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Introduction

Gene therapy is an advanced approach of
medical intervention to correct inheritable genetic
disorder through gene replacement. The goal for
gene-based therapeutics is the effective delivery of
genes to the diseased tissue or organ with subsequent
expression of a therapeutic protein.

Generally, the approach is intended to confer
a therapeutic or prophylactic effect. However, it may
serve as a way of marking cancer or any target cells
for later identification. Its application is based
primarily on modification of the genetic material of
living cells. Therefore, the primary considerations
for the design of gene delivery vehicle should
include cellular internalization, intracellular
trafficking, nuclear uptake, and the retention period
of an expressed protein. Upon administration of
suitable genetic materials to the subject or patient,
the target cells are expected to be modified or altered
in vivo. There arise several issues including the
safety of the delivery system, the safety of the
expressed gene product, and appropriate host-
associated immune response. These problems can
be minimized when an efficient targeting

requirement is fulfilled. In principle, it requires an
appropriate recombinant DNA material to carry and
transfer the desired genetic material. This may
involve extensive genetic manipulations and lengthy
studies and explains why only a few gene therapy
products have reached clinical trials.

Gene therapy approaches vary from delivery
of many copies of a gene, through gene
modifications by using the properties of ribozymes,
to injection of ex vivo modified cells. The ultimate
goal of such approaches is to inactivate or to repair
the mutated gene in the target cells or perhaps
leading to elimination of such cells. However, the
major challenge is not in the engineering of the target
gene. Identifying an efficient vector and delivery
method, regulating the transgene expression and
maintaining the stability of gene expression are
much more challenging. Viral vectors or non-viral
delivery systems have been used in delivery of the
therapeutic gene either ex vivo or in vivo. However,
the nature of the target cells and the required levels
and stability of gene expression seem to determine
the choice of delivery vehicles and routes of
administration. Other challenging areas include
regulating the magnitude of immune responses to
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gene products as well as undesired or unavoidable
immune responses to other proteins of the encoding
vector.

Gene Delivery
The gene delivery systems, both viral- and

plasmid-based materials, are used to produce a
therapeutic protein in sufficient quantity at the
appropriate site to elicit the desired biological
responses. Some of the most common vehicles are
viral vectors that consists of modified viral genomes
carrying the gene of interest. Alternatively, naked
plasmid-based vectors (1) or complexed with a
variety of agents might be considered in the
application. The most common complexing agents
include cationic liposomes and condensing agents
such as polyethylenemine (PEI) and poly L-lysine.

Gene delivery vehicles must successfully
traverse multiple barriers as they transit from the
site of administration to their final destination, the
nucleus of target cells (2, 3). Layered over these
delivery barriers is the added complexity that each
class of vehicle (adenoviral, retroviral, plasmid-
based and etc.) has its own advantages that affect
these potentially rate-limiting steps. To generate
functional genetic-based therapeutics, there must be
a clear understanding of the requirement pertinent
to the route of administration and the capability (as
well as limitations) of the chosen delivery vehicle.

Barriers encountered in gene delivery depend
on the route of administration. However, gene
delivery can be classified temporally and spatially
into four major steps: (1) extracellular trafficking,
(2) uptake into target cells, (3) intracellular

trafficking, and (4) the retention period of on
expressed protein.  All delivery vectors must have
the ability to function at each of these steps. For
instance, highly efficient DNA transport through the
cytoplasm and into the nucleus is of little
consequence if the delivery vehicle never reaches
the target cells (Table 1). Therefore, gene-based
delivery has focused on the mechanism of delivery
and ways to overcome those delivery barriers (4,
5).

Extracellular Trafficking
Gene delivery vehicles will encounter a

physiological milieu quite different from that
presented under in vitro  conditions. For instance,
systemic intravenous (IV) administration is limited
by several extracellular trafficking barriers.  Delivery
systems must gain stability within a complex array
of serum proteins, and must be capable of avoiding
clearance by the host immune system, namely by
phagocytic cells and the reticuloendothelial system
(RES). Immune clearance presents further
considerations more specific for viral systems (6).
For example, to abrogate the effect of neutralizing
antibodies in vitro  and in vivo against adenoviral
vector, polyethylene glycol (PEG) and lipid
conjugates are commonly used (7). In the case of
plasmid vectors, it is believed that serum affects the
biophysical and biochemical properties of lipid-
DNA complexes. Serum alters both the size and
charge, leading to an increase in complex
disintegration, DNA release, and ultimately
degradation (8).  This implies that the delivery
vehicles that arrive at the target site could differ
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Table 1 : Comparisons of Plasmid and Viral-based Delivery System

Features
1) Extracelluar

biochemical properties of lipid-
DNA complexes.

