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Background and purpose: In a past study, we developed and optimized a novel cationic

PEGylated niosome containing anticancer drugs (doxorubicin or quercetin) and siRNA. This

study intended to evaluate the anti-tumor effects of the combination therapy to target both the

proteins and genes responsible for the development of gastric cancer. CDC20, known as an

oncogene, is a good potential therapeutic candidate for gastric cancer.

Methods: In order to increase the loading capacity of siRNA and achieve appropriate

physical properties, we optimized the cationic PEGylated niosome in terms of the amount

of the cationic lipids. Drugs (doxorubicin and quercetin) and CDC20siRNAwere loaded into

the co-delivery system, and physical characteristics, thermosensitive controlled-release, gene

silencing efficiency, and apoptosis rate were determined.

Results: The results showed that the designed co-delivery system for the drugs and gene

silencer had an appropriate size and a high positive charge for loading siRNA, and also

showed a thermosensitive drug release behavior, which successfully silenced the CDC20

expression when compared with the single delivery of siRNA or the drug. Moreover, the co-

delivery of drugs and CDC20siRNA exhibited a highly inhibitory property for the cell

growth of gastric cancer cells.

Conclusion: It seems that the novel cationic PEGylated niosomes co-loaded with anticancer

drug and CDC20siRNA has a promising application for the treatment of gastric cancer.
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Introduction
Gastric cancer is one of the most common cancers with a generally poor prognosis.1

Chemotherapy is currently the main cancer treatment option for the therapy of various

types of cancers. However, the use of chemotherapy has raised concerns regarding the

adverse effects on the healthy tissues and normal cells. Therefore, drug delivery to

cancerous tissues is considered a major necessity. The most important aim of this study

was to overcome the two main obstacles existing in the treatment of cancer, the first is

to reduce the side effects, and the second is to conquer the drug resistance. In order to

decrease the side effects and increase the efficacy of drugs and the delivery rate to a

particular target, nanocarriers have been showing promise for the delivery of thera-

peutics in recent years.2,3 Nano-niosomes are nonionic surfactant vesicles, which have

been used to deliver various hydrophobic and hydrophilic drugs, genes, hormones,
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antigens, and peptides. The targeted delivery and controlled

drug release can decrease the adverse effects of chemother-

apeutic agents and elevate the efficiency of the anti-tumor

drug. Chemotherapy failure results from the development of

the resistance to anti-cancer components. Therefore, the

delivery of the different types of medications to tumor tissues

through a multidrug delivery system can have synergistic

anti-proliferative effects. Cell division cycle 20 homolog

(CDC20) is anaphase-promoting complex (APC) activator

and a regulatory protein that plays a vital role in the cell-cycle

checkpoint.4 The overexpression of CDC20 has been shown

to promote colorectal,5 pancreatic,6 non-small cell lung,7 and

gastric cancers.8 Thus, the knock-down of the expression of

CDC20 by the delivery of siRNA against CDC20may have a

great impact on the inhibition of gastric cancer cells. These

results suggest that CDC20, as a key cell cycle regulator, has

a potential therapeutic target for gastric cancer. Due to the

divergence of cancer cell metabolism, the simultaneous

administration of siRNA and chemotherapeutic agents such

as doxorubicin (DOX) can lead to the highest therapeutic

outcome. Quercetin (QC) as herbal medicine and chemosen-

sitizer indicates anti-inflammatory and anticancer

properties.9 However, the underlying mechanisms and its

role in the suppression of tumor cells remains unclear. The

effect of DOX and QC on the expression of CDC20 has not

been so far investigated. In this study, we compared the

efficacy of the free and single forms of siRNA and antipro-

liferative drugs (DOX and QC) with the niosome-encapsu-

lated forms of the drugs and siRNAwhen applied alone or in

combination with each other to suppress the CDC20 expres-

sion. We hypothesized that the combination of chemothera-

peutic compounds and siRNA delivery could significantly

diminish the expression of CDC20, and therefore, enhance

the therapeutic efficacy of gastric cancer.

