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Abstract
Background: To date the therapy for non-small cell lung cancer (NSCLC) is associ-
ated with severe side effects, frustrating outcomes, and does not consider different
tumor characteristics. The RNA-interference (RNAi) pathway represents a potential
new approach to treat NSCLC. With small interfering ribonucleic acids (siRNAs), it
is possible to reduce the expression of proliferation-dependent proteins in tumor
cells, leading to their apoptosis. We propose that siRNAs could be adapted to the
tumor type and may cause fewer side effects than current therapy.
Methods: Four NSCLC cell lines were cultured under standard conditions and
transfected with three different concentrations of siRNAs targeted against the
hypoxia-inducible factors 1α and 2α (HIF1α and HIF2α) and signal transducer and
activator of transcription 3 (STAT3). The expression was observed by quantitative
real-time polymerase chain reaction and western blots. For the analysis of cell
growth three days after transfection, the cell number was detected using a CASY cell
counter system.
Results: The results of the silencing of the analyzed factors differ in each cell line.
Cell growth was significantly reduced in all cell lines after transfection with HIF1α-
and STAT3-siRNA. The silencing of HIF2α resulted in a significant effect on cell
growth in squamous, and large-cell lung cancer.
Conclusions: This study shows that the knockdown and viability to siRNA trans-
fection differ in each tumor type according to the used siRNA. This implies that the
tumor types differ among themselves and should be treated differently. Therefore,
the authors suggest a possible approach to a more personalized treatment of NSCLC.

Introduction

In most countries, non-small cell lung cancer (NSCLC) is still
one of the most common diseases. Its tremendous malig-
nancy is demonstrated by the low five-year survival rates,
especially in advanced stages of the disease. The current stan-
dard treatment is the combined use of surgery, chemo-
therapy, and radiotherapy, adapted to the stage of the disease.
With its various and partial severe side effects, for example,
the toxicity of chemotherapy and the still very frustrating
therapeutic outcome, it is crucial that new targets and thera-
peutic strategies are found. To date, only some of the patients
with a mutation in the epidermal growth factor receptor
(EGFR) benefit from treatment with gefitinib.1 For all other
cases, standard therapy is the only available treatment, where
neither the histological type nor the expressions of certain

factors in the tumor play important roles. However, the
expression or overexpression of some factors can have an
effect on the overall survival of patients, and this represents a
promising possibility for new treatment options.2,3

The RNA-interference pathway that was discovered by Fire
and Mello in 19984 offers one possible method to reduce
overexpression of certain factors in tumors and, therefore,
reduce their growth. This pathway is a natural defense mecha-
nism in cells and can be stimulated with synthetic short double
stranded small interfering RNAs (siRNA). Thereby, the
sequence of the siRNA determines the degradation of a certain
mRNA and their reduced translation into a protein. The dis-
coveryandunderstandingof thispathwayrepresentspotential
for the treatment of diseases like tumors. There have been
clinical trials between phase I-III, the most well-known study
being the inhibition of the macula degeneration with an
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siRNA targeted against vascular endothelial growth factor
(VEGF).5 There are further trials in phase I-II, working with
siRNAs targeted against vascular endothelial growth factor
receptor-1 (VEGFR-1), RTP801 or ribonucleoside reductase
M2 (RRM2).6–8 There are very important prerequisites that
have to be fulfilled for an efficient and safe therapeutic applica-
tion of siRNAs in order to reduce or eliminate side-effects, for
example: effective siRNA design and synthesis to avoid
immune stimulation and off-target effects; improved biologi-
cal stability of the siRNA; formulation of a delivery system
with the most favorable pharmacokinetics and biodi-
stribution; target to the organ/cell type; ensure siRNA uptake
into the cell; siRNA must escape from endosome and/or
lysosome avoiding errant siRNA compartmentalization;
bioavailability of the siRNA at the site of action; and siRNA
must exert gene-silencing activity.9 We propose that siRNA
application is safe and efficient when these conditions are
achieved.

