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TECHNI CAL FI ELD OF THE I NVENTI ON The present invention relates to the
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expressed on the surface of T cells. The T cell receptor (TCR) of a T cel
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histocgﬁéggkﬂ%ﬁpfﬁig%kgﬁggﬂ?ﬁﬁﬁﬁfﬁ%lecules and presented on the surface of
target cells. Specific binding of the TCR triggers a signal cascade inside
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can be used for tunor vaccination including whole cancer cells, proteins,
pept i desstorfor immenition mydmectegelopsigoth as RNA, DNA or viral vectors that can
be applied either directly in vivo or in vitro by pulsing of DCs foll ow ng
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proteins, peptides or immunizing vectors such as RNA, DNA or viral vectors that can be

applied either directly in vivo or in vitro by pulsing of DCs following transfer into the patient.



The technical problemunderlying the present invention is to provide a

hi ghly effective individualized cancer vaccine. The present invention is
based on wbeoidgmisyfi cati on of patient specific cancer wpatrarb@nso206
targeting a patient's individual cancer nutation "signature". Specifically,
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individualized cancer vaccine.

The present invention is based on the identification of patient specific cancer mutations and
targeting a patient's individual cancer mutation “signature”. Specifically, the present invention
which involves a genome, preferably exome, or transcriptome sequencing based
individualized immunotherapy approach aims at immunotherapeutically targeting multiple
individual mutations in cancer. Sequencing using Next Generation Sequencing (NGS) allows

a fast and cost effective identification of patient specific cancer mutations.



The present invention relates to efficient methods for providing
i ndi vidual i zed reconbi nant cancer vaccines inducing an efficient and

speci fi c womungisyssponse in a cancer patient and potent ipglrige2d120g2be ng t he
primary tunor as well as tunor netastases. The cancer vaccines provided
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preferably is derived fromthe cancer patient; ii) identifying sequence
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response.

The advantages of using RNA as a kind of reversible gene therapy include transient
expression and a non-transforming character. RNA does not need to enter the nucleus in order
to be expressed and moreover cannot integrate into the host genome, thereby eliminating the
risk of oncogenesis. Transfection rates attainable with RNA are relatively high. Furthermore,

the amounts of protein achieved correspond to those in physiological expression.

The rationale for the immunotherapeutic targeting of multiple individual mutations is that (i)
these mutations are exclusively expressed, (ii) mutated epitopes can be expected to be ideal
for T cell immunotherapy since T cells recognizing them have not undergone thymic
selection, (iii) tumor immune escape can be reduced e.g. by targeting “driver mutations™ that
are highly relevant for the tumor phenotype, and (iv) a multiepitopic immune response has a

higher likelihood to result in improved clinical benefit.



step (iv). According to the invention a tunor specinen relates to any
sanpl e such as a bodily sanple derived froma patient containing or being
expect ed wb 20mntseisai ng tunor or cancer cells. The bodi | ycsarpde/onrys be any
ti ssue sanple such as blood, a tissue sanple obtained fromthe primry

tunor Qr or any other sanple containing tunor or
cancer%%%é’gfpﬁ&g?éfgbll &,‘i’gﬁﬁgdi |y sanple is blood and cancer specific
somati c nutations or sequence differences are deternmned in one or nore
circulating tunor cells (CICs) contained in the blood. In another
enmbodi EAVIMARY DT HpEEY AP ates to one or nore isolated tumor or
cancer cells such as circulating tunor cells (CTCs) or a sanple containing
one or nore isolated tunor or cancer cells such as circulating tunor cells
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di fference.bet ween t.h cl ei. j At al in a cancer cell and the
nucleiép%%ﬁﬁnggﬁogfHéSHﬁﬁsgghg?%%hg% i:.?éggg%iably, the mutations
identified in the nmethods according to the present invention are

non- synonynous nut ati ons, preferably non-synanynous. nut ati on f proteins
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one e I; SANCEY ecific somatic nutations or sequence differences
are dm?dﬁgﬁg%n? n&%eegsge%om, preferably the entire genone, of a tunor
speci nmgq). iddmifyingt deaceredpraidicamtabie nmutetéentsi iore mayorcpapmies ef jadeaneerf BAtegt the
cancer nutation sir%gat.ur e. of thgftgenoms eferably the entire genone of
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conprises identifying the genone-w de cancer nutation profile. In one
enbodi ment, cancer specific somatic nutations or sequence differences are
determ.ned in, the exgne ref erabl / L . .unor speci nen.
The exdhiR§ gmB%£pe8¢?q%@et§ ﬁgﬁéheolfly%ltﬁl%grcggl 5[15%1 tﬁ é?@lgésgg%ns, whi ch are
codi ng portions of expressed genes. The exone provides the genetic

bl ueprint used in the synthesis of proteins and ot her f(imcti onal gene
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enbodi ment, the ?&ﬁ&r@ioﬂu@@%%%h%@ﬁ@&%ﬁs§;I§1&‘¥rhéﬂ;0 somatic nmutations in a
tunor specimen of a cancer patient conprises identifying the exome-w de
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mut ati ons or seqH%?ce differenc&s re,.determned in the transcriptone,
preferably the eftisEREr SRSEPISEIMIP 61 a tunor speci men. The transcri ptome
is the set afy al brf3NAngohe polyBeptidenddstitheddn NERENAi) BNA, nuckiNAacian grederably

non- codi ng RNA produced in one cell or a population of cells. In context of
the present inveRNArenchdingsasidPohipspiods: ahtans the set of all RNA nol ecul es
produced in one cell, a population of cells, preferably a popul ati on of
cancer cells, or all cells of a given individual at a certain tine point.
Thus, the nethod of the invention nmay conprise identifying the cancer

mut ati on signature of the transcriptowe, preferably the entire

transcri ptome of one or nore cancer cells. In one enbodi ment, the step of
identifying cancer specific somatic nutations in a tunor specinmen of a
cancer patient conprises identifying the transcriptonme-w de cancer nutation
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7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or even nore cancer
cells. Thus, the nethod WD 2012/159754PCT/ EP2012/ 002209 of the invention
may conprweeoidemsiyfyi ng a cancer nutation signature of peaigk20n@0209 NOr €
cancer cells. In one enbodi nent, the cancer cells are circulating tunor
cells. The cancer ce.Idls such .as the circulatin hgrmr cegl.s rrgy rg%di ol at ed
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cancer specific sggpgic mutations or identifying sequence differences

i nvol ves using next generation sequencing (NGS). In one enbodi nent, the
step of identifying cancer specific somatic nmutations or identifying
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i ncorporating sequence changes based on the identified nutations or
sequence differences are also ternmed "neo-epitopes” herein. Presentation of
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e and RS Hpbef BB Which SterRl X Ok iiph B5ech A0 BRI Dotk ' 2
tunor nelicaBhparisyidesd poessitagigdd e hsinkreapesbd ohcdrtanMgCumoesendnedr eglist opes
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the arbitpakhoudalsai on of a sufficient number of neo-epitopes (preferably
in the forntof an encoding nucleic acid) into a vaccine or it may conprise
the further step of determning the usability of the identified WD
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Preferably, the mutations identified in the methods according to the present invention are non-
synonymous mutations, preferably non-synonymous mutations of proteins expressed in a

tumor or cancer cell.



Miut ati ons or sequence differences determ ned according to the invention may
be ranked for their usability as epitopes for cancer vaccination. Thus, in
one aspecwo 2vteispetihod of the invention conprises a maneal/EPR012/002209

conput er - based anal ytical process in which the identified nutations are
anal yzed and sel ected for their usability in the respective vaccine to be
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ht t p: / / idewt fiyimputhe epidnopwidsrqgnddrenetaiagn pfofiledent i f yi ng nut ati ons which are
potentially imunogenic may conprise determ ning and/ or ranking epitopes
according to a prediction of their MC binding capacity, preferably MHC
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enbodi nent of the invention, the epitopes can be sel ected and/ or ranked by
usi ng finrthhexopar prefarehly the entigsexoms &f @ MMPASPECImEBOEN@LEYMGAh@art of the

expressi on, sequence .uni-gque redi i i L

associ a%qHSWevﬁef?dﬁ °5%%ncl)sgnér€%s.eraﬁﬂs?l;%%O%f’e‘g@é%gengcfc@zig&gﬁggggHﬂg%sggg%&si lrloqralgland
priori tdxpatd pravides M gérietio Sludpoint @xaiTiel Sie syniisiatoif rotedns cindi cthdrofunctiomal a

| arger portion of CTC nay he prioritized hitheg3 than a nmutation found in a
| over pespeipeedugts: EFethehest duiatieptlibielrnRARe B SHIRUHE P b s most

| dent | fihadh, BEEOLALAE & Ant BRcddNFIbE AR ARMIRA OYRLBELRY of HARGHAR dRhotbSs
invention1s preferably present in the Tormof a pol ypeptide conprising
sai d nestigptddapesmprisd V.6 dfape totplogeppeptVgePCar ab. RboS &iew., #68)d 1-15n 2008).
particul.ar RNA, encoding sai.d pol ypeptide., Furthernore, the neqg-epitopes
may be -B?"ésgﬁtm?tﬁo‘fﬁgthﬁdflwgﬁfli“a@y$ R} lfi%ﬂ‘ﬁ%”&% ¢ REES W@gélgﬁﬁé%?g{eu,re :Bfe.
presentyl Ry bAET freRIB e SBALISRGRe 6PBhEVE mofe Banckt &dlketh bye aMbodinAst,dhe
sequences al so Tlanking said epitopes in the naturally occurring protein.
Such f |serkohiges@fyineneoserenctifinpymebepritaions inp typpespetion @y ofgpeancen gatignt

nore, 20 or.norg and eferabl v . up t 0, .. 45, up to 40, up to 35 or
up to ﬁ%sﬁﬁlﬁaﬁlﬁyﬁhaewe'ﬁ% antc%é%élbaltltgggléo(ﬁsl%’quence N-terminal |y and/ or
Cterminally. Thus, a vacci ne sequence may conprise 20 or nore, 25 or nore,
30 or nore, 35 or nore, 40 or nore and preferably up to 50, up to 45, up to
40, up lnengsmhodiment.caBeer SREABC sRatac mPFi’“BH%O%Sr?BBEﬂ CreRtRs affe @tslﬁ?lf‘Sﬁges
and/or yaggl Qx%n??ﬁ) GRE e BreRb bl AR e'(ljﬁré Nrahb&igpthy PPt d dGnideagseedidl frhe | N
one enbodi nment, T he neéo-epi topes and/ or vaccline seguences are spaced by

| i nker Sranisérifaaimei is uhasetnefudll RINA imdecdes, Thaudieg mRNARkBNA, a0k dimp other t he

invention relates . to a peptide added between t tide donmai such as
epi t ope¥ngroding &l P§%§@Eé‘é§n'€ cfeﬂo‘?fn%(?f’p‘élépﬂn \égﬁ%ﬁgeﬂ“d%%g?’ﬁzqﬁ%ﬁé?fgsqn no

parti th%ntéﬁl %%%}dn?&rﬁg&g@rrgédﬁg hB&et bhkar RNAAHRSEles HYSBYRM, inl énd Sell, a
preferred that the IiInker sequence reduces steric hindrance between the two

pept i deopahmionsf cells, peférably arsipatation ofsancsupgtss psalbeells dfng ver deddual gt of

the epitopes. .Furtherppre, the lin shoul.d have no _ar .only .l i

i m’runogae?ﬁpr@l% BT gﬁ‘ésr’rél?ﬁ g‘.et}ﬁdn(fl%gtﬁ‘g Hbvreg#lg? SEPyOSHaGF dggnné 8?2}% gancer
non- endpEenoN 2 ASRTE R HPMmskiiBmieh Eﬁsfergslryethateﬁdref fr ¥t P njeUscneoor fidrelr e
bet ween adj acent neo- egi topes, which m ght generate unwanted i mune

r eact i oascer Talls. dh oneemppdimsal, Yegitenpf deniHying rneH S0eAlp sEPRIGBNAEBHINE n

| i nker sequences which are abl e. r
bi i naSF R SpRaRel Y sahcer Rl SokBHUGS LR MTHE u Bl HENAY- Rl bhncer
Zhang ehutation psbfil®i ol . Chem , 279(10), 8635-41, 2004) have shown that

gl ycine-rich sequences inpair proteasomal processing and thus the use of
glycine rich linker sequences act WO 2012/ 159754PCT/ EP2012/ 002209

In one embodiment, the step of identifying cancer specific somatic mutations or identifying

sequence differences comprises single cell sequencing of one or more, preferably 2, 3, 4, 5, 6,

7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or even more cancer cells. Thus, the method
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to mnimze the nunber of |inker-contained peptides that can be processed
by the proteasone. Furthernore, elycine was observed to inhibit a strong

bi ndi ng iwWoOIhiQ/13p718di Nng gr oove positions (Abastado et al PCTEP20121002209 .
151(7), 3569-75, 1993). Schlessinger et al. (Proteins, 61(1), 115-26, 2005)
had found that am no acids elycine and serine included in an am no acid
sequence theduyantion raayreeraprijeeideniiying atcaneer theations signatwredf said one oy more
transl ated an rocessed by the protea enapling better cess_to.the
encoded Hes Wr e ThHRe Mol Raleh B0 e T PRUREHuaf ol PR en e ™%
or nor esuch@s fHe diRLRtind Purdr d8llk EnayHe ioslat@@peioafdsipglefcen a&duentipgt 0 50, up to
45, up to 40, up to 35 or up to 30 amno acids. Preferably the linker is
enriched in glycine and/or serine am no acids. Preferably, at |east 50% at
| east % 709 8000 I % : - %.0f the
am no_ oo pb Ry W o) of SRk i eatley spaTRe M P BidnE R Lol
enbodi reegiinca dififerkasdes iisvodul sismgtrieat gnecnivposqebnoingt(MESHYm no aci ds gl yci ne
and serine. In one enbodinent, the |inker conprises the am no acid sequence
(GES)a(GSS) b(GEE c(SSG d(GSG), wherein a, b, ¢, d and e is independently a
nunmber cdgshdh ; i : iohes 345015,
16, 17,15?5?,% 19 50, the dep B idtnifying cpoer Spedific Jomdth mbdatiohg or ddbpribng 15,
pr ef er adeljyenae ediffecancapreompdiser spguencing @enomice DOVA Saml/omdii¢A bh thergumor
enbodi nent., the linker conprises a sequence as described herein including
the | i nREF™SBquences described in the exanpl es such as the sequence
GGSGEEESG. | n anot her enbodi nent of the present invention the collection of
mut ati on based neo-epitopes identified according to the invention and

provi dekb tsyeal cpnearispecié sathetid myEtipnHAT $es1u9m¢@fcbgfan§n9esﬁh@ancrenmfmafl@m m of
a collegtion pf polypeptides conprisin i.d neo--epj 0 i ff

pol ypept e RumaRe RREL ey S RlrY SbherBg R IR Rll s Bl e

neo- epiihRPAstobbaihedafion! squeirimy fiidlaipicld) sueh ag DIOA | @CRNANnoDhormtt Indine
acids, in particular RNAs, encoding said polypeptides. In one particularly
pr ef er réeceEpsosilifesich a8 gsaniiag celbp e Pompp i Be gbtdiedi fgmt e e st

i nventi I 1. [l St pat i e i 0 { cleliGac

or of or Aoy AT R B B RO rrlal ehnlcCE Hrline DRE O GAREN o) be
expr es yedpheralctdbdd mohosugber icelit (PBMEBspas anti gen presenting cells to produce
t he pol ypeptide. The present invention also envisions the adm nistration of
one or nore nultiepitopic polypeptides which for the purpose of the present
i nventiOR.afife pRIMIdSELoRNNS RS thEmAhdasl o aRé haRkst ROENMRAEPELAS 1o PraEGRADI Y
inthe formof a nucleic acid, preferably RNA such as in vitro transcribed
or syntwiaeh oviRNAadnpinistdredray abpatentppreésehlyiprovides @ efllegtipmiof eiHCs preherded
antigen presenting.cells t r odu t he ane. or nor WO -

2012/ 158 ARCHER3G 13 B08208" ST pOsti BRS: 11 At PRE GRS JdRe'S: 22 Pht i on
of nor endrband pRgerablytipaBidooRp o HRupRB B0 d%td s wpae-4epip PFSoipei XdedHIy t he
different nultiepitopic polypeptides may be different or partially

over | appisaried GREEPET dBEATPOTRHNG eefluenst Hapags é@ﬁedsqmﬁheasdeaﬁﬁpééﬁutsg@ssem i ng
cells t ' ' e i [ 1.S: pr I e
fhe nesomshELSBRTHAER, SRR Rl nlel el SR Bpoking RASERE MR IEUET,
vacci nenphe\déerifiedcnotatdbng of eeduetcd difésiend@n an@ylspriennete "ddcpilopsss herein.

Il -presented epitopes that are capable of eliciting a CD4+ hel per T cel

r espond&esEyatipg of GBF%CSCFéS@ﬁF%§¥i GYS 3 §aREts FoRFHGHER wﬂ%ewsgr% l&d
epitop ' : il V. P lql ¢y MAdY i i on:.0fic a
vacci ng)?epf%@l)&g%lmaégggr é‘%l%ggﬂtégﬁ%%?eieﬁgéﬁ%ﬁgh&dng@% |¢c)1rt)c‘)\}\i/I ge M—léﬁ%:slr’gﬁséspﬂlems

| - pr eséurhexl pegfetabpethet frabarartemoapsiweal af nehdranttastgsea, ©@8essihgcaitigenefponse

agai nst .cel | s essi ng .antjgens fromwhich the MHC presented epitopes are
cor 1 vedigh, o SR FR et B r HoBY i S0h PR O SEC SEURTRI o T8 ¢ he
I nvent k@iadErf Y A¥idiee@e or nore neoepitopes (including known neo-epitopes
and neo-epitopes identified according to the invention) as well as one or
nore epitopes not containing cancer specific somatic nutations but being
expressed _by.cancer cells an r rabl y..induci ng an i r
agains?gﬁgﬁ%gﬁn%gp?g?n%fi?gFﬂEﬁyﬁgﬁ%gﬁgépogBg?fP%EEFﬁﬁggégﬁﬁs %ﬁ@%ﬁ’ % one
enbodi arifficiend AiMbst & BidoQdpitdbesA pYereabREINRhO YdrALsk ACebding Gutleictderd) imsant i on
provi des neo-epitopes that are C class |l-presented epitopes and/or are
capabl 3Pt & makcompong thedumsgr step off |detesmping dhagaabildty fethesidentifisdssi ng
antigens fromwhich the MHC presented epitopes are derived as well as

epi topes not containing cancer-speciffc somatic nutations that are MHC
class |-presented epitopes and/or are capable of eliciting a CD8+ T cel
response agai nst cells expressing antigens fromwhich the MHC presented
epitopes are derived. In one enbodi ment, the epitopes not containing

. . B o - o o

—




Anot her aspect relates to a nethod of treating a cancer patient conprising
the steps: (a) providing an individualized cancer vaccine by the nethod
accor di ngwbaoideeisaventi on; and (b) admi nistering said vagapd@zioonbhe
patient. Another aspect relates to a nethod of treating a cancer patient
conprising adm nistering the vaccine according to the invention to the

pat i ent mutatiohsiirt b@topas fectsicet haccinavient Tlous farther stess tdreinvalyei anesordeser ofbed
herein for ,lguse. in the nethods of treatnent described herein, in artjg:eLéI ar

for useFriolPRiEg; Ry 2B PrevaTthch T iFEerce ChARSSEAL s N dmovgndepredicte
descri bggihgre@éMed 8 1dRs GATDI NG Afaidd ;5418 6Rling RREGEE AR sBRHRE chafbedhicon

and/or traditional chenotherapy. Another aspect of the invention relates to
a net holbcited idMBCnpreserged epidrms, digs testing ywiretiter thaseqhenne whatgegeme patti on

sequenci ng data, said nmethod including:. taking a fiyr sanpl. e, of. geneti.c
e or | SPOHAG aiem Soh W BT HaeRRee PR P> Erener Rl BT G fupdeS

mat er i atiiif [OMLdNtedtii dRihefer TRV sdodl | MtaRdf dpitdbess aNafti i ar0ORGE besemtiar i al
fromtunor cells; taking a second sanple of genetic material from said
tunor clékirqatural seqepsce caRiEKh G S dsmtnkedbe ragro 2Qif5RqUEsAgFarlss Bankipe said

counting.all | of the. referen i Ls Lnel uded in b e
umor ot POBE ielalb Lo AR, S0 Wb ebalidp R arte LI 40
ani mal syle towratulaed saisthfIe partkns Anih e taf degredipeei figtyeSuel flinking seyuandesal
or human;

each may comprise 3 or more, 5 or more, 10 or more, 15 or more, 20 or more and preferably
up to 50, up to 45, up to 40, up to 35 or up to 30 amino acids and may flank the epitope

sequence N-terminally and/or C-terminally.

Mutations or sequence differences determined according to the invention may be ranked for
their usability as epitopes for cancer vaccination. Thus, in one aspect, the method of the
invention comprises a manual or computer-based analytical process in which the identified
mutations are analyzed and selected for their usability in the respective vaccine to be
provided. In a preferred embodiment, said analytical process is a computational algorithm-
based process. Preferably, said analytical process comprises one or more, preferably all of the

following steps:

- identifying expressed, protein modifying mutations, e.g. by analyzing
transcripts;

- identifying mutations which are potentially immunogenic, i.e. by comparing
the data obtained with available datasets of confirmed immunogenic epitopes,
e.g. those contained in public immune epitope databases such as i.e. the
IMMUNE EPITOPE DATABASE AND ANALYSIS RESOURCE at

http://www.immunoepitope.org

The step of identifying mutations which are potentially immunogenic may comprise
determining and/or ranking epitopes according to a prediction of their MHC-binding capacity,

preferably MHC class-I binding capacity.



WO 2012/ 159754PCT/ EP2012/ 002209 determ ning a conmon coverage sane
vsS. sane conparison by counting all bases of the reference genone which are

covered hyohotdusemuyd first sanple of genetic nmaterial fpemEbo@RHized Or
human and said second sanple of genetic material froman ani mal or human;
di vidi ng said common coverage tunor conparison by said commobn coverage sane

VS. sank gitipRlentbodinént foftie avaniomiliezatiiopes can be selete¢damd/oi ragkad balusiag
di scovery rate by dividing 1) the nunber of_ single nucleotide var.iations

with a alunam P ARC I LSUR AT REP e HRPASE: %S%I%M% SHRESIONs STUCRFS WHIHBT e of
genetlcﬁ;ﬁz@fc@d' Lseh{a%hgﬂelﬁmomnooa{ss&fm e @ dinsecond sanpl e of genetic

mat er i rom-an ani ma hufan, by 2) the nunber of si ngl e nucl eotide
variations with a quality score greater than Qin a corrparlson of sald

first s | enetic t from d.tunor.

sarpl o GTRsER t1CE STy iAo HIBhPSaPEn ditbPriearrsof s By RS For sFHEPEne
resul t Bita8i8h Givm&{ 1¥ebi Al aprargelr RofitR ATHPDiEE Be piocttthed Beiet thafBlBhiadbni S a
DNA. I n one enbodi nent determ ned by: establ ishing a set of

quailtnyBndeeathV@Spsﬁ(Osllo CTCsn) wherein Sis preferable to T=(ti,...,tn),
denoted by S>T, when si > ti for all i=1,...,n; defining an
I nternmedi ate fal se discovery rate by divi d| ng 1) the nunber of single

nucl eot Tige cyldédtiahi sMuwitioh Basedialebtepitspar Riebifled mceordmgpar iromveitiaaiadd
first DNA sanple froman animal or human and said second DNA_sanple from an

ani mal BPVHade, 2 pgcone phehetrBaionfs eweﬁfgﬁléymie#e@bﬂm dlee af ROMEYRGPEIAC a
quality 2ld h WAk fe srfbalibE): PMMSRABCI fARA fNIUTO!
cel s and 'sai secoénbg%m gfnpfegﬂfpc S |81 u) ceI S and1 mul tip y| ng
t he resancvdiby saii sblympnde. atheanore, the neodeti@ped mayg)et}hesenaﬁmélerm:glephdc
each pr.oper for mmutations with n uallt ertles each; sam
to p VPGS R Ot Ve bR b quesedf Gy teli el g Eke ot e o ek oy
sanpl ed,\aualiot i/ fdquescedRiohadnk e §a8d kfitdpds idl@l@naturally occurring protein. Such
flanking sequences each may comprise 5 or more, 10 or more, 15 or more, 20 or more and
preferably up to 50, up to 45, up to 40, up to 35 or up to 30 amino acids and may flank the
epitope sequence N-terminally and/or C-terminally. Thus, a vaccine sequence may comprise
20 or more, 25 or more, 30 or more, 35 or more, 40 or more and preferably up to 50, up to 45,

up to 40, up to 35 or up to 30 amino acids. In one embodiment, the neo-epitopes and/or

vaccine sequences are lined up in the polypeptide head-to-tail.

In one embodiment, the neo-epitopes and/or vaccine sequences are spaced by linkers, in
particular neutral linkers. The term "linker" according to the invention relates to a peptide
added between two peptide domains such as epitopes or vaccine sequences to connect said
peptide domains. There is no particular limitation regarding the linker sequence. However, it
is preferred that the linker sequence reduces steric hindrance between the two peptide
domains, is well translated, and supports or allows processing of the epitopes. Furthermore,
the linker should have no or only little immunogenic sequence elements. Linkers preferably
should not create non-endogenous neo-epitopes like those generated from the junction suture
between adjacent neo-epitopes, which might generate unwanted immune reactions. Therefore,
the polyepitopic vaccine should preferably contain linker sequences which are able to reduce
the number of unwanted MHC binding junction epitopes. Hoyt et al. (EMBO J. 25(8), 1720-9,
2006) and Zhang et al. (J. Biol. Chem., 279(10), 8635-41, 2004) have shown that glycine-rich

sequences impair proteasomal processing and thus the use of glycine rich linker sequences act
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poi nt's; usi ng a random sanple of said data points as a predictor for
random forest training; using the corresponding internediate false

di scover woaie/isaisue as a response for said random f or eprippasiniorgee Wher ei n
the resulting regression score of said randomforest trainingis Q WO
2012/ 159754PCT/ EP2012/ 002209 I n one enbodi nent, said second DNA sanple from

an ani nglmiaim e Mdnirdbé| Jf BAREH- CorltAinEdpébtides Hat %é@’ﬁﬁéseed bpmeqnotamsomi or
human. I n one enbodi nent, said second DNA sanple from an ani Ernnﬁ or hunman is

aut ol ogouthermorsajdyding s‘taSDPb@e%V&ﬁfpﬂoelfW‘Z}FnaaW%ﬂl pagding 1, MR, bingingngroove
enbodi ”e”ttioBEIZAS'aﬁEq%oer} Ly DO SAHIRLE 1§19 BB0 331 130305 IRl 8: XEAIGRAAS O

sai d fiIst f ‘Om an ani na one enbddi nent, said
genet 1 coMmuy gu5-als, 2605 hefoundrthetnen motaoddis rmn:lne e(ad| sndeireﬂuﬂedeni abylmmo acid

t abl i shi t. of |
O B ol R 3 S5 2l I g FrREEL B9

defining, y?%tlgfgslto&{erreeqhﬁﬁr?g batS & HESCRVALYercBd& R¥o-Ehivdpds NBhd Xink&eedtyimdagy of

single nu variations with a quality score S>T in a conparison of
said f |<rosxterhlB <3anqz11ee6 or ororg® @, 10r mened Saavdnerai 20 gem@rmarfdme&aab;we

froman ani uman,, b the n of si n tyde varia

with a W&l ﬁrgtai}p gélpgg-ﬁo ﬁp 5‘? cofip? ?%i)(ﬁa%fno aﬁ}cggk f%r%‘jg‘%ﬁﬁ\ Mol e | roﬁﬁQQZl d
tunor Ggldiseiddandad Sbrin o RMAs SPAERdrEbIlT Measisd s, ldlm)d’astCG(b%§atalﬂﬁlst 3D%, at

mul tiplying the result by said normalization, determ ning the val ue

range fleast 88%h aplapep@lp, boat leasnABeiosrike amine sriduel theylinkeopesr glyeige aagier

serine. In one preferred embodiment, a linker is substantially composed of the amino acids
glycine and serine. In one embodiment, the linker comprises the amino acid sequence
(GGS)a(GSS)s(GGG)(SSG)a(GSG)e wherein a, b, ¢, d and e is independently a number
selected from 0, 1, 2, 3,4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 and
wherein a + b + ¢ + d + e are different from 0 and preferably are 2 or more, 3 or more, 4 or
more or 5 or more. In one embodiment, the linker comprises a sequence as described herein

including the linker sequences described in the examples such as the sequence

GGSGGGGSG.

In another embodiment of the present invention the collection of mutation based neo-epitopes
identified according to the invention and provided by a vaccine of the invention is preferably
present in the form of a collection of polypeptides comprising said neo-epitopes on different
polypeptides, wherein said polypeptides each comprise one or more neo-epitopes, which can

also be overlapping, or a collection of nucleic acids, in particular RNAs, encoding said

polypeptides.

In one particularly preferred embodiment, a polyepitopic polypeptide according to the present
invention is administered to a patient in the form of a nucleic acid, preferably RNA such as in
vitro transcribed or synthetic RNA, which may be expressed in cells of a patient such as
antigen presenting cells to produce the polypeptide. The present invention also envisions the
administration of one or more multiepitopic polypeptides which for the purpose of the present
invention are comprised by the term "polyepitopic polypeptide", preferably in the form of a
nucleic acid, preferably RNA such as in vitro transcribed or synthetic RNA, which may be

expressed in cells of a patient such as antigen presenting cells to produce the one or more
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sanpling up to p values out of said value range; creating each possible
conbi nation of sanpled quality values which results in pn data points;

usi ng a rwocdoiyserspl e of said data points as a predict opcrapadi@anono f or est
training; using the corresponding internediate fal se discovery rate val ue
as a response for said random forest training, wherein the resulting

regr esspilfpeptides 10fthsedsd of andamifiaraivh dfmddrditig dr Multiepitopio @opbpidentiet |,
said second RNA sanple froman aninmal or human is allogenic to said fi rst

RNA sanffoecHitopas ar@\ sher fbay| thedi fisrama multiepiopis matl%ﬁﬁ?ay Refiffesat ora?
sampl e S ofb e A0hiPhrelin: TR o r}%HErﬂlsﬂQ@ aukiBel Bllelinaen e SATPAR peld%r om

an ani na n one e Ssal se(‘fon arrp e f

ani mal  acottinmaro ths mmnogxemmocte@sesiabq;rédlrcsthm wmpéexdémmﬁnchaccardlmgto e
human. WO 2012/159754PCTQEP2012/0022 9 In one enpodi nent, said f

di scovelnyerinne AlTIRSEAIIP A CRe PR AR 12t SHVERIOTLRAY gﬁ%@? ﬁrﬁﬂ‘r’

sai d Vaagésrlg lpke%e&%h' Fﬁéfﬁ@ ligat iaPd ERMBRUF¥itinkd CDE+ %gr@eﬂwr&ntresp%asaay@@sm ne

is deliverable dermafl I n one enbodi nent, “sai d vaccine is deliverable
muscul agdlly expresong artigand ifroen whidaihd ! \dHé?cpmeent@ eetopeeehlesivedibslicmabvrls| v,

I n one enb aid vaccipe is. patient one
enbod reide el abdnine e Syt BV e e B IFe ™ Ep i RS e or
human 0@ lads EBAQABkeS 3pTRIRs Phat GENe4Pa61e"¢ @icitalg 4 CORHaN cal lré@bn&l’ adHifigan i s
fromsaid specific patient. In_one enbodi nent, sai d step of determining a

conmon ety exprgesing #@mg@érﬁm whinh thy MBSnpicspted 1=Plt§>ﬁ§%§red?reﬂtVﬁ@ Futhereaee
genorme 'lﬁgtrafon BFL Y8t Do RALLadBEih Y Bl Bbn HEAH 0B o BbF ddd S!

sample & e nh erln rom an ani uman and salid second sanpl e
of genedpitopeat(aichaling rigiowan ndtiepdpsr ahd neen-eiepearidatifednbemrdingt emthe
count all Bases In one enbodi nent, said step of determ pning a.conmon
cover agéveHion) ¢s Weéla%wl@d?ma?res%’hmﬁ?ﬁ %‘ETLH‘PPF%H%ICPHOSéélé"sC‘fg‘f SRS B oS e

genone 'b%th%@ﬁgggs\ég CF%/Sja%ﬂéexb%lE greff raﬁltoy 5860he AT indenet FGphReeidaalst f rom

an ani nal or n an second s gene‘fl c materi al from an
ani mal @hcdrurnehs,upesfeshlyd autanwert e&;be&flst emmune response. In one embodiment,

administration of a vaccine provided according to the invention provides neo-epitopes that are
MHC class II-presented epitopes and/or are capable of eliciting a CD4+ helper T cell response
against cells expressing antigens from which the MHC presented epitopes are derived as well
as epitopes not containing cancer-specific somatic mutations that are MHC class I-presented
epitopes and/or are capable of eliciting a CD8+ T cell response against cells expressing
antigens from which the MHC presented epitopes are derived. In one embodiment, the
epitopes not containing cancer-specific somatic mutations are derived from a tumor antigen.
In one embodiment, the neo-epitopes and epitopes not containing cancer-specific somatic
mutations have a synergistic effect in the treatment of cancer. Preferably, a vaccine provided
according to the invention is useful for polyepitopic stimulation of cytotoxic and/or helper T

cell responses.

In a further aspect, the present invention provides a vaccine which is obtainable by the
method according to the invention. Accordingly, the present invention relates to a vaccine
comprising a recombinant polypeptide comprising mutation based neo-epitopes, said neo-
epitopes resulting from cancer specific somatic mutations in a tumor specimen of a cancer
patient, or a nucleic acid encoding said polypeptide. Such recombinant polypeptide may also

include epitopes not including cancer specific somatic mutations as discussed above.

11



I n one enbodi nent, said step of dividing said conon coverage tunor

conpari son by said combn coverage sanme vs. sane conparison to forma

nor nal i zawbemuses4sai d aut omat ed system | n one enbodi wemtgp2@@iook284 ep of
determining a fal se discovery rate by dividing 1) the nunmber of single

nucl eotide variations with a quality score greater than Qin a conparison
of sai dPreferst] esthogdineerné ofj@rchiviaccinatieras alesdribethahoveii tive comextfrienmathedsdi d
second ‘?lanpl e.of genetic material froman animal or human, by 2) the nunber
of sing & MBIt i de variations with a quality score greater than Qin a
conparison of said first sanple of genetic material fromsaid tunor cells
and said second sanple of genetic material fromsaid tunor cells and 3)

mul ti pl zymagcmh@rcr\e@qsﬂl 4ccb;dls@mjth¢ammnozlanab nompese s athdrmaarcones by Rcsgpseldm
Anot her aspect vention relates to.a or det m n| n

ot ot wiraed Dy B uelY SRR bEe Prety Sl B et b SRLERR YR ey
2012/ 159 thReh/ 5ER2A0drdp &R 21 Prophylactit €a&diNd.Ng a dat aset Of mJt atlons each
nmut ati on associated wth a false discovery rate (FDR); and for each

mut at i on: determ ning a true positive rate (TPR) by subtracting said FDR

from ong R sg%g%élg?ﬁgit&gn%tﬁfdog& RARIL] Y irhALRe &Fs@fetm aa%tewsoa BidnEPR

equal t'o sai arr est | nat ed ~“each

mut at i cdlimiAisf@in@to die ﬁahenmnmbﬁlklw@vﬂﬁ:Q@nfﬂnEﬂ% t\hahmmtlum to said mJt atl on,
di vided by the sumof all TPR and FPR values. O her features and advant ages
of the instant invention will be apparent fromthe follow ng detailed

descr i pAji Herdfe kB to PREANEP 1RESE B ON Sfent EEmbAVENH R ps:

(a) providing an individualized cancer vaccine by the method according to the invention; and

(b) administering said vaccine to the patient.

Another aspect relates to a method of treating a cancer patient comprising administering the

vaccine according to the invention to the patient.

In further aspects, the invention provides the vaccines described herein for use in the methods

of treatment described herein, in particular for use in treating or preventing cancer.

The treatments of cancer described herein can be combined with surgical resection and/or

radiation and/or traditional chemotherapy.

Another aspect of the invention relates to a method for determining a false discovery rate
based on next generation sequencing data, said method including:

taking a first sample of genetic material from an animal or human;

taking a second sample of genetic material from an animal or human;

taking a first sample of genetic material from tumor cells;

taking a second sample of genetic material from said tumor cells;

determining a common coverage tumor comparison by counting all bases of the
reference genome which is included in both the tumor and at least one of said first sample of

genetic material from an animal or human and said second sample of genetic material from an

animal or human,;

12



Al t hough the present invention is described in detail below, it is to be
understood that this invention is not limted to the particul ar

nmet hodol ogoesi12/pyshocol s and reagents descri bed herei n geTiHPR®IR/O0RYY Vary.
It is also to be understood that the term nol ogy used herein is for the
pur pose of describing particular enbodinents only, and is not intended to
limt the scdgpenohingkecqmmerrbvénage pamoms.viainehcompakistxe bl iovinteng alhbgsdsyoft he

appended clai nms. Unl ess defined otherw se,.all technical and sci. ific
P CedetisPes o b hrev ey Aol e s of dnd CreRE fyram et o
or di nar ikl dd hunfhntdA@ sdidtsecddt] 1€ OF b@tiBehatdre ARLEARMifaPbr hiliRadr esent
invention will be described. These elenents are listed with specific

enmbodi nent s, diigiwg/sard cammen caveragetumd €PBIPe0EPIt thatald PEPMEREONEragoMaEY i n
any nanner %rl}ld a;‘inonat%yfornrrlilgbneoli'rn%ﬁz ¢lgate addi ti onal enbodi nents. The

vari ousﬁy deSE e exanpl es ang: preferred enbodi nents shoul d not be
construed t addidriiiting he fisecaBBEvdrn et bpdiidingNl)ythk hturedp! ofcsihbly mlesatideed
enbodi ments. This description should be understood to,sgpport and_encaonpass
enbodi neFiREORhVER acRBihicorharealepithan ®11y agesyrrpayobrd dirtfedinplant genghy
nunber - | SG0: r o 31ele -

per mut A AT 26 AREA FnBh RU Y <SSR FIRE b eerlHE HRER IO Bnimal | o1
shoul d drédemnsby2y e ndivbet ofadgleynuchetide saiatijphs emthef quathiey proes erebter than Q
application unless {he context indicates otherw se, For ex le, .if in a

pr ef er r8d OFBGEM oA S rseaﬁpkeﬁéeaetw9%§f1- S SIS Cfiy it Saidgecond

nucl eotddes gpdehiti@nkdell PoA" 8id admerledi nRat3)t Ao iingotheckbat bYW Qaid
2012/ 159754PCT/"EP2012/ 002209 conprises a 5' -cap ‘anal og, then in a preferred
enbodi memnalizatenRNA conpri ses the pol y(A)tail consisting of 120 nucl eoti des
and the 5 -cap analog. Preferably, the terns used herein are defined as
described in "A nultilingual glossary of biotechnological terms: (1UPAC
Recomyndat e@Bsdiment] sdWenbfd/£RARSI0R s DBA Nagel , and H. K51bl, Eds., (1995)
Hel vetica Chim ca Acta, CH 4010 Basel, Switzerland. The practice of the
present invention will enploy, unless otherw se indicated, conventional

nmet hod | 1 , l. bjol.ogy, imunol ogy, and reconbi nant DNA

t echni 35@&6\?\#??@@5%{%'?2%%&63%%%%1 he literature in the field (cf., e.qg.,
Mol ecul ar Clestablighind? a 30t quayitWasrupdrtie2 18F(&di t9, pnwheleinS8iy pedfer@blealo
eds., Cold Spring Harbor Laboratory Press. Cold Spring Harbor 1989).

Thr ougHgistt-Hi)s €198 &Y 2ty whemand t s alliz] ne:Dinhi ch fol | ow, unl ess the

cont ext T equefifs o ObN HltniRliart MEIs¥ALiLovEQTREd $§ divAE YRth@hhABe: SHGk
"conprises” gr%gﬁ'gcorrprl SI nga:ja'l', vvisl I I%gvﬁr%der stgocivt 2% rrgl y the irncl usiggén of
a st at edcleenderariatioheyeh acquabityegroos SYF oup cofmpaesviberfsaidi imseQdidssampls frops but

not the exclusion of any other , I nteger or_ step.or group of ers,
ot egera Bima BpBudee AR reuBie DS St R emath A aEHer HeRibSY 2hiiber
or st eRubibedbPYURgIRTnuERINEE SaridtiYnE IAISa Qﬁalﬁ?%@&ew Rea exapaed. ofisal: filshe
subj ect-matter consists in the inclusion of a stated nenber, integer or
step oDNAsapplsiiremsaidiamor pelispadssaisy seserhBNATYennle fiom saad tugmer cellmandAl

"t he" anq.%iqiuﬁrnggfﬁre% §Kyseﬁ &Q)the context of describing the invention
(especﬁgfvgy}ﬁ RESESRY 8YF ISFMEHE cPains) are to be construed to cover both
the singul ade@rfinid}e thd Wahle, ranpeess eddhepmiperty i fodi mahrdatioas ewhh o qlatiey |y
contradi cted by context. Recitation of ranges of values herein is nerely

i Nt end®EPPEHISERGE as a shorthand nethod of referring individually to each
separate va : i ih1, b : i |l ess otherw se indicated herein,
each i ndi vi %gPﬂ@%$%§g?gm%%%gggﬁsgﬁggggﬁ?g&fhe specification as if it were
i ndi vi dual | yrenging eadh gossidlencomiinhtioredhoaspieeqaalitpedube mich eawtshie gietataor ned
in any suitable order unless otherw se indicated herein or otherw se
cIearI?oE%%tradicted by context. The use of any and all exanples, or

exenpl ary | angpag9endot &mple 8¥6dld Adta)poiRt 9A PRAi A& B} FankiSml f3tRNESdingEr €l y to
better illustrate the invention and does not pose a limtation on the scope
of the i nvensingthetdrmsporsing irdemmeadiatiifaleadigenvgey fate vilee epeaesponst fasrsashoul d
be const%ued as %ndicating any non-cl ai ned el enent essential to the

pract | PRI8H TOFS FADMS i on. WD 2012/ 159754PCT/ EP2012/ 002209 Sever al

docunent s aiefid & rééﬁ!tﬁﬁ-@é?ﬁssibﬂ@cér@éfsﬁa rdridofh ﬁp@etrainﬁa%t is@n. Each of the
docunents cited herein (including all patents, patent applications,
scientific publications, manufacturer's specifications, instructions,

etc.), whether supra or infra, are hereby incorporated by reference in
their entirety. Nothing herein is to 3e construed as an adm ssion that the
invention is not entitled to antedate such disclosure by virtue of prior

i nvention.




The vacci ne provided according to the invention is a reconbi nant vacci ne.
The term "reconbinant” in the context of the present invention neans "nade
t hrough ggpebixisersgi neering”. Preferably, a "reconbi nanpceiphéig/oopueh as a
reconmbi nant pol ypeptide in the context of the present invention is not
occurring naturally, and preferably is a result of a conbination of

entiti el encembedisenhcaidciecors Dhide sanpledeim ageqirealcashupncly alogemetto said

conbi ned in.nature, For exanpl r econnbi nant | ypeptide in cont ext
of the g?séije SEMP K PIBna“n%{g}nBélgRE Elnﬁlag'e e?Hl © ?ﬁodﬁlgggtcisﬁdssga%néjn@és gtc 1%as
neo- epi feRes MimyeGHutinS S aueINEess tedaid aekt DNk ahpikefntn phigiaoniuMan. In
different portions of the same protein fused together, e.g., by peptide
bonds oPneappPasiiment &2if pefoad DN Alsample fiom #atapieal oy hgman iy xengeenis @ sdd fmgr ei n

refers bﬁﬁs%ﬁyﬁg%%n¥59%ﬁﬁﬁl £84, can be found in nature. For exanple, a

pepti de or ei c acl at 1s present in an organism (including viruses)
and can be isolated froma source in nature and which has not been
intentionally nodified by man in the | ratory is naturally occurring.
Accor di BPresMhedineRfeifd Brnet Ftqre! i @ ine" relates to a pharmaceuti cal

preparation (pharnmaceutical conposition) or product that upon
adm ni stration induces an inmmne response, in particular a cellular inmmne
r esponsle, onglendivdirreugQiiyégerandedby:acks a pat hogen or a di seased cell such

as a cancer cell.. A vaccine nay.be used. fof the evention or trea t of
o seane. | TREABSHAE F Adt ITGAR Y B OBRRIES STl o MEgREerne: AHEATE P ar
cancer paki ent) AefotBBBPS>Thaheds,Canearaiviagcing i s adapted to the needs or
speci al circunstances of an individual cancer patient. The term"imune

response” redadingng en dntermedige aftlse diseiveyy rass pondividing dn thptnugeher adgpingle
pref er ablcYeoEigg ShSatte s%viﬁlel | Lyallffflr séore Ir’;% 15%%%91%%}5/&{@?%5;06%59 h{‘?\fA @Em&%ld'orﬁs a

nu variation, aﬁ;]
hunor al ™ T 'mruné response. el n esponse

pr ot ectanv@imkEdteiin aeharsaiytaelt RN Aadagipde frbmemaginibl & humdB), by 2) the number
2012/ 159754PCT/ EP20Q12/ 002209 "I nduci ng an i nmmune response” nmay pean_t hat
there vdssinge nyplgpads satieae vadar qeality ssare Pehimar compagenn REradeishENA | on,
but it S RNA Radn® Ve hoff sdidMHAS: EsP
againsfgg%ggbﬁﬁég?ﬁ?“%??%g%ﬂg i?%@éﬁ?ﬂgﬁg?géﬁaaﬁf a?te?llnduc{fon 82?3)

i Mune melsipbisgetheseswittiyraaetnorifaligation, nduci ng an i nmune response" al so

i ncl udes "enhanci.ng an i ne response”. Preferably, after inducin n

i nune resp §eémiuf"ig% @Eb‘]r'glget Jrangs Eors GBT}b(?fol?egyp?%t cf‘é‘ﬁatf‘?némwbtgvgl glbaﬁllﬁ}j a
di seasg,ghchedsach; cancer disease or the disease condition is ameliorated by
i nduci ng ‘an i nmune response. For exanple, an imune response against a
tumor expr essegliagup den vakys pet afsehdoendud ange;pat i ent havi ng a cancer di sease
or in a subject. bei at .ri sk _of devel.opi a ncer di sease. lLnduci an

i mrune respéﬁ?@ngﬁa&ﬁPgﬁgﬁ%8mﬁgvaﬁgéﬁf§%3@ggﬁg%lV§gg§€‘%6%dfSP%%HB? @%%
subj ectpoiris;anmel i orated, that the subject does not devel op netastases, or
that the subject being at risk of devel oping a cancer disease does not

devel op a calsggra wpdemsemplegfsaid|datd painis pig pEcdi@efon sandompforess trapmng;
response”, 3 resnon j : i ; i m S
rmant o | naPiare eRbwEigRe e AARMATH 2R BRerPee RlncRe Mupde $EL,

pr esentraidoan fopést anairdng,i gen with class | or class |l MAC. The cellul ar
response relates to cells called T cells or T-1ynphocytes which act as

ei t her "hel paysgen dhe repylfing pegressiphscars ¢ spidragdon goe(:%ﬂt%“{l%rsréd CD4 T cells)
play a central role by regulating the i mune response and the killer cells
(also ternmed cytotoxic T cells, cytolytic T cells, CD8+ T cells or CITLSs)

kil |l dilseasethbodinhentssaidhsasnd Ri¢srsaspld Fompareswmtal nghtinen py aldegenicote said nor e

di seas ls. | referred enbqdi ments, the.present inventi L nvol ves
he. ot FtH v AosTHle BTh 0 4, 08 985 BRI AL AL GPIL Y4 Sample
expr esHoada® ReinfHl o BiRart HMHRE01SIsQ8 $8id fﬁ&tmmamﬁmfr&wﬁn%a{awormuﬁs@nm ng
such tunor expressed antigens with class | MHC. An "antigen" according to

t he i neaaeinbadioransrssidasyorsi By Aagaowle Fram au 4riime) rdiumainis ixgprgeaiotespeifeet | n
parti cyl an "antigen' relates to any substance, preferably a peptide or
proteiﬁ?eﬁﬁg?pkég%?g g%@%?%f@%P@? wi th antibodies or T-1ynphocytes (T
cells). According to the present invention, the term"antigen" conprises
any nol ecul e which conprises at | east one epitope. Preferably, an antigen
in the context of the present invention is a nolecule which, optionally
after processing, induces an inmune reaction, which is preferably specific
for the antigen (including cells exprigssing the antigen). According to the
present invention, any suitable antigen nay be used, which is a candidate
for an inmune reaction, wherein the immune reaction is preferably a
cellular imune reaction. In the context of the enbodi ments of the WO

NN A P AN AT | s A S D NSNS



present invention, the antigen is preferably presented by a cell,
preferably by an antigen presenting cell which includes a diseased cell, in
parti cul agoaopaiesy cell, in the context of MHC nol ecul ¢gr/dbdidaoresul ts in
an i mmune reaction against the antigen. An antigen is preferably a product
whi ch corresponds to or is derived froma naturally occurring antigen. Such
nat ur al Inyorzcaubedimgntanaiddfelss dissoverdeateuigmsedin ingkng. vaceing foymaslatiquedn one
enbodi nent, ..t he ant,igen is tunpr, antigen, .i.e., a . ] . I
such asergbopﬂ”?}?%t'f ﬁalgr‘%ﬁg‘ﬂfilﬁgelé&eﬁ? g dagavegoys! 'u@o?neceerﬁﬁé%ﬁﬂl%h%#tng;k/r%élngg% i ved
from t hg&¥t8R asmallynan Calel eibsdiRest, Gaid hecci®d Is Beldletdide muscplarlyi dulae

t hose which primarily occur intracellularly or _as surface antigens of tunor

cel |'s. opodimantpbad viaasine iadrlivgeable subsriaedushe [e gre crGedBSrbs2ld WareinGeh, a
1 -fetoprotein, isofen-itin, and fetal sul phoglycoprotein,

a2-|—|—fe|tlglr1 rﬁ?cg?fea} érPSealrﬁ(Q} a(lg%}c’)tgr otein. According to the present invention, a
tunor antigen preferably conprises any antigen which is expressed in and

optionally characteristic with respect .to type and/or expression |evel .for
tunors Bronesmooduned, oig 9f sgid g’é? Sac“ﬂi?ejrﬁlofé?n%‘éﬁ’&aé?ngeqqrg?n PRI 8T BHBABRA G nt |

the terdid IR saiit GP Pendll maAUR oS 8P GAIAPH: AlthidRTrork Sdidlspicifiopaicat el ns
that are under normal conditions specifically expressed in a limted nunber
of tissues and/or organs or in specific devel opnental stages, for exanple,
the tunpr antigen may be under Hor mal .conditions s e%igi crglrl¥ r%xglriseo%sgﬁ in
st omachft PRs GROOGmenGy SHY yiePnOk ARCRIRS ¢ RINBLR OV Hape SIBaLELTHE S gThs,
e. 9., ifuhBss bf basdd dM BPHORIASE lbbndrh® ShEch B.iflcludéd)irPbth@d &um@T andnatdedsm
line cells, and are expressed or aberrantly expressed in _one or nore tunor
or cancare dfissslufarst sample lof genstintresterial feom japianial fyiyean agd spidrsgprid SAEENG not
nore th 3,..nore .preferabl ot r ' 1 the
cont ext&n&en?thcemﬁﬁﬁggf(’aﬁ?miaﬁvagﬁ Elgooﬁ hiﬂﬁl@ﬁl}g%?ﬂ]f %urtorggggr%i e, é?? (Han?ggt% ia%f!tgi on
antigens, preferably cell type specific differentiation antigens, i.e.,

proteins that are under normal conditions specifically expressed in a

cert ai nngaelembpgdeneit, spid siep £f eGP PEreA PRI BLYFHGE SABG e RMCSORITISON

anti geng, dunf a?.ﬁb%e%l cgsché Rdlre AL hRAR whRh TR SRR By BAR sERESE dahiHié ¥f
expressed 1n P28t °And Soneti mescin pl acenta, and germline specific

ant i gengnetty mheriabirgm dohenimahorhuarn gesack secorel sperle ahgenesip megeriab froof ant he
tunmor anti glen identifies cancer cells. In the context of the present

i nvent i BN FAUMFRRSCSTET FUAMEIFESYHE expr essed by a cancer cell in a
subject, e.g., a patient suffering froma cancer disease, is preferably a
self-protein in said subject. In preferred enbodi nents, the tunor ant i,cclgen

i n t he lnomeesntbadimente spd stopmf dividérg sad cpmmonpeaysEred tumee RPN by sai
conditions specifically in a tissue or organ th i ! I ,

ti ssues g™ 6%%9%?38# wheR T daragsd S%Iil?cf he 1 %ﬁga@@@@@ﬁ]ﬁgggﬁgg quoer%%gc% 0
death afystehe subject, or in organs or structures of the body which are not
or only hardly accessible by the i nmune system WO

2012/ 159754PCT/ EP2012/ 002209 According to the invention, the terns "tunor
antigen', "t unor. r i v - i . 3 ssed
anti gor® oap STERL AR RARESEp GPLLERning £ ARERIARELARR b RTAGE SEHEED

"I mmunageigld itledtiee akstidm witiea gedlay isvere efdagmtthan Qyin afcompanstn efesaid first

i nduce an i mmune reaction, An "antigen peptide" according to the_. nvention
pr ef er #Bmple af &F’é’é‘ct6‘3§“ﬁbrf%°i“bﬁn(ﬂmlpﬁﬂa@hg‘ﬁfna8fan§ns ‘ﬁtSF SRRl of LREPabl e
of sti mylahi)NgoAhnl AL RSN, Z)th%frﬁfn%gr%fasir@é hiit186tideeoRRRAsRs AgHI NSt
the antigen or cells characterized by expression of the antigen and

pr ef er afphlitytsyore @rsaat than @hinof carparma iof eaid Sugthsampl e fsgrasteemetsriak fromysaid
particul ar capcer cells. Preferabl an antigen.peptide.i.s capahl e qf

Sti mul dEPRE Aleandyras SPeuio uBPE ST g8Retl S Tial nAY R | TLgT bcfiﬁs and' 3)

pr esentalitigRif thadResANHyIAM MrinRligdtRBsusks MilCaabshapidafysembl y i s capabl e of
stinul ating an anti gen-responsi ve cytotoxic T-Iynphocyte (CTL). Preferably,
the antigen peptides according to the invention are WVHC class | and/or
class I]_ present ed pept.ides. or e ce d . e I :

and/ or “S7°HEL 45p¢ roéstﬁgtl%enﬁg%trf %g .tg re eg}oa foﬁ,de{t%é&%ﬁg ilé%eer?wglgbegll %22“1&
conpri speafingduie (ROC), sedibrted istlbdihgnti al |y corresponding to the am no
acid sequence of a fragnent of an antigen. Preferably, said fragnment of an
antigen is an VHC class | and/or class |l presented peptide. Preferably, an
antigen peptide according to the invention conprises an am no acid sequence
substantially corresponding to the amsno acid sequence of such fragnment and
is processed to produce such fragnent, i.e., an MHC class | and/or class I
presented peptide derived froman antigen. If a peptide is to be presented
directly, i.e., without processing, in particular wthout cleavage, it has

v o



According to the invention, an antigen peptide or epitope nmay be present in
a vaccine as a part of a larger entity such as a vacci ne sequence and/or a
pol ypept iwe 260mBgvissi ng nore than one antigen peptide or pepirrepe/o2bbe
presented anti gen peptide or epitope is produced follow ng suitable
processi ng. Peptides havi ng am no aci d sequences substantially.

cor r espondi rgcaiving asdatasehebmyfationpegseh auitatiancassociatpd d4ene &seyiseeryrass |
VHC may, 'Rf]‘er at one or nore residues that are not essential for TCR
recogni |orI’%II’d the peptide as presented by the class | MHC, or for peptide
bi ndi ng to Mbkeachusitasahst antially correspondi ng peptides are al so capable

of stinulating an antigen-responsive CJL and may be con(fg@&rﬁd )
i mrunol ogi cal |y SGHRPHIBHE Tup@Rpitiye &tn A4 P yawoHaC g W @Bong; #%r i ng
froma presented LflBe atralcEpbaHES AP R by Rttirdf {afF FPRGubieed EDRY but
i nprove the stabiCI%Fe'?i[/mg?c bi %3?28%0 II\/I—IC(BIirnatKyj iy%r%v’e at he i%nogeni city of
t he antanden peptide, and may be referred to herein as "optim zed peptide".

