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| MPROVED DETECTI ON OF MAGE- A EXPRESSI ON FI ELD OF THE
I NVENTI ON The present invention is concerned with the
waeleaeosiseh of MAGE- A fami |y gene expressi on. MECEGB2008/003142
specifically, the invention relates to nethods of
detecting nethylated or unnethylated forms of NAGE-A3
and associ ated ol i gonucl eot’i des, priners, probes,
prinmer pairs and kits. The nethods of the invention
i nvolve anplification techniques, in particular
fl uorescence based real -tinme and end-poi nt PCR
nmet hods, and have di agnostic, prognostic and
therapeutlc ut|I|ty BACKGROUND TO THE | NVENTI ON MAGE
genes bed&nYVied) Hiad
The MAGE fan1|y of genes conpri ses over 20 nenbers and
is made up of MAGE A, B, C and D genes (Scanlan et
FIELD OEZ@ER)INWMMMDGNREV 188: 22-32; Chonez et a
(2001 Cancer Res. 61 (14) :5544-51) . They are
The PEetehbd BHERht oL BnECRCeInRasVEE R af Re @géscéaﬁeepf
MAGHREE - £a8: I gdre; e£§§§§s§5na| Mo}gggpgéfff5a5§§ the
59:4100-410 Lucas et al ., I'nt J Canc
inveyt 5on Gmlimautq rethpds, 01967t Shony cueBy387e408r

oc_Natl Acad, Sgi USA
unm%%%%%%‘%@o?d il £ 18902 %%%8?1?%%859 161- 167,
olljhmwmﬂe@ﬁldés19@51ﬁ§ﬁ9n1pﬁoBQs72§rfﬁéi pandshava aiyst
undeflned function (Chman et al 2001 ExE Cel | Res.
The Jpeltiyds 195925 IgRen e yRResvar @Rl yhi§ahéABI ogous
tecMglide MAGE: y e L a
é?%een 60- @g%%%%%%gy The ﬁiéﬁﬂkﬁm%%séa gé%g ¥%mQ dfia
endt@@#%&s%ERumGW@¢d©usam§pb@vefdi@gngss;c;nprugnngtlc and

thefﬁ%éﬁ@T@1ﬁ f%? et al. 2004 Cancer Sci

BACKGROUND TO THE INVENTION

MAGE genes belong to the family of cancer/testis antigens.
The MAGE family of genes comprises over 20 members and is
made up of MAGE A, B, C and D genes (Scanlan et al, (2002)
Immunol Rev. 188:22—32; Chomez et al, (2001) Cancer Res.
61(14):5544-51). They are clustered on chromosome X (Lucas
et al., 1998 Cancer Res. 58.743-752; Lucas et al., 1999
Cancer Res 59:4100-4103; Lucas et al., 2000 Int J Cancer
87:55-60; Lurquin et al., 1997 Genomics 46:397-408;
Muscatelli et al., 1995 Proc Natl Acad Sci USA 92:4987-4991;
PoId et al., 1999 Genomics 59:161-167; Rogner et al 1995
Genomics 29:725-731), and have a yet undefined function
(Ohman et al 2001 Exp Cell Res. 265(2): 185-94). The MAGE
genes are highly homologous and the members of the MAGE-A
family, especially, have between 60-98% homology.
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95 962-968. ) , bl adder cancer, hepatocellul ar

carcinoma (Qu et al. 2006. Cinical Biochemstry 39,
WQ29ABBY8 gastric carci noma (Honda et al. 200BCBGB2008/003142

Journal of Cancer 90, 838-843), colorectal cancer (Kim

et al. 2006 World Journal_ Gastroenterol ogy 12,

5651-5657) and | ung cancer {NSCLC) (Scanlan et al 2002

| munol Rev. 188:22-32; Jang et al 2001 Cancer Res.

1, 21: 7959-7963). No expression has been observed in
Theg%§mﬂBr%%9Eéﬁﬁlge??s%%e%XRFFﬁsﬁﬁeanV?ré?EépFVEﬁson
tumd@8s | Cuhaludehd K&l hsoRh PFaceRLacLHARS 8hodl co 288 Bl

J Reprod | nmunol Mcrobiol 18:47-51; Takahashi et al.
95, 1905-TaPckr Resddsr 3a78<882) hepatpgehlSpeci EeccCanmer (Qiu
er ' AS represept oyel. cl ass, of.
ot 4 rhes SR hhEh Ok emh PR A sy b im Bostote

carcecogai zBoadd etialnateogapeetiskl bsukhad BEghbYcer 90,
S ific manner. A s such, ASClI allow_ targeted
338¢¥L3

t menflonRetahatRE%E pRiHcPpallcorPBhelpsid: darspal

of GAbtBe8stetO1Lhyect, LHEs) IHYES) r 83R0NSR,SPERELLCcal |y
agai nst the cancer cell and "adjuvant systens” that
(NS@leppf $eaniamueio- st i 2004t TonusohpBevids188t 2288t gang et

' e tiztu r n popse.  NMAGE- A3
Al A e R S L et Lot Tt 0P ST P oRE pib Reer L enas
beemnlesicsébedd i fin WO/ 4O4ES1 andu 80O Ag Ny rasend |or$1§rdy
results with MAGE-A3 ASCl in fatients wi th Non Snal
SXCERIP R eF S NSELE L ESE™ beehl F epbrPéacPBERNT Hpapjet al.

198&E1 Af. T REFFod VRImuSr WRerdBS{ Juges 7205 §préﬁéh%9911 et
7554). 1t is inportant to have quantitative hig

al. thdughpucensiaysScaphbde3dt) specifical ly identifying
MAGE- A3- expressing patients that would benefit from
i munot her apy, nonitoring

Antigen-Specific Cancer Immunotherapeutics (ASCI) represent

a novel class of medicines designed to train the immune
system to recognize and eliminate cancer cells in a highly
specific manner. As such, ASCI allow targeted treatment.
ASCI have two principal components: “tumor antigens” to
direct the immune response specifically against the cancer
cell and “adjuvant systems” that cémprise immuno-stimulation
compounds selected to increase the anti-tumour immune
response. MAGE-A3 antigen and constructs suitable for use in
ASCI are described in W099/40188 and encouraging phase II
study results with MAGE-A3 ASCI in patients with Non Small
Lung Cancer (NSCLC) have been reported recently (J. Clin.
Oncol. Vol. 25, No. 185 (June 20 Suppl.) 2007: 7554).

It is important to have quantitative high throughput assays
capable of specifically identifying MAGE-A3-expressing
patients that would benefit from immunotherapy, monitoring

MAGE-A3 expression for dosage purpose, identifying Mage-A3
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MAGCE- A3 expression for dosage purpose, identifying
Mage- A3expressing sanples in clinical trials, or
w@Reophy74sglent i fy at an early stage patients w PET/GB2008/003142

cancer. A nunber of applicable diagnostic nmethods have

been described and include:;,Sem quantitative RT-PCR

(De Plaen et al . 1994 | nmunogenetics 40 (5) :360-9) ,

ot her PCR based techni ques and | owdensity m croarrays

&Zannatteo et al. 2002 Clinical Chemstry 48(1) 25-34
SXPLeEht PHe FARA SPNpFoFéd P RFEPCRY Bt Bod OFo S 1ged vi Adentify at

an é@ﬁlyngtbge g@%ﬁeN%ngéﬁhAgghCQQS baen . 43 u%Ee%pEﬂicable
WO2007/ 147876. The greatest di sadvantage of the
diaggestifignasbags hevehheenhdyscegbiede aRNA insdlualsi: oS etnd -

: 3 pressi,on. Formalin-FEixe ,
qus a?ggﬁ%ggE egsgd(?éFEE?epuﬁ%u? ri%ggg.&@@Fﬂggﬁ§ﬁﬁﬂcs
40 (bt B6A-0f , t bImeE PURSbespeseeMat gaBsWahbi N ogl-ideiheak v

centres. The fixation in_formalin changes the

micEPrhttre (6PRBFEERI 85 BE- RRAOR EARRiCRE £hesdetry 48 (1)

25—§@P§inguEEH§§,|Bﬂkﬁﬁﬁréggda5§QP€§rﬁ%@hoge EQd%%%OEn
The partial degradation leads to the creation o
coni%@¢€é©anébésMaﬁERN&.bscmehaseheéﬁOdaeaubasa pairs.

ctural changes to the RNA limt the use of
Woziﬁﬁfgi?ézgfed from FFPE ti ssue to nmeasure NMAGEA3

expression |l evels. An object of the present invention
is to provide an inproved assay that elimnates the
Thed?%%%%gﬁFaaé§a6VaPEég%xP§tFh@ axsayangcareanst hyl &hpsn

they Sré&&ui ABORNANE <59} 84 OF O s 9EDE ﬁﬁ@ﬁg§sgggrﬁggi8nu
particular, nethylation at cytosine residueS found in
FormpG @i FhuetfleoPrdef panrEmbaddbe PFORBY etumegironisbue is

thei@%@%{:%%gﬁggso%a@uﬁgg£r%ggggetBrggg¥vgkiggsgithin
clinical centres. The fixation in formalin changes the
structure of molecules of RNA within the tissue, causing
cross linking and also partial degradation. The partial
degradation leads to the creation of smaller pieces of RNA
of between 100-300 base pairs. These structural changes to
the RNA 1limit the use of RNA extracted from FFPE tissue to

measure MAGEA3 expression levels.

An object of the present invention is to provide an improved
assay that eliminates the disadvantages of the existing

assays.

Gene methylation is an important regulator of gene
expression. In particular, methylation at cytosine residues
found in CpG di-nucleotide pairs in the promoter region of
specific genes can contribute to many disease conditions
through down regulation of gene expression. For example,

aberrant methylation of tumour suppressor genes can lead to
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t hrough down regul ati on of gene expression. For
exanpl e, aberrant nethyl ation of tunour suppressor

w@enes3ah | ead toup or down regul ati on of theRBE&T/GBR@S/003142
and is thus associated with the presence and

devel opnent of many cancgré (Hof fmann et al. 2005

Bi ochem Cel | Biol 83: 296-321) . Patterns of aberrant

gene nethylation are often specific to the tissue of

origin. Accordingly, detection of the nmethylation . ted
up ost doWs BRISPEtiiPic Ofede SRaPenE Sof g dgnddtis &iRpciate

withd%%gngﬁg%gnggiEEBYd%%%l% ,e%% %%e%dﬁ%kBHﬂbékﬁ‘%HHﬂﬁmann

ther I've stage of a disease and al so to predict
et aflesponSeBtioctent &ied 1t Pied &3 :t B&GaPy? I LaiRatkt 2008 Nat

Rev Cancer 3 . 253-266). Methyl atj on:.Speci.f | :
aberrREw) gﬁﬂﬁhm\?it?diaﬁzlﬁ’ﬁ S S0P e ge&l?gcgngdactg}gc%lssue
of ok98inbased MR RaSaY)ddtesMdidel b userk teetdetlerniore status

epi'genetic silencing of genes (Estelle Hl\/l et al,.,
of sperdér cResnEEOMAYEPe FHRIPINOSTG TRAERT T i ve

L 1L&R) i { el ngi eshave Reem devel opeek (stage

utll&%yrgnwg@eh%vé%ancg{ 2003; 3 :1253- 66, Eads et al.
of aNuilseiaeeAcinds Re 2001281 IEI2; ravuusk@ o cettain gypes

Mol Di agn 2007) of . fl uoresc ) d
of HhedRRyl ogides Sar goa@aﬁpaggleée‘f oc%ar%ceea% -e,‘?'l ?égﬁo%??gri ng of
nucleic acid anplification reactions. One such

technol ogy is described in US 6,090,552 and a%i)}[ 0912%97th
MetaAd tiorcomasticl i | YFEnow{SEs %W@flvdo?%%%z ¢« ° ©
thod is & ihahl.e forvepd-RabRy noai Lakeng afsed to
resuﬁc eclq% zaci%ggrrg(ll&iefll ?gt ieon reactai oﬁgp Vi assenbrgeck et
deta@mind Wpsgendt becls idenaling?008. gdoas ndF sée Lisired! et al.

Diagn., VL.Q_ No._ t.her cribes r.dize
Cangfy edtes r@glo-lt"iarjred%@)éétﬁgay \ﬁﬂt% Oﬂfgzi ofﬁta ﬁ‘teﬁ%%%lq’]e fests
us i fPbLE AL YOI On S H gt a v SUMMNRY @Fvd Hip LAVENTLONTGe PW . ,

present invention relates to inproved net hofs,ang/or
Nat Rev Cancer 2003;3:253-66; Eads et al. Nucleic Aclds 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 suitable for end-point monitoring of
nucleic acid amplification reactions. Vlassenbroeck et al.
(Vlassenbroeck et al.,2008. Journal of Molec. Diagn., V10,
No. 4) further describes a standardized direct, real-time

MSP assay with use of the Amplifluor® technology.

SUMMARY OF THE INVENTION
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assays of measuring MAGE - A3 expression. The present
invention further relates to certain types of therapy,

WO poopasBEul ar Anti gen- Speci fic Cancer PCT/GB2008/003142
I mrunot her apeutics (ASClI) based treatnment of patients
identified as expressi ng_l\/g\G_E-AS t hrough use of
ol i gonucl eoti des, primnmers, probes, prinmer pairs, kits
and/ or nethods as descri bed herein. MAGE-A3 protein

expression is detected by determ ning the nethylati
The W@ts&@toﬂnﬁfﬁ@tm@rﬁéa&@ﬁe troatlﬁé’rrqu‘?gin y ‘HJEP
SxPLesala Grlhe geneddseld. The ;ﬂ%@ﬁrﬁis
2SSadRow t hat %tuﬁgt%ﬁey% I a?@on%gt atSLs resul't of their
1nvemt1h>yﬂ mmmetrestegaltss mogmt@mmm@ﬁmﬁhﬁnml tin

obtai ned with the RT-PCR ssa f
particaidiadt IZ\F@l\gglnugp@fcj‘(ﬁé: gmpr eozcsh?e%lnapn %é CASCI
basefaortrk?e%%%féntt foromaVAGEA3 ﬂd&'ﬂﬂicﬁ_lhﬁi' ayy .exihee asivay MAGER-A3
hus useful for selecting patients suitable for

throtugéwatmtof mlmmlﬁqmgﬂ%%e BT K8 5 Shro doF e S e g Ll
paix A e&}(tlleEg]t Qif/oaﬁ s ald ganbedset ol d wRath-ent

Herapy sel écti on n one aspect, the present
pro“del\terux;m%eaymn des chzteﬁﬁ@bmml@ﬁald@lnmq neke or probe

conpr|3| Qr co tiall f isti -

B

the'eéﬁre§%10ﬁ7le¢él SF tHd, gdide dSseld, I1Bhe lbnvdmto#s, show
or 25 which oligonucl eotide, priner, or

thamstéfwmeftdryltartel@ets@eﬂ% Hsthe et WTLEi® t%fo?E%"‘Bf
tes% egféhﬁiﬁ%ﬂ%éégg¥&éﬁ%g'&%ﬁhpfég@Itho@{Qﬁﬁed with the

conpri ses, consists essenti al | Yy of or
RT-BORSA S8y Ofhathee 10d1b ing Imgrd clomé | puedscseyaenadgei pfsthe
MAG%?A? exégégglon in NSCLC for benefit from MAGE-A3
immunotherapy. The assays are thus useful for selecting
patients suitable for treatment, for predicting the
likelihood of successful treatment of a patient and can be

used to aid patient therapy selection.

In one aspect, the present invention provides an
oligonucleotide, primer or probe comprising or consisting
essentially of or consisting of the nucleotide sequence of
any SEQ ID NO. 2, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14, 15,
16, 17, 18, 19 or 25 which oligonucleotide, primer or probe
is useful for the detection of the methylation status of a

gene.

The oligonucleotide, primer or probe preferably comprises,
consists essentially of or consists of the following
contiguous sequences in 5' to 3' order:

(a) a first nucleotide sequence of between

approximately 6 and 30 nucleotides, wherein a
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(a) a first nucleotide sequence of between
approximately 6 and 30 nucl eoti des, wherein

w@nwehzmss de within said first nucl eoti de sequRCIVEBRE®S/003142

| abelled with a first noiety selected fromthe donor
noi ety and the acceptor gD%eLy of a nol ecul ar energy
transfer pair, wherein the donor noiety emts
fluorescence at one or nore particul ar wavel engt hs
when excited, and the acceptor noiety apsorbs and/ or
quandieed isks oifthder ésdehdd rah mvsd IS FFBir-e o
M@t (P18 18 C MG Skl B Stdandad NUG ROt donor
sequence conprising, consisti'ng essentially of or
casiestyi rgdoft Hee bweep tapproxiatat ey B mmlg@plar energy

nucl eotj des; .(c) thi,rd nucl eoti de se .
c&ﬁ&ﬂ%ﬁ?@F“E%hyﬁiﬁﬁﬁigxﬁﬁﬁniéﬂ'@%% G%#Fg%ﬁg?%ting of
betraR RRIXidRtely & a3 Ganicl @dtd tles velhsrgins avhen
nucl eotide within said third nucl eotide sequence is

| aelited viatt & hsecsite Rt e P sthe AP TR DM EH YA donor
nmyJ. € 3 i : i
Inﬁ%éﬁﬁﬁggnﬁﬁy&jéﬁygﬁgégéﬂgaegﬁ&tﬁgﬁi6§“§Efﬁx&ﬁﬁbr

_ S ~menber of said group not” | abelling said
f intesitethic| eot i de sequence, wherein said third

nucl eoti de sequence .is conpl ntary_i.n.

o TT5t o o ence e e T Ry

C b 18 Hief Weeth Siad 1o g red seniel €01y def serjuencei sintng of
sai d 'third nucl eotide sequence such that,gaid first

ot we eih (R RIREGHEN R 6f y3 @@ i 70 pReXE R EYISUth t hat,

FIEor chcance: The Be o fer Bt “SBuEFLi iy Soanches

sad sk dnhtion Esgent eoenien etsbingabtl deheeen 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 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 molety are in
proximity such that, when the donor moiety is excited
and emits fluorescence, the acceptor moiety absorbs and
guenches said fluorescence emitted by said donor
moiety; and
(d) at the 3' end of the primer, a fourth, single-
stranded nucleotide sequence comprising, consisting
essentially of or consisting of between approximately 8

and 40 nucleotides that comprises at its 3' end the
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noiety; and (d) at the 3 ' end of the prinmer, a

fourth, singlestranded nucl eoti de sequence conpri sing,
w@ongiosushg essentially of or consisting of beP@EEB2008/003142

approximately 8 and 40 nucl eotides that conprises at

its 3 ' end thenucleotide sequence of any of SEQ ID

NO 2, 4,5, 7, 8, 11, 13, 14, 16, 17, 19 or 25;

wherei n when said duplex is not forned, said first

noi ety and said second noiety are separated by a

dnscares idvats ssensift € Tnsinge MfarsEhdryPN A r dstler O 77 8s
bﬁﬁme%%.s@4jfﬂgspyﬁnq£§%ﬁ0@@;noiety. The specific

nucl’eoti’de Sequénces at” the 3" end permit the
I slelyliat iwdrerstsatius dofpltche IMAGB AT gored t agled first

det erm ned.  Thes rimers hind preferenti
ufive iyl & Forhe SeThE I %”ﬁ%rﬁ??%ﬁ%%%éﬁ# a

t rgalBe WHAt #rappropridleaeagenielsns di scussed

herein) . Properties of these oligonucleotides are

dibsdussay Sr@rcgiﬁv-,r%iaéhi et it elppt i es nutati s

mut andis . The specific nucl eoti de sequences are able

to prine synthesis by a nucleic acid pol ynerase of a
The nuelcaatidenseigieniote conplensd @ty the a3 huerdirerrild the

strand conpr.i sing_the ' of the hy
e T S e B Ty TR e
Thed¥ §f@mably pidie ©td gonied €otideso pinm@thplaped@beorms of

consi sts of the nucleotide sequence of SEQ ID NO, 3
the @IAGRA3 gene 15 brouBnaridrsatnadd Yhtandhi #FYPEOR6+EFSn

rea oefntt hgagecﬂesgﬁsé&ﬁ UESLin) .Furﬁﬂ%ePEfe\!E ded {8e8epri ner
$alT conprising a priner conprising or consi sting
oligsseridatiyeofane dovsistedghafethe which discussion
applies mutatis mutandis. The specific nucleotide sequences
are able to prime synthesis by a nucleic acid polymerase of
a nucleotide sequence complementary to a nucleic acid strand

comprising the portion of the methylated or unmethylated DNA
of the MAGE A family gene.

Most preferably, the oligonucleotide, primer or probe
consists of the nucleotide sequence of SEQ ID NO. 3, 6, 9,
12, 15 or 18 and is used to amplify a portion of the gene of

interest.

Further provided is a primer pair comprising a primer
comprising or consisting essentially of or consisting of the
nucleotide sequence of any SEQ ID NO. 2, 3, 4, 5, 6, 7, 8,
9, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 25.

In a further aspect, there is provided a kit comprising at
least one primer, primer pair or set of primers comprising

or consisting essentially of or consisting of the nucleotide
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nucl eoti de sequence of any SEQIDNO 2, 3, 4, 5
6, 7, 8, 9, 11, 12, 13, 14, 15, 16, 17, 18, 19 or
wWQ@2009/087438 f urt her aspect, there is provided a RCT/GB2008/003142
conprising at |east one priner, primer pair or set of
primers conprising or consisting essentially of or
consi sting of the nucl eoti desequence of any SEQ I D NO
2,3,4,5,6, 7,8, 9, 11, 12, 13, 14, 15,

16, 17, 18, 19 or 25. The kit is for detecti e
sequaBthyPat PBH SEQL 45 5p-a2ge§e,4hn5pa@Vi§uI§W ggwth-AZ’
13, hgm H?r%@e gychias WRGEA3s. | And hirt her Rspeitedtiag

invention provides’for a method of detecting the
the methyllation status of ehgehege-iA3pgartdduwl-ay a MAGE-A

_.DNA- contai ning s | e, conprising: (a)
faml&&n@&@?iﬁﬁFbr%&tgﬁgmiﬁg'DNA-containing sanple with a
reagent which selectively nodifies unnethyl at ed
cytosine residues in the DNA to produce detectab

In anfdicthed Peedies hf WIMCEH I8 & ot IFoHi F3F r?et“iﬁ)ﬁhqdeaof
et . . -t N Y1
detefcﬁé%?e?ﬁﬁr gr%Let lﬂ/g.fat(l@n %‘H%{ﬂlfé“d'w e Masd-ms padd om of

unnet hyl at ed gene of 1 nterest using
DNA-aforitedsti noneaprhlesr qeaipyisitndeast one priner of which

is designed tqg bind only tq.th equence. of :
orl@n agttéﬂl%&ﬁeragﬁs]ﬁ&?ﬁhveeﬁ)y g#i oW n%%ﬁ%ity fﬁét Sien
wit hd-herfeaganth sMesel velty lreast s one ymenry latede
primer pair conprises, consists essentially of, ar
onSicstiicofre e Uict S01T AV defi e BT 3§67 RS | D

o iy rdhpody s i o ndd nddic ot aces

f urttverirass pectidudwere is provi ded a nethod of
(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, or consists of a
the nucleotide sequence of any of SEQ ID NO. 2, 3, 4,
s, 6, 7, 8, 9, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 25

(as appropriate).

In a further aspect, there is provided a method of
diagnosing cancer or predisposition to cancer comprising
detecting the methylation status of the MAGE-A3 gene in a
sample by using an oligonucleotide, primer or probe, primer
pair, kit or a method as described herein, wherein the
presence of unmethylated MAGE-A3 in the sample is indicative

for cancer or predisposition to cancer.
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di agnosi ng cancer or predisposition to cancer
conprising detecting the nethylation status of the
WORBRNFE3Yene in a sanple by using an ol i gonucPEDGBA®SE/003142

primer or probe, prinmer pair, kit or a nethod as
descri bed herein, wherein the presence of unmethylated
MAGE- A3 in the sanple is indicative for cancer or
predi sposition to cancer.In a further aspect, there is

i ded a nethod for determ ning the presence of

In £L£%¥%@eﬁo§?P?9E'tE%%FecbﬁpPFth cdefeBEFRgdt Rer
det &BhiNiRY| ORe SHALHSH OF ébeMA@ﬁEAésgggggibg gunaapl e by

usi ng an oligonucl eotide, priner robe, priner
compat $1ng| debechimet bod mstidpgsatibedshetesnpfwhbreMAGERAS

hyl d -A3 s indi [ f h
oenf E5CROE-gLNELIY gl el MO 9, e bt et e g1 L

prolposiprimet updL T, | Bi tre@Nt a aNYthy8DEsO0BebUFDhe8ChbSein,
%isola%ed froma patient) whjich exgiess the MAGE -A3
whepgin gbhe BReSPRRMT oANPeFEReRtBROVAEESAE At hBdifaEive

for | SRAthEykag-aNGE 0F eteCchbngo8s patke | taplenf@ry_
Or;reataﬁnt mfth a MAGE- A3 in%%%%?%g%ag%ﬂéyc cgkprggFﬁgA3
Posieieet twgorhel srendyhiat doy Stmousoof tther MMEELA3 (gendated

' f. 1 i t ' \
tro B2BIRNE) Mt OF PRLEERL DS BABE-AR ontigen it o
a nethod as described herein, wherein if the MAGE- A3

gene is . unnethyl ated the subject is (preferably)
The [{RFeT i O GHEVBPT SoF e¥L@eS | brieFRaEnBAE WRERtTREing

o NG 4B & T oL i S i LED g
0 unnEthyI%ted ﬁi@%ﬁg are %?é?%??%d??% ?ﬁ%%gm%ﬁgmﬂﬁgﬁ @
MAGE+HR3 girreun st et diyd et &d. cahprei nahgvébyectinghehgene is

e TN o0 Bl oF SOt SCTAGE TS EPRR Bt WPTRLG Of the
pat MAGE-1A3 hehpodies Bpgdih€lectide, primer or probe, primer
pair, kit or a method as described herein, wherein if the
MAGE-A3 gene is unmethylated the subject is (preferably)
identified and/or selected for treatment with the MAGE-A3
immunotherapeutic. Thus, patients with unmethylated MAGEA3

are preferred to those in which the gene is methylated.

Alternatively, if the gene is not unmethylated the subject
is preferably not identified and/or selected for treatment

with a MAGE-A3 immunotherapeutic.

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 MAGE-A3
gene in a sample of the patient by using an oligonucleotide,
primer or probe, primer pair, kit or a method as described

herein, wherein if the gene is unmethylated the likelihood
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In a rel ated aspect, the invention provides a nethod
for predicting the likelihood of successful treatnent
w@booemasmss conprising detecting the nethyl ati oPCHEGRRWS/003142

of the MAGE-A3 gene in a sanple of the patient by

using an oligonucl eotide,_ ppimer or probe, primer

pair, kit or a nethod as described herein, wherein if

the gene is unnethylated the |ikelihoodof successful

treatmept with a MAGE- A3 inmmunot herapeutic is higher
of FRARCTFILhetHRABNPRT Bt hY| At ¥ACEARBeiBBEROER§rapREtic is
hig@@ﬁeﬂﬁﬁnoifuﬁﬂgtE¥ﬁ@t§9 &@Gﬁyfé;ba.the sanpl e

0

i ndi cates that the likelihood resi stance to
treatment with a MAGE- A3 i mmunot herapeutic is higher

et PR O O, HESEHLCEL 0

sampl@batdll chye of thyccessf ul kéTerbsBNbFWrEBi88ance to
i munot herapeutic is low. In a further related aspect,
tregieihvEntRon BrebT AR s R HograpedbieciFngigher than if

the Sébhabl & LhRatAPNLELYI PRAs forpLa rL$ing
ez%?ectinguthe ﬁgthylatigﬁuifafﬁg g €%ﬁg9%ﬁﬁg?A gene
methnl 3t eAnpheEoh3t renpat n@htabysushay Bhe probability of

cucgbigmmucl ootidey PLLIRT 0 Bhobe BLLTEL PR 14 Kt

unnet hyl at ed, an i nmunot herapeutic is selected for
treat nent. Alternativelg, I f the gene is not
In g, Lot PR ad PReET mi EIRE oV ARERBE hRFapedeF caj Bethod

of SONE@LhHAL CaELeap A SO PLONLHEA LS A HBEHPA Qf v

treating cancer in a subject conprising admnistration
compyfl My niehethenapet inetimbaeiont heasubj et thasMbeBAA3

| ected for treatnent_on the basis of neasurin he |,
90 B t R Bt o LR NHCE S GERBS ARcar HIHa e beaRye:
primdr tdre pedboOdspoiméhepd venti OnosrabietB8b89as described
herein, wherein if the gene is unmethylated, an

immunotherapeutic is selected for treatment.

Alternatively, if the gene is not unmethylated, treatment

with an immunotherapeutic is 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 MAGE-A3 gene,
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 MAGE-A3 gene

corresponds to an increased level of MAGE-A3 protein.
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an ol i gonucl eotide, priner or probe, prinmer pair, kit

or a nethod as described herein. Preferably, for al
w@boobloa7488 f f er ent aspects descri bed herein, thBCT/GB2008/003142

detecti on of unmet hyl ated MAGE- A3 gene corresponds to

an increased | evel of MACE-A3_protein. The present

i nvention further provides™a nethod of treating a

patient conprising: neasuring the nethylation status

of a MAGE- A3 gene according to any of the methods of

the invention by using an oligonucl eotide, prinmer or

Thepﬁ9@§en9riﬂ$én9§bﬁ £ikEnar §r8§£889 Qsmg%ﬁgﬁ'g%dtreating

herein, and then admnistering to the patien
a P@bh@@%l@@mmrc@npgpsmagswmﬁﬁgsthe MeShyREEdoheseamusTbé a

f GE- A3
MAG%gﬁgogéﬁlon ééFoﬁﬁée abl%ﬁ ster gobﬁr% efP&spect

1nvéﬁ€t®nlBypﬁ@yh@ednaomﬁgbﬁdcﬂéotiﬁét|ﬁglﬁe@abheﬁkobe,
suscepfible to recurrence of a MAGE-A3 expressing
pripg 1Tt nblhaPt et "REIPAgEBedRSEFeREEdPESSBRDRR] then

S e o) e _
wond AP LAToLS, chbSo R LAY, EORBSLTE:oTEAEL 001 Bnce
A3 @$s@@%€rab@@rﬂenglno aﬂyeotompesmbihndssoprbﬁerably

d
i PLEE L2 bb i AR P Pehonae i B Bri boa

unm@@ﬁﬁlmte@nd then adm nistering to the patient a
conposition conprising MAGE- A3 as descri bed herein.
The conposition is preferably adm nistered if the

$m¥%%f§%EeQ§pé§tf9H@9et9sb§rggf§égy£aﬁ8ghﬁhno§ %E%gklng a

further aspect of the present invention there
patirnyisescepuselefta ceqposencenofoapMA@EHQBNBEﬁxéSsung
tum%a I”@?gfgg%ﬁéﬁtoﬁaéiﬂgdﬁggﬁe £e£ o %g%g%ge 5m8£ra
tissue, the method comprising: measuring the methylation
status of a MAGE-A3 gene in the tumour tissue, 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, and then administering to the
patient a composition comprising MAGE-A3 as described
herein. The composition is preferably administered if the

MAGE-A3 gene is found to be unmethylated.

In a still further aspect of the present invention there is
provided a use of a composition comprising MAGE-A3 in the
manufacture of a medicament for the tréatment of a patient
suffering from a tumour, in which a patient has been
selected for treatment on the basis of measuring the
methylation status of a MAGE-A3 gene, 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. There is also provided a composition comprising
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suffering froma tunmour, in which a patient has been
sel ected for treatnment on the basis of neasuring the
woreaobpbass on status of a MAGE- A3 gene, accor di PgI/GB2@Rp03142
of the methods of the invention or by using an
ol i gonucl eoti de, primer or .probe, primer pair, kit or
a nethod as described herein. There is al so provided a
composi tion conprisingMAGE-A3 for use in the treatnent
MAG f s Eatient suffering froma tunour, in which a
gaﬁ'e PrhAECpeRNtREI EECEENERE Pledt RBAESHE BHETBadng from
a t@hollBASYAI PEitRe i S S 3
according to gﬁyag?éFﬁgﬁEegﬁngQ%P F%ge?ﬁggﬁ?égntggggyent
on HBenphaans opf gorastedngdéhepmetrby let ipnobéatpsi el a MAGE-
1L, K] : hod_as _.describ erei.n, In,a yet .
A3 ?%?%he%b%ﬁg%ﬁﬁﬁgﬁé %ﬁgrgfi285r8§$gggsaoésgh8fl§V%n%lon or
by usipgsati obigonpeisbdgdMAGErAdel-notrhpraBayf aeti e g&i@,
i medi canent for the treatnment of a patient susceptible
T8 BcHFHRAC e2 B daShAERSA3NEXBABssi ng tumour, in which
a patient has been selected for treatnent on the basis
of neasuring the nmethylation status of a MAGE- A3 gene,
according to any of the methods of the invention or by

S| n I go | eotide, . prinmer or_ prohe, priner
o 85400 B OhLOoOMEoRE 08 sBEeT, baabrBrerRy Fhite et o
compbsbt poovicedras COGPMACEFRR ¢ANPhESAgUNASELA3 H6r suse
in the treatnent of a patient susceptible to

med#%%%??En ®F ofP% WMARRTASNExPfedsPAGIEURDEHSCPRARILEN TR
recRBtbHd QﬁsaQ@@@ESﬁﬁeékﬁgeggﬁn%r@aﬁgﬁgsa?ﬁmgﬁiggaglS

of measuring the nmethylation status o gene,
patperbrid@ngoeen apglettedel aet hodstoént heni hizenbaehson by

e 54085 20,51 ERUEL 0L S5 BLLTEL 81, BLEOE. BLLI™
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. There is also provided a
composition comprising MAGE-A3 for use in the treatment of a
patient susceptible to recurrence of a MAGE-A3 expressing
tumour, in which a patient has been selected for treatment
on the basis of measuring the methylation status of a MAGE-
A3 gene, 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.

DETAILED DESCRIPTION OF THE INVENTION

The invention provides an assay for detecting the presence
and/or amount of a methylated or unmethylated MAGE-A3 gene
in a DNA-containing sample. To develop this assay, it was
necessary to identify regions susceptible to methylation in

the MAGE-A3 gene and to develop particular oligonucleotides
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The i nventi on
provi des an assay for detecting the presence and/ or
wa@ewans7466 a net hyl at ed or unnet hyl at ed MAGE- ABCTY6B2008/003142
a DNA-contai ni ng sanple. To develop this assay, it was
necessary to identify regig@s_susceptible to
nmet hyl ation in the MAGE- A3 gene and to devel op
parti cul ar oligonucl eotidesthat could differentiate
th unmet T%‘I gtgd fromnethyl ated forns of the MAGE- A3
ahefigUtAcEdFEPRENYI2ER UnPPESYLa§pEcEromhBetRYdAtEen forms

of aﬁgnggg_gbiggﬁggleotides conprising, consisting
essentially of, or consisting of the nucleotide
sequence of any SEQIDNO. 2, 3, 4, 5, 6, 7, 8
.11,..12, 13, ~14,.15, 16, 1 18, 19.0r 25. These
Roe o Y 5P 38 0Pk BRPLF | APnendBEaPPoRE6 IiRe
oligehhylabtotest abusrofiaggenenst skahgr esbenth811y of, or
ol i gonucl eotj des may serve as prinmers and/ or probes.
con?hsgéPgaPﬁ BBOUrAERP I dEhECEIFE6RUEFeBRY dEBQIEDeP - 2,

3, thesyungethylgted foimio the gepe. ;§ui tgbl
0 igonuclegtides to detect the uﬁnethyﬁgfeg7fo%ﬁf 19 or
25. conpepserlionniisicetsdasi akkyuskfudr inonbestiebbcthen of

- f SEQIDNO. . 2, 4, 5, 7
the WELAI S0P RLEDEE &, A akrBEoPT cORGEPEoET aedlies
oligehecledbedart hyy atedvé oas FOMRMELSCanE8PBSi Brobes. In

essentially of, or consist of the nucleotide sequence
ceripfian TeNND e aslgenugieediden dekeabnthe

unm@@@?ﬂéﬂ@@t§®rﬁh€§etﬁéiQgﬂéglegﬁhggﬁlgogﬁﬁééﬁu@lgggﬁaig to
structure as described in the present Invention. ucﬁ
detgref ehe ednvetgphaicé@of puescompkiide, t henségueasesntially

o, GO0 0oPRAO 0 Berf hedreniiphielfacoste o0
NO. N 45 and718sfor1detecdingst hesuethyhat edi fert0tothges
to detect the methylated form comprise, consist essentially
of, or consist of the nucleotide sequence of any SEQ ID NO.
14, 16, 17 or 19. 1In certain embodiments, these
oligonucleotides comprise a hairpin structure as described
in the present invention. Such preferred oligonucleotides
include the sequences according to SEQ ID NO. 3, 6, 9, and
12 for detecting the unmethylated form of the gene and SEQ
ID NO. 15 and 18 for detecting the methylated form of the

gene.