In this study, we evaluated the expression of three different
factors after non-viral transfection with siRNAs and analyzed
the influenceof theknockdownonthecellproliferationforthe
different NSCLC lines. The factors that were used in this study
were chosen because of their roles and importance in the
viability of cancer cells and, thereby, connected expression
or overexpression with its observed effects on other malignan-
cies.10,11 HIF1αand HIF2αare important transcription factors
in cells for the handling of a lack of oxygen. Both help the cells
with inducing angiogenesis and differentiation in the case of
hypoxia.12–14 Whereas STAT3, with its two isoforms STAT3α
and STAT3β,which are results of an alternative splice acceptor
side in an exon, is a transcription factor and also plays an
important role in tumour angiogenesis, cell proliferation, and
intheinhibitionof apoptosis.15 Italsoplaysarole ininteracting
with the acute-phase-response of the immune system and in
embryogenesis where the absence of STAT3 is lethal.16 As the
different types of NSCLC are often not distinguished between
in terms of treatment, this study was created to test the three
different types of NCSLC (squamous cell lung carcinoma,
adenocarcinoma,andlargecell lungcarcinoma),fortheeffects
of specific siRNA transfection on cell growth. In a previous
study, the authors have already observed the effects on NSCLC
cell lines for the factors serum-response-factor (SRF),
E2-promotingbindingfactor(E2F1),andSurvivin.17 Thisnew
study has been conducted to attempt to find a new approach in
thecreationof amoreeffectiveandmorespecializedtreatment
for each type of NSCLC.

Methods

Cell culture

The four used NSCLC cell lines (SK-MES squamous cell lung
carcinoma; LXF-289 adenocarcinoma; A549 adenocarci-

noma; and NCI-H-460 large cell lung carcinoma [DSMZ-
German Collection of Micro-organisms and Cell Cultures,
Braunschweig, Germany]) were cultured under standard
conditions at 37°C and 5% CO2.

All cell culture media and supplements were purchased
from PAA (Cölbe, Germany). All cell line media were supple-
mented with 100 U penicillin and 20 μg streptomycin per ml
and with 2 mM L-glutamine. Additionally, the medium was
supplemented with 10% fetal calf serum (FCS) (PAA, Cölbe,
Germany). A549 and SK-MES were cultured in high-glucose
Dulbecco’s modified eagle medium (DMEM), NCI-H-460 in
PRMI 1640 medium, and the LXF-289 cell line in Ham’s F10
medium.

Transfection of small interfering (si)RNAs

One day prior to siRNA transfection, cells were seeded in
12-well cell culture plates. For quantitative real time-
polymerase chain reaction (qRT-PCR) 150 000 and for CASY
analysis, 10 000 cells were seeded into one well of a 12-well
plate. The next day, cells were transfected with different
siRNA concentrations: 25 nM, or 100 nM for qRT-PCR and
50 nM for CASY and western blot analysis. The amount of
siRNA was calculated for one well of a 12-well plate and
diluted in 300 μL basal medium (DMEM high-glucose
medium without supplements). Then, 1.1 μL or 1.75 μL of
INTERFERin, purchased from Polyplus (Illkirch, France),
were pipetted into a siRNA concentration of 25 nM or of
more than 50 nM, respectively. For CASY analysis of the
mixture HIF1α plus HIF2α-siRNA, 25 nM of each siRNA
was diluted in 300 μL basal medium and the appropriate
amount of INTERFERin was added.

To form transfection complexes, mixtures were incubated
for 20 minutes at room temperature. Subsequently, the
medium of the cells was aspirated and cells were washed with
500 μL phosphate buffered saline (PBS) derived from PAA
(Cölbe, Germany). For siRNA transfection, 300 μL of the
transfection complexes were added to each well and incu-
bated for two hours at 37°. The complexes were then removed
and fresh medium, supplemented with FCS, antibiotics, and
L-glutamine was added to the cells.

siRNA sequences

Scrambled-siRNA (SCR-siRNA) was purchased from Qiagen
(Hilden, Germany), however, they do not provide the
sequence of their non-silencing siRNA. They ensure that it
has no homology to any known mammalian gene. To ensure
minimal nonspecific effects on gene expression and pheno-
type, their non-silencing siRNA was validated using
Affymetrix Gene Chip arrays and a variety of cell-based
assays. The used siRNAs have the following sequences:
-HIF1α sense- 5′-AGAGGUGGAUAUGUGUGGG-3′;
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antisense 5′-CCCACACAUAUCCACCUCU-3′; HIF2α sense
5′-AGAUUCCUCGUUAUUGUUG-3′; antisense 5′-CAACA
AUAACGAGGAAUCU-3′; STAT3 sense 5′-GCCUCUCU
GCAGAAUUCAA-3′ antisense 5′-UUGAAUUCUGCAGA
GAGGC-3′.

