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PRO-APOPTOTIC PROPERTIES (MV-DELTAC VIRUS) IN CANCER THERAPY

FIELD OF THE INVENTION

The invention relates to a genetically modified infectious measles virus
derived from a live-attenuated measles virus strain, in which the gene encoding the
viral accessory C protein has been knocked out (MV-deltaC). It concerns in
particular the use of said genetically modified infectious MV-deltaC in the treatment
of malignant tumour or cancer conditions, and for the preparation of agents or

compositions for such treatment.

BACKGROUND OF THE INVENTION

Malignant mesothelioma is a rare and highly aggressive cancer, resistant to
usual curative treatments. The development of the malignant pleural mesothelioma is
mostly linked to a prolonged exposure to asbestos fibres and dusts (Kazan-Allen et
al., Lung cancer, 2005, 4951:53-S8; Robinson et al., Lancet, 2005, 366:397-408).
Melanoma is a malignant tumour that develops in melanocytes and can spread to the
entire body when it is not treated. Although it represents one of the least frequent
types of skin cancers, it is responsible for the most skin cancer-related deaths (Chin,
L. et al., Genes Dev. 2006 20: 2149-2182). Lung adenocarcinomas are the most
common kind of lung cancer, both in smokers and non-smokers and are one of the
most common causes of cancer death (Travis, W. D. et al., J Thorac Oncol., 2011,

6(2), 244-285).

No strategy currently proposes a significant curative opportunity for several
aggressive cancers such as malignant mesotheliomas, melanomas and lung

adenocarcinomas.

Their prognoses are very poor and they are relatively refractory to all

conventional treatment modalities, such as chemotherapy, radiotherapy and/or
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surgery. There is thus a pressing need for the development of new clinical

approaches.

Cancer virotherapy is widely regarded as a new alternative for the treatment
of cancers that are resistant to conventional anti-cancer therapies (Boisgerault N et
al., Immunotherapy, 2010, march 2(2), 185-199). Oncolytic virotherapy has
demonstrated multimodal antitumour mechanisms in both pre-clinical and a few
phase I clinical anti-cancer treatments (Lech, PJ and Russell, SJ; Expert Review of
Vaccines, 2010, 9(11):1275-1302; Galanis et al., Cancer Research, 2010, 70(3):875-
882), and also in irn vitro investigations (Gauvrit, A et al., Cancer Research, 2008, 68
(12), 4882-4892). Compared with cell-transfer immunotherapy, virus-vaccines have
the advantage of conferring personalised anti-cancer immunity simultaneously with
cytoreduction without the requirement for personalised manufacture. Additionally,
virus-vaccines can be engineered to delete immunosuppressive viral components and
to insert transgenes that enhance antitumour cytotoxicity and immunity (4. Gauvrit

et al., Cancer Research, 2008, 68 (12), 4882-4892).

Measles virus (MV) is a non-segmented single-stranded, negative-sense
enveloped RNA virus of the genus Morbilivirus within the family of
Paramyxoviridae. The non-segmented genome of MV has an antimessage polarity,
which results in a genomic RNA which is neither translated in vivo or in vitro nor
infectious when purified. This virus has been isolated in 1954 (Enders, J. F. and
Peebles, T.C., 1954, Proc Soc Exp Biol Med, 86(2): 277-286), and live-attenuated
vaccines have been derived from this virus since then to provide vaccine strains, and

in particular from the Schwarz/Moraten strain.

Transcription and replication of non-segmented (-) strand RNA viruses and
their assembly as virus particles have been studied and reported especially in Fields
virology (3" edition, vol 1, 1996, Lippincott-Raven publishers-Fields BN et al.).
Transcription and replication of MV do not involve the nucleus of the infected cells
but rather take place in the cytoplasm of said infected cells. The genome of MV
comprises genes encoding six major structural proteins from the six genes
(designated N, P, M, F, H and L) and the additional two-non structural proteins from
the P gene, the C and V proteins. The gene order is the following: 3°, N, P (including
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Cand V), M, F, H, and L large polymerase protein at the 5° end (Figure 1A). The
genome further comprises non-coding regions in the intergenic region M/F; this non-
coding region contains approximately 1000 nucleotides of untranslated RNA. The
cited genes respectively encode the leader peptide (I gene), the proteins of the
nucleocapsid of the virus, i.e., the nucleoprotein (N), the phosphoprotein (P), and the
large protein (L), which assemble around the genome RNA to provide the
nucleocapsid. The other genes encode the proteins of viral envelope including the
hemagglutinin (H), the fusion (F) and the matrix (M) proteins. The MV C protein is
coded by the polycistronic P gene, it is a small (186 amino acids) and basic protein,
localised both in the cytoplasm and in the nucleus (Bellini, W.J. et al., J. Virol., 1985,
53:908-919). The role of this viral protein, described as a MV virulence factor, is not
yet well understood. To determine the role of the MV C protein, a recombinant wild-
type MV strain lacking expression of the C protein, based on the highly pathogenic
IC-B strain and generated by using a reverse genetics system, has been used. It was
suggested that the MV C protein could be involved in the assembly of viral particles,
in the virus protein expression and in the delay of apoptosis of infected cells in order
to establish a long term MV infection (Takeuchi, K. et al., J. Virol., June 2005, 7838-
7844). Although it has been reported that the MV C protein inhibits the interferon
antiviral response (Shaffer, J.A. et al., Virology, 2003, 315:389-397), another study
reached the opposite conclusion (Takeuchi, K. et al., J. Virol., June 2005, 783§-
7844), thereby confirming that the function of the MV C protein has not yet been
well established.

Among human viruses that deserve to be tested as oncolytic agents, live-
attenuated MV vaccine presents a number of advantages. Administered to hundreds
of millions of children during 30 years, it is the safest and most widely used human
paediatric vaccine. Attenuated strains of MV infect a large number of cell types and
preferentially the transformed cancer cells. This is due to the use by MV of CD46 as
a receptor frequently over-expressed in cancer cells to resist to the complement-
dependant killing by natural killer cells (Naniche, D. et al., J Virol, 1993, 67(10):
6025-6032; Dhiman, N. et al., Rev Med Virol, 2004, 14(4): 217-229), whereas wild-
type MV uses preferentially SLAM (CD150) (Tatsuo, H. et al. Nature, 2000,
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406(6798):893-897; Anderson, B. D. et al., Cancer Res., 2004, 64: 4919-4926;
Schneider, U. et al., J Virol, 2002, 76: 7460-7467). Interestingly, MV exhibits
natural antitumour properties by specifically targeting cancer cells without infecting
the healthy ones. Thus, MV demonstrates an unquestionable safety profile for

application in future therapeutic protocols.

The oncolytic properties of wild-type MV are well known to a person skilled
in the art (Mayo Foundation for Medical Education and Research, US07854928).
Recently, clinical trials were initiated to investigate the capacity of an Edmonston
MV strain to treat ovarian, glioblastoma, non—small lung cancer and multiple
myeloma (see http://clinicaltrials.gov, measles and cancer keywords). The use of
MYV vaccines, cither recombinant or chimeric, as vaccination vectors has also been
described  (WO02004/000876,  W02004/076619,  WO02006/136697,  and
WO02008/078198).

This technology has also been proposed to the immuno-oncolytic treatment of
mesothelioma (Gauvrit, A. et al., Cancer Research, 2008, 68 (12), 4882-4892).
Accordingly, International Patent Application W02009/047331 described both the
oncolytic and immuno-adjuvant properties of the live-attenuated Schwarz strain of
MV vaccine on a panel of epithelioid mesothelioma tumour cells. Using a rescued
Schwarz strain of MV vaccine produced from an infectious cDNA clone, it was
shown that MV-infected mesothelioma cells induced spontaneous monocyte-derived

dendritic cell (Mo-DC) maturation and a tumour antigen-specific response.

The potential advantages of oncovirotherapy over conventional treatments
include the property to induce an immune response including not only higher on-
target specificity against cancer antigens (tumour associated antigens), and thus a
better safety margin but also prolonged effect due to immune memory, and thus
preventing relapse and metastasis. Indeed, it has been demonstrated that an immune-
specific response and memory are developed after administration of MV at the site of
cancer cells, in the presence of antigen-presenting cells (Massé, D. et al., Int. J.
Cancer, 2004, 111(4), 575-580); Liu et al., Molecular therapy: the journal of the
American Society of Gene Therapy, 2010, 18(6):1155-1162). 1t was demonstrated
that the antitumour activity of the Schwarz MV strain acts through multiple
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mechanisms, including oncolysis, induction of tumour immunogenic apoptosis
(danger signal expression associated with cell death) and virus-mediated syncytium
formation (Gauvrit, A. et al., Cancer Res, 2008, 68(12), 4882-4892). In addition, the
released tumour associated antigens and the inflammation resulting from viral
replication have also been suggested to break the immunotolerance to tumours and

induce anticancer immunity.

Despite an efficient infection, some MV-infected malignant tumour or cancer
cells resist to cell death induction. Hence there is a need for the development of
viruses that would help to overcome this type of resistance, and thus improve and

extend the specific cell death induction of malignant tumour or cancer cells.

Dendritic cell (DC) precursors are divided into monocyte-derived dendritic
cells (Mo-DCs) and plasmacytoid dendritic cells (pDCs), which display different
functional properties. pDCs are a subset of DCs involved in the antiviral immune
response due to their expression of Toll-like receptors (TLR) specialised in the
recognition of viral nucleic acids (TLR7, TLRY) (Gilliet, M. et al., Nat Rev
Immunol., 2008, 8:594-606). They respond to a wide range of viruses (inter alia
influenza A virus, herpes simplex virus, HIV) in terms of activation and maturation
by producing large amounts of type-I interferon (IFN-a.,-f3,-w). They are also able to
present viral antigens to CD8+ and CD4+ T cells when they are infected by a virus
(Fonteneau, J. F. et al., Blood, 2003, 101:3520-3526) and to cross-present viral
antigens from virus-infected cells to CD8+ T lymphocytes (Di Pucchio, T. et al., Nat
Immunol., 2008, 9:551-557; Lui, G. et al., PLoS One, 2009, 4:e7111). It has also
been shown that pDCs could play a beneficial role in the immune response against
tumours (Drobits, B. et al., J Clin Invest., 2012, 122:575-585; Liu, C. et al., J Clin
Invest., 2008, 118:1165-1175). As an example, in a mouse melanoma model, pDC
activation and antitumour immune response were observed inside tumours after
topical treatment with the TLR7 ligand, imiquimod (Drobits, B. et al., J Clin Invest.,
2012, 122:575-585). As MV is single-stranded RNA (ssRNA), the inventors have
hypothesised that pDCs could be able to detect the MV infection of tumour cells,
because of their intravacuolar TLR7 expression which recognises single-stranded

RNA.
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The inventors have surprisingly found that a genetically modified infectious
measles virus derived from a live-attenuated MV strain, in which the gene encoding
the viral accessory C protein has been knocked out (MV-deltaC) elicits enhanced
response against malignant tumour or cancer cells and in particular has enhanced
pro-apoptotic propertiecs compared to unmodified MV. The present invention thus
provides MV-deltaC and shows that it can efficiently infect and kill malignant
tumour or cancer cells, such as malignant mesothelioma, melanoma and lung
adenocarcinoma cells. The inventors have also shown that plasmacytoid dendritic
cells contacted with lysate from MV infected malignant mesothelioma, melanoma
and lung adenocarcinoma cells can activate anti-mesothelioma, anti-melanoma and
anti-lung adenocarcinoma CD8 T cells. The inventors have thus proposed that the
observed properties of MV-deltaC could be of interest when using it as an active
compound against malignant tumour or cancer cells when MV-deltaC activates

pDCs.

The present invention relates to an infectious measles virus derived from a
live-attenuated measles virus strain for use in the treatment of an aggressive
malignant tumour or of an aggressive cancer by activating plasmacytoid dendritic
cells (pDCs), when administered to an individual diagnosed with such a tumour or a

cancer condition.

The present invention also relates to a genetically modified infectious measles
virus derived from a live-attenuated measles virus strain, in which the gene encoding
the viral accessory C protein has been knocked out (MV-deltaC) for use in the
treatment of an aggressive malignant tumour or of an aggressive cancer by activating
plasmacytoid dendritic cells (pDCs), when administered to an individual diagnosed

with such a tumour or a cancer condition.

The term “measles virus” is abbreviated MV and the expression “measles
virus derived from a live-attenuated measles virus strain, in which the gene encoding

the viral accessory C protein has been knocked out” s abbreviated MV-deltaC.
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The term “encoding” used in the present application defines the ability of the
nucleic acid molecules to be transcribed and where appropriate translated for product

expression into selected cells or cell lines.

In the present invention, the individual is preferably a mammal, more

preferably a human.

As defined herein, the expression “genetically modified” encompasses the fact
that measles virus C protein synthesis is abolished in the produced, in particular

rescued, genetically modified infectious MV-deltaC.

As defined herein, the expression “the gene encoding the viral accessory C
protein has been knocked out” means that the expression of the gene encoding the C

protein is silenced.

Inhibition of C protein synthesis is in particular achieved by silencing
expression of the C protein Open Reading Frame (ORF) contained in the P gene and
encoding C protein. The C protein ORF overlaps part of the P ORF in the +1 frame.
Silencing of the C protein ORF is achieved in particular by a suitable mutation of the
sequence of said ORF, by mutation of the second “ATG” initiation codon at the N-
terminal region of the P gene. In addition to this first mutation, a second mutation
can be introduced by adding a stop codon as a result of substitution of one nucleotide
downstream in the C open reading frame (Figure 1B) (Patterson, J. B. et al,
Virology, 2000, 267(1): 80-89).

According to the convention used for paramyxoviridae, the term “gene” may
be used to designate the genome RNA nucleic acid encoding mRNA. In the context

of the present invention, it may also refer to the ORF contained in said mRNA.

