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1
METHOD FOR PREPARING AN
IMMUNOGENIC LYSATE, THE LYSATE
OBTAINED, DENDRITIC CELLS LOADED
WITH SUCH LYSATE AND A
PHARMACEUTICAL COMPOSITION
COMPRISING THE LYSATE OR THE
DENDRITIC CELLS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the National Phase of International
Patent Application No. PCT/EP2013/077837, filed Dec. 20,
2013, published on Jul. 3, 2014 as WO 2014/102220A1,
which claims priority to Netherlands Application No.
2010067, filed Dec. 28, 2012. The contents of which are
herein incorporated by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates to a method for the prepa-
ration of an immunogenic lysate from mesothelioma tumor
cells, to such a lysate and to dendritic cells loaded with the
lysate. Furthermore, the invention provides a pharmaceuti-
cal composition comprising such lysate or dendritic cells.
Moreover, the invention further provides the use of the
lysate, the dendritic cells or the pharmaceutical composition
in the prevention or treatment of mesothelioma.

BACKGROUND OF THE INVENTION

Malignant mesothelioma of the pleural cavity is a highly
lethal neoplasm. With median survival durations of 9-15
months from the onset of symptoms, the prognosis is poor.
To date, there is no standard curative therapy for malignant
pleural mesothelioma (hereinafter: mesothelioma). Surgical
approaches such as pleurectomy and extrapleural pneumo-
nectomy result in high local recurrence rates and question-
able survival benefit. The only treatment approved by the US
Food and Drug Administration (FDA) is pemetrexed (Al-
imta)/cisplatin and has a median survival benefit of three
months. Because of the limited success of current treat-
ments, novel therapeutic regimens are urgently needed. The
potential to harness the potency and the specificity of the
immune system underlies the growing interest in cancer
immunotherapy. One approach to activate the patient’s
immune system uses dendritic cells to present tumor-asso-
ciated antigens and thereby generating anti-tumor specific
responses.

Dendritic cells are highly mobile and extremely potent
antigen presenting cells located at strategic places where the
body comes in contact with its environment. In these loca-
tions they pick up antigens and transport them to the
secondary lymphoid organs where they instruct and control
activation of natural killer cells, B and T-lymphocytes, and
efficiently activate them against the antigens [1]. This prop-
erty makes them attractive candidates for use in therapeutic
strategies against cancer [2-3]. Dendritic cells can be gen-
erated in large numbers in vitro; bypassing antigen presen-
tation deficiencies caused by the immune suppressing tumor
environment [4-7], and can subsequently be injected in a
mature state to induce anti-tumoral responses [8-11].

Dendritic cell based immunotherapy has been found to
induce protective and anti-tumor immunity in experimental
animals and in some cancers in humans e.g. renal cell
carcinoma, melanoma, glioma and lung cancer [12]. This
has also been proven for mesothelioma. It has particularly
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been found that dendritic cell based immunotherapy had a
beneficial effect on survival and reducing tumor growth in a
mouse model for malignant mesothelioma [13].

Based on these preclinical findings in laboratory animals,
a clinical trial was initiated to address the safety and
feasibility of pulsed dendritic cells to induce tumor-specific
cytotoxic T-cell responses in mesothelioma patients [14].
Ten patients were treated with chemotherapy (pemetrexed/
cisplatin) followed by three vaccinations of autologous
tumor lysate-loaded monocyte-derived dendritic cells. Che-
motherapy was given prior to dendritic cell vaccination in
order to reduce tumor load, thereby potentially augmenting
the efficacy of the vaccination, as was earlier found in mice.
From this study it became clear that injection of autologous
tumor lysate-pulsed dendritic cells in mesothelioma patients
after chemotherapy was safe and well tolerated.

However, using autologous tumor cell lysate to load
dendritic cells has certain theoretical and practical disad-
vantages. A key problem associated with the autologous
approach is that the number of tumor cells from resected
tumor material of thoracic malignancies, in particular meso-
thelioma (either pleural fluid or biopsy) is very limited. As
an example, in the first human clinical trial with dendritic
cell based immunotherapy in mesothelioma, most patients
were excluded from participation [14]. From a total number
of 57 mesothelioma patients only ten patients were able to
provide enough tumor material, although all patients had
high tumor burden on CT/MRI scan.

Furthermore, autologous tumor material obtained from
patients suffering from mesothelioma is very divers in total
tumor amount and “contamination” with other cells. This
results in highly variable tumor cell lysates making stan-
dardization extremely difficult. When such tumor material is
loaded onto autologous dendritic cells different outcomes of
the phenotype and stimulatory capacity are awaited. More-
over, preparing the autologous tumor material for each
individual patient is time consuming and laborious. Also,
quality tests are needed on each patient’s lysate batch,
making the procedure of dendritic cell based immuno-
therapy with autologous tumor lysate very expensive.

Another limitation associated with the use of autologous
mesothelioma tumor cells, is the difficulty of in vitro
manipulation of tumor derived cells. Different approaches to
optimally prepare tumor cell derivatives (apoptotic or
necrotic fragments), increasing the immunogenicity or
enrichment by protein fractionation, and other important
steps to increase efficacy, cannot be performed directly on
autologous tumor material. Culturing autologous cells ex-
vivo, until the number of cells is adequate for manipulation,
is not an option for reasons that even short term culture of
mesothelioma cells mostly failed to produce cell lines.
Another reason why using autologous tumor cells is not
feasible is the fact that relatively long culture periods are
needed, during which the patient’s disease progresses fur-
ther.

In the prior art it has been suggested to use apoptotic
allogeneic mesothelioma tumor cells for loading autologous
dendritic cells. In this regard reference is made to the article
of Ebstein et al, 2003, in the American Journal of Respira-
tion and Critical Care Medicine. In this article intact apop-
totic allogeneic mesothelioma tumor cells derived from one
cell line are used in an in vitro study wherein autologous
dendritic cells are loaded with said intact apoptotic tumor
cells.

Although it was shown in this study that dendritic cells
fed with apoptotic heat shock protein over-expressing meso-
thelioma tumor cells induced a cytotoxic T cell response, the
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method and cells used by Ebstein are not clinically useable.
The cells used by Ebstein originate from one cell-line,
consequently the antigens provided to the dendritic cells will
be relatively limited and would thus seriously reduce it
clinical use. This is also exemplified by the fact that the
cell-lines used only show a positive result if the tumor cells
have been subjected to a prior heat-shock treatment. More
importantly, Ebstein uses intact tumor cells which have only
been treated with UV-B to induce apoptosis. Since many
cells may survive such an UV-B treatment, they are unsuit-
able for administration to patients. In this regard reference is
made to Chalmers A. H. et al., 1976, in Cancer Research and
to Salucci S. et al., 2013, in International Journal of Molecu-
lar Sciences.

Hence, a need remains for the provision of a safe and
reliable method for treating patients suffering from meso-
thelioma and for the provision of medicaments and phar-
maceutical compositions for use in the prevention or treat-
ment of mesothelioma.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the survival rate of survival rate of mice
treated with allogeneic DC-based immunotherapy compared
to untreated mice.

FIG. 2 provide tumor-immune profiles in mesothelioma.

