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Introduction

During the past decade, polymeric micelles have been proven
to be useful in drmg delivery, and several formmmlations have been
siidied in clinical trials. Polymeric micelles are characterized by a
size of several tens nm and unique core-shell stmicture, where the
dmg-loaded core iz surrounded by biocompatible poly(ethylene
glycol) (PEG) chains. These characteristics of polymeric micelles
allow their longevity in the bloodstream and effective tumor
accurmlation after their systemic administration. Besides the
hydrophobic interaction, an electrostatic interaction between charged
block copolyrmers and oppositely charged macromolecules leads to the
forrmtion of the polyion commplex (PIC) micelles. This system is
potentially useful for the delivery of genes and siRNA. Recent
advances in synthetic polymer chemistry and biotechnology allow the
developrnent of “smart” gene and siRNA carriers based on PIC
micelles equipped with environrentally sensitivity and specific tissue
targetability. In this presentation, our recent studies on polymeric
micelles as srart nanocarriers for dmg delivery will be highlighted.
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Figure 1 Smart polymeric micelles for drug and gene delivery

Results and discussion
1) Smart micelles for site~specific drug delivery

Recently, we have developed pH-sensitive polyrmeric micelles,
in which doxombicin (Dox) iz attached to the side chain of the core-
forming segment of the block copolymers via an acid-labile hydrazone
bond (Figure 2)'. The pH-sensitive polymeric micelles showed a
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Figure 2 Preparation of the pH-sensitive micelles for the
intracellular delivery of ADR
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significant drug release under endosorml / lysosomnal low pH
conditions (5.0~5.5), while exhibiting no appreciable release under
physiological pH conditions’. A biodistribution smdy revealsd that
the pH-szensitive polymeric micelles showed a prolonged blood
cireulation due to a minimal leakage of free drmig, resulting in the
highly selective accurmilation in solid mmors 2. As a result, the pH-
sensitive polymeric micelles achieved a significantly higher antitumor
activity in C-26-bearing mice over a broader range of injection doses
than fres Dox ®.  Also, we modified the pH-sensitive polymeric
micelles with a folate molecule to construct the polymeric rmicelles
with the tumor-targetability (Figure 3) . Tt iz known that a large
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Figure 3 Preparation of the multifunctional polymeric micelles
for active drug delivery

mimber of cancer cells overexpress folate-binding proteins (FBP).
The folate-conjugated micelles were rmore efficiently talen up by the
FBP-overexpressing human pharyngeal cancer KB cells than the non-
targeted micelles. In the cytotoxic activity assay against KB cells,
the folate-conjugated ricelles showed a corparable cytotoxicity to
free Dox after a 24-h exposure time whereas the non-targeted
micelles had almost a 10-fold lower eytotoxicity than free Dox . It
is unprecedented that the folate-conjugated rmicelles achisved as high
cytotoxicity as free Dox despite their different internalization
pathways.  This result indicates that the use of the folate-conjugated
micelles may lower the effective doses over free Dox, improving the
safety of the clinical chermnotherapy

2) DP-loaded micelles for photodynamic therapy

Photodynarric therapy (PDT)L which involves the svysternic
administration of photosensitizers (P3s) and the following
photoirradiation to the dizeased sites, iz a promising approach for the
treatment of malignant tumors and macular degradation.  However, it
ig known that P3s are easily form aggregates, resulting in reduction of
the singlet oxygen production efficiency. To prevent the self-
quenching of P3, we developed ionic dendritic P8 (DPs) (Figure 4),
and incorporated them into the PIC micelles *. The DP-loaded
micelles showed no self-quenching of DP inside the PIC micelles,
although each micelle containg an average of 32 DF molscules®. No

