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Bcl-XL, an anti-apoptotic protein of Bcl-2 family, is overexpressed
in colon cancers. To determine Bcl-XL’s potential feasibility as a
therapeutic target, we constructed a recombinant adenovirus that
expressed a U6 promoter-driven small hairpin RNA (shRNA) tar-
geting Bcl-XL (Ad/Bcl-XL shRNA) and evaluated the vector’s
ability to induce RNA interference in vivo and alter apoptosis
induction in colon cancer cells and tumours. Ad/Bcl-XL shRNA
effectively knocked down Bcl-XL expression in colon cancer cells
and decreased their viability. Treatment with Ad/Bcl-XL shRNA
but not control vectors led to dramatically increased cleavage of
cellular apoptosis-related enzymes caspase-9, caspase-3 and poly
(ADP-ribose) polymerase. Ad/Bcl-XL shRNA also significantly
suppressed the growth of subcutaneous tumours derived from
DLD1 cells in a nude mouse model and did so without causing any
obvious damage to normal tissues or normal human fibroblasts.
Together, our results support the feasibility of using adenovirus-
mediated RNA interference therapy targeting Bcl-XL against co-
lon cancers and warrant further studies of its safety and efficacy.
' 2007 Wiley-Liss, Inc.

Key words: adenovirus; Bcl-XL; RNA interference; small hairpin
RNA; colon cancer

Apoptosis can be initiated extrinsically (via receptor pathways),
intrinsically (via mitochondrial pathways), or both.1 Death signals
from death receptors may be transduced to mitochondria by Bcl-2
family proteins, which subsequently trigger the release of cyto-
chrome c and initiate the apoptosome amplification loop.1,2 Thus,
Bcl-2 family members are critical for apoptosis induction. Unbal-
anced expression of Bcl-2 proteins impairs apoptotic signaling
pathways. For example, overexpression of the anti-apoptotic pro-
tein Bcl-XL can lead result in a multiple drug-resistant pheno-
type.3 On the other hand, as has been shown in various cancer
cells, enforced expression of the pro-apoptotic Bax protein can
induce apoptosis.4–7

A growing body of evidence suggests that the ratio of Bcl-2 to
Bax is an important indicator of resistance to apoptosis.7–9 Recent
studies have shown that expression of Bcl-2 is low and that of
Bcl-XL is high in colon cancer.10,11 In our own laboratory, we
have shown that downregulation of Bcl-XL by small interfering
RNA (siRNA) can induce apoptosis in 5-fluorouracil-resistant co-
lon cancer cells and overcome the acquired resistance to tumour
necrosis factor-related apoptotic inducing ligand (TRAIL) protein
in DLD1 cells.12,13 Thus, Bcl-XL represents a potential new thera-
peutic target in colon cancer.

The therapeutic effect of RNA interference depends on the sta-
bility and tissue specificity of siRNA and the efficiency of siRNA
transduction. Recent studies have shown that using DNA plasmids
to express double-stranded RNA can increase siRNA stability.14,15

However, the efficiency of plasmid delivery in vivo remains poor.
Therefore, more efficient means of delivering therapeutic siRNA
in vivo are necessary. One possibility is the use of adenoviral vec-
tors, which can efficiently transduce genes of interest into a broad
range of cell types and have been used extensively as gene deliv-
ery vehicles. Therefore, in the present study, we set out to deter-
mine whether a recombinant adenovirus specifically designed to

express a U6 promoter-driven small hairpin RNA (shRNA) target-
ing Bcl-XL could induce RNA interference and whether its
expression would have any therapeutic effects on colon cancer
in vivo.

Material and methods

Cells and cell culture

Human colon cancer cell lines DLD-1 and LOVO (Institute of
Cell Research, Shanghai, China) and normal human fibroblast
(NHFB) cells (American Type Culture Collection, Manassas, VA)
were maintained in Dulbecco’s modified Eagle’s medium supple-
mented with 10% (v/v) heat-inactivated fetal bovine serum, 1%
glutamine and a 13 antibiotic–antimycotic mixture (Invitrogen,
Beijing, China). All cells were cultured at 37�C in a humidified in-
cubator containing 5% CO2.

