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are the nost undifferentiated ones anong brain tunors, so
oligodendrogliomas, named according to the normal glial cell type from Wthh they originate
(astrocytes or oligodendrocytes, respectively). Belonging to the subgroup of astrocytomas,
glioblastoma multiforme (referred to as Vglioblastoma hereinafter) is the most common
malignant brain tumor in adults and accounts for approx. 40% of all malignant brain tumors
and approx. 50% of gliomas (CBTRUS, 2006). It aggressively invades the central nervous
system and is ranked at the highest malignancy level (grade IV) among all gliomas. Although
there has been steady progress in their treatment due to improvements in neuroimaging,
microsurgery, diverse treatment options, such as temozolomide or radiation, glioblastomas
remain incurable (Macdonald, 2001; Burton and Prados, 2000; Prados and Levin, 2000). The
lethality rate of this brain tumor is very high: the average life expectancy is 9 to 12 months
after first diagnosis. The 5-year survival rate during the observation period from 1986 to 1990
was 8.0%. To date, the five-year survival rate following aggressive therapy including gross
tumor resection is still less than 10% (Burton and Prados, 2000; Nieder et al., 2000;
Napolitano et al., 1999; Dazzi et al., 2000). Accordingly, there is a strong medical need for an

alternative and effective therapeutic method.



tunmor cells have high potential of mgration and proliferation and are
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Press, Lyon, France, 2000)).

Glioblastoma migrates along myelinated nerves and spreads widely in the central nervous
system. In most cases surgical treatment shows only limited sustainable therapeutic effect
(Neurol. Med. Chir. (Tokyo) 34, 91-94, 1994; Neurol. Med. Chir. (Tokyo) 33, 425-458, 1993;
Neuropathology 17, 186-188, 1997) (Macdonald, 2001; Prados and Levin, 2000).

Malignant glioma cells evade detection by the host’s immune system by producing
immunosuppressive agents that impair T cell proliferation and production of the immune-

stimulating cytokine IL-2 (Dix et al., 1999).

Intracranial neoplasms can arise from any of the structures or cell types present in the CNS,
including the brain, meninges, pituitary gland, skull, and even residual embryonic tissue. The

overall annual incidence of primary brain tumors in the United States is 14 cases per 100,000.
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Carci noma According to the American Cancer Society, colorectal cancer (CRC)
Is the third nost common cancer in the US, afflicting nore than 175,000 new
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Pol yps cb@ifRE G decline beyond 5 years to 57% at 10 years after diagnosis. When colorectal
cancers are detected at an early, localized stage, the 5-year survival is 90%; however, only
39% of colorectal cancers are diagnosed at this stage, mostly due to low rates of screening.
After the cancer has spread regionally to involve adjacent organs or lymph nodes, the 5-year

survival drops to 68%. For persons with distant metastases, 5-year survival is 10%.

Research suggests that the onset of colorectal cancer is the result of interactions between
inherited and environmental factors. In most cases adenomatous polyps appear to be
precursors to colorectal tumors; however the transition may take many years. The primary
risk factor for colorectal cancer is age, with 90% of cases diagnosed over the age of 50 years.
Other risk factors for colorectal cancer according to the American Cancer Society include
alcohol consumption, a diet high in fat and/or red meat and an inadequate intake of fruits and
vegetables. Incidence continues to rise, especially in areas such as Japan, where the adoption

of westernized diets with excess fat and meat intake and a decrease in fiber intake may be to



As in nost solid tunors, first line treatnent is surgery, however, its
benefits remain confined to early-stage patients, yet a significant
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by these compounds more often than any other target in colorectal cancer trials, which is due

to the fact that in ~80% of patievnts with colorectal cancer EGFR expression is upregulated.

Clinical trials with stage II patients combining chemotherapy with the recently approved
monoclonal antibodies (mAbs) (cetuximab + irinotecan or FOLFOX4; bevacizumab as a
single-agent or together with FOLFOX4) are currently being conducted. Three to four year

observation periods are expected for statistically significant results from these trials.

Monoclonal antibodies (mAbs) presently used in oncology in general have an excellent
chance of not interfering with active immunotherapy. In fact, there is preclinical
(GABRILOVICH 1999) aﬁd clinical evidence suggesting that depletion of VEGF (by
bevacizumab) contributes positively to DC-mediated activation of T-cells (Osada T, Chong

G, Tansik R, Hong T, Spector N, Kumar R, Hurwitz HI, Dev I, Nixon AB, Lyerly HK, Clay



the early 1990s, rates in African Arerican nen remain nore than tw ce as
high as those in white nen. Prostate cancer is the nost frequently
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combination. Which option is best depends on the stage of the disease, the Gleason score, and
the PSA level. Other imponaﬁt factors are the ‘man's age, his general health, and his feelings
about potential treatments and their possible side effects. Because all treatments can have
significant side effects, such as erectile dysfunction and urinary incontinence, treatment

discussions often focus on balancing the goals of therapy with the risks of lifestyle alterations.

If the cancer has spread beyond the prostate, treatment options significantly change, so most
doctors who treat prostate cancer use a variety of nomograms to predict the probability of
spread. Treatment by watchful waiting, HIFU, radiation therapy, cryosurgery, and surgery are
generally offered to men whose cancer remains within the prostate. Hormonal therapy and
chemotherapy are often reserved for disease which has spread beyond the prostate. However,
there are exceptions: radiation therapy may be used for some advanced tumors, and hormonal
therapy is used for some early stage tumors. Cryotherapy, hormonal therapy, and

chemotherapy may also be offered if initial treatment fails and the cancer progresses.
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survival rate drops significantly after the spreading to other tissu€s arid organs.

Lung Cancer

Estimated 210,000 new cases are expected in 2007 in the USA, accounting for about 15% of
cancer diagnoses. The incidence rate is declining significantly in men, from a high of 102
cases per 100,000 in 1984 to 78.5 in 2003. In women, the rate is approaching a plateau after a
long period of increase. Lung cancer is classified clinically as small cell (13%) or non-small

cell (87%) for the purposes of treatment.

Lung cancer accounts for the most cancer-related deaths in .both men and women. An
estimated 160,390 deaths, accounting for about 29% of all cancer deaths, are expected to
occur in 2007. Since 1987, more women have died each year from lung cancer than from
breast cancer. Death rates have continued to decline significantly in men from 1991-2003 by

about 1.9% per year. Female lung cancer death rates are approaching a plateau after



usually the treatnent of choice. Recent studies indicate that survival with
earl y-stage, nonsnmall cell lung cancer is inproved by chenot herapy

f ol | owi ngweurepers§36Because t he di sease,has usual ly spre@CGTHP290O044TE it iS
di scovered, radiation therapy and chen%therapy are often used, sonetlnes in

conbi nati on wi th surger éﬁcer ap)i~ al one or conbi ned w t ation is
the usGaPtiRuoEsly r’r%ﬁ?ascb‘?g éF‘&%’a hesedrands im (ingFa0e5T meHa t'% "Tcé&}en”en
a l arggea@‘;sgqggﬁggm faRabl&hs ggfggg,\:ﬁgce rem ssion, which is long lasting
in some cases. -year re |ve urvival for Iung cancer has slightly
increased from 37%| n 1975- 1979 to 42%in 2002, largely due to inprovenents

in sur cal techni ques nd co 'n d t her However he ..5- r suryiva
ot e 1 redmenicontied 8 dhformiee b i pgoipllccell B RSpmall 1y ahd SHaep e
cases dgiRehedindhRe sﬁfg%r}d 'r§cﬁ@t$&h thSrapl] dﬂexdoqfeaép Z 8l tREMEY BlologhHl Yhetdpesof

l ung cancers are diagnosed at this early stage "Tabl e 1: Estimated new
cancer sndwsbmdlzumab NAVWI@Mmﬂqtmé) (Tareava®poFor(Inpalized £ANGEEH SUIZEROIS et v .
Cancer tS,.,& Fl t | ant Aneri ca ncer Qch et 7

There tﬁ'ﬂf‘gl tgﬁéfeﬁ r?ge °f°8r ﬁﬁ%%‘ gufdlec?al@dlgate }al?‘n 'fvglswrl%a?a}(l ngt%ag% p %’%n f or
gl i obl amanreell 1@16%35&@be1st b veddbE aBdmEBae folﬁﬁﬁﬁ@%ﬁ@ky Betaede, théthsQﬁ@Ct al
cancer, clear ce renal cell carcinoma, |ung cancer, CNS, ovari an,

mel anomas pseaksnseread by tho tgie 1psﬁn@§@a'@reé tadinsion therap aed shermotherapy arenpfiag
Ieukenl n | Qpl ng, s p si on
of survi v(r?nS% %wncﬁllrjl c@ftﬁ?x{%oﬁl el %ﬁée %ﬁlo\‘@ 5e:‘;r}'t g%\gt gu%%ﬁﬁ)gﬂ?erﬁl with
chenot hatiatpweuis itke agamhfeamEenobhehma@émtmal\hetblﬂuﬁgycaxh@a,dort this esgirnen, s lrdrege
effects. Summary of the invention In a fjrst aspect thereof, the present

i nvent iPSWe‘i“égea?é%at‘LeBtS&XB%rb?qCGée‘Ek%*BF‘a whigh isloag [asHAg in SOMLEASEY fr om t he
group of SEQID No. 1 to SEQID Nb. 3, or a variant thereof that is at

| east 85% honol ogous to SEQ ID No. 1 to SEQ ID No. 3, or a variant thereof
that i Atadegeal relativessucyivalsfor damgtdamgen/bia's Isliglal)dinvmaiseihﬁomeﬁﬁf’/{)diew%é%ﬂ to said

peptid e full-length eptide.o nman sur ivin. Rreferably,
Bara patd medoed. diecli i for BiwraPubs B shiRhiriraNes Ard combincd BeSRES Liicn
as HLAHEWMeR rth#s!yeBRsmmaara&@q&nal %@@&éorﬁtﬁlﬁécﬁ%f only NSYRI BfeftrvivAV RIS ison
relates to a nucl eic acid, encoding Beptlde according to the present

i nvent #8% for cases drtseted svhen th@dtsmseeaﬁid losaligedehowvenesi oy 4 aVdoflyrg eancersci d.

In a thir e he present invention relates to a host cell
comr i A4 FRREE AT sagh.

Table 1: Estimated new cancer cases and deaths by sex for the US in 2007 (American Cancer

Society. Cancer Facts & Flgures 2007. Atlanta: American Cancer Society; 2007.)

Sites Estimated New Cases Estlmated Deaths

Both Sexes | Male Female Both Sexes | Male Female
Glioma and Brain | 20,500 11,170 9,330 12,740 7,150 | 5,590
Breast 180,510 2,030 178,480 40,910 450 40,460
Prostate 218,890 218,890 27,050 27,050
Esophagus : 15,560 12,130 3,430 13,940 10,900 | 3,040
Colon 112,340 55,290 57,050 52,180 26,000 | 26,180
Renal 51,190 31,590 19,600 12,890 8,080 | 4,810
Pancreas 37,170 18,830 18,340 33,370 16,840 | 16,530
Squamous cell | 1,000,000 | n.d. n. d. n.d. n. d. n.d.
carcinomas;
Keratinocytic
neoplasms of the
skin
Leukemia 44,240 24,800 19,440 21,790 12,320 | 9,470




acid or the expression vector according to the present invention, wherein
said host cell preferably is an antigen presenting cell, in particular a
dendri ti cwOap#9/13823ant i gen presenting _C§I_I . In a fourth REpEPROWHEIDT, t he

present invention relates to an in vitro nethod for producing activated
Cyt ot Oy= o T ! \lnrphcr-\lf oc (CTIl ricino At 1 f'"rL

€ ¥ &yt CH—cefR-LSERg—€oR H-Ag3 A W th
ant i geﬁ’“%aded humdre 1oP88s || A0 9888Y es | 1951 Pssed 850 PHI B8Pt ade of a
sui t abiNenaHYdgRIROPr §58NBONY ¢abh1er [agoagti{iigked consd sooct] apem ckijng an
anti gefyphRseNting |cell for ja perigd of time sufficilent tq activate said
CTL ir GO Mt genT SPRGHTC TenTeT, [WHEEET T §abgh) ant T[geT Ty @ Jggptide
according tfo the priesént inyention./USe of a peptide |according to tlhe
pr esentMdlanomat i on, |t39940ucl ¢i38,94€i d 26,03@ he | 8NP essi gnd,28ct|d8%ccorldi ng to
t he present—nventt+on—the—cetHt—according—tothe—present—nventton, or an
activated cytotoxic T | ynphocyte produced according to the present
i nvent itp@ref Mis réifaih @akd¥aNfor QewCeficRdiod afdosafé RRatiment fopeibifer gfiolastoma,
medi canment agai nst cancer, wherein said nedi canent preferably is a vaccine.
Pr ef er @rosjate Sumgr, cbigas rcansers ¢isephaggalf eanseiasrolggestabsancepi Flgay celd renal cell
astrocytomn, d rvopl i C oeni [ r {0, ragl i S,
ependy r%an,o%al’ i}i'g‘gqngs cgﬁaefﬁ]utq’ tq\gﬁglﬁfeﬁgfr#] Qrg% @J I (%r'r'm'gg,ai.o |9ggga‘ga?k ?%8{3?5%&?’
medul | ghlasduereell dagdihmah) Rakann, andemedil] obidswima age btfien orst whigh Ghaw an
gangl i ogl i omas, gangliocytoma, central gangliocytoma, primtiv )
neur oe OVERGEPIFESIon (o SYrviHRETeNhangng ibau el EReing S hergRiESe p‘f@ﬁ@t i Using
neur obl J 3 t he pi neal
par enci oo Bl g R g e el STl Famor o
choroid plexus tunors, neuroepithelial tunors of uncertain origin (e.g.

gliomatosis cerebri, astroblastom), glioblastoma prostate tunor, breast

cancer Suzupanyofdhe IRERtion o) on cancer, colorectal cancer, renal cell
car ci Ne®, fifst G8feck MeredfCMA pheSbit MAERIAN T tes! 18N8 PeBREE Comphising OV 3¢quifloe
mel anoma pancreatic cancer, squanous cell carcinonma, |eukem a and

medul | cbleetsd fnom thargtoup $ESEQ URPoNe. bto $EQABMNo.shonirvgriant therepkthpt s least of

Sur vi vign, Kit, co ISkng; (a t\al ner that. capt ali . phar rpceut i cal
composterehriBheaf P @ e e P afhg po oS B R B RN o it he
nucl ei ¢rasiréhclhg t WRh XA eoaiRN Yafidel vAReeindidlg péptideeiprmseme RLRABION, a
cell according to the present_invention, or an activated cytotoxic T

| yrrpho@?lz}’@eﬁtcgo@fdhlﬁ@art guryhyan. gRrefesahly.i seidpentide s ispleatsd (frame @ Reptide having a

| yophi | j AW i Ya % dygont ai ner containing a diluent

or recghécﬁg%%I?ﬁ%ubg}g%eﬂg‘lpcona%pgﬂ?’l\t%e@l @%ﬁ?ﬁ?‘ged formul ation; (c) optionally,
at | east one peptide selected fromthe group consisting of the peptides

according to SEQID NOGs 4 to 24, and (d tionally, instructjons for the
use Ing second agpect thereof, the present ianvent(lorg re?aﬁes to a nuéielc ac1sd, encocflng a pept'{de

according to the present invention or an expression vector capable of expressing said nucleic

acid.

In a third aspect thereof, the present invention relates to a host cell comprising the nucleic
acid or the expression vector according to the present invention, wherein said host cell

preferably is an antigen presenting cell, in particular a dendritic cell or antigen presenting cell.

In a fourth aspect thereof, the present invention relates to an in vitro method for producing
activated cytotoxic T lymphocytes (CTL), comprising contacting in vitro CTL with antigen
loaded human class I MHC molecules expressed on the surface of a suitable antigen-
presenting cell or an artificial construct mimicking an antigen-presenting cell for a period of
time sufficient to activate said CTL in an antigen specific manner, wherein said antigen is a

peptide according to the present invention.



of the solution and/or the reconstitution and/or use of the |yophilized
formul ation. A nethod for producing a reconbi nant anti body specifically
bi ndi ng t\WO200WK3¥8236 maj or histoconpatipéLity conpl ex ( MHELTHIP28NS/0D344T | |
bei ng conplexed with a HLA-restricted antigen, the nethod conprising:

I mmuni zing a genetically engi neered non- human manmal conprising cells
expressing said human maj or histoconpatibility conplex (IVHC) class | or |

with a | 4B : : : j it h
o RSBl sl b, mhaauacimira. o gt

pr oduciangprdiag|ts thef prescintl imentiomethe nelhaedordipg tuitheipreseat imvanfeondios ph agtivatdsk ar y
di splayin r I n nol ecul es encoded bysajd nol ecul es; .and i sol ating
at | eaé‘_@'tog?igc %E@%PWX% Bré’ﬁﬂceﬁihé‘&é’"gp% é? j'be Ipfebc’F'étr Wegté‘?rh%%ft ﬂ\eeté?ttm He®hhage
di spl ayha@r R fdr N hpedmkcaReOffd aRUMmMRhNEShE dadc&aivcheldinBRidTRicBicament

hi stoconpatibility conplex (MHC) class | or Il being conplexed with said

HLA- r epreferablyd isamt vapsine. Rrefgrablposhid tdaneersisesdl¢dtediifrom pistrasytomaa pilaextie

maj or hi st oconpati bi l.ity . conpl ex .class | jor .11 .being conplexed with a
ot e b FOGRERE kst SR Ren ot el BB v Bograspehtel FRAGLRORA

ant i bog¥ioblaBomal onmhltifdtined 0dpnixsdd/ Oofliomnashi NBlidoast@sdykdingy . Baidailbsibstoma,
description of the invention The term "peptide" is used herein to designate
a seri aefinpblagiomep newrpblasteniag germinemarieraianp, gasgliegliomas oganghoexiomadgentalpy

peptid t ] - am an b roups | acent
am no %8? @g)q?tl)ﬁga E’:‘%PP%‘S@ g#eg@?efg(fggg}ﬁ?ly ngc?hg ng@éjg]gs ?g I %&Pﬂ&lgﬂ%ﬁg’an be
as shomiedaloépithelitra,acieti®blasdtdned) gicfinoblastoma, lepandyasoblést@na)) otuadirsisofi the

| ength. ., The term "ol i gopeptide” is uo;

d herein to designate a serjes of
ari no  RIeal PECHAHER, (¢ GoPRERDERMBRINIDIASHEN) eRendy gl CeAl tHpogy, cb%fﬁtfi »E¥onds

bet Weert‘ux’hﬁx%,o ?éu?ﬁ%iiﬂﬂ%iié‘lotuﬂﬂﬁs g@hﬂ@&i’din ingﬂp&.é?rglfo%t@s% BEGEBY, ATBRSRES-

The | engt ol 1gopeptide Is not critical"to the invention, as |0ng as
t he corgtieblastemiat prostater t@pot, opreast acamcemi asophiageal téreesi polof heanotn, gopwpttaldes

are typically | ess,than about 30 am no, acid residues in | eng and greater
Than JBBGET10Ena S8l SRS 1P ooh 601 SISy BB CPBE SoL) gArde a
seri es nflarMd ParRfdafic [cBRd el URRIam©R s BEIE oMYA, 1Qukeha Bhd &ledulObIGRbMY, 404
pepti de bonds between the al pha-am no and carbonyl groups of the ad] acent

am no athed sumars er canegrstshovinghan eisrsppagssiodef iSyrvivin. critical to the invention
as long as the correct epitopes are maintained. In contrast to the terns
peptide or oligopeptide, the term pol ypeptide is neant to refer to

ol eculekitC edth@disihglaar éontdidt @hocdntadfls arphamaeutcdl @®nte8Bion containing a

peptide according to the present invention, the nucleic acid or the expression vector according
to the present invention, a cell according to the present invention, or an activated cytotoxic T
lymphocyte according to the present invention, in solution or in lyophilized form; (b)
optionally, a second container containing a diluent or reconstituting solution for the
lyophilized formulation; (c) optionally, at least one peptide selected from the group consisting
of the peptides according to SEQ ID NOs 4 to 24, and (d) optionally, instructions for the use

of the solution and/or the reconstitution and/or use of the lyophilized formulation.

A method for producing a recombinant antibody specifically binding to a human major
histocompatibility complex (MHC) class I or II being complexed with a HLA-restricted
antigen, the method comprising: immunizing a genetically engineered non-human mammal
comprising cells expressing said human major histocompatibility complex (MHC) class I or 11
with a soluble form of a MHC class I or II molecule being complexed with said HLA-
restricted antigen; isolating mRNA molecules from antibody producing cells of said non-

human mammal; producing a phage display library displaying protein molecules encoded by



A peptide, oligopeptide, protein, or polynucleotide coding for such a

nol ecul e is "imunogenic" (and thus an "imunogen" within the present

i nventi ory0 2049/§38236s capabl e of inducijpg an i mune resp&ATEP2008/00H47 case of
the present invention, imrunogenicity is nore specifically defined as the
ability to induce a T-cell.r onse. Thus, an."imunogen" .waul d be a .

ol eculetd MR EoiGyl i sbRRRRA frast e e GorCEUDRBEE SN ot Yeide o
t he prgga&dst ioh¥ epdgeNdisPlaiibesdid enfiBoAPlsfetficdllydBiidasleato! s&il hurh&s pedjee. - -
ATcell "epltquf requires a short peptide that is bound to a class | or

| | MHC histeaspipstibility cainplgxa(MHBL) #ass d oargdl dging\tamplexess withgaph HLAheastiicted
bet a- 2-m.crogl obul i n, and peptide) that can be recognized by a T cel
bearinﬁLn g%ﬁtching T-cell receptor binding to the MHC peptide conplex with
appropriate affinity. Peptides binding to MHC class | nol ecul es are

typically 8 to 14 amno_acids in length, and nost typically 9 am no _acids
i n | endirhantibady| thateppecifisally thinds i1 Adumanvme)of | stecepatibility gamapley §MHC)

Vb cal : . . : Lo . bi nd
o nrccabaler ooty APSALHAR « ML ASSakPreq Rubelf iR B BRRCLOSE-AARY ' 1
epi t opés apylysloaslendbodymmonocivneal aripoeynhnd/brd clilifetierantibodyhe overal | | ength

due to fl anki ng sequences of differing | engths upstream of the
am no-term nus of the core sequence and downstream of its carboxy-term nus,

respecty ' = G . ors have a nore open conformation,
tDeY%iéﬁ %@@%g rﬂé inVEFEH

pepti des boun ass Il receptors are correspondi ngly not conpletely
buri ed Tha t¢rme“meptide’t isnsed hetehretodSignhtasssetibs nHhmeowl aip msiduds -donnetitetorel ef t

as the re in the cl as | ecul e peptide-bi ndi lefft.

Sur pr 1 3¢ i ophet pially By crebiife beaSetteh, e Hatramas aoe Gedhony! eipuaeef 115 no
1, as fRbént\WAihéhéi@8 STHEpdpfided %Q?ﬁicéﬂy Y AghiReRES & |eRath, bat edh BXhd SHEet
decrease of activity (see below). I'n hunans there are three different
genet i @s Baoiing #cads wrlength, Mmd@sdorgas 16 amine@gids ¢n fength. MVHC- nol ecul es of the
human are al so desi gnated human | eukocyte antigens (HLA)): HLAA HLA-B, and
HLA- C. HLA- A*01, HLA- A*02, and HLA-A* 11 are exanples of different MHC

cl ass IThahdrel esfigbpéptideans rdapie ssddidnaen dehies of ko acldbdsiiuds, coapectd
expressed alleles in different populations- - There are 3 different loci in

t he hua tQteariherrypicphlichby pgpddq borgls hetveepy the piphagmingyand sadpopylgropps afHc
cl ass i i.sti of .

v U LGS At Salor s MAEIRSCABIIRLILAT Sl A0l
HLA- DRBori*434he andedtllepitdeBir épitopeeart wmaistamep ltkeseiaf THe diigomptidédiGe ¢ymesalyl |
bet a allelzsgltl?asn ﬁb%%tt 33ra?nilr(13 %\gpd Ee%icﬁgs in length, and greater than about 14 amino acids in

length.

The term “polypeptide” designates a series of amino acid residues, connected one to the other
typically by peptide bonds between the alpha-amino and carbonyl groups of the adjacent
amino acids. The length of the polypeptide is not critical to the invention as long as the
correct epitopes are maintained. In contrast to the terms peptide or oligopeptide, the term

polypeptide is meant to refer to molecules containing more than about 30 amino acid residues.

A peptide, oligopeptide, protein, or polynucleotide coding for such a molecule is
“immunogenic” (and thus an “immunogen” within the present invention), if it is capable of
inducing an immune response. In the case of the present invention, immunogenicity is more
specifically defined as the ability to induce a T-cell response. Thus, an “immunogen” would
be a molecule that is capable of inducing an immune response, and in the case of the present

invention, a molecule capable of inducing a T-cell response.



encoded in these loci. Cass Il alleles are very polynorphic, e.g. several
hundred different HLA-DRBI all el es have been described. Therefore, for
t her apeutwo 2009di3833agnost i ¢ pur poses a ge_pt i de that bi nd®CREPROQOPI4GDPr i at e
affinity to several different HLA cl as1 Il receptors is highly desirable. A
peptide binding to several different HLA class Il nolecules is called a
prom scuous binder. As used herein, reference to a DNA sequence i ncl udes
bot h si & d . -pyAunT clAddg e ence,
unIessA?%L&%gﬁﬁgﬁpgiﬁ%?ggggﬁm%ﬁ e &?ge, re 8r§1?g§ﬁh%£siﬁgﬁe sf%én B%NA of
such sdomeng e terhlry cdmplex (MHGcclass sapheciain, beta2 intisroghrbplienard pepdde)that
st randed and e ement of such _sequence. The. term” | £ egi on”
refers %%gﬁéﬁ Fxsﬁclﬁé%bﬁéwg ARl ngiT_ts'FFg_ TeRERIgR mnﬁwgépqﬁ%;ﬁﬂ@%gp des
for t h%oﬁﬂ%&%%lie 9;5};;? ieﬁg'dfﬁniﬁ/f. PEp@des Biifing B MEEC BRI Aol 8RB Etypically 8

, 0.

envi ronme 2 e region coding in vivo for the native expression
pr oducto ¢# amhno geide in Kngthg edd mepst Gpichlyhamine daidsmndengthnill cell repitapescthaty

altered. gen an.eve e froma sequence, or, gene I

aynt he el YL B3 uiSledEs wfPhG-Medndf SRR iR iaboBebd eesaf 1
the ar tpe}IS’tide%t%Yr[H QRESIERC cIRBE I A6RtulBs) Ghe S Ifepiiid WARGRe coredspbRdih® Tocell
het er opol yner of deoxyri bonucl eotides. The nucleotide sequence coding for a
part i cgbiepepmpy ishiare aotargmpe porejecgment, gt wiféert indhe wagrabdengthdugl toyflaskngr r i ng
or they may be het ical constructed. Generally, ne ncadi n
The. pebriabe olCBlseRk SRuhy ydPSI AT BE g TiRlnd, obie S8 B aENiRC

from c@®¥nittcagenits cabxp-keming| r@peuticeBOMHEE dlassHEfeeptofs hidver mofeopeds Of
ol i gonucl eoti des, to provide a synthetic gene that is capable of bei nlg
y

expr es seformation; pepfidss bonnd to MHEclass iTbreseptars are Corpinoadmgly aefiomnlsty

el emen,gdef ’éﬁ%%ﬁrilfztﬁp% 8t {Hetclf/lg—ig BlasOfT bikalle %g?t'iclfégbingﬂg digt B ?}Fe?pc{r@%?hﬁ.”

product™ neans e pol ypep or proternt the“natural translation
pr oducMBEC didse 1 geslecide geptide-bindingictefa Suepristuglenhes is mot thg ageifarahe pestide

resulting from | ¢_cqQde degeneracy an hus codi ng for the sane am no
o a( s pocbriias (o SERTR Sgfdnts smah ot i i ienedh S Bo afrifti Beisaing o
por ti OReQEadNR GRS (s&d Pow§sSsS than the conplete coding region, whose
expression product ‘retains essentially the sane biol ogical function or

activity as the expression product of the conplete coding region. The term
;%85319 %gfans rt}(lagree "ot t’[}?reéle %GHP lggxqc%rc’ loicinthta %néood’eni\/ﬁ-ic %léssgqa{n%ie%ufers a(%%ent
MHC-molecules of the human are also designated human leukocyte antigens (HLA)): HLA-
A, HLA-B, and HLA-C. HLA-A*01, HLA-A*02, and HLA-A*11 are examples of different

MHC class I alleles that can be expressed from these loci.