Said mutation to silence expression of the C protein must preserve the

expression of the P gene for its ability to express the P protein.

In a preferred embodiment, the mutated RNA nucleic acid of MV further
meets the so-called “rule of six”. The “rule of six” is expressed in the fact that the
total number of nucleotides present in a nucleic acid encoding the full-length MV (+)

strand RNA genome is a multiple of six. In a particular embodiment, nucleic acid
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constructs comprising same or comprising the mutated MV-deltaC genome or
consisting of said mutated MV-deltaC genome, and possibly additional, in particular
coding, sequences is a multiple of six. The “rule of six” has been acknowledged in
the state of the art as a requirement regarding the total number of nucleotides in the
genome of the MV, which enables efficient or optimised replication of the MV
genomic RNA as a consequence of interaction with each MV protein subunit

encapsidating 6 ribonucleotides on the genome to form the nucleocapsid.

Processes that disclose expression of the C protein that has been knocked out
in different MV strains, such as the highly pathogenic IC-B strain (Takeuchi, K. et
al., J. Virol., June 2005, 7838-7844) or the Edmonston B vaccine strain (Radecke, F.
et al., Virology, 1996, 217:418-421; Patterson, J. B. et al., Virology, 2000,
267(1):80-89), have been proposed in the prior art by using a reverse genetics

system, and may be applied in the context of the present invention.

As defined herein, the expression "infectious measles virus derived from a
live-attenuated measles virus strain" designates a measles virus originating from a
strain that is avirulent or less virulent than a determined parent strain in the same
host, especially in human, while maintaining infectious properties and
immunogenicity and possibly adjuvanticity when administered in a host, especially
in human, i.e., preserving immunodominant T and B cell response to MV and
possibly the adjuvanticity such as the induction of T cell costimulatory proteins or
the cytokine IL-12. Pathogenic primary strains strongly disrupt hematopoiesis
(Arneborn, P. et al, Clin Exp Immunol, 1983, 51:165-172; Kim, E.A. et al.,
Radiographics, 2002, 22 Spec No:S137-149; Okada, H. et al., Arch Virol, 2000,
145:905-920), thus resulting on transitory immunosuppression responsible for most
deaths due to measles infection in developing countries. In contrast to primary
strains, live-attenuated strains do not induce immunosuppression (Okada, H. et al.,

Arch Virol, 2001, 146:859-874).

A live-attenuated MV strain accordingly refers to a strain which has been
serially passaged on selected cells and, preferably, adapted to other cells such as

primary cells with an IFN o/f response, i.e. CEF cells, to produce seed strains
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suitable for the preparation of vaccine strains, harboring a stable genome which
would not allow reversion to pathogenicity nor integration into host chromosomes, in
particular human host chromosomes. In a particular embodiment of the invention, a
live-attenuated MV is one which has been selected on primary cells such as CEF

cells.

As a particular “live-attenuated strain”, an approved strain for a vaccine used
for human is a live-attenuated strain suitable for the invention when it meets the
criteria defined by the FDA (US Food and Drug Administration) i.c., it meets safety,
efficacy, quality and reproducibility criteria, after rigorous reviews of laboratory and

clinical data (www.fda.gov/cber/vaccine/vacappr.htm).

In the present invention, a particular live-attenuated MV strain providing MV
virus is the Schwarz strain or the Moraten strain, in particular from the Rouvax®
vaccine (Aventis). It has been demonstrated that the Schwarz strain has a perfect
identity of sequence with the Moraten strain (Parks, C. L. et al., 2001, J Virol, 75(2):
910-920;, Schwarz, A. J., 1962, Am J Dis Child, 103, 386-389). The
Schwarz/Moraten strains are currently widely-used since they induce long-term cell
and humoral immune responses and present an important genetic stability since no
reversion to a pathogenic form has ever been observed (Hilleman, M., 2002, Vaccine,

20:651-663).

More preferably, the genetically modified infectious MV of the invention is
produced using a ¢cDNA of MV Schwarz strain cloned into the plasmid pTM-
MVSchw, deposited by Institut Pasteur at the CNCM (Paris, France) under number 1-
2889 on June 12, 2002, the sequence of which is described by Combredet
(Combredet, C. et al., 2003, J Virol, 77(21): 11546-11554), and also disclosed in
WO02004/000876 and in Example 1 of the present invention. The plasmid pTM-
MV Schw has been obtained from a Bluescript plasmid, comprises the polynucleotide
coding for the full-length MV (+) RNA strand of the Schwarz strain placed under the
control of the promoter of the T7 RNA polymerase, and has 18967 nucleotides.
cDNAs from other MV strains may be similarly obtained starting from the nucleic

acid purified from viral particles of live-attenuated MV. In order to prepare a suitable
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cDNA encoding the MV-deltaC genome, plasmid pTM-MVSchw has been modified
by substitution of the second “ATG” start codon in the P gene to give plasmid pTM-
MVSchw-deltaC-ATUI (eGFP) (SEQ ID NO: 1). In particular, the “ATG” codon
has been replaced with the “ACG” codon by mutation of the T nucleotide to the C

nucleotide.

In a particular embodiment, the pTM-MVSchw-deltaC-ATU1 (eGFP) plasmid
of SEQ ID NO:1 is further mutated by substitution at position 2803 of the G

nucleotide by an A nucleotide to provide a stop codon. This variant of pTM-

MVSchw-deltaC-ATU1 (eGFP) has the nucleotide sequence of SEQ ID NO: 2.

In a preferred embodiment of the invention, the genetically modified
infectious MV-deltaC is obtained by rescue. Rescue of unmodified MV of the
Schwarz MV strain has been described extensively in W02004/000876 and the same
process can be applied to the preparation of the genetically modified infectious MV-

deltaC.

In a particular embodiment of the invention, the genetically modified
infectious MV-deltaC expresses GM-CSF (Granulocyte Macrophage-Colony
Stimulating Factor) (Guse, K. et al., 2011, Oncolytic vaccinia virus for the
treatment of cancer, Vol. 11, No. 5, Pages 595-608), and accordingly is MV-deltaC-
GM-CSF.

As defined herein, the expression “for use in the treatment” means that a
genetically modified infectious MV-deltaC can be used in a process of administration
to an individual to completely eradicate a malignant tumour or a cancer condition
diagnosed in an individual, especially in a human, or to reduce the size of the
tumour, or to alleviate symptoms of such a malignant tumour or a cancer condition.
In a particular embodiment, virotherapy involving the MV-deltaC according to the
invention may be accompanied by other therapies, in particular chemotherapy. Thus,
the virotherapy involving MV-deltaC may be used in a combination or an add-on

therapeutic regime.

As defined herein, the expression “aggressive malignant tumour or aggressive

cancer” refers to a malignant tumour or a cancer that is refractory to currently known
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conventional treatment modalities, such as chemotherapy, radiotherapy and/or

surgery, and as a consequence develops despite such a conventional treatment.

As defined herein, the expression “by activating plasmacytoid dendritic cells
(pDCs)” refers to MV or MV-deltaC infected tumour cells that hire pDCs in the
antitumour immune response by activating their ability to produce high quantities of
IFN-o and/or to cross-present TAA from infected tumour cells to tumour-specific

CD8&+ T lymphocytes.

As defined herein, the term “plasmacytoid dendritic cells (pDCs)”
encompasses antigen-presenting cells that produce large amounts of alpha/beta
interferons (IFN-o/B) in response to viral and bacterial stimuli, and, in the present

invention, are recognised to be capable of phagocytosing tumour infected cells.

In a particular embodiment, said MV-deltaC can be used in the treatment of

malignant mesothelioma, in particular malignant pleural mesothelioma.

In another particular embodiment, the present invention relates to a
genetically modified infectious measles virus derived from a live-attenuated measles
virus strain, in which the gene encoding the viral accessory C protein has been
knocked out (MV-deltaC) for use in the treatment of melanoma or lung
adenocarcinoma, when administered to an individual diagnosed with such a

condition.

A particular embodiment of the invention provides a genetically modified
infectious MV-deltaC that can be used in the treatment of malignant tumour or
cancer cells that are resistant to unmodified MV, when administered to an individual

diagnosed with a malignant tumour or a cancer condition.

The expression “unmodified MV refers to an infectious live-attenuated strain
of MV that has not been genetically modified, such as a virus of the Schwarz or

Moraten strain.

As defined herein, the expression “malignant tumour or cancer cells that are
resistant to unmodified MV” refers to malignant tumour or cancer cells that are

known to resist to cell death induction, despite an efficient infection with unmodified
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MV, or that are known to undergo a weaker response to cell death induction with

unmodified MV than with MV-deltaC.

It has been shown by the inventors that administration of MV-deltaC to
various malignant tumour or cancer cells provides or clicits a response which is
improved with respect to the response obtained when unmodified MV is
administered and in particular elicits improved apoptotic activity at lower
concentration levels, with a shorter response time and improved immunogenic

properties (Kroemer, G. et al., Annu. Rev. Immunol., 2012, 31:51-72).

According to a particular embodiment of the invention, said genetically
modified infectious MV-deltaC displays an apoptotic activity in MV-deltaC infected

malignant tumour or cancer cells.

As defined herein, the expression “apoptotic activity” refers to the ability to
induce or elicit apoptosis in cells which can be demonstrated by in vitro apoptosis in
malignant tumour or cancer cells, in particular in malignant mesothelioma,

melanoma and lung adenocarcinoma cells of the examples.

The activities displayed by a MV-deltaC virus of the invention may be
characterised by the production of molecules of the immune response or in the
cellular stress or in the cell death. These molecules encompass the HMGB-1 (High-
Mobility Group Box-1), the calreticulin and Heat Shock Protein (Hsp70), which were
described as danger signals involved in the activation of immune response (Zitvogel,

Letal Cell, 2012, 140:798-804).

Caspase-3 is known to be involved in late events of the apoptosis program

(Duprez, L. et al., Microbes Infect, 2009, 11(13): 1050-1062).

According to a particular embodiment of the invention, said genetically
modified infectious MV-deltaC induces the activation of caspase-3 in MV-deltaC

infected malignant tumour or cancer cells.

The presence of Hsp70 protein on the outer layer of the plasma membrane of
infected cells is involved in the immune response, in particular in the recognition by
antigen-presenting cells and innate cellular immune effectors (Oglesbee et al., Viral

Immunol, 2002, 15(3): 399-416).
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According to a particular embodiment of the invention, said genetically
modified infectious MV-deltaC induces the exposure of the Hsp70 protein to the
outer layer of the plasma membrane in MV-deltaC infected malignant tumour or

cancer cells.

Calreticulin is an essential protein of the endoplasmic reticulum, which can be
relocalised to the outer layer of the plasma membrane during cellular stress (Heal et
al., Biochem J, 1998, 329(2), 389-394). In particular, this exposure to the cell surface
allows for phagocytosis of apoptotic cells by antigen-presenting cells (Ogden et al., J
Exp Med, 2001, 194(6):781-795). Recently, some research hypothesised that
calreticulin exposure at the cell surface dictates the immunogenicity of their death

(Obeid et al., Nat Med, 2007, 13(1): 54-61).

According to a particular embodiment of the invention, said genetically
modified infectious MV-deltaC induces the translocation of calreticulin to the MV-

deltaC infected malignant tumour or cancer cell surface.

The HMGB-1 (High-Mobility Group Box-1) protein released in the
environment during the immunogenic cell death acts on the maturing of dendritic
cells by binding to different receptors, such as TLR4 (dpetoh et al., Nat Med, 2007,
13(9): 1050-1059) and TLRO (Tian et al., Nat Immunol, 2007, 8(5): 487-496).

According to a particular embodiment of the invention, said genetically
modified infectious MV-deltaC induces the liberation of HMGB-1 in the

extracellular medium of MV-deltaC infected malignant tumour or cancer cells.

The inventors have compared cell death induction in human cancer cell lines
(A549 human lung adenocarcinoma cells and Hela cervical cancer cells) and in non-
cancer cells (HEK 293 human embryonic kidney cells and Vero African Green
monkey kidney cells). They demonstrated that MV-deltaC induced a much higher
and earlier cell death than unmodified MV on both A549 and Hela human cancer
cells, even at low MOI (Figure 23A). The inventors have also observed that cell
death induction on Vero cells was similar for both unmodified MV and MV-deltaC,
while no cell death was observed on HEK 293 cells after 68 hours of infection

(Figure 23B). Thus the inventors proved that MV-deltaC was specific to human
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cancer cells: in fact, MV-deltaC showed a higher apoptotic activity than unmodified
MYV when it was brought into contact with human cancer cells but showed a similar
apoptotic activity to unmodified MV when it was brought into contact with lab cell

lines, i.e. Vero cells.

The present invention also relates to a method for preparing vaccinal
plasmacytoid dendritic cells (pDCs) intended for treating a malignant tumour or a
cancer in an individual diagnosed with such a malignant tumour or a cancer

condition, comprising the following steps:

- in vitro infection of malignant tumour or cancer cells previously collected from the
individual with an infectious measles virus derived from a live-attenuated measles

virus strain to yield a cell lysate;
- contacting pDCs with the cell lysate to yield vaccinal pDCs;
- recovering loaded pDCs.

The present invention also relates to a method for preparing vaccinal
plasmacytoid dendritic cells (pDCs) intended for treating a malignant tumour or a
cancer in an individual diagnosed with such a malignant tumour or a cancer

condition, comprising the following steps:

- in vitro infection of malignant tumour or cancer cells previously collected from the
individual with a genetically modified infectious measles virus derived from a live-
attenuated measles virus strain, in which the gene encoding the viral accessory C

protein has been knocked out (MV-deltaC) to yield a cell lysate;
- contacting the pDCs with the cell lysate to yield vaccinal pDCs;
- recovering the loaded pDCs.

