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Abstract: With its unique physical and chemical properties and structural similarity to carbon,
boron nitride (BN) has attracted considerable attention and found many applications. Biomedical
applications of BN have recently started to emerge, raising great hopes in drug and gene deliv-
ery. Here, we developed a targeted anticancer drug delivery system based on folate-conjugated
BN nanospheres (BNNS) with receptor-mediated targeting. Folic acid (FA) was successfully
grafted onto BNNS via esterification reaction. In vitro cytotoxicity assay showed that BNNS-FA
complexes were non-toxic to HeLa cells up to a concentration of 100 pig/mL. Then, doxorubicin
hydrochloride (DOX), a commonly used anticancer drug, was loaded onto BNNS-FA complexes.
BNNS-FA/DOX complexes were stable at pH 7.4 but effectively released DOX at pH 5.0, which
exhibited a pH sensitive and sustained release pattern. BNNS-FA/DOX complexes could be
recognized and specifically internalized by HeLa cells via FA receptor-mediated endocytosis.
BNNS-FA/DOX complexes exhibited greater cytotoxicity to HeLa cells than free DOX and
BNNS/DOX complexes due to the increased cellular uptake of DOX mediated by the FA receptor.
Therefore, BNNS-FA complexes had strong potential for targeted cancer therapy.
Keywords: boron nitride nanospheres, folic acid, doxorubicin, targeted delivery, cancer
therapy

Introduction
Cancer is among the top devastating diseases in the world.! A variety of therapies
including surgery, radiation, chemotherapy, and their combinations have been devel-
oped to treat cancer.? Unfortunately, these therapies often result in severe side effects
and cause toxicity to the patient.® Especially, the applications of anticancer drugs for
chemotherapy have some shortcomings, such as nonspecific cell and tissue distribution,
short blood circulation times and multiple-drug resistance, which significantly limit
the therapeutic efficacy.*® Recently, nanocarrier-based drug delivery systems have
been rapidly developed to improve cancer therapy.*® Compared with the traditional
administration of free drugs, nanocarrier-based drug delivery has unique advantages
such as increased preferential tumor accumulation due to enhanced permeability and
retention effect. A number of nanomaterial-mediated effects, such as improved chemi-
cal stability, controlled release, and protection of the drug from the immune system,
may increase therapeutic efficacy.” Meanwhile, incorporation of drugs into nano-sized
delivery vehicles may reduce the adverse effects of chemotherapeutic drugs.® '
With its structural similarity to carbon and novel properties such as excellent
mechanical properties and superb thermal conductivity, boron nitride (BN) has attracted
remarkable attention and found many applications.''* BN nanomaterials’ applications
have recently been expanded in biomedical fields. BN nanomaterials can deliver a
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higher concentration of boron atoms into cancer cells than
in blood and other organs, which makes them promising
nanovehicles for boron neutron capture cancer therapy. '’
Therefore, this advantageous property of BN nanospheres
(BNNS) allows the combination of chemotherapy with boron
neutron capture cancer therapy which will achieve a syner-
gistic effect in cancer therapy. This is indeed an advantage
over other nanocarriers for cancer therapy.

Many studies have shown that BN nanotubes possess
better biocompatibility and lower cytotoxicity than carbon
nanotubes.'®?? The use of BN nanotubes as carriers for the
delivery of anticancer drugs has recently been reported.!>232*
However, BNNS are considered to be more suitable for bio-
medical applications since spheres possess lower structure
induced toxicity and easier cell uptake etc.?>?¢ Zhi et al reported
that BNNS were non-toxic and easily taken up by cells without
affecting cell proliferation.”’” We previously used BNNS as
carriers for intracellular delivery of immunostimulatory CpG
oligodeoxynucleotides. Functionalized BNNS enhanced the
loading capacity and cellular uptake of CpG oligodeoxynucle-
otides and significantly enhanced their immunostimulatory
activity.®3° However, biomedical applications of BNNS
remain largely unexplored. To the best of our knowledge, no
report on application of BNNS for targeted anticancer drug
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delivery can be found. Therefore, it is of tremendous interest to
explore the application of BNNS in targeted cancer therapy.
One of the major challenges in cancer chemotherapy
is selectively targeting tumor sites. The efficacy of che-
motherapy is greatly limited by non-specific accumulation
of anticancer drugs to healthy tissues, caused by the lack
of specificity for cancer cells.’! One strategy is to utilize
antibodies or targeting moieties since these molecules can
selectively bind to cancer cells and induce receptor-mediated
endocytosis.* Among them, folic acid (FA) is a promising
candidate for tumor targeting. Folate receptors (FR) are
expressed at low levels in normal tissues, while they are
overexpressed on the surfaces of most human tumor cells,
including brain, kidney, ovarian, and breast cancer cells.*
Parker et al reported that HeLa cells also express high levels
of FR compared with normal cell lines.?* Given that FA has
high binding affinity to the FR,* its conjugation to antican-
cer drug delivery vectors could lead to specific targeting of
cancer cells.??¢% Therefore, folate-conjugated BNNS with
receptor-mediated targeting ability would improve the cel-
lular uptake and therapeutic efficacy of anticancer drugs.
In the present work, we developed a novel targeted anti-
cancer drug delivery system based on FA conjugated BNNS
(BNNS-FA) (Figure 1). FA was used as a targeting ligand

