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A medicinal combination of at least one immunosuppressive agent and at
includes a first recombinant DNA containing a therapeutic gene, and a second recomnbinant DNA containing an immunoprotective gene, for
consecutive, intermittent and/or simultaneous use in in vivo andfor ex vivo exogenic transfections,

(54) Title: MEDICINAL COMBINATION USEFUL FOR IN VIVO EXOGENIC TRANSFECTION AND EXPRESSION

(54) Titre: ASSOCIATION MEDICAMENTEUSE UTILE POUR LA TRANSFECTION ET L’EXPRESSION IN VIVO D’EXOGENES

least one recombinant adenovirus with a genome that

La présente invention concerne une association médicamenteuse d'au moins un agent immunosuppresseur et d’au moins un adénovirus
recombinant dont le génome comprend une premier ADN recombinant contenant un géne thérapeutique et un second ADN recombinant
contenant un gine immunoproctecteur, powr une utilisation consécutive,

intermittente st/ou simuitanée dans le temps, utile pour des




10

15

20

25

WO 96/25177 1 PCT/PR96 /00218

MEDICINAL COMBINATION WEICE CAN BE USED FOR
TRANSFECTING AND EXPRESSING EXOGENOUS GENES IN VIVO

The present invention ralates to the field of
gene therapy and in particular to the use of adenovirus
for expressing a therapeutic gend ‘of idnterest. - It
ralates, more epecifically, to a novel methed for
treating pathologies of genetic origin, which methed is
based on the combined use of two types of therapeutic
agents.

Gene therapy consists in correcting a
deficiency or an anomaly (mutation, abarrant expreseion,
ate.) by introducing genetic 1n£orqatian inte the
affected cell or organ. This genetic information can be
introduced either in vitro Or eX vivo into a cell which
has been removed from the organ, with the modified cell
then being reintroduced into the organism, or else
directly in vivo ipts the appropriate tisaue, In thig
seéond Ccase, a variety of differant éhyaical‘techniques
exist for trangfection, including the use of viruaﬁa as
vectors. In this respect, a variety of different viruses
have bean tested for their ability to infect particular
¢ell peopulations. These viruses include, in rarticular,
retroviruses (Rsv, HMS, MM3, etc.), the HSY virus, adeno-
assoclated viruses and adenoviruges,

Among these viruses, the adenoviruses exhibit
Some propertiea which are favourabls in relation to use

in gene therapy. They have a rather broad hoet spectrum,
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ara capable of infecting quiescent cells and do not
intagrate into the genome of the infected cell. The
adenoviruses are viruses which contain linear double-
stranded DNA of abouf 36 kb in size. Their genome
encompasses, in particular, an inverted repeat gsegquence
(ITR) at their end, an encapsidatibn sequence, early
genes and late genes (cf. Figure 1). The principal aarly
ganes are the genes El (Ela and Elb), E2, E3 and E4. The
principal late genes are tha geneg L1 to LS.

In view of the adenovirus propaerties menticned
above, these <viruses hava already been uaed for
transferring genes in vive. To this end, different
adenovirus-derived wvectors have been prepared which
incorporate a varlety of diffsrent genes {B-gal, OTC, «-
IAT, cytokines, etc.). In each of these conmtructs, the
adenovirus was modified in such a way as to render it

incapable of replicating in the infected cell. Thus, the

. constructs which are described in the prior art aze

adenoviruses from which the El1 (Ela and/or El1b) and,
poasibly, E3 regions have been deleted, with a hetero-
logous DNA sequence being insarted in their gtead
(Levrero et al., Gene 101 (1991) 195; Gosh-Choudhury et
al., Gene 50 (1586) 161)}.

However, as in the case for all knownr;riruuﬂ,
administration of a wild-type virus (Routes at al., J.
Virol. 65 (1981) 1450) or of a recombinant virus which is
defective for replication (Yang et al., FNAS (1994) 4407)

induces a substantial immune responsa.
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The primary aim of the immune system ias the
integrity of the individual or the integrity of "selfr.
Tt leads to the elimination of infectious agents and the
rejection of transplants and tumours without, howevaer,
these powerful defence mechaniems of the organism turning
against it and giving riss to autoimmune diseasea. This
state of non-response with regard to "self" antigens when
foreign antigens are eliminated is defined as a atate of
physiological toleranca. In order to eliqinate foreign
agents, the immune system develops two types of
mechanisms. The first is the production of specific anti-
bodies by the B lymphocytes; this is termed humoral
immunity. These antibodiea fix the antigen and e:i.ther;'
inactivate it or eliminate it from the organism. The
second defence mechanism involves cellular immunity and
enploys T lywmphocytes, among these the cytotexie T
lymphocytes which carry a specific receptor for the
antigen in question. Recognition of the antigen by the T
raceptor necessitates the latter being oxpifessed in
aggociation with proteins which are encoded via the genes
of the major histocompatibility complex or class I and
¢lass II MHC.

Congequently, this immune response, which ia
developed against the infected cells, constitutes a major
obstacla to the use of viral vectors in gene therapy
since (i) by inducing destruction of the infactad cslls
it limits the period during which the tharapautic gene is

expressed and hence the therapsutic effect, C(i1) it
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induces, in parallel, a pubstantial inflammatory
response, and (1iil)} it brings about rapid elimination of
the infected cells after repeated injections. It will be
understood that the amplitude of this immune ressponse
against infected cells varies according to the nature of
the organ which sustains the injection and according to
the method of dinjection which is employed., Thus,
expression of the J-galactosidase encoded by a
recombinant adenovirus which is administered into the
muscle of immunocompetent mice 48 reduced to minicum
levels 40 days after the injection (Kass-Eimler et al.,
PNAS 50 (1993) 1149B). In the same way, the expression of
genes which have bean transfected imto the liver using
adenoviruses is significantly reduced in the 10 days
following the injection (Yang Y et al. 1994 immunity 1
433-442) and expression of factor IX which was
transferred using adenovirus into the hepatocytes of
haamophilic dogs disappeared at 100 days after the
injection (Kay et al. PNAS 91 (1994) 2353).

From the point . of view of exploiting vectors
daerived from adsnoviruses for the purpose of gena
therapy, 1t therefors seems necessary to control the
immune responea which is developed against them or
against the cells which they are infecting.

From the above, it follows that activation of
the immune system first of all regquires recognition by
the system of elaments which arae foreign to the organism

(nocn-self or modified self) puch as wvactors derived from
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adenoviruses, which would normally be destroyed. In
recent years, immunointervention strategies have baen
developed whose aim is to create a “permissive* immuna
environment, that is to say induce a state of tolerance
with regard to predefined foreign antigens.

It is precisely at this level that the presgent
inventicn intervenes. The invention is directed towards
preventing the rapid elimination of the adenoviruses From
the infected cells and hence towards proleonging, in a
consistent manner, the in vivo expression of tha
therapeutic gene which they are carrying.

Racenf;ly, the Applicant has demonstrated that
the co-expression cf caertain genes :I.n- the infected cells
ig able to induce an immunoprotective affeact and thus
enable the vectors and/or the infectesd cells to evade the
immune system. The Applicant has, in particular,
developed adenovirusee in which expression of a gene of
therapeutic Iimportance is coupled to that of an

immunoprotective gene (FR No. 54 12346). Thip gene dcan,

in particular, be a gene whose product acts on the

activity of the major histocompatibility complex (MHC) or
on the activity of the cytokines, thereby making it
possible to reduce considerably, if not suppress, any
izmune reaction against the vector or the infected cells.
These gene producta at least partially inhibit expression
of the MHC proteins or presentation of the antigen,
advantageously resulting in a significant reduction of

the immune reaction against the vector or the infected
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cells, and hence a prolonged therapsutiz effect.