In the present invention, said malignant tumour or cancer of the above-
defined method is an aggressive malignant tumour or an aggressive cancer, in

particular malignant mesothelioma, melanoma or lung adenocarcinoma.

In the present invention, said live-attenuated measles virus strain of the above-

defined method is the Schwarz strain or the Moraten strain.
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Where MV-deltaC is administered to an individual, it can be administered
through the intrapleural cavity or by the intranasal, intramuscular, intravenous or
subcutaneous routes. Where MV-deltaC is administered through the intrapleural
cavity, it is preferably administered in close proximity or directly into the malignant

tumour or cancer cells to be treated.

The therapeutically effective quantity of MV-deltaC to be administered is
preferably in the range of from 10° to 10° 50% tissue culture infective doses
(TCID50). TCID50 determination is well known to a person skilled in the art and is
notably described by Kérber (Kdrber, Arch. Exp. Path. Pharmak, 1931, 162:840-
483).

The step of taking the malignant tumour or cancer cells from the individual to
enable ex vivo preparation of the vaccinal pDCs is preferably not included in the
method of preparation of vaccinal pDCs. This step can be performed according to
any technique known to a person skilled in the art for taking or sampling cells, such
as biopsies and effusions (i.e. pleural effusions). After being taken, the malignant
tumour or cancer cells can be maintained in culture according to classical techniques,
or frozen (i.e. at -80°C) for conservation, for instance. Where the malignant tumour
or cancer cells do not originate from the individual to be treated by the vaccinal
pDCs, they can notably derive from allogenic malignant mesothelioma, melanoma

and lung adenocarcinoma cell lines.

In the above-defined in vitro method of preparation, infection of the malignant
tumour or cancer cells with MV-deltaC can be performed by directly contacting cells
and virus, for instance at a Mutliplicity Of Infection (MOI) of 1, with an incubation
of 2 hours at 37°C. After infection, death of the infected cells proceeds
spontaneously due to virus action. A syncitia is usually first formed, followed by
lysis of the cells, thereby providing a cell lysate suitable for vaccine preparation. This

phenomenon can be evidenced by direct microscopic observation of infected cells.

As defined herein, the term “cell lysate” encompasses whole (or total) cell
lysate obtained as disclosed herein, or fractions of the cell lysate, such as membrane

fractions (i.e. cytoplasmic inclusion bodies or apobodies).
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pDCs can be obtained by numerous ways well known to a person skilled in
the art. In a particular embodiment of the invention, the pDCs preferably originate
from the individual to be treated. It is presently preferred that the pDCs are derived
from leukapheresis. Obtaining pDCs is particularly well known to a person skilled in
the art. Preferably, pDCs can be obtained following the general methodology
described by Coulais (Coulais, D et al., Cytotherapy, 2012, 14(7): 887-896). Where
the pDCs originate from the individual to be treated, the pDCs can be obtained from

leukapheresis of said individual.

As will be apparent to a person skilled in the art, contacting of the pDCs and
of the cell lysate should be maintained for a time sufficient to enable an effective
loading of the pDCs by antigens present in the cell lysate. Once loaded (or pulsed),
vaccinal pDCs according to the invention are obtained. Loading can proceed by
following the general methodology described by Gauvrit (Gauvrit, A et al., Cancer
Res, 2008, 68(12), 4882-4892). An exemplary contact period between the pDCs and
the cell lysate sufficient to enable efficient loading of the pDCs is of about 24 hours.
The activated state for pDCs is usually reached after the pDCs have been loaded. The
activated state (or mature state) of pDCs can be evidenced by numerous markers well
known to a person skilled in the art, such as membrane or cytokine markers. Such
markers of activated dendritic cells have been notably listed by Barchet (Barchet, W
et al., Seminars in Immunology, 2005, 17(4):253-261) and Marafioti (Marafioti, T et
al., Blood, 2008, 111(7):3778-3792).

Thus, vaccinal pDCs, which can be obtained according to the method of
preparation of the invention are particularly advantageous since they are potent
stimulators of anti-cancer CD8 T cells. Equally advantageous, the method of
preparation according to the invention allows the preparation of vaccinal pDCs in an

activated state.

The present invention relates in particular to vaccinal dendritic cells which
can be obtained by the above-defined method of preparation. According to a
particular embodiment of the invention, said vaccinal pDCs can be used in the

treatment of an aggressive malignant tumour or of an aggressive cancer, when
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administered to an individual diagnosed with such a malignant tumour or a cancer

condition.

More particularly, it can be used in the treatment of malignant mesothelioma,
melanoma, or lung adenocarcinoma, when administered to an individual diagnosed
with such a condition. The embodiments disclosed herein in relation to the
application of the MV-deltaC are similarly relevant for the use of pDCs as described

herein.

The inventors addressed, in vitro, the effect of tumour cell infection by MV
Schwarz on the activation status of human pDCs and their ability to cross-present a
tumour antigen to a specific CD8+ T cell clone. The inventors showed that, despite
CD46 expression, pDCs were not sensitive to MV infection. However, pDCs were
able to respond in vitro to MV by producing IFN-a, with a greater sensitivity when
IL-3 was added to the culture. The inventors also demonstrated that MV-infected
tumour cells triggered pDC activation, notably IFN-a production, whereas UV-
irradiated tumour cells did not. pDC activation was probably caused by the single-
stranded RNA of MV, which triggered TLR7 in the pDC endocytic compartment
following phagocytosis of MV-infected tumour cells. Interestingly, the inventors
showed as an illustration, for the first time, that human pDCs co-cultured with MV-
infected tumour cells were able to cross-present the NYESO-1 tumour antigen to a
specific CD8+ T cell clone. These results suggest that, in addition to a direct tumour
lysis effect, MV-based antitumour virotherapy may trigger an antitumour immune
response by activating pDCs. Similar results are expected using MV-deltaC since the
tumour cell infection by the mutated virus happens to be similar. A higher response
is even expected since MV-deltaC leads to higher expression of danger signals
(calreticulin and Hsp70) after infection of the tumour cells and the infected cells also

expressed the single-stranded RNA of MV-deltaC.

The present invention is also directed to a pharmaceutical composition
comprising a genetically modified infectious MV-deltaC or vaccinal pDCs which can
be obtained by the above-defined method, as active ingredient, in association with a

pharmaceutically acceptable vehicle, for use in the treatment of an aggressive
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malignant tumour or of an aggressive cancer by activating pDCs, when administered

to an individual diagnosed with such a malignant tumour or a cancer condition.

As defined herein, pharmaceutically acceptable vehicles encompass any
substance that enables the formulation of MV-deltaC within a composition. A
vehicle is any substance or combination of substances physiologically acceptable i.e.,
appropriate for its use in a composition in contact with a host, especially a human,
and thus non-toxic. Examples of such vehicles are phosphate buffered saline
solutions, distilled water, emulsions such as oil/water emulsions, various types of

wetting agents sterile solutions and the like.

The present invention also concerns a pharmaceutical composition or an
assembly of active ingredients comprising a genetically modified infectious MV-
deltaC or vaccinal pDCs which can be obtained by the above-defined method, and
further comprising a chemotherapeutic agent and a pharmaceutically acceptable
vehicle for use in the treatment of an aggressive malignant tumour or of an
aggressive cancer, when administered to an individual diagnosed with such a

malignant tumour or a cancer condition.

As defined herein, a chemotherapeutic agent is a molecule that can be used in
the treatment of a malignant tumour or a cancer. The nature of the chemotherapeutic
agent will depend on the type of malignant tumour or cancer. Examples of

chemotherapeutic agents are well known to a person skilled in the art.

The present invention is also directed to an assembly of active ingredients
comprising (i) a live-attenuated MV or a genetically modified infectious MV-deltaC
and (ii) vaccinal pDCs which can be obtained by the above-defined method, for use
for simultancous or separate administration in the treatment of an aggressive
malignant tumour or of an aggressive cancer, when administered to an individual

diagnosed with such a malignant tumour or a cancer condition.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. MV and MV-deltaC. (A) Schematic diagram of MV genome and gene
order showing that the P gene encodes for the P, V and C proteins (the P, V and C
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ORFs are shown). B) Portion of the nucleotide sequence of plasmids pTM-
MVSchw (SEQ ID NO: 3) and pTM-MVSchw-deltaC-ATU1 (eGFP), wherein the
T nucleotide of native MVSchw genome cDNA at position 2788 has been
replaced by a C nucleotide (SEQ ID NO: 4); in addition to this first mutation, a
second mutation can be introduced by adding a stop codon downstream in the C
open reading frame, i.e. the “TAG” stop codon, which is obtained by replacing the
G nucleotide of native MVSchw genome cDNA in position 2803 by an A
nucleotide (SEQ ID NO: 5) (the introduced nucleotide mutations are underlined).

Figure 2. Expression of the P, V and C proteins by MV, MV-deltaV, MV-
deltaC and MV-Pgoss. Lysates of Vero cells infected with the different viruses
were fractionated on SDS-PAGE gel and the P, V, C proteins were detected by

Western blot using specific monoclonal antibodies.

Figure 3. Replication kinetics of MV, MV-Pgos4, MV-deltaV and MV-deltaC.
Vero (A), HeLa (B), Jurkat (C) and U937 (D) cells were infected with the
different viruses at a MOI of 1. Cell-associated viral titers were determined as

TCIDsq values.

Figure 4. Cytopathic effects of MV and MV-deltaC on Vero and HeLa cells.
Upper panel: cytopathic effects induced on Vero cells 24 hours after infection
with MV or MV-deltaC (MOI of 0.1). Lower panel: immunofluorescence of HeLa
cells 24 hours after infection with MV or MV-deltaC. Cells were fixed and stained

with a monoclonal anti-hemmaglutinin (H) of MV.

Figure 5. Kinetics of viral protein expression in Vero cells infected with MV
or MV-deltaC. Cells were infected at a MOI of 1, and then lysed at different time
points. Cell lysates were analysed by Western blot, and viral proteins N and V
were identified using specific monoclonal antibodies (anti-N clone 120, Naniche,
D. etal, J Gen Virol., 1992, 73(10):2617-2624, anti-V, Takeuchi, K. Et al., FEBS
Letters, 2003, 545 (2), 177-182).
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Figure 6. Anti-MV humoral response induced in CD46/IFNAR mice
immunised with MV-Pgosq, MV-deltaV or MV-deltaC. Antibody titers were
determined by ELISA on sera collected 2 months after a single inoculation. (A)
Limiting dilution assays of pooled sera from different groups of mice. (B)
Individual titers per mouse. (C) Mean titers per group. Antibody titers were
defined as the limiting dilution of tested sera giving twice the absorbance value

calculated against that of sera from non-immunised mice.

Figure 7. Infection and cell death induction by MV-deltaC. A) Tumour cells
were infected with MV or MV-deltaC (MOI=1, 2 h) and analysed by flow
cytometry after double staining with FITC-Annexin-V and propidium iodide at 72

hours after infection. Data represent the percentages of Annexin-V cells.

B) Virus infected (MV or MV-deltaC) and uninfected tumour cells were analysed
by flow cytometry after staining with an anti-active caspase-3 antibody (BD
Biosciences) at 72 hours after infection. The percentages indicate the proportion

of “activated Caspase-3-positive” cells after MV-deltaC infection.

Figure 8. Exposure of the Hsp70 protein to the cell surface. The membrane
Hsp70 protein expression was determined at 48 hours after infection for Meso13
and Meso56 epithelioid mesothelioma cells or at 72 hours after infection for A549
lung adenocarcinoma and M17 melanoma cells, by extracellular staining and flow

cytometry. Data represent the percentages of Hsp70 cells.

Figure 9. Membrane translocation of calreticulin after MV-deltaC infection.
Uninfected and infected (MV or MV-deltaC, MOI=1) tumour cells were stained
with an anti-calreticulin antibody and a Cy5 conjugated anti-mouse secondary
antibody at 48 hours after infection for Mesol3 and Meso56 epithelioid
mesothelioma cells or at 72 hours after infection for A549 lung adenocarcinoma
cells and M17 melanoma cells. Cells were then analysed by flow cytometry. Data

represent the percentages of calreticulin cells.
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Figure 10. Release of HMGB-1 in the extra-cellular environment.
Supernatants of uninfected or infected (MV or MV-deltaC, MOI=1) tumour cells
were collected at 24, 48 or 72 hours afier infection and stored at -20°C. The

quantity of HMGB-1 in these supernatants was then determined by ELISA.

Figure 11. MV receptor expression, MV infection sensitivity and survival of
tumour cells and pDCs. (A) Expression of CD46 and CD150/SLAM on the surface
of tumour cell lines (M18, Mesol3 and A549) and pDCs (mAb staining: grey
histogram; Isotype control : white histogram; the values on histograms are the R-
MFI, relative mean fluorescence intensity, defined as the mAb staining MFI divided
by Isotype control MFI). (B) Infection of tumour cell lines (M18, Meso13 and A549)
and pDCs by MV-eGFP (MOI=1). (C) Infection of pDCs by MV-eGFP (MOI=1), in
the presence or absence of IL-3. (D) Infection of pDCs by MV-eGFP with increasing
MOI, in the presence or absence of IL-3. (E) Survival of tumour cell lines following
MV infection or UV irradiation. Three days after infection or UV irradiation, cells
were incubated with TO-PRO®3 which stains dead cells. Fluorescence was analysed
by flow cytometry. Results in Figures 1A, 1C and 1E are representative of three
independent experiments. Results in Figures 1B and 1E reflect the mean of three

independent experiments. Error bars represent the standard deviation.

Figure 12. Infection of pDCs by MV-eGFP or UV-irradiated MV-eGFP. pDCs in
the presence of IL-3 or Mesol3 cells were cultured alone (NI) or with MV-¢GFP
(MV) or UV-irradiated (312nm — 100kJ/m?) MV-eGFP (MV*) at MOI=50 during 72
hours (upper panel) or during 2 hours and then cultured during 70 hours (lower

panel). Fluorescence was analysed by flow cytometry.

