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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.
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| evel s of H3K9nme2, a nodification associated with both gene activity and
repression, is also prognostic of poorer outcome for individuals with
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cancenoﬁecurrence in said patient. Preferably, the nethod according to the
present invention further conprises a prediction of said cancer recurrence
based on said diagnosis further preferred a netastatic recurrence. In a
pref erp &F ﬁpﬁﬁﬁgﬁa .%Ei&ﬁ‘zsﬁﬁt EHBY RtHAGy N & h@?(c%r-‘&r#gi?i’ﬁcrﬁ&%hgs to
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macr oH2Al. 1 or macroH2AZ, conprising contacting nacroHZALZ 1 or nacroH
wi t h doneagetitylgming as Iaainbglelsqnféhlsfqne rhodifinatome HzAdetdctalle rmcp’lmslﬂ?aAZEhemfdre
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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 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



51n a preferred fourth aspect of the present invention, the invention
relates to a diagnostic agent and/or therapeutic agent, screened according
to t he nmewbadifowos7screeni ng for an agent specific for nmecTaH2¢d/004008
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invengéiga{eﬁéﬁﬁﬁ&%éﬁs&§ﬁl&kﬁ&p agent as screened according to the

met ho e present vention, and/or a nmacroH2Al.1 or macroH2A2 specific
anti body, or macroH2Al.1 or macroH2A2 specific fragment thereof according
to the present .invention, or a kit accordjng to.the present invention for
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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 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.



nmor mechani sm suggesting nmacro- H2Al. 1 as a useful biomarker for senescent
cells in tunors. MacroH2ALl.1 is nore highly expressed in tunors with better
prognosi swoORarttdees7aore, it was found in the context of PhE/Ere@sant00s
invention that the prognostic correlafion of macroH2Al.1 expression is
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or reduced or even no expression. Thus, in a first aspect thereof, the
pr esedn ai prefermed diithr aspattend the presemgtihechtiooy theiingemtionmglatdsdo rai rekthod foraproer

mor ol PADE S BRI S TGS B BRSO HAAY OBty e HeAT log” FRSHILA <
pat i eRpecifib GagmenethbRYf, VorlREHEES) BXRELHSiMAtioh ofal Wrumof et Aindre A0FYOT
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t hat codapeZA2 domaimsanpl e from the sanme patient before the rel apse or a
different patient that does not suffer froma risk for relapse, or a
heal t hy patient or group of patients, the expression of macroH2Al.1 and/or
Macr o i . . t. i, . r,. edq.
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and/ opedonumgracghetbadptarding 4o the présenciomentin asabpve can be a sanple fromthe
sanme patient before the relapse or a different patient that does not suffer
froma risk for relapse, or a healthy patient or group of patients. In a
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di agnosing the risk of cancer recurrence in a mamal i an patient, conprising
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macr oH2A1. 1 and/ or macroH2A2 is indicative for an increased risk of |ung
cancefdidd@iititence in said patient. Preferably, the result(s) of the
expression anal ysis and/or conparison can be displayed or put out on a

sui tabl e device, such as a diagnostic conputer. In a further preferred
enbodilmanprefefrreti hdghithtdspett ad abhe giresgntt mvediteonp ties atventicow edlaticOmo thidhase of an
correl ation between the exp%ession gé macr oH2Al. 1. or croH2A2 and t he
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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-



Yet anot her preferred aspect of the nethod according to the present

i nvention further conprises the step of a prediction of said cancer
recurrencwotzaslamﬂa sai d di agnosis according to the pre®EMEPRMANLINON.
"Recurrence" as used herein refers toéa clinical manifestation of
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cancer, and brain cancer. Mire preferred is the nethod for the di agnosis

for bridemly prahtesstingrtumergtcad e show Aigh @ims(sgmcc&lmw%?éldawdbéa@rg A2or the
nmet ho r Ve 9?‘9

di recSV %?gagégﬁ'r ec@ggélth}%gﬁ ?&%’lﬁadt eggé)gp(r@lsl%k?%ﬁ 0] ﬁ?méatlliy OPV@a%%gJSI i'hg to
t he i maeaidwan or Tddused dieehinolea@iessibnsanpl e can be sel ected fromthe group
of cells froma lung tunor, breast tunor, kidney tunor, |iver tunor, head
and neck tunor, prostate tunor, pancre- WD 2011/000573PCT/ EP2010/ 004008 8
atic PR in 2 ONR I8 it %ﬁ@ I r,
and brain IP Srmr \%ﬁb %qg(f I%%rg%rn t*r#]mp %i%e{t&lutgian[ggﬁ df&qﬂ gﬁgt %g:gﬂral

