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Glucose transporter (GLUT)-mediated transcytosis has been validated as an efficient method
to cross the blood-brain barrier and enhance brain transport of nanomedicines. However,
the transcytosis process remains elusive. Glycopeptide-modified nanodisks (Gly-A7R-NDs),
which demonstrated high capacity of brain targeting via GLUT-mediated transcytosis in our
previous reports, were utilized to better understand the whole transcytosis process. Gly-
A7R-NDs internalized brain capillary endothelial cells mainly via GLUT-mediated/clathrin
dependent endocytosis and macropinocytosis. The intracellular Gly-A7R-NDs remained
intact, and the main excretion route of Gly-A7R-NDs was lysosomal exocytosis.
Glycosylation of nanomedicine was crucial in GLUT-mediated transcytosis, while
morphology did not affect the efficiency. This study highlights the pivotal roles of lysosomal
exocytosis in the process of GLUT-mediated transcytosis, providing a new impetus to
development of brain targeting drug delivery by accelerating lysosomal exocytosis.
© 2020 Shenyang Pharmaceutical University. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

unnecessary agents into the brain. Unfortunately, it presents
a major obstacle to the brain transport of more than 98%
small-molecule and 100% biomacromoleclar therapeutics [1].

Blood-brain barrier (BBB) is an important physiological barrier The development of BBB permeable therapeutics remains an
to keep hemostasis by preventing the entry of toxic and unmet clinical need [2].
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Glucose transporter (GLUT) mediates the basal-level
cellular uptake of glucose into brain and other organs. GLUT-
mediated transcytosis has been validated as a successful
strategy to cross the BBB and enhance brain transport
therapeutics [3]. Glucose is a naturally occurring ligand of
GLUT. After conjugation with drugs or nanomedicines, glucose
and its analogs can facilitate brain transport via GLUT-
mediated transcytosis [4,5]. However, the transcytosis process
remains elusive. GLUT-mediated endocytosis, intracellular
trafficking and exocytosis occur orderly to complete the
transcytosis. Mechanistic understanding on these steps may
be crucial to improve brain transport efficiency of GLUT-
mediated transcytosis.

In our previous reports, glycosylated A7R peptide (Gly-
A7R, A7R peptide is a phage display selected 7-mer peptide
ligand of vascular endothelial growth factor receptor 2 and
neuropilin-1 for glioma targeting) was modified on the surface
of nanodisks (Gly-A7R-NDs), which recognized GLUT on the
BBB to achieve efficient brain transport [6,7]. In the present
work, Gly-A7R-NDs were utilized to better understand
the whole transcytosis process. Endocytosis pathway,
intracellular trafficking and exocytotic process of Gly-A7R-
NDs were investigated in brain capillary endothelial cells
(bEnd.3 cells), and the possible GLUT-mediated transcytosis
process was depicted.

