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Introduction

Gene expression can be silenced by the targeted destruction
of specific mRNA molecules in a highly conserved process
known as RNA interference (RNAi).[1] Short interfering
RNA (siRNA) functions directly in the cytoplasm, where it
is assembled into an RNA-induced silencing complex
(RISC) comprising several proteins and the siRNA
(Figure 1). When this complex is activated by ATP, the
double-stranded siRNA becomes single stranded, and the
complex is now able to bind to complementary mRNA.[2]

When a complementary mRNA sequence is found, the nu-
clease activity of the RISC destroys the mRNA.[3] In lieu of

delivering siRNA into a cell, it is also possible to deliver
long double-stranded RNA (dsRNA) or a plasmid or virus
that encodes for short hairpin RNA (shRNA). The longer
dsRNA or shRNA molecules are cleaved by an enzyme
called Dicer into the short siRNA sequences that then act
via the RISC complex.[4] However, the longer double-strand-
ed RNA molecules can induce a cellular immune response
via the interferon system, which is a major obstacle to effec-
tively employing these methods.[5]

RNAi has the potential to treat diseases that can be cor-
rected by the decreased expression of specific proteins, for
example in cancer therapeutics[6] or in tissue regeneration.[7]

Despite the enormous potential, the use of siRNA has not
yet been successful clinically, largely due to difficulties pro-
viding effective delivery of the siRNA to the desired cells in
vivo.[8] Similar to any RNA molecule, siRNA is highly prone
to degradation by ribonucleases that are found throughout
the body and in the environment.[8b, 9] Additionally, in rapid-
ly dividing cells, the silencing effect that the siRNA provides
may only last a few days as the concentration of siRNA is
diluted by cell divisions.[1b] Furthermore, the localized deliv-
ery of the siRNA to a specific site in vivo is highly challeng-
ing.[10] In fact, it has been reported that “the three biggest
problems with RNAi therapeutics remain �delivery, delivery,
and delivery.’”[11]

In the field of gene delivery, there has been significant re-
search in the delivery of plasmid DNA. However, many of
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Figure 1. Schematic of RNA interference mechanism.
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these results do not necessarily translate to the delivery of
siRNA, as DNA and siRNA have very different properties.
Where DNA functions in the nucleus, siRNA has activity in
the cytoplasm. RNA is more prone to degradation by nucle-
ases than DNA because of the hydroxyl group in its 2� posi-
tion. Due to its small size, approximately 20–30 nucleotides
in length, siRNA is a stiffer molecule than DNA, behaving
as a rigid rod. As such, it may not further condense when in-
teracting with cationic agents for delivery, and it has been
suggested that the resultant nanoparticles can become too
large for endocytosis or provide incomplete encapsula-
tion.[12] These differences and their effect on delivery of
these molecules have been recently reviewed by Gary,
et al.[8b]

When considering the delivery of siRNA, there are many
disease states in which a systemic effect of RNAi may be de-
sirable; some examples include non-localized cancers, HIV,
neurodegenerative diseases, respiratory viruses, and heart
and vascular disease. However, in other instances, silencing
the expression of the target gene throughout the body could
be detrimental if only a localized area needs treatment. Ex-
amples of this include non-malignant tumors or tumor resec-
tion sites and also possibly for aiding in the regeneration of
diseased or damaged tissue at a defect site. In this Concept,
we will focus on the localized delivery of siRNA to a target
site.

