*159159* 14~bl W NI ~\WS4 *@00002* Met hod for. the preparation of
ready-for-use antigen-loaded or non-antigen-|oaded cryoconserved nature
dendritic cells SMB . The present invention relates to a nethod for the
preparation of ready-for-use cryoconserved ndritic cells,
especially for the preparation of a vaccine 1@% M@ﬁ ns such dendrltlc
cells, wherein inmture dendritic cells are the presence of
suitable maturing stinmulants, and the nature dendbF?#¥c cells thus obtained
are frozen. Prior to or after freezing, the dendritic cells nmay be | GM@d
with antigen. The invention also relates to a vaccine obtainable by the
nmet hod according to the invention, and to a conposition containing frozen
mat ure anti gen- | oaded dendritic cells. Backgr Wﬂ'ﬂW”Mﬁ,"ﬂnventl on
Dendritic cells (hereinafter briefly referred t
antigen-presenting cells which influence the i Mmuma®ystem by interacting
with | ynphocytes. Most DCs exhibit an i mmunostinulatory activity. These
cl assical DCs can induce the forma- tion of helper and killer T cells in
vivo in different ways ("nature's adjuvant”). In particular, inmature DCs
whi ch occur in peripheral tissues have the capability of binding anti gens
and preparing i munogeni ¢ VHC pepti de conpl exes therefrom ("antigen
processing node") . MpRAY tHEHRCHIedBrAforTBE HiRk/L fft- htiaeidih-fdddedl ants,  such
as inflammatory cytokins, these rmmature DCs deve[op into potent T-' cel
stimul ants throughon 2 edrasy Oeonserverimatutemdendritéiheglisnul at ory
nol e- cules ("T-cell stlnulatory node"). At the sane tinme, the cells
mgrate into secon- dary lynphatic organs to select and stimulate rare
ant i gen- sjbei prasemt devengion releted do Bengthodnforhdie p@panatien afereadysforaised
fromtissues or r
oo s i Pahsph A nfted DRABNL dls, BOALAGN ot Hid TRedirafioh R AARRI
which contains such dendritic cells, wherein immature dendritic cells are cultured in

the presence of suitable maturing stimUIants, and the mature dendritic cells thus
obtained are frozen. Prior to or after freezing, the dendritic cells may be loaded
with antigen. The invention also relates to a vaccine obtainable by the method
according to the invention, and to a com'position containing frozen mature antigen-

loaded dendritic cells.

Background of the invention

Dendritic cells (hereinafter briefly referred to as "DC") are antigen-presenting cells
which influence the immune system by interacting with lymphocytes. Most DCs
exhibit an immunostimulatory activity. These classical DCs can induce the forma-
tion of helper and killer T cells in vivo in different ways ("nature's adjuvant"). In
particular, immature DCs which occur in peripheral tissues have the capability of
binding antigens and preparing immunogenic MHC peptide complexes therefrom
("antigen processing mode"). Upon the action of maturation-inducing stimulants,
such as inflammatory cytokins, these immature DCs develop into potent T-cell
stimulants through an increased formation of adhesion and costimulatory mole-
cules ("T-cell stimulatory mode"). At the same time, the cells migrate into secon-
dary lymphatic organs to select and stimulate rare antigen-specific T cells. It could
be shown that DCs which were isolated from tissues or blood and loaded with

antigen in vitro were immunogenic after back injection as mature DCs in vivo.



Recently, it could be shown that DCs can induce CD4+ and CD8+ T-cel
inmmunity in both healthy humans and cancer patients. |n inmunoconpetent
heal t hy subjects, a single booster injection with mature DCs coul d enhance
not only the frequency, but also the functional avidity of the CD8+ T-cel
response. For these reasons, DCs (especiyally mature ones) are currently
extrenmely prom sing adju- vants for indue potent T-cell responses agai nst
tumors and infections in humans. One precondition for the use of DCs in
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great number of DCs In culture, eithér from proliferatin
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nostly one to three ys, in uce y au ogous nDnocyte con I on
medi um To provi de an effectlve cryoconservatlon for dendritic cells or
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i i nat i t b t DCs . freshl or
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products @Df4-prmbheegic PRMurcoPailIBhe@ dekoed ﬁﬁ@ﬁchﬁgEesC%lré Sfréquently
al i quot s from | eucap re5|s products (Thurner et at . I munol
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GV CSF and selved deys ial (@M1@sm+dilse),faitdwet D08 AGRB4for mostly one to three
days, induced by autologous monocyte-conditioned medium. To provide an
effective cryoconservation for dendritic cells or their precursor cells has proven
extremely difficult, except in the presence of FCS (Taylor et al. (1990) Cryobiology
27, 269; Makino et al. (1997) Scand. J. Immunol. 45, 618). However, since FCS
must not be present in vaccinations, it has still been necessary to prepare DCs
freshly for each DC vaccination, either from fresh blood, from fresh Ieucapheresis'_
products or from frozen PBMC ("peripheral blood mononuciear cells") aliquo'ts from
leucapheresis products (Thurner et al. (1999) J. Immunol. Methods 223, 1). Frozen
PBMCs also have the disadvantage that following the thawing the cells must first
be cultured for several days to differentiate them into DCs. Lewalle et al. (2000) J.
Immunol. Methods 240, 69-78, disclose a method for the freezing of immature
DCs, but only obtain poor yields of surviving cells (p. 71, top of left column). The
freezing of immature dendritic cells prepared from monocytes by means of GM-
CSF and IL-4 has also been disclosed in WO 99/46984.

Therefore, one object of the present invention is to provide a composition, such as

a vaccine, which contains mature DCs, that can be stored for extended periods of



Therefore, one object of the present invention is to provide a conposition,
such as a vaccine, which contains mature DCs, that can be stored for
extended periods of -3 tine without a substantial loss in activity, and
that can be administered within a short tine when needed. The DCs enpl oyed
according to the invention are preferably derived fromthe sane patient
who is treated with the vaccine (autologous). Alternatively, the DCs my
al so be derived fromother patients (allogenic), for exanple, from

Thur ner et B eIade] S pStRel Y8 BB "G ¥4 b2 B o g BRRERS kiR e
been founthhtatln‘@nWb!emlmleleyledatured DCs (hereinafter also briefly referred

to as "nature DCs"), which are obtainable by culturing in the presence of a
suitable "maturing cocktail™ with specific maturing stinulants, wll
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have i nmungst i rru| ntt activities WHt’F‘GYre conparable to those of freshly
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mat uring cocktail contains interleukin- 1gé
prost agl arf@tes o peppl HpWnte’rso s Hescdse ﬁoa(,ep@rm;ae in TI‘\LIF’Ee)* etT¢1u$19$91)e

present i nVeMh ool MethEss %§3(g_)15a nmet hod for the preparation of

ready-for-use cryoconserve ure dendritic cells, conprising a)
providing imature dendritic cells (DC); b) culturlng the immature DCs in a
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stinmulants t ai'n mat ur e in-a
medi um whireferdext o asf‘natmmea)@s"a,nwhldrnearercmtegmma by,-rcultun(\@)m ahéfbt‘élﬁﬁhcésof a

defi ned above, unger whi ch. u ita aration of cci ne

from mat ursé“tépt)jeo F]Q-f:f ripeao J" wit specl%Jc magurmg sti ?&P ts, Wll|| survive to a igh
percentage after freezlng without FCS and thawing, and have immunostimulant
activities which are comparable to those of freshly prepared mature DCs. During

the culturing with the maturing cocktail, the immature DCs are differentiated into
mature DCs. A particularly preferred maturing cocktail contains interieukin-1p (IL-

1B), interleukin-6 (IL-6), prostaglandin E; (PGE;) and "tumor necrosis factor «"
(TNFa).

Thus, the present invention relates to

(1) a method for the preparation of ready-for-use cryoconserved mature dendritic
cells, comprising '

a) providing immature dendritic cells (DC);

b) culturing the immature DCs in a culture medium containing a maturing

cocktail with one or more maturing stimulants to obtain mature DCs;

C) freezing the mature DCs in a freezing medium which does not contain any
heterologous serum;

(2) a method as defined above under (1) which is suitable for the preparation of a

vaccine from mature cryoconserved DCs;



4 (3) frozen mature antigen-|oaded dendritic cells, especially those
dendritic cells which are obtainable by the nethod (1); (4) a vaccine
conprising dendritic cells as defined in (3); and (5) a nethod for finding
advant ageous conditions for the freezing of DCs, conpris- ing the steps of:
a) providing i mature DCs; b) perforning4d1fferent cultures with the
immature DCs in the presence of different maturing stinulants; c¢) then
culturing the DCs in nediumw th or w thout cytokines, culturlng wi t hout

cytoki nes (@Z!sff&zew ‘Frﬁfcﬁ @Cja g;)enq%ﬁécﬁ"drg ithch Eef sr\?\(ﬁd Qféllwthlo s f(H(E%Ues

after at 1 day o re rn sail rred ram’ StV wi CR ou

and e) estvich sing n@talhablerta,tthe meetised (ii);ant whi ch gave the hi ghest survi val
rate. In nethods (1) and (2) of the invention, immture DCs are first
cultured, a suitable maturing cocktail with one or nore maturing

st i nul ant f4bei varcaddesmpasing hde ndriticurets e diafimedSni (Bapkadmat uri ng stinul ants
include IL-1, such as IL-1p etc., [|L-6, TNF-a, prostaglandins, such as
PCE2 etc., IFN-a, |ipopolysaccharides and other bacterial cell products,

such as I\/I'\"E)(anmed’pdftbﬁpffmqm@Ialdwdnt%)g,eohsmﬁhaltmfmelfcr tiae Fride@ing. of DCs, compris-
phosphoryl.chol i ne, afl ci um i onophores, phorbol esters, such as PIVA
heat - shockNH e 8FFRS Ofucl eot i des, such as ATP etc., |ipopepti des,
artificial ligands for Toll-Ii ke receptors, doubl e-stranded RNA, such as
poly-1:C etc., inmunostimnmu. |ant DNA sequences, CD40 ligand etc. According
to the i nfénti d’ﬁov'dinq nmafyiecdtsr 1y preferred for said cul ture medi um or
mat uri ng cocktail to contain IL-1p, IL-6, PGE2 and TNFa, or for said
mat uri ng %8th ail _to be nmpnocyte-conditioned nmedi um

t

suppl ementtdd wiRSHfasENI qJiHeren, evliresqwERpE MeRratyre E%Ng%asthe( pyesgnge (2

the DCs can be dipaepd nq\étt{_,p,n@rgtdrggﬁngéjrl ng or after the culturing step. 5
After maturing and optionall'y loading with antigen, the DCs are frozen in

freezing
c) then culturing the DCs in medium with or without cytokines, culturing

without cytokines being preferred;

d) determining the fraction of living cells after at least 1 day of culture in said

medium with or without cytokines; and
e) establishing that maturing stimulant which gave the highest survival rate.

In methods (1) and (2) of the invention, immature DCs are first cultured, a
suitable maturing cocktail with one or more maturing stimulants being added to
the culture medium. Suitable maturing stimulants include IL-1, such as IL-13 etc.,
IL-6, TNF-a, prostaglandins, such as PGE, etc., IFN-a, lipopolysaccharides and
other bacterial cell products, such as MPL (monophosphoryllipid A), lipoteichoic
acid etc., phosphorylcholine, calcium ionophores, phorbol esters, such as PMA,
heat-shock proteins, nucleotides, such as ATP etc., lipopeptides, artificial ligands
for Toll-like receptors, double-stranded RNA, such as poly-1:C etc., immunostimu-
lant DNA sequences, CD40 ligand etc. According to the invention, it is particularly
preferred for said culture medium or maturing cocktail to contain IL-1B, IL-6, PGE;
and TNFa, or for said maturing cocktail to be monocyte-conditioned medium
(MCM) or MCM supplemented with PGE;. In a preferred embodiment of methods
(1) and (2), the DCs can be loaded with antigen during or after the culturing step.



medi um whi ch does not contain any heterol ogous serum such as FCS.

