
*159159* 14~bIWINI~W~S4 *G00002* Method for the preparation of
ready-for-use antigen-loaded  or non-antigen-loaded cryoconserved mature
dendritic cells SMB .The present invention relates to a method for the
preparation of ready-for-use  cryoconserved mature dendritic cells,
especially for the preparation of a vaccine  which contains such dendritic
cells, wherein immature dendritic cells are cultured in  the presence of
suitable maturing stimulants, 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 composition 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. 2 



Recently, it could be shown that DCs can induce CD4+ and CD8+ T-cell
immunity  in both healthy humans and cancer patients. In immunocompetent
healthy  subjects, a single booster injection with mature DCs could enhance
not only the  frequency, but also the functional avidity of the CD8+ T-cell
response. For these  reasons, DCs (especially mature ones) are currently
extremely promising adju- vants for induce potent T-cell responses against
tumors and infections in humans. One precondition for the use of DCs in
immunotherapy is the development of  techniques which allow to produce a
great number of DCs in culture, either from  proliferating CD34+ precursor
cells or from non-proliferating or little proliferating  CD14+ monocytic
precursor cells. DCs derived from monocytes are frequently  used currently
because they are easily prepared without any cytokine pretreatment  of the
donor, and because the resulting DC population is fairly homogeneous and
best characterized. For example, immature DCs can be prepared from adherent
monocytes in the absence of fetal calf serum (FCS) during a culture for
usually six  to seven days in (GM-CSF + IL-4), followed by maturation for
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 leucapheresis
products or from frozen PBMC ("peripheral blood mononuclear cells")
aliquots from  leucapheresis products (Thurner et at. (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 -3 time without a substantial loss in activity, and
that can be administered within a  short time when needed. The DCs employed
according to the invention are preferably derived from the  same patient
who is treated with the vaccine (autologous). Alternatively, the DCs  may
also be derived from other patients (allogenic), for example, from
leucaphere- sates from normal volunteers, as described, for example, in
Thurner et al. (1999)  J. Immunol. Methods 283, 1-15. Surprisingly, it has
been found that only fully matured 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 stimulants, will
survive to a high  percentage after freezing 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 interleukin-1p (IL- 1B), interleukin-6 (IL-6),
prostaglandin E2 (PGE2) and "tumor necrosis factor a"  (TN Fa). 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-loaded dendritic cells, especially those
dendritic cells  which are obtainable by the method (1); (4) a vaccine
comprising dendritic cells as defined in (3); and (5) a method for finding
advantageous conditions for the freezing of DCs, compris- ing 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 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-1p etc.,  IL-6, TNF-a, prostaglandins, such as
PGE2 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-I: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-1p, IL-6, PGE2  and TNFa, or for said
maturing cocktail to be monocyte-conditioned medium  (MCM) or MCM
supplemented with PGE2. In a preferred embodiment of methods  (1) and (2),
the DCs can be loaded with antigen during or after the culturing step. 5
After maturing and optionally loading with antigen, the DCs are frozen in
freezing  



