93]

10

DN

1509

20

30

40

50

9]
9]

Biomaterials

Science

PAPER

Cite this: DOI: 10.1039/c3bm60325c¢

Received 18th December 2013,
Accepted 15th January 2014

DOI: 10.1039/c3bm60325¢

ROYAL SOCIETY
OF CHEMISTRY

Interleukin-8 gene silencing on pancreatic cancer
cells using biodegradable polymer nanoplexes

Guimiao Lin,+*® Chengbin Yang,+® Rui Hu,? Chih-Kuang Chen,® Wing-Cheung Law,?
Tommy Anderson,® Butian Zhang,® Quoc Toan Nguyen,® Hui Ting Toh,®
Ho Sup Yoon,® Chong Cheng® and Ken-Tye Yong*®

Pancreatic cancer is one of the deadliest cancers throughout the world with rarely efficient therapies cur-
rently available. Gene therapy on pancreatic cancer through small interfering RNA (siRNA)-based RNA
interference (RNAI) has shown great potential and attracted much attention. However, due to the fragile
nature of nucleic acid, the application of RNAI as a safe and efficient carrier faces great challenges. In this
contribution, a self-assembly regime, which is based on well-defined cationic polylactides (CPLAs) with
tertiary amine groups, has been used to encapsulate and protect siRNAs from fast degradation. CPLA is a
safe and degradable formulation that allowed us to deliver siRNAs targeting the proangiogenic chemokine
interleukin-8 (IL-8) to pancreatic cancer cells for gene therapy. Stable IL-8 siRNA-CPLA nanoplexes were
successfully formed by electrostatic force and high gene transfection efficiencies were shown on two
pancreatic cancer cell lines. We did not observe any cytotoxicity from these CPLAs over a large concen-
tration range via cell viability evaluations. More importantly, the silencing of IL-8 gene expression signifi-
cantly attenuated the proliferation of pancreatic cancer cells. Our preliminary results support the future
development of gene therapy that might provide an effective and safe treatment approach towards pan-

www.rsc.org/biomaterialsscience creatic cancer.

1. Introduction

Pancreatic cancer ranks as the fourth leading cause of cancer
related death in the United States, with yearly incidents of
about 30 000 cases."” Every year it causes more than 200 000
patients to die throughout the world.>* Traditional therapies
such as surgery, radiation and chemotherapy play an impor-
tant role in the treatment of patients with pancreatic cancer.>®
Yet unfortunately, even with combined modality therapy, the
survival rates for pancreatic cancer patients are still very low.”
With the development of molecular techniques, new thera-
peutic strategies have been proposed, among which gene
therapy has caught great attention. Several gene therapy-based
clinical trials using virus vectors for transfection have shown
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quite promising results. More recently, the discovery of RNA
interference (RNAi) has made small interfering RNAs (siRNAs)
another rising topic of focus. siRNAs are double-stranded RNA
molecules with a typical length of around 21 base pairs. In the
RNAI process, they mediate the post-transcriptional gene silen-
cing of a target gene and regulate its expression. During the
past decade, RNAi-based therapeutic strategies have been
extensively explored for cancer treatments.®*'* The success of
RNAI gene therapy is complex and relies on two key factors,
namely, therapeutic efficacy and the delivery efficiency.
Interleukin-8 (IL-8), alternatively known as CXCL8, was origi-
nally identified as an 8 kDa proinflammatory CXC chemokine
which is secreted by multiple cell types, including neutrophils,
monocytes, and endothelial cells.'® It has since been demon-
strated that IL-8 is produced in response to multiple stimuli
and associated with recruiting neutrophils, basophils, and T
cells during immune system activation. IL-8 exerts its biologi-
cal effects by binding to two cell surface G protein-coupled
receptors, CXCR1 and CXCR2, which are produced by macro-
phages and other cell types such as epithelial and endothelial
cells."*"® However, IL-8 was also found to be overexpressed in
many tumors,"® such as ovarian epithelial tumors and *” lung
cancer,'® and exert profound effects on the tumor microenvir-
onment as a proangiogenic cytokine.'®'® Tumor-derived IL-8
activates endothelial cells in the tumor vasculature to
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accelerate angiogenesis and promote the proliferation, inva-
sion, migration and survival of cancer cells through autocrine
signalling pathways.'® The extensive effects of IL-8 activity on
tumor progression and development make it an ideal thera-
peutic target in pancreatic cancer.'®?® Targeting of IL-8 signal-
ling may have great implications in the halting of tumor
progression and assist in enhancing the sensitivity of tumors
to chemotherapy or radiotherapy.