Usi ng exi sti know edge t i ch.of these residues nm nore | i.kely
to affect bifag?lﬂé a8 ?SHgIﬁtetadgﬁth W&’%’i‘g’t%r f‘?le RO ?QPI%r?g?heaﬂﬁPﬁlﬁ hto
t he desiiaff FerRakROhp & dald GRALRRPANTH By REPEINE S5 allaP ROM dEFAR OMaes.

Resul ting peptides that are functional are contenplated as antigen

pepti des. An antigen peptide when presented by MHC shoul d be recogni zabl e
by a T cell . receptor, . .Preferably,.the antigen ti i f ogni aT
cor 1 &8 GREREPR] s Rt 0L PR PRHhAEN o2 B Bl BREP B AR0WRY,
Co- st i mgtafib®d¥scsipgtRhad clalmial expansion of the T cell carrying the T cel
receptor specifically recognizing the antigen peptide. Preferably, antigen
peptides, in particular if presented in the context of MHC nol ecul es, are
capabl td i i preferably a cellular response
agains?) '%ﬁg%$?ggﬁh??gﬂ?%k|ch thg§§§$g 2012/ 159754PCT/ EP2012/ 002209
derived or cells characterized by expression of the antigen and preferably

characterized by presentation of the antj . Preferably, an antigen._.
et | deAnSog S PESGR YT aF KRt aF ISl b BB &° REAAS AdcBR this
char actigrd g6l 1P%oPligRRAt R iHRMpRficliemR Mol Bied hibt&dods and ng%@n&Iescribed

preferably is capable of stinulating an antigen-responsive . Such cell
pr ef er dioteyn astheset maywarycHhlis alss nbé gaderpoawtibsisthadgermenology veeddwraig'is fosthe s to

t he degradati of..a pol tid rantigen 1nto processio roduct s ich
are {1 dureAt of Sr e DoV oL e N dnt (L o RORRET (S PR bR ot
pol ypepkd greséditiav@riphi @#Bh Wbt heniess ol &y e &fpeadal elair®rEnkks dbfsal
fragments (e.g., via binding) with MHC nol ecul es for presentation by cells,
pr ef er a1eywvisataljephniesd o seifrtiieierms uied heprie hayethy sgrap peaningp as gRYAmonly
presentuingg t%glllogé)né'g‘%?di &alik$hoMpi ch present peptide fragnents of
protein anti gens I'n assocl fron W th MHC nol ecul es on their cell surface.
Some APCs may activate antigen specific T cells. Professional
antigen-presenting cells are very efficient at_internalizjng antigen,

ei t her IbjhepRHgyie g deentspf tcBistat Ineanan sdll &R dsesassi iﬁesarﬁhﬂfl hare

di spl ayi fr t : Nty &N 0 I I I on
their z%{é rgﬁg.%ﬁg@f%g?(?lg%g%égﬂni 7es’ gﬁégﬂ ig%l{dech‘ﬁg% ﬁ?dﬁl tﬂ%gqggfirgg%-% ass
| | MHCcombmedlie acymaheer and it ey menibentvecredte atiditiansli gerodpnestenticmgproeisly.  An

additiqgnal. co-stinulatory sigpal .is then praduced by the antigen-presenting
cel |, REsEPRY <remBlEr POLPISSHTen SRhediment| Jrou et B soBs Ty eh OofmE JPE PTGt or y
nol ecukR&niién a{odf%hiynitma &@akilye delcriveal essbdRrhisaMhigeeRfipaSNt iNdgiTed S.

The main types of professional antigen-presenting cells are dendritic

cel | s, ungdrgthodh v sunpeet drdoerbestpasaembodimentstwiyjeh combaenthataxphcitlyrdesented

babl . ' - [ , -cel l's,
B cort bl bish AR ahRe BF LR R B PPt SR pRE AR oy e

popul abeiifatidhat add @6@Binatibhd PENE] Cafribee celéeni®rinpthey abplicBiddeshdudd becel | s
via both MHC class Il and | antigen presentation pathways. It is well known

that desrstdersdedisdpsed byt e des@intion o8 teeehTssspt aprtifatien palspoisconisrtindiates
acti va&thgaxr@é. I':I;re.segarﬁsIe', SEiIf 8 Slebddeg@bmBo&imehPRIVAC AAPHSS' Mp&Y(A)-tail
antitunoral 1Tmmunity.

consisting of 120 nucleotides and in another preferred embodiment the RNA molecule
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WO 2012/ 159754PCT/ EP2012/ 002209 Dendritic cells are conveniently
categorized as "inmmture" and "mature" cells, which can be used as a sinple
way to diworhmiretse between two wel | characterized phenetymesoi2idozeyer,
this nonmencl ature should not be construed to exclude all possible

i nt er me@hkiBessd 3965 Maldl, tfedriant pratdrRa. enl bdRh Mt EtHEGUAAI ddntprized the RIRA)-
characterized as antigen presenting cells with a high capacity for antigen
upt ake taihgorsistioa £§l AQnueipgtidss and thel At apkloB. t he hi gh expressi on of Fcy
receptor and mannose receptor. The mature phenotype is typically
characterized by a | ower expression of these markers, but a high expression
of cel Ipreferdbhg ehantresuhed hespossi difted s desetidd @act A vatitibingsdlcdlogsrycbaiss |
and class |1 MHC, adhesjion nol ecul es ée, %h CD54 and CD11) and

cost i mineiedinplagnab tames(IPBAGRecammendatipns)'. L8l dkuenbersdsay. Nesahatid {ic

cel | | LON /7109 5 1 0 e adritic cell activation
at m%&éﬁgﬁpaﬁﬁ |§J eﬁélgértg?g%}%l?lﬁ%ﬁﬁgg’d?ﬂ?%M(S:Be %l’s gﬁggéél yc{,ggc T cell prinng,
whil e presentation by imuature dendritic cells results in tolerance.
Dendritjc cell turation is chiefly caused bi onol ecul.es with m cropi al
Foat ur db< Ericedt By DI el BVr BBl SmplRe Caln P BRASe Ji G eRaga GH DX 1
etc. ), ndiRedsrivaserehntiy, St E%ld%iirﬁﬂih‘ﬁ@logk'alad rbENDinadt IHRA | t8hnRfueSRAHION
the dendritic cell surface by OL, and substances rel eased fromcells
under geragxpdtingkisfthe lisedtirede shehfieldHef depdMatécolar &libringad Lsorseddniyy,

cul turirg ne Lrow cells iin.,vit i th _cyt okine uch,as :
gr anul 8‘cy{5§8’r?§c HgSﬁ@ &0 o?to?‘u]y-e§1§'i’ réﬂcf%gpﬁlébf Iﬁ%rt%% rl(%%a?gﬂ) Préers'nsd Cf‘(ﬁl(rin)?pnng
necr ositarbaciogn).al pha. Non- prof essi onal antigen-presenting cells do not

constitutively express the MHC class Il proteins required for interaction
with naive T cells; these are expressed only upon stinmulation of the

' . . . ) ! X . t oki
ey THEAENEAC e L AR AR hE Bty K SEOLT (R AE AFe RS
pept i dethebyist rtaasdut I'dvghrise”, aal variniiérns sovle hel @naeisds" qdefcematibiyig RNALL be

encodi ng_a peptide or polypeptide conprising the peptide to be presented,
e.g. aUAdrptep t%p@Yéh%&ﬁ%O& HgaéFﬂt‘? BRMbET, 1BEEE AntFRUPHBIUR of nembers,

phar magaUlCal SERIMRSinbl Pk eicmélsnid%va%gt SR FRMAVE! ShigeR 0B8RS &egowsraf
vehicle that targets a dendritic or other antigen presenting cell may be

adni ni steerbes, irgegerpat stepstalthoeghuln $ame émbodiaesfeoth ofhet r@mber cutegeriar stapvo.
In vivo transf.ecti,on of dendritic cells, for, ex le,. m ener al | e
bar{ or QB BB e At R O bR OF R P, TR sl Wpsias ta BR
2012/ 15R124RCIf ERZAIL AR AnHRSE bt RRY drNgr¥Eh DF/mdAlcts, PiEegeitCorRaBgss. die

approach descri bed by Mahvi et al., Inmunology and cell Biology 75:
456- 46Grm3d97 andc'eot @hdgthes amdesimilperrefeomice ted tierths canfergeh dpicsibme theg
cell ?lv%gtiénn clzslﬂgggllt & Ql?é[ cgr‘i:‘\tleJ(tsbf t eT%faggé) & Itlo be Q&Jlsjtruggqg &vef lol)thwt;b'e(:h I'S
a target Tor an FHIUNe response such as a’cel’l'ular 'Immune response.” Tar get
cel I s kinghladend eel Sutahainlgss @sesvisennaithied &aredt ofbleany icgfadifted BPeontexe. a
peptide fragnent derived from an antigen, and include any undesirabl e cel
such aB_e‘éltaélé?ﬁdﬁrraE%qSIQf Waﬁleﬁr@ﬁfé? ng e _dHieﬁé‘i"ﬁ & serke 2t argerthag IIn_eihé’def’f_(:el I
eXPr €S Rl Ny ARKAARY @S cAfS CLaPRE NAISTEAIiAE dRIAT B AfhYe PURRSN ohilgu iR d
antigen wth class C.

indicated herein, each individual value is incorporated into the specification as if it were

individually recited herein.

All methods described herein can be performed in any suitable order unless otherwise
indicated herein or otherwise clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., "such as"), provided herein is intended merely to
better illustrate the invention and does not pose a limitation on the scope of the invention
otherwise claimed. No language in the specification should be construed as indicating any

non-claimed element essential to the practice of the invention.
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The term "epitope"” refers to an antigenic determnant in a nolecule such as

an antigen, i.e., to a part in or fragnent of the nolecule that is
recogni zewloky1d1se7sunmune system for exanple, that is recogreamedoizgoa T
cell, in particular when presented in the context of MHC nol ecul es. An

epitope of a protein such as a tunor antigen preferably conprises a
continuous or discontinuous portion of said protein and is preferably
bet weerbeSerahdoaqumaentp arsfdted hnpuperutdba test ah thisepecifitagiopr b4y efihy doeumersn 8

o o5 B DS ERR P U b 3P R0 AR ol kGl
18, 19,spdfificalibns dBstrudBions4ic. Qivhdtheabipe crGhils, dreihérebgidtorgdrates bpasfeieput ar l y
preferred that the epitope in_the context of the present inventionis a T
cel | eph thspecntaeyo NOtHES hereimés onRepnsghedds apiddapwigmihab hsdny ntgrds not

nol ecul ar f. a cell and thus, may be a
" MHC bieﬁgﬁl%&r&é‘gﬁaﬁ%@lﬁg’%‘% n E%%tgf%’g&f‘ﬁgr él%]th'er m " IVHC bi ndi ng pepti de"
relates to a peptide which binds to an MHC class | and/or an MHC cl ass |

nnlecuhg. I n.the Cgfﬁ of ¢lass | MIC/ peptide c nglexesh t he bi ndi ng

pept i deLe FAECIRG Broy e peeordme A thegin¥entipn if 4 ReFoR AP §ASY ¥hger or short er
peptides may be effective. In the case of class Il MC peptide conpl exes,

t he binding peptides are typically 10-25 am no acids long and are in

par t i cdhartertB-regombinant” aw thkscontaxg of thecpresent irvegeen medns hoadecthrggptdedetsc may
be effect.ive. The ter "epitope”, "antigen,peptide". . ."antigen itope",

F mmun GUEATE B TR0 TR BTt S peph e AreriRadtin areAtn L ¢
her ei n camexhs iR ?Jékéht i éitiBn 119 nd0 dcOGBRB! RihGall §PArRIS BRERhbIONs &f redillt &t gen
which is preferably capable of eliciting an inmune response agai nst the

ant i gefo®mpingtierpf ertitins syeh agaBmo@sifher BidRic agid spausneesashich sreBetmombingdhe
anti get 3 h 209. Pr ef . r. relate to
an | ol ERgmad WA AL RIS BELGLAR ek BRLETResk Bl i,

ant i genoithiatsev&rar animgricitegtq(énces suchpricbiepitbpas dradbene baquandeseietived ge@pt or
in partjcul ar if-pres%E%ed in the context of MAC nol ecul es. Preferred such
i munoJEHret JBPteitsny Bitiseent FORIIRIKE RE Sewe prgiein: fused tpgethel &@x &Y PERtidfsed
her ei Nyo AR Jr ggeRimieRrtion is said to "bind to" an MHC class | or class
Il nolecule it such binding is detectable using any assay known in the art.
As used herein the term "neo-epitope"” refers to an epitope that is not
present.in a reference such as a,normal .non-gancerous or, .gernine cell but
T oumte PR P S BN R P B e e 1o FHAr cfan ot o P8 e e of n
in a NeiiRl FORNexGApIErPYeptRle S€hiitieReas@!thatdisCRes@s AN BbaBRH PRElulMg
found, however, due to one or nore nutations in a cancer cell the sequence
of thevisgiesoprd can paseleled frmn gssausce Bspiturg and whichelrsapittmee . intEhgorablym

" porti%%'c'ﬁﬁre%fber ar’g%tﬁeub%gatt&or}s nvgl;arlml res e(%ltE to a particular structure such
as an amno aci d sequence orypro?elny?he ?Erh1"portion" t her eof may

designate a continuous or a discontinuous fraction of said structure.
Preferably, a portion of an ami no acid sequence conprises at |east 1% at

| east Bogordmng| @aébee iowptig. theatarmo fogcce” |18latss B0%, ParBResHIsRY Pagparatiaat

40% p t . 50Y% r.ef.e Y, qat: e . rably
2t | ol G chEaRlicad e TRIGIeERHCREN HfhinlsRaRin dfdicc PP BRSS!

| east #686m3¢, hhmrtdeulare ediults iofmwesi dspomiseowbich decenizenand aftickkar pdthopgeni f
the portion is a Fis ont i nuous {r ctian sai§$di%f?ntgnuous fraction is
conpos¥d Greased gell suchms agcanger cgll. 4 vapgpemaxbedised fog the PIpRHQR ordE@iNGHr ¢

bei ng & £aRkhRUAUS tEneMRRtvi@lalzB cBAdHGhbLife EMceR A PAEiculdr dLRCPRhidHIOUS
fraction of an am no acid sequence nay be conposed of 2, 3, 4, 5 76, 7, 8,
or norand meetsethwblay canser vaeend frnadaptehite shoheghi of spricid Arcuthstogesent en

wher ein ea h gart ﬁ%efgrably conprises at |least 5 continuous am no aci ds,

at | ealf ik SRR  ami no acids, preferably at |east 20 continuous ani no
acids, preferably at |least 30 continuous am no acids of the am no acid
sequence. The terms "part" and "fragnment" are used interchangeably herein
and refher torm simrowne HeFpOBSCE| IEFBNIO Fointesralep| kodily [eapenssftogarstantia¢nuieed such
as an ek AeL SO RGO ALRL RsPod €7 &M S clifud £OBLA WIRuELEIA,E Sal d
structiure. porﬁlon, a part or a‘??agnent of a structure preferably

conpr irsgHned dheimimine réspoatd manbe provgeiveipesveative piophslattic intd/6r thE@pewxanpl e,
a portion, a part or a fragnment of an epitope, peptide or protein is
preferably i mmunol ogically equivalent to the epitope, peptide or protein it
is derived from In the context of the present invention, a "part" of a
structure such as an am no acid sequence preferably conprises, WO

2012/ 159754PCT/ EP2012/ 002209 preferably consists of at |east 10% at | east
20% at least 30% at |least 40% at |least 50% at |east 60% at |east 70%

o, NN N 7 o, ~rnzs o, ~ N7 g, ~NNN 7 g,



The term "immunoreactive cell"” in the context of the present invention
relates to a cell which exerts effector functions during an i mmune

react i on.wénoimmsaor eactive cell" preferably is capabl ecofepkomnadorgs an
antigen or a cell characterized by presentation of an antigen or an antigen
pepti de derived froman antigen and nedi ati ng an i rmune response. For
exanpl e, such cells secrete cytokines and/or chenoki nes, secrete )

ant i bodiledycinge g dmmAmecigiRAsoURayenkan thatdheptwasnad lipmaine riespanse getstcel | s.
For ex L ea I i ells c i T cel cvtotoxic T.cell

el per EPRLGyr THREBETRRGE ahiciBh, BuCRRE B mER ify K Hd L ferfi Fanetof) | .
neut r oghinhhe re3pomehagest apdrtidandrintigen cslfde. inBuafoar afd yaftel Mndlgionordiext

of the present invention, "immunoreagtive cells" are T cells, preferably
CD4+ arBFHReCTRsPOnSee df | Gihapieds of hitst v/ InGieing my ABFBHEt FpRORS| | alsp cbiidics es
an anti : i .i Y : : i 1 ee
R s A A PR S S Toc
such asagdnsubleet $upfoaented froandévgbaping e sBstasaguahedsl s cancedidseasedt thel diseaseich
as cancer .cells. Preferabl, said recognition epables the cell that

" ecognicoBANGR ISHRFLRAEE DY IRIUEIES o TBERE FIROME: [ VedoMPlmAR AT RIS o be
r espoNskYi@stof iR CkpMSsed! dntibBe me9!de ihdu@dhehRBlient Habhnl ol GRéer dis&St bY in a
bearing receptors that recognize an antigen Or an antigen peptide derived

f r om asubjeet tgeng atmiskiod developing achnodr@ischses fnduringmingmm ws respohse in this case

responsi veness . .or reactivity .nay inyolve the rel.ea f t oki.nes. and/ or
the actidalSanef SNV r?ﬁ’ﬁ%@;?ﬁeosf q%{eC‘T’f_béfCtdﬁﬁfngklo i e?}faé EP{? U Jﬁcg dosp Inofs a
CTL sudBvdles pastastased) @3 hArthé e@gbit\belng Maysk sV@veRplndea edrchi Atisenioet neel | s

presented in the context of MHC class | nolecules, i.e., cells
char actdeysloRd cpicepAs8®sst ati on of an antigen with class | MHC, for exanple,
via apoptosis or perforin-nediated cell lysis. According to the invention,

CTL responsiveness may include sustained calciumflux, cell division,
productA tuellofar Gyitnukie mesposse ha deellufddrysppnse"TAFedulatrespeasd agdion aafantigen”
activati on,rrgr kers such as 4 and CfD69, and specifjc cytolytic killing of
ant i gef’ &xPrEesisy Sapgutt tednlude emqellplas sepepsretiseciedioy cdissdiapmstacd it ned
usi ng dpesaibiidd 6f Bl afERAN clabed cRAGH BORHY, ffﬂg'cel‘i’\}l%sr_e%an ESSRRAT LENESS.
Such L that recogniZes an antigen or an antigen peptide éerl ved from an
ant i genaltaddl aelds peSppmphewtesr whichati aseeithee "hélpast er frelers anthegeatpares paisi ve

CTL" herein. If ell. is. a B cel uch respansiyveness may invol ve the
el eas 15 Bt IO oBuielal PP ip e Py AR B st SF 095 PP B HE 7
cel I'" angd:r "cEllb YABO et cbRxits FdcdiRt eyehangealily, begein Rnd drnetugekil

hel per cells (CD4+ T cells) and cytotoxic T cells (CILs, CD8+ T ceIIsLj\l

whi ch €éisagsedl seslle \suelh \as| eantercegliss prepeging sheh prashugtion of mpreudisesedusetle b ood
cells yhes . pl a. t ole in | | - edi at e

oy SR RRIEY E5re BFRERG RENE Be FOILR, BEH TR SE R
cel | s snponsataghiakt teirol @EllCelprassiig dnleerrpiicrs @mnaer &fpréss&Pattigahs hed prifeabign
their cell surface called T cell receptor ]ETCR . The thynus is the

pri nci PEreingaHch BERs s3pIssiedraptigeievivatiass Mﬁe-of T cells. Several

di fferent subsets of T cells have been di scovered, each with a distinct
function. T helper cells assist other white blood cells in imunol ogic

pr ocesses’ antiped "uglicoglin@ttei it iimventbn Bogak| ayi nibstaptagnm vall ¢lxitaad imatuneat | on
of cytotoxic T cel.ls and macrophages, anong other functions.. These cells
are al ESPRREWR %l%ﬁﬁha"r SERS B%g%é%a% 5@9&%&‘?&&?‘%’ PP R Hh
their gurffaes spEakpaly &itﬁeajn'tiﬁo&%QW-I%FhM@h&d(tW‘@éB).t@@dbr&hg t@&}%s@re%&ﬁ with
peptide antigens by MHC class Il noleCules that are expressed on the

sur f aceveriticmtheyenmplangeent’icompristd any mRGshle Thick caviprives #deast ooy egitopale

rapi dl nd .secrete small protei call ed.cyt oki nes _that . regu| ate. or,,assi st
|7t nel RPRRIE i fes® PR s RO T Biera 16 K e P O RS e
cel | s gl proddREing elnldscesadtl imm@analrétioAPWhedt 8 hrkferdbl R et fd for ﬁxiee&ig%ﬂ.
These cells are_al so known as CD8+ T cells since they express the ¢

gl ycophiaaleding gells gapressing fthe antigends Aceerding foethsgpriesant tifeqntiopa agpsyitagle

bi ndi ] | SOfi at. i Lk C [ which i . e
surf ag% tlg? " 2125 rPgmggcgr‘gﬁlggllg%o%tdﬂdgl}%%cfy%éi% ﬁnaujhgrrf C&Bg’f a'?g%elﬂﬁgg Hgl\?lélhg T
cel | rreesepnos prdfefdblexicsllilag immuae ¢eutfibeXinofhe sOMRKALS fHeOdmebotmentieofat ual T
cell receptor is conposed of two separate peptide chains, which are
produced fromthe independent T cell receptor al pha and beta (TCRa and

TCR 3) genes and are called a- and 13WTCR chains. yo T cells (gamma delta T
cells) represent a small subset of T cells that possess a distinct T cell
receptor (TCR) on their surface. However, in y6 T cells, the TCR is nade up
of one y-chain and one 5-chain. This group of T cells is nuch | ess conmon

~Nn7s7 M 1 - PN = —— " 4



WO 2012/ 159754PCT/ EP2012/ 002209 usual |y a professional antigen presenting
cell (APC), usually a dendritic cell in the case of nave responses,

al t hough Woeeldsemad nmacr ophages can be i nportant APCs. pEhapp@plobries
presented to CDS+ T cells by MHC class | nolecules are typically 8-10 am no

acids in length:; the peptides. presented to + T cells cl ass. ||
nol ecul %r§sﬂvgn}’%lf)gaf}{)eygrftbgﬁ8eﬁs,prg rrbh‘é PERGRIE 0% ﬁecegli’ r%?f%éb%ﬁ( tano?n%igﬁg MVHC
class | presahhiag Wel valiieh Qp@idesAC BREHALellOid PtiphIas @dantdiVRlll idthe ddnlext &fl
receptor is capable of binding to a predeterm ned target if it has a

si gni f | YEHe meleewes; yirieh rewty 1pradEnmupe neastioaragainsh it pRtegs. A9 diggn is

pr edet er m t in. o BT yY" "Rl ndi ffiplty"
< or t chrera ity dhSler it BOBRnAE BEUE s ey ch Bdnt o Sl S8 g bt

r ecept ofudhsnanghlly scdustimnintalehy )nchaipatner atidehsidi ng to a target if it has no
significant affinity for said target and does not bind significantly to
said target in standard assays. A T cell receptor is preferably capabl e of
bi ndi ngi;spgekdieddhlvbdiies, MESHELET WiaNGRlOF #hGRh: i & T p&ebl 2 heFGREAN LR

speci fi ¢ for aepre et er%ﬁ’ned ta?gelt SR s célpab%_g o? bi ndi ng 0 sal d

pr edet eproienedr peptgiet exphdsked int a ingmootell shixht may baldeyyed &pabthe qytopbasndithg to
other targets, i.e. has npo significant, affini for. other .targets and does
ot i g TuEaRE Py Fiot] AESTRuEHE PR ey B bear Qosay e e TuRuog o

| ynphocy@se AR e FeibAtatk. iFdr \ek¥RpRY nlREOsMIeAd iRMudRf the RaRdeadRydial 2N
antigen peptide into antigen-presenting cells in vivo. The antigen or

ant i gerentigpt.i ¢k fatagrotsen, rigpieasiamt and Esalpyudphoigh;coprpt@iNaag ¢1-gerraprethinnand v-
vector),.or _as. RNA. _The antigen y_be . processed t roduce .a peptide

par t nereRBFE Re Ackecthi &L ST n G oBpag AERE" ehle @ Perish B SpbeEhrny

Wi t houtantigen nEdeh fiorexbtstdiein PhACESHNAly chagicteistierwitls rédpRctC as eype and/or
particular, if these can bind to MHC nol ecules. In general, admnistration
to a paxpessiopylevelt FIJBIRRIS Phijcarecroms Weloassifey dumpowevancer pelise tipopndray

al so be & t. 10t Loy . | .20 ,
proc. nerTongH e el BN Ryely s uok-ARE Sl Blartl Phrorqnf
conpl exarefundat esresdl canditiane spedfigailyz exbrbyseduit od higoted myhiodroofi dsstes and/or

| ynphocytes whjch then propagate. Specific activation of CD4+ or CD8+ T
cel I's fl§e5eCdR %&&‘f @%@&%ﬂf%ﬁa&?ﬁa %ﬁéﬂ?mp& H@agurflarr IRYEEB PTG HHEET £ ¢
T cell pehhVaididbns RptdHeHed:8rtdsaid HEmBER itdue! Alek@bi9fin TheCSlsh mhibKa,
production of cytolcines (€.g., |ynphokines), or" the generation of

cyt ol ytih gepreduative preahsr e Chip-testis eh [topheblpstisf tesue - greintbacenty odet germi gy
2015 15848 AL RIS b O TIBS G SE Do PORGFIET ORGPB s LS a
pr ef er redteREt"h Oichife@ MudPeEChreRt@alsi Patdahs Botn6rRl thard 8l y¥at freferdbsy hdtenstetieat i on
of the generation of cytolytic activity. The term "nmajor histoconpatibility
conpl ex? Bl temer ABHEeV At ithe coukst ehdchaidaeskpiCieveasion | inglyde.MET examplel |
7oy o055 8RS BB AL o0l AE0RE MHLENARAUAHD, BLl pufil et oo
and antar€ undeesefthalngoilids epediliidigs etbreskd Sini B conEineel egpt | ANS, cewharr ei n
t he M—IC,qpr otei ns or nol ecul es bind peptides and present them for o

r ecogni®ifGRAMIAIIOT Yegs CRBEHSEHE SANLERRS, §fot RIPHENSe Hidb 38k UBJert Emeongdidons

expres : : I I b . | ( tide
FrBomear e fram CREeSe FE IRt AR sOmgRs B Bla AT o8| InBRhiRmnine’ f
i nvadi Pgeferabiyo tregmmios asf)i gdncorahd alo@tdnt edlpressiddCoff thgitonon antigew iddedfiestancerhr ee
subgrougﬁ, class |, class |11, and class II1. NMHC cl ass | Igrrotg'bns cont ain
an a- ciaih BiF i%née.Wé?lbegPrﬁmilweeﬂef% SITYmEF ARt HEN RS 18 AUSERAC BY AHP6Tos ome
15) . TREY ik 886kt 8BL iagfMficht AEIBRRALH IR aCUh&L Wdehisel i€ ek&ﬁ}?ﬂ sERProteMNe
systemcells, specifically on antigen-presenting cells, C class 11
pr ot ei naidcenbpiest nlnapreferted3 embadimsensm dhe Hemopraptigent imrihé genteky afytnpresens
T-hel per cells. MAC class |11 reqgi on.encodes for.other inmmne conponents,
such agheBint St Bate nermah o Ua Rt el ibe A5t HATRORSE
essential, i.e., tissues or organs which when damaged by the immune system do not lead to
death of the subject, or in organs or structures of the body which are not or only hardly

accessible by the immune system.
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I n humans, genes in the MHC region that encode antigen-presenting proteins
on the cell surface are referred to as human | eukocyte antigen (HLA) genes.
However twe rafdsexssati on MHC is often used to refer to kcivrpeneoprzoducts.
HLA genes include the nine so-called classical MHC genes: HLA-A, HLA-B,

HLA- C, HLA- DPAl, HLA-DPB1, HLA-DQAl1, HLA-D@B 1, HLA-DRA, and HLA-DRB 1. In
one preferred enbodi nent of all aspects of the invention an MHC nol ecule is
an HLA saaloeding eo th8ynveaedd, thbacract &umzedniyenp! Gasol &ikpmsad§ aigeant icgeder or
"cell presenti ng,.an antigen” or simlar expressjons is. rrealglt a@iell such as
a di sedSEger AN, BGT CPIERAC AR |are guivaleninandpun usshigEehangedidy herein.
presenting the antigen it expresses or a fragnment derived fromsaid
antigen, e.g. by processing of the antigen, in the context of M-IC

mol ecul'Be, term pamunogkmcityVHE@eags the molagealleéfsctivdiyndf anl antigeheotiedus: an

"di sease char actt.eri zed by presentation of an antigen"” denotes a di sease

i nvol vi'Rg" &I FE " ar act eri zed by presentation of an antigen, in particular
with class | WD 2012/ 159754PCT/ EP2012/ 002209 MHC. Presentation of an
antigen by a cell my be effected by transfecti;l(g the cell with a nucleic
aci d suth"ansigRNPeRtfleo @FeRgdinBdo ang inyertionByreferably nelafes &f a partimt drgeagnwinit ofi i s
presented” .. Ll r Lons.is meant that the {ra nt n be

br esentBd g VR Ea bRt SEmtIRing an Wiing diiops e GRRLE pelliat seShanss
added digtiget the dmigantdroeilis WhatRrdrized Wekifession 6N ehee iGNNI prefdiabllyr Bgnment
is a fragnent, which is naturally presented by cells expressing an antigen.
The t ePrsSentaHomaof & anligep wghidsadissised aelendn pariculan cansanpsls-oficteathly, an

equi val | : k-npun j j:val.e i i
cquenc e PRLIE cSHER, 8P SiRBILATA IRt iRedols BNA L0 AR 1 es
and/ or pecsenthgon o€ apamreigen vesls eldss dl MHGE had gaeferabiynin obeedple aff seffudting, are. g.
with respect to the type .of_ the_inmu ica fect such as induction of a
hunor aPP 4% GFPRCSVE O’flﬁ#u]ri’glﬂh%ﬁﬁzgii?tﬁ{%%e&%ﬁ)éﬁ’@ﬁ ARG REPUHTH 2PN o
the i ngyieRdinkBIRUICakOAEIC BRss Pland/df BREE hieGdntdl Plptdag or RAH HRrb AR
reaction. In the context of the present invention, the term

"i munofaigice MHE elged Valndfor "cliss Ihrrotsented| peptides] Ruefemablgs fhectntigen tieptides

i mrunol ogi cal effects.or properties.of a pepti.de used for impunizatign. For
exampl SoMBACLHR MRt SaltRRcRbr A Reranr e § Wt anhia wil "o of

ref er efiagment mnaﬁlkige@@qa@m@,lsﬁid%gdn@%ﬂ@ atigdnSSaH BGE MM afXBPEIREs 1 O

t he i mune system of a subject induces an imune reaction having a

speci f llcPreseniyd persidei Rigfeiplly. emantigmepeptide agepardisdeithc su@nbar somprgestasy m

"1 nmun fec cti KT - t e i [

ol ud gz 859 ok ARl oGRS Rhed HEEh BRBment
resul t and &r pexesypd e producheukh |ftdgagnofi.d,umMHE@|dlss Ioand/ér b [Indiesdntddon of
tumor growt h andci]gr i nhi bition of tunor devel oprment, including inhibition
of tunBfPtifiesleBehIPAR A& het ast asis. Preferably, the i mune ef fector
functions in the context of the present invention are T cell nediated

ef fector functions. Such functions conprise in the case of a helper T cell
(CD4+ Tt acpptijle ishte beguesgnicdi directy, ian, wthdugerocessing) impéitigelar péthviddedepe,ved

f ] in the c t of M-1C || mol.ecules by T |
Fecept Bres = qtiEh uhichd sGRRIG T eaug i BIERS olsrel B lor b gt T MHC
| ynphogytRsle( &dd-pleferabll s 7BChlnd achdidini 1Bndthem6RSSeflatiy b- 1 hEmRCRHN ki on

of an antigen or an antigen peptide derived froman antigen in the context
of MHOeapths snqre rrgelerable §- by aminae pfidg éu dprnadh.sin particdpr Ai eral§ gminé acisls| is

presen{g%hin the context of MHC class | nolecules, i.e., cells
characteri zed by presentation of an antigen with class I MHC, for exanple,
via apoptosis or perforin-nediated cell lysis, production of cytokines such

as I|FNI_and TNF-a, and sggci fic cytolytic kil l'inr:a% of antigen expressing
t ar get fcePERtide {a0Part 5/ B985 4ttty EOMpIBINg0sRtonmh Seqesnees. geBofe® YasFi@Ees to

the to f i Ce | ' e mS ism

or a cen g olHep HEL EhLTs (b pRRHA Kb o A I P R B R

t er m "¢leavagerthppeprle predatcd dytprotdseingdias aflerath WiRiNA isshiahik dsr. binding to an
MHC molecule, in particular a class I MHC molecule, and preferably is 7-20 amino acids in

length, more preferably 7-12 amino acids in length, more preferably 8-11 amino acids in
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A "nucleic acid" is according to the invention preferably deoxyribonucleic
acid (DNA) or ribonucleic acid (RNA), nore preferably RNA, nost preferably
in vitro woaosgrshized RNA (1 VT RNA) or synthetic RNA. Nuekerp2@ciooeoeé Nncl ude
according to the invention genom c DNA, cDNA, nRNA, reconbinantly produced
and chenj gal A i cul es. r i e.d tloOR | eic
2o d megh el Y REYRHHER' S BT o CHET PG, WP bR, g
coval envhigh 4 tochd prekentel fotlodinmprecedsihg ié daticddefromabe dmimnacidcequedicagf ao t he
invention, be isolated. The term "isol ated nucl eic E\Ci d" rTea{]s accordi ng
to the 3WHgEhtliContS SCALANCE AEDSHRERRY eog%ﬁpan% gnd jg preferapivisompletainideniycal fop
exanpl e ydnferP Y AP LA Een PR, HE AmkioR or (Vakdin¥eq ke UkeBrding to th

r econbi nant ny y claongerrllg, 6Jlg>l |EL§! vval§ pﬁeﬁﬁ@egr faorlnexa?rplne, by cluég(;lv%geeand
separ atineentioy igedneekmbodiophorespssesor s¢quencavas 7s3thamem 2ads ifidenghanmgire, by
chem cal nt hesis. A nucleic can _ be enpl oyed .fog .introduct.ion into, I.e.

t r ansf é?ff‘i?ééj?ﬁ%ﬁ? @éﬂlg? acys par felngﬁll dPOT ﬁr%feﬁgbl?' oé'rln|1 oM BRAASHAT 4B IeRgh, 40
prepar frtaldro Bt 100arhiha s iRt ibREth fWwIRith &ubdWhtiaBdodteSponiB &nBNA fréferably

mor eover be nodi fied before application by stabilizing sequences, capping,
and polopapbeiglyaidentical The fregmentgafnat iaotigant anrd &llowieg @recesong | the catiger| ei ¢
acid, either DNA or a_section of a e hal i Xx,.. i

chr onospgﬁg(?e %rrvaé:ﬁmgrsg%ﬁeflge S %Srupctélflpr%serén? :f)?%t?%eé%‘gﬁéidlq tgggér in?)(%ﬁﬁér}’%ﬁfhs
exone Qleptid @pediutddttnfrocekhigg temptis¢ithaidentified dg@escetabasgechange of or
difference in the nucleic acid sequence (nucleotide substitution, addition
or deletion) conpared to a reference. A "somatic mutation"” can occur in any
of the 98GR JeSnd PRES L AR th £980ci rt

t her ef o@%bgdrq%gr?o%lpglgtsggg%n’gﬁ%?gé%ﬁl%&rggr?%l%ﬁégge jﬁé atél?lons can (but o not
al ways)of cduger eatitgesncloas avhatinadsegeasesandRiref g1l gipyida compasingmmérs than one

non- synonynous nutation. The term "pon-synonynous nmutatijon" refe to a

mut at | GAUEEY BERSIOAT,PLORR cf ReopTeRranec BRTSURPUAC CRAPEIPRSaROfRd) ollol g
am no agjshiEpARE&iUCh as an amno acid substitution in the translation
product. According to the invention, the term"nutation" includes point
mut ati ons, Indels, fusions, clu-onothripsis and RNA edits. WO

2012/ 1%97t5ch [ EP2012/ 002209 Accor CL' ga% .tlg t he Si nyent itOQ’se tuQ%Cé efgn o tri]éjeel "
descri BERUESIFEMEAMRA AT SRUAICES EOSHRFP I SOASPR Tie & 7 SRITBEUPt P RGPTT a
col ocalitzef i pesEite@byathd digk et MICandy diffet atgaid oPindro¥8sitliflesnthat @ed ndes.

I n coding regions of the genone, unless the length of an indel is a .

nul ti pleeseatial3for {k& respenitien o ther papiidnias Prosertad Pyhe flagrel MR Gnomior PsAtidast ed
with a I: Qs Iy r : i rom
n sequd o R g e e BB el e 0
t he nuahggin-eesonsHeT TInand any pervensitierel yimniwhopeial y fequiveldnf. Peptideschaving

previ ously separate genes.. It can occur as the resu]t aof trans) ocation,
i nter staF’tHi‘OaF‘ClgéF%‘tinﬁ?ﬁ dlgf_fseneﬁ g e Ry re@r#&%ﬁmr dei reﬂ%_% ReACRr o
0NCOgen&s on G AL hirol e %e%'i‘abgl%%? bifind RAUIHE n?ayQ%F}?othQQ Hamuhb éc%iélty"@fw or

different “function fromthe twd fusion partners:. ternatively,

pr ot o- Oncagiee peptifiesed moy destefareg {or bereineas "eptichizérk petsidet hEsmgcogstmia
function is set . to functigqn by an upregul atio aysed. by, .t he st.ron

br oot SRowRaEhab Yt HELAF ST St Pher o° GRS DK S FreronERene R R ey
al so be1gewsesl tYTER 2 FtidRAll HhRGcR o tHRATtsigh T e@steMaNny Sorréfaiic@pti@es he
invention, the term"chronothripsis" refers to a genetic phenonenon by

whi ch spedefamplexayi Basilidig paptidgetheherefhrctional are cenferaplgtadrsmnsigen perities.
together via a single devastating event. According to the invention, the
term"RNA edit"” or "RNA editing"” refers to nol ecul ar processes in which the
i nf or mami &igen Heptile wheR prédiitedyeMHE sheuldl beeteedghibibdebly @ Tcbadhraaptoehange

in the_base makeup. RNA edi ti_pg i ncl é(ggs nucl eosi de nopdi ficati gns such as
cyti di Reteraplyy theoanfigeqi RigtigQy!t Brasnaeh 8¥ine %eik) ICEPIPR s ANE tp)ipduce in the
deam nat , : Refelsb ah 5 ] nagfilg' [ aqdi i ons.
RNA ed?lie:s%%%iorﬁa%&@gllateeﬁ% e%?’?li}]é‘?’? gl%?eg’sa? ﬁ;geegalhlé%go acl E:splggtaﬂence g?ﬁﬁg
encodecdelpratepion specifibaly racognizingr thef andigen hgptigde. teferabdy,byntigee prptidas, cinDNA
sequence.. The ferm "cancer nutatio Lgnature” refers tq a set af .nutations
whi ch BFECHREACRISFRICLARCBF CBITS AHUERC SRPIEFUEF (5° HBRETS MloT Y 2HE% dPence
cel I s. i¥aGRE G'ésgerﬁe? L &¥erablV & Well@Rr réspoh&d ﬁgﬁﬂﬁ%e %M%é}ﬁ‘ feae W Hich sy flcat e
and conpare th res&’lts obtained in the methods of the invention froma
tunmor specinen. Typically the "reference” may be obtained on the basis of
one or nore normal specinens, in partazcul ar speci nens which are not

af fected by a cancer disease, either obtained froma patient or one or nore
di fferent



WO 2012/ 159754PCT/ EP2012/ 002209 i ndi vi dual s, preferably healthy
individuals, in particular individuals of the sanme species. A "reference"

can be deyengimgorsgnpirically by testing a sufficientlyplarpeonwoires of
normal speci nens. Any suitabl e sequencing nethod can be used according to

the inventign, xt . Gener.at| pn Sequenci (NGS) technol.ogi.es bein

preferr edﬂ.ve;gmrrcgﬁe;éh@r@a&%# STET 023%613@% aﬁf PRIy (hpEerYEed R NGs
t echnol Qg¥entddichg tﬁé‘&hﬁgf"ent Préf&%@l‘}, h'rpaﬁtfﬂfensﬁéﬂ)ﬁ@@% 85pable®T snuldiB gL IRty FOr
clarification purposes:” the terng "Next™ Generation Sequencing” or "NGS" in
t he contespansefagtinet piceld eharactevieed by pressaatiah|ofribe eintiperyithhelapgghiplHC and
sequencin tkﬁchnol 0 iles which, . in conttgast to the.- Eorcév ntional ! z)?quenci ng
met hodo&’%%‘{/a AT RIS LA GEP ARG Ut AU PEEP AR Fache ol s LY dhdom y
i n par afatRt cé@ll.ong the entire genome by breaking the entire genome into

smal | pieces. Such NGS technol ogi es (al so known as nassively parall el
sequenci ng technol ogies) are able to deliver nucleic acid sequence

i nf or mat f e, ge . BX S§LJ ! seri bed.
sequencéd'lsn Q%Ff?é) rgcee\rélgg ) ogr &(r%g%%/ °o(r}nsgﬁ1.Eé SaH mr%e?%?%a?lgg c‘sfggqh(élk@%'g]%%f&a&gléﬁ%ne)

i N ver yineh@trdcetsiore ppatucagsyhieh Gire irddmdntsl o2 sakklpslyppptidec balanyigen (dgn the 7
days or nost preferably wthin I ess than 24 hours and allow, in principle,
singl e @gr%dag%@ér?cpﬂtypa m&mm?ﬁn&@em%wﬁwe (PBS Vil ‘BAreapl these
commer cialnshaYak) Akh Bifdin¥hinifh RISCIRBIANRE Uk ok fiidibh ShPlUiE Gafk gy used
in the cagérlljé extYolf”‘t he ﬁrelg%\ﬁnt I nvention g. g. tohcr}jsre deslcri b}gd In %gt éi Iyi n
Zhang eintigén pi28dnting Biebs,itorpparifioT caldxt - gener ati on sequenci ng on genomi cs. J.
Genet CGenomics 38 (3), 95-109; or in Voel kerding et al. 2009: Next
generation sequenci ng: From basic research to diagnostics. Cinical

chem st1antia8n [ﬁéé'enﬁﬁg-ceN@'n'(AP@rtdr@gce¢l>§aﬂHicﬁSp&Eerﬁuﬁé})tiN@_sﬁagments of protein
technol ogi es/platforns are 1) The sequenci ng-by-synthesis technol ogy known
as pyr csdgensnoiasgpdaipnesshMidCenglecilas phéhadScel xurdgs. Semord Senag netevataM of
Roche- associ at ny 454 Life Sciences (Branford, Connecticut), first
descri %é]gc?cn 9%%%59 ?Bgt al . 1998: A sequencing nethod based on real -tine
pyrophosphate". Science 281 (5375), 363-365. This technol ogy uses an

enmul sion PCR in which single-stranded DNA bi ndi ng beads. are encapsul at ed by
vi gor oddoiFsTionali WG erPESaiio 68 snhicel pr¥seifisianhiah i A TPERNZ e ZSHt Sither by
surrou i r S ifid.cat i i t r cing
e R e G R R S

i ncor panagémrbousd teealaed] MHCheolohlyjren dser syentthasi. Jds T bell BNAgsizeamd] 2)

The sequenci ng- by- synt hesi s ches devel oped by Sol exa (n art of
1 o iaihe fitisgo-c1sl PSS SoHF CPEAcero s OFPaoe pLfly aiciget
dye-term .@ﬁtﬁ%%eﬁﬂ%ﬂ MRURIRAL 4-CinfhlatbR kN&al lik Uﬂﬁkxﬂgléé@lh@e&abﬁetﬁ@nﬁ)t' gl yzer
1.14 and in the Illumna WO 2012/ 159754PCT/ EP2012/ 002209 Hi Seq 2000 Genone
Anal yz @resamtingrelhisadingdhaotivgipn odithe T oell. Thecdxpotssiveof ap-stimathéety molecules

si mul t ane l.y knto oli2q-prinmed cluster fraapents in flowcell channels

al ong \}\f?ﬁ&sﬂ{%g E%‘F'Vﬁgkgrso ?S%’ngpaadglgﬁﬂ:gﬁsf?té% fOR" ext ends cluster strands
with all four fluorescently |abel ed nucl eotides for sequencing. 3)

Sequenci ng- by-ligati on approaches, e.g. inplemented in the SOLi dTM pl atform
of ApplTihednBpdgpest einprofessipngl adigrawnersniorg esllCarcpdandrifiowelloarhighigve the
Cal i f orni hj n ap sslLb ol i | eotides of
o 11 xodrins, gk F ahERN AR INR, £ bk hEsCh AR AL

A i gonpedsetingtedls an ecraptingas, Bl celivd ahd 2ataddactivaeedppitheligrtilal | i gati on by DNA
| i gase for matchi ng sequences results in a signal informative of the

nucl eotide at that position. Before sequencing, the DNA is anplified by

enul si o, BGR: cdies i - F AN s ERIES iR belififeraiame
DNA no egul e, Car e( d% (L)gsri&tle Ooﬁégwgﬁgaggniﬁﬁggé}m a irsélgcson exarlrp g,plﬁeer

Pol onatissu€taGl @ells piladiofloMH G ol VieandSyasitigams p(eSeaitetign pighvw kismfts b ivel knalveo

enpl oy seguencj.ng- by-1i ion roach by using_a randoni rrayed

bead- biheLgen |°§|1%%feﬁ%ﬁ?“ttg“ |Si°?§}gw_ef?sa ﬂse?ﬁta&gflt?racﬂé?t&ﬂ ‘Zﬂtg%séﬁéﬁimﬁ ng.
4) Si ngleatismlsepubehesRNch BYatRaR0ed eahRitguch as e.g. inplenented in the
PacBi 0 RS system of Pacific Biosciences (Menlo Park, California) or in the

