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Liposomes, artificial phospholipid vesicles, have been developed as a non-viral drug delivery
system to allow contained agents to be efficiently delivered to target sites via systemic
circulation. Liposomes have been used as a gene transfer tool with cultured cells; however,
their precise trafficking and processing remain uncertain. Furthermore, liposomes with
different surface charges are known to exhibit distinct properties. The purpose of the current
study was to elucidate the intracellular trafficking and processing of liposomes with anionic
and cationic surface charges from a morphological view point. We found that cationic
liposomes (CLs) were more effectively taken by the cells than anionic liposomes (ALs).
Confocal laser scanning microscopy and transmission electron microscopy demonstrated
distinct intracellular localization and processing patterns of ALs and CLs. ALs and their
contents were localized in lysosomes but not in cytosol, indicating that ALs are subjected to
the endosome-lysosome system. In contrast, contents of CLs were distributed mainly in the
cytosol. CLs appear to disturb the cell membrane and then collapse to release their contents
into the cytosol. It is feasible that the contents of CLs enter the cytosol directly rather than
via the endosome-lysosome system.

Key words: drug delivery system, surface charge of liposome, intracellular trafficking,
processing of liposome

I. Introduction

Liposomes, artificial phospholipid vesicles, are
designed to contain agents and deliver them to target sites
via the systemic circulation. Clinically, liposomes have
been used as vectors for anti-cancer drugs and they exhibit
excellent therapeutic efficacy and low toxicity due to the
absence of immunogenic viral proteins [11, 13, 14, 19, 23,
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25, 28, 44, 48]. Liposomes are also being developed as vec-
tors for gene therapies to treat genetic and acquired disor-
ders [4, 8, 10, 22, 31, 34, 35, 37, 38, 49]. Although in vivo
transfection efficiencies of liposomes are not yet as high as
those of viral vectors, liposomes have been used as a gene
transfer tool for in vitro lipofection [1, 10, 20, 22, 52, 59].
The gene transfer efficacies of liposomes depend on their
own physical and chemical characteristics, including sur-
face electric charge, size, and lipid structure [17]. Among
these features, surface electric charge is one of the most
important factors in efficient gene transfer, and transfection
efficacy of cationic liposomes (CLs) is substantially higher
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than that of anionic liposomes (ALs) [1, 10, 41, 42, 49, 60].
Thus, CLs have been studied intensively as carriers of
nucleic acids for gene delivery and gene silencing [1, 7, 8,
10, 20, 31, 34, 35, 37, 38, 41, 42, 45, 49, 56, 60]. The rea-
son for the difference in gene transfer efficacies between
ALs and CLs remains unknown.

For appropriate expression of gene constructs, lipo-
somes must overcome cellular and intracellular barriers,
including the plasma membrane, the endosome-lysosome
system, and the nuclear membrane [26, 55, 57]. Both ALs
and CLs are believed to be taken up by cells via endo-
cytosis and to be transferred to the endosome-lysosome
system [12, 17, 50]; therefore, escape from the endosome-
lysosome system is a key step for high transfection effi-
ciency [3, 9, 27, 54]. Recently, dendron-bearing lipids,
novel cationic lipids with poly-amidoamine dendrons and
two alkyl chains, have been developed as materials for lipo-
somes [51]. The dendron-bearing lipids are designed to
escape endosomal capture. The tertiary amino groups in the
poly-amidoamine dendrons are considered to suppress low-
ering of endosome pH, while the two alkyl chains promote
liposomal membrane fusion with endosomes [6, 15, 21,
24, 36, 46, 51, 58]. In gene transfection experiments, the
dendron-bearing liposomes showed high gene transfer effi-
ciency and effective induction of expression of included
constructs in transfected cells [6, 15, 21, 24, 36, 46, 51, 58].
However, escape of the dendron-bearing liposomes and
their contents from endosomes has not been verified by
morphological analyses.

