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ABSTRACT: Polymer vesicles formed by a pair of oppositely
charged poly(ethylene glycol) (PEG)-based block aniomer and
homocatiomer, termed “PICsomes”, have tunable size, and are
characterized by unique semipermeable property due to the
flexible and tunable hydrophilicity of polyion complex (PIC)
membranes. The PICsomes can encapsulate a variety of
molecules in an inner aqueous phase just by a simple vortex
mixing of solution, expecting their utility as nanocontainers of
substances with biomedical interests. Here, we report on a new
functionality of the PICsomes: photoinduced release of
photoactive agents for intracellular drug delivery. A potent photosensitizer, Al(III) phthalocyanine chloride disulfonic acid
(AlPcS2a), was efficiently incorporated into the PICsomes (11%(w/w)), and its quick release was induced by photoirradiation
possibly due to the photochemical damage of the PIC membranes. The combination of a high-resolution fluorescent confocal
microscopy and a lysosome membrane-specific staining method revealed that such photoinduced release of AlPcS2a occurred
even in the lysosomes of living cells after endocytic internalization. Simultaneously, the released AlPcS2a photochemically
affected the integrity of the lysosomal membranes, leading to the translocation of AlPcS2a and PICsomes themselves to the
cytoplasm. Consequently, the AlPcS2a-encapsulated PICsomes (AlPcS2a-PICsomes) exhibited appreciably stronger photo-
cytotoxicity compared with free AlPcS2a alone. Thus, the AlPcS2a-PICsomes have promising feasibility for the photodynamic
therapy or the photoinduced cytoplasmic delivery of therapeutic molecules.

■ INTRODUCTION

Supramolecular assemblies from block copolymers have been
receiving intensive attention in the fields of biomedical
applications.1 We have recently reported polyion complex
vesicles (PICsomes),2 which are self-assembled from a pair of
oppositely charged PEG-based block aniomer and homoca-
tiomer. Compared with polymersomes from amphiphilic block
copolymers, PICsomes have some unique characteristics. For
example, the size of PICsomes can be precisely controlled
between 100 and 400 nm, by changing the concentration of the

component polymers.2b Loading of therapeutics can be
achieved by simply vortex mixing in aqueous milieu without
using any organic solvents.2b Furthermore, the PICsomes
membrane can be cross-linked in a controlled manner to tune
the stability and the permeability, which leads to a controlled
release of payloads in physiological environment.2b,c In this
study, we wish to report a novel biomedical application of the
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PICsomes, adequately exploiting their unique properties as
smart nanocontainers with tunable permeability: photoinduced
release of cargo molecules (photoactive agents) in intracellular
compartment directing to improved photodynamic efficacy.
Photodynamic therapy (PDT) is a powerful approach for

selectively destroying cancer cells by highly reactive singlet
oxygen or free radical species generated by PSs upon light
irradiation at a proper wavelength.3 Moreover, a certain type of
PSs can be used to selectively disrupt endo/lysosomal
membranes. This strategy is called photochemical internal-
ization (PCI) and has been successfully employed to release a
large variety of endocytosed molecules, such as doxorubicin,
bleomycin, peptides, and nucleic acids, into the cytosol of cells.4

Typical PSs for PCI have amphiphilic nature, such as Al(III)
phthalocyanine chloride disulfonic acid (AlPcS2a) and
tetraphenylporphine disulfonate (TPPS2a). To improve the
efficacy and safety of PDT and PCI, nanoscaled vehicles
(nanocontainers) can be applied for the site-specific delivery of
these PSs, because they can selectively accumulate in solid
tumors due to the enhanced permeability and retention (EPR)
effect.5 However, it is still difficult to satisfy both efficient
encapsulation and desirable release rate of amphiphilic PS with
conventional nanocontainers approaches.6 For instance, core−
shell polymeric micelles are usually difficult to retain relatively
hydrophilic compounds. Liposomes and polymersomes can
encapsulate amphiphilic compounds in their inner aqueous
phase, but they are difficult to release their contents in a
desirable rate.7 Unlike these conventional nanocontainers, the
cross-linked PICsomes achieved efficient encapsulation of
AlPcS2a and photoinduced release property inside living cells
as described below.

