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Abstract: Gastric cancer, a high-risk malignancy, is a genetic disease developing from
a cooperation of multiple gene mutations and a multistep process. Gene therapy is a novel
treatment method for treating gastric cancer. Here, we developed a novel Arg-Gly-Asp
(RGD) peptides conjugated copolymers nanoparticles-based gene delivery system in order
to actively targeting inhibit the growth of gastric cancer cells. These transcription factor
(AP-2a) expression plasmids were also encapsulated into pluronic triblock copolymers
nanoparticles which was constituted of poly(ethylene glycol)-block-poly(propylene glycol)-



Int. J. Mol. Sci. 2015, 16 16264

block-poly(ethylene glycol) (PEO-block-PPO-block-PEO, P123). The size, morphology and
composition of prepared nanocomposites were further characterized by nuclear magnetic
resonance (NMR), transmission electron microscopy (TEM) and dynamic light scattering
(DLS). In MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium bromide) analysis,
these nanocomposites have minor effects on the proliferation of GES-1 cells but significantly
decreased the viability of MGC-803, suggesting they own low cytotoxicity but good
antitumor activity. The following in vivo evaluation experiments confirmed that these
nanocomposites could prevent the growth of gastric cancer cells in the tumor xenograft mice
model. In conclusion, these unique RGD peptides conjugated P123 encapsulated AP-2a
nanocomposites could selectively and continually kill gastric cancer cells by over-expression
of AP-2a in vitro and in vivo; this exhibits huge promising applications in clinical gastric
cancer therapy.
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1. Introduction

Gastric cancer, a high-risk malignancys, is a genetic disease developing from a cooperation of multiple
gene mutations and a multistep process [1-3]. Gene therapy as a novel treatment method has achieved
improvements over past decades, particularly for treating malignant cancer [4,5]. However, there are
still some unsolved problems, limiting the further development of gene therapy for malignant cancer.
Thus, it is crucial to choose an appropriate target therapy gene such that the effects of gene therapy are
limited to cancer cells. Recently, several preliminary studies of targeted genes in gastric cancer have
been performed [6—8]. However, a lack of suitable target genes is still the major obstacle for gene therapy
of gastric cancer.

Activating protein 2 family (AP-2) is a sequence-specific DNA-binding transcription factor [9]. These
factors are required for normal growth and morphogenesis during mammalian development and are
expressed in neural crest lineages and regulated by retinoic acid [10,11]. Recent studies have shown that
AP-2a can regulate cell function by targeting related cancer genes such as the ErbB2 proto-oncogene,
the cell-cycle control gene cyclin-dependent kinase inhibitor 1A (CDKNIIA), and the cell adhesion
and invasion genes matrix metallopeptidase 2 (MMP-2), matrix metalloproteinase 9 (MMP-9) and
pseudoautosomal-1 (PAR-1) [12]. The over-expression of the AP-2a protein can inhibit the expression
of Bcl-2 protein, stimulate the bax/cytochrome/Apafl/caspase-9 signaling pathways, and finally induce
apoptosis in tumor cell. In addition, the AP-2a protein can enhance the efficacy of chemotherapy drugs
against tumors [13,14]. Previous studies not only observed a clear inhibition of tumor growth in mice
pancreatic cancer tumor model, but also found that the efficacy of gemcitabine is enhanced by
up-regulating the expression of AP-2a protein [15]. Based on our robust previous studies, 41 pairs of
primary gastric cancer tissues including tumor tissues and tumor-adjacent tissues were selected to
investigate the differences in expression of AP-2a protein by real time-PCR and Western blotting.
The results showed that the expression of AP-2a in tumor tissue was dramatically lower than that in
tumor-adjacent tissue [16]. Moreover, after up-regulating AP-2a expression in gastric cancer cells by
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transfection, our study revealed that these gastric cancer cells’ growth could be inhibited, and finally
result in cell apoptosis (data not shown) [17].

