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Abstract

Objective: To develop and evaluate a drug delivery system (DDS) capable of targeting cancer
cells while at the same time delivering two chemotherapeutic agents to overcome multidrug
resistance (MDR).

Methods: This study developed a DDS composed of heparin (HA)-coated meta-organic frame-
work (MOF) nanoparticles (HM) designed to deliver doxorubicin (Dox) and quercetin (Que).
A range of in vitro and in vivo studies were conducted to determine the characteristics of the
HM/Dox/Que nanoparticles, their ability to produce cytotoxic effects in Dox-resistant A549/Dox
cells and target and treat solid tumours in a mouse xenograft model of human lung carcinoma.
Results: This study demonstrated that the HM/Dox/Que nanoparticles reduced cell viability,
increased apoptosis, arrested cells in the GO/G| phase of the cell cycle and reversed MDR in
A549/Dox cells in vitro when compared with mono-drug delivery. In a mouse xenograft model of
human lung carcinoma, the HM/Dox/Que nanoparticles targeted the tumours and reduced
tumour growth as determined by tumour volume.

Conclusion: The use of HM/Dox/Que nanoparticles might be a viable alternative to traditional
chemotherapy of lung carcinoma.
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Introduction

To date, cancer chemotherapy usually fails
to meet the desired anticancer performance
due to the development of multidrug resis-
tance (MDR) in many cancer types.'” To
this end, the combined administration of
different types of anticancer drugs has grad-
ually emerged and provides a more effective
cancer chemotherapy.*® Previous studies
have demonstrated that combination che-
motherapy can greatly enhance cytotoxicity
while reducing the dosage, which signifi-
cantly reduces the unwanted side-effects of
anticancer drugs.’ The basic principle for
combination chemotherapy is co-deliver
at least two drugs targeting different
biological pathways, which ensures high
cytotoxicity to the cancer cells.®’
However, combination therapy is greatly
dependent upon the assistance of drug
delivery systems (DDS) to precisely control
the dosage, proportion and even the
sequence of delivery of the loaded cargos.
Considering that most of the currently
adopted DDSs are not able to satisfy the
first two basic requirements, the introduc-
tion of a well-designed DDS is the prereq-
uisite for effective combination therapy.”
Over the past few decades, the develop-
ment of a novel DDS that is suitable for
cancer chemotherapy has been the focus
of considerable pharmaceutical research.
Various DDSs based on different materials
have been developed to test their feasibility
in cancer therapy.® '° In particular, the out-
standing merits of meta-organic framework
(MOF) nanoparticles, including high bio-
compatibility, low cost and decent drug
loading of different drugs (from hydrophilic
to hydrophobic), have made it suitable for
the chemotherapy of cancer.'"!'? Apart
from the carriers, the tumour homing capa-
bility of the resulting DDS is another
important issue that should be taken into
consideration.'® In recent years, heparin
(HA), which offers the combination of

shielding and targeting, has become the
most widely studied material. For example,
HA-modified DDSs were found to home to
CD44 receptor overexpressing cancer cells
with high efficiency while at the same time
significantly ~alleviating liver capture.'
Previous studies have provided evidence
that positive targeting is better than passive
targeting, which will be the future direction
of DDS design.'>'¢

Doxorubicin (Dox) is one of the most
commonly used drugs for the chemotherapy
of various cancers.! However, the severe
side-effects of Dox remain a major concern
that hampers its performance in many clin-
ical trials.® As a result, combination therapy
is believed to be an ideal approach in order
to minimize the MDR of tumour cells and
reduce the Dox-related side-effects.'”'®

Quercetin (Que) is one of the most abun-
dant triterpenoids in plants, which is known
for its ability to regulate many pharmaco-
logical processes and for having antitumor
activity.'°It has been demonstrated that the
anticancer activity of Que is facilitated via
the activation of the adenosine monophos-
phate (AMP)-activated protein kinase
(AMPK) pathway, suppression of the phos-
phoinositide 3-kinase/ (PI3K)/AKT/
mammalian target of rapamycin/nuclear
factor-xB pathway, upregulation p53 activa-
tion and the apoptosis pathway.?° In recent
studies, Que has been reported to achieve
improved outcomes with enhanced apopto-
sis and reduced side-effects when applied
with other chemotherapy reagents.?!*
Although the combination of both drugs
for cancer therapy has been reported by
some previous articles,>*° there is still
more work to be done. For example, the
in vivo performance of both drugs in lung
cancer has not been explored,? their ability
to reverse MDR has not been demonstrat-
ed*® and experiments have not been
extended using lung cancer cell lines.?’

