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cause them to be rejected.

15 In order to achieve an anti-tumour response, at least
two conditions must be satisfied: firstly, the tumour
cells must express antigens or neo-epitopes which do not
occur on normal cells. Secondly, the immune system must
be activated accordingly in order to react to these

20 antigens. A serious obstacle in the immune therapy of
tumours is their low immunogenicity, particularly in
humans. This is surprising in as much as one might
expect the large number of genetic changes in malignant
cells to lead to the formation of peptide neo-epitopes,

25 which can be recognised in context with MHC-I-molecules
of cytotoxic T-lymphocytes.

Recently, tumour-associated and tumour-specific antigens

d have been discovered which constitute such neo-epitopes

30 and thus ought to constitute potential targets for an
attack by the immune system. The fact that the immune
system nevertheless does not succeed in eliminating the
tumours which express these neo-epitopes would then
obviously not be due to the absence of neo-epitopes but

35 due to the fact that the immunological response to these
neo-antigens is inadequate.

For immunotherapy of cancer on a cellular basis, two



neo-antigens is inadequate. For inmmunotherapy of cancer on a cellular
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triggers the anti- tunour imunity. A survey of applications
of this strategy is provided by Pardoll, 1993, Zatloukal et al., 1993, and

HauT ygggines” based on active immunotherapy have been
prepared in various ways; one example consists of
irradiated tumour cells mixed with immunostimulant
adjuvants such as Corynebacterium parvum or Bacillus
Calmette Guerin (BCG) in order to provocke immune
reactions against tumour antigens (Oettgen and 014,
1991) .

In recent years, in particular, genetically modified
tumour cells have been used for active immunotherapy
against cancer, the foreign genes introduced into the
tumour cells falling into three categories:

One of these uses tumour cells which are genetically
modified in order to produce cytokines. The local
coincidence of tumour cells and cytokine signal are
supposed to provide a stimulus which triggers the anti-
tumour immunity. A survey of applications of this
strategy is provided by Pardoll, 1993, Zatloukal et al.,
1993, and Dranoff and Mulligan, 1995.

Tumour cells which have been genetically modified in
order to secrete cytokines such as IL-2, GM-CSF or IFN-vy
or in order to express co-stimulating molecules have
been shown, in experimental animal models, to generate
potent anti-tumour immunity (Dranoff et al., 1993;
Zatloukal et al., 1995). However, in a human being who
already has a substantial tumour and has developed a
tolerance to the tumour, it is substantially more
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generate 35 potent anti-tunour inmunity (Dranoff et al., 1993; Zatl oukal
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pubI|shegolntegggggggﬁliépgglggn%ggg ngg%ézggglé into antigen-
presenting cells (neo-APCs) in order to allow them to
generate tumour-specific T-lymphocytes directly. An
example of an approach of this kind is described by
Ostrand-Rosenberg, 1994.
i5
The identification and isolation of tumour antigens
(TAs) or peptides derived therefrom, e.g. as described
by Wélfel et al., 1994 a) and 1994 b); Carrel et al.,
1993, Lehmann et al., 1989, Tibbets et al., 1993, or in
20 the published International Applications WO 92/20356,
WO 94/05304, WO 94/23031, WO 95/00159) was the
prerequisite for using tumour antigens as immunogens for
tumour wvaccines, both in the form of proteins and in the
form of peptides. However, a tumour vaccine in the form
25 of tumour antigens as such is not sufficiently
immunogenic to trigger a cellular immune response which
would be necessary to eliminate tumour cells carrying
tumour antigen; the co-administration of adjuvants
. provides only limited possibilities for intensifying the
30 immune response (Oettgen and Old4, 1991).

A third strategy for active immunotherapy in order to
increase the efficacy of tumour vaccines is based on
xenogenised (alienised) autologous tumour cells. This
35 concept is based on the assumption that the immune
system reacts to tumour cells which express a foreign
protein and that, in the course of this reaction, an
immune response is also provoked against those tumour
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derived from consisting of the components of T-cell-antigen receptor,
MHC (Major Histocompatibility Complex) molecule and the
ligand thereof which is a peptide fragment derived from
a protein.

15
MHC-I molecules (or the corresponding human molecules,
the HLAs) are peptide receptors which allow the binding
of millions of different ligands, with stringent
specificity. The prerequisite for this is provided by

20 allele-specific peptide motifs which have the following
specificity criteria: the peptides have a defined
length, depending on the MHC-I haplotype, this length
generally being from eight to ten amino acid groups.
Typically, two of the amino acid positions are so-called

25 "anchors" which can only be occupied by a single amino
acid or by amino acid groups with closely related side
chains. The exact position of the anchor amino acids in
the peptide and the requirements made on their

g properties vary with the MHC-I-haplotypes. The C-

30 terminus of the peptide ligands is frequently an
aliphatic or a charged group. Such allele-specific
MHC-I-peptide-ligand motifs have hitherto been known,
inter alia, for H-2K%, K°, K*, K™, D°, HLA-A*0201, A*0205
and B*2705.

35

Within the scope of the protein conversion inside the
cell, regular, degenerate and foreign gene products,



a protein. 15 MHC-1 nol ecules (or the correspondi ng human nol ecul es, the
HLAs) sare peptide receptors which allow the bindi-ng of mllions of
different ligands, with stringent specificity. The prerequisite for this is
provi ded by 20 all el e-specific peptide notifs which have the foll ow ng
specificity criteria: the peptides have a glefi ned | ength, depending on the
WMHC-1 hapl otype, this length generally being fromeight to ten amno acid
groups. Typicadly. vivaDipidiceinis nor atufowpsiit Dfeng) cabd-16pdbk&d d5wn

"anchors"” which can_ o be occupied by a_si.ngle am np_acid or by.am no

aci d groups witHel ‘gi%l ?%‘l’%{"g%géi%%m%h%$ n&® h%o%iﬁi?lgﬁ)%s???%gﬁ? t he
anchor am no akighnds fone MEGtI deobeculee. r dhuls epeovidesdehen their
properties varyrdbdfuiddtist 0R0LP PESent dBfol by mc-hol Sbayss Of the
peptide ligands 1s Trequently an aliphatic or a charge roup, Such

al | el e-sp%cifi%n%@ﬁf-%emwimi‘gla%dtmﬁf%l%v%frﬁtwi’e FHecHRRRAN, i nter
alia, for H 2Ktedpdnsd] edltholdierit  hié efict , ydl bédn ¢larTP28:dp1 L85 and

B*2705. 35 Wthin the scope.of the protein. conv [ i nside the cell,
regul ar,  degertihi tha REF AT S PHB RO 85 MHC: £ 1{g8nES 1 8 1 o e
or tunour antigells, are broken down into small peptides; sonme of them
constitute potential ligands for MHC-I nol ecul es. This provides the

prerequisite for their presentation by MC nol ecul es .
10 One approach which makes use of this mechanism for the

alienisation of tumour cells in order to intensify the
immune response consists in treating tumour cells with
mutagenic chemicals such as N-methyl-N'-nitroso-
guanidine. This is supposed to cause the tumour cells

15 to present neo-antigens derived from mutated variants of
cellular proteins, constituting foreign gene products
{Van Pel and Boon, 1982). However, since the mutagenic
events are randomly distributed over the genome and
additionally some cells can be expected to present

20 different neo-antigens as a result of different
mutagenic events, this process is difficult to control
from a qualitative and quantitative point of view.

Another approach alienises tumour cells by transfecting

25 them with genes of one or more foreign proteins, e.g.
that of a foreign MHC-I molecule or MHC proteins of
different haplotypes, which then appears in form on the
cell surface (EP-A2 0 569 678; Plautz et al., 1993;

» Nabel et al., 1993). This approach is based on the idea

30 mentioned above that the tumour cells, when administered
in the form of a whole cell vaccine, are recognised as
foreign by means of the expressed protein or the
peptides derived therefrom, or that, in the event of the
expression of autologous MHC-I molecules, the

35 presentation of tumour antigen is optimised by an
increased number of MHC-I molecules on the cell surface.
The modification of tumour cells with a foreign protein
may cause the cells to present peptides originating from



5 and, as a result, the triggering of a cellular immne response,
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lymph nodes, where a few of the immature T-lymphocytes

15 recognise the peptides originating from the TA on the
APCs and are able to use them as a stimulus for clonal

expansion - in other words in order to generate tumour-
specific CTLs and T-helper cells.

20 The aim of the present invention is to provide a new
tumour vaccine based on alienised tumour cells, by means
of which an effective cellular anti-tumour immune
response can be initiated.

25 In solving this problem, the following considerations
were taken as basic premises: whereas non-malignant
normal body cells are tolerated by the immune system,
the body reacts to a normal cell by means of an immune

. response if this cell synthesises proteins foreign to

30 the body, e.g. as the result of a wviral infection. The
reason for this is that the MHC-I molecules present
foreign peptides which originate from the foreign
proteins. Consequently, the immune system registers
that something undesirable and alien has happened to

35 this cell. The cell is eliminated, APCs are activated
and a new specific immunity is generated against the
cells expressing the foreign proteins.



-6- the foreign protein in the MHC context and the nodification from"self"
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The reason for the low immunogenicity of tumour cells
may not be a qualitative problem but a quantitative

15 problem. For a peptide derived from a tumour antigen,
this may mean that it is indeed presented by MHC-I
molecules but in a concentration which is too low to
trigger a cellular tumour-specific immune response. An
increase in the number of tumour-specific peptides on

20 the tumour cell should thus also result in alienisation
of the tumour cell, resulting in the triggering of a
cellular immune response. In contrast to approaches in
which the tumour antigen or the peptide derived from it
is presented on the cell surface by the fact that it has

25 been transfected with a DNA coding for the protein or
peptide in question, as described in International
Publications WO 92/20356, WO 94/05304, WO 94/23031 and
WO 95/00159, the intention is to provide a vaccine which

. triggers an efficient immune response whilst being

30 simpler to manufacture.

Mandelboim et al., 1994 and 1995 propose that RMA-S
cells be incubated with peptides derived from tumour
antigens in order to trigger a cellular immune response
35 against the corresponding tumour antigens native to the
patient. The cells known as RMA-S (Karre et al., 1986)
proposed for tumour vaccination by Mandelboim et al. are
assumed to be able to act as APCs. They have the



reason for this is that the MHC | nol ecul es present foreign peptides which
originate fromthe foreign proteins. Consequently, the inmmune system

regi sters that something undesirable and alien has happened to 35 this
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The invention relates to a tumour vaccine for

15 administering to a patient, consisting of tumour cells
which themselves present peptides derived from tumour
antigens in the HLA context and at least some of which
have at least one MHC-I-haplotype of the patient on the
cell surface and which are charged with one or more

20 peptides a) and/or b) in such a way that the tumour
cells are recognised as foreign in context with the
peptides of the patient's immune system and trigger a
cellular immune response, these peptides

25 a) acting as ligands for the MHC-I-haplotype, which is
common to the patient and to the tumour cells in
the vaccine, and are different from peptides
derived from proteins which are expressed by the

g patient's cells, or

30

b) acting as ligands for the MHC-I-haplotype which is
common to the patient and the tumour cells of the
vaccine, and are derived from tumour antigens
expressed by the patient's cells and occur in a

35 concentration on the tumour cells of the vaccine
which is higher than the concentration of a peptide
derived from the same tumour antigen as the one
expressed on the patient's tumour cells.



whi ch the tunmour antigen or the peptide derived fromit is presented on the
céll surface by the fact that it has 25 been transfected with a DNA
coding for the protein or peptide in question, as described in

I nternational Publications WO 92/20356, WO 94/ 05304, WO 94/ 23031 and WO
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by Mandel boimet al. are assuned to be able to act as APCs. They have the

-8- peculiarity that their HLA nolecules on the cell surface are enpty as
the resul ® of etegm "eeddalaa iymmner Aesponsali denotegdde t of

anti geni c pept Eg@%toﬁé%pqﬂ%ieli'le imAfundits, RIHAGESS a0 Pirdpenld ¢as @ their
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10 on the ce ere I mmune system wit hout any
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invention rel args L@ rRdtifRiNes & Hhd Gaccines according to the
invention cbtained from tumour cells is based primarily

on the fact that the immunogenic activity of the supply
of tumour antigens present on the tumour cells is
15 intensified by the peptide.

The peptides of type a) are hereinafter also referred to
as "foreign peptides" or "xenopeptides®.