BNNS-FA/DOX
o
DOX
Folate
receptor

18]

4

Figure | Schematic illustration of preparation and application of folate-conjugated boron nitride nanospheres for targeted delivery of DOX.
Abbreviations: DOX, doxorubicin hydrochloride; BNNS, boron nitride nanospheres; FA, folic acid.
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against tumor cells. BNNS-FA complexes were fabricated by
covalent functionalization of FA onto BNNS via esterification
reaction. The BNNS-FA complexes were fully characterized.
Meanwhile, doxorubicin hydrochloride (DOX), amodel of anti-
cancer drug, was loaded onto BNNS-FA complexes and its pH-
dependent releasing behavior was studied. Then, the cellular
uptake of the BNNS-FA/DOX complexes was investigated to
confirm the enhanced internalization of DOX by FR-mediated
endocytosis. Finally, the cytotoxicity of BNNS-FA/DOX com-
plexes against HeLa cells was studied to validate the potential
of BNNS-FA complexes as carriers in cancer therapy.

Materials and methods

Materials

FA, N-(3-dimethylaminopropyl)-N"-ethylcarbodiimide
hydrochloride (EDC), N-hydroxysuccinimide, and
4-(dimethylamino) pyridine (DMAP) were purchased from
Shanghai Sangon Biological Engineering Technology and
Services Co., Ltd (Shanghai, People’s Republic of China).
Dulbecco’s Modified Eagle’s Medium (DMEM) and fetal
bovine serum (FBS) were obtained from Gibco (Thermo Fisher
Scientific, Waltham, MA, USA). Cell Counting Kit-8 (CCK-8)
and Annexin V-fluorescein isothiocyanate Apoptosis Detection
Kit were purchased from Dojindo (Kumamoto, Japan).

Preparation of BNINS-FA

BNNS were prepared through a chemical vapor deposition
method.*' FA was covalently grafted on the surface of BNNS
through esterification reaction according to a previously
reported method.*’ Briefly, 10 mg of BNNS was first treated
with HNO, (65%) and ultrasound for 1 hour, then subjected
to stirring overnight at 70°C. Thus, hydroxyl groups were
introduced on the surface of BNNS. Thereafter, BNNS-OH
was purified and dried. Secondly 10 mg of FA, 10 mg of
EDC, and 6.7 mg of DMAP were simultaneously dispersed
in 20 mL of N,N-dimethylacetamide (99.8%). After stir-
ring for 30 minutes, 10 mg of dried BNNS-OH was added
and stirred overnight. Then the BNNS-FA conjugates were
obtained by centrifugation, washed with water several times,
and redispersed in phosphate-buffered saline (PBS).

Characterizations

Transmission electron microscopy images were obtained
using a JEM-2100 transmission electron microscope oper-
ating at an acceleration voltage of 200 kV (JEOL, Tokyo,
Japan). Fourier transform infrared (FTIR) spectra were mea-
sured on a Nexus spectrophotometer (Nicolet, Madison, WI,
USA) at 4 cm™ resolution with 32 scans. Zeta potential,

particle size and particle polydispersity index were measured
using a Zetasizer Nano ZS system (Malvern Instruments,
Malvern, UK). Ultraviolet—visible absorption spectra
was measured using a Nanodrop 2000 spectrophotometer
(Thermo Fisher Scientific).

