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VI RUSES FOR THE PREPARATI ON OF RECOMBI NANT VI RAL VECTORS
The present invention relates to novel hel per vectors allo

def ective recoM® fddt05%55al vectors, 5 which have the cﬁﬁ?é@?‘%ﬁ?g%?goof
bei ng provided with reconbi nati on sequences recogni zed by a

reconmbi nase, to HEIPER ERUSES | FOR KEHES PREPARATION OF

conpl ement ati on cell expressing the reconbinase as well as a nethod of
preparation of recombinant REGP ANT i GIRAL fYERTORS0 infectious
viral particles allowing the transfer and the expressi on of genes of
interest in a cell or a host organism The invention is of very

particul ar interest Thieorpyesent hanypptpoos peelateespecindveld i hehpar
The possi bi li twe@t&fseasiﬂswbﬁgaraéke%%w bycdmbifgAe therAapyvhasopassed

In the course of a few years from the stage of_ theoretical
consi der at i"ons W thakage the crharagrerppricaifonbeinge HHEAGS oSED

applied to man recomi@natiidn EﬁeQﬁJdrﬂ:éé'lerédftbg}rﬁﬂzéH aﬁ}eSalﬁe&rﬁbﬂﬁé)@é 1980 on

a patient vvho tlcal I def i ci ent. becauyse _of
atFocting |t he PEREPLEDaRHES 1 OF L Oter b Te1oin b ae copRbafent hon "
rel ati ve successeldf dxpredsirgd the ezpembirateensowmeddechd e devedbdpoént of

new gene ther apt epa NGOG S dQUmYAILAUS, OE0P1Y 6o 0L, 20pui LD dhagages

(infectious di Tes %an especially vira I'Seases suc
cancers). Ifhe gmdsctigus viyradf peird iglesoedllowing gbeckirbagfant Rpdnbhe
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the cells to be freated. The interest in adenoyiruses as gene
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for gene therapy prospects, especially in man.
The possibility of treating human diseases by
15 gene therapy has passed in the course of a few years from
the stage of theoretical considerations to that of
clinical applications. The first protocol applied to man
was initiated in the United States in September 1930 on
a patient who was genetically immunodeficient because of
20 a mutation affecting the gene coding for adenine
deaminase (ADA). The relative success of this first
experiment encouraged the development of new gene therapy
protocols for various genetic or acgquired diseases
(infectious diseases and especially viral diseases such
25 as AIDS or cancers). The great majority of the protocols
described until now employ viral vectors to transfer and
express the therapeutic gene in the cells to be treated.
The interest in adenoviruses as gene therapy
vectors has already been touched on in numerous documents
30 of the prior art. In fact, the adenoviruses have a wide
spectrum of hosts, are not very pathogenic and do not
have the disadvantages connected with the retroviruses
since they are nonintegrative and replicate equally in
guiescent cells. By way of information, their genome is
35 formed of a linear and double-stranded DNA molecule of
approximately 36 kb carrying regions acting in cis (ITR

5’ and 5' encapsidation region of the viral genome and
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15 host organism (first generation wvectors). This deletion
makes the viral genome deficient for vreplication.
However, the E1- viruses can be propagated in a cell line
which complements the E1 function to generate an
infectious viral particle. The 293 1line, established

20 starting from human embryonic kidney cells, is currently
used, in the genome of which is integrated the left 5’
end of the type 5 adenovirus (Graham et al., 1977, J.
Gen. Virol. 36, 59-72).

The majority of adenoviral vectors of the prior

25 art comprise supplementary deletions. Certain of these
have been introduced in the E3 region with the aim of
increasing the cloning capacities but do not need to be
complemented to the extent where the E3 region is
nonessential for replication. More recently, second

30 generation vectors have been proposed in the literature.
They conserve the in cis regions (ITRs and encapsidation
sequences) and comprise important internal deletions
aimed at suppressing the main part of the viral genes
whose expression can be responsible for inflammatory

35 responses in the host. In this respect, a minimal vector
which is deficient for all of the coding viral regions
represents a choice alternative.

The techniques of preparation of adenoviral
vectors are widely described in the literature. Firstly,
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on a |arge scalemsilyh anvicéw tx3 cell line, the only complementation

15 line described to date and capable of efficiently
expressing El, such is not the case for second generation
vectors. In fact, according to the same basic principle,
such a vector must be complemented for the essential
functions which it cannot express.

20 The complementation can be provided "in trans" by
the cell line employed (designated complementation cell
line). It is then necessary to have new lines complement-
ing several essential viral functions (E1l and E2, El1 and
E4 or El, E2 and E4). However, the wvarious attempts

25 carried out until now give the impression that the co-
expression of several adenoviral regions is potentially
toxic, such that the line risks not being optimal in
terms of growth capacity and yield of viral particles,
these two criteria being indispensable for industrial

30 exploitation.

Another alternative is based on the use of a
supplementary viral element, called ‘"helper virus"
introduced into the line at the same time as the adeno-
viral vector (two-component system). At the present time,

35 an adenovirus from which the El1 region has been deleted
and which 1is capable of synthesizing the expression
products of other adenoviral regions is currently used.
The co-transfection of such a helper virus and of an

adenoviral vector in the 293 line allows the formation of
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15 extent where, very often, the helper virus has a
selective advantage (more rapid replication).

The unresolved problem to this day of the produc-
tion of recombinant adenoviral vector particles with a
high titer is an obstacle to the development of gene

20 therapy.

A novel helper virus has now been constructed by
insertion of direct repetitions on both sides of the
encapsidation region. The action of a recombinase recog-
nizing them involves the excision of the genetic material

25 situated between them. This deletion does not have any
notable consequence on the expression of the viral genes
but limits the encapsidation of the helper virus in a
viral particle. Thus, the employment of the two-component
procedure described above in a cell line expressing the

30 recombinase will allow ©preparations enriched 1in
adenoviral vector particles of interest to be produced.

The present invention follows from the perfection
of a genetic technique based on the use of recombination
sequences and of a recombinase to produce mainly the

35 recombinant viral vector and to limit the contamination
by the helper virus. The aim of the present invention is
to put at the disposal of the public a novel helper virus
able to express the genes which it carries (that is to

say capable of exercising its function of trans-



However, a major di sadvantage of this nethod is that the cells produce
a m xed popul ati on of viral particles, one type conprising the

reconbi nant vector and 5 the other type the helper virus.
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trans- viral vector defective for replication. It is thus able

as

20 to produce at least one polypeptide, early and/or late,
which the recombinant vector cannot produce itself and
which is necessary for the formation of a viral particle.
"In full" signifies that the helper virus is capable of
complementing the whole of the viral genome essential for

25 replication of which the recombinant viral vector is
devoid and "in part" signifies that the complementation
is limited to a part of the defective functions.

In the context of the present invention, a helper
virus derives from a natural virus such as found in

30 nature as well as from a virus whose genome comprises
modifications with respect to that of the parent virus
from which it is descended. These modifications can have
been introduced in vitro by genetic engineering tech-
niques. They can be different (deletion, mutation and/or

35 addition of one or more nucleotides) and localized in the
encoding regions of the viral genome or outside of these.
The modification can, for example, allow one or more
gene (s) essential for viral replication to be inactivated

with the aim of likewise rendering it defective that is
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Conplenentation) but unable to be propagated in the presence of a
reconbi nase. The sol,utign provided by the pr esent |nve o) es
safety of use WBr@EéPQ??én enri ched 7% reconmbi nant Vit %%516#%5&

simplicity (pr ) ductlon n a con entlonal c in the presence of
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reconbi nanp Ve@&?ﬁs@é”@ﬁ&iﬂ59d99ﬁe'Eﬁe!iaﬁﬂgkchukv@tcﬁl'S nepessakych or the
formation of a viral partic 8n|f|es that t he helper

virus is capabVérst- . 12§0nﬁpéﬁéﬁﬁvnépﬂﬁeymﬁﬁﬁe dYaRASH Y| +38° gehorfEen -
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present invent Howevarhelipermay adisocuscalepfvantiaresta tat hagk \a rlvslpench as
found in 15 virus derived from a poxvirus (vaccinia virus, fowlpox,
canarypox....), retrovirus, herpesvirus, cytomegalovirus,
adenovirus-associated virus (AAV) or even at a hybrid
virus comprising fragments of different origin.
The characteristic of the helper virus according
20 to the invention is that it comprises at least two
recombination sequences inserted at 5’ and at 3’ of a
sequence essential for its propagation. An essential
sequence designates all or part of a viral gene, elements
necessary for the expression such as a promoter or, in a
25 preferred manner, elements acting in cis (ITR, LTR,
encapsidation sequence...). By way of information, the
first and/or second recombination sequences can be
positioned in the interior or immediately at 5’ and 3’ of
the essential region up to about several hundreds of bp.
30 In the sense of the present invention, a
"recombination sequence" 1is formed by a nucleic acid
sequence (DNA or RNA) recognized by a recombinase able to
induce a recombination event. Usually, a recombination
sequence has at least 10 base pairs (bp), advantageously
35 15 to 80 bp, preferably 20 to 60 bp and, in a very
preferred manner, 30 to 50 bp. According to an advan-
tageous embodiment, a helper virus according to the
invention comprises two copies of an identical or closely

similar recombination sequence (at least 70% sedquence
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i nvention. 5 Y@ e pdibl 74 ot sof e’t"o ot hgr>’
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avi an, ovine, porci nore particularly possible to
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Virol., 1 11317 1989 Vi r 0,
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fragments of didifrerentrepégittions leads to ThRecCkacdetien stf csefukheebel per
virus accquln%etween them. On the other hand, recombination between
reversed repetitions involves the reversal of the genetic
material located between them.
Generally speaking, the recombination sequences
and the recombinases are described in the literature
20 accessible to the person skilled in the art. They can be
of any viral, phagic, prokaryotic or eukaryotic origin
(yeast, fungus or even higher eukaryote). In addition,
they can be obtained by the conventional molecular
biology techniques (cloning, amplification by chain
25 reaction (PCR for Polymerase Chain Reaction) or by
chemical synthesis.
As preferred examples, mention will be made of
loxP recombination sequences (described in the identifier
of sequence SEQ ID NO.: 1), FRT (SEQ ID NO.: 2) and R
30 (SEQ ID NO.: 3) recognized by the recombinases CRE, FLP
and R, respectively (see, for example, the review article
Kilby et al., 1993, TIG 9, 413-420).
A helper virus particularly adapted to the
present invention i1is derived from the genome of an
35 adenovirus and comprises the ITRs 5’ and 3’, an encapsi-
dation region and at least one viral gene selected from
the genes of the E1, E2, E4 and L1-L5 regions and defec-
tive in the recombinant adenoviral vector as well as a

first recombination sequence at 5’ and a second
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two copi es of %ﬂie&é&% 8§I aoPaléﬁo%%?%(;he encsal%rﬁlldaarﬂroencg ln\aéllt'i t(‘)fhgsg%%g%ce
(at | east 70% sdgudricmuating an eMREPTIidH2E3 region are ind¥cated in

