WO 2013/ 030310PCT/ EP2012/ 066920 TI TLE OF THE | NVENTI ON DETECTI ON OF PRANME
GENE EXPRESSI ON | N CANCER 5FI ELD OF THE | NVENTI ON The present invention

rel ates twodnsgedbi c met hods and conpositions for the aerapkoioncedbo PRAVE,
as well as the inmunot herapeutic treatnent of popul ations of patients
suffering from PRAME expressing tunours. 10BACKGROUND "PReferentially
expressed Antigen in MEl anoma", or "PRAME", is a tunour antigen encoded by
t he PRAMVE gene. PRAME is an antfienOFTaE INVENWRONexpr essed in nmany types of
tumours, including 15nel anoma, |ung cancer and | eukaem a (1keda etal.,

I munity 1997, 6 (2)DEfE:HROR)OF PRAVEIGENEEXPRESSIBANN canNgERssi on has been
reported for several solid tunors, including ovarian cancer, breast cancer,
| ung cancer and nel anonas, ned mas, head and neck
cancer's, neurobl astoma, renal gkﬁggb?ﬁgﬁgRV@ﬁﬁég%tunnur and in hematol ogic
ma:ji % ﬁ)nc'rrﬁé p'reg_éhud@enlgoﬂwétes hcl)/@iﬁgrwtiaﬁidtﬁod&mﬂld@gﬁip_agiﬁmr {hQLd{sﬁtitiaiﬁ ofzol( ALL
an , i C e enous | eukem a , in's disease, tiple
el o, ERAME. eSiandts Pt Sraitanrus ceptmert shimaia oS e iiBias (o)
PRAME i s absPRAXVIEespRdsiay timoesy | ow level in a few normal tissues, for
exanpl e testis, adrenals, ovary and endonetrium 25 Melanoma Patients
presenting with malignant nelanoma in distant netastasis (stage |V
accorghing to the American Joi nt CoBmOKGEROONDCancer (AJCC) classification)
have a nedi sur.vij val ti of one ar, wth, | ong-term survjval rate of
onl'y 2o eane pral et Attasr MEa't o PR Ve otk e s

t her apeut egcdded p9nisEePRAMESg@e. only 8-25% but with no effect on overall
survival. Patients with regional netastases (stage II1) have a nedi an
survival of two to three years with very | ow chance of |ong-term survival
even aft ePRAMEa@emLE&ﬁigel’:Etﬂfagisctﬁlbr-émws@b imfnahpeypl@s iofuMbuds) thaleingnal

met asfases. Myst patients w stage, lto Ll] nelano v LE ..t umour
erovia stietoRia b saRce bt lsGeREedhat Al TS Bond Bhi 9ER0a 80t or

rel apse. highgevehoicRRAME e2pi:35i08 B33 BBEH fdpBROJ RirGea&a0solil @irrorg) idclwngt ypes of
| ung cancer:.non-snah% qgll Iurg cancer éh@glg? and Snﬁ%hs£6|l | ung cancer
(SOLO). TR¥WRAHEECY; WsPY GREYT 1UD8 CeReer APP&"SinCets MegHIRPasiP T e TMstSr s.
NSCLC i nchestesndapukroatisers sdursiadstorne venaladacerc andcWimsbiunmotahd@inge- cel |
car ci noma,_and ccoun}s far ar@gnd 80% of I@ﬁgﬁcanﬁers NSCLq i? hard to
cure and PPBEPIASITLANGEF PSR BCL N8 AU RRY & 20 W5 AT RYEHYF i f e as
far az?cpf)(stSIijér&i And), E:deoh&vhy@ogﬁﬁﬁpi Rikeraia h(d:l\/ﬂ_e) AsedgkNS(Hicedse, mhlmlpm)St common
type o ung, cancer a i,S assocj at.e it h poor, outcones. NSCLC
parTent s, MR SaopRl et BakRLr bl Ahebe e i oma M agnosi s and

are still amenable to surgical excision (stages IB, 1A or I1B according to

the AJCC i fication). However, re .than 50% of. t hese patients wl |

ol apae. w RV BIRSCRPRSSGRa) & Pl MO AVAGh ArEw QOB detln g ReambPeget i on.
PRA ME exptresslsoovaly ameersddnaateurheen devel oped for use in real-tine PCR
assay$ to determine | evels of expression of PRAME in fresh tissue. For
exanp % see Paydas et al., Leukem a 15Research 31 (2007) 365-369, in which
primers f®eldioma n detecti ng PRAME i n whol e bl ood have been described: AF

5-CCA T CAA AGA ACC -3' (S I D NO. 1 d AR 5' - CAT G G GTA
GO AG. 3 Peteits PigsRiTs) vt aidient parrprad vetn Ry BeR oY Ao 6
product s hasAmsscaniei Coapaittéecn CBheadrgAJSChtiadsittatidn)dlave almeetkamsviRgisear ch

27 (2003),393-396). In this sem quantitativ S he follow ng priners
et o usonig ohaveysa g et e At RaHeL Yo SR bR R s eard

5' - CT8ar ACIKeAN At EIGAEAIESERRAY Ineldriointd ha3 ﬂd@db)aumltésponsedra}efs of o?ly 8—25%, but ]
5' - TATTGAGAGA! TTCCAA T-3'"(SEQ.ID.NO 4). 25 A difficu arises wt
the use 0%8%?%%@%,3“5& if F ?%652\‘:‘?7%%9@63”@#&‘5%3@38%%?9%#'i%‘éﬁam chis
t he usual meatashcgrdfal b thres yesrs pvitseryiatvichanyd ditiomg-trinrsiucatal,cesh aitsr.  The
fixation in formalin changes the structure of | ecyl es W .thin the
i seue. caLeRRYaRs BUaRATRRIRL IR AreS Bl redandl it Jlost PR MY
degr adat i stage ¢adil rhelatidrea haesatheio lunadur ré&tossteddrgitallyi bataisesef pdRbits ofiaibiatninveen
100-3%9 base @ai%f" T?Fgﬁéstructural changes to the RNA make it difficult
to us® RNASHRIPHE ek f EFiRR%ePE tissue in conventional diagnostic

t echni ques. WD 2013/ 030310PCT/ EP2012/ 066920 SUMVARY OF THE | NVENTI ON

Met hods and conposition s are provided herein to identify tissue in which
PRANE gené“%¥8%ﬁ ts, for exanple nucleig acid such as mRNA, or protein, are
expressed. 5 In one enbodi nent of the i Avention there is provi ded an

ol i gonucl eoti de conprising, consisting essentially of, or consisting of,

t he nucl eotide sequence of any of SEQID NO5, 6 or 7. In one enbodi nent of

the invention there is provided an oligonucl eoti de capabl e of binding under
assay conditions to SEQ ID NO8, 9 or 10 or to the target sequences of
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The present disclosure further provides a priner pair conprising SEQ ID
NGO 5 and/or SEQ ID NO 6. 20 In a further aspect there is provided a probe
conpri si nyotzhss/a3obeot i de sequence of any of SEQ | D NO BCOEPSHQ62NO. 7 or
the reverse conpl ement of SEQ ID NO 6 (SEQ D NGO 9). 25In sone enbodi nents,

th b h | | dified t t .
one. anboaThERERS v BeR ITH &P BT gBR e Ge HECsBpee dNSELeT aRg s ear e 1"
(i) a pri hmy cpacer (SOLP). iThemanes stroplp desdribg tiod tySEQK ¢dN fb@cﬁlnahkdtLﬁEQré D NG 6;
and 30(ii FISIH%S@ consi st i

enbodi nenb‘S?}BBp%@(?edse Ugmoys GRIENQME; e ngg@rcgl(gﬂgr g ﬁgge ceII daréiibma (i)
a forwar dapd BC&DIUntS(fﬁmrbsmdlgO%rofﬂmgsjasterﬂgNSCLSEi@th tblQuke and treatments (ii)

gr [)g\e/e 2%}%%%6&@,}% tr%&g?lﬁ{gofggq SI Stg‘ﬂ %gﬁ%ffe}rsaEs S|b|\l%nd’ reﬁevmg S);rrlmgtlogn a
2013/ 0303 d0dredesEPRBCRCOS thiedodt momrrfdmrtyﬂfeedsf lemgoeeticaratd @fastsdit&atedi @4t pbor

t th i.ded d t t he
2 S ocobih e OpRL RS EdeTelR, M0 SR R BB g oL bR g o
nucl eot i deiagespicackaektihianmedalsle taiemrgrcebbﬁcrsmm (atabeglmglmllles@mhmgmottm 5(i)

pri mer s abIIEST G BPHEVE TP opr B diesacetpbal waper wPai or (i v)
an ol {gontwd weirs fitiowiay ti@&c@iﬁﬁereidu@gicmeésacﬁbn 10l n a further enbodi ment there
is provided a nethod of patient diagnosis conprising the step of contacting

a nucl eoti de sequence obtained or derived froma patient-derived bi ol ogi cal
sanpl e wi PRAMEeexpressiore of the fol | owi ng conponents (i) to (i v): (i) at

| t | | t bed h
hoaor i peqPRiel Re% Bob 08 ondtE R do H egF e PR b s G adter oG J5vels, 87
ol i gonucl expresiiors ef RRAMESir frbstd tissueei nForl exanpley séerPaytbo dit nant Leketnlze

b1 *abtencB R PRAMTEEpo BT i e rod pREr - bR s WRoBTosd

bi ol ogi caha\mmﬁnejescﬂhmlrl sing the step of contacting a nucl eoti de sequence

obt ai ned rived, f patient - der], | Qhogicgl sample with one or
nmor e of tg‘E équ%ﬁ?ﬁf@%%éﬁ%%gﬁtdo@éﬁw ﬁ{”r‘?%&? | east one

ol i gonucl ABtS WA TS TG eHCC idre3 GhArab®;AG-81 (SERQ KeNOd). prinmers as descri bed
herein; 25(iii) a probe as described herein; and/or (iv) an oligonucleotide
set as described herein. In sonme enbodi nents of the nethods decribed herein

t he s2@p 6Eméoudrditdtivagnalysescdfaiod RUTePGR groeinctd hats tasot deen oagortad (AFote of t he

(i [ h I d
COMPONE . b 00K LRS00 27 SR BT Nl A B o
wi Il be appeokowing primbeseers kiséd exdaterntifeeqréssidratvalhef the RAME gofie:t he

forward pgi of, the PRAME nucleic acid
and the s gﬁﬁlﬁeg@ﬁﬁie%ﬁm’g&pn ﬁ%f&?[g@g)c%% t he reverse conpl enent
of the se&U‘E@n‘b‘Hﬁ@@AG%ﬁCREWRWGG@SW@BQSE@M Nhéds shoul d be taken into
consi gerati on when uses, nethods, assays or WO

