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Abstract: A microRNA (miRNA) nanomedicine 
PEG-PEI/miR-221/222 was synthesized based 
on PEGylated  polyethylenimine  PEG-PEI and 
used to transfect prostate cancer cells  (PC-3)  in 
vitro.  Gel  retardation  assay  confirmed the formation 
of nanomedicine, of which the  zeta  potential and 
particle size were determined by dynamic light scattering. 
Its  cytotoxicity  was  analyzed  by CCK-8 assay-while its 
transfection efficiency was analyzed by flow cytometry. Cell 
uptake and intracellular distribution of nanoparticles were 
evaluated using laser confocal microscopy.  RT-PCR  and 
western-blot assays were conducted to verify the regulation 
of SIRT1 target gene. We found that the properties of the 
nanocomplexes of miRNA and PEG-PEI depended on N/P 
ratios.  At  higher  N/P ratio,  accompanied by higher zeta 
potential and higher cytotoxicity, PEG-PEI  is  needed to 
completely condense the miRNA into  small particles 
with uniform size distribution. Under an N/P ratio of 20, 
high transfection  efficiency and low carrier cytotoxicity 
were obtained simultaneously in PC-3 cells  in vitro. 
Consequently, the SIRT1 expression was up-regulated due 
to the nanoparticle-delivered miR-221/222, which resulted 
in effective inhibition of PC-3 cells. Our study revealed the 
PEG-PEI/miR-221/222 nanomedicine as a prospective 
alternative for treatment of advanced prostate cancer and 
also lays a foundation for future in vivo investigation. 

Keywords: non-viral vector; prostate cancer; microRNA 
delivery; nanomedicine; SIRT1 gene.
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1  Introduction
Prostate cancer (PCa) has become one of the most 
commonly diagnosed malignancies in western countries 
and the second pathogenic factor of cancer-related 
deaths for men. In 2008, patients newly diagnosed with 
prostate cancer amounted to 14% of all tumor patients 
globally. While life quality and medical technology have 
improved, the occurrence of advanced prostate cancer 
has shown a rising trend. Patients with advanced prostate 
cancer usually had no indication to undergo a radical 
prostatectomy operation, and other traditional treatments 
such as chemotherapy are unable to effectively cure it. 
Therefore, seeking for new medication therapy for PCa is 
still a compelling challenge.

The emerging technique RNA interference (RNAi), 
based on small interfering RNAs (siRNAs) or microRNAs 
(miRNAs), has shown great potential in cancer treatment. 
In particular, RNAi possesses high specificity and the 
ability to regulate the expression of oncogenes in tumor 
initiation, growth and metastasis [1]. First discovered 
by Lee in 1993, miRNAs were non-coding small single 
stranded 18-24 nucleotides RNAs, participating in many 
significant biological processes including proliferation, 
cell differentiation, and apoptosis, and so on [2-3]. Recently, 
many studies have shown that miRNAs are associated 
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with various human diseases [4-7]. Aberrant expression 
of endogenous miRNAs has often been observed in 
human cancer tissues/cells and is believed to promote 
carcinogenesis and progression [8-12]. Furthermore, 
miRNA signatures unique to PCa have been identified 
as well and several onco-related miRNAs and tumor-
suppressive miRNAs have been successfully identified 
[8-11]. For example, Visone has detected that expression 
of microRNAs (miR)-221/222 in prostate cancer tissues was 
significantly decreased, suggesting that miR-221/222 plays 
a critical role in the occurrence and growth of prostate 
cancer [13]. They found that supplement of exogenous 
miR-221/222 may regulate abnormal gene expression, thus 
inhibiting tumor growth. Besides, studies have shown that 
these two miRNAs play a significant role in tumorigenesis 
and progression, from androgen-dependent PCa to 
androgen-independent PCa [14-22].