20 In one embodiment of the invention, the tumour cells of
the vaccine are autologous. These are cells taken from
the patient who is to be treated, the cells are treated
ex vivo with peptide or peptides a) and/or b),
optionally inactivated and then re-administered to the

25 patient. (Methods for producing autologous tumour
vaccines are described in WO 94/21808, the contents of
which are hereby referred to).

d In one embodiment of the invention, the tumour cells are

30 allogenic, i.e. they do not come f£rom the patient being
treated. The use of allogenic cells is particularly
preferred when economic considerations are involved; the
production of individual vaccines for each individual
patient is labour-intensive and expensive and moreover,

35 problems occur in individual patients in the ex vivo
cultivation of the tumour cells, with the result that
tumour cells are not obtained in sufficiently large
numbers for the preparation of a vaccine. With the



15 adm nistering to a patient, consisting of tunour cells which

t hensel ves present peptides derived fromtunour antigens in the HLA cont ext
anfl at | east sone of which have at | east one MHC-I-hapl otype of the patient
on the cell surface and which are charged with one or nore 20 pepti des
a) .and/or b) in such a way that the tunDurlgeLIs are recogni sed as foreign
in context wwth the peptides of the patient's i mune systemand trigger a

tcﬁl I lI\J/:ErI i Lmulnemeﬁmﬁse tﬁmﬁtﬁ&e damsi,deia:t 2eEhou1d_a)bet wﬁﬂd'e?&xﬁﬁniﬂ&am@tfolrl
e -1 - hap |s co ien nd to tunour cells
in the vacci ne, Lk%/ﬁg'd he?rvee @T}}%#n%&%%gg‘pd@”r%q r‘bﬁt‘n St ei ns whi ch
are expressed mﬁuﬂ&nQMulent s cells, or 30 b) acting as ligands for the
VHC- | - hapl ot ype which is common to the patient and the tunour cells of the
vacci ne, and are derived fromtunmour antigens expressed by the patient's
cel I' s and Doccufhen £oppign peptidag & (eRteFPH Aharqiigd.cdn L£hg the
vacci ne which idgadd @¥erallsfedite Wtdeeﬂls)n tHese RO ISEL1GLTd &shd r OM
t he sane tunour__anti t.he one e ed .on th patlent S tunDur cells.
-9- The human M%Wﬁﬁ%e a@s LSS e rs}dears&f Hef &% A (Human
Leucocyt e Anti gexpressesalr dagast varien ami epreﬂexaba‘lly Gmoveertunmne: 5 The
term "cel | ul ar jqmupe . . t | - ' i
whi ch as a resauqﬂtﬂoépéf ﬁgﬁ%%r&%ﬁéif £ HHE ifinolis® Y e  JERE &/

10 the patient to be treated, i.e. the tumour vaccine is

matched to the tumour indication of the patient. This
ensures that the cellular immune response triggered by
the MHC-I-presenting foreign peptides to the tumour
cells of the vaccine, leading to the expansion of

15 tumour-specific CTLs and T-helper cells, is also
directed against the tumour cells in the patient, as
they express the same tumour antigen as the cells of the
vaccine.

20 If, for example, the tumour vaccine according to the
invention is to be used to treat a patient suffering
from breast cancer metastases which show an Her2/neu-
mutation {(Allred et al., 1992; Peopoles et al., 1994;
Yoshino et al., 1994 a); Stein et al., 1994; Yoshino et

25 al., 1994 b); Fisk et al., 1995; Han et al., 1995) the
vaccine used will consist of allogenic tumour cells
matched to the HLA-haplotype of the patient, which also
express the mutated Her2/neu as tumour antigen.

» Recently, numerous tumour antigens have been isolated

30 and their connection with one or more cancers have been
clarified. Other examples of such tumour antigens are
ras (Fenton et al., 1993; Gedde Dahl et al., 1992; Jung
et al., 1991; Morishita et al., 1993; Peace et al.,
1991; Skipper et al., 1993) MAGE-tumour antigens (Boon

35 et al., 1994; Slingluff et al., 1994; van der Bruggen et
al., 1994; WO 92/20356); a survey of various tumour
antigens isg also provided by Carrel et al., 1993.



generation of tunour-specific cytotoxic CD8-positive T- cells and

CD4- positive hel per-T-cells, brings about destruction of the tumour cells.
10" The effectiveness of the vaccines according to the invention obtained
fromtunour cells is based primarily on the fact that the inmunogenic
activity of the supply of tunour antigensaresent on the tumour cells is 15
Intensified by the peptide. The peptides of type a) are hereinafter also

referred to asa"&mmeagp PEPkhERa” tamouxeanpegehdeshicBOmay b aBed
enbodi ment of }

bhe. Lnventign, the_t
aut ol ogous. Thg§§héPe€§8Ig§°P5k§ﬁ #5%n%PﬁsnbéPPeﬁPgmBSPﬁéd?ﬁ a&rﬁyggted
the cells are thezefdowmxisgi gdvent hnpthei Tabde.pepti des a) and/or b),
optionally inactivated and then re-adm nistered to the 25 patient.
(Met hods for produci ng autol ggous tunour vaccines are described in WO
94/ 21808, 5t he ThAt EWNSUET aRkLeRNEr efhEheppakirBEr 8¥et gPReralde enbodi nent

of the Inventlaétetﬂﬁnédnmﬂrtﬁé|béueéé 39 draﬁhhggﬁﬁIEheldea hBQ!sdanHOt

cone fromthe gatlg % eat d of, al l ogeni c, ce?

particul arly prEPaFM g Te Xngﬁ?g 35 sWﬁ§P89F0n§ reuﬁﬁ98I9§ﬁay?he

producti on of badedldnaCTnacwmnhsspeC1éachtynﬂorldhaltpmbuenantsgen

| abour - i nt ensi d: eXpangLv reo 3 cur in
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;
i ndi vidual patients |n e ex vivo_cultivation oFaYE i tumour cells, with
the resul@ tha@GFGﬁﬁhﬁdcefP§ arampde, obYaHAEAN Atsalti c18R7IyCPuLde Btinbers

for the preparglionigobsa gagcCkteal\W thod¢ Rivoltini et al., 1995;
Kawakami et al., 1995; and have been described in
WO 924/14459; these references also disclose various
tumour antigens and peptide epitopes derived therefrom.

15 Tumour antigens occurring on the cell surface can also

be detected by immunocassays based on antibodies. If the
tumour antigens are enzymes, e.g. tyrosinases, they can
be detected using enzyme assays.

20 In another embodiment of the invention, a mixture of
autologous and allogenic tumour cells can be used as the
starting material for the vaccine. This embodiment of
the invention is used particularly when the tumour
antigens expressed by the patient are unknown or only

25 partly characterised and/or when the allogenic tumour
cells express only some of the tumour antigens of the
patient. By adding autologous tumour cells treated with
the foreign peptide it is possible to ensure that at

’ least some of the tumour cells in the vaccine contain

30 the maximum possible number of tumour antigen native to
the patient. The allogenic tumour cells are those which
match the patient in one or more MHC-I-haplotypes.

The peptides of type a) and b) are defined in accordance
35 with the requirement to bind to an MHC-I-molecule, in
terms of their sequence, by the HLA subtype of the
patient to whom the vaccine is to be given. Determining
the HLA-subtype of the patient thus constitutes one of



-10 - allogenic tunour cells, it should be borne in mnd that they have to
be natehed to the HLA-subtype of the patient. 5 When foreign peptides of
category a) are used, in the case of allogenic tunour cells, these are

cells of one or nore cell lines, of which at |east one cell |ine expresses
at .| east one and preferably nore tunour ant2 gens which are identical to the
tunour antigens of 10 the patient to be treated, i.e. the tunpbur vaccine

is matched to the mosturimpeditealt prexreciieias dor the shedser ex that the
cellular i m*rungers?%&g?;feat rskﬁ%%ﬁﬁ% %?é té:léﬁ?ieM"C' | -presenting foreign peptides

to the tunour cel t he vaccli ne, ng to the expansion of 15
tunour -specific CTLs and T-hel per cells, is also directed agai nst the

tC glrr})urofcel Ihs ith_lﬁet@@z it%ﬁbulx?‘ﬁraftdl@he@(&rc%%%dtl tiﬁ@ t%mh@we;ﬁ&fdrg%egs the
S e vacci_ne. , for ex e, € tunour, .vacci ne_accordi ng
Lo the it nbont | BEes 1o the R OF AUEAL OIS FOROUE, Cekheg R A -onst
cancer netast asedtyipeciss lanyomatiienad/liye vbtained ez @Aldestd telofalthe 1992;
Peopol es et al . . i -1 aStein et al .. . Yoshi no
et 25 al ., f??%’%'b%%;c%&;k%f;%ha 1'&"‘135’%‘-%%%&%) gthiacli Tlsl ettlhcéa%\a' cci ne
used wi || considetesmizneadoganithe patdentel | Shendd e gubyriee ofl Ahieapl ot ype of

the patient, “@a‘i‘ieﬂts%awlﬂee&éﬁé&é&l@i% 'é%%@fd&%‘& = tHodU sy iaﬁaen-
Recently, nunerqus tunour, anti gens have been jsolated 30, and their

connect i 6/ wi t FBEnBEGE TS 1Y Ea5Ee AMG Hested Migeer exanpl es of
such tunour antiygphecyte CQ tdren)t dPreictdlcal TadinceddadBshl. etThad MLC992;

Jung et al., 1 ge;st I\J{bsr bsél@é[da o%t t;ille' ’pr]i%gcslbllzée%%e m%gci%lg' 1ymphocytes
isolated from the patient's blood first with antiserum
or a monoclonal antibody against a specific HLA molecule

15 in the presence of rabbit complement (C). Positive

cells are lysed and absorb an indicator dye, whereas
undamaged cells remain unstained.

RT-PCR can also be used to determine the HLA-haplotype

20 of a patient (Curr. Prot. Mol. Biol. Chapters 2 and 15).
In order to do this, blood is taken from the patient and
RN2 is isolated from it. This RNA is subjected first to
reverse transcription, resulting in the formation of
cDNA from the patient. The c¢DNA is used as a matrix for

25 the polymerase chain reaction with primer pairs which
specifically bring about the amplification of a DNA
fragment which represents a certain HLA-haplotype. If
after agarose gel electrophoresis a DNA band appears,
the patient expresses the corresponding HLA molecule.

30 If the band does not appear, the patient is negative for
it. At least two bands can be expected for each
patient.

When the invention is applied in the form of an

35 allogenic vaccine, cells are used of which at least some
are matched to at least one HLA-subtype of the patient.
For the purpose of achieving the widest possible
application for the vaccines according to the invention,



1991; Ski pper et al., 1993) MAGE-tunour antigens (Boon 35 et al., 1994;
SIingluff et al., 1994; van der Bruggen et al., 1994; WO 92/20356); a
survey of various tunmour antigens is also provided by Carrel et al., 1993.
A summary of known tunour antigens which nay be used within the scope of

t he: i nvention and peptides derived thereftreghLs given in the Table. 5

The tunmour antigens of the patient are generally determned in the course
of drawi ng up theniditagroofs Giffdraal BILL Nl akd ) & HRdanrd Rl s & 9-

usi ng assays b qﬂ%ﬂ%ﬁg&% mnlg SpECIfICIHY for the E nDur antlger}é Ich is
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ens and pep

t hese references _al so dISC 0se varl ous tunour ~an e epitopes
derived t Reref FS~225  Usifgh @ @A Pared an my wikture of laldiaderie can

al so be det ect eimpyurt reerIcasa6h kagaksn tamséJQQﬁ%tyﬁest he ¢ ypur
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aut ol ogous and téilsogay @bhiawin H0%c eif e:haarpdymhm:ad)res:ﬂ B xsipay tdaig beat eri al
for the vacci ngovHbed el ikRRlcLfle giga %gﬁﬁ?on is used particularly when
at’i'en

t he tunour anti gens expresse y th € unknown or only 25
partly ch& acteri sed and/or when the aIIogenlc tumour cells express only

sone of the tumhe cEimdeiomiofl Mhe PeptiildesPYsdddiatd cHeli0 $H T H! MOUr
cell's treated %Ekgntlon by means of the HLA-subtype defines them in
terms of their anchor amino acids and their length;
defined anchor positions and length ensure that the
15 peptides fit into the peptide binding fork of the HLA
molecule in question and are presented on the cell

surface of the tumour cells which form the wvaccine in

such a way that the cells are recognised as foreign.
This means that the immune system will be stimulated and

20 a cellular immune reaction will be provoked against the
tumours cells of the patient.

Peptides which are suitable as foreign peptides of
category a) for the purposes of the present invention

25 are available in a wide range. Their sequence may be
derived from naturally occurring immunogenic proteins or
the cellular breakdown product thereof, e.g. viral or
bacterial peptides, or from tumour antigens foreign to

’ the patient.

