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Resistance to anoikis, the cell death triggered by the loss of anchorage to the substratum, is
an essential prerequisite in the proliferation and diffusion of colorectal cancer (CRC) cells.
We examined whether 5-aminosalicylic acid (5-ASA), a drug that seems to reduce the risk
of colitis-associated CRC, enhances CRC cell anoikis. To this end, Colo205 cells were treated
with 5-ASA in the presence or absence of inhibitors of caspases (zVAD-fmk) and reactive
oxygen species (ROS). We demonstrate that 5-ASA enhances Colo205 cell death. Although
5-ASA induces dissipation of mitochondrial transmembrane potential and caspase-3 acti-

Keywords: vation, zZVAD-fmk does not completely prevent the 5-ASA-induced cell death. 5-ASA also
Anoikis enhances the synthesis of ROS. However, inhibitors of ROS reduce the fraction of 5-ASA-
5-ASA induced Colo205 cell death but do not confer protection. In contrast, the 5-ASA-mediated

Colon cancer Colo205 cell death is preventable by Bcl-2 over-expression. These data suggest a mecha-

nism by which 5-ASA interferes with colon carcinogenesis.
© 2006 Elsevier Ltd. All rights reserved.

kis-resistant.? Additionally, most cell lines derived from such
solid tumours are capable of growing in an anchorage-inde-

1. Introduction

Anoikis, a form of programmed cell death triggered by the loss
of anchorage to the extracellular matrix, contributes to main-
tain tissue homeostasis, particularly in the gut, where epithe-
lial cells continuously undergo death and shedding into the
lumen.! Resistance to anoikis is a common property of many
tumours of epithelial origins, and it is supposed to play a ma-
jor role in the growth and diffusion of carcinomas.? Indeed, it
is well known that solid tumours grow in vivo as multicellular
masses in which at least a proportion of cells is deprived of
normal contacts with the basement membrane and is anoi-
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pendent manner as colonies in soft agar or suspension
culture.® In line with these findings, suppression of the resis-
tance against anoikis in transformed epithelial cells strongly
inhibits their tumourigenicity.*> The precise molecular mech-
anism(s) by which cancer cells usurp normal extracellular ma-
trix-derived survival signals and acquire resistance to anoikis
are not fully characterised. However, recent studies have
shown that activation of some intracellular pathways contrib-
utes to enhance the survival of cancer cells. In particular, epi-
dermal growth factor receptor (EGFR), nuclear factor-kB, and
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the non-receptor protein tyrosine kinase, Src, have been
implicated in the resistance of cancer cells to anoikis.»”

Despite considerable advance in our understanding of
colorectal cancer (CRC) pathogenesis, the overall incidence
of this neoplasia is yet increasing, and CRC represents the
second most common fatal malignancy in Western world.®
This is largely due to the lack of effective treatment of ad-
vanced disease. Evidence has been accumulated to show that
non-steroidal anti-inflammatory drugs (NSAIDs) are effective
in preventing/limiting both the development and progression
of CRC in the general population.”® However, the frequent
and often severe side effects occurring in subjects taking
NSAIDs have limited the use of these drugs in CRC
therapy.”*°

More recently, epidemiological studies have suggested
that regular intake of the clinically well-characterised 5-
aminosalicylic acid (5-ASA), the drug of choice in the mainte-
nance of remission and treatment of mild flare-ups of
inflammatory bowel disease (IBD), reduces the risk of CRC
developing in patients with ulcerative colitis.*>*? It is plausi-
ble that the 5-ASA-related anti-neoplastic effect relies on the
ability of this drug to inhibit specific inflammatory pathways
that contribute to the development of CRC complicating IBD.
However, studies both in vitro and animal models of sporadic
CRC have shown that 5-ASA may have direct and negative
effects on the growth of CRC cells.”*** We have also recently
shown that 5-ASA disrupts EGFR signalling both in primary
and CRC cell lines,' further confirming the anti-neoplastic
effect of this drug. The documented effect of 5-ASA on
EGFR-associated signal pathway prompted us to explore the
possibility that this drug could increase the susceptibility of
non-adherent CRC cells to death. To this end, we first as-
sessed the in vitro effect of 5-ASA on Colo205, a CRC cell line
that is able to spontaneously grow in suspension. Second, we
extended our analysis to HT-29 in suspension culture, given
that this CRC cell line has been reported to be highly resis-
tant to the anchorage-independent death.” The molecular
mechanism by which 5-ASA triggers cell death was also
investigated.

