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In a clinical trial, three partially overlapping CTAG1B derived peptides with binding motifs
to HLA-A2 (157-167, 157-165 and 155-163) have been used in a vaccine to treat twelve
patients with metastatic NY-ESO-1 expressing tumours. This study demonstrated that
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PRAME. Preferentially expressed antigen of melanoma, PRAME, was first isolated as a
30 gene encoding a human melanoma antigen recognized by melanoma reactive cytotoxic
T-cells (CTL). PRAME has not been designated a CT gene due to its trace level of
expression in some normal adult tissues, including endometrium and adrenal glands.
However, PRAME does exhibit the other main characteristics of CT genes, i.e. strong



15expressi on. For exanple, aberrant nethylation of tunour suppressor genes
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Bi ochem Cel | Biol 83: 296-321). Pattet#ns of aberrant gene nethylation are
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5(suitable) for treatnent, for predicting the |likelihood of successful
treatnent of a patient and can be used to aid patient therapy selection. In
one aspecwQ 20tvelops16sent i nventi on provi des an ol i gonucl @ctwiE®eqiopiener or
probe conprising or consisting essentfally of or consisting of the

nucl eoti de sequence of any of 10SEQID NO 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 44, 61, 62 or 63; which
ol i gonucl eotide, priner or probe is useful for the detection of the
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first nuct eytbmde remdpﬂsrfomdam&@ddnmdinq’ﬂdematﬂs eotheabeorsemeem@ efisprcifinat sai d
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PRAME and/or MageA3 15gene follow ng treatment with an appropriate reagent
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FRAVE andﬁmlmﬂ/éﬁyé(ﬁ\mla €GNy Anaisis ofiBe PRAME peamgier, exen o @iandingst i de,

ri mer or [ e @\ANQ he 3, 5,
? o 11 re%ﬁ%@%?ﬁﬁhﬁl%?%fg% StHF%eJS(%@ l%o@, Q‘Q@ﬁ"‘bg |§I£nc€5€étb n the 3 2

and is uggqmpt@raa-@)t} bglséaquylthlrngqm qr}qiea %gq-,gp tﬂial’]drﬂllg}lré§¥0n228f WhICh onl:)L/

30 CpG islands within exon2 showed epigenetic regulation (Gomez-Roman et al. Leukemia
Research 31 (2007) 1521-1528). In combination with DNA-truncation/transfection
experiments with respect to DNA methylation, it was also shown that changes in the

methylation pattern in defined parts of the regulatory regions of PRAME are sufficient for

its upregulation in cells usually not expressing the gene.



Further provided is a primer pair conprising a priner conprising or
consisting essentially of or consisting of the nucl eotide sequence of any
of SEQ | Dv@1onosas 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13pCIA&P2wB/0064 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 2%, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39, 40, 41, 42, 44, 61, 62 or 63. Suitable primer pairs nay be
30readily determ ned by one skilled in the art, based on a sense and an
antisense prinmer directing anplification of an appropriate portion of the
rel evant gene (as discussed herein). Exanples of primer pairs of the

i nvent i oMhaneetisdatiohastaths bhLAGEehds alSb been Studied (De &mietet ak (19991 e pri mer

pairs. 2010/ 1 S5PCT/ ()7]3(}2 DY ere is
pr ovi dedwgl% ar&@p %?‘E'F‘%”E?Pg%/r ea %%4‘8‘?‘? {r@P 8 hwérf%r% Eggefrﬁﬁgl%mtytotﬁ
LAGE-1 and LAGE-2/NY-ESO-1 it has been difficult to distinguish between the
methylation-status of the promoter sequences of those two genes.

Methylation-Specific PCR (MSP) with visualization of the results on a gel (gel-based

MSP assay) is widely used to determine epigenetic silencing of genes (Esteller M et al.

Cancer Res 2001:61:3225-9.), although quantitative tests using other technologies have

been developed ( Laird PW., Nat Rev Cancer 2003;3:253-66; Eads et al. Nucleic Acids
10 Res 2000;28:E32; Mikeska T, et al. J Mol Diagn 2007).

A number of fluorescence based technologies are available for real-time monitoring of
nucleic acid amplification reactions. One such technology is described in US 6,090,552
and EP 0912597 and is commercially known as Amplifluor®. This method is also

15  suitable for end-point monitoring of nucleic acid amplification reactions. Vlassenbroeck et
al. (Vlassenbroeck et al.,2008. Journal of Molec. Diagn., V10, No. 4) describe a
standardized direct, real-time MSP assay with use of the Amplifluor® technology.

An object of the present invention is to provide improved assays that eliminate the

20 disadvantages of the existing assays.

SUMMARY OF THE INVENTION

25  The present invention relates to improved methods and/or assays of measuring
expression. The present invention further relates to certain types of therapy, in particular
Antigen-Specific Cancer Immunotherapeutics (ASCI) based treatment of patients
identified as expressing CTAG1B, CTAG2, PRAME and/or MageA3 through use of
oligonucleotides, primers, probes, primer pairs, Kits and/or methods as described herein.

30 CTAG1B, CTAG2, PRAME and/or MageA3 (protein) expression is detected by
determining the methylation status of the CTAG1B, CTAG2, PRAME and/or MageA3
gene rather than measuring the expression level of the gene itself. The inventors show
that the methylation status result of their methylation tests is in good concordance with
results obtained with the RT-PCR assay for CTAG1B, CTAG2 and/or PRAME



set of priners conprising or consisting essentially of or consisting of the
nucl eoti de sequence of any of SEQID NO 1, 2, 3, 4, 5 6, 7, 8, 9, 10, 11,
12, 13, M™o208/10385 17, 18, 19, 20, 21, 22, 23, 24, 25, PRG/EP2N)/02874 29, 30,
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 542, 44, 61, 62 or 63. The kit
is for detecting the nethylation status of a gene, in particular a gene
such as CTAGLB, CTA®R, PRAME and/or MageA3. In a further aspect, the
invention provides for a nethod of detecting the nethylation status of the
CTAGLB, CTA®R, PRAME and/ or MageA3 gene in a DNA-containing 10sanpl e,
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sequence such that a duplex can form between said first nucleotide sequence
and said third nucleotide sequence such that said first moiety and second moiety

are in proximity such that, when the donor moiety is excited and emits



25wherein if the gene is unnethylated the |ikelihood of successful
treatnent wwth a C CTAGLB, CTA®R2, PRAME and/or MageA3 i munot herapeutic is
hi gher t o 20fo/tosgasgene is nmethyl ated. Alternatively, tIRETAPIE0O1604

unmet hyl at ed CTAGLB, CTA®R2, PRAME andB8or MageA3 in 30t he sanpl e indicates
that the likelihood of resistance to treatnent with a CTAGLB, CTAR, PRAME
and/ or MageA3 i mrmunot herapeutic is higher than if the gene is unnethyl ated.
Thus, the detection of a methylated CTAGLB, CTA®X2, PRAME and/or MageA3 gene
indicates that the probability of successful treatnment with an

i mmunot her apeﬂud:resd:@cbpuve acvépta0moiely0BEOBRGIHIEREDLOEDSHIG Tidorescantea f urt her
rel ated aspect i nv i v s a nethod of selecting a suitable
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i s sed ected fanddDeatientides tAbitmnnmtsesrat%3'|e‘ndttheng@ﬂ@ide§aqoenwwfanmolf at ed,
treatment wt a j Gl n [ d ovi ded
is a nethod o%@@awg ’}ﬁge %\j’g“‘sﬁ%ﬁgt%é ?gﬁgglébﬁtr?g %%m]&hlé\éts%éltg?on of an
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usi ng an separgteayl edisiades that prmrentsrmdjéwlarbmergy hramfer}mtweeﬂdiald first andret hod
as descri bed heretn. Preferably, for all of the different aspects described
herejr £RE n&{pgg ion of unnethylated CTAGLB, CTAR, PRAME and/ or MageA3
gene corresponds to an increased | evel of CTAGLB, CTAR, PRAME and/ or
MageA3 p tein r t of
Vegens Db ShBingR.qugR SaEcoh B4 Mo b FEAYST spuand ©

CTAGLB, CTAGB, RRAG, ARKME aldd@emggéa@eae@Db@dﬁ@fm@ednifhgw P'T'féefﬁét"l*ﬂ)ds of
the invention t MhGear i mer
pair, Ki Pr%?reg?ﬁgtﬁga%éﬁ@éggFO?'E‘eg’lfke?@?ﬁé?gn%gﬁ en adm nﬁc{/glﬁ% 25 to
the pati gehe follovingdsiatment witnar aspragriats AEBNt (FEATTUSSERNVEFeIMdPEPERE§e A3 as
descri bed_ her ei [ f I efythfis t he CTAGLB,
crace, PRATEE Al uh e IBaR dactRat e hRR decledblepRE Tl L "2 L hor
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recurrence, 88 aki HQt 5H§mur t he
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measur i ngohipeising they pertiomnf theanetbylated or aTmetBlatesrRNA OfﬁF@\QEAéﬁ@ Gr eA3

gene_jn t , ng to any of the nmethods of the invention
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met hod as described herein, and WD 2010/ 105815PCT/ EP2010/ 001674 12 t hen
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and/ or ereln e conposition is prefera
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unmnet hyl I [ i BRion 2% HfeSderkfof ifl6reBt €SENt invention there is
provi ded(’j‘otr%ﬂsaemra %‘u?eostto Anl]pl)%%n ICSITpI‘I si ng CTAGLB, CTA®R, PRAME and/ or
Mage&S in the manufacture of a nmedicanent for the treatnent of a patient

sutter | NG JafbvidaR ﬁr.h@hwm EbinBridhad b @ineR8smPBRaRg BELARISA bosertiamat et

on the basis neasu nmet hyl at7 on st at us of g@ PRANVE
and/ or MuafeAgongistiag Oétf@omtmlmdﬁée‘alﬁﬁﬂcépf?hlé°fn%5969§"(3f1rtzhé ‘l(ﬁ i%n or

by using '129%“% ?%t hge7, RBI 1820081, PZzOb@ 2pisNRE, A7aD8, 2430, 91, 32, Met hod
as describad hereln here 1S al so provided a conpositjon conprising

CTAGLB, (GBAG2, 3PRANBT 3%l B8r40vddetd 4f40f51 lﬁ?eo']Gr? tHitaPleR MR RAIBMaY B8t i ent
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and/ or NH@@AWQ;@Wé"f'Cé&%PfcﬁmgPRreprl%%tﬁW'@f‘ of the rﬁ@b’ﬂ'&}&f”&f(a?ﬁﬁc‘ﬁf\?gm i on or
by using QReiR].i BRMALESH pritRer girs BB EheQhvertiBR @re set forth in Table 1. Claim 6 also

recites suitable primer pairs.



primer pair, kit or a nethod as described herein. In a yet further

enbodi nent there is provided a use of a conposition conprising 20 CTAGLB,
CTAR, PRAPRO®MIOSSIS MageA3 in the manufacture of a nedi eawgERRO0OPITHe
treatment of a patient susceptible to%9recurrence of a CTAGLB, CTAR, PRAME
and/ or MageA3 expressing tunour, in which a patient has been sel ected for
treatnent on the basis of neasuring the nethylation status of a CTAGLB,
CTAR, PRAME and/ or MageA3 gene, according to any of the methods of the

i nvention or by using an 250l igonucl eotide, priner or probe, primer pair,
kit or almafurtheér aspebtdberebedravitediakit cmprisingsatdgast ope priinge drimes PaPOSi t i on

conpri si 2 . L f : i %Eﬁc tment of a
pati ent Egts@@ﬁ]et% 8%@%&5%%@2”@? Q%en%ér C@IEPA%E% %3)« ellén%f;%r MageA3
expr essi sgquancewf any of SIBQID NO.phiZ, 8, Hh8s7 181 edRetB.f1dr 15r Eatlie®d, on
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that. coul d diff Jate unnethyl ated fromnethylated forns of the CTAGLB,
CTAG-.LZ& Pﬁﬂwgleaﬁg%gﬁ&#@geAS gene. 10Accordingly, in a first aspect, the
present invent@on mootactiegtraatinglthg ONfctendainde saprlenwith areggesbwhicbnypri si ng
or consisting 20t al L r | Sl - i | $19A k&lBroagedience of
any of SEQ | DSEI%.%R\%& g’?hg'?ggf?ﬂ’ﬁf@%ﬁédi'?’hgg,"gegfgs'laé{%gi@%ﬂﬁlz, 1B 14, 15, 16,
17, 18, 19, 2Geteziablemodiisd resiuesmut pdichzipes gt medify methyipted gosing 34, 35,
36, 37, 38, 3 i? L 41, 42, 44, 61, 62 or 63. These ol i gonucl eotides are
useful in the detection of the met hyl ation status of 15 a gene of
interest. The (b i gemuifying atdesstraayoriet eidhasetiviated or awaﬂ@wlagﬂmpﬁ n
certain embodiyenlpysind RhlCpUTRA Ll o5t 168 8RE phiRir YNARERY ddsigheapm of
odiments, t eo I d

the gene. In certain e S | 1 gonucl eotides conprise a hairpin
structure as diwtonlptuthrseauencei mashylaled of samelpyatey PNANEsPeptvelgych

preferred oli i j ! héblimePin tAé peiasi st of
Phe nuct eot | dau gLt GRHHE SgeROpRlisl Seafongblineph 8 gt ' 13

15, 17, 19, 2Pairz®mppises,Tpnsists esgantialigof, 96 consists gba nyglegfidesseaugptead ect i ng

the ypmet hyl at Q. 5 Qe ‘80eNRS11012 "1gene & 16MEMesty, of the
[ nve% ion are ag’?é?égﬁea@bﬁ/N%?i’Glg’g?ahd’/ or 'C‘?’ACQ and/ or PRANE an%/g:")n{59 IX%geA3

genes. 25 "CEAGRR'23, 23t &b 25oR8 2% 7BoP9 a39ps bidzd 3By34 Re: £R&D:
Nonmencl at ur e (;ﬂrrqiz,tg@%,]’ g’@grg@(gg_é'p%rég@@%_ed on chronmpsone X; (| ocation:
u

Xg28) and the gene sequence is |liste nder the accession nunbers U87459
and NM 001327. The ensenble gene I D is ENSG0000184033. The gene encodes

the Caanﬁlathﬁﬁér%sE&ti S8 i3 BroVipdPa ARIMARN S ldiagh@sind AeAserics pRddispositiehes red t o
i nter changéabl'y as " CTAGIB" 'OR "CIAG. OR " CTAGL" " ﬁ( ﬁgﬁl’ﬁ%? LESO1" CR
" LAGES2" G@RCernGErBing detecting éhe,methyiaipa status ofsRer AF 15 G ME yene may

be i nkedantdﬁ?rtm%ei/x@@e@h%nﬁs SAplABF G4isg ak WhdorsledBE pARfRr of praecprmer
ng NSCLC),

(1 ncl udi prostate cancer or ovarlan cancer for e amt)lde. WO
2010/ 105PEPdrrERreimdrs dessribed herein, wherein the presence of unmethylate

CTAG1B, CTAG2, PRAME and/or MageA3 in the sample is indicative for cancer or
predisposition to cancer.

30
In a further aspect, there is provided a method for determining the presence of CTAG1B,

CTAG2, PRAME and/or MageA3 positive tumor comprising detecting the methylation
status of the CTAG1B, CTAG2, PRAME and/or MageA3 gene in a sample by using an
oligonucleotide, primer or probe, primer pair, kit or a method as described herein,



14 "CTAKR" is the gene synbol approved by the HUGO Gene Nonencl ature

Comm ttee. The gene is |located on chronosone X; (location: Xg28) and the
gene sequencelw/®ssisst ed under the accession nunber AJO1P83IZP20i0moBAsenbl e
gene 1D is ENSG0000126890. 5 The gen® encodes the cancer/testis antigen 2
[ Homo sapiens]. CTA&R is often referred to interchangeably as "CTA&R" OR
"CAMEL" OR "ES02" LAGE-1 OR "LACGE-2b" OR "M3C3803" OR "M3C138724", all are
used herein. Hyponethylation of this gene nmay be |inked to the incidence of
cancers, such as nelanoma, |ung cancer (including NSCLC), bl adder cancer,
prost at ewhamreme mesaedwcaruﬂ unmethydent ETAGIBaCTAG2c BRAME andloceMagesd iscancer

coI orect aI eso e o) na.
PR TABREE B B 2 S EAGIBLTTaRE. PRRRE R oAl APEIRA
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t he gene,s quence is.li rt 5 nd NM
206053 MOl AR %el'aéﬁélgfqﬁ*foqﬁgﬁg@%@%@ﬁ%@?gg%sgﬁeﬁﬁg@éﬁir% a5 t he

pr ef e5 enPRAME apd/pr Blaged3 antigeyen in 15 nel anona [ Hono sapiens]. PRAME is
often referred to interchangeably as "MAPE" or "01P4"; all are used herein.

Hyporet hyl ati on of this gene may be linked to the incidence of cancers,
such as Jeewnveatiorcfantber propides ahethod for édentifyingoarekiercelectiog amatientcwitaldle

b h d
VGG afd R RS RACTE CTRRUERRAIE RhdvpRbGRAR FnuicindiBbbdss 0
Conmi t t eeomiihang/ﬁaééﬂnggmnenethylbtwastenhsmﬁtWBﬁGéBn@Té(G@I BBAME2Nd{or8) and
th i.s_|isted , d
EnScB 00N R E Beneiida paletior e Rancil By BSEGRR Ao UtReRs ML B, e
MAGEAG gerimer pair,ddtadr acmethod las alessried hérdin oxhereionf the QTAGMGETAS52,s of t en

referred Lo i Q{lﬁ&g@% Y =N S

of ten ref%%’@% %/% R’F@ %ééz‘a y aﬁﬁ%&gﬁ% Cﬂ%fg%lﬁ%aere use@ﬁhzrel n.
Hy porret hybhbiedrfoﬂfeatrhneem@em&m1B,eCTAGRe‘ERAMEta‘M/QfMQQPé‘r%e of cancers,
such as n (L] NAEFAGF Shdro

di nucl eo 8@% {I Bﬂé §§ﬁ‘5'}‘§1wﬁtw®'ﬁ |re tyg%\gépf gqé?r?ggﬁﬁv?ged |rn t he
pr onos er WgéMrarepmiemeﬂﬂodhosmmrwmcfr thgigene ivmelyladed.genes. I n certain
enbodi ments, the nethylation status of the gene is assessed by determ ning
| evel s of nmethylation in the pronoter, intron, exonl and/or exon2 region of
the gene AltArativelyt the'gene imnotammethylated thexstbiecsin praterabiyAeiidemticBn start

site (TS

5010/ L0oanaiEEhEREHTS, Ul%gﬁn'ig-pﬁgq)ﬁ?ﬁ%b 3%? P{{\ﬁ%E apdsr %ngg(e)/;\315o to 300
bp from tilmewn&Beraggotic.t he CpG distribution in the pronoter region is rather
scargﬁ | evel s of nmethylation nmay be assessed in the intron and/or exon
regions. The region for assessment may be a region that conprises both

| ntron ard ae&letedw@aehtf‘@smmloﬂ Wldﬁﬁeﬂr maihediier preditiabing likelihprd of ey m

"met hyl at eges%{'rlks?tn%t of & @61}@} r§g§ @éteétmgftﬁé ﬁ{e‘imtl&.oﬁmatné efsmece or

absence of" cyt osi ne at one or a plural |tr%§

di nucl eotGTﬁ@E\nGT‘A(ﬁZ P RNMEsng(ns MageASganeinaSATIPS ‘Pfdhe paler by |Uﬁ!é‘8 a@s an

i ncrease FitriP p&iP Rt r BAHERbd b Wk SribedMdseini t el ates
to aberradrqgo &ﬁdt'ﬁg%mﬁérwmogllne -nQ/r) at specifi cl 10%6 Sétes in a
gene2Sof tvergin lftth%gplﬁ@mf‘@ﬂet vatedithe Nﬁﬁ"h%ﬁd ofesperasshil treatmsnt may be
defined kyrgeigr Aﬁ;ﬁ'%&&ﬁe‘ﬁeﬁ‘dr g M ol RAadeuiD M MigRRABE U hEgres f or
exanpl e. one ation" refers to a decreased presence of 5-nCyt at one
or a pl uriamemylaied-q)e di nucl eotides within a DNA sequence (of a test DNA
sanple), relative to the amount of 5- 15nCyt found at correspondi ng CpG

di nucl eotides within a "normal " DNA sequence found in |} Xgnt r ol
sanpl e) . Algmativelynibemsencesafeinmedhylziet e iRt T l?é{'ﬂ@? apdQ" B({;ge

det epgi niypg s&r‘ﬂﬁle uR&‘SéteQihdm%em{Jeﬁﬁddabﬂr@suﬁaﬁcecwtfe@t@aﬁt wiel 4 ETA@1Bexanpl e. I n
this i nvention, ation of the CTAGL PRAME gene (or

[0
MageA3 i rCHAe2, d?'ﬁX@Epﬁé'@(%')Mﬁ%eA%ﬂiwmﬁéaW“‘éﬂ? h'%‘?ré%’égt@?ﬁ’?s@l on of this

tumour 2 IR ITRR tHEedbtaqmRA dﬂ’@'rﬁé’thﬂél‘éﬁl@%%r@M@MWMHlmlwr of
cancer. The invention provides in a sec ﬁgfeCt a net h@ﬂ of detecting the

presence MageAst genedodicales that the PrePaRilty o F”‘Eﬁ? phygalment YEha"in a

DNA- cont girfah HatHeratdulic 6OIBRY | sing the step of contacting the DNA-containing
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SEQIDNO 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 490 214/10845 44, 61, 62 or 63. The met hod pref er abirErPe@opoicses t he
further step of assessing whether thelligene is nethylated or unnethyl at ed.
This may depend upon whether the oligonuclotide stably 30binds to the DNA
in the DNA-containing sanple, as discussed herein. Techni ques for assessing
nmet hyl ati on status are based on distinct approaches. Any suitable

techni que, applying the oligonucl eotides of the invention may be enpl oyed.
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consi st essentially of, or consist of the nucleotide sequence of any of SEQ
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and &b acceptor noiety of a nolecular energy transfer pair arranged such

that in tagADEPEH Ct{;en@@?lﬁbt)l SrbRY b)It'FHE HASGOREéHe N&h@ﬁdaﬂt&@@ﬂhﬁﬁttee
f1 uorescence em tted donor noi etf(%n a%on excitation) 10and ﬁ§r| ng

anmpl i fi cafheogenetlﬁ@cgte@lm Jdupmesqre Kffasatl 2BLARLea5Ng SeaUeneE S RS ¢t he

donor an { 7465 @RH INW LoD 18P PAtHeEerReHdlegdrRbIDE s
fl uorescgjnn(eg’g:{sﬁllé é%g?%rﬁfugﬁﬁ%r?lﬂé be detecfed In real -ti mgyé&_’%;ow de an

i ndi cat i Abe gsneeneodas: the careay/testis @RHae O(j@ﬂ’@n

i nt epgst . cﬂ(@g@fé odn Heférﬁehﬁtom{tér%ﬂéngwbry M!oqh@mmm SETAGE ORSIGTAG1T"
essenti al or consists of the nucleotid Eg,,qu nce of an%l of SEQ I D NO

1, 2, 3, Q%“UY “E§@-15 OR" 5%01”63RIBAG§12"QL&"LP1%E ee usgd hefein. 16 = 19 20,

21, 22, %p%thﬂ&lon@’thlgaengﬁ)ay% linkREd to3the uﬁ:?den%&ofaénce'ﬁ& sudbas37, 38, 39,

40, 41, 42, 44, 63 preferably carries the steml 90p. sftructure
melanoma, Iung cancer (including NSCLC); prostate cancer or ovarian cancer

example.



In certain enbodi nents the gene copy nunber of the nethylated or
unmet hyl at ed gene 20is determ ned. Here, the nmethod described herein

pr ef er ablwocommmossiés a further step: (c) quantifying t heCTEPNHBI4t he
real -time detection against a standar®d curve for the nethylated or
unmet hyl at ed gene of interest to produce an output of gene copy nunber.
Preferably, step (c) is further characterised in that the anplification is
consi dered valid 25where the cycle threshold value is |less or equal than
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noi ety ZMnemcmrecﬁﬂr@mlﬁéﬁeT@%/ @aneya qcaled e rPRESeNE Racal?%t i cs as
descri beqﬁ @Fé fhe gERE s@&béﬁ%‘é %ﬁstE@ﬁn@ér'tﬂgécéé%kfonmh%@NWpO%m, apnsi st's
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22, 23, A28B IMASE-AS (s ofteh ??éii d39, 40,
41, 42, WG%ES ggge &Zgﬁpg%@;og%%)r(g?gﬁlot %e §sgtem I O?p% s(t)rucre {ree. 30 For

t he ETAGI®ntaThameahysAAGRS oF MA ddrrudsea MALESHS SfteareTaratithy | at ed

version Gh Fch‘én %EHMA'@?E -8or RIAGEAe a'ﬂ%'r@Mé’élﬂ@ereﬂr lHbe—heﬂWfoh?df fHbse
conS|st|ng esse ,_or consisting of the nucl eotide sequence of any

of SEQ | @eNes Mey b@ |In5€d fo the mcﬂencg@f cgrypers_mucligs r@ianogga orzlgng 0929 31,

33, 35, wafhaNsErcPribr Bayspibeen designed WO 2010/ 105815PCT/ EP2010/ 001674
22 for tﬁ(ltza‘cgurgose cf;)ﬁfdtrat ecting unnet hyl ated CTAGL B, CTA® and/ or PRAME
DNA following treatment with the reagent.

30 CpG dinucleotides susceptible to methylation are typically concentrated in the promoter
and/or exon and/or intron regions of human genes. In certain embodiments, the
methylation status of the gene is assessed by determining levels of methylation in the
promoter, intron, exon1 and/or exon2 region of the gene. A “promoter” is a region

upstream from the transcription start site (TSS), extending between approximately 10



The absence of unnethylated gene is indicative of the presence of

net hyl ated gene. 5 In case a gene copy nunber of the nethylated or

unnet hyl awedogerssiss desired, the nmethod may conpri se aPCumPhew/0steep:
(c)quantifying the results of the det¥ction agai nst a standard curve for
the nethylated or unnethyl ated gene of interest to produce an output of
gene copy nunber. 10 All enbodinents of the invention are applicable to the
end- poi nt aspects of the invention and thus apply mutatis nutandis. End

poi nt analysis may invoke use of a fluorescent plate reader or other
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Techniques for assessing methylation status are based on distinct approaches. Any
suitable technique, applying the oligonucleotides of the invention may be employed. In

one embodiment, approaches for detecting methylated CpG dinucleotide motifs use a



maj or groups of breast cancer: noni nvasive carcinoma and invasive

carci noma. The 25 noni nvasi ve carci nomas include | obular carcinoma in situ
and duct avocarociossise in situ. Unfortunately, breast can®erTE£predmanicgs ow

t hrough the basenment nenbrane and roughly 95% of all breast cancers are
infiltrating or invasive carcinoms. The nost common type of invasive
breast cancer (about 75% is invasive ductal carcinoma, arising in the mlk
ducts and spreadi ng through the duct walls. I|nvasive | obular carcinoma
originates in the 30 mlk glands and accounts for 10 to 15% of invasive
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In preferred enbodi nents of these purification techniques, extracted DNA is
recovered through al cohol precipitation, such as ethanol or isopropanol
preci pi t awpan10/168815al i n- Fi xed, Par af fi n- Enbedded ( FFPE) PCumpao10f00®3ue i S

t he usual nethod of tunour 15ti ssue ptleservation within clinical centres.
Such FFPE enbedded sanples require a dewaxing step prior to DNA extraction.
In a preferred enbodi nent, FFPE tissue sanples or sanple materi al

i mmobi li zed on slides are first dewaxed by xylene treatnment. The contact
period with the xylene should be sufficient to allow the xylene to contact
and i nt erdafttthev drid dften commidreentary wayordistimgeisk betreeprbodifiedand urRBgifigdnpl es
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by the reagent. This is done using 15a nucleic acid anplification
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gene ;gf t, the prinmer pair will typically anplify only a portion of
t he gene I?ln t is region), rather than the entirety. Any suitable portion
of the gene may be anplified according to the nmethods of the invention,
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anplification of the nmethylated or unnmethylated gene of interest produces
an anplification product of between approximately 100 and 200bp or between
50 and 100bp. This is particularly relevant for tissue sanples, especially



WO 2010/ 105815PCT/ EP2010/ 001674 27 paraffin enbedded sanples where [imted
DNA quality is typically obtained and snaller anplicons nmay be desired. In
a preferreoembossirent, the detectable anplification pr@du@ErP2comprerses at

| east the nucl eoti de sequence of any Bf SEQ ID NO 2, 4, 6, 8, 10, 12, 14,
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Preferably, 5an anplification product of (around) 50bp, 51 bp, 52 bp, 53
bp, 54 bp, 55 bp, 56 bp, 57 bp, 58 bp, 59bp, 60 bp, 61 bp, 62 bp, 63 bp, 64
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and unnetrep-ameliiapaneronerss iAfted exteRgion f therscPify PR e HeIRERIMIE RERP e’l n the
absegﬁe YeqBBRed &l 'a%Pettb%d ol RRHRIHEH Wihirethi estiepaed amplism trescspramgeni tt ed

donor noi ety upon excitation. Thus, prior to, or in the absence of,
arrpl i fi caf tha heirpiadeesy separaties theiflverorhaee anckayanshsr. gpd pFPé’i'dr"ﬂﬂ A" structure
remai ns qgmgsrcenggg gh@scence enitted 15by the donor noiety is effectively
accepted by the acceptor noiety | eading to quenching



of fluorescence. During anplification, the configuration of the stem| oop
or hairpin structure of the prinmer is altered. In particular, once the
primer isworowessiated into an anplification product, 2@amtreropersr4 cul ar
into a double stranded DNA, (particul®rly during the second round of
anplification) the stemloop or hairpin structure is disrupted. This
alteration in structure separates the donor and acceptor noieties
sufficiently that the acceptor noiety is no | onger capable of effectively
guenching the fluorescence emtted by the donor noiety. Thus, the donor

nmoi ety prloHeaesnathylcthe grialimgisfrhetbyletaespeeifis] utaion-ektersiableguiigbnucledt@edet ect ed

in real-tj t o _provjde o ndi cati.on. of ;

ot hy | ot QGBS s SRt et s RRY. THEHGeR b

i nvent i omisuiije-treatet ONAIN aymethylationisgesifi¢ ovanaenp bind theirt binding sitesuiedap theci ds
that are detectably.l|abgll ' e V. L bel s.
30The pr iPHEYS B@@Waﬁ'tﬁs'aw&gﬁgp%k’gy %ﬁé §§L(llzﬂe°§)l'lti rEjer &ﬁﬁbi&eﬁa&%gpgﬁég Fﬁér%%l%fp |'egnd are

i ncor por ateeamplivon i$ het gemeratéd.etlepvyoukibyl ceh bamsadpl ¢cdmiinatiasvwitreteat-tima, such
t hat thedae%fi ed product contains both a donor and acceptor noiety of a
VET pair. 010/ 105815PCT/ EP2010/ 001674 29 WWen the anplified product is
doubl e stranded, the MET pair incorporated into the anplified product may

be on the s St r 2 it Lcat.l ' [ N [(@N, on
oppos t o TCEFRREL™ Focr ap Pk SR ek BabaritEae Sr bk oBEBMC MRUGRT,
anpl i fi caetvaenitas odifdd muctentides trsachievei quantjtatienBCBf analysisvEnesiithe RBRet i es
may 5cl.eaved fr. u i [ fd duct
by £ s BBt ruaB a ol RBE @RTRRbe 18 pRARLIG Pl (REB e PHRCTE
to the amptord R@Rippimemit tralseled. THegeactiopmik includes desynusiastides and ishe
i nvention Iy . [ej | .
1oampl | 1RSI ROBE AR i eRaP it BB ABTAR WreREL A icBimgratea
react i on at P@Rasitionicampleniérdaryitothe iandCoehidue aHhs in¢oroaration okthetdabsyl-isdr a
preferre darrg) I . i r fer
( FRET), ?jn v\,h;igﬁgh'g:%}rygrt'g'lH P%%lﬁ Jé%?nlfch}ég ogfrgeeq@g% clgéﬁ W t th 3%0 %rﬁé g@cept or
noi elbes straheped B rediectiod dofiunresnsinee ywhich alldws auanptatiee duriey emelificatient or
noi ety : . : ANl Mt t he
donor oty el e CRRRNGe, Bk Bak i URGE AT ARG oy be
a quencheargefl$rasientehe anplification prinmer is a hairpin prinmer that
contai ns both donor and acceptor noieties, and is configured such that the
acceptor noiety quenches the fluorescence of the donor. Wen the primer is
i ncor por dthes theneligonhdegtiitessiontorisiagi eamsistioa gesertially efoar ¢I#sHPg Ghthehanges,
quenshi ngy Lsofhd B1qRTES or Ao IEa fib WS asseaee 506, 1.1t odenor, MBI & Mantey be

d e e s of t

det eCt ed. e invention permt detection of an anplification

product Wit houts, 3Pi 20, 29epardd 2825 26uAT 28 rPotaRdd3dI33y 8T 86t 308,
Mor eover, 5o B@,ﬁ@hbozg%%qt B85 bt iy n%fﬁ/ e Eingiofirhd brirharsi? prétieddiede directly, by

i ncorporating the labelfed o ?o iucl eotide into the product. |In a preferred

enbodi neraforementionadvethods faridetactior at the meihyetignrsiaiug of ageae of INtsigstt he

expression of a reference gene. Reference genes are inportant to allow

conparisons to 30be nade between different sanples. By sel ecting an

appr @pr i do@ rjeferred embediseent ghp invertirrerrouides A raaldimgmethosef rdstqca%@ Bef ashi on

bet ween teﬁt?ﬁse%%g}a'tnﬁﬁr hFthﬁt GG teGl Bt dtRgatBEREhE bE Rtdrest inh BNALT er ence
er w e g

gene tog t ene of INnterest takes into account inter-sanple
vari abi | jqoptaining paraelea@@ORASING: i nput naterial, enzymatic efficiency, sanple
degradati gy etGniRtihGir8afiy the NI chtaning daifid With alrBadéit whidsssctivaly a
reliable modifies unmethylated cytosine residues in the DNA to produce detectable modified
30 residues but which does not modify methylated cytosine residues
(b)  amplifying at least a portion of the methylated or unmethylated gene of interest
using at least one primer pair, at least one primer of which is designed to bind only to the
sequence of methylated or unmethylated DNA respectively following treatment with the

reagent, wherein at least one primer in the primer pair comprises, consists essentially of,