Tissue samples

Tumour tissue specimens were obtained intraoperatively from
40 consecutive patients who underwent surgical resection of pri-
mary sporadic colorectal adenocarcinomas at Sir Run Run Shaw
Hospital (Hangzhou, China) between November 2004 and April
2005. In each case, tissue specimens were also obtained from
areas adjacent to but >5 cm away from the cancerous tissue. None
of the patients had received any preoperative chemotherapy or
radiotherapy before surgery. All patients gave their informed con-
sent to participate in the study before undergoing tissue resection.

Reverse transcription-polymerase chain reaction analysis

In the case of tissue specimens, a 100-lg sample of each speci-
men was prepared for RT-PCR analysis by homogenizing it to-
gether with liquid nitrogen in a grinder and lysing the homogenate
in TRIzol reagent (Invitrogen, Beijing, China). In the case of cul-
tured cells, samples were directly lysed in TRIzol reagent after
treatment with adenoviral shRNA. In either case, RNA was
extracted according to Invitrogen’s recommended protocol. Next,
1 lg of RNA from each sample was incubated with random hex-
amers (Applied Biosystems, Shanghai, China), which served as
primers to drive the reverse transcription of RNA into cDNA.
Then, typical PCR was performed to amplify any bcl-2, bcl-xl and
bax genes present in a sample. The human GAPDH gene was used
as an internal control for mRNA loading and normalization. The
sequences of primers were as follows: 50-GGTGCCACCTGTG
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GTCCACCTG-30 and 50-GTTCACTGTTGGCCCAGATAGG-30
for bcl-2; 50-GTGAATGGAGCCACTGCGCA-30 and 50-CCC-
CATCCCGGAAGAGTTCA-30 for bcl-xl; 50-GCCCACCA GC-
TCTGAGCAGATCAT-30 and 50-CGGCAATCATCCTCTGCA-
GC-30 for bax; and 50-ACCACAGTCCATGCC ATCAC-30 and
50-TCCACCACCCTGTTGCTGTA-30 for GAPDH.

Immunohistochemical staining

Immunohistochemical staining was done using a MaxVision kit
(Maixin Biol, Fuzhou, China). In brief, 4-lm-thick sections were
cut from formalin-fixed, paraffin-embedded tissue blocks;
mounted on polylysine-coated slides; dewaxed in xylene; and
rehydrated through a graded series of ethanol. After deparaffiniza-
tion, slides were treated with 3% hydrogen peroxide in methanol
solution for 10 min to quench endogenous peroxidase activity and
then autoclaved at 121�C for 5 min in 10 mM sodium citrate
buffer (pH 7.4) to facilitate antigen retrieval. Nonspecific binding
reactions were blocked by treating the slides with 10% normal
goat serum for 10 min. Thereafter, the slides were incubated at
4�C overnight with primary antibodies specific for Bcl-2 (Santa
Cruz, CA, 1:100 dilution), Bcl-XL (Dako, Glostrup, Denmark,
1:100 dilution) and Bax (Santa Cruz, CA, 1:100 dilution), respec-
tively. Next, 1 drop of MaxVisionTM reagent was applied to each
slide, after which the slides were incubated for 30 min at room
temperature. Colors indicative of staining were developed by incu-
bating the slides in a solution of 0.05% diaminobenzidine and
0.03% hydrogen peroxide in 50 mM Tris-HCl (pH 7.6) for 5 min.
Finally, the slides were counterstained with 1% Meyer’s hematoxy-
lin. As a negative control for Bcl-2, Bcl-XL and Bax staining, tis-
sue samples were also treated with normal serum instead of each
primary antibody.