2. Materials and methods

2.1. Cell lines and culture conditions

The two human CRC cell lines, HT-29 and Colo205, were cul-
tured in appropriate media in absence of antibiotics in a
humidified incubator under 5% CO, at 37 °C.

Colo205 cells over-expressing Bcl-2 were selected after the
transfection of pcDNA3-Bcl-2 by electroporation (Nucleofec-
tor, Amaxa GmbH, Koeln, Germany). To generate stably trans-
fected cell lines, Colo205 cells were maintained in culture in
the presence of 500 pg/mL neomycin (G418, Inalco S.p.A., Mi-
lan, Italy). The empty pcDNA3 vector was used to produce a
neomycin-resistant pool for control experiments.

5-ASA (Giuliani S.p.A., Milan, Italy) was dissolved as a
100 mM stock solution in culture medium just before using
and used at concentrations of 10-50 mM. The pH of the drug
solution was adjusted to 7.4 with NaOH, and experiments
were carried out protected from light. Mannitol (50 mM, pH
7.4; Sigma-Aldrich, Milan, Italy) was used as both an osmolar

and pH control, and staurosporine (500 ng/mL; Sigma-Al-
drich) was used as a positive control of cell death.

Col0205 (2 x 10°/well) were cultured in RPMI 1640 contain-
ing 5% fetal bovine serum (FBS) and plated on a 12-well dish,
with or without 5-ASA, mannitol or staurosporine for 2-24 h.
In parallel, cells were cultured in the presence of a pan-caspase
inhibitor z-Val-Ala-Asp(OMe)-fmk (zVAD-fmk; 20-100 uM; DBA
Italia, Milan, Italy) and/or GSH (0.2-5 mM, Sigma-Aldrich) for
1 h prior to adding 5-ASA. HT-29 cells (2 x 10°/well) were cul-
tured in McCoy medium containing 5% FBS, in the presence
or absence of 5-ASA or mannitol, plated on a 12-well dish
and maintained in suspension by gentle agitation for 6-12 h.
To examine the effect of 5-ASA on adherent cells, HT-29 cells
were cultured in 12-well plates, and after reaching the conflu-
ence were either left untreated or treated with graded doses of
5-ASA, staurosporine or mannitol for 6-12 h.

2.2.  Analysis and quantification of cell death

To score cell death, cells were incubated with 5 pg/ml propi-
dium iodide (PI; Sigma-Aldrich) and stained with FITC-annex-
in V (AV; 1:100 final dilution, Becton Dickinson, Milan, Italy)
for 20 min at 4 °C, and their fluorescence was measured using
FL-1 and FL-2 channels of FACSCalibur flow cytometer (Becton
Dickinson) using Cell Quest Pro software.

2.3.  Analysis of mitochondrial transmembrane potential
(4¥,,) and reactive oxygen species (ROS) production

To analyse whether 5-ASA alters the AY¥,,, CRC cells were
either left untreated or treated with 50 mM 5-ASA for the indi-
cated time points. Cells were incubated with 3,3’-dihexyloxa-
carbocyanine iodide [DiOCg(3)] (20 pM, Invitrogen S.r.L., Milan,
Italy) during the last 15 min of culture. Production of ROS was
assessed in CRC cells treated with 5-ASA (50 mM) or acetyl
salicylic acid (ASA, 10 mM, Sigma-Aldrich) for 2-8h. Cells
were incubated with dihydroethidium (DHE, 5 pM, Invitrogen
S.r.L) or 2',7'-dichlorodihydrofluorescein diacetate (H,-DCF-
DA, 5 puM, Sigma-Aldrich) during the last 20 min of culture,
and then evaluated by flow cytometry.

