
ANTI-TUMOR VACCINE DERIVED FROM NORMAL CHEMICALLY
MODIFIED CELLS Field of the Invention: The invention
relates primarily to compositions suitable for
inducing immune 5 responses against malignancies;
therefore the compositions can be used as a vaccine or
for generating cytotoxic cells for adoptive
immunotherapy. More particularly, the invention
pertains to preparation of a cellular anti-tumor
vaccine based on use of only normal cells of the
immune system. 10 Background of the invention Advanced
cancers represent one of the major causes of human
death, but no fully effective methods of treatment
have been suggested so far. Cell-based immune
therapies represent the most promising non-toxic
method of cancer treatment. Cancer immunotherapy aims
to destroy tumor cells by immunological mechanisms. 15
It may be used as a sole treatment, or as an adjuvant
for other types of therapies such as e.g. surgery,
irradiation and chemotherapy. The strategy is based on
ex vivo manipulation and reintroduction of cellular
products to circumvent immune competences for the
purpose of inducing tumor specific immune responses.
Thus, the ultimate goal of such cell-based immune
therapies is the induction of tumor- 20 specific
effector cells and recent advances has focused on CD8+
cytotoxic T lymphocytes (CTL) capable of recognizing
and killing tumor cells. It is important that these
CTL should be able to survive for a long time in the
organism in form of memory cells that can rapidly be
reactivated and expanded upon re-appearance of tumor
cells in the organism. 25 The possibility to employ
the immune system to attack cancer cells follows from
the fact that cancer cells contain new proteins or
over-express the existing proteins that may become
targets for the immunological attack. Significant
number of tumor-associated antigens recognized by such
CTLs has been identified 30 since description of the
first human tumor antigen MAGE-1 in 1991 by T. Boon's
group (Novellino et al., 2005). Three major groups of
tumor antigens are currently under intensive
investigation as possible targets for active
immunotherapy: (i) differentiation antigens such as
MART-1, gp100 and tyrosinase for melanomas, and PSA
and PSMA for prostate cancer; (ii) overexpressed
antigens such as telomerase  WO
2008/081035PCT/EP2008/050050 2 and survivin and (iii)
cancer/testis antigens (CTA) such as MAGE, GAGE,
NY-ESO-1 and BORIS. From the point of specific
targeting of immune response to tumor cells, the most
5 perspective are CTA, as they are not expressed in
normal cells except germ cells of testis which are not
recognized by the immune system (germ cells lack
expression of histocompatibility molecules) (see
reviews on CTA: (Kirkin et al., 2002; Zendman et al.,
2003)). It was demonstrated that activation of CTA in
tumor cells is due to promoter demethylation at CpG
regions and is a consequence of genome-wide 



10 demethylation process that occurs in many cancers,
and is correlated with tumor progression (De Smet et
al., 1996). Indeed, CTA expression was shown to be
associated with tumor progression (Brasseur et al.,
1995; Eura et al., 1995; Katano et al., 1997; Patard
et al., 1995). Therapeutic potentials of this group of
tumor antigens have been confirmed by a number of
studies. For example, (a) melanoma 15 patient MZ-2
with metastases was subjected to multiple vaccinations
with killed autologous tumor cells leading to
development of CTL responses against several CTA
(MAGE-1, MAGE-3, GAGE and BAGE, see review (van Pet et
al., 1995)) experienced long-lasting disease-free
period (P. Coulie, personal communication); (b)
vaccination of melanoma patients with dendritic cells
loaded with peptide from 20 MAGE-A3 induced regression
of antigen-positive metastases (Thurner et al.,
1999a); and (c) therapeutic efficiency of polyvalent
vaccine correlated with induction of immune response
against MAGE-3 antigen (Reynolds et al., 2003).
Nevertheless, due to high heterogeneity in the
expression of separate CTA members, this group of
antigens is not popular as immunological target
compared to differentiation or 25over-expressed
antigens. In order to overcome the problem with
heterogenous expression of CTA, vaccines targeting
these antigens should be as polyvalent as possible.The
patent application WO 03/045427 describes such a
polyvalent vaccine targeting CTA that is 30 based on
pre-selected human melanoma cell tine that express
high levels of CTA and do not express melanocyte
differentiation antigens. All other tumor cell-based
vaccines either employ autologous tumors, or standard
cell lines selected on the principle "the more
different tumor antigens, the better". Employment of
autologous tumor cells in a vaccine as a source of
antigens may in some cases 35induce tumor regression,
when it is applied in the form of dendritic cell-based
3 vaccination (O'Rourke et al., 2003; Marshall et al.,
2006). The major limitation of the polyvalent vaccine
approach is difficulty in production and
standardisation of the antigenic mixture. Direct use
of original biopsy material lacks standardization, and
also as well as such a material is often not
available. Use of standard cell lines 5has not shown
high clinical efficiency so far (Palucka et al., 2006;
Sakedo et al., 2005). One of the reasons for low
efficiency of using whole tumor cell material is low
efficiency of cross-presentation. In order to
stimulate generation of the cytotoxic 10 T cells,
exogenous tumor protein antigens need to be taken up
by antigen presenting cells through the process of
endocytosis and then transferred from endocytic
vesicles into the cytosol (see review (Cresswell et
al., 2005)). This is required for the processing of
protein antigens and formation of antigenic peptides.
Later on the peptides are presented on the surface in
association with 



15 MHC class I molecules. Only a small portion of
exogenously added antigens enters the cell and only a
small fraction of the protein taken up thereafter
undergoes cross-presentation. In order to overcome the
low efficiency of cross-presentation, several authors
suggested use of RNA isolated from tumor cells for
transfection of antigen presenting cells (Gilboa and
Vieweg, 2004; Schaft et al., 2005; Kyte et al., 20
2006). The major limiting factor of RNA transfection
is lack of formation of complexes of antigenic
peptides and MHC class II molecules that is required
for induction of T-helper response. Without T-helper
response no formation of the CD8+ immunological memory
is taking place (Bevan, 2004; Castellino and Germain,
2006), and without formation of memory, CD8+ CTLs die
after the initial expansion. 25In addition, under
conditions of tumor growth, formation of CD8+ memory
response may be corrupted due to the presence of
regulatory cells (Klebanoff et al., 2006).
5-Aza-2'-deoxycytidine (5-Aza-CdR) has been known to
induce expression of cancer/testis antigens primarily
in tumor cells (Weber et at., 1994). Also, it was 30
previously demonstrated by one group (De Smet et al.,
1996) but not another (Weber et al., 1994) that
5-Aza-CdR might also induce expression of at least one
of CTA, MAGE-A1, in PHA-activated peripheral blood
lymphocytes.  4 subject, activating the cells with
agents such as pokeweed mitogen (PWM) and
phytohemagglutinin (PHA), culturing the activated
cells ex vivo, and treating the cultured cells with
DNA hypomethylating agents so that the cells express
multiple tumor associated antigens (CTA). The CTA
produced in this way are proposed for 5 use as cancer
vaccines. However a major issue in this procedure is
the use of foreign agents such as pokeweed mitogen
(PWM) and phytohemaggtutinin (PHA) for activation the
cells.   There is still an unmet requirement for
development of effective cell-based 10 vaccine that
will be able to overcome these problems and induce
productive and long-lasting CTL-mediated anti-tumor
immune response.   It is the aim of the present
invention to provide a process for preparing antigen
presenting compositions by a chemical treatment in
which only normal cells are 15used and no foreign
agents are used to activate the cells. Summary of the
Invention In its broadest aspect, the present
invention provides a composition for inducing an
immune response in a mammal, comprising lymphoid cells
in which expression of 20tumor antigens has been
chemically induced after activation with mature
dendritic 



