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Intratumoral injection of PKR shRNA expressing
plasmid inhibits B16-F10 melanoma growth
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Abstract. The RNA-dependent protein kinase (PKR) is a
serine/threonine kinase that is involved in the regulation of
important cell processes such as apoptosis, signal transduc-
tion, cell proliferation and differentiation. However, the role
played by PKR in cancer remains controversial. RNA inter-
ference (RNAI) has currently become an important technique
in understanding gene function. Previously, we showed that
PKR shRNA downregulates PKR expression in B16-F10
melanoma cells and reduces the metastatic potential of these
tumor cells. In the present study, we examined the effect of the
intratumoral injection of PKR shRNA-expressing plasmid on
the growth of B16-F10 melanoma in mice. The results showed
that this treatment significantly reduced tumor growth. Thus,
these findings suggested that PKR acts as a tumor suppressor,
a finding that is consistent with our previous study on the
experimental model of metastasis. Moreover, the results
suggested that this effect may be mediated by the transcription
factor NF-xB. The present study confirmed the hypothesis
that the direct administration of RNAi-based therapeutics in
the target tumor is a promising approach for overcoming the
obstacles of systemic delivery. The results also suggested that
the intratumoral injection of PKR shRNA-expressing vector
is a novel therapeutic approach for human solid tumors such
as cutaneous melanoma and breast cancer, since PKR is over-
expressed in these tumors.
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Introduction

The RNA-dependent protein kinase (PKR) is a serine/threo-
nine kinase that was originally identified as a component of the
interferon (IFN)-induced anti-viral response (1,2). In response
to viral infection, IFN induces the expression of a number of
genes, including the human PKR gene. The anti-viral action
of PKR is due to its activation by viral double-stranded RNA
(dsRNA) which results in the phoshorylation of the a-subunit
of eukaryotic translational initiation factor 2 (elF 2a) with the
subsequent shut-down of protein synthesis and inhibition of
virus replication. It was demonstrated that PKR is ubiquitously
expressed and can also be activated by cellular RNAs (3,4) and
proteins (5,6), suggesting that the function of PKR is beyond
the anti-viral defense.

Several studies have shown that PKR plays a role in the
regulation of important cell processes such as apoptosis, signal
transduction, cell proliferation and differentiation (1,4,7,8).
It has been reported that PKR acts as a tumor suppressor or
stimulator protein, depending on the tumor type (1,7,8). The
role of PKR in cancer has been extensively studied, however,
the results are controversial. In a previous study, we showed
that a point mutation in the RNA-binding domain I results in
the loss of PKR activity in acute lymphoblastic leukemia (9).
By contrast, PKR silencing by RNA interference (RNAi)
significantly reduced the number of pulmonary metastatic
nodules in the B16-F10 melanoma. In that experimental model
of metastasis, our findings suggested that the effect of PKR
knockdown is mediated by the transcription factor NF-kB
through the reduction of the phosphorylation of its inhibitor
IxBp by PKR (10).

RNAI has become a powerful tool for investigating gene
function in mammalian cells (10,11). The potential therapeutic
of RNAI technology has also been explored in cancer since
RNAI is able to selectively knockdown critical genes involved
in cell proliferation (12). The RNAi technology holds promise
for cancer treatment, however, a number of obstacles remain to
be overcome before RNAi can be used in the clinic. Notably,
the main challenge is to develop methods to specifically
deliver RNAI to tumor cells. In the last few years, several
strategies have been used to surmount this barrier (13-15) and
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Table I. Sequences of shRNA oligonucleotides.
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shRNA Target position® Sequence

PKR-1 24 5'-ACGGAGGGCGAATAGATTT-3'
PKR-2 320 5'-AAACGCTGCAGCCAAATTA-3'
PKR-3 998 5-ACTCAATCACGTCAACATT-3'
Scrambled - 5'-ACGGAGGGCGAATAGATTT-3'

*Reference sequences for target positions: M93567.

the intratumoral injection of RNAi emerges as a promising
approach in the case of solid tumors (16).

In the present study, we investigated the effect of the
intratumoral PKR short hairpin (shRNA)-expressing plasmid
on the growth of B16-F10 melanoma in C57BL/6 mice. Since
the effect of PKR on B16-F10 melanoma cells is mediated by
NF-xB, we also examined the level of its inhibitor IkBf} in the
B16-F10 melanoma cells following the in vivo knockdown of
PKR expression.

