D agnostic nethod for predicting the risk of cancer recurrence based on

H st one macr oH2A i sof ornms The present invention relates to a nethod for
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detecting the expression of macroH2Al .| and/or macroH2A2 in a biol ogical
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i nvent Labr oMM S ofdaser s, lung cancer is the second nost common cancer
regardi ng new cases (15% of all cancers in the US) (Jemal et al., 2007) and
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present at simlar levels in distinct cell types. The heterochronmatic

hi stone variant macroH2A is unusual in several nolecular and cellular
features. At the structural Bakegtound oftthaisventioar ge C-t er m nal extensi on,
the macro domain, a globular nod ule of approx. 25 kDa, which in the case
of macroH2Al .1 binds ADP-ribose with high speci ficity (Kustatscher el al.,
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vertebrates, and a second splice variant for macroH nown as
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response to stresses |like telonere shortening, accu )
disease. Surgery is the best treatment option for these patients, yet a high percentage of pa-

tients relapse and: the majority die of their disease. Patients within identical cancer stages
often show differing recurrence rates (Zhu et al., 2006); therefore there is an interest in mo-
lecular markers, which could identify patients more likely to recur after surgery (D’Amico,
2008). Several potential markers for metastatic recurrence of NSCLC have been tested, but

none of them has proven sufficiently useful (Zhu et al., 2006).

Histones are often assumed to be present at similar levels in distinct cell types. The hetero-
chromatic histone variant macroH2A is unusual in several molecular and cellular features. At
the structural level, it bears a large C-terminal extension, the macro domain, a globular mod-
ule of approx. 25 kDa, which in the case of macroH2A1.1 binds ADP-ribose with high speci-
ficity (Kustatscher el al., 2005). Further, there are two genes for macro-H2A, conserved in all
vertebrates, and a second splice variant for macroH2A1, known as macroH2A1.2, which can-

not bind small molecules.



mul ati on of DNA damage and the overexpression of certain oncogenes (Serrano
et al., 1991). It is furthernore interesting to note that oncogene-i nduced
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as maMishalogloughale.c200p).ognosis: a cellu lar view. Br J Cancer. 2007 Jul 2;
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Kurdistani (in: Kurdistani SK. Histone modifications as markers of cancer prognosis: a cellu-
lar view. Br J Cancer. 2007 Jul 2;97(1):1-5. Epub 2007 Jun 26.) describes that alterations in
modifications of histones have been linked to deregulated expression of many genes with im-
portant roles in cancer development and progression. The effects of these alterations have so
far been interpreted from a promoter-specific viewpoint, focussing on gene-gene differences
in patterns of histone modifications. Furthermore, it is suggested that cancer tissues also dis-
play cell-cell differences in total amount of specific histone modifications. This novel cellular
epigenetic heterogeneity is related to clinical outcome of cancer patients and may serve as a

valuable marker of prognosis.

Barlési et al. (in: Barlési F, Giaccone G, Gallegos-Ruiz MI, Loundou A, Span SW, Lefesvre
P, Kruyt FA, Rodriguez JA. Global histone modifications predict prognosis of resected non
small-cell lung cancer. J Clin Oncol. 2007 Oct 1;25(28):4358-64.) describe a study examining

whether epigenetic modifications may contribute to the development and progression of can-



(H3K4di M), and acetylation of histone 2A lysine 5 (H2AK5Ac), histone 2B
| ysine 12, his tone 3 lysine 9 (H3K9Ac), and histone 4 lysine 8 in resected
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Kur di gbgni SK. G obal Levels of Hi stone Modifications Pre dict Prognosis in
Different Cancers. AmJ Pathol. 2009 Apr 6.) disclose that cancer cells ex
hibit alterations in histone nodification patterns at individual genes and
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Finally, Seligson et al. (in: Seligson DB, Horvath S, McBrian MA, Mah V, Yu H, Tze S,
Wang Q, Chia D, Goodglick L, Kurdistani SK. Global Levels of Histone Modifications Pre-
dict Prognosis in Different Cancers. Am J Pathol. 2009 Apr 6.) disclose that cancer cells ex-
hibit alterations in histone modification patterns at individual genes and globally at the level
of single nuclei in individual cells. Lower global/cellular levels of histone H3 lysine 4 di-
methylation (H3K4me2) and H3K 18 acetylation (ac) are disclosed to predict a higher risk of
prostate cancer recurrence, and it was shown that the cellular levels of both H3K4me2 and
H3K18ac also predict clinical outcome in both lung and kidney cancer patients, with lower
levels predicting significantly poorer survival probabilities in both cancer groups. Theyalso
show that lower cellular levels of H3K9me2, a modification associated with both gene activ-
ity and repression, is also prognostic of poorer outcome for individuals with either prostate or
kidney cancers. The predictive power of these histone modifications was independent of the
proliferation marker Ki-67. Chromatin immunoprecipitation experiments indicated that the

lower cellular levels of histone modifications in more aggressive cancer cell lines correlated



proliferation marker Ki-67. Chromatin i mrunoprecipitation experinments
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conprises a pre cancer recurrence based on said di agnosi s,
further preferred a netastatic recurrence. In a preferred second aspect of
the present_inyention, t invention relates to.a t hod for di,agnqgsi ng the
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said diagnosis, further preferred a metastatic recurrence.

In a preferred second aspect of the present invention, the invention relates to a method for
diagnosing the risk of cancer recurrence in a mammalian patient as above, which further com-
prising a diagnosis of senescent cells, in particular of cancer cells, in the tumor based on the

expression of macroH2A1.1.