Hel i ScopeTm pl atform of Helicos.Bi osci ences (Canbridge, Massachusetts). The
distinct characteristic of this technology is its ability to sequence

singl e DNA or RNA nol ecul es without anplification, defined as

Si ngl e- Mol ecul e Real Tinme (SMRT) DNA sequencing. For exanple, Heli Scope
uses a highly sensitive fluorescence @etection systemto directly detect
each nucleotide as it is synthesized. A simlar approach based on

fl uorescence resonance energy transfer (FRET) has been devel oped from

Vi si gen Bi ot echnol ogy (Houston, Texas). Qher fluorescence-based

o . o - ~ -  ee=n A N 1



WO 2012/ 159754PCT/ EP2012/ 002209 6) El ectron m croscopy based technol ogi es
for single-nolecul e sequencing, e.g. those devel oped by Li ght Speed Genoni cs
(Sunnyvalwo 26adisbsani a) and Hal cyon Mol ecul ar ( Redwood @ctryep26Galovf20e ni a) 7)
| on sem conduct or sequenci ng which is based on the detection of hydr ogen

ions that are released during the polynerisation of DNA. For exa | on
Tor r ent Depdsitienge! 1e'sgﬁwccmvaﬁ@pglxGatee;awqdo%na)naa%sare@ M eedlp Yyh IEB <3y bsf

m cr o- [ C

par al 1 ar a2 e Saf fo REPHRNTG Bpveph RO R Hari QbR R SRR HIANEEY
is an ithis 3msmdlmtu3 bleopdd nandebemsatdd thakcladprbppaseibdr yntemredsaa stages of
PreferalfgI%, DNA and RNA preparations serve as starting material for NGS.
Such nulftEie8iai§s can be easily obtai ned from sanpl es such as bi ol ogi cal
material, e.g. fromfresh, flash-frozen or fonnalin-fixed paraffin enbedded
t unor tlssues (FFPE) or fromfreshl isolated cells or from CTCs which are
pres entlmrnamrfedqménhp leelispdreishamdteozepat dndiges pravorting celisrvitue dighd-ageribhios DNA

or RNA ¢ rom nor.mal . .somat t u however n eI S
ore provipradpike PREPES U Rl Rarros R o bER e R A R G R

i's extragi®de réRplopeThdhafré pbbmybmnmualﬁararmriz&d(@&vmeﬂaapﬂaaglbe r¢tfs

wi t h non-hemat ol ogi cal malignancies. Although nucleic acids extracted from
FFPE t i thesgeBarserss puigHigh F’SRIP%@E%Ofsqungéfa%eemP@C‘dP%r%P@fPﬁﬂgle foraffethegyatipney
are sui I cat el t me
sequencﬁigg agsr eHl esl}lcs,??cﬁl%dg %nﬁt h/feﬁﬁil ta@?éaé Imo? ﬁ.%ﬁé&% E%iscl?ﬂe)r %g((rj\)d
Mul |1 ki dgos@etRitorkluiad eculdsl (e Gan€D409CDRY, cma5nc54)1 BBJ.I| of which can be used
in conjunction with the present invention. Many of these methods (described
e.g. as genone capture, genone partitioning, genone enrichnent etc.) use
hybri digald %0 efHALAHES Im%ﬁapdo%qh@g{aaﬁé o@@%ﬁ&lﬁ(@ea} ac!‘PQQ@é a@&rhﬁh suP07:
Nat. Cenet. 39, 1522-1527) and |iquid-based (e.g. Choi et al. 2009: Proc.
Nat | . Anaden ﬁmserlﬂ&g dO@lritie OG- 1€8d 6d )T hyllbmnduzgt wbile aqmmeoa@hesby Gomaerei al

kits fo rati o d.su euet exo. catur re als
ve | adieath P BRER AT iR meteS ST G ERiogd SERrY Eavir By Hirraleilene
Tr uSeeny,HiNMAiS3BRI ?ealair@sp akREie@byKinhatd Necdphfs @f&f@laEWN& h{mﬁlt RKAL eddtogRM
Exorme Enrichnent Kit. In order 'to reduce the nunber of false p05|t|ve

fi ndi ngge-), mr@emféazmmtgrmﬁ@bmes PENFT 115 HMde)i bgationaefi ©R40om Begisadidtc cell
differen mari n n h
sequonca g &Y SR EREnBl Wi R IR s Shad bt SO LE) bl The

it is preﬁthetﬁcr eﬂlstcﬁndﬁtdehnbmeykbﬂuﬁxegqmﬁamm rce]:bsl fma“trestﬁ c@okines, shol bs of
these sanple types. Thus, jt is preferred W) 2012/159754PCT/EP2012/002209
that t r%a@%w%@écwh@ger splonyrstimaling) &ciqic P MCEhk 28d giiareneross q'[é?tﬁ{ li ne
sanpl e np9r1 Jdetermned twice, three tines or nore. Alternatively or

additio [y, the sequence of a tunor sanple is determned tw ce, three
times or nore. It may al so be possible to determ ne the sequence of a

reference sanple such. as the sequence of a .germline sanp 0
Sequen AU Tor O i SRRSO Chn oS B GLbRT i FHge dhe 10k SBial ¢ ne
sequeng,eotbﬁsg qo%rémndﬁmwmmu@tthb%& e %eafb%lﬁﬁmﬁl%1hﬁbIRNA
of said reference sanple and/or of said tunor sang . For ‘exanpl e, by

det er miodiitregnankprofessipnalianfigebptegesingreg s by agreasn oyto mﬁéfimheaﬁdENgarrpl e such as
a germline sanple the expected rate of false positive (FDR) somatic
mutations as a statistical quantity can be estimated. Technical repeats of
a sanpl'anshetipdsaRmercalle dadelibed@dd witls MHS caRdl] preseried peptalts wttﬁhsmlngw
this "sane vs. sane conparison” is a false positive. |In particular,

det er mtlrrrecadlﬁéwﬂawém@ p@éop/réfeyablaﬂ?é%mncg@ﬁa@.p@pw R RVYPPELE COMBASIE ﬂ?sF

t unor t | chni cal repeat of the
refer eijgé%eeto ?ése}{t%g é)% J?cféegEgEﬁ;d‘ge e(r%emn?:gmtagng%tl mat e t he nunber of false
positives. Furtherrmre various quality related metrics (e.g. coverage or
SNP quality) may be conbined into a single g . score using .a nmachi ne

| ear ni My S%‘ﬁr%}?ﬂﬁlmfi’@ﬁs 3 RiavBACEl At ?OénRPé’rtiO&t ‘i’tloﬂ‘e ’I“I"e'btf‘WeFO‘ValF?l% iR t h
an EXC@@ﬁveQ? vgfﬁ@i th¥t SARESa TBYIRR SOMALEHi E\@Eﬁiaeﬁﬂ%béé?ﬁmaﬁ 'B@%hﬁﬂs@f'edal |

vari ations at aset”. According to the |nv ntion,” a hi t hr oughput
genoneiok @etlalt,mgttdtmgaid trgsﬁa:mypnlmg oweirb odvieann bfevoapepisf&won lofi dmt@mﬂm ment

ol at { offh S Pl RAckFes] 5%%%5' : '%ﬁ@%h@%%ﬂﬁ#ﬁﬁ e hdiE




1. Sanpl e tunor tissue/cells and healthy tissue froma given patient.

The genetic material is extracted from cancerous and healthy cells and then
its exomewODRNA)Y1shm4sequenced usi ng standard next gener aPCOEPI@QOEI?09 Ng
(NGS) protocols The coverage of the NGS is such that heterozygote all el es

w th at st, .59 ncy n be detected. The transcripto is also
extr act@ﬁc %eéirfflt o fﬁy@é‘? fﬁ? £ene gaY aprraach daseribasnby wse%i eantlef’y
determpg C\éhlg;@mg?ﬁgSa,%’%@){g@@SSGd by the cancer cells. 3. Non-synonynous
expressed single nucleotide variations (SNVs) are identified as described

herein. Sites that are SNPs in the healthy tissue are filtered out. 4.
N=96 nut at i ns f el ect ed spanni.n i fferen re es. SNP
Genot y i 54188 ag eiieatioBife FereapErpEbARMuRl o6l 4t Tabey Feb Al

synt hesi zed for these mut at i ons (exanpl es of such assays include: TagMan

based SNP assag Life Technol ogies or WO 2012/ 159754PCT/ EP2012/ 002209
SNPt ype"Tagays bshatl medt gepll wiyshys avpiget fmehuﬁen@tfe@ﬁmree tsaelyes a cellular

ifi. h SNV
ol LTI PELTSLS: LAY, PR SORE0 B B) DRt Y,

be i solaqieeddé lﬁagantentedetrue@ ffroa gh tam@genhe@d tnlayldte a8 § ued@ntablercemsublassadi cancer
m cr odi ssecti on or. by dlsaegsegatlon into single-cell suspensions

f ol | owellpin gtﬁf%rrwgeraéowrem%m {prerd seetli ipedoqDarREFSFENEPan @ptigan ag gepeniped
Nat ur e 13} of s&b?e'fegatygﬁ seﬂt%a}dlggt gl aagsqrwd her be chosen wit hout

pre-selection |as ternativ cancerous cells can be
enri ched. Enriching nethods include: specific stalnlng sorting by cell
st ol ogi cal ction during LMD, and so.on | ndi vi.dual cells

si ze, 51 |n%%§ $
wi || be iedEht GUOPR ISEES {Q BN AT SIFTHY Rt %gme%@%}ltaﬁ ap ARUESAAL By [9rer s
and t hg appli &W@batﬁy raglettte BNMs rwghlz@@b?rmé hﬁz'nﬁﬁ?e sy%tén'?rﬂa%kééﬁf)l)é t he

genone of the single cel be anplif vi a whol e genone anplification
(WEA) almtpsr @@D@usd:cyb)deé"ccrqllbedpz(rﬁp\um wihen Dresettedam the 200@xt CaMEEr mRéssmlasch
68: 5924

: . ge k ¢ gemac eved ther%yH§ t he 920 hga%lﬁg%s%e or
via a PRATREG © ﬁ%?g)%ﬁf¥% 7 P 8 BSPBETNSe? diop atid
| oaded d@&bﬁhﬁd&ﬁs bbitiodiog @hl@%@t’é%pdﬂags @Eé’féﬁébly between 5 and 100, preferably between
5 and 50, more preferably between 8 and 30, most preferably between 10 and 25 amino acids
in length, for example, the epitope may be preferably 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, or 25 amino acids in length. It is particularly preferred that the epitope in

the context of the present invention is a T cell epitope.

According to the invention an epitope may bind to MHC molecules such as MHC molecules
on the surface of a cell and thus, may be a "MHC binding peptide" or "antigen peptide". The
term "MHC binding peptide" relates to a peptide which binds to an MHC class I and/or an
MHC class II molecule. In the case of class I MHC/peptide complexes, the binding peptides
are typically 8-10 amino acids long although longer or shorter peptides may be effective. In
the case of class II MHC/peptide complexes, the binding peptides are typically 10-25 amino
acids long and are in particular 13-18 amino acids long, whereas longer and shorter peptides

may be effective.

The terms "epitope", "antigen peptide", "antigen epitope”, "immunogenic peptide" and "MHC
binding peptide” are used interchangeably herein and preferably relate to an incomplete
representation of an antigen which is preferably capable of eliciting an immune response

against the antigen or a cell expressing or comprising and preferably presenting the antigen.
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8. Sanples fromhealthy tissue will be used as positive controls to
determ ne honozygote allele clusters (no nutation). Since NGS data
i ndi cat eswbhatz/3e@zygot e nutati ons are extrenely rare, peypre@bloy220ml y two
clusters are expected: XX and XY, with X=healthy. 9. The nunber of arrays

that can be ted t | ted, all
singl e PdéfeFaﬁ %uet%%% 291&0? - {Pg)n 1’5‘%?”&‘)9%“18},1\4&'8‘& Pgraﬁe%ﬁiglr‘?ggg%gﬁfa@tyeét Bafpl e
prep Caﬂ?ml?&a bEAHCAR okR tRatl ﬁv\‘eg@éﬁzed &Q. s%%M%cﬁl bE&¢d) ekl T akR b§ior, in

deternined. I'n another embodi nent of t e hi gh- throughput genone-w de single
cel | geneiqupirng preserNGS ipl the f commextagf b’&iﬁsmdlecgl@shPequ%@hchmvlm}@ﬁﬁ?m%e

e e I

sever alis c%8k&%biAl T MHd clﬁ@s P& s TefhoBdchiRYif suzh/iidih 8y det¥dtible asing ahy t wo
uni versal tag sequences on each primer. After the STA, barcode

pri mer sassdyl Knoe iIPORe amipl i fied into the anplicons. Barcode priners contain
uni que barcode sequences and the above universal tag sequences. Each cell
will thus contain a unique barcode. 3.Anplicons fromall cells will be

m rled aﬂgﬂu&awﬁﬁ&ﬂe lvm—al NGS.epTtope Predet it€ ah epitopd difai Gnnatrpredeat iuwbefereate
cells that can be nultiplexed is the nunber of plates th n be prepared.
Si nce SafppesneEral RENFEBHEPEICT $FTBbAC GFlL PR f%fﬁrl&&@r@arca]rﬁﬁ rcﬁrs \%‘Hﬁ

-5000 Ceah c% ar g@” a?xg/ \‘J’l’ﬁi?glﬁéliﬁ / 0124:002,203u¢ o?%‘?rghﬁ)@ c§1@%ugd}{:é§péir§§1§g SNvs

(or ot anonmali es t he 1 ndi vi dual
ep1tope is found, however, due to one or more mutations in a cancer cell the sequence of the

epitope is changed so as to result in the neo-epitope.

The term "portion" refers to a fraction. With respect to a particular structure such as an amino
acid sequence or protein the term "portion" thereof may designate a continuous or a
discontinuous fraction of said structure. Preferably, a portion of an amino acid sequence
comprises at least 1%, at least 5%, at least 10%, at least 20%, at least 30%, preferably at least
40%, preferably at least 50%, more preferably at least 60%, more preferably at least 70%,
even more preferably at least 80%, and most preferably at least 90% of the amino acids of
said amino acid sequence. Preferably, if the portion is a discontinuous fraction said
discontinuous fraction is composed of 2, 3, 4, 5, 6, 7, 8, or more parts of a structure, each part
being a continuous element of the structure. For example, a discontinuous fraction of an
amino acid sequence may be composed of 2, 3, 4, 5, 6, 7, 8, or more, preferably not more than
4 parts of said amino acid sequence, wherein each part preferably comprises at least 5
continuous amino acids, at least 10 continuous amino acids, preferably at least 20 continuous

amino acids, preferably at least 30 continuous amino acids of the amino acid sequence.

The terms "part" and "fragment" are used interchangeably herein and refer to a continuous
element. For example, a part of a structure such as an amino acid sequence or protein refers to
a continuous element of said structure. A portion, a part or a fragment of a structure
preferably comprises one or more functional properties of said structure. For example, a
portion, a part or a fragment of an epitope, peptide or protein is preferably immunologically
equivalent to the epitope, peptide or protein it is derived from. In the context of the present

invention, a "part" of a structure such as an amino acid sequence preferably comprises,
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are detected. For prioritizing antigens, tunor phylogenetic reconstruction
based on single cell genotyping ("phylogenetic antigen prioritization") may
be used agpanthi’gsho the invention. Besides antigen pri @girtdpz@blooevased on
criteria such as expression, the type of nmutation (non-synonynous versus

ot her), IMHC bi ndi ng char act eri stics and so on, a further dinension for
prioritpreferibdn coessstgnat keast AOpE anddast 20y a lamd 30%4;, et leasn#i%hatt lerss pé¥ai aty

and bi opsy hj as can d for ex Ie bel 1.1 t,) fying
The noolsdsanteosd 70T ah EeriDobrl frsh B oo 1St UGNy 185 St Bl iy A
est i mat geki bgsed: REst RS, i RELDITLE tha sy sHaskFd Hethiabav sequarBnection with
t he hi gh-throughput genone-w de single cell genot ypi ng method and the nost
abundant SNVs present can be sel ected for prOV| di ng individualized vacci nes
for ca VAC l.dent [ onyr d
tree aan tgfl‘g Kﬁ%uﬂ%rteﬁcnfvfoﬁ‘!l nﬁlgs S%%Ofy %fmﬁmélg%ﬂ%teg?&rrﬁ d"éu ‘%}l%ﬁ ts

in bot hex%l'tls etfestbr Alnetibd @urieedt Bnmiﬂf@feﬁf:tﬁﬁrﬁ Axhahﬁmhrﬁ)rmumeedll'f pﬂ’eferably is
hapl ot ypi ng and a phyl ogenetic tree of the tunor somatic nutations can be

cr eat edcapp mqfﬁén@rlag%e adigen SN\2 gel &%‘tﬁdeq’ﬁ@ §EiRESCHEISR e aMYgN Ohan used
to root [ r c

sequencibiy biifis G Rl o TR, LRy RREAHIE FRESS, (oo e FRabe
sequencsish celid stcretd froleiaed areﬁdir demakinenssepreedintibedies oreexgnize ¢ance11®es pclilsmar y
tunmor (defined here as the p HB:% basal nutations/anti :ﬁ) 51

| ow pr cB&bPRtonpllY (FEMIRHE Sﬁﬁlf é‘F OTFFAMRIG M BPOTERRLIVE OFB%?S nCe Re
same p%gﬁo A " élﬂe E)@P'Teceﬁsh%rﬂylt alf1958nd T EAR)ABCAILT AhusRAURBECBSIAT €
predicte £ xe inthe tunor. Prioritizing primary basal antigens is
not equienabplits, troagrophagks, i @idngendrgionoslis. firefprably, mutlz icontsxi nftthe pricegmsy

1£ ?L;Bce)u v rﬁ OPhém\é?LlB)’ggega?lftweﬁ? : ,r g%s% IFSprte eéc?lﬁq%ﬁﬁ aﬁlg/or%ﬁtf hésl§NVS appear

to be present in all cells derived froma biopsy (and thus have the sane
frequency - 100%, but one nmutation is basal and the other is not, then the
basal rRreferdbin amSipindunisseastive ceBY réeneEnizenEn ahigen (05 Pewkigs RApEdp ssived
mutation is |ikel res

at er o ey BeRht e B Sepifid B BRbuhl B b Rtea WEESERAISE,

the regueIT waedcalel Rech Yoo iR hikBild DA RETSEPRRIH D209 obidixpssedverslstsakiens In

addi ti on, basal anti ens are likely to exist in tastatic tunors derived
from t Hangsri GeHp-yPretirahly; %‘ér‘%ﬂéloﬂyﬂﬁ’le&rtw icsHl Bt PESognIZhSt 3Ty BREES0PT FVAC

One My, QBS{J‘{;?{@% ELEaPBohNGi 4R 1368 td E@I'eshé{églé%rl teadifcaftliRe A1 RIAGHIGALE the

entire tuffor not just a part "o f secondary tunors exi st
and thes# (@8M4é Takdb ksearrpg eckeptns émokeu:bgmmaray aptigen of at hetigdnl peptiderderived be

t ted. Thi t f the t d
ot ect i BT 3 BIESH Polie it of SUAEIERs b FoIEyIc Sﬁ&??%?ﬁ&e’%ﬁi Ph Byt
maxi mal % $RRNV R {8 6$)cytokines and/or the activation of CD8" lymphocytes (CTLs)

and/or B-cells. If the cell is a CTL such responsiveness or reactivity may involve the

elimination of cells presented in the context of MHC class I molecules, i.e., cells
characterized by presentation of an antigen with class I MHC, for example, via apoptosis or
perforin-mediated cell lysis. According to the invention, CTL responsiveness may include
sustained calcium flux, cell division, production of cytokines such as IFN-y and TNF-a, up-
regulation of activation markers such as CD44 and CD69, and specific cytolytic killing of
antigen expressing target cells. CTL responsiveness may also be determined using an artificial
reporter that accurately indicates CTL responsiveness. Such CTL that recognizes an antigen
or an antigen peptide derived from an antigen and are responsive or reactive are also termed
"antigen-responsive CTL" herein. If the cell is a B cell such responsiveness may involve the

release of immunoglobulins.
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Anot her approach to obtaining antigens that maximally cover all tunor sites
is to take several biopsies fromthe tunor. One strategy would be to sel ect
ant i gens woentyfsbsd by the NGS analysis to be present i mrcalgr2bizopgies. To

i nprove the odds of identifying basal nutations, a phylogenetic analysis

based on single cell nmutations fromall biopsies can be perforned. In case
of met aBiteatsitas "Bicolp'sinsks"F hyvomhakytet arrwssd datgrabangsiablyi krseinand ipgludg T dslper

identified vig. iC re co | | LRI - i ng
cres. 1 ot (PR e i e eAeteTaT SR BT F e oy S PR SRLFRL Sl £
met ast adejls. tunors are derived fromsingle cells. Therefore by genotyping

i ndividual cells extracted fromdifferent tunors of a given patient in
conjunction with genotyping the patient's circulating tunor cells (CTGCs),
one cangr et 1 AL [ GRA plalNEc¥RERJIAt | on
istoo gglf?s\?gaér{fe&)rfaefljaa&g?%h%ubﬁrg@ éﬁgl@fo%yafsggrrﬁtp? ﬁceﬁg%?i g? Raa} t%rmr t hr ough
a cl adenebll Glédsateeimmenitf. (They che bp distagyishtadnfioom oBedr dym phovlyieaypes, sethiasdB t o
identify, count and genetically probe Cs). descri be .an_ ext ensi t he
above. U8 AROBHUT GHLE A GNP SR TR BRI L IS5 DRIy B A EA EL hod
for an éégbﬂeg‘gﬁ& dﬁﬁi)@h'h@%ﬁrﬂgs S DR En ANl Y SdnSreSJSibI & SbGe thAuARBh YIS
descri bed above, one can then reconstruct a phylogenetic tree of the priner
tunor, ENESeana! sidfeoend anbysetsiofdt eellamhiagé heprf disnovprstdaeachsyith ¢ flistingidyncsionst ) .
Based on this tree one can identify nutations (passenger or driver) that
occurred at the time or closely after CTCs first detached fromthe primary
tunor. ThepeXpaGtAtisosthswhit@bldodecelle iR MamuablockCroaédssd, igelidingnidneraon mar y
tunor are evolutionary nore simlar to the primary tunor genones than to
secondarfiB teltsontogdammeeeslls Rod pRdyatipneof aytatexie dprebls @ad magtophAgese tROME S theT
CTCs arjising fromt ri_mar VWO I P: i ||
cont ai "0 'eﬁFﬁfF 5?1 i ons a?’%a%ozﬁneasleeééd %%J%#E%é%gﬁ%%{fq ?%ﬁg«?gﬁv#g%} B%C at

wi | idsetneidbsurfacs eHelger SE e deyorhéinptisatyd Whehethbprare dprésentei ewithutpepede
These uni que nutations can be prioritized for, 1 VAC to target. (or prevent)
feo " e

met ast astigensTe Vi sisa gemetecples dhatrars iexpresspe s stHRse Ok FRrge
basal ' ' v, HGRNG VAR R, EEPBLRES GRMD IR chA& dyt6Rihks
speci flrg(%g?%@?% @F%ggﬁvﬁe@ééﬁg&lg ara% ?yheregegre Wlm| I rbtge arsi indepyetndlent arm
from t heatregehte or bssisy @t thegctiveinpmunaregpenseor (using different antiges). In
addition, if there are few (or no) secondary tunors, then the chance for

i mmune escape from CTC derived antigens is expected to be | ower as the

pr obabl yy:fQkid #rills @eGAREvSNAM IR cBlINbAD nirher BdIRDenRd afe Slanc@plicstd tn
carrying the given antigen. °5. ldentifying antigens co-occurring on the

sanme cetdnsplaierefectioktBies¢ celignay also knovirets €D&Y T pells sinee themerrrevdheédd o
pnit esﬁyc%ug%cgtéi:nogtzgge?rﬁ é@r?ﬂctgf‘ée%‘éé ehs %g?ogﬁrngz%s thefr ?Jrgét?ﬁoa{ BRI Sa‘ilﬁgé@”d

t her apy® I'hg nul ant gen cur ofi the

same cejsbociel WhRMHECE]ak $ovhicR e igiatenlt Bn thesurfac®bf havly avegr @litodithethatyce of
overriding tunor escape nmechani sns and therefore reduce the chance for

rel apse. Such "cocktail vaccines" woul d be anal ogous to the antiretroviral

conbi nati_on t.her f Qr + j Gl T i :
Cont1 7t eIl Moy b e BFAIBRGS (TERy PAGHI 1SR BB brbEIns.
al | celTis. adrunl tThesinpicepton e amiporgd tod ttvoeseparaenpaptide chainsinhizh ede petdooet t o

Lgﬁgﬁ : f Eo’ng E%U%FF%\%FI%SP g%llég%!eia%r %[p te)lean Ce%a ott) (aamcliJ ﬁ"%q{ﬁ) Sglcjegehs éin%pgrg %glrllecfm y

a- and B-TCR chains. y8 T cells (gamma delta T cells) represent a small subset of T cells that
possess a distinct T cell receptor (TCR) on their surface. However, in y6 T cells, the TCR is
made up of one y-chain and one 8-chain. This group of T cells is much less common (2% of

total T cells) than the aff T cells.

The first signal in activation of T cells is provided by binding of the T cell receptor to a short
peptide presented by the major histocompatibility complex (MHC) on another cell. This
ensures that only a T cell with a TCR specific to that peptide is activated. The partner cell is
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1. Ootain biopsy of tunor(s) and determine atlas of somatic mutations. 2.
Option 1: Select N>96 mutations for further investigation based on

previ ouslwoestxBbisshed prioritization schenes. Opeicoep2o12/8en2bor m

Si In:\:jl e cell assay (see above described hi gh-throughput genomew de single
cell genotyping nethod) followed phylogenetic analysis to select N>96

pri mar yqu@léaa prefestionsh gniagrn preseitieycekpt/ s q)eéélf?ﬂlynﬁjfi%&qrﬁ’r?scet%o “rré&ﬁ g of

OV > rate eSS Witholl B EANSa fraliEhillec! G BBRbatk 0P DerieTpspriciee

'l'ael ow) , er for generating nyl ogenetic anal ysis (see section
| dent lﬁrweﬂ@dwom cells DCRIHE chags bmotdaeles areaypiehlly §tlentivoekidairn length;

| VAC")). bt ai n whol e_bl god fr t d .bl
cell's tkr@em@z% pEsTsabeTs PA301 99322 él%e@assagerm&%“\iﬁfa?%twci% ¥8‘§‘°1rrea5b5 o0c
depl et'eﬂa%%étlfn%% S1eki S the MUGBA i llleculPgBBbEE beads conjugated Lo ant
CD45 ant1 body, etc to enrich f . Renpve free DNA by DNAase

di gestion. The orlgln of free DNA can be DNA present in the bl ood or

fromdead cglls Sor t nt o

(based Aouipe & s el rareotadd Col Ger e Rt ghorani % r?é%*%%l‘“ﬁedm
hi gh-1 hi,Qughput HAENP WRrith WSl samgit§ @eléalcg%&eymm@dmraadhnd Fiess sbosdidl
general [y be positive multiple SNvs. 8. Cells jdentified as cancerous

(=CT Cs)prmrblenetdh@rgeb@ $ta|mdahféﬂssam%1l"y\zf’éallt¥)mfl 'bg@#iﬁ ?Qﬁé‘l‘tb’ 190%1%%%??“(% Yanel
g;nsl\'::/}ﬁ}slﬁ{b%ﬁgl gtsg Sff%qs%ﬂb(i(jgi”‘& 'I'yc'eﬂgre@éi')ttdrgﬁ%otc@ﬁ&qﬁﬂfaﬁ&ﬁga%lé he
binding to a target if it has no significant affinity for said target and does not bind

significantly to said target in standard assays.

A T cell receptor is preferably capable of binding specifically to a predetermined target. A T
cell receptor is specific for a predetermined target if it is capable of binding to said
predetermined target while it is not (substantially) capable of binding to other targets, 1.e. has
no significant affinity for other targets and does not significantly bind to other targets in

standard assays.

Cytotoxic T lymphocytes may be generated in vivo by incorporation of an antigen or an
antigen peptide into antigen-presenting cells in vivo. The antigen or antigen peptide may be
represented as protein, as DNA (e.g. within a vector) or as RNA. The antigen may be
processed to produce a peptide partner for the MHC molecule, while a fragment thereof may
be presented without the need for further processing. The latter is the case in particular, if
these can bind to MHC molecules. In general, administration to a patient by intradermal
injection is possible. However, injection may also be carried out intranodally into a lymph
node (Maloy et al. (2001), Proc Natl Acad Sci USA 98:3299-303). The resulting cells present

the complex of interest and are recognized by autologous cytotoxic T lymphocytes which then

propagate.

Specific activation of CD4+ or CD8+ T cells may be detected in a variety of ways. Methods
for detecting specific T cell activation include detecting the proliferation of T cells, the
production of cytokines (e.g., lymphokines), or the generation of cytolytic activity. For CD4+

T cells, a preferred method for detecting specific T cell activation is the detection of the
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It is also possible to conbine this nethod with previous established
nmet hods for isolated CICs. For exanple, one can sort for EpCAMcells, or

cel I s poswbizee/isersscyt okeratins (Rao CG et al. (2005) lpatrampp@bioonad
journal of oncology 27: 49; Allard W. et al. (2004) dinical Cancer
Research 10: 6897-6904). These putative CICs can then be verified/profiled
on t he mplifesatipn o aels.diari GBSt Heicellsni prefesied. mathpd faredsiertingaspepidicul €gllt o

count Cgl; an d{gq}geaggct%tdgg%g&% tiréﬂtofc(ﬂ %ﬁoﬁypartlcul ar marker, which

may nor expres can but rather on the
mut at i on profile of cancer somatic nmutations unique to the patient, this is

an unbi ased met hod to detect and enuner at e Accordin e
i nvent i bif 'R FPPIPHAAHOSHRRIDIINY cctmsx pHd % r?‘ﬁatﬂ%iﬁ’l@{(& ﬁ?‘lﬂ’? Mied on
singl e ggkly %ﬁi‘f%ﬂ@'d‘&st@ n'fmealﬁ& L1 réiatwsra %@%k%sges eP Wt QOER8H & all

filtering™) may be used I'n one enbodi ment of this approach, a pan-tunor
phyl ogexrmttebxateanMH@ |psotems oeowleulad ke enpartana fdremnalisg petmieen heuphdegtes and
exanpl e, driver l§}ut ations from.n ove

sect i orf IR RISERHISEHF | Oﬁgfvaﬁgscgﬁswm@aﬂg %%&B%F &ﬂ@%ﬂéﬁa@é@%ﬁ% ¥Ei s

we desahpleeulds BRIANRGtHEs ERE pMe8EntAREASIOF dcoBRAMANGET RNAeedptbdenhé byoteigl | S
t hat have sequences close to the root of the tree. The nunber of nutations

in theseelcg@qiubmleestéC@X@éépré@seﬂ@rbélessugﬁw |0é§ﬁ]t1$,y&nﬁef§§31¥)hhﬂtht$¢éf arirases  of
mut at | 3§gpt gnL{ l%ro‘?"r‘;’lrrlp gel? 1&5%@ ?r ee er efgenbsy ef lfrn{&récx?f? otfhl%§§d13r €

sequen T he'T 60 ‘ore ng sequénces
WO 201ZﬁﬁﬁﬁﬁgﬁﬁﬁﬂbEEZGL&ﬂDOZ209 close to the root of the tree many
passenger mnutations are expected to be "phyloeenetically filtered" out.
This procedure has the potential to greatly enrich for driver mutations.

Driver l‘HétﬁH@F%é&ﬁféecgbiggd F}g% glir%g shiferb ”fci EQ/ f 0186 Brci%@% ’ﬁﬁ%l—f@'&la

patient or can or hove erapi es. n anot exanpl e
driver protasi Maiﬁrmmmbﬂaimmmﬂ’sﬁ2aﬁlcmg®bﬂﬂm typeparayotbéned MI6Ct encodBy by

reconstructin pr }%/ basal nutatians from rrané tumrs. . of _a 1]?lartl cul ar
type orfdrEueso h"?f e RTesEab 2pHgen: HAZRENtSt ogeft teﬁcng celfsi Qarmpah TRPBRS .
Si nce hasah c%ﬁ&l%%@&ﬁ%alﬂﬁéﬁ attfiRnlR8denfhg £OS, MBE didsk 1BFroRids RN BagsepIer
mut at i ons, t he si gna tto noise ratio in detectl ng driver mutations is

expect @ham@ agg dwlylpyesencandigse framestsrtetThbdp@rH@HefMHél tass Iﬂﬂr@gmte@nomlfom 0
det ect | ess fre uent dri,ver rrutlatl n éw) r g(ﬁnt d %/enrC Hmc% ons from
| ess sé’ ggmung com Pﬂ%‘?s SR SRR REPRBEID AR S‘%rﬁl.?/ VIt Ghories:

phyl ogenetic reconstruction based on single cell genotyping to enrich for
driver nutatlons ("phyl ogenetic filtering"”), a phylogenetic analysis to
r ecovern FRIHREsa8¢es dAUSE %dH@r Fegaen HiAt ANCOHEs AR EISAHRE Proteins on the cell

surface are referred to as human leukocyte antigen (HLA) genes. However the abbreviation
MHC is often used to refer to HLA gene products. HLA genes include the nine so-called
classical MHC genes: HLA-A, HLA-B, HLA-C, HLA-DPAI1, HLA-DPB1, HLA-DQAI,
HLA-DQB1, HLA-DRA, and HLA-DRBI.

In one preferred embodiment of all aspects of the invention an MHC molecule is an HLA

molecule.

By "cell characterized by presentation of an antigen" or "cell presenting an antigen" or similar
expressions is meant a cell such as a diseased cell, e.g. a cancer cell, or an antigen presenting
cell presenting the antigen it expresses or a fragment derived from said antigen, e.g. by
processing of the antigen, in the context of MHC molecules, in particular MHC Class I
molecules. Similarly, the terms "disease characterized by presentation of an antigen" denotes

a disease involving cells characterized by presentation of an antigen, in particular with class I
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In the above section "Using CTCs to prioritize antigens that inhibit

nmet ast asi s" we describe a nethod to detect CTC associated nutations. This
met hod cawmoabemshssused to enrich for driver nutations lpeadipo@21002209

nmet astasi s. For exanpl e, by mapping the conbi ned phyl ogeny of the priner
tunor, secondary tunors and CTCs, CTCs derived fromthe primary tunor
shoul d biGHDeRtesdnedtivmeol ahentgeadey aofellt hey ei affectedstec baudestinguhecsll VBl a
phyl ogeneti.c anal ysi n_hel int the nutations unique at this
transi t? Béf‘aég?\qh ﬁg‘relﬁ?ﬂg&éh%%&ﬂeﬁ? tunors. A fraction of these

mut at i ons can be drlver mut ati ons. Furthernore, by corrpari ng uni que CTC
nmut ati ons fromdifferent instances of the same cancer (i.e., n>1 tunors),
one canBf uiftaEmeneaf jaghantigen tWech i pueseriedy oF simtlan F’ﬂﬁ§55é%i§slﬁﬁ§e%ttha§t%2§l s.
Accor di to.the,iny i e y r

Ver sus Q%%O%n caf bte el nté)da'by%ﬁ{%)egg “)P cf’&gé ! ?)'recfe{aggi A cflééfsq Fga%ﬁrergr S
are sanpided, du&cﬂ@@d} &dtlkérepre@&mrﬁecdlseﬁl boe [&frfbddﬁiertt,ht—het ‘Eargmemhs ar filegmdrhat
tunors appeared: which tunor is the primary tunmor (nodes closest to the
root of%W WB15{?%%‘)a“é{rﬁ’ﬁes\ﬁh‘ieéIl?ytcﬁ%?@r%%s@gtar‘i‘eanﬁﬁgli recent ones. This can be
hel pful in cases where it is difficult to determ ne which tunor is the
primary. In the context of the present invention, the term"RNA" relates to
a nol ec”ﬂlheateWni"nhnmompgicsHs eqtivhleat'tmeane tlua',tbmilnmgo@lbgi@alrlﬁsdltdudelandolecule

pref erabl ing entirely or su stantl ally co r.i bonucl eot i

Peot quesch apmtioErae S a0l Pl B SRinG s ERRTIE P e O St ergiBtp at
the VQp20d2d IRARARITSER2 QicteRR2Q00/8r - B8kt RN s@heod JesEnitialpf tHeaR@ny |
group. The term "RNA" conprises doubl e-stranded RNA, single-stranded RNA,

i sol at echrRN@legicH dfectsarctd. abity @ﬁp@brﬁ@lt@ ém? pflithef inemumpipgicelsefast isueh ys pur e

\ThNﬁ c hség?‘f"gﬂ%‘ ‘?%rﬂgﬁag ?g@ﬁy oC c%plirn% N ﬁ%ﬁ gdth treﬁ%tﬁhangf rr%aga{tloneoq R

substi tidiihced idndinerreadtioal ét theRpedificifcothe Iiml’ueedn uﬁineae rehesion. Shiclte @ntext affi ons
can include addition of non-nucleotide material, such as to the end(s) of a
RNA or thppegsaatl inyentiosy thesrp| enmunelqeically sayixalsnic e praferablygised pathrigapéet
Nuct @0t dpe iruflulRN0L 1101 E04th25: GRABCALeS O AUIBLiAS Bsd0R: ShARMRLA0M T RHARS .

uch as non-naturar y occurring nucleoti'des or c em cal Iy synthesize
nucl eotdndesinoractiesegyentelie dhimeslogihalig eqaivilenew Rivlsrepamarhmoraefdeseqeendedf as
anal ogs or anal ogs of naturﬁl | y-occyrring RNA. Accordi ng to, 1t he. present

i nvent iBH A AEANSOaRRERE WRED FBRSCANY BEHURWH $YSERated StBechiadaces dhe
term " NN TEaton HAbH D%Ar@%&ﬁemg\ofﬁéaenﬁgelvﬁh% feferncel dnA6 GEidREquenbd. chis
generated by using a tenplate and encodes a peptide or pol ypeptide.
Typically, an nRNA conprises a 5'-UTR, a prot ei n codi ng regl on, and a

3' - UTR 0ssesse imted hal |fe r In the
cont ext T SRe TBWBE oL, HEIBI MR YU D@ gBR e Ra TRy Yok any

t ranscriyRéioRs thédied NCorhpoined 6F th-Ehﬂmhﬂné/ ks¥dtém t than sl P AR afpld) a6l ahegy
is known to the skilled person. For exanple, there is a variety of in vitro
t r anscriihingopf Rimeer é@ih?mﬂfclinam%/H&v‘atlplamfemm@écﬁloﬂ/ith]gan@@rtlﬁb@tiﬁﬂeﬁf|%Tﬁ°rt he
stabili andtran t i O f r
Forexitr BPmes bk Bpiitof s aitel bt RABRLER BRESHY (e

nor e miginuneakicots ﬁliramloﬁg irathstcabiekt &f the pedskecCinseraivd/ ae Ti mlrrﬁadaata@ effector
translation efficiency of RNA. Such nodificatigns_are descrj bed

exanpl efun?thPCSI‘)’CEFfEMWPQG@H‘@BS‘f H’C‘BF geef adichst di i e erdn dee reF?lg%étt‘%Fér to
i ncreasg 4 Xagﬁlggé %tl%ﬁ?p%e%{dm@%% qb@gng&l Ih@eRRRKDbE MIYE ey it

may be no ng region, I.e. the sequence encoding the
expr esseolepaet bgleTocelpmrIegtcms, meefeéaraabqu wtblhoast aatl/toeruhngacttllwailcseqﬁéﬁﬂa& of

t he ex ressed ot s toi e the

| nor eadunapax GG esYah B idlstnd G B shiotionT BB HDRRINGR Cath 2 Rgikor
enhanc%ntahﬁgéi ﬁéﬁtl‘a@ deAv&LEbar an Q}h%eﬁ &4 e d¥Reixt bEMHORYasé ano'[&ulé@'ﬁ exelpf
the RNA used in the present invention includes any nodification of an RNA

whi ch ireceptsirs,rthe u:hahngnopr@?seqﬂ_s prasentdddinRiNa. coniggt of MHC class 1 molecules, i.e.,

2012/ 159&5 élaglgte%%%g JBZ/p(f)gs%leta%on of an antigen with class I MHC, for example, via apoptosis

or perforin-mediated cell lysis, production of cytokines such as IFN-y and TNF-a, and

specific cytolytic killing of antigen expressing target cells.
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I n one enbodi ment of the invention, the RNA used according to the invention
does not have uncapped 5' -triphosphates. Renoval of such uncapped

5' -tri phogphat®szan be achi eved by treating. RNA with acphraphatase. The
RNA according to the invention may have nodified ribonucl eotides in order
to increase its stability and/or decrease cytotoxicity. For exanple, in one
enbodi nent, in the RNA used according to the invention 5-nethylcytidine is

substi t eetgxl’n;? aﬁér{o aldny ?lg{e ?Fﬂy t%ia? la}ﬁouﬂ{ ﬁf{)&g@m Ynﬁ%lﬁlﬂltﬁe h@mds¥tedbpe.

Al ternatlvel'y of cad In used according
to the dnl’bkgﬁthslﬁ or ps(ﬁ:udmhé tedmn'e:xbmee lud‘fBltSItb uheecbdiag tdgadsyofor gaonp. dtheltyrm
preferably conpletel far urlg e enbodi nent, the term
"nDd|f|@8P$6%W“?%P5?- t?gwﬁFBQ %Pﬁ@pEWO % th a 5'-cap or 5' - cap anal og.

The termi,aueaRidr %fa%Eérdhfg & ﬁf%Qn%Er{tHﬁlt Peferfiy Qﬁo%ﬁdﬁ%oﬁlc end @NAN FRNA

nol ecul' e an genera consi sts of a guanosi ne” nucleoti de connected to the
MRNA vnﬂwanclamummhl(RBl‘A)t odse prefephbs PR, embstn;krageeably nnoneo erarseritrsnRNA hi s

OO e A e Alhehe AT Rulidnsiitt DS gt (AP SRR echorieP”

7-met h@lglﬁlar@ﬁﬂﬂe rﬁﬁNA( n%@)mbin@nﬁﬁepr@@ﬁﬁeﬁxhnd)fchteﬂ@caﬂll’yesmhesliédeEﬁdlékmlest he
term"5" -cap” includes a 5 -cap analog that resenbles the RNA cap structure

and i Is Amdrdmedo tt}oe ptysete@s at recleipiacid jnay Pesprgbnt s RRBleaitrnded ohidanels-
translatio tt I
% (g EB)Id 1nefuh%r %vaﬁeng c*r%{ﬂ%rl?t e(P h%;l g?eb Y m@elxl attd caaﬂdé&:ror]dlﬂ% hg the

cell. I ncl udes a structure
f ol | owithRgirgenresaibe fiated. he tOmd "HolatedIdukleld addd'Pmear3; ﬁderdﬁng to thA/ixvefition,

wherein RL and R are independent]y hydrox thoxy and W X- and.Y- are
i ndeperibirthe yruheiegeaid (8 grsumpLleeH| Hi%o> doT MPqErYlaaP YEIERE BN BAa it nt |

R0, and (B VAL Fejo 8 o foafiY Y, B OFHIShe bRl Utk n ey o0
met hoxytlansedMnd XepaaatibnYby aiek ebocyrgphoresisy ar fiu) thwersynthesized, for example, by
chemical synthesis. A nucleic can be employed for introduction into, i.e. transfection of, cells,
in particular, in the form of RNA which can be prepared by in vitro transcription from a DNA
template. The RNA can moreover be modified before application by stabilizing sequences,

capping, and polyadenylation.

The term "genetic material" refers to isolated nucleic acid, either DNA or RNA, a section of a
double helix, a section of a chromosome, or an organism's or cell's entire genome, in

particular its exome or transcriptome.

The term "mutation" refers to a change of or difference in the nucleic acid sequence
(nucleotide substitution, addition or deletion) compared to a reference. A "somatic mutation”
can occur in any of the cells of the body except the germ cells (sperm and egg) and therefore
are not passed on to children. These alterations can (but do not always) cause cancer or other
diseases. Preferably a mutation is a non-synonymous mutation. The term "non-synonymous
mutation" refers to a mutation, preferably a nucleotide substitution, which does result in an

amino acid change such as an amino acid substitution in the translation product.

According to the invention, the term "mutation” includes point mutations, Indels, fusions,

chromothripsis and RNA edits.
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WO 2012/ 159754PCT/ EP2012/ 002209 preferred enbodi nent, Rl and R, are hydroxy
and one of W X- and Y-, preferably X- is sulfur, selenium or BHS,

pr ef er ablywo2uifspsawhi | e the ot her are oxygen. In a furpbereppsefoeroed
enbodi nent, one of Rl and 127 pref erably R, is hydroxy and the other is

met hoxy and one of W pref erablé X- is . sulfur, selenj m or

preferancy»r%lugﬁwhW‘VF@lqnhéheo&eﬁer %ﬂeé gsspEBes 2 sPecialdnyBboR clest: dafacd %Sné
nuc! €0t G0 rdfirt'if'collRlifacH ilterlion GANBAEAG s hOS Bl%nkgafnmufc%gag& its
3" group p structures rel n at ast one , X- and Y- Is
sul f ur , Inicodingwhgiohs hfithe ganqnhaspﬂcslsmhdﬂeoaﬁleafmmmdql is amwhhplie f dj fite pertuce

di astere i SO ic for of  which are enconpassed.herein. Furthernore,
e pr CoBHDSTRG SR PO AP b Corkios B Gt D P SR Dt Bt sehe.
above fonnidides FALIEXAIPEEM Meq&aeesﬁrﬁa)@ﬁt%atahayn@a ma @b@uastﬁﬁtwmwe
wherein R is nethoxy, 122 is hydroxy, X- is sulfur and W and Y- are
oxygen replastsonemf theonutientides. eoi someric fornms (Rp and Sp). These can be
resol ved by reverse phase HPLC and are named D1 and D2 according to their
elution order fromthe reverse phase HPLC columm. According to the

| nvent imiiont eh Bndr&@RBbri@benks Fncl fr&MASP Gréviowdy Sdpattt@benes Pt @4eo¢cdl as
Provi di ng an RNA with a 5' -cap or 5'-cap analog may be achieved by in vitro
transcrth?)trifSGH off 2 grapnacatimpliptewstitinl gelesehcy growarema) nvggsios: Cfteng fysion

anal o re al | r t he
Gener iU RRE Lo RRe. SriofRRic Rpcieh pRR°RAY BEAPRAN denl HGARENALEY dep;nB{/i tro
t r anscrdifférennfunasich s the-twafusiay pbﬂna'stAhé‘tﬁdtn’Eei)y,td”lproRNAncogene is fused to a

post-transcriptionally u5|ng cappi ng.enzynes, for exa cappin nz
of vacctRng PIYTPRIET aathRIGRY S CREASHIIS gmrcapfl He setnigatupe ”@%ﬂ Py E%gu I

a furt hep aul) IHeca%o&lgg)r Eep%f%gaﬁcqnf ﬁlswﬁe;lza?{n%§%ﬁcd GBNRMEiBR tRYorRs an
extensi on or ‘truncatron o t he nat occurring poly(A) tail or an

al t er atmaynlsd b¢ bams&d byUanﬁéplis;htgcarrsdmtmduqlegaeotss (UTR) such as introduction
of a UTR which is not related to the coding region of said RNA for

exanpl e, the exchange of the existing 3'-UTRwith or the insertion of one
Or 0T & ccBfdeh S/ idveRti R RheSerd] “ehrdnrothtipstierered aocrenauglpﬂaudana@ﬁeoy such
as al pha2-gl obin, al phal - | obi n, beta-globin, preferab bet a- gl obi n, nore
prefer aﬂnyh hmmﬁp pegtiensgd fothiergenome 2o JSQNI@Q‘?BH@D@WTEPZGIFE}/ BEetheD ViaRNAINE | ng
an unnas Vas ole) /EY' A sequence is translated nore effici entIy t han RNA haV| ng
a maskéd oaI & sequence. The term "poly(A) tail" or "poly-A sequence”

rel at es to a sequence of adenyl (A) resi dues which typl cal I y is located on

the 3" -end of a RNA nol ecul e and "unnmasked po'h\l uence means th t the
pol y- A Assqising éo ghe imengoneiig Q?fmarRMAe%l 8B '%ri’tﬁ1 g t Kigh 1o Belegar

pol y- Ap?&gk's%g?:?“%gﬂ the i{8fmtRh! & rPR‘PJA@Hlto'lééﬁﬁe IQEHQJedttlh}%Holﬁa Lp&GR{ced at
the 3 wnstream of t e po A’ sequence. Furtherndre, a |long
pol y- Achaerpednabke bhseahekiupl RN adieinpanclsdesenuldoside nncajlﬁdqmtdnsrahch asamtrdnnqot
st abi | | and tr | at.ion effi enc Ther ef or e,

i ncr eaé é‘t 4pfing gﬁaﬁﬁ‘dlaé]ten%&rﬂﬁ' Oéneﬁbmdwn%}?éla %ch’Sﬂcﬁsr{ﬁmftSmP]r?éed

Pr esentubiBYEdd ddihiods ana%e?@orfgoﬁm 86itia e la%lmoAb%ff@aﬁfeWaltér@ tHeOfbh 1B Gleidon
with a poly-A sequence, preferably having a |l ength 10 to 500, nore

pr ef er atduen@Dof the3oBodal proteimrse thatet difidyb frods thap pZ@@cta%byébneemcamC;DTﬂﬁo to
150 adenosine residues. In an especially preferred enbodi nent the poly-A
sequen¢&8S™a | ength of approximately 120 adenosine residues. To further
increase stability and/or expression of the RNA used according to the

invention, the poly-A sequence can be unnmasked.
The term "cancer mutation signature" refers to a set of mutations which are present in cancer

cells when compared to non-cancerous reference cells.

According to the invention, a "reference" may be used to correlate and compare the results
obtained in the methods of the invention from a tumor specimen. Typically the "reference”
may be obtained on the basis of one or more normal specimens, in particular specimens which

are not affected by a cancer disease, either obtained from a patient or one or more different
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In addition, incorporation of a 3" -non translated region (UTR) into the
3'-non translated region of an RNA nol ecule can result in an enhancenent in
transl at iwo 2effiseisency. A synergistic effect nmay be achipevra®2xg/002209
incorporating two or nore of such 3'-non translated regions. The 3'-non
transl ated regi ons may be autol ogous or heterol ogous to_the RNA into which
they aimlividtalgduetedably healthy palivifieals.ain rantyedirmadividusts of theotrme sRRSISSt &d
region,is derjved fromthe human. 13-al obin ge ‘ i 0 LA Qfr dpgapbove
descri b"@ger?ﬂ)c&i FF%;?Fi‘%ﬁ ! l?éde?mpwggﬁ)é% gtf‘%'tlonﬁ b écpgﬁg[‘%°gequen(r:e, unmaski ng
of a pgpatiersequence and incorporation of one or nore 3'-non translated
regions, has a synergistic influence on the stability of RNA and i ncrease
in translation efficiency. The term"stability" of RNA relates to the

"hal f-1)ife . of 00 frelidieoan’ 61 AL&ES alBrdilS 1DFhd Bl eRfior, | NBOESRatih
needed 1§ Séllltlgbngeﬁgﬂgenﬁg@f Incc#ﬂOtdh((:aana@lfi \Eﬁeatsil/,c amount ,  or AUMDEr of nol ecul es.