Cell culture

HeLa cells were purchased from the Cell Bank of Chinese
Academy of Sciences (Shanghai, People’s Republic of
China). Cells were cultured in DMEM with 10% FBS,
100 units/mL penicillin and 100 mg/mL streptomycin.
Cells were maintained at 37°C in a humidified atmosphere
with 5% CO,.

Cell viability assay

The cytotoxicity of BNNS and BNNS-FA complexes to HeLa
cells was evaluated using CCK-8 assay. HeLa cells were
seeded at 10* cells per well in a 96-well plate for 24 hours
to allow the cells to attach. Then, BNNS and BNNS-FA
complexes at a series of concentrations were added to the
medium. After 24 hours’ incubation, 10 uL of CCK-8 solu-
tion was added to each well and incubated for another 3 hours.
Finally, the absorbance at 450 nm was recorded using a
microplate reader (Bio-Rad Laboratories Inc., Hercules, CA,
USA) to determine the relative cell viability.

DOX loading and releasing

An amount of 2 mL of BNNS and BNNS-FA complexes
(0.5 mg/mL in PBS) was mixed with 100 uL of DOX solu-
tion (1 mg/mL). Then, the mixture was shaken in the dark
for 24 hours at room temperature, followed by centrifugation
and washing to remove the free DOX. DOX loading capacity
on BNNS and BNNS-FA complexes was calculated from
the concentration of DOX in the supernatant determined
by the Nanodrop 2000 spectrophotometer. In the DOX
release experiments, 1 mg of BNNS/DOX and BNNS-FA/
DOX complexes were suspended in 2 mL PBS at respective
pH values of 7.4 and 5.0 and shaken at room temperature.
At fixed time intervals, 0.5 mL of PBS was withdrawn by cen-
trifugation and the same volume of fresh PBS was added to
the original suspension. The concentration of released DOX
was measured by the Nanodrop 2000 spectrophotometer.

Cellular uptake

For confocal laser scanning microscope observations, HeLa
cells (5x10%) were seeded in a 35 mm petri dish with a glass
bottom and incubated for 24 hours at 37°C with 5% CO,.
BNNS/DOX and BNNS-FA/DOX complexes were then
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added to the dish; free DOX was used as control. After incu-
bation for 24 hours, the cells were washed twice with cold
PBS to terminate the uptake and then fixed with 4% (v/v)
paraformaldehyde. Fluorescence in the fixed cells was visual-
ized using a C2Si confocal laser scanning microscope (Nikon
Corporation, Tokyo, Japan). To further determine whether
the cellular uptake of BNNS-FA/DOX complexes was medi-
ated by FR, a competition experiment was conducted. HeLa
cells (5x10%) were pre-treated with free FA at final concentra-
tions of 0, 5, and 20 uM for 1 hour to block the FR on the cell
surface. Then, the BNNS-FA/DOX complexes were added to
the medium with a final DOX concentration of 4 pig/mL, and
the cells were incubated for another 2 hours. After incuba-
tion, cells were washed three times with PBS before being
subjected to fluorescence microscopy imaging.

For flow cytometry assay, the quantitative evaluation of
cellular uptake was performed by BD Accuri C6 flow cytom-
eter (BD Biosciences, San Jose, CA, USA). HeLa cells were
seeded in 6-well plates (5x10°) and cultured in DMEM con-
taining 10% FBS for 24 hours. Then, DOX-loaded nanoparti-
cles were added with the same DOX concentration of 5 pug/mL,
and the cells were further incubated for another 4 hours. Then
the medium was removed and the cells were washed twice
with cold PBS. The cells were detached by 100 pL of trypsin
and washed twice with PBS, and then resuspended in 0.5 mL
PBS. The amount of internalized nanoparticles was analyzed
at Fluorescein isothiocyanate-A channel by a flow cytometer.
Cells without any treatment were used as negative control. The
fluorescence scan was performed with 2x10* cells.

In vitro cytotoxicity of BNNS/DOX and
BNNS-FA/DOX complexes

HeLa cells were seeded at 10* cells per well in a 96-well
plate at 37°C with 5% CO, for 24 hours. Then, free DOX,
BNNS/DOX complexes and BNNS-FA/DOX complexes
were added to the medium with the same DOX concentra-
tion of 2.5 ug/mL. After incubation for 12 hours, 24 hours
and 72 hours, respectively, 10 uL of the CCK-8 solution was
added and incubated for another 3 hours. The absorbance at
450 nm was measured using the microplate reader to deter-
mine the cell viability.