WO 2010/ 105815PCT/ EP2010/ 001674 30 anount of input DNA, be one which is
constantly expressed between the sanples under test. Thus, the results from
t he gene WO 20ws8Ist can be nornmal i sed agai nst the corr @Sp@ErPAVINYIBEPY
nunber of the reference gene. Suitabl2® reference genes for the present

i nvention include beta-actin, glyceral dehyde-3-phosphate dehydrogenase 5
(GAPDH), ribosomal RNA genes such as 18S ribosomal RNA and RNA pol ynerase
Il gene (Radonic A et al., Biochem Bi ophys Res Conmun. 2004 Jan 23;
313(4):856-62). In a particularly preferred enbodi nent, the reference gene
i s bet a- attomsistd bfitetruelentdérsetpiente bhany oG IBNCOrdy 2p8, 4, @ 6h&r8, 9, 10,
characterls n yj a pgy t red e using
at | east 13n p1lr3| rlrgn{gpél%r i t‘%l '25'?%;% Q%nigoa?ﬁnzé%e S{Qeg?f?%%? pair is
a prinmer 34085 d86nBAEEH 391 40n4104p, 4, Bdcbuoebhavi ng t he af orenenti oned
characteristics. Any suitable portion of the reference gene nay be
anplified according to the nethods of 15the invention, provided that the
anpl i &i catHe(genproodthstiis thiemetrtodbloétmsn\eenrcierh isaﬂUbierabMti‘(%@MGd)B €heGBr esence

f th t f
o e, LRl T bRl b AR e hon
anpl i fi carien cusham\gwgmeteatlobpasmtonecmnymgm dgrairanfi @n a@nmtplf meigty ofa of t he

f i i, mat el

o o5 P AT S S BLHE b B S ah ol
especi al Iapcqaonarfnblety quenebeeflugesqeines ewiittadsbyl theidosar DNAtywaPN EYCitation pi cal | y

bt d._ln th th
ot nbls. e aTEIRRSHR S sl MR ShBFEs Ysiliga 3638 b Sepdictedrig dohd, | 7F
t he st ep aptl dcheptoenbieties s\mﬁumbntgaommuqe@dqqaablefﬂypwgcem signalil TRisdfan he

| -

et hy! SR GRRE M BE HE | bvp SRR Y I e Bence M M RRIVAESOPS o1 ¢ e
real - t i nundetiedated gené ot interessf §hemmegﬁntee@gmemgairwhmheqmmf iges.popdistsor t he
ref erence, sggﬁ%ill%& R 88'&59& @Pth%%@fé%tl@é s&ﬁ@ﬁc@ rBPé(rE}nM‘ ID CB §ape and

optionall 1'Ses nor nal IVI g 't he gene
copylEuntﬁer?' 8f9t1|®e1he‘t2hyl3a‘tded50ﬂ63‘(7uﬁ&e‘[91>20a2‘ed?2g33\e24of251Zﬁéﬁeg 39y 3Phe
gene copyngbﬁ f f C n § coRbs % st

char act er3|1s§ " nstgha";( r}’t%hé?a%pﬁlgf?%g‘?i’ g% Afeg%?:gbnzs{ﬂlcﬁi%r gﬂ 8 whgre ?ﬁren cycle
t hr eshol dooastoeture. | ess or equal than 40. WD 2010/ 105815PCT/ EP2010/ 001674
31 Anplification of at |least a portion of the reference gene generally
utilises at |east one priner pair. Preferably, at |east one prinmer in the
primer pdnceitsingnadineents thet ganei oogy ausbenpi the melhylaied oF en@stwiategeneonor
and 3y aqgﬁgtte%hm%' BleVe, ?ttne ﬁlefﬂydec@él:ﬁﬁeoet@éﬂ%réf%?éw&fmmeﬁ:a fafthdraftep:Ne gene

of interest action of such structure during Sanplifjcation has
been expl(a} mtlfvmgethﬁ restiits of thei repi-time éﬁieﬁ%‘?"sag%'?St@sséa'?q?“ﬂ ﬁ'é"’?ﬂfﬁ"HB%is of the

I nventi ony, [Sgasc#r Wﬁflﬁ@a YeRS of iRt 16 Brodlicd sn BupRP o iehedddpy RENBRL2597,

t he di sclosu e are“hereby incorporated in their entirety. These
priners are comrercially known as Anplifluor(r) 10prinmers. Thus, in a

particul aslye 0y fs‘?é ngfjsefﬂhﬂ&' ch%PéoterH%@ quHaFﬁfe é%@;ﬁ]ffl@étwmg canSid&ay hamp

structure use ortion of gene of interest and/or
r ef eﬂéncwmﬂéh%@fﬂﬁﬁhé@@ddc\(ﬂﬂéﬁ '§t|%ssé§§§H@'|tBWI' §0-0f or consists of the
fol l ow ng contiguous sequences in 5 to 3' order: (a) a fi rst nucI eot i de

sequence of between approxi matelel 6_and 30 nucl| eoti des, whe
For genes such as the CTAG1B, CTAGZ2, MageA3 and/or PRAME gene, detectlon of an

unmethylated version of the gene may be of primary relevance.

30 The methods of the invention allow the presence of a methylated or unmethylated gene
of interest to be detected in a sample in real-time. Since the methods of the invention
are quantitative methods, the (relative) amounts of the methylated or unmethylated form
of the gene of interest can also be determined as the reaction proceeds.



15a nucl eotide within said first nucleotide sequence is |abelled with a
first noiety selected fromthe donor noiety and the acceptor noiety of a
nol ecul arwenerogysgisansf er pair, wherein the donor noi et PCE&mPR&10/0D16G+ escence
at one or nore particul ar wavel engt hs2lwhen excited, and the acceptor nvoiety
absor bs and/or quenches said fluorescence emtted by said donor noiety;
20(b) a second, single-stranded nucl eoti de sequence conprising, consisting
essentially of or consisting of between approxinmately 3 and 20 nucl eoti des;
(c) a third nucl eotide sequence conprising, consisting essentially of or
consi st i Readttimeahewaeds aqnpotmdemiab@bwtuﬁsmtioﬂé\lenuélnatysesjem beherfeimedonly

nucl eotide wthin s dth eotid b th a second
noi ety sg?gtsf:g%fe fwrgﬂ?esréh% E#%‘r{? pe(??/erﬁ tﬂgesggﬁadé grccogpglr‘b%%ﬁnWet y, and said
second nmnqihﬂcatmntdweomemwnhnmiues atilizeghe spma@ipptaaicbes asgidehi wseldi fosReal

nucl eot i s?ﬂﬂﬁn i

conpl emegﬁ'ng fﬁ%@{gg ?Hg?hqo% tsré HY%}‘ b?ﬁ%ycgr? ﬁ%%gggga%ﬂg}(%ntsuch t hat
a dupbex method of detbetingetbe pessiedcd andfor araclrdof Adestbyatedror enanethyidedigens r d
nucleotld equenc ch tha [ d.first noiety and second noiety are in
proxi m t)P é’ﬁ%%sﬁﬂa?te?ﬁg\ﬁgﬁg 'rH'ig g%“&'? 30noiety is excited and emts
fluorescence, the acceptor noiety absorbs and quenches said fluorescence
emtted i d.donor noj e ' a
Fourth StB: G P PaRt R Gt 2P pREY Bl B bis B 2 plssEndl pitily

essent i aldnyowt oba metindated bngnméthyiatedeganeayf intereshiataeDNAS catainidg sampleeot i des
that _conprises.at its 3' end a sequence of any of SEQ ID NO 2, 4, 6, 8,
10, 1§ 1AMPIEING: o 2010/ 105815PCT/ EP2010/ 001674 32 18, 20, 22, 24, 26, 28,
30, 32, 34) 36;on8Rtingand/éPtreatihg tBQMc@%auO@g@aUﬂuﬂswﬂlsaamgﬁm Wh[@hl me
synthe5|s I j .

compl omerieity e e Bty B8RS o b FESOATS pRABLE BERotaple,

met hyl at edoabﬂedjrrelseiubybait\eluiclﬁ)blléesmottrh@dliyemihylatnldewmsma/meldusal d duplex is
not for S i.et I by a
di st ancgp(g ha aé'ﬁ%v’é’ﬁligt Igg%tea i @W%ﬁg?q"afﬁ%%g @%?h\xgg%oegéfeg&f'@%gegt and
second noisgtgyat Iéastanparlmlecpalaratjeq:’,teﬁaapmreer ervﬁmh igsiesignedito Biodonlyriotha y and
accept or I pair.
Vol coul arseauEds orihhpien {f e Rsd BRANARGCGRG ellowind Bsaient ?’Eﬁ"ssse
non-r adi aeageitywhereinet ieast doe primanindbe PémanpaineomRisest eansifts exsentally o

Fl uor s C RSB SRR FALE LIS/ onf EFETR 16NG. 1,203 815 ¥EF 0 the&a ari ses

fromthe properties o ain em ca npoun when' excited by exposure
to particul 4R, Wavidl éhgend7o18, 118900, 21 H”éy21’e&\4t25 i26h27,(38, 89 3Q 13dy32.|3For esce)
at a.diff Jaywe o] re termed fluorophores. In FRET,
energg |s§4’1§pas§eg Iﬁgn%? gglgf{’?,?eﬁ”’ggvg?@??mg di stance (10-100A) between a
donor nol ecul e, which is a fluorophore, and an acceptor nol ecul e. The donor
absor bs oh s PréfBRLAAREPT O
e ster %&5@5&@@%& "AESERE B IBfAé'aéstggﬁ_Egﬂet?Q&H@g?@Hvéﬁﬁ, kréibmLAaREDt of
211: 353- @%931B\M%Gevwam%amynb?aéwﬁnd%feé&wt gashoam BrimaY @éh%ﬁﬂ@séct ra
overl ap %a‘?r ik @rﬁ[@iln%?%oﬂtra ?]ém Wéﬁ's?r@&th@ba‘ﬁyuﬁé"@d&%r'éﬁ@ra(hpi&é&omdet)ﬁaUSe

it to emt at wave that are absorbed by a hat stinul ate the
secoRd fIQI@rﬂJp‘hGWer emqu;tra eltpalrmqvmgqth@@hanaew'é%@eas CF%CB'P%PEFW dde t he

exci t ed- shal& if ;g)fné}f ?ﬁg ph<EIN&nsishd é@sreﬂﬁél@r& érscdnéféféscff@ﬁé ed by a

resonance | nauce interaction to the nei g bour i ng Seco

(accept orr)uofqmdeémme oAgnxao BEQIIP NQ.he 2 BfbtS, ﬁehﬁ % AR Horldr 13roldede e i's
decreasedmaﬂ‘i' Hés19f be'02"1e§§eé§624' §5 Zeoensdied, 3oVl 8214w 3kl sorassgeuee

intensity o atcept or nol'ecul € i s enhanced 'and depol ari zed. Vhen t he

exci t ed- 53%&4@ éhé‘r2g94cﬁ1 BRer §8 mesferably Gaxriast tae Stain {a9PSNENFS-uor ophor e

accegipor, the fluorescence of the donor is quenched w thout subsequent

em ssion of fluor escenceq% t he acce&r |n this case, the accerE)t or
£

funct i onsFerdheCIAG S ETAGIMadgaa RRAlr ERAME genesteieeionsf apnmsthyiated i n
the preseptsibRYPiideRe nPéy 5§ofggmarwéumﬂcespmrhaﬂs cfombri%m@ae@wsﬁéﬁn@' uorescence

resonance ene@gly t ransfer are ternmed FRET a| [ o% ener gy
transfer essepialiyof, qrwenamofah%na%@ts’@é@qm%ma@g 'ﬁPc 13y Be in

cl ose progifi 4y {3/R7tfo 24 b9 JNO7A9,BF 8935, 399, 4H/Qir*6@d1%vglb§¥rﬁfﬂé5|gr2éhl
353-388; Selvin, 1995  'Methods Enzynol. 246: 300-334). The efficiency of
energy transfer falls off rapidly with the distance between the donor and
accept or



WO 2010/ 105815PCT/ EP2010/ 001674 33 nol ecul es. According to Forster (1949,
Z. Naturforsch. A4:321-327), the efficiency of energy transfer is
proporti omel2otonoE31x 1 0-6, where D is the distance bet weem/mpb@odorses and
acceptor. Effectively, this nmeans thax FRET can nost efficiently occur up
to di stances of about 70 A. Ml ecules that are cormmonly used in FRET are
di scussed in a 5separate section. Wiether a fluorophore is a donor or an
acceptor is defined by its excitation and em ssion spectra, and the
fluorophore with which it is paired. For exanple, FAMis nost efficiently
exci ted kyr the gpatpose toh detevtingeliremethilated CMBAG 1) CEAE2 endfos PRAJME DNAL h a
spectrumfoljm/SOO t%} 65g mlh arnd an em ssion maxi mum of 525 nm FAMis a
sui t abl e TAEHENT FEAIBIEOPAE? &'SP9TI%e with JOE, TAMRA, and ROX (al | of which
have their excitation 10maxi mumat 514 nn). In one particularly preferred

Card accae Rty oRAdehgene s R AR e brefe i el BB R ™

conpr sses, consists essentially of or consists of 6-carboxy fluorescein. 15

h | abel b h ' I ' in_t ' :
par t1 cul 7 R5>%7 8887 Po Mt AR me N et ol I el B "
posi t i onadethod a@yoeneist arfyrtmerctegot i des within the stem | oop structure,

such that, whil st t.he em | oop.is jnt . iLetl ip_close

physi cal (B)r oxiqﬂapg)&'{ngﬁﬁeﬁEesé'ﬁ%%{g?de%&éb39%“?‘@9%%%@%@%%8# t'ﬂ{e he invention
may be | abethllattdvirtunnietie/lated genesf interest yo prosiite am oetplibeftgene copy alinber.

MVET/ ERET between the respective donor and acceptor in the absence of

anpl i Pi cation and separation of the donor and acceptor once the priner is

i ncor por aleembatimeats ofithd inféntianiane applzdbietto tHELaHtEpainteanpectsf the inwgntionn
structure, seguen 0es. not . - I ' f.+the

t ar get ge%g%ﬁléseﬁéoq%& u:?aﬁ{sgﬁ %tgﬂag"f@'?de#@ﬁgan%@g bsewne)f ﬁg%éggs%?t‘]%@%”bggsn%tnt bi nd

t her et 0. phateoealiengl ythet suitaby insfrumentation toatetermitenihediunresegurenatdbe aag obe
desi gned i . hen be conbined with a sequence specific priner to
facili tattﬁgﬁﬁgf'ﬁ%ﬁﬁ% detection of a sequence of interest. The main sequence
requiteenent is that the sequence forns a 30stem | oop/ hairpin structure
which is st ' : 0 i | O : i ci ent
quenchi g rte o 8 AsART SrnoRTphearhPbl 0o PR OMEIERS taffRgtt ©

t enpl at e @taryrslitable (DNAceintaising) teelsiampié. tnnenecamipediment; Apyewarr thadnetired
primer t - lﬂﬁﬁ - apldid | ' ; INA- fingst
round of qﬁ%%‘???‘ca |gﬁ.g§\ﬁrégﬁt°?%fémﬁ%ﬁn]ﬁll rll‘%af@é {se'(tg?%n ﬂlggkcé?%%@?glegb

anpl i fi catampie,dn partisulaha GiNfrcontainingsamplOn2odnn 10s 8e s PafTinEered 100001674 34

| oopLhai rpj - Jh] - - € - RS

ol 20, eaietipl btEE fivanid b BE R ARe Lidgpos s B ARRERC ARSI o1

pr oceeds. mathglatoren 4 gepe eftinterest isekhewp tebadrliakeq tor thainridance jpédiseasd of t he
sequence specific portion of the primer used in the anplification. 5 As
menti oned above, this detector sequence is g%ener_al ly labelled with a FRET
pai r. Prefher BNAycontainingreanaphe may edrepisRENYsaitable §ssusspmrieorabedy iidar or at
the 5'en tReE a Mhhsubfcl GtiiEaheyridbhcatioRar or at
the 3 engb%fer%ﬂg’ t@%g‘%ﬁﬁ%ﬁepgﬂgﬁsg aetg, h)\(i‘ﬁhgn t he gt%rcn I oopaor hadia)ﬁ%? n

st r uébur ethe samplesman ceppriseRETssue senfrie takoe froobe Hiswe syseeetRg ohBPiBgi es. As
det ail ed | IR [ Rid mers nust be carefully selected in
order to éeéra‘géﬂr%gsg}éﬂgﬁl Vi E%egﬁﬁ@%'gg@:yf Fﬁ:i ty of the nethods of the
invention. Accordingly, particularly preferred prinmers for use in detecting
met hyl ati ﬁ{})oﬁé‘ﬁﬁﬁidﬁf of thecHRRA B BeaAdEe MhgAB ahHRF PRANIE hEhd18as B&SISI Sti ng

essenti al | f or consisting of the nucleotide sequence set forth as: 5'-
AGCGAT GCGISFedABARIthacRmeCRIbtusATRGrentian maghe)appliadde 1ung gaesr... Thus,
VY ‘%A%%Q@ﬁ%aﬁ%tf tRe tés‘f;'ggn'pg ¥Be &kd in the methods of the invention involving

a CTAG1B, CTAG2, MageA3 and/or PRAME gene preferably contains lung cells or

nucleic acid (molecules) from lung cells. Most preferably, the sample is a Formalin Fixed

Paraffin Embedded (FFPE) tissue. There are two types of lung cancer: non-small cell

lung cancer (NSCLC) and small cell lung cancer (SCLC). The names simply describe the



and/or, 5 - AGOGATGCGTTCGAGCATCGCUAAAACAACACAACCCCAAAAA -3' (SEQ ID NO. 3)
and/or, 25 5' - GGAAGGTGGGGGAGAGTG -3' (SEQ ID NO. 4) and/or, 5'-

AGCGAT GCOVOCEAAUASISGCUGGGT TGGAGAGT TGTTTGTTTG - 3'  ( SEQ | BCR@P2&)/oarsdd or , 30
5' - CACATCTCCCCCACCTCCT -3' (SEQ ID N@. 6) and/or, 5' -

AGOGAT GCGT TCGAGCATCGCUCACATCTCCCCCACCTCCT -3' (SEQ ID NO. 7) and/or, WD
2010/ 105815PCT/ EP2010/ 001674 35 5' - GGGTTGGAGAGTTGITTGITTG - 3' (SEQ I D NO.
8) and/or, 5' - AGCGATGCGTTCGAGCATCGCUTGGTGGTGITG I1111 GTGT - 3' (SEQ I D NO.
9) 5and/or, 5 - CTTAACCCTATTATCTCCATCTC - 3' (SEQ ID NO. 10) and/or, 5' -
AGCGAT GCOy O @IAT GEINEAT AMGIET AREASTRGEATCREferably CSE@insReNiOor dddieid 0and/ or

AGooATCOCH AR Pl eS) o et T P B, EPees S9gfous 581 15ana or

5 - ACCA#AERE T4detdidrciodma3and Biege-t&l ddtrinddp aadacooyntSfor-around 80% of

AT COGL LA AT O LACOCMCARCTTCOPTALOCT ¢ AL 6 NEDE d TR O

5 lung tissue sample or a sputum sample or a serum sample. NSCLC is difficult to cure

and treatments available tend to have the aim of prolonging life as far as possible and
relieving symptoms of disease. NSCLC is the most common type of lung cancer and is

associated with poor outcomes.

10 Hypomethylation of the CTAG1B, CTAG2, MageA3 and/or PRAME gene is also linked to
melanoma and thus the invention may be applied to melanoma. Melanoma is a
pigmented, readily accessible lesion that has been well defined in histopathological
terms. Early radial growth phase (RGP) melanomas can invade into the epidermis
and papillary dermis, but have no capacity for metastasis; resection at this stage is

15 almost completely curative. A subsequent vertical growth phase (VGP) denotes a
transition to a more aggressive stage, which is capable of metastasis. Changes in
gene expression occurring at the RGP/VGP transition are, thus, of great interest.
Thus, in additional embodiments, a further preferred test sample to be used in the
methods of the invention contains melanoma cells or nucleic acid from melanoma cells.

20  Preferably, the test sample is obtained from a skin lesion.

Hypomethylation of the CTAG1B, CTAG2, MageA3 and/or PRAME gene is also linked to
breast cancer and thus the invention may be applied to breast cancer. There are two
major groups of breast cancer: noninvasive carcinoma and invasive carcinoma. The
25  noninvasive carcinomas include lobular carcinoma in situ and ductal carcinoma in situ.
Unfortunately, breast cancers often grow through the basement membrane and roughly
95% of all breast cancers are infiltrating or invasive carcinomas. The most common type
of invasive breast cancer (about 75%) is invasive ductal carcinoma, arising in the milk
ducts and spreading through the duct walls. Invasive lobular carcinoma originates in the
30 milk glands and accounts for 10 to 15% of invasive breast cancers. Less common types
of invasive breast cancer include the following: inflammatory breast cancer, Paget's
disease of the nipple, medullary carcinoma, mucinous carcinoma, phyllodes tumor, and
tubular carcinoma. Rarely (about 1%), sarcomas (cancer of the connective tissue)

develop in the breasts. Individuals may develop one, the other, or a combination of



and/or, 5 - AGCGATGCGTTCGAGCATCGCUTTTTGTTTTGGGATGTTGTATTTT -3' (SEQ I D NO
17) 25and/or, 5 - CCTCATCCACCCAACACCTT - 3' (SEQ ID NO 18) and/or, 5' -
AGCGAT GCOVDCEAATAIEGCUCCT CATCCACCCAACACCTT - 3' (SEQ | D ROI/EP)1080mn4/ or , 5'
-TTTTG TTTGGGATGITGTATI TT - 3' (SEQ | D4NO. 20) and/or, 5' -

AGCGATGCGT TCGAGCATCGCUTGGGTTTGTAGTGTTTTAGTATTGTTT - 3' (SEQ ID NO. 21) WD
2010/ 105815PCT/ EP2010/ 001674 36 and/or, 5 - TCCACCCTACI TTCCCTACATTC -
3'(SEQ ID NO. 22) and/or, 5 -

AGCGATGCGT TCGAGCATCGCUTCCACCCTACTTTCCCTACATTC - 3' (SEQ I D 5NO. 23) and/ or,
5' - TGCGMaGEAGTERONRAEET BEIEST cander SEQUs, DnNidithial @mbodimerss, a further

B SR PR L MAALELF b S SRk
AGCGAT GCGTURREASCA TACELINS\RABT DEASCCIRCTMIC(PrefeBat\SRAE [t€st isBN@le &7dbtainddor

5' _—TTGI}IJJ%éNiéSIUIeAI TGTTTT - 3'(SEQ I D NO. 28) and/or,

5  Other DNA-containing samples for use in the methods of the invention include samples
for diagnostic, prognostic, or personalised medicinal uses. These samples may be
obtained from surgical samples, such as biopsies or fine needle aspirates, from paraffin
embedded tissues, from frozen tumor tissue samples, from fresh tumour tissue samples
or from a fresh or frozen body fluid, for example. Non-limiting examples include whole

10 blood, bone marrow, cerebrospinal fluid, peritoneal fluid, pleural fluid, lymph fluid, serum,
plasma, urine, chyle, stool, ejaculate, sputum, nipple aspirate, saliva, swabs specimens,
colon wash specimens and brush specimens. The tissues and body fluids can be
collected using any suitable method, many such methods are well known in the art.
Assessment of a paraffin-embedded specimen can be performed directly or on a tissue

15 section.

The terms “sample”, “patient sample” and “sample of the patient” are used
interchangeably and are intended to mean a DNA-containing sample from a patient, as
described above.

20
The methods of the invention may be carried out on purified or unpurified DNA-
containing samples. However, in a preferred embodiment, prior to step (a) (the reagent
treatment step) or as a preliminary step, DNA is isolated/extracted/purified from the
DNA-containing sample. Any suitable DNA isolation technique may be utilised.

25  Examples of purification techniques may be found in standard texts such as Molecular
Cloning - A Laboratory Manual (Third Edition), Sambrook and Russell (see in particular
Appendix 8 and Chapter 5 therein). In one preferred embodiment, purification involves
alcohol precipitation of DNA. Preferred alcohols include ethanol and isopropanol.
Suitable purification techniques also include salt-based precipitation methods. Thus, in

30 one specific embodiment the DNA purification technique comprises use of a high
concentration of salt to precipitate contaminants. The salt may comprise, consist
essentially of or consist of potassium acetate and/or ammonium acetate for example.
The method may further include steps of removal of contaminants which have been

precipitated, followed by recovery of DNA through alcohol precipitation.



5" - AGCGATGCGI TCGAGCATCGCUGAGGGGAGECGTGTGAATGTG - 3' (SEQ I D 20NO. 29)
and/or, 5 - _ CATTCCTCCCTACTCCCAAAAA - 3'(SEQ ID NO. 30) and/or, 5' -
AGCGATGCOVOCEAABESIECCUCAT TCCTCCCTACTCCCAAAAA - 3' ( SEQ | PCczamd1080)674nd/ Or ,
5' - _ GAGCGGAGGCGTGTGAATGTIG - 3' (SEQ ID NO. 32) and/or, 5 -
AGCGATGCGTTCGAGCATCGCUTGE GGATA TTTGGGATTT - 3' (SEQ ID NO 3033) and/or, 5'
- _CAACATTTCTACCTCTACTCCCACCTT - 3'(SEQ ID NO. 34) and/or, WO

2010/ 105815PCT/ EP2010/ 001674 37 5' -

AGCGATGCGT TCGAGCATCGCUCAACATTTCTACCTCTACTCCCACCTT - 3' (SEQ I D NO. 35)
and/or, 5 - _TGGTGGATGITTTGGGATTT - 3'(SEQ ID NO 36) 5and/or, 5 -

B el AT S R TGP b 2 o

AGCGAT GOGIg S SN ESH SACOETAMEGAERSTAMAANGSAGSs - TBUS, SEQne BrikiGding, thed/ or

AIGC-GAT o CBATTGA%&?%T%%&#%@% ajrco%opt/o Ustrak the DNA.

5  Suitable conditions are employed to ensure that the contaminants are separated into the

organic phase and that DNA remains in the aqueous phase.
Further kits use magnetic beads, silica-membrane,etc. Such kits are well known in the
art and commercially available. The methods of the invention may use the PUREGENE®
DNA Purification Kit.

10
In preferred embodiments of these purification techniques, extracted DNA is recovered
through alcohol precipitation, such as ethanol or isopropanol precipitation.

Formalin-Fixed, Paraffin-Embedded (FFPE) tumour tissue is the usual method of tumour

15 tissue preservation within clinical centres. Such FFPE embedded samples require a
dewaxing step prior to DNA extraction. In a preferred embodiment, FFPE tissue samples
or sample material immobilized on slides are first dewaxed by xylene treatment. The
contact period with the xylene should be sufficient to allow the xylene to contact and
interact with the sample. In a more preferred embodiment, FFPE samples are

20 deparaffinized in 100% xylene for about 2 hours. This step may be repeated once more
to ensure complete deparaffinization. After xylene treatment samples are rehydrated

using 70% ethanol.

The methods of the invention may also, as appropriate, incorporate (also prior to step (a)

25  or as a preliminary step) quantification of isolated/extracted/purified DNA in the sample.
Quantification of the DNA in the sample may be achieved using any suitable means.
Quantitation of nucleic acids may, for example, be based upon use of a
spectrophotometer, a fluorometer or a UV transilluminator. Examples of suitable
techniques are described in standard texts such as Molecular Cloning - A Laboratory

30 Manual (Third Edition), Sambrook and Russell (see in particular Appendix 8 therein). In
a preferred embodiment, kits such as the Picogreen® dsDNA quantitation kit available
from Molecular Probes, Invitrogen may be employed to quantify the DNA.