| i quorof ¢ansstueecmarr¢p¢eesn arrdaxpmpam gohtiehts Seoen ey eistecﬁnlg hhase)&presgsminogf cal

sl i des red ordln to the |nv tion, wherein said
S rrpl KRS bk AR IR EOIIAT AR 6 RIPEG SR YR o Stid AP e MR GT
Anot her1oRf 6f eddueéh @)?;B’é%ﬁorpf)f (FAL] rHEérBHQA@ClC%@bPSla&%Hzﬁé Rr #RRAtivé Ry i on

then relates to a diagnosis, or further diagnosis, of senescent cells, in
part i dudregsedfisk afibwg ceptdrgecurrenchen saidpatidrastydfecably, fibe esphtEs gf th@ expres-

macr oH2A1. 1, The fin t.hat H2ALl. 1 enric n ro d

oot Rlal 2 bl S o e S Beioq dh IS M S SR Pvenids, o
downr egiilrabe dre@hc@b%es'si&n' W&a@@mmom%h QﬁacPcﬂ‘EA@ SRAIC hERANSRBRES&HARNCE
and di splay uncontrolled proliferation, is also consistent with these

concl peresrie a sample frpmi the stne prten bsfors dhrerslapre er a diffarentmatienintbat dresmahi sm
Thus, shffert H'o B rr%i(efrog ?gla et R(];al 2 n‘%klh 81d chfd cﬂ%n{s tlIi re?s?oenn%)f

i nvent1on, e exp re55|o ¢tan be 16 gen arount” or
ratio r@dcr@lemswml/oe @ddcBoH2 AL mretiucaall Amnoter stadte@ toCdﬁtérmme a ld»her tedhéd based
on the expression of the marker macroH2Al.1l, The anmpunt or rati o of

senes CERESHRN S fagk %Stﬁlﬁmgc% jstofogical ﬁhd@r%mghp@fer@'elm magrot Al gadder i n

or der S £kt a r
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senescenc nark rs can be ne and neth ds foy neasur.ing or
det ectSngﬁé % Brederzgdem eﬂfw f e methed Feenr ding;tp the, present e e

herei npd ek réﬁ%nm@rn%ﬁﬁﬁliéﬁ(% Qﬁgégpréss%?pé%a&ﬁﬁﬁgwy% said"sénlﬂﬁe GRBeXtcopf the
met hods accordlng to the present iInvention, any hod known to the person
of skittdl satple. Alghimywhef mntnmba&upiertgntheea @a(mlemrmtheofarrm padichebefoamthsareused.
The choi ce of.. t he expre i.an asur ed
at ¢ hadtsger & tEEnEPRG At e ofted Bt Sk s PR B e PRIt 5 e
anal y p dRtienked is a net hod according to the present invention, wherein
sai d det ectl ng the expression conprises polynmerase chain reaction (PCR)
i.e. nucleic acid arrpllflcatlon in partlcul ar rtPCR, or

Lror ”‘iﬂ% %%erﬁga bf%lmen ere(r)lp tf:e Bregﬂ'g en?i Bl Ol%l?esnf)lagr\lllggh)od flor 8 3l tﬁ'l]ﬁ%gar

using a cro SpPEci rc or YSpeditT e}

her ei nhe asklbPEantBNAcaredctsh S mamaiaiahn p@ﬁ@fteédr@}ﬁlsaﬁgo@étéctﬁfg thB%xpﬂ“e@ﬁ@ﬂﬂbf
invention then relates to_a nethod for screening for an agent sgﬁglflc for

macr oMPIsIoH2A k. 1 napdfesHmagrotdydin @i bﬂ@lqgm! gamplegobiained Hoom spidh patienty apbA
W th anAg8ns s mﬂ&%ﬁ@%&&&ﬁ ﬁﬁ‘éfdﬁi&l AR fifa Jz%&g];\ 1004 AR SRR r%(@)%in

det er m nrng, sal agent speC| S to nacr o
macr oH2A. Certain net hods of



WO 2011/ 000573PCT/ EP2010/ 004008 9 screening are known in the art and are
di scussed, e.g., in: In vitro Methods in Pharmaceutical Research, Academ c
Press, 1996, 20amd037a U. S. Patent 5,030,015. Preferred isPaTmpeéiodofoos
screening according to the present invention, wherein said agent