2. Materials and method
2.1. Materials and reagents

A7R peptide (ATWLPPR) and Gly-A7R were chemically
synthesized via Fmoc-based solid-phase peptide synthesis
as previously reported [7]. 1-palmitoyl-2-oleoyl-sn—glycero-
3-phosphocho-line  (POPC), 1,2-distearoyl-sn-glycero-3-
phosphoethanolamine-N-[methoxy(polyethylene  glycol)—
2000] (mPEGyppo-DSPE) and cholesterol were purchased
from A.V.T. Pharmaceutical, Co., Ltd. (Shanghai, China). 4/,6-
diamidino-2-phenylindole (DAPI), 1,1’-dioctadecyl-3,3,3/,3'-
tetramethylindodicarbocyanine (DiD, excitation/emission=
640/665nm), 3,3'-dioctadecyloxacarbocyanine perchlorate
(DiO, excitation/emission=480/520nm), 1,1’-dioctadecyl-
3,3,3,3 tetramethylindocarbocyanine perchlorate (Dil,
excitation/emission=550/570nm), ionomycin, chloroquine,
LY294002, brefeldin A, monensin, nocodazole and paclitaxel
(PTX) were acquired from Meilun Biology Technology Co. Ltd.
(Dalian, China). Chloropromazine, filipin, mp-cyclodextrin
(mpCD), genistein, colchicine and cytochalasin D were from
Sigma-Aldrich (St. Louis, USA). Golgi-Tracker Green (BODIPY®
FL C5-Ceramide), ER-Tracker Green, MitoTracker® Green FM,
LysoTracker Green, Goat Anti-Rabbit IgG-FITC (H+L) were
purchased from Yeasen Biotech Co., Ltd. (Shanghai, China).
Anti-Rab11 (ab3612), anti-Rab8A (ab188574), rabbit anti-EEA1
(ab2900) and anti-M6PR (ab2733) antibody were obtained from
Abcam (Cambridge, USA). bEnd.3 cell line was from Shanghai
Institute of Cell Biology. Cells were cultured in Dulbecco’s
Modified Eagle Medium (DMEM, Gibco) containing 10%
fetal bovine serum (FBS, Gibco) at 37°C under a humidified
atmosphere with 5% CO,.

2.2.  Preparation and characterization of glycopeptide
modified nanodisks

Gly-A7R-NDs, FITC-labeled Gly-A7R-NDs (Gly-A7R-NDs-
FITC), DiD-loaded Gly-A7R-NDs (Gly-A7R-NDs/DiD) and
PTX-loaded Gly-A7R-NDs (Gly-A7R-NDs/PTX) were prepared
as described previously [6,7]. For example, a mixture of the
desired materials (POPC/cholesterol/mPEGnp-DSPE/°G-A7R-
PEG3400-DSPE at a molar ratio of 35:40:23:2) was dissolved
in chloroform and rotary evaporated to form a thin film,
which was hydrated in phosphate buffered saline (PBS) for
the preparation of Gly-A7R-NDs. The hydrated solution was
sonicated for 45min in an ice-bath using a JY92-II sonicator
(Scientz, Ningbo, China). Any precipitates were removed by
filtrating through a membrane of 0.22pm pore size. The
nanodisks modified only with A7R peptide (no glycosylation,
A7R-NDs) were prepared using the same method except
for the change of lipid to POPC/cholesterol/mPEGypno-
DSPE/A7R-PEG340p-DSPE at a molar ratio of 35:40:23:2. The
liposomes modified with A7R peptide (no glycosylation,
A7R-LSs) were prepared with the lipid composition of
POPC/cholesterol/mPEGyggg-DSPE/A7R-PEG3400-DSPE  at a
molar ratio of 55:40:3:2.

The morphology of Gly-A7R-NDs was characterized using
a FEI Tecnai G20 transmission electron microscope (Cryo-EM,
FEI, Hillsboro, USA). Size (diameter, nm) and polydispersity
index (PDI) were measured using a Zen 3600 Zetasizer (Malvin,
USA).

The stability of Gly-A7R-NDs was evaluated using
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and
fluorescence imaging method [8]. Briefly, Gly-A7R-NDs-FITC
were incubated with PBS, 10% FBS, 10% mice serum, 5% Triton
X-100 at 37 °C or with PBS at 4°C for 4h, and separated using
8% semi-native polyacrylamide gel. The sample was subject
to imaging using an in vivo imaging system (IVIS Spectrum,
Caliper, USA, excitation/emission= 480/520 nm).

2.3. Cellular uptake

The uptake of Gly-A7R-NDs by bEnd.3 cells was investigated
using Forster resonance energy transfer (FRET) method as
previously reported [9]. Three fluorescent dyes DiO, Dil and
DiD at a mass ratio of 2:2:1 co-loaded in Gly-A7R-NDs
(Gly-A7R-NDs/DiO/Dil/DiD) or only DiO (Gly-A7R-NDs/DiO)
were prepared by the thin-film hydration and extrusion
method [9] bEND.3 cells were seeded into confocal chambers
at a density of 2x10% cells per well and incubated with
Gly-A7R-NDs/DiO/Dil/DiD or Gly-A7R-NDs/DiO at the same
fluorescence intensity at 37°C for 2h, 4h, 8h and 12h,
respectively. Cells were fixed with 4% formaldehyde and the
nuclei were stained with DAPI. Intracellular fluorescence was
visualized using a laser scanning confocal microscope (TCS
SP5, Leica, Germany).