I n t heSequehexk QIGSheeqhmeReids beivgnpriefamedt MdiddaGenérafien dfequendRA rethods
indicative for the stahility of said RNA. The half-life of RNA ma

i nf | ueABghttsHBstityG gt thsNGP BB antﬁe dHtugeng Sﬂfiﬁ&{ 't thecsa?ﬁu%}ecué%(f)tg%toé&h % hat
RNA hayj.ng sarhong:faldon! duifosst | the REmS* M8 688k kI Seyueitiagrded:NGSE ipetd od.
WO 201@6%87E§1PCT IIEPZ(STQJIu 25209 %)‘ course, if acco%ql ng to the present

i nvent comeitt off thedprsbame dnventide cmeas ell snayvisl highy thapiphpnt sequsasiag|teshneiggies ency

of RNA, it is possible to nodify. RNA so.as {0 i r{ i i on
of el el‘i‘@ﬂﬁﬂ%l %‘Pnéf«?%tcl?itlﬁ%§0386[3§’”¥héfg'é%q0% Iflﬁtgog?qé% {‘ﬁ v ggnté%}lo%ep?}rl%&n{éﬁgt i on
ef fi ci enaynRfei&NAd (EhS14t8S PMnd6xy &8 Parilic] kbngshe eatrogeiong: by Hréakinnvent i on
inits nost general neaning_ and conprises the production of RNA and/or
pept i destirergepoing priot smelk piegesy Susly Nggﬁ@%mpk@@wé {algp dnapniasaRaTsaist bR h
respect to RNA, the term”exnressi oo, ~Lrans Lon" : |

parti cSfHFERS ttﬁcimﬁlroglcfﬁg]ﬁeo%kﬁgﬁ 8 gé:'g??rd@gd%% ag% %/ g%ﬁédlgg&rﬁlggldg)h ggr%eri ses
part i abefu, @56heN tahsdiipedRé aldtladscribbbreequaces ek premsineh o anetbglotreafrdli ent
or stable. Accordi ng to the invention, the term eg\g{gssi on@l sg '%ncl III(dES an
" aber r athydatet ssaycafes 6f 2 gERUPHAIN &Kpf SRYT Jime pe raft VeRPt €550 Sor

" abnor g?e er%l?r it 1n0r1]:7 WS AR6QT HefGa]9 WHkin! RYSMANOD4 LHREs QXAT AFSA,0M | S
al tered, prereranly 1 ncreased, CO ared”to a r.eference, e.g. a St.ate In a
subj ecprindplehasinglg acli seqemcags cppatastiesni Multibler MGE @latftsmer vettich  are

expressi on of certain pratein, e.qg., .a tunpr antigen, An ingr i

expr es §?IBHICF%?1g’r %"aflﬁglﬁ PTIVHEFTL arseemw%é‘ted Inéggﬁt@ti o ic%l §% 't 6fdcllﬂllqglre %gﬁt%fdegfst
20% atpd Sasht RRUQSn Bly. 1RAS UedPBU iPleERNif Zakig NGl eDbRdTEEMipace¥PrRESSI ON
is only found in a diseased tissue, while expression in a healthy tissue is
r epr es genrafliresdgeemins pe gehorit. ) (esugt Esserdics A84dk ION: ar pr Seetardieg e
essential]ly oply expressed in .a specifli j . SN a
e T B o o A T L R e R e

pr ot ei B5i & 1P5I8MRIohln €XMPleR 8BRS o @RSV GB Gedinobgiespididrmsact  expressed in
other tissues or is not expressed to a significant extent in other tissue
or organ bypbe sequeneinghyppyathesis terhnelqey edm ay REPFIESRTRS FBRCENIS §-& of
the gastri C-n%%0§§_ﬁn£ 49 ée%rgg':ﬁegﬁﬁ&ll M| g 58he 8¥dcRMed BoP¥nyPUbe Life
tissue, such as testi's, 1's specifically expressed in cells of the gastric
mucosa. |n SerBcRBodifomn Connecticunplirsaddscgeetd meRorakhioelé KJ98cfsegadricyrg

expressed under normal conditions in nore than. one tjs dy r..organ,
such as in _21861’%0d3bf‘<ie§15% ’feﬂ)'é‘?eof’y’ﬁpﬁ%ﬁé‘?tebugg‘ﬁ%q‘ e}lﬁléb?’tﬁij% gg%.g or € than 3
different ti{SEHS0R) u9LIAN elnkiREh PER fnhivich aBfic bided TINAMIhIGE beads kheN
specifically expr ssecf In these organs. For exanple, if a tunor antigen is
expressed unsepsulaedely cigndiusivomsxipgehtr aplepus iegileasorgianinmPER, reagtars

extent in lung and, sto said.tu antigen.is i fical din
ing and st SHEGRA= v 301 377 SHSBET ot o B0y B0 T e 1R oxfos R RRRN
present i nvepfckQN lighhemit@drobd pRSsphatiheRculee datieg nuoledtidy dmesratidreisei n
the genetic code in a DNA sequence is transcribed into RNA. Subsequently,

t he RNA may rdverdedan thepadpmerse syteisizen theddtér diaig t o t he present invention,
the term.itranscription” [i.s R Y Lt Fen) LR idne
term"in 4 {fﬁ% S?C}ugﬁ%lggirﬂ’ﬁlf Sﬁ'%ﬁl%s{rs eal%gfoégﬂ?soaé;e&p %@g ?J&%}gdr nl%ﬁ]\/ E&?\Iﬁg\,{&?iIﬁh&ﬁa
particul ar RNASah SDidgoyiCGdlidoraya)t aihz ¢ biaseda onetdvefsitde dyesteemnapref @xdabl y
using appropriate cell extracts. Preferably, cloning vwectors are lied
for the geng‘r‘lalpm@ﬂteéf&g-r’é’n@l’«?rnb‘f@’.la/$ﬂl€§% Cé?“@ﬁ]en'@nélé‘g rorsa?fﬁ én é@ﬁéﬁg’gfv
designated as transcription vectors and are according to the present

i nvention enconpassed by the term"vetor". According to the present
invention, the RNA used in the present invention preferably is in vitro
transcri bed RNA (I VT-RNA) and nay be obtained by in vitro transcription of
an appropriate DNA tenplate. The pronoter for controlling transcription can
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The term "transl ation" according to the invention relates to the process in
the ribosonmes of a cell by which a strand of nessenger RNA directs the
assenbl y wbd 22188013¢nce of ami no acids to nake a pepti depon/apedigperns de.
Expressi on control sequences or regulatory sequences, which according to

the invention may be |inked functignally with a nucleic acjd, can b
honol ogous ofi%58t30081 Geers Gnehyzeesplethiy &%@OﬁbcaﬁL?%lrdEFtTpf‘%?Scﬂaiaﬁ ed

sequence andy, &8l Ghb SIEHERGEd U Rid: PRIl ORCBS el Haftd OBRIE Kvich
they are bound togethér covalently, so that” the transcription or .

transl ati on DNA hwlyoetasyy Beiduenamplifcatiodeextends cdnsten|strendsunwidr alhefour

i nfl uence of _the retgu%stor\é seqtg‘fn(‘fe. | f the coding sequence is to be
transl ated iMiBesseRinRPEIsHARClEP IS SSETF B %inct i onal |'i nkage of a

regul at or ENG Ko Wi HiRati i apPdalitksS @QUaRpRom el Gh 11RO STLi e plagiHmber y
sequence Ig)e:%saluto a ngé‘g‘?fp ?lg)'n of tﬁlg; g%gei’ ng sequence, vvithc%iljt causing a
readi ng fr andpglhidf Bidsystethe (eodi hife Jecumhegiesoomeatsian; tGerlsbad, Heal doraiaig In
sequence to be transl ated int he desir.ed prtei i

" expressi on tgbgntte?}lﬂo %gé’qﬁé??c?g'c’?gil F“’F%‘gﬁ e 3“%@3%%#3@ ng&n;)eg’gghe%{gqg%egééndi ng
to the i nvenid6mingPicOtHRet RESenced HSHIBR- Diigshnedidgs arc amealed antNegatanhée ol

el ements, which control 2012/ 159754PCT/ EP2012/ 002209 t he transcri p&i on
of a nucl ei cpraferantiel ligadon rhandINA| Beasst for n@atebingy seAURRGES TeulerR & F1gna
embodi ment s gk iyl DICHe! Rlkicbdife LEYAbONYor? CHURRE o fARinle ONDRA lied.
The precise structure o reguFa ory sequences can vary depefidi ng on the
speci es or depsifitidng emulsiva BERL Thypesultng berelnene tontaiomyrérdesopies of the
5'-untranscribed_and 5 - and 3'-untransl at ed1 se ug:nc s, which are i nv}(])I ved
in the initigmeoRNst melsader st AePPSYFd (3MaAsEAtS g]ﬁ,e' s‘gﬁﬁl SeorATRapple, he
cappi ng- seq mﬁ] ke P&V iHGHIAhRire) also employs

5' -unt ranscﬂgﬁt?regu '%%ggﬁgggggygg?%#pﬁ(ssglégn’pr onot erpar eg)i on t h%t_y

i ncl udes a preaptmingskyligace dpprodchdrysusingx rapdeinlcomyed)] baafl-haprsd, emulsion

functionally und , ul at ory seguences can al so conprise enhancer
sequences or’tpL ?@Hﬁ&%ﬁﬁ%ﬁe’g% _é’ﬁ{:aglg.seﬁ?‘lj%rfcé?ﬂbl y, according to the

i nvent i ongy tdige|RMbIEQID SeR%REIRS 3€MnbIdgres GBEN ad 6.¢l Bhplefhesrd ih MoPsBid Rl | .
I n one enbodi nent of the nethods according to the invention, thg RNA that

is to be i ntaysucePaciicdBiasdendes (MeplotBarkelerl Bymial ofin e Heldeers | pa&mbf an
appropri at ee%éfcggﬁg&kggaé?%%%gf ; rz}t%ﬁ@hds@i}{ﬁgglag Ristih&' dBraatei iggfltkﬂ\m‘

capabl e of S are I nt er changea erein
and with respafibldgd & pPAr bbitity a6 pepehde sgldYAept | RNAmmariedubest withouRNA,

if present in the appropriate _environnent  preferall ithin a cell, can be
expressed t oan]éi?ltﬁfﬁ@‘én,s‘&iﬁée‘béptsi“bﬁée‘é’lmﬁ‘&l?B@blt f’&ée &é@%ﬁ?qmn&cgﬁ di ng
to the inventig 1d, %Iee%?hgpé ﬁ)se's!lélgrglg&tsewfﬁibe Tﬂ'ﬂﬁre@@énlcb'!d@fecﬁé@b ket it®Qirectly

machi nery to provi pepti polypeptide it is capabl e of
expressi ng. deaschBachunitlasidé tas ansfsynthesigéd. A isimitaydgppioagh based arr egrksaening”

are used interchangeably hergi elate to the.intraqducti of, nucleic
acids, in de%qnéﬁ?ea?neé&%&é‘ﬂ%fg% ?E}?Eﬂbg‘%sr g?%‘g‘g?}?ﬁ%ﬁéIigcfrﬁqgéligagfﬂ}f)ﬁc’lﬂ%o??%%ul ar
RNA into a (\(ﬁolustpéc’ﬁegt.rag)i. RhdronddEscRh&SEREd biRYRMMbRBule tdniRks aedforh ay.B) part
of an organ, a tissue and/or_an organism According to the present

i nvention, tGewoades (tﬁ@teﬁagihgfn )@hfiﬁqmmz‘@@i @_-Ié'_éiedel s)_o ei t her achi eved as naked
nuctelc ag Qo e h S A3t LAl hb LA AT Biha b BB L BRIE M s fLaETLRP! Y.

adm ni str n orm of naked nucl el c aci )

Preferably, sbe wil\h bfe @dmanhsdedr & ai ¢his @srnidhdfor ahe widvemsh@abf bipoiyrgerase
substances such as RNase inhibitors. The present invention also envisions
the repeat ednolaerlo@net siegle strand dvangrepliraion; Nog-lepiting exgmales §9F ¥REAE Fed

expression hor. £xt er}%ﬁ&técﬁﬂ&g@%@i QA el fofkan gﬁtf'gﬁﬁ‘”ﬁf eiferh Wiidb By

carriers wt iCh can associ ated, e.g. by formng conpl exes wth

the RNA or fTdchhdlggiees(Okfesd,i rTUKAI ahe t hgbriifation-asrisieds ednopoencepseicated,
(HANS™) platforms developed by Nabsys (Providence, Rhode Island), and the
proprietary ligase-based DNA sequencing platform with DNA nanoball (DNB)

technology called combinatorial probe—anchor ligation (cPAL™).
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WO 2012/ 159754PCT/ EP2012/ 002209 resulting in increased stability of the
RNA conpared to naked RNA. Carriers useful according to the invention

i ncl ude, wonoexawphe, |ipid-containing, carriers such agceatrb@nios22bs pi ds,
| i posones, in particular cationic |liposones, and mcelles, and
nanoparticles. Cationic |ipids may form conpl exes with negatively charged
nucl ei ¢ aé) dElecttory miaobwpiycbdsepitechralogins {05 singie molefiuiy SeBICRHBS: frgeiosen.
Preferably, the introducti.on . RNA. whi.ch 0 i i de
into a cell 1<§qu1088% oy Ig%t pF%‘fge%m@éﬁ\gﬂgB?n@?é%f q‘%ﬁfo\a/rflf\%g%?g%& s | RY&GB}
expr essi on ofReddiodd et Chigfodiapol ypeptide in the cell. In particular
enbodi nents, the targeting of the nucleic acids to particul cells is
pref er r ed’) |lan SEEICOBABIAT FRANERCING Whaghy jsehasqthpe ths detgehinn %ﬂh%?gem@ns that

adnmi ni stratign of . the; NI &L G AGhd: Na(TFRE GXABR. Gon FohBhY SYitEMs OF
a |iposone) ,é}g%g&e%%etgsddgﬁ%at%&to?%gnrr%l%g@u@ For efarrp?reél,’ %n rrtc))l ecuIZ such as
an anti body (@hahchrahssopatiliffornid)ousea = bhighadmsite momgne priabenachoredt wells 40 get
cell or aligapd for a receptpr on the target cell y be incorporated into
the nucl ei c RBEIMc ?i%&cﬁﬁplﬂargfr?fés_%b‘bﬁdmf Yeé?((?ara}lg?c"é@'e ]’Jtaﬁ ‘ﬁ%glhé?} Aci d
i's adm ni st efigdrRY DN PRIYUTRR, BBEQHEIHASYARI S Bn RidEbnbRive 15KF hRE BedBRIOhane
protein which is associated wth endocytosis may be incorporated into the

| i posonme f orpropa¢tayrionmerspder to enabl e targeting and/ or uptake. Such

prot ei ns enconpass capsid proteins of fragnents thereof which are specific
for a particular cell type, antibodi es against proteins which are

i nt er napkzeshly PORAChAG RMA GliepaE@ets v B kaaald tabdrial FeANGS Sich . nucleic
According to the present invention, the term™ pegti de" refers to substances

conpr i sicly candecasitiy pltaingd dromp samples seeh arobielogiabmataisle & fim digslp, flash-
f | 6 - l 1 11 1 €
pret er Zx%rz%n O%rrm”%ﬁﬁxé’é ﬁé@?ﬁ?ﬁﬁ&%ﬁ@& A& né%ﬁ?‘s; @;}E}@yﬁﬁo&r 08¢ socljatu% .

pref er Vo1 nor e, prefera nore, pre or nore an
pr ef er ajelly o8froth0CTCOwhiih, ard Pregéntan the perjphetal blobodof palerasriNwmat hats mutdtere d
coval ently by ptide bonds. The te n1"polﬁpe tide" or rotein" refeﬁs to

| ar ge @B?@Ee@%%%?‘@ﬁa‘iﬁnybet X RE R, DR A4 fsHe }68"%(% BEMARE gells
resi dueg, 9Q'flérréd ngf?@@({r@éxéto?%etlﬁéﬁt iReRtdH S erm{iRODICRE RABY isaRehacted dogi N

are synonyns and are used iInterchangeably herein. According to the

i nvent ipeniph¢rae blepdn 'nseguedes cirdligdPBMEY) ries petients o withpt natekenpgtologisaki ns
relates top am.no idjnsertion,variant am cid additj.on ri.ant

ami no. ARTHEGETET (OMVER PRAEL S BHIHOCEPE s Pt Par Ay agifed Shete
prefer?&Qilé’a@@i%ﬂy%‘g&eﬁt_é@?ﬂmb&Hiﬁdé&ﬁkaM@ffbﬁNGS-apﬁii&atidﬂ@.Se sequence changes
according to the invention nmay potentially create new epitopes. Amno acid

insertion variants conprise insertions of single or two or nore am no aci ds

in a 2012/ 159 / i.cul Nc jd s e m no
acid a%v;riagﬁar\ggtre ggﬁgg %g‘ﬁég??‘épg%&%%@%%‘f 1((# %r%@%ﬁgmﬂlﬁaﬁ& usi og(s)p\of
one or rBUER sade/p0 TadH dhd, MBNikt 205 01 Hunand\é8] Gendd . 9qR), Ri¥ 8- 5diahloofartidls canAm no

acid deletion variants are characterized by the_renoval of qne .or nore

ami no A6iused in SPRIHARICSEYI: HisePressit Anyatigy. Mamny of fhegs methosls é‘?scﬂb?ﬁr €8, 3%r

or € argeggm@%iagfﬁre, genome partitioning, genome enrichment etc.) use hybridization techniques
and include array-based (e.g. Hodges et al. 2007: Nat. Genet. 39, 1522-1527) and liquid-
based (e.g. Choi et al. 2009: Proc. Natl. Acad. Sci USA 106, 19096-19101) hybndization
approaches. Commercial kits for DNA sample preparation and subsequent exome capture are

also available: for example, Illumina Inc. (San Diego, California) offers the TruSeqTM DNA

Sample Preparation Kit and the Exome Enrichment Kit TruSeq ™ Exome Enrichment Kit.

In order to reduce the number of false positive findings in detecting cancer specific somatic
mutations or sequence differences when comparing e.g. the sequence of a tumor sample to the
sequence of a reference sample such as the sequence of a germ line sample it is preferred to

determine the sequence in replicates of one or both of these sample types. Thus, it is preferred
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Am no acid substitution variants are characterized by at |east one residue

in the sequence being renoved and anot her residue being inserted inits

pl ace. Thgoteramséderi ved" means accordi ng to the invent ipom/rpb@bk/ 082209

particular entity, in particular a particular sequence, is present in the

object fromwhich it fjs derived, in particular an organi smor. nolecyle. In
42 968 i3

the cadbatotheSRecscH TRINE SSMPES SBA &P 0 SSAUEPEPA? SEFAHESTRIF dhvs,
"deri ngél%'enlnﬂlegq(wtiéeg wlrel FRADS mdratAkdGaf Rl LYAMdiGEHaNG, el sdqe@RE VT Gauin®r
derived froman amno acid sequence in which it is present. The term"cell"
or "hostmold is"dqierefiesdabiiye,i thregrtimes acmarel It may, also Hecruisbibld tondetarmine db¢
menbrane that has t rel eastad i:t?: ngr mal intrafelclyqjmaﬁ. gosrggfﬁ]g%tﬁ/og{ﬁg as
enzymesSSIENGaREI § ESLCTEPC GBHBY ' Hate TPl At AcE Tl préter 4BTY i's” a

vi abl e sg@ldnce iof & tughdri skl £Rkd tHaapsHeeholetemiinitigng 1@sst dricé th@kedlence in

met abol i ¢ functions. Preferably said termrelates according to the

i nvent igsnomis BMA erd Hetgmiaingcainease opeahef sAREGe on RVA S rsaick éeranaersagple
exogenqus, nuel ej i . X ST i - tion
ot otar yORio8 SE e BrfE dmpletPol SfaBpIE by dork bid a%e FRR0H, Bt LChfichidy BF
cells, Breg@bhc sdarfle cath as aCe®nciht sambRecedpested HEK2X3fatel pasitiWEFORE! | S,
yeast cells, and insect cel I.SL. The exongnous nucl ei c ,gaﬁi d ma e found

i nsi de sPRatie @ytatiqns s, 3 slafstifak guaiiy a8 besHmapsd: Yephic! gepeate gt prsagple
reconbi v dQE e ddl 1 ekt LEGr j tnCelid ngg O

m tochgﬁg‘g?agsﬁkﬁ% ll\c}g{lrtrlr%li%e%lultzsel F‘g %ﬁ}gdd;%érlﬁachrlhg?twlsﬁ? efﬁl(lagr rggr?gsuséhgagge

cel | s feompatisminsa fatbcpgsithanit parsiculpr, ds detgoains thafatkeplisarnemsateTioe serobtic nmay

be derived fr ma.Iar%Ie nunber of ti.ssufle t ypes and inclyd pri mar G S
and. ceiPupiaEactecioadn i wmek SAPPIESCiaHEs iRia "HErArs HouR)ted CopuEr e oS o
| eukocx&%ﬁencmaﬁpréaei&rpweslﬁs%m £eh | Sferatd RTBItHRNE Ghé tRMYee! dfSfaldeNpbsititder

enbodi nents, the cell is an antigen-presenting cell, in particular a
dendr i tFuchemidre, \arioon qualite related measriemleagy eovexageen SMAiqupliad meyi beeepmbingt| ei ¢

acid nol ecul.e preferably expresses.the peptid W . : Lo

2012/ 1885 eupeaiP eSS0t S0 SE Bk FuB R e o N e st P et Aggon e
term " gliQuidr VaxRaaS! with ak ek @k8inkQualif @eessapbeceulted wipek ichaleeatadkyng s
multiplied. In the context of the present invention, the termis preferably
used i ®fehaagginnsid a@atagi- i rmunol ogi cal response in which | ynphocytes are
stinmul ated by an antigen, proliferate, and the specific |ynphocyte

recogni zing said antigen is anplified. Preferably, clonal expansion |eads
to dif frecendingtd te iafedthoa, byigihdoytgput Benorse-sudd siagle” sedldgariotgdingmethod
"inhibiting" relate to the ability to cause an overall decrease, preferably
of 5% &A1 Bf 8RIEH: 10% or greater, 20%or greater, more preferably of 50% or
greater, and nost preferably of 75%or greater, in the level. The term
"inhibit" or simlar phrases includes a conplete or essentially conplete

i nhi bi i ong einbediment eflthethighithroughpubd genores wedet Single yell genetyping Tee Fipidigoh as
"increasing", "enhancifng:, "promoting” or "prolonging" preferably relate to
an i ncPZaé@g‘T‘ "é%he%%‘ésgﬁeﬁ%h @P—&%@W%PPWSF}%%Q?W%}% %?Psabout at least 10%
preferably @Em:pféatﬁhlogg%ue%ﬂ:f S ERayth@tistRasdm 3QWennfatiber abl y at | east 40%
preferably at [east 50% preferably at [east 80% preferably at |east 100%
pref er @bl y dhegengtic maEyalin@xirpctph FOMCEANSEroys am@%gatlthzcmb)@ arr%étseénfSe%%nfhay
alsor te to_an_incr , C . j | i f

ero ofPRAlof FERshiaL NG, AT SRRE Hepr AL e Rtz PREISEBICBR TTRT

zer o okowerh@yvef thNGS isssuthabar hhib@zogotelellelet alitte at Tdast AYefitguencpmaoshe i ons
and net hods descri bed herein can be used to éreat a subject with a disease,

e.qg., #Helgriedadhe sRAYAPIURS LRYAYys tahee prieastsdc ?F%éelc?%ve&?ﬁrl@%osi ng

: . . e BB gi GBEde
an ant i. e AN ALERRALS H&eﬁﬁn@%ﬁ&e&n@%’%@ ég(grr% Ay fekatdey careferred

di seases are caricer di seases. The agents, osi tions and net hods
descri Bed haloaisynomymalss expyessed esingdlernvichavtide zatiatonso(SN¥sk iaratidamified as
to.the. invention, the term

revent, a di sease descri bed rein. Accordin
'pdi seagésmgé‘fg‘?rgmt g‘t%Fn AAIE RO S §F g&lhe@ftg}f stugﬁ{‘ﬂ iR %ncer di seases, in
particyl ar N198enftRhdE Mim ¢ANEE keldi@apaRiNCHE ke teh8RIdd: SNP genotyping

assays based on florescence detection are designed and synthesized for these mutations

(examples of such assays include: TagMan based SNP assays by Life Technologies or
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The term"normal " refers to the healthy state or the conditions in a
heal t hy subject or tissue, i.e., non-pathol ogical conditions, wherein

"heal t hy"wpnefsrseshy neans non-cancerous. WO 2012/ 1597 péREPrERAMLEYd 002209
"Di sease involving cells expressing an antigen” neans according to the
invention that expression of the antigen in cells of a diseased tissue or
organ iSNRigpeassas. byEpidigs). dyssays vedll inelugs specificstarastamplifeaiiondp Ty gametny be

increased conpared to the state in a y ot o M NG (sase

refers P &“ﬁﬁ‘?yﬁ&p 8% %?P%%IPI"Pet %tg“ft?(’/?ﬁ ?’In&gpaér%isg%@grrd 1nglt %(g\gst a%%l at' | east
50% atadgast 100% at |east 200% at |east 500% at |east 1000% at | east
10000% or “even nore. In one enbodi ment, expression islti?lnl.y foun

djina
di seased ti dsdisiduphsalls valhedsalptea fiom therfamor gyd fogshgealthy tl,sgﬁrf‘é@ggh)_’ laser
Accordi ng to the i ' ' i:avol Vi r ' £3RGeat Wik d
cells é‘)?%?o ésé‘l:cﬁléma@@ﬂ;\i ng% dg%%éfer g%agﬁ)galﬁeéegrlﬂh ?%ggg‘é%%%g%%er (rreﬁ%gl 1t erm
mal i gnagtpraveaplyasatribal @wbidaP. of aldi Xbds denira Bibredmodogyri§up! o-1¢£30) Cells
di splay uncontrol]led gromh (di \{i sj on_be i

C ; ytl)_‘{gdt e no[malt.liim'ts%r% iusn\éeslon
(i nt r usEBFIBE BHaheRsE PYIRGU Bie-SHedRnadEntinPisE e 8) Al aRA S retanHES
et ast tacﬁxf} Be %ﬁr@{h%ﬂd‘ﬁﬁﬁch‘?ﬁé‘ﬁreth'osg BHlcl RRS s i 1@ RREY soHiRe by BBNsige, HydtoIod)cal

These reé nalignant properties of cancers differentiate them from benign
t unor s,insplectédn dursgslVD, landrsd emd, and do not i nvade or netastasize. Most

cancers form a tu nﬁéﬁgu\%&lfﬁengg#&e@ri% }LI\@IQ :%6 ng:éadonga(i)niplg j[a' mgﬁ | ri rﬁﬂﬁ&ﬁthtd{ér%&& S

essent il | y1§ ! ncy, nmari gnant neoplasm and

el | QN g drUHRI AR £n SIRSAY chbRbinh SHE BVID UsI We lanplified eAlehad odlditing gérnidie
invention, the term™tunor" or "tunor disease" refers to _an abnor mal ?rovvth

of cel Iof the aingbdcelbopll Dst areplefead) wia whotdrgegems wnrldicpgon (WMGivb s eEvVIQUsly

preferaply. forping a | 1 relesi "“LUBDS A CELY Tvdi SwiRROL cRBved
abnor rﬁs%gﬂeg (F Hg'?/‘lﬁﬁjﬁ aéy@ g&ga%%mcf,%; 8%%%}2 ]? g?'l g%'@éﬂﬂlljll}égr]ssggg?i f(car a}t/? on
and conithluss tHe® JCAHWasfid &Ep bheiastdettithiedtisds buffiert | at ed t he new growth

cease. Tunors show partial or conplete |ack of structural organization and
functi dhal &Jdr anphbisbsrmplesare Héu%@ﬁéﬂoa?rs%Qa@,tﬁ%\ﬁﬁ“é}%‘aﬁnw BEEATEEYdi st i nct

mass ofg tis | ' |9 BosiBh 8 cORtd1 g RAdYerBlinéBbh§AARte A
beni gn 8fum§%%?1égﬁoggn8?am%s§%% EB% tah ggl of Ct he mal i g?larglt1 prqpie%ai es of
a canceileleThHustersbinodefitatidn)oSjinca NES datat indinatadothet homogygnie i mutghons are
unlimted, aggressive nmanner, does not i nvads rr di 0 S , and does
not spreéga‘nﬁ]d rﬁ@ntﬂb‘iagé(é’ﬁry W%&E%?S@ﬁ%?%ft&g%%“dﬁggmﬁgné ihg’g’l:'tih “abnor mal
mass ofg tissye RAsmr bearhls Mat BAPBE agdcatedNE QR disrifed( BROWIALOML PratticeQiLak) i s
the abnormal proliferation of cells. The growh of the cells exceeds, and
i s uncedNid sagkedcelistth be hatayed (+19earrryshdf peifempdsina8gumietes sampiR STejy eafk br
persists,in.the sane

reduced to a few days.

10. SNVs for each cell are then determined.

In another embodiment of the high-throughput genome-wide single cell genotyping the NGS
platform may be used. Such approach may comprise the following steps:

1. Steps 1 through 6 above are identical, except that N (number of SNV's assayed) can be
much larger than 96. In case of WGA, several cycles of STA will be performed after. STA
primers will contain two universal tag sequences on each primer.

2. After the STA, barcode primers will be PCR amplified into the amplicons. Barcode
primers contain unique barcode sequences and the above universal tag sequences. Each cell
will thus contain a unique barcode.

3. Amplicons from all cells will be mixed and sequenced via NGS. The practical

limitation on the number of cells that can be multiplexed is the number of plates that can be

prepared. Since samples can be prepared in 384 plates, a practical limit would be ~5000 cells.
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WD 2012/ 159754PCT/ EP2012/ 002209 excessi ve manner even after cessation of
the stimuli. It usually causes a lunp or tunor. Neoplasns nmay be benign,
pre-mal i granbhi1wisoTERl i gnant. "Growth of a tunor”™ or "tunmporgipreyhlaoz2aecor di ng
to the invention relates to the tendency of a tunor to increase its size
and/or to the tendency of tunor cells to proliferate. For 1?ur poses of the
pr esent4.i nvedsedon seheence rdata SNé/hc(@r ‘othen druetarat anonpBes g the indiyiday cells

i nterchangeably with the terns "tunor” and "tunor disease". Cancers are

cl assi f1'egeH§e %{he type of cell that resenbles the tunor and, therefore, the
tissue presurred to be the origin of the turmr These are the histol ogy and
the |l ocation, respectively. The term"cancer" according to the invention
conpri sk privitiamzaanti sesyitwe AR Bhy REtIEHS FEeOnsTegtandAsed op piRalo Ak genotyping
neur obl (agl]i\%@}:%en | QERS . prlo?i%tzgtllorﬁ?a %; ’beeﬁ's%ﬁr@.tcﬁfcﬁho Ci@”[%@rmv&lt%e)Be%ﬁféﬁier
adr enal* cancer hyroird “cancer ood cancer I n tancer, cancer of the
brain, aeigwh q:a{ormam basdt eﬁttrli‘taha cambens expression; athe etype oafl mmtatmmc(atop—

st omach cancer, intestjne canc d and.neck cancer, @zﬁt int estl

cancer , SYPORAROYSOYEESUS A he): %Sﬂ‘f&b %fﬂ?fE‘PStlcé&P P8t ‘meé’é‘r%‘r
cancer. prtt izafAD Gesd R@E&}?ctw{tﬁma FRANGERE- m&&&f&érosé}ﬁc@rand Brpsy BlaS cﬁﬁa@er
cancer of the uterus, ovarlan cancer and |lung cancer and the netastases
thereofuseExadqslcelsedfmele&mﬁplarbeldmng carci nones, nmanmma carci nonas, prostate
carcinomas, colon carcinonas, renal cell carcinonas, cervical carcinonas,
or netastases of the cancer types or tunors described above. The term

cancer pccoridehsf ﬁﬁgr{mnbﬂvgﬁmdgﬂtahﬁee,ﬁonprl ses cancer netastases and
rel apse of cancer he mai n types of Tung cancer are snmall cell |ung

car ci nohhe (sDIanyy afdeashrSNMardn be|dccpighfly caiBaise nasehonL he, Slrrﬁér‘"éua?%al’ hr ee
mai n SOL%étrYbDe OI/e %nhgonnggtlon dthltﬁg Ihleghl tﬂ{}%gﬁﬁ% gée%8%SW1d§q,H?gnPU§ﬂ g&loltyﬂlfg%gs

carcin carcinona, an car ci noma. -Adenocarci'n
accountmétaed aa@ X o8t ebyndhRYEDIVY piiegent aas desselebhdds for gproeidingsindivigualiged een
peripherally in the lungs, as opposed to small cell lung cancer and
squanpugceafs forewge&ﬁ?(é&? whi ch both tend to be nore centrally | ocat ed.

Skin cancer is a malignant growh on the skin. The nost conmon skin cancers
are basal cell cancer, squanous cell cancer, and nel anoma. Ml i gnant
mel anora i s Idestéfyingiprimare bakalskitigeoahesed. on tooitcsi thee analysiscontrol | ed growt h

of pig eII cal |l ed nel anoc 159 4RCT/ EP2 12 /002209
Accor di ég 3 #@“? ﬁ%?ﬁsl Hrggey ¢ B%PSWHW © FEJ (}‘gﬁdﬁ% Iﬁl‘n’?@? e PTVELS fr om
epi t heldyghts CehbSford Hhére 45 HP nEQP TS BAPIStyh A msa pHTE R ActiA R oF, the namoei ng
the common fornms of breast, prostate, |ung and colon cancer. "Bronchi ol ar

car ci nowsdatic Snlaawrsmanobfacngﬁteﬂ hieom t}hg singh Y RN Y aasey éﬁhev%’dmfhflé [fequence
epi theli.

rmn bronchi ol es th { die sxkends
o ong. CHl Betrel ol e B HaM R s Ga L 0R] Qb VRN
Muci n mgEyndaes dedrons tr@t elthe nr&eowkll BE réfiedecl] Thevedsegnertides comtasr thal earliest he
al veol i, which also includes denuded cells.
mutations predicted to exist in the primary tumor (defined here as the primary basal
mutations/antigens). Due to the low probability that two mutations will occur on the same
alleles in the same position on the genome, the mutations in the ancestral sequences are

predicted to be fixed in the tumor.

Prioritizing primary basal antigens is not equivalent to prioritizing the most frequent
mutations in the biopsy (although primary basal mutations are expected to be among the most
frequent in the biopsy). The reason is the following: say two SNVs appear to be present in all
cells derived from a biopsy (and thus have the same frequency — 100%), but one mutation is
basal and the other is not, then the basal mutation should be selected for IVAC. This is
because the basal mutation is likely to present in all regions of the tumor, whereas the latter

mutation may be a more recent mutation that by chance was fixed in the region where the
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"Adenocarci noma" is a cancer that originates in glandular tissue. This
tissue is also part of a larger tissue category known as epithelial tissue.
Epi t hel i ayvotoesisersuncl udes skin, glands and a variety ofcotdresiziobssie t hat
lines the cavities and organs of the body. Epitheliumis derived

enbryol ogically fromectoderm endoderm and nmesoderm To be classified as
adenocdriepsyoyas takpe laaddiiogobassl anfbesas ea¢ lksly AR &¥ist B BEtasiape ngpoLy %ﬂé{ﬁ@, as
| ong as t i es: - Thi { rin
soms i Rt B E R i b Bl e e
t end t dnéresentib ehidve thdtdWd avill be ablectotenaticdtdithe eatiee theror\aed nbt pisy a phitoé
poorly differentiated may not. By staining the cells froma biopsy, a

pat hol db?&%m%-ll determ ne whether the tunor is an adenocarci noma or sone
ot her type of cancer. Adenocarcinomas can arise in many tissues of the body
due to the ubiquitous nature of glands within the body. Wile each gl and
may notlf becomdenyatimogs ¢hig adrikessubst alsosamated, amgvastiedaey et of the ak BErdrpe

function to the cell . .it is _considere | and r .and its;nmali formis
thor of P8 i R itrBES aR AR e, SRR BE AR i LT A8 e

ti ssues,gado bLa erliashssl ze gi ven enough tinme to do so. Ovarian
adenocarci noma is the nost comon type of ovarian carcinoma. It includes

t he serous and nuci nous adenocarci nonas, the clear cell adenocarci noma and
t he endpnetrioi d.adenocarcipoma. R cel Lpoma al so known as renal
cel | ccajxgcer IlcSlrg" Dyag agéﬁnsatﬁ%{nr%gélrngl O?Paa%ltlgegaﬁl%ﬁgy cancer that originates
in the Ahdth&tGappfodcheo ph@indintizeny davadinmalbudover slhemvarsytes isatiol takteuszesral n
the kidney that filter the bl ood and renove q\gfwte Produ ts, Iﬁggal C?\jack‘l%

car ci ndnepsies Bymf the HMOTNPEE SHARFS VYR 6 Hh@PugHsaFnifirda Byt t he
oSt | eh0RkisAh 1l breldif P bt QHstts! BThptdVIORS odd 5F |Gty SDbIAP SRl NA
cell carcrnoma are clear ce rena cg carci nona and papillary renal cell
car ci nghglogeheair amabyfsis asetbdn siegle celmoutatbors fren ehdiapoist carobeperfdroredh of renal
cell carcinoma. When seen under a mcroscope, the cells that make up clear
cell renal WD 2012/ 159754PCT/ EP2012/ 002209 cel | carci nona appear very pale
or cl eap.c 5B ldeflsYastsePRbsie flonf &Ml Gii6RBcah el dRaiB &L M milfiont Qa8 U4 Y pe.
These cancers formlittle finger-like projections (called papillae) in
sone, iNGRothidpate, cooimdarhte aflurmoss canyhepistestedand | eukeni a are mal i gnanci es
derived from hemat opoi etic (blood-formng) cells. Blastic tunor or blastona
is a tunor (usually malignant) which resenbles an i mmature or enbryonic

ti ssue.q Manyyghg AESEtol pHdYi Gze4 Rigeas ith AAARIYIt ndtaghusisdr en. By "net ast asi s”

is meant the spread of cancer celTs fromits original site tqQ anot her.’eé)art
of t he Ibisdhelievhé thasrmeiestais marerEstesyed fryn $ingls 96%%3? I5 Ry LR
depends_on. j f IR Yn tdd bNASHE ONn
of "t he VL RFERradlia ok MRGHenf BB PR VSR RS | SfRIcto

menbr angsotypirgnthe patiéir’ shidylaciay ittyoncd s €FEE), dne aanl r¢doestrucatheevddeiongry

transported by the blood, infiltration of target organs. Finally,.th
gr owt h ftory aetherq@nest; The gxpestationdi darysey @Ftaﬁégﬁﬁrﬁ?li %VO?YH% rffonégh? he

target sicke; AGRENHR B 12MMeQIRMRS Forived HRin RBIAHIAS hin@f ten occurs even
after the& renoval of "the primary tunor becausé tunbr cells or conmponents

may remai n and devel op netastatic potential. In one enbodinent, the term

"met as is" according to the j.avention rel ates,to "di%trl%p netastasi s

whi ch ﬁ%ﬁ%‘f’e@ngﬁs??dl‘?&%?& gsicgenm,cc}?upg a?‘irﬁ??%tlﬁal’l?ﬁrﬁr?lﬁee primary dt% ?Jcnn%r% %nnd
the regikpigon! ¥Mhe BP0 sERBd Fh-BRlusip@f eanchecanitasingly colt @sioaipine
tunor are |ike those in the original tunor. This neans, for exanple, that,

i f ovamiethod &vrcay unbesedtiselptrers and genpsnic apalysist ECS désmel Shoyanalipby d§sstihetie up
of abnornal ovarian cells ot j . t [l e

" ver 207 o 3ab b aritn A g ARRC TR ol SinfiF tior, P10 dilfecd fhaly’
ovar i arumancaisindBbashatkiasis #T thee uxisi) NBaded dnothisoméengneneansidettyfydnn@abns
contact or extension, it can invade nearby tissue or or%an%dl cgted ear or
ar ound (P¥eenggaoy drigen thajPcewaed af the Sime of gleedy afieefd§s HF ed from El?'ﬁ

ete. | hnBRodlig: dhe NBALING £ ThR hlEARBNA MY frolhine Brintary gD St
common “way ovarl an cancer spreads. ncer cells break off the surtface of

t he ovard arolmissargnahotdsimlart @ dich@rinstry Uoihor egnomet higanabal sreomdgnc humer t he
| iver, stomach, colon or dia hr%gg} bg br eaki ng Igs.g,fe froor'r]&t he ,ovar.i an
mass,  SAIRMEhd YHETROTeHHh AT iEXPERIEE Uit tBe @engmss o S &S A5G T8PhEI° BYRAY of
t he body or distant organs such as the lung or liver; by breaking | oose

fromthe ovarian nmass, invading the biiood systemand traveling to other
areas of the body or distant organs. WD 2012/ 159754PCT/ EP2012/ 002209



According to the invention, netastatic ovarian cancer includes cancer in
the fallopian tubes, cancer in organs of the abdonen such as cancer in the

bowel , cawoenidBoishe uterus, cancer in the bl adder, caneen/gproizioc220€Cct um
cancer in the liver, cancer in the stomach, cancer in the colon, cancer in

t he di aphragm cancer .in the |lungs, cancer. in the |ining of the n or
pel vi s (IHEF MilbARRIAR, Unighe muistiens fhat %rﬁg‘n"lﬁgéil the ssroRqany ,Orﬁ’e‘frég?ta‘ﬁ?@%fnﬁi‘hg
cancer breeégdsiff[s%c&ﬂcﬁf:}?fudﬂn@twhaﬁe $RhRA%N OGRS THROSniRcthehadhs &BdbOr
several sites in the ‘body and includes cancer 1n the liver, cancer in the
adr enalprigkianels for dsiAceto thrget (v ppoeed metadascancer in the brain. The term
"circulating tunor cells" or "CTCs" relates to cells that have detached
froma primary tunor or tunor netastases and circulate in the bl oodstream
CTCs mepheGRRsithidlb Lpi&RtiSnd OTC HRERHS Mersds pMinArbasarghiutdt@ARks the®tiens

(metastasis) in di f?erent tissues. Circulating tunor cells are found in
f r equerisiieed fromt GECy eatemobilize TI@llcTrEgieallyito targqitipetastayin ead therefard witee wi t h

met astati.c, di sease. searc : I @ 1.s0] at C.
Sever arny SUPEPER fip 08 MGy TBL URESUNF pRARR AL QPR dferel UL RS

e. g. teghimbaugshabiachiews rafb) sb@ntiaGt tutnbdad, tiegi thbehasde foeirhsiuaosztapt Yrom
express the cell adhesion protein EpCAM which is absent in normal bl ood
cel | s. Ghfrrdpovasganitgees Bea@esad & be MY eras PAPEINREY tof dADPhE PO P XD Srens
W th ant. EpEaN . 00 d with magnetic particles,
foll ow%hﬁt;ﬁ/gég%gfatl on %;@%lag%g}apggﬁ %Q%Hné}g%terrg'gneti c field. Isolated cells
are then stained with antibody to another epithelial marker, cytokeratin,

as well_as a commn | eykocyte marker 5, so 0. di sti.ngui rare CTCs
from cént amlﬂapq%&m%nﬁ!caﬂacw%?" ¥Ho @ﬁ%nﬁP*‘i‘i*}’rP%ﬁg?mt ed
appr oagh;sitdgaddf theSthERfRoMVoll 8o %Yﬁfrg%grﬁl_yth%rg e 8RR QXdcHBh %kegsaregmferrt

and a purity of 0.1% (Allard et al., ~din Cancer Res 1 6897-6904) .
A secomdmuet kpderh anditeehpy. iGagc@T@scinse targetimgondfiplgi agitigensatbaidcosTCur apther e

devi ce _whi ch.inyol f] oui ol e bl ood, t hrough a chanber enbedded with
50, 000 e Fopatt anaakt ettt Br ARGt LU TR FREHY B!

ant i bodycap® fFREAMsMETHRS AER fdrbaBddeaihbechantd ForsR@Relagychardockadi esciagai nst
either cytokeratin or tissue specific markers, such as PSA in prostate

cancer veuldprenslogays sathe asirievirgheprabigaiqnsthgrapy dor BV hottinmst S@-9CHAHiEng of
m crop ] Lt -l : .di j : reli .

Cre cnyipadtind o ok R gl AaRgut AhaG o BY 1haRBn R hD Ahiment of )
cells iancpld.ients with a nedian yield of 50 cells/m and purity ranging
from1-80% (Nagrath et al., 2007: Nature 450, 1235- 1239). Anot her
possibility for isolating CTCs is using the CellSearchrm Circulating Tunor
Cel | ( Blftherffott, 55%1}%”&%& ihb&noRardnt 3Rbiadtl MEhed BaRiHifs, chdendddl i es,
and counts CICS in a ttbe of blood. The Cell SearchTm systemi’s a U S. Food
and Dr genefigat npsbe &1T1@ncan\W 12ed. Huth eppoRATMERP20h pHSOHRZ G0l ¢WFEDR)stepppr oved

met hodol ogy .for. enuneration, of in. whgl e bl ood which is based on a

combi nat i onoi’fa“’i1 A% BWéqrfsgané%Fm‘Geé‘ﬂﬁs %&O&?gﬂf%mﬁti‘(ﬁ\st al nicroscopy.
There are ogiRfondt st fRE96 SRL@ESMI f&T Grtitte Sk bhREISN Habl lont preaiousls al |
of which can be used in conjunction with the present invention. A relapse
or recestedisbed poentizatmhephamgser son is affected again by a condition that
affected th inth ast .. For anpl if a tient .has..s a
tunor di sea?gfnoﬂa%' f %@m%@g 1 %egfé%sessg(f?%ﬁe afbro eat vent egfhlgha'lthdg%éhg%gggﬁ%ﬁ%p

agai n desesings @i gndivpaasmehatyfolRmed sieialeapadantl geaaesdiey No@ocgrivsarger ed
as rel apse or recurrence. However, according to the invention, a relapse or
r ecur r B#feb nptationsypRst PeFsklysmoRmyedsnt aldonsote AEKERESr Aiversiskc ke £prmidie
site o r.igi i : f I [ ' ~ S

sut fer DY R0 AERAL TATREERPRE CTEN Trer oL TR e thferr o enBRling S

r el apsphylogenedtiranelysie (seey sdeeioh Hédemcifying ent gersf coaoconwdng an theinome oell t(the
occurrgnce of a tunor at a site different to ovary. A relapse or recurrence
of a tufSKRH d¥AY) udes situations wherein a tunor occurs at a site

di fferent t@bﬁa’i’&‘?wﬁb%e%l& d kb& RE tHcRAbadedfor as well as at the site of the
original tunor. Pretferably, the original tunor for which the patient has
recei véd a Lysaedbitodicglla primary tunor and the tunor at a site different
to the site of the original tunor is a secondary or netastatic tunor. By
"treat" is nmeant to adm nister a conpound or conposition as described
herein to a subject in order to prevent or elimnate a disease, including
reduci ng the size of a tunor or the nunber of tunbrs in a subject; arrest
or slow a disease in a subject; inhibit or slow the devel opnment of a new
di sease in a subject; decrease the frequency or severity of synptons and/or
recurrences in a subject who currently has or who previously has had a

_______ S "



| mmunot herapy may be perfornmed using any of a variety of techniques, in
whi ch agents provided herein function to renove diseased cells froma

pati ent. ysoehywmyal nay take place as a result of enhaogeEpgo1doi20¢luci ng
an inmune response in a patient specific for an antigen or a cell

expressing an antigen. Wthi ertain enbodi nepts, inmunot herapy may be
active ?'mmn%?rﬂ%‘?eagg{te Pﬁoﬁkﬁe@ﬁgi’ ﬁs&ﬁﬁ%%ﬁ‘éri%gs f«s)eng't Ké SPH“\%’ Wg\éfti“hﬁ?aéifi on
of the gpdRdRAGHINNCTI45 JAMBDEY, XS] Rentieh F&Actcagai nst di seased cells with
the adm nistration of inmmne Tesponse-nodi fying agents (such as

pol ypept.i desRemolenfied BNA b DivA aps dpgestiod ddhelosigai o) freeTRY AagparhesDbiddpresent
conposi tions provided herei be used alone or in conbination with
convent'inéﬁ%ﬁlogﬁilﬁggébhfﬁog’ &eé’aicggryw such as surgery, irradiation,

chenot her apys@ENfn@inin@ el PER hdRs Pheafdinat the s T4 a0t 80 Yslectel MYEARHIE)

al l ogeneic or unrelated). The term "imuni zation" or "vaccination”
descri bang tsprsepr ot eBlyidigmt (ekaviengeseribgdj bigh-thiqughpiie gerepesddafsinglgucehhg an

i Mmune t 1:C : i WO

2012/ 155 BB o O 63 30 s Rrall B PASARE K AR YS e §ituation in
a subj ext. Theist dademifiedubysecdahcerdouNd (A TOH! "can" dregathers mbe orfurtipat i amatyzedr e
used i nterchangeably and relate to vertebrat eéé? pre,fer@%lné manmal s. For

exanpl ehyigTReicelly fatadeon BiftRARE! @ STNE SPieBRUNISCT RYRERR | (IFnEan R ARRERDS co-
nOﬂ-hUrB%!emefnlo%ﬁttﬁésanﬁi&@p{th&%%gmﬁﬂqm@péuch as dogs, cats, sheep, cattle,
goats, pigs, “horses etc., laboratory aninals such as mice, rats, rabbits,
gui nea pigs, etc. as well as animals in captivity such as animals of zoos.
The term."ani mal " as used herein also includes humans. The term "subject"”
my &l 455 ABP GRpssiafinia FaREIne s mELR aH gt e FLPLRRY BeHa P AT o
di seasezTEY dlopledfthyledofl sRASE 35t BRSAM-DELINSF B2l pokiteyet BE By ioREia@hOYRES" 1S
used to describe anything that is derived fromthe sanme subject. For

exanpl G et -ol269bukntarnatianel sonral radfoeslogy 24: #9af8pidany. ef alt (209dk Chiniest gans
derived-fromthe : ] . ~such _proce s..are adyvant. e
hey | ovePEaRE iR T eRar o0 TS pRERTERTER o B TP SR EEP I RE 6A R

rej ect imimdighBdeoerivetisiomagdidss. i s used to describe sonething consisting
of multiple different el enents. As an exanple, the transfer of one
individual's bone narrow into a different individual constitutes a

het er Ol REOHRHARAMANe 6 BEhPLACRISHR: RIS B 187 | fEshd b ARkAlar
source other than the subject. part of the conposition for an

i Muni zadrkanwhichamegpnaor mayinoh pe pxpdfessed lyythomenaer coly, dutigeinronathe degeatiobed
herein are adm ni stered together with one or rre. adj uyants fqr .inducing an
e PR o GERST ST HOTGAE Hy o PREE cBiioi 48 uhpiaaes BiefHod g dAftiehs
rel at esplj enGRERRUIHSs Whi ch prol ongs or enhances or accel erates an i mune
response. The conposition of the present invention preferably exerts its
effect without addition of adjuvants. Still, the conposition of the present

application.may contain any known .adj uyant. Adjuvants conprise a

hot er oQHERILE Br B8 i BB aRAS gL B olang Pl By ishei Bcgnstfysfign hpsed

adj uvanhSsingl&cBRredho PO EeridhS it Nirder ahwtilionsb@ph @b ietetip rlthinikS) frﬁa:yCle as
Bordetel |l a pertussis toxin), |iposones, and i mune-stinmulating conpl exes.
Exanpl @sed or adj uvants are nonophosphoryl lipid-A (MPL SnithKline Beechan.
Saponi ns such as QS21 (Sm thKline Beechan), D21 (SmthKline Beecham WO
96/ 33739), QS7, BS17, G118, and @S-L1 (So et al., 1997, Ml. Cells 7:

178- 1861 ,onk reathodireém dir dusndprgoady, wvpdit-sumas gl cdeactis endidsis tadgcowanidsiyer
vitamn E, nontanid, alum CpG oligonucleotides (Krieg et al., 1995, Nature
374: SABUHIYS 1S REFEPTWSA] ous

For example, driver mutations from n=1 tumors may be detected.