cells. The present invention uses only normal cells
i.e. unadulterated lymphoid cells and dendritic cells
as isolated from body fluids, thus excluding cells
that have been 25 treated with any foreign agents such
as plant derived activators e.g. PWM and PHA. Also the
present invention does not employ tumor antigen
preparations, either synthetic or isolated from tumor
cells. As a result the preparation and regulatory
approval of a vaccine is much easier and safer.
Preferably a patient's own cells are used. 30 The
tumor antigens are induced in proliferating (normal)
lymphoid cells, especially during the log phase of
proliferation. The proliferation of the normal
lymphoid cells is stimulated by (normal) mature
dendritic cells.  WO 20081081035PCT1EP20081050050 5
Most conveniently, the lymphoid cells are Lymphocytes,
especially peripheral blood lymphocytes. Preferably
the tumor antigens are cancer/testis antigens (CTA),
which may be 5 chemically induced by DNA
demethylation, for example, by treatment with
5-aza2'-deoxycytidine. An alternative procedure is
that the tumor antigens are chemically induced by
histone acetylation, for example, by treatment with
histone deacetylase inhibitors such as trichostatin
(TSA). 10Cancer/testis antigens are expressed in a
wide range of tumors, so the composition of the
invention is able to raise an immune response that is
effective against a wide range of tumors, despite the
fact that it is derived from normal cells. In another
aspect the present invention provides use of the
composition for 15 stimulating an immune response to
the tumor antigens, i.e. for preparation of an
anti-tumor vaccine. The vaccine may be used
prophylactically or for direct treatment of existing
tumors.       The invention provides use of the
composition as antigen presenting cells for in 20vitro
activation of cytotoxic T lymphocytes e.g. in adoptive
T cell immunotherapy. 



In a further aspect the present invention provides a
method of preparing tumor- specific CD8+ cytotoxic T
lymphocytes which comprises activating T lymphocytes
using the composition as antigen presenting cells. The
expansion of the cytotoxic 25 cells is preferably
induced by (normal) active dendritic cells. The method
may be carried out in vivo as a therapeutic procedure
or in vitro followed by use of the T cells in adoptive
T cell immunotherapy. Brief Description of the
Drawings 30Figure 1 illustrates phenotype of mature
dendritic cells. Figure 2 illustrates phenotype of
proliferating culture of lymphocytes obtained after
culturing with autologous mature dendritic cells.
Figure 3 illustrates expression of antigens of MAGE-A
group in intact and 5-AzaCdR-treated lymphocytes as
well as in tumor cells as detected by RT-PCR analysis.
6 Figure 4 illustrates expression of NY-ESO-1,
GAGE-3-7 and BORIS antigens in intact and
5-Aza-CdR-treated lymphocytes as well as in tumor
cells as detected by RT-PCR analysis.   Figure 5
illustrated protein expression of MAGE-A group in
intact and 5-Aza-CdR5treated lymphocytes as well as in
tumor cells as detected by cell-based ELISA analysis.
Figure 6 illustrates phenotype of lymphocytes after
primary stimulation with 5- Aza-CdR-treated autologous
lymphocytes. Figure 7 illustrates phenotype of
isolated CD8+ cells. 10Figure 8 illustrates production
of IFN-gamma after incubation of isolated CD8+
lymphocytes from primary culture with different tumor
target cells. 



Figure 9 illustrates microscopically detected killing
of different target cells by isolated CD8+ lymphocytes
from primary culture.       Figure 10 illustrates
production of IFN-gamma after incubation of tong-term
15cultured immune lymphocytes with different target
cells. Detailed Description of the Invention The
present invention aims to provide an effective immune
response by procedures in which the antigen-presenting
cells are normal cells in which expression of 20
tumor-associated antigens has been chemically induced,
and also which are enriched in CD4+ cells, and so able
to directly stimulate cytotoxic T lymphocytes and
provide CD4+ mediated help which is vital for
formation of the immunological memory. These
antigen-presenting cells may be used as a cell based
vaccine for in vivo stimulation of an immune response
or in adoptive T cell therapy in which 25cytotoxic T
lymphocytes are stimulated in vitro. The invention is
based on the finding that normal lymphoid cells can be
induced to proliferate by mature dendritic cells, and
during proliferation can be induced by chemical
treatment to express tumor antigens, such as
canter/testis antigens, 30 resulting in a composition
that contains CD4+ cells, and so is capable of
presenting tumor antigens to T-cells to generate
cytotoxic CD8+ cells, some of which include CD62L
memory cell markers.  WO 2008/081035PCT/EP2008/050050
7 demethylating agents to express cancer/testis
antigens. Accordingly, by use of preferred aspects of
the invention it is possible to propose various routes
of cancer treatment, such as: 5 



a method of treating cancer by stimulating an immune
response against tumors, comprising: stimulating
proliferation of lymphoid cells by mature dendritic
cells,    treating the proliferating lymphoid cells to
induce expression of cancer/testis 10antigens, thereby
obtaining an antigen-presenting composition including
Lymphocytes enriched in CD4+ cells, and administering
the antigen-presenting composition to a cancer patient
to stimulate an immune response to the cancer/testis
antigens; or alternatively 15a method of treating
cancer by adoptive T cell therapy, comprising:
stimulating proliferation of lymphoid cells by mature
dendritic cells, treating the proliferating lymphoid
cells to induce expression of cancer/testis antigens,
thereby obtaining an antigen-presenting composition
containing normal lymphocytes enriched in CD4+ cells,
20using the antigen-presenting composition to activate
T cell lymphocytes ex vivo which can be expanded to
obtain a cytotoxic composition containing
tumor-specific CD8+ cytotoxic T lymphocytes with CD62L
memory cell markers, and administering the cytotoxic
composition to a cancer patient. 25 The expansion of
the cytotoxic composition is also conveniently
achieved by using normal mature dendritic cells to
stimulate proliferation. Most suitably the lymphoid
cells are peripheral blood lymphocytes extracted from
heterlogous or autologous blood. 30 In its preferred
practical implementation, the present invention
comprises the following procedures: Aisolation of
peripheral blood lymphocytes; 35generation of mature
dendritic cells from monocytes;  