■ RESULTS AND DISCUSSION

The block aniomer poly(ethylene glycol)45-poly(α,β-aspartic
acid)75 (PEG45-(PAsp)75) and homocatiomer poly([5-amino-
pentyl]-α,β- aspartamide)82 (homo-P(Asp-AP)82) were synthe-
sized according to the previous reported method.2a,d PEG45-
(PAsp)75 and homo-P(Asp-AP)82 were mixed, and then free
AlPcS2a was further added to the above solution under vortex
mixing, followed by the subsequent addition of 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride (EDC) (10
equivalent per −COOH group in PEG-P(Asp)) for cross-
linking the membranes of PICsomes. Finally, the cross-linked
AlPcS2a-loaded PICsomes (AlPcS2a-PICsomes) were purified
by ultrafiltration (Cut-off 100 K MW) at 4 °C (Scheme 1). The
average hydrodynamic size of AlPcS2a-PICsomes measured by
dynamic light scattering is ∼106 nm with a polydispersity index

of 0.09 (Figure 1a). The zeta potential (ζ) of blank PICsomes
ranged between −3.0 and −5.0 mV. After AlPcS2a loading or

Cy3 labeling (the cyanine dye Cy3 was covalently attached to
the aniomer PEG45-(PAsp)75), the zeta potentials of AlPcS2a-
PICsomes and Cy3 labeled AlPcS2a-PICsomes remained in the
same range at both pH 7.4 and pH 5.0 (representing endo/
lysosomal pH environment). This can be explained by the PEG
shielding of the negative charge of AlPcS2a.8 It indicates that
the loaded therapeutics and the exterior pH had no influence
on the zeta potential of the PICsomes, implying that the
PICsomes can be applied to incorporate various therapeutic
molecules without changing its physical properties. Trans-
mission electron microscope (TEM) imaging showed that
AlPcS2a-PICsomes exhibited a uniform vesicular morphology
(Figure 1b), consistent with the DLS measurement. Free
AlPcS2a was removed from AlPcS2a-PICsomes by ultra-
filtration at 4 °C, leading to a drug loading of 11% (w/w),
which was preferable to that of other vesicular nanocontainers.
It is worth noting that the AlPcS2a as an amphiphilic PS

tends to aggregate in the entrapped state, thereby decreasing its
fluorescence intensity and photoactivity due to the self-
quenching effect induced by dimerization in 10 mM PB
(Figure S1, Supporting Information).9 Such AlPcS2a aggrega-
tion can be disrupted by the treatment with 0.1 M NaOH,
obtaining the fluorescence of AlPcS2a in a free form. By
comparing the fluorescence intensities of AlPcS2a-PICsomes in
10 mM PB and 0.1 M NaOH, we estimated that ∼95% of the
core-loaded AlPcS2a presented in aggregation state. Also, based
on the recovery of the fluorescence intensities of AlPcS2a-
PICsomes, we can estimate the release of AlPcS2a monomer
from the PICsomes.
In this study, we found that the recovery of the fluorescence

intensities of AlPcS2a-PICsomes was induced by photo-
irradiation (Figure 1c). In this experiment, the relative
fluorescence intensities of AlPcS2a-PICsomes before irradiation

Scheme 1. Schematic Illustration of AlPcS2a-PICsomes

Figure 1. Characterization of AlPcS2a-PICsomes. (a) Size distribution
by dynamic light scattering. (b) TEM image of AlPcS2a-PICsomes, the
scale bar is 200 nm. (c) Increase in fluorescence intensity of AlPcS2a-
PICsomes as a function of irradiation time in the dark, 100 and 200
mW/cm2. Illumination was accomplished with a NIR 680 nm laser.
(d) Comparison of oxygen consumption between AlPcS2a-PICsomes
and free AlPcS2a in 10 mM PB (pH 7.4) containing 10% FBS under
irradiation.
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(0 min) and after 5, 10, and 20 min of irradiation with NIR 680
nm laser at both 100 and 200 mW/cm2 were recorded. Upon
100 mW/cm2 laser irradiation, AlPcS2a-PICsomes exhibited
remarkable increase in AlPcS2a fluorescence, and the rate
further increased by increasing the laser power to 200 mW/
cm2. Note that free AlPcS2a showed slight decrease in the
fluorescence after 20 min photoirradiation due to the
photobleaching. The increased fluorescence intensities of
AlPcS2a-PICsomes strongly suggest the photoinduced release
of AlPcS2a from the PICsomes. We assume that singlet oxygen
species (ROS) generated from AlPcS2a under irradiation might
disturb the integrity of the PIC membranes of the PICsomes,
leading to its increased permeability, although the reaction
mechanism by ROS remains to be clarified.
Regarding the generation of ROS from AlPcS2a, we