In practical applications, since naked siRNAs are extremely
unstable and negatively charged, it is difficult for them to
penetrate the cell membrane efficiently without a proper
carrier.”" Previously, viral vectors have been demonstrated as
promising gene delivery vehicles because of their high trans-
fection efficiency.>> However, the application of viral vectors
was severely impeded because of several bottlenecks, among
which biosafety issues and immune response were of the most
concern.””?® As a result, non-viral carriers for siRNAs have
emerged and been broadly explored.>”*® Unlike viral vectors,
these non-viral alternatives have great advantages over viral
vectors, such as increased biosafety, ease of design and syn-
thesis, flexibility in chemical modifications and improved
biocompatibility.?** In this study, highly biocompatible and
degradable CPLAs were used for the delivery of siRNAs to pan-
creatic cancer cells targeting the proangiogenic chemokine
IL-8 for gene therapy. Two different pancreatic cancer cell
lines, Panc-1 and MiaPaCa-2, were used in the experiments for
parallel comparison. The gene transfection efficiency was
measured and the gene expression was examined. In addition,
we evaluated the effect of IL-8 gene silencing on the prolifer-
ation of both cell lines. We found that the delivery of siRNAs
by CPLAs was efficient and the gene expression of IL-8 was suc-
cessfully suppressed. More importantly, the down-regulated
IL-8 gene in turn attenuated the proliferation of the pancreatic
cancer cells, indicating a new, effective and safe way towards
pancreatic cancer therapy.

2. Materials and methods

2.1 Synthesis of CPLAs with 26 mol% amine group relative to
PLA backbone repeat units

Materials: 4-dimethylaminopyridine (DMAP; 99+%) and
-lactide (1-LA) (98%) were purchased from Sigma-Aldrich, and
2,2'-dimethoxy-2-phenylacetophenone (DMPA; 98%) was pur-
chased from Acros Organics. Dichloromethane (DCM; HPLC
grade), acetone (HPLC grade), and benzyl alcohol (BnOH;
HPLC grade) were purchased from Fisher Chemical. 2-(Diethyl-
amino)ethanethiol hydrochloride (DEAET, 98+%) was pur-
chased from Amfinecom Inc. All other chemicals were used
without further purification.

CPLA was prepared according to the method reported pre-
viously.®® In brief, in a 10 mL flask, allyl-functionalized PLA,
DEAET, and photoinitiator DMPA were dissolved in CDCl;
(5 mL), resulting in a particular molar ratio. Then, the thiolene
reaction was induced by UV irradiation (Amn. = 365 nm) for
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30 min to yield CPLA with 26 mol% tertiary amine cationic
groups relative to backbone repeat units.

2.2 Cell culture

Human pancreatic cancer cells, Panc-1 (CRL-1469, American
Type Culture Collection) and MiaPaCa-2 (CRL-1420), were
maintained in culture with Dulbecco’s Modified Eagle’s
Medium (DMEM, Hyclone), supplemented with 10% fetal
bovine serum (FBS, Hyclone), 100 pg mL™" penicillin (Gibco)
and 100 pg mL~" streptomycin (Gibco). Cells were cultured at
37 °C in a humidified atmosphere with 5% CO,.