- Unexpectedly, the Applicant demonstrated that
it was possible significantly to prolong, over time, the
therapeutic effect of such al velctor by assoclating it
with an lmmunosuppressant. Elimination of the vector -in
question and/or deatruction of-the infected ¢ells, by the
immune system, is/are found to be retarded over time by
a period which is markedly greater than that which might
have been expected by the simple juxtaposition of the
immunoprotective eaffects of the said vector and tha
ismunosuppreasant . Advantageously, the nmedicinal
combination, which is a subject of the present invention,
induces a phenomenen of *pseudo-inertia® of the immune
system, which phenomenon favours expression in the long
term of a therapeutic geans.

Within the meaning of the invention, immuno-
suppressant indicates any compound which 1is able to
inhibit, wholly eor in part, at least one immurie
signalling pathway. In general, immunosupprassants are
routinely used in transplantation, with the aim of
preventing allograft rejection, and in the treatment of
certain autoimmune diseases. The products which are
customarily used are either chemical imunosuppresnntsr
such. ap corticostsroids, azathicprine, cyeclosporin or
PK506, or Dbiological immunosuppressanta asuch as
polyclonal or monoclonal antibodies. The first category
of immuncsuppressants, and among these cyclosporin and

FES506, in particular, exert a substantial inhibitory
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effect on the production of cytokires, such as
interleukin 2, which play an essential role in the
differentiation and proliferation of the Ilymphocytic
cells. Unfortunately, for this type of immunosuppressant
to be effective, they have to be administered
continuously, somathing which sconer or later runs into
the problem of thair toxicity. Thus, azzathioprine is
potentially myelotoxic while cyclosporin is nephrotoxic
and can alsc bring about hypertension or neurological
disorders.

Ap regards the antibodies, more particularly,
thesé are antibodies which are directed against the
lymphoid cells of the immune system. The first aﬂtibady
which was used as an immunoguppressant is anti-CD3, which
ie directed against the T lymphocytes. Ite target is the
cna of the polypeptide chains of the CD3 molecule which
forms the receptor for the T cell antigen. There then
follows a functional inactivation of the CD3+ T c¢ells
which are recognized by the nntibody. As regards the
problam which 1s of interest - in- the present casa,
administration of an immuncsuppressant of this type
togethér with that cf a recombinant adenovirus containing
a therapeutic gane would be in a poaition to block the
immune raaction of the host with regard to the wviral
vector and/or _il:a preducts which are expressed on the
surface of the infected cells. Anti-CD4, -CD2, -CD8, -
Cp28, -B7, -ICAM-1 and -LPA-l antibodies can be used on

the same principle.
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The Applicants have has now developed a novel
method of treatment which is particularly efficient in
gubstantially delaying, if not inhibiting, the reaction of
the immune system without raising any toxicity problem.

More gpecifically, the present invention ensues
from the demonstration of a particularly substantial
synergistic effect which is associated with the combined
use of a recombinant adencvirusg, in which expression of a
gene of therapeutic importance is coupled to that of an
immunoprotective gene, such as previously described, and of
at least one immunosuppréssive agent.

The present invention provides a medicinal
combination of at least one immunosuppressive agent and at
least one recombinant adenovirus whose genome comprises a
first recombinant DNA containing a therapeutic gene and a
second recombinant DNA containing an immunoprotective gene,
for consecutive, intermittent and/or simultansous use over
time, which can be used for exogenous transfegtions in vivo
and/or ex vivo.

>The pregent invention further provides a method
of treatment wherein an Immune reacticn is delayed or
inhibited which comprises administeringr consecutively,
intermittently or simultaneously a combination of at least
one immunosuppresgive ageﬁt and at least one recombinant
adenovirus whosge genome.Eomprises a first recombinant DNA
containing a therapeutic gene and élsecond recombinant DNA

containing an immunoprotective gene.
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The invention also provides the use of a
combination in the manufacture of a medicament for use in
a method of treatment whersin an immune reaction is delayed
5 or inhibited where the combination comprises at least one
immunosuppressive agent and at least one recombinant
adenovirus whose genome comprises a first recombinant DNA
containing a therapeutic gene and a second recombinant DNA

containing an immunoprotective gene.
10 As indicated above, the invention is based, in
particular, on the demonstration of a synergistic effect

between the activity of the immunosuppressive agent and the

;‘3' effect of the expressed immunoprotective gene on the
w expression of the therapeutic gene.
" 15 This combined use makes it posgeible to achieve a

K therapeutic effect which is markedly prolonged and
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advantagecusly requires doses which are significantly
reduced, in particular as regards their content of
immunesuppressive agent.

As indicated further below, “the two components
of the combined treatment of the present invention can be
used consecutively, intermittently and/or simultaneocusly
over time. Preferably, the immunosuppressive agent is
injected bafore and after injection of the adenovirus.
According to this method of impliamenting the presant
invention, the administration of the immunocsuppressant
can be sgpaced out over time and, more preferably, be
repeated regularly. In this particular case, the two
components are packaged separately., When adminintrntio:i
takes place simultanecusly, they can be mixed as regquired
before being administered together or, on the other hand,
they can be administered simultaneocusaly but separately.
In particular, the routes by which the two agents are
administered can be diffarent,

According to the present invention, any
compound which iz sble to inhibit, wholly or in part, at
leaat one immune signalling pathway cﬁ be used as the
immunosuppressive agent. The compound can be selacted, in
particular, from cyclosporin, ©FKS506, azathioprine,
corticostercids and any monoclonal or polyclonal
antibody. Use-is preferably made of antibodies which are
able to inactivate immune melecules or induce destructien
of the immune cells carrying these molecules. Anti-CcD4, -

cpi, -cp2, -CDB, -CD28, -B7, ~-ICAM-1 and -LPA-1
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antibodies can, in particular, be used as antibodies., Use
can als-o be made of bybrid molecules such as CTLA4lg, a
protein fusion between the CTLA-4 molecule (a homologue
of CD28) and an immunoglobulin. The GlPFc mite of this
molacule ig found to be able to inhibit activation of the
T ¢ells by binding to the B7 molecule (D. J; Lenschow;
Science, 257, 789, 1992). It is obvious that the scope of
the present invention is in no way 1limited to the
immunosuppressants enumerated above. These immuncsuppres-
sants can be employed in igolation or in combinatiom.

The recombinant DNAs which are present in the
genome of the ademovirus which is employed in accordance
withk tha prasent invention are DNA fragments which
contaln the gene {therapeutic or imunoprotectivé) undar
congideration ahd, where appropriate, aignals which
enable it to be expressed, and which are constructed in
vitroc and then inserted intp the genome of the
adenovirus., The reccmbinant DNAes which are used within

the scope of the present invention can ba ¢complementary

-DNAs (cDNAg), genomic DNAs (gDNA3)., or hybrid constructs

which consist, for exampls, of a ¢DNA in which one or
more introns is/are inserted. They can also ba gynthetio
or semisynthetic sequences. These DNAS can be of human,
animal, vegetable, bacterial, viral, etc. origin. Uss is
particularly advantageously made of cDNAs or of gDNAs.
Any geane which encodes a product having a
therapeutic effect may be mentioned as a therapeutic gene

which can be used for constructing the vectors of the
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present invention. The product which ie thus encoded can
be a protein, a peptidé, an RNA, etc.

A protein product can be homologoue with regard
to the target cell (that is, it can be a product whiech is
normally expressed within the target cell when the latter
is not exhibiting any pathology)l. In thies cage,
expression of a protein makes it possible, for axample,
to compensate for insufficient expreassion in tha cell or
for expression of a protein which is inactive or weakly
active due to a modification, or even to overexpress said
protein. The therapeutic gene can alsc encode a mutant of
a cell protein, which mutant has an increased stability,
a modifiad activity, etc. The protein praduct can also be
heterologous with regard to the target cell. In thias
cage, an expressed protein can, for example, supplamant
or provide an activity which is deficient in the cell,
thareby permitting the latter to resigst a pathology, eor
elss stimulate an lumune responsea.