Table 2: Top 30 expressed alleles in different populations

% chance of allele expressed in an individual

Top 30 expressed alleles

Allele Caucasian Allele African-American Allele Hispanic Allele Oriental
A*0201 | 45.6% C*0401 | 29.0% A*0201 37.1% A*1101 38.4%
C*0701 | 27.7% C*0701 | 25.4% C*0401 25.4% A*2402 33.7%
A*0101 | 27.4% C*0602 | 23.0% A¥*2402 24.9% C*0702 33.3%
A*0301 | 23.8% A*0201 | 22.3% C*0702 24.2% C*0102 27.7%
C*0702 | 21.5% A*2301 | 20.7% C*0701 20.8% A*3303 23.3%
C*0401 | 21.2% C*0202 | 19.0% C*0304 14.4% C*0801 21.6%
B*4402 | 202% A*0301 | 18.7% A*0301 14.3% C*0304 19.9%
B*0702 | 18.1% C*0702 | 18.1% B*0702 13.2% A*0201 18.1%
B*0801 | 18.1% B*5301 | 18.1% B*3501 12.8% B*4001 15.2%




conponent of a larger DNA construct, which has been derived from DNA
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of magnitude, preferably two or three orders, and nore preferably four or

five orders of
There are 3 different loci in the human genome for MHC class II genes: HLA-DR, HLA-DQ,

and HLA-DP. MHC class II receptors are heterodimers consisting of an alpha and a beta
chain, both'anchoring in the cell membrane ifia a transmembrane region. HLA-DRB1*04, and
HLA-DRB1*07 are two examples of different MHC class II beta alleles that are known to be
encoded in these loci. Class II alleles are very polymorphic, e.g. several hundred different
HLA-DRBI alleles have been described. Therefore, for therapeutic and diagnostic purposes a
peptide that binds with appropriate affinity to several different HLA class II receptors is
highly desirable. A peptide binding to several different HLA class II molecules is called a

promiscuous binder.

As used herein, reference to a DNA sequence includes both single stranded and double
stranded DNA. Thus, the specific sequence, unless the context indicates otherwise, refers to
the single strand DNA of such sequence, the duplex of such sequence with its complement
(double stranded DNA) and the complement of such sequence. The term “coding region”

refers to that portion of a gene which either naturally or normally codes for the expression



magni tude is expressly contenpl ated. Furthernore, the clainmed pol ypeptide
which has a purity of preferably 99.999% or at |east 99.99% or 99.9% and
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human, Theedini Macleetide squene: trafcrdtg a Hegerbpolpmer oSddorytibdnuetzosidds.cel |
response within the recipient aninmal, such as a human. Alternatively, the
"active fragnent” may al so be used to induce a Tcell response in vitro. As
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"Conpared Sequence") wth

The term “fragment”, when referring to a coding sequence, means a portion of DNA
comprising less than the complete coding region, whose expression product retains essentially
the same biological function or activity as the expression product of the complete coding

region.

The term “DNA segment” refers to a DNA polymer, in the form of a separate fragment or as a
component of a larger DNA construct, which has been derived from DNA isolated at least
once in substantially pure form, i.e., free of contaminating endogenous materials and in a
quantity or concentration enabling identification, manipulation, and recovery of the segment
and its component nucleotide sequences by standard biochemical methods, for example, by
using a cloning vector. Such segments are provided in the form of an open reading frame
uninterrupted by internal nontranslated sequences, or introns, which are typically present in

eukaryotic genes. Sequences of non-translated DNA may be present downstream from the



the described or clained sequence (the "Reference Sequence"). The Percent
Identity is then determ ned according to the follow ng fornul a: Percent

| dent i t y=WOQOO¥138236CZR) ] - - wherein C_:l' s the nunber of @CHEPR@OEBI4Det ween
t he Reference Sequence and the Conpar eé Sequence over the |ength of
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Ref erence Sequence al so being counted as a base or amno acid. If an

al i gnmelRexysibosueleqiidewbein. t he Conpared Sequence and the Reference Sequence
for which the percent identity as cal cul ated above is about equal to or
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Sequengaehasn tponsReci heat airédion Bf BN A6RTolvele i bindidd of RANARgotyReas: to
Sequence even though alignments may exi st in which the herein above

cal cul angatet@psEPiiondentity is | ess than the specified Percent Identity.
The original peptides disclosed herein can be nodified by the substitution
of one or nore residues at different, possibly selective, sites within the
pept i d&hehainn,“opén neidinyg fiems G@RE)’ameshs Ssetiess o sipletstdodings faryarhmoodcids
conservative nature, for exanple, where gne am no acid js .replaced by an
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hydr ophobi ¢ amino acid is replaced by anot her hydrophobic am no acid. Even
nore conservative woul d be replacenent of am no acids of the sane or

si m | arThsitgre isdlatld® mezals thatt the enateniad s agmavedrfeoth étscomgnalsenvéphmertd(elyy,

i soleugine. In studies of.sequence.variations.n fam/|ies of naturall
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" Consern\c{t%}zllvs%'st'seﬂgsitsi itsbllge(anssnu'ch polynucleotides could be part of a vector and/or such

polynucleotides or polypeptides could be part of a composition, and still be isolated in that

such vector or composition is not part of its natural environment.

The polynucleotides, and recombinant or immunogenic polypeptides, disclosed in accordance
with the present invention may also be in “purified” form. The term “purified2 does not
require absolute purity; rather, it is intended as a relative definition, and can include
preparations that are highly purified or preparations that are only partially purified, as those
terms are understood by those of skill in the relevant art. For example, individual clones
isolated from a cDNA library have been conventionally purified to electrophoretic
homogeneity. Purification of starting material or natural material to at least one order of
magnitude, preferably two or three orders, and more preferably four or five orders of
magnitude is expressly contemplated. Furthermore, the claimed polypeptide which has a
purity of preferably 99.999%, or at least 99.99% or 99.9%; and even desirably 99% by weight

or greater is expressly contemplated.



Conservative substitutions are herein defined as exchanges wthin one of
the following five groups: Goup 1-small aliphatic, nonpolar or slightly
pol ar reswOue®/1383a, Ser, Thr, Pro, Gy¥); Goup 2-pol ar PCdFae0mei4y7 char ged
resi dues and their am des (Asp, Asn, él u, Gn); Goup 3-polar, positively
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be dism ssed as potentially ineffective since chemcal effects are not
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t he conmepresenaifiveti@ciahsadvaitdgeoustyed in@nfichedsorisddted fansubstituted for the
L-am no acids comonly found in the antigenic peptides of the invention and
yet still be enconpassed by the disclosure herein. In addition, am no acids
possessi 2P 3 ) j foynd in
t he comﬁe% %‘?nfvgow%g:n?eg? gkgﬁgtﬁ ufgdgi pF g?él%%g Qém%%h gﬁg%&rﬁggfé%gé&r" hd
subst i timiMunoggmic pabety) whep radohintisteredipralioog en sptamchlly rmwitine gemabde pdyhyae ptoi 2ohe s
accordin o the present .invention. If substitutions,at nore than one

posi 11 SRmACSIC e TRl SR ot Bl R FOWiSh S0 HICaPF bt DAPERe or
gr eat elgu@PirhAeR FespGiise hkig e thl BESMALANY alT168]] BQREBARAMItRINShE redifiene
substitutions will be tested to determne it the conbi ned substitutions
resul t ahimalduich ay e homagyAlematvély, the f‘aative fragmeh® may alge bt vhedtoghdudge T-

pept i de.l At _nost. QO nore than four positions within the peptide would

si mul t SHOETRPY R Villhst it uted. The term "T-cel | response” means the
specific proliferation and activation of effector functions induced by a
peptide in vitro or in vivo. For MHC class | restricted CTLs, effector

funct i dyisusedyherring theitermy “prItion de spgnewid, sk iskragraeni.cwhen gsedyin sbatiagy to

or i or SBpERREy FE a8 Kohubl BEhe gL Seu GRE Gih oS Uk, which

secr et isequeate fokihe atsabsenof & tarp@sseqpenet eF alexympteq ifzype gpeptidp evero subjectédmduced
by peptide, or degranul ation. For IVHC ¢l ass Il-restricted hel per, ceill | s,
ef f ect GFEAMFALMiBhANYYY the OBIRIHENHRFAEERTCS cTICRASORYRN &t ORMelyPsin, the

pr ef er abypeplifidd F8MHRg O s@!hPtment would represent portions, segments or fragments

of the starting polypeptide. This means that any such fragment will necessarily contain as part

of its amino acid sequence a segment, fragment or portion, that is substantially identical, if not
exactly identical, to a sequence of SEQ ID ‘NO: 1 to SEQ ID NO: 3, which correspond to the
naturally occurring, or “parent” protein of the SEQ ID NO: 1 to SEQ ID NO: 3, namely
survivin. When used in relation to polynucleotides, such terms refer to the products produced

by treatment of said polynucleotides with any of the common endonucleases.

In accordance with the present invention, the term “percent identity” or “percent identical”,
when referring to a sequence, means that a sequence is compared to a claimed or described
sequence after alignment of the sequence to be compared (the “Compared Sequence”) with
the described or claimed sequence (the “Reference Sequence”). The Percent Identity is then
determined according to the following formula:

Percent Identity= 100 [I -(C/R)]



IL-4, IL5 IL-10 or IL-2, or peptide-induced degranul ation. Possible
effector functions for CILs and T helper cells are not l[imted to this
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residues at different, possibly selective, sites within the peptide chain, if not otherwise stated.
Such substitutions may be of a conservative nature, for example, where one amino acid is
replaced by an amino acid of similar structure and charécteristics, such as where a
hydrophobic amino acid is replaced by another hydrophobic amino acid. Even more
conservative would be replacement of amino acids of the same or similar size and chemical
nature, such as where leucine is replaced by isoleucine. In studies of sequence variations in
families of naturally occurring homologous proteins, certain amino acid substitutions are
more often tolerated than others, and these are often show correlation with similarities in size,
charge, polarity, and hydrophobicity between the original amino acid and its replacement, and

such is the basis for defining “conservative substitutions”.

Conservative substitutions are herein defined as exchanges within one of the following five
groups: Group 1-small aliphatic, nonpolar or slightly polar residues (Ala, Ser, Thr, Pro, Gly);
Group 2-polar, negatively charged residues and their amides (Asp, Asn, Glu, Gln); Group 3-



predom nantly on professional antigen presenting cells (APCs), and
primarily presentpeptides of exogenous or transnmenbrane proteins that are
taken up WO 2P0S826Gri ng the course of_jgndocytosis, and RCEEPRSO04ENE |y
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Ghj at i priatiplds. , 2003). At the tunor site, T helper cells, support a CTL
friendly cytokine mlieu (Qn and Bl ankenstein, 2000; Mrtara et al., 2006)
and attract effector cells, e.g. CTILS, NK cells, nacrophages, granul ocytes
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expression of MHC cl ass ecules is mainly restricted to cells of the
| mm ne Thyst Bramiog p?@tdsallnllght d?eo$lé)§‘9tumdaf0rathc |Igemnp)r acids tcongnandy |fguridApCyhe
tes rlved Cro tic eIIs In
Cacer Ay pEpdfR BF e o G 545D L-CRPRPPARREDy BEARCIbUR SRFa Sy oo
MHC cl agasitibh, mhe@uﬂde@oédassa@%]ﬁbn Qﬁan@d.rd R 0089 i.el, lR g@sp§bmemhaﬁ tiseTedidan
ani nal nDdeIs %@ m ce at even in the absence of CTL effector cells
am

(i.e., iThHE-ge8uNen noyagitioRlynasys! profsins) swyialspeberused fpssubsitulion PRESSR £ or
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direct killing of tunmor cells by cytotoxic CD4+ T cells via | ynphotoxins

and gr ?P ggbggtutlogg gt r%%?enth%oo%%speocéltl(oﬂez{]rg %ouegd t% result in a peptide with substantially
equivalent or greater antigenic activity as defined below, then combinations of those
substitutions will be tested to determine if the combined substitutions result in additive or

synergistic effects on the antigenicity of the peptide. At most, no more than four positions

within the peptide would simultaneously be substituted.

The term “T-cell response” means the specific proliferation and activation of effector
functions induced by a peptide in vitro or in vivo. For MHC class I restricted CTLs, effector
functions may be lysis of peptide-pulsed, peptide-precursor pulsed or naturally peptide-
presenting target cells, secretion of cytokines, preferably Interferon-gamma, TNF-alpha, or
IL-2 induced by peptide, secretion of effector molecules, preferably granzymes or perforins
induced by peptide, or degranulation. For MHC class Il-restricted T helper cells, effector
functions may be peptide induced secretion of cytokines, preferably, IFN-gamma, TNF-alpha,
IL-4, ILS, IL-10, or IL-2, or peptide-induced degranulation. Possible effector functions for
CTLs and T helper cells are not limited to this list.



1992; Littaua et al., 1992).Additionally, it was shown that CD4-positive T
cells recogni zing peptides fromtunorassoci ated anti gens presented by HLA
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cel | s ohe iddevided P dédsy evd, Wi imord beeferdblyahiee thdisidudlscat i on of tunor
associ ated antigens (TAAs) conprises the follow ng major groups (Novellino
et al., 2005): 1. Cancer-testis antigens: The first TAAs ever identified
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growth of the tumor. Various mechanisms of harnessing both the humoral and cellular arms

of the immune system are currently being explored for cancer immunotherapy.

Specific elements of the cellular immune response are capable of speciﬁcally recognizing and
destroying tumor cells. The isolation of cytotoxic T cells (CTL) from tumor-infiltrating cell
populations or from peripheral blood suggests that such cells play an important role in natural
immune defenses against cancer (Cheever et al., 1993; Zeh, III et al., 1999). Based on the
analysis of 415 specimens from patients suffering from colorectal cancer, Galon et al. were
able to demonstrate that type, density and location of immune cells in tumor tissue are
actually a better predictor for survival of patients than the widely employed TNM-staging of
tumors (Galon et al., 2006).

MHC class I present peptides that result from proteolytic cleavage of predominantly
endogenous proteins, DRIPs and larger peptides. MHC class II molecules can be found

predominantly on professional antigen presenting cells (APCs), and primarily present



histologically different types of tunors as well as in many normal tissues,
generally with | ower expression levels. It is possible that many of the

epi t opes WPROWESBB6and potentially pr ggent ed by normal ®PCIFRIAIB4Del ow
the threshold level for T-cell recognition, while their overexpression in
tumor cells c trigger an anticgmcer respogse by breaki n)ngpi; Vi ousl)(h

est abl iPSABIFSt QY STOLRERMS P HANHRSIROERG, MEptewstthat usi ke 4osb Ui the

Her - 2/ netrse 34T MldbkRosise W@%ﬁb&g?é@ﬁg R&ceéemtrés@%hf i199ANC FEPlSxes THE

se
uni que TAAs arise Trom nutations genes (such as b-catenin, CDK4,
et c.) . pEptide afd Mhissdassol molekuales eteanegrsnizeddyaSB8piositivd cylotdxinddympbodytes

abi ot JeRRRTE EPiasR'd ind-PeCRisred and Rotiplebks P appliieert SR gseTn ¥

aut ol MpMecul @2t ir@idbEn A8 IbYSEDAYRRIve IHe oY Scel 9 behRfy e Biprb@ivle TIARRIESTAAS
are in nost cases only relevant to the exact tunor on which they were

i dent i fwadldkrnveh thab thesTi@RI ¢herpaptidia and dhd MIle ae thersbyi prgbant dual steightometrics
TAAs arisin tl‘r,g_rp abnornmal post-translational nodifications: Such TAAs may
ari se faP’(S’HPg?o]t' ihs that are neither specific nor overexpressed in tunmors
but neverthel ess becone tunor associ ated by posttransl ati onal processes
primarily active in tunors. Exanples for this class arise fromaltered

gl ycosﬁ%‘{'l)%tli’mﬂl?]@ﬁhér celidphly e impoeanteisle dpdadycing gpe rsyisigining effeeieye or

events |j L0t & L Ci i 5 j - Whi ) be
o S0z COR. BB I GG T GIRGH AR Whvinioh0, SR, Sun WY Bifn 0%
pL ot ei 2903;THlexkockA bR Sha:i\/lﬂt())ab. bﬁtﬁrtlkyih flse 'pi‘iﬁii?gmyc_l [ekpansdorc b¥ tGhTCIa;I inr bynephi n)
t he onco en) ¢ process and, ecaus I he ar e ar el ot o unma origin),
t hey candes KREPROTEe CP4gpbicels Eeharpbeecort %lu_clﬁgg} 55 mechah pf_@r?fawan
papi |'l gﬁmgmt y@ﬁlelggaar{ﬁu%fmaweecm+ &@1849qheEélacwzs'ng%@foﬁaﬁém%ﬁ%Qu i_NAPC

cervi cal “carci no or proteins to be recognize cyt ot oxi c
T- | ynphtesattion @Sastellivor etsahe 2D06)c Forally aths genartech ahfungtorsa]l CIgt imemoryleellst o be

Shoul a8 Bt GoaBREa P BTl P anpevn. ebfiteatey Lhbs 7"

anount 900%). Fk Thése NRAIInBY tHel RiSHEScatih ¢fSCHYULFRRIVEDT Rellapitopd Berivddafromne
respective antigen is not onlé fresent in a type of tunor, but also in high

concentiumel gnsodiated. antigeys n(ivhba) sisofoft igeeat esppastange fnepthadedgyelopaent )of
TUMD" - SRk il Broh B TR L S AP R LR 10T

prot ei & stornation no o a“tunor

cel | dwlintepald 200806 hjatic €t 4., 2003)C Alt kheCtyifilog st Mt dper@klls, BAPPp&S 8 IGTL fifendly
apoptosi s, Additionally, also downstreamtargets ofthe proteins directly

causat icyiokingrmiliey (Qirs piash Blankensteiy 2000; Mereas Fhele 209N and adragggifessor cells,
e.g. CTLS, NK cells, macrophages, granulocytes (Marzo et al., 2000; Hwang et al., 2007).

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 cancer patients, cells of
the tumor have surprisingly been found to express MHC class II molecules (Dengjel et al.,
2006).

It was shown in mammalian animal models, e.g., mice, that even in the absence of CTL
effector cells (i.e., CD8-positive' T lymphocytes), CD4-positive T cells are sufficient for
inhibiting manifestation of tumors via inhibition of angiogenesis by secretion of interferon-
gamma (IFNy) (Qin and Blankenstein, 2000). Also the direct killing of tumor cells by
cytotoxic CD4+ T cells via lymphotoxins and granzyme B has been proposed (Penna et al.,
1992; Littaua et al., 1992).



indirectly tunor-associated. Such indirectly tunor-associ ated antigens may
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har maceut i cal
P Cl'?le current classification of tumor associated antigens (TAAs) comprises the following major

groups (Novellino et al., 2005):

" 1. Cancer-testis antigens: The first TAAs ever identified that can be recognized by T cells
(van der Bruggen et al., 1991) belong to this class, which was originally called cancer-testis
(CT) antigens because of the expression of its members in histologically different human
tumors and, among normal tissues, only in spermatocytes/spermatogonia of testis and,
occasionally, in placenta. Since the cells of testis do not express class I and II HLA
molecules, these antigens cannot be recognized by T cells in normal tissues and can therefore
be considered as immunologically tumor-specific. Well-known examples for CT antigens are
the MAGE family members or NY-ESO-1.

2. Differentiation antigens: These TAAs are shared between tumors and the normal tissue
from which the tumor arose; most are found in melanomas and normal melanocytes. Many of
these melanocyte lineage-related proteins are involved in the biosynthesis of melanin and are

therefore not tumor specific but nevertheless are widely used for cancer immunotherapy.
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events like protein splicing during degradation, which may or may not be tumor specific

(Hanada et al., 2004; Vigneron et al., 2004). _

6. Oncoviral proteihs: These TAAs are viral proteiné that may play a critical role in the
oncogenic process and, because they are foreign (not of human origin), they can evoke a T-
cell response. Examples of such proteins are the human papilloma type 16 virus proteins, E6

and E7, which are expressed in cervical carcinoma.

For proteins to be recognized by cytotoxic T-lymphocytes as tumor-specific or -associated
antigens, and in order to be used in a therapy, particular prerequisites must be fulfilled. The
antigen should be expressed mainly by tumor cells and not or in comparably small amounts
by normal healthy tissues. It is furthermore desirable, that the respective antigen is not only
present in a type of tumor, but also in high concentrations (i.e. copy numbers of the respective
peptide per cell). Tumor-speciﬁc and tumor-associated antigens are often derived from
proteins directly involved in transformation of a normal cell to a tumor cell due to a function

e.g. in cell cycle control or suppression of apoptosis. Additionally, also downstream targets of



shown to be highly overexpressed in glioblastoma, prostate tunor, breast
cancer, esophageal cancer, colorectal cancer, clear cell renal cell
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facil i tlagedl-i€aponsei mi ng, proliferation, and a sustained CD8+ T-cell
response. All peptides of the present invention have been shown to be
capable of stinmulating T cell responses (see Exanple 3 and Figure 3). Thus,
t he pemaksidaisy, aing pepeitelableoto Bindes MHQImaRculBTHAE fiiRSpANSE MAcell gitopenA by
whi ch tunor cells can be destroyed. An imrune response in_a patient_can be
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hi ghly specific against tunor cells because the target peptides of the
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modi fied by making acid or base salts of the agent. Forexanple, acid salts

are pr digsues (Lemwpd atiab, 2004 Weisechenk gfi adaPP92)wher ei n the neutral form of the
drug has a neutral -NH 2 group) involving reaction with a suitable acid.
Suitable acids for preparing acid salts include both organic acids, e.g.,
acet i c Huwvelter, pho identificatiun of gehegaler-expressdd ipytummst Cisaums thr Iniddn tunduri ¢l
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met hangsl A{inCas?' fle use of the antigens being transcribed from these genes in an immune
7 therapy. This is because only an individual subpopulation of epitopes of these antigeﬁs are
suitable for such an application since a T cell with a corresponding TCR has to be present and
immunological tolerance for this particular epitope needs to be absent or minimal. It is
therefore important to select only those peptides from over-expressed or selectively expressed

proteins that are presented in connection with MHC molecules against which a functional T

cell can be found. Such a functional T cell is defined as a T cell that upon stimulation with a

specific antigen can be clonally expanded and is able to execute effector functions (“effector
T cell”).

T-helper cells play an important role in orchestrating the effector function of CTLs in anti-
tumor immunity. T-helper cell epitopes that trigger a T-helper cell response of the Ty type
support effector functions of CD8-positive killer T cells, which include cytotoxic functions

directed against tumor cells displaying tumor-associated peptide/MHC complexes on their
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benefit of therapies involving the i Mmune system especially if T
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be usecﬁg‘é‘%rN%eﬁﬁgi%(ggﬁr&lﬁsg?@a%ﬁgg@%i on on- - further therapy steps.
These responses can al so be used as surrogate markers in i munot herapy

approaches aimng to induce_ |ynmphocyte responses by different neans, e.g.
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therapeutic approaches would be desirable.

The present invention provides peptides that are useful in treating glioblastoma, prostate
cancer and other tumors that overexpress survivin. These peptides were parﬂy directly shown
by mass spectrometry to be naturally presented by HLA molecules on primary human
glioblastoma samples (see Example 1 and Figure 1), or in the case of SEQ ID NO: 1 and 2
predicted according to the SYFPEITHI prediction algorithm (Rammensee et al., 1995) to be
promiscuous binders to the HLA-DR alleles HLA-DRB1*01, DRB1*03, DRB1*04,
DRB1*11, and DRB1*15 (see attachment). Based on this data and the frequencies of these
frequent DRBI1 alleles (Mori et al., 1995; Chanock et al., 2004), it can be assumed that 92 %
of A*02-positive Caucasians express at least one DRB1 allele that binds these peptides (SEQ
ID NO: 1 to SEQ ID NO: 3). SEQ ID NO: 2 contains the same core sequence as SEQ ID NO:
1, elongated by two N-terminal amino acids from the natural survivin sequence to contain a

described class I T-cell epitope from survivin (Schmitz et al., 2000). SEQ ID NO: 3 contains



host and host versus graft diseases. The peptides can be used to generate

and devel op specific anti bodi es agai nst MHC pepti de conpl exes. These can be

used for WOepeymsg23bar geti ng toxi ns or 2r;ladl oact i ve subst ZOTEP2908/003447

di seased tissue. Another use of these “antibodi es can be targetlng

radi onuclides to the diseased tissue, for inmaging. purposes, gﬁfgg T. This
ng{l 1

use camh¥Ms seguense a8 PEGHH NQvdy abercinsthe dast (otegRingl #HE a°
precise.l tissues. In addition, they can be used to
‘?m 5 Oﬁ@gill)% aQIB &%&3%9

verify a st's diagnosi s of a cancer based on a biopsied sanple.
Tabl e 3 shows the peptides according to the present invention, their

S o el AT el

speci alshhwh &5 68 highdy Bb&e{ﬁ'ﬁise@l h@%h&lﬂ@st@ﬁl&t ﬁ‘)r‘a?taéctﬁﬁfoﬁh hi8agt Qarvkel és@pl’l\ggeal2

binds to HLA-DR as well as HLA-A t hus iciting two different responses.
Tabl e 3anceRepolotstal 0¢arm¢le @ears eelt remlecﬂll @arCE)qm@sbmgncmfceBI eOS, (evarianyi n) ,

a nmenber ,of th nhl apo SIS roteln IAP s, elevated in
Fetal ereidioaia Cramm ey 1980 AREREE shnBrotdipfol gell cofhortin B SuE RL S on
in adulniedunémétoﬁhfcbﬁfpﬁfw' \ﬂitl@ﬂohhaﬂ&té%s (E@rﬁxmlaal andi Fighieed)rdeRiodkirdtRigat i on
index is |ow. Survivin seens to be capable of regulating both cellular

prolif @rl@gh dﬁgr%ﬁn@f popasociationof twwwuehtmwww gierptiosglysuesentediodcat ed
in thet&g ﬁXéQ 1ﬁ§”h%o H%gu%”d associ ated wi th poor prognosis in

cancer, ARrcsass O SL PR g indi cative of favorable prognosis, has also
been reported (O Drlscoll et aI , 2003). Regul ation of and through survivin
has been descrijbed by several nmechanisns. Survivin seeps to be associ ated

with t ﬁ@ﬁwﬁp%mtldeﬁa%%ﬁ‘éog@%bby the 1nmune systsre spectixgally g himghogxiss/ds sed

n pr 0
A e G R L L Rt O
pool ofgheblastomamumomhlllsepmesmﬂimg:ﬂhersdxrvii\dh delyi séifBBQ HDNQ,nHtoa%EQ\IEtN,@ 3).T
2008 urthernnre

caspasedepen sjs (Ghas Ras.

ooy ot BrlBRe eI S ReR by 3he sbaa desieCosniidst pam iphiih bungy Deolebanen s |
acti vahiit Qtffeét&ecéﬂst&CtBQ Rehnhle sSBRRL Md facHﬁ&tBV@VL pﬁ%ﬂ % ﬁx'ohl’erht'ibn and a

gl i obl astoma, resistance to apopfosis can be abolished by a Ras i nhi bitor

t hat tau@@ngi§5$vf&fﬂlvﬁQOWet al ., 2006). There also seens to be a
correl ati on between NF-kappaB hyperactivity in gliomas and hyperexpression
of survivin, one of NF-kappaB target genes. Thus, NF-kappaB-activated

ant i - apappeptides GE MRS pRkent yPeitRtiES HREn lsﬁowrmrbeS@wblesOf depastigd Tycelln

?!A\:—ISP: gssiaggq‘;s (\s/e:eer l\éxgrlnglg Zl)ea\r/lg IFslgl(l)rfe ?»s)urT\Qu\s“ trlllee;;(erl))ilcelgss Iagenusaerfuel tdoertge;r:lgra':lltollng an
immune response in a patient by which tumor cells can be destroyed. An immune response in
a patient can be induced by direct édniinisfration of the describevd peptides or suitable
precursor substances (e.g. elongated peptides, proteins, or nucleic acids encoding these
peptides) to the patient, ideally in combination with an agent enhancing the immunogenicity
(i.e. an adjuvant). The immune response originating from such a therapeutic vaccination can
be expected to be highly specific against tumor cells because the target peptides of the present

invention are not presented on normal tissues in comparable copy numbers, preventing the

risk of undesired autoimmune reactions against normal cells in the patient.