3'(SEQ I D NO. 41) and/or, 5" -_AACACACAATAACAAACACAAATTCAC - 3'(SEQ I D NG
42) 20and/or, 5' -AGGGAGTATATAGGTTGCGGAAGIT - 3'(SEQ ID NO. 44) and/or, 5'-
AGCGAT CCTOCEAABESIECCUTGGAATTTAGGGTAGTATTGT- 3" ( SEQ | DrN@EPBdID/02sand/ or

5" - CCCTCCACCAACATCAAA -3' (SEQ ID No. 62) 5 - TGGAATTTAGGGTAGTATTGT - 3
(SEQ ID NO 63) 30 SEQID NO 4 and 8 represent forward priner (sense
primer) sequences conplenentary to the bisulfite converted unnethyl ated
sequence of CTAGLB. SEQ ID NO 12, 16 and 20 represent forward priner (sense
primer) sequences conplenmentary to the bisulfite converted unnethyl at ed
sequence Tiie MéMGds of IWE iENILA BEyIre R CboRRYe A rd AHichs b tiBeY mddifd® 24, 28,

32, 36 and 4

represent faorward. nri sense. priner) seguences.
conpl emerdPg Y BRI e BrATES ihe BRA R SR ade BEERTE S tverane:
SEQ | D NO'He3mbée beaetiohof theerehgemtpias been eeplained srgadyndrea pesfetr€d NO 1, 5, 9,
13, 17, 21, 2 29, 33, and 37 c rise t hai r pi n_structure 5sequence and
the sequetitabdineSatse Baafl wridh, SBNeRindalfes Bl b oty Hesite T8 Ge f
respect i viaeYDNAEproduddQiet@ctabld nbodifigal resielnés bitevhiety évesengimiodify nfethylatednse
primer) sequence conplenentary to .the bisulfite converted et hyl at ed
Sequence SROTHESHNER EOTBRTSEPLYS!S EEesTHEMRY o £S5 LA FHPIE PAeh " ne
reve[ ﬁel p({ﬁrasmmesetpleﬁ’cm? mgpAgmmmA mﬁam:mm?g%s?zem%mgge a4 |
unnet hyl at ed .seqguence, o e onpt er : : an
58T epr e iRt s arCAre SAPHET Be LA B Ry e S HE bi o it e
conver t eddeamieation redetbnsare cemoercliyt daildBRAKE chsrtbeBZdDNA SiethyI&idiGit 3, 7,
11, , 31,.35 and 39 comprises the hairpi.n structu sequence
and tRe SRS sl out RRlES aoblifror Sod e Riids i 5
20SEQ | D iNentidn nohpfides, epnastseissertially of avanodsiatscf ishdiumehisulpleitepr i mer sequence
conplenentary to the bisulfite converted nethyl ated sequence of the Actin

Beta gene; SEQ ID NO. 41 conprise the hairpin structure sequence and the
sequence OhceSEEONA iithe sample has been treated with the reagent, it is then necessary to

detect the difference in nucleotide sequence caused by the reagent. This is done using

15 a nucleic acid amplification technique. As mentioned already, functionally relevant
methylation is most commonly associated with the promoter regions. In particular, so
called "CpG islands" include a relatively high incidence of CpG residues and are often
found near the Transcription start site of the gene. For some genes such as for example
MAGE-3, the CpG distribution in the promoter region is rather scarce. In such case it

20 may be appropriate to assess intron and exon regions of genes for methylation. Various
software programs exist to allow CpG islands in a gene of interest to be identified.
Accordingly, the methods of the invention may involve amplifying at least a portion of the
methylated or unmethylated gene of interest using at least one primer pair. As
discussed above, since the residues of interest whose methylation status is to be

25 investigated, are typically found in defined CpG islands and/or in the promoter region
and/or intron regions and/or exon regions of the gene of interest, the primer pair will
typically amplify only a portion of the gene (in this region), rather than the entirety. Any
suitable portion of the gene may be amplified according to the methods of the invention,
provided that the amplification product is detectable as a reliable indicator of the

30 presence of the gene of interest. Particularly readily detectable amplification products
are between approximately 50 and 250bp. Even more preferably, amplification using the
at least one primer pair for ampilification of the methylated or unmethylated gene of
interest produces an amplification product of between approximately 100 and 200bp or
between 50 and 100bp. This is particularly relevant for tissue samples, especially



25SEQ I D NO 63 represents the forward priner (sense primer) sequences
conplenentary to the bisulfite converted unnethyl ated sequence of MageA3.
SEQ | D NOwelowamwpsisses t he hairpin structure sequence amdTiEPROIOBOISENCE Of
SEQ I D NO. 63. SEQ ID NO. 62 refresents the reverse priner seguence
conplenmentary to the bisulfite 30converted unnethyl ated sequence of MageA3.
As detailed in the experinental section, expression and nethylation | evels
of CTAKR showed best concordance for the assays that incorporated the
primers of any of SEQID NO 9 to 12 and SEQ ID NO 21 to 20. As detailed in
t he experpareffin @mbedded sample\@h26LnhilbBNARUBIITER2YypBalDdBEihe8 2ndspralissi on

ncor por st EM<B Y EelyeBled T A pra R ritRld @ S LR GR Aok RaTOY oy T

enbodi nengrodystebmiprisek gitrléast thebnudiatige tseqidreeaf aey oOBEQfIDANDGE, 4 6nPriGe,

consi st e tiall f C IS | eot id of SE
D e o an i ae28ias o R 5t S0 2, g d R S04 B4 FAUIRTES Sledly ) SDO
regi os of arPRAMHEicatiorppriogect of ¢arsiisd) 5bpehitbpabR Ypp53 bp, Bobrs i5Stbpo 56 bhe57

o1 oduct s e B b SEERY RPTTCEH P BR PO R AT 56, 09,67 £8LER b Y 20

10f ol | owi oy 74 dopy 82 bpST3 G, ABlD, T5(b6h2 86 bp) 7 AHAACTRCESEEAGABECET BPEEABE T TAGTA

1 e AR R AR e A 4700 R R aa bp. 90 by 9, bRySR bpy 93bR 4BR ST ( s£0

| D NO. 4%)p, CBARLE7 BPp(98p,990Hp, 100 bp,101 bp, 102 bp, 103 bp, 104 bp, 105 bp, 106 bp,

TP ooT ACHEr SRR G PR AR M BT AP I 150 116 b 117

GAGGT GGGAAGAS Go SER bi) 190.bp4 621 ERAG2 1. 3@ 31bp) 12433T,GBBGRT ¢26 bp, 127 bp,

i 1111 GTGTAGGAT T T

ATAGTTGTT%$§%$%I '%Ibdﬁﬁg;%@&é&?\%ﬁ TeRsr B R 135 PP 138
GGTGGGGGTRGTGAGAT GRLBATANDACESTIRAMS BSE@4ILD, N5 be,7)46RACAT 2p( S48 bp)149
GGTGGTTTTIT . GAAGGAATTGTGT TTGGTAATTTATTGI TTATGI TAGTTTGGGAT
TAGGATAG&EA}&?%W&%?E’%‘E& D NO 48) 30 CTA® 3 (125 bp)
TTTTGFTTTGGGATGITGTA i| 1111111 | GATTAGGGGTGGTTTTGAAGGATTTTATT

G CT 1 1 ANt ORE BREA TR ATEF Ba Shly Kb AR o Gk fel Frdteatichia (SEQ 1D

NO. 49)

only to the sequence of methylated or unmethylated DNA following treatment with the
reagent. Thus, the primer acts to discriminate between a methylated and an
unmethylated gene by base pairing only with either the methylated form of the gene

20  (which remains unmodified following treatment with the reagent) or the unmethylated
form of the gene (which is modified by the reagent) depending upon the application to
which the methods are put. The primer must, therefore, cover at least one methylation
site in the gene of interest. Preferably, the primer binds to a region of the gene including
at least 1, 2, 3, 4, 5, 6, 7 or 8 methylation sites. Most preferably the primer is designed to

25  bind to a sequence in which all cytosine residues in CpG pairs within the primer binding
site are methylated or unmethylated - i.e. a "fully methylated" or a "fully unmethylated"”
sequence. However, if only a single or a few methylation sites are of functional
relevance, the primer may be designed to bind to a target sequence in which only these
residues must be methylated (remain as a cytosine) or unmethylated (converted to

30 uracil) for effective binding to take place. Other (non-functionally relevant) potential sites
of methylation may be avoided entirely through appropriate primer design or primers may
be designed which bind independently of the methylation status of these less relevant
sites (for example by including a mix of G and A residues at the appropriate location
within the primer sequence). Accordingly, an amplification product is expected only if the



PRAMVE_1: 129 bp TGGGTTTGTAGIGITTTAGTATTGITTTGGGATATTTTATTTGITTTTTAGGTGTGATT
TGTTAATAGGT TTGTATTGGT GATAAAAGGAGTAGT TTTGAATGTAGGGAAAGTAGG GICGAG Itilli G
(SEQ | D N0 280)10803SPRAVE_2: 106 bp TTGITTTGCGATATTTTATTPGI/EP2010/001674

L1111 AGGTGTGATTTGTTAATAGGT TTGTATTGGR8
GATAAAAGGAGTAGTTTTGAATGTAGGGAAAGTAGGGTGGAG |11 (SEQ I D NO 51) WO

2010/ 105815PCT/ EP2010/ 001674 40 PRAME_3: 120 bp

GAGGCGGAGCGGT GTGAAT GT GT GGAGT GGAGAGT GGAAATATGGGGAGT T

GAGCCGAGTATGTGTGEAE TTTAGAAAGTTTTGCGAAATT-GA 11111 GGGAGTAGG 5 GAGGAATG ( SEQ
| D NO. 52nethiRaidd of:unbtebiylated form of the gene of interest was present in the original DNA-

TG AL LA LAGL R STRLANAT FRAT SAARETSEFLAST: G oD N

L1111 | GoNBErGT THeGREEr padEdGATTE®nT i the sequence of unmethylated DNA following

98 bp. G T PARCHRT PSR PR LI R G PR A PRyl ™ ="

TTTTASTGRig@tineki -for EMPIATGEAGT GSTE MgIEFUhSiDallDin@rtHt pite0Whies aresequences
are | 0cat adyl By PG di i SadlSndll ihBSHIRIREE AR ACDGRetAREA di ngl Y, the
invention Turther relates to oligonucleotides, priners and/or probes
consisting of or conplenentary to parts of the bisulfite converted

nucl eot i . - N 45 _ 4 - 50, 51,
So. 55, Sorelaf e Foek Bhe pAinELn e Bliet Baitles MineEbrydhing Stertfoor™d?

conpl enerthairgint stryséure saofing laeddmos anhd an aceaptranciety of @quelacdangnergye CTAGLB,

26, 26, 2pneggpaly T RAELARAPh e kAR dRRrimied ot Y "

bCTAGZ andhethyeRa\MEGyrenethylated INA ab desicad. prhef primerds prrangad suchdhatfie thebl y
t e O - 7 i j
Chus 300 csnEe StarPicdork Bio'SERa0F mdlly hleriflol RybfRafiite fifiofbl Y T2V

17 consecdanoy moiedy eport exmtation. njhusi paer toodnin drecalsenge o6 ampdifigatiop|directed
converteo[ﬂst??l ] 0 L RE LRI | I pair)
may be | abe ?éﬁﬂl\%n??he %’?’ﬂ?‘gt QZ’?E@ %{E)J}itﬁ%cg%rgglp §t|ﬁetQ§. Z:tljllidtra ‘%geés% gﬁn{%doop or
hai r pbn shyrthetdgner maietyis effectivélyrancepied by dhepeeert@ sraietytsading tofqueaphipg at t he
5' end, fdbrsH d in detail above. In a preferred enbodi nent, one or
both of the prlrr‘?srf(%S) is labelled with or synthesised to incorporate,
preferably at the 5 end, the stem | oop structure conprising, consisting

tialdhveof. orcansi St Nde . | i ) VWO
(233 i 8?16?8?%5%1’?@5%%}%‘08%6 4 figliratiBe ofhe!sRM 10dP S PANERGEUERTe SARE Brifer

is altered. In particular, once the primer is incorporated into an amplification product,
20 and in particular into a double stranded DNA, (particularly during the second round of
amplification) the stem loop or hairpin structure is disrupted. This alteration in structure
separates the donor and acceptor moieties sufficiently that the acceptor moiety is no
longer capable of effectively quenching the fluorescence emitted by the donor moiety.
Thus, the donor moiety produces a detectable fluorescence signal. This signal is
25  detected in real-time to provide an indication of the gene copy number of the methylated

or unmethylated gene of interest.

Thus, the methods of the invention may utilise oligonucleotides for amplification of
nucleic acids that are detectably labelled with molecular energy transfer (MET) labels.

30 The primers contain a donor and/or acceptor moiety of a MET pair and are incorporated
into the amplified product of an amplification reaction, such that the amplified product
contains both a donor and acceptor moiety of a MET pair.



41 This detector sequence is generally |labelled with a FRET pair.
Preferably, one noiety in the FRET pair is found towards, near or at the
5'end of wbeosegssance and the other noiety is found towkCugZP2010An1604 at the
3" end of the sequence such that, whem%t he stem|oop or hairpin structure
remains intact FRET is effective between the two noieties. In a
Sparticularly preferred enbodi nent, the stemloop or hairpin structure,
especially the nucleic acid conprising, consisting essentially of or

consi sting of the sequence set forth as SEQID NGO 1, is |labelled at the

5" end wi tWhEdMesardpldied tphedust srbublet iraDdd( Yhe METheair ipcerperatextiintotirbi nat i ons
are di scussed herein, whic | i ndis. 10These
priners f%’?ﬁﬁ'&gﬁécfdé’tcgmggr%%gh%% S,%% S%er“ggg h%lﬁﬁ%%&tp\'ﬁca%r her

char act ert’nam'ptlfs:aoén tdmempopnte sntearsisamesestammstaam}k wirereinghel polgimesasedsediin pt i on

(experi nment ar t 0 .s.n ="

ai gonuclaé8$]|f'5§t§ %ﬁ's gxoﬁalesg%sgﬁsv(ﬁ?s%%ﬁéefrt]%e:s ajr rﬁé'%%?ﬁ%@& in the
presest iclavedifom at lnagiaotriecafltie pomdaildmaﬂlampllﬁédanhidug ta/eqisaxoa@cle&sys be
added, T ofg Ol BBELY SR D8 oS REEINTA 6 1t loibBich GhambLOR: BE 2
stem | oop?Ctﬁy%iﬁ rnggg RAFrant’ sequences prefe b? % &? #easﬁ 90%
at | east iBdértioat | east 92% at | east 93% at | east 94% at I east 95% at

| east 96% at |east 97% at |east 98% or at |east 99% nucl eoti de sequence
identity with the nucl eotide sequences of the priners and/or probes set
forth in B@nbﬁoﬂ@oﬂtmm\éﬁtiamchssmusﬁbmrennare_@dapt@bleatndr_\eﬁﬂl.mé‘thedq)fdr nmer s
20apiopr iR HB ol ERIctEGd CEUEREEE R R e SRR 2 ™

t her eof . tBammplifecatign, adnde:tmaltanmmtatworsgstemst donor and acceiot or nvoieties/ FRET
pairs may be utilised as appropriate. In addition to being labelled with
the fluorescent donor and acceptor noieties, the priners my irncl ugg)

modi fi ed lola gefered embodisertnitte MEE s fiyopeacdncayregonanss enedy tsarsfer (bREV).ded
Lhal the ihuied t‘BQ%h%é%c%%ti?e?éﬂe%ell@?%tﬂrdoﬁt)?gﬁd SORpRA LRSI HE | 1
25t he net hods t Invention is rom se Por "eac prinmer pair at
| easfl5onedqmor meiety is 4 Bunsbprade awnd Itheaa@@nmr maiely sraydece fivarpphase esughdihata

nol ecul ar ' f

anpl 1 11 o EResea iR ety i bAR e e dogcBid b e BB AR The
donor noi ascgpten p@netm@xd:ietaqmmpeanﬂww\er@nmﬁpﬁtm primerdha hetiein orieer | oop
structur t ?&m es
suffici eﬁ({' iliflcot(ﬁltt)a%éjgé ﬁggﬁgr ée%te gﬁpmﬁtﬁgr%@cgﬁgg{ SLFMS B Eaala:)drg{t"lect ed
i n real - tihpigtyquepcbes the ﬂanrqsn@hmﬁtm\d@fort W@egmfeprmws ﬂrmtmrat@ﬂ intaéhegene.
Pr ef gr,abl i [ T pair. In
one. Spod mRR et AR B Ao a e G R it Tl

2010/ 1058MF1{§13ﬁE¢E‘20fltb¢dgn@7n°l&W fQéY eedelgctedom 5- car boxyf | uorescein or

6- car boxyfl uorescein (FAM, 2'7'-dinmethoxy-4'5"-

di chl or o- 6- car boxyf| uorescein (JOE), rhodam ne, 6-carboxyrhodam ne (R6G,

N, N, N - tEierraﬁ@pﬁwfvasrecrafemwpﬁmhﬂetﬁ@tlommmmphecwnum ckWithert piche
St D ani 1 e ey B e e e,
ReacgPfve mmlfmatlcmsewct direetha R ineproarativgdhe labelles eligsaugigeldento theosi ne

ni trotyrogbRget ethidium and Texas Red. In a further enbodi ment, said donor
noiety is selected fromfluorescein, 5-carboxyfluorescein or 6-

car boxyfl uorescein (FAM, rhodani ne,

5-(2' -am g Bﬁé#bé'@nﬁ%ﬁﬁé&aﬂhe%thoéé%fftﬁéur& REdrdalé EROBIE defitniHimyinbami de,
counarin, %2;}; |urm chel ate derivatives, ag hite green, areld 10R§;ﬂct| ve Red
4, and saPressoamf Grrefasenae,gens. %f@eﬂemg?rr%rﬁramant ihallPHheerapariseps et hy!

r hodagi neye R&H@B@twfé’éhﬂf?ér@nt s%ﬁfdléée BY $e1dting @i dpBropriattl girieeliash theveas Red.
Preferably, said donor noi Et@i;@ fl uorescern or a derivative thereof, and

sai d accepParssagines stable amaeabla fashipshetyeen BesMpIesie keFoPaRT ety i s

6- car boxyddie@ing Hriiificatioht b refefdrRelf2fe G6EMMdIaNiihQRS geRE bt .hfaaéarté%snmoa
mul tiplexing context, are discussed herein and 15these conbinatjons are

al so enviacsguet intsF-sampleagabilily: suchras amoynt PEIRPHIgRAtET Rl eNANTRANICi SISy o

provi des ddnisie WBhaBatBRetbe AleRIerde dend@holila idelly Yin @ preBéndedfin@samé t he

i nvention. he kits may incorporate any of the preferred features mentioned
in connection with the various nethods (and uses) of the invention

descri bed herein. Thus, 20the invention provides a kit for detecting the
presence and/ or anount of a nethylated or unnethylated gene of interest in
a DNA-contai ning sanple, conprising at |east one priner pair of the
invention. Preferably, the kit incorporates a priner pair of the invention
for detecting the presence and/or anmount of unnethyl ated and/ or nethyl at ed

NI R NA TS



CTAR, PRAME and/or MageA3 gene and a priner pair for detecting the
presence 25 and/or amount of a reference gene, in particular beta-actin.
Thus, thewRi2010@§81§onpri se priner pairs conprising a priPREEPCONON1634 ng,
consisting essentially of or consistidg of the nucl eotide sequence set
forth as SEQID NGs 1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 44, 60, 61 or 62. Preferably, at |east one
primer in each prinmer pair is 30l abelled with an appropriate stem | oop or
hai r pi n samowritwf aypubDNAC bé ohawhidhas ectstamlyi axpresaed beiween ths sampleasisder above

(whi ch di ggussi ppl.i.e e t afl | S ly at | east
one pri ma@gfi' ﬁlﬁ\gg%gﬁ?%?m&éﬁé q@ég (;sbtrf bng?rggt[e%%t eegosrpelgﬁné‘%do%%a%s)sﬁ Ii%gi rpin

st r uct ur econtEspondingrpopysesnberarf thesrteferersceageneaSliyabié rejerecom gensassfoothet he

nucl eoti de t, fort . S y 43 ryucture is

| abel | ed %egﬁnq;ﬁ}égg%fgjﬁlrufjgtbgpa's@%g%%ﬁwg&%ﬁ% E%ﬂ%&%%’b%%%%\%gdonor and
acceptor (GARDY), rinssaia RN gendsesushras (W8S ridosdmatiIBA amvd Rip [polymenased! nut at i s
mut andi s) f.or. |0 t her I Sk ; 19 of the
I nventi ongeaﬁ@gg'%?{zée'drtﬁ%qehﬁélggﬁ N ﬁg%&g@éﬂq. %??‘g)?\aféﬁ’%g?ﬁ“ﬁéﬁg??par t)
bel ow. Valiniagpertcubdriyt frefeeres emizdioesntnthy réferarncelgese s betatdetin.pr esent i nventi on
as di scussed herein. Alternative fluorescent donor and acceptor

noi eties/ FRET pairs may be utilised as appropriate, as discussed herein.
10l n one Emsdte methqdstdi¢heinvemtfontrhay be fusthier chraréctetisest in aompifyirgeat least@agent

whi ch ,nodj f . ' ' | ' > nce to
ot hytCac chp g ot e RleCb e SR 956t S eHlrRE BaR o tEintt et Bn R BLRUCC, |
for di stithgyrister pgir ised pyrnat eahtéinioghastenstidod sttustlre yavisg tiee afesanterdioned n a
preferred e Qg,gs%gt, t he reagent conprises bisul phite, preferably sodium
bi sul phite. I'S reagent i s capable of converting 15unnet hyl ated cytosi ne
residues to uracil, whereas nethyl ated cytosines remain unconverted. This

anriet hyl BB or TG forkfehle 366 iy Heinlfith sbe B dTe fartfbitslebed and
pri mgss vihe divediion, ipnguideshthbetheempliigatiosipnedushis detectabile @s ptrelidbireingigatos wi t h
guani ne, Mﬁé Er%§eH£é"5fithe Pé’}'éfe%c%gne.aggrrﬁkﬁsgly re%gily detectable amplification
products are between approximately 50 and 250bp. Even more preferably, amplification
using the at least one primer pair for amplification of the reference gene produces an
amplification product of between approximately 50bp and 150bp. This is particularly
20 relevant for tissue samples, especially paraffin embedded samples where limited DNA

quality is typically obtained.

In the embodiments in which a reference gene is included in the methods of the

invention the methods may be further characterised in that the step of the methods which
25  comprises quantifying the results of the (real-time) detection against a standard curve for

the methylated or unmethylated gene of interest also comprises quantifying the results of

the real-time detection of the reference gene against a standard curve for the reference

gene to produce an output of gene copy number in each case and optionally further

comprises normalising the results by dividing the gene copy number of the methylated or
30 unmethylated gene of interest by the gene copy number of the reference gene.

Again, the methods may be characterised in that the amplification is considered valid
where the cycle threshold value is less or equal than 40.



As di scussed with respect to the nethods of the invention herein, suitable
controls may be utilised in order to act as quality control for the

met hods. wocorudiosgysy, in one enbodi nent, the kit of thepPCmEPatioomeurt hher
conprises, consists essentially of or3lconsists of one or nore control

nucl eic acid nol ecul es of which the nethylation status is known. 25These
(one or nore) control nucleic acid nol ecules may include both nucleic acids
whi ch are known to be, or treated so as to be, nethylated and/or nucleic
acid nol ecul es which are known to be, or treated so as to be, unnethyl ated.
One exanphmpliffcatiors off dtaddse aiportennslthe &a‘faeam:gergaegmerauyi utilisessatdeast oat | y

unnet hyl at ed,  but rfmi% b@h reated so. as t be.neth atedf |sob{eﬂa actin.

The kits BIMEHRET ek aﬁges?s enfi P8 yeP’IIB? I3 B RN SO TRe 8 and

ot her r eagemtlso;f struatare regirpigg @udonohend halanmbtmhhetysof@fmbllawlarrmgy on. Thus,
t he di scu55| rov i n respect of_the net s of, the entj on applies
micat ! s mASERT g B e dere TEresl, TR TR shIeReR Eoy G T kit

r epeatsed émpllfrcahmﬂm dfencooptairseitesesin. | n one enbodi ment, the kit of the
invention further conprises, consists essentially of, or consists of

nucleic acid anplification buffers. The kit may al so additionally conprise,
consi st e'EIsaamalralhI' primérsdfor gsEninitiséd miho@nz:fﬂmnnﬂmtuﬁoaﬂrahmstapmt&rblﬂy asacid

lifi d I I
Sebent | o 1oy ped iy B Shpan B Py e sl Rutes SIS AR nef! 5
arrFI i fi cahcarporal'ﬁdamplh?_semtmetyud‘eesmpsref[atgsra)mg_lla_ﬁfhfe\;gral:‘potqsom awnongtri;f{uo@ Bt L gpe
rases as_Ta
e T, o herdicI el T dristlary oGk FioafenE Sl R RHE AT LB PO Ay S
exanpl e bsrstwe eded gEhpidy a\ploetion of gy gere cftitereShenddot refmynad ganel ncor por at e

ncor por AP RE S PRB Reetidy ol Sy of e MiGRL o R BERRLANGIARE,

15f aci | i ttat®oee of the kits of the invention with an appropriate real-timne

oD %) PR BRSPS G604 8RR i SEG B, el

i nveati ora nwmndesmtlwasmd fisst nycledtalerseguence ioflaktelied mighla-firstrmaoidtytsetstctash

d 200f
ot er ast T BEH fifatf abifing A5<BEh M08 8Fa ol U BARAT BB 12
curves rrayherelngbendomredmatmmrgte@flmeesceﬁCQatmmrdBoreEadicuarmdahedgthent ains a
‘ Lon. .
of er COFW é}Pg&ﬂéd é?{d tﬁgggg%ﬁetéﬂﬁléllgﬁcaaagﬁrybfs%dgﬁg%Fgéhésrgaﬁje o?éaéfgﬂuor escence

ref erence gené as 'appro el''ne"va
wi || be samitted bpsaididenof moietyickgr ound f uor escence. For exanple, in one

Cof roir o Qb B0l ¥R RUER LB R i AR s g or 25T

anpl i fi caaricgnsistrecefitetwerst apreoximptely 8 aad |2@nnUpIegtﬂrmsI: s are detected. A

t hr eshol ﬁfe‘m i I

signifi cgﬁl%ﬁg@u@de{)ggggg I'S E {'%IES%IO% shé&f?ssae%tn gs 5f?1>trr§§'ﬁ1%ftgwlg|&sf set to
10 st andaheiwmamrpm@teibﬁmdﬁ@mw@@wwewhfsrajlmaéwgbnttdse witipsagrthisd e

sof tware J ki s n%tiéﬂ'l_?ﬂ&%r\? g sé@&n&ﬁ&@% frérfi Rbid dd¥Br monehy
anplification reactions e software 30auto tlca y calcul ates t

basePPne asdsaihacesntrancjely urry saidl secandmacietyiipthe membenefesitarqueyel e val ue
(Ct) can f %%éh %H&E of cycles
required l%géghc %e'csg'tst? ml @SSS%I‘ Wﬁ?ﬁ@%‘?é”dr e@'e otick Eggu > greater

t he ini tmmRI@rn@@ﬁtyrlatre\@ﬁseoordeh@ $hihBrst nugiertide seauense %béh\at@rduwemqane t he
fewer thefoHH’B'gﬁIeeﬂfsaWIerterﬁJ é%%Hé %@&Ién%e%ﬁﬁ's%mhﬁ‘d RasIbbtitel Rqu¥h& Slichf
anplified produ agal nst

2010/ 1058hsrai Eptzmwmmcswomg m%@w@r@)m nrﬁénmmwrfh that.twhen thegonefunber of
the set %.@Iﬁﬁ@%.fédfa%senmfsomm@sieacéIﬁ@é&é@btdr'rﬁ&etyms&bs%na Rgesdraadar d
curve. Thus val ue ftor anplification of "the gene of interest and
refer encesagcéﬂ@remp@emttqd kyespid depereaRietybend nt er pol at ed agai nst t he
respect i v@) st RBA8EcH S1URY BritmBr, & 8RN ket RAM RS BYqUEHEE @bmipRsihg e

DNA- cont al ni n?
consisting essentially of or consisting of between approximately 8 and 40 nucleotides

that comprises at its 3' end a sequence of any of SEQ ID NO. 2, 4, 6, 8, 10, 12, 14, 16,



5sanple. Thus, the output of the nmethod is the gene copy nunber for each of
the gene of interest and reference gene. The results nmay be normalised by
di vi di ng wheogemnssisopy nunber of the nethyl ated or unnerhyiERt@dogsne of
interest by the gene copy nunber of t3e reference gene. In a preferred
enbodi ment, the Applied Biosystens 7900 HT fast real-tinme PCR systemis
used to carry out the nethods of the invention. Preferably, SDS 10
software is utilised, preferably including a suitable algorithmsuch as the
Auto CT algorithmfor automatically generating baseline and threshold

val ues f ot8, |20d22/|2dua$ zBeBec:BZ)Ba 3688, go 42164n®2 bmdzls3c()dndthes |sra)cﬂmta grimeray be
utilised w f r% H |f|cat % chni &, it IS referred
that anpl PPMESS; r??‘éc%faf’?'fj@(? y(?’lﬁrai?s?r?gmf IF%SIS? '};1§e°° A? c ion
(PCR) . Thugieioniditi stramCEorhprisingothefpartioacof dingpiiethytated ormnméthwldtedtmNA tthede

variants on th asic tech e such.as nest alents . al so be
Pel uded nehineraa vep e o ARl iRted e Bl el ey My SO e RYef
limtati Qa“re separateer byed draranlceTthat@te\mntstreclbmlqmrgymhnsier DeABB) sd@Rrst TMA and
trianmplifi tron all of which are 20well known in the art and suitable
reagent s HIESEBAFBING Y1 |y available. Qther suitable anplification methods

i ncl ude, vmthout limtation, the Iigase chain reaction (LCR) (Barringer et

|, 1990), MP | Lifi oy | 2
(Us Pat b Aresigigreresp <Rl ahe BndrmbBhrindrad o £ oo
react | on f(dd&d&ahwtesbbarﬁe@?r‘ér@ﬁﬁénsférr(ﬁﬂﬂ@y paiectolecolgy efergy trdndfev@MET) is

h di d di spl | il
ori midl po SREPEE GRA AP PaTrer RBOOrBbGL PaRehecp et RlesuBiatind ™Y
anplifi caadceprto( OR20R] BhidredtEnceltesonaale-dnergy tFé(ﬁ's’ferﬁFREm\,:rsm‘fotmef MBTent i on

Anneal | no <% Rt @ops A of hf SngFRREHtifes R e

t enper at lm«po‘sme td padiculaatvaveiemgtis bhlght,ithey ermid Irghﬁr(per tiey fleorfesce) at a

dat a- col | crfr [ tep is
carried Oaﬁﬁérgﬁt \%a\feer{% re 0P (%?werer%%pr%&o? r}%?‘%sa"gggb %ﬁ%g B nost
pr ef esabl pasaéd aprp}rau(atrvatyeivpr 57®g3drsteﬁ® El0AOOA) Ibetwdwsa tharem necute, ‘Mdnlqu ve

oot i on. s R BIEP R 04 aRR P ObRRte s T S SEASRER AP B AREY

t her mal |dhtsfenlergygwamfradlate/etydbylmeae@@tqrhﬁorﬁterr,e‘e%‘rtgr ZnNatorfprsrcbe%4 @Qﬂv@én 40 and
50 t I I

(a) ;SBESX(?I § 1|ngg‘§ @%{%’8@@9{2 rﬁgg?ﬁrgtéﬁ:i%f ‘m nu EEIF %{ggh@r@%ﬁ mat el y 95C for
appr oxi rre&mltgtlomandmrsesn @p?cteqocpredapmelqosgamoxrmrtyempﬂ@tmrnqmby 15 seconds
(d) appr %o@p{hﬂé’wﬁﬂ@u&é’& té‘BWt‘?gh veieh {F?s’?hﬁtearJ Qﬁ &b&d Brg Eﬁ&itl’{a‘?acu on
scheime shown specif sensP Ive resu %s I'n e net hods of
the i nverﬁtlnm’rateshessep@edfluawhof@r caismgwit inSUEIgQﬂUOE)EQ}Bf by othenwerds Shage 3:

1095C 1 orc 156 Gt dferk by 0SFG (90HHA fRFord 08 (s RlRt tbRaRal | ect on)

for 45 repea 0ssSI b P ¢ he Tnvention to be used
i n order induagdidirale ndnpeletlhtaraqbnetcg@nmembpnm@eesqonﬂrﬁaqqeetoghﬁlmrwﬁm|em

Through tg‘?ﬁsﬁﬁ%@ ite gﬁréecrf%#e SRRE It &clﬁ@&%eereaéé@wﬁé fluordBRrckiicat i on of
sever al el'c acid targets can e perfornmed in e sane reaction mxture.
Thi s 2Fay quenceedrwdile the flugrescenag intensity &f ihearceertetmelesulgiisrenbancgd@ndr bot h
priners f t o uor escent
noi ety an poi’a"?r‘lz;g%c r%ﬁttwg?g?tl%@ %ﬁb P b@%@'f’tlﬁ;{&g\orgﬁﬁr&?’er@&@ |azcanad;| on of

sever al rfu@rmr@reewptcw@etﬂyom@qenqee@ thm@nnoalwuerr@he%w Putsubseasent donor
and/ or acﬁﬁegreﬁo d?éé’cen\%to& gﬁrrqntm.@nge % Q&e‘ﬁ?dr%r?dﬁ%?as e used to
| abel each set o prrners ring detection and analysis after an

anpl i fi caayenahert Bethrqugochers anﬁﬁpmréorssnaw tpe Hiilisad éﬁth&rﬂﬂemwvaﬂ“%é’ﬁ"&f t he
spechfi ¢ W&eﬁ‘%ﬂgat eﬂ%ﬁ%gem ﬁ&dr@scfe‘%e?@s%'ﬂaﬁ’ée é#&g?ﬁhﬁsf@f(FﬁE&R’&f used in

t he reaction determ ned wh specific tar in the
m xt ure vrerr@edaﬁBETfnae;a knerdeafes energy tnansfar@ma@rir ithe ém(ﬁnﬁ@ﬁ@ept?m or nore

prinmer pahpichies niPlybichmpbd Meitde stbkifly @08 to 70 to 100 A) (Clegg, 1992, Methods
Enzymol. 211: 353-388; Selvin, 1995, Methods Enzymol. 246: 300-334). The efficiency
of energy transfer falls off rapidly with the distance between the donor and acceptor



25 respective target sequences are used. Thus the presence and/or anount of
a panel of nethyl ated/ unnet hyl ated genes of interest can be detected in a
si ngl e DNfocomi@mssisng sanpl e Miltipl exi ng can al so be utciriepealoiomerhe
context of detecting both the gene of33i nterest and 30a reference gene in
the sane reaction. Again, priners |abelled with appropriate distinguishable
donor and/or acceptor noieties allow the signal generated by anplification
of the gene of interest and reference gene respectively to be

di stingui shed. WD 2010/ 105815PCT/ EP2010/ 001674 47 I n one enbodi nent, a

uni ver sal mqbemiekleAcd:csdiug itd Festbrt(d)@@& Ze NatirfohschuA4 8@“627), tier effibieney afonor s

each havin |n ui sh e em sshen way A.particularly
pr ef errede%u%\hééj e/ pBR@%‘?EaI L?(r)%éﬁh Wk}ﬁr? ‘Iij 'BZ%:Q'E 88&??&? ed{prﬂ%r _
f ol | owi ngarfd mepmhc&*f%ti\miy teia ciedms thdtiAREecart most éﬁnmenﬂyldcrcpd @xfong: Counarin

ol | ow ( S93AyeS GaRBiut&oManccie e o alinon) LT ERAT R MR IRsnc e '

(575n®) aseqbataiax asctioad Wﬁétﬁerr‘@ fltédfyplgjrem a dbnqr dlanaceeBbois eefined bygigs Vol . 16,
J 1998; 4 i 10l
aﬁnal tern ?ﬂgjo%[n%%ﬂﬁrss?ﬁ %ﬁg‘ﬁi"ﬁ{o I nrogégﬁ@%l'cg'l '?:glrjﬁasaﬁggs%?ireg Ia'gpnf thg

met hods deM hemoatva‘fld:remly eaited byllighttwithra wavdlerigtie op488& nranandémithigraavitpl e i n

order to obtain direct] o] | e t ne of
Mnterest SREHOPLrERDipEsERE S anGa SRR el BLodr B £ B 4 BFeBRTC
ways to adidrmwﬂd@rbaMrecﬁor ke vatipJ O E,| TERAnarnd RODKe(ageﬁwhmh hiané G‘rea!saxcrtatiqneal
time ort ion and detection of anplification of the

