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increasing screening and polyp removal, thus preventing progression of polyps to cancer.



| mmunot her apeuti ¢ approaches for treatnent Stinulation of an immune
response i s dependent upon the presence of antigens recogni sed as
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Currently there are about 16 trials testing the safety and potential of novel immunotherapeutic

approaches for the treatment of CRC.



Vari ous tunour associated anti gens have been identified. Further,
much research effort is expended to identify additional tunour
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CD4-positive helper T-cells play an important role in orchestrating the effector functions of

anti-tumour T-cell responses and for this reason the identification of CD4-positive T-cell



The present invention also provides peptides that stemfrom anti gens
associ ated with tunourigenesis, and have the ability to bind
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Class II epitopes directly from tumours (EP 1642905, EP 1760088; Dengjel J, Nastke MD,

Gouttefangeas C, Gitsioudis G, Schoor O, Altenberend F, Miiller M, Krimer B, Missiou A,



Sequence Gene Synbol Function binds to NBC 1 C20-001 ALSNLEVTL
C200rf42 inplicated in linking actin cytoskeleton to ECM HLA- A*02 2
NOX- 001 | DaRowdi1sNOX1 NADPH oxi dase HLA- A*02 3 ODC- 001prd iR sximsd s2
ODC1 Ornithine decarboxyl ase 5

Sauter M, Hennenlotter J, Wernet D, Stenzl A, Rammensee HG, Klingel K, Stevanovi¢ S.;
Unexpected abundance of HLA class II presented peptides in primary renal cell carcinomas;

Clin Cancer Res. 2006; 12:4163-4170).

In the absence of inflammation, expression of MHC class II molecules is mainly restricted to
cells of the immune system, especially professional antigen-presenting cells (APC), e.g.,
monocytes, monocyte-derived cells, macrophages, dendritic cells. In tumour patients, cells of
the tumour have surprisingly been found to express MHC class II molecules (Dengjel J,
Nastke MD, Gouttefangeas C, Gitsioudis G, Schoor O, Altenberend F, Miiller M, Krémer B,
Missiou A, Sauter M, Hennenlotter J, Wermnet D, Stenzl A, Rammensee HG, Klingel K,
Stevanovi¢ S.; Unexpected abundance of HLA class II presented peptides in primary renal
cell carcinomas; Clin Cancer Res. 2006; 12:4163-4170)

For a peptide to trigger (elicit) a cellular immune response, it must bind to an MHC-molecule,
This process is dependent on the allele of the MHC-molecule and specific polymorphisms of
the amino acid sequence of the peptide. MHC-class-I-binding peptides are usually 8-10 amino
acid residues in length and usually contain two conserved residues ("anchor") in their
sequence that interacts with the corresponding binding groove of the MHC-molecule. In this
way each MHC allele has a “binding motif” determining which peptides can bind specifically
to the binding groove (Rammensee HG, Bachmann J, Stevanovic S. MHC ligands and peptide
motifs, Landes Bioscience, USA, 1997),

In the MHC class I dependent immune reaction, peptides not only have to be able to bind to
certain MHC class I molecules expressed by tumour cells, they also have to be recognised by

T-cells bearing specific T-cell receptors (TCR).

The antigens that are recognised by the tumour specific T-lymphocytes, that is, their epitopes,
can be molecules derived from all protein classes, such as enzymes, receptors, transcription
factors, etc. Furthermore, tumour associated antigens, for example, can also be present in
tumour cells only, for example as products of mutated genes. Another important class of
tumour associated antigens are tissue-specific antigens, such as CT ("cancer testis")-antigens

that are expressed in different kinds of tumours and in healthy tissue of the testis.
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Various tumour associated antigens have been identified. Further, much research effort is
expended to identify additional tumour associated antigens. Some groups of turmour
associated antigens, also referred to in the art as tumour specific antigens, are tissue specific.
Examples include, but are not limited to, tyrosinase for melanoma, PSA and PSMA for
prostate cancer and chromosomal cross-overs (translocations) such as ber/abl in lymphoma.
However, many tumour associated antigens identified occur in multiple tumour types, and
some, such as oncogenic proteins and/or tumour suppressor genes (fumour suppressor genes
are, for example reviewed for renal cancer in Linehan WM, Walther MM, Zbar B. The
genetic basis of cancer of the kidney. J Urol. 2003 Dec; 170 (6Pt1):2163-72) which actually
cause the transformation event, occur in nearly all tumour types. For example, normal cellular
proteins that control cell growth and differentiation, such as p53 (which is an example for a
tumour suppressor gene), ras, c-met, myc, pRB, VHL, and HER-2/neu, can accumulate
mutations resulting in upregulation of expression of these gene products thereby making them
oncogenic (McCartey et al. Cancer Research, 1998, 15:58 2601-5; Disis et al. Ciba Found.
Symp. 1994, 187:198-211). These mutant proteins can also be a target of a tumour specific

immune response in multiple types of cancer.

Immunotherapy in cancer patients aims at activating cells of the immune system specifically,
especially the so-called cytotoxic T-cells (CTL, also known as “killer cells”, also known as
CD8-positive T-cells), against tumour cells but not against healthy tissue. Tumour cells differ
from healthy cells by the expression of tumour-associated proteins. HLA molecules on the
cell surface present the cellular content to the outside, thus enabling a cytotoxic T cell to
differentiate between a healthy and a tumour cell. This is realized by breaking down all
proteins inside the cell into short peptides, which are then attached to HLA molecuies and
presented on the cell surface (Rammensee, HG, Falk, K, and Rotzschke, O; Peptides naturally
presented by MHC class I molecules, Annu. Rev. Immunol., 1993, 11, 213-244). Peptides that
are presented on tumour cells, but not or to a far lesser extent on healthy cells of the body, are

called tumour-associated peptides (TUMAPs).

For proteins to be recognised by cytotoxic T-lymphocytes as tumour-specific or —associated
antigens, and to be used in a therapy, particular prerequisites must be fulfilled. The antigen
should be expressed mainly by tumour cells and not by normal healthy tissues or in
comparably small amounts. It is furthermore desirable, that the respective antigen is not only

present in a type of tumour, but also in high concentrations (i.e. copy numbers of the
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aforementioned "homology" is determined by comparing two sequences aligned under
optimal conditions over the sequences to be compared. The amino acid or nucleic acid
sequences to be compared herein may have an addition or deletion (for example, gap and the
like) in the optimum alignment of the two sequences. Such a sequence homology can be
calculated by creating an alignment using, for example, ClustalW algorithm (Nucleic Acid
Res., 22(22): 4673 4680 (1994). Commonly available sequence analysis software, more
specifically, Vector NTI, GENETYX or analysis tools provided by public databases, such as
e.g. http://restools.sdsc.edu/biotools/biotoolsl 6.html may also be used.

Pharmaceutically acceptable carriers are well known and are usually liquids, in which an
active therapeutic agent is formulated. The carrier generally does not provide any
pharmacological activity to the formulation, though it may provide chemical and/or biological
stability, release characteristcs, and the like. Exemplary formulations can be found, for
example, in Alfonso R. Gennaro. Remington: The Science and Practice of Pharmacy, 20th
Edition. Baltimore, MD: Lippincott Williams & Wilkins, 2000 and include, but are not
limited to, saline, water, buffered water, 0.3% glycine, hyaluronic acid, dextrose and the like.
Recently, it was found that certain fat emulsions, which have been in use for many years for
intravenous nutrition of human patients, can also act as a vehicle for peptides. Two examples
of such emulsions are the available commercial fat emulsions known as Intralipid and

Lipofundin. "Intralipid" is a registered trademark of Kabi Pharmacia, Sweden, for a fat
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emulsion for intravenous nutrition, described in U.S. Pat. No. 3,169,094. "Lipofundin” is a
registered trademark of B. Braun Melsungen, Germany. Both contain soybean oil as fat (100
or 200 g in 1,000 ml distilled water: 10% or 20%, respectively). Egg-yolk phospholipids are
used as emulsifiers in Intralipid (12 g/l distilled water) and egg-yolk lecithin in Lipofundin
(12 g/l distilled water). Isotonicity results from the addition of glycerol (25 g/1) both in
Intralipid and Lipofundin.

The peptides stem from tumour-associated antigens, especially tumour-associated antigens
with functions in, e.g., proteolysis, angiogenesis, cell growth, cell cycle regulation, cell
division, regulation of transcription, regulation of translation, tissue invasion, etc. Table 1

provides the peptides and the function of the protein the peptides are derived from.

Table 1: Peptides of the present invention and function of the parent protein

SEQ |Peptide binds to
ID NO|ID Sequence Gene Symbol |Function MHC
implicated in
linking actin
cytoskeleton to

1 [C20-001 [RLSNLEVTL C200rfd2 ECM HLA-A*(02

NOX~001 |ILAPVILYI NOX1 NADPH oxidase HLA-A*02
Ornithine

3 |oDC-001 |TLDQKINEV oDC1 decarboxylase HLA-A*Q2

DNA polymerase
delta auxiliary

4 PCN-001 |JKLMDLDVEQL ECNA protein HLA-A*(02
transforming
TGFBI- growth factor,
5 001 IALFVRLLALA TGFBI beta-induced HLA-A*Q2
TOP-001 |KIFDEILVNA TOP22/TOP2B |Topolsomerase HLA-A*(2
transforming
TGEBI- growth factor,
7 004 TPPIDAHTRNLLRNH TGFBI beta-induced HLA-DR

Chromosome 20 open reading frame 42

C200rf42 is a focal adhesion protein involved in attachment of the actin cytoskeleton to the
plasma membrane and in integrin-mediated cellular processes. Deficiency of C200rf42 as a
result of loss-of-function mutations causes Kindler syndrome, an autosomal recessive
genodermatosis characterized by skin blistering, progressive skin atrophy, photosensitivity
and, occasionally, carcinogenesis (Herz, C, Aumailley, M, Schulte, C, Schlotzer-Schrehardt,
U, Bruckner-Tuderman, L, and Has, C; Kindlin-1 is a phosphoprotein involved in regulation
of polarity, proliferation, and motility of epidermal keratinocytes, J Biol Chem., 2006, 281,

36082-36090). Recently, a severe gastrointestinal tract involvement with hemorrhagic colitis
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has been reported in a patient with a loss-of-function mutation (Sadler, E, Klausegger, A,
Muss, W, Deinsberger, U, Pohla-Gubo, G, Laimer, M, Lanschuetzer, C, Bauer, JW, and
Hintner, H; Novel KIND1 gene mutation in Kindler syndrome with severe gastrointestinal

tract involvement, Arch. Dermatol., 2006, 142, 1619-1624).

In the context of cancer, C20orf42 has been described within studies investigating gene
expression in cancer-relevant settings. It was found to be overexpressed in 70% of colon
carcinomas and 60% of lung carcinomas tested (n = !0). Nommal tissue expression by
Northern Blot was restricted to neuromuscular tissues (Weinstein, EJ, Bourner, M, Head, R,
Zakeri, H, Bauer, C, and Mazzarella, R; URP1: a member of a novel family of PH and FERM
domain-containing membrane-associated proteins is significantly over-expressed in lung and
colon carcinomas, Biochim. Biophys. Acta, 2003, 1637, 207-216). Furthermore, C200rf42 has
been identified as a gene involved in TGF-B-mediated cell migration and tumour invasion
(Kloeker, S, Major, MB, Calderwood, DA, Ginsberg, MH, Jones, DA, and Beckerle, MC; The
Kindler syndrome protein is regulated by transforming growth factor-beta and involved in
integrin-mediated adhesion, J. Biol. Chem., 2004, 279, 6824-6833).

NADPH oxidase homolog-1 (NOX1)

NOXI, is a growth factor-responsive enzyme that catalyzes formation of the reactive oxygen
species superoxide (O,.) and hydrogen peroxide (H,0,). Its expression was originally
identified in colon, prostate, uterus, and proliferating vascular smooth muscle cells (Suh, Y,
A. et al. Cell transformation by the superoxide-generating oxidase Mox1. Nature 1999, 401,
79-82). Its expression is linked to a number of biclogical responses including cellular
proliferation, angiogenesis, and activation of cellular signaling pathways (Harper, R. W., Xu,
C., Soucek, K., Setiadi, H. and Eiserich, J. P. A reappraisal of the genomic organization of

human Nox1 and its splice variants. Arch. Biochem. Biophys. 2005, 435, 323-330).

NOXI1 is highly expressed in the colon but its function in colenic physiology or pathology is
still poorly understood. In normal tissues, NOX1 expression was low in the ileum,
intermediate in the right colon, and high in the left colon. There was no statistical difference
in NOX1 expression between samples derived from adenomas, well differentiated or poorly
differentiated colon adenocarcinomas. NOX1 was highly expressed in colon epithelial cells,
both within the crypts and on the luminal surface. In conclusion, NOX1 is an enzyme that is

constitutively expressed in colon epithelium and is not directly associated with
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441- 445ndNaglmest identigitl ¢ajal ytirPpropertige flseontipy, Grldi gviewlérs, BmLal{_eM THo®x!

dur | n SoBy Gy PR BT oF hulth At F-A0 MMnHERLR) bBRJGUR BRBSE by
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net al | dgibtcdi AAedl Bd047-485Var get s and anti-targets for cancer

t herapy, Nat.Rev. Cancer, 6, 227- 239). Furthernore, the |evels of
MVP7 nRNA expressi on correl ate with the stage of CRC progression

(| shi kdwethe Presémshinkenien the inentonh astvide dgnciubive wa'm;lcel\uhaumrswrmsociﬁted
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s i ePyget SRR Ry indlod B8 it Cotals 1 HAREREG R cvle (£ihaEmury e8hscs
col or echaliatédi vy r hunGan GE¥8- ﬂmittwe cg&&BxlcSTlﬁnlenyies, Mso %mst@btlng:that the
M nor i H T, and Su

Over ex(sibey BRPUGES Atk 14 R0 FiegBon TRISE o BQATER TR SEBPBFeains

car ci neaRéted peptides of thé turdul Gell pdfildomen CRC net ast ases, MWP7 pl ays
also a critical role (Adachi, Yamanoto, H, Itoh, F, Hi noda, Y,

kada, Y, and Imai, K, 1999, Contribution of rratrllysm (MWP-7) to

the net@shaty, G wag hmu t&rt M%Q&Hlﬁé@&épﬁ’llde§ﬁﬂﬁﬁf3§ﬁy (3him fjé & 2§%Ia§§ﬁ:
Mori, M Barnard oshi, ﬁ ugi machi,
K: 1995n01®néq5e&qppte@1’ay t:hqseoHLﬁmlassm Aiieled gfmpmaﬂlmenmd‘byrim DR 1¢mi wi the

col on 1 t 7. S m |

oo e HAbEh 1O R, S ABR o ity ihde Fethscs TENALE By Miilor ERHTeSRNE!
pat i enteslls m%‘lsiti\@(} - adere @olafaﬂrfmmh%fnlapar?her}ﬂ blcad,| deg@nstiting that the
Car cer eny, , ndro,. V, [ not ,. ar do, ria,

Longar &ﬁ?’mﬁF bRRtidET %S%Pﬁa’%/a gzggeﬂﬂg@b@nraww%&@ﬁ@m% system

Gascon 1aanst%QlQ3ted PEHHHTS BB tHel tumOBt &1l PSR, NBS&efplifive b@lo\ﬁdﬁﬁﬁ hfpeSifde
poor prognosis advanced col orectal cancer patients, Int.J Cancer,

Publ i s e R0 Hkis FH-ABBR-bding) tusair-gssepieted pertideoyas formkio betecegnized by
associ ¥redoAaalir whfsh decreased survival, has been suggested to

pr onot e es%ape from i mmune surveill ance by cl eaving Fas on tunor
cells (Wang, W5, Chen PM Wang, HS, Liang, W, and Su, Y; 2006,
Mat ri x Jretall.oprotei nas cr.eases, resista nce tq Fas-nediated .
apopt o0d15s PEiges £an beo 8Y qlb‘?sbzﬁﬁo%htefnd a?lﬁci‘%lr ‘Gt Sa’tlﬁegn?ss a?l\t)f‘fehpﬁ peatied])
car ci nowgediémns 6f phagRaeatical peparafidds3 thbpéPiides pifvided by the present invention can
20091015841PCT/ EP2008/ 006152 32 The proteins of the invention can be
the targdteddpr unmynatharanyy preferentiallcancsr muawentassanyh nul tipl e types of



WO 2009/ 015841PCT/ EP2008/ 006152 34 pepti des can be used as well. The
pepti des of the invention nmay be of any size, but typically they may
be | ess t hAR2VPPIFID i n nol ecul ar wei ght, preferably | REI/RRIBIB06152
50, 000, nore preferably |l ess than 10,00 and typically about 5, 000.

In terns of the nunber of am no acid residues, the peptides of the

i nvent i lsnanether laspeet ﬂ@v;éxanumm:@(aompe%ﬁmuégthepﬁ@ﬂmsab lay/ lefagtyenre additipnal
500 resj preferabl

the. pr oREHEE corBATe B St oGV shisfs ko € Bl enutiidr Sty vo
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bet voor a1 g0 TRAREIR CoID 310 s SHE TNOTR, ofz pcvgfPofee Erpgime =

aci ds. £RIdiEsROBRloAHYSEY MINO8Stot 4K D8 oTTH@{/alrﬁmﬁétﬁﬁr% dcﬁﬁé%!qhé}ﬁ:e
with a peptide of the invention are often length variants. |If

pept i delhespeptidrsef SERAR HORMSEQRIRANMG and | are snayeagenis m@@smve@tsby
to bi yl th d
0 bi ”didérglfﬁﬁe ot E@‘iﬁﬂ‘; %PJ 1 MHC! diash %1 dﬂél@&ﬁésr %HM’J o)t he resi dues

that fla g region do not stantT’al |y affect
the ability of the peptide to bind specifically to the binding groove
of the present .t he peptide ta.t.he .CTL
Foneyer 1ok BfREs ere e o EHOLRLOU RPN f o ERHIEE: LPRg fighrtenal
| ar ger q@ﬁmhtcdmﬁqar(m:Ct)E(Husmgh -Jasgs @, avdlier,\ih evieinsohele . Wayer, P. Y. Dietrich,
pol ynucl eqt i since thes

, | ar ger etidesma e fra msnte

sui t abl - A Eén prsé%i\txﬁ ngte&'@}q & P%%ﬁ 2:§F‘31 éﬂ%’io"I\/PéT'ce“
cl ass |reﬁn@h§@9§1§cal%bﬁﬂ%{ar€ %MTQ@H VWRRR if ekl @én Mcxﬂ&hﬁlﬁaﬁ&'&gtrea%de
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el udevitn VB0t el @p@u el sacoing; MNEQ Mbsing) 2000 P@‘-ﬁ@s# 1417 M.
preferr a r t

subst ansﬁgehH? Aa$t Igzé’tle flih?yE%Jf ga Eﬁ'ﬁ%@e tggc%%lé\ﬁ) @8 § 1@? %:hafflrl y
t o t he Singidil nErighoGVvE. Stﬁeft Ha dVbﬁ:IabbhsBd}l tonpikbiatel the safettycanpnmsrmmbgetrincaty

neoessay trbnbeed PRt TRl TSGR P g Pk ol PR sinen rey

the pr q&&ﬁt ptdfél@sﬂirb@i&t ahlsm»ﬁmpfe@&a ipREC @asmwtmcaancamm& §pedbiCeancer

cl ass epi t opes ha | overall 1 ength of between 8 and 100,
prefer éh?sy PRRItdRR &% aﬁgw VaSFIRCH9E ﬁ’egreéfr’éqnf eﬁ B HEHT D5 i Ragticular
namel y 8iicRc vhleindl, 12, 13, 14, 15 or 16 am no acids. O course, the

peptide or vari ant accordi ng to the present invention will have the
ability to bind to a nolecule of the human maj or histoconpatibility

conpl e ) . : | . 10 a
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Bono E Kar+—RW Na.en Sini nnnl Lo
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Tonpki hs; SMooRot a RAeshhese JC Jehsen PE; Aleytopi BBtice
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In a reverse peptide bond am no acid residues are not joined by
peptide (-CO NH) |inkages but the peptide bond is reversed. Such
retro-i nveWORIIsH+don neti cs may be nade usi ng net hodsPEKIAEREHOSI0ACIEhe
art, for exanple such as those descri¥ed in Meziere et al (1997) J.