The “genes” or "gene of interest" of the invention are
preferably MAGEA3 and/or MAGEA6 genes. MAGEA3 and MAGEA6 are
the gene symbols approved by the HUGO Gene Nomenclature
Committee. The MAGEA3 gene is located on chromosome X
(location g28) and the gene sequence is listed under the
accession numbers NM 005362 and ENSG00000197172. The MAGE-A3

gene encodes melanoma antigen family A, 3. The MAGEA6 gene
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gene . The "genes” or "gene of interest” of the

invention are preferably MAGEA3 and/ or MAGEAG6 genes.
wOoREEAZ4ad MAGEAG6 are the gene synbol s appr oved/BB260R©03142

HUGO Gene Nonencl ature Committee. The MAGEA3 gene is

| ocated on chronmpsonme X (lgcation g28) and the gene

sequence is listed under ghe accessi on nunbers

NM__ 005362 and ENSG00000197172. The MAGE- A3 gene

. encodes nel anoma antigen famly A, 3 . The MAGEA6
is lgensies ooc AEOTSST o8I gﬁﬁé—@ﬁ’étxqq St on MjgEy~AS 1S often
£V 23 11§, enred 4 epidter changeably. as VAGRs%,
te egrggﬁééhé .%lfggﬁﬁg%i ﬂﬁGE-Aﬁ Is often referredjio
MAGE-@i6e ieh arfgeablne s MHAGES lort dvatEageadtly are MiKd6 or
herein. Hyponethylatian of fhese genes . 'Q%g
MAGERS it R ﬁdﬁpedé’rfceéy&ferce&ﬁ]c'er Y EUEh Qéhaﬁcejlnogwno% éo% ugggenes
may §RNGEMUdNHIANY NG doloexamiers CpfEich as melanoma
di nucl eotides susceptible to nethylation are typically
or logrcemtcaed nriuiing SRR &y FEFPHuman genes. In
apref erred enbodi nent, the nethylation status of the

gene is assessed by deternmining |evels of nethylation
CpG idirhel oy ersusgipnofe the myeriey 12¢ Y or owee efypigahly
region upstreamfromthe transcripti,on a Lte
ConqETRER Lo bt hP DRt HGEn "Hapt Okl it g1 0T RBE” 3kb ™ 1
apré%érﬁgﬁ)éﬁbé&iﬂéﬂk}(kﬁgxhéﬂhiléﬁﬂé@esﬂﬁﬁhsF@f Mg 8ne is

the CpG distribution in the pronoter_region,is _rather
assapzatdy Trteerininet HTets ont stateylarionetRyHati on

st.atus" refers.-t h esenc nce-0 :
proﬁﬁﬁﬁﬁ[ﬁﬁé@é@s?%egqééﬁﬁﬁéi"?Qafpg%%§%§§a g?u%af? iO%f
ups GG fiah eohé desamé ¢hipt RoDNA-seguehte. (TSS), extending

"Hyper et hy| ation" |j efined a n i egase |.n e
betyesra| 2T et Ryt & YoLga ve” Tof Ig?évgﬁé.g§h8£,1$? to 300
bp from the TSS. For MAGE-3, the CpG distribution in the

promoter region is rather scarce.

The term "methylation state" or "methylation status" refers
to the presence or absence of 5-methylcytosine ("5-mCyt") at
one or a plurality of CpG dinucleotides within a DNA
sequence. "Hypermethylation" is defined as an increase in
the level of methylation above normal levels. Thus, it
relates to aberrant methylation of cytosine (5-mCyt) at
specific CpG sites in a gene, often in the promoter region.
Normal levels of methylation may be defined by determining

the level of methylation in non-cancerous cells for example.

"Hypomethylation" refers to a decreased presence of 5-mCyt
at one or a plurality of CpG dinucleotides within a DNA
sequence (of a test DNA sample), relative to the amount of
5-mCyt found at corresponding CpG dinucleotides within a

"normal™ DNA sequence (found in a suitable control sample).
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relates to aberrant nethylation of cytosine (5-nCyt)
at specific CpGsites in a gene, often in the pronoter
w0 e@oos743Nor mal | evel s of nethyl ation may be dedT/G8c0osypo3142
determining the | evel of nethylation in non-cancerous
cells for exanple. "prone&%ylatlon" refers to a
decreased presence of 5-nCyt at one or a plurality of
CpG di nucl eotides within a DNA sequence (offa tgst DNA
sanple) , relative to the amount of 5-nCyt found at
Aga&Brrgg%ﬁﬂﬂ%ngléﬁéﬂéiﬁﬁc@@&?ﬁéé§lﬂPtWﬁN @e"ﬁ@ﬁmmed DIMA
detEeAURNGS £ﬁ9umgvbm éfsﬂb%ﬁ?hgtﬁeﬂtgﬁ'agg. kbr%%%'%ells

normal ™ | evel s of nethylaton nay
ford@Kémmiﬁrn@nthblseveweotlnethyygbmenhyﬂamanﬁc@mcem@UMAGE—

f I n th| enti o hyponethylatlon
A3 gﬁé{ﬁe %é&EAg aﬁgﬁgrlﬁﬁéﬁ %Ea St P PRAMCEESFESSE an
expr@S£E@ﬁedfexniessumﬁu@fabBb§1§ﬂ€§Uén@§§@ﬁl%%%@ b icgen
whi ch_provides a reliable indicator of cancer.

pro%ﬁ%e?n@eﬁ?%bﬁbb?09P6é§aFﬁrao§e66ﬁ§eéspect for a nethod
of detecting the presence and/or anobunt of a
met hyl ated or unnethyl ated gene in a DNA-cont ai ni ng
Thesbﬂﬁ@@tb@ﬂppr@theBhensaepeobndoasaettngotha method of
n e wth at le
det%$?& ﬁéoér%e cggp né?ﬂﬁ BGHE S?Fnﬁ Bs&byipLedy ot
unmemhynmseatg@@eointaennueb@ﬁt%ﬂﬁlggqggﬁp@eoﬁoﬁgxl§ﬁQ@|@he

Steﬁsof 18°059Ct 489 e, PNéscowhélﬁéﬂaoaampéﬁewabhyat least
oneC@Pﬁ@éﬁ@@lé@@légrEQﬁﬁr§E§H?hyF géﬁ#ﬁgséQSEHgEaﬁﬁg of,

gene is nethylated or unne epen
or @@Rﬁﬁ&hﬁ@%e@fth@eohugbﬁutide|deqe@abéyobladg BEQt e NO.

2, Pochin Hued for Gessesthg hathyPat Hon Loat 08 ardsbabed!?
or DH. The method preferably comprises the further step of
assessing whether the gene is methylated or unmethylated.
This may depend upon whether the oligonuclotide stably binds
to the DNA in the DNA-containing sample, as discussed

herein.

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 reagent which selectively modifies
unmethylated cytosine residues in the DNA to produce
detectable modified residues. The reagent does not modify
methylated cytosine residues and thus allows for
discrimination between unmethylated and methylated nucleic
acid molecules in a downstream process, which preferably may
involve nucleic acid amplification. The reagent may, in one

embodiment, act to selectively deaminate unmethylated
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di stinct approaches. Any suitable technique, applying
the oligonucl eotides of the invention nay be enpl oyed.
wO pooong74esrbodi nent, approaches for detecti ng neCTEB2108M03142
CpG di nucl eotide notifs use a reagent which
sel ectively nodi fies unnethyl ated cytosine residues in
the DNA to produce detectéb e nodi fied residues. The
reagent does not nodify nethyl ated cytosine residues
and thus allows for discrinnation between
cytogamet Fpisatagsand Theshy Fold@"Hed &ROSUE Ho &R &£398nt
the %n?ﬁ%%ﬁ}l%%%gﬂ BAC %?.%'tavi’{?fscré Rrieferably fm ddrialae
nucleic acid anplification. The reagent may, in one
sequenieditenhatactt torselsgoiridielg mpddlsdtasl DNA.  The

ynmet hyl at edcyt osi ne resi.dues._Thus,_ f.ol [ ow. :
dea“@%l?}/‘e %o €5 &&g éﬁﬁsx{lﬁc urmst ﬁlyqaé‘tlgld rz:g%aentbaellnnsg
presend,f harient nluchkeqt idemsegirngatmitdiairaferties as
correspondi ng nethyl ated DNA. The deami nation gg .
thyngyteos iwe e stiffeTisn T At e 1OTS RAS DTG Presetavions:
Tni UG S 1 SAMRBASS DAL RAHYRX 28 LR,
which differs fromcytosi ne base pairing behaviour.
methihis atakas dadismedi sersannat i on bet ween net hyl at ed and
nonnet hyl at ed cytosi nes possi bl e. Useful conventiona
techni ques for assessing sequence differences use
Usef@ll QU RATdEE RYd dRRr SqudOf @ippd Seedend os rhemce
design are possible. Firstly, primers may be designgg o

differanadrntid Vs RN RRV BinIpbt ent TP JpRES?
priof BTN S o pienee Yoy e sl sy e
desipFridrertid indilregnss tess amo vosuadbvsat on péteneiabgaéhes of
oGSO o8, Lucsher copmystep. secondly,
diff@féhﬁﬂéi“ﬁeﬂﬂyiation are located between the two primer
binding sites and visualisation of the sequence variation
requires further assay steps. Secondly, primers may be
designed that hybridize specifically with either the
methylated or unmethylated version of the initial treated
sequence. After hybridization, an amplification reaction
can be performed and amplification products assayed using
any detection system known in the art. The presence of an
amplification product indicates that the primer hybridized
to the DNA. The specificity of the primer indicates whether
the DNA had been modified or not, which in turn indicates
whether the DNA had been methylated or not. If there is a
sufficient region of complementarity, e.g., 12, 13, 14, 15,
16, 17, 18, 19, 20, 21 or 22 nucleotides, to the target,
then the primer may also contain additional nucleotide
residues that do not interfere with hybridization but may be
useful for other manipulations. Examples of such other

residues may be sites for restriction endonuclease cleavage,
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nmet hyl ated or unnet hyl ated version of the initia
treated sequence. After hybridization, an
waepbisideat i on reaction can be performed and PCT/GB2008/003142
anplification products assayed using any detection
system known in the art. Tpﬁ_presence of an
anmpl i fication product indicates that the priner
hybri di zed to the DNA. The specificity of the priner
i ndi cates whether the DNA had been nodified or not,
for MHigemd pingimg r@cﬁ datre S ARG AL RS DIYE Nald deh ©F

t hyI . i f
ool ] Mg s e one

olig2hud2bciri @2 pmadeem mdaafs on onat;hequarl@eetsuqkhe*rhqmethey are
ri rrer

spe B S B BT 95 BT on BTy be

ol gléﬁ'ﬁfdlecﬁﬁrdég heyr e Rl 3l 0imse s E?@ﬁm&ﬁe,ofc@rmﬂsmt her
resi dues may be sites for restriction endonucl ease

essegltdadge, Tor 91 I IhAhd T FTHLIATG HHENE L 2nY

of éﬁdgﬁg\]d)r J epgats, or ge37 dues §orypurppse; of 14, 15,
visual i zati'on.”'The o |gonucleot|de primer's may or nay

16, rot, ke ,such ¢thatd>t hey are specific for nodified
met hyl at ed residues. Preferred oligonucl eotides for
use as priners conprise, consist essentially of, or

A f&ﬁ&?élstw%ﬁ Eﬂ%i@é@irﬁ%ﬁiﬂ@ wlgwéhgan@cﬂlﬂn@/doém%@mmlfled
nuclissic 1ass1ci7ls 1% uge Rlagenucierihde NEYPES- di §’t1?}ﬁgBFQ]HeS

may DEHEER ﬂ&&it AN YDAl £ &9 pucieic acid bs to use

gonuc |de bes Such probes nmay hybridi ze
furﬁhéﬁc@iqdm@tﬂndffm@mhfnmdemucheld acidp $u¢hh@$ products

products of | fied nucl I c_acjd uch SP
Obt HHSF Y %?pgp ??F%%?Ion PP oba2Bade égé%%ﬁglthe
ollégﬁu@iég@ﬂgé|ﬁ?ﬁfﬂ@l@&bﬁbﬂlﬁ@tspéciﬁlspééqﬁEﬁces and

sequences and
subsequent detection of the hybrid. There may also be
further purification steps before the amplification product
is detected e.g. a precipitation step. Oligonucleotide
probes may be labeled using any detection system known in
the art. These include but are not limited to fluorescent
moieties, radioisotope labelled moieties, biocluminescent
moieties, luminescent moieties, chemiluminescent moieties,
enzymes, substrates, receptors, or ligands. Preferred
oligonucleotides for use as probes comprise, consist

essentially of, or consist of the nucleotide sequence of any

of SEQ ID NO. 2, 4, 5, 7, 8, 11, 13, 14, 16, 17, 19 or 25.

"Oligonucleotide primer" is referred to herein
interchangeably as "primer". Likewise, "oligonucleotide

probe" is referred to herein interchangeably as "probe".
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subsequent detection of the hybrid. There may al so be
further purification steps before the anplification
Wee@dost3s s detected e.g. a precipitation stepPCT/GB2008/003142
A igonucl eotide probes may be | abeled using any
detection system known in.the art. These include but
are not limted to fluorescent noieties, radioi sotope
| abel | ed noi eties, biolum nescent noieties,
| um nescent nojeties, chem | um nescent noieties
In perlﬁiy.m,d SubTiaeass 1 &bepierdy It Ay St Ut ditedene
[ cl j f f r4 Gansi st
(or B e s TSP O o eot 10 Sequence
dete@fniary ofsiSEQmdRHNQatdon 4peddficy ECR (MSED, . 13, 14,
16, 17, 19 or 25. "dAigonucleotide primer" is referred
to herein interchangeably as "primer”. Likew se,
The MIH QRUGIeRId dE 10r ohe s Iriefrer@ e dersiill in the
i nt erchangeably as "probe".In preferred enbodi nents,,
art.t e redtenyiSEt ianprRagius DR Oy gkﬁneﬂfcﬁb]rl%%n%)iwng primer
.t he f i ad 1.y ' j rrha et
palr&si%%%%ntﬁﬁgotci%lngtslpr{em Slqa;:)(alg’{cn%( P)téféTﬁg&f/BﬂE’% ated
DNA fbe;/cml?lquwfsg vidtamedanf isequenanelof fekéntes m3 e Besult
n. t he NSP approach, DNA may.be a Lfi.ed usi r
of SRR T o ST At G RIRUHS | 5t St T r Bag® NAEL
AcadT®ihylated DNS dy daki D advent sgel-of  sequence’/46705) .
differences as a result of sodiumbisulf ite treatnent
A sp(sa@rﬂm gemrlalof FodiNattedeaee| 1y A INA6YE Tepl-
. : 93 (. ' 5 4 i fi
ving AR T Wi PO o S doe Bna o roal Ti me
quartiiafiddtat dr eo VERe ¢ IQMBR)ed N chn peead tsimel i abl e
quantification of nethylated DNA in real tine.
Real -ti me net hods are generally based on the

Rea COMANURMSH OBt | 88 GOREEHT I PObOEc@noanphef teatinnous
procedure and utilise
optical monitoring of an amplification procedure and utilise
fluorescently labelled reagents whose incorporation in a
product can be quantified and whose guantification is
indicative of copy number of that sequence in the template.
Such labeled reagent may be a fluorescent dye that
preferentially binds double-stranded DNA and whose
fluorescence 1s greatly enhanced by binding of double-
stranded DNA. Alternatively, labeled primers and/or labeled
probes can be used. They represent a specific application
of the well known and commercially available real-time
amplification techniques such as TAQMAN®, MOLECULAR
BEACONS®, AMPLIFLUOR® and SCORPION® DzyNA®, etc. Often,

these real-time methods are used with the polymerase chain

reaction (PCR).

TagMan technology uses linear, hydrolytic oligonucleotide

probes that contain a fluorescent dye and a gquenching dye.
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fluorescently | abelled reagents whose incorporation in
a product can be quantified and whose quantification
WO go00m8fi4atat i ve of copy nunber of that sequencePCTIGBR@®S/003142
tenpl ate. Such | abel ed reagent may be a fl uorescent
dye that preferentially bi _doubl e-stranded DNA and
whose fl uorescence is greatl’y enhanced by bi ndi ng of
doubl estranded DNA. Alternatively, |abeled priners
and/ or | abel ed grobes can be used. They represent a

WhegpéEFFg&aESGylg ﬁc&ﬁeghglwgppsgﬁ@ﬁndgﬁdtransfers
ene@@?WEBCtﬁE|Me§¥@yla%%%cﬁgﬂl H&@em%g% llcg%2§¥%§ 5han

techni ques such as
flust\ws_wgmsa(K;’R@ﬁdpm@@p@mr) I;Day{NA(lr )_o,ro@tas a@nteeul to an
used wi th ner ase

1ntEE§§% %g og%(ggﬁ?gg %QH e@ﬁﬁo?gﬁyc& qql?Qthe

exohydlehyélEcﬁhvgepuGEe@hbdgoQ&ﬁbﬁésbhﬂheﬁoHka&%pélcates a
uorescent dye and a quenching dye, When irradi at ed,

temPL%t%x0|?QﬂsfFBGFe§B§nPC89§lFVaﬁ§f§F§ ghengyiero ehe the
repBeBEBY4gHesehi-ng gxeeﬂgke%ﬂhngQEgﬁEetQﬁﬁch increases in

fluoresencing (FRET principle Man probes anneal
eachocyple nbeepaltieghdntof threrPER pfoguobearndeanvage.

cl eaved by the exonuclease activity of the polynerase

when it replicates a tenplate. This ends the activity

Moleéul@a neeacher alasdcbheati apeltieked¥enst ahts qhueneMiihg

orescence which increases in each cycle
dyefar EB%WE%% a¥e tRelpate bP preBE &l Bavagan MErecHuae

whibgagpss @ﬁsgofﬁﬁiéhntglﬂgi CBB%haH cguepchhng d %%leity
har

but they are designed to a a rpin structu
forwhlrer¢seence E@SgnaonetEnbrgpgTbanhfdyesFRﬂTclmseoccur

N Fl uorescence EESO ance, Ene nsfer
Whe%?@@ﬁygé%kéﬁcu¥br%ﬂeﬁefhg °b EoﬂaﬁgﬁF|§P§g§gt &h€he
anné¢arged shwpNothidehairpin linearises and both dyes (donor
and acceptor/quencher) are separated. The increase in
fluorescence detected from the donor will correlate to the

amount of PCR product available.

With scorpion probes, sequence-specific priming and PCR
product detection is achieved using a single
oligonucleotide. The scorpion probe maintains a stem-loop
configuration in the unhybridized state and FRET occurs
between the fluorophore and quencher. The 3’ portion of the
stem also contains a sequence that is complementary to the
extension product of the primer. This sequence is linked to
the 5’ end of a specific primer via a non-amplifiable
monomer. After extension of the scorpion primer, the
specific probe sequence is able to bind to its complement
within the extended amplicon, thus opening up the hairpin
loop, separating the fluorophore and quencher, and providing

a fluorescence signal.
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anneal ing step, the hairpin linearises and both dyes
(donor and acceptor/quencher) are separated. The

WO n@pe3mEss i n fl uorescence detected fromthe doPOr/GBRI0B/003142
correlate to the anbunt of PCR product available. Wth
scor pi on probes, sequenquﬁpepific pri mng and PCR
product detection is achieved using a single
ol i gonucl eoti de. The scorpion probe naintains a
stem | oop configuration in the unhybridi zed state and
FRET occurs between the fluorophore and quencher. The

' rtign qf the st | s ol iR SRauence, that
In %%?Wgﬁ%ﬁhgﬁénﬁg$§Qggﬁ%ﬁggg%?ension product of the
non—astrerdablid o lsepuendedtside ikertkars rdriderndhbd a
specific primer, vi non-anpl i fi.abl e mer f
spehiigidivon 5t 9atk Oé‘?ot?‘bﬁ &Fjﬁ?n%) r?h?%seelsmg@esgi f i%hés\r%Jg%Ckers
bind GQHIGR; 1S @bl da-dd NA oin t5 et} eneidn-vwpdehf the

extended anplicon, thus opening up the hairpin qugﬁ.
mannggparadid g eitfe Findbsb vk e ary Hefte BF i hgd

. afl GaNe 'chg@}--ly leavy ety o - fher nEL ARS8 bsnd

Slt%%ﬁhﬁﬁ%%?on sgé%% I C, but”non-ext en é%le -

and o Hegomfiret ee otti e earipd loickast sipriov deendratepeci feavyyethyl
instead of the priners thenselves.,  .The bi nd

can (i HIGH 11 (LS h&ﬁ%ﬁ&ﬁ%%ﬁﬁgﬁic
manner, and their binding sites overlap the priner

bi ndi ng sites. Wen the blocker is bound, the 8rin§r
The cakerRLbi IRCRMRNY HERETRFR THetanpl Febn advaptage of the

oHE . he GAN el 8y CoNbI B3t g8sWEbh
spe PEER Mo ARV TR Ve GRT ‘Eﬁoﬂ#‘?i&m aPCR and RT- PCR
achSyst egsatiakes advant@Reanslyhiesspecef P FheePaBt poamers

conbELteen Ly TecLll 0, Bue| e desol o ellovEy g posiane
at the 5' terminus. The second PCR primer is unlabeled. The
reaction mix includes deoxynucleotides and iso-dGTP modified
with the quencher dabcyl. Dabcyl-iso-dGTP is preferentially
incorporated at the position complementary to the iso-dC
residue. The incorporation of the dabcyl-iso-dGTP at this
position results in quenching of the fluorescent dye on the
complementary strand and a reduction in fluorescence, which
allows guantitation during'ampiification. For these
multiplex reactions, a primer pair with a different

fluorophore is used for each target sequence.

Thus the oligonucleotides comprising, consisting essentially
of, or consisting of the nucleotide sequence of any SEQ 1D
NO. 2, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14, 15, 1le6, 17, 18,
19 or 25 may be employed as primers or probes in the
aforementioned methods for detection of the methylation

status of a gene of interest.
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contains a fluorescent | abel adjacent to an iso-dC

residue at the 5 ' termnus. The second PCR priner is
wapdoaloi4egl. The reaction m x includes deoxynucPEDGBo@S/003142

and i so-dGIP nodified with the quencher dabcyl .

Dabcyl -1 so-dGIP is prefere qujly i ncorporated at the

position conplenentary to the iso-dC residue. The

i ncorporation of the dabcyl-iso-dGIP at this position

resul ts in quenchi.ng of the fluorescent dye on the
T GoRBPEREEST FTOORARE nd thor BVGRTR™ HT6REs Sorres1-
timwhinefhakl ows qa¥ankihat e 9%%%%&e%”%%b&b%a.h%%ntF%% a
these nultiplex reacfions, a priner pair with a
metiyipépenerf hosespidrecds gesed offori néaclesttarigeta DNA-

conBE9HEAGC <5 Egg t??ggkhggnugleotides conpri si ng,

consi sting €5sén y of'S or consi sting of the
(ahucbebdticdeénggguencengf taBy DEEQCbR+NMONiRAg s3mpléd wi%h a
6 N 7 h'8h’ 9., 11, 12, 13, 14, 15, 16, 17, 18, 19 or
reag8 ey MhE e AfI-GFEd YaS Y pRPRBIS 61 UBFEBEY LR echeytosine
resﬁﬁ@é@nﬁﬁttﬁ@e@NﬁEEB°?§oEQEed@E?%E%QBl%fmbpgfged residues

net hyl ati on status of a gene of interest.In

but hyvhighr dgeenbetii nedifyt hethmlenedonypreindesea ideals
[ of . d i ng_the.presen and/ or _anount of
o e Shaeh L § b RG BB o FRenPE Bl ARt or

unm@hAgdatatingagesafpiateeanpr usiAg: ataleast one primer
.contgc@ia%/treatin the DNA-containing sanple with a
Palieagent ®ARfcR"SePEETPYePy WBdFhi &8 dRRéeRgPatedbind only

to €N&O0SERBehBS] dHescinyt Be-BNALt QL RERH tgghabl e
nndifigd residuesebu¥ mh?ch goeg notyggaggy%ﬁ%thylated
respgtbsvaeyr ésldavsng by raapnehyi ngtht theastagepart wherefin
I r.unpet hyl at ed gene of interest usin
at %%gfg§é$¥oﬁé§%??n%$ gg?rgré?eFe§§froﬁ8mBFFﬁ§F'oFoﬂﬁF%ﬁs
essestiesigned, torbtods 08ty of the nucleotide sequence of
any of SEQ ID NO. 2, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14,

15, 16, 17, 18 or 19.

The gene of interest in the methods of the invention is
preferably the MAGE-A3 and/or the MAGEA6 gene. Preferably,
at least one primer in the primer pair is a primer
containing a stem loop structure carrying 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 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. This may be detected in real-time to
provide an indication of the presence of the methylated or
unmethylated gene of interest. The primer in the primer

pair which comprises, consists essentially of, or consists
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to the sequence of nethylated or unnethyl ated DNA
respectively following treatnent with the reagent,
wob@pesm3at | east one priner in the prinmer pai PCT/GB2008/003142
conprises, consists essentially of, or consists of the
nucl eoti de sequence of apngt_SEQ IDNO 2, 3, 4, 5
, 6, 7,8, 9, 11, 12, %., 14, 15, 16, 17, 18 or
19. The gene of interest in the methods of the
invention is preferably the MAGE-A3 and/or th Nﬁé 6 .
of tgenauPrastteid| SEIWRNTRRE Fhe PriTh? +1h ¥he priners >
6 Paig i aprifer containing agtem | opp strustyrererably
* darr'yig @ donor ‘and an acceptor noiety of a nolecul ar
carmrer (hhe rensf etogai stawcanged such that in the absence
of anplification, the acceptor noiety quenches
fluorescence emtted by the donor noiety (upon
In &xaidat ianoantedis i tige afphd féosy i Pambeheost ehel oop
structure is disrupted so as o separate the donor ﬁﬁg
a

met Rl D roFOHEEF By Sut ¢ TR | 15 1 S pFBAtReda dRPECt
met%%é‘&é%s Eq ShOPA . JPd Be PRY] PecdgbBEE8Y hnfhedheki BBep:

0
provide an indication of the presence of the
(c) mpidnit af ethortmnee fiyl bs edf gelne pealntémnesdetgpgion
rimer in the prinmer pair I ch | SES,...C '
203 Bl 17197578 G ganer: ot TRETAGST Sa Do ResaRkated
gen®fo AMN O r SEQ O Pebddce 3n,odtpud ofbgend coBy, nBmber.
11, 12, 13, 14, 15, 16, 17, 18 or 19 preferably
carries the stemloop structure. In certain

Preﬁ%ﬁ%@%@?nééﬁﬁh?cgeﬂg SQP¥hQHnP§£rQEtEE§s€§tmﬁ|@hﬁ@ @he

ated gene 1s determned. Here, the nethod
amp Hesteabidn heseconpidéeedbigl tonphesesthef gvcher threghold
éc).quntif i n ?Qe results of the real-tinme detection
valugatfis e§Ss¥éﬁga ‘curve for the nethylated or
unnet hyl at ed
For genes such as the MageA3 and/or MageA6 gene, detection

of an unmethylated version of the gene may be of primary

relevance.

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.
Real-time methods do not need to be utilised, however.
Analyses can be performed only to discover whether the
target DNA 1s present in the sample or not. End-point
amplification detection techniques utilize the same
approaches as widely used for Real Time PCR. Therefore, the

methods of the invention may encompass an end-point method
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gene of interest to produce an output of gene copy
nunber. Preferably, step (c) is further characterised
WO pooblo3i43g he anplification is considered val i dP@IEB2008/003142

the cycle threshold value is I ess than 40. For genes
such as the MageA3 and/ or geA gene, detection of an
unmet hyl at ed version of t gene may be of primary
rel evance . The nethods of the invention allowthe
presence of a nmethylated or unnethylated gene of

of demtertesy theberdsteastednd’ g samepig af fedielihygated or

ince.the nethods .of. the. nyventi ¥ ant | '
unmeﬁéﬁ'ﬁr&&?, e rog zitn|tveeré“’:’a;drnr)l\éln?:1 5 0 ?%oglt?rée#t yr}%?%e%ﬂ%e'
unnet hyl ated form of the gene of interest can also be

determ ned as the reaction proceeds., Real -tinme. nmethods
Thusdo thet lpgedtiemeniidsed P%(ﬁﬁégé?‘?l al%fe%Odca# be

det RELLY med onlaL i distonsr whatherot he dedgeta N 65
present in-the sanple or not. End-point anplification
unmedétydettiesh geechm ues-and st Ze th OIamReippHobeh e B S/
comWl.del Jused for Real Time PCR Therefore, the nethods
Fot ‘i nvention may enconpass an end-poi nt net hodof
(a) d@&ﬁigﬂ’iﬁ_rfd‘lﬁrg:[/&ﬁﬁm&}ﬁﬂi@rtwﬁ—@ﬁnEaMiﬁng| atmple
~or unnethylated gene of jnterest jn a DNA-containin
i LIS AR STHUSI AHE FHVEE B priERA oL S PRUENGY pBI L)
cytcf‘g:itr%oq:ecgiaﬂgsecitﬂ Nghd NPT Ees epesdadd/ @&+ 8P4l e Ohod@ified
methyl'ated or unnethyl ated gene of interest in a
resiDNfe s dnttaiwhiingh séops enoeonpdl &Y meetiia)akent artPRgne

and/or treating the DNA-containing sanple with a
resnr%‘hegsent whi ch sel ectively nodifies unnethyl at ed

(b) %%I;ﬂ?]:_lg%yjﬁl Shiesed st t hepONAL b0 pf odueemeehgtaableor
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 pailr comprises, consists
essentially of, or consists of the nucleotide sequence of
any of SEQ ID NO. 2, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14,
15, 16, 17, 18, 19 or 25.

As aforementioned, the gene of interest in the methods of
the invention is preferably the MAGE-A3 and/or MAGE-A6 gene.
Preferably, at least one primer in the primer pair is a
primer containing a stem loop structure carrying a donor and
an acceptor molety of a molecular energy transfer pair
having the characteristics as described herein. The primer
in the primer pair which comprises, consists essentially of,
or consists of the nucleotide sequence of any of SEQ ID NO.
2, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14, 15, 16, 17, 18 or 19

preferably carries the stem loop structure.
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resi dues but which does not nodify nethyl ated cytosine
residues (b) anplifying at |east a portion of the
woreiobpsased or unmet hyl ated gene of interest UBCTIGBaG08/003142

| east one prinmer pair, at |east one primer of which is
designed to bind only to_the sequence of nethylated or
unmet hyl at ed DNA respectively followng treatnent with
the reagent, wherein at |east one priner in the primer
pair conprises, consists essentially of, or consists

of the nucl eotide sequence of any of SEQID NO. 2 , 3

For, t#e, MAGE-83, akd/o® MA@EPA%lge%% a%te%%io%s 18y 17,

18, 19 or 25. As aforenentioned, the gene of nfer est
unmeghyhatest Heysion Pﬁethﬁveﬁneomaysbpreﬁepahhwryhe

rel@@gﬁcég.@9?ﬁ8£shgﬁgpégsgene cgagﬁgﬁgglcgﬁﬁgpﬁﬂ éﬁg of or

paI Tt s

consiemhgopfsthechucﬂ?ecﬁitﬂw Bggactenobrand yan rageepPtrey No.
havi ng t he

ty.of _a pol ecular_energy transfer pair
2 gﬁa ac?erlst?gsgas9de%&rlﬁgd Hér@?n25TﬁéVﬁrbﬁ€ﬂ e stigaed
forpfh@ﬁﬁuﬁﬁbéembfCHe@QHPEhéeﬁnm%9H§h§%§de %ﬁh@abbx of

or consists of the nucl edtide sequence any o SEQ
folleyiaw preagmeny with the, rgage8t. 9 , 11, 12, 13, 14,

15, 16, 17, 18 or 19 preferably carries the sten1|oop
structure. For t he MAGE- A3 and/ or MAGE- A6 gene,
Thed@beehcenoﬁfuﬁmeﬂhﬁhéhyﬁagedeVﬂﬁ$ﬁomnaﬁcbhé geBepiBY¥ence
rel evance. Priners COWEFIS
§

of Ie%my%%ﬁé’a ‘éé%%nt.%?‘r“?‘f%rf bhecerspstiing @1% fpEhylated

gend UL egl kdey SeQUeNeRe 0k -apy 9F '
6 7,8, 09, 11, 954§ o5t ons gé%f“éﬁgd

CompR}Sih@, pEPposet bhy d@@@entmgllmnefhybat eanAQEAﬁgDNA the
nucié%%f&énge& Sﬁégegf gﬁ§hsﬁselﬁeﬁg?n£4, 5, 6, 17, 18 or

19 have been designed for the purpose of detecting

methylated MAGEA3 DNA following treatment with the reagent.

In case a gene copy number of the methylated or unmethylated
gene 1s desired, the method preferably comprises a further
step:

(c) quantifying the results of the detection against a
standard curve for the methylated or unmethylated gene of

interest to produce an output of gene copy number.

All embodiments of the invention are applicable to the end-
point aspects of the invention and thus apply mutatis

mutandis. End point analysis may invoke use of a fluorescent
plate reader or other suitable instrumentation to determine

the fluorescence at the end of the amplification.

The methods of the invention are most preferably ex vivo or

in vitro methods carried out on any suitable (DNA
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The absence of unnethylated gene will indicate the

presence of nethyl ated gene. However, the detection of
woreiohysased gene is also within the scope of tPET/GB2008/003142

invention. Prinmers conprising, consisting essentially

of, or consisting of the pucleotide sequence of any

SEQ ID NO. 14, 15, 16, 17,7718 or 19 have been desi gned

for the purpose of detecting methyl ated MAGEA3 DNA

follow ng treatment with the reagent. In case a ge
contgapy neintes tofsamid eret A &1Ed SEP ARy | Oé“c?vgeé%enﬁ%se

nethP&S 'mra§/d 1t7e jTRhhed Rief esrt%? Y FC YAV SES A Y theple.
step: (c?) quantifying the results of the detection

The agaithstanslst drsdar dNEtHopa thdmitntge seetthyd atied prticular a
unnmet hyl.ated gene aof interest .to produce . t

DNA-GERE 3oy L?r?gt@:l.e r’ICléJy?(}&cﬁ i SBF° tht: l%#veen E?Dé(j'n glfrhee

methdRR igabie tioddhe iendpeimbaasnret siroftidiediayendisont

. and thus apply nutatis mutandis. End point analysis

disemee i gfbl@m?s]@@fara WS SRt Pt Hedtl bt  her

e SUl tabl e jnstr taion 4 riade thesdiuorescence

lnteartestthe_seng&csé #@ﬁﬁgl ?Trll c:kfaaetdl]lgérﬁe The net hods of the

disdaseantion are nost preferably ex vivo or in vitro

met hods carried out on any suitabl e (DNAcontai ni ng)

test sanple. In one enbodiment, however, the nethod
The MRA-M0 4 116 pdles driel s trepy domghit Bé & gy t hied sainpd et i Jinee

test sanple is a DNA-containing sanple, in alrti cul ar
sampal DN dorr i i i s arfpT el S TR 1 nigh @ h%eﬁfen%arg? e 1s

obtaitﬂpt.eec{ feJ‘_sJEOm Ti] eh‘ﬂ:FESIlD o%afgc’g ~he ﬂ"@f’eé]élil@@r C becysesnd N the
e di‘agnosi s of disease, in particular ere
sampief yd ptéamofsa gensofe | sampksttaker khown e be)ssue

I i nked tg t he incidence of diEease . : ;
suspected of being cancerous or rrom a representative bodily

fluid.

Hypomethylation of the MAGE-A3 gene has been associated with
lung cancer. Thus, in one embodiment, the test sample to be
used in the methods of the invention involving a MAGE-A3
gene preferably contains lung cells or nucleic acid 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 type of
cell found in the tumours. The test sample preferably
contains cells or nucleic acid from non-small cell lung
carcinoma (NSCLC). NSCLC includes squamous—-cell carcinoma,
adenocarcinoma, and large-cell carcinoma and accounts for
around 80% of lung cancers. In a preferred embodiment, where
the cancer is a NSCLC, the sample is a lung tissue sample or
a sputum sample. NSCLC is hard to cure and treatments

available tend to have the aim of prolonging life as far as



10

15

20

25

30

The DNA- contai ning sanple may conprise any suitable
ti ssue sanple or body fluid. Preferably, the test
W@ 200plg748% obt ai ned from a hunan subject. For PEIGB008/003142
applications, the sanple may conprise a tissue sanple
taken fromthe tissue susp ed of being cancerous or
froma representative bodily fluid. Hyponethylation of
t he MAGE- A3 gene has been associ at ed m1th Iugg canger
Thus, in one_enbqodi nent, the test sanple to be used in
Posﬁﬁgiﬁeﬁﬂ8d§eéﬂeﬁﬁéguﬁ&@ﬁFPBﬁ Phv 61 FieRg <a wﬁéﬁi%sfgé@@
mosﬁr@Bﬁﬁ@E|¥y§@nB§'ﬁ%nPUQQnQ%Elé Qr 13U é@dﬁf%ﬁ%@ %ﬁfﬁoor
or na

lung cells. Most preferably, e sanple is a
outepRed- Paraffin Enbedded (FFPE) tissue. There are two
types of lung cancer: non-small cell |ung cancer

(NSCLC) and small cell lung cancer (SCLC) . The nanes

Hypsmﬁphyld€$6hib€ the tppe-aB gehk fieurd sion 1tikedqurRurs.
bl gge test sanp preferably contains cells or nucleic
a

4 F?Bﬁ?ﬁonTQHEV|leeﬁﬁdﬂah@néér@mﬁ@ﬁam@m$@LCP further
pref@&%@ﬁ'B@EHdgﬁmﬁgHaﬁBuﬁecEEEdC§EC%B%”ﬁetho 5 of the

adenocar ci noma, and |l arge-cell carcinona and accounts
an?@Flgﬁogﬁﬂt8®m@otranﬁgt@aneérblaﬁdea peéﬂerbedsquamous
he samle.is

er he c
CargﬂPﬁﬁ%nﬁgégﬁ§@sg§%ﬁ8'orggegﬁﬁ?é%VSa ﬁeteﬁ§cfémp hded
obtébnedr Eramdat beaticent iavakl albeet ppdre@aBave tiheiai m

of |l onging life as far aspossible and re eV|ng
der%?ﬁ%tgﬁﬁm FrdPEeaBe. CRBERENFSNHRESAESs BCAEMFER™ ype of

traﬁ§ﬂ91§§8§eﬁléagekscé§§gcb§t@ u&hgﬁspggEcﬁ &%n% a der
Hyponet hyl ati on of MAGE- gene Is a

Celb$add%becbﬁéérsamhmg can bddieiromal €mbodilientis), ualne, a
h

pre%%é%@%{epﬁﬁ%ﬁrr%d tesg g%e 1p1£ Qelﬁs%ﬂe'ﬂrﬁng. The

tissues and body fluids can be collected using any suitable

method, many of which are well known in the art.

