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' DEFECTIVE RECOMB . RESSING

CYTOKINES FOR AN'I;ITUMOR TREATMENT

| Cytokines are molecules (hormones) produced by
cells following an antigenic stimulation or an activation
by othei factors. The first cytokine which will has been
produced is interleukin-1 (Il-1). It permits activation
of the T célla_ ﬁhieh, in turn, start producing a
whole battery of lymphokines, some of which are esse#t:ia.l
for the activation of the immune system an.d the defenses

against viral or parasitic infections.
For scme years, cytokines have been used in
anticancer immunotherapy. Nevertheless; when they are

administered syste_ni_e’ally, a number of problems ari_se.

. I1-2, for example, produces quite substantial gide effects,;

it is rap_i_dly_ neta.bolized, so that h:l.gh doses have

to be administered repeatediy.

Better administration routes which would increase
their e‘fficacjr while decreasing their adverse effects are
hence being lought.. | | |

The subject of the invention is hence defective
recombinant adenoviruses —expresging one or more cyto-
kines, as well as the use of these recombinant adenoviru-
ses for making ‘ pharmaceutical compositions, in par-

ticular antitumor compositions, more especially composi-

tions wh:i.ch can be injectéd directly into solid-tumors of

the host. _
The aubject of the present invention is defective
recombinant adenoviruses, characterized in that they

contain a defect;l.ve; non-replicable adenovirus genome
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inﬁo which one or more nucleic acid seguences coding for
one more .cytokin.es, in 'particu.lar lymphokines, are

. inserted under the control of one or more promoters
capable of béing recognised by the polymerases of human
cells, more eapecialljr' of human tumor célls or of cells
in_filtrathg' thesé ~ tumors.

The invention relates more especially ﬁo recombi -
‘nant nucleic acids capable of being used for the produc-
tion of such defeétive recombinant adenoviruses.

Such a recombinant nucleic acid is characterized
in that it conta.:l.ﬁs, on the one hand a genomic aequénce
of an adenovirus which il dafective in that it lacks i:he

' sequences needed for its replication, but which’n_eve:thé-

. less contains thoée sequences which, in this géncme, ﬁr_‘e
the carrier " of the genetic information heedgd for t:hel
corresponding adenovirus to enter the cells which t:he
latter is cﬁpable of ':l.n.:Eecting, as well as the set of
essential sequences needed for encapsidation of this
adenovirus, and on the other hand lan ingert containing a
nucleic acid sequence coding for a cytokine, f.hia insert
being under the control of a promoter pz:esent' in or
‘previously .insert:ad into the abovementioned Qenonic
sequence.

_ Adenoviruses, in particular type 2 or 5 adeno-
v.’f.ruaes capﬁble of infecting humans (or human adeno-
viruses), or alternatively 'seroﬁype 4 and 7 adenoviruses,
represent ebpeéihlly preferred vectors in the context of
the present invention, on account. in part:ieula:. of the

large sgize of the foreign m fragment which it is
_____—-———-——"—'—'—‘——_——__—____- -—
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posasible to insert into the genome of these viruses.
Advantageously the abovementioned nucleic acid
insertion sequence(s), coding for ocne or more predeter-

mined cytokines, are contained in a defective adenovirus

. genome lacking the essenti_al nucleotide sequences needed

 for replication of these adenoviruses, and more especi-

a.ll_y the' transactivators ElA ﬁnd E1B and, where appropri-
ate, the. E3 region _ofl the adenovirus, or alternatively
its El1 and .ES_regio'ns.'