Thosa therapeutic protein products within the
meaning of the present invention which may mors .
specifically be mentioned are enzymes, blood derivatives,
hormones, interleukins, interfercns, TNF, ate. (FR
5203120), growth factors, neurotranamitters oxr their
precursora or snzymes for synthesizing them, trophic
factors: BDNF, CNTF, NGF, IGPF, GMF, aFGP, bFGF, NT3, NTS,
mwpleiotrophin, etc.; apolipoproteine: ApoAI, ApoAIV,
ApoE, etc. (FR 93 05125), dystrophin or a minidystrophin
(FR  9111947), the CPTR protein associated with
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mucoviecidoaia, tumour-suppresging genas: p53, Rb, Rapli,
DEC, k-rev, atc. (FR 93 04745), genes encoding for
factors involved in coagulation: factors VII, VIII and
IX, genes intervening in DNA repair. ete.

As indicated above, the therapeutic gens can
alsoc be an antisense gene or sequence whose expression in
the target cell makes it possible to control the
expression of genas or the transcription of cellular
mRNAs. Such sequencas can, for example, be transcribed in.r
the target cell inteo RNAs which -are complementary to
cellular mRNAs and thereby block translation of the
latter into protein, in accordance with tha technique
described in Patent EP 140 308. Antisense seguences also
include sequencea enceding ribozymes, which are able
gelectively to destroy target RNAs (EP 321 201).

The therapeutic geneg can be of human, animal,
vagetable, bacterial, viral, etc. origin. They can bs
obtained by any technique kmown to the perscn skilled in
the art and, in particular, by screening libraries, by
chamical synthesisz or else by mixed methods including
chentical or enzymic modification of ssquences obtained by
sereening libraries.

The lmmunoprotective gene which is used within
the scope of the present invention can bes of different
types. As previocusly explained, it is a gene whose
product acts on the activity of the major
histocompatibility complex {(MHC) or on the activity of

the cytokines. 1t ls preferably a gene whome product at
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"least partially inhibits expression of the MEC proteins

or antigen presentation. As prefarrad examples, mention
may be made of certaln genes contained in the adenovirus
E3 region, the herpea virus gens ICP47 or the
cytomegalovirus gens UL1S.

The E3 region of the adenovirus genoma contains

~different reading frames which, by means of alternative

eplicing, give rise to different proteins. Among these.
the Gpl9k (or E3-19k) protein 18 a glycosylated
transmenbrane protain which ie located in the membrane of
the endoplasmic reticulum (RE). This protein eacompasses
a2 luminal deomain which binde MHC-1 molecules and a C-
terminal ceytoplasmic end which 1s abla to bind
microtubules (or tubulin), which has the effect of
anchoring the gplSk protein in the RE membrane. GplSk is
thus able to prevent axpression of the MHC-1 molecules at
the surface of the eells by interacting with the
molecules and ssquestering them within the RE. However,
protein gpl9k 1s weakly expressed by adencviruses in the
absence of viral replication. FPurthermore, expression of
gpl%k is also dependent on a #plicing taking place.
Introduction of a recombinant DNA which eentains a (pre-
ferably ¢DHA) sequence encoding gpl9k into the vectors of
the inverntion engblcs the expression of sald protein to
be controlled and optimized. In particular, the use of
constitutive promoters and suppression of the other
reading frames enables expression of this protein to be

strongly increasad and fresdom to be achieved from
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dependence on viral replication and the presence of
inducing elements. This makes it poasible, particularly
advantageously, tc considerably diminish lysis of the
infected cells by tha CTL and thus to increass and
prolong the in vive production of the therapeutic gene.

Other proteins encoded by the E3 region of the
adenovirus gencma, such as the 10.4k and 14.Fk proteins,
exhibit certain properties which are attractive with
regard to incorporating clhese genes into the vectors of
the invention.

The ICP47 gene of herpes aimplex virus
represents another immunoprotective gene which ias
particularly attractive within the meaning of the prasent
inventien. Cells which are infected by herpes simplex
virus exhibit resistance to lysis induced by CTLs. It hag
been demonstrated that the ICP47 gene, which can reduca
expresgsion of MHC-I molecules at the surface of cells,
wag able to confer this resistancae. Incorporaticn of the
ICP47 gene intc a recombinant DNA according to the
invention also enables the recombinant viruses of the
inventicn to evade the immune system.

The ULl8 gene of cytemegalovirus represents
another preafarred axample of an immunoprotective gene
according to the invention. The product of the UL1lE gene
is able to bind f2-microglobulin (Brown et al. Nature 347
(1990) 770). fS2-Microglobulin is one of the chains of
MHC«I molecules. Incorporation of the ULlE gene into a

recombinant DNA according to tha invention thus makes it
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possible to decrease the number of functional g2-
nicrogl-.obulin molecules in ﬁalls infacted by the viruses
of the invention and therefors to deacrease the ability of
these cells to produce MHC-I molecules which are complata
and functional. This type of construct thersfore ensbles
the infacted cells te be protacted from lysis by CTLa.

Am indicated above, the immunoprotective gena
which is used within the acope of the present inventicon
is, in another preferred embodiment, a gene whose product
inhibits the activity or the signalling pathways of
cytokines. The cytokines represent a family of secreted
proteina which act as aignal moleculss for the immuns
systam. They can attract cells of the immune system,
activate them and induce them to proliferate, and can
even act directly on the infected cells in order to l:ili
them.

Among the genes whose product affects the
activity or the signalling pathways of the cytokinea,
mention niy be made of the genes which are involved in
the synthesis of tha cytokinas or whoase product is able
te sequester oytokines, antagonize their activity or
interfere with the intercellular signalling pathways.
Preferred examplas which may ba cited are, in particular,
the ECRFl gene of Epstein Barr virug, the crmA and crmB
genes of cowpox virus, the Bl5R and Bl8R genes of
vaccinia virus, the US28 gene of cytomegalovirus, and the
E3-14.7, B3-10.4 and E3-14.5 genes of adenovirus.

The BlS5R gene of vaccinia virus encodes a
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soluble protein which is able to bind interleukin-1§ (the
secreted form of interleukin-1) and thereby prevent this
cytokine from binding to its cellular receptors. Thus,
interleukin-1 is one of the first cytokines to be
produced in response to an antigenic attack and it plays
a very important role in the gignalling of the immune
gystem at the beginning of the infection. The feasibility
of incorporating the B15R gene into a vector according to
the invention advantageously makes it posaible to reduce
the activity of IL-18, . in particular on the activation of
the dimmuna cells, and, therefore, provide Ilocal
protection of the cells which are infected with the
viruses of tha invention from a significant immune
response. Genes which are homologous to the BlSR gena,
such as the gene of cowpox virus, can also be employed.

In the same way, the Bl8R gene cf vaccinia
virus encodes a protein which is homelogous to the
receptor‘ for interleikin-6. This gene, or any functicnal

homologua, can also be used in the vectors of the

Adnvention in order to inhibit binding of interleukin-6 to

ite cell receptor and thus to reduce the immune response
locally.

The c¢rmB gene of cowpox virus can also advan~
tageously be used in a similar fashion. Thus, thie gene
encodes a pecreted protein which is able te bind TNF and
te compete with the TNF receptors at cell surfaces. This
gene theraefore makes it possible, in the viruses of the

invention, to locally decrease the concentration of
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active TNF which is able to destroy the infected cells.
Other genes which encode proteins which are able to bind
TNF and at leagt partially inhibit its bkinding to its
receptors can algo be employed.

The crmA gene of cowpox virus encodes a protein
which has a protease-inhibiting activity of the serpin
type and u;hich is &able to inhibit the synthesis of
interleukin-18. This gene can therefore be used in order
locally to decrease the concentration of interleukin-1
and thus to rzreduce development of the immune and
inflammatory regponses.

