit second agent de liaison a l'isoforme d’his-
tone dans I'échantillon de fluide corporel ; et
(iv) I'utilisation de la présence ou du degré d’'une
telle liaison comme une mesure de la présence
des nucléosomes contenant I'isoforme d’histo-
ne dans I'échantillon de fluide corporel.

Méthode de détection de la présence d’'une isoforme
d’histone associée a un nucléosome acellulaire dans
un échantillon de fluide corporel qui comprend les
étapes suivantes :

(i) la mise en contact de I'échantillon de fluide
corporel avec un premier agent de liaison qui se
lie a 'isoforme d’histone ;

(i) la mise en contact des nucléosomes ou de
I’échantillon de fluide corporel avec un second
agent de liaison qui se lie aux nucléosomes ;
(iii) la détection ou la quantification de la liaison
dudit second agent de liaison aux nucléosomes
dans I'échantillon de fluide corporel ; et

(iv) I'utilisation de la présence ou du degré d’'une
telle liaison comme une mesure de la présence
des nucléosomes contenant I'isoforme d’histo-
ne dans I'échantillon de fluide corporel.

Méthode selon 'une quelconque des revendications
5a7,dans laquelle I'isoforme d’histone est une iso-
forme d’histone commune qu’on retrouve dans tous
ou dans la plupart des nucléosomes pour tester les
nucléosomes en soi.

Méthode selon 'une quelconque des revendications
5 a 8, dans laquelle I'agent de liaison utilisé pour se
lier a une histone est ciblé pour se lier a une région
de ladite histone qui est commune a toutes ou a la
plupart des isoformes d’histone de ladite entité d’his-
tone et qu’on retrouve dans tous ou la plupart des
nucléosomes pour tester les nucléosomes en soi.

Méthode selon 'une quelconque des revendications
5 a 9, dans laquelle I'agent de liaison est un anti-
corps.

Méthode selon 'une quelconque des revendications
5a 10, dans laquelle le fluide corporel est choisi par-
mi le sang, le sérum ou le plasma.

Procédé in vitro pour la détection ou le diagnostic
d’un cancer chez un animal ou un sujet humain qui
comprend les étapes suivantes :

(i) la détection ou la mesure d’'une isoforme
d’histone associée a un nucléosome acellulaire
dans un fluide corporel provenant d’un sujet ; et
(ii) I'utilisation du niveau détecté de lisoforme
d’histone associée a un nucléosome pour iden-
tifier le cancer chez un sujet.
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