In previous research [18], the lentivirus was normally employed to regulate the expression of target
gene. However, the major drawback for lentivirus, as one of the viral vectors, is the lack of specificity,
which increases the risk of inadvertent germline gene transfer after gene therapy, and also raises
additional safety and ethical concerns. The rapid development of nanotechnology provides promising
approaches for designing delivery system. Polymer micelle is one of the most promising nanoscale
delivery system because of their good biocompatibility and biosafety. Furthermore, they also exhibit a
prolonged circulation time in the blood owing to their evading scavenging ability by the mononuclear
phagocyte system (MPS) [19], avoiding the reticuloendothelial system (RES) and renal clearance
stem from the hydrophilic micelles shell. Therefore, polymer micelles are considered to be an excellent
delivery system for gene therapy. So far, some natural or synthetic block copolymers have been
employed to form polymeric micelle delivery system based on poly(ethyleneoxide) (PEO) as the
water-soluble block [20-22]. Among them, poly(ethyleneglycol)s-block-poly(propylene glycol),-block-
poly(ethylene glycol)x(PEOx-block-PPO,-block-PEQOx, known commercially as Pluronics or Poloxamers)
triblock copolymers have been commonly used for solubilization of hydrophobic anti-neoplastic drugs in
a variety of molecular weights and EO/PO ratios [23]. Since 2010, our group has developed a novel
carboxyl-functionalized Pluronic P123 triblock copolymers [24]. Herein, we are aim to evaluate the
feasibility of using those RGD peptides conjugated Pluronic P123 triblock copolymers as a novel
delivery AP-20. gene expression plasmid nanosystem (RGD@P123@AP-2a) instead of lentivirus for
gastric cancer treatment.

2. Results and Discussion
2.1. Characterization of RGD@P123@AP-20. Nanocomposites

As shown in Figure 1A, all of freshly prepared RGD@P123@AP-2a nanocomposites were spherical
in shape, and have coarse surface, whereas the average diameter is about 50 nm, which was confirmed
by the high-resolution TEM image (HR-TEM) (Figure 1B). Furthermore, the *C and '"H NMR spectrum
of P123 were also shown in Figure 1C,D, respectively. According to the '*C NMR spectrum in
Figure 1C, the signal at 17.30, 18.74, 61.6, 65.79, 70.50, 72.80, 75.0 and 175.4 ppm are assigned to —CH3,
—CH2—, -CH2>-OH, —CN, EO-CH>—CH>—, PO—CH2—, PO—CH- and —COOH groups, respectively. As a
supplementary, the 'H NMR gives a further detailed formation conform of P123. The mean diameter
and particle size distribution of these nanocomposites were determined by dynamic light scattering
(DLS) measurement. As shown in Table 1, the mean sizes of blank copolymer P123, P123@AP-2a and
RGD@P123@AP-2a were 19.3 + 1.5, 21.2 + 2.0 and 23.5 + 2.1 nm, respectively. The hydrodynamic
particle size of the gene-loaded micelles is understandably larger than the blank micelles, probably due
to the incorporation of large and bulky biomolecules within the core. Moreover, these as-prepared
RGD@P123@AP-20. nanocomposites can be easily dispersed in water to form a stable dispersion,
and is very stable within almost three months.
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Table 1. Values of different copolymer sizes loaded with RGD or AP-2a. stored at 4 °C for

different time intervals, respectively (n = 16).

Group Original Size Stored at 30 Days Stored at 90 Days
P123 193+ 1.5 nm 20.1 £2.1 nm 21.4+2.3 nm
P123@AP-2a 21.2+2.0 nm 22.5+3.1 nm 23.3£2.5nm
RGD@P123@AP-2a.  23.5+2.1 nm 23.8+2.3 nm 25.3+3.2nm
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Figure 1. (A) Transmission electron microscopy (TEM) and (B) High resolution (HR)-TEM
images of as-prepared RGD@P123@AP-2a nanocomposites; The (C) '*C and (D) 'H NMR

spectrum of P123.
2.2. In Vitro Release of AP-20. Expression Plasmids from RGD@P123 Nanocomposites