30
Suitable foreign peptides may be selected, for example,
on the basis of peptide sequences known from the
literature; e.g. by means of the peptides described by
Rammensee et al., 1993, Falk et al., 1991, for the

35 different HLA motifs, peptides derived from immunogenic
proteins of various origins, which fit into the binding
sites of the molecules of the various HLA-subtypes. For
peptides which have a partial sequence of a protein with



the foreign peptide it is possible to ensure that at |east sone of the

t Unour- cells in the vaccine contain 30 t he maxi mum possi bl e nunber of
tumour antigen native to the patient. The allogenic tunour cells are those
whi ch match the patient in one or nore MHC-I-hapl otypes. The peptides of
type a) and b) are defined in accordancee3fyq - with the requirenent to bind
to an MHC-1-nolecule, in terns of their sequence, by the HLA subtype of the
patient to whoamt Iieummogie:nﬂd adtd e ygi \zi.ttnid:)@io%fsliblien@d ke tlabA-dssHdt ype of

the patient thus.c | S, ane qof . nost_ i nportant
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test, Mxed Ly cy | tur tlcal nol 1 MC test is
based on the p i p%lgjerﬁ A g de?%nnlé'(ﬁnﬁegd 3&?&\ taﬁ’ge pRtient's
bl ood first w WR S/I09S69M (@H‘bpﬂptudeﬁal pepttiiidedy degdivest foropaminidur HLA
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are lysed and absorb an |nd|cator er eas undama e I's remain

unst ai ned?® RT- FeRegarticigly Fafsnt 9I5LR—°H-§|{9I dgbe 20 of
a patient (Curwo BuQtos3dal.. &eﬁere(ﬂt@h@ %e&‘e&ij;dnib@e to the disclosure

of these references and the Articles cited therein in
connection with peptides.

15 Preferred candidates for xenopeptides are the peptides
whose immunogenicity has already been demonstrated, i.e.
peptides derived from known immunogens such as viral or
bacterial proteins. Peptides of this kind exhibit a
violent reaction in the MLC test on account of their

20 immunogenicity. '

Instead of using the original peptides, i.e. peptides
which are derived unchanged from natural proteins, it is
possible to carry out variations as required, using the

25 minimum requirements regarding anchor positions and
lengths, specified on the basis of the original peptide
sequence; in this case, therefore, synthetic peptides
are used according to the invention which are designed
in accordance with the requirements relating to an MHC-I

30 ligand. Thus, for example, starting from the H2-K%-
ligand Leu Phe Glu Ala Ile Glu Gly Phe Ile (LFEAIEGFI)
it is possible to change the amino acids which are not
anchor amino acids in such a way as to obtain the
peptide of the sequence Phe Phe Ile Gly Ala Leu Glu Glu

35 Ile (FFIGALEEI); moreover, the anchor amino acid Ile at
position 9 can be replaced by Leu.

Peptides derived from tumour antigens, i.e. from



In order to do this, blood is taken fromthe patient and RNA is isol ated
fromit. This RNA is subjected first to reverse transcription, resulting in
the formation of cDNA fromthe patient. The cDNA is used as a matrix for 25
the polynerase chain reaction with priner pairs which specifically bring
about the anplification of a DNA fragnment- wy ch represents a certain
HLA- hapl otype. If after agarose gel el ectrophoresis a DNA band appears, the
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may also be lengthened at the C- and/or N-terminus
provided that this lengthening does not interfere with
the binding capacity, i.e. that the extended peptide can
be processed at cellular level down to the minimum

15 sequence.

In one embodiment of the invention the peptide may be
extended with negatively charged amino acids, or
negatively charged amino acids may be incorporated in

20 the peptide, at positions other than the anchor amino
acids, in order to achieve electrostatic binding of the
peptide to a polycation such as polylysine.

The term "peptides"” for the purposes of the present

25 invention by definition includes larger protein
fragments or whole proteins which are guaranteed, after
application of the APCs, to be processed into peptides
which fit the MHC molecule.

30 In this embodiment, the antigen is thus used not in the
form of a peptide but as a protein or protein fragment
or as a mixture of proteins or protein fragments. The
protein constitutes an antigen or tumour antigen from
which the fragments obtained after processing are

35 derived. The proteins or protein fragments received by
the cells are processed and can then be presented to the
immune effector cells in the MHC context and thus
trigger or intensify an immune response (Braciale and



I nvention by neans of the HLA-subtype defines themin terns of their anchor
am no acids and their |ength; defined anchor positions and | ength ensure
that the 15 peptides fit into the peptide binding fork of the HLA

nmol ecul e in question and are presented on the cell surface of the tunour
cells which formthe vaccine in such a way 1ghat the cells are recognised as
foreign. This neans that the immune systenlmﬁll be stimulated and 20 a

cel lular | MunegyLacdion 1491 ; btoriQykess itk anldI e, cpdds, of the
patient. Peptldes mhlgg ar%‘SU|ta?Ie as foreign peptides of category a) for

t he purposes of Yok on 25 are available in a w de range.
Their sequence may be derived fromnaturally occurring i nmunogeni c proteins

or the cellul ar [ a i al
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foreign p@t i deigdentyi e @%I&Q@mfﬁﬁs and eraficthecamdtes of peptide
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are suitaf e cakﬁﬁ@lam@sswnmm Bfcehks which are specific to the
processed fragments).

In principle, peptide candidates are selected for their
suitability as foreign peptides in several stages:

15 generally, the candidates are first tested in a peptide
binding test for their binding capacity to an MHC-I
molecule, preferably by series of tests.

One suitable method of investigation is, for example,

20 the FACS analysis based on flow cytometry (Flow
Cytometry, 1989; FACS Vantage TM User's Guide, 1994;
CELL Quest ™ User's Guide, 1994). The peptide is marked
with a fluorescent dye, e.g. with FITC (fluorescein
isothiocyanate) and applied to tumour cells which

25 express the MHC-I molecule. In the flow, individual
cells are excited by a laser of a certain wavelength;
the fluorescence emitted is measured and is dependent on
the quantity of peptide bound to the cell.

30 Another method of determining the quantity of peptide
bound is the Scatchard blot. Peptide labelled with I'*°
or with rare earth metal ions (e.g. europium) is used
for this. The cells are charged at 4°C with various
defined concentrations of peptide for 30 to 240 minutes.

35 In order to determine non-specific interaction of
peptide with cells, an excess of unlabelled peptide is
added to some of the samples, preventing the specific
interaction of the labelled peptide. Then the cells are



pol ypepti de sequences al ready known or possibly still to be established, by
séquence conparison taking account of 5 the HLA-specific requirenents.
Exanpl es of suitable peptides are found, for exanple, in Rammensee et al.,
1993, Falk et al., 1991, and Rammensee, 1995 and in WO 91/09869 (HV

pepti des); peptides derived fromtunmour aniygens are described, inter alia,
i n the published 10 I nternational Patent Applications WO 95/00159 and WD
94/ 05304. Ref enanted Tdefeiyveradsy triod-patisiloueia ofsddieisadf er ences

and the Articl i.t.ed th in.jn [ Wi, t h tides, 15 Preferred
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reaction in the NLC_ test_on account of their, Z0 | munogeni city. |nstead
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fromnatural peitel thus tobthainnsas idde dvalifited USinAIdrRindE atetitsis J ed,
using the 25 m ni mum.requi renents regardi ng anchor positions and

| engt hs, specified on the basis of the original peptide sequence; in this
case, therefordn symdusmd gimy,i dandidates dvitde gatiddimslinie quadsittien

whi ch are desi ghied ddyaf FHdanGfe i timfifodaidfigents relating to an MAC |
30 | igand. Thus, for exanpl e,l stlar 1fi ngé f ror% the H2-Klerr]- ligand Leu

Phe Gu A% Ile Gu Gy Phe Ile (LFEAIEGFI) it is possible to change the
am nodaCI ?S \r/]\hmrfe ajmmmgphaﬁgdiqrph y la:fﬁ acerﬁspsiﬂ:iidh%ui&réarewwm t;frdttéﬁm the
pepti de of the,sequence e .Phe 1l.e_. a.le u u 35 [l.e
(PRI GaLERl ) | P dOR e st Srved < ek 38 o my & e
repl aced by Letkested, for example, by the MLC test. Peptides which
provoke a particularly violent reaction in this test,
15 which is preferably also carried out in series with
different peptides, using as standard a peptide with a
known immunogenic actiwvity, are suitable for the

purposes of the present invention.

20 Another possible way of testing MHC-I-binding peptide
candidates for their immunogenicity consists in
investigating the binding of the peptides to T2 cells.
One such test is based on the peculiar nature of T2
cells (Alexander et al., 198%2) or RMA-S-cells (Karre et

25 al., 1986) that they are defective in the TAP peptide
transporting mechanism and only present stable MHC-I
molecules when they are applied to peptides which are
presented in the MHC-I context. T2 cells or RMA-S cells

. stably transfected with an HLA gene, e.g. with HLA-Al

30 and/or HLA-A2 genes, are used for the test. If the
cells are acted upon by peptides which are good MHC-I
ligands, by being presented in the MHC-I context in such
a way as to be recognised as foreign by the immune
system, these peptides cause the HLA molecules to appear

35 in significant quantities on the cell surface.

Detection of the HLAs on the cell surface, e.g. by means
of monoclonal antibodies, makes it possible to identify
suitable peptides (Malnati et al., 1995; Sykulev et al.,



Peptides derived fromtunour antigens, i.e. from - 15 - proteins which
ar'e expressed in a tunour cell and which do not appear in the correspondi ng
untransformed cell or appear only in a significantly | ower concentration,
may be used within the scope of the present invention as 5 pepti des of
type a) and/or type b). The length of the pgptide preferably corresponds to
the m ni num sequence of 8 to 10 am no acids required for binding to the
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d nt, t us used not

IVHC nol ecul e. 30 I.n thi's enmbodihent, e antigen ist in the
formof &%ept i FHPEPeE RhiaiPrRBIeH A% of 3 r group of

patients. The vaccine is administered in irradiated

form.

Another, possibly additional, variability with regard to

15 the xenopeptides presented on the tumour cell may
consist in the fact that peptides which bind to a
certain HLA subtype differ in their sequence which is
not crucial to HLA binding, being derived, for example,
from proteins of different origins, e.g. from viral

20 and/or bacterial proteins. Variability of this kind,
which offers the vaccinated organism a wider range of
alienisation, can be expected to intensify the
stimulation of the immune response.

25 In the embodiment of the invention in which the tumour
vaccine consists of a mixture of allogenic tumour cells
of various cell lines and, possibly, additionally
autologous tumour cells, all the tumour cells may have

. been treated with the same peptide or peptides or the

30 tumour cells of different origins may also have
different xenopeptides.

In the experiments carried out within the scope of the
present invention, a viral peptide of the sequence Leu

35 Phe Glu Ala Ile Glu Gly Phe Ile which is derived from
the influenza virus haemagglutinin and is an H2-K*-ligand
was used as the foreign peptide of type a); the anchor
amino acids are underlined.



or as a mxture of proteins or protein fragnents. The protein constitutes
an anti'gen or tunmpur antigen fromwhich the fragnents obtai ned after
processing are 35 derived. The proteins or protein fragnents received
by. the cells are processed and can then be presented to the i mune effector
cells in the MHC context and thus trigger. gy intensify an immune response
(Bracial e and Braci al e, 1991; Kovacsovi cs Bankowski and Rock, 1995 Yor k

and Rock, 1996)a t&%ﬁ@uﬁr%ecﬂﬁe%a@rpkeaﬁcéaaaﬂsﬁt ehﬂéenaéﬁéalig
identity of the %Eocessed end can nDnstrate m ca

¢
anal ysi s (Edmar’d@ytaHagi Ghiat Rﬁggléﬁeﬁﬁrﬁhﬁt 9r8?9BrB%E§§éa pRrdghEnt s;
cf. the survey w¥s Reeseedeeneanadnimadofiodell (helanowa mbdékr ahdr éotohed
therein) or by biplpgbha! mdgspys (the ability of 10 APCs to stimulate
T-cells which are specific to the processed fragments). In principle,
peptide cahdi dates are selected for their suitability as foreign peptides

in se\éergl Zt ag&sotﬂ&]; viggnep i:izdetbz e&adsé&ﬁtéécggﬁlél §e|§£ A?%L% yl N a

t inding te 0 ng, Capaci -
Bregf Iergbly by %ﬁ%g‘i %fé%‘éhﬁé Uﬁf' |%Sré¥ﬁb’tﬁe%ff¥?ﬂ}e§&1$gatuon is, for
exanpl e, 20 numiéaﬁfbaeamyefsthasbﬂfbmeﬁt@wvﬁyﬁgn@ﬁdyl?F£OMA§Hh@nB§ry,
1989; FACS Vant gyiﬁ est _.[err | de
1994). The pepté% Ilﬂs}ﬂ'ﬁeé%%l & %I uorescen %(%/ et[ wﬁ%lfgj
(fluoresé& n i ¥ Qky%%hm@)aghﬂsa®®$l@Udenltue@hrwcelmseGMtohpﬁéduce a
express the Migumé®t efad€ine} Nch8epibdetivdi ¥EEUAE of the vaccine was

confirmed in another melanoma model.