2.4.  Endocytosis pathway assay
To investigate the internalization mechanism of Gly-A7R-NDs,

bEnd.3 cells were pre-incubated with various inhibitors (as
shown in Table S1) at 37 °C for 30 min, followed by incubation
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with Gly-A7R-NDs/DiD (10 pg/ml of DiD) at 37°C for 1h. The
treated cells were trypsinized and suspended in PBS, and the
mean fluorescence intensity was quantified by flow cytometer
(CytoFlex S, Beckman, USA). The relative cell uptake rate was
calculated using the cells treated with blank culture medium
as the negative control.

2.5. Intracellular localization

Immunofluorescence assay was used for subcellular location
of Gly-A7R-NDs. Briefly, after pre-incubation with Gly-A7R-
NDs/DiD, bEnd.3 cells were incubated with the following
primary antibodies, such as EEA1, M6PR, Rab1l and Rab8a.
FITC labeled secondary antibodies were used to detect the
primary antibodies. The fluorescent images were captured
using a laser scanning confocal microscope (TCS SP5, Leica,
Germany) after washing, fixation with 4% paraformaldehyde
and DAPI staining. For organelles co-localization, bEnd.3 cells
were incubated with the Golgi-Tracker Green, ER-Tracker
Green, MitoTracker® Green FM and LysoTracker Green instead
of the aforementioned antibodies.

2.6.  Exocytosis pathway

bEnd.3 cells were incubated with Gly-A7R-NDs/DiD for 4h,
then washed with PBS and incubated with the blank culture
medium or various inhibitors (as shown in Table S2) for 2h,
8h and 24h, respectively. The cells were trypsinized and
the intracellular fluorescence intensity was measured using
a flow cytometer (CytoFlex S, Beckman, USA). A7R peptide
modified nanodisks (A7R-NDs/DiD) and liposomes (A7R-
LSs/DiD) were used to investigate the effect of glycosylation
and morphology on exocytosis.

Exocytosis pathway was investigated by measuring the
cytotoxicity of Gly-A7R-NDs/PTX. bEnd.3 cells were incubated
with Gly-A7R- NDs/PTX (1ng/ml of PTX) for 4h at 37°C.
The culture medium was replaced with the inhibitors for
another 4 h (Chloroquine, 40 uM; LY294002, 20 pM; Nocodazole,
5pg/ml; Brefeldin A, 20 pg/ml; Monensin, 20 pg/ml). The cells
were washed with PBS and incubated with the blank culture
medium for 64 h. Cell viability was measured by MTT assay.

2.7.  Statistical analysis

Data were as means + SDs from the sample numbers (n).
Data from experiments were analyzed with GraphPad Prism
6.0. A two-sided Student’s t-test with unpaired comparisons
was used to evaluate differences in comparison of two groups.
One-way ANOVA was used to test differences in comparison
of groups more than two. p < 0.05 was considered statistically
signifcant (ns: P > 0.05, *P < 0.05, **P < 0.01, ***P < 0.001).