"Heterol o- gous serunf within the neaning of this application is a serum
which is not derived fromthe human species. However, according to the
invention, it is possible to use both autol ogous serumor plasma (which is
derived fromthe same human as the DCs) f_nd al | ogeni ¢ serum or pl asna
(which is derived froma different humanthan for the DCs). |mmature DCs
wi thin the neaning of this application are CD83 (and/or p55/fascin and/or
DC- LAMP) g § i I Y@ﬁg{ﬂ It r n .
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T-cel | stfortiteaDisy. capacity as conpared to i nmmature DCs (e.g., in contrast
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monocyt es)suBRbisr olatfrenastimy@NB4- posi tive cells. For exanple, PBMCs can be

i solated from | eucapheresis products. The PBMCs can be differentiated into

Mature DCs within the meaning of this application are leukocytes which have
developed from immature DCs under the action of a maturing stimulant, exhibit an
enhanced expression of CD83 (and/or p55/fascin and/or DC-LAMP) and of class-II
and class-I MHC molecules and adhesion or costimulatory molecules, especially of
CD86, CD80, CD40. Further, the mature DCs exhibit a clearly increased T-cell
stimulatory capacity as compared to immature DCs (e.q., in contrast to immature
DCs, they exhibit a clear stimulatory activity in allogenic MLR even at a DC:T ratio
of about < 1:100); in addition, one characteristic of the mature DCs within the
meaning of this application is the fact that these DCs are stable, i.e., will keep their
properties of a mature phenotype and a strong T-cell stimulatory capacity even if
cultured in the absence of cytokines for 1-2 days or longer. In contrast, DCs which
have not yet fully matured are not stable and will differentiate into immature DCs

or, e.g., into adherent macrophages.

The immature DCs can be provided from various known sources. The precursor
cells of the immature DCs are usually non-proliferating CD14-positive mononuclear
cells (PBMCs; monocytes) or proliferating CD34-positive cells. For example, PBMCs
can be isolated from leucapheresis products. The PBMCs can be differentiated into

immature DCs as described (Thurner et al. (1999) J. Exp. Med. 190, 1669). Thus,



i mmature DCs as described (Thurner et al. (1999) J. Exp. Med. 190, 1669).
Thus, 6 the PBMCs are cultured in the presence of IL-4 (or IL-13; Ronmani et
al. (1996) J. Inmmunol. Methods 196, 137-151) and GV CSF o
("granul ocyt e- macrophage colony stinulating factor"). From CDl4-positive
nonocytes, imuature DCs can al so be pre%ared by culturing in the presence
of GWCSF and | FNa (Santini et al. (2000)° J Exp. Med. 191, 1777-1788).
From CD34-positive cells, immture DCs can be obt ai ned by culturing in the
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of IL-6, 1 g/m of PGE2, and 10 ng/m of TNFa e concentrations stated

are the fi(frgahakejneteat ré999i)cﬂ$§hQﬂ10t0I§!€‘ &Ub2BARSES alpo taxéstcinl hlood! These METH um
0 okl ch hgy Bih BE st S inEBRRPIRY BthEY (8Ea TRIHE AdHdIe BXBaid fhe

presence o ment 1 one ac ances' Is to cul

in the prébenmerdfononocyt e- condl t| oned nedium (MCM. MM contains |L-13,
I L-6, PGE2 and TNFa. It can be obtained by culturing PBMCs in nmedium

wi t hout cytokines, as described, for exanple, in Romani et al. (1996) J.
| mrunol .  Niehpdafedr@@, cd3centMtmst be thE€svarious redturiag suymWEMts tiflecheu bl b

medi um contgé rl.]IrST\ farrgmw hEn0 aqu(a)(r)w/%e pcgfefﬁ?c>rrrz1i 6y1 ng/ml to 100 pg/ml, preferably from
1 ng/ml to 10 pg/ml. For the particularly preferred maturing cocktail of the present
invention, the concentration of the maturing stimulants is from 0.1 to 100 ng/ml of
IL-1B, from 0.1 to 100 ng/ml of IL-6, from 0.1 to 10 pg/ml of PGE,, and from 0.1
to 100 ng/ml of TNFa (most preferably, the concentration of these special matur-
ing stimulants is approximately 10 ng/ml of IL-1B, 10 ng/ml of IL-6, 1 pug/ml of
PGE,, and 10 ng/ml of TNFa). The concentrations stated are the final concentra-
tions of the substances in the cell culture medium in which the DCs are cultured.
One possibility of maturing the DCs in the presence of the mentioned active
substances is to culture the immature DCs in the presence of monocyte-
conditioned medium (MCM). MCM contains IL-1B, IL-6, PGE, and TNFa. It can be
obtained by culturing PBMCs in medium without cytokines, as described, for
example, in Romani et al. (1996) J. Immunol. Methods 196, 137. When the DCs
are matured by MCM, the culture medium contains from 1 to 100%, preferably
from 5 to 25%, of MCM. In another embodiment of the invention, the maturing of
the DCs is effected by the addition of MCM and a defined amount of PGE,. Namely,
it has been found that variations in the capability of MCM to mature DCs in the
best possible way can be counterbalanced by the addition of PGE, (preferably in
the concentrations as stated above). However, according to the invention, it is

preferred to mature the DCs by the addition of defined optimum amounts of the



from5 to 25% of MCM |In another enbodi nent of the invention, the maturing
of the DCs is effected by the addition of MCM and a defined anount of
PCE2. Nanmely, it has been found that variations in the capability of MM
to mature DCs in the best possible way can be counterbal anced by the
addition of PGE2 (preferably in the concie_ntrati ons as stated above).
However, according to the invention, it i‘'s" preferred to nmature the DCs by
the addition of defined optinmum anounts of the 7 active substances |L-1p,
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during or after the freezing. If it Is effected after freezi'ng, the .
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with antigen prior to the freezing of the DCs. This has the advantage that
the DCs are ready for use imediately after thawing. Antigens within the
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thawing. However, preferred is loading with antigen prior to the freezing of the
DCs. This has the advantage that the DCs are ready for use immediately after

thawing.

Antigens within the meaning of this application are proteins, protein fragments,
peptides and molecules derived therefrom (e.g., glycosylated compounds or
compounds having other chemical modifications), but also the nucleic acid
encoding them, viruses, whole prokaryotic or eukaryotic cells or fragments thereof,
or apoptotic cells. "Loading with antigen" means a process which causes MHC
molecules on the cell surface of the DCs to "present" peptides, i.e., the peptides
form a complex with the MHC molecules. While a direct loading of the MHC
molecules is possible through specific peptides, proteins (or protein fragments)
must first be processed, i.e., first taken up by the cell. After intracellular cleavage
of the proteins and loading of MHCs with peptide, MHCII-peptide complexes are
presented on the cell surface. Suitable antigens primarily include proteins or
protein fragments. The proteins may be of native origin or have been prepared
recombinantly. Due to the maturing and loading with protein antigen, MHCII-
peptide complexes which comprise the peptide fragments of the antigen added

form on the cell surface. The concentration of the protein antigen in the culture



nmol ecul es on the cell surface of the DCs to "present"” peptides, i.e., the
peptides forma conplex with the WHC nol ecules. Wiile a direct | oading of
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protein fragments) nust first be processed, i.e., first taken up by the
cell. After intracellular cleavage of the proteins and | oadi ng of MCs
with peptide, MHCI I -peptide conpl exes ar presented on the cell surface.
Suitabl e antigens primarily include proteins or protein fragnents. The
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When the loading is performed with "short polypeptides" or protein fragments
(e.g., short polypeptides with up to 50 amino acid residues which exactly fit into
the MHC molecules on the DC surface), loading after maturing, namely prior to
freezing or after rethawing, is also possible in addition to the above mentioned
loading during maturing. In such a loading after maturing, the short polypeptides
are added to washed DCs.

Another possibility of loading with antigen is the addition of apoptotic or lysed cells
to the culture medium. The added cells can then be phagocytosed by the DCs. This
method has the advantage that, in addition to MHC class II molecules, class I
molecules can also be effectively loaded. For example, it has been shown that
presentation also occurs on MHC class I molecules even when proteins (especially
of particulate nature) are added. For example, instead of culturing the DCs in the
presence of Mage-3 tumor protein or peptide, cell fragments (of necrotic or

apoptotic tumor cells) which contain Mage-3 can be added to the DCs.

DCs may also be loaded with antigen by fusing DCs, for example, with tumor cells.

Such a fusion can be achieved with polyethylene glycol or electroporation.



are added to washed DCs. Another possibility of loading with antigen is the
addition of apoptotic or lysed cells to the culture nedium The added
cells can then be phagocytosed by the DCs. This nethod has the advant age
that, in addition to MHC class Il nolecules, class | nolecules can also be
effectlvely | oaded. For exanple, it has Epen shown that presentation also
occurs on MHC class | nol ecul es even wherf proteins (especially of
particul ate nature) are added. For exanple, instead of culturing the DCs in
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The peptides (i.e., "short polypeptides") usually have at teast 8 amino acids.
Preferably, such peptides have from 8 to 12 amino acids (MHCI) or from 8 to 25
amino acids (MHCII). The concentration of the peptide in the culture medium for
loading is usually from 0.01 to 1000 uM, preferably from 0.1 to 100 uM, most
preferably from 1 to 20 puM.

All peptides which can be presented by MHC molecules can be considered as
peptides to be employed. Preferred are peptides which are derived from proteins
derived from pathogens. These may also be peptides which exhibit variations of
the naturally occurring amino acid sequence. Such variations are usually one or
two amino acid substitutions. Examples of peptide antigens are the influenza
matrix peptide (IMP) having the amino acid sequence GILGFVFTL (SEQ ID NO: 1)
or the Melan-A-analogue peptide having the sequence ELAGIGILTV (SEQ ID NO:

2). Examples of other possible peptides are represented in Figure 26.

In addition to "peptide/protein pulsing”, "peptide/protein transloading" may also be
performed to load DCs with antigen.
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about 10% DMS freezing medi um may contai n’ a non- hét ero ogou erum
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pref er abl %rEFeQQB@ E&\tgﬁlloe/od(WQQe’ freezing medium in a concentration of from 5 to 25%
(v/v), more preferably from 10 to 20% (v/v), most preferably about 10% DMSO.
The freezing medium may contain a non-heterologous serum component, prefera-
bly in a concentration of from 2 to 90% (w/v), preferably from 5 to 80% (w/v),
wherein human serum albumin, preferably in a concentration of from 10 to 30%
(w/v), is particularly preferred. More preferably, however, the freezing medium
contains autologous serum or plasma instead of human serum albumin. It may
also contain human allogenic serum or pool serum. Also, the freezing medium may
contain as an additive one or more polyol compounds derived from carbohydrates,
especially those selected from glucose, dextrane, sucrose, ethylene glycol,
erythritol, D-ribitol, D-mannitol, D-sorbitol, inositol, D-lactose etc., preferably in a
concentration of from 2 to 30%, more preferably from 5 to 10%, most preferably
about 5% (w/v). The most preferred freezing medium is pure autologous serum
with about 10% DMSO and about 5% glucose. Usually, the cells are centrifuged off

prior to freezing to be concentrated and taken up in freezing medium.

The preferred concentration of cells in the freezing medium is from 1 to 100 x 10
cells/ml, the most preferred concentration being from about 5 x 10° cells/ml to
20 x 10° cells/ml.



wherein human serum al bumn, preferably in a concentration of from10 to
30% (wv), is particularly preferred. Mre preferably, however, the
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al bumin. It may also contain human all ogenic serum or pool serum Al so,
the freezing nediummy contain as an aggditive one or nore polyol

conpounds derived from carbohydrates, eSpecially those selected from
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medi um ar / 5 pg/m (RANKL/ TRANCE) and 1 ng/m to 1 pg/m
(Cp40L) . ﬁ"aﬁy{mqtﬁﬂéﬂt@ preferred concentrations are fromO0.5 to 1 pg/m

( RANKL/ TRANCE) and from 0.1 to 0.5 pg/m (CD40OL). In a preferred
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presence of immunosuppressive interleukin-10 (IL-10) or other immune/maturing |
modulators, such as vitamin D3 and its derivatives, fumaric acid and derivatives
thereof, such as esters etc., mycophenolate mofetil etc. Cells thus treated are not
employed for the stimulation of the immune system, but rather a tolerance against
particular antigens is to be induced. The concentration of these modulators and of

IL-10 in the medium is from 1 to 1000 ng/mi, preferably from 10 to 100 ng/ml.