Figure 2A showed that the in vitro release ratio of both P123@AP-20 and RGD@P123@AP-2a
nanocomposites is similar, but quicker than that of the naked AP-2a expression plasmid, which may
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result from “relaxation switch” effect [25]. Furthermore, both P123@AP-2a and RGD@P123@AP-2a
nanocomposites exhibited a substantial burst release during the first 36 h incubation in phosphate buffer
solution (PBS) buffered saline. The accumulative ratio of AP-2a expression plasmids released from P123
and RGD@P123 nanocomposites is 65.1% + 3.1% and 72.1% =+ 2.3% after incubation for 36 h. It was
proposed that a slow release of AP-2a expression plasmids in either P123 or RGD@P123
nanocomposites could sustainably release after a burst phase over 11 days compared with naked AP-2a
expression plasmids. It has been shown that P123 present on the surface of nanoparticles may function
as a steric barrier that limits diffusion and release of AP-2a expression plasmids from the nanoparticles,
suggesting P123 nanoparticles could provide a long period of releasing AP-2a expression plasmids

in the body. Additionally, the encapsulation efficiency (ee) value of our prepared P123 naoncomposites
18 67.4% + 2.1%.
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Figure 2. (A) Control release profiles of Activating protein 2a family (AP-2a) expression
plasmids form RGD modified P123 nanoparticles; (B) mRNA and (C) protein expression
level of AP-2a gene in GES-1 and MGC803 cells after incubation with RGD@P123@AP-2a
nanocomposites; (D) MTT analysis of GES-1 and MGCS803 cells after incubation with
phosphate buffer solution (PBS), P123@AP-2a and RGD@P123@AP-2a nanocomposites,
respectively. * p <0.05, ** p <0.01.
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The biological activity of AP-2a expression plasmids is the key point for following research,
especially after encapsulation into our prepared copolymers nanoparticles. Thus, the AP-2a mRNA
and protein level in GES-1 cells and MGCS803 cells after incubating with RGD@P123@AP-2a
nanocomposites were analyzed by RT-PCR and western-blotting. As shown in Figure 2B,C, both mRNA
and protein levels of AP-2a in MGC803 cells were significantly up-regulated after treatment with
RGD@P123@AP-20. nanocomposites compared those in the blank group, while GES-Icells also
exhibited a similar increase of AP-2a expression after RGD@P123(@AP-2a nanocomposites treatment.

2.3. The Biocompatibility and Antitumor Activity of RGD@P123@AP-2a. Nanocomposites

To further determine whether RGD@P123@AP-2a nanocomposites were suitable for gene therapy
in the biological environment, we used MTT analysis to evaluate their cytotoxicity in vitro. MTT analysis
data in Figure 2D shows that the cell viability of 293T cells cultured with RGD@P123@AP-2a
nanocomposites was similar to blank group within both 24, 36 and 48 h. It is suggested that
RGD@P123@AP-2a nanoclusters only cause minor cytotoxicity for normal cells, in accordance with
previous published results that both coploymers nanoparticles possess good biocompatibility. However,
there is significant inhibition of gastric cancer MGC803 cells’ proliferation after co-culturing with
RGD@P123@AP-2a for 36 and 48 h (shown in Figure 2D). This can be concluded that our prepared
RGD@P123@AP-2a causes antitumor activity by up-regulating AP-2a protein expression in gastric
cancer cells. Meanwhile, P123@AP-2a group also exhibited a toxic effect for MGC803 cells, which
could be ascribed to the non-specific interaction with cellular receptors after a long incubation time.

Expression of some related proteins in the tumor tissue can reflect the potential mechanism of AP-2a
in gene therapy. As shown in Figure 3, Bcl-2, caspase-3, ErbB2 and p21VAF/CIPl protein expression level
in the primary gastric cancer model were determined by Western blotting (Figure 3). The result showed
that the up-regulation of AP-2a expression could inhibit the protein expression level of Bcl-2 and ErbB2,
but increase the protein expression level of caspase-3 and p21WAFI/CIPL

2.4. AP-20. Expression Attenuated Gastric Tumor Growth in Nude Mice

A primary gastric tumor animal model was established in order to access the in vivo antitumor activity
of our prepared RGD@P123@AP-20 nanocomposites. As shown in Figure 4A, the tumor growth curve
of both P123@AP-20 and RGD@P123@AP-2a presented a smaller final tumor size than that in the PBS
group. Notably, tumors treated with RGD@P123@AP-2a nanocomposites showed significantly reduced
final tumor weights with a 64.8% lose than those in the control group (Figure 4B). Moreover, owing to
their nanoscale size (shown in Table 1), the P123@AP-2a group also exhibited an antitumor activity by
the enhanced permeability and retention (EPR) effect.

