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Eukaryotic Cell Line

The present invention relates to a cell line, use of the cell line and a method for

producing infectious viral particles using said cell line.

Background of the Invention

Novel vaccines are needed for the prevention or treatment of diseases such as HIV,
hepatitis C, malaria, tuberculosis, and cancers. Preclinical and clinical evidence supports the
role of T cell immunity and, in particular, CD8+ T cells in the clearance of these diseases. One
way to induce a CD8+ T cell response against a particular antigen is to express that antigen and
suitable pathogen-derived innate activators intracellularly through gene delivery; genetic or
gene-based vaccines coopt physiological antigen processing and major histocompatibility
complex (MHC) class I presentation to activate a CD8+ T cell response. Replication-defective
adenovirus vectors have been extensively used for genetic vaccine by substituting the essential
E1 region with the expression cassette for the antigen. Ad vectors are attractive as gene delivery
system because they infect both replicating and non-replicating cells, have a broad tissue
tropism, propagate very efficiently in the available packaging cell lines, and have a scalable and
affordable production process. Indeed, Ad-based vectors elicit more potent antigen-specific
CDS8+ T cells than other genetic vaccine vectors based on poxviruses, lentiviruses, alphavirus,
and naked DNA in animal models and human clinical trials. However, successful development
of adenovirus vectors as genetic vaccine carriers will eventually depend not only on their
immunological potency but also on the availability of cell substrates for scalable and
reproducible production processes. Adenoviral vectors are able to expresses high levels of the
antigenic protein they deliver not only in the target tissue in vivo but also during the production
process in the complementing cell line. In the current vector system, the transgene expression
is driven by the strong human cytomegalovirus immediate/early promoter (HCMV promoter)
that allows high level of transgene expression not only in the target tissue but also in the
packaging cell line during the vector production process. We have several evidences indicating
that the high transgene expression in the packaging cell line can interfere with the adenovirus
replication. In our extensive experience with adenoviral vector rescue and propagation, we have
observed detrimental effects on virus replication mediated by transgene over-expression
ranging from reduced vector yields to complete inhibition of replication. In addition, the
interference with the vector replication can lead to the genetic instability of the vector itself

with the selection of rearranged vector species
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The development of a cell line capable to repress the expression of the transgene carried
by an adenoviral vector during the production process may prevent the negative effects of the
transgene overexpression. Therefore, the system is based on a cell line expressing high levels
of TetR and by Ad vectors carrying a transgene under control of human cytomegalovirus
promoter or other strong promoters such as CASI promoter, CAG promoter, EFlo. promoter

with two or more copies of TetR binding sites inserted downstream the promoter TATA box.

Summary of the Invention

In a first aspect, the present invention provides a cell line, wherein a tetracycline repressor
(Tet-R) is expressed under the control of a cellular or partly cellular promoter.

In a second aspect, the invention relates to a use of the cell line according to the first

aspect of the invention for producing infectious viral particles.

In a third aspect, the invention relates to a method for producing infectious viral particles

comprising the steps of:

(1) growing the cells of the cell line of the first aspect of the invention further
comprising a viral genome capable of assembling into an infectious viral particle
in vitro in the absence of tetracycline or a tetracycline analog; or

(i1) infecting the cells of the cell line of the first aspect of the invention with a viral
vector, preferably an adenoviral vector; and

(iii)  recovering the viral particles.

List of Figures

In the following, the content of the figures comprised in this specification is described. In
this context please also refer to the detailed description of the invention above and/or below.

Figure 1: Diagram of pneo/CAG-TetR. Pneo/CAG-TetR contains the expression
cassette for the Tetracycline repressor and G418-resistance gene.

Figure 2: SeAP expression in clone M9 and M38. Clones were seeded in flasks T25
and infected with ChAdETetOSeap at moi 30 (multiplicity of infection) in presence or absence
of tetracycline. A score for each single clone was then obtained by calculating the ratio with
and without tetracycline 48 h post infection. Clone M9 showed the best ratio +/- tet.

Figure 3: Production of AdTetO E1E2p7 in M9, M38 and Hek293 cells. M9, M38
and HEK 293 were infected at moi 100 (multiplicity of infection) with AdTetOE1/F78E2p7
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(An Adenovector that is not able to grow without TetR mediated control of expression). Clones
M9 and M38 show the best productivity values.

Figure 4: Expression of TetR protein in M9 and M38 cells. TetR expression was
evaluated by Western blot analysis on cell lysate of clone M9 and M38 using TetR antibody.
TetR is expressed at high levels in both M9 and M38 cells.

Figure 5: Efficiency of rescue of ChAd vectors in M9 cells. The efficiency of rescue
of Species C and E adenoviral vectors (ChAdN13 TPA4-T1Poly (Fig. SA) and ChAdE egfp
(Fig. 5B)) was evaluated in M9 cells in comparison to HEK-293. Monolayers of M9 and
HEK?293 cells were transfected in parallel with preAd plasmid DNA. The virus production was
evaluated by QPCR 12 days post-transfection on cell lysates. The results demonstrate a higher
efficiency of adenoviral vector production in M9 cells upon transfection.

Figure 6: Productivity of ChAd C - Venus and ChAd E - EGFP vectors. The
productivity of chimpanzee Ad vectors ChAd C — Venus (Fig. 6A) and ChAd E — EGFP (Fig.
6B) was evaluated in M9 cells in comparison to HEK 293 and 293T cells. Monolayers of cells
were infected using the same multiplicity of infection of ChAds. The cells were harvested 72
hours post-infection and the vector titer was evaluated by QPCR in the crude lysate. The results
are expressed as cell-specific productivity.

Figure 7: Evaluation of transcriptional control in M9 and T-Rex cells by FACS
analysis. Cell lines were seeded in T25 flasks and infected with ChAd C TetO-VENUS using
a moi=100 vp/cell (multiplicity of infection). The expression of sufficient amount of TetR at
single cell level should shut-off venus reporter gene expression. 3.8% of M9 cells showed a
detectable fluorescent signal versus 26% of T-Rex cells. M9 cell line was demonstrated to be
able to control gene expression in 96.2% of the cells while 74% of T-Rex cells efficiently
control expression.