DETAILED DESCRIPTION OF THE
INVENTION

A first aspect of the present invention relates to a method
for the preparation of an immunogenic lysate comprising the
steps of:

i) providing allogeneic mesothelioma tumor cells from at
least two different cell lines;

i1) inducing necrosis or apoptosis in the tumor cells;

iii) lysing the necrotic or apoptotic tumor cells, such that a
lysate is obtained.

With the method of the present invention, for the first
time, allogeneic mesothelioma tumor cells originating from
at least two different cell lines, have been used for preparing
a lysate that can be used in the immunotherapy of patients
suffering, or persons having an increased risk of developing
mesothelioma.

Because differential antigen expression takes place in
different mesothelioma tumor cell lines found in patients, it
is not sufficient to provide dendritic cells loaded with
antigens derived from only one cell line to a group of
patients. Instead it is of importance to load the dendritic cells
with sufficient tumor antigen sources, such that cytotoxic
T-cell responses are induced against a large variety of
mesothelioma tumors.

With the present invention this is achieved by loading the
dendritic cells with a lysate of allogeneic mesothelioma
tumor cells from at least two different cell-lines. By using
different cell-lines multiple antigens are thus present in the
lysate, which lysate may be used to load dendritic cells. This
way, the chances are reduced that a mesothelioma tumor in
a patient escapes by down-regulating a specific antigen.

Furthermore, the use of a lysate of said tumor cells for
loading the dendritic cells is essential for the present inven-
tion. Due to the use of a lysate of the tumor cells a better
mixing of the different antigens from the different tumor
cell-lines can be achieved. This way, dendritic cells loaded
with said lysate are able to present all the antigens from the
different tumor cell-lines. This is not possible with intact
(allogeneic tumor cells). Another advantage of using a lysate
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is that it is easier to produce in large quantities, that it is more
easy to handle and package and that its quality can be
monitored relatively easy.

In the context of the present invention the term “meso-
thelioma tumor cells” refers to cells derived from malignant
mesothelioma.

In the context of the present invention the term “alloge-
neic” has its normal scientific meaning and refers to tumor
cells which are derived from an individual which is different
from the individual to which the lysate resulting from the
method according to the present invention shall be later
administered. The use of tumor cell lysates from allogeneic
mesothelioma tumor cells provides a more standardized and
easier approach, bypassing the need for an individually
prepared autologous tumor lysate. It also creates opportu-
nities to select the optimal source (apoptotic or necrotic),
dose and delivery onto dendritic cells or perform manipu-
lations to increase the immunogenicity of the cells. The
utilization of a robust and validated large scale manufactur-
ing process also requires fewer product batches for quality
control tests such as identity, purity, quantity and sterility/
safety testing. A major advantage of the allogeneic approach
over autologous is that the tumor cell cells can be optimized,
stored in bulk, and manufacturing/quality control timeliness
shall not impact on the immediate disease progression of the
patient as supply already exists.

In accordance with the present invention the term “necro-
sis” has its normal scientific meaning and means morpho-
logical changes of cells. Necrosis is, inter alia, characterized
for example by “leakiness” of the cell membrane, i. e. an
increased permeability which also leads to an efflux of the
cell’s contents and an influx of substances perturbing
homeostasis and ion equilibrium of the cell, DNA fragmen-
tation and, finally, to the generation of granular structures
originating from collapsed cells, i. e. cellular debris. Typi-
cally, necrosis results in the secretion of proteins into the
surrounding which, when occurring in vivo, leads to a
pro-inflammatory response.

Methods for the determination whether a cell is necrotic
are known in the prior art. It is not important which method
the person skilled in the art chooses since various methods
are known.

Necrotic cells in accordance with the present invention
can be determined, e. g., by light-, fluorescence or electron
microscopy techniques, using, e. g., the classical staining
with trypan blue, whereby the necrotic cells take up the dye
and, thus, are stained blue, or distinguish necrotic cells via
morphological changes including loss of membrane integ-
rity, disintegration of organelles and/or flocculation of chro-
matin. Other methods include flow cytometry, e. g., by
staining necrotic cells with propidium iodide.

In accordance with the present invention the term “apop-
tosis” has its normal scientific meaning and means pro-
grammed cell death. If cells are apoptotic various changes in
the cell occur, such as cell shrinkage, nuclear fragmentation,
chromatin condensation, and chromosomal DNA fragmen-
tation.

Apoptotic cells can be determined, e. g., via flow-cyto-
metric methods, e. g., attaining with Annexin V-FITC, with
the fluorochrome: Flura-red, Quin-2, with 7-amino-actino-
mycin D (7-AAD), decrease of the accumulation of Rhod-
amine 123, detection of DNA fragmentation by endonu-
cleases: TUNEL-method (terminal deoxynucleotidyl
transferase caused X-UTP nick labelling), via light micros-
copy by staining with Hoechst 33258 dye, via Western blot
analysis, e. g., by detecting caspase 3 activity by labelling
the 89 kDa product with a specific antibody or by detecting
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the efflux of cytochrome C by labelling with a specific
antibody, or via agarose gel DNA-analysis detecting the
characteristic DNA-fragmentation by a specific DNA-lad-
der.

In accordance with the present invention the term “lysing”
relates to various methods known in the art for opening/
destroying cells. In principle any method that can achieve
lysis of the tumor cells may be employed. An appropriate
one can be chosen by the person skilled in the art, e. g.
opening/destruction of cells can be done enzymatically,
chemically or physically. Examples of enzymes and enzyme
cocktails that can be used for lysing the tumor cells are
proteases, like proteinase K, lipases or glycosidases non-
limiting examples for chemicals are ionophores, like nigro-
mycin, detergents, like sodium dodecyl sulfate, acids or
bases; and non-limiting examples of physical means are high
pressure, like French pressing, osmolarity, temperature, like
heat or cold. A preferred way of lysing cells is subjecting the
cells to freezing and thawing. Additionally, a method
employing an appropriate combination of an enzyme other
than the proteolytic enzyme, an acid, a base and the like may
also be utilized.

According to the present invention the term “lysate”
means an aqueous solution or suspension comprising the
cellular proteins and factors produced by lysis of tumor
cells. Such a lysate may comprise macromolecules, like
DNA, RNA, proteins, peptides, carbohydrates, lipids and the
like and/or micromolecules, like amino acids, sugars, lipid
acids and the like, or fractions from the lysed cells. The
cellular fragments present in such a lysate may be of smooth
or granular structure. Preferably, said aqueous medium is
water, physiological saline, or a buffer solution.

The lysate according to the present invention is not
limited to lysed necrotic cells. For example, due to the
different sensitivity of the treated cells or due to the applied
conditions, such as UVB radiation, also lysed apoptotic cells
can form or be part of the lysate.

The term lysate as used herein also encompasses prepa-
rations or fractions prepared or obtained from the above-
mentioned lysates. These fractions can be obtained by
methods known to those skilled in the art, e. g., chromatog-
raphy, including, e. g., affinity chromatography, ion-ex-
change chromatography, size-exclusion chromatography,
reversed phase-chromatography, and chromatography with
other chromatographic material in column or batch methods,
other fractionation methods, e. g., filtration methods, e. g.,
ultrafiltration, dialysis, dialysis and concentration with size-
exclusion in centrifugation, centrifugation in density-gradi-
ents or step matrices, precipitation, e. g., affinity precipita-
tions, salting-in or salting-out (ammoniumsulfate-
precipitation), alcoholic precipitations or other protein
chemical, molecular biological, biochemical, immunologi-
cal, chemical or physical methods to separate above com-
ponents of the lysates. In a preferred embodiment those
fractions which are more immunogenic than others are
preferred. Those skilled in the art are able to choose a
suitable method and determine its immunogenic potential by
referring to the above general explanations and specific
explanations in the examples herein, and appropriately
modifying or altering those methods, if necessary.