2013/1030310PCT/ EP2012/ 066920 ol i gonucl eoti de sets are devel oped using the
primers aAdjufﬁcmﬂyeanseqw&hntrfemséicﬁEbasadl Rixee, ParaffiniEmierdded i FEPE )umsudescr i bed

h f [, ) f h
o oot aiSwBotnfh i e TRt cretod ool BsBO Rl R Rt B iiE BMiedZenb it e ons
to the nufnkalohnrdmrmemu@mge@fhetshecmrmbﬁmolaculdaé oﬂkaApnththhemSLpr odufsurtg' nds to

| ei i d f h i
oo Ssel nsBEhInRRaAT Se PO YRS, T h S Rl Erd G The Hegfo T,
10net 3®ds seiekspidved ohBNai of beMHMdIOOfSOﬁmaae@bysal ﬁlgesterserucmmj Ichangmfs td tre

hods d bed. | h b d , PRANME
e e RO BT Y 1 RRA s TR kP sl OB L eBRo ey of

in situ hydehnidusati on to detect whether the nucl eotide sequence binds to
the at | east one oligonucl eotide described herein. 15 The met hods descri bed
herein may further conprise a step of determ ning whether PRAME is
expressed in a sanple, according to analysis of the results of the nethods.
The met hods descri bed herein may further conprise a step of determ ning the
presence or 20absence of PRAME positive tunour tissue according to analysis
of the results of the



met hods. The net hods as descri bed herein may be used on a biol ogi cal sanple
which is fresh or which is or has been frozen. Alternatively or

addi t i onawbyp1dzesinet hods descri bed herei n 25nmay be per PormPd010/06620

bi ol ogi cal sanpl e which is paraffin-preserved, for exanple Fornmalin-Fixed,
Par af fi n- Enbedded (FFPE). Al L r of treating a patient
conprising the steps of: det W’Wﬁﬁﬁéﬁﬁ%%ﬁ@ﬁtden ved tunour tissue
expresses the PRAME gene according to a nethod 30described herein and then
adm ni steg} a PRAME i not he descr.i herein t tient.
s ur ¢ MelaRaBa e TR S Paur e A e RINe B He sy Sh BRAMERSAE e

t r eat ment peiduetspiat eamiple noclebiacid dubke apaiFRmtorwatelheer@ axpassked.i ed as having
ti ssue. expressi ng the PRAMVE 35gene (" PRAME- expressi ng tunour tissue"),

usi ng % nethod described herein. WD 2013/ 030310PCT/ EP2012/ 066920 | n” one

enbodi mentn @fe érhleochmest dgdthenevdraida tIﬁEfreﬁsf @ratnd'édﬂbn oliguhuplabiidéntonmisirgav e
unr esect ed PRAME- ex SI n tum)

d
Ebod: wenfoTHe SR o SatTRiha o el s Enes B sh I AP el g
tunour tisME. (jradmewmbbdlsehwmlgs) anérlitloa theretid providet adioligaiucicblige padabindt may

first or concurrently rece { he t her a target the
umour Ot BEAEE RAE' abak BTN 5 SEG BHAR a2 18185 Be S Ge Bt BT eat g
a patient SEmsloem@|5bBe>rr70 Tr%cmmbemaatﬂé saqiRivdhrefexpd &siséraig doesmot inclube

pati ent h ve/treat PRAME expressing tunour tissue,

b
the met ho Igjﬁpgﬁ]rbr%&ﬁg g(PHﬁaﬁ Sf@\%ré(i%er the patient's tunour tissue

expr esses PRAI\/E u5| ng a method as described herein and then admnistering a

iti RANE ci.fi ti t.
B B DESERBH PReesmIng. (i alreMebie fobERers A st pldafibel o1 V1
Conpar i sonu@éotﬂMsequerSIﬁelaeEdd'ﬁrmtr%@%Ep &)nsgmn@efSSEQSD NED:§U6 .7, B, 9 and

corre ti nal ysi s r P r sult bta ne

et s 150pES R BriaT e raRR ke Avls-eEk il s e S s ¥edies S Rthg L he
sequencesImNC:$e5, Fo8 vimdd d0d Reverse Priners of an errbodl ment of the
present invention. SEQID NO 5 is a contiguous 5 to 3 nucleic acid
sequence of a Forward Prinmer for 25 detecting cDNA expression products of
PRAVE SEQTh®phdeeht disclasueofutthgumugidss a hamar paitcoreprsiracSBQIPINE@BE@adot a
Rever se PS @g@ f@_r6 detecting cDNA expression products of PRAME SEQ I D NGO 7
is a cont E s B7to 3 nucleic acid sequence of a Probe for detecting
CDNA 2Xxpression products of PRAVE. 30SEQ ID NO8 is a contiguous 5 to 3

nucl ei ¢ agi d, sequence, of the rec sed he priner. seguence
of “st0 1 NG ERE SHHEGL Perelt Reshie BRI P PleBty de B 9
conti guouSEQ IDtNOF orr8EQ) ) N()atbdthsethmeomﬁslembet PRAEINOS (SERdYni sed by

t he reverﬁlﬁ)_@orrpl enent of the prinmer sequence of SEQ ID NO 6 (" Target
seqguence "SEQ ID NGO 6"). 35SEQ ID NO 10 is a contiguous 5 to 3" nucleic
aci d sequence of the PRAME gene, recognised by the probe sequence of SEQ ID

Fabl o TRAVE SOTH HER sIoP PRI SR TCGRATIRTET CHBP UGl greron oy 3~ 0 )

5- GAG CCCp&iiaerser ATC- AG 3 SEQ I D NO 5 Reverse

5' - CGG CAG TTA- GIT- ATT- GAG AGG- GIT-T-3' SEQ ID NO : 6 Probe sequence,
showi ng FAM reporter dye, nucl eoti de sequence and M3 probe 5- FAM

TGC- TCA- TEComaCEmdddhmentNEPradideBBQ diifoii0lebtifs ebiccomyptisiagt | de sequence only

(i) a primer pair comprising or consisting of SEQ ID NO:5 and SEQ ID NO:6; and
30 (i) a probe comprising or consisting of SEQ ID NO:7.

In one embodiment is provided an oligonucleotide set comprising:
(i) a forward primer comprising or consisting of SEQ ID NO:5
(i) a reverse primer comprising or consisting of SEQ ID NO:6; and

35 (iii) @ probe comprising or consisting of SEQ ID NO:7.



TGC- TCA- GGC- ACG TGA-T SEQ ID NO 7 (as above, without the dye and probe)
DETAI LED DESCRI PTION 5 By biological sanple is neant a sanple of tissue or
cel |l s frowpaosupiaet that has been renoved or isol ated PCcomprRéle/ sy ect. | n
sone enbodi nents, the subject is a human patient. By PRAME positive tunour
tissue is neant any, ti.ssue. for ex | e, tymour tissue or .t ur cells,
expr essi nb ¢ HEBRANRSYRREC NS heSpRAmE o e = Prad ot Fistia 901 sof at od
from a patéteminingiwhatiesrembPRAMEGenetif exprogaadrin bitsdotgcal Sampleasanprisily ast
cancer; bl adder cancer including transjtional cell, carcingma; |ung cancer
hel udi ng B CoRRng A fUesde Sok e R AblaREer € andiin &Pl sEiecr

i ncl udi ngwiesophagus carci noma; squanous cell 15carcinoma; |iver cancer;

mul tiple el o nd/or cplon.carcinona. In on nbodi ment, the nethods and
Comost 11 ons. alLeiBes ahs PR mIRR) CleBtiBLer ferdiRel BRER rent of pat ents in
an adj uvant ( p(igt-sepefminiers ps sesdribed hereirguch cancers particularly |ung and
mel anoma, or in.the rea%men. gfh met_ast)ati c cancers. 20 In one enbodi nent,
a nucl eot i de sHYFCRe A& dG7CTREd NBENR aNdSf at ed or purified froma bi ol ogi cal
sanpl e, for exanpreoligobumnanide tsebsdigeseebgd kereinn RT- PCR, genoni ¢ DNA

contam nation may lead to false positive results. In one enbodi nent,
genom c DNA is renoved or substantially renoved fromthe sanple to be

t est eth or In atirthdeembodiinbat theteio geovitedissrakbinse df patfeat diagndMs comprising the

2013/ 030310PCI/ EE{’Z({lZ/ 066 29 The term 't')tobt gi n%d.or fderi v%? f(rj%m' (gs used
herein i sSHB&RFONBORE ANEIFOIAE PELIEPEF YPARLC 08TvVa TN & RRfiRieRsd Ve

enconpass biatvgicalisdnesiée wite ose @u e otthe édlolvingl @aipahentsf(in @1ivy: t unour sanpl e or
any nucl eoti de,.sequence derived fromthe sappl e for exanple by use of

rezer se transcpf?)tﬂ?%srtlOf'%°E9°6'Hﬁ'88t'4mé‘?§rcr'@f5£ﬁ?re‘§’As usegpher eiyn, the term
'target sequen(ig'a sesofepringgs as dedcribbe hBfMAMYE nucl ei ¢ aci d sequence (either
DNA of. RNA, e. g., genpni c DNA ssenger,, RNA, or anplified versions thereof)
to vvh?%h t he sg'&fgﬁ’f(?geﬁ d?ﬁcé'bﬁgﬁsr@@'rb nB/rofmar has partial (i.e. with sone
degree of m sndv)cdn) oligbntickéatide isdead ddseribed hdreingh t he reverse prinmer is the
reverse conplinent (or, as l10above, has sone degree of m smatch) of the

sequence it recognises. Suitably, the priner or probe may be at |east 95%
i denti cal It @further &rabodineseduiesn presemertventien thergisiprofiddde mgthadgor or pr obe,

i bl | h 95% i d i | 06% . 97% ..98%. 99%.and
el o b JeRRRDgU0E PredRtte o Hoice o PHAME RS LRl st pRRLEY ™"
t153 eq%@nceeriv'lélde)iqmt)giczﬁrsamprel, pmmp@ng)ﬂ]e_tsltt@ d»fme?t:itimr?wa rragledsl'feieisréquériaeal to the
ar ge seqgquenc a a NUucCl €eol.1 ge 0S JONsS O e I ner or r e, or m
hav el S SOBERNES oF tofites IS n edlert e o BREA Nantes with pFE By Porirahe Y

t enper at ufaipwingaotmponertsiflict ivyns and requi renments of the assay, for

exanpl e. Provi ..0f course, th the reverse primer fulfils these

condlt tons. to {1 paefh SidcbiMa el BVEL TeRhl Mhent of the or i mer
sequence. 20 Tli# atset of pripdraes Yessibag@drdirer ein t o mean any si ngl e-stranded
ol i gopucl eoti de..sequence .capabl e of bei used as a primer in, for exanple,
PCR tg%hnol ogyﬁ")‘lanﬂ'g,geQSdﬁ?q?ﬁﬁ?ﬁe?&gmfigﬂg to the invention refers to a

si ngl e- st r ande(v)adn gigpnadienide det sedpseribed hdraln. i S capabl e of acting as a
point of initiation for synthesis of a prinmer extension product that is
25substantially identical (for a forward priner) or substantially the

rever se congdnearembodifmentsaf tleveethedpdedibel heeirt the steicdfadontaatingla suclastttet 0 be
copi ed. The desi | engt h and ecific se nc of the prinmer will depend
on’the nacepEias i SRR o 805 BgdainipB R ARG et R B balles nrch
t he p30 nethe raiclevde $squehcaand emper mbrer & tleancor oriedtssi)te (igl under 3€sBye pri ners
may consi st ogtf t he nucl eoti de sequences shown in SEQID NO 5, 6 or 7, or
may consi " f“oné'onprise of about or exactly 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 75, 100
or nore nycl.eotides ich copprise or fall within the sequences of SEQ ID
No 5.6 ol Wi BTl db Finst SR Eing an et aelisbed PaaF VBRI 0% o get
sequence pidbkirecagnBRAMESeuehe@bi itle PREQME noeeic toidend3bassqiencentlinki ons. When
needeg, slight nodifications of the priner f probes in. le or |n
Cequentte” 5T rrERhisan: S piet e o loeleRvaiey P ANE el
requi red acideandthis shbwvidredakanlin®tcansidsratiéi ohen asek, prdathnets, segyences of SEQ
ID NO5 to 6 as described WO 2013/030310PCT/ EP2012/ 066920 herein may be
extended or reduced in length by 1, 2, 3, 4, 5 or nore nucl eotides, for
exanple, in either direction. In some enbodi nents, the oligonucleotide
conprises at |east six nucleotides of a 5 nucleotide sequence selected from
the group consisting of SEQID NOS5, 6, 7, 8, 9, and 10. In sone

enbodi ments, the at | east six nucleotides are the six 3" nucleotides of SEQ
IDNO5, 6, 7, 8 9, and 10. "Binding" of a probe to a region of the PRAME

o, o o o " A~



25t echnol ogy: the probe may consist of the nucl eotide sequence shown in SEQ
IDNO7 or may be 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or
20, 21, 22p2mB3/03@319 25, 26, 27, 28, 29, 30, 35, 40, 45, PEU/EPZE2/0400 or nore
base pairs which conprise or fall within the sequence of SEQ ID NGO 5 or SEQ
ID NO 7 or.the rev af SEQ | D NO E royi ded
ey ar e BIATIBPEI RS SRCTFERR] e Him oS s piabeetiires Ao BRft 30a
PRAME nuchemetn.de sequence. | n one enbodi nent of the invention, in which a
probe is to be used in a nethod in conbination with a pair of priners, the
pair of priners should allow for the anplification of part or all of the
PRAME pol ynemb@ﬁmbﬁte akrdegenbat He@elm,hhe: Betof pheersamey abﬂpEfyTandﬁlild‘lrdaﬁfpllttdh)

35whi ¢ obes re i nmobi soI d supp

2015 G3030B T BB iREoNBa o AR E e e abS P ROBLY ey Sssr ceneiians
conpri se temafcleetide eétaiehbelgfthberrmuodoe to be detected. Exanples of markers
that nmay be used include: fluorescent nmarkers, for exanple, 6-

5car boxyfl uorescein (6FAMImM , NEDTM (Appl era Corporation), HEXTM or VICTM
(Appl i ed Bittesyrirhemne )probEdindsnid alMiMRAT aeiddeResdsrdni\p ik, Bieosywile may beA,

radl bact | DB 5P Ta R M B PR LR EPRL o OPyRETGREE o M i ne.