Figure 8: ChAd vector productivity in M9 (Fig. 8A) and T-Rex (Fig. 8B) cell lines.
The analysis was performed in cell seeded in T-flasks (T25 flasks seeded with 5e6 cells in 10
ml of medium). Cell monolayers were infected with ChAd-C TetO-VENUS using a multiplicity
of infection of 100 vp/cell. Cells were harvested when full CPE was observed by microscopy
(7 days post-infection). The vector productivity was determined by QPCR method with primers
and probe designed of HCMV promoter DNA sequence.

Figure 9: Diagram of an adenoviral vector and of the expression cassette. The
adenoviral vector is carrying a HCMYV promoter with TetO and the expression cassette includes

TetO sequences.
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Figure 10: TetR expression driven by CAG promoter in comparison to HCMV -
driven expression. HCMV-TetR 293 cells were first developed by transfecting HCMV-TetR
expression vector in HEK 293 cells. A clone expressing TetR was isolated by G418 selection
and expanded. TetR expression was tested by western blot at passage 40 and at passage 60 and
compared to TetR expression in M9 cells at passage 60. Total cell proteins were extracted from
3E+06 cells, separated on SDS-PAGE, transferred to the membrane and probed with anti-TetR
antibody (antibody dilution:1:1000, incubation for 12 hours at 4°C). The results demonstrated
that TetR expression driven by HCMV promoter is progessively lost over cell culture passaging

while the TetR expression driven by CAG promoter is maintained over-passaging (p60).

Figure 11: HCMYV promoter silencing by epigenetic mechanisms. The gradual loss of
TetR expression observed in HCMV-TetR cell line can be reverted by exposing the cells to
HDAC inhibitors (Belinostat). The HCMV TetR cells were cultivated in presence of 200 nM
of Belinostat (PXD101 - HDAC inhibitor), then the TetR expression was evaluated by western
blot by harvesting the cells. However the re-activation of the human CMV promoter is transient

and the expression of TetR is lost again in absence of Belinostat.

Detailed Descriptions of the Invention

Before the present invention is described in detail below, it is to be understood that this
invention is not limited to the particular methodology, protocols and reagents described herein
as these may vary. It is also to be understood that the terminology used herein is for the purpose
of describing particular embodiments only, and is not intended to limit the scope of the present
invention which will be limited only by the appended claims. Unless defined otherwise, all
technical and scientific terms used herein have the same meanings as commonly understood by
one of ordinary skill in the art.

Preferably, the terms used herein are defined as described in "A multilingual glossary
of biotechnological terms: (IUPAC Recommendations)”, Leuenberger, H.G.W, Nagel, B. and
KiIbl, H. eds. (1995), Helvetica Chimica Acta, CH-4010 Basel, Switzerland).

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and variations such as "comprises" and "comprising”, will be
understood to imply the inclusion of a stated integer or step or group of integers or steps but
not the exclusion of any other integer or step or group of integers or steps. In the following

passages, different aspects of the invention are defined in more detail. Each aspect so defined
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may be combined with any other aspect or aspects unless clearly indicated to the contrary. In
particular, any feature indicated as being optional, preferred or advantageous may be combined
with any other feature or features indicated as being optional, preferred or advantageous.

Several documents are cited throughout the text of this specification. Each of the
documents cited herein (including all patents, patent applications, scientific publications,
manufacturer's specifications, instructions etc.), whether supra or infra, is hereby incorporated
by reference in its entirety. Nothing herein is to be construed as an admission that the invention
is not entitled to antedate such disclosure by virtue of prior invention. Some of the documents
cited herein are characterized as being “incorporated by reference”. In the event of a conflict
between the definitions or teachings of such incorporated references and definitions or
teachings recited in the present specification, the text of the present specification takes
precedence.

In the following, the elements of the present invention will be described. These elements
are listed with specific embodiments; however, it should be understood that they may be
combined in any manner and in any number to create additional embodiments. The variously
described examples and preferred embodiments should not be construed to limit the present
invention to only the explicitly described embodiments. This description should be understood
to support and encompass embodiments which combine the explicitly described embodiments
with any number of the disclosed and/or preferred elements. Furthermore, any permutations
and combinations of all described elements in this application should be considered disclosed

by the description of the present application unless the context indicates otherwise.

Definitions

In the following, some definitions of terms frequently used in this specification are
provided. These terms will, in each instance of its use, in the remainder of the specification
have the respectively defined meaning and preferred meanings.

As used in this specification and the appended claims, the singular forms "a", "an", and
"the" include plural referents, unless the content clearly dictates otherwise.

The term “expresses a gene” or “expresses a protein” is used in the context of the present
invention to refer to the process of mRNA transcription followed by translation of the mRNA
into the encoded protein. The expression level can be measured at the level of the mRNA and/or
protein. If measured at the level of mRNA the amount of mRNA will provide at least a

qualitative indication of the amount of the protein present in the cell. In the majority of cases

all mRNA will be translated into protein and, thus the measurement of the amount of mRNA
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allows quantitating the amount of newly produced protein. The amount of protein can be
determined by a number of art known methods including labelling with antibodies specifically
binding to the protein. The skilled person knows several ways of qualitatively and/or
quantitatively detecting expression of a gene on single cell basis. These methods include FISH,
intracellular staining (ICS) and single cell RNA sequencing.

The term “mutation” as used in the context of the present invention refers to the
exchange of a nucleotide or amino acid with another nucleotide in a nucleic acid sequence and
with amino acid in an amino acid sequence, respectively. The term “deletion” as used in the
context of the present invention refers to the removal of a nucleotide from a nucleic acid
sequence and of an amino acid in an amino acid sequence, respectively. The term “insertion”
as used in the context of the present invention refers to the addition of a nucleotide to a nucleic
acid sequence and of an amino acid to an amino acid sequence. A substitution can also be
viewed as a consecutive process of insertion and deletion or vice versa. In the context of the
present invention the term substitution is used to an alteration of a nucleic acid sequence or
amino acid sequence which does not change the number of nucleotides of the nucleic acid
sequence or the number of amino acids in the amino acid sequence.

