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noviral vector constructs, one or more
helper viruses and a heiper cell line.
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DESCRIPTION

AN ADENOVIRUS HELPER-VIRUS SYSTEM

BACKGROUND OP THE INVENTION

1. Field of the Invention

The present invention relates generally to the field
of viral vectors, helper viruses and the use of such
viral vectors and helper viruses to express foreign DNA
in mammalian cells. The invention also relates to the
field of gene therapy and, particularly, gene therapy
involving viral vectors to import genetic material to
particular tissues in vivo. More particularly, the
invention relates (i) to the genetic engineering of
adenovirus to displace a large amount of the adenoviral
genome with heterologous DNA, (ii) to the propagation of
adenoviral vectors using a helper cell line and one or
more helper viruses which complement replicative defects
in the vectors and (iii) the infection of mammalian cells
with such vectors to express a heterologous, non-
adenoviral product that is therapeutic for some diseases.

2. Description of the Related Art

Gene therapy is an area that offers an attractive
alternative for the treatment of many diseases and
disorders. In particular, the ability of viruses to
enter a cell and express its genetic material in the host
cell raises the possibility of replacing lost or
defective gene function in vivo. However, for gene
therapy to succeed, there is a need for new vectors with
the properties of high therapeutic index, large capacity,
targeted gene delivery and tissue-specific gene
expression. Currently available gene transfer vectors
are not able to meet the requirement of high therapeutic
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index (Mulligan, 1993) , however, because of the vector

-

borne cyto- or geno- toxicities that are associated

therewith.

Multiple and targeted gene transfer is particularly

relevant to gene therapy for cancer (Friedmann, 1992) .

Throughout the last decade, studies of oncogenes and

tumor suppressor genes have revealed more and more

evidence that cancer is a disease developed through a

process of multiple cytogenetic disorders (Chiao et al.,

1990; Levine, 1990; Weinberg, 1991; Sugimura et al.,

1992) . Based on this concept of carcinogenesis, new

strategies have developed rapidly as alternatives to

conventional cancer therapy (Renan, 1990; Lotze et al.,

1992; Pardoll, 1992). One of these is gene therapy

(Friedmann, 1989), in which tumor suppressor genes,

antisense oncogenes, and other related genes are used as

therapeutic genes. It is believed that to achieve a

maximal therapeutic effect, targeted delivery of a
m

combination of these therapeutic genes by a single

higher-capacity vector into cancer cells will be

essential. Unfortunately, vector currently available

vector technology is limited in this regard.

Adeno-associated virus (AAV) has recently been

developed as a gene transfer system. Wild-type AAV has

high infectivity and specificity in integrating into the

host cell genome (Hermonat and Muzyczka, 1984; Lebkowski

et al., 1988). However, experimental data has shown that

recombinant AAV tend to have low titers and lose their

specificity of integration (Samulski et al., 1989).

Also, the maximum gene-carrying capacity for AAV is under

5 JcB (Walsh et al., 1992).

Adenoviruses (Ad) have been widely studied and well-

characterized as a model system for eukaryotic gene

expression. Ad are easy to grow and manipulate, and they
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exhibit broad host range in vitro and in vivo. This
group of viruses can be obtained in high titers, e.g.,

10 9 -1011 plaque-forming unit <PFU)/ml, and they are
highly infective. Adenoviruses are not, however,
associated with any significant pathologies.

The life cycle of Ad does not require integration
into the host cell genome. The foreign genes delivered
by Ad vectors are expressed episomally and, therefore,
have low genotoxicity to host cells. Ad appear to be
linked only to relatively mild diseases since there is no
known association of human malignancies with Ad
infection. Moreover, no side effects have been reported
in studies of vaccination with wild-type Ad (Couch et
al., 1963; Top et al . , 1971), demonstrating their safety
and therapeutic potential as in vivo gene transfer
vectors

.

Ad vectors have been successfully used in eukaryotic
gene expression (Levrero et al., 1991; Gomez-Foix et al."

1992) and vaccine development (Grunhaus and Horwitz,
1992; Graham and Prevec, 1992). Recently, animal studies
demonstrated that recombinant Ad could be used for gene
therapy (Stratford-Perricaudet and Perricaudet, 1991;
Stratford-Perricaudet et al., 1990; Rich et al., 1993).
Successful experiments in administering recombinant Ad to
different tissues include trachea instillation (Rosenfeld
et al., 1991; Rosenfeld et al. t 1992), muscle injection
(Ragot et al . , 1993), peripheral intravenous injection
(Herz and Gerard, 1993), and stereotactic inoculation
into the brain (Le Gal La Salle et al . , 1993).

Generation and propagation of the current Ad vectors
depend on a unique helper cell line, designated 293,

which was transformed from human embryonic kidney cells
by Adenovirus serotype 5 (Ad5) DNA fragments and
constitutively expresses El proteins (Graham et al.,
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1977) . Since the E3 region is dispensable from the Ad

genome (Jones and Shenk, 1978), the current Ad vectors,

with the help of 293 cells, carry foreign DNA in either

the El, the E3 or both regions (Graham and Prevec, 1991;

Bett et til., 1994) .

In nature, Ad can package approximately 105% of the

wild-type genome (Ghosh-Choudhury, etal., 1987),

providing capacity for about 2 extra kB of DNA. Combined

with the approximately 5.5 kB of DNA that is replaceable

in the El and E3 regions, the maximum capacity of the

current Ad vector is under 7.5 kB, or about 15% of the

total length of the vector. In addition to preventing

further insertion of heterologous DNA, the remaining 80%

of the Ad genome is the source of vector-borne

cytotoxicity. Also, the replication deficiency in El-

defective virus is incomplete and leakage of viral gene

expression has been observed with the currently available

Ad vectors at high multiplicities of infection (Mulligan,
m

1993)

.

Another problem with the currently available

adenovirus vectors is the potential for generation of

wild-type virus by recombination. This may occur because

the left end of the current Ad vectors contains a

sequence of about 1.5 kB (9.8-14 map units) overlapping

with the El fragment in 293 cells (Graham, et al. f 1977).

Homologous recombinations that generate wild- type virus

were detectable when El substitution vectors were

extensively amplified in 293 cells (personal

communication, Dr. Richard Gregory, CANJI, Inc., San

Diego, CA)

.

Therefore, there still exists an immediate need for

an adenoviral vector system that will have a high

therapeutic index, a large carrying capacity for

heterologous DNA and the capacity for targeted gene
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delivery and tissue specific expression. Such a vector
system will have utility in a wide variety of in vivo and
in vitro applications such a gene therapy protocols, the
production of useful protein products in mammalian cell

5 culture, as gene transfer markers or for the diagnosis of
genetic deficiencies in particular cell lines.