examined the photoinduced oxygen consumption rate of
AlPcS2a-PICsomes and free AlPcS2a in PB (10 mM, pH 7.4)
containing 10% fetal bovine serum (FBS) as singlet oxygen
acceptor. The oxygen consumption efficiency method is
considered as a reliable approach for measuring the production
of reactive oxygen species (ROS) from AlPcS2a-loaded
nanocarriers,10 whereas the conventional method using
fluorescent probes reactive to ROS might be sometimes
inapplicable since relatively hydrophobic probes tend to
concentrate in nanocontainers. As shown in Figure 1d, the
oxygen consumption levels of AlPcS2a-PICsomes and free
AlPcS2a reached ∼38 and ∼62%, respectively, within 12 min.
Since the PIC membranes of the PICsomes exhibit semi-
permeable property,2b ROS seemed to be produced within the
PICsomes and then rapidly distributed to the outside solution
to react with FBS. Simultaneously, AlPcS2a released from the
PICsomes, of which the process can be accelerated by the
photochemical damage of the PIC membranes as aforemen-
tioned, may also partly contribute to the ROS production as
well.
To evaluate the capability of the PICsomes to deliver

AlPcS2a into cancer cells, we evaluated the cellular uptake and
internalization pathways of AlPcS2a-PICsomes.11 AlPcS2a-
PICsomes and free AlPcS2a were incubated with A549 cells
for 1, 4, 8, and 24 h, respectively, and the internalized amounts
of AlPcS2a were measured by its fluorescence. As shown in
Figure 2a, PICsomes exhibited time-dependent cellular uptake
of AlPcS2a, and achieved 2-fold to 3-fold higher cellular uptake
compared to free AlPcS2a. The AlPcS2a containing two
sulfonate groups shows a negatively charged property in the
extracellular space of tumor (pH between 6.5−6.8) and even in
the more acidic lysosomes (pH 4.5−6.0) due to its very low
pKa values,

12 resulting in reduced cellular uptake. In contrast,
AlPcS2a-PICsomes with neutral surface might show a
promoted cellular uptake of AlPcS2a via endocytosis.
The internalization pathways of AlPcS2a-PICsomes in A549

cells were further studied using flow cytometry by applying
various endocytosis inhibitors including chlorpromazine
(inhibitor of clathrin-mediated endocytosis), filipin (inhibitor
of caveolae-mediated endocytosis), nystatin (inhibitor of lipid
raft-mediated uptake) and cytochalasin B (inhibitor of
macropinocytosis).11b,13 As shown in Figure 2b, the treatment
with chlorpromazine at 10 μg/mL resulted in ∼53% decrease in
the cellular uptake of AlPcS2a-PICsomes (Figure S2),
suggesting that AlPcS2a-PICsomes might be mainly internal-
ized via clathrin-mediated endocytic pathway, which generally
plays a key role for the internalization of nanocontainers into
cells.13a In addition, the treatment with cytochalasin B also led

to ∼30% decrease in cellular uptake, suggesting that macro-
pinocytosis-mediated pathway might also partly contribute to
cellular uptake of AlPcS2a-PICsomes. These pathways allow
AlPcS2a-PICsomes to undergo the endo/lysosomal transport
for intracellular delivery of AlPcS2a.
We next studied the intracellular distribution of AlPcS2a-

PICsomes by confocal laser scanning microscopy (CLSM)
utilizing the fluorescence of AlPcS2a (Ex: 633 nm; Em: 638−
746 nm). The endo/lysosomal organelles in A549 cells were
stained by LysoTracker Green DND-26. Moreover, the empty
PICsomes were also traced by labeling the constituent polymer
(PEG-P(Asp)-Cy3). As a result, both AlPcS2a-PICsomes and
empty PICsomes were mainly distributed into endo/lysosomal
compartments following internalization (Figures S3 and S4),
and exhibited the colocalization levels of approximately 75%
and 88% with LysoTracker Green DND-26, respectively. Since
AlPcS2a with an amphiphilic property preferably distributes on
endo/lysosomal membranes,9b,14 we further performed a single
cell observation using CLSM (LSM780) under 100×/1.46 oil-
immersion lens to assess whether AlPcS2a-PICsomes were
localized on endo/lysosomal membranes or inside endo/
lysosomal compartments. In this study, we stained the
lysosomal membranes by CellLight Lysosomes-GFP, which is
a modified insect virus expressing a fusion construct of TagGFP
and lysosomal associated membrane protein 1, Lamp1 protein.
It enables a selective staining of lysosome membrane with
>90% transduction efficiency in a wide range of mammalian cell
lines.15 By combination with a high-resolution fluorescent
confocal microscopy, the lysosomes can be visualized as a
spherical shape with single layer membrane (in green color)