The term “immortal” or “immortalized” as used in the context of the invention refers to
the property of a cell to divide indefinitely. An immortalized cell will grow into a population
of cells also referred to a “cell line”. Preferably, such a cell line comprises or consists of isolated
cells. Preferably, such a cell line will not become senescent. Preferably, it will also not enter
apoptosis under cell culture conditions. While a cell line is typically of clonal origin, i.e. all
cells are descendants of one transformed cell, it is common that there is heterogeneity within a
cell line. This is due to chromosomal re-arrangements, chromosome duplications, or improper
chromosomal separation that may occur during mitosis. Such events are more common in
transformed cells. The term “transformed” refers to an additional property of a cell line, i.e. in
addition to infinite growth. These properties are one or more that are associated with tumor
cells, including anchorage independent growth, loss of contact-inhibition, invasiveness, and
polyploidy. Preferably, the transformed cell line is transformed by an adenovirus or an
adenoviral particle.

The term “cell line” refers to a cell line that exhibits heterogeneity regarding one or
more properties. Typically, the heterogeneity does not change significantly or at all during
subsequent mitotic cycles of the cells of the cell line A particular property regarding which the
cell line may be heterogeneous is the expression of a given transgene, preferably the Tet-R

and/or the ploidy.
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The term “Tet-R” is used in the context of the invention to refer to the Tetracycline
Iepressor.

The terms “TRE” and “TetO” are used to designate DNA elements to which the Tet-R
specifically binds. Preferably, the TetO sequence is the nucleotide sequence of SEQ ID NO:3
(TCCCTATCAGTGATAGAGA).

If TetO is inserted in multiple copies into or close to the basal promoter of a gene, Tet-
R can act as a repressor of transcription from that basal promoter. To maximize the effect of
Tet-R binding it is often desirable to include two or more TetOs consecutively into one
promoter. Preferably, two, three, four, five, six to at least 7 copies of TetOs are consecutively
included into one promoter.

The term “heterologous gene” is used in the context of the present invention to refer to
a gene that is either non-naturally occurring or taken out of its natural context and inserted into
either a different position within the genome where it naturally occurs or into another organism
or genome. For example, a human gene encoding a tumor antigen that is inserted into an
adenoviral genome is heterologous to the adenoviral genome.

The term “toxic” is used in the context of the present invention to refer to the activity of
a compound to inhibit proliferation of a cell line. Depending on the compound and
concentration that inhibition can be complete, i.e. the individual cells stops growing, or they go
into apoptosis.

The term “viral particles” is used in the context of the present invention to refer to a
virus, preferably a recombinant virus or a virion that comprises a nucleic acid sequence. This
nucleic acid sequence may be a full or partial viral genome. In the latter case the viral genome
preferably comprises a heterologous gene. For some viral particles only very short sequences
of the viral genome are required to allow assembly of a virus or virion. For example, for adeno-
associated virus a short (about 200 bp long) repeat sequence placed at the 5° and 3’ of a
heterologous nucleic acid of a given length (typically between 4.5. to 5.3 kB for an adeno-
associated virus) will allow assembly of infectious adeno-associated virus. A viral particle is
“infectious” in the meaning of the invention, if it can transfer the nucleic acid contained therein
into a cell, if contacted with the cell.

A preferred cell line of the invention is the HEK293 derived cell line referred to as M9.
This cell line was deposited on August 9, 2017 with the European Collection of Authenticated
Cell Cultures (ECACC) at Public Health England, Culture Collections, Porton Down, Salisbury
SP4 0JG, United Kingdom under the accession number 17080901. The deposit was made on
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behalf of Nouscom AG, Biumleingasse 18, Basel, CH-4051, Switzerland. The cell line is

derived from an early passage human embryonal kidney cell line (Homo Sapiens).

Embodiments

In the following different aspects of the invention are defined in more detail. Each aspect
so defined may be combined with any other aspect or aspects unless clearly indicated to the
contrary. In particular, any feature indicated as being preferred or advantageous may be
combined with any other feature or features indicated as being preferred or advantageous.

In the work leading to the present invention, it was surprisingly shown that good
adenoviral vector productivity can be achieved by the cell line according to the present
invention.

In a first aspect, the present invention provides a cell line, wherein a tetracycline repressor
(TetR) is expressed under the control of a cellular or partly cellular promoter. It also provides
a cell line, wherein a tetracycline repressor (TetR) is expressed in at least 70% of the cells of
the cell line. Preferably, at least 75%, more preferably at least 80%, and more preferably at least
85%, more preferably at least 90% and most preferably at least 95% of the cells within the cell
line(s) express Tet-R. The percentage of cells within the cell line(s) of that express Tet-R can
be measured by art known methods including fluorescent staining of proteins or mRNA and
FACS analysis.

The level of gene expression per cell can be measured by quantitative polymerase chain
reaction (QPCR), preferably single cell QPCR. The quantitative polymerase chain reaction is a
known method for one skilled in the art. For reference, it is referred to Applied Biosystems
QuantStudio™ 12K Flex Real-Time PCR System - Publication Part Number 4470050 Rev. A
Revision Date March 2012.

In a preferred embodiment of the first aspect of the present invention, the Tet-R is
expressed in those cells of the cell line expressing Tet-R protein at a level of at least 10* protein
molecules/cell, preferably at least 10* protein molecules/cell, preferably at least 10° protein
molecules/cell, preferably at least 10° protein molecules/cell, more preferably at least 107
protein molecules/cell, such as from 10° to 10% 10* to 10° protein molecules/cell.
Correspondingly, it is preferred that the cell line expressing Tet-R protein comprises between
10* to 10°, more preferably 10* to 10° mRNA copies per cell.

In a preferred embodiment of the first aspect of the present invention, the cell line
comprises stably integrated into its genome a gene encoding tetracycline repressor (Tet-R).

Preferably, the gene encoding Tet-R is only stably integrated into the cells that express Tet-R.
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Preferably, the gene encoding Tet-R is stably integrated in at least 70%, preferably 75%, 80%
or 85% of the cells of the cell line. More preferably, at least 90%, even more preferably at least
95%, and most preferably at least 97% of the cells within the cell line comprise stably integrated
into its genome a gene encoding Tet-R.