Figure 13. MV-infected tumour cells induce pDC maturation. pDCs were
cultured for 18 hours with either IL-3, MV (MOI=1), MV and IL-3, R848, UV-
irradiated- or MV-infected tumour cells. (A) Expression of CD83, CD86 and CD40
by pDCs was measured by flow cytometry with a gate on CD123"/BDCA-4" cells.
(B) Histograms were obtained from three independent experiments. A nonparametric

Mann Whitney comparison test was used to determine the P value, which was
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obtained by comparison of the sample result with the IL-3 pDC result (* p <0.05,
*Ep <0.01, *¥** p <0.001).

Figure 14. Activation of pDCs in response to MV-infected tumour cells is
independent of MV replication in pDCs and infection by CD46. (A) pDCs were
cultured with IL-3 alone, R848, IL-3/MV-eGFP (MV), IL-3/MV-eGFP with
10mg/mL of anti-CD46 or IL-3/UV-irradiated MV-eGFP (MV*) at MOI=1 during
18 hours. Expression of CD83, CD80 and CD86 by pDCs was determined by flow
cytometry. (B) pDCs were cultured with IL-3, UV-irradiated M18, MV-infected M18
(M18MV) in presence or absence of 10mg/mL of anti-CD46 (Hycult biotech), or
MV-infected MI8 irradiated by UV before exposition to pDCs (M18MV*).
Expression of CD83, CD80 and CD86 by pDCs (gate on BDCA-4+/HLA-DR+ cells)
was determined by flow cytometry. (C) IFN-a production by pDCs measured by
ELISA. (D) MV-eGFP infection inhibition of M18 by 10mg/mL of anti-CD46

monoclonal antibody after 72 hours of culture.

Figure 15. Phagocytosis of MV-infected or UV-irradiated tumour cells by pDCs.
(A) MV-infected and UV-irradiated tumour cells were stained with PKH-67 and co-
cultured with pDCs for 18 hours at 4°C or 37°C (1 DC:1 tumour cell). Cells were
stained with HLA-DR-specific mAb. Fluorescence was analysed by flow cytometry.
This experiment is representative of four experiments. (B) Scatter plot representation
of the four phagocytosis experiments. Error bars represent the standard deviation. (C)
MV-infected tumour cells were stained with PKH-67 (green) and co-cultured with
pDCs for 18 hours. Cells were stained with HLA-DR-specific mAb (red).

Fluorescence was analysed by confocal microscopy.

Figure 16. Production of IFN-a by pDCs in response to MV is TLR7 dependent.
(A) pDCs were cultured for 18 hours with IL-3, MV (MOI=1), MV and IL-3, R84S,
UV-irradiated- or MV-infected M18 or A549 tumour cells. IFN-a production was
measured by ELISA in the culture supernatants. (B) pDCs were cultured for 18 hours

with or without IL-3 and increasing quantities of MV. IFN-a production was
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measured by ELISA in the culture supernatants. (C) pDCs were cultured for 18 hours
with IL-3 and MV (MOI=10), CpG-A or MV-infected M18, in the absence or
presence of different concentrations of IRS661 (TLR7 inhibitor). IFN-a production
was measured by ELISA in the culture supernatants. Results were obtained from

three independent experiments.

Figure 17. Cross-presentation of NYESO-1 by HLA-A*0201+ pDC after co-
culture with NYESO-1+/HLA-A*0201- M18 tumour cells infected with MV. (A)
Expression of NYESO-1 by M18 and A549 tumour cell lines determined by real-
time PCR (n=3). (B) pDCs were cultured for 18 hours with 1L-3, R848, or UV-
irradiated- or MV-infected M18 tumour cells. Some pDCs cultured with R848 were
pulsed with NYESO-1(157-165) peptide for 1 hour and washed. pDCs were then co-
cultured for 6 hours with the M117.167 CD8+ T cell clone specific for HLA-
A*0201/NYESO-1(157-165) (defined as LT) in the presence of brefeldin A.
Production of IFN-y by the M117.167 T cell clone was analysed by flow cytometry
after staining with CD8 and IFN-y-specific mAb. (C) pDCs were cultured for 18
hours with R848, or UV-irradiated- or MV-infected M18 (NYESO-1'/HLA-A*0201
) or A549 (NYESO-17/HLA-A*0201") tumour cells. Some pDCs cultured with R848
were pulsed with NYESO-1(157-165) peptide for 1 hour and washed. pDCs were
then co-cultured for 6 hours with the M117.167 CD8+ T cell clone specific for HLA-
A*0201/NYESO-1(157-165) in the presence of brefeldin A. The production of IFN-y
by the M117.167 T cell clone was analysed by flow cytometry after staining with
CDS8- and IFN-y—specific mAb. (D) Scatter plot representation of cross-presentation
experiments. “n” represents the number of experiments performed. “n” is different
from one condition to another, since the inventors were not able to perform all

controls in each experiment due to the limited quantity of available pDCs.

Figure 18. Schematic of the culture conditions used in the cross-presentation
experiments.
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Figure 19. (A) and (B) Infection and cell death of melanoma cells by unmodified
MYV or MV-deltaC. Sample analysis by flow cytometry for infection level and cell
death induced at 24h, 48h and 72h after infection with unmodified MV or MV-
deltaC at an MOI of 1. The MV-deltaC vaccine strain efficiently infected tumour
cells that were resistant to infection with the unmodified MV vaccine strain. The
melanoma tumour cells were infected with unmodified MV-eGFP or MV-deltaC

eGFP at different MOI for 2 hours.

Figure 20. Cell death of melanoma cells by unmodified MV or MV-deltaC. The
melanoma tumour cells were infected with unmodified MV-eGFP or MV-deltaC
e¢GFP at different MOI for 2 hours. The rate of cell death induced (% of Topro +
cells in uninfected cells - % of Topro + cells in infected cells) of each cell line was

determined by flow cytometry at 24h, 48h and 72h post infection.

Figure 21. Expression of "danger signals" after infection of melanoma cells by
unmodified MV or MV-deltaC. (A) Example of flow cytometric analysis of the
expression of HSP70 and with calreticulin (CRT) 24h, 48h and 72h after infection by
unmodified MV or MV-deltaC. (B) The membrane expression of the HSP70 protein
and CRT in uninfected tumour cells and cells infected with unmodified MV and MV-
deltaC (MOI = 0.5) was determined at 72 h after infection by extracellular marking
and flow cytometry.

Figure 22. In vivo melanoma tumour growth after intratumoral injection with
MV-deltaC. Engrafted tumours were injected with PBS to visualize normal tumour
growth as control. In these control mice, tumour volume increased from 45 mm’ to
150 mm’ within 13 days. In the group treated with MV-deltaC, a greater reduction of
tumour volume was observed at 10 days after injection, which reached 25 mm’, and

the tumours were eliminated at 14 days post injection.

Figure 23. Survival of cancer and non-cancer cells after infection with MV-
deltaC or unmodified MV. Human A549 and Hela cancer cells (A) and HEK 293
and Vero non-cancer cells (B) were infected by MV-deltaC (black bars in graph) or
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unmodified MV (white bars in graph) at different MOI (triplicates). After 24, 46 and
68 hours of culture, the number of living cells was determined using CellTiter-GLO
reagent, a luciferase-based assay that evaluates by ATP quantification the number of

metabolically active cells in culture wells.

Figure 24. Replication kinetics of unmodified MV and MV-deltaC on cancer
and non-cancer cells. Human A549 and Hela cancer cells and HEK 293 and Vero
non-cancer cells were infected by MV-deltaC or unmodified MV at MOI 1
(triplicates). Viral titers were determined as TCIDS50.

EXAMPLES
Example 1
Comparative studies between unmodified MV and MV-deltaC

In vitro infection with unmodified MV. Live-attenuated MV Schwarz
strains were obtained from F. Tangy (Institut Pasteur, France). Schwarz MV was
rescued from the pTM-MVSchw (deposited by Institut Pasteur at the CNCM (Paris,
France) under number 1-2889 on June 12, 2002) cDNA by use of the helper-cell-
based rescue system described by Radecke (Radecke et al., EMBO J., 1995, 14:5773-
5784) and modified by Parks (Parks et al., J. Virol., 1999, 73:3560-3566). Briefly,
293-3-46 helper cells were transfected with 5 ug of pTM-MVSchw and 0.02 ug of
pEMC-Lschw expressing the Schwarz MV-L gene (Combredet et al., J. Virol., 2003,
77:11546-11554). After an overnight incubation at 37°C, a heat shock was applied
for 2 h at 43°C, and transfected cells were transferred onto a Vero cell monolayer.
Syncytia that appeared in 15 days coculture were transferred to 35-mm wells and
then expanded in 75-cm® and 150-cm’ flasks of Vero cells culture in 5% FCS
DMEM. When syncytia reached 80-90% confluence, the cells were scraped into a
small volume of OptiMEM and frozen-thawed once. After low-speed centrifugation
to pellet cellular debris, virus-containing supernatant was stored at -80°C. The titer of
recombinant MV stock was determined by an endpoint limit-dilution assay on Vero
cells. The TCID50 was calculated by use of Karber method (Kdrber, Arch. Exp.
Path. Pharmak., 1931, 162:480-483).
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In vitro infection with MV-deltaC. MV-deltaC was also rescued by reverse
genetics on HEK293-T7-MV helper cells and amplified on Vero cells, in a similar
process as the one described in W02004/000876 for unmodified MV. The suitable
cDNA clone encoding the MV-deltaC genome was accordingly prepared from
purified viral particles of MV as disclosed in said application, or from plasmid pTM-
MVSchw that was modified by mutation of the second “ATG” initiation codon
present in the (+1) ORF at the N-terminal region of the P gene to give plasmid pTM-
MVSchw-deltaC-ATUI (eGFP). In particular, the “ATG” codon was replaced with
an “ACG” codon by mutation of T to C (SEQ ID NO: 1) (Figure 1B). Similarly a
variant of MV-deltaC was also rescued by reverse genetics using a variant plasmid
pTM-MVSchw-deltaC-ATU1 (eGFP) having the nucleotide sequence of SEQ ID
NO: 2, wherein at position 2803 an additional substitution was carried out to replace

the G nucleotide by an A nucleotide.

Characterisation of MV-deltaC. To confirm that the gene encoding the C
protein was knocked out and that the P and V proteins were still expressed, a
Western blot on lysates of infected Vero cells was carried out using specific
monoclonal antibodies (anti-P; anti-V and anti-C, Takeuchi, K. Et al., FEBS Letters,
2003, 545 (2), 177-182) (Figure 2).

Thus, the expression of P, V and C proteins by MVdelta-C was compared to
the one obtained by MV, MV-deltaV (MV, in which the V protein was knocked out)
and MV-Pgos4 (MV, in which the P gene was replaced by the P gene of a wild type
strain (i.e. G954)). Figure 2 shows that MV-deltaC did not express the C protein
anymore, while the V and P proteins were correctly expressed. The stability of the
mutation present in MV-deltaC was controlled by genome sequencing after 10

passages of the virus on Vero cells: no reversion was observed.

Growth kinetics of MV-deltaC. The growth kinetics of MV-deltaC was

analysed on different cell lines either competent or not for type I IFN response
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(Figure 3). Vero cells (African green monkey epithelial cells) have a deletion in the
IFN-B gene (Mosca, J.D., Pitha, P.M. Mol Cell Biol., 1986, 6(6), 2279-2283), thus
type 1 IFN response cannot be initiated in these cells upon viral infection. On the
contrary, Hela (human carcinoma epithelial cells), Jurkat (human T lymphocytes)
and U937 (human monocytes) are competent to initiate type 1 IFN response. As
compared to other MV viruses tested on Vero cells, MV-deltaC grew rapidly during
the first 24 hours, then its growth decreased suddenly. Growth arrest was confirmed
on other cell types tested that are competent for type I IFN response (HeLa, Jurkat
and U-937). Thus, in contrast to other studies (Takeuchi, K. Et al., J. Virol., June
2005, 7838-7844; Patterson, J. B. et al., Virology, 2000, 267(1):80-89), the growth

deficit of MV-deltaC does not seem related to the presence or absence of IFN.

Cytopathic effects of MV-deltaC. Several explanations could account for
the sudden growth arrest of MV-deltaC. In fact, MV-infected Vero cells are
characterised by the formation of giant syncytia (multinucleated cells) resulting from
the fusion of infected cells expressing MV glycoproteins with neighbouring
uninfected cells that express CD46 receptor. The inventors observed that MV-deltaC
induced syncytia formation much faster than unmodified MV on Vero cells (Figure
4) and all other cell types tested. From 24 hours of infection with a MOI of 1, Vero
cells practically all merged into a giant syncytium, which broke out a few hours later.
This explains the growth drop observed at 24 hours post-infection: no more naive
cells remained alive in culture to support a productive infection. Premature apoptosis
of infected cells is likely responsible for the observed viral growth arrest. A MV-
deltaC derived from a pathogenic strain of MV (Ichinose) was previously shown to
exert a higher cytopathic effect than the parental virus (Takeuchi, K. Et al., J. Virol.,
June 2005, 7838-7844).

The exacerbated cell fusion induced by MV-deltaC could be due to a higher
or carlier production of viral proteins, in particular H and F glycoproteins on the
surface of infected cells that would promote rapid and massive cell fusion. The
kinetics of viral hemmaglutinin (H) expression in HeLa cells infected with MV-

deltaC or unmodified MV (MOI = 1) was analysed using immunofluorescence. Cells
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were stained with a monoclonal anti-MV-H antibody coupled to FITC (Figure 4).
The result shows that at 24 hours post-infection, MV-deltaC causes a more massive

infection and induces a much larger H expression than unmodified MV.