Hypomethylation of the MAGE-A3 gene is also linked 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
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. Preferably, the test

sample is obtained from a skin lesion.
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i nvention contains transitional bladder cells or
squanous carci noma bl adder cells. Preferably, the test
W@ 209plg748% obt ai ned from a bl adder tissue. MorBCT/GB2008/003142

preferably, it is derived fromurine and contains

nucleic acid fromtransiti | bl adder cells or

squanous car ci nonma bl adder ‘cel1s. The test sanple can

be derived fromliquid urine, a precipitate thereof,
re0|%|tate in the urine. The tissues and body

othdr, DYB-E4R thé o ECfed SfsifiRg M%P s st enatgartl O the

f | ar lds kw4 t
lnvgl—&g%r?gt ﬁ%algpgnsgfm\b?#es VAGE- A3 ge)lr:SZCl?!s' &% ed to

pergenagased W@Idaﬁenall 3158 Spi gr‘f@msead Sangedis yneac tes sidtined

e t been wel | ned.in hlstopathol ca
frO!merél‘r%s%lEE% § RIS GHGh 7S %&&@S(lﬁép) Cgla?n
aspi.meade, |ﬁEOmtberaﬁﬁdﬁr@m®e@@@dpﬁﬁ%bhéﬁy Q%Qﬁl%id%gn tumor

have no Eapa0|ty for metastasis; resection at th

tisstiggaame SFW§FO%%@§%IWWratﬁWH%§@§WtW Fron a
fre%ﬁrbkc%Eogéﬁ“%gd9h§§%levcgkrd%§% g%ea tRansitial E%%:

nore aggressi ve stage, IS capabl e of netas
exa@ﬁéﬁgeenphugen@heipreéspdn @@m@rmam;qn 1dazdmaa§ﬂ3ﬁal

ruSEnbhLSho2h. pGR, S Mpsat aer sl D o,

plasanrpl ertoebechsed, IBtbe W%ﬁﬁ@@&a@% t% u&%&?nﬂﬂﬁﬁle
contai ns el anoma cells. Preferabl test sanple
aSpﬁga%Bta?ﬁeHVPrOﬁW3b§k§ﬁePé§ﬁ@ﬁ ocR PHDNAS@o@p@qmmﬁys and

bru8BNBpEsihehsuUserhB thesiethady 8% gh%lh YNt a%nbe

i ncl ude sanpl es for diagnostic, gnos
colpersedanbsed ﬁeﬁleumaab&eewetﬁbdsemaawpbeshnmﬁtmeds are

b d. %r surgica ch as b|o sLes or
wel? kgbﬂge eggéplr t‘esk FFE%PﬁQFaP A BRbedded ErbsGeed
spetinenf cazebet HBBFormed directly or on a tissue 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.

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.
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). 1In one preferred embodiment,
purification involves alcohol precipitation of DNA.
Preferred alcohols include ethanol and isopropanol.

Suitable purification techniques also include salt-based
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tissue sanples, fromfresh tunour tissue sanples or

froma fresh or frozen body fluid, for exanple.
woRWwolBTIBE | Ng exanpl es i ncl ude whol e bl ood, boPET/GB2008/003142

marrow, cerebrospinal fluid, peritoneal fluid, pleura

fluid, lynph fluid, serqpy2§L§sna, urine, chyle,

stool, ejaculate, sputum ™ipple aspirate, saliva,

swabs speci nmens, col on wash speci mens and brush

speci mens. The tissues and body fluids can

preqdaliltedtian Gfsqtﬁ”g)%y SHusabl & R RS Gy ﬁ@??%ﬂ%% the

DNA arawﬁin egﬁygﬁ%gl hﬁ%?kéﬁncan beq%§%#g€§§d d|$ectly

cona@ntre tai dri &sﬁJesas]enttcorpreTctneprmm c@atﬁ;hﬂeﬂant%)at i Epg salt

ey ST ol St B o SEGHHERE of porassium
acets GO AN Heheranal exddama pat | @dmpbs. deBies ihethod may
above. The nmethods of the invention may be carried out

furtdmrpwrmqlt&ﬁ T IR TP TINA- @Bt e MR 3ahp| watch have
be pitdt&y) pr&d £ & e&%%@@@ér y P&E %NAotﬁ@@gﬁa)
e reagen

treat ment st or as a prelimnary Step
alcdmd&|pﬁ@@ﬂ@fﬂ&nﬂ@miracted/pur|f|ed fromthe
DNA- cont ai ni ng sanple. Any suitable DNA isolation
techni que may be utilised. Exanples of purification

In 42N SHest Y afodQusht N shandar dotextscautbnasechnique
Mol ecul ar Cloning - A Laboratory Manual (Third

is WEibed ompon SaerR ookt saRr RUSIET IS ekOi ﬁXEﬁ?FFcul ar
coné%ﬁ ¥s 8 And g?fft rs2cdbererm)s,; R QH@ prhebarnedt,

di'nment, purification i nvol ves al cohol
thermexm®mte@mpnlséstmue ®f epeenell, atbbhop§ormchndeisoamyl
purif,

and isopro aﬂgé %

alc?%%%n?ﬁu%étﬁ?gB F%% sa%?lgﬁ iapF88|p|%aPuoare
empBEHQUEs dRYSrei h@PerspeEbht emenbadsment bbpabbled into

purification technique conprises use of a high
the organic phase and that DNA remains in the agueous 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.

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 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
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concentration of salt to precipitate contam nants. The
salt may conprise, consist essentially of or consist
W@R00pO8A3SI um acet at e and/ or anmoni um acet at e POT/GB2008/003142
exanpl e. The method may further include steps of
removal of contam nants v h have been precipitated,
fol l oned by recovery of T t hr ough al coho
precipitation. In an alternative enbodi nent, the DNA
purification technique is based upon use of organic
allosmlt\remt)sylt@eextw atqnq@tﬁﬁ aﬁrﬁ%ami‘seﬁ%?n%%w iR ataeple. In
— ﬁéf% éﬁ %m%%%5%§$n£féS@ép&?@f?fnlzed
pheriol | oro rm-an |soany to extract the
in 1TONA Méraénlﬁzcoartmmt cmshmzes enphdyesit¢p magUbe répeated

the contam nants are sep ted ipto the organ has
onCPRAL DR e TP 1 SaTeb ™ RABET PP Her Ty ene
treé%ﬁéhﬁﬁﬁhﬂ@®@§téﬁek&%ﬁ&dréﬁédC@sﬁ@@bvaaeet@aﬁolSuch
kits are well known in the art and conmercially

avallable The nethods of the invention may use the

The Rﬁllﬁe(§ E ﬁﬁfgﬁHﬁ Kitsol Na ﬁrgﬁﬁféﬁgiate,

ese purific t|on t echni ques,
1nc&3@6ﬁ£ﬁ@d £E@b|§ri@£0ﬁ@rsﬂeph(@ughraasohoprellmlnary

precipitation, K such_as eth
stell GeroRt ot OREL o0, el TRe b oed o Bhraf PR BApakhed DA in
the (FiR e t UNBYLNEL sSEScisnt Be tBgabnaeiHodhef shipDErmay be

tissue preservation within clinical centres. Such FFPE
achbeed desisanphessiehable BeadRtaxi ABABEEP2BiPBr Of oNBRASIC

xtracti eferr PE tissue
aCls%ﬁ%?%S ggrséga E%ﬁ g% BgsgﬁﬁggFﬁer gg glldes are
speétf@;ﬁhdeméedrbyaxleeoEOmeEatnent a Wetcamsaéiiupenabdr-

the xyl ene_shoul d be suffici Snt to | l.ow t

Exaxszm%%eo?oseaﬁﬁa&? DRI RERESCRER ERSER& ?gnﬁpesgf’mdard

texts such as Molecular Cloning - A Laboratory Manual (Third
Edition), Sambrook and Russell (see in particular Appendix 8
therein). In a preferred embodiment, kits such as the
Picogreen® dsDNA gquantitation kit available from Molecular

Probes, Invitrogen may be employed to quantify the DNA.

The methods of the invention rely upon a reagent which
selectively modifies unmethylated cytosine residues in the
DNA to produce detectable modified residues. The mode of
action of the reagent has been explained already. In a
preferred embodiment, the reagent which selectively modifies
unmethylated cytosine residues in the DNA to produce
detectable modified residues but which does not modify
methylated cytosine residues comprises, consists essentially
of or consists of a bisulphite reagent (Frommer et al.,
Proc. Natl. Acad. Sci. USA 1992 89:1827-1831,). Several
bisulphite containing reagents are known in the art and

suitable kits for carrying out the deamination reaction are
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a more preferred enbodi ment, FFPE sanples are depar af
finized in 100% xyl ene for about 2 hours. This step
woreaoloa74eepeat ed once nore to ensure conpl et e PEPaBai0s/003142

finization. After xylene treatnment sanples are

rehydrat ed using 7096ethqn%b._The met hods of the

i nvention may al so, as appropriate, incorporate (also

prior to step (a) or as a prelininary step)
uantification_of .isolated/ extracted/ purified DNA in

COMPRECSAMpY eI VRLAAPIEI d&11CEN 28T thie EBNRNAN meftd Warkglon kit
froﬂ?iyﬁ@ ﬁ@gb§¥@ﬁ usi Rgy, Q¥1§Hﬂ5§?g p%%%%%z'gy%%gle%kl%%r

nucl ei ¢ aci s may, or exanp & based upon use
useofnatbpewetbphet offetér, iavehtdronebeprdses,Udonsists

f abl ni ques are
S S e e N o T S el
- A Laboratory Manual (Third Edition), Sanbrook and

ussel | _(see in particular Agpendix 8 therein) . In a
OnCﬁrE?%rPlé ERbBUFNEAED LRI 1855 HERNAS TER& <R BéFhedher)

reag SHNA guanti tALEORKLL s ¥9‘E8bhgt%c%”EN%' g%#% enge in

robes, |nvitrogen nay e enpl oyed to quan
nuchrAtidhesagthode cfushd bavehei oragehy .upahia Heagent

h ctivel fi.es_unnet ted cytosine
uSlwgsgdﬁégig &1 AEL P %16%885&8nd2¥ggpaeps modisf regtioned
alreesyduﬁﬁmcﬁhenﬁmdg etlackhenmetni/herneagent nbas BeRRonly

| ai ned, already. In a preferred enbodi ment, the

aSS?% Yert %h?%ht§%|@69m9éﬁy ﬁﬁGFPPésOﬁnﬁéﬂﬁ?laté@
par€YtQBhPE E&SLAUESyl Acthe; Eﬁgaag"piﬁgﬂﬁggﬁ teah %hlveggd

nodi fi ed residues but® whi oes no yl'a
hlghyt@@l@@n¢@soﬁu@choﬁpndBes andnsrstsfﬁeseﬂbu&ﬁlynothe

f | phit t (E r et al
profbsEPnRLat n ohe 2 ALSULRLI ey agent (Fromrer et ol .

exiSevesahllow 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 investigated, are
typically found in defined CpG islands and/or in the
promoter region 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 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 amplification of the methylated or

unmethylated gene of interest produces an amplification
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bi sul phite containing reagents are known in the art
and suitable kits for carrying out the deam nation
Wo emensss arecomrmerci al Iy available (such as tPeT/EBE2M@BI003142
methylation kit from Zyno Research) . A particularly
preferred reagent for use ip the nethods of the
i nvention conprises, consis essentially of or
consi sts of sodium bisul phite. Once the DNA in the
e has been treated with the reagent, it is then

|
Proﬁglggsggr Stycger epprerd Matietler diide dand Aaotinidetween 50
andsequence rgaused by qu%url%ﬂ?“ﬁ]elgq}a%ﬂ };soq:once sussden%aamples,
ec ue. men

nucleic acid anplification niq _ nti‘one
espglciaady, phuacfioneakopddelde\samp Iret hyleatd drinis SWINA

: i i t.h th t i ans of
aua g sy SRS BP Yl et Pl STt P e e e be

desareedl athvel prhifgh rieacedener ieh tGpEHeesicddes and are
n found in the pronoter region of the gene.

ft .
ampgréﬁ;‘?&a%l%f PRRFECHr 6gPRFE Sexi oft tleagitl GlveCpBdlsicarids

seqh@n@eggﬁeaﬁ§ b@tQEQS&DtﬁoPe2ld%Ut%fi%q-8ecﬁ%ﬁQHH§'éw 16,
t he nmet hods™ of the’invention'may ivol've anpl’i fyi'ng dt
17 pgadP.a poefeoabdl,t he eephyjlfivedion proeily atedgened)

[ L [ at st _on rimer _pair. A_s
10OS??Engggggbggggggphcggﬁhéprei?gu Q'oﬂB@nPQVe§§Qwﬁ6§el35
bp, nkthppabir-on4st BpUssi prbaubed.nvestigated, are

typically found in defined CpGislands and/or in the
pronoter region of the gene of interest, the primer

| | Leal b ([ I porti.on_aof. th ene
BE PARELIbRC BYRLER MM MR PYREY Bad-bnpriopy Soayys1 Y B0 en
primarsable pesigoadofot héndenelgayobehanpkificade of

me R R e ool Pl bR PP T e R taPetrabrBegs Hith the
reagehtabl ehusdi €béoprohethacpEesengeselihigate between a
methylated and an unmethylated gene by base pairing only
with the either the methylated form of the gene (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 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 uracil)
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gene of interest. Particularly readily detectable
anplification products are between approxi mately 50

w@eeoASakp. Even nore preferably, anplificati oPCTIEBR@S/003142
the at |least one priner pair for anplification of the
nmet hyl at ed or unnet hyl at eds%ene of interest produces
an anplificationproduct of ‘between approxi mately 100
and 200bp or between 50 and | OCbp. This is

particularly relevant for tissue sanples, especiall
for sfifsictiliveeioddey fambiads WHerse 1 iRt CFWY atly

1 a alyn B dLOS, MY Poided
re e(LY)ésFﬁeéJ&leg{gal plr %ﬂer r eﬁ?ﬁoétg{ynent t he d&rwect abllogee
ent iangilyvi ﬁjhmiugfm gupachypoti adwETry igwssr atediegrston erimers may be

des1rc]_:jbr|)gdeo d%lzbe%ﬂelnce Ofeflfp%}tcﬁ?és IDerN(a)ii.l%;/latLl:.On statjus

of 6ﬁ8§éfiééﬁ'ﬁﬁléﬂéﬁﬂ“ﬁlﬂgs(@ﬂdﬁ”&ﬁaﬁﬁlbkby ﬂﬂ&l&mnndlézmlx
bp, 120 bp, 125 bp, 126 bp, 130 bp, 135 , 140b

of Glmn%@u%eqolrd}tﬁﬁc@dt the |%&Owiﬁu¥ﬁé¢a’$wq h%l*ﬁ?%%‘?he
prlnpe s?cg.[%jr}] L ef %’-{cac,tglydlt}?ﬁl P%ﬁrﬁ?’pliﬁl@:@@i&@ $@.bt nds

e 'sequence o ed or unnet hyl ated DNA
expé‘cﬂiddjvvbm]gy tiRathe mie kit e ttdrd cp:eaggmthyrh@%edtf@rrpmfrethe

acts to di scrl m nat e between at e
Gon ot HYT ISR g TP TLe pa TP he oL O e (Rs Rt g e
samgne. Metdyi @ &b f0f B ofa Thergeneyd ) Cht [eapi s
unnodified followng treatment with the reagent
appnmmﬁr@tf@ﬂr a%*‘edlﬁaﬁ‘tm Qe t el BRRel f Rk ¥ d%??ﬁdto

blnén6ﬁ dg? Deadi oy Qtﬁ?fa@@@lbﬁﬁtfgﬂléﬁlng

are put. e prinmer nust, therefore,
trea:m{@.ﬁt ahtleatslhe on‘magmt‘hydnadil one sptleef nprhleegeh@ bind to

I nterest ra t he ds ar
et e e et bl mip LT iagt ioe pohty® Fr el B8 fhere
a géﬁe81ﬂ@éﬁ¥é§tf@@c@iéﬁﬁll&mﬁﬁp@fﬁéﬁta@ﬁyeéhﬁhich are
methylated and separate functionally important sites which

are unmethylated.

Preferably, at least one primer in the primer pair is a
primer containing a stem loop or "hairpin" structure
carrying a donor and an acceptor moiety of a molecular
energy transfer pair. This primer may or may not be a
primer which discriminates between methylated and
unmethylated DNA as desired. The primer is arranged such
that in the absence of amplification, the acceptor moiety
guenches fluorescence emitted by the donor moilety upon
excitation. Thus, prior to, or in the absence of,
amplification directed by the primer the stem loop or
"hairpin" structure remains intact. Fluorescence emitted by
the donor moiety is effectively accepted by the acceptor

moiety leading to quenching of fluorescence.
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primer is designed to bind to a sequence in which al
cytosine residues in CpG pairs within the priner
whrediosiy3si te are net hyl ated or unnet hyl at ed -PCT/6B2@8/003142
“fully methylated" or a "fully unmethyl at ed” sequence.
However, if only a single a few nethylation sites
are of functional relevance, the prinmer nay be
designed to bind to a target sequence in which only
these residues nust be nethylated (remain as a
Durigyg e f bratuiomt nvtat @ {tImaried 26 WracFt§fotoop or
Rt . L pdi t ace. . icular,
halr(%{}lorﬁ- ﬂuflnlg %Pngl(lr)% J%}g e@gﬁ%% p%?earl}%%l%%i tey1 o?artlc
oncerethy |@mitimer nhy brecewpddete@nintel yntamplghication
ropriate primer design or priners_nmay b sigped
orodiiiun BHdh HABRHICHT wLBr tRe TEE S| LT ERCSt aP e of
(patteseld €55 4&kEN@NMtNhSI §8Sokd OF cexanpt ealaylinctudiog) athe
m x of Gand A residues at the appropriate | ocation
stemi k9pm ehehptFRer Sehuehees 1sdedFdPhgfy, ERLS

arpd & cat! HEt SLSa £XPESt 88 0BbY ok ahBCaccept
et %é%x%% %?rﬁéﬁgt y?a?%d ?orn1o theogeﬁe of PRt
moiéites estf fasienedenthan the accgbhak DNAetpniai hpngonger

S le, Additjonally or alternati it be_.
can iR oof ot Eerbivarv alke B hEb Db hvFLfinrbheRYe PEni tred by
the l@oWbRAUnODEYyT O Thessegnengenot monethybabadcbiAa

follomﬁng treatment with the reagent and_the other )
deteetaielet BlBPRASEONABL AYyPARed DRAIBNFYIPBIL ofi AGEected in

reaiﬁn%%gegé ?rEQEdSXQHDHde@QEEaﬂiSﬁnehéngehée%oyy number

ronalTy inportant sites ch are nethylated and
of slepanatieyianeti onalihyethpobatadt gsheesfwhnthrass.-
unmet hyl ated. Preferably, at |east one priner in the
prinmer pair is a primer containing a stem/| oop or
Thus Nat ki RetBbHYCHYr eheak hyeAGiandeAgr uvandiae accept or

_woletx of a nolecular_ . . _
oligonucleotides for amplification of nucleic acids that are
detectably labelled with molecular energy transfer (MET)
labels. 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.

When the amplified product is double stranded, the MET pair
incorporated into the amplified product may be on the same
strand or, when the amplification i1s triamplification, on
opposite strands. In certain instances wherein the
polymerase used in amplification has 5'-3' exonuclease
activity, one of the MET pair moieties may be cleaved from
at least some of the population of amplified product by this
exonuclease activity. Such exonuclease activity is not

detrimental to the amplification methods of the
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energy transfer pair. This priner may or may not be a
primer which discrimnates between nethylated and
waeosibst ed DNA as desired. The prinmer is arPErg8008/003142
such that in the absence of anplification, the
acceptor noiety quenches jly@rpscence emtted by the
donor noiety upon excitation. Thus, prior to, or in
the absence of, anplification directed by the primer
. __the.,stemloop or "hairpin" structure remains intact.
TVETdP8scence enmitted by the donor moiety is _
effectively accepted by the acceptor moiety |eading to
guenchi ng of fluorescence.During anplification, the
Thec grithgdsarifothef imverdtiem,| eop drs heisrqel rhestairctaure of

riper is.altered, | arti.cul.ar, .once the prinmer
ada_E%Pﬁgoggopg gd%ﬁ%ﬁ?%ﬁf@ﬁgﬁqﬂ%éﬁ%9ﬁ¥%Wbdﬂifﬁl § peid
segpantiesy! dncilotdng gkt rsideanrted DWAa (i | cid@r |y

.during.the second round of amplification) the stem
trlFBIB&lgﬁcﬁ PR n 28¢r echEe F9 ldifdcaptiod SHtems.

alteration in structure separates the donor and

acceptor noieties sufficiently that the acceptor
In popeefersedoehbrgémendpalihe oF Tefifsedtlinceles qquenrchidigpnance

itted by the donqgr, noi ety. Thus,
N R T L R B
labgsilgrdl withi doabgnahd scdebeetedoliRthiedl, - Win® di® the donor

.provide an_indi cation of the gene copy nunber of the
m“%é’hwaFerﬁlBPreﬁHé’ffﬁyP&@e&h@eﬁ@ceptiom Edsity THaus bet ke

1 g5 0f LRyentd i L] i | eoti des
R 1 T cati ohuet Thacroreob: qooFad ML 3Ry
donpgpepiedlywi shahsbebebabyetéegpcteansfremoiME). ITakel s.

seog iRt BEFFELRRLTLS, A GRRBRAEES | RRBS ne namprEricg oation
primer is a hairpin primer that contains both donor and
acceptor moleties, and is configured such that the acceptor
moiety guenches the fluorescence of the donor. When the
primer is incorporated into the amplification product its
configuration changes, quenching is eliminated, and the

fluorescence of the donor moiety may be detected.

The methods of the invention permit detection of an
amplification product without prior separation of
unincorporated oligonucleotides. Moreover, they allow
detection of the amplification product directly, by

incorporating the labelled oligonucleotide into the product.

In a preferred embodiment, the methods of the invention also
involve determining the expression of a reference gene.
Reference genes are important to allow comparisons to be
made between different samples. By selecting an appropriate

gene believed to be expressed in a stable and reliable
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product of an anplification reaction, such that the

anplified product contains both a donor and acceptor
worpioeny74ed a MET pair. Wien the anplified prodect/GB2008/003142

doubl e stranded, the MET pair incorporated into the

anplified product may be on he same strand or, when

the anplification is trlarrp?lf i cation, on opp05|te

st rands. In certain instances wherein the pol yner ase

sed in I|f|cat|on has 5 '-3" exonucl ease activity,
fas I]ofbet DT Hoh & it %yccmo@@é,ve@ﬁe@mm

18ast £ tthe-opul Q%H roduct e
amplt %ﬁcﬁgﬁc%ase%act IVity i q%'rpi nu%]‘gg”égc acutllw ne o

intiegasdt t@éqera rmmoalactcmurtte :anmﬁsaummeamamtahm:slw, such
i nve he thosofthelnvenlon
?&ﬁl\s‘cse%(tf él-En zfrr{E édacailﬁt abl % fﬁé%lfﬁﬁ‘syff orample

degamoilajtfmo@ﬁtelt@n oA nedtiehRCighredRNERSs i dEl Ui NG, the
pol ymer ase chain reaction (PCR) , trianplif ication,

PreXRECst Rer fampilifidd&t .aaw%t%nnw PNfrrefes ree which is
con%%@ﬂ:'l@e%tx'?rte@%eMEEe't%eférﬁq{% i gonucsﬁq{ebget | gﬁeencer Drnus,

transfer , I n whi S are
thel zpemles \ﬁr‘phl m@olgeam cefcaemaresrmuoem és; mmamsétd]e
aga i8I B e SR Ruf i e denr hste Jgene.

Suleabﬂbedeh¢r6heedq&@%sm@dﬁﬁjk§;ﬁh§QﬁHEQH%éﬁﬂ¥%n include
accept.or iety. The acceptor noiety nmay be a

betdTaREHEr . STNGEE *LRE ARSI FOREOT b1 AW i Ferhia pi n
GAPDHWerrﬁB@%oﬁQ@tﬁNQSg%%%@ %%E%Fa%”Q8%F%%E£££a'“1‘§ﬁA Znd

nd is configured such that the acceptor
RNAqQéﬂrmegaﬁﬁeIffl genesd®aclendfc he edtoradf \H‘i@mﬂéﬁe Biophys

Respﬁbﬁﬁﬁn|82b620 B°r§5e§13q 9 %%%—%gelIf&%agl%géﬁggﬁggrly

preferred embodiment, the reference gene is beta-actin.

Thus the methods of the invention may be further
characterised in amplifying at least a portion of a
reference gene using at least one primer pair, wherein at
least one primer in the primer pair is a primer containing a
stem loop structure having the aforementioned

characteristics.

Any suiltable portion of the reference gene may be amplified

according to the methods of the invention, provided that the
amplification product is detectable as a reliable indicator

of the presence of the reference gene. Particularly readily
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 100 and 200bp. This is particularly relevant
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configuration changes, quenching is elimnated, and
the fluorescence of the donor noiety may be detected.
wab@onsibods of the invention pernmit detecti onPCF/GBR008/003142

anplification product wi thout prior separation of

uni ncor por at ed oligonuclgqiédgs. Moreover, they all ow

detection of the anplification product directly, by

i ncorporating the | abelled oligonucleotide into the

product. In a preferred enbodi nent, the nethods of the
for it TR kRS i rRASIS/E alelerea FA HEL? HIRsGHRR TP LTS a

whef el eNcsy 1ﬁelfl dfrhb %Ege]ﬁé%?j%f Lpporiant to allow

npari sons erent sanples. By
selectlng an approprlate gene believed to be expressed

t ab) d el iablefashion bet h
i 4 ST, LS S P DEL e SR b s

the GRNE JRIeIhernh i 1y dihe genenOfmérihedeshal akesthptRer
account inter-sanple variabilit such as anmpunt of

chaﬁmrmcénrm thahAfmtsecrief c%llé%d?et}é%%l ghich
comSAIALAN £E6: b LR St oOce 9oL shou| dobrealhy
e pre a

ence arell e anmount of input Ee one
det@%ﬂiﬂhI&gaxmstamtiwamdaméss@ﬁv®efmeehh$h@eghnbhEsd or
under test. Thus, the results fro

anmg el S (P Be hot HeTT S ALaP nePhp R g, Fughbhy gy the

res€OPY Heinbes platheiref grenseigener Skt abFerester gose
genes for the present invention include beta-actin,

agaﬂgﬁ%t:e&t a$ Gy aed 3Cphvs phat et e hyef 85enas eJpTAPPR) Produce

[ g s; A8 b

on {AR9CTEE R 02057 il B 405.LhPgp0uLy M andh ENy

furihé¢Ww6m§é$sébnnunmaﬂﬁ@ﬂnganhésre3m3t$4by d886d68y Lthe
In a partlcularly refe odi ne h ef.erence

genYeHRPY sSPHEPEL atti b eT%% hYﬂ%t%gtﬂBdgng?t%HS %ﬁgeﬁ?PsnOf

int&BYsPepfutBelene copy number of the reference gene.

Again, the methods are characterised in that the
amplification is considered valid where the cycle threshold
value is less than 40. This is preferably the case for both

the gene of interest and reference gene.

Amplification of at least a portion of the reference gene
generally utilises at least one primer pair. Preferably, at
least one primer in the primer pair is a primer containing a
stem loop structure carrying a donor and an acceptor moiety
of a molecular energy transfer pair, as for the gene of
interest. The mode of action of such structure during

amplification has been explained herein.

The "hairpin" primers for use in the methods of the
invention are most preferably as described in US 6,090,552

and EP 0912597, the disclosures of which are hereby
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characterised in anplifying at least a portion of a
reference gene using at |east one priner pair, wherein
W@R00ve3ms8 one primer in the primer pair is a pPCTEB2008/003142

containing a stemloop structure having the

af orenmentioned characteristics . Any suitable portion

of the reference gene nay be anplified according to

the nethods of the invention, provided that the
~anplification product is detectable as a reliable
inconrpinsdiot b1 thelprereheetnvd tHesfRFEARES gohR.

1 cul ar I | 1.1 cabq duct
comfB gl rlogon i ot eRio oLy oot s, prgduct
parfreflersb} yorafptiéd cathodimsing the atiheastopheining a

st rlsth chL B GER | FRCALFOr PR DbE L= ofbetaBent CH ene of

int SPPEOX AL &) Yr d BOr 8REe 20009 . cdiibBisSs pacbhsikasl y
relevantfor tissue sanples, especially paraffin
essenberded shnpf egonbbpes| ¢hitled DRALgUargt yopgiguous
i cal bt ai ned. he enbodi nents in which a
Seqé%@%?%n%% gengéig i%%ﬁ%%éd in the nmet hods of the
(a) i avent somtbecoet dodsegqaynbe bfirbbeweehappprerisetely 6
that the

st ep of the nethods I ch, gonprises . .
and GUaritH Jo T GRe! rERGFEL of HEL PP BARS! ey HePBe A7
nucPIM N§¢ Scghandar dscusperfon fhennet hykatedodety selected
unmet hyl at éd gene of interest al so conprises

fromuame i dynay mhterEsantdstbe ereepear- RPABTHePEchi BRIGFULAT
enetd LE1QLENCE 9?9? %ﬁgk@%h #n st apdard 8%@%2 £Rr tkhe
r et 8%to pro i

erence gen uce an output of gene copy
fluotebeenta a@acbnease andeoparonalilyrf uetrhéengbhpr vbes
ormal i si n

e SR LSRN e Lo DY CLVL 6 g L 600E S0P s
sailNEEhEstsb¥nthecgenecg0By BHIBEH oAbt B ikeker ence
(b)ggnSécond, single-stranded nucleotide sequence
comprising, consisting 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 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 fluorescence, the acceptor moiety absorbs
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Agai n, the nmethods are characterised in that the
anplification is considered valid where the cycle
wao booessmaBsl val ue is less than 40. This is prefBCHGB008/003142
the case for both the gene of interest and reference
gene. Anplification of at % ast a portion of the
reference gene generally utilises at |east one prinmer
pair. Preferably, at |least one priner in the primer
pair is a primer containing a steml|oop structure ,
and careytimes asafohof Lapre apchce epbEtadi BYysat dadrBPEcPapty/
energy transfer pair, as for the gene of interest. The
node of action of such structure during anplification
(d) has bieens exphai sedthererhmefhea” hairphp” spnipierstirended
use jn the nmethods of the invention are nost .
nuc hpef BapT SISO R sEPPBEUSTHI USSEPH90 689 GngeRpially of or
con994259 . ot NS i, 86H 08P 88 x Oha¥li ghgakBd 40 nucleotides
her ebyincorporated in their entirety. These priners
thafreomprheeei at | ytkndhnead AnpERRPOER (P PRYNELs SE@hdS, NO-
4n 8 partgou arlyspreferigd enbodbht o5t NAArLIRE aple
contai ning” a stem |l oop’strlctufe Used to anplify a
to Ppoiméogywnthébes geneaohutchtereatidngdbbymeeberende agene
conpri.ses, consists eisent%ally of or cgnsists. f %he d
nuci Pt HAf ngCIBRETGUEEEPSERGBREEY FR § DUF eéc'agﬁgeﬁ:ran
compB s@nfi 8L Pycteohi de saaupBery0htbat Weelnmethylated DNA
approximately 6 and 30 nucl eotides, wherein a ,
of hbel gen¢te whehphnsuhanf spsd Auplest idenséqiensed s said
rirLBPELLEA VLD BalL' SLORLCLY SRLeated Eramaiag donar
noi ety ahd e"acceptor nol ety of a nolecular enéergy
distanosfehapaprevehesennltheldanencngiyetyaesifes between

fluorescence at one or nore particul ar wavel engt hs
salgh&hrekcphedSeannt Be+5¢¢ept or noi ety absorbs and/ or
guenches

and

In a particularly preferred embodiment, the donor moiety and
acceptor moiety form a fluorescence resonance energy
transfer (FRET) pair. Molecular energy transfer (MET) is a
process by which energy is passed non-radiatively between a
donor molecule and an acceptor molecule. Fluorescence
resonance energy transfer (FRET) i1s a form of MET. FRET
arises from the properties of certain chemical compounds;
when excited by exposure to particular wavelengths of light,
they emit light (i.e., they fluoresce) at a different
wavelength. Such compounds are termed fluorophores. In FRET,
energy is passea non-radiatively over a long distance (10-
100A) between a donor molecule, which is a fluorophore, and
an acceptor molecule. The donor absorbs a photon and
transfers this energy nonradiatively to the acceptor
(Forster, 1949, Z. Naturforsch. A4: 321-327; Clegg, 1992,
Methods Enzymol. 211: 353-388). When two fluorophores whose

excitation and emission spectra overlap are in close
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said fluorescence emtted by said donor noiety; (b) a
second, single-stranded nucl eoti de sequence
W@ 09po3EB8g, consisting essentially of or consPGL/GB0SM003142

bet ween approximately 3 and 20 nucl eotides; (c) a
third nucl eoti de sequence % nprising, consisting
essentially of or consisti g of between approxi mately
6 and 30 nucl eotides, wherein a nucleotide within said
third nucl eoti de sequence is labelled with a second

proxyhbty, sexettablien opf saine GbRGFORBPEEYWARY Sapge it to
ac r e d I St r

et G o e Y Sha i ag Eal G PR B By cafigERee

stiﬁ@h@@@cehem@emam@ ShmdrbphoﬂenuchesingelsequenuenlSO

Ienentar% in reverse gﬁder to

CcoO d fi
CLugRREot | bt SUHUERCESEasn Lhe: CXCALEREXCChR FORREY Of the

flrQ@twggﬂoﬁﬁlﬁlubféﬁhayglfgttggngeaygeaeb9ng sak@nkhted
nucl eotide sequence such that said first nmoiety and

lnd@@%@n@lm©1@ty dieoln prbRFATEYOBUERA that nejpgBRopKéng
seco &?g?éﬁngrisffggfgéﬁoggq eﬂEt 2%§8ig§??ﬂgeiikg%ime of

acce sorbsand quenches sai uor escence
the efibhdednbyesald tlondecneesty; andditd) fatorhec8nteend

of the rlner a fourth, sin Ie tran ucl eoti de
queRgtuncEn by EPel hyLOEORSR BTN LELant FaPPy LBE GF Coptor
mo1£808E St 5ngnRhnBELWERA é@@&@ékﬂ&b@'y fihaRdtAB excited-

nucl eotides that conprises at its 3 ' end a sequence

stab¢ engroy SEQh® Monop is4tragsferredgto ginons, 14,
fluorO%ﬁgrelgcgé ér(aggetgﬂﬁoggggekg anhgyagﬁg§|§sby

ercoacrd pol ynerase of a AuCH e sequence
quetonpd ewethany bﬂbaequehE|emasbdostbandluompsbshn@ blye the
portion_of the methylated or unnetgﬁ %ed DNA of the
acca%ﬁ%y IthPéFncaﬁ%n §8PJ28GFPERTI $URGLLPBPNES, Bsai d

quencher. Both quenchers and acceptors may be utilised in
the present invention. Pairs of molecules that can engage in
fluorescence resonance energy transfer (FRET) are termed
FRET pairs. In order for energy transfer to occur, the
donor and acceptor molecules must typically be in close
proximity (up 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 molecules.

