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ICS-283 was developed within Intradigm Corporation as a system that is
designed for the systemic delivery of therapeutic small interfering (siRNA) to
sites of pathological angiogenesis. The non-viral siRNA delivery system is based
on synthetic nanoparticles, known as TargeTran™ (Intradigm Corporation),
which functions as a broad-platform technology to deliver siRNA to specific
target cells in diseased tissues. The system is constructed to incorporate differ-
ent functionalities that address critical needs for successful nucleic acid deliv-
ery. The TargeTran synthetic vector is a self-assembling, layered nanoparticle
that protects and targets siRNA to specific cell types in pathological tissues. At
present, ICS-283 is the only antiangiogenic siRNA delivery system that is
designed for intravenous administration to treat angiogenesis-driven diseases.
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1. Therapeutic nucleic acids

Nucleic acids are interesting drug candidates as they can alter cellular phenotypes
and thereby combat disease. Regarding the nature of the therapeutic nucleic acids,
three classes can be distinguished: aptamers, genes and oligonucleotides.

Aptamers are different from other therapeutic nucleic acids due to the fact that
they act by a high-affinity binding to the target molecule, leading to a direct effect
on its biological function. Aptamers can bind these molecules with this high affinity
and high selectivity by forming complex secondary and tertiary structures based on
intricate folding via base-pair interactions. They are usually selected and identified
by a process of repeated cycles of binding, isolation and mutation known as system-
atic evolution of ligands by exponential enrichment (SELEX) [1]. In contrast to both
other classes of therapeutic nucleic acids, aptamers generally act extracellularly and
their function is dependent on their three-dimensional structure [2,3].

The introduction of genes can be used to correct faulty genes or to gain a new
functionality, whereas the delivery of oligonucleotides (such as antisense
oligonucleotides, triplex-forming antigene oligonucleotides, small interfering RNA
[siIRNA] and ribozymes) may be used to create phenotypes where the expression,
and thereby function, of a specific gene is lost [4,5).

SiRNA seems to have some specific advantages over other oligonucleotide-based
approaches due to the fact that gene silencing by double-stranded RNA molecules is
a naturally occurring pathway to regulate gene expression, which is likely to be
responsible for the high potency, specificity and improved cellular handling. In addi-
tion, siRNA is remarkably stable in biological milieus, making it less dependent on
chemical modifications in order to be active.

There have also been in vitro reports where oligonucleotides can function in gene
repair; however, these experiments are at a very early stage of development and the
therapeutic prospects are unclear s,71. Both genes and oligonucleotides have an intra-
cellular site of action. Genes should be transcribed in the nucleus, whereas the oligo-
nucleotide, depending on transcriptional or post-transcriptional inhibition, should
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Figure 1. Advantages of therapeutic nucleic acids in drug development. Conventional lead-compound identification and
formulation is a time-consuming process that classically requires massive screening for compounds with the desired activity, followed by
tailoring of the formulation to the specific physicochemical characteristics of the lead compound. For nucleic acids, lead-compound
selection is based on gene sequence and can usually be performed in silico, whereas the most essential physicochemical properties of the
nucleic acids are already known or can be predicted. As a result, after the first successful lead selection and formulation development
process (1), subsequent nucleic acid therapeutics (II/Ill) require less time.

act in the nucleus or cytoplasm, respectively. Irrespective of the
objective being gain-of-function or loss-of-function, the correct
localisation of the nucleic acids at their intracellular site of
activity is required.

This is a problematic issue as nucleic acids are relatively
large molecules, with molecular weights varying between
~ 5,000 Da (5 kDa) for a 15-nucleotides long (15-mer) anti-
sense and almost 2 MDa for 5000 base pairs (5 kb) long plas-
mids, which is substantially larger than small molecular weight
drugs. In addition, they bear a negative charge for each phos-
phate group in their backbone, strongly reducing their ability
to pass over cellular membranes and increasing their hydro-
dynamic radius. As a result, passive transport of therapeutic
nucleic acids over the target cell membrane(s) is poor. As such,
the difficulties in intracellular delivery of nucleic acids are the
most important obstacle to their pharmaceutical application.