Retroviruses are sensitive to 
opsonizatiob and inactivition by
serum compoment.

Rely on ionic charge-based
interactions for intial cell binding
and subsequent endocytosis.

Retroviral vectors possess a 
natural tropism based on receptor
levels on the target cells. Cell
division is needed for retroviral
transducation.

Lipids, polymers, and peptides
are used to overcome the

Viral systems have naturally

mechanisms.

Innate immune system, e.g.
cytokine, interfers with the
repetitve delivery of plasmid
vector.

Adaptive Immune system
(activation of T and B cells) is

for repetitive dose.

2) Cellular uptake

3) Intracellular uptake

4) Immune response

Plasmid Vector Viral Vector
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substantially from that originally formulated and
administered to the patient. Transfection efficiency
may be affected by the composition of lipids in
plasmid-based delivery systems (9, 10).  The lipid
composition is also an important factor in the
recruitment of serum proteins (8, 10).  There is also
a direct relationship between the serum stability of
lipid-DNA-based systems and their relative
transfection efficiency. Therefore, understanding the
subtle balance of aggregation, disassembly, and
DNA degradation involved in gene delivery is
crucial for development of gene therapy products.

Although the interaction of plasmid delivery
complex with serum components is unavoidable
following intravenous administration, the ultimate
effect in practical terms is less obvious.  For instance,
the deliverable complex may interact with serum
complement proteins, but the interactions may not
influence the transfection efficiency or systemic
distribution of the complexes (11).

Retroviruses delivery vehicles were also
reported to be sensitive to opsonization and
inactivation by serum components following
systemic delivery (12). Furthermore, antigens from
the packaging cell line used for the generation of
recombinant retrovirus may activate immune
response and profoundly accelerate viral clearance
and reduce stability. Thus varlous, different
packaging cell lines are currently being investigated
to minimize immune response activation (13). The
issue of in vivo stability becomes the limitation of
the primary usage of retroviruses in humans for ex
vivo  applications. However, direct in vivo
intratumoral administration of retroviral vectors has
been accomplished using the interferon-δ (IFN-δ)
gene for metastatic melanoma and p53 gene in the
treatment of non-small-cell lung cancer.

Targeting a specific disease requires
knowledge of the appropriate tissue and cell types
necessary to express the desired therapeutic protein.
In addition, an understanding of the delivery system
and route of delivery is also important to achieve
the clinical goal.  To date, biodistribution studies
have established a foundation for IV delivery of
lipid-DNA complexes (14, 15). Comparison of IV
versus intratracheal (IT) plasmid-based delivery of
the cystic fibrosis transductance regulator (CFTR)
gene (16) demonstrated differential uptake and
expression based on the delivery route.  Following
IT administration, DNA was found in the epithelial
lining of the bronchioles (i.e. clara cells), whereas,
following IV administration of a cationic lipid-based
delivery system, DNA was delivered to the distal

lung in the alveolar region, including alveolar type
II epithelial cells (16).

The lack of in vitro and in vivo correlation in
gene expression profiles highlights another
confounding issue of gene based delivery vehicles.
For instance, blood components as the extracellular
barriers for IV delivery are quite different from
mucus barriers, which is relevant for IT or aerosol
lung delivery.  Obviously, the latter is the preffered
delivery route for the CFTR gene (17), and the CF
sputum has its own unique delivery barriers (18, 19).