15re98re §m§®ﬁ£&%HQH£ time in the other sanple portion. The sanple may
be split further to allow suitable control reactions to be carried out, as
required E be
usad 1o i1a5ap ARRRlasl eRCrehis BybEURIERL, i dtor okl K BReschliel diruaf¥’

en ssi on taereaf, raadgard(ﬁccaatmehmrﬁgy rssDABBMEvE’refertablystrraeftuwo&iscdmed;arweﬂl\ge upon
oL Al N "yl BB R ) o bk ofEEdkbfddhsagy t he, sanp & Wil | st
20any sui r'eactron vo I N one specific enbodi nent,
t he fét al reactlon vol une for the anpllflcatlon step i s between

appr oxi 0 and
30p1 and TESES e odPBd andeq R Sftis polft HERpARE I TRRRIUM O des.
primers opreferredembogimendr thpaiongr, and acceptor metidtied arepositaried gy esent i nventi on

are used f{ an i it f ;

ot esence STRIARERAEFAREABOE Gl inELEH BBFSHboully et BAREG s BN Toce s,
MageA3 i nistirifactsthapneieties dradi clase physicat poxinbyrto @ne @nethies pdewevesntheo cancer .
Thus,qth n

di agr?osr ﬁ%ﬂ?ﬁg@]gg{rhedﬁyeg@g ﬂ@%?gﬁﬁt%{%tgﬁggeﬁétté%gﬁ a% goﬁg%@e%ﬂbggfefl ned
her ei n t caliowoVIEE& REST leetweﬁ@thafresaeqﬂweeaseraﬂd anceptor a‘dha apsentedifsease,

i dentifyi 2fs ieeﬁ&eo and the
state an pr@ggﬂe@gr on e??ra{?ﬂ%tfrﬁgegos@fr ﬁ% |ng Crgmﬁge%ﬁbégﬁé?og@rg@gease

f ol | owi ngntoranaamelificatigiiPrieguétt ori ng t he success of a particul ar treatmnent.
The tests nmay al so have prognostic WD 2010/ 105815PCT/ EP2010/ 001674 48
value, and this is included within the definition of the term"diagnosis"”
The @ﬁog nb stemJeprier REirpimetruciye Seaugnos«iogs agt dereadiper &he pyclepiident i al
suscepti bidy 'uterrcék& tﬁé‘ﬂﬁgét Rhegere m@lé%st bPfefdteRM §5%) 3hcb & RYTR bindNUs
patients at ris entTfied before the di sease has a chance to

mani f est thersd. fAcr:rar yrsuriyersaivpteshioop gehairdin sgauences Mgy bgaesigned which; g
pref err edcrhed bg%arnb.nferr%v.rﬁaéw@qruehée SELHE! indr 16 FAINAG rEARRRY detEBIoAMM OF
breast cancer. Eq(e erred enbodi nent, the nmethods and assays for

di agnosi s2 a%@eape Pe'a e%néhélmﬁﬁﬁW%ﬁlr%@'r@m?@F is¢hatghe seguanseifergs a

consiygt i @eﬁsé@)ﬁé.% ytrﬁure%.&ﬂe%ram mqheébéaeewaheﬁﬁda@tsn saense of any
SEQ I D NO 8 for the CTAGLB marker. The et hods and
assays f oensyresgfticient qwgecrarrg r Jé’é'ﬁ tbﬁé%‘r’?"&@ﬁﬂéﬂ%??"&@“ ebtsrArisIgs finds to

10consi stj f&hprﬁe@%ﬁ& 'aﬁ‘&l dﬁé&@@%ﬁtﬁééré(opﬁme c@ﬁwpfé?ﬁbﬁdtérglsﬂﬁn@fTHel”&lrﬁ‘é#C| eoti de
sequence of any SEQ I 17, 18, 19 or for

the cTAaczh ﬁqu(erbecqfnesmﬁbiﬂe aarm'f'a%ieaypgorw indhg Grsd spund f @miglifiedtion; one

ol i gonucl\g@kh #R EMRIMeTitat) strafi sl syhthedised AMapISiEAtitd &%&%ﬂhro@bh%@étenpr
consi sting of the nucl eotide sequence of any SEQ I D NO 20



21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39
or 40 for the 15PRAME nmarker. In a preferred enbodi nent, diagnosis of
cancer orwpretV®pgsiti on to cancer uses ol i gonucl eoti dePCTEPRIID) 1604

consi sting, consisting essentially of34 or consisting of the nucleotide
sequence of any SEQID NO 1, 2, 3, 4, 5 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37, 38, 39 and 40 and detects the unnethylated form of the
gene. 20 Testing can be perforned diagnostically or in conjunction with a
t her apeutloep/haigiimsinucttXe- FER sepmaates tHedtuoesrthalkd asdqudrehpr mdleculiesghusl ue of

CTAGLB, A nd/ or PRAVE e ssjion i N ast cancer or nel anoma
find t heiq%-a%%?q %%qelr%q?nl %Ph%eérg RN ?%R'ﬂgﬁogéﬁbgn{cgs' suitabl e for treatnent
with a CTREl8emddd=RtrudiiraNEpraietably fodrgeA3heSiendiod thehsrcaeece specifithertion

i nventors ve .shown t.h designed for the detection of

unmnet hyl a?fgﬁe %malﬁed&%%gp’@%@%nd/ or MageA3 enpl oyi ng ol i gonucl eoti des,
primess or probes, prinmer pairs or kits of the invention, can reliably
categori z e ?ﬂg‘e i.ng. The
met hyl at i%%%gﬂ(%nﬁ? af°§°§’§|T‘$‘ obt &l %@%ﬁeﬁ‘%ﬁyﬁgﬁ%%% % Q@? gﬁ%ﬁ@'?s in good

concor dankrefemalbli, drieemoietuih ttsee BRE@ipagds BOnditawards, rear st atthe BBnBORtheest f or

CTAGLB, CTA n P i [ ere
sanpl o5, Sge R A e o Bl aF IeuRB ot ek 8T OB TR B Rend T g
for whi chsugRTRRCRhe theesteinfidapcar Hajrpjor dtustune esmaies sitaot Fﬂ?étTdseﬁdctby

det er. m@gé@@the\é@oggﬁé%ﬁé&ﬁSlSPCﬂ EP2010/ 001674 49 net hyl ation status of

t he R]ageA €he provi an val uabl e alternative. Accordingly, the
nmet hyl ati on test has clinical application. Thus, all nethods of the

embod nomS Seip AR biskrh fhrtd BEpREF Bitely ARR GG soie oGBS B | o101
sanpl es asnsurelsarwitivilly ahdseedificty ohthei methbds &fftbe invantign. ncapadinglyt er nat i ve

nmet hods o t - i . jaLonly a
few cell sgaanﬁﬁ%grfgggﬂ%%ﬁg]ﬁ?%g?\?gﬁé{eg@gl%é\}gflgt'%%% Eﬁér/gtée}%ghgpa;e, such
sanpilés maprimat gomerising, cbrsistegresapntialy ofrer edngistiog pbtheF0iciegtidd seausnce DNA t o
be enpl oygd M o£ach assay. As shown in exanple 4, the nethods of the

i nvention aré effective usi ng fine needle biopsy sanples. 10 In a further
aspect the invention provides a nethod of predicting the |ikelihood of
successt u. AERRATRIEG Q%Q%Técﬁc@éd#@i@éfre@q@éh It e ai’?éeo ID NO: 1)

cont acti ng/ - g test sanple obtalne roma subject
with a reagent which selectively nodifies unnethylated cytosine residues in
the Db (9 JopueducedRAGECRAAARIISeh IiDdyPs but whi ch does not modify
met hyl ated cytosine residues b) anplifying at” | east a portion of the
unmet hyl aans#orCTAGLB, CTA® and/ or PRAME gene using at |east one priner
pair, at é'e-%@é%@m¢d@¢ﬁ%eﬂbdm6ébmmﬂgémm@m@camw_ $qskEkaisequence
of unnet hyl a pectively followng treatment wth the 20reagent,
wherei n Ol Bast one primer in the prinmer pair conprises, consists

essential Jyy@f . or consists of the nucleotide sequence of any of SEQ I D NO
1, 2, 3, 4,5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22, 2§, - QGAASSTOQRGCEAGAGTG303 (BEQ IBNO3%, 34, 35, 36, 37, 38, 39, 40,
41, 42, 44,q/89 and 61, 25(c) determning the nethylation status of the

CTAGLB, C'I)'AGZj PRANME and/ or MageA3 gene; wherein theT_IEGresence, of
unmet hyl ot oACEEATGCOITAEACGRONRE T GEABAS T THOTET 8 (S5 Dt es
that the ybkg) i hood of successful treatnment with a CTAGLB, CTAG2, PRAME

and/ or I\/aged,?\ i munot herapeutic is higher than if no or | ower |evels of
and/or,

30 5'-CACATCTCCCCCACCTCCT -3' (SEQID NO. 6)
and/or,
5 — AGCGATGCGTTCGAGCATCGCUCACATCTCCCCCACCTCCT - 3' (SEQID NO.
7)

and/or,




30 unnet hyl ated CTAGLB, CTA®X2, PRAME and/ or MageA3 gene is detected. Step
(c) involves identifying whether an anplification product has fornmed. The
i denti fi caDi20n/108815he anplification product (using any ®aTERRIG/0OBCHhNI que
as discussed WO 2010/105815PCT/ EP201%3/ 001674 50 herein) indicates the
presence of unnethylated or hyponet hyl ated CTAGLB, CTA®XR2, PRAME and/ or
MageA3 in the sanple. O course, the reverse situation is also applicable
and so the methods of the invention 5may |i kew se be utilised in order to
determ ne whether there is likely to be resistance to, or unsuccessful

t r eat ment5' uvSbBGTTGGCATAGIBG TCTAEGL TGRRNSGE NG 8\vageA3 | nmrunot her apeuti ¢
agent - the,absence of unnethyl ated CTAGLB, CTAR, PRAME and/or MageA3 in
t he sanpl%"q/?‘fdi cates there is likely to be resistance to treatnent and/or
t hat tread FABCGATAAGETCGAGEATORIMTESILCBTCHGTENBIGPAti- BI(SEQMD NO.

met hyl ated DNA 10may al so be enpl oyed in conpl enentary nethods, in certain
enbodi nent’s. The nethods of the invention may al so be utilised to select a
sui t abl e arallsrse of treatnment for a patient - the presence of unnethyl ated

and) or NSRS TG AL ADGIE R T Siohl e by 56 Bhnef i al Iy aahi ni ster ed

wher eas tdra/@bsence or | ow | evel of unnethyl ated CTAGLB, CTAR, PRAME

o e LT AR TR A0 sea o

ol i gonuclOtitjes, priners or probes, primer pairs, kits or nethods of the
i nvegtoi on n%%)rl ies to the present aspect nutatis nutandis and all
enbodi'menl's @t e therefore 20envi saged, as appropriate, for this aspect of
t he i nven i-oFGGBEGTIGTKEG THIOAG BT sBASESSIDUNGt i12)at nent " i s nmeant the

pr obabi | iér}elérhat treatnment of the cancer using any one or nore of the

| isted therapéutic agents, preferably a CTAGLB, CTA®R, PRAME and/or MageA3
i munot hef’ apRGCGATAC GITOEACIATIGRCUGHTAGT N FAGTATIBIATTARS (PRANE

and/ or Air%?? wi || be successful. "Resistance" is defined as a reduced
probability tHat treatnment of cancer will be successful using any one of

t he gpecidndéar, i nmunot her apeuti ¢ agents and/ or that higher dose will be

required £o0 i g@@ﬁ 1 Gr ek f . onet hyl ati on of CTAGLB,
CTAR, PR?AN@%%?A%gig rna;’/ttdn(feT I %’AEE? IP?@%Q’@ai n cancer types.

Accor di ngand/ori n a specific enbodi nent, the invention provides a method of
det ectingya Rk eBhTRASHHABABRATRGEIRCERAORCErREcCRARRRT Lo 1880 D! UNd
cancer, incl in a sanple conprising detecting the
met hyl at iN@. $%)at us of the WO 2010/ 105815PCT/ EP2010/ 001674 51 CTAGLB,
CTAGS,, PROMMrand/ or MageA3 gene using the oligonucleotides, prinmers or
probes, prinet pairs, kits or nethods of the invention, wherein detection
of unnet Y -EedCCTAGTBAAGAEPTT PARANE —ah (PR IR A®)in the sanmple is

i ndi cativgpf, a predisposition to, or the incidence of, cancer and in

particul ar nel anoma; |ung cancer 5including non-snmall cell | ung carci noma
(NSCLO); %Br G AGGAZRC R GGRATCTIGEATIRbuR FEEQ Hcer i s

sel ected {inoqprostate cancer, ovarian cancer, breast cancer, bl adder
cancer; head and neck cancer includi ng oesophagus carci noma; cervical
canc@b, c¥ldrectal cancer, squanous cell carcinoma; liver cancer; nultiple

nyel oma and €6TEAREEAL AccH? - ged W Neergpspect, there is provided a
nmet hod for determ ning the presence of a
and/or,
5 — AGCGATGCGTTCGAGCATCGCUCCTCATCCACCCAACACCTT — 3'(SEQ ID NO.
19)
30 and/or,
5 - TTTTGTTTTGGGATGTTGTATTTT — 3'(SEQ ID NO. 20)
and/or,
5 — AGCGATGCGTTCGAGCATCGCUTGGGTTTGTAGTGTTTTAGTATTGTTT -

3(SEQ ID NO. 21)




CTAGLB, CTA®R2, PRAME and/ or MageA3 positive tunor conprising detecting the
nmet hyl ati on status of the CTAGLB, CTA®XR2, PRAME and/or MageA3 gene in a
sanpl e wiwb 200¢108§15t he ol i gonucl eoti des, primers or prolpes/EPROIONRIC7PAI IS,
kits or methods 15 described herein, 3sherein the presence of unnethyl ated
CTAGLB, CTA®X2, PRAME and/or MageA3 is indicative for the presence of a
CTAGLB, CTARXR2, PRAME and/or MageA3 positive tunor. Testing can be perforned
di agnostically or in conjunction with a therapeutic reginen. 20Testing can
al so be used to determ ne what therapeutic or preventive reginen to enpl oy
on a pat iaedforand be used to nonitor efficacy of a therapeutic reginen.

Accordingly i i I I QVé od for identifying and/or
sel ect i n§ 578%%&&'5@%@?@?‘%%925? &%@ﬁ%ﬂ(ﬁe@ CTAGLB, CTAG2, PRANVE
and/ or Magem®s 25i mrunot her apeuti c conprising detecting the nethylation
status of,t i a t he
pati ent Wi fm@mmfg&%ﬁeﬁ@gﬁ&%ié gﬁlbﬁeQﬂbpai rs,
Kits or me.Ix3s described herein, wherein if the CTAGLB, CTAR, PRAME

and/ or Naaﬂﬁ/% gene is unnethylated the subject is identified and/or

sel ected ¥8P treatnent with the CTAGLB, CTAG2, PRAME and/or MageA3

30i Mmunothe TEHEGET T TGTAGTSTIAT AGIIATTGTIT Tt-h3' (EAEDINO.R#H) unnet hyl ated t he
subject is Preferably not selected for treatnent with a CTAGLB, CTAR2,
PRAVE an@P8°"MageA3 i mmunot her apeutic. WD 2010/ 105815PCT/ EP2010/ 001674 52
In a rel & e AGGRATCCETTE GASEAT LT WITGT IS AGAEAMGATADF TET 80T ct3 (SFQ he

i kel bhoqﬂr& ccessful treatnent of cancer conprising detecting the

met h§7 ati tarus of the CTAGLB, CTA®X2, PRAME and/or MageA3 gene in a
sanpl e ofantlve, patient with use of the oligonucleotides, prinmers or probes,
primer pairs,,kil gﬁ..lq%%cr' e Swherein if the gene is
unmnet hyl Mﬁ(ﬁé’f‘gﬁ%’% of suc?:gggegpsth?%as nt wwth a CTAGLB, CTAR2,
PRAME andndforMageA3 i mmunot herapeutic is higher than if the gene is

met hyl at ed. i DERA Q; @lldl—@ G , PRAVME
and/ or ge et cea EﬁT@ tes t%ﬁee?\%gx%i e |ho(§d 0 Ergcla}gzst ance
to topat MDt2A th a CTAGLB, CTARXR2, PRAME and/or MageA3 i mmunot herapeutic is
hi gher thag if the gene is unnethylated. Thus, the detection of a

nmet hyl at & @FAGlB, CTAR, PRAME and/ or MageA3 gene qgor | ack of detection of
t he hypor@t+AyIGTTEd GRAATAThUTART ESTT hbat X(REQIPIMN@L28BY ty of successf ul

treat nent ng/trh an i munot herapeutic is low 15 Thus, the patient popul ation
may be sél"@fed for treatment on the basis of their neth | ation status with
respect t® -W@A@%GMMT@E@MTéﬁ%— PéaEQ 1Po a
rruchzgorq\lécxfdgssed and personalised formof nedicine and thus |eads to

i npr oved 'stuiccess rates since patients will be treated with drugs which are
nost | i kedng/&0to be effective. In a further related aspect, the invention
provi des @a_ ﬁq%ic | tﬁgh@&&li_t t t reginen for cancer
conpri si n% ;@%ec |ﬁ%ctéﬁé%€r¥g yl ation %?E?ultglgf@ ?ﬁg CTAGLB, CTARX2, PRAME
and/ or MeayelA8, gene in a sanple of the patient with use of 25the

ol 1 gonucl g0l | degATRIdAPICRECATRRASUCRTTBRTCRAITIADTAG E AARRAIES (KIS ID |
descri bed h . gene i s unnet hyl ated, an i mrunot herapeutic
(in partiN@l3h a CTAGLB, CTAR, PRAME and/or MageA3 i munot herapeutic) is
sel ected {n%r treat nent. Alternatively, if the gene is not

unmet hyl a edp, "treatnment with an i nmunot herapeutic is 30contra-indicated.

Al so pr oﬁ’d@@@%ﬁ@@ﬁ&ﬂTc’oTGMﬁﬁﬂ'ﬁng?&%ﬁ@é[g NG 32) subj ect conpri si ng

admi ni straiygn of an immunotherapeutic, wherein the subject has been

sel ected Tor treatnent on the basis of ,
5 — AGCGATGCGTTCGAGCATCGCUTGGTGGATGTTTTGGGATTT - 3'(SEQ ID NO.

30 33)
and/or,
5 — CAACATTTCTACCTCTACTCCCACCTT - 3'(SEQ ID NO. 34)

and/or,




measuring the nethylation status of a CTAGLB, CTAR, PRAME and/or MageA3
gene, WO 2010/ 105815PCT/ EP2010/ 001674 53 according to any of the nethods
of the inwenviwmsas by using an ol i gonucl eotide, primer pom/Ere@b@)16ps i Mer
pair, kit or a method as described hex7ein. Preferably, for all of the

di fferent aspects described herein, the detection of unnethylated CTAGLB,
CTAR2, PRAME and/ or MageA3 gene corresponds to an increased | evel of
CTAGLB, CTA®R, PRAME 5and/ or MageA3 protein. CTAGLB, CTAR, MAGE-A3 and/or
PRAME i mmunot her apeutics, useful in the present invention, include CTAGLB,
CTAR, MBGEAST GATIEOCTPRAVEOATECCUAAGAT T TCIFACEXEGMPLEECHAGWRPesi ti ons
conpri si ﬁgsgéﬁﬁjwﬁs AR, MACGE- A3 and/ or PRAME 10i ncl ude conpositions
conpri si (gn h CTAGLB, CTAR, MAGE-A3 or PRAME, substantially

full -1 enght/oETAGLB, CTAR, MAGE- A3 and/or PRAME and fragnents of CTAGLB,

o VoS R iseRiiogl CTICLS, A, IAGE S o
i ncl usle tahea/of,0l | owi ng MAGE- A3 peptides: SEQ I D NO Pepti de sequence SEQ I D
57 VHFLLPKvAR AT PR GIECaCeATE B oM ST AR A 0 o
70 ACYEFINGGRRALVETS SEQ I D NO 71 TCQHFVCQENYLEY
and/or,
5 — CACCCTAACCACTACATAAAACAAA - 3(SEQ ID NO. 38)
10 and/or,
5 — AGCGATGCGTTCGAGCATCGCUCACCCTAACCACTACATAAAACAAA - 3(SEQ
ID NO. 39)
and/or,
5 - GTTTTGGAAGGATTGAGAAATGG - 3'(SEQ ID NO. 40)
15 and/or,
5 — AGCGATGCGTTCGAGCATCGCUTAGGGAGTATATAGGTTGGGGAAGTT -
3'(SEQ ID NO. 41)
and/or,
5 — AACACACAATAACAAACACAAATTCAC - 3'(SEQ ID NO. 42)
20 and/or,
5 ~AGGGAGTATATAGGTTGGGGAAGTT - 3'(SEQ ID NO. 44)
and/or,
5'- AGCGATGCGTTCGAGCATCGCUTGGAATTTAGGGTAGTATTGT- 3' (SEQ ID NO.
61)
25  and/or,
5'— CCCTCCACCAACATCAAA - 3' (SEQ ID NO. 62)

5- TGGAATTTAGGGTAGTATTGT - 3' (SEQ ID NO. 63)

30
SEQ ID NO 4 and 8 represent forward primer (sense primer) sequences complementary

to the bisulfite converted unmethylated sequence of CTAG1B.
SEQ ID NO 12, 16 and 20 represent forward primer (sense primer) sequences
complementary to the bisulfite converted unmethylated sequence of CTAG2.



The MAGE protein may be full length MAGE-A3 or may conprise a substantially
full- 20l ength fragnment of MAGE3, for exanple am no acids 3-314 of MAGES3
(312 am wo=2010d95818 total ), or other MAGE- A3 fragnents PATERREI/bBIHeen 1
and 10 am no acids are deleted fromt¥#e N-term nus and/or C-term nus of the
MAGE- A3 protein. WD 2010/ 105815PCT/ EP2010/ 001674 54 Exanpl es of anti gens
that nay be used in the present invention include the follow ng CTAGLB,
CTAR and/or PRAME antigens: 5By way of exanple, suitable peptides of
CTAGILB i nclude peptides with binding notifs to HLA-A2, such as peptides
157- 167, SERVIDING 2n@81%5-366Hd 4dsrediesehidfoondhrd pridey ésense pemer) sequencesat | .

one. or B EPRRents S igitie Falehey Sty ER GRS of PRARIE ™0 ™ g

DR2, DR4SEORD NOHB repsenBiiie hawdn sttuguemseanengesee W2008/ 089074) . 10By way

FAno, ST RO Pal P obdi e S AL EE b P R R o °
SLLQH L Geequaree @nidthaseduenceof SEQ 1BINOW, 81 18e11. &0be4s, 28068, 36/and 4412, No. 5,
pp. 1876- 1%%@\)6613\/.Pepti des of PRAME may include one or nore VHC Class 1 or

dass 2 &Mt By way of exanple, peptides of CTA&R may incl ude
ELVRRI LSR, M_LMAQEALAFL, 15 SLLMW TQC, LAAQERRVPR, as disclosed in Sun et al

Cancer | I - N‘gg;‘ 06. The
CTAGLB, % R%&@"ﬁ?@ﬁ%}l gﬁﬁﬂﬁﬂ\%%r%?@?rn@ ragégﬁ?{ eé)gé%ge?‘f?ége and fusion
partner pomptementary ththediiwiite abhyerteonjnmeidated sequengetss the@FAS4Bd as a
reco mgn& %3?' on protein. In an enbodi nent in which the antigen and
partnher e Xpressed as a 20reconbi nant fusion protein, this may all ow

i ncr easeGHEGEIRENS. 116, teamd 03 (epeesenhtherevsrpe @5BIED ACTUESCE FPEBlEMaNERTY tothe
non-fuseq. ' ' bforidYr. assi st in providing
T hel per%és%!f?%géé@e&;mthﬁgéa{t%%%g#hgg?%hpﬁgrﬁﬁfB.I;bot elrh), preferably T

hel per e@BMHRNO: @8202Mi30ed4 bpd BB mepTesent ity GverseFirvierisaaUsiseessi ng t he

pet _ 54 R en onews i t
econbi naat P & P E e Rl e A8 e R el n ey be

bot hi&an ipnorootet.ogi cal fusi on partner protein and expressi on enhanci ng
partner protein. In one enbodi nent of the invention, the immnol ogical
fusion partner protein that may be used is derived fromprotein D, a
surface [BEQ & N®B, Tht!,dbat?.28gaT. Ve 3600 comprisesEeiaRin $LCiHE| uenza B
(WO 91/1 r by Hn elo. Ihe 18" 94 eig) 2B serIoved bve 38BY
conpri seétgﬁggchrasr{a tﬁ?%b%@n{cﬁ?f%?g ein, or ‘approxirmately the first 1/3 of
the protein. In one enbodinent, the first N-termnal 109 residues of

pr ot g, n S5t H 1RALAra @ind e RIVBMedRinterGbalEiize CTAGRZ,
I\/AGEE% a%nE?g? a%?irﬂoer% WO 2010/r10g815PCT/ EP2010/ 001674 55 with
addi t i onsompienwenado theckisulfitesionweitad mathyiatrd saavenespitbs Sicin Betagans n .
coli (th N 43! Shise Bk BARHESHRIRite @BRAEHR and the séduedick &F BEU D8
enbodi rrelrfbtslz,@t&aya%r ot eﬁ??‘Dederi vﬁi ve may cgrrpri se the first N-term nal
100- 110 &% no acids or approximately the first N-terninal 100-110 ami no
acids. In one enbodinment, the protein D or derivative 5thereof may be

| i pi dat ed and Iicg)ogrotein D may be used: the lipid tail may enFure opti mal
pr es@ht atSER IBNQ B2 represapisthedonvard gamepseass PimgH Sefvenced qomplementa™at i ve

enbodi ment, ind BeufteQoRidrdd GimélgyiaialseyBenddastandgeas. not | i pi dated. The
"secretion sequence” or "si gnal sequence" of protein D refers ft
t f(ﬁﬁ&r ring

appr oxi neiER YD M@ Ab carmpdses| the haispin pructyee $auesCe,And e STRHERea 9
protein. y@ ene enbodi ment, the secretion or signal sequence of 10protein D

refers to the N-terminal 19 amino acids of protein D. Ir{ or{e eng).odl'*.ment,
t he SEQ ID NO. 62 represents the reverse primer sequence complementary to the bisulfite

30 converted unmethylated sequence of MageA3.

As detailed in the experimental section, expression and methylation levels of CTAG2
showed best concordance for the assays that incorporated the primers of any of SEQ |D
NO. 9to 12 and SEQ ID NO 21 to 20. As detailed in the experimental section,



secretion or signal sequence is included at the N-term nus of the protein D
fusion partner. As used herein, the "first third (1/3)", "first 109 am no
aci ds" aro2pIwwssIN-t er mi nal 100-110 ami no aci ds" refer PCO/EPREOAMOAD aci ds
of the protein D sequence inmmedi atel 89 oll owi ng the secretion or signal
sequence. Amino acids 2-K and 3-L of the signal 15sequence may optionally
be substituted with the am no acids 2-Mand 3-D. In one enbodi nent, the
antigen for imunotherapy may be in a fusion with protein Din the form of
a construct such as: Protein D CTAGL B - His, or Protein DD CTA&R -Hi's, or
Protein BxprBW!EandH’rr&thWatioﬁnmedﬂofFERAME@IEowed besil eoncaidiapce inthe@sgayst ei n may
conprise, 2 the Si uen acids 1 to 109 of
Protein ﬂ‘f8rpa?ﬁ%F§ ngl r(r)r?rﬁﬁy)f) %%’Sb drar)g be a full length or
parti al ﬁhoSmamostmmm)mera prpfmerd mmbr@lrpimwthrtlse adegrenpfaClTAﬁﬂr s) that may

facilitate the purlflcatlo ion

br ocess cpmprgs gt SSeniHiy gt of Chslok 3l 8 RERbRIL sEienBol o GG |

N-t ersi n&IO. OB 1eBidBER Il1NCde)tce2®1 The pref)erriémrlmer blnatnedo raesgl@t]@é

(et hi oni d as artr Cl i : | iv) Two
G yei ne. FRANIE EpRRE b Bt bl of ol s BEbHE AL RbIASTRRTE N of. ¢

resi dues SERDIDTNG. potd 4@n of protein D that may be enpl oyed preferably does
not include the secretion sequence or signal sequence. The fusion partner
protein conprises am no acids MetAsp-Pro at or within the N-term nus of the
f usi on preimificatoequedots garerated svithdbe diffetanti bypdmeetbyatian assays badithece or the
Si gnfé‘l gqféence of l;i) o ein Din certain enbodi nents. For WO

20107105 BEP 928197001674 56 exanpl e the fusion partner protein may
conpri se or consi st of approximately or exactly amno acids 17 to 127, 18
to 127, B12‘7 1(2% bi’ﬂ to 127 of protein D. By way of exanple, suitabl e
PRANVE antl (s fusions proteins with protein D 5are described in
WD2008/ omemmeemmreemﬁwwéﬁad\méﬁér RTBYTFEFRGERIEAGET t s

ent i r et y TG TATGGETA ENOTAGTSIAT TATAGGRGRETEFCETATAGA TN D@ hEY T 157 @Bei n
may be t IGTIBTEET@GTKRDWEQIDING AS5r a protein derived therefrom LytAis
derived from Streptococcus 10pneunoni ae whi ch synt hesi se an

N acet yl -GJ'AeCB‘EB1i2“(e3arbb)jase am' dase LytA (coded by the LytA gene (CGene, 43

(1986) p ?‘F’é ghirrearmirdaamadasTaeamaT bonds
in the p éﬁé@@éké@@ﬁ@e@a‘nﬂmme&mﬂeel nis
resp ?Es G IT@ ne or to sone choline anal ogues such

as s proper een ex |ted for the devel opnent of E. colt

C LytA e Eéfg%é pI asm ds useful for expression of fusion proteins.