Since the naked nucleic acids are unable to cross 
cell membranes and are susceptible to enzymatic 
degradation in vivo, the use of viral or non-viral carriers 
is crucial to overcome the poor intracellular uptake 
and restricted bloodstream stability [23]. Despite the 
high transfection efficiency in various cell types, the 
clinical applications of viral vectors are limited by 
immunogenicity, difficult preparation, and potential 
pathogenicity [24]. In comparison, non-viral vectors 
have presented as promising alternatives due to simple 
fabrication, lack of pathogenicity and immunogenicity, 
and better biocompatibility [25]. Non-viral vectors are 
synthesized through chemical processes that are basically 
divided into cationic polymers and cationic lipids because 
of its structure [26]. Among various non-viral vectors, 
polyethyleneimine (PEI) offers primary, secondary, and 
tertiary amines to construct with nucleic acids like DNA 
and miRNA. PEI is also a commonly studied cationic 
polymer in gene therapy. The PEI vector has many 
advantages, including high nucleic acid complexation 
efficiency, unique buffering effect for lysosomal escape, 
and easy modification with a targeting ligand to enable 
cell-type-specific interaction. However, PEI can induce 
cationic cytotoxicity, based on its concentration and 
molecular weight, because of its electrostatic interaction 
with negatively charged components in cell membrane, 
for instance, the sialic acid. Consequently, polyethylene 
glycol (PEG) as a non-charged hydrophilic polymer 
is usually bound to PEI to form PEG-g-PEI in order to 
eliminate cytotoxicity while keeping considerable delivery 
efficiency [27-31].

In an effort to search for an effective treatment of 
advanced prostate cancer, the present study aimed to 
show whether PEG-g-PEI is a promising nanocarrier with 

good miRNA delivery efficiency and low cytotoxicity. The 
co-polymer PEG-PEI comprising PEG 2 kDa and PEI 25 kDa 
to mediate the delivery of miR-221/222 into PC-3 prostate 
cancer cells in vitro. The expression of tumor-suppressing 
SIRT1 gene regulated by the miRNA nanomedicine was 
evaluated.

2  Experimental procedures

2.1  Materials

The PC-3 prostate cancer cell line was produced by 
the type Culture Collection of the Chinese Academy of 
Sciences, Shanghai, China. Cell culture reagents were 
produced by GIBCO (Carlsbad ,CA, USA). PEG-PEI was 
produced in our own lab as previously reported [32]. The 
miR-221/222, negative control miRNA and Cy3-labeled 
miRNAs were produced by RiboBio (Guangzhou RiboBio 
Co., Ltd.). Cell Counting Kit (CCK-8/WST-8) and AnnexinV-
FITC Apoptosis Detection Kit were produced by KeyGen 
(KeyGen BioTECH, Guangzhou). The Taqman(r) microRNA 
RT Kit, TAQMAN UNIVERSAL MMIX II（NO UNG）and 
lipo2000 was produced by Life Technologies (Carlsbad, 
USA).

2.2  Cell culture

PC-3 prostate cancer cells were cultured in 1640 medium 
with 10%xfetal bovine serum (FBS) under humidified 
conditions (37°C, 5% CO2). The cells were passaged on the 
third day, and were trypsinized and subcultured until they 
reached 90% confluence.

2.3  Synthesis of PEG-PEI

The PEG-PEI copolymer was produced and activated 
according to prior described method with minor 
modification [32]. PEG-OH was transformed to PEG-COOH 
through reacting with succinic anhydride (SA). After being 
dissolved in 20mL anhydrous chloroform, PEG-OH and 
SA (1:5 in molar ratio) were refluxed at 70°C for 48 hours. 
When used distillation to eliminate chloroform polymer 
was dissolved again in 20 mL DI water and dialyzed 
against water for 2 days in order to remove succinic 
anhydride and residual succinic acid. It was then frozen to 
dry the product yielding purified PEG-COOH. Ultimately, 
hyperbranched PEI 25 kDa and NHS-activated PEG were 
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reacted with DMSO and magnetically stirred during 24 
hours at room temperature to form PEG-PEI. The solution 
was purified by membrane dialysis (MWCO: 14000 Da) in 
DI water during 3 days and the mixture was lyophilized 
Figure 1）.

2.4  Preparation of PEG-PEI/miR-221/222 
nanoparticles

PEG-PEI was dissolved in RNase-free water with 1 mg/mL 
miR-221/222 was dissolved in water at 20 mM. Based on the 
designed N/P ratios, appropriate volumes of PEG-PEI and 
miR-221/222 mixture were combined, stirred for 15s, and 
incubated under room temperature for 30 min before use.

