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RECOMBINANT ADENOVIRUSES FOR
GENE THERAPY IN CANCERS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application is a reissue application of U.S. Pat. No.
5,837,531, which issued on Nov. 17, 1998, from U.S. appli-
cation Ser. No. 05/646,246, which 1s a national phase appli-
cation under 35 U.S.C. 371 of PCT/FR 94/01284, filed Nov.
7, 1994, which claims priority to FR 93 13766 filed Nov. 18,
1993.

The present invention relates to recombinant vectors of
viral origin and to their use for the treatment ol cancers.
More particularly, 1t relates to recombinant adenoviruses
containing a heterologous DNA sequence under the control
of expression signals which are active specifically in tumour
cells. The mvention also relates to the preparation of these
vectors, to the pharmaceutical compositions containing them
and to their use 1 gene therapy.

Gene therapy consists 1 correcting a deficiency or an
abnormality (mutation, aberrant expression and the like) by
the introduction of a genetic information into the cell or the
aflected organ. This genetic information can be introduced
either 1n vitro mto a cell extracted from the organ, the
modified cell then being reintroduced into the body, or
directly in vivo into the appropnate tissue. Various tech-
niques have been described for the introduction of this
genetic information, amongst which are various transiection

techniques mvolving complexes of DNA and DEAE-dextran
(Pagano et al., J. Virol. 1 (1967) 891), of DNA and nuclear

proteins (Kanada et al., Science 243 (1989) 373), of DNA
and lipids (Felgner et al., PNAS 84 (1987) 7413), the use of
liposomes (Fraley et al., J. Biol. Chem. 255 (1980) 10431),
and the like. More recently, the use of viruses as vectors for
the transfer of genes appeared as a promising alternative to
these physical transfection techniques. In this respect, vari-
ous viruses have been tested for their capacity to infect
certain cell populations, in particular retroviruses (RSV
HMS, MMS and the like), HSV wvirus, adeno-associated
viruses, and adenoviruses.

Numerous applications of gene therapy are under study,
such as genetic diseases (myopathy, cystic fibrosis, SCID,
and the like), pathologies of the central nervous system
(Alzheimer, Parkinson, and the like), cardiovascular dis-
cases (haemophilia, atherosclerosis), AIDS or cancers. More
particularly, as regards the treatment of cancers, various
strategies have been proposed in-the prior art. Thus, Appli-
cation EP 259 212 describes the preparation ol vaccines
intended for the treatment of cancers, comprising a modified
virus capable of expressing an antigen specific for a tumour,
permitting an immune response to be generated against these
cells. Moreover, Application WO91/135380 describes the
construction of retroviruses containing a gene encoding a
ribozyme, whose expression 1 cell culture can make it
possible to destroy an mRNA of an oncogene. It 1s also
known from Application W0O93/10814 to use vectors
expressing immunogenic, non-tumorigenic forms of cellular
oncogenes involved in the development of cancers. Appli-
cation WO093/02556 finally describes the use of cells
removed from the tumour, which are genetically modified ex
vivo by the introduction of a toxic gene, then readministered
to the patient. However, this approach requires surgical
steps, and furthermore, the stability of the toxic gene 1n the
cell transformed ex vivo 1s not established.
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Consequently, although wvaluable results have been
obtained, the constructs described in the prior art do not
make 1t possible to satistactorily solve some difliculties, and
especially the precise screening of the cells to be treated.
Thus, i1t has been proposed to use recombinant retroviruses
as vectors for the transfer of therapeutic genes. Indeed, these
viruses are capable of infecting only the cells which divide.
However, the use of this type of vector does not make 1t
possible to screen, with suflicient selectivity, the tumour
cells. Furthermore, these viruses cannot be obtained at very
high titres, thereby limiting the therapeutic etlicacy. It has
moreover been proposed to directly administer the gene 1nto
the tumour. Here again, the risks of diflusion to the sur-
rounding cells are not excluded. For this reason, 1t has been
proposed to modify the host specificity of the viruses used,
by incorporating into their envelopes proteins recognizing

receptors specific for tumour cells (W0O93/00130; WQO92/
14829). However, these constructs do not make 1t possible
to obtain suflicient targeting, especially when the virus used
encodes a toxic protein intended for the destruction of the
cells.

