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a  b  s  t  r  a  c  t

Small  interfering  RNA  (siRNA)  is a  relatively  novel  nucleic  acid-based  therapy  to treat  dis-
eases  such  as  cancer.  Nevertheless,  substantial  obstacles  to its clinical  applications  have
been reported,  such  as low  cellular  uptake,  immunogenicity,  off-target  effects,  and  insta-
bility  in  physiological  environments.  The  design  of  appropriate  delivery  vehicles  capable  of
transporting  siRNA  to  target  cells  has  been  pursued.  Nanoparticles  are  extensively  studied
for the  delivery  of siRNA.  Among  the  various  nanocarriers,  polymeric  micelles  have  recently
gained  strong  interest.  Polymeric  micelles  of  average  nanometer  size  are  straightforward  to
design  and  modify.  Hydrophilic  groups  incorporated  in  the  polymeric  micelles  can  extend
in vivo  half-life  of siRNA  to ensure  adequate  accumulation  in tumors,  be  exchanged  for
cations  that  electrostatically  interact  with  siRNA,  and  be  coupled  to various  ligands  for
cell-specific  targeting.  The  polymeric  micelle  core  provides  stability  and serves  as a loading
dock for  drugs.  In  this  review,  the  different  types  of polymers  used,  the  design  and charac-
terization  of polymeric  micelles  for siRNA  delivery,  and  the  established  polymeric  micelle
targeting  mechanisms  are  discussed.
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1. Introduction

The mechanism of RNA interference (RNAi) was dis-
covered in plants, while the mechanism of gene silencing
was later found in Caenorhabditis elegans. Gene expression
may  be inhibited by small interfering RNA (siRNA) via the
well-controlled enzyme-mediated gene silencing mecha-
nism [1]. RNA–protein interactions are categorized into
four main phases: association of the RNA-induced silencing
complex (RISC) and siRNA, stimulation of RISC, and recog-
nition and cleavage of the target gene. Intracellularly, siRNA
is integrated into the RISC, which separates the RNA duplex
strands and removes the sense strand, while activated RISC
uses the antisense strand to guide the cleavage of mes-
senger RNA (mRNA) [2,3]. The mRNA cleavage of RNAi is
mediated by an endonuclease, Argonaute 2, within the RISC
[4,5].

siRNA blocks the expression of target genes in numerous
cells. Apart from drug development and biological research,
siRNA possesses remarkable therapeutic properties that
may  be applied to the treatment of, for example, macular
degeneration and cancer by inhibiting the overexpression
of angiogenic growth factors or oncogenes. The Nobel Prize
(medicine) in 2006 reiterated the commitment of global
research to RNAi [6].

Ten years after the discovery of RNAi, some therapeutic
siRNAs are now undergoing clinical trials [7,8], the major-
ity of which involve local administration of siRNA via the
intranasal or intravitreal route, for example Refs. [9,10].
The first therapeutic siRNA, bevasiranib, designed to treat
wet neovascular age-related macular degeneration (AMD)
by targeting vascular endothelial growth factor (VEGF)
[11,12], has reached phase III of clinical testing. Another
VEGF-targeting therapeutic siRNA, AGN-745, was the sec-
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