Materials and methods

Culture of tumor cells. B16-F10 melanoma cells were plated
in tissue culture flasks and cultured in RPMI-1640 medium
(Life Technologies, Carlsbad, CA, USA) supplemented with
10% inactivated fetal calf serum (Life Technologies), 2 mM
L-glutamine (Life Technologies) and 1% penicillin/strepto-
mycin (100 U/ml; Life Technologies) in a humidified incubator
at 37°C and 5% CO,.

Target sequence selection of PKR mRNA and plasmid vector
construction. Three shRNAs targeting murine PKR and one
scrambled shRNA (used as a control) with sense and antisense
sequences were used. The selection of sShRNA sequences was
based on the sShRNA Target Finder and Design Tool available
at Dharmacon website. Each shRNA contains a sense strand
of 19 nucleotides followed by a short spacer (AAGTTCTCT),
and an antisense strand and stop signal (TTTTT) for RNA
polymerase III.

siRNA sequences were selected a Blast search. The
selected siRNA sequences were expressed against sequence
tag libraries to ensure that only a single gene was targeted.
A predicted secondary structure of the intended mRNA
was assessed to avoid a steric hindrance of its binding. Each
freeze-dried shRNA was reconstituted with RNase-free water
to prepare a stock solution. Screening for the two inserts was
performed by digestion with Psfl (Promega, Madison, WI,
USA). The targeting sequence and location of each shRNA in
PKR cDNA is shown in Table I.

Transfection of BI16-FI10 melanoma cells. B16-F10 mela-
noma cells were plated in tissue culture flasks at a density
of 7x10° cells. After an overnight incubation and a conflu-
ence of ~70-80%, the cells were transfected with 30 ug of
each PKR shRNA (PKR-1, PKR-2 and PKR-3 shRNA) or
scrambled shRNA using 30 ul of Lipofectamine 2000 (Life
Technologies). The plasmid and Lipofectamine 2000 were

diluted in serum-free medium, left at room temperature for
5 min, mixed immediately, and incubated for 20 min at room
temperature at a v/w ratio of liposomes to shRNA of 1:1. The
culture medium was removed and the shRNA-lipid complex
(1.5 ml total volume) was added. The transfection efficiency
(~75-80%) was evaluated using green fluorescent protein
(GFP).

We examined whether the three PKR shRNAs were effec-
tive in reducing PKR expression in cultured B16-F10 cells
at 48 h after transfection when the cells were lysed and the
amount of PKR mRNA as well as the amount of PKR protein
were measured.

RNA isolation. Total cellular RNA was extracted using
TRIzol LS reagent (Life Technologies). Cellular RNA in the
aqueous phase was transferred to sterile RNAse-free 1.5-ml
microcentrifuge tubes and precipitated by adding an equal
volume of isopropanol. Centrifugation at 10,000 rpm for
10 min was then performed. The pellets were washed with
70% ethanol, air-dried and ressuspended in DEPC water.
RNA concentrations were determined by spectrophotometric
absorbance at 260 nm. The quality of extracted RNA was
determined by electrophoresis. RNA (1 ug) was boiled in
formamide loading buffer and snap cooled on ice. Samples
were subjected to electrophoresis with 1% agarose gels in 1X
TBE buffer (89 mM Tris-HCI, 2.5 mM EDTA, and 89 mM
boric acid). Nucleic acids were visualised by ethidium
bromide staining and observed under ultraviolet light. The
presence of intact 28S and 18S rRNA bands showed good
quality cellular RNA. The RNA preparations were used for
semi-quantitative RT-PCR.