In a preferred third aspect of the present invention, the invention relates to a method for
screening for an agent specific for macroH2A1.1 or macroH2A2, comprising contacting
macroH2A1.1 or macroH2A with an agent potentially specific for macroH2A1l.1 or
macroH2A2, and determining, whether said agent specifically binds to macroH2A1.1 or
macroH2A.



and/ or therapeutic agent, screened according to the nethod for screening
for an agent specific for macroH2Al .1 or macroH2A2 according to the
present iwoentons73ln a preferred fifth aspect of the pres@ErRoi0OUHNE | ON,
the invention relates to a method forSpro ducing a macroH2Al.1 or macr oH2A2
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present invention, the invention relates to a diagnostic kit, conprising a
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aspect of the present invention, the invention relates to the use of an
agent as screened according to the nethod of the present inventi on, and/ or
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expression of histone macr oH2Al . macr oH2A2 predicts |ung” cancer
recurrperfoanmg@encthwacr:r@rdlhggethmmeswntamvamoamsabasea novel tool for an

i mproved risk stratification of cancer patients. MacroH2A isoforns are
upregul ated and highly expressed in cells undergoing senescence, a known
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senescent cells in tu
treating cancer in a mammalian patient, comprising a method according to the present inven-
tion as above, and treating and/or preventing the recurrence, preferably the metastatic recur-
rence, of said cancer in a patient identified as having an increased risk of cancer recurrence in

said patient.

In a preferred eighth aspect of the present invention, the invention relates to the use of an
agent as screened according to the method of the present invention, and/or a macroH2A1.1 or
macroH2A2 specific antibody, or macroH2A1.1 or macroH2A2 specific fragment thereof
according to the present invention, or a kit according to the present invention for the preven-
tion, treatment and/or diagnosis of cancer, in particular for the prevention, treatment and/or

diagnosis of cancer recurrence, preferably the metastatic recurrence thereof.

The present invention is generally based on the finding that expression of histone
macroH2A1.1 and macroH2A2 predicts lung cancer recurrence, identifying these histone
variants as a novel tool for an improved risk stratification of cancer patients. MacroH2A iso-

forms are upregulated and highly expressed in cells undergoing senescence, a known antitu-



nors. MacroH2Al .l is nore highly expressed in tunors with better prognosis.
Furthernore, it was found in the context of the present invention that the
pr ognost iwocorwmbzx3ti on of nmacroH2Al .| expression i s SupETEPROO040hE
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macr oH2Al . | and macr oH2A2, whereas tunors with a high proliferative index,
which are often clinically nore aggressive, have |lower or reduced or even
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pared to a sanp sane pati ore el apse or er ent

pat i emiavé huader doeslubal osavicheo dkpasasianr i sk for rel apse, or a healthy patient
or group of patients, the expression of macroH2Al .|l and/or macroH2A2 is
reduced. Another strategy to determne a | ow or reduced expression is a
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trol sanple. Again, the control sanple can be a sanple fromthe sane
pat i entcrpastdrigk vhbingecahegygecwrenge i $dié patient. Rrefeeatly tthatesuldes ofithe expfeser
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pared to a sample from the same patient before the relapse or a different patient that does not
suffer from a risk for relapse, or a healthy patient or group of patients, the expression of
macroH2A1.1 and/or macroH2A?2 is reduced. Another strategy to determine a low or reduced
expression is a lack of staining on histological slides using, preferably, a macroH2A1.1 and/or
macroH2A2-specific antibody, as described further below. Yet another strategy is to compare
the expression macroH2A1.1 and/or macroH2A?2 with the expression of macroH2A1.2 in the
sample(s), and in a preferred embodiment of the method according to the present invention,
the expression is normalized to the expression of macroH2A1.2 in said sample and/or a con-
trol sample. Again, the control sample can be a sample from the same patient before the re-

lapse or a different patient that does not suffer from a risk for relapse, or a healthy patient or

group of patients.

In a preferred embodiment thereof, the present invention relates to a method for diagnosing
the risk of cancer recurrence in a mammalian patient, comprising detecting the expression of
macroH2A1.1 and/or macroH2A2 in a biological sample obtained from said patient, and

comparing said expression of macroH2A1.1 and/or macroH2A?2 to a control sample, wherein



macr oH2Al . | and/or macroH2A2 in a biol ogical sanple obtained from said
patient, and conparing said expression of macroH2Al .| and/or nmacroH2A2 to a
control swopba/oomTer ei na | ow or reduced expression of sacu/RracobDAL. 1
and/ or macroH2A2 is indicative for an7increased risk of Iung cancer
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A further preferred enbodi ment of the nethod according to the present
invention, further conprises detecting the expreSS|on of additional cancer

mar ker.s ch as. Ki ;67 ref ion of said H2Al. 1
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to the present invention further comprises the step of a prediction of

sai d danaegniwanes et & 1%k eefornblal G0 hgnd sare geafenabiyn®) <t@0Gthe present
invention. "Recurrence" as used herein refers to a clinical manifestation
of pa raneters of the cancer(s) after a disease-free survival tine of the
pati ent furshit praferrefrepit@idanbn, oft the @ethud reebsi8ingf tol th¥Dpresdnt SaMenbiOA, further

nmet astases. The prediction (or l|ikelihood) can al so include addi ti onal
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presembnehﬂﬂnmummeeamfbﬂomsﬁﬁysﬁ.dlagnose any type of solid can cer Thus,
preferred is a method according to the present invention, wherein said
cancer is selected fromthe group of solid cancer, lung cancer, breast
canceryekihgiey pradiral asg'ebt\’@fr tHeAethi6d ackifath ateqh@%?égeﬁtameﬂnonpm%@&&n-
cancer, pancreatic cancer, stomach cancer, co on cancer, thyroid cancer,
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the gccurrence of tumor tissue and metastases. The prediction (or likelihood) can also include

additional parameters, such as, for example, clinical parameters of the patient or patient
group, the type of tumor, etc. The result of the prediction can preferably be displayed on a

suitable device.