Delivery of Naked siRNA

“Naked” siRNA delivery is the direct injection of a saline
or excipient solution containing non-complexed siRNA se-
quences to a target site. Generally, naked siRNA injected
into the body has a very short half life, on the order of mi-
nutes, limiting its usefulness.[13] However, it has been found
that some tissues are able to uptake naked siRNA to a
much higher degree than other tissues (for instance the eye,
central nervous system, and lung) making localized delivery
by direct injection of siRNA to these sites a possibility. One
of the largest complications leading to loss of sight is uncon-
trolled retinal neovascularization in patients that have ische-
mic retinal disorders.[14] Inhibition of VEGF by antibodies
has been demonstrated to reduce ocular neovascularization
by about 50 %, although further reduction could not be ach-
ieved due to difficulties in delivering the antibodies through-
out the retinal tissue.[14] Thus, other groups have examined
the direct delivery to the eye of naked siRNA targeting
VEGF to reduce this neovascularization using RNA inter-
ference. Ocular neovascularization was decreased by direct
injection of naked siRNA against VEGF into the retina of
mice.[15] Also, the delivery of siRNA targeting VEGF recep-
tor 1 (VEGFR1) resulted in decreased ocular neovasculari-
zation with siRNA remaining present in these cells for at
least five days.[16] There are currently two clinical trials un-
derway exploring the delivery of siRNA against VEGF or
VEGFR1 to treat age-related macular degeneration.[17]

There have been several reports on the local delivery of
naked siRNA to the nervous system. The intrathecal injec-
tion of naked siRNA complementary to a pain-related ion
channel resulted in diminished pain response.[18] The silenc-
ing of agouti-related peptide by direct injection of siRNA
into the hypothalamus of mice led to decreased body weight
and increased metabolism, which could impact obesity.[19]

The intracerebroventricular injection of naked siRNA has
also been shown to provide gene silencing that is confined
to the brain. Using this method, dopamine and serotonin
transporters have been silenced, affecting the locomotive
behaviors of mice.[20]

Studies have also demonstrated the ability to deliver
naked siRNA to the lungs, typically by an intranasal route.
siRNA-targeting heme oxygenase-1 was delivered intrana-
sally to modulate cell apoptosis, and the silencing of this
gene was shown to be specific to the lung.[21] Intranasal de-
livery of naked siRNA targeting the genome of the severe
acute respiratory syndrome (SARS) coronavirus, delivered
either before or after infection with the SARS virus, was
found to decrease the virus levels in the lungs of rhesus
macaques and substantially reduce the symptoms of the dis-
ease.[22] Two other viruses that infect the respiratory system
and for which vaccines or other antiviral treatments are cur-
rently not available include respiratory syncytial virus
(RSV) and parainfluenza virus. These RNA viruses encode
in part for RNA polymerases to aid in the replication of the
viral genome. It has been demonstrated that the intranasal
delivery of naked siRNA targeted to a subunit of the viral
polymerases was able to prevent and treat both of these vi-
ruses in mice.[23] There is currently a clinical trial underway
to examine the efficacy of this treatment in humans suffer-
ing from RSV infection.[17] Intratracheal instillation, where a
material is introduced directly into the lungs via a catheter
or needle placed in the trachea,[24] has also been used to de-
liver unmodified naked siRNA to the lungs to silence the
expression of macrophage inflammatory protein 2, which
helped to reduce the migration of neutrophils to the lung
after acute lung injury.[26]

Chemical Conjugation of siRNA

Efforts to increase the activity of siRNA in vivo have been
pursued by conjugating the siRNA molecule with a chemical
entity to help enhance the cellular uptake of the siRNA
and/or help improve its pharmacokinetics. Various chemical
modifications of siRNA have been reviewed extensively.[26]

Frequently, lipophilic moieties such as cholesterol are cova-
lently bound to the siRNA as they have been shown to pro-
vide greater in vivo stability by associating with serum pro-
teins in the blood thereby preventing plasma clearance, and
also to promote increased cell uptake due to increased cell
membrane permeability.[27] Localized delivery using chemi-
cally modified siRNA has focused on cholesterol-conjugated
siRNA. Cholesterol has been conjugated to siRNA comple-
mentary to the huntingtin gene, found in patients with Hun-
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tington�s disease, and when injected directly into the stria-
tum of mice was found to locally silence gene expression
and decrease the pathology of Huntington�s disease in these
mice.[28] Also, the delivery of cholesterol-conjugated siRNA
targeted to herpes viral proteins was able to protect mice
from herpes simplex virus 2 when the siRNA was applied di-
rectly to the vaginal mucosa.[29] Additionally, cholesterol-
conjugated siRNA molecules infused directly into the cen-
tral nervous system in rats were uptaken by oligodendro-
cytes, a cell type that is difficult to transfect.[30] A recent
study demonstrated that the modification of siRNA with
poly(ethylene glycol) (PEG) and either mannose-6-phos-
phate or galactose efficiently delivered siRNA into hepato-
cytes in vitro.[31] Their previous study demonstrated specific
uptake after intravenous injection by hepatocytes in vivo
when a similar modification was used for antisense oligonu-
cleotides, and although not demonstrated in this study, it
was hypothesized that similar results will be obtained with
this modified siRNA.