This current study selected the combina-
tion of Dox and Que due to their distinct
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mechanisms of action. The hybrid nanopar-
ticle HA-coated MOF (HM) was employed
to load both drugs onto the same delivery
system in order to construct a DDS for the
chemotherapy of lung carcinoma.

Materials and methods

Reagents

All chemical reagents were of analytical
grade and purchased from Sigma-Aldrich
(St Louis, MO, USA).

Preparation of the DDS nanoparticles

First, Zn(NOs)>-¢H-O (10mg), Dox (5mg)
and Que (5 mg) were dissolved 10 ml of eth-
anol. Then, 2-methylimidazole (12 mg) was
quickly added to the ethanol solution and
the mixture was vigorously stirred for 30s.
The mixture was centrifuged in a Sigma
3-30KS centrifuge (Sigma-Aldrich) at
8000¢ for 10 min at room temperature to
obtain the dual-loaded core (MOF/Dox/Que).

In order to add the coating of HA to the
MOF to construct the HA/Dox/Que nano-
particles, an aqueous solution of MOF
(1 mg/ml) was mixed with different ratios
of HA using a vortexer. After being soni-
cated for 30 min (100 W), the HM/Dox/Que
was obtained by centrifuging the mixture in
a Sigma 3-30KS centrifuge (Sigma-Aldrich)
at 10 000 g for 10 min at room temperature.

Mono-drug delivery systems (HM/Dox
and HM/Que) were prepared by adding
only one drug during the drug loading pro-
cess, while the method of coating of HA to
the MOF was the same as that for the dual-
loaded core HM/Dox/Que.

Analysis of the DDS nanoparticles

The morphology and particle size of differ-
ent nanoparticles were observed by trans-
mission electron microscopy (JEM-1200;
JEOL, Tokyo, Japan) at an accelerating
voltage of 80kV. Moreover, the particle

size distribution and zeta potential were fur-
ther determined wusing a Zeta/Particle
Analyzer (Litesizer 500; Anton Paar,
Graz, Austria).

The freshly prepared HM/Dox/Que was
diluted with 0.01 M phosphate buffered
saline (PBS; pH 7.4; 1:10, v/v) or mouse
plasma (from study mice). Afterwards, the
change in particle size was monitored for
48 h to estimate the colloidal stability.

For the haemolysis assay, red blood cells
(RBCs) obtained from mice were diluted in
saline to obtain a 2% suspension. The HM/
Dox/Que was added to the RBC suspension
to achieve the designated concentrations
and the mixture was incubated at 37°C for
1 h. After that, samples were centrifuged at
3500g at room temperature for 10min
using a high-speed refrigerated centrifuge
(Model 7780; KUBOTA, Tokyo, Japan)
and the supernatants were analysed
using a Multiskan Sky Microplate
Spectrophotometer at 545nm according
to the manufacturer’s instructions
(ThermoFisher Scientific, Waltham, MA,
USA). The RBC suspension was incubated
with distilled water and saline under the
same conditions to form the positive
(100% haemolysis) and negative (0% hae-
molysis) controls, respectively.

The HM/Dox/Que (containing 100 pg
DOX/Que) was loaded into a dialysis bag
(MWCO: 7000 Da) and immersed in a plas-
tic tube charged with 0.01 M PBS (25 ml) at
pH 7.4 or pH 5.5. The plastic tubes were
fixed in a thermostatic shaker (HZQ-C;
Harbin Dongming Medical Instrument
Factory, Harbin, China) at 37°C with a stir-
ring speed of 100rpm. At predetermined
time-points, the primary medium was
replaced by an equal volume of fresh
medium and the drug concentration within
the primary medium was determined.
The Dox content was determined using a
fluorescence spectrophotometer (F-2700;
Hitachi, Tokyo, Japan; excitation wavelength:
505nm; emission wavelength:  605nm).
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The concentration of Que was measured
using high-performance liquid chromatog-
raphy (LC-2030; Shimadzu, Tokyo, Japan)
with the following conditions: Agilent SB-
C18 880975-902 column (4.6 mm, 250 mm,
5 um); mobile phase was 0.1% trifluoroace-
tic acid aqueous solution: acetonitrile/meth-
anol mixture (17:1)=1:9 (v/v). The
temperature was 30°C, the flow rate was
I ml/min and the detection wavelength
was 210 nm.