Kinetics of viral protein expression in Vero cells infected with MV and
MV-deltaC. To confirm the increased production of viral proteins in the absence of
C protein expression, the content of viral proteins N and V in lysates of Vero cells
infected with MV-deltaC or unmodified MV at an MOI of 1 was analysed over time
(Figure 5). From 6 hours of infection, the nucleoprotein N was detectable in cells
infected with MV-deltaC, while it was only detectable after 21 hours of infection
with unmodified MV. The same observation was made for the V protein. This result
demonstrates that viral proteins are expressed much earlier and in higher amounts by

MV-deltaC than by unmodified MV.

Immunogenicity of MV-deltaC. To assess the impact of the C protein
expression silencing on the immunogenicity of MV vaccine vector, CD46+/-
IFNAR-/- mice susceptible to MV infection were immunised (Combredet, C. et al.,
2003, J Virol, 77(21): 11546-11554; Mrkic B. et al., J Virol., 2000, 74(3):1364-
1372). These mice are genetically engineered to express human CD46 receptor of
MYV vaccine strains and are disabled for the expression of type I IFN receptor
(IFNAR). They are commonly used to assess the immunogenicity of MV vectors
(Brandler, S. et al., PLoS Neglected Tropical Diseases, 2007, 1(3):e96; Combredet,
C. et al., 2003, J Virol, 77(21): 11546-11554). Although IFN o/f is ineffective in
these mice, this model was used to initially evaluate in vivo the impact of the C
protein expression silencing. MV-deltaC was compared to unmodified MV, MV-
deltaV and MV-Pgos4. A single dose of 10° TCID50 of each virus was inoculated
intraperitoneally into four groups of six mice. Sera were collected 2 months after
inoculation and anti-MV antibodies were quantified by ELISA (Trinity Biotech)
(Figure 6).
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In these mice incompetent to type I IFN, the antibody levels induced by
modified measles vectors were comparable to those induced by unmodified vectors.
This result is not surprising for MV-deltaV and MV-Pgoss vectors, which have in
vitro growth kinetics similar to unmodified MV. Surprisingly, MV-deltaC vector,
which has a reduced growth in vitro, induced antibody titers just barely lower than
those induced by unmodified MV. This result indicates that either the inoculated
dose was too high for a difference to be observed, or the minimum viral replication
was sufficient to induce humoral response saturation. It was previously shown in
monkeys that spread of MV-deltaC derived from a pathogenic strain of MV
(Ichinose) was greatly reduced compared to wild type (Takeuchi, K. Et al., J. Virol.,
June 2005, 7838-7844). These preliminary data indicate that in the absence of type 1
IFN response, silencing of the C protein does not affect the establishment of antiviral

humoral response.

Example 2
Cell death induction by MV or MV-deltaC

Cell culture. The epithelioid mesothelioma cell lines (Mesol1, Meso13 and
Meso56) and the lung adenocarcinoma cell lines (A549 and ADKI117) were
established and characterised (Gueugnon F et al., Am J Pathol, 2011, 178: 1033-
1042) from pleural effusion collected by thoracocentesis of cancer patients, with
informed consent. The melanoma cell lines (M17 and M18) were synthesised by B.
Dreno and N. Labarriere (Cancer Research Centre, Nantes, France). The lung
adenocarcinoma cell line (A549) was purchased from ATCC. The epithelioid
mesothelioma cell lines (Mesoll, Mesol3 and Meso56) and the lung
adenocarcinoma cell line (ADK117) were isolated and characterised by F. Tangy
(Institut Pasteur, France). All cell lines were maintained in RPMI-1640 medium
(Gibco-Invitrogen, Cergy-Pontoise, France) supplemented with 10% (v/v) heat-
inactivated fetal calf serum (PAA Laboratories, Les Mureaux, France), 2 mM L-

glutamine, 100 U/mL penicillin and 100 pg/mL streptomycin (all purchased from
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Gibco). Cells were cultured at 37°C in a humidified, 5% CO, atmosphere and were

routinely checked for Mycoplasma contamination by PCR.

Cell death analysis. Cell death was determined 3 days after infection using
the Apoptosis Detection Kit (BD Biosciences). Briefly, cells were double-stained
with FITC-AnnexinV and propidium iodide for 15 min and analysed by flow
cytometry within 1 h. MV- and MV-deltaC specific cell deaths were then
determined. Cells were incubated with specific antibodies described in the following
examples, for extracellular staining. Cells were then washed 3 times with PBS before

analysis by flow cytometry (FACSCalibur, BD Biosciences).

To compare the infection and cell death induction abilities with MV and MV-
deltaC, a large panel of three epithelioid mesothelioma cell lines (Mesol1, Mesol3
and Meso56), two melanoma cell lines (M17 and MI18) and two lung
adenocarcinoma cell lines (A549 and ADK117) were infected with unmodified MV
or MV-deltaC, at a Multiplicity Of Infection (MOI) of 1.0 for 2 hours, incubation at
37°C. Control cell lines were not infected with MV or MV-deltaC (Figure 7).
Tumour cells were analysed by flow cytometry after double staining with FITC-

Annexin-V and propidium iodide three days after infection.

Mesol1 and Meso13 epithelioid mesothelioma cells, M18 melanoma cells or
A549 lung adenocarcinoma cells were unmodified MV efficiently infected, while
Meso56 epithelioid mesothelioma cells and ADK117 lung adenocarcinoma cells
were unmodified MV weakly infected, and M17 melanoma cells were uninfected.
Even if a moderate or important percentage of Annexin-V cells was observed for
unmodified MV efficiently infected cells (Mesoll and Mesol3 epithelioid
mesothelioma cells, M18 melanoma cells and A549 lung adenocarcinoma cells), it
was found that MV-deltaC was able to induce even more effectively the death of
these tumour cells. While unmodified MV weakly infected (Meso56 epithelioid
mesothelioma cells and ADK117 lung adenocarcinoma cells) or even uninfected

(M17 melanoma cells) tumour cells showed a very low percentage of Annexin-V
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cells, the inventors have surprisingly discovered that infection with MV-deltaC

induced a much higher cell death induction for these two cell lines (Figure 7A).

Thus, according to these in vitro results, MV-deltaC induced a higher

apoptosis in infected tumour cells than unmodified MV.

Example 3
Caspase-3 activation after MV or MV-deltaC infection

The caspase-3 activation was analysed both in tumour cells infected with
unmodified MV and MV-deltaC (Figure 7B). A panel of two epithelioid
mesothelioma cell lines (Meso13 and Meso56), one melanoma cell line (M17) and
one lung adenocarcinoma cell line (A549) were infected with unmodified MV or
MV-deltaC, at a MOI of 1.0 for 2 hours, incubation at 37°C. Control cell lines were
not infected with MV or MV-deltaC. Virus infected (MV or MV-deltaC) and
uninfected tumour cells were analysed by flow cytometry after staining with an anti-

caspase-3 antibody (BD Biosciences) three days after infection.

Infection with MV-deltaC induced caspase-3 activation for the two different
tested cell lines: 38.2% for Meso13 epithelioid mesothelioma cells, 30.2% for M17
melanoma cells, 21.8% for A549 lung adenocarcinoma cells and 8.4% for Meso56
epithelioid mesothelioma cells. On the contrary, this caspase-3 activation was not or
partially observed after infection with unmodified MV. These results suggested that
unmodified MV and MV-deltaC viruses could induce the tumour cell death

according to two different pathways.

Example 4

Exposure of the Hsp70 protein to the cell surface after MV or MV-deltaC

infection

Tumour cell infection with oncolytic viruses can cause a cellular stress
(Fabian et al., J Virol, 2007, 81(6): 2817-2830). Infection, but also cell death

induced by these viruses, lead also to the production and release in the environment
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of molecules with immunogenic properties (Wang et al., Viral Immunol, 2006, 19(1):
3-9). These endogenous danger signals issued from infected cells can in fact be
recognised by the defence cells and triggered adaptive responses. The monocyte-
derived and plasmacytoid dendritic cells recognise these danger signals thanks to the
expression of different receptors. The immune system is thus able to work in synergy
with the direct oncolytic activity of viruses by activating a specific lymphatic

response of tumour antigens.

Infection by tumour cells with the vaccine strain of the oncolytic MV virus
allows for the maturing of DC and the activation of autologous T lymphocytes
(W02009/047331). In order to characterise the mechanism by which infected cells
induced the immune system activation, the expression, the modification and/or the
release of different cellular factors known for their involvement in cell death
immunogenicity have been studied by the inventors. For example, HSP70 family
proteins or calreticulin can be involved in the activation of the antitumour immune

reésSponsc.

Expression of the Hsp70 protein to the surface of unmodified MV and MV-
deltaC infected tumour cells was analysed (Figure 8). A panel of two epithelioid
mesothelioma cell lines (Meso13 and Meso56), one melanoma cell line (M17) and
one lung adenocarcinoma cell line (A549) were infected with unmodified MV or
MV-deltaC, at a MOI of 1.0 for 2 hours, incubation at 37°C. Control cell lines were
not infected with MV or MV-deltaC. The membrane Hsp70 protein expression was
determined two days after infection for Mesol3 and Meso56 epithelioid
mesothelioma cells or three days after infection for A549 lung adenocarcinoma and

M17 melanoma cells, by extracellular staining and flow cytometry.

A very small translocation of Hsp70 protein to the cell surface was observed both
for unmodified MV efficiently infected cells (Meso13 epithelioid mesothelioma cells
and A549 lung adenocarcinoma cells) and MV resistant cells (Meso56 epithelioid
mesothelioma cells and M17 melanoma cells). On the contrary, MV-deltaC
surprisingly induced a strong exposure of the Hsp70 protein to the outer layer of the
plasma membrane for all cell lines. These results suggested that cell death induced

by MV-deltaC showed immunogenic characteristics.
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Example §
Membrane translocation of calreticulin after MV or MV-deltaC infection

The impact of tumour cell infection with unmodified MV and MV-deltaC on
the translocation of calreticulin to the cell surface was studied. To do so, the presence
of calreticulin to the infected tumour cell surface was analysed by extracellular
staining (Figure 9). A panel of two epithelioid mesothelioma cell lines (Meso13 and
Meso56), one melanoma cell line (M17) and one lung adenocarcinoma cell line
(A549) were infected with unmodified MV or MV-deltaC, at a MOI of 1.0 for 2
hours, incubation at 37°C. Control cell lines were not infected with MV or MV-
deltaC. Uninfected and infected (MV or MV-deltaC) tumour cells were stained with
an anti-calreticulin antibody and a Cy5 conjugated anti-mouse secondary antibody
two days after infection for Meso13 and Meso56 epithelioid mesothelioma cells or
three days after infection for A549 lung adenocarcinoma cells and M17 melanoma

cells. Cells were then analysed by flow cytometry.

Like the Hsp70 protein, infection with MV-deltaC surprisingly lead to a
stronger translocation of calreticulin to the cell surface than unmodified MV, both for
unmodified MV efficiently infected cells (Mesol3 epithelioid mesothelioma cells
and A549 lung adenocarcinoma cells) and MV resistant cells (Meso56 epithelioid
mesothelioma cells and M17 melanoma cells). These results also suggest that cell

death induced by MV-deltaC showed immunogenic characteristics.

Example 6

Release of HMGB-1 in the extra-cellular environment after MV or MV-deltaC

infection

The release of the HMGB-1 protein in the extracellular medium after
infection of tumour cells with unmodified MV or MV-deltaC was studied (Figure
10). Two epithelioid mesothelioma cell lines (Meso13 and Meso56) were infected
with unmodified MV or MV-deltaC, at a MOI of 1.0 for 2 hours, incubation at 37°C.
Control cell lines were not infected with MV or MV-deltaC. Supernatants of

uninfected or infected (MV or MV-deltaC) tumour cells were collected one day, two
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days or three days after infection and stored at -20°C. The quantity of HMGB-1 in
these supernatants was then determined by ELISA.

MV-deltaC induced the effective release of HMGB-1 by infected tumour
cells. Infection with MV-deltaC induced a more rapid apoptosis of the tumour cells
in culture; as a consequence, MV-deltaC induced an carlier release of HMGB-1
compared to unmodified MV, as shown by the results of Mesol3 epithelioid

mesothelioma cells.

Example 7

Plasmacytoid dendritic cells
Cell culture
Cell lines were cultured as previously described in Example 2.
MY infection and UV irradiation

Live-attenuated Schwarz-strain MV and recombinant MV-enhanced green
fluorescent protein (MV-eGFP) were produced as previously described (Gauvrit, A.
et al., Cancer Res., 2008, 68: 4882-4892). MV infection of tumour cells was
performed for 2 hours at 37°C with a multiplicity of infection (MOI) of 1 unless
otherwise indicated. Viral inoculum was then replaced by fresh cell medium for 72
hours. For pDC infection and maturation experiments, MV was not washed and
stayed in the medium throughout the culture. Measurement of infection rate was
performed by flow cytometry using MV-eGFP at 24, 48, and 72 hours post-infection.
All other experiments were carried out using MV. Tumour cells were irradiated with
UV-B (312nm — 100kj/m?, Stratalinker, Stratagene). Medium was renewed every 72

hours.