POt ety W, ¥r PRREL] bear: Qo B LAEAK- 43R AL PEPARI AL AC Ry 2 sGogpOUNd
I|brary age di ay |lrbrar artic an sc

l'i br arnycreased lrusk af luﬂgrcangeroécmdmdsmmtmtheferzmlﬁftbe r@dlt(ss oﬁthmtxbmﬂ for
screenj ng a cording to the pres i nvention, wherein sajd, agent

pot entSIof A1l §pse%1dp<?rccmarﬁ% F%‘HSAF‘SP Igsied 1g gt 9N jAsSuia afb%@t Pechsemt
and/ org; &nbagy apssikdc agent. That is, the agent can be used in the

di agnost1 ¢ met hods as above, such as, for exanple, for diagnosing the risk
of cancer recurrence in a mamalian patient or nonitoring the amunt or

rati o of esc or a.Lhe i C ent .that can be. or
a8 (e axaerred fbitat: PHERRTRhacSRRAE S i iBtontrhueiots Borcofhe

pr esenitidn Wb the! dkPhestiBh A a8adrOHP A . 1439 RGS HR A 23@RINthe ALLQL frE QERRAVL | C
agent, screened accorduuaito the nethod according to the present invention.

Thi s Ageasigniftceneeving <t pectprablieht 0.6k and inware peeferably £ 6106t ed into a
phar maceuti cal conposition in a nethod for produci ng a pharmaceuti cal
conposition, conprising a nethod for screening as above, and fornul ating

sai d g€inthdrqgefehed embddirBeithal RecAethbé alcbyrdaRCePiRbresed ifivedkion hgihgt ent ,
and/or stabilizer, Preferred is an agent that is a nmacroH2Al.1 or mnacr oH2A2
speci fCPBIPEAES %@F;}mactb@ [CHPIsES10% of pddiipaaliancernmarkerso suchyas Kir6i/ s Pecderablyed

from
ant 1 bt PARe e R RKEHRT AL | MIRE madtFIAS ol Vo SEich O Ml
Accepkabhbmsamﬂ1&&axpﬁmﬁomoﬁHL57 or stabilizers are nontoxic to recipients

at the dosages and concentrations enpl oyed, and include buffers such as
phosphate, citrate, and other organic acids; antioxidants including

ascor by &g ,a36¢her gfé@er'i@f- R0 HeiheRhEREA ‘é@édr&ﬁ% thSHE r&s@nt 1nvent10n further com-

oct adecyl di et hyl benzyl" anmoni um chl ori d hexanet honi um chl or i de;
benzalpkices thnstdpl afrd predicben z)éishdmaumrcrhcttmande bamdemo!sa,ld kiut’ggld)smaccbahag/ to

| cohog] ; alk b h t b t ech
Fesor heprese PSR AR PR ph IS heifip THEY do g oS s EiPa T Rer gh
(I ess rhfalRrsaOHE cafbet@F hfdiasdisPRab YRERUIGA: irk Of BHeNsutie A ShchAss, E%fékﬁbly,
al bum n, gelatin, or inmmunoglobulins; hydrophilic pol ymers suc
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h|st|d| |n|n ySi ne; ngsagce har,i des

car bortgaTerAL A ReREr e 08 TRIAR e, Sfne i B BREHERY o Bkl o
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sal t - fornlng counter-ions such as so- WD 2011/000573PCT/ EP2010/ 004008 10
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-



dium netal conplexes (e.g., Zn-protein conpl exes); and/or non-ionic
surfactants such as TWEENTm PLURONI CSTM or pol yet hyl ene gl ycol (PEG.
Then, anowbentizepmét of the present invention rel ates t@CaRrhaoonmesit i cal
conposition or formulation, produced &s above that contains the diagnostic
agent a t | I or di di ng
ot S uor, MR RO, 898 3 RIRFWARELEpREBE LIS, R} RS, BE56