In other words, the invention turns to good
account the capacity of these defective recombimant
adenoviruses to allow the insertion sequence they contain
to be expressed in the cells they invade even when, on
account of their deféct;tve 'charac.t':ex, .they do not multi-
ply therein. In other words, the cbjective of the inven-

tion is to cause cytokines to be secreted actually within

the cells of the tumour to be treated (tumor cells
themselves and | cells, in particular ljmphocytas_, which
infiltrate these tumors) when these cells have beén_
infected with these defective adenoviruses, especially
when the latter are injectéd dii:ectly into the tumor. The

cytokines produéed will thus activate first and foremost,

in situ, the éytotoxic cells infiltrating the tumor and

those presen't' in proximity to the tumor. |
Regarding the sequence for insertion_into the

‘defective recombinant adenovirus genome, this may be

chosen from all those which express a cytokine capable of
exerting either a'di.rect_ antitumor effect, or an activat-~

ing effect on immunocompetent éells, of the body, or both
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together. |
‘Among these cytokines, the following may be

' mentioned as examples: IL-1, IL-2, IL-3, IL-4, IL-5,

IL-6, o interferomn, ¥ inte:feron; tumor pecrosis factor
alpha (TNFa), ' : | _

The same recombinant adenoviruses m.ay. also be
used in the case of certain diseases in whi.ch- there is an -
immune deficiency and in the case of certain parasitic or
viral disaeases, 'espeéially Y, o interferon and/ or GM-
CSF), in particular by. administration systemically or via
cells, preferably hunan eclil, taken in a state that
allowa them to be :I.njocted into hmns these cells

having prev:lously been infected w:l.th a recombimt

de_feq:ti_ve adeaovirus according to the i.nvent:lon._

The properties of some of these éytokinea ‘are
recalled below. | |
'nte kin- =31): _

This is produced essentially by activated
macrophages and monocytes. Its molecular weight is
approximately 17 kilodaltons. It displays several acti-

a) a chemoattractive action on poly;nn:phonueiear
cells and ngc:ophigos (1, 2),

b) an increase in the cytotoxic activity of
spontanecus cytotoxic (natural killer or m:.ce] 1s),

c¢) an induction of fever following an _infecticn.

| d) most especially, the activation of T cells for

the production of other factors.

S ——
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nterleukin- L-2 nterleukin-4 (IL-4) and

er in- L-5) :

These are produced by activated T lymphocytes.
The action of these 'cytokin&a is restricted to éells of
the immune systen, they cause their multiplication and
their activation: IL-2 and IL-4 have been tested in
antitumor immothergpy in mice and in man. In mice, they |
act synergistically and cause tﬁncr regression. -
Interle -6  -6

This is producgd by many cell types including T
1yirph‘6cyt:es, macrophages, fibroblasts, etc. It induces

the final differentiatiom of B lymphocytec, which beccfme

antibody producers.
or Necrosis Fac r o : |
This is a factor produced by macrophages. It has
a dual _act:ion. a direct action on tumor cells causing
their lysis and an activation of the immune system.
The use of TNFa in man must be carried out
cautiously since a large number 'o:E éells possess the

receptor for it: 'wh:l.ch accounts for the importance of

" inducing its secretj.on only locally, 'act:t_ully within the

' tumor, to limit its adverse effects on the other cells of

the host. , _ )
Interleukin-3- (IL-3), JIpterleukin-7 (IL-7) and Colony
timula stor (Cg _ L

These are hematopoietic growth factors. They are
ptodueed essentiﬁlly by lymphocytes, monocytes and
macrophages. They act at different levels of hematopoie-
sis, that is to say of the different stages of
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differentiation of marrow cells to blbod cells. In

addition, CSF exerts very substantial effects on the

_bedy’s primary defences as regards the bacterial

defences, 1uri_ng the mcroﬁhages to the sites of infec-
tion and increasing their capacity for ph_agqcytosis.
In combination with IL-2 and IL-4, GM-CSF proves
to be an important antitumor factor.
y Interferon (IFN-v)
| This is a factor produced by activated T cells;
it 'is endowed with antiviral .properties; it inhibits the
multiplication of viruses and | parasites and éauses the
lysis of infected cells and some tumor cells.
o _Inte er IFN-o
' Produced by T cells and :nonoeytes, this displays
an antiviral and lytic effect on infected c_ells. IFN-a
has been used in :I.munotherﬁpy a.gainst: some types of
cance:, :.ncluding nesothelium |
Naturally, the invention :ls not limited, as
regards the choice of insertion sequences _which can be
used in adenoviruses according to the invention, té those
sequences which have been identified above. Nevertheless,

‘the latter are illust:rat:i_ve of the palette of possi-

bilities which are affordad to the therapist, who is
responsible for making the choice of the most suitable

'defective recombinant adenovirus to be used in the light

of the nature of t:he t'.tmou:s to be cenbated.