HIF1α, HIF2α and STAT3 siRNAs were synthesized by
Eurofins MWG Operon (Ebersberg, Germany).

Quantitative real-time polymerase chain
reaction (qRT-PCR)

Twenty-four hours after siRNA transfection, the total RNA
was purified from cells using the Aurum total RNA mini-kit
supplied by Bio-Rad (Hercules, CA, USA). Bio-Rad’s iScript
cDNA Synthesis Kit was used according to the manufacturer’s
instructions to consecutively reverse-transcribe 200 ng of
each RNA sample. Primer design was conducted using Primer
3 and Primer Premier 5 software (PREMIER Biosoft Interna-
tional, Palo Alto, CA, USA). The following primer sequences
were used: GAPDH forward 5′-TCAACAGCGACACCC
ACTCC-3′; reverse 5′-TGAGGTCCACCACC-CTGTTG-3′;
HIF-1α forward 5′-TGCAGAATGCTCAGAGAA-3′; reverse
5′-GCTGCATGATCGTCTGGCTGCT-3′; HIF-2α forward
5′-TGTCAGGCATGGCAAGCCGG-3′; reverse 5′-GCACG
GGCACGTTCACCTCA-3′; STAT3 forward 5′-CGGAGAA
ACAGTTGGGACCCCT-3′; reverse 5′-GAGCTGCTCCAG
GTACCGTGT-3′. All primers were synthesized by Eurofins
MWG Operon (Ebersberg, Germany).All PCR reactions con-
tained IQ SYBR Green Supermix from Bio-Rad, 400 nM
forward and reverse primer and 2 ng of cDNA in a total
volume of 15 μL. All PCR reactions were performed in tripli-
cates. Normalized gene expression was calculated by the ΔCt
method using glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) as a reference.

Cell growth analysis by CASY

Three days after siRNA transfection, the cell number was
determined for the analysis of cell growth using a CASY cell
counter system (Schärfe System, Reutlingen, Germany).
Because of the lower resistance of dead cells in an electronic
pulse area analysis, they were distinguishable from living
cells. Cells were detached by using trypsin and neutralized
with trypsin neutralizing solution (TNS) before they were
counted by CASY. For the purpose of further analysis, only
the numbers of living cells per ml were used and the number
of non-transfected cells was set to 100%.

Protein expression by western blot

Twenty-four hours after siRNA transfection, the total
protein was isolated from cells with the use of a radio-
immunoprecipitation assay (RIPA) lysis buffer from Thermo

Fisher Scientific (Bonn, Germany). Sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) of the iso-
lated proteins was then performed and blotted on nitrocellu-
lose membrane, which was blocked overnight in 5% bovine
serum albumen (BSA). Subsequently, the membrane was
incubated with a 1:500 dilution of anti-STAT3 and anti-actin
antibody, both from Santa Cruz (Heidelberg, Germany), for
two hours at room temperature. After washing, the second
antibody from Sigma Aldrich (Seelze, Germany) with conju-
gated alkaline-phosphatase was applied to the membrane for
two hours in a 1:5000 dilution. Visualization was carried out
with 5-bromo-4-chloro-3-indolyl-phosphate-nitro blue
tetrazolium (BCIP/NBT) substrate from Sigma Aldrich
(Seelze, Germany). For calculation of the relative expression
of the protein level, Image J was used. Actin expression was,
therefore, used as reference.

Statistics

The mean ± standard deviation (SD) is used for the expres-
sion of the results. The results represent the average of n = 1 to
n = 4 independent experiments (performed in duplicates for
qRT-PCR and in quadruplicates for CASY). To confirm that
there was a significant knockdown the t-test for independent
samples was performed with n = 3.

