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Abstract: The Wnt/B-catenin signaling pathway plays important roles in cancers such as colorectal cancer. Colon cancer cells secrete and express high levels

of B-catenin, which may stimulate autocrine signaling and further enhance activities of the canonical Wnt signaling pathway. Free B-catenin in the cytoplasm
and nucleus leads to its association with T cell factor (TCF)/lymphocyte enhancing factor (Lef) transcription factors, and subsequent transcriptional activation of
downstream target genes. FADD plays a key role in cellular apoptosis in many different types of cancer. Therefore, a recombinant adenovirus is constructed, in
which an apoptosis gene FADD is placed under control of a promoter containing Tcf-responsive elements. It is observed that FADD overexpression can suppress
cell growth and enhance apoptosis of SW480 cells in vitro. In addition, Ad-FADD can also suppress the growth of subcutaneous xenografts in the nude mice.
Together, these results suggest that Ad-FADD has anti-proliferative and pro-apoptotic effects in colon cancer cells, which provides a novel strategy for treatment
of colorectal cancer.
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Introduction bring new physiological problems.
Transcription of downstream target genes is activa-
Colorectal cancer is the second and third most com- ted by the nuclear TCF/B-catenin complex, which results
mon cancer in women and men, respectively, accoun- in tumorigenesis. These arise from hyperactivation of
ting for approximately 10% of all cancer-related deaths. the classical Wnt classical signaling pathway (8, 9). As
Previous studies have reported that the Wnt/B-catenin such, targeting the B-catenin/TCF complex and various
signaling pathway is mutated in about 90% of sporadic downstream target genes for antitumor therapy may
and hereditary colorectal cancers (1). Mutations result potentially be a novel strategy. Fas-associated protein
in the stabilization of B-catenin and its increased nuclear with death domain (FADD), which is a classical adaptor
translocation to induce target gene expression (2). Some protein in the apoptotic pathway, is the key adaptor pro-
studies have reported that colon cancer stem cells se- tein that transmits apoptotic signals mediated by death
crete and express high B-catenin transcription activity, receptors (DRs). FADD recently has been amplificated
which may stimulate autocrine signaling and further en- from many different types of cancer and has been linked
hance the activity of canonical Wnt signaling pathway to cancer progression (10-13).
(3, 4). P-catenin is a key activator of the canonical Wnt In the present study, a recombinant adenovirus
signaling pathway, which results in the stabilization and containing an apoptotic gene FADD is under control of
increase of P-catenin expression, and its translocation a promoter containing Tcf-responsive elements, and can
into the nucleus, where it binds to TCF/LEF proteins selectively and efficiently kill colon cancer cells with
and provides a transcription activation domain such that a hyperactivated B-catenin/Tcf pathway. This approach
targets genes can be activated. may provide a conceptual proof that aberrantly activa-
Lately, though a few small molecules and biological ted Wnt/B-catenin/Tcf pathways can be used to selecti-
agents that target the Wnt/B-catenin signaling have been vely target colon cancers.
identified, which targets in the pathway may offer an
ideal therapeutic strategy is still remains unclear (5-7). Materials and Methods
Especially, Wnt/B-catenin signaling also plays impor-
tant roles in in embryogenesis, tissue homeostasis, and Cell Culture
regeneration; thus, once Wnt/B-catenin signaling is suc- NIH 3T3 and SW480 cell lines were cultured in
cessfully targetted in cancer, it will require a fine balan- DMEM with high glucose (Thermo Scientific) supple-
cing act. Beyond that, several known targets in the Wnt/ mented with 10% fetal bovine serum (FBS; Invitrogen/
-catenin pathway are also involved in other pathways. GIBCO) and 1% of penicillin/streptomycin (Thermo
As such, it remains unclear whether these potential the- Scientific). Cells were incubated at 37°C in a humidified
rapeutic agents that target the Wnt/B-catenin pathway atmosphere containing 5% CO,. The medium was re-
will be efficacious in combatting cancer and will even placed twice a week, and adherent cells were passaged
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at 70%—-80% confluence.