Preferably, the immunogenicity of the mesothelioma
tumor cells, is enhanced before inducing necrosis or apop-
tosis in the tumor cells. This increase of the immunogenicity
can be achieved by incubating the allogeneic tumor cells at
41.2° C. or higher for 1-120 minutes, preferably 20-50
minutes, most preferably about 30 minutes. Another way to
increase the immunogenicity of the tumor cells is to expose
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them to oxidative modification, for example by subjecting
the cells to hypochlorous acid or to hydrogenperoxide. The
immunogenicity of the allogeneic tumor cells can also be
enhanced by exposing the cells to a histone deacetylase
inhibitor, such as valproic acid or suberoylanilide
hydroxamic acid, or by subjecting the tumor cells to DNA-
methyltransferase inhibitors, such as 5-aza-2-deoxycytidine.

The mesothelioma tumor cells, are preferably derived
from vertebrates, preferably from a mammal, most prefer-
ably from humans.

In order to obtain a good immunogenic response it is
preferred to use a mixture of allogeneic mesothelioma tumor
cells, from at least two mesothelioma tumor cell-lines,
preferably at least three mesothelioma tumor cell-lines, for
preparing the lysate. Particularly good results are obtained
when a mixture of at least five mesothelioma tumor cell
lines, is used for preparing the lysate. Using such mixtures
of cell lines as a source of tumor lysate is advantageous in
providing a broader antigenic repertoire of tumor associated
antigens (wide variety of potential tumor antigens), which
will increase the ability of immune responses to recognize
and destroy tumor cells because the opportunities to escape
immune surveillance by modulation of antigen expression
are more limited.

Preferably, at least one of the cell-lines used has been
derived from a tumor tissue specimen with an immune
contexture having:

more than 500 CD3* cells per mm?;

more than 200 CD45RO* cells per mm?;

less than 50 FoxP3* cells per mm?; and

less than 1000 CD206* cells per mm?.

Due to the presence of a relatively high amount of CD3
positive and CD45RO positive cells, it is clear that the tumor
tissue specimen has been subjected to a high infiltration of
CD3+ T cells and CD45RO memory T cells. In various
cancers this is associated with a longer overall survival, this
is also true for mesothelioma.

Furthermore, due to the relatively low amount of FoxP3
positive cells and CD206 positive cells it is clear that a high
infiltration of regulatory T-cells and M2 macrophages has
not taken place. This is also associated with a higher overall
survival rate. The mesothelioma cell-line derived from this
kind of tumor tissue specimens thus show a high immuno-
stimulation, i.e. they provide sufficient amount of antigens,
whereas they trigger little reaction of regulatory T-cells. In
this regard reference is made to Fridman et al., 2012, in
Nature Reviews Cancer and Galon et al., 2013, in the
Journal of Pathology.

In view of the above, it is thus preferred to use a lysate
prepared from such a cell-line in immunotherapy, in par-
ticular for pulsing dendritic cells. Lysate prepared from these
tumor cells contain antigens that activate the immune system
while tumor-derived suppressive factors are limited

It is particularly preferred to use at least two of such
cell-lines for preparing the lysate according to the present
invention.

Within the context of the present invention the term
“immune contexture” as used herein has its conventional
meaning and refers to density of different immune cell
populations in specimens of (human) tumors.

The density of the different immune cells is typically
determined by means of histological staining of the samples.
Methods for histologically staining immune cells with
respect to CD3, CD45RO, FoxP3 and CD206 is commonly
known in the art. In this regard reference is made to Fridman
et al., 2012, in Nature Reviews Cancer which document is
herewith incorporated by reference.
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The allogeneic mesothelioma tumor cells, used in the
method of the present invention are cultured in for example
culture flasks. Due to the fact that these allogeneic cells have
the ability to divide unlimited with minimal loss of their
immunogenic properties, in contrast to non-cancerous cells,
they are suitable to use for preparing the lysate.

Presently six human mesothelioma cell lines have been
developed that provide particularly good results. These cell
lines have been deposited at “Deutsche Sammlung von
Mikro-organismen und Zellkulturen” in Germany, hereinaf-
ter DSMZ. The cell lines were given the following codes and
accession numbers: Thorr 01 (deposit No. DSM ACC3191),
Thorr 02(deposit No. DSM ACC3192), Thorr 03 (deposit
No. DSM ACC3193), Thorr 04 (deposit No. DSM
ACC3194), Thorr 05 (deposit No. DSM ACC3195), Thorr
06 (deposit No. DSM ACC3196). The deposits were made
pursuant to the terms of the Budapest treaty on the interna-
tional recognition of the deposit of micro-organisms for
purposes of patent procedure on Dec. 19, 2012 with Leibniz-
Institut DSMZ-Deutsche Sammlung von Mikroorganismen
und Zellkulturen GmbH (Inhoffenstrasse 7B, 38124 Braun-
schweig, Germany.

The cell-lines Thorr03 and Thorr02 are particularly note-
worthy. These cell-lines have been derived from mesothe-
lioma tumor specimens which showed a relatively high
infiltration of CD3+ T cells and CD45RO memory T cells
(i.e. a high immunostimulation). Moreover, these tumor
specimens showed a relatively low infiltration of FoxP3
positive cells and CD206 positive cells, indicating that a low
infiltration of regulatory T-cells and M2 macrophages took
place. Remarkably, the patients from which these specimens
were obtained lived considerably longer than other patients.
Hence, it is fair to conclude that the Thorr02 and Thorr03
cell lines are particularly suitable for preparing a lysate for
use in immunotherapy. After all, having pulsed dendritic
cells with such a lysate that contains tumor antigens will
stimulate a strong immune-response, while the absence of
tumor-derived factors that induce immunosuppressive are
limited.

Preferably three, more preferably five, most preferably all
these cell lines are used for preparing the lysates according
to the invention. It is particularly preferred to use at least the
cell lines Thorr03 and Thorr02 for preparing a lysate accord-
ing to the present invention, as these cell lines show a
remarkably high immune stimulation of the T-cells in
patients suffering from mesothelioma. These tumor cells
thus express specific antigens that arouse the immune sys-
tem to respond to the tumor. These antigens are present in
the lysate and when loaded onto dendritic cells provoke
anti-tumor responses by T cells.

Necrosis of the allogeneic mesothelioma tumor cells, can
be achieved by methods commonly known in the prior art.
However, subjecting the cells to freeze thawing cycles is
particularly preferred. Preferably, the cells are made necrotic
and lysed by freezing at temperatures below-70 degrees
Celsius and thawing at temperatures of more than 30 degrees
Celsius, particularly freezing is preferred at temperatures
below -75 degrees Celsius and thawing is preferred at
temperatures of more than 35 degrees Celsius and most
preferred are temperatures for freezing below —80 degrees
Celsius and temperatures for thawing of more than 37
degrees Celsius. It is also preferred that said freezing/
thawing is repeated for at least 1 time, more preferably for
at least 2 times, even more preferred for at least 3 times,
particularly preferred for at least 4 times and most preferred
for at least 5 times.
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Preferably the tumor cells are treated with at least 50 Gy
irradiation, preferably at least 100 Gy irradiation. This way
it is avoided that any of the tumor cells remains viable. The
irradiation treatment can be carried out before or after the
tumor cells have been subjected to freezing and thawing.