To elucidate the trafficking and processing of lipo-
somes, we investigated localization of ALs, dendron-
bearing CLs, and their contents in cultured cells using
morphological techniques. Through these experiments, we
aimed to determine whether endosomal escape occurs.

II. Materials and Methods
Cell cultures

RS182 [18] and A431 [5] cell lines were provided by
Dr. Hajime Tei (Kanazawa University) and Katayama
Chemical Industries (Kobe, Japan), respectively. NIH3T3
[33] (Cell # JCRB0615) and NY [47] (Cell # JCRB0614)
cell lines were obtained from the JCRB cell bank (Osaka,
Japan). RS182, NIH3T3, A431, and NY are rat neuron-,
mouse fibroblast-, human squamous carcinoma-, and
human osteosarcoma-derived cell lines, respectively.
RS182 and NIH3T3 cells were cultured in high-glucose
Dulbecco’s modified Eagle’s medium (DMEM; Sigma-
Aldrich, St. Louis, MO, USA) supplemented with 10%
fetal bovine serum (FBS; Equitech-Bio, Kerrville, TX,
USA) and 1% penicillin/streptomycin solution (Wako,
Osaka, Japan). A431 cells were cultured in supplemented
low-glucose DMEM (Sigma-Aldrich). NY cells were cul-
tured in supplemented Eagle’s minimal essential medium
(EMEM; Thermo Fisher Scientific, Waltham, MA, USA).
RS182 cells were incubated in a fully humidified 5% CO2

incubator at 33°C [18]. The other cell lines were main-
tained at 37°C. Media were changed every 3–4 days, and
the cells were routinely passaged every 6–8 days.

Liposomes
Anionic Glycolipo-A0 liposomes (Katayama Chemi-

cal Industries) were composed of dipalmitoyl phosphatidyl-
choline, cholesterol, ganglioside GM3, dicetylphosphate,
dipalmitoyl-phosphatidyl-ethanolamine, and phosphatidyl-
ethanolamine (PE) at a molar ratio of 35:40:15:5:5:0.1. The
zeta potential of anionic liposomes were −55 to −56 mV.
Cationic dendron-bearing liposomes incorporating unsatu-
rated bonds, generation-1 (DL-U2-G1; Katayama Chemical
Industries) were comprised of poly-amidoamine dendrimer
and PE at a molar ratio of 1:0.1 [15]. The zeta potential of
cationic liposomes were 50 to 53 mV. Fluorescent dye-
and/or colloidal gold-containing liposomes with a diameter
of 100–200 nm were used. For flow cytometry (FCM) and
confocal laser scanning microscopy (CLSM) analyses,
Glycolipo-A0 containing Cy3, Cy3/colloidal gold or rhoda-
mine, and DL-U2-G1 containing rhodamine were used as
ALs and CLs, respectively. For transmission electron
microscopy (TEM) analyses, colloidal gold-containing
Glycolipo-A0 and DL-U2-G1 were used as ALs and CLs,
respectively. Appropriate inclusion of colloidal gold parti-
cles in the liposomes was confirmed by TEM (Fig. 1). The
effects of the application of ALs or CLs on cell viability
has been reported to be negligible [15, 29, 32, 39, 40].

Flow cytometry
Suitable host cells for morphological analyses were

selected based on their ability to take up Cy3-containing
ALs. RS182, NIH3T3, A431 and NY cells were examined
using FCM. Cellular uptake of fluorescence-containing
liposomes was measured using a Coulter Elite flow cytom-
eter (BD Bioscience, San Jose, CA, USA) equipped with an
Octagon ion laser. Cultured cells were plated at 1.0 × 106 in
38-mm2 12-well Costar cell culture plates (Sigma-Aldrich).

Appropriate inclusion of colloidal gold particles in liposomes.
TEM images of colloidal gold-containing ALs (Glycolipo-A0-colloidal
gold; A) and CLs (DL-U2-G1-colloidal gold; B). Colloidal gold parti-
cles (8 nm diameter) were detected on the surface of ALs and inside
CLs. Both liposomes were 100–200 nm in diameter. Four or five
images of liposomes were collected from each grid. The similar images
were obtained from ten separate experiments for each liposomes. Bar =
100 nm.