32- Phts phareti®derigsealoed heeeinsed/onsrom drextlistigathe resufepf thia nkethodsedesbebads ed
provided that it enables th r.ob. e enbodi nent of
Phe. br eselb eimacATPRaY e Ry ied ia e Pps it wbRurESHEpor s er dye at

its 5 -end and a quencher dye at its 3 -end. The fluorescent reporter dye

may co rse60aro uorescein (6FAM .and th encher C rise
T one T U AR TN K RE s IFT § AT G O L P E B o o1
(MEBTM  Apel nmtéoﬂ&@setmeat@hhds Athe dBRpshane dligoautdedide detdribepmhehsn. f or
exarrpi‘g the 3' end of the probe. In one enbodi nent, an M3BTM Ecl i pse Probe
may be” used (Epoch Bi osciences, WA, USA). M3BTM Ecl i pse probes have an

Ecl i pseTMrBaretiQdeniebeibeamerem nd@iiMenabebyisea sicpicdderaininghendherend of t he
r obe. scent orter e is located o of 2 the r obe.
P one e%Wi'ﬁtexpﬁ%aeﬁw.mm@%&%?@wg tg@aa'éﬂégi%fre?wéﬂg HBSBRTO My ont i o

may contain or conprlse naturally occurring nucl eotide structures or bases,
for exanp t osin uraci |
(0. St t Al §Peel Sebtteg et bR es sEBRL S slobisr gblerBaierbe gt Sgen
bond 20 t habsemce@ﬂHRAMEapsdsmvamgeburrtlselheadtdod@ng feor afatysdodfythd tesutoofthenent arity
of primer orrbdprobe with the target sequence is assessed by the degree of
AT and 59 ge pairing, such that an adenine (A) nucleotide pairs with a
t hym ne (T), and such that a guani ne (G) nucl eoti de pairs with a cytosine

(O, % ersa. ace CI ).

| nosi ne e BENRGs s desthied el msd st BoRER A% viiots L

conpl enenwaichtig omeas twesmroben.aemastaﬂlyoy atdhelodagr me r@éthodm@esmﬂbéqomabm)

target_ nucl e t|d interactions. 35In nt hetic or
ol 1 £0 S PEGURS B Faa Db ST Pa s Roer RS RD HeSiAided 1 n the
sequence Ebrmdlle—ﬁkedne?arﬁﬂn-fyrmeheed (FFAE)nodi fied is meant a non-naturally
occurring nucleotide structure or base. Such synthetic or nodified bases
may 10 WO 2013/ 030310PCT/ EP2012/ 066920 replace 1, 2, 3, 4, 5, 6, 7, 8, 9
or all of ABb@rdn&mSarieMéthmspn‘mmtnsgeqpamecoMprlsimgatrerﬂmﬁidfmu:ternﬁlgdhg)si ne may
be repl ac nd .Th ced by 5:Prop

i Duen el 5 et TR IR BT RS REPRERIERSER Mo 8B M ba e
an ol 3gondedctiotd teredf aridhtbern nestidteringe RRAME imayuriothens@dasade sarilpsdlipreinrto a

pr obe bas&d a%sa}%. Probe- based assays can be used to exploit

ol i gonucl 6thede ybridi sation to specific sequences and subsequently detect
the sequence to which the probe hybridises. Oigonucleotide probes nay be

| abel ed usin n ction in the art. These ut are
ot 1+ mi ¢+ K Y pEEpEE RO R lsL SRRV i dosBie (S g o

bi ol um nepaténit, mmh&hltleespatlamnhaselsemntienmwbselaymgItlssnel axpressmgeind PROIME | es,
enzy , Subst. receptars, or |igands ucl.eotide for use
a2 onBURel P RN PleEs sl op bR g mein AT | he

nucl eoti de sequence of any of SEQ ID NO 5 or 7, or the reverse conpl enent
of SEQ 151D NO6 (SEQ ID NO. 9). The prinmers and probes of the present
invention may hybridize directly to nucleic acid or to products of nucleic
acid, such as products obtained by anplpflcatlon There may al so be further
puriflcatlon steps before the anplification product is detected e.g. a
precipitation 20step. A nmethod of the present invention may further
conprise the step of anplifying a nucleotide sequence. In one enbodi nent, a
nucleotlde sequence |s anpllfled by Polynerase Chaln Reactlon (PCR)

Al 2+ oy



5and the hybrid can be detected via a biotin-streptavidin coupling with a
non-radi oacti ve col our devel opi ng system However, other reverse

hybri di sawoen3xgsilens nay al so be enpl oyed, for exanpl epCagreéiosdoe@t ed i n
Gavitt et al, (Journal of Cinical Mcrobiology, 1998, 36(10): 3020-3027)

th tent f h | d b fe
o+ s ol S e B R o O R R bRty o, SRl By D68 PeSagieg nay
of 10Q i nPRAMEVERIredxing gwur 1898 (aﬁ'ﬁé&)seaé’@OfBﬁ a%drihearchbotlimenbah® patiemt sed

under the |rcunst peci ificity and the.

Senst t 1 vi T YBRe e UG S g oA s BPETr thiie ety s2ing). 1

pri mer ( s) a fdrtrer eribbdideng shel pstant e filet beconcoergnthereseivé alidreothemapyse i n fresh
ti ssue; fro zen ti S?L@ i‘ﬁ{%{’}raff' n- preserved tissue and/ or ethanol preserved
tissued WATHSBRAOLRtge oY Bﬁrlflcatlon procedures are available for
t he |solat|on of RNA or DNA froma sanple (e.g. in Sanbrook et al., 1989).
The RNA ok V. i sanpl e
or, nore pre ergﬁtldl%)cqao feeﬁjrtﬂb'r&%h%%%@o%tﬁ%ae&gmn%ﬁﬂé?@%%ﬁﬁ% p&?% . PCR
step. In sqmcrema:oflawEIRARdIEe@(pr@amb taotiotherpaiientsw@vingieeditreatedda assays, it
may be ne [ f ,

arrpl ifi ca | on. /tY %Ehwﬁeéaﬁ%%r{a@@?ﬁ %ﬁg’?ﬁl‘érﬂf& 8 'S | e%tt%f’H'”'”Ps

" deri W&d' whetber thlae)ai;amtpltemotrmtsspeesremtssasrRA%M/lEonlnacm"neihodabIdescp'ibevli des a
met hod of C the patient's
t unmour tlgé@gﬁ%&ﬂﬁgga&% k@zﬁgﬁﬁhﬁmmﬂcoﬂﬁﬁghglgggggcrﬁ%aﬁgherein, and
admi ni st errmmgntah@RNvE) sadhpat@nher apy as described herein to said patient.
The patient may have tunour tissue expressing PRAME (active di sease

setting), or may be susceptible to recurrence of a PRAME expressing tunour,
the patient having been t BRIEEDHESCRIEHIG/ G BdE FFBMRESexpr essi ng t unour

of PRAVE | et 22 Fhal/ i SerTdAg SR Rf fon LA Tk Ml e PR Blod o ot

of a pati @esigesffering froma PRAME expressing tunour or susceptible to

recurrence; i ' i i tified
as havi ng?gﬁﬁ? 3&35’?8%5 gg&géﬁ@%%&bﬁ%%%u@;béggg? ﬁ/ﬂﬁfo‘ ﬁﬁ]rr%%rést%g e using
a di agnosséts. net hod, kit, prinmer or probe as descri bed herein. 35 Thus the
present invention provides a nethod for screening, in clinical

applications, tissue sanples froma human patient for the presence or
abseng® of the expressi @rESé}RIPWEOFIQABMﬁ ANDIIEROBNORET/ EP2012/ 066920
S o5 AP B1eCOU o ERNS IRl e Qe REBPILE FoRREH P MABRE SAGS or BT 91 2
resection sanples or |ssue. or exanpl e ese net hods include
obt ai ni ngembbdiowst/of thﬁpmen@nmﬁlpmnal |y fractionated by crypstat sectioning
to enrich tunmour cells to about 80% of the total cell population. In

certain enbodi nents, nucleic acids may be extracted from 5t hese sanpl es
usi ng t echhylledlOnisla eondignousd’thd nucteic agid seduence pbadomand Srimgcfagi ¢ aci ds

extr ed - tm‘&' ; vmpl i fied using techni ques wel |
knomaﬁén 9%%’8@&. h?@g%% g@hﬁﬁ%ﬁpgépresm on can be detected and can be
conpar ed ®FEEhII3NAX ista ealtipyousad’itel Sguslgisaciha¢quencent @ Beversé PRRAMErnegat i ve
patients 0 stic nmethod conprises determning
whet her adétggﬂjgc e'ﬁg?@g%%%%mdhggxﬁgﬁgg/%e product, for exanple by

det ect i ngSEﬁelﬁblﬂ‘éﬂﬁ)mtlggOuﬂmm armdiclsic @H@B@lu&nbeow Pofbetfordejesiiogpr oduct .
For exanp y gueh as Northern blot analysis, reverse
transcri p{:l?l(\)lﬁ er))( sQBn g&eﬁg gc}fﬁfhr eaction (RT-PCR), sem -quantitative RT-PCR
quant 3Q at P& IRTNCD@R§ amqnmwup@Ho 3 nueem@CWﬁ@nummﬁthRAME gene,

15i nmunop oY Lon, ... i t

Accor di g E0Rcehbl e pr S sEATbrtl o SBEADID Clarb MRt SR rDle uz), ect
and t he | &z&! IDONOIPRBIA cantijupus Pr ot E nncleicragidrsed uencet df dleeP BAME ganee not

expressin gﬁyg‘d

exgnucl eagaeIg ctivi gﬁ%wgﬂerg%&ﬂglﬁ%%k&gﬁ%éﬁrﬁgﬂs TR %f%%’%‘é@@%%?g

activity sequsheaetSHQAP-NG@E8BI | ed probes anneal ed to target sequences during
PCR agpl i DNA i s

synt hée%s)l s%gﬁ?@e@ggg%? r%gbltycjro Pg\ltél tjg%) ﬁ&tﬂégﬁkﬁa%ﬁh&&?gg%hen M% tn% a PCR
reacti on reaceguised bbmea:rﬁbmgeomeamgfr%E@@aMbpraegﬂ sequ@eee of ar:oésamm
conponent s supplied by Roche (CA, USA) for Tagman PCR). The reaction

m xture additionally contains a probe that anneals to the tenplate

nucl eoti de sequence between the two prinmers (ie within the sequence
anplified by the PCR reaction, the "anplicon"). The probe conprises a
fluorescent reporter dye at the 5 -end and a 30quencher dye at the 3'-end.
The quencher is able to quench the reporter fluorescence, but only when the
t wo dyes are cl ose to each ot her th| 'S occurs for i nt act probes Dur| ng and