Another vaccine was produced by alienising tumour cells

15 with a foreign peptide of the sequence Phe Phe Ile Gly
Ala Leu Glu Glu Ile (FFIGALEEI). This is a synthetic
peptide which has not hitherto been found in nature.
When choosing the sequence, care was taken to satisfy
the requirements regarding the suitability as a ligand

20 for the MHC-I molecule of type H2-Kd. The suitability
of the peptide for producing an anti-tumour immunity
according to the concept of active immunotherapy was
confirmed on a murine colon carcinoma CT-26 (syngenic
for the mouse strain Balb/c).

25
In another embodiment of the invention the tumour
vaccine may also contain autologous and/or allogenic
tumour cells and/or fibroblasts transfected with

. cytokine genes. WO 94/21808 and Schmidt et al., 1995

30 (to which reference is made) describe efficient tumour

vaccines produced by means of the DNA transport method
known as "transferrinfection" with an IL-2 expression
vector (this method is based on receptor-mediated
endocytosis and uses a cellular ligand, particularly

35 transferrin, conjugated with a polycation such as
polylysine, for complexing DNA, and an endosomolytlcally
active agent such as adenovirus).



cells are excited by a | aser of a certain wavel ength; the fluorescence
emtted is neasured and i s dependent on the quantity of peptide bound to
the cell. 30 Anot her net hod of determ ning the quantity of peptide bound
is the Scatchard blot. Peptide labelled with I[err] or with rare earth
metal ions (e.g. europiun) is used for thizp -The cells are charged at
4[err]C with various defined concentrations of peptide for 30 to 240

m nutes. 35 Ptraferdbiyt otlet peptidentreapedi tumount eedltti andothpepti de

with cells, an 0 e ti | d S .Qf -t he
sanpl es, preveﬁ??%ﬁiﬁﬁegg g%?%?ébigggggckggnh%Fgahgﬂl%gglggglge%f?de. Then
the cells are If,-for exauphed ap fendvwagrinsowhipbcpbrpduces| 4a9986ci at ed

material. The gHapki by 9f-9epbrburdipepidtesiss hpfedalfinrined gpaher in a
scintillation counter usin he radloaCEEV|t§ emtted, or.in a ghotoneter

which is §  BePtifPatFERLRBatHRPHG CEhgSri (BE FRGGLBECEREE, ObkAAnag: 5
t hus obtai ned ear bgahisetiefiorwstwg sireadmedtept Agdamihyg ansepehaumt ep,

candi dates wt lendi gual Lt estked.fgr [k o4l nggeni city.
10 The innunogéﬁg§§9yggfquggpggt?dg§8d§%$§%d§%r2%1gré%gﬁﬁédkgggi%%uhogenic
activity of whiBf5)s unknown may be tested, for exanple, by the M.C test.
Pepti des which provoke a particularly violent reaction in this test, 15

whi ch i s_preferabl l,sQ carried out ,in series with different peptides,
usi ng ast tand%chémgéﬁ%PﬂetRPtﬁyﬁokﬁﬁﬁnvﬁﬁﬁ&ﬁﬁggﬁFB 59?i9??§}géfe sui tabl e

for the treated tumour cells it is advantageously possible to
combine the effects of these two types of wvaccine.

The working up of the cells and the formulation of the
15 vaccine according to the invention are carried out in

conventional manner, as described for example in

Biologic Therapy of Cancer, 1991, or in WO 94/21808.

According to another aspect, the invention relates to a
20 process for producing a tumour vaccine consisting of
tumour cells for administering to a patient.

The process is characterised according to the invention
in that tumour cells which themselves present peptides

25 derived from tumour antigens in an HLA context and of
which at least some express at least one MHC-I-haplotype
of the patient are treated with one or more peptides
which

30 a) act as ligands for the MHC-I-haplotype which is
common to the patient and the tumour cells of the
vaccine, and are different from peptides derived
from proteins expressed by cells of the patient, or
which

35

b) act as ligands for the MHC-I-haplotype which is
common to the patient and the tumour cells of the
vaccine, and are derived from tumour antigens



pur poses of the present invention. 20 Anot her possi ble way of testing
NHC- | -*bi ndi ng peptide candidates for their imunogenicity consists in

i nvestigating the binding of the peptides to T2 cells. One such test is
based on the peculiar nature of T2 cells (Al exander et al., 1989) or
RVA-S-cells (Karre et 25 al ., 1986) thajq they are defective in the TAP
peptide transporting nmechani smand only present stable WVMHC-1 nol ecul es when

they are applied toepppeisged By eheapatchensent edlis,the MHC- | context. T2
cells or RVA-S cells stably transfected with an HLA gene, e.g. with HLA-Al

30 and/ or HLA- A2 genes, are used for the test. |If the cells are acted
upon by peptidEheWHUmbuaree@dsdbbﬂﬁglihbgbaded hﬁthebng presexied i n the
MAC-1 cont ext g@ B4 Qs a%&nﬁ?o&o *9%5%0‘%%}133" t&ﬁx %8' Q&%e&h% | mune
system these Bt €s cause LA mol ecul’es to

si gni fi caht quéﬁPPFFeénoﬁh@h@r@éﬁpc§uPﬁaé§ OBSﬁ@éplﬁﬁlﬁpaﬁﬁ@nHEh§toﬁh@he

cel | surface, Ee tlmésrra&@sb@hnao%cm@altumh&b%m ifRlERsH & %@sla@ eto

dent i f t apl ti des ti_ et .al | 18 -
1904) | Vero aghPnbBa FEFRRHET paf e S ABRYL §oRn RS SYSHER Of, the

MHC- bi ndi ng capatnbpt551appbnpexatahyhushé.tumoumeceiﬂedlanﬂtuMiggar a
I nventi on, g#&ghgggu§gﬂ§n§ re Iég%fnlc tumour cell of the vaccine may

have a nunber xenopep es W erent sequences. In this case, the
pepti desllsed may differ fromone another, on the one hand, in that they

bind to differefk HuAnt4llyYBESpebtill %s"‘@%efle&:abiyp%%h@ got ggdisect

several or alla%o%t 160 ug per 1 x 10° up to 2 x 107 cells. 1If a
peptide of category b) is used the concentration may
also be higher. For these peptides it is essential that

15 their concentration on the tumour cells of the vaccine

should be higher than the concentration of a peptide on
the tumour cells of the patient, derived f£rom the same
tumour antigen, to the extent that the tumour cells of
the vaccine are recognised as foreign and provoke a

20 cellular immune response.

Suitable polycations include homologous organic
polycations such as polylysine, polyarginine,
polyornithine or heterologous polycations having two or

25 more different positively charged aminoc acids, whilst
these polycations may have different chain lengths, as
well as non-peptidic synthetic polycations such as
polyethyleneimines, natural DNA-binding proteins of a

» polycationic nature such as histones or protamines or

30 analogues or fragments thereof, and spermine or
spermidines. Organic polycations which are suitable for
the purposes of the present invention also include
polycationic lipids (Felgner et al., 1994; Loeffler et
al., 1993; Remy et al., 1994; Behr, 1994) which are

35 commercially obtainable, inter alia, as transfectam,
lipofectamine or lipofectin.

Polylysine (pL) with a chain length of approximately 30



10 HLA subtypes of a patient or of a larger group of patients. The
vaccire is admnistered in irradiated form Another, possibly additional,
variability with regard to 15 t he xenopepti des presented on the tunour
cell may consist in the fact that peptides which bind to a certain HLA
subtype differ in their sequence which Lsapot crucial to HLA binding, being
derived, for exanple, fromproteins of different origins, e.g. fromvira

20 and/ or bast®00 alypime egroups Vs i pbeéféetabDf uded & nghewhich offers

t he vaccinateiﬁﬂéﬁﬁ%%g%a wi der range of alienisation, can be expected to
intensify the atron of the inmmune response. 25 I n the enbodi nent
of the invention in which the tunour vaccine consists of a m xture of

al | ogeni c t undgtie cgh éﬁtiEyV@f' é&iioﬁ'{?ﬁuf%@h ﬂ@SEéfﬁﬂioﬁdébttgéally

aut ol ogo tunDur cel uprour have_been_treat W th
the sane dept iRRP g eﬁ?gé% ‘Eﬁ ned empinicRle: | STHiPHYIBFERe origins
rrﬁy al so ha¥e ahdfmmpepﬁem)@epzbf d@@te@;myrue) empet (rjm@,t tsr;]mrmaeﬁ @alttw tgl5 n
t he scope of t vent 0 e.se ce Leu

Phe o1 Al a 119 d TeRE I £ ety TndiEd i oo RSeRr RS e Vi e

haemaggl utinin and is an H2- K[err]-llgand mas used as the foreign peptide

of type a); thth@ntheibA o B&+H5a 3

f derom 3 IRidu dé
vacci ne was produced mnth thls natural Iy occur ng V|ra peptide as the
forei gn Wept i SPEFR: i {1t depends on the time when ‘the maxxmum charge

of peptide is reached; the degree of charging can be
monitored by FACS analysis and in this way the necessary
incubation period can be determined.

15 In another embodiment of the invention, the polylysine
is used in an at least partially conjugated form.
Preferably, some of the polylysine is in a form
conjugated with transferrin (Tf) (namely transferrin-
polylysine conjugate TEfpL, for which reference is made

20 to the disclosure of WO 94/21808), the mass ratio of
pL:TfpL. preferably being about 1:1.

Instead of being conjugated with transferrin, polylysine
may also be conjugated with other proteins, e.g. the

25 cellular ligands described as internalising factors in
WO 94/21808.

Treatment of the tumour cells may also, if desired, be

» carried out in the presence of DNA. The DNA is

30 preferably in the form of a plasmid, preferably a
plasmid which is free from sequences coding for
functional eukaryotic proteins, i.e. in the form of an
empty vector. In theory, any current, functionally
obtainable plasmid may be used as the DNA.

35
The quantity of DNA in relation to the polycation which
is optionally partly conjugated with a protein, e.g. in
relation to pL, TfpL or a mixture of pL and TfpL, is



was tested on an ani mal nodel (nelanoma nodel and col on carci noma nodel). 5
Anot her viral peptide of the sequence Ala Ser Asn GQu Asn Met A u Thr Met,
which is derived fromthe nucleoprotein of the influenza virus and is a
l.igand of the HLA-1-haplotype H2-K[err] (Rammensee et al., 1993; the 10
anchor am no acids are underlined) was used t0 produce a tunour vaccine;
the protective effect of the vaccine was confirned in another nel anona
model . Anot her preferablwaabpubadiacedtbyabbueniiséng tunmour cells 15 with a
foreign peptide of the sequence Phe Phe Ile Gy Ala Leu Qu Gu lle

(FFI GALEElI'). This is a synthetic peptide which has not hitherto been found
in nature. WeBhehdpsuhgtinn peydedcetheaguankityannd natuznei ofythhe

requirements rﬁgﬁgﬁhegohhﬁnSQE&aEEbhtioaéhé hi:gBag & tu?BQE £ag WHC |
nol ecul e of type F2-Kd or E%o uci ng an

y . he suitability of the peptide
anti - t unoar |ngﬂﬁfP§ EE@OPHPHBtt8ftR@PEgﬁﬁethﬁfgﬁgFFﬁgni BRefBPy was
%OPL}r;EdZEnIaiﬂUWhﬁe p@bpog;&nnbneha ﬁ%i?&aéiyngesieoﬁ@ﬁghhednauswishrain
al b/ c). n, Ak . : n cgine may
al so contain aﬁgg?%ggﬁggggglggeg%l%%g%i?obﬁﬁgggégélFgga%§p§§£?§§r§glasts
transfected wi thecprekeneegofieDNA wadothe2lgmgunhdtBenepft may all, be995 30
(to which v ef ehepeent AelPfhideeaiiye Crhl 6ok tHTAY cKaCC! Bas produced by

means of the DNA_transport own as "transferrinfection™ with an
| L- 2 exptBssi ohndd¥vignalt RpRYapetRE8 PE bHScRTrBReFECEpEoVRKEaRapRd the
endocyt osi s angepttded aekl HppliktgandrhpatiimelkatkylgSundetr 80RELWLEB,
conj ugat ed m‘tidgngghgiaggg igggﬁsagnd examined to see how efficiently
the peptides have bound to the tumour cells. One
suitable method of doing this is FACS analysis.
15
The process according to the invention is suitable not
only for treating tumour cells but also for treating

other cells.

20 Instead of tumour cells, autologous fibroblasts, i.e.
those native to the patient, or cells from fibroblast
cell lines which are either matched to the HLA-subtype
of the patient or have been transfected with the
corresponding MHC-I gene, may be charged by the process

25 according to the invention with one or more peptides
derived from tumour antigens expressed by the tumour
cells of the patient. The fibroblasts thus treated and
irradiated may be used as they are or mixed with

. peptide-treated tumour cells as a tumour vaccine.