Despite these difficult delivery issues, nucleic acids have
characteristics that certainly warrant their development
towards application. One of the most attractive properties in
this respect is that the application in different diseases would,
in principle, only require a change of sequence, whilst at the
same time the basic physicochemical properties of the mol-
ecules remain the same. Thus, although the formulation of
nucleic acids for intracellular delivery may be difficult to
accomplish, the same formulation principles can be applied
again for subsequent drug development programmes. In this
manner, nucleic acid therapeutics allow straightforward
lead-compound identification based on sequence selection
and, after successful formulation of the first nucleic acid drug,
it can be expected that subsequent formulations will easily fol-
low as the molecular properties are alike, substantially reduc-
ing the time needed for drug development. This is in sharp
contrast to classical drug development where lead compound
identification requires massive high-throughput screening

efforts and the formulation of a new compound essentially
requires a new process to be started (Figure 1) [8-10].

An additional advantage of therapeutic nucleic acid treat-
ment is that, whereas many therapeutic agents can only modu-
late the function of a subset of proteins, known as ‘druggable’
targets [11] (a list of these can be found at [101]), this limitation
does not apply to nucleic acid therapy.

Taken together, to be able to take advantage of the interest-
ing pharmaceutical properties of nucleic acid drugs, the devel-
opment of a nucleic acid formulation that is able to realise
intracellular entrance is crucial. Over the past two decades,
many efforts have been directed towards solving this issue.
Three approaches can be distinguished: the use of viral nucleic
acid delivery systems [12,13], the use of non-viral nucleic acid
delivery systems [14,15] and, for oligonucleotides only, the use
of chemically modified nucleic acids [16,17].

Apart from intracellular entry, the development of a success-
ful therapeutic nucleic acid requires several other aspects to be
addressed to improve the overall efficiency of the delivery pro-
cess. An optimal delivery system would, in addition to intra-
cellular entry, protect against the degradative action of
nucleases; prevent rapid clearance and elimination by non-tar-
get tissues; enable access to the target tissue; induce specific
uptake by the target cell population; and promote correct intra-
cellular trafficking to the site of action. Of course, the system
needs to be safe and should preferably be cheap to manufacture
in large quantities.

2. Nucleic acid delivery

For viral nucleic acid delivery systems, the efficiency of the
process after arriving in the target cell is usually not the limiting
factor, nor is nuclease protection an important issue as these
properties have evolved during millions of years of evolution to
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Figure 2. Chemical structure of the TargeTran™ prototype. The construct is designed with three functional regions that are needed
to obtain a targeted self-assembling complex with the therapeutic nucleic acid payload. Branched PEI with a molecular weight of 25 kDa
(corresponding to 581 monomer units) is used as the cationic complexing polymer and contains on average 25% primary, 50%
secondary and 25% tertiary amines. Of the amines, ~ 7% are modified with PEG with an average molecular weight of 3.4 kDa
(corresponding to 80 monomer units). The PEG is conjugated to a cyclic peptide containing an RGD-motif.

PEG: Poly(ethylene glycol); PEI: Polyethylenimine; RGD: Arginine, glycine and aspartic acid.

a high degree of sophistication [1s-21]. However, viruses usually
lack selectivity for the desired target cell type and are rapidly
eliminated by the cells of the mononuclear phagocyte system.
Furthermore, inflammatory reactions, immunogenicity and
oncogenic transformations are important safety considerations
for viral vectors that need to be addressed. In addition, their
production in quantities that are large enough for clinical use is
not a trivial hurdle.