In the above section "Identifying primary basal antigens based on rooted tree analysis" we
describe a method to recover ancestral sequences and/or identify cells that have sequences
close to the root of the tree. The number of mutations in these sequences is expected to be
significantly less than the number of mutations in the bulk sample of the cancer since by

definition these are sequences close to the root of the tree. Therefore, by selecting sequences
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WO 2012/ 159754PCT/ EP2012/ 002209 wat er-in-oil emul sions which are prepared
from biol ogically degradable oils such as squal ene and/ or tocopherol. O her
subst ancewowbifzosli nul at e an i nmune response of the parcemrmmpoRhso be
adm nistered. It is possible, for exanple, to use cytokines in a
vaccination, owing to their regulatory properties on |ymhocytes. Suc

cyt oki ndeseconibeiree, offthe ek ARANYePSTTREET FHALIORS 52 ?’fﬂf—cfé)t%i c‘%y&é’gng}%uﬁ to
i ncr eas = ti ' ' fenriSk if6N88veRGRuhASEs. Diihad,
1995) RGBT o o othanoe an
i mrune mespions earathen hhiuséd tchiglertifyrsslastaytranementefdr arpatientaerciandiei usad asdg¢adls
corrpoungs conprise co-stinmulating nolecules provided in the form of

pr ot ei n©T BPVHHRITERIES aci ds such as B7-1 and B7-2 (CD80 and CD86,
respectjnvgbiher eRAE HNGr hitdtid@s IFUERE 1 Rihordof 4 UiVRh tHReGhyBAdete@ed sanpl e
such as a bodily sanple containing tunor or cancer cells such as

ci r cul aBy meconstmaetingeprimary GRSy, miutptigns fhiosu many UMPES 0F 2 PARFAVAT YRR D6 A
body f1 ui .and/ oy, _a,cel | . ' €. ol L on,

nont urfSFi DB ihedn ot Bles BN e ARERORL Snisth L IUERL bR tnéiroor
cont ai njM@e tekRDR1teRNou€ ARG Ipasnker Suedioas thé simhhtd neis¢ waror incddtésing@EG)er i n
particular a tissue sanple, includi % body fluids, and/or a C?| (Iﬁal ar

sanpl e. Bu@HORDWiSkpediethisl Beathripcrsaseo s ehof therdarckanBnpeshta! tdRiser (1duch
as by ty_ss i j : - bl : i bl ood, bronchi al
aspir atlcg?S %’%ﬁ%hﬁ]&ﬁ)&; fdrlllga,q l gggge@gﬁg? ﬂgéﬁr Og3or%ﬁ?rgge£%%%g%al ng to the

i nvention, the term"sanple" also includes processed sanples such as

| 5ot at 0 anvier FRESREDL TEUF RpPREL PO BgEtgior PhdoeRedi Tt e B her e
descri hggh1DeEbihdBYnd® AREhIHSESTE I MhRorBNTYpH3sERRTE BNaling Ut ﬂlyld'f)g&ﬂet-iﬂi ng

by injection of I nfuston. ‘The admi nistration nmay be carried out, for
exanpl eanabyssltb yecovert metasansisdusing driveapurtdtions espdriormiedt r anuscul arl y,

oL GheRYSh OrSLEIRL B R IR R RS 0 ekt

forms ofcedtdiigtdt AT RsBBMEeE Bitalibis. MRisvhéthod taaass Be ubantoahrial forghiver
presenting cells such as dendritic cells with nucleic acids described

her ei n Thelationke tbapipgda imeipgesiatf BrexemPih OYaRePRjBS the se@RtNcAPvagery of e
agents described herej dod Niesicer i f, | Wk

" effect}?nvnéera%rlr%uoﬁt peCPe#ag?'g&?Siast %}acpam)uh?af \S{?ln% vfggﬁt]}%r%{/gg@?ﬁ desi ;ngﬁ&r (sélc}iocutkiion
or a deshhed whiast thalduies of thogdimaey saOn@0y2hthd87 BAPLCH BHR2QLERLHO 2240 9sini t h
further doses. In the case of treatnent .of a Barti cul ar di seasg or of a

parti cuiear hedp riinRqinin they matafiens rwiayeedlc thiv frapsiae Beby §o0 BMEFE SN SSPRMIAY t i on
of the foULSe gxfac{i&? of IR8E S utatldHsScanOSP bl $6 Sm 32 B¥A &AW 18 Eb P IcBBipaa Sg Of
the disease and, I n particular, interrupting or reversing_the progress of
t he di sedge. CTEendesonsdbm daft¢remrinstancges of uet sametcanferdi.¢i s2hunys), ohe gan
conditiﬁcsyln ”22’ .aLzo ge del aﬁ .of thet.onset or a brevention of the onset of
sai d di WEREENGED 4% the BRIGHE ETYH MARUERS GUPNS SRR of an agent descri bed
herein will depend on the condition to be treated, the severeness of the
di sease, the individual paraneters of the patient, including age,

physi ol Aefiordihg ctontdiet ingentio, zdhyiaagneid ghalysis He Weptabi BRMGFY (VEBHE feRPndarne
type of_an _acconpanyi ng therapy (if present), the specific route of

adni ni SPPRFS rgﬁygggse\éi mlar factors. Accordingly, the doses adm ni stered of
t he agant&séeIahétbassid)ar ailnuiys depeampled, ¥ asdted sreef canuloh upalr optedics .the n

the case that a reaction in a patient is insufficient with an initial, dose,
hi gher telosewl wler drat &EReTs @Ppearedj hich S¥BY 15 R BYBGTLIOT dPedes Crest thdhe

| ocal i nggt oP kﬁ&@% AN RCR HhALEO Rk tH@fym&@ rii%ﬁfj onderROAEATBE ellgreRaln cases
conposi 1 ons "of e Tnvention are preferably sterile and contain an
ef f ect iwieeraimsidiffiaflt fohietdrindreaphich itarabt ¥ tlacpmmarysubst ance to generate the
desired reaction or the desired effect.
In the context of the present invention, the term "RNA" relates to a molecule which comprises
at least one ribonucleotide residue and preferably being entirely or substantially composed of

ribonucleotide residues. "Ribonucleotide" relates to a nucleotide with a hydroxyl group at the
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The pharmaceutical conpositions of the invention are generally adm nistered
i n pharmaceutically conpatible amounts and in pharmaceutically conpatible
pr epar at iwo.20lme91ser m " phar maceuti cal |l y conpati bl e" ref ecs/Hpeo1a/00m204 OXi C
mat eri al which does not interact with the action of the active conponent of
the pharnaceutical conposition. Preparations of this kind may usual |¥1

cont ai re’EStEN Yt B-&r-ri eiysngperoupy Biceieunt R camprises deublerandadeRiVin

i muni t b des,
ot oki e AR IS ARAENA N AR sl AP Fprdly p %ﬁs@&“ﬁ%ﬁgﬁ%ﬁ?%e
ot her tpwee RméMtSynaalehy R&A | and recombinaddy g¥ifeested R&HA |smclrmmlmodrfed R¥A whikh s

shoul d be p rmaceut | cal | tible However, salts which are not.
phar machiies ?waeg?ﬂbm#%n%@? Ay Berddiion GelsprngibSHRR CBHET SUfRjion of
compat i e €rSAbiS n@dlebtRes Sl éi@é%&'ndd’é éa!nembmu@%a%n SNRREQE A CRbleyiaaNd

pharmaceutl cal'ly conpatible salts of this kind conprise in a non-limting
way thaseh ps epéreeehd(s) ofia REAf ot immnnl@]y dor dsamlbiydllt ovhlbomare nhylgpiddasorti tbe

sul furi hos ei c, ,aceti salic form c,
mal oni C‘{Néuz\@i hzogd ?cﬁZesl ?algealscbﬁg@%% Aen étémi%}'d r‘}@eotl(d\és such as
2012/ 134 2fHREAN P&Q:Jeafr(}@ﬂ@acl%@ﬁmtl Rke arhticalNBY sPhtB6siRR] PHRPROEEEsAS or

al kali nmetal salts or alkaline earth metal salts, such as sodiumsalts,
pot assidepxwaictestides. darsd dtrehRINAS mmpbriratercesuto; @aanawﬁw@@alpsﬁomaw@y-
| nvent |0%‘r;1 rrrrlaé r| se a pharmaceutically conpatible carrier. The term
“carrier ers to an organi c or inorganic conponent, of a natural or

synthetic nature, in which the active conponent is conbined in order to

faC|I|tate application. According to the invention, the t

" phar mekeardieg|tp ythe gHpsent BRYEnEiaRs i termh CRDMes eéranﬁlnp’@f%ré}ﬁ]}b’aﬁlaéi?se Yolid
or "qumam'v'ﬂ{%ﬂh“@@ﬁ&%@%@%ﬁ ALRNE" %H@%él%??&a "Yi‘ahé‘c g?’r@hi%Hh& abl e
for admnistration to a patient. nponents of the pharnmaceuti cal
conposigehentedf byt Iusang rav BINA gemplage asdualandeswcbepthht ompoliyptmrdac fliypreabdg.cam s

whi ch s tanti al s the deS| red phar eu,tl ef fi The

phar ma GERR GG 851 17 bve? SO He AUHECIFEI D Fng £ ONL Ri TRV Cabi BOBERFe:
subst angagdSKE1i RSinaeh hid 3F bErd. Tn 3hé BbdtextWfithé 9re§§rltC1n{/éht@nS§1|HNA be4y Be aci d
in a salt and phosphoric acid in a salt. The pharmaceutical conpositions

may, ween@aggpbppii attle? tmmsqmp@@nt &iom suiRNAB éenmlétgerw iy egirgunsgeption
benzal ko chl or aben an hi ner

phar naé’é%fﬂ?&?gycg }rggfeus%erf?lpaﬁor exaglgde |ther§n§ni91§/ %Irjrertl dgf:éngém orm
and ”H)frab@rmleﬁ&Etedomﬁleaclﬁmnmmaklmom per se. Pharnmaceutical conpositions
of the invention may be in the formof capsules, tablets, |ozenges,

sol uti ons, suspen5| ons, syrups, elixirs or in the formof an emul sion, for
exar’rpl RAcc S“Qﬂ?é quéen?lghtﬂ)lgls?dbfll a%ﬁrt%tsfaﬁgtll eﬁﬁf%rﬁk h%a}lf'ﬁy%clcﬁﬁed
conprise a s € aqueous or nonaqueous preparation of the active
conpouislrequitied. FFdr&:xmmﬁreeRabﬁl yhaiyetstatiiizddant s thinslatdomindrémsed by bpé entore

Exanpl es of conpatible carriers and solvents are R nger s ution
i sot onMOGRERIGHT BAYIBEI e RGPING Hiecty ANYAHINT RSN euERRfatPnsS QF’ieP‘éY 0? T&é‘ﬂ oils

are us N$b0Bx FRGE ViR Pé‘mprzb@@@owgnﬁ% Pled &
descri ggdﬁll n&gg%tgzoﬁggf&r?e%gﬁﬁgﬁ?es %ﬁ% exanpl es bel ow, whi cﬁﬁgr ee usggmonl y

for il Ibustefeatriagn Irpmrcﬁms@51narﬂasareepna@$lonﬁefntbe tItheuﬁqdnmqorﬁgng @nithg presenhe
description and t he exa ich are |ikew

rTH ﬁga tg & SAPE the
i ncl ud@YPHOBHE A Ot POHTEF e VLR 6? goreglﬂg éE WP e
2012/ 15)9;7[595@@}5&%8391&/ PRZAR Ipreferably without altering the sequence of the expressed

peptide or protein, so as to increase the GC-content to increase mRNA stability and to

perform a codon optimization and, thus, enhance translation in cells.

The term "modification" in the context of the RNA used in the present invention includes any

modification of an RNA which is not naturally present in said RNA.
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FI GURES Figure 1: Top: Process to discover and prioritize likely

i nmunogeni ¢ somatic nmutations in bulk tunor sanples. Bottom Process as
appl i ed twotoey/Bissand Bl ack6é system Figure 2: Exanpl ep¥alppddbeohhdit ati on
in Kifl8b A nutation identified in gene Kifl8b by NGS exone-sequencing
that was confirned by Sanger sequencing. In the wild type cells, th
sequenda ong embpdimentiofdhg ygntiqie thesRNesed g tdhe inyeRtion d‘??sG‘OtE‘ia@jﬁr e

3: Immyp 11Cail RV Ig&ﬂg e =

i muni zeggé)l%dcse r{;@@gpg%g’w t \%ﬁtoaf{gg%ﬁtblggatpﬁgg%segueﬁ%ﬂgts&(ecfggb e;écﬁeg lt)}ll g
Pol yl : Greaing RNA Atithdapyhokghatasee were sacrificed and the spleen cells
harvested. |FNy ELI Spot was perfornmed using 5x105 spleen cells /well as

ef fectors and 5x104 bone nmarrow dendritic cells |oaded with peptides (2
tig/ m fRIRRA Aeorilfe ANGeI0daton S KALIBEdi68E Hdonddi&tRES BCHQEr &PIREAsEE! | S
were tested agal nst the nutated peptide, the wld type peptide and a

cont r olitspegitiligyeandice slecrdass tooakicity sF i ¢xasmpieioh eopeotbedmenySy-tP RN used -

59). Sh [ : : . . f ieh th k
20 ns Co0RRREO By ERGONOT aabe Fareits & 5 o Ol O P RH: Rt <

| muni zgghptéitly, Yrl Jtivpe. RGBtabdesly ok laiesiohaXesh ot efbbaimudit,ziahyRINK nigédit ed
peptides). Data are shown for each nouse and nean - SEMis def)i cted. Figure
4:  Sur \ceeifingetoe thet invention pseudenriding i aubstitwieh eatplly farromnleglymprgleebly

pepti de_se nc BL6F10 cells (7,5 x 104)were inocul ated subcutaneously on
do M ccgm\ﬁ’/ge#glyv%é&néheiEd with peptide 30 (Jerini Peptide Technol ogi es

(Berlin); 100 1.1g peptide + 50 ptg Polyl:C s.c. (lnvivogen)) on day -4,

day +2, day +9. The control group received only. Pol , 50 [1.9 s.c.).
Tunor  JR GRE KMRALimR the feam wadificatiop” jelatgs 1o prgvidig ég@% }S«gg_ar ~4ap or'S'-

ok elpgpihette ELpTect i) b aBbSEREnoncon 0 s g Pupgmsion

t rans| atdlendt and fgeoéreliy o ts BXanplanosihe pokleepdd opincced partse omRYA via an
unusual 5' to 5' triphosphate linkage. In one embodiment, this guanosine is methylated at the
7-position. The term "conventional 5°-cap" refers to a naturally occurring RNA 5’-cap,
preferably to the 7-methylguanosine cap (m’G). In the context of the present invention, the
term "5’-cap”" includes a 5’-cap analog that resembles the RNA cap structure and is modified

to possess the ability to stabilize RNA and/or enhance translation of RNA if attached thereto,

preferably in vivo and/or in a cell.

Preferably, the 5° end of the RNA includes a Cap structure having the following general

formula:
) /CH3
N N
HN NH
S O o o | Y
N N O0—P—0—P—0—P—0 N" >N SNH
H,NT N o >—0—P—0~—P- o ,
W X Y
R, R, OH OH

wherein R; and R, are independently hydroxy or methoxy and W', X" and Y  are
independently oxygen, sulfur, selenium, or BH;. In a preferred embodiment, R; and R; are
hydroxy and W°, X" and Y are oxygen. In a further preferred embodiment, one of R, and R,

preferably R, is hydroxy and the other is methoxy and W', X" and Y™ are oxygen. In a further
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WO 2012/ 159754PCT/ EP2012/ 002209 antigen-specific CD84 and CD44 T cells with
RNA optim zed for effective antigen routing (s. Reference Kreiter, Konrad,
Sest er etwalwiGamzgr | munol . | nmunot her. 56: 1577- 1587 pcZ2@®72012/002206)
Exanpl e of a preclinical proof of antitunoral effi cacy in 816 rrel anoma

nmodel using an RNA vaccine that codes for a si EKL) .
Sur vi vareigEed sphodimeitafne@dridy arg %Vér?&yeatdeanwog Wi §E IHﬁ {gdél ne

i n conhj, i}ﬂf* | QR i, or a6t }f\cf)?é%rab )Ds)ulﬁpd\'vmgéjﬁt%ldtﬂédare BRLYenN &P 2 FH AL PrEfeMBECI NE

desi gn. € vaccli rie vehi'cl e integrat'es functional elenents for increased
expr essinthodamentppid of R eahd Rynprefesabic Rt | ys hydpoxtyoar@thmetteer edimefhioxp gad onpaf ar e

cont oxt W RF el Zpr"%m@%%ﬁ%% e R T

pol yepl(th,@@n construct. . cap anal ogon; 5 'UTR : 5 '"untransl ated region;
L : I|nker Seq. 1 : RNA sequence coding for peptide containing nutated aa;
3 '"UR : "“untransl ated seuquence poly-A : pol y Atail. (B) Sequence of

the R rucscdln r 2 di t a m

Bl 6F10. 10 200 P dropt et G BEHPRGER R el BUNATHAPT 1

sequenqemablelt@gt gfap! of the schematic dr aW| ng whi ch IS synbol i zed by
Flgure 7: Functionality of RNA poly epitope (A-C) Data for |FN7

ELI Spot u5| ng 5 x 105 spleen cells per well as effectors and 5 x 104 BMDC

as taf §G&5> %tru-@aﬁ BVRC MR £ 1&&@ g Zag' }x{*gfte df {2s0a9/ 1L tvﬁfch%tav@t 37C

and 5% Fanstected W th ect ropor at’i on.
cont r ol phBbhonataioateFhdibtyf texpstnél )differeat Mt@e@tsd:mmct foods majl fodr wmqlnnraed ated

pepti des contaipning. nutated aa separated by a linker. Data are shown a
moan  SERAMPIFCDICEFT of SHIRTROFon HEeBEr T SHC AGUIRES ot e B RNA

codi ng sfté?EOI%é}Ebpﬂle?égoa@g)r?thl@re shown. (B) Data for nutation peptide 12,
wld type peptide 12 and RNA coding for nmutation 12 and 39 are shown. (O

Represent ati ve ELI Spot scan froma single m)use of the read-out shown in

B) i t T t NA
\(/az:c: f\Jg’fgﬁltgw%EFg Fﬁg}l@t’l Cé‘ﬁmqt% Pl cg&%lvﬁleereérén%‘ge consgtyuct

Wi th (189Rox@! XWstsiFut ad WKahe Y( Red 6:0/8kn BRiISER mwautaatdraﬂsoermctbﬂgs gqpancnes
Good epitopes include those that include the somatic nutation *g nd

bind t& gsp[car b sesol Blobw pivessahasn BP Lifeandpire gppasd t%@n%mdaqcer

A g G e s Gy SRR A

9: Di sqesseryvfand” Ciabaed &y paratilamy pfeférted. " T- cel | dr uggabl e nut anome”

Providing an RNA with a 5’-cap or 5°-cap analog may be achieved by in vitro transcription of
a DNA template in presence of said 5°-cap or 5°-cap analog, wherein said 5’-cap is co-
transcriptionally incorporated into the generated RNA strand,.or the RNA may be generated,
for example, by in vitro transcription, and the 5°-cap may be attached to the RNA post-

transcriptionally using capping enzymes, for example, capping enzymes of vaccinia virus.

The RNA may comprise further modifications. For example, a further modification of the
RNA used in the present invention may be an extension or truncation of the naturally
occurring poly(A) tail or an alteration of the 5’- or 3’-untranslated regions (UTR) such as
introduction of a UTR which is not related to the coding region of said RNA, for example, the
exchange of the existing 3°-UTR with or the insertion of one or more, preferably two copies
of a 3°-UTR derived from a globin gene, such as alpha2-globin, alphal-globin, beta-globin,

preferably beta-globin, more preferably human beta-globin.
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(A) Flow chart aives an overview of the experinmental procedure starting
fromB 1 6F10 and C57BL/ 6 sanples to ELI SPOT readout. (B) The nunber of

hits for wecbigiedsyati on step and the process for sel ecpcemrpodi2snies i ons
for DNA validation and innunogenicity testing is shown. Mitations sel ected

for val |on and i n ae testin t hos redict t.0, be

| oo bR e i unyinses 31 Sukutne iR g mors echnd ek hiags o
nut anorga a8 pBBPRAEqh R cé hEnIRRR n’%oBff(A?t]allﬁ %iwpol?mg&;u%ﬁwnreme%use seQudresi de
stand for follow ng subsets: (1) present in all triplicates, (2) have an

FDR < me@ien(JmAhr@dL@s:aﬂedh itypipalest & foceisdi oty theegi- @misof a( BN apdecule and
nonsynaoj S 5) are |lo d |n xpressed es, (6 in
agkcde%? ygf/bslti%l.(e te'?iean (r%rgast t?no &Re e)( R Q aculee3e afflle3 RY dotfy r% RNA

the val i fir 6158 gene °dens gr een),
gene exﬁme&se efds(witieem Al ©hé yely- aweqeahchd b@d\f)s)n,ot SN dvedBiiuelestited 6taasthan
(orange F| ure 10: I nmune responses elicited in vivo by vaCC|nat|on of
mce w &t it e b dvnsermngl Gy mohetiseayrase | nuthernoms) a leng golgid spor

anal ysi %q@JeSlI “FelHoufiHEFRO! Patd (Pé‘éug@géﬁ/.a\ﬁ%}ﬁgﬂﬂt t‘%&'ns% Dsdbii gﬁ 'aﬁ&; tfé%gl'

peptlde umms represent neans m ce pe grou teri s
|nd|ca&§ﬁabm@uﬁUUﬁAlly significant differences of reactivity against

mut ati on and wi |l d-type peptide (student's t-test; value p < 0.05). (A
Spl enocytes of vaccinated mce were restimilated with BVMDCs transfected
wi th thgmbatl arpardepﬂa RSP LabRit SRE of BXprédts @Iatth'eQ(NAtJ%@d %@é&r@&@%%@g
wi | d-type peptide and an irrelevant control peptide (VSV-NP). (B)

anal ysipsessht Tveelion,riéacay ve tpodifiail net 2t bgepretest yn propessed witht atpqims‘\

| t f ted t |l ated with B fected
ot COHFERA LB G h Rt bAPD S5 "RHE ProfaeBledd TR P! Bre P
Mut at i QRefBRib(y 96N K indB&peHBRY 200 t@%%@no@iﬂ%&édl&&spln@rﬁ%ﬁkmaﬁﬁlﬂﬁkﬁérred

sequenci ng trace and sequence of mutation (top). Protein donmains and
mut at i embodurent dhe p@loftftx @ﬁquenﬁ: §as e lansth afeprraxvraiely d2Peadesosne mstdyesdlo

pCE?EL?_g:UX}?% 1n?r%§se 11\,\&6%1\&:/0'){060 %?t%rl aséf%ﬁ%lk}\gé Ql%d;gif%éﬂq% g%i}géﬂt\/??t the

into tmebfAaﬁquﬁﬁzbhebmtmﬁaﬁéh.day 3 and 10 after tunor |noculat|on the
m ce were vaccinated with 100 i.ts MJT30 or MJT44 peptide + 501.1.¢
poly(l1:C) or with adjuvant alone. (B) C57BL/6 mce (n = 5) received one

I muni zat f 079 i g ay
WO 20137 dggﬂ i %Pﬁ%t%’z%%z%gﬁgﬁ %’qgs@eégrﬁ i%ngme%(l)lo”% e 3\‘;363 t?%négmu?d;t ed

s.c. i me¢gon hé drl RIRKA ofnoteaelentae reddtost @n q:ninmmrlzeantnonsawalatti@nwaf@&npepw d (

pol y(I: wer e_.done o da 2.and 9. Kapl an- Mei er surV|v ,”Blot t).
Turor Y%%KE‘H“% ﬁg‘ft. gy Fua{j Ved %iyg‘BF‘EPirz“gng/é}%uoﬁa‘P?rS ﬁr%}? 6‘c&%ji ng
RNAs Ie@dienst q*h@%hoﬂrtéan%ﬁ e slmAESPAn ohafomeelr&a @Js @W}@h{m into
stalnlng anal ysis data f y in CD4+ and CD8+ T-cell effectors from

m ce vaduéh degdangi mtrocﬁmedt ﬂ@mn@omrhgulml\mbommt vike 8’ -voulitramsiagad gegion is

(Monoepit.o er 49 Biepitope, mddle row, or 16 (Polyepitope,
| ower E &fﬁ??‘ M@é%ﬁ%%gen ts represent neans of 3 mice per group.

Asterlsks |nd|cate statlstlcally significant differences of reactivity
agai nst nutation and control peptide (VSV-NP) (student's t-test; value p <

0.05) . Alepmnsofsthwb%wer%%w mpékﬁ%@sm@H@eqrpwww&@f)bfﬁrﬁgqmcam
f 13:
or eag Fxl'n %ﬁ@ sggtl g e%ééﬁnmg&% Qt?or%f& e dis-rgo_ce Rfed 1%%%%,9

Vacci na codi ng epltope r epofises
agai nshass&v;efeﬁghstmjhﬁtwrﬂ:ﬂ&n the stability of RNA and increase in translation efficiency.

The term "stability" of RNA relates to the "half-life" of RNA. "Half-life" relates to the period
of time which is needed to eliminate half of the activity, amount, or number of molecules. In
the context of the present invention, the half-life of an RNA is indicative for the stability of
said RNA. The half-life of RNA may influence the "duration of expression" of the RNA. It
can be expected that RNA having a long half-life will be expressed for an extended time

period.
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| FN-y ELI SPOT anal ysis of T-cell effectors frommce vaccinated with

mut ati on codi ng Pol yepitope including 16 different nutations. Colunmms

repr esentworansis¢B8EM of 3 mice per group. Photograph slpowgErReizpbizeat e
wells of cells fromone exenplary animal restinulated with the indicated
peptides. Figure 14: Vaccination wwth 5 different nodel epitopes encoded by
one RNA | eads to i mmune responses against all encoded epitopes A |IFNYy

ELI SPOhH@RakYST § Rtorfineld thRf Hesdn® igvdrtiom ifis eMaARCtNatadass thbilit ahd/en

codi ng nodel Pol yepitope including 5 different nodel epitopes (SI'I NFEKL,
Trp2, vevusiupon |afficirmey of/RNA.al sis |RopsibEpte masifyeBNRese aseiot interfee otithithe: t he
i ndi cated peptd des. .Spot.s_rI. ent. L:pLI . fr h.m ce
per g Jup R SRR ENERS SRR SSGH 1830 She HEBDHLERYS: Ul Afb Ry 2
and onegfruse i muni zed with the nodel Pol yepitope. Inf-NP Pentaner stained
CD8+ cells are specific for the Inf-NP peptide. Figure 15: A CD4+ T-cell

i nduci ng mutation can induce a potent anti-tunoral effect B16F10 nel anoma

in syn e[rhgéte% t'relxﬁrex (?_rg' Sig%éq:%%&ggi}noetei tho Qﬁ’veﬁzg’kﬁ gts?f}lg?c éé?ler:al %eaw_ﬁ{ge and

i nocul ated wth Ps's.c. intot ank” of the mce. On
day 3, cdfhpaises thé padduetion ofRINAI andarl pepiides dripelypepedasee.g. batgenstapgdn wnd/hr 100
lag WD 2012/ 159754PCT/ EP2012/ 002209, MLJT3Q, Trp2.or hoth pe tia‘?.es 0 pig
ol y (I TXensIagn. SHURACHFS @ RE i S BGKPISTONR 1Pk FAELF L G S ch PETGERT fon
day 28 tﬁ@ﬁrd&@ﬂ Y AF YRSt RS tMeSIly PR ded. N8 laBot BB HaliaP ¥RBreddidn liGiucleic
untreated ani ma?s and the conbination group are statistically different

( Mann- \ahids nelpreoast, expressadrueandegradsient @)stadpl an- Meyer survival plot of the
di fferent groups. The survival curves of MJT30 and MJT30 Trp2 vacci nated
mce are statistically different (Log-Rank test, p-value = 0.0029). Figure

16: OveytbRMhOfo BROGRERHSQhE ittt BEreSIBH hiso Mbélalidsons "aerRahb eRprabsss' bor
t he indi vi dual steps are given as an exanple for one Bl16 sanple, conpared

t 0 one "pinpekel sxprpision” Plesmant pxfressiony’ Prt ENER G CERFEFUPH ADEYISRCPIRRE Y al |

oL o RIS (RS LRI LS, 10 0 ot Ty e

i ndi vi dised in & webjest @t lhatiig eedisake weyoeidtabivith abesmeadri ababymal expression of a
certain protein, e.g., a tumor antigen. An increase in expression refers to an increase by at
least 10%, in particular at least 20%, at least 50% or at least 100%, or more. In one
embodiment, expression is only found in a diseased tissue, while expression in a healthy

tissue 1s repressed.

The term "specifically expressed” means that a protein is essentially only expressed in a
specific tissue or organ. For example, a tumor antigen specifically expressed in gastric
mucosa means that said protein is primarily expressed in gastric mucosa and is not expressed
in other tissues or is not expressed to a significant extent in other tissue or organ types. Thus,
a protein that is exclusively expressed in cells of the gastric mucosa and to a significantly
lesser extent in any other tissue, such as testis, is specifically expressed in cells of the gastric
mucosa. In some embodiments, a tumor antigen may also be specifically expressed under
normal conditions in more than one tissue type or organ, such as in 2 or 3 tissue types or
organs, but preferably in not more than 3 different tissue or organ types. In this case, the
tumor antigen is then specifically expressed in these organs. For example, if a tumor antigen
is expressed under normal conditions preferably to an approximately equal extent in lung and

stomach, said tumor antigen is specifically expressed in lung and stomach.
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The nunbers were cal culated after filtering and represent the consensus of
all three sanples. Figure 18: A Exanples of single nucleotide variations
found: A womatdworsut ati on found in all three B16 sanpl epclapbiiiooroy
non-somatic nutation found in all B16 and bl ack6 sanples (m ddle) and a

mutation found in only one black6é sanple (right). B The cal cul at ed ,FDR

G st 11 DRSO G B AR GRGin Lo e P RHPE A VIES S DAL e avherin

sel ect egle obhRicHoat id RUIN ARediien¥d AURIHs&E8kBAIARNAY 8LBEQuesTy, PR RN ARRRy GBI Ve
with the grey bars giving the 95% confidence interval for the mean in both
di mensi toanslazad gk protavyAeenphedo fegiresephmvemtien, taiermd Faotsrialine dCImpRes he
distribution of estjmated ROC.curves,.of.the FDRs.fQr | .possib .
cond! natt i FesTpUTT) her e BHR i b o et el o8 Wb ghtrein
conpar iBNA, ¢h paheuldir@BNH fkementrosghtiwgized tinal sel(-deplsiysatne prefé@ly using
coverage). B Estimated ROC curves for_the conparison of different average
sequencabripPE@fst 198!l (edircso | Rycterbly.eploningt vesiors awx aprlicdt &y thee sersygioagef
obtain . i i C S tarting
wth ¢ RS TEERITES kol 8 RO A e R A S o et
repl i caict@ding38x tleopasageinveaidro eh&ympdssdds biy nhe adrmROCector'v esccbatinglitd ftee ent
sequenci ng grotocols (santoolgh no replication). Tg;lgurves wer e calﬁg%ated
usi ng tMESCAREYERUORLTthe FeN2,ue0 Ihtth§ PHSERtyINY RS ORFESFABY 75 ¥PeT EBIB I 802209

Fi gure @Qa (ﬁ‘V—f@ﬁN\Aql dfiehe EQJBBEairfé'asb}Wiiﬁ @itg‘g%alngc‘,’iﬁﬁfon':%n aﬁﬁllo gibRADHA NY
the optinmal set of "paranefers out of a final set of 2396 variations. None
of t hegempiateat Tienpransotpr éxre pontiallinkh SMdRsqripgiosi cam b &ny geneoreeerafos eartyl RNAD) .

B Rel ati f iati dinth t aset f i
FOR cutBIeRR Ea L aTER) SloR af 1 PP PTG o (hd Jaakactl S8 FRE -
val i datRfhathaki PieferatfiQr th¥ i Widlo BdmdédiftionCitbdrdval dQBe Hveltidois tORrbild by €

shown. Fi'gure 21: Antitunoral activity of a nutation-encodkgg pol yepi t ope
RNA vadldh ereS ResmBmbpéer s deN (rfempliaty fanér eitionsrnscaptean may ke ebirinedpyRIl@rngotel | s
s.c. into the fl.ank_of. t.he mGe. d 0 7 1 ur

nocul RIS Rednbrt il oINS el dat Rt N iu il Afae e £ 44 VP

| i posonrmhsdrifioh! BisEPNAI @By beabrited blreverentraariptiaugl REaei ved | i posones
wi t hout RNA. The figure shows the Kapl an- Meyer survival plot of the
di fferent groups. The survival curves statistically different (Log-Rank

test, Prigbie :arglaqgg&acco%ggb%% &@@ntﬁ&cmt%%&ﬁg%&% fogs n%ga&gré%eéieai n

are described herein or carrfed out In a nanner wn per se an

descri kel byfwiticlexatphe of mresSagbr RO direcid the dvkdneduloda s€hjomicagf adinabodat ory
Manual , 2nd Edi ti.(%ral (13}2{)9‘%p .gol d Spring Harbor Laboratory Press, Cold Spring
Har bor 10 2y 3 REPUGHRRTRR HEf-udi ng the use of kits and reagents are carried
out according to the manufacturers' information unless specifically

i ndi cated. Exanple 1: Mutation detection and prioritization W first
denonsthxatessise goemelesepnaices pnipeoiatenyraoquemses, ndrehahcosedpg ésthednyansioninay

i . ' i . unbi d n . Ve hi ly. |
bR e e e S R et A A R e

i denti fiye mutRId GRRL f AOGDEREG Ydqduade GhaCal @blRgry usBien®! lafe 1iNR¥d , topether
prioritize the nmutations for inclusion in a poly-neo-epitopic vaccine based

on t he "Petoratlyd if thaviroygeatng togetber qovaleptly.atcl hal e drapearpier catrentlpin ehe
| denti ftﬁeeg)drigg ?e%hgrpc% 1§“{]Sdér'}g§ %gntlrwa%ggﬂ'hg infifHh3L LP Hleq%élﬂgttobpg'equence. If

the coding sequencé is to be translated into a functional protein, with functional linkage of a
regulatory sequence with the coding sequence, induction of the regulatory sequence leads to a
transcription of the coding sequence, without causing a reading frame shift in the coding
sequence or inability of the coding sequence to be translated into the desired protein or

peptide.

The term "expression control sequence” or "regulatory sequence” comprises, according to the

invention, promoters, ribosome-binding sequences and other control elements, which control
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The rationale for using CTCs: the detection of circulating tunor cells
(CTC) fromthe peripheral blood of cancer Patients is a recognized

i ndependewd 2p120@vm33ti ¢ marker for the clinical course ofctruwresniBant el et
al, Trends Mol Med 2010; 16(9):398-406). For nmany years, the clinical

significance of CICs_has been the supject of intense scientjfic.and . .
clini cdhe WW@PlB@fSEP@WCEP? 197 Gg 2099‘5?88%&%{4’% .r‘iielaﬁ%dgltl{i\éé: It Cqppan been
shown that th&gdelregti @0eftonChES rkoulhBs, REQRACAS chnteefdrtroNed h THEt S8tist i C
breast, prostate and col orectal canhcer "has pr O%I’IOS'[I c rel evance, providing

addi t i eratturaéregeleioon seqreporsvantviaon d¢pendimgiomgthe speri¢sqrredeparding pdhe cell
rognosti c.tunor hjomarkers...Seguent.jal bl ood | es dr i ent
et o1 o IVRfbi hEETe OER S 2 an A AR 8T8 o eaPnonr gt Rl TepleLe it

agent sy $i@N B tHeaihaRkiod) ofPfrdscapSor bf @faA@lhiiéH) wah tas€PATAASox, capping-
response/failure. The nol ecul ar anal ysis of drug-resistant CTCs may provide
a f urt isequenpsi GhA Trssavence Angtthp dike Macpaiiewars S (-anganseiibed regHiatqry SERURICES ¢

si gnal icﬁg,lppigé st\plar‘%%f)f%% §écggr§ 1P tﬁ%&ﬁ@&ta ‘ﬁ?&%o@és%a{}énée%} @[qhélcingﬂ%al%mrsm)? An

additio possi From profifing and ‘genetic characterization of
CTCs i shé haciicely Houadident Régulaysl seqastees cdrnalgetsmpase edbanderselomwenvr of
new targeted therapies. This new diagnostic strategy is referred to as

"Li qui APYEGASE 298 V8PS YOAUCALESt his profiling could be quickly and repetitively
done, requiring only patient blood and no surgery, this would provide a
"real tinme" view of the tunor state. Mutations fromtunor cells: W
denonsthrefembbyracadyiinigtty the inwdativn,fthe RNAtte desxpsiseryl B16 cetbisaintneguesd] ingo

exome capture to extract prqotein coding regions, .next-generation . .se ci ng
ai g el S PrectpoirBrR st By s Arentaey B eyl QeI A IR e
sof t war g RiuRed ini6a CEil BWiRaindd bY¥: ileRtanbtiptidd S AR ApSHPAREIDINA teéfipRatd. ons and
sel ected 50 for confirmation. were able to confirmall 50 somatic

nmut ations. The following is an exanple of the protein inpact of a

di scovered somptic.nmutation in n el s, Ki-£ 180, S€xon
3 Wit st OB b a YR AP NeTLBOE Rt T Typad |4 fooodine
SPSKPShREERAMERNWBREL MBI ER RS Mt tdspas tb laqiaktidula pepddalbr polypeptatei mgart unor
cells (CTCs): Next, we were_ able to identify tum)r-s% cifig so%i c

mut at i bas the FINAGE presAnt|ip f§e APPrRIRAAtS SIKPAENE REgiegadly ahtieg GBI Bhorma
cells ' LI ' p | ' r Lehdised,
b1 ood waeresish S BYERRY St pERURES LR IG TR OB RO EAAMRE OBV ERAGE

ci r cul as ablg tBhberaelwith (hETERYar RAWS @onrmaathedry o [SVRIRE-thapeide ONAckPrphdsi S
and uns,g,eci fi if‘ea lification performed, followed by the NGS RNA- Seq assay
and suBSEGARAROIFAPLESHAG ysis (bel ow). W profiled eight individual CTCs
and identified somatic nutations. Furthernore, in eight of

Terms such as "transferring”, "introducing" or "transfecting" are used interchangeably herein
and relate to the introduction of nucleic acids, in particular exogenous or heterologous nucleic
acids, in particular RNA into a cell. According to the present invention, the cell can form part
of an organ, a tissue and/or an organism. According to the present invention, the
administration of a nucleic acid is either achieved as naked nucleic acid or in combination
with an administration reagent. Preferably, administration of nucleic acids is in the form of
naked nucleic acids. Preferably, the RNA is administered in combination with stabilizing
substances such as RNase inhibitors. The present invention also envisions the repeated

introduction of nucleic acids into cells to allow sustained expression for extended time

periods.

Cells can be transfected with any carriers with which RNA can be associated, e.g. by forming

complexes with the RNA or forming vesicles in which the RNA is enclosed or encapsulated,
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eight cells, previously identified somatic nutations were identified. In
mul tiple cases, the data WO 2012/ 159754PCT/ EP2012/ 002209 showed

het er ogengotyi2atsotshe i ndi vi dual cell |evel. For exanpl epcatepp®3iobi2on
144078227 on chronosone 2 (assenbly mm®), in gene Snx1l5, two cells showed
the reference nucleotide (C) while two cells showed the nutated nucl eotide

(T). Thicsuliagbhiscreasadsstatibiy afehaRa Anpprapared foy raked! BM&WMSG@T_@W@W
 dent!fy BRI tIWHﬁéll@é‘SforaeV&aH{C}h@”ﬁpﬁdaéo BiRe ! Grers SR b WhtioriAfpias
ual’i ze

(1 ndi vi vaccl ne ent's are pro repetltlveyéd
t he r eslipdssmesfihgeitidule ctivhentipgaimesnindSiadellss, raati hmnopzhaales heatemat lisidat an

earlier tinme point. Furthernore, this denmgnstr that we are able to

i dent i fah B} sgaw@asﬁswggr?ﬁtz?tbveﬂmf%rsﬁgmﬁata@ée Y SaERRIC G may heases
tumor cellSiinSRakt iNen@yal uation of nutation frequency, such as for
identification of major nmutations and rare nutations. Methods Sanpl es: For

the profiling experinent, sanples included 5-10nmmtail sarrpl es from C57BL/ 6

i d h B 1, 6F10 |
C e ety @?Bntaqci%%éﬂ?ﬁ% FhE8 Rroirm Beie i AR PETTHE Tk dfror
cel I's (faft&NariBiota &dlESERGt HH DG, rfewgrla%sz@@&méra@ﬁiaw?éﬂcﬁiermIp@n@epn@eelhltﬁe B16

cells were resuspended in PBS and an equal volune of freshly prepared
CFSE- Saiellt il rpartculan cmbpgsyenmghada@anng) of hibe caiclac afisls @aﬁyméul\?qwe@%m | e

m xed bl% ﬁv g%éleli(nnfsgclh (e)rvr\l%gdll%yenlt ncugg ﬁla{ 19%;?&9&%%) r@l%rgdtn%gggr g%r&) E

stop t g reactron, e &q ual ‘anoun fcontarnin
added trﬁlctd&eaéarﬁ@heeamﬂ)r kamglegﬁmétkdvlhiﬁ or @rlipxomEp ek hibitn g té.’r@eﬂi]ﬂ’g mobaghiet i on
at roomtenperature, the cells were washed twi ce using PBS. Finally, the

cel |' s Wier €xaBBlgs pEWIRSYLS SHchbRS a8 ABtBGGySvigh s Sﬁtﬂ?léeémwjace membraneprafein
After et tes
from ¢ g B aa e e B S B e e M A Ve
Sol ut i anucleBeasiticrarfdrcdd magrhe peundld@rdtd.| Inbtasedhe Abtlerc ane wvadimumgewelpy

7- AAD was added to.the sanple and i ubate for 5 min at roomte ure
The | ndBsTon RIEET OB aoBy0r o HASH PG, Braaa v Rish CR P e HBS Wit

r esuspendsd tddis ﬁﬁgjﬁlelme oratéaqﬁltgﬁgzl @s%ﬁ]eefénﬁhfaﬁlﬂh ah ionder B @nesik lisr ¥R L

sorted wth an Aria | s-sorter Single cells were sorted on
96- wel Iandlobomtém rﬂuah adOtﬂ®pam®mpmt h‘amd orotges| ofi?iﬂfff@@ﬂﬁSeﬁher(eQ)fuvetg@h)are

After fini. th ort| t he tes were s 0

Nl ci cPaiTG i pageRah b Besa e dsS asiarp Bl SpRh ar s iden, bibfeins
2012/ 1590 & Beddt B 20126 0022%athbicetel ¢ aci d extraction and sanple
preparation: nucl eic acids from B16 cells (DNA and RNA) and Bl ack6 tail

tissue (DNA) were extracted using Q agen DNeasy Bl ood and Tissue kit (DNA)
and Q %e%%hl@%a@é p%s%ﬁtombé&tio(nf{h@tem "peptide" refers to substances comprising two or

more, preferably 3 or more, preferably 4 or more, preferably 6 or more, preferably 8 or more,
preferably 10 or more, preferably 13 or more, preferably 16 more, preferably 21 or more and
up to preferably 8, 10, 20, 30, 40 or 50, in particular 100 amino acids joined covalently by
peptide bonds. The term "polypeptide" or "protein" refers to large peptides, preferably to
peptides with more than 100 amino acid residues, but in general the terms "peptide",

"polypeptide" and "protein" are synonyms and are used interchangeably herein.

According to the invention, the term "sequence change" with respect to peptides or proteins
relates to amino acid insertion variants, amino acid addition variants, amino acid deletion
variants and amino acid substitution variants, preferably amino acid substitution variants. All

these sequence changes according to the invention may potentially create new epitopes.

Amino acid insertion variants comprise insertions of single or two or more amino acids in a
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For individual sorted CTCs, RNA was extracted and a SMART-based cDNA

synt hesi s and unspecific anplification perfornmed. RNA fromsorted CTC cells
was extragbediistfzst he RNeasy M cro Kit (Q agen, Hil denpcEapimnyd22eecor di ng
to the instructions of the supplier. A nodified BD SMART protocol was used
for cDNA synthesis: Mnt Reverse Transcriptase (Evrogen, Mscow, Russia)
was COrRFFHAANATIAC AFi §BAUETSS T-primer long for primng of the first-strand
synthesis reaction and TS-short (Eurogentec S. A, Seraing, Belgiunm
introducing an oligo(riboG sequence to allow for creation of an extended

t enpl ataemby 5dié addrtivnnedriantsacshpnss emaot-j andfoy afbaxyeemainal Sisiansa@fsens pr ase
and for terrpl.ate.%%/\ly;&t cl{]?%ﬂcgenc{]i k., A, Y. et al.. 1998. Ceneration and use
of hi gHPFSAMES AT ENALEE Bd- <Rl T CRRoUMPLCHMPOFUMS RNA by SMART PER In Gene
Cloning and Analysis by RT-PCR. P. L. J. Siebert, ed. Bio Techni ques Books,
MA, Natick. 305-319]. First strand cDNA synthesized according to the

manuf ackmimer acid daketipn varians apashasaditazadely ths rgmoyglcpieancpr MOpT RRIRLATIEH
with 5 uU tra Hot st ar i gh- Fi del § ty St.rat agene, La

Jol | a, %&’)‘Phéenscﬁqbe.“zfﬁ’ S}“FI{/F%I’Y %g@ -"g&ip’I’/ i“%’ Ig)r(rI’I‘II e“%?gé‘é‘ﬁ%e of 200 }.LM
dNTP (cycling conditions: 2 mn at 95 Cfor, 30 s at 94 C, 30 s at 65 C, 1
mn at 72 Cfor, final extension of 6 mn at 72 C) . Successf. ul

anpl i f iABINCoFiG FUPHELLOTCY iants 2Raeh a8/ ETF45H | Ratneatt Yseresiore 1prthfrepeienge

noni t or, ti ARG j : i ng, DNA sequencing: Exome
capt ur &e&%rﬂe‘&%zgf%%%?g%%f'}%&%s lpef?1 %I?(Irhe@qg IEIIS the Agilent Sure-Sel ect

sol ution-based capture assay [Ghirke A et al: Solution hybrid selection
with ultra-long oligonucleotides for massively parallel targeted .
sequen C'III?gt?mNage“BIeéI? SREAD Iac%g@,g to7hg guvepaey ,tII/ait A H%l??%ra?gltgelgi A e
capt ur aIfEIEIcIulé?‘g P& Gt ?ﬂe@e&%glﬁ%tﬁ&g'ﬁ%%whgmfistd_Iérivé’d,lihQ prichfat 86l oBRRRM C
DNA wa ragmented to 150-200 bp'S using a Covaris S2 ul trasound devi ce.
gDNA f reagnelatidewbr theecrde rof prannine croid iseqpendesDgpastilly nparagdar sgqEineee MIGenS,

I d5 | h | d ' T4 |.. I id ' | un
enda ganned i amrRtier faney 42! 85 kBl AR el Bl AR T Pl aPulfle,

exo m RER)seqience im@hfh it R¥eéRang |11 um na paired end adapters were |igated
to the gDNA fragnments using a 10:1 nolar ratio of adapter to genom c DNA

insert using T4 DNA |igase. Adapter |igated gDNA WD

2012/ 159754PCT/ ER201.2/ Q0220 nt.s Wer ti.Ched R SAREAN ¢niistafd ow
cel l s?@gﬁ e éseglguzognc?;lgés?I c\%grzré;f%%ggﬁlgs@nlg CIEI:éSIrIilﬁa PE PCIJR primers 1. Oaand
2. 0 andhdtetiazs Wl selehdedpnd yomnasiatradgidlantompsienty sticPGR aypines,. orgdtelleg, of

adapter |igated, PCR enriched fra ts were hybridjized.to ilent'

S 6 SelSERe TP BT Al Pt BECORIE CHRBNE 162 SHOUHAGA: | PO QY925 FEPPis ODFTIEE at

65 C. Iybfik dbakd &Rg@élﬁ%n%&s. P%%@P&%%id”&%ﬁ%l%&@%%&ﬁdﬁ@ht@%éEx{\%ﬁii&\/itdji n
ads. €

coat ed nmagnetic be gDNA/ RNA bait conpl exes were was ‘and the RNA
bai ts cheaekdvioéh catubé tgnebunédar ranSestedSalidboan elogenans mgldie ecidedbe tgmt he

captured adapter |igated, PCR enriched \ fr nts. f nt s were
PCR anpf§! i‘@glu Bssf‘ccg ?%I%III?SIHPIE;M%BrGI(%Q'DIéIﬁ? el 'gp’oéy(féga\cl’seee “I%’%Igﬁ%ﬁ? l)ls and
Sur eSelget deRRfRedtsi BRYAs,fOHOLLIBYCOBSeel ] K561 Ry FEIBeccHoNHELS dis], 8X
vol ume "of ’AMPur e XP magnetic beads(Agencourt) Al quality controls were

done uveasy celsi andoigeest selipibiThe ssogenniry msleis peig amt bsifowidrinsideethersalln@

usi ng ilent's 2100 Bi oanal yzer . ; FNe %;

l'i brar i%%egv\glF%er%qduasstsélrc e’a(;lil rllncI/ Ta §t1%e§t§§$¥%%tqu%ﬁ %IIIII?tIIeIr flgt v (.)Egheusi ng
7 pM amdstaRilhRaomeror nsiestended DAL Meanthhlign cells biteSeaR 0081y piafigrdd, usenasSBS
kit-HS 50 bp. Next-generation sequencing, RNA se encf n (%Secg'

Bar c odeallyirpmn hyapng se] hamsiers ot ShePatspr it ades riomes I?J%a% e AgEXFd BRI 4si ng
a nodi f | i I j = SE0. ik calip 1IRNA i

usi ng égerggr%@b% ?’33?%%% IfsIraPe‘T’é,naIé’I‘IITIé‘@ éIaQEIIsIII’(‘ér’%e‘FérIIISO&é@i &t i 2y P Sre A
was fr agiedy edatirsdcntes dpargdherdl béadd ukoaes, beat nragow stemgcalls, dmdagmbrtogic
ranging from 160-%3% bp. . Fragnent Ed 7 was converted to gDNA g&i ng_r.andom
pri mer $teghdels, Jar ggthen empod % ri8g&h) P BUNEF HICEBERR ¢St FRRESYIT fesi s
usi ng RS stdge CONA was end repaired using T4 DNA

pol ymr@gm;fer?RIKﬁfg%ﬁ%&gyt%oqﬁyner asegand 5' phosphoryl ated using T4

pol ynucl eoti de ki nase. Blunt ended cDNA fragnments were 3' adenyl ated using
Kl enow fragment (3" ta 5 exo.mnus). 3, singl - OV L4 L umd n

mui 11t paBih compliteroniure Ty apaleellel RiTerts: FolBRg: he sy o
adapter to cDNA insert using T4 DNA |igase. cDNA |ibraries were purified
and size selected at 200-220 bp using2the E-CGel 2% Si zeSel ect gel
(I'nvitrogen). Enrichnent, adding of Illum na six base index and flow cell
specific



WO 2012/ 159754PCT/ EP2012/ 002209 sequences was done by PCR using Phusi on DNA
pol ynerase (Finnzynmes). All cleanups were done using 1, 8x volune of

Agencour tyvwyRBei®is¥Rsmagnet i ¢ beads. Al quality control s peg/E26100622081 NY
Invitrogen's Qubit HS assay and fragnment size was determ ned using

Agi | ent 2100 Bio DNA assay. Barcoded RNA-Seq libraries were
cIuster@§”5?“pﬁ§n8%@ab&é?ﬁﬁ£§%8§8 SR cluster kit v2.5 using 7 pMand 50
bps were sequenced on the Illum na H Seq2000 using Truseq SBS kit-HS 50 bp.
CTCs: For the RNA-Seq profiling of CTCs, a nodified version of this

pr ot ocofFhevesmy §é?dlal ﬁxmhmh" @(5@5 708 png:esmhﬁfemmlspm@derﬁw waYinieddIn thai r ed
end adapt d_an enrlchnent daone i III n PE PCR
o or <on s i e IR SplPicl pE ofelh B Mo BRI abRa P T ot ol =
expres sllnﬁﬂmv(ﬂbueg,reimwui PHich9gRPRAS s RAUSmiul060 BNAn AR prdliferd, had
[I'lum na H Seq 2000 were preprocessed according to the IIIunlna st andard

pr ot ocothe spegifcilyapherate recpgrizinggardopntigsty ig@mplifigd s Beederabind cloapusxnapsieri ng.
For RNAe§ﬁ90Qﬁﬂ@%ﬁﬁ&&&Qﬁﬁuﬁ?ﬂkﬁﬁgﬁe.Sequence reads were aligned to the

ref erence genom c sequence Use Genome Sequenci ng Consortium Initial
sequenci ng and conparative anal ysis of the nouse genone. Nature, 420,

520- 56 002) ing bowmie. (versip 0.12. an mead B. et al. Utrafast
and neﬁ% Zﬁ?d%am%wﬁﬁgmhﬂafmg FREepRA ééﬁ hIeSalss Ahevey CKfétfone.

