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Abstract

Background: Telomerase is expressed in most of malignant cells,
including lung cancer cells. The success of small interfering
RNA (siRNA) in silencing of the telomerase catalytic subunit
depends upon carriers ability to efficiently deliver therapeutic
agent to cells with minimal toxicity and most biocompatibility.
In this study, a potential carrier for efficient delivery was
assessed by siRNA encapsulating into Iron MNPs modified with
biodegradable polyester nanoparticles consisting of PLGA and
PEG. Results: Data analysis shows that the self-assemble diblock
copolymers were synthesized, and then the siRNA designed
against hTERT catalytic subunit was encapsulated. Also, the
rate of telomerase gene expression in equivalent with magnetic
copolymers/siRNA was lower than that of free siRNA (P =0.001).
Conclusions: In conclusion, regarding the enhancing of siRNA
stability by magnetic copolymer, the expression of telomerase
gene was significantly lower in the cells treated with siRNA-
magnetic copolymers than those treated with free siRNA.

Keywords: gene silencing, lung cancer, nanoparticles, SiRNA
delivery, telomerase

Abbreviations: SiRNA: Small interfering RNA, Fe;0,: Iron oxide
magnetic nanoparticles, PLGA: Poly (oL-lactic/glycolic acid),
PEG: Poly ethylene glycol, MNPs: Magnetic nanoparticles, TERT:
Telomerase reverse transcriptase, TEM: Transmission electron
microscope, FTIR: Fourier transform infrared spectroscopy

Background

Telomerase is a ribonucleoprotein enzyme that synthesizes
the telomeric repeats at the ends of linear chromosomes and
replaces the progressively lost end sequences during each
cell cycle, allowing the cells to escape mortality and con-
tinue to proliferate (Armanios and Greider 2005, Phatak and

Burger 2007, Blackburn 2005). Therefore, reactivity of telom-
erase in more than 95% is one of the cancer hallmarks. The
human telomerase consists of both a catalytic protein com-
ponent human telomerase reverse transcriptase (hTERT)
and a 451-bp integral RNA that are essential for telomerase
activity. It has been shown that the expression of hTERT
in cultured human primary cells reconstitutes telomerase
activity and allows immortal cell growth (Bodnar et al. 1998,
Weinrich et al. 1997). There are reports indicating that RNA
interference (RNAi) against hTERT could successfully inhibit
telomerase activity in several cancer cell lines (Mo et al. 2003,
Nakamura et al. 2005, Natarajan et al. 2004, Zhang et al. 2006).
Gene silencing by RNAi offers new opportunities for the treat-
ment of lung diseases such as lung cancer (Scherer and Rossi
2004). Small interfering RNAs (SiRNAs) are short (usually 21
nt) double stranded (dsRNA) with two nucleotides overhangs,
which is a key molecule in the RNAi pathway (Lee and Sinko
2006, Qaddoumi et al. 2004). One of the major limiting factors
in successful targeted siRNA delivery is the lack of suitable
delivery systems that have ability to target cancer cells and
carry out specific delivering of siRNA to the cells.

For this purpose, in the present study, magnetic nano-
structures assembling siRNA composed of biocompatible
iron oxide magnetic nanoparticles (Fe,O,) core, poly (DL-
lactic/glycolic acid) (PLGA)- poly ethylene glycol (PEG) bio-
degradable block copolymers as shell was designed. PLGA
nanoparticles have ability to entrap some water-soluble
and water-insoluble molecules, in the process of extensive
evaluation for the delivery of drugs, genetic materials, and
proteins in cultured cells and experimental animals. These
nanoparticles are endocytosis rapidly followed by the
release of their therapeutic payload with passive diffusion
and slow degradation (Hu et al. 2003, Cartiera et al. 2009).
Also, PEG presents unique physicochemical and biological
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50nm

Figure 1. Superparamagnetic nanoparticles prepared using an
improved chemical coprecipitation method, and the TEM image:
particle size < 50 nm.

properties including biocompatibility, low immunogenicity,
and water solubility; furthermore, it can be eliminated from
the animal’s body when the molar mass is less than 30,000
(Hu et al. 2003, Akbarzadeh et al. 2012a, Akbarzadeh et al.
2012b, Akbarzadeh et al. 2012c). The main aim of this work
was to study the capability of designed Fe,0,-PLGA-PEG
nanoparticles-siRNA against hTERT gene for silencing of
expression as an effective anticancer agent.