Results

After siRNA transfection of A549 cells with HIF1α-, HIF2α-,
and STAT3-siRNA, the gene expression of HIF1α was
unchanged, but HIF2α targeted siRNA led to a 58% reduc-
tion of HIF2α gene expression with 25 nM siRNA, and a 53%
reduction after transfection with 100 nM siRNA HIF2α-
siRNA. The transfection with 25 nM STAT3 siRNA resulted
in a 68% reduction, while the transfection with 100 nM
STAT3 siRNA resulted in a 61% reduction of STAT3, analyzed
by qRT-PCR (Fig 1a–c). SCR-siRNA transfection did not
result in a decrease of HIF1α, HIF2α or STAT3 gene expres-
sion. The transfection with 50 nM HIF1α- and STAT3-siRNA
resulted in a significant reduction of cell growth of more than
40%; HIF2α-siRNA and the mixture of HIF1α- plus HIF2α
siRNA did not result in a significant reduction in cell growth
(Fig. 1d and Table 1).

The examination of the gene expression in LXF-289 cells
after HIF1α-targeted siRNA transfection with concentra-
tions of 100 nM siRNA showed a 50% reduction of HIF1α
after transfection with HIF1α siRNA, but no visible knock-
down with 25 nM siRNA concentration (Fig. 2a). The trans-
fection with different concentrations of HIF2α-siRNA did
not result in a knockdown (Fig. 2b). The transfection of
LXF-289 cells with STAT3-siRNA led to a reduction of
10% of the protein level (Fig. 2c,e). The cell growth was
reduced significantly to 50%, 30%, and 40%, compared to
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non-transfected cells after transfection with HIF1α-, STAT3-,
and HIF1α- plus HIF2α-siRNA as a mixture, respectively
(Table 1). HIF2α-siRNA transfection did not result in a
decrease of cell growth (Fig. 2d).

The analysis of gene expression after transfection of
the NCI-H-460 cell line with HIF1α-, HIF2α-, and STAT3-

siRNA showed a 46% decrease of the HIF1α expression after
transfection with HIF1α-siRNA, a 23% reduction of the
HIF2α expression after transfection with 25 nM HIF2α-
siRNA, and a reduction of 53% after transfection with
100 nM HIF2α-siRNA (Fig. 3a,b). Furthermore, the expres-
sion of STAT3 is reduced 70% after transfection with 25 nM
STAT3-siRNA, and 75% at a 100 nM siRNA concentration
(Fig. 3c).After transfection with 50 nM HIF1α-, HIF2α-, and
STAT3-siRNA the cell growth is significantly reduced by the
transfection of HIF1α-siRNA with 80%, followed by a signifi-
cant reduction of 40% after transfection with HIF2α-
and STAT3-siRNA (Table 1). The mixture of HIF1α-, plus
HIF2α-siRNA also revealed a significant 80% decrease in cell
growth. However, the SCR-siRNA transfection seems to be
responsible for a low, but significant, decrease in cell growth
of 27% (Fig. 3d). Furthermore, SCR-siRNA led to an increase

Figure 1 Relative (a) HIF1α, (b) HIF2α and (c) STAT3 expression of A549 cells 24 hours after transfection with corresponding siRNAs. The x-axis describes
the different siRNAs and their used concentrations, while the y-axis shows the relative expression of the mRNA silenced gene, with untransfected cells set
to one. (d) Cell numbers in % three days after transfection with siRNA concentrations of 50 nM. Untransfected cells were set to 100%. (e) Relative
protein level of STAT3α and STAT3β 24 hours after transfection with 50 nM STAT3-siRNA, compared to untransfected cells. Actin expression was mea-
sured to calculate a relative expression. (f) Western blot of STAT3 expression after transfection with 50 nM STAT3 siRNA (n = 2). Each chart shows the
mean ± standard deviation (SD) of (a), (b), (c) n = 1, (d) n = 3. p* indicates statistical significance at a level of P < 0.05, compared with untransfected cells.