Viral production and transduction efficiency

Construction and production of adenovirus carrying
the FADD gene (Ad-FADD) have recently been descri-
bed (14). Prior to commencing the experiments, trans-
duction efficiency for all cell lines to be used were de-
termined using an adenoviral vector carrying the green
fluorescent protein (GFP). The Ad-GFP or Ad-GFP-
FAD was co-culture with SW480 cells and more than
80% of cells were transduced at 10°TCID50/ml (data
not shown). Therefore, in all subsequent experiments,
cells were treated with 10°TCID50/ml.

RNA Isolation and Reverse Transcriptase Polyme-
rase Chain Reaction (RT-PCR)

Cells were harvested after infection with Ad- FADD
for 72 hours. Afterwards, total RNA was extracted
using the TRIzol solution (Invitrogen). 3 pg of RNA
was used for the first-strand cDNA synthesis using
SuperScript III (Thermo). 1uL of cDNA was then used
to perform PCR using primers for FADD, and glyce-
raldehyde 3-phosphate dehydrogenase (GAPDH) as a
control. The FADD gene was amplified by PCR with
primer sequences 5’°- acacagagaaggagaacgca -3’ and 5°-
gaaccaaagtccaggetgtg-3°, while the GAPDH gene was
amplified with primer sequences 5’-ccaaggagtaagacccc-
tgg GA-3’ and 5’-tggttgagcacagggtactt-3” as the internal
standard. PCR conditions were as follows: denaturation
at 94°C for 3 minutes, followed by 30 cycles of 95°C for
30s, 40°C for 30s, 72°C for 1min, and then a final exten-
sion at 72°C for 10 minutes. PCR products were run on
a 2% agarose gel containing Gold View DNA dye.

Cell viability assay

The viability of cells at 48 and 72 hours after trans-
fection was evaluated using a 3-(4,5- dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay
(Sigma, St Louis, MO, USA). MTT (at a concentration
of 500 mg/ml) was added to the culture medium in each
well of a 96-well plate, which was incubated for 4 hours
at 37°C. Acidic isopropyl alcohol (0.04 N HCl/isopro-
pyl alcohol) was immediately added to all wells and
mixed vigorously such that the dark blue crystals dis-
solved effectively. Absorbance readings were recorded
at 570 nm.

Nuclear Double Staining with Hoechst 33342/P1

Apoptosis of cells at 72 and 96 hours after transfec-
tion was evaluated using a Hoechst 33342/PI Detection
Kit (Solarbio, China) as described in a previous study
(15). The cells were washed three times with PBS (pH
7.4) and stained with Hoechst 33342/PI solution (1:1,
V/V) for 20 minutes at 37°C in the dark. Cellular mor-
phology was then observed by fluorescent microscopy,
and approximately 100cells from five random micros-
copic fields were counted.

Animals and treatments

Twenty 6-week-old female athymic BALB/c nude
mice (18+2 g) were purchased from the Laboratory
Animal Center of Sichuan University (China). Mice
were inoculated subcutaneously with SW480 colorectal
cancer cells suspension (2x10°cells/ml) 200ul. After 12

days, when most of the tumor volume reached 40 mm?
in size, mice were randomly divided into the following
treatment groups (with five mice per group): PBS, Ad,
10°TCID50, and 10'°TCID50 groups. All mice were
injected via the tail vein once every 4 days for six injec-
tions. The tumor size was measured by a Vernier calli-
per every 4 days. The tumor volume (mm?) was calcula-
ted as (lengthxwidth?)/2. At the end of the experiment,
mice were sacrificed, and the tumors were separated,
weighed, and sectioned for histological evaluation with
hematoxylin and eosin (H&E) staining. The experimen-
tal protocols for all animal experiments were approved
by the Ethics Committee of Sichuan University and
were in accordance with the “Principles of Laboratory
Animal Care” of the National Institutes of Health.