medium which does not contain any heterologous serum, such as FCS.
"Heterolo- gous serum" within the meaning of this application is a serum
which is not derived  from the human species. However, according to the
invention, it is possible to use  both autologous serum or plasma (which is
derived from the same human as the  DCs) and allogenic serum or plasma
(which is derived from a different human than  for the DCs). Immature DCs
within the meaning of this application are CD83 (and/or p55/fascin  and/or
DC-LAMP) negative (or only weakly positive and/or to a low percentage)
leukocytes which express only low amounts, as compared to mature DCs,.of
class- I and Class-II MHC as well as adhesion or costimulatory molecules
(e.g., in  particular, CVD86, CD80, CD40), which will differentiate into
mature DCs upon a  suitable maturing stimulant. 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.g., 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, 6 the PBMCs are cultured in the presence of IL-4 (or IL-13; Romani et
al. (1996) J.  Immunol. Methods 196, 137-151) and GM-CSF
("granulocyte-macrophage colony  stimulating factor"). From CD14-positive
monocytes, immature DCs can also be  prepared by culturing in the presence
of GM-CSF and IFNa (Santini et al. (2000) J.  Exp. Med. 191, 1777-1788).
From CD34-positive cells, immature DCs can be  obtained by culturing in the
presence of GM-CSF, SCF ("stem cell factor") and  TNFa. The immature
dendritic cells may also be obtained directly from fresh blood,  such as
described in Nestle et al. (1998) Nat. Med. 4, 328. Preformed CD11c+ and
CD11c- DCs (0-Doherty et al. (1994) Immunology 82, 487-493) and M-DC8-DCs
(Schakel et al. (1999) Pathobiology 67, 287-290) also exist in blood. These
DCs  may also be isolated from the blood and further used in the method
according to  the invention. The preferred concentrations of the various
maturing stimulants in the culture  medium are within a range of from 0.1
ng/ml to 100 fag/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-1(3, from 0.1 to 100 ng/ml of IL-6, from 0.1 to 10 fag/ml of PGE2, 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-1R, 10 ng/ml
of IL-6, 1 pg/ml of  PGE2, 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-13,
IL-6, PGE2 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
PGE2. 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 PGE2 (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 7 active substances IL-1p,
IL-6, PGE2 and TNFa. This means that the maturing  composition is prepared
from purified formulations of the individual active sub- stances. Better
results are achieved thereby as compared with the maturing with  MCM or MCM
+ PGE2. IL-1p, IL-6, PGE2 and TNFa are available is GMP ("good
manufacturing practice") grade. Usually, the maturing is effected by
cultivation in  the presence of the substances mentioned for at least one
hour, preferably 2 hours  and more preferably at least 6 hours.
Particularly preferred according to the  present invention are maturing
times of from 6 to 96 hours, preferably from 18 to  36 hours (when
leucapheresates are used as the starting material) or from 36 to  60 hours
(when fresh blood or buffy coat is used as the starting material).
According to the invention, the DCs are loaded with at least one antigen or
an  antigen-antibody complex during and/or after the maturing step
mentioned.  According to the invention, the antigen loading can be effected
during or after the  freezing. If it is effected after freezing, the DCs
are loaded with antigen only after  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 8 medium
is usually from 0.1 to 100 pg/ml, preferably from 1 to 50 pg/ml, most
preferred from 1 to 10 pg/ml. If a protein (i.e., a polypeptide having more
than 50 amino acid residues) is  employed as the antigen, the loading
should preferably be effected during the  maturing of the DCs. This causes
a particularly effective presentation of the  antigen fragments by MHCII
molecules. The protein (fragment) need not be  present during the whole
maturing period, but at least for part of the maturing  period, both the
maturing composition and the protein (fragment) should be  simultaneously
present. Examples of protein antigens include KLH (keyhole limpet
hemocyanin) as a widely used positive control antigen. MAGE-3 protein as an
example of a tumor antigen, and hepatitis B surface antigen (HBsAg) or
HIV-1 gp- 160 protein as examples of a protein appropriate for the
treatment of viral  diseases. 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. 9 In another embodiment of the invention, the DCs are
loaded with antigen by being  transfected or virally infected. Nucleic
acids coding for antigens are thereby  introduced into the DCs or induced
to expression. For example, a DNA or RNA  transfection or infection with
adenoviruses can be performed in a suitable way.  Loading of the MHC class
I molecules is also possible thereby. For example, RNA  prepared from tumor
cells can also be transfected. For transfection, usual meth- ods, such as
electroporation, can be employed. As set forth above, specific antigen
peptide (i.e., "short polypeptides") can be  added during the maturing
period or after the maturing period for directly loading  MHC molecules of
class I or II. The peptide antigen may be added to the cells  before the
maturing composition is added, but preferably, it is added simultane- ously
or thereafter. The antigen loading is preferably performed for at least  10
min, more preferably for 1 to 24 hours, most preferably for 3 to 12 hours.
The peptides (i.e., "short polypeptides") usually have at least 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 pM, preferably
from 0.1 to 100 NM, most  