i nventwlwle bidod! esrutry plasiel weslef bimphr fidide ibredn diqoras rtiskiZAdariples, andcprepitd®

specific antihody aor croH2A1. 1 or macroH2A2 specjfic fragnment, thereof,
conpr itgswf‘gsae’ﬂge% B 6%”%550?%31 3 rﬁjﬁfi9& a’ﬁﬁﬁceflﬁéaft  onetind sccominente S BVERtIEL

ant i bqg i : » I AS; a

chr om%%?ggﬁg%%g%%%ﬁj%o)h g%r@%iﬁﬂdfg% Sgggég\llaiﬁgggméﬁ g?):flglf “library using
macr oH2A1. 1 or nmacr oH2A2 domai ns. Respective details for these nmethods are

known to .t he rson of skill and as described herein, e.,g. using a rabbit
Sor umAbet hiPEeE Fres & che aftiad Socotis 1 e et pivEnion thep Elstploa
donai Nfadn@kisadr fulfthet! 8ilaBlodi€ GIMRhERBAt CERS! PHeutaObf FRREECERAZiHEB LD, f OF
b). Thus, another aspect of the present invention relates to a macroH2Al. 1

or madrstdap thepexpirésswnaeft maerdyi2Ade 1. niher fonding that eracneld2 AH2 A9 espelids incro-

fragmept, t hereof  sych as an sc-Fv fragme roduced.accordi ng to the

et nodt g Ao Kt To 2 & s aiRPSHT sep BRAAERS REE i URBIBF 1 o
nacr okiBéeht $ip gl dateiRsthaPBEYhBeCHeEiont defedchfceldrRISERSlay OHEHttoMad ipfolFetaect ed
from a_ nonocl onal , polyclonal, human, humani zed, and/or reconbinant

ant i by, 1soHsq epnsistent vgHphess eepchusieiisehndarkining dhe islge of sersiscense ap raAatt

i nvent y . Of: o ti body
bi s L0 meRA R bhs Ui FREERLE AeRRAG ol oo TR o BlestyhTn R,
macr oHidA2 theamgrestionsambe asedsts-geaaally widnytod thersn @b s gitiol dflsefesoas ceBgGhi vity
with other antigens in the sanple to, be anal yzed. Yet anot her as&ect of the
pr eserRartiouas pficancer igeils. g th BUNQropaged;pr difostrressiontof the msrkei mgeratdpddnost i ¢
agent ARCHAINYr FRidt R 11k B ' r 21 OH2 A2
specific ant inboley, looé}%ﬁaissgﬁggﬁl.giygl?;dgg%?%H %&s%g‘c”f‘??f;&‘ razzjcrﬁrl]\ei%%gI ltl%gﬁléof
accor dirdgy to andriner reeseodss ionedacti afran anpittuoroa theyaptyp gethhasr cheirtotheaatsli o1 ioraal
auxiliary agents fo erform a,.nmet hod accarding to the presen
veniHien ShE R VBB EOAL SIS PRD SHETPEde. 99 88 ANERLon by dsre-

buf f ergpscMthed ptiehd. KRhdrh@hesRE e BANEREn bE nRAEERE, b NadTREABESIRAFALEL NY tO
the present invention. The kit can also contain DNA or protein chips or

m cr odng aydettgimg saed maekeys are\gDop@1to/the p&rraPofi skih20d @s desaibed heresn &r the wel |
as nannt{grl(srsana%r%% Y\@r%g%?d pte jnery in order to display and interpret the
resul t 8o O0F t he Ui ‘%n’ &PEOT Y ier aspect of the present invention then

relates to a nethod of treating cancer in a mammalian patient, conprising a

met hod according to the present invention, and treating and/ or preventing
t he rdBuhe epriextodl haimethegdscascording, tg thei regsent isention.canyamethadikagwanto the
incre rieSk: [ I i L i "Tr Nt used
e TR S o RREL  SRUERAAE B BB IRS! By i SELTRD e Bhoke

pr evenifahé wethodasill éspenitoar whethémibe @Rpesiion $s eagui&l anthe alucklio¢id antdVor