The BCRF1 gene of Bpetein Barr virus encodes an
analogue of interleukin 10. The product of this gene is
a cytokine which is able to decrease the immune response
and to alter its specificity while inducing proliferation
of B lymphocytes.

The US28 gene cof cytomegalovirﬁs enﬁodea a
protein which is homologous to the receptor for
macrophage inflammatoi—y protein lo (MIP-i«)}. This protein
is therefore able to compete with the receptors for- MIP
and therefore to inhibit its activity locally.

The product of the E3-147, E3-10.4 and E3-14.5

genes of adenovirus is able tc block transmlission of the

“intercellular eignal which is mediated by certain

cytokines. When the cytokinee bind to their receptor at
the surface of an infected cell, a signal is transmitted
to the nucleus in order te induce cell death or stop

protein synthesis. This ia particulaz;ly the case for
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tumour necrosis factor (TNF}. Incorporatiom of the E3-
14.7, E3-10.4 and/or E3-14.5 genes into a recombinant DNA
according to the invention for the purpose of expressing
them constitutively ot in a regulatad manner enables
intercell wsignalling which is induced by TNF to be
hlocked and thus calls which are infected with the
recombinant viruses according to the invention teo be pro-
tected from the toxic effects of this cytokine.

A local and transitory dinhibition can be
particularly advantageous. This ¢can be ocbtalned, in
particular, by the choice of specific expression sigmale
(cytokine-dependsnt promotara, for example) as indicated
below.

It will be understood that other genes which
are homolocgous or which have egimilar functional
properties can be used to construct the vectors of the
invention. These different genss csn bs obtained by any
technique which ig known to the person akilled in the art
and, in particular, by screening libraries, by chemical
gynthesis or else by mixed methods including chemical or
enzymic modification of sequences cbtalned by scresning
libraries. Furthermore, these different genes can be
employed alone or in combination(s).

Inpertion of the genes under consideration in
the form of recembinant DNAe according to the invention
provides greater flexibility in the construction of the
adencviruges and enables expression of sald genes te be

controlled more effectively.
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Thus, the recombinant DNAs (and therefore the
two geneg of interest) which are incorporated inte the
adenoviral vectors according to the present invention can 7
be organized in different ways.

Thay can, first of all, be inserted into the
same site in the adenovirus genome or into different,
selected sites. In particular, the recambinant DNAa can
be inserted, at least in part, into the El, E3 and/or E4
regions of the adenovirus genome l;.o replace or supplement
viral seguences.

Preferably, the recombinant DNAs are inserted,
at least in part, within the El, E3 or E4 regiora of the
adenovirus genocme. When they are i1nserted into two
different gites, preaferance is given, within the scope of
the invention, torusing the El and E3 regions or El and
E4 regions. Thus, as the examples demonstrate, this
organization enables the tw6 gsnes to be expressad at an
slevated lavel without interfering with eack othex.
Advantageously, the recombinant DNAs are ingerted in
place of viral sequences.

These recombinant DNAe can then each include a
transeriptional promoter which is identical or different.
This configuration enables highar levels of expresaion to
be achieved and provides improved control of the
expression of the genes. In this case, the two genes can
be inserted in the pame orientation or in opposite
orientations.

They can also conatitute a single
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transcriptional entity. In this configuration, the two
recombinant DNAs are contiguous and positioned such that
the two genes are under the control of a single promoter
and give rise to a saingle premessenger RNA. This
arrangement is advantagecus pince it enables a single
transeriptional promoter to be used.

Finally, the use of recousbinant DNAs according
to the invention wmakes it ©poseible to aemploy
transcriptiozal promoters of different types and, in
particular, promoters which are strong or waak, regulated
or comstitutive, tlssua-specific or ubiquitous, ete.

The choice of thae expression signals and the
respesctive positions of the DNA recombinants is
particularly important as regards obtaining an elevated
sxpression of the therapeutic gene and a significant
immunoprotective effect.

A particularly prafarred enmbodiment of the
pregsent invention amployes a defective adenovirus which
includes a fi;'st " reccmbinant DNA, containing a
therapeutic gene, and a second recombinant DNA,
containing an immunocprotactive géme, in which virus the
two recombinant DNAs are inserted within the El region.

A particularly preferred embodiment of the
pragent inventiocn employs a defedtive adenovirus which
inclu‘d-n:s' a first racombinant DNA, which econtains a
therapautic gene and which is inserted within the El
region, and a second recombinant DNA, which contains an

immunoprotective gene and which 18 inserted within the E3
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region.

As indicated above, the adenoviruses of the
present invention are dafective, that is they are unable
to replicate autonomously in the target cell. Generally,
tha genome of the defective adenoviruses according to the
present invention therafore lacks at least the sequences
whichk are ragquirad for raplicating sald virus in the
infected cell. Thesa regions can be eliminated (in whole
or in part), rendered non-functional, or substituted by
other pequences and, in particular, by the therapeutic
genes. The defective character of the ademoviruses of the
invention is an important feature since it enpures that
tha vactors of the invention are not disseminated
following adminiatration.

In a preferred embodiment, the adenoviruses of
the inventlon encompass ITR @geguences and an
encapsidation sequence, and possess a deletion of all or
part of the El gane.

The inverted rapeat (ITR) sequences represent
the origin of replication of the adanoyiruael. They ara
iocated at the 3’ and 5’ ends of the viral genome (cf.
Pigure 1), from where thay can easily be isgolated using
standard molecular bioclogical technigues known to the
parson skilled in the art. The nucleotide sequence of the
ITR sequences of the human adenoviruses (in particular
sarotypes Ad2 and AdS) is described in the literature, as
are those ¢f the canine adenoviruses {in partieular CAV1

and CAVZ). In the case of the AdS adenovirus, for
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axample, the left-hand ITR sequence corresponds to tha
region -encompassing nucleotides 1 to 103 of the ganome.

The encapslidation sequence {also termed Pai
saquence) is required for encapsidating the viral DRA.
This region must, therefore, bs present to enabls
defective recombinant adenoviruses according to the
invention to be prepared. In the adenovirus genome, the
encapaidation sequence is locatad between the left-hand
{5) ITR and the El gene (cf. Pigure 1). It can either be
isclated or synthesized artificially using standard
molecular bilological techniques. The nué¢leotide sequence
of the encapsidation sequence of human adenoviruses (in
particular serotypes Ad2 and Ad5) is described in the
literature, as are those of the canine adenovirusea (in
particular CAV1 and CAV2). In the case of the AdS
adencvirus, for example, the encapsidation segquence
corresponds to the region encompassing nucleotides 154 to
358 of the gencma.

More preferably, the adenoviruses of the
invention encompass the ITR sequences and an
encapsidation segquence, and possers a deletion of all oxr
part of the El1 and B4 genes.

In a particularly preferred embodiment, all or
part of the El, E3 and E4 genes and, even more
preferably, all or part of the El, E3, L5 and E4 genes
are delatad from the genome of the adenoviruses according
to the invention.

The adenoviruses of the invention canm be
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prepared from adenaviruses of varying origin. Thus,
different serctypes of adencvirus exist whome structures
and properties vary to somea extent but which exhibit a
comparable genetic organization. Consequently, tha
teaching deacribed in the present application can easily
be reproduced by the parson skilled in the art for any
type of adenovirus.

More wspecifically, the adencviruses of the
invention can be of bhuman, animal or mixed (buman and
animal) origin.

As regards adenoviruses of human origin,
preference is given to using those which are classed
within the C group. More preferably, preference is given,
among the different serctypes of human adenovirus, to
using, within the scope of the pressant invention, type 2
or type 5 (Ad 2 or Ad 5) adenoviruses.