DC isolation and culture

pDCs were obtained from healthy donor PBMCs (Etablissement Frangais du
Sang, Nantes, France) as previously described (Coulais, D. et al., Cytotherapy, 2012,
14:887-896). Briefly, pDCs were first enriched by counterflow centrifugation and
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then purified by magnetic bead negative selection as recommended in the
manufacturer’s protocol (Stemcell Technologies, Grenoble, France). The purity of
untouched pDCs was always greater than 96%. pDCs (3x10° per mL) were
maintained in culture with 20 ng/mL rhIL-3 (Sigma, Saint Quentin Fallavier, France)
or activated in vitro with a TLR-7 agonist, R848 (InvivoGen, San Diego, USA) (5
ug/mL). pDCs were also co-cultured with MV alone, MV and IL-3 (MOI=1), or
MV-infected or UV-irradiated tumour cells (pDC/tumour cell : 1/1) without rhIL-3
or maturation agent. After 18 hours, culture supernatants and pDCs were harvested
for use. For the TLR-7 inhibition assay, immunoregulatory DNA sequences were
used, which specifically inhibited signaling via TLR-7 [IRS 661], at concentrations
ranging from 0.1uM to 1uM (Eurofins, Munich, Germany). As a control, CpG-A at
Sug/mL was used to induce a TLR-9-dependent IFN-o secretion by pDC
(InvivoGen, San Diego, USA).

Immunofluorescence and flow cytometry

The phenotypes of pDCs were determined by immunofluorescence followed
by flow cytometry. pDCs were stained with monoclonal antibodies specific for
CD40, CD86, HLA-DR (BD Biosciences, San Jose, CA, USA), CD83 (BioLegend,
San Diego, CA-USA) and BDCA-4 (Miltenyi Biotec). pDCs were gated as BDCA-
4+/HLA-DR+ cells, to differentiate them from tumour cells. Tumour cell death was
measured by TO-PRO®3 (Invitrogen, Saint Aubin, France) staining as
recommended by the manufacturer. TO-PRO®?3 is a carbocyanine monomer nucleic
acid with far-red fluorescence that enters only in dead cells and stains the DNA.
Fluorescence was analysed on FACSCantoll (Becton Dickinson, New Jersey, USA)

using FlowJo software.

Phagocytosis assay

MV-infected and UV-irradiated tumour cells were stained with PKH-67
according to the manufacturer’s protocol (Sigma, Saint Quentin Fallavier, France)
and co-cultured with pDCs, for 18 hours at 4°C or 37°C (1 DC:1 tumour cell). Co-

cultures were washed with PBS-EDTA to dissociate the cell-conjugate. pDCs were
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stained by an HorizonV450-conjugated, anti-HLA-DR-antibody (BD Biosciences,
SanJose, CA, USA) and analysed by flow cytometry (FACSCantoll, BD). pDC
phagocytosis was observed by confocal microscopy (Nikon). MV-infected and UV-
irradiated tumour cells were stained with PKH-67 and then co-cultured with pDCs in
24-well plates containing poly-lysine glass slides, for 18 hours (pDC:tumour cell,
ratio 1:1). pDCs were stained with uncoupled anti-HLA-DR (BD Bioscience). HLA-
DR staining was revealed with a secondary anti-mouse IgG antibody coupled to

AlexaFluor 568.

Cytokine detection
IFN-a (MabTech, Cincinnati, OH-USA) production was measured by ELISA

on pDC culture supernatants according to the manufacturer’s instructions.

Cross-presentation assay

NYESO-1"*/HLA-A*0201™* melanoma (M18) and NYESO-1""*/HLA-
A*0201™# pulmonary adenocarcinoma (A549) cell lines were MV-infected or UV-B
irradiated, cultured for 72 hours and then co-cultured with HLA-A*02017** pDCs
(pDC:tumour cell ratio 1:1). After 18 hours, pDCs were co-cultured with the HLA-
A*0201/NYESO-1(156-165)-specific CD8" T cell clone, M117.167, for 6 hours in
the presence of Brefeldin-A (Sigma, Saint Quentin Fallavier, France). The M117.167
clone was obtained by cloning in a limiting dilution of tumour-infiltrating
lymphocytes from a melanoma patient. The clone was cultured as previously
described (Fonteneau, J. F. et al., J Immunol Methods, 2001, 258: 111-126). As a
control, the inventors used pDCs that were pulsed for 1 hour with 0.1 or 1 uM
NYESO-1(156-165) peptide and washed. Cells were then fixed with PBS containing
4% paraformaldehyde, for 10 min at room temperature, and permeabilised and
stained with IFN-y and CDS-specific antibodies (BD Biosciences, SanJose, CA,
USA), as previously described (Schlender, J. et al., J Virol.,, 2005, 79: 5507-5515).
IFN-y production was analysed by flow cytometry with a gate on CD8+ T cells.

Real-time RT-PCR
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One microgram of total RNA was reverse-transcribed using Moloney murine
leukemia virus reverse transcriptase (InVitroGen, Saint Aubin, France). PCR
reactions were performed using QuantiTect primers (Qiagen, Foster City-USA) and
RT? Real-Time SYBR-Green/ROX PCR mastermix (Tebu-bio, Le Perray-en-

Yvelines, France), according to the manufacturers’ instructions.

Statistics
GraphPad Prism (Inc., San Diego, CA-USA) software using a nonparametric
Mann Whitney comparison test was used. P values < 0.05 were considered to be

statistically significant.

Example 8
Sensitivity of tumour cells and pDC to MV infection

During infection, MV enters cells mainly via the CD46 and, to a lesser extent,
CD150/SLAM (Anderson, B. D. et al, Cancer Res., 2004, 64: 4919-4926;
Schneider, U. et al., J Virol, 2002, 76: 7460-7467). In a first experiment, the
inventors studied the expression of these two major MV receptors, CD46 and
CD150/SLAM, on pDC, melanoma (M18), mesothelioma (Meso13) and pulmonary
adenocarcinoma (A549) cell lines (Figure 11A). CD46 expression was observed on
all cell types, with higher expression on Meso13 and A549 cell lines. Regarding
CD150/SLAM expression, a positive expression on the M18 melanoma cell line was
found. These results suggest that all these cell types may be sensitive to MV
infection, as they all express CD46.

The inventors then studied the sensitivity to MV infection of these four cell
types using a recombinant MV encoding the green fluorescent protein (MV-GFP).
Seventy-two hours after exposure to MV with a MOI=1, the three tumour cell lines
were productively infected with MV, ranging from 50% of A549 cells positive for
GFP to 90% of Mesol3 cells (Figure 11B). Furthermore, syncytia formation was
observed for the three tumour cell lines and pDCs were not permissive at MOI=1.
Without a survival signal such as IL-3, the pDCs died during the 72 hours of culture.
Thus, experiments were performed where I1L-3 was added to the pDCs exposed to

MV (Figure 11C). In the presence of IL-3, the pDCs survived during the 72 hours,
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but were not productively infected by MV. To confirm this result, the MOI was
increased up to 50 in the presence of IL-3, but the inventors still failed to detect
infected pDCs (Figure 11D). However, a small shift of fluorescence was observed at
MOI=50, which was probably due to uptake of soluble GFP during the 72 hour
culture, which contaminated the MV-GFP preparation. Similarly, when the inventors
used UV-irradiated MV-GFP, which was not able to replicate, this slight
fluorescence shift was still observed (Figure 12). Finally, when the MV-GFP was
incubated for 2 hours at MOI=50 with pDCs and washed, the inventors failed to
detect the small shift of fluorescence 70 hours later (Figure 12).

The inventors then measured tumour cell death 72 hours after infection and
found that nearly half of MV-infected tumour cells were TO-PRO+ after 72 hours
(Figure 11E). A similar level of cell death was observed by irradiating the tumour
cells with UV-B. Thus, MV infection induces tumour cell death for approximately

half of the tumour cells 72 hours after infection.

Example 9
MV-infected tumour cells induce maturation of pDCs

The inventors next investigated the effects of MV alone and MV-infected
cells on pDC maturation (Figure 13). In these experiments, they evaluated how MV
infection of tumour cells in comparison with UV irradiation, another inducer of
tumour cell death, affects pDC maturation. As a control for maturation, pDCs were
exposed to the TLR7/8 agonist, R848 (Figures 13A and 13B).

It has been previously demonstrated that the MV-infected malignant pleural
mesothelioma (MPM) tumour cell line, Meso13, induced maturation of monocyte-
derived DCs, without additional adjuvants, whereas the virus alone or UV-irradiated
Meso13 did not ( Gauvrit, A. et al., Cancer Res., 2008, 68:4882-4892). The inventors
performed a set of experiments on pDCs to determine the effects of MV alone, MV-
infected or UV-irradiated tumour cells on pDC maturation status. The effect of MV-
infected and UV-irradiated tumour cells was compared on the maturation status of
pDCs (Figure 13). Maturation of pDCs co-cultured with MV-infected tumour cells
was observed, whereas UV-irradiated tumour cells failed to activate pDCs. Indeed,

CD83 maturation marker expression was induced by MV-infected cells to a similar
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level as the one observed when the pDCs were exposed to R848. The inventors
observed an induction of the expression of the costimulation molecules, CD40 and
CDS86, on pDCs exposed to MV-infected tumour cells, although this induction was
low compared with the levels triggered by R848 alone.

Two studies have been reported which describe conflicting results on the
ability of MV alone to trigger pDC maturation (Duhen, T. et al., Virus Res., 2010,
152: 115-125; Schlender, J. et al., J Virol., 2005, 79: 5507-5515). However, the
study from Duhen et al., reporting that MV activates pDCs, was performed in the
presence of IL-3, a pDC survival factor, whereas the other study from Schlender et
al., who observed that pDCs cultured with MV does not induce pDC maturation, was
carried out without IL-3. Thus, the inventors performed and compared the two
conditions and found similar results to those described by these two authors. Indeed,
MYV at MOI=1 induced pDC maturation only in the presence of IL-3 (Figure 13). As
observed for R848 alone, MV in the presence of IL3 induced pDC maturation,
mainly characterised by a significant increase of CD83 and, to a lesser extent, CD40
and CD86 expression. The inventors also observed survival and maturation of pDCs
in the absence of IL-3 only when they were exposed to a high quantity of MV
(MOI=50). At a lower viral concentration in the absence of IL-3, the pDCs died.

In the last set of experiments, the inventors tested whether MV infection and
replication in pDCs were needed to induce their activation. pDCs were exposed to
UV-irradiated MV (MV*), which is unable to replicate, and a similar level of
maturation (CD83, CD80 and CDS86 expressions) and IFN-o production was
observed as with non-irradiated MV (Figures 14A and 14C). The presence of a
blocking anti-CD46-specific antibody in the culture of pDCs exposed to IL-3 and
MV did not affect maturation of pDCs (Figure 14A). The same experiment was
performed with pDCs exposed to MV-infected tumour cells. Maturation and IFN-a
production were still observed when MV-infected tumour cells were UV-irradiated
before exposure to pDCs (Figures 14B and 14C). Finally, the inventors tested
whether a CD46-specific monoclonal antibody was able to inhibit pDC maturation in
response to MV-infected tumour cells (Figures 14B and 14C). Inhibition was not
observed, whereas the anti-CD46 antibody completely inhibited infection of Meso13
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as a control (Figure 14D). Altogether, these results suggest that MV infection and

replication in pDCs are not necessary for pDC activation in response to MV.

Example 10
pDC capture cellular components from MV-infected tumour cells

Due to endo/lysosomal expression of TLR-7 and TLR-9, pDCs are
specialised in viral nucleic acid detection (Gilliet, M. et al., Nat Rev Immunol., 2008,
8: 594-606). These two receptors are the major innate receptors that activate pDCs
(Reizis, B. et al., Nat Rev Immunol., 2011, 11: 558-565). Since MV, in the presence
of IL-3 or MV-infected tumour cells, are able to induce pDC maturation, it is likely
that the maturation stimulus is MV ssRNA, which activates TLR7 in the
endo/lysosomal compartment. This hypothesis is strengthened by the fact that MV
alone does not induce DC maturation, as these cells do not express TLR7 in humans.
This implies that some MV particles are endocytosed by pDCs when they are
cultured with MV and IL-3 or with MV-infected cancer cells. The inventors then
investigated whether pDCs efficiently took up cellular material from MV-infected
and UV-irradiated tumour cells (Figure 15). MV-infected and UV-irradiated M18
and A549 tumour cells were labeled with PKH67 and co-cultured with pDCs. The
inventors observed that pDCs efficiently took up MV-infected tumour cells at 37°C,
whereas UV-irradiated tumour cells were less efficiently taken up (Figures 15A and
15B). In two additional experiments, the inventors observed that the presence of the
CD46 monoclonal antibody in the culture did not inhibit phagocytosis of MV-
infected tumour cells.

These results were confirmed by confocal microscopy (Figure 15C). pDCs
were co-cultured for 18 hours with PKH-67-labeled, MV-infected tumour cells. The
optical sections showed fluorescent fragments of MV-infected tumour cells inside
the pDCs, confirming the internalisation of MV-infected tumour cell pieces by pDCs.
Interestingly, the inventors never observed syncitia formation between pDCs and
tumour cells. Altogether, these results suggest that some MV particles contained in

infected tumour cells could access compartments where TLR7 is located.

Example 11
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MV-infected tumour cells induce strong type-I IFN secretion by triggering
TLR7

pDCs are known to be the strongest producers of type-I IFN, notably against
virus, upon TLR-7 or TLR-9 activation (Gilliet, M. et al., Nat Rev Immunol. 2008,
8:594-606). Thus, the inventors measured IFN-a production by pDCs following
exposure to MV, MV-infected or UV-irradiated tumour cells, by ELISA (Figure
16A). Direct exposure to MV induced IFN-a secretion by pDCs only in the presence
of IL-3, matching the cell maturation observed earlier in Figure 13. The amount of
IFN-a. produced in response to MV in the presence of IL-3 was comparable with the
amount induced by R848 alone, a potent TLR7/8 agonist. Strikingly, the inventors
found high amounts of IFN-o. in co-culture supernatants after exposure of pDCs to
MV-infected tumour cells (20-40 times more than what was observed in response to
MV in the presence of IL-3 or R848 alone). These high quantities of IFN-a were
produced by the pDCs, since tumour cells did not produce IFN-o or a very low
amount (pg/mL range) after MV infection. UV-irradiated A549 or M18 tumour cells
did not induce IFN-a production by pDCs. These results show that MV-infected
tumour cells are able to trigger the production of high levels of IFN-a by pDCs,
considerably higher than the levels produced by pDCs exposed to MV in the
presence of IL-3 or to R848 alone.