SUMMARY OP t^vemtiqm

10 The present invention seeks to overcome these and
other drawbacks inherent in the prior art by providing an
adenoviral "helper virus" system wherein regions of
adenovirus are eliminated from vectors and provided, in
trans, by helper viruses. Vectors having multigene
deletions have an extremely large capacity for carrying
recombinant genetic material. One objective of the
invention is the development of helper viruses which, in
conjunction with helper cell lines, are capable of
providing all essential adenoviral functions in trans.
By supporting displacement of* more than 95% of the
adenoviral genome, cell lines and helper viruses make
possible the construction and propagation of a vector
lacking all but the adenoviral inverted terminal repeats
(ITRs) and packaging signals. This, in turn, permits
incorporation of up to 35 kB of heterologous DNA into the
vector and reduces cytotoxicity from the expression of
adenoviral gene products.

15

20

30

35

In satisfying these objectives, there is provided an
isolated adenovirus vector, wherein said vector comprises
an adenoviral inverted terminal repeat and an adenoviral
packaging signal but lacks at least a portion of the
coding regions for (i)the adenoviral products ElA, E1B
and E3; and (ii) at least one of the adenoviral products
selected from the group consisting of E2, E4, LI, L2, L3,
L4 and L5. In a preferred embodiment, the vector lacks
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all adenoviral coding regions. Such vectors can carry

about 10, 15, 20, 30 or 35 kB of foreign DNA.

In another embodiment, there is provided an isolated

adenovirus vector, wherein said vector comprises an

adenoviral inverted terminal repeat and an adenoviral

packaging signal and a non- functional, non- immunogenic

form of (i) the adenoviral products ElA, E1B and E3; and

(ii) at least one of the adenoviral products selected

from the group consisting of E2, E4, LI, L2, L3, L4 and

L5.

There also is provided an isolated adenoviral helper

virus, wherein said virus comprises (i) an adenoviral

15 terminal repeat; (ii) an adenoviral packaging sequence;

and (iii) the coding region for at least one of the

adenoviral products ElA, E1B, E2, E3, E4, Ll, L2, L3, L4

and L5. in another embodiment, there is provided an

isolated adenoviral helper virus, wherein said virus

20 comprises (i)an adenoviral terminal repeat; (ii) a

mutated adenoviral packaging sequence that is utilized

less efficiently than a wild-type adenoviral packaging

sequence; and (iii) the coding region for at least one of

the adenoviral products ElA, E1B, E2, E3, E4, Ll, L2, L3,

25 L4 and L5.

In yet another embodiment, there is provided a

method of propagating an adenovirus vector lacking at

least part of the coding regions for (a) the adenoviral

30 products ElA, E1B and E3 and (b) at least one of the

adenoviral products selected from the group consisting of

E2, E4, Ll, L2, L3, L4 and L5 comprising the steps of:

(i) providing a cell permissive for growth of an

35 adenovirus defective in the functions provided by

adenoviral products of ElA and E1B;
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(ii) providing an adenoviral helper virus that
complements the absence of the adenoviral product
or products as set forth in part (b) above;

(iii) importing said vector and said helper virus into
said cell; and

(iv) incubating said cell under conditions that permit
replication of said vector.

10

In still yet another embodiment, there is provided
a method of expressing a gene in a mammalian cell
comprising the steps of:

15 (i) providing an adenoviral vector lacking at least
part of the coding regions for (a) the adenoviral
products E1A, E1B and E3 and (b) at least one of
the adenoviral products selected from the group
consisting of E2, E4, LI, L2, L3, L4 and L5,
wherein the lacking coding regions are replaced by
a heterologous DNA encoding said gene;

•20

(ii) propagating said vector under conditions permissive
for replication and packaging of said vector in an

£5 infectious form;

(iii) isolating propagated vector in an infectious form;

(iv) contacting said infectious form of said vector with
30 said mammalian cell; and

35

(v) incubating said mammalian cell under conditions
such that said foreign gene is expressed.

In a further embodiment, there is provided a method
of inhibiting the expression of a gene in a mammalian
cell comprising the steps of:
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(i) providing an adenoviral vector lacking at least a

portion of the coding regions for (a) the

adenoviral products E1A, E1B and E3 and (b) at

least one of the adenoviral products selected from

5 the group consisting of E2, E4, LI, L2, L3, L4 and

L5, wherein the lacking coding regions are replaced

by a heterologous DNA encoding an antisense form of

said gene;

10 (ii) propagating said vector under conditions permissive

for replication and packaging of said vector in an

infectious form;

(iii) isolating propagated vector in an infectious form;

(iv) contacting said infectious form of said vector with

said mammalian cell; and

(v) incubating said mammalian cell under conditions

20 such that laid antisense transcript of said gene is

synthesized.

ttWTEF DESCRIPTION «» ™B DRAWINGS

The following drawings form part of the present

specification and are included to further demonstrate

certain aspects of the present invention. The invention

may be better understood by reference to one or more of

these drawings in combination with the detailed

30 description of specific embodiments presented herein:

FIG. 1. This figure depicts the structure of the

Ad5 genome. The genome is divided into 100 map units

(mu) . The open arrows represent early (B) transcription

35 and the solid arrows represent late (L) transcription.

The direction of transcription is indicated by arrows.

Gaps in arrows indicate intervening sequences. The
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hatched box represents location of major late promoter
and tripartite leader sequences (MLP/TL) . The numbers in
parenthesis indicate the map units.

PIG. 2. This figure depicts the general scheme of
for creating a defective adenoviral vector containing a
heterologous expression cassette. Briefly, a large
fragment from the left of an E3" adenovirus is
cotransfected with the right end of an E4" adenovirus in
an E4 -expressing cell line. The resulting virus dlE3E4
is cleaved with Clal to generate a fragment that contains
the right end of the genome with the E3 and E4 deletions.
An El shuttle vector contains the left ITR and packaging
signal (0-1.25 map units), a multiple cloning site for
insertion of an expression cassette and map units 11.2-16
to permit homologous recombination. An E4 minivirus
contains the left ITR, the packaging signal and the
entire E4 region with the right ITR (90-100 map units)

.

To prevent homologous recombination between the E4
minivirus and dJE3E4, the constructs are designed to have
no overlapping sequences at the beginning of the E4
region (90 map units)

. The El shuttle vector, the Clal
fragment of dlE3E4 and the E4 minivirus are transfected
into El-expressing cells, homologous recombination occurs
between the Clal fragment and the El shuttle vector and
the E4 minivirus provides E4 product to complement the E4
defect in the recombinant.

FIG. 3. This figure depicts the generation of
pRApac-. The left end of Ad5 (0-450 bp) was cloned into
Bluescript. The Ad5 sequence from 4021 bp (with a Clal
linker addition) to 5788 (Xhol site) was cloned
downstream of this fragment, generating an El deletion
(dJBl 450-4021 bp; plasmid 3). This deletion is 700 base
pairs longer than previously reported El deletions,
reducing the possibility of recombination with the El
region in 293 cells; the complete sequence of protein IX
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is removed. As protein IX mutants have a restriction in

the size of viral DNA they can package, only helper virus

with an El deletion will be packaged. The Ad5 packaging

signal present in this plasmid (194-358 bp of the Ad5

5 left end) was substituted by a mutated signal obtained

from plasmid pElA-10/28. The resultant plasmid can be

used to produce a helper virus doubly-defective in El and

the packaging signal.

