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Description

[0001] This work was supported by NIDDK
(DK47757-06 & DK49136-05), NHLBI (HL49040-08) and
NICHD (HD32649-05) of the National Institutes of Health.
The US government may have certain rights in this in-
vention.

Field of the Invention

[0002] This invention relates generally to the field of
constructs and methods for producing viral vectors, and
more particularly, for the production of adenoviruses.

Background of the Invention

[0003] Recombinant adenoviruses have been de-
scribed as useful for delivery of transgenes to cells for a
variety of purposes, including both therapeutic and pro-
phylactic (vaccine) uses. However, successful commer-
cialization of E1-deleted adenoviruses will require suita-
ble manufacturing processes, which have yet to be de-
veloped. Infection of an E1 trans-complementing cell line
with the vector and purification of the resulting lysate is
a simple and scalable process that yields sufficient quan-
tities of product. Unfortunately, production of E1-deleted
adenovirus vectors for gene therapy has been plagued
by emergence of replication competent adenovirus
(RCA) caused by homologous recombination between
the vector and transfected E1 gene.

[0004] Several strategies have been described to
avoid RCA. However, to date none of these approaches
has resulted in an E1-complementing cell line which is
stable and produces high yields of E1-defective adeno-
viruses in the absence of detectable RCA.

[0005] J.-L. Imler et al., Gene Ther., 3:75-84 (1996)
describes an A549 cell stably transfected with E1a and
E1b open reading frames (ORFs) and contiguous plIX
gene. The E1a was driven by phosphoglycerate kinase
promoter and RCA was reportedly eliminated. However,
more recent publications describing this system reveal
that Imler was unable to detect E1b protein expression.
See, Introgene, WO 97/00326, published January 3,
1997.

[0006] This Introgene application described an alter-
native system to that of Imler, cited above. This applica-
tion describes cell lines derived from certain human dip-
loid cells with E1a and E1b expressed, but no pIX
(ECACC NO. 96022940). The cells were produced by
transfection of human embryonic retinoblast (HER) cells
with a vector containing nt 459 - 3510 of Ad, which cor-
responds to E1a, E1b, but excludes the E1a promoter,
aportionofthe E1b gene encoding the E1b 8.3 kb protein,
and any plX sequences.

[0007] Another system for avoiding RCA is described
in Massie, US 5,891,690. The patent describes an Ad
E1-complementing cell line having a stably integrated
complementation element comprising a portion of the Ad
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E1 region covering the E1a gene and the E1b gene, but
lacking the 5’ ITR, the packaging sequence, and the E1a
promoter. Further, the E1a gene is under control of a first
promoter element and the E1b gene is under control of
a second promoter. A specific cell line described and
claimed by Massie contains nt 532 - 3525 of Ad5, which
includes E1a, the E1b promoter, and a portion of the E1b
gene. This cell line does not contain the carboxy terminus
of the E1b gene, which encodes the 8.3 kb product, nor
does it contain plX gene sequences.

[0008] What is needed in the art is a stable E1-com-
plementing cell line, which expresses all adenoviral E1a
and E1b gene products, and which produces high yields
of E1-defective adenoviruses in the absence of detecta-
ble RCA.

Summary of the Invention

[0009] Advantageously, the present invention pro-
vides E1 expressing cell lines that are stable, can be
adapted to suspension culture in serum free medium,
and yields high quantity of vector. Significantly, the cell
lines allow isolation and subculture of E1-deleted recom-
binant adenoviruses in an environment free of replication
competent adenovirus (RCA). Further, the cell lines of
the invention effectively plaque vector to allow isolation
and subculture of new recombinants in an environment
free of RCA.

[0010] Thus, in one aspect, the invention provides an
E1-complementing cell line useful for the production of
recombinant E1-defective adenoviruses in the absence
of detectable replication-competent adenovirus. The E1-
complementing cell line comprises an aneuploid cell line
stably transformed with a nucleic acid molecule compris-
ing nucleic acid sequences encoding adenovirus E1a
open reading frame (ORF) and adenovirus E1b under
the control of a phosphoglycerate kinase (PGK) promot-
er. The nucleic acid sequences further comprise a dele-
tion of all adenovirus sequences 5’ to the sequences en-
coding adenovirus E1a ORF. The aneuploid cell line is
an Hela cell line.

[0011] In another aspect, the invention provides a
method for the packaging of E1-defective adenoviral par-
ticles in the absence ofreplication competentadenovirus.
The method is defined in claim 7 hereinafter. It involves
introducing a recombinant vector into cells from the E1-
complementing cell line of the invention, where the vector
contains adefectin the adenovirus E1 region, adenovirus
5’and 3’ cis-elements necessary for replication and pack-
aging, adenovirus plX, and regulatory sequences nec-
essary for expression of the adenoviral genes and where
appropriate a transgene.

[0012] In another aspect, the invention provides a
method of amplifying E1-defective adenoviral particles
in the absence of detectable replication competent ade-
novirus. The method is defined in claim 15 hereinafter.
Itinvolves infecting cells from the E1-complementing cell
line of the invention with an E1-defective adenovirus and
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culturing under conditions which permit the cell to ex-
press the E1a and E1b proteins.

[0013] Other aspects and advantages of the invention
will be readily apparent from the following detailed de-
scription of the invention.

Brief Description of the Drawings
[0014]

Fig. 1 is a schematic representation of the structures
of the E1-deleted recombinant adenoviral vector,
Ad5 DNA sequence in 293 cells and PGK Ad5E1
fragment in the new E1 cell line.

Fig. 2A is a graph of the growth kinetics of an E1-
deleted recombinantadenovirus, H5.CBLacZ,in 293
and new E1 cell lines. See Example 2C for details
of the study. The yield of H5.CBLacZ virus in each
cell line is shown on the y axis in a log scale. The
time points are shown on the x axis.

Fig. 2B is a bar chart showing the relative plaquing
efficiency (RPE) for H5.CBLacZ virus on new E1 cell
lines which were compared with 293 cells. See Ex-
ample 2D for details of the study. RPEs were com-
puted as the percentage of the titer of H5.CBLacZ
virus. Solid bars, the mean RPE of each cell line from
three different experiments; error bars represent
standard deviations.

Detailed Description of the Invention

[0015] The presentinvention provides a method of pro-
ducing E1-deleted adenoviruses in the absence of de-
tectable replication-competent adenovirus (RCA), as
well as cell lines and vectors useful in this method. The
resulting E1-deleted adenoviruses are particularly well
suited for use in delivering genes to a mammal, because
these adenoviruses are substantially free of contaminat-
ing RCA.

[0016] Inonedesirable embodiment, the invention pro-
vides HelLa based cell lines that stably expresses the E1
locus from a promoter derived from the phosphoglycerate
kinase (PGK) gene. These cell lines have no adenoviral
sequences 5’ to the E1 open reading frame (ORF) and
reduced (or no) homology 3’ to E1. These cell line sup-
ports plaquing and amplification of E1-deleted vectors at
levels equal to or better than 293 cells without the emer-
gence of RCA.

[0017] One example of such a cell line is the GH329
cell line, which has been deposited with the American
Type Culture Collection (ATCC), 10801 University Boul-
evard, Manassas, VA 20110-2209, USA on September
29, 1999, and has been assigned accession number
PTA-803. This deposit has been made pursuant to the
provisions of the Budapest Treaty and in conformity with
the requirements of 37 CFR §§1.801 et seq. The GH329
cells been found to complement (and allow the replication
of) E1-deleted viral vectors in the absence of detectable
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replication competent adenoviruses (RCA) over at least
20 passages. Currently, GH329 is believed to express a
single copy of each the E1a and E1b proteins. However,
yields obtained using the GH329 cell line are at least
equivalent to those obtained in 293 cells, in which RCA
is observed following 5 to 10 passages.