2.3 RNA extraction and real-time quantitative polymerase
chain reaction (Q-PCR)

Total RNA was extracted from Panc-1 cells using TRIzol reagent
(Invitrogen) and the amount was quantified by a spectropho-
tometer (Nano-Drop ND-1000). Total RNA (2 pg) was reverse
transcribed to cDNA using the reverse transcriptase kit from
Promega according to the manufacturer’s instructions. Relative
expression of IL-8 mRNA was assessed using the SYBR green
master mix from Promega to perform Q-PCR using a real-time
PCR instrument (Applied Biosystems 7500) that detects and
plots the increase in fluorescence versus PCR cycle number to
produce a continuous measure of PCR amplification. To
provide a precise quantification of initial target in each PCR
reaction, the amplification plot was examined at a point
during the early log phase of product accumulation. This was
accomplished by assigning a fluorescence threshold above
background and determining the time point at which each
sample’s amplification plot reached the threshold (defined as
the threshold cycle number or CT). Differences in the
threshold cycle number were used to quantify the relative
amount of PCR target contained within each tube. Relative
mRNA expression was quantified and expressed as transcript
accumulation index (TAI = 2 — delta-delta CT), calculated using
the comparative CT method. All data were controlled for quan-
tity of RNA input by performing measurements on an
endogenous reference gene, glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH).

2.4 ELISA assay

The level of IL-8 in cell culture supernatants was determined
using standard sandwich ELISA Kits (EH2IL8, Thermo Scienti-
fic) following the manufacturer’s instructions.

2.5 Transfection

The day before transfection, cells were seeded onto 6-well
plates in DMEM medium without antibiotics to give 30-50%
confluence at the time of transfection. A 20 pL CPLA
(1 mg ml™") dispersion was mixed with 20 uL of 10 pM IL-8
SiIRNA™M (sense: 5-FAM-GGAUUUUCCUAGAUAUUGCATAT-3;
antisense: 5-GCAAUAUCUAGGAAAAUCCATAT-3) with a gentle
vortex and left undisturbed for 20 minutes. Before transfec-
tion, the culture medium was replaced with 960 pL of
OPTI-MEM (Invitrogen), the above mentioned CPLAs-siRNA-
FAM mixture was then added to the medium and the cells were
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continuously cultured. Four hours later, 500 pL DMEM
medium with 30% FBS was added to the medium. Free siRNA™™
was also used in another parallel experiment at the same
dosage level. A commercial transfection reagent Oligofecta-
mine (Invitrogen) coupled siRNA™M was used as a positive
control. Gene expression was monitored at 48 hours post-trans-
fection. For transfection efficiency examination, fluorescence
imaging and flow cytometry analysis were performed at
4 hours post-treatment.

2.6 Fluorescence imaging

In vitro fluorescence microscopy images were obtained using a
fluorescence microscope (Eclipse-Ti, Nikon). The cells were
washed and fixed with 4% formaldehyde before imaging, and
the nuclei were stained with DAPI (Sigma). To image the cells,
filter sets for DAPI (excitation at 405 nm and emission was col-
lected with a band pass filter 450/50 nm) and FITC (excited with
488 nm laser and emission was collected with a band pass filter
525/50 nm) were applied for DAPI and FAM (with excitation/
emission maximum at 492/518 nm) signals, respectively.

2.7 Flow cytometry

For the flow cytometry experiments, the cells were washed
twice with phosphate-buffered saline (PBS) and harvested by
trypsinization. The FAM served as the luminescent marker
(filter set for FITC was applied) to determine the transfection
efficiency quantitatively. The samples were analyzed using a
FACSCalibur flow cytometer (Becton Dickinson, Mississauga,
CA, USA).

2.8 Gene expression analysis

48 hours after transfection, total RNA was extracted from Panc-
1 cells using TRIzol reagent (Invitrogen) and the amount was
quantified by a micro-spectrophotometer (Nano-Drop
ND-1000). Total RNA (2 pg) was reverse transcribed to cDNA
using the reverse transcriptase kit from Promega according to
the manufacturer’s instructions. Semi-quantitative PCR was
used to determine the IL-8 relative mRNA expression level nor-
malized to the expression of glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH), one of the most commonly used
housekeeping genes adopted in comparisons of gene
expression. The PCR products were electrophoresed on 2%
ethidium bromide-stained agarose gel and observed under a
UV transilluminator (Bio-Rad). Primers used were as before
(Table 1).