Y T o, o - - - o



20i nvention which may be formatted into the structure of a natural antibody
or functional fragnment or equival ent thereof. I n one enbodi nent, the
PRAME antwQ@eni3/q3eqibi de or an epitope nmay be fused or comCugRt@d/ote@2@ fusion
partner or carrier protein. For exanple, the fusion partner or carrier
25protein n@g be selected fromprotein D, NS1 or CLytA or fragnments
thereof. T PRANE protein has 509 am no acids and, in one enbodi nent, all
509 am ng aci ds of PRAME rrRthEezmmdn séowever, PRAME co*Setqnem:tasdeMiﬂeln
conser vatri—ve tatons—h Be—etropt — 2 3, 4,
5 6, 7, |8, 9%§¢d\%more am no g)ct?A éaok@%@?gg’sﬂ&'ﬁ,?uted Thse lesconstruct
may addi tji onaIRIeyereﬁr al t|e¥R&G-VAGY TASMTaATT-GAFAGCoRSET-013' | s Q IDOWS:6wi | hi n
the am nq—ashek é@@éﬁ%@c WERNC PEEACAGEE ACEETAR-TOnERRE T RAR pagsence. | n
one enbodi nment 3, 4, 576, 7, 8 9 or nore am nofacids may be
i nserted |or 5(5‘8‘!"'895’6'\" 351 n one embodi nent, the sequence ¢f the PRAME pntigen
may be 8(0% orepgteeayeer tlhan 80% for exanple 85% 90% 9b% 96% 97% | 98% or

99% i dent|i - ally occurring PRAME. WO
2013/ OBOBfEQ%?IU}’gﬁ%‘f%eOGGQZO In one aspect the PRAME antigen for uselin the

present i|nv@itY@B P©Bfprii ses a fusion partner protein as|described hefein
and a PRAVEPgHE n@RBtider || MLN0g&BLtCT JA@GORNTG-TBATEOT . 5 rsmne NPT ent
the PRAMH antigen is a|fusion protein conprising: a) PRAVE % "
i munogeni ¢ SF#XgFEN t Hereof, and b) a heterol ogous fus 8?1°V5av¥ A&r " der i ved
from protlein D, wherein the said fusion protein does not fyedAndadeobehe
secreti on—seguence (srgmat—sequence) 10of—proterm D—By secrettomr or si gnal
sequence or secretion signal of protein Dis neant the N-terminal 19 am no
acids of protein D. Thus, the fusion partner protein of the present
invention may conprise the r emepef APEDWESERPGIGNProtein D protein, or may
conpri se approximately the remaining N-termnal third of protein D For
exarrpl%, the remaining Nterminal third of protein D may conprise

appr oxi Mgl |Qficat BaHple ATBANBEsHapld Of fisdud &F cé’lfs fﬂo?vﬁ’é%h@ﬂe@t tRat H43 H2BA

enbodi ment, the protein D sequence conprises Ntermnal” amno acids 20 to
127 of prEﬁ”@?Vﬁd@r ispadeiiem demsuhirrif ITs3Re praPeFiBE N FalperrtbicRERAC MR

conj ugat e?anéh't Bywmweaw.m&emoaﬁ.seué RCABRRAD tisdUeS FRRxBipleCiumout Assi
enbodi ment in which the antigen and partner are 20expressed as a

r econbi naft tUMesT e8llspPressing t H|P§%98'I‘¢ BUWhe NEY Ak antigeaiBaid1asPeBB pr oduced
I N an@xplsBreddrons ¥-@amconpared to non-fused protein. Thus the fusion
partner may assist in prOV| ding T hel per epitopes (inmunological fusion
partner), for exanple T hel per epitopes recogni sed by humans, and/or the

fusi on paff SRS efBiRES fle thMoXRsEs & MBlahbifa pdr@éﬁlcan&eexmamlcgﬁbeenhancer)
at higher yields than the natjve recombinant protein. In one 25enbodi ment,

t he fusi oficlydingri@nsifgyalsell prieRoms: t“ﬁﬁﬁﬁ%‘?%@ﬂ%‘é’l‘”gfrti%ﬂ’%ma'b%ﬁ”t"l‘ftgrcaéﬁﬂoma

expr essi o[NSONSNabAYamPhERancdin@EnE BELRhERIY chEindRg; duyedlLs eqr the

i mmunol ogi cal fusjon partner that may be used is derived fromprotein D, a
surf at® pFIEEPMaphver ﬁ@@dﬁ?'ﬂ@@éﬂ%%&%‘t@rqw Ca]f-%t@%ﬁhl | us 30i nfluenza B
(WD91/18926) or a derivative thereof. The protein D derivative may conprise
the first 1/3 of the protein, or approximately the first 1/3 of the

pr ot ein. |%°W@%B@”tnﬁt‘?tmethﬂq§ " ‘éqmﬁﬁg'of‘%glsﬂ'ﬁé%d bereppraeebe usshigyhde used

as a fusi gBatRRint BEFatibRtsi Y bEi@vant iR\ parntiiertting il s@dhdidnteRdartRyR@agnous
T-cel|l epitopes and increase expression |evel in'E. coli (thus acting also

as an expleg g MR OFf N thPNeaWeéltPEWﬁ?tsfe\Vécérr‘r%%h ment, the protein D
35derpyative may conprise the first N-term nal 100-110 ami no acids or about

or approximately the first Ntermnal 100-110 am no acids. |In one
enbodi nent OeRMbRdiNENtya BuUCloElideregreREIs OPLay pesyysolRisd 60 P iiRd BRI Avat i ve

t her eof nBIdRal $dthslatBeditbié b RGREWHIBENE SarBY. IRRTUPER; gédtnib DNAJ tail may
ensure optimal presentation of the antigen to antigen presenting cells In

one enbodFPEATINatigREMeRIRE thdg/se ostpvstresHisD PRAREMPPIMERt ©§89PBIF [V disei n
Sconpri si Rgndve@m®dr Bubamtaltent &veGfilofl eRahipldBivGedtel 8f intRbefAmthEhtbthoddM NO
acids 20 to 127 of Protein D - PRAME (509 ami no acids or an enbodi nent as
descr#beddBePegthyereiind optionally a linker and pol yhistidine tail (H's) may
be included that may facilitate the purification of the fusion protein
during the production process. 10PRAME may be expressed as a fusion protein
with protein D at the N term nus and angequence of seven histidine residues
(Hs tail) at the CGterm nus. In one enbodi nent of the present invention,

t he i nmunot herapy conprises a Protein DPRAME fusion protein. 15 A further
enbodi ment of the present invention the imrunotherapy conprises a nucleic
acid nol ecul e encodi ng a PRAME specific tunour associ ated antigen as
descrlbed here|n I n one enbodlnent of the present |nvent|on t he sequences

Y 1 o, o o o ey - o R IA [ ™A I A




by the pol ynucl eoti des of the present invention, for exanple for use as
subunit vaccines or in inmunoassays. Conventional reconbinant techniques
for obt aiwiOngi3mniedlei c aci d sequences, and 35producti on ®CTEPRIIRHEGION
vectors of are described in Maniatis et al., Mlecular Coning - A

Labor at or nual ;. Col d Har bor 982-

2013/ osoﬁb@ EEB*@TEF(%@@% EﬁmparsoLtS&F eb%%@d“??ﬂm%)‘? HEFHBFUSYHE pPFt ei ns

f)f t Eel pr 33 i ]Estlnlehdedﬂtd @Tmarpesspamymldmbtlee sbguenica d&ecttlyqsblateﬁ Gom a)fun;dmra
yophilised fo unman ise.l to 1 00 p pr ot ei n.
| bne. enBaBPRSEnY PRSI SRR et T I BadE P B B 1 h one
enbodi mentevefsetthamspiinand ptodvesnRNA dheDNARNMPosi tion conpri si ng a PRAME
antigen may further conprise an adjuvant. For exanple, the adjuvant may
conprise one or nore or conbinations of: 3D-MPL; alum niumsalts; CpG

cont ai ni ngs abéd)berel, Gt tehe Sargebgmjuence’ I0E agichl afitmg PRAMEVaUtieic acidh as QS21

20 wvant e lensh GEL B A TIANA Bt eBitis PR et nat R Ay Rt et eens i 1

a | i posonthetefnmslvatidrothe sSyidrablog theamobearer ;aﬁlmer\maetpertfaon.euwm somé ldegeeeas ent

i nvention are .c rci.al l.y ayail e 15suc r_example,.Freund's

| neompl of BRSO Bendin B s AL (R R o B 1RGP o By TR o ¢
M); Merckbdd haasdtmeé Bedrivk ot kisamadclOmirengequemnes it rddafinisas. NJ) ; AS- 2

(Sm thKl i ne Beecham Phil adel phia, PA); alum niumsalts such as al um nium
hydr oxi de gel (alum or alum nium phosphate; salts of calcium iron or
zinc; an Bn'saﬂlymrhaepmuerpﬂrmmbymaﬁ baayleastedb % yentidah & thatyryett sedusnigasver the

cationically,or ani oni cal de t| sed cchari des 0 0 0
ol yphos pIFaR KT Bticd ehet Lt o BEion BB eV BREER A 0% 5 B %une
quil A Cgebkindesost preférably Habt1O8H |dentltylb‘mfr||telléﬂgmtbthe fargetrPRAME and

h b d t Ad] f th t
nvant onSHU HmboT Sd e eaRact bit Gredangkukaapisey 5 Fres a0 BR ae
3- de- 0- acyl all edlentide pbosit@iswfyte ;brirerbr/%rc(bfbDoi\ﬁb}' hbmgetzh@r mairé Mmisamatethasn ni um

salt. 3D Lor other, toll like re tor, 4 ands ucha

o hoa loy HoEnge e e Bt Sforee B hufe, ks tion s RS pod “eidents v ant s
t hat may beaseeyi forrmdauqlﬁe TPRYidwalt afgmmrsﬁ, maﬂsthel“reaersepﬁmehf)ullfﬂﬁmdséo OpG
containin ?ﬂiJ&t ortlu eot i ... 1rhe ol igonucleot I ]e are characterised in that
The eoe oot R e TRu o0 Tt i OF e ienss IERREN: HERe sl PFRLEREFL velt ' nown
and a2® described in, for exarrpl e WD 96/ 02555. The formul ati on may

addi ti ona ri se.an wat er _enul s and/ of toco rol. 35

Aot her " adPS EERTBERES ik nertl ihegh 2T TanBleTr-Re] SlacnRRRR RS hupiE, | o
Bi ophar macmﬁblla:a‘l tﬂeurigu:sed dsraaprinmeytia,for dddmpld, mﬁR teslindlegys tdusladpdmer i n
conbi nati on w,.t %1] 013/fO3 310P /Sgng I?669ﬁ8t her ad Ut ants. For
exanpl e, 8?1%”%'9%% CIMEBIYELTTREL 2 shglersliangad SY9onURIERY O[?ﬁ?&ﬂﬁ%%/ 1Ppid A
and sapontapats of\amtmglas aoinih obisitiitien feee%th@s ofa prfmé&ilerelmd et Pthatiis

e QU eI TR Fan el o' foPuarBloter] BauorAn (e 98 ye'ss Brpigp dofs %
formul at i mwersecpﬂnrrer}ste tag nudeioiakidistrandtebe espidds iTol desidnt(lecgh et ebecifine

adj uvant fornul ati.on e use | n the V i,on ri ses
ot 3D PSR o A Er o Perd Gl e im L Re TN e A BeRTRA bec
in WO 95/ haxbaditibms atnmm:rememmbtmhisrmw (stidheasatdimpeeatire andyortestferigtn)l ated in a
| i posomal conposition. 10The amount of 3 D MPL used is generally snmall, but
dependi ng on the i mmunot herapy fornulation may be in the region of 1-1000pg

per d&ke, The eflmeasbhay dert'sm)pgthpemcldo&m seajadncasrshopn éri SEQHIDYNO St Geeid, dr t o

30 WoL! - Y e s B Routhen ey T B gomtcleabs o o1 Te.an 20 ©

enbodi nenk2al3, 24 2% 26| AM2802%,i30BAMO0s 48150, 76 cndr.mére nablebtives veridodi nent 3D
MPL and 21 are presented in an oil r. enul,si on int bsence
of a onG Bomae RREE R B e et s FN L B hitueRioy dle iR he
adj uvant ﬁmspemfamﬁy alnﬁm@alb'r@naemjeeoe ivitisin aﬂDFR)AMHI?thIe&tldﬁé’éqLencdnemdpw esent ed