2.5  Gel retardation assay

Gel electrophoresis was used to determine the 
complexation of PEG-PEI with miRNA. According to 
the designed N/P ratios (0, 1, 2, 3, 4, 5), miR-221/222 (20 
mM) was dissolved in 10x loading buffer before being 
transferred into 1% agarose gels with 0.5 mg/mL ethidium 
bromide (EB). The electrophoresis was conducted for 15 
min at 130V. The miR-221/222 bands were visualized under 
UV light (Uvidoc, Cambridge, UK).

2.6  Measurement of particle size and zeta 
potential

2 mL of miR-221/222 was dissolved in DEPC water, mixed 
with PEG-PEI at different N/P ratios, and cultured at 
room temperature for 30 minutes. Afterwards, the mixed 
solution was diluted to 60 mL with DEPC-treated water. 
The potential and size were detected with the Zeta-Plus 
instrument (Brookhaven, New York) with detection 
angles of scattered light at 90° and 15°, respectively. 
Measurements were performed at room temperature. 
Result are shown in mean±SD (n=5).

2.7  Cell viability assay

CCK-8x assay was employed to test PC-3 cell viabilities 
at various cell incubation environments. PC-3 cells with 
density of 5×103 cells per well were seeded onto the 96-
well plates by 100 mL of 1640 medium with 10% FBS. The 
cells were cultured for 24 hours at 37°C and divided into 
4 groups: blank control group, PEG-PEI/miR-221 group, 
PEG-PEI/miR-222 group andlipo2000 group. The medium 
was substituted with 100 mL fresh medium for every group 
prior to the experiment. Based on the N/P ratios of 0, 1, 
2, 5, 10, 20, 50, 100, 200, different amounts of PEG-PEI/
miRNA mixture were placed into the medium, and then 

Figure 1: Schematic illustration of nanoparticle formation and internalization into PCa cells for co-delivery of miRNA.
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the incubated plates were slightly wobbled and placed for 
48 hours. After that, 10 mL of CCK-8xsolution was mixed 
into each well to continue incubate for 2 hours under 
the dark conditions. The InfinitexF200xMutimodexPlate 
Reader (Tecan, Crailsheim, Germany) was used to obtain 
light absorption data for each well at 450 nm wavelength. 
The experiments were then repeated twice so that all 
groups have three replicates. The dose in each well of the 
miR-221/222 and miR-scr was 100 mM.

2.8  In vitro transfection

The flow cytometry was used to detect the transfection 
efficiency of nanoparticles in vitro at different N/P ratios. 
PC-3xcells were placed onto a 6-well plate with density of 
5×104 cells in each well then incubated for 24 hours. 6mL 
of Cy3-labeled miR-scr was complexed with polymer or 
lipo2000 at different N/P ratios (2, 4, 10, 20) by gently mixing 
for 30 min. The blank group received normal cell culture in 
the absence of nanoparticles, and the other groups were 
incubated with PEG-PEI/miR-scr or lipo2000/miR-scr. The 
dose per well of Cy3-labeled miR-scr was 100 nM. Cells 
were then rinsed twice with PBS, and the nanomedicine 
solution was added to each well to reach a volume of 100 
mL in 1640 medium. After 8 h incubation, each well was 
rinsed 3 times with PBS and mixed withx0.25% trypsin/
EDTA to suspend the cells. The cells were finally converted 
into tubes for determining transfection efficiency with flow 
cytometry (Gallios, Beckmancoulter, USA ).

2.9  Laser confocal microscopy assay

The transfection efficiency of nanoparticles prepared at 20 
N/P ratio was evaluated in PC-3 cells with laser confocal 
microscope. PC-3 cells were seeded onto a petri dish at 
density of 3×103 cells each well and normally cultured for 
24 h. Then, the PEG-PEI/miR-scr (miR-scr was labeled with 
Cy3) to incubate the cells for 6 h. Afterwards, the cells were 
rinsed 3 times with PBS, and Hoechst and Lysotracker Green 
were added to stain the nuclei and lysosomes according to 
the manufacturer’s protocols. The PBS rinsed cells were 
visualized by the Zeiss LSM 710xconfocal microscope (Carl 
Zeiss Co., Ltd., Gottingen, Germany).