Table 1 Reduction of cell growth after siRNA transfection

Tumor type HIF1α HIF2α STAT3 HIF1α+HIF2α

A549 44%* 8% 47%* 20%
LXF 48%* No reduction 30%* 40%*
NCIH 78%* 60%* 60%* 80%*
SK-MES 20%* 20%* 27%* 44%*

p* indicates statistical significance at a level of P < 0.05 compared with
untransfected cells.
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of STAT3 expression in qRT-PCR (Fig. 3d), but mediated no
increased protein level analyzed by western blot (Fig. 3e,f).
The transfection of STAT3-siRNA resulted in a 5% reduction
of the STAT3 protein level.

The results of the transfection of SK-MES cells with
HIF1α-, HIF2α-, and STAT3-siRNAs revealed no reduction
of HIF1α expression, analyzed by qRT-PCR (Fig. 4). The
expression of HIF2α was reduced 60% at a 25 nM siRNA
concentration (Fig. 4b). SK-MES cells transfected with
STAT3-siRNA showed a 40% and 60% knockdown of STAT3
expression after transfection with 25 nM and 100 nM siRNA,
respectively (Fig. 4). Cell growth was significantly reduced
20%, 20%, 27%, and 44% after transfection with HIF1α-,
HIF2α-, STAT3-, and the mixture of HIF1α-, plus HIF2α-
siRNA, respectively (Fig. 4d and Table 1).

The transfection of the adenocarcinoma cell lines (A549
and LXF-289) with SCR-siRNA resulted in a visible increase
of the cell viability, which was insignificant (Figs 1,2d).

SK-MES and NCI-H-460 cells showed a decrease, however,
only the decrease in growth of the NCI-H-460 cell line is sig-
nificant (Figs 2d,4d).

The analysis of the protein level after transfection with
STAT3-siRNA reveals a decrease of the protein level of
STAT3α and STAT3β for three of the four cell lines (except
SK-MES). STAT3 as a transcription factor is produced all the
time. If siRNA is introduced into these rapid proliferating
cancer cells, the effect of the RNAi is limited by dilution of the
siRNA by the dividing cells. From our results we see a knock-
down of the STAT3 mRNA level after 24 hours, but the half-
life of the protein is much longer and the effect of the protein
knockdown is not as high as desired. In a therapeutic setup
one would have to apply the siRNA every two to three days to
also significantly decrease the protein levels of STAT3.

The transfection with SCR-siRNA did not alter the protein
level of STAT3α and STAT3β in the cell lines A549, LXF-289
and SK-MES compared to untransfected cells (Figs 1–4e).

Figure 2 Relative (a) HIF1α and (b) HIF2α expression of LXF cells 24 hours after transfection with corresponding siRNAs. The x-axis describes the differ-
ent siRNAs and their used concentrations, while the y-axis shows the relative expression of the mRNA, with untransfected cells set to one. (c) Relative
protein level of STAT3α and STAT3β 24 hours after transfection with 50 nM STAT3-siRNA, compared to untransfected cells. Actin expression was mea-
sured to calculate a relative expression. (d) Cell numbers in % three days after transfections with the concentrations of 50 nM. Untransfected cells were
set to 100%. (e) Western blot of STAT3 expression after transfection with 50 nM STAT3 siRNA (n = 2). Each chart shows the mean ± standard deviation
(SD) of (a), (b), n = 2 and (d) n = 3. p* indicates statistical significance at a level of P < 0.05, compared with untransfected cells.
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Discussion

In the last few years, new approaches in the therapy of NSCLC
have been established. Traditional procedures including
surgery, chemotherapy, and radiotherapy lead to a frustrating
outcome in most patients, even at early diagnosis. Now there
are new treatment options, especially for patients in advanced
stages. For example, preoperative chemotherapy or the
tyrosine-kinase inhibitor erlotinib can be used in some
patients to prolong survival.18–20

However, as early symptoms are rather unspecific, the
disease is often discovered in advanced stages with already
contralateral lymphatic, or, even worse, metastatic lesions. In
this case the prognosis is limited and therapy might consist of
the traditional treatments to achieve a better outcome for the
patient. In the event of an inoperable tumor, a palliative
approach is taken to increase the patients’ quality of life.