Due to the ease of administration through the
nasal route, surface active agents or Dnase (19) has
been applied to the airway passages to overcome
CF sputum barrier for enhanced transfection by
adenoviral and lipidic delivery systems. The
coadministration of these agents will provide a more
hospitable environment for the delivery system.
Several other delivery strategies have been
employed to avoid the potentially deleterious
extracellular barriers of IV and IT delivery through
direct administration of the gene delivery vehicle to
the tissue of interest such as intratumoral injection
(20), intramuscular injection (21-23) and particle
bombardment via gene gun (24, 25).
Electroporation, on the other hand, can enhance the
transfection efficiency for the IM route (26).

Cellular Uptake
The importance of receptor levels was

highlighted by analyses demonstrating the variability
seen in gene expression levels (27) and distribution
of adenovirus receptors (28, 29). As a consequence,
decisions for adenoviral gene delivery strategies
should be based on the assessment of receptor levels
in target tissues, since variability in receptor
availability could profoundly affect the outcome of
adenovirus-based gene delivery. The major
challenge now is how to compensate the receptor
deficiency in the target tissue.

 Modifications of adenovirus fiber proteins
will provide alternative cell-binding epitopes to
retarget viral infectivity, which should help to
alleviate limitations of viral delivery system based
solely on receptor availability (30). In addition, this
retargeting strategy provides an opportunity to
generate the desired specificity for target cells.
Without specificity, all cells possesing the
coxsackievirus and adenovirus receptor (CAR) will
be transduced by adenovirus. This may bring about
the danger of potential toxicities due to the increased
dosing needed to overcome this lack of specific
targeting as well as potentially dangerous side effects
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due to the expression of the therapeutic gene in an
inappropriate cell population.

Specific targeting is especially desired for the
delivery of therapeutic genes into tumor cells (31).
The goal of retargeting is mainly to eliminate natural
viral tropism while providing novel interaction.
Several strategies, typically through antibodies (or
fragments thereof), have shown promise in proof-
of-principle studies for adenovirus (ad) as well as
adeno-associated virus (AAV) (32, 33). These
strategies have also enhanced transfection efficiency
in cases where CAR is a limiting factor, and thus
reduce toxicity associated with the increased dose
of adenovirus required to achieve a therapeutic effect
(34).

Retroviral vectors, for example the prototype
murine leukemia virus (MuLV), possess a natural
tropism based on receptor levels on the target cells.
Cells competent for retroviral transduction present
the natural MuLV receptors and are actively
dividing. Although cell division is a prerequisite for
retroviral transduction (35), rapid proliferation alone
is not sufficient for transduction efficiency.  This
implies that transduction efficiency may also be
limited at the receptor level (36). To further support
this hypothesis, as with adenovirus, increasing the
pit2 receptors level from 18 000 to 150 000 per cell
increased the MuLV transduction efficiency from
10 to 50% in rat 208F embryo fibroblast (37). Thus
efficient cell transduction needs active cell division
and an adequate number of receptors.

In addition to the standard reengineering of
genetic and biochemical functionalities of retrovirus,
novel approaches have focused more on the
physicochemical forces involved in retroviral-cell
interaction (38). Physicochemical forces determine
the binding of the retroviral vector to the target cell
and the kinetic interplay between cell cycle and
retroviral life cycle. This event will also determine
the intracellular fate of the virus and ultimately
constrain the efficiency of the gene transfer process
(38).

Plasmid-based systems rely on ionic charge-
based interactions for initial cell binding and
subsequent endocytosis (39), and the direct
membrane fusion is the alternate route for cationic
lipid-DNA-based systems. However, the
contribution of these two pathways to nuclear
delivery still remains unclear.  The variation in serum
interactions and transfection efficiency among
existing lipid formulations makes it difficult to
generalize regarding uptake mechanisms (9, 10).

Furthermore, polymer-based systems show
considerable differences compared to lipid systems.

Targeting strategies for plasmid-based
systems attempts to increase efficiency and
specificity of delivery (40, 41).  However, the major
drawback of adding targeting elements or other
protein components to plasmid-based systems to
mimic the positive qualities of viral delivery
systems, will be the increase of immunogenicity.