3. Experimental Section

3.1. The Preparation of Carboxyl-Functionalized Pluronic P123 Copolymer Filled with AP-2a.

Expression Plasmid

The AP-2a protein expression plasmid (pCMV6-AP-2a)) was constructed in our lab. The AP-2aCDS
region was amplified by polymerase chain reaction with KOD-Plus-Ver.2 (TOYOBO Co., Ltd., Osaka,
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Japan) according to the manufacturer’s protocol. The sequence of the cloned AP-2a CDS region was

confirmed by DNA sequencing.
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Figure 3. Western blotting analysis the changes of and other gastric cancer-associated
proteins including (A) Bcl-2; (B) Caspase-3; (C) ErbB2; and (D) p21WVAFVCIPL jn GES-1
and MGCS803 after incubation with RGD@P123@AP-20 nanocomposites, respectively.
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P123 nano micelles were prepared using the thin-film hydration method as described previously [24].
Briefly, the carboxyl-functionalized Pluronic P123 copolymer was prepared using a reaction mixture
containing nitrile-functionalized copolymer Pluronic P123, NaOH, and ultrapure water in a round
bottomed flask, the mixture was pre-stirred for 2 h in order to make a well-mixed phase and a pre-reaction,
then the mixture was heated to 105 °C for 7 h under a congealed refluxing condition. After cooling,
the mixture was extracted by dichloromethane and the organic phase was dehydrated over excessive
anhydrous Na>SO4 and concentrated by rotary evaporation. The crude product was washed several times
with ligarine (bp. 35-60 °C). The resulting product was dried in a vacuum oven at 25 °C for 3 days. The
resulting activated micelles were covalently linked to RGD cycle pipetides (1% weight compared with
polymer concentration) via 1-ethyl-3-[3-dimethylaminopropyl] carbodiimide hydrochloride (EDC)
mediated coupling reaction. The peptide sequence is cycle (Arg-Gly-Asp-d-Phe-Lys) (c(RGDfK)).
Then, 100 mM AP-2a protein expression plasmid, and 50 mM RGD-functionalized copolymer Pluronic
P123 were dissolved in methyl cyanides under the help of ultrasonic treatment, and dried in
a rotary evaporator at reduced pressure to form a thin-film layer, which was re-suspended in 1 mL
ultrapure water containing 5% trehalose until completely hydrated.

The encapsulation efficiency (ee) of AP-2a protein on P123 copolymer was calculated by this
equation: ee = (0OD260 of pre-encapsulation — OD260 of post-encapsulation)/OD260 of pre-encapsulation.
These as-prepared productions were characterized by SEM, TEM, NMR and DLS.

3.2. Cells and Cell Culture

The SV40-transformed immortal gastric epithelial cell GES-1 were preserved in our institute and
maintained as recommended. The gastric cancer cell line MGC803 was obtained from the Chinese
Academy of Sciences Cell Bank of Type Culture Collection and kept in our laboratory. All cell lines
were cultured in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% fetal calf serum
(FCS) (Sigma Chemical, St. Louis, MO, USA), 100 units/mL penicillin and 0.1 mg/mL streptomycin.
The cells were maintained at 37 °C in a humidified chamber with 5% COx.

3.3. In Vitro Release of AP-20. Protein Expression Plasmids from Nanoclusters

These as-prepared productions were incubated at 37 °C in PBS buffer with adding lysosomes at pH 4.7,
respectively. Release of AP-2a protein expression plasmids was monitored at several time intervals
including 0, 6, 18, 36, 96, 120 and 264 h. At each sampling time, the coploymers suspension was
centrifuged for 15 min at maximum speeds. The supernatant was removed for determination of siRNA
content, and an equal volume of PBS was replaced for continued monitoring of AP-2a plasmids release.
The content of DNA in the aqueous solution was measured by Quant-iT™ Picogreen™ assay according
to the manufacturer’s instructions (Invitrogen, Waltham, MA, USA).

