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15 genome sequence. Most human adenoviruses are only margin-

ally pathogenic and generally produce only benign
symptoms. _
The adenovirus entéré the permissive host cell
D via a specific receptor, and it is then internalized and
20 passes into endosomes. Their acidification contributes to
a change in conformation of the wvirus and to its emerg-
ence into the cytoplasﬁ. The wviral DNA associated with
certain viral proteins needed for the first steps of the
replicative cycle then enters the nucleus of the infected
25 cells, where its transcription is initiated by cellular
enzymes. Replication of the adenoviral DNA takes place in
the nucleus of the infected cells and does not require
cell replication. Assembly of the new virions also takes
place in the nucleus. In a first stage, the wviral pré—
30 teins assemble so as to form empty capsids of icosahedral
structure, in which the adenoviral DNA is then encapsid-
ated. The wviral particles or virions are released from
the infected cells and are capable of infecting other
permissive cells. '
35 The infectious cycle of the adeﬁovirus takes
place in 2 steps:
- the early phase which precedes initiation of the

replication of the adenoviral genome, and which



perm.ts ptoduction.of - the regulatory proteins participating in the
replication and transcrip- tion of the viral DNA and the | ate phase which
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El to E4 (E denoting "early"). The early regions comprise

at least-six transcription units which possess their own
20 promoters. The expression of the early genes is itself
regulated, some genes being expressed before others.
Three regions, E1, E2 and E4, respectively, are essential
to the wviral replication. Thus, if an adenovirus is
defective for one of these functions, that is to say if
25 it cannot produce at least one protein encoded by one of
these regions, this protein will have to be supplied to
it in trans.
The El early region is located at the 5’ end of
the adenoviral genome, and contains 2 viral transcription
30 units, ElA and E1B, respectively. This region codes for
proteins which participate very early in the viral cycle
and are essential to the expression of almost all the
other genes of the adenovirus. In particular, the Ela
transcription unit codes for a protein which trans-
35 activates the transcription of the other viral genes,
inducing transcription from the promoters of the EI1B,
E2A, E2B and E4 regions.
The products of-the E2 region, which also com-

prises two transcription uhiterZA and E2B, are directly
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Once replication of the wviral DNA has been

20 initiated, transcription of the late genes begins. These

occupy the majority of the adenoviral genome and par-

tially overlap the transcription units of the early

genes. However, they are transcribed from different

promoters and according to an alternative mode of

25 splicing, so that the sgame sequences are used for

different purposes. Most of the late genes are tran-

scribed from the major late promoter (MLP). This promoter

permits the synthesis of a long primary transcript, which

is then matured in the form of about twenty messenger

30 RNAs (mRNAs) from which the capsid proteins of the virion

are produced. The gene coding for structural protein IX

of which the capsid is composed is located at the 5’ end

of the adenoviral genome and overlaps the E1B region at

its 3’ end. The protein IX transcription unit utilizes

35 the same transcription termination signal as the EI1B
transcription'unit.

' A.number of adenoviruses are now well character-

ized genetically and biochemically. This is the case with

human adenovirus type 5 (Ad5), the sequence of which is
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sequences are integrated in place of the El or E3 region.

20 Thus, these defective adenoviruses can be propa-

gated only in a cell line complementing in trans the El

function which is essential to wviral replication. At

present, the only complementation line which is usable is

the embryonic kidney 1line 293 (Graham et al., 1977,

25 J. Gen. Virol., 36, 59-72), which results from the inte-

gration in its chromosomes of a fragment of the AdS

genome comprising, in particular, the 5’ end of the viral

genome; so that line 293 complements adenoviruses which

are defective for the El1 function. 293 cells contain

30 sequences which are also found in the defective recombin-

ant adenovirus, such as the 5’ ITR, the encapsidation

region and the portion at the 3’ end of the EL1B region
containing sequences coding for the early proteins.

The feasibility of gene transfer using adeno-

35 viruses is now established. Howevér, the question of

their safety has not yet been settled. In effect, they

are capable of transforming some cell lines in culture,

which refleéts the potentially oncogenic power of some of

the expression products of the adenoviral genome,
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in Vi vo, characterize
dlsplay:x.ng an ElA-like activity, which are also capable

of partially complementing the defective adenoviruses

20 which infect them. |
It is hence desirable to have at one’s disposal
efficacious adenoviral vectors affording a minimum of
risk, with a wview to their use in gene therapy for
correcting in vivo serious genetic ‘defects and treating

25 certain disorders for which no effective therapeutic
approaches are available. The success of gene therapy
applied to man is dependent upon their being obtained.

Furthermore, doubts exist regarding the obtaining
of line 293. These doubts can be liable to undermine the

30 acceptability of products intended for human use which
are derived therefrom. It would be useful to have at
one’s disposal complementation lines whose origin and
history are precisely known, in order to produce recom-
binant adenovirus particles intended for human use.

35 There have now been found (1) new defective adeno-
viral vectors from which certain specific regions of the
adenoviral genome have been deleted, and which are better
suited to the transfer of an exogenous nucleotide

sequence in. wvivo, and (2) new, characterized



conpl enentation’lines which are acceptable froma pharm- ce(ﬂ“r“‘ t Has Been Replaced
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is deri vedsfromthe gePREe w1 acien@uéégs e PireeeBgs fi®Mthatd Otﬁe a b
| TR, an encaps datjon regiqgn, an E i pn, an E1B region, an E2 re |on
an E3 regi on SHPBIEY egion LR ca=e | $ENERS 4 AR THEN! DT CEiRG | Ghepar
of the E1A regimaﬂﬂohhefv\/rmiee ot hrbeepdratrgm généheoElB.rttegrmtpodnag for
the early prote r rt. o and a part
of at |east oneffcziécll%ﬁl ’gleﬂ‘gect e?%t}gme&g and&ﬁ%grgeg%@ﬁ{s:ggkgaf mufa ng
part of the El¥enderobheme adpurviouses inmecapablesefiarnbonemgianrepdi-t he
purposes (f { Nea @1 &3 Gt IR Qa0 rabdE ok Bl el €Ot PhoalagklbnEhetel er's
to the elimnation of at [east one nucleotide Iin the target region, t he
del etion can rRARAEFY bR EBGARPRBBUING SWPZEBAt And6HBS. OAl Fnserest:- |s taken
to nmean either the whotgus| ERLYsd@bpeetion @ﬁetﬁﬁeégﬂtoﬂnirénﬁﬂgﬁt iBNan
Del etions are eferred. which prevenpt. the pro uctlon ;)E st one
expr essi on prd%iﬁ‘? O¥trdted S qrhewg’a?la r&gi ?1 °¢ehee F?é'y ’ﬁﬁ? fratinng
codi ng regi on capablegnf alb@izygrega:aplsmheds:.mm cmmprbémentegion cabll, may
affect at;d ea | ep- & S in ne_of a
gene or regnder%h?a prom)EfC é)erreld‘%egcg n¥o}n%f uncti %gflgx"i" elgxgl o%% J?nvq{‘j‘é%'tlon
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region, an ElA region, an EI1B région, an E2 region, an’

E3 region, an E4 region and a 3’ ITR, by deletion of:
(1) - all or part of the ElA region and the whole
20 of the portion of the E1B region coding for
the early proteins; or
(ii) all or part of the ElA region and all or part
of at least-one region selected from E2 and
E4 regions; or
25 (iii) all or part of the ElA region and a portion
of the encapsidation regionm.

For the purposes of the present invention, the
term "deletion" or "lacking" refers to the elimination of
at least one nucleotide in the target region, and the

30 deletion can naturally be continuous or discontinuous.
All or part is taken to mean either the whole or only a
portion of the region in question. Deletions are
preferred which prevent the production of at least one
expression product encoded by the said region. Hence they

35 may lie in a coding region or a regulatory region such as
the promoter region, and may affect at least one nucleo-
tide so as to destroy the reading frame of a gene or
render a promoter region non-functional. The deletions in

question may also comprise partial deletions of one or



genes of .the said region or of the whol e of the diral
vector according to the invention is defective fo II l but capabl e
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for the late pr((%?'e Ieimeé%iee%%%s an a novrlur8 velc%orlsaclcnocr Cle?of
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adenoviral genone, the sequence of which is di sc osed in the CGene Yat a
bank under theVeetere¥e avikPEd0 celde obj ect of this deletion is to reduce

or elimnate sequences awdicrtdidicf €eNMBN tOrdd aderwmt Al arfClaerafisaddi Ng

to the invention andthe ad nowral enome fra ment in din a
conpl enent at i o SFERE, FHHFOX I §°I i Zﬁ%ve?fﬁ PRers rfiﬁ’%" ‘f FERBv LS rom

an adenoviral gesbsle afcar didgutal tde whldAtipa adquentesswhysSeDgrirasi on
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ment, the deletion affects the promoter and the

sequences coding for the expression products of the E1B

20 region, that is to say the early proteins, and does not

include all or part of the transcription termination

signal which overlaps the sequences coding for the late

protein IX. As regards an adenoviral vector according to

the invention derived from a human adenovirus type 5,

25 said deletion comprises at least the sequences lying

between nucleotides 1634 and 3509 of the adenoviral

genome, the sequence of which is disclosed in the

Genebank data bank under the reference M73260. The object

of this deletion is to reduce or eliminate sequences

30 which are common to an adenoviral vector according to the

invention and the adenoviral genome fragment integrated

in a complementation line, for example line 293. Further-

more, it removes from an adenoviral vector according to

the invention sequences whose expression products are

35 potentially oncogenic, at least in conjunction with the
expression producte of the ElA region.

Moreover, an adenoviral vector according to the

invention is derived, in addition, from the genome of a

natural or wild-type adenovirus by deletion of all or



- 8s part: - ° of the E3 region and/or - of the E2 region and/or -
of the E4 region. It is self-evident that an adenoviral veeter—according.to

the invention can contain one of the three del etions I|sted e, or tmo
of themin any conbina- tion, or alter na't|§/e'ly all of the del sB'eenReplawd

According to afl, & ggpecially advantageous enbodi - nment, only a l&MLHg
E3 region, and preferably the portion which does not conprise
coding for the- gpl9h@atpeoﬁélwegusndethe¢ froman adenoviral vector
according to the inygentiLang ZTQgPﬁggsggggogf the sequence coding for the
gpl 9kDa protein in an adenoviral vector accordlng to the invention wll
enabl e the infectedoéethe €4 &egdent-he host's i nmmunol ogi cal surveill ance;

an inportast criteri onnaheﬂ;t hatherarrRIdd CtRAOt Q6P| ARRERSIrait aLgScsever al
repeated admni stra choice wi || ferably be made to place the

i ons re
sequences codi ?\ﬁc%ﬁalﬁ& §?D§%ﬁnd\§‘r"ef’rfé'°6‘oﬁ%”olc%’f Laggt toe 08| ERBnthree
pernmitting thedelexponssildatied tdimwnstotetvo BEMEhEn Mgy edypesbabaagded

for transcriptj of sal eguences nslatlon of the latter
into protein. #ﬁ sé eFe §$%§%BF.¥ea WENAP gﬁgfg 8ronoter. Such
pronoters are well knOAHCDvdangemgomnﬁqdpenialixruﬂwantagmmhmrembaaﬁpted
upstreampf sapg, €0dbAh, S rp)bf:q.]@l\ée%@ ggggﬁheggﬂg ggfgi_?g?neu_lc

engi neering. The gronnter sel ected w Il pref ons
pronot er whi cHPRERROR %1ﬁétﬁi98ﬁeﬂ°%ycmrb$etﬁ7éee&m@5¢%n pedimgt Souf t he

E1A region. AStl@éajﬁliﬂ&Da tﬂk&f@eﬁﬁy e qariden edohhgn Menoviral vector
(hydroxymet hyl Iutqé coenz reduct ase) gene prono- ter, SV40 (sim an
virus 40) vir %ﬁﬁ %h%rﬁﬁn 1?YEPF&RP(F%R§ RISRREE \7F UEYe | Teayenag

term nal repeatddimgt Iﬁe::prt@nmt@lménaa fﬂfté;pdnosﬁhagl wﬁﬁﬂ@maae&tsﬁglenof
2o Q1T S0 0 08 SRy iy WU BIPR95 LIS LR e cOLLacs PERC) 1

according to t%ee i¢hu#ﬁ|oﬁQGMMhQ#tt#cnmmmun¢kggxnalmIduinailiﬁmmed bgna
het er ol 0gOUS jmportant criterion when the therapeutic protocol necess-
itates several repeated administrations. The choice will

preferably be made to place the sequences coding for

20 gpl9kDa under the control of suitable elements permitting

their expression in the host cell, namely the elements

needed for transcription of _said sequences into mRNA and

translation of the latter into protein. These elements

comprise, in particular, a promoter. Such promoters are

25 well known to a person skilled in the art, and are
inserted upstream of said coding sequence by conventional

techniques of genetic engineering. The promoter selected

will preferably be a constitutive promoter which cannot

be activated by one of the expression products of the ElA

30 'region. As examples, thére may be mentioned the HMG
(hydroxymethylglutarylcoenzyme A reductase) gene promo-

ter, SV40 (simian virus 40) virus early promoter, the RSV

(Rous sarcoma virus) LTR (long terminal repeat) or the

promoter of a PGK (phosphoglycerate kinase) gene of a

35 higher eukaryote. '
Moreover, the portion of the E3 region corres-

ponding to the promoter region can optionally be deleted

from an adenoviral vector according to the invention,

which promoter region will be replaced by a heterologous



promot er .regi on ‘such ‘as one of those nentioned abg§phest gplacgd) o second
variant, an adenoviral vector according to the’ i ml ived from
t he genone of a natural or wld-type adenovirus b llor

di sconti nuous deletion of all or part of” the E1A region and all or part of

at | east the E2 and/or E4 region. Such a delfe%'&,ion make%.it efcﬁﬁ ble to
i ncrease the pBESPBEFF: FEFEF EUSR AF §BFeS fof PRt et &Y€y enovi ng
all or part of the E4 negobadialgsotenabl eseceaduernmesanbdi rop f edepotvdntalal | y

oncogeni ¢ products to _bhe reduced,_ qr .elim . . ab . vikal
vect or accordi%ﬁcﬁgrt ﬁgﬁoﬁv‘{eiiﬁ}sfoﬁgcggl,e [Erlrﬂgécfﬁ?lﬁﬁfgl g\é%lal i g?]?par.ttli%f t he
E1B and/ or E3 gegewas, ofind vspuchidl by widdrtyng adenavirbgdbPy sentims-

mentioned gbovg,Lf gL WISLARMGS Rhe! I fi I PYLT 08 OhatBecElBREeEhAN
conprising the whole of the_sequences coding fqor the early proteins and the

portion of theregiregiaif ndllc&®F nB2Fbr AhherhploRBs pridt o) . 2nd4eFy E4
according to artfibd.VehbBNi, déle BLl6MGnakids dlt YoBlsAbIAC ¢ dnkgcadd tde

i nvention is derlveg,&'r_omthe enﬁme.of an adenoyi rus t%% eletion of all or
part of the ETACPBIPOAEAG®a Yor ERBRLBS GRATCHbs I BHTRRF T eglBASOKSFar ti al
del etion of theemacipgi dall ooy egaon evfibltde t B¢ predoadm | ialsof enables

uncontrol ] ed dj ssem nati Qn.of enovl Vect o '
i nventi oniﬁo be® eﬁﬁ%%é ‘g?‘giﬁ? ?g%%t é;@%tge%]tﬂg q%é’{%gge%(\i%%l%&%f‘%%ép%g’sle’ﬁce of
a wild-type adeedutedsorSedhmingsledti on enabl es its encapsidation functions

to be affected in suchag wakvlhatan QhdVLANE FaSE0 a£OIPAERAENESL k@R 1N
trans of the defective functiaon of_ the vector by a wld-type adenovirus, it

will not be ablRaveBtpencfelpsidarsdidiore ik it hRATSoRtt shen&lgenome
of the conpetiagaybtdes Vpeg 26es P \dridl espetll 2ialye aicedt dingmtichaneasBpatdat i on
bei'ng. enchbsi dAFEH. SRS HEPTancaREry oAk TRAFarT | CPOR) Forth: thee.
wi th an i ndustpoatipnodifcttlon. ELR atelgdionvcraispridimenthpsmwidatlieonof uktiei on
of an adenovirgl YeStoL A8GRLY' 1r! Ll %dNE P L i:5s SHPSL BALT Bbk¥ion
of the E3 region not coding for the gpl9kDa protein).
' Lastly, according to a third wvariant, an adeno-

20 viral wvector according to the invention is derived from
the genome of an adenovirus by deletion of all or part of
the E1A region and a portion of the encapsidation region.

A partial deletion of the encapsidation region
enables the probability of uncontrolled dissemination of

25 an .adenoviral vector according to the invention to be
reduced significantly when the latter is in the presence
of a wild-type adenovirus. Such a deletion enables its
encapsidation functions to be affected in such a way
that, even in the case of complementation in trans of the

30 defective function of the vector by a wild-type
adenovirus, it will not be able to be encapsidated
efficiently in comparison to the genome of the competing
wild-type adenovirus.

The deletions from the encapsidation region will

35 be chosen on the basis of 2 criteria: a reduced capacity
for being encapsidated, but simultaneously a residual
efficiency compatible with an industrial production. In
other words, the encapsidation function of an adenoviral

vector according to the invention is substantially



- 10 - maintained, though to a | esser degree. The attenuation may be
determ ned by conventional titration techniques, by infecting an
appropriate line and eval uating the nunber of I|ytic plagques. Such

techni ques are known to a person skilled i? the art. In the context of the

I nven- tion, the,encapsidation effjciengy is reduced by factor of 2 to
50, advant ageoBef§taipgdzo t&?ﬂi‘%’f eF8r b\ ‘g‘fﬁr‘?@ a'trﬁﬁe at%é:e&ut?otﬁt%l
adenovi rus havinag dewidetdnpfithehdapstoarennionglonitNatipal [bechniges, -

attenuated adgenoviral . vector accordinao fo t i.nv i 0 CAL, in_addjtion,
conprise at |e8%t brl’\ge%'?l%%y ac%nt?‘lpl?artclpd"%"aoetEgnﬁel%{E‘?’on%anent?%rg%d%{)%ve.

An adenoviral wember. afcdydiing pladuies privent teahehgien axedépiewad Ha @n t he
genome of g napural, 0% hhdd % é}ﬁé‘ Lr ¥apLAEERUShY RneANiHiRn AV an
or human adeno g%ggn Sgc\gflel%%%igpa _u%éag:g%og?r us type 2, 3, 4, 5 orn7
and, as an abstigre phefenreapeidathgnrafffdehnsvryuss Xpdsed 62 farkas s

latter case, tRe gel&s s ONgaphnthgeadangvisr alo VALt Lid 36£8£diAB1YO St
i nvention are indicated by reference to tggegslt i on_ of .the nucl.ep- tides

of the Ad5 gendfle FElakive SR@ rFRYEFAL ¢ RLTUB ARV ERTa 2 X 4itd®® ¢ he
reference M/326fcapstiapabhn Gégdionar ef erence is given to an adeno- viral

vector acgcQrding to the_invention derived,fromthe ge 0f hqrg%n

adenovi rug8type 5 by dgﬁé:ﬁrgﬁ'tléﬁ“: (aiujl aLEER RS e g?&?ﬁwpﬁ??i on cod:lrng

for the early probedisgotot lkeEiBveagion sag,einenddidionemoermeinicte dd

1634 and endi 1dagh %81%' e 'Qg, 4045 AL Q8 ki kne LBEeEdohedndh kN Ny
es 8 to 35826

fromnucleotid ; and/or (11i) the portion of the E3 region
ext endi ng fronkrha¥keoti des 27871 to 30748; and/or (iV) the portion of the

encapsi dation region: an H@kaGriFHN ReStRR! | Mecrf@id® mdC! €86 @arednt O -
ranging f;ﬁglm ngglrggttagg 15%;1 Eice)rrjl.grgtieoérlgn? 12:1?12’ goernome of a natural or
wild-type adenovirus, advantageously a canine, avian or
human adenovirus, preferably a human adenovirus type 2,
3, 4, 5 or 7 and, as an absolute preference, a human
adenovirus type 5 (Ad5). In this latter case, the dele-
20 tions of the adenoviral vector according to the invention
are indicated by reference to the position of the nucleo-
tides of the Ad5 genome which is specified in the Gene-
bank data bank under the reference M73260.
Most particular preference 'is given to an adeno-
25 viral vector according to the invention derived from the
genome of a human adenovirus type 5 by deletion of:

(i) the whole of the portion coding for the early
proteins of the E1B region and extending from
nucleotide 1634 and ending at nucleotide

30 4047; and/or _

(ii) the E4 region extending £from nucleotides
32800 to 35826; and/or

(iii) the portion of the E3 region extending from
nucleotides 27871 to 30748; and/or

35 (iv) the portion of the encapsidation region:
- ranging from nucleotiae 270 to nucleotide
346, or |

- ranging from nucleotide 184 to nucleotide
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rangi ng: f.rom nucl eoti de 287 to nucl eotide 358. Preferably an adenoviral

vector according to the invention is derived fromthe genone of a wld-type

or natuikShtet HekBeanReplacedby del etion of at | gst 18% of the said genone, of at
9

| east st: 25% of at |east ™3 “of at least 40% of at |east
50% ommmw of at | east .70%f of - at east 830%/08 oft at Iﬁast .90% or
altern east 95% “and"Fn 53?\ flc\,"ﬁ_ar 01‘5l 9 .g% CABES &oﬁ:d'  an
especially preferred enbodi nesdtsg.an adenoviral vector according to the

i nvention is derived f : NQW| i of..the
whol e of the adenovi raFgglgtﬁ%%gg%]tgﬁetaﬁfgnggég%?i 8}%&%#:% Eleécg&hggﬁlgogo It‘PEs and
all or part ofinvensaenpdisdadenivedgfoem pheogensge @& a swihdr bpe ior

conprises enl ynhRE- AW NIJBUASHIRG By UeakiSBAUANCLE 3Qa3% liBd | BEL the
ri sks of reconbination and the risks of oncogenicity and to _have a_maxi nal

cl oni ng capaci BgidsgencomesecPbr aki |YeaHen2pE r Oferdtedlesshs 22 ¥ni Af mak
adenoviral vecieasti Bowhi 6lf At Wehbtt hom,befpassibhett 60kNSBEL atp lle@st0 kb
of exogenous n eot i.de_sequepc A preferred adenoviral  vector ordi ng
to the inventig%‘rso e?Fv:g%a?Eoﬁqgé’ HYheth™ eﬁ?o%%?d&s’ toﬁgts?ﬁ?"&elg@t% 8% of
t he portion ofalhermativedgnovt et ehdany f¥5kn neodeoin dgaAEEUI@IB58F2. | n
t he cont e%<6 of%ghg%present I nvention, an adenoviral vector according to

I on

t he inven as"as its obj ective the transfer of an exogenous nucl eotide
sequence to a host cel Acgatding &rpapssspaciadilgi prefexsgdnenbodimensdyi de

sequence” is updersh0Rgvi PallBafe S HHC| £l oAt sy WHL N ta@TPELSRR AR N s
sequences and regul a- tory sequences permtting the expression of said
codi ng sequenc®eTi¥Rg FROMhithIF GFEDGiHy e izps RygdeheEdomnprén are

not nornally ptrsewhola bietganadenetrinalagenomerwith TERer egubptaby of
sequences, can of, any .0Li,qgi The exagenous nucl eptjide sequence_is

i ntroduced i ntggﬁngadgﬁgv:ér al- V& oY ort rPga’futo ?ﬁehliﬁv%ﬁ??gﬁlg?té"f)ﬁndard
t echni ques of yegétnc B3ogondéngnge bbimeceariastenttpseuprisasregiygnthed t he
3 IR minimum number of viral sequences so as to limit the

risks of recombination and the risks of oncogenicity and

to have -a maximal cloning capacity. Such a wvector will
20 then be referred to as a "minimum" adenoviral vectoxr, in

which it will then be possible to insert up to 30 kb of

exogenous nucleotide seqﬁence. A preferred adenoviral

vector according to the invention is derived from a human

adenovirus type 5 by deletion of the portion of the wviral
25 genome extending from nucleotides 459 to 35832.

In the context of the present invention, an
adenoviral vector according to the invention has as its
objective the transfer of an exogenous nucleotide
sequence to a host cell and its expression therein.

30 "Exogenous nucleotide éequence" is understood to mean a
nucleic acid which comprises coding sequences and regula-
tory sequences permitting the expfession of.said coding
sequences, and in which the coding sequences are
sequences which are not normally present in the genome of

35 an adenovirus. The regulatory sequences can be of any
origin. The exogenous nucleotide sequence is introduced
into an adenoviral wvector according to the invention by
standard techniques of genetic engineering, between the

encapsidation region and the 3¢ ITR.



t-:.- - :.- 12 - "An exogenous nucl eoti de sequence can consist of one or nore
gene(s) of interest, and preferably of therapeutic interest. In the
context of the present invention, a gene_oi1 i nterest can code either for an
antisense RNA, or for an nRNA which will t %n be trans- lated into a

protein of interest. A gen | r . f 1 C, type. of
conpl enentary DNA (c%ﬁt%’ﬁ‘%%#%? %ﬁkégggigg %ﬁq%?%%n@e,calryn cv%rllsclhs%toFeast
one intron is dalet od) . mprecagersle) f f a imdraresthr oradn, paefershbilyorodf a

mat ure protei ncHdrdpld £l an R ddRCUr AT ERE endit & beeSeehet 6 aidh ¢
accordingly conprising a signal peptide, a chinmeric protein oridinating
fromthe fusi ontrferddfifonces B 981 d@tRE/fthscaBr codfut ehther £oxatamal

protein di $pl aEntg ddA¥OVIRTA OroFDEbET 8 BRAROGHG2h RWAIQANEMHHAS -beUSHards -

tant may be qbtai ped by nutation, deletion, substitution and/or addition
g:‘J gze orymreqﬁfﬁcgdﬁtd%(as)p’iﬂt?%.‘bérfé‘%?ﬁﬁﬁtg' ForIstfe HatRHHEr bt m. A

gene of interedie nafy dengphihcetypagdestt bempheinealtaaly Bllvmre(gi]mzﬁuitfjﬁkﬁ eoit Or
its expression j t..cell, "Suitable elenents” are underst.Q to jrean
the set of el er?efnntm g’%g%cfgg’ 4 ogmirfgg}?r?eg’nglcnr iwgtflié(}ln altntaloeaﬁb\l'm ?naentlln?tﬁoéhs’es RNA
or mRNA) and f clelefed)rarkt atdwncode afiorRAAmRLLY ep papdiedn , ARD IRy ediersox

el ements Reededd f FJ@DSENbPoreiRN 1hhBaPEORREEL &S M ¥ tended

i mportance. It can be a constitutive pronoter or a régulable pronoter, and
can be isol at e r Bf affcgehedof 2Btk ar GBPTEIRFLY | refmRF 1 BiRg and schamnl
adenoviral ori gleptidd,erdadhpéyic i prée8iReotnginatihgl R MRisidie

gene of interest in question. neral ly speaking, a pronoter_used in the
present invent Pn sﬁéeﬁ‘@eﬁ‘o&iff %He§83aéri"§l{?8ntg?na r”gb‘iﬁr&‘f Y TS, As
exanpl es, a gepeotfeinnt eliegilayinge imptdeedr esent moai€iieidon His Jicricadl
dosi red 1t 55t ar BReRerS R Uh Ph Bl ekl Wi IR0 ot e R AR s be
ment i oned the RelESion,( ewpetituutont ppd/ort ddidiien kpfiasele gene mnmEOt er
or alternativehucthetadNYi 63 chM Fenl’ O0BILYL for ithe RAHLGY i&ot%&n,hunan
' A gene of interest may be placed under the
control of elements suitable for its expression in a host
20 cell. "Suitable elements" are understood to mean the set
of elements needed for its transcription into RNA (anti-
sense RNA or mRNA) and for the translation of an mRNA
into protein. Among the' elements needed for transcrip-
tion, the promoter assumes special importance. It can be
25 a constitutive promoter or a regulable promoter, and can
be isolated from any gene of eukaryotic or viral origin,
and even adenoviral origin. Alternatively, it can be the
natural promoter of the gene of interest in question.
Generally speaking, a promoter used in the present
30 ihvention may be modified so as to contain regulatory
sequences. As examples, a gene of interest in use in the
present invention is placed under the control of the
promoter of the immunoglobulin genes when it is desired
to target its transfer to lymphocytic host cells. There
35 may also be mentioned the TK-HSV-1 (herpesvirus, type 1
thymidine kinase) gene promoter or alternatively the
adenoviral MLP promoter, in particular of human

adenovirus type 2, permitting expression in a large

number of cell types. :
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adenovirus type 2, permtting expression in a |large nunber of cell types.
- 13 - Anpong genes of interest which are usable in the context of the

present invention, there may be mentioned:. - the genes coding for

cyt oki nes such as interferon al pha, int er f&t on gama, interleukins; - the
genes coding for nenbrane receptors such.as the receptors re nized_ b
pat hogeni ¢ or gani sns (\E/l‘anFouns%sg,g%%%t%gi ﬁnBFrﬁgr aglﬂt"ggl) ,arbere eair;ogb ylrbytl?%e