3. Results and discussion
3.1.  Characterization of Gly-A7R-NDs
The morphology and size of Gly-A7R-NDs were characterized

using Cryo-EM and dynamic laser scattering (DLS). As shown
in Fig. 1A, Gly-A7R-NDs have flat circular phospholipid

bilayers surrounded by a PEGylated edge. Gly-A7R-NDs
exhibited discoidal structure with a length of 50nm in the
Cryo-EM micrograph (Fig. 1B). Hydrodynamic diameter of Gly-
A7R-NDs was about 60 nm with a polydispersity (PDI) of 0.254
(Fig. 1C and D), which was consistent with our previous
report [6,7]. A7R-NDs had similar size around 60nm (Fig.
S1), suggesting that glycosylation did not affect the size and
polydispersity of nanodisks. Gly-A7R-LSs and A7R-LSs with
the diameter of 60nm (Fig. S1) were prepared to study the
effect of morphology on transcytosis. To study the stability
in serum, Gly-A7R-NDs-FITC were incubated with PBS, 10%
FBS, 10% mice serum or 5% Triton X-100 at 37°C for 4h,
respectively. The mixture was subject to SDS-PAGE separation.
As shown in the lane #5 of Fig. 1E, the fluorescence band of Gly-
A7R-NDs-FITC treated with 5% Triton X-100 shifted forward.
In contrast, Gly-A7R-NDs-FITC exhibited high stability in 10%
FBS (lane #3) and 10% mice serum (lane #4) since fluorescent
bands did not move.

3.2. Multiple pathways are involved in the endocytosis of
Gly-A7R-NDs

To study the intracellular stability of nanodisks, three
fluorescent probes were entrapped in Gly-A7R-NDs. The
FRET effect was used to investigate the integrity of Gly-
A7R-NDs during cellular uptake. In principle, when the
Gly-A7R-NDs/DiO/Dil/DiD were intact and irradiated with
480nm laser light, energy could be transferred from DiO
to DiD to emit long wave-length fluorescence. As shown in
Figs. 2A and S2, Gly-A7R-NDs/DiO/Dil/DiD emitted obvious
FRET fluorescence excited by DiO at 480nm after different
times of incubation. The individual fluorescence of DiO and
DiD also completely overlapped. In contrast, Gly-A7R-NDs/DiO
showed no FRET fluorescence. These results validated the
intracellular integrity of Gly-A7R-NDs.

The endocytosis was investigated by using a variety of
inhibitors that can block different endocytic pathways [10]. As
shown in Fig. 2B, chlorpromazine and hypertonic sucrose that
can inhibit clathrin-related endocytosis significantly reduced
the uptake of Gly-A7R-NDs in bEnd.3 cells, suggesting the
involvement of clathrin-mediated endocytosis of Gly-A7R-
NDs. However, caveolin-associated endocytosis was excluded
in the endocytic pathway. Philipin and genistein did not
effectively inhibit the cellular uptake. High concentration
(0.55M) of glucose could reduce the uptake of Gly-A7R-
NDs, suggesting GLUT was at least partially involved in
the endocytic pathway. In addition, the internalization
of Gly-A7R-NDs could be inhibited by colchicine (macro-
pinocytosis inhibitor), indicating that macropinacytosis was
involed. The internalization was inhibited at low temperature
(4°C), indicating that energy was needed. These results
validated that the endocytosis of Gly-A7R-NDs was mediated
by multiple pathways, such as clathrin/GLUT-mediated
endocytosis and energy-dependent macro-pinocytosis
pathway.

3.3.  Intracellular trafficking of Gly-A7R-NDs

After endocytosis, nanodisks are merged with endosome
network and sorted for different cellular fates. Generally,
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Fig. 1 - Characterization of Gly-A7R-NDs. (A) Schematic diagram of Gly-A7R-NDs. Spatial structures: upper; Planar
structures: lower. (B) Cryo-EM micrograph of Gly-A7R-NDs. The arrow and arrowhead indicated the frontal and lateral views
of Gly-A7R-NDs, respectively. The hydrodynamic diameter (C) and zeta potential (D) of Gly-A7R-NDs measured using DLS.
Gly-A7R-NDs displayed a hydrodynamic diameter around 60 nm and slightly negative surface charge (—4.86 mV). (E)
SDS-PAGE and fluorescence image of Gly-A7R-NDs-FITC. Gly-A7R-NDs-FITC were incubated with (1) PBS at 4 °C, (2) PBS at
37°G, (3) 10% FBS at 37 °C, (4) 10% ICR mice serum at 37 °C or (5) 5% Triton at 37 °C for 4 h. In triton, the nanodisks were
disrupted and the dye was shifted forward. Gly-A7R-NDs were stable under all other conditions.