siRNA-Laden Particles

Nano- or microparticles with siRNA encapsulated in them
can be fabricated from a variety of natural and synthetic
polymers. The use of siRNA-laden particles has been widely
researched, as the siRNA can be protected from environ-
mental factors which may degrade it and is typically uptaken
by cells with a higher efficiency.[32] The particles can be up-
taken by cells through endocytosis, with the siRNA subse-
quently released into the cytoplasm where it has activity.
This process can be nonspecific, with any type of cell able to
uptake the particles (Figure 2 a), or it can be targeted to spe-
cific cell receptors so that only the desired cell population
uptakes the particles (Figure 2 b). Again, there is much work
in the systemic delivery of siRNA particles, but here the
focus will be on technologies that have demonstrated the
ability to deliver siRNA locally.

siRNA Incorporation into Liposomes and
Lipoplexes

To increase the half-life of siRNA in vivo, it can be encapsu-
lated within liposomes or complexed with cationic lipids to
form siRNA-laden nanoparticles. Liposomes typically con-
sist of a phospholipid bilayer surrounding an aqueous core,
and it is within this core that siRNA (or other nucleotides,
proteins, or drugs) is contained. Recently, liposomes con-
taining siRNA were modified with a peptide that targeted
MCF-7 breast cancer cells, and were shown to effectively si-
lence the expression of the PDMR14 gene that plays a role
in breast cancer carcinogenesis, with minimal uptake and si-
lencing effect in other non-cancerous cells.[33]

A more popular alternative to liposomes is the use of lip-
oplexes, where cationic lipids are mixed with the anionic
siRNA to form complexes based on electrostatic interac-

tions. However, these complexes tend to be more unstable
in solution and may aggregate over time.[34] Additionally,
due to their charge, they can be cytotoxic or induce an in-
flammatory response.[35] Complexes of siRNA-targeting red
fluorescent protein (RFP) with the cationic lipid N’,N’’-di-ACHTUNGTRENNUNGoleylglutamide were demonstrated to silence the expression
of RFP when injected locally into a tumor expressing RFP
that was formed subcutaneously.[36] Another group demon-
strated the uptake of anti-VEGF siRNA in a subcutaneous
tumor when siRNA complexed with a cholesterol derivative,
cholesteryl oligo-d-arginine, was injected locally into the
tumor.[37]

siRNA incorporated into lipoplexes has also been found
to be uptaken at a high efficiency in vaginal mucosa when
directly applied to the area. This has been shown to effec-
tively silence the expression of herpes viral proteins to pro-
tect mice from being infected with herpes simplex virus 2.[38]

siRNA against lamin A/C was incorporated into lipoplexes
with localized silencing found in the vaginal mucosa.[39] Ad-
ditionally, this group demonstrated local delivery of siRNA
lipoplexes to the colon, another mucosal surface. By silenc-
ing the expression of TNF-a in the colon, inflammation was
reduced in mice with inflammatory bowel disease.[39]

Delivery of siRNA to hepatic tissue in both rodents and
primates has been demonstrated by using a modification of
the lipid 1,2-dilinoleyloxy-3-dimethylaminopropane.[40] The
hepatic gene transthyretin was targeted in primates using

Figure 2. Uptake of siRNA particles into cell by endocytosis by either a)
nonspecific means or b) receptor-ligand targeting.
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this formulation, and at the highest concentration of siRNA
(1 mgkg�1) approximately 70 % reduction in gene expres-
sion was observed 48 h after intravenous delivery.