[0018] Another suitable cell line is the GH364 cell line,
which expresses between 5 to 10 copies of the E1a and
E1b proteins. Yet another cell line of the invention is the
GH354 cell line. The GH354 cells have been found to
complement (and allow replication of) E1-deleted viral
vectors in the absence of detectable RCA over at least
20 passages. Further, as with the GH329 cell line, yields
obtained using the GH354 cell line are atleast equivalent
to those obtained in 293 cells.

[0019] The cell lines of the invention are particularly
well suited for production of E1-deleted adenovirus for
preclinical and clinical use, as they are readily adapted
to growth in serum free media. The cell lines of the in-
vention, e.g., GH329, may be adapted to growth in se-
rum-free media using techniques well known those of
skillin the art. These serum-free-media adapted cell lines
are encompassed by the present invention.

[0020] Optionally, other useful cell lines may be de-
rived from a cell line of the invention. For example, the
GH329 (or GH354 or GH364) cell line may be modified
to stably express another desired protein(s) using the
techniques described herein, as well as techniques
known in the art. In one desirable embodiment, a deriv-
ative of the GH329 cell line may be produced by stably
transforming GH329 cells such that they contain one or
more sequences expressing adenoviral proteins (or func-
tional fragments thereof) required for replication of the
E1-deleted virus. In addition to the adenoviral E1a and
E1b functions provided by the cell line, the required ad-
enoviral functions include E2a and E4 ORF6. Thus, in
one embodiment, a GH329 derivative cell line may be
produced which expresses the required functions of the
E2region or E4 region, or combinations thereof. Suitably,
the nucleic acid molecule(s) used to produce the GH329
derivative cell line contains no adenoviral sequences 5’
to the E1 coding region and only the minimal adenoviral
sequences required to express the desired functional
proteins in the host cell. Given this information, one of
skill in the art may readily engineer other GH329 deriv-
ative cell lines.

I. E1-Complementing Cell Line

A. Target Cells

[0021] The vector used to transform HelLa cells and
produce the GH329 cell line of the invention may be used
to develop other E1-trans-complementing cell lines.
Such other cell lines are derived from HelLa cells, an ane-
uploid epithelial-like cell derived from cervical carcinoma
[ATCC CCL2]. The selection of the mammalian species
providing the cells is not a limitation of this invention.
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B. Transforming DNA Molecule

[0022] Suitably, the target cells are transformed with a
DNA molecule carrying, at a minimum, DNA sequences
encoding adenovirus E1a and E1b under the control of
a PGK promoter. This molecule lacks adenoviral se-
quences 5 of the E1 region, preferably excluding the
native E1a promoter and contains minimal sequences 3’
to the E1 region (i.e., optionally contains partial pIX se-
quences).

[0023] The DNA sequences encoding the adenovirus
E1a and E1b genes useful in this invention may be se-
lected from among any known adenovirus type, including
the presently identified 41 human types. Similarly, ade-
noviruses known to infect other animals may supply the
gene sequences. The selection of the adenovirus type
for each E1a and E1b gene sequence does not limit this
invention. The sequences for a number of adenovirus
serotypes, including that of serotype Ad5, are available
from Genbank. A variety of adenovirus strains are avail-
able from the ATCC, or are available by request from a
variety of commercial and institutional sources. In the
following exemplary embodiment the E1a and E1b gene
sequences are those from adenovirus serotype 5 (Ad5).
[0024] By "adenoviral DNA which expresses the E1a
gene product”, itis meant any adenovirus gene encoding
E1a or any functional E1a portion. Similarly included are
any alleles or other modifications of the E1a gene or func-
tional portion. Such modifications may be deliberately
introduced by resort to conventional genetic engineering
or mutagenic techniques to enhance the E1a expression
orfunctionin some manner, as well as naturally occurring
allelic variants thereof.

[0025] By "adenoviral DNA which expresses the E1b
gene product”, itis meant any adenovirus gene encoding
E1b or any functional E1b portion. Similarly included are
any alleles or other modifications of the E1b gene or func-
tional portion. Such modifications may be deliberately
introduced by resort to conventional genetic engineering
or mutagenic techniques to enhance the E1b expression
orfunctionin some manner, as well as naturally occurring
allelic variants thereof.

[0026] The nucleic acid molecule carrying the Ad E1a
and Ad E1b may be in any form which transfers these
components to the host cell. Most suitably, these se-
quences are contained within a vector. A "vector" in-
cludes, without limitation, any genetic element, such as
a plasmid, phage, transposon, cosmid, chromosome, vi-
rus, virion, etc.. In one particularly suitable embodiment,
the nucleic acid molecule is a plasmid carrying Ad E1a,
Ad E1b, partial pIX sequences, and the PGK promoter.
[0027] The nucleic acid molecule may contain other
non-viral sequences, such as those encoding certain se-
lectable reporters or marker genes, e.g., sequences en-
coding hygromycin or purimycin, or the neomycin resist-
ance gene for G418 selection, among others. The mol-
ecule may further contain other components.

[0028] Conventional techniques may be utilized for
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construction of the nucleic acid molecules of the inven-
tion. See, generally, Sambrook et al, Molecular Cloning:
A Laboratory Manual, Cold Spring Harbor Laboratories,
Cold Spring Harbor, New York.

[0029] Once the desired nucleic acid molecule is en-
gineered, it may be transferred to the target cell by any
suitable method. Such methods include, for example,
transfection, electroporation, liposome delivery, mem-
brane fusion techniques, high velocity DNA-coated pel-
lets, viralinfection and protoplast fusion. Thereafter, cells
are cultured according to standard methods and, option-
ally, seeded in media containing an antibiotic to select
for cells containing the cells expressing the resistance
gene. After a period of selection, the resistant colonies
are isolated, expanded, and screened for E1 expression.
See, Sambrook et al, cited above.

Il. Use of E1-Complementing Cells in Production E1-
Deleted Adenovirus

[0030] The E1-complementing cells of the invention
are useful for a variety of purposes. Most suitably, the
cells (e.g., GH329) are used in packaging recombinant
virus (i.e., viral particles) from E1-defective vectors and
in high yield production of E1-defective adenoviruses in
the absence of detectable RCA.

[0031] The cells of the invention which express Ad5
E1a and E1b are suitable for use in packaging recom-
binant virus from E1-defective vectors (e.g., plasmids)
containing sequences of Ad5 and Ad2. Further, these
cells are anticipated to be useful in producing recom-
binant virus from other Ad serotypes, which are known
to those of skill in the art.

A. Packaging of E1-Defective Vectors

[0032] In a preferred embodiment, this method of the
invention involves packaging of an E1-deleted vector
which contains atransgene into an E1-deleted adenoviral
particle useful for delivery of the transgene to a host cell.
In a preferred embodiment, the E1-deleted vector con-
tains all adenoviral genes necessary to produce and
package an infectious adenoviral particle which repli-
cates only in the presence of complementing E1 proteins,
e.g., such as are supplied by cell line of the invention.
The vector contains defects in both the E1a and E1b
sequences, and most desirably, is deleted of all or most
of the sequences encoding these proteins.

[0033] Ataminimum,the E1-deleted vector to be pack-
aged contains adenoviral 5’ and 3’ cis-elements neces-
sary for replication and packaging, a transgene, and a
plX gene or a functional fragment thereof. The vector
further contains regulatory sequences which permit ex-
pression of the encoded transgene product in a host cell,
which regulatory sequences are operably linked to the
transgene. As used herein, "operably linked" sequences
include both expression control sequences that are con-
tiguous with the gene of interest and expression control
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sequences that act in trans or at a distance to control the
gene of interest. Also included in the vector are regulatory
sequences operably linked to other gene products, e.g.,
the plX gene, carried by the vector.

1. Adenoviral Elements

[0034] The E1-defective vector to be packaged in-
cludes, at a minimum, adenovirus cis-acting 5 and 3’
inverted terminal repeat (ITR) sequences of an adenovi-
rus (which function as origins of replication) and the na-
tive 5’ packaging/enhancer domain. These are 5’ and 3’
cis-elements necessary for packaging linear Ad genom-
es and further contain the enhancer elements for the E1
promoter.