PCT/ FR96/ Q3200 ¢ 1 ﬁﬂpqq]@a{.tti%na% 9i4ryz%1%r2e_ferred manner at |east 90% . For
alF"ta

this reason we s k of sequence repetitions. In _this respect, the
repetition can be revePSSPRAimg thd a seFergniidFddndn SeqleheE’shr ebBRt in

the hel per virugihate birds! QRN SEnOLuES! 3l Odxpi-é s o8 peskskerenafnat her,
one bei ng i %.dl recti og 5'llto,3' and thel t her .3'd tQ §ﬁ> ar
direct (sane ofi ingsey apg 3llgying egpeciallp;an inducd BIS SKBF R | |
be preferred. sion or the Twodwecoidn nafi an isaativapascedblbypaaepacting of

15 vatable according to needs (defined below). The insertion
takes place in an appropriate region of the helper virus
and, preferably, outside of the localized region between
the recombination sequences.

According to a particular embodiment intended to

20 increase the safety aspect, a helper virus according to
the invention can comprise a first recombination sequence
and a second recombination sequence at 5’ and at 3’ of
several regions essential to its propagation. For reasons
of simplicity of employment, the case will be preferred

25 where the recombination sequences are identical or
related so as to be recognized by an identical recom-
binase.

The present invention 1likewise relates to a
complementation c¢ell line comprising a DNA fragment

30 coding for a recombinase. It can be generated from
various cell lines by introduction of appropriate por-
tions of the viral genome and of the fragment in
gquestion. A line able to complement the E1 and/or E4
function of an adenovirus is more particularly preferred.

35 Mention will be made of the lines 293 (Graham, 1997
supra) and 1653 (described in the Application WO
94/28152) modified by the introduction of the DNA frag-
ment coding for a recombinase.

All the standard means for introducing a nucleic



10 the reconbi nation sequences, by a cleavage of a target sequence at
their level and by a ligation of the cleaved ends. The enzyne able to
pronote the reconbination is desi gnat ed "reconbi nase”

reconbi nati on Wet RBERA5255 direct repetitichs leads to th%cﬁ&%3%§6ﬂl%?°
sequences 15 between them t he of her reco nati on het

rever sed repet?FFgﬁ§499uﬁ\Réiifﬁ??eg%r§QP?8Veéhén E%Q:QPnte 9m§€r$§?
| ocat ed betmeeprébemt invention @Generisdtc spedkdalg, phasmédonbeoabi pon
sequences % them% conbi naz&g are %%SCI‘I begl ID%At hﬁré%gﬁ@t W.e 20

accessible to Pﬁe ers sklﬂle i n“CHé ~ar't . f 7any viral,
phagi ¢, prokaryotiegretedulkatpothe gelglgenome(yeasemaiUnQUStb¢ @Neﬁ0m¢gher

eukaryote) g In %Q@Let'%r thel fa%(sca@f b%h%b éf?&@ylht}enegeﬁent itonakn
E cl oni ng, I T

nmol ecul ar I ol ogy techni ques cation by chai'n 25
reaction (PCRC°W9¢15P0F999¢%S@ﬁntﬁwHQFe$§%ﬁX|ﬂﬂﬁ itgr exgyessioppnehiless

synt hesi s. will be, AprBEekap1od @Q&e’ﬂ&rﬁﬁs geAteopingl larbeinadeivie
| oxP reconbi nati on se%uences descri bed in the Ident'%y%&)elgwep%% %uence

SEQ ID NO : 1) S*PEFSE3ED B [{BSPORSS P RBOIIVEE) | fzed
by the reconbi kasen EBEthélperson skl Red riespewt iarel.y Itsés, pb951bkanpbe,

the reviewartiches oo S | ebeakneokdSis ol Okt Onaucinie by ~ A

hel per virus pa r&sent- i Aventioh T8 dert ved
fromthe genonrmesklan 3promgsrovi plis thd cospeliethinneinm®s genahd 3by an

encapsi - ﬂ%&&n%%eseg'(%%ﬁ\!?lgef‘t c‘:&ﬁ’ﬁhé’{‘ﬁgv'élaémé&ﬁﬂﬁ %%'s%%‘iﬁQnE;r 0fb

the genes of the , L1-L5 regi ons and defec- tivé in the
reconbi nant adSASFPCArticoigEs SRExello Rrogesterqnes PR b REEFBASDS

sequence at 5' gmmd .a)Seendriral induceD GH GRS comprising the 8TRA
PCT/FR96/Q£ZOOor RRE sequence responding respectively to the TAT or REV
protein of the human immunodeficiency virus HIV) or by
various cellular inducers (promoter comprising the UAS-
Gal4 sequence (for Upstream Activating Sequence Gal4)
responding to Gal4 or the operators of the tetracycline
20 bacterial operon responding positively to the trans-
tetracycline activator tTA.

In addition, a DNA fragment in use in the present
invention codes for a recombinase able to recognize the
recombination sequences present in a helper virus accord-

25 ing to the invention. It is preferred to employ a recom-
binase selected from the group formed by CRE, FLP and R.
However, it is equally possible to resort to a DNA
fragment coding for a homolog of a recombinase whose
sequence is modified with respect to the native sequence

30 but exercising a similar or improved function. These
modifications can result from the deletion, addition or
substitution of one or more nucleotide(s). They can
likewise be a hybrid protein resulting from the fusion of
polypeptides from various origins, especially a

35 polypeptide having a recombinase activity and the other
a linking region. A recombinase particularly adapted to
the present invention is formed by a hybrid protein,
designated CRE-ER, resulting from the fusion of the
recombinase CRE and of the linking region to the ligand



reconbi nati on sequence at 3' of the encapsidation region. Preferably,

they are fornmed by | oxP sequences positioned in the sanme orientation
with respect to _one ,anaqther. According to a first variant i est,
the encapsi- 5"8af7éR>f&3i on can be atténggtéd (reduced %%5é§$§é/¢£5€6

Vector: ‘The al PEntaE di it SRCERIEN NGB UREEERR S £bmrt i3t ne

encapsi dati on PegiconNalle nkemd. Sciof Uttt e?liat i e adagneapsimiam aegi on

are indicated bﬂcﬁoistfﬁaépf¢é(§§d(¥E§NQ%%§%§§%§§'activitx fs abeeeidigg to
the hel pe clude an

a second variant of Interest, virus can i .
expressi on casdBt theoprgsencer péopbhREEEONaANd 1GRNEWPHE e 3FcEFRFRALGHA -

i nduci bl e expres- ghan igkehite ol AduEiidr Gleldit dNad iy pFecosdi nase
acti- 15 vatable according, to needs, (defined .below . The insertion

t akes pl ace i nPARPEPPFPGpRI %%P?eﬁﬁ?ﬁ% € (IR 5919 9iFE§°mb1n3HH,Vlral
preferably, ouwvecderef whiehl eoabiriedsr epeofiolebwean stepkhe reconbi nation

sequences. According to a_parti r..e dj i e o 20
i ncrease the safety(S%pegf?pgrﬁgppgrrsgPﬁ%légégrH%%§9t%ggpértﬁ%§¥%%%%%ion
can conprise a first recdplyi mapilarasdéguence and a second reconbi nation

sequence 3p 5' and 3,3 PQfeparfinEJ?VQr%eiﬁ&oﬂﬁiﬁfsse'&téc%lrdti?lgitEo the
propagation. For reasons of Sinmplicity of enploynent, thé case wll be
preferred 25 where thellVe8sAPMati on sequences are identical or

related so as to be (e¢cogniczedubi ngn tKEENFEE8MbIRERMT viralbivid@s®r and

The present invention lik mﬁﬁe relates to, a conpl enent at i ell line
conprising a DNA fragnenF%§0 e&Bﬁthlr?%rl%F?é%bﬁﬁ?%%& }atﬁtcﬁgﬂ géne7

generated from (dar i qudtaeling i aesdbycehl r ddust | andefr agppoppraseepor -
tions of he viral genomg and Ghakneol LAO0ENLd hroaudiues! keNené bipg abl e

to conpl efent the E1 and/or E . ctron n adenovirus I's nor
particularly preferred. B8rtieaei oanwi thebepragenee t@é | anefunoBiona aham

1997 supra) and 1653¢(dapghiaked 4 d heo ApBLbERALEEN W Firdt 28452)
nodi fied by the introduction of the DNA frag-
second recombinatioh sequences; and

(e) Recovering the viral particle in the cell
20 culture.

In the sense of the present invention, a defec-
tive recombinant viral vector derives from a virus in the
genome of which certain sequences have been deleted,
rendered nonfunctional, mutated or even substituted by

25 other sequences and, more particularly, a heterologous
DNA fragment (normally not present in the parent virus).
The insertion takes place in an appropriate region of the
viral genome, so as to allow its expression in a host
cell. A host cell is formed by any eukaryotic cell

30 infectable by a viral particle containing said recombi-
nant viral vector.