According to Forster (1949, Z. Naturforsch. A4:321-327), the
efficiency of energy transfer is proportional to D x 107°,
where D is the distance between the donor and acceptor.
Effectively, this means that FRET can most efficiently occur
up to distances of about 70 A. Molecules that are commonly
used in FRET are discuséed in a separate section. Whether a
fluorophore is a donor or an acceptor is defined by its
excitation and emission spectra, and the fluorophore with

which it is paired. For example, FAM is most efficiently
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first noiety and said second noiety are separated by a
di stance that prevents nol ecul ar energy transfer
whedwesnssai d first and second noiety. In a  PCT/GB2008/003142
particularly preferred enbodi ment, the donor noiety
and acceptor noiety forma 6Iyorescence resonance
energy transfer (FRET) pai%. Mol ecul ar energy transfer
(MET) is a process by which energy is passed
non-radi ati vely between a donor nol ecule and an
exciderbfrorlhvhecul eh F woveberedicle ¢EsHRAntB, eefgymnits
. Jtransfer_( [ f . FR rise he
llg%%(ﬂﬁﬁ?i%s£§§g%ﬁ?§a?% %ggh?%a%ggdwgbﬁ%gg;éﬁh%ﬁiégg%%ed
maxhyurexpH st & he. paFAicld as swifeblehgt Hsnof Flgbrophbeg for

emt light (i.e., they fluoresce) at.,a djfferent.
use \yavidt eff h.$%%%%fc%%§o%%%s?%fi ?%rﬁ%ﬁg?lhﬁygpﬁg?%g .
excith RG] neRer@y he passed) non-radiatively over a long
di stance (10- | OCOA) between a donor nolecule, which is

a fluorophore, and an acceptor nol ecul e. The donor

absor a f ' ne .
tn GRECEES:P009t9D ROCLLAs Ehsol S eneLaly gongr moicty
is Noderéocsth. oA 4 deB2taB2Ve theggefl998¢ MetHodsceptor

. Enzypol . 211: 353-388). en_two_f | uorophores whose.
moiehii tat PARCEHd eﬁ¥§§?%ﬁb¥§ecF?a S@BPraﬁ SPB pRivative
comSHOSER! 0XbALY ¥t sexskbAat i an1 of cenerf buasopher efWeskbarboxy

cause It to emt light at wavel engths that are
fluabseeded- by and that stinulate the second fl uorophore,

causing it in turn to fluoresce. In other words, the

excited-state energy of the first (donor) fluorophore
The I BETr aaséRsr ednbyecaatesonadceti adycedidepdkepoiditpaohethe

interaction to the nei ghbouring secon accept or
Prifgg®r ophBr 8. PATSIEULBE Vt?r?ﬁ@%FFSe?Pﬁﬁgépep & Ehﬁogonor

and "RLEEYLEri Bodeergasgdeapdsi t$ohbHOBRSEBRAGR chiSntary
nucleotides within the stem loop structure, such that whilst
the stem loop is intact, the moieties are in close physical
proximity to one another. However, the primers of the
invention may be labelled with the moieties in any position
effective to allow MET/FRET between the respective donor and
acceptor in the absence of amplification and separation of
the donor and acceptor once the primer is incorporated into

an amplification product.

The stem loop or hairpin structure sequence does not depend
upon the nucleotide sequence of the target gene (gene of
interest or reference gene) since it does not bind thereto.
Accordingly, "universal" stem loop or hailrpin sequences may
be designed which can then be combined with a sequence
specific primer to facilitate real-time detection of a
sequence of interest. The main sequence requirement is that

the sequence forms a stem loop/hairpin structure which is
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quenched, while the fluorescence intensity of the
acceptor nolecule is enhanced and depol ari zed. Wen

w0 bmoexmass edst ate energy of the donor is transPEr/G8e08003142
a nonfl uorophore acceptor, the fluorescence of the
donor is quenched wi thout_spbsequent em ssion of
fluorescence by the acceptor. In this case, the
acceptor functions as a quencher. Both quenchers and

ot ;feptors may be utilised in the present invention.

B SN0 f-NFp PESANSS tHatadd ffdden n(drdidriest eacaires
e £ 1R QPRNER BRI )L I angf & , (‘é:h%E-Qefqgfre cteegscnp!geﬂcri':t%tE% éaortion

pairs. I'n order for energy trans 0
of ddsoprimerabdeptsor: el demds trustt taypi cald Wibes dis

preximty (up to 70 to 100 A ) (O egg, 1992,
Sy 40 o b o LS A R 06 Eaaid, | e GOSmeyb HiRke fore

becBnzpnphrt246: t3Q0-a33A)fithe il iIfHLROE ofn 8RS B rst round
tragsfer falls off rapidly with the distance between

of apg &5&8Ftéﬁ@-ac@@5Fb¢hﬁﬂqgmmhﬁmemM&ﬁmwﬁﬁnyqi{Ewrster
oyrh8d9ced, - Mohuidionsaly, AEAIL 320, b ef chency of

energy transfer is proportional re D
lOOPghﬁhépdhsﬁﬁm@@t@&EmeeﬁhﬁheS@@@@Bt@@dt&&ﬁeﬂmﬁﬁrophore and

f t]vel this ans that FRET can nost efficiently
quegf::%%% Jﬁ‘éi §UeSy atbse gLFagt}&?t t90 IRNSIRILSRUIEs t hat
floarecengrnaky atiged fiikakREH %&%c@b%%qssed in a separate

h segtion. Whet her a fluorophore is a donor or an
The,BEEPt 6POPs SHERFREF by Si PEedreirbati druand adnitdsi ¢ end of

theSB8 a et r ' .ch it 1s, paired.

P e e e s PRoe o0t P i, Pyelidin ea <t I g

amphii fhcatwanel ength of 488 ran, and enmits light with a
spectrum of 500 to 650 ran, and an em ssion maxi mum o
f 525 ran. FAMis a suitable donor fluorophore for use

As mehhidfEg JAMRE, andsRXteakbrostqwhiheh H%V%ekg%%ﬁly
labelled with a FRET pair. Preferably, one moiety in the
FRET pair is found towards, near or at the 5'end of the
sequence and the other moiety is found towards, near or at
the 3'end of the sequence such that, when the stem loop or
hairpin structure remains intact FRET is effective between

the two moieties.

As detailed in the experimental section, primers must be
carefully selected in order to ensure sensitivity and
specificity of the methods of the invention. Accordingly,
particularly preferred primers for use in detecting
methylation status of the gene include a primer comprising,
consisting essentially of or consisting of the nucleotide

sequence set forth as:

S’ - AGCGATGCGTTCGAGCATCGCU -3’ (SEQ ID NO: 1)
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excitation maxi mumat 514 nnm) . In one particularly
preferred enbodi nent, said donor noiety is fluorescein
W®@r009/08/B8 vat i ve thereof, and said acceptor noPEL/GBRE®S/003142
DABCYL. Preferably, the fluorescein derivative
conprises, consists essegth Ily of or consists of
6- car boxy fluorescein. The T | abels can b e attached
at any suitable point in the priners. In a
particularly preferred enbodi nent, the donor and
5' ackBPIBFCHBI 64PRET BRECHBEAFt Toned (8RQcbRpNeneRt ary
andaﬁfleotides wWthin the stem|oop structure, such that
st the stemloop is intact, the noieties are in
5’ €| BSECRhYSETECCAEOXTOECYCCAAORECARBCHRTCAEBGRVer 3/t HEEQ
rinmers of the invention may b e labelled with the
1D ﬁ%iggies in any position effective to allow MET/ FRET
andpstween the respective donor and acceptor in the
absence of anplification and seEaration o f the donor
5" andCARCRPEDRAGRRECARECHr rmBf (§8ERnEBrPorated into an
andygplification product. The stem | oop or hairpin
strlicture sequence does not depend upon the nucleotide
5’ - SEQERATETAEGENAGTATHET gedé (§EAeIdf NDnt énest or
ref erence gene) since it does not bind thereto.

andAREordingly, "universal” stem|oop or hairpin

5 ' SefdensescaRyYchEcdastanedchnehTagactrherarTeTcomdi N@to 1D
with a sequence specific prinmer to facilitate

NO.real -time detection of a sequence o f interest. The

andygkn sequence requirenent i s that the sequence forns
a'stemloop/hairpin structure which isstable in the

5’ absearecntcanphir€hoat Fod’ (d8d@Qt ADsNensdnes ef fici ent

?uenching) . Thus, the sequence specific portion of
and¢R&-primer binds to a tenplate strand and directs

5' —TTAGGATGTGATGTTATTGATTITGT- 3'(SEQ ID NO. 8)

and/or,

5' — AGCGATGCGTTCGAGCATCGCUTTAGGATGTGATGTTATTGATTTGT- 3' (SEQ
ID NO. 9)

and/or,

5/ —TGTTTGGAATTTAGGGTAGTATTGT- 3’ (SEQ ID NO. 11)

and/or,

5’ — AGCGATGCGTTCGAGCATCGCUTGTTTGGAATTTAGGGTAGTATTGT- 3’ (SEQ
ID NO. 12)

and/or,

5/ — CCATCACTCATTACTCAAAACAAA- 3’ (SEQ ID NO. 13)

and/or,

5'" — ATTTTTGTTCGGAATTTAGGGTAG- 3' (SEQ ID NO. 14)

and/or,

5/ — AGCGATGCGTTCGAGCATCGCUCCGACGTCAAACCGTCGCTCG— 3’ (SEQ ID
NO. 15)

and/or,

5/ —CCGACGTCAAACCGTCGCTCG~ 3’ (SEQ ID NO. 16)
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synthesis of the conplenentary strand. The priner
t heref ore becones part of the anplification product in
wo @033t round of anplification. When the  PCT/GB2008/003142
conplinmentary strand is synthesised, anplification
occurs through the sten1lo§g/bairpin structure. This
separates the fluorophore d quencher nol ecul es, thus
| eading to generation of florescence as anplification
roceeds. The stem | oop structure is preferably found
and/ggrihe 5 ' end of the sequence specific portion of the

,'pr'ﬁgéf j AAptifical 98- nt L oned above,
> tﬁ#s é#i@?%?agégﬁ%nce isggeggggl?§svgge§?gd with a
andF/RET pair. Preferably, one noiety in the FRET pair is

f d d h '
PR ReT ARy S0P LA TR G, Chear 31 HECL RB M-
18) 3 'end of the sequence such that, when the stem | oop

or hairpin structure remains intact FRET is effective
andfetmeen the two noieties. As detailed in the

5 &% g@@gge&ei\cé%mn' 3pgiﬁg§r§nﬂﬁéy 99@ careful ly

S in order to en sensitivity and
specificity of the nethods of the invention. .
SEQ AEROF@i Agk§prpashteurae| sepreneered pRPnBRATPOP §SEVFLUTS

sEgdebegdl B9 gethyl ati o fég&géeﬂ£ FBewgeRepi-igk¥decluences
priner conpfising, consisting essentially of or
compbaséstanyg 0b the hushébtitdecopyarhed semetoyihtast

°' - A J TCGAGCATCEC -3 (SEQIDNO 1 )5 1 -
Se ARG TORT T AN T ACEEIAEST 3 (SEQ ID NO. 2°) and/or,
SEQSID NOABCEE A CEARATRECSCAACRT GARACEAECAGEGRe- 3
SEQ IDS&S 6, 9 and 12 comprise the hairpin structure
sequence and the sequence of SEQ ID NO. 5, 8 and 11
respectively.
SEQ ID NO. 4, 7 and 13, represent the reverse primer
sequence complementary to the bisulfite converted
unmethylated sequence of the Mage promoter.
SEQ ID NO 3 comprises the hairpin structure sequence and the
sequence of SEQ ID NO. 4.
SEQ ID NO 14 and 17 represent forward primer seguences
complementary to the bisulfite converted methylated sequence
of the Mage promoter
SEQ ID NO. 16 and 19, represent the reverse primer sequence
complementary to the bisulfite converted methylated sequence
of the Mage promoter.
SEQ ID NO 15 and 18 comprises the hairpin structure sequence

and the sequence of SEQ ID NO. 16 and 19 respectively.

As detailed in the experimental section, expression and
methylation levels of MAGE-A3 showed best concordance in the

assays that incorporated SEQ ID NO. 2, 5 or 11, all three
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IDNO 3 ) and/or, 5 "' - CCAACATCAAACCATCACTCA - 3
(SEQID NO. 4 ) and/or, 5 - TGGAATTTAGGGTAGTATTGT - 3

w0 2¢09R8)48O NO. 5 ) and/or, 5 '- PCT/GB2008/003142
AGCGATGCGT TCGAGCATCGCUTGGAATTTAGGGTAGTATTGT- 3 1 ( SEQ
IDNO 6 ) and/or, 5 "' -_ CCACCAACATCAAA - 3 ' (SEQ
IDNO 7 ) and/or, 5 ' -T TGTGATGITATTGATTTGT- 3

(SEQID NO 8 ) and/or, 5" -
AGCGATGCGT TCGAGCATCGCUTTAGGATGTGATGI TATTGATTTGT- _3
PrifeE) ¢ENG SRy Bhd/ pquence 5’ TGGAATTTAGGGTAG 37 (SEQ

ID %éEﬁ%§¥¥%¥$ﬂggm§%;g%%%ﬂg¥ﬂémﬁoai&é%%QIE&QE%r}éb primer
binmﬂmgmﬂmﬁﬁaﬁmm%s&@ﬁi@s 3EQ ID

0. T T R EANAA AT =S CORRERFPREREY 19) tBRdl or
bis@lfdi/%er AJ%HJJEJ@@@@HHWA&&MAGESEQ LD ME=fddiply

1o s AT (T TOGAGEATE e R EEREE CAMACCRF 05 052030F {8gkp in
lenég%PK)Tﬂég the Mage-A3 specific part of such preferred
primer is preferably between 24 and 18 bp, or between 23 and
19 bp in length. Preferably it is 19 bp in length. The
primer may thus comprise any sequence of 23, 22, 21, 20 or
19 consecutive bases from the sequence 5'-
ATTTTTGTTTGGAATTTAGGGTAGTATTGT-3’ (SEQ ID NO. 26). The Mage-
A3 specific part of the primer most preferably consists of

the nucleotide sequence set forth as SEQ ID No. 2, 4, 5 or
7.

A primer comprising, consisting essentially of or consisting
of the nucleotide sequence of any SEQ ID NO. 2, 3, 4, 5, o,
7, 8, 9, 11, 12 or 13 is particularly useful for the
detection of hypomethylated (unmethylated) MAGE-A3 gene.
Preferred primers have the nucleotide sequence of SEQ ID NO.

2, 3, 4, 5, 6 or 7.

A primer comprising, consisting essentially of or consisting
of the nucleotide sequence of any SEQ ID NO. 14, 15, 16, 17,
18 or 19 is particularly useful for the detection of

hypermethylated (methylated) MAGE-A3 gene.

Preferred primer pairs for use in the methods/kits and
assays of present invention comprise at least one primer
comprising, consisting essentially of or consisting of the

nucleotide sequence of any SEQ ID NO. 2, 3, 4, 5, 6, 7, 8,
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and/or, 5 "' -CCGACGTCAAACCGICGCTCG 3 ' (SEQ I D NGO

16)and/or, 5 ' - CGGAATTTAGGGTAGTATCGI- 3 ' (SEQ ID
woeoa¥M3and/ or, 5 ' - PCT/GB2008/003142

AGCGATGCGTTCGAGCATCGCUCCCTCCGCCGACGTCAAA- 3 " (SEQ ID

NO 18) and/or, 5 -CCCT CGTCAAA- 3 ' (SEQ I D NO.

19) SEQ ID NO 1 represents“the sequence of the hairpin
structure SEQID NO 2 , 5, , or 11 represent

8
forward priner sequences congl enentary to the
9, bisulditk3coberied Lamethyl 88 edl Seqtichte ofreherKAge

. pronoter_ S 1 e I,r QN St :
e e S e
the Stui¢ld dif BdS espreneccands t ey SefDeheNOf SEHD3INOSEG D
8 and 11 respectively. SEQ ID NO _4 7 d 13, ...
NO- ¢ epresentSkhet P Ner sé PR nef §%%u£ﬁclg000ﬁ‘gl gﬁéntlgryspg D
NO. the bhgu i ter C@E%etbeﬁounwt hybated seamepeepetrthecd
~Mage pronoter. SEQ ID NO 3 conprises the hairpin )
primer uea i ecomrpbaee, ananshetsegaeneblat L BEQL PrNEPRgLSts
or ShQ LI Ieande LI HERT E5CBET OPVRHICPELARY Sequences
conplenentary to € brsulfi converted nethyl at ed
sequence of the Mage pronmoter SEQ ID NO 16 and 19,
represent the rev

b o SESThy DS SLET R PLLUEE eeaunee comploment k. Lo
synMigEi PEQMS e ncorporate a suitable stem loop or hairpin
structure carrying a donor and acceptor moiety, preferably
at the 5' end, as discussed in detail above. 1In 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
57— AGCGATGCGTTCGAGCATCGCU - 3’ (SEQ ID NO: 1).

This detector sequence is generally labelled with a FRET
pair. Preferably, one moiety in the FRET pair is found
towards, near or at the 5'end of the sequence and the other
moiety is found towards, near or at the 3'end of the
sequence such that, when the stem loop or hairpin structure
remains intact FRET is effective between the two moieties.
In a particularly preferred embodiment, the stem loop or
hairpin structure, especially the nucleic acid comprising,
consisting essentially of or consisting of the sequence set
forth as SEQ ID NO: 1, is labelled at the 5'end with FAM and
at the 3'end with DABCYL. Other preferred combinations are

discussed herein, which discussion applies mutatis mutandis.
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SEQ I D NO 15 and 18 conprises the hairpin structure
sequence and the sequence of SEQ ID NO 16 and 19
wOo e®pesBs/el y. A s detailed in the experi nment abCT/GB2008/003142

section, expression and methylation levels of MAGE-A3
showed best concordance in éhe assays t hat
i ncorporated SEQ ID NO 2 5 or 11, all threepriners
conprising the sequence 5 TGGAAT TTAGGGTAG 3 (SEQ ID
NO. 25) . Thus in another enbodinent, preferred primer

Theds neli 1o TN pranmtate ragpomnt of o KGR ABresepti ses

;
s AP, e PRl S e 1 et couml el o

sumn € eschbiry 4les sdd il &b db@scriptlsom)r ¢egpablyeBal2part)

21, 20 or 19 Ienth Ths A3 specific
beldhrt BF LuCH e b FHRTE, & praPeF abPy “Bar R eRESPe
uti Pk d 8 bpshorpheineen 23-ahtdod9 bpnipatengtbar,

Preferably |t is 19 bp in length. The priner may thus
addicoiprad s ef bayk beguesmeente23napobe 23ddegd, ofoggexample to

o GRS R I 6y SRS AT T oo,

as f%ﬁ@p@@dflCV@ﬁiin@fsé@@e@ceaepraﬁetaplgfhaablyt least
consi sts of uc eotld sequence_set prt @ SE
90% ) Poteast {°r5aBri frnr% i‘a Fi %’ TedS
at FORSEsbERY gsseniial bys Ofa@rléé)Bﬁl §‘7%Dga@f 1&5@1; 98%, or
nucl eoti de sequence of any SEQ ID NO. 2 , 4 5
at Beasy 998 nugleofide 19egrengei édBHFf-FEuWéthtD@eful
t he 0 t t
ruci RS SEREShRTs & e PR B Y IR B B S B Toren
in SEQUEDCROOi'SECBI£hﬁK112tQ 39, 04 255 , TBeoprimerA and
pri mer cogprisin , consistin essen

ot BLLIELE SOTPLLEL 19, consl o109, essent bal Ly of oQher e
anaf@buég'a§5apé§®pﬂ1ate or may be DNA, RNA or PNA based for

%

example, or mixtures thereof. 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 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 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
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18 or 19 is particularly useful for the detection of
hyper net hyl at ed (net hyl at ed) MAGE- A3 gene. Preferred
w@eioaes74p@i rs for use in the methods/kits and BCSHF&B2008/003142

present invention conprise at |east one priner

conpri sing, consisting essggtrally of or consisting of

the nucl eoti de sequence of "any SEQIDNO 2, 3, 4

5,6, 7, 8,9, 11, 12, 13, 14, 15, 16, 17, 18, 19

or 25. Preferred prinmer pairs conprise, consist
PrOW%QﬁwﬂmeﬂmQﬂ@ﬁt%@nc@®s¢%¢ @#ne heoRyichedpeHeCs ebiengene -

oo S A SR Mg B0 B o RED Bl frie S o
FREBNth 5, 0oIn Sk | &ubdiiddniandsdB8d donmostmpieteraed said
ri ses, i sts_essenti

ner f .
acc By sraretY  REE ntiel St T ae Lot Sre B B PR REF 1 oF ©6-
carEH%&ﬂiuoﬁ%é@@lnoﬂﬁA@T bt £$1ﬁ8€h@£ynmr§ maycheoro-6-

| abell ed with or synthesrsed to incorporate a suitable
carkgwnt 1 wope drehai  FPR) st¥edambnear PyFaglaxdohefaanae

R6G’3}| Cetﬁ)tI@r m)ﬂl:g 3¥ fl’?%grébég @6x§9ﬁo$am1§§d E%ﬁlaAment

SCUSSGd In ove n a prererre
carlofey-ax— b@b@aminéhéR@X]neﬁ (3)- amlhabéhyédamunhnapthalene—

synt hesi sed 't |nco por at e, fer bly at the 5
1o et oy EPRESL brenbetaht o Cearnareer iy, tethiun
cheBssENd Al LYt phe 8! MQDééﬁit@g pketherpyeteoti ded 4,
sequence set forth as 5'- G£EWTCEAECATCE11} 3

DABQEEQ terNanethyl, rhﬁd@mae@ecpbreeeqheﬁyeate r gBAELAFI y

t e ly, 1N
n1t¥ﬁgﬁgﬁéﬁn%%|$tﬁ%5 uhdg%%m%g%gg %ggr orgag ?Ekﬁégrend
embeditdet segatacéoand mbkcoyhbs soiletyedsffomndltiowasdsin,

near or_at the 3 'end_ of the sequence such , when
5- ceﬁe0§¥é%rraeﬁcarnharr6.ﬁagr?ﬁx?ﬂrarﬁéﬁﬁrﬂs(?EQQCt FRET

rhodiSmehlectiyer bghvweepthhe) bMOnBRhBEHBSene-1-sulfonic acid
(EDANS), anthranilamide, coumarin, terbium chelate
derivatives, Malachite green, and Reactive Red 4, and said
acceptor moiety is selected from DABCYL, rhodamine,
tetramethyl rhodamine, pyrene butyrate, eosine
nitrotyrosine, ethidium, and Texas Red. Preferably, said
donor moiety is fluorescein or a derivative thereof, and
said acceptor moiety is DABCYL and most preferably the donor
moiety is 6-carboxyfluorescein. Other preferred
combinations, particularly in a multiplexing context, are
discussed herein and 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, the invention provides a
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In a particularly preferred enbodi ment, the stem | oop
or hairpin structure, especially the nucleic acid
weomwplsEBg, consisting essentially of or consPGI/GBI0EMN03142

the sequence set forth as SEQIDNO 1, is labelled

at the 5 "end with FAM and the 3 "end wi th DABCYL.

G her preferred conbinations are discussed herein,

mhich discussion applies mutatis nutandis . These

ners orn1separate aspects of t he present

kit L an SR i IHRe BracRas: Fodl/e ehaURds e hrd metshylated
or @hﬁle%%mrtleﬁe%e'n% to'?ieJ] ecte"‘.‘t'elsecd %esacrd[\)gxt cﬁo taln:.n (Sample,

(experimental "part) IS noteée variten
compirispage a§edf@@|$¢e$>nm)prb@em |p|a113ed>ﬁ it Hehel rpreaseinin .

rt.icul ar ddi tional fl anking
Pre?%%%&%gggt%a k@e a@&@&poﬁgie§x§n§1éﬂﬁﬁ"ﬁﬁﬁﬁbﬁﬂfﬁﬂﬁﬁlng
1nvspé¢bhlébtyd@tebh&nbom%&tb@%s@&c@ SHRINA 0o Bt of

Lred., Variant sequences preferably have at |east
unm%%@?ﬁa?efﬂeaefi/ gTvneit W aied A8 losast QRYE grrimer

paikeast 4%t nheash %%%%eﬂ% | 62t/ ;36 % Al & % %é)erence

at | east 98% or at [east 959% nuél&of 1 de sequen
gen?dehﬂlP?rﬁnﬁhlamebﬁMle@tnde s@@uemce&eo&uﬁham@rwmmpilse

/ 0 t.forth in SEQID NO 1 to 9 and 11 to
prl@gg ggégg $§§pﬁgﬁ%ggs “aRE A&t fP WP§PF&€9Ur&99ﬁ$ftln9
essgntbepoyabe eyntbe&uetmu@lagttﬂ% @ﬁ@h%%%ﬁ%ea%equence set
£ g proprjate_or , RNA or PNA based fo

or

afpl 8290fFP nNQFu%es3vhéveéf 68|ﬁvI§pI9,aﬂﬂerd@b|&é, 14,

15, fLaprescent, degopand . aceept-ar et Les, ERET %%'ef%rf{‘a r
be utilised as appropri ate additionto
in Paﬁblpeemartha@helﬁlmebeiiedtwdohoenaa@paopenbae stem

t he ri dified _
loo%DbEO%%§ i runﬁarsgﬁérfﬁﬁbiﬁgﬁgg gF666$1aRd iPakersd
tlmproasd&ﬂsthﬁéeﬂhabBHQCRWQﬂ@hlHYS@ﬁS@lBB'HEbl%@glﬂ%re

%en1|oog/ha|rp|n structure in the nethods of the
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:1. The stem loop structure is labelled with an
appropriate donor and acceptor moiety, as discussed herein

(which discussion applies here mutatis mutandis) .

As aforementioned, further characteristics of the primers of
the invention are summarized in the detailed description
(experimental part) below. Variants of these seqguences may
be utilised in the present invention as discussed herein.
Alternative fluorescent donor and acceptor moieties/FRET

pairs may be utilised as appropriate, as discussed herein.

In one embodiment, the kit of the invention further

comprises a reagent which modifies unmethylated cytosine, as
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invention is not conprom sed. For each priner pair at

| east one priner is labelled with a donor and an
w@emepsrss noi ety of a nol ecul ar energy transf ePCP&BR008/003142

arranged such that in the absence of anplification,

the acceptor noiety quenchgs fluorescence emtted by

the donor noiety (upon excitation) and during

anplification, the stem|oop structure is disrupted so

as to separate the donor and acceptor noieties

disc:sx_ﬁSfaG}:ih@nC_teliyl t(6-rp IR e et b Fa tRst eaeierene

Sl gna C S q%t_teecg inr -] Vi

eSS |Scah:/¥ggr%1 %ffet e geneteég%)p'y nsﬁ%%ré g%ét%{ég)e%%.eug@ful fox
distRrefiersahilng mseitd/ldoreat  fmine tynrestch e tte d oTepe i nei et y

are a FRET ir. | nbodi t, idd [
res iGhiieoal o ach AP T S R et W (1B S Car By o2
bisdﬂﬂﬂf¥%¥”ﬂké%fﬂ%bf?”i&&%ﬂm|b&§&§§%ﬂﬁb(Fwﬁﬁiszréggent is

-di methoxy-4 '5 "-dichl oro- b- carboxyf |uorescein

capgJiGE)of crqmalmﬁim Bl BOXE/ ¢ dart PRl {REEG STARES NFO N
'~tetr t - .6- ' )
SraG ol PO e (RO B (2«3t ot hor) "o Eec:

Thigamdnohaphed elre-rdssild ome laeidt { EDANS)t¢ distinguish
ant hrani |l am de, counmarin, terbium chel ate derivatives,
betW%%FW@%,arﬁgaﬁW%ﬁhﬁgﬂtﬁg, n a¢etr At hyl

dowd DOHHH NSro kS £NEs U Y4 At BCR €SI HE PELMOEYT OBLBR,
~ ethidium_and Texas Red. In a further enbodinent, said,
dlswlm@@wq@ sef et bl f 2 BT aot bstey RosbogaPpok§f with
uor esce 0 - cei , rhodam ne,
gua%l-n?’z %%%%%e‘fﬁiﬁfﬁ%%%g‘g%ﬁgl %ﬁ%ngg‘gm fonic acid
(EDANS) , anthranil am de, coumarin, terbiumchel ate

derivatives, Ml achite green, and Reactive Red 4 d
RS QLPERERRDHTHID BT RS st Set BE A From BhBCYE, -nventIoh

nerdhodagi peaptetEamethys hhedesi neilpyegnenbutyeat €o act as
quaffgénsontrol for the methods. Accordingly, in one
embodiment, the kit of the invention further comprises,
consists essentially of or consists of one or more control
nucleic acid molecules of which the methylation status is
known. 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.

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 repeated for reasons of
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nitrotyrosine, ethidium and Texas Red. Preferably,
sai d donor noiety is fluorescein or a derivative
w0 bapesfs38 and sai d acceptor noiety is DABCYL apdiI/GB2G08/003142
preferably the donor noiety is 6-carboxyf |uorescein.
QG her preferred conbinati ,_particularly in a
mul ti pl exi ng context, are scussed herein and these
conmbi nations are al so envi saged for these aspects of
the invention. The invention also provides kits whjch

CONCHERPTIRS s ek | IO rgdO e r y-Rrut Kt hed Fret o dsh Bt He?
fur%ﬂ%ﬁ”ﬁééﬁ}#é@giI%&ﬁ%fgﬁé'égégﬁgﬁﬁﬁfyaaﬁ,oért£6hsists of

err eatures mentioned in connection with the
nucleaird cusi dredroldist {caidi arsés)fofrs he i nventi on descri bed
herein. Thus, the invention provides akit for
detecting the presence and/ or anount of a nethyl ated

The OfitIMHB} il & esh@enieoaf 11t emsti ), acOhkt sondasahbPally
sanpl e, conprising at |east one priner pair of the
of gmveensbr: T SerER Y, te rat@lyiaceipbeatedChdpri mer

ak & . the i ti f ct q :
e e o T s S e TaT anal or et hy Tt o
compAiGEe A genesanss sepriakely paf rof oconet ett phgat heitable
resence_and/ or. appunt, of _a reference gen in .
pol Bira v o HeTaLatt et St PRt Shay EumpPige inetude
thod¥ | fBSM PSGES EHNDIY SA Eh@ PAMTEY BOBPpHESpBUYymerases, such
consi sting essentially of or consisting of the
as Taml ebfideverfuebhee set forth as SEQIDN>s 2, 3, 4
, 5,6, 7,8, 9, 11, 12, 13, 14, 15, 16, 17, 18,
19 or 25. Preferably, at |east one priner in each
The prantsupacompsnéabel dedimet hianmappbeppraakagstieaeposptely
or hairpéf structure to facilitate detectigni

in YR V18P aSOBPSEHASREE aBbvEY nhi oh AFedtss| BR BBBFFds
togdeh&r NhatbSapptapsiste. Mst preferably at [east one

prinmer in
The kit may also incorporate suitable instructions for use,
which may be printed on a separate sheet or incorporated
into the kit's packaging for example. The instructions may
facilitate use of the kits of the invention with an
appropriate real-time amplification apparatus, a number of

which are commercially available.

The last step of the real-time methods of the invention
involves quantifying the results of the real-time detection
against a standard curve for the methylated or unmethylated
gene of interest, and optionally the reference gene (where
included). Standard curves may be generated using a set of
standards. Each standard contains a known copy number, or
concentration, of the gene of interest and/or reference gene
as appropriate. Typically, a baseline value of fluorescence

will be set to account for background fluorescence. For
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each prinmer pair incorporates the stemloop or hairpin
structure which conprises, consists essentially of or
w@engi3t43s of the nucl eoti de sequence set fort hPEEGBE©QS/003142
ID NO:I. The stem |l oop structure is labelled with an
appropriate donor and accepfor noiety, as discussed
herein (which discussion_ag ITes here nutatis
mut andi s) . As aforenentioned, further characteristics
of the primers of the invention are sunmarized in the
exanjstei | oes ceipedopetexpes i feutancpaPefepbion, System
(sofArASRF. 0L 1hese; peauences: rayobe,uEL! Lsed Lnabhe,:
r eSent T hventi on as" di scussed Rerein. ternative
basi}iﬁéesaﬁ@é doneychas acceptdbrofivtieti espERETcphios nmay
e utilised as appropriate, as.discussed herein., |
rea g R bBar RENETOLhEC KT OF RReCHfbentr onOFGPERER: A

thr ST 4 S881 e 829N VR L8P §i eBcHNABENY LAt 8E 2
cytosine, asdiscussed herein (in preference to

Stai?ﬁt@¢@iéﬂ syonsfheanbsvabies ahpvd hhéspbacesied) .
: : HPER arc=pl .
Typ%ggflghggﬁgspg Langeglul Lof dhsihnarlablod BELhYLaLAd

rom_ Cytosi ne resi dues. na pr erre
aboesabeitk neatelihe reageascenopri seppbopuliphiet epftware is

preferably sodium bisul phite. This reagent i bl
oroBtdeenvarhi AQPARREE Ay L ciPE5Y bePnEU oL PLEE G |

ampt{ BCthv 1 ¥heteas mBLBY! atgd syreghpesateBRbRically
unconverted. This difference in residue may be

calgelétsedthe Hhselhgai shdbehweshowdt Hplaesdiandthe
readIBLNYI hed, AHELELEqal g LNy 8, daWist) CROLPEACES B

a using prime i stingul sh between
deteytpstfefapdedeacskabdyirdsi nEhpai is whehngmaeirnef cycles

oot h SRR RIS MR RISD' ne) 1, s OLscuzsed
ThuSYi tAB! §-reQRELOkE MY 1 Realt bbheedtirAtebdeb it @hacClyeas
standard in the reaction mixture, the fewer the number of
cycles required to achieve a particular yield of amplified
product. A plot of Ct against the logiec of the known

initial copy number of the set of standard DNAs produces a
straight line. This is the standard curve. Thus, the Ct
value for the amplification of the gene of interest and
reference gene, where utilised, can each be interpolated
against the respective standard curve in order to determine
the copy number in the DNA-containing sample. Thus, the
output of the method is the gene copy number for each of the
gene of interest and reference gene. The results may be
normalised by dividing the gene copy number of the
methylated or unmethylated gene of interest by the gene copy
number of the reference gene. In a preferred embodiment, the
Applied Biosystems 7900 HT fast real-time PCR system is used
to carry out the methods of the invention. Preferably, SDS

software is utilised, preferably including a suitable
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quality control for the nmethods. Accordingly, in one
enbodi nent, the kit of the invention further

W@ P03 Eaes, consists essentially of or consi stBCDGBRIVE/003142
or nore control nucleic acid nolecules of which the
met hyl ati on status is kno These (one or nore)
control nucleic acid nol eclles may include both
nucl ei ¢ acids which are known to be, or treated so as

to be, nethylated and/or nucleic, acid_nolecul es which
algaridndwrh dopdhorRure iR Errsthn For Anherali gt ety

f jt Lot @rpa L L ef L5 LNERY 98DGual
9en] ﬁ%qﬁfgﬁggﬁgfgﬁféﬂﬁH%g%%¥?ated,gkﬂt may be treat%% SO
detastdms be nethyl ated, is beta-actin. The kits of the

invention may additionally include suitable buffers
and other reagents for carrying out the clained

whil®t hads ftides | oW epihé otnvdiitiSon ey dbSCUBSLOBed with any
provi ded in respect of the nethods of the invention

suitaiple et GGt it abeF RN HERRr ahll 13 ReEtrBpBATEECFOFDAT
amp{f??%gﬁﬁ 93§9?§§Eﬁ§§'oﬁ@ ngngnpﬁg'ﬂ@f%%ekggekbhaQE

e invention further conprises, consis essentially
reaofjiowr (BCh)si stBhod, nuici st BCRdianpl pfe€atrked buffers.

The, ki t, | ddi ti | i se, [ .
amp LR T U YOG CofsHet L 87 eRay NS LS oofar OFy 851C
techNEh®d Cs@eh th anpbifégabcr). edhusaléheskinhymaysal be

~additional ly conprise, consist essentially_ of or
inctoded stiviin Buet appee pof yHeeasBVEBEiAle] eFE2RELES

incgﬁgéjf%f@ﬁ+ﬁ¥%§%ﬁf@?£§ nin§EHgﬁe£H9§eaﬁﬁ?ﬂk@@%@igﬁ”i|y
and tTam Ty ype polyherases, such as Taqg, Pfu,
tecMehtiues csudihea v aNA®BS, COARPNEMASanfl theakpiifagabéon, all

of gggggggg%fggﬁLaggé¥gggniQggvgggagnaog8§£ggﬁgt%eggeg%%’are
commercially available. Other suitable amplification
methods include, without limitation, the ligase chain
reaction (LCR) (Barringer et al, 1990), MLPA, selective
amplification of target polynucleotide sequences (US Patent
No. 6,410,276), consensus sequence primed polymerase chain
reaction (US Patent No 4,437,975), invader technology (Third
Wave Technologies, Madison, WI), strand displacement
technology, arbitrarily primed polymerase chain reaction
(WO90/06995) and nick displacement amplification
(WO2004/067726) .

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, 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 60°C and 64°C, most preferably at
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t oget her where appropriate. The kit may al so

i ncorporate suitable instructions for use, which may
wheoopodmsed on a separate sheet or incorporat erlCT/GBR008/003142

the kit's packaging for exanple. The instructions may

facilitate use of the kits..of the invention with an

appropriate real -tine anpl? i cation apparatus, a

nunber of which are conmercially available. The | ast

step of the real-tinme nmethods of the invention
apprarigiatesl U Ei Bynag thdsr 8 teear sy &8 Hvike

.det i gai_nst r : t
max G IR ol S g Tl Ty e
ExanEferancel gene (where included) . Standard curves may

be generated using a set of standards. Each standard

contains a known copy nunber, or concentration, of the
In PefifeOf rihtanssdinitd orc el ef eneel gener asivppsOpthat e.