H V virus (huneenterinedefthel pmegenitr isyentibhe tbere maylilrg mMartioned:
coagul ation factors su I d N | ; l,.hg
for dystrophin; - the ;éehnég%c%%%wgofdgrug{ I‘flgl%l ?%?Sic_@%ﬁé)%%%%;sﬁ%ol I ng f%?&!ﬂ
proteins participating akipheet |inprienpn cfama i nlieeeF L WELRB®h channel s,
such as the CFTR (cystighd i pkOss Scbd BR§MBEEr ARBLEAREU SR XU A Ids
protein; - the genes coding for antisense RNAs qQr proteins capabl e of

i nhibiting the activity-RF TZEFRAEH ‘iﬁ"d%ﬁfft’e"’d’%&’ a T YA FRsent
in the genonme of a pat hpgienigesH, Jost 6818 oby parasliitebdl, @gaeferddidy by
expression of which is erei_?#{}at.edd far exarr__?l e, ahs opcogene: ‘-’.éhe) genes
coding for a protein inhlitttng an enZyne actTVity cstth as v rrusls
[err]-antitripsin or- athe geqeotaabiang ubidaagulatits dEmooodugh fas
variants ?fo pat hogeni c grgtei r\ﬁ'[ml'ﬁih haye. heepemutated so as to inpair
their biological function, such as, for exanple, t rans-dom nant variants of
the TAT protein of the tiey ganascading foe duparerhil; conpeting with the

natural protein for bindidgdde tdaiaf e SBOMENGE, thereby preventing the

activation of HV; - the genes coding for antigenic epitopes in order to

i ncrease the host cell &9 mAfReS,; OHRI g% AFALRSor Afgrcipating

hi st oconpatibility directly or indirectly in cellular ion channels,
15 such as the CFTR (cystic fibrosis transmembrane

conductance regulator) protein;

- the genes coding for antisense RNAs or proteins.
capable of inhibiting the activity of a protein
produced by a pathogenic gene, present in the

20 genome of a pathogenic organism, or by a cellular
| gene, the expression of which is deregulated, for
example an oncogene;

- the genes coding for a protein inhibiting an
enzyme activity, such as ¢,-antitripsin or a

25 viral protease inhibitor;

- the genes coding for wvariants of pathogenic
proteins which have been mutated so as to impair
their biological function, such as, for example,
trans-dominant variants of the TAT protein of the

30 HIV virus which are capable of competing with the
natural protein for binding to the target
sequence, thereby preventing the activation of
BIV;

- the genes coding for antigenic epitopes in order

35 to increase the host cell’s immunity;

- the genes coding for major histocompatibility
complex classes I and II proteins, as well as the

genes coding for the proteins which are inducers

of these genes;
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conpl €% fEaRepisad || proteins, as well as the genes coding for the
prgP[l(}a'is)é % 1N X I lnducers of these genes; - 14 - - the genes coding
TR

for s or those produced by pat hogeni c organi sns; and -

sui ci K- HSV- 1 sui ci de gen€ ndy be nentioned nore especially.
The viral TK enzyme displ ays markedly greater affinity conpared to the
cel lular TK enzynme for t%??\e?lufff’ggggd%°§naﬁ%g]t}é€af SERAYRES 2 &FcITRAFE or
gancyclovir). |t convergmodume thy nmetdphpaphatecyamnl seal esnd whi ch can

t hensel ves be converted hy the I engyn to nuel i de_precursors,
whi ch are toxic. Thesedsrﬁc le%i%ﬁg%éjnhla%%%gg%g%%vbg Fﬁgg(ri-%p%reé’tee@alyn

mol ecul es under goi ng .syredgined pore erbPefiglily .t IheDNALDAL cBK| rzyme

state of replication. TgpidFOrR & hlees- di ¥¢ di P CebhSasegh
cancer cells to be destroséaed S ec%ﬁ%iggl ?3% 'I;hi s list ?lgj_,not ?gstri.ctfa?ve,
and ot her genes of intdfestCrbyubaruddd eRZYRe GG eXEF BRIRhEYFI@gside

i nvention. Moreover, acGRIBgd Q=ueH ey a@quivri&ntozoba&idasrdlwrﬂ)i Ot an
adenoviral vector according to the inven- tion can, in addition, cqnprise a
non-t her apeutic gene C(ﬁﬂnﬁ%rft@r tg‘eﬁf °ef“r‘?r’\ﬂ??’87p?’ra§ﬁ§{]3?§19\?é'tlee§' which
non- adenovi ral transcriqan otheliaeldrvelsl ybet heogeaeted diyt Methél Aaldyilay
coding for,a trans-acti q;igg protein, Lt . ressi on. of I ¢ch..wqul d run
ELP \ﬁe £ o n%cle%q:&%zcgﬁ'ecurvﬁcﬁgm vﬁu\l\c/% e(ffrel'he

the risk of rendering th enovirus non- I'VE, ‘be "avoi d
gene codi ng for the SadexdromBiEse arusdedticdardapegues ncanl beprdafasmabl y

be chosen. |ts expressigipdd £Rabhg A MROILY Gﬂd@f%Biﬂﬁags%t:&%e!s&sa,

conpl enentation |ine such as the one described below _Such™a line is nore
sophi sticated, and enaB@ESsEsigHly provtasP¥p e6xretty dvear §tare of
continu- ous producti orrepflizGaion." ahieoipterpdiraltion Rhabiles disridng

al I'evi at e? The gene ccc):di fsor a_protei nrv\/niffsttroa S: daecsttir\éafe%s ci-
transcriptfon my be pl a?é‘g% Pthﬁgeggﬁ??, ce yed speci
fically.

This list is not restrictive, and other genes of
interest may be used in the context of the present
invention.

20 Moreover, according to another embodiment of the
invention, an adenoviral vector according to the inven-
tion can, in addition, comprise a non-therapeutic gene
coding for a protein which trans-activates non-adenoviral
transcription. Naturally, the gene(s) of the El1A region

25 coding for a trans-activating protein, the expression of
which would run the risk of rendering the adenovirus non-
-defective, will be avoided. The gene coding for the
Saccharomyces cerevisiae Gal4 protein will preferably be
chosen. Its expression will enable the vector to be

30 propagated in a complementation line such as the omne
described below. Such a line is more sophisticated, and
enables possible problems of toxicity due to the continu-
ous production of adenoviral complementation proteins to
be alleviated. The gene coding for a protein which trans-

35 activates transcription may be placed, if necessary,’
under the control of elements suitable for its expres-
sion; for example those which pérmit the expression of a
gene of interest.

The invention also relates to an adenoviral



under the control of elements suitable for its expres- 0 etHas ' ed.
t hose which permt the expression of a gene of interest. TH | so
rel ates to an adenoviral particle, as to a eukal I

I
- conprising an adenoviral vector accordlngwf% The i nventi on. Sald ceII S
advant ageously a ma I|an cell, and preferab h cell, and ¢
conprise said ARGS9 (30 St &F Srﬁl?HL Xtéﬁoﬁe o?e%#e q%ﬁfgln%

non-i nt egr at ed e(repadetre)rlﬁ:aﬂ.mvdhtca:deaovoréhngarttq' ctbead-@(yreaim(yrt-o Shed
i nvention may b epar | lLengntat i g | ngé’{-&ﬂi i ng
in trans the fucﬁc |o]lr?1§1 go‘rrg%\{/ﬁggﬁgggigdgnow raciq'%ector accordlﬂr’lg 9
i nvention is def dewhame, cébk, crdptan | ¢oRpROSe oﬁa%%e"ﬁ?@? ’a‘FtJrntr?@%%tEd _
preparati ory t ecihlQues, akgekNQURohE, 2 Her R rakialbigd if thenalhté&Fabaa and
Prevec, 1991, Methods in Ml ecul ar Biology, vol. 7, 109-128, Ed: E.J.
Mur ey, The Humef Pk e ) nEOF™- Opt i onal |y, an adenovi r al particle according
to the invention may beageffsiadweikdn p&mraﬂeeaeab&amg k:bnehacmd?dmﬂgoﬁo
the invention such ﬁé i S descrd ed bel ow. Thus 2. B sent d rQ/.eonrpﬂlngl SO
relates to a cdi eRBnPAEFETES MPhP2EBN Qi fﬂ’n?nya TSRt att on
el ement, conpr |Is:rcng:,dimgpauttmdtart;ha bm@mnmffcmeﬂﬁlch@nomdmovheal
genone Of sk a 6 usaq\é! 1 écegﬁ%o rilﬁebr? 1|BTRde§§EQ1ve, or

t” bel ng capabl

conpl enent atlon el enen conp ementing in trans a defective
adenovi ral vecterarpke bdiing |2ﬂ33gp£t cehe npriergaaie ohess PXePprahbata-

tion line or inSEst@Oidl0a32 RRERSSIY ¥eHdiisod Nekiit16ant axt tafe thee
pr esent |nvent|on the term"conplenentation_ line" refers to a eukaryotic

cel | capabl e of (fﬁ‘#ﬁf&ll%dl Rrevafs LR&Lr uMethorSs i MolRitr aBLAEdNVi r al

vector is defegtdwve.7) nwbhgnay\onds El U.1 Sugegg b eoHun=o0 uptegs thee py ot ei n

or protei needed, for. fhe re aﬁ% Il on_and enc%ﬁ dation gfinslal d,_ade OVI ral
vector, eary &RFE™IL% p ARREERY t PRANASE S t 2EFPX8#8ducE®an®™Ghi ch
are needed for ibrdxkinon amaiyr dbe pyeineriatiedl MNat wr atbypplemedtptivnonlimg be

odi fied by Mitgee Ji fflag Ged She" AP ORI Ofs Lo NHELEPLEERS D8, ONO 23

Thus, the present invention also relates to a

complementation line containing a complementation
20 element, comprising, in particular, a portion of the E1

region of the genome of an adenovirus with the exception

of the 5’ ITR; said complementation element being capable

of complementing in trans a defective adenoviral vector

and being integrated in the genome of said complementa-
25 tion line or inserted into an expression vector.

In the context of the present invention, the term
"complementation line"” refers to a eukaryotic cell
capable of providing in trans the function(s) for which
an adenoviral vector is defective. In other words, it is

30 capable of producing the protein or proteins needed for
the replication and encapsidation of said adenoviral
vector, early and/or late proteins which it cannot itself
produce and which are needed for building a wviral part-
icle. Naturally, said portion may be modified by muta-

35 tion, deletion and/or addition of nucleotides, as long as
these modifications do not impair its capacity for
complementation. Thus, an adénoviral vector which is_
defective for the E1l function will have to be propagated

in a complementation line for El (capable of providing in
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t hese | do not inpair its capacity for conplenentation. Thus,
an adimmuﬂuem which is defective for the E1 function wll have to be
propa | enentation line for l% (capabl e of providing in
-16- trans the protein or set of proteins“éncoded by the E1 regi on which

th t : [ [ f.ecti t E4
the vector canpal.r UIC gl o NeoLor D161 LA IRIER! M J0L W Bl
(provi di ng t heragiensaiichr dhe neaivodabant theoducehd &4veegpeonwhicind

lastly a vect 0f sWRkgRckSvlelRl it TN d:die B4 rite 8 EAi ¥NCHRORS WAl bE

propagated in a conplenentation Iine for the three_functions. As nentioned
in the introdugatefdohn gheoppleagpsationndinesénti B, 2RAdEA0dBTABEIA®BEI to
be specifigal I%hadomé_ eggawdﬂr&famleﬂm aaimﬁldﬂélg-:la&ﬁar iﬁ!«;ngeg@ohgle, f
invention may be.derived either framan jmprtalized ce | capa 0
divi di ng i nof PRt SROCLE, & VORFRE R ATyt ¥ (AL S8 i At Eee Bt B ABd
obj ectives purBdethubytibespwiikribe ipxgigaigd drcanpbapeiehitationngine
according 1o tRg.i RYgntdQlLd Seliselilol or AbNG ERGARTIAIA oy of ; 3Ry Bl ec-
tive adenoviral Vvector, and especla ?y a defective adenovrral “vector
accordi ng to théonpvehei B3 ragnen ithaendrsantinl.d@nstdoss addnoeiedalto
vector” ifpgusedebghows £iba3hguldmpe cdeeat 0cod to refer to any defective
of t

vector, of the prior art or he present invention. "Conplenentation

el ement” is under st ood®t eomRhemerhatiendlire FasaRing @ &te dn¥entpen
portion of }henxaﬁewiaakigegoraﬂuwserbﬁ taﬁfﬁ Qﬁﬁbﬁlﬁhllﬁlfze]glh%héllfpsiﬂhpd
invention. It can inserted.into, a, vector,. for e e of .the plasmd or
viral type, fo‘r‘a%?gﬁﬁl ‘é’?a&’r‘&c}b’ﬁ‘ r‘effd%‘fl’éfd%%1 il é\%gg’t Br pSF'mB‘ﬁXpEéT‘FVed
froma poxvirubn dbeocdssceheiehi thesobjeeglatadpiunsthd yenohe pteaent
conpl e”egl's tatjop #ggnaccg_rd%g,g § QmbREaLEYENT § PR W LLCQ?&%&hekgS?tB%
preferred.” The et N6ds f or %i nt FogucH ng a vector or a nucleic acid into a
cell line, andipoentbPn &8 nsedylation rdhe tereppaicdafsirmeobf any cdefec-

constitute convepti opalnbeehRl qUeScEBL! kRRun LepacpRisPn skihledctivihe

art, as do the vectors which are usabl e for such purposes. The
adenoviral vector according to the invention. Thus, when

the term- "defective adenoviral vector™ is used below, it
20 should be understood to refer to any defective vector, of
the prior art or of the present invention.
"Complementation element" is understood to mean
a -nucleic acid comprising at least the portion of the
adenoviral genome in use in the context of the present
25 invention. It can be inserted into a vector, for example
of the plasmid or viral type, for example a retroviral or
adenoviral vectof or one derived from a poxﬁirus. The
case where it is integrated in the genome of a complemen-
tation line according to the invention will nevertheless
30 be preferred. The methods for introducing a wvector or a
nucleic acid into a cell line, and possibly of integrat-
ing it in the genome of a cell, constitute conventional
techniques well known to a person skilled in the art, as
do the vectors which are usable for such purposes. The
35 complementation element may be introduced into a comple-’
mentation line according to the invention, beforehand ox
concomitantly with a defective adenoviral vector.
According to a specific embodiment, a comple-

mentation line according to the invention is intended to



eﬁEﬁt may be introduced into a conple- nentation line

compl BiFSise
accord} ntion, beforehand or concomtantly with a defective
adenov]| cording to a specific enbodinment, a conple- nmentation

line according to the invention is intended to 17 - conpl enent in
trans a defective adenoviral .vector f.or uncti,on., Such a Line has

the advantage S HecTERLT AF CFES gkgeSFcp‘éXSrrB?iﬁﬁ?Vbﬁaél KRECOEHPF aFhet o
t he conven- ti élalfuratel @93, Sudh |aacdkineg e tHelRdraasente ioE tdwmewetd ig. |1 n

the context of e uisetl LOBALIAN.;8-c0TRLRTCALALLON! LoCcRgcoLdlng 0

the invention can conprise al art of e El enorne of
an adenovi rus a\:ﬁd’na(ll)llnealaﬁor E&r tlastkant theadt’ oiﬁé’Rr ay eFef the the
adenovi ral sgeng@gdLcted fromthe ELIB, E2 and E4 regions, or (ii) al |
or part of at |east two of the E1B, E2 and E4 regions of sald genone, or
(iii) all or part of tH& Efe ESOREEXEs PEgi BRE PTRBFRL geHBARItien( hea

cont ext of thedolﬂtpal'&mdi{tat&aird ndgieonaceeydiagp! 86edethé NBGESSRLIn UNEGL the

control of suitable., ]Eerm ttlg t%he#:iAe%Er eSSi on, &gt it is prefer-

able to place &R J‘r?c?er ETHRT oI °bf EPRe I5PBNG: IRREe i E

i nduci ble by tha ptdﬁlrmnmté @mdrans- activates transcription encoded by

t he E1A rggion. a(r:1L ui de 3 ccggphgg%nftoq_lig@ [LEQ? ac%ordl Lo the ar | ant
en

(1) conprlsmgthe regions s in for %?le prep %tion
of an adenovirus which is @@Tmmlf @endme E&ehﬂ@tﬁd feghotibea®d B,r BA

which all or part of the couffHOnddibdLIigns has been del eted. According
to an advantageous emhqdi ment, a conplementation |line according to the
i nvention com prisdsilin Gk iUIBATE 2PE Bt geAstoftyneoE1Abpedildn FA t he

whol e of the sequences codiai@ ¥ rHdig o [of PiEigendie ! her E1B regi on.
Mbr eover, gccordlng(to % V%ﬁh?%&'%%:&hb& %%29%1B E2 and E4 regions of

said genome.

In the context of the invention, said regions may.
be placed if necessary under the control of suitable
elements' permitting their expression, but it is prefer-

20 able to place them under the control of their own promo-
ter, which is inducible by the protein which trans-
activates transcription encoded by the ElA region.

As a guide, a complementation line according to
the variant (ii) comprising the E1lA, E1B and E4 regions

25 is intended for the preparation of an adenovirus which is
defective for the E1 and E4 regions and from which all or
part of the corresponding regions has been deleted.

According to an advantageous émbodiment, a.
complementation line according to the invention com-

30 prises, in particular, all or part of the ElA region and
the whole of the sequences coding for the early proteins
of the E1B region. ’

Moreover, according to a variant of this embodi-
ment, a complementation line according to the invention

35 can, in addition, lack the promoter region of the ElA
region. In this case, the portion of the adenoviral
‘genome coding for the early proteins of said ElA region
will be placed wunder the control of a suitable

heterologous . promoter which is functional in said
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ments:, a'@orﬁhhémnﬂﬁtﬁci\ﬁf[ﬁﬁéaccordi ng to the invention can, in addition,

| ack the pro -the EIAregion. In this case, the portion of
t he adenovir g for the earl roteins of said E1A region will

be pl aced under the control of a suitable-ttet’erol ogous pronoter which is
functional in sai d1 - Jt%t:-.'é%onqi%rgent tl oréalni ne.. I ti %a.l.r.—lltb% [ Zﬁc’)‘l ated from
any eukaryotic GFRVITTar gene TheUse of af adendvi ral° Hromot ér 8t dfi¥early
region will, hewkagyothe avwwi deidralheggnenotlire | nsguesfi am canlemwiral
constitutive p r e <SQVAQ, i+ U -HSV- 1 .0 .

muri ne PGK gem%g%!r21 %%F e'r%:f n%@ngégggnﬁégr}eé{. Q",&Ivltle’r ?\%‘t"?‘&%’, g’ﬁe%g’?) ol?rdlgét%e'r

sel ected may b&heepaomgterad® speaitisgesds Pe Adgersta terixyeppamiateshi ch
trans-acti ¥at eagnaRaageaayi tik 5¢20S¢Liink] Ofk-ﬁévﬁﬁfqé}f‘e add ARtSle igEH at ed
froma naturally induci ble gene or any pronoter nodified by the addition of
activating seqHEREe®TCHCHEAS "¥atfi MEFTCRF55t r eam acti vati ng sequence)
respondi ng to said trand-tacidatdvdld ,pr ARl Npridiicd eds peeilaldted | tmdys be

f ble t t ' IS i L b t Sacchar,
Cer evi oi ae. Cal ToFPA=RAa ARaRE B PEREFRBPgY o Y RF LA BIORE & Shie) SRR of o
so-cal | ed " m nitmams -predriviadre sc ordrad adenpwidtal tteads@nipt Lon pt Loncami theat | on

sequences, { TATA %%g%tf‘éélééé@ fQ%maﬁ?S%etét&fallg% A ade {6 PL %?1%5'0‘?: the

TK-HSV-1 gene or , upstream o dast one activa )
sequence of thengaceherehptesneditiedi by Ghlreo 3ddktier Ifenackdamtdag

(Vebster et al geqh288esCelibr S8as16%ddiflind NeEd Al LPELSRAMENGE tTRY therg
synt hesi zed chemcally or isolated fromthe Gall0 gene, according to

standard t echnPEFEENGE) oTRARPLIRT nter 93¢ THIRRS 13 HAF1RY pPERked™ wi | |
be actj vat edi KBge\/\ébbebﬁldUlQQ',the f?ﬁpﬂiﬁ]éfe:silﬁmeh afo Wl &e@%fnﬁit%(id_ e gglli%)h t he
E1A regio aced ,under..its control,, on in the presence, o

oter o ORaPl AR SR RaS (R Eh8 SARR R RRyEaR R e L, SRt RE
turn, be able teinpndwed timeefeapalelyi anhybrtide patomert el Biod@i atitiigr o4 aear | y
regi ons optiongll yahAGlUUGH oithfeC YHRLAIEN ald Ak 44016; A6ERF IR eahe-

i nvention. This
cription initiation sequences (TATA box and start site)

of a genre of any kind (for example the TK-HSV-1 gene or
20 Ad2 MLP), upstream of which at least one activating
sequence of the Saccharomyces cerevisiae Gall0 gene has
been inserted (Webster et al., 1988, Cell, 52, 169-178).
The latter sequence may be synthesized chemically or
isolated from the Gall0 gene according to standard
25 techniques of genetic engineering. Thus, the hybrid
promoter will be activated, and will induce the expres-
sion of the genes encoded by the E1A region placed under
its control, only in the presence of the Gal4 protein.
The expression products of the E1A region will then, in
30 their turn, be able to induce the expression of the other
E1B, E2 and/or E4 early regions optionally included in a
complementation line according to the invention. This
particular embodiment of the invention avoids the consti-
tutive production (possibly toxic) of the adenoviral
35 proteins needed for complementation. Thus, induction may
be triggered in the presence of a defective adenoviral
vector according to the invention expressing the Gal4
protein. However, such a line may also be used to prepare

any defective adenoviral vector, on condition, however,



parti cul ar enbodl ct f e|don avoi ds the consti- tutive production
(possibly toxic) of H proteins needed for conplenentation.
Thus, induction may the presence of a defective adenoviral

vector according to the |nvent|on expr es‘si]ngg the Gal 4 protein. However,

such a line may | so be.used to prepare _a defectlve adenqvi ral vector on
condition, howRferPTovV>dige. %fe éﬁggdlpﬁé’q%/%él CHY 4 EpFBPei i TPERS,

means of provi q!mmgrnahprg)t al nprotélansimr eranewnate &medsoroskal !;ﬁdrsdsnt he
art. In generalg,t.aqmh lgpentation Iine com prises a portion of the
genone of an adGnovi rus which 1s advantageously derived from an ani nal
adenovi rus such as a .caW ngeperadi drexribnogi rapmpdrememytaftarcab| yine Moren

adenovi rus g ang Msls @SRRAEIdY M t;lyé)%e%.dﬁ{e Bf A YFURERTA LA H[Bﬁs

according to the |nvent|on conpris i'n. particular, the portion o
genome of a huRET2RFEIRAYRY t & dxamiaty-animel adenswires epidRies 00

to nucl eotide azwaﬂinéh@xseaugaﬁe aferfbviiGhas edr| N prfes iaRaNKa dahandiank
under the refer ce NM73260, %é%)s from]g‘(}glca{_gtlde ]200 t o_nucl eoti de
4034, or (iii) *FEFSMATE et Nacaiia A aht ageousl y, the
portion of the genome accon@lemmgxttaml(dﬂ line aueerdfdgum}]ﬁiﬁﬁmrﬁrfeéﬂ:lclon
transcripgion a f I e ade -
ation si gtrjigl ;C% R g# 50 VII’ ql(tsnic%li%% vﬁ:’rhl?s%f@ %%DO% tftl{‘ rgD CX’E or'a
[err]-globi n gbw@an\esteseyine goms én exterdfings to (iii), which conprises

nei ther the promoter(jgequensisn shuciketEbl 1861 08 NAE1LHE1 4L ASPF i I
termnation signal of the E1B region, is placed _under the control of a

suitabl e pronoter, in partiSFERE pﬁ‘%nﬁﬁé?lﬂﬁf”éh% thriueeBrkap) datacal 4
protein, and of a transcri piarnm drﬂrd"ﬂ e %f:azgﬂﬁie Mr2@xamgpt e that of the

(abbit Legel ol oo n ase: ol RGh S COM AT AL, | ppnct derod
comon with a def ect(ll\:te)adémnam mugsleotide 505 to nucleot:.de 4034.
Advantageously, the portion of the genbme accord-
ing to (ii) is inserted upstream of a transcription
termination signal, such as, for example, the polyadenyl-
20 ation signal of the SV40 virus (simian virus 40) or of
the rabbit g-globin gene. Whereas the portion according
to (iii), which comprises neither the promoter sequences
of the ElA region nor the transcription termination
signal of the E1B region, is placed under the control of
25 a suitable promoter, in particular a promoter which is
inducible by the Gal4 protein, and of a transcription
termination signal, for example that of the rabbit
B8-globin gene. [sic] Such a complementation line is
considered to be especially safe, since it lacks the
30 majority of the sequences in common with a defective
adenovirus.
Moreover, a complementation line according to the
invention can contain the portion of the E4 region of a
human adenovirus type 5 starting from nucleotide 32800
35 and ending at nucleotide 35826 .of the sequence as dis-
closed in- the - Genebank data bank under the reference
M73260. |
Moreover, a complementation line according to the

invention can contain the whole of the genome of a



Mor.eover, a conpl enentation line according to the invention can contain the
portion of the E4 region of a human adenovirus type 5 starting from

nucl eoti de 32800 and endi ng at nucl eotide %5826 of the sequence as dis-
closed in the Genebank data bank under th&Y% éference M73260. Mor eover, a

conpl ementation_|ine.accarding.to the inyenti can_contain the ol.e of
t he genone of gatur-azlo- ﬁ%ﬁ?gllrugdenoV%¥§s, 8%/}\Aeth SXTHR J‘oréxceop%l\/inontque of
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preference, t hgbgggﬁ_«dt%”pregﬁa%n%@lo@BeO%?éttﬂBHan agﬁ'?cq.ﬁéﬁetryipea hudA ¢ i ng

fromnucleotid and”endi at nucl eotide 35826 of The sequence as
di scl osed in t RéeBevdFask tyReaShakrrbhagr fxem pugkeehtde B2 End Eadime

p]yr |oose_st ofgl' t hatphez?q@oa}wrﬁégs i %@Qaégegnhéblabagadcuwga tihhﬁ @t r ol
of a suitable pronpter. r onot er ich is inducible acchar ces
cerevisi ae Cal $epeEagH, %tF‘? DBk ePREey lfé‘eu%"o‘%.lerﬁ}bﬂe aMYIE’EgO\M FrTe e
all of the funpurpeseassEnthal ptasthe iwpéntihdnpneiaing moxctaipsn dad ipdracdd an

adenoviral vector, whigh is defective for_th 2 a 4 function in
particular a muﬁfir?ﬁm% ng\ﬂnﬁ:efloclve%gora a%%%?%k?%% Eé:o Q,g._%@ﬁve}%t ipgr?,m St:oe e
conpl ement ed | whiticlnsis Acubialilike thy athe ef3ecbarenpods nertevd sdewp|Gaiehn-
tation |ipg a?g%@'e'igz M&H.h?fe&\é‘i%&ﬂ b“ea%g%ﬁflt hdh2 aC GRS rltlate'n%%le

el ement conpriSing, I n addifion, a géne coding for a selectable marker
pernitting theaddt «f i bheadfadmicigiond opeentirl cépl ShoonrepPhiagtien @nd he

context of thecprap@idatieNdORn hlliehotdRalle vakkode i ictdiing de¥eckive
sel ect abl e marker, such_genes bein %enerally known to .a person skilled in
r

the art, advant2Fe&ti€l Fla Fenéd o SPSEIRTE 1t FRaRAINECHGE & B mum

preferably theageneviedilngvéatopuramysidingettd t caesf biaset{pac gemelbecon-
In, the context of the present invention,

ferring r istagce Lo Buyr Ao Nraldld |
t he gene g%dl n§ 1’“89‘ a sg-‘l eglflLéJbl € marker may be placed under the control of
suitabl e el enents per nercionglings texpresef erred s digentons icompd emen -
constitutive pEQ@QEﬁ“lﬁ%@ha@%okﬁgngIto the invention can contain a
complementation element comprising, in addition, a gene
coding for a selectable marker permitting the detection
20 and isolation of the cells containing it. In the context
of the present invention, this can be any gene coding for
a selectable marker, such genes being generally known to
a person skilled in the art, advantageously a gene for
resistance to an antibiotic, and preferably the gene
25 coding for puromycin acetyltransferase (pac gene) con-
ferring resistance to puromycin. ,
In the context of the present invention, the gene
coding for a selectable marker may be placed under the
control of suitable elements permitting its expression.
30 These can comprise a constitutive promoter, such as the
SV40 wvirus early promoter. However, a promoter which is
inducible by the trans-activating protein encoded by the
ElA region will be preferred, especially the E2A adeno-
viral promoter. Such a combination will induce a selec-
35 tion pressure to maintain the expression of the genes of
the El1lA fegion in a complementation line according to the
invention. For the purposes of the present invention, the

promoter selected may be modified by deletion, mutation,

substitution and/or addition of nucleotides.
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BHK gol den or ysealabassbdy kfdbhaychemeSprt Advabde@dhakinikrietaérnilwedcf r om
a yung cargynonge 3odchle YRERAUREAU!IINA' Y suhs RN AUl 19035 ¥pdRd