Intracellular Uptake
Viral systems have naturally evolved highly

efficient intracellular trafficking mechanisms. And
for this reason, viral systems have been used for gene
delivery with minimal attempts to modify their
inherent functionality.  And again, adenovirus will
be used as a typical example. Understanding the
multiple functions afforded by the adenovirus coat
protein in the intracellular phase of its infection
cycle, has provided a foundation to engineer
plasmid-based delivery systems. Construction of
plasmid-based systems has focused on abrogating
intracellular trafficking barriers such as endosomal
entrapment and nuclear uptake (5, 42).

Various lipids, polymers, and peptides have
been employed in plasmid-based systems to
overcome intracellular trafficking barriers (5, 39).
Endosomal release and nuclear uptake are the
primary foci of research for better transfection
efficiency (i.e. expression) following entry of
plasmid into the cell.  Decomplexation and
cytoplasmic transport are believed to be the
secondary barriers.  Increased efficiency of
intracellular trafficking will result in an improved
therapeutic index. This will allow reduced dosing
of the plasmid delivery system to obtain the desired
therapeutic effect, and consequently, this should also
minimize potential toxicities related to high dosing
(43).

In order to overcome the deleterious effects
of endosomal entrapment (5, 43, 44), several
endosomolytic agents have been incorporated into
plasmid-based systems (42, 45). Analogous to the
retroviral systems (35), it requires cell proliferation
for successful transfection (46). The hypothesis is
that nuclear membrane breakdown during mitosis
is required for uptake of plasmid DNA into the
nucleus.  In contrast, adenoviral vectors are able to
transduce nondividing cells (47), suggesting that the
viral genome had evolved a means to pass through
the nuclear membrane.
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To date, a number of strategies are underway
to overcome the nuclear membrane barrier for
plasmid-based systems.  For instance, incorporation
of peptide nuclear localization signals (NLSs) into
plasmid delivery systems helps transport plasmid
into the nucleus of so-called quiescent cells (5, 48,
49). Alternatively, a nuclear transport cis-acting
DNA element from SV40 may prove useful in
plasmid-based systems (50, 51). T7 polymerase
system utilizes cytoplasmic expression by
circumventing the needs for nuclear transport.
Increased expression of a marker gene in mouse
brain tumors and direct intratumoral injection of the
T7/tk gene (52) have demonstrated that the use of
xenogenic protein (e.g. phage T7 polymerase) may
raise potential immunogenicity issues.

The cytoplasm of the cell presents transport
and stability barriers to gene delivery regardless of
the location of gene expression (i.e. nuclear or
cytoplasmic). Obviously, the potential negative
impact of DNA instability within the cytoplasm
affects the efficiency of plasmid-based systems (53).
Therefore, gene delivery agents must be capable of
protecting the stability and integrity of the nucleic
acid cargo during all stages of delivery.  Apart from
DNA loss due to nucleases and other degradative
enzymes, the cytoplasm limits free diffusion of
plasmid-sized molecules via its viscous environment
(5, 54). Fortunately, adenovirus overcomes this
environment by utilizing specific endogenous
cellular molecular motors to facilitate transport
through the cytoplasm (55).

Persistent Gene Expression
A good understanding in intracellular

trafficking of DNA from cellular uptake through
delivery into the nucleus should improve the
efficiencies of gene transfer.  Increased efficiencies
of delivery and expression will ultimately affect
dosing regimes, therapeutic indices, and safety
profiles. However, the duration of gene expression
and the impact of immunological responses directed
against the delivery vehicle/or gene product are also
important considerations for gene-based
therapeutics.

 The desired level of persistence of therapeutic
gene expression is variable for each specific
therapeutic application. For instance, vaccination if
given for long-term expression may have the
potential danger of inducing immune tolerance.
Similarly, expression of fast-acting cytokines with
known systemic toxicities should be preferentially
expressed in a controlled short-term manner. On the

other hand, there is a need for sustained or repeated
immunization in the treatment of established tumor.

Persistent therapeutic protein gene expression
can be achieved in one of two general ways: (1) a
single dose of a persistently expressing vector or
(2) repeat doses of less persistently expressing
vector. Ad, AAV, retroviral, and plasmid-based gene
delivery systems are the principal vectors being
evaluated in a variety of animal and clinical models.
Parameters for evaluation include their ability to
express therapeutic proteins following
administration by several routes, their persistence
of expression, mechanisms limiting that persistence,
and the ability to administer repeat doses.