W0 2085 2 5505 confions, AheM nfeasdts Bt mdinkBleRs of M Sis Bl Brepdeifhee el "

t he adj uvmrr.tequemce cambeodandechpe ud haintaih thehepepifiesyearid $ens&|mty mqulred gredeer al |y

" egi on of MEY e“"f‘g”%@%ﬂ&%%?ﬂ"%%%”eérﬁﬁ%agi‘u%ﬂ'f%gf GBRRCHEN A el

preferably between 1 to 100pg per dose he anount of saponin for use in
the adjuvants of the present invention may be in the region of 1-1000pg per
dose, preferably 1-500pg per dose, nore preferably 1-250pg per dose, and
nost preferably between 1 to 100pg per dose. 30 Generally, each human dose
may conprlse 0. 1 1000 Pg of antlgen for exanple 0.1-500 pg, 0.1-100 pg, or

. -~



10The invention will be further described by reference to the follow ng,
non-limting, figures and exanples.. Exanples Exanple 1 -Analyti cal

Sensi ti viwg 20@msesioson of AM and GSK Real Ti me PRAMVE O i @OTBP3013/066926

Pur pose The purpose of this study was to conpare the anal ytical sensitivity
of the Abpott Mol ecul ar nd d axosSm t i,n GSK) oligo..designs for
The Real TRETBFAYES 2Bhged Shrefite T RESTIRE ol 5 SaBPE T e iRt o (st a
di | uti on peamepleciorithérmdinegtian.fi xed | evel of beta-Actin RNA and decreasing

| evel s of PRAME RNA. Through this design, panel nmenbers 20with distinct ACt
values (PRAME & mnus Actin C) will be evaluated. Method The GSK

ol i gonucl eoddntkeersbbditedRl thewdiyoraideotide omhpiises a0 lasBRANMciéalidealiapri mer ( SEQ

ID NO -5 . PRANVE ' SEQ I D. NO. 6 R b
(SEO 1D NEpS9Siceterse el et He drimetbisoe 81 SERCR MR o17 Eadi B and
real time16! uoscescenbedidedel tetdt aspdix hbeediRabBaraRbALEX onCcBOfdesedi SFQ The
GSK ol i gowjﬁlg\%td g,e%f%(?t 8'180 contai ns one beta-Actin forward priner, one

bet a- Act i 7Bf '“and one beta-Actin probe, which direct reverse
transcription, PCR anplification, and real time fluorescence detection of

t he beta-Acti.n (endogenous contral exon .5/ 6 region. 30The AM .

o'+ gonue daneBe CAPTERG S o 1R Dt SRSt e dRARE g P AP T TS one
PRAME1( eV er sreb@ farimara, dugiiek (doeblERAdid garrafeotisd sedueticd)adth paevaTtisie region or
transcripti

PCR anplification, and real time flugrescence detectign of

o BraveiRbe S oo gk s ECSud B g and bt uBaS TS sondRns B
gl i gonucl pomeder [gebe dbesnat Gurinea ﬂsblegmpteetvaﬂqmmérme{;)iomy\av\fgde Eu&letﬁrde one

eta-Actin reverse prji.nger, an ne beta- Actin e i,C irect reverse
WO 2013 oot EEepReBb Sleelide 1 fo A, Rl undb ot el B8 brtke T oo
time fl uonespmbes offibkecédenninoéntiohehdiaira déegnad foRpecixdybrdiSatioagritbim a To
directly conpare, t f or ce of the AM and. GSK.ol i go, desi gns, two
st of® b SO dne PRARM. D ETRE Srlance S anl Py b Pinh REEI S iny B Ropes.
each nast argaextettaveaapeith sdie regione(ileofosm af dUpER withagetdotided odtbide aan®ll as
concentratti epare testing sanples for this experinent, PRAME

woln .. 10 .§r
positive 'nfs?@rﬁeg' P)r‘ral in-fixed, paraffin enbedded (FFPE) A549 cells was
progressively diluted in 30 ng/rxn of RNA from 10t he PRAME nmRNA nul | cell

[ i MDA- MB- 231. Fi -fold ial. diluti 0f ., A5B49 RNA (.f. 3, 000
Lo 0. 5 ot it sewegeidns Pifetihieiiotiie s siyifed 4 BrRREORRHS R r ot F o
that 20 oduoeebtidessqtérar o A8YoHSEQIDINGIS BSEMDIDr NO: 706 thfevbRe2dindRWenti t hout
A549 RNA j | - ti t | . 15Each dil uti | |
foa oot el S E TN BBl BN e e S Iy o e sam mpo00r ¢
instrunment to assess PRAME and beta-Actin |evels. Linear regressions were

| | at f the r PRANVE Ct | rel i to the Logi f A549
Concent r ad FoIpgpeny vost ek s A SEsd Stdel o Fugcd®h Bl
di l ution papable sfasndingmliceic ad ahobbinglusge ad eirglesin, packamgaoPGRr at i ng 100%
det i 4 of 4 | i t t A549 RNA/ d 509 i 2 of
501 eopd ontestindibeyt i ohg Fisydas gt heudields SPaudrise e Trot b Mest Bes o
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mean &I SBRBRAME nucleotide sequence.

In one embodiment of the invention, in which a probe is to be used in a method in
combination with a pair of primers, the pair of primers should allow for the amplification of
part or all of the PRAME polynucleotide fragment to which probes are able to bind or to

35  which the probes are immobilised on a solid support.
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The primer and/or probe may additionally comprise a marker, enabling the probe to be

detected.

Examples of markers that may be used include: fluorescent markers, for example, 6-
carboxyfluorescein (6BFAM™), NED™ (Applera Corporation), HEX™ or VIC™ (Applied
Biosystems); TET and TAMRA™ markers (Applied Biosystems, CA, USA);
chemiluminescent markers, for example Ruthenium probes; and radioactive labels, for
example tritium in the form of tritiated thymidine. *-Phosphorus may also be used as a

radiolabel. Any marker may be used provided that it enables the probe to be detected.

In one embodiment of the present invention, the probe may comprise a fluorescent
reporter dye at its 5'-end and a quencher dye at its 3'-end. The fluorescent reporter dye
may comprise 6-carboxyfluorescein (6FAM) and the quencher dye may comprise a non-
fluorescent quencher (NFQ). Optionally, a Minor Groove Binder protein (MGB™; Applied
Biosystems, CA, USA) may be added to the probe, for example the 3’ end of the probe.

In one embodiment, an MGB™ Eclipse Probe may be used (Epoch Biosciences, WA,
USA). MGB™ Eclipse probes have an Eclipse™ Dark Quencher and an MGB™ moiety
positioned at the 5'-end of the probe. A fluorescent reporter dye is located on the 3'-end of

the probe.

In one embodiment, the primer and probe sequences of the present invention may contain
or comprise naturally occurring nucleotide structures or bases, for example adenine (A},
cytosine (C), guanine (G), thymine (T) and uracil (U). Suitably each nucleotide of the

primer or probe can form a hydrogen bond with its counterpart target nucleotide.

Preferably the complementarity of primer or probe with the target sequence is assessed by
the degree of A:T and C:G base pairing, such that an adenine (A) nucleotide pairs with a
thymine (T), and such that a guanine (G) nucleotide pairs with a cytosine (C), or vice

versa. Inthe RNA form, T may be replaced by U (uracil).

Inosine may be used in universal probes, for example, in which case complementarity may

also be assessed by the degree of inosine (probe)- target nucleotide interactions.

In a further embodiment, synthetic or modified analogues of nucleotide structures or bases
may be included in the sequence of the probe. By synthetic or modified is meant a non-

naturally occurring nucleotide structure or base. Such synthetic or modified bases may
10
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moieties, enzymes, substrates, receptors, or ligands.

The oligonucleotide for use as a probe may comprise, consist essentially of, or consist of
the nucleotide sequence of any of SEQ ID NO. 5 or 7, or the reverse complement of SEQ
15  ID NO:6 (SEQ ID NO:9).

The primers and probes of the present invention may hybridize directly to nucleic acid or to
products of nucleic acid, such as products obtained by amplification. There may also be
further purification steps before the amplification product is detected e.g. a precipitation

20  step.

A method of the present invention may further comprise the step of amplifying a nucleotide
sequence. In one embodiment, a nucleotide sequence is amplified by Polymerase Chain
Reaction (PCR). Alternatively or additionally, a method of the present invention may

25  further comprise contacting an amplified nucleotide sequence with one or more probes as

described herein.

The methods of the present invention are suitable for detecting PRAME positive tumour
tissue. In one embodiment of the present invention, PRAME positive tissue may be

30  detected using in situ hybridisation. By in situ hybridisation is meant is a hybridisation
reaction performed using a primer or probe according to the present invention on intact
chromosomes, cells or tissues isolated from a patient for direct visualization of

morphologic sites of specific DNA or RNA sequences.

35  Hybridisation of the polynucleotides may be carried out using any suitable hybridisation
method and detection system. Examples of hybridisation systems include conventional dot

blot, Southern blots, and sandwich methods. For example, a suitable method may include
11
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determlnlng whether the patient’s tumour tissue expresses PRAME using a method as

25  described herein, and administering a PRAME immunotherapy as described herein to said
patient. The patient may have tumour tissue expressing PRAME (active disease setting),
or may be susceptible to recurrence of a PRAME expressing tumour, the patient having

been treated to remove/treat PRAME expressing tumour tissue (adjuvant setting).

30  The present invention further provides the use of PRAME immunotherapy in the
manufacture of a medicament for the treatment of a patient suffering from a PRAME
expressing tumour or susceptible to recurrence of a PRAME expressing tumour, in which
a patient is identified as having or identified as having had PRAME expressing tumour
tissue using a diagnostic method, kit, primer or probe as described herein.

35
Thus the present invention provides a method for screening, in clinical applications, tissue

samples from a human patient for the presence or absence of the expression of PRAME.
12
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Such samples could consist of, for example, needle biopsy cores, surgical resection
samples or lymph node tissue. For example, these methods include obtaining a biopsy,
which is optionally fractionated by crypstat sectioning to enrich tumour cells to about 80%
of the total cell population. In certain embodiments, nucleic acids may be extracted from
these samples using techniques well known in the art. In other embodiments nucleic acids
extracted from the tissue sample may be amplified using techniques well known in the art.
The level of PRAME expression can be detected and can be compared with statistically

valid groups and/or controls of PRAME negative patients.

In one embodiment, the diagnostic method comprises determining whether a subject
expresses the PRAME gene product, for example by detecting the corresponding mRNA
and/or protein level of the gene product. For example by using techniques such as
Northern blot analysis, reverse transcription-polymerase chain reaction (RT-PCR}), semi-
quantitative RT-PCR, quantitative RT-PCR, TagMan PCR, in situ hybridisation,
immunoprecipitation, Western blot analysis or immunohistochemistry. According to such a
method, cells or tissue may be obtained from a subject and the level of mMRNA and/or

protein compared to those of tissue not expressing PRAME.

TagMan PCR technology
Taq DNA polymerase has 5'-3' exonuclease activity. The Tagman PCR assay exploits this
exonuclease activity to cleave dual-labelled probes annealed to target sequences during

PCR ampilification.

Briefly, RNA is extracted from a sample and cDNA is synthesised (reverse transcription).
The cDNA is then added to a PCR reaction mixture containing standard PCR components
(see, for example, components supplied by Roche (CA, USA) for Tagman PCR). The
reaction mixture additionally contains a probe that anneals to the template nucleotide
sequence between the two primers (ie within the sequence amplified by the PCR reaction,
the “amplicon”). The probe comprises a fluorescent reporter dye at the 5'-end and a
quencher dye at the 3'-end. The quencher is able to quench the reporter fluorescence,

but only when the two dyes are close to each other: this occurs for intact probes.

During and after amplification, the probe is degraded by the Tag DNA polymerase, and

any fluorescence is detected.

For quantitative measurements, the PCR cycle number at which fluorescence reaches a

threshold value of 10 times the standard deviation of baseline emission is used. This cycle
13
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number, called the cycle threshold (Ct), is inversely proportional to the starting amount of
target cDNA and allows the amount of cDNA to be measured. Essentially, the more target

RNA present in a sample, the lower the Ct number obtained.