30
In another embodiment, instead of fibroblasts, dendritic
cells may be treated by the process according to the
invention. Dendritic cells are APCs of the skin; they
may be charged im vitro, as required, i.e. cells

35 isolated from the patient are mixed in vitro with one or
more peptides, the peptides being derived from tumour
antigens of the patient and binding to an MHC-I or an
MHC-II molecule of the patient. In another embodiment,



pol yl ysi ne, for conplexing DNA and an endosonol ytically active agent such
as adeénovirus). - 20 - Preferably, the peptide-treated tunour cells and
t he cytokine-expressing cells are mxed in the ratio 1:1. If, for exanple,
an | L-2 vacci ne which produces 4,000 units of IL-2 per 1 x 10[err] cells is
m-xed wwth 1 x 10[err] 5 pepti de-treat®d tunour cells, the vaccine thus
obt ai ned can be used for two treatnents, assum ng an optinum dosage of
1,000 to 2, 00@hwsiet sedfild may @Scombet chargied witdbthel@eptiBe denbi ni ng t he
cyt oki ne vacci it REPL e uQEH% lS et o .

advant ageousl ylg,c‘)ﬂgsi b,&e}btq:o co old_;té) h?lgastéf ?’éltcet S 0 ltgﬁégsiotft\/\geg)fﬁgg'of

vacci ne. The WewicR§igh and 1Rptdamad 1xh NA @ e PrReteriadd o nfieetesl

vacci ne accor dintgradderne i)V &Y iIqehd@iie icAldd19¢ Qe par¢dRariiignal nanner,
as descrgbed for exa Ieﬁ%? al ogi.c Therapy of Cancer, 1991, or in WO
94/ 218082 Accd Ya lé’s%&et,s% i nvention relates to a 20
process for producing a tunour vaccine consisting of tunour cells for
admi ni steri nggfs £ ATo) ' h Li.sed C 'Q%fto t he
i nvention in mg:th%lnﬂ%itﬁ rgcce H-Q;%Vfﬁitg:he ﬁ%eér%a%vgéﬁ%?lgslgn ! r‘):gl(r;et g;rgg%t

derived from masogonmExpshyith Ffol frc el Sor dransfeghiatoaCl-e4st sone

express at | eagl1¢heandiGrilc A Wi & ddie MRidtatnaal @lasadled etigty one or

s, CommB Lo (RS GRS die Y ICEHE « ndn the citFe O YPe MIIER
system it was found that the irradiated tumour vaccines
alienised with the peptide generated an efficient anti-
tumour immunity: 75% of the vaccinated mice were able to
eliminate a tumour challenge which resulted in tumour

15 formation in all the control animals, which were either

given no vaccine or were given a vaccine without the
xenopeptide. In the M-3 system, the same xenopeptide
was tested in an experimental set-up adapted to the
situation in humans, under conditions which are even

20 more stringent for the organism in terms of tumour
formation. Mice with metastases were vaccinated with
xenopeptised irradiated M-3 cells. 87.5% of the mice
thus vaccinated were able to eliminate the metastases,
whilst all the untreated mice and 7/8 mice who had been

25 given the vaccine without the xenopeptide fell ill with
tumours.

It was also found that the degree of systemic immune

. regponse of the tumour vaccines depends on the method by

30 which the peptide is applied to the tumour cells. When
the peptide was administered to the cells by
polylysine/transferrin, the effect was significantly
more marked than when the cells were incubated with the
peptide for 24 hours ("pulsing®). The adjuvant mixing

35 of the peptide with the irradiated vaccines was also
inefficient. The transferrinfection would appear to
have either ensured more efficient uptake of the peptide
in the cells or the charging with polylysine/transferrin



vaccine, and are different from peptides derived from proteins expressed by
Cel Il s*of the patient, or which 35 b) act as ligands for the
NHC—I-hapIotype which is conmon to the patient and the tumour cells of the

vacci ne, and are derived fromtunour antigens - 21 - expressed by the
patient's cells, the tunmour cells being-i pgubated with one or nore peptides
a) and/or b) for such a tine and in such an 5 anount in the presence of

an organi ¢ polwould cappéat tbec@eﬁéld@é pt @@ Ngot fethdiin t Bk 68! tEei n

h b f_th
e e e o é’cé?gﬁr S PRURLPALEY SHFORE, EPmmune
response. 10 ﬂﬁ@edmaﬁtItWObéc@bptam@ theprikbé¢ cabbe ytaboind Sto[ &y ]with about
160 [err]g perefe XpdQEe6{1ithy & e é@éﬁi&hﬁgléékmiaf 19%&&! g Of

category b) is used the concentration npy al so ese
peptides Tt i VRESRMATE WeRkty 18ound tﬂ%??gcﬁﬂcéﬁﬁr%E?%WgoﬂffhﬁlFﬁnDur cells
of the vaccine should be higher than the concentration of a peptide on the
tumour cells of the patient, derived fromthe sanme tunour antigen,-to the
extent that the tunour cells of the vaccine are recogni sed as foreign and
provoke a 20 cel lular i mune r Supowasy. ofuFtigirespol ycati ons i ncl ude
honol ogous organi ¢ pol ycati ons such as pol ylysine, polyarginine,

10 Fig. la-c: FACS-analysis of M-3 cells treated with
foreign peptide
Fig. 1d: Microphotographs of M-3 cells treated with
FITC peptide
Figs. 2a,b: Curing of DBA/2 mice having M-3 melanoma
15 metastases, using a vaccine of M-3 cells
charged with foreign peptide
Fig. 3a: Titration of foreign peptide for the
production of a tumour vaccine
Fig. 3b: Comparison of a tumour vaccine of tumour
20 cells charged with foreign peptide, with a
tumour vaccine secreting IL-2
Fig. 4a: Protection of Balb/c mice by pre-
immunisation with a vaccine from colon
carcinoma cells charged with foreign peptide

25 Fig. 4b: Investigation of the participation of T-
cells in systemic immunity
Fig. 5: Protection of C57BL/6J mice by pre-
immunisatiion with a vaccine of melanoma
» cells charged with foreign peptide

30
In the Examples which follow, the following materials
and methods were used unless otherwise stated:

The murine melanoma cell line Cloudman S91 (clone M-3;
35 ATCC No. CCL 53.1) was obtained from ATCC.

The melanoma cell line B16-F10 (Fidler et al., 1975) was
obtained from the NIH DCT tumour depository.



pol yorni thine or heterol ogous polycations having two or 25 nor e
diffefent positively charged am no acids, whilst these polycations may have
different chain lengths, as well as non- peptidic synt heti c pol ycations such
as pol yet hyl enei m nes, natural DNA-binding proteins of a polycationic
nature such as histones or protamnes or € - anal ogues or fragnents
thereof, and sperm ne or sperm dines. Organic polycations mhich are

su:table for um@ iﬁntdﬁaqﬂéﬁgﬁﬁiflL_ fgq RrsAlre0 ddify 993
po ycatlonlc ner, et a |.er my e
al ., 1994; Be 379"%)"%#? etr‘?‘qé} Fomplex %a %.%F@r#’rﬁ al | a,

as transfectamuu|qﬂﬁd§ﬂanmhﬂﬁ(nnIWQMH4%2M&Q8FnyIyS|ne (pL) with a chain

| engt h of approximately 30 - 22 - to 300 lysine groups is preferably
used as the polycation. The quantit :$olycat|on required in relation to
the 5  Spept ilhe RepidarIldEATRT mﬁE {GAIBEL, LBEAJHGHRG sintk and

xenopept i des QfsNEAMIM Yecde amsé&qmioép%tﬂdé csyzfﬂhe%%élde s

pref erably abo 4 t bout |ncu ation riod | enerally from
30 minutes to X'}%%l 43??03? thrtecFéjppéFg% "t ejv?;t‘?éan lr%‘ﬂ’

charge of peptHodtdrs (I:e:yc,helanadaa dmgrxga'l!ﬁnﬂﬁ@s’lgim@}raamm;rmm tored by
FACS analysisg%&g | hi Yg qﬁ& a%lgn

determ rﬁ)ﬁ 1 ng;i%::i £%%F3r%gl%dl miﬁiﬁ%%ﬁ%%fgﬁ o%‘#ﬁ p@:ﬁ yl'ysine is
used in at 4 atgon. Ha mﬂﬂuigﬁﬁ frdh no alllhe pepidest he

pol yl'ysine is ydre? di¥dBlved in 1 M TEAA, pH 7.3, and purified by

reverse chromatography on a Vydac C 18 column. The

sequences were confirmed by flight time mass

spectrometry on an MAT Lasermat (Finnigan, San Jose,
15 Canada) .

Testing the effectiveness of the cancer vaccines for
their protective effect against metastasis formation
{"therapeutic mouse model®) and testing in the

20 prophylactic mouse model were carried out using the
procedure described in WO 94/21808, using the DBA/2
model and the Balb/c model as the mouse model.

25 Example 1

Comparative FACS analysis of M-3 cells treated with
foreign peptide by various methods

30 For this investigation, which is shown in Fig. 1, the
xenopeptide LFEAIEGFI was applied to M-3 cells once with
TfpL/DNA complexes (transloading; Fig. 1a), on another
occasion the cells were incubated with the peptide
(pulsing; Fig. 1b) and lastly the peptide was added as

35 an adjuvant to the cells (Fig. 1c).

For the transloading, 160 ug of FITC-labelled
xenopeptide LFEAIEGFI or unlabelled control peptide were



conjugated with transferrin (Tf) (nanely transferrin- polylysine conjugate
TfpL, *for which reference is nmade 20 to the disclosure of WD 94/21808),
the mass ratio of pL:TfpL preferably being about 1:1. Instead of being
conjugated with transferrin, polylysine may al so be conjugated wi th other
proteins, e.g. the 25 cellular ligandsagescribed as internalising
factors in WD 94/21808. Treatnent of the tumour cells may also, if desired,
be carried outmixed heltyh e qnr coff s ferblim A yISysfthe (TapIes ald yugn the

formof a plasd y, ' lch is free from ences, codi ng
for functionalsfggeklé%’géféca’%o?%ﬁw gs.gglyhlp’trf%e’? ra}ﬁrg*e% mﬁfﬁe or. In
t heory, any cuit &0 kliref (HBRIDYLRSY ai diter BGominutey de ameents t he

DNA. 35 The quaiidddatifird¥hd b@étd Ot for had Uddad 118 Ik of 18e11
in,relatign to _pL, TfpL

optionally partly conjugated w.th protein, _e.

or a mxtlre d?ulpFLu%oéﬁﬁﬁﬁ,W]r%h 1% %3t0° M3 &%&Bﬁy’ﬁ‘b&ﬂt nd. of § ut

1: 5. The i nculmgdiom pexrdHoHECS he guantgivecess) naidirmaibdtdwl pod yTEd .on in
relation to t r r r..the a nt pepti de,

t he question \?ﬁfet{%a% ?%%atc%%%y%%n%%}ﬁéeé)ptgfﬁ%ﬂ%i ‘onj ugat ed
or wth which detached iusing RB3I/2 oy EBREA B4 resubpendad iof 1 el pwesence

of DNA and t hepymyntpddierSofciByrabs HeadpdfE m ned enpirically. In order
to do this, the 10 I ndi vi dual paraneters of the process are varied and

t he
The pulsing of the cells with the peptide was carried

out using 1-2 x 10° cells in 20 ml of DMEM with 450 pg of
peptide (FITC labelled or unlabelled) for 3 hours at
37°C.

15
For the adjuvant mixing, before the FACS analysis, 10°
cells detached from the culture flask were incubated
with 100 pug of FITC-labelled peptide in 1 ml of PBS/5%
FCS for 30 minutes at ambient temperature. After the

20 replacement of the PBS/5% FCS the cells were washed and
analysed again. The FACS analysis was carried out in
accordance with the manufacturer's instructions using an
FACS vantage apparatus (Becton Dickinson), equipped with
a 5 W Argon Laser, set to 100 mW at 488 nm. The results

25 of the FACS analysis are shown in Fig.s 1la to 1c. Fig.
14 shows microphotographs of cytocentrifuged M-3 cells:
the upper picture shows cells which had been given the
peptide by means of the complex (transloading) whilst

g the bottom picture shows cells which had been incubated

30 with the peptide (pulsing). DAPI was used for
counterstaining the nucleus.