Materials and methods
Cholesterol and DOTAP (1, 2-dioleoyl-3-trimethylammo-

nium-propane) were supplied by Sigma-Aldrich (St. Louis,

MO, USA) and Avanti Polar Lipids (AL, USA), respec-

tively. Tween-60 was purchased from DaeJung Chemicals

& Metals (SouthKorea). DPPC (1, 2-dipalmitoyl-sn-gly-

cero-3-phosphocholinephospholipid) and DSPE-PEG2000

(distearoyl phosphoethanolamine-polyethylene glycol) was

obtained from Lipoid GmbH (Ludwigshafen, Germany).

Doxorubicin as hydrochloride (DOX) and QC (purity

>95%) were obtained from Ebewe Pharma (Austria) and

Sigma-Aldrich (St Louis, MO, USA), respectively. The

sequences of siRNA targeted the CDC20 mRNA were:

sense 5ʹ-GGGAAUAUAUAUCCUCUGUTT-3′, antisense

5́-ACAGAGGAUAUAUAUUCCCTT-3′. The sequences

of siRNA were synthesized by Eurofins Genomics

Ebersberg. CDC20 rabbit polyclonal antibody, actin

mouse monoclonal antibody and Annexin V-FITC/PI apop-

tosis detection kit were supplied from Abcam (Abcam,

Cambridge, UK). The other chemicals and solvents were

of the analytical degree and used without further purifica-

tion unless specified.

Preparation of drug delivery system
To achieve a cationic formulation for the dual drug/gene

delivery, the optimization experiments for DOTAP con-

tents were performed. A series of cationic PEGylated

niosomes with various molar ratios of DOTAP (0, 10,

20, 25, 30) was synthesized by a thin-film hydration

method, as described previously,10 and the dosage of

both drugs, DOX and QC, was 0.5 mg.mL−1.

Determination of physical characteristics
The particle size distribution, polydispersity index (PDI),

and zeta potential of the obtained niosomes were evaluated

by dynamic light scattering (DLS) technique using a par-

ticle size analyzer and ZetaPALS zeta potential

Brookhaven Corp Instruments (Holtsville, NY USA). All

measurements were performed three times, and their mean

amounts were recorded.

Morphological studies
The shape and the surface morphology of the nanonio-

somes were determined using images obtained from an

atomic force microscope (AFM) (Nanowizard II; JPK

instruments; Germany). The nanoniosome formulations

were diluted to 1:1000 with deionized water and sonicated

for about 20 mins in an ultrasonic agitator (E–Chrom Tech

Co, Taiwan). The preparations were then deposited onto a

mica sheet and observed under the AFM. In addition, the

bilayer structure of the nanocarriers and its spherical shape

were studied by Cryo-TEM (FEI Tecnai 20, type Sphera,

OR, USA) at 200 kV.

Differential scanning calorimetry (DSC)
The phase transition temperature of niosomes was con-

ducted using a DSC SDT Q600 (TA Instruments, New

Castle, DE, USA), analyze the thermosensitivity of nio-

somes with 10°C/min heating rate and a temperature range

of 25–80°C.
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Determination of entrapment efficiency

(EE%) and loading efficiency (LE%) of the

drugs
The entrapment efficiency for DOX and QC were mea-

sured by a UV-Vis spectrophotometer (Perkin Elmer

Germany) at 481 nm and 380 nm, respectively. The

entrapment efficiency for the mentioned drugs was calcu-

lated based on a standard curve and calculated by the

following equation:

EE%¼ drug concentrationin niosome mg:ml�1
� �

=

Total drug mg:ml�1
� �� 100

The loading efficiency of DOX and QC were determined

by the UV-Vis spectrophotometer (Perkin Elmer Germany)

at 481 nm and 380 nm respectively using the following

equation:

%LE ¼ mass of drug in niosome mgð Þ=
mass of niosome mgð Þ � 100

In vitro drug release assay
About 500 µL of the niosome-loaded drugs were trans-

ferred into a 12 kDa cut-off dialysis tube and incubated in

10 mL of PBS with a shaker shaken at 70 rpm for 96 h in

pH 7.4 at 37°C and 42°C temperature (mimics the tumor

tissue conditions). The medium of samples was drawn off

at different times and substituted with the same volume of

a fresh medium. Samples were measured by UV-Vis spec-

trophotometry at 481 nm and 380 nm for DOX and QC,

respectively.

In vitro evaluation of cellular uptake
To evaluate the intracellular localization of the delivered

Nio-DOX (Doxorubicin-loaded niosome), Nio-QC

(Quercetin-loaded niosome), and Nio-FAM-labeled

siRNA, as well as the effect of increasing concentration

of DOTAP on enhanced penetration of cationic PEGylated

nanoniosomes into the gastric cancer cells, DOX (red

fluorescence), QC, and FAM-labeled siRNA (green fluor-

escence), were used to detect the cellular uptake. AGS, a

cell line belonging to gastric cancer, was supplied by the

Pasteur Institute (Tehran, Iran), seeded in a 6-well plate at

1.5×105 cells/well. Then, the cells were treated with Nio-

DOX, Nio-QC, and Nio-FAM-labeled siRNA at both for-

mulations namely F2 and F5 (Table 1) for 8 hrs. The cells

were then rinsed twice with PBS (pH 7.4) and fixed with a

95% ethanol solution. The nuclei were counterstained withT
ab
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DAPI (blue fluorescence). Next, the cells were visualized

under fluorescence microscopy (Olympus, Japan).

Western blot analysis
AGS cells were cultured in a 25 cm flask. After reaching

80% confluence, the cells were treated with blank niosome

(without drug), free DOX, Nio-DOX (0.3 µg.mL−1), free

QC, Nio-QC (40 µg.mL−1), free siRNA, Nio-siRNA, Nio-

scrambled siRNA (100 nM), and Nio-DOX/siRNA for

72 hrs. Then, the cells were harvested and lysed in HES

buffer. The protein concentration was quantified using the

Bradford assay. Afterward, 50 µg of samples were applied

to a 10% SDS-PAGE and then transferred into a nitrocel-

lulose membrane. To block non-specific binding, the mem-

branes were incubated in 5% BSA for 2 h at room

temperature. Next, the membranes were incubated with

CDC20 or β-actin primary antibody (1:1000 dilution)

overnight at 4°C. Blots were probed for 2 h at room

temperature with a horseradish peroxidase-conjugated sec-

ondary antibody (1:2000). Finally, the visualization was

performed with a chemiluminescence visualization system

(Syngene GBOX Gel Documentation 680X) using ECL kit

(GE Healthcare).

Real-time quantitative PCR (RT-PCR)
At first, AGS cells were seeded in 6-well plates, and then,

treated with blank niosome, free DOX, Nio-DOX (0.3 µg.

mL−1), free QC, Nio-QC (40 µg.mL−1), free siRNA, Nio-

siRNA, Nio-scrambled siRNA (100nM), and Nio-DOX/

siRNA for 72 hrs. The total RNA was isolated from the

cultured AGS cells using Trizol reagent (Invitrogen,

Carlsbad, CA) according to the manufacturer’s instruction.

After that, cDNA was synthesized using a Prime Script RT

Master Mix kit (Takara, Dalian). Real-time PCR amplification

was carried out using SYBR Premix Ex Taq II (Takara,

Dalian) for 35 cycles using the following protocol: 95°C for

5 min, 95°C for 30 s, 60°C for 30 s, 72°C for 30 s, and 72°C

for 5 min. The sequences of the primers were as follows:

CDC20 sense 5ʹ-GACCACTCCTAGCAAACCTGG-3ʹ and

antisense 5ʹ-GGGCGTCTGGCTGTTTTCA-3ʹ, β-actin sense

5ʹ-GATAGGGACATGCGGAGCCA-3ʹ, and antisense 5ʹ-

CCAACCGCGAGAAGATGA-3ʹ.