Evaluation of immunohistochemical staining

All tissue specimens were scored blindly under a light micro-
scope. Cells exhibiting a clear structure and brown–yellow gran-
ules were considered positive; all others were considered negative.
Five to ten high-magnification fields (4003) were examined on
each slide. Percentage of positive cell was scored on a scale of
0–4 as follows: 0 (<5%), 1 (5–25%), 2 (26–50%), 3 (51–75%) or
4 (76–100%). Staining intensity was scored on a scale of 1–3 as
follows: 1 (yellow), 2 (brown–yellow) and 3 (brown). Finally, the
scores for percent positive cells and staining intensity were com-
bined and ranked as follows: – (0–1), 1 (2–3), 11 (4–5) and
111 (�6).16

Recombinant adenovirus construction

An adenoviral vector containing Bcl-XL shRNA and a U6 pro-
moter to drive the expression of Bcl-XL-targeting siRNA sequen-
ces (Ad/Bcl-XL shRNA) was constructed as described previ-
ously.12,13 The Bcl-XL siRNA in the vector was connected by a
hairpin structure formed by annealing a pair of oligonucleotides
termed Bcl-XL sense (30-GGAGATGCAGGTATTGGTGGTA-
CGTAGGCACCAATACCTGCATCTCCCTTTTTG-50) and Bcl-
XL Eco (30-AATTCAAAAAGGGAGATGCAGGTATT GGTG-
CCTACGTACCACCAATACCTGCATCTCC-50). The resulting
shRNA, which contained an SnaBI digestion site in the middle of
its sequence and and EcoRI digestion site on its 30 end, was then
cloned into a pBabe-U6 plasmid by ApLI and EcoRI enzymes to
obtain a new plasmid named pBabe-U6-Bcl-XL shRNA and then
inserted into a shuttle plasmid and recombined with an adenoviral
backbone in 293 packaging cells. A control adenoviral vector having
the same adenoviral backbone but containing a cytomegalovirus
promoter to drive expression of a green fluorescent protein gene
(Ad/CMV-GFP) was also constructed as described previously.6

The newly constructed vectors were then amplified in 293 packag-
ing cells and purified by CsCl ultracentrifugation. Finally, their
titers were determined by optical absorbance at a wavelength of
260 nm (one A260 unit 5 1012 particles/mL) and by plaque assay.

All of the resulting viral preparations were determined to be free
of contamination by wild-type adenovirus and endotoxin.

Cell viability assay

Cell viability was determined by 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay. The MTT used
was purchased from Sangon (Shanghai, China). In brief, cells
were first seeded in 96-well plates at concentrations of 5 3 103

cells/well, incubated for 1 day and then treated with different
doses of adenoviruses for specific periods of time ranging from 24
to 96 hr. Then, 100 lL of MTT solution (10 mg/mL) was added to
each well, and the cells were incubated for an additional 4 hr, after
which the medium was removed. Next, 100 lL of dimethyl sulf-
oxide was added to each well and the cells were incubated for 10
min more. Finally, cell viability in each well was measured in
terms of optical density at a wavelength of 570 nm (OD570nm). All
results were normalized against the OD570nm for phosphate-buf-
fered saline (PBS)-treated cells to determine relative levels of cell
viability. Each cell viability assay was performed in quadruplicate
and repeated at least twice.

Cell clonogenicity assay

Cell clonogenicity was assayed as follows. In brief, 1 3 103

cells were placed in normal culture medium in 10-cm dishes and
incubated overnight. Then, the cells were treated with Ad/Bcl-XL
shRNA or Ad/CMV-GFP at multiplicities of infection (MOIs)
(i.e., viral particles/cell) ranging from 500 to 2,000 MOI or with
PBS alone (mock treatment control). Then, the cells were cultured
in an incubator containing 5% CO2 at 37�C for 14 days more.
Next, individual colonies (>50 cells/colony) were fixed and
stained with a solution containing 0.25% crystal violet and 20%
ethanol for 20 min. The colonies were counted with Optimas soft-
ware (Media Cybernetics LP, Silver Spring, MD). Each experi-
ment was done in triplicate and repeated at least twice.