The present invention provides an advantageous solution
to these problems. It provides, indeed, vectors capable of
directing the expression of a given gene selectively in the
tumour cells. The present invention 1s based 1n particular on
the demonstration that certain signals for control of tran-
scription are active (or activated) specifically in the tumour
cells, and the they can be used for the selective expression
of heterologous genes. It also results from the demonstration
that adenoviruses constitute particularly effective vectors for
the transfer and expression of therapeutic genes i1n the
tumour cells. In particular, adenoviruses have the advantage
of not becoming integrated into the genome of the cells
which they infect, of being maintained therein in a very
stable manner, which makes it possible to obtain a lasting
therapeutic effect and to have a very broad host range, which
permits application to the treatment of cancers aflecting any
type of cells. Furthermore, recombinant adenoviruses can be
obtained at high titres, which makes it possible to work at
high multiplicities of infection, and to introduce several
copies of the heterologous gene per cell. The invention 1s
also based on the demonstration that adenovirus-type viruses
are capable of incorporating heterologous sequences com-
prising such promoters, of transierring these sequences nto
the tumour cells, and of expressing desired genes under the
control of specific signals directly 1n tumours.

A first subject of the invention therefore lies in a defective
recombinant adenovirus containing a heterologous DNA
sequence under the control of expression signals which are
active specifically i tumour cells.

The subject of the invention 1s also the use of such a
defective recombinant adenovirus for the preparation of a
pharmaceutical composition mntended for the treatment or
the prevention of cancers.

The defective adenoviruses according to the invention are
adenoviruses which are incapable of autonomously replicat-
ing in the target cell. Generally, the genome of the defective
adenoviruses used within the framework of the present
invention therefore lacks at least sequences necessary for the
replication of the said virus in the infected cell. These
regions can be either removed (completely or partially), or
rendered non-functional, or substituted by other sequences
and especially by the 1nserted gene. Preferably, the defective
virus conserves, nevertheless, the sequences of 1ts genome
which are necessary for the encapsulation of the wiral
particles.

There are various serotypes of adenoviruses, whose struc-
ture and properties vary somewhat. However, these viruses
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are not pathogenic for man, and especially for non-
immunosuppressed subjects. Among these serotypes, the use
of type 2 or 5 human adenoviruses (Ad 2 or Ad 5) or of
adenoviruses of animal origin (see Application FR 93
05934) 1s preferred within the framework of the present
invention. Among the adenoviruses of animal origin which
can be used within the framework of the present invention,
there may be mentioned adenoviruses of canine, bovine,
murine (example: MAV1, Beard et al., Virology 75 (1990)
81), ovine, porcine, avian or alternatively simian (example:
SAV) origin. Preferably, the adenovirus of animal origin 1s
a canine adenovirus, more preferably a CAV2 adenovirus
| Manhattan strain or A26/61 (ATCC VR800) for example].

Preferably, adenovirus of human, canine or mixed origin
are used within the framework of the invention.

As 1ndicated above, the adenoviruses of the invention
carry a heterologous DNA sequence. This heterologous
DNA sequence permits the expression of a desired biologi-
cal activity in tumour cells. Preferably, the heterologous
DNA sequence comprises at least one gene chosen from a
gene which 1s toxic for the infected cell, a gene whose
expression makes 1t possible to at least partially inhibit cell
division, or a gene encoding a lymphokine. The adenovi-
ruses of the mvention may, 1n addition, contain several of
these sequences, so as to obtain, 1n some cases, a synergistic
anti-tumour eflect.