Results and discussion

Nanoparticles synthesis

Size and shape of the magnetic nanoparticles (MNPs) were
determined by transmission electronic microscopy (TEM)
(Figure 1). In addition, the iron magnetic nanoparticles
were characterized by Fourier transform infrared (FTIR)
spectroscopy with Perkin Elmer series. Figure 2 shows the
absorption peaks at 440, 580, and 620 cm™ ! belonging to
the stretching vibration mode of Fe-O bonds in Fe,0,, and
the peaks at 3402 cm™ ! belonging to ~OH vibrations. FTIR
spectra for PLGA-PEG copolymers were also recorded
(Figure 3). A strong band at 1762.6 cm™~ ! belonging to C=0
stretch in lactide and glycolide structure, and an absorp-
tion band at 3509.9 cm™ ! was assigned to terminal hydroxyl
groups in the copolymer from which PEG homopolymer
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has been removed (Zablotskaya et al. 2010, Akbarzadeh
etal. 2013a).

MTT assay results

In this research, appropriate concentration of the encap-
sulated siRNA that does not have cytotoxicity effect on the
cells was required. Therefore, Calu6 cells were exposed to
varying concentrations of siRNA complex for three different
times, and cell viability was demonstrated by MTT assay.
Data analysis showed that high concentrations of MNPs
have cytotoxicity effect on Calu6 cells. IC50 of encapsulated
siRNA has been shown and its graph was drawn by SPSS
18 (Figure 4). The results showed that the effect of synthe-
sized complex on Calu6 cells is time-dependent, and less
than 150 pM of siRNA complex for hTERT gene silencing
indicates efficiency of designed siRNA in gene silencing.

Real-time PCR

Average threshold cycle (Ct) for each sample in 24 h and
48 h was obtained and compared (Figure 5). All duplicate
amplifications showed very similar results. With increase in
the amount of concentration and treated time, the amount
of Ct was increased. Also the amounts of ACt and AACt for
different times as well as the differences of 2724Ct values
were calculated. Expression level of mRNA was reduced
with increase in the amount of ACt (Figure 6). In this study,
pure siRNA was transfected, but showed weak effect on
gene silencing in compared with the siRNA-loaded MNPs.
Gene expression curves for siRNA and siRNA-loaded MNPs
are shown (Figure 7). The value of hTERT mRNA gene
expression was decreased for both curves by increase in the
concentration of siRNA. By increase of concentration from
50 to 150 pM, for siRNA, the hTERT gene expression was
decreased from 0.885 to 0.78, and for siRNA-loaded MNPs,
it was decreased from 0.4491 to 0.0289.

Materials and methods

SiRNA preparation

The siRNA sequences against two isoforms of hTERT
mRNA were designed by a commercial software (Applied
Biosystem/Ambion, Austin, TX). This siRNA sense sequence
is 5 CUGUUCAGCGUGCUCAACU (dTdT) 3’, and the anti-
sense sequence is 5° AGUUGAGCACGCUGAACAG (dTdT)
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Figure 2. Fourier transform infrared spectra of pure Fe,0,. Absorption peaks at 440, 580, and 620 cm ™" belonging to the stretching vibration mode
of Fe-O bonds in Fe,0,, and the peak at 3402 cm ™! belonging to -OH vibrations.
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Figure 3. FTIR spectra of the PLGA-PEG diblock copolymers. A strong band at 1762.6 cm ™! is assigned to C=0 stretch in lactide and glycolide
structure and an absorption band at 3509.9 cm ! is assigned to terminal hydroxyl groups.

3’. In order to confirm the specificity of designed siRNA, the
sequences were submitted to http://www.ncbi.nlm.nih.gov/
blast/. Targeting siRNA and siCONTROL were purchased
from Bioneer Corporation (Lot Noz R111018-26; South
Korea). 500 pl of DEPC-DW were added to each siRNA tube
to obtain 20 uM final concentrations according to the manu-
facturer’s instructions.