preferably from 1 to 20 pM. 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. - 10  As stated above, the DCs
may also be loaded with antigen-antibody complexes.  Suitable antigens for
this purpose include all the antigens mentioned above.  "Antigen-antibody
complexes" according to the present invention are complexes of  such
antigens with suitable antibodies, e.g., antigen-IgG or antigen-IgE com-
plexes. The loading of DCs with such antigens is described in Reynault, A.
et al., J.  Exp. Med. 189(2): 371-80 (1999), which is included herein by
reference. After the maturing and optionally antigen loading of the DCs,
the mature DCs can  be frozen in freezing medium. In addition to the serum
component, the freezing  medium may additionally contain one or more
cryoprotectants (e.g., from 0.1 to  35% (v/v), preferably from 5 to 25%
(v/v)). Suitable cryoprotectants preferably  include the following
compounds: DMSO, glycerol, polyvinylpyrrolidone, polyethyl- ene glycol,
albumin, choline chloride, amino acids, methanol, acetamide, glycerol
monoacetate, inorganic salts etc. The preferred cryoprotectant is DMSO,
which is  preferably contained in the 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 106  cells/ml, the most preferred concentration
being from about 5 x 106 cells/ml to  20 x 106 cells/ml. - 11  It has also
been found that the survival rate of DCs is increased by contacting the
DCs with an anti-apoptotic molecule prior to freezing or after thawing.
Therefore,  in a preferred embodiment of the method according to the
invention, The DCs are  contacted prior to freezing or after thawing with a
molecule capable of inhibiting  apoptosis. Preferred anti-apoptotic
molecules include CD40 ligand (CD40L) (Morris  et al. (1999) J. Biol. Chem.
274, 418), TRANCE (Wong et al. (1997) J. Exp. Med.  186, 2075) or RANKL
(Anderson et al. (1997) Nature 390, 175). Preferably, at  least one of the
molecules is added to the culture medium prior to freezing or after
thawing of the DCs for at least 10 min, preferably at least 1 hour, more
preferably  at least 4 hours. Preferred concentrations in the culture
medium are 1 ng/ml to  5 pg/ml (RANKL/TRANCE) and 1 ng/ml to 1 pg/ml
(CD40L). Particularly preferred  concentrations are from 0.5 to 1 pg/ml
(RANKL/TRANCE) and from 0.1 to 0.5  pg/ml (CD40L). In a preferred
embodiment of the method, the DCs are further cultured in the  



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/ml, 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. - 12
The present invention for the first time provides a vaccine which contains
mature  antigen-loaded DCs and can be frozen. An essential advantage of the
invention is  that the survival rate of the DCs after thawing is very high.
After the thawing of  the frozen DCs, more than 75%, preferably more than
85%, of surviving DCs are  usually obtained, based on the number of frozen
DCs. Such high survival rates of  thawed DCs have not been achieved
previously without the addition of FCS.  However, this is an important
precondition for achieving an effective immu- nostimulation. A substantial
advantage of the freezing of mature antigen-loaded  DCs is that multiple
aliquots of a vaccine can be prepared and frozen. Thus, the  vaccine is
immediately available when needed and can be applied without lengthy
culturing steps within a very short time. By loading the mature DCs with
the  antigen only after the freezing and rethawing, it is possible to load
the DCs  



variably depending on the respective circumstances. For example, when an
overstimulation or allergy against one of the peptides employed for
vaccination is  developing, this peptide can be omitted 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
culture in complete medium without any addition of - 13  cytokine as a
read-out. The maturing stimulant which induces the most viable DCs  is used
for the preparation of DCs which are then frozen. Therefore, another aspect
of the invention is a method for finding advantageous  conditions for the
freezing of DCs wherein immature DCs are provided and cultured  in the
presence of various maturing stimulants, the cells are subsequently
cultured  in medium with or without cytokines, preferably without
cytokines, the fraction of  surviving cells is determined after at least
one day of culture in a medium with or  without cytokines, and finally that
maturing stimulant which gave the highest  survival rate of DCs is
determined. This maturing stimulant is then used for the  preparation of
DCs which are frozen. Preferably, the number of living cells is  



determined only after at least 2 days of culture in a medium without
cytokines,  most preferably after at least 3 days. Description 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-1R + IL-6 + PGE2  (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 106
mature DCs/ml yielded the best results (p <  0.05 on day 7, p < 0.01 on all
other days; n = 3). Figure 2 shows the influence of various freezing media
on the DC yield after  rethawing. DCs were prepared as described in the
legend of Figure 1, and aliquots - 14 were frozen at a concentration of 10
x 106 DCs/ml in HSA + 10% DMSO, in  autologous serum + 10% DMSO, and in
autologous serum + 10% DMSO + 5%  glucose (final concentrations). The DC
yields after freezing and rethawing were  determined as described for
Figure 1. Freezing in autologous serum + 10% DMSO  + 5% glucose yielded the
best results (p < 0.05 on day 8; n = 4). Figure 3 shows the survival rate
of fresh DCs in comparison with that of frozen and  rethawed DCs in
"wash-out tests". Mature d7 DCs were prepared as described for  Figure 1,
and then freshly prepared as well as frozen (-1 C/min in pure autolo- 