For the chemical modification approach, the attractiveness
lies in the avoidance of additional molecules or structures that
are needed to enable intracellular delivery [22-24]. Thereby, the
entire system would consist of a single compound, which sim-
plifies the drug product. Nevertheless, the chemical modifica-
tion approach is impossible for plasmids and, for
oligonucleotides, it seems to be difficult to achieve the many
functionalities that are needed for functional delivery within a
single molecule by multiple modifications. The most com-
mon backbone maodifications, as in the phosphorothioates,
increases nuclease resistance but does not improve target cell
uptake. For this, other modifications are needed. Usually,
extensive modifications lead to the loss of activity, and rapid
elimination and distribution to non-target tissues seem diffi-
cult to overcome. Finally, it is unclear whether the modified
nucleotides after degradation can be incorporated in normal
metabolism and what effect this has.

In theory, the non-viral nucleic acid delivery approach offers
several advantages, yet one of the biggest hurdles seems to be the
efficiency of intracellular delivery of the nucleic acids [25-2g].
Nevertheless, rational choices on target cell type and class of
nucleic acids has resulted in strong therapeutic effects of
non-viral nucleic acid delivery systems in preclinical disease
models, as has been reviewed recently [27,29,30]. The focus of this
technological overview will be the most developed non-viral
delivery systems for therapeutic SIRNA delivery: 1CS-283. Its
carrier system, known as TargeTran™ (Intradigm Corporation),
can be used to deliver a variety of nucleic acids and has been
developed to overcome most of the limitations that have been
identified for the viral and chemical modification approach.

3. TargeTran™

One of the approaches within the non-viral nucleic acid deliv-
ery system has been the development of TargeTran, the carrier
system in the 1CS-283 siRNA delivery technology. By using a
modular conjugation strategy, different compounds with dif-
ferent functionalities are connected to create a construct with
discrete regions with specific roles. Taken together, the Targe-
Tran chemical structure aims to address all of the delivery
needs that are encountered in therapeutic nucleic acid delivery.
The chemical structure of the first prototype that has resulted
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Figure 3. Flexibility in the design of a targeted non-viral nucleic acid carrier system based on the building blocks PEI, PEG and
RGD. The choices for the building blocks are primarily based on molecular weight. In addition, for PEI, a branched and a linear version is
available with markedly different properties, whereas for the targeting ligand, a linear version has been described as well as a variety of
cyclic peptides based on one (2C) or two (4C) disulfide bridges, or a head-to-tail closed version (RGDfK). The blocks that are used in

TargeTran™ are indicated in bold.

PEG: Poly(ethylene glycol); PEI: Polyethylenimine; RGD: Arginine, glycine and aspartic acid.

in effective nucleic acid delivery to pathological tissues is
shown in Figure 2.

The three major building blocks are the cationic polymer
polyethylenimine (PEI), the sterically stabilising polymer
PEG and the targeting peptide RGD. Based on these building
blocks, an array of different constructs can be synthesised
based on the choices that are available for each block
(Figure 3). Interestingly, when desired, there are many options
to tailor the polymer for novel functionalities by exchanging
one or more of the blocks by other blocks with new character-
istics. The system as discussed here is designed to carry siRNA
to sites of angiogenesis, but in principal the cationic PEI can
complex any nucleic acid and the targeting ligand can be
adapted to address other target cell types.

Apart from the choices that are available regarding the indi-
vidual blocks that build the construct, the coupling chemistry
and ratio of individual building blocks are important aspects
to achieve effective sSiRNA delivery.

In the prototype, a choice was made for 25 kDa b-PEl,
3.5 kDa bifunctional PEG bearing a N-hydroxysuccinimide
ester for coupling the targeting peptide and a vinylsulfone
group for coupling to the PEI, and RGD-2C in a molar ratio
of 1:40:40.