In vitro anticancer assay

Dox-resistant human lung carcinoma A549/
Dox cells were purchased from the
American  Type  Culture  Collection
(ATCC, Manassas, VA, USA) and cultured
in Dulbecco’s modified Eagle’s medium
supplemented with 10% fetal bovine
serum (both from Gibco, Carlsbad, CA,
USA) at 37°C in a humidified atmosphere
containing 5% carbon dioxide. Cells were
treated with different formulations at dif-
ferent drug concentrations (HM/Dox,
HM/Que and HM/Dox/Que at the drug
concentrations of 0.1, 0.5, 1, 2, 5 and
10 pg/ml ) for 48 h after which their rate
of cell viability was measured using a
3-(4,5-Dimethylthiazol-2-yl)-2,5- diphenyl-
tetrazolium bromide, a tetrazole (MTT)
assay kit (Solarbio, Beijing, China). To
determine their synergistic effect, the com-
bination index (CI) was calculated using the
following formula: CI=Dosel/Dosex1 +
Dose2/Dosex2, where Dosel and Dose2
are the concentrations of drug 1 and drug
2 inhibiting x% cells; and Dosexl and
Dosex2 are the concentrations of drug 1
and drug 2 alone inhibiting x% cells. A
multicellular  tumour sphere (MCTYS)
model was subjected to treatment with dif-
ferent formulations (HM/Dox, HM/Que
and HM/Dox/Que at the drug concentra-
tion of 2pug/ml) for 4 days. The MCTSs
were developed using the following proto-
col. In brief, a 96-well tissue culture plate

was covered with an autoclaved agarose
solution (1.5% w/v; 50 ul/well) and then
cooled to room temperature. AS549/Dox
cells were seeded at a density of 2 x 10°
cells per well and incubated for 4 days to
grow into MCTSs.

Apoptosis and cell cycle analyses

A549/Dox cells were seeded into a 6-well
tissue culture plate at a cell concentration
of 2 x 10° cells per well and allowed to grow
overnight. Afterwards, cells were treated
with HM/Dox, HM/Que and HM/Dox/
Que at the drug concentration of 5pg/ml
for 24 h. Then cells were treated with an
apoptosis kit (Solarbio) according to the
manufacturer’s instructions and then sub-
jected to fluorometric analysis using flow
cytometry (NovoCyte Flow Cytometer;
ACEA Biosciences, Beijing, China) to ana-
lyse the positive apoptotic cells. For the cell
cycle analysis, cells were cultured as
described above and treated with HM/
Dox, HM/Que and HM/Dox/Que at the
drug concentration of 5pg/ml for 48h or
72h. The cells were then treated with a
cell cycle kit (Solarbio) according to the
manufacturer’s instructions and then sub-
jected to fluorometric analysis using flow
cytometry to analyse the distribution of
cells in the different phases of the cell cycle.

Western blot analyses

Total protein was extracted from 1 x 10°
A549/Dox cells using ice-cold RIPA Lysis
and Extraction Buffer (ThermoFisher
Scientific) and quantified using a Pierce
BCA protein assay reagent kit (Pierce
Biotechnology, Rockford, IL, USA). The
proteins (50mg per lane) were separated
by 10% sodium dodecyl sulphate—poly-
acrylamide gel electrophoresis at 150 V for
90 min. The proteins were then transferred
to polyvinylidene fluoride membranes
(Millipore, Billerica, MA, USA) using
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electroblot apparatus at 80V for 1h (Bio-
Rad, Hercules, CA, USA). The membranes
were incubated in blocking solution consist-
ing of Tris-buffered saline-Tween 20
(TBST; pH 7.5; 20mmol/l Tris—HCI,
150 mmol/l sodium chloride, 0.1% Tween-
20) containing 5% nonfat milk at room
temperature for 1h. The membranes were
then incubated with rabbit antihuman anti-
bodies for cysteinyl aspartate specific pro-
teinase 3 (Caspase 3), cytochrome C (Cyt
C), B-cell lymphoma-2 (Bcl-2), P- glycopro-
tein (P-gp) or glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) at the dilution
of 1:1000 (Cell Signaling Technology,
Danvers, MA, USA) at 4°C overnight.
The membranes were then washed with
TBST (pH 7.5) three times and incubated
with  horseradish peroxidase-conjugated
goat antirabbit secondary antibody (dilu-
tion 1:4000, Cell Signaling Technology)
for 1h at room temperature. The mem-
branes were developed using an enhanced
chemiluminescence reagent kit (Pierce
Biotechnology) and exposed to X-radiogra-
phy film. Immunoblots were scanned using
a densitometer (AC186; Bio-Rad).