CHO Chi nese hanster ovary ternatively a conplenentation [ine
accordi ng to thEreRveadies eashpasddhie ATLGGoiprikas ycernegtignd there

particular fronnipthdaher]dSed AED VdrAMaF REEN oY RonkRS kRUaRL aRgal so
relates to a nethod for preparing an adenoviral particle according to the

i nven- tion, acdFIRLEER hiDEian fAengfafokicney, ddrgs atbs APAd PY=RRe
invention is intinduaedivetio 0P| Bavgt akir6fiinbinde ea@aldite RC5 human

conpl ementjng in jrans saig ygctor. S9 8340 obt al r nsfegteg _
conpl ementia i orPHPRZRATY 641 co}?‘p emeﬁ’tgtml 5 ] ﬁé“*s&ﬁjl PR RCEBPERY to
sui tabl e condi toomsyfbinggrnitting the produc- tion of said adenoviral
particle, and Alternatively a complementation line according to
the invention can be derived from primary cells, and in
particular from retinal cells taken from a human embryo.
20 The invention also relates to a method for
preparing an adenoviral particle according to the inven-
tion, according to which:

- an adenoviral vector according to the invention
is introduced into a complementation line capable

25 of complementing in trans said vector, so as to
obtain a transfected complementation line,

- said complementationlline is cultured according
to suitable conditions for permitting the produc-
tion of said adenoviral particle, and

30 - said particle is recovered in the cell culture.
Naturally, the adenoviral particle may be
recovered from the cultured supernatant, but also from
the cells according to conventional protocols.
Preferably, a method according to the invention
35 employg a complementation line according to the inven-
tion.
The subject of the invention is also the thera-
peutic or prophylaétic use of an adenoviral vector, an

adenovirus particle, a eukaryotic host cell or a



- said particle is recovered in the cell culture. hbturallyws ' gd
particle may be recovered fromthe cul tured supernatant, buﬂ _H _
cells according to conventional protocols, Preferably, a ney

to the invention enploys a conplenentatroazlrne according to the inven-
tion. The subject of the inventi.on is alsq the thera-, peuti.c or

bt ophyl act o uSemBTeRRRERLIe 1iPd, s a Te B BB . o
eukaryotic host cell oLaatly,- tRe - presphénmeanxyengiohi needetesdi ty ta the
invention. Lash ¥, nhREuREESEN e dupERlHiYN r&ln?;f]zej[ss{r% aa&“éﬁ@?&ﬁghsﬁé' or
conposi tion conprising as therapéutic or prop actic agent an adenovir al
vector, an adeR&YPPU3aphici Agsnta FukarpePVETadl [Vvestar .cotpl afenpatrus cel |
according §0 tBertN¥eRY i A, ehRafPBRERALHAN Vot Nad S Lot €foh Sce11
acceptable froma Eharnaceutlcaj st andpoi nt. The conposition according to
the invention RSCPRtERIelCSPRAWFIEIGH tiie GFEVSRTIRR ot SupravPRdcle
treat ment of dwhfOeHehLs adebpiable gebel bCphasthadeutisadh s%&nl&l@iﬂl}ﬂﬁ Jia,
cystic fibrosis or Duchene's [sicl] .and Becker,.type nyopathi es, -. cangers
such as those induced ggeoﬁﬁéﬁﬁF t%ﬁ“v??ﬁgﬁgfné qF%tggﬁiﬁﬂv?ﬁ%%§§e§ssuch
as Al DS (acqui fstendednodepeciielbity s§nudr ohber epubtengifeonpkl Veurnbkedieon),
and - recyﬁrenergggggngig@a§§§°§gggsa§ugﬁrgg§virus- i nduced infections. A
pharmaceuti cal conposition according to the invention nag.bq manuf act ured -
in a conventional nanngeneFacpadiserders sudier greubemabhjldffecevesianount
of a therapeutic or prepBybat¢hki CoRdaichansadi nad W bhsa Bebkeke syph as a
diluent. A conposition according to the invention may be adm ni stered by
aerosol or via any conP¥APRERAPBroute in use in the field of the art,

especially via the oratansgbsutsaieddUss ithoksamistdiddd by oncogenes or

1s viruses,

- retroviral diseases s8uch as AIDS (acquired
imunodeficiéncy~ syndrome resulting from HIV
infection), and _ .
- recurrent viral diseases such as herpesvirus-
20 induced infections.
A pharmaceutical composition according to the
invention may be manufactured in a conventional manner.
In particular, a therapeutically effective amount of a
therapeutic or prophylactic agent is combined with a
25 vehicle such as a diluent. A composition according to the
invention may be administered by aerosol or wvia any
conventional route in use in the field of the art,
especially wvia the oral, subcutaneous, intramuscular,
intravenous, intraperitoneal, intrapulmonary or intra-
30 tracheal route. The administration may take place in a
single dose or a dose repeated one or more times after a
certain time interval. The appropriate administration
route and dosage vary in accordance with wvarious para-
meters, for example with the individual being treated or
35 the disorder to be treated, or alternatively with the’
gene(8) of interest to be transferred. Generally speak-
ing, a pharmaceutical composition according to the
invention comprises a dose of adenovirus according to the

invention of between 10* and 10, advantageously 10° and



I ntravendus, intraperitoneal, intrapulnmonary or intra- tracheal route. The
adm nistration may take place in a single dose or a dose repeated one or
nore tinmes after a certain tine interval. The appropriate adm nistration
route and dosage vary in accordance with ¢ari~ous para- neters, for exanple

with the individuyal bejng treated or di sorder,;to be treated, or.
alternatively #Pth @md gghre?%r%}?dl}f ntt&%sta‘r’c g% r an fePF‘é‘EF‘aégHg‘l"éﬁally
speak- ing, a pbapbRietibnGal «opPoialipn aneor diseg t ofdhe prophyilaetic
conprises a dose_of adengvirus according to.ithe inventian of between.
10[err] and 10{’8?‘?]’?35(3\/8%{16158’6‘85?‘?31oflgrar‘fd’a%’a°n’ il fﬁlﬁ‘;()?[netr r%'?ufgld 18
preferably 10aeceptabie £iOmear pharhacevdirede wtag@podaipositi on,

especial lyg one  used ohal ;RLARRYLAC! b £BU" BOSEHPaGALSCOUD! kidtndd of
addi ti on, an adjuvant Ich i's acceptable froma pharnmaceutical standpoint.
The invention bFsatmgesmnpassesdangetndthisth i fhewapeuticedidi #ffestiffiech a

therapeuti cal | ynghhecbisVaidtowiran Pleroy] rah ¥86heviral RIS
particle, a eukaryotic cell a conpl enepntation | ine_accord t.o the

or in
i nvention is aBnPHkeFEPEACt 6e41pQEi BnCOoPREPEPEE L4608 LEPEARFERE I iPFe T
present inventtha ifvdRs8LbhbEE s#@itnioter@d ctelay payt ietfte el rtitid Bach
figures %ch Lol I ?!\év and by neans of the exanples which follow. Figure 1 is
a di agranhiti c F&prR&8krati on of the genome of the human adenovirus type 5
(represented in arbitra@he upréseftommrentikd0) isi ndesexripgdt motecgomen of
the different 7 QU | ' A | tati o] h
vect or pTC£6546.gfgl'e"gﬁrebg".]ir%'fz?Il | acger ;En‘%{l C re%%%%%%%@gne%%gt&ﬁegegc?gr
pTG6581. Fi gureeanpsof #hggexampliee Woicds&eldoWon of the vector pTGB303.

Figure 5 is a diagrammgtigarken ¢gcat aihgRashathe ¥eptesenRi®ie0oFNdhe
pTGL661. Figure 6 is a di agrarrmatlc representation of. the vectors 8T61653,
pTGL654 a%a pT@EBBﬁ? of the human adenovirus type 5 represente in

arbitrary units from 0 to 100), indicating the location
of the different genes. '
Figure 2 is a diagrammatic representation of the
vector pTG6546.
20 Figure 3 is a diagrammatic representation of the
vector pTG6581.
Figure 4 is a diagrammatic representation of the
vector pTG6303.
Figure 5 is a diagrammatic representation of the
25 vectors pTGl660 and pTGl661.
Figure 6 is a diagrammatic representation of the
vectors pTGl653, pTG1l654 and pTGL655.
Figure 7 is a diagrammatic representation of the
vector pTG5913. _
30 Figure 8 is a diagrammatic representation of the
vector pTG8512.
Figure 9 is a diagrammatic representation of the
vector pTG8513.
Figure 10 is a diagrammatic representation of the
35 vector pTG8514.
Figure 11 is a diagrammatic representation of the

vector pTG8515.
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Figure 77is a diagrammatic representati on of the vector pTG5913. Figure 8
Is a diagrammatic representation of the vector pTG&512. Figure 9 is a

di agrammatic representation of the vector pT&513. Figure 10 is a

di agrammati c representation of the vector 2|3‘T68514. Figure 11 is a

di agrammatic reEreﬁgnt ation of the vector pTG3515. -24- EXAMPLES The
exanpl es whi ch | lustrate only one enbodi nent of the present

i nvention. The constr ucmaieonacakqsl:ea'; beﬂhiln'ed oﬁbhlwc;irlﬂhmd:mue acubydiomge t o

the general tech | yes e d nol ecul ar cl oni ng
detailed in Mafratl s éatn O%GQ‘(%TEB%Q:% rlzor%'a ory nual , Col d Spring Harbor,

Laboratory Press, Col.dTher pngsﬁarlb@nonmesfmebedlb%b@‘ﬂ\mr%toaﬁicﬁd ewni ng
enpl oyi ng” Bact gtk ks @od%ﬂ sgg%@aqd £@hnR YRS 320§ ehi theC @5@1%& col i

(E. coli) strain 5K or er éas_those enpl O)il ng veCtors derived from
phage M3 are dagrians gwelegulassaleningedetariiledveoy Marizkisr 88 @e st eps
of PCRhagpl l fh qatslelcsr) Lialb® riaitek ggxlamaa;sllcjess:earlabsg»ﬁ.«.ua_qPﬁzaereaszJI Omﬁlb‘braif%:@w de
to met hods and_appli cat te In Sni ns

Wi te, Acadeni EXEP&gs qq}é{])sﬂ(? p‘f‘?’&f’ ’IVb‘T%)o ?hecﬁﬁieﬁgévﬁg €>c/t°gfg
according to staetdng tedplivyies Mettekhalbnplasaider sion skitied obntthey art.
The cal ci phosphate tec ue njagis.e | . pr F}ﬂ n ned.
However , gp]h Srségta ol’g e@ns%f?széc 4 huc? 2%095'.2' OJ'S'LL&beéa‘%lﬁ oduceg‘i—l rr?tag a
cell may al so bbemeplsoy@thsesuemphgyim DEAECHeX e viest hi eephage M13

el ectropor ati og, MelRods PR 1) SHEUIE BN0EKSEo Ik Clits 2N B! iHAyaGlan
sel ected cell orremet hods based% t he udse of Ilpgcs’orres The raé%eg’rﬁs

inserted into the atepereftPeRrRmtifidairn ddhe |P&'é1i:°€é?10\ﬁ5afi€slcﬁd1b&§t ed
precisely accohdi HtR pidddoP®SEt pogiildel R Nhetloods denaegppld@ations

15 (1990, edited by Innis, Gelfand, Sninsky and White,
Academic Press Inc.) is applied.

Moreover, cells are transfected according to
standard techniques well known to a person skilled in the
art. The calcium phosphate technique (Maniatis et al.,

20 supra) may be mentioned. However, other protocols
enabling a nucleic acid to be introduced into a cell may
also be employed, such as the DEAE-dextran technique,
electroporation, methods based on osmotic shocks, micro-
injection of a selected cell or methods based on the use

25 of liposomes. .

The fragments inserted into the different con-
structions described below are indicated precisely

according to their position in the nucleotide sequence

of:
30 - the A4S geﬁome, as disclosed in the Genebank data
bank under the reference M73260,
- the adenovirus type-2 (Ad2) genome, as disclosed
in the Genebank data bank under the reference
J01949,
35 - the SV40 virus genome, as disclosed in the Gene-

bank data bank under the reference J02400.
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of .- the Ad5 genong, as disclosed in the Genebank data ban ? nmwhwd
reference M73260, - the adenovirus type 2 (Ad2) genone, as iﬂ N!LIIII
t he Genebank data bank under the reference_J01949, - the SVAO
as disclosed in the Gene- bank data bank gﬁder t he reference J02400.

a

25- EXAVPLE 1 Egr jon énggggggtenQQted""a%.enqyquﬁ,coggncgkn
deletion of a * an
"attenuat ed" veoip o s ided.ed idml @ 9l 1e. "u»-nthﬁpemggpsmdnmgpgot|de

273 of the encggﬁiggtlon reglon A vector conprising the following is
constructed: - e 5 |ITR of the Ad5 genone (fromnucleotide 1 to

nucl eotide 103), - . the Ad5 encapsidation region |ying between nucl eo-
tides 104 and #58, t’Bn‘.é’BkﬁBtEBﬁ 89:r&honaf@@ﬂhalear'ovbauakeebmselégﬂqtQ
nucl eotide_273 is delete 1) at positian 176 1s nDdlfled
to a cytos?ne (O iH = S e 273
cassette for the expﬁes&heapeidg_gpﬁereﬁlbnterest conpr|5|ng from5 to _

3", the Ad2 nu | eotides.5779 6Q3 the Kpn H.ndl Il and BanH
restriction srg SCERE RORRAELRA %gﬁlg §%SWlFHe p%gngﬁ *t he ami no

aci d conpositien cothespénag‘Rt oft rtélasécﬂﬁermquﬁal (smxm hycReotdde &t tal .

1989, Science, 245, ,106851043; 19y h the exception of a valine in place of
t he net hi oni ne at p%s?t?gn 470} éﬁe Pst1, Xhol and Sall sites and_|lastly

the SV40 M rus-transBei pEboencapsifation FHegisn (MR IR HEReB6BBCL602538)

and - the fragn&maeBOio4t£&edAp§e GONWHR cheXhen Bglohrgghggﬁbeggbge
3329 to nucl eotide 624 a first staggE thg Eco 1 fra nen& |so-
| ated from pM.P11 iBYE SﬁEa Betfdehot AR ELBRIEnd e eted an

thymine (T) at position 176 is modified to a
cytosine (C) in order to create an AatII restriction
15 site,
- a cassette for the expression of a gene of interest
comprising, from 5’ to 3/, the Ad2 MLP (nucleotides
5779 to 6038), the KpnI-XbaI-HindIII and BamHI
restriction sites, the human c¢DNA coding for the
20 CFTR protein (the amiﬁo acid composition corresponds
to the sequence published by Riordan et al., 1989,
Science, 245, 1066-1073; with.the exception of a
valine in place of the methionine at position 470),
the PstI, XhoI and Sall sites and lastly the SV40
25 virus transcription termination signal (nucleotides
2665 to 2538), and
- the fragment of the Ad5 genome extending from
nucleotide 3329 to nucleotide 6241.
In a first stage, the EcoRI Smal fragment iso-
30 lated from pMLPll is cloned between the EcoRI and EcoRV
sites of the vector M13TGl31l (Kieny et al., 1983, Gene,
26, 91-99). This construction originates from pMLP10
(Levrero et al., 1991, Gene, 101, 195-202), and differs
from the parent vector by the introduction of an Smal
35 site at the HindIII site. The vector ML3TG6501 is
obtained. The latter is subjedted to a directed muta-
genesis in order to delete the sequences lying between

nucleotides 184 and 273 of the encapsidation region. The



| ——————

si t Bajs SppetHasBaenRepleced y 373131 (Kieny et al., 1983, Gene, 26, 91-99). This
const u ates frompMP10 (Levrero et al., 1991, Gene, 101,
195- ' rs. fromthe parent vectar by the introduction of an Snal

site at the Hindlll site. The vector ML3T&501 is obtained. The latter is

subj ected to a,di regtgd nq:tf_% 1_lgeenesis I n_order. to dqll et e t he sg%uencez_

| yi ng bet ween %’6?8 RO TR o (1o iy ac of o?af:ﬁéegncgﬁsi it |%nar58| RTCTR -
26 - directed kitaddmegishamy caccoxdingt tosithe sswmpheer|al rkeomhAndashan)
according to t PLi & " Sl gmenda- ok I : :

ol i gonucl eot i dgf%ﬁégl#ﬁi %tn‘ggggnder _sc_a(c)]%% géulcgggflgglge%‘hh% %EétFS NO
1). The nut at e@ngest opeyenesi ghdeeliifisTceN02. 1 ThéSEBRC&BsNat Lon r &§eon

thus del etgd iguegtolrodeesd i ddis it PMIaRrdEEe.- Bak! bnkapgimatiohhe
Bglll site being rendered bl unt ‘%X treatnment with Kl enow DNA pol ynerase,
t

into the vect FEPheP1FhRsyelt oot t ASECSRPEEAIUSRY  1hERFe GT™ 0Bt aPRed,
pT|66500, is paz&dr:]atL;agmrgeszsglm&hth thsé |BgiTR Ak \HetiJﬁfgpl&agae]EédDblAl untd
pol ynerase and_then digested.with,Pvul. e ul - Hpal fragme i sol ate

P om pTBoss (R FEERERFRE Bhib1R)hev: RYB pRI¥pRFR e LA08 Ehe VHRFLE
fragment cont gpMEP1lhedsyé6tedr withr EneoBii pndoSmadr.m nati on si gnal and the
portion the Ad5 gen e LNg | eqf 29 n '
6241. Thce)’{(\J/ect or pTGGSggét husggg’%rg;%%mlﬂsg&:'ar ?éfachﬁy&g'i ge%’?edﬂ\%\nlctgﬁgggﬁl,
treated with phbgestadDMAthoPghEr abteanadr ekFhaphaget ié P¥Appatyweranes
being to destroyqt hehehlqigdstdddPCabtiefl apbvife TheLNBval -k IPOEXLERKRE.
This results ip pTG511, into which, after BanH digestion and,treatnent
with Kl enow DNEEPLRyRr §56m Rifad oriRemBNgd LRam PRt nes t tRrArEred

bl unt - ended f rageenthgeneeated .brhXiaolfriitadent grR&ItOMANthe r 8wt OBRL rist h
Kl enow pol y-_nerase, .pTG5525.1s. 0btai ned. -Far i.dance,. the CETR cDNA
s T o0l atk v UREELP IR R BA CEerR bR e 1SR Andd U ER e SO o )
al ., 1991, NatAd®, g8bdme528t628)ing? fromConstlasitiden H¥2%nto abeeheatide
vector conpri sifigh a 4§leLtigRcbEOPFE P! LG a? 1Ped S IHES €l U5aB¢6, 91,1 he

encapsi dation region ) )
digested with SphI, treated with phage T4 DNA polymerase
and religated, the purpose of this being to destroy the

20 SphI site located at the 5’ end of the polylinker. This

results in pTG6511, into which, after BamHI digestion and
treatment with Klenow DNA polymerase, human CFTR cDNA is
cloned in the form of a blunt-ended fragment generated by
XhoI-Aval digestion and treatment with Klenow DNA poly-
25 merase. pTG6525 is obtained. For guidance, the CFTR cDNA
is isolated from a plasmid of the prior art such as
pTG5960 (Dalemans et al., 1991, Nature, 354, 526-528).

2 Construction of an "attenuated” vector comprising a

deletion from nucleotide 270 to nucleotide 346 of

30 the encapsidation region
The vector M13TG6501 is subjected to a directed

mutagenesis employing the oligonucleotide OTG4173
(SEQ ID NO: 2). The mutated fragment is then reintroduced
into pMLPll, as described above, to generate the vector
35 PTG6501. The latter is digested with SphI, and treated
with phage T4 DNA polymerase and then with PvuI. pTG6546
(Figure 2) is obtained by cloning the Pvul-KpnI fragment

(the Kpnl site having been rendefed blunt) isolated from



The:vector ML3TG6501 is subjected to a directed nutagenesi s—enploying
the oligonucleotide OTA173 (SEQ ID NGO 2). The nutated f iB t hen
reintroduced into pM.P11, as described ab%e to generate the ﬁ s Been Replaced

pTG6501. The latter is di gested with Spﬁl and treated with p Hﬂﬂ' m
pol yner ase andIF Eggzgn yf} taﬁl%?%‘hg ! Q%ﬁnz)cn&ﬁ\. obt ai ned
gnent fi Rp Si

the Pvul -Kpnl fra avi'ng been rendered blunt) isol ated
from - - 27 - pTG6525 and contai ni ng human CFTR cDNA. 3 Construction of

an “attenualeds veckghsAIBELShNG Aok aEEoRub EBAV YELEAL! Qsméﬁzsmg

nucl eoti de 358 of t encap5| ation Tegl on e.vec or
subjectedtoadlr'—' OB 3 3108k ! -:f B74 R tolgde ch2@s olfyi ng
bet ween nucl eoti dest887ea84 358aeiohhee pSI dat i on regl on, and todm)dl fy
the thym nes at positigns 275 and uani neg jn order to i.ntroduce an
Ncol site. f The nut agenggfesvle?tc?ﬁr H%-égfc;é%[ §15hgs"§?17e eHTYorRcheBtFaEteRGA101
(SEQ ID NO 3)mivagenesi&3TiHS50rddhe dat tcmieltsz clte&vedewu'ethgl | Lyibhgeat ed
wi th Kl enow n ge and_t he

cor r espondi n%u?‘g%xg‘s q}s& ag\%’%%epargpf |§e%§ar? 8| n? 8: ed T REBS BRRET
digested with Ec@RPnandnSrr&b moddy04hes ameinseeat frosd o 2715 Spldl
(site renderedzfé uph BuahiRAEMERL oWddl RRA Jrﬂb&m RO zg@éfssit

fragment is isolated and 1 nserted between the Kpnl site ender ea b unt by
treat- merl wiTRtAAeRSferiseraznd ety uPuti (w8igig prbss19ligamesigotide

obt ai ned, V\ﬂ' Cd5m¢@1913@§ﬁd w?t RoBaghll tfan@ltld%eggmt@%aopl yrmé gg@r.@&i—om
insertingt e r nt o |

Generation of é%@l’% t?”%g?’ar?gﬁ‘ean%?% et’d éﬁ?"’é’d i PRSYPEFRELi ve
reconbi nant anmhaesd&gesg:eﬂeraieH e et y aras:f&cthen ¢t PedP3ndehgs of
ei t her pTG6525 2 £ a

genom c DNA (ﬂl'l @é §r2 E§é gglfq'%ggﬁz q'ﬁm %ﬁ%ﬁﬁ‘g °d?1!g£§?‘%d
with dali5 so @m@@tgémmeEtaoRECMﬂml w?@@sm mmrmgmsad from
reconbi nati on.,y¥der el Sptk d@¥Ste rendered blunt by treatment with '

phage T4 DNA polymerase)-Pvul fragment is isolated and

inserted-between the KpnI site (rendered blunt by treat-
ment with T4 polymerase) and Pvul site of pTG6511.

20 pPTG6513 is obtained, which is treated with BamHI and
Klenow DNA polymerase before inserting the Aval and XholI
fragment of pTG5960 to give pTG6526.

4. Generation of a defective and attenuated recombinant

adenovirus
25 Defective recombinant adenoviruses are generated
by cotransfection into 293 cells of either pTG6525,
PTG6526 or pTG6546 linearized with Clal and Ad-dl324
genomic DNA (Thimmappaya et al., 1982, Cell, 31, 543-551)
also digested with Clal, sBo as to generate a recombinant
30 virus by homologous recombination. Aftér 8 to 10 days,
individual plaques are isolated, amplified in 293 cells
and analyzed by restriction mapping. Viral stocks
(AdTG6525, AdTG6526 and AdTG6546) are assembled, and
their titer is determined according to conventional
35 techniques. -
The AdTG6546 wvirus is placed in a competitive
situation by coinfection with A4d-CFTR (Rosenfeld et al.,



i ndikvi dual plaques are isolated, anplified in 293 cells and anal yzed by
restriction mapping. Viral stocks (AdTG6525, AdTG6526 and AJdTG6546) are
assenbl ed, and their titer is determ ned Sﬁcording to conventi onal

t echni ques. The AdTG6546 virus is placed a conpetitive situation by

i nfecti R f 992, Cell 8
izg?lgg)iOahrg%pgghtggﬁg'( &?en f&géﬁgﬂﬁapsﬁ&%p ?P?é%l%ﬁ E§9§i%ng¥p§re
infected with énpapsightdoe fregriiong @ﬁﬁt@phﬁslkrd}ﬂﬂfeambé withob AFRG65546

per cell. In PRb %%-EL fb%gaggx VLAl HNA 4 SAd %g;g)ys f& éf”ﬁh? €54

(d uzman and Vi Virol., encapsi ate
viral DNA i s iBeFrarcedlaf tkr PFE&@FE@ tWQQQQIYFWﬁkhnﬁhzgﬁd eedt BY si c]

and then with go-[epr L@/tHoof (SR bonaichaas odladdaselods f ogr egpyg1 DNAS
not protected in virions. \Wereas the anount of total .Ad- CFTR and AdTG6546

DNA i s identichf; Thet@3ls apprepsaraidates Mimad D¥Pniehiantasefqdattar

éo:ITCR:FTR tDNA afstﬁésaﬂﬁgfll&hédcéﬂﬂ'%ﬂﬁhmezgﬁeokﬁ?fblageglgieiiiSilaﬁB. ehehhe
rotein in,the.ce infe ells_is

oot ed. - The Bhefy 20 Hasl (| SeftretiaRaefeatt CibRRGRYS &0rt neFevEne

t echni que deschWhegdnat Dakehentedt i . vtﬁ@éﬂa Natlwzezassupha) asrq)irnyl pdg t he
I t T h

monocl ongj 5 ant{ bogly ?@3 @%@gﬁ]{ﬁ""ﬁ&%&ssﬂﬁy oNa{s aSlth% 3UC' %éﬁ&o%' Z€es

anti geni ¢ epit opés o rotein may bé used
expect ed nDIec@PE¥°ﬁa§§telYa%p?%ﬂ#?nﬁﬁﬂ@ﬁ Gnﬁsasiéa&@@eé@e§FTFOPN§u$éance

the level of peREiSsi&headl aare@ygakypRAUi valent to that obtained in cel
extracts infected with _unattenyated Ad- CFTR virus. EXAMPLE 2: Generation

of a defective adenovi THE FEFHWALEIBREINOT cof oFhgnF e RERFEIDF 1Rhe
sequences codi tige f ellhe esiday:tr ObEi rmdmdssm&fedﬁgd omsfmveebe@:n del et ed
1. Production of a recgﬁb nant adenovi LT US for ressb gf t he
CFTR proteln (?@ﬁ?%%%ﬁ) &n 28R -Lq&Rovitr &S isrggﬁ%}ﬁfe T a g?g i)
vect or pTGE58lacompidisgnge themtechindgle described in Dalemans et al.
(1991, Nature, supra) employing the monoclonal antibody
MATG1031, However, any other antibody which recognizes
antigenic epitopes of the CFTR protein may be used. A
20 product with an expected molecular mass of approximately
170 kDa is detected. For guidance, the level of produc-
tion is roughly equivalent to that obtained in cell

extracts infected with unattenuated A4d-CFTR wvirus.

EXAMPLE 2: Generation of a defective adenovirus from

25 which the ElA region and the whole of the sequences

coding for the early proteins of the E1B region have been

_ deleted
1. Production of a recombinant adenovirus for the
expression of the CFTR protein (AdTG6581)
30 Such an adenovirus ‘is generated from a plasmid

vector pTG6581 comprising, from 5’ to 3‘:
- ‘the Ad5 5’ ITR (from nucleotides 1 to 103),
- the A4S encapsidation region (from nucleotides 104
to 458),
35 - an exogenous nucleotide -sequence containing an

expression casgsette which comprises the following

elements:
ThlS Sheet Has Been Rep. laced




- A6le ReplaledR (from nucl eotides 1 to 103), - t he Ad5 encapsidation

. wbh

r'e S eet, ‘eotides 104 to 458), - an exogenous nucl eotide

se & [ﬂ“ﬂl\ ing an expression cassette which conprises the follow ng
el l ‘the Ad2 MLP (nucl eoti de4?5779 to 6038), followed by three
tripartite | eaders,,. al of ;Ad2_(nycl ep- tides 39- 6079 cl eot | des
7101-7175; nucl eo- tidgge9%§?-5%‘%2;(?ufﬁgggla§§dg?zgaf;8 ?ﬂ%?gdegoﬁ'h%ﬁaﬂer to
i ncrease the effici enchyothteanstippaorivé Xdwieanguariees ofnadet ¢ducleo-
downstream a pol ylinkgg NS froms 1t ' ‘pr.t HpdlbL,
BanHl, EcoRV, Hpal andgfi%%?mrgggt%r i%%,tvigdn%s}lléeeso‘:%qgec% 'é:{rjé;l usa_?’e ?‘g?ﬁ'{aﬁe
cloning of a gene of. | hideesP§33-§dAd)of theser dstadengrre imelyded suvdi ng

for the CHJR protein, thgel’2BSakidda®e té{éﬁé@éﬂt%xﬁﬁr@f E:?Qhé‘iﬁg'i&féfgom

the SV40 virus (nucl eotides 2543 to 2618), portion of the

adenoviral genone rangPhgtReofitAUEREEE| dBSeXbgd f6WBSEFreahe fragnment of
the Ad5 genone extendi agpblominkekeabingeid94dg,t eromcheotbds 46¢hei EbaT

o her ot ok Ui ThhaRRe Aok Mt Sk MaE it ayect 188"
I ntended to facilitatesihesswhiequane avkahlagfetepse ahdnihg afit asgane

primer OLG5157 (SEQ I D . e fragnent thus generated is treated with
Kl enow Dl\ﬁpol yner ase %g?%?gl’ﬁgulgg cloned into the Smal site of ML3npl8

(G bco BRL), giving risegepeMpETeaSETesTthe sscpu@rched gene feodiveat for

generated by PCR is vegjl;i@ﬁlTﬁc?%gjag]g’to the standard enzymatic met hod
(Sanger et al., 1977, Proc. NatT. Acad. Sci. USA, 74, 5463). Separately,
the Pvul -Smal fragnentthe SARAKHRERR pherpinations gigRad bkEataRethe

Pvul and Kpnl sites of£pdibeAd stksadpkesl(dhclebBedkpnhsast €ohaginmg ,been
rendered plunt_by treatment W N PNREe RPN RV Bl #5%enome ranging
from nucleotides 4047 to 6241.