M-3 cells which had been charged with the complex
containing the peptide showed a shift in fluorescence of
35 nearly 2 powers of ten, compared with untreated cells or
cells treated with polylysine alone, indicating
efficient transfer of the peptide to the cells by means
of TEfpL/DNA complex (Fig. la). Incubation with peptide



pepti des are applied to the tunour cells under otherw se identical
conditions and exami ned to see how efficiently the peptides have bound to
the tunour cells. One suitable nethod of doing this is FACS analysis. 15
The process according to the invention is suitable not only for treating
tumour cells but also for treating other ggll-s. 20 | nst ead of tunour
cells, autologous fibroblasts, i.e. those native to the patient, or cells
from fi brobl as(pukding) meas whesh affeetive; amtcdmedbé osddue Bz AeBabt ype of
the patient or e d_ i h ongli - ene, nmay
be charged by ?@%r%@e@%ﬁégggég%%‘%o?ﬁ %ﬂl’%og?%§‘ig"§%€\n |o€ng{/1vit %%% or nore
pepti des deri wap PORCELERLEY awndgeactaR}e ey cBl w9reseent mierescPBYof t he

patient. ) The flﬂ@b'f&} s thyschéeahsd éf'dthérédj'@&&@t r‘i&i’xﬁﬁ‘g}lsé‘ﬂeas t hey
are or mxed wth fggtlde-treate tumour cells as a tunour_Vvaccine. 30 In

anot her ehbodiRfRIt1de disapperred LRbbEeEstRe WRHAHINY | steR| [(EignylBl treat ed
by the processglRiciorihdicibes hehatvenéi peptigadbihdingeras acemd®Cs of the
skin; they may be_lac%aérgéd invitro, as required, i.e. cells 35 i sol at ed
fromthe patierfﬁg Tt éd in vitro with one or nore peptides, the peptides
bei ng derived fromtunour antigens of the patient and binding to an MHC |
or an MHC-1l nolecule of the patient. In another enbodi nent, - 24 -
these cells may al so be charged with the peptide in



vivo. In order to do this, the conpl exes of peptide, polycation and
optionally DNA are preferably injected intradermally, as dendritic cells
are particularly 5 frequently found in the skin. Wthin the scope of the
present invention, the peptide was conplexed with TfpL or pL for transfer
into CT-26 cells and wth TfpL and a nor-fgnetional plasmd (enpty 10
vector) for transfer into M3 cells. In the CT-26 systemit was found that
the irradi at edExammple Zacci nes alienised with the peptide generated an
efficient anti- tumour imunity: 75% of the vaccinated mce were able to
elimnate a tunour challenge which resulted in tunour 15 formation in
al | the contr FuBiRGePE DRH 2 Hire chaving melanemadustatiaresr Wkl @i ven a

vacci ne W t houfaddign& eSPPESES I8n @pEMel\éﬁafg(éa a1 ik aFE1 2@ nopept i de

was test in experinental set-u dapted to the situation in humans,
under comitio RIUGHE BRSe ef%nre stringent for the organismin
terms of tunour formation. Mce with netastases were vaccinated with

abi o to ol im il o teeetatidh (6 & cllodt St it S FAERTIGTE

m ce who had been 25 gi ven the vaccine without the xenopeptide fell il

with tumours. 140985 & SPehObEst idat LEBLTRERT 6fef RYBEEMNGOh UG sESponse

of the tumour vaccines depends_ on, t he, net hod by 30 whi ch_the peptide is
appl i ed }® t h TIRBERTELRTROLY IR ineg nET Rk i B0 i ORI A8 e Y X he
cells by pol ylyspes/ (LpSsfees) nint H@0 eil eof MBS buffesd | canfter ®o e marked

(pul sing" - THE e D PR PR e DEBL NS p bR Mea i ot e
vacci nes was aidded to a T 75 cell culture flask with 1.5 x 10° M-3
cells in 20 ml of DMEM medium (10% FCS, 20 mM glucose)
15 and incubated at 37°C. After 3 hours, the cells were
mixed with 15 ml of fresh medium and incubated overnight
at 37°C with 5% CO,. 4 hours before administration, the
cells were irradiated with 20 Gy. The vaccine was
prepared as described in WO 94/21808. '
20
b) Effectiveness of the tumour vaccines

DBA/2 mice 6-12 weeks old with a 5 day metastasis
(produced by the subcutaneous injection of 10* live M-3
25 cells) were treated twice, at an interval of one week,
by subcutaneous injection of the tumour vaccine {(dose:
10° cells/animal). There were 8 mice involved in the
experiment. The results of the experiments are shown in
v Fig. 2a; it is apparent that 7 out of 8 animals were
30 cured after the administration of the vaccine which
contained peptide charged onto the tumour cells by means
of TfpL/DNA complexes. In comparative tests, a vaccine
was used in which the peptide LFEAIEGFI (400 ug or 4 mg)
had been applied to the cells by incubation (3 hours at
35 37°C; "pulsing®"). Of the animals given a vaccine with
400 pg of peptide, 3 out of the 8 remained free from
tumours; the vaccine consisting of cells treated with
4 mg of peptide cured only 1 out of 8 animals. Controls



inefficient. The transferrinfection would appear to have either ensured
nore éfficient uptake of the peptide in the cells or the charging with

pol yl ysine/transferrin -25- woul d appear to cause the peptide to remain
stuck on the cell nmenbrane and thus be brought physically close to the
MHC-1 nol ecul e and then be able to bind-tggit, with the possibility of its
di spl acing cellul ar peptides 5 whi ch are weakly bound owing to its

st lrf)ngt af f It nijuon_ tssugrﬂw )bﬂ)fiinﬁﬂt _ O?Et?edl@a-sl delds :\ez';‘r (tiheﬁi.EA%rﬁf&Eid’%;ceil\J/l% M3
cells treate . oreign _peptide Fig. ) rophot ogra 0

cells treat edv":%:"tctrﬂ1 &‘F‘F&%@ﬁfl%’ﬁ%{‘gﬂ g"heoﬁqn}?é'%%%%’&%z "ﬁiti’é’ur’r'avi ng M3
nmel anoma 15 pept.ide (lin eanit aretss;as/,s mml& \zmmamd)fereS faminl s char ged
wth forei on Regld®)hi 0-1ddne qrbhd Ye WorflirdiOHidAIRCRK I Tor the
production of a tunbur vaccine 3b arison of a tunour vaccine

of tunouf 20 received no trea&mqrgi GFardged king: Peleithe pamads with a

tunour vacci ndevedloped¢unlowdkdti 9. 4a: Protection of Balb/c mce by pre-
i mmuni sation with a vaccine fromcolon carcinona cells charged with foreign
pepti de 25 Fig. 4b: I nvestigation of the participation of T- cells in

system ¢ i nmuidnt préiey th invesRrigtads ithe ofel@VaRicef) on thebone drand,
| muni satiion g 1 2 (M3 H SO Hr BRAAHUYP the vaccine and on the other

10 hand the peptide sequence, another series of experiments
was carried out; in these experiments, a highly
tumorigenic variant of the M-3 cells was used. In the
experiments in which the significance of the method of
treatment was tested, vaccines were produced in which

15 the peptide was not charged onto the cells using
polylysine-transferrin but was merely mixed with the
cells as an adjuvant. As a control for the peptide
sequence, the anchor amino acids of the peptide at
positions 2 and 9, namely phenylalanine and isoleucine,

20 were replaced by proline and glycine, respectively,
leading to the peptide Leu Pro Glu Ala Ile Glu Gly Phe
Gly (LPEAIEGFG); this peptide lacks the ability to bind
H2-K%. Metastasis formation was monitored at least omce
a week. The results of these tests are shown in

25 Fig. 2b. The vaccine, produced by charging the cells
with LFEAIEGFI using the TfpL/DNA complexes, cured 6 out
of 8 animals. On the other hand, 7 out of 8 animals
given a vaccine for which the peptide LFEAIEGFI had

g simply been mixed with the cells or which consisted of

30 cells which had been charged by means of TfpL/DNA
complexes with the modified peptide LPEAIEGFGE which did
not bind to the HLA motif, developed tumours. In the
control group, which had been treated only with
irradiated M-3 cells or received no treatment at all,

35 all the animals developed tumours.

c) Investigation of the effect of the quantity of
peptide in the vaccine



cells charged with foreign peptide 30 In the Exanples which follow the
follomﬁng mat eri al s and net hods were used unl ess otherw se stated: The

murine nel anona cell line C oudnman S91 (clone M3; 35 ATCC No. CCL 53.1)
was obtai ned from ATCC. The nel anoma cell line B16-F10 (Fidler et al.,
1975) was obtained fromthe NIH DCT tumugidepository. - 26 - The

preparation of transferrin-polylysine-conjugates fromtransfection
conpl exes contmsndegcbBilbedasncay | i pepoide agofieainihg dedmp x84/ %288 5

n a popt | do_ SYRCHBLPAYEIRE P ahs pEhet 8. % o o1 A5G B

Bi osyst ems, Fosfkective, pe€phide) LEEARECHENt 0@d| MS3 P@ﬁ%ﬂa@gremhanged) as a

Scal e br25 mm é“’z’:‘fg:g%ﬁﬁ%@Q%e‘r’égﬁ%t‘%gﬁtﬁﬂfﬁé“ﬁ?%ﬁésﬁ%ﬁﬁ‘
e©

purified Dy ré@%$§ t 6§28pRY} ¥Rl %?%@caQIEBC%@P%ﬁ%SOWhe ?Baﬁences
were confi rrredvé)dciheghéstugednaéslmeﬁié@myz 0:&1@@ wilch apgda nat

(Fi nni gan, San_Jose CE ;‘st ng the effectivene of the cancer
vaccines for thaYs" %?%t@%??§ a§+?ECt ﬁﬁéYﬂg?lﬂ%tﬁg?5§+§ P vat #Gn°
("therapeutic pepsikdeodered ndutesfi dgmicet heh@Oone gonpajhingi B pguse
model _wer e Car:FﬁfQ%O&'toH%afJg /éhﬁleéocﬂyéetﬂs%t'@m%e 10, 9%h21808enksi N9

t he DBA/2 mod t he ¢ nodel as the nouse . ]
vaccine containing 0.5 ug cured only 2 out of 8 animals.

This experiment is shown in PFig. 3a.
Example 3

15 Comparison of the vaccines containing foreign peptide
with a tumour vaccine from IL-2 secreting tumour cells
in the prophylactic mouse model

In comparison tests, two groups of experimental animals

20 (8 in each group) were pre-immunised twice, at intervals
of one week, on the one hand with the vaccine described
in Example 2a) and on the other hand with a vaccine of
IL-2 secreting M-3 cells (prepared in accordance with
the procedure described in WO 94/21808, IL-2 dose 2,000

25 units per animal). One week after the last vaccination,
contralateral tumours were set, with an increasing
number of tumour cells ("challenge”; the dose is
specified in Fig. 3b)). It was found that pre-

. immuinisation with the tumour vaccine according to the

30 invention was superior to treatment with the IL-2
vaccine: naive mice, vaccinated with the IL-2 vaccine,
were protected only against a dose of 10° live, highly
tumorigenic cells (M-3-W). However, the capacity of
this vaccine was exhausted by a challenge of 3 x 10°

35 cells, whereas a tumour load of this degree had been
successfully overcome by animals pre-immunised with the
vaccine of tumour cells charged with foreign peptide.

i e




25 Exanpl e 1 Conparative FACS analysis of M3 cells treated with foreign
pdepti de by various nethods 30 For this investigation, which is shown in
Fig. 1, the xenopeptide LFEAIEG-lI was applied to M3 cells once with

Tf pL/ DNA compl exes (transl oading; Fig. la), on another occasion the cells
were incubated with the peptide (pul sing;3Big. 1b) and lastly the peptide

was added as 35 an adjuvant to the cells (Fig. 1c). For the
transl oadi ng, Bx60nplezr4 g of FI TC-| abel | ed xenopepti de LFEAI EGFl or
unl abel | ed control peptide were - 27 - mxed with 3 [err]g of

transferrin-poal yl ysine (1T§)%%§10 [err] of pL and 6 [err]g of psp65
(Boehringer MR¥RHAKIQPP b(?l%%ﬁﬁ rH#eTﬁmmﬂﬁiﬂﬁﬁ#Q# wigth ez 30

m nutes at anmaeéﬁlﬁ@r@sreéfé £g1i e dEsn askhed dns delPs cel |

5 cuIt e f}]ask X _10[err s in 20 mM of DMEM nedi um
(10%)FCS Jw ?ﬁﬁ%i%]EﬁElWQE%% ‘%BQL% 37[err]C. After 3 hours the cells
wer e mashed tw ce with PBS, detached using PBS/2 mM EDTA and resuspended in

1 m of PBS/ 5% | pulsing of the cells with
t he peptide m%) %grﬁ'{e%é u3| ng %f fs10‘;6%9 % in 20 mM of DVEMwith 450

[err]g of peptide (FITC IabeIIed or unIabeIIed) for 3 hours at 37[err]C 15

For the adj uvando Mg ide, x&%ﬁéﬁtid@ EREET B0t Yor: Srr il et Iwedletaohed from

t he culture fl mere |nc
10 asﬁ1 é‘pb or with 3 pg of transferrin-polylysine

plus 10 pg of polylysine and complexed for 30 minutes at
ambient temperature in 500 gl of HBS buffer and then
transferred into a T 75 cell culture flask with 1.5 x 10°
CT-26 cells in 4 ml of DMEM medium (10% FCS, 20 mM