(l essen) the targeted pat h?PI gic conditjon or disorder, in partjcular

cancerPTPERUFYEnaiEl omriissample thabis tederanalyzeh Aretered rmethodaicaprdangdy tf t h

t he di : . : t . { | om
the airzaedivaTightliheftn LU0 AIAR el ApRRYiEn Lhfmpfiseidiheite LR Cdollol
treat rfBﬁfi@ iamqlutieicsacidi ianmliﬁpaMrrIém tpartehlar m&‘&l&mtinmminoﬁisuaﬂmiemmctaﬂ; ,sta_midg can
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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



Preferred is the nmethod of treating cancer in a mamalian patient according
to the present invention, wherein said treatnent conprises adm nistration
to sai d pabizentoobsysneed thereof an agent as screened aceordipd@oloobse

met hod of the present invention as described above, preferably in the form
of a 2 i () Pre

cher GoyP iR ar oifm GOHBAR bR, BRoRR0N S g L hF HRCVBAEL T BhSnD BN el
Fur t h&Resgareli, eAcaidmis Prdse, h®Qhaohdoih UrSedtateny GEROCELS. iPrefarrsdizral mathof afot ent
according to the present invention, further conprising nonitoring_the
amountSCIERYNE AP {9 he BressRhByERtien.cwhergin sHd pgept paieghally spemifieriorel | s,
inth { Q ! t 0 ; |

T of B T TR UHE AP Pt [ES PR Houn@ TR phits SERTARIAY,
adenompagidatwan s¢-&'viphage displag hibrarydernn eflibsayed eptbodiesl | s, but is

downr egul ated or absent in |lung carci nomas that have overcone senescence
and di splay uncontrolled proliferation, is also consistent with these

concl ysikBBS prefidAr ik iath&®od Her é&l&amg{] aGRPERE B AR Frescl iAhtibA "WherRCHANI SM
Thus, in this preferred aspect of the nmethod according to the present

i nventagent, paterdiadly ppeeidicoter gaaereld2 A ddon magwiErAdd lisya rdiagnostic apentzandlerta or
rati o of senescent |.] iLn particul ar.of cancer.cell.s.. in the tupor based
on ¢ nd RIS DR ihdne Bl B b HaRhind e SRURESACHcirDos b PR MRS
senes genéxaggil¢, Yot Siagibsirpding afskroffcaficer Recugifetvd h OmatinimianGRtibst drsméisiest- i n
order to nmonitor the success or effect of an anti-tunor therapy, such as
chenotih igpAmeynt jof rafin of sepascept calls, gea thirapayte agprt theingsarbeogsed dpchor eXel | s
isin ﬁﬂﬂes@%mﬁ@u&@%h?ﬁ%%&&oIlea rel apse of the patient. O her
senesGence markers can be measure , too, and nethods for neasuring or de-
WO 2011/ 000573PCT/ EP2010/ 004008 12 tecting said markers are known to the

person of skill a as described herein for the markers macroH2Al.1 and/ or
macr opRIher pRect aﬂ@@rpge%eat paeqtionihey relaies fathigliagnopieagsne ander thitapsriion can

be sel gk erb&fdM doBsdHOPhe im&Rbd dc B to thd! g&s&ﬁnﬁeénﬁoﬁr TR ae GRL
ki dney “cancer, liver cancer, head and neck cancer, prostate cancer,
pancr eatdiag tatheepreset ameotiogasanebe faroiubated ante @r phatiycavitidalcamapsyrsitidnoinea

cancer spphageal .cancer, and.brain cancer, preferably, breast and/or | un
cancermeHb Gt FEAINE A HOAPACREUSAL FOBPONOR, HRTPTRNG A mEpSd Tor J5FAnG Ay eof
Yet anBbiehand $h@fllatily salPadeh€&RBihet WA pHRRMARRACAIB! AlcBftable chRfrUs&inf an

agent as screened according to the nethod according to the present
i nventenbrandndtabilizer nBrefepred As . ah agenfrihat os-2/RagpHEA | lcomntacteditBA2 epecific