Western blot analysis

To evaluate the potential mechanisms of Ad/Bcl-XL shRNA’s
cell-killing effect on colon cancer cells, the expression of apopto-
sis-related proteins Bax, Bcl-XL, Caspase-3, Caspase-9 and poly
(ADP-ribose) polymerase (PARP) was evaluated by western blot
analysis. In brief, DLD1 cells that had been treated with Ad/Bcl-
XL shRNA for 72 hr were collected, washed with cold PBS, and
then lysed in Laemmli’s lysis buffer. Then, equal amounts of the
resulting lysate were separated by 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and transferred to Hybond
enhanced chemiluminescence (ECL) membranes (Amersham Bio-
science, Buckinghamshire, England). The membranes were then
blocked with PBS buffer containing 5% low fat milk and 0.05%
Tween 20 for 1 hr or overnight at 4�C, washed 3 times with PBS
containing 0.05% Tween 20 (PBST) and incubated with primary
antibodies for at least 1 hr at room temperature. After washing
with PBST again, the membranes were incubated with peroxidase-
conjugated secondary antibodies and developed with an ECL
detection kit (Amersham Bioscience, Buckinghamshire, England).
Rabbit anti-human Bax, Bcl-XL, Caspase-3 and Caspase-9 anti-
bodies were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA). Mouse anti-human PARP antibody was obtained from
PharMingen (San Diego, CA). b-actin was used as a loading
control.

Analysis of subcutaneous tumour growth in vivo in mice

To determine whether Ad/Bcl-XL shRNA could effectively
suppress tumour growth in vivo, subcutaneous tumours were
established in 6- to 8-week-old nude mice (Institution of Animal
Research, Shanghai, China) by injecting 4 3 106 DLD1 cells into
the dorsal flank of each mouse. After growing to 3–5 mm in diam-
eter, the tumours were injected Ad/Bcl-XL shRNA, Ad/GFP
(vector control), or PBS (mock treatment control) at a dosage of 3
3 1010 viral particles 3 times a week for 1 week. Each treatment
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group included 8 mice, which were treated and cared for in ac-
cordance with the institutional guidelines of Zhejiang University.
Tumour volumes were monitored every 2 days for 1 month. The
volumes were calculated using the formula a 3 b2 3 0.5, where a
and b represented the larger and smaller diameters, respectively.
Mice were euthanized when their tumours grew to 1.5 cm in diam-
eter. Tumours tissues or other organs were excised, sectioned,
processed and subjected to hematoxylin and eosin staining in the
department of pathology at Sir Run Run Shaw Hospital The toxic-
ity of Ad/Bcl-XL shRNA was evaluated by collecting blood sam-
ples from the tail veins of 3 mice 2 days after the last adenoviral
or mock treatment and analyzing them for serum alanine amino-
transferase (ALT) and aspartate aminotransferase (AST) levels as
previously described.7

Statistical analysis

Differences among the treatment groups were assessed by the
Wilcoxon matched paired test or analysis of variance (ANOVA),
using commercially available statistical software (StatSoft, Tulsa,
OK). p < 0.05 was considered significant.

Results

Bcl-2, Bcl-XL and Bax gene expression in tumour and adjacent
tissue samples from patients with colorectal cancer

Bcl-2 expression at the mRNA and protein levels was undetect-
able or very low in most tissue samples. In contrast, Bcl-XL
expression at both the mRNA and protein levels was moderately
intense, and Bax expression was very intense (Fig. 1, mRNA data

FIGURE 2 – Downregulation of Bcl-XL expression by Ad/Bcl-XL
shRNA. (a) Shematic diagram of Ad/Bcl-XL shRNA. Beneath the dia-
gram is the sequence of Bcl-XL shRNA including its terminal signal.
(b) RT-PCR analysis. DLD1 cells were treated with different doses of
Ad/Bcl-XL shRNA for 48 hr and then processed to extract mRNA for
RT-PCR. (c) Western blot analysis. DLD1 cells were treated with var-
ious doses of Ad/Bcl-XL shRNA for 72 hr and then evaluated for Bcl-
XL expression by western blot analysis. Ad/CMV-GFP was used as a
vector control and PBS as a mock control. Data presented here are
from 1 of 2 experiments that produced similar results.