In situ TUNEL Assay

Apoptotic cells were labelled in situ using a Terminal
deoxynucleotidyl transferase mediated dUTP Nick End
Labeling (TUNEL) assay kit (Roche), in accordance
with the manufacturer’s protocol. Paraffin sections were
deparaffinized and incubated in proteinase K (40 pg/
ml) diluted in phosphate buffered saline (PBS, 0.1 M,
pH 7.4) for 20 minutes at 37°C. Endogenous peroxidase
was then quenched by incubation in 3.0% hydrogen pe-
roxide for five minutes. The ends of fragmented DNA
from tissues were labelled with terminal deoxynucleo-
tidyl transferase (TdT) in the presence of digoxigenin-
conjugated nucleotides and unlabeled nucleotides for 75
minutes at 37°C.

Deparaffinized slides were then incubated with anti-
digoxigenin antibodies for 30 minutes, and these antibo-
dies were detected by immunohistochemistry through
exposure to a chromogenic substrate for 15 minutes. All
sections were then counterstained with Harris’ Haema-
toxylin. This was followed by dehydration in alcohol, a
xylene rinse, and mounting onto a coverslip.

Statistical analyses

All data analyses involved estimation of the mean
and SD using the SPSS software pachage, version 15.0
(SPSS, Inc., Chicago, IL, USA). Group means were
compared through an one-way analysis of variance. The
significance of the difference between groups was eva-
luated with Dunnett’s multiple comparisons test. In this
study, p<0.05 (two-tailed) was used as the level of sta-
tistical significance.

Results

Overexpression of FADD mediated by an adenovirus
vector in SW480 cells

To examine the overexpression of FADD as media-
ted by Ad vectors in SW480 cells, the transfection rate
was observed at 72 hours after treatment with Ad-FADD
or Ad. As shown in Fig. 1A, more than 90% of SW480
cells expressed a green fluorescent signal. In addition,
total RNA was isolated from cells infected with Ad-
FADD or Ad and were subjected to RT-PCR. The cells
infected with Ad-FADD expressed much higher FADD
mRNA than those infected with Ad as a control. These
results indicated that Ad-FADD infection resulted in a
significant overexpression of FADD (Fig. 1B).
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Figure 1. Ad-TCF/FADD antitumor effect on human colorectal
cancer cells in vitro. Transfection rate of SW480 cells was observed
at 72 h after treating with Ad and Ad-TCF/FADD. (B) The expres-
sion level of FADD in SW480 cells was measured at 72 h after
transfecting with Ad and Ad- TCF/FADD. (C) SW480 cells apop-
tosis were observed by Hoechst/PI at 72 h after transfecting with
Ad and Ad- TCF/FADD. (D) The effect of Ad- TCF/FADD on the
proliferation of SW480 cells. Statistical significance: (*) p <0.01.
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Effects of Ad-FADD on the proliferation of SW480
cells

To quantitatively examine the HCCS1-induced cyto-
toxicity, SW480 colorectal cancer cells and normal cell
lines (NIH 3T3) were infected with Ad-FADD and Ad
at 10°TCID50, and cell viability was analyzed at 48
and 72 hours after infection. As shown in Fig. 1D, the
proliferation of SW480 cells was clearly inhibited after
infection with Ad-FADD, compared with Ad infection
and control (treated with PBS) cells (p<0.01). However,
no significant inhibition of Ad-FADD on proliferation
was observed for NIH 3T3 cells (data not shown). These
results suggest that SW480 cells are more sensitive to
FADD-induced inhibition of proliferation.

