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cr.roxnms POR AN'l':tTtJMOR TRBATMENT 

Cytokines are molecules (hoJ:mOnes) produced by 

cells following an antigenic stimulation or an activation 

5 by other factors. "?he first cytoltine which will has been. 

produced is interle'Ukin-1 (I:l-1). l:t pez:mits activation 

of _ the '1' cells which, in turn, start producing a 

whole battery of lympbokilles, some of·which are essential 

for the activation of the immune system and the defenses 

10 against viral or para$itic infections. 

15 

20 

Por aome years, cytokinea have been used in 

anticancer innmmotherapy. Jfevertheless; when they are 

administered systemically, a number of problems arise. 

I:l-2; for example, produces qaitesubatantial·•ide effect:s; 

it is_ rapidly metabolized, so that high doses. have 

to be adndnistered repeatediy. 

Better administration routes which would increase 

their efficacy while decreasing their adverse effects are 

hence being aought. 

The aubject of the invention is hence defective 

recombinant adenoviruaes expressing one or more c:Yto..; 

lei.Dea,, as wall aa the use of these recambi.Dant adenoViru-

sea for m•king phal:maceutical ccmapoaitiona, in par-· 

ticular antitunaor compositions, more eapecia11y compoai-

25 ticms which can be injected directly into solid-tumors of 

the host. 