Among the genes which are toxic for the infected cell,
there may be mentioned preferably the genes whose expres-
sion product confers on the cell sensitivity to a therapeutic
agent. More preferably, the toxic gene 1s chosen from the
thymidine kinase gene, whose expression product confers on
mammalian cells sensitivity to certain therapeutic agents
such as ganciclovir or acyclovir. The thymidine kinase of the
herpes simplex virus i1s capable of phosphorylating nucleo-
side analogues such as acyclovir or ganciclovir. These
modified molecules can be incorporated into a DNA chain
undergoing elongation, which has as consequence the stop-
ping of the DNA synthesis, resulting 1n the death of the cell
(F. L. Moolten, Cancer Res. 46 (1986) 5276). This strategy
thus makes 1t possible to remove specifically the cells
expressing the suicide gene. Furthermore, the synthesis of
DNA being the target of the toxicity, only the cells under-
going division are aflected.

More preferably, the thymidine kinase gene of the human
herpes virus (hTK HSV-1) 1s used within the framework of
the present invention. The sequence of this gene has been
described 1n the literature (see especially McKmght et al.,
Nucleic Acid. Res. 8 (1980) 5931).

It 1s also possible to use the cytosine deaminase gene,
whose expression product confers on mammalian cells sen-
sitivity to S-fluorocytosine (3-FC). Moreover, among the
toxic genes which can be used within the framework of the
present invention, there may also be mentioned the genes
whose expression product induces apoptosis of the infected
cell.

Among the genes whose expression makes 1t possible to
at least partially ihibit cell division, there may be men-
tioned more particularly tumour suppressor genes (or
antioncogenes) or any active derivative thereof; antisense
sequences or ribozymes, whose expression 1n the target cell
makes 1t possible to at least partially 1inhibit the expression
of genes promoting cell division.

Among the tumour suppressor genes which can be used
within the framework of the present invention, there may be

mentioned more particularly the p33 gene (Baker et al.,
Science 244 (1989) 217); the Rb gene (Friend et al., Nature

323 (1986) 643; Huang et al., Science 242 (1988) 1563); the

10

15

20

25

30

35

40

45

50

55

60

65

4

rap 1A gene (Kitayama et al., Cell 56 (1989) 77); the DCC
gene (Fearon et al., Science 247 (1990) 49), the k-rev2 and

k-rev3d genes; or any other tumour suppressor genes
described in the literature (ci. for example WO91/15380).

The heterologous DNA sequence may also contain an
antisense sequence, whose expression 1n the target cell
makes 1t possible to control the expression of genes pro-
moting cell proliferation. This control may occur during
transcription, splicing of the premessenger, degradation of
the messenger, its translation into protein, or post-
translational modifications. Preferably, the heterologous
DNA sequence contains a gene encoding an antisense RNA
capable of controlling the translation of a target mRNA (EP
140 308). Among the antisense sequences which can be used
within the framework of the invention, there may be men-
tioned more particularly any antisense sequence which
makes 1t possible to reduce the levels of production of the
oncogenes ras, myc, fos, c-erb B, and the like.

Among the genes encoding lymphokines, there may be
mentioned more particularly genes encoding interleukins
(preferably IL-1 to IL-3), interferons, tumour necrosis
factors, colony-stimulating factors (G-CSF, M-CSF,
GM-CSF, and the like), TGF-§3, and the like. Moreover, the
lymphokine-encoding gene generally comprises, upstream
of the coding sequence, a signal sequence directing the
synthesized polypeptide in the secretion pathways of the
target cell. This signal sequence may be the natural signal
sequence of the lymphokine, but 1t may also be any other
functional signal sequence, or an artificial signal sequence.
Such constructs make 1t possible 1n particular to increase the
lymphokine levels 1n a very localized manner, and thus, 1n
the presence ol a tumour-specific antigen, to enhance the
immune response against a particular type of tumour, which
gives a particularly advantageous eflect.

As idicated above, the heterologous DNA sequence 1s
placed under the control of expression signals which are
active specifically in tumour cells. In this way, the gene used
1s expressed and produces its eflect only when the virus has
indeed infected a tumour cell.

In a preferred embodiment of the invention, they are
expression signals which are induced by or active in the
presence of viruses responsible for or associated with
tumours. Still more preferably, an expression signal induc-
ible by the Epstein-Barr virus (EBV) or by the papilloma
virus 1s used within the framework of the present invention.