3.1 Polyethylenimine

The 25-kD b-PEI polymer was chosen for its well-established
performance record as a transfection agent, low price and
ample availability [31,32]. PEI is known to alter the intravenous
fate of nucleic acids that in their free form are rapidly cleared
by scavenger receptor-mediated uptake by liver cells and/or
by renal excretion. The cationic charges interact electrostati-
cally with the negative charges of the nucleic acids, leading to

complex formation. The charge ratio of positive charges (PEI)
to negative charges (nucleic acid) that are present during
complex formation determines the particle characteristics,
such as surface charge and size. When plotting charge ratio
against particle size, the mixture has a characteristic peak in
particle size around the point where charge neutralisation
occurs (charge ratio 1:1). The aggregates form as a result of
the attractive forces between particles, which are not suffi-
ciently repelled by the electrostatic forces. At higher or lower
charge ratios, particles in the submicron range are formed
that do not have the tendency to aggregate by virtue of their
net positive or negative surface charge, respectively (Figure 4).

In addition, once taken up by the target cell, PEI is
reported to mediate endosomal escape through a ‘proton
sponge’ mechanism, although a debate on the relevance of this
mechanism is ongoing [33,34].

3.2 Poly(ethylene glycol)

Certain hydrophilic polymers can bind to or be conjugated to
particles and sterically stabilise the surface against interactions
with components in the surroundings. PEG is one of the most
popular polymers used for this purpose [34-36]. The outstand-
ing steric protection provided by PEG relates to its molecular
properties, such as low interfacial energy, conformation,
hydrophilicity and high flexibility. In the TargeTran system,
3.4-kD PEG chains are conjugated to PEI. Two main factors
govern the steric stabilisation capacity of PEG: molecular
weight and density. Longer PEG-chain lengths are more effec-
tive in protecting the particle (surface) from aggregation,
opsonisation and in reducing the surface charge. But it seems
that beyond a molecular weight of 2 kD, a further increase of
the PEG-chain length does not confer additional stabilisation
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Figure 4. Relationship between charge ratio and resulting
particle size (bell-shaped curve) and zeta potential
(sigmoidal curve) of the self-assembling polyplexes. The
particle size curve shows a characteristic peak around the point
where charge neutralisation occurs. The aggregates form as a
result of the attractive forces between particles. At higher or
lower charge ratios, with corresponding higher or lower surface
charge (the zeta potential), electrostatic repulsion ensures
colloidal stability.

PEI: Polyethylenimine.

above a density of 3 — 4 mol% (Figure 5). As a result of the
steric stabilisation effect, aggregate formation is repressed and
colloidal stability can be achieved over a wide range of
PEI:nucleic acid ratios. As the PEG coating moves the hydro-
dynamic plane of shear from the charged particle surface to the
edge of the PEG coating, the zeta potential in physiological
ionic strength becomes neutral at 2 — 3 nm from the particle
surface, as the Debye length in this milieu is only ~ 0.8 nm.
Estimates for the thickness of a PEG coating, for PEG with a
molecular weight of 2 kDa, range from 3 —5 nm. As a result of
this effective shielding of the surface charge, opsonisation by
biomolecules in vivo is reduced, as well as charge-mediated cell
interactions. In fact, the nanoparticles are effectively rendered
more inert, by exposing a neutral surface of flexible
hydrophilic polymers that oppose aspecific interactions. To
induce uptake by target cells, targeting ligands are coupled to
the PEG terminal ends.