An interesting approach to the localized delivery of
siRNA involved the synthesis of oleic acid-based liposomes
with a magnetic core comprising a colloidal suspension of
magnetic nanocrystals. siRNA was able to interact with
these liposomes by electrostatic interaction of the siRNA
with the oleic acid, thus essentially forming lipoplexes.
When these magnetic liposomal particles carrying siRNA
targeted to epidermal growth factor receptor were injected
intravenously and allowed to travel systemically in mice,
they were found to accumulate in high amounts locally in a
tumor to which an external magnetic field was focused.[41]

Some particles, however, still made their way into other tis-
sues, including the lung, liver, and spleen.

Polymeric Nanoparticles Containing siRNA

Frequently, cationic polymers are used to form nanoscale
siRNA complexes based on electrostatic interaction of the
negatively charged siRNA with the positively charged poly-
mer. Poly(ethyleneimine) (PEI) is one such polymer. PEI is
a synthetic polymer that can be either linear or branched,
and with a high percentage of free amine groups which are
positively charged. PEI complexed with siRNA targeting
VEGF has been injected directly into subcutaneous tumors,
and the silencing of VEGF and subsequent diminishment of
tumor growth was confirmed.[42] PEI-siRNA was also deliv-
ered intratumorally with siRNA complementary to STAT3
to promote the apoptosis of the tumor cells, resulting in re-
duced tumor weight and size in mice in vivo.[43]

To increase the circulation time of PEI-RNA particles,
the PEI can be modified with PEG, as this hydrophilic mole-
cule does not adsorb serum proteins. The drawback of
adding PEG to PEI is that it will reduce the positive charge
of the polymer, thus lessening its interaction with cell mem-
branes, which leads to decreased uptake of the PEI particles.
siRNA complexed with PEG-PEI was successfully delivered
by tracheal intubation to the lungs, with the majority of the
particles ending up in the lungs for gene silencing, although
some siRNA complexes were found in other tissues.[44]

Chitosan, a natural polysaccharide derived from the shells
of crustaceans, is another polycation that can be used for
siRNA complexation. Chitosan–siRNA nanocomplexes with
siRNA targeted to enhanced green fluorescent protein
(eGFP) have been delivered to the lungs of eGFP transgen-
ic mice by nasal administration and were shown to silence
eGFP expression by approximately 40 % at six days when
delivered daily at 30 mg per day.[45] Chitosan complexed with
siRNA against red fluorescent protein (RFP) has been de-
livered intratumorally into a subcutaneous tumor expressing
RFP, and was shown to reduce RFP expression by approxi-
mately 83 %.[46]

Thioketal nanoparticles have been demonstrated to pro-
tect siRNA delivered orally so that it can reach the intesti-

nal tract and be effectively uptaken there.[47] These nanopar-
ticles were formulated from the polymer poly(1,4-
phenylene ACHTUNGTRENNUNGacetone dimethylene thioketal), which degrades in
response to the high levels of reactive oxygen species found
at sites of intestinal inflammation. Using these nanoparti-
cles, the silencing of TNF-a in the colon was shown to pro-
tect mice from ulcerative colitis.

