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Diagnostic method for predicting the risk of cancer recurrence based on Histone 

maeroH2A isoforms 

The present invention relates to a method for diagnosing the risk of cancer recurrence in a 

mammalian patient, comprising detecting the expression of macroH2Al. 1 and/or macroH2A2 

in a biological sample obtained from said patient, wherein a low or reduced expression of said 

macroH2Al.l and/or macroH2A2 is indicative for an increased risk of cancer recurrence in 

said patient. The present invention is further directed at improved methods for treating cancer, 

in particular breast and/or lung cancer, based on said diagnostic method. 

Background of the invention 

Among cancers, lung cancer is the second most common cancer regarding new cases (15% of 

all cancers in the US) (Jemal et al., 2007) and is the leading cause of cancer deaths worldwide 

(31% in men and 26% women in the US). Four out of five lung carcinomas are non-small cell 

lung cancers (NSCLC) and about one third of NSCLC patients are diagnosed with an early 

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 macroH2Al.l 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 macroH2Al, known as macroH2A1.2, which can­

not bind small molecules. 
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MacroH2A has been implicated in a permanent growth-arrest known as senescence (Pehrson 

and Fried, 1992; Zhang et al 2005). This phenomenon has been described-for-primary cell 

cultures in vitro (Hayflick, 1965) and is a response to stresses like telomere shortening, accu­

mulation of DNA damage and the overexpression of certain oncogenes (Serrano et al., 1991). 

It is furthermore interesting to note that oncogene-induced senescence has emerged as a po­

tent antitumor mechanism in vivo (Braig et al., 2005; Chen et al., 2005; Collado et al., 2005; 

Michaloglou et al., 2005). 

Holdenrieder et al. (in: Holdenrieder S, Stieber P, Bodenmuller H, Busch M, Fertig G, Fiirst 

H, Schalhom A, Schmeller N, Untch M, Seidel D. Nucleosomes in serum of patients with 

benign and malignant diseases. Int J Cancer 2001 Mar 20;95(2): 114-20.) observed nucleo­

somes and the kinetics of the concentration of nucleosomes in serum samples from 20 patients 

undergoing chemotherapy and from 16 patients undergoing radiotherapy. Sera of patients 

with malignant tumors contained considerably higher concentrations of nucleosomes com­

pared with those of healthy persons and patients with benign diseases. They propose that the 

concentration of nucleosomes in serum might be a useful tool for monitoring the biochemical 

response during antitumor therapy, especially for the early estimation of therapeutic efficacy. 

Kurdistani (in: Kurdistani SK. Histone modifications as markers of cancer prognosis: a cellu­

lar view. Br J Cancer. 2007 Jul 2;97(l):l-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. 

Barlesi et al. (in: Barlesi 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 l;25(28):4358-64.) describe a study examining 

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

cer. Epigenetic changes involving multiple histones were examined for influencing the prog­
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nosis of non-small-cell lung cancer (NSCLC) patients. Histone 3 lysine 4 dimethylation 

(H3K4diMe), and acetylation of histone 2 A lysine 5 (H2AK5Ac), histone 2B lysine 12, his­

tone 3 lysine 9 (H3K9Ac), and histone 4 lysine 8 in resected tumor samples of 138 NSCLC 

patients were examined. Groups determined by stage I patients (below the first node) dis­

played dramatic differences in survival (median, 10 months in adenocarcinoma patients with 

H3K9Ac 68% v 147 months in nonadenocarcinoma patients with H3K4diMe 85%). The data 

as disclosed were said to provide a rationale for the use of a combination of standard chemo­

therapy with drugs interacting with histone modifications, such as histone deacetylase inhibi­

tors. 

Deligezer et al. (in: Deligezer U, Akisik EE, Erten N, Dalay N. Sequence-specific histone 

methylation is detectable on circulating nucleosomes in plasma. Clin Chem. 2008 

Jul;54(7):l 125-31. Epub 2008 May 16.) describe that alterations in DNA methylation and 

histone modifications have been implicated in carcinogenesis and investigated whether his­

tone methylation, as a model of histone modifications, is detectable in plasma. Therefore, 

monomethylated H3K9 (H3K9mel) was analyzed in plasma by chromatin immunoprecipita-

tion. Further validation was required to prove cancer-specific alterations in histone modifica­

tions in the circulation. 