Typically, a baseline value of fluorescence wll_Dbe
pol wearase aebvintrdastt IR kePmRmES €F P edeenct? and 50

F X [ ' t t] .
St T A st s R R e S p e SR S
a) a #ehaokimdbask) | TEC doge agfproypciest Gt @ Ibioftashe

amplification re ian before anpl.fijcatjon products
b) ap%%‘?}éjclf‘%ﬁe.l% Feénl?dﬁ FRAAIQTE tefl%gjrdes%]erﬁ%teeslus
c) thepodefinete By S5%]! FJrStdrptdsyingd a1 i RMe i die

above this baseline. Typically, the threshold is set
d) t crEor gx BnRfed HY de/1Cation PRIFEVEIHE baseete
The [RUOEESEENCE: o APPLOPLLAL S, SOLLUAT Lol 5rBEQULUEIMEERC and
d%para us for carrying out real-time anplification
sengkatvé onssuThe sHoftharecabbdsndvfchheyivubntlianesst Reagel:
., baseline and threshol d_val ues r.the_reactiop..Lh
507 ¢ hteEhdl By cP P9 ue‘gj%dxa) geanﬁﬁmﬂrbé’éageg- B5°&"Eor
15sec, 59°C for 30sec, 59°C for 30sec (= plateau-data

(
(
(
(

collection) for 45 repeats.

It is possible for the methods of the invention to be used
in order to detect more than one gene of interest in the
same reaction. Through the use of several specific sets of
primers, amplification of several nucleic acid targets can
be performed in the same reaction mixture. This may be
termed "multiplexing". In a preferred embodiment, one or
both primers for each target may be hairpin primers labeled
with a fluorescent moiety and a guenching moiety that form a
FRET pair. Amplification of several nucleic acid targets
requires that a different fluorescent donor and/or acceptor
moiety, with a different emission wavelength, be used to
label each set of primers. During detection and analysis
after an amplification, the reaction mixture is illuminated
and read at each of the specific wavelengths characteristic

for each of the sets of primers used in the reaction. It can
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determ ned for each standard. This is the nunber of

cycles required to achieve the threshold anplification
wo ewelo374Fhus, the greater the initial concentrBtT/GB2@R/003142

the gene standard in the reaction mxture, the fewer

t he nunber of cycles requ%ﬁp_;o achi eve a particul ar

yield of anplified product.” A plot of C against the

| ogio of the known initial copy nunber of the set of
th stgndgrg DNAs produyces a straight line. This is the

Ust SRd&PaClrved Thish FRecAfigaltgededr e in the mixture

wer@MRhpl i ¢ationnef 1bhe19enqe of '@%%ﬁﬁ§§if¥§jé fé?fﬂg% two

gene, where utilised, can eac eI nterpolated agai rist
or WRESrpEpEEri ve igsaddar dmplrive cian iomdert tdd fdetremd ne

. r _in the DNA-containing sanple. Thus,

resgggtg&e%ﬁg%gg%t RESHEPRER PSS HESGene Woopy HsbEESEsICe
andgarhambuhheogeae pahelNber Rt ngnd tef/QneRee Jdened hees of
: resuﬁts may be normalised by dividing the gene copy
IOtRERBEr CBP %ﬁedﬁgﬁﬁ§F§téa 8r SkRfeEhPNareongeriaiol sample

i nterest by the gene copy nunber of the reference

gene. In a preferred enbodi ment, the Applied
MulBipsgsingsC?900 160 bastitiéaketi e PER systremt sfused

r t.the nethods.of the invention. Preferably, |
det%@%ﬁ@%f%ﬁgﬁetbg qtiTi 8 d%ngﬁﬁﬁéFaBPﬁ PndFdEirfgce Jene in
thessiahabkeabgooht hnrgueh, apriferAut apel 1240k ithhaLERbpriate
qicputomatcally generating baseline and threshol d val ues

ISt oRIT AR FPUGarOBer cBREf ST. 2PARPEPTL e iRbiReds 1abut hbe

sighAYegthe bhi ] yegUi table - .
ganpl?ficﬁ??%% ?gcﬁﬁ?%%£$g??ﬁF§ %gsFﬁ%rgggsrgg %ﬁgﬁreSt
and gapf¢feraei oanesreapecetivelly tisi hg thetpabytehase
chain reaction (PCR) . Thus, whilst PCRis a preferred
anplification nethod, to include variants on the basic

In one embodiment, a universal quencher is utilised together
with suitable fluorophore donors each having a
distinguishable emission wavelength maximum. A particularly
preferred quencher is DABCYL. Together with DABCYL as

quencher, the following fluorophores may each be utilised to

allow multiplexing: Coumarin (emission maximum of 475nm) ,

EDANS (491lnm), fluorescein (515nm), Lucifer yvellow (523nm),
BODIPY (525nm), Eosine (543nm), tetramethylrhodamine (575nm)
and texas red (615nm) (Tyagi et al., Nature Biotechnology,

Vol. 16, Jan 1998; 49-53). Other preferred combinations are

discussed herein.

In an alternative embodiment, the DNA-containing sample can
be split and the methods of the invention carried out on
suitable portions of the sample in order to obtain directly
comparable results. Thus, where both the gene of interest
and a reference gene are detected, the sample may be split

two ways to allow detection of amplification of the gene of
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techni que such as nested PCR, equivalents may al so be
i ncluded within the scope of the invention. Exanples
WO pb0sE38s wi t hout |imtation, isothermal anpliPCTaBR@R/003142
techni ques such as NASBA, 3SR, TMA and trianmplif
ication, all of which are well known in the art and
sui tabl e reagents are co cially avail able. O her
suitable anplification nethods include, w thout
limtation, the |igase chain reaction (LCR) (Barringer
inteyestt ingoenl WUPR iRePret FIBPHAPPPFFEAR BRdofeEaFfepn of
ampfg%ﬁgggéégnégetﬁgqygﬁgféﬁééﬁ?gﬁéefﬁ %@ﬁlﬁt%ﬁg’gzﬁihe
consensus sequence prinmed pofynerase chain reaction
othd S Rap entpdiot 40437, BE) sampladeaytleehaplogyf¢Thhed to
Wave Technol ogi es, . Madi son VW% ,..Strand. di.spl. acenent
211q%cHioHOBYE SPBREDar FF9C bt PREdt PP ner A5 EnarR" o°
reqi £8&Y 1 onTK NGO 06905y r apdi B skhéh&pl aceRBAt a universal
anplification (W2004/067726) . The real-tinme PCR

FREFrephibdscat bheusadehpi oAPGENRRED| Hrings| Pa&t 8ps spmoves
thelgggﬁinT%H€ {8n88£?59r§?igs§550$%p5'g§5g§n8§al'ng,
rai stng oF

e tenperature primer extension, raising
wavébengemper aiowevény tenatuedhddndaad keher bpgnt hbtaining

tenperature for,data-collection., |n_one specific
o SbhbHal Rt Rt BaF AROLY cbs| BRLGEbyoT STgaRe: GaSomETRES-
whifBst CAREr sbUFsp0E behweepnapplaxkbel ¥e600€1ardd0406 one
nmost preferably ataﬁgrOX|nately 620C since this has
spepebhc stwpdinegtvethaxkahplyrseasionyEodHaes pegi tre

ono SRS TR SHRETRCHREP-EROHPLCRSAb LRy 1D, Bropaeyfic
mor€hprafeeacl yonecwaphi sperbeineerlf0landns0 30gpeans, most

pregé§;g£?b£¥ogggrgélHﬁtely 45 repeats of the cycle:

In one aspect, the oligonucleotides, primers or probes,
primer pairs, kits or methods of the present invention are
used for diagnosing cancer or predisposition of cancer,
wherein the presence of unmethylated (or hypomethylated)
MAGE-A3 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.

“Diagnosis” is defined herein to include screening for a
disease or pre-stadia of a disease, ildentifying 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
value, and this is included within the definition of the

term “diagnosis”. The prognostic value of the tests may be
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(a) approximately 500C for approximately 2 mnutes (b)
approxi mately 95C for approximately 10 m nutes (c)
wapppoxidsat el y 95C for approxi mately 15 secondBCY/GpB2008/003142
approximately 62C for approxinmately 1 minute The
preferred reaction schene wn to produce speC|f|p
and sensitive results in the nethods of the invention
is Stagel: 50 OC for 2 min, Stage2 : 95C for |QOmn,
: for _15sec, 59C for 30sec, 59C for 30sec (=
use§|s?esumaa 8§ cBF | BetEBialorUas ePEpEAd LY o sancer or as

a mpewsi-blrerf grofhesaethods %Enkg% 'n%ﬁﬂk'%%tﬁ%nﬁ% %&?%lsk

in order to detect nore than one géne of interest
mayt Re édﬁﬁtﬁéa@ﬂlbﬁforhr@bghdnheaaseheﬁ aewhaabesmenlflc

0 Ilflcatlon of several | ei,c
mant LSO eBLLPELS CRIRL) Lol BRI LA B
patmemturén ahPSeﬁayrba éﬁbﬂﬁd erl, t icpeexbiger LR &eclected
ferred enbodi ment, one or _both prinmers for each
fro$a$589 HRYCBE’ hAFLBPAMEr PRePdardBEl 6a0GRER aln a

prefbUpE@sEAPbaMRESLY 8RE AcdHBAShLAY EB%%& %%%td&%@Wd%is

FRET pair. Anplification of several nucteic aci
usetﬁFgé?§SFeQE$r@%lghauCéedtﬁﬂerenmpﬁha@ngscenhsdsmamg,

th a di feren
congRUEPigAEEERLET. 1OLeLY, WLiN.p. ol {(pront Sission (.,
seqﬁanegoﬂeaEptSBQ andNanabysis after an anppkifigatiigng2,
t g g xture is |IIun1nated and read af each
3 F thi Lgffft m£§eléﬁgPﬁs 2ehar &Bt r PEeferred each of
embéﬂ@méﬁts @Ia@ﬁbgﬁésogségnbgrtgg ﬁ?é&& ggsik&o&agghggncer

be det erm ned which specific target
useﬁ1Qih@@nm@l%O%h®$$fcempamdlhabebbedlstmng,spensﬁsclng

oS e M ST R Bl D s
any ThES IDheN@rezenge 4, 5, 6, 7, 8, 9, 12, 13, or 25 and
detects the unmethylated form of the gene. 1In an
alternative embodiment, the methods and assays for diagnosis
use at least one oligonucleotide comprising, consisting
essentially of, or consisting of the nucleotide sequence of

any SEQ ID NO. 14, 16, 17 or 19.

Testing can be performed diagnostically or in conjunction
with a therapeutic regimen. As mentioned above, RT-PCR
assays that establish the predictive value of MAGE-A3
expression in NSCLC have been described. These assays find
their application in the selection of patients suitable for
treatment with a MAGE-A3 immunotherapeutic. The inventors
have shown that an assay designed for the detection of
unmethylated MAGE-A3 employing oligonucleotides, primers or
probes, primer pairs or kits of the invention, can reliably
categorize samples as MAGE-A3 expressing. The methylation

status result obtained with the methylation test is in good
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and/ or amount of a panel of nmethyl ated/ unnet hyl at ed
genes of interest can be detected in a single
wOdNMOFIBsRI Ni ng sanpl e Miltiplexing can al so bECT/GB2008/003142
utilised in the context of detecting both the gene of
interest and a reference e in the sanme reaction.
Again, primers | abelled w appropriate
di sti ngui shabl e donor and/or acceptor noieties allow
t he signal enerated by anplifjcation of the gene of
condqnd@rrésq wrga r@ﬁf%%rb%‘ét"fl‘/@? VI oe>b“eStlng RT-

PCRY s J‘Jt rﬁq?%se oget her W t su%’l§ {0 S0 A EARARE s

| e fl uorophore donors

Accatindiay, nthe nokitstyi g cehatbd st dm s sébimiesa/ke| apt heation.

maxi mum A particularly preferred quencher is DABCYL.
Toget her with DABCYL as quencher, the foll ow ng

In d |torophoras,dmy @ach beeitidn seo¥desd | ®Whethod of
nultlpIeX|ng Coumarin (em ssion maxi mum of 475nmn)

predRANSIq Mmr&)lkeﬂudm@%@ﬁ NS {GaASHTY 1l Eﬁ%@%@nye@f oFpnCcer

- 5nn) , Eosine (543nm
in %e%%ﬁ;%f% "F)% e (575nn) and texas red (615nm
( Ty=R)gi @mnmct;nc_l\latmaetﬁh@tecmbmglytaiﬁ@ing 16¢sPapample
1998 49- O her preferred combi nat i ns ar
SRR M 1 THHC Sl TErRat | (R ErbbATAeRE, ¢ he

D'\Lﬁef@@@w@wgn@@mi@s C@&n@@h§1’étéda@ﬁtbﬁﬁnﬁﬁt@@ﬂdueé in
the invention carried out on suitable portions of the

saihl‘ﬁﬁf DY Ay o d@roql@cee afecErPbet mdééﬁﬁﬁr aBFadpesubes.
NWS; cMN&LEs PP %@dﬁgf Eﬁ”ﬁe?ﬁ%ig£§39é9téggné rekenegnge

ene are detec e sanp may be split two ways to
aIk@M/d&mpbifpnn@famnbéaétcatpontmbnthé geaeunmethylated

ofinterest in rea e sanple portion an
dé%%%?i%ﬁ ?n%nﬁ?+??c%Yl%ﬁa8£ ?HSHBE%QEEnQ%lgénegl%eaSt
reghethientp bheyRiberisagpkeghent tenpbitbeosanpte may
be split further to
sequence of unmethylated DNA respectively following
treatment with the reagent, wherein at least one primer
in the primer pair comprises, consists essentially of,
or consists of the nucleotide sequence of any of SEQ ID
NO. 2, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13 or 25
(c) determining the methylation status of the MAGE-A3
gene;
wherein the presence of unmethylated MAGE-A3 in the sample
indicates that the likelihood of successful treatment with a

MAGE-A3 immunotherapeutic is higher than if no or lower

levels of unmethylated MAGE-A3 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 herein)
indicates the present of unmethylated or hypomethylated
MAGEA3 in the sample.
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all ow suitable control reactions to be carried out, as
requi red. The benefit of this schene is that a
wainioges=as FRET pair can be used to |abel eachP@r/GBee0s/003142
pair and renoves the requirenent to detect em ssion at
a range of wavel engths. | ver, this nethod does rely
upon obtaining a suitable Sanple initially to permt
di vidi ng the sanple. Wilst any suitable reaction
volume may be utilised, in one specific enbodinent,
the total reaction volume for the anplification step

of %§§£¥§‘M%ﬂbfH%UéB@é“Ef%&ééééﬁ”E&‘%&%o,aﬁgifbéﬁfﬁfﬁﬁﬂﬂéb
et wee€n approxi mately 10 and 30nm and nost preferably
the ateathdisld>ArtHe omeermsipectnait hel ldwipnuet eot i besed in

primers or probe rimer ' It
orah Bl E Sl LS LT EALTSy LA ek sl ance
to, YUr RIrEAi&Rosd ti DN &fa Eadteerus WigS edm NAGERE esence of

~unnethyl ated (or hyponet hylated) MAGE-A3 in the s IS
immyre et aRa Y S fagerianc efnoraRF ire pos| Nl%%tlelsl%%%@ gﬁ‘&? E-

A3 iﬁ“@het§$h §$fﬁﬁié£%@%“{ﬂgk@r9§iﬁfﬁef§t§®.ﬁ§t9@g§sﬁﬁﬂce
priners Tor diagnosi ng cancer or predisposition to
to teanceient Dirghosistat st ded iment hes el hkesyi bel bde

screenj for a disease pr.pre-stadi f dj
unSUTRRRT Ry ng & HISRAsEITT- pTost &b A° bfY & Hi edle, 1Y also
be 4N 4REd Noh SE B NEmeiek # Penstdb@s andn peegtassi on of

the di sease, checking for recurrence of disease
embd@inegwifig treat ment and nonitoring the success of a

particular treatnent. The tests may al so have

prognostic value, and this is included wthin the
The dedtndds onf ofhé hententi ouli mgnosilsd. bFhetptbgadstpcselect

o YL o1 e osts, ey beuseg 55 BCKEL of et B ahes
of unmethylated MAGE-A3 indicates that MAGE-A3
immunotherapeutic agents may be beneficially administered,
whereas the absence or low level of unmethylated MAGE-A3
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

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 MAGE-A3
immunotherapeutic or a composition comprising MAGE-A3, will

be successful.

“Resistance” is defined as a reduced probability that

treatment of cancer will be successful using any one of the
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a marker for progression to cancer. Thus patients at
risk may be identified before the disease has a chance
W ovosmsii4pest itself in terms of synptons i dentPET/aBR@s/003142

in the patient. In a preferred enmbodi ment, the cancer
is selected fromlung cqpqggh_nelanona or bl adder
cancer. In a preferred enbodi nent, the nethods and
assays for diagnosis use at |east one oligonucleotide
conprising, consisting, consisting essentially of, or

spe aidrisics timmpreft i nritt Lot R e cer o’?h%ﬁmyh ¥ I:SgOse

. . 6 7 , 11, 3, 14,
Wlljll\ge %&qu%fedzlléc,o %c%lrevz%.a Itn&arapl?%l%%ﬂr%e%é%n%%di ment ,
d:agnosif of_gancer or predisposition to cancer uses
ol i gonucl eoti des co i Sin nsi sting, consjstj
AYP IR SR F MROTRRGISN (0 DI ERe NOcTbtiHs Coteer
typSEAURNES- Pingny, SEQ 4 K21 2ic Snbodimedtf thd inBenton

, 11, 12, 13, 'or 25 and detects the unnethglated form
prowfdashe gestdrod rohrdeteer g | ¥ PEBbI ARhE LORheC nePhob’e

inct edné?éssc ,Zo§$%d§é§98£ﬁéérysﬁﬁé L £388r ONencluding NSCILC

ol'i"gonuci’e e conprising, consisting essenti al of ,
or md¥laons sinng sdmphe cucpedsive deguehtegofhanye gpion

NO 14, 16, 17 or.19. Testi be. per f :
Stath Bghiost e ARG o | FERDrTBHEY BREWPChOG Y erabbaere
prif& BR. pAoiSe PN Oned ghove, KItPCRramsapsdshaf the

- establish the predictive value of M7LGE- A3 expr ssiog
invémt NSCLO/hevel hednt 865EPT bed. ufrlﬁ%EléYé%ﬁ?sMﬁﬁﬁaAs hifr the

applicat] . | ect] ; E ent s ,Sukt-a for
wenBP2L1 E211 0 LAcL0f 3! EbLOR, ehopatien. ot abhe
incidyedd 068, hayecshoandt hat pant assagrdesilgnenaf ohupgecancer

incgﬁégééL§$%g%m%£§?2giﬁﬁiﬁgggggﬁciﬁgm8”9kg¥£89; or bladder
cancer, including transitional cell carcinoma. In a further
embodiment, the tumour or cancer is selected from breast
cancer; head and neck cancer including oesophagus carcinoma;
squamous cell carcinoma; seminoma; liver cancer; multiple

myeloma and colon carcinoma.

In a further aspect, there is provided a method for
determining the presence of a MAGE-A3 positive tumor
comprising detecting the methylation status of the MAGE-A3
gene in a sample with use of the oligonucleotides, primers
or probes, primer pairs, kits or methods described herein,
wherein the presence of unmethylated MAGE-A3 is indicative

for the presence of a MAGE-A3 positive tumor.

Testing can be performed diagnostically or in conjunction
with a therapeutic regimen. MAGE-A3 specific
immunotherapeutics (ASCI) have been developed and are

currently being evaluated in clinical trials. Testing can
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probes, primer pairs or kits of the invention, can

reliably categorize sanples as MAGE- A3 expressing. The
wOoreiobpsass on status result obtained with the PCT/GB2008/003142

nmet hyl ati on test is in goodconcordance with the

results obtained with an existing RTPCR test for

MAGE- A3 detection that is used on RNA sanpl es.

Accordingly, the nethylation test has clinica

application. In a further aspect the jnvention

alspisvivdes & aelatedBme et iRy It 15k &y Rgd gFtive

.syccessf ty.eatjrent ; [ 1#€Stnonitor
reglg%%lp&fbsien%&lozyg) contpa%%%ﬁ%t%n&g}l%%hﬁc%%t ai ni ng
effitesgty sdh@ ehehtagiensdi d reganayubj ect with a reagent

whi ch sel ectively nodifies unnethyl ated cytosi ne

residues in the DNA to produce detectable nodified
Accd®Sires MHe whividhitions nott i fyovieddy | atmslloyd osbne
~_ residues ggg/anplifying at |l east a portiaon of the
idenjnisting ansd MAGE 1S e ahdigient | gastalore priner

tresz&iLe,[nt al; trfastyQne D | ur@d e Y Gheh 81 deshgheds § 8g bi nd
only to the sequence of unnethylated DNA respectively
detdat 1rowi e trresdtyienit ian t St d thes redgeme | MAdkETrA3 ngane| easd

one imer in the primer pair_.c rises ]
samiECS it | 19 P SI0r Eoe B Bf the hie SR T Sedeahce
priﬁ%?éﬂﬁ&(ﬁréﬁggﬂ[%ﬁ{%eﬁ paBrs, 4it® or bmetHods8des8ribed

1, 12, 13 or 25 (c) determ ning the nmethylation
heratt USiee thel ACES A GRTAS ; SOMB £F rTHEC BY b3bAte B

et iy alad MYES Adhd pothee padble Fodl cALaenbhal iR the
Subfl€€|l ood o0 lsuccess(?u? treatnent with a MAGE- A3
MAGHE -+ notrhet@petapewsidi gher than if no or | ower |evels

of unmet hyl ated MAGE- A3 gene is detected.
Alternatively, if the gene is not unmethylated the subject
is preferably not selected for treatment with a MAGE-A3

immunotherapeutic.

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 MAGE-A3
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 gene is
unmethylated the likelihood of successful treatment with a
MAGE-A3 immﬁnotherapeutic is higher than if the gene is

methylated.

Alternatively, the absence of unmethylated MAGE-A3 in the
sample indicates that the likelihood of resistance to
treatment with a MAGE-A3 immunotherapeutic is higher than if

the gene is unmethylated. Thus, the detection of a
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Step (c) involves identifying whether an anplification

product has fornmed. The identification of the
wa@epbiosidatat i on product (using any suitabl e techti/GB2008903142

di scussed herein) indicates the present of

unmet hyl at ed or hyponethythgq_N%GEAS in the sanple. O

course, the reverse situation is al so applicable and

so the nmethods of the invention may |ikew se be

c t&lis%d in o%ger to determ ne whether there is likely
metpylp&efe MAGEIACe 9882 dPrruasdc sdshnt adtdamaft tisi ng,
hypameMAGEA3 cldmipenat her, i Uit f
ypunnetﬁﬁﬁateggﬁp ™ e TS o TRas 1
SUCPpREfy Lt § rpatresits watbe ano lmmeaonietr ageditdre tilkatl ow.
treatnment is likely to be unsuccessful. Priners
specific for nmethylated DNA may al so be enpl oyed in
Thusepnphenpataeytnmebbadation aert dien senkedic®ees +rE ment

t hods ,of the invention_may also be utilised to
on §BPebto4°sAit kBPa*cBET BYLGHLoPeAPABHE Moitha TpaERaT to the
MAGEhR3p@@ﬁénceTﬁﬁsUmgﬁﬁgyk%t%de%ﬁEmé§ei&%E%%%%%%%%ﬁ%y

MAGE: A3 i nrunot her apeuti c agents may be bene
PergaRprhisedr Earmwhér madichacabsentbusr Leavs évelimpfroved

t ed. - A3.indi_cat. hat_ _i nmunot her eapeutic
Sucgggﬁtgxggg g%n ggpﬁg%ggggdwliﬁeggi%Eﬁ?%@gnwﬁsévi &FSi n
whickspeet mobtt hekel iygonupkeerirdesivir.i mers or probes,

primer pairs, kits or methods of the invention applies
to the present aspect nutatis nutandis and al

In gnbodtAent scakecthgLgbore %ﬂ%!§QQQQtiQﬁ.QQBEEQEia%emethod
By "l ood of

for this aspect of the invention. el
of spteebingl at peatabhe” tisahmant thgipeobdbirl icthyckhat

com§£§§£HS”&e€éc£Eﬁg°9ﬂge£e%ﬁ§99t§8 gggtgg of the MAGE-A3

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 gene is
unmethylated, an immunotherapeutic (in particular a MAGE

immunotherapeutic) is selected for treatment.

Alternatively, if the gene is not unmethylated, treatment

with an immunotherapeutic is 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 MAGE-A3 gene,
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
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nore of the listed therapeutic agents, preferably a
MAGE- A3 i nmunot her apeuti c or a conposition conprising
wOB@E03E38 Wi | | be successful. "Resistance" is Pef/GBa@s/ 003142
as a reduced probability that treatnment of cancer wl|
be successful using any_pquqf t hespecified
i mrunot her apeuti ¢ agents and/or that higher dose wll
be required to achieve a therapeutic effect.
ponet hyl ati on of MageA3 nmay be_ |inked to certai
unme@éwd@rtq%;s&GEmcm%wr%p%%ewf% Bt Fehttevel
Iy rovides a nethod of detecting a
of Nh&%ﬁlg%gﬂ%ﬁg%ﬁpto or the incidence of, bladder
cancer, lung cancer, including NSCLC or mel anoma in a

I d
e PSS L SEL S5 B b e M LS 90 LB,

1ncﬂHdé”MKEE%A$”béﬁﬁd$E%mﬁbsfﬂi@n@f nBi&mpEleofhe
i nvention, wherein detection of unnethyl ated MAGE-A3
ComH%JtWeDfe%nfEﬁIepifisSJr%l MARE VRS of el R dF SpReFt F oA Fo, or
comd & 1 &Iﬁ%ﬁq\@s@é -5 d ﬁb@@éﬁtfé‘iﬁi} fE8l aN08RGth
ung C ncer i ng non-sha | ung carci noma
MAGHE-NSCLG) ; fDa{gIbéla‘dtsjeof déelerA3i ntbudérgmptanseptofas of
cell carcinoma. In a further enbodi nent, the tunour or
MAGRHMter is sel ected from breast cancer; head and neck
cancer including oesophagus carcinoma; squanmous cel
carci noma; sem nomm; |iver cancer; multiple el oma
Examﬁkﬁ%o@%hp%ﬁtédﬁ%nﬁha¥nm%Yf%?tﬁéﬁdaéEeE?e PREFE"Fs
h f e e of a
inv QU ASEBLIRL ot | 851 950 Sh 1 IAOG-Ha0pBLeRREEE
met hyl ation status of the MAGE-A3 gene in a sanple

wi-th use of the ok ,-ml..C! e\“;uco’ prrers or probes
SEQp}P Y pairs, Wil R et IHE &S cr i befl her ei n,
SEQ ID NO: 27 FLWGPRALV
SEQ ID NO: 28 EVDPIGHLY
SEQ ID NO: 29 MEVDPIGHLY
SEQ ID NO: 30 VHFLLLKYRA
SEQ ID NO: 31 LVHFLLLKYR
SEQ ID NO: 32 LKYRAREPVT
SEQ ID NO: 33 ACYEFLWGPRALVETS
SEQ ID NO: 34 TQHFVQENYLEY

The MAGE protein may be full length MAGE-A3 or may comprise
a substantially full-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.
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wherein the presence of unmethylated MAGE-A3 is
i ndicative for the presence of a MAGE-A3 positive

W@ w0374Fest i ng can be performed di agnosti cal | BCDGBRVS/003142
conjunction with a therapeutic regi nen. MAGE- A3
speci fi c i nmunot herapeuti_c :§A§CI) have been devel oped
and are currently being evaluated in clinical trials.
Testing canal so be used to deternine what therapeutic
or pre % tive reginmen to enploy on a patient and be

In Qu&qe Refdr G rgpé’rﬂ’?@riélpetﬁﬁacgﬂreé}jfl fEn . peptide

mayABeoNdhnaly i of he duaven iRt her gy des a net hod
for identifying and/or Selecting a patient suitable

for treatnment with a MAGE- A3 i nmunot her apeutic

C i skh tecti t he _net hyl ati aon, st atus_ of, t he
S D R A R R TR R
protbénombgobécbh@hﬁd&&iyptbﬁ@b@a@%dpr@Qe%myp%éﬂﬁ$ﬁ¥§§§%d as

ki t thods described herein, wherein if the
a rﬁk@%bg\%ageénéuﬁzoanﬁépﬁ?|l§t-ed Ithéns gBjrestiment] dentitfiicdd the
ant@@@hoén§eb§9%%@rf%&et%%@E@%@%dwb%hat@%ggﬁgéﬁéﬁ% fu%ion

I nunot herapeutic. Alternatively, I f the gene is no
progiaiet hfhasetavheldobj éocriesspdeflevailsy tnobes glrectedd in

ith a MAGE- A3 i mmunaqt herapeutic . In_a
an pobr b eIy BrleCRr 3R BP BV iee b Brod  orthbs
thepfediohi pgrtherl bkekichpoaagf aseeeesshublovaatifentr ofeiper

.cancer conprising detecting the methylation status of
epl%ﬂ@‘%m@m ngeREIFAla TeghpRePErtRRE patein)w Birafsgably

? nafpbicepl SOPUCL SOLES P TRCR. AL PEOBSR BLTRY <o
exptpgsyetiethe pnptehyl deedrehe ibnkehhhood robretedess il
higﬁé§a§fgﬂ&smkﬁgnathe native recombinant protein. In 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,
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 MAGE-A3 antigen 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
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MAGE- A3 i mmunot herapeutic is higher than if the gene

is nmethylated. Alternatively, the absence of
wonivensBat ed MAGE- A3 in the sanpl e i ndi cat es PEEGBRGV8/003142

l'i kel i hood of resistance to treatment with a MAGE- A3

i mmunot herapeutic is higher-.than if the gene is

unmet hyl at ed. Thus, the detection of anethyl ated

MAGE- A3 gene (or |ack of detection of the

onet hyl at ed ne) indicates that the probability of
orofRReB Pl SETCHRRANE WACRAT. FRTLASt RAFABEGEE 35 | ow
1ipdpusiet heppakiy,eBt paRM:athen be 258!
lpt?eatrerent on ?he basi s of thégﬁiﬁétﬁgﬁaﬁﬁgﬁ%gf re optimal

pregephaféspeet tbet RatMIGE- AR geiré geThpselseadts nigo @ngh In
on sed form qof i ci.ne an
on Mts{geuscdand pernsonst oedobanl of red.sine and

themﬁbf be nDEaneglmatbddruqaewhs@br@t@oﬁogbqhb&@éw tQ- be
ctive. In urther related aspect, the invention

Sl%Paguasgusnﬁ%thSE BFOS&i8c Oy ngeessi tabPeprrosameietly

amlﬁ@gaaeasf@rtéamger1¢0”@@'%kng9d%Ee%hb”9aEﬂ%a11 occugrlng
nmet hyl ati on status of the MAGE-A3 gene In a sa%b
Pro?ﬁé“patl@npnﬁnﬁmbgéém@ﬁtthéhelSggnatheutodes;gmﬁﬂwers

seqnBE DR B L PR e oS pag 0l 28 o

herein, wherein i e géene
ac1danuﬁophetapEuDLc (Ln paet epvbaimanMACEhe secretion or

. not herapeutic) is selected for treatnent. .
S0 P RHEFUGRy S| £PEheoganati ShRoN-ERRBLRJFAPEd e Protein

D fhseahnpattMéth ansi guuRohheraneutic “§1rﬁt third (1/3)”,
contra-indi cated. Also provided i's a met of

“firseatPhgerbneercidsi suBj d€irsonPrisimgnadniladstiiat kenno

QL ~ t?ﬁ Cy m@ereln subj ect. has been
ac13£|2€%£%P?€§ r%a%ﬁ%%% 3R+ ﬁeogagﬁg BF° 2k sequence
immediately following the secretion or signal sequence.
Amino acids 2-~K and 3-L of the signal sequence may

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

In one embodiment, the MAGE-A3 may be Protein D-MAGE~-A3-His,
a 432-amino-acid-residue fusion protein. This fusion
protein comprises the signal sequence of protein D, amino
acids 1 to 109 of Protein D, 312 amino acids from the MACE-
A3 protein (amino acids 3-314), a spacer and a polyhistidine
tail (His) that may facilitate the purification of the

fusion protein during the production process, for example:

1) An 18-residue signal sequence and the first N-terminal
109 residues of protein D;

ii) Two unrelated residues (methionine and aspartic acid);
iii) Residues 3-314 of the native MAGE-3 protein;

iv) Two glycine residues functioning as a hinge region; and

v) seven Histidine residues.
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measuring the methylation status of a MAGE-A3 gene,

according to any of the methods of the invention or by
waigiong3ass ol i gonucl eotide, primer or probe, prPEEGB2008/003142

pair, kit or a method as described herein. Preferably,

for all of the different a cts described herein, the

det ecti on of unnet hyl at ed - A3 gene corresponds to

an increased |evel of MAGE -A3 protein. MAGE-A3

i mmunot her apeutics, useful in the present invention,

i ncl ude MACGE - A3 based conpositions. Exanpl es of

TheC@ﬂﬁﬁélbeﬁss%%HEhb§'@%rw%%EsA dﬂ@éu@%elgo@ﬂ$WJ'fH“%lgure
nprisin | engt h MAGE - A3, substanti al

10 ﬁﬁEQ ﬁ@n@gh WﬁGE Aghaﬁdahtagwanagdothwﬁ@EsA&ma%?sed below
d f GE- A3 pepti des
SRl e L

e use i ncl ude the

follomﬁng MAGE- A3 peptides: SEQ I D NO Peptide sequence
C% 27 . FLWGPRALV SEQ I D NO 28 EVDPI GHLY SEQ I D
I R %@r VEUPRPEREYT SECF B“‘N@noégg\]z‘ﬂlallLlfK‘?RRnSE@rrtE)emo

rovai E = whK E
T R EFLVEPRALVETS 20 1D KO- 34  TQLPVOERVLEY TS

derpreferherafroe. f ubytRehgt HeNAGEDIAS rom 6&¢quqmucmaaa
r=BEBLPRLALLY LobLbeRg .ty AOTEaL 1 MCER L0t
amldasallytAor (obtied MAGERA3LEAgHRALS (GBnwhi aB hebwesnphge
265a592}9 an autoly51n 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 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 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.
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acids are deleted fromthe N-term nus and/ or
C-termnus of the MAGE -A3 protein.In one embodi nent,
W b@ohBa@ss A3 protein, fragment or peptide nay PET/GBR008M03142

to a fusion partner protein. The MAGE- A3 protein,
fragment or peptide and fugion partner protein may be
chem cal ly conjugated, or may be expressed as a .
reconbi nant fusion protein. In an enbodi nent in which

t he aﬁh%gen and rgner are expressed as a reconbi nant

n ?HS. SROBHOPERS, OfhtEenByearPbwinYerédssd torel @G yATe

proPe@HUREd tBm@Ri8XPHEIEHOR Y SEEMCIPRLEE L0 ROALf used
protein. Thus the fusion partner protelin may assist in

antbg@vﬁdhﬁgeTbﬁénpéﬁSéﬁﬂb@ﬁesn(W@ﬁ@déwd@ﬁgalIhugammlcular
: i I _eplLtqpes
B R A e L A R

useg@rotei n (expressi on enhancer proteln) at hi gher vyields

than the native reconmbinant protein. In one
enbodi nent, the fusion partner protein may be both an

In anﬁUB@hégléﬁboﬁﬂﬁbﬁﬁ patt ReERPRABL e @ggtgéﬂr%éﬁkgqses a

enhanci ng partner protein. I'n one e iment o
nuci%%@n@?é% mphécphﬁuﬁbpeélnalafMQGEﬁAﬁapKQEElpnofeagment

e rived fr.om rface
°or ?%%é?%yg fHéggPaé}%gg%?lvg 888?%%& ﬁ]gﬁﬁghﬁph fisone
emb@@imeehzafBth&[pQéééﬁt92n6eht@bna dﬁéI§QQUéﬁcheﬁ§gfbe

rotein D derivative nmay conprise the first 1/
1ns?ﬂEegrﬁ? Pn2 BPlEﬁBf%x?ﬁaF%P§lPﬁeVﬁPF§F angd gpeghéor

DNAFRNEGVQCCiHaﬁﬂgnenboﬁi@?@ﬁlaih@eEEE?E é%%?égggﬁ 102

resi dues of protein D nay be used as a fusion partner
nuCt @l pragi demay MAGEC Age ans¢geaswrehtaddileil omakedxogenous

1mmun§@$% ﬁéﬁgggg and i ncrease expression level in E .

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
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 MAGE-A3 protein encoded by the
polynucleotides of the present invention, for example for

use as subunit vaccines or in immunoassays.
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acting also as an expression enhancer) . In an

al ternative enbodi nent, the protein D derivative nmay
weowpiosEas the first N-term nal 100-110 am no aRCTEBRI08/003142

approximately the first Ntermnal 100-110 am no acids.