Analysis of PKR expression by reverse transcription-PCR.
Primer pairs designed to amplify PKR and (-actin were
synthesized by IDT (Integrated DNA Technologies, Coralville,
IA, USA). The primer sequences used included: PKR, sense,
5'-GTGGACATCTTTGCTTTGGGCCTT-3"' and antisense,
5"TGTTCCTCCATTCAGCCAAGGTCT-3' (GenBank acces-
sion no. M93567); B-actin, sense, 5S"TGGAATCCTGTGGCA
TCCATGAAAC-3' and antisense, 5-“TAACGCAGCAGT
AACAGTCCG-3' (GenBank accession no. BC014861). Total
cellular RNA was extracted using TRIzol reagent (Life
Technologies) and reverse-transcribed with 0.5 ug of the
oligodT primer, 1 unit of reverse transcriptase, 1 unit of RNase
inhibitor, 5 ul of 5X buffer and 4 1 MgCl, (Life Technologies).
We used 2 ul of each reaction for PCR in 2 pl of sense and
antisense primers, respectively, 0.75 ul of MgCl, (25 mmol/l),
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2.5 pl of deoxynucleotide triphosphates (1.25 mM), 2.5 ul of
10X PCR buffer, and 1 unit of Taq DNA polymerase in a 25-u1
reaction volume. (3-actin was used as a control to assess the
sample integrity and to normalize posterior results. PCR
conditions for B-actin were 4-min denaturation at 94°C, 35
cycles of 1 min at 94°C, 1 min at 52°C and 2 min at 72°C, and
10-min elongation at 72°C in a thermocycler (Abgene, Epsom,
UK). PCR conditions for PKR were 4-min denaturation at
94°C, 37 cycles of 1 min at 94°C, 1 min at 67°C and 1 min at
72°C, and 10-min elongation at 72°C in a thermocycler
(Abgene). PCR products of (3-actin (364 bp) and PKR (290 bp)
were analysed by electrophoresis in a 1.5% agarose gel and
visualized using UV fluorescence after staining with ethidium
bromide. Quantification of PKR bands was performed by
using ImageQuant software, version 3.3 (Molecular Dynamics,
Sunnyvale, CA, USA). The gray scale ratio of PKR/B-actin
was calculated and the results were expressed as a percentage.
The clone with the highest inhibition of PKR expression was
selected for in vivo studies.

Western blot analysis. B16-F10 melanoma cells were washed
with ice-cold Tris-buffered saline (TBS) and lysed with
3 volumes of lysis buffer consisting of 20 mM Tris-HCI
(pH 7.6), 50 mM KCl, 400 mM NaCl, 1 mM EDTA, 0.2 mM
phenylmethylsulfonyl fluoride, aprotinin (2 ug/ml), leupeptin
(2 pg/ml), 1 mM dithiotreitol, 1% Triton X-100 and 20% glyc-
erol. The lysates were centrifuged at 10,000 rpm for 20 min
and the supernatant was stored at -70°C. The soluble proteins
were then measured according to the Lowry method. B-actin
was used as a loading control. Total cellular protein (30 ug)
was separated by electrophoresis through a 10% SDS-PAGE
resolving gel with an SDS-PAGE stacking gel. After elec-
trophoresis, the proteins were transferred onto a Hybond-C
supported nitrocellulose membrane (GE Healthcare, Little
Chalfont, UK) by electroblotting for 4 h at 45 V, 25°C, in
transfer buffer (3.94 g Tris-HCI, 18.80 g glycine, 240 ml
methanol, and 10% SDS). The membranes were blocked
with 10% dried milk in TBS (20 mM Tris, and 500 mM
NaCl) at room temperature overnight, washed twice and
then incubated at room temperature with mouse anti-PKR
monoclonal antibody, rabbit anti-IkBf} polyclonal antibody
(Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA)
or mouse anti-f-actin monoclonal antibody (Santa Cruz
Biotechnology) in TBS buffer for 80 min. The membrane
was washed in TBS 1X Tween-20 for 20 min, and secondary
anti-mouse antibodies or anti-rabbit antibodies labeled with
horseradish peroxidase (GE Healthcare) were added and the
membrane was incubated at room temperature for 60 min.
The membrane was washed twice in TBS-T for 20 min and in
TBS for 5 min. Antibody-labeled protein bands were visual-
ized with ECL detection reagents (GE Healthcare) according
to the manufacturer's instructions. Quantification of bands
was performed by using the ImageQuant software, version
3.3 (Molecular Dynamics) and the results were expressed as
a percentage.

Transfection of BI6-F10 melanoma cells for in vivo assays.
For in vivo experiments, B16-F10 melanoma cells were trans-
fected with PKR-2 or scrambled shRNA for 5 h. Following
transfection, the cells were detached with EDTA, washed
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twice in PBS and then resuspended in RPMI at 2.0x10°
cells/ml. Cell viability was assessed by trypan blue staining
and was >95%.

Animals. All the protocols involving animals were reviewed
and approved by our Institutional Animal Care Committee.
C57BL/6 mice, weighing 20-25 g, that were raised at the
Central Animal Laboratory of the School of Medicine of
Ribeirdo Preto, SP, Brazil were used.