The pharmaceutical compositions comprise the peptides either in the free form or in the form

of a pharmaceutically acceptable salt.

As used herein, “a pharmaceutically acceptable salt” refers to a derivative of the disclosed

peptides wherein the peptide is modified by making acid or base salts of the agent. For



al., 2008). It is suggested that survivin overexpression in brain glioms
m ght play an inportant role in malignant proliferation, anti-apoptosis and
angi ogenesP0@ZA38236et al ., 2005; Liu ?5 al ., 2006). Sev@CAIEP2018/00344T wer e
performed to study survivin expressiorf”and its inpact on survival in

gl ioblastonma. To summari ze, sSUrvivin expressio especially the

Si mul t ZXUBRE. B FREHB R RIS EPBe AR basg @ml%élhﬁ vhtrsay g @Wﬁrg foumsf thepas
signifi i 8 1 : i . Qr ks L ghest;

cxpr o<y hada BAOR A5 ahble) IR RN MR Al AT S s o

Wi t h patéparing avid salehchulehoth orgasigaicidsee.p i aeate ackhjprayoric eridaglycoROadd,
Saito et al., .2007;. Uenptsy. et .al ., 2005; Ml lai et al., 2008;,. G unda,et

o 2Bvisdeideralic 2010 getic asid RHIOBE B]d. Stosis i Heldio 2P Furpay sCid
2002) . 3¢l abid)-QYR! AP ERgbiR Madififladlc RN nd@aehd Bed, hRihabfffonid AR,
entities. In breast cancer, survivin expression is associated w th higher
gr ade athanesfulfonisracitl, qetedeenesw oniw acidy salicyvaacidhandathet likel, as vwadloas indrgadsudi

et al., 2007; Span.et .al... 2004). |l.n _eso eal. cancer .cell lines,.th

ot onot B sy FRgOg oS pe A bomif ol “RIRRE i BAE e phgrationsid 417

nor mal thd BRY ConveRtR, Prepatation 28t 0akic dalts ©Plafidambitics AMEEN ma WeVprédent on a
expression is also associated with pathol ogi cal grade and %irrph node

net ast #ptide( argrprepared usingop pharnm@seutieglly casseniele Pasopudl ansogiam hydpsidecel |
carcin 0, 1 i ne L VAL .on. rt.her nore,
excpr ea 0B TR HARTS AnBRofRn SURHGEE, ML SWb Y RERUGTSLAS o U IRES

survival (Kosari et al., 2005). Survivin expression can be detected in a

panel of keratinocytic neoplasns and hyperproliferative skin |esions but
not i nlmcagspesially” prsdereed exmbgdimentothe) pharmageicab AoNROSIONSs neIRPIESS| fthe

l'ines, 88%&@3}55 BartdF 2RO Acfi# eéa&s?%nséﬂfroéh%ié&?a chill(ﬁﬁieg).! i nes (Mahlamaki et

al., 2 n squanmous cel I carcino survi vi n expression can help to
identify cases with nore aggressive and invasive clinical phenotype (Lo et
al ., 2Q01)...As survivin such. a prom sing target for cancer therapy,

ot i o BUSHER L5, PTe el Py BEP o sancrt e BRBIF L dTthe FErSRUeRIon FiAgeni ¢
I Nt UMQEephd &Qéﬁos?i&. &ihd tthlb r}ﬁpga%&{re%%éml ROBLIBERRMELEd sific@ddidsi on,

survivin specifrcally stinulate -cell reactivity in peripheral bl ood
| ynphodyteaningd that these peptidepard rottprese@hisianormal tigsues, txee peptilassan de asedato, |
2007) . Survivbn %§VN, SIR%% IS overexpressed in a nmultitude of cancer
entitigggn$ﬁJ °p ﬁmﬁgﬁ A fXEVerexpression of survivin is thought to be
associated with shorter overall-survival and hi gher malignancy grades.

The presence of claimed peptides on tissue biopsies can assist a pathologist in diagnosis of
cancer. Detection of certain peptides 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 can enable classification or

subclassification of diseased tissues.

The detection of peptides on diseased tissue specimen can enable the decision about the
benefit of therapies involving the immune system, especially if T 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 peptides shows that this mechanism is not exploited by the analyzed cells.

The peptides rhight be used to analyze lymphocyte responses against those peptides such as T
cell responses or antibody responses against the peptide or the peptide complexed to MHC

molecules. These lymphocyte responses can be used as prognostic markers for decision on



Pi esche (2006) disclosed as part of his study (see also (Piesche et al.,
2007)), MHC class Il and HLA class Il-restricted candi date epitopes in
survi vi n WOuN)9/18p236i n pr ot ei nase-3 (PR3), which were deP€l{iPa@d/003ithg t he
conput er program TEPI TOPE (Bi an and Hanmer, 2004). The TEPI TOPE anal ysi s

yi el de candi date epitopes for SVYN and 11 gandi date epitopes for PR3 with
b an bitHElhg HSTORamtTR: v SF USPPBES SAIR 44 GED. SrUDERHs BERTHD wer o
used i Bmhuneiterdp) ApBRIaCHICaifNRETd HRNES |y HRLy e WBSJoASEsShyR Bffepét GR&NS.O¢.gPhi C
purification. The variable |lengths of the peptides resulted from

over | appécigatiopi af getsin, macle s¢ autologene thatesigs, Adeptive transfep @p1ymiphocYighl e
4). Table 4. Nanes, AA pqsition, and AA sequences.pf the synthetic. SYN
pept | a8 Be SRRASH e dUiohkoD iy EpRAtes Al BERr P e R the

Pi esch@s®@bsnidnt GRYidB affectdBMRNABrifg 6OlyniphoERt espbided Inighealp® bt hivaluable thbil S
epitope). Titration experinents with the correspondi ng peptides were

per f or ferdfoblpwRineexdneingtipnssafi transplantaton disrapdes, rigAfert the dietegtion of geafiegssysde
HLA/ TCR avi dity. I r _the peptide concentration, the higher the

bi ndi né’oifafllgr}lllo%[tyveg@‘gtgﬁéey\%éﬁ Slege epitopes to the MHC nol ecul es, an inportant
prerequisite for the natural presentation of "genuine" T cell epitopes from
an intracellul ar processi ng of th;}ﬁf)rot ein antigen, The neasured

hal f - mebbe msPtigasotant ke werd\ie geagrats 6?%4%83?@1&(19%'@6@&iaga'@strw/n)eztict?nes
were < [N 400 - r < f 100 -
500 PP kg THEsQ ol B0 used B a0 tatpbling SO0, o ALY AboraiRs e

el i ct ediseasefensied. Andthee ke of thesd antibbdies caube raggaingasdiosualideh ta thealidzaseant

SVN protein, This was shown in t Sio-specific T cell ones from
G 11 or SRR AP PPRERNE Stchs P bvESt R rathhdo e EEevufih fRaRtses S o

pr eseniggfehAihethe s?_)@b&ﬁ%{ci?@l&ﬁiiiéﬁl&ﬁ%fﬁfs@&\?ea%Tsivlfe@! antigen by co-culturing

of peptide-specific T ce clones with SVN protein-pulsed DCs. Only the SVN
peptide S 0 was able to cause specific T cell proliferation during exposure

ith j SVN tein, Thi. ,in.th i O- Wfic T |1
o ones T PORGRT 116y et OGRS © NSHE BTHTHoRTo1 RIFERATT O 4 REREE SeMgeot &t he
nat uralbi@gkaggﬁ?ms detected for the PR3-specific T cell clones. Further,

tumor antigens from apoptotic or necrotic tunor cells were internalized by
APCs in vivo, processed independently of MHC Il, and presented to CD4+ T

cells. Tacel | it f ' -0 epi ht Yor

ol 1 yaBle Lot thE BERRTS deltaRls bytfic BRRHI T5veBp P 3bec S HID e

t he S1 tiepHLApalleled toewhichnthy iréspectiecpeptides dbindphnd yisas@re pseanOEsnt whivht he
these peptides may arise. Of special interest is the fact that the peptide according to SEQ ID

NO: 2 binds to HLA-DR as well as HLA-A*02 thus eliciting two different responses.

Table 3: Peptides of the present invention

Source
SEQ ID NO: | Peptide Code | Sequence HLA Alleles | Protein(s)
1 BIR-002 TLGEFLKLDRERAKN HLA-DR Survivin
HLA-DR and | Survivin
2 BIR-004 ELTLGEFLKLDRERAKN | HLA-A*(2
3 BIR-002a TLGEFLKLDRERAKD HLA-DR Survivin

Expression of BIRCS5 (survivin), a member of the inhibitor of apoptosis protein (IAP) family,
is elevated in fetal tissues and in various human cancers, with greatly reduced expression in
adult normal differentiated tissues, particularly if their proliferation index is low. Survivin

seems to be capable of regulating both cellular proliferation and apoptotic cell death.



tumor cell lines Karpas-422, Jurkat, and HL-60 was detected. This was shown
in at least three Sio-specific T cell clones fromdifferent donors. To show
t hat t he ¥PI209HE8860 can i nduce an ir’_r%rle response i n cEATFP2PA0DEAT S t he
presence of the corresponding CD4+ T I"ynphocytes in the blood of tunor

patients had to be confi d. P fromvarious patienfs were .isgol ated and
sti nul dtlEgugh syrvive I%Ewaﬁigﬁmaa%f e ¢ CHIOBLATRES B BN 3550 BN P
from p;}ag%lagigihecfaﬁ&&, hEekANiddliLkioh! GREZRIE A TavAhbRI proBfiost, Ak gié)  been

cytotoxicstatic therapy, Mnocytes and B cells contained 1n'the
fract i oeponed ¢O3mEstol =t aht 20@Y)- RpgytticteeharesthndughgsurelvinshasMiaeardeseribedeyk of

| turing, the cell .anal ith, t_to thej tide- j fi
or o |1 POl REChERAG S S P S DO 6 T onaspBHa theomolsbtlay cRefrors T1gBfcly ' ©
pati entygyo, tHYHEE i aBuRiaffy *%pRRLA R SHirhAST RinhatetunSsth A8 TBmipared tvrtg-x{mghed

i
potential "use of peptide epitopes in inunotherapy essentially depends on
whet hemotrhd  tiegyes.d asitre giblationCoifl +HIpaOly fbyh swgll emnteréaingnRINA desabilizes the

correspandi ng, anti gen. Recogni.tjon of. the pnaturally.processed protein
oot comrahOsoRr By SSERRH idBs Rlitobishdl b bt SR R Sl
vari 0U%leﬁ@ﬁéﬁrai)o?tbsﬂr(ﬂhﬁblpét&al., Roes Ferthdiaoes] Rabdihibitiohabsults o6 egedst o thewas

only detectable for the SVN epitope SIO For the other identified peptides
(SUN: sunivisghrakeRan ppeptogs |agd ip srtivatien pf3by midoghoadalnapaptelign PRthWAY was
det ect 1P es : d. t It LS 1 ; i I

or ot eotgeedal B ANbuRyts scBsEET o Whudsls f DTRBGISARA oy W RAETISORISREF,
case Ofargées y@ivivin (Bluint eppsts 2006). Thederabsot sebms hdbe alcamslation ®stween DNkgpaBopes,
MHC cl ass ||, nolecul es can take up peptides of vari%bl e | en%éth (12-28);

t her ef SyReragiivilycig| gliqmascandh DURFECHTesIon. Hfeptyinm. apet Gplik-kanpeP dueshemes.

| e . = ; : )
engt Ngpy§ ﬁ‘gf(—k%ﬁ%%&ﬁ%&@%ﬂgﬁé@g%cy Ben}i\i%?aﬂf?lﬂg%@rri@i\}zas%gﬁw‘in' RurhBe sRhEREN

I nvention t ot her epl tope, rom survivin which
i s shomBspecidllyain ghi®bBistoma, akgohigh devietspyfi smgyivial expirdssidn arsdetectgble (Angileri et

| muno-fe se i.n 16 out, of 19 patients in vivo.,(See Exanple .4). Due to

the i B POPS ot pisugesied, et EaPRR FUctioreisionl blalk oty BERHtie e

hi ghl'y jipemant ¢s1eus nbdlipdhmOprefifePfRin, Bfti-aFsptddRs M adgidgerRsi8 7 RéEEL 2122005}

i mmune response can only be evokedegfy agfeptlde bound to an HLA nol ecul e.

The i mpou elaalc 300f). Beneralanebyseeweietpesformnet tosindhsuan voverssgsiansaiddls igipact

survivin was. descr.i in the literature is illustrated. Tabl . ncer

i caePHEAIT B BRol, AR Wi ottt BE B8RS e T oG

f eat ur expresstora it AudlE@oaRl EabplavarindbioOR taRkhsvak Bighlican(ls essobidit® with.
malignancy grade (with highest survivin expression in glioblastoma) and shorter overall
survival times compared with patients who had survivin-negative tumors (Kajiwara et al.,
2003; Saito et al., 2007; Uematsu et al., 2005; Mellai et al., 2008; Grunda et al., 2006; Xie et

al., 2006; Sasaki et al., 2002; Chakravarti et al., 2002).

Survivin-overexpression has also been described for other tumor entities. In breast cancer,
survivin expression is associated with higher grade and shorter disease-free survival
(Yamashita et al., 2007; Al-Joudi et al., 2007; Span et al., 2004). In esophageal cancer cell
lines, the promoter activity of survivin was shown to be 28.5 fold higher than in normal
tissues (Sato et al., 2006). In colorectal cancer, survivin expression is also associated with
pathological grade and lymph node metastasis (Tan et al., 2005). The aggressiveness of clear
cell renal cell carcinoma was shown to be associated with survivin expression. Furthermore,
expression of survivin is inversely associated with cancer-specific survival (Kosari et al.,
2005). Survivin expression can be detected in a panel of keratinocytic neoplasms and

hyperproliferative skin lesions but not in normal skin (Bowen et al., 2004). In pancreatic



Pi esche et al. (2006) showed in vitro the presence of appropriate
precursors for peptide S88 in three out of four donors with overl apping
HLA- DR alWel2e&/138%36e the body of evidegce is too small PETHPAUSHOHT
prom scuous binding of S88 to HLA-DR, as the obtained results nay be

expl ai ned by binding to.tw diff.erent - alleles (.. 0. and 1,
or "D Sk el 1. i W araabfied i st s e 52U s AP kA a Bl

obt ai negdoDy I sqliakddds ¢8R REeFiddnta, RuAVih ¥k picsabn @;ﬁr§ﬁé’l}:>(to ikddlify Qxeek Hitemore

i ncor poration) fromwhole PBMC cultures are quite [ow and a positive

cont r olaggressiyesaridrigvseverclinacaliphensitypee(Lio-et Bhr200d bri zed, strongly i mmunogenic
viral peptides) and appropriate negative controls (stinulation during
proliferation assay with anirrelevant control peptide) are m ssing. The

dat a OMsPEROWIE Y sidhellURomises WaEe fRtcaned  therpy, bydies SeaNSuvipedefivaissay .
WD 2007/ 036638 (,,VWang et al"), anongst others, discloses survivin peptides
of t he Papiides sheved shaf apdel §EMMUPEENT | ITHIMRY PRigtK by Sticiting KBB%)T celd- 1 13

( GEFLK . I )a - . KIHAKE; . N
Co7) . RO Bishonsel gt RS curfilfh HREinkaty) R C PR, sl b

af fi ni pyriphetliblsod APDphddytest fronmt dgi samBPatientsl (Casa etedcri(dods Pidveert k) ess,
the peptides as examned in Wang et al. show a very broad spectrum of

bi ndi n(}O@BWards the different HLA-nol ecul es, and said binding even differs
drastically within said region as described, if the peptides are shifted in
their sequence by one or two amino acids. The peptide of the present

i nvent iSarvivih (SEQ, I BIRE) isdveidx@iiskdd DRERARTIUdE BF Raf@? &htipeptTihae) incgampral ses a

sequence of the BIR-002. peptide of, the present invention,of SEQ |ID NO 1,
o ot OTEEEPTESTSt fh SRV S CaHEDD b dheoBAES S SO e verdl s Surxiatrna g, o
acid (Q)aliigﬁﬁ{c%@ad}fs' asparagi ne (N). The peptide overlaps with the peptide

S88 of Piesché,” which contains the last three amno acids NKI. As nentioned
above, the S88 peptide was inactive in a specific T cell proliferation

Bi = DoSIopoPRBP LGl & ub BRIRARY, o BBtk sl PERDRAIC T B

want i ngnd OI1ke chediNdekyictedanniidatet epitdpésmsied vinh@SVNNakhizy prdtditase-3nPR3S on
of the asparagine into aspartic acid through _an asgaragi nase takesz(ﬁ{g();lce in
1 4 :

vivo, aich wee determinedepsing the eamprserarioarans TRBET@FE d Biamnend Hampess

become j Mo LV, ik : 1) . gi ne

of 1 he TBF LR EOPE FARLRHHE BRan b eBh AR oS REadd P A SRR AT
PR3 with high binding probability for various HLA-DR alleles. These 17 peptides were used
in T cell immunologic experiments after synthesis and chromatographic purification. The
variable lengths of the peptides resulted from overlapping epitopes that were considered

together in one peptide (Table 4).

Table 4: Names, AA position, and AA sequences of the synthetic SVN peptides disclosed

by Piesche 2006.
Peptide Position Amino acid sequence T cell frequency
Sio 10-24 (SEQ ID NO: 28) | WQPFLKDHRISTFKN 8.64*107
S» 22-36 (SEQ ID NO: 29) | FKNWPFLEGAAATPE 7.2%107
S40 40-54 (SEQ ID NO: 30) | EAGFIHAPTENEPDL 8.64*10°
Sss 58-72 (SEQ ID NO: 31) | FFCFKELEGWEPDDD 432107
Sss 88-103 (SEQ ID NO: | LGEFLKLDRERAKNKI 1.73*10”
32)
Siio 110-124 (SEQ ID NO: | KNKIAKETNNKKKEF 8.64*107
33)




I nactive (further show ng the inportance of a single amno acid change in
the activity of this peptide). Furthernore, it was noted that the

I mruno- r e¥PCARES82Nd activities of othgr peptides conpr PSTAF2€0900H44T m nal
asparagi ne (such as, for exanple, SEQ D NO 1) naybe also depend froma
Cterm onver on nt an_aci d no acid, in particular artic acid.
Thus. " I(NB5hSonE Sindfr BRGRte RobRey divve v bR eral Bl fs"Seq
| D NO pgSIﬁag{opgl@@ﬁ{a, gs a "prodrug” for SEQ I D NO 3, which provides the
active peptide accor d| ng to SEQ 1D NO 3 after enzymatic conversion. It
shoul d be understood that the present invention al soenconpasses chem cal
conver of the am no | rti.cul ar r t p eous
deam dsftf%qlon Pt 'ﬁme?t(%s“g tho e%ﬁg@éﬂ 8lcn§I R ep 0 esa\%gr%rp %gflﬂﬁﬁ%$€£%{)ersgﬁe E%heg{}@%anpl es
show HGh@rpepﬁdd VHLX &ffinityher peHet ipdptidic (L AITGR t &/i&EQ The NlBwet ﬂiépp@ﬁitideal o)
an activity for the nodified peptide according to SEQID NQ 3. It could

f ur t hercRbeeatrporn, dhghigher thedinding @thmtﬁ oftthe pspt&t'ewtoms/&ﬁhﬁdw%@plchs

| ubi | t
1950 OO Bl RERBLEES Al BreBlnikdlfh Bt BilinP P LAl Spkbsl Bnth |0
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1 1.NS e an 1.Nn n udli es C e or e
2& 33. |a¥&w1avs°£&5? BeRi}é’FeSPﬁ?lﬁégl %ﬁg éelpqw?ge %59%8% S(xsé@B ‘[}%mlf r Sep, 20009
g/ m_ Laf(ﬁfoam) 5385}912?0({ SEQol BvNer p3,. m&ch@w d@écldye@tthzh% dcrﬁeegwnal

end): < 23,5 (conparative peptide of Wang,
99,5 nmépmdeYSIO ahctedlelr smsﬁ'@ci" azfl pmhfqmtesedmrmgwmusumnwrtblracmbmantaSNN

tibody th f |l t ti bi
corpl oPFTACTIE P Gy oh il RO o AR Erod SH Gen
(in the fxﬁkl'és@%ut&gth%'p'i@ce‘éﬁﬁg dR@ bReséitatiGPHPS CX-Fepa e Epl%péﬁnfﬂolﬁ@ﬂé{tu)al arYﬁBéen
anot her aspec the present invention then relates to a nmethod

pr oducibsigosalturingef mﬂefypmm Tcegllicjonigh MdlihrdeN @r@tetmmtdwdrﬁ%rolﬂy the SVN
hi st Ocong%e §) watsyab? trrp cat% gpecc%og c%ﬁs hfgratlo}l (R)?n,:,rg%xﬁgs@é %3(51 gmgln%t

HLA- r eStYT ct? antig ng a gen
engi nesvadl pftﬂﬂnhﬂrmmmmﬁ\bn Bothped si'orsgecﬁﬁb |’I'Sc<§lb<|31lbﬁ6§ trogh 6ﬁfe(ﬂerhllﬂmﬂrsn§ﬂ]o0r

hi stocorrpatl bility conplex (WMHC) class | or with a soluble formof _a MHC
cl ass BPesifiq prokifgration & prsperpedertpe @ﬁ@aalvanflaers a\iaa dﬂr_CAtqde@f thec PR sestifigdn;
i sol ati.pg. nol ecul es from anti body producing cells of said non-human

manmal ; produci ng a phage display library displaying protein nolecul es
encoded by said nRNA nol ecul es; and isolating at |east one

Further, tumor antigens from apoptotic or necrotic tumor cells were internalized by APCs in
vivo, processed independently of MHC 11, and presented to CD4+ T cells. For T cell recognition
~ of the genuine S epitope, DCs with tumor cell lysates from various SVN-positive tumbr cell
lines were pulsed. For the S epitope, direct in vitro recognition of lysate-pulsed DCs from the
tumor cell lines Karpas-422, Jurkat, and HL-60 was detected. This was shown in at least three

Sio-specific T cell clones from different donors.

To show that the epitope Sio can induce an immune response in cancer patients the presence of
the corresponding CD4+ T lymphocytes in the blood of tumor patients had to be confirmed.
PBMCs from various patients were isolated and stimulated with the S;o peptide. For this
purpose PBMC samples were drawn from patients before beginning of treatment and after the
start of cytotoxicstatic therapy, Monocytes and B cells contained in the PBMC fraction were
used as antigen-/peptide-presenting cells. After one week of culturing, the cells were analyzed
with respect to their peptide-specific proliferation using a [3H]-thymidine incorporation assay.

Of 13 tested patients, three had a detectable proliferative response in vitro.



phage from said phage display library, said at | east one phage displaying
said anti body specifically bindable to said human maj or hi stoconpatibility
conpl ex (WBICPOXI38BS | or |1 being cor'[p).loe_xed Wi th said HPETHER2400/0634¢T
antigen. Respective methods for producing such antibodi es and single chain
class | major histoconpatibility conplexes, as well as other tools for the
production of these antibodies are disclosed in WO 03/068201, WO
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| mmunol . 2003 Sep |;171(5):2197-207; and Cohen CJ, Sarig O Yanmano Y,
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present inventiqn. The term "antipody"” is used herein in a bro sense and
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fragnents pol ynmers of those inmunogl obulin nol ecul es and hunmani zed
ver si ons of i mrunogl obulin nolecules, so long as they exhibit any of the

desi tiges. (e.q., bei l.ex- i fi ti bod .
doi | veryRuREy o ivEae shdt@ring pfeeoigyeabER Rt afe B8 PPl RRABN R et an
I ncr eagelvdde i@ saRaViRT whithi R §Ho@r ttha 8¢ vt ta¥so0bveéhppHC iicit®d kestrong

pol ypeptide, such as survivin) described herein. Wienever possible, the
ant i bodinasmefrespasd iy dift P ofrey batignty éhadwd (Beorbxasmierdi AuestoutheebighThe

i bodi . ) ; . . T . ds.
The skePpRtEnHECHRR-OR AR BiER A0 AERRLE AP iy BrdrcuelR Bl eer
pol ypepeptitsSEQ IDeQeat prédiced,ak andnnimetsgdniocagesntdy dkevokeal Bni pbsiidees of

the inventjon. A polypeptide to
bound to an HLA molecule.

The importance of the cancer entities for which an overexpression of survivin was described
in the literature is illustrated by Table 2. Cancer indications for which overexpression of

survivin are a commonly described feature were accountable for over 415,000 deaths in 2007

(see Table 1).

Piesche et al. (2006) showed in vitro the presence of appropriate precursors for peptide S88 in
three out of four donors with overlapping HLA-DR alleles. Here the body of evidence is too
small to deduce a promiscuous binding of Sgs to HLA-DR, as the obtained results may be
explained by binding to two different HLA-DR alleles (e.g. DR3 and DR11 , or DRI and
DR3, or DR11 and DR4). In addition, the stimulation indices obtained by a quite unspecific
proliferation assay ([°H]-thymidine incorporation) from whole PBMC cultures are quite low
and a positive control is missing (e.g. a mix of well-characterized, strongly immunogenic viral

peptides) and appropriate negative controls (stimulation during proliferation assay with an



be used for generating an anti body of the invention may be partially or
fully purified froma natural source, or nmay be produced using reconbi nant
DNA t echriv@ue®/13836 exanpl e, a cDNA engadi ng a survivi nPOBIBPREROIHET or a
fragnent thereof, can be expressed in prokaryotic cells (e.g., bacteria) or
eukaryotic cells (e.qg., .yeast, .ingect, or manmalian cells), after ich the
o oY R PRt B BssiTe, de dh BB BPRHES Werraies ep By
pol ycl @palseadd hpdyr Asspar ation that specifically bind the cancer marker

pol ypeptide used to gererate the anti body. Conpl ex-specific antibodies wll
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i mmuno Iy, 1nmunotherapy, or further guidance on the

gener at]p241 16 (UK LBRERWKNKIAKE; [SE() &85 NsEH, e.g., Harlow and Lane,
Anti bodi es: A Laboratory Manual, Cold Spring Harbor_Laboratory Press, Cold
a
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use are tested accqrdjng.to known .clinical testj] net.nods. The term.
" rmnocleﬁ%alfgﬁst 8%H?gfyag’“h§’e§?1ﬁé?%% ap é‘irg’eﬁo‘tjaﬁlﬂ‘gé’r?ﬁ’flg?)sd?eo%‘t‘g‘?‘%%mefrom a

subst aptdiRhleyb)HPYANRUSInH AR at i on of antibodies, i.e.; the individual
anti bodi es conprising the population are identical except for possible

naturally occurring nutations that nay be present in m nor amounts. The
nonocl gnal_angi i es herein specific i "eh J Coralt i {esS in
whi oh AR apRs plaRe BivscastpRRar sec Ry ND: L KLRRER Aol g
honol ogeptidel @omPrik@SPelichte S£UEBIRBOD hepfidd BP eHeesresiat iinashtioh NSEQ ID
particul ar species or_ belonging to a particular antibody class or subcl ass,

whi | e D& hestigepldthat §i-terminadlbiapaid speptide eadmwillbathevgninogicic oprarig eeid (D
ol onol T o aRBEHE Cant) bbdly PeRacs oo Eh a0 HERRREISI ot TRBECnBlenyy

such arbnthipg itleslaststirdecingina acids &K ke 3i rheritionbé abess, (oS g pepidewad inacted invi ty
(U S. Pat. No.4,8 16,567). Mnocl (ci)nal ant i bOdm of the invention my be
pr epar édRssififgT Hepbly PERbiteratien Ry, dynng, eRRASHICIYAR FRSPAGHNang SN Juotsin. dither

appr Op'&i)ﬁ}a%t, hps lBIﬁﬂiOﬁglpep{i&e ERI&RA gﬂoﬁm Aeek1¥Yed t?mi}ﬁmo-response. Without
wanting to be bound by theory, it is assﬁﬁied that an enzymatic conversion of the asparagine
into aspartic acid through an asparaginase takes place in vivo, and thus the C-terminal amino
acid is modified (and the peptide becomes activated and/or further activated). Since the C-
terminal asparagine of the Piesche-peptide Sgg is blocked by two amino acids, said peptide is
inactive (further showing the importance of a single amino acid change in the activity of this

peptide).

