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NEXT-GENERATION VECTORS

This issue of Cell and Gene Thera-
py Insights will focus on alternative
next-generation vectors for gene
therapy and the genetic modifica-
tion of cells. Rather than discussing
the use of attenuated viruses, which
are the most commonly used vector
system, this issue comprises reviews
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Anideal vector for human gene therapy
should provide sustainable and therapeutic

levels of gene expression without
compromising the viability of the host.

and commentary on a range of alter-
native vectors that are being devel-
oped and which provide properties,
capabilities and utility not available
with typically used retrovirus and
lentivirus, adenovirus or adeno-asso-
ciated virus (AAV) vectors. Antonio
Marchini from the German Cancer

Research Centre in Heidelberg will
share his insight into the use of in-
fectious and replicating viral vectors
and describe the development and
clinical application of this vector
system in anti-cancer treatment. We
also have insightful expert reviews on
the advances in the application and
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improvements to our understanding
of the Sleeping Beauty transposon
system from the labs of Zsuzsanna
Izsvik (Max Delbriick Center for
Molecular Medicine, Berlin) and
Zoltdn Ivics (Paul Ehrlich Institute,
Langen) as well as an overview from
Laurence Cooper’s lab at MD An-
derson Cancer Center, Houston
describing the use of this non-viral
vector system for the genetic modifi-
cation of T-Cells for human anti-tu-
mour immunotherapy. We also have
an insight into the utility and use of
minimally sized Nanoplasmid DNA
vectors from the team at Nature
Technology Corporation (Lincoln,
NE) and Minicircle vectors from
PlasmidFactory (Bielefeld).

BACKGROUND

Despite decades of discussion and
development, clinical trials and trib-
ulation, the successful application of
gene therapy to patients using viral
vectors has become a reality. The ini-
tial treatment of SCID-X1 patients
using modified retroviruses is de-
servedly celebrated as a success that
is tempered only by the vector-me-
diated genotoxicity, which led to
oncogenesis in several of the treated
patients [1]. Subsequent modifica-
tions to the vector and protocols have
led to a steady stream of refinements
and improvements [2]. Since these
first successful clinical studies that
utilized integrating viral vectors, the
clinical application of non-integrat-
ing AAV vectors in a multitude of
trials has greatly increased the scope
of successful gene therapy treatments
in patients. AAV has been effectively
applied in a variety of clinical trials,
which were discussed in a recent issue
of this journal [3]. AAV has been used

to treat a range of conditions from the
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treatment of retinal diseases such as
Leber congenital amaurosis [4], Leber
hereditary optic neuropathy [5] and
choroideremia [6] to neurological dis-
orders (aromatic L-amino acid decar-
boxylase deficiency) [7] to blood dis-
orders such as hemophilia B [8] and
lipoprotein lipase deficiency [9]. With
an increasing number of clinical trials
currently underway and an array of
biotech companies and financiers in-
vesting in the field, there might seem
to be no avenue worth exploring for
alternative vector systems. But, AAV
vectors do have some fundamental
limitations that cannot be simply

overcome.

DEVELOPMENT OF
ALTERNATIVE VECTORS
One of the principle barriers that
limits the clinical use of AAV
vectors is the significant number
of people who have pre-existing
cross-reactive antibodies to one or
more of the commonly used AAV
serotypes [10]. Even low levels of
this anti-AAV antisera can cross-re-
act and neutralize a range of AAV,
limiting their therapeutic potential
and repeat administrations [11]. The
second drawback of AAV vectors is
their limited capacity to accom-
modate transgenic DNA. This not
only limits the range of genes that
can be engineered into the vector,
but also reduces the potential for
complexity in design to drive these
genes with cell or tissue specifici-
ty; typically, smaller and ubiqui-
tous promoters are used to drive
transgene expression of small gene
sequences in AAV vectors. Finally,
one of the biggest drawbacks to uti-
lizing AAV vectors is their inability
to provide persistent and sustained
expression in dividing cells and




this fundamentally limits their ap-
plication to non-dividing cells and
tissues.

INFECTIOUS VIRAL

VECTORS

Typically, an ideal vector for hu-
man gene therapy should provide
sustainable and therapeutic levels
of gene expression without com-
promising the viability of the host.
In this issue, we have articles de-
scribing such systems; sophisticat-
ed non-viral DNA vectors that are
designed to provide long-term and
safe transgene expression in cells.
We also have a rather contrasting
discussion on the use of oncolytic
viruses for the treatment of can-
cer. Antonio Marchini describes his
lab’s development of new antican-
cer strategies based on autonomous
oncolytic parvoviruses. This is an
application of viruses for the treat-
ment of disease as nature designed
them - self-replicating biological
weapons that can specifically infect
and propagate in cancer cells before
killing them and spreading their
viral progeny further into a tumor
mass. An additional benefit of this
viral-mediated cancer cell killing is
the release of tumor-associated anti-
gens and their activation and stim-
ulation of the host immune system,
which can act against the treated
tumor and disseminated metastases.