2.10  RT-PCR

PC-3 cells were seeded onto 6-well plates and incubated 
for 24 hours. We artificially divided the cells for 4 

groups: PEG-PEI/miR-221/222 group (N/P=20), PEG-
PEI/miRNA-scr group (N/P=20), lipo2000/miR-221/222 
group, and the control group. Again, experiments were 
repeated so that all groups have three replicates. Total 
RNA was extracted with Trizol reagent (Invitrogen, 
Carlsbad, CA, USA) after the cells were transfected for 
24 hours. Real-time PCR was performed as described in  
PrimeScript PCR Kit instructions. Assays with sequences 
of miR-221/222 were listed as followings: hsa-miR-221-
3p: AGCUACAUUGUCUGCUGGGUUUC, hsa-miR-222-3p: 
AGCUACAUCUGGCUACUGGGU. Control miRNA sequences 
(U6 snRNA): 5’-GGAACGATACAGAGAAGATTAGCA-3’ [33]. 
The programs were placed under the thermal cycling 
environment of 95 °C/10 min, followed byx40 cycles of 
95°C/15 s, 60°C/60 s.

2.11  Western blotting assay

PC-3xcells seeded onto 6-wellxplates were divided into 4 
groups: PEG-PEI/miR-221/222 group (N/P=20), PEG-PEI/
miRNA-scr group (N/P=20), lipo2000/miR-221/222 group, 
and the control group. Cells were harvested after 48 hours 
of transfection. We then collected the total protein in order 
to detect the concentration through bicinchoninic acid 
protein assay kit (Shenggong Bio-Tech Co, Ltd, shanghai, 
China). SDS-PAGE was used to separate different protein 
samples, which were then transferred onto polyvinylidene 
difluoride (PVDF) membranes. After being blocked with 
5%xskim milk for 2 hours, the membranes were incubated 
overnight with primary antibody (1:2000 dilution, CST, 
USA) at 4°C, and placed with the secondary anti-rabbit Ig-
G-horseradish peroxidase (1:2000 dilution, CST, USA) for 
1 hour at room temperature. The blots were cultured with 
enhanced chemiluminescence for 2 min. These protein 
bonds were visualized under UV light. Overall, the β-actin 
was used as an endogenous control to normalize the data 
for protein expression.

2.12  Statistical analysis

All tests were required to repeat at least 3 times, and 
statistical analyses of the data were displayed with 
SPSS 17.0 software. Final results are  shown as the 
mean±standard deviation (SD), and statistical significance 
(SF) was obtained at P<0.05.

Ethical approval: The conducted research is not 
related to either human or animal use.
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3  Results

3.1  Gel retardation assay

PEG-PEI/miR-221/222 nanoparticles with various N/P 
ratios were subjected to the agarose gel electrophoresis. 
It is well-known that when the negative charge of miRNAs 
is neutralized by the positive charge of cationic polymers, 
its motion in the gel will be retarded. In addition, RNA 
complexed with polymer is unable to gain an insertion of 
the ethidium bromide (EB). The intensity of miRNA bands 
reduced when N/P ratios increased from 0 to 5 (Figure 2). 
At the N/P ratio of 4, the miRNAs band totally disappeared, 
meaning that the miRNAs were fully complexed by PEG-
PEI.

3.2  Size and zeta potential of PEG-PEI/miR-
221/222 polyplexes

Following with the increasing of N/P ratio of PEG-PEI/
miR-221/222, the size decreased whereas the zeta potential 
raised (Figure 3). At N/P ratio of 4, the PEG-PEI/miR-221 
polyplex measured 171±9 nm and 6.12±0.31 mV in size and 
zeta potential, respectively. In contrast, at N/P ratio of 20, 
the size of the polyplex decreased to 116±6 nm whereas 
the zeta potential increased to 21.34±1.07 mV. The data of 
PEG-PEI/miR-222 polyplex were similar to that of PEG-PEI/
miR-221.