The Epstemn-Barr virus (EBV) 1s associated with two
types of human cancers: Burkitt’s lymphoma and cancer of
the nasopharynx. The use of a recombinant adenovirus
containing a toxic gene under the control of a promoter
inducible by EBV makes 1t possible advantageously to
express this toxic gene specially in the tumour cells of the
nasopharynx. In biopsies of cancers of the nasopharynx,
only one nuclear antigen i1s regularly present, EBNAI,
which 1s involved in the maintenance of the viral genome in
the cells infected by EBV 1n the latent phase, and which
transactivates the viral promoter BCR2. One particular sub-
ject of the invention therefore lies 1n the use, for the specific
expression of a gene 1n nasopharynx cancer cells, of a
sequence corresponding to EBNAI (EBNAI1-RE: EBNAI
“responsive element”). In particular, the invention relates to
an adenovirus containing, as expression signal, a chimeric
promoter containing a sequence corresponding to EBNAI
fused upstream of another viral promoter, the promoter of
the terminal protein 1 (1P1) gene. The examples described
in the present application indeed show that this chimeric
promoter 1s inducible by EBNAT.

Papilloma viruses (especially the HPV 16 and 18 viruses)
are responsible for 90% of cervical cancers 1n women and
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have been 1dentified i1n pre-cancerous epithelial lesions
(Riou et al., Lancet 335 (1990) 117). The product of the E6
gene leads to the formation of tumours by substantially
decreasing the quantity of wild-type p33, an antioncogene,
in HPV-positive cells (Wrede et al., Mol. Carcinog. 4 (1991)
1’71). The use of a recombinant adenovirus containing a
toxic gene under the control of a promoter inducible by HPV
(for example protein E6) makes 1t possible advantageously
to express this toxic gene specifically 1in the corresponding,
tumour cells.

They may also be expression signals which are mactive in
normal cells and active 1n tumour cells. In particular, it 1s
possible to use within the framework of the present inven-
tion the a-foetoprotein promoter (Alpert E., in Hepatocel-
lular carcinoma, Okuda & Peters (eds), New York, 1976,
353) or the P3 promoter of IGF-II (Sussenbach et al.,
Growth Regulation 2 (1992) 1), which are active in adults,
solely 1n hepatocarcinomas. It 1s also possible to use pro-
moters induced by hormones in the case of hormone-
dependent or hormone-associated tumours (breast or pros-
tate tumours, for example).

In addition, these promoter sequences can be modified by
addition of activating or regulatory sequences and the like.

The defective recombinant adenoviruses according to the
invention can be prepared by any technique known to
persons skilled 1n the art (Levrero et al., Gene 101 (1991)
195, EP 185 573; Graham, EMBO J. 3 (1984) 2917). In
particular, they can be prepared by homologous recombina-
tion between an adenovirus and a plasmid carrying, inter
alia, the heterologous DNA sequence. The homologous
recombination occurs after cotransiection of the said aden-
oviruses and plasmid into an appropnate cell line. The cell
line used should preferably (1) be transformable by the said
clements, and (11) contain the sequences capable of comple-
menting the defective adenovirus genome part, preferably in
integrated form 1n order to avoid risks of recombination. As
an example of a cell line, there may be mentioned the human
embryonic kidney line 293 (Graham et al., J. Gen. Virol. 36
(1977) 39) which contains especially, integrated in 1its
genome, the left-hand part of the genome of an Ad5 aden-
ovirus (12%). Strategies for constructing vectors derived
from adenoviruses have also been described 1n Applications
Nos. FR 93 05954 and FR 93 08596.

Then, the adenoviruses which have multiplied are recov-
ered and purified according to conventional molecular biol-
ogy techniques, as illustrated in the examples.

The present mvention also relates to a pharmaceutical
composition containing one or more defective recombinant
adenoviruses as described above. Preferably, the pharma-
ceutical compositions of the mmvention contain a vehicle
which 1s pharmaceutically acceptable for a formulation
directly injectable 1nto the tumours to be treated. This may
be 1n particular 1sotonic sterile solutions, or dry, especially
freeze-dried, compositions which, upon addition, depending
on the case, of sterilized water or physiological saline,
permit the preparation of injectable solutions. Direct injec-
tion into the tumour to be treated 1s advantageous since 1t
makes 1t possible to concentrate the therapeutic effect at the
level of the aflected tissues. However, 1t 1s also possible to
use pharmaceutical compositions formulated for topical,
oral, parenteral, intranasal, intravenous, intramuscular,
subcutaneous, intraocular or transdermal administration and
the like.