I n one enbodi nent, theprpt§}n_D or derivative thereof

may be |ipidated and |ipoprotein D may be used: the

lipid tail nay ensure optinmal presentation of the

antigen to antigen presenthg cells. In an alterpative

In semyGdiareind QROPHI: s GIRETVELT veSthet 2t 15 ot
vecﬂdr_p'l%at eq: (ﬁlhfca@ﬁ% efd QUL SRAUENGR! 2 P adShanBdus .

rotein D, refers to apprOX|nater am no
TpraIaldSy tnasdazmﬂseassmtam ofn thke dateltbonyandcerniby
rotein n one e odi ment, the.secretion or sign
GroBL b bl et S rD THT e e HE G Vor farEdgfene
PrefdB N atigSafadd@dwifudds d1e onbresdodi sehéted hErom
secretion or signal sequence is included at_the

Chlm@%&%@ﬁ{ﬂﬁﬁ%ﬁp%¥ﬁﬂiﬁ%ﬁ%|95%)f%%ﬁ%nk%%Y?n%? Pangd|ségee US
patéa}galr 3&3& egf fEy stndbdd 5§1/§)amd ﬁéﬁsﬁ 188 @ﬁy@@6124

|rst N t'er mi nal 00- am no acid
arerpﬁ&ﬁeixedhEOHnma® B@IU@GO@r¢$©ﬂbrDﬂ@@ﬂttDBequ@h@%e

mredi at follo he secret
vectqiediah D h il fled o SRt 8 AFrgkdf8lops gene of
the SEOHENCE-NBYuERt tIRaal tie hgesdl b@twutedmwyt het bepasssed.
acids 2-Mand 3-D. I n one enbodi ment, the MAGE- A3 g
The Bes P of @F v bR aeE- and Hn%nu%a%lzr%n?ﬁosaehdrﬁégiﬂ]aaaan

aded &1 20 PLOLEL Py I%‘ §e£“§699hp£19t 8D C9NPHI §ES0LNBa6142.

si ghal sequence of proteln , amno acids 1 to 109 of
Protein D, 312 ami no acids fron1the MAGEA 3 protein
nm no |ds 3-314 acer and_a paly |n L
CO“%??Eﬁo?ﬁ trﬁQQm?éE%#FtE? h?ﬁ%uﬁﬁrF?Fca%lon of SCEQ&C
a01éu§é@@e@é@§elQnguﬁtﬁgubhﬁoﬂr@ﬂUQRPQBSQEOQGSSctBQB are
exa e:
descrlggd 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.

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

protein.

The MAGE-A3 containing composition as described herein may
further comprise a vaccine adjuvant, and/or an

immunostimulatory cytokine or chemokine.

Suitable vaccine adjuvants for use in the present invention

are commercially available such as, for example, Freund's



10

15

20

25

30

i ) An 18-residue signal sequence and the first
N-term nal 109 residues of protein D; ii) Two
wainrelzdsgl resi dues (et hionine and aspartic apCTEB2008/003142
iii) Residues 3-314 of the native MAGE-3 protein; iv)
Two glycine residues functi@ning as a hinge region;
and v ) seven Histidine residues. The am no acid
sequence for this nolecule is shown in Figure 10 (SEQ
S antlgen and those summari sed bel ow

Incé%%EKégggéBEHapﬁ ABFe CREPARIES AdiBVegLt4dPEgca n
Labapetber cenbodi-pBAt ,t be )i, MuaeLegi @%hv%%}'%% R@E&%ﬁrand

protein may be the' proteln known as L or a prote
ComHéPVve@nPherBﬁhUﬁV,LyﬂArlQSerK@@dthﬁdamStB@ﬁt@@mccus

n N-acet yl - L- alanlne
Phlggagﬂgﬂhg n?gz ﬁxﬁkgﬁﬁco & tﬁysyﬁg %ﬁtﬂ JeHE&ene,
hyd48x{d98631 pagaawa@50273)1u)a1amumupabxé§>hattehatsa1ts of
specifically degrades certain bonds in the
CalﬁgB?rdb§P9c§ﬁ baBkboRB. 1RRRLEPLEr A ARENGAREI #ToRCcyRated

tyrby¥iAeprotelarbs £85AGASI l%%lfaﬁacéﬁﬁgafo@ ghﬁ%n%%&ély

choline or to sone choline anal ogues such
derxﬁﬁglﬁﬁép@@lyshﬁ§h5éédeéxppoﬂVEHOﬁphauheeaevbh@ﬁegmbdable

Li s n I S _us

mlcgéﬁgéggégh %§h¢%5|o e?ng BP%rFP chﬁ Cﬁﬁﬁkﬂaes'
Sucpr@$eGMsCSEnbalmnﬂgrlhekihyEA fragsentiat aha ARLRBkines

term nus has been descrlbed (Bi ot echnol ogy: 10, (1992)
maypigﬁogg% 9985 25| R99HE2BRBodi nent, the C ternina

portion of the nolecule nay be used The repeat

portion of the LytA nolecule found in the Cterm na
In eng etardingnb: Ekei ddautdstnmgybeoupiriiesed. cbmbanetion

of SEBOhIEMorbier Y14 ROTLLOR JBY5LOGORROLAY S, LgSi dues
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.

Another adjuvant that may be used is a saponin, for example
0S21 (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 0S21 and 3D-MPIL as
described in WO 94/00153, or a composition in which the QS21
is guenched 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.
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O her fusion partners include the non-structural
protein frominfluenzae virus, NSI (hemaggl utinin)
wO pooons74asrbodi nent, the N termnal 81 am no acP@BEGBR008/003142
NSI are utilised, although different fragnments may be
used provided they i ncl ude ¢b- hel per epitopes.In one
enbodi nent of the present invention, the MAGE- A3
protein may conprise a derivatised free thiol. Such
anti gens have been described in W»X9/40188. In
particul ar carboxyam dated or carboxynet hyl at ed
othéer bMativ¥essMyrbasused. he gré%hlﬂe&n%’ﬂ%‘i %eﬂ\ta
MAGE- A3_conposi tion conprises a nucleic aC| cule
comprésdi AERA MACEOABLBEGt sligh Bsagnmatherlapept CPE or
p gribed her ei nmbodi. ment,
con R e Bt R R b Lo 765 leiib8s CAG SeuoLeotide
is unsethgdatatio aseuhtabhgoemeueeeuaesveeboweaadk%%@% and
RNA, vacci nation. _M crobi vectors expressing
aretﬁgsﬁﬁﬁ g ciRei Oﬁa§xﬁmgéeb@0u§é O§§5§ector del i ver ed
i mmunot herapeutics . Exanples of suitable vira
vectors_include retroviral, lentiviral, adenoviral,
Suibglhe- e%?s.@etle@éeowdas fher pes vhr shei presdinng iheepeson
(inStARLEXoNLLRL) ALPNAAKhLAL, POX VIral such as

Canar ypox and vacti nira-viral based systens. Cene

SEQamnsf er {Echnhgueacaesimg Uresecd fmgses are Knojp&01826
illed in the art. Retrovirus vectors for

Né_g e ski
X e mpy be used to stably integrate t he

S@?'YBUC'GJEEQGCQE REE GIEERECOR At Ot e oSt —gepgRe g

al t hough such recombination is not preferred.

OW 1- r :\nel nnf

N@epbi cati pn-defective adenOV|rus vectors by confrast

SEG TRy T e Pl RN AR R R R RPN A O

NO:37 ACG

SEQ ID TCG TCG TTT TGT CGT TTT GTC GTT CpG 2006,
NO: 38 CpG 7909
SEQ 1D TCC ATG ACG TTC CTG ATG CT CpG 1668
NO:39

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 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 MAGE-
A3 as described herein, wherein the adjuvant comprises one
or more of 3D-MPL, QS21, a CpG oligonucleotide, a
polyethylene ether or ester or a combination of two or more

of these adjuvants. The MAGE-A3 component within the
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expression. Vectors capable of driving expression in
insect cells (for exanple bacul ovirus vectors) , in
wheovan3aas | s, yeast or in bacteria may be enpl PyBEGBR008/003142
order to produce quantities of the MAGE-A3 protein
encoded by the polynucl eotiges of the present
i nvention, for exanple for use as subunit vaccines or
in innunoassays In a preferred enbodi nent the
adenovi rus us as a live vector is a replication
Comﬁg?éEPPQem§V Snp58§ﬁ83ﬁﬁu§n Ppicddl Ly PRésEs WY wsemter
in ©@mtémﬁl§ﬂoﬁ|v@ﬁh@&éoﬂraﬁﬁ %aﬂlB%s%h%an% @8l sldnes
that are transforned with an El "gene. Preferre i an
cerjgéRofiPasdéseats  viruses i sol at ed fron1Ch|npanzee In
particular C68 (al so known as Pan 9 ) (See US pat ent
No 6083 716) and Pan 5 , 6 and Pan 7 (WD 03/046124)
In ane pmbbdimedttothasedbnvhhe REES eBlhpra¥enthen o rThRSR of

3D—Vgﬁt0§§2§ Be nanpgulate to insert a heterol ogous
g h8 P ndBntMBHRS GERTIAAL OF He CoENE Lppoaet spdyide -
In be expbessed:r he Hﬁgeefgaﬁub%hkoaoﬁﬁgn%ﬂ%%f%%%U5%e%ent

such reconbi nant adenoviral vectors is set forth
ThegygpappnpRtnOne3g/ baseiRheCopvenehntrdl ineeoibinamal

£ e ai pipng.nuclei ¢ _acid sequences, and

Or%ﬁggg%?#oﬁro e§%¥e%5|o%tvecF SéPS’d@EgE B&d 9eFcribed

in Wanbarig2ge.al. r Ml ecular d oning - A Laboratory
Manual ; Cold Spring Harbor, 1982-1989. For protein

based conpositions, the proteins of the present

In 4AYEREL0BMPBYiRENP! 9Mi ded- thh952§°5EQn§ geﬁt Hqﬁhdan
formor in a lyophilised form ose

OllcbﬁpWP§@rlem@l§@00,ngndflprbhelabsbncenefeabdpsnent
Oll&gguggggtggg.conprlse 30 - 300 ng of protein.

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.

The amount of CpG or immunostimulatory oligonucleotides in
the adjuvants of the present invention is generallstmall,
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.

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 1-250pg per
dose, and most preferably between 1 to 100ng per dose.
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The MAGE- A3 contai ni ng conposition as described herein
may further conprise a vaccine adjuvant, and/or an

w0 pavaidEss mul at ory cyt oki ne or chenoki ne. Sui t BdiI/6B2008/003142

vacci ne adjuvants for use in the present invention are
commercially available su as, for exanpl e,
Freund' sl nconpl ete Adj uvant and Cbnplete Adj uvant

(Difco Laboratories Detroit, Mer ck Adjuvant 65
(Merck and Conp I nc

The egﬁwﬁﬁm¢|ﬁ@r@@é@ﬁéppﬁ apm@%%ﬁﬂ%&ﬁiiyq@%ln T&@¥um ni um
addl%ﬁloh%liﬁzc ra_Lls%ma?l' lé'f[‘lhﬁq{ Rede geluiBldMar/or

['um ni sphate; salts of calcium iron or zinc;
toco@ﬁnelﬂ@éﬂldlbh@ys bepdoginor] adgfedacyd &t dd-aoFasE InetonR3A et ean -
sugars; cationically or anionically derivatised
pol ysacchari des; pol yphosphazenes; bi odegradabl e

Othef GASRMEIESdRReRROSIPRAMe |qumaereendrmwzzoA (Seppic,
Cyt oki nes, such as GWCSF or interle k|n

France) , &4d c(r?é\ﬁﬂrhe§ﬁ4ﬁ3fod¥§@ b’ St)v'arﬁgom%

orh)Ne Fad]uvRRt mm@mlﬁﬁsz@ Hamilton,
CSI@dnblnatlagggf?nnnop ogbhor;1 lipid A, such

MT) amﬁecaheacwmnmmﬂommﬂmwnmqm%mqsmmg (AGPs) .
together wwth an alumniumsalt. Alternatively, the
adj uvant may conprise 3D-MPL or other toll Iike
Gendr&LERE,0le feH -IH-tB{b)n |d g dga 15 Uedinast Sai Mot kY00 g of
glucosanlnlde phos hates as disclosed in WD 98/50399

ant \WeTH 1/ BY6 K7t TEbst. BnbtHEY @ Want - Thae °°
ug. g?%lp@% E I%M nar_éé)ftm e fRedofetdbautic

rmaceuti cals I nc. am ngham M), that nmay be
anLhﬁnhsdemuaxnedrbyxﬁﬂnnﬁaIQWSWwdiE®th@VOhﬂ}@@aﬁb%erFéFlon

mbodi nent . _th d
RhEiTen SRRa oI hoa e Frl s P B eces

Following an initial vaccination, subjects may receive one

or several booster immunisation adequately spaced.

Alternatively, a composition for use in the method of the
present invention may comprise a pharmaceutical composition
comprising MAGE-A3 as described herein in a pharmaceutically

acceptable excipient.

The invention will now be described with respect to the

following non-limiting examples:

BRIEF DESCRIPTION OF THE FIGURES:

Figure 1: Location of the MAGEA3 U primers on the non
converted sequence (FIG. la - SEQ ID NO: 10) and
corresponding converted sequence (FIG. 1lb - SEQ ID NO: 41).
MAGEA3 GOl U primer position is boxed, MAGEA3 GO2 U primer
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derivative, such as the conbination of Q821 and 3D MPL
as described in WD 94/00153, or a conposition in which

Wo b@9Q®a38 i s quenched with chol esterol, as deseCi/b8a008/003142
WD 96/ 33739. Ot her suitable fornulations conprise an

oi I -in-water emulsion and tgcopherol. In one
enbodi ment, the adjuvant conprises 821, 3D MPL and
tocopherol in an oil-in-water emrul sion, as descri bed

kD 95/17210..Q her, adj uvants for use in the present
post RyER Pon ) LAGhEFTs o RO SV RUBM Tt daen 7gstion is
in oobef hyheked OpG gopk-ahBikrngoakitgeRucleohiydes 1 ned , Wingh ¢

the CpG dinucl eotide is unnethyl ated. Such o
posytigBntiefésetadsbdr B Gerreknonwdsand ahe &egaspbe@tufn

r nmpl e WO 96/ 02555. Suitable oligonucleotides for

Staﬁgesﬁﬁéfhe present invention (in this context) nay

include: SEQ ID TCC ATG ACG TTC CTG ACG TT CpG 1826

\ 135 S I D, TCT CC GIG CGC CAT_CpG, 1758 NO 36
Flg@%g ? D /Egﬁcéﬁ"@%%r AECEAT_ERC2GECPAEReNS, 037 tAegnon
conSER ¢® I6GuERGTTFIECT28CT TEH ShCu6TT169G,2006, NO 38

CpG 7909 SEQ I D TCC ATG ACG TTC CTG ATG CpG 1668

COrREFBONEHTICHATEFPAIAG BPAYONGE! BT Bdegbmay SBRsEDbEOusdd) ,
e = F R She bbbt FEAr- CFRECaAT uoAHY CoSThFi ses a
conmbi nation of a CpCcontai ning oligonucl eotide and a
Fig&?@ogin ﬂ%&ggagkvgetection graph.
FIG. 3a: MAGEA3 GO _2 U: input U DNA (LNCaP cells) is plotted
against Ct values, 1.5ng of U input DNA is still detectable
FIG. 3b: MAGEA3_Furuta U: input U DNA (Gerl cells) is
plotted against Ct values, 1.5ng of U input DNA is still

detectable

Figure 4: Schematic overview of the Amplifluor® technique.
At least one primer (forward primer in this case) in the
primer pair contains a "hairpin" structure carrying a donor
(FAM) and an acceptor moiety (DABCYL) of a molecular energy
transfer pair. 1In the absence of amplification,
fluorescence emitted by the donor moiety is effectively
accepted by the acceptor moiety leading to guenching of
fluorescence. During amplification, the primer is
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.
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the ¢

The 9Rferkt] girnge gérertd 18 Sl -

particularly the conbination of CpG and QS21 as
di scl osed in WD 00/ 09159 and WD 00/ 62800. Accordingly
WO b@p©37438 provi ded a conposition conprising MASERBBa®S/003142
descri bed herein, wherein the adjuvant conprises one
or nore of 3D-MPL, (821, §3CpG oligonucleotide, a
pol yet hyl ene ether or ester or a conbination of two or
nore of these adjuvants. The MAGE - A3 conponent within
~ theconposition may be presented in _an.qi,l in water or
Figugewater DRFiGiHCTe miEsi éﬁ’rvéﬁfné’ﬁ@ &ﬂaisr?lfﬁ‘%%dso&nm
(Metﬁggg%kég'%%er%t%gﬁ%%%@ erbadiaAly. In one
embodi ment, the adjuvant nay conprise one or nore of
3D-MPL, QS21 and an i mrunostinulatory CpG

. | i I .de. .| : [ .a] | | .
P40 an bR Are 7 SSA ng Eamorencs iy Toe 6 Lo

Recelieseliprd-dtiny Idhpaseelrifsarimd atiaih crumresoiweran

wat er enul si on, such as _describhed in 95/17210. | .
caLCHRGREr DS LG NP LAP E S e (8 7 G-
'ﬂué'ﬁ&@ﬁﬂﬁﬁéﬂgﬁﬁg(vbeﬁ§¥%ﬂﬂlﬂ§¥9fﬂﬁﬁﬂﬂétiﬁnibﬁXKhe
ol i goriucl eotide . The anmount of 3D-MPL used is
falsgepersdldiwvesnmte GO d@mpanidiimgton + he formul ati on may
be _in the region of 1-100Q .np. r , by
FIG- 560 —dd8e, > an e#osggclﬁe@gr% ?%’be%ﬁ%ﬁfl tg
76 . 9200w tpey £ asel . SThenmymuntdef G ourvenm(AEs! i el Gt 9F 3.
ol i gonucl eotides in the adjuvagts of the present £p =
I blut2depend?iny" bt e ©F T T
0.0qgﬁrfgfuéfgh— y be in the region of 1- | OOOng per
ose, preferably |-500ng per dose, and nore preferablg
FIG.bettweercQ 2 dJ | GGmy peredoiselvity 87.5%, specificity 100%,

cut-off 292.6, Area under the curve (AUC) is 0.971. The 95%

CI range was 0.863 to 0.996 at a significance of P = 0.0001

for area=5.
FIG. 6c: Furuta U assay: sensitivity 66.75%, specificity

100%, cut-off 943.1, Area under the curve (AUC) is 0.939.

The 95% CI range was 0.817 to 0.989 at a significance of P =

0.0001 for area=5.

FIG. 6d: Qiu U assay: sensitivity 83.3%, specificity 94.1%,
cut—-off 431.1, Area under the curve (AUC) is 0.944. The 95%
CI range was 0.824 to 0.990 at a significance of P = 0.0001
for area=b.

FIG. 6e: Summary table of results obtained for each of the

four assays.

Figure 7: MAGE-A3 methylation status in lung biopsies:

Receliver Operating Characteristics (ROC) curves were

calculated for the 4 MAGE-A3 Unmethylated assays by plotting
the true positive rate (sensitivity) in function of the

false positive rate (100-specificity).
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The amount of saponin for use in the adjuvants of the
present invention nmay be in the region of |-1000 ny
w@endames preferably |-500ng per dose, nore pPEf/6BadBPO3142
| -250ng per dose, and nost preferably between 1 to
| OOrg per dose. The adj uvanrt, formul ations as descri bed

herein may additionally conprise an oil in water
errul sion and/ or tocopherol or rray be for mul ated in a
posonal conposition. (lher uit I uva
FIG.j Hél udENIntlafisFe ' SAS7S6 Hig; léa J%f&flty
91. 7%m'cﬁQn'onalﬂlf5°r8n' %rekinluh%rérStt@ieessurdeSm (GSL)0.954.
9 (Chiron) bi Detox, RC 529 (GSK, Hamlton
The I9'r5)°' @lidx@mw R @o@|68y|t09|%c9&)arﬁmuadeswrﬁﬁdﬁ?ﬁé%eeso P =
0. ooglepf? IIy, each human dose may conpri se
50 antigen, for exanple 0.1-500 ng ,

F16.07% 10@;|0Tga U ersscs.y% tsmfsamtgrltyma)m% smedperoiint Lfor a
particul ar 1 nmunot her apeuti ¢ c be ascer ed. by
94. 4§trar$dJ§r Pt udi 28 nveISA ﬁﬁldc?d”s t5on’ of pg?)(]li}r optiGre

e IJERLRG NESRANSES: 0 MACAida) SfbSuby ectSigtof i emayg @b P

initial vaccination, subjects may receive one or
0.00edee‘km abm:tfeJr [ mTuni sation adequately spaced.

FIG ., eceg??s y e?’ﬂt{/enﬁogpo 1Ll on {01 ysg pﬁ"at@pé@if‘}?&’l@y

may COonpril r maceut | cal
91. mnmicmm OO | Adep MG A las «:hensv;m badC her i O. 9419

har maceuti cal |y acceptabl e ci i ent | nvent|
The vaip Howr HeI el et | beth it Qe%%@e t% %h%%%?%nce of
n-4¢imting exanples: BRIEF DESCRI PTI ON OF THE
I'GURES: Figure 1 : Location of the MAGEA3_U priners
FIG.ordhe Qion &onvery edseegiiehicet Y B 6 63 a sSPSEF IO NO 2175,

cut— §E96 aigj&’NCf{ ﬂ1§98§d1|119<9e19o@ﬁ/gréggvéegﬂﬁe?elé Fb G94!3 b The 95%

CI range was 0.859 to 0.988 at a significance of P = 0.0001

I

I

for area=b5.
FIG. 7e: Summary table of results obtained for each of the

four assays on lung biopsies.

Figure 8: MAGE-A3 methylation status in lung FFPE samples:
Receiver Operating Characteristics (ROC) curves were
calculated for the 4 MAGE-A3 Unmethylated assays by plotting
the true positive rate (sensitivity) in function of the
false positive rate (100-specificity).

FIG. 8a: GO _1 U assay: sensitivity 84.0%, specificity
96.0%, cut-off 21.88, Area under the curve (AUC) is 0.933.

Il

The 95% CI range was 0.825 to 0.984 at a significance of P
0.0001 for area=5.

FIG. 8b: GO_2~U assay: sensitivity 84.0%, specificity
96.3%, cut-off 17.75, Area under the curve (AUC) is 0.932.

Il

The 95% CI range was 0.826 to 0.983 at a significance of P
0.0001 for area=>5.
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MAGEA3_GOL U primer position is boxed, MAGEA3_GO2 U

prlnerp03|t|on i s highlighted, MAGEA3 FURUTA U pri ner
w@ombiosnr3g s in bold, MAGEA3_Q U U prinmer posi tPONGB2008/003142

underlined, The G position i ndi cated by | corresponds

to the transcription start ;site. Figure 2 : Location

of the MAGEA3_ GO 2 U priners on the non converted

sequence (FIG 2a - SEQ ID NG 10) and correspondlng

copyert S nce (FIG 2b,- SEQ ID NQ 41)
FIGungérll ggaﬁ §S5PYE h§PFAhd @iyt 8n Odr arPesifdcity
96. E%gucatsoffLQautzef detactiher rgraRh cuEhe %@c is, 0,923.

G2 U: mputUDNA(LNCaPceIIs) ed

Theag rngF €Engal Has, 0188Rgtef OWS7Apat BNAlQ@liﬂCbhce of P =
0. OggiegggbggeELg. 3b: MAGEA3_Furuta_U. input DNA (Gerl

|s) is ploffed against & values, 1 .5ng of U input
FIGDNAt s @il D deBeytabbasEtguﬁey472 S%heg@bb@f@%@&yl©w 2%

h uor te ue. At _| east one priner
cut(% %m§§ggg ﬁ %ﬁFs%gﬁs FIVE t(RECr itfeP - fdkr The 95%
CI cangaiwnssao' h@BrEbnO §UBuéﬁuéesﬁeﬁﬁfh@gn@ed%%O@ FOMyoo01
and an accept or noi ety (DABCYL) of a nol ecul ar energy

fori35@dfer pair. In the absence of anpllflcatlon
rrcl| §9r essgngg, 6N por, i, et
effectively gggg%%g% g% %Eguggcep orlﬁgle ISS&Pnﬁftghe
fouguanehyngoof 1EhgoFEBEenamplBLL i Ng anpliflcatlon, t he
primer is incorporated into an anplification product.
During the second round of anplification the stem | oop

Flg@WehairpEﬂfé&fU§fUh§lé§1ﬂ|§ﬁUP§§dlnﬁaglﬁggﬁp&ﬁé n@h%kﬁd
i s_no longer capable of effectively quenching t ﬂ

at qitiere’sekentkerni pfehdyrenstdonoprnoresy. Thus, the
FIG dosor ﬂ@@gﬁycgifdffﬁé faterial with and without spiked

melanin processed through MAGE-A3 U real-time MSP. BT =
bisulphite treatment.
FIG. 9b: MCF7 cell line material with and without spiked

melanin processed through Gst-Pi M real-time MSP

Figure 10: Protein D-MAGE-A3-His
SINGLE UNDERLINED = first 109 amino acids of Protein D
DOUBLE UNDERLINED= Protein D signal sequence (18 aa)

= inserted/substituted sequences: Met-Asp at 2-3
(substituted); Met-Asp at 128-129 (inserted) and Gly-Gly at
442-443 (inserted)

Bold = fragment of MAGE3: amino acids 3-314 of MAGE3 (312 AA
total)

Grey = 7 his tail
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detectabl e fl uorescence signal.Figure 5 : Decision
tree for sanple classification (Mthylated,
WoRwoREMBY | ated or Invalid) Figure 6 : MAGE- A3PCT/GB2008/003142
met hyl ati on status in nel anoma sanpl es: Recei ver
Operating Characteristics (ROQ) curves were cal cul ated
for the 4 MAGE-A3 Unnethyl ated assays by plotting the
true p05|t|ve rate (senS|t|V|ty) in function of the
f ' FI G 6a:
i : ; A Sgé)&ggmty 76. 5%
cut off 214 8 Ar ea under the curve (AUC) is 0.912.
E 9?@6 range was 0.781 to 0.977 at a significance
Exaﬂi’ g 1:0Regd thme ApplifluppGassigy GO 2 assay:
sensitivity 87.5% specificity 100% cut-of f 292. 86,
Area under the curve (AUC) is 0.971. The 95% Cl range
A digrea 863atlot®m996fla,torwsmegmé i based afethyd £ 000sFarific

t ty 66, 7%
PCRIBSEED, AR d00 CE AT, 150 ATGRSUREER 1o dafne the
meth&\ﬂ)@):lba Qsiﬂa?lﬂ;s TB@ 9996 Gicrangs-was: O- 8:¥%ltagsgng§8e@k et

a significance of P = 0.0001 for area=5

1.g dIUM8§5a9la§@né¥¥ﬁhlt908§3@®§3§¢eC|fﬁ@ﬁﬁy Qacnﬁ@logy' is
11lﬁHErQEEd4§%dlsuﬁ&%§1g%g % Q%éuﬂi§§ngfQ |gn Hﬁ%%@gre 4

he 95% Cl range was A t0%
on pggP #00.0001 for area=5 . FIG 6e: Summary tabl e of
results obtained for each of the four assays. Figure 7
MAGE - A3 nethylation status in |ung biopsies:

Anaf@teiVGQuéﬁEiaéfﬂgnghafﬁ&Ee”Nﬁééx%iF«]Qeﬁyrv%%dﬁag%fully

performed using this technology. This consisted of parallel

amplification / quantification processes using specific
primer and primer/detector pairs for Mage-A3 using the
Amplifluor® assay format on an ABI Prism® 7900HT instrument
(Applied Biosystems).

The final primer concentrations in the reaction mix were
100nM for both forward primer/detector and reverse primer.
12.5pl of iTaqTM Supermix with Rox (BioRad, 2xbuffer) were
used per PCR reaction. The total volume per reaction,
including 5pl of modified template DNA, was 25ul. The ABRI
7900HT SDS instrument was started 10min before use, allowing
the heated cover to reach 105°C. The following thermal
profile was used: Stagel: 50°C for 2 min, Stage2: 95°C for
10min, Stage3: 95°C for 15sec, 62°C for 1lmin (= plateau-data

collection) for 45 repeats.

Plasmid material, used as standard curve was generated as
follows: the promoter sequence as defined by the primers is

PCR amplified and cloned (using suitable isolated and
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cal cul ated for the 4 MAGE- A3 Unnet hyl ated assays by
plotting the true positive rate (sensitivity) in
wo covensass of the fal se positive rate (100-specPET/GBRG0$N03142
.FIG 7a: G| _ assay: sensitivity 84.6% specificity
91.7% cut-off 115.8, Areg-under the curve (AUC) is
0.954. The 95% CI range was 0.868 to 0.990 at a
significance of P = 0.0001 for area=5. FIG 7b: GO 2_
assay: sensitivity 88.5% specificity 94.4% cut-off.
bisuieé.l%s, meced 1§hd &R Litnd 186 \PETA( Auéi%‘? SHIUPFLE Trip Gaohfied
S 93 6 ab atsikgniduangedf gremoter
by geWg\;@ar%ﬁS.c%ﬁpG&%%: lazur uta_ U apfssay: i
sequsensi.tivity 84.6% specificity 91.7% cut-off 296.8,
Area under the curve (AUC) is 0.949. The 95% Cl range
was 0.861 to 0.988 at a significance of P = 0.0001 for
A s@beamdrd FlGrved: (@xuob assay) seosi¢svi tya84. B8 luded to
specificity 91.7% cut-off 176.71, ea ynder_the 1ation
deteggive (PRRY nymbesds ofTHEnigEoNE) SRER SSWLaé)é/ 0-gEYTRat e
' Lgai ficange ar8. 800%f om-aledsb was used
of t%%%{g?g‘:t“ gﬁ?ﬁ\%grgytttoabl e o%é?Igcslul ts obtained for each of
as a hefeourmaes sayse am |tley aFsEpsi es. Figure 8 @ MAGE- A3
nmet hyl ati on status in |ung FFPE sanpl es: Receiver
Operating Characteristics (ROC) curves were cal cul at ed
Exaniglle tthe: MAGERARddutpi ddatedimssaydedigpl ot ting the
true positive rate (sensitivity) in function of the
fal se positive rate (100-specif icity) . FIG 8a:
; ¥s |4 d 9 & Figctyn 962 9%
Prinits 4R ARt 8%?§Zar%ﬂaéduﬁ/nldﬁe€¥ Ltﬁﬁré&%ﬁuﬁg@%wc i's 0.933,
described in Qiu et al.: Clinical Biochemistry 39 (2000),

259-2; Jang et al.: Cancer Research 61 (2001), 7959-7963 and
Furuta et al.: Cancer Sci 95 (2004), 962-968 were

synthesised, and are shown in Table 1 in addition to novel

primer sequences.

In silico design of forward (F) and reverse (R) primers for
detecting unmethylated or alternatively methylated form of
Mage A3 were done using Primer3 software adapted to MSP
requirements (http://fokker.wi.mit.edu/primer3/input.htm).
Conditions were as follows: amplicon size : 60-120nt; primer
size : 18-27nt; melting temp : 55-65°C; max 3' self
complementarity = 0; Window of 200 bp around TSS (number to
return = 2000).

The U_primers were designed for detecting unmethylated Mage-
A3 whereas the M primers were designed for detecting
methylated Mage-A3. Finally, primers A MAGE_A3 and
MAGEA3 GO 1 U F, MAGEA3_GO_2 U_R, MAGEA3 GO_1_U_R _AMP,
MAGEA3 GO 2 U F AMP, MAGEA3_GO_1 M F, MAGEA3_GO_2 M F,
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The 95% Cl range was 0.825 to 0.984 at a significance

of P = 0.0001 for area=5. FIG 8b: GO 2 U assay:
wG@emsisiass ty 84.0% specificity 96.3% cut-of fPATGB2)08/003142

Area under the curve (AUC) is 0.932. The 95% ClI range

was 0.826 to 0.983 at a siggiticance of P = 0.0001 for

area=5. FIG 8c: Furuta_U assay: sensitivity 80.0%

specificity 96.2% cut-off 214.26, Area under the

MAG%%#@%?@ %@HPf %%Eﬁ%gggfé_&ggigﬁﬁsgsarstarcrled

for8ﬂurﬁh©thﬁ$§§y1g§€ﬂ§ht|VLbMazgoQ%beEﬁé|ﬁLﬁkﬁﬁegg 2%
cut-of f 68.91, Area under the curve (AUC) is 0.912.

relghevestp chheahgenaasipt 790 £620t9%3tat (456 ghisf sbanoein
091 & [ ahl
Fio o i Bt nodr BETREER 3FC e Tsir asarstBh Fhng
TramFPE i ghhpheStaFtghiee9 : Effect of nelanin on PCR
i nhi bition when spiked at different steps of the
reaction process FIG 9a: LNCaP cell line material
Eithét heeadrybhbont osprkedr 58| ARIRACRT 0E8S8GHLhBEOUER <o
MAGE-A3 Ureal -tine MSP. B bi sul phite treatment.
inceyreTrabe METIEAPLe | Fhemnhoepi aF Wethoandstkuhbure

ca“?%p“i‘i.dz e et S e e T A R P
the mi¢ledt 199 aaquena@:ds'm@c@mmGeGmTEGEEthEGUNDERLkNEQ ID
:froteln D signal sequence (18 aa) |Boxed| =

|nserted/subst|tuted sequences: Met-Asp at 2-3
(substltuted) Met - Asp at 128-129 (inserted) and

Ay
leferent MAGEAB primer combinations were tested. Finally 4
U-assays and 2 M-assays were retained for further
development. The selected primer combinations for each assay

are summarized in Table 1.

7 Assay 5' to 3' Sequences
;wﬁame Lo Ampi;con Dete?to:’Mbdifications: 5’,FAM‘
S : g length and 1nterna; dUdab?yl,
MAGEAB_GO_l_U_F U assay ATTTTTGTTTGGAATTTAGGGTAG
Forward primer (set 2) (SEQ ID NO. 2)
MAGEA3 _GO 1 U R AMP - AGCGATGCGTTCGAGCATCGCUCCAACATCAAACC
Reverse detector 142 bp ATCACTCA (SEQ ID NO. 3)
MAGEA3 GO_2_U_F AMP U assay AGCGATGCGTTCGAGCATCGCUTGGAATTTAGGGET
Forward detector (set 3) AGTATTGT (SEQ ID NO. 6)
MAGEA3 GO_2_U_R - CCCTCCACCAACATCARA
Reverse primer 140 bp (SEQ ID NO. 7)

MAGEA3 _FURUTA | U F AMP U assay AGCGATGCGTTCGAGCATCGCUTTAGGATGTGATG
Forward detector (set 7) TTATTGATTTGT (SEQ ID NO. 9)
MAGEA3_FURUTA;U_R - CCAACATCAAACCATCACTCA

Reverse primer 110 bp (SEQ ID NO. 4)
MAGEAB_QIU_UMF_AMP U assay AGCGATGCGTTCGAGCATCGCUTGTTTGGAATTTA
Forward detector (set 9) GGGTAGTATTGT (SEQ ID NO. 12)
MAGEA3_QIU_U_R - CCATCACTCATTACTCARAAACAAR
Reverse primer 126 bp (SEQ ID NO. 13)
ACTB F - AMP AGCGATGCGTTCGAGCATCGCUTAGGGAGTATATA
Forward detector Reference GGTTGGGGAAGTT (SEQ ID NO. 21, or
- SEQ ID NO: 1 + SEQ ID NO: 20)
ACTB R 125 bp AACACACAATAACARACACAAATTCAC
Reverse primer (SEQ ID NO. 22)
MAGEA3HGO_1_M_F M assay ATTTTTGTTCGGAATTTAGGGTAG
Forward primer (set 2) (SEQ ID NO. 14)
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442-443 (inserted) Bold = fragnment of MAGE3: am no

acids 3-314 of MAGE3 (312 AAtotal) Gey =7 his tail-
waA2@9/03BERTAI LED DESCRI PTI ON - EXPERI MENTAL SEICTINB2008/003142

Exanple 1 : Real tinme Anplifluor assay A direct

real -time fluorescence bas nmet hyl ati on-speci fic PCR

assay (real-tinme MSP assay) was devel oped to define

the nethylation status of the MaMVI pronoter
—(\-assenbroeck al ] Mol Diagn-2008, 10:332- 337)

ASSTITTUTTUTTIKX \.t — <
Thi s technol ogy isvlzlkslflaﬁst rad edoand ssymmes sed in the
fi guMertegend faor ElLgue 4 BrtepageMa@ifidnaionse 5 FaM
gquantitations far IYEQ&TAS vitnde intrrees sfudebsylper f or ned

MAGERI3NGO tINMSR T@@NNOT 0QY. — Thi[SadeeRsd e A AP BEE@lcaTeArACe

Ranpisef Beatdton / |quanatidd catd@rcprOcessaes sl ng)

Myeasfaac 2py ifher [and pskper| dehectocepmaratdar VAge- A3

fetwegdt breimanp| i |l uoTstr ¥) assEEQf Oy Mt N an ABI
MAGERSSER 12 MZRGYRT |i nst rument %%T@%T@mymmgcmmeceme
REY ¢S BYYSREPT cordcent? i on<TPAAL (B BXd¥0: of )i x_wer e

T TTCCO0

100nM for both forward prinmer/detector and reverse
rimer. 12 .5m of iTaqTM Superm x with Rox (Bi oRad,

Tabgi btif f eP¥ e eadedmpéi LPORYr dgteictnr Fhaueotals VRIGHAS
per reaction, including 5m of nodified tenplate DNA,
was 25m . The ABI 7900HT SDS instrunent was started

Exapphen3pebnpdybical anbsapnpetiforneated cover to reach
105 0C . The followi ng thermal profile was used:
Stagel: 500C for 2 mn, Stage2 : 95C for | Omn,

The Stagedti8al perrdbaesceb62€etobthBhnifmiRl ahgadpdatizicity)

of the assay was demonstrated using reconstructed

substrates.