gous serum + 10% DMSO + 5% glucose at a cell density of 10 x 106 DCs/ml)
and  rethawed after more than 3 hours of storage in the gas phase of liquid
nitrogen)  DCs were cultured for several days in medium without cytokines
("wash-out test")  as described in Figure 1. The yields of living DCs are
stated as percent fractions of  the total number of DCs sown into the wells
on day 7. There was no statistically  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. -'15  Figure 6 shows that the
freezing and rethawing does not change the stimulatory  capacity of mature
DCs in the primary allogenic MLR ("mixed leucocyte reaction").  Mature d7
DCs were prepared as described for Figure 1, and the allostimulatory
potency of freshly prepared non-frozen DCs was compared with that of an
aliquot  of these DCs which had been frozen and rethawed (after 3 hours of
storage in  liquid nitrogen). 



Figure 7 shows that the freezing and rethawing does not change the ability
of  mature DCs to induce a strong IMP-specific CTL response. Freshly
prepared or  frozen/rethawed HLA-A2.1 + mature d7 DCs were loaded with
influenza matrix  peptide (= IMP) GILGFVFTL (SEQ ID NO: 1) or left
untreated and cultured with  autologous CD8+ T cells (T:DC ratio = 10:1)
without adding any cytokines.  Additionally, purified CD8+ T cells were
cultured without DCs  addition of IMP.  After 7 days, the T cells were
harvested and examined for their cytologic activity  using a standard 51Cr
release assay. T2 cells pulsed without or with 10 pg/ml 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 - 16
as the percentage of frozen DCs) were determined immediately (= d7) and
after  several days of culture (after 1 day = d8, after 2 days = d9, etc.).
CD40L treat- ment of DCs yielded an improved survival rate, especially
beyond day 2 of the  



further culture (p < 0.01 on day 10 and day 11; n = 5). Figure 10 shows
that DCs can be successfully loaded with protein antigen prior to
freezing. DCs were pulsed in their immature stage by adding the model
antigen  tetanus toxoid (TT) (10 pg/ml) on day 6. Mature DCs were then
harvested on day  7 and frozen as described in the legend for Figure 3.
Frozen T"-pulsed DCs were  stimulatory like freshly prepared TT-pulsed
mature DCs. Figure 11 shows that DCs can be successfully loaded with
protein antigen prior to  freezing. Frozen/thawed (see Figure 3) HLA-A2.1 +
mature d7 DCs were loaded  with Melan-A-analogue peptide ELAGIGILTV (SEQ ID
NO: 2) either 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 = 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. - 17 Figure 17B shows the
allostimulatory potency of DCs after loading with tumor cell  lysate or
necrotic tumor cells and subsequent cryoconservation. Figure 17C shows the
result of the FACS analysis after tumor loading and cryocon- servation.
Figure 18A shows the result of the determination of the total number of DCs
after  



