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The various attenpts to nodify nuscle tiSsue performed hitherto consi st

mai nly of that |nvoIV|ng fusion of nmuscle cells with a host cell (Sal m nen,
A. et al., Hum GCene Thér. 2, 15-26 (1991); Partridge, T.A et al., Nature
337, 176-179 (1989), and that invol vi ng direct injection of DNA into the
rruscles (Wl ff, J.A et al., Science 247, 1465 1468 (1991 Acsadl g New
Biol. 3, ARRAL RECOM BINANT NVEQTORS: FOR i
precursors of nuscle cells derived frogELLS0r mal donor mnth nuscle fibers

of a host (Partridge, T.A et al., nmentioned above) has been carried out

with success and 'this cellular therapy has been the subject of prelimnary
trials in

The invention relates to recombinant vectors of viral origin which
contain a nucleotide sequence coding for a specific polypeptide, and their
use for the expression of this polypeptide in muscle cells. The invention
also relates to a procedure for producing these vectors, as well as to their
uses, in particular as medicines in the field of muscle diseases.

The hitherto unresolved problem of the direct diffusion of a gene

towards a specific tissue is an obstaclg to the development of gene therapy
in the field of muscle diseases.

The various attempts to modify muscle tissue performed lmherto
consist mainly of that involving fusion of muscle cells with a host cell
(Salminen, A. et al., Hum. Gene Ther. 2, 15-26 (1991); Partridge, T.A. et
al., Nature 337, 176-179 (1989), and that involving direct injection of DNA
into the muscles (Wolff, J.A. et al., Science 247, 1465_1468 (1991);
Acsadi, G., New Biol. 3, 71-81 (1991)). -

The method proceeding by the fusion in mice of precursors of

" muscle cells derived from a normal donor with muscle fibers of a host
(Partridge, T.A. et al., mentioned above) has been carried out with success
and this cellular therapy has been the subject of preliminary trials in
children. However, this approach seems to present too many disadvantages
to be applicable to the treatment of muscle diseases. In fact, since the

e migratory capacities of the precursor cells are reduced to a few millimeters,

o the cellular implantation of these latter would necessitate millions of
- injections requiring hours of anaesthesia. Inevitably, there would be the

risk of immunological problems leading to rejection phenomena occurring,
as in the case of very many grafts. In addition, the treatment of Duchenne's
muscular dystrophy (DMD) not only requires making contact with the

skeletal muscles but also with the myocardial cells; the difficulties likely to

‘be encountered in implaating precursors of muscle cells in the myocardium,

can easily be imagined. Consequently, cellular therapy hardly seems to be -
appropriate for the treatment of diseased cells showing such dissemination
in the organism.

Gene therapy by direct in vivo mn-oducuon of nucleic acids into the
interior of organs is an attractive method on account of its simplicity, but
its development is confronted with a number of obstacles. In particular, the
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children, However, this approach seens t8 present too many di sadvantages to
be:appl icable to the treatnent of nuscle diseases. In fact, since the

m gratory capacities of ‘the precursor cells are reduced to a few .
mll!rreters the cellular inplantation of these latter would necessitate
mllions r'ékﬁ%h' ér eh€flift thmmmmemmsdesﬂm at thersité ofiihjectioher e
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of Duchenndtgatiom cpd:&cuthr by imcapdiaOmysaie  Ansadi, Goet snmmag cont act
wi.th the Sé@’ﬁﬁel nmuscl es but also with the nyocardial cells; the

difficulti y to be encountered in inplanting precursor% of nuscl e
cell's in the nydEhe dimnof the present invention is precisely to make possible the

introduction of a very large number of nucleic acids into a considerable
number of muscie cells (up to 50% or more) of a human or animal
organism, whether these muscle cells be those of skeletal muscle or those
of the myocardium.

The present invention relates more pamcularly to the transport of
nucleic acids to target muscle cells by the blood, while protecting r.hese
nucleic acids against attack by various blood constituents.

| Another aim of the present invention is to make available to the
public pharmaceutical compositions which make possible the treatment of
muscle diseases, and more particularly genetic diseases of the muscle
- system, or also diseases, the localization of which in the organism makes
them accessible to the expression products of the above-mentioned nucleic
acids, these products being secreted by the said muscle cells.

The present invention follows from the discovery made by the
inventors of the fact that beta-galactosidase activity is found in many
tissues after injection into mice of recombinant vectors of viral origin,
more particularly of adenoviral origin, into the genome of which the gene

‘coding for beta-galactosidase has been inserted. Such tissues include the

. lungs, liver, intestine, heart and the skeletal muscles. The expression of the
gene for beta-galactosidase is constant with time, since the proportion of
blue-coloured cells (colour obtained subsequent to gene expression) in the
muscle tissue is more or less the same from one month to the next.

Figure 1 shows an example of the construction of a recombinant
vector according to the invention and corresponding to a type AdS
adenovirus, into the genome of which the gene for beta-galactosidase has

_ been inserted under the control of the RSV promoter.

The subject of the present invention is the use of recombinant
vectors of viral origin, incapable of replication and likely to be recognized
by the receptors of human and animal muscle cell which can be infected by
these viruses, these vectors being additionally modified by a nucleic acid

~ insert containing a nucleotide sequence which codes for a polypeptide
sequence, the expression of which in the said muscle cells is sought, this
sequence being under the control of a promoter recognized by the
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can easily be imagi ned. Consequently, ce?l ul ar therapy hardly seens to be
apbroprl ate for the treatnent of diseased cells show ng such di ssem nation
in the organism Gene therapy by direct in vivo introduction of nucleic
acids into the interior of organs is an attractive method on account of its
si-npl i ci t ypolymerases of the fos the produation of t tirag ncorpesitionpkistihc bas be

In parti clydihinistéted by e GERVENT Yhbte! particularly the intravenous or
. intraarterial route, and designed for the treatment of . either diseases affecting
muscle cells or diseases, the localization of which in the organism makes
them accessible to the expression products of the above-mentioned nucleic
acids and secreted by the said muscle cells.
_ The adenoviruses, in particular the human adenoviruses type 2 or 5
represent particularly preferred vectors in the framework of the present
invention by virtue in particularly of the large size of the foreign DNA
fragment which it is possible to insert into the genome of these viruses.
Advantageously, the above-mentioned nucleic acid insert is included
in a defective genome of an adenovirus, this genome lacking essential
sequences necessary for the replication of these adenoviruses, and more
particularly the EA and EB transactivators; nonetheless, this genome
preferentially includes all of those essential sequences necessary for the
~ encapsidation of these adenoviruses. |
| The promoter used may be an endogenous promoter ( for example,
an early or late promoter of the adenovirus used) or an exogenous
promoter. _
It will be advanxageous to have recourse to strong promoters for
example one having about the same strength as the promoter contained in
the LTR (Long Terminal Repeat) of RSV (Rous Sarcoma Virus).
As examples of other promoters whose use may be considered,
mention should be made of :
o - the promoter of the IE gene of CMV (cytomegalowrus)
R - the MMTV (Mouse Mammary umor Virus) inducible promoters or
metallothionine promoters.

The strength of the promoter wmch is used may be esuma:ed in
assays similar to those which are described in the examples which follow,
for example by replacing the promoter under study in the vectors of these

. examples by the promoter contained in the LTR of RSV and by the
evaluation of the intensity of expression of the marker obtained, an
intensity which can then be compared with that obtained with t.he-promoter
-of LTR of RSV.

The amountof vectors administered to the organism is
advam;ageously chosen so as to ‘overvhelm the immune system of the organism
into which they are injected
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2+ expression of genes in the rruscl es reffhins localised at the site of
|nJ ection (Wl ff, J. A -et al., ment i oned above) and seens to be of quite
limited duration,” particularly in cardiac nuscle (Acsadi, G et al.
mentioned above). The aim of the present invention is precisely to make

pOSSi 3l e the m%rj ﬁ s ;he‘tlmlne ﬁmmgmommsﬂemedlﬂmeam ds into a
ani mal*or dERETCk (ol the, Pesediavsuioh 18 she infavERORE of fndpartertd BE . o,

those of the my AaAoAg the diseases affecting muscle cells mentioned above,
mention may be made of genetic diseases such as muscular dystrophy.
Consequently, the nucleic acid inserted into the genome of the viral
vector and the diffusion of which into the muscle mass is desired,

- comprises a nucleotide sequence coding for a polypeptide capable of
treating the disease in question, and more particularly of playing the role in
the muscle cell of the polypeptide normally present in a healthy cell, but
the deficiency of which is due either to an abnormally low level or the
complete failure of the production of this polypeptide, or to an error in its
amino acid sequence which results from genetic anomalies in its coding

o nucleotide sequence. |
\J; Vectors according to the invention used to produce a medicine .
designed for the treatment of muscular dystrophy are more particularly
characterized in that the nucleic acid insert is constituted by all or part of a
healthy gene for dystrophin. The introduction of the entire gene for
dystrophin or even of any part of this gene which codes for a polypeptide
conserving an activity similar to that of the whole protein can be carried

- out in accordance with a method identical with that described hereafter for
the introduction of the gene for beta-galactosidase, "

As examples of diseases other than muscle diseases, susceptible to
treatment in the framework of the present invention, mention may be made
. of the thromboses originating from infarctuses or also phlebites.