3.4. MTT Analysis

A modified MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide) test, in which the
yellow MTT is reduced to a purple formazan by mitochondrial dehydrogenase in cells, was normally
used to assess the cytotoxicity of nanomaterials. After 24, 36 and 48 h incubation with PBS buffer, P123,
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P123@AP-2a and RGD@P123@AP-2a nanocomposites, the viability of GES-1 cells and MGCS803
cells were assessed, respectively. Briefly, GES-1 and MGC803 cells were washed three times with
culture medium. The culture medium in each well of the plate was added 100 pL MTT
(5 mg/mL in PBS). After 4 h incubation at 37 °C, the reaction solution was carefully removed from each
well and 200 pL dimethyl sulfoxide was added. The plates were gently agitated until the formazan
precipitate was dissolved, followed by measurement of OD values by spectrophotometry at 490 nm with
an EI1X-800 Microelisa reader (Bio-Tek Inc., Winooski, VT, USA).

3.5. In Vitro Evaluation of RGD@P123@AP-2a Nanocomposites

In a typical experiment, both GES-1 and MGCS803 cells were treated with and without
RGD@P123@AP-2a nanocomposites. Total cellular RNA was isolated using the extraction kit (Qiagen
Co., Hilden, Germany), according to the manufacturer’s instructions. The total RNA was subjected to
reverse transcription with an oligo-dT primer to obtain ¢cDNA. Primers were designed and used
according to our previous works [26,27]. After extracting total cellular protein by repeating the same
step, the protein level of related gene Bcl-2, caspase-3, ErbB2, p21"4F1/CIPI and reference gene
[-actin in cells were analyzed by Real-time PCR (RT-PCR) and Western blotting, respectively.
[-Actin was used as the normalized control.

3.6. Establishment of Animal Models

All animal studies complied with current ethical considerations with the approval of the Institutional
Animal Care and Use Committee of Shanghai. Mice were obtained from the Experimental Animal center
of Chinese Academy of Sciences, Shanghai, China. Female BALB/c mice 4-6 weeks old were
subcutaneously injected in the right side of the back with 1 x 10® MGC803 cells/mouse. PBS buffer,
P123@AP-20 and RGD@P123@AP-20 nanocomposites were tail vein-injected into mice. Tumor
volumes were measured every 6 days for tumor growth post-injection and recorded at each measured
point. Mice were killed 18 days after injection of cells and tumor weights were recorded. Tumor growth
inhibition rate was calculated as follows: percentage of tumor growth inhibition = (1 — M1/Mc) x 100%,
where Mt and Mc represent the mean tumor masses in treatment and control groups, respectively.

3.7. Statistical Analysis

All statistical analyses were carried out using the SPSS 17.0 statistical software package. Each
experiment was performed independently at least twice with similar results. p < 0.05 in all cases was
considered statistically significant.

4. Conclusions

In this study, we successfully prepared novel RGD@P123@AP-2a nanocomposites for gastric cancer
gene therapy and evaluated its antitumor activity in vitro and in vivo. The characterization
of freshly prepared RGD@P123@AP-20 nanocomposites exhibited low cytotoxicity, highly dispensability
and good stability. Moreover, these as-prepared RGD@P123@AP-2a nanocomposites could encapsulate
and protect AP-2a expression plasmids, and demonstrate a favorable gene release kinetic in vitro. These
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RGD@P123@AP-20 nanocomposites enable us to significantly inhibit gastric cancer cells growth
in vitro and in vivo by up-regulating AP-2a protein expression. This not only provides a feasible
nanomedicine for gastric cancer treatment, but also paves a novel pathway for treating other cancers in
the future.

Acknowledgments

This project was supported by the National 863 Hi-tech Project (2015AA033703), Specialized
Research Fund for the Doctoral Program of Higher Education (No. 20120071110067), National Natural
Science Foundation of China (grant No. 81271958, 81172080, 81401771 and 81201773), the Specialized
Research Fund for the Doctoral Program of Higher Education of China (grant No. 20120171120114),
Science and Technology Project of Zhejiang Province (2014C33236), China Postdoctoral Science
Foundation (Grant Number: 2014M560296), Science and Technology Projects of Guangdong Province
(grant No. 2011B031800181), Innovation Program of Shanghai Municipal Education Commission (No.
1577006) and Natural Science Foundation of Shanghai (No. 15ZR1405000).