15 glucose), then incubated at 37°C under 5% CO,. After 4
hours, the cells were washed with PBS, mixed with 15 ml
of fresh medium and incubated overnight at 37°C under 5%
CO,. 4 hours before administration, the cells were
irradiated with 100 Gy. The vaccine was prepared as

20 described in WO 94/21808.

b) Testing the effectiveness of the cancer vaccine for
its protective effect against CT-26 challenge

25 Balb/c mice 6-12 weeks 0ld were vaccinated twice at an
interval of one week by subcutaneous injection (cell
dosage: 10°/mouse). There were 8 mice in each group (or
7 mice in the experiment in which plL was used to charge

» the cells) in the experiment. One week after the final

30 vaccination, contralateral tumours were applied using
5 x 10* parental CT-26 cells. Comparison tests in which
the vaccine was prepared by a method other than using
the complexes of TfpL/DNA, as well as the controls, were
carried out as described in Example 2. The growth of

35 the tumour challenge was checked at least once a week.
The results for peptide LFEAIEGFI can be seen in
Fig. 4a; 6 out of 8 animals were protected. In the case
of peptide FFIGALEEI (not shown in Fig. 4a), 4 out of 8



with 100 [err]g of FITC |abelled peptide in 1 m of PBS/ 5% FCS for 30

M nut &s at anbient tenperature. After the 20 repl acenent of the PBS/ 5%
FCS the cells were washed and anal ysed again. The FACS anal ysis was carried
out in accordance with the manufacturer's instructions using an FACS

vant age apparatus (Becton Dickinson), equpped with a 5 WArgon Laser, set
to 100 mMWat 488 nm The results 25 of the FACS analysis are shown in

Fig.s lato 1anim5ug.wédesgawﬁemt@agphotographs of cytocentrifuged M 3
cells: the upper picture shows cells which had been given the peptide by
means of the conplex (transloading) whilst the bottom picture shows cells
whi ch had beer)i Paxbdcdgpasddon ofi Thceldspept the @petliviny) of BABI was used
for counterst ai,pbng BeAuUel eus. M3 cells which had been charged with the
conpl ex contalnlng t he peptide showed a shift in fluorescence of 35

nearly 23powers of ten, conpared with untreated cells or cells treated with

Eol ylysi nef alﬁgﬁﬁ/oDrﬁ%@ gt F@ae@sz:f thlee@hrtt&@ri@%erioaf tth‘hI&%D.tUsdg.nt Qntehezgel I's
(pul's; ng) “ves “WESENIET SoReREtYL Ehonght: obBir By Bhe"C 2B VackRasedtonce
of only one pewethefr EEpﬁrwmemm wag mnamslbefbweuwdebduaaﬁba byl uor escent
G St P el B e R e SR 4,
pept|delg|nd|mgnﬂ§§0@ﬁln§§$1 §¥8{.5. (ATCC TIB 207) and CD8" cells

were removed by intravenous injection of 500 ug of

monoclonal antibody 2.43 (ATCC TIB 210). A positive

control group was given the vaccine without the

elimination of CD4"' cells and CD8" cells. The results of

15 the tests are shown in Fig. 4b. The participation of

the T-cells is indicated by the fact that all the

animals from whom the T-cells were removed developed

tumours.

20 Example 5

Protection of C57BL/6J mice by pre-immunisation with a
vaccine of melanoma cells charged with foreign peptide
("prophylactic mouse model®)
25
In this Example, mice of the strain C57BL/6J were used
as the experimental animals (with 8 animals in each
group). The melanoma cells used were the B16-F10 cells
’ (NIH DCT tumour depository; Fidler et al., 1975) which
30 are syngenic for the mouse strain used.

The animals of all the experimental groups were

vaccinated twice at an interval of one week by

subcutaneous injection of 10° B16-F10 cells per mouse:
35 _

In one test series, the vaccine was produced by charging

irradiated B16-F10 cells with the peptide of sequence

ASNENMETM, as described in Example 2 for the vaccine



- 29 - Exanple 2 Curing of DBA/2 m ce having nel anoma netastases, wth a
Vacci ne of foreign peptide-charged nelanoma cells 5 (t herapeutic nouse
nbdel ) a) Preparation of a tunour vaccine fromM3 cells 160 [err]g of
Xenopepti de LFEAIEGFI were mixed with 3 [err]g of 10
transferrin-polylysine (TfpL), 10 [err]g 94 pL and 6 [err]g of psp65 (LPS
free) in 500 [err]l of HBS buffer. After 30 m nutes at anbient tenperature
t he above sol Wrcm Mveas esliidiag. to a T 75 cell culture flask with 1.5 x
10[err] M3 cells in 20 mM of DVEM nedium (10% FCS, 20 nM gl ucose) 15

and incubated at 37[err]C. After 3 hours, the cells were mxed with 15 ml
of fresh nedi mmammﬁmmnﬁsgmsm B ereli® dadraohigO Bi+3 .on

hours before t 20 Gy. The
vacci ne was p;‘éﬂ'ﬂdﬁﬁ @%ﬁ‘?lﬁi % %‘%{3 sSéole"(f%é@Ef ectiveness of
the tuno® va 0D rexe Glﬁﬂdv%%k"sh%l‘fﬁ%%q‘? £ REL et ast asi s

(produced by tipemsiar BReOUshd NfEdimd Pfodfial rﬂ dovauMts 26 1L.c2l | S)
were treated tw éq%at an | %%/Pgﬁof ong ek y subcut aneous i nj ection
1 r

of the tunour cael?’r’%a} nimal). There were 8 mice
involved in the experi rrent The results of the experinments are shown in

Fig. 2a; it ig d after the
adm ni strati on 0 t e va% éc%ﬁjf ai n d%%%%ﬁ e?&harge %nto t he
tumour dd s W?ﬁ%@thﬁ‘p@WW%& ddhe |previfptsaelokst s, a

vacci ne was used in which the peptide LFEA EGFI (400 [err]g or 4 ny)

One week after the last vaccination, tumours were set in
the experimental animals using 1 x 10* live, irradiated
B16-F10 cells and the tumour growth was then monitored.
15
The results of these experiments are given in Fig. 5;
the tumour cells charged with the foreign peptide
exhibited the best protective effect against tumour
formation.



had been applied to the cells by incubation (3 hours at 35 37[err] G
"pul sing"). O the aninmals given a vaccine with 400 [err]g of peptide, 3
out of the 8 remmined free fromtunours; the vaccine consisting of cells
treated with 4 ng of peptide cured only 1 out of 8 aninmals. Controls -
30. - consisted of irradiated M3 cells on_thgir own and cells which had
been charged with the conpl exes but w thout peptide (in each case 1/8
animals remained free fromtunours). In thgageoup of control animals which

5 received no treatnment of any kind, all the animals devel oped tunours.
In order to invgstjgate the r vance, on.the one han of the met hod of
produci ng the n ot her hand theiggﬁﬂmﬁe sequence,
anot her series of experinment carried out; in these experinents, a

hi ghl'y tunori gespSYVvIH@Rt OfLithe M 3 cghlts endsgens®d. Hudng AR PRI 1996 S in
whi ch thessignificance of the nethod of Mur8at ment was tested, vaccines were
produced in which 15 the peptide was not charged onto the cells using
pol yl ysi ne-t r anBEONTAQAuUt W& ner el y nCemmkxin37h t he Mdrdslbaimpet Agj1994nt .
As a control for the peptide sequence, the anchor am no acids of the

peptide at posi FEQMNIAQBnd 9K’nanel y phEnmiexindTi ne andMandelbein; etel., 1094

were repltfced b roline and _gl yci ne, respectively, leading to the peptide
Leu Pro Qu Al agYEBBa‘IﬁI Ay Bhe Ay (LP@ﬁEGFG) . thi s%@ﬁ@@lﬁ@e,le&éks??%e

SRR T TR TR O R R

15 EVDPIGHLY HLA-A1 MAGE-3 Rammensee, et al., 1995

YMNGTMSQV  HLA-A2+  Tyrosinase Rammensee, et al., 1995
HLA-A0201

20 MLLALLYCL HLA-AQ201 Tyrosinase Rammensee, et al., 1995

AAGIGILTV HLA-AO201 Melan A/Martl Rammensee, et al., 1995
YLEPGPVTA HLA-AO201 pmell7/gp100 Rammensee, et al., 1995

25
ILDGTATLRL  HLA-AQ201 pmell7/gpl00 Rammensee, et al., 1995
SYLDSGIHF HLA-A24 B-Catenin Robbins, et al., 1996

30 AINNYAQKL D' SV-40 sized Lill, et al., 1992
CKGVNKEYL T-antigen
QGINNLDNL

NLDNLRDYL



25 Fig. 2b. The vaccine, produced by charging the cells wth LFEAl EGFI
usi ng ‘t he Tf pL/ DNA conpl exes, cured 6 out of 8 animals. On the other hand,
7°out of 8 aninmals given a vaccine for which the pepti de LFEAI EGFl had
sinply been mixed with the cells or which consi sted of 30 cells which
had been charged by nmeans of TfpL/DNA conp Fes with the nodified peptide
LPEAI EGFG whi ch did not bind to the HLA m)t devel oped tunours. In the
control group, which had been treat ed % &pradl ated M3 cells or
received no treatnent at all, al Tt g ani mal’s devel oped tunours. c)
I nvestigation of the effect of the gquantity of peptide in the vaccine -
31 - As descri begplids sequenee cont ai ARHEEL: onpl exes REEHRNGE: epar ed whi ch
contai ned either 50, 5 or O. ]g of the effective peptide LFEAI EGFI,
and M3 cells vepgyepoiged 5SHLABAG eW MUM-P" | L-2 Vghlif et q59§ecr eted

the optingm dose of IL-2 (see Exanple 3) was used as a conpar1$on.” This
vacci ne was usefCDPHSGMEVSe HIBAA2 M cemBitsCDRY a f Welfdlay AIEt®95asi s.
The vaccine containing 50 [err]g of peptide cured 6 out of 8 mce, the one
contai ning 5 [ eAN|GLDBYIL cubHdA4QAXut oplB umkaewn! i ke Robbink ) et?aly 4005 ne,
whi |l st the vaccine containing 0.5 [err]fpnctiored only 2 out of 8 animals.
This expg®inent is shown in Fig. 3a. Exanple 3 15 Conpari son of the

vacci nes contai K BWéQyn FHpAARe Wi t BP0t unour vac band L- 2
secreting tunou GPYTA Rosenberg, 1995
HMTEVVRHC HLA-A2 mutated p53 Houbiers, et al., 1993
15
KYICNSSCM K¢ mutated p53 Noguchi, et al., 1994
GLAPPQHEI! HLA-A2 mutated pS3 Stuber, et al., 1994
LLGRNSEEM
20
LLPENNVLSPL HLA-A2 wild-type p53 Theobald, et al., 1995
RMPEAAPPV
LLGRNSFEVY

25 LLGRDSFEV HLA-A2 mutated p53 Theobald, et al., 1995



i.n the prophylactic nouse nodel 20 I n conparison tests, two groups of
experifrental animals (8 in each group) were pre-i nmuni sed twice, at
intervals of one week, on the one hand with the vaccine described in
Exanpl e 2a) and on the other hand with a vaccine of IL-2 secreting M3
cells (prepared in accordance with 25 the procedure described in WO
94/21808, IL-2 dose 2,000 units per aniﬁa@f."Cne week after the | ast

vacci nation, contral ateral tunours W%é% g@?ﬁﬁ%ﬁh an i ncreasi ng nunber of
tumour cells ("challenge"; the dose i éﬁ i in Fig. 3b)). It was
found that pre- 30 I mmuni sation wth the tunour vaccine according to the

i nvention was gUResh@Er{ OFtrEAgBNt Yo t BGmbha L Des, g Nal m ce,
vaccinated with the ILFQ vacc?ne, wer e protectedg%%?§£%§a?%étﬁésdose of
10[err] live, highly tunorigenic cells (M3-W. However, the capacity of 35

this vaccsne vaslesdausted by a1chabbepog. ofldnx dRE61r]16ekhp, Whereas a
tunour | oad of this %ggégg had been successfully overcone by ani mal s

pre-i mmuni sed with T cine of tunour cells charged with foreign

pept i de. - Bghrx, EXaFpl e1494y oBietonjugs CBahb/ cSapteOdly, pE €5) pmuni sati on
with a vaccine of fogeign peptide-charged colon carcinonma cells 5
("prophylactic_pouse, nodel ") a) Preparation_of the CT-26 vaccine 160 [err]g
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10 cells are recognised as foreign by the immune system of
the patient, in context with the peptides, and trigger a

cellular immune response, the peptides

a) acting as ligands for the MHC-I-haplotype which is
15 common to the patient and the tumour cells of the
vaccine, and are different from peptides which are
derived from proteins expressed by the cells of the
patient, or

20 b) acting as ligands for the MHC-I-haplotype, which is
common to the patient and to the tumour cells of
the vaccine, and are derived from tumour antigens
which are expressed by the patient's cells and are
present in a concentration on the tumour cells of

25 the vaccine which is higher than the concentration
of a peptide derived from the same tumour antigen
as the one expreésed on the patient's tumour cells.