8 stimulation of the lymphocytes by the mature
dendritic cells leading to preferential proliferation
of C04+ cells; treatment of the activated lymphocytes
with chemical agents leading to induction of
expression of cancer/testis antigens; 5 and
preparation of vaccine from activated and treated
lymphocytes; use of vaccine as a prophylactic or
direct treatment of tumors. Or             generation
of cytotoxic lymphocytes by co-cultivation of
lymphocytes with 10activated and treated lymphocytes;
expansion of cytotoxic lymphocytes in the presence of
dendritic cells as feeder cells; use of cytotoxic
lymphocytes for treatment of tumors by adoptive
immunotherapy. 15 While the invention has been
described with reference to treatment of cancer in
humans, the procedures of the invention are also
applicable to veterinary medicine for generating
materials for treatment of tumors in non-human
mammals. 20 The invention will be more fully
understood by considering the methodology adopted by
the present inventors in developing the above
findings, as follows. The principal difference between
the cell-based vaccine described in this invention and
other existing vaccines designed to induce anti-tumor
immunity is that the 25 procedures of this invention
do not employ any tumor antigen preparation, either
synthetic or isolated from tumor cells. In this new
vaccine, tumor antigens are induced endogenously in
proliferating antigen-presenting cells of the immune
system by chemical treatment. In this way the immune
response with formation of tumor antigen-specific CTLs
is initiated without need of antigen uptake and cross-
30 presentation. The problem with induction of T
helper response is solved by employment of activated T
helper cells (CD4+ lymphocytes) functioning both as
antigen presenting cells and to provide help to
antigen-specific CD8+ cells. By using this approach it
is possible to induce expression of a broad spectrum
of tumor-associated cancer/testis antigens in
proliferating CD4+ cells, and these cells 



35 are able to stimulate formation of cytotoxic T
lymphocytes recognizing a broad  WO
2008/081035PCT/EP2008/050050 9 spectrum of tumor
cells. The immune CTLs cells induced in this way also
have some characteristics of memory cells. The first
task addressed by the present inventors was how to
generate a culture of  5 proliferating lymphocytes
enriched in CD4+ T cells. It is well known that the
best way of generating antigen-specific T-helper cells
is to employ mature dendritic cells loaded with the
antigen (Jonuleit et al., 2001; De Vries et al.,
2003). However, the present inventors mixed
antigen-unloaded mature dendritic cells with a
non-adherent fraction of lymphocytes and found that
after 7-8 days of 10incubation, there was an intensive
proliferation of lymphocytes. The proliferating
cultures were mainly T lymphocytes enriched in CD4+
lymphocytes. Having developed a method of generating
cultures of proliferating lymphocytes, the present
inventors attempted to induce expression of
cancer/testis antigens in  15 these cultures.
5-aza-2'-deoxycytidine (5-Aza-CdR) has been known to
induce expression of cancer/testis antigens primarily
in tumor cells (Weber et al., 1994). Also, it was
previously demonstrated by one group (De Smet et al.,
1996) but not another (Weber et al., 1994) that
5-Aza-CdR might also induce expression of at least one
of CTA, MAGE-Al, in PHA-activated peripheral blood
lymphocytes. It is  20 generally accepted that it is
much more difficult to induce expression of CTA in
normal cells compared to cancer cells (De Smet et al.,
1996; Weber et al., 1994), or that these antigens are
not inducible by 5-Aza-CdR in normal cells (Karpf et
al., 2004). Nevertheless, after optimizing conditions
for lymphocyte growth and their treatment, the present
inventors were able to induce all the cancer/testis
antigens 25 that they had chosen as the ones most
commonly expressed in tumors, namely the CTA's:
MACE-Al, MAGE-A3, MAGE-A4, MAGE-A6, MACE-Al 0,
MAGE-Al2, GAGE-3-7, NY-ESO-1 and BORIS. Having
obtained expression of a broad spectrum of CTA, that
resembled their  30 expression in progressed cancer
cells, experiments on induction of CTL response were
performed. All experiments were done using lymphocytes
from HLA-A2+ healthy donors, as in this case it is
possible to use HLA-A2-positive tumor cells for
detection of anti-tumor CTL response.
5-Aza-CdR-treated lymphocytes were used as stimulators
without irradiation or mitomycin C treatment, as their
own 35proliferative capacity was practically absent in
the end of 5-Aza-CdR treatment 



10 period. The non-adherent fraction of Lymphocytes,
kept frozen after isolation of monocytes, was mixed
with 5-Aza-CdR-treated lymphocytes and incubated for 9
days. IL-2 was added at day 2. At the end of this
culture period there was an intensive proliferation of
lymphocytes. FACS analysis of proliferating cultures 5
indicated that the proportion of CD8+ lymphocytes
exceeded the proportion of CD4+ cells by 2 to 5 fold,
and that half of the CD8+ cells were expressing the
CD62L marker of central memory cells. There were also
a significant number of natural killer (NK) cells
which are not 10 unusual for cell cultures after
primary stimulation. Therefore in order to detect
lytic activity of only the generated CD8+ CTLs, CD8+
cells were isolated. Measurements of cytotoxic
activity were performed using a panel of tumor cell
lines both positive and negative for HLA-A2 antigens.
Cytotoxic activity of cells in the end of the
stimulation cycle was low, but it significantly
increased after 15incubation of cells in the presence
of IL-2 for 24 hours. The lysis showed HLA-A2
restriction, indicating CTL-mediated lysis, and not
NK-mediated lysis. Thus, it can be concluded that the
present inventors have developed a new antigen
presenting cell composition for induction of cytotoxic
T lymphocyte response with 20 broad anti-tumor
specificity and characteristics of memory response.
This composition can be employed either for direct
vaccination of cancer patients, or for in vitro
generation and expansion of cytotoxic T lymphocytes
for adoptive immunotherapy. 25For the chemical
treatment of the normal lymphoid cells, DNA
demethylation with 5-aza-2'-deoxycytidine (5-Aza-CdR)
is preferred. Other reagents that may be used for DNA
demethylatlon are 5-azacytldine,
5-fluoro-2'-deoxycytidine, and zebularine, which is
also a cytidine analogue. Zebularine may produce a
similar effect as 5-Aza-CdR (Chong et al., 2003).
There are also some non-nucleoside 30demethylating
agents but their effect Is weaker than that of
5-Aza-CdR. in triggering, for example MACE-1
expression in tumor cells (Chong et al., 2005).    An
alternative chemical treatment for inducing antigens
is histone acetylation which may be achieved by using
histone deacetylase inhibitors. Most commonly 35used
and best studied is Trichostatin A (TSA). It may
induce a weak expression of  



11 some proteins, including cancer/testis antigens,
but the spectrum of these antigens may not completely
overlap those expressed by 5-Aza-CdR). If employed
together, these reagents may induce a strong
expression of "silenced" genes which may exceed an
additive effect (Wlachnewski et al., 2006). Another
group of histone 5deacetylase inhibitors are some
depsipeptides that also can be used in combination
with 5-Aza-CdR (Weiser et al., 2001). The inventors'
experimental work has at this stage necessarily used
blood from normal donors. When approved for use with
patients, the therapies offered by this invention will
normally use blood from cancer patients. However, the
fact the io invention involves inducing antigens in
normal cells points to the possibility of generating
vaccine from normal donors for treatment of cancer
patients. In this case very careful selection of
donor-recipient pairs will be needed in order to
decrease alloantigen-specific reaction against donor
lymphocytes. Also, the experimental work has used
dendritic cells obtained from the same blood 15
samples as the lymphocytes. The use of dendritic cells
other than from the same person would be much more
convenient, but creates a problem of safety testing of
the donor's dendritic cells. In addition, it is
possible that traces of allo-antigens derived from
dendritic cells may be acquired by lymphocytes that,
in turn, may stimulate allo-response in addition to
response to tumor antigens, possibly leading 20to
decrease in tumor-specific response. In clinical use
of the invention, the compositions may include
conventional adjuvants as desired or necessary. For
example, antigen presenting compositions are sometimes
used together with separate injection of IL-2, but
more often as a cellular composition alone. Cytotoxic
lymphocyte compositions are usually used 25 together
with injection of adjuvants such as IL-2. In addition,
injection of cytotoxic lymphocyte composition is
sometimes preceded by chemotherapy (such as a
combination of cyclophosphamide and fludarabine)
leading to lymphodepletlon. For injection, cells are
usually suspended in phosphate-buffered saline
supplemented with human serum albumin or autologous
plasma. Further 30information on a delivery
formulation can be seen in reviews on the adoptive T
cell therapy, for example, (Gattinoni et al, 2006;
Yee, 2005).  12 