Effect of Ad-FADD on the apoptosis of SW480 cells

To determine whether the reduced viability in
SW480 cells was due to apoptosis, the cells were
double stained with Hoechst 33342/PI, and the resulting
nuclear morphological changes were observed under a
fluorescence microscope. In control (treated with PBS)
and Ad infection cells, the nuclei appeared to be round
and even in shape, with intact chromatin that homoge-
nously trasnmitted a faint blue fluorescence (Fig.1C).
In contrast, after infection with Ad-FADD for 72 hours,
cells showed increased intensity of blue fluorescence,
nuclear shrinkage and chromatin condensation that are
typical of early apoptosis. Dual-stained cells were not
found. These results indicated that apoptosis indeed
occurred in SW480 cells following infection with Ad-
FADD.

Suppression of tumor growth in the nude mice by
Ad-FADD

To investigate the antitumor effect of FADD in vivo,
SW480 solid tumors were established in nude mice;
after which, PBS, Ad, 10°TCID50 and 10"°TCID50 Ad-
FADD were injected via the tail vein once every 4 days
for a total of six injections, and the therapeutic effect
was monitored with tumor growth curves. The tumor
showed a significant growth delay after administration
of 10°TCID50 or 10'TCID50 Ad-FADD compared
with administration of Ad or PBS (p<0.01), with the
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Figure 2. Ad-TCF/FADD antitumor effect on human colorectal
cancer cell in vivo. (A, B) Changes in body weight and tumor
volume after treatment with Ad- TCF/FADD, Ad, and PBS. (C)
Tumor weights were measured after excision and plotted as the
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average tumor weight, and Tumor growth inhibition rates (IRs)
were calculated. (D) Representative images of tumors separated

from animals after 23 days. Statistical significance: (*) p <0.01.

therapeutic effect occurring in a dose-dependent man-
ner (Figs. 2B, 2C, 2D). On the other hand, the tumor
development in Ad-treated mice was similar to PBS-
treated mice (p>0.05). All mice were sacrificed, tumors
were excised and and weighed at the study endpoint.
As shown in Fig. 2C, the average weight of tumors in
the 10°TCID50 and 10'°TCIDS50 groups was significant-
ly lighter than that in the Ad or PBS groups (p<0.01),
while no difference was observed between the two latter
groups (p>0.05). The inhibition rates by Ad-FADD rea-
ched 58.4% (109TCID50) and 85.2% (1010TCIDS50),
respectively. However, significant side-effects of Ad-
FADD on the body weight and major organs were not
found.

Ad-FADD decreases proliferation and increases
apoptosis of SW480 tumors in vivo

To investigate the effects of Ad-FADD on the histo-
logy of SW480 xenografts, tumor sections taken from
mice were stained with H&E. As shown in Fig. 3B,
more cancer cells with greater nuclear fragmentation
was observed in H&E stained sections of 10°TCID50
or 101TCID50 mice, compared to those in the Ad or

10'°TCIDS0

Figure 3. Ad-TCF/FADD antitumor effect on apoptosis of human
colorectal cancer cell in vivo.(A) The effect of Ad- TCF/FADD on
the major organs of mice. (B) Hematoxylin and Eosine (H&E) stai-
ned tumor tissue images after therapy. (C) TUNEL stained tumor

tissue images for cell apoptosis.
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PBS groups. To investigate the apoptotic effects of Ad-
FADD in tumors, sections were stained for DNA frag-
mentation with the TUNEL assay. In comparison to the
Ad or PBS groups, a clear increase in the level of apop-
totic cells was observed in 10°TCID50 and 10'°TCID50
groups (Fig. 3C). These findings suggest that Ad-FADD
promoted apoptosis, which when combined with a re-
duction in the proliferation rate of tumor cells, was res-
ponsible for the dramatic inhibition of tumor growth in
vivo.

Discussion

At present, surgery, chemotherapy, and radiotherapy
are the main treatment of the tumor. Although the pro-
gress of these therapies has improved the cure rate of
malignant tumors, there is still no breakthrough in the
treatment of metastatic advanced cancer patients (17).
Furthermore, radiotherapy and chemotherapy have se-
rious harm to patients. Therefore, it is an urgent need to
find a tumor treatment method for patients with minor
damage and effective control of metastatic.