Cenone BiRbablP R0, diSirBfeRA0MTRE & dater; 8% BErcatdrOmBENRER By 3PH®B $rand
default paraneters for transcript ‘alighments. “The alignrent coordi nates

wer e cagrpaerdnt gnetieprefemablyc 0b78vinat excatst, tnhéleRef/Se(’fhe rtems Cmhptit $rPsigiitar  KD.
et al. NCBI Reference Se enceE%Rﬁ E’ % gxcur d non- rnglgant seguence
dat abadlTeFs JEAIEC: COPRIE P sentRly PP DePelt AKIRETRRAO BE08" Jan
1; 33( DadsghaigBy tegdie) - D501-4] and for each transcript the counts of
overlapplng {lgnnents were recorded. Sequence reads not alignable to the
genom ¢ sequence were aligned to a database of all possible exon-exon
juncti 5 e ' 8, t ni ng
to theq%nﬁgggg?%%c ?%ﬁ%ﬂﬁbﬁgéggg?% gﬁégﬂﬂﬁ%hofﬂggkégglc f@%m#5§%%%r|pgh
count s indrtadenethanberh&if, Progcitior or prelpon gatibnninyr awduit z:€ teak1 RRKMefdrtbipeas 1edst

r eads i ch p.per kil gbase o xon nodel per mllion mapped reads

[ Nor ¢ 2. Prveragly 8 <egt 008 Pre paagt Ao B ch g aiE TR nieart e A RSEY Bt onres
by ma- €4 8@‘}"}; P@érgﬂgsa’t 1&&@00@@ #r@i%ic'gb)y LOre aﬁ%'@/{ Erﬁpﬁlc%ér@ uéarBﬁtlpaﬁggﬂﬁ%.
expression and’ exon Xpressi on l ues were cal cul at ed 'based on the

nor nal iThesk tammsenayflsp gads wvar irmp@sagerdactengeanepomatoomr prebpeetiovdéloyn WO
2012/ 159754PCT/ EP2012/.002209 WNut at.i.on d coye bul k. t unor i.ngle
end. + ERHOH T RAR PREUFTEAT RO SREPIS 006 tiot LVE) ¢ U eGP isha TPV diich

0. 5. 8¢C)is hkehsukhbl@apdddedtiiie R (2009) Fast and accurate short read alignnent
wi th Burrows-Weel er Transform Bioinformatics, 25:1754-60] using default
options to the reference nouse eenone assenbly mm®D. Anbiguous reads - those
r eads ping to multipl n n

e i g g g st dnd BRRLGR erlneldadth BT et E SR TN B s VG
conpr egliseakef ergad dl(s&éMch@rﬁ&ehﬂﬁl us}eaﬂ: SHegdnict Y f SRERE dén@\éﬁpﬁe@sdn& ﬁ@ﬁhﬁ%@
IIIunlna standard phred+64 to standard San qual ity scores using shell
scri pt 8nd paeserting 28 dgtissit PerjideaRartichlstlyt Prstgﬁsred/ecﬂléweﬁemeu ¢anger dispasgs-t hircee
sof t war, o} S 1 J,..SNP
i scovary by s st anin R R b hUEloD ko b or tr Mo
27(8) : Ya&Tndion Fp prevaftlddifeie ddcrib&@Hdteinver Si on 1.0.4418) | I\/bKenna A et al.
The Genone Anal ysis Tool kit: a MapReduce franmework for anal yzing

next - generati on DNA sequenci ng data. CGenone Res. 2010 Sep; 20(9):1297-303.
Epub 2Q10orditHg &Plhe ARNEnRATBAE G p@i‘éea(s@'t b refs! R BatidRigical Lthte, 1nclud1ng
/softmare/sonatlcsnlper) For santools, the author-recomend options and
filtercacet dis¢amesyen partiseldr thope fomuls 0§ canmsdlscamandesfcnbeéharmg, maxi mum
coverage 200. For santools second round filtering, the m ninmm i ndel
qualtify score was 50, the point nmutation mninmmquality was 30. For GATK
nut at i PRe €l THd¥PmaMeefesd {oot\ﬂgdleﬁlﬁgl abehRrhélesianess ReshealhaGhbies: Guiigdaki nes
presented on the GATK user nanual

(htt p: I-¢-vRi2-brtbeleiciest anditionsrwhegeia/ Wealdyyl meefrraphpmdans nearrenecrouml ysi s_Tool k
it). The variant score recalibration step was omtted and repl aced by the
hard-filtering option. For SomaticSniper nmutation calling, the default
options were used and only predicted nutations with a "somatic score" of 30
or nore were considered further. Mita®ion discovery, CICs: As per the bulk
tunmor i CAM process, 50 nt, single end, reads fromthe Illum na H Seq 2000
were aligned using bwa (version 0.5.8c) [5]) using default options to the
reference nouse genone. assenbly nn9 As CTC NGS reads vere derlved fromthe
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WO 2012/ 159754PCT/ EP2012/ 002209 The out put of "nutation di scovery" is the
identification of somatic nutations in tunor cells, fromsanple to NGS data
to a |istwofomutsetsuons. In the B1l6 sanples, we identifi edrd4@2901mm4i C
mut at i ons usi ng exome resequenci ng. Miutation prioritization Next, we
denonstrate a possi bili of a.mutation prioritization pipeline for va
ol usi Basearh; B8 S SPTERIng e GIRGA] "RSHE T eRUGE | B ePaey g ot
pi pel i ngpréssToAMr thelgfiideh i SlANGF PisOdskd tiZRe oF OPSHn! i dBlekRH] PRSresddOHOIIR
series of steps incorporating nultiple cutting edge al gorithns and

bi oi nf oofhratisesseddishurder. orEar map petinaséasethicempergd de she stage in g hedthysospue iog
mutations, prioritized.based on |ikely i eni ¢l ty.. SOMAL i .C, gt ati

i denti f?r(?g?'i%Ih:ln%ﬁsgf?fgﬁstoa?nelqcaeeaﬁ? ?’?’ iaéée@%?@%, fnnPee%%liaf f g%gﬂt“dg)ﬁ’g%rlfgﬁns,
for bot$o%ha 1846 180%, Bt BkG2GRYPAtesad MODSY, iabfeath SO0DYES i, leDQ0)0% Dreevenr st
i CAM step Is to conbine the output lists fromeach algorithmto generate a
hi gh- compied Ehere ¢mkadipents gxpiesstohistony Bad imatiseased tisaus odils exapsssipn in a
vari ant;s, i | at.| 4 : - i

cont 1 deealty SRR E Bk ESEE fcbing & ARl BT ARAITl D T ek gl ifed

t unor owithoglisedxpressitg ah hntigenaneludekcackedis¢dsed. are identified in all
replicates. Then, variants are selected which are present in the tunor
sanpl e but not present in the normal sanple. SonaticSniper automatically
report scpptenhigt ﬁ%ﬁt&lsr%am AL 8 & ARIEUNET di80de R WhlchdAbRuPAIfTRILs Ve
further %ﬁltg?égziesults t roughI?he)fﬁtersectién o?.the‘fésurtgaobtai%ed
f rom r efibpleatesontroed grovtb (dvisrampeyaidste poshal imitshlihwiswg Eusisidl en ang

intersected the list of .mutations derived fromthe use of.all three

al gor i (4REIHR o ad?%%a{ fEheDs e MRS oo RPestRro dund et p B8 1 s
t o assiyyaydi£RPhdR B dY at e (Hey AHaUBhark PropRARR oMehmderPdiflorsmedcqRers God age
dept h, SN% quality, consensus quality and mapping quality. Mitation inpact:
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f unct i @Resumed to be the origin of the tumor. These are the histology and the location, respectively.

The term "cancer" according to the invention comprises leukemias, seminomas, melanomas,
teratomas, lymphomas, neuroblastomas, gliomas, rectal cancer, endometrial cancer, kidney
cancer, adrenal cancer, thyroid cancer, blood cancer, skin cancer, cancer of the brain, cervical
cancer, intestinal cancer, liver cancer, colon cancer, stomach cancer, intestine cancer, head
and neck cancer, gastrointestinal cancer, lymph node cancer, esophagus cancer, colorectal
cancer, pancreas cancer, ear, nose and throat (ENT) cancer, breast cancer, prostate cancer,
cancer of the uterus, ovarian cancer and lung cancer and the metastases thereof. Examples
thereof are lung carcinomas, mamma carcinomas, prostate carcinomas, colon carcinomas,
renal cell carcinomas, cervical carcinomas, or metastases of the cancer types or tumors
described above. The term cancer according to the invention also comprises cancer metastases

and relapse of cancer.

The main types of lung cancer are small cell lung carcinoma (SCLC) and non-small cell lung
carcinoma (NSCLC). There are three main sub-types of the non-small cell lung carcinomas:
squamous cell lung carcinoma, adenocarcinoma, and large cell lung carcinoma.
Adenocarcinomas account for approximately 10% of lung cancers. This cancer usually is seen
peripherally in the lungs, as opposed to small cell lung cancer and squamous cell lung cancer,

which both tend to be more centrally located.

Skin cancer is a malignant growth on the skin. The most common skin cancers are basal cell
cancer, squamous cell cancer, and melanoma. Malignant melanoma is a serious type of skin

cancer. It is due to uncontrolled growth of pigment cells, called melanocytes.
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This group represents the most common cancers, including the common forms of breast,

prostate, lung and colon cancer.

"Bronchiolar carcinoma” is a carcinoma of the lung, thought to be derived from epithelium of
terminal bronchioles, in which the neoplastic tissue extends along the alveolar walls and
grows in small masses within the alveoli. Mucin may be demonstrated in some of the cells

and in the material in the alveoli, which also includes denuded cells.

"Adenocarcinoma" is a cancer that originates in glandular tissue. This tissue is also part of a
larger tissue category known as epithelial tissue. Epithelial tissue includes skin, glands and a
variety of other tissue that lines the cavities and organs of the body. Epithelium is derived
embryologically from ectoderm, endoderm and mesoderm. To be classified as
adenocarcinoma, the cells do not necessarily need to be part of a gland, as long as they have
secretory properties. This form of carcinoma can occur in some higher mammals, including
humans. Well differentiated adenocarcinomas tend to resemble the glandular tissue that they
are derived from, while poorly differentiated may not. By staining the cells from a biopsy, a
pathologist will determine whether the tumor is an adenocarcinoma or some other type of
cancer. Adenocarcinomas can arise in many tissues of the body due to the ubiquitous nature
of glands within the body. While each gland may not be secreting the same substance, as long
as there is an exocrine function to the cell, it is considered glandular and its malignant form is
therefore named adenocarcinoma. Malignant adenocarcinomas invade other tissues and often
metastasize given enough time to do so. Ovarian adenocarcinoma is the most common type of
ovarian carcinoma. It includes the serous and mucinous adenocarcinomas, the clear cell

adenocarcinoma and the endometrioid adenocarcinoma.

Renal cell carcinoma also known as renal cell cancer or renal cell adenocarcinoma is a kidney
cancer that originates in the lining of the proximal convoluted tubule, the very small tubes in
the kidney that filter the blood and remove waste products. Renal cell carcinoma is by far the
most common type of kidney cancer in adults and the most lethal of all the genitorurinary
tumors. Distinct subtypes of renal cell carcinoma are clear cell renal cell carcinoma and
papillary renal cell carcinoma. Clear cell renal cell carcinoma is the most common form of

renal cell carcinoma. When seen under a microscope, the cells that make up clear cell renal
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not most, of the tumors.

Lymphoma and leukemia are malignancies derived from hematopoietic (blood-forming) cells.

Blastic tumor or blastoma is a tumor (usually malignant) which resembles an immature or

embryonic tissue. Many of these tumors are most common in children.

By "metastasis" is meant the spread of cancer cells from its original site to another part of the
body. The formation of metastasis is a very complex process and depends on detachment of
malignant cells from the primary tumor, invasion of the extracellular matrix, penetration of
the endothelial basement membranes to enter the body cavity and vessels, and then, after
being transported by the blood, infiltration of target organs. Finally, the growth of a new
tumor, i.e. a secondary tumor or metastatic tumor, at the target site depends on angiogenesis.
Tumor metastasis often occurs even after the removal of the primary tumor because tumor
cells or components may remain and develop metastatic potential. In one embodiment, the
term "metastasis" according to the invention relates to "distant metastasis” which relates to a

metastasis which is remote from the primary tumor and the regional lymph node system.

The cells of a secondary or metastatic tumor are like those in the original tumor. This means,
for example, that, if ovarian cancer metastasizes to the liver, the secondary tumor is made up
of abnormal ovarian cells, not of abnormal liver cells. The tumor in the liver is then called

metastatic ovarian cancer, not liver cancer.

In ovarian cancer, metastasis can occur in the following ways: by direct contact or extension,
it can invade nearby tissue or organs located near or around the ovary, such as the fallopian
tubes, uterus, bladder, rectum, etc.; by seeding or shedding into the abdominal cavity, which
is the most common way ovarian cancer spreads. Cancer cells break off the surface of the
ovarian mass and "drop" to other structures in the abdomen such as the liver, stomach, colon
or diaphragm; by breaking loose from the ovarian mass, invading the lymphatic vessels and
then traveling to other areas of the body or distant organs such as the lung or liver; by
breaking loose from the ovarian mass, invading the blood system and traveling to other areas

of the body or distant organs.
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cancer in organs of the abdomen such as cancer in the bowel, cancer in the uterus, cancer in

the bladder, cancer in the rectum, cancer in the liver, cancer in the stomach, cancer in the
colon, cancer in the diaphragm, cancer in the lungs, cancer in the lining of the abdomen or
pelvis (peritoneum), and cancer in the brain. Similarly, metastatic lung cancer refers to cancer
that has spread from the lungs to distant and/or several sites in the body and includes cancer in

the liver, cancer in the adrenal glands, cancer in the bones, and cancer in the brain.

The term "circulating tumor cells" or "CTCs" relates to cells that have detached from a
primary tumor or tumor metastases and circulate in the bloodstream. CTCs may constitute
seeds for subsequent growth of additional tumors (metastasis) in different tissues. Circulating
tumor cells are found in frequencies in the order of 1-10 CTC per mL of whole blood in
patients with metastatic disease. Research methods have been developed to isolate CTC.
Several research methods have been described in the art to isolate CTCs, e.g. techniques
which use of the fact that epithelial cells commonly express the cell adhesion protein
EpCAM, which is absent in normal blood cells. Immunomagnetic bead-based capture
involves treating blood specimens with antibody to EpCAM that has been conjugated with
magnetic particles, followed by separation of tagged cells in a magnetic field. Isolated cells
are then stained with antibody to another epithelial marker, cytokeratin, as well as a common
leukocyte marker CD45, so as to distinguish rare CTCs from contaminating white blood cells.
This robust and semi-automated approach identifies CTCs with an average yield of
approximately 1 CTC/mL and a purity of 0.1% (4llard et al., 2004: Clin Cancer Res 10,
6897-6904). A second method for isolating CTCs uses a microfluidic-based CTC capture
device which involves flowing whole blood through a chamber embedded with 80,000
microposts that have been rendered functional by coating with antibody to EpCAM. CTCs are
then stained with secondary antibodies against either cytokeratin or tissue specific markers,
such as PSA in prostate cancer or HER2 in breast cancer and are visualized by automated
scanning of microposts in multiple planes along three dimensional coordinates. CTC-chips are
able to identifying cytokerating-positive circulating tumor cells in patients with a median
yield of 50 cells/ml and purity ranging from 1-80% (Nagrath et al., 2007: Nature 450, 1235-
1239). Another possibility for isolating CTCs is using the CellSearch™ Circulating Tumor
Cell (CTC) Test from Veridex, LLC (Raritan, NJ) which captures, identifies, and counts
CTCs in a tube of blood. The CellSearch™ system is a U.S. Food and Drug Administration
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combination of immunomagnetic labeling and automated digital microscopy. There are other

methods for isolating CTCs described in the literature all of which can be used in conjunction

with the present invention.

A relapse or recurrence occurs when a person is affected again by a condition that affected
them in the past. For example, if a patient has suffered from a tumor disease, has received a
successful treatment of said disease and again develops said disease said newly developed
disease may be considered as relapse or recurrence. However, according to the invention, a
relapse or recurrence of a tumor disease may but does not necessarily occur at the site of the
original tumor disease. Thus, for example, if a patient has suffered from ovarian tumor and
has received a successful treatment a relapse or recurrence may be the occurrence of an
ovarian tumor or the occurrence of a tumor at a site different to ovary. A relapse or recurrence
of a tumor also includes situations wherein a tumor occurs at a site different to the site of the
original tumor as well as at the site of the original tumor. Preferably, the original tumor for
which the patient has received a treatment is a primary tumor and the tumor at a site different

to the site of the original tumor is a secondary or metastatic tumor.

By "treat" is meant to administer a compound or composition as described herein to a subject
in order to prevent or eliminate a disease, including reducing the size of a tumor or the
number of tumors in a subject; arrest or slow a disease in a subject; inhibit or slow the
development of a new disease in a subject; decrease the frequency or severity of symptoms
and/or recurrences in a subject who currently has or who previously has had a disease; and/or
prolong, i.e. increase the lifespan of the subject. In particular, the term "treatment of a
disease" includes curing, shortening the duration, ameliorating, preventing, slowing down or
inhibiting progression or worsening, or preventing or delaying the onset of a disease or the

symptoms thereof.

By "being at risk" is meant a subject, i.e. a patient, that is identified as having a higher than
normal chance of developing a disease, in particular cancer, compared to the general
population. In addition, a subject who has had, or who currently has, a disease, in particular
cancer, is a subject who has an increased risk for developing a disease, as such a subject may

continue to develop a disease. Subjects who currently have, or who have had, a cancer also

have an increased risk for cancer metastases.
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The term "immunotherapy" relates to a treatment involving activation of a specific immune
reaction. In the context of the present invention, terms such as "protect”, "prevent",
"prophylactic”, "preventive", or "protective” relate to the prevention or treatment or both of
the occurrence and/or the propagation of a disease in a subject and, in particular, to
minimizing the chance that a subject will develop a disease or to delaying the development of

a disease. For example, a person at risk for a tumor, as described above, would be a candidate

for therapy to prevent a tumor.

A prophylactic administration of an immunotherapy, for example, a prophylactic
administration of the composition of the invention, preferably protects the recipient from the
development of a disease. A therapeutic administration of an immunotherapy, for example, a
therapeutic administration of the composition of the invention, may lead to the inhibition of
the progress/growth of the disease. This comprises the deceleration of the progress/growth of
the disease, in particular a disruption of the progression of the disease, which preferably leads

to elimination of the disease.

Immunotherapy may be performed using any of a variety of techniques, in which agents
provided herein function to remove diseased cells from a patient. Such removal may take
place as a result of enhancing or inducing an immune response in a patient specific for an

antigen or a cell expressing an antigen.

Within certain embodiments, immunotherapy may be active immunotherapy, in which
treatment relies on the in vivo stimulation of the endogenous host immune system to react
against diseased cells with the administration of immune response-modifying agents (such as

polypeptides and nucleic acids as provided herein).

The agents and compositions provided herein may be used alone or in combination with
conventional therapeutic regimens such as surgery, irradiation, chemotherapy and/or bone

marrow transplantation (autologous, syngeneic, allogeneic or unrelated).

The term "immunization" or "vaccination” describes the process of treating a subject with the
p g

purpose of inducing an immune response for therapeutic or prophylactic reasons.
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The term "autologous” is used to describe anything that is derived from the same subject. For

example, "autologous transplant” refers to a transplant of tissue or organs derived from the
same subject. Such procedures are advantageous because they overcome the immunological

barrier which otherwise results in rejection.

The term "heterologous" is used to describe something consisting of multiple different
elements. As an example, the transfer of one individual’s bone marrow into a different
individual constitutes a heterologous transplant. A heterologous gene is a gene derived from a

source other than the subject.

As part of the composition for an immunization or a vaccination, preferably one or more
agents as described herein are administered together with one or more adjuvants for inducing
an immune response or for increasing an immune response. The term "adjuvant” relates to
compounds which prolongs or enhances or accelerates an immune response. The composition
of the present invention preferably exerts its effect without addition of adjuvants. Still, the
composition of the present application may contain any known adjuvant. Adjuvants comprise
a heterogeneous group of compounds such as oil emulsions (e.g., Freund’s adjuvants),
mineral compounds (such as alum), bacterial products (such as Bordetella pertussis toxin),
liposomes, and immune-stimulating complexes. Examples for adjuvants are monophosphoryl-
lipid-A (MPL SmithKline Beecham). Saponins such as QS21 (SmithKline Beecham), DQS21
(SmithKline Beecham; WO 96/33739), QS7, QS17, QS18, and QS-LI1 (So et al., 1997, Mol.
Cells 7: 178-186), incomplete Freund’s adjuvants, complete Freund’s adjuvants, vitamin E,

montanid, alum, CpG oligonucleotides (Krieg et al., 1995, Nature 374: 546-549), and various
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water-in-oil emulsions which are prepared from biologically degradable oils such as squalene

and/or tocopherol.

Other substances which stimulate an immune response of the patient may also be
administered. It is possible, for example, to use cytokines in a vaccination, owing to their
regulatory properties on lymphocytes. Such cytokines comprise, for example, interleukin-12
(IL-12) which was shown to increase the protective actions of vaccines (cf. Science 268:1432-

1434, 1995), GM-CSF and IL-18.

There are a number of compounds which enhance an immune response and which therefore
may be used in a vaccination. Said compounds comprise co-stimulating molecules provided in

the form of proteins or nucleic acids such as B7-1 and B7-2 (CD80 and CD86, respectively).

According to the invention, a "tumor specimen" is a sample such as a bodily sample
containing tumor or cancer cells such as circulating tumor cells (CTC), in particular a tissue
sample, including body fluids, and/or a cellular sample. According to the invention, a "non-
tumorigenous specimen" is a sample such as a bodily sample not containing tumor or cancer
cells such as circulating tumor cells (CTC), in particular a tissue sample, including body
fluids, and/or a cellular sample.Such bodily samples may be obtained in the conventional
manner such as by tissue biopsy, including punch biopsy, and by taking blood, bronchial
aspirate, sputum, urine, feces or other body fluids. According to the invention, the term
"sample" also includes processed samples such as fractions or isolates of biological samples,

e.g. nucleic acid or cell isolates.

The therapeutically active agents, vaccines and compositions described herein may be
administered via any conventional route, including by injection or infusion. The
administration may be carried out, for example, orally, intravenously, intraperitoneally,
intramuscularly, subcutaneously or transdermally. In one embodiment, administration is
carried out intranodally such as by injection into a lymph node. Other forms of administration
envision the in vitro transfection of antigen presenting cells such as dendritic cells with

nucleic acids described herein followed by administration of the antigen presenting cells.

The agents described herein are administered in effective amounts. An "effective amount"

refers to the amount which achieves a desired reaction or a desired effect alone or together
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with further doses. In the case of treatment of a particular disease or of a particular condition,
the desired reaction preferably relates to inhibition of the course of the disease. This
comprises slowing down the progress of the disease and, in particular, interrupting or
reversing the progress of the disease. The desired reaction in a treatment of a disease or of a

condition may also be delay of the onset or a prevention of the onset of said disease or said

condition.

An effective amount of an agent described herein will depend on the condition to be treated,
the severeness of the disease, the individual parameters of the patient, including age,
physiological condition, size and weight, the duration of treatment, the type of an
accompanying therapy (if present), the specific route of administration and similar factors.
Accordingly, the doses administered of the agents described herein may depend on various of
such parameters. In the case that a reaction in a patient is insufficient with an initial dose,
higher doses (or effectively higher doses achieved by a different, more localized route of

administration) may be used.

The pharmaceutical compositions of the invention are preferably sterile and contain an

effective amount of the therapeutically active substance to generate the desired reaction or the

desired effect.

The pharmaceutical compositions of the invention are generally administered in
pharmaceutically compatible amounts and in pharmaceutically compatible preparation. The
term "pharmaceutically compatible” refers to a nontoxic material which does not interact with
the action of the active component of the pharmaceutical composition. Preparations of this
kind may usually contain salts, buffer substances, preservatives, carriers, supplementing
immunity-enhancing substances such as adjuvants, e.g. CpG oligonucleotides, cytokines,
chemokines, saponin, GM-CSF and/or RNA and, where appropriate, other therapeutically
active compounds. When used in medicine, the salts should be pharmaceutically compatible.
However, salts which are not pharmaceutically compatible may used for preparing
pharmaceutically compatible salts and are included in the invention. Pharmacologically and
pharmaceutically compatible salts of this kind comprise in a non-limiting way those prepared
from the following acids: hydrochloric, hydrobromic, sulfuric, nitric, phosphoric, maleic,

acetic, salicylic, citric, formic, malonic, succinic acids, and the like. Pharmaceutically
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compatible salts may also be prepared as alkali metal salts or alkaline earth metal salts, such

as sodium salts, potassium salts or calcium salts.

A pharmaceutical composition of the invention may comprise a pharmaceutically compatible
carrier. The term "carrier" refers to an organic or inorganic component, of a natural or
synthetic nature, in which the active component is combined in order to facilitate application.
According to the invention, the term "pharmaceutically compatible carrier” includes one or
more compatible solid or liquid fillers, diluents or encapsulating substances, which are
suitable for administration to a patient. The components of the pharmaceutical composition of

the invention are usually such that no interaction occurs which substantially impairs the

desired pharmaceutical efficacy.

The pharmaceutical compositions of the invention may contain suitable buffer substances

such as acetic acid in a salt, citric acid in a salt, boric acid in a salt and phosphoric acid in a

salt.

The pharmaceutical compositions may, where appropriate, also contain suitable preservatives

such as benzalkonium chloride, chlorobutanol, paraben and thimerosal.

The pharmaceutical compositions are usually provided in a uniform dosage form and may be
prepared in a manner known per se. Pharmaceutical compositions of the invention may be in
the form of capsules, tablets, lozenges, solutions, suspensions, syrups, elixirs or in the form of

an emulsion, for example.

Compositions suitable for parenteral administration usually comprise a sterile aqueous or
nonaqueous preparation of the active compound, which is preferably isotonic to the blood of
the recipient. Examples of compatible carriers and solvents are Ringer solution and isotonic
sodium chloride solution. In addition, usually sterile, fixed oils are used as solution or

suspension medium.

The present invention is described in detail by the figures and examples below, which are
used only for illustration purposes and are not meant to be limiting. Owing to the description

and the examples, further embodiments which are likewise included in the invention are

accessible to the skilled worker.
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FIGURES

Figure 1:
Top: Process to discover and prioritize likely immunogenic somatic mutations in bulk tumor

samples. Bottom: Process as applied to the B16 and Black6 system.

Figure 2: Example Validated Mutation in Kif18b

A mutation identified in gene Kifl8b by NGS exome-sequencing that was confirmed by

Sanger sequencing. In the wild type cells, the sequence is T/T. In the tumor cells, the

sequence is a mix of T/G.

Ficure 3: Immunologic reactivity against mutated sequences

Mice (n=5) were immunized twice (d0, d7) with mutated peptide sequences (100 pg + 50 pug
Polyl:C; s.c.). At day 12 mice were sacrificed and the spleen cells harvested. IFNy ELISpot
was performed using 5x10° spleen cells /well as effectors and 5x10* bone marrow dendritic
cells loaded with peptides (2 pg/ml for 2h at 37°C and 5% CO,) as target cells. The effector
spleen cells were tested against the mutated peptide, the wild type peptide and a control
peptide (vesiculostomatitis virus nucleoprotein, VSV-NP, aa 52 - 59). Shown is the mean
measured spot number from which the background spots against VSV-NP were subtracted for
every mouse (empty circles: mice immunized with wildtype peptide; filled boxes: mice

immunized with mutated peptides). Data are shown for each mouse and mean = SEM is

depicted.

Figure 4: Survival benefit for mice vaccinated with newly identified mutated peptide

sequence

B16F10 cells (7,5 x 10" were inoculated subcutaneously on d0. Mice were vaccinated with
peptide 30 (Jerini Peptide Technologies (Berlin); 100 pg peptide + 50 pg Polyl:C s.c.
(Invivogen)) on day -4, day +2, day +9. The control group received only Poly I:C (50 pg S.C.).
Tumor growth was monitored until day + 16 *, p < 0,05 in Log-rank (Mantel-Cox) test.

Figure 5:
(A) Examples of enhanced protein expression (left eGFP, right Luciferase) with RNA

optimized for stability and translational efficiency (B) Example of polyepitopic expansion of
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antigen-specific CD8" and CD4™ T cells with RNA optimized for effective antigen routing (s.
Reference Kreiter, Konrad, Sester et al, Cancer Immunol. Immunother. 56: 1577-1587, 2007).
T (C) Example of a preclinical proof of antitumoral efficacy in B16 melanoma model using an
RNA vaccine that codes for a single epitope (OVA-SIINFEKL). Survival data were obtained
for mice treated with vaccine alone or vaccine in combination with adjuvant. (D)
Individualized, poly-neo-epitopic vaccine design. The vaccine vehicle integrates functional
elements for increased expression and optimized immunogenicity. Up to 30 mutated epitopes

that are spaced by linkers can be integrated per molecule in their natural sequence context.

Ficure 6: Construct design

(A) Schematic diagram of a RNA polyepitope construct. Cap : cap analogon; 5'UTR :
5'untranslated region; L : linker; Seq. 1 : RNA sequence coding for peptide containing
mutated aa; 3'UTR : 3 untranslated seuquence; poly-A : poly-A tail. (B) Sequence of the
RNA constructs coding for 2 aa sequences including a mutated aa from B16F10. The start-
and stop-codon as well as the signal peptide and the MITD sequence are not part of the

2

schematic drawing which is symbolized by “....".

Figure 7: Functionality of RNA polv epitope

(A-C) Data for [FNy ELISpot using 5 x 10° spleen cells per well as effectors and 5 x 10*
BMDC as target cells. The BMDC were loaded with peptide (2 pg/ml for 2h at 37°C and 5%
CO,) or transfected with RNA (20 pg) by electroporation. The control RNA was eGFP (left
panel) or a RNA construct coding for 2 unrelated peptides containing mutated aa separated by
a linker. Data are shown as mean + SEM. (A) Data for mutation peptide 30, wild type peptide
30 and RNA coding for mutation 30 and 31 are shown. (B) Data for mutation peptide 12, wild
type peptide 12 and RNA coding for mutation 12 and 39 are shown. (C) Representative

ELISpot scan from a single mouse of the read-out shown in (B) is depicted.

Ficure 8: Two embodiments of RNA polv-neo-epitopic vaccines showing junction

epitopes
The RNA vaccine can be constructed with (top) or without linkers (bottom) between

mutation-encoding peptides. Good epitopes include those that include the somatic mutation
(“*) and bind to MHC molecules. Bad epitopes include epitopes that bind to MHC molecules

but contain either parts of two peptides (bottom) or parts of peptide and linker sequences
(top).
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Figure 9: Discovery and characterization of the “T-cell druggable mutanome”

(A) Flow chart gives an overview of the experimental procedure starting from B16F10 and
C57BL/6 samples to ELISPOT readout. (B) The number of hits for each evaluation step and
the process for selection of mutations for DNA validation and immunogenicity testing is
shown. Mutations selected for validation and immunogenicity testing were those predicted to
be immunogenic and in genes expressed at RPKM > 10. (C) The T-cell druggable mutanome
was mapped to the genome of B16F10. Rings from outside to inside stand for following
subsets: (1) present in all triplicates, (2) have an FDR < 0.05, (3) are located in protein coding
regions , (4) cause nonsynonymous changes, (5) are locaized in expressed genes , and (6) are
in the validated set. Mouse chromosomes (outer circle), gene density (green), gene expression

(green(low)/yellow/red(high)), and somatic mutations (orange).

Figure 10: Immune responses elicited in vivo by vaccination of mice with mutation
representing long synthetic peptides

(A,B) IFN-y ELISPOT analysis of T-cell effectors from mice vaccinated with mutation
coding peptides. Columns represent means (£SEM) of 5 mice per group. Asterisks indicate
statistically significant differences of reactivity against mutation and wild-type peptide
(student’s t-test; value p < 0.05). (A) Splenocytes of vaccinated mice were restimulated with
BMDOCs transfected with the mutation coding peptide used for vaccination, the corresponding
wild-type peptide and an irrelevant control peptide (VSV-NP). (B) For analysis of T-cell
reactivity against endogenously processed mutations splenocytes of vaccinated mice were
restimulated with BMDCs transfected with control RNA (eGFP) or a RNA coding for the
indicted mutation. (C) Mutation 30 (gene Kifl8B, protein Q6PFD6, mutation p.K739N).

Sanger sequencing trace and sequence of mutation (top). Protein domains and mutation

location (bottom).

Figure 11: Antitumoral effects of mutated peptide vaccines in mice with aggressively

growing B16F10 tumors
(A) C57BL/6 mice (n = 7) were inoculated with 7.5 x 10* B16F10 cells s.c. into the flank of

the mice. On day 3 and 10 after tumor inoculation the mice were vaccinated with 100 pg
MUT30 or MUT44 peptide + 50 pg poly(I:C) or with adjuvant alone. (B) C57BL/6 mice (n =
5) received one immunization of 100 pg MUT30 peptide + 50 ug poly(I:C) on day -4. On day
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0 7.5 x 10* B16F10 cells were inoculated s.c. into the flank of the mice. Booster
immunizations with MUT30 peptid (+ poly(I:C)) were done on days 2 and 9.
Kaplan-Meier survival Blot (left). Tumor growth kinetics (right).

Figure 12: Vaccination with mutation coding RNAs leads to CD4" and CD8" T-cell
responses

Intracellular cytokine staining analysis data for IFN-y in CD4" and CD8" T-cell effectors from
mice vaccinated with mutation coding RNAs. RNAs were coding for 1 (Monoepitope, upper
row), 2 (Biepitope, middle row), or 16 (Polyepitope, lower row) different mutations. Dots
represent means of 3 mice per group. Asterisks indicate statistically significant differences of
reactivity against mutation and control peptide (VSV-NP) (student’s t-test; value p < 0.05).
FACS plots show effectors from the highest IFN-y secreting animal for each mutation and

indicate phenotype of the T-cell response.

Figure 13: Vaccination with mutation coding Polyepitope RINA leads T-cell reponses
against several mutations

IFN-y ELISPOT analysis of T-cell effectors from mice vaccinated with mutation coding
Polyepitope including 16 different mutations. Columns represent means (:SEM) of 3 mice

per group. Photograph shows triplicate wells of cells from one exemplary animal restimulated

with the indicated peptides.

Figure 14: Vaccination with 5 different model epitopes encoded by one RNA leads to
immune responses against all encoded epitopes

A) IFN-y ELISPOT analysis of T-cell effectors from mice vaccinated with mutation coding
model Polyepitope including 5 different model epitopes (SIINFEKL, Trp2, VSV-NP, Inf-NP,
OVA class II). Splenocytes were restimulated with the indicated peptides. Spots represent
means of triplicate wells from 5 mice per group. B) Pentamer staining of blood lymphocytes
of one control mouse and one mouse immunized with the model Polyepitope. Inf-NP

Pentamer stained CD8 cells are specific for the Inf-NP peptide.

Figure 15: A CD4" T-cell inducing mutation can induce a potent anti-tumoral effect

B16F10 melanoma in synergy with a weak CD8" T-cell epitope
C57BL/6 mice (n = 8) were inoculated with 1 x 10° B16F10 cells s.c. into the flank of the

mice. On day 3, 10 and 17 after tumor inoculation the mice were vaccinated with 100 pg
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Mutation detection

The rationale for using CTCs: the detection of circulating tumor cells (CTC) from the
peripheral blood of cancer patients is a recognized independent prognostic marker for the
clinical course of tumors (Pantel et al, Trends Mol Med 2010; 16(9):398-406). For many

years, the clinical significance of CTCs has been the subject of intense scientific and clinical
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Mutations from individual circulating tumor cells (CTCs): Next, we were able to identify
tumor-specific somatic mutations from NGS profiling of RNA from single CTCs. Labeled
B16 melanoma cells were intravenously injected into mouse tails, mice were sacrificed, blood
was collected from hearts, cells sorted to retrieve labeled circulating B16 cells (CTCs), RNA
extracted, a SMART-based cDNA synthesis and unspecific amplification performed, followed
by the NGS RNA-Seq assay and subsequence data analysis (below).

We profiled eight individual CTCs and identified somatic mutations. Furthermore, in eight of

eight cells, previously identified somatic mutations were identified. In multiple cases, the data
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(C) while two cells showed the mutated nucleotide (T).

This demonstrates that we are able to profile individual CTCs to identify somatic mutations, a
fundamental path to a “real-time” iVAC (individualized vaccine), in which patients are
profiled repetitively and the results reflect the current patient status rather than the status at an
earlier time point. Furthermore, this demonstrates that we are able to identify heterogeneous
somatic mutations that are present in a subset of tumor cells, enabling evaluation of mutation

frequency, such as for identification of major mutations and rare mutations.

Methods
Samples: For the profiling experiment, samples included 5-10mm tail samples from C57BL/6

mice (“Black6”) and highly aggressive B16F10 murine melanoma cells (“B16™), which are

originally derived from Black6 mice.

Circulating tumor cells (CTCs) were created using fluorescent labeled B16 melanoma cells.
B16 cells were resuspended in PBS and an equal volume of freshly prepared CFSE-Solution
(5 uM in PBS) was added to the cells. The sample was gentle mixed by vortex followed by
incubation for 10 min at room temperature. To stop the labeling reaction, the equal amount of
PBS containing 20% FSC was added to the sample and mixed gently by vortex. Following 20
min incubation at room temperature, the cells were washed twice using PBS. Finally, the cells
were resuspended in PBS and injected intravenously (i.v.) in mice. After 3 minutes the mice

were sacrificed and blood collected.

Erythrocytes from the blood samples were lysed by adding 1,5 ml fresh prepared PharmLyse
Solution (Beckton Dickinson) per 100 pl blood. After one washing step, 7-AAD was added to
the sample and incubated for 5 min at room temperature. The incubation was followed by two

washing steps and the sample was resuspended in 500 ul PBS.

The CFSE labeled circulating B16 cells were sorted with an Aria I cells-sorter (BD). Single
cells were sorted on 96-well-v-bottem plated prepared with 50 pl/well RLT buffer (Quiagen).

After finishing the sorting the plates were stored at -80°C until the Nucleic acid extraction and

sample preparation started.
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For individual sorted CTCs, RNA was extracted and a SMART-based cDNA synthesis and
unspeciﬁc amplification performed. RNA from sorted CTC cells was extracted with the
RNeasy Micro Kit (Qiagen, Hilden, Germany) according to the instructions of the supplier. A
modified BD SMART protocol was used for cDNA synthesis: Mint Reverse Transcriptase
(Evrogen, Moscow, Russia) was combined with oligo(dT)-T-primer long for priming of the
first-strand synthesis reaction and TS-short (Eurogentec S.A., Seraing, Belgium) introducing
an oligo(riboG) sequence to allow for creation of an extended template by the terminal
transferase activity of the reverse transcriptase and for template switch [Chenchik, A., Y. et al.
1998. Generation and use of high quality cDNA from small amounts of total RNA by SMART
PCR. In Gene Cloning and Analysis by RT-PCR. P. L. J. Siebert, ed. BioTechniques Books,
MA, Natick. 305-319]. First strand cDNA synthesized according to the manufacturer’s
instructions was subjected to 35 cycles of amplification with 5 U PfuUltra Hotstart High-
Fidelity DNA Polymerase (Stratagene, La Jolla, CA) and 0.48 pM primer TS-PCR primer in
the presence of 200 uM dNTP (cycling conditions: 2 min at 95 °C for, 30 s at 94 °C, 30 s at
65 °C, 1 min at 72 °C for, final extension of 6 min at 72 °C). Successful amplification of the

CTC genes was controlled with specific primers to monitor actin and GAPDH.

Next-generation sequencing, DNA sequencing: Exome capture for DNA resequencing was
performed using the Agilent Sure-Select solution-based capture assay [Gnirke A et al:
Solution hybrid selection with ultra-long oligonucleotides for massively parallel targeted

sequencing. Nat Biotechnol 2009, 27:182-189], in this case designed to capture all mouse

protein coding regions.

Shortly, 3 ug purified genomic DNA was fragmented to 150-200 bp’s using a Covaris S2
ultrasound device. gDNA fragments were end repaired using T4 DNA polymerase, Klenow
DNA polymerase and 5° phosphorylated using T4 polynucleotide kinase. Blunt ended gDNA
fragments were 3° adenylated using Klenow fragment (3’ to 5’ exo minus). 3’ single T-
overhang Illumina paired end adapters were ligated to the gDNA fragments using a 10:1
molar ratio of adapter to genomic DNA insert using T4 DNA ligase. Adapter ligated gDNA
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fragments were enriched pre capture and flow cell specific sequences were added using

Ilumina PE PCR primers 1.0 and 2.0 and Herculase II polymerase (Agilent) using 4 PCR

cycles.

500 ng of adapter ligated, PCR enriched gDNA fragments were hybridized to Agilent’s
SureSelect biotinylated mouse whole exome RNA library baits for 24 hrs at 65 °C.
Hybridized gDNA/RNA bait complexes where removed using streptavidin coated magnetic
beads. gDNA/RNA bait complexes were washed and the RNA baits cleaved off during
elution in SureSelect elution buffer leaving the captured adapter ligated, PCR enriched gDNA
fragments. gDNA fragments were PCR amplified post capture using Herculase II DNA

polymerase (Agilent) and SureSelect GA PCR Primers for 10 cycles.

All cleanups were done using 1,8x volume of AMPure XP magnetic beads(Agencourt) All
quality controls were done using Invitrogen’s Qubit HS assay and fragment size was

determined using Agilent’s 2100 Bioanalyzer HS DNA assay.

Exome enriched gDNA libraries were clustered on the cBot using Truseq SR cluster kit v2.5

using 7 pM and 50 bps were sequenced on the Illumina HiSeq2000 using Truseq SBS kit-HS
50 bp.

Next-generation sequencing, RNA sequencing (RNA-Seq): Barcoded mRNA-seq cDNA
libraries were prepared from 5 ug of total RNA using a modified version of the Illumina
mRNA-seq protocol. mRNA was isolated using Seramag Oligo(dT) magnetic beads (Thermo
Scientific). Isolated mRNA was fragmented using divalent cations and heat resulting in
fragments ranging from 160-220 bp. Fragmented mRNA was converted to cDNA using
random primers and SuperScriptIl (Invitrogen) followed by second strand synthesis using
DNA polymerase I and RNaseH. cDNA was end repaired using T4 DNA polymerase, Klenow
DNA polymerase and 5° phosphorylated using T4 polynucleotide kinase. Blunt ended cDNA
fragments were 3’ adenylated using Klenow fragment (3’ to 5’ exo minus). 3’ single T-
overhang Illumina multiplex specific adapters were ligated using a 10:1 molar ratio of adapter

to cDNA insert using T4 DNA ligase.

cDNA libraries were purified and size selected at 200-220 bp using the E-Gel 2% SizeSelect

gel (Invitrogen). Enrichment, adding of Illumina six base index and flow cell specific
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of overlapping alignments were recorded. Sequence reads not alignable to the genomic

sequence were aligned to a database of all possible exon-exon junction sequences of the
RefSeq transcripts. The counts of reads aligning to the splice junctions were aggregated with
the respective transcript counts obtained in the previous step and normalized to RPKM
(number of reads which map per kilobase of exon model per million mapped reads
[Mortazavi, A. et al. (2008). Mapping and quantifying mammalian transcriptomes by rna-seq.
Nat Methods, 5(7):621-628]) for each transcript. Both gene expression and exon expression
values were calculated based on the normalized number of reads overlapping each gene or

exon, respectively.

75



The dinical Application will cover follow ng steps: Eligible patients nust
consent to DNA anal ysis by next generation sequencing. WO

2012/ 159A56B0ih/5P2012/ 002209 Tunor speci men obt ai ned f pemEPRMRIONE09

di agnostic procedures (paraffin enbedded formalin fixed tissue) and

peri pheral blood cells will be obtained and used for nutation analysis as
described. Discovered nutations will be confirnmed Based on Prioritization

vacci neviatibn BB c8R5), BIRH ks SBWA €6 ien@Sread STRSinethe PllaainacHiSeq0a0 evant | |
be generated by g ne synthesis and clonin Plasmds will be useg for

cli ni caxllwgqrda@l@n afyesaiontd vBo) [ dl rrg Deebineie| (280 fast aad acqyrateriBorNaad
vace! Nyignhdfi: YA AT SULInPLOOS bl BEaBRhaka 12 F SERRCLLNE del

center clinica |ca i on cl ne can d as a naked
vacci ne>ptlansf o6 nhe aéﬁemncé)uﬁchse mnomr&caqssrublart mith9. nAmbrramupaeadstr gBosgr reads
| i posones for direc njectlogn into e.

Al ter né‘[“iRF’é—:‘}%/to PRSI PENACHIANS | dh e gFhome u‘§%r8 rF PV?‘ﬁd}W fer“&?l?lfléﬁbg‘é‘ﬁf’?téh” %€ g of

dendri tshRed Ghdekeli 9hd @WCH o LAY §hd cofre¥d2al Brrkdti (BIAM aRf Bi€ 881 cE@a'ﬁ@ﬁ
| ess than 6 weeks. The "lag phase"” between patient informed consent and

avai | atskéries yorofertethérogr thg Mirfinastarslardephrbd-yodatddtasisatiSanget healiey sevresalsing i al
pr ot ocoh 1| ncluding allowi ng the standard treatnent reginen to be conti nued
until A& 3APESti gational drug product is available. Exanple 8:
Identification of tunmor nutations and exploiting them for tunmor vaccination
Ve applied NGS exome resequencing for mutation discoyvery in the BL6F10

nur i ne Foe mhomuqmng nanmenaqqaomww@miw@eé@21nngdhne§;fﬁ€swwﬁﬂ§gr§m$am®dp@ﬁ nt

nmut at i ons exgn n e i s
1 acsi AR eTnar o e De R el ek "SIy Dt e RS BB el
i nvol velloiforpafitH mszogﬁnm 2%i8ydb y18g Epab IAgdy - dbhag], MTKc(Ivense:lnl 1.0.4418)

proliferation (e.g , Pdgfra), cell adhesian and m gra n (e g Fdz7,
Fat]) &Mckpopt ds@é af. c%{sepﬁ)m%r‘fés sis | Tapllgt 10 Meniisdree ffﬁf”éi"’?ffh@ aRZHE and

-rrnralr gﬁO%gfttge%;a?zowﬁxlhoﬁﬁbyncg%sQ{Et'a.b%gnérge bes T sEeEY. by opl b o7 s i Eptm-’_ﬁ@m
Jul 19], and SomaticSniper (http://genome.wustl.edu /software/somaticsniper). For samtools,
the author-recommend options and filter criteria were used, including first round filtering,
maximum coverage 200. For samtools second round filtering, the minimum indel qualtify
score was 50, the point mutation minimum quality was 30. For GATK mutation calling, we
followed the author-designed best practice guidelines presented on the GATK user manual
(http://www .broadinstitute.org/gsa/wiki/index.php/The_Genome_Analysis_Toolkit). The
variant score recalibration step was omitted and replaced by the hard-filtering option. For
SomaticSniper mutation calling, the default options were used and only predicted mutations

with a “somatic score’ of 30 or more were considered further.

Mutation discovery, CTCs: As per the bulk tumor iCAM process, 50 nt, single end, reads
from the Illumina HiSeq 2000 were aligned using bwa (version 0.5.8c) [5]) using default
options to the reference mouse genome assembly mm9. As CTC NGS reads were derived
from the RNA-Seq assay, reads were also aligned to transcriptome sequences, including exon-
exon junctions, using bowtie (above). Using all alignments, the nucleotide sequences from the
reads were compared to both the reference genome and the bulk-tumor derived B16
mutations. Identified mutations were evaluated both using perl scripts and manually using the

software program samtools and the IGV (Integrated Genome Viewer) to image the resuits.
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remove as many false positive calls as possible, we 1ntersected the hst of mutations derived
from the use of all three algorithms and all replicates. The final step for each somatic mutation
is to assign a confidence value (p-value) for each mutation based on coverage depth, SNP

quality, consensus quality and mapping quality.

Mutation impact: the impact of the filtered, consensus, somatic mutations is determined by a
script within the iCaM mutation pipeline. First, mutations that occur in genomic regions that
are not unique within the genome, such as occur for some protein paralogs and pseudogenes,
are excluded from analysis as sequence reads that align to multiple locations are removed.
Second, whether the mutation occurs in a transcript is determined. Third, whether the
mutation occurs in a protein-coding region is determined. Fourth, the transcript sequence is

translated with and without the mutation to determine if there is a change in amino acid

sequence.
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al i gnmand Bladkhalatd, mrchesomenai usmedllatmdlabtﬁ lylat Mb¥s tlass | ghalesand(all v 2

-best") was r rded; f.or tra nrrents the d ara ters
wer e u§8’(§°p etgﬁghenﬁw%ﬂ“v&r?ﬁ e[@éta% arg Sgle ﬁcclzew%% galda I ghed

dat abasgiRfl ilthe DQﬁxS'\Fé?h&ltﬂ—‘é(@ﬂtl&Xﬁﬁdldﬁ@ﬁtdc@fé &e@uen@resf e FED§&£hlﬁlhgnﬁwl pts
(Pruitt KD et al ucl ei ¢ Acids Res 2007; 35: D61- D65) Expre55| on val ues
were débter: Hmhe@n@ylgpm@tlge%mrngnqe@aepeetg/ctﬂt%atleeﬂmqonmfimaléf HEx digles
transcr.i t Vv & d junction reads, and nornali zing
to RPKI@P@X% 8%3%{%#&%?% %ﬁ%hg%}] ‘ﬁﬁ&%gg per Kil obase of exon nodel per
mllion mapped reads) (Mrtazavi A et al., Nat Met hods 2008; 5: 621-8). NGS

data anal ysis, somatic nutation di scovery rrgtq t| ons were
i dent | Pidarers Selection weeq: rﬁOEB?élﬁﬁT“étagon%éfer?GFF@ yctgn’?l gwingcHEa: ahla¥eads

were al HehEH&ED SR Em faukbieRRl §PNS,
ver si orlllhgﬁgqg(i‘% %@?Ol{{HggnB I%Elﬁ bin %lstgrleﬁf or mat ?ids) q%%}ggﬁéagg§7%4 60) . P
Anbi guaus-syeagsauappotaig dhengayle) ihtgtetramapt orpsessfont ﬂeangeﬁamtebkﬁé‘ﬂelcr elpsvled.
I\/Utatlgns were jdentified using three software prograns: santools (version
0.1.8) dimg.%’fe%iCBP%f ormatics 2011; 27: 1157-8), GATK (version 1.0.4418)
(I\/bKenna A et al, Genone Res 2010; 20:1297-303), and SomaticSni per WO
2012/ 159754PCT/ EP2012/ 002209 . . o .

(htt p: Thgeowpet. afishis. proagssoist wakiss/ ebreamiatis ninp@kpny, mfgittzeétb%tpd omdxhetvm
Genet 2010; 19: Rl otentl I [ i i

tripli érgpélgo%%?%%agg ?e elanpin A, MY c-l: glte b o%%ﬂ F%kfagohp l7 & the

41%5e ﬂlscover ra confi ence va
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Mutations had to fulfill following criteria to be sel ected: é ent in
al | BleFagean@f sbesent 49 Arcain semppixpeessed i ithaiusaor ¢alls) qftShﬁS@el 5 Of( F{9
hormge n r awnkr. p. se
non- syEQ 3%835 %Zﬁﬁf gm ol \t%utgtg%#e gl%gﬁ?{adﬁﬁ hg%ttp? %%%? a(%r} (I)\/?tth éslgl\%eg? ?(g)n for
val i datThese mdlkemnmnﬁg&ryeﬁnctnyuthesm arg themopaisseddo trhadtiomxoafirroasoratbeloawpr essed
genes (medi an RPKM across replicates >10). Validation: DNA-derived

mutati ons were classified as validated if confirmed by either Sanger
sequengzﬂ&l@;cotnggm @,Flo RNA-Seq reads. All selected variants were
anplifie rom ng of DNA from Bl 6F10 cells and C57BL/6 tail tissue using
f | anki Agmptic mextaionp frodubNA eAcuatiszeuencigerelcostmasy diteyehiwamathedsi f i ed
(Q Aqui ck PCR Purl fi cat anmplicon of the expected size
was exﬁqsgc@’cfn?’tngrﬂftﬂheembté rﬁ%???taf’gg‘i?‘%@ﬁ&lﬁnéﬁ'géel Extraction Kit, Q agen)

and subjected to Sanger sequencing (Eurofins MAG Operon, Ebersberg,
Germany) with the forward priner used for PCR anplification. Functional

i npact: The prograns SIFT (Kumar P et al., Nat Protoc 2009; 4:1073-81) and
POLYPHEN- 2 (Adzhubei I A et al., Nat Msthods 2010; 7: 248-9), which predict
the functional significance of an am no acid on protein function based on
the location of protein domains and cross-speci es sequence conservation,
wer e enployed to assess the |npact of selected nutatlons IngenU|ty | PA
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Al'l peptides including oval bumn class | (0VA2582265), class Il (OVA class
11330_338), influenza nucl eoprotein (Inf-NP366-374), vesiculo-stomatitis
vi rus nucweaprotseisa ( VSV- NP52-59) and tyrosi nase-rel at e#CpEPR@200209
(Trp21813- 188) were purchased from Jerini Peptide Technol ogies (Berlin,
?el\/[J%a nOI% Vﬁ% r@tl %t ptf Eitﬁ%ezf%l\ﬁg I:(?ergz%%%gegﬁeﬂ%%#d%llzgnn 1C reglotn gonrtralf{rtlﬁlxtoet%e
Pol yi nogufatien MSWHﬂiM'Uyostﬁﬁilaﬂi POR! fydrh :50)ng dﬂbatwﬂ@etﬂ)nomy&ad tRé normal

subcutaneousiy i nj ected adj uvant. NHC- Pent aner ecific for the
| nf - NP3BBLIIZY {heeiaraal {‘a‘nﬁrms@d Prroéh‘itPf"tﬁSr#ﬁu & rppge of 19to 400 nt. The

2012/ 15 R
Ca7BL] GHRLE ?eﬁ? FAHOE S o, Pl T BRRRELE 16 BT Byt O°
pol y( I : @Qiadead.nRCAL pﬂbduﬁts RBSe (1R0@ied | usimd &ﬂe wahEioe) PCRt purt fieatioat let eﬁQlacgleﬁ)’lk (5
m ce per grou Every group was i myuni, zed, on d%y 0 and day 7 with t

di £ 1 o cHRECHR i’)ﬁ%wre@mtweﬁ%p?ﬂ%@ed oG &t istEIBy S
after t X e Leasacri ficed and spl enocytes were
|solat(gﬁFg?kléﬁﬂ%oa%gfggﬁﬁggggﬁﬁéﬁaAf ggnatively, age-mat ched fenmale m ce
C57BL/ 6 mice were injected intravenously with 20 us, in vitro transcribed

RNA f t ed th 201 11 of ect TM t PBS
Cotal CIMPEBPR GRAUBTAR P 256 Rrrrahend ueh GramB OB YOG A dmor | o
I muni zede AAddadnOexpession ¥uddeded geddpeBl Yirdh rRRAGSS (RGEesr RN, RikicR!

injection mce were sacrificed and splenocytes were isolated for
i munol gsgktetes rttl@bqondg sepNAcEeliakeewsmeppmdevetiarisagpts rfad (qun@épi\’\{q)gefymmﬁdm

(B1 et ghehce AL lRMEALARS RSN \BPRAIRLSRONSLENCHEd ohs) DA 20 A1 o

mut at i Qﬂzag@zsp@‘snhteln@aaﬂ(ﬂn& Mainscripabvle. PObywmpd Repe)os owrem(epamtzedEpzyb 2010
glycin/serine linker of 9aa and cloned into the pST1-2BgUTR- Al 20 backbone
(Hol t kdiBy &%) arovidmeoan indersndas: coohomatyyn of th9|15N6‘ @qrafﬁéclrdi%teﬁ% SPAHS t hi s
tenplagﬁﬁ%ﬂqmpurlflcatlon were previously described (Kreiter et al., Cancer
| mmunol™ T nunot her 2007; 56: 1577-87). Enzyne-|inked i mmunospot assay
Enzynme-1i nked i nmunospot (ELI SPOT) assay (Kreiter S et al., Cancer Res
2010; 70: 9031-40) and generati on of syngeneic bone marrow derived dendritic
cells (BMDCs) as stimulators were previously described (Lutz MBet al., J

| mmunol Met hods 1999; 223: 77-92). BMDCs were either peptide pul sed (2

ug/ m), or transfected with in vitro transcribed (I1VT) RNA coding for the

i ndi cated nmutation or for control RNA (eG-P-RNA). Sequences representing
two nutations, each conprising 50 am no acids with the nutation on position
25 and separated by a glycin/serine |linker of 9aa were cloned into the
pST1- 2BgUTR- Al 20 backbone (Holtkanp S et al., Blood 2006; 108: 4009-17). In
vitro transcription fromthis tenplate and purification were previously
described (Kreiter S et al., Cancer Inmmunol | mmunother 2007;56: 1577-87).