Tumorigenic assay. Based on the in vitro findings, PKR-2
shRNA was selected for the in vivo experiments. Tumor cells
transfected with PKR-2 or scrambled shRNA for 5 h were
harvested with EDTA, washed with RMPI, and resuspended
in serum-free DMEM. The cells were then inoculated subcu-
taneously (4.0x10° cells) into the right flank of mice (n=10 per
group). The mice were sacrificed 14 days post-inoculation,
tumors were excised and weighed on a microbalance Sartorius
Supermicro (model S4; Sartorius, Goettingen, Germany).

Intratumoral injection of PKR-2 shRNA. A total of 4.0x103
cells/ml melanoma cells were subcutaneously inoculated in
0.2 ml of RPMI-1640 medium into the right flank of C57BL/6
mice (n=10 per group). After 7 days of tumor inoculation mice
received a single intratumoral injection of 2 pug of shRNA
PKR-2 complexed with 2 ul of Lipofectamine 2000 dissolved
in 50 ul of RPMI. Some mice received an intratumoral injec-
tion of 2 ug scrambled shRNA-expressing plasmid complexed
with 2 ul of Lipofectamine 2000 as a negative control. The
mice were sacrificed 7 days aftter intratumoral injection and
the tumors was weighed.

Statistical analysis. Data are expressed as means + SD.
Student's t-test was used to compare treated with control
groups. P<0.05 was considered significant.

Results

Transfection of B16-FI10 melanoma cells with PKR-2
shRNA-expressing plasmid results in the degradation of PKR
mRNA. To reduce the expression of PKR mRNA in B16-F10
melanoma cells, three PKR shRNAs were designed. Each
PKR shRNA was annealed and ligated into the psiSTRIKE
vector controlled by Pol III U6 promoter. The tumor cells were
transfected at 5, 24 and 48 h with the plasmid-based PKR-1,
PKR-2, PKR-3 shRNA or scrambled shRNA-expressing plas-
mids with Lipofectamine 2000. Following transfection, PKR
degradation was monitored by RT-PCR. Fig. 1 shows that only
the plasmid-based PKR-2 shRNA significantly reduced the
level of PKR mRNA after 48 h of transfection and this effect
continued for up to 4 days (data not shown).

Transfection of B16-FI10 melanoma cells with PKR-2
shRNA-expressing plasmid reduces the level of PKR protein.
The effect of the transfection of B16-F10 melanoma cells with
the three PKR shRNA-expressing plasmids was also moni-
tored by western blot analysis. The downregulation of PKR
protein expression was also significantly detected only with
the plasmid-based PKR-2 shRNA at 48 h after transfection
(Fig. 2). This effect was observed for up to 4 days and the



2270

120+

1004 £ =
é 80+ \
=4
E
g 60
By
S
(-]
= 404
-
3

20

*
N

Medium  Scrambled  PKR-1 PKR-2

shRNA

PKR-3

Figure 1. PKR mRNA expression in B16-F10 melanoma cells transfected
with PKR-specific sShRNAs or scrambled shRNA. Tumor cells were cultured
and transfected as described in Materials and methods and the level of PKR
mRNA at 48 h after transfection was determined by RT-PCR. B-actin was
used as a loading control. The level of PKR mRNA in tumor cells incu-
bated with RPMI medium was set as 100%. Results are expressed as the
means + SD of three independent experiments and the bands are representa-
tive of one typical experiment. "P<0.001.
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Figure 2. Level of PKR protein in B16-F10 melanoma cells transfected with
PKR-specific sShRNAs or scrambled shRNA. Tumor cells were cultured and
transfected as described in Materials and methods. After 48 h of transfec-
tion, the level of PKR protein was determined by western blot analysis. The
B-actin protein was used as a loading control. The level of PKR protein in
tumor cells incubated with RPMI medium was set as 100%. Results are
expressed as the mean + SD of three independent experiments and the bands
are representative of one typical experiment. "P<0.001.

reduction of PKR protein level at 5 and 24 h after transfection
was smaller than that at 48 h (data not shown).