The subject of the present invention is defective 

recombinant adenoviruaea, characterised iZl that they 

contain a defective, non-replicable adenovirus genaae 
~~~~~~~~~-
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into which one or more nucleic acid sequences coding for 

one more cytokines, -in particular lymphokines, are 

inserted under the control of one or more promoters · 

capable of being recognised by the polymerases of human 

5 cells, more especiall~ of human tumor cells or of cells 

10 

infiltrating -ehese tumors. 

The invention relates more especially to recOmbi­

nant nucleic acids capable of being used for the produc­

tion of such defective recombinant adenoviruaes. 

Such a recombinant nucleic acid is characterized 

in that it contains, on the one band a genomic sequence 

of an adenovirus which is defective in that it lacks the 

sequences needed for its replication., but which neverthe­

less contains those sequences which, in this genome, are 
. . 

15 the carrier· of the genetic information needed for the 

corresponding ac:leD0virus . to enter the cells which the 

latter is capable of infecting, as well as the set of 

essential sequences needed for encapaidation of this 

adenovirua, and on ·the other hand an insert containing a 

20 nucleic acid sequence coding for a cytolciDe, this insert 

being under the control -of a pramoter present in or 

previously inserted into the abovementioned genomic 

sequence. 

Ad.enoviruses, in particular type 2 or 5 adeno-

25 viruses capable of infecting h1m•na (or h~ adeno­

viruaes}, or alternatively ·serotype 4 and 7 adenoviruaea, 

represent especially pref9r.red vectors in the context of 

the present invention, on account, in particul.ar, of the 

large size of the foreign . ma frapent which it is 
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possible to insert into the genome of these viruses. 

Advantageously the abovementioned nucleic acid 

insertion aequence(s), coding for one or more predeter­

mined cytokines, are contained in a defective adenovirus 

5 . genome lacking the essential nucleotide sequences needed 

for replication of theae adenoviruses, and more especi­

ally the tranaactivatora l:lA and 1:1B an.d.; where appropri­

ate, the E3 region of the adenovirua, or alternatively 

10 

its El and £3 regions. 

In other words,. the invention turns to good 

accou:a.t the capacity of these defective reco:mbiD&D.t 

adenoviruaes to allow the iDaertion sequence they contain 

to be expressed in the calla they iDvade even when, cm 

account of their defective character, they ~o not :multi-

15 ply therein. In other words, the objective of the in.van-

ti on is to cause cytokine• to be secreted actually within 

the cells of the ·tumour to be treated (tumor cells 

themselves and cells, in particular lymphocytes, which 

infiltrate these tumors) when these cells have been 

20 infected with these defective adenoviruses, especially 

when the latter are injected directly into the tumor. The 

cytokines produced will thua activate first and foremost, 

in ~itu, the cytotoxic cells infiltrating the tumor ~ 

those present in proximity to the tumor. 

25 Regarding the sequence for insertion_ into the 

def active recambinant adenovirus genome, this may be 

chosen from all those which express a cytokine capable of 

exerting either a direct antitumor effect, or an activat­

ing effect on innmm,ocompetea.t cells. of the body, or both 

1n11ii11nr · 
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Among these cytokiDes, the following may be 

mentioned aa examples: IL-1, IL-2, IL-3, ::CL-4, ::CL-5, 

IL-6, a interferon, 1 interferon, tumor necrosis factor 

5 alpha (TNl'a). 

The same recambimmt adellO'V'iruaes may also be 

used in the . caae of certain diseases in which there ia an 

; nnmme deficiency and in the case of certain parasitic or 

viral diaaeaaes, especially 7, a interferon and/or GM-

10 CSP), in particular by administration systemically or via 

eel.la, preferably human eel.la, taken in· a state that 

allows them to be injected into h•••ns, these eel.la 

15 

having previously been infected with a recombinant 

defe~tive adenovirua according to the inVention. 

The properties of soma of these cytokinea are 

recalled below. 

Interleu)cip-1 <;L-1); 
. -· 
Thia is produced essentially by activated 

macrophages and mcmocytea. Ita mol.ecul.ar weight is 

20 approximately 17 kilodal.tona. It displays several acti­

vities, including: 

a) a cbem.oattractive action cm pol.ymorpbonuclear 

cells and macrophages (1, 2), 

b) an increase in the cytotoZic activity of 

25 spontaneous cytotoxic (natural killer or Hk ce 1 J s) , 

c) an induction of fever following an infection., 

d} most especially, the activation. of T cell.a for 

the production of other factors. 



' .. 

Interleukin-a CIL-2), 

Interleu]cin-5 CIL~S>: 

- s -
Tl-llS SHEET HAS BEEN 

REPLACED 

Interleu]cin-4 CIL-4) and 

These are produced by activated T lymphocytes. 

The action of these cytokinea ia restricted to cells of 

s the immune system, they cause their multiplication and 

their activation: :IL-2 and. XL-4 have been tested in 

antitumor immmotherapy in mice amt in man. :In mice, they 