2.4.  Western blotting analysis

Cytosolic proteins were separated on a gradient SDS-PAGE gel,
and then incubated with a polyclonal rabbit anti-human cas-
pase-9 (1:500 final dilution, Santa Cruz Biotechnology, Santa
Cruz, CA) or monoclonal anti-human caspase-3 antibody
(2 pg/ml; Vinci-Biochem, Florence, Italy) or monoclonal anti-
human poly-ADP-ribosepolymerase-1 (PARP-1) antibody
(1:1000 final dilution; Vinci-Biochem). Additionally, cytosolic
extracts were prepared from cells either left untreated or trea-
ted with 5-ASA for 4-12 h and used for analysis of Bax, Bak, Bcl-
2, AIF, cytochrome c and Omi/HtrA2 by Western blotting. To this
end, we used commercially available antibodies (Bax, Bak, Bcl-
2, and AIF, 1:500 final dilution, from Santa Cruz Biotechnology,
while cytochrome c and Omi/HtrA2, 1:500 final dilution, were
purchased from Becton Dickinson and Analitica De Mori S.r.L.
Milan, Italy, respectively). Binding of the primary antibody
was detected using a horseradish peroxidase-conjugated sec-
ondary antibody (Dako S.p.A., Milan, Italy) (final dilution
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1:20,000) and chemiluminescent substrate (Pierce, Rockford, IL,
USA). At the end, each blot was stripped and incubated with a
mouse-anti-human monoclonal p-actin antibody (1:5,000; Sig-
ma-Aldrich) to ascertain equivalent loading of the lanes.

2.5.  Caspase-3 activity assay

Caspase-3 activity was measured using a tetrapeptide p-nitro-
anilide (pNA) substrate in a colorimetric assay. The assays
were performed in 96-well plates by incubating 40 pg of pro-
teins in a final volume of 100 pl reaction buffer (100 mM
HEPES, pH 7.5, 20% glycerol, 5 mM DTT, and 0.5 mM EDTA)
containing 100uM  of  N-Acetyl-Asp-Glu-Val-Asp-pNA
(Ac-DEVD-pNA; Sigma-Aldrich). Absorbance at 405 nm was
monitored at 37°C for 1h using a microplate reader
(Bio-Rad Laboratories, Milan, Italy) and values expressed as
arbitrary units (a.u.).

2.6.  Statistical analysis
Values are expressed as means + SD. To evaluate the differ-

ence in means between groups, the Student t test was used
and significance was defined as p values less than 0.05.

3. Results

3.1. 5-ASA induces death of colon cancer cells growing in
suspension

To assess the effect of 5-ASA on non-adherent CRC cells, we
first treated Colo205 cells with graded doses of 5-ASA. Expo-
sure of Colo205 to 25 and 50 but not 10 mM 5-ASA resulted
in enhanced cell death (Fig. 1a, p < 0.01). This effect was evi-
dent as early as 4 h after 5-ASA exposure and increased over
the time course (Fig. 1b, p <0.01). Importantly, 5-ASA in-
creased the percentage of both AV-positive/PI-negative cells
(35+4% and 22+ 5% in cells treated with 50 and 25 mM 5-
ASA respectively versus 8+ 1% in untreated cells; p <0.01)
and AV-positive and PI-positive cells (15+7% and 12 +2.5%
in cells treated with 50 and 25 mM 5-ASA respectively versus
3 +1.5% in untreated cells, p < 0.02). In contrast, an increase in
AV-negative/PI-positive cells was seen in cultures added with
50 mM (25 + 5%) but not 25 mM (11 + 2.5%) 5-ASA compared to
untreated cultures (8 + 2%) (p < 0.02).

