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Abstract

Small interfering RNA (siRNA)-based gene therapy has provided an alternative strategy for cancer therapy. One of
the key components within gene therapy process is the delivery system. As a novel non-viral gene vector, DMP,
prepared by modifying mPEG-PCL micelle with cationic DOTAP lipid, has been prepared and successfully applied in
plasmid DNA-based colon cancer gene therapy study. However, its potential in siRNA delivery is unknown. In this
study, the preparation process of DMP was optimized and the anti-cancer efficacies of the DMP/siMcl1 and DMP/
siBcl-xI complexes were studied on a mouse colon cancer model. Our results demonstrated that DMP cationic
micelle-delivered siRNAs could effectively inhibit the growth of C26 colon cancer cells in vitro. Meanwhile, intratumoral
administration of DMP/siMcl1 and DMP/siBcl-xI complexes obviously suppressed subcutaneous tumor model in vivo.

These results suggest the DMP/sIRNA complex to be a potential candidate for cancer gene therapy.
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Introduction

Cancer is a major global public health issue. Colon cancer
is a common malignant tumor, afflicting over a million
people in the worldwide every year [1]. Gene therapy has
been applied to serve as a method for treating solid tu-
mors and blood tumors [2, 3]. The key to cancer gene
therapy depends on the safe and effective gene delivery
system [4, 5]. Non-viral vectors, including cationic lipids,
lipid nanoemulsions, solid lipid nanoparticles, and
polymer-based vectors have gained more attention than
viral vectors for their potential advantages in gene deliv-
ery: easily being prepared, causing less immune response,
possessing lower toxicity, and better biocompatibility [6,
7]. Nanotechnology provides a novel means for the study
of non-viral vectors with advantages including biocom-
patibility, biodegradability, safety and targeting ability, and
so on [2, 8]. Therein, a large number of nanoparticles car-
riers which have high positive charge can combine with
the anionic nucleic acid drug by electric charge effect,
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showing a wide and bright application prospect in gene
therapy [9, 10].

As a type of polymer copolymer, possessing biodegrad-
ability and biocompatibility, PEG/PCL copolymers show
promising applications in drug delivery systems [11-13].
Based on MPEG-PCL micelles, we used amphiphilic
DOTAP to modify MPEG-PCL copolymer in one step,
creating the cationic self-assembled DOTAP and
MPEG-PCL hybrid micelles (DMP) [14—17]. These mi-
celles show a promising prospect in the delivery of
chemical drugs and gene drugs with excellent stability
and safety. For example, DMP has been utilized to de-
liver survivinT34A suicide gene and curcumin for colon
cancer therapy [14, 18]. However, previous studies were
limited to the transmission of plasmid DNA, and there
was no report regarding the delivery of DMP micelles
for other forms of gene therapy until now, which limited
the application of DMP micelles in gene therapy.

Genetic interference based on siRNA is also an essen-
tial part of gene therapy other than therapeutic genes of
plasmid DNA. As an essential member of gene-drug,
siRNA is a small molecule of double-stranded RNA.
siRNA anti-cancer drugs utilize endogenous RNAI
mechanisms to silence oncogene expression. Due to sig-
nificant advantages such as improved stability and
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silencing efficacy, siRNA has the potential to be devel-
oped into cancer therapeutic applications [19]. Com-
pared with the large molecular weight of plasmid DNA,
siRNA has higher transfection efficiency, which is par-
ticularly suitable for the specific gene-targeting point in
gene therapy. Thus, it might be a good choice for gene
therapy. Currently, multiple siRNA treatment drugs
based on non-viral vectors have been tested in clinical
trials, such as CALAA-01 based on cyclodextrin cation
polypolymer nanoparticles and ALN-TTR02 based on
lipids [2]. However, gene therapy based on siRNA is still
needed to develop novel siRNA targeting point and seek
safe, effective, and high-specific delivery carriers of
siRNA.