Table 1 Primer sequences for real-time PCR

Gene name Primers

1L-8 5'-CTTCTAGGACAAGAGCCAGGAAGAAACCAC-3’
5'-GTCCAGACAGAGCTGTCTTCCATCAGAAAG-3’

CXCR1 5-GAGCCCCGAATCTGACATTA-3'
5-GCAGACACTGCAACACACCT-3’

CXCR2 5-ATTCTGGGCATCCTTCACAG-3'
5-TGCACTTAGGCAGGAGGTCT-3'

GAPDH 5'-ACCACAGTCCATGCCATCAC-3’

5'-TCCACCACCCTGTTGCTGTA-3'

This journal is © The Royal Society of Chemistry 2014
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2.9 Cell viability

Cell viability was measured by the MTT (3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide) (Sigma) assay. Cells
were seeded in a 96-well plate at a density of 5 x 10° cells per
well and incubated with different concentrations of CPLAs for
24 or 48 hours. 20 pL of 5 mg ml~" MTS in PBS was added and
the cells were incubated for 4 hours at 37 °C with 5% CO.,.
150 pL of 100% dimethylsulfoxide (DMSO, Sigma) was then
added to solubilize the precipitate with 5 minutes gentle
shaking. Absorbance was measured with a microplate reader
(Bio-Rad) at a wavelength of 490 nm. The cell viability was
obtained by normalizing the absorbance of the sample well
against that from the control well and expressed as a percen-
tage, assigning the viability of non-treated cells as 100%.

2.10 Statistical analysis

All data were presented as means + SD. The results were com-
pared by analysis of variance (ANOVA). All statistical calcu-
lations were performed with the SPSS 11.0 software package. A
p value less than 0.05 was regarded as a statistically significant
difference.

3. Results and discussion

Increased expression of IL-8 and/or its receptors has been
identified in cancer cells.'® The tumor-derived IL-8 will then
increase the NFkB transcription and the anti-apoptotic protein
expression. As a result, profound effects on the tumor micro-
environment will be initiated to maintain the viability of
tumor cells.’® Here we have conducted in vitro experiments to
examine the role of IL-8 and IL-8 receptors on the aggressive
phenotype of two pancreatic cancer cell lines, Panc-1 and
MiaPaCa-2. As shown in Fig. 1A, the RT-PCR derived gene
expression of IL-8 and its receptors, CXCR1 and CXCR2, can
be detected in both the Panc-1 and MiaPaCa-2 cell lines. More
importantly, the results show that the IL-8 expression is signifi-
cantly higher in MiaPaCa-2 than in Panc-1 cells, as character-
ized in both mRNA and protein levels (Fig. 1B and 1C). It is
worth mentioning that the doubling time of MiaPaCa-2 cells
in culture is about 40 hours, which is much less than that of
Panc-1 cells (~52 hours). This suggests a possible relationship
between the IL-8 levels and the aggressiveness of the cancer
cells. The targeted silencing of the IL-8 gene might be an
effective way to halt the proliferation of pancreatic cancer cells.

Our results showed that the IL-8 gene is highly expressed in
pancreatic cancer cells and MiaPaCa-2 cells possess higher
aggressive potential. One may be interested to know whether
the RNAi mediated silencing of IL-8 in pancreatic cancer cells
could eventually lead to the abrogation of proliferation. Prior
to testing it using CPLA, a commercially available gold stan-
dard, Oligofectamine, was used as the transfection agent.
Panc-1 and MiaPaCa-2 cells were treated with Oligofectamine-
IL-8 siRNA nanoplexes (Oligo-IL-8) and the transfection results
were compared with the control scrambled siRNA (Oligo-SC).
Fig. 2A shows the gene expression levels of IL-8 in Panc-1 and
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Fig. 1 Expression of IL-8 and its receptors, CXCR1 and CXCR2 in pancreatic cancer cell lines (Panc-1 and MiaPaCa-2) of different aggressive poten-
tial. (A) The gene expression of IL-8, CXCR1 and CXCR2 detected by RT-PCR. (B) The relative mRNA level of IL-8 detected by RT-PCR. Values are
means + SD, n = 3; *, P < 0.001 vs. Panc-1 cells. (C) Protein levels of IL-8 in Panc-1 and MiaPaCa-2 cells detected by ELISA assay. Values are means +

SD,n =4; * P<0.001vs. Panc-1 cells.