Interleukins such as IL-2 may also be used to enhance
the proliferation of lymphocytes. They are optional,
and different interleukins could be used. For example,
IL-7 and IL-15 could be used instead of Generation of
dendritic cells from monocytes usually requires the
presence of cytokines, with GM-CSF being the 5most
preferred, although others could be substituted. The
practice of the invention is further illustrated in
the following experimental Examples. 10 Example 1.
Generation of proliferating cultures of lymphocytes
enriched in CD4+ cells. In order to induce expression
of CTA in antigen presenting cells by chemical
treatment (for example, with Aza-5-CdR), this culture
should be proliferating. Professional antigen
presenting cells, dendritic cells, do not proliferate
under 15 normal conditions, and therefore the
inventors were looking for another type of antigen
presenting cells. There are several types of
antigen-presenting cells that may stimulate
antigen-specific activation of CD8+ T lymphocytes. In
particular, it has been shown that activated CD4+
helper T cells may be employed as antigen-presenting
cells (Naota et al., 2006; Kennedy et al., 2005).
Additional advantage 20 of CD4+ cells as antigen
presenting cells is that they are able to stimulate
formation of memory CD8+ cells (Kennedy et al., 2005).
The present inventors therefore first decided to
optimize the preparation of proliferating cultures of
CD4+-enriched lymphocytes. In the example described
below the addition of mature dendritic cells to
cultures of lymphocytes isolated from peripheral blood
25 was successfully employed. Preparation of mature
dendritic cells was done according to the original
methods (Romani et al., 1994; Thurner et al., 1999b)
in modifications. The buffy coat components removed
from donated blood were obtained from the local Blood
30 Bank. Upon arrival, buffy coats were transferred
into the flask with 60 ml of Ca-free and Mg-free
Dulbecco's Phospate Buffered Saline (DPBS, Product No.
BE17- 512F, Cambrex, Belgium), and approx. 30 ml were
layered on 15 ml of Lymphoprep (Product No. 1053980,
AXIS-SHIELD PoC AS, Norway) in 50-ml tubes. After
centrifugation at 460 g, 30 min, 20C, the upper layer
containing diluted plasma 35(approx. 40%) was
collected for further use as additive to culture
medium and for  13 freezing of cells.After addition of
heparin (25 IU /ml final), plasma was 



centrifuged at 1500 g for 15 min and kept frozen at
-80C until use. Mononuclear cells were collected from
the interface of the Lymphoprep gradient in 25 int of
pre-cooled DPBS-EDTA (Cambrex) and washed four-five
times with pre-cooled 5 DPBS-EDTA by centrifugation
first at 250g. then at 200 g, and then at 150 g, each
time for 12 min at 4C. After last washing, cells were
re-suspended in RPM! 1640 medium (Cambrex) and counted
using the Coulter Counter, model Z2. The concentration
of lymphocytes and monocytes were determined by gating
the corresponding peaks of cells. The cell suspension
was frozen in aliquots each 10 containing approx. 107
of monocytes and a variable number of lymphocytes in
the freezing medium consisting of 90% of the diluted
plasma and 10% of DMSO. Cell suspensions were placed
freezing boxes (Nalgen) at -80C and were stored at
this temperature for up to 6-9 months. All cultures
were established from the frozen mononuclear cells.
Generation of dendritic cells was performed in 125
tissue 15 culture flasks pre-treated with 5 ml of 5%
human serum in RPM! 1640 medium for at least 30 min
before experiment. 1 ampoule of the frozen mononuclear
cells was thawed in water bath (37C), 1 ml of cell
suspension was immediately diluted in 13 ml of
pre-warmed AIM-V medium (Gibco, Invitrogen).
Pre-treatment medium was removed from the flasks and
immediately replaced by 7 ml of cell suspension. 20
After 45 min of incubation at 37C, non-adherent
lymphocytes were collected, and adherent monocytes
were rinsed twice with pre-warmed RPM' 1640 medium.
After addition of 5 ml of AIM-V medium containing 0.5%
plasma the flasks were placed in a CO2-incubator at
37C. The collected lymphocytes were centrifuged and
resuspended in the freezing medium consisting of AIM-V
(70 %), human serum (20%) 25 and DMSO (10%) and frozen
down. After overnight incubation (day 1), GM-CSF and
IL-4 (both from Gentaur, Belgium) were added to the
cells at a final concentrations of 100 ng/mt and 25
ng/ml. At day 3, 1 ml of AIM-V with 0.5% of plasma was
added together with GM-CSF and IL-4 at final
concentrations of 100 ng/ml and 25 ng/ml. At day 4, a
maturation cocktail consisting of IL-1 beta (10
ng/ml), IL-6 (1000 IU/ml), 30 TNF-alpha (10 ng/ml)
(all from Gentaur) and PGE2 (Sigma) (1 pg/ml) was
added. At day 5 or 6, non-adherent cells were
harvested, counted and either used for experiment, or
were frozen in aliquots of 106 cells in the freezing
medium consisting of AIM-V (70 %), human serum (20%)
and DMSO (10%).  14 The purity of generated dendritic
cells exceeded 95%. Phenotyping of dendritic cells was
done by staining with the direct conjugated
antibodies, HLA-DR,DP,DQFITC and CD86-PE (BD
Biosciences, Denmark, cat. No. 555516 and 555558) and
CD3- FITC (Beckman Coulter, Sweden, pn. IM1281). The
recommended isotypic controls 5 were used for the
phenotyping of the cells. The cell samples were
analyzed using a FC500 MPL Flow Cytometer (Beckman
Coulter) and the CXP analytical software (Beckman
Coulter). The extent of maturation, defined by
proportion of cells with high levels of expression of
co-stimulatory molecule CD86 and MHC class II exceeded
95%, as shown in Figure 1. 10 For preparation of a
proliferating lymphocyte culture, the known property
of mature dendritic cells to induce proliferation of
autologous lymphocytes was used. The lymphocyte medium
consisted of AIM-V medium (Gibco, Invitrogen) and 5 %
of partially detipidated human AB serum. Delipidation
was done according the 15 following procedure. Human
serum, stored at -80 C, was thawed overnight in
refrigerator and without mixing centrifuged at 3000x g
for 1 hr at 4 C. Supernatant was fractionated from
bottom into three portions and centrifuged again, as
above. Fractions, starting from the bottom, were
distributed into new tubes, and remaining floating
lipid layer was discarded. The fractions were 20
centrifuged at 29500x g for 1 hr at 4 C. The liquid
was collected by a syringe, so that the pellet of
inactivated protein and the lipid layer on the top
were left in the tube. The combined fractions were
sterilized by filtration through 0.2 pm filter and
stored frozen at -80 C in aliquots. Dendritic cells
and non-adherent lymphocytes were thawed, washed and
re-suspended in lymphocyte medium and 