In this study, we attempted to use DMP micelles to
deliver siRNA to study the efficiency and safety of DMP
micelles to deliver siRNA. We used Bcl-xI siRNA and
Mcll siRNA as a therapeutic target, searching their anti-
tumor effect for treating colon cancer in vitro and in
vivo. Bcl-xl gene and Mcll gene are members of the
Bcl-2 family of the anti-apoptotic gene, and they played
a vital role in inhibiting apoptosis [20, 21]. We guess
that synthetic DMP micelles can effectively and safely
deliver Bcl-xl siRNA and Mcll siRNA. Bcl-xI siRNA and
Mcll siRNA can inhibit Bcl-x] gene and Mcll gene ex-
pression, inducing apoptosis of C26 cells and then
achieving a therapeutic effect of inhibiting the growth of
C26 cells.

Materials and method

Materials

N-[1-(2,3-dioleoyloxy) propyl]-N, N, N-trimethylammonium
methyl sulfate (DOTAP) was purchased from Avanti Polar
Lipids (Alabaster, AL, USA). MPEG-PCL diblock copolymer
with a designed molecular weight of 4000 was synthesized
according to our previous reports [22]. The Mn of
MPEG-PCL copolymer was 4050. Dulbecco’s modified
Eagle's medium (DMEM) and 3-(4,5-dimethythiazo-
1-2-y1)-2,5-diphenyl tetrazolium bromide (MTT) were ob-
tained from Sigma-Aldrich (USA) and used without further
purification. Dichloromethane and other organic solvents
were purchased from ChengDu Kelang Chemical Co., Ltd.
(Chengdu, P. R. China). C26 (murine colon adenocarcinoma)
cells and 293 T (HEK 293 T/17) cells were purchased from
the American Type Culture Collection (Manassas, VA,
USA). Cells were cultured in DMEM supplemented with
10% fetal calf serum, incubating at 37 °C with 5% CO,-humi-
dified air atmosphere.

Preparation of DMP micelles

To select a better DMP preparation process, DMP mi-
celles were prepared in three organic solvents, each solv-
ent with three different dosages of DOTAP. Regarding
solvent, dichloromethane, chloroform, and ethyl acetate

Page 2 of 9

were chosen to study, and the dosages of DOTAP in-
cluded 5mg, 10mg, and 20mg DOTAP and
MPEG-PCL were co-dissolved in the organic solvent
and then evaporated by a vacuum pump to form a dried
film. The dried film was subsequently rehydrated in dis-
tilled water. Finally, the prepared DMP micelles were
stored at 4 °C.

Characterization of DMP micelles

The particle size and zeta potential of DMP micelles
were determined by a Zeta sizer Nano ZS (Malvern In-
struments, Worcestershire, UK) and kept at 25 °C during
the measuring process. All results were the mean of
three runs. The stability of DMP micelles was evaluated
qualitatively. Aggregates of DMP micelles were exam-
ined by naked eye. The presence of precipitation indi-
cated instability of DMP micelles, while a uniformly
transparent solution suggests stability.

Gel retarding

DMP-delivered Scramble siRNA (DMP/Scramble siRNA)
were mixed with 2 pL loading buffer, loaded into 1% agar-
ose gel, and separated by electrophoresis at 140 V for 10
min. 0.2 pug of Scramble siRNA was combined with 1, 2, 3,
4, 5, and 6 pg of DMP micelles. The gel was stained with
the gold viewer, and the bands corresponding to Scramble
siRNA were visualized under a UV light.

Cytotoxicity of DMP micelles

The cytotoxicity of DMP micelles on the 293 T cells and
C26 cells was evaluated by the MTT method. Briefly,
293T cells and C26 cells were plated at a density of 1.2 x
10? cells per well in 100 uL. of DMEM medium contain-
ing 10% FBS (fetal bovine serum) in 96-well plate and
grown for 24 h. Cells were then exposed to a series of
DMP micelles or PEI25K at different concentrations for
72 hours. The viability of cells was measured using an
MTT assay. Results were the mean of six test runs.

In vitro transfection

Twenty-four hours before transfection, C26 cells were
seeded into a 24-well plate at a density of 5 x 10* cells
per well in 0.5 mL. DMEM medium containing 10% FBS
(fetal bovine serum). At the time of transfection, the
medium in each well was replaced with 0.5 mL medium
containing 0%, 10%, 20%, and 30% FBS, and
DMP-delivered FAM  (Carboxyfluorescein) siRNA
(DMP/FAM siRNA) and PEI-delivered FAM siRNA
(PEI/FAM siRNA) containing 1pg of siRNA in
serum-free medium were pipetted into each well, and
the mass ratio of DMP/FAM siRNA and PEI25K/FAM
siRNA were 30:1 and 2:1. Twenty-four hours later, the
transferred cells were observed under microscope and
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luciferase activity was measured by flow cytometry
(Epics Elite ESP, USA)

In vivo gene silencing

siRNA-targeting mouse Bcl-x], Mcl1-1, Scramble siRNA,
and FAM-labeled negative control siRNA were pur-
chased from GenePharma Co., Ltd (Shanghai, P. R.
China) in unprotected, desalted, annealed form.