The heterologous DNA fragment in use in the
present invention can be descended from a eukaryotic
organism, from a prokaryote or from a virus other than

35 that in which it is inserted. It can be isolated by any
technique conventional in the field of the art, for
example by cloning, PCR or chemical synthesis. It can be
a fragment of genome type (comprising all or part of the
whole of the introns), of complementary DNA type {(cDNA,



ment codi ng for a reconbi nase. Al'l the standard neans for
I ntroduci ng a nucleic WO 97/ 05255

PCT/ FR96/ 01200 Ld_into a cell can be enployed in t he
pr esent inventVBngzégﬁ%gétic viral, plas%}d vect or, $EZ£§?%§@€2&
O course, gvgl\lé‘ fc>r agJ.nEtnzion £F Pﬁe mlxrgde%\?é%d Egﬁt Egnﬁelalllgecgpma or

remain in the eplsonn venti on it
can conprlBerthefebem@ﬂaSUmnmssamwr¢@} i I8 eﬁgﬁésghonltHQQQBCOdevmII
be, preferabl yfcé? ﬁlqegﬁélgé’ﬂggrf{l{lﬂgaﬁ’@/bfldé'%@éﬁenger A © iyhi&@sponse
to an i nducer enents are erson skilled in the

art. It is posSiblethenibe kxanisdatesy iRke of HQﬁXﬂQEﬁ%4ﬁ1 oy PHrR RSt

i nduci bl e by therTEJI@itSeI( pperRberawie t ke meéal {iot hieeehBeluangy, byii)
hor nones (pronote rising elements res %dlng té’ ﬁlu ocorti coi ds
o Bye viPE

GRE, to progesPeR ﬁggo PreFeds: (Agehlie S iFducets
(pronot er conpKn$nhgsebEeEEA 15toothé%&kseqmahcmedaxpommuﬁﬂdxﬁimmxixely to

t he TAT or rof e ugan odef I b
vari ous ceIIuIar |ﬁ%hcer %éd%n%%? g%nﬁ%ﬁsln 4¥ h&tﬁgﬁy KEEESFE g%h&%ncg
(for Upstream pertiani g SQQUéﬁ¢ée@aH&FuncaW%@pGﬁd@ﬂy&kiX}ﬂZFQ#mQ#%?

oper at or s, gf tBSl&?EbéEME"%@ﬂ—; b%‘o%{'EheOPﬂﬁbﬁe%@nQéQGeﬁeébtld@y to
the trans- tetracycline activator tTA In additio a DNA
fragment in us¥eFAORFeOFAELESt OF evenBRERERAL8HEs hﬁarln@ rléfzﬂﬁ?af ¥ abl e

to recognize ;ﬁ@dlfledrg@gmbgmagnoprgpggem@gs present in a hel per virus
accord- 25 ing to thﬁE entlon cﬁi referred . to quloy a recom

c
bi nase sel ected fromt PﬁFﬁﬁd prgssn ¢ tloﬁkwék et s

equal | y possi bbe tadvanmngemmséadaﬂAuse a DNA fragment coding for a
15 cytokine (interleukin including IL-2, interferon, colony-
stimulating factor ...), a cell or nuclear receptor, a
ligand, a clotting factor (factor VII, factor VIII,
factor IX ...), CFTR protein (Cystic Fibrosis Trans-
membrane Conductance Regulator), insulin, dystrophin, a
20 growth hormone, an enzyme (renin urease, thrombin ...),
an enzyme inhibitor (inhibitor of a viral protease, «al-
antitrypsin ....), a polypeptide with antitumor effect
(product of suppressor genes of tumors, polypeptide
stimulating the immune system ....), a polypeptide able
25 to inhibit or slow down the development of a bacterial,
viral or parasitic infection (antigenic polypeptide,
trans-dominant variant ...), an antibody, a toxin, an
immunotoxin and finally a label (luciferase, B-galacto-
sidase, product conferring resistance to an antibiotic
30 ...). Of course, this 1list is not limiting and other
genes can likewise be employed.

Advantageously, the heterologous DNA fragment is
placed under the control of elements necessary for its
expression in the host cell. "Necessary elements" desig-

35 nates all of the elements allowing the transcription of
said DNA fragment to RNA (antisense RNA or mRNA) and the
translation of the mRNA to polypeptide. These elements
comprise a regulatable or constitutive promoter, which

can be heterologous or on the contrary homologous to the



fragnent coding for a honol og of a reconbi nase whose sequence is
nodi fied with respect to the native sequence 30 but exercising a simlar

or inproved function. These nodi fications can result fromthe
del etion, addi WQP7105255 substitution of 1@ne or nore nuBFBFRAE(EL200They
can | kewi se be a hybrid protein resulting fromthe fusion_of

pol ypeptides MaFANL Fidrogs ItoiPgppgsiblesyrdiantipn, 235Xagelfsepthge
having a reconrmagreact i lo\fl txhandhﬁiﬂanotbﬁr murln@ IBQKi R@neegi(@hosfho

reconbi nase pargt.i cuI arI apt resent s_formed by
a hybrid protei %é@rrﬁﬁ%ﬁe) %FSE%"R"}‘ ‘f“?'ﬁ%rf?g ﬁﬁegpﬁé SAT8F the
reconbi nase CRE(samiam‘ Uihead)i ,nkihrg I_I’IEZgICIfnRISEV t(Roulsi §amdoma Virus), Whe

97/ 05255 h

estrogen r ecept or pr(ﬂ?t;egcer(Tg?’mlfimel§ggég$9§1é—>r oC. q'@ i fgé%. qggilé.gg%SA
92). The | atterSimpletaViggis) amglidihg ademaniingd m@mqt§rt§s| dldgipod MEELi vity

is activated Thér‘ﬂé@éé@é@fncélgﬁeﬁtgorQRH@J ligandagueions esheadipel - 5
The invention likewi se relates to a process fo preparing a viral

particle conprididgiPnsde ofbeRERES vildgt ron Fﬁﬁéﬂ%?ce whPeRrebhPRi §égheke

fol l owi ng st eps;sequence, ndcan)eaﬁr eRIdd1d 7 Uieto Myed@incd, r ak ré@etiat ion
defi ci ent repli.cation;

Vi rus aCéH}dlrﬁPlﬁ%?t%QHgslte' transcrlgqﬁﬂﬂnqgﬁmldg%1on LERY é;glgnaqelper
| ntroduci ng the. raconbilbhoughi rit vectmwot apd preferred varl'ahe heltpedsvi rus

into an appropri gi&. G8ld {id€ tne viral v%?%oghhgﬂriggﬁ§ﬁgg Eghbr%%@e gunder

appropriate 15 conditions to allow the produciion o e viral
particle in t hN dieaanensi eedingtfmndihe recombinase. reconbinase able to

recogni ze said first anfk ig within reach of the person skilled in the

15 art to generate a recombinant viral vector in use in the
present invention. He will quite certainly know how to
adapt the technology as a function of the specific data
(type of vector, heterologous DNA fragment ...). Accord-
ing to a preferred variant, the vectors capable of being

20 employed in the context of the present invention are
recombinant adenoviral vectors defective for all of the
viral functions or even all of the functions with the
exception of E4. Such vectors are described in the
International Application WO 94/28152.

25 A helper virus according to the invention is
obtained by insertion in a viral genome of a first and a
second recombination sequence on both sides of a region
essential for «replication and, preferably, of the
encapsidation region, it being possible for the latter to

30 be attenuated or nonattenuated. The person skilled in the
art knows the regions essential for the replication of a
virus and is able to carry out such a construction by
applying the classical techniques of molecular biology.
According to the variant mentioned above, it can likewise

35 comprise a DNA fragment coding for a recombinase and,
especially, the CRE-ER hybrid. According to a preferen-
tial embodiment, a helper virus according to the inven-
tion and the recombinant viral vector which it allows

production of derive from the same parent wvirus and, in



second reconbi nati on sequences; and (e) Recovering the viral

particle in the cell 20 cul ture. In the sense of the
present invent | on, a defec- tive reconbi nant viral vect derives from
a virus in theWO 574RBR3RA of which certai h3sequences havpec"c')}) %I/eqje%(i%

render ed nonfunctlonal,r gutat d _or evenfsubstltuted bx ot her sequences
and, more partPcufhY| Fresehtrd: BPBEGhs TTOTDRR ARSEREAT “Ehor nal |y not
present in the parent &ftes)the adtheal nsenstnnCtadms spegce the amelper
appropriate re o] e L a | QW i )[e&m i on
I n a host 9&?{] Kr{éc: tt:h%elrl\éCO% %(ra%g fﬁlny§gﬁga§ ?I@C %:ﬁrf 30 ced

i nfectabl e by an¢prap M?@E?ba’é%rﬁ%ihlh@%alpdlr éé’@nﬁFaﬂdardn‘aﬁﬁn‘élﬁ%ﬁF

vector. 5 1ntrodﬁb@nbeéeﬁ@&PQP@Saémﬁ\fﬂ@ﬂﬁ?&blﬂﬂcﬁ%ﬁbénuééa in tl&esent
i nvention can be descendéd from a eukaryotic organism from a

prokaryote or FPBRFESVIQIus tOChR* $HRAH 3FDVEREE O whPE h SHETPL & n%’é?’?%d | t
can be i sol at edebyiany electte\cdsptbmxel@onveﬂtclxmiaﬂjelcmbhe flopodfettidme, art,

f | b t

fragment of geRGRSTRY R A, FaPheRarl aroldftdte Tt {fluficacef
introns), of cohpketmbeyacarDie topeltuiiced (concomlmtgﬁmw or
- 11 - ﬁnt%S%Esaﬁfs%aggte1P,ea9ﬁ¥_0hg1 Eri oageg)ae&OP lﬁg;xesl type

(conpr|5|ng al st one n ron tTon, It can
code f or aﬁnHﬁPFééﬁs@rRNAOélﬁéb’oPra RS 1RNAF<{ N r%@&hmantw |

then be transl gfed]i Q@@t@rpol ypept I de of interest, t he | atter bei ng abl e
to be (i) |ntraceIIuI ranous pre ent a surface of
the host cell or }"Oél&lr e ?%fgbllﬁgeeﬁ%} F ARG S%e Ir%réd'gﬁ‘f‘l on,
it context of the present invention, a complementation line

15 is especially preferred. Recourse will be had to a line
of the prior art (293, 1653...) when a recombinant viral
vector or a helper virus comprising the DNA fragment
coding for the recombinase is employed. On the other
hand, when this is not the case, use will be made of a

20 complementation cell line according to the invention.