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 H3K18 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 activi­

ty 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 

with lower levels of modifications at DNA repetitive elements but not with gene promoters 
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across the genome. The results suggested that lower global levels of histone modifications are 

predictive of a more aggressive cancer phenotype, revealing a surprising commonality in 

prognostic epigenetic patterns of adenocarcinomas of different tissue origins. 

Lung cancer is the leading cause of cancer deaths. Despite optimal diagnosis and early treat­

ment, many patients die of recurrent disease. There are no sufficiently useful biomarkers to 

predict the risk of tumor recurrence in cancer, in particular solid cancers, such as lung cancer. 

It is therefore an object of the present invention, to provide a new diagnostic assay for such 

recurrent cancer, together with suitable tools for performing said assay. Further objects and 

advantages will become apparent to the person of skill when reading the following more de­

tailed description of the present invention. 

In a preferred first aspect of the present invention, the invention relates to a method for diag­

nosing the risk of cancer recurrence in a mammalian patient, comprising detecting the expres­

sion of macroH2Al.l and/or macroH2A2 in a biological sample obtained from said patient, 

wherein a low or reduced expression of said macroH2Al.l and/or macroH2A2 is indicative 

for an increased risk of lung cancer recurrence in said patient. Preferably, the method accord­

ing to the present invention further comprises a prediction of said cancer recurrence based on 

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 macroH2A 1.1. 

In a preferred third aspect of the present invention, the invention relates to a method for 

screening for an agent specific for macroH2Al.l or macroH2A2, comprising contacting 

macroH2Al.l or macroH2A with an agent potentially specific for macroH2Al.l or 

macroH2A2, and determining, whether said agent specifically binds to macroH2Al.l or 

macroH2A. 

In a preferred fourth aspect of the present invention, the invention relates to a diagnostic agent 

and/or therapeutic agent, screened according to the method for screening for an agent specific 

for macroH2Al.l or macroH2A2 according to the present invention. 
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In a preferred fifth aspect of the present invention, the invention relates to a method for pro­

ducing a macroH2Al.l or macroH2A2 specific antibody or macroH2Al.l or macroH2A2 

specific fragment thereof, comprising a) affinity purification of a serum or cell culture super­

natant containing antibodies using macroH2Al.l or macroH2A2 domains coupled to a chro­

matography column, or b) screening an sc-Fv phage display library using macroH2Al.l or 

macroH2A2 domains. 

In a preferred sixth aspect of the present invention, the invention relates to a diagnostic kit, 

comprising a diagnostic agent according to the present invention, and/or a macroH2Al.l or 

macroH2A2 specific antibody, or macroH2Al.l 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 as above. 

In a preferred seventh aspect of the present invention, the invention relates to a method of 

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 macroH2Al.l or 

macroH2A2 specific antibody, or macroH2Al.l 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 

macroH2Al.l and macroH2A2 predicts lung cancer recurrence, identifying these histone var­

iants as a novel tool for an improved risk stratification of cancer patients. MacroH2A 

isoforms are upregulated and highly expressed in cells undergoing senescence, a known anti­

tumor mechanism, suggesting macro-H2Al.l as a useful biomarker for senescent cells in tu­

mors. MacroH2A 1.1 is more highly expressed in tumors with better prognosis. 
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Furthermore, it was found in the context of the present invention that the prognostic correla­

tion of macroH2Al.l expression is superior to the proliferation marker Ki-67, which is com­

monly used to estimate cancer patient prognosis. The inventors observe a strong negative cor­

relation between the macroH2Al.l and macroH2A2 expression and tumor proliferation rate. 

Slowly proliferating tumors tend to show high expression of macroH2Al.l and macroH2A2, 

whereas tumors with a high proliferative index, which are often clinically more aggressive, 

have lower or reduced or even no expression. 