The purpose of this study was to investigate the application
of RNA as a possible alternative therapeutic application for
NSCLC patients.

HIF1α and HIF2α and their adapted expression to hypoxia
in cancer cells play key roles as transcription factors in angio-
genesis, cell proliferation, and survival. HIF2α is also known
as endothelial PAS domain-containing protein (EPAS1).21

HIFs promote the activation of genes involved in cancer ini-
tiation, progression, and metastasis. Hypoxia has been shown
to enhance the invasiveness and metastatic potential of tumor
cells by regulating the genes involved in the breakdown of the
extracellular matrix (ECM), as well as genes that control
motility and adhesion of tumor cells.22

STAT3 and its two isoforms α (93 kDa) and β (84 kDa),
play a role, not only in cell proliferation and angiogenesis,
but also interact with many different factors, including
Interleukin-6 (IL-6).23 Constitutive STAT3 activation is

Figure 3 Relative (a) HIF1α, (b) HIF2α and (c) STAT3 expression of NCI-H460 cells 24 hours after transfection with corresponding siRNAs. The x-axis
describes the different siRNAs and their used concentrations, while the y-axis shows the relative expression of the mRNA, with untransfected cells set to
one. (d) Cell numbers in % three days after transfection with siRNA concentrations of 50 nM. Untransfected cells were set to 100%. (e) Relative protein
level of STAT3α and STAT3β 24 hours after transfection with 50 nM STAT3-siRNA, compared to untransfected cells. Actin expression was measured to
calculate a relative expression. (f) Western blot of STAT3 expression after transfection with 50 nM STAT3 siRNA (n = 2). Each chart shows the mean ±
standard deviation (SD) of (a), (b), (c) n = 1 and (d) n = 3. p* indicates statistical significance at a level of P < 0.05, compared with untransfected cells.
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associated with various human cancers and commonly
suggests a poor prognosis.24–27

The three main subtypes of NSCLC are adenocarcinoma,
squamous-cell lung carcinoma, and large-cell lung carci-
noma. Our results remarkably reveal that every histological
subtype of NSCLC showed different knockdown and viability
results. Even among the adenocarcinoma cell lines A549 and
LXF-289, some differences in the knockdown and cell growth
were found. The knockdown of the mRNA level by siRNA
transfection also differs among the other cell lines SK-MES
(squamous cell lung carcinoma) and NCI-H-460 (large cell
lung carcinoma).

The transfection with HIF1α-siRNA led to a knockdown
of HIF1α mRNA in LXF-289 and NCI-H-460 cells, but not in
A549 and SK-MES cells (Figs 1–4a). However, the cell viabil-
ity is significantly decreased in all of the four analyzed cell
lines after transfection of 50 nM HIF1α-siRNA. That implies
that a HIF1α-siRNA mediated knockdown has an impact on

cell proliferation in NCI-H460 and LXF-289 cells, but this
cannot be confirmed in A549 and SK-MES cells. The transfec-
tion procedure seems not to have an impact on the expression
of HIF1α, as SCR-siRNA transfection did not result in an
altered HIF1α expression.

The transfection with HIF2α-siRNA led to a silencing in
large cell carcinoma (NCI-H-460), adenocarcinoma (A549),
and in squamous cell carcinoma (SK-MES). However, trans-
fection with HIF2α-siRNA resulted in a statistically signifi-
cant reduction of cell growth in NCI-H-460 and SK-MES
cells, whereas the A549 and LXF-289 cells showed no signifi-
cant decrease.

When comparing the protein and mRNA expression of
STAT3 after transfection with SCR-siRNA, the results of the
qRT-PCR showed an increase of mRNA expression in all cell
lines. However, in the results of the protein level, only the
LXF-289 cell line (Fig. 2c) exhibited this behavior. From latter
results in our laboratory we found increased or decreased