In a preferred embodiment of the first aspect of the present invention, the expression of
Tet-R is stable over time. “Time” in context of the present invention can be defined as the
number of cell passages of the cell line. Therein, 10 passages correspond to about 30 to 70
days, preferably to 40-60 days and more preferably to about 50 days. Within this time frame
of 10 days, 5 passages can, but do not necessarily correspond to 15-35 days, preferably 20-
30 days and more preferably 25 days. Within the time frame of 10 days, 1 passage can, but
does not necessarily correspond to 3-7 days, preferably 4-6 days and more preferably 5 days.
Preferably, stable over time means stable for at least 40 (or more than 40) passages, for at
least 45 (or more than 45) passages, for at least 50 (or more than 50) passages, for at least
60 (or more than 60) passages or for at least 75 (or more than 75) passages. For all these
embodiments, the expression is preferably stable for up to and including 100 passages. The
number of corresponding days can be calculated for these and any other number of passages
using the definition given for 10, 5 and/or 1 days above. For example, 40 passages
correspond to 120-280 days, preferably 160-240 days and more preferably 200 days; 45
passages correspond to 135-315 days, preferably 180-270 days and more preferably 225
days; 50 passages correspond to 150-350 days, preferably 200-300 days and more
preferably 250 days; 60 passages correspond to 180-420 days, preferably 240-360 days and
more preferably 300 days; 75 passages correspond to 225-525 days, preferably 300-450
days and more preferably 375 days; 100 passages correspond to 300-700 days, preferably
400-600 days and more preferably 500 days. The upper limits embodiments are combined
with the lower limits according to their ranking of preference. “Time” also be defined
independent of passages by the number of days only. In this case, the ranges above given
with respect to the number of passages apply as embodiments (for example, “120-280 days”
refers to an embodiment of “at least 120-280 days”, which is not limited by any number of
passages, 1.e. it could be less or more than 40 passages; the preferred ranges then represent
preferred embodiments). “Stable” herein means an increase of decrease of not more than
50%, preferably not more than 25%, and more preferably of not more than 10% of the
average expression level during passages 10-20. In a preferred embodiment of the first aspect
of the present invention, the Tet-R represses transcription of genes comprising in their

promoters one or more Tetracycline Operators (TetOs) in the presence or absence of
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tetracycline or a tetracycline analog. For example, the promotor comprises 1, 2, 3, 4, 5, 6, 7 or
more TetOs.

In a preferred embodiment of the first aspect of the present invention, the Tet-R gene is
under the control of a constitutive promoter. In a further preferred embodiment, the constitutive
promoter is selected from the group consisting of EF1 alpha promoter, PGK-1 promoter,
Ubiquitin B promoter, $-Actin promoter, EGR1 promoter, HCMV promotor, SV40 promoter,
RSV promoter, mouse CMV promoter, CASI promoter and CAG promoter. More preferably,
the Tet-R gene is under the control of the CAG promoter. The promotor is preferably a cellular
or a partly cellular promoter. A cellular promoter is preferably a promoter of a eukaryotic cell.
Preferably, the promoter is a cellular promoter or a partly cellular promoter. Examples of
cellular promoters are mouse, rat, rabbit, guinea pig, chicken and in particular human
promoters. “Partly cellular promoters” are hybrid promoters comprising part(s) of one or more
cellular promoter(s) and part(s) of one or more non-cellular promoter(s). The non-cellular
promoter is preferably a viral promoter. The cellular and non-cellular parts are a fusion that has
promoter activity (activity that results in the transcription of a coding sequence of interest).
Preferred cellular promoters are the EF1 alpha promoter, the PGK-1 promoter, the Ubiquitin B
promoter, the B-Actin promoter, and the EGR1 promoter. Preferred partly cellular promoters
are the CASI promoter (partly cytomegalovirus and partly chicken) and the CAG promoter.
The CAG promoter (the promoter used in the M9 cells of the examples) is most preferred. It
comprises (C) the cytomegalovirus early enhancer element, (A) the promoter, the first exon and
the first intron of the chicken beta-actin gene, and (G) the splice acceptor of the rabbit beta-
globin gene.

The promoters comprising one or more Tetracycline Operators (TetOs), which can be
repressed by Tet-R, are not particularly limited, e.g. they can be cellular, partly cellular, viral
or partly viral (hybrid promoters comprising a part of a viral promoter and a part of a non-viral
promoter) promoters.

In another preferred embodiment, the gene encoding Tet-R is codon optimized for
expression in eukaryotic (preferably mammalian) cells. Herein, the term “codon optimized”
means that the translational efficiency for expression in eukaryotic (preferably mammalian)
cells is increased by replacing codons which have a low frequency in eukaryotic (preferably
mammalian) cells by codons that translate into the same amino acid, but which have a high
frequency in eukaryotic (preferably mammalian) cells.

In a further preferred embodiment, the cell line further comprises in its genome a

mutation, deletion or insertion that reduces or prevents expression of a functional protein



10

15

20

25

30

WO 2019/081673 PCT/EP2018/079341
11

selected from the group consisting of stimulator of one or more IFN genes, preferably cGas and
STING, one or more JAK/STAT activator of transcription and one or more IFN-stimulated
genes (ISGs), preferably PKR, MX1, OAS1, APOBEC3G, TRIMS, ZAP, ISG15, ADAR,
IFITM1/2/3, BST2, and/or RSAD2.

In a preferred embodiment of the first embodiment of the present invention, the cell line
further comprises a gene encoding a selection marker. Preferably, the resistance gene is in
genetic linkage to the gene encoding Tet-R. In a preferred embodiment, the gene encoding a
selection marker is selected from the group consisting of a G418, hygromycin B, puromycin,
blasticidin, or zeocin resistance gene in genetic linkage to the gene encoding Tet-R. More
preferably, the gene encoding a selection marker is a G418 resistance gene in genetic linkage
to the gene encoding Tet-R.

In a further preferred embodiment, the cell line expresses at least one viral gene that is
required for the formation of infectious virus particles. More preferably if the cell line is used
for production of recombinant adenoviruses, the at least one viral gene is E1-A and/or E1-B as
encoded in the E1 region. For example, the E1 regions can be derived from human adenoviruses
or great apes adenoviruses, such as Chimpanzee Ad, Bonobo Ad, or Gorilla Ad. More
preferably, the cell line comprises in its genome a nucleotide sequence selected from the group
consisting of SEQ ID NO: 1 or 2, or a variant thereof encoding the same E1-A and/or E1-B
protein.