Thus, in a first aspect thereof, the present invention relates to a method for diagnosing the risk 

of cancer recurrence in a mammalian patient, comprising detecting the expression of 

macroH2Al.l and/or macroH2A2 in a biological sample obtained from said patient, wherein 

a low or reduced expression of said macroH2Al.l and/or macroH2A2 is indicative for an 

increased risk of lung cancer recurrence in said patient. Preferably, the result(s) of the expres­

sion analysis can be displayed on a suitable device. In the context of the present invention, a 

"low" or "reduced" expression of macroH2Al.l and/or macroH2A2 shall mean that com­

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 

macroH2Al.l and/or macroH2A2 is reduced. Another strategy to determine a low or reduced 

expression is a lack of staining on histological slides using, preferably, a macroH2Al.l and/or 

macroH2A2-specific antibody, as described further below. Yet another strategy is to compare 

the expression macroH2Al.l and/or macroH2A2 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 

macroH2Al.l and/or macroH2A2 in a biological sample obtained from said patient, and 

comparing said expression of macroH2Al.l and/or macroH2A2 to a control sample, wherein 

a low or reduced expression of said macroH2Al.l and/or macroH2A2 is indicative for an 

increased risk of lung cancer recurrence in said patient. Preferably, the result(s) of the expres­
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sion analysis and/or comparison can be displayed or put out on a suitable device, such as a 

diagnostic computer. 

In a further preferred embodiment of the method according to the present invention, the corre­

lation between the expression of macroH2Al.l or macroH2A2 and the disease-free survival 

has a significance of P < 0.05, preferably P < 0.01, and more preferably P < 0.006. 

A further preferred embodiment of the method according to the present invention, further 

comprises detecting the expression of additional cancer markers, such as Ki-67. Preferably, 

the expression of said macroH2Al.l and/or macroH2A2 in said biological sample inversely 

correlates with the expression of Ki-67. 

Yet another preferred aspect of the method according to the present invention further com­

prises the step of a prediction of said cancer recurrence based on said diagnosis according to 

the present invention. "Recurrence" as used herein refers to a clinical manifestation of param­

eters of the cancer(s) after a disease-free survival time of the patient, such as, preferably, the 

occurrence 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

atic tumor, stomach tumor, colon tumor, thyroid tumor, esophageal tumor, and brain tumor, 

whole blood, serum, plasma, urine, lymph fluid, brain liquor, tissue samples, and prepared 
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tissue samples, such as histological slides. Preferred is a method according to the invention, 

wherein said sample is taken from the patient during surgery or is a serum sample. 

Another preferred aspect of the method according to the present invention then relates to a 

diagnosis, or further diagnosis, of senescent cells, in particular of cancer cells, in the tumor 

based on the expression of macroH2Al.l. The finding that macroH2Al.l is enriched in ro­

dent lung adenomas known to have a high number of senescent cells, but is downregulated or 

absent in lung carcinomas that have overcome senescence and display uncontrolled prolifera­

tion, is also consistent with these conclusions, underlining the idea of senescence as an anti­

tumor mechanism. Thus, in this preferred aspect of the method according to the present inven­

tion, the expression 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 macroH2Al.l. 

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 irra­

diation, or to see whether the number of cancer cells is increasing, as an indication for a re­

lapse of the patient. Other senescence markers can be measured, too, and methods for measur­

ing or detecting said markers are known to the person of skill and as described herein for the 

markers macroH2 A1.1 and/or macroH2 A2. 

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 macroH2Al.l-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 macroH2Al.l or macroH2A2, comprising contacting macroH2Al.l or 

macroH2A with an agent potentially specific for macroH2Al.l or macroH2A2, and determin­

ing, whether said agent specifically binds to macroH2Al.l or macroH2A. Certain methods of 

screening are known in the art and are discussed, e.g., in: In vitro Methods in Pharmaceutical 

Research, Academic Press, 1997; and in U.S. Patent 5,030,015. Preferred is a method for 
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screening according to the present invention, wherein said agent potentially specific for 

macroH2Al.l or macroH2A2 is present in a compound library, a phage display library, in 

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

Further preferred is a method for screening according to the present invention, wherein said 

agent potentially specific for macroH2Al.l or macroH2A2 is a diagnostic agent and/or a 

therapeutic agent. That is, the agent can be used in the diagnostic methods as above, such as, 

for example, for diagnosing the risk of cancer recurrence in a mammalian patient or monitor­

ing the amount or ratio of senescent cells, or a therapeutic agent that can be used to, for ex­

ample, increase senescence in the tumor cells. 