Vectors according to the invention used to produce a . drug.
designed for the treatment of thromboses and for the prevention of
infarcts  and phlebites are more particularly characterized in that the
nucleic acid insert comprises a nucleotide sequence coding for a thrombo-
lytic substance. The latter sequence is advantageously preceded by a signal
sequence which codes for a peptide signal which ensures the secretion of

_the thrombolytic-substance outside the muscle celil. .

The invention also relates to any recombinant vector characterized in
that it is constituted of the defective genome of an adenovirus comprising,
nonetheless, all of the essential sequences necessary for the encapsidation
of this adenovirus, and into which is inserted a recombinant nucleic acid,

 the diffusion of which is desired in the muscle mass, this nucleic acid being
placed under the control of a promoter capable of being recognized by the
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The present invention relates nore partF%uIarIy to the transport - of nucleic
acids to target nuscle cells by the blood, while protecting these nucleic
aci ds agai nst attack by various blood constituents. Another aimof the
present invention is to nmake available to t he publlc phar maceuti c

I
conposi t | pelymerasesmikthepsuiscls eells, dntpasticnianbyothe seeng peomoteeof thed nore
particul agya @%@3 t Q{mﬁ@%frﬂiquéngyﬁﬁggg or also diseases, the
0 I'n e

| ocal i zation rgamsmma S them accessible to, the
expr essi on pr odés peefgrredye é’g eentionischaractetized 8y uct s
bei ng SeCftEh@dnblteééﬁbM mabeacﬁelnk %on?ﬁﬁtéu eyedll ok Pafnbf die gehbows from

the di scoverycl made LX
The invention also relates to pharmaceutical compositions consisting
one or more recombinant vectors such as those described above, in
combination with a pharmaceutically acceptable vehicle.
~ The subject of the invention is also a procedure for producing the
recombinant vectors described above which comprises, after the
construction stage itself of these vectors by the introduction of
the nucleic acid insert into their genome, a transformation step of
) transformable cell lines of higher eukaryotes (particularly of human or
| g.:;;, animal origin), themselves .carrying a dist inct nucleotide sequence capable
of complementing the part of the genome of the adenovirus essential for
the replication thereof and which the above-mentioned vector lacks,
the said distinct sequence bmng preferably mcorporated into the genome of
the cells of the said cell line.

As a preferred example of such cell lines, mention should be made of
line 293, a human embryonic kidney line which contains, integrated into its
genome, the first eleven percent of the lefthand end of the genome of an
AdS. This portion complements defective recombinant viruses which bear

~ deletions in this region. Such a production procedure is more particularly
described in the European patent application No. 0 185 573 of 20/11/85.

2 After transformation of these cell lines, the vectors which are thus
£ multiplied are recovered and purified.

The present invention will be illustrated more particularly with the

~ aid of the detailed description which follows of the construction of
recombinant adenovirus vectors comprising the gene coding for beta-
galactosidase, and of the properties of this adenovirus vector.

_ 1. Construction of the recombinant adenovirus, Ad-RSV-beta-gal, by
means of in vivo recombination.

This recombinant adenovirus was constructed by homologous
recombination between a suitable plasmid and the genome of a type 5
(AdS) adenovirus. In this construction, the gene for beta-galactosidase is
placed under the control of the RSV (Rous Sarcoma Virus) promoter. The
plasmid pAJRSV 'Bgal ' contains the Pvull segment of the lefthand end
of the AdS (segment situated between the positions 0 and 1.3 of the

ThlS Sheet Has Been Re

AR l




inventors of the fact that beta-gal act osqdase activity is found in many

tissues:after injection into mce of reconbinant vectors of viral origin,
more particularly of adenoviral arigin, into the genome of which the gene
codi ng for beta-gal actosi dase has been inserted. Such tissues include the

| ungs, i asmndmnslhguse lhmmpmgtthemwemed&ermMmpeawme origin ofi on of |
th f teR Bt t

of blue-c "#éh?é‘é 0462 Siggpls 453 @Ebﬂ% e{ﬁ‘% '5%%’; mpreséiﬁﬁﬁ?r. S
t he muscl efouoswbbyg aczrgelncs(slesmb@hm MNathext |

Fi gur e 1 S)t&em S&i. ewsmtolt@s@f W%wavg?fwm %dés fsﬁa&a-gww
' accqr 'N9 ane {) nv%ge‘{tonf &e atfor vin c?bel}./veeen gae posmons 94
and 17 of the plasmid of Figure 1.

The values of the positions 1.3, 9.4 and 17 indicated above are units
indicating the number of base pairs included within these fragments, one
unit representing 360 base pairs. :

The AdS sequence situated between the above-mentioned posmons
9.4 and 17 allows recombination with the adenovirus di324 treated by the
restriction enzyme Clal (corresponding to a deletion mutant E3; the
deletion being made between the positions 78.4 and 84.3 of the genome of |
the adenovirus shown in Figure 1), after transfection of 293 cells (human
embryonic kidney cells transformed by the adenovirus and mentioned
above) in order to generate the recombinant vector Ad-RSV-betagal. The
nislacZ gene is controlled by the RSV LTR promoter and possesses the
polyadenylation signal of the SV40 virus. The recombinant virus thus

obtained is incapable of rephcanng on account of the deletion of the El
genes.

2. Study of the transfer of the gme to the organs of the mouse
through the intermediary of the adenovirus.
Four day old Balb/C mice are given an intravenous injection of 20-
_ 40 microliters of highly purified recombinant adenovirus Ad-RSV-betagal
o (109 plaque-forming units : PFU/ml) , the organs were excised 15 days
I after the injection and treated with 4% paraformaldehyde in a phosphate
buffer for 30 minutes. After being rinsed, the organs were incubated
overnight at 30°C in a X-gal solution. The whole organs were then frozen
and treated appropriately so that cryosections (10 micrometers thick) could
be prepared and these sections were stained with the aid of hematoxylin
‘and eosin. - | -
The demonstration by means of histochemical staining in the manner
indicated above of beta-galactosidase activity in the sections prepared
indicates the presence of the gene inserted into the adenovirus vector.
in the cells of the excised organs.
The macroscopic examination of the heart as well as the skeletal muscles
excised from these treated mice reveals the great efficiency with which this
gene transfer was made after only one injection of the recombinant
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adenovirus, into the genone of which t he gene for beta-gal act osi dase has
been inserted under the control of the RSV pronoter. The subject of the
present invention is the.use of reconbi nant vectors of viral origin,

i ncapabl e of replication and likely to be recogni zed by the receptors of
~human and adenowirusy Thecsigaificanteadf wherclivice of dtheditrayenduss router resides t hese

et eot 1 qandliJank thehifervilectacts gt Godfoliaben o afly JRECUSAA BLES,
of which Ithetxhﬁsdelﬁkmswe con*rétselya it is: favourablys distrjbuted-thronghoutider t he
control ofy2 BhHR' Mass. °FRE it Sehehtical Sraihlin} 1ABSvo  BtintiER REPURF o
. number of transformed cells in some zones attains as much as50% of the
number of muscle cells present in this zone.
 The expression of beta-galactosidase in the myocardium as well as in
the skeletal muscles is perfectly stable. It was possible to observe positive
stains 15, 33, 55, 66, 90, 127 and 150 days after the injection of the
recombinant adenovirus. The expression of the gene seems to be constant -
as a function of time since the proportion of blue cells in the muscle tissues
seem to be more or less the same from one month to the next. '
The analysis of isolated muscle fibers reveals that a smgle fiber is
likely to offer many "centers of expression”.
Analyses by (Southern) immunoblot performed on the heart of 2
~ treated mouse have led to the demonstration of an intense and unique band
at 35 kbp indicating that the viral DNA introduced into the muscle cells s
essentially extrachromosomal. | |
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pol ynerases of these cells, for the prod§ction of drug conpositions which
can be administered by the general route, particularly the intravenous or
intraarterial route,” and designed for the treatnent of . either diseases

affecting nuscle cells or diseases, the localization of which in the

or gani sm

makesthemaccessi bl e tjo the expressi on products of the

above- rrentloneﬁ“mggtﬁhg;e@,pk fc@nd secreted by the

adenovi ruses, Tlmwullﬂmlwmre thuman adenow ruses I"“émnfmﬁmsﬁ”m The

CLAIMS

1. Use of recombinant vectors of viral origin, incapable of replication and
capable of being recognized by the receptors of human and animal muscle
cells which can be infected with these viruses, these viruses being in
addition modified by a nucleic acid insett containing a nucleotide sequence
coding for a polypeptide sequence, the expression of which in the said

- muscle cells is sought . this sequence being under the control of a promoter

- recognized by the polymerases of these cells for the production of a  drug

conposition Which can be administered by the - général route, in particular
the intravenous or intraarterial route, and is designed for the treatment of either
diseases affeamg the muscle cells or diseases, the localization of whnch in
the organism makes them accessible to the expression products of the '
above-mentioned nucleotide sequence secreted by - said muscle cells.

2. Use of vectors according to Claim 1, characterized in that these vectors
are selected from defective adenoviruses, the genomes of which lack
essential sequences necessary for the replication of these adenoviruses, and
more particularly the EA and EB transactivators.

3. Use of vectors according to Claim 1 or Claim 2, characterized in that the
nucleic acid insert is included in a defective adenovirus genome
comprising nonetheless all of the essential sequences necessary for the
encapsidation of these adenoviruses.

