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ORIGINAL ARTICLE

WT1 gene silencing by aerosol delivery of PEI-RNAi complexes
inhibits B16-F10 lung metastases growth

DE Zamora-Avila, P Zapata-Benavides, MA Franco-Molina, S Saavedra-Alonso,
LM Trejo-Avila, D Reséndez-Pérez, JL. Méndez-Vazquez, J Isaias-Badillo and
C Rodriguez-Padilla

Departamento de Inmunologia y Virologia, Facultad de Ciencias Biologicas, Universidad Autonoma de Nuevo
Leon, San Nicolas de los Garza, Nuevo Leon, México

The Wilms’ tumor gene 1 (WTT) is a universal tumor antigen and consequently a good therapeutic target for the development of
gene therapy strategies. Earlier, we reported the in vitro efficacy of WT1 RNAI in the inhibition of B16F10 murine melanoma cell
line growth. In this study, we used an aerosol system to deliver WT1 RNAi complexes, polyethyleneimine (PEIWT1-1 or PEI-WT1-2, to
the lungs of mice with B16F10 lung metastasis. This treatment produced a statistically significant (P=0.020) reduction in the
number and size of lung tumor foci, resulting in decreased lung weight and tumor index in treated mice compared with controls.
The WT1 RNAI treatment also reduced the number and size of tumor blood vessels, suggesting decreased angiogenesis.
Furthermore, the treated lung tissue showed cells in the tumor infiltrations undergoing apoptosis and elevated expression of the
proapoptotic genes Bcl-xS and Bax, suggesting an activation of the intrinsic apoptotic pathway. Overall, WT1-1 treatment
prolonged the mean survival time of tumor-bearing mice in comparison with the control and WT1-2-treated mice. Our data show
that WT1 gene silencing in vivo by aerosol delivery of PEI-WT1 RNAi complexes is an effective therapeutic strategy for the

treatment of lung metastases.
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Introduction

Gene therapy is an attractive strategy for the development
of more effective anticancer therapies with reduced
treatment-related toxicity.! There have been significant
improvements in lung cancer treatment with gene therapy
by targeting the protein products of mutated proto-
oncogenes such as RAS,? tumor suppressor genes such as
p53* or overexpressed genes associated with cancer
progression and invasion, such as IGF-1R.* However,
the efficacy of gene therapy is limited by the low efficiency
of gene transfer and the technical difficulties of regimen
delivery.

The first major limitation of gene therapy of the lung is
the low efficiency of gene transfer. High gene transfection
efficiency in the lung has been shown for DNA
encapsulated by polymers and cationic lipids.>® Recently,
the cationic polymer polyethyleneimine (PEI) has been
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shown to be an efficient vector for gene transfer in vivo
and to have promising utility for aerosol-based gene
delivery without the acute inflammatory cytokine
responses caused by cationic liposomes and viral
vectors.” '” The second major limitation of gene therapy
is the route of delivery. Gene therapy regimens are
typically delivered to the lung through intratumoral,
intrabronchial or intrapleural injections.>'!!?