act synergistically and cause tumor regression. 

:Cnterleu]cin-6 CIL-6) 

10 

15 

Thia is produced by many cell types including T 

lymphocytes, macrophages, fibroblasts, etc. It induces 

the final clifferentiaticm of B lympbocytec, which become 

antibody producers • 

. TupOr. Necrosis Factor q (TIJl'q>; 

This i• a factor produced by macrophages. It bas 

a dual action: a direet aeticm cm tumor cells causing 

their lyais and an activation of the imnnme system. 

The use of THJ'a in man JllU8t be earried out 

ca utioualy since a large number of cells possess ·the 

20 receptor for it: which account• for the importance of 

· inducing i ta secretion cm.I"y locally, actually within the 

tumor, to limit its adverse effects cm the other cells of 

the host. 

:tnterle»kin-3- · (:CL-3), interleu)cin-7 (:CL-7) and Colppy 

25 stimulating ractor <csr>. 

'l'bese arehematopoietic growth factors. They are 

produced essentially by lympboeytea, monocytea and 

macrophages. They act at different levels of hematopoie­

sis, that ia to say of the different stage• of 
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differentiation of marrow cells to blood cells. In 

addition, CSF exerts very substantial effects on the 

body's primary defences as regards the bacterial 

defences, luring the macrophages to the sites of infec-

5 tion and increasing thei.r capacity for pbagocytosis. 

:en combination with :CL-2 and :CL-4, GM-CSF proves 

to be an important antitumor factor. 

y Interferon (IJ'lf-y) 

Thia is a factor produced by activated T cells1 

10 it is endowed with antiviral properties; it inhibits the 

multiplication of viJ:'Wlea and parasites and causes the 

lyais of infected cells and some tumor cells. 

a Interferon CIJ'lf-al 

Produced by T cells and mcm.ocytea, this displays 

15 an antiviral and lytic effect on infected cells. Int-a 

has been used in imllnmotherapy against aome types of 

cancer, including meaothelium, 

Naturally, the invention is not limited, as 

regards the choice of insertion sequences which can be 

20 used in adenoviruaea according to the invention, to those 

sequences which have been identified above. Nevertheless, 

the latter are illustrative of the palette of poaai­

bilities which are afforded to the therapist, who i~ 

responsible for making the choice of the most suitable 

25 defective recombinant adenovirua to be used in_ the light 

of the nature of the tumours to be combated. 

The invention also relates to pbarmaceutical 

campoaitiona camprising one or more recambinant vectors 

•• described above, camb:l.Datian with a 

11\iiUftT 
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pharmaceutically acceptable vehicle, especially sterile, 
. 

isotonic compositions which can be inj acted directly into 

the tumors to be treated, or dry, in particular 

lyophilized, compositions which, by the addition of 

5 sterilized water or of physiological saline as the case 

may be, enable solutions which can be injected directly 

into the tumors to be made up or reconstituted. 

Direct injection of DOD-replicable, modified 

adenoviruses into the tumor affords the advantage, on the 

·10 one hand1of avoiding diffusion of the recombinant adeno­

viruaes in the general circu1aticm., with the consequent 

side effects liable to be exerted by the cytokinea 

expressed in places other than cm the si tea where the 

manifestation of their action is aoug~t, in "t;his instance 

15 the tumor cells themaelves or the cells, iD particular 

lymphocytes, which infiltrate them or which are present 

in their immediate praxj•ity. Preferably, the injection 

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

the primary tumor. 

20 Heither is the invention limited to administra-

tion of the recombinant - adenoviruaes containing the 

sequences co~ for the eytokines of the kind in ques­

tion directly iD the tumors. Ally other admiDiatratim;i 

route permitting access of these recombinant adenovi:r:uaea 

25. to the tumor to.be treate~ may.be envisaged. Ip particu­

lar, use may be made of calla which are compatible with 

the host, for example human fibrobla11ta, preferably ones 

previously removed from the host him- or herself. 

The invention alao relates to cell cultures, for 

liii1il1nr 
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recombinant nucleic acids, more especially the defective 

adenovirusea defined above. These infected cells, where 

appropriate attenuated or rendered immunologically inert, 

s for example by irradiation, contribute to the eradication 

of installed tumors when they are injected systemically. 

Thia injection may be envisaged either alone, or in 

addition to injection directly into the tumor • 

. The subject of the invention is also a method for 

10 obtaining the recombinaDt ad.enoviruaea described. above, 

which comprises, after the actual step of construction of 

a vector by introduction of one or more insertion nucleic 

acid(a) into the genome of the initial defective 

adenovirua, a step of transformation of transformable 

15 cell lines of higher eukaryotes (in particular of human 

or animal origin) thellillelve• containing a separate 

nucleotide sequence capable of complementing the por­