Figure 4 Chemical structure of ionic dendritic porphyrin
(DP) (X=COONa")
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quenching of DF inside the micellar core iz attributable to the steric
hindrance of the interaction between the dye molecules by the
dendritic frameworl.  Interestingly, the DP-loaded micelles showed a
280-fold increaze in the photocytotoricity to LLC cells compared to
free DP . In animal experiments, the DP-loaded micelles showed
effective accumulation in the choroidal neovascularization (CNV)
lesions in the rat eye, and the laser application resulted in a 60-78%
CNV occlusion, offering a new nanotechnology-based treatment of
age-related macular degeneration (AMD) °,

3) Sinart nanocarriers for gene and stRNA delivery

The success in gene therapy relies on the development of the safe
and effective gene carmriers. In this regard, PIC micelles (polyplex
micelles), which are formed between plasmid DNA (pDNA) and
PEG-polycation block copolymers have received much attention due
to their small zize (~ 100 nm) and excellent biocompatibility.
Recently, we  synthesized PEG-polycation camrying  the
ethylenediamine moiety (PEG-PAsp(DET)) at the side chain (Figure
5) %, Due to the unique feature of PEG-PAsp(DET) with the
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Figure 5 Structure of PEG-PAsp(DET)

regulated location of primary and secondary amino groups, this block
copolymer possessed both the sufficient DNA complexation ability
and buffering capacity for the efficient endosomal escape of the
polypleses based on the proton sponge effect.  The polyplex micelles
from PEG-PAsp(DET) showed the excellent gene expressions
comparable to ExGen500 in many cell lines; nevertheless this
polymer exhibited remarkably lower evtotoricity than other
transfection reagents. These properties of PEG-PAsp(DET) enabled
the transfection to various primary cells ® In addition, the PEG-
PAsp(DET) polyplex micelles incomporating pDNA encoded with
osteogenic factors were implanted to mouse calvaria bone defects in
the form of calcium phosphate paste.  Thiz implant device
transfected adjacent recipient cells and rapidly induced bone
regeneration.  Thus, the polyplex micelles from PEG-PAsp(DET)
might be auzeful nanocarrier forlocal gene delivery.

4) Novel gene carriers for light-induced gene transfer

The site-specific gene transfer in the body iz strongly desired;
however, the existing vectors might lack the ability to control the gene
expression.  Recently, a new technology called “photochemical
internalization (PCIT" has recently emerged, in which the endosomal
escape of the polyplexes iz induced by co-incubated P8 which
photodamage the endosomal membrane, allowing the gene
transfection in a light-inducible manner **.  This strategy iz quite
smatt; however, the emergence of significant photocytotoxicity was
also found, possibly limiting its further applications for in wive use.
To golve this problem, we assumed that the control of the intracellular
localization of PS8z should be of primary imporance, and the
photosensitizing property iz preferably integrated into the gene
delivery system. Recently, we developed novel ternary complexes,
in which the pDNA/polycation polyplex iz enveloped with the anionic
DPc for effective PCI-mediated transfaction (Figure 6)°.  As a result,
the ternary complexes achieved more than a 100-fold photochemical
enhancement of the transgene expression in witre with reduced
photocytotoxicity ®.  The subconjunctival injection of the temary
complexes in rat eves followed by the lazer irradiation resulted in an
appreciable gene expression (a variant of yellow fluorescent protein)
only at the laser-irradiated site ®.  These results are the first success
of the PCl-mediated gene delivery i wive. These light-responsive
gene carriers are expected to be uszeful for the site-directed
transfection in vive,

55

JA3-IL-024

- pDNA/CPq
27 polyplex

DDNA sy
cationic peptide é‘
{CPs)y o7

.0 ®

+ DPe

e,

" ; ¥,
=] - ]
--\\‘ (.‘-.a ® 9
endocytoszss\& o

¢ ®pDNAJCP4/DPc
endosome - ternary complex

turnination

selective photodamage
t0 endosomal membrane

nuclear
transport

Figure 6 Preparation of the DPc-enveloped ternary complexes
and their hypothetical mechanisms in the light-induced gene
transfection
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