>

DiO/Dil/DID

Gly-A7R-NDs/ Gly-A7R-NDs/
DiO

1004

~
()
I

N
o
i

Relative cellular uptake (%
<)
t=}
N

o
i

Fig. 2 - Endocytic pathways of Gly-A7R-NDs by bEnd.3 cells. (A) Confocal micrographs of cells incubated with
Gly-A7R-NDs/DiO/Dil/DiD or Gly-A7R-NDs/DiO at 37 °C for 12 h. Gly-A7R-NDs efficiently internalized into bEnd.3 cells and
remained intact. Scale bar =10 pm. (B) The effect of a variety of inhibitors that can block different endocytic pathways on
cellular uptake using a flow cytometer. Cells treated with the blank medium represented the control and the intracellular
fluorescence intensity was set as 100%. All data were statistically analysed using ANOVA (ns indicates non-significant,

**P < 0.01, ***P < 0.001); Mean + SD, n=3.

they are mainly delivered to the lysosomes for degradation,
recycled to plasma membrane or sorted to the trans-Golgi
network for transcytosis in polarized cells. Rab GTPases play
key roles in regulating the membrane trafficking and the
compartmentalization of the endo-membrane system. More
than 30 Rab proteins have been identified as vesicle trafficking
markers [11-14]. To track the intracellular trafficking of Gly-
A7R-NDs, we detected the co-localization between Gly-A7R-
NDs/DiD and markers of classic endo-compartments and
organelles.

Considering clathrin-mediated endocytosis always directs
nanoparticles to the lysosomes [15,16], we investigated the co-
localization of Gly-A7R-NDs with early endosomes (EE), late
endosomes (LE) and lysosomes. Early endosome antigen 1
(EEA1) and mannose-6-phosphate receptors (M6PR) are widely
used markers for EE and LE in the endocytic pathway studies,
respectively [17]. As shown in Figs. 3A and S3, co-localization

of Gly-A7R-NDs with EE could be observed at the early stage
(1h). With the prolongation of incubation duration, Gly-A7R-
NDs were increasingly transferred from EE to LE (Figs. 3B and
S4). After 12 h incubation, a majority of intracellular Gly-A7R-
NDs were found to be co-localized with lysosomes labeled
with LysoTracker Green probe (Figs. 3C and S5). These data
demonstrated the transport of Gly-A7R-NDs via the classic EE-
LE-Lysosomes endocytic pathway. In addition, Gly-A7R-NDs
co-localized well with Rabl11-labeled RE after 1h incubation
as shown in Figs. 3D and S6, indicating that Gly-A7R-NDs
could be transported out of the cells through slow recycling
endosomes (RE) pathways [12,13].

Golgi apparatus is one of the endometrial systems of
eukaryotic cells, consisting of saccules, vacuoles and vehicles.
Internalized cargos are secreted out from cells through
vehicles [18,19]. The co-localization of Gly-A7R-NDs with golgi
apparatus was shown in Figs. 3E and S7. Golgi apparatus
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distributed along the nucleus and the vehicles dispersed
through the cytoplasm. Gly-A7R-NDs co-localized with golgi
vehicles well, suggesting that golgi apparatus was involved
in the secretion of Gly-A7R-NDs. GLUT4 transport vehicles
are derived from the trans-Golgi network [11,12,20]. In order
to examine whether Gly-A7R-NDs could be secreted out of
the cells through the GLUT4 vehicles pathway, we labeled
the GLUT4 vehicles with Rab8 and found that Gly-A7R-NDs
began to co-localize obviously after 2 h of incubation with cells
(Figs. 3F and S8). The results demonstrated that Gly-A7R-NDs
should be transported into the Golgi and then sequestered in
GLUT4 transport vesicles to complete transcytosis. We did not
observe co-localization of Gly-A7R-NDs with other organelles
like endoplasmic reticulum and mitochondrion as shown in
Fig. S9.