FIGURE 1 – Immunohistochemical analysis of Bcl-2, Bcl-XL and Bax gene expression in tumour and adjacent tissue samples from patients
with colorectal cancer. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]

TABLE I – PATIENT’S DISTRIBUTION BY RATIOS OF MRNA AND
PROTEIN EXPRESSION IN ADJACENT TISSUES VS. TUMOR FOR

BCL-XL, BCL-2, AND BAX (TOTAL PATIENTS: 40)

Target molecule

Patient’s distribution by ratios of expression
in adjacent tissue vs. tumour

p value
Patients with
ratio >1

Patients with
ratio 51

Patients with
ratio <1

Bcl-XL
mRNA 6 (15) 3 (7.5) 31 (77.5) 0.01
protein 5 (12.5) 13 (32.5) 22 (55) 0.02

Bcl-2
mRNA 11 (27.5) 16 (40) 13 (32.5) 0.80
protein 7 (17.5) 19 (47.5) 14 (35) 0.09

Bax
mRNA 12 (30) 2 (5) 26 (65) 0.06
protein 7 (17.5) 19 (47.5) 14 (35) 0.09

Values inside parenthesis are percentages.
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not shown). However, there were more individual patients with
higher ratios of mRNA and protein expression in tumour vs. adja-
cent tissues for Bcl-XL than for Bcl-2 or Bax (p < 0.05, Table I).

Ad/Bcl-XL shRNA-induced downregulation of Bcl-XL expression
in colon cancer cells

Ad/Bcl-XL shRNA (Fig. 2a) effectively knocked down Bcl-XL
mRNA expression levels in colon cancer cells even at the lowest
dose of 500 MOI (Fig. 2b). Moreover, as shown by western blot
analysis and comparison with mock-treated controls, Ad/Bcl-XL

shRNA was also able to downregulate Bcl-XL protein expression
at 72 hr after treatment regardless of dose, whereas the control
vector (Ad/GFP) was not able to do so (Fig. 2c).

Cell-killing and clonogenic effects of Ad/Bcl-XL shRNA

Ad/Bcl-XL shRNA significantly decreased the viability of
DLD1 and LOVO cells at 72 hr or more after treatment, whereas
PBS or the control vector alone had almost no effect at all at the
same time points (p < 0.05, Fig. 3a). Ad/Bcl-XL shRNA’s cell-
killing effect was also dose-dependent, being observed at all doses

FIGURE 3 – Effects of Ad/Bcl-XL shRNA on colon cancer cells. (a) MTT assay. Cells were treated with various doses of adenovirus (MOIs).
Ad/CMV-GFP was used as a vector control. Cell viability (mean 6 SD) was determined at the indicated time points after treatment. *p < 0.05;
**p < 0.01). (b) Clonogenicity assay. DLD1 cells were treated with various doses of adenovirus (MOIs) for 14 days. Ad/CMV-GFP was used as
a vector control. Data presented here are from 1 of 3 experiments that produced similar data. (c) Quantification of data (mean 6 SD) from 3 clo-
nogenicity assays. *p < 0.05; **p < 0.01).
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(including 500 MOI) but definitely increasing as dose increased
(Fig. 3a). Moreover, treatment with Ad/Bcl-XL shRNA dramati-
cally inhibited clonogenicity (i.e., colony formation) of DLD1
cells, even at the lowest dose used (500 MOI) (p < 0.05, Figs. 3b
and 3c). Again, this inhibition of colony formation was dose-
dependent (Fig. 3c).

Important to note is that neither Ad/Bcl-XL shRNA nor control
vector Ad/CMV-GFP exerted any obvious cell-killing effects on
NHFB cells even after 96 hr and even at the highest dose given
(2,000 MOI) (Fig. 4a). Moreover, as further analysis revealed,
NHFB cells expressed significantly less Bcl-XL mRNA than did
DLD1 cells (Fig. 4b), which might explain in part why the NHFB
cells were relatively more resistant to Ad/Bcl-XL shRNA.