tion(&) lacking in the genom.e of the defective adenovirus 

and without which r.Plication of the latter is prevented, 

20 said separate sequence preferably being incorporated in 

the gename of the cells of said cell line. · 

All a preferred example of auc::b cell lines, there 

may be mentioned line 293, a human embryoniclddney lin~ 

which contains, integrated in ita gename, the first 

25 eleven percent of the left-hand end of the SJ!UlCD9 of a 

type 5 adenovirua (AdS). Thia fraction can then comple­

ment defective recombinant viruses wbic::b carry deletions 

of this region. Suc::b a production aethod is described., 

more especially, in Buropean Patent Application 
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After transformation of these cell lines, the 

defective adenovirusea thus multiplied and produced are 

recovered from the culture medium of the cells of these 

5 lines and purified. 

Further details of the present· invention will be 

gi van in the description which follows of the possi­

bili tiea of construction of a recombinant vector 

adenovirua cemtaining at least one sequence coding for a 

10 cytokine, especially a lymphokine. 

::t. ·gmoDS 

A) Cella and. virusea 

Ad-5-transfoaaed hmum embrycmic kidney cell line 

293 (Graham et al., 1977) was uaecl for the transfection 

15 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 BlA and BlB functions and 

permits the replication of defective Ad recombinazita. Por 

the construction of the recombinant Ad, human Ad.5-cl1324, 

20 carrying deletiODS· iD the Bl region (3.9-10.S m.;u.) and 

E3 region (78.5-84.3 m.u.)~ was u1ed (Sbenk and Williama, 

25 

1984) • Cell lines 293, Bela and Vero were main-

tained in an Bagle minimum essential culture mediumwi~ 

10\ of fetal calf serum. 

b) Construction of plaSJDida peZ'Jllittipq the expressipn 

of different cyto1tinea 

The eukaryotic expression vector pMLPlO baa been 

described (Ballay et al., 1985). A derivative of ~· 

vector {pMLP18) was CODlltructed by :l.Daertion of a 
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sequence containing different single restriction sites 

downstream of the adenovirua major late promoter. These 

sites thus pe:mit cloning of the different genes coding 

for the chosen cytokinea under the control of the viral 

5 promoter. Downstream of this sequence containing these 

single restriction sites, the sequence containing the 

polyadenylation signal of the gene cocliDg for the early 

antigens of SV40 virus were placed. The BgJ:J:J: . / -

Hindl:J:I fragment of Ad5 is cloned dowa.atream. Thia 3-Kbp 

10 sequence contains the gene coding for protein XX 

which is neceasary for encapaidation of the viral gename 

exceeding 97\ of it• DOZ'Dllll size, aDc:l persita subsequent 

in vivo recombination. Sequences coding for the genes for 

the different cytokiDea are isolated fram plasmids 

15 obtained fram different teams. These sequences, obtained 

after cleavage by means of different restriction enzymes, 

are introduced into the multiple cloning site of the 

expression vector described above (pMLP-18) •. The differ­

ent plasmids designated pMLP-cytokiDe (XL-2, XL-4, and 

20 the like), which are used for obtaining the recambiDaDt 

25 

viruses as described in- the following section, are 

thereby obtained. 

c) Trapsfection of D1fA. and · iaolatia of recombinant 

virus ea 

The Ad-cytokine defective recamb~t adellO­

virusea were obtained by in viyo recombination between 

the straight fragment of the viral genome previously 

cleaved with the restriction enzyme Cla X and the 

homo.logous sequence the plasmids 
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pML~-cytokine described above. The mixture of the frag­

ment of the viral genome (2.6 m.u. - 100 m.u.), purified 

after cleavage, and of the plasmid linearized with the 

restriction enzyme Cla I or Pvu I is transfected into 

s 293 cells using the calcium phosphate precipitation 

method (Graham and Van der Bb, 1973) • Cell plaques 

showing a cytopatbic effect are iaolated 10 days later 

and the virus was ampli~ied in culture. 'the viral DNA was 

extracted by the Birt procedure (Graham et al., 1977) and 

10 the recombinant viruses were identified by mapping with 

reatr1ction enzymes. 

15 

20 

Pigu.re 1 shows cliagr-tically a construction of 

this type employing an insertion sequence coding for an 

.inte:r;leukin (l:L-2, l:L-4, and the like). 

d) 

In this figure: 

•leaders• corresponds to a tripartite leader 

•Del• corresponds to a •delet:icm• 

Ad ell 324 corresponds to an adenovirus provided with 

the abovmaenticmed •c:lelet:ions•. 

lzpreaaipp of th• aequen.cea codipq for an expressed 

cytokipe 

Bela or Vero cell lines are infected with 

the defective recombina,nt viruses obtained. Cells effec~ 

tively transfected may be characterized eaaentially by 

25 means of detection of the activity of th~- cytokine 

released into their culture medium. ID the case of XL-XL-II 

yields capable of reaching from l to 2 l'SI of 

interleulciD per 101 cells have been observed. 

Cells infected with an Ac:l-cytokine recombinant 
~~~~~~~~~~/ 
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· secrete variable amounts of the cytokine into the culture 