The fragment of the Ad5 genome extending from
nucleotide 4047 to nucleotide 4614 is amplified by PCR
from Ad5 genomic DNA. The PCR reaction employs the sense

20 primer OTG5021 (SEQ ID NO: 4) comprising at its 5’ end a
BamHI site intended to facilitate the subsequent cloning
steps, and the antisense primer OTG5157 (SEQ ID NO: 5).
The fragment thus generated is treated with Klenow DNA

_ polymerase before being cloned into the SmaIl site of
25 M13mpl8 (Gibco BRL), giving rise to M13TG6517. The
sequence of the fragment generated by PCR is verified
according - to the standard enzymatic method (Sanger et

al., 1977, Proc. Natl. Acad. Sci. USA, 74, 5463).
Separately, the PvulI-Smal fragment is isolated
30 from pMLPll. It is cloned between the Pvul and KpnI sites
of pTG6511 (Example 1.1), the KpnI site having been
rendered blunt by treatment  with phage T4 DNA polymerase
according to standard methods. The vector pTG6547 is

thereby generated. |

35 The. latter is digested with the enzymes Sall and
BstXI and ligated to two fragments, on the one hand the
purified BamHI-BstXXI fragment of M13TG6517, and on the
other hand the XhoI-BgllI fragment of pTG6185. The latter

comprisgses, in particular, the SV40 virus transcription



according to standard methods. The vector pTG6547 is ther ebyThitShest aehken Répiced
latter is digested with the enzynmes Sall and BstXl and |igate ' ;
fragments, on the one hand the purified BanpH -Bst XI fragnent ¢ [ ) ’
and on the other hand the Xhol-Bglll frég?ant‘ of pTG5185. The er
conprises, in particular, the SV40 virus transcriptio - 30, ternination
signal flanked*By*tRR3EXRBI Sﬁgngél I ItJllaé‘}ﬁ’{ c?’fyon t@'ﬁ eggh%we@’é?, §ﬁg115‘t her
pl asm d cont ai nesgribeieansiteswni Havevarsegopnothendpappmbdr caheaining
restriction sifes coul ¢ heusat o e ackor AECRIR0 LS QRLALAGH, 1 Lpt g whi ch
an adapter contarning two Festriction sites gener= ati ng bl unt “ends,; BcoRrv
and Hpal, is inbeesechnhd e usidudiBamectsoin pTCERSS ddapbsrinedgi hates
fromthe reconpinahion ohabber0bbaeRust £91 Eggsrg@..s.ééi@ﬂdsqgé5§§n%§'EQ ID
NG 6 and 7). pTGo580_is obtained. Lastly, the Sacl-Pstl fragnmeni o
pTG6525, the ehesndf bAmch eRde: hEERRVe iRt eHPBLunti BindPREFERC GHR athe
h;man CFTR cDN(;mid;@eclsmﬁdxi inétet.heTEQBr;R\bé&i;_BEeﬁf &E@E&LesﬁT@%&J thegure
3) is generated. The, cortespopndi.ng reconbi nant .adenqylr AJTGER81 |
Gbnerated by COTGRSHEREIOR OF SO TR 5P ORG5oY 4 PR GACP B
Clal, int 0 a C OSIp) ene nNat | enahidna)f.o_rp'rmm ﬁ.gn@biualina‘d)r Lastycethiene
203 or a g ne SLoMm FXAIPle. 8y Aecol sl Backeokhe iglandahd BEotAcoly oy
Production® of”a T econbi nant adenovi Tus of e expression of | R]—Ferr]
The vector pTGs368 tendereddpligtobndi mbddhy anndidime thignap oFF BRasDNRagent
of ML3TG2437 ipto dhexddpalisid e tife PESSRED- sihe aber Bk586¢d LHragepat
originates fromthe cloning of the gene coding for interferon ganmma
(IFN-[err]), tiElgegRehtelBf IMRPERLPL:-as specified in Gray et al., (1982,
Nﬂt ure, rZTgS, 503- 308) ,Thatc(b:.r’abé/@f&ri&irw&EGbBQi&JéirMadeho&&ruslﬂS@GG5BIDV a) .
The reconbi nant adenovifu TG6303 i s obtai ned a jng to sta

t echni que]sg, by"%oﬁ‘fﬂ"c’)ﬁ%ﬁgar ¥oftfi ﬁaﬁ""%ﬁcg&é’ﬂl ﬁ%né’qrf%fgoﬁ]t ?ﬁ“%o&%aﬁgg&gect i on
of pTG6303 andbdtle dilesitdd4wivhi Cllals linteard zethplidier@ation nlina for
conplenentau<¥kélﬁf E%&ngééﬂ'for instance line 293 or a line from

Example 6, according to the standard protocol.

2. Production of a recombinant adenovirus for the

20 expression of IFN-vy

The vector pTG6303 (Figure 4) is obtained by
cloning the HpaI-SmaIl fragment of M13TG2437 into the Hpal
site of pTG6580. The aforementioned fragment originates
from the cloning of the gene coding for interferon gamma

25 (IFN-v), the sequence of which is as specified in Gray et
al., (1982, Nature, 295, 503-508), into a vector M1I3TG1l30
(Kieny et al., 1983, supra). The recombinant adenovirus
AdTG6303 is obtained according to standard techniques, by
homologous recombination resulting f£from the cotrans-

30 fection of pTG6303 and the Ad dl324, which is linearized
with Clal, into a complementation 1line for the E1

function.

3. Construction of an adenovirus from which the EI1

reqgion has been deleted and in which the E3 region

35 is placed under the control of a constitutive

promoter
The vector pTG1l670 is obtained by cloning a PCR




func;tlonThlsi*ﬁheet |on of an adenow rus fromwhich the E1 region has
been del e ‘m‘ h the E3 region is placed under the control of a
constltutl e vector pTGL670 js obtained by cloning a PCR -
31 - fragmnt containing the RSV virus (R?Jﬁs sarcoma virus) 3" LTR (I ong

term nal repeat) between the Aatl sites, of the vector y I
(Lathe et ol - thagherits fontasning, S RE0 i Bua” a0 Frifgns, virke)
vector pRSV/L % DeLyet (bénglterdigy] :M;ieatOeIHetm&emi thé A@23173% BemHI

t | at dth d 9
Sgggr gtgl 3” theetgrlgghs'hon o%g% o ?gigﬁig I'%anuc eot :\%es Zggg-é )Ge§§607)

is anplified by7PCR3 1‘2)9{11 heThecPQR pﬁ@lﬁ%@aﬁ@b@?ﬁgthhevﬁﬁtﬁérBRSTGBQZO

and OTG58%¢ (Sﬁ%'d?eéloetlglandﬁ%); A .| ddar, wador 75 ﬁ@@yyw tgd hn
several steps e BarmHI - Avr (1 “fragment (nucl eotides 21562 to 28 ég

obt ai ned from ResPlakentrd e Bﬁﬂm?ﬁ%no oY MREWREFRSBAE S3FER IPt
pTGr457 to gengrat@ 9YGl649. The vector pTGr457 is a pUC19 (G bco BRL)

nodi fied in the polylipker s to_contagin, arti | ar, .an_Avrl |
site. The EcoRl (K enogﬁpﬁﬁ?f:?il?r agritht tsof W§$G§§46° Efé"rﬁ)l &3g) TP PRen
i ntroduced int npdA6¥2desc2V888 vo tABHWH) li-aNeeip 1iiedolly, PGRV £Exgmt hbe

t TG1651, 6 ' | agnt '
ot T Pahon v St HreRAE3 033! 8, R0 CCRL S o L0 BEEL B0 JRaPUERLRSS | o
linearized witSEQriP NFhelPGRadrbhhenthe slilﬁt%gr‘a@‘é%loﬁe%v\e@hnﬁhéuxbaﬂ and

BanHl sites of;p pal¥r-hi. st@pdl Vel Gkt - AR-1HCORsAMAE (hagiEestjabkai ned
frompTGL670 is then inserted into the Aatll_ site of pTGL671, to give

'pTGL676. The EXbFE2f A5 #@5°PSRLBEHoHITY 21 n&@P@B'tliCdé%l“Pzr733§dto
30049 is isol aém@hfdmﬁ@dg%m@nmWamarsatﬂe@noanﬁrembsboaedgeﬂéﬁate

Pe ot al o, TS or T YRERE PRSI i 1 b FUoRSt odBERRY BB
site either atmgsttedni 78 ﬁm&b:wnér, 2 i gw-to contaln, in particu-
lar, an AvrII site. The EcoRI (Klenow) -AvrII fragment of
M13TG1646 (Example 8) is then introduced into pTG1l649
cleaved ‘with AvrIX-Ndel (Klenow), giving the wvector
20 pTG1l651. Lastly, pTGl659 is generated by inserting the
purified AvrII fragment (nucleotides 28752 to 35463) of
AdS5 ‘'genomic DNA into pTGl651 linearized with AvrII. The
PCR fragment is integrated between the XbaXl and BamHI
sites of p poly IXI, to give pTGl671. An EcoRV-AatlI
25 fragment obtained from pTGl670 is then inserted into the
AatIX site of pTGl671, to give pTGl676.

The EcoRI fragment of Ad5 corresponding to
nucleotides 27331 to 30049 is isolated from a genomic DNA
preparation and subcloned into pBluescript-Sk* (Strata-

30 gene) previously cleaved with EcoRI. pTG1669 is obtained.
The latter is mutated (Amersham kit) by introducing a
BamHI site either at position 27867 (mutagenic oligo-
nucleotide OTG607%; SEQ ID NO: 12) or at position 28249
(mutagenic oligonucleotide OTG6080; SEQ ID NO: 13).

35 pTGl672 and pTGl673, respectively, are obtained. The
BamHI-BsiWI fragment, containing the RSV 3’ LTR followed
by the 5° lportion of the E3 region, is isolated from the
vector pTG1l676, and inserted between the BamHI site
(position 27331 or 30049) and BsiW site (position 28390)



nuckeoti de OTG079; SEQ ID NO 12) or at position 28249 (nipissheesiHas Been Replaced
ol i gonucl eoti de Ores080; SEQ ID NO 13). pTGl672 and pT : ;
respectively, are obtained. The BanHl - Bsi ¥\1 fragment, cont ai '
LTR foll owed by the 5 portion of the E3 8g|'on, is isolated fromthe
vector pTGL676, . and inserfed between he, BanHl site (position 27331 or
30049) and Bsi Wsi FBe(pBeFEPHR Z%%S?)’}neé -1%2rgﬁeof plrﬁé’(egé@?orgtgﬁ’t’ai #é’d in
t he precedi ng geaprate pEGRH AT capd GIBTLO hd ThEGE2SRT TlregheoRl obtadnendt

obt ai ned from h of the t vec S n jnt t | TG167 as a .
repl acenent fo?%ﬁe evﬁﬁt}ﬂ-ﬁgpe&%csﬁl E‘?‘Eag‘;}-e%rtr:tg%t% : %#G%g%g ng'él%lpao%%i %gd.
For gui dance, PEE1§&8tomspaGIErdacenants fopnthdavildniyre ofceRE frag-

Bst EI'l - Kpnk fragpent preish® -E81d6lL biditedy rds ?ﬁiﬂ'ﬁﬁcé\ﬂ tfhe Tdector
pol ynmer ase) of TG6580 (ExanEI e 3.1) between the BstElIl site and_the BanHl

site (site renBEFRA7BI FesBYEe r SHMNEDR t FLRPERSW Hol FhEr BEFESE -FPRdssa
(Exanpl e 3.1).fAagRéABoVisiteparéhdérfeds et atsd lycacmendgouwith T4

reconbi nation, in a co enent al | [ for, t 1 .function.. be t he

Aat |1 fragmantp8£y’ﬂ‘l'§ggg- E%+P§¢cf%§r9l a é??&ﬁlrearhe'v R télsleA%ggggﬁ or
Ad- RSV er r] - gakitéhand atlherBagHl o itse t (vl t{ee mendgalesic bdondaby Yeaatmenpl ace
of the El, fedqi rd- Ll el. ¢ 1 : I Ry I nvest., 90
626- 630) .1EXAB)8EE£%igLé§ngtorE§%‘€%%%g2f Bg_ nggﬁgfnzﬁgﬂééﬁg\?i'?gl' vect or

havi ng i nproved cl oni nncagerevirng partigle dd gepsrased Ry Mamahageys

regions 1. CopgtompeihaRish, PTERSW[ ebbEdmiBeakidameNinsarsss NgHeE1
portion of the_ Ad5 genone |ying between nucl eotides 27325 and 27871 is

anplified by PERRFFOAPanPREYEEEN S 2884 st o PLRIFGR hy-¥he BPPners
OTG6064 and OT&k0&8e ﬁcSE:Q:l aD Nextdd auch HJeEs)IJEA.?«.;!OE@GQQSoEOJtmnks?ﬁ-ghli.Bs'hg') end
a Bsml si , Wl | S o.present oI n e .Legion (at,position .
The ampi 15 ea T EEREneonERLREn RS ardatnte st (Bebf 1R B150 05 £RS)

- ML3TG5523. TheEEco&ygiBeni(strad£oxerP eirs- licawidatte @ tf radm + HeB8 92t t ¢ Ghdn.

i nt roduced int vechpr C cl eaved with the sane enzynes.
¢ oduced | Nt uybgeeobp 6RECRSHY.

EXAMPLE -3: Construction of a recombinant adenoviral

vector havin improved clonin capacit b artial

20 deletion of the El and E3 regions

1. Construction of pTG6590AE3
The £fragment carrying the portion of the AdS

genome lying between nucleotides 27325 and 27871 is
amplified by PCR from an Ad5 genomic DNA preparation and
25 using the primers OTG6064 and OTG6065 (SEQ ID NO: 14 and
15). OTG6065 comprises at its 5’ end a BsmI site, which

is also present in the E3 region (at position 30750).
The amplified fragment is cloned into the Smal
site of Ml3mpl8, to give M13TG6523. The EcoRI-BsmI frag-
30 ment is isolated from the latter and introduced into the
vector pTG6590 cleaved with the same enzymes. pTG6550A3
is obtained, which contains the 3’ portion of the adeno-
viral genome (from nucleotides 27082 to 35935), £from
which portion the E3 region lying between nucleotides
35 27872 and 30740 has been deléted, whereas a smaller
portion of the E3 region (position 28592 to 30470) has
been deleted from pTG6590. The vector pTG6590 is obtained




isT . ce dcontains the 3' portion of the adeno- viral genone (from
nuc. l - ﬂ “t.0 35935), fromwhich portion the E3 region |ying between
nuc : ~and 30740 has been del eted, whereas a snaller portion of
the E3 region (position 28592 to 30470)~h&3 been del eted from pTG6590. The
vector pTGE590 is obtained , - 33 - inthe followng . way: _a fra nt

ext endi ng fromhuEheofotilgwdngs ¥yt & W‘T’btbrﬁ’&t’r?f?‘?fg“gh%r%m P%%?ef’s'
gener ated by RERiésons2ams AdS IEIBBN (eqHiefiaiiid aheandd WYRIedBsSgeherheed
primers OTGb481 an H482 ID NO .16_and _17). Thi r nt_is _then
cloned into t SFrgF R cﬁé%%mqgn?%"ai PEREST §T9.a§]§{e§§$ar$%%?? e
vect or pTG5584the girdmetred OMGSH 8XbaindaTGIAAR r (3EQaER AN n bf dendt 37D enove
t he correspondj fr@gg@m; f sthe regy p{.ﬁ:g,SQ' F ned, Lgh is
cleaved with gi.algvgf r terffit'ovmlft'hh %Feﬁo%%% h-eE'n igte:%sltéegﬁﬁvﬁ her\sclglsttél’z\,PIb(E The

purified EcoRMIkrph8wro -BstEMLITGHHcht Ssravedrdss1hes VRREPSIBEEH>RAt o

the vector thusgtBlifbed OwdEREMaE PIER5enFOfe HELBALE int -IBEL €6
pTG6584 is a pUCL9 vector (G bco BRL), which contains th%} Ad5 _sequences

ext endi ng fronFeREVENi YRR SHFresRandinssi £rarmeRGs29t t FRhe Blegf RAMRG - of
the pronoter restessofishebfhined whidiosid icQRa’aI &) thl BanHIpbtaeaeddby

di gestin TGL65Y9, (Exanpl e 2..3) .wi th Sall d el t w th_Kl.engw DNA
pol yner a%eoof ol‘l"b\?@d@é?gggl PES iTBER flgesc?oeﬂd;t‘?lﬁ@f i%snééoflaan DGeRGTHE (Jife%
vect or from WEeHRT héKEdnowh+ BatBRT firgmpent icdh MABTES5ASt iexprbredngethe

19kDa pr ot ei v e e T I OR,0 | of Ad5
ggdi ng fgr gpl&%ﬁ ?ﬁgclsggglg e§ﬁ§§7g?etgggg§92$?) E'i‘als'xggta)l'lt\:%i %S%IG%?OP'CR from an

Ad5 genoni c DNA prepar BeForgwkdrregd oihey VEELEF iRFG6 THEs4ss ndPEf&8456

(SEQ ID NO  18,88¢0249) (it f iad/en{/ngener bLeaiss i niHeodrnasd bagehbesSmal
site of ML3npl8 to gl_ve ML3TG5520. The EcoRI_- Xbal fyagnment of'_g%;ug sa ter is
i sol at ed ¥hd cPORBAAIRTEFRR ARe Mndidue SPSFTEHD {@g@rﬁ’r%“zz 82{ h&Csi t es

havi ng been regiler sdghihtiigbyot I Ak Mpiomsitiel Ktepicom DB [bley Bt agegidhe
purified Xoal {ragmenl, of fgiG)Vecter ;8 I AEEoHL"Uigesting pTGL65S”
(Example 2.3) with Sall and Spel, treated with Klenow DNA

polymerase followed by religationm.

20 2. Construction of an adenoviral vector from which the

El region and the portion of E3 not expressing the

gpl9kDa protein have been deleted
The portion of the E3 region of Ad5 coding for
gpl9kDa (nucleotides 28731 to 29217) is obtained by PCR
25 from an Ad5 genomic DNA preparation and employing the
primers OTG5455 and OTG5456 (SEQ ID NO: 18 and 19). The
fragment generated is introduced into the Smal site of
M13mpl8 to give M13TG6520. The EcoRI-Xbal fragment of the

latter is isolated and cloned into the AatII site of

30 pTGl670 (Example 2.3), the sites having been rendered
blunt by treatment with Klenow DNA polymerase. The
purified XbaI fragment of the vector of the preceding
step is then inserted into the Xbal site of the vector

pTG6590AE3 (Example 3.1).

35 3. Production of adenoviral particles

The recombinant viral particles are obtained by

ligation of the Spel fragments isolated from AdTG6303 or



step is*thdhis; ' e‘Elhe Xbal site of the vector pTG6590[err]E3
(Exanpl e 3. 1 I on of adenoviral particles The reconbi nant

vi ral partlc ed by ligation of t he Spel fragnments isolated

from AdTG5303 or - 34- AJTG6581 genom @ DNA and one or other of the
vectors of Exanples 1 and 3. The ation _mxture, . is then
transfected i ngngségﬂ'plgﬁPé?ﬂ’:ﬁ 1395 ‘?rb PheCEReF uREt £8%. VESARBISE 4

Construction oExampd@anosi.Lusahdors yvhi ciThiehelEgaahdnE4niegiunas fwmvetemen
del eted The portlon of_ the.a enow ral norre ndi fromnu oot

31803 to 32799 “ARHS d?ol 5352 SOR %ég‘fg%mg%nidzsp engtm c 5%A
prepar ati on anduasitignt.he prinmers OIG728 and Oré729 (SEQ | D NG 20 and
21) and OTG730 and OTGE781 (SEQ ID NGO 22 and 16), respec- tively. After
about ten arrpllflcatlon cycles the reac- tlon |s continued on the basis of
an al i quot Sof EKAMPRE oS tay 3P praxsSo [£eEn whiis e

OTGb728 and OTgh78Lg Bge x%@%.'dnfsl Q,qwfer mptde@gt@ms from nucI eo- t | des
31803 to 35935, wth a deletron of the whole of the E4 regl on (positions

32800 to 35826). After EcoRl and Hindlll digestion, it is cloned between
the sane sites of M3nEk@ pordivm M GASR ladd3F{HHL 1lgkfofieg@sitethdtinidh

EcoRlI, treated_w th Kl enow I ras the e st XI. The
0. 46-kb fragmeht “FoRESi ﬁoﬁd'%gr%e%gl‘syﬁ °|§| er? é @Ze%%égégmﬁrsﬁ te,
rendered bl unt ainplb.lfeaﬁrrmrtonwiam A4 % rpem BN mynpre@e;aand‘zt hedBsisXingsi t e

of pTGE58 (Ex gl bbqggg g e Xbal
and then ?el I gat ed Wi t nﬂ? I'ts ﬁ éjfd\?e ngg V\‘(‘gﬁeit?olﬂé 0?68%1&/' 1)
synthetic DNA #pegRERSE7S0 @m’at‘??@ﬂ‘aﬂorﬁﬁi% FRAbi it #0R &f) ¢ heespec-

ol i gonucl eot i des,OT(H06% LT @Rk 20 LULEV63y E BER, | PnbOredd -t o
26) is introduced into the Pacl site of pT@588, This results_in pTG3500,

in which the tFARBCASpEORFinaed o5 ithe Hafial Ohfat el igepht of gEH@s t¥e

i nproved. reaction mixtures, employing the oligonucleotides OTG5728

15 and OTG5781. The amplified fragment extends from nucleo-
tides 31803 to 35935, with a deletion of the whole of the
E4 region (positions 32800 to 35826). After EcoRI and
HindIXII digestion, it is cloned between the same sites of
M13mpl8 to give M13TG6521.

20 M13TG6521 is digested with EcoRI, treated with
Klenow DNA polymerase and then cleaved with BstXI. The
0.46-kb fragment containing the 3’ ITR is inserted
between the BamHI site, rendered blunt by treatment with
Klenow DNA polymerase, and the BstXI site of pTG6584

25 (Example 3.1). pTG6587 is obtained, which is digested
with XbaXl and then religated with itself, to give pTG6588
(deletion of E3).

] A synthetic DNA fragment originating from the
recombination of the oligonucleotides OTG6060, OTG6061,

30 OTG6062 and OTG6063 (SEQ ID NO: 23 to 26) is introduced
into the Pacl site of pTG6588. This results in pTGB500,
in which the transcription termination sigmals of the L5
late genes are improved.

An adenoviral particle (AdAE4), having a genome

35 from which the whole of the E4 region (nucleotides 32800
to 35826) and the Xbal fragment of the E3 region (nucleo-
tides 28592 to 30470) have been deleted, is generated by



An .adenoeviral particle (Ad[err]E4), having a genone from which the whol e of
the E4 region (nucleotides 32800 to 35826) and the Xbal fragnment of the E3
regi on (nucl eo- tides 28592 to 30470) havs been del eted, is generated by

- 35 - ligation of the Spel fragnents iSo at &d from pTG3500 or pTG6588 and

from Ad5. -The ligation mxture js transfected Jint oppl Lan cel
line for the Eéllgﬁ%é‘?floﬁ’,fxftg’re ééfaenti)l%ra}%eélﬁﬁjf?%?%%e%oxgﬁgﬁg%Rgr °*1083,
Proc. Natl. AcREG6S8B.atSAfr80, AS383IE3d4gattArratdmnbureusswhrahsifected
defective for {he,El féméHQ&EiQﬂscéif][fi]xfeLfc{:ertrﬂeEﬁ)i Eanefe&@hpgéto%g

transfection into a_conplenmentation |ine for E1 and E4 (for _exanp
| i ne of . Exanpl ex8ypde ikee|WHed i Hfeinbexs asbRat@en-hd A3 -dP328 -g¥aRsAe and

plasm d pT§850Q-048.PEESES8%dA negd| zeds¥i6B86pe! AnMURNSFirdd wBichSes
possi ble to proceed in the follomnqg manner; the SpeI-ScZI fragnent .
i sol ated from PTEEB5VEDERDI &he. FLi and Jhtd TREFORE vELEL! dW%QBBSS

cleaved with tbpsaifiadebgnEyansfet@ioht ahBopd GEoMplembrthaibar 1inet &o@s t he
Ad5 sequences om oti.des 21062 to_ 35935 hut fr | ch,, as_abqye, the
Eéi IEJ% néfPﬁe example the ing t%ﬁfe %&J‘#ﬁig 8)3% £0LY.&

whol e of the rgﬁion r agiren gron“have béen
del et ed. The syhgaticn DhAthreghetwedssthebsd db3%é genomer addceplapmid t he

vect or pﬁﬁ@SQ%ggégggbggrmgﬁgsﬁggl,iﬁggrQIQQSg thSsggrerated. The adenoviral

particles may t ai ned onol ogous reconbi natTon between Ad d1324
genoni ¢ DNA cl eaved wi ¥Rrep¥prandtpigswlee PASALIRIFCIED PHRCPTEEED7 EBreaved
W th Bammd EM_M’HIEiﬁg tGﬁQ&Fe&U.?t&md eﬁ-.'lg'aa;_nl ' \éfhrthsis%m&lﬁl Eedm
“m ni mrunt adenoviral vector s forpe y .clonjng the follow ng el enents
into a pl asm ®TE1659¢ (Exampls 2)-PR @Fr&%QH§H(£%q9k§?ﬁ.Y%FE )?ngga%the
Ad5 encapsi dat¢beavedi ot thf theseualate! icdeymky, (o 48)4in pTGEHIBXOTRBOUS

nucl eot | deg seqyienge, COUREL3HD0LnE LhESLG808-0L HNSH ARGl Lo BLE" 89bsa
pref erably” pl aced Uundeér Ae"ontror of °TEs-own pronoter 1Th order to obtain
a regul ation ofoefpPa§sibut Miriazh wisicls, ca®sabavepotbebmdole the waeuEs

regul a- region and the Xbal fragment of the E3 region have been
deleted. The synthetic DNA fragment described above is
introduced into the vector pTG6591 digested with PacI,
20 and pTG6597 is generated. The adenoviral particles may be
obtained by homologous recombination between Ad dl324
genomic DNA cleaved with SpeI and plasmids [sic] pTG6591
or pTG6597 cleaved with -BamHI.

EXAMPLE 5: Construction of a "minimum"” virus

25 A so-called "minimum" adenoviral vector is formed
by cloning the following elements into a plasmid:
- the AdS5 5’ ITR (from nucleotides 1 to 103);
- ﬁhe Ad5 encapsidation region (from nucleotides 104
to 458);
30 - an exogenous nucleotide sequence comprising:
" a first gene of therapeutic interest, preferably
placed under the control of its own promoter in
order to obtain a regulation of expression which
is as close as possible to the natural regula-
35 " tion, |
a second gene of interest consisting of the

TK-HSV-1 gene, and
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tign, a.second gene of interest consisting of the TK- HSV- 1 ]g‘;hés.SheaHaS cen Replaced
36 - optionally, nucleotide sequences of any kind, added f@o_’rlﬂﬁﬂt ﬂ\jl”“L
ef ficiency of replication or of encapsidation so that the to ' '
genone to be encapsi dated is between 30-and 36 kb; the sequences codi ng for
t he Saccharonyces cerevisi.ae | 4 protein aughon and Gestel and, , 1984,

Mbl . Cell. Biol., 4, 288%8‘??%&@&‘&‘%%%%1('&% s opE a&%w&f-é‘g'm ch

is functional in a highddedukarynt¢asoneldf eifthchlmnddef3replRcaftiom oxr

nucl eoti des 35833 to 35935). ?XR!' of _th di erg_q:talelﬁygt | §$h
carried out accordi ngggt ?ncs??;sﬁ' ar det esc%nleiﬁgtésltygt ¢ nmol ecul ar %Fol oey.
The production of infegenrome viei drs eosppPisdidafesuchsa kelererni 3 kappfed
out as desgribed abovesgnyg,conpl enentation |ine of Exanple 7. EXAMPLE 6:
Formation of a conp| enentation cell capable of conplementing in trans the
El function 1.  For mathén Semensen oRIFIRT onf el | tREnpFRSFRETOMECES
region fr ]g)m nUﬁl eot deéeieQOiIs]gaéﬁ%l@pmn Thisugebt £RAt@eBSeland,
cassette for the expressigon of _t c gene, [ g i s_placed. under the
control of the SV40 vi iéﬁea"%m&%ﬁ& 2 Uc@o%%&éé%gb1pﬁ8°§§4§5’85ﬁd
com prises at the 3' end tbatBS¥alofr anpeomptersnwhéchi ha- fhtnohishghalin
(nucl eotides 2543 to 2618)..The u gorrasponds to a fragnent
1 3 Blynky® SRR s 53 3T

rangi ng from nucl eoti de T0 nuc of the sequence disclosed by
Lacal |l e et al.-(198%heGRAdE, 3791TB73£200) nugdecsiddesniPB§3d et 3519859 -

relative to the publishgde384yeRee thesdl ROSEdION Ve &EPLACEE BYrPiel al

position 367 replaced by T, i1hsertion of a G at position 804; deletion of a
G at position @2b), ageprdarant t6F (BHERF GentfRPR@EHg PF onPRLEFELAT | des
100 to 5297. This16&pUNMeRL HOBRLEEESN! 8 Blfectious virions comprising

15 such a vector is carried out as described above in a

complementation line of Example 7.