Cleavage of apoptotic signaling by Ad/Bcl-XL shRNA

As shown by western blot analysis, treatment with Ad/Bcl-XL
shRNA led to increased cleavage of Caspase-9, Caspase-3 and
PARP, whereas treatment with PBS or Ad/CMV-GFP alone had
no such detectable effects (Fig. 5). This implied that the Ad/Bcl-
XL shRNA-induced killing of colon cancer cells was mediated by
the induction of apoptosis.

Tumour growth suppression by Ad/Bcl-XL shRNA in vivo

In the mice experiments in vivo, treatment with Ad/Bcl-XL
shRNA dramatically and significantly suppressed the growth of
subcutaneous tumours derived from DLD1 cells. This suppression
was significant when compared to the effects of Ad/CMV-GFP
and mock treatment on tumour growth (Fig. 6a, p < 0.05). Mean-
while, treatment with PBS on one hand and Ad/CMV-GFP on the
other resulted in similar levels of tumour growth (p > 0.05). Mean
serum liver transaminase levels on Day 2 after last treatment did
not significantly differ among groups (Fig. 6b). Histopathologic
analysis of heart, kidney, liver and lung tissues revealed no
obvious damage because of the intratumoural administration of
Ad/Bcl-XL shRNA (Fig. 6c). In addition, histopathologic exami-
nation of hematoxylin- and eosin-stained tissue sections revealed

no obvious inflammation at 3 days after the first injection in any
of the 3 treatment groups (Fig. 6c).

Discussion

In our study, we found that the anti-apoptotic protein Bcl-XL,
but not Bcl-2, to be more frequently overexpressed in colon cancer
tissues than in adjacent tissues, thus making Bcl-XL a potentially
useful therapeutic target in colon cancer. Pursuing this hypothesis,
we evaluated the effects of adenovirally delivered Bcl-XL shRNA
in vitro and in vivo and obtained very promising results. Ad/Bcl-
XL not only effectively knocked down Bcl-XL expression and
activated apoptotic signaling pathways in colon cancer cells,
in vitro, but also significantly inhibited the viability of colon can-
cer cells in vitro and the growth of subcutaneous tumours in mice
in vivo. Together, these findings confirmed the potential utility of
Bcl-XL targeting and the feasibility of adenovirally mediated
shRNA delivery in colon cancer therapy.

Because Bcl-XL is expressed in a wide variety of cells, includ-
ing normal cells and plays an important role in embryonic devel-
opment, it is possible that use of a constitutive U6 promoter to
knock down Bcl-XL expression might have treatment-limiting
toxic effects. Therefore, we evaluated the toxicity of Ad/Bcl-XL
shRNA in NHFB cells. We found them to be resistant to the vec-
tor. Since we had also shown previously that NHFB cells are sen-
sitive to infection with recombinant adenoviral vectors,17 we
therefore considered it unlikely that the resistance of NHFB cells
seen in the present study was caused by resistance to the adenovi-
ral vector itself. One possible alternative explanation is that Bcl-
XL expression may not be critical to the survival of normal cells
such as NHFB cells; we inferred this from our observation that,
like normal tissues, NHFB cells expressed low levels of, Bcl-XL
(Fig. 4b). Furthermore, we found no histopathologic evidence of
obvious toxicity or damage caused by Ad/Bcl-XL shRNA admin-
istered intratumourally. Together, our data suggest that Ad/Bcl-
XL shRNA can induce relatively tumour-specific cytotoxicity.
They also corroborate previous demonstrations by others that
RNA interference can be induced using DNA plasmids.18,19 Thus,
it appears feasible and safe to use adenoviruses, which are known
for their high transduction efficiency in various mammalian cells
and tissues, to deliver therapeutic shRNA molecules into tumour
cells in vivo.