3.3 RGD peptide
The RGD sequence is a strong recognition signal that is present
in natural proteins and peptides that can be employed to obtain
preferential binding to either o, B integrins (as well as other
o,,-integrins) or to other integrin types [37-39]. One of the best
investigated non-o,-integrin is, in this respect, the oy,Bs
integrin, which plays an important role in platelet aggregation.
The interest in targeting the o, integrins comes from their
overexpression on the surface of activated endothelial cells during
angiogenesis. RGD peptide ligands offer a way to target activated
endothelial cells, one of the crucial cell types in angiogenesis.
The amino acid residues flanking the RGD motif determine
the differential affinity and specificity of RGD-containing lig-
ands for each of the various integrin receptors [37,38]. These
amino acids may be directly involved in binding to the
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Figure 5. A. Reduction of the zeta potential by
PEG-mediated shielding. Higher mol% and higher molecular
weight PEG are more effective in shielding the surface charge.
Beyond a molecular weight of 2 kDa, however, no additional
shielding effect is observed. B. Relationship between ratio of
PEG-PEI to nucleic acid and resulting particle size (straight line)
and zeta potential (curve) of the self-assembling polyplexes.
PEG-PEI results in submicron particle size over a broad range of
polymer:nucleic acid ratios and zeta potential increases only
slowly with increasing amount of cationic polymer.

PEG: Poly(ethylene glycol); PEI: Polyethylenimine.

integrins, but they can also be involved in the conformational
changes that affect the spatial orientation of the RGD region.
One of the most common modifications that is achieved by the
flanking residues to improve the binding properties of RGD
peptides is cyclisation. Most importantly, the cyclic structure is
more rigid, allowing fixation of the configuration in a preferred
conformation for interaction with the target site. Secondly, lin-
ear RGD peptides are susceptible to degradation, as a result of
the reaction of the aspartic acid residue (D) with the peptide
backbone [40]. This reaction is prevented by cyclisation to rigid-
ify the peptide structure. Next to cyclisation and choosing
appropriate flanking amino acids to optimise affinity and spe-
cificity of the RGD peptide, non-natural p-amino acids and
peptidomimetic structures can be incorporated that enhance
stability and further improve conformation even more.
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Taken together the RGD-PEG-PEI structure aims at
achieving:

e PEI: complexation for siRNA binding, nuclease protection,
reduction of renal excretion and promoting endosomal escape;

e PEG: promoting colloidal stability, reduction of surface
charge and reduction of aspecific cell uptake;

» RGD: targeting activated endothelial cells during angiogenesis.

TargeTran’s payload is sSiRNA, which is chosen because siRNA
seems to be more effective in inhibiting gene translation than
other oligonucleotide-based approaches. Furthermore, sSiRNA
acts in the cytoplasm, which avoids the need for delivery over
the nuclear membrane to achieve activity [41,42].

4. Angiogenesis

The ability to target activated endothelial cells using RGD
ligands offers interesting prospects for modifying pathologi-
cal angiogenesis that occurs during tumour growth and
inflammation [43-45]. As the endothelial cells play a pivotal
role in the angiogenic process, this cell type is an interesting
target cell type for antiangiogenesis-based therapeutic strat-
egies. It is also a cell type that is perfectly accessible to intra-
venously administered drug delivery systems. Tumour
angiogenesis is the result of the ability of tumour cells to
stimulate capillary formation to support tumour growth. The
primary driving force for tumour angiogenesis is the demand
for oxygen and nutrients by the proliferating cancer cells.
Folkman and colleagues suggested that once the size of the
tumour extends beyond the effective diffusion limit for oxy-
gen, hypoxic conditions occur in the centre of the cell mass
[46]. An angiogenic switch then takes place in favour of new
blood vessel growth [477. Normal quiescent blood vessels are
primarily composed of two different cell types: endothelial
and mural cells. The coverage of the endothelial tubule by
mural cells is thought to be important in the maintenance of
the quiescent state. For new blood vessel formation to occur,
the pericyte coating of the pre-existing tubule must first dis-
sociate. Then the surrounding extracellular matrix is
degraded, followed by extravascular fibrin deposition. The
endothelial cells are then able to respond to pro-angiogenic
signals with proliferation, migration and new tubule forma-
tion. After that, remodelling occurs to prune the vessels to fit
the needs of the tumour tissue.