Transfection of B16-10 melanoma cells with the PKR-2
ShRNA-expressing plasmid inhibits tumor growth. Based on
results shown in Figs. 1 and 2, the effect of the transfection of
B16-F10 melanoma cells with the PKR-2 shRNA-expressing
plasmid on tumor growth was subsequently investigated. The
transfected tumor cells were injected subcutaneously into
C57BL/6 mice. The animals were sacrificed 14 days after
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Figure 3. Effect of the transfection of B16-F10 melanoma cells on tumor
growth in mice. Mice (n=10 per group) were subcutaneously inoculated
with tumor cells incubated with medium, and transfected with the PKR-2
or scrambled shRNA-expressing plasmids. Mice were sacrificed and tumors
were excised and weighed. Results are expressed as the means + SD and the
mean of the tumor weight corresponding to control group was set as 100%.
Data of one representative experiment of three are shown. “P<0.001.
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Figure 4. Effect of intratumoral injection of PKR-specific shRNA or
scrambled shRNA-expressing plasmids on tumor growth in C57BL/6 mice.
B16-F10 melanoma cells were subcutaneously inoculated into C57BL/6 mice
(n=10 per group). After 7 days of tumor cell inoculation, the mice received
a single intratumoral injection of PKR-2 or scrambled shRNA. Mice were
sacrificed 7 days after injection, tumors were removed and weighted. Results
are expressed as the means + SD and the mean of the tumor weight cor-
responding to control group was set as 100%. Data of one representative
experiment of three are shown. "P<0.001.

the inoculation of B16-F10 melanoma cells and tumors were
excised and weighed. Fig. 3 shows that tumor growth was
significantly inhibited when B16-F10 melanoma cells were
transfected with the PKR-2 shRNA-expressing plasmid as
compared to tumor cells transfected with the plasmid-based
scrambled shRNA.

Intratumoralinjection ofthe PKR-2 shRNA-expressing plasmid
inhibits B16-F10 melanoma growth. To investigate the effect
of the intratumoral injection of the PKR-2 shRNA-expressing
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Figure 5. Effect of transfection of B16-F10 melanoma cells on the IxBf} level.
Tumor cells were transfected with the plasmid-based PKR-2 shRNA at 24
and 48 h and the level of IkBf} was determined by western blot analysis. The
B-actin protein was used as a loading control. Quantification of bands was
performed by using the ImageQuant software and the level of IxBf} in tumor
cells incubated with RPMI medium was set as 1. Results are expressed as the
means + SD of three independent experiments and the bands are representa-
tive of one typical experiment. "P<0.001.

plasmid on tumor growth, mice were inoculated subcutane-
ously with B16-F10 melanoma cells. Fig. 4 shows that the
reduction of tumor weight was significantly increased in mice
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that had received a single intratumoral injection of the PKR-2
shRNA-expressing plasmid as compared to animals injected
with the plasmid-based scrambled shRNA.

Transfection of B16-F10 melanoma cells with PKR-2 shRNA-
expressing plasmid increases the level of IxBf3. PKR is able
to activate IKK, which phosphorylates the inhibitor IxBf3 of
the transcription factor NF-xB. Moreover, the phosphoryla-
tion of IxBp results in its degradation. To determine whether
downregulation of the activated PKR by the PKR-2 shRNA
was accompanied by an increase of the IkBf level, tumor cells
were transfected with the PKR-2 shRNA-expressing plasmid
and western blot analysis was performed using the anti-IxBf
antibody. Fig. 5 shows that the IxBf level was significantly
increased in B16-F10 melanoma cells transfected with PKR-2
shRNA-expressing plasmid when compared to tumor cells
transfected with the plasmid-based scrambled shRNA.

Discussion

RNAi-based therapy is known to be effective and elicit a gene
silencing response, and that double-stranded RNA molecules
must be delivered to the target cell. However, delivery of RNAi
has been challenging and despite many efforts to overcome
this obstacle, current approaches are limited to few clinical
indications (12,17). Over the last few years, attempts have been
made to increase the efficacy of siRNA delivery including
chemical modifications and nanoparticle-based encapsulation
of siRNA (18,19).