To further confirm these results we then used a well-char-
acterised method in which HT-29 cells were removed from
their substrate and kept in suspension with gentle agitation.
HT-29 cells were selected given that previous studies have
shown that these cells survive when kept in suspension.'” 5-
ASA significantly increased the percentage of death in non-
adherent HT-29 cells. Time-course analysis revealed that after
6 h treatment with 50 mM 5-ASA, 26 + 5% of cells were AV po-
sitive, but PI negative, versus 6+4% in untreated cells
(p =0.03), whereas the percentage of AV positive/PI positive
cells was respectively 19 + 12% in 5-ASA-treated cells versus
13 + 10% in untreated cells (p = NS). After 12 h culture with 5-
ASA, many of the cells were positive for both AV and PI (AV:
13 + 5%; AV/PIL: 53 + 10% versus 11 +3% and 12 + 6% respec-
tively in untreated cells) indicating that they had completed
apoptosis and were now necrotic. No significant change in cell
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Fig. 1 - (a) 5-ASA significantly enhances Colo205 cell death
at concentrations of 25 and 50 mM (p < 0.01). Colo205 were
either left unstimulated (Unst) or treated with the indicated
concentrations of 5-ASA for 16 h. Data indicate the mean
percentages of cell death as assessed by FACS analysis of AV
and PI-positive cells. Vertical bars indicate the SD of six
separate experiments and refer to the total cell death.

(b) 5-ASA significantly enhances Colo205 cell death in a
time-dependent fashion (p < 0.01). Colo205 were either left
unstimulated (Unst) or treated with 50 mM 5-ASA for the
indicated time points. Data are expressed as mean = SD of
five separate experiments and indicate the percentage of
total cell death as assessed by FACS analysis of AV and
PI-positive cells.

death was seen when cells were treated with equivalent con-
centrations of mannitol, indicating that the effect of 5-ASA
on HT-29 cell anoikis was not secondary to osmotic shifts in
the culture medium. Importantly, the percentage of death in
adherent HT-29 cells after 12h culture was increased by
staurosporine (31 +5%) but not 50 mM 5-ASA (9 + 3% versus
8 + 4% in untreated cells) clearly indicating that 5-ASA only re-
duces the survival of HT-29 cells in suspension culture.

3.2. 5-ASA induces loss of mitochondrial transmembrane
potential (4¥,,) in CRC cells

Mitochondria play a critical role in the regulation of cell death
in response to a wide variety of stimuli, including anti-cancer
drugs.’® Therefore we evaluated the dissipation of A¥,, in
cells treated with 5-ASA. Reduction of A¥,, was evident as
early as 2 h after 50 mM 5-ASA exposure and increased over
the time course. However, differences between untreated
and 5-ASA-treated cells became significant only after 4 h of
treatment (Fig. 2a, p < 0.01). To examine whether the 5-ASA-
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Fig. 2 — (a) 5-ASA induces a time-dependent reduction of A
¥, (p <0.01). Colo205 cells were either left unstimulated
(Unst) or treated with 50 mM 5-ASA for the indicated time
points, then incubated with DiOGg(3), followed by analysis
of mitochondrial transmembrane potential (A¥,,). Data are
expressed as mean = SD of five separate experiments and
indicate the percentage of cells with intact AY,, as
assessed by flow cytometry. (b) Treatment of Colo205 cells
with 5-ASA enhances the cytosolic accumulation of mito-
chondrial proteins. Cytosolic extracts were prepared from
cells either left untreated (Unst) or treated with 50 mM 5-
ASA for 8 h and then analysed for the indicated proteins by
Western blotting. One of three representative experiments
is shown. (c) 5-ASA does not alter the expression of Bax,
Bak and Bcl-2in Colo205 cells. Cytosolic extracts were
prepared from Colo205 cells either left untimulated (Unst)
or treated with 50 mM 5-ASA for 4, 8 and 12 h, and
analysed for the indicated proteins by Western blotting.
One of four representative experiments is shown.

induced reduction in AY,, was reversible, cells were either left
untreated or treated with 50 mM 5-ASA for 6-8 h, then exten-
sively washed and cultured in fresh drug-free medium for a
further 12 h. At the end, AY,, was evaluated by flow cytome-
try. In two representative experiments, the percentages of
cells with intact AY,, were 89 + 2% in cells pre-cultured with
medium and 75+4 and 67 +5% in cell pre-treated with
5-ASA for 6 and 8 h respectively, suggesting that loss of AY,,
induced by 5-ASA is not fully reversible after removing the
5-ASA from the culture medium. As mitochondrial depolar-
isation is accompanied by the release of proteins, including
cytochrome c, AIF and Omi/HtrA2, into the cytoplasm,*® we
examined whether 5-ASA enhanced the intra-cytoplasmic
content of these molecules. To this end, cytosolic extracts,
prepared from Colo205 cells either left untreated or treated
with 5-ASA for 8 h, were analysed for the content of cyto-
chrome c, AIF and Omi/HtrA2 by Western blotting. As shown
in Fig. 2b, 5-ASA enhanced the accumulation of all these
mitochondrial proteins into the cytoplasm.