EXAMPLE 6: Formation of a complementation cell capable
of'complementinq in trans the El1 function ’

1. Formation of a complementation cell comprising the
20 El region from nucleotides 100 to 5297 (pTG6533)

This cell contains:

- a cassette for the expression of the pac gene, which
gene is placed under the control of the. SV40 virus
early promoter (nucleotides 5171 to 5243) and com-

25 prises at the 3’ end the SV40 transcription termina-
tion signal (nucleotides 2543 to 2618). The pac gene
used corresponds to a fragment .ranging from
nucleotide 252 to nucleotide 905 of the sequence
disclosed by Lacalle et al. (1989, Gene, 79,

30 375-380) and containing 4 mutations relative to the
published sequence (C at position 305 replaced by A;
C at position 367 replaced by T; insertion of a G at
position 804; deletion of a G at position 820),

- a fragment of the AdS5 genome ranging from nucleo-

35 tides 100 to 5297. This.ffagment comprises the ElA
and E1B regions, equipped with their own promoter

and their transcription termination signal, as well



and .E1B-kegi ons, equipped with their own pronoter and their transcription
termnation signal, as well -37 - as a fraction of the E2 region, thus
over |l appi ng the sequences coding for protein I X. For guidance, i-t appears
that line 293 is not capabl e of produci ng3 functional protein | X The

t t d detai |l @d_bel Th t
oyl 11-1 (Lathe efoar TopaitoRaptech bt ead Doy B pfEtanFias o ©

digestion with the We&:cd:o@xmlgEﬁoRl prﬁtezﬁco'ﬂ{ Crat tuadamate,i sidt at ed
fromplasmd pTG164 Egg d v

pTG5528 i s obtai ned. p Se:f?rﬁo Gg'f%zlet cr?fgl?'gle%tag{eoséf ]ﬁﬁﬁ (ﬁ% q%}%1989
Bi o/ Techni ques, 7, mcma:]omqw@ tI¥e- pac gene pI aced under t he control

of the SVAgQ virus earl ypy @Hhséﬁfetﬁfd &fd YoartDeedidill Ishy '@Ue:farlagi'@éﬁ of
PLXSN i s introduced_into ML3TGL3 produce ML3T(4194, The Nhel - Kpnl

fragment of pvPASEafied IIL?P‘(TaE'E&aVﬁc%r P 1RRRYIEf ot h(Fakher & Bl 59-66)
I's inserted lhnt_ussm)e dedid, gr57 di gres? et utllaﬂobxlbal:edand dK@féls,tldr?_w:tgﬂpduce
ML3THAL196. The tter is |gst - e puifie
ragnent of pLYER ofFEVREE! T o 1 ERARET o BB IoSEr T pe s o
digestion is ch.enédtqalT(ﬂb@Q szaa:htchlptB@ISla'ﬁelbatnenedsa.dltges:&ﬁd wadtor
Hndlll a parti.all t | 5 fagqgent of pBabe
Pur o (Langget %}’h% é—ggteﬁucl el c‘%gzldc(f %e'llsédyyl %I‘I}gdﬁgls I 't r oduced,
giving rise to pTG6164P1mhﬁeGﬂ@r51p§‘ﬁG@32&1mt(ﬁsgésmdm AMillemnd t he
Pst1 fragnment lgat f e

hagbat ad of/mBH q&g@ (X ER)) a%dl)c:oﬁ'%};stﬁ ;HH&#J@ gi

transcrlptlon termnatlon Si S |ntr0duced at t
obt ai ned. The P3pcef Uglda?oj RPRF B orf - Fpal SUAGeYiryA &ﬁ‘&'llY W"to
two fragnents, teg. ttmrﬂaewandtlae puiid ek -Bgfl - Begbmbhagnept dnxosyt isens

by PCR at "ohe ERSRPASRAps 0BT Son e 100 3 v & TERSSEe o SR AR A o e o

gener- ated byNBeiieKapnjl |£ragm¢mh forfo MBSV gE210Rri TLDRIA (Dadkeidae fti rEr.Ss

OTG4564 and OT%%@? (éfés&:’?ﬁ lll‘g.g:%rorgngi,D @9—-6%; is inserted into the
latter, digested with NheI and KpnI, to produce
M13TG4196. The latter is digested with HindIII-KpnI, and

20 the purified fragment of pLXSN originating from a HindIII
digestion and a partial XpnI digestion is cloned. pTG5192
is obtained. The latter is digested with HindIII and
partially with NheI, and the HindIII-NheI fragment of
pBabe Puro (Land et al., 1990, Nucleic Acids Res., 18,

25 3587) is introduced, giving rise to pTG6164.

The vector pTG6528 is digested with PstI, and the
PstI fragment isolated from pTG6185 (Example 2.1) con-
taining the 8V40 tranécription termination sigmal is
introduced at this site. pTG6529 is obtained. The latter

30 is subjected to EcoRI-Hpal digestion and ligated to two
fragments, on the one hand a purified BspEI-Bcgl fragment
(positions 826 to 5297) of:-Ad5 genomic DNA, and on the
other hand a fragment generated by PCR at the EcoRI and
BspEXI ends, to give pTG6531. The PCR fragment is gener-

35 ated by gene amplification from Ad5 genomic DNA and the
primers OTG4564 and O0TG4565 (listed under SEQ ID NO: 27
and 28). The amplified fragmeht is digested with the
enzymes EcoRI and BspEI, and ligated as described in the

preceding paragraph. o :
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and 28) .., ifiéed fragnent is digested with the enzynmes EcoRl and
Bgﬁ el'ma;rﬂ 2 Jc%:lé as described in the precedi ng paragraph. - 38 - The
veg Ilumm liﬂﬂ nprises the 2 transcription units (that of the El region
an L] ac gene) in the sane ofithtation. To avoid interference in
respect of transcripti t hey are din a head-to-fail (reverse with
respect to one anot her'(f)ﬂ%rY%ﬁ%/%fi%'ﬁ%%ffr%?ﬂﬁ’rﬁgsiﬁ%li \?\\ﬁ ﬁméﬁﬁﬂ
religating. Thenitest Othal G5 Ihe @I ewgdmcks and dhekoné theppagi agnéhein
o i S L, AL | o T08:KORhEE-RIRIAE 1A FL8DLEEET

T 1T e, | : % or 49

into a mam matflan ce or exanmple the Vero
(ATCC, CCL185)t¥amechbipthencathevimashedgisedeincereadgee-taht {yererset ed

cells are gul tyy el CLNMINGeh0 I SHBPLhES) S RENHEIIAt bgNStAbd: 8hg
pl aced for 24 hours affer transfectiqon in selective mediumcontainin

puronycin (corREM I3t yittd [RasHh/ APyl %gﬁt&tﬂg'cl'ﬁh%sv%%el%%‘?éﬁg%n
whi ch the expressiéesp&hds heo 3RS diBplE¥ingdtRE téverst untbshtatosder to
determ ne the st, productiye clone, which may be used as a conpl enentation
line for the preparat P8R B**5R- adenovirus which is defective for the El
function, such as thatThet selcédri P EGHIH eid. thanrsbHeprtesti tntof a heam-
sequence odi eak p el t E i ' d. hy
Nor t her nslbtfot tl{g%bi%gi %gf%uﬁg%re%%%oﬁ%én@gge:&glg v;\ﬁe[x%qt(%e%q%o?%%ﬂéé/ gr??P.
Producti on of A%%9 ptAReE n£EAEed ime birethe/cabgiwn phoghatke cheghni-

i munopr eci pi tald Onridd teFah2BelLoE dbersells Midhidle dsadapendeEs] snhand

using a commerci al_ anti body (Oncogene Science Inc.,_reference 11). It is
al so possi bl e $¥PRE}FFYBL Héca’ﬁf“FPg?téPnf’héné‘xp"r%%s?h’i'\c%‘iloéﬁft SHIRPRESE1A
region to actiypéértherfheeceionl tiie Fddlécgive (hpdiam hatontdDhiing
anal ysi s _o% the E1B nRNAf%b or %o gtiv te th pr ¢ not.er. oft tc'e Ee2 re tiaon
(by assayithg tHE FRESHAL L EOREEP F?g Pt r“?(?ﬁ%- &Rt S PENs fectioh 3t a
"reporter" pl aselekcadpromsiwigl ¢ et Texpe of torp hefh | hod eey | o f arlsé eEhse)
gene placed ngggion is evaluated in order to determine the most
productive clone, which may be used as a complementation
line for the preparation of an adenovirus which is
20 defective for the E1 function, such as that detailed in
Example 2.

The expression of the BsBequences coding for the
early proteins of the El region is analyzed by Northern
blotting using suitable probes labeled with the isotope

25 32p_. Production of the proteins encoded by the ElA region
is detected by immunoprecipitation after labeling the
cells with the isotope ?°S and.using a commercial antibody
(Oncogene Science Inc., reference DP1ll).

It is also possible to verify the ability of the

30 expression products of the ElA region to activate the
promoter of the E1B region (by Northern blot analysis of
the E1B mRNAs), or to activate the promoter of the E2
region (by assaying the enzymatic activity aftexr trans-
ient transfection of a "reporter" plasmid comprising the

35 CAT {chloramphenicol acetyltransferase) gene placed under
the control of the E2 promoter).

Lastly, it is possible ﬁo infect these cells with
Ad-RSV-Bgal (Stratford-Perricaudet et al., 1992, supra)

and to titrate the virus by the agar technique as soon as



t he«control of the E2 pronpter). Lastly, it is possible to iTtgibeet HpsRean Replaced
cells with Ad-RSV-[err]gal (Stratford-Perricaudet et al., 199
totitrate the virus by the agar techniqugpas soon as - 39-

effect is observed. 1In general, thé procedure is as follows: the cells

are infected at a ' |.tipligcity of,infection),of 10. roxLmately 48
hour;.after inFecF?b%? éﬁ!?ﬁgﬁé 16pa}%ic§%?%5%%drs %Psi@g ?rﬁhé cg?%% are
| ysed and t he pepcpdygaleadisosisd®od laetsi:vithe iceldssayed iafectedidngtt @ tnied
conventi onal pr, . [ L i-ad i .. , )

v ! P (9&19%9.#31(1 ?.g:ert %g lﬁfég}?kgn) I\?r?)i fd hzxpﬁ;rcﬁllngaf%%ﬁ? 485 WP

Positive clones are fein at a [ower ours I nfection

t he supernat antfsed timdasdlijon gmthamrist eviterebris ngffectt Asdadigible,
techni quess” Thepui kah1td t&fe | By 4led afdl Nede DY -GhEa 20851 QX BE! a8l vIRhAd
using 293 cells. The ratio of the titer obtained tg the initial tifer
constitutes th@s8R¥eERf peserSAngattothey conveptiopgd: PgRGEO (see, for
conpl ement at i oexhinp@ eGO0MANiHIG tdte £l J eD9 O, fs@pra)c| pokidRse503 cn@sA034

(pTGB557, pTGE558, pTGa559, pTE6564 and pTEE5S The_ vectors., pTGE557,
DTCosss and  SPBTERABSSERR RLR (PP BRSsofPe PUF®: G ok piBESFAROBK ¢ he
pac gene (nucl tbei depe2batanto@bdathecteldp amdcharirestedt rokogfling tivhe
Ad2 E2A pggnot ent.| 41 )e {4l -t E2A
pr onot er ¥§0n1akﬁéﬁughég%ggﬁgﬂéég'lT%%dgﬁggaégﬁh%ﬂ§F§§%$%%§Hf7fg§y2%§e27182
have been del efgar( PY¥EIBREE3S Mt maingt3R3 relhabl Bret natbaseri the eve
of the E2A progpter tepbgifeqr easednu thoutiaifaciidg taduidudidy | iche by
the trans-activat n%_proteln encoded by E1A, or - the SV40 early pronoter
for pT®6559. | A™BELIEAREECOBAEBEEORt al so contains at the 3' end the SV40
virus transcription termnation signal (nucleotides 2543 to 2618); and

2. Construction of a complementation line comprising
15 the El region from nucleotides 505 to 4034 TG6557
TG6558 TG6559 TG6564 and pTG6565
The wvectors pTG6557, pTG6558 and pPTG6559
comprise: '

(i) a cassétte for the expression of the pac gene

20 {(nucleotides 252 to 905 as before) under the control
of:

- the Ad2 E2A promoter (nucleotides 27341 to 27030)

(in pTG6558),

- the Ad2 E2A promoter from which the sequences

25 lying between nucleotides 27163 and 27182 have

been deleted (for pTG6557). Such a mutation

enables the baseline level of the E2A promoter to

be decreased without'affecting the inducibility

by the trans-activating protein encoded by EI1A,

30 or '
- the SV40 early promoter for pTG6559.

In all three cases, it also contains at the 3’
end the 8SV40 wvirus transcription termination signal
(nucleotides 2543 to 2618); and

35 (ii) an expression cassette containing the portion of the
Ad5 El1 region ranging from nucleotides 505 to 4034.
This portion of the adenoviral genome contains the

whole of the sequences coding for the early proteins



(This SheafER RRd@eplaed cassette containing the portion of the Ad5 El region

r apig | eotides 505 to 4034. This portion of the adenoviral genone

COMH he | e of the sequences coding for the early proteins - 40 -
n, the transcription termtfatTon signal of the ELA unit,

the E1B pronmoter (in t he trans- atin tein encoded b ElA)

and the whol e of thé’dé;oii?‘ uBfifd8=of ‘iq'ff‘e E gﬁgggloﬁ SRRt

t he sequences codi ngaifgita]prcm etlre |EXA winiicth, oues [EYB thweonicitRear egmﬂuci-lo)luever,

it lacks the pronoter ElAr | 91 § t ] nat i on

signal of the E1B a(rifa”q?(.l ran%sr%:srl pti oﬁ%%ﬁisﬁ}]ﬁ%\é%?ﬁ&%%é%%ﬁﬂeﬁa

expressi on of the sdgrendesiofof faeEtoddggonequracatr PActPEELR Meegiomot er

I's introduged at the o' 2£0d 9hchligeadanns é(é:&@énééég%ainga%ﬁ Wrotein
transcription termnation signal of the rabblt [err]- ﬁ{obl n gene

(nucl eotides 1542 t d%06histh (aeeckar e ThE AKFRP i HMRVBenebankadst a
bank under the refenans@dehndaly) Jfs thet Eolugedich 4h® the afithndntiPnodh

Yy,
| eotid f kind,,f | at BR322 BI
o ale, 1077, Gono, SRt Highat CHPBRenELBudeR] Be AP LR R

cassettes for the expigssi oinofoxder pae genenidndthé téaq:ﬂ:‘éss:e:gn onﬁ | ther der
to avoid H%SSI ble interference \én t&trggsclréé)logl 0Py o r}lﬁucq_p ti,& tio né’f
% e &8 The

t hese vecfors is per oqunecf:ln several steps ort Irs
portion of the AdS gerrewe-emanig nintrodvned| abt tbe 505end mic|tdwt |atte826 i s

anplified by PCR er}EzaalgeEPHbﬁeHEep%xﬁ 'Q‘Beaﬂ‘ilaﬂébgﬁlpi:%nprﬂéﬁﬂﬁxgﬁ@m

whi ch conprises at the 5 end Ps site which 1s useful
subsequent cl oni ng $tiepaY SEQtPB Nebbzg)ﬁ %ﬁﬂbgfcﬂ%% M%%ﬁ%t%%pa
site (SEQ | D NO 28)o Tiwséragmmﬂ'e ganfiaiasd dysd(dbés Lheahed cy&ﬁébalﬁlenow

O pol yrase on L WGotuend L LRSI 08 A OIS AL
at the 3’ end.
Optionally, nucleotide sequences of any kind, for
example isolated from pBR322 (Bolivar et al., 1977, Gene,
2, 95-113), may also be introduced between the cassettes

20 for the expression of the pac gene and of the El region,
in order to avoid possible interference with transcrip-
tion. .

The construction of these vectors is performed in
several steps reported below.

25 First, the portion of the Ad5 genome ranging from
nucleotide 505 to nucleotide 826 is amplified by PCR from
a genomic preparation and using the primers OTG5013,
which comprises at the 5’ end a PstI site which is useful
for the subsequent cloning steps (SEQ ID NO: 29), and -

30 OTG4565 overlapping the BspEI site (SEQ ID NO: 28). The
fragment generated by PCR is treated with Klenow DNA
polymerase and then introduced into the SmaI site of
M13mpl8, giving rise to M13TG6512. The sequence of the
PCR fragment is verified.

35 The vector pTG6533 (Example 6.1) is digested with
the enzymes EcoRI and BspEI. The vector thus treated is
ligated with, on the one hand the PstI-BspEI fragment
isolated from M13TG6512, and on the other hand the
EcoRI-PstI fragment isolated from pKJ-1l. The latter



The vector pTG6533 (Exanple 6.1) is digested with the en R eplaced
BspEl. The vector thus treated is ligated with, on the one h .
Pstl-BspEl fragnment isolated from ML3TG5512, and on the ot he g

EcoRI -Pst| fragnment isolated from pKJ-1T e Iatter - ragrren

conprises the portion of L ne_pr bet
nucl eot i des - 5OATHEE 16° Pﬁésggq[}"ghcep%ﬁgg{?\ﬁ cﬁ’% o¥ ’ge %%r%eﬁ? al .
(1987, Gene, Gixonister) lyIInugs heeeegnvemcﬂ@e::td;spTGSBSZ arghd -4193bl €ket he

murine PGK geng 0 Ad5
begi nni ng at nuc eot | dgg%éﬁn Q%’e 1%?2{%%‘1t%8}1&5><§8}r8 %1—%1 (a{%g?lf nG&F
the end gener & &d 63~ o Tl’slf?eﬁfé@eﬂiﬂ‘tﬁ%rﬂl#@m%\m'ﬁféii%atanmab\leh

Kl enow DNA’pol g rigeind Seail bohedptbaBERBCMS Neo iHalasly aifstesth  0£1989,
J. Exp. Med., 169, 13-25). This fragnept,,B which coggrlses the transcription

ternmina- tion SIYEt It PEARL T%ﬁﬂ"}“b‘l‘%b‘?h yeeteotidentPdduced bet ween
the Smal and BanH sepatﬁte:oj tHe XhedGBamHI fehyhendf i 6Eobhidh théat he

t I 1987 Ge Th t whi ch | t
for T1s part. SR ETREATT BY. TG i & B ek P R i St hoer 1
into it a fragwsrt mitmd&glemnDNAapgiLmetaem ndiel eoiriidd esbErdm pBCM@Oot | de
4034. Th| 3) f rqgmen Ka a@tg‘gsapy P%@:c d| tq\dé‘fne s_ltéagldaig i)%)ot ocol .
u g

The procedure used e oys an Ad ehom ¢ preparation as ‘tenpla and
the primers Gmeslérmtovyhllebscemriﬁeertm tganscripkion pwyominan 3665

(SEQ I D NO 3Q:)n.cﬁ'pds£%@ﬂléf G AHEE @Lg1dben eneenq_B AntrfBhddg site
(SEQ ID NO 31). The fra rrent I S treated vmth enowDNAponrrerase

bef ore bei ng HGHRED nt Bhe he apde FaiilsnpiBteqentfat iHhG MBS 6.
After verificat IpBlﬂIfI-lSﬁl/&aﬁw-E:IE'e (LbehBCRef:r agoent 1$a'abstcna¢é,ed by, Bgl |1

di ges- ti tr t th Kl eno rase and g tlon IS
I nserted ]%gt \/\é’egﬁa't%@‘r}Spw#h%nHeEg gg of" 5515 751%5?

pTG6554. Se_pammi,y,didﬁt@ttwt@TﬁﬁézengﬁaapSphE. anhdi EcoRy ot em:lrd@r

di gestion wit h:c; q%m%ypﬂ Q‘ngrknglxu of Ad5 genome ranging from

nucleotide 3665 to nucleotide 4034. This fragment is

generated by PCR according to the standard protocol. The
20 procedure used employs an A4S genomic DNA preparation as
template, and the primers OTG5015 which overlaps the
internal SphI site at position 3665 (SEQ ID NO: 30) and

OTG5014 comprising at: the 5 end a BglII site
(SEQ ID NO: 31).
25 The PCR fragment is treated with Klenow DNA

polymerase before being cloned into the SmaX site of

M13mpl8, generating M13TG6516. After verification of its

sequehce, the PCR fragment is abstracted by BglII diges-

tion, treatment with Klenow DNA polymerase and SphI

30 digestion. It is inserted between the SphI and EcoRV
Bites of pTG6551. This results in pTG6554.

Separately, the vector pTG6529 (Example 6.1) is

subjected to digestion v&ith the enzymes Hpal and HindIII.

The 2.9-kb fragment containing the pac gene followed by

35 the SV40 wvirus transcription termination signal is

purified. This fragment is ligated to the SmaI-HindIII

fragment isolated from pE2 Lae (Boeuf et al., 1990,

Oncogene, 5, 691-699) which carries the Ad2 E2A promoter.

The vector pTG6556 iz obtained. Alternatively, it may be



The 2. 9-kb fragnent containing the pac gene fol W@\ﬂvetﬁSBweRM&i Vi rus
ligated to

transcription termnation signal is purified. Thl(,ﬂlml Hﬁ

the Smal-Hindl Il fragnment isolated frompE2 Lac M 1990,
Oncogene, 5, 691-699) which carries the Ad2 E2A pronoter. e vector

pTG5556 i s obtai ernat i [yerd = 42- i ed¢ 1o t

Bl nar 1| AAsfteg A#éoltg%eq%grﬂon%lp%cp%% a7 $ponaiah a2 | oo
EMBO J., 4, 1288 1309}70whi(Enichomskd t et mahied E2ASpr o8& Jof, AdR. |n
this case, pTGEAR JFoPP! alBeen UL | 6ndl dRREIM EIR t B oRdELIES, £CORI
and BanH . The EcoRI-Sacll fragnent isolated from pTG5552 and the

Sacl | - BanH f Psrent® i @t 51t R r RTPTEES5Us LREFIRREt ed bet ween t hese _
Si 'éles. G‘{gesév(ect or pTGE‘;EﬁBs) 556 obgaaagd_?t‘égg;ﬁ_aﬁﬁ sx%_epgggpﬁéed EQWR 10 Naxd G6550
and pT 4 Exa e 7 ner.at es an _respectly .
pTG6557 and p ar 3}1 |%§§g§%ﬁlﬁt %“Dﬁf‘e’ét ug?‘%@tgﬁat &TP éf%%&lb%% ween
the two expressvkbrthm;s.eatlés-BmHIgEnagaathispégited) framl pA%BER54 are
EcoRV- Pvull T 130/BNed SRLAUAL ' SHLBBRILE (PO Al GLoBLy SHOESL! S g1 Oned

into this sité i n order to I ncrease ance between't WO~ pr onot ers.
pTGE564 and pPEEBEEIed esfFbet | valrp, atep gamaitest. ofite QBCIRPRS PITHEER
PTGE558, 1RTCE2a%1 d3E0E4adRd &P TH0PHO gkt | peb8dshnt fngeldrdd gy A549.
As before, puronycin-resistant clones are selected and the expression of
the E1 regi on GeSRAGHIVRY - The cl ones expressing E1 are intended for

?rfpl i fying ﬁnd prgpagqh'rmgsfsaﬁe@ﬂai pueessehiacle algysliattviehf %ogzlvg Rl
unction. The pr,oducti.on El expression products i s acgonpani e a

oyt ot oxi ¢ ef f SR 5, RS S HRTESI FHe HP SEBIBAIG GRsseties
rearrangenent dpae lyente rors tRlatregriof)t.e A iINBGE kb EcwiRVi PAd-IRS\Eriagmtergal |
several c¢l.one L€ C 0 I T4l t Vi us agtor_.of re

t han 100.353. is%&%’sﬁe?ﬁc |&(;nr‘1 %?ﬁg’ﬂ(&:o%f%%g%ffa{éﬁ:onéfc'e'l |pl\¥%l%$] :i% icr:ll(fl?cel | e by
t he Sacchar omiods Edvisyisditge iGabrderottel increase the distance between

the two promoters. pTG6564 and pTG6565, respectively, are

generated.
The vectors pTG6557, pTG6558, pTG6559, pTGE564
20 and pTG6565 are transfected into cell 1line A549. As
before, puromycin-resistant clones are selected and the
expression of the El1 region is verified. The clones
expressing El1 are intended for amplifying and propagating
adenoviruses which are defective for the El function. The
25 production of El expression products is accompanied by a
cytotoxic effect, but Southern analysis does not enable
vector rearrangements to be demonstrated. After infection
with Ad-RSV-ggal, several clones are capable of amplify-

ing the virus by a factor of more than 100.

30 3. Construction of a complementation cell which is .

inducible by the Saccharomyces cerevisiae Gal4

protein
These vectors comprise, as before, the portion of

the Ad5 El1l region ranging from nucleotide 505 to 4034.°
35 However, the expression of the sequences of the E1A
region is placed under the control of an inducible
promoter consisting, on the one hand of the Ad2 MLP

minimal promoter (TATA box and transcription initiation



These vectors conprise, as before, the portion ofhi lace|don rangi ng
from nucl eotide 505 to 4034. However, the expressi H enhnces of
the E1A region is placed under the control _of an i ter

consi sting, on the one hand of the Ad2 WLA3ni ni mal pr ormt er (TATA box and

transcription initiation | eo 34 tQ +3 ¢ on
the other hand3&f™&d aH"F%S‘ﬂtﬁé §eq§3nce ?yfhear@aﬁ theenéjt\?ﬁrcg’) can%be
activated by tha Galwivrtoies nseFhencensdnsile a€alLat Hﬁgesemmfwcen be
nucl eotides (1ZMK }L(vagggh bgr{r?é&?ﬁié 6%:90&@ e%ﬂebaeﬂbeﬂsabt 83 veRasd i ed

in Webster et ar. transcrjiption termnation
signal of the salmenceerad -L¥ OBPﬁlgéﬁédF§ Jlqeed athide SOrERBPBRASHEELB

transcriptgon gmet edrdi Bg_hd@f fggggemg EYaYifSid) endwadsteir tée hiVX
1

sequence (SEQ ID NGO 32 and 3 foII b the Ad2 , P m ni_na not er
and equi pped at1P8§.5' Cehd wi 1§3 li‘ ”ftc’ﬁ’tps ipn eﬁ&’%"?’ﬁ%&"ﬁam-ﬂ
site, is synt hglgﬁlaledbf Thige Sphbbstt 8- g$obﬁ!ndglee(é bleurgladoyed raat rbet 3vit h
Kl enow DNA pol yner a ratel cond JNA fragment conprising a

pent aner of th&mée %e %gﬁ aéis‘ncmlpne:"osnama prionot er, and equi pped at the
5 and 3' ends W|th Xbal fainos tBabivh ﬁragyents cgymrhespz;e@ Qimer «Balthe

di ' h
| gest] ony ot Nea50k LScander adsl Ul B beabiaeal %"V‘EEHI&&HOWYPQM&S(%

Each of t ragrrent isintro into t site of p._poly 11
to generate pT@L@S@WﬁTWtQ%SM|%+39PPel4lea‘Fo+F6\AaneP%owP~rt§gr?ents

are then introgygedghRl0agach ol tEher véed q;&mrae\gagyﬁj 3é1¢|ageatgedywtm-
Pstl-BanH : the Pstl-Xbal frintqmant I.sol at fro& TH 2 %Ex rrpé&&.%%’h and
the Xbal - BanH =iF&Gnedts Sgldt S ter &/ 5 | 8Ygt faiﬁ‘? &3 “Enhd
pTGL661, respegilieviowy DNA ©odimirae . ( Ele@mtany,AEAQecehHs DaAe fragment

cotransfected with pTGL643 (vector for th t e and
ei ther pTGl660°8FPFTEIEH1.2 PoREE G e oséeltgh §§ gﬁe@;ol&%%é%‘g?ﬂ rllgl)sel st -

ance and st udi edmas poesertdxed abqbvequﬂppedxanattéley 5500t 3 heepnd49wigd0 and
A549-1661 clonﬁga&rqu&p SREPS' Mbes, is synthesized. After XbaX

digestion, the end is rendered blunt by treatment with
Klenow polymerase.