Flow cytometry
Cell apoptosis was detected using an Annexin V-FITC/

PI apoptosis analysis kit. AGS cells were seeded in 6-

well plates after reached 80% confluence and treated

with free drugs, drugs-loaded nanoniosome, co-delivery

of Nio-DOX + Nio-QC, CDC20siRNA/DOX-loaded

niosome, and CDC20siRNA/DOX-loaded niosome +

niosomal QC combination. The cells that did not receive

any drug considered the control cells. After 72 hrs, the

total cells were harvested by trypsinization, collected by

centrifugation, washed with PBS, and suspended in

100 µL binding buffer. Soon after, the cells were stained

with Annexin V-FITC and propidium iodide (PI) and put

in the dark place for 15 min. The apoptotic cells were

probed by a flow cytometer (BD Biosciences, USA).

Results
Characterization of the nanoniosomal

formulation
The effect of DOTAP molar ratio

In the present study, we developed cationic PEGylated

nanoniosomes that are able to protect siRNA against

degradation by the nuclease accumulation in the tumor

through the improved permeability and retention (EPR)

effects. The above-mentioned niosomes also facilitate the

cellular uptake by means of the electrostatic interactions

with the membrane of the target cells in vitro. To evaluate

whether the molar ratio of DOTAP would affect the parti-

cle size, PDI, the surface charge of nanoniosome for

siRNA adsorption, the entrapment efficiency, the drug

loading efficiency and the release, different amounts of

DOTAP were added to create cationic PEGylated nanonio-

some formulations. According to Table 1, niosome formu-

lation (F5) containing 30% DOTAP exhibited a smaller

mean particle size and a higher drug entrapment efficiency.

Zeta potential was increased by the addition of 30%

DOTAP as a cationic lipid in the F5 (+36.5 mV) as

compared with the other formulations. On the other

hand, the diameter of the vesicles was decreased in parallel

with an increase in the molar ratios of DOTAP. As shown

in Table 1, an increase in the concentration of DOTAP

enhanced the drug-release rate which is attributed to the

flexible structure of DOTAP and the drug leakage. The

obtained findings showed that the niosome formulations

containing Tween-60: cholesterol: DPPC: DOTAP: DSPE-

mPEG with molar ratios of 45: 5: 15: 30: 5 (F5) had the

optimum feature in terms of small diameter, the number of

positive charge vesicles, and high entrapment efficiency

which were chosen for further analysis (Table 1). As

shown in Table 2, the diameter of the nanoniosome lacking

drug was ~44.7 nm, while the diameter for Nio-DOX-

siRNA was increased to ~62.7 nm due to the entrapment
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of the drug and adhesion of siRNA to nanoniosomes. Zeta

potential of Nio-siRNA was approximately +32.8 mV that

was decreased in comparison to nanoniosome lacking drug

(+41.2 mV) that confirmed the loading of siRNA on

nanoniosomes.

Morphological evaluation of the

optimized formulation
The particle size and morphology of blank niosome

and Nio-DOX-siRNA were further characterized by

AFM analysis (Figure 1). All findings were in good

agreement with the results of DLS analysis. The mor-

phological shapes of the nanoniosomal vesicles are

depicted in Figure 2. The image clearly shows the

bilayer structure of the nanovesicles and their hydro-

philic and hydrophobic sections. The micrograph

reveals the spherical shape and smooth surface of the

nanoniosomes with narrow size distribution. No aggre-

gates were observed in the microscopic studies.