Fig. 1. 
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After incubation for 3 days, fluorescence-contained
reagents (Cy3 or Cy3/colloidal gold-contained ALs) or
Cy3-labeled serum albumin were applied to the cells for
various periods (0.5–48 hr). After the application, cells
were washed three times with phosphate-buffered saline
(PBS) and then detached by trypsinization and collected by
centrifugation (181 × g, 3 min) and then resuspended in
PBS containing 0.08% sodium azide. For Cy3 uptake
experiments, propidium iodide (PI, 5 μg/ml) was added to
each sample 1 min prior to analysis. Cy3 and PI were
excited by a 488 nm solid-state laser, and the fluorescence
emission was detected using 585/42 nm and 670 nm filters,
respectively. The cells were appropriately gated by forward
and side scatter against a cells-only control to ensure that
autofluorescence was excluded from the analysis. Ten
thousand gated events were collected for each sample,
and mean fluorescence intensity (MFI) was obtained using
FACSDiva software (BD Biosciences). Three samples for
each condition were analyzed.

To compare uptake of ALs and CLs, rhodamine-
containing liposomes were applied to RS182 cells for 30

min. Fluorescence intensity of both rhodamine-containing
AL and CL solutions was adjusted to 0.9–2.0 × 106 before
application using a multimode microplate reader (Filter
Max F5, Molecular Devices, Sunnyvale, CA, USA). RS182
cells were plated at 1.0 × 106 in 38-mm2 12-well Costar cell
culture plates (Sigma-Aldrich). After incubation for 3 days,
rhodamine-containing ALs or CLs were applied to the cells
for 30 min. After the treatment, cells were washed three
times with PBS and then cultured in fresh medium for vari-
ous time periods (0, 30, and 90 min). After three washes
with PBS, the cells were detached by trypsinization and
collected by centrifugation (181 × g, 3 min) and then resus-
pended in PBS. Rhodamine was excited by a 488 nm solid-
state laser, and the fluorescence emission was detected
using 530/30 nm filters. Ten thousand gated events were
collected for each sample, and the MFI was obtained. Three
samples for each condition were analyzed.

Confocal laser scanning microscopy
RS182 cells were plated at 2.0 × 106 in 35-mm culture

8-chamber slide 2s (Iwaki Cell Biology Corporation,

Accumulation of AL-contained Cy3 in four different cultured cell lines. RS182 (A), NIH3T3 (B), A431 (C) and NY (D) cells were incubated with
Cy3-containing or Cy3/colloidal gold-double-containing ALs or Cy3-labeled albumin for 30 min, and accumulation of Cy3 in the cells was evaluated
using FCM. Three samples for each condition were analyzed.

Fig. 2. 
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Tokyo, Japan) and incubated for 3 days. For lysosomal
staining, the cells were incubated with a lysosome marker
(Lysosomes-GFP, BacMam 2.0, Thermo Fisher Scientific)
for 24 hr, and then cultured in fresh medium for 24 hr.
Fluorescence intensities of the AL and CL solutions were
adjusted to 0.8–2.4 × 104 using a multimode microplate
reader (Filter Max F5). To visualize liposome processing,
the cells were treated with rhodamine-containing ALs or
CLs for 30 min at 33°C. After treatment, the cells were
washed three times with PBS followed by fixation with 5%
PFA. 4',6-diamidinophenyl-indole (DAPI) was used for
nuclear staining. Confocal images of cells were obtained
using an upright ZEISS LSM710 Spectral confocal laser
scanning microscope (Zeiss, Oberkochen, Germany) with a
63 × oil immersion objective (NA=1.4) lens and the 1.5 ×
digital zoom function. The image size was set to 1024 ×
1024 pixels. For acquisition of triple fluorescence images,
laser stacks for 405, 488 and 561 nm beams were used for
DAPI, GFP and rhodamine, respectively. The images were
taken with multitrack sequential acquisition settings to
avoid inter-channel crosstalk. Optimized emission detection
and wavelength filters were configured using Zeiss Zen
2009 control software: 410–485, 505–540, and 560–630
nm emission for DAPI, GFP, and rhodamine, respectively.
The pinhole was set to 1.0 Airy unit. Z-stack acquisition
intervals were set to 0.40 μm. Z-projections were generated
from Z stacks comprised of 25–40 optical sections. Images
of ten cells were collected from each dish, and three to four
separate experiments were performed (n=10/dish, N=3–4).