Figure 4 Relative (a) HIF1α, (b) HIF2α and (c) STAT3 expression of SK-MES cells 24 hours after transfection with corresponding siRNAs. The x-axis
describes the different siRNAs and their used concentrations, while the y-axis shows the relative expression of the mRNA, with untransfected cells set to
one. (d) Cell numbers in % three days after transfection with siRNA concentrations of 50 nM. Untransfected cells were set to 100%. (e) Relative protein
level of STAT3α and STAT3β 24 hours after transfection with 50 nM STAT3-siRNA compared to untransfected cells. Actin expression was measured
to calculate a relative expression. (f) Western blot of STAT3 expression after transfection with 50 nM STAT3 siRNA (n = 2). Each bar shows the mean ±
standard deviation (SD) of (a), (b), (c) and (d) n = 3. p* indicates statistical significance at a level of P < 0.05 compared with untransfected cells.
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expression of the analyzed genes after transfection with
SCRsiRNA.17,28,29 In most cases, these changes were not sig-
nificant and we suggest that the expression changes are
derived from the transfection itself and not from the
SCRsiRNA. In one of our studies we compared different
transfection reagents and our results showed fewer and
less toxic side effects with Interferin compared to
Lipofectamine2000 (Invitrogen).30 However, as cationic lipo-
somal transfection is based on endocytosis, every effi-
cient transfection is accompanied by cell stress. This cell
stress can then lead to a higher expression of STAT3 and
increased viability, particularly in invasive cells, such as
cancer cells.

The decrease of STAT3 after STAT3-siRNA transfection is
clearly visible on the mRNA and protein level, as well as the
significant reduction of cell growth in all cell lines. This
implies that STAT3-siRNA shows a specific knockdown and
the silencing of STAT3 mediates an antiproliferative or
apoptotic effect to the cells. STAT3 as a transcription factor is
constitutively activated in cancer cells. If siRNA is introduced
into these rapid proliferating cancer cells, the effect of the
RNAi is limited by dilution of the siRNA by the dividing cells.
Our results reveal a knockdown of the STAT3 mRNA level
after 24 hours, but the half-life of the protein is much longer
and the effect of the protein knockdown is not as high as
desired. In a therapeutic setup one would have to apply the
siRNA every two to three days to also significantly decrease
the protein levels of STAT3. Interestingly, the mixture of
HIF1α and HIF2α-siRNA shows a better reduction of cell
growth in only one cell line (SK-MES) compared to HIF1α-
or HIF2α-siRNA alone. We suggest that the antiproliferative
effects of the siRNAs do not add themselves when used in a
25 nM concentration compared to the viability of cells trans-
fected with one siRNA of 50nM. Furthermore, HIF1α- and
HIF2α-siRNA did not reduce cell growth in all of the ana-
lyzed cell lines.

The transfection of SCR-siRNA showed an increase of
STAT3 mRNA expression in all used cell lines. In squamous
cell carcinoma SCR-siRNA transfection resulted in an
increase or decrease of the analyzed factors. In NCI-H-460
cells SCR-siRNA transfection also showed a significant
decrease in cell growth. The used SCR-siRNA or the transfec-
tion seems to cause stress to the cells which either leads to
proliferative or antiproliferative effects. There are several
other studies with similar observations using the same SCR-
siRNA.17,28

Our results suggest that these double stranded RNA mol-
ecules offer high potential for further therapies, as, in vitro,
the cell lines showed a decreased cell viability, depending on
the histological type of NSCLC and the used factor. This
implies that choosing the right factor in the appropriate
concentration could present a possible new method of
therapy.

The authors’ actual aim, in the near future, is to further
improve the ways to transfect cells, not only in vitro, but in
vivo, to establish a new approach in the treatment of NSCLC.

Conclusion

The therapeutic possibilities to treat advanced stages of
NSCLC are restricted to surgery, radiotherapy, and chemo-
therapy with low five-year survival rates. Therefore, it is
necessary to investigate new therapeutic approaches. We ana-
lyzed the knockdown and cell proliferation of four NSCLC
cell lines after transfection with siRNAs targeted against
HIF1α, HIF2α, and STAT3. We found that the cell prolifera-
tion was mostly reduced after transfection in all cell lines,
but the three histological cell types reacted differently
to siRNA silencing. Therefore, new therapeutic application
needs to be personalized and specialized to the different
tumor cell types. A clinical application of siRNAs would
achieve these prerequisites.
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