The invention also relates to pharmaceutical
compositions comprising one oi more recombinant vectors
as  described abava, in  combinatien with a
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phamcentically acceptable vehicle, espetially sterile,
isntonic tompositions which can be injected directly into
the tumors to be treated, or dry, in particular
lyophilized, compositions which, by th'e. addition of
sterilized water or of physioclogical saline as the case
may be, enable solutions which can be injected direct:l}'
into the tumors to be made up or reconstituted.

Direct injection of non-replicable, modified
adenoviruses into the tumor affords the advantage, on the

one hand of avoiding diffusion of the recombinant adeno-

 viruses in the general circulation, with the tonneqlaent

gide effects liable to be exerted by the cytokines
expresned in places othe_r -than on the sites where the
manifestation of their action is sought, in t_his instance
the tumor cells themselves or the cells, in partitulnr'
1ymphocytes.,. which infiltrate them or which are present
in their imedinte proxinity'. Preferadbly, thé' injection

is carried out at the very least in at least one site of

.the primary tumor.

Neither is the invention 1i.nited to administra-
tion of the recombinant adenoviruses containing the
sequences coding for the cytokines of the kind in ques-
tion directly in the tumors. Any other ndninistration
route permitting access of these recombinant nd_enaviruées
to the tumor to be treatetl may be envisaged. In particu-
lar, use may be made __of cells which are compatible with
the host, for example human fibroblasts, preferably cnes
préviously removed from the host him- or herself.

The invention also relates to cell cultures, for

This Sheet Has Been Reﬂlaced




10

15

20

25

s it HAS BEEN

\
i-.L'v

.8 - REPLACED

e:éi_mple cultured fibreblasts previously .infected with
recémbinﬁnt pucleic acids, more especialiy the defective
adenoviruses defined ibove; These infected cells, where
appropriate attenuated or -r'endered imunologically inert,
for example by irradiation, contribute to the eradication
of installed tumors when they are injected systemically.
Thies injection may be envisaged eit:._hdr alone, or in
addition to injection directly into the tumor. _ |

. The subfe!ct of the invantién_ is also i method for
obtaining .the recombimt adenoviruses described above,
which comprises, after the actual step of construction of
a vector by intréduetion of one or more insertion nucleic
acid(s) into the genome of the initial defective

adenévirué, a step of trhsfomtim of transfofmahle

_ cell lines of higher eukaryotes (in particular of human

or animal origin) themselves g:ontai’mlng a sep'atat_e
nuc'._leotide 'se.guenc'e capable of complementing the por-
tioﬁ(s) lacking in the genome of _the defective adenovirus
and without which replication of the latter is prevented,
said separate sequence preferably being ii_:corporated in
the gendne of the cells of said cell line. -

‘A8 a pre'ferréd example of such..cell lix.;;_es. .t:here
may be mentioned line 293, a human embryonic kidney line
which gontnins," integrated in its genome, the first
eleven percenﬁ of the left-hand end of the gencme of a
type 5 adenovirus (Ad5) .' This fraction can then comple-
ment defective recombinant viruses which carry deletions
of this region. Such a production method is described,
nbz-e eape_cially, in EBuropean Patent | Application

e
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After transformation of these cell lines, the
defective adenoviruses thus multiplied and produced are
recove:fed from the culture medium of the cells of these
lines and purified.