It may also be advantageous to induce apoptosis in the
allogeneic mesothelioma tumor cells. This can be achieved
by subjecting the tumor cells to at least 15 kJ/m* UVB
irradiation. After having induced apoptosis the apoptotic
cells are lysed.

In order to make sure that the tumor cells are no longer
viable the lysate of necrotic or apoptotic tumor cells is
preferably subjected to at least 50 Gy, more preferably 100
Gy ionizing radiation. It is further preferred to centrifuge the
lysate before or after irradiation.

A second aspect of the present invention relates to a lysate
obtainable by the method described above. Lysates based on
allogeneic mesothelioma tumor cells from two or more
different mesothelioma cell-lines have not been reported
before.

Particularly, lysates prepared from a mixture of at least
three allogeneic mesothelioma tumor cell-lines, preferably
at least four, more preferably at least five different allogeneic
mesothelioma tumor cell-lines have not been reported
before. Using lysates from such mixtures is advantageous
for reasons that they provide a broader antigenic repertoire
of tumor associated antigens (wide variety of potential
tumor antigens), which will increase the ability of immune
responses to recognize and destroy tumor cells because the
opportunities to escape immune surveillance by modulation
of antigen expression are more limited.

It is particularly preferred that the cell lysate is prepared
from two or more of the following human cell lines, which
have been deposited with the DSMZ. The cell lines were
given the following codes and accession numbers: Thorr 01
(deposit No. DSM ACC3191), Thorr 02 (deposit No. DSM
ACC3192), Thorr 03 (deposit No. DSM ACC3193), Thorr
04 (deposit No. DSM ACC3194), Thorr 05 (deposit No.
DSM ACC3195), Thorr 06 (deposit No. DSM ACC3196).

It is particularly preferred to use at least the cell lines
Thorr03 and Thorr02 for preparing a lysate according to the
present invention.

The deposit was made pursuant to the terms of the
Budapest treaty on the international recognition of the
deposit of micro-organisms for purposes of patent proce-
dure. Preferably three, more preferably five, most preferably
all these cell lines are used for preparing the lysates accord-
ing to the invention.

The use of tumor cell lysates from allogeneic mesothe-
lioma tumor cells, also provides a more standardized lysate,
bypassing the need for an individually prepared autologous
tumor lysate.

A major advantage of the allogeneic approach over
autologous is also that the tumor cell cells can be optimized,
stored in bulk, and manufacturing/quality control timeliness
shall not impact on the immediate disease progression of the
patient as supply already exists.

If desired containers comprising the lysate as such can be
brought on the market. Suitable containers for the lysate are
hermetically sealed containers such as an ampoule or
sachette, preferably indicating the quantity of active agent.
Where the composition is to be administered by infusion, it
can be dispensed with an infusion bottle containing sterile
pharmaceutical grade water or saline. Where the composi-
tion is administered by injection, an ampoule of sterile water
for injection or saline can be provided so that the ingredients
may be mixed prior to administration. The lysate may also
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be formulated into a pharmaceutical composition as will be
described in more detail below.

A third aspect of the present invention relates to dendritic
cells loaded (pulsed) with the lysate described above.

In accordance with the present invention the term “den-
dritic cells” has its conventional meaning and relates to
antigen-presenting cells which capture antigens and have the
ability to migrate to the lymph nodes and spleen, where they
are particularly active in presenting the processed antigen to
T cells. The term dendritic cells also encompasses cells
which have an activity and function similar to dendritic
cells. Dendritic cells can be derived from either lymphoid or
mononuclear phagocyte lineages. Such dendritic cells can be
found in lymphatic and non-lymphatic tissue. The latter
appear to induce a T cell response only when being activated
and having migrated to lymphatic tissues.

Dendritic cells are known to be the or amongst the most
potent activators and regulators of immune responses. One
important feature is that they are presently the only antigen
presenting cells know to stimulate naive T cells. Immature
dendritic cells are characterized by their ability to take-up
and process antigens, a function that is dramatically reduced
in mature dendritic cells, which in turn exhibit enhanced
presentation of processed antigens on their surface, mainly
bound to MHC Class I and Class II molecules. Maturation
is also associated with upregulation of co-stimulatory mol-
ecules (such as CD40, CD80 and CD86), as well as certain
other cell surface proteins (e. g. CD83 and DC-Sign).
Dendritic cell maturation is also usually associated with
enhanced migratory capacity, resulting (in vivo) in migra-
tion of dendritic cells to the regional lymph nodes, where the
dendritic cells encounter T and B lymphocytes.

Dendritic cells can be obtained from individuals, prefer-
ably humans, using methods known to those skilled in the art
[14-17]. After having obtained the dendritic cells they are
brought in culture and many more dendritic cells are
obtained. Preferably, the dendritic cells cultured are autolo-
gous dendritic cells. The advantage of using autologous
dendritic cells is that immune reactions of the patients
against these dendritic cells is avoided and that the immu-
nological reaction is triggered against the antigens from the
mesothelioma tumor cells, which were present in the lysate.

Although using autologous dendritic cells provides many
advantages, it may also be advantageous to use allogeneic
dendritic cells. One of the major advantages of using autolo-
gous dendritic cells is that a medicament can be provided to
patients that is ready to use. In other words one does not
have to harvest, culture and load the dendritic cells from an
individual but one can immediately administer the loaded
allogeneic dendritic cells. This saves patient’s valuable time.

Dendritic cells or their precursors are differentiated using
suitable growth factors and/or cytokines, e. g. GM-CSF and
1L-4, the resulting immature dendritic cells are loaded with
a lysate according to the invention. Immature dendritic cells
loaded with a lysate according to the invention are further
maturated to mature dendritic cells. In special cases also
mature dendritic cells can be loaded (pulsed) with antigens
or immunogens from the lysate.

Preferably, the dendritic cells are loaded with at least 0.1
tumor cell equivalents per dendritic cell, preferably at least
0.2 tumor cell equivalents per dendritic cell, more preferably
at least 0.5 tumor cell equivalents per dendritic cell, most
preferably at least one tumor cell equivalent per dendritic
cell.

The dendritic cells used are preferably derived from
vertebrates, preferably from a mammal, most preferably
from humans.
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A fifth aspect of the present invention relates to pharma-
ceutical compositions comprising the lysate according to the
present invention, or to pharmaceutical compositions com-
prising dendritic cells loaded with the lysate according to the
present invention in combination with a pharmaceutically
acceptable carrier.

In accordance with the present invention the term “phar-
maceutical composition” relates to compositions comprising
the cell lysates or dendritic cells loaded with the lysate as
described hereinabove. Such pharmaceutical compositions
comprise a therapeutically effective amount of the cell
lysates or dendritic cells of the present invention, and a
pharmaceutical acceptable carrier.