Analysis of intracellular drug
concentrations

A549/Dox cells were seeded into 6-well
tissue culture plates at a density of 3 x 10°
cells per well and cultured overnight in
order to achieve 80-90% confluence. After
that, the primary culture medium was
removed and replaced with an equal
volume of serum-free medium containing
free HM/Dox and HM/Dox/Que (DOX
concentration: 2 pg/ml). At predetermined
time intervals (4, 8 and 12h), cells were
trypsinized, collected and dispersed in Sml
of DOX extracting solution (ethanol: 0.6 M
HCI, 1:1, v/v), followed by ultrasonication
at 400 W in an ice bath for 40 times. The
mixture was incubated at 4°C for 24 h, fol-
lowed by centrifugation at 15000 g (4°C) for

10 min using a high-speed refrigerated cen-
trifuge (Model 7780; KUBOTA). The
supernatant was collected and subjected to
fluorescence measurement as described
above.

Tumour targeting assay

Coumarin-6 was encapsulated into HA and
used to construct the DDS. Briefly, 5 x 10°
A549/Dox cells were pretreated with HA
(100 ug/ml) or 0.01 M PBS (pH 7.4) for
2h, followed by incubation with different
formulations for different time intervals
(free C6, MOF/C6 or HM/C6 at the C6
concentration of 1 pg/ml for 2, 4 and 6 h).
At each time interval, cells were collected
and subjected to flow cytometric analysis
of mean fluorescence intensity of C6 in cells.
To study the in vivo tumour targeting of
DDS, indocyanine green (ICG) was loaded
to form ICG-labelled DDS and injected into
A549/Dox tumour-bearing mice through the
tail vein (see below for details). At 24 h post-
administration, the mice were sacrificed,
their organs and tumour tissues were collect-
ed and subjected to fluorometric analysis
(Bio-Real; Geneway, Vienna, Austria).

In vivo anticancer efficacy

Male BALB/c nude mice (30 mice, aged
S weeks, 22 g; Slack Laboratory Animals,
Shanghai, China) were housed in specific
pathogen-free conditions with free access
to food and water, in a 13-h light/11-h
dark cycle. The study was carried out in
strict accordance with the National
Institutes of Health Guidelines for the
Care and Use of Laboratory Animals. The
study was also reviewed and approved by
the Institutional Animal Care and Use
Committee of Shaoxing University of Arts
and Sciences, Zhejiang Province, China (no.
201809231).

Briefly, suspensions of AS549/Dox
(2% 10% cells in 100pl of 0.01M PBS



Journal of International Medical Research

(pH 7.4) were inoculated subcutaneously in
the flanks of mice. Tumour sizes were mea-
sured using a Vernier calliper and tumour
volumes were calculated as V=a’xDb/
2mm? (a: minor axis; b: major axis).

Tumour-bearing mice were selected and
randomly assigned to five groups (n=0).
The mice were treated with different formu-
lations at the Dox dosage of 7.5mg/kg and
Que dosage of 20mg/kg. The measurement
of tumour volume and body weight was
repeated seven times before drug adminis-
tration once every 2 days.

Statistical analyses

All statistical analyses were performed
using the SPSS® statistical package, version
11.0 (SPSS Inc., Chicago, IL, USA) for
Windows®. Data are presented as mean +
SD and were compared using factorial
analysis of variance or Student’s r-test, as
appropriate. A P-value <0.05 was consid-
ered to be statistically significant.

Results

As shown in Figure 1a, the size distribution

uniformly distributed at around 100nm
with a small polydispersion index of
0.042 and a zeta potential of —28.23mV
(Figure 1b).

As shown in Figure 2a, the change in the
size of the HM/Dox/Que nanoparticles was
not significant over time up to 48h when
incubated with mouse plasma or 0.01 M
PBS (pH 7.4). The haemolysis assay
shown in Figure 2b demonstrated that the
HM/Dox/Que nanoparticles caused almost
no haemolysis of red blood cells.

The drug release profiles of HM/Dox/
Que are presented in Figure 3. Under phys-
iological conditions (pH 7.4), both Dox and
Que were released slowly from the DDS
nanoparticles. In contrast, under patholog-
ical conditions (pH 5.5), the drug release
was elevated.