MiaPaCa-2 cells at 48 hours post-treatment. As compared with
those untreated or treated with the control scrambled siRNAs,
the gene expressions of IL-8 in the samples treated with Oligo—-
IL-8 were remarkably inhibited (Fig. 2B). Fig. 2C shows that
the cells treated with IL-8 siRNA manifested an obvious
decrease in cell proliferation (p < 0.01) as determined by MTT
assays while no significant effects were observed in the nega-
tive control, clearly showing the anti-cancer efficacy of IL-8
siRNA towards pancreatic carcinoma.

Oligofectamine has been widely used as a carrier system for
siRNAs delivery in vitro and in vivo.** Although it has shown
promising results, a high dose of Oligofectamine is known to
be cytotoxic.”> Furthermore, it may initiate an immune
response and change the expression of non-target genes that
are involved in critical cellular processes.***® For example,

A Panc-1

P

<
o o o

B
1400 mmoigesc
120} OIigo-IL-8

IL-8 Concertration (% Blank)

MiaPaCa-2

Panc-1

reports have shown that Oligofectamine can induce the over-
expression of apoptosis related genes, such as the heat shock
protein 70, caspase 8 isoform c and Bcl-2-related protein AL
(Bcl-2 AL), and thus result in an increased tendency for early
cell apoptosis.***> These drawbacks of Oligofectamine have
greatly limited its further clinical applications. In contrast,
degradable materials have shown superior capability of
dealing with toxicity and clearance issues. CPLAs are soluble
in water and positively charged. They can form nanoplexes
with nucleic acids by electrostatic absorption. In addition,
under physiochemical conditions, CPLAs can be degraded into
oligomers (fragments of CPLAs) after 9 hours.**”*” Here, a ratio
of siRNAs:CPLAs (1:128) was used throughout the experi-
ments. After forming the nanoplexes with IL-8 siRNAs (CLPA-
IL-8), the dynamic light scattering (DLS) data in Fig. 3 shows

MiaPaCa-2

WP

<
o 5 o

[IBlank
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1207 EOiigoIL-8

Cell Viability (% Blank)
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o o =] (=] o o
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Fig. 2 Silencing of IL-8 gene expression by specific siRNAs attenuates the proliferation of pancreatic cancer cells. (A) The gene expression of IL-8 in
Panc-1 and MiaPaCa-2 cells after treatment with Oligo—IL-8. (B) Protein levels of IL-8 in Panc-1 and MiaPaCa-2 cells after IL-8 silencing detected by
ELISA assay. Values are means + SD, n = 4; *, P < 0.001 vs. mock and scrambled. (C) Cell proliferation assays of Panc-1 and MiaCaPa treated with

Oligo—-SC and Oligo—IL-8 for 72 hours. Values are means + SD, n = 5.
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that the nanoplexes had an average hydrodynamic size of
60-80 nm. Because CPLAs were modified with tertiary amine-
based cationic groups, this rendered CLPA-IL-8 positively
charged with a zeta potential of +13.1 mV.