Purificat CRAEUANGETEFETFr G768 SEPIABBAGETTGE am no

ter m ”US ey é%% @ﬁ@@?‘rrﬂ@rﬁﬂ&@éhd@gﬁﬁ@ém@&)% I'n

one @Egt A A@Rﬁkk?ﬂ@@‘@ﬁ%@'@émubmwwe used. The
y

repea por on o ecule found in the Ctermnal end starting at

resi due | i sed. In one enbodi nent, the LytA 20portion may

I ncor ItOor A%&@Wémmmﬁgewmcﬁnwm?sef

non-stru T8 EERD NOI 4 emaggl utinin n one

embod| nentAé TR term nal 81 an-fk{r?o aci ds o?) NS1 are utilised, although

di ffer entcf,régrgentzg g3y be used provided they include T-hel per epitopes. 25
TTTTGTTTTGGGATGTTGTATTTTTTTTTTGATTAGGGGTGGTTTTGAAGGATTTTATT
GTGTTTGGTAATTTATTGTTTATGTTAGTTTGGGATTAGGATAGGGAAGGTGTTGGG
TGGATGAGG (SEQ ID NO. 49)

35

PRAME_1: 129 bp

TGGGTTTGTAGTGTTTTAGTATTGTTTTGGGATATTTTATTTGTTTTTTAGGTGTGATT
TGTTAATAGGTTTGTATTGGTGATAAAAGGAGTAGTTTTGAATGTAGGGAAAGTAGG
GTGGAGTTTTTTG (SEQ ID NO. 50)

40

PRAME_2: 106 bp
TTGTTTTGGGATATTTTATTTGTTTTTTAGGTGTGATTTGTTAATAGGTTTGTATTGGT

GATAAAAGGAGTAGTTTTGAATGTAGGGAAAGTAGGGTGGAGTTTTT (SEQ ID NO.
51)



I n one enbodi ment of the present invention, the antigen for use in

i nmunot herapy may conprise a derivatised free thiol. In one enbodi nent of

t he presewod 20rvisgison, the MAGE- A3 protein nay conpri sePaTd®Prénwamvicsed free
thiol. Such antigens have been descri49ed in W99/40188. In particul ar

car boxyam dat ed or carboxynet hyl ated 30derivatives may be used. WO

2010/ 105815PCT/ EP2010/ 001674 57 as a fusion with CTA&R, or a fragnent

t hereof, see W2008/ 089074 whi ch docunent is incorporated herein by
reference in its entirety. Conbinations of inmunotherapeutic agents, either
as fusion proteins or adm xtures, include any conbination of 2 or nore of
CTAGLB, CEeRAME_FR2Dbpor MAGE3, for 5exanple, although the invention is not
restri ct GAGGGEASEECSPSTIGAAT GNETQEAT TTanG TEGAGABTGGANN TAIGEGCAGTT gen
can be uSHGGBTAGTATETEKAGHTE,T THSEAAS BN 1GBGAARAT SATITAN TSGHBRGEAGEeen
descrg be GAGGAATGABERQ IDAN®e52)or nul ated in conbi nation with NY-ESO 1; see
W2005/ 105139, whi ch docunent is incorporated herein by reference in its
entiretyPRAME 4 B0bper enbodi ment i mmunot herapeutics for use in the present
i nvent i OAGTGTTECAGRTITIESAGGTUTAGTTTARGHTGITECARAAEBCAATOAABGTGTTTGT

i mmunot hes ¢gEtD 8BIQpBBY ei n, fragnment or peptide or fusion protein as

descro bed herein. In one enbodi nent of the present invention, the sequences
may be i PRAMESG:iS0bp a suitabl e expression vector and used for DNA/ RNA
vacci nat TGGTGGATOHTATGCGSATI TG @K PT EEEIGARAGBE GTIAGGCCITCHBGEATEITd The used
as vect oIGGRAGTEGFGTAGGITGT NETAPEAAGSTGCEESABTAGAGS TACAAWNTIGIDIG (SR 4P
vectors IN@I54yle retroviral, lentiviral, adenoviral, adenoassociated viral,
herpes viral including herpes sinplex viral, alpha-viral, pox viral such as
Canar ypoPRAME Va®©8itpi a- vi ral based systens. Gene transfer techni ques using
t hese vi IGIIET GBAAGGART GAGAANERGCSATIGLTTAGAETAGETTRITTAGT &3brs for
exanpl e MAVTAETEITSIA TTO TSTEHTYTARGEACTGS TIRGEOTENSERHR N 58F t he
invention into the host genone, although such reconbination is not

pr ef 20 r eThefepédueatenaredetated inep@dich dslandssof vhectespectiyg geoas.r Aseordingiii n

epi somal er ef I f

i ving dapnetdRiumhe Bels3to bidiloERlioet BrRRR Muor ffebet SrspRRyPal |

human celcompleyearsary do parrhs biabe @rsuﬁltmagn\/sﬁeénptle?w sequUeneRsrset {rify ardBk@
quanti ti EB ,\Rg 4tsh%p‘{?o 2\55egfl:ofgbe%b@/4 bhes pol ynucl eoti des of the present

i nvention; tOr Ie for use ‘as’subunit vaccines or in immunoassays. In a
preferred enbodlnent the adenovirus used as a |live vector is a replication

def egél V &yl BN cﬁ‘qﬁ%gﬂﬂﬂg}]&insg’iﬂé BﬁJJrI ébrﬁﬂ?&ﬁ@nt%f'yrtﬁ%:%ﬁs%@meadléhlﬁa El deletion

and n be grown on are transformed wth _an El gene.
Pr ef er r edoBvertearseadenc/ofitos €3 AGS, GTAGRZend/erdPRAME dengris pisferpaiiase. | n

parti cul %?%%ﬁgﬁgg%%} #5 2Bass Dy, §z§§&f U RiteNtg bb1PBEh 16AGth, amdsPan S,

6 and Pan are preferre use in the preseni |nvention.
These vedb®ESACHB, BIAGRMANSIrdt E@paﬁa@p@ﬂaf siaharreferge wEMee iePrgteratiy

i nventio egp%p e formul ati on
and WO }SWO%%%@? %gcg{)b%gyé 7§1n65rgyRgﬁ]ulgg%hu?z@gmmﬁ?éﬁgg%nbl nant
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5production o expre55| on vectors are described in Maniatis et al.
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protein t@]ﬁ@ﬂ le?o?gtof f?{éspnrﬁé]@ (|Hra3§rﬁr‘|é}§>aﬂf m%?%eﬂét%?l@@%nth rb‘v‘%?ﬁth@élséﬂitb be
provi ded ert o) e 1n formor in a OJDIllse form
mcorporate a suitable stem Ioop or hairpin structure carrylng a donor and acceptor
35  moiety, preferably at the 5' end, as discussed in detail above. In a preferred
embodiment, one or both of the primer(s) is labelled with or synthesised to incorporate,
preferably at the 5' end, the stem loop structure comprising, consisting essentially of or

consisting of the nucleotide sequence set forth as

40 5-AGCGATGCGTTCGAGCATCGCU - 3' (SEQ ID NO: 43).



10 Each human dose may conprise 1 to 1000 pg of protein. In one enbodi nent,
the dose may conprise 30-300 pg of protein. The conposition for

| mmunot hewepyioawsgiescri bed herein may further conprise aCTaPeINM01674

15adj uvant, and/or an imunostinul atofly cytokine or chenokine. Thus, the
term"imunot herapeutic” applied herein may incorporate all conpositions
for imunotherapy as described herein, including suitable adjuvants.
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Similarly alternative fluorescent donor and acceptor moieties/FRET pairs may be utilised
as appropriate. In addition to being labelled with the fluorescent donor and acceptor
moieties, the primers may include modified oligonucleotides and other appending groups
and labels provided that the functionality as a primer and/or stem loop/hairpin structure in

25 the methods of the invention is not compromised.

For each primer pair at least one primer is labelled with a donor and an acceptor moiety
of a molecular energy transfer pair arranged such that in the absence of amplification,
the acceptor moiety quenches fluorescence emitted by the donor moiety (upon

30 excitation) and during amplification, the stem loop structure is disrupted so as to
separate the donor and acceptor moieties sufficiently to produce a detectable
fluorescence signal which is detected in real-time to provide an indication of the gene
copy number of the gene. Preferably, said donor moiety and said acceptor moiety are a
FRET pair. In one embodiment, said donor moiety and said acceptor moiety are



CpG 1758 SEQ 58 ACC GAT GAC GIC GCC GGI' GAC GEC ACC ACG SEQ 59 TCG TCG I TT
TGT CGI TTT GIC GIT CpG 2006, CpG 7909 SEQ 60 TCC ATG ACG TTC CTG ATG CT
CpG 1668 wop@wostiai ni ng ol i gonucl eotides nay al so be ugew/ERR@n0sowr4in

combi nation with other adjuvants. For42exanple, in one enbodinent, the

adj uvant conprises a conbination of a 20CpG containing oligonucl eotide and
a saponin derivative particularly the conbination of CpG and 821 as

di scl osed in WO 00/09159 and WO 00/62800. Accordingly there is provided a
conmposi tion conprising an inmunotherapeutic as described herein, wherein
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250l i gonucl otlde ol yeth t ft

nor e of tdf?ggo ﬁ%°f¥%%?é’¥{ﬁ§ng}°ﬂa?“éﬂ§euuc ¢Y Rn%g%gﬁ}%rﬁseﬂ’i ’?\[’]NO oo
corrpotS| t |tammyylfmcap®wmmh|nmmwj mnm#mm RQRBY4$-@5 in an oil

I n water or er. i on veh I

in certalam'%% mrgapﬂ]ail.'eng- -sgl : L&ENﬁg r&%wge';%%ghg;rgeaglngnor
nmore of 3@bMﬁLcheﬂ@23e&Mwa9 Malanmw)greemRechveyRai@ DABgOtLttmotethd. | n an

gr?ggi”gp@%%m.géhp{yﬁgﬁqt Mo AU ARENL S BLES SRl TelERETRPLRDS, MY e

such as c@sdinhed, said W&Md@t&l@selected frohﬁltmreﬁchmr 5@|attmiyﬂmes®[nm and

DL e RS ERP b EAR Il Sl oM dtheh 5 ARGREGE T

dep]?ndi BlgED?Ngbl&arﬂmmdrgUe CmJumzaélnbterblumtdfnelateageronatmés Malwﬂpgrw addse,

prefera er, dose, a . :

Fosetb 15 RepkivaBEne g1 tiass GG sEpgra R PRBETE rbap ik 0P PRy

?gjr urruvﬁgt ?etﬁéméthﬂ brpomi'iﬁ pynerenbutprate, sogieagitaityrysmmthImUUUtandéTmatiRng on the
e | er

per dose,ﬁﬁfﬁ%?é'dp °@P%P’8bq%8 sq(@'tov%sgém t%&?%gtwe tqg'%%f a%%fagjof#hé!to;ngggf gof

saponi n ;miewstsaghcwlneargdmmamfe;am tfnlaeiopone’senety i ﬁmanwﬂumycm Qthet he

region o er._dose... pf . 1-500

0. pereled aoRliorsc pEeBpal BLA Hufinfnl e oy fBREusdBRHorih 2her 201 Y

15 these combinations are also envisaged for these aspects of the invention.

The invention also provides kits which may be used in order to carry out the methods of
the invention. The kits may incorporate any of the preferred features mentioned in
connection with the various methods (and uses) of the invention described herein. Thus,

20 the invention provides a kit for detecting the presence and/or amount of a methylated or
unmethylated gene of interest in a DNA-containing sample, comprising at least one
primer pair of the invention. Preferably, the kit incorporates a primer pair of the invention
for detecting the presence and/or amount of unmethylated and/or methylated CTAG1B,
CTAG2, PRAME and/or MageA3 gene and a primer pair for detecting the presence

25  and/or amount of a reference gene, in particular beta-actin. Thus, the kit may comprise
primer pairs comprising a primer comprising, consisting essentially of or consisting of the
nucleotide sequence set forth as SEQIDNOs 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 40, 41, 42, 44, 60, 61 or 62. Preferably, at least one primer in each primer pair is

30 labelled with an appropriate stem loop or hairpin structure to facilitate detection in real-
time, as discussed above (which discussion applies here mutatis mutandis). Most
preferably at least one primer in each primer pair incorporates the stem loop or hairpin
structure which comprises, consists essentially of or consists of the nucleotide sequence
set forth as SEQ ID NO:43. The stem loop structure is labelled with an appropriate



25The adj uvant fornul ati ons as descri bed herein nmay additionally conprise
an oil in water enul sion and/or tocopherol or may be fornulated in a

| i posomal woaaawsgison. O her suitabl e adjuvants incl ed@/Evewaniode | SA
720 (Seppic, France), SAF (Chiron, CaAsifornia, United States), | SCOVB
(CsL), M~-59 (Chiron), R bi Detox, RC-529 (GSK, 30Ham |ton, MI) and ot her
am noal kyl gl ucosam ni de 4-phosphates (AGPs). Generally, each human dose
may conprise 0.1-1000 pg of antigen, for exanple 0.1-500 pg, 0.1-100 pg, or
0.1 to 50 pg. An optimal anmount for a particul ar i mmunotherapeutic can be
ascert ai dedortandsdcespter chotety disefisdunyed herainp (abibrdistussinn applEgsgreop mudatss | mune
WO 2010/ 10@81q5PCT/ EP2010/ 001674 61 responses in vaccinated subjects.

Fol | owi n67 #9Hitial vaccinati on, subjects may receive one or several

boost er inmuni sati on adequately spaced. Al ternatively, a conposition for
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descri bed. Be%itdr}gg %8 of the gene structure is represented as follows: open
0

boxes repISSdE bp pronoter region followed by a 15vertical line
i ndicating the potential TSS and then the solid boxes represent the first

exon sayl ocat i.0ns i ngl A\ el r
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an assay uspethylated tytosihg pasnaisdussed herejn (inTpreferemdseto roéthylptedmytasine s spot t ed
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exonss Assaethybated cytasineresiduesito arand, wherneas methWrire SYIPSINESIRIRIBY t hei r
correspondi L v 251 ndi cat i : At i hfic assay
(i e " an BT Fip lffence th ARSI ATbE DuRAT) BENARNANOSREE - <ot s
spotted owethylatedegidommethyated nudFia@ziding davestraamgaoeeBacuch asH Glg using:

Local i zat | . . S t r it i

30t ranscﬂr'ﬁ{érgﬁlhgﬁgﬁ n§|§|§ @%?q@%}n c{Sigoss‘:r{)%een ggﬁ??%@e Falgﬁergwmi@#smg? "the gene
st r uct ur evheseaseyraeispaitsedittaadénitd)ows: the open box represents a 300bp

pro er region followed by a vertical line indicating the potential TSS
and en the solid boxes represent the first exons. Assay |ocations are

i ndi cat edhswiis¢usepewith osapect tolthemethass of the inverdiop heprinduitgble\gentrols may

2010/ 105§ L3R I4 FRZ0Q/ {3 QLB Bty @D for tHd methBeL CALLIGingRy, Hrgmet hy! ati on
speci fic assay J(E{D e. an ass_a§17 specific {or hyponet hyl at i o_n? . The nunber of
CpG countenibodgpentt te kifva theainvenjiopfuriter 2orprisés, gapests essentially 959N ORSISE one
MAGE- A3 a333Y of M¥EeiRrdPRudell RREAY¥IEcABs bhRhich the methylation status is known.
25  These (one or more) control nucleic acid molecules may include both nucleic acids which
are known to be, or treated so as to be, methylated and/or nucleic acid molecules which
are known to be, or treated so as to be, unmethylated. One example of a suitable
internal reference gene, which is generally unmethylated, but may be treated so as to be
methylated, is beta-actin.

30
The kits of the invention may additionally include suitable buffers and other reagents for

carrying out the claimed methods of the invention. Thus, the discussion provided in

respect of the methods of the invention applies mutatis mutandis here and is not



5chronosone. One potential transcription start site (TSS) has been

descri bed. Beginning of the gene structure is represented as follows: the
open box wepregwsils a 300bp pronoter region foll owed byPpraTEPeaionaic’d i ne
indicating the potential TSS and themt4t he solid boxes represent the first
exons. Assay location is indicated wwth an open box associated to its
correspondi ng nanes, "(U" indicating an Unnethyl ation specific assay (i.e
an lOassay specific for hyponethylation). The nunber of CpG count is
spotted over a region of 20kb. Figure 5: Schematic overview of the

Ampl i f1 U(bé;(era)edfecl‘m!sqm?of &inclseasds. dmenqoembedm‘(eholthmkudofphe rrme)\tmmfurther pri mer

Recent or CABPRTS ERAyErossioly fl P Eershr Bkl Eod BRIk & gur e

descri bes the case of a sense primer also called forward priner (for

he h b
b anpl i 1heddtoay 25 Ak eBmBfios Relsn(PEra™h R pr ST o oIR8 Vel y
accepsed cbtalytzbelua@(beamd)amp‘nﬁcethn | Tk, thge klbmq;aelsoraddgnooanyqunmrsscmst

During anplifi prine 201 nco i l'ification
product . FtR ?h%' d?@ﬁfiﬁ%f ﬁ'%"ﬂ hleo?m%rﬁg? ¥°2§P?%%di%d;£§?@%aﬁ%%p or hairpin
st r uct ur Exampllisintipdeethosd fromelmatie fanity Arane familysB typelpolygerasesp abtreamTaqg,

ef fecti v?jf%/m\?%fnf:hi ng the fluorescence emtted by the donor noiety. Thus,

t he dono roduces a detectable fluorescence signal. 25Figure 6:
Concor dance between real tinme M5-PCR results obtained with CTAGIB 1 S

denet hyl ati on .assay and B RT- PCR
expr%gm gl'&wedlgpgusf% m eﬂg&‘%ﬁgﬁqﬂ@é{eﬁe acﬂégg %?gt%%géﬁg{wotdaﬁel es. The
verti cal cenlpatmiehisode ray)éoriaxdmpi les stohesl togethef Whérerapprapridtenet hyl at i on assay
and the horizontal thick |ine the expression cut-off. The |inear regression

is represented by a black line; R=0.35 30 Figure 7. Concordance between
real ti mahekitPady alesMcbmooétbaswhaiﬂemstrhct@ﬁA@Z - UseABhigbmeayhige printed oadsay and

CTAR (gene a ) J d smal |
Col | LungobaAte ek e el inhd 1 (S A F 3amBie the fsatbigyhay
20104 30584&IRare/ UsB20 116y K31 THe tﬁ\Semtmm witht arsapprepriale resitimeamplificattin@t hyl at i on
assay and the e |linear

regr essi oer?d pom? e%? aggggggt& '1%&{6?%@?& %ég@&e%g" v%ganﬁgg bet ween t he
two techni ques |s 87 5% 5F| gure 8: Concordance between real tinme M-PCR

| t |
LA 1) rdagtites Yifefef s et BB Y Ik 25300 ARIETReVERIE | o,
(NSCLC) g¢hedabtime Kieteotion ageiakt & standardroupie for the metlylatedeas L{nﬁ@t@tﬂte@mﬁnq’ or
the g?mto?mtglesp Andd ﬁé’naﬂgﬂaé fAferlRtd (@}hew‘l’ngl'ﬁdédl ”%t&ﬁ@ar@’éﬁfv% %\é?frbe
cut - 6f'f néar e re 'S Tepresent black Iine;, R=
10Concor dgeneatébusiegn Sleh@ standards; hipaehsiandasd gqntg%s ap{NQWNCopy nBBW@()rQﬂance
bet Jeapte)
nasay - and LrAPr REDeAE S hisfod Bhdloh Herthd e e A & or a8
Non- smal |baSelide V.ahmObeAQlﬁﬁCGOMSMJCD)e @étm&@@unmﬁébwﬂfQ%‘QIf'U§Eﬁ5i°ﬂn<ieh| €k line
15 1 ndi Caetngrw {16 Gt e@bbdifdht Gﬁéﬂﬁ%ﬁ&@‘iﬁh%ﬂl&ﬂS?&éﬁ%S@'@ sbitearas LiaiRekal

thick | expressi on cu - of I near rq\gressmn is represented by
a bl ask |Thm$ofm¢anesets Cirfaut begatine OGS Gyelae3 t 59&@ﬁrﬁ"¢m'§§aq°§ rgactip,

FL9uTe 1 Ges QRNEHIABIRER PEINELEe RAbordd PEMENBIR s breBb s the L h

CTAG2_3 ation assay and &2 (gene alias LAGE-1) real tine

RT- PCR exjsfioed aba s@asta:aﬂbslgmﬁcmrvamhovw@ baggiige cAmeiea!ly¢ N@éﬁ@She' 1Pl es.
The Vert'c]sre"f‘L ﬁﬂgt'aﬁdérja'd‘ebla't ﬁﬁ({‘fé'tﬁébgﬁlhg@lu&‘é@céﬁé fﬁwpréﬁ%t@%fﬁﬁdw ligat i on

assay an ori zont al he expression cut-off. The lLinear
r egr essi aovided wiih epearatits fgycqrvmga@k reqltige ﬂnel'fGBt'ortf@ﬁEQﬁrﬁaH@@ WEMRERN t he

P%Ch A5 Stid m@gcma/f’esgﬁe Eagér.he ahd thrgam&oga@%rw NRBfior. ERthe t | rre lvs- PCR
resu t's obtal ne denet hyl ati gn assaéﬂ%nd PRAME r eal

RT- PCR extpressalidsclgyakvef(Gt) Q%Tmbgﬁaﬁermeéﬁlfomwa get MEsELtes ny res
The vert '&rtackc@ﬁLéq(m.rtea't&lscﬂ.émhbraﬁkesﬁa@%niph@ca%ﬁ1@,fef Trius, fHéQgrd@t@EtHéW ation

assay and orizontal thick Iine the expressiaon cut- gﬁe | i near

30r egr esshigial Goscentfation ohthequase damdasd io the ﬁ@act@n@uggre @fn@?ﬁ’reﬂ SpRan R en
the two t8eRIIEYGRAS aBRie?d® particular yield of amplified product. A plot of Ct against the



WO 2010/ 105815PCT/ EP2010/ 001674 64 Figure 12: Concordance between real tine
M5- PCR results obtained with PRAME _ 1 AS denet hyl ati on assay and PRAME
real ti newWBRoRORSHZpression data for 48 Non-small Cell PoRGEPSaENOET67{ NSCLC)
sanpl es. The vertical solid thick |in® indicates the cut-off for the

denet hyl ati on assay and the horizontal thick |ine the expression cut- 5off.
The linear regression is represented by a black |line; R=0.39; Concordance
between the two techniques is 66.7% Figure 13: Concordance between real
time M5-PCR results obtained with PRAME 2 S denet hyl ati on assay and PRAME
real ti n&;gRTeflﬂﬁkawr mmal ocrpydamabe‘r@f the&ell\loﬁstaneard DINAGeprioducasc Steaighdr

(NSCLCO)

riical f for
t he denet 'P\nﬂjé‘ﬁ '8|1|h 33 f&r‘f&“’teh Sh ﬁ’é QE i&ﬂkﬁﬁ:ﬁﬁﬁnegﬂﬁeggé%%n
cut - Of]:j mTétels)ﬂan’de'afererﬁ@rml whenrewtmespﬂ eaenaddbbyntqpblaa&ﬁ(agalmﬁétha?-o 63
Concor dance between the two te ance
bet ween FERPCYVE a’k?sar%er-'f"?é%é dt%§ %gﬁé%thﬁﬁﬁfﬂﬁ%*%ﬁ%% &{gﬁml on
g; says a?datﬂl%l\/lfhmsaﬂ\e bmtpgla_th&k'fh@trmdps desgane abpy aufmber #8 eadmotWalglene:@f | Lu ][1]9
ncer e verti cut-o
for the g%?fﬁ%?ﬂﬁtgf)eéﬁmf Vﬁ‘& "t %&Hs rﬁ;%! zon{)ma‘qlgﬁJj bgeM(ﬂgj eﬁtp():rB gsm on
cut - oij nlimeet ofﬂaametlﬁgatedsronmemytaanfemiete;stbymeegﬂoelqonénumber qfsd
Concor da ce etweent or dance
bet ween fEATE r?'ﬁ%e Wé‘ep ?% @E%a;%%éhlﬂ\% ggp"ﬁéﬂ%@g ﬁg dée@etﬁﬁ;gtl on
acz say angedPRANEPCRastemie uﬁd R(Rrepmltei%methOdatoatHeonvemoNoWemhﬂr h@‘ﬁl . Lu P?
ncer Vel e cut-o
for 2%t hé°f§Lﬂ%t'w{r§FﬁoWeg§§% g dgﬁ'@ha glﬁ{grb %z%lﬁét)rﬁhm én:a ﬁfk?ﬁéﬂéﬁﬁo@ expr essi on
cut - of f. aljoeitHnh fmautdhmjrce&segmratmgrbasehmeanceﬂjrda}wbi valugsifor indiwidug=0. 24;
Concor dancgﬂ pet ween the two techniques is 66. 7% Figure 16: Concor dance

bet ween £ YPme MB-PCR results obtained with CTAGLB 1 S 30denet hyl ation
assay and CTAGLB (gene alias NY-ESO 1) real time RT-PCR expression data for

For the WeisoREarSBee SRet iRy a8 pe Ty i e ARt Td the.
hor i zent aécl"tniqueklt is mesttp:nefeemp thead Qm:mflaahrpndﬁ ¢arrigtheu ysingathe POlyMesaseon i s
Ve PR r soanreadish Y T EIRECR e phARned Apatallol HRsbd RAcllET
(gene al ivasantdGE19 basiatechhique RUCIPERNested EEK, @ﬁuwalpatsmay 3'20 kel

sanpl es. The tY1§ stcbéeal)f tﬁgH]\gnt] ll_ﬁxérhﬂﬁs &a\fv@r%& h&itstitn, Mother@ll t he

deret hyl 6W gh ssa ori zonta he expressi on . cut-off.
The | i neamplificatessedmiquesrseph as SASEA, @ﬁ%TMAa@'Rd 1rqan~@llf|¢@149n6§jlo ich#@ance

bEt vvgﬁ/g }g@ BrdRinlife G r?gr‘?@s t%b?e rﬁ%é%_nA%%ré: é&H%@rc}eﬁl aoglm:ﬂg detvee shigipreen r eal

eSUl't S OBt ai ne 1S demet %/ ation assa and CTAR2
(gene al |a1$ph[|mn]r)1ethed§ inciude, mhquemnéatmnett@ll@ﬁsea ginfeactign (NeRRhnoma

sanpl es. Egﬁm\é&r L § a{gg@? I\hlg’A Niefdetild QﬁlpllﬂHQ'uS@Bﬁ%rééf'%O@thg&fdef@ﬁ@ms

denet hyl atronassay’ an horizontal "thick Iine the expression cxb of f.
The 1i nea(US]JBa’telgﬁrMsﬁ 419, 27@,r@@se@%ﬁtseauweaprwn%cbko'vmﬁ@seRhe'neeac'638 8r dance

bet ween tl'-t’}aeferlitvi@o 4,437,975), invader technology (Third Wave Technologies, Madison, WI),
25  strand displacement technology, arbitrarily primed polymerase chain reaction
(WO090/06995) and nick displacement amplification (W02004/067726).

The real-time PCR methods of the invention generally involve steps of lowering the
temperature to allow primer annealing, raising the temperature for primer extension,

30 raising the temperature for denaturation and lowering the temperature for data-collection.
In one specific embodiment, the data-collection step is carried out at a temperature of
between approximately 56°C and 63°C, most preferably at approximately 57°C or 62°C

since this has been shown to give maximally sensitive and specific results as discussed

in the Examples section.
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gene of interest in real time in one sample portion and detection of amplification of the
15  reference gene in real time in the other sample portion. The sample may be split further
to allow suitable control reactions to be carried out, as required. The benefit of this
scheme is that a universal FRET pair can be used to label each primer pair and removes
the requirement to detect emission at a range of wavelengths. However, this method
does rely upon obtaining a suitable sample initially to permit dividing the sample. Whilst
20  any suitable reaction volume may be utilised, in one specific embodiment, the total
reaction volume for the amplification step is between approximately 10 and 40ul, more
preferably between approximately 10 and 30ul and most preferably around 12 pl.

In one aspect, the oligonucleotides, primers or probes, primer pairs, kits or methods of
25 the present invention are used for diagnosing cancer or predisposition of cancer, wherein
the presence of unmethylated (or hypomethylated) CTAG1B, CTAG2, PRAME and/or
MageA3 in the sample is indicative for cancer or predisposition to cancer. Thus, the
present invention provides kits, methods and primers for diagnosing cancer or
predisposition to cancer.
30
“Diagnosis” is defined herein to include screening for a disease or pre-stadia of a
disease, identifying a disease or prestadia of a disease, monitoring staging and the state
and progression of the disease, checking for recurrence of disease following treatment

and monitoring the success of a particular treatment. The tests may also have prognostic



CTAGIB 1 S A Nip- Amplifluor sense primer AGCGATGCGITCGAGCATCGCUGGAAGG
TGEGEGAGAGTG (SEQ I D NO. 1) CTAGLB - 1 -AS antisense priner
AAAACAACAYBACOOGAAAAA (SEQ ID NO. 2) 69 CTAGLB 1_AS_ ARPTEFR2IPNOTBAGLB 1_AS
Anp-- Anplifluor anti sense prinmer AGBGATGCGTTCGAGCATCGCUAAAACA B
ACACAACCCCAAAAA (SEQ I D NO 3) CTAGLB_ 1_S Sense

value, and this is included within the definition of the term “diagnosis”. The prognostic
value of the tests may be used as a marker of potential susceptibility to cancer or as a
marker for progression to cancer. Thus patients at risk may be identified before the
disease has a chance to manifest itself in terms of symptoms identifiable in the patient.

5 In a preferred embodiment, the cancer is selected from lung cancer, melanoma or breast
cancer. In a preferred embodiment, the methods and assays for diagnosis use at least
one oligonucleotide comprising, consisting, consisting essentially of, or consisting of the
nucleotide sequence of any SEQ ID NO. 1, 2, 3, 4, 5, 8, 7, or 8 for the CTAG1B marker.
The methods and assays for diagnosis use at least one oligonucleotide comprising,

10 consisting, consisting essentially of, or consisting of the nucleotide sequence of any SEQ
IDNO 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or for the CTAG2 marker. The methods
and assays for diagnosis use at least one oligonucleotide comprising, consisting,
consisting essentially of, or consisting of the nucleotide sequence of any SEQ ID NO 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39 or 40 for the

15 PRAME marker. In a preferred embodiment, diagnosis of cancer or predisposition to
cancer uses oligonucleotides comprising, consisting, consisting essentially of, or
consisting of the nucleotide sequence of any SEQIDNO. 1,2, 3,4,5,6,7,8,9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39 and 40 and detects the unmethylated form of the gene.

20
Testing can be performed diagnostically or in conjunction with a therapeutic regimen.
RT-PCR assays that establish the predictive value of CTAG1B, CTAG2 and/or PRAME
expression in NSCLC, breast cancer or melanoma find their application in the selection
of patients suitable for treatment with a CTAG1B, CTAG2, PRAME and/or MageA3

25  immunotherapeutic. The inventors have shown that an assay designed for the detection
of unmethylated CTAG1B, CTAG2, PRAME and/or MageA3 employing oligonucleotides,
primers or probes, primer pairs or kits of the invention, can reliably categorize samples
as CTAG1B, CTAG2, PRAME and/or MageA3 expressing. The methylation status result
obtained with the hypomethylation test is in good concordance with the results obtained

30  with an existing RT-PCR test for CTAG1B, CTAG2 and/or PRAME detection that is used
on RNA samples.

Where samples, e.g. fine needle biopsies from non-Small Lung Cancer, are utilised for
which gRT-PCR prove difficult, protein expression detected by determining the



pri ner GGAAGGTGGGGGAGAGTG (SEQ | D NO. 4) CTAGIB 2_S A MP 152bp CTAGIB 2 S A
- - - NAP Anplifluor sense priner AGCGATGCGITCGAGCATCGCCUGEGTTG
GAGAGTTGWOIINGSKISEQ | D NO. 5) CTAGLB 2_AS anti sense PCITPR010/001674
CACATCTCCCCCACCTCCT (SEQ ID NO. 6) CHAGLB 2_AS_ AWP 152bp CTAGLB 2_AS_ Anp-
Anpl i fluor anti sense primer AGCGATGCGTTCGAGCATCGCUCACATC -

methylation status of the MageA3 gene provided an valuable alternative. Accordingly,
the methylation test has clinical application. Thus, all methods of the invention may be
applied to fine needle biopsy samples. In specific embodiments, the methylation status
of the MAGE-A3 gene is determined. Such samples as indicated above are unsuitable
5 for carrying out alternative methods of detecting (MAGE-A3) expression. These samples

may contain only a few cells and consequentially contain low levels of DNA. For
example, such samples may only permit between approximately 70 to 150 pg of input
DNA to be employed for each assay. As shown in example 4, the methods of the
invention are effective using fine needle biopsy samples.

10
In a further aspect the invention provides a method of predicting the likelihood of
successful treatment of cancer in a subject comprising:
(a) contacting/treating a DNA-containing test sample obtained from a subject with a
reagent which selectively modifies unmethylated cytosine residues in the DNA to

15  produce detectable modified residues but which does not modify methylated cytosine
residues
(b) amplifying at least a portion of the unmethylated CTAG1B, CTAG2 and/or
PRAME gene using at least one primer pair, at least one primer of which is designed to
bind only to the sequence of unmethylated DNA respectively following treatment with the

20 reagent, wherein at least one primer in the primer pair comprises, consists essentially of,
or consists of the nucleotide sequence of any of SEQIDNO. 1,2, 3,4,5,6,7, 8,9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37, 38, 39, 40, 41, 42, 44, 60 and 61,

25  (c) determining the methylation status of the CTAG1B, CTAG2, PRAME and/or MageA3
gene;
wherein the presence of unmethylated CTAG1B, CTAG2, PRAME and/or MageA3 in the
sample indicates that the likelihood of successful treatment with a CTAG1B, CTAGZ,
PRAME and/or MageA3 immunotherapeutic is higher than if no or lower levels of

30  unmethylated CTAG1B, CTAG2, PRAME and/or MageA3 gene is detected.

Step (c) involves identifying whether an amplification product has formed. The
identification of the amplification product (using any suitable technique as discussed



TCCCCCACCTCCT (SEQ ID NO. 7) CTAGLB 2_S Sense prinmer GGGITGGAGAGITGITTGITTG
(SEQIDNO 8) CTA 1 S AM- - - P 172bp CTAR- -S_AM P Anplifluor sense
pri mer AGUGATBOCIBICCGAGCATCGCUTGGTGG TGITGi 1 i i 1 ETEEPESBRQVI6DI NO. 9)
CTAR_1_AS antisense primer CITAACCCTATTATCTCCATCTC (SEQ I D NO 10) CTA&X

1 AS A MP 172bp CTAR 1 _AS A np-- Anplifluor

herein) indicates the presence of unmethylated or hypomethylated CTAG1B, CTAG2,
PRAME and/or MageA3 in the sample.

Of course, the reverse situation is also applicable and so the methods of the invention
5  may likewise be utilised in order to determine whether there is likely to be resistance to,
or unsuccessful treatment using, an CTAG1B, CTAG2, PRAME and/or MageA3
immunotherapeutic agent - the absence of unmethylated CTAG1B, CTAG2, PRAME
and/or MageA3 in the sample indicates there is likely to be resistance to treatment
and/or that treatment is likely to be unsuccessful. Primers specific for methylated DNA
10  may also be employed in complementary methods, in certain embodiments.

The methods of the invention may also be utilised to select a suitable course of
treatment for a patient - the presence of unmethylated CTAG1B, CTAG2, PRAME and/or
MageA3 indicates that CTAG1B, CTAG2, PRAME and/or MageA3 immunotherapeutic
15 agents may be beneficially administered, whereas the absence or low level of
unmethylated CTAG1B, CTAG2, PRAME and/or MageA3 indicates that
immunothereapeutic agents are contra-indicated. The discussion provided in respect of
the oligonucleotides, primers or probes, primer pairs, kits or methods of the invention
applies to the present aspect mutatis mutandis and all embodiments are therefore

20 envisaged, as appropriate, for this aspect of the invention.

By "likelihood of successful treatment" is meant the probability that treatment of the

cancer using any one or more of the listed therapeutic agents, preferably a CTAG1B,

CTAG2, PRAME and/or MageA3 immunotherapeutic or a composition comprising
25 CTAG1B, CTAG2, PRAME and/or MageA3, will be successful.