4. Use of vectors according to one of the Claims 1 to 3, characterized in
that the nucleic acid insert is consntuted by all or part of a healthy gene for
dystrophin.

S. Use of vectors accordmg to one of the Claims 1 to 4 for the production
of a medicine designed for the treatment of Duchenne's muscular

. dystrophy.

- 6. Use of vectors accordmg to anyoneofthe Claims 1 to 3 for the
producuon of drug composlt ions for the treatment of cardiac diseases, characterize
in that the nucleic acid insert codes for a protein or polypeptide having
thrombolytic properties.

7. Recombinant vector characterized in that it is constituted by a defective
genome of an adenovirus, nonetheless comprising all of the essential
sequences necessary for the encapsidation of this adenovirus, and in which
is insetted a reg:ombinaﬁt nucleic acid, the diffusion of which into the



represent particularly preferred vectorsSn the framework of the rese nt

invention by virtue in particularly of the Iargel H MI!"HI MHE

fragnment which it is‘possSi.ble to insert into the i ruses.
¢l ud

Advant ageously, the above-nmentioned nucleic acid insert is inc ed in a

def ective ?gﬂﬁﬂf ReV cSacig Qﬁﬂig ences

necessary rﬁ %%t%l mP%q'udé?e ade oV and ar?lle%l arly

the EA andam%éﬂ’ fﬂﬁfs ‘émmﬁ Qy

i ncl udes abhnefmgmﬁmﬂsﬁfés@é mmeeEmvaﬂ rregm o dessi datlon

of these adenovir %ﬁ The ronD r used may be an endogenous pronoter (
genome of the adenov. _

for exanpl & _ .
- 8. Recombinant vector accordmg to Claim 7, characterized in that the

nucleic acid insert codes for a protein or polypeptide having thrombolytic

properties.

9. Pharmaceutical composition containing a recombinant vector according

to Claim 7 or Claim 8, in combination with a pharmaceutically acceptable
- vehicle.
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an edrly or late pronoter of the adenovirus used) or an exogenous pronoter.
It will be advantageous to have recourse to strong pronoters, for exanple
one havi ng about the sane strength as the pronoter contained in the LTR
(Long Term nal Repeat) of RSV (Rous Sarcoma Virus). As exanples of other
pronoters whose use nmay be considered, nention should be nmade of: - the
pronoter of the IE gene of CW (cytonegal ovirus) - the MMV (Muse Mammary
unor Virus) inducible pronoters or qﬁéﬁkkg%hionine pronot ers.

VIRAL RECOMBINANT VECTORS FOR EXPRESSION IN MUSCLE CELLS

Non-replicatable viral recombinant vectors which are recognizable by muscle cell
receptors, and furthermore modified by an insertion nucleic acid coding for a
polypeptide sequence to be expressed in said muscle cell, are used to obtain a drug
for treating muscle cell diseases or diseases which by virtue of their location in the
body, are accessible to the products of the expression of the above mentioned
nucleotide sequence, as secreted by said muscle cells. A method for producing said
vectors, vectors such as those described above, and their use in pharmaceutical

compositions are also provided.

This Sheet Has Been Re|i

R




The strength of the pronoter which is used may be estimated in assays
sinklar ¢o WOTR/igY28h are described in the exanpl es which fO||OWﬁCi
exanpl e by replaci'ng the-pronoter under study in the vectors of -the
exanpl es by the pronoter contained in the LTR of RSV and by the eval uation
of the intensity of expression of the marker obtained, an intensity which
can then be conpared with that obtai ned wiltlid tthe-pronoter. of LTR of RSV.
The amount of vectors adm nistered to the organismis advantageously chosen
so as to overwhel mthe imune systen1of the organisminto which they are
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inserted into the genone of the viral vector and the diffusion of which

'nto the AHRAE RECOMBINANT' VECTORS FOR EXPRESSION IN MUSCLE
| CELLS -

The invention relates to recombinant vectors of viral origin which
contain a nucleotide sequence coding for a specific polypeptide, and their
use for the expression of this polypeptide in muscle cells. The invention
also relates ta a procedure for producing these vectors, as well as to their
uses, in particular as medicines in the field of muscle diseases.

The hitherto unresoived problem of the direct diffusion of a gene
towards a specific tissue is an obstacle to the development of gene therapy
in the field of muscle diseases.

: The various attempts to modify muscle tissue performed lnr.herto
@ consist mainly of that involving fusion of muscle cells with a host cell

- (Salminen, A. et al., Hum. Gene Ther. 2, 15-26 (1991); Partridge, T.A. et
al., Nature 337, 176-179 (1989), and that ihvolving direct injection of DNA
into the muscles (Wolff, J.A. et al., Science 247, 1465_1468 (1991); .
Acsadi, G., New Biol. 3, 71-81 (1991)). .

The method proceeding by the fusion in mice of precursors of
muscle cells derived from a normal donor with muscle fibers of a host
(Partridge, T.A. et al., mentioned above) has been carried out with success
and this cellular therapy has been the sub]ect of preliminary trials in
children. However, this approach seems to present too many disadvantages
to be applicable to the treatment of muscle diseases. In fact, since the
migratory capacities of the precursor cells are reduced to a few millimeters,
- the cellular implantation of these latter would necessitate millions of

- injections requiring hours of anaesthesia. Inevitably, there would be the
risk of immunological problems leading to rejection phenomena occurring,
as in the case of very many grafts. In addition, the treatment of Duchenne’s
muscular dystrophy (DMD) not only requires making contact with the
skeletal muscles but also with the myocardial cells; the difficulties likely to
be encountered in implanting precursors of muscle cells in the myocardium.
can easily be imagined. Consequently, cellular therapy hardly seems to be -
appropriate for the treatment of diseased cells showing such dissemination

~ in the organism. |

Gene therapy by direct jn vivo introduction of nucleic acids into the
interior of orgaas is an attractive method on account of its simplicity, but
its development is confronted with a number of obstacles. In particular, the
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The aim of the presem: invention is precisely to make possible the
introduction of a very large number of nucleic acids into a considerable
number of muscle cells (up to S0% or more) of a human or animal
organism, whether these muscle cells be those of skeletal muscle or those
of the myocardium.

The present invention relates mare pamcularly to the transport of
nucleic acids to target muscle cells by the blood, while protea:mg these
nucleic acids against attack by various blood constituents.

Another aim of the present invention is to make available to the

" public pharmaceutical compositions which make possible the trearment of

muscle diseases, and more particularly genetic diseases of the muscle
system, or also diseases, the localization of which in the organism makes
them accessible to the expression products of the above-mentioned nucleic
acids, these products being secreted by the said muscle cells. '

The present invention follows from the discovery made by the

 inventors of the fact that beta-galactosidase activity is found in many

tissues after injection into mice of recombinant vectors of viral origin,

- more particularly of adenoviral origin, into the genome of which the gene

)

coding for beta-galactosidase has been inserted. Such tissues include the
lungs, liver, intestine, heart and the skeletal muscles. The expression of the
gene for beta-galactosidase is constant with time, since the proportion of
blue-coloured cells (colour obtained subsequent to gene expression) in the
muscle tissue is more or less the same from one month to the next.

Figure 1 shows an example of the construction of a recombinant
vector according to the invention and corresponding to a type AdS
adenovirus, into the genome of which the gene for beta-galact.osxdase has
been inserted under the control of the RSV promoter.

The subject of the present invention is the use of recombinant
vectors of viral origin, incapable of replication and likely to be recognized
by the receptors of human and animal muscle cell which can be infected by
these viruses, these vectors being additionally modified by a nucleic acid
insert containing a nucleotide sequence which codes for a polypeptide
sequence, the expression of which in the said muscle cells is sought, this
sequence being under the control of a promoter recognized by the
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heal thy "gene for dystrophin. The introdugtion of the entire gene for
dystrophln or even of any part of this gene which codes for a polypeptide
conserV|ng an activity simlar to that of the whole protein can be carried
out in accordance with a'nethod identical wth that described hereafter for

ot her t narPOLTIERESE &%@”eﬂﬁﬁebﬁépﬁoé#{ oal nhee; FORELH o ahi 28 v
the pr eserﬁdmmgmem enaraly ioflatlyethie hmesscw gi nating
o' pr oduc SouF ARl SUR, a&% Shib ke 15 s hafi $tr”%n%*8 L
preventi ormukcle cells or dxseasa the localization of which in the organism makes

them accessible to the expression products of the above-mentioned nucleic

acids and secreted by the said muscle cells.

The adenoviruses, in particular the human adenoviruses type 2 or §
represent particularly preferred vectors in the framework of the present
invention by virtue in particularly of the large size of the foreign DNA
fragment which it is possible to insert into the genome of these viruses.

Advantageously, the above-mentioned nucleic acid insert is included
in a defective genome of an adenovirus, this genome lacking essential
sequences necessary for the replication of these adenoviruses, and more

(e particularly the EA and EB transactivators; nonetheless, this genome
preferentially includes all of those essential sequences necessary for the
encapsidation of these adenoviruses.

The promoter used may be an endogenous promoter ( for example,
an early or late promoter of the adenovirus used) or an exogenous
promoter.