After transfection, the cell line is cultured
under appropriate conditions to allow the production of
viral particles. A procedure according to the invention
can, in addition, comprise an amplification step previous

25 to the culture step in the presence of the functional
recombinase. The aim of this step is to increase the
quantities of helper virus and of recombinant viral
vector in order to improve the yields. It can be carried
out by culture in any permissive line or in the appro-

30 priate line in use in the present invention before the
addition, expression or activation of the recombinase.

This first culture step is followed by a second
step carried out in the presence of a functional recombi-
nase able to recognize said first and second recombi-

35 nation sequences. In the context of the procedure accord-
ing to the invention, this recombinase can be added to
the cell culture, for example in substantially pure form.
However, according to another very preferred and already

mentioned variant, the recombinase is produced by one of



can be a polypeptide as found in nature (native) or a portion of the
l'atter (truncated) or equally a chineric 10 polypeptide arising fromthe

fusi on of sequences of vari ous origins or even nutat ed nd

i nproved or  WOnBA{ 92 bi ol ogi cal propetties. {]/?Pé"?tr;}’g)nt ext
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of turmrs pol ?g tged betwephyFae; K§OAR IR g‘ Spaushices tg‘

pOlypeptlde abé£m25f pﬁevéhtbng or ﬁé@mcﬂﬂgnltbepﬂepagapmant of a

bacteri al, viral or P SI'[IC ectlon g tigenic poI epté

trans- dom nant variant =% ? Ja?P’ar?‘f Pody & f"%)’(flgseaﬁs Smg otoXih and

finally a Iabeéxprassienases fedofpibgakachy- an isddese, qacrodhet Qﬁi’rf%?rl ng

resi stancgoto agpanal Broten Mhose plolodlcLPUSELvi Ll 5 ldsfeddertOlon

limting and ot enes can ew s
Advant ageous| ya& br&mpagér dliggags m\tu@fcﬁla?gtim ggep inptice PHATRSCSY HRE

control of el eﬁﬁétﬁuﬁ‘@@:@éﬁé‘I Yrd Bmibirfase 1s9>é:larx$:§%ld06utnb§'h@hél%ﬁidﬁﬁdn
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transcription bP the c‘éiFngeTi?’géﬁéﬁ?H‘ﬁ f—?ﬂaugﬁﬁ!t gggﬂé‘é g#ﬁ at n?rRm;a and
t he transl ati on oActbediR¥At b oap cddyept agkeoud haslsod rerentisntended
A A L P
invention, the helper virus and the recombinant wviral
vector are defective and can be conversely complemented,
in total or in part. A variant of interest consists in
employing (i) a helper adenovirus according to the
20 invention defective for the functions E1 and E4 and
comprising the loxP sequences at 5’ and at 3’ of the
encapsidation region, (attenuated or nonattenuated) (ii)
a recombinant vector defective for all the functions with
the exception of E4 and (iii) a 293 cell line producing
25 the CRE-ER hybrid recombinase. According to another
advantageous alternative, a procedure according to the
invention employs (i) a helper adenovirus according to
the invention defective for the functions El1 and E4,
comprising the loxP sequences at 5’ and at 3’ of the
30 encapsidation region (attenuated or nonattenuated) and
producing the CRE-ER hybrid recombinase, (ii) a recombi-
nant vector defective for all of the functions with the
exception of E4 and (iii) a conventional cell line 293.
The viral particles are recovered from the cell
35 culture, from the medium or after lysis of the cells.
Advantageously, a procedure according to the invention
comprises an additional step of purification of the
recombinant viral vector particles. Although the choice
of the technique is wide and within the reach of the
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genome or in nonintegrated form (episome). It can be a

primary or tumor cell of hematopoietic (totipotent stem
20 cell, leukocyte, lymphocyte, monocyte or macrophage...),
muscular, pulmonary, tracheal, hepatic, epithelial or
fibroblast origin.
The invention 1likewise relates to a pharma-
ceutical composition comprising as therapeutic or prophy-
25 lactic agent a recombinant viral vector particle obtained
by a procedure according to the invention or a eukaryotic
host cell according to the invention, in combination with
a carrier acceptable from a pharmaceutical point of view.
The composition according to the invention is intended in
30 particular for the preventive or curative treatment of
diseases such as:
- genetic diseases (hemophilia, mucoviscidosis,
diabetes or myopathy, that of Duchéne and
Becker...),
35 - cancers, such as those induced by oncogenes or
viruses,
- viral diseases, such as hepatitis B or C or AIDS
(acquired immunodeficiency syndrome resulting

from infection by HIV), and



35 conprise a DNA fragnent coding for a reconbi nase and, especially,

the CRE-ER hybrid. According to a preferen- tial enbodi nent, a hel per
virus according to the inven- tion and the reconbi nant viral vector
which it allow®0 97/05%288ucti on of derivelﬁron1the sane BEFERR967PL308nd,
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step prevH%ys certain delay interval. The appropriate route of admini-
stration and the appropriate dose vary as a function of
various parameters, for example of the individual or of
the disease to be treated or even of the recombinant
gene(s) to be transferred. In particular, the viral
20 particles according to the invention can be formulated in
the form of doses of between 10* and 10 pfu (plague-
forming units), advantageously 10° and 10 pfu and,
preferably, 10° and 10 pfu. The formulation can likewise
include an adjuvant which is acceptable from a pharma-
25 ceutical point of view.

Finally, the present invention relates to the
therapeutic or prophylactic use of a recombinant viral
vector particle obtained by a procedure according to the
invention or of a eukaryotic host cell according to the

30 invention for the preparation of a medicament intended
for the treatment of the human or animal body and,
preferentially, by gene therapy. According to a first
possibility, the medicament can be administered directly
in vivo (for example in an accessible tumor, in the lungs

35 by aerosol...). It is likewise possible to adopt the ex
vivo approach which consists in taking cells from the
patient (stem cells of the bone marrow, peripheral blood
lymphocytes, muscle cells...), in transfecting or

infecting them in vitro according to the techniques of



25 to the culture step in the presence of the functional r econbi nase.
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Figure 2 is a schematic representation of the
pTG4701 vector in which the left 5’ region of the 5
adenovirus is modified by the insertion of LoxP direct
repetitions on both sides (in positions 161 and 460) of

20 the encapsidation region (psi).

Figure 3 1is a schematic representation of the
pTG8595 vector with the E1, E3 and E4 regions and
comprising an expression cassette of the LacZ gene
controlled by the MLP promoter and a polyA sequence (pA).

25 Figure 4 is a schematic representation of the
pTG4707 vector with the E1, E3 and E4 regions and
comprising two LoxP direct repetitions on both sides of
the psi encapsidation region.

Figure 5 is a schematic representation of the

30 pTG4662 vector, a recombinant adenoviral vector with the
El and E3 regions and carrying the same LacZ cassette as
pTG8595.

Figure 6 is a schematic representation of the
vector pTG4667, a recombinant adenoviral vector with the

35 El, E3 regions and the ORFs 1 to 4 of E4 deleted and
carrying the same LacZ cassette as pTG8595.

Figure 7 is a schematic representation of the
pTG4702 vector which derives from the above vector by
insertion of an expression cassette of the CRE-ER hybrid



15 to increase the safety of a procedure according to the I nventi on,
the hel per virus and the reconbi nant viral vector are defective and

can be conversely ement ed, in total or in part ri

i nterest consi™ sgﬁr)f{? enploying (i) dhel per adenovi rc&' % éﬁgttzﬁé to
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all the functi Mgd t he exception of E4 and (iii) a 293 cell line
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additional ste purification of reconbl nant viral vector
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PCT/ FR96/ 01200 erson, sk SSi r}er}’tg on
more - part i GATEIY O iR eher | FEGALPoR oo ER RPN A dey
sucrose gradi eflfubacek and Glowemall9/70 t he. iModentHiarl | |5<evmlse—rlel7at@sr to a
pro- BJ5183 (Hanahan, 1983, J. Mol. Biol. 166, 557-580). This

15 latter strain is preferentially used for the homologous
recombination steps. The techniques of amplification by
PCR are known to the person skilled in the art (see, for
example, PCR Protocols - A guide to methods and appli-
cations, 1990, edited by Innis, Gelfand, Sninsky and

20 White, Academic Press Inc.). Being a question of the
repair of restriction sites, the technigque employed
consists in f£illing the protruding 5’ ends with the aid
of the large fragment of DNA polymerase I from E. coli
(Klenow) .

25 As far as the cellular biology is concerned, the
cells are transfected according to the standard tech-
niques well known to the person skilled in the art. The
calcium phosphate technique can be mentioned (Maniatis et
al., supra), but any other protocol can likewise be

30 employed, such as the DEAE dextran technique, electro-
poration, methods based on osmotic shock, microinjection
of a selected cell or methods based on the use of
liposomes. As for the culture conditions, they are
conventional except when specified.

35 In the examples which follow, recourse is had to
the following cell lines:

Line 293 derived from embryonic human kidney



5 cedure for preparing a viral particle conprising a r econbi nant
viral vector by neans of a hel per virus, according to which the ratio
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preferably greater tha n n a Qﬁﬂnﬁ; ter
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tracheal, hepatic, epiUheki alGdE53 (@ebeobbedt Dnlgthe Internationghe
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particle obtained byom phecédnre2dBcoranaforvedhéni averdpby mRNRET
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- viral diseases, such;gas Rhepalhkigg)B or C or AIDS (acquired
i mmunodef i ci ency syndromé resul ting frominfection by HIV)
and 15 It is understood that other cell lines can

used.

In addition, the fragments of adenoviral genome
employed in the different constructs described below are
indicated precisely according to their positions in the

20 nucleotide sequence of the genome of AdS5 such as dis-
closed in the Genebank databank under the reference
M73260.

EXAMPLE 1: Formation of a helper virus.
This example describes the construction of an

25 adenoviral helper virus defective for the functions El
and E4 and comprising an loxP recombination sequence
positioned on both sides of the encapsidation region.