Statistical analysis

Statistical analysis was performed using Student’s #-test. Data
are presented as mean * standard deviation. Differences were
considered to be statistically significant (P<<0.05).

Results and discussion

Preparation and characterization of
BNNS-FA complexes

BNNS were synthesized by a chemical vapor deposition
method.*! BNNS had uniform spherical shape, as visualized
by transmission electron microscopy images, which showed
an average diameter of approximately 150 nm (Figure 2).
FA was grafted to BNNS by esterification reaction between
hydroxyl groups of BNNS and carboxyl groups of FA.
Figure 3A shows the FTIR spectra of BNNS and BNNS-FA
complexes. BNNS had a strong asymmetric band at around
1,540 cm™', corresponding to the B-N stretching vibration,

Figure 2 TEM images of BNNS (A) and BNNS-FA/DOX complexes (B). The white arrows indicate the loaded DOX. (Magnification 200K)
Abbreviations: TEM, transmission electron microscopy; DOX, doxorubicin hydrochloride; BNNS, boron nitride nanospheres; FA, folic acid.
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Figure 3 Characterizations of BNNS-FA complexes.

Notes: (A) FTIR spectra of BNNS, FA and BNNS-FA complexes. (B) UV-vis spectra of BNNS, FA and BNNS-FA complexes. (C) Zeta potentials of BNNS and BNNS-FA

complexes. Data are presented as mean + SD (n=5).

Abbreviations: BNNS, boron nitride nanospheres; FA, folic acid; FTIR, Fourier transform infrared; SD, standard deviation; UV-vis, ultraviolet—visible.

along with a less intense band at 780 cm™', which is ascribed
to the B-N-B bending vibration.?3%* The distinct peaks at
1,700 cm™ assigned to the C=0 amide stretching of FA mol-
ecule appeared in the spectrum of BNNS-FA complexes.*
This result suggested that FA was grafted onto BNNS.
UV-vis spectra of FA, BNNS, and BNNS-FA complexes
are shown in Figure 3B. FA had an absorption peak at
290 nm, which was also observed in BNNS-FA complexes,
indicating that FA was successfully conjugated to BNNS.
Zeta potential measurements further confirmed the suc-
cessful grafting of FA on BNNS. As shown in Figure 3C,
the grafting of FA decreased the zeta potential of BNNS
from —10 mV to —21.7 mV.

In vitro cytotoxicity of BNNS-FA

complexes
Cytotoxicity of vehicles is a crucial issue that needs to
be addressed before utilization in drug delivery systems.

Although BNNS and FA were reported to be biocompatible,
it is necessary to validate the cytotoxicity of BNNS-FA com-
plexes, which were fabricated under organic solution condi-
tions. HeLa cells were cultured with BNNS and BNNS-FA
complexes with a series of concentrations, then their cyto-
toxicities were determined by CCK-8 assay. As shown in
Figure 4, both BNNS and BNNS-FA complexes showed
little cytotoxicity up to the highest testing concentration of
100 pg/mL. Therefore, the synthesized BNNS-FA could be
used as drug delivery vehicles.

DOX loading and pH-dependent release

To investigate the drug delivery of BNNS-FA complexes,
DOX was used as a model drug to load onto BNNS and
BNNS-FA complexes. Figure 5 shows the loading of DOX
onto BNNS-FA complexes. After incubation of DOX with
BNNS-FA complexes, UV-vis spectra of DOX in the super-
natant presented a decreased intensity compared to that
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Figure 4 In vitro cytotoxicity assay.

Notes: Relative cell viability of Hela cells incubated with increasing concentrations
of BNNS or BNNS-FA complexes measured by CCK-8 assay. Data are presented
as mean £ SD (n=5).