Limit of detection

To determine the sensitivity of MSP for the unmethylated
pattern, positive confirmed cell line material (LNCaP and
Gerl), was serially diluted and mixed with control
(negative) cell line DNA (DU145). Dilutions of 1/10; 1/100
and 1/500 were made (see Table 2). A total amount of 750ng
of DNA (U DNA + M DNA) was bisulphite treated using the EZ
DNA Methylation kit from Zymo Research.

UDNA (ng) --. | M DNA (ng)
[LNCaP or Gerl] [bU145]1
750ng Ong
75ng 675ng
7.5ng 742.5ng
1.5ng 748.5ng
Ong 750ng

Table 2 : Dilution scheme cell mixtures
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collection) for 45 repeats. Plasmd material, used as
standard curve was generated as follows: the pronoter
weemuesrss as defined by the priners is PCR anpP@T/GBa008/003142
and cloned (using suitable isolated andbisul phite
nodi fied cell line DNA) . Fhe_sequence is verified by
sequenci ng and conpared to the published pronoter
sequence . A standard curve (2x1O 6 - 20 copi es) was
e co nunbers of unknown sanpl e

ncl u er
Sub%§qFﬁ?g$¥o?a?FL g}g?ﬁeF @%c@éﬂﬁe§rF6tﬁﬁeD§ﬁaHé§r@Sed as
tempyétQ fBrAMAGEA$ﬁ§eH§991ﬁ§ ﬁS@eﬁgﬁﬁﬁc%pg%ﬁ%lbngEHﬁers for
ssay. Exanple 2 . MAGE- A3 assays and priners design
the P#P%?%YﬂjééﬁﬁlG@Q? @e@é@ayngLuﬁﬁét/ﬁwéﬁe@NMA@Eanms and

ornfERELL08) RS04 Ehogl- 68 Do BLOENEELSNEL, S e

are (R04$nt&Q59n 7963. ahd Furuta et al.: CancerhSC| 95
2004 962- 968 re synthesised, and are shown in
As %%%I% S?ﬁnadﬁ??wﬁﬂw?ﬁ ﬂ%FEFtbPPn%FmééqeénEE§ MPGEA3
GO §I$|&@ddﬂﬁGER3Ofuf@fyﬁfgaiE%lﬁ@dMé§V§5§eréBEaEEBQ?r%eg at
for detectlng annmethyl ated or alternatively nethyla
1.52r il 67 0Rmgelat Bomer et dbnecusshgePihgekBeswhohar eample

R L -

PCR@m{q:tmnsttmerﬁlmlfamdabwslcamlsemmtsvzey 150012@nt;
prinmer size : 18-27nt; nelting tenp : 55-65C, max 3 1
self conplenentarity 0 ; Wndow of 200 bp around TSS

AnalytHiBLI $Pedefikey 2000) . The U _primers were
designed for detecting unnethyl ated Mage- A 3 whereas

The t prRe®i bt ¢heY soheklee JEAEEABIGP ol _déE@CR] HgFuruta U and
QIU_U primer set was confirmed by MSP using CpGenomeTM

Universal Methylated/Unmethylated DNA (Chemicon
International, CA, USA; Cat.# S7821 and Cat.# S7822) and

subsequent agarose gel analysis. Briefly, amplifluor real-
time MSP was performed on the I Cycler (Bio-Rad) using the
following thermal profile: Stagel: 50°C for 2 min, Stage2:
95°C for 10min, Stage3: 95°C for 1l5sec, 62°C for 1min (=
plateau-data collection) for 45 repeats. As a high
specificity is essential for Amplifluor-based detection, a
temperature gradient was applied in stage 3 to select for
the best annealing temperature (57°C, 58.1°C, 60.3°C and
61.8°C).

All resulting PCR products were run on a 3% agarose gel. No
band was visualized when CpGenomeTM Universal Methylated DNA
was used as template DNA (tested at 57°C), confirming
specificity for the Unmethylated DNA.
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nmet hyl ated Mage-A3 . Finally, primers A MAGE_A3 and
MAGEA3_GO |~ F, MAGEA3_ GO 2 UR MAGEA3_ 0 1 U R AW
WO 2000@EA8 GO 2 U F AMP, MAGEA3_ O 1 MF , PCT/GB2008/003142
MAGEA3_GO 2 M F, MAGEA3_GO 1 M R AMP and
MAGEA3_GO 2_M R AWMP were _retained for further
i nvestigation. Location of the Upriners relative to
the Transcription Start Site (TSS) is shown in Fig 1
T an‘g FJE? 2 . The priners, are positioned around the
D PAREEFPPt i oSt AARCE ST R t oY (R SRR orassays  was
invéSYeHELR bBAGYBSoENBYNEELECH kB rRCOEPQLAl S E-A family
~suitable stem ?_oop or hairpin structure carrying a
US 1% n & B Cec celot Trnemt et Fhat numebdr ' oéndnimmatwhdsheof the

uck egti de uengGe: LA T GCATCCC 3.
M K B P ERE ANRGERT B Ul SCONBERSE difs MAGE-
AZ zwedeMAGBtRU2 Segathyed WcaasaysecadndeFubhassays sweh@icated
. gehgi n:? for_further devel opnent. The selected priner
10 EBhonat i ond MoriBHEH HERES aFe RiUMIRS 2RBPFATTabISPeEific
for .MAbLend uy/misrersamd anplifluor detector sequences

MAGEA3 Exanple 3 : Anal ytical assay performance The
anal ytical performance (detection limt and
specificity) of , RS Agsfonst rat ed using

=IO DI TR o g O Y es——t-mt—9f detection To
Aé(?g BT jzéwm‘z*}:ﬁéé :rz'”ng‘. aet) lTMiL? 3é\%‘r3 for the unmethyl at ed
03 GeMHeyd ST tve confrmed—ettyline material (LNCaP
- ,a;_nd CaEhihy . Way serg at :1' fuﬁp‘re'd- and m xed with

CONM T O oyR@uat [ve) ettt mgBiNA| (DUL45) . Dilutions
. gOf2 4/ IRevelde 100 and o7 500 werg Tegle (see Table 2 ) . A
" total [fP@REnTt of - 75Ty of DN (ODNA + M DNA) was
BT SUT DRérwEqL T eqt ed usT Ny The, B2

Furutal |Reverse 1 1

: ] ‘|Totalr = w2 3

:]Forward 6 6
.. QiuU  |Reverse 6 6
i 7 /| Total G A2 s q2e

Table 3: Sequence alignment

Cloning MAGE-A3 regulatory sequences and performance

standard curve

A regulatory MAGE-A3 U DNA sequence of 364bp was cloned

using the flanking primers as indicated in Table 4.

‘Flanking el Target or ‘Sensé (S), | .“:S s i .
primers gene name | Antisernse (A) | equence >5'to 3
MAGEA3 FL 1 S MAGEA3 S ATTTTGAGGGATGATCGAAG

_FL_1_ (SEQ ID NO 23)
MAGEA3 FL 1 AS MAGEA3 a CTAAAATAAAACCCGCCTCA
_FL_1 (SEQ ID NO 24)

Table 4: Flanking primers used to generate MAGEA3 plasmid

material
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DNA Met hyl ation kit from Zyno Research. Table 2 :
Dilution schenme cell m xturesSubsequently 2 .4m of
W b@9oosmss cal |y treated DNA was used as tenpl ap€r/Ger008/003142
MAGEA3 real -time MSP using specific primers for the
unmet hyl ated GO _2_U assay ghbNCaP/ DU145 DNA mi xture)
and unnet hyl at ed Furuta assay (Gerl/DUl45 DNA m xture)
. Results are presented in Fig. 3 . A's can be seen
.the. lower detection limt of the MAGEA3 GO 2 an
Thlim%é%%m@ﬂ%?%“rae% wep nlésﬁ/épaa,agtﬁeséafieawvgemaaﬁrial for
Real5ﬁgmélﬂ§§0 dTE@tt@ﬁiodEBh§1QQB§|Qgé'@Qrggecﬁﬂgh§med by
anpl e preparation procedure. Since 10% of the sarrpl
runﬁlkn@ls%dpb% SPCR reaetroA2tAeCRiMak 4RAL9tical*10 copies)

ty ng The
2 SERELEML Mol BTN AR BB PETYT heoe
PCRcﬁtflcngmcyean@emzmasluesfwenedmbylePeusaﬁg gave
i versal Met hyl at ed/ Unnet hyl at ed DNA
acc%nee‘ﬂf%oﬁe% %¥national, CA USA; Cat .# S7821 and Cat
. # S7822) and subsequent agarose gel anal ysis.

per B iR hde aphadtyor Feal time MSP was performed on the
[~ Cyclrer (Bio-Rad) using the foll ow ng thernal

A égfﬁéﬂ.e 1§E&%%J95 % 0&@%@%32 g%gém? a gte§5%1f0f2x106 to

tage f or Séc
2xl¢ﬂdﬁgﬁ&kﬂﬂﬂ§ Geld acdd {@rdéélléﬁﬁét§51ﬁgstﬁeh%%%01fled
specificity is essential for Anplif | uor-based
priger ectionAngliéhperatdeecgiadi emguerssaapphi efdabihestlag@rlth

o1 S s P U PRRY APBPLHPOSLETREL oSHeR €87 O,
Stageddudbts Cwefer r iAman, a SPaGgRr 096 °gel foNo1bard ,Was9°C  for

[ [ n rreTM Uni versal Met hyl at ed DNA
30sgé§u%bb%eQB¥pe%Og%%e = plateau-data collection) for 45

repeats. Results were generated using the SDS 2.2 software
(Applied Biosystems), exported as Ct values (cycle number at
which the amplification curves cross the threshold value,
set automatically by the software). The performance of the

standard curve 1s shown in Table 5

Name - | Slope. - R? Efficiency
MAGEA3 U set2 standard 3.6736 0.9999 87.2%
curve (plasmid)
MAGEA3 U set3 standard 3.6994 0.9998 86.3%
curve (plasmid)
MAGEA3 U set7 standard 3.6108 0.99%94 89.2%

curve (plasmid)

MAGEA3_U set9 standard

. 3.4885 0.9988 93.5%
curve (plasmid)
MAGEA3_M set2 standard 3.8601 0.9997 81.6%
curve (plasmid)
MAGEA3 M set4 standard 3.6701 0.9897 87.3%

curve (plasmid)

Table 5: Summary of slopes and PCR efficiencies MAGEA3
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was used as tenplate DNA (tested at 57 0C), confirm ng
specificity for the Unmethylated DNA. In addition, the
waep@eiosisad ty of the MAGEA3 assays was i nvesti getEGB2008/003142

anongst ot her gene nmenbers of the MAGE-A fam |y using
sequence alignment. The_nynber of nismatches of the
MAGE-A3 (0 | U @D 2 /FurutaUand Q WJ prinerset
vs. MAGEA 2 and MAGE- Al2 sequences (converted
sequences) is indicated in Table 3 . The investigated
U prinmers appeared specific for MAGE- A3 U MAGE- A6 .

Exampil! 2:3perPOUHSACe BlE HREPRlsE0RnGVA GEnA3 material .

4

ormance standar curve

e MAHAR aneytrlmsscja@ Us DRAUSe qifen ce 0F S 3Eabipe da§ o1 drfed™e L
usi n ankil
llne'§| an kl’?gekﬁeasr ’g}?yg%wjhgg %g? ulnﬂlglt ?_gqsiléiﬂecga.ti elfhes for

the PAGCEASNTE o) MS@@@;%@C ece"spddxlarem@%s FElspll & MACELROW .
ATTTTGAGGGATGATCGAAG (SEQ I D NO 23) AAATAAAACCCGCCTCA
MAGEA3 FL 1 AS MAGEA3 CTA A (SEQ ID NO 24 Table 4 :

Fl anki ng pLLcc&Ls_m.ed_t_a._gg-neLax-e—MBﬁEA%—pJ—aem—d—————
mat er i al Thi spdctined at Brimsrs sghY_Zised adrapeaget 3 Primers se

Celllineg: mat erdral | dopies:Realt: T eopiedSRatigshe €6pi gepies: irgtioss,. Ct: | copies.

GelEID8116) St | T0I8 | 2086l 039 5403y |2 @Bat 89.71 6758t and4k d| 26.97 | 2431

Sta§ UI0SEE7) ( 2[ 30| 4484 10351930pi @6) |( 2 6di hflB¥ent operators|3441| 16

CRL980FICHRIT8XES/ swoerabpr | 3.4t ) 2255! jopas 3498 | 73 12 |29.80| 358

LNCaP 28.82 | 2814 |28.54| 2684 954 '28.64| 3364 | 1195 |25.88| 5085
Dul45 29.07 | 2393 | >40 ' UND >40
HL60 2829 | 3940 |[39.80 | 2.10 0.53 1+ >40 >4

Table 6: Cell lines processed through MAGEA3 U assays

p-Actin Primers set M2 Primers set M 4

1

Cell lines: Ct: copies:: Ct: | copies: | ratios: \ Ct: | copies: | ratios:
1
1

Staq (108217) 28.09 | 4484 ,29.09| 1388 309 ;27.54| 2100 468
CRL9609 (108218) | 27.58 | 6192 127.63 | 3363 543 126.89 | 3200 517

|
Gerl (108216) 29.28 | 2086 . >40 : >40

LNCaP 28.82 | 2814 ' >40 " >40
Dul45 29.07 | 2393 12972 945 | 395 128.96| 839 [ 351
HL60 2829 | 3940 128.97| 1492 | 379 12791 1657 | 421

Table 7: Cell lines processed through MAGEA3 M assays

Example 5: Intermediate precision

The intermediate precision was tested by repeatedly
performing the same assay for the unmethylated and
methylated version of the MAGEA3 promoter sequence.
Different numbers of fully modified MAGEA3 U and MAGEA3 M
promoter DNA molecules (standard curve material) were
measured repeatedly. In addition the operator factor was
tested by having 2 different skilled laboratory people

(operators A and B) perform the assay repeatedly on 2
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PCR efficiency and R2 val ues were nonitored and gave
acceptable results. Performance standard curve. A

w@egvmb7488 | uti on of MAGEA3 plasmid material (2r€T0G82G08/003142
2x10 lcories/5 m ) was |oaded in duplicate using the
speci fied primer and Ampligfyl uor detector sequence i n

Table 1 with foll ow ng optlmzedtherrml profile:
Stagel 50 OC for 2 mn, Stage2: 95C for IO’nn
t age3: 95C for  15sec r 30sec 59C f 30se
dlffﬁl’fﬁf%aﬁlaé@t é3CS‘I1F£-§€Fi98?*?) sgépd&‘%dr EEdEs & I%éls e v‘}L/er

dupl%%ﬁ%rea‘NQQeu@uﬂnglﬂe opE®aZot et ware .(Applied
I osystens) , exported as & values (cycle nunber at
Tablwhi8c Ianldh@ anphiafiiceat esperimeddsciess e tafte i d
set _automatical e r
lnteﬁ@\eﬁ&laﬁ‘&nggegflstlﬁe éj{%lar%lar )ésotc[}r \?21%{ tsdefssl-h%)v\gn a}ny'ql\ﬂa MAGE5A3
assapwiggisgfs Sltbmasmr ¥ heft S‘Jmap%:aarwimee?fﬁatmcemme% all
aml e 4 : Perfornmance . of the a
resulitfe TRGESHILA0 LOTRE MREERS HETIHA 3B Re m%faas“ge
betw‘e gxe%t hgated Homol9 Ac%dmrda!ﬂﬁ%f HILe_L Qﬁﬁﬂrdllﬁiﬂh}’drat ed
unnet hyl ated cell lines for the MAGEAS U and M
coef@mpnt@su@omw?m@@a@m@@dl%aw IR SEPVn Get |
r ocess 3 qU ay.s, aTabl Cel |
Tab]ﬁ gs agrgggssg’g %ﬁ gﬁ %%3 OM%??aézldE?ar?%gz 5 :
I ntermedi ate precision The intermedi ate precision was

_teste h\/ r pnpa edly perforningthe sare—assayfor—the

©  unnethy Pe‘d- znj meidhylat eq vePeS i ghel MAGHA3 GO2 M
Logwop;a@t - eaveBigh borlent Averd Sl s | atveraed ¢ dVérpgecef all
1\/AGEA3 SEABWaMSﬂSB}’mt ey y ) I(’éc‘?}P‘@;g;{)st ShtesSD)

ggg ve ”"r”7.€d Co.ﬂ’z)) WELE, [ERT UT €7.2:3088T €dhiY7s bA72ddT {4.810.12)

. 202520 oW 7) 2070 (0.87) | 21.55(0.44) 2132 (0.11)

4.30 25.00 (027) | 26.64(0.39) 2430 (0.86) | 25.36 (0.46) 24.90 (0.11)

3.30 2870 (0.37) | 30.34 (0.68) 27.85(0.78) | 29.21(0.36) 28.51 (0.14)

2.30 32.77(128) |  34.06 (0.46) 31.42(0.85) | 33.26(0.52) 32.10 (0.38)

1.30 3624 (1.16) | 37.86 (1.29) 34.97(120) | 37.23(1.20) 35.75 (1.25)

R*=0.9997 R>= 1.000 R*=1.000 R%=0.9998 R*= 1.000
Table 8: Assays performed to test the intermediate precision

(operator A and B on 2 different days): column 1: numbers of

(log),

standard deviation for each MAGEA3 assay

molecules following colums: mean Ct values and

o . : ‘ R? Rz Rz & R . | - R?
day - | operator |. points |- GO 1 U |GO2U| Furuta GO 1M | GO2 M-
1 A 6 0.9993 0.9974 0.9999 0.9972 0.9996
1 A 6 0.9993 0.9998 0.9993 0.9991 0.9992
1 A 6 0.9997 0.9969 0.9992 0.9988 0.9994
1 B 6 0.9997 0.9989 0.9999 0.9996 0.9999
1 B 6 0.9996 0.9971 0.9998 0.9986 0.9996
1 B 6 0.9983 0.9987 0.9999 0.9998 0.9959
2 A 6 0.9950 0.9996 0.9997 0.9989 0.9912
2 A 6 0.9988 0.9966 0.9998 0.9990 0.9994
2 A 6 0.9997 0.9957 0.9996 0.9970 0.9997
2 B 6 0.9995 0.9994 0.9999 0.9976 0.9980
2 B 6 0.9975 0.9997 0.9998 0.9998 0.9999
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tested by having 2 different skilled | aboratory people

(operators A and B ) performthe assay repeatedly on
waQdiobogment days (3 different standard curve dPCTIGBRIS/003142

in duplicate were run per operator per day) . Table 8

and 9 summarize experinments done to test the

intermedi ate precision of the @ | and & _2 U and M

MAGEA3 assay. |t was shown that the standard

devi ati ons of al results; referr th
2nuther® of mél echl dO#Eng Wadd) ' D0 SFTE] 0,099

=

sufmary of all clpr A¥rags ohA¥ | Ave | fAverage

apdr at or sl and dals)0995 S”ang?%ﬁ' %@?n(%@%r 33.9;2&5

Tableange GEEWESR 00050 FNELGLO0E7) LT o B RSCayanatyzed

dil‘%grofnorsr@qetsq test the internmediate precision (operator
and B on 2 different days) : colum 1 : nunbers of

nol ecul es (log), follow ng colunms: nean Ct val ues and

Ex stgangﬁr %eg%\ﬁi%“'oq:écr% Iegg& MAGEA3 assayTable 9 :
nd for each anal yzed

prevwidullon SefdLedixamperfed Mitani the e effetemce of PCRs

Previously it has been reported that the efficiency of
from%nﬁ%%%%%ﬁ?%}%fﬁb et aﬂ?"ﬁ' was | ow. Eckhart

reklr@l et (20000 d@une it ot hh SNA @ £4MNA-DNA

preparations derived from nel anocytes contain_ a RI-PCR
prepatntidy ddvatvesbplrdm reefl anedy prie | @prtath dg. RT-PCR

.. lnvestigation of the ngdj i nhi, bi me i Do .

inhihdfQf &d'tth a?oz?"frjr%l\/eegfg'i] %@a%?%%gf% oé%ﬁe? imks?g%lggl BRA-"

of P yeEiasEBndidihbiés hébaathi vétyaldefbhet it
processi ng nel anoma sanpl es_t hroug

reveRpitY M?%%stﬂth?%O%%fQ%? ihBINAg AR ETEF B Dy el BRERTES

its esc%?%ggyg%§%§%%£$%9%§§éiﬁgnﬁé§9h8m$ﬁ§aﬁ§@§§r@ﬁra&gh the

MAGEA3 U amplifluor assays, the potential inhibition by

melanin was investigated.

Synthetic melanin was prepared as described by Eckhart et

al. Briefly, melanin (SIGMA M8631) was dissolved in

distilled water at a concentration of 2mg/ml, vortexed

extensively and sonicated in a water bath at room

temperature for 10min. The non-dissolved melanin was removed

by centrifugation at 9000g. The potential inhibition effect

was tested by adding melanin at different steps of the

reaction process:

1) Before extraction: 1lpg and 5ug of prepared melanin was
added to 250,000 LNCaP cells and 250,000 MCE7 cells

2) After extraction: lug and 5ug of prepared melanin was
added to 1lpg of LNCap and MCE7 DNA

3) After bisuphite treatment: 1lpg and 5pg of prepared
melanin was directly spiked in the PCR reaction.

Bisulphite elution volumes were adapted to have either

a constant template concentration (annotated as ‘a’,
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al. Briefly, nelanin (SIGVA MB631) was dissolved in

distilled water at a concentration of 2ng/m, vortexed
we@xaensissel y and sonicated in a water bath at PODGB2008/003142

tenperature for |1 Qrin. The non-dissol ved nel ani n was

renmoved by centrifugation aj; 9000Qy. The potenti al

inhibition effect was tested by addi ng nel anin at

di fferent steps of the reaction process: 1 ) Before

extr Lan, | and 5 epared mel ani n mas added
to 2% 6®gaPN%gP05éﬁ %iﬁ) NPt danrlatg in the
Af tPER &khb&@bhoﬂarﬂnr&:aéﬁ% AW 9fr PreeRar agidm a n was
added to I ng of LNCap and MCF7 DNA 3 Af t er blsuphlte

treatment: Ing and 5ng of prepared nel anin was

The‘;;g'er ﬁl%tllaY11§1p Lkad 2l J.tnta;e &.ﬁ’\]@%ﬂ e3¢ Wy a?rﬁa R twe

el ution vol unmes were "adapted to have el e a 'St ant
Slmvéﬁﬁhép@denpenCeaﬂadwMxmmmkangwpmhdxmg(hqh dﬁ%k&ﬂa
[ stant anount of tenplate in the PCR reaction
mel%g%noga%gg *8 b ', e. g. LNCaP b ) . These nel anin
contai ni ng LNCaP and MCF7 sanpl es were sinultaneously

mg;ocessed wi th correspondi ng non-spi ked nel ani n
SampiRs| W8I CSREBFES SRer uﬁrt@@ecsmmgumﬁ@@wm@m

PurE@BE@%NEkalPNénBUE%fb nlca @fét %f Dgﬁ&. &lly

Met hyl ation kit
modagipdpONAnueer iakdf as Mh@EASmate@ahlPﬁoM am@EmGT@ Gst-Pi

M ahﬁathb ggEtéwﬁc&é%red copy nunbers of the tested

gene prono B reference gene were cal cul ated

Rec&ﬂér@dﬁb@p?dnﬁﬁbeﬁécchQﬁ@|%b%ﬁedR%%%%t§f®M%5§y“Mﬁd'ACTB
gure 9 . No significant PCR inhibitory
refer nce gene were calculated and compared for each

condition.

Results are shown in Figure 9. No significant PCR inhibitory
effect was observed when melanin was added before or after
DNA extraction. Melanin only showed clear inhibition when
directly spiked into the PCR reaction. Contrary to RT-PCR,
melanoma samples with high melanin content can be processed

through real-time MSP without risk of PCR inhibition.

Example 7: MAGE-A3 methylation status in melanoma/lung

samples and concordance with RNA expression

Materials and methods

Clinical samples

Surgical specimens from melanoma and lung cancer patients
were provided by GSKBio: genomic DNA samples (gDNA), biopsy
material in RNA later® solution and corresponding formalin
fixed paraffin embedded tissue (FFPE) were classified as

MAGEA3 positive or MAGEA3 negative based on GSKBio RNA



effect was observed when nel anin was added before or
after DNA extraction. Melanin only showed cl ear .

Wo piwwlosBON when directly spiked into the PCR PERCBR@A/003142
Contrary to RT-PCR, nel anoma sanples w th high nelanin
content can be processed ttgpugh real -tinme MSP w thout
risk of PCR inhibition. Exanple 7 : MA GE-A3
met hyl ation status in nelanonme/|ung sanpl es and

rda RNA expressi gn Mat eri.al s and met hods |,
cxsGARSEAange o o ENALOXRNPES OB LBl sy AL ot
detladﬂ@dcarmc&“rabpat nents were provided by GSKBi o: genom c

DNA sanpl es (gDNA) , biopsy material in RNA [ater(r)
solution and corresponding formalin fixed paraffin

enbedded ti#sue (FFPE—were bidbbiliCU'cb‘ﬁ%ﬁﬁéﬁgg_ﬁﬁi_-_“
Idd 465 or G%ﬁqﬁ_e@atl asgd,.onGSHB

%esm on dat An ov1=rV| eW oz ﬁe prc&rﬁagﬁ resRpre

set |

by
det aill ed i abl e Nk
colteetion—telassificati Jn \.A.as rradp based on RE& PCR
MIrgrespondi ng RNADwat er (r) tissug Cell Ilines? mgitive

lines were ilncluded in each run as positive ldhdiegative
negative contreéissugefore|appl ying the anplidd yossitive
r eal -t| ne PRMsdytmyr@&l | ni cal sanples,| thes5 negative
tivity and specifi CI y of the assay vv_aglga bEE AR *
oﬁﬂ%etl ling ot M e best MAGEA3 TNy EaLED Ao
unmet hyl at ed CeII llnes a e summarized T tabte 1i:
Tabégr L0:SEadnéraEregmpd eweed Lestaioned from GSKBi 0, cel |

S] 4 idess dNGaR @nd, Wﬁné(@é P ENAs e, rgg}EQgpéHE{ﬁ&aﬁNA
Type Culture Coll ection.

later® tissue

l)

Cell lines:

Cell lines were included in each run as positive and

10 negative controls. Before applying the amplifluor real-time
MSP assay on clinical samples, the sensitivity and
specificity of the assay was affirmed on cell line material.
The best MAGEA3 methylated and unmethylated cell lines are
summarized in Table 11. Gerl, Stag en CRL9609 were obtained

15 from GSKBio, cell lines LNCaP and DU145 were purchased from
the American Type Culture Collection.

e : MAGEA3 RNA |  MAGEA3.
-~ . | expression | methylation
- ,J status ' status
- Gerl Positive unmethylated
Stag Negative methylated
CRL9609 = Negative methylated
LNCaP Not tested |unmethylated
DU145 . Not tested methylated

Table 11: MAGEA3 control cell lines
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Tabl e 11: MAGEA3 control cell |inesDNA isolation :
Formalin Fixed paraffin enbedded sanples were first
waelepansfsss ni zed in 750m xyl ene for 2h. A secoPdI/&BR@R©03142
treatment was done (400m xylene for 2h) Then, 250ni
of 70% et hanol was added %f Qre centrifugation at
13000rpm for 15m n. The supernatant was renpved and
the sanples were air dried at roomtenperature. The
sanples in RNA later(r) were cut in very small pieces
DNA gsioAgtaoRazor bl ade after removal of the RNA later(r)
Fo rm%%li%t 'ﬂ%e_dsggﬁaflf@?lt le¥ob e DNAMAS L XId ac teid Ui dwg-
the classical phenol/chl orof ormextracti on nethod and
parafdsinipeddéad 7% BOnixleTe (BV2IRI $ SBCIHMBETAE pH

8.0). DNA was quantified using the Ri ree S o
Ereagingnt P SR LU Ol B o G, 181 g O*
cthald FRAUEAGI 8oL CAUmmNAI AN | INA pUevigleds o Uh

e kit was usec?to prepare a standard curve. The data
15miwer e Thel |segteethaisiniy vea | ussread Gidxgh| sepleaderre air

C( l!\)érC,FgLab technol ogi es, Gernmany) . DNA nodification :
drleff r&“b%&%sr %cted to bisul phite modification
The Eb%!n@%é&@rfé@_\lﬁl a{\iﬁltcﬁ@h%ﬁ@l’bkﬁ tid rosm Yysma Resphechs

_Briefly, aliquots of 45n1 were nixed w 0
using O 1#A%h Birdera e R b bt T R T 28R n
solaking at |1 GOrpm Then 10O of the diluted CT

Conver si on Reagent was added and sanples were
Subdampudratled athe7 ONIC das Shi ratiakd ngs B9 | Fioex phashlchd

pheéggkéhfggéeoé%”g§¥ggégﬁoﬁr§%§ﬁgglgﬁdmféguspended in 50pl

LoTE (3mM TRIS, 0.2mM EDTA, pH 8.0).

DNA was quantified ﬁsing 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) .

DNA modification: 1.5pg of DNA was subjected to bisulphite

modification using the EZ DNA Methylation kit from ZzZymo
Research.

Briefly, aliquots of 45pl were mixed with 5ul of M-Dilution
Buffer and incubated at 37°C for 15min shaking at 1100rpm.
Then 100ul of the diluted CT Conversion Reagent was added
and samples were incubated at 70°C for 3h, shaking at
1100rpm in the dark. After conversion, the samples were
further desalted and desulfonated according to
manufacturer’s instructions and eluted in 25ul Tris-HCl 1mM
pHB8.0. The modified DNA was stored at -80°C until further

processing.
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further desalted and desul fonated according to
manuf acturer's instructions and eluted in 25n
waeig/0si@8 | MM pHd . O The nodifi ed DNA was st oP€HGE2008/003142
-80 Cuntil further processing.DNA anplification
Real -tine MSP was applied gg a 7900HT fast real -tinme
PCR cycler from Applied Bi osystens. Four MAGEA3
hyponet hyl ati on assays, designed to target the
unnet hyl at ed versi on of the gene pronoter sequence
were tested for concordance with the provi ded RNA
DNA expr BSSi @ daha, mbhchevas M@?SHégda?Bl§€806ﬁaBCQ9W_0§{|T’
met hods descri bed in WO2007/ 147876, for exanple, using
fastheepliwEres BAR preberof rymbher2iedERbAS$SMATGE- A3
specific primers and probe of SEQID NO 3 4 and 13.
The i ndependent reference gene b-actin (ACIB) was al so
FounddsGrAd. hpromethahdt aopl abbags, detetynedseqguencgstatte
sho ‘én Table, 1 . % . 4m of the nodified genom ¢ DNA
unm%g%%f% sV AHTEaR t 8T atRF naPT e 2RF OBRRCF eSERFBRCG OV BRE
testé@|£6&r@bn@@id&ﬁcéTﬁﬂﬁh”ih@Uﬁ?éUlée&4RNARgépEQEQ%?g’

2xbuffer) and final prinmer concentrations of 100n or
datyhot W ¥k ke d praperedeiecosondanceveise petheds

L 0 hbhon ea esj.gn_we 500C

e BT by £ 1 BT POk by 4B0oyar e8P
and 95r@: fof Tbske, 2 59Exbor 3 30BEE-LB26pEot FACTBLiaBds596d

for 30 2C for ACTB = pl at eau-data col |l ection) .
Prohgg téﬁé@#@ %éngfa§eﬁn%s§ﬁg the spdependongorehgrence
gend APRAdeth BlOSYS| 6B a18XPRELSErEg. CorYRALHESnHCYELE i Fluor

nunber at which the anplification curves cross the
detep@s @ Isat e, aset shavendti Eably by the software) |,

and then used to cal cul ate copy nunbers based on a

i near regression of the val ues
2.4p1 of the modified genomic DNA sample was added to a

final 12pl PCR reaction volume including: 6pl of iTag™
Supermix with Rox (BioRad, 2xbuffer) and final primer
concentrations of 100nM for both forward primer/detector and
reverse primer. Cycling conditions for each MAGEA3 design
were 50°C for 2 min; 95°C for 10min; followed by 45 cycles
of 95°C for 15sec, 59°C for 30sec [62°C for ACTB] and 59°C
for 30sec [62°C for ACTRBR] (= plateau-data collection).

Results were generated using the SDS 2.2.2 software (Applied
Biosystems), exported as Ct values (cycle number at which
the amplification curves cross the threshold value, set
automatically by the software), and then used to calculate
copy numbers based on a linear regression of the values
plotted on a standard curve of 20 - 2 x 1076 gene copy
equivalents, using plasmid DNA or purified PCR products
containing the bisulphite modified sequence of interest.

The ratio between MAGEA3 and ACTB was calculated to generate
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plotted on a standard curve of 20 - 2 x 10L6 gene copy
equi val ents, using plasm d DNA or purified PCR
w@e@dost43s8 cont ai ni ng the bisul phite nodified sSPCUEBE@®S/003142

of interest. The rati o between MAGEA3 and ACTB was

cal cul ated to generatethe ggest result. In order to

interpret the data, a clinical cutoff (threshold) was

defi ned based on the un-blinded RNA expression data.

he . sanpl e classified,as nethylate -
the B AR ed o T vald AT aCE cn hte GHE i DL TESa]
cutoFowt hireshicgue was deetindd nessarerd ivid uded iimeat RNA

run as positive and negative controls, and entered the
eXPLESSdOduP@ ta- t he DNA extraction step. A run was

consi dered valid when the followng criteria were net:

a ) PCR efficiency of both standard curves above 80%
The sajupdle? oferat dleastil A gdklasy armtidatat qubi mon-abeiteylated,

.0. 99Q; x aupl i 1.5;.d i nel
or SPELIR G tt Gimitetoh G osied T i

CellCQRVRSsS W@y d eacdlidedfid heaqrosidd wes gelditivne assay
control was detectable; and f ) 10% of a 1 .5ny
negatgiife CSINGT Heactdth VLt dAdfatiirREeBITe |3 he R s2A
ext 7GRALIQ 2 nhot detected within the standard curve.
Resul ts Concordance between nethyl ati on and gene

expression : Melanomas : Expression and nethyl ation

I I f 3 . | .
n e IEl R AER B SRR 2N R APLE  ex

met :RE)PERrar friedl ertd yreo MERd t HSemelrala e sdgnse Ofabdiee 80%; b)
MAGEA3 U anplifluor assay were tested to see which
r"2 afs@f deertddd tRstvait atie MNAte prlesss dh- 9@ a ) A Ct

betdg§§”dgﬁif@éé§%Q< 1.5; d)routinely included NTC not
amplified; e) 10% of a 1.5ug conversion reaction of the
positive cell line assay control was detectable; and f) 10%
of a 1.5pg conversion reaction of the negative cell line

assay control was not detected within the standard curve.

Results

Concordance between methylation and gene expression:

Melanomas:

Expression and methylation levels of MAGEA3 were compared on
a same sample set. In total, 41 melanoma samples were
processed using RT-PCR and real-time MSP. Several designs of
the MAGEA3 U amplifluor assay were tested to see which assay
accorded best with the RNA expression data provided by GSK.
The clinical cut-off was set in such a way having maximum
concordance and minimum of false positives (see Table ﬁﬁ).

ROC curves for the MAGEA3 methylation status in these
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The cli ni cal

cut-of f was set

in such a way having

maxi mum concor dance and m ni num of fal se positives
) . ROC curves for the MAGEA3 PCT/GB2008/003142
nmet hyl ati on status in thesesanples are shown in Figure

W@ s@e/oTabkt e || 2.

6 .
ot her

Anong the 17 negati vegganpl es,
MAGE- A fam |y nenbers;

assay correctly classified these 9 sanples
Q9 ak al
S tagkss For PBFRgd th

samp@eec;oadae@e @@@ﬁqé}% gBeC bltheirt me*ﬁam Eakdily members;

Concor dance data nel anona sanpl es Lun anpl es
the GBj 8pSi egdafdrMtPEY 2sTRY SaFsesdl vl 3@55

ecrflc t

sampﬁﬁ

samp%%%t %pg@1§l@H

['ung tis

W th
perthihiiar BEs

3% B

g;e Lent o%
ues I n

9:3#% t h&?élqol?%‘

| e set:

data

nﬁ?%

s

sdfgvasl

9 were positive for
the GO 2 U and Furuta U

aget her,
5 1%

Jpsse 9

52 Iung FFPE sanpl es

|ater(r) were screened
TakenhaémghhubedétNA@Eg&thamplthbum%ﬁ&@éaﬁﬁ)ahdlaﬁnnnded

curves

Do Y

oo

J he MAGEAS
FFPE

spec§amghe§ are presented in Figure 7 and 8 respectively.