These types of direct intratracheal administration of
therapeutic agents are technically cumbersome, uncom-
fortable and invasive. By contrast, aerosol delivery is
more efficient and a simpler mode of gene therapy
transport to the lungs. Aerosol delivery also has the
advantages of uniform gene therapy agent distribution,
lower risk of lung injury and access to a larger bronchial
epithelium surface area’® Intranasal aerosol delivery
of biological agents has been successfully shown for
interleukin-12,">'* p53,3 the therapeutic antibody cetux-
imab,"> PTEN,'® interleukin-2'” and granulocyte macro-
phage colony-stimulating factor.'"® Several chemo-
therapeutic agents have also been tested for aerosol
delivery to patients with lung carcinoma, including
cisplatin and doxorubicin.'”?* Thus, aerosol delivery
cationic lipid-encapsulated DNA is a potentially more
efficacious approach for the treatment of lung cancer with
gene therapy regimens.
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The Wilms® tumor gene 1 (WTI1) is a potential
therapeutic target for the treatment of leukemia and
other cancers.”> 2> WTI encodes a transcription factor
that is involved in gonadal development. Mutations in
WTI1 were initially found to cause urogenital disease
and kidney tumors, suggesting that it is a tumor
suppressor.’®3° However, WT1 is considered to be an
oncogene rather than a tumor suppressor gene because its
increased expression is associated with the development
and progression of diverse cancers including leukemia,
mesothelioma, breast, gastric, colon, ovarian, melanoma
and lung cancer. It also plays an important role in cell
proliferation, differentiation of various tissue types, and
apoptosis.*** Increased expression of WT1 is associated
with unfavorable prognosis of multiple malignancies and
its downregulation by different gene therapy strate%ies
leads to a down of cell proliferation and apoptosis.**>°
Overexpression of WT1 mRNA has been detected in 54 of
56 (96%) de novo non-small cell lung cancers and protein
overexpression was confirmed in 5 of 6 (83%) de novo
small cell lung cancers by immunohistochemistry.*>* It is
therefore a target for gene therapy with high potential for
lung cancer treatment.

In this study, we use a B16-F10 mouse melanoma lung
metastasis model to show that aerosol delivery of
PEI-RNAI can be used to silence the WT1 gene.

Silencing of WTT1 reduced the number and growth of
visible metastatic tumor foci in the lungs. It also reduced
the number of blood vessels, induced apoptosis and
increased the mean survival time of treated animals. These
data suggest that the silencing of the WT1 gene with
aerosol delivery of PEI-RNAI is an attractive strategy for
the prevention and treatment of established tumor
metastases in the lungs.

Materials and methods

Animals

Female C57Bl/6 mice (7-8 weeks old, 20-25g) were
obtained from Harlan Mexico (Mexico, DF) The animals
were housed in a 12-h light/12-h dark cycle and were
provided with an autoclaved rodent diet and water
ad libitum. All experiments were carried out in accordance
with prior approval from the local animal ethics
committee.

B16F10 murine melanoma cell line

The murine B16F10 melanoma cell line was obtained
from the American Type Culture Collection (ATCC,
Manassas, VA) and cultivated in Dulbecco’s modified
Eagle Medium (DMEMF-12; Life Technologies, Invitro-
gen, Burlington, Ontario, Canada) supplemented with
10% fetal bovine serum (FBS; Gibco, Grand Island, NY),
100 Uml ™" penicillin, 100 pgml™" streptomycin and 10%
FBS. Cells were maintained in culture flasks at 37°C in a
humidified atmosphere with 5% CO,. The BI16F10
murine melanoma cell line produces lung metastases
when administered intravenously.*® The cells were used at
passages 3—12. BI6F10 cells (5 10°) in 150 ul of media
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without serum were injected per mouse through the tail
vein. Lung metastases are detected within 7 days after
injection.

Preparation of PEI-DNA complexes

A PEI (25kDa branched form; Aldrich, Milwaukee, IL)
stock solution was prepared at a concentration of
43mgml~" (0.1 M in nitrogen) in water. The DNA had
3nmol of phosphate per microgram and 1pl of the 0.1 M
PEI solution had 100nmol of amine nitrogen. The
resulting charge ratio was expressed as the ratio of PEI
nitrogen to DNA phosphorus (N/P). A 10:1 N/P was used
for the experiments, which corresponds to a 1.29:1 PEI/
DNA weight ratio.