It will be advantageous to have recourse to strong promoters, for
example one having about the same strength as the promoter contained in
the LTR (Long Terminal Repeat) of RSV (Rous Sarcoma Virus).
| As examples of other promoters whose use may be considered,

~ mention should be made of :

©i - the promoter of the IE gene of CMV (cytomegalovirus)
- the MMTV (Mouse Mammary umor Virus) inducible promoters or
metallothionine promoters. |

The strength of the promoter which is used may be estimated in

assays similar to those which are described in the examples which follow,
for example by replacing the promoter under study in the vectors of these

. examples by the promoter contained in the LTR of RSV and by the
evaluation of the intensity of expression of the marker obtained, an
intensity which can then be compared with that ohtamed with the-promoter
of LTR of RSV.

The amountof vectors administered to the organism is
advantageously chosen so as to ‘overvhelm the immune system of the organism

into which they are injeaed REPLACEMENT SHEET
is Sheet Has Been Rerlaced '

IIIIIIIIIIIIIII\IIII\ I 3 1007 98

s




infarcts and phlebites are nore partic#tarly characterized in that the
nucl eic acid insert conprises a nucl eotide sequence coding for a thronbo-

| ytic substance. The |l atter sequence is advantageously preceded by a signal
sequence whi ch codes for a peptide signal which ensures the secretion of

the thronbol y“Aﬂ%ﬁEﬁ%@lﬁ%&&dﬁﬁbﬁaﬂmﬁm kelech® ittt i on al so
rel ates tg any recg&bi ant “Vecfor characterized in that it is.cpnstituted
of the defsaewerkoidne presest mysabion isdhe JAPAVERQYS opankppdraaLroule;

t he essent [ al S AGHERE the WEARSES aff ekt t,ﬁgsﬁameplsi,ﬂagﬁgﬂe@hbbbé§ a_denoV"i rus,
ahi ch i3 dRRAHQ Y BRUTAdE AfcE RS dishrsth TRATL Ry BRkscutasdviropty. °" ©
Consequently, the nucleic acid inserted into the genome of the viral
vector and the diffusion of which into the muscle mass is desired,
comprises a nucleotide sequence coding for a polypeptide capable of
treating the disease in question, and more particularly of playing the role in
the muscle cell of the polypeptide normally present in a healthy ceil, but
the deficiency of which is due either to an abnormally low level or the
complete failure of the production of this polypeptide, or to an error in its
amino acid sequence which results from genetic anomalies in its coding
nucleotide sequence.

. Vectors according to the invention used to produce a medicine
designed for the treatment of muscular dystrophy are more particularly
characterized in that the nucleic acid insert is constituted by all or part of 2
healthy gene for dystrophin. The introduction of the entire gene for
dystrophin or even of any part of this gene which codes for a polypeptide
conserving an activity similar to that of the whole protein can be carried
out in accordance with a method identical with that described hereafter for
the introduction of the gene for beta-galactosidase,

As examples of diseases other than muscle diseases, susceptible to
treatment in the framework of the present invention, mention may be made
—_ of the thromboses originating from infarctuses or also phlebites.

R Vectors according to the invention used to produce a drug.

n designed for the treatment of thromboses and for the prevention of
infarcts  and phiebites are more particularly characterized in that the
nucleic acid insert comprises a nucleotide sequence coding for a thrombo-
lytic substance. The latter sequence is advantageously preceded by a signal
sequence which cades for a peptide signal which easures the secretion of

. the thrombolytic-substance outside the muscle cell.-

The invention also relates to any recombinant vector characterized in
that it is constituted of the defective genome of an adenovirus comprising,
nonetheless, all of the essential sequences necessary for the encapsidation
of this adenovirus, and into which is inserted a recombinant nucleic acid,
the diffusion of which is desired in the muscle mass, this nucleic acid being

. .wdgma-eqmol of a promoter capable of being recognized by the
REPLACEMENT SHEET -
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pl aced ‘'under the control of a pronoter &apabl e of being recogni zed by t he

5 pol ynerases of the nuscle cells, in particular by the strong pronoter of

the E1A early redion of the genone of the adenoviruses. A preferred
reconbi nant vector of the invention i's characterized in that this

r econbi ”aﬂbly}ﬂﬁlﬂb‘j At fn¥sEINEdlis, fh HhrvuRk lbyothedténg profrotaeos ther

dystrophi

-1

VD

E1A early region of the genome of the adenoviruses.

A preferred recombinant vector of the invention is characterized in ~
that this recombinant nucleic ac1d is constituted by all or part of the gene
for dystrophin.

The invention also relates to pharmaceutical compositions consisting
one or more recombinant vectors such as those described above, in
combination with a pharmaceutically acceptable vehicle. |

The subject of the invention is also a procedure for producing the
recombinant vectors described above which comprises, after the
construction stage itself of these vectors by the introduction of
the nucleic acid insert into their genome, a transformation step of
transformable cell lines of higher eukaryotes (particularly of human or

animal origin), themselves carrying a distinct nucleotide sequence capable

of complementing the part of the genome of the adenovirus essential for
the replication thereof and which the above-mentioned vector lacks,
the said distinct sequence being preferably incorporated into the genome of
the cells of the said cell line. .

As a preferred example of such cell lines, mention should be made of
line 293, a human embryonic kidney line which contains, integrated into its
genome, the first eleven percent of the lefthand end of the genome of an
AdS. This portion complements defective recombinant viruses which bear
deletions in this region. Such a production procedure is more particularly
described in the European patent application No. 0 185 573 of 20/11/85.

After transformation of these cell lines, the vectors which are thus
multiplied are recovered and purified.

The present invention will be illustrated more particularly with the
aid of the detailed description which follows of the construction of
recombinant adenovirus vectors comprising the gene coding for beta-
galactosidase, and of the properties of this adenovirus vector.

1. Construction of the recombinant adenovirus, Ad-RSV-beta-gal, by
means of in vivo recombination.

This recombinant adenovirus was constructed by homologous
recombination between a suitable plasmid and the genome of a type 5
(AdS) adenovirus. In this construction, the gene for beta-galactosidase is
placed under the control of the RSV (Rous Sarcoma Virus) promoter. The
plasmid pAJRSV 'Sgal ' contains the Pvull segment of the lefthand end
of the AdS (segmem: situated between the positions 0 and 1.3 of the

-
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The invention also relates to pharnaceui cal conpositions consisting one or
mare reconbi nant vectors such as those descri bed above, in conbination with
a pharmaceutical ty .acceptabl e vehicle. The subject of the invention is also
a procedure for producing the reconblnant vectors descri bed above which

Fhe’t i cRiagead in FEEE 1)\ cphSheYR0Rvelte %‘tmﬁ gepest, TRERAGH 6 © Y
transf or rmplmngnepnoapndangn@gwsandeme anplifiesrEls; Jinis feagmentoises
(particul ?”i"iﬂ%l ?ﬂ ctifed in!BEARELY.C. wag YPRSc.aNgISt i et
Reenovi r u@czsggg‘. USA 0198 083080 ' k' el Tor b%:a.gafac%{%&%résee" the
: and by a fragment of the adenovirus AdS situated between the positions 9.4
and 17 of the plasmid of Figure 1.
The values of the positions 1.3, 9.4 and 17 indicated above are units
indicating the number of base pairs included within these fragments, one
unit representing 360 base pairs. o
The AdS sequence situated between the above-mentioned positions
9.4 and 17 allows recombination with the adenovirus d1324 treated by the
restriction enzyme Clal (corresponding to a deletion mutant E3; the
deletion being made between the positions 78.4 and 84.3 of the genome of
- the adenovirus showa in Figure 1), after transfection of 293 cells (human
embryonic kidney cells transformed by the adenovirus and mentioned -
above) in order to generate the recombinant vector Ad-RSV-betagal. The
nistacZ gene is controlled by the RSV LTR promater and possesses the
polyadenylation signal of the SV40 virus. The recombinant virus thus -

obtained is incapable of replicating on account of the deletion of the El
genes.

™~

2. Study of the transfer of the gene to the organs of the mouse
through the intermediary of the adenovirus.
Four day old Balb/C mice are given an intravenous injection of 20-
_ 40 microliters of highly purified recombinant adenovirus Ad-RSV-betagal
(109 plaque-forming units : PFU/ml) , the organs were excised 15 days
- after the injection and treated with 4% paraformaldehyde in a phosphate
- buffer for 30 minutes. After being rinsed, the organs were incubated
overnight at 30°C in a X-gal solution. The whole organs were then frozen
and treated appropriately so that cryosections (10 micrometers thick) could
be prepared and these sections were stained with the aid of hematoxylin
and eosin.

The demeonstration by means of histochemical staining in the manner
indicated above of beta-galactosidase activity in the sections prepared
indicates the presence of the gene inserted into the adenovirus vector.
in the cells of the excised organs. | |
The macroscopic examination of the heart as well as the skeletal muscles
excised from these treated mice reveals the great efficiency with which this

[ as made after only one m]ecnon of the recombinape—
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the replication thereof and which the abpve-nentioned vector |acks, the
sald di sti-nct sequence being preferably incorporated into the genone of the
cell's of the said cell line. As a preferred exanple of such cell I|ines,
nmention shoul d be made of line 293, a human enbryonic kidney line mhlch

of t hand SHERGPeRRC Th TuntiaciE e e s the SnfisRnRER Hidle BdeX
reconbi naif the facethatithelvitetarectod i3 noncondentizted ieginyrp atﬁnutarezque)dﬂct i on
e TR e ST
vector s withe muscletrass. The histochemical staining leads to estimates that the
number of transformed cells in some zones atains as much as50% of the
number of muscle cells present in this zone.