3.3  Cytotoxicity of PEG-PEI

The CCK-8xassay could detect the cytotoxicity of PEG-PEI 
and PEG-PEI/miR-scr nanoparticles 24 h after transfection 

(Figure 4). Generally, the cytotoxicity of PEG-PEI was also 
elevated when the concentration of polymer increased. At 
the PEG-PEI concentration of 50 mg/mL, the cell viability 
was 78.30±3.92%. Over this concentration value, the 
cell viability was conspicuously reduced following with 
increase in polymer concentration. Considering the PEG-
PEI/miR-scr polyplex, cytotoxicity was clearly shown 
at very high value of N/P ratio that over 20.xBelow this 
threshold value, the cells still kept the high viability over 
90%. It referred to complexation with siRNA reduced 
the positive charge presented in polymeric vector, that 
triggered the cationic cytotoxicity decreased. Over an 
N/P ratio of 20, large amount of excessive cationic PEG-
PEI was present in the solution, which would limit cell 
development. For instance, when the N/P ratio was up to 
100, the cell viability of PEG-PEI/miR-scr was decreased 
68.85±3.44%. 

3.4  In vitro transfection efficiency

The transfection efficiency of the polyplexes of PEG-PEI 
and Cy3-labeled miR-scr in PC-3 cells was determined 
using flow cytometry. The transfection efficiencies varied 
at different N/P ratios (Figure 5). While the N/P ratio 
raised to 20 from 2, the transfection efficiencies increased 
to 99.75.±4.99% from 1.15.±0.06%, which reached the level 
for the positive control lipo2000 (99.65.±4.99%).

3.5  Cell uptake

Cell uptake of PEG-PEI/Cy3-labeled miR-scr polyplexes 
(N/P=20) was detected using confocal laser scanning 
microscopy (CLSM). Red fluorescence was distributed in 
the synapses of PC-3 prostate cancer cells and cytoplasm 

Figure 2: Electrophoresis of PEG-PEI/miR-221 (a) and PEG-PEI/miR-222 (b) formed at various N/P ratios and miR-221/222 dose of 100 nM.
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(Figure 6). Furthermore, the lysosomes were stained green 
by LysoTracker green and labeled nuclei by blue with 
Hoechst. By merging the three fluorescent images, it was 
clear that the red fluorescence partially co-localized with 
the green fluorescence in the lysosomes.

3.6  The cytotoxicity of PEG-PEI/miR221/222 
determined by CCK-8 assay

CCK-8 assay was used to evaluate the cytotoxicity of 
PEG-PEI/miR-221/222 polyplexes (N/P=20) 24 hours after 
transfection (Figure 7). PEG-PEI/miR-scr polyplex was 
nearly non-cytotoxic. The PC-3 cells incubated with it 
remained high viability during range of 95.49±4.77%. 

In comparison, PEG-PEI/miR-221 and PEG-PEI/miR-222 
showed clear cytotoxicities by revealing significantly 
reduced cell viabilities down to the ranges of 67.83±3.39% 
and 61.49±3.07%, respectively. This suppression of PC-3 
cells  development was clearly due to the target gene 
regulation effect of miR-221 and miR-222, as well be further 
confirmed in the next section.

3.7  SIRT1 expression

The cancer cells were transfected with PEG-PEI/miR-
221/222 polyplexes and the target gene regulation was 
confirmed by RT-PCR and western blot assays. Compared 
to the LN and the PN groups, the miR-221/222 transfection 

		             (a)							                   (b)

Figure 3: The particle sizes, zeta-potentials of PEG-PEI/miR-221 (a) and PEG-PEI/miR-222 (b) polyplexes formed at different N/P ratios. 
Measurements were performed at room temperature, and data shown in mean±SD (n=5).