According to embodiment (4), the present invention also relates to a vaccine
obtainable by the method according to the invention. In addition to the mature
antigen-loaded DCs, the vaccine according to the invention may further contain
pharmaceutically acceptable adjuvants. After the thawing of the vaccine according
to the invention, various substances may be added which are pharmaceutically

acceptable and advantageous for administration.

According to embodiment (3), the invention also relates to frozen mature antigen-
loaded dendritic cells. These cells according to the invention may be part of a
pharmaceutical composition which contains usual additives suitable for the

administration to humans, in addition to the cells.
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the antigen only after the eezing rethawi ng, it i s possible | oad
t he DCs developing, this peptide can be om|tted in the loading.

Surprisingly, it has been found that, for finding suitable methods for the freezing of
DCs, it is not sufficient to vary the immediate freezing parameters, such as
freezing medium and cooling rate, and to determine the survival rate immediately
after thawing. This immediate survival rate not necessarily corresponds to the
survival of freshly prepared DCs during several days of culture in the absence of

cytokines.

Rather, the maturing process or the maturing stimulant employed prior to freezing
also play an important role to the survival of the cells. Thus, the invention is also
based on the recognition that the maturing stimulant according to the invention
not only leads to a full DC maturation, but also yields DCs which can survive better
than DCs which have been matured by other stimulants. To date, the maturing

stimulant was not considered at all in view of the freezing.

It has also been found that an excellent method for optimizing the process for the
freezing of DCs is to mature DCs by means of different maturing stimulants and

then to test the survival after culturea in complete medium without any addition of



vari ably depending on the respective circunstances. For exanple, when an
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DCs whi ch L& f.eren. ref erably, the nunber of living cells is
escription of Figures

Figure 1 shows the influence of the cell concentration in the freezing vessels on the
yield of DCs after thawing. Mature DCs were prepared from leucapheresis products
from healthy adults, wherein adherent monocytes were first converted into
immature DCs by six days of culture in GM-CSF + IL-4, followed by maturing for
one day by a four-component cocktail consisting of TNFa + IL-1B + IL-6 + PGE,

(see Example 1). Mature (day 7) DCs were frozen at a freezing rate of -1 °C/min in
pure autologous serum + 10% DMSO + 5% glucose at different cell densities
(number of DCs/ml). After the thawing of the mature DCs, the yields of living DCs
(stated as the percent fraction of the number of frozen DCs) were determined
immediately (= d7) and after several days of culture (after 1 day = d8, after 2
days = d9, etc.). The latter determination was performed in complete medium, but
without the addition of GM-CSF or IL-4, since this hard "wash-out test" is an
established method for determining whether DCs have actually been fully matured
and are stable. Freezing at 10 x 10° mature DCs/ml yielded the best results (p <
0.05on day 7, p < 0.01 on all other days; n = 3).

Figure 2 shows the influence of various freezing media on the DC vyield after

rethawing. DCs were prepared as described in the legend of Figure 1, and aliquots



determ ned only after at |east 2 days of culture in a nedium w thout

cytoki nes, nost preferably after at |east 3 days. Description of Figures
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were first converted into immture DCs SIX days of culture in GWCSF +
| L-4, followed by rraturi ng for one day by a four-conponent cocktail

consistin -6 + %€

DCs were regéeﬂ\%lg & freé Cr?ﬁ'uragtgg 85%%&?) Bcwpgiméau?g/?ég 33 g@rd% +

10% DVBO aubStogbus aerurat + di FeDe1B0O, cend inlengobliogess sepumber 10% DEF-) .5%

After the Ehavvi n&‘ of the mature = t he ielé%ld of living DCs tﬁ\éStated as
er

the percefUGSEctinGh GNCEMEtembe Wesdng st ¥ing were
| mredi at e'a)étérmlﬂza a%n@hg%hb@a féﬁ#?gﬁﬁ‘b 1dﬁ¥§eﬂﬁgQH|atu‘€6|% b8t seryrh 3 % @I@so
after 2 days = | atter deternination vvas performe

conpl et e nreaP/ugiuq@ee ylewjemm behter%dllist(poﬂ Co®5 emtaEsF8on = B4, si nce th| S
hard "wash-out test” is an established nethod for determ ning whet her DCs
have actually been fully matured and are stable. Freezing at 10 x 106

mat ur e DCElgdre\3 eholesl thdeubésd! naks of fresli PGs in0caBparisatawith, thpt of G-o@én @mdal |
ot her days

on ‘the DETgTBIFEPEar Mo R b o R e e R, p SR IREY ©

| egend of Frigwer®, and ethelnafresd[ﬂmtpsepar:bd aeveelf eofenzeat (-d o(ﬁ}lmuE}nhrpxa.lneo;m'.ltxmio -10
X 106 DCs/m in HSA + 10% ) aut ol ogous rum 0% DMVB a
aut ol ogoudO8ESERY P T0Y) él\%%sﬁ $9§°/@9W68§%3?P|9?§ ?ﬁ%%f‘ljcpn 5/'?”P1|é alﬁé

yiel ds af tgihi@PEHaE g fRNaNqEs i dor twméwggsg@agg%@rnq@ﬁﬂn 5ge

Figure 1. Freezing in autologous serum+ 10% DVS o gl ucose yie the
best resulQGs Wprecoltggdofordwyesy! days ln)medi|ugmmtf®U§mm<lm¢m( syaahi-oat tersa”t)e

Pwashe out s LrBeER FIARE AT B By sl B e e dlinns o
and then fthesbtay murapar efl DL y&hh ia® tm@mS(erﬁd@Qm Mhdrepyae nautatkietically

significant difference between freshly prepared and frozen/thawed DCs (n = 4).

Figure 4 shows that the freezing and rethawing does not change the characteristic
morphology of mature DCs. Mature d7 DCs prepared as described for Figure 1
were either immediately further cultured for another 2 days or were further
cultured after freezing, at least 3 hours of storage in the gas phase of liquid
nitrogen and rethawing. Even after 48 hours of further culture in the absence of
cytokines ("wash-out test"), the non-frozen (left) and frozen/rethawed (right) DCs

remained stable non-adherent cells.

Figure 5 shows that the freezing and rethawing does not change the characteristic
phenotype of mature DCs. Mature d7 DCs freshly prepared as described for Figure
1 were phenotyped by a FACS analysis (fresh DC, day 7). Aliquots were frozen,
stored for at least 3 hours in the gas phase of liquid nitrogen, rethawed, and
subsequently their phenotype was determined immediately (DCs frozen/rethawed
d7) or after another 3 days in culture ((DCs frozen/rethawed d10) in the absence
of cytokines ("wash-out test"). Frozen/rethawed mature d7 DC maintained the
characteristic phenotype of mature DCs (CD14-, CD83 homogeneously ++) even

after the removal of cytokines and further culture for 3 days.



gous serum + 10% DVSO + 5% gl ucose at a cell density of 10 x 106 DCs/ m)
and rethawed after nore than 3 hours of storage in the gas phase of liquid
nitrogen) DCs were cultured for several days in nmediumw thout cytokines
("wash-out test"”) as described in Figure 1. The yields of living DCs are
stated as percent fractions of the tot an%nunber of DCs sown into the wells
on day 7. There was no statistically Sighificant difference between '
freshly prepared and frozen/thawed DCs (n 4). Figure 4 shows that the
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frozen/rethawed (right remal ne stabl e non-a herent ce

shows t hatoftthesé¢ rikey iwhictaradr eedraiirargndard rathavedrafgiet Behoher aﬁsmnagm io
phenotypeII TR ,%29% 5)(:5 Mature d7 DCs freshly prepared as described for
Fi gure e % 0 yped by a FACS analysis (fresh DC, day 7). Aliquots
wer e frozen stored for at Ieast 3 hours in the gas phase of liquid
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freezing and rethaw ng does not change the stinulatory capacity of mature
DCs in th@umlpgguy (é[DBng?Ence”SVL(F? l@CnTazce:d + el@doywithoghcadding ) any Maztcmknee@l?
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storage | rEismg gusl,tgn arJ Ql%enr)elease assay. T2 cells pulsed without or with 10 ug/mi of

IMP served as the target cells.

Figure 8 shows that the freezing and rethawing does not change the ability of
mature DCs to induce a strong IMP-specific CD8+ T cell response (HLA-
A2.1/peptide tetramer analysis). Freshly prepared or frozen/rethawed HLA-A2.1 +
mature d7 DCs were loaded with IMP (in the case of frozen/rethawed cells, prior to
freezing or after thawing) or left untreated and co-cultured for 7 days with
autologous non-adherent fractions of PBMCs (PBMC:DC ratio = 30:1) without
adding any cytokines, harvested and double-stained with HLA-A2.1/IMP tetramers
(X axis) and anti-CD8 (Y axis). The expansion of IMP-peptide-specific CD8+ T cells
(the percentage of tetramer-binding CD8+ T cells is stated in the Figure) is
comparable for fresh and frozen DCs. Loading DCs prior to freezing or after

thawing does not make a difference.

Figure 9 shows that a contact with CD40L further improves the survival rate of
thawed DCs. Mature d7-DCs were prepared as described for Figure 1. After
thawing, soluble primary CD40L (100 ng/ml) was added for 4 hours, then the DCs
were washed and cultured for several days in medium without cytokines ("wash-

out test") as described in the legend for Figure 3. The yields of living DCs (stated



Figure 7 shows that the freezing and rethawi ng does not change the ability
of mature DCs to induce a strong I MP-specific CIL response. Freshly
prepared or frozen/rethawed HLA-A2.1 + nmature d7 DCs were | oaded with
influenza matrix peptide (= 1MP) ALGVFTL (SEQ ID NGO 1) or |left
untreated and cultured with autol ogous C%)B+ Tcells (T:DCratio = 10:1)

w t hout addi ng any cytokines. Additi oriat y, purified CDB8+ T cells were
cultured without DCs addition of IMP. After 7 days, the T cells were

har vest ed exam ned for.their tol ogi,c, act.ivit usin standard 51Cr
rel ease aggg%.e Cgaﬁgse S{Jfrgéﬁn \B(fsﬁomar%pegﬁrmn%, %@a—;@a@ ?f apgedtess
the targetsecetd dayki gusetfeStames 1 day + B, fareez: nayand detdtaWi chadoesesot
change the ability of nmature DCs to induce a strong | MP-specific CD8+ T

cel | respongt PHOGS xiEeldedhapt inarraved sihvivaials sespeciativeBaygnddapat &f the
frozen/ re;f@'ac}q@plcmgﬁr-epﬁ L o1 Y56 1@7ar|%Caa¥]“i'ie nl Qagasc_ad with IMP (in the case
cells, g

of frozen/rethawe prior to freezi or aft’éer thawing) or left
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CD40L further inproves the survival rate of thawed DCs. Mature d7-DCs were

prepared SEMH3taryiikg freshlyperpased TTaprised roaRR RS sol ubl e primary CD40L
(100 ng/m) was added for 4 hours, then the DCs were washed and cul tured

for several days in mediumw thout cytokines f"wash-_ out test") as
descri bed Figknehbl sBgeadheb LTS ean BeFuctaesiylielapsieds with \arateibastigenral to 16

Srter SovoraiReciaRR T LR 97 (RATNGE + TIRGIELP D eR A0
CD4AOL t r eatith Metan-éf-amdegye elegtide IMAGIHLON (SEQIID MAl 2r) atitdner esipe ¢o dtdeying

heyond da%rzaff’gr Llh%ving or left untreated and co-cultured for 7 days with autologous non-
adherent fractions of PBMCs (PBMC:DC ratio = 20:1) without adding any cyto-
kines, harvested and double-stained with HLA-A2.1/Melan-A tetramers (X axis)
and anti-CD8 (Y axis). The expansion of Melan-A-peptide-specific CD8+ T cells (the
percentage of tetramer-binding CD8+ T cells is stated in the Figure) is comparable
for frozen DCs which had been loaded prior to freezing or after thawing. See also

Figure 8.

Figure 12 shows the induction of a helper cell type 1 response against KLH in

patients who were vaccinated as described in Example 6.

Figures 13-15 show the results of Example 7.