Transmission electron microscopy
Intracellular distribution of liposomes and their con-

tents was further analyzed using colloidal gold-containing
liposomes and TEM. To observe colloidal gold-containing
ALs or CLs, these liposomes were fixed in 1% glutar-
aldehyde and diluted in 5% ionic-liquid, 1-butyl-3-
methylimidazolium tetrafluoroborate (Tokyo Chemical
Industry, Tokyo, Japan), on 200-mesh copper grids covered
with carbon coated collodion film (NISSIN EM., Tokyo,
Japan). Four or five images of liposomes were collected
from each grid, and ten separate experiments were per-
formed for each liposomes (n=4–5/grid, N=10). To observe
uptake of colloidal gold-containing liposomes, RS182 cells
were plated at 1.0 × 105 in 35-mm culture 8-chamber slide
2s (Iwaki) and were incubated for 3 days. The cells were
treated with colloidal gold-containing ALs or CLs for 30
min. After the treatment, cells were washed three times
with PBS followed by replacement with fresh medium and
harvested 0 and 30 min later. After three washes with PBS,
cells were fixed in 2% glutaraldehyde and 2% paraformal-
dehyde in 0.1 M phosphate buffer (PB) for 1 hr at 4°C. The
specimens were post-fixed with 2% osmium tetroxide in
0.1 M PB for 1 hr at 4°C. The samples were then rinsed
three times with 0.1 M PB, followed by dehydration
through a graded series of ethanol. After embedding in
Epon resin (Polysciences, Warrington, PA, USA), ultra-thin

sections were cut with an ultra-microtome EM UC7 (Leica
Microsystems, Nusslosh GmbH, Germany). The ultra-thin
sections were stained with uranylacetate and lead citrate,
and images were obtained using a TEM (H-7650; Hitachi
High Technologies Corporation, Tokyo, Japan). Images of
three or four cells were collected from each dish, and ten
separate experiments were performed (n=3–4/dish, N=10).

Statistical analysis
All values are expressed as the mean ± SEM. Data

were statistically analyzed by two-way repeated-measures
analysis of variance, followed by the Bonferroni post hoc
test using IBM SPSS Statistics (IBM, Chicago, IL, USA).
Differences were considered significant at P < 0.05.

III. Results
Efficiency of liposome uptake in cultured cells

To determine suitable host cells based on liposome
uptake efficiency, cell uptake of Cy3-containing ALs was
examined using FCM. Accumulation of Cy3 was monitored
in RS182, NIH3T3, A431, and NY cells after administra-
tion of Cy3-containing ALs (Fig. 2). A gradual increase of
Cy3 signal was detected in all of the cell lines after the
administration. Accumulation of Cy3 after administration
of Cy3/colloidal gold-double-containing ALs displayed
similar profiles to those after administration of Cy3-
containing ALs, indicating that colloidal gold particles did
not interfere with the efficiency of liposome uptake by
cells. On the other hand, accumulation of Cy3 was not
observed in cells treated with Cy3-labeled serum albumin,
indicating that ALs enhanced the uptake of fluorescent-dye.
RS182 cells exhibited the greatest uptake of liposomes

Accumulation of AL- or CL-contained rhodamine in RS182 cells.
Accumulation of rhodamine in RS182 cells was assessed using FCM.
The cells were treated with rhodamine-containing ALs or CLs for 30
min, and then the fluorescence intensity in cells was measured 0–90
min later. Asterisks indicate significant differences between AL- and
CL-treated groups. Different letters represent significant differences
within respective AL- and CL-treated groups. Three samples for each
condition were analyzed.