10 FIG. 4. To generate the packaging attenuated helper

virus, the pac" pRA shuttle vector is contransfected in

to El-expressing cells with an Ad recombinant vector,

such as pJM17. The pac" shuttle vector contains a

partial deletion of the packaging signal and complete

15 deletion of the El region. The recombinant vector

contains the entire Ad5 genome circularized through

fusion of ITR with an insertion of PBR322 plasmid in the

El region. Homologous recombination occurs between

pRApac" and the circularized Ad5 genome to generate the

20 pac" helper virus. This El", pac" helper virus can be

propagated in El-expressing cells to make stocks of the

virus

.

PIG. 5. This figure depicts the construction of the

adenoviral vector or "minivirus .
» A fragment of 0.5 kB

(BsaAI-SacII) containing the fused ITR of Ad5 was cloned

into the Xbal site of pREP9 (Invitrogen, San Diego, CA) .

Plasmid 2 (minivirus genome) is the miniviral vector that

contains the origin of adenoviral replication (in ITR)

and the sequences for adenoviral packaging (pac+ )
.

This

plasmid is designed to replicate and encapsidate in the

presence of a helper virus. S-galactosidase was cloned

in the Notl site as a reporter (plasmid 3)

.

PIG. 6. To encapsidate the adenoviral vector,

minivector DNA is transfected into El-expressing cells

25

30

35
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with calcium-phosphate precipitation or by liposome-
mediated gene transfer. After 24 hours, the transfected
cells are further infected with the pac" helper virus.
After transfection and infection, the helper virus genome
produces first the DNA-binding protein, terminal protein
and polymerase, permitting efficient replication of both
minivirus and helper virus genomes. Subsequently,
structural proteins for capsid formation are produced.
In competition for limited packaging factors, only the
pac+ minivirus is packaged.

FIG. 7. As an alternative method to that described
in FIG. 6, the minivector DNA will be bound to the pac-
helper virus through polylysine and directly transduced
into El-expressing cells. This method may be more
efficient than the method in FIG. 6 because the
transduction efficiency is higher and the DNA
stoichiometry between the minivector DNA and the helper
viral DNA can be optimized in vitro. After delivery of
the minivtfctor and helper viral DNA into El -expressing
cells, the process of transcomplementation should be the
same as that described in FIG. 6.
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ppT^.TO DESCRIPTION OF THE PREFERRED EMBODIMENTS

Gene therapy generally involves three principal

elements: therapeutic genes, delivery systems and target

cells. One of the urgent technical challenges in gene

therapy technology is how to specifically deliver and

controllably express the therapeutic genes in target

cells in vivo. Currently available delivery system are

limited in their ability to accomplish these goals

(Mulligan, 1993), and there is a great demand for a new

system with these capabilities.

The present invention is submitted to represent a

significant advance in the genetic engineering of

adenoviral vectors and their use in transfer of

heterologous DNA into mammalian cells, particularly in

the context of gene therapy. This new system will not

only substantially increase the gene-delivery capacity of

adenoviral vectors, but will also greatly improve their

therapeutic potential, since the* replacement of the viral

genome eliminates the vector-borne cytotoxicity and the

possibility of wild-type recombination events that are

associated with the current Ad vector systems. Because

the helper cell/helper virus system is capable of

supporting a wide variety of mutations, the potential use

for this system is extensive.

Replication of Ad mutants with deletions in

different regions of the viral genome can be supported by

helper viruses that provide the deleted gene products in

trans. One example of this phenomenon involves the case

of adenovirus/SV4 0 hybrid recombinants. Gluzman and Van

Doren (1983) identified a recombinant that contained

about 3500 base pairs from the left end of the Ad5 viral

genome followed by 2.7 copies of the SV40 genome. This

structure was repeated in the opposite orientation and,

therefore, contained two Ad5 inverted terminal repeats
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and proper packaging signals. Other similar hybrids have
been reported between host cell DNA and Adl2 (Deuring et
al., 1981). If the deletion of adenoviral sequences is
small, the hybrids may be replicative. Otherwise,
coinfection with a helper (wild-type) adenovirus is
required for replication.

Another example of an adenoviral helper virus was
reported by Challberg and Ketner (1981) . They showed
that Ad2 variants carrying large deletions can be
complemented by a conditionally-defective virus. These
conditionally-defective helper have a temperature-
sensitive mutation outside of the region missing from the
Ad2 variants. When grown together with Ad2 variants, the
helpers provide the functions missing from the variants.
The overall conclusion of Challberg and Ketner was that
"it seems unlikely that complementing, helper viruses
will prove to be generally useful," citing recombination
and isolation problems.

A model system where helper viruses have been used
successfully to support propagation of defective viral
vectors is the Alphavirus expression system. Bredenbeek
et al. (1993) report on the use of self-replicating
replicons of Sindbis virus that carry and express
heterologous genes. Though these RNAs are capable of
replication within host cells following introduction as
naked nucleic acids, trans complementation of virion
structural sequences is needed to achieve packaging and
release of infectious particles. In order to complement
these defects, the authors provided a series of
replication-defective helpers which provided the virion
structural genes missing from the replicons. Various of
these helpers were either packaging competent or

35 packaging incompetent, the latter being useful in
applications where virus spread is not desired. This
system, although very useful for high level expression of
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protein, is not useful for gene therapy because of high

cytopathogenicity due to inhibition of host cell protein

synthesis

.

5 A. Adenovirus

Adenovirus is particularly suitable for use as a

gene transfer vector because of its mid-sized DNA genome,

ease of manipulation, high titer, wide target -cell range,

10 and high infectivity. The roughly 36 kB viral genome is

bounded by 100-200 base pair (bp) inverted terminal

repeats (ITR) , in which are contained cis-acting elements

necessary for viral DNA replication and packaging. The

early (E) and late (L) regions of the genome that contain

15 different transcription units are divided by the onset of

viral DNA replication.

The El region (E1A and E1B) encodes proteins

responsible for the regulation of transcription of the

20 viral genome and a few cellular genes. The expression of

the E2 region (E2A and E2B) results in the synthesis of

the proteins for viral DNA replication. These proteins

are involved in DNA replication, late gene expression,

and host cell shut off (Renan, 1990) . The products of

25 the late genes (LI, L2, L3, L4 and L5) ,
including the

majority of the viral capsid proteins, are expressed only

after significant processing of a single primary

transcript issued by the major late promoter (MLP)
.

The

MLP (located at 16.8 map units) is particularly efficient

30 during the late phase of infection, and all the mRNAs

issued from this promoter possess a 5- tripartite leader

(TL) sequence which makes them preferred mRNAs for

translation.