In a preferred embodiment, the cells of the cell line are transformed cells.

In a further preferred embodiment, the cells of the cell line are human cells. More
preferably, the cells of the cell line are human embryonal kidney cells.

In a preferred embodiment, the cells of the cell line are selected from the group consisting
of HEK293 cells, A549 cells, HeLa cells, MRCS5 cells, VERO cells, DE-1 cells or SK-OV-3
cell.

In another preferred embodiment, the cell line is the cell line deposited under accession
number 1708091 with the ECACC.

In a further preferred embodiment, the cell line further comprises a viral genome capable
of assembling into an infectious viral particle and comprising at least one heterologous gene
under the control of a promoter comprising one or more Tetracycline Operators (TetO).

In another preferred embodiment, the viral genome is selected from the group consisting
of a herpes virus genome, a modified vaccinia Ankara genome and an adenoviral genome. More
preferably, the viral genome is an adenoviral genome. An example of a herpes virus genome is

HSV-1.
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In a preferred embodiment, the heterologous gene is toxic to the cell or interferes with the
viral replication cycle.

In another preferred embodiment, the heterologous gene is selected from the group
consisting of self antigens, viral genes, genes of cellular origin, synthetic strings encoding for
combination of tumor-associated neo-antigens and strings encoding for neo-epitopes.
Preferably, the self antigen is selected from the group consisting of HER2/neu, CEA, Hepcam,
PSA, PSMA, Telomerase, gplOO, Melan-A/MART-1, Muc-1, NY-ESO-1, Survivin,
Stromelysin 3, Tyrosinase, MAGE3, CML6S, CML66, OY-TES-1, SSX-2, SART-1, SART-2,
SART-3, NYCO0-5S, NY-BR-62, hKLP2 and VEGF. Preferably, the viral gene is selected from
the group consisting of HCV EI1-E2 protein, rabies glycoprotein, and HIV-1 GP 160.
Preferably, the gene of cellular origin is selected from the group consisting of Tim-3, Her2 and
E2 F-1.

The second aspect of the invention provides use of the cell line according to the first
aspect of the invention for producing viral particles.

The third aspect of the invention provides a method for producing infectious viral
particles comprising the steps of:

1) growing the cells of the cell line of the first aspect of the invention further
comprising a viral genome capable of assembling into an infectious viral particle
in vitro in the presence or absence of tetracycline or a tetracycline analog; or

(i1) infecting the cells of the cell line of the first aspect of the invention with a viral
vector, preferably an adenoviral vector; and

(iii)  recovering the viral particles.

In a preferred embodiment of the third embodiment of the present invention, the

growing step (i) is in the absence of tetracycline or a tetracycline analog.

The invention relates inter alia to the following items:

1. A cell line, wherein a tetracycline repressor (Tet-R) is expressed in at least 70% of the

cells of the cell line.

2. The cell line according to item 1, wherein the Tet-R is expressed in those cells of the
cell line expressing Tet-R at a level of at least 1000 mRNA copies or Tet-R protein

molecules per cell.
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The cell line according to item 1 or 2, comprising stably integrated into its genome a

gene encoding tetracycline repressor (Tet-R).

The cell line according to any of items 1 to 3, wherein

(i) the Tet-R represses transcription of genes comprising in its promoters one or more
Tetracycline Operators (TetOs) in the presence or absence of tetracycline or a
tetracycline analog, and/or

(ii) the Tet-R gene is under the control of a constitutive promoter, preferably the
constitutive promotor is selected from the group consisting of EF1 alpha promoter,
PGK-1 promoter, Ubiquitin B promoter, B-Actin promoter, EGR1 promoter,
HCMYV promotor, SV40 promoter, RSV promoter, mouse CMV promoter, CASI
promoter and CAG promoter, more preferably the constitutive promotor is the CAG

promoter.

The cell line according to any of items 1 to 4, wherein the gene encoding Tet-R is codon

optimized for expression in mammalian cells.

The cell line according to any of items 1 to 5, further comprising in its genome a
mutation, deletion or insertion that reduces or prevents expression of a functional protein
selected from the group consisting of one or more stimulator of an IFN gene, preferably
cGas and STING, one or more JAK/STAT activator of transcription and one or more
IFN-stimulated gene (ISG), preferably PKR, MX1, OAS1, APOBEC3G, TRIMS, ZAP,
ISG15, ADAR, IFITM1/2/3, BST2, and/or RSAD2.

The cell line according to any of items 1 to 6, further comprising a gene encoding a
selection marker, preferably a G418, hygromycin B, puromycin, blasticidin, or zeocin

resistance gene in genetic linkage to the gene encoding Tet-R.

The cell line according to any of items 1 to 7, wherein the cells of the cell line express
at least one viral gene that is required for the formation of infectious virus particles,
preferably wherein the at least one viral gene is selected from the group consisting of

El, preferably comprising a gene with the nucleotide sequence of SEQ ID NO: 1.
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The cell line according to any of items 1 to 8, wherein the cells of the cell line are human

cells, preferably human embryonal kidney cells.

The cell line according to item 8§ or 9, wherein the cells of the cell line are HEK293
cells, A549 cells, HeLa cells, MRCS5 cells, VERO cells, DF-1 cells or SK-OV-3 cells.

The cell line according to any of items 1 to 10, wherein said cell line is deposited under

accession number 17080901 with the ECACC.

The cell line according to any of items 1 to 11, further comprising a viral genome

capable of assembling into an infectious viral particle and comprising at least one

heterologous gene under the control of a promoter comprising one or more Tetracycline

Operators (TetO), preferably wherein

(i) the viral genome is selected from the group consisting of a herpes virus genome, a
modified vaccinia Ankara genome and an adenoviral genome, preferably, the viral
genome is an adenoviral genome and/or

(ii) the heterologous gene is toxic to the cell.