[0035] The E1-deleted vector to be packaged into a
viral particle is further engineered so that it expresses
the pIX gene product. Most suitably, the pIX gene is in-
tact, containing the native promoter and encoding the full
length protein. However, were desired, the native pIX
promoter may be substituted by another desired promot-
er. Alternatively, sequences encoding a functional frag-
ment of pIX may be selected for use in the vector. In yet
another alternative, the native sequences encoding pIX
or a functional fragment thereof may be modified to en-
hance expression. For example, the native sequences
may be modified, e.g., by site-directed mutagenesis or
another suitable technique, to insert preference codons
to enhance expression in a selected host cell. Optionally,
the pIX may be supplied to the E1-complementing cell
line on a separate molecule.

[0036] An exemplary vector containing only the mini-
mal adenoviral sequences is termed the AdAE1-E4 vec-
tor, and lacks all functional adenoviral genes including
E1, E2, E3, E4, intermediate gene IXa and late genes
L1,L2, L2, L4 and L5) with the exception of intermediate
gene IX which is present. However, in a preferred em-
bodiment, the E1-deleted vector contains, in addition to
the minimal adenoviral sequences described above,
functional adenoviral E2 and E4 regions. In another suit-
able embodiment, the adenoviral sequences in the E1-
deleted vector include the 5’ and 3’ cis-elements, func-
tional E2 and E4 regions, intermediate genes IX and 1Xa,
and late genes L1 through L5. However, the E1-deleted
vector may be readily engineered by one of skill in the
art, taking into consideration the minimum sequences
required, and is not limited to these exemplary embodi-
ments.

[0037] The vector is constructed such that the trans-
gene and the sequences encoding plX are located down-
stream of the 5’ ITRs and upstream of the 3’ ITRs. The
transgene is a nucleic acid sequence, heterologous to
the adenovirus sequence, which encodes a polypeptide,
protein, or other product, of interest. The transgene is
operatively linked to regulatory components in a manner
which permits transgene transcription.
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2. Transgene

[0038] The composition ofthe transgene sequence will
depend upon the use to which the resulting virus will be
put. For example, one type of transgene sequence in-
cludes a reporter sequence, which upon expression pro-
duces a detectable signal. Such reporter sequences in-
clude without limitation, DNA sequences encoding -
lactamase, p-galactosidase (LacZ), alkaline phos-
phatase, thymidine kinase, green fluorescent protein
(GFP), chloramphenicol acetyltransferase (CAT), luci-
ferase, membrane bound proteins including, for exam-
ple, CD2,CD4, CD8, the influenza hemagglutinin protein,
and others well known in the art to which high affinity
antibodies directed thereto exist or can be produced by
conventional means, and fusion proteins comprising a
membrane bound protein appropriately fused to an anti-
gen tag domain from, among others, hemagglutinin or
Myc.

[0039] However, desirably, the transgene is a non-
marker sequence encoding a product which is useful in
biology and medicine, such as proteins, peptides, anti-
sense nucleic acids (e.g., RNAs), enzymes, or catalytic
RNAs. The transgene may be used to correct or amelio-
rate gene deficiencies, which may include deficiencies
in which normal genes are expressed at less than normal
levels or deficiencies in which the functional gene product
is not expressed. One desirable type of transgene se-
quence encodes a therapeutic protein or polypeptide
which is expressed in a host cell. The invention further
includes using multiple transgenes, e.g., to correct or
ameliorate a gene defect caused by a multi-subunit pro-
tein. In certain situations, a different transgene may be
used to encode each subunit of a protein, or to encode
different peptides or proteins. This is desirable when the
size of the DNA encoding the protein subunit is large,
e.g., for an immunoglobulin, the platelet-derived growth
factor, or a dystrophin protein. In order for the cell to pro-
duce the multi-subunit protein, a cell is infected with the
recombinant virus containing each of the different subu-
nits. Alternatively, different subunits of a protein may be
encoded by the same transgene. In this case, a single
transgene includes the DNA encoding each of the sub-
units, with the DNA for each subunit separated by an
internal ribozyme entry site (IRES). This is desirable
when the size of the DNA encoding each of the subunits
is small, e.g., total of the DNA encoding the subunits and
the IRES is less than five kilobases. Other useful gene
products include molecules which induce an immune re-
sponse, non-naturally occurring polypeptides, such as
chimeric or hybrid polypeptides having a non-naturally
occurring amino acid sequence containing insertions, de-
letions or amino acid substitutions. For example, single-
chain engineered immunoglobulins could be useful in
certain immunocompromised patients. Other types of
non-naturally occurring gene sequences include anti-
sense molecules and catalytic nucleic acids, such as ri-
bozymes, which could be used to reduce overexpression
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of agene. However, the selected transgene may encode
any product desirable for delivery to a host or desirable
for study. The selection of the transgene sequence is not
a limitation of this invention.

3. Regulatory Sequences

[0040] In addition to the major elements identified
above for the vector, (e.g, the adenovirus sequences and
the transgene), the vector also includes conventional
control elements necessary to drive expression of the
transgene in a host cell containing with the transgene.
Thus the vector contains a selected promoter which is
linked to the transgene and located, with the transgene,
between the viral sequences of the vector. Suitable pro-
moters may be readily selected from among constitutive
and inducible promoters. Selection of these and other
common vector elements are conventional and many
such sequences are available [see, e.g., Sambrook et
al, and references cited therein].

[0041] Examples of constitutive promoters include,
without limitation, the retroviral Rous sarcoma virus
(RSV) LTR promoter (optionally with the RSV enhancer),
the cytomegalovirus (CMV) promoter (optionally with the
CMV enhancer)[see, e.g., Boshartetal, Cell, 41:521-530
(1985)], the SV40 promoter, the dihydrofolate reductase
promoter, the p-actin promoter, the phosphoglycerol ki-
nase (PGK) promoter, and the EF1a promoter [Invitro-
gen]. Inducible promoters are regulated by exogenously
supplied compounds, including, the zinc-inducible sheep
metallothionine (MT) promoter, the dexamethasone
(Dex)-inducible mouse mammary tumor virus (MMTV)
promoter, the T7 polymerase promoter system [WO
98/10088]; the ecdysone insect promoter [No et al, Proc.
Natl. Acad. Sci. USA, 93:3346-3351 (1996)], the tetracy-
cline-repressible system [Gossen et al, Proc. Natl. Acad
Sci. USA, 89:5547-5551 (1992)], the tetracycline-induc-
ible system [Gossen et al, Science, 268:1766-1769
(1995), see also Harvey et al, Curr. Opin. Chem. Biol.,
2:512-518 (1998)], the RU486-inducible system [Wang
et al, Nat. Biotech., 15:239-243 (1997) and Wang et al,
Gene Ther., 4:432-441 (1997)] and the rapamycin-induc-
ible system [Magari et al, J. Clin. Invest., 100:2865-2872
(1997)].

4. Other Vector Elements

[0042] The vector carrying the Ad ITRs flanking the
transgene and regulatory sequences (e.g., promoters,
polyA sequences, etc.) may be in any form which trans-
fers these components to the host cell. Preferably, the
vector is in the form of a plasmid. Preferably to avoid
homologous recombination, the plasmid does not con-
tain any adenovirus sequences in the E1 region or the
region 5’ to the E1 region. It may contain non-viral se-
quences, such as those encoding certain selectable re-
porters or marker genes, e.g., sequences encoding hy-
gromycin or purimycin, among others. Other components
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of the plasmid may include an origin of replication and
an amplicon, such as the amplicon system, employing
the Epstein Barr virus nuclear antigen, for example, the
vector components in pCEP4 (Invitrogen). See, also, J.
Horvath et al, Virology, 184:141-148 (1991). This ampli-
con system or similar amplicon components permit high
copy episomal replication in the cells.