The method according to the present invention can be used to diagnose any type of solid can-
cer, Thus, preferred is a method according to the present invention, wherein said cancer is
selected from the group of solid cancer, lung cancer, breast cancer, kidney cancer, liver can-
cer, head and neck cancer, prostate cancer, pancreatic cancer, stomach cancer, colon cancer,
thyroid cancer, esophageal cancer, and brain cancer. More preferred is the method for the di-

agnosis for breast cancer or lung cancer.

Any biological sample can be used for the method according to the present invention, as long
as it allows for a direct or indirect detection of the expression of the markers according to the
invention. Thus, the biological sample can be selected from the group of cells from a lung

tumor, breast tumor, kidney tumor, liver tumor, head and neck tumor, prostate tumor, pancre-



i nvention. Thus, the biol ogical sanple can be selected fromthe group of
cells froma lung tunor, breast tunor, kidney tunor, |iver tunor, head and
neck tunowQ 2pria®bzEBe tunor, pancreatic tunor, stomach t @ecoEP2@O/004008 UnOr
thyroid tunor, esophageal tunor, and Brain tunor, whole blood, serum
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The choice of the nmethod w depend on et e expression is neasured

at t heorderagb enanitac kit raddse or pffetteifranl antictumoa ticrapy, sheh ssachphwthdigdy orsirtae be
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In the context of the methods according to the present invention, any method known to the
person of skill that allows for measuring the expression of a marker can be used. The choice
of the method will depend on whether the expression is measured at the nucleic acid and/or
protein level, and on the sample that is to be analyzed. Preferred is a method according to the
present invention, wherein said detecting the expression comprises polymerase chain reaction
(PCR), i.e. nucleic acid amplification, in particular rtPCR, or immunohistochemical staining
(i.e. on the protein level), in particular using a macroH2A1.1-specifc or macroH2A2-specifc

antibody, as described herein, and/or mRNA analysis.

Another preferred aspect of the present invention then relates to a method for screening for an
agent specific for macroH2A1.1 or macroH2A2, comprising contacting macroH2Al.1 or
macroH2A with an agent potentially specific for macroH2A1.1 or macroH2A2, and determin-

ing, whether said agent specifically binds to macroH2A1.1 or macroH2A. Certain methods of



Anot her preferred aspect of the present invention then relates to a nethod
for screening for an agent specific for macroH2Al .| or macro H2A2,
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i nvention, wherein said agent potentially specific for macroH2Al .| or

macr oH2A2 i s a diagnostic agent and/or a therapeutic agent. That is, the
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for diagnosing the risk of cancer recurrence in a manmalian patient or
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pr oduci i L ti.on, conprising a nethod for screening
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as ab at1ng sai together with a pharmaceutically
acceptabl e carrier, excipient, and/or stabilizer. Preferred is an agent
that is macr oH2Al . | or nacroH2 speci fic antibody according to the
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humanig &g, sGBHAracESAMEINRR m&Rbd Q@&%%i@g t8 tﬁélp&%&&nﬁbaﬁfoﬁgﬁ‘ﬁ&tagtenera%s)f :

optionally conprising | abel . Accepta carriers, exclpients, or
st abi Icorbng tathe prosendxiention,r @i i Grtsilaed itte adpmagescutina conmsittoanain ons

I d include buff h hosphate, .citrate, d oth i
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benzal koni um chl ori de, benzet honium chl ori de; phenol, butyl or benzyl
al cohent, aadfoy|stabalizebelrefestedhis s agenhyhat 98 apnappH2A1.1 or macroH2A2 specific

antibody according to the present invention, which is selected from a monoclonal, polyclonal,
human, humanized, and/or recombinant antibody or a functional fragment thereof, optionally

comprising a label.

Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and
concentrations employed, and include buffers such as phosphate, citrate, and other organic
acids; antioxidants including ascorbic acid and methionine; preservatives (such as octadecyl-
dimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium chloride, ben-
zethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl
paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight
(Iess than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or immu-
noglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as glycine,
glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides, and
other carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA;

sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as so-



par aben; catechol; resorcinol; cyclohexanol; 3-pentanol; and mcresol); |ow
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pol ycl onal, hu r reconbl nant anti tionally
conprising a label. In the context of the present invention, "macroH2Al .|

or mactoH2A2 specific' shall mean that the antibo inds specjfically to
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the sanple to be anal yzed. Yet another aspect of the present invention then

r el at dmgment ppdugadsceadiogtto thompethed agroadidg g the present invention. Preferably,

said macroH2A1.1 or macroH2A?2 specific antibody according to the present invention is se-
lected from a monoclonal, polyclonal, human, humanized, and/or recombinant antibody, op-
tionally comprising a label. In the context of the present invention, “macroH2A1.1 or
macroH2A2 specific” shall mean that the antibody binds specifically to an epitope on the
macro-domain of macro H2A1.1 or macroH2A2, and shows no cross-reactivity or no substan-

tial cross-reactivity with other antigens in the sample to be analyzed.