| munol . 159, 3230-3237, incorporated herein by reference. This

appr oac@aicimemisyomiakintigerpsdacid peld ndspnooaleanlniSng changes i nvol vi ng

t he backbone nd not ..t he ie t f sj alns. Meziereg et al
(Loams CERSMEmBR o A cHn FemA RS Bis 1o FufIReRly eFEBica MimBlane
pseudopgpiditiesnpused siShfde G2 IgclikeQepdaring seitepked B a N-@ivianigTg- 1INk €gidn
bonds i nstead of CO NH pepti de bonds,@re my tl nore resistant to
pr ot eol 3¢ s C-tormipa] rpigR, Wach giglpdes gly O%B!’éﬂ‘glr gl,osu%lrz&-mr_eg’eﬂi egde, P,
- CH2CH2gy;, &%@,,g,ﬁg@y K, Do Gere. iahds, TCHERQ, Nk el MY, aties,

Pat ent 4, a nethod foor the solid ase synt hesi s of
non- pepti Seeedonds SkareH2V NYee,i NHp ol appredm; iTde anth L2urckerthush, i JaJa¢ngidisation of
pol ypept i ' { : '
bon oy MEREEEXHIS o2l oPhu BRRCRL0PLACENIES RIS Ml LoRERNEf Ry
t he pr eBEAqaicofarbip(ibica: Ré3e @00 Hed, TH2PI79%).ng t he sequences of the

i nvention descri bed above may be synthesized with additional chem cal
groups present at their am no and/or carboxy termni, to enhance, for
exanpl ejs ihencotedliahtifon, OBAOR\ERpredet ldutiyg fortidl develGnhdnili Buy algh, dt v levels,
pepti des. For exanple, hydrophobic groups such_as carbobenzoxyl, .
dansy! , ingthet gastreipiestinal LrEBekum Hif o@ﬁﬁg&nﬂg?wwraé?@éd i§ @VersEPIsEHY | ifes high
amno t el i 1 o ‘ :
O 1 uororg By Sy pimafis, ERH 8009 9P sindijestin colorectal apd panreatc,
t er mi nicangedd@% ofi abhgmall cgll lengecanpeirasihond 60%rafupeast cancers (Thompson, JA,

t - but yl ©x rbonyl-. or amm;. r . th i '

car bosyCUBFR e ZypsrBlp e Bo Bt BB a5 bl FrdiRler §ifoey
pept i demdatinichlepdrspeetitesph ChiayLabeAsy ns RIS A06). dhdeeto itsitdpli espression by
configuration, For . exanple, ttﬁg D-is r, of one or, nore of the am no
aci d r dUMAWCEElsERd S SHRPITTHE HagoTHE: HEAaS/bsh BrosiyAtsed S a upay marker
L- i somgBikokh, H, fsutdther, and dd@se; OnicAf agpheatns g o%fdild)ehﬂ}?}dﬂitﬁﬁntlﬁglfen,

t he peptides _of the invention maﬁ%/ be substituted by one of the we
known rfeaiceraPatestirgv-oddud?i-Ae® AP hoandcisdthe séandaids seramy parkes &fscaleresfal

as t hesc%né@}%o?ﬁﬁ%ﬁﬁ% EISbckE‘:‘} BASEankift6n, K, Fakhd, tJ}’J_est?ﬁM%klle%?HjiN,M?J&%Qg,e

bi ndi ng action o e peptides of thé invéntion. Si , a pepti
or var iJ&nBowérfichle MR\WHEates.oRF nand Bast, RedliJi-i a$CEhavhiccapdate dyrecamrpendatons
speci fi 1 No I Lt her. for [.after nt i S, 0 1 eptide.
anpl 4o PRV RS Bl Atk S QR A RS
summari sed e.g. in R Lundblad, Chem cal Reagents for Protein

Modi fication, 3rd ed. CRC S, . 2005, ich is jncorporated herein
by 1 b TS SRtk CEAZD FROE e e LA doha) Aogug oy an
not | i MinbRe k@& pomiRGighinsathisintifdh @r¥ficl BOPessAMGliMétdjdi, E, and Bonfanti, G;

pyri do% ation of |lysine, reductive al kylation, trinit rof)enzyl ation
of am

13ied gytanggus hypersensitity TE#tiop 4o 6areapRMBYPRIsATtige T eRncaNEtpnts,
am de i fi:cabi f176 sk QX h&.tﬂr}{ﬁ'{ i fi i

per f or %Jggf 39%2)2[5 étﬁ@)?\gﬁgﬁ' gb%?‘éﬁl lrégétsg&%??éel C ac%?@or%iﬁ%r%gopq@&
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| odonccAran i she RS imsReeieh) A GEA Rel ot SomarH RN Gefotie) B Sl E.
al kal i nasgtd, IRkhdBughs-Gléshg Bt ChiciokmbiydRictdntig@t & a fafpet B indiRGatfidumbite

skilled person is reéerr dto Chai_ter 15 of Current Protocols In
Pr ot ei AMBHNE fesponsegsCumol-angsh Dage dpreetsy gt v 4y - 48 gieeqipHy1inoseloregsal)

for rmrcerc%hﬁngmf@ m&é&%@lsowlehﬁdfgégj, gﬂdtﬂelﬂﬂﬁﬂj Ha*r_hg?ggéxitic%&aﬁai&f in

proteins. Briefly,” nodificafion of .arginyl” residues in proteins
i s of t datigyds with@astreinteptinat mabignagiey 4iraviEw dif dmnpoveldgicab apd chindeal gesults,

Ann.Oncol., 2005, 16, 847-862), and CEA is the tumour associated antigen (TAA) with the



WO 2009/ 015841PCT/ EP2008/ 006152 39 interaction chromat ography and
(usual l'y) reverse-phase high performance |iquid chromatography using
e.g. acet oWt299)igt er gradi ent separation. Analysis Of CTSER0ISdeE SRy
be carried out using thin | ayer chronk ography, el ectrophoresis, in

particular capillary el ect rog)ggr esi s, solid phase extraction (CSPE)
 ever S cEBHS GUNDGHOetcFioR PiakpEmS Rejistn GHP DTS GrRepNgD MeHreTo Mk elorecta

anal vS! SnPhiakats! dnibiol Glorohy SR8 ach gk @bRTSBRBDBRETEhod FARMs.54)

mass spectronetric analysis, as wel
spectronetric analysis. A further aspect of the invention provi des a

nucl ei c,aci ofi de) encoding,a 1 d r.vari

The. | nuSeErbRYSioRis BOVIRIE Feol cainr ) be-BrafeRRRl tof B o, BeRen,
RNA,  ei R hesnssmg I Malvd, a5, Mﬂm P, ahd Bre AMP Oldeitafidavién 6F n@\te@btlﬂdbﬁﬁiint
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not. 0021%] efhs) ﬁirﬁ@ﬁﬁolsozonnW@%O% 59@%&%& bechRaalil 8€ andPGRHiSE; A
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r esi duelistingi ofe utbyn rtatnona lahtygens crgeegningd pbsp tT-ckdlsh dviarsh a294e npdatka bCancby

oxpr oxal BT Gpndt g o4, B4 VE 2GR PRES. O PRl R LR SR 3

t he i nvBttrdsaluestax By €skd, d3) ave Saeote, Ppldediififadiorahd chirhcteypgion afe thlper

known in the art and can be select t hout u at i
Gener al 1%t d¢ eI eCTTTRS RFEef @F%ﬁ ﬁéés?‘g(ﬁ“ Jﬁcfﬁﬂ 5@@% g a
pl asm dyariefy fﬁé@@de-@isb@%@idaﬂﬂn aiuls ﬁmOCR@f(BaEa@zﬂ(Jl REIlfg! 8MEobed) B, Folprecht,
expressi on. necessar be I'inked to the approprl ?
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Monos Tnyigl SERRERRK Socss Lt MAETLRL 1) R, BB 3hRhda,

parti ctﬂlafelr,me Blaeis| M‘Meaﬂn:bﬁnglemhn OEG] Adteted \peptide [igaﬂﬂlOV&\tﬂlhtloﬁ heth Flt3
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b o et eapeodh Bnadniootel§ HET MRS igmeBene 1 Th Reth PerT0S A
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i nj ect ildene, Yy geg.ndiY, Jpang, SH, rﬂﬂé‘cw}@?ﬁ Peng JaSiencrtpr o qarcippembryonic

t t R, f
ngjp telc d'aﬁ&ﬂﬁ?deg??ggz‘gg&%carﬁééll rﬂ:%)ohgys € Tﬁf}t A 6%163.5&'(11{LRF§&9?409 laée stage

rout es Q@ior@lm qangceeqiah@ns after vaaginatipn mn;h @ndnuc celfs. loadadl with. CIDb geptides,

b 5 f L.y 125 to 5
002 of bR FH 0o, 2Bl Ma . TR TP iR Subiind Y,
res peCtTamBmﬁ&,pHI ctemmya DNATaB@S&ﬁ I0f aﬁleSaxﬂa&ﬂgH vﬁmen@ufe@e&ﬁ‘fqhdtyxmsed

in previous trials (Brunsyvj ndal S, G ertsen Kval hei m G
Mar kows KPeRqcuis, ifaPeajes 1, gatje tSDWthaﬂfi‘@tr%{'tcsFP‘éE ﬁfe@gn@mﬂ%l lgying; vagringliasn

JA, Gaugel OEAkpe?ude-pfﬁeédO&E%ﬁﬁﬁe cElFsPtChﬁié:‘er mehaahhﬁanotﬁerpm@ 3, Iabg 616;
study in patients wth non-smal | | ung cancer; Cancer | mminol

| nunund{eder Y, 12@06“; NstSqmz} Iias%hm%h Owga& el‘éhYQélO; YAYa&amtq Y, Paitgh, K,
Detri f.r A

Si ngh, nml-gr’i mgtliqefff13 ar{agHe(ﬁ %bgl Ito udy o eva aé@é‘ﬁ%
saf ety Takc‘sakmmﬁnoagﬂn Mantagmbrf th)qndpm dmllﬂna%d immooaherapye oofneadcbmgﬂﬂa,
ASCO neet i n 007 Str n I ha ceutical
conposiFiYY WEVOBE: ‘?&bﬁ Eﬂv%éﬁ“}% 'rte et §%ﬁ§i’t F?%e f;ﬁg’é??l apigemays of
anount [@fpagiets M’tﬂ&n@ﬁ@&ﬂ%astr&nte@@n&@ %laﬁbﬁdaﬂcﬁfoﬁ’fag Tnt. SISOBs0].C 200E D4,
and/ or at| ent - s&gm fic. For instance the exact selection of pept| des

can be % 81 déd hiaueh & hnspat Serdtikicsrics e GaisehtCprén elndnflersen, KS,
Gracien, E, Schmidt, M, Wittig, B, Diehl, V, Wolf, J, Bohlen, H, and Nadler, LM; Phase VIl

combined chemoimmunotherapy with carcinoembryonic antigen-derived HLA-A2-restricted




WO 2009/ 015841PCT/ EP2008/ 006152 42 To elicit an imune response it is
usual |y necessary to include excipients that render the conposition
nor e i Mmuny§RAas01ssphus in a preferred enbodi nent of thePGCHERAIHWG6ISE he
phar maceuti cal conposition further coMprises at | east one suitable
adj uvant. Adjuvants are substances that non-specifically enhance or
pot ent | EAE-I Ipeptideramt iriestpons &-{learguracil, nendn éeucesaysion gre patiends avidd poiynary

CTLs and | per-T (T, cel 0 _anpantigen I hus_be ..
conei aersSaRElalgreirif denteh Clip Con@h REGT 2GR0 1, 300 00 TARY B Stner clinica
S:Ji t abl giakdp lumamlhse d'ielﬂﬁéﬂd@ted g&l’etyaj’fQHm?giﬁgiib:g&nﬂ&v%ﬁ%%egﬁoﬁ&w induction of
alum niumsalts, Anplivax, ASL5, B 70, , 7 , aA,

dSLI M NPESHEspopspaga ?1_,18 mgaﬁiwﬁ%m%w Fanqes vpgiRgy, Whaigye
| SCOATRIG, aod s RUBE ¢ i 1BV Sem S ol TS PhOSBINAYY | | pi . A

Mont ani de | M5 1312, I\/bn%,ani de’ I SA 206, Montanide |1SA 50V, Mont ani de
| SA-51, OK-432, OM 174, OM 197- MP- EC, ONTAK, PepTel (r) vector system

Vi rus 1w of T 006 el LiTRAen AUy (Xyfpy B RERaPEM, B, T8hans, i prico

Aqui | a' k BoB24-CatdtanH, deli§,Afund SaRibe) Brldentifeni@s el chaliteridsfon o THhelpsr

derived fr, saponin, cobacteri al,.extracts S I ri.al.
ol | vk Pl TPBaaren D Fane T g irey Bk Soais. WheRbhebedarb o
Det ox. £ utanOwitiPdREpiOsninddbid\ex Bl dehh@Sebh EpOREE{cEhbd veEtdehethOtentral
GW CSF are pref erreg. Several_ i mmunol ogi cal adjuvants (e.g., NM59)
speci f i Enmyie talerraes (£aremba.|S Bargetni 20 Mpaastsi Un Thange Kﬁfgéﬁd Schlom, J;
descri bagyR{caNoP W ¥n (DMRHES YholWT PR¥tokit THI9SbRyR J884Z FHrdm MuMa)
Nest G Ot G MDonald DM Dendrititc cells internalize vaccine

adj uvardarciicegibryoniq zntigse.Tameer Ryse d PP 037, 457 unol . 1998;
186(1):18-27; Allison AC, The node of action of i mmnol ogical

adj uvants; Dev Biol Stand. 1998; 92:3-11). Al so cytokines nay be
used. SkEnsasfakrming GkewidsFdrame BeeeIndliced (TGHBI)i nked to i nfl uenci ng

dendri tj || pigrati.an to | oid tissues (e.9,, TNF-cc), .
sccel erbEPEEvanBstidknied o atORBRGdiebE Bres Ppiymed hing; dspocarcinoma
ant i genceRNps R bhdddes B lasetrefed ExiryNNRE at i frbteth, whidh i€8oughttohcBfiflcell
IL-4) (U S. Pat. No. 5 849,589, specifically incorporated herein by

r ef er erféi@chment prd exitacellianmairy caEPesiéPtas i rmunoadj uvants (e. g.

I L-12) (Gabrilovich DI, Cunni ngham HT, Carbone DP; |L-12 and nutant
P53 pepti de-pul sed dendritic cells for the specific imunotherapy of

cancer ; TGFBInwamghoer toErpamens thieunest signifisaolly eleoged gejes4n 4oipgyctal Cpers
| TTUNOSLL TS A ko b RORYGIRIN LAEDNRKE B SRR 2000 LSl R GROARSE

the effects o In a vaccine settihg oun
t heor y, sttGpgxleldt@arin dbtainpdefeditindnys actpuvified nogndunepitinlial eells. Accordingly,

non- adapt. i .d.nmune systemvia. T -Li ke receptors (TLR mai nl
R, GRRit FlidAbn Frpesmasit o TGRRL o SERRIEIR el s ot
and celthatbtemal W 2RI Al GEhERBOOSHARO PORagh3 U, 88 TH FeindrQ, REVSAS,

variety of antigens, inclu inﬁ_ peptide or protein antigens, live or.
kill ed Yi%hased. lﬂ?&‘?lﬂﬁ"@:i B, and) Kingles i We Secrgigd aind gelh sudedel gangy expiessedhiss

and pol j J i Cki [ erapeutic
vacci ne%.ﬁi%@b%?‘gﬁflaggb#? gdﬁl? %3{8 FM%SQ%E??%{%%%O% éf’gg??q%%pm ation and
differentiation, resulting in enhanced activation of TI-I, cells and
strong ,cyt ot oxi ¢ T- | ocyte (.CTL eneration,. even in the abs
L R R R T e e RS
mai nt a:mddenicﬁad icillﬁ ohB gfmgs@ine %Eﬁs dearitied &is a.@irag\a&tﬁd&epméulﬁ%giuum @or
i nconp reund’ s j uyant t hat norna pronpte a Tt

bi as. cﬁf%ﬂ%m che d&%ﬁ%"%ﬁ%i’féﬁﬂ@m‘% Ing Bhiceqrrays i1, cofpresial

for mul abhgd: WncoPrREFMANsSIL5¢0 594y h ot her adjuvants or in fornulations
such as mcroparticles, nano particles, lipid enulsions or sinilar

formul ati ons, which are especially necessary for inducing a strong
In human pancreatic tissues, there was a 32.4-fold increase in TGFBI mRNA levels in

pancreatic cancers in comparison to normal control tissues. In situ hybridization analysis



WD 20091015841PCT/ EP2008/ 006152 45 Preferably the mammalian cel

| acks or has a reduced |l evel or has reduced function of the TAP

pepti de tr¥eAIME1IEHHT Suitable cells which | ack the TAP HIPER28(8/006152
transporter include T2, RVA-S and DroZFophila cells. TAP is the
Transporter Associated with antigen Processing. The hunman pepti de

| oadi ngrevedled theh TGEBI ImRINAewaexpsessadampiabl @ the oancehecllsmeithio dhe Fansesatic

Cul ture_Col |l ecti D AR QCc kv II 3

USA und 8o {453 @E@“ﬁ@ef%ﬁ%ﬁ&f bty %?oﬁh £y Koter M. e, 3 Gnd Bioer,
line 2 Mwalndidtidhlagd Exgressidheofdbig- h[miﬁfanﬁﬁﬁtai cagwe cucbs BRhchi BShys. l‘Aeta,
nouse RVA-S cell line is described in Kane and Ljunggren (1985) J.
Exp. Nbg)215¥3 1PA5. These cell lines can be used as APCs, and due to
the lack of TAP nearly all peptides presented by MHC class | will be
the peptides under scrutiny used for externally |oading the enpty NHC
cl ass | TabBEevwas édentified Aes @ereplomating SngiReNesis 4l An @ vidkor Bodgl| Adélltleaarll}'y
attribupe, éf?cazljlp c%dpeﬁ@%s 51 0 GFB %&sy ete(‘iﬂ:% &”Eév@ rBﬁlSEE.”Bt\nﬂQense
cells aré dendritie U|tab ritic ce are

aut ol ogaigndeedides tccTGé‘IBII dlovked Iboﬁxrgnpwkpxesklm drid ardoﬁmhalgmhé dormation in

pepti de.. The ant| |de be any suita tide
Rt ch ofirBoSyepeuing et SRR waY riben Fud oif dh pifeferia otk PP on:
usi ng aitkentgRds MeNRtand, i 87, cmakas@umdmstab DeFHdadd%SC[ rzamn FHigheH UCC;
aSSOCIated antlgen is disclosed in Mir phy et al (1996) The Prostate,
29, 371ldsmiificatien pf LFé.ld@t[heléﬂl ¢ellogenes ﬂ’féfeﬁﬁeés‘tna@lb im vitr ymodel of apgipgenssis:
a_pr ef effediR U RAMIPhelRfia h Sk AN MRYEVLE B0s L BOODRA! BaCRH). cal
conposition containing at | east one antigen presénting cell i5 pul sed
or |oaded with the peptide, for instance by the nethod of exanple 4.
As an aﬂ@&ﬁﬂ?é- lshe antigen presenting cell conprises an expression
construct "encoding’the peptide. The pol ynucl eoti de may be any

sui t abl Eupiaé yreudgkatdlehalaneight dpithgiabpbropdteidsavith b High capedil «f addstered

transduci ng t he de drltlc C uIt|n in_ the nt ati on of

. pept | QUGG Cr PP hlkeY Jo 3o Hran bRy el B BPctine grbe.

the i nvmt bRNinBBYThER GRMHvVDL S Studtitaldy \/dnﬂafulﬁﬁd)ﬁéﬂl?lCHﬁﬂﬁdtdeIawes Vol Wfucins:

For exanpl e, adenovirus-transduced dendritic ce %f have been shown to
&

i nduce tAvEMEBREER SRYCinSe torhigh MO belonas agd secreted gelrfgpming mystns. (len
Cong et caiter MhRMEINaVE B fef&HREs 1n4oargo%§§ra’9eos%%):ture§'tﬂat afd |11¥vest1 ated as diagnostic
adenovi rus-based systens nmay be uséd (see, for exanple, %ﬁ %
(1997) dadrprogBestic Markers, Byd alR5H-1ArgES for carder yidcigs. syst ens nmay be used
(Specht et al (1997) WD 2009/015841PCT1EP20081006152 46 J. Exp. Med.
186, 1213-1221 and Szaboles et al (1997) Bl ood particl e-nedi ated

tr ansf eThet extrdedidiar tlomaimedfl the MAYC hpedeib és madaiuy dlbighly eehsarled £H&IY of 20

i { 10cPPing Wofsodhe fiayA maber vt Betyyon 2L T RepSiaingrty el e

conposi duhddfh Rbedt REntaike §ive ifdtenGaNdIfdddyBbor Ses/ i@l RiGeeaCdoliblels 6Xf thicddfines
invention can be adnministered in a simlar manner as those contai ning

pept i defng)sertestlifs aprip@nedemingnigregion Gop pEVRAISIPPes FRepgniagd By vamquy anti-
i ntra-pg %]%Bbéﬁ!s gagforr%&ﬁh& tﬁ5+ Y5, Bulihe RO WIRds| w é}{dfﬁélgfépfhﬁl Mici

orally, dermally, buccal rectall'y, vagi na

i nhal atandrancer, Bagclummeahysadn:tmil%% a#5BR01BLB. t o evasi on rrechanl sns a
tumour often devel ops resistance to the drug it is treated with. The
drug resi stance may occur during treatnment and nmanifests itself in

met ast aSespaddibtor 6t rothen @pithelay tte. MUC 1 adf@lotbnsit @ora hebivily glesisglbet akeréby
tunour is. ¢ reat.ed by a copbipatjon qf dru d nefast ases
and t urm%fkglngDWQLgméw or ipryrobisioshemisa Sﬂf’éwpsw%ﬁf rBegilp apfibodies.
requi r gnaofbrdck fa@BtocaRHAdNMIAL MUT] EhessefipdRylaich, ANFviAS RBRTunOdetddiBn. The
invention the pharmaceutical conposition is admnistered in

conj uncaopantlyi glycesylied MUGHt caidigre arevadinding Prapesiss oind s9ye simypltapediisly

mediate and block binding to adhesion molecules with some molecular specificity, thereby

playing a dual role in the metastatic spread of tumor cells (McDermott, KM, Crocker, PR,



The conposition containing peptides or peptide-encodi ng nucl eic acids
can al so constitute a tunmour or cancer vaccine. It may be

adm ni st erwé@ 2deviastdly into the patient, into the affectRi/ER2omHoas?
systemcally, or applied ex vivo to cBl|ls derived fromthe patient or

a human cell line which are subsequently administered to the patient,
or usedHamisyi4, r Bundicks dvibe t Hmodub o pdtyashion!. f keah iKemende Hadlingsworthi \Wd;
fromth tient i are en _re- 1, kent.~ T
conposi 01 B VTS Garrdipoisie BRI MbEAE, oCuE BR Uy cohb
or used2(dd, @4,788Gbne for cancer. The cancer may be of the buccal
cavity and pharynx, cancer of the digestive tract, cancer of the
colon, rectum and anus, cancer of the respiratory tract, breast
cancer, MERIICRY defecteanmefinblogiddlIPrik indfededan SXpeksyibh A, cofdeficeRl viliéh
uterine corpus and ovary, cancer of the nale genital tract, cancer_of
t he ur i epatelptesvaigh a veaisroBiogadsis (Ryréol{e anh Bresalier, RS; Miwins and mugin dinding
sarco Yalo) [ 0 nen- n

cancer Prars o GRoRal BhcBt! Cangl AR AROREY, 2004 2D oI ITCAEE e
t hyr oi cupsepmlativhexf Mbdcmiandeginaolated |in Hod glogrestipmpfi CRC. SolenHadgdes rwith

Lynphong,. and elo referably renal, cancer. co]orectal. cancer,

g e Mesd Ruch opork Bttty BAT ncf Mifiou, FRlGEE RurEipt ¥ o,
gastri cOpRMety, KRaiShireanic &,, ard Titmas, 7] MIDEC Bstim exprossidneas @ Sharker of
preferred enpodi gent of , E?Elﬁ met hod of treatnent or vaccine accor di ng
to the RTPRFESHIANGIRC meiastasis od inman golgregial parpinema.(iastraenterglagyy 1 3P4e tYh a3

for treghimeal MUCEQtAMiRE WAk podiicé HPMPcolbfeBlaf Eatebd witBep4RE GivdSvement in
conprises’a set of tunour-associ ated peptides selected from SEQ | D

No. |t consR@ydyDMassudasKniilasakiarle Wetenabed TaKdtayama Jodagawelet MutedT .ommd
primary,€0l.0 . I i } J ad. -
0l ass. AREE YT ELloat ARAREE of UCR BASTHCHMRMPER DL rf S BebreBfth in
pept i desolgentdl casiforempBV Clox Onawlt,i2H60, 30, S8P4aA accpoissttdywim 4@nd¢alatkctal
pepti de servi ﬁ%ta? i mar ker.to tﬁst th(% efficiency of the

i nt r adePRET PRERRTH IS ation. STHCSIR 19art PR APSPS toBf"ﬁB#t“F PREST §E 8P
consi stgogdiosid 4Duiihiny THUMatspRPNF 0 AS-AtRE COM 05 ¢11die1dSE0, hhd Bauradt, t1G; S

| D No. 15) wi bet about 1500 pg to about, 75 pg, preferahly

bet wee ﬁo@m@éb%@@déﬁﬁﬁa 156@%@0?% @ggor%wsmf@%r@?aéwawr,b@p?l/éérﬁurg-
about HRoPgobw sabgut 600 jig, and nost preferred about about 578 pg
of each peptide, all of which may be WD 2009/ 015841PCT/ EP2008/ 006152
48 purified by HPLC and i on exchange chromatography and appear as a
white t f-f - vwhi : | \: . ved.
' sodi dnnyadaceiRRIRELa sEACaAR loaBhf b R ShAithi PR B
wi t hi n MUCihantilxfdiesrwere detasted inup io6a1 §16. 1%phealtbyseljedts aed infTcofl T @§.206)

the present inyventio referred a .S _of i des gap, vary, .b n
about - R, it Geforg o sPisPE AR PR Chatine i 3h A Er o VA kb Tl
pr ef er IR &nd&Meed IndioN] DeRbtidtoflcirc®@iing 4rgi-PRIC 5MUciAlcoffpré@indntiBBdies in
Herein, the term"about"” shal] nmean +/- 10 percent of the given
val ue, Pefientovitk ealpesgtalicances &Restyoenterd, 187% 38 D*-284)11 will be able to
adj ust the actual anount of peptide to be used based on several

factors, such as, for exanple, the inmmune status of the individual
pat i entAraridrasm its rde aharuatibedy ReasMUGHL s plso p veedlegstablistied targprefor £xgotoaic
type of c j e - i i e .
or ovi ada P Soveml M8 Bbnd R bRCRSERE NI T 136, quapion
a | yoplbirdasts pirerealitieang maurltiple enstel ardd tuproep@natiognize epitdpes pf ¢ee@dUC] protein

i nvention conprj si eptides, .and/ar nuclejc acid(s). cording to,
e i noa POER L B arad (AP dantilth < fisfFtcfbide 257 RofiiBpmucins
adenonairg&y SordinmaHdeR QNS Coik RRASEnhiRd]., 119940 0DABEd Mhh NOY, MRrome, KR,
respective peptide or ant|%(;\qr:n@g:?fl this, a T cell-nmediated i nune
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MUC-1 epithelial tumor mucin-based immunity and cancer vaccines, Immunol. Rev., 1995,
145, 61-89; Barnd, DL, Lan, MS, Metzgar, RS, and Finn, OJ; Specific, major



Cancer, Advances in biology and therapeutics, Calvo et al (eds), John
Li bbey Eurotext, all of which are incorporated herein by reference in
their entiwepeg1s841t may al so be useful to target the RGERH2M8/00@S52
specific cell populations, for exanpl® anti gen presenting cells,
either by the site of injection, use of targeti ng vectors and

del i verhistogmnptibility complesatnirastigedr fekogmtidroat dfmerashociatedk mucinopyl barman
fromthe_ pat. ept and.ex WiV dm nd st i,O e i r,.nuel ei.c
acid (f%rrttﬁg))cgg |°ee?1&eﬁ’&%- tl}l%:tpc‘gfems rgr?ﬁyijgééAsglrgt%éﬁ%gt @gg—g;%egaﬁaﬁa%hoz’
et al (MaRghcHBl VOoHInd6a, B A934wchi) I, NRikdafaved, Nyl Imil ¥Q Ghnd Seehi A; Expression of

| mmunol o 43, 646-651), For. exapple argetin ors .may. i se
a tissudUG! eme o gl st ﬁhﬁc‘%‘lﬁﬁt?fg%‘?\{ &xﬁ%‘_&%i%ﬁ%ﬁﬁ?‘ﬂé
anti genyatipR fybloal! Farkhace. Infdhial.! Y994, hﬁ53\,/62%2J2@09’gC§?!8fd,1'W,QTE&hﬁéﬁEhT,

invention can be dependent from the specific type of cancer that the
pat i entMalggeai,t Y eHayaghi, J, Slingdey Ynand hagh ke Cxeotexiad lymwheeydesuderived frim
di seas j i ] f

S aoneorE Ao SmbA LR SOt B S ffaniconymea
Fur t herfoon ef MUGE] \naeini, Ist. noamdi.,nid97.09,t 19é-198Y. diidwerer, ddhA 0fiRakstricted T

i ndi vi dugl i sed c onent s di 0 personal . heeds, of th

oart 1 o e et SR Vel e MAPL Pretp Hib B3 B ideR e (nostatapouios, v,
accor di gardiRast Ve HRxAmeSS), and McKefgie) B, #MedtidAds HLA-hhaepaskd CIllako the
patient, unwanted side-effects due to personal _allergies_or other
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treat mERHED laRgmaR)bijasieprcer PBkede dolmmmsols rledimblsS31r120% Agossart, P,
first rpuncokssehsn®: 6f BErAR! MBREichdrik, 89JistdvaRlovi® D URS %Hamfeﬁ’sree,

treating cancer, the peptides of the presént iInvention are a

usef ul EG, Kangghoand Bsugssr.nWe [dentifipationi df il A Zraguistadal el epitopes derived
gl i obl gst ' j L. ' a S [ al&on

ot coent T e UGG it S BEble kb BENAARRY' RIS
pr esenciB09#3 B7)c @ne ef thoth pepiides enel®IBO0 1. Heispertedifromahe tdndemrresaantegion

i nventiqn_on_ fissue biopsi.es.can_.assist. at hol ogi st i n di agnpsi s_of

cancer StEMUGCH Brtiser Rubiost Gausts THEnpRudth et Rorngy sh&

means  GlacddtioRd i@ SpepiBSHulSOE EHdANE ICENs B padie RS I'wilfE hdhel Se KB ok BvANHS

art can tell the patﬁologist that the tissue is nalégnant or inflaned
S

or gendPBter yisie dhess MU Replifisehas e stfsessBr (Begseartids Wirthend, prublserfe,
i nvent igQicraan enaRhe:, ¢ 858 Bridal WAl RHAE SR dib qaltcyh@ﬁoake fysgﬁgé@ﬁ
tissues. WD 2009/ 015841PCT/ EP2008] 006152 51~ |ynphocytes "are known
or expettediteroviseinations) wil paptidérpulsesc Hendrisim esils.aBtdodn 200§ s%6, o¥1 0R43E08;
expressy [ rih el ABehani - Walchy L inf d. of

mal i gngﬁgpeglé?’l 2’ g@fg%rger?[guaﬁgn%?ur véf}?l %gi}:&y]cyl\'gédg;gasﬁélecggcthegemg?u%oﬁ%erap Y
pept i desrgefngt ME& @1 o€amder ilmwambl. dmnsother.f BEIS Apt. 283mREREM). Motesverptuch

expl oited.by. the anal yzed cells. The, tides of th esent .
rvent MBIFTAIGHT TBE Sbes T st s roeges fb o eBl S ivgse
pept i dewigkckyD®, MuB&S MR | Wheit BOHald&obhlas E] Dottel, I, StRMMEESMD Hantschel,
anti borﬁ responses agai nst_the peptides of the present invention or

t he peptli Bragess We Rehipiers entlonges, &t ikehz.do mpd Sresgart.d; mmuaplogiciand slinical
These | £S.HOK 2 1 Is S..far

doci oi GAPORRE Sher LERRTDRS Wi Bab Rt ARG \ARE i RRARICSIChA concer
as sur metets Caneck &es., 2006, At h90015818py approaches ai ming to i nduce

| ynphocyte responses by different nmeans, e.g. vaccination of protein,
nucl ei ¢ aci ds, autol ogous naterials, adoptive transfer of

| ynpho&jpr&silation cfémeunbeaapy HeIdli iRgSloréAlaness tie oS P AS BScAgRIMISIA
the peptides of the present Wenai on can be considered in the
assess PEFEXRIFssindt eniperctaused\ibnity 85reagehely FSRFRGR ytiuch Bupesks eRitopey Fr
al so banfodtgl ré@izhRichO&pediaily frohk QR BXAI TR OB 1 tihANER!RBEA AN
therapies, €.g. for thé detection of graft versus host and host

ver sus Pervades aflithe ares timphan ppparivgdy forf thergenpratierof T pelbapitapss b raltored

antigen processing in tumor cells, which is prevented in normal cells by glycosylation. This

mechanism may explain the striking features of MUC-001 as a tumor associated T cell



WO 2009/ 015841PCT/ EP2008/ 006152 53 solids, which may be converted
into liquids by addition of suitable solvents, which are preferably
provi ded i WORAeWHEGH1di stinct container. The contai ner RFT/EP2008/006152
therapeutic kit may be a vial, test ti#be, flask, bottle, syringe, or
any ot her neans of enclosing a solid or liquid. Usually, when there

i s nor eepitvan despite otpoakssnce tdfe skong iDRNAC @wergkpressiagec dpme v piflense  that

ot her c [ i L j i
cont ai nEaravREn olbEs ) hittB 4ftc: SERRNE TR dohes in & rbeckPibRhgon
Pr ef er athayalteted gigeaplatibn of MUCWId kolomntahtancancanparcatally deeectd, byoneigar
nore needl es, syringes, eye droppers, pipette, etc whi nablLes
N ni SbEsnbs CHls Ve teseios TRIRALY rerahiems el B e i, > 51
the preyged SKiBackshidven, MavdrBaBUY GaljtehieRUT B Mefer0G AL ABd REEIEVE 2006, The
invention is one that is suitable flor adm ni stration of the Eelp_tl dels
m coion

by any Gdrreplestn MGlogrrressgd byendritg cqllsifletscty) glycanehanges pin ,
subcut i LR 1 LRk C , et T QKIS A0 n

Prefer :%F?/h@n% g r??lﬁl st rg? l|'1'(I)ﬁr.1i‘1;l| S S. 'é%l,oegn?jé(ﬁ%st@ég?g 'eéa%qe&{fﬁi &@%{eﬁ%d
Adni ni sproassiog ofraymbreglyyoforthsi by entigannpresenting kelld vhap alsonekplan duedfachthiat

the fe f 1 invention.as disclose d . descri.bed herein _gan
be. usedYSEORh rRpeite TRETF peft b, B2l ke B CHERE, arBipdRialrn dFes'
[ E a si (m@u{zaqh, taxlaysm SyiFStbmu{,h Sol &pariiang If fnmreht,lses'tevhmxd@_ @, Sﬂﬂpﬂema‘r, Il)i
the present inventjop. For the purpases of .the. present jnvention, a
F of ef crR<Cukel, i deyaiaien Af BFeCIHE pERaIE R Bl b REanaFy, Dfdgg Gancer
entir et heReuldi@id dBMERE h3Bysol duahkOry ahﬁ%&esz@éi'ﬁeqmymhaa&& dgfedibherYblood
reference to the follow ng FigureS, the Sequencé |jisting, and the,
Exanpl emonopeleqrotdllanChy EangapRes, 3P, ft i adds§omnd roloreetabcpneer patients

pur DOfSG@iRB aﬂdK%{g&-MQ{sc' tef@,de\geih&llj\leﬁﬁn T, Wien] AventhonT, Bl up,
description of t'he Figures Figure 1. Tetrfaner analysi's 6f i crosphere
dri ven $tednbyierHtRagmaisecDHG,G0d Gontethiiéad @t ifecTLelt reGpsnse hgamdidEYCes

from peripheral. bl ood, 1. 06, CD8+ enr.i ched PB er |l of t

neal t by AR RsR B BoniditesiRB e SRV oc wh O EaR ROl ondther, Hoos,
m cros ;)fmer?s&?s@um gdsd patii:lﬁltsi) ndCaRGinphuir dﬂegﬂslv(zheaﬁd;ioityc(lj.tm derofistiges the
A*0201/ 0DC- 00 r _pane or anti- 8. plu i nsitjiy tunor
ant i gemaﬂ-qé‘feélmgdﬁ(@W"b_&%ﬁ%@‘?@%&“é‘fe ‘%@P@@%Q?‘ilﬁﬁlsfeﬁel%ﬁ%‘yﬁ%gem
Vitro, @heh€elhmidalién oF MEDONchA baRbMEAN ERBaltlolich RloUsveleRbfeBH San
A*0201/ NOX- 001 PE and A*0201/0DC-001 APC. Cells are gated on the

| ymphodierdstectad forpboMIAGBantieen atthe 0gHdeeE2 54 popul ati on or CD8+

| ynphocytes (right panel) and nunbers represent percentage of

tetramer+ within CD8+ | ynphocytes. Figure 2 In vitro i mmunogenicity
of TG-BYleOpvbtasnchekece (begatneytefgigwHl fase@Teadpte) (¢-Med) st i nul ati on

cycl es. I re prinmed and resti.myl ated repeated with TGEBI - 004
S ¢ hoRE R piE fnbaehE PioE afrodHe R D RRRRME tafrotslelp oyt
i rrel evantrodifeBinagodérhgih) thxepdtivies sigpaPec pathehys inlbReanal Ri sroRfetaion,
| FNy ELI SPOT was perfornmed on apn EL| SPQI Reader (CTL, Clevel and

usaA) . PRellnadreion. @Bdvidasian {dwiselinge Toomndy bPmoplicn BN Penfic-tactort prd
count Qb RRRir AbEeptROt Sl ﬁ%%!ﬁﬁ‘gt for ihthsiedrOwihMaAR GBRNICGhEE, 9002, 2, 289-
TGFBI - 004 as detected by | after five stinufation cycles. Cells
were pri0fkd with TGFBI - 004-1 oaded aut ol ogous DCs and resti mul at ed
repeatedly with autol ogous PBMCs plus TGFBI-004. For the read-out
cells were incubated with relevant TG-BI-004 (Well 1, 2, 3 and 4) and

i rrel eBindiey iNeguio(@o ninta@| ty pgeptve demonsmpdcevaral iiechAdiding ifonaMet attivatibe,
intracel |,ul.ar _| taining,, cells were also, stai ith CD4- FITC

" e HRA MR AR a6, Ryl Sot o tb i nEi-Met Bistogdrottiy g
FACSCalfaibutt 16 leat@ Vet Bk Bie08 Gind I E¥%ainsGaYi M, ME, Diiverd: MEMSRET, T,

anal ysis of | FNy production, 3{ T-cell lines upon in vitro )
rest i m¥ais. dh Mpggiorend Nefnp P p¥plentaeC, GiordangeP) Cpitesinay G, fapd Romasbie,

PM; Somatic mutations of the MET oncogene are selected during metastatic spread of human

HNSC carcinomas, Oncogene, 2000, 19, 1547-1555; Ebert, M, Yokoyama, M, Friess, H,



55 Peptides were synthesized by standard and wel | -established solid
phase synthesis using Fnoc chemistry. After purification by

pr epar at i v&OHIM15§4dNn- exchange procedure was perforned ROI/ERO@OOISAL €
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o G2 OmOd f@rmpﬁpﬁagﬁlgfsluggdf; ﬁag\ggﬁo%&&néﬁyﬁoéiﬁéﬁage LM FEREEHimBly, Int. J
Cancer, 1999, 82, 640-643; Park, M, Dean, M, Cooper, CS, Schmidt, M, O'Brien, SJ, Blair,
DG, and Vande Woude, GF; Mechanism of met oncogene activation, Cell, 1986, 45, 895-904;
Park, WS, Dong, SM, Kim, SY, Na, EY, Shin, MS, Pi, JH, Kim, BJ, Bae, JH, Hong, YK, Lee,
KS, Lee, SH, Yoo, NJ, Jang, 1], Pack, S, Zhuang, Z, Schmidt, L, Zbar, B, and Lee, JY; 1999,
Somatic mutations in the kinase domain of the Met/hepatocyte growth factor receptor gene in
childhood hepatoceliular carcinomas, Cancer Res., 59, 307-310; Rahimi, N, Tremblay, E,
McAdam, L, Park, M, Schwall, R, and Elliott, B; 1996, Identification of a hepatocyte growth
factor autocrine loop in a murine mammary carcinoma, Cell Growth Differ., 7, 263-
270;Schmidt, 1., Duh, FM, Chen, F, Kishida, T, Glenn, G, Choyke, P, Scherer, SW, Zhuang,
Z, Lubensky, I, Dean, M, Allikmets, R, Chidambaram, A, Bergerheim, UR, Feltis, JT,
Casadevall, C, Zamarron, A, Bernues, M, Richard, S, Lips, CJ, Walther, MM, Tsui, LC, Geil,
L, Orcutt, ML, Stackhouse, T, Lipan, J, Slife, L, Brauch, H, Decker, J, Niehans, G, Hughson,
MD, Moch, H, Storkel, S, Lerman, MI, Linehan, WM, and Zbar, B; 1997, Germline and
somatic mutations in the tyrosine kinase domain of the MET proto-oncogene in papillary
renal carcinomas, Nat.Genet., 16, 68-73; Schmidt, L, Junker, K, Weirich, G, Glenn, G,
Choyke, P, Lubensky, I, Zhuang, Z, Jeffers, M, Vande, WG, Neumann, H, Walther, M,
Linehan, WM, and Zbar, B; 1998, Two North American families with hereditary papillary
renal carcinoma and identical novel mutations in the MET proto-oncogene, Cancer Res., 58,
1719-1722). Mechanistically, c-Met overexpression cooperates with oncogenic Ki-ras
mutation to enhance tumorigenicity of colon cancer cells in vivo (Long, IS, Han, K, Li, M,
Shirasawa, S, Sasazuki, T, Johnston, M, and Tsao, MS; Met receptor overexpression and

oncogenic Ki-ras mutation cooperate to enhance tumorigenicity of colon cancer cells in vivo,

Mol.Cancer Res., 2003, 1, 393-401).