[0043] Otherheterologous nucleic acid sequences op-
tionally present in this vector include sequences provid-
ing signals required for efficient polyadenylation of the
RNA transcript, and introns with functional splice donor
and acceptor sites. A common poly-A sequence which
is employed in the vectors useful in this invention is that
derived from the papovavirus SV-40. The poly-A se-
quence generally is inserted following the transgene se-
quences and before the 3’ ITR sequence. A vector useful
in the present invention may also contain an intron, de-
sirably located between the promoter/enhancer se-
quence and the transgene. One possible intron sequence
is also derived from SV-40, and is referred to as the SV-
40 T intron sequence. Selection of these and other com-
mon vector elements are conventional and many such
sequences are available [see, e.g., Sambrook et al, and
references cited therein at, for example, pages 3.18-3.26
and 16.17-1627].

5. Co-Transjection of Adenoviral Sequences

[0044] Preferably, the E1-deleted vector contains all
functional adenoviral sequences required for packaging
and replication in the presence of the E1-complementing
cell line of the invention. In addition to the E1a and E1b
functions supplied by the trans-complementing cell line,
functional adenoviral E2a and E4 ORF 6 region are re-
quired. However, where the required functions are lack-
ing from the E1-deleted vector (i.e., the E1-deleted vector
further contains functional deletions in E2a and/or E4
OREFB6), these functions may be supplied by other sourc-
es. In one embodiment, these functions may be supplied
by co-transfection of the E1-complementing cell line with
one or more nucleic acid molecules capable of directing
expression of the required adenoviral function. Alterna-
tively, a modified GH329 cell line of the invention which
has been transformed to supply the required adenoviral
functions may be utilized.

[0045] Forexample, a vector deleted of E1 and having
a defective E2 region may be complemented in GH329
cells of the invention by transfecting the cells with a nu-
cleic acid molecule (e.g., a plasmid) expressing required
E2 functions (e.g., E2a). As another example, a vector
lacking E1 through E4 functions may be complemented
in GH329 cells by transfecting the cells with a nucleic
acid molecule expressing functional E2, E3 and E4 (e.g.,
E4 ORF6). Where a nucleic acid molecule is co-trans-
fected into the cells of the invention, such a nucleic acid
molecule contains no adenoviral E1 sequences; nordoes
itcontain any sequences 5’ tothe E1 region. Construction
of these nucleic acid molecules is within the skill of those
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in the art.

[0046] Suitably, a selected recombinant vector, as de-
scribed above, is introduced into E1-complementing cells
from a cell line of the invention using conventional tech-
niques, such as the transfection techniques known in the
art [see, K. Kozarsky et al, Som. Cell and Molec. Genet.,
19(5):449-458 (1993)]. Thereafter, recombinant E1-de-
leted adenoviruses are isolated and purified following
transfection. Purification methods are well known to
those of skill in the art and may be readily selected. For
example, the viruses may be subjected to plaque purifi-
cation and the lysates subjected to cesium chloride cen-
trifugation to obtain purified virus.

B. Amplification of E1-Deleted Adenoviruses

[0047] The E1-trans-complementing cell line of the in-
vention (or a derivative thereof) may be used to amplify
an E1-defective adenovirus. Suitably, the E1-defective
adenovirus will have been isolated and purified from cel-
lular debris and other viral materials prior to use in this
method. This is particularly desirable where the E1-de-
fective adenovirus to be amplified is produced by meth-
ods other than those of the present invention. Suitable
purification methods, e.g., plaque purification, are well
known to those of skill in the art.

[0048] A culture, or preferably, a suspension of cells
from an E1-trans-complementing cell line of the inven-
tion, e.g., GH329, are infected with the E1-defective ad-
enovirus using conventional methods. A suitable multi-
plicity of infection (MOI) may be readily selected. How-
ever,an MOl in the range of about 0.1 to about 100, about
0.5 to about 20, and/or about 1 to about 5, is desirable.
The cells are then cultured under conditions which permit
cell growth and replication of the E1-defective adenovirus
in the presence of the E1 expressed by the cell line of
the invention. Suitably, the viruses are subjected to con-
tinuous passages for up to 5, 10, or 20 passages. How-
ever, where desired, the viruses may be subjected to
fewer, or more passages.

[0049] The cells are subjected to two to three rounds
of freeze-thawing, the resulting lysate is then subjected
to centrifugation for collection, and the supernatantis col-
lected. Conventional purification techniques such as
chloride gradient centrifugation or column chromatogra-
phy are used to concentrate the rAd-AE1 from the cellular
proteins in the lysate. Advantageously, however, the
method of the invention through use of the cell lines of
the invention avoid the problems of contaminating RCA
which plague conventional production techniques.

lll. E1-Deleted Ad produced by method of invention

[0050] The E1-deleted adenoviruses produced ac-
cording to the present invention are suitable for a variety
of uses and are particularly suitable for in vivo uses, as
the present invention permits these adenoviruses to be
produced in serum-free media, and in the absence of
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detectable RCA. Thus, the E1-deleted adenoviruses pro-
duced according to the invention are substantially free
of contamination with RCA.

[0051] In one embodiment, E1-deleted viruses have
been deemed suitable for applications in which transient
transgene expression is therapeutic (e.g., p53 gene
transfer in cancer and VEGF gene transfer in heart dis-
eases). However, the E1-deleted adenoviruses are not
limited to use where transient transgene expression is
desired. The E1-deleted adenoviruses are useful for a
variety of situations in which delivery and expression of
a selected transgene is desired.

[0052] Suitable doses of E1-deleted adenoviruses
may be readily determined by one of skill in the art, de-
pending upon the condition being treated, the health, age
and weight of the veterinary or human patient, and other
related factors. However, generally, a suitable dose may
be in the range of 1010 to 1018, and preferably about 1014
to 1016 viral particles per dose, for an adult human having
weight of about 80 kg. This dose may be suspended in
about 0.01 mL to about 1 mL of a physiologically com-
patible carrier and delivered by any suitable means. The
dose may be repeated, as needed or desired, daily,
weekly, monthly, or at other selected intervals.

[0053] The following examples are provided to illus-
trate the production of the exemplary cell lines of the in-
vention and their use in producing E1-deleted adenovirus
which are free of detectable RCA over 20 passages.
These examples do not limit the scope of the invention.
One skilled in the art will appreciate that although specific
reagents and conditions are outlined in the following ex-
amples, modifications can be made which are encom-
passed by the scope of the invention.

Example 1 - Production of E1-complementing Cell Lines

[0054] As described in this example, Vero, A549 and
HelLa cells were stably transfected with plasmid con-
structs carrying a 3.4 kb DNA fragment of Ad 5 genome
spanning 511 to 3924 bp (E1a and E1b open reading
frames and part of the plX gene). Fig. 1 is provides a
schematic representation ofthe relevant constructs. In
these constructs, the E1a native promoter was replaced
with either sequences from the cytomegalovirus early
gene (CMV) or human phosphoglycerate kinase gene
(PGK). There is no overlap with the 5’ region of the E1-
deleted vector (0-360 bp) described below and reduced
overlap at the 3’ region (vector begins at 3312 bp while
the adenovirus sequence in 293 extends to 4300 bp).

A. Construction of PGKE1 plasmids

[0055] Ad5 E1 region (m.u.1.42-10.9) was cloned into
pBluescript SK(-) vector. The 3.4 kb E1 fragment was
further subcloned into a plasmid which allowed expres-
sion from promoters derived from the phosphoglycerate
kinase gene [PGK] [Adra et al., Gene, 60:65-74 (1987)]
or the immediate early gene of cytomegalovirus [CMV]
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[Thomsen et al., Proc. Natl. Acad. Sci. USA, 81:659-663
(1984)]. Both contained the neomycin resistance gene
for G418 selection.