The thermosensitivity of the niosomes
Differential Scanning Calorimetry was carried out to deter-

mine the phase transition temperature (Tm) of cationic

PEGylated niosome. As shown in Figure 3, cationic

PEGylated niosome composed of Tween-60: cholesterol:

DPPC: DOTAP: DSPE-mPEG at a molar ratio 45:5:15:30:5

had a Tmof 42.47°C that showed the thermosensitive nature of

the cationic PEGylated niosomes.

In vitro drug-release assay
DOX and QC release behaviors were studied in release

medium in pH 7.4 at 37°C and 42°C (Figure 4) to mimic

the temperature of healthy tissues and tumor microenvir-

onment, respectively. Notably, a higher temperature of

tumor microenvironment results from the increased meta-

bolism of cancer cells in comparison to normal cells.

During the release period, DOX and QC were sustainably

released from cationic PEGylated nanoniosomes at a

release rate of 31% and 47%, respectively, at 37°C after

Table 2 Particle size, PDI and zeta potential of optimum formulation

Optimum formulation Particle size (nm) Polydispersity index (PDI) Zeta potential (mV)

Blank niosome (no drugs) 44.7±3.1 0.16±0.02 +41.2±1.7

Nio-DOX 49.3±0.9 0.22±0.05 +36.5±2.1

Nio-QC 47.2±1.9 0.25±0.02 +37.1±3.4

Nio-siRNA 55.4±3.4 0.19±0.05 +32.8±2.5

Nio-DOX-siRNA 62.7±2.6 0.23±0.01 +25.2±3.3

Abbreviations: Nio, niosomal; DOX, Doxorubicin; QC, Quercetin.
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Figure 1 AFM images of blank niosome (A) and Nio-DOX-siRNA (B).
Abbreviations: AFM, atomic force microscope; Nio, niosomal; DOX, doxorubicin.
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96 hrs. The release rate of DOX and QC was over 55%

and 68%, respectively, at 42°C, which was faster than that

of 37°C, indicating that the release rate of DOX and QC

was enhanced under the higher temperature environment

and the release pattern is suitable for tumor tissues.

Cellular uptake assay
In order to evaluate the cellular uptake behavior of various

DOX/QC/FAM-labeled siRNA niosomal formulations in

gastric cancer cells, the cellular uptake experiments were

executed. Figure 5 demonstrates and compares the cellular

uptake of the F2 (10% DOTAP) and F5 (30% DOTAP)
formulations containing DOX/QC/FAM-labeled siRNA by

AGS cell lines which was imaged by a fluorescence micro-

scope. As illustrated in Figure 5A, the cells treated with

niosomes-loaded DOX containing 30% DOTAP showed a

greater purple and turquoise blue color intensity, whereas

in Figure 5B and C, QC and FAM-labeled siRNA nioso-

mal formulations containing 30% DOTAP indicated a

higher green and cyan (blue-green) color intensity com-

pared with the cells treated with 10% DOTAP. These

results demonstrated that the transfection efficiency of

niosomal formulations was enhanced as the amount of

DOTAP was heightened which was accompanied by the

enhancement of the pharmacological effects for anticancer

drugs.

In vitro gene silencing studies
Because cancer cells express a higher amount of CDC20

in comparison to the normal cells, it would be worth

studying the efficacy of the formulated drugs on the

Figure 2 Cryo-TEM micrographs of optimum formulation of Nio-DOX-siRNA.

Abbreviations: Cryo-TEM, Cryo-transmission electron microscopy; Nio, nioso-

mal; DOX, doxorubicin.
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alteration of this particular gene to monitor and compare

the potency of the designed niosomes. Hence, Western blot

analysis and Real-time PCR were performed to measure

the expression of CDC20 at the levels of protein and gene,

respectively. The expression of CDC20 was analyzed to

determine whether siRNA, DOX, and QC could decrease

the level of CDC20. According to Figure 6, we found that

100 nM CDC20siRNA remarkably reduced the expression

of CDC20 at the protein level in AGS cells after 72 hrs

when compared to that in the untreated controls.