Cell culture

Calu6 lung adenocarcinoma cell line was purchased from
Cell Bank of Pasteur Institute, Iran (Code: C203) and the cells
were incubated in RPMI 1640 culture medium with 10% fetal
bovine serum (FBS) at 37°C and humidified air containing
5% CO,. All culture medium and reagents were purchased
from Gibco, Invitrogen, UK.
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Figure 4. Cytotoxicity determination of different concentrations of encapsulated siRNA on Calu6 cells after 24 h (A), 48 h (B), 72 h (C). The percent
of cell viability was reduced with increasing of concentration and half-maximal inhibitory concentrations in each graph indicate time and dose

dependency of the synthesized complex.
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Figure 5. Q- PCR threshold cycle of the encapsulated siRNA. The
Ct value assigned to a particular well reflects the point during the
reaction at which a sufficient number of amplicons have accumulated.
All duplicate amplifications showed very similar results, and average
Ct for each sample in 24h and 48h was obtained and compared. With
increasing in the amount of concentration and the treated time, the
amount of Ct was increased.

Iron magnetic nanoparticles and copolymer

Iron magnetic nanoparticles were prepared using a con-
venient chemical coprecipitation method (Kedar et al.
1997). Briefly, 7.5684 g of ferric chloride hexahydrate
(FeCl, + 6H,0) and 3.1736 g of Ferrous chloride tetrahy-
drate (FeCl, + 4H,0) (Fluka, Switzerland) were dissolved
in de-ionized water so that the Fe?*/Fe®" ratio reached
0.57. Then, the solution was mixed under nitrogen at 80°C
for 1 h. After injection of 40 ml NH, + H, 0, the mixture was
stirred under nitrogen for another hour and the particles
were precipitated at room temperature. Finally, the prod-
uct was washed with hot water and dried under vacuum
at 70°C. PLGA-PEGy,,, copolymers were synthesized by
ring-opening polymerization based on a previous report
(Akbarzadeh et al. 2012d).

Encapsulation in nanoparticles modified by copolymers

SiRNA complex were prepared using the double emulsion
method with iron magnetic nanoparticles and copolymers.
For this purpose, 100 pl of each siRNA solution was emul-
sified in 10 ml chloroform, in which 120 mg of the PLGA-
PEG copolymer and 10 mg iron magnetic nanoparticles
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Figure 6. TERT mRNA expression level in different concentration and
the effect of 48h treatment on gene expression. When concentration
increased from 50 to 150 pM, for 24 h treatment, the gene expression
level was decreased from 0.4491 to 0.0289, and for 48 h treatment, it
was decreased from 0.1843 to 0.0001.
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Figure 7. Silencing effect of siRNA-loaded MNPs. Comparison of the

gene silencing effect of naked siRNA and encapsulated siRNA shows
the efficiency of synthesized complex as delivery system.

had been dissolved using a probe homogenizer at 20,000
rpm for 3 min (Heidolph Instruments GmbH, Schwabach,
Germany). In order to prevent excessive heat generation,
the system was placed in ice bath. Then 20 ml of the aque-
ous solution of polyvinyl alcohol 1% was added to water-
in-oil (w/0) emulsion and the mixture was homogenized
at 72,000 rpm for 5 min. The emulsion was stirred at room
temperature to evaporate the organic phase (Rotary Evapo-
rators, Heidolph Instruments, Hei-VAP series) (Zablotskaya
et al. 2010, Akbarzadeh et al. 2013a).

Cytotoxicity determination by the MTT assay

200 pl of the medium containing a density of 1.5 X 10* Calu6
cells was seeded in 96-well plates and incubated 24 h before
the transfection. The nanoparticles suspension was diluted
serially in seven concentrations with RPMI1/10% fetal bovine
serum. After removal of the cell culture medium, 200 ul
of RPMI with 20 ul of MTT (3-(5-dimethylthiazol-2-yl)-2,
5-dephenyltetrazolium bromide) solution was added to
each well and incubated. The MTT medium was removed
after 4 h and formazan was dissolved using 200 ul DMSO,
and the absorbance of each well was read in 570 nm using
ELx800 Microplate Absorbance Reader (Bio-Tek Instru-
ments) immediately. In order to adjust the final pH, 25 pl of
Sorensen’s glycine buffer (0.1 M glycine and 0.1 M NaCl, pH
10.5) was added to all the wells. Each experimental condi-
tion was carried out in quadruplicate and is presented as a
mean of four measurements.