As indicated above, tha adanoviruges of the
invention can alsc be of animal origin or include
sequences which are derived from adenoviruses of animal
origin. Thus, the Applicant kas dJdemconstrated that
adenoviruses of animal origin are able to infect human
celle in a highly efficient manner and that they are
unable to propagate themselves ‘in the human cells in
which they have beean tested {(cf. Application FR 93
05954). The Applicant has alsc demonatrated that the
adenoviruses of animal origin are in no way trans-
complamented by adenoviruses of human origin, thereby

eliminating any risk of recombilnation and propagaticn in
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vivo in the presence of a human adexzovirus, which may
lead to formation of an infectious particdle. The use of
adenoviruses or of adenovirus regions of animal origin is
therefore particularly advantageous since the risks which
are inherent in the usa of viruses am vectors in gene
therapy are even lower.

The adenoviruses of animal origin which can be
used within the pcope of the present invention can ba of
canina, bovine, murine (example: Mav 1, Beard et al.,
Virelegy 75 (1950) 81), ovine, porcine, avian or else
simian (example: SAV) origin. More specifically, those
avian adenoviruses whichk may be mentioned are sarcotypes
1 to 10 which are available frem the ATCC, such as, for
example, the Phelps (ATCC VR-432), Fontes {ATCC VR-280),
P7-A (ATCC VR-827), IPH-2A (ATCC VR-B828), J2-A (ATCC VR-
829), T8-A{ATCC VR-830) or K-1l1 (ATCC VR-521) strains or
else the strains referenced ATCC VR-831 to 835. Those
bovine adencviruses which may be used are the different
known serotypes, in particular those which are availabie
from the ATCC (types 1 to 8) under reference numbers ATCC
VR-313, 314, 639-642, 768 and 769. Murine adencviruses FL
(A'.'I.'CC VR-550) and E20308 (ATCC VR-528), ovine adenovirus
type 5 (ATCC VR-1343) or type & (ATCC VR-1340), porcine
adenovirus 5359, or aimian adenovirugee such as, in
partioular, the adenoviruses referenced at ATCC u.nde:;:
nunbers VR-591-5%4, 941-943, 195-203, etc., may also be
mentiocned.

Among the different adenoviruses of animal
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inventicn, to using adenoviruses or adenovirus regions of
canine origin, in particular all the strains of the CAV2
[Manhattan satraid or A26/61 strain (ATCC VR-B00), for
example] adencviruses. Tha canine adenoviruses have haan
the subject of numerocus struectural atudiea. Thus,
complate restriction maps of adenovirusea CAV1 and CAV2
have been degcribed in the prior art (8pibey et al., J.
Gen. Virol 70 (1989) 165), and the Ela and E3 geneg as
well as the ITR sequences have heen cloned and sequenced
(see, in particular, Spilbey et al., Virus Rea. 14 (1989)
241; Linné, Virus Res. 23 (1992) 119, WO 91/11525).

The defective recombinant adenoviruses
according to the invention can be prepared in different
ways . .

A first method consistw in transfecting the DNA
of the defective recombinant wvirus, which haa been
prepared in vitro (either by ligation or in plasmid
form), into a competent cell line, that is a cell line
which carries, in trans, all the functions which are
required for complementing a defective virus. These
functions are preferably integrated into the genoma of
the cell, thereby enabling the risks of recombination to
be avoided and conferring increased stability on the call
line.

A second approach consists in co-trangfecting
the DNA of the defective recombinant virus, which has

been prepared in vitre (either by ligation or in plasmid
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form), and the DNA of a helpar virus inte an appropriate
cell line. When this methed is used, 1t is not necessary
to have available a competent cell 1line which is able to
complement all tha defective functions of the recombinant
adenovirue. This is because some of these functions ara
¢omplemented by the helper virus. This helper wvirus
should itself be defectiva, and the cell line then
carries in trans the functions which are required for
complemanting it. Of the cell lines which ¢an ba uaad, in
particular, within the scope of this second approach,
those which may be mentioned, in particular, are the
human embryonic kidney line 293, KP calls, Hela, MDCK and
GHK cells, etc. (cf. examples).

Subgequently, the vectors which have multiplied
are rscoversd, purified and amplified using stand.ard
molecular kiclogical technigues.

According to cne embediment, it is posaible to

_prepare the DNA of the defective recombinant virus

carrying the gppropriate deletions and the two
recombinant DNAs in vitro, either by ligeation or in
plasmid form. As indicated above, the vectors of the
invention advantagecusly possess a deletion of all or
part of certaln viral genes, in particular the El, E3, E4
and/or L5 genes. This deleticn can corregpond to any type
of suppreseion which affects the gene under
congideration. It can, in particular, be a question of
delation of all or part of the coding region of said gene

and/or all or part of the promoter region for trans-
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cribing said gene. The deletlon is generally carriaed out
on the DNA of the defective reccmbinant virus by, for
example, digesting with appropriate restrie;:l.on enzymes
and then ligating, using molécular biclogical techniques
as illustrated in the examples. The recombinant DNAg can
then be ingerted into this DNA, by sanzymic cleavage
followed by ligation, within selected regions and in the
chosen orientation.

The DNA which is thus obtained, and which
consequently carries the appropriate deletions and the
two recombinant DNAs, enables the defective recombinant
adenovirus, carrying the said deleticns and racombinant
DNAS, to be generated directly. This first variant is
particularly well sulted £or achieving recombinant
adensviruaes in which the genes are arranged in the form
of a single transcriptional unit, or under the control of
saparate promoters but inserted into the same gite in the
genome. .

It ie also possible to prepare the recombinant
virus in two steps, enabling the two ragowbimt DNAs to
be introduced asuccessively. In this case, the DNA of a
first recombinant virus, carrying the appropriate
deletions (or some of said deletiocns), and one of the
recorbinant DNAs ip comstructed, by ligation or in
plaomid form. This DNA is then used to generate a first
recombinant virus which carries paid deletions and one
recombinant DNA. The DNAR of this first wvirus is then

isolated and co-transfected with a second plasmid or the
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DNA of a gecond defective recombinant virus which carries
the second recombinant DNA, the appropriate deletions
(that part not present on the first virus) and a region
permitting homologous recombination. This second ataep
thereby generates the defective recombinant virus
carrying the two recombinant DNAe. This preparation
variant is particularly suitable for preparing
recombinant viruses which carry twe recombinant DNAs
which are inserted into two different ragicns of tha
genome of the adenovirus.

The two agents according to the invention,
namely the immunosuppressant and the recombinant
adencvirus, can be formulated with a view to
adminigtering them by any of the toplcal, oral,
parenteral, intrapasal, intravenous, intramuscuiar,
subcutanacus, intraocular, transdermal, stc. routes.

Preferably, the respective pharmaceutical
formulation(a} contain(s) excliplents which are
pharmaceutically accaptable for an injectabls
formulation. Thege excipiesnts can, in particular, be
sterile, isotonic salt solutions (monosodium or disodium
phosphate, sodium, potassium, calcium or magnesium
chloride, etc., or mixtures of such psalts), or dry, in
particular lyophilized, compositions which, by adding, as
the case may be, saterilized water or physiclogical
saline, enable injectable solutions to ba constituted.

The doses of immunosuppressant and of

adencvirus which are used for the injection can be
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adapted in accordance with different parametersd, in
particﬁlar in accordance with the mode of administration
which is used, the pathology congerned, the gene to be
expressed, or else the wmought-after duration of the
treatment.