Figure 2. Cellular uptake and internalization pathways of AlPcS2a-
PICsomes. (a) Amounts of internalized AlPcS2a by A549 cells (1 ×
105) after 1, 4, 8, and 24 h of exposure to 1.0 μg/mL free AlPcS2a and
AlPcS2a-PICsomes, respectively. (b) Normalized fluorescence inten-
sity from AlPcS2a-PICsomes in A549 cells without (control) or with
various inhibitors, including chlorpromazine (10 μg/mL), filipin (5
μg/mL), cytochalasin B (40 μg/mL), and nystatin (10 μg/mL),
quantified by flow cytometry. (c) In vitro confocal imaging of
subcellular distribution of AlPcS2a-PICsomes in A549 cells prestained
by CellLight Lysosomes-GFP. Nuclei were stained with Hoechst
33342 (blue). (d) Enlarged view of selected area in (c).
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(Figure 2c and d; green). After 4 h incubation with AlPcS2a-
PICsomes, in A549 cells having their lysosomal membranes
stained by CellLight Lysosomes-GFP (Figure 2c and d; green),
the fluorescence of AlPcS2a within AlPcS2a-PICsomes (Figure
2c and d; red) was mainly distributed inside the lysosomal
compartment (little colocalization of AlPcS2a and GFP-
Lamp1). On the other hand, when A549 cells were incubated
with free AlPcS2a, the fluorescence of AlPcS2a was mainly
distributed on lysosomal membranes (appreciable colocaliza-
tion of AlPcS2a and GFP-Lamp1), which was evident to
undergo lysosomal disruption (PCI effect) and subsequent
cytoplasm diffusion under light exposure, an intrinsic property
of amphiphilic photosensitizer AlPcS2a (Figure S5).13a,14b,c,16

These results suggested that AlPcS2a-PICsomes could be
internalized and localized inside the lysosomal compartments
with minimal release of AlPcS2a by circumventing its original
lysosomal membrane localization. It is worth noting that,
instead of generally describing lysosome localization using
Lysotracker, we could discriminate between lysosomal
membrane localization and lysosomal interior localization for
the first time by the combination of a high-resolution
fluorescent confocal microscopy and CellLight Lysosomes-
GFP.
Next, in order to monitor the real-time behavior of AlPcS2a-

PICsomes under irradiation in single cell, 30 min post
incubation with Cy3-labeled AlPcS2a-PICsomes, a He−Ne
laser (633 nm) was applied continuously over 60 min. As
shown in Figure 3a and Supporting Information Video S1, Cy3
fluorescence (magenta) in Cy3 labeled AlPcS2a-PICsomes was
surrounded by lysosomes with Lamp1-GFP (green) at the
beginning of photoirradiation (30 min postincubation),
indicating the localization of Cy3-labeled AlPcS2a-PICsomes
inside the lysosomal compartments (Figure 3a and c). The
changes in fluorescence intensities of Cy3-labeled AlPcS2a-
PICsomes at a selected region of interest (ROI) in Figure 3a
were calculated. The red fluorescence of AlPcS2a from the

PICsomes was significantly increased within the lysosomes after
7 min photoirradiation (Figure 3h), and gradually diffused from
the lysosomal membranes to the cytoplasm (Figure 3d−f).
Thus, the fluorescence intensity of AlPcS2a in ROI resulted in
38-fold increase after 60 min (Figure 3h). The quick increase in
AlPcS2a (red) fluorescence observed under laser irradiation can
be attributed to the aforementioned photoinduced release of
AlPcS2a from the PICsomes. The subsequent diffusion of
AlPcS2a can be explained by the PCI effect, where the
lysosome membrane-located AlPcS2a induced photochemical
disruption of lysosomal membranes via the generation of singlet
oxygen, followed by the release of AlPcS2a into the
cytosol.11b,14b,c Thus, AlPcS2a-PICsomes can exhibit photo-
induced release of AlPcS2a even inside the cells, facilitating the
cytoplasmic localization via the photochemical disruption of the
lysosomal membranes (the PCI effect).
In terms of changes of GFP fluorescence (green, lysosomes)