Yet another aspect of the present invention then relates to a diagnostic kit, comprising a diag-
nostic agent according to the present invention, and/or a macroH2A1.1 or macroH2A2 spe-
cific antibody, or macroH2A1.1 or macroH2A2 specific fragment thereof according to the
present invention, optionally together with additional auxiliary agents for performing a
method according to the present invention. The kit preferably contains the chemical sub-
stances, dyes, buffers, and the like that are required to perform the methods according to the

present invention. The kit can also contain DNA or protein chips or microarrays for the analy-



nostic agent according to the present invention, and/or a macroH2Al .| or
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i nvention, erein sald treatnment conprises admnistratiion to sald patient
i N neednttirerdewith etheameintanaer scteppese suchcsehamnnthetapidshaadfoetidatiatafn. t he present
i nvention as described above, pref erably in the formof a pharnmaceuti cal
conposition as above. Preferred agents are small chem cal nol ecul es or
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the method of treating cancer in a mammalian patient apcorcﬁ ng to the
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proportion of senescent. cells, in particular of cancer cells, in the tunor
PP ecgbons e Ba, A<PRling o e mbbol b pielins veBBEF & o5 shisubret “The
findi ngatlfiah thegh@HA 2 bhartha@stiticah @Emipdsitiesl @R tabovielgPREG &0 t<BRWmAIP have
a hi gh nunber of senescent cells, but is downregul ated or absent in |ung
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proliferation, is also

Further preferred is the method of treating cancer in a mammalian patient according to the
present invention, further comprising monitoring the amount and/or proportion of senescent
cells, in particular of cancer cells, in the tumor in response to said treatment, based on the
expression of macroH2A1.1. The finding that macroH2A1.1 is enriched in rodent lung ade-
nomas known to have a high number of senescent cells, but is downregulated or absent in
lung carcinomas that have overcome senescence and display uncontrolled proliferation, is also
consistent with these conclusions, underlining the idea of senescence as an antitumor mecha-
nism. Thus, in this preferred aspect of the method according to the present invention, the ex-
pression can be used to generally monitor the amount or ratio of senescent cells, in particular
of cancer cells, in the tumor based on the expression of the marker macroH2A1.1. The
amount or ratio of senescent cells is an indicator for the growth of tumor cells is used in order
to monitor the success or effect of an anti-tumor therapy, such as chemotherapy or irradiation,
or to see whether the number of cancer cells is increasing, as an indication for a relapse of the

patient. Other senescence markers can be measured, too, and methods for measuring or de-



consistent wth these conclusions, underlining the idea of senescence as an
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Preferred is a use according to the present invention, wherein said cancer is selected from the
group of solid cancer, lung cancer, breast cancer, kidney cancer, liver cancer, head and neck
cancer, prostate cancer, pancreatic cancer, stomach cancer, colon cancer, thyroid cancer, bone
cancer, esophageal cancer, and brain cancer, preferably breast and/or lung cancer. The cancers

as indicated also include the metastatic forms thereof.

Histones are often assumed to be present at similar levels in distinct cell types. The hetero-
chromatic histone variant mabroH2A is unusual in several molecular and cellular features. At
the structural level, it bears a large C-terminal extension, the macro domain, a globular mod-
ule of approx. 25 kDa, which in the case of macroH2A1.1 binds ADP-ribose with high speci-
ficity (Kustatscher el al., 2005). Further, there are two genes for macro-H2A, conserved in all
vertebrates, and a second splice variant for macroH2A1, known as macroH2A1.2, which can-
not bind small molecules. Here, the inventors have developed polyclonal and monoclonal
antibodies against all macroH2A isoforms (macroH2A1.1, macroH2A1.2 and macroH2A?2)

and used these antibodies to study the cellular localization and abundance of macroH2A his-
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cancer. Further testing will reveal its usefulness in other cancers.

The mechanisms underpinning macroH2A1.1 gene product upregulation during cellular se-
nescence and its role in carcinogenesis remain to be elucidated. Preliminary evidence suggests
that mRNA levels do not alter during senescence, suggesting that post-transcriptional proc-

esses may account for the upregulation of macroH2A1.1.

The statistically supported observation of macroH2A1.1 expression with disease-free survival
opens the prospect of an improved stratification of recurrence risk in cancer and particularly
lung cancer patients and should be repeated with a bigger patient population. Future studies
will provide even more insight into whether macroH2A1.1 upregulation is a general feature of
senescent cells in human tumors and whether high macroH2A1.1 staining generally reflects

the degree of cellular differentiation in tumor cells. The inventive new tool will improve the
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Figure 2 shows that macroH2A1.1 expression predicts cancer, and preferably lung cancer,
recurrence. (a) Proliferation indices of lung tumors are determined by immunohistochemistry
with antibodies against Ki-67. (b) Expression levels of macroH2A1.1 decrease with increas-
ing proliferation indices (P<0.001). (c) Expression levels show a significant correlation with

disease-free survival in lung tumor samples (P=0.0058).