35 In order for adenovirus to be optimized for gene

therapy, it is necessary to maximize the carrying

capacity so that large segments of DNA can be included.
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It also is very desirable to reduce the toxicity and
immunologic reaction associated with certain adenoviral
products. The two goals are, to an extent, coterminous
in that elimination of adenoviral genes serves both ends.
By practice of the present invention, it is possible
achieve both these goals while retaining the ability to
manipulate the therapeutic constructs with relative ease.

The large displacement of DNA is possible because
the cis elements required for viral DNA replication all
are localized in the inverted terminal repeats (ITR)

(100-200 bp) at either end of the linear viral genome.
Plasmids containing ITR's can replicate in the presence
of a non-defective adenovirus (Hay et al., 1984).
Therefore, inclusion of these elements in an adenoviral
vector should permit replication.

In addition, the packaging signal for viral
encapsidation is localized between 194-385 bp (0.5-1.1
map units) at the left enci of the viral genome (Hearing
et al., 1987). This signal mimics the protein
recognition site in bacteriophage X DNA where a specific
sequence close to the left end, but outside the cohesive
end sequence, mediates the binding to proteins that are
required for insertion of the DNA into the head
structure. El substitution vectors of Ad have
demonstrated that a 450 bp (0-1.25 map units) fragment at
the left end of the viral genome could direct packaging
in 293 cells (Levrero et al., 1991).

Previously, it has been shown that certain regions
of the adenoviral genome can be incorporated into the
genome of mammalian cells and the genes encoded thereby
expressed. These cell lines are capable of supporting
the replication of an adenoviral vector that is deficient
in the adenoviral function encoded by the cell line.
There also have been reports of complementation of
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replication deficient adenoviral vectors by "helping-

vectors, e.g., wild-type virus or conditionally defective

mutants. It has not previously been possible to purify

stocks of replication-deficient viruses away from helper

5 viruses and concerns regarding "rescue" of wild-type

viruses abound.

B. An Adenovirus Helper System

10 The present invention is based, in part, on the

observation that replication-deficient adenoviral vectors

can be complemented, in trans, by helper virus. This

observation alone did not permit isolation of the

replication-deficient vectors, however, since the

15 presence of helper virus, needed to provide replicative

functions, would contaminate any preparation. Thus, an

additional element was needed that would add specificity

to the replication and/or packaging of the replication-

deficient vector. That element, as provided for in the

20 present invention, derives from the packaging function of

adenovirus

.

It has been shown that a packaging signal for

adenovirus exists in the left end of the conventional

25 adenovirus map (Tibbetts, 1977). Later studies showed

that a mutant with a deletion in the E1A (194-358 bp)

region of the genome grew poorly even in a cell line that

complemented the early (E1A) function (Hearing and Shenk,

1983) . When a compensating adenoviral DNA (0-353 bp) was

30 recombined into right end of the mutant, the virus was

packaged normally. Further mutational analysis

identified a short, repeated, position-dependent element

in the left end of the Ad5 genome. One copy of the

repeat was found to be sufficient for efficient packaging

35 if present at either end of the genome, but not when

moved towards the interior of the Ad5 DNA molecule

(Hearing et al., 1987)

.
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By using mutated versions of the packaging signal,
it is possible to create helper viruses that are packaged
with varying efficiencies. Typically, the mutations are
point mutations or deletions. When helper viruses with
low efficiency packaging are grown in helper cells, the
virus is packaged, albeit at reduced rates compared to
wild-type virus, thereby permitting propagation of the
helper. When these helper viruses are grown in cells
along with virus that contains wild-type packaging
signals, however, the wild-type packaging signals are
recognized preferentially over the mutated versions.
Given a limiting amount of packaging factor, the virus
containing the wild-type signals are packaged selectively
when compared to the helpers, if the preference is great
enough, stocks approaching homogeneity should be
achieved.

C. Cell Lines

20 A first aspect of the present invention is the
recombinant cell lines which express part of the
adenoviral genome. These cells lines are capable of
supporting replication of an adenovirus recombinant
vectors and helper viruses having defects in certain
adenoviral genes, i.e., are -permissive- for growth of
these viruses and vectors. The recombinant cell also is
referred to as a helper cell because of the ability to
complement defects in, and support replication of,
replication- incompetent adenoviral vectors. The
prototype for an adenoviral helper cell is the 293 cell
line, which contains the adenoviral El region. 293 cells
support the replication of adenoviral vectors lacking El
functions by providing in trans the El-active elements
necessary for replication.

Helper cells according to the present invention are
derived from a mammalian cell and, preferably, from a
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primate cell such as human embryonic kidney cell.

Although various primate cells are preferred and human or

even human embryonic kidney cells are most preferred, any

type of cell that is capable of supporting replication of

the virus would be acceptable in the practice of the

invention. Other cell types might include, but are not

limited to Vero cells, CHO cells or any eukaryotic cells

for which tissue culture techniques are established as

long as the cells are adenovirus permissive. The term

"adenovirus permissive" means that the adenovirus or

adenoviral vector is able to complete the entire

intracellular virus life cycle within the cellular

environment

.

The helper cell may be derived from an existing cell

line, e.g.. from a 293 cell line, or developed de novo.

Such helper cells express the adenoviral genes necessary

to complement in trans deletions in an adenoviral genome

or which supports replication of an otherwise defective

adenoviral vector, su'ch as the El, E2, E4, E5 and late

functions. A particular portion of the adenovirus

genome, the El region, has already been used to generate

complementing cell lines. Whether integrated or

episomal, portions of the adenovirus genome lacking a

viral origin of replication, when introduced into a cell

line, will not replicate even when the cell is

superinfected with wild- type adenovirus. In addition,

because the transcription of the major late unit is after

viral DNA replication, the late functions of adenovirus

cannot be expressed sufficiently from a cell line. Thus,

the E2 regions, which overlap with late functions (Ll-5)

,

will be provided by helper viruses and not by the cell

line. Typically, a cell line according to the present

invention will express El and/or E4.

As used herein, the term "recombinant" cell is

intended to refer to a cell into which a gene, such as a
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gene from the adenoviral genome or from another cell, has
been introduced. Therefore, recombinant cells are
distinguishable from naturally-occurring cells which do
not contain a recombinantly- introduced gene. Recombinant

5 cells are thus cells having a gene or genes introduced
through "the hand of man."

Replication is determined by contacting a layer of
uninfected cells, or cells infected with one or more

0 helper viruses, with virus particles, followed by
incubation of the cells. The formation of viral plaques,
or cell free areas in the cell layer, is the result of
cell lysis caused by the expression of certain viral
products. Cell lysis is indicative of viral replication.