“Resistance” is defined as a reduced probability that treatment of cancer will be
successful using any one of the specified immunotherapeutic agents and/or that higher
dose will be required to achieve a therapeutic effect.

30
Hypomethylation of CTAG1B, CTAG2, PRAME and/or MageA3 may be linked to certain
cancer types. Accordingly, in a specific embodiment, the invention provides a method of
detecting a predisposition to, or the incidence of, breast cancer, lung cancer, including

NSCLC or melanoma in a sample comprising detecting the methylation status of the



anti sense prinmer AGCGATGCGITCGAGCATCGCUCTTAAC CCTATTATCTCCATCTC (SEQ I D
NO. 11) CTAR_1 S Sense prinmer TGGIGGTGTTG 1 | 1 1 i GIGI (SEQ ID NO 12)
CTAR 2 SvOMbtro/rs815P 102bp CTAR2-2-S AM P Anpl i fl uor semrsg/HpRotomo1c74
AGCGATGCGT TCGAGCATCGCUGGTGGT TTTGMAGCGATTTTATTG (SEQ | D NO. 13)

CTAG2_2_AS anti sense primer ACCCAACACCTTCCCTATCCT (SEQ ID NO 14) CTAR
2 AS A

CTAG1B, CTAG2, PRAME and/or MageA3 gene using the oligonucleotides, primers or
probes, primer pairs, kits or methods of the invention, wherein detection of unmethylated
CTAG1B, CTAG2, PRAME and/or MageA3 in the sample is indicative of a
predisposition to, or the incidence of, cancer and in particular melanoma; lung cancer
5 including non-small cell lung carcinoma (NSCLC); or breast cancer. In a further

embodiment, the tumour or cancer is selected from prostate cancer, ovarian cancer,
breast cancer, bladder cancer; head and neck cancer including oesophagus carcinoma;
cervical cancer, colorectal cancer, squamous cell carcinoma; liver cancer; multiple
myeloma and colorectal cancer.

10
In a further aspect, there is provided a method for determining the presence of a
CTAG1B, CTAG2, PRAME and/or MageA3 positive tumor comprising detecting the
methylation status of the CTAG1B, CTAG2, PRAME and/or MageA3 gene in a sample
with use of the oligonucleotides, primers or probes, primer pairs, kits or methods

15 described herein, wherein the presence of unmethylated CTAG1B, CTAG2, PRAME
and/or MageA3 is indicative for the presence of a CTAG1B, CTAG2, PRAME and/or
MageA3 positive tumor.

Testing can be performed diagnostically or in conjunction with a therapeutic regimen.
20 Testing can also be used to determine what therapeutic or preventive regimen to employ

on a patient and be used to monitor efficacy of a therapeutic regimen.

Accordingly, the invention further provides a method for identifying and/or selecting a
patient suitable for treatment with a CTAG1B, CTAG2, PRAME and/or MageA3

25  immunotherapeutic comprising detecting the methylation status of the CTAG1B, CTAGZ,
PRAME and/or MageA3 gene in a sample of the patient with use of the oligonucleotides,
primers or probes, primer pairs, kits or methods described herein, wherein if the
CTAG1B, CTAG2, PRAME and/or MageA3 gene is unmethylated the subject is identified
and/or selected for treatment with the CTAG1B, CTAG2, PRAME and/or MageA3

30 immunotherapeutic.

Alternatively, if the gene is not unmethylated the subject is preferably not selected for
treatment with a CTAG1B, CTAG2, PRAME and/or MageA3 immunotherapeutic.



WP 102bp CTAR 2_AS A NAP-- Anplifluor anti sense priner
AGCGATGCGT TCGAGCAT CGCUACCCAA CACCTTCCCTATCCT (SEQ ID NO. 15) CTA&R_2_S
Sense priwenroBANEIF TTTGAAGGATTTTATTG (SEQ I D NO. 16) CTRGR/EP280AM674 - - P

147bp CTAR2-3-S AM P Anplifluor sense2prinmer AGCGATGCGITCGAGCATCGCUTTTTGIT
TTGGGATGITGTATTTT (SEQ ID NO. 17)

In a related aspect, the invention provides a method for predicting the likelihood of
successful treatment of cancer comprising detecting the methylation status of the
CTAG1B, CTAG2, PRAME and/or MageA3 gene in a sample of the patient with use of
the oligonucleotides, primers or probes, primer pairs, kits or methods described herein,

5 wherein if the gene is unmethylated the likelihood of successful treatment with a
CTAG1B, CTAG2, PRAME and/or MageA3 immunotherapeutic is higher than if the gene
is methylated.

Alternatively, the absence of unmethylated CTAG1B, CTAG2, PRAME and/or MageA3 in
10 the sample indicates that the likelihood of resistance to treatment with a CTAG1B,
CTAG2, PRAME and/or MageA3 immunotherapeutic is higher than if the gene is
unmethylated. Thus, the detection of a methylated CTAG1B, CTAG2, PRAME and/or
MageA3 gene (or lack of detection of the hypomethylated gene) indicates that the
probability of successful treatment with an immunotherapeutic is low.
15
Thus, the patient population may be selected for treatment on the basis of their
methylation status with respect to the CTAG1B, CTAG2, PRAME and/or MageA3 gene.
This leads to a much more focussed and personalised form of medicine and thus leads
to improved success rates since patients will be treated with drugs which are most likely
20 to be effective.

In a further related aspect, the invention provides a method of selecting a suitable
treatment regimen for cancer comprising detecting the methylation status of the
CTAG1B, CTAG2, PRAME and/or MageA3 gene in a sample of the patient with use of
25  the oligonucleotides, primers or probes, primer pairs, kits or methods described herein,
wherein if the gene is unmethylated, an immunotherapeutic (in particular a CTAG1B,
CTAG2, PRAME and/or MageA3 immunotherapeutic) is selected for treatment.

Alternatively, if the gene is not unmethylated, treatment with an immunotherapeutic is
30 contra-indicated.

Also provided is a method of treating cancer in a subject comprising administration of an
immunotherapeutic, wherein the subject has been selected for treatment on the basis of
measuring the methylation status of a CTAG18, CTAG2, PRAME and/or MageA3 gene,



CTAR_3_AS antisense prinmer CCTCATCCACCCAACACCTT (SEQ ID NO. 18) CTAR 3 AS
A- -- M 147bp CTAR-3_AS-A MP Amplifluor anti sense priner

AGCGAT GCGYOeEAAE8TEGCUCCT CAT CCACCCAACACCTT (SEQ | D ROI/EP)10/000bA2_3_S
Sense primer TTTTGITTTGGGATGITGTATTTB3(SEQ ID NO. 20) PRAME 1 S AMT. - -
143bp PRAME 1 S AM- - P Anplifluor sense priner

according to any of the methods of the invention or by using an oligonucleotide, primer or
probe, primer pair, kit or a method as described herein. Preferably, for all of the different
aspects described herein, the detection of unmethylated CTAG1B, CTAG2, PRAME
and/or MageA3 gene corresponds to an increased level of CTAG1B, CTAGZ2, PRAME

5 and/or MageA3 protein.

CTAG1B, CTAG2, MAGE-A3 and/or PRAME immunotherapeutics, useful in the present
invention, include CTAG1B, CTAG2, MAGE-A3 and/or PRAME based compositions.
Examples of compositions comprising CTAG1B, CTAG2, MAGE-A3 and/or PRAME

10 include compositions comprising full length CTAG1B, CTAG2, MAGE-A3 or PRAME,
substantially full-length CTAG1B, CTAG2, MAGE-A3 and/or PRAME and fragments of
CTAG1B, CTAG2, MAGE-A3 or PRAME, for example peptides of CTAG1B, CTAGZ,
MAGE-A3 or PRAME.

15 Examples of peptides that may be used in the present invention include the following
MAGE-A3 peptides:

SEQ ID NO Peptide sequence

SEQ ID NO:64 FLWGPRALV

SEQ ID NO: 65 EVDPIGHLY

SEQ ID NO: 66 MEVDPIGHLY

SEQ ID NO: 67 VHFLLLKYRA

SEQ ID NO: 68 LVHFLLLKYR

SEQ ID NO: 69 LKYRAREPVT

SEQ ID NO: 70 ACYEFLWGPRALVETS
SEQ ID NO: 71 TQHFVQENYLEY

The MAGE protein may be full length MAGE-A3 or may comprise a substantially full-

20 length fragment of MAGE3, for example amino acids 3-314 of MAGE3 (312 amino acids
in total), or other MAGE-A3 fragments in which between 1 and 10 amino acids are
deleted from the N-terminus and/or C-terminus of the MAGE-A3 protein.

In one embodiment, the CTAG1B, CTAG2, MAGE-A3 and/or PRAME protein, fragment

25  or peptide may be linked to a fusion partner protein.



AGCGATGCGTTCGAGCATCGCUTGGGTT ~ TGTAGTGTTTTAGTATTGTTT (SEQ I D NO 21)

PRAME - 1 -AS antisense primer TCCACCCTACTTTCCCTACATTC (SEQ ID NO  22)

PRAVE 1_AS0R0uk1p55143bp PRAME 1_AS A MP- Anplifluor anti PEEmPeoIpioIses

AGCGATGCGTMGAGCATCGCUTCCACC — CTACTTBRCCCTACATTC (SEQ ID NO. 23)  PRAME 1S

f‘;gﬁe pri mer TGGGTTTGTAGTGTTTTAGTATTGITT (SEQ ID NO. 24) PRAME 2 S AM . - -
p

Examples of antigens that may be used in the present invention include the following
CTAG1B, CTAG2 and/or PRAME antigens:

5 By way of example, suitable peptides of CTAG1B include peptides with binding motifs to
HLA-A2, such as peptides 157-167, 157-165 and 155-163, as disclosed in Jager, et al.,
Proc. Natl. Acad. Sci. USA, 97(22):12198-12203 (2000). Peptides of CTAG18B may
include one or more MHC Class 1 or Class 2 epitopes e.g. those known as A31, DR1,
DR2, DR4, DR7, DP4, B35, B51, Cw3, Cw6 and A2 (see WO2008/089074).

10 By way of example, peptides of PRAME may include peptides with binding motifs to
HLA-A2, such as peptides LYVDSLFFL, ALYVDSLFFL, VLDGLDVLL, SLYSFPEA and
SLLQHILGL (see Quintarelli et al, Blood, 1 September 2008, Vol. 112, No. 5, pp. 1876-
1885). Peptides of PRAME may include one or more MHC Class 1 or Class 2 epitopes.

By way of example, peptides of CTAG2 may include ELVRRILSR, MLMAQEALAFL,
15 SLLMWITQC, LAAQERRVPR, as disclosed in Sun et al Cancer Immunology,
Immunotherapy Volume 55, Number 6 / June, 2006.

The CTAG1B, CTAG2, MAGE-A3 and/or PRAME protein, fragment or peptide and fusion
partner protein may be chemically conjugated, or may be expressed as a recombinant
fusion protein. In an embodiment in which the antigen and partner are expressed as a

20 recombinant fusion protein, this may allow increased levels to be produced in an
expression system compared to non-fused protein. Thus the fusion partner protein may
assist in providing T helper epitopes (immunological fusion partner protein), preferably T
helper epitopes recognised by humans, and/or assist in expressing the protein
(expression enhancer protein) at higher yields than the native recombinant protein. In

25  one embodiment, the fusion partner protein may be both an immunological fusion partner

protein and expression enhancing partner protein.

In one embodiment of the invention, the immunological fusion partner protein that may
be used is derived from protein D, a surface protein of the gram-negative bacterium,

30 Haemophilus influenza B (WO 91/18926) or a derivative thereof. The protein D
derivative may comprise the first 1/3 of the protein, or approximately the first 1/3 of the
protein. In one embodiment, the first N-terminal 109 residues of protein D may be used
as a fusion partner to provide a CTAG1B, CTAG2, MAGE-A3 and/or PRAME antigen



PRAME- 2-S AM P Anplifluor sense prinmer AGCGATGCGITCGAGCATCGCUTTGITTT
GCGATATTTTATTTGITTT (SEQ ID NO. 25) PRAME - 2 -AS antisense priner
AAAAACT CGROGCIAGISIFCC (SEQ I D NO. 26) WD 2010/ 105815PCPLERPM0/001674 70
PRAME 2_AS A aP 128bp PRAME 2_AS A M>5 Anplifluor anti sense priner
AGCGATGCGTTCGAGCATCGCUAAAAAC TCCACCCTACTTTCC (SEQ I D NO. 27)

with additional exogenous T-cell epitopes and increase expression level in E. coli (thus
acting also as an expression enhancer). In an alternative embodiment, the protein D
derivative may comprise the first N-terminal 100-110 amino acids or approximately the
first N-terminal 100-110 amino acids. In one embodiment, the protein D or derivative
5 thereof may be lipidated and lipoprotein D may be used: the lipid tail may ensure optimal

presentation of the antigen to antigen presenting cells. In an alternative embodiment,
the protein D or derivative thereof is not lipidated. The “secretion sequence” or “signal
sequence” of protein D,refers to approximately amino acids 1 to 16, 17, 18 or 19 of the
naturally occurring protein. In one embodiment, the secretion or signal sequence of

10 protein D refers to the N-terminal 19 amino acids of protein D. In one embodiment, the
secretion or signal sequence is included at the N-terminus of the protein D fusion
partner. As used herein, the “first third (1/3)", “first 109 amino acids” and “first N-terminal
100-110 amino acids” refer to the amino acids of the protein D sequence immediately
following the secretion or signal sequence. Amino acids 2-K and 3-L of the signal

15 sequence may optionally be substituted with the amino acids 2-M and 3-D.

In one embodiment, the antigen for immunotherapy may be in a fusion with protein D in
the form of a construct such as: Protein D- CTAG1B - His, or Protein D- CTAG2 -His, or
Protein D- PRAME- His, or Protein D- MAGE-A3 - His. This fusion protein may comprise
20 the signal sequence of protein D, amino acids 1 to 109 of Protein D, the antigen for
immunotherapy (which may be a full length or partial protein sequence), a spacer and a
polyhistidine tail (His) that may facilitate the purification of the fusion protein during the

production process, for example:

25 i) An 18-residue signal sequence and the first N-terminal 109 residues of protein D;
i) Two unrelated residues (methionine and aspartic acid);
iii) the antigen for immunotherapy;
iv) Two glycine residues functioning as a hinge region; and
v) seven Histidine residues.
30
The portion of protein D that may be employed preferably does not include the secretion
sequence or signal sequence. The fusion partner protein comprises amino acids Met-
Asp-Pro at or within the N-terminus of the fusion protein sequence and does not include

the secretion sequence or the signal sequence of protein D in certain embodiments. For



PRAME_2_S Sense prinmer TTGITTTGGGATATTTTATTTGITTT (SEQ I D NO 28) PRAME 3 S
AM - - - P 141bp PRAME-3-S AM P Anplifluor sense priner

AGCGAT GCGVOCaAB28TECCUGAGEG GAGGGGTGTGAATGTG ( SEQ | DPRDEP2@D/00FBRAVE - 3
-AS anti sense primer CATTCCTCCCTACTCGGAAAAA (SEQ ID NO 30) PRAME 3 AS A -
-- MP 141bp PRAME-3-AS A MP Anplifluor anti sense priner

example the fusion partner protein may comprise or consist of approximately or exactly
amino acids 17 to 127, 18 to 127, 19 to 127 or 20 to 127 of protein D.

By way of example, suitable PRAME antigens based on fusions proteins with protein D
5  are described in WO2008/087102 which document is incorporated herein by reference in

its entirety.

In another embodiment the immunological fusion partner protein may be the protein
known as LytA or a protein derived therefrom. LytA is derived from Streptococcus

10  pneumoniae which synthesise an N-acetyl-L-alanine amidase, amidase LytA, (coded by
the LytA gene (Gene, 43 (1986) page 265-272)) an autolysin that specifically degrades
certain bonds in the peptidoglycan backbone. The C-terminal domain of the LytA protein
is responsible for the affinity to choline or to some choline analogues such as DEAE.
This property has been exploited for the development of E. coli C-LytA expressing

15  plasmids useful for expression of fusion proteins. Purification of hybrid proteins
containing the C-LytA fragment at its amino terminus has been described
(Biotechnology: 10, (1992) page 795-798). In one embodiment, the C terminal portion
of the molecule may be used. The repeat portion of the LytA molecule found in the C
terminal end starting at residue 178 may be utilised. In one embodiment, the LytA

20  portion may incorporate residues 188 - 305.

Other fusion partners include the non-structural protein from influenzae virus, NS1
(hemagglutinin). In one embodiment, the N terminal 81 amino acids of NS1 are utilised,
although different fragments may be used provided they include T-helper epitopes.

25
In one embodiment of the present invention, the antigen for use in immunotherapy may
comprise a derivatised free thiol. In one embodiment of the present invention, the
MAGE-A3 protein may comprise a derivatised free thiol. Such antigens have been
described in W0O99/40188. In particular carboxyamidated or carboxymethylated

30 derivatives may be used.

Antigens for immunotherapy may be used in combination with other immunotherapeutic

antigens, in the form of fusions or in admixture For example, CTAG1B may be employed



AGCGATGCGT TCGAGCATCGCUCATTCC TCCCTACTCCCAAAAA (SEQ I D NO. 31) PRAME 3_S
Sense primer GAGGGGAGGGGTGTGAATGTG (SEQ ID NO. 32) PRAME 6 S AM- - - P
129bp PRANB 26108088¢5- - - P Anplifluor sense priner PCT/EP2010/001674
AGCGATGCGT TCGAGCATCGCUTGGT GG ATGTTSITGGGATTT (SEQ ID NO. 33) PRAME - 6
ﬁg 2ntisense primer CAACATTTCTACCTCTACTCCCACCTT (SEQ I D NO. 34) PRAME 6

as a fusion with CTAG2, or a fragment thereof, see W02008/089074 which document is
incorporated herein by reference in its entirety.

Combinations of immunotherapeutic agents, either as fusion proteins or admixtures,
include any combination of 2 or more of CTAG1B, CTAG2, PRAME or MAGES3, for

5 example, although the invention is not restricted to these specific antigens, and any
immunotherapeutic antigen can be used. By way of example, MAGE-3 antigens have,
for example, been described as suitable to be formulated in combination with NY-ESO-1;
see W02005/105139, which document is incorporated herein by reference in its entirety.

In a further embodiment immunotherapeutics for use in the present invention may

10 comprises a nucleic acid molecule encoding an immunotherapeutic protein, fragment or
peptide or fusion protein as described herein. In one embodiment of the present
invention, the sequences may be inserted into a suitable expression vector and used for
DNA/RNA vaccination. Microbial vectors expressing the nucleic acid may also be used
as vector-delivered immunotherapeutics.

15
Examples of suitable viral vectors include retroviral, lentiviral, adenoviral, adeno-
associated viral, herpes viral including herpes simplex viral, alpha-viral, pox viral such as
Canarypox and vaccinia-viral based systems. Gene transfer techniques using these
viruses are known to those skilled in the art. Retrovirus vectors for example may be

20 used to stably integrate the polynucleotide of the invention into the host genome,
although such recombination is not preferred. Replication-defective adenovirus vectors
by contrast remain episomal and therefore allow transient expression. Vectors capable
of driving expression in insect cells (for example baculovirus vectors), in human cells,
yeast or in bacteria may be employed in order to produce quantities of the protein

25  encoded by the polynucleotides of the present invention, for example for use as subunit

vaccines or in immunoassays.

In a preferred embodiment the adenovirus used as a live vector is a replication defective
simian adenovirus. Typically these viruses contain an E1 deletion and can be grown on
30 cell lines that are transformed with an E1 gene. Preferred Simian adenoviruses are
viruses isolated from Chimpanzee. In particular C68 (also known as Pan 9) (See US
patent No 6083 716) and Pan 5, 6 and Pan 7 (W0 03/046124) are preferred for use in
the present invention. These vectors can be manipulated to insert a heterologous gene
of the invention such that the gene product may be expressed. The use, formulation and



alp 129bp PRAME Ki p-6_AS A Anplifluor anti sense priner

AGCGATGCGT TCGAGCAT CGCUCAACAT TTCTACCTCTACTCCCACCTT (SEQ I D NO 35)

PRAMVE _6_W03erswsgisi mer TGGTGGATGTTTTGGGATTT ( SEQ | D NOpC3&EP2HRAME7Y S AM -
- - P 120bp PRAME-7-S AM P Anpl i fl uorS8sense pri ner
AGCGATGCGTTCGAGCATCCCUGTTTTG GAAGCATTGAGAAATGG (SEQ I D NO. 37)

manufacture of such recombinant adenoviral vectors is set forth in detail in WO
03/046142.

Conventional recombinant techniques for obtaining nucleic acid sequences, and
5  production of expression vectors are described in Maniatis et al., Molecular Cloning - A
Laboratory Manual; Cold Spring Harbor, 1982-1989.

For protein based compositions, the proteins of the present invention may be provided
either soluble in a liquid form or in a lyophilised form.

10
Each human dose may comprise 1 to 1000 ug of protein. In one embodiment, the dose
may comprise 30-300 pg of protein.

The composition for immunotherapy as described herein may further comprise a vaccine
15 adjuvant, and/or an immunostimulatory cytokine or chemokine. Thus, the term
“immunotherapeutic” applied herein may incorporate all compositions for immunotherapy

as described herein, including suitable adjuvants.

Suitable vaccine adjuvants for use in the present invention are commercially available

20  such as, for example, Freund's Incomplete Adjuvant and Complete Adjuvant (Difco
Laboratories, Detroit, Ml); Merck Adjuvant 65 (Merck and Company, Inc., Rahway, NJ);
AS-2 (SmithKline Beecham, Philadelphia, PA); aluminium salts such as aluminium
hydroxide gel (alum) or aluminium phosphate; salts of calcium, iron or zinc; an insoluble
suspension of acylated tyrosine; acylated sugars; cationically or anionically derivatised

25  polysaccharides; polyphosphazenes; biodegradable microspheres; monophosphoryl lipid
A and quil A. Cytokines, such as GM-CSF or interleukin-2, -7, or -12, and chemokines
may also be used as adjuvants.

In one embodiment, the adjuvant may comprise a combination of monophosphory! lipid

30 A, such as 3-de-O-acylated monophosphoryl lipid A (3D-MPL) together with an
aluminium salt. Alternatively, the adjuvant may comprise 3D-MPL or other toll like
receptor 4 (TLR4) ligands such as aminoalkyl glucosaminide phosphates as disclosed in
WO 98/50399, WO 01/34617 and WO 03/065806.



PRAME - 7 -AS antisense prinmer CACCCTAACCACTACATAAAACAAA (SEQ I D NO. 38)
PRAME 7 AS A KTP- 120bp PRAME 7_AS A NA p Anplifluor anti sense prinmer
AGCGAT GCVOCaAa281EGCUCACCCT AACCACTACATAAAACAAA ( SE@CITmPhig0/08Hy4
PRAME_7_S Sense prinmer GITTTGGAAGGATTRBAGAAATGG (SEQ I D NO. 40) ACTB S_AWP
115bp ACTB S AMP _ _ Anplifluor sense primer AGCGATGOGTTCGAGCATCGCUTAGGGA

Another adjuvant that may be used is a saponin, for example QS21 (Aquila
Biopharmaceuticals Inc., Framingham, MA), that may be used alone or in combination
with other adjuvants. For example, in one embodiment, there is provided a combination
of a monophosphoryl lipid A and saponin derivative, such as the combination of Q521
5 and 3D-MPL as described in WO 94/00153, or a composition in which the QS21 is
quenched with cholesterol, as described in WO 96/33739. Other suitable formulations
comprise an oil-in-water emulsion and tocopherol. In one embodiment, the adjuvant

comprises QS21, 3D-MPL and tocopherol in an oil-in-water emulsion, as described in

WO 95/17210.
10
Other adjuvants for use in the present invention may comprise TLR9 antagonists such as
unmethylated CpG containing oligonucleotides, in which the CpG dinucleotide is
unmethylated. Such oligonucleotides are well known and are described in, for example
WO 96/02555.
15
Suitable oligonucleotides for use in the present invention (in this context) may include:
SEQ 56 TCCATGACGTTCCTGACGTT CpG 1826
SEQ 57 TCT CCC AGC GTG CGC CAT CpG 1758
SEQ 58 ACC GAT GAC GTC GCC GGT GAC GGC ACC
ACG
SEQ 59 TCGTCGTITTGTCGTTTITGTC GTT CpG 2006,
CpG 7909
SEQ 60 TCC ATGACG TTC CTGATG CT CpG 1668

CpG-containing oligonucleotides may also be used alone or in combination with other
adjuvants. For example, in one embodiment, the adjuvant comprises a combination of a

20 CpG-containing oligonucleotide and a saponin derivative particularly the combination of
CpG and QS21 as disclosed in WO 00/09159 and WO 00/62800.

Accordingly there is provided a composition comprising an immunotherapeutic as
described herein, wherein the adjuvant comprises one or more of 3D-MPL, QS21, a CpG
25  oligonucleotide, a polyethylene ether or ester or a combination of two or more of these

adjuvants. The immunotherapeutic component within the composition may be presented



GTATATAGGTTGGGGAAG I T (SEQ I D NO. 41) ACTB_AS antisense priner
AACACACAATAACAAACACAAATTCAC (SEQ I D NO. 42) MAGE-A3 G0_2 U 140 bp

MAGEA3- GOWD-2010/185AKMP - - Anplifluor sense prinmer PCT/EP2010/001674
AGCGATGCGTTCGAGCATCCCUTGGAAT TTAGCGTABTATTGT (SEQ I D NO. 61) MAGEA3 GO - 2-
u_Ks antisense prinmer CCCTCCACCAACATCAAA (SEQ ID NO. 62) Exanple 2 :
Tenperature gradi ent & assay selection 5Material and Methods Tenperature
gradient for standard material preparation: PCR were performed using a M
Research PTC-200 thernocycler. The cycling conditions were as followed:
stage 1, in ¥ o2 Mho4té NoBd WRET irEBIREh 0ls b0 MeFile7dr in a liposomal formulation, in certain

embodiments.

In one embodiment, the adjuvant may comprise one or more of 3D-MPL, QS21 and an
5  immunostimulatory CpG oligonucleotide. In an embodiment all three adjuvant
components are present. The components may be either presented in a liposomal

formulation or an oil in water emulsion, such as described in WO 95/17210.

In another embodiment 3D MPL-and Qs21 are presented in an oil in water emulsion, and

10 inthe absence of a CpG oligonucleotide.

The amount of 3D-MPL used is generally small, but depending on the formulation may
be in the region of 1-1000ug per dose, preferably 1-500ug per dose, and more preferably
between 1 to 100ug per dose.

15
The amount of CpG or immunostimulatory oligonucleotides in the adjuvants of the
present invention is generally small, but depending on the formulation may be in the
region of 1-1000ug per dose, preferably 1-500ug per dose, and more preferably between
1 to 100ug per dose.

20

The amount of saponin for use in the adjuvants of the present invention may be in the
region of 1-1000ug per dose, preferably 1-500ug per dose, more preferably 1-250ug per
dose, and most preferably between 1 to 100ug per dose.

25  The adjuvant formulations as described herein may additionally comprise an oil in water

emulsion and/or tocopherol or may be formulated in a liposomal composition.

Other suitable adjuvants include Montanide ISA 720 (Seppic, France), SAF (Chiron,
California, United States), ISCOMS (CSL), MF-59 (Chiron), Ribi Detox, RC-529 (GSK,
30 Hamilton, MT) and other aminoalkyl glucosaminide 4-phosphates (AGPs).

Generally, each human dose may comprise 0.1-1000 ug of antigen, for example 0.1-500
pg, 0.1-100 pg, or 0.1 to 50 ug. An optimal amount for a particular immunotherapeutic
can be ascertained by standard studies involving observation of appropriate immune



5 mn at 95C, stage 2 for 35 repeats 30 s at 95C, 30 s at annealing
tenperature, 30 s at 72C, stage 3, 30 min at 72C, hold at 4C. The annealing
t enper at LIWO 20806108835 acr oss the heating bl oc of the instPOFEPRO1AHOB7Hr adi ent
from57C to 62C. C oning: PCR productd were ligated into TOPOO TA vectors
(TOPQ(r) cloning kit, 5Invitrogen(r)) and One Shot(r) Conpetent E. coli were
transforned. Plasm ds were isolated using the QLAprepe spin mdiprep kit
from Q agen GrbH according to the nanufacturer's protocol. C oned PCR
products were verified by sequencing and conpared to the published pronoter
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by di gestion V\Ath| 10 restriction P)}/ Cg mHI (Roche) and then
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Tocations are indicated with open boxes followed by their corresponding names, “(U)"
25 indicating an Unmethylation specific assay (i.e. an assay specific for hypomethylation).
The number of CpG count is spotted over a region of 20kb. CTAG2 was also named

CTAG2_1.

Figure 3: Localization of PRAME assays on the chromosome. One potential

30 transcription start site (TSS) has been described. Beginning of the gene structure is
represented as follows: the open box represents a 300bp promoter region followed by a
vertical line indicating the potential TSS and then the solid boxes represent the first

exons. Assay locations are indicated with open boxes followed by their corresponding



90. 11% CTAGLB 2 _AS AMP* -3.5044 0.9919 92.91% CTAG2_1 AS AMP - 3. 2955 0.9998
101. 11% CTAG_1_S AMP -3.5534 0.9980 91.17% CTAG_3_S AWP -3.5971 1.0000
89. 67% PRIVEOT/IASIANP - 3. 4750 0. 9960 100. 86% PRAVE 2 S ANP/EP20186470. 9993
91. 87% PRAVE_3_AS_AMP - 3. 7041 0.9990 ®6. 20% PRAME_6_AS AWP - 3. 5841

names, “(U)" indicating an Unmethylation specific assay (i.e. an assay specific for
hypomethylation). The number of CpG count is spotted over a region of 20kb.

Figure 4 : Localization of one MAGE-A3 assay (MAGE-A3 GO_2 U assay) on the

5 chromosome. One potential transcription start site (TSS) has been described. Beginning
of the gene structure is represented as follows: the open box represents a 300bp
promoter region followed by a vertical line indicating the potential TSS and then the solid
boxes represent the first exons. Assay location is indicated with an open box associated
to its corresponding names, “(U)" indicating an Unmethylation specific assay (i.e. an

10 assay specific for hypomethylation). The number of CpG count is spotted over a region

of 20kb.

Figure 5: Schematic overview of the Amplifluor® technique.

At least one primer (forward primer) in the primer pair contains a "hairpin" structure

15 carrying a donor (FAM) and an acceptor moiety (DABCYL) of a molecular energy
transfer pair. This figure describes the case of a sense primer also called forward primer
(for primer) which is linked to the hairpin labelled structure. In the absence of
amplification, fluorescence emitted by the donor moiety is effectively accepted by the
acceptor moiety leading to quenching of fluorescence. During amplification, the primer is

20 incorporated into an amplification product. During the second round of amplification the
stem loop or hairpin structure is disrupted. The acceptor moiety is no longer capable of
effectively quenching the fluorescence emitted by the donor moiety. Thus, the donor
moiety produces a detectable fluorescence signal.

25  Figure 6: Concordance between real time MS-PCR results obtained with CTAG1B_1S
demethylation assay and CTAG1B (gene alias NY-ESO-1) real time RT-PCR expression
data for 48 Non-small Cell Lung Cancer (NSCLC) samples. The vertical solid thick line
indicates the cut-off for the demethylation assay and the horizontal thick line the
expression cut-off. The linear regression is represented by a black line; R=0.35

30

Figure 7: Concordance between real time MS-PCR results obtained with CTAG2_1_AS
demethylation assay and CTAG2 (gene alias LAGE-1) real time RT-PCR expression
data for 48 Non-small Cell Lung Cancer (NSCLC) samples. The vertical solid thick line



0.9999 90.11% PRAME_ 7 S AWP -3.8679 0.9994 81.36% For sone assays, the PCR
product was cloned in a plasmd and the construct was used as material for
t he standdOQROUNIFSpreparati on i nstead of the PCR produ®C3EP2BOEREAP| e 3:
Concor dance between real tinme Ms-PCR@&ssays and quantitative real tine
RT-PCR results for CTAGLB, CTA&R and PRAME genes Material and Methods:
20RNA fromcell lines, lung sanples, nelanona sanples and breast sanples
were extracted using the Tripure reagent (Roche, Vilvoorde, Bel giunm
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Figure 11: Concordance between real time MS-PCR results obtained with PRAME_7_S

demethylation assay and PRAME real time RT-PCR expression data for 48 Non-smail

Cell Lung Cancer (NSCLC) samples. The vertical solid thick line indicates the cut-off for

the demethylation assay and the horizontal thick line the expression cut-off. The linear
30 regression is represented by a black line; R=0.62; Concordance between the two

techniques is 83.3%.
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Figure 16: Concordance between real time MS-PCR results obtained with CTAG1B_1_S
30 demethylation assay and CTAG1B (gene alias NY-ESO-1) real time RT-PCR expression
data for 31 Melanoma samples; The vertical solid thick line indicates the cut-off for the
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Figure 17: Concordance between real time MS-PCR results obtained with CTAG2_1_AS
5  demethylation assay and CTAG2 (gene alias LAGE-1) real time RT-PCR expression
data for 31 Melanoma samples. The vertical solid thick line indicates the cut-off for the
demethylation assay and the horizontal thick line the expression cut-off. The linear
regression is represented by a black line; R=0.63; Concordance between the two

techniques is 74.2%.
10

Figure 18: Concordance between real time MS-PCR results obtained with CTAG2_1_S
demethylation assay and CTAG2 (gene alias LAGE-1) real time RT-PCR expression
data for 31 Melanoma samples. The vertical solid thick line indicates the cut-off for the
demethylation assay and the horizontal thick line the expression cut-off. The linear

15 regression is represented by a black line; R=0.62; Concordance between the two

techniques is 74.2%.