Fig. 3. 
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among the four cell lines tested; therefore, RS182 cells
were used in the following experiments.

Uptake of ALs and CLs in RS182 cells
To compare uptake of ALs and CLs, rhodamine-

containing liposomes were applied to RS182 cells. A sig-
nificant increase of rhodamine signal was observed after
administration of CLs, and the intensity of the signal was
2.3-fold higher than the basal MFI (Fig. 3). The intensity
was retained after the removal of the liposomes, indicating
negligible decay and/or leakage of rhodamine. In contrast,
no significant increase of rhodamine signal was observed
after administration of ALs.

Intracellular localization of liposomes and their contents—
CLSM analysis

To investigate trafficking and processing of ALs and
CLs, we examined intracellular localization of rhodamine
using CLSM, 30 min after administration of rhodamine-
containing liposomes to RS182 cells. Although no signifi-
cant uptake of rhodamine-containing ALs was detected
by FCM analysis, CLSM analysis was able to detect
rhodamine signals in cells (Fig. 4). After administration of
rhodamine-containing ALs, rhodamine signals were
observed as spots within lysosomes, but not in other cell
regions (Fig. 4A, C). On the other hand, after administra-
tion of rhodamine-containing CLs, rhodamine signals were

CLSM images of intracellular distribution of ALs or CLs in RS182 cells. CLSM images were taken 30 min after administration of rhodamine-
containing ALs (A and C) or CLs (B and D) to RS182 cells. Projected images of representative cells in A and B. Single optical section images of
representative cells in C and D. Nuclei and cellular lysosomes are stained with DAPI, and Lysosomes-GFP, BacMam 2.0, respectively. Rhodamine,
DAPI, and GFP signals are pseudo-colored red, blue, and green, respectively. (A and B) Rhodamine and DAPI signals are shown without lysosomal
GFP signals. (C and D) colocalization of Rhodamine and lysosomal signals is indicated with DAPI signals. White arrowheads indicate colocalization of
rhodamine and lysosomal GFP signals. The similar results were obtained from three to four separate experiments. Bars = 10 μm (A, B, C and D).

Fig. 4. 
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widely distributed in the cytosol in addition to many rhoda-
mine signal spots (Fig. 4B). Most of the rhodamine signal
spots were observed in the cytosol, with only a few spots in
lysosomes (Fig. 4D).

Intracellular localization of liposomes and their contents—
TEM analysis

TEM analysis was performed after ALs or CLs treat-
ment of RS182 cells for 30 min. After treatment with ALs,
cell membranes of the treated cells were preserved and
bundles of actin filaments were located just beneath the cell
membrane (Fig. 5A, B). On the other hand, after treatment
with CLs, cell membranes exhibited vague borderlines
between intracellular and extracellular areas. In addition,
many vesicles were found around the cell surface. There
were no gold particles on most of the vesicles (Fig. 5C, D).

After treatment of cells with colloidal gold-containing

ALs for 0 and 30 min, both gold particles and liposome-
like vesicles were observed in lysosomes, but not in the
cytosol (Fig. 6A–F). On the other hand, after administration
of colloidal gold-containing CLs, gold particles were
observed with liposome-like vesicles (Fig. 7A–F) or as
individual gold particles (Fig. 8A–C) at peripheral cell
regions, but not in lysosomes (Fig. 8D–F).