20 Each of these fragment [sic] is introduced into
the BglII site of p poly II to generate pTGl656 and
pTG1657, respectively. The following two fragments are
then introduced into each of the vectors previously
digestéd with PstI-BamHI: the PstI-Xbal fragment isolated

25 from pTG6552 (Example 6.2), and the XbaI-BamHI fragment
isolated from pTG6559 (Example 6.2). pTGl660 and pTGlé661,
respectively, are obtained (Figure 5).

A549 cells are cotransfected with pTG1l643 (vector
for the expression of the pac gene) and either pTGl660 or

30 pTG1l661. Clones are selected for their puromycin resist-
ance and studied as described above. Approximately 50% of
the AS549-1660 and A549-1661 clones produce expression
products of the El region. However, the production is
accompanied by a cytotoxic effect, modifying the morpho-

35 logical appearance of the cells.

The integration and non-rearrangement of the
plasmids in the cell genome is verified by Southern
analysis. No substantial modification of the integrated
plasmids (pTG1643, pTG1660 and PpTGl661) can be



product s» of the E1 hor . the productlon I s acconpani ed by a
cytotoxic effect, u pho- | ogi eal appearance of the cells.
The integration and nt of the plasmds in the cell genone is

verified by Southern analysis. No substarft¥at nodification of the

I nt egr at ed pI m ds TG1643, TGlG6O and pTGL661) - 44-
denonst r at ed ?F°%%ra‘g St v ngtRe| (ﬁfé%d“‘a’rfa‘-i’yz‘é@nesl'heart%d%%‘?‘%t i TReof

t he expressi omﬁ:tud:‘rm:sfmledaﬁesrleneﬁﬁedsb;iohhefEmer aiiterided henpsdsegnce
of Gal4 can alsog}g g'ihf' traﬁforr;atle%n W t ﬁaf asgida(r)irmttlng
constitutive eﬁor 8i 6nof" % ESté’%ﬁ‘. R &7t AT nFadt P of >

sever al produotergxi:leexheébw tttraﬁ:dsﬂsmaBgmn[wii@]n & plepsmidfl peprbktimgel y
2, twoASQlQ:QQr1 . aLe > of LTyl | stock by a
factor of nore 80 %ﬁ%ﬁ%&o o?ﬁan%%nd%?gaﬁggﬁ%f{eﬁent ation line for
all of the functlons Abksr | Bret dnfpetiepl PEaEieyierell ATNTIRT resoReFect or

'S coNst T uct edy QNN Sk - BHL1 WSk 8] Ohtt Hendd5 3R dalmURNGTE: W £t he
exception of the 5_ 1TR the 3 ITR and e encapsi datiaon regjon. The
vect or pTG652 ?%(‘énﬁﬁ‘e E PFePs HF YeSAEF IS hOth gt‘ anYiIl

bet ween whi ch diwile by d NSeited &f %érﬂmrﬁo@m c], synt he5| zed

chem cally according to the standard protocol, consisting of the

ol i gonucl eot i des of the OTGBOSQ and OTGBO40 (SEQ ID NG 34 and 35). The

ol i'gonucildot i EXAME

site and to inyd OQH%e & &/BS|1et_s%ex&-E%6380l StrS’é’t %%ﬁ%a‘@o@!‘ b% a
| i neari zed by ECO 'gestion an igate 0 an ar-BanHl Tragnent ose
ends are rend@S8RIILFUS by treatment with Kl enow DNA pol ynerase. This
fragment carries the Sv40 VI rus.transcription termnation signal. Any

plasm d containing a sign suryounded by appropriate,rest ct|o sites may
be used in this step. A‘I'g‘é e ot 8 p??ﬁ%ﬁﬁx?ﬁgg meripdgs; & r!l(f'd ‘ﬁf

BanH and Bgl Ithe and5t hedédiagineal gmrdyuengwibh the except:!.on of the

15 5/ ITR, the 3’ ITR and the encapsidation region. '

The vector pTG6528 (Example 6._1) is digested with

the enzymes PstI and BglIXI, between which there is
inserted a DNA fragment [sic], synthesized chemically
according to the standard protocol, consisting of the

20 oligonucleotides of the OTG5039 and OTG5040 (SEQ ID NO:
34 and 35). The oligonucleotide sequence is designed so
as not to re-form the PstI cloning site and to introduce
an EcoRV Bite. pTGl639% is obtained, which is linearized
by EcoRV digestion and ligated to an XbaI-BamHI fragment

25 whose ends are rendered blunt by treatment with Klenow
DNA polymerase. This fragment carries the SV40 wvirus
transcription termination sigmal. Any plasmid containing
a signal surrounded by appropriate restriction sites may
be used in this step.

30 The wvector pTGl640- thus generated is digested
with BamHI and BglIX, and the fragment carrying the
cassette for the expression of the pac gene is introduced
into the BglII site of the wvector p PolyII—Sf_J'./Not—14'.
pTGl641l is obtained. The latter is linearized with NotI

35 and treated with Xlenow DNA Iaolymerase. The 0.276-kb
BamHI-SalI fragment isolated from pBR322 (Bolivar et al.,

supra) also treated with Klenow DNA polymerase is



cassette.for the expression of the pac gene is introduced into the Bglll
site of the vector p Polyll-Sfi/Not-14[err]. pTGl641 is obtained. The
latter is linearized with Notl and treated_w th Kl enow DNA pol ynerase. The
0.276-kb BanHI -Sal | fragnment i soI ated fronTpBR322 (Bolivar et al., supra)

al so treated wit Kl..eno nerase IS l.nt roduced. This gives
rise to pTGL643*H ?@i%ﬁg D?éf'g Vfafeﬁl\?ﬁet ﬁ°Xﬁ'0r?§§'6§ Ad an Xhol hybri dg
fragment containing a pTEK6dBnErs f diheawdzied tWEtIKXHE,1 gede an nkhom

pr onot er (nucl ggs ?gﬁm%gt4%§8§%#§§’35%%% &4;S %lat t:hé‘p%&h G@ﬂgbank

dat a bank under t ere suppl enent
Xhol site) is ThsBfVed gare miniman trronmtempinyalesiiidend 03 r‘FO\AﬁIS@hOtfhe

2X17MX- TK-g1SV- éhéybeqqeae@mlesrclo%édl&e&t el Behla®a2A TR0/ S| QRgas the
cassette for the expression of th gene., This construction, pTGl647, is

used ‘as a par eHeevEefBFeree Vﬂ?‘i"63uEPﬁg?“BE%?vB@ﬁtFﬁeanH‘eaﬁd BRAHMLED: es,
a fragnment of Ahehddd geeele ifingneertedam iwed eahiide Sﬂﬁetop'nmlaamlde

35826. Inaflrs st age 647 i.s di ' P nd BanHl _and.t hen
T gated, on 1 P ERER RGN S st SqlaBe IR - TPt SRy 6 )
cont ai ni ng thaqmerted bh the #aiSegenbemtatbomnas| Ebeldessécset 60918heand
on the ot hggg:: a ment (positions 918 to 21562)
prepared from A %gﬁ%%ﬁc%hg%ﬁyh ééggr t her eby obtai ned contains the 5
portion of Ad5 with thEhérceprpbnustiche PTCIR4And itharaadapsi dappsant

region. Separaj&lyor tHér AnBUIILhPS Hdttretlp (3RNPER I andSseniedi tas] he
vector p polyll-Sfi/Not-14[err] The latter is |inearized with Bantl,  and

the BamHi-Avri? FragmeRt PhutheAddcgename rapgsag styoninyaLeaiidgenbie and
a PCR fragnmentts ormespasie dg tzasml eain des 3&%& t 35826 pfrczﬁd&mr &s

Itmarg(rjrjfrérds O‘I‘%ﬁ%atte frt?l%’%gt ed fr %19%% gﬁngeum ng
contai ns at t Hearid EindtheBamEIDZ §11a§ fflae'me@c:t@:rf (ﬂﬁ%ﬁ&ﬁ&ﬂj (stdmg?egtédZw th
Avrll, and t h%ﬁééiniﬁ&%@%dﬁ&ﬁ %q':' fth%”hé@%@ﬁ@ﬂ@’ from nucleotides
505 to 918, and on the other hand to the ClaI-BamHI
fragment: (positions 918 to 21562) prepared £from Ad5
20 genomic DNA. The vector thereby obtained contains the 5’
portion of Ad5 with the exception of the 5’ITR and the
encapsidation region.
Separately, the -37 portion of the AdS genome is
assembled in the vector p polyII-Sfi/Not-14". The latter
25 ie linearized with BamHI, and the BamHI-AvrII fragment
(nucleotides 21562 to 28752) of the Ad5 genome and a PCR
fragment corresponding to nucleotides 35463 to 35826 of
Ad5 are introduced. The latter fragment is generated from
AdS5 genomic DNA and usihg the primers 0TG5024 (SEQ ID
30 NO: 36) and OTG5025 (SEQ ID NO: 37), and contains at the
5/ end a BamHI site. The vector obtained is digested with
AvrII, and the AvrII fragment isolated from AdS5 genomic
DNA and extending from positions 28753 to 35462 is
inserted.
35 The BamHI £fragment containing the ‘adenoviral
sequences is introduced into the BamHI site of the vector
of the preceding step containiﬁg the 5’ portion of the

adenoviral genome lacking the 5’ ITR and the encapsida-

tion region.
This Sheet Has Been Replaced




DNA and extendlng frompositions 28753 to 35462 is inserted. The BanH
ﬁﬁﬁﬂﬁéB#mdkﬂWNg t he adenoviral sequences is introduced into the BanHl
Slt w: r of the preceding step ¢ontaining the 5 portion of the

| acking the 5 | TR and #he- encapsi da- tion region. -
- A conplenentation_|line capabl e af canpl enenti e functions
of a defective adenovi PuSoPPIGEITEHE2 E%ﬂﬁ;ﬂﬁfﬁr%ﬁﬁﬁégkl%% FHFBESmEEIFnﬁine
for |nstance AEEQ oﬁcehédfngctmohbeopratdeﬁécdéserabedovmruhelprgeaérng
exanpl es. als r 0 ructi ng. cter,
OERLBESE LoR! DIES T e 0N HUC N0 s hBUEALEChRLS,

cont ai ni ng V|r? enoviral  génone,

reassenbl ed onaacgrdghg wgzt@harPI@bO¢$haﬁQ§9ﬁ3b@d I%TGEGBSPGGPPéspGnds
to the cl ogi ngepfn}RgsBspEl fragnment (nucleotides 826 to 7269) i sol at ed
froman Ad5 genom ¢ DNA preparation into the Xmal site of

pol yI I-Sfi/Not-14[ err] It- i8 e eBASBELEBNELATEFPARES r@érspﬁgtfﬁstmﬂ

fragment (nucl eghidese&b83st %é@@aﬁniﬁ@l atﬁetda{m a5 wi@m & £DNAhe
preparation |nt t he hb&l site of {he sanz g gg 662 i s obtained
by introducing FRORAFRL FPEGRemeHPIFRUERLS 8e§ei673ﬂb} 23878) 58814t ed
froman Ad5 gewestorDiA phep&iatilostiept.o the Aatll site of p ponII -

PTGLE59 coptai ni ng L, BesPOLdd. ok 0lod e 05 GENUIRGEAATDEE hied) pofler

fragment cont ai ni ng¥an pre55|on System i NSt ance
pronot er descri bed Enagmenpl dneclegtiflephfih Eo ?%G&bl%ﬁ@lﬁyeéaﬁnomoﬁna

pronoter of the priggsag n%HﬁQ qmi hﬁré‘E‘é@ééP&z@'Qﬁ@b”tW LEIdBCYELENE £
pronmoter, is then introduced. fragment is placed upstreamof the 5

sequences of Ad5 (nBcP@BYFae§fSé§°F01918) in the vector pTGLl665 di gested
with Aatll and-C alprtasthyist fenbioatelir BgnEnseptind BHheINotIefAaghbnt

fragment 15 (nucleotides 6503 to 1504) isolated £from an Ad5

genomic DNA preparation into the NotI site of the
same vector; ' '
- pTGl662 is obtained by introducing the AatII frag-
ment (nucleotides 10754 to 23970) isolated from an
20 Ad5 genomic DNA preparation into the AatII site of
p polyII.
- PTGLl659 containing the 3’ portion of the Ad5 genome
(Example 2.3).
A fragment containing an inducible expression

25 system, for instance the promoter described in Example
6.3 or 7 which is inducible by Gal4, or a promoter of the
prior art such as the metallothionein or tetracycline
promoter, is then introduced. Such a fragment is placed
upstream of the 5’ sequences of Ad5 (nucleotides 505 to

30 918) in the vector pTGl665 digested with AatII and ClalI.
Lastly, the NotI fragment of pTGl664, the AatII fragment
of pTG1l662 and lastly the BamBI fragment of pTGl659 are
cloned successively into the above vector and at the
corresponding sites.

35 A complementation line is generated by cotrans-
fection of the above vector and pTGl643, and the
puromycin-resistant clones are isolated. This line is
intended more especially for amplifying and encapsidating

the adenoviral vectors of Example 5, which are defective



of pTGl pla fﬁe BanHl fragment of pTGL659 are cloned successively
I nto .the ﬂ nd at the corresponding sites. A conplenentation
line is trans- fection of %Jée above vector and pTGl643, and

t he puronyci n- reS| stant clones are isolat This line is intended nore

especially for Y, d S n h d v | yectors of
Exanpl e 5, Wnifcﬁ ar d%?ec v%ggcﬁgﬁgg{:k g?gegﬁ, EE% g Eﬁ ﬁ&f’f‘&‘ns and
the |l ate functions. EXAIVPLE 8: Formation of a conplenentation |ine for the

El and E4 funcgmﬂ h@ veshohaPIGH64E & 12ena tat s gestad Mifh g he

enzymes Pstl - ragments are fntroduced I nto the vector thos
treated: - th@—:‘QMl_fﬁm of pTG6552 (Exanple 6.2) carrying the Ad5
sequences from nucl eoti de 505 to nucl eotide 1339, - the Xbal-Sphl fragnent

of pTG6552 carrying th Ad5 se uence flro nucl otlgg 1340 to nucl eotide
3665, and - the Sphl- IV‘??E\ peiTEEERRPLe  dip e igeqtsd WhEPt he
Ad5 sequenices theonemzghest Pdelgﬁaﬁmo 463 BnfragheABSC airbal | (it tedadaat i on

signal . The vegtor g&e{‘r;eg% g&@‘% L CUE . with BamHl , and the foll ow ng

three fragnents are i n |s Site: - a fragrrent digested with
BarHl - Af I 11, generat edty FORL - Jébﬂeﬁpegueng od PFG6AGZ SExsepde | ©cAY ed

bet ween p05| tions 328 raqu, e d enom c
DNA as tenpl ate and t%% pri nﬁi&%&&%ggw%%%%% %y%%%gg?égﬁgé %q%ﬁ%‘g/)

(SEQ ID NO 39), - th&usgleqtids |333%agnent isol ated from Ad5 genomi c DNA
(nucl eot ihdes 3310540@@6:335.1 heféug;hlen%arai pregsent caenesaked ity PCR

using the primers OTG024 and %#Zee e 7).. The vector thereby
generated is introduc rﬁ%?‘%?”c?eﬁq | I%E%ﬁriqﬁ?ga {5 4hdprardeatide
descri bed above, to 3665, and
- the SphI-BamHI fragment of pTG6554 (Example 6.2)
carrying the Ad5 sequences from nucleotide 3665

15 to 4034 and a transcription termination sigmal.
The vector thereby obtained is cut with BamHT,
and the -following ‘three fragments are introduced into
this site:
- a fragment digested with BamHI-AfIIXI, generated
20 by PCR, corresponding to the Ad5 sequence located
between positions 32800 and 33104. The procedure
used employs Ad5 genomic DNA as template and the
primers OTG5078 (SEQ ID NO: 38) and OTG5079
(SEQ ID NO: 39),
25 - the AflII-AvrII fragment isolated from AdS5S
genomic DNA (nucleotides 33105 ﬁo 35463),
- the AvrII-BamHI fragment generated by PCR using
the primers OTG5024 and OTG5025 (see Example 7).
The vector thereby generated is introduced into
30 a cell line according to the-protocol described above, to
form a complementation line for the E1 and E4 functions.
Moreover, such a line may also be obtained
Iaccording to the following protocol:
The E4 region of the Ad5 genome (nucleotides
35 32800 to 35826) is=s re-formed in several steps. The
portion ranging from nucleotides 33116 to 32800 is=s
synthesized by PCR from AdS5 genomic DNA with the primer



form a Genplenentatlon line for the E1 and E4 fU such a
line may al so be obtai ned according to the follo he E4
region of the Ad5 genone (nucleotides 32800 to. 35 med-in

several steps. The portion ranging fronlnﬁﬁleotldes 33116 to 32800 is

Sras075 and ORSEHS TR Y P RB oS A W 0. MR a7 Bae.A0l ralo tPre

EcoRV site of M3dH&8, intogeties aEeoRV3 EGI® Sof THa 3B&ABI0-, Afttd | gbnegaket of
the latter is 'g ed to aligation reaction with the Afll1-Avrll
fragnent of A nucleofi des 33104 to 35463) and the vector pTGr457

di gested with BanH anthevBrEHIpAEIAE0 fragmsrnd nefl. thke 134-traxyi b8 BYbthen

conpl et ed by n he, fr or, n n eo to
55457 by FOR {1 oo Adb ﬁ;aenoﬁga‘m R ot on s (KR ChELeR Av2 sl

OTG5024 and OTEFaImeRrSEQS ARG ﬁﬁ?%ﬁﬂ??ﬁ@esTﬁ?éofréﬁheﬁ§g5§)lﬁ%é?té&elnto

the Snal site @écwﬁnpic@v&svgaygewaaﬁiaﬁﬂﬁ BdMRT Awhdl afreoRl HTreyssot iks
i sol ated fromthe | at and cl oned between the Avrll and EcoRl sites of

pTGL650. pTGLEZ2E747 talned The BanmHl fragment containing the E4 region
of Ad5 is isolated fromhpTEA6beghnd thﬁhdnlobmpIQEe&ahYHobtaenéhgpfﬁé643

and pTGo (Exa 2 Lata L he Ss | Q§%§§
after thgﬁgl tE%s( %‘f‘/ ee%])ngrs] erea‘ngl J’%t IQ’ltuéﬁ'gé’ﬁ:el(r%,'at eEp 65égx§%25§ and
pTGL655 (F|gurECE)frpmspacthdélgenmmamnﬁnkmmtapanﬂtc@nl&ﬂﬂmﬂﬂ¥n@fthe

conpl enent i ng bPuLé@QSO'FéSQEQ Edal b2E5D 2SS (48002PN! Cdls Pin@ Oy Nt a3l
t echni ques, (1) transformation_of into cell line 293, (2)

transfornahtnﬁ%ﬁgﬁﬁ%ﬁ65§ G grheh5inkeo thel 1513 heshb290 G&%ﬁ%ﬂ*%
speaki ng, the gxpeassiTeefs ! NEhd A r Ry firdgmehtaid EdolagednErbm

acconpani esd bythecilattggg;:('l (a:.ns.ff onecf\b r‘Irbe(:"ern c{:fhez% rJI%.SBar%.O gngr glgagabl €
of pTGl650. pTGLl652 is obtained.
The BamHBI fragment containing the E4 region of
AdS is isolated from pTG1l652 and cloned into the BamHI
site of '‘pTG1l643 and pTG6559 (Example 6.2) or into the
20 SspIl site of pTG6564 (Example 6.2), after the sites have
been rendered blunt to generate pTGl653, pTGl654 and
pTGl655 (Figure 6), respectively.
A complementation cell capable of complementing
in trans El1 and E4 functions is generated by conventional
25 techniques, by:
(1) transformation of pTGl653 into cell line 293, or
(2) transformation of pTGl654 or pTGl655 into cell line
A549. | |
Generally speaking, the expression of the pro-
30 ducts of the El and E4 regions is accompanied by a
cytotoxic effect. A number of 293-1653 clones are capable
of complementing both adenoviruses from which E1 has been
deleted and adenoviruses from which E4 has been deleted.
Another alternative consists in proceeding as
35 follows.
The vector M13TGl646 is subjected to a directed
mutagenesis with the mutagenié oligonucleotide OTG5991
(SEQ ID NO: 40), with the object of deleting the promoter

of the E4 region and inserting an HpaXl site. The mutated



of conpl-enenting both adenoviruses from which E1l has been del eted and
adenoviruses from which E4 has been del eted. Another alternative consists
in proceeding as follows. The vector ML3TGL646 is subjected to a directed
mut agenesi s with the nutagenic oligonucledt’h de OIrG991 (SEQ | D NO 40),

th the object of deletn the r,0 th regi on and Jinserting an
\I,—|Mpal si '?e J'I'he VR SFed® I gﬁﬁésgég, gﬁtétle% ‘%%ﬁ{%f’lﬁq} %l’s.stﬂ
2i glelsteddvv: th Estela,tet&&aitéﬂphatde mw@mT@dmhq:;alswwamaBe:fkmwr wtildn Amzt 3T 650
vr an i ga ‘algj{?
(Exanpl e 8), gt %%qﬁ %5%1;%853%\: ﬁ%ﬁ?ﬁé‘?é@ ea(\}{egwqu)hﬁ-l , %nggm‘%@l
0. 8-kb fragnenpfom%lﬁaﬁ:?fﬁMQQQ (I‘-‘loglﬁlé’e7)P’%ﬁ(ife?SBgT & An&tlsamehs

di gestion gnd KheRQwd LWAAHRMaT S ddd tHGEE 1B ERadhent HUASHULGrd
which the E4 re |on1|(=‘p03|t|ons 32800 to 3582]_3 i s. placed under the control

of the TK pro or ) pFEsT1 BT iand 1BrriK- fisgestdore anthd
the Bglll- Bamklahwmteaaﬁrerrﬁsri@d&mmdnr MlEBH 60 st e egaitad Wagner

Vectors pTlead P TeEo oA PR HrE .%ﬁ T

synt heti c fraguedieror thenatomigedX omift hehe e @RThppamns baxr of Edsne guidance,

ol igonucl egtid 42.( D d ) ed, to
obtain pTQS S?ﬁ%ﬁcﬁ%%&d?g%%t |%\I/(e?EQ E"hésgge] a’gafrﬁi] alﬁ% C ave%ew
BanHl before tkzagmepti egrrBgpRpdsf Faghbﬁtpr@not@tr@e%%lm:m r(wnetrhe

cassette for the gxplresspenppbcFiyael! MeQIVGRG: ., DA, VOQ,0n%4A [EEALS |
(Figure 8) and pTC58513 (Fi gur are gener at ed.” Moreover, introduction of

the BanH fragnment of 51‘6183?3‘”1?33 + t HePS e ¥ESEOFPCERBBL 843 p RIS 0 PTGETSH i zed

with the sane ¢Rzgapllecad)s dfe pIRbi4ined pI@.Sh&.mmsmml delsynithieiles 10

d 11 [ f d h TCB51 ) .1
:genow) r u]sc':gvvm clﬁgg% %‘rg?gcs?fegégﬁ \lg‘mn{ghe EX™ u (t,‘ﬁ o%ef’S &" \ém(gwgna% ed"%e

wher eas t hose pédgbhugdebtddes OTG6141 and OTG6142 (SEQ ID NO: 41 and
42) is inserted, to obtain pTG8508 and pTGB507,

respectively.
Thése latter are cleaved with BamHI before the
20 purified BamHI fragment of pTG6596 containing the
cassette for the expression of E4 is introduced. The
vectors pTG8512 KFigure 8) and pTG8513 (Figure 9) are
generated.
Moreover, introduction of the BamHI fragment of
25 pTGl652 into the vector pTGB8508 or pTG8507 linearized
with the same enzyme leads to pTG8514 and pTGB515,
respectively (Figures 10 and 11).
Cell lines transfected with pTG8512 or pTG8515
will enable an adenovirus which is defective for the E4
30 function to be complemented, whereas those resulting from
PTG8513 or pTG8514 transfection are intended for amplify-
ing and propagating adenoviruses which are defective for
the El and E4 functions. Similarly, the transfection of
pTG8512 or pTG8515 into 293 cells will enable adeno-
35 viruses which are defective for El and E4 to be comple-

mented.
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pTG513.0or pTG8514 tiansfection are intended for anplify- ing and
propagating adenoviruses which are defective for the E1 and E4 functions.
Simlarly, the transfection of pTG512 or_pT&3515 into 293 cells will
enabl e adeno- viruses which are defective®fof E1l and E4 to be conpl e-

ment ed. SEQUENCE LI STING (1) GENERAL |NF (i)  APPLI CANT: (A
NAVE: TRANSGENE (B) STREET: 11, ru%-‘“a‘éﬁ?l)lé#\I % g\l Cl TY: STRASBOURG ((E))

COUNTRY: FRAN - (F) PosT : ©) TELEPHONE (33) 88.27.91.00 (H)
TELEFAX: 1hg. %@%P?"‘Rﬁ E OF INVENTION:  New def ective adeno-

Vi ruses and correspo |£— % tation lines (iii) NUMBER OF SEQUENCES:
e

42 (iv) COWPUTER REA EXBE: Tape (B) COWPUTER |BM PC
conpati bl e.-(C) OPERATI NG SY % G MSPERVMARE: PatentlIn '
Rel ease #1.0, Version #1, Q. & Sgua@alvml ON FOR SEQ ID N0 1: (i)
SEQUENCE CHARACTERI STI CS: (A Lgblﬁwnywp-hmgpal rs (B) TYPE: nucleic aci
(C) STRANDEDNESS: single (DXFT@&%{)DEI nggosRi i) MOLECULE TYPE: DNA
(genomic) (iii) HYPOTHETI CAg) NPef.EpHDNANTI(SENSES . Bi@.61i.p0ORI G NAL SOURCE:
(A) ORGAN &M Synthetic (gbi geneehxoet i d€38PTE8122). 58xi07 SEQUENCE
DESCRI PTION: SEQ I D NGO 1:
(ii) TITLE OF INVENTION: New defective adeno-
viruses and corresponding complementation
lines

|
d

(1iii) NUMBER OF SEQUENCES: 42
15 (iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Tape
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS

(D) SOFTWARE: PatentIn Release #1.0,
20 Version #1.25 (EPO)

(2) INFORMATION FOR SEQ ID NO: 1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
25 ' (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii)_ MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTISENSE: NO
30 (vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide
(0TG4174) .
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:
GTGACGTCTT TGGTGTTTTC GCGGGAAAAC 30
35 (2) INFORMATION FOR SEQ ID NO: 2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs

(B) - TYPE: nucleic acid
(C) STRANDEDNESS: single

40 (D) TOPOLOGY: linear
Thls Sheet Has Been Replaced
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GTGACGTCTT TGGTGTTTTC GOGGGAAAAC | 30 (2) | NFORVATI ON
FOR SEQ ID NO 2: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH—30base—patrs—
(B) TYPE: nucleic acid (C) STRANDEDNESS: si_ngle (D) TCPC]_OGY:ThlJSil &as Been R

-51- (ii) MOLECULE TYPE: DNA (genomic) “(Pfi )" HYPOTHETI CAL: ZI’ Ly eplaced.
ANTI SENSE: NO (vi) ORI, G, NAL SQURCE: OR#NI SM__Synt hetic | [ ’ ,"m””m
ol i gonucl eot i dt(a ()O'I'gZi"?'é) %@%é@éz%l ‘%ﬁW“‘éEQ ?DI N . m '
ACCGAGTAAG ATTTGICTAG, 30 (2) | NFORMATI ON
I(:O)? SEQ I D NoI 3: (i)lm%@ﬂ STICS: (A LENGTH:( ??,3 base pairs
B) TYPE: nucleic aciq.( ESS;, singl D) TOPOLOGY: i i
MOLECULE TYPE: DNA (égﬁé‘g W%%THEEH Za: Nb (iii) ANTI SEREE MO
(vi) ORI G NAL SOURCE: vg'g)\l RYEY sovRer:hetic  oligonucl eotide (OTGA191)
(xi) SEQUEANCE DESCRI PTTCN. "G50 OnaMeteshi: COBGALEEES CCOERAMMEEGAGEEEGACC
GIT 33 (2) I'NFORMATI ON (cfed35@)I D NO 4 (i)  SEQUENCE
CHARACTERI STI CS: (A) (kENGTdegifeNtas ©ESURIPTIN :T ¥Ry 1uaiei @ acid (C)

STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHEThEAEAGHRAG AT)IrIOIRAENSECAYRCCEE 30

(2) INFORMATION FOR SEQ ID NO: 3:
10 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
15 (1ii) MOLECULE TYPE: DNA (genomic)
(1iii) HYPOTHETICAL: NO
(iii) ANTISENSE: NO
{(wvi) ORIGINAL SOURCE: : .
_ (A) ORGANISM: Synthetic oligonucleotide
20 (0OTG4191)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
GGCCATGGTC GCGGGAAAGG GACTTTGACC GTT 33
(2) INFORMATION FOR SEQ ID NO: 4:
(i) SEQUENCE CHARACTERISTICS:
25 (A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
30 (iii) HYPOTHETICAL: NO
(iii) ANTISENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide
' (OTG5021) :
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