Figure 3 shows that macroH2A isoforms are upregulated during senescence. (a) Expression of
macroH2A1 isoforms in the lungs of K-Ras+ / LSLC12Vgeo knock-in mice. Immunohisto-
chemical detection of macroH2A1.1 (upper panel) and macroH2A1.2 levels (lower panel) was
analyzed in consecutive sections of paraffin-embetted lung tissue containing both low-grade
adenomas (L) and high-grade adenocarcinomas (H). MacroH2A1.1 expression is enriched
during senescence in low-grade adenomas (b) Immunostaining of proliferating (small nuclei)
and senescent (enlarged nuclei) W138 primary fibroblasts. MacroH2A1.1 and macroH2A1.2
localize to senescence-associated heterochromatic foci (SAHF) and are expressed at higher

levels in senescent cells. In contrast, canonical histone H2A is not changed by senescence. (e)
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Figure 6 shows expression levels of mH2A2 in lung cancer (a) Proliferation
i ndex naastbE3A b2 eseimesstd veiguitoslyiat o brgh leweliinthese aarepldet er m ned by

i mrunohi st ochem cal detection of Ki-67 and macr oH2A2. (b) Expression |evels
of macroH2A2 decrease with increasing proliferation (P<0.001). (c)
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Figure 7 shows that macroH2Al.2 is expressed at high levels in nost |ung
t unor Prespiepll¢viets ef histone variants are determined by immunohistochemical detection of Ki-67

and macroH2A2. (b) Expression levels of macroH2A2 decrease with increasing proliferation

(P<0.001). (c) Expression levels of macroH2A2 correlate with tumor recurrence (P=0.04146).

Figure 7 shows that macroH2A1.2 is expressed at high levels in most lung tumors. Prolifera-
tion index, expression of histone variants and core histones are determined by immunohisto-
chemical detection of Ki-67, macroH2A1.2 and H3. There is no correlation between

mH2A1.2 and Ki-67 expression, histone H3 is strongly expressed in all cells.

SEQ ID No. 1 to SEQ ID No. 8 show the sequences of oligonucleotides used in the Examples,

below.

Examples

Materials and methods

Histone and mRNA extraction, Western blotting and real-time PCR
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No. 3); CACAAACTCCTTGCCACCTT (SEQ ID NO 4), nH2A2 GGACGTCCAAAAA
(SEQ |f931%mg9}150mTCTGTCCCAGAACAAGG (SEQ ID NO. 6), and GAPDH

TGRSR (SR O e (FaleRy tmanecTTcr (500 10 no

i dent IGTEATHSTECCEIGAGTECEM S IDdYo.these experinents in test runs.

mH2A1.2 CTTTGAGGTGGAGGCCATAA (SEQ ID No. 3);

CACAAACTCCTTGCCACCTT (SEQ ID No. 4),

mH2A2 GGACGTCCAAAAAGTCCAAA (SEQ ID No. 5);

GCTTCTGTCCCAGAACAAGG (SEQ ID No. 6),

and GAPDH TGGGTGTGAACCATGAGAAGTA (SEQ ID No. 7);

CCTTCCACGATACCAAAGTTGT (SEQ ID No. 8).

Samples were normalized to GAPDH, which the inventors previously identified as a reliable

control for these experiments in test runs.

Generation of antibodies

MacroH2A1.1 (amino acids 198 — 226) and macroH2A1.2 (aa 198 — 228) were expressed and
purified as GST-fusion proteins. The macro domain of macroH2A2 (aa 162 — 372) was puri-
fied as a (His)6-tag fusion protein. Antigens were injected into rabbits (Eurogentec). Antibod-
ies were recovered from rabbit serum using HiTrap Protein-G HP columns (GE Healthcare
Life Sciences) according to the manufacturer’s instructions. Recombinant, (His)6-tagged
macro domains of the three macroH2A isoforms were coupled to HiTrap NHS-activated HP
(GE Healthcare). These columns were subsequently used for the affinity purification of iso-

form-specific antibodies.

Breast cancer tissue microarrays
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Table 1: Characteristics of the non-small cell lung cancer study population.

Characteristic Median (Range)/Frequency
Sex (male/female) 31/8

Age at diagnosis (years) 64 (43-80)
ECOG performance status S 28/11/0

(0/1/2)

Tumor cell type 22/17
(AC/SCC)

Type of operation 26/2/11
(LO-BI-PN)

Resection status 32/5/2
(RO/R1/R2)

Stage of disease (post-op) 1/11/0/4/13/6/4
(Ia/Tb/I1a/11b/I1a/11Ib/IV)

Tumor recurrence within a year 18/21

(y/n)

AC = adenocarcinoma; SCC = squamous cell

carcinoma; BI = bilobectomy;

LO = lobectomy; PN = pneumonectomy




| munohi st ochem stry | nmunohi st ochem cal staining for macroH2Al . I,

macr oH2Al. 2, macroH2A2, Ki-67 (Dako- Cytomation, nonocl onal nobuse

ant i - humawokbt1@ops7el one M B-1, 1:100) and hi stone H3 (Apcearroialobiodd ;

1: 1000 dilution) was perfornmed using Muccessive TMA slides. Slides were

scannes @t RO sJRRALLTRRY ;g%;ﬁ@& @ggg{agnéﬂﬁisi@) PRY wnh&ﬁrrééuﬁ/e}wy%f?% the

. €
xg; B%ﬁ&%@cﬁg@ g_\se ieRYSs %@ugg RS2 HPehc Ot

R Qf Ahfme aﬁ{é)‘gigi ?rl?v%a :V\%élolil§ re-
negat i a

e pyich IR ek ised 17 e grthouh eCHF IR o] r

positivity. Proliferation indexes were determ ned wth anti bodi es agai nst

the prgdhiiRémtloeRedREKer Ki-67 and scored as the percentage of positively
stai ned tunors conpari'son with all the tunmor cells within a core. Al

sl i dedmaeyr®hisieohemi@d staming éwrregcrbH2Ad | ly maznaH2 A pé amadroHaiAZe Kifdr (Ddke-

anal ysis of .t he macr oH2A i sof or I n_nmouse tu S, | s fromactivated 7-9
mont b AP AR TRR S eGP LTS fetiobs B> by Dt RSeHa A 1 e
in 10%hufdered f.0000m@ilutof)Svastpkrdnte® ibiagddRdcdstivealr B isNdesCHNIRS Werve 3-
to 5-mmthick sections were stained with hematoxylin and eosin, and