Another aspect of the present invention then relates to the diagnostic agent and/or therapeutic 

agent, screened according to the method according to the present invention. This agent, ac­

cording to the present invention, can be formulated into a pharmaceutical composition in a 

method for producing a pharmaceutical composition, comprising a method for screening as 

above, and formulating said agent together with a pharmaceutically acceptable carrier, excipi-

ent, and/or stabilizer. Preferred is an agent that is a macroH2Al.l 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 

(less 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 oth­

er 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

dium; metal complexes (e.g., Zn-protein complexes); and/or non-ionic surfactants such as 

TWEEN™, PLURONICS™ or polyethylene glycol (PEG). 
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Then, another aspect of the present invention relates to a pharmaceutical composition or for­

mulation, produced as above that contains the diagnostic agent and/or therapeutic agent, 

screened according to the method according to the present invention as above. 

Then, another aspect of the present invention relates to a method for producing a 

macroH2Al.l or macroH2A2 specific antibody or macroH2Al.l or macroH2A2 specific 

fragment thereof, comprising the step of a) affinity purification of a serum containing antibod­

ies using macroH2Al.l or macroH2A2 domains coupled to a chromatography column, or b) 

screening an sc-Fv phage display library using macroH2Al.l or macroH2A2 domains. Re­

spective details for these methods are known to the person of skill and as described herein, 

e.g. using a rabbit serum containing antibodies specific against macroH2Al.l or macroH2A2 

domains for a), or using recombinant macroH2Al.l ormacroH2A2 domains forb). 

Thus, another aspect of the present invention relates to a macroH2Al.l or macroH2A2 specif­

ic antibody, or macroH2Al.l or macroH2A2 specific fragment thereof, such as an sc-Fv 

fragment, produced according to the method according to the present invention. Preferably, 

said macroH2Al.l or macroH2A2 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, "macroH2Al.l 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 macroH2Al.l or macroH2A2 specif­

ic antibody, or macroH2Al.l or macroH2A2 specific fragment thereof according to the pre­

sent invention, optionally together with additional auxiliary agents for performing a method 

according to the present invention. The kit preferably contains the chemical substances, dyes, 

buffers, and the like that are required to perform the methods according to the present inven­

tion. The kit can also contain DNA or protein chips or microarrays for the analysis, as well as 

manuals and software and machinery in order to display and interpret the results of the diag­

nosis. 
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Yet another aspect of the present invention then relates to a method of treating cancer in a 

mammalian patient, comprising a method according to the present invention, 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. "Treatment" as used herein refers to both therapeutic 

treatment and prophylactic or preventative measures, wherein the object is to prevent or slow 

down (lessen) the targeted pathologic condition or disorder, in particular cancer recurrence. 

Those in need of treatment include those already with the disorder as well as those prone to 

have the disorder or those in whom the disorder is to be prevented. The treatment can both 

include adjuvant treatments and first line treatments of treatment naive patients, and can be 

combined with other anti cancer strategies, such as chemotherapies and/or irradiation. 

Preferred is the method of treating cancer in a mammalian patient according to the present 

invention, wherein said treatment comprises administration to said patient in need thereof an 

agent as screened according to the method of the present invention as described above, prefer­

ably in the form of a pharmaceutical composition as above. Preferred agents are small chemi­

cal molecules or antibodies or fragments thereof as described above. 

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 macroH2Al.l. The finding that macroH2Al.l 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 macroH2Al.l. 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

tecting said markers are known to the person of skill and as described herein for the markers 

macroH2Al.l and/ormacroH2A2. 
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The cancers to be treated according to the present invention can be 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 in­

dicated also include the metastatic forms thereof. 

Yet another aspect of the present invention then relates to the use of an agent as screened ac­

cording to the method according to the present invention, and/or a macroH2Al.l or 

macroH2A2 specific antibody, or macroH2Al.l 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, in particular breast and/or lung cancer recurrence, or for the 

production of a medicament for the prevention, treatment and/or diagnosis of cancer, in par­

ticular for the prevention, treatment and/or diagnosis of cancer recurrence, in particular breast 

and/or lung cancer recurrence. 