  Innate immune responses take place
immediately after injection, in eliminating the vast
majority of recombinant Ad virions (6). However,
in the case of first generation replication-deficient
adenoviral vectors (E1-deleted or E1/E3-deleted),
the onset of antigen-driven immunity directed
against the remaining viral open reading frame
(ORFs) is chiefly responsible for limiting their
duration of expression (56-59).  Loss of expression
generally occurs by one month post-transduction.
However, co-delivery of pharmacologic and vector-
encoded immunosuppressive agents may prolonged
its expression (60, 61). Alternatively, infection can
be done in immunodeficient strains of mice (59, 61-
63). These approaches have been important in
determining the mechanisms limiting persistence
and the ability to deliver vectors repetitively.  The
primary consideration now is the potential safety
issues regarding the use of immunosuppressive
agents in human gene-based therapeutics.

Attempts to reduce vector immunogenicity
can generate more persistent expression. For
instance, the so called ‘gutless’ Ad vector (41), has
all its viral ORFs deleted, leaving only the transgene,
the viral terminal repeats required for replication in
packaging cells, a packaging sequence, and ‘stuffer
DNA’ to increase the genome length for packaging
into viral capsids.  Recombinant virus is produced
by co-cultivation of a plasmid of the recombinant
genome, together with a helper virus expressing all
required trans-acting replication and packaging
factors. These vectors demonstrate improved
performance with respect to immunogenicity, safety,
and duration of expression (52, 64).

Gutless’ AAV vectors bear only the transgene
flanked by the viral inverted terminal repeats
necessary for replication and packaging (65-67).
Plasmids containing the recombinant viral genome
or the replication and packaging proteins are
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transfected into tissue culture cells.  These cells are
then infected with adenovirus or transfected with
the appropriate Ad gene expression plasmids to
provide the helper functions necessary to initiate and
sustain the replication and packaging of AAV
virions. The duration of expression of AAV vectors
introduced into the muscle of non-
immunosuppressed animals can be in excess of
several months (68).

Similar to the ‘gutless’ Ad and AAV
recombinant vectors, plasmid-based vehicles encode
only the desired therapeutic gene.  In addition, most
of the plasmid vectors lack protein components,
which ameliorate the threat of antigen-specific
immune responses that potentially shorten the
duration of expression.  In general, plasmid
expression peaks at 8-12 hr following IV
administration, and declines to undetectable levels
after 2 to 3 days (8).

The majority of plasmid-based systems
exploit the human cytomegalovirus immediate-early
(hCMV-IE) promoter-enhancer. This hCMV-IE
promoter-enhancer has relatively lack of cell type
specificity and high activity (69, 70). This sequence
is used to express transgenes in recombinant
adenoviral vectors. The expression will last for
approximately one month only, post-IV
administration, due to the interference of cell-
mediated immune responses. The discrepancy
between hCMV-IE promoter-enhancer persistence
in plasmid-based and adenoviral vectors depicts
different cellular responses to these vehicles.
However, the promoter has been proven to be
capable of persistent expression in the heterologous
constructs.  It is believed that some parts of the viral
genome structure, not shared by most plasmids, may
facilitate persistent gene expression.

The IM route of plasmid-based gene delivery
is notably different from that of IV route in its degree
of persistentence.  Administration of uncomplexed,
“naked”, or complexed DNAs by the IM route can
result in prolonged expression greater than one year
(71).  The IM route provides a simple means of
systemic expression, but may not be suitable for all
applications.  For instance, IM administration of the
vascular endothelial growth factor (VEGF) gene
resulted in substantial gene-dependent injury at the
site of injection (72). Therefore, comparisons of IM
route-dependent toxicity or pathology at the site of
introduction are crucial, for each therapeutic protein-
encoding vector.