B. Transfections and selection of G418-resistarrt clone

[0056] Hela, A549 and Vero cells were obtained from
ATCC and maintained as monolayers in Dulbecco mod-
ified Eagle’s minimal essential medium (DMEM) supple-
mented with 10% fetal bovine serum. Plasmids were
transfected by calcium phosphate precipitation onto the
cells seeded in 100 mm plates, using 10 ug of plasmid
DNA for each plate. Twenty-four hours post-transfection;
cells were trypsinized and seeded in G418-containing
media at various dilutions ranging from 1:5 to 1:40. After
2 weeks of selection, G418-resistant colonies were iso-
lated, expanded and screened for E1 expression.
[0057] Only one stable clone formed from A549 trans-
fectants, while over 70 clones from HelLa and 50 clones
from Vero cell transfectants were isolated (data not
shown).

C. Screening procedure for new E1 lines

[0058] Stable G418-resistant clones were first
screened with a blue comet formation assay in which
1x108 cells in 6 well plates were infected with 200 LacZ
Forming Units (LFU) of H5 CBLacZ [an E1-deleted ade-
novirus expression LacZ from a B-actin promoter] [Gao
et al., J. Virol., 70:8934-8943 (1996)]. Six days post-in-
fection cells were histochemically stained with 5-Bromo-
4-chloro-3-indolyl-B-D-galactopyranoside (X-gal) and
comets of blue cells in each well were scored. Subse-
quently, the strongly positive clones were seeded into 4
well glass chamber slides for 24 hours. Expression level
of E1a and E1b proteins in the cells was assessed by
immunofluorescent staining, using mouse monoclonal
antibodies (Oncogene Science).

[0059] G418 resistant clones were expanded and ini-
tially screened for their ability to support propagation of
an E1-deleted adenovirus vector harboring the LacZ
transgene; the only clones capable of sustaining E1-de-
leted adenovirus replication were Hela derived.

Example 2 - Characterization of new E1 complementing
cell lines.

A. Genetic constitution

[0060] Total genomic DNAs were isolated from each
E1 complementing clone, digested with appropriate re-
striction endonucleases to release an internal E1-con-
taining plasmid fragment, and evaluated by DNA hybrid-
ization after electrophoresis. More particularly, DNAs
were fractionated on 1% agarose gels, transferred to ny-
lon filters and hybridized with a 1.1 kb E1 Hind Ill/Sma |
fragment.

[0061] All cell lines tested have at least one copy of
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the E1 gene integrated into the HeLa genome. One PGK-
E1 clone (GH364) and one CMV-E1 cell line (GH414)
harbor 5-10 copies of the E1 gene.

B. Production of E1 proteins

[0062] Cell pellets of each clone were harvested from
60 mm plates and resuspended in 200 ul of lysis buffer
(20 mM Tris-Cl, pH 8.0, 140 mM NaCl, 1% NP-40 v/v, 1
mM PMSF, 1 ug/ml each leupeptin, antipain, chymosta-
tin, soybean trypsin inhibitor). Lysates were incubated
on ice for one hour and spun in a microcentrifuge at
14,000 rpm for 30 minutes at 4° C. Supernatants were
collected and total protein concentrations determined by
Lowry’s method. Samples (50 ng) were fractionated on
10% SDS-PAGE gels and electrotransferred to nitrocel-
lulose membranes. E1a and E1b proteins were detected
using the enhanced chemiluminescence (ECL) system
(Amersham Life Science, Arlington Heights, IL) with a
mouse polyclonal antibody (PharmMingen, San Diego,
CA) and rat monoclonal antibodies (Oncogene Science)
respectively. Total cellular proteins from 293 cells were
used as controls.

[0063] Westernblot analysis revealed variable E1 pro-
tein expression profiles among different clones, in terms
oftotal expression and the ratios of E1aand E1b proteins.
The anti-Ad5 antibody identified the E1a protein as a dou-
blet at approximately 35 - 46 kDa.

C. Growth kinetics of an E1-deleted recombinant virus
H5.CBLacZ on the novel E1 complementing cell lines

[0064] Hela, 293 and the cells of new E1 cell lines
were infected with H5.CBLacZ at multiplicity of infection
(MOI) equal to 0.5. Infected cells were harvested at 24,
48, 72,96 and 120 hours post-infection. Cells were lysed
in the infection medium by 3 rounds of freeze/thaw and
the titer of virus was determined by serial dilution infec-
tions on 293 cells followed by histochemical staining with
X-gal. Cells were histochemically stained with X-gal after
20 hours, and blue cells were counted. Titers are ex-
pressed as LacZ forming units (LFU/ml) where one LFU
is defined as the quantity of virus sufficient to cause vis-
ually detectable LacZ expression in one cell at 24 hour
post-infection.

[0065] The yield of H5 CBLacZ virus in each cell line
is shown on Fig. 2A, where the y axis is a log scale and
the time points are shown on the x axis. Two cell lines,
GH329 and GH354, were equivalent if not better than
293 cells in terms of production (Fig. 2A) of E1-deleted
virus.

D. Relative plaquing efficiencies (RPEs) for H5.CBLacZ
virus on new E1 cell lines

[0066] The new E1 cell lines were compared with 293
cells in their abilities to support plaque formation of
H5.CBLacZ virus. Cells were infected with H5.CBLacZ
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with a range of serial dilutions and overlaid with top agar
after 20 hours. Plaques were detected by staining with
neutral red on day 10 post infection. RPEs were comput-
ed as the percentage of the titer of H5.CBLacZ virus as
compared to that on 293 cells. Cells were infected with
H5.CBLacZ over a range of serial dilutions and overlaid
with top agar after 20 h.

[0067] Plaques were detected by staining with neutral
red on day 10 post infection. RPEs were computed as
the percentage of the titer of H5.CBLacZ virus. Solid bars,
the mean RPE of each cell line from three different ex-
periments; error bars, standard deviations. Two cell lines,
GH329 and GH354, were equivalent if not better than
293 cells in terms of plaquing efficacy (Fig. 2B) of E1-
deleted virus.

Example 3 - Detection of RCAs in the E1-deleted recom-
binant virus preps after multiple passages in either 293
or GH329 cells

[0068] The propensity to generate RCA was studied
by serially passaging an E1-deleted LacZ virus (initially
isolated on GH329) and both GH329 and 293 cells. A
portion of each lysate was used to infect a non-E1 ex-
pressing cell line (A549) to assess for RCA, which pre-
sented itself as cytopathology on serial passage and was
confirmed by DNA hybridization analysis, as follows.
However, since crude Hirt DNAs were used for the South-
ern blot analysis, it would be difficult to use the assay to
quantify the amount of RCAs in each sample.