Interestingly, there is some evidence for interactions of MET signalling with the Wnt/beta-
catenin pathway frequently upregulated in colon cancer. MET can be activated by

Prostaglandin E2 (PGE2) and PGE2-activated c-Met associates with [3-catenin and increases
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its tyrosine phosphorylation thereby inducing colon cancer cell invasiveness (Pai, R,
Nakamura, T, Moon, WS, and Tarmawski, AS; Prostaglandins promote colon cancer cell
invasion; signaling by cross-talk between two distinct growth factor receptors, FASEB J,
2003, 17, 1640-1647). Recently, mutual activation of MET and beta-catenin has been
described, resulting in a positive feedback loop between these two key players in colorectal
tumorigenesis (Rasola, A, Fassetta, M, De, BF, D'Alessandro, L, Gramaglia, D, Di Renzo,
MF, and Comoglio, PM; A positive feedback loop between hepatocyte growth factor receptor
and beta-catenin sustains colorectal cancer cell invasive growth, Oncogene, 2007, 26, 1078-

1087).

The c-Met mRNA expression level in primary CRC tumors (n = 36) is an important
predicitive marker for early-stage invasion and regional disease metastasis, thus correlating
directly with colon cancer stage (Takeuchi, H, Bilchik, A, Saha, S, Turner, R, Wiese, D,
Tanaka, M, Kuo, C, Wang, HJ, and Hoon, DS; ¢-MET expression level in primary colon
cancer: a predictor of tumor invasion and lymph node metastases, Clin Cancer Res., 2003, 9,
1480-1488). Another analysis of c-Met expression of 130 CRC samples showed
overexpression (T/N > 2.0) of c-Met in 69% primary CRC and significantly higher c-Met
levels in CRC with blood vessel invasion (P = 0.04), and in advanced stage (P = 0.04)
supporting the role for c-Met in human CRC progression and metastasis (Zeng, Z, Weiser,
MR, D'Alessio, M, Grace, A, Shia, J, and Paty, PB; Immunoblot analysis of c-Met expression
in human colorectal cancer: overexpression is associated with advanced stage cancer, Clin
Exp. Metastasis, 2004, 21, 409-417). In another study 69% and 48% of 60 colon
adenocarcinomas showed a greater than 2- and greater than 10-fold elevation in c-Met
mRNA, respectively, compared to adjacent normal mucosa (Kammula, US, Kuntz, EJ,
Francone, TD, Zeng, Z, Shia, J, Landmann, RG, Paty, PB, and Weiser, MR; Molecular co-
expression of the ¢-Met oncogene and hepatocyte growth factor in primary colon cancer
predicts tumor stage and clinical outcome, Cancer Lett., 2007, 248, 219-228). Thus, increased
c-Met signalling is a common occurrence in early stage CRC, but with even greater

expression occurring in advanced and metastatic disease.

Cyclin D1 (CCND1)
CCND1 belongs to the highly conserved cyclin family, whose members are characterized by a
dramatic periodicity in protein abundance throughout the cell cycle. Cyclins function as

regulators of CDK kinases. Different cyclins exhibit distinct expression and degradation
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patterns which contribute to the temporal coordination of each mitotic event. This cyclin
forms a complex with and functions as a regulatory subunit of CDK4 or CDK6, whose
activity are required for cell cycle G1/S transition. Mutations, amplification and
overexpression of this gene, which alters cell cycle progression, are observed frequently in a
variety of tumors and may contribute to tumorigenesis (Fu, M, Wang, C, LI, Z, Sakamaki, T,
and Pestell, RG; Minireview: Cyclin D1: normal and abnormal functions, Endocrinology,

2004, 145, 5439-5447).

A common A/G single nucleotide polymorphism (A870G) results in two distinct mRNA
isoforms a and b. The alternately spliced isoform b encodes a truncated protein which has
been linked to higher incidence of tumor onset including lung cancer, colon cancer, and other
cancer types (Fu, M, Wang, C, LI, Z, Sakamaki, T, and Pestell, RG; Minireview: Cyclin D1:
normal and abnormal functions, Endocrinology, 2004, 145, 5439-5447).

For colorectal cancer, overexpression of CCND1 at the mRNA and protein levels has been
frequently described (Sutter, T, Doi, S, Camnevale, KA, Arber, N, and Weinstein, IB;
Expression of cyclins D1 and E in human colon adenocarcinomas, J Med, 1997, 28, 285-309;
Mermelshtein, A, Gerson, A, Walfisch, S, Delgado, B, Shechter-Maor, G, Delgado, J, Fich,
A, and Gheber, L; Expression of D-type cyclins in colon cancer and in cell lines from colon
carcinomas, Br. J Cancer, 2005, 93, 338-345; Balcerczak, E, Pasz-Walczak, G, Kumor, P,
Panczyk, M, Kordek, R, Wierzbicki, R, and Mirowski, M; Cyclin D1 protein and CCND1
gene expression in colorectal cancer, Eur. J Surg.Oncol., 2005, 31, 721-726; Bondi, J, Husdal,
A, Bukholm, G, Nesland, JM, Bakka, A, and Bukholm, IR; Expression and gene
amplification of primary (A, B1, D1, D3, and E) and secondary (C and H) cyclins in colon
adenocarcinomas and correlation with patient outcome, J Clin Pathol., 2005, 58, 509-514;
Perez, R, Wu, N, Klipfel, AA, and Beart, RW, Jr.; A better cell cycle target for gene therapy
of colorectal cancer: cyclin G, J Gastrointest. Surg., 2003, 7, 884-889; Wong, NA, Morris,
RG, McCondochie, A, Bader, S, Jodrell, DI, and Harrison, DJ; Cyclin D1 overexpression in
colorectal carcinoma in vivo is dependent on beta-catenin protein dysregulation, but not k-ras
mutation, J Pathol., 2002, 197, 128-135; McKay, JA, Douglas, JJ, Ross, VG, Curran, S,
Murray, GI, Cassidy, J, and McLeod, HL; Cyclin D1 protein expression and gene
polymorphism in colorectal cancer. Aberdeen Colorectal Initiative, Int.J Cancer, 2000, 88, 77-

81; Bartkova, J, Lukas, J, Strauss, M, and Bartek, J; The PRAD-1/cyclin D1 oncogene
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product accumulates aberrantly in a subset of colorectal carcinomas, Int. J Cancer, 1994, 58,

568-373).

This can be explained by the well-established fact that CCNDI1 is a target gene of the -
Catenin-TCF/LEF pathway which is frequently upregulated in colorectal carcinoma
(Shtutman, M, Zhurinsky, J, Simcha, I, Albanese, C, D'Amico, M, Pestell, R, and Ben-Ze'ev,
A; The cyclin DI gene is a target of the beta-catenin/LEF-1 pathway, Proc. Natl. Acad. Sci.
U.S.A, 1999, 96, 5522-5527; Tetsu, O and McCormick, F; Beta-catenin regulates expression
of cyclin D1 in colon carcinoma cells, Nature, 1999, 398, 422-426).

Enhanced CCND1 expression has been linked to higher tumor grades, metastasis, and
decreased survival (Balcerczak, E, Pasz-Walczak, G, Kumor, P, Panczyk, M, Kordek, R,
Wierzbicki, R, and Mirowski, M; Cyclin D1 protein and CCND1 gene expression in
colorectal cancer, Eur. J Surg. Oncol.,, 2005, 31, 721-726; Bahnassy, AA, Zekri, AR, El-
Houssini, S, El-Shehaby, AM, Mahmoud, MR, Abdallah, S, and El-Serafi, M; Cyclin A and
cyclin D1 as significant prognostic markers in colorectal cancer patients, BMC.
Gastroenterol., 2004, 4, 22; McKay, JA, Douglas, 1], Ross, VG, Curran, S, Murray, GI,
Cassidy, J, and McLeod, HL; Cyclin D1 protein expression and gene polymorphism in
colorectal cancer. Aberdeen Colorectal Initiative, Int. J Cancer, 2000, 88, 77-81; Maeda, K,
Chung, Y, Kang, S, Ogawa, M, Onoda, N, Nishiguchi, Y, Ikehara, T, Nakata, B, Okuno, M,
and Sowa, M; Cyclin D1 overexpression and prognosis in colorectal adenocarcinoma,

Oncology, 1998, 55, 145-151).

Matrix metallopeptidase 7 (matrilysin, uterine) (MMP7)

Matrix metalloproteinases (MMPs) are a large family of structurally related zinc-dependent
proteinases typically described as capable of degrading components of the extracellular
matrix. Individual MMPs have been identified that show increased expression in tumors and
most tumors show enhanced MMP activity (Curran, S and Murray, GI; 1999, Matrix
metalloproteinases in tumour invasion and metastasis, J Pathol., 189, 300-308; Curran, S and
Murray, GI; 2000, Matrix metalloproteinases: molecular aspects of their roles in tumour

invasion and metastasis, Eur.J Cancer, 36, 1621-1630).

Basal membrane and extracellular matrix represent two physical barriers to malignant

invasion, and their degradation by MMPs plays a key role in tumor progression and metastatic
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spread (Johnsen, M, Lund, LR, Romer, J, Almholt, K, and Dano, K; 1998, Cancer invasion
and tissue remodeling: common themes in proteolytic matrix degradation, Curr.Opin.Cell
Biol., 10, 667-671; Nelson, AR, Fingleton, B, Rothenberg, ML, and Matrisian, LM; 2000,
Matrix metalloproteinases: biologic activity and clinical implications, J Clin Oncol., 18, 1135-
1149; Wang, FQ, So, J, Reierstad, S, and Fishman, DA; 2005, Matrilysin (MMP-7) promotes
invasion of ovarian cancer cells by activation of progelatinase, Int.J Cancer, 114, 19-31).
Apart from this function, MMPs are now discussed for their involvement in tumour
development and progression including roles in apoptosis, cell proliferation, and cell
differentiation. These functions are linked to MMP-mediated proteolysis of non-matrix
proteins and actions distinct from their enzyme activity (Egeblad, M and Werb, Z; 2002, New
functions for the matrix metalloproteinases in cancer progression, Nat.Rev.Cancer, 2, 161-
174; Leeman, MF, Curran, S, and Murray, GI; 2003, New insights into the roles of matrix
metalloproteinases in colorectal cancer development and progression, J.Pathol., 201, 528-

534).

Recent studies have shown that several matrix metalloproteinases, especially matrilysin
(MMP7), interact with the specific molecular genetic and signalling pathways involved in
colorectal cancer development. In particular, matrilysin is activated at an early stage of
colorectal tumourigenesis by the beta-catenin signalling pathway (Brabletz, T, Jung, A, Dag,
S, Hlubek, F, and Kirchner, T; 1999, beta-catenin regulates the expression of the matrix
metalloproteinase-7 in human colorectal cancer, Am.J Pathol., 155, 1033-1038; Leeman, MF,
Curran, S, and Murray, GI; 2003, New insights into the roles of matrix metalloproteinases in
colorectal cancer development and progression, J.Pathol.,, 201, 528-534; Zucker, S and
Vacirca, J; 2004, Role of matrix metalloproteinases (MMPs) in colorectal cancer, Cancer

Metastasis Rev., 23, 101-117).

MMP7 is overexpressed both in benign and malignant colorectal tumors (Ishikawa, T,
Ichikawa, Y, Mitsuhashi, M, Momiyama, N, Chishima, T, Tanaka, K, Yamaoka, I,
Miyazakic, K, Nagashima, Y, Akitaya, T, and Shimada, H; 1996, Matrilysin is associated
with progression of colorectal tumor, Cancer Lett., 107, 5-10; McDonnell, S, Navre, M,
Coffey, RJ, Jr., and Matrisian, LM; 1991, Expression and localization of the matrix
metalloproteinase pump-1 (MMP-7) in human gastric and colon carcinomas, Mol.Carcinog.,
4, 527-533; Miyazaki, K, Hattori, Y, Umenishi, F, Yasumitsu, H, and Umeda, M; 1990,

Purification and characterization of extracellular matrix-degrading metalloproteinase, matrin
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Elevated MMP7 serum levels are associated with a poor prognosis advanced colorectal cancer
patients (Maurel, J, Nadal, C, Garcia-Albeniz, X, Gallego, R, Carcereny, E, Almendro, V,
Marmol, M, Gallardo, E, Maria, AJ, Longaron, R, Martinez-Fernandez, A, Molina, R,
Castells, A, and Gascon, P; 2007, Serumn matrix metalloproteinase 7 levels identifies poor
prognosis advanced colorectal cancer patients, Int.J Cancer, Published Online: § May 2007 )
and overexpression in CRC patients, associated again with decreased survival, has been
suggested to promote escape from immune surveillance by cleaving Fas on tumor cells
(Wang, WS, Chen, PM, Wang, HS, Liang, WY, and Su, Y; 2006, Matrix metalloproteinase-7
increases resistance to Fas-mediated apoptosis and is a poor prognostic factor of patients with

colorectal carcinoma, Carcinogenesis, 27, 1113-1120).
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The Hepatitis B Virus Core Antigen peptide HBV-001 is not derived from an endogenous
human tumour-associated antigen, but is derived from the Hepatitis B virus core antigen.
Firstly, it allows quantitative comparisons of the magnitude of T-cell responses induced by
TUMAPs and hence allows important conclusions on the capacity to elicit anti-tumour
responses. Secondly, it functions as an important positive control in the case of lack of any T-
cell responses in the patient. And thirdly, it also allows conclusions on the status of

immunocompetence of the patient.

Hepatitiv B virus (HBV) infection is among the leading causes of liver disease, affecting
approximately 350 million people world-wide (Rehermann, B and Nascimbeni, M;
Immunology of hepatitis B virus and hepatitis C virus infection, Nat.Rev.Immunol., 2005, 5,
215-229). Due to the ease of horizontal and vertical transmission and the potential for chronic
disease that may lead to liver cirrhosis and hepatocellular carcinoma, HBV represents a major
impact on the public health system for many countries wﬁrldwide. The HBV genome
(Previsani, N and Lavanchy, D; 2002, Hepatitis B, (Epidemic and Pandemic Alert and
Response, World Health Organization, Geneva, 2002)) is comprised of partially double-
stranded circular DNA. In HBV virions, it is packed together with the core protein HBe and
other proteins to form the nucleocapsid, which is swrrounded by an outer envelope containing
lipids and the surface protein family HBs (also called envelope protein). The antigenic
determinants which are associated with HBc and HBs are noted as HBcAg and HBsAg,
respectively. These antigens are associated with serological, i.e. antibody responses found in
the patient blood and are among the clinically most useful antigen-antibody systems for the
diagnosis of HBV infection. HBe will represent a novel foreign antigen for all individuals
without prior history of HBV infection. As immunogenic peptides are well known for this
antigen (Bertoletti, A, Chisari, FV, Penna, A, Guilhot, S, Galati, L, Missale, G, Fowler, P,
Schlicht, HJ, Vitiello, A, Chesnut, RC, and .; 1993, Definition of a minimal optimal cytotoxic
T-cell epitope within the hepatitis B virus nucleocapsid protein, J.Virol., 67, 2376-
2380;Livingston, BD, Crimi, C, Grey, H, Ishioka, G, Chisari, FV, Fikes, J, Grey, H, Chesnut,
RW, and Sette, A; 1997, The hepatitis B virus-specific CTL responses induced in humans by
lipopeptide vaccination are comparable to those elicited by acute viral infection, J.Immunol.,

159, 1383-1392), one ten-amino acid peptide from HBcAg was selected as a positive control
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The pharmaceutical composition can furthermore contain additional peptides and/or

excipients to be more effective, as will be further explained below.

By a "variant amino acid sequence" of the given amino acid sequence the inventors mean that
the side chains of, for example, one or two of the amino acid residues are altered (for example
by replacing them with the side chain of another naturally occurring amino acid residue or
some other side chain) such that the peptide is still able to bind to an HLA molecule in
substantially the same way as a peptide consisting of the given amino acid sequence. For
example, a peptide may be modified so that it at least maintains, if not improves, the ability to
interact with and bind a suitable MHC molecule, such as HLA-A or -DR, and so that it at least
maintains, if not improves, the ability to generate activated CTL which can recognise and kill
cells which express a polypeptide containing an amino acid sequence as defined in the aspects
of the invention. As can derived from the database, certain positions of HLA-A binding
peptides are typically anchor residues forming a core sequence fitting to the binding motif of

the HLA binding groove.

Those amino acid residues that are not essential to interact with the T-cell receptor can be
modified by replacement with another amino acid whose incorporation does not substantially
affect T-cell reactivity and does not eliminate binding to the relevant MHC. Thus, apart from
the proviso given, the peptide of the invention may be any peptide (by which term the
inventors include oligopeptide or polypeptide) which includes the amino acid sequences or a

portion or variant thereof as given.

It is furthermore known for MHC-class II presented peptides that these peptides are composed
of a "core sequence” having a certain HLA-specific amino acid motif and, optionally, N-
and/or C-terminal extensions which do not interfere with the function of the core sequence
(i.e. are deemed as irrelevant for the interaction of the peptide and the T-cell). The N- and/or
C-terminal extensions can, for example, be between 1 to 10 amino acids in length,
respectively. These peptide can be used either directly to load MHC class II molecules or the
sequence can be cloned into the vectors according to the description herein below. As these

peptides form the final product of the processing of larger peptides within the cell, longer
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art, for example those described in the examples of the present invention below or those
described in the literature for different MHC class II alleles (e.g. Vogt AB, Kropshofer H,
Kalbacher H, Kalbus M, Rammensee HG, Coligan JE, Martin R; Ligand motifs of HLA-
DRB5*0101 and DRB1*1501 molecules delineated from self-peptides; J Immunol. 1994;
153(4):1665-1673; Malcherek G, Gnau V, Stevanovic S, Rammensee HG, Jung G, Melms A;
Analysis of allele-specific contact sites of natural HLA-DR17 ligands; J Immunol. 1994;
153(3):1141-1149; Manici S, Sturniolo T, Imro MA, Hammer J, Sinigaglia F, Noppen C,
Spagnoli G, Mazzi B, Bellone M, Dellabona P, Protti MP; Melanoma cells present a MAGE-3
epitope to CD4(+) cytotoxic T cells in association with histocompatibility leukocyte antigen
DR11; J Exp Med. 1999; 189(5): 871-876; Hammer J, Gallazzi F, Bono E, Karr RW, Guenot
J, Valsasnini P, Nagy ZA, Sinigaglia F; Peptide binding specificity of HLA-DR4 molecules:
correlation with rheumatoid arthritis association; .J Exp Med. 1995 181(5):1847-1855;
Tompkins SM, Rota PA, Moore JC, Jensen PE; A europium fluoroimmunoassay for
measwring binding of antigen to class II MHC glycoproteins; J Immunol Methods.
1993;163(2): 209-216; Boyton RJ, Lohmann T, Londei M, Kalbacher H, Halder T, Frater AJ,
Douek DC, Leslie DG, Flavell RA, Altmann DM; Glutamic acid decarboxylase T lymphocyte
responses associated with susceptibility or resistance to type I diabetes: analysis in disease
discordant human twins, non-obese diabetic mice and HLA-DQ transgenic mice; Int

Immunol. 1998 (12):1765-1776).