Furthermore, it was noted that the immuno-responses and activities of other peptides
comprising a C-terminal asparagine (such as, for example, SEQ ID NO: 1) maybe also depend
from a C-terminal conversion into an acid amino acid, in particular aspartic acid. Thus, in one
aspect of the present invention, the peptide according to SEQ ID NO: 1 may be seen as a
“prodrug” for SEQ ID NO: 3, which provides the active peptide according to SEQ ID NO: 3

after enzymatic conversion. It should be understood that the present invention also.



i mruni zi ng agent to elicit |ynphocytes that produce or are capable of
produci ng anti bodies that will specifically bind to the imuni zi ng agent.
Al t er nat iWeI2999/1362361 ynphocyt es may be ;i,muni zed in vi t r 8CT/ER2004HABET onal
anti bodi es may al so be nade by reconbi"fiant DNA net hods, such as those
described in U S. Pat. No.4,8 16,567. DNA encpdi ng the nonocl onal

ant i bodNeMRASSES hehamiGaln CPRYFIRIgN %fgﬂfee&mlw Foich| BATHORIEHY APTRSHEe s g
conven BY a&mdHs th9 lossRf oe hRIQAIONGE SOt | de probes that are
capablebgﬁékfnd?ng sﬁ§§}§fcalf§ tg genesuencoding t he heavy and |i ght
chains of nurine antibodies). In vitro nethods are al so suitable for

prepari nonoval ent anti bodi es. Digestion of antibodies to ce

P 2o CanTRErS ghe Sxaples shavirg, aridiiy HBh itk ebtds Apu e G S B dHERC: i ng
rout i N@ubREMUNFESHVRY B the nidfiéd peptide acdoddihgie SEQAILIRE): 3on can be
perfornmed using papai n. Exanpl es of "papain digestion are described in WO
94/ 29348 publ i shed Decenber 22, 1994 and U. S. Pat. No. 4, 342,566. Papain

di gestion anti bodi es.typi.call rod s two identica ti pi. nding
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antigen conbining sites and is still capable of cross-linking antigen. The
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ant i bodimifar pgpiidessit hak & brepotgs that HeWapg ebeh peptidey i theasgion dhese, to dhiBH-so
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nodi fi ca ns of parti ar regrons or °specific amno-aci ds residues,
provided the activity of the fragnment is not significantly altered or

i mpai red corrga,r,ed to the non-nodified anti body or anti body fragment. These
modi f i d&¢ iselyBilitiss werersteraunest asioHeWaddi t i onal “property, such as to
renove/mfc KBO @rigsicapabl e of disul fide bondi ng< 3% hR3GHERSRAL)S

bi o- | o/r?gg\c}%o?g?ﬁt@o%z;ﬁq?er)ci ts secretory characteristics, et %.ﬁﬁl g any )case,

t he antBIRaPa{3BQAPIYNo:)<D ipstsabeSNat Hiedatarimiial pnd)p r23y3 mglroh as bi ndi ng

activi ul ati on of bindi at ;;nding donai tc, Functional or
2ot ve BB EorBparahus BrrticR gty iy SER TR AP et by <roge izl ot °a
specific region of the protein, followed by expression and testing of the

expressed pol ypeptide. Such nethods are readily apparent to a skilled
pract i tevareth¢rraspess odithe predemtdnvéntionueletesite an apibody hahspegtfinallyibindsftoahe

nucl ei ¢ _acid encodi ng the.antibo r nt. :Th i i f th
i nvent %BWWJ?ra}lgtﬁg‘?‘neé}f%ﬁﬁyscé’%}?g%%hMgﬁﬁéﬁ iI t())(r)g% gés}hglrggﬁ' g%ﬁggvnl{hl %5{ |’Aé°s.
Humani z&gridted AEtigdn (i@ntheufdllowifg Gilso dedignied adNtdobpléespeaific ahtiboalyl’s Yet

i mrunogl obul i ns, i nmunogl obul i n_chains or fragments thereof (such as Fv,
Fab, Fapothefraspect of the présent invention then relates to a'method of producing said antibody

specifically binding to a human major histocompatibility complex (MHC) class I or II being
complexed with a HLA-restricted antigen, the method comprising: immunizing a genetically
engineered non-human mammal comprising cells expressing said human major
histocompatibility complex (MHC) class I or II with a soluble form of a MHC class I or 1II
molecule being complexed with said HLA-restricted antigen; isolating mRNA molecules
from antibody producing cells of said non-human mammal; producing a phage display library
displaying protein molecules encoded by said mRNA molecules; and isolating at least one
phage from said phage display library, said at least one phage displaying said antibody
specifically bindable to said human major histocompatibility complex (MHC) class I or II
being complexed with said HLA-restricted antigen. Respective methods for producing such
antibodies and single chain class I major histocompatibility complexes, as well as other tools
for the production of these antibodies are disclosed in WO 03/068201, WO 2004/084798, WO
01/72768, WO 03/070752, and Cohen CJ, Denkberg G, Lev A, Epel M, Reiter Y.
Recombinant antibodies with MHC-restricted, peptide-specific, T-cell receptor-like



ot her anti gen-bi ndi ng subsequences of anti bodi es) which contain m ninal
sequence derived from non-human i mmunogl obul i n. Humani zed anti bodi es
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conpl ementary determ ning region (CDR"of the recipient are replaced by

residues froma CDR of a nan-human species (d ant i bo such as use,
rat or SPeBgIty: MEW P?@?St He sydy  angigens PecSERUPR %{'3 %R—m&v&aﬁ@% dptegactigns. J,
sone i a L F \ resi i I in are
repl acg?i&b&g - ngb?(r)(zjs ggﬁmg 6§1§§!r?}2ﬁu%3’n§rgg§e%g§ hﬁedasr?anﬁlgéeg an?ig b%%iw‘el%s I11’maly
al so c@Ruitet e Sebextisledargating lof anelad@nmandeAPGeusing 4 hecomdingit emtibadyt whthdy

Tt bod ek Rt Brei Im melapmbghigensiatuP SRR, 1 ey ogi
two, V%febqpﬂﬁ(ﬁmb%mJlum@@E&mﬁléa_rigro,wmw,ipddaé&uqh,:JF@Jbsbﬂg REfR g ons

correspond’to those of a non-human i fmunogl obul’in and al'l or substantially
al | of Diteet FRen@ypionanalyss tdfobemard MH iass i Inanhgayl eirsentatiemn yisusligation,

sequence. .The hungni ze nt i bod timally al.so will conprise I a
por't | ORGP, AfnBgT Oh QPR bR CRen, Wit ofPiopes woing et 3o SRR
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known in the art. GCenerally, a humani zed anti body has one or nore am no

aci d r & gumesdsnelr eupresent inventiont are rallacxpdigitbe ingarpemated byorefergnemin thedrse
non- hungy f\m' no acid residues are often referred to as "inport" residues,

whi ch &rée™ 1f/spi cally taken froman "inport" variable domai n. Humani zati on

can be essentially perfornmed by substituting rodent CDRs or CDR seguences
for the correspondi ng sequences of a, human_anti hod Accor di ngl
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substitutéd by the corfespo g Sequence from a Non- hunan speci es.

pract i pesseftinesmtipad anti bodi es are typically human anti bodies in which some
CDR resi dues and possibly sonme FR residues are substituted by residues from
anal ogous sites in rodent antibodies. Transgenic animals (e.g., mce) that

are capgpl @rm URARLOJPURI dRbI RiteinOin B BHOHE | sBRscAadd! iAciRREBSR Sty @bnd) UarRN
anti bodies in the absence of endogenous |nnuqﬁglobulln productlon can be
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pr oducthufanizdd a8sfoak 0@ imiduBofldbEln gRdldtules € long as they exhibit any of the desired
properties (e.g., being a complex-specific antibody as above, delivery of a toxin to a cancer
cell expressing an cancer marker gene at an increased level, and/or inhibiting the activity of

an cancer marker polypeptide, such as survivin) described herein.

Whenever possible, the antibodies of the invention may be purchased from commercial
sources. The antibodies of the invention may also be generated using well-known methods.
The skilled artisan will understand that either full length cancer marker polypeptides or
fragments thereof may be used to generate the antibodies of the invention. A polypeptide to
be used for generating an antibody of the invention may be partially or fully purified from a
natural source, or may be produced using recombinant DNA techniques. For example, a
cDNA encoding a survivin polypeptide, or a fragment thereof, can be expressed in
prokaryotic cells (e.g., bacteria) or eukaryotic cells (e.g., yeast, insect, or mammalian cells),
after which the recombinant protein can be purified and used to generate a monoclonal or
polyclonal antibody preparation that specifically bind the cancer marker polypeptide used to

generate the antibody. Complex-specific antibodies will usually be generated as above.



i mmunogl obulin gene array in such germline nutant mce will result in the
production of human anti bodi es upon antigen chall enge. Human anti bodi es can
al so be pVOQR0VEES23n phage di spl ay Iitgrgr_i es as, for exaRpT&EP2¢EH6HHDed
above for the conplex-specific antibodies. Antibodies of the invention are
preferably adm nistered to a subject in a pharmaceutically acceptable
carrier. Typically, an appropriate anount of a pharmaceutically-acceptable
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homologous to corresponding sequences in antibodies derived from another species or
belonging to another antibody class or subclass, as well as fragments of such antibodies, so

long as they exhibit the desired antagonistic activity (U.S. Pat. No.4,816,567).

Monoclonal antibodies of the invention may be prepared using hybridoma methods. In a
hybridoma method, a mouse or other appropriate host animal, is typically immunized with an
immunizing agent to elicit lymphocytes that produce or are capable of producing antibodies
that will specifically bind to the immunizing agent. Alternatively, the lymphocytes may be

immunized in vitro.

The monoclonal antibodies may also be made by recombinant DNA methods, such as those
described in U.S. Pat. No.4,816,567. DNA encoding the monoclonal antibodies of the

invention can be readily isolated and sequenced using conventional procedures (e.g., by using



t he devel opnent of new tunors, conpared to the di sease course that would
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B0 e SRl S e B B SRy e SR A P
pref er gpl Mnﬁéirehe%ﬁlp%%’ KO MHO0GRUSMEATIEQuitBoll?. ol RibeESR ffdghehnt. 3TREseA

variant thereof that will induce T cells cross-reacting Wth said peptide.
In a pmfdificagidnse edsopiovidet for spmetpdditionak propertnfsuele @aito cemhpvetaddcamingeacidse

o combitls ST e de MRt bRopep b R AR e e it

| D NO efe3 Iy SE$Q, the Midibodd. frAdieerp st dossebs & heoactive property, such as binding
activity, regulation of binding at the binding domain, etc. Functional or active regions of the
antibody may be identified by mutagenesis of a specific region of the protein, followed by
expression and testing of the expresséd polyf)eptide. Such methods are readily apparent to a
skilled practitioner in the art and can include site-specific mutagenesis of the nucleic acid

encoding the antibody fragment.

The antibodies of the invention may further comprise humanized antibodies or human
antibodies. Humanized forms of non-human (e.g., murine) antibodies are chimeric
immunoglobulins, immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab' or
other antigen-binding subsequences of antibodies) which contain minimal sequence derived
from non-human immunoglobulin. Humanized antibodies include human immunoglobulins
(recipient antibody) in which residues from a complementary determining region (CDR) of
the recipient are replaced by residues from a CDR of a non-human species (donor antibody)
such as mouse, rat or rabbit having the desired specificity, affinity and capacity. In some

instances, Fv framework (FR) residues of the human immunoglobulin are replaced by



SEQIDNO 1to SEQID NO 3 may thereby be adm nistered separately or
together with the other peptides in one formulation.- - A detailed

descri pt i\ 2009/138%36 pept i des and the anfi gens provi ded aBOV&PR&IMDIBET osed in
WO 2007/028573. In a preferred enbodi nent for the treatnent of colon

, th ptid f the .SE NG, to, S I D r 3 i8S d, i )
e msoTrEiroRTiRg ngp-Hump SrigeS, HUmBizsE gh ek ek AR S PBFREreoyes ghish 4
8, 11 Qfe fbénd EH%&QEEI}&%Cfﬁien& BRtisIESR doPidMHe itpbRe PEDR Br Named oRBYequBRicgby be

adm ni stered separately or togethef with the other peptides in one
f or nul dnigsneral, dbt aliuneahizhsk entibadyowilbfconipeisp spbstaritallynall t dfeatateabigenss and

provi ded .ahove is disclosed.in EP07014796.2 an 60/,953, 161 he pepti des
PE Ot he Trgasy P rigibie RoSain iy AT Ao sl 1D o5 HEnCOR FediSR o
hi st oc @BRadpoR It tose W a¥n-hivien isnamSgloblin ahd alll 6t dubStaRfiAKLAN JfANEFRI ON,
the term "honol ogous” refers to the degree of |dent|t%§bet ween sequences of

two amiregionscarg thesqwéadurman inemupeghebudia consgrsus sryencse The dyaraied artieody

af or enent.i oned, " ho ogys i erm y.. C i ; hgned
ander SBUTARY Hss AT tafErss, & MFine Bl ot bo PIRB R AL RS, Henoe
to be eginalyabatiEadiumanEhneoglebaliaddi tion or del etion (for exanple, gap
and the like) in the optimum alignnment of the two sequences. Such a
sequence honol ogy can be cal cul ated by creating an alignnent using, for
exanpl USEAAY; b NHEL & i : 0
(1994) %eéfcl)&nlgmﬁry avawlggﬁg{ds%quen?gﬁgﬁdé yé%sqlgio??t?n V\U/arwrg% r%rg% e“égi%‘.eﬁq@aﬁ Y,
Vect or hixhaniz&ERRTBOdyohasaomad yisihmord amid @tid resddets hytrpdired dnait dbas essoufce
person skilled in the art will be able to assess, ether T cells.indyced
by a vaftights nop-hamgge BesecnqRERm L ATINO ackb iR EIES 215 QllepdEiersddp ay PYhe
pepti deedidize)! \fvhi(:ﬁ%ﬁgtﬁtica@lg- takeP R arl GRpBAP Fafthbld!domal® HumsMLAMAE i beet

al ., 2006; Appay et al., 2006). By a "variant" of the given amno acid
sequenessentidly parforned dynsdmtitubiag rodeat SR ah@DRssegfigndes forethamermespomdmgor
two of the am cid residues are altered, (for exanple by,replacjng them
w o ARREPES Sha i BROAHET AXsPriiry Sibc Rty Bkues e Shihrico,
sone Ohhighodidsd®). .Mt Mo S48 16, 56AL whbRiP&ibkiaffallySlesd ihah agbh@ct KunkdnhriaBlean
HLA nol ecul e in substantially the sane way as a peptide consisting of the
gi ven dpingn basi beescubetitvted by SrGarsspanding sequancefpmes appthaiman spspies.dld may

it or aer e ki e hare B AT Bl shlngRls HIHEK Bime BRI *©

such aandipBssiBl9 Zome FR residues are substituted by residues from analogous sites in rodent

antibodies.

Transgenic animals (e.g., mice) that are capable, upon immunization, of prodﬁcing a full
repertoire of human antibodies in the absence of endogenous immunoglobulin production can
be employed. For example, it has been described that the homozygous deletion of the
antibody heavy chain joining region gene in chimeric and germ-line mutant mice results in
complete inhibition of endogenous antibody production. Transfer of the human germ-line
immunoglobulin gene array in such germ-line mutant mice will result in the production_ of
human antibodies upon antigen challenge. Human antibodies can also be produced in phage

display libraries as, for example, described above for the complex-specific antibodies.

Antibodies of the invention are preferably administered to a subject in a pharmaceutically
acceptable carrier. Typically, an appropriate amount of a pharmaceutically-acceptable salt is
used in the formulation to render the formulation isotonic. Examples of the pharmaceutically-

acceptable carrier include saline, Ringer's solution and dextrose solution. The pH of the



or -DR and in that way it at |least maintains, if not inproves, the ability
to bind to the TCR of activated CTL. These CTL can subsequently cross-react
with cel I'SO20e/1BI3 cel | s that expressra pol ypeptide whiPCHERMWOADFHLT t he
natural am no acid sequence of the cognate peptide as defined in the
aspects of. the ipvention. As can pe deriyed fromthe scientifjc Lit ture
(Famerietion s peleroly 9 st 336 abadt “pdkinre RELegy Him Sbaygh abpuft i ¢
posi t i qnethe c4rkiérs _n@ﬁﬂ@%u@tﬁ%g%ﬁa% 9@@@@% Isf[:{cgﬁ%: RerhigeRhib4bIe mdtAEdd HT a

core sequence fitting to the binding notif o e HLA receptor, which is

def i nedolky hydsbphobiepaymenptoptiiniap thegriiboghovhich matriesp ard ialthe faspeefishepedof

the- - polypeptigde chains constituti. t.he . bi ndi n roogve. Thus an killed
1t he SHHSE G AT TRisBReE Shiir PR Il b Erae iR DG o 08 PO |
SEQ | DthNQird tHa® ceithin BXrridRy MbRbB inftde b?@‘eﬂéﬁlé%péﬂﬁiﬁ@ﬁﬂérﬁ,%ldmgﬁncé}mﬁe wad 6f be
able to determ ne whether such variants maintain the ability to bind MHC

cl ass ladministratipp|aad gpeeentratien obantibaedy being pAministerednt i nvention retain the
ability to bind to the TCR of activated CTL, which can subsequently
cross-react with- and kill cells that express a pol ypeptide containing the
nat ur alThamamibodies deame bt eadigintertd o cgnaitgedde phiicie, as il bpethjéctiohh@.g.,
aspects of the invention. Those am no . acid residues, that do not

subst anfifayenquse dREFneEAnSal, cSUbRHBRGRYS; dMENNSCRIapy T TOX: dther, megipds such e

nodi f i repl t 3.Y\ r el Yol Wele; ' S
ot sutSeaen HER BSEPTE e Y FIRL BRoa O] AROS Fot o R R

t 0 t he atselbevantinisdézd Bhimratapanat of paritumbenl powtes, so egery &oral eheeleptsydemaf t he
i nvention may be any pepti.de (by which termfhe inventors include

ol i gopélﬂftr?li?é‘x?)f:?f %?'é-ﬁéﬁf?rdésr?‘gqm}‘%ﬁ“‘?%@f‘lhsd%@%et"ﬁg' am no aci d sequences or a
portion or variant thereof as given. It is furthernore known for MHC-cl ass
Il -presented peptides that these peptides are conposed of a "core sequence"
havi ng Edfectavd riosages darsk gokedsdesf ifert jaduginistering gthe santibpilisa | iney ebe gistasimined

motif and,.optional ly, N .and/or. C-ter.m nal extensiqpns that do f .

"ot er 1 SPBirgank, Shimakine Shcthadpingriniil WBin B SR 408 ot Bhos 3kl jn the

i rrel ewanivill aindeR@INdN{AL aké iddRagy of hewibpdieslahanthusd lbe Oidndinssudis@twitll vdrycel |
cl ones recogni zing the natural counterpart). The N-_ and/or C-term nal

ext ensidependifgn onf dpr esxample, thee sehiedte that 1W%Uo ragivenithfo aadibady.i el songe of
| SePeC Yoo e, BERLLAPSAEDUGOR E14 URK B cBhLY rehOdEidich o2
accor diAgibbdies lie Henaar iDidgrmrishard Thetapy olabeksett dlg eds. pRtendPrss;0ONswi Yoikke t he

final product of the processing, of larger peptides within the cell, |onger
pept | Qb HA D 2SR Ay pical faily s %t{tgaé%tlbﬂdym% plRve Atighyangs frem abputany

FSJ Ir é?er ggfu gg'tsdéﬂ hgnltdoebﬁgy@yop%ohf%&igma& e PA0ddy) FEBLARAKS ¥ HE! fitbrs
mentioned above. Following administration of an antibody for treating cancer, the efficacy of
the therapeutic antibody can be assessed in various ways well known to the skilled
practitioner. For instance, the size, number, and/or distribution of cancer in a subject receiving
treatment may be monitored using standard tumor imaging techniques. A therapeutically-
administered antibody that arrests tumor growth, results in tumor shrinkage, and/or prevents
the development of new tumors, compared to the disease course that would occurs in the

absence of antibody administration, is an efficacious antibody for treatment of cancers.

The antibodies may also be used for in vivo diagnostic assays. Generally, the antibody is
labeled with a radionucleotide (such as lllIn, 99Tc, l4C, mI, 3H, Zpor¥ S) so that the tumor
can be localized using immunoscintiography. In one embodiment, antibodies or fragments
thereof bind to the extracellular domains of two or more cancer targets and the affinity value

(Kd) is less than 1x10puM.



50, 000, nore preferably less than 10,000 and typically about 5,000. In
ternms of the nunber of am no acid residues, the peptides of the invention
may have WoOwee/13823n 1, 000 resi dues, Qrgf_erabl y fewer thROETHPR0WWAO8I4dUesS,
nore preferably fewer than 100, nore 3 eferably fewer than 100 and nost
preferably between 30 and 8 residues. Accordingly, the present invention

al so provides peptides and variants thereof wherein said peptide or variant
has an 2 f 0,
and mo b3 ERHERSL e D BRI P prdes Sy Hoh BLUBRN By S0l
16 am mmagiog dmethieds. Mighadsader Idetactien r ofc tpeabepepiciudles , bus earer abt dinhitask doit

peptid with th 1§ame ;:or seqyence maé/ be presented in the IMHC .nol e(c:iul e.
As t he TRIATSSPece: Bt GORTIAD P8 CHEHTON HHCrSKORY SaBnefic Fsqnanch frAmBE fpd,
Core SQgueR f arg i I V ahii

r ecogn?zed g?p? hetiplé(%arrgrsﬁ?13 y’( hmgf*g’é‘?? gi??é?Fg}:lgz.{ndT?&gf%geSgirl%F&git??]grg}e%g?y'

| engt hSuitable gdkesoinchudepbat aredioh dinsiteduton duonespeibe rhedseniner eabin @pd dtherdi ng
of MHC Ias% [ | m)d.ecul es W tlhout the nee fo fulrther. Qrocessi ng.and

Cri i AORPRPISS. RRIGISODT 4l gadqiiplum dnd. Othep tanthanigts, "pampagdc on, | g

or art iffubfihéll § \emdi GAES pbdiBbnlefiliiag radiofhdlRles.r Ad8itioAATY, | pHobyY Ay bePBPtdrde oOf
the invention are often length variants. If a peptide that is [onger than

ar ound muitidunationalcand becdsteicialle by mersghen pe of thetmethpdylisted. alhgsraptibogiies| |

nol ecul e, it reterr t [ X j.ndi ng
regi on r%dyeber%gel%ggé)gl?iﬁrae? H%beg%:td @ﬁbéﬁ%ﬁ&tﬁgslé/@aﬁéﬁgf%}ggg%l&%gﬁmgé dg)éﬁq'e
pept i dendlwdebicodalemeniathmant of the prdte, icoehongicyr ebthe pedbd ineo MdCatibagdsy, dnld

nol ecul e or to present the %g]ot,i de to the T (-hel per) cell. However, as

al r eadyhs ¢Ryialeat attachmsnk of pichglating samapwid for hinding ﬁgmb&r @%ﬁon%%mthedweﬁay be
used, : o M]SIF\IHQ I ge, g;8d r ifdes
may be??crggré%(ﬁh egﬁb‘gﬁ?ﬁ?ﬁ abl e glns%@gg}r‘]l?sgﬁl’eggn%l?éﬁgg gg%l{é?ﬁllﬁéﬁeh%g?ep?%ﬁls(gne
cases iftozérasr hagrbesdmbaddedhan pataéfic and fixed)weathcae pfesenviii veysuchgisaiosmalan The

i nfluence the pepii.de binding to MHC class || | ecul e . or .the interaction
of 1 he HRHFEF FRORMYEd SERHaTUmbInG Satp Lo TE Rentaeied it (Ahelad Py AR dYpar e
to a ref@5&da8arh ARliboEy, Widreih M6 SRIFRAG ¥ BscAQ6 WRRELthe IEANTBIORGH kRPress in
tertiary structures within the peptide (e.g. loop formation) normally

decreas#uthe affinities to the MHC or TCR Internol ecul ar interactions of
the flanking regions with parts of the MHC or TCR besi de the peptide
bi ndi ng grooves nmay stabilize the interaction. These changes in affinity
can havge ?r&éﬁﬂﬁffélﬁiohﬁﬁthy@ﬁﬁﬁiega peptededeingptisirgd a Sdquanddibacisasiscted fip@pthede to
i nduce T (hel ge8 cel |l respaonses. i L
group of SEQ ID NO: 1 to SEQ ID NO: 3 or a variant thereof which is at least 85%,
preferably at least 95% homologous to SEQ ID NO: 1 to SEQ ID NO: 3 or a variant thereof

that will induce T cells cross-reacting with said peptide.

In a preferred embodiment for the treatment of renal cell carcinoma the peptide of the SEQ ID
NO: 1 and/or SEQ ID NO: 2 and/or SEQ ID NO: 3 is used in combination with at least two of
the peptides with SEQ ID NO: 4 to SEQ ID NO: 13 and SEQ ID NO: 24. The peptide of the
SEQ ID NO: 1 to SEQ ID NO: 3 may thereby be administered separately or together with the

other peptides in one formulation.