The cell line according to item 12, wherein the heterologous gene is selected from the

group consisting of self antigens, viral genes, genes of cellular origin, synthetic strings

encoding for combination of tumor-associated neo-antigens and strings encoding for

neo-epitopes, preferably wherein

(i) the self antigen is selected from the group consisting of HER2/neu, CEA, Hepcam,
PSA, PSMA, Telomerase, gplOO, Melan-A/MART-1, Muc-1, NY-ESO-1,
Survivin, Stromelysin 3, Tyrosinase, MAGE3, CML6S, CML66, OY-TES-1, SSX-
2, SART-1, SART-2, SART-3, NYCO-5S, NY-BR-62, hKLP2 and VEGF,

(ii) the viral gene is selected from the group consisting of HCV E1-E2 protein, rabies
glycoprotein, and HIV-1 GP 160, and/or

(iii) the gene of cellular origin is selected from the group consisting of Tim-3, Her2 and

E2 F-1.

Use of the cell line according to any one of items 1 to 13 for producing infectious viral

particles.
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15. A method for producing infectious viral particles comprising the steps of:
1) growing the cells of the cell line of item 12 or 13 in vitro in the presence or

absence of tetracycline or a tetracycline analog; or
(i)  infecting the cells of the cell line of any of items 1 to 11 with a viral vector,
preferably an adenoviral vector; and

(iii)y  recovering the viral particles.
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Examples
Example 1: Generation of a stable clone expressing TetR

HEK 293 cells were cultivated in DMEM, 10% fetal bovine serum and expanded. At passage
30 the cells were plated in a T-75 cell culture flask and transfected with 24 pg of plasmid
pneo/CAG-TetR digested with BsaX1. Pneo/CAG-TetR contains the expression cassette for the
Tetracycline repressor and G418-resistance gene (Figure 1). 48 hours post-transfection, HEK
293 cells were diluted to 1:80 ratio in complete DMEM supplemented with 0.8 mg/ml of G-
418. Single, isolated clones resistant to G-418 were picked using standard procedures and
transferred in 24-well plates. Each 24-well plate was used to generate 3 plates: 2 of them were
used for the screening of single clones, the third was maintained as “master plate”. All clones
were transduced with ChAdE TetOSeap in duplicate in presence or absence of 1 ug/ml of
tetracycline. 48 hours post-infection the supernatant was evaluated for secreted alkaline
phosphatase expression by using a chemiluminescence assay (Phospha-Light kit, Applied
Biosystems, Foster City, CA) according to manufacturer instruction. Clones were ranked by
calculating the ratio of SEAP expression in presence/absence of tetracycline. The value
represents a measure of the stringency of the transcriptional control: the higher is the value the
more stringent is the transcriptional control. Best clones were also evaluated for productivity of
adenoviral vectors. M9 clone resulted to be very efficient in controlling expression via

tetracycline repressor as well as supporting high levels of adenoviral vectors production.

Example 2: Evaluation of TetR regulation by SeAp assay — comparison of clone M9 and
M38

Clones M9 and M38 were seeded in triplicate in T25 flasks. When the cell monolayers reached
80-90% of confluence (about 3E+06 cells/flask) were infected as follows. The conditioned
medium was aspirated and substituted with 5 ml of fresh medium. Cells were then infected with
ChAdE TetOSeap using a multiplicity of infection (moi) of 30 particles/cell (vp/cell) in
presence or in absence of tetracycline (1ug/ml). SeAp expression was evaluated two days after
infection by testing 50 ul of supernatant per flask. Supernatants harvested from each flask were
transferred in a well of a 96-well plate (50 pl/well) to be tested for alkaline phosphatase activity
by a chemiluminescent assay (Phospha-Light kit, Applied Biosystems, Foster City, CA)
according to the manufacturer’s instructions. The signal was acquired by using Envision 2012

Multilabel reader (Perkin Elmer). Efficiency of transcriptional control was evaluated by
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calculating the ratio of SeAp expression value obtained in presence and absence of tetracycline
as reported in Figure 2. The SeAp expression in presence of tetracycline (Tet) is comparable in
the two clones indicating that in absence of transcriptional control the HCMYV promoter is fully
active in M9 as well as in M38 cells. On the contrary, when Tet is not present in the medium
and TetR is active and bound to the promoter, the SeAP activity is about 5-fold lower in M9

clone indicating a stronger repression of the HCMV promoter in comparison to M38.

Example 3: Evaluation of Adenovector productivity in M9 and M38 cells

M9 and M38 clones were seeded in duplicate in T25 flasks. When cells reached §80-90%
confluence were infected with AdTetOE1/F78E2p7 using a moi of 100 vp/cell.
AdTetOE1/F78E2p7 is an adenoviral vector carrying a gene that is toxic when expressed in
HEK?293 cells and therefore it can’t be propagated without transcriptional control. HEK 293
cells were infected in parallel as control. When a full cytopathic effect was visible by
microscopy (4 days post-infection), cell and medium was harvested from each flask and frozen
at -80°C. The viral vector was released from infected cells by three cycles of freeze/thaw (-
80°C/37°C). Then, cell lysates were clarified by centrifugation. Clarified supernatants were
analysed by droplet digital polymerase chain reaction employing TagMan reporter-quencher
dye chemistry (Biorad QX200 AutoDG Droplet Digital PCR System) with primers designed to
amplify a specific target region of the Human Cytomegalovirus promoter (HCMVp) present in
the Adenovector genome and with a dual-labeled fluorescent probe (FAM-TAMRA). The virus
yield was evaluated in the crude lysate and expressed as specific productivity in vp/cell. The
results (Figure 3) showed that clones M9 has higher productivity in comparison to M38 and
that parental HEK293 cells are not able to support the production of an adenovector expressing
a toxic gene. The higher productivity showed by M9 cells is consistent with the results shown
in Figure 2 demonstrating a better transcriptional control of M9 in comparison to M38.
Furthermore, HEK293 cells are not able to support the replication of adenoviral vector

expressing a toxic gene.