The expression of beta-galactosidase in the myocardium as well as in
the skeletal muscles is perfectly stable. It was possible to observe positive
stains 15, 33, 55, 66, 90, 127 and 150 days after the injection of the
recombinant adenovirus. The expression of the gene seems ta be constant -
as a function of time since the proportion of blue cells in the muscle tissues
seem to be more or less the same from one month to the next.

The analysis of isolated muscle fibers reveals that a single fiber is

.-:, likely to offer many "centers of expression”.
Analyses by (Southern) immunoblot performed on the heart of a
. treated mouse have led to the demonstration of an intense and unique band
at 35 kbp indicating that the viral DNA introduced into the muscie cells is
essentially extrachromosomal.
0 | - |REPLACEMENT SHEET
-
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rrul-tipl-‘i ed are recovered and purified. Té\e present invention will be
illustrated mere—partieutarty—with the aid of the all.ed. description

which fol | ows 9& £
conprising the

of this adenoviﬂ“
Ad- RSV- bet a- gal , _ . .
adenovirus was constructed by honol ogous reconbi nat kea.betyeen a

he .const ruction of reconbi nant JREFPACFUENE LTS
_ heetl-ﬁsgeen"?%cecgeta-' gal act osi dasq, [ -— Se_rties
mﬂﬁﬂﬂl Construction of the rgcoy I pant adepoyi rus,

n vivo reconbinatiod. {T Gt a9 n

suj t abl e

pl asmi d and the genone of a type 5 (Ad5) adenovirfs. In this CORStrpucti on,

the gene for beta-gal actosidase is CLAIMS

1. Use of recombinant vectors of viral origin, incapable of replication and
capable of being recognized by the receptors of human and animal muscle
cells which can be infected with these viruses, these viruses being in
addition modified by a nucleic acid insert containing a nuclectide sequence

‘coding for a polypeptide sequence, the expression of which in the said

muscle cells is sought  this sequence being under the control of a promoter
recognized by the polymerases of these cells for the production of a drug
camposition Which can be administered by the - géneral route, in particular
the intravenous or intraarterial route, and is designed for the treatment of either
diseases affecting the muscle cells or diseases, the localization of which in
the organism makes them accessible to the expression products of the
above-mentioned nucleotide sequence secreted by " said muscle cells.

2. Use of vectors according to Claim 1, characterized in that these vectors
are selected from defective adenoviruses, the genomes of which lack -
essential sequences necessary for the replication of these adenoviruses, and
more particularly the EA and EB transactivators. |

3. Use of vectors according to Claim 1 or Claim 2, characterized in that the

- nucleic acid insert is included in a defective adenovirus genome

comprising nonetheless all of the essential sequences necessary for the
encapsidation of these adenoviruses.

4. Use of vectors according to one of the Claims 1 to 3, characterized in
that the nucleic acid insert is constituted by all or part of a healthy gene for
dystrophin. '

5. Use of vectors according to one of the Claims 1 to 4 for the production

of a medicine designed for the wearment of Duchenne's muscular
dystrophy.

- 6. Use of vectors according to any one of the Claims 1 to 3 for the

producrion of drug compositions for the treatment of cardiac diseases, characterize«
in that the nucleic acid insert codes for a protein or polypeptide having

thrombolytic properties. _

7. Recombinant vector characterized in that it is constituted by a defective

genome of an adenovirus, nonetheless comprising all of the essential

sequences necessary for the encapsidation of this adenovirus, and in which

is inserted a recombinant nucleic acid, the diffusion of which into the |
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pl aced ‘'under the control of the RSV ( Roug Sar coma Vi rus) pronoter. The

D s dahent st Loat ko oex e the pomt i sed™o wn AMHUN NI ER: o5t 6°

in Figure 1) conprising theiznverted termi nal repeat,: fheorf gisn of .

o e oaihvahae i yort e gl ke bacSh e AL S AVEL '
a promoter capable of being recogmzed by the polymerases of the muscle
cells, in particular the strong promoter of the E1A early region of the
genome of the adenoviruses.

8. Recombinant vector according to Claim 7, characterized in that the
nucleic acid insert codes for a protein or polypeptide having thrombolytic
properues

9. Pharmaceutical composition containing a recombma.n: vector according
to Claim 7 or Claim 8, in combination with a pharmaceuucally acceptable
vehicle..
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Acad. Sci. USA, 1987, 84, 6795-6799) which codes for beta-gal actosi dase,
and by a fragnent of the adenovirus “Ad5 situated between the positions 9.4
and 17 of the plasmd of Figure 1. The values of the positions 1.3, 9.4 and
17 indicated above are units indicating the nunber of base pairs included
wi thin these fragnents, one unit representing 360 base pairs. The Ad5
sequence situated between the above-nentioned positions 9.4 and 17 all ows
reconbi nation with the adenovirus d1324 treated by.the restriction enzyme

Clal (corresponding to a deletion miggfiadss; the del etion being made -
bet ween the positions 78.4 and 84. 3““T‘Tﬁe genone of

VIRAL RECOMBINANT VECTORS FOR EXPRESSION IN MUSCLE CELLS

Non-replicatable viral recombinant vectors which are recognizable by muscle cell
receptors, and furthermore modified by an insertion nucleic acid coding for a
polypeptide sequence to be expressed in said muscle cell, are used to obtain a drug
for treating muscle cell diseases or diseases which by virtue of their location in the
body, are accessible to the products of the expression of the above mentioned
nucleotide sequence, as secreted by said muscle cells. A method for producing said
vectors, vectors such as those described above, and their use in pharmaceutical

compositions are also provided.

Figure 1

————————
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t he: adénOV|rus shown in Flgure 1), after transfection of 293 cells (human
enbryoni c kidney cells transforned. by t’he adenovirus and nentioned above)
in order to generate the recombi nant vector Ad- RSV- bet agal . The ni sl acZ
gene is controlled by the RSV LTR pronoter and possesses the

pol yadenyl ati on signal of the SvV40 virus. The reconbinant virus thus
obtained is incapable of replicating on dcdodnt of the deletion of the El
genes. 2. Study of the transfer of the gene to the organs of-the nouse
“through the internediary of ‘the adenovirus. Four day old Balb/C nice are
given an intravenous injection of 20- pigyrE 1

= o w
2 8
& 2 e
8 w o
B 2 . o
= = E- S
= o =-
= =
a g
=
- ' E
ol en o o= enm— -
™-
=
3 -
=] <
(=]
E, o
= q
o
' X!
ik
- |
REPLACEMENT SHEET
31 0cT W9 - mﬁ iiiietli;ii||sein lieiliced



40 mcroliters of highly purified recombi nant adenovirus Ad- RSV-bet agal
(109 plaque-formng units : PFUmM) , the organs were excised 15 days after
the ijjection and treated with 4% par af or mal dehyde i n a phosphate buffer
for 30 n¥nutes. After being rinsed, thejrgans were incubated overnight at
[err]. in a X-gal solution. The whol e organs were then frozen and treated
appropriately so that cryosections (10 mcroneters thick) could be prepared
and these secti.ons were stVIRALL RECOMBINANT MECTORSxyl in and eosin. The

denonstration by neans of Hhi cheni cal ai ni \ eosin 1
above of beta-gal act osi dEQBE@ﬁ?Bé&SﬁN f*ﬂgéﬁéﬁéﬁﬁmﬂﬁr nnareate

The invention relates to recombinant vectors of viral origin which

contain a nucleotide sequence coding for a specific polypeptide, and their

- use for the expression of this polypeptide in muscle cells. The invention
also relates to a procedure for producing these vectors, as well as to their
uses, in particular as medicines in the field of muscle diseases.

The hitherto unresolved problem of the direct diffusion of a gene
towards a specific tissue is an obstacle to the development of gene
therapy in the field of muscle diseases.

The various attempts to modify muscle tissue performed hitherto
consist mainly of that involving fusion of muscle celis with a host cell
(Salminen, A. et al., Hum. Gene Ther. 2, 15-26 (1991); Partridge, T.A. et
al., Nature 337, 176-179 (1989), and that involving direct injection of DNA
into the muscles (Wolff, J.A. et al., Science 247, 1465_1468 (1991);
Acsadi, G., New Biol. 3, 71-81 (1991)). ' _

The method proceeding by the fusion in mice of precufsors of muscle
cells derived from a normal donor with muscle fibers of a host (Partridge,
T.A. et al., mentioned above) has been carried out with success and this
cellular therapy has been the subject of preliminary trials in children.
However, this approach seems to present too many disadvantages to be
applicable to the treatment of muscle diseases. In fact, since the 'migratory
capacities of the precursoi’ cells are reduced to a few millimeters, the
cellular implantation of these latter would necessitate millions of injections
requiring hours of anaesthesia. Inevitably, there would be the risk of
immunological problems leading to rejection phenomena occurring, as in
the case of very many grafts. In addition, the treatment of Duchenne's
muscular dystrophy (DMD) not only requires making contact with the
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I ndi cates the presence of the gene inserted into the adenovirus vector. in
the cells of the excised organs. The macroscopi ¢ exam nation of the_ heart
as well as'the skeletal muscles excised fromthese treated mice reveals the
great efficiency with which this gene transfer was made after only one
i njection of the reconbi nant 7 adenovirus. The significance of the
choi ce of the jntravenous route resides -

skeletal muscles but also with the myocardial cells; the difficulties likely to

be encountered in implanting precursors of muscle cells in the myocardium
can easily be imagined. Consequently, cellular therapy hardly seems to be
appropriate for the treatment of diseased cells showing such dissemination
in the organism. .