D. Vectors

Another embodiment of the present invention is an
adenovirus vector construct in which at least a portion
of the El and E3 regions of the virus are deleted, along
with at least portion of the E4 and/or E2 regions. In an
alternative embodiment, the defects in the El and E3
regions may not be deletions but point mutations
rendering the "early" gene products inactive or
preventing their synthesis entirely. Examples of
preferred embodiments provided herein make use of the
adenovirus 5 serotype (Ad5) genome. It is understood,
however, that other serotypes such as the adenovirus type
2 (Ad2) genome, for example, would also function in the
practice of the invention.

Three benefits arise from various forms of
adenovirus mutants. Where a mutation simply renders a
protein non- functional, the ability of the virus to
replicate once administered to a patient is eliminated,
thus lessening the chance for pathogenic effects. If the
protein mutation also results in the absence of a protein
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product, an additional benefit in terms of lower toxicity

is realized. Finally, if the adenovirus mutant lacks

some or all of the gene segment encoding the protein, the

apathogenic and non-toxic phenotype is achieved along

with increased capacity to carry foreign genes. Thus, an

adenovirus mutant lacking at least a portion of its

coding sequence is preferred.

The invention also can be described as an adenovirus

vector construct comprising at least about 350 base pairs

of the left ITR region of the Ad5 genome, up to about 35

kB of heterologous DNA, and at least about 100 base pairs

of the right ITR region of the Ad5 genome. See FIG. 1.

Corresponding regions of other serotypes, such as the

adenovirus type 2 genome, can be used as well. In its

most preferred embodiment, the left and right ITR regions

will fianK the heterologous DNA and contain said

heterologous DNA between them. Any arrangement of the

viral and heterologous DNA that permits replication and

encapsidation is acceptable, however, and is included as

a part of the present invention.

Prior to the present invention, the largest insert

that could be contained in the vector was 5.5 kB,

inserted in place of the El and E3 regions and including

the additional 2 kB that the virus can package. Because

of the present invention, more than 36 kB of heterologous

DNA can be contained in the vector, depending on the size

of the deletion. Different vectors lacking 10, 15, 20,

30 and 35 kB of adenoviral sequences are contemplated.

The present invention makes possible, for example,

deletion of the El, E2, E3, E4, LI, L2, L3, L4 and L5

regions, or any combination of these regions, and

replacement of the deleted regions with heterologous DNA.

The adenovirus vector construct must therefore

replicate in a helper cell with the aid of one or more
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helper viruses. In order for replication to occur, the
vector must encode all of the necessary cis-acting
elements needed for replication of the vector DMA,
including those required for initiation of genome
replication and for packaging of the replicated DNA into
the viral capsid, provided that the remaining trans
elements are supplied by the helper cell and the helper
virus.

In the context of the adenovirus vector, the term
heterologous DNA is meant to include DNA derived from a
source other than the adenovirus genome which provides
the backbone of the vector. This heterologous DNA may be
derived from a prokaryotic or a eukaryotic source such as

15 a bacterium, a virus, a yeast, a plant or even an animal.
The heterologous DNA may also be derived from more than
one source. For instance, a regulatory sequence may be
derived from a virus and may control the expression of a
structural gene from a different source, such as a

20 mammal.

Regulatory elements include promoters. Preferred
promoters are viral promoters such as the adenovirus
major later promoter, SV40 late promoter from simian

25 virus 40, the Baculovirus polyhedron enhancer/promoter
element, Herpes Simplex Virus thymidine kinase (HSV tit)

,

the immediate early promoter from cytomegalovirus (CMV)
and various retroviral promoters including LTR elements.
The elements are operably linked to a gene, the
expression of which is desired. By "operably linked, it
is meant that the regulatory element is positioned,
relative to a coding sequence, such that expression of
that coding sequences is effected or enhanced by that
element

.

The promoters and enhancers preferably employed will
be those that control the transcription of protein



10

15

20

25

30

35

PCT/US96/05310
WO 96/33280

- 22 -

encoding genes in mammalian cells and may be composed of

multiple genetic elements. The term promoter includes

that group of transcriptional control modules clustered

around the initiation site for RNA polymerase II.

Promoters are believed to be composed of discrete

functional modules, each comprising approximately 7-20 bp

of DNA, and containing one or more recognition sites for

transcriptional activator proteins. At least one module

in each promoter functions to position the start site for

RNA synthesis. The best known example of this is the

TATA box, but in some promoters lacking a TATA box, such

as the promoter for the mammalian terminal

deoxynucleotidyl transferase gene and the promoter for

the SV40 late genes, a discrete element overlying the

start site itself helps to fix the place of initiation.

Additional promoter elements regulate the frequency

of transcriptional initiation. Typically, these are

located in the region 30-110 bp .upstream of the start

site, although a number of promoters have recently been

shown to contain functional elements downstream of the

start site as well. The spacing between some elements is

flexible, so that promoter function is preserved when

elements are inverted or moved relative to one another.

Depending on the promoter, it appears that individual

elements can function either cooperatively or

independently to activate transcription.

The promoter further may be characterized as an

inducible promoter. An inducible promoter is a promoter

which is inactive or exhibits low activity except in the

presence of an inducer substance. Some examples of

inducible promoters that may possibly be included as a

part of the present invention include, but are not

limited to, MT II, MMTV (mouse mammary tumor virus),

Collagenase, Stromelysin, SV40, Murine MX Gene, a-2-

Macroglobulin, MHC Class I Gene H-2kb, HSP70, Proliferin,
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Tumor Necrosis Factor or Thyroid Stimulating Hormone a
Gene

.
It is understood that any inducible promoter may

be used in the practice of the invention and that all
such promoters would fall within the spirit and scope of

5 the claimed invention.

10

Another type of promoter that may be included within
the heterologous DNA is a tissue specific promoter. A
tissue specific promoter is a promoter that
preferentially is active in a cell of a particular type,
such as in liver, muscle, endothelia and the like. Some
examples of tissue specific promoters that may be used in
the practice of the invention include the albumin
promoter, expressed in the liver, or the surfactin

15 promoter, expressed in the lung. The muscle-specific
creatine kinase enhancer, in combination with the human
cytomegalovirus immediate early promoter, is a preferred
construct for expression in muscle tissue, for example.

20 The heterologous DNA of the present invention may
also comprise an enhancer, also operably linked to the
gene of interest. The basic distinction between
enhancers and promoters is operational. An enhancer
region as a whole must be able to stimulate transcription

25 at a distance; this need not be true of a promoter region
or its component elements. On the other hand, a promoter
must have one or more elements that direct initiation of
RNA synthesis at a particular site and in a particular
orientation, whereas enhancers lack these specificities.
Aside from this operational distinction, enhancers and
promoters are very similar. They have the same general
function of activating transcription in the cell and
often have overlapping, contiguous and seemingly similar
modular organization. Taken together, these

35 considerations suggest that enhancers and promoters are
homologous entities and that the transcriptional
activator proteins bound to these sequences may interact

30
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with the cellular transcriptional machinery in

fundamentally the same way. It is understood that any

such promoter, enhancer or promoter/enhancer combination

may be included in the heterologous DNA of the adenoviral

vector to control expression of the heterologous gene

regions

.