Example 4: TetR protein expression in M9 and M38 cells

The production of TetR in clones M9 and M38 was evaluated by western blot using cell lysate.
Cellular proteins were extracted from the M9 and M38 clones and quantified by using Bio-Rad
Protein Assay with a standard curve made with bovine serum albumin (BSA). 45 ng of protein
extract were denatured at 100°C in presence of loading buffer containing SDS and loaded on a 4-

12% Bis-Tris NuPAGE® gel. After the electrophoresis, the proteins were transferred to
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nitrocellulose membrane and incubated with TetR monoclonal antibody (Clontech, cat. n°
631131) diluted 1:1000. The signal was revealed by incubating the membrane with anti-mouse
secondary antibody conjugated with HRP (SIGMA, cat A9044) diluted 1:3000. As shown in
Figure 4, the expression of TetR was higher in M9 than in M38 cells.

Example 5: Efficiency of rescue of ChAd vectors in M9 cells

In order to further evaluate the efficiency of M9 cells in supporting adenoviral vector
production, we have tested for the efficiency of rescue of Species C and E adenoviral vectors
by DNA transfection (ChAdN13 TPA4-T1Poly - Fig. SA and ChAdE egfp - Fig. 5B) in
comparison to parental HEK293. M9 and HEK293 cells were cultivated in T25 flask to be
transfected in parallel with 10 ug of preAd plasmid DNA by using Lipofectamine® 2000
(Thermo Fisher Scientific cat. N° 11668-019) according to the manufacturer’s instructions. The
adenoviral vector rescue and amplification was evaluated by QPCR on cell lysates 12 days post-
transfection. The primers used in the assay were designed to amplify a specific target region of
the Human Cytomegalovirus (HCMYV) promoter, and a dual-labeled fluorescent probe (FAM-
TAMRA) hybridizes within the amplicon. The results are shown in Figure 5 and demonstrate a
higher efficiency of adenoviral vector production in M9 cells upon transfection for both species

C and species E adenoviral vectors.

Example 6: Productivity of ChAd C-Venus and ChAd E-EGFP vectors

The productivity of two different chimpanzee Ad vectors carrying reporter genes - ChAdC-
Venus (Fig. 6A) and ChAdE-EGFP (Fig. 6B) was evaluated in M9 cells in comparison to
parental HEK 293 and 293T cells. Monolayers of cells in T25 flask were infected using the
same multiplicity of infection for both ChAds. The cells were harvested 72 hours post-infection,
when a full cytopathic effect was evident. The vectors were released from infected cells by
three cycles of freeze/thaw (-80°C/37°C). Then cell lysates were clarified by centrifugation and
the vector titer was evaluated by Real Time QPCR in the clarified cell lysate. Primers used were
designed to amplify a specific target region of the Human Cytomegalovirus (HCMV) present
in the Adeno genome. A dual-labeled fluorescent probe (FAM-TAMRA) hybridizes within the

amplicon. The results are shown in Figure 6.

Example 7: Evaluation of the homogeneity of transcriptional control in M9 and T-Rex

cells - Venus reporter gene expression at the single cell level by FACS analysis.
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The homogeneity of the transcriptional control in the cell line is an important characteristic of
a cell line designed to control expression through the adenoviral vector production process. A
heterogeneous expression at the single cell level in the cell line used for the production may
lead to the selection of rearranged species of vector in the subpopulation of cells that do not
repress transcription efficiently. The homogeneity of transcriptional control was evaluated in
MO cell in comparison to commercially available T-Rex cells expressing Tet-R (Invitrogen, lot
n° 1804535). Cells were seeded in T25 flasks and infected with ChAdC-Venus using a moi=100
vp/cell. Two days post-infection, cells were detached from flasks and washed with PBS 1X and
recovered by centrifugation. Cellular pellet was re-suspended in PBS 1X containing 1%
formaldehyde, 2.5 mM EDTA at a final cell density of 1.5E+06 cells/ml. 200 ul of the cell
suspension (~ 3e5 cells in total) were transferred in a well of 96-well plate and analysed by
FACS. The results of the FACS analysis reported in Figure 7 showed that a fluorescence signal
is detected in 3.8% of M9 cell line while 26% of T-Rex cells resulted positive. This result
demonstrated that M9 cell line is more homogeneous with a higher % of cells (96.2%) that are

able to control expression in comparison to T-Rex (74%).

Example 8: ChAd vector productivity in M9 and T-Rex cell lines.

In order to compare the cell-specific and the volumetric productivity of adenoviral vectors in
MO cells in comparison to T-REX cells (Invitrogen, lot n° 1804535), the cell lines were seeded
in T25 flasks. Near to confluence cell monolayers were infected with ChAdC-Venus using a
moi of 100 vp/cell. Cells were harvested when full CPE was evident by microscopy observation
(7 days post-infection). The vector productivity was then determined by Real Time QPCR with
primers designed on sequence of HCMYV promoter and a dual-labeled fluorescent probe (FAM-
TAMRA) hybridizes within the amplicon. The results in Figure 8 showed a higher productivity
of ChAdC-Venus in M9 cells than in T-Rex.

Example 9: TetR expression analysis in HCMV-TetR and M9 cells by Western blotting.

3E+06 cells of each sample (see Figure 10) were lysed by resuspending the cell pellet in 20
mM TRIS-HCI pH 7.4, 150 mM NaCl, I mM EDTA pH 8.0, 10% Triton-X, Protease Inhibitor
cocktail Roche cat. 11697498001 for 30 min at 4°C. After incubation, the samples were
centrifuged at 4°C for 30 min at 14000 rpm for clarification. Total protein concentration was
evaluated by Bio-Rad protein assay by following the manufacturer instruction and then

analyzed by western blotting.
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45ug of protein extract were separated on 4-12% SDS-PAGE under reducing conditions and
then transferred onto nitrocellulose membrane by Dry Blot (iBlot Gel Transfer system,
Invitrogen). After protein transfer, the membrane was treated with the blocking buffer (Milk
5% in PBS-Tween 0.1%) for 1 hour at room temperature and incubated for 12 hours at +4°C
with the anti-TetR monoclonal antibody (clone 9G9 - Clontech Cat. N. # 631132) diluted
1:1000. The day after, the membrane was incubated with HRP-conjugated rabbit anti-mouse
1gG (SIGMA, cat. n. A9044) for 1 hour at room temperature and then visualized with the Pierce
ECL Western blotting substrate (Thermo Scientific, Rockford, IL), according to the
manufacturer protocol. Anti-tubulin antibody was used as control and to normalize the results.
The results shown in Figure 10 demonstrates that the expression of TetR driven by HCMV
promoter declines over time and indicated by the comparison between the samples HEK293
p40 - hCMV TetR and HEK?293 p60 - hCMV TetR showing a strong reduction of the TetR

signal. In contrast, the expression of TetR driven by CAG promoter did not decline over time.