In a general manner, the recombinant
adenoviruses according to the invention are formulated
and administered in the form of doses containing betwean
10* and 10* pfu/ml, preferably from 10° to 10* pfu/ml. The
term pfu ("plague-forming unit") ocorresponds to the
infective power of a solution under consideration and is
determined by infecting a sguitable cell culture and
measuring, generally after 5 days, the number of plagues
of infected cells. The techniques for determining the pfu
titre of a wviral solution are well documented in the
literature. As far as Vthg lmrunosuppressants, more
specifically, are donaerned, their doses and modes of
injection vary in accordance with their nature.
Adjustment of these two parameters comes within. the
conpetence of tha persén skilled in the art.

The medicinal combination according to the
inventlion can be used for treating or preventing numerous
pqthologion. Depending on the therapeutic gene which is
inserted inte its adenovirus, it can be ugped, in
particular, for treating or praventing genatic disorders
{dystrophy, mucoviscidesis, ete.), neurcdegenerative
diseases {Alzheimar’s, Parkinson’a, ALB, eate.),

hyperproliferative pathologies (cancers, rastenosis,
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atc.), pathologies mssociated with cocagulation disorders
or withA dyslipoproteinaemias, pathologles asgociated with
viral infections {(hepatitis, AIDS, etc.), etc.

The present invention also relates to any
method of therapeutic treatment which employs the claimed
redicinal combination.

The present invention will be mcre completely
described with the aid of the examples which follow and
which should be considered as being illuatrative and not
limiting.

Figure l: Genetlc organization of the AdS adenovirus. The
complete sequence of AdS5 is available on database and
enables the person akilled in the art to sslect or create
any reatriction site and thus to isolate any reglon of
the gencme. ‘

Figure 2: Reatriction map of the Manhattan strain of the
CAV2 adenovirus (according to Spibey et al. cited above).
Figure 3: Comstruction of the vector pADS-gpl9k-fSgal.
Figure 4: Comstruction of the adenovirus

Ad-gpl9k-fgal,AEl, AE3.

2l 1oled biol LT]

The methods which are routinely used in
molecular biology, such as preparative extracticns of
plasmid DNA, centrifugation of plasmid DNA in a caesium
chloride gradient, electrophoresis on agarose or
acrylamide gels, purification of DNA fragments by

electroalution, extraction of proteins with phenol or
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with phenol/chleroform, precipitation of DNA in a saline
medium with ethanol or with iaopropa.nol; tranaformation
into Escherichia coli, etc. are well known to the person
skilled in the art and are amply describad in the
literature [Maniatis T. et al., "Molecular Clening, A
Laboratory Manual", Cold Spring Harbor Laboratory, Cold
Spring Harbor, N.Y., 1982; Ausubel F.M. et al. (eds),
nCurrant Protocols ip. Molacular Biclogy™, John Wiley &
Sons, New York, 1987].

The plammids of the pBR322 and pUC type, and
the phages of tha M13 saries, were obtained commercially
(Bethesda Ressarch Laboratories) .

Por the ligations, the DNA fragments can be
separated acdording to their gize by electrophoresis in
agarose or acrylamide gels, extracted with phenol or with
a phencl/chloroform mixkture, praciplitated with ethanol
and then incubated in the presence of phags T4 DNA ligase
(Biclaba) in accordance with the supplier’'s
recommendations.

The protruding 5' ends cao be filled in using
the Klenow fragment cof E. coli DNA polymarase I (Biolabs)
in accordance with the supplier’s specifications. The
protruding 3’ ends are destroyed in the presence of phage
T4 DNA polymerase (Biolabs} which is used in accordance
with the manufacturer’s rscommendations. The protruding
5’ ends are deatroyed by carsfully treating with 81
nucleasa.

In vitre site-directed mutagsnesis using
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synthetic oligodeoxynuclectides can be carried out using
thae method developed by Taylor et al. [Nucleic Acids Res.
13 (1985) £749-8764] and employing the kit diatributed by
Amersham.

Enzymic amplification of DNA fragments by means
of the technique termed PCR [poclymerase-catalyzed chain
reaction, Saiki R.K. et al., Science 230 {1985) 1350-
1354; Mullis K.B. and Paloona F.A., Meth. Enzym. 155
(1987) 335-350] can be carried out using a DNA thermal
cycler (Perkin Elmer <{etus) in accordance with the
manufacturer’s epecifications.

The nucleotide sequences can be verified by
maans of the method developed by Sanger et al. ([Proc.
Ratl., Acad. Sci. USA, 74 (1977) 5463-54€7] using thae kit

distributed by Amersham.

In the examples which follow, the following
cell lines have been or can be employed:

- Human embryonic kidnaey line 293 (Graham at
al., J. Gen. Virol. 36 (1977) 53). This line contains in
particular, integrated into its genome, the left-hand
part of the genome of the human adenovirus ads (12%).

- KB human cell line. Derived frcm a human
epidermal carcinoma, this line can be cbtained from ATCC

(ref. CCL17) as can the conditions for culturing it.
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- Hela human cell line: derived frem a human
epithelium carcinoma, this line ¢an be obtained from ATCC
(ref. ﬁCLZ) as can the conditions for culturing it.

- MDCK canine cell line: the conditions for
culturing MDCR cells have been described, in particular,
by Macatney et al., Science 44 (1588) 9,

- gn DBP§ call line (Brough et al., Virclogy
190 (1992) 624). This line consiats of Hela cells
carrying the adenovirus E2 gene under the contrel of the

LIR of MMTV.

Example 1. Construction of defective recombinant adeno-
viruses enccapassing a therapeutic gene (the LacZ geme of
B. coli) under the control of the LTR promoter of RSV and
the gplSk gene under the control of the LTR promoter of
RSV, with both genes being inserted within the El region.

- Thease adenoviruses were const:ﬁcted by
homologous recombination between a plagmid. carrying the
left-hand part of the AdS5 adencvirus, the twe recombinant
DNAs and a region of the AdS adenovirus {(corresponding to
protein IX) and the DNA of a dafactive adenovirus

carrying various deleticns.

1. Conetruction of the vector MS-@lSL-Qle
{Fiqure 3)
1.1. Construction of the plasmid pGEM-gpl9k
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Plasmid pAD5S-gpl9%-Sgal contains a cDNA
uaquenée ~enooding the adenovirus protein gpldk. This
plasmid was conatructed as followa. The Xbal fragment of
the genome of wilci-typ‘e Ad5 adenovirus, containing the E3
ragion, was isolated and cloned into the corresponding
gite of plasmid pGEM (Promega) im order to generate
plasmid pGEM-BE3. The EHinfl fragment, containing the
ssqueance sncoding gpl%k (nucleotides 28628 to 29634 of
wild-typs A4S ndanovifus) . was then isclated from plaemid
pGEM-E3. The ends of this fragment were rendered blunt by
the action of the Klenow fragment of E. coli DNA
polymerase I (ef. genexral wolecular bilological
techniques) and the fragment which was obtained was then
cloned into the SmaIl site of plasmid pGEMzf+ (Promega).

The plasmid which was obtained was designated
pGEM-gplSk (Pigure 3).

1.2. Constructicn of the vector pADS-gpldk-Sgal

This example describes the construction of a
plasmid which contains one of the two recombinant DNAs
encompassing thelr own promoter, the left-hand part of
the adencvirus gencme and a supplementary part (protein
pIX) permitting homologous reccambination. This vector was
constructad from the plasmid pkd.RSYﬁGnl ag follows.

The plasmid pAd.RSVfAGal contains, in the 5’3
lo:ientar.:l.on.

-~ the Pvull fragment corresponding to the left-

hand enrd of adenovirus AdS encompassing: the ITR
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pequance, ths origin of replication, the encapsidation
pignals and the El1R enhancer,

- the gene encoding f-galactesidase under the
control of the RSV promoter (from Rous sarcoma virus).

- a gsecond fragment of the genome of adenovirus
Ad5, which permits homclcgous recombination betwaen
plasmid pAd.RSVAGel and the adenovirus d1324. Plaemid
pAd.R8VAGal has been described by Stratford-Perricaudet
at al. '(J. Clin. Iaveat. 90 (13992) &26).