Coordinated regulation of the formation of pro- and anti-
angiogenic factors is necessary at each stage to ensure the
development of a normal, functional vessel. Presumed advan-
tages of a targeted antiangiogenesis-based treatment strategy
(as compared with targeted chemotherapy directed towards
tumour cells) include broad applicability (all tumour types
require neovasculature), amplification of the therapeutic
effects (disrupting one blood vessel affects the entire tumour
region that is or would be supplied), and limited development
of resistance (endothelial cells are genetically stable, unlike
tumour cells).

Angiogenesis is also a prominent feature of inflamed tis-
sues, such as in the case of rheumatoid synovitis and several
ocular diseases. In these diseases, the new blood vessels are
unable to deliver enough oxygen to the inflammatory cell
mass, creating a hypoxic environment at the site of inflamma-
tion, which in turn activates gene programmes that are associ-
ated with angiogenesis, glycolysis and adaptation to pH.
These repetitive cycles of hypoxia and reoxygenation together
with oxidants that are produced by phagocytic cells promote
chronic oxidative stress within the microenvironment at the
site of inflammation, leading to the generation of reactive
oxygen species that contribute to tissue damage and stimulate
the angiogenic process [4s).

To devise a successful sSiRNA-mediated therapeutic strategy,
knowledge of the expression profile of angiogenic fac-
tors/receptors by the endothelial cells is vitally important.
This profile constantly changes as endothelial cells sequen-
tially become activated, dissolve the basal membrane, prolifer-
ate, migrate and finally mature into functional blood vessels
by remodelling, tube formation and vascular stabilisation.
Each phase is associated with expression of specific proteins.
Thus, angiogenic endothelial cells are a highly heterogeneous
cell population, whose gene expression profile is determined
by the phase of angiogenesis that they are in. Consequently,
the siRNA should be adapted to the specific mMRNA expressed
in that particular phase, and targeted to the cells that are
going through this specific phase of angiogenesis. The over-
expression of the a,-integrins occurs relatively early during
the angiogenic process, the time point when vascular endothe-
lial growth factor is one of the main factors driving the
angiogenic process [49-51].

5. Preclinical results

The TargeTran carrier with unmodified chemically synthe-
sised sSiRNA payload has been tested in in vitro and in vivo
systems to evaluate its cell interaction profile and ability to
silence genes [52,53].

On mixing purified TargeTran with an aqueous SiRNA
solution (in a 2:1, positive to negative charge ratio), the cat-
ionic PEI binds to negatively charged siRNA driving
self-assembly to form a layered complex with a core consisting
of siRNA-PEI, and an outer layer enriched in steric polymer
with exposed ligand moieties. The characteristics of the nucleic
acids that are used for complexation (oligonucleotides versus
plasmids; oligonucleotide sequence; double strandedness ver-
sus single strandedness) did not affect the self-assembly proc-
ess. Figure 6 shows the self-assembly of nanoparticles between
nucleic acids and PEI, PEG-conjugated-PEI and TargeTran.

Self-assembly of all polymer (constructs) (PEI, PEG-conju-
gated PEI or TargeTran) with siRNA resulted in the formation
of nanoparticles of ~ 100 nm. PEI nanoparticles, however, bear
a strong positive surface charge (35 £ 4 mV, mean + standard
deviation, n = 3). This resulted in promiscuous non-selective
cell binding in vitro. Functional siRNA transfection in vitro
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Figure 6. A schematic representation of self-assembly of sSiRNA
and cationic PEIl into P-N; PEG-PEI into PP-N; and RGD-PEG-PEI
into RPP-N, respectively. The electrostatic interactions between
siRNA and PEI drive the formation of the core of the particle. The core
is surrounded by a corona enriched in the shielding PEG polymer to
the distal end of which targeting ligands can be coupled.

PEG: Poly(ethylene glycol); PEI: Polyethylenimine; P-N: Polyethylenimine
nanoparticle; PP-N: Poly(ethylene glycol)-polyethylenimine nanoparticle;

RGD: Arginine, glycine and aspartic acid; RPP-N: TargeTran™ nanoparticle;

SiRNA: Small interefering RNA.

was highly efficient as the silencing of B-galactosidase in
SVR-bag4 endothelial cells (constitutively expressing the
reporter enzyme) was nearly complete.