pr ocessathefl gt thenReprsment of Rathotagly (Steidetheng UnsvensjtynasingHRAIA perigriiganscope

macr o . i.badi es 1: 75 dilution). Gading of lung | esions was done
accorgﬁ%n%%n%rﬁeagleg%o setsg%raf)ehol ogi cal accepted criteria for nouse |ung
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through alternative splicing of the H2AFY gene product, whereas macr oH2A2
is encoded by a second gene, H2AFY2. In vitro, the macro domai n of
macr oH2A
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malin (Sigma) and embedded in paraffin. Consecutive 3- to 5-mm-thick sections were stained
with hematoxylin and eosin, and processed for immunohistochemical staining using
macroH2A1.1 and macroH2A1.2 antibodies (1:75 dilution). Grading of lung lesions was done
according to the latest morphological accepted criteria for mouse lung cancer (Jackson et al.,

2005) by an expert pathologist. Grade 1-3 neoplasms were classified as adenomas (benign

lesions) and grade 4-5 as adenocarcinomas (malignant lesions).

Statistical analysis
The relationship between Ki-67 and mH2A1.1 was assessed using a conditional linear asso-
ciation test stratified by array (Hothorn et at., 2006). The dependence of disease-free survival

was established by a conditional log-rank test, also stratified by array (Hothom et al., 2006).

There are three gene products for the two human macroH2A genes, all containing an N-
terminal H2Alike fold and a C-terminal macro domain. MacroH2A1.1 and macroH2A1.2 are
produced through alternative splicing of the H2AFY gene product, whereas macroH2A2 is
encoded by a second gene, H2AFY2. In vitro, the macro domain of macroH2A1.1, but not the



isofornms (Figure 4). It has been suggested that macroH2Al .| expression may
be restricted to differentiated, non proliferative tissues (Pehrson et al.,
1997). | nwordewoobsyzanal yze any correl ati ons bet ween nacipgifdAboto/opioog ei n
expression and cell proliferation; th® inventors perforned
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all tumor cells within a core. Histone H3 staining served as a positive
cont r otoferms EB¥Rd)- st rong nucl ear staining in every cell within the cores
(Figure 5). The in ventors assessed the relationship between Ki-67 and
macr oH2Al . | expression using a condi tional |inear association test
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i nventors observe in breast cancer and other cancer arrays, statistical
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have exited the cell cycle. To further test this notion, the inventors

anal y zésarly raneitisshies trowhshi thalinvestars oars sder and discriminate highly varying expression

levels for macroH2A1.2 (such as skeletal muscle).

These assays establish that the expression of the splice variant macroH2A1.1 is limited to

tumors showing lower proliferation indices.

In order to test how cell proliferation and macroH2A1.1 levels correlate in a set of human
tumors with complete clinical parameters, the inventors scored samples from 39 NSCLC pa-
tients, which were found resectable and underwent surgery (22 adenocarcinomas and 17
squamous cell carcinomas; Table 1). Within 1 year after surgery, tumors recurred in 18 pa-
tients, whereas 21 patients remained recurrence-free. Similar to what the inventors observe in
breast cancer and other cancer arrays, statistical analysis of the lung tumor array reveals that
macroH2A1.1 expression is strongly correlated with Ki-67 levels (P<0.001) and decreases
with the increase of Ki-67 positive cancer cells (Figure 2a and b). This substantiates the evi-

dence that macroH2A 1.1 is a marker for cells that have exited the cell cycle.



nouse nodel of tunmor senescence induced by K-Rasd 2V (CGuerra el al., 2003).
The stainings reveal higher macroH2Al .| expression in premalignant adenoma
| esi ons, wo 2hiimbs78al | mark is an abundance of senescent pcElHP010B0m0g er
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for the expression of macroH2A2 (P=r0.04146; Figure 6). In contrast;

macr oH2Al. 2, which is ubiquitously expressed (Figure 7). shows no prognos
tic corr { ugmor. . r.ecur t ¢S e .t he { Qp..0f the
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and clinical data identify histone macroH2Al .| as a novel, superior and

pot entafiay (Hothess ¢f1al h?@%Hr ker of 1 ung cancer recurrence. To further
characterize the heterochronmatic hi stone macr oH2A duri ng senescence, the
inven tors perfornmed i muno-fl uorescent stainings of primary fibroblasts
and obsteresgnglyait mecaiob2Mnificot conelator bepreeguhadred2ddrli expresspin arat dise
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macr oH2A1. 2 is also upregulated, in contrast to control proteins, such as
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earlier reports (Zhang et al., 2005). This finding is supported by Western
bl ot s nggker Ki-67 does not show a significant correlation with disease-free survival (P=0.07983).

Thus, the inventors’ immunostaining and clinical data identify histone macroH2Al.1 as a

novel, superior and potentially useful biomarker of lung cancer recurrence.