The loxP sequence 1is carried by the oligo-
nucleotides oTG6374 and oTG6522 (SEQ ID NO: 4 and 5).

30 These are reassociated and then introduced into the
HindIII site of the p poly II vector (Lathe et al., Gene
57, 193-201) to give pTG4691.

The vector pTG8343 arises from the insertion in
the p poly II vector of a part of the 5’ end of the

35 adenoviral genome, namely the sequences extending from
the nucleotides (nt) 1 to 458 and 3328 to 5788. This is
linearized by Sall and ligated with the Sall-Xhol frag-
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regions deleted and comprising an expression cassette of
the LacZ gene under the control of the MLP promoter in
place of the E1 region. The recombined vector is

20 designated pTG4707 (Figure 4). After transfection in the
TG1653 complementation line (E1*, E4*) and amplification,
the Ad TG4707 viruses are purified on a cesium chloride
gradient so as to form a viral stock titrating approxi-
mately 2 x 10%® pfu/ml.

25 EXAMPLE 2: Construction of a recombinant adenoviral
vector producing a recombinase.

This example describes the construction of an

adenoviral vector expressing the CRE-ER hybrid protein.

In the absence of estrogen, the latter is produced in an

30 inactive form but in the presence of the hormone, it

adopts an active conformation. The adenoviral vector is

devoid of most of the El1 and E3 regions and of the part

of the E4 region other than the ORFs 6 and 7 (Open

Reading Frame). The expression of these two genes 1is

35 sufficient to assure the E4 function without necessity

for complementation (Ketner et al., 1989, Nucleic Acids

Res. 17, 3037-3048). Two types of vectors have been

constructed. In the first (pTG4708), the CRE-ER gene is
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region and the remaining adenoviral sequences with the E3
15 region (nt 3329 to 27870 and 30749 to 35935) deleted. The
E. coli BJ strain is co-transformed by the FspI-MunI
fragment descended from pTG4660 and pTG4662 digested by
Swal. This recombination event allows pTG4667 {(Figure 6)
to be generated, in which the cassette ORFs 6 and 7

20 replace the E4 wild region.

A. Construction of the pTG4708 vector
In parallel, the expression cassette of the
CRE-ER hybrid recombinase is isolated from the pCre-ER
vector (Metzger et al., 1995, supra) in the form of a
25 Sall fragment and cloned in the vector pTG8343 previously
linearized by this same enzyme. pTG46992 and pTG4700 which
differ by the orientation of the cassette are obtained.
The vectors pTG4702 (Figure 7) and pTG4703 are
obtained by homologous recombination between a purified
30 SgrAI-BstEII fragment of pTG4699 and pTG4700 respectively
and the adenoviral vector pTG4667 linearized by Clal.
They carry the CRE-ER expression cassette (different
orientation for each of them) in place of the El region
and are devoid of the E3 region and of the ORFs 1 to 4 of
35 E4. They are transfected in the 293 and 1653 cells so as
to ensure that the expression of the recombinase is not
toxic to cell growth and to viral multiplication.

The construction of an adenoviral vector, in



conprising an expression cassette of the LacZ gene controlled by the
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of the E2 region.

B. Construction of the pTG5630 vector
15 The vector pTG4667 1is digested by the SnaBI
enzyme and then religated. The vector pTG5613 similar to
pTG4667 is selected except for the reversal of the
adenoviral fragment SnaBI (positions 10307 to 25173)
covering a large part of the coding sequences of the E2
20 region. This reversal allows a defective virus to be
generated which is incapable of producing the functional
expression products of E2.
In addition, the sequences coding for CRE-ER are
isolated by EcoRI digestion and treated by Klenow before
25 being introduced upstream of the CMV promoter, giving
rise to pTG5625. The vector pTG5630 1is obtained by
homologous recombination between the Pacl-BstEII fragment
isolated from pTG5625 and the vector pTG5617 linearized
by Clal. pTG5630 1is defective for the E1 and E2
30 functions, with the major part of E3 deleted, and carries
the "CMV - CRE-ER promoter" cassette in place of El in

reverse orientation with respect to the 5’ ITR.



The cl oni ng st
strain Escheri
Biol. 50, 111-
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enbryoni ¢ _human ki dney functions ﬁ%{%&é%§%§%4 and containinégtWo loxP

PCT/ FR96/ 01200

15

20

25

30

35

direct repetitions placed on both sides of the
encapsidation region, and

(3) the 293 complementation cell line complementing
the E1 function.

The vectors pTG4707 and pTG4708 are co-trans-
fected in 293 cells and cultured at first in a conven-
tional medium not containing estrogen. The viral
particles can be formed in the cells which comprise the
two vectors since they are mutually complementary. In
fact, the E2 proteins are produced from the helper virus,
the E4 proteins from the adenoviral vector and the El
proteins are supplied by the cell line. In addition, the
CRE-ER hybrid protein ig produced in its inactive form
since the culture medium is not supplemented by hormone
such that the genome of the helper virus is able to be
encapsidated. The plaques thus produced contain a mixed
population of virus, one part containing the genome of
the adenoviral vector and the other part that of the
helper virus. This step allows an amplification of the
guantity of virus with the aim of improving the titers.

The step of selective production of the particles
of adenoviral vector is carried out by introducing into
the culture medium estradiol according to the conditions
detailed in Metzger et al. (1995, supra). The presence of
estradiol will allow the CRE-ER recombinase to be acti-
vated which, once functional, is able to induce a recom-

bination event between the loxP sequences. The viruses

%%t?’&c%%ock

for the culLture conditi th conventional except
gﬁﬁ?ﬁg &ﬁ?cﬁﬁfollown recourse is had



(Gahamet al., 1977, supra) which results from t he

integration into its chronosones of the 5 end of the genone
of Ad5 (I TR5', encapsidation sequence and E1 r/% 6)
(avai |l abl e at t¥R FHAA5355 under T&%erence 1573) PCT/FR96/01200 | j e

TGL653 (described in the International I on W4/ 28152,
Exanpl e 8) whi FPRRF3LRE under these cppgitipps| pre E@g h%‘%sf%ﬁﬂﬁ it Sa
stabl e rrannerd isolated anlly tth @ Bt oin pEEL G caneybsfdahiors regdioon of
10 A 5 n 80 3582 and .the ress

cassette of - Yaitigscerthet oy B Phan il o 08 TR 3 Ay saimarioy
pur onyci n reasltsn ancepprogeriate probe comlegeg'easYetpqn that e rdi®go,

Nucl ei c Acigl B8 ermadfp) - 15 It is understood
t hat ot her cel ﬁ'etfltn%% %%%h%%logg.%fsed. ¢ ) In addition, the
fragments of adenoviral genone enpl oyed in the different constructs
descri bed bel ovgare gmp1bpféset 88 PhECHELkYrapeesdi30d and brfelttheprelt €ns in
the 20 nucleotid uence of the genonme of Ad5 such as dis- osed in
t he Genebank daﬁ’%@%\?ﬁ% under the reference M7 3260. EXAI\/PLE 1

Formation of a hel per v2rsisto 5 ug of pTGSHEG vexagd exrdesmanfediedl in

construet] on o gl 235 2958V Gl DoLAS KL 0eLah Vel ole b Vol one

positionedl®n biohlewies @ayttﬁree eump%ﬁ@ated)rﬂerlelga @re superlnfecteﬁhm oxP
sequence is carghedpy Hehe g0~ adTcaRYq! E‘aOé | des- ABIF4 SKhiERRed f SEQ

ID NO 4 and 5). 30 These are _reassociated and then introduced nto t he
Hondli 11 site of0t9% REWAFSL] | andceeiteradhanee HMEM msqdum depﬁ-?tePQ:? 201)

to give pTAA69lphenocl Red (theT e et Qe IR TId S5 Havimd e igddaid- on
'n the p po'ch agt?fxtn%y) 'ch?acfotné)ftn{ohr?s 5floxencq110€urteh?ﬂere studied
15 in parallel: medium supplemented by y-estradiol (Sigma;
E4389) at a concentration of 10°° and 107'M after the third
passage and nonsupplemented medium. The cell culture is
harvested at 4 days post-infection and a part of the
harvest amplified by successive passages over fresh 293
20 cells. The other part is preserved for the wviral DNA
analyses. A significant difference is observed in the
state of the cells according to the culture conditions.
In fact, the cytopathy is less pronounced in the presence
of estradiol than in its absence, this counting from the
25 third passage, which allows a difference to be shown at
the level of viral production.

In order to verify this point, the DNA of the
viruses produced during the four first passages is
isolated from an identical volume of culture, digested by

30 the enzyme Munl and analyzed by Southern with the aid of
a radiocactive probe complementary to a sequence upstream
of the E4 region. After hybridization, an Munl fragment
of 1.7 kb is wvisualized in the case of the viruses
descended from the pTG5630 vector and a MunI fragment of

35 1.1 kb in the case of the AdTG4707 helper viruses. These
conditions allow the relative quantity of wvirus of
interest and helpers generated in each amplification

cycle to be seen.