Further details of the present invent:.on will be
given in the description which follows of the poss:i.-
bilities of construction of a recombinant vector
adenovirus containing at least one sequence. coding for a
cytokine, especially a lymphokine. |
I. METHODS
A) Cell vi

 Ad- 5'-transfqﬁqd human embryonic kidney cell line
293 (Grabam et al., 1977) was used for 'the;_tran'sfect:l_.on
of DNA as well as for the multiplication and titration of
adenovirus (Ad). In effect, cell line 293 complements the

functions of the genes for El1A and E1B functions and

permits the replicaticn of defective Ad recombinants. For
the construction of the recombinant Ad, human AdS5-d1324,
carrying deletions in the E1 region (3.9-10.5 m;h.) and

'E3 region (78.5-84.3 m.u.); was used (Shenk and Williams,

1984). Cell lines 293, EHela and Vero were main-

_.tained. in an Eagle minimum essential culture medium with

10% of fetal calf serum.
b) Construction éf ' a ress
o ifferen tokine | |
The eukaryotic expression vector pm.rlo has been
described (Ballay et al., 1985). A derivative of this

vector (pMLP18) was constructed by insertion of a
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sequence containing _différent si_nglé restriction sites
downstream of the adenovirus major late promoter. These

gites thus permit cloning of the different genes 'c'oding

- for the chosen cytokines under the control of the viral

promoter. Downstream of this segquence containing these
single restriction sites, the seguence containing the
polyadenylation signal of the gene coding for the _e.arly
antigens of SV40 virus were placed. The BgIIIX -

HindIII fraginent of Ad5 is cloned downstream. This 3-Kbp

sequence contains the gene ccding fd:_ protein IX
which_ is neceasary' for encapsidation of the viral genome
exceeding 97% of its noml. size, and permits subsequent
in vive recombinatiocn. Sequences coding for the genes for
the differeant cy_tokines are isolated from plgsinids
obtained from different teams. These nequences; obtained
after cleavage_.by means of d:_l.fferent restriction enz.ynes,.
are introduced intﬁo the multiple clbning site of the
expression vector described above (pMLP- 18) . The differ-
ent plasmids designated pMLP- cytol:ine (n.-z, IL-4, and
the like), which are used for obtaining the recombinant
viruses as described in  the following section, are
thereby obtgii:ed_.. |
c) TIxa -] . . iso _ of recombi.

The Ad-cytokine defective :ééonbi_napt: adeno-

viruses were cbtained by in vivo recombination between

the straight fragment of the viral gencme ptevioualy
cleaved with the restriction enzyme Cla I and the
homologous sequence existing on the plasmids

TN “7i||
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pMLP-cytokine described above. The mixture of the £rag-
ment; of the vifal genome  (2.6 m.u. - 100 m.u.), purified
after cleavage, and o'f_ the piasmid- linearized with the
restriction enzyme Cla I or Pvu I is transfected int:o

293 ceils using the calcium phosphate precipitat:ion

 method (Graham and Van der Eb, 1973). Cell plaques

showing a cytopathic effect are isolated 10 days later
and the virus was amplified in culture. The viral DNA was

extracted by the Hirt procedure (Graham et al. , 1977) and'_

the recombinant viruses were identified by mapping with

restriction enzymes.

Figure 1 shows diagrammatically a construction of

this type employing ‘an insertion sequence coding for an

.interleukin (IL-2, IL-4, and the like).

In this figure:

- "]leaders” corresponds to a tripartite leader

- -~ "Del" corresponds to a “deletiocn"

-  Ad dl 324 corresponds to an adenovirus provided with

the abovemenﬁioned 'delet:iqns' .