Fig. 4 shows the fluorescent images of MiaPaCa-2 cells
treated with different formulations for 4 hours, where the
siRNAs were labelled with fluorescent FAM for visualization.
The signals from the FAM channel in Fig. 4D demonstrate that
the siRNAs were successfully delivered into the cells by conju-
gating with CPLAs. Fig. 4E shows results from a commercial
transfection reagent Oligofectamine conjugated siRNA™M
(Oligo-siRNA™™) serving as a positive control. In comparison,
no FAM fluorescent signal was detected from the cells treated
with free siRNA™™ (Fig. 4C), which was most likely due to the
fast degradation of the unprotected siRNAs and the fact that
the uptake of negatively charged siRNA was impeded by the
cell membrane. These results indicate that the use of CPLAs as

Overlaid

Fig. 4 Fluorescent images of MiaPaCa-2 cells treated with (A) blank, (B) CPLA, (C) siRNA™M, (D) CPLA-siRNA™M and (E) Oligo—siRNA™M. The cell

nucleus is stained with DAPI (pseudo-colored in blue) and the signals from FAM are assigned in green. Oligo—siRN

reagent Oligofectamine conjugated siRNA™M,

This journal is © The Royal Society of Chemistry 2014
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nanocarriers can effectively protect siRNAs from fast degra-
dation and successfully transport them into the cells across
the cell membrane. Parallel experiments were carried out on
Panc-1 cells and similar results were observed (data not
shown).

The transfection efficiency of siRNAs by CPLA was further
quantified by flow cytometry analysis. Fig. 5 shows the rep-
resentative plots of the fluorescence intensity in MiaPaCa-2 cells
treated with different formulations for 4 hours, where Oligo-
siRNA was introduced as a positive control. The results were
consistent with the fluorescent imaging analysis that almost
no fluorescent signal from FAM was detected in cells treated
with free siRNA™M (3.55 + 1.20%) or CPLAs only (2.45 +
0.84%). In contrast, cells treated with CPLA-siRNA™™ and
0Oligo-siRNA™M showed strong fluorescent signals, which indi-
cated the abundant accumulation of siRNAs. The fraction of
cells with strong FAM fluorescent signals in the group treated
with CPLA-siRNA™M was counted to be over 90% (94.72 =+

A

Biomaterials Science

1.25%) in our experiments, which was significantly higher
than those in the blank, CPLAs and siRNA™™ groups (P <
0.001), and comparable with the group treated with Oligo—-
SIRNA™M (93.94 + 1.38%). This portion represented in percentage
was directly proportional to the delivery efficiency of siRNAs by
CPLAs, and thus strongly demonstrates that the CPLAs can be
used as efficient transfection reagents for siRNAs.

To evaluate the silencing efficiency of the CPLA-siRNA
nanoplex, a specific siRNA sequence targeting IL-8 gene was
conjugated with CPLAs and delivered to the Panc-1 and
MiaPaCa-2 cells. The IL-8 mRNAs expressed by both cells were
measured by RT-PCR as shown in Fig. 6A. It shows that the
cells treated with CPLAs or free siRNAs exhibited minimal sup-
pression when compared with non-treated negative control. As
a comparison, CPLA-siRNA transfected cells have shown a
remarkable decrease in the gene expression of IL-8, with
knockdown efficiencies of 50.81% and 53.27% for Panc-1 and
MiaPaCa-2 cells, respectively (Fig. 6B). Also, cells treated with
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Fig. 5 Transfection efficiency of MiaPaCa-2 cells determined by flow cytometry analysis. (A) Representative pictures, where cells were treated with
(i) blank, (i) CPLAs, (iii) siRNA™M, (iv) CPLA-siRNAFAM and (v) Oligo—siRNAFAM. (B) Transfection efficiency from experiments shown in (A). Values are

means + SD, n = 4; *, P < 0.001 vs. blank, CPLA and siRNA.
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Fig. 6 Expression of IL-8 in Panc-1 and MiaPaCa-2 cells. (A) The gene expression of IL-8 detected by RT-PCR, where a—e represent blank, CPLA,
siRNA, CPLA-siRNA and Oligo—siRNA treatment groups, respectively. (B) The relative mRNA level of IL-8 from experiments shown in (A). Values are
means + SD, n = 4; *, P < 0.001 vs. blank, CPLA and siRNA. (C) Protein levels of IL-8 in Panc-1 and MiaPaCa-2 cells detected by ELISA assay. Values

are means + SD, n = 4; *, P < 0.001 vs. blank, CPLA and siRNA.