The doses of defective recombinant adenovirus used for
the i1njection can be adjusted according to wvarious
parameters, especially according to the mode of administra-
tion used, the pathology concerned, the gene to be
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expressed, or alternatively the duration of treatment desired.
Generally, the recombinant adenoviruses according to the
invention are formulated and administered in the form of
doses of between 10* and 10™* pfu/ml, and preferably 10° to
10"° pfu/ml. The term pfu (plaque forming unit) corresponds
to the infectivity of a virus solution, and 1s determined by
infection of an appropriate cell culture, and measurement,
generally after 48 hours, of the number of plaques of
infected cells. The techniques for determining the pfu titre of
a viral solution are well documented 1n the literature.

The present invention thus offers a very eflective means
for the treatment of or prevention of cancers. It 1s most
particularly suitable for the treatment of cancers of the
nasopharynx or hepatocarcinomas.

In addition, this treatment may apply both to man and any
amimal such as ovines, bovines, domestic animals (dogs, cats
and the like), horses, fish and the like.

The present invention will be more completely described
with the aid of the following examples which should be
considered as 1llustrative and non-limiting.

LEGEND TO THE FIGURES

FIG. 1: Representation of the vector pONT-tk
FIG. 2: Representation of the vector pONT-[-gal

GENERAL MOLECULAR BIOLOGY
TECHNIQUES

The methods conventionally used 1n molecular biology,
such as preparative extractions of plasmid DNA, centrifu-
gation of plasmid DNA in caesium chloride gradient, aga-
rose or acrylamide gel electrophoresis, purification of DNA
fragments by electroelution, phenol or phenol-chloroform
extraction of proteins, ethanol or isopropanol precipitation
of DNA 1n saline medium, transformation in Escherichia
col1 and the like, are well known to persons skilled in the art
and are widely described in the literature [ Maniatis T. et al.,
“Molecular Cloning, a Laboratory Manual”, Cold Spring
Harbor Laboratory, Cold Spring Harbor, N.Y., 1982;
Ausubel F. M. et al. (eds), “Current Protocols in Molecular
Biology™, John Wiley & Sons, New York, 1987].

The pBR322- and pUC-type plasmids and the phages of
the M13 series are of commercial origin (Bethesda Research
Laboratories).

For the ligations, the DNA fragments can be separated
according to their size by agarose or acrylamide gel
clectrophoresis, extracted with phenol or with a phenol/
chloroform mixture, precipitated with ethanol and then
incubated 1n the presence of phage T4 DNA ligase (Biolabs)
according to the recommendations of the supplier.

The filling of the protruding 5' ends can be performed with
the Klenow fragment of E. col1 DNA polymerase I (Biolabs)
according to the specifications of the supplier. The destruc-
tion of the protruding 3' ends 1s performed 1n the presence of
phage T4 DNA polymerase (Biolabs) used according to the
recommendations of the manufacturer. The destruction of
the protruding 3' ends 1s performed by a controlled treatment
with S1 nuclease.

Site-directed mutagenesis in vitro by synthetic oligode-

oxynucleotides can be performed according to the method
developed by Taylor et al. [ Nucleic Acids Res. 13 (1985)
8749-8764] using the kit distributed by Amersham.

The enzymatic amplification of the DNA fragments by the

so-called PCR technique [Polymerase-catalyzed-Chain
Reaction, Saiki R. K. et al., Science 230 (1985) 1350-1354;

Mullis K. B. and Faloona F. A., Meth. Enzym. 155 (1987)
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335-350] can be performed using a DNA thermal cycler
(Perkin Elmer Cetus) according to the specifications of the

manufacturer.