Gene therapy by direct jn_vivo introduction of nucleic acids into the
interior of organs is an attractive method on account of its simplicity, but its
development is confronted with a number of obstacles. In particular, the
expression of genes in the muscles remains’ localised at the site of
injection (Wolff, J.A. et al., mentioned above) and seems to be of quite
limited duration, particularly in cardiac muscle (Acsadi, G. et al., mentioned
above). '

The aim of the present invention is precisely to make possible the
introduction of a very large number of nucleic acids into a considerable
number of muscle cells (up to 50% or more) of a human or animal
organism, whether these muscle cells be those of skeletal muscle or those

| of the myocardium. o

The present invention relates more particularly to the transport of
nucleic acids to target muscle cells by the blood, while protecting these
nucleic acids against attack by various blood constituents.

Another aim of the present invention is to make available to the public
pharmaceutical compositions which makg possible the treatment of muscle
diseases, and more particularly genetic diseases of the muscle system, or
also diseases, the localization of which in the organism makes them
accessible to the expression producs of the above-mentioned nucleic
acids, these products being secreted by the said muscle cells.

The present invention follows from the discovery made by the
inventors of the fact that beta-galactosidase activity is found in many
tissues after injection into mice of recombinant vectors of viral origin, more

REPLACEMENT SHEET
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in the fact that the viral

vector is not concentrated in any particul ar

zone ,of the nuscle tissue but, conversely, it is favourably distributed
the muscle mass. The bistochem cal staining |eads to esti mat es
t hat the nunber of transformed cells in some zones attains as nuch as 50%
of the nunber of nuscle cells present i1 this zone. The expression of
tosidase in the nmyocardiumas well as in the skel etal nuscles S

-throughout

bet a- gal ac
perfectly
66, 90, 127P
The expres
t he propor

5,
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liver, intestine, heart and the skeletal muscles. The expression of the gene
for beta-galactosidase'is constant with time, since the proportion of blue-
coloured cells (colour obtained subsequent to gene expression) in the
muscle tissue is more or less the same from one month to the next.

Figure 1 shows an example of the construction of a recombinant
vector according to the invention and corresponding to a type AdS5
adenovirus, into the genome of which the gene for beta-galactos;dase has
been inserted under the control of the RSV promoter.

The subject of the present invention is the use of recombinant vectors
of viral origin, incapable of replication and likely to be recognized by the
receptors of human and animal muscle cell which can be infected by these
viruses, these vectors being additionally modified by a nucleic acid insert
containing a nucleotide sequence which codes for a polypeptide sequence,
the expression of which in the said muscle cells is sought, this sequence
being under the control of a promoter recognized by the polymerases of
these cells, for the production of drug compositions which can be
administered by the general route, particularly the intravenous or
intraarterial route, and designed for the treatment of either diseases
affecting muscle cells or diseases, the localization of which in the organism
makes them accessible to the expression products of the above-mentioned
nucleic acids and secreted by the said muscle cells.

The adenoviruses, in particular the human adenoviruses type 2 or 5

represent particularly preferred vectors in the framework of the present'

invention by virtue in particularly of the large size of thé foreign DNA

- fragment which it is possible to insert into the genome of these viruses.

Advantageously, the above-mentioned nucleic acid insert is included

si nce

in a defective genome of an adenovirus, this genome lacking essential
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seemto be nore or less the same fromone nonth to the next. The anal ysis
of isolated nuscle fibers reveals that a single fiber is likely to offer
many "centers of expression". Analyses by (Southern) inmmunobl ot per f or med
on the heatt of a treated nouse have led to the denonstration of an intense
and uni que band at 35 kbp indicating that the viral DNA introduced into the
muscle cells is essentially extrachronosonal . -

. sequences necessary for the replication of these adenoviruses, and more
particularly the EA and EB transactivators; nonetheless, this genome
preferentially includes all of those essential sequences necessary for the
encapsidation of these adenoviruses.

The promoter used may be an endogenous promoter (for example, an
early or late promoter of the adenoviruses used) or an exogenous
promoter.

It will be advantageous to have recourse to strong promoters, for
example one having about the same strerigth as the promoter contained in
the LTR (Long Terminal Repeat) of RSV (Rous Sarcoma Virus).

As examples of Other promoters whose use may be considered,
mention should be made of:

- the promoter of the IE gene of CMV (cytomegalovirus)
- the MMTV (Mouse Mammary umor Virus) inducible promoters or
metallothionine promoters.

The strength of the promoter which is used may be estimated in
assays similar to those which are described in the examples which follow,
for example by replacing the promoter under study in the vectors of these
examples by the promoter contained in the LTR or RSV and by the
evaluation of the intensity of expression of the marker obtained, an
intensity which can then be compared with that obtained with the promoter
of LTR of RSV. ‘

The amount of vectors administered to the organism is
advantageously chosen so as to overwhelm the immune system of the
organism into which they are injected.

Advantageously, the route of administration selected in the framework
of the present invention is the intravenous or intraarterial route.

Among the diseases affecting muscle cells mentioned above, mention
may be made of genetic diseases such as muscular dystrophy.
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8 CLAIM5S 1. Use of reconbinant vectors of viral origin, incapable of
replication and capabl e of being recognized by the receptors of human and
-ani mal- nmuscle cells which can be infected with these viruses, these viruses
being in addition nodified by a nucleic gmﬂciinsert contai ning a nucl eotide
sequence coding for a polypeptide sequence, the expression of which in the
said nuscle cells is sought . this sequence being under the-control of a

pronot er recog@m\ﬂ?_emlw tive Inutteiesacidohstttedanteithe denorheeofthrrdviral on of
a drug conposition i ch can be admi nistered by the general route, in
particul ar vector and the diffusion of which into the mu_scge mass is desired,
comprises a nucleotide sequence coding for a polypeptide capable of
treating the disease in question, and more particularly of playing the role in
the muscle cell of the polypeptide normally present in a healthy cell, but
the deficiency of which is due either to an abnormally low level or the
complete failure of the production of this polypeptide, or to an error in its
amino acid sequence which results from genetic anomalies in its coding
nucleotide sequence. _

Vectors according to the invention used to produce a medicine
designed for the treatment of muscular dystrophy are more particularly
characterized in that the nucleic acid insert is constituted by all or part ofa
healthy gene for dyétrophin. The introduction of the entire gene for
dystrophin or even of any part of this gene which codes for a polypeptide
éonserving an activity similar to that of the whole protein can be carried out
in accordance with a method identical with that described hereafter for the
introduction of the gene for beta-galactosidase.

As examples of diseases other than muscle diseases, susceptible to
treatment in the framework of the present invention, mention may be made
of the thromboses originating from infarctuses or aiso phlebites.

Vectors according to the invention used to produce a drug, designed
for the treatment of thromboses and for the prevention of infarcts and
phlebites are more particularly characterized in that the nucleic acid insert
comprises a nucleotide sequence coding for a thrombolytic substance.
The latter sequence is advantageously preceded by a signal sequence
which codes for a peptide signal which ensures the secretion of the
thrombolytic substance outside the muscle cell.

The invention also relates to any recombinant vector characterized in
that it is constituted of the defective genome- of an adenovirus comprising,
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the intravenous or intrarterial route, and is designed for the treatnent of
ei ther diseases affecting the nuscle cells or diseases, the |ocalization of
whi ch in the organi sm makes them accessible to the expression products of

t he aboveé-‘nenti oned nucl eoti de sequence secreted by said nuscle cells.

2. Use of vectors according to Claiml, gharacterized in that these vectors
are selectéd from defective adenoviruses, the genones of which |ack
essential sequences necessary for the repI i cation of these adenoviruses,

and nore pafenethelgss, talk ©f the cessenlidacsequences pecessany farct thes

B T L T

nucleic acid, the diffusion of which is desired in the muscle mass, this
nucleic acid being placed under the control of a promoter capable of being
recognized by the polymerases of the muscle cells, in particular by the
- strong promoter .of the E1A early region of the genome of the
“adenoviruses.

A preferred recombinant vector of the invention is characterized in that
this recombinant nucleic acid is constituted by all or part of the 'gene for
dystrophin.

The invention also relates to pharmaceutical compositions consisting
one or more recombinant vectors such as those described above, in
combination with a pharmaceuticallly acceptable vehicle.

‘The subject of the invention is also a procedure for producing the
recombinant vectors described above which comprises, after the
construction stage'itself of these vectors by the introducion of the nucleic
acid insert into their genome, a transformation step of transformable cell
lines of higher eukaryotes (particularly of human or animal origin),
themselves carrying a distinct nucleotide sequence capable of .
complementing the part of the genome of the adenovirus essential for the
replication thereof and which the above-mentioned vector lacks, the said
distinct sequence being preferably incorporated into the genome of the
cells of the said cell line. .