Furthermore, increasing the concentration of

CDC20siRNA (300 nM) significantly decreased the

expression of CDC20 at the protein level. Also, free

siRNA could not dramatically reduce the level of CDC20

when compared with siRNA-containing niosome. We

observed that the cells incubated with the blank niosome

and scramble siRNA showed the same expression level for

CDC20 compared with the control. Correspondingly, co-

delivery of Nio-DOX/CDC20siRNA led to reduced

CDC20 protein expression with a higher degree compared

with the single- and free-form use of DOX or siRNA

transfection. Contrarily, no significant difference was dis-

played among untreated cells, cells treated with free QC,

and niosome-loaded QC. Intriguingly, these findings

revealed that Nio-CDC20siRNA and Nio-DOX markedly

reduced the gene expression of CDC20 as compared to the

free forms. It should be noted, the results of Western blot

analysis were in agreement with the results pertained to

RT-PCR (Figure 7).

Apoptosis analysis
In our previous study, we assayed the cytotoxicity of the

drugs and siRNA delivery system using the MTT method.

Herein, we assessed the cytotoxicity of DOX, QC, and

siRNA alone or in combination with each other by an

alternative method performed by Annexin V-FITC/PI
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double staining. The cells either stained with Annexin V-

FITC or PI are individually probed by flow cytometry

analysis. The results in Figure 8 indicate the apoptotic

rate of AGS cells. The quadrant regions in flow cytometry

chart, coined as Q1, Q2, Q3, and Q4, represent the living

cells (double negative or FITC−/PI−), late apoptotic cells

(double positive or FITC+/PI+), early apoptotic cells

(FITC+/PI−), and necrotic cells (FITC−/PI+), respectively.
The apoptosis rate was 6.05%, 5.5%, and 5.53% in cells

treated with the free DOX, QC, and siRNA, respectively.

However, the rate of apoptosis was increased to 18.1%,

11.4%, and 10.6% when the cells treated with niosome-

loaded DOX, QC, and siRNA, respectively. Furthermore,

there was a significant increase in the rate of cell death

when DOX and siRNA were co-delivered resulted in a

synergistic effect for the induction of apoptosis. The apop-

tosis rate was 31.2% in cells treated with co-delivery of

Nio-DOX-siRNA in combination with Nio-QC which was

recorded as the highest cell death rate in all groups

(p<0.05). These results are consistent with the cytotoxicity

assay (MTT method) performed in our previous study.