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 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 macroH2Al.l 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 macroH2Al, known as macroH2A1.2, which can­

not bind small molecules. Here, the inventors have developed polyclonal and monoclonal 

antibodies against all macroH2A isoforms (macroH2Al.l, macroH2A1.2 and macroH2A2) 

and used these antibodies to study the cellular localization and abundance of macroH2A his­

tones in cultured cells and in vivo. The inventors have found that macroH2A is upregulated in 

primary fibroblasts that have undergone replicative senescence. In addition, there is a strong 

negative correlation between the expression of macroH2Al.l and Ki-67 in human cancer. 
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Tumors undergoing rapid cell division (marked by high expression of the proliferation marker 

Ki-67) express low levels of macroH2Al.l, whereas tumors with low mitotic index are en­

riched for the histone. Both findings argue that macroH2Al.l is correlated to the degree of 

differentiation of cells and marks cells that have exited the cell cycle. 

The finding that macroH2Al.l is enriched in rodent lung adenomas known to have a high 

number of senescent cells, but is downregulated or absent in lung carcinomas that have over­

come senescence and display uncontrolled proliferation, is also consistent with these conclu­

sions, underlining the idea of senescence as an antitumor mechanism. Significantly, the inven­

tors find that macroH2Al.l levels are a good predictor for the risk of tumor recurrence in 

lung cancer. In the defined number of patients the inventors could analyze, it proved to be 

statistically superior to the correlation with the common proliferation marker, Ki-67 

(P=0.0058 for macroH2Al.l andP=0.07983 for Ki-67). 

Currently available patient information for the breast cancer tissue array is insufficient to as­

sess correlations between macroH2Al.l levels and clinical outcome. On the basis of the data 

from lung tumors, macroH2Al.l appears to be a useful prognostic biomarker also in breast 

cancer. Further testing will reveal its usefulness in other cancers. 

The mechanisms underpinning macroH2Al.l 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 pro­

cesses may account for the upregulation of macroH2A 1.1. 

The statistically supported observation of macroH2Al.l 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 macroH2A 1.1 upregulation is a general feature of 

senescent cells in human tumors and whether high macroH2Al.l staining generally reflects 

the degree of cellular differentiation in tumor cells. The inventive new tool will improve the 

identification of high-risk cancer and particularly breast or lung cancer patients, thus allowing 

for better targeting of therapeutic strategies in cancers with difficult prognosis. 
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The invention shall now be further described in the following examples with reference to the 

accompanying Figures, nevertheless, without being limited thereto. For the purposes of the 

present invention, all references as cited herein are incorporated by reference in their entire­

ties. In the Figures, 

Figure 1 shows that an expression of macroH2A isoforms correlates with proliferation, (a) 

Proliferation index and levels of histone variants in a set of 260 breast cancer samples are 

determined by immunohistochemistry with antibodies against the proliferation marker Ki-67, 

macroHlAl.l, macroH2A1.2, and macroH2A2. Ki-67 was scored as the percentage of posi­

tively stained tumor cells for all tumor cells within a core. Expression levels of macroH2Al.l 

were determined in a semi-quantitative way (scoring: 0-1, negative/weak staining; 1-2, mod­

erate staining; 2-3, strong nuclear positivity). (b) Boxplots showing the decreasing expression 

of macroH2Al.l with increasing proliferation index (P<0.001). (c) The same correlation is 

observed far macroH2A2. MacroH2A1.2 is expressed ubiquitously at a high level in these 

samples. 

Figure 2 shows that macroH2Al.l 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 macroH2Al.l 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 

macroH2Al isoforms in the lungs of K-Ras+ / LSLC12Vgeo knock-in mice. Immunohisto-

chemical detection ofmacroH2Al.l (upper panel) andmacroH2A1.2 levels (lower panel) was 

analyzed in consecutive sections of paraffin-embetted lung tissue containing both low-grade 

adenomas (L) and high-grade adenocarcinomas (H). MacroH2Al.l expression is enriched 

during senescence in low-grade adenomas (b) Immunostaining of proliferating (small nuclei) 

and senescent (enlarged nuclei) W138 primary fibroblasts. MacroH2Al.l 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) 

Western blot of macroH2Al upregulation during senescence ITM cells are primary fibro­

blasts engineered to undergo simultaneous oncogene-induced senescence on addition of the 

tamoxifen analog 40HT (Collado at al., 2005). The inventors consistently observe elevated 
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levels of macroH2Al in senescent cells. Protein levels of canonical histones H2A and H3 are 

slightly reduced in senescent cells. 