WTT1 RNAI expression constructs

Two oligo pairs (sense and antisense) for WT1 RNAIi
were designed using the siRNA design guidelines online
software (Ambion, Austin, TX), synthesized at a con-
centration of 0.05pug (Ambion) and used to create two
recombinant plasmids (termed WTI1-1 and WT1-2). For
plasmid WT1-1, the oligos were 5'-gatccggctgteccacttacag
atggaagcttgcatctgtaagtgggacagcttttttggaag-3', 3’'-geccgacag
ggtgaatgtctaccttcgaacgtagacattcaccctgtcgaaaaaaccttcgec
gg-5" and for plasmid WT1-2, the oligos were 5'-gatccgagg
agacatacaggtgtgagaagcttgtcacacctgtatgtctectttttttggaage-3’,
3’-gctectetgtatgtecacactcttcgaacagtgtggacatgcagaggaaaaa
aaccttcgeegg-5'. The oligos were resuspended to a final
concentration of 1pgpl™', annealed and ligated into
pGSHI1-GFP (Gene Therapy Systems, Inc., San
Diego, CA).

Delivery of PEI-DNA complexes by aerosol

For aerosol treatment, we used a nose exposure chamber
system for four mice. The recombinant plasmids were
aerosolized using a Pulmo-Aide compressor model
5650D, which includes a Micro-Mist Nebulizer (115v)
(DeVilbiss Health Care Corp., Somerset, PA).*® The mice
were treated with 25 ug of PEI-DNA complexes (WT1-1
or WT1-2) per mouse in a final volume of 2ml. The
aerosol delivery of the 2ml solution took about 10 min.
The mice were treated twice a week for 4 weeks (eight
treatments in total), starting 2 days after injection of the
melanoma cell line. The mice of the untreated control
group were aerosolized with PEI-pEGFP-N2 complex
(Clontech, Palo Alto, CA).

Evaluation of tumor burden

Mice were killed on day 27 after injection. The lungs were
isolated, washed with phosphate-buffered saline (PBS),
weighed and examined with an inverted microscope to
count the visible foci. The growth of tumors contiguous to
the lung was considered to be a part of the lung for the
purpose of weighing the lungs. As lungs in the control
groups had uncountable foci, we graded them on the basis
of a scale of 1-5 as described earlier.*” A value of 1
indicated that there were less than 10 tumor foci; 2
indicated that there were 10-100 tumor foci; 3 indicated
that one lobe of the lung was filled with tumor; 4
indicated that both lobes were filled with tumor; and 5
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indicated that the lungs were filled with tumor and the
tumor was growing out of the lungs into the chest wall.
The tumor index was calculated by the formula: tumor
index =Iung weights x average grade for the group.
Reported values are the meanzxs.d. (=4 mice per

group).

Quantitative real-time RT-PCR

Lungs were isolated and total RNA was extracted using
Iml of Trizol reagent (Invitrogen, Carlsbad, CA)
according to the manufacturer instructions. RNA con-
centration and integrity were determined by measuring
the absorbance at 260 nm and by electrophoresis on a 1%
agarose gel. For reverse transcription (RT)-PCR, 5pg of
total RNA was reverse transcribed using SUPERSCRIPT
RT (Invitrogen) and an oligo (dT);, 13 primer (Invitro-
gen). Real-time RT-PCR was performed in an iCycler
detection system (Bio-Rad, Hercules, CA). The measure-
ments of WT1 mRNA using the TagMan probe were
carried out in 20 pl of reaction mixture containing 200 nm
of forward (TCTGCGGAGCCCAATACAG) primer,
reverse (CACATCCTGAATGCCTCTGAAGA) primer
and 250 nM probe using the Universal PCR Master Mix
(Applied Biosystems, Foster, CA). After an initial hold of
10 min at 94 °C, samples were cycled 40 times at 94 °C for
30s and at 64 °C for 30s. Expression of the mRNA was
assessed by evaluating the threshold cycle values. The
threshold cycle values were normalized to the expression
level of mouse B-actin mRNA (Mouse ACTB, VIC-MGB,;
Applied Biosystems) and the relative amount of WTI1
mRNA was calculated using the ‘DCT’ method and a
reference gene.