Additional N- and/or C-terminally located stretches of amino acids that are not necessarily
forming part of the peptide that functions as an epitope for MHC molecules but may,
nevertheless, be important to provide for an efficient introduction of the peptide according to
the present invention into the cells. In one embodiment of the present invention, the peptide of
the present invention is a fusion protein which comprises, for example, the 80 N-terminal
amino acids of the HLA-DR antigen-associated invariant chain (p33, in the following ”Ii”) as
derived from the NCBI, GenBank Accession-number X00497 (Strubin, M., Mach, B. and
Long, E.O. The complete sequence of the mRNA for the HLA-DR-associated invariant chain
reveals a polypeptide with an unusual transmembrane polarity EMBO J. 3 (4), 869-872
(1984)).

Preferred are pharmaceutical composition, wherein the peptides have an overall length of
between 8 and 100, preferably between 8 and 30, and most preferred between 8 and 16 amino

acids.
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In addition the peptide or variant may be modified further to improve stability and/or binding
to MHC molecules to elicit a stronger immune response. Methods for such an optimisation of
a peptide sequence are well known in the art and include, for example, the introduction of

reverse peptide bonds or non-peptide bonds.

Thus, according to another aspect the invention provides a pharmaceutical composition,

wherein the at least one peptide or variant includes non-peptide bonds.

In a reverse peptide bond amino acid residues are not joined by peptide (-CO-NH-) linkages
but the peptide bond is reversed. Such refro-inverso peptidomimetics may be made using
methods known in the art, for example such as those described in Meziere et al (1997) J.
Immunol. 159, 3230-3237, incorporated herein by reference. This approach involves making
pseudopeptides containing changes involving the backbone, and not the orientation of side
chains. Meziere et al (1997) show that for MHC and T helper cell responses, these
pseudopeptides are useful. Retro-inverse peptides, containing NH-CO bonds instead of CO-

NH peptide bonds, are much more resistant to proteolysis.

A non-peptide bond is, for example, -CH,-NH, -CH,S-, -CH,CHj3-, -CH=CH-, -COCHj3-, -
CH(OH)CH;-, and -CH3;SO-. United States Patent 4,897,445 provides a method for the solid
phase synthesis of non-peptide bonds (-CH,-NH) in polypeptide chains that involves
polypeptides synthesised by standard procedures and the non-peptide bond synthesised by

reacting an amino aldehyde and an amino acid in the presence of NaCNBH3.

Peptides comprising the sequences of the invention described above may be synthesized with
additional chemical groups present at their amino and/or carboxy termini, to enhance, for
example, the stability, bioavailability, and/or affinity of the peptides. For example,
hydrophobic groups such as carbobenzoxyl, dansyl, or t-butyloxycarbonyl groups may be
added to the peptides' amino termini. Likewise, an acetyl group or a 9-fluorenylmethoxy-
carbonyl group may be placed at the peptides' amino termini. Additionally, e.g. the
hydrophobic group, t-butyloxycarbonyl, or an amido group may be added to the peptides'

carboxy termini.
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Further, all peptides of the invention may be synthesised to alter their steric configuration. For
example, the D-isomer of one or more of the amino acid residues of the peptide may be used,
rather than the usual L-isomer. Still further, at least one of the amino acid residues of the
peptides of the invention may be substituted by one of the well known non-naturally
occurring amino acid residues. Alterations such as these may serve to increase the stability,

bioavailability and/or binding action of the peptides of the invention.

Similarly, a peptide or variant of the invention may be modified chemically by reacting
specific amino acids either before or after synthesis of the peptide. Examples for such
modifications are well known in the art and are summarised e.g. in R. Lundblad, Chemical
Reagents for Protein Modification, 3rd ed. CRC Press, 2005, which is incorporated herein by
reference. Chemical modification of amino acids includes but is not limited to, modification
by acylation, amidination, pyridoxylation of lysine, reductive alkylation, trinitrobenzylation
of amino groups with 2, 4, 6-trinitrobenzene sulphonic acid (TNBS), amide modification of
carboxyl groups and sulphydryl modification by performic acid oxidation of cysteine to
cysteic acid, formation of mercurial derivatives, formation of mixed disulphides with other
thiol compounds, reaction with maleimide, carboxymethylation with iodoacetic acid or
iodoacetamide and carbamoylation with cyanate at alkaline pH, although without limitation
thereto. In this regard, the skilled person is referred to Chapter 15 of Current Protocols In
Protein Science, Eds. Coligan et al. (John Wiley & Sons NY 1995-2000) for more extensive

methodology relating to chemical modification of proteins.

Briefly, modification of e.g. arginyl residues in proteins is often based on the reaction of
vicinal dicarbonyl compounds such as phenylglyoxal, 2,3-butanedione, and 1,2-
cyclohexanedione to form an adduct. Another example is the reaction of methylglyoxal with
arginine residues. Cysteine can be modified without concomitant modification of other
nucleophilic sites such as lysine and histidine. As a result, a large number of reagents are
available for the modification of cysteine. The websites of Pierce Chemical Company, Sigma-

Aldrich and others provide information on specific reagents.

Selective reduction of disulfide bonds in proteins is also common. Disulfide bonds can be

formed and oxidized during the heat treatment of biopharmaceuticals.
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Woodward’s Reagent K may be used to modify specific glutamic acid residues. N-(3-
(dimethylamino)propyl)-N’-ethylcarbodiimide can be used to form intra-molecular crosslinks

between a lysine residue and a glutamic acid residue.

E.g. Diethylpyrocarbonate is a reagent for the modification of histidyl residues in proteins.

Histidine can also be modified using 4-hydroxy-2-nonenal.

The reaction of lysine residues and other a-amino groups is, for example, useful in binding of
peptides to surfaces or the cross-linking of proteins/peptides. Lysine is the site of attachment

of poly(ethylene)glycol and the major site of modification in the glycation of proteins.

Methionine residues in proteins can be modified with e.g. iodoacetamide, bromoethylamine,

chloramine T.

Tetranitromethane and N-acetylimidazole can be used for the modification of tyrosyl residues.
Cross-linking via the formation of dityrosine can be accomplished with hydrogen

peroxide/copper ions.

Recent studies on the modification of tryptophan have used N-bromosuccinimide, 2-hydroxy-
S5-nitrobenzyl bromide or 3-bromo-3-methyl-2-(2-nitrophenylmercapto)-3H-indole (BPNS-

skatole).

Successful modification of therapeutic proteins and peptides with PEG is often associated
with an extension of circulatory half-life while cross-linking of proteins with glutaraldehyde,
polyethyleneglycol diacrylate and formaldehyde is used for the preparation of hydrogels.
Chemical modification of allergens for immunotherapy is often achieved by carbamylation

with potassium cyanate.

Generally, peptides and variants (at least those containing peptide linkages between amino
acid residues) may be synthesised e.g. using the Fmoc-polyamide mode of solid-phase peptide
synthesis as disclosed by Lu et al (1981) J, Org. Chem. 46, 3433 and references therein.

Purification may be effected by any one, or a combination of, techniques such as

recristallisation, size exclusion chromatography, ion-exchange chromatography, hydrophobic
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interaction chromatography and (usually) reverse-phase high performance liquid

chromatography using e.g. acetonitril/water gradient separation.

Analysis of peptides may be carried out using thin layer chromatography, electrophoresis, in
particular capillary electrophoresis, solid phase extraction (CSPE), reverse-phase high
performance liquid chromatography, amino-acid analysis after acid hydrolysis and by fast
atom bombardment (FAB) mass spectrometric analysis, as well as MALDI and ESI-Q-TOF

mass spectrometric analysis.

A further aspect of the invention provides a nucleic acid (e.g. polynucleotide) encoding a
peptide or variant of the invention. The polynucleotide may be e.g. DNA, cDNA, PNA, CNA,
RNA, either single- and/or double-stranded, or native or stabilised forms of polynucleotides,
such as e.g. polynucleotides with a phosphorothiate backbone, or combinations thereof and it
may or may not contain introns so long as it codes for the peptide. Of course, it is only
peptides containing naturally occurring amino acid residues joined by naturally occurring
peptide bonds are encodable by a polynucleotide. A still further aspect of the invention
provides an expression vector capable of expressing a polypeptide according to the invention.
Expression vectors for different cell types are well known in the art and can be selected

without undue experimentation.

Generally, the DNA is inserted into an expression vector, such as a plasmid, in proper
orientation and correct reading frame for expression. If necessary, the DNA may be linked to
the appropriate transcriptional and translational regulatory control nucleotide sequences
recognised by the desired host, although such controls are generally available in the
expression vector. The vector is then introduced into the host through standard techniques.
Guidance can be found e.g. in Sambrook et al (1989) Molecular Cloning, A Laboratory
Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY.

In a particularly preferred embodiment of the invention, however, the pharmaceutical
composition comprises at least two peptides consisting of amino acid sequences according to

SEQID NO 1 to SEQ ID NO 15.

The optimum amount of each peptide to be included in the vaccine and the optimum dosing

regimen can be determined by one skilled in the art without undue experimentation. For
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example, the peptide or its variant may be prepared for intravenous (i.v.) injection, sub-
cutaneous (s.c.) injection, intradermal (i.d.) injection, intraperitoneal (i.p.) injection,
intramuscular (i.m.) injection. Preferred routes of peptide injection are s.c., i.d., i.p., i.m., and
i.v. Preferred routes of DNA injection are i.d., i.m., s.c., i.p. and i.v. Doses of e.g. between 1
and 500 mg 50 pg and 1.5 mg, preferably 125 pg to 500 pg, of peptide or DNA may be given
and will depend from the respective peptide or DNA. Doses of this range were successfully
used in previous trials (Brunsvig PF, Aamdal S, Gjertsen MK, Kvalheim G, Markowski-
Grimsrud CJ, Sve I, Dyrhaug M, Trachsel S, Meller M, Eriksen JA, Gaudernack G; .
Telomerase peptide vaccination: a phase /Il study in patients with non-small cell lung cancer;
Cancer Immuno! Immunother. 2006; 55(12):1553-1564; M. Staechler, A. Stenzl, P. Y.
Dietrich, T. Eisen, A. Haferkamp, J. Beck, A. Mayer, S. Walter, H. Singh, J, Frisch, C. G.
Stief; An open label study to evaluate the safety and immunogenicity of the peptide based
cancer vaccine IMA901, ASCO meeting 2007; Abstract No 3017)

The inventive pharmaceutical composition may be compiled such that the selection, number
and/or amount of peptides present in the composition isfare tissue, cancer, and/or patient-
specific. For instance the exact selection of peptides can be guided by expression patterns of
the parent proteins in a given tissue to avoid side effects. The selection may be dependent
from the specific type of cancer that the patient to be treated is suffering from as well as the
status of the disease, earlier treatment regimens, the immune status of the patient, and, of
course, the HLA-haplotype of the patient. Furthermore, the vaccine according to the invention
can contain individualised components, according to personal needs of the particular patient.
Examples are different amounts of peptides according fo the expression of the related TAAs
in the particular patient, unwanted side-effects due to personal allergies or other treatments,

and adjustments for secondary treatments following a first round or scheme of treatment.

For composition to be used as a vaccine for CRC, for example, peptides whose parent
proteins are expressed in high amounts in normal tissues will be avoided or be present in low
amounts in the composition of the invention. On the other hand, if it is known that the tumour
of a patient expresses high amounts of a certain protein the respective pharmaceuntical
composition for treatment of this cancer may be present in high amounts and/or more than
one peptide specific for this particularly protein or pathway of this protein may be included.

The person of skill will be able to select preferred combinations of immunogenic peptides by

testing, for example, the generation of T-cells in vitro as well as their efficiency and overali
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presence, the proliferation, affinity and expansion of certain T-cells for certain peptides, and
the functionality of the T-cells, e.g. by analysing the IFN-y production (see also examples
below). Usually, the most efficient peptides are then combined as a vaccine for the purposes

as described above.

A suitable vaccine will preferably contain between 1 and 20 peptides, more preferably 2, 3, 4,
5,6,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, or 20 different peptides, further preferred 6,
7,8,9,10 11, 12, 13, or 14 different peptides, and most preferably 14 different peptides. The
length of the peptide for use in a cancer vaccine may be any suitable peptide. In particular, it
may be a suitable 9-mer peptide or a suitable 7-mer or 8-mer or 10-mer or 11-mer peptide or
12-mer, 13-mer, 14-mer or 15-mer. Longer peptides may also be suitable, 9-mer or 10-mer
peptides as described in the attached Tables 1 and 2 are preferred for MHC class I-peptides,
while 12- to 15-mers are preferred for MHC class II peptides.

The peptide(s) constitute(s) a tumour or cancer vaccine. It may be administered directly into
the patient, into the affected organ or systemically, or applied ex vivo to cells derived from
the patient or a human cell line which are subsequently administered to the patient, or used in
vitro to select a subpopulation from immune cells derived from the patient, which are then re-

administered to the patient.

The peptide may be substantially pure, or combined with an immune-stimulating adjuvant(see
below) or used in combination with immune-stimulatory cytokines, or be administered with a
suitable delivery system, for example liposomes. The peptide may also be conjugated to a
suitable carrier such as keyhole limpet haemocyanin (KLH) or mannan (see WO 95/18145
and Longenecker et al (1993) Ann. NY Acad. Sci. 690,276-291). The peptide may also be
tagged, or be a fusion protein, or be a hybrid molecule. The peptides whose sequence is given
in the present invention are expected to stimulate CD4 or CD8 CTL. However, stimulation is
more efficient in the presence of help provided by T-cells positive for the opposite CD. Thus,
for MHC Class Il epitopes which stimulate CD4 CTL the fusion partner or sections of a
hybrid molecule suitably provide epitopes which stimulate CD8-positive T-cells. On the other
hand, for MHC Class I epitopes which stimulate CD8 CTL the fusion partner or sections of a
hybrid molecule suitably provide epitopes which stimulate CD4-positive T-cells, CD4- and
CD8-stimulating epitopes are well known in the art and include those identified in the present

invention.
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To elicit an immune response it is usuvally necessary to include excipients that render the
composition more immunogenic. Thus in a preferred embodiment of the invention the
pharmaceutical compeosition further comprises at least one suitable adjuvant.

Adjuvants are substances that non-specifically enhance or potentiate the immune response
(e.g., immune responses mediated by CTLs and helper-T (1) cells to an antigen, and would
thus be considered useful in the medicament of the present invention. Suitable adjuvants
include, but are not limited to 1018 ISS, aluminium salts, Amplivax, AS15, BCG, CP-
870,893, CpG7909, CyaA, dSLIM, GM-CSF, IC30, IC31, Imiquimod, ImuFact IMP321, IS
Patch, ISS, ISCOMATRIX, Juvimmune, LipoVac, MF59, monophosphoryl lipid A,
Montanide IMS 1312, Montanide ISA 206, Montanide ISA 50V, Montanide ISA-51, OK-432,
OM-174, OM-197-MP-EC, ONTAK, PepTel® vector system, PLG microparticles,
resiquimod, SRL.172, Virosomes and other Virus-like particles, YF-17D, VEGF trap,R848,
beta-glucan, Pam3Cys, Aquila's QS21 stimulon (Aquila Biotech, Worcester, MA, USA)
which is derived from saponin, mycobacterial extracts and synthetic bacterial cell wall
mimics, and other proprietory adjuvants such as Ribi's Detox. Quil or Superfos. Adjuvants
such as incomplete Freund's or GM-CSF are preferred. Several immunological adjuvants
(e.g., MF59) specific for dendritic cells and their preparation have been described previously
(Dupuis M, Murphy TJ, Higgins D, Ugozzoli M, van Nest G, Ott G, McDonald DM;
Dendritic cells internalize vaccine adjuvant after intramuscular injection; Cell Immunol,
1998; 186(1):18-27; Allison AC; The mode of action of immunological adjuvants; Dev Biol
Stand. 1998; 92:3-11). Also cytokines may be used. Several cytokines have been directly
linked to influencing dendritic cell migration to lymphoid tissues (e.g., TNF-o), accelerating
the maturation of dendritic cells into efficient antigen-presenting cells for T-lymphocytes
(e.g., GM-CSF, IL-1 and IL-4) (U.S. Pat. No. 5,849,589, specifically incorporated herein by
reference in its entirety) and acting as immunoadjuvants (e.g., IL-12) (Gabrilovich DI,
Cunningham HT, Carbone DP; IL-12 and mutant P53 peptide-pulsed dendritic cells for the
specific immunotherapy of cancer; J Immunother Emphasis Tumor Immunol. 1996 (6):414-

418),

CpG immunostimulatory oligonucleotides have also been reported to enhance the effects of
adjuvants in a vaccine setting. Without bound by theory, CpG oligonucleotides act by
activating the innate (non-adaptive) immune system via Toll-like receptors (TLR), mainly

TLRY. CpG triggered TLR9 activation enhances antigen-specific humoral and cellular



0)

9 CCA734 18,1 -

WO 2009/015841 PCT/EP2008/006152
43

responses to a wide variety of antigens, including peptide or protein antigens, live or killed
viruses, dendritic cell vaccines, autologous cellular vaccines and polysaccharide conjugates in
both prophylactic and therapeutic vaccines. More importantly it enhances dendritic cell
maturation and differentiation, resulting in enhanced activation of Ty cells and strong
cytotoxic T-lymphocyte (CTL) generation, even in the absence of CD4 T-cell help. The THI
bias induced by TLR9 stimulation is maintained even in the presence of vaccine adjuvants
such as alum or incomplete Freund’s adjuvant (IFA) that normally promote a TH2 bias._CpG
oligonucleotides show even greater adjuvant activity when formulated or co-administered
with other adjuvants or in formulations such as microparticles, nano particles, lipid emulsions
or similar formulations, which are especially necessary for inducing a strong response when
the antigen is relatively weak. They also accelerate the immune response and enabled the
antigen doses to be reduced by approximately two orders of magnitude, with comparable
antibody responses to the full-dose vaccine without CpG in some experiments (Arthur M.
Krieg, Therapeutic potential of Toll-like receptor 9 activation, Nature Reviews, Drug
Discovery, 2006, 5, 471-484). U. 8. Pat. No. 6,406,705 Bl describes the combined use of
CpG oligonucleotides, non-nucleic acid adjuvants and an antigen to induce an antigen-
specific immune response. A commercially available CpG TLR9 antagonist is dSLIM (double
Stem Loop Immunomodulator) by Mologen (Berlin, GERMANY) which is a preferred
component of the pharmaceutical composition of the present invention. Other TLR binding

molecules such as RNA binding TLR 7, TLR 8 and/or TLR 9 may also be used.

Other examples for useful adjuvants include, but are not limited to chemically modified CpGs
(e.g. CpR, Idera), Poly(I:C) (e.g. polyl:C12U), non-CpG bacterial DNA or RNA as well as
immunoactive small molecules and antibodies such as imidazoquinolines, cyclophosphamide,
sunitinib, bevacizumab, celebrex, NCX-4016, sildenafil, tadalafil, vardenafil, sorafinib, XL-
999, CP-547632, pazopanib, ZD2171, AZD2171, ipilimumab, tremelimumab and SC58175,
which may act therapeutically and/or as an adjuvant. The amounts and concentrations of
adjuvants and additives useful in the context of the present invention can readily be

determined by the skilled artisan without undue experimentation.

Preferred adjuvants are dSLIM, BCG, OK432, imiquimod, PeviTer, and JuvImmune.
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In a preferred embodiment the pharmaceutical composition according to the invention the
adjuvant is selected from the group consisting of colony-stimulating factors, such as

Granulocyte Macrophage Colony Stimulating Factor (GM-CSF, sargramostim).