Figure 19: Concordance between real time MS-PCR results obtained with CTAG2_2_S
demethylation assay and CTAG2 (gene alias LAGE-1) real time RT-PCR expression
20 data for 31 Melanoma samples. The vertical solid thick line indicates the cut-off for the
demethylation assay and the horizontal thick line the expression cut-off. The linear
regression is represented by a black line; R=0.34; Concordance between the two

techniques is 51.6%.

25  Figure 20: Concordance between real time MS-PCR results obtained with CTAG2_3_S
demethylation assay and CTAG2 (gene alias LAGE-1) real time RT-PCR expression
data for 31 Melanoma samples. The vertical solid thick line indicates the cut-off for the
demethylation assay and the horizontal thick line the expression cut-off. The linear
regression is represented by a black line; R=0.58; Concordance between the two

30 techniques is 74.2%.
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the horizontal thick line the expression cut-off. The linear regression is represented by a
5  black line; R=0.70; Concordance between the two techniques is 90.3%.

Figure 22: Concordance between real time MS-PCR results obtained with PRAME_1_AS
demethylation assay and PRAME real time RT-PCR expression data for 31 Melanoma
samples. The vertical solid thick line indicates the cut-off for the demethylation assay and

10 the horizontal thick line the expression cut-off. The linear regression is represented by a
black line; R=0.26; Concordance between the two techniques is 93.5%.

Figure 23: Concordance between real time MS-PCR results obtained with PRAME_2_S
demethylation assay and PRAME real time RT-PCR expression data for 31 Melanoma

15 samples. The vertical solid thick line indicates the cut-off for the demethylation assay and
the horizontal thick line the expression cut-off. The linear regression is represented by a
black line; R=0.29; Concordance between the two techniques is 90.3%.

Figure 24: Concordance between real time MS-PCR results obtained with PRAME_3_AS

20 demethylation assay and PRAME real time RT-PCR expression data for 31 Melanoma
samples. The vertical solid thick line indicates the cut-off for the demethylation assay and
the horizontal thick line the expression cut-off. The linear regression is represented by a
black line; R=0.48; Concordance between the two techniques is 90.3%.

25  Figure 25: Concordance between real time MS-PCR results obtained with PRAME_6_AS
demethylation assay and PRAME real time RT-PCR expression data for 31 Melanoma
samples. The vertical solid thick line indicates the cut-off for the demethylation assay and
the horizontal thick line the expression cut-off. The linear regression is represented by a
black line; R=0.51; Concordance between the two techniques is 90.3%.

30
Figure 26: Concordance between real time MS-PCR results obtained with CTAG2_1_AS

demethylation assay and CTAG2 real time RT-PCR expression data for 28 breast cancer



LS-174T 28.17 Negative SW520 73.75 Negative HT29 74.07 Negative MCF7 81.95
Negati ve KGL 85.54 Negative NCI-H460 93.52 Negative Staq 94. 33 Negative

Gerl 99. A3oNewats818 T- 47D 116. 29 Negative UACC3199 120. PATNR2ACB01674
67

samples The vertical solid thick line indicates the cut-off for the demethylation assay and
the horizontal thick line the expression cut-off. The linear regression is represented by a
black line; R=0.56; Concordance between the two techniques is 71.4%.

5  Figure 27: Concordance between real time MS-PCR results obtained with CTAG2_3_S
demethylation assay and CTAG2 real time RT-PCR expression data for 28 breast cancer
samples. The vertical solid thick line indicates the cut-off for the demethylation assay and
the horizontal thick line the expression cut-off. The linear regression is represented by a
black line; R=0.34; Concordance between the two techniques is 78.6%.

10



140. 68 Negative SK-MEL-5 165.07 Negative CRL5815 180.51 Negative SKOV3
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CTAGLB_1_AS assay versus real tinme RWBSPCR data (expression) for 20 cell
lines; result display sorted by ratio value. Expression data N A: not
appl i cabl e; Negative: Not expressing sanples; 10Expressing sanples are
i ndi cated by the correspondi ng val ue; borderline sanples in bracket. Cell
line Ratio CTAR 1 AS/ (copies) X 1000 b-acti nExpressoi on

EXPERIMENTAL SECTION

We investigated the methylation status of different CT genes in non small cell lung
cancer (NSCLC), melanoma and breast cancer with unmethylated assays for different

5  purposes such as screening, detection, staging, prognosis, prediction and monitoring of
disease, prediction and monitoring of treatments (including vaccine options).

Example 1 : CT-antigen assays: in-silico primer design

10 Several hypomethylation assays, designed to target the unmethylated version of the
gene sequence were developed for the CT-antigens CTAG1B (=NY-ESO-1), CTAG2
(=LAGE-1) and PRAME.

Primer3 software adapted to MSP requirements
(http://fokker.wi.mit.edu/primer3/input.htm) was used for the in silico design of forward

15 (F) and reverse (R) primers for detecting the unmethylated form of CTAG1B, CTAG2 and

PRAME. Conditions were as follows: amplicon size : 50-120; primer size : 19-27; melting

temp : 55-65; max 3' self complementarity = 0; Window of 4000 bp around TSS(number

to return = 2000).

Location of the CTAG1B, CTAG2 and PRAME U-primers relative to the Transcription
20  Start Site (TSS) is shown in Figure 1, Figure 2 and Figure 3 respectively. The region of

investigated included the promoter area and extended to the first exons.

Either the forward or reverse primer was synthesised to incorporate a suitable stem loop
or hairpin structure carrying a donor and acceptor moiety at the 5' end carrying the

25 sequence: 5AGCGATGCGTTCGAGCATCGCU 3’ (SEQ ID NO 43.)
The different primer combinations as tested are set out in Table 1 below. Technology
principle of PCR using amplifluor primers is described in Figure 5.

Table 1: Primer and amplifluor detector sequences CTAG1B, CTAG2, PRAME, MageA3
30 and ACTB. Amplifluor moiety is underlined.

5' to 3' Sequences
Detector Modifications: 5 FAM and
internal dUdabcyl

CTAG1B_1_S A | AMPIfluor | Ao cGATGCGTTCGAGCATCGCUGGAAGG

Type of
primers

Assay name

Amplicon length Primer names

CTAG1B_1_S_A | MP sense TGGGGGAGAGTG (SEQ ID NO.1)
MP primer
151bp CTAG1B_1_AS antisense | AAAACAACACAACCCCAAAAA (SEQID

primer NO. 2)




data CTAG CRL5803 0 Negative Gerl 0O Negative KGL O Negative WO
2010/ 105815PCT/ EP2010/ 001674 77 Stag O Negative SK-MEL-5 O [4. 75E-05] HL-60
0 NA T-47AROQoNEgatiSve PC3 0 Negative UACC3199 1.11 NA PCTI/EP2010/001674

69

CTAGIB_1_As_ | AmPlifluor | 46 oGATGCGTTCGAGCATCGCUAAAACA

CTAG1B_1_AS_ anti sense
AND AMP brimer | ACACAACCCCAAAAA (SEQ ID NO. 3)
151bp CTAGIB_1.S Sense | GGAAGGTGGGGGAGAGTG (SEQ ID NO.
- primer 4)
CTAG1B 2_S_A A’":r':":m AGCGATGCGTTCGAGCATCGCUGGGTTG
CTAG1B_2_S_A | MpP sens GAGAGTTGTTTGTTTG (SEQ ID NO. 5)
MP primer
152bp CTAGIB_2_AS antisense | CACATCTCCCCCACCTCCT (SEQ ID NO.
primer 6)
Amplifluor
CTAG1B_2_AS ; AGCGATGCGTTCGAGCATCGCUCACATC
CTAG1B_2_AS_ = anti sense
ANP AMP orimer | TCCCCCACCTCCT (SEQ 1D NO.7)
152bp Sense | GGGTTGGAGAGTTGTTTGTTTG (SEQ ID

CTAG1B_2_S primer NO. 8)

CTAG2_1_S_AM A’:g:g:” AGCGATGCGTTCGAGCATCGCUTGGTGG
P TGTTGTTTTTGTGT (SEQ ID NO. 9)

CTAG2_1_S_AM

P primer
172bp CTAGZ 1AS antisense | CTTAACCCTATTATCTCCATCTC (SEQ ID
- primer NO. 10)
CTAG2 1 AS A | Amplifluor | b6 o6 ATGCGTTCGAGCATCGCUCTTAAC
CTAG2 1 AS A | yp "= = "= | antisense | oogpTTATCTCCATCT D NO. 11
e rier CCATCTC (SEQ ID NO. 11)
172bp CTAGZ 1S Sense TGGTGGTGTTGTTTTTGTGT (SEQ ID NO.

primer 12)
CTAG2 2. S_AM | AmPHlUOr 1 A6 CGATGCGTTCGAGCATCGCUGGTGGT

CTAG2_2_S_AM

5 P ;ﬁ;s; TTTGAAGGATTTTATTG (SEQ ID NO. 13)
102bp antisense | ACCCAACACCTTCCCTATCCT (SEQ ID
CTAG2_2_AS primer NO. 14)
CTAG2 2 AS A | CTAG2_2 AS A :r::pgrf; AGCGATGCGTTCGAGCATCGCUACCCAA
2 ASA L wp ere® | CACCTTCCCTATCCT (SEQ D NO. 15)
102bp Sense | GGTGGTTITGAAGGATTTTATTG (SEQ ID
CTAG2_2_S primer | NO. 16)
CTAG2 3 § AM | Amplifluor | ) GATGCGTTCGAGCATCGCUTTTTGTT
CTAG2 3. S AM | p= — =~ sense | TTEGGATGTTGTATTTT (SEQ ID NO. 17
P primer ( -17)
147bp antisense | CCTCATCCACCCAAGACCTT (SEQ 1D NO.
CTAG2_3_AS mor | 18)
CTAG2 3 AS A | Amplifluor | » oo GATGCGTTCGAGCATCGCUCCTCAT
CTAG2_3_AS_A MP anti sense C = D NO. 1
= rier CACCCAACACCTT (SEQ ID NO. 19)
147bp CTAGZ 3.8 Sense | TTTTGTTTTGGGATGTTGTATTTT (SEQ ID

primer NO. 20)
Amplifluor | AGCGATGCGTTCGAGCATCGCUTGGGTT
sense TGTAGTGTTTTAGTATTGTTT (SEQ ID NO.

PRAME_1_S_AM | PRAME_1_S_AM

P P primer 21)
143bp antisense | TGCACCCTACTTTCCCTACATIC (SEQ ID
PRAME_1_AS primer NO. 22)
PRAME 1 AS A | AmPlfluor | » oo GATGCGTTCGAGCATCGCUTCCACE
PRAME_1_AS_A -= - anti sense
i MP o | CTACTTTCCCTACATTC (SEQ ID NO. 23)
143bp PRAME 1.5 Sense | TGGGTTTGTAGTGTTTTAGTATIGTIT

primer (SEQ ID NO. 24)

Amplifluor | AGCGATGCGTTCGAGCATCGCUTTGTTTT
sense GGGATATTTTATTTGTTTT (SEQ ID NO.
primer 25)

antisense | AAAAACTCCACCCTACTTTCC (SEQ ID
primer NO. 26)

PRAME_2_S_AM

PRAME_2_S_AM |

P
128bp

PRAME_2_AS




NCI - H460 1.36 Negative SW480 1.77 Negative SW520 1.94 Negative MCF7 5.8
Negative LNCap 8.96 [2.23E-05] HT29 10. 15 Negative K562 23.4 3. 93E-03 SKOV3
28. 73 NeguOi20®/10R415815 52. 52 2. 53E-03 CRL2505 153. 86 3. @8EAR2010801674T
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Amplifluor
SRAME 2 AS A | PRAME_2 AS_A | JHPITNOT | AGCGATGCGTTCGAGCATCGCUAARAAC
2 ASA | mp e | TCCACCCTACTTTCC (SEQ D NO. 27)
128bp Sense | TTGTTTTGGGATATTTTATITGTTTT (SEQ
PRAME_2_S primer | ID NO. 28)
PRAME 3 S_AM | AMPIfluor | oo GATGCGTTCGAGCATCGCUGAGGG
PRAME_3_S_AM | p = "= sense | GAGGGGTGTGAATGTG (SEQ ID N
3 orimer (SEQ ID NO. 29)
141bp PRAME_3_AS antisense | CATTCCTCCCTACTCCCAAAAA (SEQ ID
primer NO. 30)
PRAME_3_AS_A | AMPIfluor | 506 ATGCGTTCGAGCATCGCUCATTCE
PRAME_3_AS_A MP == anti sense TCCCTACTCCCAAAAA (SE
o ihacl (SEQ ID NO. 31)
141bp Sense | GAGGGGAGGGGTGTGAATGTG (SEQ ID
PRAME_3_S primer | NO. 32)
PRAME_ 6_S_AM | AMPHfluor | o0 G ATGCGTTCGAGCATCGCUTGGTGG
PRAME_6_S_AM | p= === sense | ATGTTTTGGGATTT (SEQ ID NO. 33
P primer (SEQ - 33)
129bp antisense | CAACATTTCTACCTCTACTCCCACCTT
PRAME_6_AS primer | (SEQ ID NO. 34)
CRAME & AS A | Ampifluor | AGCGATGCGTTCGAGCATCGCUCAACAT
PRAME_6_AS_A 6_AS_A | ,ntisense | TTCTACCTCTACTCCCACCTT (SEQ ID
MP :
MP primer NO. 35)
129bp PRANE 6.5 Sense | TGGTGGATGTTTTGGGATTT (SEQ ID NO.
primer 36)
PRAME_7_S_AM | AMPIfluor | nccGATGCGTTCGAGCATCGCUGTTTTG
PRAME_7_S_AM | p == == Sense | 5AAGGATTGAGAAATGG (SEQ ID NO. 37
P primer ( -37)
120bp antisense | CACCCTAACCACTACATAAAACAAA (SEQ
PRAME_7_AS primer | 1D NO. 38)
S AVE 7 AS A | AmPlifluor | AGCGATGCGTTCGAGCATCGCUCACCCT
PRAME_7_AS_A | FIAMET_ASA | antisense | AACCACTACATAAAACAAA (SEQ ID NO.
MP primer 39)
120bp Sense | GTTTTGGAAGGATTGAGAAATGG (SEQ 1D
PRAME_7_S primer NO. 40)
Amplifluor | AGCGATGCGTTCGAGCATCGCUTAGGGA
T T NO.
ACTE. s Aup | ACTBLS_AWP sense | GTATATAGGTTGGGGAAGTT (SEQ ID NO
primer 41)
125bp
ACTB AS antisense | AACACACAATAACAAACACAAATTCAC
- primer (SEQ ID NO. 42)
MAGEA3_GO_2_ A"s“gr'jggm AGCGATGCGTTCGAGCATCGCUTGGAAT
MAGE-A3 GO_2 U_F_AMP ol TTAGGGTAGTATTGT (SEQ ID NO.61)
u
140 bp MAGEA3_GO_2_ | antisense
0 Noenr” | CCCTCCACCAACATCAAA (SEQID NO.62)

Example 2 : Temperature gradient & assay selection

Material and Methods

Temperature gradient for standard material preparation: PCR were performed using a
MJ Research PTC-200 thermocycler. The cycling conditions were as followed: stage 1,




169,91 2.13E-03 Table 6: Summary of real tine M5-PCR results obtained with
the PRAME_3_AS assay versus real time RT-PCR data (expression) for 20 cell
l'ines; rewol208y/@s@Epl ay sorted by ratio value. Expressi omrcuairaoiopic7not
applicable; Negative: Not expressing danples; S5Expressing sanples are

i ndi cated by the corresponding value. Cell line Ratio PRAME-3-AS/ b-actin
(copies) X 1000 Expressoion data PRAME KGL 1.79 2. 75E-05 HT29 9. 07 Negative

ll/g:g?og. 2 Negative SW 480_Gl 24.65 Negative SW20 99.84 1.44E-05 NCl - H460

5 min at 95°C; stage 2 for 35 repeats 30 s at 95°C, 30 s at annealing temperature, 30 s
at 72°C; stage 3, 30 min at 72°C, hold at 4°C. The annealing temperature was set across
the heating bloc of the instrument as a gradient from 57°C to 62°C.

Cloning: PCR products were ligated into TOPO® TA vectors (TOPO® cloning kit,

5 Invitrogen®) and One Shot® Competent E.coli were transformed. Plasmids were isolated
using the QIAprep® spin midiprep kit from Qiagen GmbH according to the
manufacturer’s protocol. Cloned PCR products were verified by sequencing and
compared to the published promoter sequences.

Standard curves material preparation: Plasmids were linearized by digestion with the
10 restriction enzyme BamHI (Roche) and then purified using the QIAquick® PCR
purification kit (Qiagen GmbH; according to the manufacturer's protocol).
Concentratrions of PCR or plasmidic preparations were determined using UV
spectrophotometry. A stock solution of 2x10” copies/5ul was prepared and stored at —
80°C until use. Dilutions of standard curves (2x10%-2x10' copies/5pl) were freshly
15  prepared for each experiment.
Real time MS-PCR: CTAG1B, CTAG2, PRAME and O-actin quantifications were
performed by realtime MSP assays. These consisted of parallel
amplification/quantification processes using specific primer combination for each
Amplifluor® assay formats using either an ABI Prism® 7900HT instrument (Applied
20 Biosystems) or i-Cycler (BioRad). Cycling conditions were: Stage1: 50°C for 2 min,
Stage2: 95°C for 15 min, Stage3: 95°C for 15 s, 57°C for 30 s, 57°C for 30 s (plateau-
data collection) for 45 repeats. Results were generated using either the SDS 2.2.2
software from Applied Biosystems or the iCycler iQ version 3.1 software from BioRad,
and exported as Ct values (cycle number at which the amplification curves cross the

25 threshold value, set automatically by the software).

Results:
Primers corresponding to the primer pairs, described in Table 1, were used to prepare
PCR products for each assay. For this purpose, short region for CTAG1B_1, CTAG2_1
30 and PRAME_7 as described in Figure 1, Figure 2 and Figure 3 were amplified using
bisulphite treated CpGenomeTM Universal Unmethylated DNA as template material. For
each primer pairs several annealing temperatures were tested (57°C to 62°C) in order to
get a single PCR product. These PCR products were purified and quantified and then
diluted to prepare standard material for each assays. Initial real time MS-PCR were
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prepared using the purified PCR products (specific to each assay) as template and
different primer pair combinations as described in Table 1. Finally the following assays
were retained for further investigation: CTAG1B_1_S_AMP, CTAG1B_2_AS_AMP,
CTAG2_1_S_AMP, CTAG2_1_AS_AMP, CTAG2_3_S_AMP, PRAME_1_AS_AMP,

5 PRAME_2_S_AMP, PRAME_3_AS_AMP, PRAME_6_AS_AMP and
PRAME_7_S_AMP. An example of the performance (including all 6 data points) of each
is shown in Table 2.

Table 2: Summary of slopes and PCR efficiencies CT assays (*: only 4 data points were
10 included)

Assay Name Slope R? Efficiency
CTAG1B_1_S_AMP -3.56841 0.9999 90.11%
CTAG1B_2_AS_AMP* -3.5044 0.9919 92.91%
CTAG2_1_AS_AMP -3.2955 0.9998 101.11%
CTAG2_1_S AMP -3.56534 0.9980 91.17%
CTAG2_3_S_AMP -3.5971 1.0000 89.67%
PRAME_1_AS_AMP -3.4750 0.9960 100.86%
PRAME_2_S AMP -3.56334 0.9993 91.87%
PRAME_3 AS_AMP -3.7041 0.9990 86.20%
PRAME_6_AS_AMP -3.5841 0.9999 90.11%
PRAME_7_S_AMP ' -3.8679 0.9994 81.36%

For some assays, the PCR product was cloned in a plasmid and the construct was used
as material for the standard curve preparation instead of the PCR products.
15

Example 3: Concordance between real time MS-PCR assays and quantitative real
time RT-PCR results for CTAG1B, CTAG2 and PRAME genes
Material and Methods:

20 RNA from cell lines, lung samples, melanoma samples and breast samples were

extracted using the Tripure reagent (Roche, Vilvoorde, Belgium) according to the
manufacturer’s instructions except that the isopropanol precipitation was replaced by an
RNeasy purification step (Qiagen, Venlo, Netherlands). RNA concentration was
determined from the optical density value at 260 nm. Cell lines DNA was extracted using
25 either “Puregene Cell and Tissue Kit" (Qiagen # 158767) or “QlAamp DNA mini
kit(Qiagen #51304)
Lung biopsy samples, provided by GSKBio in RNA later® solution, were used to extract
genomic DNA. About 10 mg of lung tissues were sliced into very small pieces using a
razor blade and extraction was performed following the phenol extraction method. DNA



78 Gerl 461.68 Positive LNCap 487.28 2.36E-02 HL-60_Gl 588. 05 NA SKOV3
659.56 9. 69E-03 K562 922.78 2. 71E-01 One aimof this experinent was to
find sui twabl2e1possisi ve and negative cell |ines for assapPsSTHPOCIOHSEA On
cancer sanples. Wen real tinme M-PCR3data are conpared to 5 expression
data, it was observed (Table 4) that CRL2505 and CRL5803 present the

hi ghest CTAGLB 1 S/ b-actin ratios and could therefore be used as positive
cell lines for CTAGLB denet hyl ati on when using the CTAGIB 1 S assay. SW480
and HL-60 cell lines can be used as negative cell lines for this assay.

It was alfeom fosmiiblfieed padefin eebiedded ¢REPHobichsl issars werg axtracted dbllowingie f or

o T oc g B BB PG Rle SaBlerey &2 e 1y o o
assays AN frBesmhelansmbibiapsyskmplasnedrs Jextiectat iusimgaither 1Q1Ae(ne) DN AGR Kit” S
CRL2505 ?8'%59%91%#5/ 1 36?)%'? “%Q%H—}&%és@béio&r(fic&t%n%td"(lg-romege AS1030).

5  For xylene treatment: each tube containing the FFPE tissues was incubated at RT for 2 h
with 750 pl of Xylene (Merck #1.08681.1000) to dissolve the paraffin. When the paraffin
was totally dissolved 250 ul of 70 % ethanol was added and after mixing, tubes were
centrifuged for 15 min at maximum speed. The supernatant was removed and the
samples were air dried at room temperature.

10
DNA was extracted from the sample with use of phenol/chloroform: briefly, samples were
first incubated overnight with 50 to 100 ug/ml of proteinase K (Roche) and 1 % SDS final
concentration at 48°C, with shaking at 1100 rpm. 1 volume of Phenol: Chloroform:
Isoamylalcohol (25:24:1) from Invitrogen was added to 1 volume of sample and the

15  mixture was transferred to a Phase Lock Gel tube (Eppendorf). After thorough mixing,
the tubes were centrifuged to separate the phases and recover the nucleic-acid-
containing aqueous upper one. Extraction with Phase lock gel tubes was done once
again. DNA was precipitated by addition 750 pl of an EtOH/NH4Ac solution and 2 pl of
glycogen (Roche). It was then dissolved in 50ul LoTE (3mM TRIS, 0.2mM EDTA, pH

20 8.0).

DNA was quantified using the Picogreen® dsDNA quantitation kit (Molecular Probes,
#P7589) following the manufacturer’'s recommendations. ADNA provided with the kit
was used to prepare a standard curve. The data were collected using a FluoStar Galaxy
plate reader (BMG Lab technologies, Germany).

25  Bisulfite treatment: up to 1.5 ug of DNA in LoTE was treated using the EZ DNA
Methylation kit from Zymo Research (#D5002), Briefly, aliquots of 45 ul were mixed with
5ul of M-Dilution Buffer and incubated at 37°C for 15min shaking at 1100 rpm. Then
100 pl of the diluted CT Conversion Reagent was added and samples were incubated at
70°C for 3h, shaking at 1100 rpm in the dark. After conversion, the samples were further

30 desalted and desulfonated according to manufacturer's instructions and elution was
done in 50 pl Tris-HCI 1 mM Ph 8.0.

2.4 yl of bisulfite treadted DNA is used in a 12 pl final reaction containing 100 nM final
concentration of each primers (specific combination according to Table 1) and the 2x mix
from the Quantitect Probe PCR Kit (Qiagen #204345). CpGenome™ Universal



CRL5803 / GERL CTAG2_2_S CRL5815 / K562 CRL5803 CTAG2_3_S K562 CRL5803 /
GERL 15 Table 8: Best positive cell line(s) and negative cell line(s) for
PRAME demwohylicatossin assays Assay Best positive cell |ineCI)eErdiagadicve cel |
line(s) PRAME_1 AS HL60/LnCap MCF7 PRAME_2_S K562 MCF7 / HT29 PRAME_3_AS
K562 KGL / MCF7 PRAME 6 _AS K562 KGL / MCF7 PRAVE 7_S GERL MCF7 / HT29 20
Non-smal |l Cell Lung Cancer (NSCLC) 51 NSCLC sanples were used to study
CTAGLB, CTA®& and PRAME expression by real time RT-PCR as well as their

met hyl ati on status by real tine M5-PCR 3 sanples were found invalid for at
| east oneviéthglhtedgine Wmdethyleteef@NA (Clesmicos Indrhafiored] CArUSs, C8@LE7 8drand

compar ed'Ca%%séj}stZZ%gPeal%hSJgQ in'&4ch rGA BS %éagtﬂlegarn%pp%i& i% 'antr&Q Ig&%qons
were loaded in a 384 well plate. Assays were run on an Applied Biosystem 7900HT
instrument. Cycling conditions were: Stage 1: 50°C for 2 min, Stage 2: 95°C for 10min,
5  Stage 3 (45 repeats): 95°C for 15sec, 57°C for 30 sec (or 62°C for O-actin), 57°C for
30 sec (or 62°C for O-actin) corresponding to the plateau-data collection. Results were
generated using either the SDS 2.2.2 software from Applied Biosystems, and exported
as Ct values (cycle numbers at which the amplification curves cross the threshold value,
set automatically by the software). Ct values were used to calculate copy numbers based
10 on a linear regression of the values plotted on a standard curve of 20 — 2 x 10%6 gene
copy equivalents. The ratio between the gene of interest and b-actin was calculated to

generate the test result.

cDNA synthesis from 2 ug of total RNA was performed in a 20 ul mixture containing 1x
15 first strand buffer, 0.5 mM of each dNTP, 10 mM of dithiothreitol, 20 U of rRNase
inhibitor (Promega cat.N2511), 2uM of oligo(dT)15 and 200 U of M-MLV reverse
transcriptase (Life Technologies cat. 28025-013 ) for 1h30 at 42°C .
cDNA corresponding to 50 ng of total RNA was amplified by PCR in a 25 pl mixture
containing TagMan buffer, 5mM MgCI2, 0.4 mM dUTP, 0.2 mM of each nucleotide, 0.625
20 U of Ampli Taq Gold DNA polymerase, 0.05 U of UNG, 0.2 uM of each oligonucleotide
primers and 0.2 uM of TagMan MGB probe. Specific oligonucleotide primers and MGB
probes were used. Target genes and beta-actin genes were amplified by quantitative
PCR using TagMan chemistry 7900 system (PE Applied Biosystems). The ampilification
profile was 1 cycle of 2 min at 50°C, 1 cycle of 12 min at 95°C and 40 cycles of 15 s at
25  95°C and 1 min at 60°C. The fluorescent signal generated by the degradation of the
TaqMan probe was detected in real-time during all elongation steps at 60°C. Raw data
were analysed using the real-time sequence detection software (Applied Biosystems,
Warrington, UK). The ratio between the target gene and b-actin was calculated to
generate the test result.
30
Specifications:
For Real time MS-PCR the following specifications were applied to the standard curve:
At least 4 points in duplicate; TCt (between duplicates) < 1.5; PCR efficiency > 80%; R2
> 0.99; Positive controls have to be positive; Negative controls have to be negative.



WO 2010/ 105815PCT/ EP2010/ 001674 79 concordance was observed for CTAGLB with
the CTAGLB 1 S assay (Figure 6). Wen conparing CTAR expression to results
obt ai ned wot2bhiosossset hyl at i on assays, the best concor darce/Brasioobteas ned
with CTAR_1S (Figure 8) and CTA&R_1AS assays (Figure 7), showing 87.5 %
concordance between both techni ques. CTA&_2 S (Figure 9) and 5 CTAGR_3_S
(Figure 10), show | ower concordance with 68. 8% and 66. 7% respecti vel y.

About PRAME expression, a range of concordance is observed from66. 7%to
85. 4% dependi ng on the assay (Figure 11, Figure 12, Figure 13, Figure 14
and Fi gurTemelﬁr)teriél' Ifm' fesalts mﬂamce’tatmmwem basesi pn datioovaldes aalealatedbivith ieel wi t h
PRAMVE_3_A ti,on _ass 4 V) (of0) )
Table 9 ssﬁ%‘fﬁgae ?Q} GP' qq){}?% feg[lfl %sé aﬁgt ai n B%é:ﬁ e%'é '%?8 {g(r%ggéﬁne
expr essi dntesestcopes/ Brattirytagies) X 100(?NSCLC sanpl es. Tabl e 9: Resul t
summary di spl aying the Pearson correlation coefficients (R) and concordance
results for Non-small Cell Lung Cancer (NSCLC) sanples. *: PRAME 2 S

15st apdarfbr geng @xdiedsiont speeificatidres werechét NACi hadsCtigreater fhafod% and positve

o8, 50 CIALHT WatpasEho LR lod o R bArEl erk AR SRl 52 125 O 7

Gene expression results are calculated relatively to actin expression. The cut-off for
PRAME expression, is set at 1E-04 copy/actin copy and for CTAG1B and CTAGZ2, the

10 cut-off is set at 1E-05 copy/actin copy. Samples were valid if beta-actin Ct was lower
than 23 and ACt duplicates <2 and if target gene ACt duplicates was <2.

Table 3 : Criteria for Real time MS-PCR results interpretation. *The cut-off value is set
specifically for each assay.

15
Results Methyaltion/unmethylation status
B-actin < 2.00 copies Result INVALID
2.00 <B-aqtm < 200.00 copies and CT gene Result INVALID
< 2.00 copies
B -actin 2 200.00 copies and Result METHYLATED
CT gene < 2.00 copies (no ratio)
Eg%;gﬁ Ratio: CT gene /B -
copies and actin x 1000 2 cut-off | Result UNMETHYLATED
CT gene 22.00 "
n value

copies
B_-actin =2 2.00 Ratio: CT gene /B -
copies and CT gene | actin x 1000 < cut-off | Result METHYLATED
2 2.00 copies value*

Results

20 Celllines
After selection of the most optimal real-time MS-PCR conditions using alternative
standard curve material, various cell lines were assayed for CTAG1B, CTAG2 and
PRAME demethylation assays. Results were compared to the ones obtained using real
time RT-PCR. One assay is shown for each gene studied (CTAG1B, CTAG2, PRAME)
25 see Table 4, Table 5 and Table 6.
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t he best concordance was observed with 3 assays:

CTAGR_1 S (Figure 25 18),
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sanpl es Assay R Cdnco CIAG1 B 1 9
HL-60 NA

SW-480 O Negative

LNCap 1.81 Negative

LS-174T 28.17 Negative

SW620 73.75 Negative

HT29 74.07 Negative

MCF7 81.95 Negative

KG1 85.54 Negative

NCI-H460 93.52 Negative

Staq 94.33 Negative

Gerl 99.43 Negative

T-47D 116.29 Negative

UACC3199 120.74 NA

PC3 140.68 Negative

SK-MEL-5 165.07 Negative

CRL5815 180.51 Negative

SKOV3 196.44 Negative

K562 204 .86 Negative

CRL2505 297.39 2.03E-02

CRL5803 390.78 1.71E-02

10

ber of negative sanples (2)

CT/ EP2010/ 001674 80 correl ation
I n that
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resul t summary di spl ayi ng the

concordance results for Ml anoma
0/ CTAR_ 1 S 0.62 74.2%

Table 5: Summary of real time MS-PCR results obtained with CTAG1B_1_AS assay
versus real time RT-PCR data (expression) for 20 cell lines; result display sorted by ratio
value. Expression data N/A: not applicable; Negative: Not expressing samples;
Expressing samples are indicated by the corresponding value; borderline samples in

bracket.
Ratio
CTAG2_1_AS/ .
. —.— Expressoion
Cell line b-a_ctln data CTAG2
(copies) X
1000
CRL5803 0 Negative
Gerl 0 Negative
KG1 0 Negative




CTAG2_1 AS 0.63 74.2% CTAGRZ_2_S 0.34 51.6% CTA&R_3_S 0.58 74. 2% PRAMVE_1_AS
0.26 93.5% PRAME_2_S 0.29 90. 3% PRAM E_3_AS 0.48 90. 3% PRAME _6_AS 0. 51

90. 3% PRANB 20108088170 90. 3% Breast cancer sanples 10 29POT&RIM1000K6CEr

sanpl es were used to study CTAR expr#&ssion by real tinme RT-PCR as well as

its methylation status by real tine M5-PCR 1 sanple was found invalid for

at | east one technique and therefore results obtained for 28 breast cancer

sanpl es were conpared. Results obtained for CTAG_1 AS and CTA&_3_ S assays
were respectively, 71.4% (Figure 26) and 78.6 % concordance(Figure 27). 15

Concl usi on Gtager/|testi 9 (CT) |anNeg#time WHi ch are expressed al nost
excl usi VEeTgKMELEYTTS Ty nor gl [E_I@Em, are found to be expressed in
cancer tussHE;Goei qe ‘Lhouo TEestis. fon of CT
T-47D 0 Negative
PC3 0 Negative
UACC3199 1.11 NA
NCI-H460 1.36 Negative
SW-480 1.77 Negative
SW620 1.94 Negative
MCF7 5.8 Negative
LNCap 8.96 [2.23E-05]
HT29 10.15 Negative
K562 23.4 3.93E-03
SKOV3 28.73 Negative
CRL5815 52.52 2.53E-03
CRL2505 153.86 3.63E-02
LS-174T 169,91 2.13E-03

Table 6: Summary of real time MS-PCR results obtained with the PRAME_3_AS assay
versus real time RT-PCR data (expression) for 20 cell lines; results display sorted by
ratio value. Expression data N/A: not applicable; Negative: Not expressing samples;

5  Expressing samples are indicated by the corresponding value.

Ratio

PRAME_3_AS/ .