25 0.1 ml of cell suspension containing 104 dendritic
cells and 4-8x104 lymphocytes was dispensed into wells
of U-bottom tissue culture 96-well plate. At days 2
and 5, 0.05 ml of lymphocyte medium containing
interleukin 2 (IL-2 final concentration 15 Wimp was
added into each wells. At day 7 or 8, when lymphocytes
reached concentration around 106/ml, cells were
harvested and used in the experiments on 30 induction
of cancer/testis antigen expression (Example 2).
Phenotyping of cell samples was done by staining with
the direct conjugated antibodies, CD4- fluorescein
isothiocyanate (FITC), CD8-phycoerythrin (PE),
CD56-PE, CO3-FITC (BD Biosciences, Denmark, 555346,
555635, 555516 and Beckman Coulter, Sweden, IM1281).
Phenotypic characterization of cells performed by flow
cytometric  WO 2008/081035PCT/EP2008/050050 15
analysis indicated increase in proportion of CD4+
cells compared to original culture, as shown in Figure
2. Example 2. 5Induction of expression of
cancer/testis antigens in proliferating lymphocytes.
In preliminary experiments on kinetics and Aza-5-CdR
concentration dependence, variable induction of
expression of CTA in lymphocyte cultures was observed.
Most easily inducible were MAGE-Al, MAGE-A4 and
MAGE-Al2 (not shown). In order to standardize the
conditions of induction, induction of CTA in
lymphocytes taken  10 from log phase of cell growth
(usually at day 7 or 8, when cell concentration was
about 106/ml) was compared with lymphocytes taken from
"plateau" (day 9 or 10, when lymphocyte concentration
exceeds 2x106/mt). Lymphocyte population expanded from
peripheral blood in the presence of autologous mature
dendritic cells was harvested, washed, re-suspended at
0.5x106/ml in lymphocyte culture  15 medium containing
10 pM of 5-aza-2'-deoxycytidine (Sigma) and 150 IU/ml
of IL-2 and placed in the wells of 24-well tissue
culture plate in 2 ml per well. Celts were incubated
for 3 days, after which they were harvested and
counted. Some cells were used in culture with
autologous lymphocytes (Example 3), while other were
frozen in aliquots as described in the Example 1 for
non-adherent lymphocytes. 20About 2 x106 cells were
washed in DPBS and frozen as pellet for RT-PCR
analysis. Expression of individual antigens was
detected using RT-PCR analysis identifying expression
of RNA coding for these proteins. 2x106 cells were
spun down, the supernatant was discarded, and the
pellet was solubilized in 0.3 ml of Cell Lysis  25
Solution (PurescriptR RNA isolation kit, Gentra
Systems, Minneapois, MN). Total RNA was isolated
according to the manufacturer's instructions,
precipitated by adding two volumes of 100% isopropanol
over the lysis solution, washed with 70% ethanol and
re-hydrated in 10 pl RNAase-free distilled water. The
isolated RNA was treated by DNAase using the reagents
of DNAfreeTM kit (Ambion, Austin, TX).  30 1pl 10x
DNAase buffer and 1pl DNAase (2 units) were added to
the sample, the mixture was incubated for 30 min at 37
C, and reaction was terminated by addition of 2pl
DNAase inactivation reagent. cDNA was synthesized
using random hexamers, otigo(dT) primers, SuperScript
III RNAase H reverse transcriptase kit (Invitrogen
Life Technologies, Carlsbad, CA) and 10pl RNA in 20 pl
total volume 



35according to the manufacturers' protocol.Reverse
transcription (RT) was  16 performed at 50C for 60
min, followed by 70C for 15 min. Synthesized cDNA was
diluted 2-fold by adding equal volume of 10% DMSO in
RNAase-free distilled water. Expression profile of
MACE-Al, -A3, -A4, -A6,-A10, and -Al2, as well as
expression of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) as a positive control for 5 performance of the
reaction and for integrity of RNA was detected by PCR
using the forward (sense) and reverse (anti-sense)
primers described formerly (De Plaen et a1,1994; thor
Straten et al, 1997). 1/20 of cDNA was used in PCR
amplification in the medium containing 50 mM KCl, 10
mM Tris-HCl, 1.5 mM MgCl2, 0.2 mM cresol, 12% sucrose,
0.5% DMSO, 0.05% BSA, pH 8.6/ 25C, 10 pmol of each
primer, and 10 during the first cycle at "hot start"
added 1.25U AmpliTaq DNA polymerase (Applied
Biosystems, Foster City, CA) and 50 pM final
concentration of each dNTP, total volume 30 pl. The
parameters used for the amplification of MACE and
GAPDH were: initial denaturation 95C for 2 min, first
cycle 95C 30 sec, 80C 1-3 min for "hot start", 60C
30sec, and 72C 40 sec, followed by 27-36 cycles (94C
30 sec, 15 60C 30 sec, and 72C 1 min) and 10 min at
72C of final extension. For detection of NY-ES0-1,
specific fragment 272 bp between BLE73 and BLE71 in
the gene structure was amplified (Lethe et al., 1998),
and GAGE3.7 were detected by amplification of specific
fragment VV1- VDE24, 244 bp (De Backer et al., 1999).
Parameters of the reaction for NY-ESO-1 and GAGE3.7
after "hot start" were: 32- 20 36cycles of 95C 30 sec,
60C 1 min, 72C 2 min in the same medium as for MACE
antigens. For amplification of specific fragment 1074
bp in human BORIS, the primers selected by (Vatolin et
al., 2005), were used. Medium and the first cycle was
the same as above excepted 2U Taq polymerase and 150
pM dNTP in the reaction, and "hot start" followed by
40-45 cycles (94C 30 sec, 60C 30 sec, 72C 25 2 min)
and final extension at 72C for 15 min. All reactions
were performed in the thermocycler GeneAmpR PCR System
9700 (Applied Biosystems). Negative controls contained
aliquots of water instead of cDNA and, in addition, in
some experiments on detection of NY-ESO-1 also (minus
RT) reaction was performed, where RNA sample after
DNAase treatment, but prior to reverse transcription
step was used 30 instead of cDNA in order to exclude
bands originated not from cDNA. The PCR products were
separated together with 100-bp ladder exhibiting
100-bp and 800-bp as most intensive bands (Amersham
Pharmacia Biotech) by electrophoresis through 2%
agarose gel at 100V, stained with ethidium bromide,
visualized under UV illumination and recorded by an
image recording system.  17 Figures 3 and 4 present
data on induction of CTA expression in
5-Aza-CdR-treated lymphocytes. For comparison,
expression of cancer antigens in tumor cell lines used
below in Example 3 is also demonstrated. In this
experiment 5-Aza-CdRtreatment of two proliferating
lymphocyte cultures is compared: the one taken 5 from
log phase of growth (day 8), and the other taken from
"plateau" (day 10), where proliferation was stopped
due to high cell density. As could be seen, after
dilution and treatment by 5-Aza-CdR all the
investigated antigens are present in the induced
lymphocytes, with higher expression in cultures taken
from log phase of growth compared to cells taken from
"plateau". This indicates that in order to 10 obtain
the highest induction of CTA expression, cells should
be taken during the log phase of their growth and high
proliferation rate is significant in induction of CTA
expression. The resulting CIA expression profile in
such lymphocytes cover all tested antigens and is even
broader than the profile in some tumor cells. 15The
expression in the 5-Aza-CdR-treated cells of one group
of cancer/testis antigens, MAGE-A antigens also on the
protein level, was confirmed by cell-based ELISA. An
original procedure described for quantification of
gp100 (Erdile et al, 2001) was modified. All cells
were washed twice in DPB5 containing calcium and
magnesium, and after counting were 2-fold titrated and
each dilution placed in 4 