In a preferred embodiment of the pharmaceutical composition according to the invention, the

adjuvant is imiquimod.

This composition is used for parenteral administration, such as subcutaneous, intradermal,
intramuscular or oral administration. For this, the peptides and optionally other molecules are
dissolved or suspended in a pharmaceutically acceptable, preferably aqueous carrier. In
addition, the composition can contain excipients, such as buffers, binding agents, blasting
agents, diluents, flavours, lubricants, etc.. The peptides can also be administered together with
immune stimulating substances, such as cytokines. An extensive listing of excipients that can
be used in such a composition, can be, for example, taken from A. Kibbe, Handbook of
Pharmaceutical Excipients, 3. Ed. 2000, American Pharmaceutical Association and
pharmaceutical press. The composition can be used for a prevention, prophylaxis and/or

therapy of adenomateous or cancerous diseases, preferably CRC.

Cytotoxic T-cells (CTLs) recognise an antigen in the form of a peptide bound to an MHC
molecule rather than the intact foreign antigen itself. The MHC molecule itself is located at
the cell surface of an antigen presenting cell. Thus, an activation of CTLs is only possible if a
trimeric complex of peptide antigen, MHC molecule, and APC is present. Correspondingly, it
may enhance the immune response if not only the peptide is used for activation of CTLs but if

additionally APCs with the respective MHC molecule are added.

Therefore, in a preferred embodiment the pharmaceutical composition according to the

present invention additionally contains at least one antigen presenting cell.

The antigen-presenting cell (or stimulator cell) typically has an MHC class I or 11 molecule on
its surface and in one embodiment is substantially incapable of itself loading the MHC class 1
or II molecule with the selected antigen. As is described in more detail below, the MHC class

I or II molecule may readily be loaded with the selected antigen in vitro.



11 CCA725 2,7

WO 2009/015841 PCT/EP2008/006152
45
Preferably the mammalian cell lacks or has a reduced level or has reduced function of the
TAP peptide transporter. Suitable cells which lack the TAP peptide transporter include T2,
RMA-S and Drosophila cells. TAP is the Transporter Associated with antigen Processing.

The human peptide loading deficient cell line T2 is available from the American Type Culture
Collection, 12301 Parklawn Drive, Rockville, Maryland 20852, USA under Catalogue No
CRL 1992; the Drosophila cell line Schneider line 2 is available from the ATCC under
Catalogue No CRL 19863; the mouse RMA-S cell line is described in Karre and Ljunggren
(1985) J. Exp. Med. 162, 1745. These cell lines can be used as APCs, and due to the lack of
TAP nearly all peptides presented by MHC class I will be the peptides under scrutiny used for
externally loading the empty MHC class I molecules of these cell lines, hence all effects will

clearly attribute to the used peptides.

Preferably, the antigen presenting cells are dendritic cells. Suitably, the dendritic cells are
autologous dendritic cells which are pulsed with an antigenic peptide. The antigenic peptide
may be any suitable antigenic peptide which gives rise to an appropriate T-cell response. T-
cell therapy using autologous dendritic cells pulsed with peptides from a tumour associated
antigen is disclosed in Murphy et al (1996) The Prostate 29, 371-380 and Tjua et al (1997}
The Prostate 32, 272-278.

Thus, in a preferred embodiment of the present invention the pharmaceutical composition
containing at least one antigen presenting cell is pulsed or loaded with the peptide, for

instance by the method of example 4.

As an alternative the antigen presenting cell comprises an expression construct encoding the
peptide. The polynucleotide may be any suitable polynucleotide and it is preferred that it is
capable of transducing the dendritic cell thus resulting in the presentation of a peptide and

induction of immunity.

Conveniently, a nucleic acid of the invention may be comprised in a viral polynucleotide or
virus. For example, adenovirus-transduced dendritic cells have been shown to induce antigen-
specific antitumour immunity in relation to MUC1 (see Gong et al (1997) Gene Ther. 4,
1023-1028). Similarly, adenovirus-based systems may be used (see, for example, Wan et al
(1997) Hum. Gene Ther. 8, 1355-1363); retroviral systems may be used (Specht et al (1997)
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J. Exp. Med. 186, 1213-1221 and Szabolcs et al (1997) Blood particle-mediated transfer to
dendritic cells may also be used (Tuting et al (1997) Eur. J. Immunol. 27, 2702-2707); and
RNA may also be used (Ashley et al (1997) J. Exp. Med. 186, 1177 1182).

Generally, a pharmaceutical composition of the invention containing (a) nucleic acid(s) of the
invention can be administered in a similar manner as those containing peptide(s) of the
invention, e.g. intravenously, intra-arterially, intra-peritoneally, intramuscularly,
intradermally, intratumorally, orally, dermally, nasally, buccally, rectally, vaginally, by

inhalation, or by topical administration.

Due to evasion mechanisms a tumour often develops resistance to the drug it is treated with.
The drug resistance may occur during freatment and manifests itself in metastases and
recurring tumours. To avoid such a drug resistance a tumour is commonly treated by a
combination of drugs and metastases and tumours recurring after a disease free period of time
often require a different combination. Therefore, in one aspect of the invention the
pharmaceutical composition is administered in conjunction with a second anticancer agent.
The second agent may be administered before after or simultaneously with the pharmaceutical
composition of the invention. A simultaneous administration can e.g. be achieved by mixing
the pharmaceutical composition of the invention with the second anticancer agent if chemical
properties are compatible. Another way of a simultaneous administration is the administration
of the composition and anticancer agent on the same day independently from the route of
administration such that the pharmaceutical composition of the invention may be e.g. injected
while the second anticancer agent is for instance given orally. The pharmaceutical
composition and second anticancer agent may also be administered within the same treatment

course but on different days and/or within separate treatment courses.

In another aspect the present invention provides a method for treating or preventing a cancer
in a patient comprising administering to the patient a therapeutically effective amount any one

of the pharmaceutical compositions of the invention.

A therapeutically effective amount will be an amount sufficient to induce an immune
response, in particular an activation of a subpopulation of CTLs. A person skilled in the art
may easily determine whether an amount is effective by using standard immunological

methods, such as those provided in the examples of the present specifications. Another way of
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monitoring the effect of a certain amount of the pharmaceutical composition is to observe the

growth of the tumour treated and/or its recurrence.

In a particularly preferred embodiment of the present invention the pharmaceutical

composition is used as an anti-cancer vaccine.

The composition containing peptides or peptide-encoding nucleic acids can also constitute a
tumour or cancer vaccine. It may be administered directly into the patient, into the affected
organ or systemically, or applied ex vivo to cells derived from the patient or a human cell line
which are subsequently administered to the patient, or used in vitro to select a subpopulation

from immune cells derived from the patient, which are then re-administered to the patient.

The composition of the invention may be used in a method for treating of or used as a vaccine
for cancer. The cancer may be of the buccal cavity and pharynx, cancer of the digestive tract,
cancer of the colon, rectum, and anus, cancer of the respiratory tract, breast cancer, cancer of
the cervix uteri, vagina, and vulva, cancer of the uterine corpus and ovary, cancer of the male
genital tract, cancer of the urinary tract, cancer of the bone and soft tissue, and kaposi
sarcoma, melanoma of the skin, eye melanoma, and non-melanoma eye cancer, cancer of the
brain and central nervous system, cancer of the thyroid and other endocrine glands , Hodgkin
Lymphoma, Non-Hodgkin Lymphoma, and myeloma, preferably renal cancer, colorectal
cancer, lung cancer, breast cancer, pancreatic cancer, prostate cancer, gastric cancer, brain

cancer, GIST or glioblastoma.

In the most preferred embodiment of the method of treatment or vaccine according to the
invention, the vaccine is a multiple peptide tumour vaccine for treatment of colorectal
carcinoma. Preferably, the vaccine comprises a set of tumour-associated peptides selected
from SEQ ID No. 1 to SEQ ID No. 15 which are located and have been identified on primary
colorectal cancer cells. This set includes HLA class I and class II peptides. The peptide set
can also contain at least one peptide, such as from HBV core antigen, used as a positive
control peptide serving as immune marker to test the efficiency of the intradermal
administration. In one particular embodiment, the vaccine consists of 14 individual peptides
(according to SEQ ID No. I to SEQ ID No. 15) with between about 1500 pg to about 75 pg,
preferably between about 1000 pg to about 750 pg and more preferred between about 500 pg
to about 600 pg, and most preferred about about 578 ug of each peptide, all of which may be
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purified by HPLC and ion exchange chromatography and appear as a white to off-white
powder. The lyophilisate is preferably dissolved in sodium hydrogen carbonate, and is used
for intradermal injection within 30 min after reconstitution at room temperature. According to
the present invention, preferred amounts of peptides can vary between about 0.1 and 100 mg,
preferably between about 0.1 to 1 mg, and most preferred between about 300 pg to 800 pg per
500 pl of solution. Herein, the term “about” shall mean +/- 10 percent of the given value, if
not stated differently. The person of skill will be able to adjust the actual amount of peptide to
be used based on several factors, such as, for example, the immune status of the individual
patient and/or the amount of TUMAP that is presented in a particular type of cancer. The
peptides of the present invention might be provided in other suitable forms (sterile solutions,

etc.) instead of a lyophilisate.

The pharmaceutical preparation of the present invention comprising peptides, and/or nucleic
acid(s) according. to the invention is administered to a patient that suffers from an
adenomateous or cancerous disease that is associated with the respective peptide or antigen.

By this, a T cell-mediated immune response can be triggered.

Preferred is a pharmaceutical composition according to the invention, wherein the amount of
(in particular tumour associated) peptide(s), of nucleic acid(s} according to the invention or
expression vector(s) according to the invention as present in the composition is/are tissue,

cancer, and/or patient-specific.

In another embodiment of the invention the vaccine is a nucleic acid vaccine. It is known that
inoculation with a nucleic acid vaccine, such as a DNA vaccine, encoding a polypeptide leads
to a T-cell response. It may be administered directly into the patient, into the affected organ or
systemically, or applied ex vivo to cells derived from the patient or a human cell line which
are subsequently administered to the patient, or used in vitro to select a subpopulation from
immune cells derived from the patient, which are then re-administered to the patient. If the
nucleic acid is administered to cells in vitro, it may be useful for the cells to be transfected so
as to co-express immune-stimulating cytokines, such as interleukin-2 or GM-CSF. The
nucleic acid(s) may be substantially pure, or combined with an immune-stimulating adjuvant,
or used in combination with immune-stimulatory cytokines, or be administered with a suitable

delivery system, for example liposomes. The nucleic acid vaccine may also be administered
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with an adjuvant such as those described for peptide vaccines above. It is preferred if the

nucleic acid vaccine is administered without adjuvant.

The polynucleotide may be substantially pure, or contained in a suitable vector or delivery
system. Suitable vectors and delivery systems include viral, such as systems based on
adenovirus, vaccinia virus, retroviruses, herpes virus, adeno-associated virus or hybrids
containing elements of more than one virus. Non-viral delivery systems include cationic lipids
and cationic polymers as are well known in the art of DNA delivery. Physical delivery, such
as via a "gene-gun", may also be used. The peptide or peptide encoded by the nucleic acid
may be a fusion protein, for example with an epitope from tetanus toxoid which stimulates

CD4-positive T-cells.

Suitably, any nucleic acid administered to the patient is sterile and pyrogen free. Naked DNA
may be given intramuscularly or intradermally or subcutaneously. Conveniently, the nucleic
acid vaccine may comprise any suitable nucleic acid delivery means. The nucleic acid,
preferably DNA, may also be delivered in a liposome or as part of a viral vector delivery
system. It is preferred if the nucleic acid vaccine, such as DNA vaccine, is administered into
the muscle, whilst peptide vaccines are preferably administered s.c. or i.d. It is also preferred

if the vaccine is administered into the skin.

It is believed that uptake of the nucleic acid and expression of the encoded polypeptide by
professional antigen presenting cells such as dendritic cells may be the mechanism of priming
of the immune response; however, dendritic cells may not be transfected but are still
important since they may pick up expressed peptide from transfected cells in the tissue
(“cross-priming”, e.g., Thomas AM, Santarsiero LM, Lutz ER, Armstrong TD, Chen YC,
Huang LQ, Laheru DA, Goggins M, Hruban RH, Jaffee EM. Mesothelin-specific CD8(+) T
cell responses provide evidence of in vivo cross-priming by antigen-presenting cells in

vaccinated pancreatic cancer patients. J Exp Med, 2004 Aug 2;200(3):297-306).

Polynucleotide-mediated immunisation therapy of cancer is described in Conry et al (1996)
Seminars in Oncology 23, 135-147; Condon et al (1996) Nature Medicine 2, 1122-1127;
Gong et al (1997) Nature Medicine 3, 558-561; Zhai et al (1996) J. Immunol. 156, 700-710;
Graham et al (1996) Int J. Cancer 65, 664-670; and Burchell et al (1996) 309-313 In: Breast
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Cancer, Advances in biology and therapeutics, Calvo et al (eds), John Libbey Eurotext, all of

which are incorporated herein by reference in their entireties.

It may also be useful to target the vaccine to specific cell populations, for example antigen
presenting cells, either by the site of injection, use of targeting vectors and delivery systems,
or selective purification of such a cell population from the patient and ex vivo administration
of the peptide or nucleic acid (for example dendritic cells may be sorted as described in Zhou
et al (1995) Blood 86, 3295-3301; Roth et al (1996) Scand. J. Immunology 43, 646-651). For
example, targeting vectors may comprise a tissue-or tumour-specific promoter which directs

expression of the antigen at a suitable place.

Finally, the vaccine according to the invention can be dependent from the specific type of
cancer that the patient to be treated is suffering from as well as the status of the disease,
ecarlier treatment regimens, the immune status of the patient, and, of course, the HLA-
haplotype of the patient. Furthermore, the vaccine according to the invention can contain
individualised components, according to personal needs of the particular patient. Examples
are different amounts of peptides according to the expression of the related TAAs in the
particular patient, unwanted side-effects due to personal allergies or other treatments, and

adjustments for secondary treatments following a first round or scheme of treatment.

In addition to being useful for treating cancer, the peptides of the present invention are also
useful as diagnostics. Since the peptides were generated from glioblastoma and since it was
determined that these peptides are not present in normal tissues, these peptides can be used to

diagnose the presence of a cancer.

The presence of the peptides of the present invention on tissue biopsies can assist a
pathologist in diagnosis of cancer. Detection of certain peptides of the present invention by
means of antibodies, mass spectrometry or other methods known in the art can tell the
pathologist that the tissue is malignant or inflamed or generally diseased. Presence of groups |
of peptides of the present invention can enable classification or subclassification of diseased

tissues.

The detection of the peptides of the present invention on diseased tissue specimen can enable

the decision about the benefit of therapies involving the immune system, especially if T
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lymphocytes are known or expected to be involved in the mechanism of action. Loss of MHC
expression is a well described mechanism by which infected of malignant cells escape
immunosurveillance. Thus, presence of the peptides of the present invention shows that this

mechanism is not exploited by the analyzed cells.

The peptides of the present invention might be used to analyze lymphocyte responses against
those peptides of the present invention, such as T cell responses or antibody responses against
the peptides of the present invention or the peptides of the present invention complexed to
MHC molecules. These lymphocyte responses can be used as prognostic markers for decision
on further therapy steps. These responses can also be used as surrogate markers in
immunotherapy approaches aiming to induce lymphocyte responses by different means, e.g.
vaccination of protein, nucleic acids, autologous materials, adoptive transfer of [ymphocytes.
In gene therapy settings, lymphocyte responses against the peptides of the present invention
can be considered in the assessment of side effects. Monitoring of lymphocyte responses
might also be a valuable tool for follow-up examinations of transplantation therapies, e.g. for

the detection of graft versus host and host versus graft diseases.

The peptides of the present invention can be used to generate and develop specific antibodies
against MHC/peptide complexes. These can be used for therapy, targeting toxins or
radioactive substances to the diseased tissue. Another use of these antibodies can be targeting
radionuclides to the diseased tissue for imaging purposes, such as PET. This use can help to
detect small metastases or to determine the size and precise localization of diseased tissues. In
addition, the peptides can be used to verify a pathologist’s diagnosis of a cancer based on a

biopsied sample.

In yet another aspect thereof, the present invention relates to a kit comprising (a) a container
that contains a pharmaceutical composition as described above, in solution or in lyophilized
form; (b} optionally, a second container containing a diluent or reconstituting solution for the
lyophilized formulation; and (c) optionally, instructions for (i) use of the solution or (ii)
reconstitution and/or use of the lyophilized formulation. The kit may further comprise one or
more of (iii) a buffer, (iv) a diluent, (v) a filter, (vi) a needle, or (v) a syringe. The container is
preferably a bottle, a vial, a syringe or test tube; and it may be a multi-use container. The

pharmaceutical composition is preferably lyophilized.
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Kits of the present invention preferably comprise a lyophilized formulation of the present
invention in a suitable container and instructions for its reconstitution and/or use. Suitable
containers include, for example, bottles, vials (e.g. dual chamber vials), syringes (such as dual
chamber syringes) and test tubes. The container may be formed from a variety of materials
such as glass or plastic. Preferably the kit and/or container contains instructions on or
associated with the container that indicates directions for reconstitution and/or use. For
example, the label may indicate that the lyophilized formulation is to reconstituted to peptide
concentrations as described above. The label may further indicate that the formulation is

useful or intended for subcutaneous administration.

The container holding the formulation may be a multi-use vial, which allows for repeat
administrations (e.g., from 2-6 administrations) of the reconstituted formulation. The kit may
further comprise a second container comprising a suitable diluent (e.g., sodium bicarbonate

solution).

Upon mixing of the diluent and the lyophilized formulation, the final peptide concentration in
the reconstituted formulation is preferably at least 0.15 mg/mL/peptide (=75pg) and
preferably not more than 3 mg/mL/peptide (=1500pg). The kit may further include other
materials desirable from a commercial and user standpoint, including other buffers, diluents,

filters, needles, syringes, and package inserts with instructions for use.

Kits of the present invention may have a single container that contains the formulation of the
pharmaceutical compositions according to the present invention with or without other
components (e.g., other compounds or pharmaceutical compositions of these other

compounds) or may have distinct container for each component.

Preferably, kits of the invention include a formulation of the invention packaged for use in
combination with the co-administration of a second compound (such as adjuvants (e.g. GM-
CSF), a chemotherapeutic agent, a natural product, a hormone or antagonist, a anti-
angiogenesis agent or inhibitor, a apoptosis-inducing agent or a chelator) or a pharmaceutical
composition thereof. The components of the kit may be pre-complexed or each component
may be in a separate distinct container prior to administration to a patient. The components of
the kit may be provided in one or more liquid solutions, preferably, an aqueous solution, more

preferably, a sterile aqueous solution. The components of the kit may also be provided as
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solids, which may be converted into liquids by addition of suitable solvents, which are

preferably provided in another distinct container.

The container of a therapeutic kit may be a vial, test tube, flask, bottle, syringe, or any other
means of enclosing a solid or liquid. Usually, when there is more than one component, the kit
will contain a second vial or other container, which allows for separate dosing. The kit may
also contain another container for a pharmaceuticaily acceptable liquid. Preferably, a
therapeutic kit will contain an apparatus (e.g., one or more needles, syringes, eye droppers,
pipette, etc.), which enables administration of the agents of the invention that are components

of the present kit.

The pharmaceutical formulation of the present invention is one that is suitable for
administration of the peptides by any acceptable route such as oral (enteral), nasal, ophthal,
subcutaneous, intradermal, intramuscular, intravenous or transdermal. Preferably the

administration is s.c., and most preferably, i.d. Administration may be by infusion pump.

It should be understood that the features of the invention as disclosed and described herein
can be used not only in the respective combination as indicated but also in a singular fashion
without departing from the intended scope of the present invention. For the purposes of the
present invention, all references as cited herein are incorporated by reference in their

entireties.

The invention will now be described in more detail by reference to the following Figures, the
Sequence listing, and the Examples. The following examples are provided for illustrative

purposes only and are not intended to limit the invention.