The inventors have previously shown that, three days after infection of the
Meso13 tumour cell line, a large amount of virus was produced, reaching 1x10°
TCIDso/mL corresponding to an MOI greater than 100 from a starting dose of virus
of 1x10° TCIDs¢/mL, corresponding to an MOI=1 (Gauvrit, A. et al., Cancer Res.,
2008, 68: 4882-4892). 1t was thus likely that the huge quantity of IFN-a produced by
pDCs in response to MV-infected tumour cells was the result of the intense MV
replication in these tumour cells. To test this hypothesis, pDCs were cultured in the
presence of increasing MOI ranging from 1 to 50, with or without IL-3 (Figure
16B). In the presence of IL-3, the inventors observed that IFN-a production by pDCs
increased with the MOI. On the contrary, pDCs did not produce IFN-a in the absence
of IL-3, except for the highest MOI (MOI=50). These results suggest that the level of
IFN-a. production by pDCs is dependent on the quantity of MV and the presence of
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either IL-3 or other survival signals, explaining the huge quantity of IFN-o produced
in response to the high titer of virus after infection of tumour cells.

Since MV and MV-infected tumour cells contain viral ssSRNA, it is likely that
IFN-o production by pDCs is mainly due to the triggering of TLR-7. Thus, an
inhibition of TLR7 was carried out. Specific immunoregulatory DNA sequences
(IRS) that inhibit IFN-a expression mediated by TLR-7 (IRS661) were used (Barrat,
F.J etal, JExp Med., 2005, 202: 1131-1139). The inventors showed that IFN-o
production by pDCs cultured in the presence of MV and IL-3 was inhibited when the
IRS661 was added (Figure 16C). A similar IFN-a inhibition was also observed
when IRS661 was added to pDCs exposed to MV-infected tumour cells. As a
control, it was showed that IRS661 did not inhibit the CpG-A-induced IFN-a
production by pDCs, which is TLRY9 dependent. Altogether, these results
demonstrate that IFN-a production induced by MV or MV-infected cells is TLR7
dependent.

Example 12
pDCs are able to cross-present a tumour-associated antigen from MV-infected
tumour cells

The capacity of human pDCs to cross-present viral antigens has been reported
(Di Pucchio, T. et al., Nat Immunol., 2008, 9: 551-557; Hoeffel, G. et al. Immunity,
2007, 27:481-492; Lui, G. et al., PLoS One, 2009, 4: e7111), but cross-presentation
of tumour-associated antigens (TAAs) has not yet been described. The inventors
wondered whether human pDCs exposed to MV-infected tumour cells would be able
to cross-present a human TAA spontancously expressed by tumour cells. They
showed by RT-PCR that the HLA-A*0201"* M18 melanoma cell line expressed the
cancer testis antigen, NYESO-1, whereas the A549 lung adenocarcinoma cell line
did not (Figure 17A).

To determine whether HLA-A*02017°° pDCs were able to cross-present this
TAA after exposure to an MV-infected or UV-irradiated HLA-A*0201"*/NYESO-
1P°* M18 tumour cell line, the CD&+ T cell clone, M117.167, which is specific for
HLA-A*0201/NYESO-1(157-165) complexes was used (Figures 17B-D). A
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schematic of this experiment is shown in Figure 18. The M117.167 T cell clone did
not produce IFN-y, alone or in the presence of IL-3 pDCs, but was activated in the
presence of pDCs pulsed with NYESO-1 [157-161] peptides (Figure 17B). The
clone was activated as soon as 0.1uM peptide was loaded onto pDCs (16.3% IFN-y+
cells) and was more intensely activated by pDCs pulsed with 1uM peptide (77.5%).
In the presence of pDCs cultured with MV-infected M18 tumour cells, 11.5% of the
clone population was activated, whereas the clone did not produce IFN-y in response
to pDCs cultured with UV-irradiated M18 tumour cells (Figure 17B). In response to
pDCs co-cultured with MV-infected M 18, the clone had an IFN-y production profile
comparable with that observed in response to pDCs pulsed with 0.1uM NYESO-
1(157-165) peptide.

As a control, the inventors failed to detect activation of the M117.167 T cell
clone in response to MV-infected or UV-irradiated M18 tumour cells alone (Figure
17C). This result was expected, as the M18 tumour cell line was HLA-A*0201",
thus unabled to directly present NYESO-1(157-165) peptide to the clone. This
demonstrates that IFN-y production by the clone in response to HLA-A*0201P°
pDCs co-cultured with MV-infected M18 tumour cells is due to cross-presentation.
The inventors also did not observe IFN-y production in response to pDCs co-cultured
with MV-infected NYESO-1"® A549 tumour cells. In this representative experiment,
the clone produced IFN-y in response to pDCs co-cultured with MV-infected M18
(6.5% IFN-y" cells), a production rate close to the one observed in response to pDCs
pulsed with 0.1uM NYESO-1(157-165) peptide (10.8% IFN-y" cells).

Altogether, these results show that pDCs are able to cross-present tumour
antigen such as NYESO-1 from MV-infected tumour cells, but not from UV-
irradiated ones. Thus, MV-based antitumour virotherapy should be able to hire pDCs
in the antitumour immune response by activating their ability to produce high
quantities of IFN-a and to cross-present TAA from MV-infected tumour cells to

tumour-specific CD8+ T lymphocytes.

The inventors characterised, in vitro, the consequences of MV-based

antitumour virotherapy on human pDC functions. Firstly, they showed that pDCs
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were not sensitive to MV infection despite expression of CD46. However, pDCs
were able to detect the virus by producing IFN-a in response to high virus quantity
in the absence of a survival signal, and to low virus quantity when a survival signal,
such as IL-3, was added to the culture. Secondly, when the pDCs were co-cultured
with MV-infected tumour cells, the pDCs underwent a maturation characterised by
the induction of CD83 expression and strong production of IFN-a, with a slightly
increased expression of costimulatory molecules. Conversely, the pDCs co-cultured
with UV-irradiated tumour cells retained an immature phenotype similar to that
observed when they were co-cultured with IL-3 alone. The inventors then identified
TLR7 as the pDC receptor responsible for their activation, probably due to the
presence of single-stranded viral RNA in the endocytic compartment of pDCs
following internalisation of MV-infected tumour cell fragments. Finally, using an
HLA-A*0201/NYESO-1(157-165)-specific CD8+ T cell clone, the inventors showed
that HLA-A*0201" pDCs were able to cross-present this tumour-associated antigen
(TAA) from NYESO-1" HLA-A*0201"® MV-infected tumour cells, but not from
UV-irradiated ones. For the first time, the inventors showed the capacity of human
pDCs to cross-present a TAA from dead tumour cells to CD8+ T cells. Altogether,
these results suggested that MV-based antitumour virotherapy, in addition to its
direct lysis of infected tumour cells, was able to recruit pDCs in the antitumour
immune response, to activate their ability to produce high levels of type-1 IFN and to
cross-present TAA.

Firstly, the inventors showed that human pDCs exposed in vitro to MV at an
MOI=1 did not undergo maturation without IL-3. In this condition, with no survival
signal, pDCs underwent apoptosis and failed to acquire MV in the endosomal
compartment to engage in a maturation process by the ligation of viral ssSRNA to
TLR7. When pDCs were exposed to MV in the presence of IL-3, they survived and
maturation was observed (low IFN-a production and induction of CD83 expression).
The inventors observed the activation of pDCs by MV in the absence of IL-3, only
when they used a high quantity of MV (MOI=50). At this high MV concentration,
the inventors thought that enough MV reached the endocytic compartment of pDCs

to provide a survival/maturation signal, before their apoptosis program was engaged.
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Thus, when pDCs were exposed to MV in the presence of IL-3, the pDCs survived
and MV was internalised and allowed triggering of TLR7 by the viral ssSRNA. When
pDCs were exposed to MV in the absence of IL-3, they underwent apoptosis unless
enough MV reached the endocytic compartment to activate and mature them. These
results explained the contradictory reports in the literature, due to differences in
experimental settings. Indeed, the inventors obtained similar results to Schlender et
al. who reported that a low quantity of MV Schwarz failed to induce IFN-a by pDCs
cultured in the absence of 1L-3 (Schlender, J. et al., J Virol., 2005, 79:5507-5515),
and to Duhen et al. who claimed that MV Schwarz induced high quantities of IFN-a
production by pDCs in the presence of 1L-3 (Duhen et al., Virus Res., 2010, 152:115-
125). However, the inventors did not observe that MV Schwarz inhibited IFN-a
production by pDCs (31), as pDCs produced IFN-a in the presence of IL-3. Finally,
both groups described staining of pDCs by a monoclonal antibody to MV
hemagglutinin (H), but interpreted the result differently. One group claimed that
pDCs were infected and amplified the virus (Schlender, J. et al., J Virol., 2005,
79:5507-5515), while the other group concluded that, despite the H protein staining
on pDCs, MV replication was low (Duhen et al., Virus Res., 2010, 152:115-125).
The results of the present invention support this latter conclusion, as the inventors
did not observe productive infection using MV-eGFP, even at high MOI, in the
absence nor presence of 1L-3.

The inventors also showed that, in the presence of MV or MV-infected
tumour cells, pDCs underwent maturation characterised by the upregulation of CD83
molecule expression at the cell surface. In the presence of MV or MV-infected
tumour cells, the pDCs produced higher quantities of IFN-a in response to high viral
load than pDCs stimulated with R848 alone. However, these cells did not express as
much of the CD40 and CD86 costimulatory molecules. Thus, this maturation
phenotype resembled the maturation phenotype induced by HIV infection
(Fonteneau, J.F. et al., J Virol., 2004, 78:5223-5232; O’Brien, M. et al., J Clin
Invest., 2011, 121:1088-1101), which activated pDCs by the TLR7, as did
MV (Beignon, A.S. et al., J Clin Invest., 2005, 115:3265-3275). Indeed, it was now

clear that, depending on the nature of the TLR agonist used, two main pathways of
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activation could be triggered in human pDCs. This dichotomy was first reported by
Kerkmann et al., who showed that two TLR9 agonists, CpG-A and CpG-B, activated
pDC maturation using two different pathways (Kerkmann, M. et al., J Immunol.
2003, 170:4465-4474). More recently, the same dichotomy was observed for TLR7
agonists (O’Brien, M. et al., J Clin Invest., 2011, 121:1088-1101). Indeed, HIV
behaved like CpG-A by triggering TLR7 and the IRF7 signaling pathway in the early
endosome of pDCs, and by inducing strong production of IFN-a. The inventors
showed that the maturation induced by MV+IL-3 or MV-infected cells was similar to
the activation induced by HIV, suggesting an early endosomal triggering of TLR7 by
MYV ssRNA. This early endosome activation pathway was compatible with antigen
cross-presentation expressed by virus-infected cells, as cross-presentation of viral
antigens from infected cells has been demonstrated (Hoeffel, G. et al., Immunity,
2007, 27:481-492) and cross-presentation of the TAA from MV-infected cells, as
described herein. Conversely, Schnurr et al. reported that, in vitro, pDCs, on the
contrary to myeloid DCs, were not able to cross-present a TAA from a full-length
protein alone or as an immune complex form (Schnurr, M. et al., Blood, 2005,
105:2465-2472). However, these authors used a soluble protein and did not use
NYESO-1-expressing tumour cells as the antigen source. /n vivo, antigen cross-
presentation by pDCs was also controversial. Salio et al. reported that murine pDCs
stimulated by CpG were not able to cross-present antigens, whereas they could
mount a T cell response against endogenous antigens (Salio, M. et al., J Exp Med.,
2004, 199:567-579). Mouries et al. showed, in vivo and in vitro, also in a murine
model, that soluble OVA protein and TLR agonists (CpG or R848) activated pDCs to
cross-prime OVA to specific CD8+ T cells (Mouries, J. et al., Blood, 2008,
112:3713-3722). Similarly, presentation and cross-presentation of soluble OVA
peptide or whole protein, following TLR9 stimulation by CpG or by infection with
influenza virus containing OVA epitopes, was confirmed recently, in vitro, by Kool
et al. (Kool et al., J Leukoc Biol., 2011, 90:1177-1190). Finally, Liu et al. reported
that intratumoral injection of CpG-A-stimulated pDCs to mice bearing B16
melanoma induced a tumour antigen cross-priming, but this cross-priming was
performed by CD11c+ DCs, not by pDCs (Liu et al., J Clin Invest., 2008, 118:1165-