Anmong t he MAGEA3 negative sanpl es,
MAGE- A fam |y nmenbers;

ot her

9 were positive for
the MAGEA3 U assays

correctly classified all 9 sanples (specrfrcrty of
A 000N Ot o oo el JLd-A +.
A I R R RV V5 ik?’“MA'd S 2 etAdes MAGEA
MAGEA3_GO 2_U assay, vgas—t 1% £ S§~ Per{ oRILN1g @S$ayy:\y {ﬁw
aconcordance of 90 4% T [FFPEamnmd—a ¢toncor dance of
91c8%aff bi opsi ks, 3 ntai ni ng3& spe¢i fi dby of 16GC%
{Tabl-e—13)—Tabl-e—33:—Cer
gzzr 2:@ assay), Exanple 8,: Testing -of | E 16
sg es rough VA. 3 assays fromlung c e S
Corr BRI P LOL TRt ough— MAGEAS (04
for MAGEA3 positives 22 21 16 20
(GSK — 24)
Correctly classified
samples 35 38 33 36
(total samples: 41)
Concordance 85.4% 92.7% 80.5% 87.8%

Table 12:

Lung samples

(biopsies and FFEPE):

Concordance data melanoma samples

The same set up as above was tested on a different sample

set:

52 lung FFPE samples and 61 lung tissues in RNA later®

were screened through the 4 MAGEA3 U amplifluor assays and

accorded with corresponding RNA data.

ROC curves for the MAGEA3 methylation status in these lung

biopsy and FFPE samples are presented in Figure 7 and 8

respectively. Among the MAGEA3 negative samples,

9

were

positive for other MAGE-A family members; the MAGEA3 U

assays correctly classified all 9 samples

100%) .

(specifi

city of

Obtained results confirmed that the MAGEA3 GO 2 U

assay was the best performing assay with a concordance of
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LNCaP & DU 45 cont

rol cell

Sever al

W th

desi gns of
WORERAZ7488 anpl i fl uor assay were tested to see REI/GB2008/003142

assay accorded best with the MAGEA3 GO 2 U assay.

Experi ment al

condi ti ons- agp described in exanple 7 were

used. Standard curves showed efficiencies above 80%
R2 was higher than 0.99. Cut off values were set at 29

0. 41 PRI T

maintfaimirhe ANGEAS £l assaly; 1008 (Falbhe MNGEA3 Q0 |

SAYe1 28 T o L e, MAGEAS

3 Furuta U assay;

87
M

assay and 167 for the MAGEA3 G0_2 M assay. Methyl ation
| evel s of MAGEA3 were conpared on the sane sanple
set.Results are shown in Tables 14 and 15. For the

MAGEA3 GO 2 U assay

(cut off

29)
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S are

classified as inval
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91.8%

e—ToCG0 2 U assay

Table 13: Concordance data lung samples (MAGEA3 GO 2 U
assay)
Example 8 : Testing of lung samples through MAGEA3 assays

DNA from lung cancers was processed through MAGEA3

assay versions)

pDU145 control

amplifluor assay were tested to see which assay accorded

cell lines.

Severa

best with the MAGEA3 GO _2 U assay.

as described in example

efficiencies above 80%.

7 were used.

RZ

1 designs o

Experimental conditions

was higher than 0.99.

and B-actin assays in parallel with LNCaP &
f MAGEA3 U

Standard curves showed

Cut off

values were set at 29 for for the MAGEA3 GO_2 U assay;

for the MAGEA3 GO 1 U

assays

assay;

87 for the MAGEA3 Qiu assay;

assay and 167 for the MAGEA3 GO 2 M assay.

levels

of MAGEA3 were compared on the

same

229 for the MAGEA3 Furuta U
148 or the MAGEA3 GO 1 M
Methylation

sample

(U & M

set.



waele®ensassl herein.

sanpl es into account)
to be limted in scope by the specific enbodi nents

vari ous nodi fi cati oPGT/GB2G0B®03142
invention in addition to those described herein will
becone apparent to those_sgglLed in the art fromthe
foregoi ng description and acconpanyi ng figures.

nmodi fications are intended to fal
ended cl ai ns. MNbreover,

| ndeed,

The present

al |

i nvention i s not

Such
wi thin the scope of
enbodi nent s

the a
Resica S Bad  Nerei Anafabdaeiidorins (1 be EpBalihg MAGEA3 GO_2

U a

SPP) i cabl e and. cogp

consi stent enbodi nent s,
publ +cal i ecrsicdress ciatred héresmfitHe dssclosires ofnd those

inable with any and al
as appropri ate.

ot her
Var i ous

whi ch are %@ior orateq:by rffgrgnce in their . ,
ent i retTERGA MES1 LA BFrYORdclest ithe prrRaFigen with
5 probe ceHBrdisidigs oF £0AshsthPg; essential ly of or
consi sting of the nucl eotide sequence of any of SEQ ID
NO 5 ,9 esampyles 2are 3cladsifBed 8s,ndd-méPhyl3ted4,
15, 16, g? 18, 19 or Zf mhigh ol i gonuc] eoti de, pri ner
or probe i ENRETI2ForctaesHetedt ForeEhy hated.
nmet hyl ati on status of a gene. . 2 . An
ol i gonucl eotide, primer or probe according to claiml
The iMAGHNS s SAYPgobEseptnblay pEéserteowstkt PAY of
10 conc‘icg‘ﬁim %P_Ltﬂl‘gec q\ﬁgﬁ 30 Yy O Lo ° 6y 7
, 2, 3, 4 or}%g |d§ o] QS%n%c%%g d%%kggkﬁeya%%d
sampkebe iThadHARAT df dheadet @cte oNl df ahdie7 bt byhabire8nce
., .statu e . _An ol igonucl eotide, priner or
W1Iij%5%%gg%%§%%%gf%6§c?%?%¥1 conprising or consisting
essentially of or
Y Y MAGEA3 U set | MAGEA3 U set MﬁG{FfﬁtaUUset MAGEA3 U set
3(GO 21U 2(Go 1y REPEAT) 9 (Qiu U)
METHYLATED (/15): 15 14 14 14
NON-METHYLATED
(/9): 9 9 9 9
TOTAL 24 23 23 23
Concordance: 100% 96% 96% 96%
Table 14: Summary table comparing the different U assays and
showing the concordances calculated for the U assays
15 compared to GO_2 U assay (this table takes only the valid

samples into account).

MAGEA3 U set MAGEA3 M MAGEA3 M
3(GO 21 set2(GO 1 M) | set4 (GO 2 M)
METHYLATED (/15): 15 11 13
NON-METHYLATED
{(/9): 9 6 5
TOTAL 24 17 18
Concordance: 100% 71% 75%

Table 15: Summary table comparing the different M assays and

showing the concordances calculated for the M assays
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consi sting of the follow ng contiguous sequences in 5

" to 3 ' order: (a) a first nucl eotide sequence of
whedmesn3approxi mately 6 and 30 nucl eoti des, WhET/6BR008/003142

nucl eotide within said first nucleotide sequence is

| abel led with a first ”DLeEX sel ected fromthe donor

noi ety and the acceptor noiety of a nol ecul ar energy

transfer pair, wherein the donor noiety enits

fluorescence at one or nopre particul ar wavel engths
CompatRdekeFPetl, UahtStte (RRé8pEablrorekysapaarbshandprédid
sam@te8chgs, sakdofihHprescence emtted by said donor

noi ety; (b) a second, single-stranded nucl eoti de

sequence conprising, consisting essentially of or

consi sting of between apgroxinate[y,s and 20
The pEe2ert de-Verkion A patnbel b6t LdBisegduéncacope by the
spe@QﬁP&'éh@&diﬁ@@@éS&%Qgrfﬁégngégghx o&n&%e&?”% sting of

bet ween approxi nately 6 an nucl eot T des, erern a
modhfjetebidue of thihe saventhondinusHédtide seqtuknee is

Led with a, ond noiety selected from sai d_daonor
descBRSTS it i & RECERR R Shde s enE ko snasteagnared th
the nietyros the rerbesied aakdrgpeupnnehd! abebhbadysand

, _first nucleotide sequence, wherein said third =
flg%ﬁ%?ep%?ﬂ% %%%h%h%%t%gnéoﬁﬁﬁeﬁ%h?aﬁ?dihoréééﬂs§l§héérthe
scop® SRl fhiiLSheRbicheotl s?eqM89§8v§y9haimaémgogﬂﬁgg%s

can form between saird first nucleotide sequence an
desgaikied hhiede huct eot ¢oes ségquedceosbehbtbatilgabdplirable and

' and second ie are in proximty such that
confPhb IR NEACRNCD 1Y BIELTRISKILLY SHERLRRtLe, uo
appropriate.

Various publications are cited herein, the disclosures of

which are incorporated by reference in their entireties.



and emts fluorescence, the acceptor noiety absorbs
and quenches said fluorescence emtted by said donor

worpioenyz43and (d) at the 3 ' end of the priner,P@EI/GB2008/003142
fourth, singlestranded nucl eoti de sequence conpri sing,
consi sting essentially of o@r _consi sting of between
approxi mately 8 and 40 nucleotldes that conprises or
consi sts essentially of or consists of at its 3 " end
a sequence of any of SEQIDNO 5, 7, 2 4 , 8
LATMS 13 or 25 (and able to prime synthesis by a nuclelc
aci d pol ynmerase of a nucleotide sequence conpl enentary
to a nucleic acid strand conprising the portion of the

1unmmt@yi@bﬂdcrbwtndexhprm@EE A8 geab? cORhBE8LAIWAEN
said duplex is no

said firs sald
S eCOnEt F%gyeﬁF%ngéﬁgygt%E BY H4i'€ %Egg %gtegrevents
nDﬁ@&Pé@ElﬁeeEQ%uéﬁé@séﬁrab?tMEGBEQaEd NDrSB aagd 7, 2,
second noi et

An ollgonucleotlde ri ro
ac%orérngrtBrcﬂérniircéﬁprﬂérné or éon%9 t i-Ag 95 BLoBe
es%ﬁEEhath 8£u8ﬁe8953é3tb99ng EgepEgbéoﬁ%nﬁsefu; for

I guous equences order: (a) a first
nutheoﬂedecsequenﬁethé methgéatapprékaﬁuﬁepﬁ €& &/ée30
nucl eoti des, wherein a nucleotide within said first
nucl eoti de sequence is labelled with a first noiety

2sehfchedgbhapntheidenoprimiet prapaobke aacoeptiony mwleﬂﬁlm
of a nol ecul ar energy transfer pair, mhereln the d
nol eCympmilsd Nl u@P@§ééﬁé€ga?S§ﬁé‘télalﬁ=é(r ethatt Fé’&%sérstlng

“ag%'%ﬁ%tﬁ%cW%%@lde sequence of any of SEQ ID NO. 5, 6,
7, 2, 3, 4 or 25 which oligonucleotide, primer or
probe is useful for the detection of the methylation

status of a gene.

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 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;
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excited, and the acceptor noiety absorbs and/or
guenches said fluorescence emtted by said donor

worieny743§ b) a second, singl e-stranded nucl eot PAIEGB2008/003142

sequence conprising, consisting essentially of or
consi sting of between apprgéigately 3 and 20

nucl eotides; (c) a third nucl eoti de sequence
conprising, consisting essentially of or consisting of
between approximately b and 30 nucl eoti des, wherein a
nubPleot i eCMehi Aledia-shrradndcresipaideqaentencs

. . . . .
| %ﬁﬁﬁs%ﬁ&b. §o§§9999ngoé§§¥n§f£g%geggi BBk <9909 of

moi ety and Sai d acceptor noiety, SECO _
nbetweds approgimatedy SanndgPoupundeotabiesling said

first nucleotide sequence, wherein said.third .
nhgfgd?itelg qﬁ%ﬁgsgﬁég%oﬁﬁﬂgﬁ%ﬁ?aF?mPﬁlFévgrs@oﬁﬁﬂéFlng
teessdnk faI 5y dBcbeotbAe seaugnse sHeRethabpprdUbhgXely 6
can form between said first nucl eoti de sequence and

saft?f tH rplePebErle YoetiRiRe shiefl eAht dsavdthinssaid
lnﬁﬁﬁﬂﬁaﬁgcf§89fgenyé&&¥n§éeiénPéBé%fE&Yw§HﬁhatQggbnd
when the donor nolety'Is excited and emts

f Inoreiscesrebectde droepsaid nddedy mbsethsaaddsgii@nches
saj d. fluorescence emtted. by said donor noiety:. and
(%gca?pg%lé o+ Bh %?ét%%lgr?%?{ldam?ﬁﬁﬁ’hfs {he nenber
siay| estd afeledp et eDAHEEL SRGUSACE EOAPEI ShBleotide
consi sting essentially of or consisting of between

apprBXiHet el Y8 ahd 39! fuEheed | Mesl ephideonprrseseols

consiphe,ssepnt s oot SRIBLS Shadlstine i il

aldeguence such that a duplex can form between said first
nucleotide sequence and said third nucleoctide sequence
such that said first moiety and second moiety are in
proximity such that, when the donor moiety is excited
and emits fluorescence, the acceptor moiety absorbs and
quenches said fluorescence emitted by said donor
moiety; and
(d) at the 3' end of the primer, a fourth, single-
stranded nucleotide sequence comprising, consisting
essentially of or consisting of betweén approximately 8
and 40 nucleotides that comprises or consists
essentially of or consists of at its 3' end a sequence
of any of SEQ ID NO. 5, 7, 2, 4, 8, 11, 13 or 25 (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 MAGE A3 gene);
wherein when said duplex is not formed, said first

moiety and said second moiety are separated by a



prime synthesis by a nucleic acid polynerase of a
nucl eoti de sequence conplenentary to a nucleic acid
W@ eooamnsr4aonpri si ng the portion of the nethyl at BC/OB2008/003142
the MAGE A 3 gene) ; wherein when said duplex is not
formed, said first noiety and said second noiety are
separated by a distance tﬁat prevents nol ecul ar energy
transfer between said first and second noiety. 5 . An
ol i gonucl eotide, priner or probe according to claim3
wHéseancehehBbuPERY esitig e LecraRde T EFAYe S5 LT
SEAURCE COUDI iSes. conSi-alaesnelially of or
I'Sts of “pbetween approximately 8 and 40 nucl eoti des

RE?tscongrlsgs at its 3 ' end a sequence of any SEQ ID

) . , , 4 0or 25.,6 . Priner, pair _cQ LS| :

4pr}?mﬁl%ﬂﬁﬁﬁ%ﬂ?ﬁﬁ%gean@er%Eeafn@rg? iﬁ?cgrgEEPiE§9C§alm

Pa] roQRserding b9 6bAakM:Ei£9NPELEhAYadLPr bIEL:
according to claim5.8 . Priner pair conprisin% or
consistshgneseénthal F9lepwbRaceARF3EPAYSoFeARENCes 1n S
nuclegtigg sequence of SEQ ID NO 6 and 7 ; SEQ I D NO
2 %%d 3 'IDNO 9 and 4 ; SEQ ID NO 12 and 13;
SEQ)| B MOrstd rand ek idy SEQdrcaNOf Ietwreri8. 9 .

Primer pair accordin 0 claimg@8 conpri.sing. or
c@@ﬁ@ﬁﬁ%ﬂ?@%&%ﬂﬁi%ﬂ#ﬂ§Qﬁn%§i%%ﬁﬁ§%ﬁﬁrﬁﬁ%ﬁg%%ea
nycl adjdeiseauance £ SEQ 1P Micteantld osqSaQd Ois
NO. 2 and 3 . 10. A kit for detecting the nethglq&ion
stlathges 1gfd aug:é”n@ first moiety selected from the

moiety and the acceptor moiety of a molecular energy

onor

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 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 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
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conprising at | east one oligonucleotide, prinmer or
probe as defined in any one of clains 1 to 5 or a

w@eooams74piai r as defined in any one of clains 6PEDGB2008/003142

11. An ol i gonucl eotide, primer or probe as defined in
any one of clainms 1 to 5_or8a_priner pair as defined
in any one of clains 6 to 8 or a kit as defined in

clai m 10, wherein said gene is the MAGE- A3 gene. 12.

Met hod, of detecting the presence and/or anount of
unREPRYTIAF EdSHEGe TR tgeHE PN thepRaNesn tgisity isampicd ted
COHRHI 8hids €ERsoseBLEAGHLNILLEeaL: e Tl
sanpl e mﬁtﬁ a rgagent whi ch seIec%%&gﬁyn%%%%%?gk%oghg and
unfieehghasedadyt dspeesesndaesmintekle bPNAaticl pioaeburc e

dej ec e di fied residues but which does not nodify
ne%ﬁ%%ggédaggtosine residues (b) anplifying at |east a
pord) oatothehe'usngt byl ahedpgene rof ai Foerest, WSnRd at

| east oge primer gair, at |east one primer of which is
deSFHARUSEoPBFREOOAFS BEERENSEqGEHEE l6f ngnmerRyiatead
DNAsEoht 0wt 0g LEegl-mephsWsthnbhe s gageat, %@ga&%'xﬁm%ttely 8
| east one primer in the prinmer pair conprises,

consfis#s myséaprabey dhatorcompmgsstsoaf coheistel eoti de

se : ny -of _SEQ | D_NO. 6., 7., 2, 3, 4

8 ggggggi%il§2¥f1§roFg%§}sg%{O%@Fﬁo&tgcéorﬁpﬁgat&equence
cl af nad@ whesEQNTIBt Nbeast,one, pui7mek 10 t(BadPELIEr to
pair,conprises, consists essentially of, or consists

of PYHBS nt¥PeBEFdE B¥qheREEL6E Cafgief PSEQIEDaRE O 2 6

' ﬂu@l@oti§e1séqﬁéngé-céﬁpl@ﬁ%ﬁ@gertgegeﬁhkﬂgikhgcid
presence and/or "anmount of
strand comprising the portion of the methylated DNA of
the MAGE A3 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.

5. An oligonucleotide, primer or probe according to claim
3 wherein the fourth, single-stranded nucleotide
sequence comprises, consists essentially of or
consists of between approximately 8 and 40 nucleotides
that comprises at its 3' end a sequence of any SEQ ID

NO. 5, 7, 2, 4 or 25.

6. Primer pair comprising a primer according to any

preceding claim.

7. Primer pair according to claim 6 comprising a primer

according to claim 5.
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nmet hyl at ed Mage- A3 gene in a DNA-containing sanpl e,
conprising: (a) contacting/treating the DNA-contai ni ng

wG@a09ploa7438 t h a reagent which sel ectively nodi fPEFGB2008/003142

unmet hyl at ed cytosine residues in the DNA to produce
detectabl e nodified residugg but which does not nodify
nmet hyl ated cytosine residues (b) anplifying at |east a
portion of the nmethylated gene of interest using at

| east one prinmer pair, at |east one primer of which is
BdeSIrdRed P68 FPTBHILF NG OFe SEGISTda Dfesfatyialled of or
DNA i kewiag Ja %@T‘?ﬂﬁcl\@o&qc{eheserﬁ%% QPISIEIH &0 6

| east one prinmer 1n the prinmer palT conprises,

considst/s €8Qedn Ald.y 2ofandor3;c@iy) Sirts Nif. tthearrducd e@EQ@EID

oIS 5 BRDA 6t Haghiodhg Maritet oy pFediichod Sldm 17

t oaganger, conprising detecting the nethyl ation status
of the MAGE-A3 gene in a sanple by using an
ol i gonucl eoti de, primer or probe as defined in any

oneQf al r . I I.1..as defined in
ey omeT o e he g T % o PR PR ST
cl aprei16tangl &serend imstllyod faceo rodinsg. stta. rany oftiad ai s

12148, b oL e resghes Sl ety Lt IS,

prediespgosi.tion to cancer. 16. Method for identifying
and/ or selecting a patient suitable for treatnent with
a MACE- A3 i mmunot herapeutic conprising detecting the

16?hh¥H@tE8Q detecting the methylation status of a gene
comprising at least one oligonucleotide, primer or
probe as defined in any one of claims 1 to 5 or a

primer pair as defined in any one of claims 6 to 9.

11.An oligonucleotide, primer or probe as defined in any
one of claims 1 to 5 or a primer pair as defined in
any one of claims 6 to 9 or a kit as defined in claim

10, wherein said gene is the MAGE-A3 gene.

12.Method of detecting the presence and/or amount of
unmethylated Mage-A3 gene in a DNA-containing sample,
comprising:
(a) contacting/treating the DNA-containing sample with
a reagent which selectively modifies unmethylated
cytosine residues in the DNA to produce detectable
modified residues but which does not modify methylated
cytosine residues
(b) amplifying at least a portion of the unmethylated
gene of interest using at least one primer pair, at

least one primer of which is designed to bind only to
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waledovnzd3s n any one of clains 1 to 5 or 11

status of the MAGE-A3 gene in a sanple of the patient

by using an oligonucleotide, prinmer or probe as

a Ppri/6Br008/003142
pair as defined in any one of clains 6 to 9 or 11, a

kit according to claim10 11 or a method according

to any of clains 12 to 14, wherein if the MAGE- A3 gene

is unnet hyl ated the subject is identified and/ or

selected for treatnment w.th the

|ﬁﬁﬁné?ﬁé?éﬁ@upﬁcunmf?hYW@FﬁdbDW@r ﬁﬁédmdpﬁh§ﬁ9ﬁ¥ment
lhk%klgggd gB?éH%CG%%E%kth%%Iq%%%tO%n%a@ﬁﬁmner in the

npri sing ecting the nmethylation status of the
M@GEmAS game comprsams, e C@fnStJhSé:Sp@t&S@mtlﬁsllusiq"fg &f

ol i onu eoti r robe S, def [
of:o SaF g?@ giucqr% t&dpri rreue%léier %éésgglglf igr]ifeﬁ%n
ay, .one @f ql abns 36 t49 $,0r0,111,a1K,t l@ceardiing to

claim 10 or 11 or a nethod according to any of clains
12 to 14, wherein if the gene is unnethylated the

1% %S%E?ﬁogcgér §e§8f5hﬁ5ﬁe§§”§HErﬁhhha€ MAGE+tA3ne

i muno erapeu Ic’is higher than if the gene is
mephyhat eiin 18he Meihed phiseCewpirhgesrsaPRabrés

f
o ERSPaT ot OFhbhf PRt eharoiRthe Rlcfebeatind tience

ene a sanp

t hgrpahi est @MQU§Dngoan5Q|BQOHUCQGOBIde omrQﬁer or
probe as defined in any one of claims 1 to 5 or 11, a
primer pair as defined in any one of clains 6 to 9 or

g PSSRl LTS, My ek e

gemethglaﬂaﬁthyba%ﬁd game in a DNA-containing sample,
comprising:
(a) ‘contacting/treating the DNA-containing sample with
a reagent which selectively modifies unmethylated
cytosine residues in the DNA to produce detectable
modified residues but which does not modify methylated
cytosine residues
(b) amplifying at least a portion of the methylated
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 DNA following treatment with
the reagent, wherein at least one primer in the primer
pair comprises, consists essentially of, or consists of

the nucleotide sequence of any of SEQ ID NO. 14, 15,
16, 17, 18 or 19.

15.Method of diagnosing cancer or predisposition to
cancer comprising detecting the methylation status of
the MAGE-A3 gene in a sample by using an

oligonucleotide, primer or probe as defined in any one
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I mmunot herapeutic is selected for treatnent. 19.
Met hod of treating cancer in a subject conprising

w@elww3Ess ati on of an i nmunot her apeutic, wher ePCI/GB2008/003142

subj ect has been selected for treatnment on the basis
of neasuring the nethylati Qn status of a MAGE- A3 gene
by using an ollgonucleotlg‘ primer or probe as
defined in any one of claims 1 to 5 or 11, a priner
palr as defined in any one of clainms 6 to 9 or 11, a
ki PfaEdaraEng t6 el sffmliL@ &r PTLTGE Raikst R6d

toaany oot elralcAs ik §0ldg 20- 1Net ho 3{ AR

patiént conprising: neasuring thé met ation st
ofCéaNmEEDABrgéﬁe0byaumsm@odna@qog@nwgiemtam@ qﬁwaﬁa1ms

or -probe.as fined

o 101 880133, PRLLASE. LRAMEARRCY CF B kiR R b2
or iihltha lsatnpa@carsdunglt:@tqk;@ Mol0 cehckl @r a net hod
according to any of clainms 12 to 14, and then

adRERP4EEPEAG1PE FReCPACEENt a composition conprising

MAGE- A3 (if the MAGE-A3 gene is found to be

unnet hyl ated?) . 21. Method of treating a patient
lgus¥eptirhl otro idectif fgnog @hddoMA@Edé&témgresgau}ent

he .pati_ent haV|n nt ed . to renove
tug§3%3F§§35§r tﬁS ﬁ@?ﬁgd '@@%%Fgﬁ%asuring t he

mthmhﬁbthﬁr&b@hlﬂicOEoﬂtpMﬁgin@:% deeretihgt he et WBWylation
tissue by using an ollgonucleotlde primer or probe as
defFREHS RTahfCoNBCEfAe| geRs int ¢ 5a8wlel Ofatﬁ)]@ ma@rtlent

pab& aélQEbeegl&aOﬁHXlgg%l%% C%@ﬁ%@r OEO 2 1L
kit according toclFaim1l a et hod accor ng
todaﬁyn@ﬁ ¢haeny one of claims 1 to 5 or 11, a primer
pair as defined in any one of claims 6 to 9 or 11, a
kit according to claim 10 or 11 or a method according
to any of claims 12 to 14, wherein if the MAGE-A3 gene
is unmethylated the subject is identified and/or

selected for treatment with the MAGE-A3

immunotherapeutic.

17.Method for predicting the likelihood of successful
treatment of cancer comprising detecting the
methylation status of the MAGE-A3 gene in a sample of
the patient by using an oligonucleotide, primer or
probe as defined in any one of claims 1 to 5 or 11, a
primer pair as defined in any one of claims 6 to 9 or
11, a kit according to claim 10 or 11 or a method
according to any of claims 12 to 14, wherein if the
gene is unmethylated the likelihood of successful
treatment with a MAGE-A3 immunotherapeutic is higher

than if the gene is methylated.
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w0 300bosmas t o be unnet hyl at ed?)

12 to 14, and then admnistering to the patient a
conposition conprising MAGE -A3 (if the MAGE- A3 gene
22. Use of a PCT/GB2008/003142
conmposition conprising MAGE-A3 in the manufacture of a
nmedi cament for the treatnept, of a patient suffering
froma tunour, in which the patient has been sel ected
for treatnment on the basis of neasuring the

nmet hyl ati on status of a MAGE- A3 _gene, by using an

1Bt i Es*ﬁheﬁe&f. d&.Lestingr ao.suﬁica@éea§r@@rm¢@& iF e o e T
0fc8héb§£c$ Fgl%l% &%te@t@ﬁ?”%ﬁep% e K é%%?ﬂ“giaﬂﬁs of
any one of ai ns to 9 or ccording to
cIéhﬁ1MBGBrAﬁlg@mealmeah@dmadeopd'm@et@aaawnafbyzmsﬁng

23 GE- A3
ot ARG EaTASBr R TBRT o e REOPSr h el Rt <n

of oAepaki entisgsgepbi Bl 8rt 01 eeupkenee ohia MAGEAI ned
expressing tumpur, in which a patient has been
EECP@M PBF CleStAERE ntend Basild of Mids@aaegdime to

nEEEXHQtH@no§tQHU%rOE acMAGE- 4 A%c@%%ﬁg%ytEﬁ DY ¥ claims

ol i gonucl eoti de, prinmer or probe as |ne I'n any one
of 18l abnd 41 wbeSedn 1f, taepgemer1ﬁammma§hyﬁauaaj|am

an 6 to d|ng
orrliReThebrBrttal 4N tato st fig PSR of
claims 12 to 14. 24 A net hod or use accordlng to any
of clainms 20 to , 1n which the conposition

180%thfﬂn@fwﬁéeaﬂsneoﬁﬁpic§és ipyp SUERGCY MROEXAZing
sugéﬁéﬂ&g%&kﬂxl@w b gﬂgaﬁmwg ﬁéﬁ%@@m&%ﬁf the
es o 3

A3, for exanple pepti
subject has been selected for treatment on the basis

of measuring the methylation status of a MAGE-A3 gene
by using an oligonucleotide, primer or probe as
defined in any one of claims 1 to 5 or 11, a primer
pair as defined in any one of claims 6 to 9 or 11, a
kit according to claim 10 or 11 or a method according

to any of claims 12 to 14.

20.Method of treating a patient comprising: measuring
the methylation status of a MAGE-A3 gene by using an
oligonucleotide, primer or probe as defined in any one
of claims 1 to 5 or 11, a primer pair as defined in
any one of claims 6 to 9 or 11, a kit according to
claim 10 or 11 or a method according to any of claims
12 to 14, and then administering to the patient a
composition comprising MAGE-A3 (if the MAGE-A3 gene is
found to be unmethylated?).

21.Method of treating a patient susceptible to recurrence

of a MAGE-A3 expressing tumour, the patient having
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25. A nethod or use according to claim24, in which the
MAGE- A3 peptides are selected from SEQ I D NO Peptide

waemamesmes SEQ | D NO 27 FLWGPRALV SEQ I D NO  2BCT/GB2008/003142

EVDPI GHLY SEQ I D NO 29 MEVDPI GHLY SEQ I D NO 30
VHFLLLKYRA SEQ I D NO 31 kﬁgFgLLKYR SEQ I D NO 32
LKYRAREPVT SEQ I D NO 33 EFLWGPRALVETS SEQ | D NO;

34 TCQHFVQENYLEY 26. A nmethod or use according to claim
24, in which the MAGE-A3 is full length MAGE-A3 or a
suB&EBNEFEREYIf Pl FEBREEh tRFe bt el eNAtEs metlisicch

be + 1:3pnd ' k.ds d.fr
e L e AL
27VAGEReRBodene dsetaecontiong tdsehai y24ys iy Wi ch t he

MAGE: A3 | ing acids 3-314 of GE3 (3 am no aci ds
ingféggpyééggkathoér&PeﬁsQra858 & fq %8%§Pﬁ 13y B0, one
whbghct hembAGEL A3 5pbet eiln), af bagrent pak rpert Ideiined in

linked to a_fusion partner protein. 29. A nethod or use
ac@BYdPRg P6 ellaims28, ten Swkicchlthe KALEARTOHEIS ko

fraggent 107 opepyi de %n%eEﬂ%BoﬁcE%ghﬁﬁb RIOLEILN & &1aims
chenical 'y conjugated or expressed as a recortbi nant ~
f usRohopt bt eand 8benAanptihddteringe tacttuedipag itemtclaai m

sﬁggéPégﬁFEggmgéﬁgggggnguﬂkg%—gﬁrHg%rt%%o&%dﬁjﬁ% gene is

found to be unmethylated?).

22.Use of a composition comprising MAGE-A3 in the
manufacture of a medicament for the treatment of a
patient suffering from a tumour, in which the patient
has been selected for treatment on the basis of
measuring the methylation status of a MAGE-A3 gene, by
using an oligonucleotide, primer or probe as defined
in any one of claims 1 to 5 or 11, a primer pair as
defined in any one of claims 6 to 9 or 11, a kit
according to claim 10 or 11 or a method according to

any of claims 12 to 14.

23.Use of a composition comprising MAGE-A3 in the
manufacture of a medicament for the treatment of a
patient susceptible to recurrence of a MAGE-A3
expressing tumour, in which a patient has been
selected for treatment on the basis of measuring the
methylation status of a MAGE-A3 gene by using an
oligonucleotide, primer or probe as defined in any one
of claims 1 to 5 or 11, a primer pair as defined in

any one of claims 6 to 9 or 11, a kit according to
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was@oasmes di ng to claim 30,

protein of the gram negative bacterium Haenophil us
i nfluenza B or a derivative thereof. 31. A nmethod or
i n which the prot eP@I/GB2008/003142
derivative conprises the first 1/3 of protein D,
approxi mately the first 143 ,0f protein D the first
N-term nal 100-110 residues of protein D, the first
N-term nal 109 residues of protein D . 32.A nethod or
use accor n% to clainms 30 or 31, in which the
seEF@%Woﬁ of sﬂgnﬁF 2eHGERCE PSCPEFLRGr tPnéryded glaims
t heoN:tefmi nus of the protein D fusion partner. 33.A
nmet hod or use according to any of clains 26 to 32, in
which the MAGE -A3 is a fusion protein conprising: the

R B L O U Ey o . Rt o

(atrhnehaehdsha- aéﬁlﬁaosatibacebmpaﬁélﬁgpmml—&t?)l doiprises
tail i4 A net hod or use according.to claim28 or 30,

i nfith cﬁePﬂEhfM@ﬁgnAﬁarFH@§t§P5ﬂé@ﬂyl§u&§rAeéﬂt§ MAGE-A3
depivathyRehber 88f MEQARAKLSI %r%x%@i' SLlp@ 1 Qe st f&% MAGE-
repeat portion of the LytA moiecule found in th

tefAinal end starting at residue 178, or conpr|5|ng

resi dues 188 - 305. 35. A nethod or use according to
claim28 or 30, in which the fusion partner protein is
2BISh fibehaggbut iBenjccoetiagden vakive 2uhereofyhich the
coggr|5|ng the N termnal 81 amino acids of NSI. 36. A

Bt~ 6r E§Eté@€8raFﬁgS?éegﬁﬁdoﬁremalns 20 to 35, in

Myg@ g dVRGE-A3 g @%&@g{&yml sed free
SEQ ID NO: 27 FLWGPRALV

SEQ ID NO: 28 EVDPIGHLY

SEQ ID NO: 29 MEVDPIGHLY

SEQ ID NO: 30 VHFLLLKYRA
SEQ ID NO: 31 LVHFLLLKYR
SEQ ID NO: 32 LKYRAREPVT

SEQ ID NO: 33 ACYEFLWGPRALVETS

SEQ ID NO: 34 TOQHEVQENYLEY

26.A method or use according to claim 24, in which the
MAGE-A3 is full length MAGE-A3 or a substantially
full-length fragment of MAGE3 in which between 1 and
10 amino acids are deleted from the N-terminus and/or

C-terminus of the MAGE-A3 protein

27.A method or use according to claim 24, in which the
MAGE~A3 is amino acids 3-314 of MAGE3 (312 amino acids
in total)
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thiol. 37. A method or use according to any of clains
20 to 36, in which the conposition conprises a nucleic

w@eiod/osmBecul e encodi ng the MAGE- A3 protein, fPEGBRAI08/003142

or peptide or fusion protein thereof. 38. A nethod or
use according to claim37,,n_which the nucleic acid
nmol ecul e is provided within an expression vector. 39. A
nmet hod or use according to any of clains 20 to 38, in
whi ch t he MAGE- A3 contai ning conposition further

28 ofipP'F58890RE HECNBFECEAIAA &8j GhaAl 24m in which the

[ Sht 'Y, C | a kiine. ;40.
e e e e
adfuvann pempresesproneior nore of nonophosphoryl
l'i pi dA or a derivative thereof, a saponin or a
derivative thereof and a TLRO antagonist. 41. A nethod

20rAusethodobdi Dget acebatiimgoter c4@im rayhiieh whhenTkRR
agoni st _is a CpG—containin% ol i gonucl eotide. 42. A
netholi—6° BEetsdtor dragreBtany BFPELSEMEngofEsien in

whpghrhbe adibuvant oi-g EHEHEEQ&??,E%H@@ %k%aigim@&%&essed
emul sion or a water in oil enulsion, "optionally
codgapnikagonhohestefobiandpoptedooepherol, or is

fornmulated in a |iposomal conposition.

30.A method or use according to claim 28 or 29, in which
the fusion partner protein is protein D, a surface
protein of the gram-negative bacterium, Haemophilus

influenza B or a derivative thereof.

31.A method or use according to claim 30, in which the
protein D derivative comprises the first 1/3 of
protein D, approximately the first 1/3 of protein D,
the first N-terminal 100-110 residues of protein D,

the first N-terminal 109 residues of protein D.

32.A method or use according to claims 30 or 31, in which
the secretion or signal sequence is further included

at the N-terminus of the protein D fusion partner.

33.A method or use according to any of claims 26 to 32,
in which the MAGE-A3 is a fusion protein comprising:
the signal sequence of protein D; amino acids 1 to 109
of Protein D; 312 amino acids from the MAGE-A3 protein
(amino acids 3-314); a spacer; and a polyhistidine

tail.
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34.

35.

36.

37

38

39

40
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A method or use according to claim 28 or 30, in which
the fusion partner protein is LytA or a derivative
thereof comprising or consisting of the repeat portion
of the LytA molecule found in the C terminal end
starting at residue 178, or comprising residues 188 -

305.

A method or use according to claim 28 or 30, in which
the fusion partner protein is NS1 (hemagglutinin), or
a derivative thereof comprising the N terminal 81

amino acids of NS1.

A method or use according to any of claims 20 to 35,
in which the MAGE-A3 comprises a derivatised free

thiol.

.A method or use according to any of claims 20 to 36,

in which the composition comprises a nucleic acid
molecule encoding the MAGE-A3 protein, fragment or

peptide or fusion protein thereof.

.A method or use according to claim 37, in which the

nucleic acid molecule is provided within an expression

vector.

.A method or use according to any of claims 20 to 38,

in which the MAGE-A3 containing composition further
comprises one or more of an adjuvant, an

immunostimulatory cytokine and a chemokine.

.A method or use according to claim 39, in which the

adjuvant comprises one or more of monophosphoryl lipid
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41.

42.
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A or a derivative thereof, a saponin or a derivative

thereof and a TLRS antagonist.

A method or use according to claim 39 or 40, in which

the TLRY agonist is a CpG-~containing oligonucleotide.

A method or use according to any of claims 39%9to 41, in
which the adjuvant is formulated in an oil-in-water
emulsion or a water in oll emulsion, opticnally
containing cholesterol and/or tocopherol, or is

formulated in a liposomal composition.