35 adenoviral
nucl eotides (n
and ligated w
20 -

| oxP sequence.

genone, nanely the sequences extending from t he
t) 1 to 458 and 3328 to 5788. This is | i neari zed by
th the Sall-Xhol frag- WO 97/ 05255
WOCPTERS85E1200 ment -i 381 at ed from pTEABHERAGL P2 0Q

pTG4695 is, obtai ned, which conpri | oxP_sequen
position 450 of the ad¥RE&¢Tr E}"eg‘é%‘ﬂ%tb‘?n%twa?reogﬁ’[engsﬁ'gﬂeﬁ%%‘ﬁ@?ﬁ??%
regi on. A second LasPtiegudinethe absaadei ofSesthegéni m af samShehn&ous |

fragment purif

16 tioxe o . > At
AFITI (positi olr"i‘ﬁ‘%%%flg%g’%d of o hsy \t,}ﬁ?E@f@%&gﬁﬁg}%%ﬁ%ﬁg&@%

obt ai ned C
encapsi dat ison
region is exch
honol ogous
transfornmed w
(Figure 3) dig
vector with th
32800- 35826)
the LacZ ggne
region. The re
transfection i
anplification,
gradi ent so as
10[err] pfu/m

15

20

25

30

35

sinomiings tweelfr byt & oxPneepandt imere sinkenadi myaned psn
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n for its genom™ honmolog by the_ techni que of
CudEyasi MAdinn o FURRINRNtahdE eRbF2dLet ai M sSegnal
idbrireepBaldink aenene 101 pdEAAGuaddriiases aptEBa8h vRst
est ed hy %Ialhd¥ggsl§tter s 15 a_reconbi nant _aden Mira
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restdgisonsidiedatrteedt lartd Wosrpadtsi vat zon exfr ebsi vacombipase

Ao by PERERRE BAF ShpdrieaclfO o8 Chel

it of INGEeSStconpl enentation line (El[err], E4[err])

the id BREAQAOH A Bl éndipps IdLEi ON Pe§ESh USE CBhE
Helpey Vizus i3 demonstrated byIsabPhOth analySis ol nd
viral DNA preparations digested by the enzyme AfIII and
employing a specific probe of the encapsidation region
hybridizing to a fragment of 3.7 kb in the case of the
AdTG5630 virus and to a fragment of either 800 bp in the
case of the complete helper virus or 400 bp in the case
where the encapsidation sequences bordered by the loxP
sites are excised.

The intensity of the signal corresponding to the
fragment of 3.7 kb increases in proportion to amplifi-
cation cycles whatever the culture conditions although
that corresponding to the 800 bp fragment only increases
in the absence of estradiol. On the other hand, in the
presence of the hormone, the signal corresponding to the
helper virus grows weaker. With high exposure, it is
possible to demonstrate a band at 400 pb indicating that
the encapsidation region of the helper viruses is excised
by the action of the recombinase.

In their entirety, these results show that the
CRE-LoxP system can be adapted to the adenoviruses to
reduce the contamination of the adenoviral preparations

by the helper virus.

EXAMPLE 4: Formation of a stable line expressing the
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CRE-ER hybrid recombinase.
The pCre-ER vector is transfected, in a conven-

tional manner, in the 293 cells at the same as a selec-



25 EXAMPLE 2: Construction of a reconbinant adenoviral vect or
produci ng a reconbi nase. Thi s exanpl e describes the
construction of an adenoviral vector expressing the CRE-ER hybrid

prot ein. | WO 193 /815@85ce of estrogen. BBe-latter is pPﬁﬂdEE&G/ﬂ1&ﬂ°30
inactive formbut in the presence of_the hornone, it adopts an active
conformation. THON¥EREGKT AFO% cR¥rP}e PRC- QI GoR fErTiss: rﬁﬁlﬁﬁénET 5Ad E3

regi ons and of ddﬁﬂle&%rﬂally glrat habkd rz@@:brwbm he(r:rntvharlrogl@ean@T@lamsl 7
(Open Readi n ressio t hese two &aes %G%S in

. The.ex o}
sufficient to &8 reé‘r E4rFﬁﬁc?F$8Fievmtﬂ8ut I?Jrérc"é%ys‘?‘tr&/ escfr&
conpl enent at i owWQ( kat/2Sr56t) .alAftei98Fankifelceiionicktle cellsRese ¢dltured

3037- 3048 T h - |n, 4 heyLirst
(pTG4708)) 5, he‘&&gﬁ%&ﬂvge%ﬁ&ﬁm %’&éﬁ%@é;% | 52§5§§1tt 14968 e ;{hé glié' rs
PCT/ FR96/ 01200 resmt@lnacéélonﬁéeﬁdeﬁeg@@ﬁ@do?9MCRWI§vmepﬁ§@éﬁéﬁdaanﬁough

in t he SeC%E@(ﬁggggﬁxﬁor'Ehé§rdbé%ﬁ%%@ybkdwﬁkdaﬂéé”&théénov1ral

In the first place, the pTGL653 vector carrying the E4 region of Ad5
(nt 32800 to 3¥§%OTsee 5 WO 94/ 28152), is digested by Avril and Bgl |
and then treated byrnd esuowe b@é@hx@ob@gﬁglsehisgateﬁ: aferidrsald .a 1653

FICS00 Wi, CaLL o A SRS on SRS, e 0 1 £ayre

i ntroduced |nt@xmraa$mm@vmm@ CRECER gbhe Iprdewmt].ogous reconbi nation. To
this end, the vector o pEQﬁ?@%E£Ek9“ESl§% éqggo§§%?%ygggb_cgqgriggs t he

| TR 5' and the encapsi dation se&uences an expres-
sion cassette &ranafacied ynehpnpt é79Va%%;Rﬁrth¥q§lan ar ggrefPanRanthe

remai ni ng adenerdvisRAusrE@som 8rébeitd kor Q1 Ahd Nfusd2foh® #I8K0 and
30749 to 35935) .deleted. The .
15 the exception of E4 (such as those described in
WO 94/28152) and then cultured in a conventional medium
so as to generate a mixed and amplified population of
viral particles. After a certain time, the culture medium
is replaced by a medium containing estradiol in order to
20 produce the recombinase in its active form and to prevent
the production of AdTG4707 viral particles.

The 1653/CRE-ER line will be useful for the
preparation of vectors defective for all of the essential
functions (see WO 94/28156). The technology employed is

25 comparable to that described above, namely: co-trans-
fection by the pTG4707 helper virus and a minimum recom-
binant adenoviral vector, culture in selective medium
which is not supplemented by estradiol for a sufficient
time and then addition of the hormone to the culture

30 medium and recovery of the viral particles produced.



E. coli BJ strain is co-transformed by the Fspl-Mnl fragnent descended

frompT&HA660 and pT(4662 di gested by Swal . This reconbi nati on event
all ows pT4667 Fi?zre 6% to be generated, in which the cassette ORFs 6
and 7 20 repl WPeS7HA5RA5i I d region. - 27 A Constr REFRYE/IR0DTH

708 vector In paralle X .Qn cassette of the
CRE- ER hybrid reconbi nase is isola%QQ&E§8ﬁ1gﬁg§g%§e-ER vector (Metzger
et al., 1995, supra) in the formof a 25 Sall fragnment and cloned in the

vector pTG3343 (pkevj ' iyzed by this sanme enzyne. pT&4699 and
pT&700 which () E?B?E¥Lb§Nfﬁ§M§??gﬁfation of the cassette are obtai ned.

The vectors pTG4702 (Figure 7) and pT&4703 are obt ai ned by honol ogous
reconbi nati on betwegnja Awpbifc@#T30 SgrAl-BstEll fragnent of pTG4699 and
pT&GA700 respectively nd_t he adenoviral vector pTG4667 |inearized by
d al . They carry théA%Rﬁﬁﬁﬁ’e;6?8§§?8ﬁ Salsette (different

orientatios for each of tBenpTREER:ace,okuehdeElcliepeam and are devoid
of the E3 region and of t%g E§§§_1 %o 4.0f 35 E4. They are transfected in
the 293 and 1653 cel |'s sd“s + P5LBROIME S hat the expression of the
recomnbi nase i s not t{@&xi COUNTRF:| Fgroweh and to viral nultiplication.

The constructi on of an adenoyi v r, 5 5 WO 97/ 05255
- 22 - PCT/FR92?&1§8§%hL %6g§difigﬁ, defective for the E2 region

can be carried out st{& t TRGEPHONEDr 9Bou88c8sPrulls by treatnment with
t he Asgl enzyme and nelhi gateeAx.The3¢! gges7ane h3ol ated which have

reintegrated the Ascl fragnent but in opposite
(ii) TITLE OF INVENTION: Novel helper viruses for

the preparation of recombinant viral vectors.
{(iii) NUMBER OF SEQUENCES: 5

(iv) COMPUTER READABLE FORM:
15 (A) MEDIUM TYPE: Tape
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0.
Version # 1.25 (EPO)

20 (2) INFORMATION FOR SEQ ID NO: 1:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
25 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)

(iii) HYPOQTHETICAL: NO

(iii) ANTISENSE: NO



5 orientation wth respect to the parent vector. The candi dat es
can be determ ned by sinple enzymatic di ges- tion with enzynes whose
sites are present on the frag- ment, for exanple Bantl

nd ar
desi gnat ed pTGX’R)E?.”‘ﬂ?@SS aimof this réfersal of the BFPQHPQ%/@HZPQ to
interrupt 10 the transcriti ury ding for E2A, the pol ynerase
and t he hexon and to(E‘l'rrl néﬁqmgﬁnc Ton defective. It is equally
possi bl e to introduce del &)i ofBRGANIAM: Faqmniophagsf Rlhe E2 region.

B. Construction of the hCHE3GLAREL Of o P @%é’sﬁ% oWt #667 is
di gested by the SnaBl (Fée)nzyrre and ?hoen r(e]ﬁcdlast eOcF. The vec%oc?r pTG5613

simlar to pTG4667 is sel ected except for the reversal of the

adenoviral fragment GnaBlsHqaaice PEsGORETA: Y I No: qovering a |arge
part of the codi ng sequences of the E2 20 region. This reversal allows a

defective virus to be generated which is incapable of producing the
functional 5 expr essi ORTRAOCTDCES ATAKEPGTATG CTATACGAAGNTDATI tion, Bhe
sequences coding for CRE-ER are i sol ated by EcoRI digestion and
treated by Kl enow before 25 being introduced upstream of the CW pronoter,
gi ving ri s o PERFBPSLIOhFORARY PI@BB3R 4 s obt ai ned by
honol ogous reconbi nati on between the Pacl-BstEll fragnent i sol ated
from pTG5625 and the vector pTG5617 |inearized by Cal. pTGE630 is
defective for the Ellignd SBRURNCE {CHARAGHRISHIF t he maj or part of E3
del eted, and carries (X)he rEfdty: GE-dRPmier " cassette in place of
El in reverse ori ent('gi or]r%@é_h respect to the 5 |ITR WO
97/ 05255 - 238 Ponu FRY6/01200

10 (C) STRANDEDNESS: single

(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTISENSE: NO
15 (vi) ORIGINAL SOURCE:
(A) ORGANISM: Saccharomyces cerevisiae
"(B) STRAIN: FRT
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
GAAGTTCCTA TACTTTCTAG AGAATAGGAA CTTC 34
20 (2) INFORMATION FOR SEQ ID NO: 3:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