IV. Discussion
Transfection efficacy of CLs is substantially higher

than that of ALs; however, the reason for this remains
unclear [1, 20, 43]. To investigate this issue, we examined
the trafficking and processing of ALs and CLs in cultured
cells. The main findings of the study were: (1) uptake of
CLs into RS182 cells was more rapid and efficient than that
of ALs. This high level of CL-uptake could reflect high

TEM images of cell membranes after administration of ALs and CLs to RS182 cells. TEM observations were conducted after treatment of RS182
cells for 30 min with ALs (A, B) and CLs (C, D). Bordered regions in panels A and C are shown at higher magnification in panels B and D, respec-
tively. White arrowheads represent bundles of actin filaments. Images of three to four cells were collected from each culture dish. The same tendency
was observed in ten separate experiments. Bars = 1 μm (A and C), and 100 nm (B and D). N, nucleus.

Fig. 5. 
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transfection efficacy of CLs. (2) ALs and CLs displayed
different intracellular trafficking and processing patterns,
which might reflect the difference in transfection efficacy.

CLSM analysis of the distribution of rhodamine-
containing ALs showed that rhodamine signals were specif-
ically localized in lysosomes 30 min after administration.
Moreover, TEM analysis of the processing of colloidal
gold-containing ALs showed that ALs and gold particles
were localized in lysosomes, but not in the cytosol. These
results indicate that ALs would be engulfed and promptly

transferred to the endosome-lysosome system to be rapidly
digested (Fig. 9).

On the other hand, CLSM analysis of the distribution
of rhodamine-containing CLs, revealed that rhodamine sig-
nals were distributed in the cytosol. A few rhodamine spots
were colocalized with lysosomes, which may result from
accumulation of rhodamine released from CLs. TEM
analysis of the processing of colloidal gold-containing CLs
showed that the cell membrane was disturbed. Colloidal
gold-containing CLs seemed to collapse and then release

TEM images of intracellular distribution of ALs in RS182 cells. RS182 cells were treated with ALs for 30 min. TEM observations were con-
ducted 0 (A–C) and 30 min (D–F) after the treatment. Bordered regions in panels A and B are shown at higher magnification in panels B and C, respec-
tively. Both liposome-like vesicles and gold particles were observed in lysosomes. Bordered regions in panels D and E are shown at higher
magnification in panels E and F, respectively. Gold particles were observed in lysosomes (F). Black and white arrowheads represent lysosomes and
liposome-like vesicles, respectively (C). Images of three to four cells were collected from each culture dish. The similar results were obtained from ten
separate experiments. Bars = 500 nm (A and D), and 100 nm (B, C, E, and F). N, nucleus.

Fig. 6. 
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their gold particles into the cytosol at peripheral cell
regions. Thus, gold particles were not in lysosomes. These
results suggest that trafficking and processing occurs differ-
ently in CLs compared with ALs. The contents of CLs
might enter into the cytosol directly, thereby avoiding the
endosome-lysosome system. Such delivery of CL contents
might result in efficient gene transfer because the process
does not depend on endocytosis (Fig. 9).

Both ALs and CLs are believed to be taken up via
endocytosis [12, 50, 60]; therefore, escape from the

endosome-lysosome system has been considered to be a
key step for high transfection efficiency [3, 9, 27, 54]. In
this regard, our results suggest that ALs are promptly trans-
ferred to the endosome-lysosome system and that CLs
cause cell membrane disturbance and directly transfer their
contents into the cytosol. In the present study, we used
dendron-bearing liposomes as CLs, which are designed to
escape the endosome-lysosome system. However, we did
not verify endosomal escape by CLs. Due to the positive
surface charge, CLs may undergo electrostatic interaction

TEM images of intracellular distribution of CLs in RS182 cells. RS182 cells were treated with CLs for 30 min. TEM observations were con-
ducted 0 (A–C) and 30 min (D–F) after the treatment. Bordered rectangular regions in panels A and B are shown at higher magnification in panels B
and C, respectively. Bordered rectangular regions in panels D and E are shown at higher magnification in panels E and F, respectively. Gold particles
were observed at the periphery of the cell. Many vesicles without gold particles were found at the cell surface (indicated by dotted lines). Images of
three to four cells were collected from each culture dish. The similar results were obtained from ten separate experiments. Bars = 500 nm (A and D), 70
nm (B and C) and 100 nm (E and F). N, nucleus.

