Gene Transfer into Rat Brain Using
Adenoviral Vectors

Viral vector-mediated gene delivery is an attractive procedure for introducing genes into
the brain, both for purposes of neurobiological research and for gene therapy of neuro-
logical diseases. Replication-defective adenoviruses possess many features which make
them ideal vectors for this purpose. Adenoviruses are easily purified to the high titers
required for in vivo administration, and they are efficient in transducing terminally
differentiated cells such as neurons and glial cells, resulting in high levels of transgene
expression. At low doses, adenoviral vectors delivered to the brain parenchyma cause
minimal inflammation or toxicity, and vector-mediated transgene expression is relatively
stable and generally, spatially restricted to the region of virus administration.

This unit focuses on methods that have been tailored to the injection of viral vectors into
the brain, and the subsequent detection of transgene expression and local inflammation.
Basic Protocol 1 here complements Basic Protocol 1 in UNIT 3.10, and describes a procedure
for the direct injection of adenovirus into the CNS using stereotaxic guidance, while
Support Protocol 1 in this unit is similar to Basic Protocol 2 in unir 1.1, and describes
preparation of brain sections for immunohistochemical analysis. However, adenovirus-
specific modifications are emphasized for these two procedures. Several methods for
evaluating gene transfer to the brain following in vivo administration of the adenoviral
vectors are also presented in this unit. A method for detecting vector-mediated transgene
expression by horseradish peroxidase (HRP)-based immunohistochemical staining is
described (see Basic Protocol 2). Fluorescence-based immunohistochemical staining to
detect more than one marker antigen within a single brain section is described in Alternate
Protocol 1.

Adenoviruses are immunogenic and have been used to vaccinate against infection in
humans. Adenovirus-derived vectors are also immunogenic and can elicit inflammatory
and cytotoxic effects in the brain, the severity of which depends on viral vector dose. In
addition to their potentially harmful side effects, inflammatory, immune, and cytopatho-
genic responses also have a profound impact upon the efficacy of gene transfer to the
brain. It is therefore necessary to evaluate vector-mediated inflammatory responses and
toxicity concomitantly with the evaluation of vector-mediated gene transfer. HRP-based
immunohistochemistry (see Basic Protocol 2) can be used with the appropriate antibodies
to visualize the acute and/or chronic infiltration of immune and inflammatory cells, the
activation of brain microglia and astrocytes, the loss of glial cell or neuronal markers
(indicating cell loss through acute or chronic cytotoxicity), and/or the integrity of brain
myelin after in vivo administration of adenovirus vectors to the brain. More global
visualizations of brain structure and infiltrating cells can be obtained by staining cell
nuclei with cresyl violet, which is described for vibratome brain sections (see Basic
Protocol 3), together with an alternative method for staining brain myelin with Luxol fast
blue. Staining semi-thin plastic-embedded sections with toluidine blue (see Basic Proto-
col 4) allows even better resolution of the cellular structure of the brain. The preparation
of APES-coated slides required for these applications is described in Support Protocol 2.

Cal
If vector-mediated transgene expression is observed to decrease or disappear over time,
it may be desirable to determine whether the vector genome has been eliminated from the
brain. PCR-based detection of vector genomes within DNA extracted from brain sections
or dissected regions of brain is described for this purpose (see Basic Protocol 5).
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Adenovirus vectors injected into the brain parenchyma (particularly vectors encoding
proinflammatory molecules) can cause disruption of the blood-brain barrier (BBB),
facilitating the infiltration of inflammatory cells from the circulation. A method for
determining the extent of breakage of the blood-brain barrier followin g administration of
adenovirus vectors to the brain is described (see Basic Protocol 6).

Adenovirus vectors administered to the brain parenchyma are able to persist for relatively
long periods of time (at least up to 12 months, compared with 2 to 3 weeks after delivery
of identical vectors to peripheral tissues such as the liver). The persistence of virus in the
brains of naive animals compared to peripheral tissues is thought to be due to the failure
to elicit an effective anti-adenoviral T cell response through intraparenchymal vector
injection. However, an effective immune response capable of eliminating vector or
transgene expression from the brain can be elicited by priming the immune response
through injection of adenoviral vectors into the skin (see Basic Protocol 7).

Lastly, since collaborative efforts between different laboratories often involve the trans-
port of valuable vector stocks from one lab to another, a protocol is provided for the
optimal transport of viral vector without loss of vector titer (see Support Protocol 3).

The majority of current gene therapy protocols utilizing adenoviral vectors have involved
“first-generation” vectors. These are recombinant vectors which are rendered nonrepli-
cative by deletion of the E1 region from the viral genome. Detailed protocols for the
generation and purification of first-generation adenoviral vectors are presented in uNIT
4.23. Before any virus preparation is used in vivo, it must be accurately titered and subjected
to the stringent quality control tests described in UN/T423. The Critical Parameters section
within uNnIT4.23 discusses the potential impact of viral dose and purity on the longevity of
adenovirus-mediated transgene expression and the side effects of vector administration
to the rat CNS.

NOTE: All protocols using live animals must first be reviewed and approved by an
Institutional Animal Care and Use Committee (IACUC) and must follow officially
approved procedures for the care and use of laboratory animals.

IN VIVO ADENOVIRUS-MEDIATED GENE TRANSFER INTO THE CNS OF
ADULT RATS

UNIT 3.10 describes administration of inoculum to a precise location within the adult rat
CNS using stereotaxic guidance. In the protocol below, the technique is adapted to gaseous
anesthesia and viral vector injection. The stereotaxic frame, the overall setup, and the
sequence of events in this protocol are modified from the procedure described in UnIT 3.10.
Use of inhalational anesthetic allows more control over the depth and duration of the
anesthesia during the injection of viral vectors. Briefly, the rat is anesthetized with a
mixture of halothane and N,O and its head is firmly positioned within the stereotaxic
frame, which is modified for gas anesthesia by the addition of a specialized mouthpiece
and semi-open breathing circuit (see Fig. 4.24.1). Anesthesia is maintained throughout
surgery by a constant flow of anesthetic mixture to the mouthpiece. Waste gas is scavenged
by a fluosorber.

Materials -
Adenoviral vector (UNIT 4.23)
Sterile phosphate-buffered saline (PBS; ApPENDIX 24), pH 7.4
Adult rat (250 g body weight; rats 200 to 350 g may be fitted into the frame;
however the stereotaxic coordinates may not be accurate with larger or smaller
animals, since standard atlases illustrate the brain of 250-g rats)

70% (v/v) ethanol/isopropyl alcohol
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