To enhance persistent gene expression, cis-
and trans-acting viral DNA elements can be

incorporated into plasmid vectors. For instance,
sequences derived from viral replication origins and
trans-acting origin binding factor ORFs derived from
the Epstein-Barr Virus (EBV) (72, 73) and bovine
papilloma virus (BPV) (74) genomes have been
used. These plasmid vectors have part of the
replication origin deleted, and thus prevented from
DNA replication.  The relative persistence of these
vectors involves the interaction of the origin binding
protein with both the plasmid-born replication origin
sequence and the host cell chromatin, tethering the
plasmid and preventing its loss during cell division
(75). Unfortunately, a potential safety issue arises
from the epidemiological association of EBV with
several human cancers (76), and the demonstration
that B-cell directed expression of the EBV origin
binding protein, EBNA-1, in transgenic mice results
in the development of lymphomas (77). The mutant
EBNA-1 species is desirable, which retain the
function of nuclear persistence while lacking
oncogenic potential. This may be done through
structure-function analyses if these two activities are
indeed separable.

The use of replicating vectors may help
persistent gene expression. However, their use is
associated with uncontrolled in vivo viral replication
and is thus usually avoided. A modified replicating
SV40-based plasmid system is under development
(78).  To minimize the risk of tumorigenesis, a
specific set of mutations can be devised to reduce
the oncogenicity of the large T antigen, without
blocking its ability to bind to the origin.
Alternatively, direct intratumoral injection can
sufficiently limit undesirable distribution.

The IM route is relatively useful for persistant
in vivo expression applied to both plasmid-based and
viral gene delivery systems. Additionally, the use
of viral elements in plasmid-based vector gives long-
term expression by other routes. However, in some
gene therapeutics, prolonged expression is undesired
due to potential adverse responses. Vector
transcription could be regulated by administration
of a short-lived nontoxic drug (79). In other words,
inducers can be used to modulate the expression
level of therapeutic. For example, regulation of
transcription through the use of the insect hormone
ecdysone (79), tetracycline (80),
immunosuppressive rapamycin (2,81, 82), and the
antiprogestins (83). Although promising, current
outstanding issues include high basal levels of
transcription in the absence of inducer, limited in
vivo efficacy, and the possibility that these repressor
proteins may be immunogenic, precluding repeat
dose.
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Repeat Administration and Immune Activity
Repetitive delivery of vectors may result in

prolonged therapeutic expression of proteins in vivo.
However, the effectiveness of subsequent dose is
reduced under the influence of the innate and
adaptive immune responses. Adenoviral vector is
able to express efficiently on repeated doses only in
nude mice or immunocompetent mice tolerized or
transiently immunosuppressed by pharmacologic or
vector-encoded agents (58, 59, 85-88).
Unfortunately, even the ‘gutless’ Ad vectors and
AAV vectors have shown poor results in repeat
delivery in non-immunosuppressed mice. These
findings suggest that the capsid proteins associated
with the incoming viral genomes are sufficient to
generate a neutralizing immune response (89).

‘Serotype switching’ is another mean to avoid
adaptive immune responses. This involves the
alternate use of recombinant viruses that are
genetically divergent to avoid cross-neutralizing
immune responses upon repeat delivery.  Such an
approach was tried out for both Ad (90, 91) and AAV
(92, 93). Nevertheless, its application is still
questionable due to the limited number of Ad and
AAV serotypes available in cloned form.

Plasmid-based vectors differs from viral
systems in that the innate immune system (i.e.
cytokine), rather than the adaptive immune system
(T and B cell activation) appears to interfere with
repetitive delivery. The refractory period for
productive IV delivery between the first and second
dose of plasmid vector ranges from 9-11 days (94).
However, this refractory period rely on the amount
of the first treatment dose. The typical dose for
plasmid delivery is 50ug. However, when the
interval between IV doses was set as 3 days, the
initial dose should to be reduced to 0.5-5ug of
liposome-complexed DNA per mouse to allow
subsequent gene expression. Delivery of liposome-
complex DNA via intraperitoneal route also showed
a refractory period.  Induction of the refractory
period is independent of expression protein
expression or mRNA by the first vector.  Data
showed that promoterless plasmid effectively
induces a refractory period of length similar to that
of an expressing plasmid. Administration of
liposome-complexed plasmid by the IV route elicits
rapid IFN-δ, type I IFN, TNF-α, IL-6 and IL-12
expression (95, 96), similar to that seen following
immunostimulation by oligonucleotides containing
hypomethylated CpG motifs (97, 98). Further studies
have implicated the interferon pathway in
establishment of the refractory period.  In short, the

innate immune responses to lipid-DNA complexes
in vivo appear to have a profound impact on repeat
gene expression.