loading with apoptotic tumor cells and subsequent cryoconservation. Figure
18B shows the allostimulatory potency of DCs after loading with apoptotic
MEL 526 melanoma cells and subsequent cryoconservation. Figure 18C shows
the results of the FACS analysis of MAGE-1/HLA-A1 Ag expres- sion on Mage-1
peptide-pulsed DCs prior to and after cryoconservation. Figure 18D shows a
comparison of the expression of MAGE-1/HLA-A1 complexes  (determined by
means of antibodies against MAGE-1/HLA-A1 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. - 18  Figures 23A and 23B show a phenotype of
adenovirus-infected DCs with or without  cryoconservation. Figure 24 shows
the schematic course of the experiment of Example 10 as com- pared with
RNA-electroporated DCs with or without cryoconservation. The results  are
summarized in Figures 25 to 27. Figure 25 shows that the recovery after
cryoconservation of EGFP-RNA-electro- porated DCs is similar to that in the
control experiment. Figure 26 shows that the cryoconservation does not
change the allostimulatory  capacity of EGFP-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 a Most frequent
DR4 subtype, approximately 80%  b 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. d 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. - 19  Example 1 The survival rates of freshly prepared immature
DCs and of DCs matured by  different maturing stimulants were determined.
The following different maturing stimulants were tested: -
Monocyte-conditioned medium, prepared and used as described (Thurner et
al. (1999) J. Immunol. Methods 223, 1); - 10 ng/ml TNFa; - 10 ng/ml TNFa +
1 pg/ml PGE2; - 10 ng/ml TNFa + 10 ng/ml IL-1p + 100 U/ml IL-6 + 1 pg/ml
PGE2 ("matur- ing cocktail"); - up to 1.0 pg/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-1(3 + IL-6 + PGE2 + TNFa)-matured DCs;  13.5%
for TNFa-matured DCs; - 20  37.0% for (TNFa + PGE2)-matured DCs;  31.8% for
(poly-I:C)-matured DCs; and  49.6% for CD40L-matured DCs (at 500 ng/ml).
The differences were statistically significant. Example 2 Mature (day 7)
DCs were frozen as follows: DCs were resuspended in cryovessels  at
different concentrations (5, 20, 40, 60 and 100 x 106 per ml) either in
pure  autologous serum or in 20% human serum albumin (HSA; consisting of
1000 ml of  electrolyte solution supplemented with 200 g of human plasma
proteins with at  least 95% of albumin; DRK Blutspendedienst
Baden-Wurttemberg, 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 cryovessel. Immediately thereafter, the vessels were cooled down to -80
C in a  "Cryo Freezing Container" (Nalgene Cryo 1C 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%TM, Fresenius, Ger-
many, active ingredient: glucose monohydrate) at 2, 4, 6, 10, 20 or 30%
(v/v)]; serum + DMSO  glucose [pure autologous serum + 20% (v/v) DMSO
glucose added at 2, 4, 6, 10, 20 or 30%]; Erythrocyte Freezing Solution TM
[Erythrocyte Freezing Solution TM (Fresenius,  Dreieich, Germany),
consisting of 38% glycerol, 2.9% sorbitol and 0.63%  sodium chloride in
sterile water]; - 21  Cell Processing SolutionTM + DMSO (Fresenius,
Dreieich, Germany, consist- ing of 6% hydroxyethylstarch in 0.9% sodium
chloride, usually used for the  sedimentation of erythrocytes) + 10 or 15%
(v/v) DMSO. b) Thawing conditions For the thawing of frozen mature (day 7)
DCs, the following four methods were  examined: 1. DCs were thawed in a
water bath at 56 C, then incubated without washing in  10 to 20 ml of
ice-cold complete medium (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% CO2 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 106 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% CO2 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 370C and 5% CO2 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 41C. Subsequently, the
cells were harvested  for further use. - 22  c Establishing of DC survival
rate The survival rate of frozen and rethawed DCs was examined by culturing
in  complete medium without the addition of GM-CSF and IL-4 over at least 4
days (=  "wash-out test") and compared with the survival rate of DCs which
had been  freshly prepared from non-frozen or frozen aliquots of PBMCs as
described  (Thurner et al. (1999) J. Immunol. Methods 223, 1). The
respective amounts of  living DCs were determined by a cell counter (Cassy
Cell Counter and Analyser  System, Model TT, Scharfe System, Reutlingen,
Germany; this system uses "pulse  area analysis" and allows the
determination of cell counts, cell size and volume as  well as whether
living cells are present) and as a control also through standard  trypan
blue staining. First, the influence of the DC concentration was examined,
wherein freezing at  10 x 106 mature DCs/ml yielded the best results. 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 yielded better  



survival rates, and whether an addition of glucose (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. - 23  Mature (day 7) DCs were prepared
as described in Example 1 and frozen under the  following conditions:
Cooling rate 1 C per min in pure autologous serum + 10% DMSO + 5% glucose
at  a cell density of 10 x 106/ml. After at least three hours of storage in
the gas phase  of liquid nitrogen, the cells were thawed. After thawing,
the percentage of living  DCs was directly determined (= D7). Aliquots of
the DCs were sown, and the  survival rates were determined after up to 4
days in culture in medium without  cytokines ("wash-out test") as described
in Example 1c) (n = 20). The result is  shown in the following Table. Yield
of frozen/thawed DCs after thawing (day 7) and in "wash-out tests" (days 8
to 11). DaysYield in %95% confidence interval 793.3100.0-85.8
874.181.7-66.6 963.370.8-55.7 1055.863.4-48.2 1147.157.9-36.2 