		                       (a)							       (b)

Figure 4: (a) Left: Cytotoxicity of PEG-PEI in PC-3 cells determined by a CKK-8 assay.xPC-3 cells were treated with PEG-PEI at various 
concentrations from 0 to 300 μg/mL. (b) Right: Cytotoxicity of PEG-PEI/miR-scr polyplexes in PC-3xcells at various N/P ratios from 0 to 200. 
The dose of miR-scr was 100nMxper well and incubation time was 24 hours.
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of PC-3 cells in the L1/L2 and P1/P2 trials resulted in 
higher SIRT1 expression with the mRNA level (Figure 8 
a,b). Moreover, the polymeric vector appeared even more 
effective than the positive control lipo2000 in mediating 
the miR-221 and miR-222 transfection which upregulated 
the SIRT1 expression, i.e. 70.85.±3.54% (P1) vs 46.37.±2.32% 
(LI) and 55.58.±2.78% (P2) vs 44.2.±.2.21% (L2). Western 
blot analysis gained consistent measurement at the 
protein level of SIRT1 expression. SIRT1 protein levels 
transfected with PEG-PEI/miR-221/222 were remarkably 
higher compared with that in cells transfected with 
lipo2000/miR-221/222 (Figure 8 c,d), which indicates that 
the miR-221/222 were successfully delivered into PC-3 cells 
by PEG-PEI and effectively released inside cells.

4  Discussion
As the result of miR-221, miRanda data, and miR-222 are 
connected to the specific sequences located at the 3′-

UTR of SIRT1 mRNA. In addition, among the 16 genes 
involved in cancer, five are specifically related to prostate 
cancer (BTG2, IGFBP3, SIRT1, MXI1, and FDPS) [34]. In 
PCa, SIRT1 has been engaged in autophagy, and SIRT1 
knockdown triggered PIN growth, referring to SIRT1 might 
act as a tumor suppressor gene in the cancer model [35]. 
Furthermore, Yang and Gan have confirmed that miR-
221 and miR-222 did not connect to the SIRT1xsequence 
immediately via the luciferase activity assay [36], which 
illustrates that miR-221 and miR-222 indirectly enhanced 
the expression of SIRT1 from other molecular pathways, 
such as p27 [37] or ARH [38].

In the present research, we tried to deliver miR-221 
andmiR-222 to PC-3 prostate cancer cells through a 
polymeric vector PEG-PEI in order to overexpress the 
two miRNAs and thus modulate the expression of SIRT1, 
which is involved in the PCa pathogenesis. Upon polyplex 
formation, the agarose gel electrophoresis showed that 
the miR-221/222 bands disappeared at the N/P ratios 
above 4, indicating complete complexation of miR-221/222 

Figure 5: (a) The ratio of Cy3-positivexcells investigated by flow cytometry (n=3). Incubation time: 6 h. Dose: 100 nM miRNAs. (b) The 
transfection efficiencies varied at different N/P ratios.
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in these polyplexes. The particle size and zeta potential 
of the polyplexes affected the stability of the polyplexes 
in bloodstream [39], and should be controlled in order 
for miRNAs to cross the cell membrane more easily. 
Consequently, the particle size and zeta potential are 
crucial for the cellular uptake in vitro and transfection 
efficiency of polyplexes. Our data indicated that the 
particle size of polyplexes was reduced to 116±6 nm from 
171±9 nm while the ratio was raised to N/P=20 from N/P=4, 
according to the interaction of PEG-PEI and miR-221/222 
resulting in the compaction of polyplexes at high N/P 
ratios. The excess positive charge of PEG-PEI led to high 
zeta potential. The zeta potential of polyplexes increased to 
21.34±1.07mV from 6.12±0.31mV when the N/P ratio raised 
to N/P=20 from N/P=4. It is difficult to select a suitable 
N/P ratio for small particle size and meanwhile low zeta 
potential. Thus, a cytotoxicity test was conducted for 

Figure 6: High magnification (×400) laser confocal microscopic images of PC-3 cells incubated with PEG-PEI/miR-scr polyplexes (N/P=20). 
Dose of miR-scr: 100nM. Blue: nuclei stained with Hoechst; red: miR-scr labeled with Cy3; green: lysosomes labeled with Lyso-Tracker green. 
a: Figure of nuclei stained with Hoechst 
b: Figure of lysosomes labeled with Lyso-Tracker green 
c: Figure of miR-scr labeled with Cy3
d: Figure of merging the three fluorescent images

Figure 7: Viabilities of PC-3 cells treated with different samples. 
Three polyplexes were all synthesized at N/P=20.
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PEG-PEI/miR-221/222 polyplexes with different N/P ratios.
CCK-8xassay was conducted to analyze the cytotoxicities 
of PEG-PEI,PEG-PEI/miR-scr and PEG-PEI/miR-221/222 
polyplexes with different N/P ratios. Complexation with 
miR decreased the cytotoxicity of PEG-PEI. Our results 
showed that the cytotoxicity of the PEG-PEI/miR-scr 
polyplex in PC-3 cells increased along with the increase of 
N/P ratio. When the N/P ratio reached above 100, the cell 

viability decreased to below 70%, which was much lower 
than that caused by lipo2000/miR-scr (94.85±4.74%) and 
thus considered not suitable for biological studies. In 
comparison, the cells remained high viability above 90% 
at N/P ratios below 20.