20 wells (two for total and two for unspecific binding
of ABs). The cells were centrifuged at 1400 rpm for 10
min, and dried, permeablised and fixed with methanol
as in the original procedure. For blocking,
delipidated HS containing 0.05% sodium azide was used
after dilution to 10% by DPBS containing calcium and
magnesium. After blocking at 4C overnight, wells were
incubated for 1 hr at 37C 25 and then for 1 hr at r.t.
with either anti-MACE or with isotype-matching control
antibodies. As anti-MAGE antibody, hybridoma
supernatant of broad- spectrum MACE-specific 57B clone
(kindly provided by Dr. Spagnoli, Switzerland) was
used that detects all listed above MACE antigens
excepted MACE-MO (Rimoldi et at., 2000). It was
diluted 10-fold in 5% HS/azide-DPBS containing calcium
and 30 magnesium, and equal IgG concentration of
control isotype-matching Abs was added to the control
wells. Next, the wells were incubated for 1.5 hr at
r.t. with biotinylated goat anti-mouse IgG antibody
followed by streptavidine-HRP for 30 min at r.t. (both
from "Dako", diluted in 1% BSA-DPBS 500- and
1000-fold, respectively). The wells were washed with
0.05% Tween-DPBS between steps. 100 35pl of TMB liquid
substrate, supersensitive (Sigma) was used for
enzymatic reaction  18 of HRP, and the reaction was
terminated by adding an equal volume of 1N NCI.
Absorbance of the soluble product was measured at 450
nm with the reference filter 550 nm. Difference
between the readings for total and unspecific binding
was plotted as specific optical density (OD) in
dependence on cell number per well. 5 For
normalization of MAGE proteins expression by total
protein amount in each sample of the cell Lines,
protein was measured the presence of 0.25% Triton
X-100 in the aliquots of DPBS-washed cells using
bicinchoninic acid (BCA) protein assay kit (Pierce,
Rockford, Illinois) and BSA as a standard, according
to the procedure 10 recommended by the manufacturer.
Figure 5 illustrates the results of cell-based ELISA
analysis of MAGE-A expression in untreated and
5-Aza-CdR-treated lymphocytes as well as in breast
cancer cell Line MDA-MB-231. As can be seen, no
expression of MAGE protein is detected in normal 15
lymphocytes, while 5-Aza-CdR-treated lymphocytes
express a significant amount of protein, demonstrating
induction of expression of MAGE antigens not only on
RNA, but also on the protein level. Comparative
analysis of the curves for MDA-MB-231 cells and
5-Aza-CdR-treated lymphocytes shows that absolute
number of MAGE proteins per cell is about 40-fold
higher in tumor cells than in lymphocytes. On the 20
other hand, MDA-MB-231 cells are significantly Larger,
containing 3.61 mg of total protein per 10 cells as
compared to 0.81 mg of protein per 107 Lymphocytes
(measured by BCA method as described above). Thus, the
fraction of MAGEs in the total cellular protein
between the progressed, highly MAGE-expressing tumor
cell line MDA-MB-231 (Figure 3) and the
5-Aza-CdR-treated lymphocytes differs less 25 than
10-fold. It is noteworthy that this amount of MAGE
proteins is localized intracellularly (in cytosol),
and already within antigen-presenting cells, thus,
bypassing the low efficient steps of uptake and
cross-presentation, which is supposed to be critical
for stimulation of tumor antigen-specific CTL
response. 30 Example 3. 



Induction of cytotoxic T cells response against
5-Aza-CdR-treated CD4-enriched proliferating
autologous lymphocytes.    After induction of CTA in
normal lymphocytes after 5-Aza-CdR treatment, these
lymphocytes were employed for the generation of
tumor-specific immune response 35in vitro.
5-Aza-CdR-treated cultures were harvested, counted,
and seeded in 96-  19 well plate at 20x103 per well
together with 20-40x103 of thawed non-adherent
autologous lymphocytes in 0.1 ml of lymphocyte medium.
After 2 days of incubation, 0.05 ml of lymphocyte
medium supplemented with 75 IU/mL of IL-2 was added
into each well. Addition of 0.05 ml of lymphocyte
medium alone was 5 repeated at days 5 and 7. At day 9,
cultures were harvested and counted and used for
analysis of immune response. Phenotyping of the cells
were done by staining with the direct conjugated
antibodies, CD4-fluorescein isothiocyanate (FITC),
CD8- phycoerythrin (PE), CD56-PE, CD3-FITC and
CD62L-phycoerythrin-cyanide 5 (PC5) (BD Biosciences,
Denmark, 555346, 555635, 555516, Beckman Coulter,
Sweden, 10 IM1281, IM2655). The recommended isotypic
controls were used for the phenotyping of the cells.
The cell samples were analyzed using FC500 MPL Flow
Cytometer (Beckman Coulter) and the CXP analytical
software (Beckman Coulter). The results of analysis of
one of such cultures are presented in Figure 7. As
could be seen, the relative proportion of CD8+ cells
compared to CD4+ cells has 15 significantly increased
as a result of stimulation, showing that these
conditions of stimulation promote generation of CD8+
cells. Of special note is a fact that significant part
of the generated CD8+ cells expresses CD62L, the
marker of central memory cells (Satlusto et al.,
2004). On the other side, there were a significant
number of double negative cells, among them CD56+ NK
cells. Therefore, in order 20 to test cytotoxic
activity of only generated CD8+ cells, they were
isolated using a standard procedure of Miltenyi
Biotec, Germany for CD8 T-cell purification. The cells
were washed twice by adding cold DPBS buffer (Cambrex,
Denmark, 8E02- 017F) containing 0.5% Foetal Calf serum
(Cambrex, 0E14-801F) to the cell suspension. After
removal of the buffer the cells were magnetically
labelled with 25CD8 Microbeads (Miltenyi Biotec,
130-045-201). The cell suspension was loaded on a
column which was placed in the magnetic field of a
MACS Separator. The magnetically labelled CD8 positive
cells were retained on the column. The unlabelled
cells run through and this cell fraction is depleted
30 of CD8 positive cells. After removal of the column
from the magnetic field, the magnetically retained CD8
positive cells were eluted as the positively selected
fraction.  20 intensively washed, re-suspended in
culture medium supplemented with 25 IU/ml of IL-2 and
placed in 24-well plate. After overnight incubation,
lymphocytes were harvested, washed once, re-suspended
at 1x106/ml, and added to a panel of prostate and
breast cancer cell lines. The following tumor cell
lines were used: 