Figure 16 shows a schematic representation of the experimental set-up of Example

8. The results of Example 8 are summarized in Figures 17 and 18.

Figure 17A shows the total number of DCs after loading with tumor cell lysate or

necrotic tumor cells and subsequent cryoconservation.



further culture (p < 0.01 on day 10 and day 11; n = 5). Figure 10 shows
that DCs can be successfully | oaded with protein antigen prior to
freezing. DCs were pulsed in their imature stage by addi ng the nodel
antigen tetanus toxoid (TT) (10 pg/m) on day 6. Mature DCs were then
harvested on day 7 and frozen as descrijped in the | egend for Figure 3.
Frozen T"-pulsed DCs were stinulatory like freshly prepared TT-pul sed
mature DCs. Figure 11 shows that DCs can be successfully | oaded with

ature 7 BSLERA butdne EEK ol REERoTECs AR dbe il (Y S

NO 2) ei tysate prinecrdt fureezealy arat safdeguehbamorgneérviaeibh, unt reat ed and
co-cul tured for 7 days with autol ogous non- adherent fractions of PBMCs
(PBMC.DC ratio = 20:1) without adding any cyto- kines, harvested and

doubl e- st #iqied MIQ bholdtAR rddiVebRthAFAEETaTEysis GXeaXiSbr |edtingaht-EBcdn¥
axis). The exapan5| on of Melan-A-peptide-specific CD8+ T cells (the

per cent ag&eBfat r amer - bi nding CD8+ T cells is stated in the Figure) is
conparable for frozen DCs WhICh had been | oaded prior to freezing or after
thawing. See also Fig ure 12 shows the induction of a hel per cell

type 1 reiwi@el%éh%’ﬁ tREHeFWt Oﬁébﬁéﬁtgrmﬁ‘@“ﬁérq the el dtenbas olPSerafired
in Exanpl ‘Foeﬁjmg'vQH{S oﬂt%h%ﬁuﬁ]f?%eﬂ?%nﬁ%ﬂs%ﬁu?ﬁt %@H@H\s‘?‘ervatlgﬂ\ gure 16 shows

a schematic representation o he experinental set-up of Exanpl e 8. The
results of Exanple 8 are summarized in Figures 17 and 18. Figure 17A shows

the total cuireia@ls s Alel SodBRANEAMY It BREEL el Y5iIEG Yith BRBRANIC

t unor ceIIs an subsequent cryoconservati on. 17 Figure 17

al l osti rrull\ﬁaElo596poelengmaoctelIlscas‘\ctambaeqbeablcrng)mnsd:fvatjmr cell lysate or
necrotic tunor cells and subsequent cryoconservation. Figure 17C shows the
result of the FACS anal ysis after tunor |oading and cryocon- servation.

Fi gur e 18Aighews3E Isbowssihket restilts lné tHetFAYGH aasaiysis of MARE-1 61 laA-AluAb expoés-DCs

after sion on Mage-1 peptide-pulsed DCs prior to and after cryoconservation.

Figure 18D shows a comparison of the expression of MAGE-1/HLA-Al complexes
(determined by means of antibodies against MAGE-1/HLA-A1l complex) prior to and

after cryoconservation on DCs which had been loaded in different ways.

Figure 19 shows a schematic representation of the experimental set-up of Example
9 in which adenovirus-infected dendritic cells with or without cryoconservation are

compared. The results of Example 9 are summarized in Figures 20 to 23.

Figure 20 shows the recovery of adenovirus-infected dendritic cells after cryocon-
servation. The recovery rate of adeno-GFP infected DCs after freezing and rethaw-

ing is comparable with that of mock-treated (non-transfected) DCs.
Figure 21: CD4 T-cell stimulating activity of adenovirus-infected dendritic cells
after cryoconservation. It can be shown that the cryoconservation does not change

the allostimulatory activity of adenovirus-infected DCs.

Figures 22A and 22B show that a similar phenotype is observed in adenovirus-

infected DCs with or without cryoconservation.



| oading with apoptotic tunor cells and subsequent cryoconservation. Figure
18B shows the allostinulatory potency of DCs after | oading with apoptotic
MEL 526 nel anoma cell s and subsequent cryoconservation. Figure 18C shows
the results of the FACS anal ysis of MAGE-1/HLA-Al Ag expres- sion on Mage-1
pepti de-pul sed DCs prior to and after q{%gfonservation. Figure 18D shows a
conpari son of the expression of MAGE-1/ -Al conpl exes (determ ned by
means of antibodi es agai nst MAGE- 1/ HLA- A1 conplex) prior to and after

Cryoconser, j n i.ch had been | oaded in different s, Figure 19
sh)c/)ws as Fleblebr S BquW‘OE‘ﬁ%e 8&5@?@%%‘%’1‘”%@?8ﬁ%'t%n‘g!t@w@
in which atlesarisensationf.ected dendritic cells with or w thout

cryoconservation are conpared. The results of Exanple 9 are sunmarized in
Figures 20 to 23. Figure 20 shows the recovery of adenovirus-infected

dendriti ¢ R@lies2&fsheivsCineOsa@em&d ¥aliisenor THE ekSEMRRY of E@ e 81%?891?%3
infected DCs after freezing and rethaw ing is conparable wth that o

mock- t r eatR¥deq YUHR RirstestiapgyatpdsDCrivyth oF Mithayticryogensersationl Bg mgsults
activity %fre%@%q}g\éh%é@m pi:‘g%q;ég%c{grp;rj tic cells after cryoconservation. It
t

can be shown that e cryoconservation does not change the allostinulatory
activity of adenovirus-infected DCs. Figures 22A and 22B show that a

simlar p y v i (V2! - -t W It
o1 yoconseruanieons oy U B rRcAi AL B dcBhENGHOR T BlotD Aia ibciRS
adenovi r uparafescDed iDenileirtth tbet i tHoaontrorg@eoimsentvat i on. Fi gure 24 shows
the schematic course of the experinent of Exanple 10 as com pared with
RNA- el ectroporated DCs with or wi thout cryoconservation. The results are

summar i zedigureFRgushesv2Shatotty .crfoguisenZiiophdess trivat cHamger geowadostiratita@ory
cryoconseryvation FP- -electro- _porated DCs is simlar to that in the
control e@@??'ﬁ%ﬁf%éﬁgﬁw ) %nifﬁf)'iﬁgo[?ﬂg't t he cryoconservati on does not
change the allostinmulatory capacity of EG-P-RNA-transfected DCs.
Figure 27 shows that the phenotype of RNA-transfected DCs is similar to that in
the control experiment.

Figure 28 shows MHC class I and II restricted melanoma and influenza viral
peptides which can be employed in the method of the present invention.
Abbreviations: AS = amino acids, NT = nucleotides, NP = nucleoprotein, ana* =
analogue peptide

? Most frequent DR4 subtype, approximately 80%

® Most frequent DR4 subtype, approximately 80%

¢ To date, 30 different HLA DR13 alleles have been described. Restriction for
DRB1*1301 and DRB1*1302, which together make up 80% of the DR13 alleles,
was shown. It is possible that other DR13 alleles also present the peptide.

‘ The epitope is presented less effectively by this second HLA DP4 allele as
compared to the allele DPB1*0401.

The following Examples are intended to further illustrate the invention, but without

any limitation thereto.



Figure 27 shows that the phenotype of RNA-transfected DCs is simlar to
that in the control experinent. Figure 28 shows MHC class | and |
restricted nel anoma and i nfluenza viral peptides which can be enployed in
the nethod of the present invention. Abbreviations: AS = am no acids, NT =
nucl eotides, NP = nucl eoprotein, ana* _ iqalogue pepti de a Myst frequent
DR4 subtype, approximately 80% b Most f} quent DR4 subtype, approxinmately
80% To date, 30 different HLA DR13 all el es have been described. Restriction
for DRBLELA ﬂgq DRB1*1302, which together nake up 80% of the DR13
alleles, was E own. It is possible that other DR13 alleles al so present
the peptide. d The epitope is presented | ess effectively by this second HLA
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thereto. diff€renExaatolieglstithelasty wevabeteatrgsedf freshly prepared i mmuature
DCs and of DCs matured by different maturing stinmulants were determ ned.
The following different maturing stimulants were tested: -

Monocyt e- awediot bahreddiffed: ntmnapureip s echusdarts wsad tastedescri bed (Thurner et
al. (1999) J. Immunol. Methods 223, 1); - 10 ng/m TNFa; - 10 ng/m TNFa +
1 pg/m PGE2; - 10 ng/m TNFa + 10 ng/m IL-1p + 100 UM IL-6 + 1 pg/m

PGE2 ("mat-ur- iMehage&icahtitioned rapdiuen lp@ppeddranafuseBSsodessabeanahleer et

abortus equi; - doubl e-stranded RNAépolg(-l:C, 20 pg/m); - from50 to
1000 ng/ m CD4@: (1999) J. Immunol. Methods 223, 1);

- 10 ng/ml TNFa;

- 10 ng/ml TNFa + 1 pug/ml PGE;;

- 10 ng/ml TNFo. + 10 ng/ml IL-13 + 100 U/ml IL-6 + 1 pg/ml PGE; ("matur-
ing cocktail");

- up to 1.0 ug/ml of LPS of Salmonella abortus equi;

- double-stranded RNA (poly-I:C, 20 pg/ml);

- from 50 to 1000 ng/ml CD40L.

Preparation_of monocyte-derived DCs from PBMCs: As a complete medium, RPMI

1640 with 20 pg/ml gentamicin, 2 mM glutamine and 1% heat-inactivated (56 °C,
30 min) autologous human plasma was used. Leucapheresis products were
prepared as monocyte separation products from healthy cytapheresis donors as
described (Thurner et al. (1999) J. Immunol. Methods 223, 1). Peripheral blood
mononuclear cells (PBMCs) were then isolated by centrifugation in lymphoprep,
and DCs were prepared from plastic-adherent fractions of the PBMCs as described
(Thurner et al. (1999) J. Immunol. Methods 223, 1). For this purpose, immature
DCs were obtained by a culture in complete medium with recombinant human GM-
CSF (800 U/ml) and IL-4 (500 U/ml). On day 6, the different maturing stimulants
mentioned above were added to the DCs, and on day 7, the mature DCs were
harvested and further cultured for another two days in the absence of cytokines.

The survival rates after two days of culture in percent of the sown DCs were:

38.25% for immature DCs;
76.2% for (IL-1B + IL-6 + PGE; + TNFa)-matured DCs;
13.5% for TNFa-matured DCs;



Preparati on of nonocyte-derived DCs from PBMCs: As a conplete nedium RPM
1640 with 20 pg/m gentamcin, 2 nMglutam ne and 1% heat-inactivated (56
C, 30 min) autol ogous human plasnma was used. Leucapheresis products were
prepared as nonocyte separation products from healthy cytapheresis donors
as described (Thurner et al. (1999) J. munol . Met hods 223, 1).
Peri pheral bl ood nononuclear cells (PBMCS) were then isol ated by
centrifugation in |ynphoprep, and DCs were prepared from pl asti c-adherent
fractlons3qfoq/mrllg$|\(§§ .|a$ag¢§§q;ﬁétgeéid Dt‘ghur ner et al. (1999) J. | nmunol.
Met hods 223, 1 or this purpose, immafure DCs were obtained by a culture
in corrpl et3d. Mm@ﬁw—h&)weMd@ﬁs harmhn GM CSF (800 U/ ) and IL-4 (500
um). t ren i stinulants nentioned above were
added to t‘%’aé/ofﬁd? é&%ﬂb %DE‘E Eﬁﬁgtﬂ were harvested and further
cultured for another two days in the absence of cytokines. The survival
rates aft t(yxg d% of culture in pertpent of the sown DCs were: 38.25% for
i mmat ur e B wep yerg statgteally |SIanicensee2 + TNFa) - mat ured DCs;  13. 5%
for TNFa-matured DCs; - 20 37.0%for (TNFa + PGE2)-matured DCs; 31.8%for
(poly-1I: hi mat u %Ng and 49.6% for CD40L-rmatured DCs (at 500 ng/ m).
The diffe re statl stically significant. Exanple 2 Mature (day 7)
DCs were frozen as follows: DCs were resuspended in cryovessel s at
di fferent ncentra 0, 40, and 100 x 106 per either in
bur e’ aut STSYECEE rabes Wehe TashuAm P S G B RETTEBRN OB SICEY YRS SO
1000 m  ofgt cﬁf‘f@ﬁérftoédﬂc%n&%ltl%bo(@ SMPP4LEMBDt HH Wobhy 20 Bep%lb‘%'ér%aﬁ«ﬂ%
proteins with at |east 95% of al bum n;’ DRK Bl ut spendedi enst
Baden- Wir @Mé@ﬂﬁ@@@s seade e Badeye hu@amnwm afieminC( 484 pearsisting of #BA0 walsof
mxed 1:1 4 e r t r h f d
e |mm§‘ \?/ttét ?gl'% ﬁ d:l r%%ﬁ%éd“% g?%'o%ﬁ gﬁ’%ﬂﬁﬁﬁ pi&HansrRLART LR AN
Ieast 95% of albumln DRK Blutspended|enst Baden-Wdrttemberg, Baden-Baden,