Based on the results, biological experiments were 
performed using the PEG-PEI/miR-scr polyplex formed 
at N/P=20. At this N/P ratio, the transfection efficiency 

		              (a)						           (b)

				    (c)

			               (d)

Figure 8: (a) Figure of SIRT1 gene expression in PC-3 cells by RT-PCR.(miR-221 group). (b) Figure of SIRT1 gene expression in PC-3 cells 
by RT-PCR.(miR-222 group) LN: blank group; PN: PEG-PEI/miR-scr group; L1: lipo2000/miR-221 group; P1: PEG-PEI/miR-221 group; L2: 
lipo2000/miR-222 group; P2: PEG-PEI/miR-222 group. Dose of miR: 100nM; polyplexes were synthesized at N/P=20; data are mean±SD 
(n=3). (c) Analysis of SIRT1 expression at protein level by western blot. (d) The densitometric data of western blot LN: blank group; PN: 
PEG-PEI/miR-scr group; L:lipo2000/miR-221 group (lipo2000/miR-222 group); P: PEG-PEI/miR-221 group (PEG-PEI/miR-222 group). Dose of 
miR: 100nM; polyplexes were formed at N/P=20.
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of PEG-PEI/miR-221/222 polyplexes (N/P=20) in PC-3 cells 
reached 99.75±4.99% which was equivalent to lipo2000/
miR-scr (99.65±4.99%), according to flow cytometric 
analysis. The cell uptake of Cy3-labeled PEG-PEI/miR-scr 
was also investigated with confocal laser scanning 
microscopy. Nanoparticles react with the cell membrane 
through endocytosis process, which triggers the uptake of 
the nanoparticles [40]. Our data proved that the PEG-PEI/
miR-scr was able to across the cell membrane. Moreover, 
the red fluorescence from Cy3-labeled miR-scr only partially 
overlapped with the green fluorescence of lysosomes, which 
indicate that free miR-scr was released and distributed 
outside the lysosome from polyplex. Consequently, 
transfection of PC-3 cells with PEG-PEI/miR-221 and 
PEG-PEI/miR-222 polyplexes resulted in 67.83±3.39% and 
61.49±3.07% viabilities, indicating the effective suppression 
of cell developing using PEG-PEI/miR-221/222.

To further verify the potential for future in vivo 
application, The PC-3 prostate cancer cells were 
transfected with PEG-PEI/miR-221/222 polyplexes and 
the target gene regulation was confirmed by RT-PCR and 
western blot assays. Our results showed that at N/P=20 
the PEG-PEI/miR-221/222 polyplexes more effectively 
promoted the gene expression of SIRT1 than the positive 
control (lipo2000//miR-221/222).

5  Conclusion
In conclusion, we successfully fabricated PEG-PEI/miR-
221/222 polyplexes to modulate the SIRT1 gene in PC-3 
prostate cancer cells in vitro. The polyplexes exhibited a 
low cytotoxicity and high transfection efficiency. Although 
several medical therapies, e.g. radical prostatectomy or 
radiation therapy, are present for localized disease, about 
one third of healing patients will relapse. In many cases, 
cancer progresses despite initial treatment progress with 
androgen ablation therapy turning into the hormone-
refractory prostate cancer (HRPC) which is highly resistant 
to conventional chemotherapies [41]. Therefore, the PEG-
PEI/miR-221/222 polyplexes may be a new medication 
option for prostate cancer especially for the HRPC. Our 
data indicate that PEG-PEI/miR-221/222 could effectively 
promoted SIRT1 expression, giving the basis for future in 
vivo study to treat HRPC.
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