25 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)



EXAMPLE 3: Procedure for preparation of viral particles of an
adenoviral vector by the system CRE and | oxP. A Errpl oynent of the

vector pTG47O8JZng‘1'HFSM per pT& 707 5 ( ‘Fﬁé)%x/%g:&8§t| t he

following are (1) an adénd\ ral vect or

for al |, ofy thg, adenovifal 1\1; nctl ons with the excep-

tion of E4 and carryl ng 't he sequences co for the

reconbi nase CRE- ER 10 (2) a hel per VI rus (pTGA707) defective for
t he {ﬂ Nk Angb E4 and containing two | oxP

direct repetitions placed on both sides of the encapsi dati on
regi on, and (3) the 293 conplenentation cell |ine conplenenting
15 t he El(\fy)nqmmNAL SOURCE: The vectors pTG4707 and pTG4708

are co-trans- fect ed 2 | | cuIt red at first in a conven-
ti onal medi um not cont ai nf e@ﬁé‘g@ﬁ ?%’-:9 aromy‘if‘aﬁ‘ th¥PESt can be
formed in tthe cells whi Ch(B:)OmBTFEZEINhESﬂOe vao vectors since they are

nmut ual Iy conplenmentary. In fact, the E2 proteins are produced from
t he hel per virus, the E4 proteins fromthe adenoviral vector and the
El prot ei ns ar e(x:supPEQUENGE {(DRSCRAIRTIONMe. SEQ HIAQA4 ¢y, the

CRE-ER hybrid protein is produced in its inactive form25 since the
culture nediumis not suppl errent ed by hor none such that the genone of

the helper virus is able tIFHFCARAC SRS GTHA eI CTIIEAIRgdes thus pPdduced

contain a m xed popul ati on of virus, one part containing the genone of
t he adenoviral ct t t the 30 helper virus. This
step all ows an ﬁw%ﬁf‘?}f@% I%Dﬁuii y of virus with the ai m of
inmproving the titers. The step of selective production of the

particles of adgenov Qut by introducing into
the cul ture nedi um egt?)ra }f’c# accor I ng ({Cﬁ:fﬁ%e conditions 35 detailed in

Met zger etl@l. (1995, sup%ﬂ) LEN{E Hhy erkasofpairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
15 (iii) HYPOTHETICAL: NO
(iii) ANTISENSE: NO
{(vi) ORIGINAL SOQURCE:
(A) ORGANISM: synthetic oligonucleotide (loxP)
(B) STRAIN: oTG6374
20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:
AGCTATAACT TCGTATAATG TATGCTATAC GAAGTTATCT CGAGA 45
(2) INFORMATION FOR SEQ ID NO: 5:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 45 base pairs
25 {B) TYPE: nucleic acid



estradiol will allow the CRE-ER reconbinase to be acti - vat ed which
once functional, is able to induce a recom bi nati on event betmeen t he
| oxP sequences. The viruses WO 97/ 05255

PCT/ FRO6/ 01200W0 97/88R6Bat ed under these3Bonditions areP%%(?$?§%P1¥%% DNA
i's i solated and the geletlon of the encag gatlon regi on verified
either by enzymatic dige FIOHSBFAN EPNEPZat £ with an appropriate
probe conplenmentary to tHab amooouoﬂg :51iheatrhe technol ogy of Sout hern.

B. Enpl oyment of the vector pTG630 and of the hel per pT& 707

2.5 to 5 [err]g of pTG630 vector are transfected in the 293 |ine under
t he conventional codditi YMREECURE TYPE:f BNRokgegomag)t he transfected cells
are superinfected by t he hel per virus ADT&4707 at a rate of

approxi mat el y pfulcell and cultured in a DVEM medi um depl et ed of
Phenol Red (the IatﬁéﬂlﬁeﬁﬁgoggﬁgﬁpéLofNHaV|ng an estro- geni c
activity). Two conditions for culture were studied 15 in parallel: nmedium

supplenent by [err g E4389) at a concentration of
10[err] an 10[err]Nﬁéﬁﬁeéﬂ&hggpﬁgrdggs passage and nonsuppl enent ed

medium The cell culture is harvested at 4 days post-infection and a
part of the har t e uccessi ve passages over fresh 293 20
cells. The ot her pa#?gﬁs gggggé%egopﬁrﬁthe viral DNA anal yses. A
significant difference i SAdbsERFEAHISN:tggnthetigodiigopuciipotddel slexkbr di ng
to the culture conditiongg) grrhAN:a6trgeERe Cytopathy is |ess pronounced
in the presence of estradiol than in its absence, this counting from

t he

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

10 AGCTTCTCGA GATAACTTCG TATAGCATAC ATTATACGAA GTTAT 45



25 third passage, which { II Elce to be shown at the | evel
of viral production. *“Iﬂhﬁﬂﬁl ﬂ"u} |to verify this p0|nt the DNA of
t he Vi ruses produced durlng the four first passages at ed

from an identi 89 3V4P8#€5%f culture, di gedted by 30 thﬁcgh§§ﬂ§/ﬂbﬁ?°and

anal yzed by Sogghern with the aid of a radioactive probe conplenentary
to a sequence of the E4 region. After hybridization, an Min
f ragnent of 1.7 kb is visualized in the case of the viruses

descended fromythe ?TSEF%% %&I%nygiﬁ$éwgﬂefﬁf%éﬁ%ﬁt|ons a?léeé?ﬁg in the

case of the AdTGA?O er “Vi ruses
rel ative quantPﬁFtOfV¥¥$ s igctor dpfieekéye afer halepdisagdesr at edaraceach

anplification terizeWlcl ént oOtRgt segh. comprlses aOs946052p8combination -
25 - PCT/ FR96/ 01200 der .the conditions where the

CRE- ER r ecGnbi f§g&ence p& ppaaffya F?H°Pﬁer859@H&EaBF°€sF?Sﬁ%ﬂ?e at 3’
si mul t aneous of armieg‘uceﬁtemmhatlhe:d Whé ygsue:spwéaﬁ/idsmsOf ssabdehykfer

showi ng itself nd none | .ense. si roportion to the
passages. On thg¥8 hg% &QQﬂwgt%ﬁtlon S Lﬁestkﬁﬁqéh C%%%b?% RYed by
estradi ol , theasrgn@mblnaseorrespondlng to the hel per virus decreases

al t hough that 2. specinfigef9L, AGTERE30, ﬁ8£§§ﬁ§nﬁ¥%t91§€@hJpaséﬁgfacThese

results indicate that the activation of the rec ase I's acconpani ed
by a pref &Pent F&F14RA1 iR EaAToA Lot st Reficiept, fororepddensdeon.

The excision ol the engapsigati omrﬁsga@@oiaalﬁgeco c1d@l RebrVhl UshaBac-
denonstrat ed b Squt her n, anal sis on,th Qﬁ§ ral DNA pre arati ons

di gested by th eEﬁfﬁ At 115G 1§algWMQ%ﬁ naLdem 1 [ RePUREDF BRe

encapsi dati on pegitdioned at 5’ and 3’ of the encapsidation region of
said virus.

15 4. A helper virus according to one of claims 1 to 3,
characterized in that said first and second recombination
sequences are positioned in the same orientation with
respect to one another.

5. A helper virus according to one of claims 1 to 4,

20 characterized in that said first and second recombination
sequences are selected from the group formed by the
sequences loxP, FRT and R.

6. A helper virus according to one of claims 1 to 5,
for the production of a recombinant adenoviral vector

25 defective for replication, which derives from the genome
of an adenovirus and comprises the ITRs 5’ and 3’, an
encapsidation region and at least one viral gene selected
from the genes of the El1, E2, E4 and L1-L5 regions, said
gene being defective in said recombinant adenoviral

30 vector, characterized in that it comprises a first
recombination sequence at 5’ and a second recombination
sequence at 3’ of said encapsidation region.

7. A helper wvirus according to claim 6, charac-
terized in that it is devoid of all or part of the El

35 and/or E4 region.

8. A helper virus according to one of claims 1 to 7,
characterized in that it additionally comprises a DNA

fragment coding for a recombinase.
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(b) Preparing a helper virus according to one of claims
1 to 8 and 10;

(c) Introducing the recombinant wviral vector and the
helper virus into an appropriate cell line;

(d) Culturing said cell 1line wunder  appropriate
conditions to allow the production of the wviral
particle in the presence of a functional recombinase
able to recognize said first and second recombi-
nation sequences; and

(e) Recovering the viral particle in the cell culture.

13. A procedure according to claim 12, which

additionally comprises an amplification step, probably in

step {(d).

14. A procedure according to claim 12 or 13, accord-

ing to which, in the course of step (d), the recombinase

is added to the cell culture.

15. A procedure according to claim 12 or 13, accord-

ing to which said helper virus is according to claim 8

and said cell line is the 293 complementation cell line.

16. A procedure according to claim 15, which com-

prises the following steps:

(a) Preparing a recombinant adenoviral vector defective
for all of the adenoviral functions with the excep-
tion of E4;

(b) Preparing a helper virus defective for the El1 and E4

functions and comprising (i) the LoxP sequences at
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ing to which said helper virus 1s according to one of
claims 1 to 7 and said cell line according to one of

15 claims 9 to 11.

18. A procedure according to claim 17, which com-

prises the following steps:

(a) Preparing a recombinant adenoviral vector defective
for all of the adenoviral functions with the excep-

20 tion of E4;

(b) Preparing a helper virus defective for the El1 and E4
functions and comprising the LoxP sequences at 5’
and 3’ of the encapsidation region;

(c) Introducing the recombinant viral vector and the

25 helper virus into a 293 cell line comprising a DNA
fragment coding for the CRE-ER hybrid recombinase.

(d) Culturing said cell 1line wunder appropriate con-
ditions to allow the production of the viral par-
ticle and, after a sufficiently long time, continu-

30 ing the culture in a medium comprising estradicl;
and

(e) Recovering the viral particle in the cell culture.

19. A procedure according to one of claims 12 to 18,

which additionally comprises a step of purification of

35 the recombinant viral vector.