Germany). The DC suspension formed was mixed 1:1 with the different freezing
solutions described hereinafter and then immediately transferred into a 1.0 or 1.8
ml cryove_ssel. Immediately thereafter, the vessels were cooled down to -80°C in a
"Cryo Freezing Container" (Nalgene Cryo 1°C Freezing Container, cooling rate
-1°C/min) and finally transferred into the gas phase of liquid nitrogen, where they

were kept for up to seven months.

a) Freezing media

- HSA + DMSO + glucose [consisting of 20% HSA solution (see above) + 10,
15, 20 and 25% (v/v) DMSO + glucose (Glukosteril 40%™, Fresenius, Ger-
many, active ingredient: glucose monohydrate) at 2, 4, 6, 10, 20 or 30%

(v/)1;

- serum + DMSO t glucose [pure autologous serum + 20% (v/v) DMSO +
glucose added at 2, 4, 6, 10, 20 or 30%];

- Erythrocyte Freezing Solution™ [Erythrocyte Freezing Solution™ (Fresenius,
Dreieich, Germany), consisting of 38% glycerol, 2.9% sorbitol and 0.63%

sodium chloride in sterile water];



m cryovessel. Immediately thereafter, the vessels were cooled down to -80
Cin a "Cyo Freezing Container" (Nalgene Cryo 1C Freezing Contai ner,
cooling rate -1 Cmn) and finally transferred into the gas phase of
liquid nitrogen, where they were kept for up to seven nonths. a) Freezing
medi a HSA + DVMSO gl ucose [consisting of ﬁO% HSA sol ution (see above) + 10,
15, 20 and 25% (v/v) DMSO gl ucose (d ikdSteri | 40%'M Freseni us, Ger-
many, active ingredient: glucose nonohydrate) at 2, 4, 6, 10, 20 or 30%

(v/v)]; serum JIMBQ e 0 u O .
gl ucose added jact e%H&%@ﬁ’u%@#’Eﬁ%ﬁ;b gg‘gs%@gé’yp}éelﬁr eeoge:ﬁé'wa?ggy GEMBRCT™
[Erythrocyte anegbfrﬁg/odebxmhmMa(rEhes@iB% sodiDretckrlocide, Genamnysed for the
consi sting of 38%%§r\{cerol 9% sorbStoI and 0. 63% sodi um chl ori de in

sterile wat er] :Sedirbgntagion o WMUE%YW@ Sot B0 ot (¥ YONBYSGEr eseni us,

Drei eich, Germany, consist- ing of 6% hydroxyethylstarch in 0.9% sodi um

chlori de, sual_ly used for the sedinentation of erythrocytes) + 10 or 15%
(v/v) DI\/B@'j—b)—T—‘ﬂ@&(AMéQE—gWQﬂEionS For the thawi ng of frozen mature (day 7)
DCs, the foll ow ng four methods were exam ned: 1. DCs vvere thawed in a
wat er bath at 56 C, then |ncubated w t hout washing_in to 20 m of

i ce-col d ¢ORPNet Dandn wh freasspmaters édayunP8sot wm“%‘m@\ﬁp@sme@ﬁésme
Um of I|lsdhihBgTefl on dishes (Rotilabo boxes, Roth, Karlsruhe, Germany)
at 37 C and 5% CO2 for two hours, then harvest ed and centrifuged for 10
mnutes at 150.x g and 22 C Subsequently, the cells were counted and

agai n sown Qfics Wr%%aq}eﬁihﬁsa tEPrISE 8 JEPLt WRH |tn|3u%{:te%itﬂ8gt Wa'sﬁwgcfﬁl !

density 1 x 106 per tured over ni'ght. e next day, t

cel I s wer elbhtr ¥estieof ltefcoﬁdmom#eteusedlum (supplemented with 800 U/ml of GM-CSF
and 500 U/ml of IL-4) in Teflon dishes (Rotilabo boxes, Roth, Karlsruhe, Germany)
at 37 °C and 5% CO; for two hours, then harvested and centrifuged for 10 minutes
at 150-x g and 22 °C. Subsequently, the cells were counted and again sown on
Teflon dishes in complete medium with GM-CSF and IL-4 (cell density 1 x 10° per
ml) and cultured over night. On the next day, the cells were harvested for further

use.

2. Frozen mature (day 7) DCs were thawed as described under 1, and after a
resting period of two hours at 37 °C and 5% CO; on Teflon dishes, the cells were

harvested (centrifugation for 10 min at 150 x g and 22 °C) for further use.

3. Frozen mature (day 7) DCs were thawed as described under 1, and after a
resting period of two hours at 37°C and 5% CO; on tissue culture dishes (Falcon
Becton Dickinson Labware, New Jersey, USA), the cells were harvested (centrifu-

gation for 10 min at 150 x g and 22 °C) for further use.

4. Frozen mature (day 7) DCs were thawed in a water bath at 56 °C, then added to
10 ml of ice-cold "Hank's Balanced Salt Solution" (Bio Whitaker) and immediately
centrifuged for 12 min at 133 g and 4 °C. Subsequently, the cells were harvested

for further use.



2. Frozen mature (day 7) DCs were thawed as described under 1, and after a
resting period of two hours at 37 C and 5% CO2 on Tefl on dishes, the cells
were harvested (centrifugation for 10 mn at 150 x g and 22 C) for further
use. 3. Frozen mature (day 7) DCs were thawed as described under .1, and
after a resting period of two hours atezgoc and 5% CO2 on tissue culture
di shes (Fal con Becton Dicki nson Labwar New Jersey, USA), the cells were
harvested (centrifu- gation for 10 mn at 150 x g and 22 C) for further

use. 4. Frozen d ) thawed in a water bath at 56 C, then
added to tHSﬂm Gt % 8I anced Salt Solution" (Bio Witaker)
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concentration (5 to 12.5%Vv/v final concéntra- tion) was exam ned. A change
of the DMSORESMelEgtstainingh had no significant effect on the survival rate
of thawed DCs. Further, it was exam ned whet her HSA or pure autol ogous

serum yi el ded better
First, the influence of the DC concentration was examined, wherein freezing at

10 x 10° mature DCs/ml yielded the best resuits. The result is shown in Figure 1.

Further, the influence of the DMSO concentration (5 to 12.5% v/v final concentra-
tion) was examined. A change of the DMSO concentration had no significant effect

on the survival rate of thawed DCs.

Further, it was examined whether HSA or pure autologous serum vyielded better
survival rates, and whether an addition of giucose (final concentrations v/v of 1, 2,
3, 5, 10 and 15%) improves the survival rate. The result is shown in Figure 2. The
survival rate of DCs after several days was reproducibly increased if HSA was
replaced by autologous serum. An addition of glucose in a final concentration of

5% (v/v) further improved the results.

Various commercially available freezing media, such as Erythrocyte Freezing
SolutionTM or Cell Processing Solution (Fresenius) were also examined. However,

these yielded worse results as compared with the freezing media already tested.

Also, the various thawing conditions mentioned under b) were examined for
minimizing the stress to which the cells are subjected after thawing. None of the

four methods tested showed a clear superiority over the others.



survival rates, and whether an addition of glucose (final concentrations
viv of 1, 2, 3, 5, 10 and 15% inproves the survival rate. The result is
shown in Figure 2. The survival rate of DCs after several days was
reproduci bly increased if HSA was replaced by autol ogous serum An
addition of glucose in a final concent r_a%ﬂisqn of 5% (v/v) further inproved
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of frozen/dyhakirds staaf-toet tebENasgdéstayped) inaadamiple \A/a;:lqﬂoatzm)eﬂr%' ré<lay s 8
to 11). 5%‘sYi el %0/(95%c g}tf)l dence interval 793.3100.0-85
874. 181. 7-68"% G eFoHowingTablegss 863, 4-48. 2 1147. 157. 9- 36. 2

Yield of frozen/thawed DCs after thawing (day 7) and in "wash-out tests" (days 8

to 11).

Days Yield in % : 95% confidence interval
7 93.3 100.0-85.8

8 74.1 81.7-66.6

9 63.3 70.8-55.7

10 55.8 63.4-48.2

11 47.1 57.9-36.2

Example 3

Optimally matured and frozen DCs are equivalent to freshly prepared DCs with

respect to survival rate and T-cell stimulatory activity.

a) First, it was examined whether the survival rate of frozen and rethawed DCs
is comparable with the survival rate of freshly prepared DCs from the same
donor. Thus, the "wash-out test" was used as described in Example 2c). The
result is shown in Figure 3. It was found that there is no difference between

thawed DCs and freshly prepared DCs from the same donor.



Exanple 3 Optimally matured and frozen DCs are equivalent to freshly
prepared DCs with respect to survival rate and T-cell stinulatory
activity. a) First, it was exam ned whether the survival rate of frozen and
rethawed DCs is conparable with the survival rate of freshly prepared DCs
fromthe same donor. Thus, the "wash-ouf test"” was used as described in
Exanple 2c). The result is shown in Fi 6 3. It was found that there is
no difference between thawed DCs and freshly prepared DCs fromthe sane
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performed as described (Thurner et al. (1999) J. | munol. t hods 223, 1).

DCs were added I$Hf Gloseleeioaisgbpransripex andshair ipbganfyreoveredavergetavael | in
flat-bottoned 96-well plates and co-cultured for 4 to 5 days in RPM 1640
(supplenented with gentamcin, glutamne and 5% all ogenic heat-inactivated
human ser th ( pddiens ér Way )exaaﬂaeq?wé\q@hm retepwed dPCaasodeaintaimtheddfumgtiphel
addi ti on of SHpg_Qé{grl'jtgis_ne (4 pG final concentration/m) for

1. Thus, it was examined whether rethawed DCs can induce primary
allogenic MLRs as effectively as freshly prepared, non-frozen mature DCs.
This test was performed as described (Thurner et al. (1999) J. Immunol.
Methods 223, 1). DCs were added in graded doses to 2 x 10° allogenic T
cells per well in flat-bottomed 96-well plates and co-cultured for 4 to 5 days
in RPMI 1640 (supplemented with gentamicin, glutamine and 5% allogenic
heat-inactivated human serum (pool serum)), and the proliferation was de-
termined by the addition of *H-thymidine (4 uCi final concentration/mt) for
the last 12 to 16 hours of the co-incubation. The result is shown in Figure 6.
Frozen and rethawed DCs induce primary allogenic MLRs as effectively as
freshly prepared mature DCs.

2. It was also examined how effectively frozen and rethawed DCs can induce
cytotoxic T lymphocytes (CTLs). For this purpose, the induction of IMP (in-
fluenza matrix peptide) specific CTLs by IMP-pulsed mature DCs was meas-
ured. This approach is specific for mature DCs when performed in the ab-
sence of T cell assistance and exogenic IL-2. The induction of CD8+ T cells
specific for influenza matrix A2.1 peptide (IMP) or Melan-A A2.1 peptide was
effected by the stimulation of purified CD8+ T cells (isolated from PBMCs by
magnetic cell sorting/MACS with CD8 microbeads according to the supplier's



the last 12 to 16 hours of the co-incubation. The result is shown in Figure
6. Frozen and rethawed DCs induce primary all ogenic M.Rs as effectively as
freshly prepared mature DCs. 2. It was al so exam ned how effectively frozen
and rethawed DCs can induce cytotoxic T |ynphocytes (CTLs). For this

pur pose, the induction of I MP (in- fluengg matrix peptide) specific CTLs by
| MP- pul sed mature DCs was neas- ured. Thr'S approach is specific for mature
DCs when perforned in the ab- sence of T cell assistance and exogenic |L-2.
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K562 cells in order to block the natural killer cell activity. The specific lysis in
% was calculated by the formula (specific release - spontaneous release)/
(maximum release - spontaneous release) x 100. Soluble IMP and Melan
A/HLA A2.1 tetramers were prepared, and the formation of T celis was ana-
lyzed by flow cytometry at 37 °C as described (Whelan et al., 1999). 1 pl of
tetramer (0.5 to 1 mg/ml) was added to 2 x 10° cells in about 60 pl (volume
remaining in the vessel after centrifugation and pouring of the supernatant)'
of medium consisting of RPMI 1640 supplemented with gentamicin, gluta-
mine and 5% allogenic heat-inactivated human serum (pool serum) for
15 min at 37 °C. Subsequently, the cells were cooled down without washing
and incubated on ice for 15 min with a triply stained monoclonal antibody
against human CD8 (Caltag Laboratories, Burlingame, California). After
three washing steps, the cells were analyzed on a FACScan device (Becton

Dickinson).
The result is shown in Figures 7 and 8.