Brief description of the Figures

Figure 1: Tetramer analysis of microsphere driven proliferation of ODC-001 and NOX-001
specific CD8+ lymphocytes from peripheral blood. 1 x 10¢ CD8+ enriched PBMCs per well
of the healthy HLA-A*0201+ donor HD100 was stimulated weekly with microspheres
coupled to anti-CD28 plus high densitiy tumor antigen A*0201/0DC-001 (upper panel) or
anti-CD28 plus high densitiy tumor antigen A*0201/NOX-001 (lower panel). After three
stimulations in vitro, all cells were stained with antibody CD8 FITC plus tetramers
A*0201/NOX-001 PE and A*0201/0DC-001 APC. Cells are gated on the lymphocyte
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population or CD8+ lymphocytes (right panel) and numbers represent percentage of tetramer+

within CD8+ lymphocytes.

Figure 2 In vitro immunogenicity of TGFBI-004 as detected by IFNy ELISPOT after five
stimulation cycles. Cells were primed and restimulated repeatedly with TGFBI-004 and then
incubated with relevant TGFBI-004 (Well 1, 2, 3 and 4) and irrelevant (Neg. control) peptide,
respectively. The analysis after IFNy ELISPOT was performed on an ELISPOT Reader (CTL,
Cleveland, USA). PHA-Tonomycin served as positive control. Numbers indicate the count of

positive spots.

Figure 3: In vitro immunogenicity of TGFBI-004 as detected by ICS after five stimulation
cycles. Cells were primed with TGFBI-004-lcaded autologous DCs and restimulated
repeatedly with autologous PBMCs plus TGFBI-004. For the read-out cells were incubated
with relevant TGFBI-004 (Well 1, 2, 3 and 4) and irrelevant (Neg. Control} peptide,
respectively. Additionally to the intracellular IFNy staining, cells were also stained with CD4-
FITC and CD8-PerCP antibodies. The analysis was performed on a four-color FACSCalibur

cytometer (BD Biosciences, Germany).

Figure 4: ELISPOT analysis of IFNy production by T-cell lines upon in vitro restimulation
with the NOX-001 peptide. A. T-Cell line 7+ from donor HBC-154 (sorted CD8+ NOX-001
tetramer+); B. T-Cell line 7- from donor HBC-154 (sorted CD8+ NOX-001 tetramer-). Sorted
CD8+ NOX-001 tetramer+ (A.) and CD8+ NOX-001 tetramer- (B.) cells were analysed by
IFNy ELISPOT after restimulation with irrelevant (MLA-001) (upper wells) and relevant
(NOX-001) (lower wells) peptide (10 pg/ml). Numbers indicate the count of positive spots.

Figure 5: Frequencies of CEA-004-specific CD8+ T cells in 4 HLA-A2 healthy donors

following in vitro stimulation with CEA-004 as determined by flow cytometric analysis.
Figure 6: Affinity of HLA class I peptides of the invention to the MHC molecule coded by the
HLA-A*0201 allele.

Examples

1. Synthesis and structure
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Peptides were synthesized by standard and well-established solid phase synthesis using Fmoc
chemistry. After purification by preparative HPLC, ion-exchange procedure was performed to
incorporate physicological compatible counter ions (acetate or chloride). Finally, white to off
white solids were obtained after lyophilisation. All TUMAPs are administered as acetate salts
except IMA-CCN-001 which is supplied as chloride salt for technical reasons during the

manufacturing procedure.

Importantly, identity and purity of the peptides can be determined easily and with high
accuracy using mass spectrometry, amino acid analysis and analytical HPLC. According to

analytical results, all peptides used for IMA910 vaccine show the correct structure with

purities = 95%.

Table : Physico-chemical characteristics of peptides in IMA910

Peptide
No. Peptide ID leo?it £i£1noo Salt form Pl;z::lclal Hygroscopicity
acids)

1 IMA-C20-001 9 Acetate White to Stored as freeze
2 IMA-CCN-001 9 Chloride off-white | dried powder.
3 IMA-CEA-004 9 Acetate powder Lyophilized
4 IMA-CEA-006 16 Acetate peptides
5 IMA-HBV-001 10 Acetate generally have
6 | IMA-MET-001 9 Acetate hygroscopic
7 IMA-MMP-001 16 Acetate properties.
8 IMA-MUC-001 9 Acetate
9 IMA-NOX-001 9 Acetate
10 | IMA-ODC-001 9 Acetate
11 | IMA-PCN-001 10 Acetate
12 | IMA-TGFBI- 10 Acetate

001
13 | IMA-TGFBI- 15 Acetate

004
14 | IMA-TCP-001 10 Acetate

Particle size distribution and particle shape measurement of the particles obtained after
reconstitution have been performed by capturing direct images of each individual particle in
the range of 0.25 to 100 pum followed by image analysis. As a result the majority (> 95%) of
the particles have been found in the range of 0.25 to 2.7 pm. So far, no major differences in

size and shape distribution could be observed within 1, 2 or 3 hours after reconstitution.

2. Components of the exemplary pharmaceutical composition IMA910
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Detection of TUMAPs by ESI-liquid chromatography mass spectrometry (ESI-LCMS)
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Epitopes contained in IMA910 were systematically searched for on colorectal tumour samples
by mass spectrometry. The obtained HLA peptide pools were separated according to their
hydrophobicity by reversed-phase chromatography (CapLC, Waters) and the eluting peptides
were analyzed in a hybrid quadrupole orthogonal acceleration time of flight tandem mass
spectrometer (Q-TOF Ultima, Waters) equipped with an ESI source. Peptide pools were
loaded onto a C18 pre~-column for concentration and desalting. After loading, the pre-column
was placed in line for separation by a fused-silica micro-capillary column (75 pm i.d. x 250
mm) packed with 5 pm C18 reversed-phase material (Dionex). Solvent A was 4 mM
ammonium acetate/water. Solvent B was 2 mM ammonium acetate in 80% acetonitrile/water.
Both solvents were adjusted to pH 3.0 with formic acid. A binary gradient of 15% to 60% B
within 90 minutes was performed, applying a flow rate of 5 pul/min reduced to approximately
200 nl/min by a split-system. A gold coated glass capillary (PicoTip, New Objective) was
used for introduction into the micro-ESI source. The integration time for the TOF analyzer
was 1.9 s with an interscan delay of 0.1 s. For detection of defined peptides high sensitive
screening was performed in this type of ESI-LCMS experiments on the basis of known
molecular weights and retention times of the peptides in the chromatographic system.
Therefore, an include list containing the m/z values of the previously identified peptides
(singly and/or doubly charged) was applied for precursor selection. Subsequently the
sequence was revealed by collisionally induced decay (CID) mass spectrometry (ESI-
LCMS/MS). The TUMAP sequence was assured by comparison of the generated natural
TUMAP fragmentation pattern with the fragmentation pattern of a synthetic sequence-
identical reference peptide. Evaluation of the HLA peptide purification yield and
reproducibility of the analytical system, including retention time stability was carried out
using the intensity and retention time of an abundant endogenous HLA-A*02 peptide
(YLLPAIVHI from DDXS5) as internal standard. Therefore, the CRC sample inclusion
criterion for detection of previously identified TUMAP in these experiments was set to a
minimal intensity of 650 counts per scan of the internal doubly charged standard signal
(YLLPAIVHI) in the LCMS/MS experiment to assure a successful HLA peptide isolation and

the correct performance of the analytical system.

Table 3 shows the results of an analysis of colon and rectum cancer samples of different
stages as well as metastases originating from either primary tumour site. All HLA-A*(Q2

TUMAPs were found on the majority of samples. Re-detection frequencies of HLA-DR
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TUMAPs are generally lower. This can be expected because for HLA class II peptides,
several length variants for each core sequence may exist.
Table 3: Re-detection of TUMAPS in CRC samples
TUMAP dotocted (+) or not dotected (<) in mags spoctrometic analysis
class | class Il
cre | V™! yumer |Tumor| MET- | c20- | TorBI-| TOP- | Nox- | Pen- | opc- | con- | muc. | cea- | cEa-{ mmp- | ToFBI
Mol cample "’[;“ Iocation |stage| o001 | o001 | oo1 | oot | 001 | oo1 | eo1 | eos | oot | oos | oo0e 001 004
1 | CCAD62 7 colon ¢ na. na. na, n.a. na. na, na.
2 | CCAT40 4,0 |colon 1] - - + * + * + n.a. na n.e.
3 | CCA165 10.8 [eolen Ll - * + + + + +
4 | CCATI2 1,2 |[eolon n + + + + - - + na. na na.
5 | CCATO7 31 |colon n - + + + + + + na. ne na
6 | CCATiE 3.4 |[colen m - * + + + + + na. n.a. na.
7 | CCA7as 3.4 |colon in - + + + + + + na, ne na,
B | CCAlE6 53 |colon i + + + + + + + + +
9 | CCAT34 | 18,1 |colon m - + + + + + + na. n.a. n.a.
10 | CCAT19 | 1.3 |colon v + + + + - * o " @ na, na, na
11| ccares | 27 |colon v . + + + - + + a 2 4 na. na. na.
12| ceatga | 50 |eoion v + + + - + + 8 8 g -
13 ] CCA187 | 52  |eolon I\ na na, na, na ns, n.a. na. g 3 3 {+} +
14 | CCAQSE 1.8 joelon ? n.a. na na na. n.a. na. na. - -
15 | CCA305 40 Jeolon ? na. na. n.a n.a. n.a. na. na.
20| coaros | sz [ | w + . + + + . .
16 | CCA18D 36 [rectum [}] + + + + + + + + +)
17 | CCATS4 36 |mctum [} - + + + - + + n.a, na, n.a.
18 | ccat7a 46 [rectum ] n.a. na. n.o. na. n.a. na. n.a. {+)
18 | CCAIT1 10,3 [ractum v na. na. [: n.a. na. n.a. na, - +
roctum
21| CCAT24 48 notistasis 3 + + +* - - - +
[}
an:;f;z‘:g ;’;lﬁp‘;;s 33% | 100% | 100% | 87% | 67% | so% {100%| - | - | - |ssw| a2% | sa%

n.a. not analysed

4, In vitro immunogenicity for IMA910 MHC class I presented peptides

To get information regarding the immunogenicity of peptides included in IMA910, we
performed investigations using a well established in vitro stimulation platform already
described by (Walter, S, Herrgen, L, Schoor, O, Jung, G, Wernet, D, Buhring, HJ,
Rammensee, HG, and Stevanovic, S; 2003, Cutting edge: predetermined avidity of human
CD8 T cells expanded on calibrated MHC/anti-CD28-coated microspheres, J.Immunol., 171,
4974-4978). This way we could show positive immunogenicity data for 10/10 tested HLA-
A*0201 restricted peptides contained in IMAS10 demonstrating that these peptides are T-cell
eptiopes against which CD8+ precursor T cells exist in humans. The only other HLA class I
peptide contained in IMA910 (MUC-001) could not be tested with this method due to the
relative low A*0201 affinity of this TUMAP.
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hi gh density beads. As different huna$d serum | ots may highly affect

t he i mmunogenicity results, only assays in which one and the sane

ser um | Becenhsvidaed severgly ehelenlgantheduse hof CEA-005 for a cancer vaccine. In a

recent comprehensive study (lero, M, Squarcina, P, Romero, P, Guillaume, P, Scarselli, E,
Cerino, R, Carrabba, M, Toutirais, O, Parmiani, G, Rivoltini, L; Low TCR avidity and lack of
tumor cell recognition in CD8(+) T cells primed with the CEA-analogue CAP1-6D peptide,
Cancer Immunol Immunother. 2007 Dec; 56(12): 1979-91) the authors for the first time
systematically characterized effector functions of CEA-005-primed T cells against the native
sequence CEA-004. For a large number of blood samples from CRC patients and healthy
donors it was observed that T-cell priming with CEA-005 reproducibly promoted the
generation of low-affinity T cells lacking the ability to recognize CEA-expressing colorectal
carcinoma cells presenting the native sequence. Such non-effective low-affinity cross-
recognition of native sequences might be a general problem in vaccination protocols using
altered peptide ligands, as corroborated by recently reported similar results for another CEA
peptide and its altered agonists (Alves, PM, Viatte, S, Fagerberg, T, Michielin, O, Bricard, G,
Bouzourene, H, Vuilleumier, H, Kruger, T, Givel, JC, Levy, F, Speiser, DE, Cerottini, JC,
Romero, P; Immunogenicity of the carcinoembryonic antigen derived peptide 694 in HLA-A2
healthy donors and colorectal carcinoma patients, Cancer Immunol. Immunother., 2007, 56,
1795-1805). Furthermore, such results have also been reported for a native sequence of the
well-established melanoma antigen Melan-A/MART-1 and its agonist (D. Speiser, personal

communication).

Altogether, despite the generally enhanced immunogenicity of altered agonist peptides, recent
evidence suggests that native peptides might be more attractive vaccine candidates due to
inefficient cross-recognition of the native sequence by T cells stimulated with altered
agonists, This suggests that CEA-004 (CAP1) should be preferred to its agonists described in
WO9919478A1, like CEA-005 (CAP1-6D) or CAP1-6D,71.

In fact, ample data demonstrate considerable in vivo immunogenicity of the native CEA-004
sequence itself. Spontaneously induced T cell responses against this peptide among cancer
patients but not healthy donors have been observed in several studies (Nagorsen, D, Keilholz,
U, Rivoltini, L, Schmittel, A, Letsch, A, Asemissen, AM, Berger, G, Buhr, HJ, Thiel, E,
Scheibenbogen, C; Natural T-cell response against MHC class I epitopes of epithelial cell
adhesion molecule, her-2/neu, and carcinoembryonic antigen in patients with colorectal
cancer, Cancer Res. 2000, 60, 4850-4854; Weihrauch, MR, Ansen, S, Jurkiewicz, E, Geisen,
C, Xia, Z, Anderson, KS, Gracien, E, Schmidt, M, Wittig, B, Diehl, V, Wolf, J, Bohlen, H,
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985'9/98%ﬁ%@%@ﬁ%h@%ﬂ?&%m%@% TR Cancer WRt. 1995, 87, 982-990;

Morse, MA, Deng, Y, Coleman, D, Hull, S, Kitrell-Fisher, E, Nair, S, Schlom, J, Ryback,
ME, Lyerly, HK; A Phase I study of active immunotherapy with carcinoembryonic antigen
peptide (CAP-1)-pulsed, autologous human cultured dendritic cells in patients with metastatic
malignancies expressing carcinoembryonic antigen, Clin Cancer Res. 1999, 5, 1331-1338;
Zhu, MZ, Marshall, J, Cole, D, Schlom, J, Tsang, KY; Specific cytolytic T-cell responses to
human CEA from patients immunized with recombinant avipox-CEA vaccine, Clin Cancer
Res. 2000, 6, 24-33; Weihrauch, MR, Ansen, S, Jurkiewicz, E, Geisen, C, Xia, Z, Anderson,
KS, Gracien, E, Schmidt, M, Wittig, B, Diehl, V, Wolf, J, Bohlen, H, Nadler, LM; Phase I/II
combined chemoimmunotherapy with carcinoembryonic antigen-derived HLA-AZ-restricted
CAP-1 peptide and irinotecan, 5-fluorouracil, and leucovorin in patients with primary
metastatic colorectal cancer, Clin Cancer Res. 2005, 11, 5993-6001).

In vitro priming of CD8+ T cells

To perform in vitro stimulations by artificial antigen presenting cells (aAPC) loaded with
peptide-MHC complex (pMHC) and anti-CD28 antibody, first we isolated PBMCs
(peripheral blood mononuclear cells) from fresh HLA-A*02+ buffy coats by using standard
density gradient separation medium (PAA, Colbe, Germany). Buffy coats were either
obtained from the Blood Bank Titbingen or from the Katharinenhospital Stuttgart. Isolated
PBMCs were incubated overnight in T-cell medium (TCM) for human in vitro priming
consisting of RPMI-Glutamax (Invitrogen, Karlsruhe, Germany) supplemented with 10% heat
inactivated human AB serum (PAA, Colbe, Germany), 100 U/ml Penicillin / 100 pg/ml
Streptomycin (Cambrex, Verviers, Belgium), 1 mM sodium pyruvate (CC Pro, Neustadt,



65 <cells CEA-004 50/60 (83% CEA-005 46/72 (64% CD8+ T cells
were isolated fromPBMCs, primed in vitro using artificial antigen

pr esent i ngwoedobmeibsaaded wi t h CEA- 004, RSL-001 or DDX5- O8I/Ereepisioders?2
respectively. After three cycles of s€imulation, the detection of
pepti de-reactive cells was performed by staining with CEA004- plus

i rrel evaatmawyD a0 20 pgtnldBetanyciin Canglirerds CD8dtilpraplntyeeb oxese iseb\l@snsing the

h f d
ReL- 001 CoNG ks T iRt b Eufisitad! GEAERR,H o) ke fes o pe
eal Ly o e e bl o Lon i (. CEA 005 ag” e/ TEM
ea
det er myﬁ@ﬂ eﬂg?n?eﬁowﬂéﬁt%%é@ll B- Ztr{lé{"ﬂq(gﬂ ldéﬂ%‘?fﬂ: o&fﬁ’laﬂé)sa?%rlaﬁcy&lt%

wel |'s af@idoRdi GRhRH, fOEmERSh daRpitoRcRAr amicsf/a[(u-tmed HREE ﬂs‘édlsneﬂcaas
10 fold the nedian of the hegative controls and at |east 1% el |

Wi t h pestieyiatioge avd rerdoutatesvierfommed ko escyibedlgforad Maliern s iHreigen L, Schoor

positiv e hReDs4 egat

are shoéﬁﬁ@%’ ﬁ’aeﬁ%{igﬁﬁbgﬁﬁg]gb \I;&FB"’ &lgerﬁ’n urfo%enig\ég% fgv %W iC
cl ass | prepoteraeimddehidigypdfi lﬁhaﬁn'ICIhSaITpeHs aqiah&dpinaoﬁhhmadrtﬂblﬁlani-cmseoated
supporti ng CTLs t cti d [ ne.response ain

Cunor . cBIFePheE & @P@ nc2@Past B 6??@2 heFESGn QRGP Briefly,
| MA910. hihfiBited Qdbondiin® HIL A& +0D0 pﬁmcrdca&g mchfgemteltem@meﬂafaae NRehakm and
| MA910, was tested for its inmunogenic potential in vitro and proved

to be abiolimdaledat the caEory dpraunys of eheavhampereprediced folgyeng 2 method
gener at s apgd v %ﬁggpdjq WiGLs! PR GRE P ﬂayc{mﬂ%mtﬁ%ze@%ﬁww Bell,

experi nents us ‘at1ons perforimed I n an autol‘ogous system’
Princi pJIBIVlecI’EEL Ay amd PgvianbiMxiiensiypic wﬁlyspeﬁ pftigentspecific CDamphexytes,

CD8+ cel l.s. we Vi tr t d

paves e DR E R TH iR ity Slo R IR Sif flEhL s Ab
Bri ef | y9.3 t(funge e N atlectent J Ag eadsitetied EterKad HIT Iadidtisn dfmynﬂymaﬂdhpfeeﬁmgi
PBMCs of on ea on HLA genot ype.. c A 1/ 318 .and
Cl s R B BB ISRy S B P SR DA )RS, BroE (Pl e o
usi ng pephi derggyl sed, auqliognes Bess af&ﬁex’ﬁﬁ& Muiadidated t husald ol RPLRUS-
PBMCs pl us pepti de. As a read-out system Ngeg']r uction upon short

t er m r SSrGRYPUECingRidRBiotip s sgeuamprd eéLhygﬂ:erm Fuibethiond @rrry Geymany).
cells apaly r S o]

i nt rac\gﬁ gf %PFE\N%% \a/é\bgﬁzeogmi 4%5 %‘%tlg&élogg 6@%@6 stai ﬁflﬁsg %s.laﬂés
CD4- FI TigbaowtoORs - Iiﬁm@l%/lﬂ&ﬁ)ieméfﬂrhﬁl nesetdh@Sp@pm@m agd ofeghtingy -qontola ciwete
cells i i | -cell,. Sg In thi X i S
cti ml SN e PR B RSttt chalifief e Mrab Pt Gend
i ncubat &t026i DDX5061 e@mrIIPﬁaéﬁ{Il denf MDXBEe or eAH62HRBRW DO e (F Il ST P/,

negative controls. Generation of dendritic cells (DCs)
respectively.