20. A procedure for preparing a viral particle

comprising a recombinant viral vector by means of a

helper virus, according to which the ratio viral par-

ticles of recombinant viral vector to helper virus is



(1) GENERAL | NFORMATI ON: (i) APPLI CANT: (A

NAME: Transgene S. A 5 (B) STREET: 11, rue de Mol sheim

(O CdTY: Strasho (E) NTRY: France (F)
PCSTAL OCDE: 6883 7/05255 (O TELEAHONE: (33) 88P5F/8R96401800

(H) TELEFAX: (33). 8827 bl sos, advantage'o)us h/TLErgét'e'élV.E%'a?\': siavel

hel per viruses Sor t he ‘preparation off ‘recoibi nant” vira

vect ors. prefergbly ) gRERBER CRaSEQUENCESA,5 in a very pgefpr€eNPUTER
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V_ersi on # I 25 {ifP@o ordd of (AairNACRMATIZN FOR SEQ I D NO  1: _
(1) SEQENE OCTEN ST, Ry nope, oot e 4 B AL
(D) TOPOLOGY: Hidlearaccording to claim 21.
23. A pharmaceutical composition comprising as
therapeutic or prophylactic agent a wviral particle
10 according to claim 21 or a eukaryotic host cell according
to claim 22, in combination with a carrier acceptable
from a pharmaceutical point of view.
24. Viral particle according to claim 21 or
eukaryotic host cell according to claim 22 for use as
15 medicament.

gy

*



(ii) MOLECULE TYPE: DNA (genonic) (iii) HYPOTHETI CAL: NO
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(ii) MOLECULE TYPE: DNA (genonic) (iii) HYPOTHETI CAL: NO

(iii) ANTIS ; 15 (vi) ORI G NAL SOURCE: A)
ORGANI SM s?g{?rsmg?%ces cerevi si ae (B) STRA N:”‘?ﬁf‘”’““g’“
(xi) SEQUENCE DESCRI PTION. SEQ ID NGO 2: GAAGTTCCTA
TACTTTCTAG AGAATAGGAA CTTC 34 20 2 (f2)7 | NFORMATI ON FOR SEQ | D NO
3: (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 31
base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: single 25 (D TOPOLOGY: linear (i)

MOLECULE TYPE: DNA (genonic)
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WD 97/ 05255 - 29 - PCT/ FR96/ 01200 (i)
HYPOTHET! CAdyi (i) ANTI SENSE: NO i) ORI G NAL
SOURCE: 0 Hsass (A) ORGANI SM Zygosacchar omyces rouxi Fé'wg)‘“’“m“

(B) STRAIN: Site R (xi) SEQJENgE /DEfCRI PTION: SEQ ID NO 3:
TTGATGAAAG AATACGTITAT TCTTTCATCA A 1 (2) 1 NFORVATI ON FOR
SEQ I D NO 4: (i) SEQUENCE CHARACTERI STICS: 10 (A
LENGTH. 45 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNESS: single (D TOPOLOGY: |inear

(i1) MOLECULE TYPE: DNA (genomic) 15 (iii) HYPOTHETI CAL: NO

(iii) ANTI SENSE: NO
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(vi) ORI A NAL SOURCE: (A) ORGANI SM synthetic

ol i gonucl eot iwig ot/ %) (B) STRAIN. oTG6374 2 6/01z(o§i )
SEQUENCE DESCRI PTION: SEQ I D NGO 4: AGCTATAACT TCGTAFAZRR
TATGCTATAC GAAGITATCT CGAGA 45 (2) INFORVATION FOR SEQ I D NO 5:
(i) SEQUENCE CHARACTERI STI CS: [(A)/ ENGTH: 45 base pairs 25
(B) TYPE: nucleic acid WO 97/ 05255 - 30 -

PCT/ FR96/ 01200 (C) STRANDEDNESS: single (D)
TOPOLOGY: | i near (ii) MOLECULE TYPE: DNA (genomic)

(iii) HYPOTHETI CAL: NO
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31353 bps




5 (i11) ANTI SENSE: YES (vi) ORI G NAL SOURCE:

(A) ORGANI SMvomrnis#sst i ¢ ol i gonucl eot i de (1 oxP) P%&MON:
0TG&6522 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 5:

AGCTTCTCGA GATAACTTCG TATAGCATAC ATTATACGAAEFWFA7 45 WD 97/ 05255
- 31 - PCT/ FR96/ 01200 Cl ai s A hel per virus for
the production of a reconbi- nant viral vector defective for
replication, charac- terized in that it conprises a first reconbination
5 sequence at 5 and a second reconbi nati on sequence at 3' of a region
essential to the propagation of said hel per virus; said reconbi nation
sequences bei ng recogni zed by a reconbi nase. 2. A hel per virus
according to claiml, charac- 10 terized in that it is deficient for
replication. 3. A hel per virus according to claiml1l or 2, charac-
terized in that said reconbi nati on sequences are positioned at 5 and
3" of the encapsidation region of sai d virus.
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15 4. A hel per virus according to one of claims 1 to 3,

characteriz t said first and second reconbi nation equences are
posi ti oned ?ﬁldtgr?edsg%ne orientation with respect to one an%‘?’r'fg??"mzoo 5.
A hel per virus according to one of claims 1 to 4, 20 characterized in that
said first and second reconbi nation seq é Z are selected fromthe
group fornmed by the sequences | oxP, FRT —an A hel per
virus according to one of clains 1 to 5, for the production of a
reconbi nant adenoviral vector 25 defective for replication, which derives
fromthe genone of an adenovirus and conprises the ITRs 5 and 3', an
encapsi dation region and at | east one viral gene selected fromthe
genes of the El, E2, E4 and L1-L5 regions, said gene being defective in
sai d reconbi nant adenoviral 30 vector, characterized in that it
conprises a first reconbi nati on sequence at 5 and a second

reconbi nati on sequence at 3' of said encapsidation region. 7. A
hel per virus according to claim®6, charac- terized in that it is devoid
of all or part of the E1 35 and/or E4 regionp. 8. A hel per virus
according to one of clainms 1 to 7, i A that it
addi.tional ly conprises a DNA fra econbi nase.

WD 97/ 05255 - 32 - 9. A

conpl ementation cell |ine conpri for a
recombi nase. 10. A conpl oclaim9
and a hel per virus according r agnent
codes for a reconbi nase selegte
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group formed by CRE, CRE-ER, FLP and R 11. A conpl enent ati on cel
I'i ne accor Wangraesass!| ai m 9 or 10, deriving fromthe 293 lﬂ&ﬁ'k%louo&z'
A procedure for preparing a viral particle 10 conprising a
reconbi nant viral vector, which conprises he foll ow ng steps: (a)
Preparing a reconbinant viral vector defigiqktEﬁor replication;
(b) Preparing a hel per virus according to one of clainms 15 1to 8 and
10; (c) Introducing the reconmbi nant viral vector and the
hel per virus into an appropriate cell line; (d) Culturing said
cell line under appropriate conditions to allow the
production of the viral 20 particle in the presence of a functional
reconbi nase able to recogni ze said first and second reconbi -
nati on sequences; and (e) Recovering the viral particle in the cel
cul ture. 13. A procedure according to claim 12, which 25
additionally conprises an anplification step, probably in step (d).
14. A procedure according to claim12 or 13, accord- ing to which,
in the course of step (d), the reconbinasi‘ is added to the cel
culture. 30 15. A procedure accoLc-ng7 alnf|12 or 13, accord-

p and said cel
ocedur e

according to claim15, which e P steps: 35 (a)
Preparing a reconbi nant adep '4?? for all of
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WD 97/ 05255 - 33 - PCT/ FR96/ 01200 5' and at
3" of the encapsidation region and (ii) a DNA fragnent codi ng
for the CRE-ER hybrid reconbi nase; (c) Introducing the
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(54) Titlee HELPER VIRUSES FOR PREPARING RECOMBINANT VIRAL VECTORS
(54) Titre: VIRUS AUXILIAIRES POUR LA PREPARATION DE VECTEURS VIRAUX RECOMBINANTS
(57) Abstract '

Novel helper vectors are provided for complementing defective recombinant viral vectors, characterised in that they are provided with
recombination sequences recognised by a recombinase. A complementation cell expressing the recombinase, and a method for preparing
recombinant viral vectors as infectious viral particles for transferring and expressing genes of interest in a host organism or cell, are also
provided. The invention is particularly suitable for use in gene therapy, especially in humans.

(57) Abrégé

La présente invention concermne de nouveaux vecteurs auxiliaires (helper en anglais) permettant de complémenter des vecteurs viraux
recombinants défectifs, qui présentent la caractéristique d'étre pourvus de séquences de recombinaison reconnues par une recombinase. Elle
a également pour objet une cellule de complémentation exprimant la recombinase ainsi qu'une méthode de préparation des vecteurs viraux
recombinants sous forme de particules virales infectieuses permettant le transfert et 1'expression de génes d'intérét dans une cellule ou un
organisme hdte. L'invention présente un intérét tout particulier pour des perspectives de thérapie génique, notamment chez I"homme.




whi ch addi

tionally conprises a step of purification of 35 the reconbi nant

viral vector. 20. A procedure for preparing a viral particle
conprising a reconbinant viral vector by neans of a hel per virus,

accordi ng
vector to

to which the ratio viral par- ticles of reconmbinant vira
hel per virus is WD 97/ 05255 - 34 -

PCT/ FRO6/ 01200 greater than 50% advantageously greater than
60% preferably greater than 70% and, in a very preferred manner
greater than 80% 21. A viral particle obtained by a procedure

accord- 5

ing to one of clains 12 to 20. 22. A eukaryotic host

cell conprising a viral par- ticle according to claim2l. 23. A
pharmaceutical conposition conprising as t herapeutic or prophylactic

agent a vi
accordi ng

ral particle 10 according to claim?21 or a eukaryotic host cel
to claim?22, in conmbination wth a carrier acceptable

froma pharnmaceutical point of view 24. Viral particle according

to claim

21 or eukaryotic host cell according to claim?22 for use as

15 nmedi canent.
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