Advances in Genetic-based Therapeutics
RNA interference

RNA interference (RNAi) methods are the
most recent nucleic acid technology used for
therapeutic purposes.  The dsRNA activates a normal
cellular process leading to a highly specific RNA
degradation, and a cell-to-cell spreading of this gene
silencing effect in several RNAi models (97). There
are essentially three potential sites for therapeutic
intervention: transcriptional, post-transcriptional,
and post-translational.

The RNAi pathway (Figure 1) begins with
the cleavage of a dsRNA into 21-25bp small
interfering RNAs (siRNA), by an RNaseIII-like
enzyme called Dicer (98, 99).  This 21-25bp siRNA
species is then incorporated into multi-subunit RNA-
induced silencing complex (RISC), which targets
the unique cellular RNA transcript for enzymatic
degradation.  RNA hydrolysis occurs within the
region of homology directed by the original siRNA
(100), thereby selectively inhibiting target gene
expression. The siRNA can also be used as primers
for the generation of new dsRNA by RNA-
dependent RNA polymerase (RdRp) (101).

The systemic response in mice models
RNAi-mediated gene silencing experiments

were carried out in mice, by initiating a single tail
vein injection of chemically synthesized siRNA
probes.  The results were variable ranging from 30-
90% suppression of a stably integrated green
fluorescent protein (GFP) transgene (102).  The gene
silencing encompassed most tissues analyzed, but
unfortunately short lived, with a half-life of only 2-
3 days.

A single intramuscular injection of plasmid-
based siRNA vectors co-injected with IL-12 in adult
mouse have shown long-term in vivo gene silencing,
exhibiting a duration of at least 120 days (103).

dsRNA Delivery Strategies
In general, dsRNA can be delivered in 3 ways:

Chemically synthesized siRNA, siRNA expressing
plasmid, and vector-based ‘large’ dsRNA delivery.
siRNAs used to generate the RNAi-mediated
silencing can be synthesized chemically to closely
mimic those found in vivo following the digestion
of dsRNA by Dicer. These smaller siRNAs did not
induce the dsRNA-dependent protein kinase (PKR)
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suppressive effects in contrast to their longer dsRNA
relatives (100). siRNAs elicit transient RNAi
responses in,  Drosophila embyos (100), C. elegans
(104, 105), and several mammalian cell lines (100,
106, 107).  Unfortunately, the usefulness of siRNAs
is limited by a relatively short and transient period
of activity, particularly in human cells, and often a
strong preference for certain sequences of the mRNA
target for optimal activity (107).

siRNA expressing plasmid vector is one of
the current solutions to overcome the transient
activity of exogenously added siRNAs. These
custom-made plasmid vectors are incorporated with
RNA polymerase III (pol III) promoters, such as U6
or H1, to allow for the intracellular expression of
siRNAs (108-110).  Transcripts derived from these
promoters end in a run of 4-5 thymidines, which
permits the specific determination of a transcript
length, producing the effective siRNAs incorporated
into the RISC complex.  Intracellular expression of
siRNAs from pol III promoters establishes an
effective RNAi in mammalian cells.  Levels of RNAi
following intracellular expression in this manner
appear to outperform the earlier exogenous
administration of synthetic siRNAs. It permits a
longer period of expression, particularly in cells
where the expression unit becomes integrated into
the host genome (108-112).  Pol III system is notably
an effective means to generate RNAi. However, its
relatively small size limit of transcripts (113) could
ultimately put an upper limit on the number of
different siRNAs that can be generated from a single
transcript.