Abbreviations: BNNS, boron nitride nanospheres; FA, folic acid; CCK-8, Cell
Counting Kit-8; SD, standard deviation.

before incubation, indicating the loading of DOX onto BNNS
(Figure 5A). DOX loading capacity of BNNS and BNNS-FA
complexes was calculated to be 6.9 and 20.7 pug per 1 mg
of carriers, respectively (Figure 5B). The higher loading
capacity of BNNS-FA complexes was possibly due to the
enhanced negative surface charge and dispersity of BNNS
by modification of FA, which facilitated the electrostatic
interaction between DOX molecules and BNNS in solution.
Compared with the clean surface of the pristine BNNS and
BNNS-FA complexes, black dots are visible on the surface of
BNNS-FA after loading of DOX, indicating the loaded DOX
(Figure 2B). Furthermore, we investigated the stability of

A

0.15

—— Before loading —— After loading

o 0.104
Q
c
1]
o)
]
@ 0.054
o)
<

0.00

210 250 300 350

Wavelength (nm)

Figure 5 Loading of DOX onto BNNS-FA complexes.

BNNS-FA/DOX complexes by measuring the hydrodynamic
size of BNNS-FA/DOX complexes in PBS using dynamic
laser scattering. As shown in Figure 6, no remarkable change
in particle size and polydispersity index of BNNS-FA/DOX
complexes was observed within 5 days, indicating the good
stability of the BNNS-FA/DOX complexes.

The releasing profiles of DOX from BNNS-FA/DOX
complexes in PBS at different pH values (5.0 and 7.4) are
shown in Figure 7. DOX release from both BNNS/DOX and
BNNS-FA/DOX complexes was pH-dependent and increased
at lower pH condition. A fast release happened within 7
hours, followed by a relatively slow release rate until the
end of the assay. This result was due to the increased hydro-
philicity of DOX at lower pH caused by the protonation of
the amino group in the DOX molecule, which weakened the
interaction between DOX and hydrophobic BNNS surface
and triggered DOX release. For BNNS-FA/DOX complexes,
72% of the DOX released at pH 5.0 while only 22% of DOX
released at pH 7.4 after 60 hours. However, the release rate of
BNNS-FA complexes was a little slower than that of BNNS
complexes, which might be due to the increased electrostatic
interaction between BNNS-FA complexes and DOX.

Intracellular uptake of DOX

FA was conjugated to BNNS since it could target cancer
cells and induce the receptor-mediated endocytosis. Herein,
the cellular uptake of BNNS-FA/DOX complexes was
investigated in HeLa cells, which are known to express
high levels of FR.3* Confocal laser scanning microscopy
images of HeLa cells after incubation with BNNS/DOX
and BNNS-FA/DOX complexes for 4 hours are shown in

30

204

10 1

Loading capacity (ug/mg) W

BNNS BNNS-FA

Notes: (A) UV-vis spectra of DOX in the supernatant before and after incubation with BNNS-FA complexes. (B) Loading capacity of DOX on BNNS and BNNS-FA
complexes was denoted as g DOX loaded on | mg BNNS or BNNS-FA complexes. Data are presented as mean + SD (n=3).
Abbreviations: BNNS, boron nitride nanospheres; FA, folic acid; DOX, doxorubicin hydrochloride; SD, standard deviation; UV-vis, ultraviolet—visible.
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Figure 6 Long-term stability of BNNS-FA/DOX complexes in terms of particle size
and polydispersity index (PDI) in PBS at room temperature.

Abbreviations: BNNS, boron nitride nanospheres; FA, folic acid; DOX, doxoru-
bicin hydrochloride; PBS, phosphate-buffered saline; d, day(s).

Figure 8A. Weak fluorescence was detected within HeLa
cells treated with free DOX and BNNS/DOX complexes,
while strong DOX fluorescence appeared in the nuclei of
the cells treated with BNNS-FA/DOX complexes. Then, a
flow cytometry experiment was carried out to further quan-
titatively evaluate the cellular uptake of these complexes by
measuring the mean fluorescence intensity from HeLa cells.
As shown in Figure 8B, a dramatic enhancement of mean
fluorescence intensity values was observed from HelLa cells
treated with BNNS-FA/DOX complexes compared with
DOX and BNNS/DOX complexes, which was consistent with
the confocal laser scanning microscopy images in Figure 8A.
This result was due to the significantly improved specific
targeting of the BNNS-FA/DOX complexes toward FR

—a— BNNS-FA/DOX pH=7.4 —e— BNNS-FA/DOX pH=5.0
—a— BNNS/DOX pH=7.4 BNNS/DOX pH=5.0

100 4
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Figure 7 pH-dependent DOX release from BNNS/DOX and BNNS-FA/DOX
complexes versus time.

Abbreviations: BNNS, boron nitride nanospheres; FA, folic acid; DOX, doxoru-
bicin hydrochloride; h, hour(s).

overexpressing HeLa cells, which facilitated the cell uptake
through receptor mediated endocytosis.