Plasmid pAd.RsvﬁGai was first of all cut with
the enzymes Eagl and Clal, This generates a first
fragmemt carrying, in particular, the left-hand pazt of
adenovirus Ad45 and the LTR promoter f£rom R3V. 1In
parallel, the plasmid paAd.RSVAGaY was also cut with the
enzymes Eagl and XbaI, This generates a second type of
fragment carrying, in particular, the LTR promoter of
RSV, the LacZ gene and a fragment of the genome of

adenovirus AdS which permits homologous reccmbination.

The Clal-Eagl and EagI-Xbal fragmenta were then ligated

in the presencs of the Xbal-ClaTl fragment from plasmid
pEEM-gpl9%k (Example 1.1) carrylang the sequence encoding
gpld%k (cf. Figure 3). The vector which was obtained in
this way, designated pAD5-gplfk-Sgal, therafore contains

- the Pvell fragment corresponding to the left-
hand end of adenovirus AdS5 encompassing: the ITR
sequence, the origin of replication, the encapridation
slgnals and the El1A enhancer,

- the sequence esncoding gpl9k under ths control




10

15

20

25

36
of the RSV promoter (from Rous sarcoma virus),

- the gene encoding f-galactosidase under the
control of the RSV promoter (from Rous sarcoma virus),
and

- a second fragment of the genome ¢f adencvirus

Ad5 which permits homologous recombination.

2. Conatruction of the recombinant adenoviruges

2.1. Construction of a recombinant adenovirus
which is deleted in the El region and which carries the
two reccmbinant DNAs inserted in the same orientation
within the El region.

Vector pAD5-gpl9k-fgal was linearized and
cotranafected with an adenoviral vector, which was
deficient im the E1 gene, into helper cells (line 293)
which supplied in trans the functicna encoded by the
adenovirus El1 (E1lA and El1B) regions.

More precisely, the aderovirus Ad-gpl9k-
fgal,sEl is obtained by homoloegous recombination in vive
betwsen the adenovirus Ad-RSVfgal (cf. Stratford-
Perricaudet et al. cited above) and vector pADS-gplSk-
fgal in accordance with the following protocol: plasmid
pPAD5-gpldk-fgal, which is linearized with XmnI, and
adenovirus Ad-R5VSgal, which i1s linearized with ti;a
enzyme Clal, aré co-transfected into line 293 in the
preaence of calelum pheosphate in order to enable
homologous recombination to take place. The recombinant

adenoviruses which are generated in this way are then
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selected by plaque purification. Following isolation, the
DNA of the recombinant adenovirus is amplified in cell
line 293, resulting in a culture supernatant which
contains the unpurified defective recombinant adenovirus
with a titre of approximately 10*° pfu/ml.

In general, the viral particles are purified by
centrifugation in a caesium chloride gradient in
accordance with known techniques (aee, in particular,
Graham et al., Virology 52 (1973) 456). The adenovirus
Ad-gplslk-ﬁgal,AEl can be stored at -80°C in 20% glycerol.

2.2 Construction of a reccmbinant adenovizrus
which is deleted in the El and E3 regions and which
carries the two recombinant DMAs inserted in the same
orientation within the Bl region (Figure 4).

Vactor pADS-gpldk-fgal was linearized and
cotransfected with an adenocviral vector, which was
deficient in the El1 and E3 genes, into helper cells {line
293) which supply in trans the functions encoded by the
adenovirus El (ElA and E1B) regions.

More precisely, the adenovirus Ad-gplSk-
fgal,AEl, AE3 was obtained by homslogoue recombination in
vivo between the mutant adenovirus Ad-dl1324 (Thimmappaya
et al, Cell 31 (15%82) 543) and vector pAD5-gpldk-Sgal in
accordance with the following protocol: plasmid pADS-
gplSk-pfgal and adenovirues Ad-d11324, linearized with the
enzyme Clal, were cotransfected into line 293 in the
presence of calcium phosphate in order to enable

homologous recombination to take place., The recombinant
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adenoviruses which were generated in this way were then
gelected by plaque purification. Following isolation, the
DNA of the recombinant adenovirus is amplified in cell
line 293, reauiting in a culture sypernatant which
contains the unpurified defective recombinant adencvirus
with a titre of approximately 10'® pfu/ml.

In general, the viral particles are purified by
centrifugation in a caesium chloride gradient in
accordance with known tec¢hnigques (see, in particular,
Graham et al. Virology 52 (1973) 456). The genome of the
recombinant adenovirus was then verified by Southern blot
analysis. Adenovirus Ad-gpl9k-fSgal,AE1,AE3 can be stored

at -80°C in 20% glycerol.

Exauple 2: Demonstration of the immunoprotective activity
of the medicinal combination according to the inventioca.
60 adult female DBA/2 mice are divided randomly
into 6 groups of 10 mice which ars then treated
respectively in accordance with the following injecticn
protocols:
- GROUP la:
Is given an intraccular injection of 10 #g of
anti-Cb3 monoclenal antibedies on days -2, -1, 1, 2, 3,
4 aﬁd 5 with an intravencus injection of 4.10° pfu of Ad-
R8VSgal virus on day 0 (ef. Stratford-Perricaudet et al.
cited above).
- GRCUP 1b:

Is given the same treatment as group la but
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employing, as virus, 4.10° pfu of Ad-gp 15k-fgal virus
(Figure 4),
- GROUP la:

Ia given an intraperitcneal injection of 250 g
of anti-CD4 monoclonal antibodies on days -2, -1, 1, 4
and 7 with an intravenous injection of 4.10° pfu of Ad4-R3V
B gal virus con day 0.

- GROUP 2b:

I# given the same treatment as group 25‘ but
using, as virue, 4.10" pfu of Ad gp 19k-Sg al virus.
+ GROUP 3a:

Is given an intravenous injection of 4.10° pfu
of Ad-fSgal without any accompanying administration éf
immuncsuppressant.

- GROUP 3b:

Is given an intravenous injection of 4.10° pfu
of Ad-gplSk-gSgal without any accompanying administration
of immunosuppressant.

- At variocus times, two animals fromianch group

wore sacrificed with the aim of removing their livers and

spleens.

€D3 Cp and _CD8+) within splenocyt which are
removed on D15 after the injection.

A suspeneion of isolated cells wae prepared
from removed splesns. A cell sample was analysed by

immunofluorescence using antibodies which were spacific
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for each lymphocyte sub-population. The fluorescent
cells were read with the aid of a cytofluorimeter
(Becton Dickinson FACS Scan). The results are given

in Table I below.

Group 3a Group 3b Group la Group 2a
Ad-figal Ad-fgal- anti-CD3/ | anti-cD4/
gpl9k Ad-fgal Ad/fBgal
% of cells expressing fgal at the cell
surface
cp3 | 20.0 | 17.5 | 20.6 21 5.4 6.1 12 10.3
cp4 | 13.4 ) 12.6 [ 15.3 | 16.8 4.4 5.112.7 4.1
cpa E.5 5.5 6.1 6 2.02 1 2.3]7.9 6.6

TABLE I

The clear decrease in the CD3+, CD4+ and CD8+

celle in the animals treated with anti-CD3 is noted as ie

the gelective decrease in CD4+ cells in the animals

treated with anti-CD4.