To further characterize the heterochromatic histone macroH2A during senescence, the inven-
tors performed immuno-fluorescent stainings of primary fibroblasts and observe that
macroH2Al isoforms are upregulated during replicative senescence. MacroH2A1.1 is ex-
pressed at higher levels in pre-senescent and senescent cells, as well as localizing to senes-
cence-associated heterochromatic foci (SAHF) in senescent cells (Figure 3b). Similarly,
macroH2A1.2 is also upregulated, in contrast to control proteins, such as the canonical his-
tone H2A. Further, the enrichment of macroH2A in SAHF is not a mere consequence of the
condensed nature of SAHF chromatin, as cellular macroH2A enrichment and SAHF incorpo-
ration follow slower kinetics than the formation of DAPI-enriched heterochromatic structures,
confirming earlier reports (Zhang et al., 2005). This finding is supported by Western blots on
human normal diploid fibroblasts IMR90, expressing hTERT and MEK:ER (ITM cells; Col-

lado et al., 2005). This system allows for switchable activation of MEK kinase, a downstream



human normal diploid fibroblasts | MR0, expressing hTERT and MEK: ER (I TM
cells; Col lado et al., 2005). This systemallows for sw tchable activation
of MEK kiwe<eii/modewnst r eaneffector of Ras-induced senegcempeo10/bmos esul ts
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of macroH2Al .1 or macroH2A2 and the di sease-free survival is P < 0.05,
preferably P < 0.01, and nore preferably P <0.006. 4. The nethod according
to any ofwolaimmosyzto 3, wherein said cancer is sel ect egciimmpibiesogs oup of
solid cancer, lung cancer, breast camser, kidney cancer, liver cancer, head
and neck cancer, prostate cancer, pancreatic cancer, stomach cancer, colon
cancer, thyroid cancer, eso phageal cancer, and brain cancer. 5. The nethod
according to any of clainms 1 to 4, @hdagi n said biol ogical sanple is
selected fromthe group of cells froma lung tunor, breast tunor, kidney
tumor, liver tunor, head and neck tunor, prostate tunor, pancreatic tunor,
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brai n deteqting theGxpridseionmet hedratt2o.diand/or maaroH2A2 o ab'r«ﬂogﬁcal(saﬁplefahtmhed

conpr|5|ng detecting the expressi on of additional .can ch as
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nacr olﬂ%lmfllz@m iRicHRS 3N drEase@tidk SPERIcEr leBYRLREiY 568 lpﬁ@érﬁt es with the

expression of Ki-67. 8. The nmethod according to any of ains 1 to 7,

further conpr|5|ng a dlagn05|s of senescent cells, in particular of cancer
cells,, i (ﬁ d Qn he ., ex resal on of. macroHZﬁl%Jr.Q The net hod
accor di iﬁefrbe AP G glain o W S SRR ot RGAL7s} e LR sai
can Cef M{REIHILNT ¢ Ekﬁ&@;ﬂnﬁl@ ahdiof adbAGHRIple. 10. The nethod according to any
of claimse 1 to 9, wherein said sanple is taken fromthe pa tient during

surgery. 11. The method according to any of claims 1 to 10, wherein said

det ect3| Q‘g?%ﬂtﬁ oecf(gccﬁxsdﬂ%ﬂ) glgli@rll c?au%q:{w e@elg%r Irr%?atl% beEw?sélAlhel gressio

i mmunohi's em ca ni ng iN parti pecﬁ?c or
nacr old2AdacseZAf a @nma&@mAzaﬁhdi (He Me&fbal ssuswsal ﬂ;ZP A0106t bederably P <
screenlng for an agent s eC|f|c for macroH2Al .| or macroH2A2, conpris ing

cont adtQIngndrmerorrsigrably &1 < R9oH2A with an agent potentially specific for

macr oH2Al . | or macroH2A2, and determ ni ng, whether said agent specifically
bi nds to macroH2Al .1 or macroH2A. 13. The nethod for screening according to
cl ai m4lZhewhethed acadidgageny qfodlaintsi Ritd B, syherxiid said cancer is selected from the

group of solid cancer, lung cancer, breast cancer, kidney cancer, liver cancer, head and neck
cancer, prostate cancer, pancreatic cancer, stomach cancer, colon cancer, thyroid cancer, eso-

phageal cancer, and brain cancer.

5. The method according to any of claims 1 to 4, wherein said biological sample is selected
from the group of cells from a lung tumor, breast tumor, kidney tumor, liver tumor, head and
neck tumor, prostate tumor, pancreatic tumor, stomach tumor, colon tumor, thyroid tumor,
esophageal tumor, and brain tumor, whole blood, serum, plasma, urine, lymph fluid, pleural

fluid, and brain liquor.

6. The method according to any of claims 1 to 5, further comprising detecting the expression

of additional cancer markers, such as Ki-67.

7. The method according to claim 6, wherein said expression of said macroH2A1.1 and/or

macroH2A?2 in said sample inversely correlates with the expression of Ki-67.

8. The method according to any of claims 1 to 7, further comprising a diagnosis of senescent

cells, in particular of cancer cells, in the tumor based on the expression of macroH2A1.1.



for macroH2Al .| or macroH2A2 is present in a conpound library, a phage
display library, in particular an sc-Fv phage display library, or in a

| i brary oWNoantidoostiBes. 14. The net hod for screening accecuiErgooo®b&ai m 12
or 13, wherein said agent potentially24spe cific for macroH2Al .| or

macr oH2A2 i s a diagnostic agent and/or a therapeutic agent. 15. A

di agnosti c agent and/or therapeutic agent, screened according to the nethod
of anyp. dhe ohedhotbactarding folanyl 6L cldinmet hofl, fuethermpeomaresimga predic iontTAhid canr