Histology

The mouse lung tissue was fixed in 10% formalin and
embedded in paraffin. Histological observations were
made on 4-pm-thick sections stained with hematoxylin
and eosin (H&E). Three mice not injected with cancer
cells were included in each of the treatment groups to
detect signs of toxicity or any pulmonary inflammation
owing to treatment, PEI or the aerosol delivery system.

Terminal deoxynucleotidyl! transferase-mediated dUTP
nick-end labeling

The in Situ Cell Death Kit, AP (Roche Diagnostics,
Indianapolis, IN) was used to analyze apoptosis in lung
tissue. Paraffin-embedded mice lung tissue was rehy-
drated according to standard protocols by heating at
60 °C, washing in xylene and rehydrating through a
graded series of ethanol and double-distilled water. Tissue
sections were incubated for 30min at 37°C with
proteinase K working solution (20 pugml™', 10mMm Tris/
HCI, pH 7.4). The tissues were then washed with PBS,
permeabilized for 8§ min with 0.1% sodium citrate solution
containing 0.1% Triton X-100, washed twice with PBS,
stained with the terminal deoxynucleotidyl transferase-
mediated dUTP nick-end labeling (TUNEL) reaction
mixture for 60min at 37°C, washed twice with PBS,
incubated with Converter-AP solution for 30min at
37°C, washed three times with PBS and incubated with
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substrate solution (NBT/BCIP solution) for 10min at
25°C in the dark. After three washes, tissue sections were
stained with hematoxylin, and apoptotic cells were
observed by microscopy (Olympus Optical Co. Ltd,
Center Valley, PA).

RT-PCR

Lung tissue was harvested and the total RNA was
extracted using 1ml of Trizol reagent (Invitrogen)
according to the manufacturer’s instructions. RNA
concentration and integrity were determined by measur-
ing the absorbance at 260 nm and by electrophoresis on
1% agarose gel. For RT-PCR, 5pug of total RNA was
reverse transcribed using SUPERSCRIPT RT (Invitro-
gen) and oligo (dT);,.13 primers (Invitrogen). The cDNA
obtained was amplified using Tag DNA polymerase
(Invitrogen) and the following primers: 5-TTGGACAAT
GGACTGGTTGA-3" and 5-GTAGAGTGGATGGTC
AGTG-3, producing a 591 base-pair product (BclXS) or
a 780 bp product (BcIXL). For bax amplification, 5-GGC
CCACCAGCTCTGAGCAGA-3 and 5-GCCACGTGG
GCGTCCCAAAGT-3 primers were used to generate a
479 bp product. Amplifications for Bax and BclX were
performed with 35 cycles (94 °C for 30s, 60 °C for 30s,
72°C for 30s).*® The primer sequences designed for
amplification of a B-actin cDNA fragment (541 bp) were
5-GTGGGGCGCCCCAGGCACCA-3 and 5-GTCCT
TAATGTCACGCACGATTTC-3. Amplification was
performed according to Laux er al.** PCR products were
analyzed by electrophoresis on a 0.8% agarose gel and
visualized by ethidium bromide (Anco and Rhenium
Industries Ltd, Jerusalem, Israel).

Survival evaluation

To evaluate the length of survival after the aerosol
delivery of PEI-WT1 RNAi constructs, a parallel
experiment was carried out with eight tumor-bearing
mice per group exposed to PEI-pEGFP-N2 (control),
WTI-1 or WT1-2 RNAIi. The mice were treated for 4
weeks, twice a week, beginning 2 days after tumor
cell injection and then monitored over time for their
survival.

Statistics

All experiments were carried out in triplicate,
and statistical analysis was performed with the
Mann—Whitney test using the SPSS 12.0 program (SPSS
Inc.) with a significance of P<0.05.