2.2. - Analysis of the cytotoxic capacity of

the splenocytes which are removed at D32 after the

injection and stimulated in vitro with regard to

higtocompatible target cells expressing fgal

A sscond splenocyte sample isolated from the

spleens of treated aminals was cultured in vitro for 4
days in the presence of PB15 celle expresaing
f£-galactosidase at their surface. At the end of the

culture, the cytotoxiec activity of these splenccytes with
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regard to PBl5-fgal target cells labelled with Cr* was
evaluated. The cytotoxic metivity, expressed as per cent

cytolysis, was datermined in a conventional manner by

bringing togsther different ratiog of effector cells and

5 target cells. The results are p;aaentad in Table II

e
.
-

3

below.
Group 7213 3A
Treatment Anti-CD4/ AD-Rgal
Ad-fgal-gplk

g::::: Ratio % cytolysis
;:'4:5 Effector/targats
80/1 a 2 13 14
o 40/1 2 1 13 9
:.:;.:.:.: 20/1 101 5 g
cpeesd 10/1 0 0 2 s
e /1 0 1 .

.
-

There e seen toc be a very clear neutralization
of the cytotoxic capaclty of the splenocytes which ware

removed from the animals having been treated with anti-
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Ch4, that is to say the group 2b.

TABLE II

2.3. Expression of S-galactosidase activity in
the liver after 15 and 32 days.

5 The livera are sectioned and atained with X-gal

in order to display the B-galactosidase activity and with
ecsin in order to demonstrate the histology of the

section. The regults are pregsented in Table IIT balow.

Humber of cells sxpressing
Bgal
15 days . 32 days
Group 2a: 1 1
10 (anti-CD4/Ad-gSgal)
Group 2b: (anti-CD4/Ad 250 _ : 50
gpl9k-ggal)
Qroup 3a: (Ad-fgal) 3 1]
Group 3b: 25 0
15 {Ad gpl9k-Sgal)

TABLE III

From the results presented above, it emerges

that injection of anti-CD4 antibodies in mesociation with
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an injection of Rdgpl9k-fgal induces an expression of the
gena under consideration which ia markedly prolonged.
Thus, 30 days after the injections, eignificant §-
galactosidase activity is observed in the c¢ase of group
2b, This prolongation, which can be interpreted as the
rasult of a tolerance phenomenon which is induced in
accordance with the invention, is markedly greater than
that which could have been expacted from the simple
juxtapoaition of the respective effects of the anti-CD4
immuncsuppressants and of the recombinant adenovirus Ad
gpl%k-fgal.

Furthermors, no inflammatory reaction is

observed over thie pericd of 30 days in the casa of group

2b.

Throughout this specification and the claims
which follow, unless the context requires otherwise,
the word  ‘“comprise", or variations such as
"comprises" or "comprising", will be understcod to
imply the inclusion of a stated integer or group of

integers but not the exclusion of any other integer

or group of integers.
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.THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Medicinal combination of at 1least one
immunosuppressive agent and at least one recombinant
adenovirus whose genome comprises a first recombinant DNA
containing a therapeutic gene and a second recombinant DNA
containing an immuncprotective gene, for consecutive,
intermittent and/or simultaneocus use cver time, which can
be used for exogenous transfections in vivo and/or ex vivo.

2. Medicinal combination according to claim 1,
wherein the immuncsuppressive agent is cyclosporin, FKS506,
azathioprine, corticosteroids or a monoclonal or polyclonal
antibody.

3. Medicinal combination according to claim 2,
wherein the antibody is able teo inactivate an immune
molecule or induce destruction of an immune cell carrying
guch an immune wmolecule.

4. Medicinal combination according to claim 3,
wherein the antibody is an anti-CD4, -CD2, -CD3, -CD8,
CD28, -B7, -ICAM-1 or -LFA-1 antibedy or is CTLA4Ig.

5. Medicinal combination according to any cne
of claims 1 to 4, wherein the therapeutic gene encodes a
therapeutic protein.

- 6. Medicinal combination according to any one
of claims 1 to 4, wherein the therapeutic gene encodes a
therapeutic RNA.

7. Medicinal combination according to any one
of the preceding claims, wherein the immunoprotective gene

" is a gene whose product acts on the activity of the major
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hisfocompatibiiity‘complex (MHC) or on the activity of the
cytokines.

8. Medicinal combination according to claim 7,
wherein the immunoprotective gene is a gene whose product
at least partially inhibits expression of an MHC protein or
antigen presentation.

9. Medicinal combination according to any one
of the claims 1 to 7, wherein the immunoprotective gene is
the gene for gpl9k of adenovirus, the ICP47 gene of herpes
virus, or the UL1l8 gene of cytomegalovirus.

10. Medicinal combinaticn according to any one
of the preceding claims, wherein the two reccmbinant DNAs
of the adernovirus genome constitute a gingle
transcriptional entity.

11. Medicinal combination according to any one
of the claims 1 to 9, wherein the two recowbinant DNAs each
include an identical or different transcriptional promoter.

12. Medicinal combination according to claim 11,
wherein the two recombinant DNAs are inserted in the same
orientation.

13. Medicinal combination according to claim 11,
wherein the two recombinant DNAs are inserted in opposite
orientations.

14. Medicinal combination according to any cne
of the claims 1 to 13, wherein the two rscombinant DNAs are
inserted into the same site of the adenovirus genome.

15. Medicinal combination according to claim 14

wherein the two recombinant DNAs are inserted within the
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El, E3 or E4 region.

16. Medicinal combination according to c¢laim 15,
wherein the two recombinant DNAs are inserted within the E1
region.

17. Medicinal c¢ombination according to any one
of claims 1 to 13, wherein the two recombinant DNAs are
inserted into different sites in the adenovirus genome.

18. Medicinal combination according to claim 17,
wherein one of the recombinant DNAs is inserted within the
El region and the other within the E3 or E4 region.

19. Medicinal combination according to any one
of the preceding claims, wherein the adenovirus is a
defective recombinant adenovirus which encompasses the ITR
sequences and a sequence permitting encapsidation and which
carries a deletion of all or part of the E1 and E4 genes.

20. Medicinal combination according to claim 19,
wherein the adenovirus carries a deletion of all or part of
the E1, E3 and E4 genes.

21. Medicinal combination according to any one
of the preceding claims wherein the adenovirus is an
adenovirus from whose genome all or part of the E1, E3, L5
and E4 genes have been deleted.

22. Medicinal combination according to any cne
of the preceding claims, wherein the recombinant adenovirus
is of human, animal or mixed origin.

23. Medicinal combination accerding to claim 22,
wherein the recombinant adenovirus of human origin is C

group adenovirus.
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24. Medicinal combination according to claim 23
wherein the C group adenovirus is a type 2 or type 5
recombinant adenovirus (Ad 2 or Ad 5).
25, Medicinal combination according te claim 22,
5 wherein the adenovirus of animal origin is of canine, -
bovine, murine, ovine, porcine, avian or simian origin.
26. Medicinal combination according to claim 1
substantially as hereinbefore described in any one of the
Examples.
10 27. A method of treatment wherein an immune
reaction is delayed or inhibited which <comprises

- .
I administering consecutively, intermittently or

.
-
.

R simultaneously a combination of at least one
.

immunosuppressive agent and at least one recombinant

ehd os _eams we
v
] -
.

-
-
-
'3

15 adenovirus whose genome comprises a first recombinant DNA

oo

containing a therapeutic gene and a second recombinant DNA
containing an immunoprotective gene.

28. A method according to claim 27, wherein
the immuno-suppressive agent ie injected before and after

20 injection of the adencvirus.

29. A method according to claim 27, wherein the
immuno-suppressive agent and the recombinant adenovirus are
injected simultaneously.

30. Use of a combinaticn in the manufacture of

25 a medicament for use in a method of treatment wherein an
immune reaction is delayed or inhibited where the
combination compriseg at least one immunosuppressive agent

and at least one recombinant adenovirus whose genome
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comprises a first recombinant DNA containing a therapeutic

gene and a second recombinant DNA containing an

immunoprotective gene.

DATED this 20th day of January 2000

Rhone-Poulenc Rorer S.A.

AND

Tnstitut Nationmal De La Sante Et De La Recherche
Mediecal

By its Patent Attorneys
DAVIES COLLISCN CAVE
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