The verification of the nucleotide sequences can be per-
formed by the method developed by Sanger et al. [Proc.
Natl. Acad. Sci. USA, 74 (1977) 5463-5467] using the kit
distributed by Amersham.

EXAMPLES

Example 1.
Construction of the vector Ad-ONT-tk carrying the tk gene
under the control of a chimeric promoter EBNA1-RE/TP1
(FIG. 1).

This example describes the construction of a recombinant
adenovirus containing the herpes simplex virus thymidine
kinase gene (tk) under the control of a promoter which 1s
specifically active in the cells infected by the EBV virus
(chimeric promoter EBNAI1-RE/TP1).

1.1. Construction of the plasmid p’/tkl

This example describes the construction of the plasmid
p7tk]l containing the open reading frame of the tk gene of
1131 base pairs (AT'G 114-116 and stop codon TGA 1242-
1244), which frame 1s mnserted into a multiple cloming site.

The Bglll-Ncol fragment containing the herpes simplex
virus type 1 thymidine kinase (tk) gene was 1solated from the
plasmid pHSV-106 (marketed by Gibco BRL), repaired by
the action of the klenow fragment and then inserted into the
Smal site of the plasmid pGEM7zi(+) (marketed by
Promega). The Smal and Bglll sites are destroyed during
this step, the Ncol site 1s conserved.

The plasmid obtained was designated p7tkl.

1.2. Construction of the plasmid pONT1

This example describes the construction of a plasmid
containing a chimeric promoter consisting of a sequence
required for the transactivation by the EBNAI antigen and
of the EBV virus TP1 promoter.

The EcoRI(7315)-Smal(8191) fragment from the EBV
virus was 1solated from the strain B95-8. The complete
sequence of the EBV virus has been described by Baer et al.,
(Nature 310 (1984) 207). This fragment contains the
sequences required for the transactivation by the nuclear 1
antigen (EBNA1) (D. Reisman & B. Sugden, 1986, Molecu-
lar and Cellular Biology, vol. 6 pp. 3838-3846). This
fragment was then fused to the Nrul(166 241)-Pstl(166 5359)
fragment from EBV B95-8 (the Pstl site was digested with
T4 polymerase), containing the TP1 promoter. The chimeric
promoter thus obtained was then inserted into the multiple
cloning site of the plasmid pBluescript 11 SK.

The plasmid obtained was designated pONT1.

1.3. Construction of the plasmid poNTtk

The plasmid pONTtk contains the herpes simplex virus
thymidine kinase gene (tk) cloned into the plasmid p7tkl,
under the control of the chimeric promoter EBNA1-RE/TP1
cloned into the plasmid pONT]I.

To construct this plasmid, the BamHI-Xhol fragment of
pONT1 which contains the chimeric promoter transactivated
by EBNA-1 and EBNA-2, and the Xhol-Clal fragment from
p7tk] which contains the tk open reading frame were cloned
into the BamHI (478) and Clal (4550) sites of the plasmid
pAd.RSVgal. The plasmid pAd.RSV[3Gal contains, in the
5'—3' orientation,

the Pvull fragment corresponding to the left end of the

AdS adenovirus contaiming: the ITR sequence, the

replication origin, the signals for encapsulation and the
enhancer E1A;

the gene encoding [3-galactosidase under the control of the
RSV promoter (Rous sarcoma virus),
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a second fragment from the Ad5 adenovirus genome,

which permits homologous recombination between the
plasmid pAd.RSVpGal and the adenovirus d1324. The
plasmid pAd.RSV{3Gal has been described by
Stratford-Perricaudet et al. (J. Clin. Invest. 90 (1992)
626).
All the cloning sites are conserved. The plasmid obtained
was designated pONTtk (FIG. 1).
1.4. Construction of the recombinant adenovirus Ad-ONT-tk

The vector pONT

tk was linearized and cotransiected with
a deficient adenoviral vector, into helper cells (line 293)
providing 1n trans the functions encoded by the adenovirus
E1l regions (E1A and E11B).