Results

Suppression of B16F10 lung metastases by aerosol
delivery of PEI-WT1 RNAi

To assess the effect of PEI-WT1-1 and PEI-WT1-2 RNAi
on development of lung tumor metastases, the lung weight
was measured and the numbers of metastatic lung surface
nodules were observed for treated and untreated control
animals. In comparison with the untreated control group
(PEI-pEGFP-N2), the RNAi-treated groups showed



reduced numbers of tumor foci and statistically significant
reductions in mean lung weights and tumor index
(Figures la and b). The average lung weight of the
treated mice was 0.20 g for WT1-1 and 0.22 g for WT1-2.
These values were significantly reduced (P=0.020) in
comparison with those the untreated control group
(0.69 g; Figure 1c).

The tumor index represents the tumor burden as the
mean lung weight relative to the mean tumor grade of
the group. The treated groups had a mean grade of two
(10-100 tumor foci) and the untreated group had a mean
grade of five (lungs covered by tumor with metastasis into
the chest cavity). The mice treated with WTI1-1 had a
mean tumor index of 0.375 as compared with those
treated with WT1-2 having a mean tumor index of 0.415
(P=0.020, control group tumor index=23.265;
Figure 1d). These results show the efficacy of aerosol
delivery of WT1 RNAI against lung cancer.

Aerosol delivery of PEI-RNAi WT1 complexes
downregulates WT1 mRNA

To determinate whether the reduction in the number of
metastatic lung tumors correlated with WTI1 gene
silencing, we evaluated WT1 mRNA levels in the lungs
of mice after the treatment strategy using real-time RT-
PCR. Quantitative analysis with real-time RT-PCR
showed that aerosol delivery of WT1 RNAI significantly
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b Lung with tumor induction without

reduced (P=0.020) WT1 mRNA levels by 87% with
WTI1-1 and by 73% with WTI1-2 in lung tissue in
comparison with the untreated control group (Figure 2).
These data suggest that the reduced tumor burden after
RNAI treatments was due to silencing of WT1 expression
in the lungs of treated mice.

WT1 RNA level (fold)
=)
o
- .

T T T T

CONTROL WT1-1 WT1-2

Figure 2 The Wilms’ tumor gene 1 (WT1) mRNA expression in the
lungs of mice after aerosol treatment with WT1-1 or WT1-2. The
mice were treated with 25ug of PEI-DNA complexes (WT1-1 or
WT1-2) twice a week for 4 weeks. The control mice were exposed to
PEI-pEGFP-N2. The mice were killed on day 27, lungs were
harvested and tissue was assayed for WT1 mRNA expression by
quantitative real-time RT-PCR. *show that the greatest statistical
difference was presented between control and the group treated with
WT1-1. This significance was performed by Mann-Whitney test using
the SPSS 12.0 program (SPSS Inc.) with a significance of P<0.05.
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Effects of the Wilms’ tumor gene 1 (WT1) gene silencing by aerosol treatment with WT1-1 or WT1-2 on the growth of B16F10

experimental lung metastases. (a and b) Representative lungs from PEI-pEGFP-N2 control group and WT1-1 and WT1-2-treated mice.
(c) Lung weights of PEI-pEGFP-N2 control group and WT1-1 and WT1-2-treated groups. (d) Tumor index was calculated by the formula: tumor
index =lung weights x average grade for the group. Data are representative of at least two experiments. *show that the greatest statistical
difference was presented between control and the group treated with WT1-1. This significance was performed by Mann-Whitney test using the

SPSS 12.0 program (SPSS Inc.) with a significance of P<0.05.
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Histological analysis of lung tissue from aerosol WT1
RNAi-treated mice

Observation of H&E-stained lung sections from untreated
and treated tumor-bearing mice showed the presence of
tumor infiltrations and the architecture of thickened
alveolar septum in both groups. A higher number of blood
vessels was observed in the tumors of the untreated control
group (1020 blood vessels per field; Figure 3a) in
comparison with the WTI-1 and WTI-2-treated groups
(3-7 blood vessels by field; Figure 3b) Furthermore, the
RNAi-treated samples contained cells with cystic cytoplasm
and fragmented nuclei, typical signs of cells undergoing
apoptosis (Figure 3). We did not observe damage associated
with acute inflammatory responses in lung tissues indepen-
dently of neutrophil infiltration in any of the samples.