[0069] H5.CBLacZ virus was plaque-purified twice on
GH329 cells following the standard protocol (Gao et al.,
J. Virol., 70:8934-8943 1996)]. The blue plaques identi-
fied by X-gal histochemical staining were selected, ex-
panded to a large prep,in GH329 cells and purified by
CsCl gradient centrifugation. The purified H5.CBLacZ vi-
rus was designated as passage 0 (P0) and used for con-
tinuous passages on 293 and GH329 cells simultane-
ously for up to 20 passages. Large-preparation viruses
grown up in each cell line were CsClI gradient-purified
frompassages 5, 10, 15and 20. A549 cells were obtained
from ATCC and cultured in F-12K medium supplemented
with 10% FBS. For the RCA assay, cells were seeded at
a density of 1 x 107 cells per an 150 mm plate 24 hours
prior to the virus infection. A total of 1 x 108 PFU each of
testing viruses were diluted in 80 ml of F-12K medium
with 2% fetal bovine serum (FBS) and 1% penicillin/strep-
tomycin (P/S) and added to four 150 mm plates of A549
cells after removal of the growth medium from each plate.
At 24 hours post infection, 1.6 mls of FBS were added
into each plate. As a positive control, 1 PFU of Ad5 wild
type virus was spiked into each of 1 x 108 PFU testing
articles for the infection procedure described above. Neg-
ative control plates were also analyzed in parallel. Infect-
ed cells from each plate were harvested at 14 days later
and lysedininfection medium by three rounds of freezing-
thawing. Twenty percent of total cell lysate from each
plate were used to infect one plate of A549 cells following
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the protocol described above. Seven days postinfection,
the plates were examined under a light microscope for
cytopathic effects. The RCA assay used in this study can
detect 1 PFU of RCAin 108 PFUs of recombinant viruses.
The infected cells from each plate were harvested with
the medium and spun down for collection of the cell pellet.
Each cell pellet was resuspended in 0.5 ml of 10 mM
Tris-Cl, pH 8.0 and lysed by three cycles of freezing-
thawing. After centrifugation in a Sorvall-26 at 3,200 rpm
for 15 min, the supernatant of each sample was collected.
One-third of each supernatant was mixed with an equal
volume of 2x pronase solution (2mg/ml pronase, 100 mM
Tris-Cl, pH 7.6, 2 mM EDTA, 1% SDS, incubate the so-
lution at 37 C for 45 min), incubated at 37°C for 4 hours,
extracted with phenol-chloroform and ethanol precipitat-
ed. The crude viral DNA samples were resuspended in
equal volume of TE buffer and subjected to Nsi | endo-
nuclease digestion and Southern blot analysis. Blots
were hybridized with a 420 bp E1-Xba I/Cla | DNA probe.
[0070] The results showed that significant RCA
emerged between passage 5 and 10 on 293 cells where-
as no RCA was detected after 20 passages on GH329.
The sensitivity of the RCA assay was confirmed by spik-
ing a zero passage GH329 cells in the presence of vector
with 1 pfu of wild type Ad.

[0071] While the invention has been described with ref-
erence to a particularly preferred embodiment, it will be
appreciated that modifications can be made within the
scope of the appended claims.

Claims

1. AnE1-complementing cell line useful for the produc-
tion of recombinant E1-defective adenoviruses in the
absence of detectable replication-competent aden-
ovirus, said E1-complementing cell line comprising
an aneuploid cell line stably transformed with a nu-
cleic acid molecule comprising nucleic acid se-
quences encoding adenovirus E1a open reading
frame (ORF) and adenovirus E1b under the control
of a phosphoglycerate kinase (PGK) promoter,
wherein the nucleic acid sequences further comprise
a deletion of all adenovirus sequences 5’ to the se-
quences encoding adenovirus E1a ORF, and where-
in the aneuploid cell line ist an HeLa cell line.

2. An E1-complementing cell line according to claim 1,
wherein the nucleic acid molecule is a plasmid vec-
tor.

3. An E1-complementing cell line according to claim 1
or claim 2, wherein the nucleic acid molecule com-
prises multiple copies of the sequences encoding
adenovirus E1a and adenovirus E1b.

4. An E1-complementing cell line according to any of
claims 1 to 3, wherein the E1-complementing cell
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line comprises multiple copies of said nucleic acid
molecule.

An: E1-complementing cell line according to any of
claims 1 to 4, wherein the sequences encoding ad-
enovirus E1a and the sequences encoding E1b are
independently selected from adenovirus type 5.

An adenovirus E1-complementing cell line designat-
ed GH329, deposited with the ATCC under acces-
sion number PTA-803.

A method for the packaging of E1-defective adeno-
viral particles inthe absence of replication competent
adenovirus, said method comprising the steps of:

(a) providing cells from an E1-complementing
cell line comprising an aneuploid cell stably
transformed with a nucleic acid molecule com-
prising nucleic acid sequences encoding aden-
ovirus E1a open reading frame (ORF) and ad-
enovirus E1b under the control of a phos-
phoglycerate kinase (PGK) promoter, wherein
the nucleic acid sequences further comprise a
deletion of all adenovirus sequences 5’ to the
sequences encoding the adenovirus E1a ORF,
and wherein said aneuoploid cell line isan HeLa
cell line;

(b) transfecting said cells with a recombinant
vector comprising, from 5’ to 3’, adenovirus 5’
inverted terminal repeat sequences (ITRs), nu-
cleic acid sequences encoding adenovirus plX
under the control of sequences which direct ex-
pression of adenovirus plXin said cells, a defect
in the adenovirus E1 region, and adenovirus 3’
ITRs; and

(c) culturing said transfected cells under condi-
tions which permit packaging of the E1-defective
vector into a recombinant E1-defective adeno-
viral particle.

method according to claim 7, wherein said recom-
binant vector further comprises a selected trans-
gene.

A method according to claim 8, wherein said trans-
gene is located between the 5" and 3’ ITRs.

A method according to any of claims 7 to 9, further
comprising the step of transfecting said cells with a
second recombinant vector comprising adenovirus
sequences encoding at least one adenoviral gene
and a defect in the adenovirus E1 region.

A method according to claim 10, wherein said sec-
ond recombinant vector encodes adenovirus E2a.

A method according to claim 10 or claim 11, wherein
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said second recombinant vector encodes adenovi-
rus E4 or E4 ORF6.

13. A method according to claim 12, wherein the second

recombinant vector encodes E4 ORF 6.

14. A method according to claim 7, wherein the E1-com-

plementing cell line is GH329, ATCC PTA-803.

15. A method of amplifying E1-defective adenoviral par-

ticles in the absence of replication competent aden-
ovirus, the method comprising the steps of:

(a) infecting an E1-complementing cell line with
E1-defective adenoviruses comprising adenovi-
rus 5’ and 3’ inverted terminal repeat sequences
(ITRs), nucleic acid sequences encoding aden-
ovirus pIX under the control of sequences which
direct expression of adenovirus plX in said cell
line, and a defect in the adenovirus E1 regions
wherein said cell line comprises an aneuploid
cell line stably transformed with a nucleic acid
molecule comprising nucleic acid sequences
encoding adenovirus E1a open reading frame
(ORF) and adenovirus E1b under the control of
a phosphoglycerate kinase (PGK) promoter,
wherein the nucleic acid sequences further com-
prise a deletion of all adenovirus sequences 5’
to the sequences encoding the adenovirus E1a
ORF, and wherein said aneuploid cell line is an
Hela cell line;

(b) passaging the E1-defective adenoviral par-
ticles on the E1-complementing cell line for 2 to
20 passages, and

(c) collecting the E1-defective adenoviral parti-
cles.

16. A method according to claim 15, wherein the E1-

defective adenoviruses of (a) are prepared by the
steps comprising:

(i) providing cells from an E1-complementing
cell line comprising an aneuploid cell line stably
transformed with a nucleic acid molecule com-
prising nucleic acid sequences encoding aden-
ovirus E1a open reading frame (ORF) and ad-
enovirus E1b under the control of a phos-
phoglycerate kinase (PGK) promoter,
wherein the nucleic acid sequences further com-
prise a deletion of all adenovirus sequences 5’
to the sequences encoding the adenovirus E1a
ORF and wherein said aneuploid cell line is an
Hela cell line;

(ii) transfecting said cells with a recombinant
vector comprising adenovirus 5’ and 3’ inverted
terminal repeat sequences (ITRs), nucleic acid
sequences encoding adenovirus plX under the
control of sequences which direct expression of
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adenovirus plX in said cells, and a defect in the
adenovirus E1 region;

(iii) culturing said transfected cells under condi-
tions which permit packaging of the E1-defective
vector into a recombinant E1-defective adeno-
viral particle; and

(iv) purifying the recombinant E1-defective ad-
enoviral particle from cellular debris.

Patentanspriiche

1.