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. - 24 Also, the morphology and the phenotype of thawed DCs were
compared  with those of freshly prepared DCs. The morphology of the cells
was exam- ined with an inverted-phase microscope (Leika DM IRB, Leika
Mikroskopie  and Systeme GmbH, Wetzlar, Germany) and recorded by
photography. The  phenotype of the cell populations was examined by a
series of monoclonal  antibodies and examined on a FACScan device (Becton
Dickinson, New Jer- sey, USA) as described (Thurner et al. (1999) J.
Immunol. Methods 223, 1).  Dead cells were sorted out due to their
light-scattering properties. The result  is shown in Figures 4 and 5.
Frozen and rethawed DCs keep their character- istic morphological
properties and their phenotype over several days. b) Then, it was examined
whether rethawed DCs also maintain their functional  properties. 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 105 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 3H-thymidine (4 pCi final concentration/ml) 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 - 25  specifications, Miltenyi
Biotec, Bergisch Gladbach, Germany), or in other ex- periments of
non-adherent PBMC fractions with DCs (prepared from autolo- gous PBMCs from
HLA-A2.1+ donors) which were either unpulsed or pulsed  with HLA-A2.1
restricted IMP (GILGFVFTL [SEQ ID NO: 1], 10 pM for 1 hour  at 37 C at 1 x
106 DCs/ml of complete medium) or Melan-A-analogue pep- tide (ELAGIGILTV
[SEQ ID NO: 2], 10 pM) at a DC/T ratio of 1:10 or 1:30  for 7 days without
the addition of cytokines. CTLs were quantified by a stan- dard lysis assay
(Bhardwaj et at. (1994) J. Clin. Invest. 94, 797) or by  tetramer staining
at 37 C (Whelan et al. (1999) J. Immunol. 163, 4342).  The target cells for
the standard 4-hour 51Cr-release assay, which was per- formed at different
effector/target cell ratios, were IMP-pulsed (10 pg/ml for  1 hour at 37 C)
T2A1 cells, unpulsed T2A1 cells and K562 target cells (all  51Cr-labeled).
All experiments were performed with an 80fold excess of  K562 cells in
order to block the natural killer cell activity. The specific lysis in  O/o
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 cells was ana- 