Preferably, a dosage of the composition administered to a
patient comprises 1*10° to 1¥10'° loaded dendritic cells,
preferably 1*10° to 1*10° loaded dendritic cells, most pref-
erably 1%#10° to 1*10® loaded dendritic cells. Preferably
these dendritic cells comprise at least 0.1 tumor cell equiva-
lent per dendritic cell, more preferably at least 0.2 tumor cell
equivalents per dendritic cell, even more preferably at least
0.5 tumor cell equivalents per dendritic cell, most preferably
at least one tumor cell equivalents per dendritic cell. Most
preferably a dosage of the pharmaceutical composition
comprises 1¥10° to 1¥10'° dendritic cells loaded with at
least 1 tumor cell equivalent per dendritic cell.

This pharmaceutical composition may be administered
with a physiologically acceptable carrier to a patient, as
described herein. The term “carrier” refers to a diluent,
adjuvant, excipient, or vehicle with which the therapeutic is
administered. Such pharmaceutical carriers can be sterile
liquids, such as water and oils, including those of petroleum,
animal, vegetable or synthetic origin, such as peanut oil,
soybean oil, mineral oil, sesame oil and the like. Water is a
preferred carrier when the pharmaceutical composition is
administered intravenously. Saline solutions and aqueous
dextrose and glycerol solutions can also be employed as
liquid carriers, particularly for injectable solutions. Suitable
pharmaceutical excipients include starch, glucose, lactose,
sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium
stearate, glycerol monostearate, talc, sodium chloride, dried
skim milk, glycerol, propylene, glycol, water, ethanol and
the like. The composition, if desired, can also contain minor
amounts of wetting or emulsifying agents, or pH buffering
agents.

These pharmaceutical compositions can take the form of
solutions, suspensions, emulsion, tablets, pills, capsules,
powders, sustained-release formulations and the like. The
composition can be formulated as a suppository, with tra-
ditional binders and carriers such as triglycerides. Oral
formulation can include standard carriers such as pharma-
ceutical grades of mannitol, lactose, starch, magnesium
stearate, sodium saccharine, cellulose, magnesium carbon-
ate, etc. Examples of suitable pharmaceutical carriers are
described in “Remington’s Pharmaceutical Sciences” by E.
W. Martin. Such compositions will contain a therapeutical
effective amount of the cell lysate, preferably in purified
form, together with a suitable amount of carrier so as to
provide the form for proper administration to the patient.
The formulation should suit the mode of administration.

In another preferred embodiment, the pharmaceutical
composition is formulated in accordance with routine pro-
cedures as a pharmaceutical composition adapted for intra-
venous administration to human beings. Typically, compo-
sitions for intravenous administration are solutions in sterile
isotonic aqueous buffer. Where necessary, the composition
may also include a solubilizing agent and a local anesthetic
such as lidocaine to ease pain at the site of the injection.



US 9,962,433 B2

11

Generally, the ingredients are supplied either separately or
mixed together in unit dosage form, for example, as a dry
lyophilized powder or water free concentrate in a hermeti-
cally sealed container such as an ampoule or sachette
indicating the quantity of active agent. Where the compo-
sition is to be administered by infusion, it can be dispensed
with an infusion bottle containing sterile pharmaceutical
grade water or saline. Where the composition is adminis-
tered by injection, an ampoule of sterile water for injection
or saline can be provided so that the ingredients may be
mixed prior to administration.

The cell lysate of the invention can be formulated as
neutral or salt forms. Pharmaceutically acceptable salts
include those formed with anions such as those derived from
hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc.,
and those formed with cations such as those derived from
sodium, potassium, ammonium, calcium, ferric hydroxides,
isopropylamine, triethylamine, 2-ethylamino ethanol, histi-
dine, procaine, etc.

The precise dose of the cell lysate or loaded dendritic cells
to be employed in the formulation will depend on the route
of administration, and state of the disease, and should be
decided according to the judgment of the practitioner and
each patient’s circumstances.

Preferably, the pharmaceutical composition is formulated
such that it is suitable for acting as a vaccine. The forms or
methods for manufacturing vaccine compositions according
to the present invention are not particularly limited, and a
composition in a desired form can be prepared by applying
a single method available in the field of the art or methods
in an appropriate combination. For the manufacture of a
vaccine composition, aqueous media such as distilled water
for injection and physiological saline, as well as one or more
kinds of pharmaceutical additives available in the field of the
art can be used. For example, buffering agents, pH adjusting
agents, solubilizing aids, stabilizing agents, soothing agents,
antiseptics and the like can be used, and specific ingredients
thereof are well known to those skilled in the art. The
composition can also be prepared as a solid preparation such
as a lyophilized preparation, and then prepared as an injec-
tion by adding a solubilizing agent such as distilled water for
injection before use. Depending upon the manner of intro-
duction, the compounds may be formulated in a variety of
ways as discussed below. The concentration of therapeutical
active compound in the formulation may vary from about
0.1-100 wt %.

The pharmaceutical composition according to the present
invention may be administered alone or in combination with
other treatments, i. e., radiation, or other chemotherapeutic
agents or anti-cancer agents, such as a therapeutically effec-
tive amount of nitrogen mustard alkylating agents, nitrosou-
reas, alkyl sulfonates, temozolomide (Temodal®) or COX-2
inhibitors, preferably nitrogen mustard alkylating agents,
such as cyclophosphamide (Endoxan®), Chlorambucil
(Leukeran®), mechorethamine (Mustardgen®), uramustine,
melphalan (Alkeran®) or Ifosfamide.

In a preferred embodiment, the compositions are in a
water-soluble form, such as pharmaceutical acceptable salts,
which is meant to include both acid and base addition salts.

The compositions can be prepared in various forms, such
as injection solutions, tablets, pills, suppositories, capsules,
suspensions, and the like.

Pharmaceutical grade organic or inorganic carriers and/or
diluents suitable for oral and topical use can be used to make
up compositions containing the therapeutically active com-
pounds. Diluents known to the art include aqueous media,
vegetable and animal oils and fats. Stabilizing agents, wet-
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ting and emulsifying agents, salts for varying the osmotic
pressure or buffers for securing an adequate pH value, and
skin penetration enhancers can be used as auxiliary agents.
The compositions may also include one or more of the
following: carrier proteins such as serum albumin; buffers;
fillers such as microcrystalline cellulose, lactose, corn and
other starches; binding agents; sweeteners and other flavor-
ing agents; coloring agents; and polyethylene glycol. Addi-
tives are well known in the art, and are used in a variety of
formulations.

As said, the pharmaceutical composition according to the
present invention, or the lysate or the dendritic cells accord-
ing to the invention, preferably the pharmaceutical compo-
sition may be used in combination with an adjuvant.

With respect to the present invention the term “adjuvant”
means that the natural ability of an antigen to induce an
immune response can be modified, and in particular
enhanced, by altering or by mixing it or loaded dendritic
cells described hereinabove with another substance. The
term “adjuvant” also means that tumor cells from which the
lysates are generated and/or dendritic cells are genetically
modified in order to express adjuvants or other factors which
influence the immune response, as for example costimula-
tory factors. The procedure or the substance used to enhance
immune responses is called an adjuvant. At least three
classes of adjuvants have been used for a long time; these are
mineral oil emulsions, aluminium compounds, and surface
active materials such as saponin, lysolecithin, retinal, Quil
A®, some liposomes, and pluronic polymer formulations.
See, for example, Fundamental Immunology, edited by
William E. Paul, at p. 1008, Raven Press, New York (this
book will hereinafter be referred to as “Fundamental Immu-
nology”). Aluminium adjuvants used alone or in combina-
tion include aluminium hydroxide gel, aluminium phos-
phate, aluminium sulphate, and alums comprising
ammonium alum (such as (NH. sub. 4). sub. 2 SO. sub. 4.
Al sub. 2 (SO. sub. 4). sub. 3) and potassium alum.
Aluminium hydroxide (hereinafter“AL”) is one of the older
adjuvants and it is considered so safe that it has been applied
in bacterial and viral vaccines administered to billions of
people around the world. Calcium phosphate gel (hereinaf-
ter“CP”) has similar properties and is also used in vaccines.
Both substances are available in pharmaceutical qualities in
most countries worldwide.