Nanoparticles can also be modified with a targeting ligand
to increase uptake by only the desired cell population, even
if the nanoparticle–siRNA formulation is delivered systemi-
cally. For instance, EGFR siRNA-laden nanogels composed
primarily of N-isopropylmethacrylamide were conjugated
with a peptide that targeted the EphA2 receptor.[48] Al-
though these have not yet been tested in vivo, the silencing
of EGFR was seen in a cell line expressing EphA2 receptor,
with no silencing found in a cell line that does not express
this receptor. Poly(propyleneimine) (PPI) dendrimers have
also been used to create siRNA-containing nanoparticles;
these particles were modified with a synthetic analogue lu-
teinizing hormone-releasing hormone (LHRH) peptide for
increased uptake by cancer cells that overexpress the
LHRH receptor.[49] This group demonstrated that the
siRNA particles were indeed uptaken to a much higher
degree in vivo by the tumor cells. Notably, a recent clinical
trial examined the delivery of siRNA-laden cyclodextrin-
based polymeric nanoparticles modified with a targeting
ligand for human transferrin protein receptors, which are
upregulated in tumors, to humans in vivo.[50] Although these
nanoparticles were delivered systemically, they were found
to localize in the solid tumors of the patients. The siRNA
was targeted to the M2 subunit of ribonucleotide reductase
(RRM2), an established anti-cancer target. Both mRNA
and protein levels of RRM2 in tumor biopsies were found
to be reduced. This system is very promising for the targeted
treatment of solid tumors.

Alternatively, “smart” nanoparticles can be designed such
that they do not release their payload until they receive a
physical signal to do so. One example of this is the use of
gold nanospheres to which thiolated siRNA complementary
to NF-kB is bound.[51] The gold nanoparticles exposed to
near-infrared light absorb the light and experience a change
in shape, which releases the siRNA. Thus when these nano-
particles are uptaken by cells, only particles in cells exposed
to near-infrared light (which can penetrate deep into tissues)
will release the siRNA into the cytoplasm. This group dem-
onstrated targeted knockdown of NF-kB in tumor tissue,
which increased the susceptibility of the tumor to chemo-
therapeutic drugs.

Polymeric microparticles can also be used for the delivery
of siRNA, although there are few reports on this. Poly(lac-
tic-co-glycolic acid) (PLGA), a biodegradable, FDA-ap-
proved synthetic polymer, has been used to encapsulate
anti-VEGF siRNA in PLGA microspheres of about 40 mm
in diameter, and these microspheres were then injected ad-
jacent to a subcutaneous tumor, resulting in decreased
tumor growth over the course of three weeks.[52]
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Macroscopic Biomaterial
Scaffolds with

Encapsulated siRNA

As described in the sections
above, many of the current
technologies being examined
for siRNA delivery rely on the
formation of nanoscale siRNA
complexes and in some cases
microscale complexes. A major
disadvantage of using these
techniques for local delivery is
that they can be rapidly dis-
persed from the delivery site
due to their small size. There-
fore, the challenge of getting a
sufficient amount of siRNA to
the desired location during a
desired period of time still re-
mains. There is a paucity of
work examining the use of mac-
roscopic biomaterial scaffolds
for the local delivery of siRNA.
Biomaterial scaffolds are fre-
quently used in tissue engineer-
ing to encourage cell migration

Figure 3. Schematic of hydrogel formation for delivery of siRNA and subsequent inhibition of gene expression
in incorporated and neighboring cells. Biomaterial solutions of alginate, photo alginate, or collagen are mixed
with siRNA and cells, and hydrogels are then formed by ionic crosslinking, photocrosslinking, or thermogel-
ling, respectively. The siRNA diffuses through the hydrogel to affect incorporated cells, and it is also released
from the hydrogel to locally affect surrounding cells. (Reproduced from reference [55] with permission from
Journal of the American Chemical Society.)

Table 1. Localized siRNA therapeutics and delivery methods.

siRNA formulation siRNA delivery route Target organ Target gene Goal of study Reference

delivery of
naked siRNA

naked

local injection eye VEGF reduce ocular neovascularization [15]

local injection eye VEGFR1 reduce ocular neovascularization [16]

intrathecal injection central
nervous
system

P2X3 (ATP-gated
cation channel)

diminish pain response [18]

local injection hypothalamus agouti-related
peptide

increase metabolic rate [19]

intracerebroventricular
injection

brain dopamine and
serotonin
transporters

affect locomotion [20]

intranasal lung heme oxygenase-1 modulate cell apoptosis [21]

intranasal lung SARS coronavirus decrease SARS viral levels in lung [22]

intranasal lung RNA polymerases of
respiratory syncytial
and parainfluenza
viruses