Internal Antigen Sequence SEQ ID No.
Sequence ID

IMA-MMP-001 Matrix metalloproteinase 7 SQDDIKGIQKLYGKRS | 4
IMA-ADF-002 Adipophilin VMAGDIYSV 5
IMA-ADF-001 Adipophilin SVASTITGV 6
IMA-APO-001 Apolipoprotein L1 ALADGVQKYV 7




It is also possible, that MHC class | epitopes, although usually between
8-10 ami no acids |long, are generated by peptide processing froml onger
pepti des WO 2p090138336s t hat i nclude the Jact ual epitope. | PCrEPPISBI4HEd t hat
the residues that flank the actual epi'fope are residues that do not

SUbSt npti-all v aff ect —prot eo! yt i fol C! eaVvage—hecessar \: to evpcse the act Ual

epi t of éMéﬁ;'q}ﬁ%ﬁproc é%’glf“n%l. Accordi ngly, “r‘-ﬁé‘*?P‘@E’e I nMention al so provji des

pept i dedAaEE-00ar | ant@IAfIAMHC cl ass | epiSthEpGS’VﬁNerel n t{ife peptide or

vari ar —overraihad th—of—betweqr 00, —prefgrabty between8
MAKH 7001 qﬁl}\Abfé"N L‘F BPHE S y

and 30Q0,_and nost prieferred between 8 a nanely 8, 19, 10, 11, 12, 13,

14, 15IMAMEIRH 0 agicdeet profo-opepgense, t he ﬂé‘ﬂ?ﬁ‘ﬂ"&glor vari gnt! according to |t he

pr eseMMhlN@RHd 10N WiNlchave the abi 111y gmpﬁvm\/to a m]I1QCUI € of the numan
ITH_] or _hJ_S_t_g;;g;%af ihility hnannv II\/!-I(‘\ csrl or Bindi ng of & pept i de
or a VAMARHS-Mb a I\/Ilfésc%rrpl ex may be te H?Clmat hods krf}own in the artj
for ey amlmsvt(tmse demvi bed in the |itgrrarsprFPEor diffgrient MHC cl ass ||l
all el et—al— +994—vadi uhci}%@%‘ - 199 Meniet—et—at—

] L ] 124 ]
1999; M’f\njr\lecflme aI lﬂe_uf%ag: Tonpkins et lal., j%@é Boytan et al 1998) . In
a particularly preferred enmbodi nent of the invention the peptide consists

t t.iall ' i d d SEQ I D.NO 1
Co SR BrRiT Svanon Bt e BEEE: 4P T, S BT BRGRBERRO Ve S et R o
consi shogf/opgyant i nuous stretch of amno acids as depicted in SEQID NO 1

to 3, wherein said stretch is a part of said sequence having a |length of at
| east 8 amno acids (e.g. 8, 9, 10, 11 12, 13, 14, 15, or 16), as long as

a core se nce, i s ese sai d renderin t ne ' l.
elicit |I‘ﬁ§ e??ﬂﬁfﬂ%&{é ttsoétlzae tred%mg E’H F%ceﬁdt ©pe nsfftgl? Sf@gié’gngi ally
of shaké SERAD NMAL3 B u@ecpﬁn d@naﬁlﬁﬁ(ﬁldwlﬂg a&%a&thﬁvcpéﬁﬁler}ie titlesewith SEQ I NO:
addition to the sequence according to_an to SEQ I D No. 3

of SEQ ID No. 1
or a vapitast bierldowr ldodhaipartidedef the SFA ﬁNNcérﬂdWE@ IDNRE: Aanay theprbyibed
tret t of th
pepti aacniyieRTsBRrEhAS bedher it Ao MERERRAC 1 o RIADBARZL, ©f 1he

Nevert hel ess, these stretches can be inportant to provide an efficient
i ntrodyectiopn—of the peptide accordinato-the rocant i nuanti AN Nt~ +h
PerPt ) o ]:

CTITC COoCTTIT LI I B AR 2 I B N BN I ) R e R Y T

cel I's. PER Bhe enmbodi ment of the prelsent inventlion, the peptide/!dsa f i on
pr ot ei INOahi (Paptile i r Seg@ence f or exanpl [EenetSymb@0 NF¢retion nal MHC
implicated in linking actin
15 C20-001 ALSNLEVTL C200rf42 cytoskeleton to ECM HLA-A*02
16 INOX-001 [ILAPVILYI INOX1 [INADPH oxidase HLA-A*02
17 ODC-001 |ILDQKINEV ODCI _|Omithine decarboxylase  |HLA-A*02
7 ’ DNA polymerase delta
18 PCN-001 [KLMDLDVEQL PCNA auxiliary protein HLA-A*02
transforming growth factor,
19 TGFBI-001 JALFVRLLALA TGFBI beta-induced HLA-A*02
20 TOP-001  |[KIFDEILVNA TOP2A/TOP2B  |Topoisomerase HLA-A*02
transforming growth factor,
21 TGFBI-004 [TPPIDAHTRNLLRNH  [TGFBI beta-induced HLA-DR
22 CEA-006 [SPQYSWRINGIPQQHT [CEACAMS Carcinoembryonic antigen [HLA-DR
8 CCN-001 [LLGATCMFV CCNDI Cyclin D1 ' HLA-A*02
12 MUC-001 |STAPPVHNV MUCI : Mucin 1 HLA-A*02
4 MMP-001 (SQDDIKGIQKLYGKRS |MMP7 Metalloproteinase 7 HLA-DR
23 CEA-004 [YLSGANLNL CEACAMS variant of CEA peptide HLA-A*02

11 MET-001 |YVDPVITSI MET met proto-oncogene HLA-A*02




am no acids of the HLA-DR antigen-associated invariant chain (p33, in the
followng "Ii") as derived fromthe NCBI, GenBank Accessi on-nunber X00497
(St rubi n,W@I20ex1383361984) . Exanpl es fqr40f_urt her pref err e@Cpapeeodasssthcl ude
peptides having a specific HLA-subtype and is capable of stinulating CD8

cells, and n.said peptide, es the specif nchor am.no
i d- ot (e QST P (B @oPUIPolih e BN Ere, PPl ove i ASIBRIpES and
anchor gpathifr9gh ﬂd@@%b@g:;ﬁgﬁ).tl de accordl ng to SEQ ID NGO 24 In addition,

the peptide or variant nmay be nodified further to inprove stability and/or
binding to MHC nolecules in order to elicit a stronger immune response.

Met hod for optini zation,of epti.de sequence, ar known in
t he ar ?ﬁ ?ﬁg" '?’8?“%% Yoo the 4pali t& tI% gé&%ﬁ‘%‘?"“ e9§|ﬂ§e Wapt M honds
or nonhmo nfifati B C&,l@x@M}m@ -Ireptli de bond am no acid residues are not

j oi ned by pept| de (- NH-) |i'nkages but the peptide bond is reversed. Such
retro-inverso peptidom netics nmay be made usi ng nmet hods known in the art,

for e suc as_t.hos ripe z ).

159, “338BhE pTHEN, A3 ETRL AflolBodErisRih o tnd bt ob)iddi DR,
maki ng s@@eudsspeptmde&nﬁﬁ@t adidi mumages Ip@pl(ilde/Idﬂgpbllypeﬂlﬁiékbémﬁncandﬂfwt
the orientation of sidechains. Meziere et al (1997) show that for MAC

bi ndi ngfapmentigied pdiomealpgy’r o5 slstesmined; R seompaEing opeptseasnces @ligagd yinder
Retro-i gﬁﬁ%ﬁgorﬁiﬁ%ds%%r th\éﬁyeg%n%gp{oaﬁ@%dﬂgqa%a %@%ﬁﬁﬁéﬁ%&?ﬁ%é)&o% %Ii':h&@ﬁt i de

bonds, "are nuch nore resist SI'S pepti de for

ex arrpl @nay-Havie ahlldddﬁﬁiﬂ%deleﬂﬁ]rl%HExampl@]-ge@I-&nd thé:ﬁEBZn the of3if @) aligAmentaotd
-CH2SO-. United States Pat ent r ovi dels MOd for the solid
a

phase é%f‘?‘fé§‘?°é‘eﬁ?esn HE épSFHEFélCB H? Ei5P1iRg 2R RYBRTCHhi ch
I nvol vggingo &e&aﬁ@e%@mmmw 2 RHrifhin %Nﬁél@ﬁrﬁcﬁrl@é%e%(?.?) 3B t46§o (1994).

non- pepti de bond Synthesized by reacting an am no al dehyde and an ami nho

aci d i Conireordy esaitabde SfqNa@BHalysBepifivaes, maspeafica)ly, Mects VB EESNEHEEXr i bed
above may he hesi wi th.additi onal chem cal groups present at their
ani no é?ﬁé?ag}“l%é’f’k&wv‘%‘&‘?m’ﬁf‘?h‘tgg%‘?ﬂﬁ%ce the stability, bioavailability,
and/or affinity of the peptides. For exanple, hydrophobic groups such as
carbobenzoxyl, dansyl, or t-butyl oxycarbon groups nmay be added to the
pept i dés peragn ﬁbllﬁ‘émﬁhﬂ art Will g ahle tcaaﬁsasﬁewilpthgr dugsllsringuced by a variant of a
9-fiuor rbo I
Cer i PO P I O Rble, R BBt "G 186 S0y SRR S Y,
am do gzmmbﬂayalbe%ﬁc@aomettm ahePp006g@appag ard92906)er mi ni .

on

By a “variant” 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 in SEQ ID NO:1 to 24. For
example, a peptide may be modified so that it at least maintains, if not improves, the ability to
interact with and bind to the binding groove of a suitable MHC molecule, such as HLA-A*02
or -DR, and in that way it at least maintains, if not improves, the ability to bind to the TCR of
activated CTL. These CTL can subsequently cross-react with cells and kill cells that express a
polypeptide which contains the natural amino acid sequence of the cognate peptide as defined
in the aspects of the invention. As can be derived from the scientific literature (Rammensee et
al., 1997) and databases (Rammensee et al., 1999), certain positions of HLA binding peptides
are typically anchor residues forming a core sequence fitting to the binding motif of the HLA

receptor, which is defined by polar, electrophysical, hydrophobic and spatial properties of the



Further, the peptides of the invention may be synthesized to alter their
steric configuration. For exanple, the D-isoner of one or nore of the am no
aci d resiN0g80%13823he pepti de nmay be usgd, rather than tRETHPRN/ODM4HEOoNES .
Still further, at |east one of the amino acid residues of the peptides of

the invention may, be substituted by one of _{he well own non n ral
occur r PR PSPHIsChaMs Fonglaitng the bindiag groqyss T Eﬁ:?flee@“ etasle
i ncrea [?ie?,s Y, I i C
pept i dZ§ nj(i) h@@%%%ﬁcb&;k&@éﬁ&{sa}% f{nrﬂg Hg?g{q) qgé?dlvg? ?gn?&gﬁaﬂt{% venti on
may be knodnfmelmbrahsadue:sabhcy vpuld beabienty depemidd whethensuchcvatmntsi mhnatanbdfeor e
or afte t he peptide. EX | es. for ch m)dlflcatlons are wel |
cnown SHIEND B8 NHE o LB emplEcuies Lo Yarianss ofheBrezant INERH e fent s
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It is furthermore known for MHC-class II-presented peptides that these peptides are
composed of a “core sequence” having an amino acid sequence fitting to a certain HLA-
allele-specific motif and, optionally, N- and/or C-terminal extensions that do not interfere

with the function of the core sequence (i.e. are deemed as irrelevant for the interaction of the
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peptide is nodified, or includes non-peptide bonds is a preferred enbodi nent
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by the Frocpol yam de node of sol id-phase peptide synthesis as disclosed by
Lu et db, fangdy B, Ard, t bflek éhckb 16hks ino afeispor ary N-amni no group protection
is afforded by the 9- fluorenyl nmet hyl oxycarbonyl (Fnobc) group. Repetitive
cl eavage of this highly base-labile protecting group is done using 20%

pi peri GoPRIHO cMss I £listiRtdiy pptideR e tal Bifdeent peptilel with thenamietdoes sdfayndze
protected as their butyl ethers (in the case of serine threonine and
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made ofIridiRg sPA4ENcEimBY Rp X _ﬁyaﬁtylpaﬁpsa Miaf C_ér'i‘sétl ErolesHI WIS Si5CRECC hai n
am do ff%ﬁh%&éskﬁ%-anﬁhﬁnﬁﬁhg% alaseos 8RR hal e%d@.a@&qespondingly, naturally
occurring or artificial variants that induce T cells cross-reacting with a peptide of the

invention are often length variants.

If a peptide that is longer than around 12 amino acid residues is used directly to bind to a
MHC class II molecule, it is preferred that the residues that flank the core HLA binding
region are residues that do not substantially affect the ability of the peptide to bind
specifically to the binding groove of the MHC class II molecule or to present the peptide to
the T (-helper) cell. However, as already indicated above, it will be appreciated that larger
peptides may be used, e.g. when encoded by a polynucleotide, since these larger peptides may
be fragmented by suitable antigen-presenting cells. However, in same cases it has been shown
that the core sequence flanking regions can influence the peptide binding to MHC class II
molecule or the interaction of the dimeric MHC:peptide complex with the TCR in both

directions compared to a reference peptide with the same core sequence. Intramolecular
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Binding of a peptide or a variant to a MHC complex may be tested by methods known in the

art, for example those described in the literature for different MHC class II alleles (e.g. Vogt

et al., 1994, Malcherek et al., 199;1; Manici et al., 1999; Hammer et al., 1995; Tompkins et al.,

1993; Boyton et al., 1998).

In a particularly preferred embodiment of the invention the peptide consists or consists

essentially of an amino acid sequence according to SEQ ID NO: 1 to SEQ ID NO: 3.

The peptides according to the present invention can also consist of a continuous stretch of
amino acids as depicted in SEQ ID NO: 1 to 3, wherein said stretch is a part of said sequence
having a length of at least 8 amino acids (e.g. 8, 9, 10, 11, 12, 13, 14, 15, or 16), as long as a
core sequence is present in said peptide, rendering it functional in eliciting an immuno-

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

introduction of reverse peptide bonds or 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 retro-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
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expression of the polypeptide, which can then be recovered. Many expression
systens are known, including bacteria (for exanple E. coli and Bacillus
subt i | iPeptidegeashmisiig the xequeheesSdeschibed mpoas nepr v i syntiesized fwitta e ditionsl
fungi (for, exanple Aspergil]us spec), ,plant cells, aninal cells and. jnsect
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pl asm Garthef¢ pife) peptitibs Pf eitdineéntivasedy \beGlyathesigédio lxarheie sferieroohfigufation.
S gma- %Iog Lia%]gle, 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 residuesrof
the peptides of the invention may be substituted by oné of the wéll 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 summarized e.g. in R. Lundblad, Chemical
Reagents for Protein Modification, 3" 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
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Expr es SFiByeen réxsinssssidne and a gbiaynis acidagpidugne, Second Editi on,

For example, 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,
and 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.



| SBN 978-1-58829-262-9, and other literature known to the person of skill.
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Tr ansftgr r%a?lg%% o] (i/eastocel sg]los (E]Q’ cyr:aaggﬂlﬁ BH rmamgpetbc‘P Met hods
| n Yeaskat&depeti cs, A Laboratory Manual, Cold Sprl ng Har bor, NY The net hod
of Beggs (1978) Nature 275,104-109 is also useful.Wth regard to vertebrate
cells, reagents useful in transfecting such cells, for exanple cal cium

phosp h@u@ce@ﬁql Rt dashdt ﬂh&rapédtRoﬁx%E@nJ Qﬁd“BEﬁHdeQ NRith PEG &Y @fté@laés%cfaféam
Strat agene Cloning Systens, or Life Technol ogies Inc., Gaithersburg, NMD

20877, witkfan ﬁitmmnmlmﬂatwyl halfahfmvhmctmss figking pﬁpm‘tcmm“ngl gintitaldehyde,
transf ec |nt e arnt transform

cel 1 BabelPihelyEe ochud End SPPERahie, Bre g fof dhe ar e RichE B GRRy
transf @h@ﬁﬁ’ca@ ehddificdtiof - ofCalel dgents ha# 1rﬁﬁhﬁlh§ﬂh8r ?y NAfteR Rehievied b9fca£mym£tﬂﬁe nt
I nvention, can be identified by well known techni ques such as PCR

Al ternattlihmtgssmnh@’ap{d@sence of the protein in the supernatant can be
detected using antibodies. It will be appreciated that certain host cells
of the invention are useful in the preparation of the peptides of the

I nvent iApBeptider orexaianlk,ewheretire theapeptideds tmadifled o8 dadludesl hen- pé‘ﬂﬁmvlﬁmds as her
host cells nmay be useful in certain therapeutic nethods. For exanp

ant i geﬁfeﬁ@é@bﬁmbﬁém&f‘é‘ﬂ%f they bentiony cienerallye Reptifles andvagianisyfar Jeﬁé tb%%d to
expr es e t 0
appropr%lltzlattg ﬁlr%ﬁ%;}tm 2@8%%%%*ﬁ§ésﬁ mtg%gﬁdﬁg‘gﬂﬁégn@%mﬁ igg ?%%eddesq%dﬂ%g‘% cel |
conpr i polygmidenunddei of aclidtpbaseapereiipr emttiesis asedisolosed dyr dlunq b (198d) and
|nvent|otn In a g referred enbodi ment, the host cell js Eﬁgn [ en

pr esenfSHRENESS| |thererp. p dempoary, Nragiitr BIONR PEptectin aﬁt. ﬁffe nff}eng9-ce| .
APCs | %@Fe?lylfﬁét 18xy AR TRAbe) YadupD R¥pRlifd) cRBMAR! Bf Migks i ORI abdse-1aHiled
phosphat ase” (PAP) dare cufrently undér investigation for the tfeatnent of

pr ost apetecingegrogsi isudengc u$ing) 2Q%snpib¢ridige an M) I\Edm@ethﬂformawdel Sle®@byin A
furt her t.of the inventi.on pro S t hod of duci epti.de or
s varrRTBaieS it e rehisn 5 B oo Pt i s Pose B e fiE g s e
pept i deyrbsinen bagy1 Rers ¢ theOfaskt st ElutanE excite dhd Bspdriic aRRY)NButyRIHyestboRylt t he
peptide, the nucleic acid or the expression vector of the invention are

used i demeativei(imcthe Fase oflusipg and hisadipe) tritkdesivative (indhe ease ofgysteiae)andhr ed
for i n&l{eﬁyo(?(?'%§6 tnmethylbenzenesulphonyl derivative (1n the case of arginine). Where

glutamine or asparagine are C- terminal residues, use is made of the 4,4'-dimethoxybenzhydryl
group for protection of the side chain amido functionalities. The solid-phase support is based
on a polydimethyl-acrylamide polymer constituted from the three monomers
dimethylacrylamide (backbone-monomer), bisacryloylethylene diamine (cross linker) and
acryloylsarcosine methyl ester (functionalizing agent). The peptide-to-resin cleavable linked
agent used is the acid-labile 4-hydroxymethyl-phenoxyacetic acid derivative. All amino acid
derivatives are added as their preformed symmetrical anhydride derivatives with the exception
of asparagine and glutamine, which are added using a reversed N, N-dicyclohexyl-
carbodiimide/1hydroxybenzotriazole mediated coupling procedure. All coupling and
deprotection reactions are monitored using ninhydrin, trinitrobenzene sulphonic acid or isotin
test procedures. Upon completion of synthesis, peptides are cleaved from the resin support
with concomitant removal of side-chain protecting groups by treatment with 95%

trifluoroacetic acid containing a 50 % scavenger mix. Scavengers commonly used include



(i.v.) injection, sub-cutaneous (s.c.) injection, intradermal (i.d.)
injection, intraperitoneal (i.p.) injection, intramuscular (i.m)

i nj ecti orVORP®NI8823¢d net hods of pept ID%%\I nj ection i ncl u@ETAPEY0%003347 i .p.,
i.m, and i.v. Preferred nethods of injection include i.d., i.m, s.c,
i.p. and i.Vv. Doses of e.g. between 50 ng. and 1.5 , preferahly 125 ng to
500 g cthaniiiph PG br ARG g B g1 éecirrt oI dep ek ah Ghe EHBRIESEEBOye
peptid - pdpRIE Beib siingsizad) PAsPE EmBHERES DE Yblid phRE Gnt RoRAIBH ipRks
trial s%?%gﬁg@i%elagt af’ %Osggi SSlt ae%ﬁgr ectmaF{a2007)._ Aﬁot her agpelct pof t he
pr esentmédtimdeidgiesnfor tled sydetlsesanofi peprides & pussibled(séq rfop exatople nBrekdonfert et chl. T
cells, thod_.conprisin ontacting T-cells in vitro with antigen
Ioadedzhﬂﬁégs(t,}?%gﬂ?%? ag fit ’i’FHSecul es expressed on the surface of a

sui tabl e antigen-presenting cell for a period of tinme sufficient to
activate the T-cell in an antigen specific manner, wherein the antigen is a
pept i ddridmomadetingacid is remomeck by i evapomRtied dér atno, witls shbseqienit triguraiion woth t he
antigen.is. used with an, antigen-presenting cell. In the case a MHC cl ass
1 e Aissivtisin gttt Jud Bl TRpBAS K el orisfu’ 2R4RG by d SEbse:
cell's, cRirgRhaRbiedafe WhichtotPBopHiNiSatMiCofttha a§uddus PhhQCAfGEs MY cluge P¥RidRssed
on the surface of any suitable cell. Preferably the cell does not naturally

expr esdreHOf stavengers. Mrlagents efor ( peptigei synthesise areh czepenally hawilgblen fiomrsgect ed
in ord t. Xp . h . t ivgly, if the cell naturally
expr esgr éblﬁﬁ%“gﬁggagmﬁh%ﬁnoﬁggﬁ*ggwoﬁngihg\!nﬁ%?gpp’eg fhat it is defective in

t he anti gen-processing or antigen-presenting pathways. In this way, it is
possi bl e for the cell expressing the MHC class Il nol ecule to be conpletely

| oaded PFifipationcRgE die pespermed By 3Ny efneh OF G eombiatien g tachriayes gpgh astfes

anti gen- i N : ' el | ' I
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of | oaditegctiai dchid@atdgasphyl | amb| €éewhbBy)i tdvetshehssl ebighd perforgence ThquikiHC
class I] nolecule may readi]y.he | paded.with the selected antigen in vitro.
Pr ef er &BTOPAIQETRP q.g‘.rpcg@%}trlﬁgg}ggg 1904 8P4 Q8uced | evel or function of
the TAP peptide transporter. Suitable cells that |ack the TAP peptide
transporter include T2, RVA-S and Dr_osog_hi la cells. TAP is the Transporter
associ @nalysisi afipepridésgmony be sewiedi awg usimadhindayer obegnatagrapby.dilenjropheresis.eint

cell line. T2 is ail ghle fromthe . Arerican Type e |l ectian,. 12301

par ki aatispigConRlR) AprforpRRls dnyidoBliss BakBin A SRER SRS eE PR Chish 502,

the Dr ps@pitdnde GRjuld bhidenabsdrastiyd @inihd-a€id 2anabysivatdradti® hiyd@Rsihend bgGastnder
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 (for example a polynucleotide)
encoding a peptide or peptide variant of the invention. The polynucleotide may be, for
example, DNA, cDNA, PNA, CNA, RNA or combinations thereof, either single- and/or
double-stranded, or native or stabilized forms of polynucleotides, such as, for example,
polynucleotides with a phosphorothioate backbone and it may or may not contain introns so
long as it codes for the peptide. Of course, only peptides that contain 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.

A variety of methods have been developed to link polynucleotides, especially DNA, to

vectors for example via complementary cohesive termini. For instance, complementary



Cat al ogue No CRL 19863; the nouse RVA-S cell line is described in Karre et
al 1985. Preferably, the host cell before transfection expresses

subst ant i &DI2Y0MIFSMKIC cl ass | nol ecul e_§‘9_l t is al so pref @Ta®R290840344he
stinmulator cell expresses a nolecule ifportant for providing a

costimulatory signal for T-cells such as any of B7.1, B7.2, | d LFA
3. The hamepelymst fracts @ﬁ%éﬁé@iﬁddp th%Pé‘%é%gfm%t‘bI’%%er Wotﬂisefﬁ?tg’ggﬁm t he
costi r |51 j L
dat abadecor PG Rerilefe BUR ol 15 I dh e honllE e e ey
ant i gehpmbpelymedeltdik tafernCia8ombpomint DINA @blesulesf an anti gen- presenting cel |

is transfected to express such an epitope, preferably the cell conprises an
expressi on vector capable of expressing a peptide containing SEQID NO 1

to SEQSLRhMR 1:3k&@5 Bniih@he ¥ MOred@sEicBES YRAC Brov iR &P hilterflatiiTRRoAf ofot her
met hods“may be used for generating CIL in vitro. For exanple, the nethods

descri padingrtheddNAesegment|to (VEO®E). Symthetiawkikend centaming a 9gietyy of restigtiodgous
tumorinfilt rrati ng. I y hocytes i.n,the gebgerﬁti on of Ir_ Isebansk.in l%Eii%lt
(1995) SHAERE P JAIF o FONBEIRLY (FRERUF BPBod UMBRG LSk SEURRT popfot e
prepar atbatioial BlbtechREdpiRSIne New Hal 88 ONdgsAr i bes the production of

aut ol ogous CTL by pulsing dendritic cells with peptide or polypeptide, or

via infection with reconbinant virus. Hll et al (1995) and Jerone et al

(1993) ke use of | LS. i r [ . .

addi t | @ﬁ“ﬁ‘%@?é‘?ﬁ%}é‘b&ﬂ%ﬁ?@ag \FéethﬁN%e%&%g}e"ggﬁe B%lr‘/ %Be‘@tei%g?f]é%’r%g“h‘%“e@t“eg‘em th

r ecombipbBierasechsin reBdtionEastisdioded tyhSalki epalr @OB)). Dhis andthddgay be@hed f@.

Walter et al. 2003 describe the in vitro primng of T cells by usi nq,

artifi entegdugingithePNsk sde arsnifeble ¥ester, fangxagiple R Fpgineding 8 suifallg resipftionyay

; . . : o . A APCS
or gengLab) R%x%yﬂ%ﬂ}sle& t@%PH?téhé ﬁﬁpﬁlfp&th&%ggif\x}ll_' gagg 68 Hnewmhﬁhéaruciym?he

wer e generate e coupl of preforne ept |Sde conpl exes to

sur f aceeabrsand ytlypener pdertovaue setoisaropresas). by bi oti n: streptavidin

bi ochem stry. This systempermts the exact control of the MHC density on
aAPCs, which allows to selectively elicit high- or lowavidity

ant i gensPeMNA i(6r ih thELAserTTPOERS vibthR, RN 184y iHeh BB @xpicssua iRlaoRetasiamBktes .
Apart from MHC: peptide conpl exes, aAPCs shoul’d carry other proteins wth
co- st i hupedoes/a polyipeptide ¢amprisirg theQrpgde ot ivbaaited the upeadon. olhuscthe INAf ace.

h h C- based f1. ' h Ik
ppr op e B pftide o afent KE G TGOl s Sed AF ffEbeR ygh known

Al | ogenghfiqaed, lappropyatlys@obiffiedSadidwi of ke achiedsadontiinedl hefeiagtd condtrtctam
method is escrlged in detail in W 97/26328, i1ncorporated herein by

r ef er e G¥RESSRIy veskampihich is thendesed itg frapgform an appropriate host cell for the expression
and production of the polypeptide of the invention. Such techniques include those disclosed in

US Patent Nos. 4,440,859, 4,530,901, 4,582,800, 4,677,063, 4,678,751, 4,704,362, 4,710,463,
4,757,006, 4,766,075, and 4,810,648.

The DNA (or in the case of retroviral vectors, RNA) encoding the polypeptide constituting
the compound of the invention may be joined to a wide variety of other DNA sequences for
introduction into an appropriate host. The companion DNA will depend upon the nature of the
host, the manner of the introduction of the DNA into the host, and whether episomal

maintenance or integration is desired.

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

recognized by the desired host, although such controls are generally available in the



Drosophila cells and T2 cells, other cells may be used to present antigens
such as CHO cells, baculovirus-infected insect cells, bacteria, yeast,
vacci ni a-WAf28exie823tar get cells. In addption plant virus@ THARYIMA0MdEd (see,
for exanple, Porta et al (1994)) whi ch descri bes thedevel opment of cowpea
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Pref er g a/seldchdleltrsield the @@agoAescdlh SudhedslantiFiotib resiagideng t hr ough its TCR
with the HLA/ peptide-conplex (for exanple, binding). The T-cells are useful

in a nethod of killing target cells in a patient whose target cells
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mean t leapresdien oﬁtﬂe polypamldes“@mhsnaaltlhqn berregcomaded]eal th, pr ef erably has a
conpetent i mMmune system and, nore preferably, is not suffering from any
di sease which can be readily tested for, and detected. In vivo, the target
cel |'s iNgfnyt %npé&%ie}dsvé‘re-rkxﬁ% $n @GR Bab@rik Qférr@(aﬁf;ﬂ‘é ENlcoli MHENBAM,sCan
be cells of the tunor (which sonetinmes express MHC class 11) and/or stronal
cel | s subtilpynykasy (fore ekample $aashorormyees se)remme);hﬁlsimtquﬁefgmgll lor expmples VHC
cells Lnventi.o
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i nvent ingitnAA15R del19vhdhes CHORENS dvaifablei frdrh fige ARCIECelEBidISgy GoHed&ahJ ent whose
target cells aberrantly express a pol ypeptide conprising an am no acid

sequence of the invention, the nmethod conprising admnistering to the

pat enty Bicl hfathaifan nyibg dord pdsnfif b cdiyiflfive r&gre@QB%%om ¥isesAETONHD &Y

expresse e 1 nven ors a mean e pol ypepti over - expressed
conpar (Sd/4DCpr6mbtmlw1k}euehﬂalﬂé pekypAetaﬂland ao:resﬂstaate htaekeyenechi & maohgmtn iOnet he
tissue fromwhich the tu rived inth u it is exp sed. By
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inducible mammalian expression vector is pMSG, also available from Pharmacia. Useful
yeast plasmid vectors are pRS403-406 and pRS4713-416 and are genefally available from
Stratagene Cloning Systems, La Jolla, CA 92037, USA. Plasmids pRS403, pRS404, pRS405
and pRS406 are Yeast Integrating plasmids (YIps) and incorporate the yeast selectable
markers HIS3, TRP1, LEU2 and URA3. Plasmids pRS413-416 are Yeast Centromere
plasmids (Ycps). CMV promoter-based vectors (for example from from Sigma-Aldrich)
provide transient or stable expression, cytoplasmic expression or secretion, and N-terminal or
C-terminal tagging in various combinations of FLAG, 3xFLAG, c-myc or MAT. These fusion
proteins allow for detection, purification and analysis of recombinant protein. Dual-tagged

fusions provide flexibility in detection.