Techniques for preparing adjuvant-antigen preparations
for injection are well known in the art. See, for example,
Terry M. Philips, Analytical Techniques in Immunochemis-
try, pp. 307-10, Marcel Dekker, New York, 1992. Other
adjuvants include complete Freund’s adjuvant (a water-in-
oil emulsion in which killed, dried, mycobacteria—usually
M tuberculosis—are suspended in the oil phase); incomplete
Freund’s adjuvant (analogous to the complete Freund’s
adjuvant with no mycobacteria); ISCOM (or immune stimu-
lating complex, comprising lipophilic particles formed by
the spontaneous association of cholesterol, phospholipid and
the saponin Quil A®); lipopolysaccharide (complex mol-
ecules consisting of a lipid core—lipid A—with a polysac-
charide side chain that are components of certain bacilli,
Lipid A is incorporated into the outer membrane of the
bacterium and the polysaccharide projects extracellularly.
Their adjuvant potency is associated with lipid A; they are
also mitogenic for murine B lymphocytes); and mycobac-
terial adjuvants (whole, heat killed, dried, mycobacteria-
such as M. tuberculosis, M. avium, M. phlei, and M. smeg-
matis) that, when suspended in mineral oil and emulsifier,
have adjuvant activity with respect to any antigen given with
them.
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Extracts of some mycobacteria, e. g., mycobacterial pep-
tidoglycolipids have similar adjuvant activities. See, for
example, Dictionary of Immunology at pp. 3, 7, 46, 94, 97,
105, and 116; R. B. Luftig, Microbiology and Immunology,
pp. 228-29, Lippincott-Raven Publishers, Philadelphia
1998. Microbial adjuvants include Corynebacterium par-
vum and Bordetella pertussis. See, for example, Handbook
of Immunology at 115-16. Use of controlled-release prepa-
rations and materials with adjuvant activity and possible
sites of action have been described in Fundamental Immu-
nology at pp. 1007-09. Mineral carriers such as aluminium
hydroxide, potassium ammonium sulphate, and potassium
aluminium sulphate adsorb the antigen on their surface.
These common adjuvants have been used at a 0.1% con-
centration with up to 1 mg protein antigen in 1 mi admin-
istered to animals at doses of 0.2-0.5 mu/(kg body weight).
See Miroslav Ferencik, Handbook of Immunochemistry, p.
115, Chapman & Hall 1993 (this book will hereinafter be
referred to as “Handbook of Immunochemistry”). Although
Freund’s adjuvant is toxic and not used for immunization of
human beings, mineral adjuvants such as aluminium
hydroxide are common in human medicine. 1d. at 116. In
addition to alum, other adjuvants in the group of inert
carriers include bentonite, latex, and acrylic particles. See
Fundamental Immunology at 1008. Combinations of adju-
vants can also have adjuvant properties. For example, it has
been shown that the combination of saponin and muramyl
dipeptide in a squalene in water emulsion is superior to alum
as an adjuvant for inducing certain responses in mice. R.
Bomford, M. Stapleton, S. Wilson, A. McKnight, and T.
Andronova, The control of the antibody isotype responses to
recombinant human immunodeficiency virus gp120 antigen
by adjuvants, AIDS Res. Hum. Retroviruses Vol. 8 (1992)
pp- 1765 et seq. These adjuvants are complemented by new
adjuvants that have been developed during the last fifteen
years. See, for example, Anthony C. Allison, The Role of
cytokines in the Action of Immunological Adjuvants, in
Vaccine Design. The Role of cytokine Networks, edited by
Gregory Gregoriadis and Brenda McCormack, NATO ASI
Series A: Life Sciences Vol 293, pp. 1-9, Plenum Press, New
York 1997 (this book will hereinafter be referred to as
“Vaccine Design”); Immunology at p. 116; H. Snippe, I. M.
Fernandez and C. A. Kraaijeveld, Adjuvant Directed
Immune Specificity at the Epitope Level. Implications for
Vaccine Development. A Model Study Using Semliki Forest
Virus Infection of Mice, in Vaccine Design at pp. 155-73.

An adjuvant can be administered prior to, simultaneously
with, or following the administration of the antigen. Anti-
body production enhancement caused by adjuvants is not
fully understood. However, adjuvant properties that may
exist either alone or in various combinations and which
permit a substance or formulation to be described as adju-
vant active have been defined. See, for example, J. C. Cox
and A. R. Coulter, Adjuvants—A classification and review
of their modes of action, Vaccine Vol. 15 (1981) pp. 248 et
seq.; John Cox, Alan Coulter, Rod Macfarlan, Lorraine
Beezum, John Bates, Tuen-Yee Wong and Debbie Drane,
Development of an Influenza-ISCOM™ Vaccine, in Vaccine
Design at pp. 33-49. One of these properties is depot
generation, whereby the vaccine is retained near the dose
site to give short-term trickle release or a longer term pulsed
release. Id. at p. 34.

Preferably, the pharmaceutical or vaccine composition is
administered directly or in combination with an adjuvant
mentioned herein above or loaded on antigen presenting
cells, particularly dendritic cells. It is also preferred that both
the pharmaceutical or vaccine composition and the adjuvant
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and the pharmaceutical or vaccine composition and the

loaded dendritic cells are administered together or separately

from each other e. g. at different time points or at different
locations.

Additionally, it is also preferred that said pharmaceutical
composition and adjuvant is administered together with said
pharmaceutical composition loaded on dendritic cells. Since
dendritic cells are highly specialized antigen-presenting
cells with the unique capability in initiating and regulating
antigen-specific immune responses, it is preferred to com-
bine them with the pharmaceutical compositions of the
present invention.

A sixth aspect of the present invention relates to a method
for preparing a pharmaceutical composition for use in the
treatment or prevention of mesothelioma, comprising the
steps of:

i) providing allogeneic mesothelioma tumor cells from at
least two different cell lines, and preparing a lysate
thereof;

ii) providing dendritic cells;

iii) loading the dendritic cells with the lysate of the tumor
cells.

A pharmaceutically acceptable carrier may be added
before, during or after loading the dendritic cells with the
lysate. However, also the lysate itself or the culture medium
of the dendritic cells may be regarded as a pharmaceutically
acceptable carrier.

Preferably, the lysate used in the method described above
is the lysate as prepared in the previous paragraph, i.e. a
lysate obtained from necrotic or apoptotic mesothelioma
tumor cells.

The dendritic cells to be loaded with the lysate can be
autologous or allogeneic. However, it is preferred to use
autologous dendritic cells. It is further preferred to load
immature dendritic cells, although mature dendritic cells
may also be used.