GAACGGATCC CCAGACTCTG TTTGGATTTG G 31



(vi) ORLGE NAL SOURCE:" (A) ORGAN SM Synt hetic ol i gonucl eoti de (OTG5021)
-(xi) SEQUENCE DESCRI PTION: SEQ I D NO 4: GAACGGATCC CCAGACTCTG TTTGGATTTG
G 31 -52- (2) |INFORMATION FOR SEQ ID NGO 5: (i)
SEQUENCE CHARACTERI STI CS: (A) LENGTH. 30 € pairs (B) TYPE: nucleic acid

(O STRANDEDNE i_nal MOLECULE TYPE: DNA

E%anom c?\" (S:\/:I)S ?‘%@%@ %%%QN.}#%%ENS%)YES (vi) ORI A NAL SOURCE:
ORGA t SEQUE

DESCRI PTI ON:  SEO D NG 5. AR Rl EReS)) ohe T E

30 (2) | NFORVATI ON FOR SEQ @%N%iﬁﬂgl )30 ISEQUENCE SHARACTERI STI CS: ( A)

LENGTH: 20 base pairs (B) T £16, @0 fo (431 $TRANDEDNESS: si ngl e (D)
TOPOLOGY: |§I near (ii) MOLE NN e Nogigq1éi i 1) HYPOTHETI CAL: NO

(iii) ANTISENSE: NO (vi) ORI @NAorsddE {Ale NISM  Synthetic

ol i gonucl eoti de (OTGE564) (x1) SEQUENCE DESCRI PTION: SEQ I D NO 6:
GATCCGATAT CCCGITAACGii) MOLECULE TYPE: DNA (genomic) 20 (2) | NFORVATI ON
FOR SEQ ID NGO 7: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 20 base pairs
(B) TYPE: nucleic aciiii) HRERAMIDENNGSS N0 ngl e

(iii) ANTISENSE: YES
10 {vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide
(0TG5157)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:
CCAGAAATAT CTTCGCCCAG GCCGCCGCCC 30
15 (2) INFORMATION FOR SEQ ID NO: 6:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
20 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTISENSE: NO
(vi) ORIGINAL SOURCE:
25 (A) ORGANISM: Synthetic oligonucleotide
' (OTG5564)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:
GATCCGATAT CCCGTTAACC 20
(2) INFORMATION FOR SEQ ID NO: 7:
30 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic ‘acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

35 (ii) MOLECULE TYPE: DNA (genomic)

(iii) HYPOTHETICAL: NO This Sheet Has Been Replace
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(D). - TOPQLOGY: linear (ii) MOLECULE TYPE: DNA (genomic) (iii) HYPOTHETI CAL:
NO (iii) ANTISENSE: YES (vi) ORIG NAL SOURCE: (A) ORGANISM Synthetic

ol i gonucl eotide (OTG565) (Xxi) SEQUENCE EESCRI PTION:. SEQ ID NO 7:
GATCGGTTAA CGGGATATCG B 20 (2) | NFORVATI ON

-FOR SEQ ID NO 8: (1) ERISTICS: (A) LENGTH 47 base pairs
(B) TYPE: nucleic aC|(i'j"f‘§:) %M single (D) TOPOLOGY: linear (ii)

N[]_EC&EGlTYPE DNA (ge EX%EFETI CAL: NO (iii) ANTISENSE: NO
vi "G NAL SOURCEYY %&kif | 892
EX|§ SEQUENCE DESCRI PTI ON %EEEF %% N Igo%%%%?%% )

TGTTGGAGGT CCCTGAG .47 (2) | NFORVATI ON F SEQ I D NO 9: (i) SEQUENCE
CHARACTERI STI CS: (A) (L ENGT E'E&ﬂrﬁuéﬁsﬁnﬁékﬁrfrﬁk . T¥BE: ThURbei §.acid (C)
STRANDEDNESS: si ngl e (D I near (ii) MOLECULE TYPE: DNA (genonic)
(1i11) HYPOTHET&LAEGeNEAL CohcANAIrGENSE: YES (vi) ORI A NAL SOURCE: (Ako
ORGANI SM Synthetic ol i gonucl eoti de (OIrG893) (xi) SEQUENCE :
DESCRI PTI ON:  SE£) | DINEORRATEORGEDRAEEQTTOCREET 8 ACACCAATGT GGTGAATGGT
CAAATGG 47 (2) | NFORMATION FOR SEQ I D NO 10: _

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 47 base pairs
10 (B) TYPE: nucleic acid
(C) -STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{(iii) HYPOTHETICAL: NO
15 (iii) ANTISENSE: NO
(vi) ORIGINAL SOURCE: )
(A) ORGANISM: Synthetic oligonucleotide
(0TG5892)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:
20 GTCGTAGGAT CCAGCTGCTC CCTGCTTGTG TGTTGGAGGT CGCTGAG 47
(2) INFORMATION FOR SEQ ID NO: 9:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 47 base pairs
(B) TYPE: nucleic acid
25 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
{iii) ANTISENSE: YES
30 (vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide
(0TG5893)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:
GTAGCTGACG TCCCAGGTGC ACACCAATGT GGTGAATGGT CAAATGG 47

35 (2) INFORMATION FOR SEQ ID NO: 10: ___ _  ———————
: heet Has Been Replaced
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-54- (i)» SEQUENCE CHARACTERI STICS: (A) LENGTH: 46 base pairs (B) TYPE:
nucl eic acid (C) STRANDEDNESS:. single (D) TOPOLOGY: linear (ii) MOLECULE
TYPE: DNA (genom c) (iii) HYPOTHETI CAL: NO4(| i) ANTISENSE: NO (vi)

ORI G NAL SOURCE: (A) ORGANISM SynthetiT ol i gonucl eoti de (OTG920) (xi)

L it i

NO 11: (i) SEQUENCE
CHARACTERI STICS: (A) LENGTH: . a|£§ é? TYPE. nucleic acid (O
STRANDEDNESS: single (D) TOP | a LE TYPE: DNA (genomic)
(iii) HYPOTHETI CAL: NO (iii) D %Vén G NAL SOURCE: (A)
ORGANI SM ynt hetic . olig S84, g§§§11) Xi)  SEQUENCE

DESCRI PTI SEQ I D NO 11: T TCTAGAGAAA CCTG
24 (2) | NEGRVATI ON Fﬁ@g@:&&%ﬁmn) DNSE 3 GHARACTERI STI CS: (A)
LENGTH: 35 base pairs TYPE: nucleic acid ( STRANDEDNESS: single (D)

TQDQ_%Y: l'inear (ii)(MIEGEHDTREFCANA fgenomic) (iii) HYPOTHETI CAL: NO
(ii1) ANTI SENSE: YES
(iii) ANTISENSE: NO
. (vi) ORIGINAL SOURCE:
10 (A) ORGANISM: Synthetic oligonucleotide
(OTG5920)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:
ACGGTAGGAT CCGACGTCGG TGAGCTCCTC GCTTGGTCTC CGTCCG 46
(2) INFORMATION' FOR SEQ ID NO: 1l:
15 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
20 (ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTISENSE: YES
{(vi) ORIGINAIL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide
25 (0OTG5891)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:
CAACCCCGAT TCTAGAGAAA CCTG 24
(2) INFORMATION FOR SEQ ID NO: 12:
(i) SEQUENCE CHARACTERISTICS:
30 (A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA . (genomic)
35 (iii) HYPOTHETICAL: NO
_ o

(iii) ANTISENSE: YES Sheet Has Been Replaced
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- 85 - (vi) ORIG@NAL SOURCE: (A) ORGANISM Synthetic ol i gonucl eoti de
(OT&6079) (xi) SEQUENCE DESCRIPTION: SEQ ID NGO 12: GCGCAGITGC TCTGCGGATC
CACTTAACAT TCAGT 35 (2) NFCRIVATI ON FOR SEQ I D NO 13:

(i) SEQUENCE CHARACTERI STICS: (A LENGTI5| 38 base pairs (B) TYPE: nucleic

?C| d (C))SZRAN?EmEgiﬁEi ?D% : 5} 58; ﬁ | inear (ii) MOLECULE TYPE: DNA
genom ¢ i P I E., .YES . RCE:
(A) ORGANI SM Synthetic E:S‘I)i ucreotid ﬁ%@@ééiéggék%gﬁ&%
DESCRI PTION: SEQ I D NO 13: TAAAAGTACC A TGGTT TGCTTGGG

38 (2) | NFORVATI ON FOR. SEQ, .Egm O | STICS: (A
LENGTH. 21 base pai rgﬁg ‘f‘$§ r<1: gISC angé EC) NDEDNES%Q singl e ng
TOPOLOGY: i nege cg%b%mkﬂr %EEGKWEcA@%Amﬁom@)m(I ii) HYPOTHETI CAls NO
(iii) ANTISENS | G NAL SOURCE: (A) ORGANI SM Synthetic

ol i gonucl eot i de; %_OT@ﬁQ@ﬁkA@gb}q FORQIENCEDPDRGGRIIBEI ON: SEQ | D NO  14:
GAAACCGAAT TCT 21 (2) | NFORMATI ON
FOR SEQ I D NO 15: (i(x) SE@QEN@EECHHEAGEEERSEMT&S -56- (A) LENGTH 32
base pairs (B) TYPE nucleic acid

(A) LENGTH: 38 base pairs

(B) TYPE: nucleic acid

10 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTISENSE: YES
15 (vi) ORIGINAL SOURCE: )
(A) ORGANISM: Synthetic oligonucleotide
(OTG6080)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:
TAAAAGTACC AGGTAAGGAT CCCCTTGGTT TGCTTGGG 38
20 (2)  INFORMATION FOR SEQ ID NO: 14:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
25 (D) TOPOLOGY: linear
{(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTISENSE: NO
(vi) ORIGINAL SOURCE: '
30 (A) ORGANISM: Synthetic ocligonucleotide
(OTG6064) .
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14:
G2AACCGAAT TCTCTTGGAA C 21

(2) INFORMATION FOR SEQ ID NO: 15:

35 (i) SEQUENCE CHARACTERISTICS:
:Sheet Has Been Replaced
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(O),:STRANDEDNESS: single (D) TOPOLOGY: l|inear (ii) MOLECULE TYPE: DNA

(genomic) (iii) HYPOTHETI CAL: NO (iii) ANTISENSE: YES (vi) ORI A NAL SOURCE:

(A) ORGANI SM  Synthetic ol i gonucl eot i (OTG6065) (xi) SEQUENCE

DESCRI PTION: SEQ I D NO 15: ACGAATGCAG CTETCCACTT AACATTCAGT CG

32 (2) | NFORVATI ON FOR SEQ iy SEQUENCE CHARACTERI STI CS: ( A)

LENGTH. 27 base pairs (B) T¥ 3 ek NDEDNESS: si ngl e (D)

TOPOLOGY: linear (ii) MOALE iii) HYPOTHETI CAL: NO
|ON: SEQ I D NO 16:

(iii) ANTISENSE: YES (Vi) | SM Synthetic

ol i gonucl eoti de (OTG5481) XI

CAGTGAATTCS ATCATCAATA 4 ATAT ECULE_TYPE: DNA (gemomic) 27 (2) | NFORMATION.
FOR SEQ ID NO 17: (i) SEQUENCE CHARACTERI STI'CS: (A) LENGTH: 24 base

pairs (B) TYPE nucl qi5G 13C merpopreTIRANRERGESS. single (D) TOPOLOGY: i near
(ii) MOLECULE TYPE: DNA (genonmic) (iii) HYPOTHETICAL: NO (iii) ANTI SENSE:
NO (vi) ORI G NAL SOUREEi) ANTISENSH:AYESRGANISM' Synthetic

ol i gonucl eoti de (OTG5482) (xi) SEQUENCE DESCRI PTION: SEQ ID NO 17:

AAACTGGTCA CCGTGATTAAVAAAGORIGINAL SOURCE: 24
(A) ORGANISM: Synthetic oligonucleotide

10 ' (OTG6065)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15:
ACGAATGCAG CTCTCCACTT AACAITCAGT cG 32
(2) INFORMATION FOR SEQ ID NO: 16:
(i) SEQUENCE CHARACTERISTICS:
15 (A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
20 (iii) HYPOTHETICAL: NO
(iii) ANTISENSE: YES

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide

(OTG5481)
25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16:
CAGTGAATTC ATCATCAATA ATATACC 27

(2) INFORMATION FOR SEQ ID NO: 17:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
30 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)

(iii) HYPOTHETICAL: NO

35 (iii) ANTISENSE: NO heet Has Been Replaced
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(2).:| NFGRVATI ON FOR SEQ ID NO 18: (i)  SEQUENCE CHARACTERI STICS: (A)

LENGTH. 25 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:. single (D)

TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (5 enom c) (iii) HYPOTHETI CAL: NO

(iii) ANTISENSE: NO (vi) ORI A NAL SOURCE: “(A) ORGANI SM  Synthetic

ol i gonucl eoti de (OTG5455) (xi (SN DE%(;%I LGN SEQ L j s

ATCGGAATTC AAGATGATTA Srac ) DREASE: é?.rég‘%;?i 9}&8@@},}%@&9&' ON
I'CS: ) LE

FOR SEQ ID NO 19: (i) SEQUENCE CHARACTERI NGTH: 28 base pairs .

(B) TYPE: nucleic acig;§C) S§WR§MNQ TPR Gy inear (i)
MOLECULE TYPE: DNA (genomic) (111) HYPOTHETI CAL: (i11) ANTI SENSE: YES
(vi) ORI G NAL SedRSEcTCR) codatireiia aawet heti c ol i gonucl eoti de (Ob@456)
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 19: ATCGICTAGA TTAAGGCATT TTCTTTTC

28 (2) | NFERVATEPN ERROBERTIBNNPORZGEQ D NOSEQEENCE CHARACTERI STICS: (A)
LENGTH: 18 base pairs -58- (B) TYPE: nucleic acid (C) STRANDEDNESS:
single (D) TOPOLOGY: (ki)neaseQUENCEOCEEHRETERRSTIONA (genomc) (iii)
HYPOTHETI CAL: NO (iii) ANTISENSE: NO (vi) ORI G NAL SOURCE:

(A) LENGTH: 25 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
10 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTISENSE: NO
(vi) ORIGINAL SOURCE:
15 (A) ORGANISM: Synthetic oligonucleotide
(0OTG5455)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18:
ATCGGAATTC AAGATGATTA GGTAC 25
(2) INFORMATION FOR SEQ ID NO: 19:
20 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
25 (ii) MOLECULE TYPE: DNA (genomic)
{iii) HYPOTHETICAL: NO
(iii) ANTISENSE: YES
(vi) ORIGINAL SOURCE:
(A) ORGANISM: _Synthetic oligonucleotide
30 : (OTG5456)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19:
ATCGTCTAGA TTAAGGCATT TTCTTTTC 28

(2) INFORMATION FOR SEQ ID NO: 20:

(1) SEQUENCE CHARACTERISTICS: . :
This Sheet Has Been Replaced
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(A), -ORGANI SM  Synt hétic ol i gonucl eoti de (OTG5728) (xiar—SEQeENeE\
DESCRI PTION: SEQ I D NO 20: TGTAGCAGGA GGACTAAG

18 (2) I NFORMATION FOR SEQ ID NO 21: (i) 8 SEQUENCE CHARA laced
LENGTH: 39 base pairs (B) TYPE: nucleic “actd “(C) STRANDEDNES

TOPOLOGY: linear (ii) MOLECULE e eno (i) Hy
(iii) ANTISENSE: YES (vi) e : gﬁ%& g%ﬁﬁgﬂ\" SM  Synthetic
ol i gonucl eotide (OTG5729) (xi SEQ I'D NO 21:
COGCATTAAT TAACCGOGAC AAACGA TA 39 (2) | NFORVATI ON
FOR SEQ ID NO 22: (ig)i) SHIYEGEECHAMACT ERAS [fenon{iAd)) LENGTH 36 base
pairs (B) TYPE nuclelc aC|d (C) STRANDEDNESS: “si ngl e (D) TOPOLOGY: |i near
(ii) MOLECHLE TYPE: [pNA;i(oereoeETdidan): WEPOTHETI CAL: NO (iii) ANTI SENSE:
YES (vi) ORIG NAL SOURCE: (A) ORGANISM  Synthetic ol i gonucl eot i de

-59 - (OTGE730) (xi) (SEQYENNTISENSH:PNON. SEQ ID NO 22: CGCGGITAAT
TAATGCGGTA AAACCTACGT CACCCG 36 (2) | NFORMATION FOR SEQ ID
NO 23: (i) SEQUENCEkLiCHARRICERIAST ISOBRAFA) LENGTH: 30 base pairs (B) TYPE

nucl ei ¢ acid (C) STRANDEDNES3) ©RGNNISMD) BgRGhEBY.c | i nedigonucleoctide
(0TG5728)

10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20:
TGTAGCAGGA GGACTAAG 18
(2) INFORMATION FOR SEQ ID NO: 21:
(i) SEQUENCE CHARACTERISTICS: -
(A) LENGTH: 39 base pairs
15 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
20 (iii) ANTISENSE: YES
{vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide
(0TG5729)
(i) SEQUENCE DESCRIPTION: SEQ ID NO: 21:
25 CCGCATTAAT TAACCGCGAC AAACGATTCT TTATTCTTG ' 38
- (2) INFORMATION FOR SEQ ID NO: 22:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
(B) TYPE: nucleic acid
30 {C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTISENSE: YES

35 (vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide



(ii) MOLECULE TYPE: DNA (genomic) (iii) HYPOTHETI CAL: NO (iii) ANTI SENSE:
NO (vi) ORI G NAL SOQURCE: (A) ORGANI SM Synt hetic ol i gonucl eoti de
(OT6060) (xi) SEQUENCE DESCRI PTI ON: SEQI NO 23: AATAAAAGAT CATTATTTTC
ATTAGAACTG 30 (2) ANFORVATI ON FOR SEQ ID NO  24:

(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH “ﬁ%ﬁf‘ﬁ pairs (B) TYPE: nucleic
acid (C) STRANDEDNESS: single (D TOPOLOGY: edar ‘(ii) MOLECULE TYPE: DNA

(A" GRa S synt e SR, ek @ff@.ﬂ%ﬁe&%‘%ﬁ( ig: O%‘E&EQEESO“RCE
555?% PTK%MA@&#&%%W M{A SEQJENCE CHARACTER! STI CS:> 1 A)

LENGTH: 30 basa al SR TN Poic| & (E?U ¥b: 23: 60 - (C) STRANDEDNESS:
single (D) TOP Y: linear (i1) MOLECULE TYPE DNA (genomc) (iii)

HYPOTHETI CAL: NO (i i i1 )ANTIgsERce a(nagreiidad . SOURCE: (A) ORGANI SM
Synt hetic ol i gonucl eoti de (OI&x062) (xi) SEQUENCE DESCRI PTION. SEQ ID
NO  25: TAACACACAA AAAACCAAGA)CAENETEGT/80 base pairs 30 (2)
| NFORVATI ON FOR SEQ I D NGO 2@) (1YrE: ShigNGE (HARACTERI STI CS:
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
10 (ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTISENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide
15 {0OTG6060)
(i) SEQUENCE DESCRIPTION: SEQ ID NO: 23:
AATAAARAGAT CATTATTTTC ATTAGAACTG 30
(2) INFORMATION FOR SEQ ID NO: 24:
(i) SEQUENCE CHARACTERISTICS:
20 (A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
25 (iii) HYPOTHETICAL: NO
(iii) ANTISENSE: NO
{vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide
_ (OTG6061)
30 {xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24:
TGTGTTGGTT TTTTGTGTGT TAAT 24
(2) INFORMATION FOR SEQ ID NO: 25:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 30 base pairs - This Sheet Has Been Replaced




(A).-LENGTH: 24 base pairs (B) TYPE:.nucleic acid (C) STRANDEDNESS:. single

(D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomc) (iil )1'h P T1 CAL:

NO (iii) ANTISENSE: YES (vi) ORI G NAL SOURGE: (A) ORGAN SM " &ustt 0 Replaced
ol i gonucl eot i de (OTG6063) (xi) SEQUENCE BPSCRI PTION: SEQ I D I , II”III :
ATGAAAATAA TGATCTTTTA TTAT 24 |

| NFORMATI ON FOR SEQ | D NO 4 ; Co WEH STICS: (A) LENGTH:
C O’

32 base pairs (B) TYPE: nucl'el &G DNESS: single (D) TOPOLOGY:
i near (ii) MOLECULE ,TYRE: 5. Chdal ) POLHETI CAL: NO (iii)
ANTI SENSE: * NO (Vi ) o) LB G Q?K?'oggﬁwl‘g\%ﬁéy%ﬁt heti c

ol i gonucl eoti de (GFE;{QWTI%EN@E DESCRI PTION: SEQ I D NO 27:
TCCGTGAATT "CTAGTAGT G TG 32 (2) | NFORMATI ON'

FOR SEQ I DsNO 28! (g} 11)SENITNERsEIARMSTERI STICS: (A) LENGTH: 23 base
pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: |inear
(i) MOLECULE TYPE: [ph4)( goraaraaLl iSoOuRdE¥YPOTHETI CAL: NO (iii) ANTI SENSE:-
YES (vi) ORI G NAL SOURCE: (AR)OoR&NNINM: Spihttledtic obilggbutkteidtdeie
(OTA565) (xi) SEQUENCE DESCRI PTI ON: SEQ K(OTN®G0629:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25:
10 TAACACACAA AAAACCAACA CACAGTTCTA ' 30
(2) INFORMATION FOR SEQ ID NO: 26:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
15 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTISENSE: YES
20 (vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide
(0TG6063)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26:
ATGAAAATAA TGATCTTTTA TTAT 24
25 (2) INFORMATION FOR SEQ ID NO: 27:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
30 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTISENSE: NO
(vi) ORIGINAL SOURCE:

35 (A) ORGANISM: Synthetic = oligonucleotide
(OTG4564)



TCGAGTCGGEG AGAACCGGEGEC GCC 23 (2) | NFORMATI ON
FOR SEQ ID NO 29: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 28 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: E ngle (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: DNA (genomic) (iii) HYPOTHETICAL: NO (iii) ANTISENSE: NO

(xi) SEQUENGE DESCRIPH O SEEDTH RES PR ERNCCREPACN Ao GAGTAGAG
28 (2) INFOR E ekl CHARACTERI STI CS:
LENGTH | 21 basi oRrPEATE) CTOBEASTTE) SeEebaRE keI ol (e nESS: si ngl €20 D)

TCPOLOGY: | nefs) 6ol WOkEGULFTBYRE: YA (genomic) (i)
HYPOTHETI CAL: (i11) ANTISENSE: NO (vi) ORI G NAL SOURCE: (A) ORGAN SM

Synthetic - oligonugkeoti deooRiee0 tahrACTERIBE@IENCE DESCRI PTION: SEQ I D
NO 30: CAACGCGCAT G&:CCC‘ATG% G 21 (2)

| NFORVATI GN FOR SEQ I D NO 34) CENGTHSEQRENGECHARAGTERI STI CS: (A) LENGTH:
31 base pairs (B) TYPE: nucl(g)cTa®ed @G-leIBANREANESS: single (D) TOPOLOGY:
linear (ii) MOLECULE TYPE [DNA CORANDEDNEGSISI:i piklgR@THETI CAL: NO (iii)
ANTI SENSE: YES (D) TOPOLOGY: linear .
(ii) MOLECULE TYPE: DNA (genomic)
10 (iii) HYPOTHETICAL: NO
(iii) ANTISENSE: YES
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide
(OTG4565)
15 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28:
TCCAGTCCGG AGAACCGGGC GCC 23
(2) INFORMATION FOR SEQ ID NO: 289:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
20 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
25 (iii) ANTISENSE: NO
{vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide
(0OTG5013) .
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29:
30 TAACCTGCAG GAGTGCCAGC GAGTAGAG 28
(2) INFORMATION FOR SEQ ID NO: 30:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid

35 (C) STRANDEDNESS: single )
(D) TOPOLOGY: linear This Sheet Has Been Replaced




(vi,) ORE NAL SOURCE! (A) ORGANISM  Synthetic ol i gonudﬂeﬁﬁ—de—eGFeﬁeHr)—
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 31: TAGGAGATCT GITTT A LR

G 31 (2) | NFORNMATI FOR SEQ I D NO 32:
CHARACTERI STI CS: (A) LENGTH: 34 base pairs®(B) TYPE: nucleic

STRANDEDNESS: si ngl e ar 1) NL‘]_ECU E TYPE: il
(iii) HYPOTHETI CAL: D% ﬁ%@&h&g I\B{‘% (IEERPEFNAL SOURCE: (A)
ORGANI SM Synt heti c C%W §EQJENCE DESCRI PTI ON: SEQ | D NO
32: CGGAGTACTG TCCT C(ﬁ 34 63 (2)

| NFORVATI ON FOR SEQ L_{I}_J}p ANBIsklsE: WEQUENCE CHARACTERI STICS: (A) LENGTH:
34 base pairs (B) TYPE' nucleic aci d (C) STRANDEDNESS: single (D) TOPOLOGY:
l'inear (ii) MOLECULEJPE: oNergaENestRertiii) HYPOTHETI CAL: NO (iii)

ANTI SENSE:5 YES (Vi) ORI G NALASCHREERTSN) ORGAMSMi cSyntdeidénucleotide

ol i gonucl eotide (xi) SEQUENCE DESCRI PTI ON: (6e€5b6DsNO  33: CGGAGGACAG
TACTCCGCGG AGGACAGTAC TCCG 34 (2) | NFORVATI ON FOR SEQ
D NG 34: (i) SEQUENCE SE@RANTERDESCREPTLOY : LEBGTED #6:base pairs (B)
TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii)
MOLECULE TYPE:CARGGGGEADNGCFCCCATGG G 21

(2) INFORMATION FOR SEQ ID NO: 31:
10 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
({B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
15 (ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTISENSE: YES
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide
20 (0TG5014)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31:
TAGGAGATCT GTTTTAAACC GCATTGGGAG G 31
(2) INFORMATION FOR SEQ ID NO: 32:
(i) SEQUENCE CHARACTERISTICS:
25 (A) LENGTH: 34 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
30 (1ii) HYPOTHETICAL: NO
(iii) ANTISENSE: NO

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide -

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32:

35 CGGAGTACTG TCCTCCGCGG AGTACTGTCC TCCG 34



(iii) HYPOTHETI CAL: NO (iii) ANTISENSE: NO (vi) ORI G NAL SOURCE: (A)
ORGANI SM Synthetic ol i gonucl eoti de (OTrG039) (xi) SEQUENCE

DESCRI PTION: SEQ I D NO 34: TGCTGGATAT CAGTCA

16 (2) I NFORVATION FOR SEQ ID NGO 35: (T) %EQJENCE CHARACTERI STI CS: (A

LENGTH: 24 base pairs TYPE: STRANDEDNESS: le (D
TOPOLOGY: |inesd? (i PYF ‘%)Eﬁ% ‘T%EL'EMB g‘ghg%’é) (iii) HYPGrHSEITP%Aﬁ:(N)o

- 64 - (iii) ANTISEN : é '3§ m% A) ORGANI SM  Synt hetic
ol i gonucl eoti de (OT b40) E%: ?% %@éﬁ SEQ ID NO 35: :
GATCTGACTG ATATCCAGCA TGCA ir 24 (2) | NFORVATI ON
FOR SEQ ID NO 36: (i) SE &1LES (A LENGTH 20 base
pairs (B) JYPE: nucleic acig SSgisyngl e (D) TOPOLOGY: |inear
(ii) MOLECULE TYPE: DNA (ge@g)’n QEP&,@@ wfgggg CAL: NO (iii) ANTI SENSE:
NO (vi) ORIG NAL SOURCE: (A) ORGANISM  Synthetic ol i gonucl eot i de
(OTG5024) (xi) SEQUENCE) DESSIRECTLENTYSEQ bRANQyeR6ini€Y CCTGCCTA GGCAAAATAG
20 (2) INFORVATION FOR SEQ ID NO 37: (i) SEQUENCE CHARACTERI STI CS: (A
LENGTH:. 32 base pairgiii) HYPOTHETICAL: NO

(iii) ANTISENSE: YES

10 (vi) ORIGINAL SOURCE:
: (A) ORGANISM: Symthetic oligonucleotide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33:
CGGAGGACAG TACTCCGCGG AGGACAGTAC TCCG : 34
(2) INFORMATION FOR SEQ ID NO: 34:
15 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
20 (ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
{iii) ANTISENSE: NO
(vi) ORIGINAL SOURCE: .
(A) ORGANISM: Synthetic oligonucleotide
25 (0TG5039)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34:
TGCTGGATAT CAGTCA 16
(2) INFORMATION FOR SEQ ID NO: 35:
(i) SEQUENCE CHARACTERISTICS:
30 (A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

35 (iii) HYPOTHETICAL: NO
This Sheet Has Been Replaced
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(B),:TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: DNA (genonic) (iii) HYPOTHETICAL: NO (iii) ANTISENSE: YES
(vi) ORIG NAL SOURCE: (A) ORGANISM Synthetic ol i gonucl eoti de (OTG5025)
(xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 37: SBCAGATGGAT CCGGGCGGAG TAACTTGTAT

GT )?»25) IO\IFCRSEQIDNO 38: -65- (i)
SEQUENCE CHARACTERI stiés EEN JS. base pairs (B) TYPE: nucleic acid