The in vitro anticancer effects of HM/
Dox/Que in human lung carcinoma A549/
Dox cells were studied using an MTT assay.
As shown in Figure 4a, the lowest CI of
0.23 was achieved when the w/w ratio of
Dox/Que was 1/1, which indicated that
the combination effect of the two drugs
was optimal at this ratio. An MTT assay

of the HM/Dox/Que nanoparticles was using this optimal drug ratio was
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Analysis of the drug delivery system nanoparticles. The size distribution of the heparin-coated

meta-organic framework/doxorubicin/quercetin (HM/Dox/Que) nanoparticle drug delivery system. Inserted
image shows a transmission electron micrograph of the HM/Dox/Que nanoparticles. Scale bar: 100 nm (a).
The zeta potential of the HM/Dox/Que nanoparticles was —28.23 mV (b).
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doxorubicin/quercetin (HM/Dox/Que) nanoparticles in 0.0 M phosphate-buffered saline (PBS; pH 7.4)
and mouse plasma. (b) The concentration-dependent haemolysis of a 2% red blood cell suspension
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Figure 3. The drug release of doxorubicin (Dox) and quercetin (Que) from the heparin-coated meta-
organic framework/doxorubicin/quercetin (HM/Dox/Que) nanoparticles at pH 7.4 (a) and pH 5.5 (b).
Experiments were undertaken three times and the data expressed as mean £ SD.

undertaken in A549/Dox cells. As illustrat-
ed in Figure 4b, compared with the mono-
drug delivery systems, the combination of
Dox and Que greatly reduced the dosage
to achieve the same cytotoxicity. The 1Csg
was achieved at the dosage of 2pg/ml at
48 h post-incubation. The results in the
MCTS model demonstrated similar findings
(Figure 4c).

The effect on A549/Dox cell apoptosis
following treatment with different formula-
tions was investigated. As demonstrated in
Figure 5a, compared with the mono-drug
delivery systems, the rate of apoptosis in
the HM/Dox/Que group was significantly
elevated to 84.7% (P <0.01). As shown in
Figure 5b, the combination therapy of
HM/Dox/Que increased GO/G1 phase
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Dox/Que ratios (w/w). (b) The cell viability was measured using an 3-(4,5-Dimethylthiazol-2-yl)-2,5-
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Figure 5. (a) The rate of apoptosis of A549/Dox cells treated with different formulations of the heparin-
coated meta-organic framework/doxorubicin/quercetin (HM/Dox/Que) nanoparticle drug delivery system at
the drug concentration of 2 png/ml for 48 h (Dox/Que = |, w/w). (b) The cell cycle variations of A549/Dox
cells treated with HM/Dox/Que for different time intervals. Experiments were undertaken three times and
the data expressed as mean & SD. *P < 0.01 versus HM/Dox/Que; Student’s t-test.

arrest and reduced the percentage of cells in cellular protein levels were measured using
S phase. Western blot analysis to investigate the pos-
Moreover, the ability to reverse MDR in sible reasons for the reversal of MDR. As
A549/Dox cells was further investigated by shown in Figure 6b, the mono delivery of
measuring the intracellular time-dependent Dox was able to trigger P-gp overexpression
drug accumulation of Dox. As shown in  in A549/Dox cells. Most importantly, the
Figure 6a, compared with the mono-drug  treatment of Que-containing formulations
delivery system, the co-delivery of Dox and  reduced the expression of P-gp protein in
Que resulted in enhanced drug accumulation ~ A549/Dox cells as compared with Que-
within cells, which was positively dependent deficient formulations, which was compara-
up incubation duration. The variations of  ble with the downregulation of P-gp levels.
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As demonstrated in Figure 7a, the in accumulation in A549/Dox cells. Cells

vitro intracellular uptake of all formulations
was positively associated with incubation
duration in A549/Dox cells. However, free
C6 and C6+HA showed relatively slow

treated with nanoparticles showed elevated
Co6 signal inside the cells. Moreover, it was
noted that the fluorescence intensity in the
HM-treated group (HM/C6) was 1.79-fold
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Figure 8. The tumour volume (a) and body weight (b) variations of A549/Dox tumour-bearing mice
treated with different formulations of the heparin-coated meta-organic framework/doxorubicin/quercetin
(HM/Dox/Que) nanoparticle drug delivery system. Data expressed as mean £ SD.

higher than that of the MOF-treated
(MOF/C6) group after incubation for 6h.
After exposure to an excess of HA for 2h,
the intracellular C6 signals in different
groups were recorded and compared. As
expected, the intracellular uptake of HM/
C6 was reduced in A549/Dox cells after
HA pretreatment, while minimal changes
were observed in MOF-treated A549/Dox
cells pretreated with HA.