To determine the level of Bcl-xI mRNA, total RNA
was extracted from C26 cells using TRIzol™ Reagent
(Thermo Fisher Scientific, USA), and individual cDNAs
were synthesized with a SuperScript II reverse tran-
scriptase assay (Invitrogen). Real-time quantitative PCR
was performed with an SYBR GreenER quantitative PCR
SuperMix Universal kit (Invitrogen). The PCR primers
were synthesized by TSINGKE Biological Technology
(Chengdu, P. R. China).

Anti-proliferation study

The anti-proliferation abilities of DMP/siBcl-x] and
DMP/siMcll to C26 cells were evaluated by MTT
method. Briefly, C26 cells were plated at a density of 1.2
x 10° cells per well in 100 uL of DMEM containing 10%
EBS in 96-well plates and grown for 24 h. Cells were
then exposed to a series of DMP/siBcl-xI and DMP/
siMcll at different concentrations for 72 h. The viability
of cells was measured using the MTT method. Results
were the mean of six test runs.

Clone formation study

C26 cells were seeded into 6-well plate at a density of
10? cells per well in 2mL DMEM medium containing
10% FBS. Twenty-four hours later, cells were then ex-
posed to a series of DMP micelles or DMP/Scramble
siRNA and DMP/siBcl-xl and DMP/siMcll at different
concentrations. When the cells grow to a visible clone of
the naked eye, the culture was terminated and followed
by rinsing, fixing, and dyeing. The number of clones was
directly counted, and the inhibition rate was calculated.

In vitro apoptosis study

The cellular apoptosis was observed via Annexin
V-fluorescein isothiocyanate (FITC) and propidium iod-
ide staining. Briefly, C26 cells were seeded into six-well
plates and exposed to a series of DMP micelles, DMP/
Scramble siRNA, DMP/siBcl-xl, and DMP/siMcl1 for 72
hours. Cells were then subjected to Annexin V-FITC
and propidium iodide staining.

In Vivo Tumor Xenograft Study

BALB/c mice of 6-8 weeks old were inoculated with 5 x
10° C26 cells on right flank. DMP/siRNA complexes
equivalent to 10 pg of siRNA were injected intratumo-
rally every other day for 5 treatments since the tumor
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volume reached 100 mm® Mice receiving equivalent
amount of normal saline or DMP were regarded as con-
trol group. Tumor size was measured and animal weight
was monitored every 2 days until all animals were sacri-
ficed. Tumor volume was calculated as (1/2 x length x
width [2]).

Histological analysis
The excised tissues were fixed in 4% neutral-buffered
formalin solution for more than 24 hours and embedded
in paraffin. Sections of the tissues (3—5 pm) were stained
with hematoxylin and eosin. This analysis was performed
following the manufacturer’s protocol, and the samples
were examined with a fluorescence microscope (x 400).
A commercially available TUNEL kit (Promega, Madison,
WI) was used to analyze the apoptotic effects in C26 mouse
melanoma xenograft tumor tissues. This analysis was per-
formed following the manufacturer’s protocol.

Statistical Analysis

Data were expressed as the mean value + SD. Statistical
analysis was performed with one-way analysis of
variance (ANOVA) using SPSS software. For all results,
P < 0.05 was considered to be statistically significant.

Results

Preparation process study

To obtain effective transfection efficiency and low cyto-
toxicity for delivering siRNA, we studied different prep-
aration processes for DMP micelles as shown in Table 1.
In our study, regarding solvents, DMP micelles prepared
by Ethyl acetate were very unstable, and the stable time
of DMP micelles was not more than 10 min. And DMP
micelles prepared by dichloromethane and chloroform
both had excellent stability, and they could stay stable
over 96 hours, except DMP prepared by chloroform with
20-mg dosage of DOTAP. More importantly, they also
had the right size, zeta potential, and PDI. However, by
comparing initial transfection efficiency, the transfection
efficiency of DMP micelles prepared by dichloromethane
was higher than that of DMP micelles prepared by
chloroform. So we selected dichloromethane to prepare
DMP micelles.