lyzed by flow cytometry at 37 C as described (Whelan et al., 1999). 1 ul of
tetramer (0.5 to 1 mg/ml) was added to 2 x 106 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 -
26  IMP-specific CD8+ T cell responses, as shown by the HLA-A2.1/peptide
tetramer analysis. These experiments show that, after the freezing and
thawing, living DCs were  obtained which are absolutely equivalent with
freshly prepared DCs. Example 4 To achieve an increased survival rate of
the frozen and rethawed DCs, the follow- ing different anti-apoptotic
stimulants were added to the DCs in different concen- trations and at
different times: 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 al. (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 106 in complete medium with GM-CSF and
IL-4), and also for 4 h after  thawing (cell density 1 x 106 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. - 27  Example 5 In order to examine whether DCs can be
successfully loaded with antigen prior to  freezing, DCs were loaded with
tetanus toxoid (TT) (as an example of a protein  antigen) or with IMP (as a
model peptide). For pulsing with TT, DCs were prepared  from fresh or
frozen aliquots of PBMCs from leucapheresis products (see above).  TT was
added to the immature cells on day 5 at 10 pg/ml. Mature DCs were
harvested on day 7 and, either non-frozen or after freezing and thawing
(after  4 h), examined for their capability of inducing TT-specific
proliferative responses in  PBMCs. Thus, graded doses of unpulsed and
TT-pulsed DCs were added to PBMCs  (10 x 104/well) and pulsed with
3H-thymidine on day 5 as described (Thurner et al.  (1999) J. Immunol.
Methods 223, 1). For loading with IMP, DCs were pulsed with  10 pM peptide
(for 1 h, 37 C, 1 x 106 DCs/ml of complete medium) either prior to
freezing or after thawing. The capability of successfully presenting IMP
was tested  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/ml
simultaneously with the maturing composition, and  the DCs were then frozen
in portions. Prior to vaccination and 14 days after said - 28  single
administration of 4 million DCs, blood was removed and examined by a
standard Elispot assay (addition of 10 pg/ml KLH to 500,000 PBMCs and meas-
urement of the number of cells producing interferon-y or IL-4; the
background  without the addition of KLH is almost 0). It is found that
neither interferon-y nor  interleukin-4 is produced upon KLH presentation
prior to vaccination, whereas 14  days after the single vaccination with
the KLH-loaded DCs, T cells which produced  interferon-y, but did not
produce interleukin-4 or only minimally so were induced in  all patients
(in control experiments, it was shown by removing the CD4 cells from  the
PBMCs that the reactive cells are CD4-positive helper T cells). Example 7 A
patient from the study of Example 6 received several vaccinations with DCs,
in  which 4 million each of rethawed 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-I 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 - 29 and GP 100 DR4 (this is a negative control
since the patient was DR4-negative,  and the DCs thus could not be loaded
with these peptides). Example 8 Cryoconservation of dendritic cells after
antigen loading with tumor cell prepara- tions (tumor cell lysates,
necrotic or apoptotic tumor cells) Dendritic cells (DCs) can be generated
in large amounts from leucaphereses. A  method for the cryoconservation of
mature DCs has been developed which allows  the portioned use of these
cells for vaccination. To date, the mature DCs were  loaded prior to use
with peptides which correspond to the immunodominant  sequences of
tumor-associated antigens (TAA). In the experiments described here  (see
Figure 16), it was examined whether immature DCs which were loaded with
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, - 30  which
were immature then, were used and loaded for 4 hours with the tumor cell
preparations described in a concentration of 1:1. Loading: The loading was
effected in a 5 ml polypropylene reaction vessel at 37 C  and 5% CO2. After
the loading, the DCs were plated in 12 ml tissue culture dishes  and
cultured with a maturing cocktail consisting of TNF-a, IL-113, IL-6 and
PGE2 for  24 h. Freezing/thawing: Half of the respectively loaded DCs were
respectively cryocon- served in 1.8 ml Nunc freeze vials at -80 C for 3
hours according to the method  described (Feuerstein B. et al., J. Immunol.
Methods 245: 15-29 (2000)). Thereaf- ter, the cells were again thawed
according to the method described and cultured  for one hour in RPMI medium
at 37 C and 5% CO2. Subsequently, this fraction of  



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 105 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  (3H-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 - 31  performed with the corresponding
antibodies. A comparable surface expression  pattern was found both for the
different loading methods and after cryoconserva- tion (Figure 17C). Direct
antigen detection: For the direct detection of tumoral antigen, an antibody
was employed which recognizes MAGE-1 in an HLA-A1 context, i.e., the
complex of  Mage-1 peptide and the HLA-A1 molecule. The differently loaded
DCs were dyed  with this antibody and analyzed in the FACS. When
peptide-loaded (20 fag MAGE-1  peptide for 3 hours/ml) DCs were used, it
was found that after cryoconservation, a  percentage of MAGE-1/A1 antigen
could be detected which was comparable to that  detected without
cryoconservation (Figure 18C). From this experiment, it can be  concluded
that the cryoconservation does not lead to a loss in antigen. 



In a further experiment, the MAGE-1/A1 antibody was employed for
determining  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-A1 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 cryoconservation 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 cells). "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). - 32  Example 9 Cryoconservation
of dendritic cells after antigen loading by means of adenoviral
transfection Dendritic cells transfected with adenoviruses can be frozen by
the method accord- ing to the invention in such a way that the properties
of the dendritic cells are  comparable with those of non-transfected
dendritic cells. For this purpose, mature  DCs were infected with an
adenoviral vector (AD5) which contained a cDNA coding  for the green
fluorescent protein (GFP) at a multiplicity of infection (MOI) of 500  



for 2 hours. After two washes, the cells were frozen at a concentration of
10 x 106  DCs/ml in HSA and 10% DMSO in 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 20 as a percentage 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 105 per well) under the
conditions stated in Figure  21. After 4 days, the cells were pulsed with
[3H]-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')2 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. -
33  Example 10 Cryoconservation of dendritic cells after antigen loading by
means of RNA transfec- tion Dendritic cells transfected with RNA can be
frozen by the method according to the  invention in such a way that the
properties of the dendritic cells are comparable  with those of
non-transfected dendritic cells. The DCs can be transfected with RNA  in an
immature stage, then matured, and then frozen as mature DCs (not shown).
Preferably, DCs which are already mature are transfected with RNA and
cryocon- 