Author Contributions

Conceived and designed the experiments: Cheng Fang, Peng Sun, Yueming Wang. Performed the
experiments: Cheng Fang, Peng Sun, Yueming Wang, Zhimin Liu, Hongwei Fang. Analyzed the data:
Jiajia Ji, Jun Chen, Wei Wang. Contributed reagents/materials/analysis tools: Cheng Fang, Peng Sun,
Yueming Wang. Wrote the paper: Jiajia Ji, Jun Chen, Wei Wang.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. Jemal, A.; Siegel, R.; Ward, E.; Hao, Y.; Xu, J.; Thun, M.J. Cancer statistics. CA Cancer J. Clin.
2009, 59, 225-249.

2. Jemal, A.; Bray, F.; Center, M.M.; Ferlay, J.; Ward, E.; Forman, D. Global cancer statistics.
CA Cancer J. Clin. 2009, 61, 69-90.

3. Parkin, D.M. International variation. Oncogene 2004, 23, 6329-6340.

Ginn, S.L.; Alexander, LE.; Edelstein, M.L.; Abedi, M.R.; Wixon, J. Gene therapy clinical trials
worldwide to 2012—An update. J. Gene Med. 2013, 15, 65-77.

5. Wilson, W.R.; Hay, M.P. Targeting hypoxia in cancer therapy. Nat. Rev. Cancer 2011, 11, 393—-410.
Chen, J.; Wang, W.; Zhang, T.; Ji, J.; Qian, Q.; Lu, L.; Fu, H.; Jin, W.; Cui, D. Differential
expression of phospholipase C epsilon 1 is associated with chronic atrophic gastritis and gastric
cancer. PLoS ONE 2012, 7, e47563.

7. Abnet, C.C.; Freedman, N.D.; Hu, N.; Wang, Z.; Yu, K.; Shu, X.-O.; Yuan, J.-M.; Zheng, W_;
Dawsey, S.M.; Dong, L.M.; et al. A shared susceptibility locus in PLCE1 at 10923 for gastric
adenocarcinoma and esophageal squamous cell carcinoma. Nat. Genet. 2010, 42, 764—767.



Int. J. Mol. Sci. 2015, 16 16273

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Shi, Y.; Hu, Z.; Wu, C.; Dai, J.; Li, H.; Dong, J.; Wang, M.; Miao, X.; Zhou, Y.; Lu, F.; et al.
A genome-wide association study identifies new susceptibility loci for non-cardia gastric cancer at
3ql13.31 and 5p13.1. Nat. Genet. 2011, 43, 1215-1218.

Gee, M.S.; Sarkisian, C.J.; El-Deiry, W.S. Identification of a novel AP-2 consensus DNA binding
site. Biochem. Biophys. Res. Commun. 1998, 243, 307-316.

Schorle, H.; Meier, P.; Buchert, M.; Jaenisch, R.; Mitchell, P.J. Transcription factor AP-2 essential
for cranial closure and craniofacial development. Nature 1996, 381, 235-238.

Zhang, J.; Hagopian-Donaldson, S.; Serbedzija, G.; Elsemore, J.; Plehn-Dujowich, D.;
McMahon, A.P.; Flavell, R.A.; Williams, T. Neural tube, skeletal and body wall defects in mice
lacking transcription factor AP-2. Nature 1996, 381, 238-241.

Orso, F.; Penna, E.; Cimino, D.; Astanina, E.; Maione, F.; Valdembri, D.; Giraudo, E.; Serini, G.;
Sismondi, P.; de Bortoli, M.; et al. AP-2a and AP-2y regulate tumor progression via specific genetic
programs. FASEB J. 2008, 22, 2702-2714.