800.000 beads / 200 ul were coated in 96-well plates in the presence of 600 ng biotin anti-
CD28 plus 200 ng relevant biotin-pMHC (high density beads) or 2 ng relevant plus 200 ng
irrelevant (pMHC library) MHC (low density beads). Stimulations were initiated in 96-well
plates by conincubating 1x10° CD8+ T cells with 2x10° washed coated beads in 200 pl TCM
supplemented with 5 ng/ml IL-12 (PromoCell) for 3-4 days at 37°C. Half of the medium was
then exchanged by fresh TCM supplemented with 80 U/ml IL-2 and incubating was continued
for 3-4 days at 37°C. This stimulation cycle was performed for a total of three times. Finally,
tetrameric analyses were performed with fluorescent MHC tetramers (produced as described
by (Altman, JD, Moss, PA, Goulder, PJ, Barouch, DH, Heyzer-Williams, MG, Bell, JI,
McMichael, AJ, and Davis, MM; Phenotypic analysis of antigen-specific T lymphocytes,
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Results of in vitro immunogenicity experiments conducted by immatics for 10 of 11 HLA

class I peptides included in IMA910 are summarised here. Results shown have been obtained
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conposition according to any one of clains Ito 8, additionally
Principle of test
Priming and expansion of specific human CD4+ and CD8+ cells were assayed in vitro by
priming of monocyte-depleted PBMCs with autologous DCs and restimulation with
autologous PBMCs. Briefly, to generate antigen-specific CD4+ T cells, monocyte-depleted
PBMCs of one healthy donor (HLA genotype class I: AI/A25/B8/B18 and class II:
DQB1*02/DQB1*06/DRB1*03/DRB1*15/DRB3/DRB5) were stimulated using peptide-
pulsed autologous DCs and restimulated with autologous PBMCs plus peptide. As a read-out
system, IFNy production upon short term restimulation was assessed by ELISPOT and flow

cytometry. T cells were analysed after eight stimulations by ELISPOT and intracellular IFNy
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1640-Glutamax/25mM Hepes (Invitrogen, Germany) supplemented with 10% autologous
plasma // 100 U/ml penicillin and 100 pg/mi streptomycin. First, buffy coat and plasma was
obtained by centrifugation of the blood from a healthy donor (Bloodbank Tiibingen). PBMCs
were then isolated from the buffy coat by standard density gradient separation (Lymphocyte
Separation Medium, PAA, Austria) and resuspended in DC medium to determine total cell
number. 100-120 Mio of PBMCs were washed, resuspended in 15 ml X-Vivo 20 medium
(BioWhittaker, Belgium) and transferred to a cell culture flask. After 2 hours at 37°C, media
containing peripheral blood leukocytes (PBL) was removed, adherent monocytes were
washed twice with 10 ml PBS and cultured for 6 days in 10 ml DC medium with 100 ng/ml
GM-CSF and 30 ng/ml IL-4 (ImmunoTools, Germany) or 20 ng/ml (R&D systems,
Germany). On day 3 and 5 100 ng/ml GM-CSF and 30 ng/ml IL-4 (Immunotools) or 20 ng/mi
IL-4 (R&D Systems, Germany) was added. On day 7 immature DCs were activated with 10
ng/ml TNF-a (R&D Systems, Germany) and 20 pg/ml poly(1C) (Sigma Aldrich, Germany) or
100 ng/ml LPS for 24 hours. Remaining PBMCs and obtained PBLs were aliquoted and

frozen.

In vitro priming of specific T cells

To generate CD4+ T cells, 3 Mio PBMCs/PBLs were stimulated with 2 x 105 autologuous
DCs. DCs were harvested on day 8 (see chapter 3.1, Generation of DCs). PBS with 5 mM
EDTA was used for this purpose to gain as many cells as possible (including adherent cells).
After washed with DC medium, cell number was determined. For loading with peptide, DCs
were resuspended in 1 ml DC medium and incubated with 25 pg/mt peptide for 2 hours at 37°
C. Peptides used for pulsing of DCs were TGFBI-004, Posmix (mix of EBV and CMYV related
peptides), Padre and CMV, Autologous PBMCs/PBLs were thawed, washed with DC medium
(at least twice) and plated in a 24 well plate at a density of 3 Mio cells/ml in 1 ml. DCs loaded
with peptide were then added (as 1 ml suspension containing the peptide) to the plated
PBMCs/PBLs and incubated for 7 days at 37° C. After priminig, obtained CTLs were first
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restimulated with cryopreserved autologous peptide-loaded PBMCs which have been

irradiated (30 Gy; Gammacell 1000 Elite, Nordion International, Canada). 5 x 10° CTLs and
2,5 x 105 PBMCs were added per well for this purpose. Pulsing of PBMCs with peptide was
performed as aforementioned (for DCs). On day 1 after the first restimulation, IL-2 (R&D
Systems, Germany) and IL-7 was added to a final concentration of 2 ng/ml and 5 ng/ml,
respectively. Afterwards, every 2nd day and every 7th day IL-2 and IL-7 were added to the
media. Second restimulation was done 7 days later, but this time peptide was added alone
{without PBMCs) to the cultured CTLs. Restimulations were performed in a 7 day cycle, with
peptide-loaded PBMCs and petide alone added alternatively. Analyses were performed after
the eight stimulation by intracellular IFNy staining and IFNy ELISPOT.

Results

It was possible to prime CD4+ T cell lines specifically reacting to the peptide of interest
(Figure 2 and Figure 3). T-cell responses could be detected via ELISPOT in 2 out of 4 T-cell
lines, whereas in 3 out of 4 T-cell lines TGFBI-004 specific IFNy producing CD4+ and/or
CD8+ cells were shown via ICS.

Thus, TGFBI-004 was able to elicit CD4+ and CD8+ T cell responses in one donor tested
with the above described experimental system. According to this promising result, it is likely

that this peptide is immunogenic and has the capacity to induce T-cell responses.

6. Functional validation exemplified by NOX-001 and TGFBI-001

Immunogenicity of peptides included in IMA910 vaccine was demonstrated in vitro by using
immatics’ TUMAP validation platform. The induction of specific T cells is an indication for
the ability of peptides to successfully activate the immune system. Since efficient anti-tumor
immune response is only possible when activated T cells are of high avidity and functional,
we further investigated the TUMAPS to prime high avidity, functional T lymphocytes by their
ability to produce IFNy or to kill tumor cell lines. Two peptides, NOX-001 and TGFBI-001,
were chosen for deeper validation due to their capacity to induce high avidity CTLs in vitro.
We were able to prove that high avidity precursor T cells exist against both peptides in
humans and that functional CD8+ T cell lines could be generated by NOX-001.

Principle of test
To get additional insight on the immunogenicity of IMA910 peptides and the properties of
specific T cells, two peptides, NOX-001 and TGFBI-001, were selected for further evaluation.
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The experiments performed for this purpose were conducted at immatics (cell sorting was

performed at the University of Tiibingen, lab of Dr. Biihring).

Dependent on their ability to be activated by high- or low-density antigen, T cell lines can be
divided into high- or low-avidity. As it has been shown before (Walter, S, Herrgen, L, Schoor,
O, Jung, G, Wemet, D, Buhring, HJ, Rammensee, HG, and Stevanovic, S; Cutting edge:
predetermined avidity of human CD8 T cells expanded on calibrated MHC/anti-CD28-coated
microspheres, J. Immunol., 2003, 171, 4974-4978), human high-avidity CTLs can be raised
successfully by using less peptide for activation compared to low-avidity CD8+ T cells. It has
also been demonstrated that cells expanded this way are more efficient in recognizing antigen-
expressing tumor cell lines, hereby constituting a possible major tool in the development of

therapy starategies.

To be able to determine the ability of peptides to generate high-avidity CTL lines, isolated
human CD8+ cells were primed and expanded by repeated in vitro stimulations with beads
coated with low-density pMHC (peptide-MHC-complex) and anti-CD28 antibody in the
presence of IL-12 and IL-2. After three stimulations, a fraction of in vitro primed T cells were
pMHC-tetramer stained and detected by cytometric analysis. Tetramer-positive cells of each
donor were pooled afterwards according to the antigen specificity, stained with pMHC-
tetramer and human anti-CDS8-FITC antibody and finally subjected to FACS sorting on a
FACSAria. Sorted cells were cultured and expanded in the presence of irradiated feeder cells,
cytokines and mitogen. As a read-out for the generation of primed high avidity antigen
specific cells, pMHC-tetramer staining was performed. To determine their functionality, IFNy
production was assayed by ELISPOT and killing of tumor cell lines was exarnined using a
cytotoxicity assay based on live/dead staining after restimulation of the cells with the

corresponding peptide and tumor cell lines.

Generation of specific CD8+ T-cell lines

In vitro stimulations using artificial antigen presenting cells (aAPC) loaded with peptide-
MHC complex (pMHC) and anti-CD28 antibody were conducted as detailed above. The only
difference to the method described there was the fact that stimulations were performed with
beads loaded with 2 ng relevant plus 200 ng irrelevant library (pMHC)MHC (low density
beads) instead of 200 ng relevant MHC (high density beads). Thus, predominantly high

avidity T cells were generated for deeper validation of peptides. After three stimulations, a
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fraction of in vitro primed T cells was pMHC-tetramer stained and detected by cytometric
analysis. Immunogenicity for a given antigen was detected if at least one evaluable in vitro
stimulated well of one healthy donor was found to contain a specific CD8+ T-cell line after in
vitro stimulation (i.e. this well contained at least 1% of specific tetramer+ among CD8+ T-
cells and the percentage of specific tetramer+ cells was at least 10x the median of the negative
control stimulations). Tetramer-positive cells of each donor were pooled afterwards according
to the antigen specificity, stained with the corresponding pMHC-tetramer and human anti-
CDS8-FITC antibody clone SK1 and finally subjected to FACS sorting on a FACSAria (BD
Biosciences, Germany). Sorted cells were cultured in T cell medium (RPMI-Glutamax
- supplemented with 1G% heat inactivated human AB serum, 100 U/ml peniciilin, 100 pg/ml
streptomycin, ImM sodium pyruvate and 20 pg/ml Gentamycin) in the presence of 5 x 105
cells/mi irradiated fresh allogeneic PBMCs, 5 x 104 cells/ml irradiated LG2-EBV cells, 150
U/ml IL-2 (Chiron, Munich, Germany) and 0,5 pg/ml PHA-L (Roche Diagnostics,
Mannheim, Germany). Expansion of these cells occurred in T cell medium containing 150
U/ml IL-2. As a read-out for the generation of primed high avidity antigen specific cells,
pMHC-tetramer staining was performed as above and analyzed on a four-color FACSCalibur

(BD Biosciences, Germany).

Functionality tests

To determine their functionality, IFNy production was assessed by ELISPOT (IFNy ELISPOT
Set, BD, Germany) after restimulation of the cells with the corresponding peptide.
Additionally, cell-mediated cytotoxicity of specific CTLs was investigated by killing of tumor
cell lines using the LIVE/DEAD cell-mediated cytotoxicity Kit (L7010, Invitrogen,
Germany). Both assays were performed according to manufacturer's instructions, except

noted otherwise.

Results ‘

Both peptides, NOX-001 and TGFBI-001, were immunogenic in vitro as shown by successful
priming with low pMHC density aAPCs. For NOX-001 as well as for TGFBI-001 specific T-
cell lines could be established by FACS, thus demonstrating that high-avidity CD8+ T cell

precursors exist in healthy donors.
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Additionally, for NOX-001, one T-cell line could be established that also proved to be
functional by ELISPOT since it was specifically expressing IFNy after restimulation with this
peptide (Fig. 4).

7. Binding of HLA class I-restricted peptides of the invention to HLA-A*0201

The objective of this analysis was to evaluate the affinity of the HLA class I peptides to the
MHC molecule coded by the HLA-A*0201 allele as this is an important parameter for the
mode of action of IMA910. Affinities to HLA-A*0201 were high for 9 of 10 HLA class I-
restricted peptides in IMA910, dissociations constants {KD) being in the range from 0.001 to
0.2 nM. Also the viral marker peptide IMA-HBV-001 showed strong binding. Affinity for
IMA-MUC-001 was about two decades weaker, These results confirmed the strong binding
affinity of 9 out of 10 HLA class I peptides of the IMA910 vaccine candidate to MHC

molecules.

Principle of test

Stable HLA/peptide complexes consist of three molecules: HLA heavy chain, beta-2
microglobulin (b2m) and the peptidic ligand. The activity of denatured recombinant HLA-
A*0201 heavy chain molecules alone can be preserved making them functional equivalents of
“empty HLA-A*0201 molecules”. When diluted into aqueous buffer containing b2m and an
appropriate peptide, these molecules fold rapidly and efficiently in an entirely peptide-
dependent manner. The availability of these molecules is used in an ELISA-based assay to
measure the affinity of interaction between peptide and HLA class I molecule (Sylvester-Hvid
et al., 2002).

Purified recombinant HLA-A*0201 molecules were incubated together with b2m and graded
doses of the peptide of interest. The amount of de novo-folded HLA/peptide complexes was
determined by a quantitative ELISA. Dissociation constants (KD values) were calculated

using a standard curve recorded from dilutions of a calibrant HLA/peptide complex.

Results

Results are shown in Figure 6. A lower KD value reflects higher affinity to HLA-A*0201.
Most of the IMA910 peptides and the viral control peptide IMA-HBV-001 had similar and
strong affinities to HLA-A*0201 within the range from 0.001 (IMA-TGFBI-001) to 0.2 nM
(IMA-ODC-001). Affinity of IMA-MUC-001 was about two to three decades lower as



<213> hono sapi ens <400> 9 Leu Leu Gy Ala Thr Cys Net Phe Val
15 <210> 10 <211> 9 <212> PAT <213> honp sapi ens <400> 10 Set Thr Al a

Pro Pro VaWwo089/\es41Vval 15 <210> 11 <211> 16 <212> PRT BCIIBR0G3EKELS2
sapi ens 71

compared to the majority of the included ligands. However, vaccination with IMA-MUC-001
led to immune responses in renal cell carcinoma patients in an earlier clinical trial conducted

by immatics, thus the lower binding affinity of IMA-MUC-001 gives no cause for concern.



<400>11 Ser Gn Asp Asp Ile Lys Ay Ile Gn Lys Leu Tyr Ay Lys Arg
Ser 1 5 10 15 <210> 12 <211> 9 <212> PRT
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Claims:
1 A pharmaceutical composition comprising at least two peptides containing an

amino acid sequence of SEQ ID NO 1 and SEQ ID NO 2, and/or containing a variant
amino acid sequence that is at least 80 % identical to that of SEQ ID NO 1 and SEQ
ID NO 2, and/or’a polynucleotide containing a nucleic acid encoding SEQ ID NO 1
and SEQ ID NO 2 or the variant amino acid sequence, and a pharmaceutically

acceptable carrier.

2. The pharmaceuticéi composition according to claim 1, further comprising at least
one additional peptide containing an amino acid sequence selected from the group
consisting of SEQ [D NO 3 to SEQ ID NO 15, or containing a variant amino acid
sequence that is at least 80 % identical to that of SEQ 1D NO 3 to SEQ ID NO 15, or
polynucleotide containing a nucleic acid encoding SEQ ID NO 3 to SEQ ID NO 15 or

the varjant amino acid sequence.

3 The pharmaceutical composition according to claim I or 2, wherein the peptides
have an overall length of between 8 and 100, preferably between 8 and 30, and most

preferred between § and 16 amino acids.

4, The pharmaceutical composition according to any of claims | to 3, wherein at least

one peptide includes non-peptide bonds.

5. The pharmaceutical composition according to any of claims 1 to 4, comprising at
least two peptides consisting of amino acid sequences according to SEQIDNO | and

SEQ ID NO 2.

6. The pharmaceutical composition according to any of claims ! to 5, wherein the
selection, number and/or amount of peptides present in the composition isfare tissue,

cancer, and/or patient-specific.



<213> hono sapi ens <400> 12 Tyr Lou Ser Gy Ala Asp Leu Asn Lou
15 <210> 13 <211> 9 <212> PRT <213> hono sapi ens <400> 13 Tyr Val Asp
Pro Val Ile Thr Ser Ile 15 <210> 14 <211> 10 <212> PRT <213> honp

sapi ens <400> 14
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7. The pharmaceutical composition according to any of claims 1 to 6, further
comprising at least one suitable adjuvant, selected from the group comprising 1018
1SS, aluminium sa]ts Amphvax AS1S, BCG, CP-870,893, CpG7909, CyaA, dSLIM,
GM—CSF IC30 IC31 Imlqulmod ImuFact IMP321, IS Patch, ISCOMATRIX,
JuvImmune, LipoVac, MF39, monophosphory! lipid A, Montanide IMS 1312,
Montanide ISA 206, Montanide ISA 50V, Montanide ISA-51, OK-432, OM-174,
OM-197-MP-EC, ONTAK, PepTel vector system, PLG microparticles, resiquimod,
SR1172, Virosomes and other Virus-like particles, YF-17DBCG, Aquila's QS21
stimulon, Ribi's ﬁetox. Quil, Superfos, Freund's, GM-CSF, cholera toxin,

immunological adjuvants, MF59, and cytokines.

8. The pharmaceutical composition according to claim 7, wherein the adjuvant is
selected from the group consisting of colony-stimulating factors, such as Granulocyte

Macrophage Colony Stimulating Factor (GM-CSE).

9. The pharmaceutical composition according to any one of claims 1 to 8, additionally

containing at least one antigen presenting cell.

10. The pharmaceutical composition according to claim 9, wherein the antigen

presenting cell is a dendritic cell.

11. The pharmaceutical composition according to claim 9 or 10, wherein the at least

one antigen presenting cell is

a. pulsed or loaded with the peptide or
b. comprises an expression canstruct encoding the peptide.
12. The pharmaceutical composition of any one of the preceding claims, wherein the

composition is administered intravenously, intra-arterially, intra-peritoneally,
intramuscularly, intradermally, intratumorally, oraily, dermally, nasally, buccally,

rectally, vaginally, by inhalation, or by topical administration.



Phe Leu Pro Ser Asp Phe Phe Pro Ser Val 1510

SEQUENCE LISTING

<110> immatics biotechnologies GmbH
<i20> Novel immunogenic epitopes for immunotherapy
<130> 1I31236PCT

<160> 14

<170> PatentlIn version 3.4

<210> 1

<211> 9

<212> PRT

<213> homo sapiens

<400> 1

Ala Leu Ser Asn Leu Glu Val Thr Leu
1 5

<210> 2

<211> 9

<212> PRT

<213> homo sapiens

<400> 2

Ile Leu Ala Pro Val Ile Leu Tyr Ile
1 5

<210> 3

<211> 9

<212> PRT

<213> homo sapiens

<400> 3

Jle Leu Asp Gln Lys Ile Asn Glu Val
1 5

<210> 4

<211> 10

<212> PRT

<213> homo sapiens

<400> 14

Lys Leu Met Asp Leu Asp Val Glu Gln Leu
1 5 10
<210> 5

<21i> 10

<212> PRT

<213> homo sapiens

<400> 5



Ala Leu Phe Val Arg Leu Leu Ala Leu Ala

1 5 10
<210> 6

<211> 10

<212> PRT

<213> homo sapiens

<400> 6

Lys Ile Phe Asp Glu Ile Leu Val Asn Ala
1 5 10
<210> 7

<211> 15

<212> PRT

<213> homo sapiens
<400> 7

Thr Pro Pro Ile Asp Bla His Thr Arg Asn Leu Leu Arg Asn His

1 5 10 15
<210> 8

<211> 16

<212> PRT

<213> homo sapiens

<400> 8

Ser Pro Gln Tyr Ser Trp Arg Ile Asn Gly Ile Pro Gln Gln His Thr
1 5 10 15
<210> 9

<211> 9

<212> PRT

<213> homo sapiens

<400> 9

Leu Leu Gly Ala Thr Cys Met Phe Val
1 5

<210> 10

<2i1> 9

<212> PRT

<213> homo sapiens

<400> 10

Ser Thxr Ala Pro Pro Val His Asn Val
1 5

<210> 11

<2il> 18

<212> PRT

<213> homo sapiens



<400> 11

Ser Gln Asp Asp Ile Lys Gly Ile Gln Lys Leu Tyr Gly Lys Arg Ser

1 5 10 15
<210> 12

<211> 9

<212> PRT

<213> homo sapiens

<400> 12

Tyr Leu Ser Gly Ala Asp Leu Asn Leu
1 5

<210> 13

<211> 9

<212> PRT

<213> homo sapiens

<400> 13

Tyr Val Asp Pro Val Ile Thr Ser Ile
1 5

<210> 14

<211> 10

<212> PERT

<213> homo sapiens
<400> 14

Phe Leu Pro Ser Asp Phe Phe Pro Ser Val
1 5 10