5 prostate cancer cell lines: LNCaP (HLA-A24-) and PC3
(HLA-A2-); breast cancer cell tines: MCF-7 (HLA-A2+),
MDA-MB-231 (IILA-A2+) and T47D (HLA-A2-). 25x103 tumor
cells were seeded in 48-well plate in 1 ml of
RPMI-1640 medium with addition of 10% of FCS and
incubated 2 days before test. Before addition of
lymphocytes, 0,5 ml of culture supernatant was
removed, and 0.25 ml of the suspension of isolated
10lymphocytes containing 0.25x106 cells were added to
tumor cells. Cells were cultured together for 18-20
hours. The cytotoxic activity of isolated lymphocytes
was determined by detection of production of IFN-gamma
in the culture supernatant, as well as microscopic  15
monitoring of disappearance of tumor cells. For
INF-gamma determination, 0,35 ml of culture
supernatant was collected and kept frozen (-20C) until
analysis. Concentration of IFN-g in the culture
supernatants was measured by sandwich ELISA using
"Ready-Set-Go" kit (eBioscience, San Diego,Ca, USA)
that included capture Abs, standard, biotinylated
detection Abs, and HRP-streptavidin. The  20 procedure
was performed essentially according to the
manufacturer' recommendations with the following
modifications: (1) After overnight binding of capture
antibodies to the Nunc Maxisorp 96-well plates and
washing of the plates, the blocking step was extended
to at least 3 Firs at r.t.; (2) The standard curve was
generated by seven serial dilutions of the standard,
starting with either 500 or 1000  25 pg/ml of IFN-g,
and the standards and samples in triplicates were
incubated at r.t. for 2 hrs followed by incubation at
4C overnight. The next steps were performed according
to the manufacturers' protocol. Tetramethylbenzidine
(TMB) substrate solution from the same kit was used in
the enzymatic reaction of HRP, and after terminating
the reaction, optical density was measured with
wavelength correction 30 as a difference between
readings at 450 and 550 nm. Figure 8 shows release of
IFN-gamma by lymphocytes after overnight incubation
with different tumor cells. It is clearly seen that
release in the presence of the HLA-A2-positives cell
lines LNCaP, MCF-7 and MDA-MB-231 is higher than
release in 35the presence of the FILA-A2-negatives
cell lines PC3 and T47D.  21 Microscopic monitoring of
the mixed cultures was performed using an inverted
microscope equipped with the digital camera. A
significant decrease in the number of LNCaP and
MDA-MB-231 cells was observed after overnight contact
with immune Lymphocytes (Figure 9), while
disappearance of MCF-7 cells requires 2-3 5days of
incubation (not shown). 



Some release of IFN-gamma after incubation with
HLA-A2-negative cell lines seen at Figure 8 may be
mediated by CD56+ NK cells that are still present in
the CD8+- enriched lymphocyte population (see Figure
7). In order to mimic the further 10 development in
the patient's organism, in one example lymphocytes
were recovered after contact with tumor cells and
expanded in the presence of dendritic cells and IL-2.
After 3 weeks of expansion, one of such cultures,
showing high cytotoxicity against HLA-A2+ tumor cell
lines, produced IFN-gamma only in HLA-A2- restricted
way (see Figure 10; note that in this experiment only
0.062x106 15 lymphocytes were added to each well with
tumor cells). These data indicate that tumor-specific
cytotoxic T lymphocytes induced by 5-Aza-CdR-treated
CD4- enriched lymphocytes are not damaged as a result
of contact with tumor cells. On the opposite, there is
a selective proliferation of these lymphocytes leading
to enrichment of tumor-specific cytotoxic lymphocytes,
reflecting the memory 20 phenotype of CD8+ immune
response. This interpretation is in accordance with
Figure 6 in Example 2 demonstrated the presence of the
central memory marker CD62L on half of the activated
CD8+ cells, and shows that this approach can be used
for adoptive immunotherapy. 25 Example 4. Up-scaling
of the production of cytotoxic lymphocytes for
adoptive immunotherapy. Use of ex vivo generated
tumor-specific cytotoxic lymphocytes for adoptive
immunotherapy requires establishment of a culture
system capable of producing large number of effector
cells in a safe way. The procedure described in
Example 3 30 employs 96-well and 24-well plates that
make the whole process very laborious and subjected to
high risk of contamination. This Example employs two
types of large tissue culture flasks: standard T225
tissue culture flasks (Nunc) for generation of
dendritic cells and 235 cm2 expanded surface flasks
(Corning, cat. No 431346) for activation and growing
of Lymphocytes.  22 The idea of using of 235 cm2
expanded area flasks is based on the observation that
growth of lymphocytes is in general better if they are
brought into close contact. For example, lymphocytes
grow much better in U-bottom 96-well plates than in
24- well flat bottom plates or in T225 tissue culture
flasks. In search of tissue culture 5 flasks that
might support formation of such tight cell
associations, the inventors came across to 235 cm2
expanded surface flasks, where the bottom consists of
numerous V-form grooves. In the first experiments the
inventors compared growth of activated lymphocytes in
96-well plate and 235 cm2 expanded surface flask. The
results demonstrated that lymphocytes were able to
expand in 235 cm2 expanded 10surface flasks with the
same efficiency as in 96-well U-bottom plates. The
whole process is adapted to these tissue culture
flasks. It employs isolated 



peripheral blood mononuclear cells and consists of 5
steps: 1) generation of the mature dendritic cells
from monocytes, 2) stimulation of lymphocytes by the
15 mature dendritic cells leading to preferential
proliferation of CD4+ cells, 3) treatment of the
activated lymphocytes with demethylating agent leading
to induction of expression of cancer/testis antigens,
4) generation of cytotoxic lymphocytes by
co-cultivation of lymphocytes with activated and
treated lymphocytes, and 5) expansion of cytotoxic
lymphocytes in the presence of 20autologous dendritic
cells as feeder cells. Generation of the mature
dendritic cells. Isolation of peripheral blood
mononuclear cells (PBMC) was carried out as described
in Example 1. Isolated cells were not frozen but were
used immediately in the 25 experiments. Cell
suspension containing 50 millions of monocytes was
incubated in T225 tissue culture flask pre-treated for
45 minutes with RPM! 1640 medium supplemented with 5%
of human AB serum. After collection of non-adherent
lymphocytes the adherent monocytes were washed once
and 40 ml of AIM-V medium supplemented with 2 % of
human AB serum was added into each flask. The 30
collected lymphocytes were frozen in the medium
consisting of 70% of AIM-V medium, 20% of human AB
serum and 10% of DMSO. GM-CSF (100 ng/ml) and IL-4 (25
ng/ml) were added after overnight incubation and two
days later. At day 4, maturation mixture consisting of
IL-1 beta (10 ng/ml), IL-6 (1000 U/ml), TNF-alpha (10
ng/ml) and prostaglandin E2 (0.1 pg/ml) was added into
the flasks. After 2 35days, non-adherent cells were
harvested and part of them was used for immediate  WO
2008/081035PCT/EP2008/050050 23 start of activation of
lymphocytes while the rest were frozen for further use
at the expansion step. Stimulation of lymphocytes by
the mature dendritic cells. 5 Non-adherent lymphocytes
frozen at the start of culture were thawed, counted,
and 40x106 cells were mixed with 4x106 dendritic
cells. After centrifugation, this mixture was
suspended in 40 ml of lymphocyte cultivation medium
consisting of AIM-V medium supplemented with 5 % of
human AB serum, placed in 235 crn2 expanded surface
flask and cultured during 8 days. At days 2 and 5, 20
ml of fresh 10medium supplemented with interteukin 2
(final concentration of 15 U/ml) was 