d) 3 . o ence [ or _an assead

_mﬁgs' B

Hela or Vero cell lines are infected with

the defective recombinant viruses obtained. Cells effec-

- tively transfected may be characterized essentiilly by

means of detect_ioh of the activity of the cytokine

released into.the:‘.r culture medium. In thé case of IL-IL-II

yields capable of reaching from 1 to 2 ug of
interleukin per 10° cells have been cbserved.
Cells infected with an Ad-cytokine recombimt
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- gecrete variable amounts of the cytokine into the culture

medium. Different methods exist for the detection and
quantification of the cytokines produced. |
‘1) Quantitative methods: |
- ELISA, using _spec;i.fic antibodies
- RIA (radioimmunocassay)
- Western blotting
2) MM’LM (or _hiotests) : based on
the biological properties of qytokines
For example: - | |
IL-2: Test of proliferation of CTL-L2 cells (CTL-
L2 cells mlt:iply and are maintained in culture only in
the presence of IL-2 in the culture mditm)
- IL-3 and GM- CSF: Test of proliferation of TF-1
céii§ _ |
_ IL-4: Test of proliferatioﬁ of CTL-L2 cells and
iﬁduction of.l.saluble CD23 with certain cells including
lyméhocyt:es. _
.m-az Cytotoxicity test on L92-9 cells.
Neutralization test: The effect of cytokines may
be blocked by ineubating the target cells in the presence |
of cells of specific antibodies,
Some results obtained with ﬁhe_ adenovirus vector
carrying the IL-2 gene (Ad-IL-2) are described below.
1) Cells infected in vitro with Ad-IL-2 secrete sig-
nificant amdunts of functional IL-2. o R
2) Direct injection ofl the vector carrying the IL-2
gene into tumors already esltabliahed in the animal (the

tumor diameter at the time of injection is between 4 and

i M0
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7 mm) induces stimulation of the immune system which
manifests itself in a stabilization of the size of the

tumor, and then its regression to the point of complete

'disappeara'nce in 40% to 50% of cases.

This result may be improved by treating the
tumors in an earlier phase of its development or by -
using different vectors:at the same time, for exa.inple
combination of Ad-IL-2 with Ad-INF and/or Ad-IL-4,
Ad-GM-CSF, Ad IL-3. This combination has to be specified
according to the type of tumor.

3) “Tumor cells infected in vitro and then injected into
syngeneic animals or even immunodeficient animals (Na/Nu
mica) lose i:heir tumorigenic power (at least up to 80% of
the animals rejeét the t:umar cells; in other words, the
tumor cells no longer preoliferate in 80% of imatmodefici-

ent animals injected with these cells,

4) Animals which have r_ajactad a first injection of
infected tuinor cells are highly immunized and are pro-
tected against parent (uninfactad) tumor cells J.nj ected
at different times and at diffarant places.

When cpinjected with tumor cells infected in
vitro, the spleen cells of these immunized aninal.s are,
furthermore, capable of tranaferring the. antitumor
immunity to recipient animals. |

It is 'self-evi_dant that the descriptions of
constructions of recombinant defective adenoviruses
envisaged above are in no way 1inii:ing in character.
Other constructions may be produced, in -~particular
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according to the variants also mentioned below as
examoles. _ |
1) _P_ggg_i;er__e_x&h_u;ss

| The adenovirus major late promoter may be
replaced by other pronote:és ‘which are ubiquitous but of |
exogenous or:.gin. suoh as: |
- promoter contained in the LTR (1ong terminal repeat)
of RSV (Rouse sarcoma virus) | '
- the ﬁ:ou’noter of the IE gene of CMV (oytomega.lovirus)
- The MMTV (mouse mamery tumor wvirus) or netnllo-
thionine inducible promoters. '

Similarly, promotars permitting a more speoific

expression restricted to tumor cells, may be used, such

4

as, for example:

- . the pronot;er of the rep gene of parvovirus HI.

The invention also relates to a " recombinant

nucleic ae:_Ld of the. abovementioned type, characterized in

that the genomic segquence of the adenovirus lacks its 5’

end region downstream of the early promoter of the ElA

region of the adenovirus, and in that the seguence coding
for the cytokine is placed nnder the oon:nol of this
early promoter. This reoonbi.nant."nuoleio acid may alsoc be
employed in epplioations mentioned more especially_ in-
conneotj.on with 'neconoinent DNAs :!.n'whioh the sequence
co_ding for the .cytokine is plaoed under the coentrol of
the adenovirne major late.proinoter. '.