served. The results are summarized in Figures 25 to 27. Thus, mature
dendritic cells were washed twice with RPMI and once in a washing  solution
of the Optimix kit (EQUIBIO), Maidstone Kent, UK). DCs were brought to a
final concentration of 40 x 106 DCs/ml in Optimix medium. Then, 0.1 ml of
the cell  suspension were mixed with 40 fag 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 pF 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 106 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 105
per well) under the conditions  stated in Figure 26. After 4 days, the
cells were pulsed with [3H]-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. - 34 The
cryoconservation of RNA-electroporated DCs does not change the phenotypical
DC marker. Thus, mature DCs were electroporated with or without EGFP RNA
and  cryoconserved as described above. After rethawing and a culturing time
of 48  hours, the DCs were counterstained using the mouse monoclonal
antibodies stated  in Figure 27 and PE-conjugated anti-mouse IG (Fab')2
fragments, followed by FACS  analysis. The figures in the right bottom
portion of the square in Figure 27 relate to  the EGFP-positive DCs, and
those in the top right portion relate to the EGFP/DC- marker
double-positive DCs. 



- 35  CLAIMS: 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 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 (i) 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-1p,
IL-6, TNF-a,  prostaglandins, such as PGE2, IFN-a, Iipopolysaccharides and
other bacterial - 36  cell products, such as MPL (monophosphoryllipid A)
and lipoteichoic acid,  phosphorylcholine, calcium ionophores, phorbol
esters, such as PMA, heat- shock proteins, nucleotides, such as ATP,
lipopeptides, artificial ligands for  



Toll-like receptors, double-stranded RNA, such as poly-I:C, immunostimu-
lant DNA sequences, CD40 ligand etc., said culture medium or said maturing
cocktail contain, in particular, IL-1B, IL-6, PGE2 and TNFa, or said
maturing  cocktail is monocyte-conditioned medium (MCM) or MCM supplemented
with  PGE2. 5. The method according to claim 4, wherein said immature DCs
are cultured  in the presence of from 0.1 to 100 ng/ml IL-113, from 0.1 to
100 ng/ml IL-6,  from 0.1 to 10 pg/ml PGE2, and from 0.1 to 100 ng/ml
TNF-a. 6. The method according to claim 4 or 5, characterized in that the
active  substances IL-113, IL-6, PGE2 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 (ii) 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 (iii) 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. -
37  8. The method according to any of the preceding claims, wherein said
freezing  medium contains (i) from 5 to 25% (v/v) of one or more
cryoprotectants, especially those  selected from DMSO, glycerol,
polyvinylpyrrolidone, polyethylene gly- col, albumin, choline chloride,
amino acids, methanol, acetamide,  glycerol monoacetate and inorganic
salts, more preferably DMSO;  and/or 



(ii) from 2 to 30% (w/v) of one or more polyol compounds, especially  those
selected from glucose, dextrane, sucrose, ethylene glycol,  erythritol,
D-ribitol, D-mannitol, D-sorbitol, inositol and D-lactose,  more preferably
glucose; and/or (iii) 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 106 to 100 x 106 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-1p, IL-6, PGE2 and TNFa are contained in the culture  medium. - 38  12.
The method according to one of claims 2 to 10, wherein said DCs are loaded
with a DNA or RNA molecule which codes for said antigen. 13. The method
according to one or more of claims 2 to 10, wherein a protein  fragment,
cells or cell fragments or nucleic acid sequences serve as the an- tigen in
said antigen-antibody complex, and the antibody is one of class IgG  or
IgE. 14. The method according to one or more of claims 1 to 13, wherein
said DCs,  prior to being frozen or after being 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 - 39  e)
establishing that maturing stimulant which gave the highest survival  rate.
18. 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. 19. Frozen mature antigen-loaded
dendritic cells. 20. Cells according to claim 19 which are obtainable by
the method according to  one or more of claims 1 to 16. 21. A vaccine
comprising dendritic cells according to claim 19 or 20. 