Yet, despite the extensive experimental and clinical experience
with adenoviruses as gene transfer vehicles, their potential immu-
nogenicity when administered systemically remains a major con-
cern.20 This was addressed in a recent study in mice, in which

FIGURE 4 – Effects of Ad/Bcl-XL shRNA on normal human fibro-
blasts (NHFB). (a) Cell viability (mean 6 SD) after treatment with
Ad/Bcl-XL shRNA, was evaluated by MTT assay. (b) Bcl-XL mRNA
expression levels in DLD1 and NHFB cells was analyzed by RT-PCR.

FIGURE 5 – Ad/Bcl-XL shRNA-activated cleavage of caspases and
PARP. DLD1 cells were treated with various doses of Ad/Bcl-XL
shRNA for 72 hr, harvested and subjected to western blot analysis.
Data presented here are from 1 of 2 experiments that produced similar
results.
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regional as opposed to systemic administration of adenovirus
reduced inflammation, increased gene transfer efficiency and
enhanced the potential for therapeutic effects21; however, another
study demonstrated the possibility that the rapid, postinjection
induction of proinflammatory genes might still initiate an inflam-
matory reaction and produce uncertain effects on tumour growth
in vivo.21,22 With this in mind, we looked for obvious signs of
inflammatory reaction in adenovirally treated mouse tumours in
the present study and found none. The implication is that tumour
growth may have been inhibited by Ad/Bcl-XL shRNA-mediated
induction of apoptosis.

Another potential concern and drawback to adenoviral RNA in-
terference therapy is the potentially incomplete transduction of
tumour cells after intratumoural adenovirus administration. It is to
be expected that untransduced tumour cells, and thus any residual
tumour, will grow. How such residual tumours respond to repeat
treatment with the same adenoviral vector will depend on their
potential for developing resistance to it. If the tumour cells remain
as the parental cells innoculated, then it is conceivable that the re-
sidual tumour cells would respond to repeat adenoviral treat-
ment.23 However, repeated adenoviral treatment has been known
to put selection pressure on resistant tumour cells, resulting in

acquired resistance to the adenoviral vector, the therapeutic gene,
or in some cases both.24 In that case, an alternative strategy for
treating the resistant tumours would be necessary.7

A third possible obstacle to adenovirus-mediated RNA interfer-
ence therapy is tissue or tumour specificity. The promoter that we
used in our study-the RNA polymerase III promoter U6-specifi-
cally drives, the expression of small RNA and has no specificity
for the RNA of cancer cells.25–27 Therefore, selecting a target
gene that is highly expressed in tumour tissues but not in normal
tissues would be important for avoiding damage to normal tissues.
In one recent study, RNA interference was successfully induced
by a modified prostate-specific promoter.28 Although this ap-
proach could only be applied to certain tissues, the concept of pro-
moter-based tumour targeting may nevertheless provide a further
means of improving the safety profile of Bcl-XL shRNA therapy.

Acknowledgements

We thank Mrs. Jude Richard, ELS, for editorial review. This ar-
ticle represents partial fulfillment of the requirements for a Ph.D.
degree for Dr. Hongbo Zhu.

FIGURE 6 – Effects of Ad/Bcl-XL shRNA on a subcutaneous tumour model in mice. (a) Ad/Bcl-XL shRNA-induced suppression tumour
growth in vivo. Subcutaneous tumours derived from DLD1 cells were treated with various agents as shown. Tumour volumes were monitored
over time after treatment. Mean tumour volume (1SD) was determined for each treatment group (n5 8 each group). Note that the mean tumour
volumes in the Ad/Bcl-XL shRNA-treated group differed significantly from those in the 2 control-treated groups (*p < 0.05); (b) Serum trans-
aminase levels (mean 6 SD) 2 days after last treatment. The levels were similar in all 3 treatment groups. (c) Histopathologic appearance of
organs (heart, kidney, liver and lung) and tumour samples collected from euthanized mice. No obvious histopathologic damage was seen in any
organ tissues, and no obvious inflammation was seen in any tumour samples. [Color figure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]
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