DMP micelles prepared by three dosages of DOTAP
had no apparent differences in size, zeta potential,
and PDI, but DMP micelles prepared with a 20-mg
dosage of DOTAP had the highest transfection effi-
ciency in three dosages of DOTAP. Through the
above comparisons, we selected a preparation process
based on DOTAP and MPEG-PCL (Fig. 1la) to pre-
pare DMP micelles with excellent stability and high
transfection efficiency. The preparation scheme of
DMP micelles is presented in Fig. 1b.
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Table 1 The preparation process of DMP micelles

Sample Solvent DOTAP% Size (nm) Zeta potential (mV) PDI Stability
1 Chloroform 20 804 +37.7 0.184 24h

2 10 688 +254 0233 >96h

3 5 836 +236 0.245 >96h

4 Dichloromethane 20 144.8 +464 0315 >9%6h

5 10 138.7 +249 0.163 >96h

6 5 1383 +204 0.153 > 96 h

7 Ethyl acetate 20 / / / <10min
8 10 / / / <10min
9 5 / / / <10 min

Characterization of DMP micelles

As presented in Fig. 1lc, the particle size distribution
spectrum indicated that DMP micelles were nanosized
(PDI = 0.315) with a mean particle size of 144.8 nm, sug-
gesting that it had a very narrow particle size distribu-
tion. The zeta potential spectrum of DMP was presented
in Fig. 1d with a zeta potential of 46.4 mV. The stability
of DMP micelles was evaluated qualitatively.

To evaluate the binding ability of DMP with siRNA, a
gel retardation assay was performed, and the results
were shown in Fig. le. When the mass ratio of DMP to
siRNA was >30, complete retardation of Scramble
siRNA was achieved. The anionic Scramble siRNA was
absorbed on the surface of DMP due to electrostatic
interaction, forming a DMP/siRNA complex.

The cytotoxicity of DMP micelles on C26 cells and
293T cells was evaluated by the MTT method. As shown
in Fig. 1f and g, PEI25K showed high toxicity on 293T
cells, with ICsp 0.83 pg/mL. The DMP micelles, however,
were much less toxic, and the ICsy of DMP was 3.7 pug/

mL. The IC59 of DMP micelles was 0.497 mg/mL on
C26 cells. However, PEI25K showed tremendous toxicity,
with IC50 < 0.1 pg. Thus, DMP micelles had lower cyto-
toxicity than PEI25K and could be used to deliver siRNA
to C26 cells safely.

In vitro transfection

Further to biophysical characterization, we compared
the transfection efficiency of DMP micelles with that of
PEI25K (“gold standard” transfection agent) in vitro. As
shown in Fig. 2, in medium containing 0%, 10%, 20%,
and 30% EBS transfection, DMP micelles had a transfec-
tion efficiency of 85.47 + 1.01%, 81.57 + 2.04%, 75.29 +
1.20 %, and 71.64 + 1.59%, and PEI had a transfection
efficacy of 86.38 + 2.92%. There was little difference in
transfection efficiency between serum group and
non-serum group. And the transfection efficiencies of
serum group and the non-serum group were similar to
the transfection efficiency of PEL Besides, the pictures in
Fig. 2a present a direct observation of the transfection
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Fig. 2 Transfection efficiency of DMP micelles. a Picture of transfected C26 cells (b, ¢) transfection efficiency of DMP micelles in medium containing
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ability of DMP micelles with a FAM-based reporter
gene. From the picture, the cellar morphology of the PEI
group had changed compared with DMP groups, which
proved PEI had high cytotoxicity while DMP micelles
had low cytotoxicity.

Anticancer activity in vitro

In the process of gene therapy, siRNA plays a vital role.
Therefore, we designed a Bcl-xI-targeting siRNA and an
Mcll-targeting siRNA to study their anticancer activity.
To evaluate the interference ability of Bcl-xl siRNA and
Mcll siRNA, we confirmed interference ability of Bcl-xl
siRNA and Mcll siRNA by qPCR. According to our re-
sults (Fig. 3), the mRNA level of the DMP/ siMcll group
was lower than that of the control groups, (Fig. 3a). And
the mRNA level of DMP/ siBcl-xI groups was lower than
that of the control groups, (Fig. 3b). It has been well
demonstrated that DMP/siBcl-xl and DMP/siMCL1 effi-
ciently reduced relevant mRNA level.