The freezing and thawing of DCs does not change the capability of mature
DCs of inducing a strong IMP-specific CLT response. Also, the freezing and

thawing does not change the capability of mature DCs of inducing strong



| yzed by flow cytonetry at 37 C as described (Wielan et al., 1999). 1 ul of
tetranmer (0.5 to 1 ng/m) was added to 2 x 106 cells in about 60 pl (vol une
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freshly prepare . Exanple 4 To achi eve an increased survival rate of
t he frozef’%rmpfee?ﬁ;wed DCs, the follow ing different anti-apoptotic

stinulants were added to the DCs in different concen- trations and at
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and 1 pg/m; 3. Trineric soluble CDAOL (Morris et al. ( . Biol. Chem
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1. Recombinant murine or human trimeric TRANCE (Wong et al. (1997) J. Exp.
Med. 186, 2075) at 100, 200, 500 ng/ml;

2. RANKL (Anderson et él. (1997) Nature 390, 175) at 10 ng/ml, 50 ng/ml,
100 ng/ml and 1 pg/ml;

3. Trimeric soluble CD40L (Morris et al. (1999) J. Biol. Chem. 274, 418) at 50,
100 and 500 ng/ml.

The DCs were subjected to the different anti-apoptotic stimulants at 37 °C over
night for the last 12-16 h of culture prior to freezing, for 4 h prior to freezing (cell
‘density 1 x 10° in complete medium with GM-CSF and IL-4), and also for 4 h after
thawing (cell density 1 x 10° in complete medium with GM-CSF and IL-4).

A brief exposure of thawed DCs to the anti-apoptotic stimulants was as effective as
the DC treatment prior to freezing and gave an increased survival rate, which often
became visible only after 3 days in the "wash-out test", however. CD40L (Figure 9)
and TRANCE/RANKL (results not shown) yielded similar results. The results show
that the addition of CD40L or TRANCE/RANKL improves the survival rate of DCs
beyond day 3.



The DCs were subjected to the different anti-apoptotic stimulants at 37 C
over night for the last 12-16 h of culture prior to freezing, for 4 h
prior to freezing (cell density 1 x 106 in conplete nediumw th GW CSF and
IL-4), and also for 4 h after thawing (cell density 1 x 106 in conplete
mediumwi th GWCSF and IL-4). A brief expgsure of thawed DCs to the
anti-apoptotic stinulants was as effective as the DC treatnent prior to
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as described above.

Frozen TT-pulsed DCs had the same stimulatory properties as freshly prepared TT-
pulsed DCs (Figure 10). Both DCs loaded with IMP or Melan A prior to freezing and
those loaded after thawing stimulated IMP- or Melan-A-specific CTLs equally well
(Figures 8 and 11). These results show that it is possible to prepare frozen aliquots
of mature DCs which have already been loaded with antigen and can be used
immediately after thawing.

Example 6

With stage IV melanoma patients, a vaccination was performed with peptide- and
protein-loaded DCs prepared and antigen-loaded according to the method shown
herein. Figure 12 shows the induction of a helper cell type 1 response against KLH
in all vaccinated patients. Each of the patients obtained a single subcutaneous
delivery of 4 million mature DCs which had been prepared from leucapheresates
using GM-CSF and interleukin-4 and the maturing composition as described in the
application (e.g., Figures 1 and 3). In doing so, the control antigen KLH was added
in a concentration of 10 pg/mi simultaneously with the maturing composition, and

the DCs were then frozen in portions. Prior to vaccination and 14 days after said
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PBMCs that the reactive cells are CD4-positive helper T cells). Exanple 7 A

patient fromthe study of Exanple 6 received several vaccinations with DCs,
in  whichgkdiblé gn each of rethawed DCs were |oaded with the peptides
stated in Figures 13, 14 or 15 (i.e., only 1 peptide respectively per 4
mllion DCs) and injected subcutaneously. Respectively prior to the first

vacci nati gnpafent froff¥se stlidyeobf ERGnIHHS BEFddeRRId sV B8 Jh i Rs Rithi 98s aRd
i medi ately before the next = vaccination, blood was renoved, and a standard

El i spot a¥¥dghvhdnijiarf eefedfagethawed DCs were loaded with the peptides stated in
Figures 13, 14 or 15 (i.e., only 1 peptide respectively per 4 million DCs) and
injected subcutaneously. Respectively prior to the first vaccination and 14 days
after the respectively preceding vaccination and immediately before the next
vaccination, blood was removed, and a standard Elispot assay was performed as
described in Thurner et al. (1999), J. Exp. Med. 190, 1669-1678, under Materials
and Methods. The DCs used for the vaccination were prepared as stated in the
legend for Figures 8 and 11 and in Example 5, and loaded with the respective
peptides only after thawing. As can be seen from Figures 13 to 15, immunity
against several class-I (Figures 13 and 14) and class-II peptides (Figure 15) was
induced. The characteristics of the peptides employed can be seen from Table I. It
is to be noted that the HLA type of the particular patient is HLA-A 2.1+ and HLA-
A3+ as well as HLA-DR 13+, HLA-DP4+ (but DR4-). Figure 13 shows the induction
of immunity against the influenza peptides NP-A3 and IMP-A2 upon a single
vaccination (No. 2 means the removal of blood and Elispot measurement briefly
before the administration of vaccination No. 2) and shows an increase after
another vaccination, but no change in EBV-A2 and IV-9-A2 peptides, which were
not used for vaccination. Figure 14 shows an induction of immunity against four
class-1 restricted tumor peptides, clearly and unambiguously against the peptide
Melan A-A2.1. Figure 15 shows an induction of immunity against two class-II

restricted tumor peptides (Mage 3-DR13 and -DP4) but not against tyrosinase-DR4



described in Thurner et al. (1999), J. Exp. Med. 190, 1669-1678, under
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type of t papt { &l d i ; ; = } H_A- DR
D387 PLa CRCT oA e PRl A3 Sodert o R drlet et s Wi Bgatie,
agai nst t leendi tifel DES Zlaupeqilid dex DeFoABedmdtH NMesAbaptmiesh singl e vacci nation
(No. 2 neans the renoval of blood and Elispot neasurenent briefly before
the adm nistration of vaccination No. 2) and shows an increase after

anot her vd@amale 81, but no change in EBV-A2 and |V-9-A2 peptides, which
were not used for vaccination. Figure 14 shows an induction of imunity
agai nst four <class-1 restricted tunor peptides, clearly and unamnbi guously
agai nst t @ypeptdeteatidvielofiniepdARic IcellBi gftareadtigerh dvediag wittel tgtniod reedif priefatdd ty
against two class-11 restricted tunor ge t%gss(ﬁwh e. 3-DR13 and -DP4) but
not again§F”F¢§B§Fﬁé§ngﬁﬁe§'@§T%Hﬁoﬁﬁp BEPtSRAMIHLIS) s a negative contro
since the patient was DR4-negative, and the DCs thus could not be | oaded
with thes ept.i des) . | e 8 Cryocaonservation of dendritic ce|ls after
At gen | GRETRY el {Qher Cedl te GeDBIAtAD I BreS (riniiScap |§iaphgresss. &
necrotic Qhe@iRePiRithe drysBdinseeldtfon PeRHtUF DGehds$ bbb HevERPcBaNVERAS RIWRD
in |arge amounts fron1|eucaghereses. A method for the cryoconservation of
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W th peptides correspon sequenc
t unor - assceqateceaof fugeas-agFoegted| antidensaXpar)i irebihes edpedmenesd dbstribed( Isee

Fi gure 16), it..was am ned whet her, i ture ich were | oaded wth
i 1 erent Gardios FERTLBE S EhbeR nPER L dfuER Y e wEeT ek dpash it
cryocon- different tumor cell preparations and subsequently matured can also be cryocon-

served.

Tumor cell preparation: For preparing the tumor cell preparations, the Mel526

melanoma cell line was used. Mel526 cells were washed in RPMI and treated by
repeated heatings at 57 °C and subsequent coolings in liquid nitrogen. Then, the
cell material was disrupted by means of an ultrasonic device. Since the heat-
ing/freezing cycles induce necrosis, this kind of tumor cell preparation which
contains all cell components is referred to as necrotic cell material in the following.
For obtaining lysate, we performed an ultracentrifugation after these steps to
remove cell components and effected purification of the proteins in a Centricon
centrifugation tube. According to the results of the Bradford analysis, we used the
protein fraction having the higher activity, namely that of > 10 kDa. Apoptotic
tumor cells were induced with a broad-range UVB irradiation device and verified

with an Annexin V Test,

Generation of DCs: DCs were generated from leucaphereses according to the

technique used in experimental immunotherapy. PBMCs were plated in Nunc Cell
Factories and cultured with RPMI (1% autologous heat-inactivated plasma)
supplemented with 1000 IU/ml GM-CSF and 500 IU/ml IL-4. On day 5, the DCs,



served. Tunor cell preparation: For preparing the tunor cell preparations,
the Mel 526 nel anoma cell |ine was used. Mel 526 cells were washed in RPM
and treated by repeated heatings at 57 C and subsequent coolings in |iquid
nitrogen. Then, the cell material was di srupted by nmeans of an ultrasonic
device. Since the heat- ing/freezi ng cycles induce necrosis, this kind of
tunor cell preparation which contains a cell conponents is referred to
as necrotic cell material in the following. For obtaining |ysate, we
per f or med 0 t I

Component & e sf o e e ifbh SRR e P RERaBEARE: 4ol R HiF thor e
cent ri f ugareéparatiobe depoitmrding cbocerﬁeahrcsrsufﬂsl of the Bradford analysis, we
used the protein fraction having the higher activity, nanely that of > 10
kDa. Apoptotic tunor cells were induced with a broad-range UVB irradiation
devi ce andloaéingf iTee loadinly was Afﬁaebednm\/a Test po@enmydém@neaﬁtlolaness@CSt BRrE

generated fr ca ses accor to the technj use
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cul tured wndhcuRiRived With auheturgrusodkesil consistiny af adiFpd aRra), IISERMNEPER] a5t
with 1000 1UmM GWCSF and 500 11U m IL-4. On day 5, the DCs, - 30 which
were i mmatdr® then, were used and | oaded for 4 hours with the tumor cell
preparations described in a concentration of 1:1. Loading: The | oadi ng was
effected ina5m ypropyl ene reaction vessel at 37 C and 5% CQ2. After
t he | oadi ﬁgeealwtb@ylngerféalgloéttéa reApactively ﬂoaﬂﬁqieDéZglwerreeraﬁpgn@@elyamocon-

cul tured t I i f
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hours according to the nmethod, K describe Feuer st ei
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at 37 C and 5% CO2. Subsequently, this fraction
the DCs as well as the non- Frozen fraction were analyzed and used for further

experiments.
The experimental set-up described is shown as a flow chart in Figure 16.

Cell count and viability: The total cell count and viability of the DCs were deter-

mined with trypan blue with a microscope after performance of the loading
described and cryoconservation. Initially, 5 x 10° DCs ‘were used. We found
comparable cell counts and no difference in the viability of the loaded and cryocon-
served DCs as compared with the non-cryoconserved cells (Figures 17A, 18A). A
reduction of the cell count by the loading, but not by the cryoconservation,

especially with necrotic cells, could be observed.

Functionality: For testing the functional capacity, a mixed-leucocyte reaction test
(MLR) was performed. The loaded DCs were employed in an allogenic MLR (4 days
of incubation with allogenic leucocytes) and then pulsed with radioactive thymidine
(*H-thymidine) for 13 hours. Comparable allostimulatory potencies were obtained .

for cryoconserved and non-cryoconserved loaded DCs (Figures 17B, 18B).