The heterologous DNA may include more than one

structural gene under the control of the same or

different promoters. The heterologous DNA may also

include ribosome binding sites and polyadenylation sites

or any other elements necessary for the expression of the

DNA in a eukaryotic or a mammalian cell. These elements,

along with appropriate promoter and enhancer elements,

are combined into vector constructs by methods well known

and routinely practiced in the art such as restriction

enzyme digestion followed by DNA ligase directed splicing

of the various genetic elements. The heterologous DNA

. may include regions from other viruses that can confer

specific properties on the construct such as integration

capability or the ability to replicate in the presence of

various other viruses.

E. Targeting

Another embodiment of the invention is a virion

particle containing the packaged adenovirus vector

construct. The virion particle is capable of infecting

cells as a means of introducing the vector DNA into cells

wherein the heterologous DNA is expressed. Techniques

for the replication of adenoviral vectors and infection

of target cells are well known and routinely practiced in

the art.

The virion capsid may be identical in structure to

the wild-type Ad5 capsid or it may be altered. Such

alterations may include the incorporation of cell



WO 96/33280
PCI7US96/05310

25 -

10

15

20

30

targeting agents such as antibodies or cell receptor
recognition peptides to target the virions to particular
cells. Such targeting agents may be enzymatically or
chemically coupled to the particle or may be expressed by
the vector DNA or by the helper viruses or cell.

More specifically, the targeting mechanism may
include insertion, into the viral capsid genes, DNA
fragments that encoding a binding site peptide or a
ligand peptide that would serve to target the virion to a
particular type of cell or to cells expressing certain
surface proteins. One particularly example would be the
expression of the Pc binding region from protein A on the
capsid surface. Such altered viruses could then be
treated with an antibody specific for a certain cell or
tissue type. The virus^ capsid would bind to the
antibodies and be directed to cells bearing the antigen
recognized by the antibodies.

Another example of cell targeting is the expression
of a ligand binding site on the surface of the virus, in
this example, the virus [would bind directly to the ligand
on the targeted cell or" tissue surface. Another example
of targeting would be the expression of an cell-specific

25 epitope on the virus capsid. In this technique, the
virus particles would be treated with monoclonal
antibodies to the epitope. Because the monoclonal
antibodies are bivalent, the antibodies would retain a
free binding arm for targeting of the virus particles to
the target cell or tissue. The foregoing discussion of
targeting should not be read as precluding the direct
inoculation of virus to a target area. A preparation
containing the virus particles can be injected into a
local area, such as an organ or into a tumor, or applied

35 thereto following surgical exposure.
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P. Helper Virus

Another aspect of the present invention is the

helper virus. A helper virus is defined as an adenovirus

5 that can complement the replication and packaging of the

adenovirus vector construct. Helper vectors require the

same cis-acting sequences as the adenoviral vectors,

namely, an origin of replication and a packaging signal.

Preferably, a helper virus according to the present

10 invention also contains a mutation in the adenovirus

packaging signal that causes it to be utilized less

efficiently than the wild- type packaging signal, although

it still is utilized to an extent that packaging will

occur in the absence of competing, wild-type signals.

15 Like the adenoviral vectors, the helper virus will need

to be propagated on a helper cell line that compensates

for its defects. Usually, the defects will include

deletions in the El and/or E2 regions of the helper virus

genome. Also, the non-essential E3 region may be

20 removed. A list of some possible combinations is

provided in the following table.

TABLE Is PHENOTYPES OF VARIOUS COMPONENTS

25 VECTOR HELPER CELL HELPER VIRUS

E4
E4

30

El E2, L1-L5
El, E2, L1-L5

El E2, E4, L1-L5

El, E4 E2, L1-L5

E4 El, E2, L1-L5

35
- signifies absence of functional E1-E5 and L1-L5

products

One of the advantages provided by the present system

40 is the greatly reduced possibility that the adenoviral

vector, through homologous recombination, will reacquire
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a wild-type genome, i.e., be rescued, at the cost of
eliminating the heterologous DNA sequences. By using
three different genetic entities (helper cell, helper
virus and adenoviral vector) rather than two (helper cell
and adenoviral vector; helper virus and adenoviral
vector)

,
it becomes impossible for a single recombination

event to rescue wild-type virus.

10

20

30

G. Method of Expressing Heterologous Genes

In certain embodiments, the present invention
further encompasses a method for expressing a foreign
gene in a mammalian cell, while the vectors provided by
the present invention are particularly useful in gene
therapy, they also are quite useful in in vitro methods
for the manipulation and expression of genes in other
contexts. Such methods involve the use of an adenoviral
vector construct containing heterologous DNA encoding the
foreign gene and means for its expression, replicating
the adenoviral vector construct in an appropriate helper
cell with an appropriate helper virus, obtaining virion
particles produced therefrom and infecting mammalian
cells with the virion particles. The foreign gene could
be, for example, a cystic fibrosis gene, an interleukin

25 or antiviral product
. It also is contemplated that the

gene may encode a toxin or a gene that otherwise renders
a cell susceptible to further treatment with a
pharmaceutical agent.

35

Another example of a disease for which a large
capacity vector might be effective is Duchenne muscular
dystrophy (DM0)

,
a lethal, X-linked degenerative disorder

of muscle, which affects about 1 in 35,000 newborn males.
DMD is. caused by a deficiency of dystrophin (Zubrzycka-
Gaam et al., 1988), a 427 kD protein encoded by a 14 kB
transcript (Koenig et ai . , 1987) . A possible therapy for
this disease would be the restoration of dystrophin
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function by insertion and expression of the dystrophin

gene in the patient's muscles (Blau, 1993; Cox et a! ,

1993 ) . This therapy would require a vector that could

efficiently deliver the 14 kB cDNA into muscle cells and

specifically express the DMD protein in the muscle cells.

Unfortunately, at the time of this disclosure, there xs

no vector system available which is capable of delivering

more than 7.5 kB of DNA to be expressed in a specific

tissue

.

The foreign gene to be expressed, as described in

the preceding paragraph, may be of any origin, for

example, a bacterium, a yeast, a plant, an animal or even

a human gene. Preferably, the foreign gene is configured

as a complementary DNA (cDNA) . In some instances,

however, it may prove advantageous to use a genomic DNA

clone where, for example, introns contained therein

provide some additional benefit. It also is contemplated

that antisense constructs, specifically designed to

inhibit expression of a particular gene, will be useful.

As discussed above, a variety of regulatory elements

including promoters, enhancers, polyadenylation sites,

etc., may be included in the foreign gene. Preferably,

the adenovirus vector construct contains a deletion in

the El and E3 region of the genome and at least one other

adenovirus -early" or "late" region, and the foreign gene

is inserted in place of the missing adenoviral sequences.