As shown in Figure 7b, MOF and HM
were labelled with ICG and then injected
intravenously into A549/Dox tumour-
bearing mice. At 24h post nanoparticle
administration, the mice were sacrificed to
harvest the organs and tumours to deter-
mine the fluorescence signals using ex vivo
imaging. In line with results in Figure 8a,
the HM/ICG showed a 2.54-fold increase of
the fluorescence signal in tumours com-
pared with the MOF/ICG group.

The in vivo antitumor efficacy of the
DDS nanoparticles was assessed using
A549/Dox  tumour-bearing mice. As
shown in Figure 8a, in line with the
in vitro MTT assay, the anticancer effect
of HM/Dox was much better than that of
free Dox. The in vivo experiments further
confirmed that the co-delivery of Dox and

Que was superior to the mono-drug deliv-
ery systems in terms of reducing tumour
volume. In addition, the variations of
body weight shown in Figure 8b suggested
that free Dox without the aid of DDS was
not suitable because it reduced body weight.
In contrast, the HM/Dox/Que nanopar-
ticles showed almost no adverse effects on
body weight in mice.

Discussion

This current study investigated a hybrid
nanoparticle that was employed to load
two drugs, Dox and Que, onto the same
DDS for the chemotherapy of lung carcino-
ma in vitro and in vivo. The current results
demonstrated the stability of the HM/Dox/
Que nanoparticle under physiological con-
ditions. The negligible haemolysis caused
by HM/Dox/Que suggested that it was
highly biocompatible in terms of it being a
DDS.?® The increased drug release that was
observed at pH 5.5 might have been due to
the pH-responsive decomposition of MOF.
It would be beneficial for HM/Dox/Que to
responsively release the loaded drugs in
tumour tissues instead of in the physiolog-
ical environment. The MTT assay
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demonstrated that compared with the
mono-drug delivery systems, the combina-
tion of both drugs reduced the ICsy to a
much lower level. These findings demon-
strated that Dox and Que achieved a syner-
gistic effect on inhibiting cell growth. The
apoptosis and cell cycle assays also sup-
ported the results of the MTT assay,
which were comparable with a previous
report.”” These current results strongly sug-
gested that the combination of both drugs
was capable of increasing the rate of apo-
ptosis of A549/Dox cells via cell cycle arrest
at the G0/G1 phase and a reduction in the
percentage of cells in the S phase.

The time-dependent cellular drug reten-
tion assay in the current study demonstrat-
ed that the integration of Que into the DDS
could reverse the MDR in A549/Dox cells,
which was beneficial for the accumulation
of Dox in cells for a better performance.
The Western blot assay in the current
study also revealed that Que could effec-
tively reverse the MDR induced by Dox
through the downregulation of P-gp expres-
sion, which was in line with previous
reports that chemotherapy was responsible
for the acquired MDR in cancer cell
lines.”®*The cellular uptake assay further
demonstrated that free drugs with a hydro-
phobic nature were hardly taken up by
cells. However, HM showed an elevated
uptake in A549/Dox cells. The competitive
uptake assay strongly suggested that the
surface-anchored HA was involved in the
variations of cellular uptake between differ-
ent formulations, which suggested that HA
modification might be able to guide the
DDS to the CD44 receptor overexpressed
cells with high affinity for the same
molecule.*

The in vivo targeting assay in the current
study clearly demonstrated that the tumour
targeting nature of HA could guide the HM
to accumulate in the in vivo tumour
tissue.’'*2 Moreover, the in vivo anti-
tumour assay further confirmed the

enhanced anticancer benefits of Dox and
Que in the current study.

In conclusion, this current study manu-
factured a DDS capable of delivering Dox
and Que in the same platform (HM/Dox/
Que nanoparticles) for the synergistic che-
motherapy of lung carcinoma in vitro and in
vivo. The results demonstrated that HM/
Dox/Que was a stable DDS with high bio-
compatibility. Moreover, HM/Dox/Que
was pH responsive with preferential
tumour targeting. Most importantly, the
in vitro and in vivo anticancer benefits of
HM/Dox/Que were both greatly elevated
as compared with the mono-drug delivery
systems, which could reverse the MDR,
increase the rate of apoptosis and trigger
cell arrest of treated cancer cells.
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