(©) STRANDEDNESS: g@_gg_l IE iﬁ# near (ii) MOLECULE TYPE: DNA
|gonuc 8ot d

(genonic) (iii) HYP $§§§§ @ 8)(¥§%}%%E%EE§QJRCE

(A) ORGANISM  Synthetic
DESCRI PTI ON: SEQ I D NO 38: GICGCGGATC CGT CGTGITT A

31 (2) | NFORVATION F EQ QUEQ 3 oRQU TEHARA | STICS: (A
LENGTH: Zogljase pai rgﬁz'g) '?’% ﬁgcpglsghggl'r& (O ES RANDEDNE-S%R single ED%

TOPOLODY: | | negirérihoel RSMHECRYOR 18 (genom o) (i111) HYPOTHETI CAzg NO
(|||) ANTI SENSE: YES (vi) ORI G NAL SOURCE: (A) ORGANISM Synthetic
ol i gonucl eot i dez2{ OTCRedRMaACTON BORUENGE IDERGR! BE:ON: SEQ | D NGO 39:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
10 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(1ii) HYPOTHETICAL: NO
15 (iii) ANTISENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide
(0TG5024)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36:
20 CTCCTGCCTA GGCAAAATAG 20
(2) INFORMATION FOR SEQ ID NO: 37:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
25 {C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTISENSE: YES
30 (vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide
(0TG5025)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37:
GCAGATGGAT CCGGGCGGAG TAACTTGTAT GT ) 32

35 (2) INFORMATION FOR SEQ ID NO: 38:
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ACATGAAGTT AAGCGAGCTG 20 (2) | NFORMVATI ON
FOR SEQ I D NO 40: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 38 base '
pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: |inear
(ii) MOLECULE TYPE: DNA (genomic) (i i i) "HYPOTHETI CAL: NO (iii) ANTI SENSE:

- NO -66- (Vi) L SOURCE: / nt hetic

ol i gonucl eoti de (OTG?@SIA EﬁPPENgg ITlgﬁ%yO\l SEQ I D NO. 40:
CACGGCACCA GCTCAAGTTA ACGEA ir 38 (2) | NFORVATI ON
FOR SEQ ID NO 41: (i)  SECOEN Hﬁ§ﬁa§§ FA) LENGTH: 27 base
pairs (B) TYPE: nucleic aci¢a(C ‘ e (D) TOPOLOGY: |i near
(ii) MOLECULE TYPE: DNA (gengyi %b lgHDg L NO (iii) ANTI SENSE:
NO (vi) ‘G NAL SOURCE: (A ﬁl M Synt tic ol i gonucl eoti de
(OTG6141) (xi) SEQUENCE, DEﬁngB‘ll}[[,g\ITY§§Q bl;}ANQ hbmi@TCCTGIGT GITGGITTTT
TGTGIGC 7 (2) TION FOR SEQ I D NO 42:

(i)  SEQUENCE CI%RA@IEBbSE&SSm@&)[chENGﬁu 27 base pairs (B) TYPE: nucleic
acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA
(genomc) (iii) HYPOTHEI) CANTINENGE:i NOANTI SENSE: YES

(vi) ORIGINAL SOURCE:
10 (A) ORGANISM: Synthetic oligonucleotide
(0TG5078)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38:
GTCGCGGATC CGTTATGTTT CAACGTGTTIT A 31
(2) INFORMATION POR SEQ ID NO: 39:
15 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
20 (ii) MOLECULE TYPE: DNA (genomic) N
(iii) HYPOTHETICAL: NO
(iii) ANTISENSE: YES
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide
25 (0OTG5079)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39:
ACATGAACTT AAGCGAGCTG 20
(2) INFORMATION FOR SEQ ID NO: 40:
(i) SEQUENCE CHARACTERISTICS:
30 (A) LENGTH: 38 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA .(genomic)

35 (iii) HYPOTHETICAL: NO
R

ect Has Been Replaced -
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(iii) ANTISENSE: NO



(vi) ORLG NAL SOURCE: (A) ORGANFSM  Synthetic ol i gonucl eoti de (OTG6142)
(xi) SEQUENCE DESCRI PTION: SEQ ID NO 42: GATCGCACAC AAAAAACCAA CACACAG
27 - 67 - Cains 1. An adenovi ral égctor which is defective for
replication, capable of being encapsidafe in a conple- nmentation cell,
which is derived fro Br %enOV|rus conprising, from5"' to
3, a5 ITR an encg]é dagggﬁgﬁgg % Mg n, iy n E2
region, an E3 region, an E4 glonhgn E%égé%Qag Q%Eéﬁnﬁgﬁ %%fd%

or part of the E1A region and the whol e of the portlon of the EI1B region
coding for the early gt ebpguafiee( bebcrrlizofl: BRY 19/ Noje 5lA 1 egion and

all or part of at one eglon sel ecte ron1E and E4 regions; or
(iii) a" o' P@L G&Eﬁ&&ﬁ EeAChREreR apdcATeenl etcelcadte encapsidati am
region. 2. n enoviral vector as clained in claiml, which is
derived fron1thg)gemﬁﬁanﬁkriana§©n0$ﬂbu&waodeh&t|on of all or part of the
E1A region and the whole of the portion of the ELB region coding for the
early proteins. 3. (i) ANSEQEURNCE’ EHARACTERISTICSai med in claim2, which
is derived, in addition, fromthe genone of an adenovirus by del etion of

all or part of the E3 regi ofa)4LENGTH:AR7atbesey prdlrsvector as clained in
claim2 or 3, which is deri\8d, T¥REaddiucledc frcdd t he genone of an

adenovi rusoby del etion of al(k)oSTBANDEDNESKHe Bingdgi on. 5. . An
adenoviral vector as cl ai medD) nTORELOFSY| ditmeax to 4, mhlch is derived, in
addition, fromthe genome of an adenovirus by deletlon of all or part of
the E4 region. 6. (1i)n MABREULEaFYPESt BNAadgeremtsd in claim 1, which is
derived fromthe genone of _an adenOV|rus %y deletion of all or part of the -
E1A region and al | ofipd)t HEPOLHETICAL

(iii) ANTISENSE: NO
15 {vi) ORIGINAL SOURCE: .
(A) ORGANISM: Synthetic oligonucleotide
(OTG6141)
(x4i) SEQUENCE DESCRIPTION: SEQ ID NO: 41:
GATCCTGTGT GTTGGTTTTT TGTGTGC 27
20 (2) INFORMATION FOR SEQ ID NO: 42:
(i) SEQUENCE. CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
25 ' (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTISENSE: YES
(vi) ORIGINAL SOURCE: '
30 (A) ORGANISM: Synthetic ocligonucleotide
(OTG6142)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 42;
GATCGCACAC AAAAAACCAA CACACAG 27

I
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E2 region. ‘7. : An adenovi r al V‘HIII‘III "HEI“!H'IH}“I n cl ai lm 1, which is
| y delet

derived fromthe genone of an adenow rus 1on of all or part of the

E1A region and all or part of the E4 regiop. 8. An LI tor
as clainmed in %‘Pa??r?%sgﬁzl - 68 - V\ﬁlgﬂ s derived, ?ﬂﬂ%?‘r‘?hﬂgsﬁr om
t he genone of ap adenovirus by deletion of all or part of the El B region.
9. An aderc¥ PRI vector as claimed in one of claims 6 to 8, which is
derived, in addition, Anonadémogtnahe wictor addrich r ds biedekétiven &bral |
or part of the_E3,regj 1 Al ir it ' WR.claim
6, 8 or 9, whit }ég%*égl&\}éd:gapra\‘b %gdi%tf?%?,l%y o%%aﬁgig%\toﬁ %%a%nrrggﬁg%gw rus
by del etion ofmemtapiopacelds mivay ipgderived from theyganpme aPfvadt or

as claimedsin 086,8fi £h8 ComptPsPrg ) FrokD. sWhigd i33 desi ved ey t ha

genone of an adenovirus by partial deletion of the E3 regjon of, said
genone, whil e RFAPBFARRECRNECHIPRY 0RP0E IR "E RS e diN i higItor- t AR

gpl 9kDa proteign Zegion, An afenesdicd, vestep4 fegibai emd ian 1 alTR11byin
whi ch t he port(’apg{l of the_E3 region coding for the gpl 9kDa protein is placed
under the cont$oteb#oBI 8fiénts suitable for the expression of said protein
in the host cell. 18i) AbladenpairtalofvdidteoElds wdghiorechnd bthe whodkai ns

1to 12, ich is derived 0 h f aﬁg_[@ i b ti of
all or paJr of the E1A reg%%n@ai%dsgg-%gr%ﬁg% of the e%%%%%a%?g%§eg?gn.
14. An adenoviral vect theasacllyi reateanslaPm 13, which is derived from

the genome of a hunmpy; pdengyhrys LyPe or Bhaeligl Hagieh tha RNt benpaktt he
encapsi dati on regi on extending: from nucl eotide 270_to nucFeot | de

)
346; (ii) from nucl eotide T§4alto&ﬁﬁ‘€lte8f‘iedé’e§7‘i§‘,n fel§959d EXeRFAuBPEoti de
287 to nucl eotide 358. 15. g4 redfioadenexiral vector as clained in one of

O 4 34 O L2 LOLED, T 8L BAEE o O S8 -SSP o 2 PoéznR S
of the encapsidation region.
2. An adenoviral vector as claimed in claim 1, which
is derived from the genome of an adenovirus by deletion
of all or part of the ElA region and the whole of the
20 portion of the E1B region coding for the early proteins.
3. An adenoviral vector as claimed in claim 2, which
is derived, in addition, from the genome of an adenovirus
by deletion of all or part of the E3 region.
4. " An adenoviral vector as claimed in claim 2 or 3,
25 which is derived, in addition, from the genome of an
adenovirus by deletion of all or part of the E2 region.
5. An adenoviral vector as claimed in one of claims
2 to 4, which is derived, in addition, from the genome of
an adenovirus by deletion of all or part of the E4
30 region.
6. An adenoviral vector as claimed in claim 1, which
is derived from the genome of an adenovirus by deletion
of all or part of the ElA region and all or part of the
E2 region.

- 35 7. An adenoviral vector as claimed in claim 1, which
is derived from the genome of an adenovirus by deletion
of all or part of the ElA regioﬁ and all or part of the
E4 region.

8. An adenoviral vector as claimed in claim 6 or 7,
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Vi ruses. s Sheet Has'BeewRphaeadi ral vector as clainmed in claim15, whichis
derived fr gifpf a hunan adenovirus type 5. 17. An adenoviral
vect or as amu ' m 16, which is derived fromthe genone of a human
adenovi r us y deletion of the portPBn-of ELB region extending -
69 - fromnucleotide 1634 to nucleotide 4047 at |east. 18, An
adenoviral vectichs i@ AeEtved: c R4 nrddibionr, TRRFCHRS F8PPTEd 9F ofift he
gen;)_me offat EL&@@nEB @dﬁ_ﬁﬁ&ibysdé§36i5¥x bf Aaltbeupartbyfdehet EDR péghbe.
portion o e regi gn extendin romnucl eotide 27871 nygl s

30748. 19. 9an adenfi PAPSOEEFAF XSCEPE ﬁ%dcuiﬁl%‘ﬁé (¢ %ﬁ%i 8¢ ?2%%918,
whi ch is deri veded romvitiiscly eioniemifved humarddddrion.r fsomy thesgeponel ofi on

of the porgtion of t i exLeodi g fJompycl sot ide 32800 di E3
nucl eot i deg _358"’2%. afge%&ﬂiﬁgx% g’ ene(f)wfga veéJtiSr ag cl ai %)ed in one of clains
1 to 19, whichregidrrived fromthe genone of an adenovirus by del etion of

clai med 11 ol a1 20, WoE o L amana. af. ab adenovir e by
in claim?20, ich is derjved fromthe genone an _adenovi_rus b

del etion of at?teHBichodEoemiyesundie ﬁﬂogn%%ﬁ%‘wi g '%?e genoRF 8efRBvi ?lal

vgctor_ as clbai a&lénwiﬁhai By2delekioh of dali wedphrtmotthdhge Brame:egficom

adenoviru y etion of _at | east . 40%of th ok _sal et 23,

An adenovf? al ggctor a%ncFgleﬂga’llrﬁlcVgﬁ%OEZ?gmglig%H?g er ?bgdgfk' rg%atl ﬁ%

genonme of an aslenovBru$ by dd.etlviclofimtdénipwed oboomf théegguavaeof agai d

virus. 24. égnggfgﬁ}é' F@Jaﬁ:\égﬁ:g.%rl Qﬁl@tﬁ'cﬂ‘?%f rl:l'g ag4N :gégiéﬁﬁi 68 k3ia

derived from the genone o novirus by deletion of the_whole of the
genone of sai doedemevi Wbdle mrinteising it RATHIRE 2L FrEd' EP TREIIRR al |
or part _of thecgggﬁgs'fgg.t itg_g bggiggma p2otein.An adenoviral vector as
cl ai med I{]5C| aill.én . 24, VmAl:.C gdle%ogr?.rrla\ill.e%efcrt%rg tahse eanignrreed O:{n acfg.:g&nlilgeg.%\/i rus
which the portion of the E3 region coding for the gpl9kDa
protein is placed under the control of elements suitable
' for the expression of said protein in the host cell.
13. An adenoviral vector as claimed in one of claims
20 1 to 12, which is derived from the genome of an
adenovirus by deletion of all or part of the ElA region
and a portion of the encapsidation region.
14. An adenoviral vector as claimed in claim 13,
which is derived from the genome of a human adenovirus
25 type 5 by deletion of the portion of the encapsidation

region extending: -

(i) from nucleotide 270 to nucleotide 346;
(ii) from nucleotide 184 to nucleotide 273; or
(iii) from nucleotide 287 to nucleotide 358.
30 15. An adenoviral vector as claimed in one of claims

1 to 14, which is derived from the genome of an

adenovirus selected from canine, avian and human adeno-

viruses. '

16. An adenoviral vector as claimed in claim 15,
35 which is derived from the genome of a human adenovirus

type 5. '

17. An adenoviral vector as claimed in claim 16,

which is derived from the genome of a human adenovirus

type 5 by deletion of the portion of E1B region extending

* c L ] s *



type 5 by deletion of the portion of the viral genome extehdjShget 1 Replaced

nucl eotides 459 to 35832. 26. An adenoviral vector as cl} f

claims 1 to 25, which conprises, in additign, an exogenous | ( _
h

sequence. 27. An adenoviral vector as®@laimed in claim26, whic
conprises, in addition, a ne I nteres | aged er he .control of
the elements fRERR CIFBFQSFt§854 P°78P0g§§Fé§ i3§2q2§F Eeaé&ﬁ adenovira
vector as claimed in erhhedeploviailnsréitandad7¢clafinell donpriasiss, Lbnor

addi tion, a ge Co%ggg Of 2 RLOLGL ‘3’@&5813 t%ﬁgs-gghe%«@t egghoy- ﬁﬂ%gwfa'

transcription;~Said b%?ng prace nder the control of the elenents
needed for theadepoeision fpsaibd piot @artirwladnsbycei¢lebbon of pAghe

adenovi ral gvect oL 25, CLal PR £§ £L858h28x608PALSEREm! HecgeBeiaRdRAGTHON
t he Saccharonytes cerevisiae Gal4 protein which trans-activates transcrip-

tion. 30. e mueheorids pA7EBcl e conprising an adenoviral vector as
claimed in one;§f clai g ddkAo¥IrallvectorPasukdrymbrcinosheceltl ctaimsi sing
an adenoviral vector as clajned.in one of, c Qr an gd novi rus

ai s to 29
particle as clhfmE@ it cl¥phrBoisgslerived, ‘lc’b‘?ff)l ERBNESPCET 196 cORTai ng
a conpl enent a- adépdvELaBE iypec Gy sdabetion paft ithel grortagoref obhef Ethe E1

region of_the genone of an adenovrus w X i o] s ol R
sai d cpnp} men‘rgﬁgf“Bﬂ e*f’é?r%rh‘?l%%i r#gr og'apig%%ge%F E‘(czlgrrp en%(?lt ﬁ-'rrgljg %HE? %3%; dlae
defective adend¥82@l vector and being integrated in the genone of said

conple- nentatpgn |inexgr isaseitedii $eedp QXPEEaSHEA YACHAE o23claimsA
conplenentation [ine as clained in claim32, conprising, in particular: (i)

al | or part oflthecE1Rregidichi tthe IRIHIMRL off TR adtifovEERCm NG i AP al |

or part of at L§8sbv9Pfs’ s?i Qr1etivd &YenoNresad erd®dof r et fenbihB, of2 and
E4 regi onlss 34 complenentation line as clainmed in claim 32,

said vffus.

21. An adenoviral wvector as claimed in claim 20,
which is derived from the genome of an adenovirus by
deletion of at least 22% of the genome of said virus.
22. An adenoviral vector as claimed in claim 21,

20 which is derived from the genome of an adenovirus by
deletion of at least 40% of the genome of said virus.
23. An adenoviral vector as claimed in claim 22,
which is derived from ‘the genome of an adenovirus by
deletion of at least 95% of the genome of said virus.

25 24, An adenoviral vector as claimed in claim 23,
which is derived from the genome of an adenovirus by
deletion of the whole of the genome of said adenovirus
with the exception of the 5’ and 3’ ITRs and all or part
of the encapsidation region.

30 25. An adenoviral vector as claimed in claim 24,
which is derived from the genome of a human adenovirus
type 5 by deletion of the '‘portion of the viral genome
extending from nucleotides 459 to 35832.

26. An adenoviral vector as claimed in one of claims

35 1 to 25, which comprises, in addition, an exogenous
nucleotide sequence.

27. An adenoviral vector és claimed in claim 26,
which comprises, in addition, a gene of interest placed

under the control of the elements needed for its

) 0 I




conprisi.ng, in particular: (i) all or part of the E1A reg| on of the genorre

of an adenovirus; and (ii) all or part of at | eaﬂlﬁhﬂﬂ%ﬂ%g

E4 regions of said genome. 35. A corrpl ement at [ ned [ n
claim 32, conprising, in particular: (|) regi on of
t he genone of an adenqvirus; and - || or part of the E1B, E2
and E4 regi onseEFPr§§|sd'°§’enorre 36. A corrpl ement ation line as clained in

one of cl SI nﬁ 33.t o 35ancoapensiiigali vexdrdyd cabargladmedr igareibtherheofE1A
region and t e, oIe the.E1B reqi. %Qq o] o) NOWI Ihks,

coding for the€ otaellu%sy? et % B%?entr%é% ?F%gﬁas\écl 5 med in
one of clains &adt:.ng?,ﬁprcarmwseng thplpa:rrtalncﬁrla@rtlvét[ﬁﬁ' PiogiT agengtel Gehome

of an adengviryg §,]e| netpgtg{x{ Ortaapfa"@@ne ayéfﬁgaﬁﬂaeeaaﬁnaeenwer ERftr o8-

A conpl enent ation aimed in claim 37, conprjsin articular, a
portion of the°§eﬁbﬁeeéﬁm&nﬁ§nﬁﬁe§&§n59ﬁEBet?ﬁer%ss%@? St s ‘{)Pr°teln
conpl ement ati o3l aN@ At Aaailned in claim 38, conprising, in particular, the

portion of the _genome of a human, adenovirus t ext endi,ng: m
nucl eot i de 1002 tgo nucl &t | ﬁ‘éegﬁ'g?ra?l |‘5e°tt9romgﬁuccf B aée] 160 ?éa%ﬂcliego’t i de
4034; or (iii) i:tx@iﬂ:.mie:lgeottlde 5§5nt=.-o mmlzugtldﬂo:ﬂOSuhemsacchaA'omyces

corrplemen tion line as cl lLa [ , _
parti cul aﬁ‘% t hESHEP 87 %o q-'reg'gl (k)')rﬂ:hqlo?1 t gﬁgeﬁ%%e%ft%asng:lfﬁaﬂr%crlp
adenovirus typé&ibnextend- i ng from nucl eoti de 32800 to nucl eoti de 35826.
41. A conmphgment at ixQn JddeoPerés %aeellwe CLahPr 88in§OHR iaddidbvirhl
particul ar, the portion of the genone of hunman adenow rus type 5

ext endi ng f r omveg&oxo il € 15dsne %cﬂ%t‘?%ézlﬁé‘% ££ 29 p

conpl enent ati oRjline ag hid®fbtit MesOf c6lni BﬁmﬁflhﬂnélanCWnam’lgﬂa
portion Of ElAvL% L&P gL claimed in one of claims 1 to 29 or an
adenovirus particle as claimed in claim 30.
32. A complementation line containing a complementa-'
tion element, comprising, in particular, a portion of the
El region of the genome of an adenovirus with the excep-
20 tion of the 5’ ITR; said complementation element being
capable of complementing in trans a defective adenoviral -
vector and béing integrated in the genome of said comple-
mentation line or inserted into an expression vector.
33. A complementation line as claimed in claim 32,
25 comprising, in particular:
(i) all or part of the ElA region of the genome of an
adenovirus; and
(ii) all or part of at least one region of said genome
selected from the E1B, E2 and E4 regions.
30 '34. A complementation line as claimed in claim 32,
comprising, in particular:
(i) all or part of the ElA region of the genome of an
adenovirus; and _
(ii) all or part of at least two of the E1B, E2 and E4
35 regions of said genome.
35. A complementation line as claimed in claim 32,
comprising, in particular: |
(i) all or part of the ElA region of the genome of an

* [ L M ] *
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t he. genom'fh 24 een us lacking its natural pronoter; said portion

bei ng pl ac \‘ﬁntrol of a suitable pronoter. 43. A
conplemant laimed in claim4 in which said portion of the
ElA region is pI aced under the control 0of prormt er which is induci bl e by
a protein which trans-activat ad ir Lrgnggri ti.0n gh
conpl enent at | o&’r% rglasq?l B dqugr‘%"f % E& %% srglgd' port?%nsof' t he
E1A region is pl acefenwer the control of a prom)ter whi ch is inducible by
a protein 2 - ch, t S 4t aNSGLI P C d a
adeno- viral ve%’t or \Q,gicléjln dén %%lfgnﬂ?z tm%nzgg bR QQ-P pj)eérreﬁtfatlon
line as clai meelaimel 33 ntd336c 440mpxisimdoh JS?alRilrd'e‘rqq]cﬂfF'ofa%-"h@ElkaFégl on
|s placed dindete t&?emrpé?fénaaﬂaoeme&h&mcafl@hémlﬁéglba bBethe

Sacchar onyces cerevisi ae rotein which trans- activates transcription.
46. A conpienne of G#A | RABRACIERE FEALRA SAE BRecPRFIY BEOLEAS -

corrplrl Si n? tl rg—ﬂddltlom cfbn&ﬁr%n&%ﬁtf’tﬂ)ﬁoﬂﬁesehechaﬁmmrlﬁﬁf ohé of A
conpl ementati o jneasca in claim4 ch, the sel ectabl e _gene
codes for pur d":bﬁ’r’ﬂs acet P a‘r'\%’f‘%’r'hg:éng%in pa},\g LT enB RS %‘%ﬁnl ?%e as
claimed in cl atie 4@eﬂ6mé7¢fl anwaideln oiviieuse | sedieaitiesl gormm i capleeedavidar t he

control a promter 1S. I ble by a protein which trans-activates
transc_rig'tlon ehcode ‘?‘ﬁe°ﬁiﬁgggu on of the genone of a wld-type
adenovirus, imd®arti cuhapomp&emenhété@m rginefag helpivadt d tlate B2/
region of sai dc J.nég in paétQQEHE%WEQt rQrioln! FE ah& | péidrle | r0RE Of
clains 32 to 48, derived froma cell _|ine ich is acceptable froma
phar maceut i calhPEpamRBPRPVisES tyPeaSconpl errent ation line as clained in
\(;\Ilgém 43 der :ygad fr Omacaﬁbh.ehleﬁtatﬁ.loﬁCtlﬁdié ragn theidedo inBHiaiAb498, MRC5,
and CHO | i nes. ntation _|line as d e_of
claims 3230 4%"“‘%}?17%% f?BnP&rﬁEﬁggg r’tbrl)lllg Feri A St UdEYGLAoR0%08

a human adenovirus type 5 extending:
(i) from nucleotide 100 to nucleotide 5297;

(ii) from nucleotide 100 to nucleoctide 4034; or

(iii) from nucleotide 505 to nucleotide 4034.

20 40. A complementation line as claimed in claim 38 or
39, comprising, in particular, the portion of the E4
region of the genome of a human adenovirus type 5 extend-
ing from nucleotide 32800 to nucleotide 35826.

41. A complementation line as claimed in claim 38,

25 comprising, in particular, the portion of the genome of
a human adenovirus type 5 extending from nucleotide 505
to nucleotide 35826.

42. A complementation line as claimed in omne of
claims 32 to 41, comprising a portion of ElA region of

30 the genome of an adenovirus lacking its natural promoter;
said portion being placed under the control of a suitable
promoter.

43. A complementation line as claimed in claim 42, in
which said portion of the E1lA region is placed under the

35 control of a promoter which is inducible by a protein
which trans-activates non-adenoviral transcription.

44 . A complementation line é.s claimed in claim 43, in
which said portion of the ElA region is placed under the

control of a promoter which is inducible by a protein
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cel IThl °°‘HaSB 3 d for preparing an adenovirus particle as clainmed in
cl ai mj: to which: (i) an adenoviral vector as clainmed in

one of 9 is-introduced into 2 conpl enentation |ine capable of
conpl errentl ng in trans sal d adenoviral for to obtain a transfected
conpl errentatlo I i.ne; t aiion._l

cul tured under” ‘fl?a n%on% ?%‘{ﬁgsf%?QRLSEB_?Q;_SR"?%SHE?%JG t?%néagnsal d

adenovirus partixdk;veator as gBaimedi Il)l clsamd2§deﬁo‘2l9r-us particle is
recovered in \t,é}e cel | ﬁ%{.ﬂéeeméﬁtanonhgﬁahgg eiaﬂnaar@ﬂ emasdnaw a2,

according to cth a co ntation |line as clainmed in one of clains 32 to
51 i s enpl oyedt4 54in Whl@i’e #ridnragehenyiafal thecEdp Segdfp ok BL2EPdims 1

to 29. an @deWAéy%m@réd&izﬁ‘opfoflaaPFo%@r Qpliahngd Budubepret Bodeak
claim52 or 53, a eukaryotlc host ¢e m 31 or, a co | enent ati on

of cl
line of any ortRTFERTORKEeS> FETSYIFGAS hg’ad'r%epéﬁﬁti%‘rf‘ ofw}%\ Fhar FREBEC cal
conposition fmcﬁhﬁtéeraﬁwételptmnophyl actic treatment of a patient wth

a need t hereof o@ppghgrenhn%ar&e&i caI i%%npom t'fa,_m&&”p'rﬂs 81% as

t herapeutic or46p‘r ophyl%cﬁ ana enow i“al *Vector "as clal med i n"one of
claims 1 to 2% laimad2notpr 45, paomplisiag.cliz metiitiet.aian @énercoiingned

enpl oyi ng, @ ”Ef@dﬁaéeféétgﬁgf'ﬂaﬁkékm 52 or 53, a eukaryotic cell as

clained in claim a co enentation line as clained in one of cl ai ns
32 to 51, in cbhbinatibreewe veatire hine s sladmast 4 elpignty. in
phar maceuti calysf @dRBleNtgelectable gene codes for puromycin acetyl-

transferase.
48. A complementation line as claimed in claim 46 or
15 47, in which the selectable gene is placed under the
control of a promoter which is inducible by a protein
which trans-activates transcription encoded by the E1A
region of the genome of a wild-type adenovirus, in
particular under the control of the promoter of the E2
20 region of said genome.
49. A complementation line as claimed in one of
claims 32 to 48, derived from a cell 1line which is
acceptable from a pharmaceutical standpoint.
50. A complementation line as claimed in claim 49,
25 derived from a cell line selected from the Vero, BHK,
A549, MRC5, W138 and CHO lines.
51. A complementation line as claimed in one of
claims 32 to 48, derived from a human embryo retinal
cell.
30 52. A method for preparing an adenovirus particle as
claimed in c¢laim 30, according to which:
(i) an adenoviral vector as claimed in one of claims
1 to 29 is introduced into a complementation line
capable of complementing in trans said adenoviral
35 vector to obtain a transfected complementation
line;
(ii) said transfected compleﬁentation line is cultured
under suitable conditions for permitting the

production of said adenovirus particle; and
J S —
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(iii) said adenovirus particle is recovered in the cell
culture.
53. A method as claimed in claim 52, according to

which a complementation line as claimed in one of claims
32 to 51 is employed.

54. A therapeutic or prophylactic use of an adeno-
viral vector as claimed in ome of claims 1 to 29, an
adenovirus particle as claimed in claim 30 or obtained
employing a method as claimed in claim 52 or 53, a
eukaryotic host cell as claimed in claim 31 or a comple-
mentation line as claimed in one of claims 32 to 51.

55. A pharmaceutical composition comprising as
therapeutic or prophylactic agent an adenoviral wvector as
claimed in one of claims 1 to 29, an adenovirus particle
as claimed in claim 30 or obtained employing a method as
claimed in claim 52 or 53, a eukaryotic cell as claimed
in claim 31 or a complementation line as claimed in one
of claims 32 to 51, in combination with a wvehicle which

is acceptable from a pharmaceutical standpoint.
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