Figure 4 shows a Western blot showing the specificity of affinity-purified antibodies for the 

three macroH2A isoforms. HA-tagged macroH2A isoforms were expressed in HEK293 cells 

and whole-cell extracts were loaded for Western blot analysis. 

Figure 5 shows the expression of macroH2A isoforms in a set of 260 breast cancer samples, 

(a) Proliferation index and levels of histone variants are determined by immunohistochemistry 

with antibodies against Ki-67, macroH2Al.l, macroH2A1.2, macroH2A2. (b) Boxplots 

showing that the expression level of macroH2Al.l decreases with increasing proliferation 

index (P<0.001). (c) The same correlation is observed for the macroH2A2 isoform. Note that 

macroH2Al .2 is expressed ubiquitiously at a high level in these samples. 

Figure 6 shows expression levels of mH2A2 in lung cancer, (a) Proliferation index and ex­

pression levels of 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 

The generation of ITM cells expressing the switchable MEK1-ER fusion protein was de­

scribed earlier. After incubation with or without 40HT, cells were harvested and aliquoted. 

One cell aliquot was resuspended in 0.4 M HC1, incubated for 4 h to extract histone proteins, 

centrifuged and dialyzed into water. RNA was extracted using the RNeasy Mini Prep kit (Qi-
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agen). Proteins were precipitated with acetone from the flowthrough of the RNAeasy spin 

columns. Protein extracts were normalized by Bradford assay before loading. Western blots 

were carried out using isoform-specific macroH2A antibodies, as well as commercial antibod­

ies against H2A (Abeam, abl5653; 1:3000) and H3 (Abeam; abl791; 1:30000). First-strand 

cDNA synthesis was carried out using the Superscript II reverse transcriptase (Invitrogen). 

The cDNAs were subsequently analyzed by Real-time PCR (Applied Biosystems) using the 

following oligos: 

mH2Al.l A AGTT GT AC AGGCTG AC ATT GC (SEQ ID No. 1); 

GTTCTTTTTCCGGAGTTCCA (SEQ ID No. 2), 

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 

MacroH2Al.l (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 

Breast cancer TMAs were provided by the National Center of Tumor Diseases (NCT), Hei­

delberg, Germany. They contained formalin-fixed and paraffin-embedded samples of 260 

patients, with two samples per patient on each slide, distributed to different blocks. All breast 

cancer patients were female, median age of 58 .years (range: 30-88 years). Clinical data asso­

ciated with these patients were insufficient for further analysis. 
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Lung cancer patients and lung tissue microarrays 

Lung cancer TMAs were provided by the Thoraxklinik Heidelberg, Germany, and the NCT. 

The slides contained samples of 41 patients with NSCLC that were found to be resectable and 

underwent surgery between March and December 2004 (23 with adenoma and 18 with squa­

mous cell carcinoma). 

Samples of these patients collected during surgery were formalin-fixed and paraffin-

embedded and used to construct a TMA, which also included control samples. For quality 

reasons samples of two patients could not be analyzed, such that 39 patient samples were in­

cluded in the analysis. See Table 1 for the clinical characteristics of the study population. The 

collection and use of the human materials was approved by the local ethics committee (ethical 

vote # 270/2001, updated 2005). Patients gave informed consent. 

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 
(0/1/2) 

28/11/0 

Tumor cell type 
(AC/SCC) 

22/17 

Type of operation 
(LO-BI-PN) 

26/2/11 

Resection status 
(R0/R1/R2) 

32/5/2 

Stage of disease (post-op) 
(Ia/Ib/IIa/IIb/IIIa/IIIb/IV) 

1/11/0/4/13/6/4 

Tumor recurrence within a year 
(y/n) 

18/21 

AC = adenocarcinoma; SCC = squamous cell 
carcinoma; BI = bilobectomy; 
LO = lobectomy; PN = pneumonectomy 

Of the R2-resected patients 1 recurred (distant metastasis), 1 lived without recurrence; of the 
Rl-resected patients 3 recurred (2 local recurrence, 1 distant metastasis), 2 lived without re­
currence; of the RO-resected patients 15 recurred, 17 lived without recurrence. 