The strong human cytomegalovirus (CMV) promoter regulatory region drives constitutive
protein expression levels as high as 1 mg/L in COS cells. For less potent cell lines, protein

levels are typically ~0.1 mg/L. The presence of the SV40 replication origin will result in high



the pol ypeptide is present at a |level at least 1.2-fold of that present in

normal tissue;- - preferably at least 2-fold, and nore preferably at | east

5-fol d orw0Qedvlsse3she | evel present |rg normal tissue. TPCEIHP200910Y340T

obt ai ned by net hods known in the art, é t hose descri bed above. Protocols

for this so-called adoptive transfer of T-cells ar Well§b I n th art
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activated CIL, T-cell receptor or the nuc ci d encodi I s useful
For 1 ndt origi: Nerprmoni e qhs BrepiaEPaiB s BoF i sequice cas fprrihe 3o Situne

respongg. rIAE" fisRine g?dwmmhﬁf: Yhe cﬂftultehﬁqeﬁfu?& &0k Mﬁeaﬁbrpmslrpg?/ ATUBEAGas
medi canment or 1 n the manufacture of a nedi canent. The nol ecul e may be used
by i t sehfibaliesc mshispad platek. @theewectoﬂsmdleepm);smi systems areemell bmoven in{ the akthown
nol ecul e(ss%: r ef erg)ghgy i é medi canment of the present inventionis a

Y has et

vaccin Sed directly into the patient, into the
affected organ or systemcally i.d., i.m, s.c, i.p. and i.v., or applied
ex vivo to cells derived fromthe patient or a hunan cell line which are
subs quéntnrgeseatjmvnne@reuaksg retatesn® paostesql] transformead withvd pelynpelegiidececter
subpopula
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o nani B of e FREER ket e By kfichebi % B8 PorandQlif bertulalyofE
cells IBactehhlr &llsithayTBy ﬂﬂﬁeﬂs@fpbﬂkafmlctﬁlﬁt célls! i domdoeirduniaices had tﬁﬁczﬂl@r to
coexpress i mune-stimnul ating. cytokines, such as.interleukin-2. The peptide

may be b STARGEA- (cpli syele as ofpr ewlﬁe@levﬁ cRligtraing il e aveilahie értorrhéetéasf ant
(see b‘?ﬂe?é’é(}c(ilotaﬂéaﬁgnwln%o[ﬁ%&g&z? MDMUSA, LHERRQ- Aal1 3L 3 iﬁ %Hl%&aﬂle?pror

admi ni stere a |ver system for exanple |'iposones
pept i d€ubmye Gbldetibe (AFTAIA) gdtRedktible AV S (o EFCC Sl 343 Rrefsrrédyidaireotici npet

haenocyani n. ( KL mannan ee WD 95/18145 Lo ecke et .al (1993)).
The pepPtt &slléw@ﬁsvsaﬁemﬁaﬁ@é mamgalian cells R d“;h’é{f‘ Shfate el ayehas ¢ éomr. d
mol eculf@m 4 %u?@?&t' ARak &SI?urﬁ@rﬂﬂ%%?ashéa&i &16n a1 HiRS, meﬁﬁfh@%t deﬂymﬁd&n are
expected to stinulate CD8 T-cel However, stinulation of CTLs

i s nor é(Péﬂ9i9;: 'YGH{500nancheY Pﬂﬂé&lerwbewaarh@eperpﬂy)\ané@blb;fr@mSﬁatm_ﬁnpe@looeigl S.
eSS 806 GRLERER, ok W oS Tl b e RlpS
CD4- posiiryV@HOF etlls avdtlale 86fh HeBATOOHE @AW, ENIH SPess odsévembryo cells
NIH/3T3 available from the ATCC as CRL 1658, monkey kidney-derived COS-1 cells
available from the ATCC as CRL 1650 and 293 cells which are human embryonic kidney
cells. Preferreél insect cells are Sf9 cells which can be transfected with baculovirus expression
vectors. An overview regarding the choice of suitable host cells for expression can be found
in, for example, the textbook of Paulina Balbas and Argelia Lorence “Methods in Molecular
Biology Recombinant Gene Expression, Reviews and Protocols,” Part One, Second Edition,
ISBN 978-1-58829-262-9, and other literature known to the person of skill.

Transformation of appropriate cell hosts with a DNA construct of the present invention is
accomplished by well known methods that typically depend on the type of vector used. With
regard to transformation of prokaryotic host cells, see, for example, Cohen et al (1972) Proc.
Natl. Acad. Sci. USA 69, 2110, and Sambrook et al (1989) Molecular Cloning, A Laboratory
Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY. Transformation of yeast
cells is described in Sherman et al (1986) Methods In Yeast Genetics, A Laboratory Manual,
Cold Spring Harbor, NY. The method of Beggs (1978) Nature 275,104-109 is also useful.



known in the art and include those identified in the present invention.In
one aspect, the vaccine conprises at | east one peptide having the am no
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Mont ani de | SA Mont ani de | SA-51, water-in-oil and oil-inwater
prostatic acid phosphatase (PAP) are currently under investigation for the treatment of

prostate cancer (Sipuleucel-T) (Small EJ et al 2006; Rini et al 2006).

A further aspect of the invention provides a method of producing a peptide or its variant, the
method comprising culturing a host cell and isolating the peptide from the host cell or its

culture medium.

In another embodiment the peptide, the nucleic acid or the expression vector of the invention
are used in medicine. For 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 methods of peptide injection include s.c.,
id., i.p., i.m., and i.v. Preferred methods of DNA injection include i.d., i.m., s.c., i.p. and i.v.
Doses of e.g. between 50 pg and 1.5 mg, preferably 125 pg to 500 pg, of peptide or DNA
may be given and will depend on the respective peptide or DNA. Doses of this range were

successfully used in previous trials (Brunsvig et al 2006; Staehler et al 2007).
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antigen in vitro.

Preferably, the mammalian cell lacks or has a reduced level or function of the TAP peptide
transporter. Suitable cells that 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 et al 1985.

Preferably, the host cell before‘transfection expresses substantially no MHC class I molecules.
It is also preferred that the stimulator cell expresses a molecule important for providing a co-

stimulatory signal for T-cells such as any of B7.1, B7.2, ICAM-1 and LFA 3. The nucleic
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generating T cells against the peptide of choice. In this study, aAPCs were generated by the
coupling of preforfned MHC:peptide complexés to the surface of polystyrene particles
(microbeads) by biotin:streptavidin biochemistry. This system permits the exact control of the
MHC density on aAPCs, which allows to selectively elicit high- or low-avidity antigen-
specific T cell responses with high efficiency from blood samples. Apart from MHC:peptide
complexes, aAPCs should carry other proteins with co-stimulatory activity like anti-CD28
antibodies coupled to their surface. Furthermore such aAPC-based systems often require the

addition of appropriate soluble factors, e. g. cytokines like interleukin-12.

Allogeneic cells may also be used in the preparation Qf T cells and a method is described in
detail in WO 97/26328, incorporated herein by reference. For example, in addition to
Drosophila cells and T2 cells, other cells may be used to present antigens such as CHO cells,
baculovirus-infected insect cells, bacteria, yeast, vaccinia-infected target cells. In addition

plant viruses may be used (see, for example, Porta et al (1994)) which describes the
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In vivo, the target cells for the CD4-positive T-cells according to the present invention can be
cells of the tumor (which sometimes express MHC class II) and/or stromal cells surrounding

the tumor (tumor cells) (which sometimes also express MHC class II (Dengjel et al., 2006)).

The T- cells of the present invention may be used as active ingredients of a therapeutic
composition. Thus, the invention also provides a method of killing target cells in a patient
whose target cells aberrantly express a polypeptide comprising an amino acid sequence of the
invention, the method comprising administering to the patient an effective number of T-cells

as defined above.

By “aberrantly expressed” the inventors also mean that the polypeptide is over-expressed
compared to normal levels of expression or that the gene is silent in the tissue from which the
tumor is derived but in the tumor it is expressed. By “over-expressed” the inventors mean that

the polypeptide is present at a level at least 1.2-fold of that present in normal tissue;
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Survi vin-specific | FNg-secreting CD4+ Tcells in peripheral bl ood
nmononuaiadepulet®l | s (PBMC) fromdifferent tinme points of a vaccinated patient
whi ch were determ ned using an | FNg-El i Spot. Tinme points: pr evacci nation
(a) and after 3.(b), 6.(c), 7.(d), 8.(e), 9.(f), | q.(9), .(h)
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IL-10, TNFa-secreting CD4+ Tcells in PBMC fromthree different tine points
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after Lap}gl?e)d exviv@lo celis(dekived Fofh ﬁ%tﬁa?@nt or a human cell line which are subsequently

administered to the patient, or used in vitro to select a subpopulation of 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-
e;<press ‘immune- stlmulatmg cytokines, such as interleukin-2. The peptlde 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)). The peptide may also be tagged, may be a fusion protein, or may be a hybrid
molecule. The peptides whose sequence is given in the present invention are expected to
stimulate CD4 or CD8 T-cells. However, stimulation of CD8 CTLs is more efficient in the
presence of help provided by CD4 T-helper cells. Thus, for MHC Class I epitopes that
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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CD4+ T cells derived fromB
one virus. Non-viral dellvery systems include cationic lipids and cationic polymers and are

well known in the art of DNA delivery. Physical delivery, such as via a “gene-gun,” may also
be used. The peptide or peptides encoded by the nucleic acid may be a fusion protein, for
example with an epitope that stimulates T cells for the respective opposite CDR as noted

above.

The medicament of the invention may also include one or more adjuvants. Adjuvants are
substances that non-specifically enhance or potentiate the immune response (e.g., immune
responses mediated by CTLs and helper-T (Ty) 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, flagellin or TLRS ligands derived from flagellin, FLT3 ligand, GM-CSF,
IC30, IC31, Imiquimod (ALDARA), ImuFact IMP321, Interleukins as IL-2, IL-13, IL-21,
Interferon-alpha or -beta, or pegylated derivatives thereof, IS Patch, ISS, ISCOMATRIX,
ISCOMs, Juvimmune, LipoVac, MALP2, MF59, monophosphoryl lipid A, Montanide IMS
1312, Montanide ISA 206, Montanide ISA 50V, Montanide ISA-51, water-in-oil and oil-in-
water emulsions, OK-432, OM-174, OM-197-MP-EC, ONTAK, OspA, PepTel® vector

system, PLG and dextran microparticles, resiquimod, SRL172, Virosomes and other Virus-
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shows pnmnssau@nsheb ipnepirregary adguesapisafuckiag RibissBetok, Quile be§up@|f?bs @sb'evaatsso

ORES ( PHLBHFFRRd S B8 GREGSErergipretedtio el mmipoibgl GGl i fF 27 iEsS) ) ©f

pr esentsgddifoR deRirfiO&Isiahd RRS S pReparation hike KeeRtdexdritell @w&m& (Ib&ﬁum\@as I
nol ecul es (TNF-al pha production As for HLA class | (HLA-A I n

princi pl ¢998; shllisen é89 i #flsg eymokipenandyobs usedn Sséerabgmkm@ss halmbe«tradlseqtlly t hat

PR Dotigket Rl inftbereify d8iride SRLE RSN S bBinE S SHe i Bur O preablsdtng™
-C) an%eaniaﬁkai&r Hf %M&b uémgndt@ %‘fﬁé@nt%ﬁ@%ﬁ‘-@;fresbﬂnﬁéh keli rf&erg%gﬁocytes

Nevert hel ess, cl ass nol ecul es are composed two vari ab

chai ns (¢ al, @M Qi IFelt @l)d. ICFAN Y. Sﬁdj’ph |1‘g|t |5c:8ﬂ9@i$9glep®!ﬁ®élb’llycqrymatﬁg heselalbways
| t t
ai ven, “akedre il SEED aid sciPeudap BrRaI RGeS 1 Bk R b s el

conpri a@aqmwtgyma@hl@llase@ﬁ 1506 DQ al pha and beta chains that are
commonly found together and react with a particular antibody. The cells in

the table are:- - SEQID No 1 to SEQ ID No 3 show t he sequences of the

se0 | poRG ThALFEEBRROREofRprk SR oBASTRL léS5ERh BRbr fol Bfhahc MM tfAeT.
t unor adjmoaitaired vaeqihé skxtinglsWithowt tidiiy poagietyt theome iEpGd nhg@E@ldoBdédoachbyS hows

t he sequences of .t he pti of. HBV. SEQ I D No t.o SE 3 show t he
sequen %té"anlgdlfl%é‘Fnaf%E'tﬂ“ %‘g’é’Bﬁ? Dot BY t%s%;l‘éﬁ -like pace tarseg » iR i on.

SEQ ID 7 hghagQde d | des
of V\angmg{ G %%’Iog??dgsées%% W%%Q R %gfgi%g%ge&hg N e

sequenegsponses tal mldas@uciyaq;fe@qg@ps iindgdiog p@p@@;@eprotem 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 Ty,
bias induced by TLRY stimulation ié maintained even iﬁ the presence of vaccine adjuvants
such as alum or incomplete Freund’s adjuvant (IFA) that normally promote a Ty, bias. CpG
oligonucleotides show even greater adjuvant activity when formulated or co-administered
with other adjuvants or in formulations such as microparticles, nanoparticles, 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 enable 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 (Krieg et al
2006). US Pat. No. 6,406,705 B1 describes the combined use of CpG oligonucleotides, non-
nucleic acid adjuvants and an antigen to induce an antigen-specific immune response. A CpG
TLRY antagonist is dSLIM (double Stem Loop Immunomodulator) by Mologen (Berlin,

Germany) which is a preferred component of the pharmaceutical composition of the present



SEQ ID No 34 to SEQ ID No 63 show the sequences of the Peptides as designed
in Exanple 3. SEQ ID No 64 and SEQ I D No 65 show t he sequences of the

Pept i des WO 200988136 Exanple 4. SEQ I D Blo_ 66 and SEQ | D ROTER2&80048he
sequences of the Peptides as used in anple 5. EXAMPLES EXAMPLE 1:- QJ -

11 ssue AP0 Bet TLRNRE Fonceiles Hehioe A A USRS 1 £ BHOA aelbiRg 1 a
Cant ongj,yUnoMersedai re de Geneve (Medical Oncol ogy Laboratory of Tumor

| munol ogy) and Neurochirurgi sche Universitats-Klinik Heidel berg
(Mol ekul ar bi ol ogi sches Labor). Witten inforned consents of all patients

rea: SlthekaRplEs (e Bi peivis AR Bt R CBREd I gt madted (s 0"
I sol at i@p. OpRHErDERERNES ahd16Fds! fitH %smftg_ dHdAARRINGSE nBRU G Thadtetial

shock-frozen tissue sanpl es were obt ai y “i mmune "precipitation from
sol id ONAues BbNdorasi neelk asa imnivghadtiversaiall| swlenubaso@ntl amahddiesk sught asl

1991; Se r. &£ H, et al..T 1999). using the HLA A*02-specific.anti

57> SyepRiosphatite: sfiinit SRV RANY cbRBre R AN EOA0RE Siderfiohr Lgat
sephar eaklendfll] Sorafeddt, TeMbzolamidd) | témsitdliniusatiiongo, MeP5ad63 2 pazdpmitllAEGEPt | de
pool s as obtai ned were separated according to their hydrophobicity by

r ever sddmh A 7d hAdd1dr aph TLAAand SCEBIL/S, syniehemay \agt thesapenfierlbyhandirut i ng
tid | i T i i

CTher manACiFu e e nlolng it "ConcEheplelch or Wi TRRP a3BRGL BEREPT e

di r ect kyntextt of theepresat \ihventionf canetadily ibe adetdrarimeiapy ltharskilled! attizan( Withown i . d.

x 250 packed with 1.7 nm C 8 reversed-phase material (Waters) applying
a fl own“g%‘leee’ﬁ?mmt%@npgfefﬁ‘ir?ﬂnaél.u"@%%"q aéth ,Intﬁ%fsroaeaétﬂiwdeéetaeﬁ@@8§§r at ed

. - . . . b g
usi ng 24;3% Mﬁ%ﬁ%ﬁﬁ%xﬁh@bﬁ, PeDITRATRNA! AdhIGH, téﬁ@i&&rﬁﬁ%%%d%%@ﬁnﬁhe. ow

0,
rates 300 n nute. The gradi ent was conpose ol vent A (0.1%
formc acid in water) and solvent B (0.1%formc acid in acetonitrile). A

gold cqated gl ass capillary (Picoli bj ect.ive) was used.for .
0t T 0 BE ORI YR AR S Chtst THHOET 1y B HHags 18 R or
was opelighe dnd Brdif @aslRt ord R RAMRRA! proRER dafiéd?JeRphadiR cahéd! EQYrectal chideel . @
scan

renal cancer, pancreatic cancer, squamous cell carcinomas and keratinocytic neoplasms of the

skin, leukemia, lung cancer, ovarian cancer, and melanoma.

The present invention includes 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 reconsti;futing 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.

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



cycle was initiated wwth a full scan of high nmass accuracy in the orbitrap

(R = 30 000), which was followed by M5/ M5 scans also in the orbitrap (R =

7500) on Wheo®/138336 abundant precursor, ions wth dynam @CEHPRUSI0OHH4DS

previously sel ected ions. Tandem nass Qpectra were interpreted by SEQUEST

and addi ti onal Eﬂlr_’r';%nual control. The identified Pepti de sequence was assured
t

by com@aiocid Bith; the entainen that HadiGriss dieptionselar, regARSttUlano AN ar Uss-nkQl t h

the fr ' : ' e ' :

popt | e R e eheh B Bhdicdte ahE bl e RN SR P RiRuo pepe

t he MHCondeagrgtidnsasss desceibed] apeyx. i The NEANTAY Hfurther didaRi Eha? the formulation is
Expressionpraofiling.of genes encoding the peptides of the invention Not all
pept i d&s® Tef‘figgfoﬁu%é‘it%ob? fsgrﬁtl?fh the surface of tunmor cells by MHC
nol ecul es are suitable for i munot herapy, because the majority of these
peptides are derived fromnornmal cellular proteins expressed by many cell

t ypes. Thal gonfainer dioldingstbe fopnuldtien amay berro mudts-vee iviel e vhaahd allowe Ifgr edpeat t o

i nduce cells. with a_hi speci.ficity. of. recoqgniti f the tu from
wh on ABY NIRRT g T 2308 BimidintafioBin of (o0t Rlste Fubttenatie e
the ri skayf Girtlt QIApRLRI hY sdcBAY CshtdiNerV 86mpAgdhg 0N sultgble NYIRRNT @.d 086 ERE ON
those peptides that are derived fromproteins that are over-expressed on

t unor didarbpnaisrsplution)-to the majority of normal tissues. The ideal peptide
will be derived froma protein that is unique to the tunor and not present
in any other tissue. To identify peptides that are derived fromgenes with
an exprgpaimiring ¢ffthé diledntahdthet I9ophiizédpahulation tthe findlepptitie edndeaphticiein wer e
assigned to the proteins and _genes, respectively, fromwhich they were

der i vedhearerassiifiieds formybatim liespreferabhesat fapte §- Inemee/gdArsriide d(=/RMe) 9 ces
andpr e@?eff@lfa t}”no'?uxﬁngecﬂahys | tti:dg 5(';‘?5(20?@2.‘ ThE kie'fnaf . kA ngﬂldgyothéfiﬂ

different clrnical sites (s r witten inforned consent had
been ohagrivddddsirabledaarh apainiraaicial Andrmsertstawpeing pacludimgothwrmffong pliliez.en i n

[iquid nitrogen i nmedi at el fter surgery and.l ater honobgeni zed with nortar
and pedtieEs. BRAES, PITEEEY il PRCHISH InsPEt M ARATIGHENSIOB IS ed f rom ¢ hese sanpl es

using TRl zol (lnvitrogen, Karlsruhe, Germany) followed by a cleanup with

RNeasy (Q AGEN, Hilden, Germany); both nethods were perforned according to
t he 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
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



manuf acturer's protocol. Total RNA from heal thy human tissues was obt ai ned
commercially (Anmbi on, Huntingdon, UK; C ontech, Heidel berg, Gernmany;

St r at ager¥O 2pppe3833dam  Net her | ands; BigChai n, Hayvvard EQT/EBIAP003HE  RNA
from several individuals (bet vveen 2 and 123 individuals) was m xed such

t hat from each indi.vi dua equal Leukocyt es_we
i sol at SHfPBRIDHE SEPdafiH) QO qr 9? Tt WWC&W?%{S&EF SeRaAlf |dp§mgnﬁheqklémqyt y of

al | RNAI3applisin WRStherRoRGRRH RF é‘gblﬁﬂhi&ﬂﬁcﬁl OQc&lp%li@lnq%fd éf%@érhﬁpt a
Wal dbronn, CGermany) using the R 000 Pico LabChip Kit (Agilent

M cr oanhquegnpéntl wﬂhc@lt@erml apparates(com, ameady giose oéecﬁ&sl, Ssyumges, aywddmppml

HG, ULS 8 TR 20 B GORIE) Pt P PO PV PAIMETRUTIO0 G SOTPARRE Ca

USA) . Alfthesd{@ggﬁtmre carrl ed out according to the Affynetrix manual .

Briefly, double-stranded cDNA was synthesized from5-8 ng of total RNA

usi ng Superscript RTII (lnvitrogen) and the oligo-dT-T7 pri nmer (M/\G
n_vi#t

Bi ot ec E n s .descr iny the uaI

D1 onec e THERRP huoRi A B A5 RENUAE Tot AghiRafROA b el peBiskS by any;
Label | iabgptable &@Eosﬂhagﬁosﬁal C@ntetdls; . nasaRr Bplftﬁﬂﬁhe,, stibGutddebus, f Mitratiérenall1 33A
arrays or with the GeneChip | VT Labelling Kit (Affynetrix) for the U133

Pl us 2lmragysgylar, inBpYEREs ofytrarigira. oty i the admyipistrationds 6§, agdgmost
st ai ni r iotinylated anti-streptavidin
ant i boggef%\dﬁkgé?:{ljl’g@h Yét% 18{?%{&%3;6 lgﬁlgﬁyﬁnaé\)ds) | mages were scanned with

the Agilent 2500A CGeneArray Scanner (U133A) or the Affynetrix Gene-Chip
Scanner_ 3000 (U133 Pl us 2 0) d anal yzed with GCCS sof t war e
( Af f ynetF Pxesentjaysigiog i qspﬂb@t mdﬁegq?ho“ﬁ%& QF?é‘t‘IéF%tth t@?mﬂb? mgfereest i on,
100 hOHﬁﬁB&iﬁ@nE@tiﬂ%?ane%bﬂ%d Withodt fb\éﬂ%t lﬁxhﬁed‘@l'ié%et‘és ¢ tl?@?ﬁxgiogé’s of the
expressi on val ues were cal culated fromthe signal [og ratio iven by the
sof t wapessentdinvhationyr athiresmmote agactedr béreinanie yncoeporated 1by) refEhance xipr thegi on

proflle of .th of th epti de NCAN-001 of the present
i nvent FBW® Eﬁog&aﬁlﬁ\gﬁﬁg%ﬂ’”ﬁ%ﬁ HenRe E}SP‘BgI astoma tunor tissue whereas the
gene is not expressed or expressed at very low levels in normal tissues

(Fig. 2). EXAMPLE 3 HLA-DR Motif Peptidesfrom Survivin (sw ssprot: 015392)
Epi t op®rief desczintion ofthedravings of potential HLA-DR |igands was carried out

using TFYQG 1Y¥8ws the ESI-liquid chromatography mass spectrum identifying the tumor associated
peptide NCAN-001 from the glioblastoma sample GB1006.

Fig. 2 deplcts the mRNA expressmn proﬁle of the gene NCAN encodlng the ghoblastoma
associated p peptlde NCAN 001. Expression of thls gene is absent or very low in normal tissues
while it is strongly increased in glioblastoma samples (GB1006T to GB1011T; NCH359T and
NCH361T).

Fig. 3 depicts the relative mRNA expression profile of the gene BIRC.5 'Expression of this

gene is absent or very low in normal tissues while it is strongly increased in tumor samples

Figs. 4a and 4b depict the presence of PSMA and Survivin-specific IFNy-secreting CD4" T-
cells in peripheral blood mononuclear cells (PBMC) from different time points of a
vaccinated patient which were determined using an IFNy-EliSpot. Time points: pre-

vaccination (a) and after 3.(b), 6.(c), 7.(d), 8.(e), 9.(f), 10.(g), 11.(h) vaccination.



dat abase SYFPEITH . Briefly, the sequence of survivin was screened agai nst
a matrix pattern which evaluates every amno acid within the nonaner core
sequence WP 208¥EB23pept i des fitting theorespective HLA- DRCKHPRG0/0AHEhor
resi dues are given values of up to 10; other residues values up to 3,

reflectin m no, acid preferences for_.c ai ositions Wthin t tide.
The ¢ hEi% o Tob thayr%mlmes@ﬁéwvw-sae%%ﬁf it t-Sefibe Eerege i o 45
scores : : 5 :

T GerL R AR R g {Rer ) BAE oo L G pRRGN Stich relictermined,

t op scoid IU$-Asqayi Timse points: afterd .(@a),Sdibgt 1. @hsvacddRBion01 (maxi mal t heoreti cal

score 43) 58 FFCFKELEGWEPDDD (SEQ I D NO. 34) 36 98 LCGEFLKLDRERAKNK (SEQ I D
NO 35) 28 22 FKNWPFLEGCACTPE (SEQ ID NO 36) 28 DRB1*03 (nmaxi mal

t heor et £ q] SIRGRMBe %%ch@gncgl;%séh Khts (85K 16 MNOwiks/ PSAIstaBllity with no
VQPFLKDHRI STEKN (SEQ 1D No. 38) 26 3 APTLPPAWOPELKDH (SEQ 1D NO” 39) 25

DRB1* 04is¢ pmaienttant1i§&ofrem baktlimcld$A. 28) 98 LGEFLKLDRERAKNK (SEQ | D NO. 40)
28 10 WQPFLKDHRI STFKN (SEQ I D No. 41) 28 3 APTLPPAWQPFLKDH (SEQ I D No. 42)
26 DRBI *07 (maximal theoretical score 34) 121 KKEFEETAEKVRRAI (SEQ I D No.

43) 24F28 SRHWVRIR bekidiieal Risbide iNQatitfils P4 ard ABT SRR KObiT (i6@adeD No.
45) 22 16 DHRI STFKNWPFLEG (SEQ I D No.” 46) 20 28 LEGCACTPERMAEAG (SEQ I D NO

47) 18 withomR$A SIBPITNEPDL ( SEQ | D NO. 48) 18 93 FEELTLGEFLKLDRE (SEQ | D NO.
49) 16 103 KLDRERAKNKI AKET (SEQ ID No. 50) 16 DRBI 11 (raximal theoretical
score 38)

Fig. 8 shows the biochemical response in patient 5, showing PSA DT increase without PSA

stability.

Fig. 9 shows the biochemical response in patients 1, 4, 10, 12 and 13 showing no change of

PSA DT during vaccination.

Fig. 10 shows the biochemical response in patients 2, 6, 9, 14, 18 and 19 showing no change

of PSA DT during vaccination.

Fig. 11 shows the biochemical response in patients 7, 15 and 17 showing interim PSA decline

or DT increase followed by DT decrease.

Fig. 12 shows that from the prostate cancer vaccination study, BIR-002-peptide-specific
CD4+ T-cell clones could be established .from several vaccinated cancer patients that are
functional with respect to IFN-gamma production in response to BIR-002. Wang et al., 2008
describe T-cell clones obtained from healthy donors only after several rounds of in vitro
priming and stimulation, while the present T-cells can be induced in patients by vaccinations.
PMA/ionomycin = antigen-independent unspecific activation; Survivin (II): BIR-002
stimulation; PSMA (II): stimulation with irrelevant peptide. All reactive cells are CD4

positive.