and Cy3 fluorescence (magenta, PICsomes), both were
gradually decreased during photoirradiation (Figure 3c-3f and
Figure 3g), suggesting the photochemical damage of the
lysosomal membranes and the PIC membranes of the
PICsomes by ROS produced from AlPcS2a, respectively.
After 60 min photoirradiation, the GFP fluorescence (green)
on the lysosomal membranes was largely disappeared (Figure
3b and 3f), and Cy3 fluorescence of PICsomes (magenta)
diffused from the lysosomes to the cytosol (Video S3). The
latter observation indicated the translocation of the PICsomes
themselves from the lysosomal compartments to the cytoplasm
by the PCI effect. Thus, the AlPcS2a-PICsomes might be useful
for the photoinduced cytoplasmic delivery of cell membrane-
impermeable drugs and macromolecular bioactive compounds,
because the PICsomes can allow simultaneous incorporation of
AlPcS2a and other molecules. Note that, the empty Cy3-labeled
PICsomes (magenta) as the control were also internalized into
the lysosomes with Lamp1-GFP (green), but was trapped in
the lysosomal compartments all along during 60 min

Figure 3. Change of AlPcS2a-PICsomes fluorescence in the lysosomes of single A549 cell under irradiation. In vitro confocal imaging of subcellular
distribution of Cy3-labeled AlPcS2a-PICsomes (a) at the beginning and (b) after 60 min irradiation in single A549 cell prestained by CellLight
Lysosomes-GFP (green fluorescence) (magenta: Cy3; red: AlPcS2a; blue: nucleus). A region of interest (ROI) in (a) was selected and imaged (c)
before and after (d) 20 min, (e) 30 min, and (f) 60 min irradiation. The change of fluorescent signal intensities from (g) GFP-labeled lysosomes
(GFP) and Cy3-labeled AlPcS2a-PICsomes (Cy3), and (h) AlPcS2a-PICsomes (AlPcS2a) during 60 min irradiation was quantified in the ROI.
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photoirradiation as shown in Figure S6 and Video S2. It
indicates that the empty PICsomes could neither escape
lysosomal compartments in the absence of AlPcS2a, nor disrupt
lysosomal membranes, as the lysosome was still intact (green).
To further confirm the intracellular behaviors of AlPcS2a-

PICsomes, acridine orange (AO) was employed as an indicator
of acid organelle integrity, which emits red fluorescence in
lysosomes, and displays green fluorescence in the cytosol and
nuclei.6d,17 Figure 4b showed that acidic organelles in A549

cells in the absence of AlPcS2a-PICsome displayed yellow
fluorescence at a light dose of 10 J/cm2 (33.3 mW/cm2, 5 min
with a 680 nm NIR laser), and exhibited no significant change
compared to the untreated group (Figure 4a), indicating that
the lysosomal compartments were maintained. However, under
the same light exposure condition in the presence of PICsomes
containing 0.05 μg/mL AlPcS2a, the yellow fluorescence from
AO was remarkably decreased (Figure 4c). Furthermore, when
the concentration of AlPcS2a in PICsomes reached 0.2 μg/mL,
the yellow fluorescence from AO was strongly reduced (Figure
4d). These results indicate that the disruption of the lysosomal
membranes is probably triggered by AlPcS2a, originating from
the photoinduced release from the PICsomes as shown in
Figure 1c. Photochemical disruption of the endo/lysosomal
membranes is particularly important for those therapeutics
targeting to cytoplasmic organelles after the endocytosis.
Next, the photocytotoxicity of AlPcS2a-PICsomes and free

AlPcS2a was evaluated by MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) assay18 after 24 h incubation
with A549 cells followed by 15, 30, and 45 min photoirradiation
from a low power halogen lamp equipped with a filter passing
light of 400−700 nm (fluence rate: 3.0 mW/cm2; irradiation

time: 15, 30, and 45 min; fluence: 2.7, 5.4, and 8.1 J/cm2). As
shown in Figure 5, AlPcS2a-PICsomes exhibited 2-fold to 3-

fold lower 50% cell growth-inhibitory concentration (IC50)
values than free AlPcS2a, suggesting superior phototoxicity of
AlPcS2a-PICsomes over free AlPcS2a. The increased degree of
cell death observed in AlPcS2a-PICsomes could be attributed
to improved cellular uptake (Figure 2a), intracellular photo-
induced AlPcS2a release from the PICsomes (Figure 1c), and
subsequently maximized accessibility of AlPcS2a to cytoplasm
(Figure 3c−f, 3h).
To clarify the mechanism of cell death induced by AlPcS2a-