Discussion
Chemotherapy is known as the most important treatment

option for the management of gastric cancer. However, che-

moresistance is one of the major obstacles that patients with

gastric cancer should tackle it. Thus, preparing a multi-agents

carrier system that can simultaneously deliver therapeutic

siRNA and drugs into tumors cells might be considered a

suitable candidate for the treatment of malignancies. In line

with this, we developed a niosomal siRNA/drug delivery

system that was able to carry a combination of chemical

compounds, as well as siRNA against tumors to reduce the

required doses of the drugs and the common side effects. The

designed niosomes showed thermosensitivity, controlled drug

release, improved passive targeting, drug stability, prolonged

the circulation time, and increased drug concentration in tumor

sites. Nanoniosomes have superiority to other kinds of drug

delivery systems due to biocompatibilities, biodegradation, no

allergic and toxic reactions, and low economic cost.11,12 In our

previous study, we successfully prepared and optimized a

cationic PEGylated niosome containing siRNA and drugs to

combat the drug resistance and decrease the adverse effects.10

Recently, we evaluated and compared the effects of this multi-

functional delivery system on the gene expression and apop-

tosis for the free and single usage of the components. In order

to optimize nanoniosome for improving the loaded siRNA, we

evaluated the different molar ratio of DOTAP. Also, cationic

lipids supplemented with the niosomal formulations improved

the physicochemical properties of niosomes and the transfec-

tion efficiency. The addition of DOTAP caused a decrease in

the vesicle size and polydispersity index, which is associated

with the further reciprocal repel force existing between the

particles with the same charge in suspension system.13–15 To

1.2

1.0

0.8

0.6

0.4

0.2Le
ve

l o
f C

D
C

20
 m

R
N

A

0.0

Blan
k n

ios
om

e
Fr

ee
 D

OX

Fr
ee

 Q
C

Nio-
DOX

Nio-
QC

Con
tro

l

Co-d
eli

ve
ry 

nio
-D

OX/si
RNA

Nio-
siR

NA (
30

0n
M)

Nio-
siR

NA (
10

0n
M)

Fr
ee

 si
RNA (

30
0n

M)

Fr
ee

 si
RNA (

10
0n

M)

Nio-
sc

ram
ble

 si
RNA

****

****

****

****

****
*

****

**

**

Figure 7 Real-time PCR analysis of CDC20 mRNA level in AGS cells transfected by different niosomes. The values were expressed as mean ± SD from three independent

experiments. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. Abbreviations: CDC20, cell division cycle 20; Nio, niosomal; DOX, doxorubicin; QC, quercetin.

Hemati et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
International Journal of Nanomedicine 2019:146582

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


hinder the aggregation of vesicular systems, it would be

necessary to introduce a charge on the surface of the vesicle.

A well-accepted indicator for the size of this barrier is zeta

potential. If all the particles have large enough zeta potential,

they probably repel each other enough that they will not have

the propensity to aggregate.16 The cellular uptake assay was

shown by the addition of DOTAP, which promoted the trans-

fection efficiency of the DOX/QC/siRNA (F5) formula. It has

been implicated that cationic lipids boost the transfection

efficiency of the niosomal formulations.13,14 Our systems

were designed as thermosensitive niosomes that such thermo-

sensitivity was originated from the addition of dipalmitoyl

phosphocholine (DPPC) to the membranes undergoing a gel

to liquid crystalline phase transition at ~42°C. In this tempera-

ture, the hyperthermia occurs which, in turn, triggers the drug

release and improves the passive targeting which eventually

diminishes the adverse effect on the normal cells.17 For the

regulation of normal mitosis and mitotic exit, the degradation

of cyclin B1 by APC/C is needed. Basically, CDC20 acts as a

key regulator of cancer development using the activation of

APC which is responsible for the ubiquitin ligase activity.18,19

The knock-down of CDC20 expression at the transcriptional

and translational levels was the main purpose of the present

study. The overexpression of CDC20 in various tumors has

been associated with invasion, proliferation, and metastasis of

cancer cells.5,7,20,21 Silencing the expression of CDC20 by

small interfering RNA (siRNA) inhibits the growth of solid

tumor of melanoma, pancreatic carcinoma, and prostate

cancer.18,20 Thus, the effective delivery of siRNA to quench

the expression of CDC20 as a potential target for cancer

treatment is of great importance in the treatment of malignant

tumors. DOX, as a common drug used in chemotherapy,

Control Niosome Free DOX

Free siRNAFree QC

Nio-DOX

Nio-QC Nio-CDC20-siRNA

Nio-DOX-QCNio-scramble-siRNA
Nio-DOX-siRNA + Nio-QC

Co delivery Nio-DOX-siRNA Co delivery

Figure 8 Cell apoptosis analyzed with Annexin V-FITC kit following the treatment of cells for 72 hrs. Abbreviations: Nio, niosomal; DOX, doxorubicin; QC, quercetin;

FITC, fluorescein isothiocyanate.
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impedes the growth of cancer cells and induces apoptosis.

Nonetheless, myelosuppression, cardiotoxicity, the premature

inactivation and the elimination of the normal cells can limit

its therapeutic effects.22,23 Consequently, the use of the single

and free DOX in the eradication of cancer cells is ineffective.

Plant-derived chemical compounds have anti-cancer proper-

ties and are widely applied in the treatment of various cancers.