prevent and treat these viruses [23]

intratracheal
instillation

lung macrophage
inflammatory
protein 2

reduce migration of neutrophils to
lung after acute lung injury

[25]

chemical
conjugation
of siRNA

conjugated to
cholesterol

local injection striatum Huntingtin decrease Huntington�s disease
pathology

[28]

topical application vaginal
mucosa

herpes viral proteins protection from herpes virus [29]

infusion central
nervous
system

CNPase transfect oligodendrocytes [30]

conjugated to
galactose-PEG or
mannose-PEG

applied to cells in
culture (in vitro)

liver TGF-b1 demonstrate efficient uptake of
modified siRNA and silencing of
TGF-b1

[31]
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and proliferation within the material, which is placed at a
tissue defect site. It is often possible to incorporate bioactive

factors into these scaffolds to encourage the tissue regenera-
tion process, as these factors can be released from the scaf-

Table 1. (Continued)

siRNA formulation siRNA delivery route Target organ Target gene Goal of study Reference

siRNA
incorporation
into
lipoplexes

liposome with
MCF-7 cell-
targeting peptide

applied to cells in
culture (in vitro)

breast
cancer
cells

PRDM14 demonstrate specific uptake and
activity of encapsulated siRNA by
MCF-7 breast cancer cells

[33]

lipoplex

local injection subcutaneous
tumor

red fluorescent
protein (RFP)

silence RFP gene expression in
RFP tumor

[36]

local injection subcutaneous
tumor

VEGF decrease tumor vascularization [37]

topical application vaginal
mucosa

herpes viral proteins protection from herpes virus [38]

topical application vaginal
mucosa

lamin A/C to examine knockdown of
constitutively expressed gene

[39]

topical application colon TNF-a reduce inflammation in inflammatory
bowel disease

[39]

intravenous injection
with magnetic field
applied to tumor

subcutaneous
tumor

epidermal growth
factor (EGF)

decrease cancer cell proliferation [41]

intravenous injection liver transthyretin (TTR) treat TTR mutations [40]

polymeric
nanoparticles
containing
siRNA

PEI

local injection subcutaneous
tumor

VEGF decrease tumor vascularization [42]

local injection subcutaneous
tumor

STAT3 promote apoptosis of tumor cells [43]

PEI-PEG tracheal intubation lung enhanced
green
fluorescent
protein (eGFP)

demonstrate gene
silencing in lungs
of eGFP mice

[44]

chitosan

nasal administration lung eGFP demonstrate gene
silencing in lungs
of eGFP mice

[45]

local injection subcutaneous
tumor

RFP silence RFP gene
expression in RFP tumor

[46]

thioketal
nanoparticles

oral delivery intestinal
tissue

TNF-a reduce inflammation and protect
mice from ulcerative colitis

[47]

N-isopropyl-
methacrylamide
nanogels conjugated
with peptide-
targeting EphA2
receptor

applied to cells
in monolayer

N/A (in vitro) EGF receptor exhibit uptake of siRNA nanogels
by cells with EphA2 receptor

[48]

poly(propyleneimine)
dendrimers modified
with LHRH peptide

systemic injection subcutaneous
tumor

luciferase targeting luciferase-expressing
tumor cells which overexpress
LHRH receptor

[49]

cyclodextrin-based
polymer with
transferrin protein-
targeting ligand

systemic injection solid
tumors

M2 subunit of
ribonucleotide
reductase (RRM2)

demonstrate dose-dependent
delivery and activity of siRNA
locally in tumor after intravenous
injection in humans

[50]

gold nanospheres systemic injection subcutaneous
tumor

NF-kB increase susceptibility
of tumor to chemotherapy

[51]

PLGA microspheres local injection subcutaneous
tumor

VEGF decrease tumor vascularization [52]

alginate and collagen
hydrogels

diffusion from
hydrogel

N/A (in vitro) GFP decrease GFP expression
in GFP cells

[55]

macroscopic
biomaterial
scaffolds
with
encapsulated
siRNA

collagen hydrogels diffusion from
hydrogel

N/A (in vitro) snail1 decreasing snail1 expression
hypothesized to decrease
tumor metastasis