More precisely, the adenovirus Ad-ON'T-tk was obtained
by homologous recombination 1n vivo between the mutant
adenovirus Ad-d1324 (Thimmappaya et al., Cell 31 (1982)
543) and the vector pONTtk, according to the-following
procedure: the plasmid pONTtk, linearized with Xmnl, and
the adenovirus d1324, linearized with the enzyme Clal, were
cotransiected into the line 293 in the presence of calcium
phosphate, so as to allow the homologous recombination.
The recombinant adenoviruses thus generated were selected
by plate purification. After isolation, the DNA from the
recombinant adenovirus was amplified in the cell line 293,
which leads to a culture supernatant containing the unpuri-
filed recombinant defective adenovirus having a ftitre
of-about 10'° pfu/ml.

The wviral particles are generally purified by caesium
chloride gradient centrifugation according to known tech-
niques (see especially Graham et al., Virology 32 (1973)
456). The adenovirus Ad-ON'T-tk can be preserved at —80°

C. 1n 20% glycerol.

Example 2.
Construction of the vector Ad-ONT-[3gal

This example describes the construction of a recombinant
adenovirus containing the E. coli beta-galactosidase gene
(pgal) under the control of a promoter which 1s specifically
active 1n the cells mnfected by the EBV virus (chimeric
promoter EBNA1-RE/TP1).
2.1. Construction of the plasmid pONT-pgal

The Xbal-(HindIIl) fragment from the plasmid pONT]I
which contains the chimeric promoter transactivated by
EBNA-1 and EBNA-2 and the fragment (Stul)-Kpnl from
the plasmid pAd.RSV{fgal which contains the
3-galactosidase gene were cloned into the Xbal (484) and
Kpnl (4520) sites of the plasmid pAd.RSV 3gal. The HindIII
and Stul sites are destroyed during this step. The plasmid
obtained was designated pONT-Bgal (FIG. 2).
2.2. Construction of the-Ad-OTT-pgal adenovirus

The vector pONT-pgal obtained in Example 2.1, was
used, by homologous recombination according to the pro-
cedure described 1n Example 1.4, to prepare a recombinant
adenovirus contaiming the E. coli beta-galactosidase gene
(pgal) under the control of the chimeric promoter EBNAI-

RE/TP1. The Ad-ONT1-pgal adenovirus thus obtained can
be preserved at —80° C. 1n 20% glycerol.

Example 3.
Construction of the vector pONT-CAT

This example describes the construction of a vector
comprising the chloramphenicol acetyltransierase (CAT)
gene under the control of a promoter which 1s specifically
active 1n the cells mfected by the EBV virus (chimeric
promoter EBNA1-RE/TP1).

3.1. Construction of the vector

The EBV TP1-promoter was 1solated 1n the form of the

EBV Nrul(166241)-Pstl(166559) fragment. This fragment
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was then fused to the CAT gene, and 1nserted, 1n the form of
an Nrul-BamHI fragment, mto the plasmid pGem7ZF

(Promega). The resulting plasmid was designated pTP1-
CAT. The Nrul-BamHI fragment from the plasmid pTP1-

CAT was then fused, downstream of the EBV strain B95-8
EcoRI(7315)-Smal(8191) fragment, containing the
sequences required for the transactivation by EBNA1 (cft.
Example 1.2.). The fragment obtained, comprising the CAT
gene under the control of the chimeric promoter EBNAI-
RE/TP1, was 1nserted into the EcoRI and BamHI sites of the
plasmid pBluescript SK 1n order to generate the plasmid
pONT-CAT. A plasmid was also constructed from which the
clements for responding to the EBNA2 antigen of the TP1
promoter were deleted. For that, the TP1 promoter was
1solated 1n the form of the EBV Nrul(166375)-Pstl(166559)
fragment. This plasmid was designated pOST-CAT.

3.2. Activity 1n vitro

This example demonstrates that the constructs described
above are mduced specifically by antigens of the Epstein-
Barr virus.