As a new therapeutic method, gene therapy has ope-
ned up a new way for the treatment of human disease
(18). To choose a suitable carrier to ensure the safe and
efficient introduction of the target cells to the target cells
is one of the most critical problems in gene therapy. The
vectors available include viral and non-viral vectors.
Although non-viral vector has the advantages of safety
and simple preparation, the efficiency of transfection is
low and the time of gene expression is short, which af-
fects its application. Adenovirus is the most widely used
vehicle for gene therapy, especially for tumor gene the-
rapy because of its high transfection efficiency and high
expression efficiency. In recent years, with the further
research of the molecular structure and infection me-
chanism of adenovirus, the improvement of the original
adenovirus vector has achieved excellent results (19).

Recent studies have found that aberrant Wnt/f-
catenin signaling pathway plays a key role in several
cancers including colorectal cancer (20). Dysregulation
of B-catenin signaling is thought to play an important
role in early stages of human sporadic colorectal car-
cinogenesis (21). Several drugs have been investiga-
ted for their ability to inhibit the aberrantly activated
Wnt/B-catenin signaling in colorectal cancers (22).
B-catenin is involved in the Wnt signaling pathway to
transactivate T cell factor (Tcf)/lymphocyte enhancing
factor (Lef) transcription factors in the nucleus. Some of
the genes activated by B-catenin/Tcf signaling include
c-jun, c-myc, fibronectin, cyclin D1 and fra-1 (23-25).
Free B-catenin in the cytoplasm and nucleus leads to its
association with T cell factor (TCF)/lymphocyte enhan-
cing factor (Lef) transcription factors, and to subsequent
transcriptional activation of downstream target genes.

In this study, a recombinant adenovirus was construc-
ted, in which an apoptotic gene FADD is placed under
control of a promoter containing Tcf-responsive ele-
ments (26). The adenovirus was then transfected into
a human colorectal cancer cell line SW480, which in-
duced its overexpression.

We found that FADD overexpression could suppress
the growth of cells by MTT assay and enhance apoptosis
by Hoechst/PI staining. These results are in agreement

with previous reports (26, 27). Lastly, the therapeutic
effects of ad-FADD were assayed in vivo. The results
showed that ad-FADD can significantly suppress the
growth of subcutaneous xenografts in the nude mice,
with inhibition rates reaching 58.4% (10°TCID50) and
85.2% (10'°TCID50), respectively. H&E staining and
TUNEL assays showed that colorectal cells underwent
significant apoptosis with Ad-FADD treatment. Can-
cer formation is often a multistep process, which may
include point mutations, deregulation or deletion of
proto-oncogenes and anti-oncogenes, which altogether
may be responsible for the development of cancer (28).
The main advantage of gene therapy is the transfer of
a particular gene to a specific group of mammalian or
tumor cells such that the desired effect will be localized,
and normal cells can be spared (29). In this study, no
significant inhibition of Ad-FADD on proliferation was
observed for NIH 3T3 cells in vitro (data not shown). In
addition, no significant inhibition of Ad-FADD on body
growth was also observed in the nude mice, nor were
there were any significant side-effects of Ad-FADD ob-
served on normal cells and major organs, both in vivo
and in vitro (Figs. 2A, 3A).

In conclusion, we demonstrate that Ad-FADD has
anti-proliferative and pro-apoptotic effects in colon can-
cer cells both in vivo and in vitro. These results provide
a novel strategy to improve the therapeutic efficacy of
other treatments in colorectal cancer patients with re-
duced side effects. Therefore, this study maybe provides
a basis for further exploration of the roles of the FADD
gene in the apoptotic regulation of colorectal cancer
and other cancers with -catenin abnormal expression.
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