The lysate, the loaded dendritic cells and the pharmaceu-
tical compositions thereof according to the invention may be
used for treating patients suffering from mesothelioma, or
may be administered to person having increased chances for
developing mesothelioma.

The lysate, the loaded dendritic cells or the pharmaceu-
tical composition according to the present invention may be
administered to patients in combination with a therapeuti-
cally effective amount of other pharmaceutically active
compounds, such as nitrogen mustard alkylating agents,
nitrosoureas, alkyl sulfonates, temozolomide (Temodal®) or
COX-2 inhibitors, preferably nitrogen mustard alkylating
agents, such as cyclophosphamide (Endoxan®), Chloram-
bucil (Leukeran®), mechorethamine (Mustardgen®), ura-
mustine, melphalan (Alkeran®) or Ifosfamide. Such com-
binations may be formulated as a kit. However, it is
particularly preferred to prepare a fixed dose combination.

It is further preferred that patients are administered per
vaccination 1¥10° to 1*10'° loaded dendritic cells, prefer-
ably 1*10° to 1*10° loaded dendritic cells, most preferably
1*10° to 1*10® loaded dendritic cells.

Preferably these dendritic cells comprise at least 0.1
tumor cell equivalents per dendritic cell, more preferably at
least 0.2 tumor cell equivalents per dendritic cell, even more
preferably at least 0.5 tumor cell equivalents per dendritic
cell, most preferably at least one tumor cell equivalent per
dendritic cell.

It is particularly preferred to administer these dosages at
least twice, more preferably at least three times, and most
preferably at least five times. It is particularly preferred to
administer to a patient in need thereof at least three times a
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dosage of 1¥10° to 1*10"° dendritic cells loaded with at least
1 tumor cell equivalent per dendritic cell.

The invention will be described further by the following
non-limiting examples.

A last aspect of the present invention relates to the
following human cell lines Thorr 01 (deposit No. DSM
ACC3191), Thorr 02 (deposit No. DSM ACC3192), Thorr
03 (deposit No. DSM ACC3193), Thorr 04 (deposit No.
DSM ACC3194), Thorr 05 (deposit No. DSM ACC3195),
Thorr 06 (deposit No. DSM ACC3196). These cells are able
to divide without losing their antigenic properties.

EXAMPLES
Example 1
Allogeneic Tumor Lysate

Experiments have been carried out to generate tumor-
specific immunity by loading (pulsing) dendritic cells with
allogeneic tumor lysates in a murine model for mesothe-
lioma. The mice used in this study were injected with
autologous AB1 mesothelioma cell lines, such that meso-
thelioma would develop from these cells. Each condition
was tested in at least a group of 4 mice in two independent
experiments.

1. Dendritic Cell Preparation

Dendritic cells (DC) were generated from bone marrow-
derived monocytes with specific growth factors. To obtain
bone marrow from healthy BALB/c or CBA/j donor mice,
femur and tibia bones were collected, broken and washed
with alcohol. Culture medium was added and cells were
filtered over 100 um membrane. Next osmotic lysis buffer (2
ml) was added to remove erythrocytes and afterwards cell
counting was done. We used 100-mm Petri dishes, each dish
with 10x10° cells in 10 ml DC-tissue culture medium
(DC-TCM). DC-tissue culture medium exists of RPMI 1640
medium (Invitrogen) containing Glutamax-I (Invitrogen)
supplemented with 5% FBS, 50 pug/ml gentamycin, 50 uM
beta-mercaptoethanol (Sigma-Aldrich) and 20 ng/ml recom-
binant murine granulocyte macrophage-colony-stimulating
factor (GM-CSF). Cells were cultured at 37° C. in a humidi-
fied atmosphere at 5% CO,. At day 3, we added 10 ml of
fresh DC-TCM to each Petri dish. On day 6, 10 ml of each
dish was replaced with 10 ml of fresh DC-TCM. After days
8 of culture, each Petri dish contained 30x10° immature
dendritic cells (iDCs).

II. Loading of Dendritic Cells with Tumor Lysate

Immature dendritic cells (iDC) were then stimulated with
allogeneous tumor lysate. To load iDC, tumor lysate was
added in a ratio of 3 tumor cell equivalents per 1 iDC. AC29
cell line derived tumor lysate was prepared from 50x10°
AC29 cells suspended per ml PBS. Since the AB1 cell line
was used to induce the mesothelioma tumor growth in the
mice, the AC29 mesothelioma cell line is considered an
allogeneic tumor lysate when administered to the mice
suffering from AB1 cell line induced mesothelioma.

The cell suspension was frozen in liquid nitrogen and
disrupted by four cycles of freeze-thawing followed by
sonication for four times during 10 seconds with an ampli-
tude of 10 microns, using a Soniprep 150 ultrasonic disin-
tegrator (Sanyo Gallenkamp BV, Breda, The Netherlands)
on ice. This procedure was done for untreated and heat+UV
treated tumor cells to produce necrotic and apoptotic tumor
cell lysate. Tumor cell lysate was stored at —80° C. until use.

The cell cultures of iDCs from BALB/c and CBA/j mice
with AC29 tumor cell lysate were kept for 8 hours at 37° C.
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After 8 hours, 100 ng/ml Lipopolysaccharide (LPS) [E. coli
026:B6, Sigma-Aldrich] was added to the DC culture to
allow complete maturation while incubated overnight at 37°
C. The next day, DCs were collected by addition of PBS to
separate DCs from the dish by gentile pipetting. DCs were
washed in PBS at 400xg for 7 min with a Varifuge 3.0R
centrifuge (Heraeus intstruments) at 4° C. and resuspended
in 2 ml PBS. Next DCs were separated and purified from
tumor cell lysate and debris using 3 ml Lympholyte-Mam-
mal (Cedarlane, Hornby, ON, Canada) density gradient
centrifugation. Then, after centrifugation at 1200xg (Her-
aeus Instruments) for 20 min at room temperature, DCs were
collected from the interphase using a pipette. Again cells
were washed in PBS at 400 rpm for 7 min. at 4° C. The cells
were resuspended to a concentration of 3x10° viable DCs in
500 ul PBS. The quality of the DC preparation was deter-
mined by cell counting, morphologic analysis and cell
surface expression.
1I1. Administration of Loaded Dendritic Cells to Mice Suf-
fering from Mesothelioma

Dendritic cells loaded with AC29 cell lysate were injected
intraperitoneally in either BALB/c or CBA/J mice 14 and 7
days prior to a lethal tumour injection (protective setting) or
1 and 8 days after tumour injection (therapeutic setting). At
least 4 mice per group/condition were used. The occurrence
of tumour growth, body weight, physical well-being, and
survival was measured for two months. The spleen and
tumour material from surviving mice were collected and
analysed for their lytic activity in a chromium-release assay
and by flowcytometry (Granzyme B and IFN-gamma posi-
tive cells).
IV. Results

Allogeneic DC-based immunotherapy showed an
increased survival rate of the treated mice compared to
untreated mice, as is shown in Figure 1. Besides an increase
in the amount of CDS8 positive cytotoxic T cells, the per-
centage of IFN-gamma and granzyme B production per cell
was higher in allogeneic DC treated mice compared to
non-treated mice. The killing capacity of splenocytes from
‘allogeneic’ treated mice were highly increased when cells
were co-cultured with chromium labelled AC29 tumour
cells.