PKR shRNA-
expressing plasmids

Downregulation of cancer-related proteins:

Cell-adhesion molecules
Angiogenic factors
Metalloproteinases

Cyclin D1
c-Myc

Figure 6. Overview of proposed molecular mechanism involved in the inhibition of B16-F10 melanoma growth after intratumoral injection of PKR-specific
shRNA expressing plasmids. The following abbreviations were used: PKR, RNA-dependent protein kinase; sShRNA, short hairpin RNA; siRNA, small
interfering RNA; NF-«B, nuclear factor-kB; IkB, inhibitor of NF-xB; IKK, IkB kinase.
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In the present study, RNAi technology was applied to
elucidate the role played by PKR in B16-F10 melanoma since
the function of this protein kinase in tumorigenesis remains
controversial. A plasmid vector was employed for the expres-
sion of anti-PKR shRNA and the delivery was performed by
intratumoral injection which is promising for solid tumors.
Results of the present study show that transfection of the
B16-F10 melanoma cells with the PKR-2-expressing plasmid
was effective in inducing a statistically significant reduction
of the levels of PKR mRNA and protein expression, whereas
PKR-1 and PKR-3 shRNA had no effect. Therefore, the PKR-2
shRNA-expressing plasmid was selected for subsequent
experiments. We then investigated whether transfection with
the PKR-2 shRNA-expressing plasmid reduces the potential
of B16-F10 melanoma cells to develop tumor following subcu-
taneous injection in mice. The results show that PKR silencing
inhibits tumor growth, suggesting that PKR acts as a tumor
supressor, a finding that is consistent with previous results
using an experimental model of metastasis (10).

It is known that in cancer research, the results obtained
in vitro may not be reproducible in vivo due to the complexity
of biological systems. Thus, we investigated the effect of
the intratumoral injection of the PKR-2 shRNA-expressing
plasmid in the pre-established subcutaneous B16-F10 mela-
noma. We found that PKR silencing inhibits tumor growth
when compared to animals injected with the plasmid-based
scrambled shRNA. It is of note that this effect was obtained
with only a single injection of the PKR-2 shRNA-expressing
plasmid and this approach for RNAi delivery was effective
for at least 7 days. Previous studies have demonstrated that
shRNA expression vectors are able to sustain gene silencing in
human cell lines (16,20).

PKR is known to activate NF-xB by directly phosphory-
lating its inhibitor IxBa (21) or indirectly by activating the
IxB kinase (IKK) complex (22). The phosphorylated IxB
undergoes polyubiquitination which targets it for degradation
by the ubiquitin-proteasome system, thereby releasing NF-xB
to translocate to the nucleus. Notably, NF-kB regulates the
transcription of genes involved in immuno-inflammatory
responses, cell cycle progression, inhibition of apoptosis and
cell adhesion, thus promoting carcinogenesis and cancer
progression.

A notable finding of the present study was the observation
that IxBf level is significantly increased in B16-F10 melanoma
cells transfected with PKR-2 shRNA-expressing plasmid when
compared to tumor cells transfected with the plasmid-based
scrambled shRNA. This result suggests that the inhibition
of B16-F10 melanoma growth due to PKR silencing may be
mediated by the transcription factor NF-kB. It is known that the
inhibition of the degradation of the IkBf} inhibitor is an efficient
mechanism to avoid the persistent activation of NF-kB (23,24).
Recently, it was demonstrated that the okadaic acid-induced
phosphorylation of I-kBa was mediated by PKR (25).

Based on results of the present study and our previous
findings (4,26,27), we suggest a molecular mechanism that
may explain the finding that silencing PKR expression in
B16-F10 melanoma cells by the intratumoral injection of the
PKR shRNA-expressing plasmids results in the reduction of
tumor growth. Uptake of the injected plasmids by tumor cells
occurs (Fig. 6) and thus PKR shRNA are transcribed in the

ANDRE ez al: PKR shRNA INHIBITS MELANOMA GROWTH

nucleus, export for the cytoplasm and are processed by Dicer
to generate siRNA, which induces the specific degradation of
PKR mRNA. Therefore, the level of PKR protein is decreased
with the subsequent reduction of phosphorylated IxBf,
resulting in inhibition of the nuclear translocation of NF-«kB.
Thus, the expression of cancer-related proteins with promoters
containing NF-kB-binding sites such as c-myc, cyclin D1, cell
adhesion molecules, angiogenic factors and metalloprotein-
ases, were downregulated, which may result in the growth
inhibition of pre-existing B16-F10 melanoma.

In conclusion, the present study validates the hypothesis
that the direct administration of RNAi-based therapeutics
into the target tumor is a promising approach for overcoming
obstacles of systemic delivery. Our results also suggest that
the intratumoral injection of PKR shRNA-expressing vector is
a novel therapeutic approach for human solid tumors such as
cutaneous melanoma and breast cancer since PKR is overex-
pressed in these tumors.
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