As a preferred example of such cell lines, mention should be made of
line 293, a human embryonic kidney which contains, integrated into its
genome, the first eleven percent of the lefthand end of the genome of an
Ad5. This portion complements defective recombinant viruses which bear
deletions in this region. Such a production procedure is more particularly
described in the European patent application No. 0 185 573 of 20/11/85.
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conprising nonetheless all of the essential sequences necessary for the
encapsi dation of these adenoviruses. 4. Use of vectors according to one of
the aims 1 to 3, characterized in that the nucleic acid insert is
constituted by all or part of a healthy gene for dystrophin. 5. Use of
vectors aceording to one of the Clains7l to 4 for the production of a
nmedi ci ne designed for the treatnent of Duchenne's nuscul ar dystrophy. 6.

of dr g conpobfer craniamefiof; bt e el fings.cine: vackdsowbich eff B8 s ea ™
multiplied are recovered and purified.
The present invention will be illustrated more particularly with the aid
of the detailed description which follows of the construction of recombinant
.- adenovirus vectors comprising the gene coding for beta-galactosidase,
- and of the properties of this adenovirus vector.

1. Construction of the recombinant adenovirus, Ad-RSV-beta-gal, by
means of in vivo recombination.

This recombinant adenovirus was constructed by homologous
recombination between a suitable plasmid and the genome of a type 5
(Ad5) adenovirus. In this contruction, the gene for beta-galactosidase is
placed under the control of the RSV (Rous Sarcoma Virus) promoter. The
plasmid pAdRSV 'Bgal' contains the Pvull segment of the lefthand end of
the Ad5 (segment situated between the positions 0 and 1.3 of the plasmid
in Figure 1) comprising the inverted terminal repeat, the origin of
replication, encapsidation signals and the amplifier Ela. This fragment is
followed by a nislacZ gene (described in Bonnerot, C; et al., Proc. Natl.
Acad. Sci. USA, 1987, 84, 6795-6799) which codes for beta-galactosidase,
and by a fragment of the adnovirus Ad5 situated between the positions 9.4 .
and 17 of the plasmid of Figure 1.

The values of the positiohs 1.3, 9.4 and 17 indicated above are units
indicating the number of base pairs included within these fragments, one
unit representing 360 base pairs.

The Ad5 sequence situated between the above-mentioned positions
9.4 and 17 allows recombination with the adenovirus di324 treated by the
restriction enzyme Cla I (corresponding to a deletion mutant E3; the

 deletion being made between the positions 78.4 and 84.3 of the genome of
the adenovirus shown in Figuré 1), after transfection of 293 cells (human
embryonic kidney cells transformed by the adenovirus and mentioned
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in-that the nucleic acid insert codes for a protein or polypeptide having

t hronbol yti

constituf

adenoviru
di f fusi on
bei ng pl a

tic properties. 7. Reconbinant vector characterized in that

s,- and in which is inserted a reconbi nant nucleic acid, the
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nislacZ gene is controlled by the RSV LTR promoter and possesses the
polyadenylation signal of the SV40 virus. The recombinant virus thus
obtained is incapable of replicating on account of the deletion of the E1
genes.

| 2. Study of the transfer of the gene to the organs of the mouse
through the intermediary of the adenovirus.

Four day old Balb/C mice are given an intravenous injection of 20-40
microliters of highly purified recombinant adenovirus Ad-RSV-betagal (1 o°
plaque-forming units: PFU/ml), the organs were excised 15 days after the
injection and treated with 4% parafonnaldehyde in a phosphate buffer for
30 minutes. After being rinsed, the organs were incubated ovemight at
30°C in a X-gal solution. The whole organs were then frozen and treated
appropriately so that cryosections (10 micrometers thick) could be
prépared and these sections were stained with the aid of hematoxylin and
eosin. .

The demonstration by means of histochemical staining in the manner
indicated above of beta-galactosidase activity in the sections prepared
indicates the presence of the gene inserted into the adenovirus vector in
the cells of the excised organs.

The macroscopic examination of the heart as well as the skeletal
muscles excised from these treated mice reveals the great efficiency with
which this gene iransfer was made after only one injection of the
recombinant adenovirus. The significance of the choice of the intravenous
route resides in the fact that the viral vector is not concentrated in any
particular zone of the muscle tissue but, conversely, it is favourably

 distributed throughout the muscle mass. The histochemical staining leads

to estimates that the number of transformed cells in some zones attains as
much as 50% of the number of muscle cells present in this zone.

It

S

ed by a defective genome of an adenovirus, nonethel ess conprising

all of the essential sequences necessary for the encapsidation of this



a pronoter capable of being recogni zed by the pol ynerases of the nuscle
cells, in particular the strong pronoter of the E1A early region of the
-genonme of the adenoviruses. 8. Reconbi nant vector according to Claim?7,
characterd zed in that the nucleic acid insert codes for a protein or

pol ypepti de having thronbolytic propertyes. 9. Pharmaceutical conposition
cont’ai ni ng a reconbi nant vector according to Caim7 or Clai-m8, in
conbi nation with a pharnaceutically acceptabl e vehicle.

The expression of beta-galactosidase in the myocardium as well as in
the skeletal muscles is perfectly stable. It was possible to observe positive
stains 15, 33, 55, 66, 90, 127 and 150 days after the injection of the
recombinant adenovirus. The expression of the gene seems to be
constant as a function of time since the proportion of blue cells in the

" muscle tissues seem to be more or less the same from one month to the
next.

The analysis of isolated muscle fibers reveals that a single fiber is
likely to offer many "centers of expression".

Analyses by (Southemn) immunoblot performed on the heart of a
treated mouse have led to the demonstration of an intense and unique
band at 35 kbp indicating that the viral DNA introduced into the muscle
cells is essentially extrachromosomal.




CLAI MS 1.

capabl e of being recognized by the receptors of human and ani nal
muscle cells l e of

nucl ei c -acid se ue ce encodl ng a pol ype
conposi tian whi

lcedd by th I ntravenous or intraarterial
for thetreatrren affectlngtherm '
sequence is unde of a PIGIRIMS T ecC ﬁ?%%@HE T @ﬁy 1

said nuscle cells and

Use of nonreplicative reconbinant viral vectors which are

1. Use of recombinant vectors of viral origin, incapable of replication and
capable of being recognized by the receptors of human and animal muscle

target
ang—are-—capable of infecting these target cells conprising a

tide for the production of a drug

route

cells which can be infected with these viruses, these viruses being in

* addition modified by a nucleic acid insert containing a nucleotide sequence

coding for a polypeptide sequence, the expression of which in the said
muscle cells is sought this sequence being under the control of a promoter
recognized by the polymerases of these cells for the production of a drug
composition which can be administered by the general route, in particular

the intravenous or intraarterial route, and is designed for the treatment of

either diseases affecting the muscle cells or diseases, the localization of
which in the organism makes them accessible to the expression products
of the above-mentioned nucleotide sequence secreted by said muscle
cells.

2. Use of vectors according to Claim 1, characterized in that these vectors
are selected from defective adenoviruses, the genomes of which lack
essential sequences necessary for the replication of these adenoviruses,
and more particularly the EA and EB transactivators.

3. Use of vectors according to Claim 1 or Claim 2, characterized in that the
nucleic acid -insert is included in a defective adenovirus genome
comprising nonetheless all the essential sequences necessary for the
encapsidation of these adenoviruses.

4. Use of vectors according to one of the Claims 1 to 3, charaéterized in

that the nucleic acid insert is constituted by all or part of a healthy gene for -

dystrophin.

. 5. Use of vectors according to one of the Claims 1 to 4 for the production

of a medicine designed for the treatment of Duchenne's muscular
dystrophy. -

1R R RARN DR 1 | 12re8 997
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wherein said pol ypeptide is expressed in said nuscle cells. 2. Use of

vect.ors accor di NOrt&Li 8isBedn RBRAGACL €T zed in that these vectors are
‘sel ected f.rom defe uses, the ge t he
essential sequenceguuuawgﬂgﬁmr t he repl i cdt irens SHEEE@AB ruses. 3
Use of vectors acc m 2, whétein {said ovi ruses
| ack the E1A and E1 B transactlvators and whe priate, the E3

155,00 % 5, U8B, BSOS SeBERODG.AE A Bt Yo GO £ 6, 964,
essential ssadeatien of desgatompositions fITCHes itrditiment Cbf bbeéiacadi%ea\seéuses
5. Use of vectors according to Claim1l, wherein the nucleic acid sequence
is characterized in that the nucleic acid insert codes for a protein or
) polypeptide having thrombolytic properties.
7. Recombinant vector characterized in that it is constituted by a defective
' genome of an adenovirus, nonetheless comprising all of the essential
sequences necessary for the encapsidation of this adenovirus, and in
which is inserted a recombinant nucleic acid, the diffusion of which into the
muscle mass is sought, this nucleic acid being placed under the control of
a promoter capable of being recognized by the polymerases of the muscle
cells, in particular the strong promoter of the E1A early reglon of the
genome of the adenoviruses.
8. Recombinant vector according to Claim 7, characterized in that the
nucleic acid insert codes for a protein or polypeptide having thrombolytic
properties.
9. Pharmaceutical composition containing a recombinant vector according

to Claim 7- or Claim 8, in combination with a pharmaceutically acceptable
vehicle. |
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constituted by all or part of a functional gene for dyétrophin. 6. Use of
vectors according to Claim5 for the:treatnment of Duchenne's nuscul ar

dystrophy. 7. Use of vectors according to aim1, wherein the nucleic
aci d seguence codes for a protein or polypeptide having thronbolytic
properties. 8. Use of vectors accordgng to Claim7 for the treatnent
of cardiac di seases. 9. A reconbi nant vector conprising a edefective

genonme of an adgnovirus,
. BST T

VIRAL RECOMBINANT VECTORS FOR EXPRESSION IN MUSCLE
CELLS

' Non—repiicable viral recombinant vectors which are recognizable by muscle
cell receptors, and furthermore modified by an insertion nucleic acid coding
for a polypeptide sequence to be expressed in said muscle cell, are used
to obtain a drug for treating muscle cell 'diseasés which by virtue of their
location in the body, are accessible to the products of the expression of the
above mentioned nucleotide sequence, as secreted by said muscle cells.
A method for producing said vectors, vectors such as those described
~above, and their use in pharmaceutical compositions are also provided.