5 The measurements obtained for the Ct value are compared to those obtained for a
housekeeping gene. This allows for any errors based on the amount of total RNA added
to each reverse transcription reaction (based on wavelength absorbance) and its quality
(i.e., degradation): neither of which are reliable parameters to measure the starting
material. Therefore, transcripts of a housekeeping gene are quantified as an endogenous

10  control. Beta-actin is one of the most used non-specific housekeeping genes, although

others may be used.

Immunotherapy
In one embodiment the PRAME immunotherapy for use in the present invention may be a
15  composition comprising a PRAME antigen, peptide or an epitope thereof (active
immunotherapy). In an alternative embodiment, the PRAME immunotherapy may be an
antigen binding protein or fragment of an antigen binding protein capable of specifically
recognising the PRAME antigen (passive immunotherapy). The antigen binding protein
may comprise heavy chain variable regions and light chain variable regions of the
20 invention which may be formatted into the structure of a natural antibody or functional

fragment or equivalent thereof.

In one embodiment, the PRAME antigen, peptide or an epitope may be fused or
conjugated to a fusion partner or carrier protein. For example, the fusion partner or carrier

25  protein may be selected from protein D, NS1 or CLytA or fragments thereof.

The PRAME protein has 509 amino acids and, in one embodiment, all 509 amino acids of
PRAME may be used. However, PRAME constructs with conservative substitutions may
also be used. In one embodiment, 1, 2, 3, 4, 5, 6, 7, 8, 9 or more amino acids may be

30  substituted. The PRAME construct may additionally or alternatively contain deletions or
insertions within the amino acid sequence when compared to the wild-type PRAME
sequence. In one embodiment, 1, 2, 3, 4, 5, 6, 7, 8, 9 or more amino acids may be

inserted or deleted.

35 In one embodiment, the sequence of the PRAME antigen may be 80% or greater than
80%, for example 85%, 90%, 95%, 96%, 97%, 98% or 99% identical to naturally occurring

PRAME.
14
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In one aspect the PRAME antigen for use in the present invention comprises a fusion
partner protein as described herein and a PRAME antigen or immunogenic fragment

thereof.

In one embodiment, the PRAME antigen is a fusion protein comprising:

a) PRAME or an immunogenic fragment thereof, and

b) a heterologous fusion partner derived from protein D,

wherein the said fusion protein does not include the secretion sequence (signal sequence)
10  of protein D. By secretion or signal sequence or secretion signal of protein D is meant the

N-terminal 19 amino acids of protein D. Thus, the fusion partner protein of the present

invention may comprise the remaining full length protein D protein, or may comprise

approximately the remaining N-terminal third of protein D. For example, the remaining N-

terminal third of protein D may comprise approximately or about amino acids 20 to 127 of
15  protein D. In one embodiment, the protein D sequence comprises N-terminal amino acids

20 to 127 of protein D.

The antigen and fusion partner may be chemically conjugated, or may be expressed as a
recombinant fusion protein. In an embodiment in which the antigen and partner are

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

25 embodiment, the fusion partner may be both an immunological fusion partner and

expression enhancing partner.

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

30 influenza B (WO91/18926) 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 109 residues of protein D may be used as a fusion partner to provide a PRAME
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

35  derivative may comprise the first N-terminal 100-110 amino acids or about or

approximately the first N-terminal 100-110 amino acids. In one embodiment, the protein D

15
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30 bacteria may be employed in order to produce quantities of the PRAME protein encoded
by the polynucleotides of the present invention, for example for use as subunit vaccines or

in immunoassays.

Conventional recombinant techniques for obtaining nucleic acid sequences, and
35  production of expression vectors of are described in Maniatis ef al., Molecular Cloning - A
Laboratory Manual; Cold Spring Harbor, 1982-1989.
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For protein based immunotherapy, the proteins of the present invention are provided

either in a liquid form or in a lyophilised form.

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

5 may comprise 30 - 300 pg of protein.

In one embodiment of the present invention the composition comprising a PRAME antigen
may further comprise an adjuvant. For example, the adjuvant may comprise one or more
or combinations of: 3D-MPL; aluminium salts; CpG containing oligonucleotides; saponin-
10  containing adjuvants such as QS21 or ISCOMs; oil-in-water emulsions; and liposomes. In
one embodiment, the adjuvant may comprise 3D-MPL, CpG containing oligonucleotides

and QS21, in a liposome formulation.

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

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

20  polysaccharides; polyphosphazenes; biodegradable microspheres; monophosphoryl lipid
A and quil A. Cytokines, such as GM-CSF or interleukin-2, -7, or -12, and chemokines,

may also be used as adjuvants.

Adjuvants for use in the present invention may comprise a combination of
25  monophosphoryl lipid A, such as 3-de-O-acylated monophosphoryl lipid A (3D-MPL)
together with an aluminium salt. 3D-MPL or other toll like receptor 4 (TLR4) ligands such

as aminoalkyl glucosaminide phosphates may also be used.

Other known adjuvants that may be used include TLR9 antagonists such as unmethylated

30 CpG containing oligonucleotides. The oligonucleotides are characterised in that the CpG
dinucleotide is unmethylated. Such oligonucleotides are well known and are described in,
for example WO 96/02555.

The formulation may additionally comprise an oil in water emulsion and/or tocopherol.
35
Another adjuvant that may be used is a saponin, for example QS21 (Aquila

Biopharmaceuticals Inc., Framingham, MA}, that may be used alone or in combination with
17



23.81 14.26 9.55 22.10 14.33 7.77 74 90724 25.14 15.29 9.86 24.49 15. 28
9.21 89 91970 34.96 16.25 18.72 32.85 16.09 16.77 95 82840 25.83 15.63

10. 20 23.86 2053/036318. 40 98 87020 24.81 14.91 9.90 23. 10 PETEP2@28869201 89659
23.44 13.14 10.30 23.43 13.39 10.04 135 100205 19.61

10

15

20

25

30

35

other adjuvants. For example, one system involves the combination of a monophosphoryl
lipid A and saponin derivative, such as the combination of QS21 and 3D-MPL as
described in WO 94/00153, or a less reactogenic composition where the QS21 is
quenched with cholesterol, as described in WO 96/33739. Other formulations comprise an
oil-in-water emulsion and tocopherol. One adjuvant formulation that may be used in the
present invention comprises QS$21, 3D-MPL and tocopherol in an oil-in-water emulsion,
and is described in WO 95/17210.

In another embodiment, the adjuvants may be formulated in a liposomal composition.
The amount of 3 D MPL used is generally small, but depending on the immunotherapy
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.

In one embodiment, the adjuvant may comprise one or more of 3D-MPL, QS21 and an
immunostimulatory CpG oligonucleotide. In an embodiment all three immunostimulants
are present. In another embodiment 3D MPL and Qs21 are presented in an oil in water
emulsion, and in the absence of a CpG oligonucleotide. In one embodiment of the present
invention, the adjuvant comprises a CpG oligonucleotide, 3 D —-MPL, & QS21 either
presented in a liposomal formulation or an oil in water emulsion such as described in WO
95/17210.

The amount of CpG or immunostimulatory oligonucleotides in the adjuvants or
immunotherapeutics of the present invention is generally small, but depending on the
immunotherapeutic formulation may be in the region of 1-1000ug per dose, preferably 1-

500pug 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 1-250ug per

dose, and most preferably between 1 to 100ug per dose.

Generally, each human dose may comprise 0.1-1000 pg of antigen, for example 0.1-500
Mg, 0.1-100 pg, or 0.1 to 50 pg. An optimal amount for a particular immunotherapy can be
ascertained by standard studies involving observation of appropriate immune responses in
vaccinated subjects. Following an initial vaccination, subjects may receive one or several

booster immunisation adequately spaced.

18



12. 69 NA 19.45 - 141 92803 35.67 15.40 20.27 33.91 15.35 18.56 252 83226
22.65 14.46 8.19 22.38 14.40 97.98 253 83457 24.56 15.57 9.00 24.24 15.61
8. 63 255 WOr4B/B373168 16. 01 11.58 25.92 15.93 9.99 WO PCT/EP2012/066920
2013/ 030310PCT/ EP2012/ 066920 256 89167 22.34 14.44 7.90 20.90 14.44 6. 46
258 918200th1e5r'39§able adjuvants include Montanide ISA 720 (Seppic, France), SAF (Chiron,

California, United States), ISCOMS (CSL), MF-59 (Chiron), Ribi Detox, RC-529 (GSK,

Hamilton, MT) and other aminoalkyl glucosaminide 4-phosphates (AGPs).

5  Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and variations such as "comprises" and "comprising”, will
be understood to imply the inclusion of a stated integer or step or group of stated integers

or steps but not to the exclusion of any other integer or step or group of integers or steps.

10  The invention will be further described by reference to the following, non-limiting, figures

and examples..
Examples

Example 1 -Analytical Sensitivity Comparison of AM and GSK RealTime PRAME
Oligo Designs

15  Purpose
The purpose of this study was to compare the analytical sensitivity of the Abbott Molecular
(AM) and GlaxoSmithKline (GSK) oligo designs for the RealTime PRAME assay. To that
end, each oligo design was used to test a dilution panel containing a fixed level of beta-
Actin RNA and decreasing levels of PRAME RNA. Through this design, panel members
20  with distinct ACt values (PRAME Ct minus Actin Ct) will be evaluated.

Method

The GSK oligonucleotide set under evaluation contains one PRAME forward primer (SEQ

ID NO :5), one PRAME reverse primer (SEQ ID NO:6) , and one PRAME probe (SEQ ID

NO:7), which direct reverse transcription, PCR amplification, and real time fluorescence
25  detection of the PRAME mRNA exon 5/6 region. The GSK oligonucleotide set also

contains one beta-Actin forward primer, one beta-Actin reverse primer, and one beta-Actin

probe, which direct reverse transcription, PCR amplification, and real time fluorescence

detection of the beta-Actin (endogenous control) mRNA exon 5/6 region.

30 The AM oligonucleotide set under evaluation contains one PRAME forward primer, one
PRAME reverse primer, and one PRAME probe, which direct reverse transcription, PCR
amplification, and real time fluorescence detection of the PRAME mRNA exon 3/4 region.
The AM oligonucleotide The AM oligonucleotide set also contains one beta-Actin forward

primer, one beta-Actin reverse primer, and one beta-Actin probe, which direct reverse

19



22.61 35.33 15.40 19.94 259 95217 32.64 14.61 18.03 31.07 14.40 16.68
water NA NA NA NA NA NA Table 6 Abbot Masterm x GSK Masterm x Pati ent

RNA | D PRAWEBOGKHBII0 ACTI N FAM &G D ct PRAME_CYS_Ct ACTI RCFAvR@R/065%0 260
08823 25.42 14.34 11.12 23.48 14.06 9.42 261 98833 23.07 15.06 8.13 23.04

15.03 8. 0ilfanscription, PCR amplification, and real time fluorescence detection of the beta-Actin
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mRNA exon 4/5 region.

To directly compare the performance of the AM and GSK oligo designs, two master mixes
were prepared. With the exception of the primers and probes, each master mix contained

the same lots of PCR reagents at the same concentrations.

To prepare testing samples for this experiment, PRAME positive RNA from formalin-fixed,
paraffin embedded (FFPE) A549 cells was progressively diluted in 30 ng/rxn of RNA from
the PRAME mRNA null cell line MDA-MB-231. Five 10-fold serial dilutions of A549 RNA
(from 3,000 pg to 0.3 pg/rxn} were generated to achieve a minimal PRAME RNA
concentration that produced less than 100% detection. 30 ng/rxn of MDA-MB-231 RNA
without A549 RNA was included as a PRAME-negative control.

Each dilution level was tested in replicates of 4 for each master mix on the same m2000rt

instrument to assess PRAME and beta-Actin levels.

Linear regressions were calculated from the mean PRAME Ct values relative to the Logqq

of A549 concentration (pg/rxn).