Moreover, DMP micelles were used to deliver siRNA
into C26 cells to study that DMP/siBcl-xI and DMP/
siMcll can inhibit the growth of C26 cells. The viability
of the C26 cells was determined by the MTT method.
The results showed the cell survival rates of DMP/
siBcl-xI (50 nM and 100 nM) were 69.6%+3.3% and

56.3%+1.9%, and cell survival rates of DMP/siMcl1(50
nM and 100 nM) were 82.8%+3.1% and 56.3%+3.2%
(Fig. 3e).

For studying further on anticancer activity of DMP/
siBcl-xI and DMP/siMcll, clone formation assay was
performed. It was obviously shown that in Fig. 3c and d,
compared with the control group, the numbers of clones
in DMP/siBcl-xI and DMP/siMcll (50 nM and 100 nM)
were less. These results suggested that DMP/siBcl-xl and
DMP/siMcll had an obvious anti-proliferation effect on
C26 cells. Thus, combining the results of the MTT assay,
the results demonstrated that DMP/siBcl-x] and DMP/
siMcll could inhibit proliferation of C26 cells and have a
prominent anticancer activity on C26 cells.

To determine whether DMP/siBcl-xI- and DMP/siM-
cll-induced loss of proliferation capacity and cell viabil-
ity of DMP micelles were associated with the induction
of apoptosis, the numbers of apoptotic cells were
assessed by flow cytometry. As shown in Fig. 3f, the
apoptosis rates of DMP/ siMcll group were 37.9% +
4.7%, which was higher than that of the control group
and DMP group and DMP/Scramble siRNA group. As
shown in Fig. 3g, the apoptosis rate of DMP/siBcl-xl
group was 33.0% + 3.8%, which was also higher than that
of other control groups. These apoptosis data indicated
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of clone formation after treatment with DMP/ siBcl-xl of different concentration of siBcl-!

that DMP/ siMcll and DMP/ siBcl-xl had a strong
apoptosis-inducing ability. The apoptosis assay results
were consistent with the MTT results, and clone forma-
tion results described earlier, suggesting that inducing
apoptosis is a possible mechanism for inhibiting the pro-
liferation and viability of C26 cells.

DMP/siRNA complex inhibit C26 tumor growth in vivo

A C26 xenograft animal model was also utilized to test
the antitumor efficacy of DMP/siRNA complex in vivo.
The tumor growth curves and images of C26 xenograft
tumors of each group are presented in Fig. 4a and b.
According to our results, intratumoral injection of
DMP/siMcll and DMP/siBcl-xl resulted in a significant

inhibition of xenograft tumor growth compared with
control groups. The weight of the tumors in each group
is presented in Fig. 4b. Comparing with NS treatment
group (0.85 + 0.09g) and DMP group (0.76 + 0.11g),
DMP/siMcll complex caused a statistically significant
reduction in tumor weight (0.34 + 0.06 g, P < 0.01), and
meanwhile, DMP/siBcl-xl complex caused a statistically
significant reduction in tumor weight (0.42 + 0.08 g,
P < 0.01). These results suggest that intratumoral injec-
tion of DMP/siRNA complex could efficiently inhibit
the growth of subcutaneous xenograft of C26 colon
cancer model. The in vivo side effects of DMP/siRNA
complex on other organs were examined through HE
analysis. As shown in Fig. 4, no significantly
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pathological changes in the heart, liver, spleen, lung, or
kidney were observed.

Discussion

In this study, cationic self-assembled DOTAP and
MPEG-PCL hybrid micelles were prepared to deliver
Bcl-xl siRNA and Mcll siRNA for treating C26 colon
cancer. These DMP micelles had excellent stability and
were able to effectively combine and transmit Bcl-xI
siRNA and Mcll siRNA to C26 cells. More importantly,
DMP micelles unprecedentedly delivered siRNA (Bcl-xl
siRNA and Mcll siRNA) and could effectively induce
the apoptosis of C26 cells, resulting in inhibiting the
growth of C26 cells both in vitro and in vivo with high

safety. Collectively, our study suggested that DMP is a
potential gene delivery carrier for siRNA.