Virus particles produced by the replicating viral

vector in the helper cell, along with the helper virus,

can be obtained by any acceptable means. Such means

would include filtration, centrifugation. Plaque

purification, by direct isolation of virus from lysed

5 cells also is possible. All such methods of obtaining

virion particles and infecting mammalian cells with such

particles are well known to those of skill in the art.
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A first step in expressing a foreign gene is the
development of adenoviral helper viruses- The general
scheme for generating helper viruses is as follows.
First, a part of the adenoviral genome is inserted into a
standard cloning vector. A deletion in that region is
then engineered. Following amplification of the deletion
construct, the adenoviral fragment is excised and
cotransfected with adenoviral genomic DNA in a cell line
expressing the "early- functions deleted from the
adenoviral fragment. Following recombination, adenoviral
genomic DNA lacking the deleted sequences are isolated.
This process can be repeated to incorporate additional
deletions so long as cell lines are available that can
complement the increasing number of defective functions.

In a preferred embodiment of the foregoing, the
adenoviral genomic DNA that receives the deletion
fragments contains a mutation in the packaging signal
(pac")

.
Because the recombination of deletions into the

adenoviral genome is accomplished in the absence of other
adenoviruses, however, the mutated packaging signal is
sufficient to permit encapsidation. Subsequent
propagation of this virus with vectors containing wild-
type packaging signals will result in preferential

25 encapsidation of the vectors.

Also important is the development of Ad helper cell
lines. These cells lines are the stably transfected, or
^transformed," with DNA from adenovirus. The DNA may be
integrated or maintained as episomal fragments of Ad
sequences. These cell lines are designed to express
different sets of Ad proteins and can be used to generate
and propagate different Ad vectors.

Another step in the helper virus system is the
construction of adenoviral vectors. Ad vectors can be
generated in two basic fashions. First, a region of the
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adenoviral genome can be inserted into a standard cloning

vector. Next, a deletion is engineered into the

adenovirus insert and the deleted sequences replaced with

a heterologous DNA. Cotransfection of the Ad-hetDNA-Ad

5 insert with adenoviral genomic DNA will result in

recombination of the heterologous DNA, by virtue of the

flanking Ad sequences, into the cotransfected adenoviral

genomic DNA. If the host cells do not compensate for the

adenoviral functions missing from the new recombinant,

10 the cells can be superinfected with helper viruses.

An alternative method for generating Ad vectors

would be the generation, in vitro, of the entire Ad

sequences. Using restriction enzymes and DNA ligase, it

15 is possible to clone directly the necessary cis-acting

sequences from adenovirus to the heterologous DNA. This

construct can then be transfected into helper cells,

optionally infected with helper virus, for the purposes

of replication and encapsidation. In this context, it

20 may be helpful to generate an adenoviral vector

containing only the packaging signal, origin of

replication and a multipurpose cloning site for the

insertion of heterologous DNA. In a preferred

embodiment, this starting vector also would contain an

25 excisable marker gene.

In any of the preceding or following discussion, the

term transfecting should be understood as including an

type of gene transfer methodology including calcium-

30 phosphate precipitation, protoplast fusion, lipofection,

cation- facilitated DNA (e.g., polylysine) transduction or

any other equivalent method. Together, these terms are

deemed equivalent the phrase "importing nucleic acid."

35 For example, technology is available to conjugate

naked nucleic acids to polycations, which conjugates are

taken up by cells brought in contact with such
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conjugates. In certain embodiments, it also is desirable
to include an agent capable of disrupting lysosomes in
which the conjugate is taken up. a preferred lysosomal
disruption agent is adenovirus itself. The adenovirus
can be wild-type adenovirus, adenovirus containing a
defective genome or empty adenovirus particles. An
example of the approach is illustrated in FIG. 7.

10

15

20

EXAMPLES

The following examples are included to demonstrate
preferred embodiments of the invention. It should be
appreciated by those of skill in the art that the
techniques disclosed in the examples which follow
represent techniques discovered by the inventor to
function well in the practice of the invention, and thus
can be considered to constitute preferred modes for its
practice. However, those of skill in the art should, in
light of the present disclosure, appreciate that many
changes can be made in the specific embodiments which are
disclosed and still obtain a like or similar result
without departing from the spirit and scope of the
invention.

25 Example 1: Construction of a Packaging Defective
Adeno-Helper Virus

A helper virus was generated by recombination of
overlapping sequences of a shuttle vector and cloned

30 fragments of the adenovirus genome. The EcoRI-Clal small
fragment from pXCJ.2 (Spessot et al., 1989) was subcloned
into the respective sites of pBSKS (Stratagene) to
generate pBSleft-end. A 1.7 kB fragment from nucleotides
4021 to 5785 of Ad5 was synthesized by PCR using PJMi7
(McGrory et al., 1988) as a template using primers 5'-
CCAT£GATjGCGGTTTAAAACATAAAT-3

' (Clal site underlined) and
5 ' -CCGCGGAACACCGCTCGAGGAC- 3 ' . pRA was generated by

35
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inserting the PCR-generated fragments into Clal-Xhol

sites of pBSleft-end. Subsequent cleavage of pRA with

Sgral (nucleotide 188) and Clal (nucleotide 450),

effectively removing the wild-type packaging signal. The

corresponding Sgral-Clal fragment from pElA-10/28,

containing a double-deletion in the Ad5 packaging signal

(Grable and Hearing, 1990) was inserted into pRA. PJM17

and pRApac" were cotransfected into 293 cells. Virus is

then purified and cloned by limiting dilution on 293

cells, after which pac" helper is identified.

Example 2 : Construction of a Replication Deficient

Adenovirus Vector

By fusing the inverted terminal repeats (ITRs) of

adenovirus with a prokaryotic origin of replication, a

replicable adenovirus vector can be constructed that also

may be propagated in bacteria. Such a vector has been

generated by inserting the ITR fusion region of pAB17

(BsaAI site at 35,771 to SacII site at 358 (nucleotide

'

nos. from Ad5) into the Xbal site of PREP9 (Invitrogen)

.

This insert contains the wild-type packaging signal at

nucleotides 194-358. As a reporter, the fc-gal gene was

subcloned as a Notl-NotI fragment from pTKS (Clontech)

into the NotI site following the Rous Sarcoma Virus

promoter of pREP9.

Example 3: Expression of Heterologous Peptide in

Mammalian Cells

P53 is excised from pEC53 (Zhang et al. 1994) and

inserted into the HotI site of the vector described in

example. The plasmid is introduced into 293 cells by

Dotap-mediated transfection. Id. After 24 hours, cells

are infected with the helper virus described in Example 1

in complete medium. After cytopathic effects appear,

virus is harvested by three freeze-thaw cycles and virus
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purified by CsCl density gradients. Id. Purified vector
is stored at -80-C in buffered 10% glycerol.