Results

The PRAME detection rate for each dilution panel was similar for both oligo designs, each
demonstrating 100% detection (4 of 4 replicates) at 30 pg A549 RNA/rxn and 50%
detection (2 of 4 replicates) at 3 pg A549 RNA/rxn. At 0.3 pg A549 RNA/rxn, the GSK
design did not detect any PRAME, while the AM design detected PRAME in one replicate.
PRAME was not detected in the MDA-MB-231 negative control for either design. PRAME
Ct values generated by each oligo set were linear (r*> 0.99) across the detectable panel

range. Results shown in table 2 and Figures 1 and 2.
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262 99835 30.82 14.64 16.29 30.37 14.65 15.72 305 84520 36.16 16.52 19.69
33.68 16.42 17.26 313 100332 357 95347 22.88 14.39 8.61 22.27 14.21
8. 06 456 8O2MB/@63181 17.51 12.03 28.15 17.26 10.89 523 9r1aP2019/0609247. 10
12.51 26.98 16.82 10.16 601 85029

Table 2
Abbott — PRAME GSK - PRAME
Pg A549 | Pg MDA | CT1 | CT2 | CT3 | CT4 CcT CT | CT1 CT2 CT3 CT4 CcT CcT
FFPE RNA/rxn mean | SD mean SD
RNA/rxn

3000 30000 | 23.6 | 26.0 | 243 | 26.6 | 25.1 1.4 | 26.8 | 26.7 27.0 26.9 26.8 0.1

300 30000 | 30.3 | 29.9 | 30.2 | 30.2 30.1 0.2 [ 304 | 306 30.5 30.3 30.4 0.2
30 30000 | 33.8 | 34.1 | 33.2 | 336 33.7 04 (349 ] 333 333 33.7 33.8 0.8
3 30000 | 39.2 | nfa | 387 | n/a 38.9 0.4 | n/a n/a 36.1 36.2 36.2 0.1
0.3 30000 n/a | 50.8 | nfa | n/a 50.8 n/a | n/a n/a n/a n/a n/a n/a
0 30000 nfa | nfa | nfa | n/a n/a n/a | n/a n/a n/a n/a n/a n/a

Conclusions

At the highest dilutions, the Ct of samples for which PRAME is detected are lower for the
GSK primers than the Abbott primers. The sensitivity of the GSK primer set is therefore
5 higher on the cell line RNA than that of the AM primer set.

The theoretical slope of the regression of Ct versus log10(concentration) for a PCR
reaction with 100% efficiency is -3.322. The efficiency (in %) of a PCR reaction can be
calculated using the following equaiton: Eff% = ((10*(-1/slope))-1)*100. The slope of the

10  regression line for the Abbott primers is -4.5063, which corresponds to a PCR efficiency of
66.7% (Figure 1). For the GSK primers, the slope is -3.13, which corresponds to a PCR
efficiency of 108.7% (Figure 2). The efficiency of the GSK primers is closer to the
theoretical efficiency than the efficiency of the Abbott primers. It is also generally accepted
that PCR reactions with efficiencies below 90% should be redesigned (e.g.

15 http://www.dorak.info/genetics/glosrt.html).
Example 2 - Comparison of Abbott and GSK oligos using 7 FFPE NSCLC samples

Purpose

The purpose of this experiment was to compare the performance of the Abbott Molecular

(AM) and GlaxoSmithKline (GSK) oligo designs for the RealTime PRAME assay. To that
20 end, each oligo design was used to test RNA eluates from seven non-macrodissected

Formalin-fixed, Paraffin-embedded (FFPE) Non-small Lung Cancer (NSCLC) specimens.

Method
The GSK oligonucleotide set under evaluation contains one PRAME forward primer, one

PRAME reverse primer, and one PRAME probe, which direct reverse transcription, PCR
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25.39 15.47 10.04 24.79 15.21 9.58 602 87515 38A1(1) 17.77 20.47 34.95
17.41 17.54 605 89024 28.23 15.03 13.26 26.44 14.91 11.54 608 93474 27.80
16. 42 11.\80286/B83186. 44 9. 40 633 87017 29.01 16. 36 12. 5@C2/EPAM2D66936 11. 05
636 92375 31.55 17.98 13.55 28.70 17.80 10.91 661 85031 25.01 14.58

amplification, and real time fluorescence detection of the PRAME mRNA exon 5/6 region.
The GSK oligonucleotide set also contains one beta-Actin forward primer, one beta-Actin
reverse primer, and one beta-Actin probe, which direct reverse transcription, PCR

amplification, and real time fluorescence detection of the beta-Actin (endogenous control)

5 mRNA exon 5/6 region.

The AM oligonucleotide set under evaluation contains one PRAME forward primer, one
PRAME reverse primer, and one PRAME probe, which direct reverse transcription, PCR
amplification, and real time fluorescence detection of the PRAME mRNA exon 3/4 region.
10  The AM oligonucleotide set also contains one beta-Actin forward primer, one beta-Actin
reverse primer, and one beta-Actin probe, which direct reverse transcription, PCR
amplification, and real time fluorescence detection of the beta-Actin mRNA exon 4/5

region.

15  To directly compare real time PCR performance of the AM and GSK oligo designs, two
master mixes were prepared. With the exception of the primers and probes, each master

mix contained the same lots of PCR reagents at the same concentrations.

To prepare testing samples for this experiment, tissue sections from each of seven FFPE
20 NSCLC specimens were deparaffinized and stained with Nuclear Fast Red. RNA was
then extracted from the whole-tissue sections (non-macrodissected) and quantitated using

a Nanodrop spectrophotometer.

10 ng of RNA from each specimen was tested in replicates of three for each master mix on
25 an m2000rt instrument to assess PRAME and beta-Actin levels.

Results
For each PCR replicate tested, the PRAME cycle threshold (Ct) and the ACt (PRAME Ct
minus beta-Actin Ct) obtained with AM and GSK oligo sets are shown in tables 3 and 4.
For 3 of the 7 samples tested, PRAME signal (Ct) was undetectable with either oligo set.
30  Of the 4 samples that yielded detectable PRAME signal, one had all 3 replicates detected
for either oligo set; one had one replicate detected by AM oligo and 3 replicates detected
by GSK oligo; and 2 had 2 replicates detected by AM oligo and one replicate detected by
GSK oligo.
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10. 46 23.96 14.60 9.37 662 85030 25.14 13.70 11.52 23.35 13.66 9.69 664
87300 26.30 15.32 10.91 25.57 15.55 10.02 665 87608 23.49 14.31 9.10 21.85
14. 41 7. Mo0@913/BRHB4 27.57 17.38 10.18 27.21 17.37 9. 84P6IFEP2UCHEH2R5. 82
18.80 6.96 24.69 18.61 6.08 798 87505 24.41 14.34 9.97 23.71

Table 3
Abbott - PRAME GSK - PRAME

Sample | Sample CT1 CT2 CT3 CcT CT1 CT2 CT3 CcT
ID input mean mean
1 10ng -1 -1 36.97 36.97 37 35.95 35 35.98
2 10ng 32.02 32.55 33.53 32.7 33.02 33.35 34.03 33.47

10ng -1 -1 -1 -1 -1 -1 -1 -1
4 10ng -1 -1 -1 -1 -1 -1 -1 -1
5 10ng -1 37.51 37.4 37.46 -1 35.82 -1 35.82
8 10ng -1 -1 -1 -1 -1 -1 -1 -1
9 10ng -1 38.33 34.73 36.53 -1 36.11 -1 36.11
5 Table 4
Abbott - PRAME GSK - PRAME

Sample | Sample ACT1 ACT2 ACT3 ACT ACT1 ACT2 ACT3 ACT
ID input mean mean
1 10ng n/a n/a 14.31 14.31 13.78 12.67 11.80 12.75
2 10ng 9.76 10.33 11.30 10.46 10.11 10.42 11.16 10.56
3 10ng n/a n/a n/a n/a n/a n/a n/a n/a
4 10ng n/a n/a n/a n/a n/a n/a n/a n/a
5 10ng n/a 16.32 16.23 16.28 n/a 14.15 n/a 14.17
8 10ng n/a n/a n/a n/a n/a n/a n/a n/a
9 10ng n/a 15.36 11.90 13.66 n/a 12.66 n/a 12.71

Conclusions

At the highest dilutions the GSK oligos detect the PRAME target at lower Ct and lower
delta Ct values than the AM assay. Thus, the sensitivity of the GSK assay on the clinical

10  samples is better than that of the AM assay.
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14.40 9.31 800 88347 24.33 14.88 9.36 22.65 14.95 7.70 809 94956 33. 88
16.30 17.57 31.01 16.19 14.82 834 100357 28.35 15.06 12.99 27.95 15. 22

12. 73 852w03¥BI030310" *10.03 ' k 18 .87 k832 WD PCT/EP2012/066920

2013/ 030310PCT/ EP2012/ 066920 1203 85757 24.71 14.41 10.33 24.64 14.58 10.06

1205 8647Exazn§pl%% -]C%'n?garil's%h]b?A%ﬁbtzgnd GSK oligos using 50 FFPE NSCLC samples

Purpose

The purpose of this study was to compare the performance of the Abbott Molecular (AM)

and GlaxoSmithKline (GSK) oligo designs for the RealTime PRAME assay. To that end,
5 each oligo design was used to test RNA eluates from 50 macrodissected Formalin-fixed,

Paraffin-embedded (FFPE) Non-small Lung Cancer (NSCLC) specimens.

Method
The GSK oligonucleotide set under evaluation contains one PRAME forward primer, one
PRAME reverse primer, and one PRAME probe, which direct reverse transcription, PCR

10  amplification, and real time fluorescence detection of the PRAME mRNA exon 5/6 region.

The AM oligonucleotide set under evaluation contains one PRAME forward primer, one
PRAME reverse primer, and one PRAME probe, which direct reverse transcription, PCR

amplification, and real time fluorescence detection of the PRAME mRNA exon 3/4 region.

15
In this study, both oligonucleotide sets also contain one beta-Actin forward primer, one
beta-Actin reverse primer, and one beta-Actin probe, which direct reverse transcription,
PCR amplification, and real time fluorescence detection of the beta-Actin (endogenous
control) mRNA exon 5/6 region.

20

To directly compare real time PCR performance of the AM and GSK oligo designs, two
master mixes were prepared. With the exception of the PRAME primers and probes, each

master mix contained the same lots of PCR reagents at the same concentrations.

25  To prepare testing samples for this experiment, tissue sections from each of 50 FFPE
NSCLC specimens were deparaffinized, stained with Nuclear Fast Red, and
macrodissected to achieve a minimum of 50% tumor cells in an area of at least 50mm?.
RNA was then extracted from each macrodissected specimen and quantitated using a
Nanodrop spectrophotometer.

30
50 ng of RNA was tested in replicates of 2 for each master mix on an m2000rt instrument
to assess PRAME and beta-Actin levels, except for two specimens for which only one
replicate was tested due to lack of sufficient sample and for one specimen for which 25 ng

was tested in each of the two replicates due to lack of sufficient sample. Due to space

24



14.50 10.20 1207 87510 32.00 14.79 17.31 31.38 14.70 16.68 1212 93262 21. 86
14.29 7.60 21.54 14.34 7.20 1216 101054 23.50 14.04 9.44 22.90 14.20 8.70
Wat er NA WA 203/08831NA NA  Concl usi ons 5The det ecti on rat @COEPRRANERN t he
clinical sanples is 96% for the AM assay and 100% for the GSK assay. The

I ntercept .of the regr i of GSK &t val ues versus A alyes is 2.2.
Ther ef or e MURIBS NI BF RERAREREHTHATS WATF IHoCH h U B ols el B0 bl age 2. 2
Ct earl i emabter nibhe GSK 10assay than for the AM assay. This confirns the
better sensitivity of the GSK assay on clinical sanples. The slope of the
regressi op, GSK Ct val ues versus AM C values is 0.8675. Equival ence of
the GSK an ﬁAI\/E assays would result in a slope of 1. This nmeans that the
Ct val uesFeorAg out of Hee Y\spesisagnsi therAdd otgareet detestsddPRANESig) (Gthiarl 00kogfe of

t he a : A : ' i | ghts
bot t or> por Far e £GP RS MR AT (U sl et e
PCT/ EP201PRa&BOsgIgnal 41 ge-afl taxX OBMP TRKEPINBELeBI Ihe@MAlig set detected beta-Actin

signal in all PCR replicates tested for all specimens. The GSK oligo set detected PRAME

signal and beta-Actin signal in all PCR replicates tested for all specimens.
10  For each specimen tested, the mean PRAME cycle threshold (Ct), the mean beta-Actin Ct,
and the ACt (mean PRAME Ct minus mean beta-Actin Ct) obtained with AM and GSK

oligo sets are shown in tables 5 and 6.