Next to the nonspecificity of PEI nanoparticles, another
important drawback was the observation that the strong sur-
face charge resulted in aggregate formation following intra-
venous injection in mice leading to side effects, featured by
periods of inactivity and piloerection.

Introducing a protective PEG layer resulted in a low cell
interaction of PEG-conjugated-PEI nanoparticles as compared
with PEI nanoparticles, which is related to the reduced surface
charge (5 £ 4 mV). The near absence of cell interaction obvi-
ously decreased silencing efficiencies in vitro. However, intra-
venous injection did not result in aggregate formation nor any
other observable side effects in mice.

Coupling of RGD peptide to PEG-PElI was shown to
increase cell interaction and transfection efficiency in vitro to
comparable levels as observed for PEI nanoparticles, whilst
maintaining the near neutral surface charge (6 £ 1 mV). Impor-
tantly, cell interaction was mediated by the RGD peptide, as
endothelial cell binding in the presence of a 100-fold excess of
free peptide reduced cell interaction > 90%, which was not
something observed for PEI nanoparticles. Importantly, adverse
effects following intravenous injection seemed to be absent.

Silencing studies were performed in N2A-tumour bearing
mice. In these studies, siRNA-targeting murine VEGFR
(mVEGFR)-2 was used, as VEGFR-2 is a pivotal factor in
tumour angiogenesis but requires delivery to tumour endo-
thelium to be able to inhibit tumour growth. Efficacy studies
with mVEGFR-2 siRNA that was intravenously administered
every 3 days (carried by TargeTran), resulted in a strong inhibi-
tion of the tumour growth rate, which was siRNA-sequence spe-
cific, as control siRNAs failed to inhibit tumour growth. This
result indicates that TargeTran-delivered siRNA acts through an
angiogenic endothelial cell-specific uptake mechanism.

Schiffelers & Storm

Reduced tumour growth rate was paralleled by a reduction
in blood-vessel density in the tumour region. In addition, the
few blood vessels that are visible in the tumour that was
treated with mVEGFR-2 siRNA exhibited evidence of erratic
branching, supporting further antiangiogenic activity of the
delivered siRNA-targeting mVEGFR-2. Taken together,
these results suggest that the tumour inhibition by
siRNA-targeting mVEGFR-2-TargeTran occurs as a result of
effective delivery of the siRNA into tumour vasculature, pro-
ducing a sequence-specific inhibition of VEGFR-2-expres-
sion, leading to the inhibition of tumour angiogenesis and
consequently the inhibition of tumour growth. These find-
ings in the N2A-tumour model have been confirmed in other
tumour models of human cancer, DLD-1 colon carcinoma
and 786-O renal carcinoma (PV Scaria and MC Woodle,
unpublished observations).

Inhibition of angiogenesis was also demonstrated in animal
models of pathological angiogenesis in the eye. In one model
mimicking herpetic keratitis, angiogenesis was induced by
inserting  biologically active C poly G nucleotides
(CpG)-DNA into corneal micropockets, a system that models
the mechanism by which herpes simplex virus induces neovas-
cularisation and, ultimately, blindness. Results demonstrate
that systemically administered siRNA transported with Targe-
Tran inhibited neovascularisation in the eye. Although the use
of siRNA-targeting mVEGFR-2 induced strong inhibitory
effects on its own, the antiangiogenic effects were substantially
improved when two other siRNA (targeting mVEGF and
MVEGFR1) were added to the TargeTran complex in a 1:1:1
molar ratio, respectively. This is an important advantage as Tar-
geTran can enforce identical tissue distribution profiles for dif-
ferent siRNAs by combining them in a single particle; enabling
targeting multiple genes to treat complex multifactorial diseases
with a cocktail of siRNAs. Inhibition of the neovascularisation
in the eye was paralleled by a reduction of VEGF protein levels
in the infected cornea. Similar results were obtained in a model
of murine ocular neovascularisation induced by hypoxia.