Different siRNA and siRNA-expressing
plasmids have shown varying degree of RNAi from
an identical target mRNA (107, 114). To date, vector-
based ‘large’ dsRNA delivery using Pol II or T7
promoter, is the most promising delivery method
compared to the two methods discussed earlier on.
RNA pol II-generated intracellular expression of a
relatively large 500 nt hairpin-structured sRNA in
mouse embyonic cell line induces RNAi and stable
gene silencing in those cells (115). Longer dsRNA
molecules (>50bp) have the advantage of presenting
multiple Dicer-derived siRNAs to the cell.  In other
words, a longer dsRNA would permit targeting of
more than one message with a single construct and
could also potentially alleviate the development of
resistance to potential RNAi therapies resulting from
point mutations. Additionally, this allows the cell to
employ the endogenous dsRNA silencing pathway
to choose the most effective silencing siRNA(s).
Plasmid-mediated expression of relatively long
intracellular dsRNA in non-embryonic mammalian
cells is able to induce efficient RNAi-mediated gene
silencing for up to several weeks without eliciting
generalized PKR-mediated suppressive response
(116).  Direct long dsRNA transfections were shown
to elicit an anti-GFP RNAi response in zebra
embryos.  Furthermore, direct transfection have not
been shown no stimulate the generalized suppressive
PKR response seen in other cell lines and adult
animals (27, 115).

VP3 Protein of Chicken Anaemia Virus for
Anticancer Gene Therapy
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Figure 1: RNAi Pathway
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VP3 is a small protein of 121 amino-acids
with an estimated size of 16 kDa (116), derived from
Chicken Anaemia Virus.  VP3 sequence is unique
in that it does not resemble any other sequenced
animal or viral protein.  VP3 is believed to serve as
transcription regulator and/or DNA binding protein
based on its proline rich content (117).  Furthermore,
the basic region, which is rich in proline, resembles
nuclear localization signal or DNA binding domains
(118)

VP3 induces apoptosis in various human
transformed and/or tumorigenic cell lines. Including,
cell lines derived from hepatomas, lymphomas,
leukemias, melanomas, breast and lung tumors,
neuroblastomas, cholangio-, colon- and squamous
cell carcinoma (119). The rate of VP3-induced
apoptosis is variable in one tumor cell line to another,
but it always reaches 90-100% apoptosis of the VP3-
positive cells 6 days after transfection.  VP3 protein
is dispersed soon after synthesis throughout the
nucleus and apoptosis occurred.  VP3 aggregates
and the cellular DNA condenses and/or is
fragmented (119, 120).

VP3 fails to induce apoptosis in normal
lymphoid, dermal, fibroblastic, epidermal,
endothelial and smooth-muscle cells in vitro.  In
addition, no apoptosis occurred upon its expression
in rodent embryo diploid fibroblasts and
hepatocytes. Long-term expression of VP3 in normal
human fibroblast suggests that VP3 has no toxic or
transforming activity in these cells (121).

In tumor cells, VP3 is located in the nucleus,
whereas in normal cells it was found in the
cytoplasm. Thus, nuclear location is important for
its apoptotic activity (122-124). Therefore, it is

essential for VP3 to co-localize with chromatin for
apoptotic event. The basic regions of VP3 allow
interaction with nucleic acids.  The presence of VP3
in the chromatin structure, together with its high
proline content, may cause alteration of the supercoil
organization, resulting in apoptosis. Another
possibility is that VP3 acts as a transcriptional and/
or inhibitor of genes, which directly mediate
apoptosis (119, 120).

Conclusion

Gene therapy is a promising technology for
treatment of cancer when it is genetically related.
However, lack of understanding on the interactions
between the protein expressed by the gene and the
target gene has hindered rapid advancement towards
clinical application. In addition, the effectiveness
of most anti-cancer gene therapies relies on
apoptosis, which involves a poorly understood and
complex intracellular pathway. Furthermore,
identification of an appropriate vehicle to transport
“therapeutic genes” directly to cancer cells still
remains as a great challenge to researchers.
Although, some anti-cancer gene therapy products
have reached clinical trials most faced critical
problems at Phase II trials. These obstacles, however,
should be treated as a great challenge towards
development of useful anti-cancer gene therapy
products in the near future.
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 Table 2 :  dsRNA delivery systems for gene therapy

Synthetic siRNA 19-21bp Short term Untraceable

Synthetic dsRNA >50bp Short term Strong

Plasmid generated
siRNA via pol III
promoter

<200bp Short term Untraceable

Plasmid generated
dsRNA via pol II
or T7 promoter

50-200bp Long term and
sustained

Untraceable

Types of RNAs dsRNA size Duration APKR stress
response
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