Fig. 13 shows that BIR-002 is naturally presented by dendritic cells. Immature dendritic cells
incubated with recombinant survivin protein are recognized by BIR-002 specific T-cells from

vaccinated patients as shown by intracellular cytokine staining. These results suggest that



98 LGEFLKLDRERAKNK (SEQ I D No. 51) 32 83 GCAFLSVKKQFEELT (SEQ ID NO. 52) 24
58 FFCFKELEGWEPDDD (SEQ I D No. 53) 22DRBI* 15 (maxinmal theoretical score
34) 95 EIWOGEPIIKBDRERA (SEQ I D NO 54).,30 19 | STFKNWPFL EGTAR2(SEG44D NO.
55) 28 55 AQCFFCFKELEGWEP ( SEQ | D NO~ 6%6) 28 Steps |leading to the decision

about the sequence 1. For each peptide, a 9ner coQre sequence i s necessary
for HLRIRHRO3; %ﬁd}atﬁ‘g?llprpé‘éﬁeé%eédbib@ﬁée@éﬁééﬁ‘é@§:deBééEﬂlc eFl?SFENLE#@F&Ee @Eﬁ@qz[) No.

57) DRBL;* | - No. . * [ )
pre1 1 R e B D T B i Bt e S PRRGR A &7
Conbi neheyoseerese qytekines [FIN-galnimma, rSRalphacmdsiu? t have snoface seppessiare of CiMOi ned:
L GEFLKL.DRE SEQ D No. 62). 3. Add fl anki ng seque to final length
of 15 KN anitEﬁ%qavulﬂe@e%E%E%%mAﬁQ%@é%mﬁj m&?%§§5072xﬁhn i teg 1~

cli ni caky $ddiese R anfOHIMREAR, b uRy BRE1IE BreCRRfaltiAEd By IdERMARISIsGhbibafda t he
peptide with the SEQID'NO 1. The primary study objective was the

i nvest mgti the irredé vanhproR$a RAR&Ds baHE¥ d¥d ipeptideant i gen) - based response (PSA-R)
to the subcutaneous adm nistration of a prostatespecific peptide panel
(vaccination therapy) in patients with biochem cal relapse after radical

pr ost atrget1aghoWs it W hightRictioR bf BIRIBID-§REiicEDAS LR d@Sie@TFom BIR-002

secondary study objective was the investigation of the tolerability and
f easi bivh¢ainatest prasiaterdageasipatignty gxpriessaaneficiehettelgpes IMN\ogamemat TNKralphaptlot at e

carci no i th _special ,consi derati f i | oqgi cal henopena i.n_terns of
o2 o b Ao A0S enGkBes 30 % and TR1T 49 55 cPRGRET TR il oy
Phase IShbwnsitdifimbsr ddthand Rainéairized defa frdrh asthegilclat cytokiipStaifing & T-asliscal

pr ost at e(;t_or'r%/ wi t hout detection of manifest netastatic |esions."- -
speicifc for BIR-002 or two control class II restricted peptides.

Fig. 15 shows that several tumor cell lines expressing different HLA-DR alleles are
recognized by patient-derived PBMCs (shown for the patients Pro26 and Prol5). Thus: 1.
patients develop multi-clonal T-cell responses after vaccination with BIR-002; 2. BIR-002
shows promiscuous binding to several HLA class II alleles: DR1 (see also Wang et al), DQ5
(not tested by Wang et al), DR11 (see also Wang et al) or DRB3 (in contrast to Wang et al.,
2008, Table 1); 3. Functional presentation of BIR-002 is possible in the context of several
HLA class II molecules (TNF-alpha production). As for HLA class I (HLA-A, -B, C) in
principle also three different gene loci can be found for HLA class II that express functional
class II molecules on the cell surface, namely HLA-DQ, HLA-DP and'HLA-DR. Class 1
molecules are composed of a heavy chain (-A, -B, -C) and a beta-2-microglobulin that is
constant in all three genes. Nevertheless, class II molecules are composed of each of two
variable chains (alpha und beta). Thus, sophisticated genetically typing is always complicated
with class II. In the table so-called serologic types are given, which are based on antibody
binding. Thus, “DQ3” for example comprises different alleles of HLA-DQ alpha and beta

chains that are commonly found together and react with a particular antibody. The cells in the

table are:
Name cell line Reference
AL E418 EBV transformed B-cell | Human Immunology Volume 51, Issue 1,
line November 1996, Pages 13-22
LAM B lymphoma cell line Oncogenomics 19 September 2002, Volume 21,
Number 42, Pages 6549-6556




Study population As part of this Phase |/1]1

study, an attenpt was nade

to

i nduce PSA regression as an indicator of cessation of tunor growh by neans

of vacci n¥0I2009/188238 a prost at e- speci f

ents

_igq _peptide panel i RCHER2OOMPH4Dat i
wi t h bi ochem cal rel apse after radi cal” pr ostat ectorry A conbl nati on of

pros ate—sneeifi eSS il €—S Lallcu 1S Y WI on
of t he HOAW ¢ (,ﬁ‘%\ﬁgﬁysgg%e&%gﬁﬁ ?Veléﬂﬁ}?;é’ﬂ Egndd dus
adm ni|stration{forns of the antigenigigtguctures. In contrast to previqus
vacci mation studies, the planned study targeted the treatnent of patients
with aBMvBI | t gkl ] ARG rehhdineyet det é"dmal@belaby’fllmmnng)gyr 3004 ul73s 18 The
patiemnts were all inmunized in the scﬁsﬁﬁ\ay usi ng known prost at e-speci fli c
antigenic strugtures to enhance the i e response to the malignantly

t r ansTQIGRR Cel homobl Sk TRL.GIAL | €Nt S W@ THerapyc9004)a] £408- 1410y
popul ationPSA at vaccination start 0.76 10.14-"10 8 Treatnentschedule After
rul e- ¢UIGBEBNaniafieddgoms Bacelldiriec | esi g r{anoer IngnmutproécB pofrftt aphn08d)d

aci £ MAacEol A Ao

skel ettal—seintrgraphy,—the—prostate—Sp Ye—WWex
subcut usly Shympaeblosteid (&l ing ng W?ﬁ\e‘t\lﬁl r@éﬁ@%iﬁﬁg‘ém bef P97:andt|or s
to patients witfh detected PSA rel apss mjntl%nﬁhbprlgg@wegqm)pj@,sg at ect ony

(PSA itncrease iln terns of a 50% el evated value during two neasurenents lat
| east 14 days apart). The vacci ne was adm ni stered 8 x on days o, 7, 14,

28, 42, i.jeately 100 mcro rams tide n n each
ey SEAL o Mo ABTHERY TP ohsHoP 4 sianeteh oL ¢ TSR areidled medlifpb e
nMeasur gebski@ i8vetigA deritdefrbalARGHL | C response If a tunor response

(conpl ete rem ssion [PSA-CR], partial renmission [PSA-PR], or stable
clinical course [no change, PSA— NC]) is detected, the patient received the
vaccin nt S n r any. e

vacel MRS % M S SRS B AR LSRG Sed Bl R il

eval uatag@ciateddrphidlds \Red iroihle(m@senﬁamt@he rem ssion (PSA-CR): Nor rral i zation
of an initially elevated PSA | evel, confirmed by measurenment after an
interval of at |least 4 weeks. Normalization is defined as a PSA nadir of

<0- 2 nafetd 1o Wy 1GNnBANL RELEHREGE B RLAR o @BCal prostatectony with

conpl ete tunor or prostaté extirpatio

SEQ ID No 15 to SEQ ID No 23 show the sequences of other tumor associated peptides used

in the present invention.

SEQ ID No 25 to SEQ ID No 27 show the sequences of the associated peptides of Wang et al.
(WO 2007/036638).

SEQ ID No 28 to SEQ ID No 33 show the sequences of tumor associated peptides of Piesche.

SEQ ID No 34 to SEQ ID No 63 show the sequences of the Peptides as designed in Example
3.

SEQ ID No 64 and SEQ ID No 65 show the sequences of the Peptides as used in Example 4.
SEQ ID No 66 and SEQ ID No 72 show the sequences of the Peptides as used in Example 5.

EXAMPLES
EXAMPLE 1:



Partial rem ssion: a) PSA-PR < 80% (Reduction in an initially el evated PSA
| evel by 80% confirnmed by neasurenent after an interval of at |east 4
weeks) ; WO 2809/BEI6PR < 50% ( Reduct i Q%Si_n an initially ECEERRY/OPBAT| evel
by 50% confirnmed by neasurenent after an interval of at |east 4 weeks.)
St abl e _di se‘ase, (PSA-SD): No, significant change OVﬁI’ ?&eri od of at | east
four wldsificption of tumap associated peptides resented:on egdliurfase of | ess than 50%
and an 7ngr €559,0f | ess than 10% confirmed by measurenent after an
interval of at feast 4 weeks. Progression (PSA-PD): Increase in the PSA

| evel [Patienss’etunanarkD%ealthy tiksmesweare préviBSA byr Hgprals CamtonalhEnstetsitpireads
termnated. After.enroll ment of the patients in the stud he .. .

Lot op Liegpih (MR G Graoans Laheretiry [t THGY chotasladDy R, o Fachimueisdie |
pr ost atyjfrve@fiskdIRihA H@i_@kﬂbargf]m&ekula%}&oéis&%)abw@r WARERIfed RASAWYE I N
addition to investigating the general efficacy of the adm nistered vaccine
wi t h r elpeatientschadohé¢enogivay hefieregrungaryi. disswesswergashackrfvezenriacliquid snitiggen
eval uated hy RPSA.monitorin t hi s, study. i nyest.igat the effects of various
Vhcet ndtmsiaiEy AP -pEsote dudlsdioh BEREPURHIRINER O The i rrune
system In addition to sinple subcutaneous adm nistration of the peptides

accordig)gat_o the invention al one varjious conbinations with adjuvants were
al so udwdationof Riatpeniides fremydssde samdedi nati on of at | east 6 peptides

deri Vefi’gf;( ggﬂtl:c@g‘) OF%. gﬁ?}}{afroﬁﬁ Kl/%\(lk Nam 1@? 3 e?e ngnggl% Fiﬁln@une?ﬁ%&ﬁﬁétio\ﬁel y:
A peptidé PV T oM ntruenza was used as a positive controt.
Pept i dé®ndsolidvigsduéds auooidiid toadn slighitly \thodifiedvprotoded €fhllat K Tethud 11981 ; Segtppds. | n

particul ar, depot and adjuvant activity fo epti de vacci nes of nt ani de
(a for fhiblati b??%éﬂlsméh%#Qs@ﬁ&2-%pﬁel§ﬁﬁme{>%c{w§_@3r?dorsth§§iﬁéa®t BT or
use | N RRSY /39N CRIBIRRYAEE SlniosDERI HERGEMDE WRBRIEANA! abl v, vas used.

For this pufpose, o} peptide solution was mxed with 500 m of
Mont ani de and adm ni stered. Thereby, a water-inoil emulsion is built that
slowy reléqe ses the antigen contained in the aqueous phase over weeks. The
physi c4f€! ity of the enulsion is very high, as at 4 Cit can be stored

for nomgetieA sepﬁaagﬁas%g BBtainedi Weref éeﬁé‘x@?ed%@ﬁiﬁ?@@&ﬁéif Y dropREbIRP DYy
function of Montani de has been exploited in several vaccination trials with
good r eevgrsed-pha@ieackyomatographyo®) cquitiieUBLGdsystenm Watess) anghthedelutag areplidescy of

vacci nation durin 0 1 Kan i atl t J . wt h
{ 2ot or Srerepdlied AR TIRE, ORUkRE Bl Bl pfrcier (RRPRQRIELSH Eifighed
comoniwithugeEiSlagdutbéeaRéptide gl wee lvadedi dietilp onforthehfalviiéd) fodadilida hives-eof

reporting _enhanced clinical and T-cell responses. Initially, GMWCSF is a
dendr i caRillary) qolyrap (73 pyaeid. ¥7p0 mm) packed with 1.7 pm C18 reversed-phase material

(Waters) applying a flow rate of 400 nL per minute. Subsequently, the peptides were
éeparated using an two-step 180 minute-binary gradient from 10% to 33% B at ﬂow rates of
300 nL per minute. The gradient was composed of Solvent A (0.1% formic acid in water) and
solvent B (0.1% formic acid in acetonitrile). A gold coated glass capillary (PicoTip, New
Objective) was used for introduction into the micro-ESI source. The LTQ-Orbitrap mass
spectrometer was operated in the data-dependent mode using a TOPS strategy. In brief, a scan
cycle was initiated with a full scan of high mass accuracy in the orbitrap (R = 30 000), which
was followed by MS/MS scans also in the orbitrap (R = 7500) on the 5 most abundant
precursor ions with dynamic exclusion of previously selected ions. Tandem mass spectra were
interpreted by SEQUEST and additional manual control. The identified peptide sequence was
assured by comparison of the generated natural peptide fragmentation pattern with the
fragmentation pattern of a synthetic sequence-identical reference peptide. Fig 1 shows an
exemplary spectrum obtained from tumor tissue for the MHC class I associated peptide
NCAN-001.



differentiation fact or that is thought to-enhance the nunber of dendritic
cell at the vaccines' injection site. Al though GW CSF does not by itself
activat e WAIYErIsPoesenting cell s as %gndrl tic cells an®CRgPeepOH4E an
indirect activation in vivo has been reported (Ml enkanp et al., 2005).

Anot her study arminvestigated the efficacy of vaccination during

concom tant activation of dendritic cells by epicutaneous use of i m quinod.
| m qui §Bgsv@g @em nistered as an 5% ointnment (Al dara). It has a strong

i mmunostinulatory via its effect on TLR7 positive cells (e.g. plasnmacytoid
DCs, Ldngestiomprafdingsf gereasreatodias he peptidasanf &se inmenttdpD88- dependent  pat hway.

Act i Cs I J-cel | | at d inf t

(pr eguPNif A GER TGRS BENERE Ay bATE BPSERIEE it AU IP g HOHESCe T BHCnt | a
of i ni GuylEMikstafe SIRBRCRP RtiEBtHHPY CB&EalistlLthe W&}%fbuesmp\ebﬂ&std@@d@mddgens
into the ointnment or by application of Al dara over

i nj ect iftym Bpmal fcglrlulahercmns gémssméé)ybew @l@h’mpg& r@mlycfewmfaﬁhﬁmemqea@

Anot her st ud t t.e c VacCi n n_durin
concoriyaNEas Cctlate %E‘?{Sf[yg%) € gnl), In%d%g d eﬁ(fla 1th a h1 gpe;[cg,l émg/ t:j Wcogrgtlon for

pr ot amiirerufiioa Biok m&mﬁéy\“em:@&im [USrder tohdéxﬁlf@@hctvpé;mdsb Rnd hininitiNtes hows
a broad activation of nmpbuse and hunman i rmune cell dgqulati ons. The presence

of therigbf- ablgsm@uwwedwes rbdtvamlﬁethwh@ peveptornincasedorn these pepsides thapare
hal f-1i f |
a Ieﬁ l frEntPl M eingvgr van cf 8h W%h? el sf chifl 5‘% t8 thé( ma&erlt]yor i ng

depot - orm ng p a ere ore i ne de
and AP@emadlitigates.ng propert| es. In summary, the adm nistration forms of the
vacci ne included the follow ng approaches: a) Subcutaneous adm nistration
of the peptide vaccine ermulsified in Mntanide; b) Subcutaneous

admi ni SHe icaPPerfideWifl LRAREHEE ROAFE pRRciR T 3 f1iGE: Id'me WGl ol ndBplaRi fle i 1
conbi nat1 on th topical adm nistration of m of GWCS

obj ect ameother HstueeVo ndendify peptndps rthat rare dalvedsﬁmmwnes w@eaned(mgssmrmofﬂet ant
adm ni st r.ation, of. .growt h,f act or. bcut aneaus istration.of the
ept | oSG P r1bE AEH te!  kaRRS PhotElES NS ngaed 1O LBhBrorRins RV ocal
hyper t kgpédtRelyl Fooh alhieR tHEY SerdideRvédand® Rixprekiive ;%ﬁl%§ hifeme 0 géndsh@érgal |y
i nduced stronger inmune response; d)Subcutaneous administration of the

pept i deenegadted.-ne emul sified in 500 m of Montanide in combination wth

epi cutaneous imquinod in order to activate dendritic cells via TLR 7; e)
Subcut aneous adm ni stration of the peptide vaccine enulsified in 500 n1 of
Mont anirdgt doagek aed préaraiim M of nucin- 1 nRNA/protamine in order to

actl VatSﬁrg?c%?lgr ;etn{o(ifedc etlls|51sle Vslpgc;rll-iIEES were provided by two different clinical sites (see
Example 1) after written informed consent had been obtained from each patient. Tumor tissue
specimens were snap-frozen in liQuid nitrogen immediately afteri surgery and later
homogenized with mortar and pestle under liquid nitrogen. Total RNA was prepared from
these samples using TRIzol (Invitrogen, Karlsruhe, Germany) followed by a cleanup with

RNeasy (QIAGEN, Hilden, Germany); both methods were performed according to the

manufacturer's protocol.

Total RNA from healthy human tissues was obtained commercially (Ambion, Huntingdon,
UK; Clontech, Heidelberg, Germany; Stratagene, Amsterdam, Netherlands; BioChain,
Hayward, CA, USA). The RNA from several individuals (between 2 and 123 individuals) was
mixed such that RNA from each individual was equally weighted. Leukocytes were isolated

from blood samples of 4 healthy volunteers.



7/ 8. Schedule The entire duration of the study was 3 years.

Prostat e-specific peptide vaccines were adnm nistered to patients on days O,
7, 14, 28y04209/13823656. I n patients w_ th stable di sease BCTAR2@Bj0EBHT ve
tunmor response (PSA-CR or PSA-PR), the vaccinations was received once a

month i.d,. untjl detecta ogression occurs, On the,basis.of.the
Cvperi Galinhgsd gty as il RafA SGmplascte etk A8 Aeiignor D00 Bidm ekt

si gni it &giMnt 2HMRILEGN, BRAMLB)sinBRRERIE O Pies PABERiplICit \g%%ﬁémﬁt ion therapy
was eval Oat ed solely seroldgically on the basis of tphe SA neasurenent, a

test was perforned at the start of the study to determ ne whether the
adm ni ?@ered vaccine interferes wth PSA neasurenent in vitro, which could
si mul atECPUENY FRE " EE ponse. On daysO, 7, 14, 28, 42, 56, and 70, bl ood

sanpl egendexpRESn fafhlysia RATAL RinYort &%l formBPAshRVRNRA sathples et perfore® B
count, FACS analysis, and cytokines. If treatnent is continued past Day 70,
6- week AFBmetoxiHummdnmigengme (d6) &4 orHerdEr3 Plys ddt eligonuelsatide micrbairaysr e i n

a tinel nner . Ireat me nged, i f docunent ed prooressign t he.

i seasc X ERRRRE o ol C A 08 ERT Fishb uS ROt UL R-BRAERY IR Rirghefivgay
84, i mmpspLZIaBriefly! BEURAE¥triaied CKDW Anwadsyiithediz6@ elorh IL-81vabs tatall RNAJagingent ed
progression or up to day 420 (15 nonths). Deci sions regardi ng conti nuation

of thgﬁ&p@rseﬁim B_Jélcékylitmge@ésa(é@) ﬂmogigetzslToV tingers (MY Guite ¢t dEbapbesg.
oy, CrRBARIS et S BRGh iR I SRS L ERADLOT Sl pPrelite 0l ind gy, |

CK, h F pHEh Yietd RNVE;{ ,refu?icfiptr D&Herlint;ngh §EN|Z]OﬁBiaguo:i;th:sahicd ,Fatmtrglklalp; NieiUsA)

ti CRP, i ti ith. , PS
Cyt okl ARhe BAZBA aptays vt b sas VT abeling ki Uaimbete gor o UsaP Phise
bact er hgj algaes% Foined WEREJ@P%a&ﬁ%ﬁtZ@oQC}Wb?id;&faﬁﬁ, AN Rindld #ith Qrep@§idy.ed

type hyper sitivity (DTH), T cell-nediat ed, |l serve as an anal ysis of
t he paphpewehghge ind riofimylame sytsstepthafior entibedyst @Maeleaflat Rrobesadiyiddine

eptid r equi for the study (nhona- t] S nuf.act ur |nthe
P abor afbtisTipshetsess st srntrd yAfoDF ARt 0 faRs AR SEngt 613\
Ramrengeea fifhrftk LRRE-CHES S¥@meP 8006 (EM PPIUEPLE, and dana¥ikeshab)zedBith the
spectronetry. The purity of the peptides can al so be checked by HPLC, mass

p . . : ;
spect r GRS §oftvaard (Effxmetrvoqueing Hefgult seftings fonald parsmetrssiF or parmelzagen. 90t o

t9 ﬁOeA) ca rﬁogs%kge%?ﬁjgn%%e%dpr%w}ieﬁ hb)mﬂ\%}qg&n;( aeae dl?sgd.aﬁefalﬁge ”&é}e@ﬁ% A d\IVQI% to

calculated from the signal log ratios given by the software and the normal sample was

arbitrarily set to 1.0.

The expression profile of the source gené NCAN of the peptide NCAN-OOVI of the present
invention shows a high expression in glioblastoma tumor tissue whereas the gene is not

expressed or expressed at very low levels in normal tissues (Fig. 2).

EXAMPLE 3

HLA-DR Motif Peptides from Survivin (swissprot: 015392)

Epitope Prediction: Prediction of potential HLA-DR ligands was carried out using the www
database SYFPEITHI. Briefly, the sequence of survivin was screened against a matrix pattern
which evaluates every amino acid within the nonamer core sequence of 15mer peptides fitting
the respective HLA-DR motif. Anchor residues are given values of up to 10; other residues
values up to 3, reflecting amino acid preferences for certain positions within the peptide. The
theoretical maximum score for a candidate peptide varies from 28 to 43; scores for abundant

natural ligands are typically above 20.



current state of the nethods). The synthesized peptides was dissolved in
DVBO (CryoSure, WAK Chem e Medical GrbH, 10 ng/m ), diluted to 1:10 in
Ampuwa ( AVe<eew13823Kabi ), and al i quot eg; under sterile coRdEPRePL/008HT ni cal
response In two patients PET-CT scan’ (§u| d reveal local recurrence after

| ocal tunmor was detected by continuous digital rectal exam nation. In the
remai ni ng 17 patients the | ocation of disease activity could not be

verifi ynadd e I : I j

i 1 er anq D OREROUONTHQ IDTRRE ) G0, (APAG) Velithd kAR fritne fhe 98 oy
abnor matoririggmeptides wabaoffepredictiomy t he study. OF the 19 patients, 16 patients
reacted to the Survivin Il peptide (IFN-g ELISPOT, +/- ICS) according to
SEQ ID NO 1. Anmong themwere 12 patients with induction of an

ant i - Sy Mo (fra&fhdl thEQRRAP ScdiPRT) vacci nation, 2 with pre existing
31 & .

anti-Survivin T cells and 2 patients of whomit was not determ ned, whether
pre exis8ti dFCHKELBGWERDIBDT(SES) I3 Need4) abundant. Bi ocheni cal Bésponse

Conpl e r i -det ect abl e PSA val ue,gaccording to
t he | O\Ri?gst ﬁ@ﬁﬁz?ﬁw{%@l@ngggt ory col |l aborating af ggr initially
el evat ed PIANWFIERISNCTPENSEMRID No. b confirmed after an integgval of at

| east four weeks. A PR > 80% and > 50% had to be reeval uated after four
weeks accordingly. A PSA within the range of |ess than 50% decrease or |ess
t han 10%- ase. refl e t ab di sease if at least confirmed after four
weeks. %]ﬁ%fg@égrsnl Vet it%eé)%éstgc(a\l/\gcso?%lé si dered any increase of nore than 10% of

PSA at 99r eat EEDKISDRERARNEINSEQA® Noepponse in patients who te2gm nated the
study was foll owed until theéEr eceived further treatnent with [ocal

radi atil8n oV QRAFLKAIARIMEKNKEEQNP Neg3®)at i ent s consented to pafPicipate and
t he daka PP %@ i S ol  owup I asting about,3.75 years.

PSA stgbi }N??I;/ andX |%@%@%§9%f E%)Ts of two patients (10.2% exhibited
stability according to the above nmentioned criteria of biochem cal response
whi ch at no rflse of the A val ue greater than 10 % at treatnent

e
start H@égmaéan%ht el 89% ¢%i g. 6, Tables 8, 9, and 10). Follow up in

those g0 QaEEFLIESDRETURNKI(SED addol@oyonths after the |ast ygccine
application. Average duration of stability was 24 nonths (28 and 31) at

dat a cuf- of WQRFLKRHRE/EIKEN&SEQ BNoaHdi nat i ons (14 and 20) appBied. Qut of
t hese t3wo %T%EW@FLIEBH@%‘Q ﬁyﬁv(\)/ggz)parti al response > 50% Egr a period

of 9

DRB1*07 (maximal theoretical score 34)

121  KKEFEETAEKVRRAI (SEQ ID No. 43) . 24
128  AEKVRRAIEQLAAMD (SEQ ID No. 44) 24
3 APTLPPAWQPFLKDH (SEQ ID No. 45) | 22
16 DHRISTFKNWPFLEG (SEQ ID No. 46) 20
28 LEGCACTPERMAEAG (SEQ ID No. 47) 18
40 EAGFIHCPTENEPDL (SEQ ID No. 48) 18
93 FEELTLGEFLKLDRE (SEQ ID No. 49) 16
103  KLDRERAKNKIAKET (SEQ ID No. 50) 16

DRB1*11 (maximal theoretical score 38)

98 LGEFLKLDRERAKNK (SEQ ID No. 51) 32
83 GCAFLSVKKQFEELT (SEQ ID No. 52) 24
58 FFCFKELEGWEPDDD (SEQ ID No. 53) 22



nonths, followed by a period of slow PSA rise with a doubling tine of 20.5
conpared to 9.8 nonths prior vaccination. Initial PSA rel apse started 18
nont hs po&0O 28avigerdy for a pT2pNO G ee}ﬁgq 5 tunor.- - At PORER2009AD344T S
Patient 8 exhibited stable disease since the beginning of the vaccination
program 28 nt hs, ago, He had st ed treatnent due to an allergic reaction
after W%*ﬁgf(g‘aéﬂ’?ﬁ tthgoretia S%%gﬁ)gati on. He had an unfavorable pT3b

d easory<3+ i i f LWr<after radical prostatec not
35 %ﬂ%&gﬁg}qglgﬂﬁﬁkﬁ (SBO 1Rb s p ggny

bel ow 0.6 ng A progression wthout tinely delay after initial
decl i nd9posISEPENWPYEEGC AR (BEQID No.fs)s| owed from 6.6 nonths 28 148

nont hs.__The i r { derymal I m qui nod at the application
site a?seaﬁaggﬁfmamﬁfgoggbe 9, 10, and 11, Table %) PSA DT
increase without PSA stability PSA DT of Patient 11 was increased from1.5

to 10.1 nonths during six nonth on study. Since he started with a PSA of
10. 8 n@teps leating tothrecdesisiont abdut, the seguencéie t er ni nat ed study procedures to

receiv nti andr ogen npnot herapy w t hout an g l esi 0 isyalized
i PETICE HEReRET acPHAR e ety Buifie R BT HIOR TR pyifad FiedibB B0kC e
tr eat nBgdueRédds Muci n- 1-nRNA/ protanmine with a doubling time of 6.1 nonths.
PSA vel ocity declined into a half life time of 2.7 nonths for five nonths

fol | owdiRBY 04 st BLKEDRERAYSERQ NGt 0 rise of PSA DT of 14.4 nonths which
is conﬁ}wg&g 165@?%@@%?@%% t start. Wth an initial PSA of 0.29

ng/ m , "he droppe durihg the first 5 nonths on study

t reat MPRB1%0dse FOKODRERABEQ@ IDWNo. 39)e fol l owing 8 nonths and term nated
t he studl%%ﬁer protocol with 0.41 ng/n 19 nonths after treatnent start

(Fig. PRBEIE g8 ERELDRERAEEER IEWNE<on Patient 5 progressed during the
st udy «isng EGEEFQ‘KJJ%}E}S%%Q?%IQ&%I(;O@H ng tinme before vaccination.
a

However, he experience ecline™wwth a half-tinme life of 20.2 nonths
after treatnment end for a continuing period of 10 nonths at data cut-off.
He still receivin secondar reatment after vaccination end.