Phenotype: For evaluating the expression of the surface molecules relevant to

antigen presentation and the functional condition of the DCs, a FACS analysis was



the DCs as well as the non-frozen fraction were anal yzed and used for
further experinents. The experinental set-up described is shown as a fl ow
chart in Figure 16. Cell count and viability: The total cell count and
viability of the DCs were deter- mned with trypan blue with a m croscope
after performance of the | oading descrippd and cryoconservation.

Initially, 5 x 105 DCs were used. W found conparable cell counts and no
difference in the viability of the | oaded and cryocon- served DCs as

conpar ed Welrfbriftel etk €y QOPRSBHMER gCEhEBodiEs W 88mbafabld BAIfack ekFditsighon
of the cell count by the Ioadln%, budt not by the cryoconservati on,

especi al | PagiarR W fotndbeld fo theotiffgress lopgiegveethddmand antariaryocarserva-
testing tQE¥FQﬁ r%gﬂgb capacity, a m xed-leucocyte reaction test (MR was
performed.” Th ed’'DCs were enployed in an allogenic MR (4 days of

i ncubation with allogenic | eucocytes) and then pul sed with radioactive

t hym di ne ; v .dj for [S. b tinulatory ..
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di fferent | oadi 3‘9 met hods and after cryoconserva- tion (Figure ). Direct
anti gen déeptidedAr 3pmursial)dPEe stergeatsedt itomasmfoundnidhadlaftantaryeaensany aioni Body

was enpl o E%@a i =1 1 = ) i
conpl ex O]}ff‘eﬁj geig\? ngg/?légeﬁgﬁdéﬂ% %nl-ﬁ_dﬁ %\%%ndtglt é%%ﬂjeﬁﬁl'?h?gdﬁ ?#@?%’ﬁ t1t|€?? (t)l?sl%ted
DCs were dietectedi withobt srymabnbadptiand FanakyZd). i frotrheniEACServiett, it can be
pepti de-1 ocade f MAGE-1 pept.ide, for hour s/ DCs were used, it
bt 1 ound PRALCE Hp e Biabeas YT RHER doss el IBhES 4ot MRAEETH AL ant i gen
coul d be detected which was conparable to that detected w thout
cryoconseryvat i_o Figure 18C), F i,s.experiment, it can he concl uded
That the. dybEaAots sPPEmeabet o IRG bRt G Loy aNrh Sabw Pye Tor dStermining
the effectiveness of the different loading methods. With the tumor cell preparations
(the melanoma cell line employed expresses the Mage-1-antigen), a significant
loading could be achieved which reached about 20% of the antigen density of the
peptide pulsing (Figure 18D). The expression of the MAGE-1/HLA-Al complex
before and after the cryoconservation could be detected in comparable quantities

(calculated as positivity against the background of unloaded DCs).

Conclusion: It could also be shown that the method of the present invention allows
not only an effective cryoconsekvation of unloaded DCs or DCs loaded with peptide
or protein (as shown in Examples 1-7), but also a similarly effective cryoconserva-
tion of DCs loaded with (tumor) cell preparations (simple necrotic tumor cells,
lysates prepared from tumor cells, or apoptotic tumor celis). "Effectively” means
that upon freezing, i) the cell loss after thawing is < 25% as compared with non-
frozen DCs, ii) the thawed DCs have a T cell stimulatory capacity comparable to
that of the non-frozen DCs (tested in allogenic MLR), and iii) the surface expres-
sion of antigens and ligands for T cell receptors (i.e., specific MHC peptide com-
plexes) is retained after the freezing and thawing process (shown in a model by
the direct detection of a particular peptide/MHC complex, namely the MAGE-
1/HLA-A1 complex, by means of a monoclonal antibody which specifically recog-

nizes this complex).



In a further experinment, the MAGE-1/ Al anti body was enpl oyed for
determning the effectiveness of the different |oading nethods. Wth the
tunmor cell preparations (the melanonma cell 1ine enployed expresses the
Mage- 1-antigen), a significant |oading could be achi eved which reached
about 20% of the antigen density of the 3%epti de pulsing (Figure 18D). The
expression of the MAGE-1/HLA-Al conpl ex efore and after the
cryoconservation could be detected in conparable quantities (calculated as
posi ti vi t;E)@gﬁ'P[@tg t he background of unloaded DCs). Conclusion: It could

al so be shown that the nmethod of the present invention allows not only an
effective cryoconservation of unloaded DCs or DCs | oaded with peptide or

protein (agy 8&9%&5’0@(%me@%rljeléwellsbé'&era'aﬁﬂ nslb m?rﬂ) rﬁegﬁsmo'fv%ienovnral

cryoconserva- tion of | oade turmr eparations

necrotic tiBnsfedwn s, |ysates prepar ed fromt urmr ceI l's, or apopt ot| c
tunor cells). " Effectl vel y" means that upon freezing, i ) the cell |oss
after thawing is < 25%as conpared with non- frozen DCs, ii) the thawed
DCs have dendrisld cellsiiansieciey witbasienpvivosgracabbe frozent h\atthefmetﬂ'ned accord-

non-frozen tested in allogenic nd ii| t he rface exp sion
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com pI exe;a)npas—abet @ithatlosé e hohhgahsfeerddgernditia baw, mrmh@moééh@%u#éﬁ a
nodel q&e direct det ectl on of a particul ar peptide/ VHC conpl ex, namely

t he NAGE— HIYErAINTERRs) Wikh 3y adengidrabegtand ) oaieh &R0FHBEY WHIA coding
speci fi Ca'fbb/ttﬁ@“g%en mu%eéscfeht%)refml(@ﬁa at BfulESRIB) 6r %f@&tymfemﬁs Rtdgn

of dendritic cell's after anti | oad |ng by neans of adenovira
t r ansf ect ifoh 20aidsi After éeplwas n§'ﬂ©©EHﬁier@ fireze@ e rasva curswtoaatmrbef 10 0zk0f by
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dendritic 4déblss. Auer tthlawm@urtpeseabmmx lmlfethe[XEBlsvwae deméleﬁtned by tthy @ blue
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f1 uor escert*“pr6t ki Byeat raéer?ulvﬂq ?lCE g %Pt‘? RBHEH 20 513 Peicentrge of

frozen DCs.

Further, it could be shown that the allostimulatory activity of adenovirus-infected
DCs is not changed by cryoconservation. Thus, mature DCs were infected with
adeno-GFP at an MOI of 500 and cryoconserved as described above. After rethaw-
ing and a culturing period of 24 or 72 hours, the dendritic cells were co-cultured
with allogenic CD4+ T cells (2 x 10° per well) under the conditions stated in Figure
21. After 4 days, the cells were pulsed with [*H]-thymidine for 16 hours, and the
incorporated radioactivity was determined. In Figure 21, the average values of
three counts are stated with the corresponding standard deviations. The values for

T cells alone or DCs alone were always less than 1000 per min.

Further, mature DCs are cryoconserved with adeno-GFP at an MOI of 500 as
described above. After rethawing and the stated culturing time, the cells were
counterstained using antibodies specific for CD83, CD25, CD86, CD80 followed by
PE-conjugated goat/mouse IG (Fab'), fragments. The results are shown in Figure
22A. In a comparable experiment using antibodies specific for HLA class 1, HLA-DR
and CD40, the results shown in Figure 22B were obtained.



for 2 hours. After two washes, the cells were frozen at a concentration of
10 x 106 DCs/m in HSA and 10% DVSO in 5% gl ucose (final concentration)
and stored for 4 hours. After thawing, the viability of the cells was
determ ned by trypan blue exclusion. The recovery rate of viable cells is
stated in Figure 20 as a percentage of % ozen DCs. Further, it could be
shown that the allostinmulatory activity adenovirus-infected DCs is not
changed by cryoconservation. Thus, mature DCs were infected with adeno-G-P
at an MJ mfamBfe 3d cryoconserved as described above. After rethaw ing
and a culturing period of 24 or 72 hours, the dendritic cells were
co-cultured wth allogenic CD4+ T cells (2 x 105 per well) under the
condi tion I, El 4 I ith
(31 - hymay ae P4 8t bEnadte e Seraliieh IEDh S By el &1 AR
det ermi nedionln Figure 21, the average values of three counts are stated
with the correspondi ng standard devi ations. The values for T cells alone
or DCs al one were always | ess than 1000 per min. Further, nmature DCs are
cr yoconserDediritid teladeansfEfiedarvitaRNMOcanfheb@0zars bydesaneted admoveingAlt e
rethaw ng.and the stated culturing tinme, the | 1s re counterstained
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Figure 22A. In a conparable experinent using antibodies specific for HLA
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means of RNA tr ndritic cells transfecte

frozen by seheedvefteocksatts @rdisngnrnerizéakin Figuees 2Brioi2Y.such a way that the
properties of the dendritic cells are conparable wth those of
non-transfected dendritic cells. The DCs can be transfected with RNA in an
i mmat ur e Sthauge Mativee demtddtiedellavdereheastied reiteasithelRRMEaBXoncadh & h@esh)ng

E; ggggﬁPl ys’olu[gl%sn \c')\ll‘héhceho{f)l{ir%b{(jl {te(%%lg?&)wﬁal%rs onter I%Qrsmg,%ﬁé)e%é,\sn \}vgre%u%?]ctj to a
final concentration of 40 x 10® DCs/ml in Optimix medium. Then, 0.1 m! of the cell
suspension were mixed with 40 pg of in-vitro transcribed EGFP RNA in a 1.5 ml
reaction vessel. After incubation at room temperature for a maximum of 3 min, the
cell suspension was transferred into a 0.4 cm gap electroporation cuvette and
pulsed at a voltage of 260 V and a capacitance of 150 uF with a Gene Pulser II
(Biorad, Munich, Germany). Control DCs were pulsed without the addition of RNA.
The cells were frozen at a concentration of 10 x 10° DCs/ml in HSA (with 10%
DMSO and 5% glucose (final concentration)) and stored for 4 hours. After thawing,
the viability of the cells was determined by trypan blue exclusion. The recovery

rate of viable cells is stated in Figure 25 as a percentage of frozen DCs.

Mature DCs were electroporated with EGFP RNA and cryoconserved as described
above. After rethawing and a culturing period of 48 hours, the dendritic cells were
co-cultured with allogenic CD4+ T cells (2 x 10° per well) under the conditions
stated in Figure 26. After 4 days, the cells were puised with [*H]-thymidine for 16
hours, and the incorporated radioactivity was determined. In Figure 26, the
average values for triplicate measurements (with standard deviation) are shown.

The values for T cells alone or DCs alone were always less than 1000 per min.



served. The results are summarized in Figures 25 to 27. Thus, mature
dendritic cells were washed twice wwth RPM and once in a washing solution
of the Optimx kit (EQU BIO), Midstone Kent, UK). DCs were brought to a
final concentration of 40 x 106 DCs/m in Optimx medium Then, 0.1 m of
the cell suspension were nmixed with 40 fag of in-vitro transcribed EG-P
RNAina 1.5 m reaction vessel. After” Phcubation at roomtenperature for
a maxi mumof 3 min, the <cell suspension was transferred into a 0.4 cm gap

el ect ropor-ati uvette. and | sed_at a volt of 260 V and a capaC| tance
of 150 pF Wi A VaCRESRVEINTL aF RRA-SlRgrBpatrteiRfoccafnaange Bsmitesiotyisa
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viabi ity H C t
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as descri After._retha and a cul tyrin eri.od. of 48 hours,
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cells were %)%J}(I sed with 3H]-thym dine for 16 hours, and the i ncorporated

radi oact i VIeR eR&OUGtE-BPHIMEPCY n Figure 26, the average val ues for
triplicate neasurenents (with standard deviation) are shown. The val ues
for T cells alone or DCs al one were always | ess than 1000 per mn. - 34 The
cryoconservati on of RNA-el ectroporated DCs does not change the phenotypi cal
DC marker. Thus, mature DCs were el ectroporated with or w thout EGFP RNA
and cryoconserved as described above. After rethawing and a culturing tinme
of 48 hours, the DCs were counterstained using the nouse nonocl onal

anti bodies stated in Figure 27 and PE-conjugated anti-nouse |G (Fab')2
fragnents, followed by FACS analysis. The figures in the right bottom
portion of the square in Figure 27 relate to the EG-P-positive DCs, and
those in the top right portion relate to the EGFP/ DC- mar ker
doubl e- posi tive DCs.