. - Expressoion

Cell line b-a_ctm dafa PRAME

(copies) X
1000
KG1 1.79 2.75E-05
HT29 9.07 Negative
MCF7 9.2 Negative
e 24.65 Negative
SW620 99.84 1.44E-05
NCI-H460 116.05 2.65E-03
UACC3199 120.77 NA

CRL2505 150.82 1.97E-03
T-47D 167.05 1.83E-03
gy 187.35 Negative
PC3 190.74 3.48E-03
CRL5815 233.9 8.38E-05
CRL5803 251.42 2.99E-02
SK-MEL-5 271.66 1.11E-01
Staq 292.37 Positive




genes can be studied by real tinme RT-PCR as shown in this study but al so
indirectly by 20 studying the gene pronoter (or close by region)

met hyl at iwo 2s8toatssEs | ndeed abnormal expressi on coul d beprelErb@d/0d1m74
hypornet hyl ati on. Study on cell |ines 18ave provi ded positive and negative
control cell lines for all assays including CTAGLB denethyal tion assay. In
NSCLC, nel anoma and breast cancer tissues, except for the CTAGLB assays, it
was possible to show sonme concordance between gene expression and gene 25
hyponehtyl ati on status. The best concordance for CTAR expression were
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concordance was observed for CTAG1B with the CTAG1B_1_S assay (Figure 6). When

comparing CTAG2 expression to results obtained with 4 demethylation assays, the best

concordance was obtained with CTAG2_1S (Figure 8) and CTAG2_1AS assays (Figure

7), showing 87.5 % concordance between both techniques. CTAG2_2_S (Figure 9) and

5 CTAG2_3_S (Figure 10), show lower concordance with 68.8% and 66.7% respectively.

About PRAME expression, a range of concordance is observed from 66.7% to 85.4%

depending on the assay (Figure 11, Figure 12, Figure 13, Figure 14 and Figure 15). The

best concordance with expression data was obtained with PRAME_3_AS demethylation

assay (Figure 14), showing 85.4 % concordance. Table 9 show a summary of all the

10 results obtained when comparing gene expression and gene methylation in NSCLC
samples.

Table 9: Result summary displaying the Pearson correlation coefficients (R) and
concordance results for Non-small Cell Lung Cancer (NSCLC) samples. *: PRAME_2_S
15 standard curve did not meet the specifications

Assay R Concordance
CTAG1B 1.8 0.35 /
CTAG2_1_S 0.88 87.5%
CTAG2 1 _AS 0.86 87.5%
CTAG2 2_S 0.47 68.8%
CTAG2 3 S 0.55 66.7%
PRAME_1_AS 0.39 66.7%
PRAME 2 S* 0.64 79.2%
PRAME 3_AS 0.73 85.4%
PRAME 6_AS 0.24 66.7%
PRAME 7 S 0.62 83.3%

Melanoma samples
DNA and RNA were extracted from 31 melanoma tissue samples in RNA later® solution.
20  Similarly to what was done when studying NSCLC, these melanoma samples were used
to study CTAG1B, CTAG2 and PRAME expression by real time RT-PCR as well as their
methylation status by real time MS-PCR. Like for NSCLC, no good concordance was
observed with expression data when using CTAG1B_1_S demethylation assay. For
CTAG2 gene, the best concordance was observed with 3 assays: CTAG2_1_S (Figure
25  18), CTAG2_1_AS (Figure 17) and CTAG2_3S (Figure 20) assays, all displaying 74.2 %
concordance between both techniques. For PRAME gene, all PRAME assays (Figure
21, Figure 22, Figure 23, Figure 24 and Figure 25) showed a good concordance (90.3 %
and 93.5 %). However, only PRAME_7_S (Table 9) displayed an acceptable R Pearson
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correlation coefficient, possibly due to the low number of negative samples (2) in that set.
Results of concordance and correlation obtained on Melanoma samples are summarized
in Table 10.

5 Table 10: Result summary displaying the Pearson correlation coefficients (R) and
concordance results for Melanoma samples

Assay R Concordance
CTAG1B_1_S 0 /
CTAG2_1_S 0.62 74.2%
CTAG2_1_AS 0.63 74.2%
CTAG2 2_S 0.34 51.6%
CTAG2_3 S 0.58 74.2%
PRAME_1_AS 0.26 93.5%
PRAME_2_S 0.29 90.3%
PRAME_3 AS 0.48 90.3%
PRAME_6_AS 0.51 90.3%
PRAME 7 _S 0.70 90.3%

Breast cancer samples
10 29 breast cancer samples were used to study CTAG2 expression by real time RT-PCR
as well as its methylation status by real time MS-PCR. 1 sample was found invalid for at
least one technique and therefore results obtained for 28 breast cancer samples were
compared. Results obtained for CTAG2_1_AS and CTAG2_3_S assays were
respectively, 71.4% (Figure 26) and 78.6 % concordance(Figure 27).
15
Conclusion
Cancer/testis (CT) antigens which are expressed almost exclusively in testis in normal
tissues, are found to be expressed in cancer tissues else than testis. Expression of CT
genes can be studied by real time RT-PCR as shown in this study but also indirectly by
20 studying the gene promoter (or close by region) methylation status. Indeed abnormal
expression could be related to hypomethylation. Study on cell lines have provided
positive and negative control cell lines for all assays including CTAG1B demethyaltion
assay. In NSCLC, melanoma and breast cancer tissues, except for the CTAG1B assays,
it was possible to show some concordance between gene expression and gene
25  hypomehtylation status. The best concordance for CTAG2 expression were obtained
with CTAG2_1_S and CTAG2_1_AS demethylation assays, both showing 87.5 %
concordance within NSCLC samples and 74.2% in melanoma samples. While

CTAG2_3_S assay was showing 78.6 % among breast cancer samples. Concerning



36.12 16.10 2. 62 MAGEA3 233067 _Gl 36.73 11.10 12. 36 MAGEA3 233068 Gl 39. 29
2.32 0.84 MAGEA3 233069 Gl Undeterm ned 0.00 0.00 MAGEA3 233070_Gl1 33.99
59. 43 16.W0 2MaBEARA5233071 Gl Undeterm ned 0.00 0. 00 MAGEAB/FP2BO0/N216GL

Undet er mi ned 81 h

10

15

20

25

30

35

PRAME, the best concordance was obtained with PRAME_3_AS demethylation assay in
NSCLC (85.4 %) and PRAME_1_AS assay in melanoma (93.5 %). Two assays were
performed on breast cancer tissues: CTAG2_1_AS and CTAG2_3_S showing
respectively, 71.4% and 78.6 % concordance.

Example 4: Diagnosis of Non-Small Cell Lung Cancer (NSCLC) with MAGE-A3
hypomethylation assays

Material and Methods:
DNA from fine needle biopsies (FNB) were extracted.

Similar to example 3, each sample and cell line DNA was assayed for DNA amount
using Picogreen® dsDNA quantitation kit (Molecular Probes, #P7589) following the
manufacturer's recommendations. Data were collected and analysed with a FluoStar
Galaxy plate reader (BMG Lab technologies, Germany). As previously described, up to
1.5 ug of DNA were treated using the EZ DNA Methylation kit from Zymo Research (see
example 2 for details), elution was done in 25 ul. Then 2.4 pl of Bisulfite Treated DNA
were processed, in a 12 l total reaction volume containing 100 nM final concentration of
each primer, through B -Actin (same as for example 3) and MAGE-A3 (MAGE-A3 GO_2
U) Real Time MSP assays (Table 1). The PCR mix used is the “iTaq supermix” with Rox
from Bio-Rad (#172-5855). A plasmidic construct (cloned PCR product in a TOPO®
Cloning vector from Invitrogen life technologies) was used to prepare the standards.
Reactions were loaded in a 384 well plate. Assays were run on an Applied Biosystem
7900HT instrument. Cycling conditions for B -Actin assay were as follows: stage 1, 50°C
for 2 minutes; stage 2, 95°C for 10 minutes; stage 3, 95°C for 15 s then 62°C for 1 min
(plateau-data collection) for 45 repeats. Cycling conditions for MAGE-A3 GO_2 U assay
were as follow: stage 1, 50°C for 2 minutes; stage 2, 95°C for 10 minutes; stage 3, 95°C
for 15 s then 59°C for 1 min (plateau-data collection) with 45 repeats. Results were
generated using the SDS 2.2.2 software from Applied Biosystems, and exported as Ct
values (cycle numbers at which the amplification curves cross the threshold value, set
automatically by the software). Ct values were used to calculate copy numbers based on
a linear regression of the values plotted on a standard curve of 20 — 2 x 106 gene copy
equivalents. The ratio between the gene of interest and 8 -actin was calculated to

generate the test result.
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Results

Hereby are described results obtained with Fine needle biopsies (FNB) from Non-Small
Cell Lung Cancer (NSCLC) patients with advanced disease who do not undergo
resection of the tumor and for which no expression data could be obtained.

5  After DNA extraction and conversion (bisulfite treatment), 35 FNB were processed
through the MAGE-A3 GO_2 U hypomethylation assay (Table 1). The same criteria for
result interpretation applied as for example 3 (Table 3). As it was not possible to
compare the hypomethylation test to qRT-PCR, cut-off for the hypomethylation test had
to be established indirectly. Based on results obtained with the same assay on formalin

10 fixed paraffin embedded (FFPE) lung tissues and tissues in RNA later solution from
stage IB and Il NSCLC patients, the chosen cut-off is 112. The corresponding resuits are
presented in Table 11. It should be noticed that the cut-off value could be adjusted to

better correspond to expression data.

15 Table 11 : Methylation status of 35 fine needle biopsies (FNB) from Non-Small Cell Lung
Cancer (NSCLC) patients. Lncap is a cell line used as a positive control for the
hypomethylation test while DU145 is a cell line used as negative control for this assay.
Analysis was done using a cut-off of 112 for the calculated ratio.

Ct MAGE Rati/?o
- ene/p-
Detector Sample (%%GE'GB A3 gactin MEE;.X%.GEON
— Copies | (copies)
assay) X 1000
MAGEA3| 233057 _G1 33.75 68.85 | 37.19 &
MAGEA3| 233058 G1 31.05 359.64 | 262.90 |UNMETHYLATED
MAGEA3| 233059 G1 36.79 10.71 591 B
MAGEA3| 233060 G1 34.22 51.78 | 24.29 K
MAGEA3| 233061_G1 34.07 56.49 | 255.84 |UNMETHYLATED
MAGEA3| 233062 G1 30.70 444,05 | 215.36 |UNMETHYLATED
MAGEA3| 233063 _G1 34.70 38.49 | 30.64
MAGEA3]| 233064 G1 26.07 7549.74| 442.02 |UNMETHYLATED
MAGEA3| 233065 G1 34.54 4255 | 70.62
MAGEA3| 233066_G1 36.12 16.10 2.62
MAGEA3| 233067 G1 36.73 11.10 | 12.36
MAGEA3| 233068 G1 39.29 2.32 0.84
MAGEA3| 233069 G1 |Undetermined| 0.00 0.00
MAGEA3| 233070 G1 33.99 59.43 | 16.77
MAGEA3| 233071 G1 |Undetermined| 0.00 0.00
MAGEA3| 233072 G1 |Undetermined| 0.00 0.00 .
MAGEA3| 233073 G1 30.79 42220 | 561.79 |UNMETHYLATED
MAGEA3| 233074 G1 33.74 69.27 | 47.80
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MAGEA3| 233075_G1 29.59 879.02 | 554.36 |UNMETHYFATED
MAGEA3| 233076 G1 [Undetermined| 0.00 0.00
MAGEA3| 233077 _Gt1 29.41 980.70 | 186.65
MAGEA3| 233078 G1 28.64 1567.01| 609.72
MAGEA3!| 233079 G1 36.24 15.04 0.96
MAGEA3 | 233080_Gt1 31.40 290.03 | 245.69
MAGEA3| 233081 G1 29.53 908.41 | 230.92
MAGEA3 | 233082_G1 32.43 154.15 | 45.57
MAGEA3| 233083 _G1 31.76 233.19 | 162.65
MAGEA3| 233084 G1 36.01 17.32 | 145.84
MAGEA3| 233085 G1 36.22 15.15 61.27
MAGEA3 | 233086 _Gt1 31.28 311.56 | 213.53
MAGEA3 | 233087_G1 26.57 5583.40| 338.05
MAGEA3 | 233088_G1 32.09 190.33 | 124.20
MAGEA3| 233089 _G1 34.18 52.80 25.14
MAGEA3| 233090 G1 36.18 15.57 1.50
MAGEA3| 233091_G1 34.78 36.55 | 269.73
MAGEA3 | Lncap_a_G1 30.23 592.88 | 1995.86
MAGEA3 | Lncap_b_G1 29.93 714.43 | 2616.01
MAGEA3 | DU145 a G1 |Undetermined| 0.00 0.00
MAGEA3|DU145 b G1 41.93 0.00 0.00

By setting the cut-off value at 112 then the percentage of patients with hypomethylation
of MAGE-A3 is 45.7 %. These patients are potentially expressing MAGE-A3.

5 Conclusion

A demethylation/hypomethylation assay would be of particular interest in the case of
sample types for which gRT-PCR prove to be difficult. This is the case of Fine needle
biopsies (FNB). As this technique is non invasive it could be in the future extended to
other NSCLC patients.

10

The present invention is not to be limited in scope by the specific embodiments
described herein. Indeed, various modifications of the invention in addition to those
described herein will become apparent to those skilled in the art from the foregoing

15 description and accompanying figures. Such modifications are intended to fall within the
scope of the appended claims. Moreover, all embodiments described herein are
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considered to be broadly applicable and combinable with any and all other consistent

embodiments, as appropriate.

Various publications are cited herein, the disclosures of which are incorporated by

5 reference in their entireties.
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CLAIMS

1. An oligonucleotide, primer or probe comprising or consisting essentially of or
consisting of the nucleotide sequence of any of SEQID NO. 1,2, 3,4, 5,6, 7, 8,
5 9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 44, 61, 62 or 63 which
oligonucleotide, primer or probe is useful for the detection of the methylation

status of a gene.

10 2. An oligonucleotide, primer or probe according to claim 1 comprising, consisting
essentially of or consisting of the nucleotide sequence of any of SEQ ID NO. 9 to
12 and SEQ ID NO. 21 to 40 which oligonucleotide, primer or probe is useful for
the detection of the methylation status of a gene.

15 3. An oligonucleotide, primer or probe according to claim 1 comprising or consisting
essentially of or consisting of the following contiguous sequences in 5' to 3'
order:

(a) a first nucleotide sequence of between approximately 6 and 30 nucleotides,
wherein a nucleotide within said first nucleotide sequence is labelled with a first

20 moiety selected from the donor moiety and the acceptor moiety of a molecular

energy transfer pair, wherein the donor moiety emits fluorescence at one or more
particular wavelengths when excited, and the acceptor moiety absorbs and/or
quenches said fluorescence emitted by said donor moiety;,

(b) a second, single-stranded nucleotide sequence comprising, consisting

25 essentially of or consisting of between approximately 3 and 20 nucleotides;

(c) a third nucleotide sequence comprising, consisting essentially of or consisting
of between approximately 6 and 30 nucleotides, wherein a nucleotide within said
third nucleotide sequence is labelled with a second moiety selected from said
donor moiety and said acceptor moiety, and said second moiety is the member of

30 said group not labelling said first nucleotide sequence, wherein said third

nucleotide sequence is complementary in reverse order to said first nucleotide
sequence such that a duplex can form between said first nucleotide sequence
and said third nucleotide sequence such that said first moiety and second moiety
are in proximity such that, when the donor moiety is excited and emits
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2010/ $05815PCTardRE0AIElities thaBomprises or consists essentially of or consists of at its 3'
end a sequence of any of SEQ ID NO. 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24,
26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 61 or 63 (and able to prime synthesis by a
nucleic acid polymerase of a nucleotide sequence complementary to a nucleic
acid strand comprising the portion of the unmethylated DNA of the CTAG1B,

10 CTAG2, MageA3 and/or PRAME gene),

wherein when said duplex is not formed, said first moiety and said second moiety
are separated by a distance that prevents molecular energy transfer between
said first and second moiety.

15 4. Primer pair comprising a primer according to any preceding claim.
5. Primer pair according to claim 4 comprising a primer according to claim 3.

6. Primer pair comprising or consisting essentially of or consisting of the nucleotide
20 sequence of SEQ ID NO. 9 and SEQ ID NO. 10; SEQ ID NO. 11 and SEQ ID
NO. 12; SEQ ID NO. 21 and SEQ ID NO. 22; SEQ ID NO. 23 and SEQ ID NO.
24; SEQ ID NO. 25 and SEQ ID NO. 26; SEQ ID NO. 27 and SEQ ID NO. 28;
SEQ ID NO. 29 and SEQ ID NO. 30; SEQ ID NO. 31 and SEQ ID NO. 32; SEQ
ID NO. 33 and SEQ ID NO. 34; SEQ ID NO. 35 and SEQ ID NO. 36; SEQID
25 NO. 37 and SEQ ID NO. 38; SEQ ID NO. 39 and SEQ ID NO. 40; or SEQ ID
NO. 61 and 62.

7. AKit for detecting the methylation status of a gene comprising at least one
oligonucleotide, primer or probe as defined in any one of claims 1to 3 or a
30 primer pair as defined in any one of claims 4 to 6.

8. An oligonucleotide, primer or probe as defined in any one of claims 1to 3 or a
primer pair as defined in any one of claims 4 to 6 or a kit as defined in claim 7,
wherein said gene is the CTAG1B, CTAG2, MageA3 and/or PRAME gene.
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PRAME gene in a sample of the patient by using an oligonucleotide, primer or

probe as defined in any one of claims 1 to 3 or 8, a primer pair as defined in any

30 one of claims 4 to 6 or 8, a kit according to claim 7 or 8 or a method according to
any of claims 9 to 10, wherein if the CTAG1B, CTAG2, MageA3 and/or PRAME
gene is unmethylated the subject is identified and/or selected for treatment with

the CTAG1B, CTAG2 MageA3 and/or PRAME immunotherapeutic.
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gene“in a sanple o usi ng an ol | gonucl eotid grlner or
probe as defi n& Iinnﬂ‘ailayotm@t@foﬁﬂ @1’”’@1@ €6A§2M3®A3eﬁf1§¥¢rrFﬂ?AM igengdydef i ned

in any 30 one Qlfn?célnadhgg Lfcléc{?dgn@{rggnor%rgﬁet Vﬁ’:‘&éﬂﬁ%g'lr‘ﬂ n)t Qnébpéléﬂng o :386(2“ a

met hod according to an erein i
MageA3 and/ or PRAMEPH®AEPaiEasidefinesyin anyane ﬁfa0|§'(]1§1 41616 8, ﬁi@h@qcmctr@g thd/ or

sel ected for tr {rag 4 g}'&@png #nd/ or PRAME
i mmunot her apeut%?%% 201@?105815 EPZO?OI 001674 88 '13. Method for
predi2éti ng the likelihood of successful treatnment of cancer conprising

detecting thg 'Wt*&%’d @fttPé%%n taa&a‘t\én@orﬁﬂ?&m@'ﬁ@a@un@ﬁ@meﬂ@ﬂﬁ%s@w&ra PRAVE

gene in a sanp |en usi ng an ol i onucl eoti de, priner or

probe as defi né‘d’AGﬂBar%ﬁ'P&% Mﬁge@@aﬁﬂ%or §QGF"'3‘9)’ U§INgranAliEORYSI9otids, def i ned
in any 5Sone of Iﬁ)ﬁl’ﬂ%\' %pébé%s@eﬁﬁe@m a'hylﬁn% c?é?ﬁ@ﬁ‘:{b@%rt@acdn?déppar%rs dRBfifdd a

nmet hod according to any of clains 0, wherein if_t gene is

unnet hyl at ed t fireamy qneg @fmbws(fftomcﬁa@s'ﬁﬁﬁccmdmtm'mv& @rrﬁ & matird, cTA®,
MageA3 and/ or RRLNEngTTYRPbhALARESD 10, iahd & Rimihid@dting fto tHepARACa | S

met hyl at ed.
composition comprising or encoding CTAG1B, CTAG2, MageA3 and/or PRAME.

17. Method of treating a patient susceptible to recurrence of a CTAG1B, CTAG2,
MageA3 and/or PRAME expressing tumour, the patient having been treated to



1014. Method of selecting a suitable treatnent regi nen for cancer
conprising detecting the nethylation status of the CTAGLB, CTAR, MageA3
and/ or PRADBogernssisn a sanple of the patient by using arColEpganmciceoti de,
prinmer or probe as defined in any ones9of clainms 1 to 3 or 8 a priner pair
as defined in any one of clains 4 to 6 or 8, a kit according to claim?7 or
8 or a nethod according to 15any of clains 9 to 10, wherein if the gene is
unmet hyl at ed, an i nmunot herapeutic is selected for treatnent. 15. Method of
treating cancer in a subject conprising adm nistration of a comnposition
conpri sing or esmooad tonoGTHESLB, thETeAod bhrgpwsan@nnﬂaauriﬁ@mmemylatiem efatust he

subj ect has bee t

met hyl ati on st8€ﬁ§?é&?eg’fﬁgﬂ?BM%$k§% EA@?@% ﬁﬁﬁkl\)gﬁg&“ slsgg %JSI ng an
ol i gonucl eot i desmgranMQom.rclqmdbeprmerobefprotmdas definng iroary ofe cﬂcaamrs 11t0t3o

8, a prinmer pair,as deflne i : t . i
according to cP%?rﬁ REP A7 égefﬁngﬁﬁggﬁ%gé%gd&%gﬁtﬁtoaégor% g%ﬁ%ﬁcﬁrsc}ﬁ@ttoo 10.
25 165 Met hod offairh Wemt&mg raethat isecdrdingripang ohgaimssitoutQ, mgdthen et hyI ation

status of a CT B.. , "

ol i gonucl eoti d391 ?t qéthg/?gﬁésﬁgs %@%%'He&é%pgﬁﬁgggén%@aﬁﬁg to 3 or 8,
a primer pair ﬁWM@dAandthMéA!ﬁf clains 4 to 6 or 8, a kit according
to claim7 or 8 or a nethod 30according to any of clains 9 to 10, and then
adm nistering to the patient a conmposition conprising or encodi ng CTAGLB,
CTA®, MageA\B bisd/oba cPRAbELoN VEONROSIOY COSBLEPGTC TG 0.0 DRGE MagAd anmiore

t uno tissue, t I tatus of a
CTA , CTAR, eéATE1 tggg?a%%?%%@?gene | ?&tthﬁﬁﬁ%éﬁ%bg{h@m ng an
ol i gonucl eot i deuffqzrmrfmm etupoabha \ulycldéfa pedigni frrasabwenm@dﬁqtﬁd for ueatment PO 3 or
8, a priner def N ]
according to SM at?ars%' gfrhg%qjgbgg?ennpéte ﬁ‘g%tlgﬁg%r ?BA%RE/ g?Aggalﬂrarééés_to 10,
and t hen adm niasd/er PR§MEgeres bpa:tsineratn calgommbemldm pimenermrokd agdefinedrieodi ng

CTAGLB, CTAR2, 0. I4:5iq1g or
encodi ng CTAGlgW%ﬁéétzagl% {t 3” Anal/ B Stﬁh%démgﬁwﬁé’nu'?é;@tcﬁ@@egfég

medi ¢anent f or ot Bea kit emomdang tQ)‘tlaum par Bona reethéc acenjding torary efuaiaois 9 ton whi ch
t he patient ha been sel ected for treatnent on the basis of neasuring the
met hyl ati on sta?us of a CTAGLB, CTA®X, MageA3 and/or PRAME gene, by using
an ol igonucleotide, priner or probe as defined in any one of claims 1 to 3

or 8, a priyggr gl 9%%%&&&@990@@%@%0%‘&09 é}gcd:?A@‘ﬁB‘lCT RG$, I\J‘Ié&éA:ﬁancﬂork' t

according to clarm accor to an larms 9 t

19. Use of a cORPOSEin tba wmqt@e@adnedswtrﬁgt@m@ emﬁ@@at'wﬁgeM
and/ gf, PRANE 'euééé@ iDBRY facidhEe effaeTm@IBC@ﬁ%z Ng%ehb%naroewmﬁ of a

patient 20suscepti e to recurrence of MageA3 and/ or PRAME
expressi ng t umeKPres$ing Hmeyr, ia vhieh éﬁ?t'm:ﬁaéééﬂn §@P@§t’é@j’tf meptostth@nt on

the basis of TBaSUGRRaLIIHYTRE AR 40L bpa AL ETATHE2 FFliEAs Nagerd

and/ or PRAME gene by using an oligonucl eotide, prinmer or probe as defined
in any one of engio Rf\Mﬁ)Q@‘Q)by BS'n@abPi'WCl%?F"#e zi’é'"tﬁéfofﬁ@ﬂ’%% dafiped e of

claims 4 to 6 %ﬁ?ﬁn@ofé\a#ﬁ\s“ ﬁﬁ@@F@'i‘Sflﬁ@r Sdicadekingl |r8an‘Noﬁ’e BEHARE 2eEr di ng
to any of clains” 9 t or use according to any of clal ns 16

to 185 in whi cﬁrﬁh%k'&émélngi%ﬂa%ﬁﬁfﬁﬁ§ nestaed gecardingsdo ankgleAams o

PRAME conprisesgfull |ength 30CTAGLB, CTAR, MageA3 and/or PRAIVE,
substantial ly fuI | -1 engt h CTAGLB, CTAR2, MageA3 and/ or PRAME or fragnents
of CTAGLB, CTAR, MageA3 and/ or PRAME, for exanpl e peptides of CTAGLB,

CTAG2, MageAg, %ﬂqél‘%d RROME accof¥ing 9 9hyL ORBiRBGH/ tERB0HALKIEH thécomposition
comprises CTAG1B, CTAG2, MageA3 and/or PRAME comprises full length
30 CTAG1B, CTAG2, MageA3 and/or PRAME, substantially full-length CTAG1B,
CTAG2, MageA3 and/or PRAME or fragments of CTAG1B, CTAG2, MageA3
and/or PRAME, for example peptides of CTAG1B, CTAG2, MageA3 and/or
PRAME.




90 21. Method or use according to claim20, in which CTAGIB is a fragnent
of full length CTAGLB including binding notifs to HLA-A2, selected from
pepti des WB20101W7815157- 165 and 155- 163, 522. Met hod or ®REEF/ERCTOMNMIoNY t O
cl aim 20 wherein CTAGLB is a fragnment%of full |ength CTAGLB i ncl udi ng one
or nore VHC Class 1 or Class 2 epitopes selected fromA31, DR1, DR2, DRrR4,
DR7, DP4, B35, B51, Cw3, Ow6 and A2 as disclosed in W2008/089074.

23. Method or use according to clains 15-22, in which the CTAGLB, CTAR
and/ or 10PRAME protein, fragnment or peptide is |inked to a fusion partner
protein. 2421 AMettiduost use acserdagctorctiim@0t o whieh BTAS1Bi is aitagoient befuflusi on

partner proteip_ ur.f tel n of

Pact eri um racltogh S TAGT R st HuB ol g soREp BB SUpRLL ¥67- 5o
met hod or use astoira:n‘r@arcd ™H5168,23, in which the fusion partner proteinis
15 Lyt A or a derivative thereof conprising or consisting of the repeat

portion of the LytA nolecule found in the Ctermnal end starting at
resi dae 17822 oMequnriLsieragcorelixigdueﬁaim whe36iB. CTAG s a&fragmhmicbfmll use

according to clai 1.0 i
(hemaggl utini ni mgﬁ’*ﬁ A\{/!a]ﬁl v%m%e M%#e @'J%él%gﬁl opbﬁésglg]?é'r%r% nal 81 am no
20aci ds of NS1selddted fromeABtdRT, DRZ R4 RN, P4, B3&nB50fCw3, LHwEandbA2@s i n

whi ch the conpgsition. ucl eic acid nol ecul e encodi ng the
CTAGLB, CTAR §'r?8'f’8?d Iﬂéﬁ(@b@@?%@w fragment or peptide or fusion protein

t her eof . 0 h the
nucl ei ¢ aci c213 rr%/le(taréolﬂzer 45§ %gg%%g’i t§ caali'rﬁg 1§% gﬂhﬂgrﬂ)rh%sgg%%g{A?? 2 } ?A
met had or use REAME progein o‘r@myermfor peptidess i¥e23p a fusinhipefingt@ol€MAGLB, CTAR

and/ or PRAME protein, fragnment or peptide containing conmposition, or
nucl eirc acRké é\onetapchpngse:ecrqm@ng taelaing a3tlnwhl®dh@fuswspmrarot¢m9e of an

adj uvant, an | Emfé]ﬁal m%éﬁ&@hyov\glxto?h{e@a@&%@%h@ﬁﬁgﬁm Hg’é)‘ﬁ%ph/lﬁs met hod or

use accordlng I'ch ant conprises one or nore of
nmonophosphor yl influphzh Bopa deridativevtbereok t hereof, a saponin or a derivative
thereof and a TLRO antagonist. WD 2010/ 105815PCT/ EP2010/ 001674 91 31. A
met hod or u@B. Advethad aguseaedosding Buciaimh2@Hn whichiiae fusian Rasther Brotein is

CpGecogt ai ni ng QkﬂA\?\ﬂ'%ﬁé ﬁ/%ﬁ\'/éjﬁeré%? coﬁpﬂﬁﬁ@@gc&{s@ﬁﬁﬁ oPfHeQEPt AP ot YOS

clainms 29-31, e adjuvant 1s fornmul in an oil-in-water

enul sion or a Mmobﬁwélfq’urémlt@ﬁ GHGFWb@'lQS‘ﬁéFQW"QSQUﬁﬁ'éPﬁ|1ﬁ@ AHEMPSIEEL0|
and/ or tocopherQliy,Qriggs dpgr mul ated in a |iposomal conposition. 33. A

met hod according to any of claims 9 to 19, in which the gene is the MageA3

gene and t hegSARL@oRor LsWRECdiRg U clafn DBKA WHRky the ABidIESsHRr BtAdIRYs 10
NS1 (hemagglutinin), or a derivative thereof comprising the N terminal 81 amino
20 acids of NS1.

27. A method or use according to any of claims 15-26, in which the composition
comprises a nucleic acid molecule encoding the CTAG1B, CTAG2 and/or

PRAME protein, fragment or peptide or fusion protein thereof.

28. A method or use according to claim 27, in which the nucleic acid molecule is

25 provided within an expression vector.

29. A method or use according to any of claims 15-28, in which the CTAG18B,
CTAG2 and/or PRAME protein, fragment or peptide containing composition, or
nucleirc acid containing composition, further comprises one or more of an

adjuvant, an immunostimulatory cytokine and a chemokine.

30 30. A method or use according to claim 29, in which the adjuvant comprises one or
more of monophosphoryl lipid A or a derivative thereof, a saponin or a derivative

thereof and a TLR9 antagonist.



WO 2010/105815 PCT/EP2010/001674
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31. A method or use according to claim 30, in which the TLR9 agonist is a CpG-

containing oligonucleotide.

32. A method or use according to any of claims 29-31, in which the adjuvant is
formulated in an oil-in-water emulsion or a water in oil emulsion, optionally
5 containing cholesterol and/or tocopherol, or is formulated in a liposomal

composition.

33. A method according to any of claims 9 to 19, in which the gene is the MageA3
gene and the sample or tumor tissue is taken by fine needle biopsy.
10