3.4.  Lysosomal exocytic pathway plays important roles in
exocytosis of Gly-A7R-NDs

The intracellular trafficking of Gly-A7R-NDs indicated that the
potential exocytosis pathways could be recycling endosomes
secretion, golgi secretion and lysosomal exocytosis. Gly-A7R-

NDs could be exocytosed through golgi secretion and/or
lysosomal exocytosis. To investigate the exocytic process, a
variety of inhibitors (as shown in Table S2) that can block
different exocytic pathways were utilized.

Monensin is a golgi/RE exocytosis pathway related
inhibitor [21,22] and the recycling endosomes together
with Gly-A7R-NDs were retained in the cells by monensin
(Fig. 4A). Brefeldin A is a compound that can inhibit protein
exocytosis by causing collapse of the Golgi apparatus [23,24],
and the dispartation of Gly-A7R-NDs with golgi could clearly
been seen in Fig. 4B. Lysosomes play key roles in eliminating
the internalized nanoparticles by degradation, dissolution
or exocytosis [25]. Lysosomal exocytosis refers to the fusion
of the lysosomal membrane with the plasma membrane,
resulting in the secretion of lysosome components out of the
cell [26,27]. In addition to golgi-related secretion, lysosomal
exocytosis might be the main routes of nanoparticles for
transcytosis [26]. Nocodazole is a microtubule related
inhibitor and the microtubule formation is required for
transport of the lysosomes to the periphery and fusion with
the plasma membrane [27,28]. The use of nocodazole caused
Gly-A7R-NDs to escape from the lysosomes (Fig. 4C).
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In order to investigate the effect of recyling endosmes,
golgi apparatus and lysosomes on the exocytosis, the
intracellular fluorescence intensity of Gly-A7R-NDs/DiD after
the treatment of respective inhibitors (monensin, brefeldin A
and nocodazole) was measured by flow cytometry (Fig. 4D).
Monensin and brefeldin A did not prevent the exocytosis of
Gly-A7R-NDs at 2h and 8h. Only after 24h of incubation,
the intracellular fluorescence intensity was 1.21 and 1.27
times that of the control group, respectively. In contrast,
nocodazole significantly inhibited the efflux of Gly-A7R-NDs.
The intracellular fluorescence intensity after 2h, 8h, and
24h were 1.10, 1.13 and 1.61 times that of the control
group, respectively. The results suggested the important
roles of lysosomal exocytosis in the transcytosis of Gly-A7R-
NDs.

The exocytosis pathway of nanodisks without
glycosylation (A7R-NDs), liposomes with glycosylation (Gly-
A7R-LSs) and liposomes without glycosylation (A7R-LSs) were
also investigated (Fig. 4E). In comparison to Gly-A7R-NDs,
none of the aforementioned inhibitors had significant effects
on the exocytosis of A7R-NDs, indicating A7R-NDs might be
exocytosed from cells in a non-specific pathway. Nocodazole
significantly inhibited the efflux of Gly-A7R-LSs, similar to
that of Gly-A7R-NDs. In addition, A7R-LSs exhibited non-
specific exocytic pathway like A7R-NDs. Results indicat that
not morphology but glycosylation had key roles of exocytosis
of lipid-based nanoparticles.

GLUTS8 (facilitated glucose transporter, member 8) was
found to contain a highly conserved late endosomal/
lysosomal motif and was observed within endosomal/
lysosomal membranes [29,30]. There are increasing evidences
suggesting that the most plausible intracellular localization of
GLUT8 is its association with lysosomes [31-33]. Glycosylation
could facilitate more Gly-A7R-NDs to enter the lysosomes
than A7R-NDs, which might explain Gly-A7R-NDs were