2) Simul eocus ressi . eve t

3 types of constructions are described:

I
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~ the cytokine genes are under the control of two
promoters which are either identical or different (MLP
‘and RSV, for example) and are located following one

another.

the cytokine genes are under the control of separate

promoters cloned into separate regions of the virus.
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1. Recombinant nucleic acid containing, on the one

hand a gencmic sequence of an adenovirus which is defect-
ive in that it lacks the sequences needed for its repli-
cation, but which nevért:heless contains those sequences
ﬁhich, in t;his genome, are the carrier of the genetic
information neéded for the co::.;esponding adenovirus to
enter the cells which the latter is capable of infecting,

as w'ell. as the set of essential seguences needed for

_encapsidation of this ndenoviri:s, and on the other hand

an insert containingl a nucleic acid seguence coding for
a cft:oki’ne, t:his insert being under the control of a
promoter present in or previocously inserted into the
abovementioned genomic sequence. _

2. Recombinant nucleic acid acéordin§ to claim 1,
charaéteriz_ed in that it lacks the transactivators ElA
and E1B and, where appropriate, the E3 region of the
adenovirus. | |

3. Recombinant nuc'le.ic acid according to claim 1,
characterized .in thi_t the genomic sequence of the
adenovirus lacks its 5’ end regioi: downstream of the
eai:ly promoter of the E1A region of the adenovirus, and |
in that sequence coding for the cytokine is placed under
the conﬁrol of this ea.rlf promoter. |
4. Recombinant nucleic acid according to claim 1 or
claim 2, 'ch:aracterizeld in that the sequence coding for

the cytokine is placed under the control of an adenovirus

late promoter.

5. Recombinant nucleic acid according to claim 1,
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characterized in that the genomic seguence of the

adenovirus is provided with a promoter foreign to the

adenovirus genome, and in that the sequence coding for

-the cytokine is placed under the control of this foreign

promoter.

6. Recombinant mucleic acid, characterized, either
in that the insert contains sequences coding for several
cytokines, or in that it contains sepira’.te inserts
piaced, respectively, under tﬁe control of separate
promoters, which are also separate.

7. - Defective adenovirus, characterized in that it

contains recombinant nucleic acid according to any one of

claims 1 to 6.

8. Culture of cells, in particular of human origin,

characterized in that they are infected with the
#denovirus according to claim 7.

9. Pharmaceutical composition coni:a.ining the recom-
binant adenovirus according to claim 7, in combination
with a pharmaceutically acce ptable vehicle, in particu-
lar. |
10. Use of the recombinant adenovirus according to
claim 7 for the preparation of antitumor drugs, prefer-
ably in a form which can be injected directly into a

tumor of the host.

11. Pharmaceutical composition containing cells

according to claim 8, preferably human cells, in a state
allowing them to be injected into humans.
12, Method for the production of recombinant

 defective adenoviruses ‘according to claim 7,
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characterized by the transformation éf transformable cell

1:.nes of higher eukaryotes (in particular of human or
anima_l origin) thenselves containing a sepa:;ate
nucleotide segquence cipable of complementing the portion
of the adenovirus génome which is lacking in the
adenovirus and which would be essential for its repli-
cation, said separate segquence preferably being incorpo-
rated into the genome of the cells of said cell line, and
in that the defective recombinant adenoviruses produced
are recovered from the culture medium of the cells of
said-cell lines.

13. Method according to clain 12, characterized in
that the gencme of the defective adenoviruses lacks its
5’ end region,' and in t&t the cell line is a human
embryonic kidney line such as line 293 which contains,
integrated in its genome, a 5’ end region of thg genome
of a type 5 adenovirus (Ad5) and having a size corre-
sponding to approximately 11% of that of the whole genome
of this adenovirus. |
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