H2AL, A2 ific f h f di
mventroodfeealdd e SRR bt Tk SBREIL 0 SRR Bhe S eSO P S d5efh Fon

t r eat maftanahetheiizel, agdYes ke ofibirkab a@ibody orRafubt GeHad fraf@ent therepf, RIdBhAION,
treatment and/ or diagnosis of cancer recurrence, in particul ar breast

and/ orcomprgingadakal. r ecurrence, or for the production of a nedicanent for
the prevention, treatnent and/or diagnosis of cancer, in particular for the
prevention, treatnent and/or diagnosis of cancer recurrence, in particular
br eastAcaptable daufigs,caxcipgents,equstalsifiears dre ebatokidto fecipietie andeodekapes had t he
present invention, wherein sai ancer is selected fromthe group of ;solid
canceP?n‘Fetﬁ‘Ffﬁtlﬁ%sn%‘@PleffL@Qgtm@éﬁﬂ%i’r”?fcekﬁ BHrayascriipsrhate| Giljaie, anthEer oRgadc and
neck cafiseintioR| {s%auﬁi%g%‘ééorbf&a&?& 884 hictiERAET preSirMIRED 3&%9%@ chta(EiQJQqn
cancer, thyroid cancer, bone cancer, esophageal  cancer, and brain cancer,

pr ef edabtthylberzd tananaiiom ¢hionde; degancthdhencaronds ®azalkohioat eédoddes dbenncl ude

the metastatic fornms_ thereof | stopes are often assuned to bhe present at
Si'mi | POPEOE CIpRICRLEPTG POty bot bergbacoRticalkul SR G St PLmFITS! BhEropal i an
macr ol2Abkg, dAREYRkesoftiSAY & FheHBRAAC B RAtaATIE af® hi-tHedd]):lI8RLHERSulaPveldhE

structural level, it bears a large Cterm nal extension, the macro donain,

a gl olflgbathamabientd Ogtsidugs) palypeBideBaproteiiss budhrastseping akbemon, getating bRiAme- bi nds

ADP-r i ho i th high.specificit Kust at scher..el al ., 2005). Further, there
Are. (IGEGEHHAS hyhopliuBBRRmG S shoh AR A B R G ping a0 sushy 8 EBirisna

spl i C%lut@hin%,ntasﬁé?é%ﬁ@,?hi@ﬁ@ﬁé,, atgang s lySae; QhBiibkacohaiés; MisRBMA1deb] Bt sl |
nol ecul es. Here, the inventors have devel oped pol ycl onal and nonocl onal

ant i bodhes sarhghydraies gludipg elrps. masneserer devdnpsialating agents srehas EDBAY

MacT OLGARY sAlHladSRME NG hBRIEor Briitotban AfnfiY dothAl-ibRoalh 28 bon and



WD 2011/ 000573PCT/ EP2010/ 004008 13 tones in cultured cells and in vivo. The
i nventors have found that macroH2A is upregulated in primary fibrobl asts

t hat havewondarooeste replicative senescence. |n additionpcrre@oios4oas st rong
negative correl ati on between the expr®wssi on of macroH2Al. 1 and Ki-67 in

n e T . . divi o ;
expr o L lepa (RIS T, 92 B AP dtigi sy Tan o B AGHRE (s o
macr o HAREEN MWPEUBRENTOSTYros polyiethylane glydod(PBG).ndex are enriched for the

hi stone. Both findings argue that nmacroH2Al.1 is correlated to the degree
of differentiation of cells and marks cells that have exited the cel

cycl e-Th-gHeaJoitﬁ’h‘i“aﬁgecF] BPEherﬁﬁ%égi'F%Mnﬁoﬁ Pel 8L 'toc{ﬂgﬂa' cb@EEM Lot Qgt@gtsg RS

known to have a hi gh nunber senescent cel ut 1s downfegu or
absentmulatidnygodenedi asoaters/et that chatams othe rdiagresse ngsnteamdFor Hraiespié agent,
uncontrolled proliferatio is also consistent wit.h these concl usions,
under ISPRERGH acherding. 5 e metindefdine 6 the et erNRBHOR 2 ABRYesm
Significantly, the inventors find that macroH2Al.1 | evels are a good
predictor for the risk of tunor recurrence in lung cancer. In the defined
nunberlhgn, pacthentaspedieof rhenprssent cimykrtiamattes, td ta pnethed| foo preducing a

statistical uper.i or he correl.atjon with ommon proliferation
mar kern,lacl%?ag%%l'? ngfoﬁ’&ﬁ%’é‘f% SPT%{:&B% IQEL@?AP' ghd® %‘.&%5330% B}ac%l-% .Spedlﬁ? ently
avai | ahlgteptihefiof, doRfpRisirit the bteh @fF aj AEnkY PASFicABICH a deh ¥Bn@IHiRY ardtfbod-