There are reports of that cationic lipid DOTAP have been
widely applied for delivery of siRNA, but it engenders
strong positive charges triggering hemolysis and had high
cytotoxicity. Based on DOTAP cationic liposomes with high
transfection efficiency, but their positive charges would pro-
duce toxicity, the reason may be that quaternary ammo-
nium salt head of DMP with positive charges was exposed
on the surface of the liposome phospholipid bilayer. How-
ever, DMP micelles based on DOTAP lipid had high trans-
fection and low cytotoxicity. We speculated that in micelles
self-assembled process, DOTAP was embedded inside the
polymer nanoparticles, of which quaternary ammonium salt
head was not completely exposed on the surface. Thus the
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partial positive charges were masked; in the meantime, our
results also show that the transfection efficiency of DMP
micelles was not low compared with the transfection effi-
ciency of PEI25K. It suggested that the positive charges of
DOTAP after being covered were still partially exposed,
showing proper potential, and this level of potential was
proved to be sufficient to combine and transmit siRNA.
Furthermore, our results indicated that DMP micelles based
on MPEG-PCL is an effective and safe gene delivery carrier,
which has been optimized for the cytotoxicity of DOTAP
and retains the gene transmission capacity of DOTAP. And
a similar study had reported that the cytotoxicity of DOTAP
was reduced after being combined with other materials
[23]. Recently a novel vector consisting of DOTAP and
SWNT had lower cytotoxicity in siRNA delivery compared
with lipofectamine [8]. LPNs which are prepared
DOTAP-PLGA micelles by using a double-emulsion solvent
evaporation (DESE) method resulted in nano-sized carriers
[24-26]. These studies agreed well with that described in
our research and made our conjecture more convincing to
a certain extent.

The delivery efficiency of the gene transfer vector is
highly influenced by serum. The serum proteins in the
serum could neutralize the positive charges on the sur-
face of the nanocarrier/siRNA complexes, which was af-
fected by the electrostatic effects on the surface of cells
with negative charges [27-29].

In our study, when we studied the transfection effi-
ciency of DMP micelles, we set up a series of DMEM
medium containing 0%, 10%, 20%, and 30% FBS for
transfection, investigating the effect of serum on the
transfection efficiency of loaded FAM siRNA nanoparti-
cles. Our results showed the presence of FBS had little
impact on transfection efficiency. In this article, we used
MPEG-PCL to cover DOTAP, and DOTAP was embed-
ded inside MP with some parts left on the surface in a
proper proportion. Based on this structure, we specu-
lated that the positive charges of the DOTAP were par-
tially hidden due to the cover of MPEG-PCL, which
decreased the level of exposing to serum proteins, so the
effect of serum on transfection was avoided. It implied
that besides the reduced surface charges of cationic car-
riers after modification, the presence of serum transfec-
tion had little effect on the efficiency of the cationic
polymer carrier. Due to the excellent transfection cap-
acity in serum environment demonstrated by DMP mi-
celles in vitro, it suggested that the serum had little
affection for DMP-mediated siRNA delivery in vitro cell
experiment.

Conclusion

In this study, the prepared DMP micelles had the cap-
acity for delivering siRNA. And DMP micelles were used
to deliver Bcl-xl siRNA and Mcll siRNA into C26 cells
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for anti-cancer activity study in vitro. We investigated
the preparation process for DMP micelles and selected
an excellent preparation process to prepare DMP mi-
celles with narrow size, good zeta potential, and excel-
lent stability. Besides, the prepared DMP micelles were
not affected by the presence of serum in vitro transfec-
tion experiment. More importantly, DMP/siBcl-x] and
DMP/siMcll can inhibit Bcl-xl gene and Mcll gene ex-
pression, inducing apoptosis of C26 cells and then
achieving a therapeutic effect of inhibiting the growth of
C26 cells. Intratumoral injection of DMP/siRNA com-
plex could efficiently inhibit the growth of subcutaneous
xenograft of C26 colon cancer model. No significantly
pathological changes in the heart, liver, spleen, lung, or
kidney were observed. It is believed that DMP micelles
can be considered as an effective carrier to deliver
siRNA for treating colon cancer.