added into the flask. Induction of the expression of
cancer/testis antigens. At day 8, activated
lymphocytes were harvested, counted, and 20x106 cells
were 15 centrifuged, suspended in 40 ml of lymphocyte
cultivation medium supplemented with 10 pM of
5-aza-2"-deoxycytidine (5-Aza-CdR) and placed in 235
cm2 expanded surface flask. After 3 days, cells were
harvested, counted, and used as stimulators for
generation of cytotoxic lymphocytes. 20 Generation of
cytotoxic lymphocytes. Non-adherent lymphocytes frozen
at the start of culture were thawed, counted, and
20x106 cells were mixed with 20x106 of
5-Aza-CdR-treated cells. After centrifugation, this
mixture was suspended in 40 ml of lymphocyte
cultivation medium consisting of AIM-V medium
supplemented with 5 % of human AB serum, 25 placed in
235 cm2 expanded surface flask and cultured during 11
days. At days 2, 5 and 8, 20 ml of fresh medium
supplemented with interteukin 2 (final concentration
of 25 U/mt) was added into the flask. Expansion of
cytotoxic lymphocytes. 30Different protocols are
currently used for expansion of activated lymphocytes,
and many of them employ feeder cells. In order to
block proliferation of feeder cells, they are
irradiated. This makes the whole procedure laborious
and subjected to the risk of outgrowth of mutated
variants. In order to avoid these problems, the
inventors decided to use dendritic cells as feeder
cells, as mature dendritic cells 35do not proliferate.
In addition it has been shown that autologous
dendritic cells  24 are able to support growth of
activated lymphocytes (Langhoff and Steinman, 1989).
The inventors therefore used dendritic cells generated
at day 6 of the reaction and frozen in aliquots for
stimulation of growth of cytotoxic lymphocytes. At day
11 of co-incubation of intact lymphocytes with
5-Aza-CdR-treated activated 5 lymphocytes, 60 ml of
the culture medium was withdrawn, and 4x108 thawed
dendritic cells suspended in 40 ml of the cultivation
medium with were added to the culture. At days 13 and
15, culture was split 1:1 with addition of 40 ml of
fresh cultivation medium and IL-2. At days 17 or 18,
cultures were harvested and characterized by flow
cytometry analysis. 10 The inventors have performed
preparation of cytotoxic lymphocytes by this method
from lymphocytes isolated from blood of six donors
(Table 2). Characterization of cell phenotype of
generated lymphocytes by flow cytometry method
demonstrates that they have phenotype similar to the
one described in Example 3. Three main 



15 populations were present: CD8+ lymphocytes, CD4+
lymphocytes and CD3- CD56+ NK cells. Population of
CD8+ cells is usually dominant, varying from 17% to
57% (average 40.8%), while proportion of CD4+ cells
varies from 2 to 15% except one donor where their
proportion was close to 30%. Proportion of NK cells
varies from 3% to 54% (average 25.5%). Total number of
cells generated after 35 days from the 20start of
reaction varied between 3x108 and 7x108. Table 2.
Percentage of main lymphocyte populations in the MLC
cultures generated in T235 expanded area flasks.
Culture CD4+ CD8- CD8+ CD4+ CO56+ CD3- 51/07-1 14.7
17.2 54.2 52/07-1 12.8 57.4 15.3 54/07-1 28.8 



31.2 10.5 59/07-1 3.7 51.5 34 60/07-1 1.9 54.9 3.3
61/07-1 6.6 32.8 35.6 Average 11.42 40.83 



25.48  25 In summary, the described procedure permits
generation of large number of cytotoxic lymphocytes
employing only tissue culture flasks that permits to
perform the whole reaction in a safe and relatively
non-laborious way. 5 This procedure may be easily
adapted to the production of tumor-specific cytotoxic
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A method of preparing an antigen-presenting
composition enriched in CD4+ cells comprising
stimulating proliferation of normal non-activated
lymphoid cells using normal mature dendritic cells
that have not been loaded with antigens to which 5 the
immune reaction to be induced should be directed at,
and chemically treating the proliferating cells, with
agents inducing DNA demethylation or histone
acetylation to induce expression of cancer/testis
antigens.  2. A method according to claim 1 in which
the lymphoid cells are peripheral blood lymphocytes
extracted from heterologous or autologous blood. 103.A
method according to claim 1 of 2, in which the
antigens have been induced during the log phase of
proliferation.  4. A method of preparing a cytotoxic
composition, comprising preparing an
antigen-presenting composition by the method of any
one of claims 1 to 3, and using the antigen-presenting
composition to activate T cell lymphocytes, thereby
obtaining 15a cytotoxic composition containing
tumor-specific CD8+ cytotoxic T lymphocytes.  5. A
method according to claim 4, in which the number of T
cell lymphocytes is expanded, after activation by use
of mature dendritic cells.  6. A composition for
inducing an immune response in a mammal, comprising
lymphoid cells in which expression of cancer/testis
antigens has been chemically 20 induced by DNA
methylation or histone acetylation after activation
with normal mature dendritic cells that have not been
loaded with antigens to which the immune reaction to
be induced should be directed at.  7. A composition
according to claim 10, in which the lymphoid cells are
lymphocytes, preferably peripheral blood lymphocytes.



31  9. A composition according to any one of claims 7
to 8, in which the antigen expressing lymphocytes
include CD4+ cells.     10. A composition according to
any one of claims 6 to 9, in which the DNA
demethylation comprises treatment with
5-aza-2-deoxycytidine, or a histone 5deacetylation
inhibitor.  11. A vaccine for prophylactic or
therapeutic treatment comprising a composition
according to any one of claims 6 to 10 and an
acceptable carrier.  12. Use of a composition
according to any one of claims 6 to 10 for preparation
of a vaccine for stimulating an immune response to the
tumor antigens. 1013.Use of a composition according to
any one of claims 6 to 10 as antigen presenting cells
for activation of cytotoxic T lymphocytes. 14.A method
of preparing tumor-specific CD8+ cytotoxic T
lymphocytes which comprises activating T lymphocytes
using a composition according to any one of claims 6
to 10 as antigen presenting cells. 1515.Use of
tumor-specific CD8+ cytotoxic T lymphocytes obtained
by the method of claim 14 for preparation of a
pharmaceutical composition for adoptive T cell
immunotherapy. 