1175). The inventors have shown that, in vitro, human pDCs exposed to MV-infected
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tumour cells were able to cross-present NYESO-1 to a CD8+ T cell clone specific for
this TAA. The inventors demonstrated that MV-infected tumour cells underwent cell
death and were then phagocytosed by pDCs. These MV-infected cells were capable
of activating pDCs without the addition of adjuvants or TLR agonists. The efficiency
of MV-based antitumour virotherapy has been demonstrated in vivo in different
models of human tumour xenografts in immunodeficient mice (Peng, K. W. et al.,
Cancer Res., 2002, 62:4656-4662; McDonald, C.J. et al., Breast Cancer Res Treat.,
2006, 99:177-184; Blechacz, B. et al., Hepatology, 2006, 44:1465-1477). The first
clinical trials of MV-based virotherapy have shown encouraging results (Heinzerling,
L. etal, Blood, 2005, 106:2287-2294; Galanis, E. et al., Cancer Res., 2010, 70:875-
882). The efficiency of MV-based virotherapy is likely due to the lysis of tumour
cells by the virus. However, a part of its efficiency may also be due to the capacity of
MV-infected tumour cells to activate cells of the immune system, notably pDCs.
Indeed, activation of pDCs by TLR agonist in tumour-bearing mice has been shown
to induce an antitumour immune response and tumour regression (Drobits, B; et al.,
J Clin Invest., 2012, 122:575-585; Liu, C. et al., J Clin Invest., 2008, 118:1165-
1175; Palamara, F. et al., J Immunol., 2004, 173:3051-3061). Liu et al. showed that
murine pDCs stimulated by a TLR9 agonist induced NK cell activation and
recruitment to the tumour, triggering tumour antigen cross-presentation by CD11c+
DCs (Liu, C. et al., J Clin Invest., 2008, 118:1165-1175). Drobits et al. showed that
topical treatment of melanoma tumours in mice with the TLR7 agonist, imiquimod,
induced activation and recruitment of pDCs into the tumour and caused tumour
regression (Drobits, B, et al., J Clin Invest.,, 2012, 122:575-585). Drobits et al.
demonstrated that pDCs acquired a cytotoxic activity against tumour cells by
secreting TRAIL and granzyme B, in an IFNARI1-dependent mechanism. IFN-a
secretion by pDCs not only induced an antitumour cytotoxic activity on pDCs by an
autocrine loop, but could also act directly on tumour cells to induce apoptosis
(Thyrell, L. et al., Oncogene, 2002, 21:1251-1262). Type-I IFN also played a role in
the NK activation and was required in a mouse model of NK-cell-dependent tumor
rejection (Swann, J.B. et al., J Immunol., 2007, 178:7540-7549). Finally, these NK
cells probably also participated in the initiation of the antitumour response by

stimulating myeloid DCs, since in IFNARI1- and STATI-deficient mice the
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antitumour T cell response failed to develop (Diamond, M.S. et al., J Exp Med.,
2011, 208:1989-2003; Fuertes, M.B. et al., J Exp Med., 2011, 208:2005-2016).
Thus, the inventors showed that MV-infected tumour cells induced a high quantity of
IFN-a by pDCs, which might be favorable for the development of multicell subsets
involved in an antitumour immune response. Furthermore, other oncolytic viruses
known to activate pDCs are used in clinical trials of antitumour virotherapy, such as
vaccinia (Kim, J.H. et al., Mol Ther., 2006, 14:361-370), Herpes Simplex Virus
(Kaufman, H.L. et al., Future Oncol., 2010, 6:941-949) and adenovirus (Ramesh, N.
et al., Clin Cancer Res., 2006, 12:305-313). Tumour cells infected by these viruses
may also be able to induce IFN-a production and tumour antigen cross-presentation
by pDCs.

MV-based antitumour virotherapy is a promising approach for treating cancer
through the oncolytic activity of the virus. Furthermore, the inventors showed that
MV-infected tumour cells activated the maturation and tumour antigen cross-
presentation capacities of human pDCs. Thus, MV-based antitumour virotherapy
may represent an interesting approach to the recruitment of pDCs in the antitumour

immune response.

Example 13

Comparative studies between unmodified MV and MV-deltaC using different

melanoma cell lines

Material and Methods

Cell culture. Tested tumour cell lines were cell lines derived from
melanoma: M6, M17, M117, M88 and M113. The cells were cultured in RPMI 1640
medium supplemented with 10% fetal calf serum (FCS), 1% L-glutamine and 1%
penicillin G/streptomycin. The cells were cultured at an initial concentration of 3.10°
cells in 75 cm® flasks and were maintained at 37°C in 5% CO,. The cells were

routinely tested and found negative for Mycoplasma infection.

Infection of tumour cells. The cells were seeded 24 hours before infection
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in 12-well plates as a result of 200.10° cells per well in 1 ml of 10% FCS RPMI
medium in order to allow them to adhere. Two viruses were used to infect tumour
cells: (I) MV-eGFP: a recombinant live-attenuated measles virus (MV Schwarz)
containing the gene encoding the fluorescent protein GFP for investigating infection
of tumour cells; (IT) MV-deltaC-eGFP: a recombinant modified vaccine strain of MV

containing the gene encoding GFP.

The efficiency of infection was different for the two viruses unmodified MV
versus MV-deltaC and between different melanoma cell lines. The inventors
observed that MV-deltaC was capable of infecting tumour cells more efficiently than
unmodified MV at 24h post infection (Figures 19 and 20).

In addition, it was shown that tumour cells expressed more “danger signals”
such as HSP 70 and CRT to the membrane following infection by MV-deltaC
compared to unmodified MV (Figure 21). This suggested a greater efficiency to
induce immune responses, via the maturation and activation of dendritic cells after
they phagocyte the apoptotic cells.

In vivo injection of MV-deltaC vaccines inside the melanoma tumours
evidenced the enhanced effect of MV-deltaC to induce a quick response compared to
a control (Figure 22).

In conclusion, the MV-deltaC vaccine strain displayed interesting and better

pro-apoptotic properties compared to conventional unmodified MV vaccine strain.

Example 14

Comparison of cell death induction in cancer and non-cancer cells by

unmodified MV and MV-deltaC

To evaluate whether the stronger cell death induction by MV-deltaC relative
to unmodified MV was specific to cancer cells, the inventors compared their activity
on human cancer cell lines (A549 human lung adenocarcinoma and Hela cervical
cancer) and on immortalized cells non-originating from cancers (HEK 293 human
embryonic kidney cells and Vero African Green monkey kidney cells). A549 and

Hela are commonly used prototype human cancer cells. On the contrary, as
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experimentally transformed with AdS, HEK 293 cells are not cancer cells. The Vero
cell lineage is continuous and aneuploid, i.e. can be replicated through many cycles

of division and not become senescent.

Cells (40 000 per well in 96-well plates) were cultured together with MV-
deltaC or unmodified MV viruses at different MOI (0.1, 1, 5, 10). Infections were
performed on non-adherent cells in DMEM (0.2 ml). After 0, 24, 46 and 68 hours of
culture, the number of living cells was determined using CellTiter-GLO reagent
(Promega). This luciferase-based assay evaluated by ATP quantification the number

of metabolically active cells in culture wells.

This analysis confirmed that MV-deltaC induced a much higher and earlier
cell death than unmodified MV on both A549 and Hela human cancer cells, even at
low MOI (Figure 23A). Thus, the better oncolytic capacity of MV-deltaC extended
from mesothelioma, melanoma and lung to cervical cancer cells. On the contrary, no
difference was observed between the two viruses in cell death induction on Vero
cells, and no cell death was observed on HEK 293 cells after 68 hours of infection
(Figure 23B). This suggested that the mechanism by which MV-deltaC accelerated
cell death as compared to unmodified MV, or reactivated senescence pathways, was
specific to human cancer cells. The observation that Vero cells were not more
sensitive to MV-deltaC than to unmodified MV was crucial because MV is

commonly manufactured on this cell line.

Viral growth kinetics of both viruses was evaluated simultancously on the
same cell lines (Figure 24). Vero, HEK293, Hela and A549 cells were infected at
MOI 1 with unmodified MV or MV-deltaC in 35 mm culture wells. Viral titers were
determined as TCID50 at different time points after infection. A high rate of
replication was observed for both viruses in Vero and HEK293 non-cancer cells. On
the contrary, replication titers were lower in Hela and A549 cancer cells and MV-
deltaC replicated at very low level in A549 cells. This indicated that cell death
induction in cancer cells resulted in a lower production of viral progeny, which was a

safety advantage for an oncolytic virus.
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CLAIMS

1. An infectious measles virus derived from a live-attenuated measles virus
strain for use in the treatment of an aggressive malignant tumour or of an aggressive
cancer by activating plasmacytoid dendritic cells (pDCs), when administered to an

individual diagnosed with such a malignant tumour or a cancer condition.

2. The infectious measles virus according to claim 1, which is a genetically
modified infectious measles virus derived from a live-attenuated measles virus strain,
in which the gene encoding the viral accessory C protein has been knocked out (MV-
deltaC) for use in the treatment of an aggressive malignant tumour or of an
aggressive cancer by activating plasmacytoid dendritic cells (pDCs), when
administered to an individual diagnosed with such a malignant tumour or a cancer

condition.

3. The genetically modified infectious MV-deltaC according to claim 2 for use
in the treatment of a malignant mesothelioma, in particular malignant pleural

mesothelioma.

4. A genetically modified infectious measles virus derived from a live-
attenuated measles virus strain, in which the gene encoding the viral accessory C
protein has been knocked out (MV-deltaC) for use in the treatment of melanoma or
lung adenocarcinoma, when administered to an individual diagnosed with such a

condition.

5. The genetically modified infectious MV-deltaC for use according to any
one of claims 2 to 4 in the treatment of malignant tumour or cancer cells that are
resistant to unmodified MV, when administered to an individual diagnosed with a

malignant tumour or a cancer condition.

6. The genetically modified infectious MV-deltaC according to any one of
claims 2 to 5, wherein said live-attenuated measles virus strain is the Schwarz strain

or the Moraten strain.

7. The genetically modified infectious MV-deltaC according to any one of
claims 2 to 6, wherein said MV-deltaC displays an apoptotic activity in MV-deltaC

infected malignant tumour or cancer cells.
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8. The genetically modified infectious MV-deltaC according to any one of
claims 2 to 7, wherein said MV-deltaC induces the activation of caspase-3 in MV-

deltaC infected malignant tumour or cancer cells.

9. The genetically modified infectious MV-deltaC according to any one of
claims 2 to 8, wherein said MV-deltaC induces the exposure of the Hsp70 protein to
the outer layer of the plasma membrane in MV-deltaC infected malignant tumour or

cancer cells.

10. The genetically modified infectious MV-deltaC according to any one of
claims 2 to 9, wherein said MV-deltaC induces the translocation of calreticulin to the

MV-deltaC infected malignant tumour or cancer cell surface.

11. The genetically modified infectious MV-deltaC according to any one of
claims 2 to 10, wherein said MV-deltaC induces the liberation of HMGB-1 in the

extracellular medium of MV-deltaC infected malignant tumour or cancer cells.

12. A method for preparing vaccinal plasmacytoid dendritic cells (pDCs)
intended for treating a malignant tumour or a cancer in an individual diagnosed with

such a malignant tumour or a cancer condition, comprising the following steps:

- in vitro infection of malignant tumour or cancer cells previously collected from the
individual with an infectious measles virus derived from a live-attenuated measles

virus strain to yield a cell lysate;
- contacting the pDCs with the cell lysate to yield vaccinal pDCs;
- recovering the loaded pDCs.

13. A method for preparing vaccinal plasmacytoid dendritic cells (pDCs)
intended for treating a malignant tumour or a cancer in an individual diagnosed with

such a malignant tumour or a cancer condition, comprising the following steps:

- in vitro infection of malignant tumour or cancer cells previously collected from the
individual with a genetically modified infectious measles virus derived from a live-
attenuated measles virus strain, in which the gene encoding the viral accessory C

protein has been knocked out (MV-deltaC) to yield a cell lysate;

- contacting the pDCs with the cell lysate to yield vaccinal pDCs;
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- recovering the loaded pDCs.

14. The method according to claim 12 or 13, wherein the pDCs originate from

the individual to be treated.

15. The method according to any of claims 12 to 14, wherein the pDCs are

derived from leukapheresis.

16. The method according to any of claims 12 to 15, wherein said malignant

tumour or cancer is an aggressive malignant tumour or an aggressive cancer.

17. The method according to any of claims 12 to 16, wherein said malignant

tumour or cancer is malignant mesothelioma, melanoma or lung adenocarcinoma.

18. The method according to any of claims 12 to 17, wherein said live-

attenuated measles virus strain 1s the Schwarz strain or the Moraten strain.

19. Vaccinal pDCs which can be obtained by the method according to any of
claims 12 to 18.

20. Vaccinal pDCs which can be obtained by the method according to any one
of claims 12 to 19 for use in the treatment of an aggressive malignant tumour or of an
aggressive cancer, when administered to an individual diagnosed with such a

malignant tumour or a cancer condition.

21. Vaccinal pDCs which can be obtained by the method according to claim
20 for use in the treatment of malignant mesothelioma, melanoma or lung
adenocarcinoma, when administered to an individual diagnosed with such a

condition.

22. A pharmaceutical composition comprising a genetically modified
infectious measles virus derived from a live-attenuated measles virus strain, in which
the gene encoding the viral accessory C protein has been knocked out (MV-deltaC)
or vaccinal pDCs which can be obtained by the method according to any one of
claims 12 to 18, as active ingredient, in association with a pharmaceutically
acceptable vehicle, for use in the treatment of an aggressive malignant tumour or of
an aggressive cancer by activating pDCs, when administered to an individual

diagnosed with such a malignant tumour or a cancer condition.
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23. A pharmaceutical composition or an assembly of active ingredients
comprising a live-attenuated measles virus or a genetically modified infectious
measles virus derived from a live-attenuated measles virus strain in which the gene
encoding the viral accessory C protein has been knocked out (MV-deltaC), and/or
comprising vaccinal pDCs which can be obtained by the method according to any
one of claims 12 to 18, and further comprising a chemotherapeutic agent and a
pharmaceutically acceptable vehicle for use in the treatment of an aggressive
malignant tumour or of an aggressive cancer, when administered to an individual

diagnosed with such a malignant tumour or a cancer condition.

24. An assembly of active ingredients comprising (i) a live-attenuated measles
virus or a genetically modified infectious measles virus derived from a live-
attenuated measles virus strain, in which the gene encoding the viral accessory C
protein has been knocked out (MV-deltaC) and (ii) vaccinal pDCs which can be
obtained by the method according to any one of claims 12 to 18, for use for
simultaneous or separate administration in the treatment of an aggressive malignant
tumour or of an aggressive cancer, when administered to an individual diagnosed

with such a malignant tumour or a cancer condition.
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