Fig. 7. 
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with the negatively charged cell membrane [2, 16, 53, 60],
which may induce disturbance of the cell membrane and
result in CL collapse and the release of their contents.

Our findings indicate that ALs might be suitable as
carriers for lysosome-resistant reagents and lysosome-
targeted drugs in a drug delivery system. However, ALs are
not suitable for nucleic acid transfer. On the other hand,
CLs cause disturbance to the cell membrane and directly
transfer their contents into the cytosol, indicating that CLs
are suitable as vectors for nucleic acids, at least in vitro.
However, when CLs are administered systemically, they

interact with serum and cellular components leading to
their elimination from the systemic circulation [10, 16, 30,
42, 49]. Further improvement is required for in vivo appli-
cation of CLs for nucleic acid transfer.

There are some unsolved issues concerning the
mechanism of cell membrane disturbance and the release
of CL contents into the cytosol. To examine events at the
cell membrane just after CL application, further analysis
with a combination of morphological and pharmacological
techniques is required.

We investigated the localization of ALs, CLs (dendron-

TEM images of RS182 cells after administration of CLs. RS182 cells were treated with CLs for 30 min. TEM observations were conducted 30
min after the treatment. Low magnification images are shown in panels A and D. Bordered regions in panels A and B are shown at higher magnification
in panels B and C, respectively. Upper and lower rectangles in panel D are shown at higher magnification in panels E and F, respectively. Gold particles
were detected in the cytosol (panel C), and gold particles and liposome-like vesicles were not observed in lysosomes (panels D, E, and F). Images of
three to four cells were collected from each culture dish. The similar results were obtained from ten separate experiments. Bars = 1 μm (A and D), 250
nm (B), 50 nm (C), and 400 nm (E and F). N, nucleus.

Fig. 8. 
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bearing liposomes) and their contents in cultured cells
using morphological techniques. Our results show greater
uptake of CLs into cultured cells compared with ALs.
Moreover, our morphological analyses indicate that ALs
and CLs undergo different intracellular trafficking and
processing. ALs would be engulfed and promptly trans-
ferred to the endosome-lysosome system to be rapidly
digested. In contrast, CLs disrupt the cell membrane and
release their contents into the cytosol, thereby escaping
endosomal capture. Our findings are important for further
development of drug delivery systems.

V. Chemical Compounds Studied in This
Article
1-Butyl-3-methylimidazolium tetrafluoroborate (Pub-

Chem CID: 2734178); 4',6-diamidinophenylindole (Pub-
Chem CID: 2954); cholesterol (PubChem CID: 5997); Cy3
(PubChem CID: 91811029); dicetylphosphate (PubChem
CID: 75143); dipalmitoyl-phosphatidyl-choline (PubChem
CID: 3032282); dipalmitoyl-phosphatidyl-ethanolamine
(PubChem CID: 9547031); ganglioside GM3 (PubChem
CID: 86583360); phosphatidylethanolamine (PE) (Pub-
Chem CID: 9547031); polyamidoamine dendrimer (Pub-
Chem CID: 58720429); propidium iodide (PubChem CID:
104981).
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Schematic diagram of intracellular trafficking and processing of
ALs, CLs, and their contents. a: ALs are internalized by endocytosis, b:
Endosomes containing ALs fuse with lysosomes, which subsequently
digest ALs, c: Fluorescent dye and gold particles accumulate in lyso-
somes. d: CLs induce disturbance to the cell membrane and then enter
into the cytosol via the cell membrane, e: CLs collapse and release their
contents into the cytosol, f: Contents of CLs are possibly transferred to
the nucleus. Asterisks represent colloidal gold. Accumulation and diffu-
sion of rhodamine are indicated in magenta. Lys, lysosome.

Fig. 9. 
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