- 35 CLAIMS: 1. A nethod for the preparation of ready-for-use
cryoconserved mature dendritic cells, conprising a) providing i nmature
dendritic cells (DC); b) culturing the immture DCs in a culture nedium
containing a maturing cocktail with one or nore maturing stinmulants to
obtain ma- ture DCs; c) freezing the na;gée DCs in a freezing nmedi um which
does not contain any heterol ogous seru 2. The nethod according to claim
1, wherein said DCs are | oaded with an antigen or antigen-antibody conpl ex
prior to said freezing or after rethaw ing the frozen DCs. 3. The net hod
according to claiml1 or 2, wherein (i) said inmature DCs are prepared from
CD14+ mononucl ear cells (nonocytes)carAfire® €034+ cells; and/or (ii) said
immature DCs are isolated directly fromblood; and/or (iii) said imature
DCs or their precursor cells are obtained fromleu- capheresates; and/or

(iv) said immatyre el %rth@ rorBp§FAoPOTofC fhd fy - BSreu QP Rl bash Lo fhagkh

bl ood or bone marrow. 4. The nethod according to one or re o?pé(;q ai ns
3, wherein sai djenﬁ’ﬁltt@rqeﬂg eamplisiagt s are selected fromlIL-1, such as |L- 1p,
IL-6, TNF-a, prostaglandins, such as PGE2, IFN-a, I|ipopolysaccharides and
ot her bacterial - 36 cell products such as MPL (monophosphoryllipid A)
and | i pot ei choi® amFtIOVldpm)Eﬂthi@theccﬂﬁﬂdrtté: cellsl (1@ i onophor es, phor bol
esters, such as PMA, heat- shock proteins, nucleotides, such as ATP,
i popepti des, artificial ligands for

b) culturing the immature DCs in a culture medium containing a

maturing cocktail with one or more maturing stimulants to obtain ma-
ture DCs;

C) freezing the mature DCs in a freezing medium which does not contain

any heterologous serum.

2. The method according to claim 1, wherein said DCs are loaded with an
antigen or antigen-antibody complex prior to said freezing or after rethaw-
ing the frozen DCs.

3. The method according to claim 1 or 2, wherein

(1) said immature DCs are prepared from CD14+ mononuclear cells

(monocytes) or from CD34+ cells; and/or
(ii) said immature DCs are isolated directly from blood; and/or

(iii)  said immature DCs or their precursor cells are obtained from leu-

capheresates; and/or

(iv) said immature DCs or their precursor cells are obtained from fresh

blood or bone marrow.

4. The method according to one or more of claims 1 to 3, wherein said
maturing stimulants are selected from IL-1, such as IL-1B, IL-6, TNF-q,

prostaglandins, such as PGE,, IFN-qa, lipopolysaccharides and other bacterial



Toll -1i ke receptors, double-stranded RNA, such as poly-I1:C, inmunostinu-

| ant DNA sequences, CD40 ligand etc., said culture nediumor said maturing
cocktail contain, in particular, IL-1B, I1L-6, PGE2 and TNFa, or said
maturing cocktail is nonocyte-conditioned nmedium (MCM or MCM suppl enent ed
with PGE2. 5. The nethod according to c}igu m 4, wherein said i mature DCs
are cultured in the presence of from0.1°fo 100 ng/m 1L-113, fromO.1 to
100 ng/m 1L-6, fromO0.1 to 10 pg/m PCE2, and from0.1 to 100 ng/m

TNF-a. 6. The h or g im4 r cterized in that the
active substa%es Ifjag%:% q“lcﬁ %‘é‘ %&%Eg h%@fﬂ t@ F'ﬂéqlﬂéée'f:ﬁ?'c acid,
mat uri ng are q:eraswadryﬂafmmeprcan‘cmd tbﬁé;ﬂﬂ»kbr@ts] BRsrY éslﬂé?s' @dtN'd@UﬁhAa‘%bVe
subst ances. é‘ghe nmet hod accaording to one or_nore of clains

wherein (i) t hé"REK RPN s”%?@%%cﬁ%raFat”‘TIPeé@PP@h‘éd%m"tlfpllaéiléaadﬂ yorat
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37 8. The net hodkiicsmdomeryte-canyitRinedheepives esiomy) 6 RICVE supyhlem@inbe® Alith
freezing nedi Lsi:recontal ns (i) from5 to 25% (v/v) of one or nore

cryopr ot ect ant Ef?spem ally those selected fromDWVSO gl ycerol,
pol yvi nyl pyrrolidone, polyethylene gly- col, albumn, choline chloride,

anm no aC| d net hanol , acet am de, | ycerol nonoacet at e and i norganic
salts, pré'?r@ralﬂ lg,o%,@g@rdnw]agb(g aim 4, wherein said immature DCs are cultured

in the presence of from 0.1 to 100 ng/ml IL-1B, from 0.1 to 100 ng/ml IL-6,
from 0.1 to 10 pg/ml PGE,, and from 0.1 to 100 ng/ml TNF-q.

6. The method according to claim 4 or 5, characterized in that the active
substances IL-1B, IL-6, PGE, and TNFa added to the DCs for maturing are

derived from purified formulations of the individual active substances.
7. The method according to one or more of claims 1 to 6, wherein

(i) the maturing is performed for at least one hour, preferably at least 6

hours; and/or

(if)  during the maturing, the maturing cocktail of the culture medium is
replaced, and/or additional maturing stimulants are added to the cul-

ture medium; and/or

(i)  immune/maturing modulators, especially those selected from IL-10,
fumaric acid and esters thereof, mycophenolate mofetil and vitamin

D3, are added to the culture medium.



(ii) from2 to 30% (w v) of one or nore polyol conpounds, especially those
sel ected from glucose, dextrane, sucrose, ethylene glycol, erythritol,
Dribitol, Dnmannitol, D-sorbitol, inositol and D-lactose, nore preferably
glucose; and/or (iii) from2 to 90% (wv) of a non-heterol ogous serum
conponent, especially autol ogous serumor plasma or allogenic serum or

pl asma, nore preferably human serum al Defin, autol ogous serum all ogenic
human serum or pool serum 9. The net hod accor di ng to any of the preceding
cl ai ns, ract t hat e_cel are frpzen in a oncentratlon of
frome x 186t o oG e ddataRbing i affor o aeidiia caiBsr GG T e 6r ndor o
of clains 2 to fediwheeehtairgai d DCs are | oaded with an antigen or with

anti gen-anti body conpl exes prior to being frozen. 11. The nmethod accordi ng
to one or nore of clains 2 to 10, wherein said antigen wherewith the DCs
are | oaded i s gj)protrRirA Pto a5t @@mraf dH@éﬁﬁforeWéMt@&ah&aégpé‘ué‘m fitbse
acids, said protein or fragnent being added cul ture nediu

particular, in a coﬁ@@ﬁ?%?@@h CMS@r @MCngd,lD@'demyrmndonﬁr @bé’reafbi’l?nml\?-e

| L-1p, IL- 6, PGE2 angd| TN rahe &\Q)%@' &?gplg@iwv\/&ugﬁﬂge mé‘ﬁ%h@? a$eet§ﬁ'vdgﬁed

The net hod accor di ng t'o one of al s erern sard

with a DNA or RNA nhsmsuble nwnicatetatdesnd dnosgsrc aaftisgenorel refehsblpeDMED
according to one or more. of claims 2 to 10, wherein a protein fragnent,
cells or cell fragn@ﬁ'td nucl eic acid sequences serve as the an- _tigen in
said anti gen-anti body corrpl ex, and the antibody is one of cl ass lgG or

| gE. 14. The od facco q:Png Lo, on E nore of clains 1t wher ei n
said DCs, priot/to Boépn% Q% (B V)aPt QN Y] Hborﬁe?ﬂé%ﬁomg%”é%n?%[?ﬁ%y

with a nol ecul e Whithbsd sset@ftadl fofi dl0BbdY, t HBGraRePis0sicke, WIBLRINE SR,
nol ecul e capabl e of
erythritol, D-ribitol, D-mannitol, D-sorbitol, inositol and D-lactose,

more preferably glucose; and/or

(i)  from 2 to 90% (w/v) of a non-heterologous serum component,
especially autologous serum or plasma or allogenic serum or plasma,
more preferably human serum albumin, autologous serum, allogenic

human serum or pool serum.

9. The method according to any of the preceding claims, characterized in that

the cells are frozen in a concentration of from 5 x 10° to 100 x 10° cells/ml.

10.  The method according to one or more of claims 2 to 9, wherein said DCs are

loaded with an antigen or with antigen-antibody complexes prior to being

frozen.

11. The method according to one or more of claims 2 to 10, wherein said
antigen wherewith the DCs are loaded is a protein or a fragment thereof
having at least 8 amino acids, said protein or fragment being added to the
culture medium, in particular, in a concentration of from 0.01 to 1000 UM,
preferably while IL-1B, IL-6, PGE; and TNFa are contained in the culture

medium.



i nhi biting apoptosis is preferably selected fromthe group consisting of
CD40 Iligand, TRANCE and RANKL. 15. The nethod according to one or nore of
claims 1 to 14, wherein nore than 75% preferably nore than 85% of the
CDs, based on the nunber of frozen CDs, have survived after said freezing
and rethawi ng of the CDs. 16. The net hod glccordi ng to one or nore of clains
1 to 15, wherein said nethod is sui t abl 8°for t he preparation of a vaccine
from mat ure cryocon- served PCs. 17. A method for finding advant ageous

condi tion or r DS of ; pr

i mmat ure Elgs § per?@?‘%nbggorg ren?%?gﬁhgej%\/\}@hwﬁh B&)é Cfﬁc{]he
presence of diitlereDNAmatRNA myoletileukisioh £odes fdr’@&d@%t@éhl ng the DCs in
mediumwi th or w thout cytokines, culturing wthout cytokines being
preferred; d) determnlngthefractlon of living cells after at |east 1 day

of cultureld.n TBa chetleod wacaidimg @6 onet Botioreydfolaings 2 @NHD - wB8rei®)a protein
establishing t t mat ur i r]g stinul ant which gave the hi ghest surviva rate.
18. The net hod RYBEL f§E O el frRarrentiner @Pﬁetch%c'$l SE8HERFESOFENVR\ASIIG ecaM s

is determ ned tafdrein sid la@EgEn Zaritdby cFHrﬁE)I%&aQHd' thk dneBsky 3s GAY B CH% ofgg’gd

in the nmediumwth or wi thout cytokines. . Frozen matufe antigen-
dendritic cel | €r 186 Cells according to cl al m 19 which are obtai nabl e by
t he nethod according to one or nore of clainms 1 to 16. 21. A vaccine

conpri si ng dendrl tic cells according to claim19 or 20.
4. The method according to one or more of claims 1 to 13, wherein said DCs,

prior to being frozen or after belng rethawed, are contacted with a molecule
which is capable of inhibiting apoptosis, wherein said molecule capable of
inhibiting apoptosis is preferably selected from the group consisting of CD40
ligand, TRANCE and RANKL.

15.  The method according to one or more of claims 1 to 14, wherein more than
75%, preferably more than 85%, of the CDs, based on the number of frozen

CDs, have survived after said freezing and rethawing of the CDs.
16. The method according to one or more of claims 1 to 15, wherein said
method is suitable for the preparation of a vaccine from mature cryocon-

served PCs.

17. A method for finding advantageous conditions for the freezing of DCs,

comprising the steps of:
a) providing immature DCs;

b) performing different cultures with the immature DCs in the presence

of different maturing stimulants;

c) then culturing the DCs in medium with or without cytokines, culturing
without cytokines being preferred;

d) determining the fraction of living cells after at least 1 day of culture in

said medium with or without cytokines; and



18.

19.

20.

21.
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e) establishing that maturing stimulant which gave the highest survival

rate.

The method according to claim 17, wherein the fraction of living cells is
determined after at least 2 days, preferably at least 3 days, culture in the

medium with or without cytokines.
Frozen mature antigen-loaded dendritic cells.

Cells according to claim 19 which are obtainable by the method according to

one or more of claims 1 to 16.

A vaccine comprising dendritic cells according to claim 19 or 20.