Figure 1




conpti stng all of the essential sequences necessary for the encapsidation
of. sai d adenovirus, and in which is inserted a nucleic acid sequence under
the control of a pronoter selected fromthe group of: a pronoter fromthe
Rous Sarcoma Virus Long Term nal Repeat, a pronoter of the |IE gene of

Cyt onegal ovirus, a Mouse Manmary Tunor Virus inducible pronoter and an EI A
early pronoter wherein said inserted nucleisciacid sequence is expressed in
target' nmuscle cells. 10. The reconbi nant vector according to claim?9,
wherein said pronoter is the strong pronpter of the El A early region.of

t he genone of the adenoviruses. 11. Tp? hﬁ%oqbinant vector according to
claim9, wherein the nucleic acid FIGURE 1
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sequence is constituted by all or part of a functional gene for dystrophin.
12. The reconbi nant vector accordlng to claim9, wherein the nucleic acid

sequence codes for a _ i de hap Mg
13. A pharmaceutical T¢ & BE lNplsmg 18 BE
according to any one |lof C ai-f &by 12 :

reconbi nant vector according to any one of d a ' ?
steps of: (a) producing a reconbinant vi4gl censt "?}g

nucl eic acid s@qume—mtodﬂva—groduct to bele
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CLAIMS

1. Use of recombinant viral vectors comprising a nucleic acid sequence

encoding a polypeptide for the production of a drug composition which is
administered by the intravenous or intraarterial route for the treatment of
diseases affecting the muscle cells, said nucleotide sequence is under the
control of a promoter recognized by polymerases of said muscle cells and
wherein said polypeptide is expressed in said muscle cells.

2. Use of vectors according to Claim 1, characterized in that these
vectors are selected from defective adenoviruses, the genomes of which lack

the essential sequences necessary for the replication of the adenoviruses.

3. Use of vectors according to Claim 2, wherein said defective
adenoviruses lack the E1A and E1B transactivators, and where appropriate,

the E3 region.

4, Use of vectors according to Claim 1, wherein the nucleic acid
sequence is included in a defective adenovirus genome comprising all of.the
essential sequences necessary for the encapsidation of these adenoviruses.

5. Use of vectors according to Claim 1, wherein the nucleic acid

sequence is constituted by all or part of a gene for dystrophin.

6. Use of vectors according to Claim 5 for the treatment of Duchenne’s

muscular dystrophy.

7. Use of vectors according to Claim 1, wherein the nucleic acid
sequence codes for a protein or polypeptide having thrombolytic properties.

8. Use of vectors according to Claim 7 for the treatment of cardiac

diseases.
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11la (b) transform ng a higher eukaryotic cell 1 i ne carrying a distinct
nucl eotide sequence capabl e of conplenenting the part W&/
geneie “which is |acking in sai S es for its d
replication, said distinct nuclleStPdEsdirmBeEn lace

ng prekgi sidkyias
i ncor por at ed into the genore ofhe TEUACRR sai g cell || nﬂ“m\ ‘“ &\“‘ﬂ“\
e of said

recovering the reconbi nant vector fromthe T
1

————————

9. A recombinant vector comprising a defective genome of an
adenovirus, comprising all of the essential sequences necessary for the
encapsidation of said adenovirus, and in which is inserted a nucleic acid
sequence under the control of a promoter selected from the group of: a
promoter from the Rous Sarcoma Virus Long Terminal Repeat, a promoter of
the IE gene of Cytomegalovirus, a Mouse Mammary Tumor Virus inducible
promoter and an E1A early promoter.

10. The recombinant vector according to claim 9, wherein said promoter is
the strong promoter of the E1A early region of the genome of the
adenoviruses. _

11. The recombinant vector according to claim 9, wherein the nucleic acid
sequence is constituted by all or part of a gene for dystrophin.

12. The recombinant vector according to claim 9, wherein the nucleic acid
sequence codes for a protein or polypeptide having thrombolytic properties.

13. A pharmaceutical composition comprising the recombinant vector
according to any one of Claims 9 to 12.

14. A method for producing a recombinant vector according to any one of
Claims 9 to 12 comprising the steps of:

(a)  transforming a higher eukaryotic cell line carrying a distinct
nucleotide sequence capable of complementing the part of the adenovirus
genome which is lacking in said vector and which is essential for its
replication, said distinct nucleotide sequence being preferably incorporated
into the genome of the cells of said cell line; and

(b) recovering the recombinant vector from the culture of said cell
line.
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6 Use of vectors accor di ng to any one of the o —ltO3-f0rt-he

production of r the treat nt b#“%é?ﬁ?@@%@%é%’%s SG
characterized jn that the acid insert Zefcoiption p?@ﬁ"élcl for paged ...
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adenovi rus, nonet fiel ess corrprl sing all of the ¢sEeAtstdt seqpendes. mepag&éa.ry
for the encapsidation of this adenovirus, and iin

CLAMS | parz or receer. 249,

1. Use of nonreplicative recombinant viral vectors which are capable of
being recognized by the receptors of human and animal target muscle cells and
are capable of infecting these target cells comprising a nucleic acid sequence
encoding a polypeptide for the production of a drug composition which is
administered by the intravenous or intraarterial route for the treatment of
diseases affecting the muscle -cells, said nucleotide sequence is under the

. éontrol of a promoter recognized by polymerases of said muscle cells and
wherein said polypeptide is expressed in said muscle cells.

2. Use of vectors according to Claim 1, characterized in that these vectors
are selected from defective adenoviruses, the gepomes of which lack the

essential sequences necessary for the replication of the adenoviruses.

3. Use of vectors according to Claim 2, wherein said defective adenoviruses
lack the E1A and E1B transactivators, and where appropriate, the E3 region.

4. Use of vectors according to Claim 1, wherein the nucleic acid sequence is
included in a defective adenovirus genome comprising all of ‘the essential

sequences necessary for the encapsidation of these adenoviruses.

5. Use of vectors according to Claim 1, wherein the nucleic acid sequence is
constituted by all or part of a functional gene for dystrophin.'

6. Use of vectors according to. Claim 5 for the treatment of Duchenne'’s
muscular dystrophy.

7. Use of vectors according to Claim 1, wherein the nucleic acid sequence

codes for a protein or polypeptide having thrombolytic properties.
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whi ch.is+inserted a reconbi nant nucl éi c acid, the di ffusi’tm—of \/\hi ch into

the muscle mass is sought, this 'nucleic acid being pI nt r ol
of a pronoter capable of being recognized by the pon I "m cle

cells, in particular t he strong pronoter pf the E1A eafs

genome of the adenoviruses. 8. Recombinant vector accordi ng to CI aim?7,
characterized in that the nucleic acid insert codes for a protein or

pol ypepti de having thronbol ytic properties. 9. Pharmaceutical conposition
cont ai ni ng a8 ecodseé nfivectoes accordingrtoClagn 7dotthe treatrent of sardidc diseases.

conbination with a pharnmaceutically acceptable
9. A recombinant vector comprising a defective genome of an adenovirus,
comprising all of the essential sequences necessary for the encapsidation of
said adenovirus, and in which is inserted a nucleic acid sequence under the
control of a promoter selected from the group of: a promoter from the Rous
Sarcoma Virus Long Terminal Repeat, a promoter of | the IE gene of
Cytomegalovirus, a Mouse Mammary Tumor Virus inducible promoter and an

E1A early promoter wherein said inserted nucleic acid sequence is expressed in
target muscle cells.

10. The recombinant vector according to claim 9, wherein said promoter is

the strong promoter of the E1A early region of the genome of the adenoviruses.

11. The recombinant vector according to claim 9, wherein the nucleic acid
sequence is constituted by all or part of a functional gene for dystrophin.

12.  The recombinant vector according to claim 9, wherein the nucleic acid
sequence codes for a protein or polypeptide having thrombolytic properties.

13. A pharmaceutical ‘composition comprising the recombinant vector
according to any one of Claims 9 to 12.

14. A method for producing a recombinant vector according to any one of
Claims 9 to 12 comprising the steps of:

(a) producing a recombinant viral construct by inserting a nucleic acid |
sequence encoding a product to be expressed in target muscle cells into a
defective genome of an adenovirus;
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vehicle. : —
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(b) transforming a higher eukaryotic cell line carrying a distinct
nucleotide sequence capable of complementing the part of the adenovirus
genome which is lacking in said vector and which is essential for its replication,
said distinct nucleotide sequence being preferably incorporated into the genome
of the cells of said cell line; and '

(¢)  recovering the recombinant vector from the culture of said cell line.
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