The vectors pONT-CAT, pOST-CAT and pTP1-CAT were
transfected by electroporation into an EBV™ B lymphocyte
line (DG75 cells), etther alone or 1n the presence of vectors
for expressing the viral antigens EBNAI1, EBNA2 or
EBNAI1+EBNA2. 48 hours after the transfection, the cells
were lysed by freezing/thawing, the cell debris removed and
then the extracts obtained were standardized depending on
the quantity of proteins. The CAT activity was then assayed
in these extracts by enzymatic assay. The results obtained
are the following:

Alone +EBNA2  +EBNAl  +EBNAL:A2
pTP1-CAT 35 2.5 17
pONT-CAT 16 34 136
pOST-CAT 1.4 19.5 22.5

These results show clearly that the ONT promoter 1s
specifically active 1n the presence of the antigens EBNAI
and EBNAZ2, and that it induces a very high expression of the
CAl gene.

We claim:

1. A replication defective recombinant adenovirus com-
prising a heterologous DNA sequence under the control of
an expression signal which is inducible by [the] an Epstein-
Barr virus (EBV) antigen, or by a papilloma virus antigen,
wherein the EBV antigen is EBNAI or EBNA2, and wherein
the papilloma virus antigen is E6.

2. [An] The adenovirus according to claim 1, wherein the
expression signal 1s activated by the EBNAI antigen, or the
LEBNAZ2 antigen.

3. [An] 7%e adenovirus according to claim 2, wherein the
expression signal consists ol a chimeric promoter compris-
ing a sequence which is activated by the EBNAI1 antigen
fused upstream of a viral promoter.

4. [An] The adenovirus according to claim [1] 2, lacking
regions of 1ts genome which are required for replication in
a target cell.

5. [An] The adenovirus according to claim 4, wherein said
adenovirus 1s a type AdS human adenovirus or a type CAV-2

canine adenovirus.
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6. [An] 7%e adenovirus according to claim [1] 2, wherein
the heterologous DNA sequence comprises a gene which
encodes a product toxic 1n a cell infected by said adenovirus.

7. [An] The adenovirus according to claim 6, wherein said
product renders said cell sensitive to a therapeutic agent.

8. [An] 7%e adenovirus according to claim 7, wherein the
gene 1s the thymidine kinase gene and the therapeutic agent
1s ganciclovir or acyclovir.

9. [An] The adenovirus according to claim [1] 2, wherein
the heterologous DNA sequence comprises a gene which
encodes a product effective to inhibit cell division.

10. [An] 7%e adenovirus according to claim 9, wherein the
gene 1s selected from the group consisting of tumour sup-
pressor genes, antisense sequences and ribozymes.

11. J[An] 7%e adenovirus according to claim 6, wherein the
heterologous DNA sequence comprises a gene whose
expression product induces apoptosis of a cell infected by
said adenovirus.

12. A composition comprising [a] tze replication defective
recombinant adenovirus according to claim [1] 2 and an
acceptable carrier.

13. [A] The composition according to claim 12, in inject-
able form.

14. The adenovirus of claim [4] 3, wherein the viral
promoter 1s the terminal protein 1 (TP1) gene promoter.

15. An 1solated cell comprising the adenovirus of claim
[1] 2.

16. The composition of claim 12 comprising from 10° to
10'° pfu/ml of replication defective recombinant adenovi-
ruses.

17. The adenovirus according to claim 2, wherein the
expression signal is the EBNAI vesponsive element (EBNAI -

18. The adenovirus accovding to claim 14, wherein the
sequence which is activated by the EBNAI antigen is the
EBNAI responsive element (EBNAI-RE).

19. The adenovirus accorvding to claim 17, wherein said
adenovirus is a type AdS human adenovirus or a type CAV-2
canine adenovirus.

20. The adenovirus of claim 2, wherein the expression
signal comprises a promoter sequence from an Epstein-Barr
VIFUS.

21. The adenovirus according to claim 20, wherein said
adenovirus is a type AdS human adenovirus ov a type CAV-2
canine adenovirus.

22. The adenovirus according to claim 20, wherein the
promoter sequence is inducible by the EBNAI antigen.

23. The adenovirus according to claim I, wherein the

expression signal is inducible by the papilloma virus E6
antigen.

24. The adenovirus according to claim 2, wherein the
expression signal comprises a BCR2 viral promoter.
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