Real-time PCR

Cells were cultured in 6-well plates with 2.5 ml growth
medium to reach exponential phase. The cells were
exposed to different concentrations of siRNA complex
and incubated for 24, 48, and 72 h. Then TRIzol reagent
was used for the isolation of total RNA. After RNA extrac-
tion, its concentration was determined by nanodrop.
Silencing ability of the encapsulated siRNA was calculated
using the Syber Green-I (Roche, Germany) by the Rotor-
GeneTM 6000 machinery (Corbett research, Australia).
Genbank accession for hTERT and beta actin primers
were (NM_198255, bp 2165-2362) and (NM_001101, bp
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787-917). The forward/reverse primers of hTERT and beta
actin genes were (5"CCGCCTGAGCTGTACTTTGT3"/5°C
AGGTGAGCCACGAACTGT3") and (5'TCCCTGGAGAAG
AGCTACG3’/5'"GTAGTTTCGTGGATGCCACA3") respec-
tively. The amplicons were generated in a 25-ul reaction
mixture containing 5 pm of 2X PCR Master Mix Syber
Green I and 2 pl of the cDNA.

Discussion

Telomerase inhibitors are considered potential anticancer
agents, with this expectancy that the reducing of telomerase
expression in normal somatic cells can result in a highly
specific treatment (Shay and Gazdar 1997). Many drugs such
as curcumin, helenaline or other agents such as nucleoside
analogs, small non-nucleosidic synthetic compounds and
peptides derived from TERT can inhibit telomerase gene
expression (Kazemi et al. 2012, Yallapu et al. 2010, El Daly
and Martens 2007, Li et al. 2007). For instance, 3'-azido-2’,
3'-dideoxythymine (AZT) can be effective in targeting the
active site of TERT, but this approach lacks the desired selec-
tivity of many other approaches (Fletcher et al. 2001, Chen
etal. 2009).

Our results demonstrated that the designed siRNA is
effective agent for hTERT gene silencing. SiRNA is based
on the ability of short dsRNA molecules to form the RNA-
induced silencing complex (RISC), which can then hybridize
with specific mRNA and cleave it; thereby, gene expression
becomes silent (Agrawal et al. 2003). This technology has
numerous potential applications against diseases, but the
main technical hurdle that prevents the advancement of
siRNA-based cancer therapy is reliable tools for its deliv-
ery. Due to its large molecular weight (~13 kDa) and strong
anionic charge of the phosphodiester backbone (~40
negative phosphate charges), naked siRNA does not freely
cross the cell membrane. Cellular exclusion resulting from
the inability of siRNA to passively diffuse through the cell
membrane and electrostatic repulsion from the anionic
cell membrane surface is one of the major obstacles to
be overcome. Therefore, delivery systems are required to
facilitate the access of siRNA to intracellular sites of action
as known in the case of oligonucleotide antisense delivery
(Kim and Kim 2009). Biodegradable PLGA polyester is
strongly hydrophobic, and this has caused some limita-
tions in practical drug formulations. In order to increase
hydrophilic and other physico-chemical properties, PEG
has been incorporated into PLGA as biodegradable poly-
ester which is nontoxic, water-soluble and has proven
biocompatibility.

In the present study, siRNA complex with modified
MNPs by PLGA-PEG copolymers enhanced siRNA delivery
can lead to efficient telomerase post transcription gene
silencing. In the present study PLGA-PEG provide con-
trolled delivery of siRNA. Fe, O, caused the targeted delivery
of designed siRNA absorbing onto the surface of nanopar-
ticles, and drugs are then released on the desired area over
a period of time. This local therapy could improve the effi-
ciency of the treatment, reduce systemic toxicity, and ensure
selective treatment of tumors in organs (Akbarzadeh et al.

2012a, Valizadeh et al. 2012, Kalambur et al. 2005, Widder
et al. 1978). In addition, targeting of drugs by nanoparticles
is intended to reduce drug wastage, such that a very low
dose of siRNA-NPs complex solution (< 150 pM) was used
for gene silencing in this study (Akbarzadeh et al. 2013b,
Akbarzadeh et al. 2014, Akbarzadeh et al. 2013c, Akbarzadeh
etal. 2014, Mollazadeh et al. 2013, Nejati-Koshki et al. 2012,
Nejati-Koshki et al. 2013).

Conclusion

This study demonstrated the synthesis of biocompat-
ible, biodegradable distinct magnetic nanoparticles and
PLGA-PEG copolymers for siRNA delivery. Also due to
insolubility, low dosage and gene silencing potential of
the designed siRNA, it can be considered an efficient drug
against lung cancer cells by targeting the TERT component
of telomerase. Furthermore, the mentioned delivery system
can be used for targeted delivery in magnetic fields. There-
fore siRNA complex with modified MNPs by PLGA-PEG
copolymers can enhance siRNA delivery to efficient telom-
erase post transcription gene silencing.
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