Wajapeyee, N.; Britto, R.; Ravishankar, H.M.; Somasundaram, K. Apoptosis induction by activator
protein 2a involves transcriptional repression of Bcl-2. J. Biol. Chem. 2006, 281, 16207-16219.
Ebert, M.P.A.; Tanzer, M.; Balluff, B.; Burgermeister, E.; Kretzschmar, A.K.; Hughes, D.J.;
Tetzner, R.; Lofton-Day, C.; Rosenberg, R.; Reinacher-Schick, A.C.; et al. TFAP2E-DKK4 and
chemoresistance in colorectal cancer. N. Engl. J. Med. 2012, 366, 44-53.

Jonckheere, N.; Fauquette, V.; Stechly, L.; Saint-Laurent, N.; Aubert, S.; Susini, C.; Huet, G.;
Porchet, N.; van Seuningen, L.; Pigny, P. Tumour growth and resistance to gemcitabine of pancreatic
cancer cells are decreased by AP-2a over-expression. Br. J. Cancer 2009, 101, 637-644.

Wang, W.; Lv, L.; Pan, K.; Zhang, Y.; Zhao, J.-J.; Chen, J.-G.; Chen, Y.-B.; Li, Y.-Q.; Wang, Q.-J.;
He, J.; et al. Reduced expression of transcription factor AP-2a is associated with gastric
adenocarcinoma prognosis. PLoS ONE 2011, 6, e24897.

Liu, Z.; Zhang, J. Functions of the AP-2a Gene in Activating Apoptosis and Inhibiting Proliferation
of Gastric Cancer Cells both in Vivo and in Vitro. Arch. Med. Sci., Revision.

Dull, T. A third-generation lentivirus vector with a conditional packaging system. J. Virol. 1998,
72, 8463—-8471.

Jiang, G.-B.; Geng, B.-W.; Fang, Y.-S.; Gao, Y.-F. Polymeric micelles as new drug carriers.
Mod. Chem. Ind. 2007, 27, 69.

Zou, J.; Zhang, F.; Zhang, S.; Pollack, S.F.; Elsabahy, M.; Fan, J.; Wooley, K.L.
Poly(ethylene oxide)-block-polyphosphoester-graft-Paclitaxel conjugates with acid-labile linkages
as a pH-sensitive and functional nanoscopic platform for Paclitaxel delivery. Adv. Healthc. Mater.
2014, 3, 441-448.

Jeong, B.; Bae, Y.H.; Lee, D.S.; Kim, S.W. Biodegradable block copolymers as injectable
drug-delivery systems. Nature 1997, 388, 860—862.

Maranski, K.; Andreev, Y.G.; Bruce, P.G. Synthesis of poly(ethylene oxide) approaching
monodispersity. Angew. Chem. Int. Ed. 2014, 53, 6411-6413.

Batrakova, E.V.; Kabanov, A.V. Pluronic block copolymers: Evolution of drug delivery concept
from inert nanocarriers to biological response modifiers. J. Control. Release 2008, 130, 98—106.



Int. J. Mol. Sci. 2015, 16 16274

24.

25.

26.

27.

Song, H.; He, R.; Wang, K.; Ruan, J.; Bao, C.; Li, N.; Ji, J; Cui, D. Anti-HIF-la
antibody-conjugated pluronic triblock copolymers encapsulated with Paclitaxel for tumor targeting
therapy. Biomaterials 2010, 31, 2302-2312.

Hu, L.; Zhang, L.; Chen, J.; Lanza, G.M.; Wickline, S.A. Diffusional mechanisms augment the
fluorine MR relaxation in paramagnetic perfluorocarbon nanoparticles that provides a “relaxation
switch” for detecting cellular endosomal activation. J. Magn. Reson. Imaging 2011, 34, 653—661.
Peng, X.; Tao, K.; Cheng, T.; Zhu, J.; Zhang, X. Efficient Inhibition of wear debris-induced
inflammation by locally delivered siRNA. Biochem. Biophys. Res. Commun. 2008, 377, 532-537.
Peng, X.; Zhang, X.; Zeng, B. Locally administered lentivirus-mediated siRNA inhibits wear
debris-induced inflammation in murine air pouch model. Biotechnol. Lett. 2008, 30, 1923—-1929.

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/4.0/).