For the assay, 5 x 104 peptide or RNA engi neered BMDCs were coi ncubated
wth 5 x 105 freshly isolated splenocytes in a mcrotiter plate coated with
anti-1FN-y antibody (10 ug/nL, clone AN18; Mabtech). After 18 hours at 37C,
cytol cine secretion was detected with an anti-IFNy anti body (clone R4-6A2;
Mabt ech). Spot nunbers were counted and anal yzed with the | munoSpote S5
Versa ELI SPOT Anal yzer, the WD 2012/159754PCT/ EP2012/ 002209

| mmunoCapt ureTM | nage Acqui sition software and the | munoSpote Anal ysis
software Version 5. Statistical analysis was done by student's t-test and
Mann- Whi t ney test (non-paranetric test). Responses were considered
significant, when either the test gave a p-value < 0.05 and the nmean spot
nunbers were >30 spots/5x105 effector cells. Reactivities were rated by
mean spot nunbers (-: <30; : >30; : >50; +++ >200 spots/well).

I ntracel l ul ar cytoki ne assay
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Al'iquots of the splenocytes prepared for the ELI SPOT assay were subjected
to anal ysis of cytokine production by intracellular flow cytonetry. To this
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B16F10| 4P mel aepR Odh ,bj chitive Was to rdentify potential hjpetsmmunogeni ¢
somat i mwpamm mJRIaI1$POI’lSnIJOEONB|p&EI@13?fDUSE mel anoma by NGS and t évdrest t hese
for in|NM9!E mmuBLRAIRAI ciSE3P ctipmbt F’G’@'“gé”cq} nation of mce mea$§{PEITy

elicit ed-4"EL% P%sponségenafﬂm;m S SR P EiGH b 2ic Mbin, MBesequenced t he
exones |ofobtse CoIBIABS V\Aséndaprtoyrp)@ ba ground genorme and of B 1 BfFd@iveeirkos,
each w*t'\'hozﬁw pl |§ 2 exfyetdhs and captures. For each sanpl pbj;'i{e t han

100 mi | \otee81 nakgneps! éﬁﬂhﬁt‘fii’ﬂemﬁa.mﬁe generated. Of these 8iamwal i gn

-.c

uni quelwm taessiz he memsse nwhsgenane sartmdOf4nadrB gn on target, dendirskyating
success NLNW%trgef“?@ﬁ I*ﬁ’f‘ef?'i’t"t %md resulting in over 20-fold co @ije for 70%
of the '@ﬁ}agzézeg nuleget i deSoiPeBAch of the triplicate sanples. seq

Bl 6F10(Mebbs al @OorRgar of Wpeebedt Bortain BPI i cat e, generated a medi anungfowB0 nllllon
single'ﬁh@ﬁﬁm nt“M@éds Wﬁ?“th@Hm8@®@aWP;_ e nouse transﬁ?fb?bne DNA
reads | f - e

somati c nmutations. Cbpy nunber varlatlon anaIyS|s (Sathlrapongsasutl JF et
al ., Bioinformatics 2011; 27: 2648-54) denonstrated DNA anplifications and
deletions in B 1 6F10, including the honbzygous del etion of tunor
suppressor Cdk-n2a (Cyclin-dependent kinase inhibitor 2A, pl6lnk4A).
Focusing on point nutations to identify possible i munogenic nutations, we
identified 3570 somatic point nutations at FDR < 0.05 (Figure 9B). The nopst
frequent class of nutations were CT / GA transitions, typically resulting
fromultraviolet light (Pfeifer GP et al., Miutat Res 2005;571:19-31). O

t hese somatic nutations, 1392 occur in transcripts, with 126 nutations in
untransl ated regions. O the 1266 nutations in coding regions, 962 cause
non- synonynous protein changes and 568 of these occur in expressed genes
(Fi gure 9B)




Assi gnnment of identified nmutations to carrier genes and validation
Not ewort hy, many of the nutated genes (962 genes contai ni ng non-synonynous

somati ¢ pewbnviaMmgdbali ons) have been previously associ at egcwigphoiboe2o0ancer
phenotypes. Mitations were WO 2012/159754PCT/ EP2012/ 002209 found in
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(Dey N et al., Cancer Res 2008;68: 1862- 7v1). Nbreover, nutations were f ound
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"Absent In Melanoma 1"), Fill (oncogene Vegrl , fns-related _tyrosine kinase
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r ecept awith W40osdquendel axse) we\Wbstwaddha 6rof aiénorinditcep.aST44R immRdyf digected

(platel et-derived rovvthfac recep or I ha ol ypept.ide), a

cel | - meg#Hipstibe Bb‘uﬁlfﬁ%[i fEEHeoHn X@‘l‘tdgit fet h‘]é’ %K) ‘ERK pat hway,

previ Ol‘t?l yda'tsfjﬁf&fkfthﬁdthé adnHPRE Snd olf];@@gd Bicc:itﬁfon@lcan veaniged @?Hduggmnor
17:98 8 A nmutation occurs at 2V in Casp9 (caspase 9,

apopt ospe;:aﬁeﬂ‘acteﬁdnmysmrmaﬁer papg udhs@l) as PEAGRYVancotean lagti ganandive micgaves

pol y( ADP-ri bose) pol ynerase (PARP), regul ates apoptosis, and has been
linked to several cancers (Hajra KMet al., Apoptosis 2004;9:691-704). The
nut at i giype 2f @ ith "B m@d RAtseglibrices TRAE IndTARP 22Tk elPRALASICS spédfielfomehe Mst
interestingly, no nutations were found in Braf, c-Kit, Kras or Nras.

Howev e mutatadatdrewsthearitd typemeptidedThe aminosacid eramngeds Blazked  updenlised)

(p. S9OR), Ksrl (kinase suppressor of ras 1) (p.L301V), and Atm (Pl 3K

pat hway) (p. K9LT of which are predic have significant ct on
prot ei M ¥nct i i:'ﬁ}seﬂraﬂrgap ( CIHERST mat | on/trg ‘8\5 BTN Gonai n- assoélJ n%ha
protei nPehas identified earI¥B® this year in human nel anona specffdi¥bs a
novel potential melanoma target (Wi X et al., Nat Genet 2011; 43"44‘2'@). In
B16F10, 2 Tr nap (ymt)avj(pn sogated at TPPREERBRFaFNGERAQUIBHERRIEY 0 dissturb the
over | appi ng ph@s@habydyl i nositol kinase (PlK) -rel ated ki nase FAT donai n.

From the 9621\1’1\@”7 glpg)nyrmus mutations identified using NGS, we selected 50
mut ati ons, W .41 W|th FDR < 0.05, for PCR based .validation and
testl n

i nmunogeni ci i on expressed
gene (RPKM > 10) and predl cht %g%gmpwﬁgo&g%ﬂ%ﬂﬁ\gpmi% able to
val i dat d6al | Nod_ QA% 88 | onsN{‘rF%B‘lle 6R % GGAIQ

2012/ 159754PCT/ EP2012/ 0023081 Tats eRETCWﬂWG%IQ/al P@at i on.
From | ef2o: as®iMqgped79 D, gbheatsd mboFRREAFIAWATICE AMIEMERTRARSNMANA SfS0si t i on,

gene nare, predicted subcelildhae | ORAKAFRHNYTCRUHTEMEF THARERIMI t Y.

| DSynbolghangg Mo7839 FZd7R: $3044 pskpsFOEFVDWENVSPELNSTDQPFL 5/
Wild Type PSKPSFQEFVDWEKVSPELNSTDQPFL  1/5

34 NM_145479 Mutated HLTQQLDTYILKNVVAFSRTDKYRQLP 3/5
Wild Type HLTQQLDTYILKNFVAFSRTDKYRQLP 0/5
36 NM 133352 Mutated CGTAFFINFIAIYHHASRAIPFGTMVA  5/5

Wild Type CGTAFFINFIAIYYHASRAIPFGTMVA 0/5
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Example 3: Identified mutations can provide therapeutic anti-tumor immunity

In order to validate whether the identified mutations have the potential to confer anti-tumor
immunity after vaccination to naive mice we investigated this question with the peptide for
mutation number 30 that was shown to induce a mutation selective T-cell reactivity. B16F10
cells (7,5 x 10*) were inoculated subcutaneously on d0. Mice were vaccinated with peptide 30
(see table 1; 100 pg peptide + 50 pg Polyl:C s.c.) on day -4, day +2, and day +9. The control
group received only Poly I:C (50 pg s.c.). Tumor growth was monitored every other day. At
day +16 we observed that only lout of 5 mice in the peptide vaccine group had developed a
tumor whereas in the control group 4 out of 5 mice showed tumor growth.

The data prove that a peptide sequence incorporating a B16F10 specific mutation can confer
anti tumor immunity that is efficiently able to destroy tumor cells (see Fig. 4). Since B16F10
is a highly aggressive tumor cell line the finding that the methodology applied to identify and
prioritize mutations finally led to the selection of a mutation that by itself already is potent as

a vaccine is an important proof of concept for the whole process.

Example 4: Data supporting polyepitopic antigen presentation

Validated mutations from protein-coding regions of a patient constitute the pool from which
candidates can be selected for assembly of the poly-neo-epitope vaccine template to be used
as precursor for GMP manufacturing of the RNA vaccine. Suitable vector cassettes as vaccine
backbone has been already described (Holtkamp, S. et al., Blood, /08: 4009-4017, 2006;
Kreiter, S. et al., Cancer Immunol. Immunother., 56: 1577-1587, 2007; Kreiter, S. et al.,
J.Immunol., 780: 309-318, 2008). The preferred vector cassettes are modified in their coding
and untranslated regions (UTR) and ensure maximized translation of the encoded protein for
extended periods (Holtkamp, S. et al., Blood, /08: 4009-4017, 2006; Kuhn, A. N. et al., Gene
Ther., 17: 961-971, 2010). Furthermore, the vector backbone contains antigen routing
modules for the simultaneous expansion of cytotoxic as well as helper T-cells (Kreiter, S. et
al., Cancer Immunol. Immunother., 56: 1577-1587, 2007; Kreiter, S. et al., J. Immunol., /80:
309-318, 2008; Kreiter, S. et al., Cancer Research, 70 (22), 9031-9040, 2010 (Figure 5).
Importantly, we have proven that such RNA vaccine can be used to present multiple MHC

class I and class II epitopes simultaneously.

The IVAC poly-neo-epitope RNA vaccine sequences are built from stretches of up to 30
amino acids that include the mutation in the center. These sequences are connected head-to-

tail via short linkers to form a poly-neo-epitope vaccine coding for up to 30 or more selected
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mutations and their flanking regions. These patient-specific individually tailored inserts are
codon-optimized and cloned into the RNA backbone described above. Quality control of such
constructs includes in vitro transcription and expression in cells for validation of functional
transcription and translation. Analysis of translation will be performed with antibodies against

the c-terminal targeting domain.

Example 5: Scientific proof of concept for the RNA poly-neo epitope construct

The RNA poly-neo epitope concept is based on a long in vitro transcribed mRNA which
consists of sequentially arranged sequences coding for the mutated peptides connected by
linker sequences (see Fig. 6). The coding sequences are chosen from the non synonymous
mutations and are always built up of the codon for the mutated amino acid flanked by regions
of 30 to 75 base-pairs from the original sequence context. The linker sequence codes for
amino acids that are preferentially not processed by the cellular antigen processing machinery.
In vitro transcription constructs are based on the pST1-A120 vector containing a T7 promotor,
a tandem beta-globin 3’ UTR sequence and a 120-bp poly(A) tail, which have been shown to
increase the stability and translational efficiency of the RNA thereby enhancing the T-cell
stimulatory capacity of the encoded antigen (Holtkamp S. et al, Blood 2006; PMID:
16940422). In addition, an MHC class I signal peptide fragment and the transmembrane and
cytosolic domains including the stop-codon (MHC class I trafficking signal or MITD)
flanking a poly-linker sequence for cloning the epitopes were inserted (Kreiter S. et al., J.
Immunol., 180: 309-318, 2008). The latter have been shown to increase the antigen
presentation, thereby enhancing the expansion of antigen-specific CD8+ and CD4+ T cells
and improving effector functions.

For a first proof of concept, biepitopic vectors were used, i.e. encoding one polypeptide
containing two mutated epitopes. Codon optimized sequences coding for (i) a mutated epitope
of 20 to 50 amino acids, (ii) a glycine/serine-rich linker, (iii) a second mutated epitope of 20
to 50 amino acids, and (iv) an additional glycine/serine-rich linker — flanked by suitable
recognition sites for restriction endonucleases to be cloned into the pST1-based construct as
described above — were designed and synthesized by a commercial provider (Geneart,
Regensburg, Germany). After verification of the sequence, these were cloned into the pST1-
based vector backbone to obtain constructs as depicted in Figure 6.

The pST1-A120-based plasmids as described above were linearized with a class Ils restriction
endonuclease. The linearized plasmid DNAs were purified by phenol chloroform extraction

and ethanol precipitation. Linearized vector DNAs were quantified spectrophotometrically
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contal Hfg “?éstprrgs%ﬁpgtr i r}nﬁ‘/l, while the cap-analog was present at 6.0 mM. All other NTPs
were present at 7.5 mM. At the end of the transcription reaction, linearized vector DNA was
digested with 0.1 U/ul TURBO DNase (Ambion, Austin/TX, USA) for 15 minutes at 37°C.
RNAs were purified from these reactions using the MEGAclear Kit (Ambion, Austin/TX,
USA) as per manufacturer’s protocol. RNA concentration and quality were assessed by

spectrophotometry and analysis on a 2100 Bioanalyzer (Agilent, Santa Clara, CA, USA).

In order to proof that a sequence incorporating a mutated amino acid and being 5'- as well as
3’-flanked by the linker sequence can be processed, presented and recognized by antigen
specific T-cells we used T-cells from peptide vaccinated mice as effector cells. In an IFNy
ELISpot we tested whether the T-cells induced by peptide vaccination as described above are
capable of recognizing the target cells (bone marrow dendritic cells, BMDC) either pulsed
with peptide (2 pg/ml for 2h at 37°C and 5% CO,) or transfected with RNA (20 pg produced
as described above) by electroporation. As exemplified in Fig. 7 for mutation 12 and 30 (see
table 2) we could observe that the RNA construct is able to give rise to the epitope recognized

by mutation specific T-cells.

With the data provided we could demonstrate that an RNA encoded poly-neo epitope
including glycine / serine rich linker can be translated and processed in antigen presenting
cells leading to presentation of the correct epitope that is recognized by the antigen specific T-

cells.

Example 6: Poly-neo-epitope vaccine design — The relevance of the linker

The poly-neo-epitope RNA construct contains a backbone construct into which multiple
somatic mutation-encoding peptides connected with a linker peptide sequence are placed. In
addition to codon optimization and increased RNA stability and translational efficiency due to
the backbone, one embodiment of the RNA poly-neo-epitope vaccine contains linkers

designed to increase MHC Class 1 and II presentation of antigenic peptides and decrease

presentation of deleterious epitopes.
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not only compete with the intended epitopes to be presented on the cell surface, decreasing
vaccine efficacy, but could generate an unwanted auto-immune reaction. Thus, we designed
the linker sequence to a) avoid creating “junction™ peptides that bind to MHC molecules, b)
avoid proteasomal processing to create “junction” peptides, c) be efficiently translated and

processed by the proteasome.

To avoid creation of “junction” peptides that bind MHC molecules, we compared different
linker sequences. Glycine, for example, inhibits strong binding in MHC binding groove
positions [Abastado JP. et al., J Immunol. 1993 Oct 1;151(7): 3569-75]. We examined
multiple linker sequences and multiple linker lengths and calculated the number of “junction™
peptides that bind MHC molecules. We used software tools from the Immune Epitope

Database (IEDB, http://www.immuneepitope.org/) to calculate the likelihood that a given

peptide sequence contains a ligand that will bind MHC Class I molecules.

In the B16 model, we identified 102 expressed, non-synonymous somatic mutations predicted
to be presented on MHC Class 1 molecules. Using the 50 confirmed mutations, we
computationally designed different vaccine constructs, including either the use of no linkers
or the use of different linker sequences, and computed the number of deleterious “junction”

peptides using the IEDB algorithm (Figure 8).

Table 5 shows the results of several different linkers, different linker lengths, and the use of
no linker and five linkers. The number of MHC-binding junction peptides ranges from 2 to 91
for the 9 aa and 10 aa epitope predictions (top and middle). The size of the linker influences
the number of junction peptides (bottom). For this sequence, the fewest 9 aa epitopes are

predicted for the 7 aa linker sequence GGSGGGG.
The Linker 1 and Linker 2 used in the RNA poly-neo epitope vaccine constructs tested

experimentally (see below) also had a favorably low number of predicted junctional

neoepitopes. This holds true for predictions of 9-mers and 10-mers.
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bad MHC binding epitopes. We find that sequences that are G-rich hinder 8{% creation of

MHC-binding ligands.

Table 3. Impact of Linker (10 aa epitopes). The predicted number of bad epitopes defined
as MHC Class I binding epitopes that contain junction sequences, for each peptide linker.

Here, 10 amino acid epitopes are considered. Glycine-rich linkers have the fewest junction

epitopes.

Linker # bad epitopes (10 aa)
none 14
TSLNALLNAH 54
SIINFEKL 65
SSSSSSSSSS 85
GGGGGGGGGG

GGSGGGGSGG (Linker 1)

GGSGGGSGGG (Linker 2)

Table 4. Impact of Linker Part (9 aa epitopes). The predicted number of bad epitopes,
defined as MHC Class I binding epitopes that contain junction sequences, for each peptide

linker. Here, 9 amino acid epitopes are considered. Glycine-rich linkers have the fewest

junction epitopes.

Linker # bad epitopes (9 aa)
none 17
TSLNALLNAH 83
SIINFEKL 64
SSSSSSSSSS 33
GGGGGGGGGG 2
GGSGGGGSGG (Linker 1) 4
GGSGGGSGGG (Linker 2) 3

Table 5: Impact of Linker Part. The predicted number of bad epitopes, defined as MHC
Class I binding epitopes that contain junction sequences, for each peptide linker. Here, 9
amino acid epitopes are considered. Top: the number of 9 aa junction epitopes for no linker
and 5 diverse linkers. Middle: the number of 10 aa junction epitopes for no linker and 5
diverse linkers. Lower: the number of 99 aa junction epitopes for similar linkers of different

lengths. Glycine-rich linkers have the fewest junction epitopes.
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Linker sequence # junction epitopes (9aa)
none 17
TSLNALLNA 91
SIINFEKL 64
§5555S8S8S 33
GGGGGGGGG 2
GGSGGGGSG 4
Linker sequence # junction epitopes (10aa)
none 14
TSLNALLNA 63
SIINFEKL 65
55558SSSS 85
GGGGGGGGG 6
GGSGGGESGG 9

Linker sequence # junction epitopes (9aa)

GGSGG 5
GGSGGG
GGSGGGG
GGSGGGGS
GGSGGGGSG
GGSGGGGSGG

S b NN B

To avoid proteasomal processing that may create “junction™ péptides, we explored usage of
different amino acids in the linker. Glycine rich sequences impair proteasomal processing
[Hoyt MA et al. (2006). EMBO J 25 (8): 1720-9; Zhang M. and Coffino P. (2004) J Biol
Chem 279 (10): 8635—41]. Thus glycine rich linker sequences act to minimize the number of

linker-containing peptides that can be processed by the proteasome.

The linker should allow the mutation-containing peptides to be efficiently translated and
processed by the proteasome. Amino acids glycine and serine are flexible [Schlessinger A and
Rost B., Proteins. 2005 Oct 1;61(1):115-26]; including them in a linker results in a more
flexible protein. We incorporate glycine and serine into the linker to increase protein
flexibility which should allow more efficient translation and processing by the proteasome, in

turn enabling better access to the encoded antigenic peptides.
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Thus, the linker should be glycine rich to hinder the creation of MHC binding bad epitopes;
should hinder the ability of the proteasome to process linker peptides, which can be
accomplished through inclusion of glycine; and should be flexible to increase access to
mutation containing peptides, which can be accomplished through the combination of glycine
and serine amino acids. Therefore, in one embodiment of the vaccine construct of the

invention, the sequences GGSGGGGSGG and GGSGGGSGGS are preferably included as

linker sequences.

Example 7: RNA poly-neo epitope vaccine

The RNA poly-neo epitope vaccine constructs are based on the pST1-A120 vector containing
a T7 promotor, a tandem beta-globin 3’ UTR sequence and a 120-bp poly(A) tail, which have
been shown to increase the stability and translational efficiency of the RNA thereby
enhancing the T-cell stimulatory capacity of the encoded antigen ((Holtkamp S. et al., Blood
2006; PMID: 16940422). In addition, an MHC class I signal peptide fragment and the
transmembrane and cytosolic domains including the stop-codon (MHC class I trafficking
signal or MITD) flanking a poly-linker sequence for cloning the epitopes were inserted
(Kreiter S. et al., J. Immunol., 180: 309-318, 2008). The latter have been shown to increase
the antigen presentation, thereby enhancing the expansion of antigen-specific CD8+ and
CD4+ T cells and improving effector functions.

To provide RNA poly-neo epitope constructs for the 50 identified and validated mutations of
B16F10 3 RNA constructs were generated. The construct consists of codon optimized
sequences coding for (i) a mutated epitope of 25 amino acids, (ii) a glycine/serine-rich linker,
(iii) repetitions of mutated epitope sequence followed by a glycine/serine-rich linker. The
chain of mutated epitope containing sequences and linkers is flanked by suitable recognition
sites for restriction endonucleases to be cloned into the pST1-based construct as described
above. The vaccine constructs were designed and synthesized by GENEART. After

verification of the sequence, these were cloned into the pST1-based vector backbone to obtain

the RNA poly-neo epitope vaccine constructs.
Description of the Clinical Approach

The Clinical Application will cover following steps:

o Eligible patients must consent to DNA analysis by next generation sequencing.
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. Tumor specimen obtained from routine diagnostic procedures (paraffin embedded
formalin fixed tissue) and peripheral blood cells will be obtained and used for
mutation analysis as described.

J Discovered mutations will be confirmed

o Based on Prioritization vaccine will be designed. For RNA vaccines a master plasmid

template will be generated by gene synthesis and cloning

o Plasmids will be used for clinical grade RNA production, quality control and release
of the RNA vaccine.

e  The vaccine drug product will be sent to the respective trial center for clinical
application.

. The RNA vaccine can be used as a naked vaccine in formulation buffer or

encapsulated into nanoparticles or liposomes for direct injection into e.g. lymph nodes,

s.c., i.v., i.m.. Alternatively, the RNA vaccine can be used for in vitro transfection e.g

of dendritic cells for adoptive transfer.

The whole clinical process takes less than 6 weeks. The “lag phase” between patient informed
consent and availability of the drug will be carefully addressed by the clinical trial protocol,
including allowing the standard treatment regimen to be continued until the investigational

drug product is available.

Example 8: Identification of tumor mutations and exploiting them for tumor vaccination
We applied NGS exome resequencing for mutation discovery in the B16F10 murine
melanoma cell line and identified 962 non-synonymous somatic point mutations, 563 in
expressed genes. Potential driver mutations occur in classical tumor suppressor genes (Pren,
Trp53, Tp63, Pml) and genes involved in proto-oncogenic signaling pathways that control cell
proliferation (e.g. Mdm1, Pdgfra), cell adhesion and migration (e.g. Fdz7, Fatl) or apoptosis
(Casp9). Moreover, B16F10 harbors mutations in Aim/ and Trrap that were previously

described to be frequently altered in human melanoma.

The immunogenicity and specificity of 50 validated mutations were assayed using C57BL/6
mice immunized with long peptides encoding the mutated epitopes. One third (16/50) of them
were shown to be immunogenic. Of these, 60% elicited immune responses preferentially

directed against the mutated sequence as compared to the wild type sequence.
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We tested the hypothesis in tumor transplant models. Inmunization with peptides conferred in
vivo tumor control in protective and therapeutic settings, qualifying mutated epitopes

containing single amino acid substitutions as effective vaccines.

Animals

C57BL/6 mice (Jackson Laboratories) were kept in accordance with federal and state policies

on animal research at the University of Mainz.

Cells
B16F10 melanoma cell line was purchased in 2010 from the American Type Culture

Collection (Product: ATCC CRL-6475, Lot Number: 58078645). Early (3rd, 4th) passages of
cells were used for tumor experiments. Cells were routinely tested for Mycoplasma. Re-

authentification of cells has not been performed since receipt.

Next-generation sequencing

Nucleic acid extraction and sample preparation: DNA and RNA from bulk B16F10 cells and
DNA from C57BL/6 tail tissue were extracted in triplicate using Qiagen DNeasy Blood and
Tissue kit (for DNA) and Qiagen RNeasy Micro kit (for RNA).

DNA exome sequencing: Exome capture for DNA resequencing was performed in triplicate
using the Agilent Sure-Select mouse solution-based capture assay (Gnirke A et al., Nat
Biotechnol 2009;27:182-9), designed to capture all mouse protein coding regions. 3 pg
purified genomic DNA (gDNA) was fragmented to 150-200 bp using a Covaris S2 ultrasound
device. Fragments were end repaired and 5’ phosphorylated and 3’ adenylated according to
the maufacturer’s instructions. Illumina paired end adapters were ligated to the gDNA
fragments using a 10:1 molar ratio of adapter to gDNA. Enriched pre capture and flow cell
specific sequences were added using Illumina PE PCR primers 1.0 and 2.0 for 4 PCR cycles.
500 ng of adapter ligated, PCR enriched gDNA fragments were hybridized to Agilent’s
SureSelect biotinylated mouse whole exome RNA library baits for 24 hrs at 65 °C.
Hybridized gDNA/RNA bait complexes where removed using streptavidin coated magnetic
beads, washed and the RNA baits cleaved off during elution in SureSelect elution buffer.
These eluted gDNA fragments were PCR amplified post capture 10 cycles. Exome enriched
gDNA libraries were clustered on the cBot using Truseq SR cluster kit v2.5 using 7 pM and
50 bps were sequenced on the Illumina HiSeq2000 using Truseq SBS kit-HS 50 bp.
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libraries were prepared in triplicate, from 5 ug of total RNA (modified Illumina mRNA-seq
protocol). mRNA was isolated using Seramag Oligo(dT) magnetic beads (Thermo Scientific)
and fragmented using divalent cations and heat. Resulting fragments (160-220 bp) were
converted to cDNA using random primers and SuperScriptll (Invitrogen) followed by second
strand synthesis using DNA polymerase I and RNaseH. ¢cDNA was end repaired, 5’
phosphorylated and 3’ adenylated according to the manufacturer’s instructions. 3’ single T-
overhang Illumina multiplex specific adapters were ligated with T4 DNA ligase using a 10:1
molar ratio of adapter to cDNA insert. cDNA libraries were purified and size selected at 200-
220 bp (E-Gel 2% SizeSelect gel, Invitrogen). Enrichment, adding of Illumina six base index
and flow cell specific sequences was done by PCR using Phusion DNA polymerase
(Finnzymes). All cleanups up to this step were done with 1,8x volume of AgencourtAMPure
XP magnetic beads. All quality controls were done using Invitrogen’s Qubit HS assay and
fragment size was determined using Agilent’s 2100 Bioanalyzer HS DNA assay. Barcoded
RNA-Seq libraries were clustered and sequenced as described above.
NGS data analysis, gene expression: The output sequence reads from RNA samples were
preprocessed according to the Illumina standard protocol, including filtering for low quality
reads. Sequence reads were aligned to the mm9 reference genomic sequence (Waterston RH
et al., Nature 2002;420:520-62) with bowtie (version 0.12.5) (Langmead B et al., Genome
Biol 2009;10:R25). For genome alignments, two mismatches were allowed and only the best
alignment (“-v2 —best”) was recorded; for transcriptome alignments the default parameters
were used. Reads not alignable to the genomic sequence were aligned to a database of all
possible exon-exon junction sequences of RefSeq transcripts (Pruitt KD et al., Nucleic Acids
Res 2007;35:D61-D65). Expression values were determined by intersecting read coordinates
with those of RefSeq transcripts, counting overlapping exon and junction reads, and
normalizing to RPKM expression units (Reads which map per Kilobase of exon model per
million mapped reads) (Mortazavi A et al., Nat Methods 2008;5:621-8).
NGS data analysis, somatic mutation discovery: Somatic mutations were identified as
described in Example 9. 50 nucleotide (nt), single-end reads were aligned to the mm9
reference mouse genome using bwa (default options, version 0.5.8¢) (Li H and Durbin R,
Bioinformatics 2009;25:1754-60). Ambiguous reads mapping to multiple locations of the
genome were removed. Mutations were identified using three software programs: samtools
(version 0.1.8) (Li H, Bioinformatics 2011;27:1157-8), GATK (version 1.0.4418) (McKenna
A et al, Genome Res 2010;20:1297-303), and SomaticSniper
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(http://genome.wustl.edu/software/somaticsniper) (Ding L et al, Hum Mol Genet
2010;19:R188-R196). Potential variations identified in all B16F10 triplicates were assigned a

“false discovery rate” (FDR) confidence value (cf. Example 9).

Mutation selection, validation, and function

Selection: Mutations had to fulfill following criteria to be selected: (i) present in all B16F10
and absent in all CS7BL/6 triplicates, (ii) FDR <0.05, (iii) homogeneous in C57BL/6, (iv)
occur in a RefSeq transcript, and (v) cause non-synonymous changes to be scored as an
authentic mutation. Selection for validation and immunogenicity testing required that
mutations are expressed genes (median RPKM across replicates >10).

Validation: DNA-derived mutations were classified as validated if confirmed by either Sanger
sequencing or the BI6F10 RNA-Seq reads. All selected variants were amplified from 50 ng of
DNA from B16F10 cells and C57BL/6 tail tissue using flanking primers, products visualized
(QIAxcel system, Qiagen) and purified (QIAquick PCR Purification Kit, Qiagen). The
amplicon of the expected size was excised from the gel, purified (QIAquick Gel Extraction
Kit, Qiagen) and subjected to Sanger sequencing (Eurofins MWG Operon, Ebersberg,
Germany) with the forward primer used for PCR amplification.

Functional impact: The programs SIFT (Kumar P et al., Nat Protoc 2009;4:1073-81) and
POLYPHEN-2 (Adzhubei IA et al., Nat Methods 2010;7:248-9), which predict the functional
significance of an amino acid on protein function based on the location of protein domains
and cross-species sequence conservation, were employed to assess the impact of selected

mutations. Ingenuity IPA tools were used to infer gene function.

Synthetic peptides and adjuvants

All peptides including ovalbumin class I (OV Ajsg.ss), class II (OVA class I1530.338), influenza
nucleoprotein (Inf-NPsg6.374), vesiculo-stomatitis virus nucleoprotein (VSV-NPs;.59) and
tyrosinase-related protein 2 (Trp2iso-135) were purchased from Jerini Peptide Technologies
(Berlin, Germany). Synthetic peptides were 27 amino acids long with the mutated (MUT) or
wild type (WT) amino acid on position 14. Polyinosinic:polycytidylic acid (poly(1:C),
InvivoGen) was used as subcutaneously injected adjuvant. MHC-Pentamer specific for the

Inf-NP1¢6.374 peptide was purchased from ProlImmune Ltd..
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Enzyme-linked immunospot assay

Enzyme-linked immunospot (ELISPOT) assay (Kreiter S et al., Cancer Res 2010;70:9031-40)
and generation of syngeneic bone marrow derived dendritic cells (BMDCs) as stimulators
were previously described (Lutz MB et al., J Immunol Methods 1999;223:77-92). BMDCs
were either peptide pulsed (2 pg/ml), or transfected with in vitro transcribed (IVT) RNA
coding for the indicated mutation or for control RNA (eGFP-RNA). Sequences representing
two mutations, each comprising 50 amino acids with the mutation on position 25 and
separated by a glycin/serine linker of 9aa were cloned into the pST1-2BgUTR-A120
backbone (Holtkamp S et al., Blood 2006;108:4009-17). In vitro transcription from this
template and purification were previously described (Kreiter S et al., Cancer Immunol
Immunother 2007;56:1577-87). For the assay; 5 x 10* peptide or RNA engineered BMDCs
were coincubated with 5 x 10° freshly isolated splenocytes in a microtiter plate coated with
anti-IFN-y antibody (10 pg/mL, clone AN18; Mabtech). After 18 hours at 37°C, cytokine
secretion was detected with an anti-IFN-y antibody (clone R4-6A2; Mabtech). Spot numbers
were counted and analyzed with the ImmunoSpot® S5 Versa ELISPOT Analyzer, the
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ImmunoCaptureTM [mage Acquisition software and the ImmunoSpot® Analysis software
Version 5. Statistical analysis was done by student’s t-test and Mann-Whitney test (non-
parametric test). Responses were considered significant, when either the test gave a p-value <
0.05 and the mean spot numbers were >30 spots/leO5 effector cells. Reactivities were rated

by mean spot numbers (-: <30; +: >30; ++: >50; +++ >200 spots/well).

Intracellular cytokine assay

Aliquots of the splenocytes prepared for the ELISPOT assay were subjected to analysis of
cytokine production by intracellular flow cytometry. To this end 2 x 10° splenocytes per
sample were plated in culture medium (RPMI + 10% FCS) supplemented with the Golgi
inhibitor Brefeldin A (10pg/mL) in a 96-well plate. Cells from each animal were restimulated
for Sh at 37°C with 2 x 10° peptide pulsed BMDCs. After incubation the cells were washed
with PBS, resuspended in 50p1 PBS and extracellularly stained with the following anti-mouse
antibodies for 20 min at 4°C: anti-CD4 FITC, anti-CD8 APC-Cy7 (BD Pharmingen). After
incubation the cells were washed with PBS and subsequently resuspended in 100nL
Cytofix/Cytoperm (BD Bioscience) solution for 20 min at 4°C for permeabilization of the
outer membrane. After permeabilization the cells were washed with Perm/Wash-Buffer (BD
Bioscience), resuspended in 50pL/sample in Perm/Wash-Buffer and intracellularly stained
with the following anti-mouse antibodies for 30 min at 4°C: anti-IFN- y PE, anti-TNF-o PE-
Cy7, anti-IL2 APC (BD Pharmingen). After washing with Perm/Wash-Buffer the cells were
resuspended in PBS containing 1% paraformyldehyde for flow cytometry analysis. The

samples were analyzed using a BD FACSCanto™ II cytometer and FlowJo (Version 7.6.3).

B16 melanoma tumor model

For tumor vaccination experiments 7.5 X 10* B16F10 melanoma cells were inoculated s.c.
into the flanks of C57BL/6 mice. In the prophylactic setting, immunization with mutation-
specific peptide was performed 4 days before and on days 2 and 9 after tumor inoculation. For
the therapeutic experiment the peptide vaccine was administered on days 3 and 10 after tumor

injection. The tumor sizes were measured every three days and mice were sacrificed when

tumor diameter reached 15 mm.

Alternatively, for tumor vaccination experiments 1 X 10° B16F10 melanoma cells were
inoculated s.c. into the flanks of age-matched female C57BL/6 mice. Peptide vaccination was

performed on days 3, 10 and 17 after tumor inoculation with 100 pg peptide and 50 pg
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poly(I:C) formulated in PBS (200 u! total volume) injected subcutaneously into the lateral
flank. RNA immunizations were performed using 20 ug in vitro transcribed mutation-
encoding RNA formulated with 20 ul Lipofectamine™ RNAIMAX (Invitrogen) in PBS in a
total injection volume of 200 ul. As control one group of animals was injected with
RNAIMAX (Invitrogen) in PBS. The animals were immunized on days 3, 6, 10, 17 and 21
after tumor inoculation. The tumor sizes were measured every three days using a caliper and

mice were sacrificed when tumor diameter reached 15 mm.

Identification of non-synonymous mutations in B16F10 mouse melanoma

Our objective was to identify potentially immunogenic somatic point mutations in B16F10
mouse melanoma by NGS and to test these for in vivo immunogenicity by peptide vaccination
of mice measuring elicited T-cell responses by ELISPOT assay (Figure 9A). We sequenced
the exomes of the C57BL/6 wild type background genome and of B16F10 cells, each with
triplicate extractions and captures. For each sample, more than 100 million single-end 50 nt
reads were generated. Of these 80%, align uniquely to the mouse mm9 genome and 49% align
on target, demonstrating successful target enrichment and resulting in over 20-fold coverage
for 70% of the target nucleotides in each of the triplicate samples. RNA-Seq of B16F10 cells,
also profiled in triplicate, generated a median of 30 million single-end 50 nt reads, of which

80% align to the mouse transcriptome.

DNA reads (exome-capture) from B16F10 and C57BL/6 were analyzed to identify somatic
mutations. Copy number variation analysis (Sathirapongsasuti JF et al., Bioinformatics
2011;27:2648-54) demonstrated DNA amplifications and deletions in B16F10, including the
homozygous deletion of tumor suppressor Cdkn2a (Cyclin-dependent kinase inhibitor 2A,
pl6Ink4A). Focusing on point mutations to identify possible immunogenic mutations, we
identified 3570 somatic point mutations at FDR < 0.05 (Figure 9B). The most frequent class
of mutations were C>T / G>A transitions, typically resulting from ultraviolet light (Pfeifer GP
et al., Mutat Res 2005;571:19-31). Of these somatic mutations, 1392 occur in transcripts, with
126 mutations in untranslated regions. Of the 1266 mutations in coding regions, 962 cause

non-synonymous protein changes and 563 of these occur in expressed genes (Figure 9B).

Assignment of identified mutations to carrier genes and validation
Noteworthy, many of the mutated genes (962 genes containing non-synonymous somatic

point mutations) have been previously associated with the cancer phenotypes. Mutations were
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found in established tumor suppressor genes, including Pten, Trp33 (also called p53), and
Tp63. In Trp33, the best established tumor suppressor (Zilfou JT et al., Cold Spring Harb
Perspect Biol 2009;1:a001883), the asparagine to aspartic acid mutation at protein position
127 (p.N127D) is localized in the DNA binding domain and is predicted by SIFT to alter
function. Pten contained two mutations (p.A39V, p.T131P), both of which are predicted to
have deleterious impact on protein function. The p.T131P mutation is adjacent to a mutation
(p.R130M) shown to diminish phosphatase activity (Dey N et al., Cancer Res 2008;68:1862-
71). Moreover, mutations were found in genes associated with DNA repair pathways, such as
Brca?2 (breast cancer 2, early onset), Atm (ataxia telangiectasia mutated), Ddbl (damage-
specific DNA binding protein 1) and Rad9b (RAD9 homolog B). Furthermore, mutations
occur in other tumor associated genes, including A4im/ (tumor suppressor “Absent In
Melanoma 1%), Fitl (oncogene Vegrl, fms-related tyrosine kinase 1), Pml/ (tumor suppressor
“promyelocytic leukemia™), Fatl (“FAT tumor suppressor homolog 17), Mdml (TP53
binding nuclear protein), Mta3 (metastasis associated 1 family, member 3), and Alk
(anaplastic lymphoma receptor tyrosine kinase). We found a mutation at p.S144F in Pdgfra
(platelet-derived growth factor receptor, alpha polypeptide), a cell-membrane-bound receptor
tyrosine kinase of the MAPK/ERK pathway, previously identified in tumors (Verhaak RG et
al., Cancer Cell 2010;17:98-110). A mutation occurs at p.L222V in Casp9 (caspase 9,
apoptosis-related cysteine peptidase). CASP9 proteolytically cleaves poly(ADP-ribose)
polymerase (PARP), regulates apoptosis, and has been linked to several cancers (Hajra KM et
al., Apoptosis 2004;9:691-704). The mutation we found may potentially impact PARP and
apoptosis signaling. Most interestingly, no mutations were found in Braf, c-Kit, Kras or Nras.
However, mutations were identified in Rassf7 (RAS-associated protein) (p.S90R), Ksrl
(kinase suppressor of ras 1) (p.L301V), and Atm (PI3K pathway) (p.K91T), all of which are
predicted to have significant impact on protein function. 7rrap (transformation/transcription
domain-associated protein) was identified earlier this year in human melanoma specimens as
a novel potential melanoma target (Wei X et al., Nat Genet 2011;43:442-6). In B16F10, a
Trrap mutation occurs at p.K2783R and is predicted to disturb the overlapping

phosphatidylinositol kinase (PIK)-related kinase FAT domain.

From the 962 non-synonymous mutations identified using NGS, we selected 50 mutations,
including 41 with FDR < 0.05, for PCR-based validation and immunogenicity testing.
Selection criteria were location in an expressed gene (RPKM > 10) and predicted

immunogenicity. Noteworthy, we were able to validate all 50 mutations (Table 6, Figure 9B).
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molecules, including non-activated B and T-cells, leading to induction of tolerance and

fratricide (Toes RE et al., J Immunol 1996;156:3911-8; Su MW et al., J Immunol
1993;151:658-67). For each of the 50 validated mutations, we designed peptides of 27 amino
acids length with the mutated or wild type amino acid positioned centrally. Thus, any
potential MHC class I and class II epitope of 8 to 14 amino acid length carrying the mutation
could be processed from this precursor peptide. As adjuvant for peptide vaccination we used
poly(I:C) which is known to promote cross presentation and increase vaccine efficacy (Datta
SK et al., J] Immunol 2003;170:4102-10; Schulz O et al., Nature 2005;433:887-92). The 50
mutations were tested in vivo in mice for induction of T-cells. Impressively, 16 out of 50
mutation-coding peptides were found to elicit immune responses in immunized mice. The

induced T-cells displayed different reactivity patterns (Table 7).

Table 7: Summary of T-cell reactivities determined consecutive to vaccination with
mutation encoding peptide. Statistical analysis was done by student’s t-test and Mann-
Whitney test (non-parametric test). Responses were considered significant, when either test
gave a p-value < 0,05 and the mean spot numbers were >30 spots/5x10° effector cells.

Reactivities were rated by mean spot numbers -: <30; +: >30; ++: >50; +++ >200 spots/well.
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Mutation Gene Reactivity Reactivity Mutation Gene Reactivity  Reactivity
Symbol against against Symbol against against
mutation WT mutation WT
MUTOL Fod™ - - MUT26  Orc2 - -
MUTO02  Ypor - - MUT27  Obsll - -
NMUTOS  Ranbp? - - MUT2S  Ppplr7 - -
ANUTO4  Dnajbi? - - MUT29  Mibidll - -
MUTOS  Eef? — — NMUT30  KiflSb S -
MUTO06  Puf - - NMUT3L Asccl - -
MUTO07  Lipids - - MUT2R2  TIisn2 - -
MUTOS  Ddx23 - - MUT3?3  PLk - -
MUT09  Golgb! - - MUT34  Klhi22 - -
MUTI0O  Pedhgall - - MUT33  Ddbl - -
MUTILL Saxis - - NMUT36 Tm9sfs - -
MUTLI2  Gnas - - MUT3?7  Dpf2 - -
MUTI3Y  Fnde3b - - MUT3S  Am - -
MUTI4  Shnol - - MUT39  Saxd - -
MUTIS  Pi4k2D - - NMUT40  Amcl - -
MUTI16  Thumpd3 - - MUT41  Ashll - -
MUTI17  Tupo? e ++ MUT42 St00al3 - -
MUTIS  Numal - - MUT43  Rik - -
MUTI9  FAuwp? - - MUT44  Cpsf3l =t ++
MUT20  Tubd3 = - MUT45  Mkmnl += ++
MUT2l  dwlla - - MUT46  Acmd ++ +
MUT22  dsfib =+ — MUT47  Rpllia - -
MUT23  Adrs?2 - - MUT4S  Def8 ++ —
MUT24  Dagl =+ + MUT49  Fatl - -
MUT2S  Plod? — +r MUTS0  Semalb S =+

Eleven peptides induced an immune response preferentially recognizing the mutated epitope.
This is exemplified for mice immunized with mutations 30 (MUT30, Kif/8b) and 36
(MUT36, Plod2) (Figure 10A). ELISPOT testing revealed strong mutation-specific immune
responses without cross reactivity against the wild-type peptide or an unrelated control
peptide (VSV-NP). With five peptides, including mutations 05 (MUTOS, Eef?) and 25
(MUT25, Plod?) (Figure 10A), immune responses with comparable recognition of both the
mutated as well as the wild-type peptide were obtained. The majority of mutated peptides
were not capable of inducing significant T-cell responses as exemplified by mutations 01
(MUTO1, Fzd7), 02 (MUTO02, Xpot), and 07 (MUTO7, Trp53). Inmune responses induced by
several of the discovered mutations were well in the range of immunogenecity (500
spots/5x10° cells) generated by immunizing mice as a positive control with a described MHC-
class I epitope from the murine melanoma tumor antigen tyrosinaserelated protein 2
(Trp2180-188, Figure 10A) (Bloom MB et al., Exp Med 1997;185:453-9; Schreurs MW et al.
Cancer Res 2000;60:6995-7001). For selected peptides that induce a strong mutation-specific
T-cell response, we confirmed immune recognition by an independent approach. Instead of

long peptides, in vitro transcribed RNA (IVT RNA) coding for the mutated peptide fragments
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MUT17, MUT30 and MUT44 was used for the immunological read-out. BMDCs transfected
with mutation-coding RNA or irrelevant RNA served as antigen presenting cells (APCs) in an
ELISPOT assay, whereas spleen cells of immunized mice served as effector cell population.
BMDCs transfected with MUT17, MUT30 and MUT44 encoding mRNA were specifically
and strongly recognized by splenocytes of mice immunized with the respective long peptides
(Figure 10B). Significantly lower reactivity against control RNA-transfected BMDCs was
recorded, which is likely due to the unspecific activation of the BMDCs by the single stranded
RNA (student’s t-test; MUT17: p = 0.0024, MUT30: p = 0.0122, MUT44: p = 0.0075). These
data confirm that the induced mutation-specific T-cells in effect recognize endogenously
processed epitopes. Two mutations that induce a preferred recognition of mutated epitopes are
in genes Actn4 and Kif18b. The somatic mutation in ACTN4 (actinin, alpha 4) is at p.F835V
in the calcium binding “EF-hand” protein domain. While both SIFT and POLYPHEN predict
a significant impact of this mutation on protein function, the gene is not an established
oncogene. However, mutation-specific T-cells against ACTN4 have been recently associated
with a positive patient outcome (Echchakir H et al., Cancer Res 2001;61:4078-83). KIF18B
(kinesin family member 18B) is a kinesin with microtubule motor activity and ATP and
nucleotide binding that is involved in regulation of cell division (Lee YM et al., Gene
2010;466:16-25) (Figure 10C). The DNA sequence at the position encoding p.K739 is
homogeneous in the reference C57BL/6, whereas B16F10 DNA reads reveal a heterozygous
somatic mutation. Both nucleotides were detected in the B16F10 RNA-Seq reads and
validated by Sanger sequencing. KIF18B has not been previously associated with a cancer
phenotype. The mutation p.K739N is not localized in a known functional or conserved protein
domain (Figure 10C, bottom) and thus most likely is a passenger rather than a driver
mutation. These examples suggest a lack of correlation between the capability of inducing

mutation-recognizing immune response and a functional or immunological relevance.

In vivo assessment of antitumoral activity of vaccine candidates

To assess whether immune responses elicited in vivo translate in anti-tumoral effects in tumor
bearing mice, we chose MUT30 (mutation in Kifl8b) and MUT44 as examples. These
mutations had been shown to induce a strong immune reaction preferentially against the
mutated peptide and to be endogenously processed (Figure 10A, B). The therapeutical
potential of vaccinating with mutated peptides was explored by immunizing mice with either
MUT30 or MUT44 and adjuvant 3 and 10 days after grafting with 7.5x10° B16F10. Growth

of tumors was inhibited by both peptide vaccinations as compared to the control group
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(Figure 11A). As B16F10 is a very aggressively growing tumor, we also tested protective
immune responses. Mice were immunized with MUT30 peptide, inoculated s.c. with 7.5x10°
B16F10 cells 4 days later and boosted with MUT30 2 and 9 days after tumor challenge.
Complete tumor protection and survival of 40% of the mice treated with MUT30 were
observed, whereas all mice in the control treated group died within 44 days (Figure 11B left).
In those mice, developing tumors despite immunization with MUT30, growth of tumors was
slower resulting in an elongation of the median survival by 6 days as compared to the control
group (Figure 11B right). These data imply that already vaccination against a single mutation

is able to confer anti-tumoral effects.

Immunization with mutation-coding RNAs

The 50 validated mutations from the B16F10 melanoma cell line were used to construct
different RNA vaccines. DNA-sequences representing one (Monoepitope), two (Biepitope),
or 16 different mutations (Polyepitope), were constructed using 50 amino acids (aa) with the
mutation on position 25 (Biepitope) or 27 aa with the mutation on position 14 (Mono- and
Polyepitope) and were separated by a glycine/serine linker of 9aa. These constructs were
cloned into the pST1-2BgUTR-A120 backbone for in vitro transcription of mRNA (Holtkamp
et al., Blood 2006;108:4009-17).

To test the in vivo ability to induce T-cell responses against the different RNA-vaccines
groups of three C57BL/6 mice were immunized by formulation of the RNA with RNAIMAX
lipofectamine and subsequent intravenous injection. After 5 immunizations the mice were
sacrificed and splenocytes were analyzed for mutation-specific T-cell responses using
intracellular cytokine staining and IFN-y ELISPOT analysis after restimulation with the
corresponding mutation coding peptide or control peptide (VSV-NP).

Figure 12 shows one example for each vaccine design. In the upper row the mice were
vaccinated with the Monoepitope-RNA coding for MUT30 (mutation in Kif78b), which
induces MUT30-specific CD4" T-cells (see exemplary FACS-plot). In the middle row the
graph and FACS-plot show induction of MUTO08-specific (mutation in Ddx23) CD4™ T-cells
after immunization with the Biepitope coding for MUT33 and MUTO08. In the lower row mice
were immunized with a Polyepitope encoding 16 different mutations including MUTOS,
MUT33 and MUT27 (see Table 8). The graph and FACS-plot illustrate that MUT27 reactive
T-cells are of a CD8 phenotype.
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Table 8. Overview of mutations and gene names encoded by Mono-, Bi- and Polyepitope

RNA-vaccines.

Construct Encoded mutation Gene annotation
Monoepitope MUT30 Kif18b
Biepitope MUT33 Pbk
MUTO08 Ddx23
MUTO1 Fzd7
MUTO02 Xpot
MUTO03 Ranbp?2
MUT04 Dnajbi2
MUTO05 Eef2
MUTO06 Ptref
MUTO07 Trp53
Polyepitope MUTO8 Ddx23
MUT26 Orc?2
MUT27 Obsl1
MUT28 Ppplir7
MUT29 Mthfdll
MUT30 Kif18b
MUTS31 Ascc?
MUT32 Itsn2
MUT33 Pbk

The same Polyepitope was used to generate the data shown in Figure 13. The graph shows
ELISPOT data after restimulation of splenocytes with control (VSV-NP), MUTO08, MUT27
and MUT33 peptides, proving that the Polyepitope vaccine can induce specific T-cell
responses against several different mutations.