2. Tumour vaccine according to claim 1, characterised
30 in that it contains autologous tumour cells.
3. Tumour vaccine according to claim 1, characterised

in that it contains allogenic tumour cells.

35 4. Tumour vaccine according to claim 3, characterised
in that the allogenic tumour cells are cells of one or
more cell lines, of which at least one cell line
expresses at least one, preferably several tumour
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6. Tumour vaccine according to claim 1, characterised
in that peptide a) or b) is an H2-K%-ligand.

10
7. Tumour vaccine according to claim 1, characterised
in that peptide a) or b) is an H2-K°-ligand.

8. Tumour vaccine according to claim 1, 6 or 7,

15 characterised in that peptide a) is derived from a
naturally occurring immunogenic protein or a cellular
breakdown product thereof.

9. Tumour vaccine according to claim 8, characterised
20 in that peptide a) is derived from a viral protein.

10. Tumour vaccine according to claim 9, characterised
in that the peptide is derived from an influenza virus
protein.

25
11. Tumour vaccine according to claim 10, characterised
in that the peptide has the sequence Leu Phe Glu Ala Ile
Glu Gly Phe Ile.

30 12. Tumour vaccine according to c¢laim 10, characterised
in that the peptide has the sequence Ala Ser Asn Glu Asn
Met Glu Thr Met.

13. Tumour vaccine according to claim 8, characterised
35 in that peptide a) is derived from a bacterial protein.

14. Tumour vaccine according to claim 1, characterised -
in that peptide a) is derived from a tumour antigen
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10 17. Tumour vaccine according to one of claims 1 to 16,
characterised in that the tumour cells have been treated
with a number of peptides of different sequences.

18. Tumour vaccine according to claim 17, characterised
15 in that the peptides differ in that they bind to
different HLA-subtypes.

19. Tumour vaccine according to claim 17, characterised
in that the peptides differ from one another in terms of
20 their sequence which is not crucial to HLA-binding.

20. Tumour vaccine according to one of claims 1 to 19,
characterised in that it also contains tumour cells
which are transfected with a cytokine gene.

25
21. Tumour vaccine according to claim 20, characterised
in that the cytokine is IL-2 and/or IFN-vy.
’ 22. Tumour vaccine according to one of claims 1 to 21,
30 characterised in that it also contains fibroblasts which

have been treated with a peptide b).

23. Tumour vaccine according to one of claims 1 to 22,
characterised in that it also contains dendritic cells

35 which have been treated with a peptide b) and/or with a
peptide binding to an MHC-II molecule.

24. Process for producing a tumour vaccine containing

TTHIS SHEET HAS BEEtj
| THIS s

Lo



15,, ,Houbiers;-J= G N jman van der Burg, fhout

VV 'Kénemans Brand, A.,

and Mel i ef 3'“’%@@”&'&@‘] Immnol 23, 2072-7. Hu l "m I and
Par dol | , Acad Sci 5 Jung,

S« et al. , 1991 J. Exp. Med. 173 1 27348 Kawakam , Y et al., 1995, The

Journal of Immunol. 154, 3961-3968 Karre . et al., 1986, Nature 319, 20.
Feb., 675 25 @Cé@ylgsfgﬁn Kist&% de fog Lny 1995, Science
267 243246 Lehmann %Eém B k‘i”aéh 3d° Sci. USA 86,

9891- 9895 Let Hed aﬁacé?rhﬁed mgéhaﬁu?umeurl ﬁﬁ%%whmh phemselyes 3

%;ggé)NIJLE% ﬁﬁgﬁéﬁgﬁ pgbgﬂdesFﬁéﬁivéasﬂﬁcmgyuﬁ?ur?@ﬂti@éﬁéhiﬁtﬁﬁdHﬁA
. e a 0]
Crovon . o1s” S88cedl aid o hSEh \hE 1edst aoBe Sinpnan ot LaAE OBS 6. 35

805- 811 Nhl natNHCNM Shaplobype QﬂgﬁheSpaenent26§re1616aﬂ6d8whhhdehbobul 0.

et al., 1994, &g%gr A h67 71 Mandel boim 0. et al., 1995, Nature
Medicine 1, 11, ﬁeé@:? eglgm %183 Morishita, R et al., 1993 J. din. .

| nvest. 91, 6, 2580-5 Nabel, et al., 1993, Proc. Natl. Acad. Sci. USA
a) act as llgands for the MHC-I-haplotype which is

common to the patient and the tumour cells of the

10 vaccine, and are different from peptides derived
from proteins which are expressed by the patient's
cells, or

b) act as ligands for the MHC-I-haplotype common to
15 the patient and the tumour cells of the vaccine,
and are derived from tumour antigens which are
expressed by the patient's cells,

the tumour cells being incubated with one or more

20 peptides a) and/or b) for such a time and in such a
quantity, in the presence of an organic polycation, that
the peptides are bound to the tumour cells in such a way
that they are recognised as foreign by the patient's
immune system, in context with the tumour cells, and

25 trigger a cellular immune response.

25. Process according to claim 24, characterised in
that polylysine is used as the polycation.

30 26. Process according to claim 25, characterised in
that polylysine having a chain length of about 30 to
about 300 lysine groups is used.

27. Process according to one of claims 24 to 26,
35 characterised in that the polycation is used in an at

least partially coajugated form.

28. Process according to claim 27, characterised in
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10 31. Process according to claim 29 or 30, characterised

in that the ratio of DNA to polycation, which is
optionally partially conjugated with a protein, is about
1:2 to about 1:5.

15 32. Process according to one of claims 29 to 31,
characterised in that the cells are melanoma cells.

33. Process according to claim 24, characterised in
that peptide a) and/or b) is used in an amount of about
20 50 ug to about 160 ug per 1 x 10° to 2 x 10’ cells.

34. Application of the process according to one of

claims 24 to 32 to fibroblasts, in which a peptide b)

derived from a tumour antigen of the patient is used as
25 the peptide.

35. Application of the process according to one of
claims 24 to 33 to dendritic cells, in which a peptide
b) derived from a tumour antigen of the patient and/or a

30 peptide which binds to an MHC-II molecule of the patient
is used as the peptide.
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one or more peptides binding to the MHC-I molecule in

such a way that the tumour cells are recognised as

10 foreign by the patient's immune system in context with

the peptides and trigger a cellular immune response.

The charging is carried out in the presence of a

polycation such as polylysine.
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concentration opephédeucuwedcél batobf 8 mice, the one containing 5 ug
10 cured 4 out of 8 mice, like the IL-2 vaccine, whilst the
vaccine containing 0.5 ug cured only 2 out of 8 animals.
This experiment is shown in Fig. 3a.

Example 3
15 p
Comparisbn of the vaccines containing foreign peptide
with a tumour vaccine from IL-2 secreting tumour cells
in the prophylactic mouse model
20 In comparison tests, two groups of experimental animals

(8 in each group) were pre-immunised twice, at intervals
of one week, on the one hand with the vaccine described
in Example 2a) and on the other hand with a vaccine of
IL-2 secreting M-3 cells (prepared in accordance with

25 the procedure described in WO 94/21808, IL-2 dose 2,000
units per animal). One week after the last vaccination,
contralateral tumours were set, with an increasing
number of tumour cells ("challenge"; the dose is

g specified in Fig. 3b)). It was found that pre-

30 immunisation with the tumour vaccine according to the
invention was superior to treatment with the IL-2
vaccine: naive mice, vaccinated with the IL-2 vaccine,
were protected only against a dose of 10° live, highly
tumorigenic cells (M-3-W). However, the capacity of

35 this vaccine was exhausted by a challenge of 3 x 10°
cells, whereas a tumour load of this degree had been
successfully overcome by animals pre-immunised with the
vaccine of tumour cells charged with foreign peptide.
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froma baggeri akePL 1848  recognised as foreign by the immune system of
the patient, in context with the peptides, and trigger a
cellular immune response, the peptides

- a) acting as ligands for the MHC-I-haplotype which is
15 common to the patient and the tumour cells of the

vaccine, and are different from peptides which are
derived from proteins expressed by the cells of the
patient, or

20 b) acting as ligands for the MHC-I-haplotype, which is
common to the patient and to the tumour cells of
the vaccine, and are derived from tumour antigens
which are expressed by the patient's cells and are
present in a concentration on the tumour cells of

25 the vaccine which is higher than the concentration
of a peptide derived from the same tumour antigen
as the one expressed on the patient's tumour cells.

2. Tumour vaccine according to claim 1, characterised
30 in that it contains autologous tumour cells.
3. Tumour vaccine according to claim 1, characterised

in that it contains allogenic tumour cells.

35 4, Tumour vaccine according to claim 3, characterisged
in that the allogenic tumour cells are cells of one or
more cell lines, of which at least one cell line
expresses at least one, preferably several tumour
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in that the c@ulidlngous |an® alhkbgenidNd¢kks]. 17. Tunour vacci ne according
to one of clains 1 to 16, characterised in that it also contains
fibroblasts which have been charged with one or nore peptides derived from
15 t umour &nt i g EREENS\AFPRUGHRT i Cligim axagkenbsed
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thereof.

7. Tumour vaccine according to claim 6, characterised
in that peptide a) is derived from a viral protein.

i5
8. Tumour vaccine according to claim 7, characterised
in that the peptide is derived from an influenza virus
protein.

20 9. Tumour vaccine according to claim 6, characterised
in that peptide a) is derived from a bacterial protein.

10. Tumour vaccine according to claim 1, characterised
in that peptide a} is derived from a tumour antigen
25 foreign to the patient.

11. Tumour vaccine according to claim 1, characterised
in that peptide a) is a synthetic peptide.

30 12. Tuwmwour vaccine according to one of claims 1 to 11,
characterised in that the tumour cells have been treated
with a number of peptides of different sequences.

13. Tumour vaccine according to claim 12, characterised
35 in that the peptides differ in that they bind to

different HLA-subtypes.

14. Tumour vaccine according to claim 13, characterised
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17. Tumour vaccine according to one of claims 1 to 16,

characterised in that it also contains fibroblasts which:

have been charged with one or more peptides derived from
15 tumour antigens expressed by the patient.

18. Tumour vaccine according to one of claims 1 to 17,
characterised in that it also contains dendritic cells
which have been charged with one or more peptides

20 derived from tumour antigens expressed by the patient
which bind to an MHC-I or MHC-II molecule.

19. Process for producing a tumour vaccine containing
tumour cells for administering to a patient,

25 characterised in that tumour cells which themselves
present peptides derived from tumour antigens in an HLA
context and of which at least some express at least one
MHC-I-haplotype of the patient, are treated with one or
more peptides which

30
a) act as ligands for the MHC-I-haplotype which is
common to the patient and the tumour cells of the
vaccine, and are different from peptides derived
from proteins which are expressed by the patient's
35 cells, or

b) act as ligands for the MHC-I-haplotype common to
the patient and the tumour cells of the vaccine,
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10 trigger a cellular immune response.

20. Process according to claim 19, characterised in
that furthermore dendritic cells are treated in the
presence of an organic polycation with one or more

15 peptides derived from tumour antigens expressed by the
patient which bind to an MHC-I or MHC-II molecule, and
in that the dendritic cells are mixed with the tumour
cells.

20 21. Process according to claim 19 or 20, charactexrised
in that polylysine is used as the polycation.

22. Process according to claim 21, characterised in
that polylysine having a chain length of about 30 to
25 about 300 lysine groups is used.

23, Process according to one of claims 19 to 22,
characterised in that the polycation is used in an at
least partially conjugated form.

30
24. Process according to claim 23, characterised in
that the polycation is conjugated with transferrin.
25. Process according to one of claims 19 to 23,

35 characterised in that the cells are also treated in the

presence of DNA.

26. Process according to claim 25, characterised in
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27. Process according to claim 25 or 26, characterised

in that the ratio of DNA to polycation, which is
5 optionally partially conjugated with a protein, is about
1:2 to about 1:5.

ind to

28. Process according to one of claims 25 to 27,
characterised in that the tumour cells are wmelanoma

10 cells.
29. Process according to claim 19, characterised in
that peptide a) and/or b) is used in an amount of about
50 ug to about 160 ug per 1 x 10° to 2 x 10’ cells.

15
30. Application of the process according to one of
claims 19, 21 to 27 and 29 to fibroblasts, in which one
or more peptides are used derived from tumour antigens
expressed by the patient.

20

31. Application of the process according to one of
claims 19, 21 to 27 and 29 to dendritic cells, in which
one or wmore peptides are used which are derived from
tumour antigens and which bind to an MHC-I or MHC-II

25 molecule of the patient.