PICsomes under light irradiation, we analyzed both early and
later apoptosis using annexin V-FITC/PI assay (Figure S7). It
was found that minimal apoptosis was observed in the cells
exposed to 0.32 μg/mL AlPcS2a-PICsomes in the dark (2.9%
for early apoptosis; 6.6% for later apoptosis; 0.8% for necrosis)
(Figure S7c) or those with light exposure (3.0 mW/cm2, 15
min) but without preincubation with AlPcS2a-PICsomes (1.7%
for early apoptosis; 5.4% for later apoptosis; 0.3% for necrosis)
(Figure S7b), compared to an untreated control (2.0% for early
apoptosis; 4.5% for later apoptosis; 0.8% for necrosis) (Figure

Figure 4. Observation of lysosomal disruption of A549 cells induced
by AlPcS2a-PICsomes. The cells were treated with (a) PBS without
irradiation, (b) light only, (c) AlPcS2a-PICsomes containing 0.05 μg/
mL AlPcS2a, (d) AlPcS2a-PICsomes containing 0.2 μg/mL AlPcS2a,
followed by 10 J/cm2 laser application. The cells were further
incubated with 6 μM AO for 15 min before CLSM analysis. (Ex: 488
nm; Em: 515−545 nm (green); 610−640 nm (red). AO as an
intracellular indicator of acid organelle integrity emits red fluorescence
in lysosomes, and displays green fluorescence in the cytosol and
nuclei). Figure 5. Photocytoxicity of (a) AlPcS2a-PICsomes and (b) free

AlPcS2a against A549 cells, analyzed by MTT assay. The A549 cells
were incubated with AlPcS2a-PICsomes and free AlPcS2a for 24 h,
followed by 15, 30, and 45 min photoirradiation with a halogen lamp
equipped with a bandpass filter (400−700 nm).
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S7a). However, under the same light exposure, cells in the
presence of 0.32 μg/mL AlPcS2a-PICsomes induced signifi-
cantly apoptosis (22.8% for early apoptosis; 30.9% for later
apoptosis; 2.7% for necrosis) (Figure S7d). Regarding the
mechanisms of cell death, it is reported that the target of PDT
is not limited to endo/lysosomes. Other cellular organelles,
such as mitochondria, nucleus, endoplasmic reticulum, and
Golgi complex, may also partly contribute to cell death.19 The
mitochondria, for example, has been shown to be a critical
target in PDT because it is the main organelle involved in
apoptosis.19b Additionally, the disruption of lysosomal mem-
branes possibly leads to the release of lysosomal enzymes such
as hydrolases and proteases into cytosol. The hydrolases and
proteases can degrade antiapoptotic Bcl-2 proteins and cleave
Bid (a Bcl-2 homologue), which subsequently results in the
release of cytochrome c from mitochondria, amplifying
apoptotic signals and eventually initiating the apoptotic
pathway.17,19c,20 Moreover, the destabilization of lysosomes
can further prevent cancer cells from autophagy based rescue,
which is a protective role in apoptosis process and thereby
contribute to apoptosis.14a,20a Although the mechanisms of cell
death remain to be clarified, the disruption of lysosomes may be
highly advantageous for maximizing the photocytotoxicity.

■ CONCLUSION

In conclusion, we demonstrated photoinduced release of
AlPcS2a from the PICsomes. The combination of a high-
resolution fluorescent confocal microscopy and lysosome
membrane-specific staining using CellLight Lysosomes-GFP
revealed that photoinduced release of AlPcS2a from the
PICsomes occurred in the lysosomal compartments of living
cells, facilitating the translocation of AlPcS2a and PICsomes
themselves to the cytoplasm based on the PCI effect. This
process was more efficient as compared to the conventional
PCI using free AlPcS2a, as the AlPcS2a-PICsomes showed 2-
fold to 3-fold stronger photocytotoxicity compared with free
AlPcS2a alone. These results suggest the potential utility of the
AlPcS2a-PICsomes for PDT and PCI. It is intriguing that the
PICsomes can encapsulate various compounds just by a simple
vortex mixing, allowing photoinduced cytoplasmic delivery of
functional macromolecules, such as membrane-impermeable
nucleic acids, radiotherapeutic agents, or anticancer com-
pounds.
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