NEXT-GENERATION
NON-VIRAL DNA VECTORS

Despite the considerable success of
viral vectors for gene therapy, many
researchers continue to work on the
development of alternative non-vi-
ral gene therapy vectors. A typical
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In dividing cells, most non-viral DNA vector
systems are expressed for a transient period
due either to the shut down of transcription
or more likely the loss of the DNA molecule
\ from the cell.
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limitation, which restricts the clin-
ical application of these vectors, is
the transient nature of the trans-
genic material in dividing cells.
Our bodies can defend themselves
from the effects of genetic damage
or infection and, just like viruses,
many non-viral gene therapy vec-
tors can also activate these defence
mechanisms and are subsequently
destroyed or rendered silent. It has
become apparent that, without re-
finement or considered design, the
clinical utility of a typical non-vi-
ral vector is fundamentally limited
due to the transient nature of its
transgene expression and the vector
itself.

Following successful transfection
there may be several mechanisms
for the loss or silencing of expres-
sion, such as the reduction in the
copy number of the vector or by
the removal of cells that have been
lethally damaged during the gene
delivery process. There may be im-
mune or inflammatory responses
against cells expressing the trans-
gene and innate immune responses
intracellularly against DNA that has
been recognized as foreign by the
cell. The loss of expression may also
be due to epigenetic events, where
the transgenic DNA still exists in
the nucleus but its expression has
been silenced perhaps by positional
effects of the chromatin status. By
considering the mechanisms that
may lead to the loss of expression,
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almost certainly going to require a range of
approaches. One single vector system or

approach will not cure all.
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the design of non-viral DNA vec-
tors can be developed rationally to
enhance their gene expression pro-
file and improve their safety.

IMMUNE RESPONSES
Although DNA vectors are typical-
ly less immunogenic than viruses, a
substantial immune response against
this class of vectors still provides a
barrier against efficient gene trans-
fer and sustained expression. DNA
prepared from bacteria can elicit im-
munostimulatory responses. Com-
pared with mammalian DNA, bac-
terial sequences comprise relatively
high levels of non-methylated CpGs
[12]. Dendritic cells, macrophages
and antigen-presenting cells active-
ly detect this conspicuous presence
of unmethylated DNA and this can
elicit a widespread immune response
including the maturation, differen-
tiation and proliferation of mono-
cytes, macrophages, T cells and nat-
ural killer cells against the transgenic
DNA and transfected cells [13,14].
Additionally, the presence of ex-
pressed transgenic proteins in the cir-
culation can also provoke antibody
responses, which also results in the
suppression of transgene expression
and the removal of transfected cells
[15]. There is also data that suggests
that cells can detect integrated trans-
genic DNA and this can also lead to
the down-regulation of transgene ex-
pression [16].
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MINIMALLY SIZED DNA
VECTORS

Modifying non-viral vectors by re-
ducing their unmethylated CpG
content can reduce or avoid im-
mune responses against them. Sev-
eral strategies have been developed
to produce minimally sized DNA
vectors, which comprise only the
mammalian  expression  cassette
thereby removing any extraneous
elements not required for transcrip-
tion of the transgene of interest in
eukaryotic cells. These methods
typically utilize site-specific  re-
combination of integrase systems
such as phiC31 [17], A intergrase
[18], Flp recombinase [19] or Cre
recombinase [20], which require
post-production purification of the
minimal DNA vectors. In this issue,
Hodgson ez al. describe advances
their company Nature Technolo-
gy Corporation has made over the
past 15 years to develop an alter-
native methodology to produce a
class of minimally sized DNA vec-
tors known as NanoPlasmids. In an
alternative approach to generating
smaller, optimized and minimally
sized vectors Shankar ez a/ from
PlasmidFactory discuss their devel-
opment of protocols to generate
clinically relevant High Quality
Grade minicircle DNA.

INTEGRATING NON-VIRAL
DNAVECTORS

In dividing cells, most non-viral
DNA vector systems are expressed
for a transient period due either to
the shut down of transcription or
more likely the loss of the DNA
molecule from the cell. Several dif-
ferent strategies have been followed
in the attempt to produce a stably
integrated non-viral vector. Possibly




the most well understood and inves-
tigated is the Sleeping Beauty (SB)
transposon, which is perhaps the
most active 7cl/mariner-type trans-
posable element in vertebrates. In
this issue, we have reviews from the
laboratories of Zsuzsanna Izsvik
and Zoltdn Ivics who provide an in-
sight into the progress their teams
have made in the development of
the SB vector system and their un-
derstanding of the challenges that
lie ahead. We also have a review of
the ground-breaking clinical trial
performed by Laurence Cooper’s
lab using this vector system for
adoptive T cell immunotherapy for
the treatment of hematologic malig-
nancies and solid tumors.

FUTURE PERSPECTIVE

The genetic treatment of human
disease is almost certainly going
to require a range of technologies
and approaches. One single vector
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