Immunohistochemistry 

Immunohistochemical staining for macroH2Al.l, macroH2A1.2, macroH2A2, Ki-67 (Dako-

Cytomation, monoclonal mouse anti-human Ki-67, clone MIB-1, 1:100) and histone H3 
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(Abcam; abl791; 1:1000 dilution) was performed using successive TMA slides. Slides were 

scanned at the Department of Pathology (Heidelberg University) using the Aperio Scanscope 

System and ImageScope software. 

Expression levels of macroH2A were assessed semi-quantitatively using the scoring: 0-1, 

negative/weak staining; 1-2, moderate staining; 2-3, strong nuclear positivity. Proliferation 

indexes were determined with antibodies against the proliferation marker Ki-67 and scored as 

the percentage of positively stained tumors comparison with all the tumor cells within a core. 

All slides were evaluated and scored blindly, and repeated twice. 

For the analysis of the macroH2A isoforms in mouse tumors, lungs from activated 7-9 months 

old K-Ras P/G12Vgeo mice (Guerra et al., 2003) were dissected, fixed in 10%-buffered for­

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 

macroH2Al.l 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 mH2Al.l was assessed using a conditional linear associ­

ation 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 (Hothorn 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. MacroH2Al.l 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 macroH2Al.l, but not the 

other isoforms, binds ADP-ribose and related NAD metabolites (Kustatscher et al., 2005). 

The inventors generated specific antibodies to detect and distinguish the different macroH2A 

isoforms (Figure 4). 

It has been suggested that macroH2Al.l expression may be restricted to differentiated, non­

proliferative tissues (Pehrson et al., 1997). In order to analyze any correlations between 
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macroH2Al.l protein expression and cell proliferation; the inventors performed immuno-

histochemical stainings on tissue microarrays (TMAs) containing breast cancer-samples of 

260 patients (Figure 1). The inventors assessed the expression levels of macroH2A and the 

proliferation marker Ki-67 in all tumor cells within a core. Histone H3 staining served as a 

positive control and showed strong nuclear staining in every cell within the cores (Figure 5). 

The inventors assessed the relationship between Ki-67 and macroH2Al.l expression using a 

conditional linear association test stratified by array. The inventors find that macroH2Al.l 

expression is highly correlated to Ki-67 levels (PO.OOl), showing a decrease in macroH2Al.l 

with the increase of Ki-67 positive cancer cells. A similar relationship is observed for mH2A2 

(PO.OOl), whereas macroH2A1.2 is expressed ubiquitously in these tumors (Figure 1). The 

latter could be in part due to a higher affinity of the antibody against macroH2A1.2, which 

might make it difficult to compare subtle changes in the expression levels. However, there 

clearly are tissues in which the inventors can see and discriminate highly varying expression 

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

These assays establish that the expression of the splice variant macroH2Al.l is limited to 

tumors showing lower proliferation indices. 

In order to test how cell proliferation and macroH2Al.l 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 

macroH2Al.l 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 macroH2Al. 1 is a marker for cells that have exited the cell cycle. 

To further test this notion, the inventors analyzed immunohistochemical sections from a 

mouse model of tumor senescence induced by K-RasGI2V (Guerra el al., 2003). The stainings 

reveal higher macroH2Al.l expression in premalignant adenoma lesions, in which hallmark 

is an abundance of senescent cells (Braig er al., 2005; Chen et al., 2005; Collado et al., 2005), 

in comparison to the corresponding malignant adenocarcinomas (Figure 3 a). In contrast, the 
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splice variant macroH2A1.2 is expressed at similar levels in adenomas and adenocarcinomas. 

This expression pattern defines macroH2Al.l as an oncogene-induced senescence marker. 

To identify whether there is a dependence of disease-free survival (recurrence) with 

macroH2Al.l expression, the inventors carried out a conditional log-rank test, stratified by 

array (Hothorn et al., 2006). 