[56]

PEG hydrogels diffusion from
hydrogel

N/A (in vitro) IL-10 enhancement of immune response
to increase efficiency of
immunotherapies

[57]
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fold over time to incorporated cells and the surrounding
host cells. Although traditionally these bioactive factors
have been growth factors or DNA to upregulate the expres-
sion of growth or transcription factors, it may be beneficial
to use siRNA to aid in the tissue regeneration process, per-
haps by inhibiting the production of molecules that hinder
the healing process or by influencing cell behaviors such as
proliferation or differentiation. The use of RNA interfer-
ence for regenerative medicine applications has been re-
viewed by Yao, et al.[53] The release of siRNA incorporated
into a biomaterial scaffold could be mediated by diffusion
through the biopolymer pores, the degradation of the poly-
mer, or through ionic or affinity interactions with the scaf-
fold. The released siRNA would then act locally, and the
scaffold itself could aid in tissue regeneration by providing a
conductive or inductive environment for cellular growth
within the defect.[54] Work in our laboratory was the first to
demonstrate the potential of such a system.[55] Ionically
crosslinked alginate, photocrosslinked alginate, and collagen
hydrogels were shown to provide varying siRNA release
profiles, and in all cases the siRNA released was bioactive
and able to silence protein expression in cells both sur-
rounding the scaffolds and incorporated within the scaffolds
(schematic shown in Figure 3). The use of collagen scaffolds
to deliver siRNA-dendrimer nanoparticles has also recently
been demonstrated, although it was found that approximate-
ly 60 % of the siRNA was released in the first two days with
little subsequent release.[56] However, the nanoparticles de-
livered from these scaffolds were shown to reduce protein
expression for up to seven days when cells were cultured di-
rectly on the scaffolds. Singh, et al. incorporated DNA,
siRNA, and chemokines into PLGA microparticles, which
were then incorporated into hydrogels made either of dex-
tran vinyl sulfone and poly(ethylene glycol) (PEG) or PEG
alone.[57] The chemokines were released from the hydrogels
to promote the migration of antigen-presenting cells into
the hydrogels, and these cells were then able to uptake the
siRNA and DNA released from the PLGA microparticles.
Further developing these biomaterial scaffold systems and
others that incorporate siRNA offers exciting possibilities
for the sustained and targeted delivery of siRNA to a specif-
ic site in vivo.

Summary and Outlook

RNA interference offers great promise for treating various
disease states or helping to repair damaged tissue. However,
there are significant challenges that need to be overcome
before this technology can be used in the clinical setting. In
particular, for applications that will benefit from the local
delivery of the siRNA, it will be important to develop sys-
tems that are capable of providing bioactive siRNA to a
specific site rather than systemically. As highlighted in this
article, many groups have examined the local delivery of
siRNA using various delivery modalities (Table 1). In certain
tissues, it has been demonstrated that a simple injection of

naked siRNA will silence gene expression specifically in that
tissue. However, this technique for local delivery is unfortu-
nately limited to only a few tissue types including the eye,
central nervous system, and lung. To achieve local gene si-
lencing in other tissues, a variety of approaches have been
pursued to help stabilize the siRNA and to encourage cellu-
lar uptake by administration to the site of interest; they in-
clude chemical modification of the siRNA or complexation
within liposomes or polymers to form nanoparticles. Overall,
the field of siRNA delivery has been very focused on the
use of nanoparticles. While these may promote the stability
and uptake of the siRNA, they do not necessarily provide
localization as they may be readily carried away from the
site of interest. Only recently has the use of macroscopic
biomaterial scaffolds for siRNA delivery been examined
and reported. There is still significant work to be done in
this area to optimize the delivery systems and ensure longer-
term release of bioactive siRNA at the site of interest. How-
ever, this is an important area of research that warrants fur-
ther study and offers the potential for having great impact
on the field of siRNA delivery.
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