Abbreviations

DOTAP: N-[1-(2, 3-dioleoyloxy) propyll-N, N, N-trimethylammonium methy!
sulfate; mPEG-PCL: Methoxypoly (ethylene glycol) Poly (caprolactone);
MTT: 3-(4, 5-dimethythiazol-2-yl)-2,5-diphenyl tetrazolium bromide;

SiRNA: Small interfering RNA

Acknowledgements

We thank Personalized Drug Therapy Key Laboratory of Sichuan Province,
Sichuan Provincial People’s Hospital in providing both bacterial samples and
related knowledge.

Funding

This work was supported by the National Natural Science Foundation
(NSFC81502677), the Key Technologies R&D program of Sichuan Province
(2015FZ0040), Sichuan Academy of Medical Sciences & Sichuan Provincial
People’s Hospital Foundation (2016QN08), Sichuan Provincial People’s
Hospital Foundation (2016QN03), Chengdu science and technology
development project (2016-HM01-00438-SF), The National Key Specialty
Construction Project of Clinical Pharmacy (30305030698).

Availability of data and materials

Both authors declare that the materials, data, and associated protocols are
available to the readers, and all the data used for the analysis are included in
this article.

Authors’ contributions

YL, LZ, YZ, GZ carried out the sample preparation, experimental
measurements; ZJ, HP, LB carried out data analysis and discussed the data
with collaborators; RT, JS, XD initiated the research concept, defined the
scope, participated in the research data analysis and discussions, and revised
the manuscript. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Pharmacy College, Chengdu university of Traditional Chinese Medicine and
The Ministry of Education Key Laboratory of Standardization of Chinese
Herbal Medicines of Ministry, State Key Laboratory Breeding Base of
Systematic research, development and Utilization of Chinese Medicine
Resources, Chengdu 611137, Sichuan, China. 7Departmem of Pharmacy,
Sichuan Academy of Medical Sciences & Sichuan Provincial People’s Hospital,
Personalized Drug Therapy Key Laboratory of Sichuan Province, School of



Lu et al. Nanoscale Research Letters

(2019) 14:193

Medicine, University of Electronic Science and Technology of China,
Chengdu 610072, China. *Sylvester Comprehensive Cancer Center University
of Miami, Miami, USA. *Sichuan Academy of Medical Sciences & Sichuan
Provincial People’s Hospital, Chengdu 610072, China. *State Key Laboratory
of Biotherapy and Cancer Center, West China Hospital, West China Medical
School, Sichuan University, Chengdu, People’s Republic of China.

Received: 30 January 2019 Accepted: 17 April 2019
Published online: 04 June 2019

REFERENCES

1.

20.

21.

22.

23.

24,

25.

Siegel R, Ma J, Zou Z, Jemal A (2014) Cancer statistics, 2014. CA Cancer J Clin
64.9-29

Yin H et al (2014) Non-viral vectors for gene-based therapy. Nat Rev Genet
15:541

Men K et al (2017) CRISPR/Cas9-mediated correction of human genetic
disease. Sci China Life Sci 60:447-457

Senapati S, Mahanta AK, Kumar S, Maiti P (2018) Controlled drug delivery
vehicles for cancer treatment and their performance. Signal transduction
and targeted therapy 3(7)

Chen H, Liu H, Qing G (2018) Targeting oncogenic Myc as a strategy for
cancer treatment. Signal transduction and targeted therapy 3(5)

Ramamoorth M, Narvekar A (2015) Non viral vectors in gene therapy-an
overview. J Clin Diagn Res 9.GEQ1

Mintzer MA, Simanek EE (2008) Nonviral vectors for gene delivery. Chem Rev
109:259-302

Davis ME et al (2010) Evidence of RNAi in humans from systemically
administered siRNA via targeted nanoparticles. Nature 464:1067

Semple SC et al (2010) Rational design of cationic lipids for siRNA delivery.
Nat Biotechnol 28:172

Duan X et al (2018) Co-delivery of Aurora-A inhibitor XY-4 and Bcl-xI siRNA
enhances antitumor efficacy for melanoma therapy. Int J Nanomedicine 13:
1443