Interestingly, it reveals a significant correlation between macroH2Al.l expression and dis­

ease-free survival (P=0.0058). Patients with low macroH2Al.l levels in lung tumor samples 

recur more likely than those with strong nuclear macroH2Al. 1 staining (Figure 2c). A similar, 

but weaker, correlation is also observed for the expression of macroH2A2 (P=0.04146; Figure 

6). In contrast; macroH2A1.2, which is ubiquitously expressed (Figure 7). shows no prognos­

tic correlation to tumor recurrence. It is noted that the expression of the common proliferation 

marker 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.l as a nov­

el, 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. MacroH2Al.l 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 

effector of Ras-induced senescence. The results show upregulation of macroH2Al.l and 

macroH2Al.I histone protein in senescent cells (Figure 3c). In contrast, canonical histone 

H2A seems to be mildly downregulated on the induction of senescence. 
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CLAIMS 

1. A method for diagnosing a proliferative or malignant tumor in a mammalian patient, com­

prising detecting the expression of macroH2Al. 1 in a biological sample, such as, for example, 

blood, serum or plasma sample, obtained from said patient, 

wherein a low or reduced expression of said macroH2Al.l is indicative of a proliferative or 

malignant tumor in said patient, 

and optionally further comprising normalizing the expression to the expression of ma-

croH2A1.2 in said sample and/or a control sample. 

2. A method for diagnosing a slowly proliferating, pre-malignant or benign tumor in a mam­

malian patient, comprising detecting the expression of macroH2Al.l and/or macroH2A2 in a 

biological sample, such as, for example, blood, serum or plasma sample, obtained from said 

patient, 

wherein a high or increased expression of said macroH2Al.l and/or macroH2A2 is indicative 

of a slowly proliferating, pre-malignant or benign tumor in said patient, 

and optionally further comprising normalizing the expression to the expression of ma-

croH2A1.2 in said sample and/or a control sample. 

3. A method for diagnosing senescent cells, including senescent cancer cells, in a mammalian 

patient, comprising detecting the expression of macroH2Al.l in a biological sample, such as, 

for example, blood, serum or plasma sample, obtained from said patient, 

wherein a high or increased expression of said macroH2Al.l is indicative of senescent cells 

in said patient, 

and optionally further comprising normalizing the expression to the expression of ma-

croH2A1.2 in said sample and/or a control sample. 

4. A method for diagnosing the risk of cancer recurrence in a mammalian patient, comprising 

detecting the expression of macroH2Al.l in a biological sample, such as, for example, blood, 

serum or plasma sample, obtained from said patient, 

wherein a low or reduced expression of said macroH2Al.l is indicative for a patient at risk, 

and optionally further comprising normalizing the expression to the expression of ma-

croH2A1.2 in said sample and/or a control sample. 
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5. The method according to any of claims 1 to 4, 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, eso­

phageal cancer, and brain cancer, in particular breast or lung cancer. 

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

of additional cancer markers, such as Ki-67, wherein preferably said expression of said ma-

croH2Al. 1 and/or macro H2A2 in said sample inversely correlates with the expression of Ki-

67. 

7. The melhod according to any of claims 1 lo 6, further comprising a diagnosis of senescent 

cells in cancercells in the tuinor, based on the expression of macroH2Al.l. 

8. The method according lo any of claims 1 to 7, wherein said detecting of the expression 

comprises PCR, in particular rtPCR, immuno-histochemical staining, in particular using a 

macroH2Al.l specifc antibody, and/or mRNA analysis. 

9. Use of a diagnostic kit, comprising a macroH2Al.l or macroH2A2 specific antibody, or 

macroH2Al.l or macroH2A2 specific fragment thereof together with additional auxiliary 

agents in the diagnosis of cancer, in particular of cancer recurrence, or the prevention and/or 

treatment of cancer, in particular of cancer recurrence. 

10. Use according to claim 9, wherein said cancer is selected from the group of solid cancer, 

lung cancer, head and neck cancer, prostate cancer, pancreatic cancer, bone or lung cancer, 

stomach cancer, colon cancer, thyroid cancer, esophageal cancer, and brain cancer, preferably 

breast or lung cancer. 
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