To further confirm the FR-mediated cell uptake of
BNNS-FA/DOX complexes, free FA with concentrations
of 0, 5, and 20 uM was added into the HeLa cell medium
to block the FR. As shown in Figure 8C, the fluorescence
from BNNS-FA/DOX complexes in the FA-free medium was
significantly decreased when incubated with free FA, which
showed a concentration-dependent manner. This result sug-
gested that endocytosis of the BNNS-FA/DOX complexes
in HeLa cells was mediated by FR. Free DOX molecules
were transported into the cytoplasm of the cells in a passive
diffusion manner, some of them were actively flushed out
by P-gp, and only a small amount of DOX could enter the
nucleus and bind to DNA.® In contrast, BNNS-FA/DOX
complexes were internalized by the FR-mediated endocytosis
pathway, resulting in increased internalization of DOX.*
These results confirmed that FA grafting facilitates cellular
uptake of BNNS-FA/DOX complexes by HeLa cells, and
could enhance drug delivery efficacy.

In vitro antitumor effect of BNINS-FA/

DOX complexes

To investigate DOX delivery efficacy of BNNS-FA com-
plexes, the in vitro cytotoxic effect of BNNS-FA/DOX
complexes on Hela cells was evaluated by CCK-8 assay.
Figure 9 shows cell viabilities against free DOX, BNNS/
DOX complexes and BNNS-FA/DOX complexes at equiva-
lent DOX concentration. Cell proliferation was markedly
decreased in the presence of either DOX or DOX-loaded
nanospheres, indicating the cytotoxicity of DOX to HeLa
cells. BNNS-FA/DOX complexes exhibited the highest cyto-
toxicity. This result was due to the enhanced internalization
of BNNS-FA/DOX complexes by FR-mediated endocytosis.
Internalized DOX was triggered and released from BNNS
under the acidic environment in endosomes and accumulated
in nuclei, thus inducing more cell death. Free DOX showed
less cytotoxicity against HeLa cells, which was caused by
reduced cellular uptake and fast efflux of free DOX. Our
results demonstrated that BNNS-FA complexes as drug
delivery vehicles significantly enhanced antitumor efficacy
in vitro. However, animal experiments are still needed to
further confirm their antitumor effect in vivo.

Conclusion

In summary, we have developed a targeted anticancer drug
delivery system based on folate-conjugated BNNS. FA was
successfully grafted onto BNNS via esterification reaction.
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Figure 8 Folate receptor-mediated cellular uptake of the BNNS-FA/DOX complexes in Hela cells.

Notes: (A) Confocal laser scanning microscopy images of Hela cells after 4 hours of incubation with free DOX, BNNS/DOX complexes and BNNS-FA/DOX complexes.
(B) Flow cytometry analysis of Hela cells treated with free DOX, BNNS/DOX complexes and BNNS-FA/DOX complexes. (C) Confocal laser scanning microscopy images
of Hela cells incubated with BNNS-FA/DOX in presence of 0, 5, and 20 uM free FA. The nuclei of cells were stained with DAPI. Scale bar: 20 um.

Abbreviations: BNNS, boron nitride nanospheres; FA, folic acid; DOX, doxorubicin hydrochloride; DAPI, 4’,6-diamidino-2-phenylindole; DIC, differential interference
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Figure 9 Relative viability of Hela cells incubated with free DOX, BNNS/DOX
complexes and BNNS-FA/DOX complexes for 12 hours, 24 hours, and 72 hours.
Notes: Data are presented as mean £ SD (n=5). *P<<0.05, **P<<0.01.
Abbreviations: BNNS, boron nitride nanospheres; FA, folic acid; DOX,
doxorubicin hydrochloride; SD, standard deviation; h, hour(s).

BNNS-FA complexes were nontoxic to HeLa cells up to
a high concentration of 100 pug/mL. DOX released from
BNNS-FA complexes showed a sustained release pattern,
and the release rate could be triggered and increased at
acidic pH condition. Most importantly, BNNS-FA/DOX
complexes exhibited greater cytotoxicity compared with
free DOX and BNNS/DOX complexes, which was mainly
due to the increased cell uptake of DOX mediated by the FR.
Therefore, BNNS-FA complexes have strong potential for
targeted cancer therapy.
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