secreted mainly through lysosomal exocytosis. Similar to
A7R-NDs, the exocytosis pathway of A7R-LSs was also
not effected by inhibitors, suggesting that morphology
of lipid-based nanoparticles had ignorable effects on the
exocytosis (Fig. 4E).To further understand the involvement
of lysosomes in exocytosis of Gly-A7R-NDs, a series of
lysosomal exocytosis related reagents (Table S2) were used to
investigate exocytosis of Gly-A7R-NDs. Chloroquine is capable
of inhibiting the activity of lysosomal enzymes and has
been widely used for lysosomal escape [27,34]. Chloroquine
significantly decreased the co-localization of Gly-A7R-NDs
with lysosomes (Fig. 5A), resulting in Gly-A7R-NDs retention
in cells and the intracellular fluorescence intensity was
much higher than that of the control group (Fig. 5C). Lipid
kinase PIK3 plays a key role in lysosomal exocytosis by
increasing the cytoplasmic Ca?* concentration and promoting
the fusion of lysosomes with plasma membrane [35,36].
LY294002, a PI3 kinase inhibitor that can cause inhibition
of lysosomes exocytosis [36,37], adhesion of lysosomes to
the inner of plasma membrane, induced stagnation of
Gly-A7R-NDs inside the cells (Fig. 5B and C). In contrast,
ionomycin, an ionophore that transports calcium into the
cells and enhances lysosomal exocytosis [38], caused a
significant decrease of intracellular fluorescence intensity,
only 49% of the control group. Since the lysosomal exocytosis
process is energy-dependent, sodium azide significantly
inhibited lysosomal exocytosis. The intracellular fluorescence
intensity of Gly-A7R-NDs was 1.38 times than that of the
control group (Fig. 5C). Gly-A7R-NDs/PTX were also utilized
to evaluate the transcytosis. As shown in Fig. 5D, the
free inhibitors had ignorable cytotoxicity to the cells at
their working concentrations. Lysosomal exocytosis-related
inhibitors (especially chloroquin and nocodazole) could
significantly enhance the toxicity of Gly-A7R-NDs/PTX to
bEnd.3 cells by reducing the exocytosis (Fig. 5E).
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Lysosomes are rich of various hydrolases and proteases,
and usually considered as the ultimate sites for degradation.
Most endocytosed nanoparticles are transported to the
lysosomes for elimination. Not only biodegradable polymers
such as poly(D,L-lactide-co-glycolide) nanoparticles, but also
metal oxide nanoparticles such as iron oxide nanoparticles
can be degraded [39-42]. Therefore, strategies for escaping
from the lysosomes were preferred for intracellular release
of drugs, especially for gene drugs [43-45]. However,
nanoparticles such as carbon nanotubes and polystyrene
nanoparticles are hardly degraded completely by lysosomes,
and excretion occurs parallelly to reduce injury to lysosomes
[46,47]. Our results showed evidence that excretion of Gly-
A7R-NDs from bEnd.3 cells was generally achieved through
lysosomal exocytosis, which might provide new impetus to
nanoparticles across the BBB.

4, Conclusion

The transcytosis process of Gly-A7R-NDs involves
endocytosis, intracellular trafficking and exocytosis to
cross the blood-brain barrier. As summarized in Fig. 6,
Gly-A7R-NDs  internalized bEnd.3 cells mainly by
GLUT-mediated/clathrin ~ dependent endocytosis and
macropinocytosis. The intracellular Gly-A7R-NDs remained
intact, and were transported out of the cells through Rab11
positive slow recycling endosomes, or by Rab8 positive GLUT4
transport vesicles from golgi apparatus. Gly-A7R-NDs could be
delivered to the lysosomes through classic EE-LE-Lysosomes
pathway. The main excretion route of Gly-A7R-NDs was
lysosomal exocytosis. This work depicted a clear picture of
the transcytosis of Gly-A7R-NDs in bEnd.3 cells and revealed
the pivotal role of lysosome in this process. Accelerating the
rate of lysosomal exocytosis may provide an efficient strategy
to improve GLUT-mediated brain targeting drug delivery.
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