macr oH2A2 specific antib Y or .macr oH2Al .| or macroH2A2 specific fragnment
t her eSFT TSEBHIGe DR o aagFOSéS' affinity purification of a serumor cell
cul ture supernatant containing antibodi es using macroH2Al . 1 or nmacr oH2A2
domai ns coupled to a chromat ography columm, or b) screening an sc-Fv phage
di spl d. Themethodascordimgtor gl clpimsr 1 talr whiad sdavhsample istakenfmoacthehRAl . |
or ma roﬁ%Argnsueceirfi c antibody, or macroH2Al .| or macroH2A2 spe cific
fragmelﬁ:fl lhergeofg, ‘{)'r oduced according to the nethod according to claim
16.18. The nmacroH2Al .1 or nacroH2A2 specific antibody according to claim
17, which is se |ected froma nonocl onal, polyclonal, human, humanized,
and/ orl1r dberbsthedhaceording gayany off ¢lpigifal 1tg 10p Mppreredn sgidadategsiag . thg gxprgssion

di agn .G Ki C LS La | €. . cding. t 1 ad . and/ or
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speci fracré24 e rdpedifiesranicrabie areipagifd antiHody pantiforanRWB, amapisisonal |y t oget her
with additional auxiliary agents for performng a nethod according to any
of clains 1 to 11. 20. A nethod of treating cancer in a mamalian patient,
conpr 191 AIm@hBBHOLAGHY Mg A i o} AR A1 bt A£akfigisand/ or
preventing the recurrr e?l[gée 5f sag‘?gl aﬁclecr %naa patl%ent imcfgir:ll%{%l e’g’lolgggﬁavi ng
an i nangasedaatingk noicrad2vs bl oecuracerdtt2A | withaiad pgentepbtenfidlly Thgecifiet hfod of
treatin rin a [ i an tient according.to claim20, erein said
treat r?é%fg@%g'rli %re?aﬁgﬁmt?@t 5%“’9'6“%i ‘ﬁﬁiﬁgﬁri %ﬁ‘% aigﬁntnél%"(‘f%%g%fﬁ%ﬁo agent
as SCrefnsidl 18 S HAidignAo the nethod of any of clains 10 to 12. 22. The

met hod of treating cancer in a manmalian patient according to claim20 or
21, further conprising nonitoring the anmount and/or proportion of senescent
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for macroH2A1.1 or macroH2A?2 is present in a compound library, a phage display library, in

particular an sc-Fv phage display library, or in a library of antibodies.

14. The method for screening according to claim 12 or 13, wherein said agent potentially spe-

cific for macroH2A1.1 or macroH2A?2 is a diagnostic agent and/or a therapeutic agent.

15. A diagnostic agent and/or therapeutic agent, screened according to the method of any of

claims 12 to 14.

16. A method for producing a macroH2Al.1 or macroH2A2 specific antibody or
macroH2A1.1 or macroH2A2 specific fragment thereof, comprising a step of

a) affinity purification of a serum or cell culture supernatant containing antibodies using
macroH2A1.1 or macroH2A2 domains coupled to a chromatography column, or

b) screening an sc-Fv phage display library using macroH2A1.1 or macroH2A2 domains.

17. A macroH2A1.1 or macroH2A2 specific antibody, or macroH2A1.1 or macroH2A2 spe-

cific fragment thereof, produced according to the method according to claim 16.



23. Use of an agent as screened according to the nethod of any of clains 12
to 14, and/or a macroH2Al .| or macroH2A2 specific anti body, or macroH2Al .|
or macr oREL208P®ei7Bi ¢ fragnment thereof according to cl aiPer/ER2@0/004008 or a
kit according to claim19 for the pré¥en tion, treatnment and/ or diagnhosis
of cancer, in particular for the prevention, treatnent and/or diagnosis of
cancer recurrence. 24. Use according to claim23, wherein said cancer is
sel ectl8dThe amctdi€2 4t.dwp mdcrsIdRA’él speaiﬁerantibmd)gaacartﬁmg to blagadt7, edhinders,seki dney

cancer cancer ead ck c cer te ca Cer creatic
e eéeted it aalopsls BolvaRaL fuman. Paprizel. SR RE Fecoatipms SRaPo A RbL:
and DRLAIF 8 Bising a label.

19. A diagnostic kit, comprising a diagnostic agent according to claim 15, and/or a
macroH2A1.1 or macroH2A2 specific antibody, or macroH2A1.1 or macroH2A2 specific
fragment thereof according to claim 17 or 18, optionally together with additional auxiliary

agents for performing a method according to any of claims 1 to 11.

20. A method of treating cancer in a mammalian patient, comprising a method according to
any of claims 1 to 11, and treating and/or preventing the recurrence of said cancer in a patient

identified as having an increased risk of cancer recurrence in said patient.

21. The method of treating cancer in a mammalian patient according to claim 20, wherein said
treatment comprises administration to said patient in need thereof an agent as screened ac-

cording to the method of any of claims 10 to 12.

22. The method of treating cancer in a mammalian patient according to claim 20 or 21, further
comprising monitoring the amount and/or proportion of senescent cells, in particular of cancer

cells, in the tumor in response to said treatment, based on the expression of macroH2A1.1.

23. Use of an agent as screened according to the method of any of claims 12 to 14, and/or a
macroH2A1.1 or macroH2A2 specific antibody, or macroH2A1.1 or macroH2A2 specific
fragment thereof according to claim 16 or 17, or a kit according to claim 19 for the preven-
tion, treatment and/or diagnosis of cancer, in particular for the prevention, treatment and/or

diagnosis of cancer recurrence.

24. Use according to claim 23, wherein said cancer is selected from the group of solid cancer,
lung cancer, breast cancer, kidney cancer, liver cancer, head and neck cancer, prostate cancer,
pancreatic cancer, stomach cancer, colon cancer, thyroid cancer, esophageal cancer, and brain

cancer.