A correlation analysis for PRAME Ct results obtained with AM vs. GSK oligo sets is shown

15  in Figure 3.
Table 5
Abbot Mastermix GSK Mastermix

Patient | RNAID PRAME _CY5 Ct | ACTIN. FAM Ct Dct
ID . .
31 93197 26.48 15.05 11.43 24.83 14.99 9.84
32 93264 24.92 13.85 11.07 23.56 14.09 9.47
33 93451 35.18 15.07 20.11 31.82 15.03 16.80
42 83286 23.20 14.23 8.97 21.65 14.25 7.40
43 83287 21.00 14.959 6.05 20.12 14.86 5.26
71 83060 29.51 16.38 13.13 26.89 16.15 10.74
73 87858 23.81 14.26 9.55 22.10 14.33 1.77
74 90724 25.14 15.29 9.86 24.49 15.28 9.21
89 91970 34.96 16.25 18.72 32.85 16.09 16.77
95 82840 25.83 15.63 10.20 23.86 15.46 8.40
98 87020 24.81 14.91 9.90 23.10 14.78 8.32
101 89659 23.44 13.14 10.30 23.43 13.39 10.04
135 | 100205 #32.3 19.61 12.69 #29.44 19.45 #9.995
141 | 92803 35.67 15.40 20.27 33.91 15.35 18.56
252 83226 22.65 14.46 8.19 22.38 14.40 97.98
253 83457 24.56 15.57 9.00 24.24 15.61 8.63
255 91148 27.58 16.01 11.58 25.92 15.93 9.99

25



S A

5 <120>METHCD <130>VB64750FF <150>1114919. 2 10
<151>2011-08- 30 <160>7 <170>PATENTI N VERSI ON 3. 5 15 <210>1
<211>20 WwWOBBADNA <213>ARTI FI CI AL SEQUENCE 20 PCT/EP2012/066920

256 | 89167 22.34 14.44 7.90 20.90 14.44 6.46
258 | 91820 38.26(1) 15.65 22.61 35.33 15.40 19.94
259 | 956217 32.64 14.61 18.03 31.07 14.40 16.68

water NA NA NA NA NA NA

(n) = Number in parentheses

detection

#25ng sample/well was used be

ause

of lack of enough sample

indicates reps detected (out of 2) when less than 100%

Table 6
Patient | RNAID - PRAME CY5 Ct | ACTIN FAM Ct | Dt
ID
260 98823 2542 14.34 11.12 23.48 14.06 9.42
261 98833 23.07 15.06 8.13 23.04 15.03 8.01
262 | 99835 30.82 14.64 16.29 30.37 14.65 15.72
305 | 84520 36.16 16.52 19.69 33.68 16.42 17.26
313 | 100332 *26.33 17.71 *8.62 *25.00 *17.45 *7.55
357 95347 22.88 14.39 8.61 22.27 14.21 8.06
456 82315 29.51 17.51 12.03 28.15 17.26 10.89
523 91128 29.56 17.10 12.51 26.98 16.82 10.16
601 85029 25.39 15.47 10.04 24.79 15.21 9.58
602 87515 38111 17.77 20.47 34.95 17.41 17.54
605 89024 28.23 15.03 13.26 26.44 14.91 11.54
608 93474 27.80 16.42 11.33 25.83 16.44 9.40
633 87017 29.01 16.36 12.58 27.41 16.36 11.05
636 | 92375 31.55 17.98 13.55 28.70 17.80 10.91
661 85031 25.01 14.58 10.46 23.96 14.60 9.37
662 | 85030 25.14 13.70 11.52 23.35 13.66 9.69
664 | 87300 26.30 15.32 10.91 25.57 15.55 10.02
665 87608 23.49 14.31 9.10 21.85 14.41 7.44
697 92554 27.57 17.38 10.18 27.21 17.37 9.84
699 | 100595 25.82 18.80 6.96 24.69 18.61 6.08
798 87505 24.41 14.34 9.97 23.71 14.40 9.31
800 | 88347 24.33 14.88 9.36 22.65 14.95 7.70
809 | 94956 33.88 16.30 17.57 31.01 16.19 14.82
834 | 100357 28.35 15.06 12.99 27.95 15.22 12.73
852 93781 2924 19.18 *10.03 "27.59 *18.87 *8.72
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<220> <223>PCR PRI MER <400>1 25 CCATGACAAA GAAGCGAAAA 20 <210>2
<211>20 30 <212>DNA <213>ARTI FI CI AL SEQUENCE <220> <223>PCR

PRI MER 86 2013/0363100>2 CATCTGECCC AGGTAAGGAG PCT/EP2012/066920
1203 | 85757 24.71 14.41 10.33 24.64 14.58 10.06
1205 | 86473 26.60 14.53 12.10 24.70 14.50 10.20
1207 | 87510 32.00 14.79 17.31 31.38 14.70 16.68
1212 | 93262 21.86 14.29 7.60 21.54 14.34 7.20
1216 | 101054 23.50 14.04 9.44 22.90 14.20 8.70
Water NA NA NA NA NA NA

(n) = Number in parentheses indicates reps detected (out of 2) when less than 100%
detection

*only one rep was tested because of lack of encugh sample

Conclusions
5  The detection rate of PRAME in the clinical samples is 96% for the AM assay and 100%
for the GSK assay.

The intercept of the regression of GSK Ct values versus AM Ct values is 2.2. Therefore,
detection of PRAME in the clinical samples occurs on average 2.2 Ct earlier for the GSK
10  assay than for the AM assay. This confirms the better sensitivity of the GSK assay on

clinical samples.

The slope of the regression of GSK Ct values versus AM Ct values is 0.8675. Equivalence

of the GSK and PRAME assays would result in a slope of 1. This means that the Ct values
15  for the AM assay increase more rapidly (13.3%) than those of the GSK assay as the

PRAME concentration decreases. This also highlights better performance of the GSK

primers.
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20 40 <210>3 <211>23 <212>DNA <213>ARTI FI CI AL SEQUENCE 45 <220>
<223>PCR PRI MER <400>3 CTGTACTCAT TTCCAGAGCC AGA 23 50 <210>4
<211>26 WOBBASLNA PCT/EP2012/066920

SEQUENCE LISTING
<110> GLAXOSMITHKLINE BIOLOGICALS S.A.
5 <120> METHOD
<130> VB64750FF

<150> 1114919.2
10 <151> 2011-08-30

<160> 7

<170> PATENTIN VERSION 3.5

15
<210> 1
<211> 20
<212> DNA
<213> ARTIFICIAL SEQUENCE
20
<220>
<223> PCR PRIMER
<400> 1
25 CCATGACAAA GAAGCGAARA 20
<210> 2
<211> 20

30 <212> DNA
<213> ARTIFICIAL SEQUENCE

<220>
<223> PCR PRIMER
35
<400> 2
CATCTGGCCC AGGTAAGGAG 20

40 <210> 3
<211> 23
<212> DNA
<213> ARTIFICIAL SEQUENCE

45 <220>
<223> PCR PRIMER

<400> 3

CTGTACTCAT TTCCAGAGCC AGA 23
50

<210> 4

<211> 26

<212> DNA

55 <213> ARTIFICIAL SEQUENCE

<220>
<223> PCR PRIMER

60 <400> 4
TATTGAGAGA GGGTTTCCAA GGGGTT 26
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55 <213>ARTI FI Cl AL SEQUENCE <220> <223>PCR PRIMER 60 <400>4
TATTGAGAGA GGGITTCCAA GGGGIT26 WO 2013/ 030310 <210>5 <211>17
PCT/ EP20 0663330316 <212>DNA <213>ARTI FI CI AL SEQUENCECT/ER2010666920

<223>PCR PRIMER 10 <400>5 GAGGCCGCCT GGATCAG
<210> 5
<211> 17

5 <«212> DNA
<213> ARTIFICIAL SEQUENCE

<220>
<223> PCR PRIMER
10
<400> 5
GAGGCCGCCT GGATCAG 17

15 <210> 6
<211> 25
<212> DNA
<213> ARTIFICIAL SEQUENCE

20 <220>
<223> PCR PRIMER

<400> 6

CGGCAGTTAG TTATTGAGAG GGTTT 25
25

<210> 7

<211> 16

<212> DNA

30 <213> ARTIFICIAL SEQUENCE

<220>
<223> PRAME PROBE

35 <400> 7
TGCTCAGGCA CGTGAT 16

40
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17 15 <210>6 <211>25 <212>DNA <213>ARTI FI CI AL SEQUENCE 20 <220>

<223>PCR PRI MER <400>6 CGGCAGITAG TTATTGAGAG GGTTT 25 25 <210>7
<211>16 wo<BBABSDNA 30 <213>ARTI FI Cl AL PCT/EP2012/066920
CLAIMS.

10

15
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35

1. An oligonucleotide comprising the nucleotide sequence of any of SEQ ID NO:5to 7.

2. A primer comprising the nucleotide sequence of any of SEQ ID NO:5to 7.

3. A primer pair comprising SEQ ID NO:5 and 6.

4. A probe comprising the nucleotide sequence of any of SEQ ID NO:5, 6 or 7.

5. A kit comprising
(i) a primer pair comprising or consisting of SEQ ID NO:5 and SEQ ID NO:6; and
(i) a probe comprising or consisting of SEQ ID NO:7.

6. A kit comprising:
(i) a forward primer comprising or consisting of SEQ ID NO:5
(i) a reverse primer comprising or consisting of SEQ ID NO:6; and

(iii) @ probe comprising or consisting of SEQ ID NO:7.

7. A method for determining whether the PRAME gene is expressed in a biological
sample, comprising the step of contacting a nucleotide sequence obtained or derived from
a biological sample with:

(i) at least one primer as described herein;

(i) a set of primers as described herein;

(iii) @ probe as described herein; and/or

(iv) a kit as described herein.

8. A method of patient diagnosis comprising the step of contacting a nucleotide sequence
obtained or derived from a patient-derived biological sample with one or more of the
following components (i) to (iv):

(i) at least one primer as described herein;

(i) a set of primers as described herein;

(iii) @ probe as described herein; and/or

(iv) a kit as described herein.

9. A method for determining the presence or absence of PRAME positive tumour tissue in

a patient-derived biological sample, comprising the step of contacting a nucleotide
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12. A method according to any of claims 7 to 11 in which the biological sample is

15 Formalin—Fixed, Paraffin-Embedded tissue.

13. A method of treating a patient comprising using the method of any of claims 7 to 12 to
select a patient having PRAME positive tumour tissue and then administering a PRAME
immunotherapy to the patient.

20
14. A composition comprising a PRAME immunotherapy for use in the treatment of a
patient suffering from a PRAME expressing tumour, in which a patient is identified as

having PRAME expressing tumour tissue using the method of any of claims 7 to 12.

25 15. Amethod or composition according to any of claims 7 to 14, in which the PRAME

immunotherapy comprises a PRAME antigen or peptide thereof.

16. A method or composition according to claim 15 in which the PRAME antigen or
peptide is fused or conjugated to a carrier protein.

30
17. A method or composition according to claim 16 in which the carrier protein is selected

from protein D, NS1 or CLytA or fragments thereof.

18. A method or composition according to any of claims 7 to 17, in which the composition

35  further comprises an adjuvant.
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the conposition 35further conprises an adjuvant. 19. A nmethod or
conposition according to claim18 in which the adjuvant conprises one or
nore or conbinations of: 3D-MPL; alum niumsalts; CpG contai ni ng

ol i gonucl eoti des; saponi n-cont ai ni ng adj uvants such as Q21 or | SCOVs;

oi | -in-water enulsions; and |i posones.

32