medium. Different methods exist fo~ the detection and 

quantification of the cytokines produced. 

1) Quantitative methods: 

- ELZSA, using specific antibodies 

- RIA (radioimnmnoassay) 

- Western blotting 

2) Qualitative methodl (or biotests): based OD 

the biological properties of cytokines 

Par example: 

ZL-2: Test of proliferation of C'l"L-L2 cells (C'l"L­

L2 cells multiply and are :maintained in culture only in 

the presence of ZL-2 in the culture medium) 

ZL-3 and Gll-CSF: Test of proliferation of 'l"P-1 

15 cells 

20 

25 

ZL-4: Teat o~ proliferation of CTL-L2 cells and 

induction of. soluble CD23 with certain cells including 

lymphocytes. 

DIP-a: Cytotoxicity test on L92-9 cells. 

Neutralization test: The effect of cytokines may 

be blocked by incubating the target cells in the presence 

of cells of specific antibodies. 

Same results obtained with the adenovirus vector 

carrying the ::tL-2 gene (Ad-IL-2) are described below. 

1) Cells infected ip vitro with.Ad-IL-2 secrete sig-

nificant amom::Lts of functional IL-2. 

2) Direct injection of the vector carrying the IL-2 

gene into twaora already established in the antm•l (the 

tumor diameter at the time of injection is between -I and 
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7 mm) induces stimulation of the immune system which 

manifests itself in a stabiiization of the size of the 

tumor, and then its regression to the point of complete 

disappearance in 40' to 50% of cases. 

Tb.is result may· be improved by treating the 

tumors in an earlier phase of i ta development or _by 

using different vectorF' ·at the same time, for example 

combination of Ad-IL-2 with Ad-XRP and/or Ad-IL-4, 

Ad-GM-CSP, Ad-IL-3. ~s combination has to be specified 

10 according to the type of tumor. 

3) ·Tumor cells infected in vitro and then injected into 

syngeneic·animals or even imanmodeficient animals (Hu/Hu 

mice) lose their tumorigenic power (at least up to 80% of 

the .animals reject the tumor cells; in othe~ words, the 

15 tumor cells no longer proliferate in 80' of immunodefici­

ent animals injected with these cells. 

4) Animals which have· rejected a first injection of 

infected tumor cells are highly impn.mized and are pro­

tected against parent (uninfected) tumor cells injected 

20 at different times and at different places. 

25 

When coinjected with tumor cells infected ill 

vitro, the spleen cells of these innnunized animals are, 

furthermore, capable of transferring the antitumo:i;­

imanm.i ty to recipient animals. 

It is self-evident that the descriptions of 

constructions of recombinant defective adenoviruses 

envisaged above are in no way limiting in character. 

Other constructions may be produced, in ·'particular 
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according to the variants also mentioned below as 

exam.plea. 

1) Promoter excpanqe 

The adenovirua major late promoter may be 

5 replaced by other promoters which are ubiquitous but of 

exogenous origin, such as: 

10 

promoter contained in the LTR (long terminal repeat) 

of RSV (Rouse sarcoma virus) 

the promoter of the m gene of CllV (cytamegalovirus) 

The llM'1'V (mouse mennn•ry tumor virus) or metallo-

thionl.ne inducible pramoters. 

Similarly, pramot:ara permitting a more specific 

expression restricted to tumor cells, may be used, such 

as, for example: 

15 the promoter of the rep gene of parvovirus HI:. 

The invention also relates to a ·· recombinant 

nucleic acid of the abovementioned type, characterized in 

that the genomic sequence of the adenovirua lacks its 5' 

end region downstream of the early promoter of the BlA 

20 region of the adenovirus, and in that the sequence coding 

for the cytokine is placed under the control of this 

early promoter. Thia recombinant nucleic acid may also be 

em.ployed in applicatiana mentioned more especially in· 

connection with recombinant DD.a in which the sequence 

25 coding for the cytokine is placed under the central of 

the adenovirus major late promoter. 