Monopoli MP, Aberg C, Salvati A, Dawson KA (2012) Biomolecular coronas
provide the biological identity of nanosized materials. Nat Nanotechnol 7:779
Wei X et al (2009) Biodegradable poly (e-caprolactone)-poly (ethylene
glycol) copolymers as drug delivery system. Int J Pharm 381:1-18

Gou M et al (2011) PCL/PEG copolymeric nanoparticles: potential
nanoplatforms for anticancer agent delivery. Curr Drug Targets 12:1131-1150
Duan X et al (2012) Treating colon cancer with a suicide gene delivered by
self-assembled cationic MPEG-PCL micelles. Nanoscale 4:2400-2407

Men K et al (2018) Local and systemic delivery of interleukin-12 gene by
cationic micelles for cancer immunogene therapy. J Biomed Nanotechnol 14:
1719-1730

Men K et al (2018) Delivery of interleukin-22 binding protein (IL-22BP) gene
by cationic micelle for colon cancer gene therapy. RSC Adv 8:16537-16548
Men K et al (2018) Delivery of modified mRNA encoding vesicular stomatitis
virus matrix protein for colon cancer gene therapy. RSC Adv 8:12104-12115
Gou M et al (2011) Curcumin-loaded biodegradable polymeric micelles for
colon cancer therapy in vitro and in vivo. Nanoscale 3:1558-1567

Young SWS, Stenzel M, Jia-Lin Y (2016) Nanoparticle-siRNA: a potential
cancer therapy? Crit Rev Oncol Hematol 98:159-169

Gong J-N et al (2016) Hierarchy for targeting prosurvival BCL2 family
proteins in multiple myeloma: pivotal role of MCL1. Blood 128:1834-1844
Wensveen FM, Alves NL, Derks IA, Reedquist KA, Eldering E (2011) Apoptosis
induced by overall metabolic stress converges on the Bcl-2 family proteins
Noxa and Mcl-1. Apoptosis 16:708-721

Gou M et al (2009) Self-assembled hydrophobic honokiol loaded MPEG-PCL
diblock copolymer micelles. Pharm Res 26:2164-2173

Yan J, Korolev N, Eom KD, Tam JP, Nordenskiéld L (2011) Biophysical
properties and supramolecular structure of self-assembled liposome/e-
peptide/DNA nanoparticles: correlation with gene delivery.
Biomacromolecules 13:124-131

Diez S, Navarro G, de ILarduya CT (2009) In vivo targeted gene delivery by
cationic nanoparticles for treatment of hepatocellular carcinoma. The
Journal of Gene Medicine: A cross-disciplinary journal for research on the
science of gene transfer and its clinical applications 11:38-45

Te Boekhorst BC et al (2012) MRI-assessed therapeutic effects of locally
administered PLGA nanoparticles loaded with anti-inflammatory siRNA in a
murine arthritis model. J Control Release 161:772-780

26.

27.

28.

29.

Page 9 of 9

Jensen DK et al (2012) Design of an inhalable dry powder formulation of
DOTAP-modified PLGA nanoparticles loaded with siRNA. J Control Release
157:141-148

Kim JK et al (2003) Enhancement of polyethylene glycol (PEG)-modified
cationic liposome-mediated gene deliveries: effects on serum stability and
transfection efficiency. J Pharm Pharmacol 55:453-460

von Muhlen MG, Brault ND, Knudsen SM, Jiang S, Manalis SR (2010) Label-
free biomarker sensing in undiluted serum with suspended microchannel
resonators. Anal Chem 82:1905-1910

Vaisocherova H et al (2008) Ultralow fouling and functionalizable surface
chemistry based on a zwitterionic polymer enabling sensitive and specific
protein detection in undiluted blood plasma. Anal Chem 80:7894-7901

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Abstract
	Introduction
	Materials and method
	Materials
	Preparation of DMP micelles
	Characterization of DMP micelles
	Gel retarding
	Cytotoxicity of DMP micelles
	In vitro transfection
	In vivo gene silencing
	Anti-proliferation study
	Clone formation study
	In vitro apoptosis study
	In Vivo Tumor Xenograft Study
	Histological analysis
	Statistical Analysis

	Results
	Preparation process study
	Characterization of DMP micelles
	In vitro transfection
	Anticancer activity in vitro
	DMP/siRNA complex inhibit C26 tumor growth in vivo

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Publisher’s Note
	Author details
	REFERENCES