Apoptosis in lung tumor foci of treated mice detected
by TUNEL

We performed TUNEL assays to determine whether the
cells with cystic cytoplasm and fragmented nuclei in the

WTI1-1- and WTI-2-treated groups were undergoing
apoptosis. TUNEL-positive nuclei were detected in the
WTI1 RNAi-treated samples, but not in the PEI mock-
treated samples (Figure 4). The apoptotic cells were
present in the periphery of the tumor foci colocalized with
tumor infiltrations. These results indicate that treatment
with WT1 RNAIi induces apoptosis in the lungs of
B16F10 tumor-bearing mice.

Expression of Bcl-xL, Bcl-xS and Bax in lung tissues of
RNAi-treated mice

We analyzed the expression of apoptosis-related genes in
the lung tissues of untreated or WT1-1 and WT1-2 RNAi-
treated tumor-bearing mice. The expression of proapop-
totic BclxS was preferentially expressed in the treated
samples. By contrast, antiapoptotic Bcl-xL was preferen-
tially expressed in the untreated samples. In addition, the
Bax gene was also preferentially expressed in treated
samples in comparison with the untreated samples
(Figure 5). These results suggest that the WT1 RNAIi

Figure 3 Histological analysis of lung sections. Mice were injected i.v. with 5 x 10° B16F10 cells. After eight aerosol treatments with WT1-1
recombinant plasmid (twice a week), lungs were fixed in 10% formalin and embedded in paraffin for hematoxylin and eosin (H&E) staining.
(a) Control group (PEI-pEGFP-N2) had 10-20 blood vessels per field. (b) TheWT1-1-treated mice had 3-7 blood vessels per field. Arrows
indicate blood vessels. (c) The WT1-1 cells had cystic cytoplasm and fragmented nuclei in the tumor infiltrations.

Figure 4 Terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) analysis of apoptosis in lung tumor foci of the
Wilms’ tumor gene 1 (WT1)-treated mice. After the WT1 treatment of the tumor-bearing mice, lungs were isolated, fixed in 10% formalin,
processed for TUNEL and stained with hematoxylin. (a) PEI-pEGFP-N2 control tumor cell infiltrations were negative for TUNEL staining.
(b) WT1-1-treated samples had TUNEL-positive staining in the tumor cell infiltrations.
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Figure 5 Expression of Bcl-xL, Bcl-xS and Bax genes by reverse
transcription (RT)-PCR in lung tissues of control and RNAi-treated
mice. After the eight treatments by aerosol with WT1-1 and WT1-2,
lungs were harvested and apoptotic gene expression assessed by
RT-PCR.
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Figure 6 Survival time of mice treated with WT1-1 and WT1-2
recombinant plasmids. Mice were injected i.v. with 5 x 10° B16F10
cells and treated biweekly with PEI-pEGFP-N2, WT1-1 or WT1-2 for
4 weeks starting 2 days after tumor cell injection. Mice were
monitored over time for their survival.

treatment initiates an intrinsic apoptotic pathway invol-
ving the expression of the Bcl-xS and Bax genes.

Survival time of mice treated with WT1-1 and WT1-2

complexes
The mice treated with the WTI-1 recombinant
RNAi plasmid had prolonged survival (P=0.003,

mean = 36.5 9.5 days) in comparison with the untreated
control group (29.5+ 1.5 days). Almost 80% of the mice
treated with WT1-1 were alive on day 31, by which time
all the untreated mice were deceased. By contrast, WT1-2
treatment did not produce a statistically different change
in the mean survival time of the control tumor-bearing
mice (30 £ 2 days; Figure 6).