E1 komplementierende Zellinie, geeignet zur Pro-
duktion rekombinanter Adenoviren mit E1-Defekt in
Abwesenheit von nachweisbarem replikationskom-
petentem Adenovirus, wobei die E1 komplementie-
rende Zellinie eine mit einem das offene Leseraster
(ORF [open reading frame]) von Adenovirus-E1a
und Adenovirus-E1b unter der Kontrolle eines Phos-
phoglyceratkinasepromotors (PGK-Promotors) co-
dierende Nukleinsduresequenzen umfassenden
Nukleinsauremolekdl stabil transformierte aneuplo-
ide Zellinie umfallt, wobei die Nukleinsduresequen-
zen ferner eine Deletion aller sich 5’ zu den Adeno-
virus-E1a-ORF codierenden Sequenzen befinden-
den Adenovirussequenzen umfassen und wobei es
sich bei der aneuploiden Zellinie um eine HelLa-Zel-
linie handelt.

E1 komplementierende Zellinie nach Anspruch 1,
wobei es sich bei dem Nukleinsduremolekil um ei-
nen Plasmidvektor handelt.

E1 komplementierende Zellinie nach Anspruch 1
oder Anspruch 2, wobei das Nukleinsduremolekill
mehrere Kopien der Adenovirus-E1a und Adenovi-
rus-E1b codierenden Sequenzen umfaldt.

E1 komplementierende Zellinie nach einem der An-
spriiche 1 bis 3, wobei die E1 komplementierende
Zellinie mehrere Kopien des Nukleinsduremolekiils
umfalt.

E1 komplementierende Zellinie nach einem der An-
spriiche 1 bis 4, wobei die Adenovirus-E1a codie-
renden Sequenzen und die E1b codierenden Se-
quenzen unabhangig ausgewahlt sind aus Adenovi-
rus-Typ 5.

Adenovirus-E1 komplementierende Zellinie mit der
Bezeichnung GH329, hinterlegt bei der ATCC unter
der Zugangsnummer PTA-803.

Verfahren zur Verpackung adenoviraler Partikel mit
E1-Defekt in Abwesenheit von replikationskompe-
tentem Adenovirus, wobei das Verfahren die folgen-
den Schritte umfalit:

10

15

20

25

30

35

40

45

50

55

1"

10.

1.

12.

13.

14.

15.

(a) Bereitstellen von Zellen von einer E1 kom-
plementierenden Zellinie, die eine mit einem das
offene Leseraster (ORF) von Adenovirus-E1a
und Adenovirus-E1b unter der Kontrolle eines
Phosphoglyceratkinasepromotors (PGK-Pro-
motors) codierende Nukleinsduresequenzen
umfassenden Nukleinsduremolekil stabil trans-
formierte aneuploide Zellinie umfaldt, wobei die
Nukleinsauresequenzen ferner eine Deletion al-
ler sich 5’ zu den Adenovirus-E1a-ORF codie-
renden Sequenzen befindenden Adenovirusse-
quenzen umfassen und wobei es sich bei der
aneuploiden Zellinie um eine HeLa-Zellinie han-
delt;

(b) Transfizieren der Zellen mit einem rekombi-
nanten Vektor, der von 5’ nach 3’ Adenovirus-
5°-ITR-Sequenzen (ITR = inverted terminal re-
peat), Adenovirus-plX codierende Nukleinsau-
resequenzen unter der Kontrolle von Sequen-
zen, die die Expression von Adenovirus-plX in
den Zellen steuern, einen Defektim Adenovirus-
E1-Bereich und Adenovirus-3’-ITR-Sequen-
zenumfaldt; und

(c) Kultivieren der transfizierten Zellen unter Be-
dingungen, die die Verpackung des Vektors mit
E1-Defekt in ein rekombinantes adenovirales
Partikel mit E1-Defekt gestatten.

Verfahren nach Anspruch 7, wobei der rekombinan-
te Vektor ferner ein ausgewahltes Transgen umfafit.

Verfahren nach Anspruch 8, wobei das Transgen
zwischen den 5’- und 3’-ITR-Sequenzen lokalisiert
ist.

Verfahren nach einem der Anspriiche 7 bis 9, bei
dem ferner die Zellen mit einem zweiten rekombi-
nanten Vektor, der Adenovirussequenzen, die we-
nigstens ein adenovirales Gen und einen Defekt im
Adenovirus-E1-Bereich codieren, umfaldt, transfi-
ziert werden.

Verfahren nach Anspruch 10, wobei der zweite re-
kombinante Vektor Adenovirus-E2a codiert.

Verfahren nach Anspruch 10 oder Anspruch 11, wo-
bei der zweite rekombinante Vektor Adenovirus-E4
oder E4-ORF6 codiert.

Verfahren nach Anspruch 12, wobei der zweite re-
kombinante Vektor E4-ORF6 codiert.

Verfahren nach Anspruch 7, wobei es sich bei der
E1 komplementierenden Zellinie um GH329, ATCC
PTA-803, handelt.

Verfahren zur Amplifikation adenoviraler Partikel mit
E1-Defekt in Abwesenheit von replikationskompe-
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tentem Adenovirus, wobei das Verfahren die folgen-
den Schritte umfal3t:

(a) Infizieren einer E1 komplementierenden Zel-
linie mit Adenoviren mit E1-Defekt, die Adeno-
virus-5’- und -3’-ITR-Sequenzen, Adenovirus-
pIX codierende Nukleinsauresequenzen unter
der Kontrolle von Sequenzen, die die Expressi-
on von Adenovirus-plX in den Zellen steuern,
und einen Defekt im Adenovirus-E1-Bereich
umfassen, wobei die Zellinie eine mit einem das
offene Leseraster (ORF) von Adenovirus-E1a
und Adenovirus-E1b unter der Kontrolle eines
Phosphoglyceratkinasepromotors  (PGK-Pro-
motors) codierende Nukleinsduresequenzen
umfassenden Nukleinsduremolekiil stabil trans-
formierte aneuploide Zellinie umfallt, wobei die
Nukleinsauresequenzen ferner eine Deletion al-
ler sich 5’ zu den Adenovirus-E1a-ORF codie-
renden Sequenzen befindenden Adenovirusse-
quenzen umfassen und wobei es sich bei der
aneuploiden Zellinie um eine HeLa-Zellinie han-
delt;

(b) Passagieren der adenoviralen Partikel mit
E1-Defekt auf der E1 komplementierenden Zel-
linie mit 2 bis 20 Passagen und

(c) Sammeln der adenoviralen Partikel mit E1-
Defekt.

16. Verfahren nach Anspruch 15, wobei die Adenoviren

mit E1-Defekt aus (a) in den folgenden Schritten pra-
pariert werden:

(i) Bereitstellen von Zellen von einer E1 komple-
mentierenden Zellinie, die eine mit einem das
offene Leseraster (ORF) von Adenovirus-E1a
und Adenovirus-E1b unter der Kontrolle eines
Phosphoglyceratkinasepromotors  (PGK-Pro-
motors) codierende Nukleinsduresequenzen
umfassenden Nukleinsduremolekil stabil trans-
formierte aneuploide Zellinie umfallt, wobei die
Nukleinsauresequenzen ferner eine Deletion al-
ler sich 5° zu den Adenovirus-E1a-ORF codie-
renden Sequenzen befindenden Adenovirusse-
quenzen umfassen und wobei es sich bei der
aneuploiden Zellinie um eine HeLa-Zellinie han-
delt;

(ii) Transfizieren der Zellen mit einem rekombi-
nanten Vektor, der Adenovirus-5’- und -3’-ITR-
Sequenzen, Adenovirus-plX codierende Nukle-
insauresequenzen unter der Kontrolle von Se-
quenzen, die die Expression von Adenovirus-
pIX in den Zellen steuern, und einen Defekt im
Adenovirus-E1-Bereich umfalit;

(iii) Kultivieren der transfizierten Zellen unter Be-
dingungen, die die Verpackung des Vektors mit
E1-Defekt in ein rekombinantes adenovirales
Partikel mit E1-Defekt gestatten; und
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(iv) Reinigen der rekombinanten adenoviralen
Partikel mit E1-Defekt von Zelltrimmern.