Taken together the data show the possibility to induce mutation-specific T-cells using RNA-
encoded Mono-,Bi- and Polyepitopes. Furthermore, the data show induction of CD4" and

CD8" T cells and the induction of several different specificities from one construct.
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The in vitro transcribed RNA was used to vaccinate five C57BL/6 mice by intranodal
immunization (four immunizations with 20pg of RNA into the inguinal lymphnodes). Five
days after the last immunization blood samples and splenocytes were taken from the mice for
analysis. Figure 14A shows IFN-y ELISPOT analysis of the splenocytes restimulated with the
indicated peptides. It can be clearly seen that all three MHC-class I epitope (SIINFEKL, Trp2
and VSV-NP) induce a very high number of antigen-specific CD8" T cells. Also the MHC-
class 11 epitope OVA class II induces a strong CD4" T-cell response. The fourth MHC class I
epitope was analyzed by staining of Inf-NP-specific CD8" T-cells with a fluorescence-labeled

pentameric MHC-peptide complex (Pentamer) (Figure 14B).

These data prove that the polyepitope design using the glycine/serine linker to separate
different immunogenic MHC-class I and -class II epitopes is able to induce specific T-cells

against every encoded epitope, regardless of its immunodominance.

Anti-tumoral response after therapy with a mutation-encoding polyepitopic RNA

vaccine

The same Polyepitope which was analyzed in Figure 13 for immunogenicity was used to
investigate the anti-tumoral activity of the mutation-encoding RNAs against the B16F10
tumor cells. In detail, groups of C57BL/6 mice (n=10) were subcutaneously inoculated with 1
x 10° B16F10 melanoma cells into the flank. On days 3, 6, 10, 17 and 21 the mice were
immunized with the polytopic RNA using a liposomal transfection reagent. The control group

was injected with liposomes alone.

Figure 21 shows the survival curves of the groups, revealing a strongly improved median
survival of 27 days with 1 of 10 mice surviving without tumor compared to 18,5 days median

survival in the control group.
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determine experimental parameters and arbitrary filtering thresholds for selecting mutations.
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Phat  alk ROUGE! Bt & CHRRG Hameocers dFe g EPYSTHes e B GPRORES HBiTeaua
nut at | ofjscovElR Gie WRtHRRYPedged the default settings as specified by the

al gorithm devel opers; we expect that the paraneters could be WO

2012/ 1591:722?5)@_ HERROUS2JOVINYO wapsiare Ze@ andicenpastvzeade WALt RBPELR™f r amewor k
defi ned i 1S dgsmgneWshorh scornieny andcevadruarirage SUehys apmeo At Zet | on.
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38 fol dcofv&regtt&e HoRl i %&@br $AAPhSThal HARRYETor bNidE OYERAGR. LRt AapIke
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ends of the reads, resulting in a total of 5 sinulated |ibraries. These
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Thi s phenonenon results fromthe accunulation of high FDR nmutations _in |ow
cover ageramsisrs 3ad gitakityescOERS SIop qm“ﬂ%lﬁﬁ‘t‘t&??%ﬁq‘%u‘ﬁﬁ Ay usdgteyiedault | ar .
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sequences (potentially losing information on the somatic status of

mut ati ons in non-covered regions, thaogh) or should be close to the
fragnent length (2x100 nt = 200 nt total length for -250 nt fragnments in
our case), effectively filling up the coverage



WO 2012/ 159754PCT/ EP2012/ 002209 gaps. This is al so supported by the ROC AUC
of the 2x50 nt 3" library (sinmulated by using only the 3 ends of the 2x100
nt |ibrarwp 2efvishvsss hi gher than the one of the 2x50 nt pE'/HPROIRA02209
(simulated by using only the 5 ends of the 2x100 nt |ibrary) despite the

| ower base quality of the 3' read ends. These observations allow us to
define emsimizpd and icowhpsie dutihesE PBriramewerksdedined frewst issispigned fonuaringrand

Acr oss é';lvla 1vglsuah ed araneters, 20 fold coverage in both sanples and using
a technf¢al 8BP achieves close to the optimumresults in these

rel ati vBcbrythbmgelmloB% sedizheiag eapetimentd, S gnencddrdanly samptesin # indvddudl

library resulting in approxi mtely, 100 mII|on reads see 0 t he st
pr agnat flewediblage and aablﬁvebé t%rsftsreewemaab basgrfoxeragegf ng fnf%éré% a»sévlaﬁ
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settings, ‘used no additiona f| ering of the raw varlant cal
cal cul ametitiphe pd3RblY oedushrgsedsec t Aldontiteatmpars off rtbendepth loﬁtcaveregﬁ loonwbcbleal I

t hree net hods hown in Fi e 17.. Al tati e confl

Conbs natOmeoT Rafitehor be b isngred tesnil [Tt Sron bty CERRARE Aol 4
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20). As a negative control, we re-sequenced the |oci of 44 predicted
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RNA- Seoalg@ﬂﬁmsamd yx;ebdedaIMgmtcos/efugenemg neadetton (i. ANfelver \f&ises Positives)
application of the framework to four specific guestlons it is by no neans
i mi t ecPomptic aatigmsrmithapgh th@umpwwnwet Hpm tfﬂe 0 foldsoyerpes Hothe MPLYBRBES of

all ex I | gorithm c paraneters, e.g. the influence of the
allgnrregﬁ% smﬂﬁ %B)'?he choice of a nutation netric, or the choice of

vendor It ¢y steai gheorsweatd et mm’tﬂat&"ﬁn@eaﬁlodnf&derﬁlekpmerrtalnmmﬂ&sami@ tetavoflat®d 6

nmel ano ceII ex eripents; however, the nethod is. stricted to these
dat a. ; Eeﬁﬁm)a%g dHBlicales 1oa thlci‘tﬁs’otr‘p catg%\ﬁ@ %é 2 beedf ence

data selymy Montﬂe@l lieast d(F?g Sl'9@g|@hfl@9{i‘}5]5&?és Jfﬁpgﬂeﬁflmird\@ﬁlehuwﬁﬁéféd
sanpl e shoul d be per?orne for "edch new protocol. Wile our experinents

i ndi catte atdtraty witbowternlygdplictasobutstms\of therrega ol sematiheutitions & tf given sets,
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the varduplisatediainit ¥5.8RATH @splaesC Papialhe dethaen, thend efennbRectiat af set
and remai ni ng datasets. Wthin this contribution, we have pioneered a

st at | stifiphgatés emaxss moFomusations sathd kol DR than paegvith @nhigh R s Aindjpated _
somat i g, ‘e%{v%{‘ﬁod W§c fL 8 TRVRR: {)thh%oéurg)@ﬁ/th%pl@h'(% | ®d OEhe n%)am%'cf’% ?S“ ¢

or therdpeutrc target selectlon also allows a g er| riso

exper i rsEghthy indhchs edaqihié &idt@ﬂﬁlov?ﬁ’r&éﬁmMIt)steps on a gener at ed quasi gr ound
truth data. Here WO 2012/ 159754PCT/ EP2012/ 002209 we a |ed thé dea to
make prioegdditicnally seaisacss 441 0P o Abrary &vas gpedrampbt &1 i é‘?’%&é P2 at es

as wel 1,38 nrefﬂbffﬁfkser& SEILS n%;gsmcwebm%l bi h{easrexo@@aurﬁd%qhéngg' ng

Next - gener ati on seque ci ng; sequenci ng: Exone capture for
r esequends of)theaeadse résattimgdn wstiorey of ﬁeswhmalt@hlubrstxcse TBe$ekbrasies w@reocrmmgbl
capture ass

this ¢ élglélgotgg é]ﬁgbteﬁgl‘"%@bpap@dg:‘ted WHER}\HH QE)OP sggé th%sr%uc 8}%g£62r019182n1,

coverage (more than 77 vs. 38), the somatic mutations found using the 2x50 5° and 1x100 nt
libraries have a lower ROC AUC and thus a worse FDR distribution than the 1x50 nt library.
This phenomenon results from the accumulation of high FDR mutations in low coverage
regions as the sets of low FDR mutations found are highly similar. The consequence is that
the optimal sequencing length is either small so that the sequenced bases are concentrated
around the capture probe sequences (potentially losing information on the somatic status of
mutations in non-covered regions, though) or should be close to the fragment length (2x100 nt

= 200 nt total length for ~250 nt fragments in our case), effectively filling up the coverage
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3 ug purified genom c DNA was fragnented to 150-200 nt using a Covaris S2
ul trasound device. 2DNA fragnents were end repaired using T4 DNA

pol yrer aswo 22213004 DNA pol ynerase and 5' phosphoryl at ed pasiprgo12402209

pol ynucl eoti de kinase. Blunt ended gDNA fragnents were 3' adenylated using
Kl enow fragment (3" to 5 exo mnus). 3 single T-overhang Il|um na paired
end adagper Bhiney alsp |ng0ét9dth)’ ﬁlhél@mUﬁr@@l‘réﬂt(SO mépnbb@r\l%dq}ulﬁﬂdaf?‘/ HEPgo of

adapt er r@ %gllﬂ$| P{#A \’?ﬁﬁr lib&y }élﬁ%D%OLerqg ethe%g@% e ’NS%%%dllg%

f r agments’ pre cap ur 6w cel'l "specific Séquences were

added L(Sinngatlea IbyiRising JREy BER’ phidsrer thel2xQ oarmdharaev)andp]tdeuhe Ubwaerebakst qpality mér ase
(Agilent) using 4 PCR cycles. 500 ng of adapter |igated, PCR enriched gDNA
f r agmerthe 3eeee eAdsbor i di zed to Agilent's SureSel ect bioti nyI at ed nouse whol e

exome %s%ﬂﬁgge%z}ﬁo%?'ah w & to2defHeSoddl epagnge F34BA g§ f(ﬁcjthglm\%é)%o@%bﬁlatlc malde A

conpl exes where renoved using strepta Eoat ed magnet eads
bait conplagxes AROS Mhsh&ldatamq)ardmeeta‘smt)a‘btdscmewed bt satup]esngmélustngom in

Sur eSel ect el utlo buf f th d , PCR
ont | ohe8 BRA HPAGHEAFEE GORA FagHfo AR IREr BSRERTaIISTS T9el bbb meapIsePs
usi ng Hgpf gywsa%@ullel al N RQL MRS @@ﬁs (Adiksth) 1B S'é&ﬂt‘ﬁ@ g la Fﬁ%xﬁ%e@' nLo®rs

for 10 cy Cl eanups were perfornmed using 1.38x vol ume of AMPure “XP
magnet i milbended$ Agrencioubd he Rost nyagrhitiy clewen todahise thisegvemnge-t Fogeemangubi t

HS assay and fr s. det ned usjing Adi 2100 Bi Iyzer
S, D Hscgess el bl P Rah P ERR 1 Brrar e iare B B he S P B SR
usi ng Tise$ad adi tiohbistiRéridg &f the rbwUsikiag: dalRMuahehlafgue iecHEDRS foMs0 kelbstad na

H Seq2000 using Truseq SBS kit. Exone data analysis Sequence reads were
al i gnednuisimg? om the dnisrssation sf gll)thjaej methodpay Bhown [ Figreild Allnaptationss,

L7508, AR 7 0 PELBRS L0, SIRHETSE TS SPac
(2002) ]read%ﬂm gfitiese maeddidons wolld Eﬁk%e&ﬁ%ﬁi&R@ﬁg@EDRﬂuﬂﬁ?aDQ%t(ﬁﬁs 80}).eleks
DD TG Lo, LBl Sl ocatione, o, Lhe 92Toms s YL ded b, bR opput
0o BN TSSERT TR, g o et Luscongn,
scor es todiengotsiwdidatesicwhije ghe remaining seven loci of potential mutations vgere b%th not Y
covered by RNA-Seq reads and yielded in not sequencing reaction.
While we show application of the framework to four specific questions, it is by no means
limited to these parameters, but can be applied to study the influence of all experimental or
algorithmic parameters, e.g. the influence of the alignment software, the choice of a mutation
metric, or the choice of vendor for exome selection.
We performed all experiments on a set of B16 melanoma cell experiments; however, the
method is not restricted to these data. The only requirement is the availability of a 'same-vs-
same' reference data set, meaning at least a single technical repeat of a non-tumorous sample
should be performed for each new protocol. While our experiments indicate that the method is
robust with regard to the choice of the technical repeat within certain limits, so that a repeat is
not necessarily required in every single experiment. However, the method does require that
the various quality measures are comparable between the reference data set and remaining
datasets.
Within this contribution, we have pioneered a statistical framework for a false-discovery-rate
driven detection of somatic mutations. This framework is not only applicable for the
diagnostic or therapeutic target selection, but also allows a generic comparison of

experimental and computational protocol steps on a generated quasi ground truth data. Here,
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For each sequencing | ane, nutations were identified using three software
progranms: SAM ools pileup (version 0.1.8) [Li, H etal., Bioinformatics 25,
2078- 2079w 02012159754 GATK (version 1.0.4418) [DePristo, Mp&r/mpboialoo22o0Nat ure
Genetics 43, 491-498 (2011)], and SomaticSniper [Ding, L. et al., Hum Mol.
Genet (2010) first published online Septenber 15, 2010]. For SAM ool s, the
aut hor ~weappiiadnthio piea olosmakel pratbeadrdecisidnsr with wegard uoespfiware ools, coverage,
://sourceforge.n et/apps/ m edi awi ki / SAM ool s/ i ndex. php?titl| e=SAM FAQ,
accessdeplisajse antyeH a5 paisd e‘i“ﬁiqqﬂ‘aﬁcﬁlﬁg'fi rst round filtering, maximum coverage
200. For SAM ool s second round filtering, the mninmmindel quality score
was 50, the point nutation mninmmquality was 30. For GATK nutation

cal l'i ngVleted$ ol | owed t he aut hor-desi gned best practice guidelines presented
on the GATK user manual .

(http: /Iflm\iwytj%ﬂa&bﬁeri’éﬁaﬁeﬂPéi‘%P%/ gsa/ wi ki /i ndex. php/ The_Genone
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al i gnnent . dat ' . ' b SNP
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pr edi ctp%%a;g%t hx?@%")ﬁ‘f)ﬁ%gﬁo&ﬁ%{?ihbiﬁg SEHTRlyrifcl3NdOTkiAmEE BrEktCerids foaIed
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further. i onall r each potentially nmutated |ocus we required_ a
non- zerfgaver age bhaddylated meingt Kiesow fimgmewnvdd 4l ¢xonmizs).ohssingtated i n

oo oD Harso i TN S e BB ontte SRy PaEmBley (e 6.
al ., Nugl 8 Cr A6 F#S.dR6Sr to39enddfib THIR i02Plddihe TRYNBeKgdar sosnet IiEANAH SDHDNA

libraries were prepared from5 ug of total RNA using a nodified version of
the |1 |fragmeatsniRii- sexichsd opreceipturerd flews gellopracir §RIusACeseY sivadtdelgByiee)

tic b D Schentifi ol f t i
G val orlBa SR Gl ameny oot ¢0nd RO LECITRRbPRES: (RAPRT Gl 5% o

Fragment,gds "RNA was converted to cDNA using random priners and

Super Scriptll (Invitrogen) followed by second strand synthesis_ usin
pol ynerd@eng ohrrdapirpdigptede BUR \ﬁ/&%c@%gp@ﬁ*a%iagﬁleﬂ?i WgeT Mze% A°II%DPIS\IA
2012/ 1897 Ik 0 R R £Naw xg\bs RO peass andsss'oC.
phospho%%ﬁs%tﬁ)%g ‘55‘.%%;‘/6&4%%%%8@%?‘?@% Ki nase. : I u%t ended cDNA fragnents
ver e 3'HydRimddaden AIRNAgbaiKeempluxés aryementem(o3ed woing' stespigvidimgasted naggiehgl e

T- h [11um l.tipl ifi dapt i gat ed
{r agmerhestusa A RIATRe (PaRliats Gh FHBra g Bhers oy FEdvaha e fyfit"
sel ect edy af iggaguéﬁ%léé]f alralaloa etiicy ﬁ_ﬁ%ng 46 QIpfa e h@fierdflatdd) PRt é2888) gDNA

Enri chment, Ing o um na six base index and flow cell specific

sequendesmeas. A bfra@orutesierg TR saoplirdapps| sapais sesineitieraanssil. DNA

cl eanups were perforped,usi 1 of n rt AMPure XP magnetic
beads. I@M?ﬂ_ﬁ% E’Qéﬁd g?bﬁggl‘%gé\l\%%lﬂée%eﬁ gérar‘glg) c§'§}éfs he cBot using Truseq
SR cl ustiginubl weV2p&fotiicdGisthgAM 2Rl usR @I SNBaredP irtagnetid heitin 6A LinSeq2) FOr
usi ng Truseq SBS ?(it. The raw outﬁﬁut data of the Hi Seq was processed.

accor diquglitycontrels|wd wseddavisogenia fbpidt away and HAEmEaRHYZS BHDIEFTHRCG Bine
qual ity, reads demul 1] ph&XHNg. guence reads were then aligned to the
refer eﬁ%ﬁggﬁgmggéoﬁggl %%ﬁfﬁgjtﬁ‘gaggbne Sequenci ng Consortium Nature 420,
520- 56082 )chedgDDOA hibidries wWekabiysreedd, orBtheaBoalusing GengaqeS Bicbister kit, V2P 5
(2009)]. The alignnent coordinates were C(%H)ar.ed to tgg xon coordi nat es of
the Refusing 7[P1>4r@gr5iewt%10f¢%ﬂtet1}lummHb%CQ% 0 usipg TB15€d REP R Res. 33, 501-504
(2005)] and for each transcript the counts of overlapping alignnents were

recorded. Sequence reads not aligning to the genom c sequence were aligned
to a datxdmes@atafanalysispossi bl e exon-exon junction sequences of the RefSeq

t ipts [Prujtt, K.D et al. Nuclei L ds, Res. 33.. 5R1-504 (20 :

The al 1\gaHEIe o ersatlaaeSbpBedbriestor o RSk iR Ry el pere)
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map per nucl eotid obase of transcript per mllion nmapped reads

[ Mbr t afMause Genemedlequendang Chbsdroers, Hange #282820- 3G A009)]f Hmbigegys reads —
transcript. Validation of SNVs W sel ected SNvs for validation by Sanger
re-sequencing and RNA. SNVs were identdfied which were predicted by all

t hree prograns, non-synonynous, and found in transcripts having a m ni num
10 RPKM O these, we selected the 50 with the highest SNP quality scores
as provided by the prograns. As a negative control, 44 SNVs were sel ected
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Cal cul ation of FDRs and machi ne | earni ng Random Forest Quality Score
Comput ati on: Commonl y-used nmutation calling algorithns (DePristo, MA et
al ., Nat wye 2eem@disas 43, 491-498 (2011), Li, H et al., pBraippéiorby cs 25,
2078- 2079 (2009), Ding, L. et al., Hum ML Genet (2010) first published
onl i ne Septenber 15, 2010) output nultiple scores, which all are

pot ent i dbie/rehdy hugnng & mhbipld leatipmaldfthe gehotleas putadédny thelbiwa otitewe werel ude
- but are not Ilimted to - the quality of t.hé—: b?se of inteé st_as assigned
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di scovephred-sidaowmndayfiangeramabhydeorasgsiai shell serindhs, however this is not

directly feasible for all mutatjons sinc m ght have c radi cti .
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qual ity pr rties~S=(si,,..;-280) A (&l - ed
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I n many, G50,y GRS On& HIRARE S BxisuheasicPle 20t PR SURIbAIYS
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[Breiman, L., Statjst 1. 16, 199-231 ( 1 nd frain_.a randomf orest
as i npl GiRbift w@s Pﬁ- E??ﬁ@&%ﬁf?é‘n‘fa%@ﬁ’ & Gl'ﬁog&“)ek tgﬁ\ aflg}%'lﬁiﬁﬂén%dﬁgesg \r/alc(ra(%?ment
for staé.lji%;jnggl com%gﬁgd R Fouypdati ongkor Statagki cal Cagguti ng, mMuemnna,
Austri a, 610, Liaw, A., Wener, M, R News 2, 18-22 (2002%_). For m i nput
mut at i ohepwWivtww hrepdaistituge. prefgsatwikemdenphp/ ThiyCengimes Anahsis_Taelkin cascpseher t v
was detern ne up t val ues re. sa  t. I Ci N of
thi s AGE e Fe st Brolat qoe’ T APRRL RS RSl RIARRETT O 2
p, thi Sc%q%?ﬁy Veslid&edn i Wed @Rfofhed. N"Ehs AMpifiedGawtypef haodwWackapapplididl ¢o the
a

conbi nation of sanpled or _selected qualigli)l/ values is created, V\@i CM ults
in a magsutiant eligpmertadatapblent IVien nrgled. dRGERCVENROLYROINIYS Gfaths ndom
sanpl e 1% t hese \paj 1 dpthegcaps. ' V&EDBL VRIsURS MBLE viged as
pr edi ct@&leg}{fdgr éseﬁgz'sg%%egcts%g%?il\e/éégl 39/9 ??J% g?ﬁg@@aﬁngémrf orest traini 5; . WO
2012/ 15ppHERCH tRP2AILAA 02299, Thevarzmt bdorapcrldyrtors stop ves omutted anglireplaced
generalized quality score Q. it can be re]I%ar ded aa.a I cgl {% vveitght ed

conbi nadty 8§ E%TdtfH%’“Pﬁd%WioHugPr GRRHEIMETo gation caying, 5° §f {OPUORR, (1S

val ue gﬁ@@aarhhso%rf'y feBYd tWRatiBHs AlitR BSBRfAtE REore O TBFW(RLE aibrofwerd@onsiddtad

fal se discovery Tate: #Same vs. Sanme SNVs with score > Q#commopn cover age

t unor cforthar iAsiditionally, for each potentially mutated locus we required a non-zero coverage in

the normal tissue and removed all mutations located in repetitive sequences as defined by the
RepeatMasker track of the UCSC Genome Browser for the mouse genome assembly mm9

[Fujita, P.A. et al., Nucleic Acids Res. 39, 876-882 (2011)].

RNA-Seq

Barcoded mRNA-seqcDNA libraries were prepared from 5 ug of total RNA using a modified
version of the Illumina mRNA-seq protocol. mRNA was isolated using SeramagOligo(dT)
magnetic beads (Thermo Scientific). Isolated mRNA was fragmented using divalent cations
and heat resulting in fragments ranging from 160-200 bp. Fragmented mRNA was converted
to cDNA using random primers and SuperScriptll (Invitrogen) followed by second strand
synthesis using DNA polymerase I and RNaseH. cDNA was end repaired using T4 DNA
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FDR(Q = #Tunor SN Vs with score > (X itconmon coverage sane vsS. sane
conpari son For the training of the random forest Mddel used to create the

resul ts fwobfysestiudy, we cal cul ate the sanpl e | FDR onpihgps@nmbizge

nmut ati ons of all sanples before selecting the random 1% subset. This
ensures the mapping of the whole available quality space to FDR val ues. W
used t heolymatase,KlpnopENA pelyngimseand| 5’ phosphordsted agiag dématynucteoyfe &igees

quality” and " i n al ity (SAMoals, .0 ,20) . o SNP gual |t ),

"cover alagmg §BQQ/,§D%§%&13&1€%§OWF i eyd én f:ag M Lies‘rl“{c;‘d RSt ,fragﬁ% nf! %R/B&Orrép ping
qual i t thir(l@-BK,si@Ie:Tzﬂl)sﬁhaﬁ% [IRVRirauabitipyex, specifiv eidagiersdere Nigatedcamhe rDISA
quality", "RVM5 mappi ng quality" and "somatic score" (Somati cSN Per, (5) =
12), reBbpmeentyepipg ThPNG} figasee §PNAibsariest wereansiiied apdsae sglsgedyat 300 bp

conpar abl. i ogpgggl Qe Wolak WEog Sgidl e
mut at i g%nggaﬁ?egﬁc%&ndfnfro ucgcg°ﬁa{lg%%8%grgpﬁﬁgﬁggﬁég?ﬁfgi on E)IFR Iga ?%I zéesla

di scoveinyex ah@ flontsll specvic brapenddzewsadenanbyPEIR afinp AdmsioheDNAC psvliyoresast or
mut ations to occur. for our tunor conpari.so nd for our, sane v a

conpar | §HHIZYIRE- AlhisEAnaEs WAT BeFRRRG: HORS & BB ShASSRIETL AVREF P as
basis far.aitaksg discovery rate conputation. To correct for this potential

bi as, we Use the common coverage ratio. As comon coverage we define the
nunber BirchdsleBNWI-sdy Lomseagerochusterédastthowdot nsingt hruseqrSRe slugiisr &kt v4-2

used for .th tation calling.,.Ve.comput € .Cco n r.age individually
for t he‘ﬂ‘lﬁi?%ﬂ%&iﬂ?%ﬁ Bga%ellnl‘mﬁga %#quﬁé&gﬂﬂ%%?qgﬁﬁéagonpari son. ROC
esti mat TiRNrawWRa@BhVREa OPRE MiSBY wabPreceb&id &bbdidgROhe TS sedndaddnsotocol,

correspondi ng area under curve (AUC) are useful for organizing classifiers

and vi sineludingmgmewadiof 199 aiditraprds InPalseedtiplexing. Saguengeemiscyes thanealigned 7,

861-874 00 . W _extend thi C 0 : i . I of
oxper | nRIReTeaipecasnsE SPeushar O GREGRIontE SoeRLHE Coforif, RERGDLIBTER.
requi r ess2knoud)pdgag 6bwek [LideneeadnB. étadlS Geaposmie Biovlel(, T2 5(20097) Thxaiginesiti n a
dataset, information which is usually not given_and hard to ?ﬁt abl | i)h for

hi gh t HogtAIRFER Waret rRaichtodde een gaprainatesifdhe Retiradranserita lEm o d- FHRs
to esti : taqvenl Bt :

cal cul a 'ékglﬁ;e &ﬁi%g&cjgh'? 95?0?22%@%5?6? etrIQ:hD%hgft a sﬁggsftgbnvg{lg%glg% in
t he datdigemegiswese tdverdedoPayiehcnrdadswnotadipgnity te theigeonon sepiened ateedigned t he

sum of TP/ EFP nutatigons, .respectively. A so, for a.li f random .
255! gtk GrEEST B Al orblcan KBS LI VRO SO TR B hefmee P EpEODs Bi5og
ROC AUG W | &t Be faeBle URid- ResM 331 901-50%t(000S5)]1 MHE Catdnhdnd RORRhLEEL Were
random prediction. W start with two conditions: FDR = FPR FPR +TPRKE\41]
compared to RefSeq exon and junction coordinates, reads counted, and normalized to RP
(number of reads which map per nucleotide kilobase of transcript per million mapped reads

[Mortazavi, A. et al., Nat. Methods 5, 621-628 (2008)]) for each transcript.

Validation of SNVs

We selected SNVs for validation by Sanger re-sequencing and RNA. SNVs were identified
which were predicted by all three programs, non-synonymous, and found in transcripts having
a minimum 10 RPKM. Of these, we selected the 50 with the highest SNP quality scores as
provided by the programs. As a negative control, 44 SNVs were selected which have a FDR
of 50% or more, are present in only one cell line sample and are predicted by only one
mutation calling program. Using DNA, the selected variants were validated by PCR
amplification of the regions using 50 ng of DNA, followed by Sanger sequencing (Eurofins
MWG Operon, Ebersberg, Germany). The reactions were successful for 50 and 32 loci of
positive and negative controls, respectively. Validation was also done by examination of the

tumor RNA-Seq reads.
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and FPR+TPR= 1[2] with FPR and TPR being the needed fal se positive true
positive ratios, respectively, for the given nutation, defining the
corresporaiongipedTss i n ROC space. [1] and [2] can be reacrarged/odnzodPR =1-
FPR[ 3] and FPR = FDR[ 4] To obtain an estimated ROC curve, the nmutations in
dataset are sorted by FDR and for each nmutation a point is plotted at the
currul ative TPR and FPR val ues up to this nutation, divided by the sum of

al | glnd é?PI Vﬁhﬁ'ﬁ?m eSREGE le?xlxXn The AUC i s cal cul at ed by sunm ng up

t he are consecuti ve ra 2701'%ls bet ween the curve and the x-axis.
WO 2012k #0 4Bkelt @12011\2/50&%20’9m§m&hb’5 Cbnﬂmdsmymw frartatppnovalth gl gorithms

i ndi vi dual i zed cancer vaccine conprising the s _ )

(DePristo, M.A. et al., Nature Genetics 43, 49T—4938 (701 1) L1 H. et al., Bioinformatics 25,
2078-2079 (2009), Ding, L. et al., Hum. Mol. Genet (2010) first published online September
15, 2010) output multiple scores, which all are potentially influential for the quality of the
mutation call. These include - but are not limited to - the quality of the base of interest as
assigned by the instrument, the quality alignment for this position, the number of reads
covering this position or a score for the difference between the two genomes compared at this
position. For the computation of the false discovery rate we require an ordering of mutations,
however this is not directly feasible for all mutations since we might have contradicting
information from the various quality scores.
We use the following strategy to achieve a complete ordering. In a first step, we apply a very
rigorous definition of superiority by assuming that a mutation has better quality than another
if and only if it is superior in all categories. So a set of quality properties S=(si,...,Sp) 1S
preferable to T=(t,,...,tn), denoted by S>T, iff s; > t; for all i=l,....,n. We define an
intermediate FDR (IFDR) as follows

#Same vs. Same SNVs with score § > T Ycommon coverage tumor comparison
#Tumor SNVs withscore §>T ~ #common coverage same vs.same comparison

IFDR(T) =

However, we regard the IFDR only as an intermediate step since in many closely related
cases, no comparison is feasible and we are thus not benefitting from the vast amount of data
available. Thus, we take advantage of the good generalization property of random forest
regression [Breiman, L., Statist. Sci. 16, 199-231 (2001)] and train a random forest as
implemented in R (R Development Core Team. R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria, 2010, Liaw, A., Wiener,
M., R News 2, 18-22 (2002)).

For m input mutations with n quality properties each, the value range for each property was
determined and up to p values were sampled with uniform spacing out of this range; when the
set of values for a quality property was smaller than p, this set was used instead of the
sampled set. Then each possible combination of sampled or selected quality values is created,
which results in a maximum of p" data points in the n-dimensional quality space. A random
sample of 1% of these points and the corresponding IFDR values were used as predictor and

response, respectively, for the random forest training.
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(a) identifying cancer specific somatic nutations in a tunor specinmen of a
cancer patient to provide a cancer nutation signature of the patient; and
(b) proviwongixzsyaaeci ne featuring the cancer nutation sipgmateodieooRbei ned in
step (a). ). The nethod according to claim1l, wherein the step of

I dentifying cancer specific somatic nutations conprises identifying the
cancer e a¢subiimgsiegressignescofe isheuregenmmlioéd qnéitgrscm@ capwebe geddrded a8a The

met hod rdin tolor 2 rein.the. st i deptifyin cer, cific
sormt s crara el eimfhade 8 M bdidf Shifierts Brlghs"dreth oidlie SRES,
cell's. cdnpalRen BEAMOENAEGHBhHEnd BieCbRipTa8on Wheleickial hseCioREryGele s are
circulating tunor cells. 5. The nethod according to any one of clains 1 to

4, wher @pR )he#sét’@d’so?‘mféé‘ﬁf MGG edheer FSERERR ?Oé’eréléﬁﬁmoﬁc?m’?%fs%nq

i nvol ves usl ng néx"(vamge?rr@rsaﬂtti‘l@nOTSeq@enC| FrgMENESY ver A, SAME 5. AEREEPEEEDT di ng
to any pne ¢l ai of en |_f

speci f Ilg St(l)l% t{ammﬁ_uc% t%le r%gg%rgv%?es? ér'lsoc%g (ljllsjeecfn gcp ﬁbeaéeegl ;esu%\licg % mdwe

t he tun@ﬂcuﬁkaﬁé&hﬂ'&ﬁimple?IFD_RGOI[TEE&']@&H@@@(ﬁflﬂditftglstdf gll aanples m&feei.dl‘ecilh@ tatep
of identifyi n% cancer_specific somatic nmutations is ref)l icated at least in
dupl i cafeeom g6 sypset.nEtip SASHEE dredmABPing 0£ﬁ196 ghelopvalabienguality gpage to FDR

conpr i Svanlgestﬂf‘e Js‘é&ttﬁbe @a‘ﬂJ ertigt: %W @0\%‘?@# deply, oo A&Qx‘f‘sukq D f' ed

mutations i n epltopes cer vacci tloﬁ mef ho accor
any oneandf“RiVI&inmapping qn&ty e diavly, ve= Qa); CEN@ quandityi Feyetaye depthd r‘vz)amant

nebep tOBBRErSHT AT AT BPE ot TOHSIaR R S AP ol Rt PerO) of SN qii’ >

“coverage depth”, “consensus quality”, “RMS mapping quality” and “somatic score”

(SomaticSNiPer, p = 12), respectively. The different values of p ensure a set size of
comparable magnitude.

Common coverage computation: The number of possible mutation calls can introduce a major
bias in the definition of a false discovery rate. Only if we have the same number of possible
locations for mutations to occur for our tumor comparison and for our same vs. same
comparison, the number of called mutations is comparable and can serve as a basis for a false
discovery rate computation. To correct for this potential bias, we use the common coverage
ratio. As common coverage we define the number of bases with coverage of at least one in
both samples which are used for the mutation calling. We compute the common coverage

individually for the tumor comparison as well as for the same vs. same comparison.

ROC estimation

Receiver operating characteristic (ROC) curves and the corresponding area under curve
(AUC) are useful for organizing classifiers and visualizing their performance [Fawcett, T.,
Pattern Recogn. Lett. 27, 861-874 (2006)]. We extend this concept for evaluating the
performance of experimental and computational procedures. However, plotting ROC graphs
requires knowledge of all true and false positive (TP and FP) examples in a dataset,
information which is usually not given and hard to establish for high throughput data (such as
NGS data). Thus, we use the calculated FDRs to estimate the respective TP and FP rates and
plot a ROC graph and calculate an AUC. The central idea is that the FDR of a single mutation
in the dataset gives the proportion how much this mutation contributes to the sum of TP/FP

mutations, respectively. Also, for a list of random assignments to TP and FP, the resultant
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WO 2012/ 159754PCT/ EP2012/ 002209 10. The nethod according to claim9,

wherein the pol ypeptide conprises up to 30 nutati on based neo-epitopes.

11. The meoho/@merserding to claim9 or 10, wherein the poryEgreqioozod urt her

conpri ses epitopes not containing cancer specific somatic nutations which

are expressed by cancer cells. 12. The nethod according to any one of

cl ai n8 BQWALIC wilhbr eiwalithd. e pilthopegnethed, iindicdtaigra pempletsly saadomnpredisbon.ext
rm a,vacci ne sequence. 13. The method according to claim 12,

SO as thfg v 4
wher ei n ¥hEa XA tHE <QBdIA%e is about 30 anino acids long. 14. The net hod
according to anypgne of clainms 9 to 13, wherein the neo-epitopes, epitopes
and/ or Fqg;§§gﬁgnces are lined up head-to-tail. [15. The net hod
according to dpy of clains 9 to 14, wherein the neo-epitopes, epitopes
and/ or y@afci ne sequences are spaced by linkers. 16. The nmethod according
to any one of clains 1 to 15, wherein the vaccine_is an RNA vaccine. 17.
The net KFR aEDFdi ng to any one of clains 1 to 18] wherein the vaccine is a
prophyl acti uf i i o ACCI i j ithabl e
By The BEbER A 3R BEEEBRCHCI 6L BEriny Sthug BolRTE ARl BLD Pl
conpri sgiRgn enutavarbeiiamng thealoyjesydridiey painpini BOGgpmet i)iand [Phembeneaemdedpes,
sai d neo-epitopes resulting fromcancer specific somatic nutations in a
tunor sf¥eci men of a cancer patient, or a nucleic acid encoding said
pol ypeptp Q=%_2ﬂﬁ The vaccine according to claim ] wherein the

urthe

pol ypepti de r conprises epitopes not containing cancer specific
sonati camut ati ons which are expressed by cancer cells.

FPR = FDR [4]

To obtain an estimated ROC curve, the mutations in dataset are sorted by FDR and for each
mutation a point is plotted at the cumulative TPR and FPR values up to this mutation, divided
by the sum of all TPR and TPR values, respectively. The AUC is calculated by summing up

the areas of all consecutive trapezoids between the curve and the x-axis.
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WO 2012/ 159754PCT/ EP2012/ 002209 21. A nethod of treating a cancer patient
conprising the steps: (a) providing an individualized cancer vaccine

by the nmewbadiagesudi ng to any one of clains 1 to 17; amdt/EP2012/0082h9
adm ni stering said vaccine to the patient. 22. A nethod of treating a cancer

patient conprising adm nistering the vaccine according to any one of clains
18 to 20 to the patient. 23.A netho&l#AdMYeterni ning a fal se discovery rate
based on next generation sequencing data, said nmethod including: taking a
first sanple of genetic material froman animal or human; taking a second

sanpl e 1of geNafetod @t povling @ Mdavidadlize8lcamver havthie; congkisgy thefsiepst sanpl e
of genetic material fromtunor cells; .
(a) identifying cancer specific somatic mutations in a tumor specimen of a cancer

patient to provide a cancer mutation signature of the patient; and

(b) providing a vaccine featuring the cancer mutation signature obtained in step (a).

2 The method according to claim 1, wherein the step of identifying cancer specific

somatic mutations comprises identifying the cancer mutation signature of the exome of one or

more cancer cells.

3. The method according to 1 or 2, wherein the step of identifying cancer specific

somatic mutations comprises single cell sequencing of one or more cancer cells.
4. The method according to claim 3, wherein the cancer cells are circulating tumor cells.

5. The method according to any one of claims 1 to 4, wherein the step of identifying

cancer specific somatic mutations involves using next generation sequencing (NGS).

6. The method according to any one of claims 1 to 5, wherein the step of identifying

cancer specific somatic mutations comprises sequencing genomic DNA and/or RNA of the

tumor specimen.

7. The method according to claim 6, wherein the step of identifying cancer specific

somatic mutations is replicated at least in duplicates.

8. The method according to any one of claims 1 to 7, comprising the further step of

determining the usability of the identified mutations in epitopes for cancer vaccination.
9. The method according to any one of claims 1 to 8, wherein the vaccine featuring the

mutation signature of the patient comprises a polypeptide comprising mutation based neo-

epitopes, or a nucleic acid encoding said polypeptide.
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taki ng a second sanple of genetic material fromsaid tunor cells;

determ ning a conmon coverage tunor conparison by counting all bases of the
r ef er encewgenmeowhi ch is included in both the tunor angcateph@asbr2ome of
said first sanple of genetic material froman aninmal or human and said
second sanpl e of genetic material froman aninmal or human;

det er nildi ng Theamthohacovdingtreclgiam®, wherewathre polyppptidessompsiseceriit thg al |

bases of the reference, genone which are covered by both said first sanple
of gendRVaIGRRAEFT AFOFPER SN ani mal or human and sai d second sanpl e of
genetic material froman animal or human; di vidi ng said conmon
coverage tunor conparison by said commpn coverage sane Vvs. same conparison
to formla ndhemhéthed aeserding to claigePer Alnvherein thapelyrertidedyahsy sompeIsey,
dividing. 1) the nunber of singl: i de. hat i .ty score
greatefgpﬂéﬁIf;?%ﬂ%ngbﬁ%%?%ggghgfg@%%ggk?@§¥Mggﬁ%%ggg?mggﬁg??%gﬁg%grim
from anepsli mal or hunman and said second sanple of genetic material from an
ani mal or human, by 2) the nunber of single nucleotide variations with a
quality score greater than Qin a conparison of said first sanple of

geneti g,mat ek i: : ihd 1 aff ingg&et i C
Tatori P 11 anedaetp Rl | IR o B B e R ey

nor mal inaairilaequedde Thietenesolmdo 6dmrh arqm3seghercei n said genetic material is a
DNA. 25. The nethod of claim 23 wherein Qis determned by: WO

2012/ 159754PCT/ EP2012/ 002209 establishing a set of quality properties
S=(si, .13., S P[)l'f eh&d Aecordifg BY @b ab)whdreinkié Vdccind sequéieB & £uby0 &nino When
si >ti for all i=1,,n, defining an internedi ate fal se discovery rate

by di viadidadorlg) t he nunber of single nucleotide variations with a quality
score S>T in a conparison of said first DNA sanple froman ani mal or human
and said second DNA sanple froman ani mal or human, by 2) the nunber of
si ngl e jgucl gokik@hyRidBEdiRN S Myt dhetofGlis OtoIGpvRerBTihe Redepitonea) dpstopeof
said first DNA sanple fromsaid tunor cells and said second DNA sanple from
sai d t @ndlor vadcine wadersFs angllinegupihsgdteréaik esul t by said nornalization,
determ ning the value range for each property for mmutations with n
qual ity properties each

15.  The method according to any one of claims 9 to 14, wherein the neo-epitopes, epitopes

and/or vaccine sequences are spaced by linkers.

16.  The method according to any one of claims 1 to 15, wherein the vaccine is an RNA
vaccine.
17.  The method according to any one of claims 1 to 15, wherein the vaccine is a

prophylactic and/or therapeutic vaccine.

18. A vaccine which is obtainable by the method according to any one of claims 1 to 17.
19. A vaccine comprising a recombinant polypeptide comprising mutation based neo-
epitopes, said neo-epitopes resulting from cancer specific somatic mutations in a tumor

specimen of a cancer patient, or a nucleic acid encoding said polypeptide.

20.  The vaccine according to claim 19, wherein the polypeptide further comprises epitopes

not containing cancer specific somatic mutations which are expressed by cancer cells.
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sanpling up top values out of said value range; creating each possible
conbi nation of sanpled quality values which results in p" data points;

usi ng a rwodoyseamspl e of said data points as a predict orcirar2eianeno f or est
training; using the corresponding internediate fal se discovery rate val ue
as a response for said random forest training, wherein the resulting

regr ess?bn séonethed ok¢atingarmdoesripsriestcompaismigrie 5t6p.  26. The net hod of

claim 24 wherein said secon sample fro ani or _hupan_i s

o) Togent ot BTy s of TERATudiege SATH Seceir R e PR B e Rar M B a0 Sfet nod
of cl ai ¢tk Wereiafpd sai d second DNA sanple froman aninmal or human is

autol ogous to said first DNA sanple froman ani mal or human. 28. The

net hod of cl @) adminigipransesaid ¥agcinsstedbhpRtDNA sanpl e from an ani mal or hunan
i's xenogenic to said first DNA sanple froman animal or human. 29. The

met hod of claim 23 wherein said genetic material is a RNA. 30. The net hod
of cl ai10.29 shesteédoiQréasindatoancdr patdethtomprising adstigibleriabitingvacmetacafrdopgal ity
properties S=(si,...,S erein Sis preferable to T=(t1,...,tn), denoted
by S>T,towERnsPf slagms %gg‘) %\g]'io tﬁEE?t.‘e.n.t-, nl;O defining an i nE er medi at e) fal se

di scovery rate by dividing 1) the nunber of single

23. A method for determining a false discovery rate based on next generation sequencing
data, said method including:

taking a first sample of genetic material from an animal or human;

taking a second sample of genetic material from an animal or human;

taking a first sample of genetic material from tumor cells;

taking a second sample of genetic material from said tumor cells;

determining a common coverage tumor comparison by counting all bases of the
reference genome which is included in both the tumor and at least one of said first sample of
genetic material from an animal or human and said second sample of genetic material from an
animal or human;

determining a common coverage same vs. same comparison by counting all bases of
the reference genome which are covered by both said first sample of genetic material from an
animal or human and said second sample of genetic material from an animal or human;

dividing said common coverage tumor comparison by said common coverage same Vvs.
same comparison to form a normalization;

determining a false discovery rate by dividing 1) the number of single nucleotide
variations with a quality score greater than Q in a comparison of said first sample of genetic
material from an animal or human and said second sample of genetic material from an animal
or human, by 2) the number of single nucleotide variations with a quality score greater than Q
in a comparison of said first sample of genetic material from said tumor cells and said second
sample of genetic material from said tumor cells and 3) multiplying the result by said

normalization.

24.  The method of claim 23 wherein said genetic material is a DNA.

25.  The method of claim 23 wherein Q is determined by:
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nucl eotide variations with a quality score ST in a conparison of said
first RNA sanple from WD 2012/ 159754PCT/ EP2012/ 002209 an ani mal or hunman
and sai d weeondisRiA sanpl e froman animal or human, by PrriHPeomwodes of
single nucleotide variations with a quality score S>T in a conpari son of
said first RNA sanple fromsaid tunmor cells and said second RNA sanple from
Zai d tunor m@tabbslallmgla&}t ofguelityl prppRItieh®=(Sesubd WhyreimSds prsferablesat i on,
eterm. i ng the value r e for_ eac roperty . for in nmutations with n
qual i tyln"rgﬂop'etft% Fg’éo%i%,gggaw Fh %%a‘a?)‘)rf%ﬁ \?él‘%’és out of said val ue range;

creating eacRfinfgSdnihRréedibiefalst aiscofers aapbedivddiakil) yhewrimiss ofikingle resul t's
in pn data points;. usi ng a random sanple of said data points a
predi ctracleptide yamriions Pithesqualipasaeren g T us p sempHEsoB S said fyRdP NG %ampi? ﬁsm ate

(L oe, LSS 1A oK 548 Bfh DROPORRA: b8 S AANIRMACEFS] el 2 11 1O,

wher ei iRE Fesalt regression score ‘of said ran orest"training is Q
31. Thewsehoflsiagleahaleoti&vartutioas withad ghatiecanct RNAirsaophparfscomf anddimstnal  or

hunman is all ogenic to. id first RN ' h o A32.
The. netRN8 A BPP <SS WREF EFls 208 b SeeOil DRGSR it FOR ST R 3F
humen i5,apLAl LACYS D ySaidhdrdtafRNA sanpl e froman animal or human.

determining the value range for each property for m mutations with n quality

properties each;

sampling up to p values out of said value range;

creating each possible combination of sampled quality values which results in p" data
points;

using a random sample of said data points as a predictor for random forest training;

using the corresponding intermediate false discovery rate value as a response for said

random forest training,

wherein the resulting regression score of said random forest training is Q.

26. The method of claim 24 wherein said second DNA sample from an animal or human is

allogenic to said first DNA sample from an animal or human.

27. The method of claim 24 wherein said second DNA sample from an animal or human is

autologous to said first DNA sample from an animal or human.

28. The method of claim 24 wherein said second DNA sample from an animal or human is

xenogenic to said first DNA sample from an animal or human.
29. The method of claim 23 wherein said genetic material is a RNA.

30.  The method of claim 29 wherein Q is determined by:

establishing a set of quality properties S=(si,...,s,) wherein S is preferable to
T=(t,,...,ts), denoted by S>T, when s; > t; for all i=1,...,n;

defining an intermediate false discovery rate by dividing 1) the number of single

nucleotide variations with a quality score S>T in a comparison of said first RNA sample from
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33. The nethod of claim 30 wherein said second RNA sanple froman ani mal or
human i s xenogenic to said first RNA sanple froman ani mal or human. 34.
The net hostoebixiseism 23 wherein said fal se di scovery rat ecrapresedo1200 nake a
vaccine formulation. 35. The nethod of claim34 wherein said vaccine is
deliverable intravenously. 36. The nethod of claim 34 wherein said vaccine

i s del i ¥eanmiaborieyma angd saidsseconthRNdesamile HorcamanmahorHenal RY Jathe WelsTne

5 del | Yo B-QERHA Araons ¥ « RIS St A s PEHSA B M8  The "
met hod @impit &b $¥d whesrekens &ai 9id/seohd BN S sdmple droatsdid rumsorsqedsiahd 8) pat i ent .

40. The nethod of claim 39 wherein one of said first sanple of genetic
mat er i aPuitipbying theawsHaPY sHd AemAYZa7MPsai d second sanpl e of genetic materi al

froman ani r@éteﬂ{in%gﬁgvhﬁe {a ngoﬁ'aeiagh E\fbﬁ%hif itSr AL ns withln qimﬁymat hod of

claim 23 whereln sai tep of "determ a conmon coverage tundr
conpar i moperoys eawhnt i ng al |l bases of the reference 2enone which is included

in both the tunpr and at h)(eiast %negigf said first sanple of genetic materi al
from an ani nWMRSPEHRIRR VAHES QU f BELYANC @R8KI e of genetic material from an

ani mal or hueRinéSRsh bssfit 6TRbRE: S 6 %{Pléﬂ oY valiés WRRBSesultdZn p TR
nmet hod of claim 41 wherein said step of determ ning a commbn cover age sane

vs. sanmmoigtonpari son by counting all bases of the reference genone which are

covered by both said first,s | f _genetic rical _f n I . or
human and sai d &gt ﬂamssﬁlr%’ ’eeoa{czsgldgdea(rgl%f’ ‘lglcr:l psrfi:itaeprrle al%t%f rfc%rﬁaréc{n&gc?}ﬁ%ﬁ&cﬂﬁﬁg’u man
uses sai d auispipthedoS¥spoBéiing intermediate false discovery rate value as a response for said

random forest training,

wherein the resulting regression score of said random forest training is Q.

31.  The method of claim 30 wherein said second RNA sample from an animal or human is

allogenic to said first RNA sample from an animal or human.

32. The method of claim 30 wherein said second RNA sample from an animal or human is

autologous to said first RNA sample from an animal or human.

33. The method of claim 30 wherein said second RNA sample from an animal or human is

xenogenic to said first RNA sample from an animal or human.

34. The method of claim 23 wherein said false discovery rate is used to make a vaccine
formulation.

35. The method of claim 34 wherein said vaccine is deliverable intravenously.

36. The method of claim 34 wherein said vaccine is deliverable dermally.

37. The method of claim 34 wherein said vaccine is deliverable muscularly.

38.  The method of claim 34 wherein said vaccine is deliverable subcutaneously.
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43. The nethod of claim4l wherein said step of dividing said common
coverage tunor conparison by said combn coverage sanme VvS. sane conparison
to form avoanmaishmati on uses said automated system 44 pCThr2emeihrzdy of
claim 41l wherein said step of determning a false discovery rate by
dividing 1) the nunber of single nucleotide variations with a quality score
gr eat er39%t haTh@nicthed obeipiar $4 viersin said Hageiness tajlongs oramspeaiepricitat eri al
froman animal or human and said second sanple of genetic material from an
ani mal or hunman, by 2) the nunber of single nucleotide variations with a
ggﬁt; It é&oﬁg?rﬁegl?&fﬁé@bf@m@?@“mr@ wamfesfl I aldsirst sfmpsiaiofl géretistmaemg) [ feomfin

mat eri a romsaid tunor cells and said second sa i
mat er | @hithalomhymiad andippe se@mdsampls o)eeRET %WP%%OW& %“Z@g'}o °|cr Wagi? ﬁ%‘l :
nor mal |52@t5| on télsggen§ai d automated system 45. A nethod for determ ning an
est i mat8d PELEF P& per ati ng curve (ROC), said method including: receiving
a dataset of nutations, each nutation associated with a fal se discovery

rate (FDR); and for_ each ation: . 2012/ 159.754PCT/ EP2012/ Q 20

deéI e(r]I ni4di ng leetmﬁbocbﬁg?lﬁlin{/%g Wg‘f’?”( %659%5%??1&8}% heeEea © Yﬁg‘% T o%o(gne'
an et L] Se Lol R ' jddin B3 uarh :
LRl A AR RS RS 1 GO, Pt

mut at i eind aglepstiont ofiaitl Hestcampledf geactiPRatgridl PR apanipal Qifumengad §2idut at i on,

di vi ded by the sum of .
secc}/nd samp?e or? g%net?cl lna%?i@l ggrcrjl aﬁ%‘r?ur\rlla | ol“% Riman uses an automated system to

count all bases.

42.  The method of claim 41 wherein said step of determining a common coverage same
vs. same comparison by counting all bases of the reference genome which are covered by
both said first sample of genetic material from an animal or human and said second sample of

genetic material from an animal or human uses said automated system.

43.  The method of claim 41 wherein said step of dividing said common coverage tumor
comparison by said common coverage same vs. same comparison to form a normalization

uses said automated system:.

44, The method of claim 41 wherein said step of determining a false discovery rate by
dividing 1) the number of single nucleotide variations with a quality score greater than Q in a
comparison of said first sample of genetic material from an animal or human and said second
sample of genetic material from an animal or human, by 2) the number of single nucleotide
variations with a quality score greater than Q in a comparison of said first sample of genetic
material from said tumor cells and said second sample of genetic material from said tumor

cells and 3) multiplying the result by said normalization uses said automated system.

45. A method for determining an estimated receiver operating curve (ROC), said method
including:

receiving a dataset of mutations, each mutation associated with a false discovery rate
(FDR); and

for each mutation:
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determining a true positive rate (TPR) by subtracting said FDR from one; and
determining a false positive rate (FPR) by setting said FPR equal to said FDR;
and
forming an estimated ROC by plotting, for each mutation, a point at the cumulative

TPR and FPR values up to said mutation, divided by the sum of all TPR and FPR values.
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