insufficient to assess correl ations between macroH2Al1.1 | evels and clinical
out cones usmg mRerobid sl of mageoHifyd 3 demaips icqupjed torarebrometegispineolymappell s to

be a ogn { £ D I j t sti.ng
O HESbine MRS bhie MBPRL 8 B RalloPAR PARGRLoTHS el EO RS
macr oldgétive dgesile fpr detse imetipods gite &hown toluhié persere bl wkidlr arslearedssernioR] herdin t S
role in carcinogenesis remain to be elucidated, Prelininari evi dence
suggeS$tss USRS TRRNASFEetantging fntigpdiet sReGHICRgatsh BRert T 1§ 05 gustatipd hat

post - td%ﬁﬁﬁfs%pg, epagingf&sﬁﬁﬁgﬁt HB}!ro@Fz%ONPE%EQErom%iJ@J A4 fripgn of

macr oH2A1. 1. THe statTstically supported observation of macroH2Al. 1
expression with di sease-free survival opens the prospect of an inproved

tratificati f i.sk i. d icularly | cancer
et § et e en Gort Bb MeESTE ANl i SBgge R T R T o AR 2R ¢
st udi @sfidMhdtiboRy 0¥ ARCRYEA INPLE nhRSIIIU 2 ispdRivRaLheht TRFCP R at an sc-Fv

upregul ation is a general feature of senescent cells in human tunors and
whet hdraghiegh preduceéizsdordingt tai the meethet eccardipg te ftheepresenthsveisipne Bredérablyl | ul ar

gIog_];_/e%%g%%&@?ﬁ}ggo%gt}qg%ﬁ%glélzsspe& 19 aInH\b/g );[ rjlc\égr n%\gN tc;[ 81%' pr\é\g lnl ini CRGON & steb e W
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-
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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-
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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 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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(P=0.0058 for macroH2A1.1 and P=0.07983 for Ki-67).

Currently available patient information for the breast cancer tissue array is insufficient to as-
sess correlations between macroH2A1.1 levels and clinical outcome. On the basis of the data
from lung tumors, macroH2A1.1 appears to be a useful prognostic biomarker also in breast

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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popul @rolpferatichdndsd &id kvels dYEdbdAe (VRaagEe)in Er@q o€ QGU breast cancer samples are
determined by immunohistochemistry with antibodies against the proliferation marker Ki-67,
macroH1A1.1, macroH2A1.2, and macroH2A?2. Ki-67 was scored as the percentage of posi-
tively stained tumor cells for all tumor cells within a core. Expression levels of macroH2A1.1
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 macroH2A1.1 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 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)



Sex (male/femal e) 31/8 Age at diagnosis (years) 64 (43-80) ECOG performance
status (0/1/2) 28/11/0 Tunor cell type (AC/ SCC) 22/17 Type of operation

(LO BI - PNy0O26112Y003173 PCT/EP2010/004008
15

Western blot of macroH2A1 upregulation during senescence ITM cells are primary fibro-
blasts engineered to undergo simultaneous oncogene-induced senescence on addition of the
tamoxifen analog 4OHT (Collado at al., 2005). The inventors consistently observe elevated
levels of macroH2A1 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, macroH2A1.1, macroH2A1.2, macroH2A2. (b) Boxplots
showing that the expression level of macroH2A1.1 decreases with increasing proliferation
index (P<0.001). (c) The same correlation is observed for the macroH2A2 isoform. Note that

macroH2A1.2 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
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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 HCI, incubated for 4 h to extract histone proteins,
centrifuged and dialyzed into water. RNA was extracted using the RNeasy Mini Prep kit
(Qiagen). 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 (Abcam, ab15653; 1:3000) and H3 (Abcam; ab1791; 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:

mH2A1.1 AAGTTGTACAGGCTGACATTGC (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