Bl SE e SRR -
He was 2vSEEPHSCOEF SHALFGES IR QML PTORISCYHYS CHGSEMEIE(Fi gure 8, Table 13).
Tabl e @omtRRA: BasibFi REDRERAKTSERNDRoTef)al - % Geonetric Range of

3. Add flanking sequences to a final length of 15 amino acids:
Final: TLGEFLKLDRERAK (SEQ ID No. 63)

EXAMPLE 4

A clinical study was conducted in order to confirm the immundgenicity of the peptide with
the SEQ ID NO: 1. The primary study objective was the investigation of the PSA (prostate-
specific antigen)-based response (PSA-R) to the subcutaneous administration of a prostate-
specific peptide panel (vaccination therapy) in patients with biochemical relapse after radical

prostatectomy without detection of manifest metastatic lesions.

The secondary study objective was the investigation of the tolerability and feasibility of
administering vaccination therapy in patients with prostate carcinoma with special

consideration of immunological phenomena in terms of a T cell response.

The study was designed as a prospective, randomized Phase I/II study for the indication of
“biochemical relapse after radical prostatectomy without detection of manifest metastatic

lesions.”



Mean DT PSA DT prior vaccination in nonths 19 8.3 1.5 - 44.8- - * PSA DT at
study end or end of followup was not included for Pat. 5 due to PSA

decl i ne TWDI2809t38BBA stability with Qg ri se greater thaRCI®EPRIOOMMESEl | ne
PSA Tabl e 10: Permanent increase of P R DT in nonths during vaccination
Tabl e 11: No change of PSA DT in nonths during vacc but decline after Table
12: InterimPSA DT decline/stability in nonths followed by accel erated

ri se- Stzi[%?o?ul&%bnp\dj uvants and patient response. No PSA response (-),
interimP all and accelerated rise after (+/-) PSA DT increase (+) No

Al dar a Adypat of5tiiSFPIRSA 14djstudyntan Stempinwes Redpdnsiedute Pida regeessionses an

Response,.Respopse pat 1.- pat 3 +.pat 13 - pat 4 -.pat .16 + t. 2 pat. 7 +/ -
pat 101@d1 ?rp %P ce gtgonl?f _'t_yrBob gfovgthp%{ means tvafgngtlcg'hyl%a_prgg?te.gp ol 1011 +
pat 14 peptiitpahdl in HIGA- A€02F/patiéMB WiiHischERcdD efhpsd @fteRIdea$ pitishiegekdigl AISi ng
a fully automatically in the EPS 221 peptide synthesizer manufactured by
Abi med comhimatigmof @sestaterspreifagrpepsides weast ddanimaterddasibgntaneenst autdiagvgluation

pr ot oc t S| t. . .pat ches
e 1 odt e FRght B B ERbesBE i 5P i pE UPREHT el AR RibR

pr ocesgorig offthd fiRigenly spapfutede was done by splitting off of the synthesis
resin and rel ease of the side-chain protective groups by TFA / phenol /

et hane dithiol / thioanisole / water (90/3.75/1.25/2.5/2.5, volunme percent,
respectiv . ' .t R argind Preci b tiat | e raw
pept i ddh Earibstito) refiods Yok RERd SRt bR Sty TR U bRAnRhe bFC,
and t wipatientd tithci srhiy terhéreburdeln yioh getadede adatds bl Litmiagimgafrotdumrgse fihe gatiges | et
in acetic aﬁi.d. Anot her greci pitati.on in diet h%/qlpﬁt her, d{i,gi nﬁg, resuspensi on
i n wat &ere Al dmmunized 15Dy SgMe prayputing KpeWRsrest See%f;%taa P PUEpFtuTeE g9 v
chr omak AP Me frthtA redpbhst 8 Ah&Matgntnthy FMsCVRIE! RAE UNRleteen patients were

treated.

Table 7: Study population

Total | % Median { Range
Age 19 63 55-77

Prior neo- / adjuvant treatment

None

16
11
11

Radiation

Intermittent Hormonal Therapy

Rad. + Int. Horm. Therapy

-1 N N W e

Rad. + Chemotherapy
TNM at RPX

T2a-c RO

T3a-c RO

T2a-c R1

T3a-c R1

T3aN2 RO

32
32
16
16

—1 W W |

Gleason score
5-17 10 53
8-10 3 16
unknown 6 32

RPX prior to vaccination in months 41 9-124

First relapse post OP in months 14 1-90




Zienmer). Mobile solvent A: water with 0.1% TFA, nobil e solvent B:
acetonitrile with 0. 08%FA. The gradi ent used for separation is oriented to
t he hydr ogbabiisszseof the pepti de. TI’]? separ at ed pept i de@CTERCWOONBI4Ar €
freeze-dried. Analysis For each pepti é an HPLC chromat ogram and a MALDI

mass s e, —orderto prove—the i?entity (via the nol ar
mass i|[FSAABYASERAtiond &t runy) and|puridy (vi%’% he |J84k %Feas| in the HPLC

chromatogram . Synthetic peptides and stinmuli Synthetic peptides used for
the stinmulation and for functional tests were the H V-derived epitope (HV
gag 164rammennsolrimia<TLRAEQASQEV (SEQ I D No: 65), negative control), PSMA
459- 473; . NYTLRVI LMYS LD No: . 64) i Vi - ;

L CerL AR L RO ety S S Boderkol cugoskelsgf
Al dri cReinfigraphy,r alenproSatedpeyificngeptidedvasing Pasi tsubeutamsdiuslyl adiifslesddi on
for CD4+ T-cells in the Interfergon-g ELISPOT. In vitro anplification_ of
speci f jaecordiag|tp shegiffeserty admipisgtondorauel Ratientseyith defestadoP At 1slapse afieri nona

pati ents i i t TR DI i cglhipati

e yopr aogl Fadied! PrgiyafRpiofty b ihGibec IHTRerh (F 3,8 (RGNS AR A0S

Af t er miaviragentaapieaxt Mad®isyapartx The6/aceiht¢ svasvadmimisteteld\Bax ed dags10 Wkl 14, 28 |
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Complete remission (PSA-CR): Normalization of an initially elevated PSA level, confirmed

by measurement after an interval of at least 4 weeks. Normalization is defined as a PSA nadir
of <0.2 ng/ml, which would be expected after radical prostatectomy with complete tumor or

prostate extirpation.

Partial remission: a) PSA-PR < 80% (Reduction in an initially elevated PSA level by 80%,
confirmed by measurement after an interval of at least 4 weeks); and b) PSA-PR < 50%
(Reduction in an initially elevated PSA level by 50%, confirmed by measurement after an

interval of at least 4 weeks.)

Stable disease (PSA-SD): No significant change over a period of at least four weeks. This
includes stabilization and a reduction of less than 50% and an increase of less than 10%,

confirmed by measurement after an interval of at least 4 weeks.

Progression (PSA-PD): Increase in the PSA level by more than 10%. In the event of PSA

progression, the study was terminated.
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67) binds to A'021 1. . ."). The tests clearly indicated that binding to
HLA- A* G=h 3 niershbeethofitosiguificant phase [separgt@merlhenddpot function of Montanide has

been exploited in several vaccination trials with good results (Oka et al., 2004).

One study arm investigated the efficacy of vaccination during concomitant stimulation of the
immune system by growth factors, GM-CSF, Leukine® solution for injection. GM-CSF is a
‘very commonly used adjuvailt in peptide vaccination trials with several théreof reporting
enhanced clinical and T-cell responses. Initially, GM-CSF is a dendritic cell recruitment and
differentiation factor that is thought to enhance the number of dendritic cell at the vaccines’
injection site. Although GM-CSF does not by itself activate antigen presenting cells as
dendritic cells'and macrophages an indirect activation in vivo has been reported (Molenkamp

et al., 2005).

Another study arm investigated the efficacy of vaccination during concomitant activation of
dendritic cells by epicutaneous use of imiquimod. Imiquimod was administered as an 5%
ointment (Aldara). It has a strong immunostimulatory via its effect on TLR7 positive cells
(e.g. plasmacytoid DCs, Langerhans cells, dermal DCs), activates the MyD88-dependent
pathway. Activated APCs release T-cell stimulating and inflammatory cytokines, upregulate

costimulation and migrate to draining lymph nodes. The potential of iniquimod to enhance
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combination with topical administration of 225 pul of GM-CSF with the objective of achieving

a stronger immune response triggered by concomitant administration of growth factors;

¢) Subcutaneous administration of the peptide vaccine emulsified in 500 pl of Montanide in
combination with local hyperthermia, the latter given with the objective of achieving a
thermally induced stronger immune response;

d)Subcutaneous administration of the peptide vaccine emulsified in 500 pl of Montanide in
combination with epicutaneous imiquimod in order to activate dendritic cells via TLR 7;

e) Subcutaneous administration of the peptide vaccine emulsified in 500 ul of Montanide
together with 55 ul of mucin-1 mRNA/protamine in order to activate dendritic cells via TLR
7/8.

Schedule

The entire duration of the study was 3 years. Prostate-specific peptide vaccines were
administered to patients on days 0, 7, 14, 28, 42, and 56. In patients with stable disease or an
objective tumor response (PSA-CR or PSA-PR), the vaccinations was received once a month
i.d. until detectable progression occurs. On the basis of the experience available thus far,
peptide injections are tolerated without significant adverse reactions. Because the response to
vaccination therapy was evaluated solely serologically on the basis of the PSA measurement,
a test was performed at the start of the study to determine whether the administered vaccine

interferes with PSA measurement in vitro, which could simulate a clinical response. On days
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Analysis of the cutaneous reaction to defined bacterial and fungal antigens (48-72 hours after
administration, delayed type hypersensitivity (DTH), T cell-mediated, will serve as an

analysis of the patient's cellular immune system before the start of the study)

The peptides required for the study (nona-peptides) waé manufactured in the laboratory of PD
Dr. Stefan Stevanovic in the department of Prof. H.-G. Rammensee. These peptides was
purified by HPLC and analyzed by mass spectrometry. The purity of the peptides can also be
checked by HPLC, mass spectrometry, and Edman sequencing. Using these methods, purity
of up to 98% can be documented (which must be regarded as the maximum according to the
current state of the methods). The synthesized peptides was dissolved in DMSO (CryoSure,
WAK Chemie Medical GmbH; 10 mg/ml), diluted to 1:10 in Ampuwa (Fresenius Kabi), and

aliquoted under sterile conditions.

Clinical response
In two patients PET-CT scan could reveal local recurrence after local tumor was detected by
continuous digital rectal examination. In the remaining 17 patients the location of disease

activity could not be verified at study termination.
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Biochemical response in patients who terminated the study was followed until they received

further treatment with local radiation or antihormonal therapy. 19 patients consented to

participate and the data was analyzed with the longest follow-up lasting about 3.75 years.

PS4 stability and DT increase

PSA values of two patients (10.2%) exhibited stability according to the above mentioned
criteria of biochemical response which state that no rise of the PSA value greater than 10 % at
treatment start had occurred at study end (Fig. 6, Tables 8, 9, and 10). Follow up in those two
cases was conducted 14 and 16 months after the last vaccine application. Average duration of
stability was 24 months (28 and 31) at data cut-off with an average of 18 vaccinations (14 and
20) applied.

Out of these two patients, one patient showed partial response > 50% for a period of 9
months, followed by a period of slow PSA rise with a doubling time of 20.5 compared to 9.8
months prior vaccination. Initial PSA relapse started 18 months post surgery for a pT2pNO

Gleason 5 tumor.
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Bet hesPatient36. sthidéd it6T:eOhe t&atmdmdlplds Mucin-1-mRNA/protamine with a doubling
time of 6.1 months. PSA velocity declined into a half life time of 2.7 months for five months
followed by a statistically calculated rise of PSA DT of 14.4 months which is continuing 16
months after treatment start. With an initial PSA of 0.29 ng/ml, he dropped to 0.19 ng/ml
during the first 5 months on study treatment, rose to 0.4 ng/ml within the following 8 months
and terminated the study per protocol with 0.41 ng/ml 19 months after treatment start (Frg 7
“Table 8 and 10).

PS4 progression

Patient 5 progressed during the study according to the estimated PSA doubling time before
vaccination. However, he experienced a PSA decline with a half-time life of 20.2 months
after treatment end for a continuing period of 10 months at data cut-off. He still was not
receiving any secondary treatment after vaccination end. He was vaccinated with montanide

as the only adjuvant (Figure 8, Table 13).

Table 8: PSA Doubling Time in months

Total | % | Geometric [Range of
Mean DT
PSA DT prior vaccination in months 19 83 1.5-448
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Cyclins and cdks in devel opnent and cancer:

a

Table 10: Permanent increase of PSA DT in months during vaccination

1" DT prior[2™ DT during|3™ DT during
vaccine months | vaccine months |vaccine
months

pat 3 9.8 -23 20.5

pat 8 16.6 148

pat 11 1.5 10.1

pat 16 6.1 -2.7 14.4

geometric  mean 4.9 25.8

DT

Table 11: No change of PSA DT in months during vacc but decline after

1™ DT prior vaccine |2™ DT during vaccine months
months
pat5S |3.2 -20.2

Table 12: Interim PSA DT decline/stability in months followed by accelerated rise
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Synthesis

The peptides were synthesized using a fully automatically in the EPS 221 peptide synthesizer
manufactured by Abimed. The synthesis program follows the manufacturer's standard
protocols. To the extent possible, the batch numbers of the reagent batches are registered for

each peptide.r

Processing to the raw peptide

The processing of the raw peptide was done by splitting off of the synthesis resin and release
of the side-chain protective groups by TFA / phenol / ethane dithiol / thioanisole / water
(90/3.75/1.25/2.5/2.5, volume percent, respectively) 1 h or 3 h (peptides with arginine).
Precipitation of the raw peptide in methyl-tert-butylether, washing with methyl-tert-butylether
and twice with diethylether, drying and dissolution of the peptide pellet in acetic acid.

Another precipitation in diethylether, drying, resuspension in water, and freeze-drying.

Preparative HPLC _
HPLC system Varian "Star," chromatography column 250 x 10 mm C18 5 pm (Manufacturer
Ziemer). Mobile solvent A: water with 0.1% TFA, mobile solvent B: acetonitrile with 0.08%
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In vitro amplification of specific T-cells

Peripheral blood mononuclear cells from prostate carcinoma patients were obtained at
different time-points during vaccination and cryopreserved in 90% fetal calf serum and 10%
DMSO in liquid nitrogen. After thawing, approximately 5 x 10° cells were cultivated (24-well
cell culture plate, Grei_ner Bio-One, Frickenhausen, Germany) in IMDM medium
supplemented with 50U/ml Penicillin, 50 pg/ml Streptomycin (all Biowhittaker, Verviers,
Belgium), 10% heat-inactivated human serum (c.c. pro, Neustadt, Germany) and 50puM beta-
mercaptoethanol at 37°C and 7.5% CO,. Pooled synthetic HLA-class II binding peptides were
added at day 1, each at 5 pg/ml and the culture was supplemented with recombinant human
IL-2 (r-hIL2, R&D Systems GmbH, Wiesbaden, Germany) at days 2, 5, 7 and 9 of the T-cell

stimulation.

Enzyme-linked immunosorbent spot (ELISPOT) assay

The functionality of expanded T-cells was tested in a standard Interferon-y ELISPOT assay
according to the recommendations of the CIMT Monitoring Panel (www.c-imt.org). Briefly,
cells were harvested after the 12 day culture, washed, counted and seeded in culture medium
on an ELISPOT plate (Millipore, Schwalbach, Germany). Between 0.15 and 0.25 x 10° cells

were tested in duplicates or triplicates, in the presence of the synthetic peptides at 2.5 pg/ml
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and S adenosyl pELLOTDe Pecar bosybage Lnduges, 1) A0SR 4, %G1
permeabilized 20 min with Cytofix/Cytoperm reagent (BD Biosciences) then stained for
intracellular cytokines for 30 min. MoAb used were IFN-y-FITC, IL-10-PE (both BD
Biosciences), IL-5-APC (Miltenyi Biotec, Bergisch Gladbach, Germany) and TNF-a-Pacific
Blue (Biolegend, San Diego, CA). Cell acquisition was performed on a Cytometer Canto II

using the software Diva and analysis with FlowJo (BD Biosciences).

EXAMPLE 5

Binding of BIR-11, BIR-12, and BIR-13 to HLA-A*0211

The objective of this analysis was to evaluate the affinity of BIR-004
(ELTLGEFLKLDRERAKN (SEQ ID No: 2)) C-terminal peptides to the MHC molecule
coded by the HLA-A*(0211 allele as this an allele with reported capacity to bind peptides with
C-terminal asparagine residues. MHC ligands with c-terminal N are not very frequent and we
have only tested 66 peptides with N in the C-terminus. The vast majority is non-binders,
however, there are a few exceptions: RLYNFSFLN (SEQ ID No: 66) binds strongly to
A*(0211 and also YADGGQWYN (SEQ ID No: 67) binds to A*0211...”).

The tests clearly indicated that binding to HLA-A*0211 has been found for BIR-11 (C-
terminal nonamer: KLDRERAKN (SEQ ID No: 68)) and BIR-13 (C-terminal decamer:
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determined by a quantitative ELISA. Dissociation constants (Kp values) were calculated
using a standard curve recorded from dilutions of a calibrant HLA/peptide complex. The
deviance in the measurements was too big to give reliable Kp values, although it can be said
that the Kp value for BIR13 is in the range of the positive control whereas the Kp value for

BIR-11 is higher. A lower Kp value reflects higher affinity to HLA-A*OZI 1.

Binding-Scores of the nonamer BIR-11 and the nomamer BIR-11a against several alleles

using SYFPEITHI

KLDRERAKD

(SEQ ID No: 72) Allele-id  Allele name Rel score  score
KLDRERAKD 74 A*0301 0.45 20
KLDRERAKD 65 A*0201 0.42 15
KLDRERAKD 99 B*1501 (B62) 0.36 10
KLDRERAKD 334 A*0101 - 028 14
KLDRERAKN

(SEQ ID No: 68) Allele-id  Allele name Rel score  score
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1. A peptide conprising a sequence selected fromthe group of SEQID No. 1
to SEQID No. 3, or a variant thereof that is at |east 95% honol ogous to
SEQ | D Nowo2oawn3®8B8 | D No. 3, or a variant thereof that PCRGRC@9/0T3482! | s
cross-reacting with said variant peptd5de; wherein said peptide is not the
full-l1ength pol ypeptide of human survivin. 2. The peptide or variant

t hereof according to claiml1, wherein said peptide or variant thereof

mai ntains the ability to bind to a nolecule of the hunman ngj or

hi stoconpati bility conmplex (MHC) cl i&h&%r -1, and wherein said peptide
is preferably capable of stinulati ng r CO8 T cells. 3. The peptide
according to claiml1l or 2, wherein said peptide is selected froma peptide
havi ng a specific HLA-subtype selected fromthe group of HLA-DR and

HLA- A*02, land Mpeptde cempusipg ptsegeenge eflected frpncdwergrowesl SEQ EpMei tite anchor

am no aci d- not | T eptide, accordi a f. clains wherein
sai d peptide o$é9z}ﬁ Iz\alﬂt ’t(ﬁear‘éats‘fm%glgregﬁH’S\E%rag??asrzﬁéthﬁnb o%’é‘f\%%gﬁngand 100,
preferably betwsentSSBQAIBNo. 316t aRrRnPiRiRF ted ikRickeTrells afds-tdcang NO

aci ds, and nost Ereierred wherein the peptide consists or consists

essential |y of WA saifl nvariat dpeptifaentlersinc 62idi neptids anynast theedilldength 1 to
SEQ ID No. 3. ong%b‘?idB%?Bhﬁﬁp%&Wig' ng to any of Cains 1 to 4, wherein

sai d peptide i usron 'protern, Tn particular conprising N-term nal am no
acids of the HLA-DR antigen-associated invariant chain (li). 6. A nucleic
acid, encoding_a peptjde according to any one of clains.1 tQ 5 or an
expressi ofr vecl®f Pepipletrevastang {isreod cacerpding @ dleim &i whereinysaid peRBASEpt i de

accor ding o apifenlorGhathiiis tnd Roifivlo BIRPIIUSLGIA6H BeunldiGnBEPT €551 On

vector according to claim®o use 1 n nedicine. ost c npri sing
t he nucl ei ¢ achistooompétebiBtypeomsisleo (MOt dassdcredliand whereihasaid fgptidbes ei n

sai d host cell eferably is.an anti pr i cell, in particular a
dendritic cel |prgf‘er Yfﬁ@ry?lep?fe%‘él?ﬂq??@g@@ﬁq@%ricagﬁ' hod of producing a
pepti de according to any one of clains 1 to 7, the nethod conprising

culturing the host cell according to claim11l that expresses the nucleic
aci d accoddi ngThepentigemceording theelaispl es i whergiacsast peptideitibalestedfrom a

peptide having a specific HLA-subtype selected from the group of HLA-DR
and HLA-A*02, and wherein said peptide preferably comprises its specific

anchor amino acid-motif.

4. The peptide according to any of claims 1 to 3, wherein said peptide or variant
thereof has an overall length of between 8 and 100, preferably between 8 and
30, and more preferred between 8 and 16 amino acids, and most preferred
wherein the peptide consists or consists essentially of an amino acid sequence

according to any of SEQ ID No. 1 to SEQ ID No. 3.

5. The peptide according to any of Claims 1 to 4, wherein said peptide is a fusion
protein, in particular comprising N-terminal amino acids of the HLA-DR

antigen-associated invariant chain (Ii).

6. A nucleic acid, encoding a peptide according to any one of claims 1 to 5 or an

expression vector capable of expressing said nucleic acid.



claim9, and isolating the peptide fromthe host cell or its culture
medium 10. An in vitro nethod for producing activated cytotoxic T

| ynphocytwe 20@Mi3¥236conpri sing contacting in vitro CTL wPCh/ERR@008e3s4T oaded
human class | or Il WMHC nol ecul es expbessed on the surface of a suitable

anti gen- pyesenihigefitla abraitly & hiy bfid B HARSY ! ol it ad or the

antigen-presentin peri‘od of tinme surficient to activate said
CTL i n an anti ggmessipacietior acamdiag to wlaen &ifor swiid naadidigen is a peptide
according to any one of clainms 1 to 5. 11. Use of a peptide according to
any one of clains 1 to 5, the nucleic acid or the expression vector

accordi nggt o Chaidt Bell EOMBpAShg 1RCAXIAL Aid @ the @kPReSsioR vedBr Aclotding ¢l
cytotoxic T | ynphocyte produced according to claim 10 for the treatnent of

cancer or for ¢lhin farwhceinuwaid bbstacelleprefaratdpitis cagaintigencprasaating ety & n sai d
medi cament preferahly ii.s a vacgine. ..12. Use.according to claim 11, wherein
said cancer i spaé‘éflgg%ﬁeﬁ%ﬁ%cggtof BRYE G RECSeRip R {'i c astrocytons,

dysenbryopl asti c neuroepithelial tunor, oligodendrogliomas, ependynona,
glioblastoma nmultiforne, m xed glioms, oligoastrocytomas, nedull obl astons,

reti nobl a8t omeA methed 9f psedieing geephideoragording tx amaong ahglaimy (i tonhghe

gangl i ocyt onm, r . | , LR tive:. r ( I rs
(orer o g meCTR P el SE cREMH PR Rl ol desh@E! ABE} L BBt
retinobl ast onathe i huiky aoid! /eddify to tlamrs opthet Breysivmaledh@r ssoklimptd €. 9.

pi neocyt oma, pi neobl ast.oma), ependtymal cell tunors, choroid plexus tunors,
neur oepi t hel i atlaim foang isglatirgthe pertids frem the hosy cely pr Whetlbue medpmppy j |
astrobl astoma), glioblastoma prostate tunor, breast cancer, esophageal
cancer, colon cancer, colorectal cancer, renal cell carcinom, clear cell
renal cel l0.car Ahrinmatro Imethyod forcaodudiiSactonagadi griotoril 8 ripmphamasr €3KL)c

cancer, squanous cel.l carcinonn, |eu 1 a.,and. nedul | ob] ast onp, and . ot her
tunors or canp%‘?"%pré%ﬁ‘éﬁ/\f?f&a%{ﬁlgo\?e}”g?p f;]s"?"gha'ﬂffgegﬂlpe‘ill‘?ﬁbﬁmﬁ?n Egtﬁ g@éﬂf 13.
Use of a pepti ggi@efEidd®xpressdPdbimtbluface 8f a siltabRMiRhipeseifd cdl | east

one peptide selected fromthe group consisting of the peptides according to
SEQ I Ds 4 to 16 amartifivial gonstivst trimackingan entigearpresenting eell for a periedabi nat i on

with at | east gQne t.i sel.ect ed. the group consi sting of ,the
pepti des acc ortd'inﬁ gs%?fri)cwnqeto activate salcf E% 1n an gntlg h specilic m r, wherein

said antigen is a peptide according to any one of claims 1 to 5.

11.  Use of a peptide according to any one of claims 1 to 5, the nucleic acid or the
expression vector according to claim 6, the cell according to claim 8, or an
activated cytotoxic T lymphocyte produced according to claim 10 for the
treatment of cancer or for the manufacture of a medicament against cancer,

wherein said medicament preferably is a vaccine.

12.  Use according to claim 11, wherein said cancer is selected from astrocytoma,
pilocytic  astrocytoma, dysembryoplastic neuroepithelial tumor,
oligodendrogliomas, ependymoma, glioblastoma multiforme, mixed gliomas,
oligoastrocytomas, = medulloblastoma, retinoblastoma, neuroblastoma,
germinoma, teratoma, gangliogliomas, gangliocytoma, central gangliocytoma,
primitive  neuroectodermal tumors (PNET, e.g. medulloblastoma,
medulloepithelioma, neuroblastoma, retinoblastoma, ependymoblastoma),
tumors of the pineal parenchyma (e.g. pineocytoma, pineoblastoma),

ependymal cell tumors, choroid plexus tumors, neuroepithelial tumors of



to SEQIDs 4, 8, 11, 12, and 15 to 24 for the treatnment of col on cancer or
I n the manufacture of a nedi canent agai nst colon cancer. 14. A Kkit,

conpri si YO 20@9)138236ont ai ner that contains a phar maceut i ®aT/EPRINGO83I4HT ON
containing a peptide according to any’one of clainms 1 to 5, the nucleic

acid or the ex Mo} t aceohdi t al | Q¢sHRIseH to

claim8, or an&gcgftlgf\?a[bé cy%%’o%?gh%tqg%nﬁ:ﬁge%bf eégé’?é’%ﬁ"?‘ﬁ‘g t%‘ cl aS?dnr%Q%O, in

sol ution or i npioytahidmare dréast mandds) esqpthageshl dapcera cobmonahcenntadometal

containing a diluent or reconstitutin ol uti for the, | yophil

ormil atian: (@ogprsahsff Ao apmacEledt tofldenst st uambe ik Bhts RS gr oup

consi sting of §heiaRepkladeMaanerestideanter, da8 cfllclreffomaANelikethia and

optionally, instructions for the use of the solution and/or the

reconst it ut i onmadidlablasteyea,cindtdtherl tumokd pi eangefsrhowiing awpveregpreggiomaf | body

that is speciféc qgain@t a Bﬁptide according to any of SEQID 1 to 24 when
Bec &M

conpl exed with Has LA- nol ecul e, wherein the anti body preferably
is a polyclonal antibody, nonoclonal antibody and/or a chinmeric antibody.

13.  Use of a peptide according to claim 11 or 12, in combination with at least one
peptide selected from the group consisting of the peptides according to SEQ
IDs 4 to 13 and 24 for the treatment of renal cancer, or in combination with at
least one peptide selected from the group consisting of the peptides according
to SEQ IDs 4, 8, 11, 12, and 15 to 24 for the treatment of colon cancer or in

the manufacture of a medicament against colon cancer.

14. A kit, comprising:
(a) a container that contains a pharmaceutical composition containing a
peptide according to any one of claims 1 to 5, the nucleic acid or the
expression vector according to claim 6, a cell according to claim 8, or an
activated cytotoxic T lymphocyte according to claim 10, in solution or in
lyophilized form,;
(b) optionally, a second container containing a diluent or reconstituting
solution for the lyophilized formulation; '
(c) optionally, at least one peptide selected from the group consisting of the
peptides according to SEQ IDs 4 to 24, and
(d) optionally, instructions for the use of the solution and/or the reconstitution

and/or use of the lyophilized formulation.

15.  An antibody that is specific against a peptide according to any of SEQ ID 1 to
24 when complexed with a respective HLA-molecule, wherein the antibody
preferably is a polyclonal antibody, monoclonal antibody and/or a chimeric

antibody.