Importantly, siRNA delivered by TargeTran failed to
induce an increase of IFN-a levels in the circulation following
intravenous administration, indicative of nonspecific immune
stimulation by double-stranded RNA.

For siRNA-mediated inhibition of angiogenesis, a
number of competing technologies are being developed
(Table 1).

6. Expert opinion

SiIRNA has several advantages compared with other nucleic acid
approaches: it is based on a powerful endogenous gene-silenc-
ing process, the functional mediators (SiRNA molecules) are
relatively small and act in the cytosol and can, in principle, be
used to silence expression of any gene, independent of the func-
tion or location of the gene product. Inhibition of angiogenesis
has been the most popular target for therapeutic development
of sIRNA. Many of the most important pro-angiogenic growth
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Table 1. Competing antiangiogenic siRNA delivery technologies. Company development programmes focusing on

inhibition of angiogenesis using siRNA*.

Company Disease Approach Stage

Acuity Pharmaceuticals Age-related macular Local treatment: unmodified siRNA against VEGF (Cand5) Phase Il
degeneration

Alnylam (in collaboration Age-related macular Local treatment: chemically modified siRNA Pre-clinical

with Merck) degeneration

Intradigm Corporation Cancer Systemic treatment: targeted nanoparticles (ICS-283) Pre-clinical

Sirna Therapeutics (in
collaboration with Allergan)

Age-related macular
degeneration

Local treatment: chemically modified siRNA against VEGFR1 Phase |
(SIRNA-027)

*Information gathered from publicly available company internet sites ([102-105] per January 1st, 2006).
siRNA: Small interfering RNA; VEGF: Vascular endothelial growth factor; VEGFR: Vascular endothelial growth factor receptor.
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Figure 7. TargeTran™ nanoparticle-mediated siRNA delivery to target cells in pathological tissue adding an extra level of

specificity on top of the siRNA-sequence specificity.
RISC: RNA-induced silencing complex; siRNA: Small interefering RNA.

factors (most notably VEGF) and their receptors driving the
angiogenic process have been identified over the past few years,
allowing rapid lead compound selection. In addition, as angio-
genesis proceeds when the balance between pro- and antiang-
iogenic mediators is distorted, siRNA-induced silencing of
pro-angiogenic molecules that are produced in the tumour may
shift the balance in favour of angiogenesis inhibition. A benefi-
cial aspect of this approach is that it is sufficient to transfect
only a part of the target cell population to shift the balance in
favour of angiogenesis inhibition. One of the most important
aspects that needs strong research attention to exploit the full
potential of siRNA is the in vivo delivery to the target cells.
Practically all of the antiangiogenic siRNA delivery technol-
ogies are based on local injection of SiRNA in the eye. In many
therapeutic situations, local treatment is not feasible. The
development of 1CS-283 based on systemic delivery of sSiRNA

to activated endothelial cells in the form of targeted nanoparti-
cles offers a broad platform technology to cover angio-
genesis-driven diseases with an additional level of specificity
induced by the targeting ligand (Figure 7). Preclinical models
demonstrate that the absolute amounts of SiRNA delivered to
the angiogenic endothelium are sufficient to induce therapeu-
tic effects, without apparent toxicity. How these observations
translate to the clinical situation where doses will be lower and
adverse effects are more readily identified are important ques-
tions that need to be addressed. Although the system becomes
more complex by adding a carrier system to the siRNA, the
new system offers siRNA protection, increased target cell
uptake and cytosolic localisation, coupled to reduced non-tar-
get tissue uptake. Thereby, these added benefits outweigh the
increased complexity of the system for applications where local
injection is not feasible.
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