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
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adenocar ci nonas and 17 squanous cell carcinomas; Table 1). Wthin 1 year

after surgery, tunors recurred in 18 patients, Wnereas 21 patients remained

recurr e o Simlar whai the inventors seryve in.bre ca and
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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
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2005) findi por t tern blots on human normal diploid
flbroﬂ?a§t§ Fﬁﬁﬁgﬂge&%ﬁ%ﬁga ‘ﬁ%ﬁ%¥ %ﬁ "MEK: ER (I TM cells; Collado et al.
2005). This system all ows for swi tchabl e activation of MEK ki nase, a

downstream WO 2011/ 000573PCT/ EP2010/ 004008 21 effector of Ras-induced
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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.
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Interestingly, it reveals a significant correlation between macroH2A1.1 expression and dis-
ease-free survival (P=0.0058). Patients with low macroH2A1.1 levels in lung tumor samples
recur more likely than those with strong nuclear macroH2A1.1 staining (Figure 2¢). 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 brognos-
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.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
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8. The method according to any of claims 1 to 7, further conprising a

di agnosi s of senescent cells, in particular of cancer cells, in the tunor
based on wbeosxpo®ssi on of macroH2Al.1. WO 2011/ 000573 PCT/HeRR0b04{0094008 24
9. The nethod according to any of cla3sns 1 to 5, further conprising a

predi ction of said cancer recurrence based on said diagnosis. 10. The

nmet hod according to any of clains 1 to 9, wherein said sanple is taken from
the patient during surgery. 11. TheCmdiRod according to any of clains 1 to
10, wherein said detecting the expression conprises PCR, in particular

rt PCR, i munohi stochem cal staining, in particular using a
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phage display library, in partlcular an sc- FAT phage display library, or in
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3. The method according to claim 1 or claim 2, wherein a correlation between the expression
of macroH2A1.1 or macroH2A2 and the disease-free survival is P < 0.05, preferably P <
0.01, and more preferably P < 0.006.

4. The method according to any of claims 1 to 3, 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.

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.



15. A di agnostic agent and/or therapeutic agent, screened according to the
nmet hod of any of clains 12 to 14. 16. A nethod for producing a nmacroH2Al. 1
or nmacr oR®O20spwaei7Bi ¢ anti body or nmacroH2Al.1 or nacr oHPAZ/EPp@0i0H4i008
fragnent thereof, conprising a step o a) affinity purification of a serum
or cell culture supernatant containing antibodi es using macroH2Al. 1 or

macr oH2A2 donai ns coupled to a chromatography columm, or b) screening an
sc- Fv pAhgenahshia@yprdingtaany efs¢lagnsnaor b HaAerlcomnprisiitg @ pActiboneisagl cah?. A
macr oH2Al. 1 or cr oH2A2 eci f.ic anti body, or macroH2Al.1 or macr oH2A2

speci fFEIFHAGHEMESE @}ﬁ%qaaﬁP@Hﬁced according to the method according to
claim16. WD 2011/ 000573PCT/ EP2010/ 004008 25 18. The macr oH2Al. 1 or
macr oH2A2 specific antibody according to claim17, which is selected froma
monoc|léndhe methodcdcsarding touaranofl daimsnl ke®, wherdinonid sseapibiintaken o thedp;
optioqal*%ucoqR%ising a label. 19. A diagnostic kit, conprising a

n

diagnogT Igﬁ% g%%bording to claim 15, and/or a macroH2Al.1 or macr oH2A2

speci fic antibody, or macroH2Al.1 or macr oH2A2 specific fragnent thereof
according to claim17 or 18, optionally together with additional auxiliary
agent o 1f dhe pasthed apeegdiag ety efadaisrsdl g 0o Wheieinpaid| datepiing the expression

comprises PCR, in particular rtPCR, immunohistochemical staining, in particular using a

macroH2A1.1-specifc or macroH2A2-specifc antibody, and/or mRNA analysis.

12. A method for screening for an agent specific for macroH2A1.1 or macroH2A?2, compris-
ing contacting macroH2A1.1 or macroH2A with an agent potentially specific for
macroH2A1.1 or macroH2A2, and determining, whether said agent specifically binds to

macroH2A1.1 or macroH2A.

13. The method for screening according to claim 12, wherein said agent potentially specific
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.



20. A nethod of treating cancer in a manmmalian patient, conprising a nethod
according to any of clains 1 to 11, and treating and/or preventing the
recurr encwoabl1ig@diy3scancer in a patient identified as haPCmgranoionpeased

ri sk of cancer recurrence in said patd3¥ent. 21. The nethod of treating
cancer in a mamualian patient according to claim 20, wherein said treatnent
conprises admnistration to said patient in need thereof an agent as
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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.