Example 2
Autologous Tumor Lysate

The same protocol as mentioned above with respect to the
allogeneic tumor lysate was followed with an autologous
tumor lysate, i.e. AB1 mouse mesothelioma cell lines. The
mesothelioma cell lines used to prepare the lysate (i.e. AB1
cell line) was the same as the cell line used to induce
mesothelioma in the mice. Hence, the lysate was considered
autologous. Again the treated mice showed an improved
survival rate compared to untreated mice.

The survival rate of the mice treated with the autologous
tumor cell lysate (AB1) loaded dendritic cells was compa-
rable to the mice treated with the allogeneic tumor cell lysate
(AC29) loaded dendritic cells. Each condition was tested in
at least 4 mice per experiment. Each experiment was per-
formed twice.

Example 3

The Origin of the Preferred Cell-Lines Thorr01 to
Thorr06

Malignant mesothelioma is characterized by distinctive
tumour- and immune-profiles. There is a marked heteroge-
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neity and individuality of immune infiltration into the
tumour that correlate with lymph node involvement and
tumour behavior (invasive, aggressive, moderate and indo-
lent). There are 4 possible immune-oncology characteristics,
based on balances between immune activation and immune
suppression. The cell-lines Thorr01-06 as claimed in the
present invention have been derived from tumor tissue, at
least one cell line from one of the 4 immune-oncology
characteristics. The characteristics of the tumor from which
cell lines were generated are shown below:

Thorr01 cell-line has been derived from a mesothelioma
tumor tissue having:

more than 500 CD3* cells per mm?;

more than 200 CD45RO* cells per mm?;

more than 50 FoxP3* cells per mm?; and

more than 1000 CD206* cells per mm?>.

Thorr02 cell-line has been derived from a mesothelioma
tumor tissue having:

more than 500 CD3* cells per mm?;

more than 200 CD45RO* cells per mm?;

less than 50 FoxP3* cells per mm?; and

less than 1000 CD206* cells per mm?.

Thorr03 cell-line has been derived from a mesothelioma
tumor tissue having:

more than 500 CD3* cells per mm?;

more than 200 CD45RO* cells per mm?;

less than 50 FoxP3™* cells per mm?; and

less than 1000 CD206* cells per mm?.

Thorr04 cell-line has been derived from a mesothelioma
tumor tissue having:

less than 500 CD3* cells per mm?;

less than 200 CD45RO™ cells per mm?;

more than 50 FoxP3* cells per mm?; and

more than 1000 CD206* cells per mm?>.

Thorr05 and Thorr06 cell lines have been derived from a
mesothelioma tumor tissue having:

less than 500 CD3* cells per mm?;

less than 200 CD45RO™ cells per mm?;

less than 50 FoxP3™* cells per mm?; and

less than 1000 CD206* cells per mm?.

It is thus advantageous to prepare a lysate from two or
more of said cell-lines for loading dendritic cells. At least
two cell lines but preferable at least four cell lines, one out
of each quadrant to provide all different immune-tumoural
characteristics of mesothelioma, are selected for the widest
variety of antigenically tumour-associated antigen (TAA)
source. These TAA are taken up by autologous DC ex vivo
and then presented in the context of appropriate MHC alleles
to T cells in patients after vaccination.
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The invention claimed is:

1. A method for the preparation of an immunogenic lysate,
comprising:

(a) inducing necrosis or apoptosis in allogeneic mesothe-
lioma tumor cells from at least two different cell lines
to obtain necrotic or apoptotic tumor cells,

wherein at least one of the tumor cell lines has been
derived from a tumor tissue specimen with an immune
contexture having:

(i) more than 500 CD3* cells per mm?;

(ii) more than 200 CD45RO* cells per mm?;
(iii) less than 50 FoxP3* cells per mm?; and/or
(iv) less than 1000 CD206™ cells per mm?; and

(b) lysing the necrotic or apoptotic tumor cells to obtain
the immunogenic lysate.

2. The method according to claim 1, wherein at least two
of the tumor cell lines have been derived from a tumor tissue
specimen with an immune contexture having:

(1) more than 500 CD3* cells per mm?>;

(ii) more than 200 CD45RO™ cells per mm?;

(iii) less than 50 FoxP3* cells per mm?; and/or

(iv) less than 1000 CD206* cells per mm?.

3. The method according to claim 1, further comprising
enhancing immunogenicity of the mesothelioma tumor cells
before inducing necrosis or apoptosis.



US 9,962,433 B2

19

4. The method according to claim 3, wherein immuno-
genicity is enhanced by incubating the cells at 41.2° C. or
higher for 1-120 minutes, by exposing the cells to oxidative
modification, by exposing the cells to histone deacetylase
inhibitors, and/or by exposing the cells to DNA methyltrans-
ferase inhibitors.

5. The method according to claim 4, wherein immuno-
genicity is enhanced by incubating the cells at 41.2° C. or
higher for 20-50 minutes.

6. The method according to claim 1, wherein the meso-
thelioma tumor cells are derived from humans.

7. The method according to claim 1, wherein the meso-
thelioma tumor cells comprise cells from at least three
mesothelioma tumor cell lines.

8. The method according to claim 1, wherein the alloge-
neic mesothelioma tumor cells used are chosen from two or
more of the following cell lines: Thorr 01 (deposit No. DSM
ACC3191), Thorr 02 (deposit No. DSM ACC3192), Thorr
03 (deposit No. DSM ACC3193), Thorr 04 (deposit No.
DSM ACC3194), Thorr 05 (deposit No. DSM ACC3195),
Thorr 06 (deposit No. DSM ACC3196).

9. The method according to claim 1, wherein induction of
necrosis of the allogeneic mesothelioma tumor cells is
achieved by subjecting the cells to freeze-thawing cycles.

10. The method according to claim 1, wherein induction
of apoptosis of the allogeneic mesothelioma tumor cells is
achieved by subjecting the cells to at least 15 kJ/m2 ultra-
violet (UV)-B-radiation.

11. The method according to claim 1, further comprising
subjecting the lysate of (b) to at least 50 Gy irradiation and
centrifugation.

5

15

20

12. The method according to claim 11, wherein the lysate
is subjected to at least 100 Gy irradiation and centrifugation.

13. A method for preparing a pharmaceutical composition,
comprising:

(a) inducing necrosis or apoptosis in allogeneic mesothe-
lioma tumor cells from at least two different cell lines
to obtain necrotic or apoptotic tumor cells,

wherein at least one of the tumor cell lines has been
derived from a tumor tissue specimen with an immune
contexture having:

(i) more than 500 CD3* cells per mm?;

(ii) more than 200 CD45RO* cells per mm?;
(iii) less than 50 FoxP3* cells per mm?; and/or
(iv) less than 1000 CD206™ cells per mm?;

(b) lysing the necrotic or apoptotic tumor cells to obtain
a lysate; and

(c) loading dendritic cells with the lysate.

14. The method according to claim 13, wherein the

dendritic cells are autologous.

15. The method according to 13, wherein the dendritic

cells are immature dendritic cells.

16. The method according to claim 13, further comprising

adding a pharmaceutically acceptable excipient.

17. The method according to claim 16, wherein pharma-

ceutically acceptable excipient is an adjuvant.

18. A lysate obtainable by the method of claim 1.

19. A method of treating mesothelioma in a patient in need

thereof, comprising administering to the patient a lysate
according to claim 18.
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