2) Simµltpeoua expression pf several cytqJcine gapes 

3 types of cODBtructiona are described: 

RBPLACJDml'l' SllBft 

::CSl./BP 
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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. 

tbe cytokiDe genes are UDcier 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 genomic sequence of an adenovirus which is defect­

ive in that it lacks the sequences needed for its repli-

s cation, but,~ich nevertheless contains those sequences 

which, in this ganame, are the carrier of the genetic 

information needed for the correapcm.ding adenovirus to 

enter the cells which the latter is capable of infecting, 

as well as the set of essential sequences needed for 

10 encapsidation of this adenovirua, and on the ot:her hand 

an iziaert containing a nucleic acid sequence coding for 

a cytokine, this insert being under the control of a 

pramoter present in or previously inserted into the 

abov~tioned genamic sequence. 

15 2. Recombinant nucleic acid according to claiJD 1, 

characterized in that it lacks the transactivators BlA 

and ElB and, where appropriate, the Bl region of the 

adenovirus. 

3 • Recombinant nucleic acid accorcliDg to claim 1, 

20 characterized in that the genomic sequence of the 

adenovirua lacks its 5' -end region downstream of the 

early promoter of the BlA region of the adenovirus, and 

in that sequence· coding for the cytokine is placed under 

the control of this early promoter. 

25 4. Recombinant nucleic acid according to claim 1 or 

claim 2, characterized in that the sequence coding for 

the cytokine is placed under the control of an adenovirua 

late promoter. 

5. Recombinallt nucleic acid according to claim 1, 

\ \11\11\ \\\Ill Ill\\ \\Ill \l \II\ 
. * C L M S * 
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.characterized in that the genomic sequence 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 

5 promoter. 

6. Recombinant nucleic acid, characterized, either 

in that the insert contains sequences coding for several 

cytokinea, or in that it contains separate inserts 

placed, respectively, under the control of separate 

10 promoters, which are also separate. 

7. Defective aclenovirus, characterized in that it 

contains recombinant nucleic acid according to any one of 

claims 1 to 6. 

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

15 characterized in that they are infected with the 

adenovirus according to claim 7. 

9. Phaxmaceutical composition containing the recom­

bimmt adanovirua according to claim 7, in combination 

with a pha~ceutically acceptable vehicle, in particu-

20 lar• 

25 

10. Use of the reco.mb"iDant adenovirus according to 

claim 7 for the preparatiOD of antitU.Or drugs, prefer-

ably in a form which can be injected directly into a, 

tumor of the host. 

11. Pharmaceutical camposi tion conta~g cells 

according to claim 8, preferably human cells, in a state 

allowing them to be inj acted into h••ena. 

12 • Method for the production of recombinant 

defective adenovirusea according to claim 7, 

11111111111111 lllll lllll ll llll 
* C L M S * 
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characterized by the transformation of transformable cell 

J.ines of higher eukaryotes (in particul.ar of human or 

animal origin) themselves containing a separate 

nucleotide sequence capable of complementing the portion 

5 of the adenovirus genome which is lacking in the 

adenovirus and which would be essential for its repli­

cation, said separate sequence preferably being incorpo­

rated into the genome of the cells of said cell line, and 

in that the defective recombinant aclenoviruaea produced 

10 a~e recovered from the cu1ture medium of the cells of 

said-cell lines. 

13 • Method accordizig to claim 12, characterized in 

that the genome of the defective ac!enoviruses lacks its 

S' end region, am1 in that the cell liD.e is a human 

15 embryonic kidney liD.e such as line 293 which contains, 
! 

integrated in its genome, a 5' end region of the genome 

of a type S adenovirus (AdS) and having a size corre­

spcmding to approximately 11tli of that of the whole genome 

of t!U.a adenovirua. 

l lllllll llllll lllll lllll ll 1111 
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