QC is a plant flavonol found in many fruits, vegetables, and

leaves which possess abroad spectrum of pharmacological

effects. It is still unclear the chemosensitizer impact of QC

on cancer cells when co-administrated with the chemothera-

peutic agents. A study by Ramasamy and co-workers on the

co-delivery of DOX and QC by pH-sensitive polypeptide-

based nanocarriers revealed that QC was able to enhance the

cytotoxic effect of DOX significantly and also it induced

marked cell apoptosis. These findings are consistent with the

results obtained in the present study.24 Majumder et al demon-

strated inhibition of CDC20 gene in the melanoma cells by a

liposomal formulation of CDC20siRNA. They found out that

CDC20siRNAwas effective in silencing the expression of the

CDC20 gene in the endothelial and tumor cells both at the

mRNA and protein levels under the in vitro settings. These

results are in agreement with the findings of our studies

reported here.18 Bhunia and colleagues, exhibited the syner-

gistic effect of CDC20siRNA and paclitaxel, employing nano-

metric liposomes, which inhibited xenografted

neuroblastoma.25 The synergistic effects of QC and DOX on

the gene expression of CDC20 have not been fully elucidated

on the gastric cancer cells. This is the first study on the

concomitant effect of CDC20siRNA, QC and DOX on the

suppression of the CDC20 protein in the gastric cancer to the

best of our knowledge. Results of the present research indi-

cated highest level of inhibition of the growth of gastric cancer

cells. In this study, the application of cationic PEGylated

niosome, DOX, QC, and CDC20siRNA could be targeted to

the tumor site under thermosensitive release. In the present

study, at the cellular level, a proper inhibition of CDC20

expression has been achieved at both the transcriptional and

translational levels by CDC20siRNA, respectively. It has been

implied that the specific knockdown of CDC20 expression can

suppress the cell growth of gastric cancer cells. The Co-

delivery Nio-DOX/CDC20siRNA exhibited the highest effi-

ciency in silencing of CDC20 expression confirming that

cationic PEGylated niosomes have high performance for the

delivery of siRNA and the drugs. In detail, DOX is released

from nanoniosomes and intercalated into DNAwhich results

in the induction of DNA damage and activation of p53 gene,

subsequently leading to the suppression of the CDC20

expression.26,27 The flow cytometry analysis represents an

increase in cellular apoptosis rate in AGS cells when DOX

and QC were encapsulated in nanoniosome formulations as

compared to the free forms of the drugs (p<0.05). Likewise,

the apoptosis assay showed that the co-delivery Nio-DOX/

CDC20siRNA with Nio-QC was shown to have the highest

apoptosis rate in gastric cancer cells compared with the free or

single forms of the compounds. This phenomenon might be

correlated to the higher cytotoxicity of the triple combination

therapy in gastric cells. Our study showed that QC did not

affect the silencing expression of CDC20, but it caused an

induction in apoptosis rate and synergistically enhanced the

toxicity effects of DOX. In conclusion, our results exhibited

the controlled-release and synergistic anti-tumor effects of

siRNA/anticancer drugs-containing nanoniosomes, which

can downregulate the CDC20 expression in high efficiency

resulting in synergistic therapeutic response for the elimination

of human gastric cancer.

Conclusion
Our results revealed that the newly synthesized drug and

gene co-delivery system represent combined characteris-

tics of thermosensitive controlled release and synergistic

anti-cancer potentials in vitro. The particle size and zeta

potentials of this designed co-delivery system were suita-

ble to be used for the intratumoral accumulation as it

possessed high cellular uptake due to the electrostatic

interactions with the cell membrane. DOX/CDC20siRNA

provided a new platform for combination therapy to

induce apoptosis and decrease the expression of the

CDC20 protein. Therefore, this thermosensitive co-deliv-

ery system holds a great promise as a therapy option for

the treatment of gastric cancer.
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