Revendications

Lignée cellulaire de complémentation de E1 utile
pour la production d’adénovirus recombinants défi-
cients pour E1 en 'absence d’adénovirus détectable
compétent pour la réplication, ladite lignée cellulaire
de complémentation de E1 comprenant une lignée
cellulaire aneuploide transformée de maniére stable
avec une molécule d’acide nucléiqgue comprenant
des séquences d’acide nucléique codant pour une
phase delecture ouverte (ORF) de E1a d’adénovirus
et pour E1b d’adénovirus sous le contréle d’un pro-
moteur de phosphoglycérate kinase (PGK), dans la-
quelle les séquences d’acide nucléique compren-
nent en outre une délétion de toutes les séquences
5’ de 'adénovirus au niveau des séquences codant
pour 'ORF de E1a d’adénovirus, et dans laquelle la
lignée cellulaire aneuploide est une lignée cellulaire
Hela.

Lignée cellulaire de complémentation de E1 selon
larevendication 1, dans laquelle la molécule d’acide
nucléique est un vecteur plasmidique.

Lignée cellulaire de complémentation de E1 selon
larevendication 1 ou la revendication 2, dans laquel-
le la molécule d’acide nucléique comprend des co-
pies multiples des séquences codant pour E1a
d’adénovirus et E1b d’adénovirus.

Lignée cellulaire de complémentation de E1 selon
I'une quelconque des revendications 1 a 3, dans la-
quelle la lignée cellulaire de complémentation de E1
comprend des copies multiples de ladite molécule
d’acide nucléique.

Lignée cellulaire de complémentation de E1 selon
I'une quelconque des revendications 1 a 4, dans la-
quelle les séquences codant pour E1a d’adénovirus
et les séquences codant pour E1b sont choisies in-
dépendamment I'une de I'autre a partir du type 5 de
I'adénovirus.

Lignée cellulaire de complémentation de E1 appelée
GH329, déposée sous le numéro d’accés PTA-803
a 'ATCC.

Procédé d’encapsidation de particules adénovirales
déficientes en E1 en I'absence d’adénovirus com-
pétent pour la réplication, ledit procédé comprenant
les étapes :

(a) d’obtention de cellules provenant d’'une li-
gnée cellulaire de complémentation de E1 com-
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prenant une cellule aneuploide transformée de
maniére stable avec une molécule d’acide nu-
cléique comprenant des séquences d’acide nu-
cléique codant pour une phase de lecture ouver-
te (ORF) de E1a d’adénovirus et pour E1b
d’adénovirus sous le contrdle d’'un promoteur de
la phosphoglycérate kinase (PGK), dans laquel-
le les séquences d’acide nucléique compren-
nent en outre une délétion de toutes les séquen-
ces 5’ de I'adénovirus au niveau des séquences
codant pour 'ORF de E1a d’adénovirus, et dans
laquelle ladite lignée cellulaire aneuploide est
une lignée cellulaire Hela,

(b) de transfection desdites cellules au moyen
d’'un vecteur recombinant comprenant, de 5’
vers 3', des séquences de répétition terminale
inversée 5’ (ITR) de 'adénovirus, des séquen-
ces d’acide nucléique codant pour le pIX d’adé-
novirus sous le contréle de séquences qui diri-
gent I'expression de pIX d’adénovirus dans les-
dites cellules, un défautdans larégion E1 d’adé-
novirus et des ITR 3’ d’'adénovirus, et

(c) de culture desdites cellules transfectées
dans des conditions qui permettent I'encapsida-
tion du vecteur déficient pour E1 dans une par-
ticule adénovirale recombinante déficiente pour
E1.

Procédé selon la revendication 7, dans lequel ledit
vecteur recombinant comprend en outre un transge-
ne choisi.

Procédeé selon la revendication 8, dans lequel ledit
transgene est situé entre les ITR 5’ et 3.

Procédé selon I'une quelconque des revendications
7 a 9, comprenant en outre I'étape de transfection
desdites cellules avec un deuxiéme vecteur recom-
binant comprenant des séquences d’adénovirus co-
dant pour au moins un géne adénoviral et pour un
défaut dans la région E1 de I'adénovirus.

Procédé selon la revendication 10, dans lequel ledit
deuxiéme vecteur recombinant code pour E2a de
'adénovirus.

Procédé selon la revendication 10 ou la revendica-
tion 11, dans lequel ledit deuxiéme vecteur recom-
binant code pour E4 ou pour 'ORF6 de E4 de I'adé-
novirus.

Procédé selon la revendication 12, dans lequel ledit
deuxiéme vecteur recombinant code pour 'TORF6 de
E4.

Procédé selon la revendication 7, dans lequel la li-
gnée cellulaire de complémentation de E1 est
GH329, ATCC PTA-803.
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15. Procédé d’amplification de particules adénovirales

déficientes pour E1 en I'absence d’'un adénovirus
compétent pour la réplication, le procédé compre-
nant les étapes :

(a) d’infection d’une lignée cellulaire de complé-
mentation de E1 avec des adénovirus déficients
pour E1 comprenant des séquences de répéti-
tion terminale inversée 5 et 3’ (ITR), des sé-
quences d’acide nucléique codant pour le pIX
d’adénovirus sous le contréle de séquences qui
dirigent I'expression de plX d’adénovirus dans
ladite lignée cellulaire et un défautdansla région
E1 de I'adénovirus, ladite lignée cellulaire com-
prenant une lignée cellulaire aneuploide trans-
formée de maniére stable avec une molécule
d’acide nucléique comprenant des séquences
d’acide nucléique codant pourune phase de lec-
ture ouverte (ORF) de E1a d’adénovirus et pour
E1b d’adénovirus sous le contrbéle d’'un promo-
teur de la phosphoglycérate kinase (PGK), les
séquences d’acide nucléique comprenant en
outre une délétion de toutes les séquences 5’
de I'adénovirus au niveau des séquences co-
dant pour 'ORF de E1a d’adénovirus, et la li-
gnée cellulaire aneuploide étant une lignée cel-
lulaire Hela,

(b) de passage des particules adénovirales dé-
ficientes pour E1 sur la lignée cellulaire de com-
plémentation de E1 pendant de 2 a 20 passa-
ges, et

(c) de récolte des particules adénovirales défi-
cientes pour E1.

16. Procédé selon la revendication 15, dans lequel les

adénovirus déficients pour E1 de (a) sont préparés
par les étapes comprenant :

(i) une obtention de cellules a partir d’'une lignée
cellulaire de complémentation de E1 compre-
nant une lignée cellulaire aneuploide transfor-
mée de maniére stable avec une molécule d’aci-
de nucléique comprenant des séquences d’aci-
de nucléique codant pour une phase de lecture
ouverte (ORF) de E1a d’adénovirus et pour E1b
d’adénovirus sous le contrdle d’'un promoteur de
la phosphoglycérate kinase (PGK), dans laquel-
le les séquences d’acide nucléique compren-
nenten outre une délétion de toutes les séquen-
ces 5’ de I'adénovirus au niveau des séquences
codant pour 'ORF de E1a d’adénovirus, etdans
laquelle la lignée cellulaire aneuploide est une
lignée cellulaire Hela,

(i) une transfection desdites cellules au moyen
d’'un vecteur recombinant comprenant des sé-
quences de répétition terminale inversée 5 et
3’ (ITR), des séquences d’acide nucléique co-
dant pour le pIX d’adénovirus sous le contrble
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de séquences qui dirigent I'expression de plX
de I'adénovirus dans lesdites cellules, et un dé-
faut dans la région E1 de I'adénovirus,

(iii) une culture desdites cellules transfectées
dans des conditions qui permettent I'encapsida-
tion du vecteur déficient pour E1 dans une par-
ticule adénovirale recombinante déficiente pour
E1, et

(iv) une purification des particules adénovirales
déficientes pour E1 des débris cellulaires.
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