Gene Transfer into Neural Cells In Vitro
Using Adenoviral Vectors

Adenovirus (Ad) vectors offer an extremely efficient system for DNA delivery, allowing
transgene expression in a wide range of target cells, including neural cells. Important
features of adenovirus vectors include: the ability to infect post-mitotic cells, including
neurons; the capacity to be grown to high titers (up to 10" pfu/ml); high levels of transgene
expression; long-term stable expression in the brain (described in rats and mice); and the
ability to infect target cells with more than one vector. Moreover, adenoviruses are rarely
associated causatively with brain pathology. In addition to these features, recombinant
adenovirus vectors have also been used to achieve targeted and regulated expression using

tissue-specific or regulatable promoters, and controlled expression by gene dosage and
promoter selection.

Adenovirus vectors can be exploited to target expression to brain neocortical and glial
cells in culture. This unit describes protocols to generate adenoviruses, to assess whether
they infect and express transgenes within identified brain cells in culture, and to transfer
missing functions to cellular models of human diseases. Initially, the procedures for
generation of recombinant replication-defective adenoviruses by homologous recombi-
nation of shuttle vectors within human embryonic kidney 293 cells, and their subsequent
isolation by endpoint dilution, purification, and amplification, are discussed (see Basic
Protocol 1). This protocol also presents steps for cesium chloride gradient purification
and assessment of vector titers. It is assumed from the outset that readers will be familiar
with the molecular biology techniques required for production and analysis of shuttle
vectors containing the desired transgenes under the control of selected promoters, and
with the techniques and skills necessary for culture of mammalian cell lines in vitro. The
procedures employed in the authors’ laboratory for identification and characterization of
recombinant adenovirus vectors are presented in the support protocols. These include
techniques for extraction of viral DNA and Southern blotting (see Support Protocol 1),
and PCR detection of transgenes (see Support Protocol 2), along with the essential quality
control assays for detection of contamination by bacterial lipopolysaccharide and repli-
cation-competent adenovirus, and for the determination of the particle-to-infectious

(plaque-forming) unit ratio (see Support Protocol 3), to which all recombinant vectors
generated should be subjected.

After description of the methods for recombinant adenovirus vector generation, the
techniques employed for infection of neurons and glia in vitro (see Basic Protocol 2) are
presented, along with support protocols outlining the procedures for the establishment of
primary cultures of neocortical neurons (see Support Protocol 4), ventral-mesencephalic
neurons (see Support Protocol 5), and neocortical glial cells (see Support Protocol 6).
Support Protocol 7 describes the detection of transgene expression in cultured cells by
Xgal cytochemical assay, immunocytochemical means, and fluorescence-activated cell
sorting (FACS).

Adenovirus vectors are not limited to gene transfer in mammalian neural systems. They
are equally efficacious for gene transfer into cells of the gastrointestinal (including
hepatic), cardiovascular, musculoskeketal, and pulmonary systems, and these protocols
will be of value to researchers working in these fields as well.

NOTE: All solutions and equipment coming into contact with living cells must be sterile,
and aseptic technique should be used accordingly.
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NOTE: All cell culture incubations should be carried out in a humidified 37°C, 5% CO,
incubator unless otherwise stated.

PREPARATION OF RECOMBINANT ADENOVIRUS VECTORS

Ad vectors for gene transfer and therapy have been constructed usin g derivatives of human
adenovirus serotypes 2 or 5 (Ad2 or Ad5). First- generation recombinant adenovirus
vectors (RAds) for gene transfer typically have deletions in the E1 region to render the
vector replication-defective, thereby preventing virus spread and target cell lysis. These
vectors can be propagated in the El“complementing human embryonic kidney cell-de-
rived 293 line (Graham et al., 1977). The largest viable E1 deletion reported for first-gen-
eration vectors extends from nucleotide 342 to 3523, removing nearly all the E1 sequences
between the viral packaging domain and the coding sequence for adenoviral gene pIX.

The E3 region, which is dispensable for growth in culture, is also deleted in many Ad
vectors to allow the cloning of larger inserts. The largest E3 deletion reported to date is.
3.1 kb (from nucleotide 27865 to 30995 of Ad5), which prevents expression of all E3
genes (Bett et al., 1994). Since Ad is capable of packaging a genome that is 5% larger
than the wild-type genome, the largest E1/E3 deletions provide a total cloning capacity
of 8.3 kb. Most of the Ad vectors in use today are derived from the Ad5 strain d/309 or

Figure 4.23.1 Schematic diagram of shuttle vectors used for construction of recombinant ade-
noviruses. The transfer vector pAL119//acZ was constructed from plasmid pXCX2 (Spessot et al.,
1989) with the addition of a linker (containing the Hindlll cloning site) at the unique Xbal cleavage
site. lacZwas cloned into pAL119 under hCMV promoter control and upstream of a polyadenylation
signal. The transfer vector provides the expression cassette with flanking sequences from the Ad5
E1a gene region (* and **). The plasmid pJM17 contains the entire Ad5dI309 genome and the
prokaryotic vector sequence pBRX inserted into the E1a gene at 3.7 map units. Insertion of the
prokaryotic vector makes pJM17 too large to be packaged into Ad nucleocapsids. Cotransfection
of both plasmids into 293 cells allows homologous recombination, resulting in the replacement of
the entire E1a region and prokaryotic sequences with the Hindlil expression cassette. The genome
of the recombinant vector is reduced sufficiently in size to be packaged into nucleocapsids, allowing
vector replication and resulting in plagque formation in the 293 cell monolayer. A linear diagram of
the RAd genome is shown, illustrating the position of the expression cassettes and the Hindlll
restriction sites throughout the genome used for characterization of the recombinant adenovirus.
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