Example 10: Reactivation of TetR expression by exposing the HEK293 p60 - hCMYV TetR
cell to Histone Deacetylase (HDAC) Inhibitor.

To explore the mechanism of HCMYV silencing the HEK293 hCMYV TetR cells at passage 60
were cultivated in presence of a HDAC inhibitor. The cell culture medium was supplemented
with 200 nM of belinostat (PXD101) and then harvested at different time point as indicated in
Figure 11. The TetR expression was evaluated by western blot as indicated in the previous
example. The results clearly show that the TetR expression can be reactivated with belinostat
but the effect on the expression is only transient. Such a reactivation is not suitable for practical
purposes since belinostate is toxic to cells after a more extended exposure.

The inventors assume based on this experiment that hCMV-IE (viral promoter) is prone
to transcriptional silencing which is associated with DNA methylation. In contrast, the TetR
expression driven by CAG promoter (the most preferred partly cellular promoter of the
invention) is stable over cell passaging. The inventors believe that this surprising finding is due
to the cells being more prone to silencing viral promoters than cellular or partly cellular

promoters.
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Claims

A cell line, wherein a tetracycline repressor (Tet-R) is expressed under the control of a

cellular or partly cellular promoter.

The cell line according to claim 1, wherein a tetracycline repressor (Tet-R) is expressed

in at least 90% of the cells of the cell line.

The cell line according to claim 1 or 2, wherein the expression is stable over time.

The cell line according to any of claims 1 to 3, wherein the Tet-R represses transcription
of genes comprising in their promoters one or more Tetracycline Operators (TetOs) in

the presence or absence of tetracycline or a tetracycline analog.

The cell line according to any of claims 1 to 4, wherein the Tet-R gene is under the
control of a constitutive promoter, preferably the constitutive promotor is selected from
the group consisting of EF1 alpha promoter, PGK-1 promoter, Ubiquitin B promoter, f3-
Actin promoter, EGR1 promoter, CASI promoter and CAG promoter.

The cell line according to any of claims 1 to 5, wherein the gene encoding Tet-R is

codon optimized for expression in eukaryotic cells, preferably in mammalian cells.

The cell line according to any of claims 1 to 6, further comprising

(i) in its genome a mutation, deletion or insertion that reduces or prevents expression
of a functional protein selected from the group consisting of one or more stimulator
of an IFN gene, preferably cGas and STING, one or more JAK/STAT activator of
transcription and one or more IFN-stimulated gene (ISG), preferably PKR, MX1,
OAS1, APOBEC3G, TRIMS, ZAP, ISG15, ADAR, IFITM1/2/3, BST2, and/or
RSAD?2, and/or

(ii) a gene encoding a selection marker, preferably a G418, hygromycin B, puromycin,
blasticidin, or zeocin resistance gene in genetic linkage to the gene encoding Tet-

R.
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The cell line according to any of claims 1 to 7, comprising stably integrated into its

genome a gene encoding tetracycline repressor (Tet-R).

The cell line according to any of claims 1 to §, wherein the cells of the cell line express
at least one viral gene that is required for the formation of infectious virus particles,
preferably wherein the at least one viral gene is selected from the group consisting of

El, preferably comprising a gene with the nucleotide sequence of SEQ ID NO: 1.

The cell line according to any of claims 1 to 9, wherein the cells of the cell line are
human cells, preferably human embryonal kidney cells, or wherein the cells of the cell
line are selected from the group consisting of HEK293 cells, A549 cells, HeLa cells,
MRCS5 cells, VERO cells, DF-1 cells or SK-OV-3 cells.

The cell line according to any one of claims 1 to 10, wherein the promoter is the CAG

promoter.,

The cell line according to any of claims 1 to 11, wherein said cell line is the cell line

deposited under accession number 17080901 with the ECACC.

The cell line according to any of claims 1 to 12, further comprising a viral genome

capable of assembling into an infectious viral particle and comprising at least one

heterologous gene under the control of a promoter comprising one or more Tetracycline

Operators (TetO), preferably wherein

(i) the viral genome is selected from the group consisting of a herpes virus genome, a
modified vaccinia Ankara genome and an adenoviral genome, preferably, the viral
genome is an adenoviral genome and/or

(ii) the heterologous gene is toxic to the cell or interferes with the viral replication

cycle.

The cell line according to claim 13, wherein the heterologous gene is selected from the
group consisting of self antigens, viral genes, genes of cellular origin, synthetic strings
encoding for combination of tumor-associated neo-antigens and strings encoding for

neo-epitopes, preferably wherein



10

15

15.

16.

WO 2019/081673 PCT/EP2018/079341
23

(i) the self antigen is selected from the group consisting of HER2/neu, CEA, Hepcam,
PSA, PSMA, Telomerase, gplOO, Melan-A/MART-1, Muc-1, NY-ESO-1,
Survivin, Stromelysin 3, Tyrosinase, MAGE3, CML6S, CML66, OY-TES-1, SSX-
2, SART-1, SART-2, SART-3, NYCO-5S, NY-BR-62, hKLP2 and VEGF,

(i1) the viral gene is selected from the group consisting of HCV E1-E2 protein, rabies
glycoprotein, and HIV-1 GP 160, and/or

(iii) the gene of cellular origin is selected from the group consisting of Tim-3, Her2 and

E2 F-1.

Use of the cell line according to any one of claims 1 to 14 for producing infectious viral

particles.

A method for producing infectious viral particles comprising the steps of:

(i) growing the cells of the cell line of claim 13 or 14 in vitro in the presence or
absence of tetracycline or a tetracycline analog; or

(i)  infecting the cells of the cell line of any of claims 1 to 12 with a viral vector,
preferably an adenoviral vector; and

(iii))  recovering the viral particles.