Example 4, Administration of a Therapeutic Vector to
a Patient In Vivo

Large scale production of viral vector described in
Example 3 will be undertaken and each batch evaluated for
purity and homogeneity. Virus stocks can be stored at
titers of 10" pfu/ml at -80<>c. Patients with advanced
(stage III) inoperable adenocarcinoma are selected for
possible treatment and the tumors screened for p53
status. Those patients having tumors with deleted or
mutated P53 are further selected for treatment. By
fibroscopy, as much tumor mass as possible is removed and
a fabroscopic-guided needle is used to inject vector at
0.1 ml volumes do" pfu ) at 4-6 sites in the remaining
tumor mass. Patients are monitored daily for systemic
inflammation. After about 1 week, the tumor is biopsied
to assess p53 expression and vector presence. Pharyngeal
mucosa, urine and stool samples are taken in order to
assess for possible adventious virus shedding.
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CLAIMS :

5

10

15

20"

25„

30

1. An isolated adenovirus vector, wherein said vector
comprises an adenoviral inverted terminal repeat and an
adenoviral packaging signal but lacks at least a portion
of the coding regions for

(i) the adenoviral products E1A, E1B and E3; and

(ii) at least one of the adenoviral products
selected from the group consisting of E2, E4,
LI, L2, L3, L4 and L5.

2. The vector of claim i, wherein said vector lacks the
codxng regions for adenoviral products E1A, E1B, E2 and
E3

.

3. The vector of claim 1, wherein said vector lacks the
coding regions for adenoviral products E1A, E1B, E3 and
E4 •

4. The vector of claim l, wherein said vector lacks the
coding regions for adenoviral products ElA, ElB, E2 and
E4

.

5 The vector of claim 1, wherein said vector lacks the
coding regions for adenoviral products ElA, ElB, E2, E3
and E4

.

35



5

PCT/US96/05310
WO 9603280

- 46 -

6. The vector of claim 1, wherein said vector lacks the

coding regions for adenoviral products E1A, E1B, E2, E3

and Ll-5.

7. The vector of claim 1, wherein said vector lacks the

coding regions for adenoviral products E1A, E1B, E2, E3,

E4, LI, L2, L3, L4 and L5.

8. The vector of claim 7, wherein vector lacks all

adenoviral coding regions.

15 9. An isolated adenovirus vector, wherein said vector

comprises an adenoviral inverted terminal repeat and an

adenoviral packaging signal and a non- functional, non-

immunogenic form of

10

20

25

30

(i) the adenoviral products E1A, E1B and E3; and

(ii) at least one of the adenoviral products

selected from the group consisting of E2, E4,

LI, L2, L3, L4 and L5

.

10. The vector of claim 1, wherein said vector further

comprises a heterologous DNA of at least 10 kB.

11. The vector of claim 1, wherein said vector further

comprises a heterologous DNA of at least 15 kB.

35 12. The vector of claim 11, wherein said vector further

comprises a heterologous DNA of at least 20 kB.
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13. The vector of claim 12, wherein said vector further
comprises a heterologous DNA of at least 30 kB.

5 14. The vector of claim 13, wherein said vector further
comprises a heterologous DNA of about 35 kB.

15. The vector of claim 10 further comprising a
10 promoter, wherein said heterologous DNA is operably

linked to said promoter.

16. The vector of claim 1, wherein said heterologous DNA
15 encodes a tumor suppressor.

17. The vector of claim 1, wherein said heterologous DNA
encodes a product involved with cystic fibrosis

20

18. The vector of claim 1, wherein said heterologous DNA
encodes a product involved with Duchenne muscular
dystrophy.

25

19. The vector of claim 1, wherein said heterologous DNA
encodes an antisense construct.

30

20. The vector of claim 15, wherein said promoter is an
adenoviral major late promoter.

35 21. The vector of claim 15, wherein said promoter is
heterologous, cell-specific promoter.

a
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22. An isolated adenoviral helper virus, wherein said

virus comprises

(i) an adenoviral terminal repeat;

(ii) an adenoviral packaging sequence; and

(iii) the coding region for at least one of the

adenoviral products E1A, E1B, E2, E3, E4, LI,

L2, L3, L4 and L5.

23. An isolated adenoviral helper virus, wherein said

virus comprises

(i) an adenoviral terminal repeat;

(ii) a mutated adenoviral packaging sequence that

is utilized less efficiently than a wild-type

adenoviral packaging sequence; and

(iii) the coding region for at least one of the

adenoviral products E1A, E1B, E2, E3, E4, LI,

L2, L3, L4 and L5.

24 . A method of propagating an adenovirus vector lacking

at least part of the coding regions for (a) the

adenoviral products ElA, BIB and E3 and (b) at least one

of the adenoviral products selected from the group

consisting of E2, E4, LI, L2, L3, L4 and L5 comprising

the steps of:

(i ) providing a cell permissive for growth of an

adenovirus defective in the functions provided

by adenoviral products of E1A and E1B;



WO 96/33280
PCTAJS96/05310

49

(ii) providing an adenoviral helper virus that
complements the absence of the adenoviral
product or products as set forth in part (b)
above

;

(iii) importing said vector and said helper virus
into said cell; and

(iv) incubating said cell under conditions that
permit replication of said vector.

25. A method of expressing a gene in a mammalian cell
comprising the steps of:

(i) providing an adenoviral vector lacking at
least part of the coding regions for (a) the
adenoviral products E1A, E1B and E3 and (b) at
least one of the adenoviral products selected
from the group consisting of E2, E4, LI, L2,
L3, L4 and L5, wherein the lacking coding
regions are replaced by a heterologous DNA
encoding said gene;

(ii) propagating said vector under conditions
permissive for replication and packaging of
said vector in an infectious form;

(iii) isolating propagated vector in an infectious
form;

(iv) contacting said infectious form of said vector
with said mammalian cell; and

(v) incubating said mammalian cell under
conditions such that. said foreign gene is
expressed.
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26. The method of claim 25, wherein said gene encodes a

tumor suppressor.

27. The method of claim 25, v/herein said gene encodes a

product involved with cystic fibrosis.

28. The method of claim 25, wherein said gene encodes a

product involved with Duchenne muscular dystrophy.

in a
29. A method of inhibiting the expression of a gene

mammalian cell comprising the steps of:

(i) providing an adenoviral vector lacking at

least a portion of the coding regions for (a)

the adenoviral products E1A, E1B and E3 and

(b) at least one of the adenoviral products

selected from the group consisting of E2, E4,

LI, L2, L3, L4 and L5, wherein the lacking

coding regions are replaced by a heterologous

DNA encoding an antisense form of said gene;

(ii) propagating said vector under conditions

permissive for replication and packaging of

said vector in an infectious form;

(iii) isolating propagated vector in an infectious

form?

(iv) contacting said infectious form of said vector

with said mammalian cell; and
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(v) incubating said mammalian cell under
conditions such that said antisense transcript
of said gene is synthesized.

30. The method of claim 29, wherein said gene is an
oncogene

.

method of claim 30, wherein said gene is a viral
gene.
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