Discussion

WTI1 has been considered to be an excellent potential
target for the development of gene-therapy strategies to
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treat cancer because it is overexpressed in many types of
neoplasias.**** Different strategies have been used to
decrease the WT1 production and, thereby, inhibit cancer
cell proliferation, induce tumor apoptosis and sensitize
tumor cells to chemotherapy and radiotherapy.”® 3! In
previous studies, we showed that WT1 is expressed in
B16F10 murine melanoma cell line and that in vitro RNAI
silencing of WT1 expression results in the inhibition of
cell proliferation, induction of apoptosis, caspase-3
activation and poly-(ADP-ribose)polymerase cleavage
in vitro.>® In this study, we extended this analysis to show
that in vivo aerosol delivery of PEI-WT1-1 RNAi or PEI-
WT1-2 RNAi complexes effectively reduces the metastatic
tumor burden in the lungs of B16F10 mice. The PEI-
WTI1-1 RNAi or PEI-WT1-2 RNAi complexes signifi-
cantly (P=0.020) reduced WT1 RNA expression in lung
tissue and this correlated with reduction in the number
and size of lung tumor foci.

Histological analysis of lung tissue revealed two major
differences between the treated and untreated groups.
First, we observed a reduction in the number and size of
blood vessels in tumor samples from treated mice. The
reduced number of blood vessels in the treated samples
suggests that silencing of WT1 inhibits angiogenesis. This
is consistent with the observation that WT1 activates the
ETS-1 gene, which is important for tumor vascularization
through regulation of endothelial cell proliferation and
migration,” and with studies about WT1 transcription-
ally regulating vascular endothelial growth factor expres-
sion. These molecular mechanisms may be responsible for
the role of WT1 in angiogenesis and cancer progression.’

The second major histological and molecular observa-
tion was the presence of cells in apoptosis induced by
WTI1 RNAI. These apoptotic cells were observed in the
infiltrated peripheral areas of the tumor, but were absent
from the tumor foci. These results are consistent with the
results of Gautam er al.,”> which showed that the
peripheral areas of the tumor are most easily accessible
to gene therapy. WT1 has also been shown to be required
for the inhibition of apoptosis in vitro and in vivo. Several
bel-2 family members are either direct or indirect WT1
target genes, including the antiapoptotic bcl-2 and the
proapoptotic family members Bak and Bax.™° Thus,
silencing of WT1 would be expected to influence cell
viability by favoring the expression of proapoptotic bel-2
family member genes. Our results suggest that the
silencing of WT1 in the tumor-bearing mice activates an
apoptotic pathway, and for this reason we analyzed some
of the Bcl-2 family related genes involved in the intrinsic
apoptotic pathway. We observed an overexpression of the
proapoptotic genes Bcl-xS and Bax in the treated mice in
comparison with the controls. These results show the
activation of the intrinsic apoptotic pathway by WTI1
gene silencing and corroborate, in part, the report that
shRNA silencing of WTI1 induces apoptosis of fibrosar-
coma cells.*®

WTI1-1 RNAi treatment significantly increased
(P=0.003) the mean survival time of tumor-bearing mice
in comparison with the mice treated with WT1-2 RNAI or
the untreated mice. Studies are ongoing to assess the
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potential of using 5% CO, during nebulization to increase
the efficacy of aerosol delivery because it has been
reported that this addition enhances transgene expression
in the lung for PEI-DNA vectors.” In conclusion, in vivo
WTI1 gene silencing by aerosol delivery of PEI-WTI1
RNAi complexes effectively decreases B16F10 Iung
metastases by reducing the number and size of tumor
foci, activates the expression of genes that initiate the
intrinsic apoptotic pathway and increases the mean length
of survival of tumor-bearing mice. Aerosol delivery of
RNAI targeting WT1 is therefore an attractive strategy
for the treatment of lung cancer and may complement
conventional anticancer therapies.
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