the CPLA-siRNA nanoplex have shown an obvious decrease in
the protein release of IL-8 (Fig. 6C). These results indicated
that the CPLAs conjugated IL-8 siRNAs can be successfully
released and bind to the targeting mRNA for silencing. As a
positive control, the Oligo-siRNA formulation resulted in com-
parable knockdown efficiencies of 51.19% and 48.82% for
Panc-1 and MiaPaCa-2 cells, respectively. In addition to the
gene knockdown efficiency, to assess the therapeutic effects of
the IL-8 targeted gene therapy, the viability of the cells after
treatment were examined. Both Panc-1 and MiaPaCa-2 cells
were treated with different formulations and the cell viabilities
were evaluated by MTT assays 72 hours post-treatment. As
shown in Fig. 7, no significant difference was observed in the

This journal is © The Royal Society of Chemistry 2014

cell proliferation ability between the control, CPLAs and free
siRNA groups. In contrast, an evident decrease in the cell viabi-
lity of the CPLA-siRNA treated group was observed, indicating
that targeting IL-8 by employing the CPLAs conjugated IL-8
siRNAs is a promising strategy to suppress the proliferation of
both the Panc-1 and MiaPaCa-2 pancreatic cancer cells.
Results have also shown no difference between the CPLA-
siRNA and the positive control Oligo-siRNA groups, which is
consistent with the gene knockdown efficiency results.

The biocompatibility of the nanosized gene carriers is of
great concern for biomedical applications. In order to evaluate
the toxicity of CPLA, cell viability studies were performed on
Panc-1 and MiaPaCa-2 cells. Fig. 8 shows that both cell lines
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Fig. 7 Growth inhibition of IL-8 siRNA delivered by CPLA. Panc-1 and
MiaPaCa-2 cells were treated with different formulations for 72 hours.
Cell viabilities were measured by MTS assay. Values are means + SD, n =
5.* P < 0.01vs. blank, CPLA and siRNA.
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Fig. 8 Cytotoxicity study of CPLAs detected by MTS assay. Panc-1 and
MiaPaCa-2 cells were treated with respective concentrations (0, 2.5, 5,
10, 20, 40, 80, 160 pg mL™) of CPLA for 24 or 48 hours. Values are
means + SD, n = 5.

maintained over 80% viability across a wide range of dosages
up to 160 pg mL™", 24 or 48 hours after exposure. These results
indicate that the CPLA formulation has a high biocompatibil-
ity and we propose that the nanoformulation may be safely
used for in vivo studies.

The aggressiveness of pancreatic cancer has made it one of
the most deadly cancers around the world.*® RNAi based gene
therapy has brought great promises for patients fighting
against it. Lots of efforts have been made in identifying
effective gene targets for pancreatic cancer and several have
been found, such as K-Ras, P53, LSM1 and IL-8. However, an
ideal risk-free transfection reagent with high gene silencing
efficiency is still in urgent need. Our results here have provided
a reasonable alternative. Although the complete suppression
of the cancer cell proliferation is still challenging, the develop-
ment of this new biodegradable CPLA formulation has shed a
light on the key factor for gene transfection. With these

8 | Biomater. Sci., 2014, 00, 1-9
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promising results, we believe that further development in
therapeutic strategies incorporating RNAi may achieve better
results and help us move forward in the battle.

4. Conclusion

In conclusion, we have proposed a biodegradable nanoformu-
lation for RNAi based pancreatic cancer gene therapy. The
tumor overexpressed chemokine IL-8 was chosen as the gene
target. The nanoformulation was based on CPLA with ternary
amine-based cationic groups. Specific siRNAs targeting the
IL-8 gene were conjugated with the CPLA and delivered into
two pancreatic cancer cell lines with high transfection
efficiency over 90%. The IL-8 gene expression was successfully
suppressed and more importantly, the proliferation of both
the cell lines was inhibited after 72 hours of transfection. MTS
assays have shown that CPLA is highly biocompatible. Our
results show that CPLA can serve as a great gene delivery plat-
form for cancer treatment incorporating new therapeutic
strategies.
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