As AY,, loss may be in part regulated by influencing the
expression of pro- and anti-apoptotic members of the Bcl-2
family,’® we also examined whether 5-ASA changed the cyto-
solic level of such proteins. Neither Bax nor Bak expression
was affected by 5-ASA. Similarly, 5-ASA did not alter the con-
tent of the anti-apoptotic protein Bcl-2 and this was evident at
each time point analysed (Fig. 2c).

3.3.  The ability of 5-ASA to enhance anchorage-
independent CRC cell death is not entirely preventable by
caspases inhibitors

In response to apoptotic stimuli, mitochondrial proteins re-
leased into the cytoplasm activate APAF-1 that in turn recruits
and activates capase-9, an initiator caspase.’® To examine
whether the 5-ASA-induced loss of AY¥,, was followed by cas-
pase-9 activation, cytosolic proteins, prepared from Colo205
cells either left untreated or treated with 5-ASA (50 mM), were
analysed for caspase-9 by Western blotting. In parallel, cells
were treated with staurosporine as a positive control of cas-
pase activation. Data in Fig. 3a (upper blot) show that stimu-
lation of cells with 5-ASA caused a time-dependent
reduction of the full-length form of caspase-9, even though
no cleaved band was detectable. Similar findings were ob-
served when cells were treated with staurosporine. Caspase-
3 is an executioner caspase that triggers a number of key cell
death-specific events, and it has been reported to be activated
in intestinal epithelial cells undergoing apoptosis.?® Therefore
we evaluated whether 5-ASA activated caspase-3. To this end,
Colo205 cells were treated with 50 mM 5-ASA for different
time points and caspase-3 activation monitored by Western
blotting by using a specific monoclonal antibody that recog-
nises both the full-length and cleaved forms of this enzyme.
5-ASA induced a time-dependent reduction in the intensity
of the 32 kDa band corresponding to the full-length form of
caspase-3, and this was paralleled by the appearance of the
cleaved band of such an enzyme over the time course
(Fig. 3a, middle blot). Similar data were obtained when 5-
ASA was added to HT-29 cells kept in suspension culture
(not shown). Analysis of caspase-3 activity by using a colouri-
metric substrate confirmed the inducing effect of 5-ASA on
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Fig. 3 - (a) 5-ASA triggers caspase activation in CRC cells.
Representative Western blots showing both caspase-9
(upper blot) and caspase-3 (middle blot) in proteins prepared
from Colo205 cells either left unstimulated (Unst) or treated
with staurosporine (Stauro) for 16 h or 50 mM 5-ASA for 4, 8
and 16 h. After analysis of caspases, the blot was stripped
and incubated with an anti-human g-actin antibody. One of
six representative experiments is shown. (b) 5-ASA
enhances caspase-3 activity in Colo205 cells. Colo205 cells
were either left unstimulated (Unst) or treated with stauro-
sporine or 50 mM 5-ASA for 8 h, followed by caspase-3
activity assay. Data are expressed in densitometric arbitrary
units (a.u.) and indicate mean = SD of three separate
experiments. (c) Effect of 5-ASA on PARP-1 activation.
Representative Western blot showing both full-length and
cleaved forms of PARP-1 in protein extracts of Colo205 cells
cultured as indicated in (a). After analysis of PARP-1, the blot
was stripped and incubated with an anti-human p-actin
antibody. One of four representative experiments is shown.

the activation of this enzyme (Fig. 3b). As activated caspase-3
cleaves PARP-1 from its 116 kDa to an 85 kDa residual frag-
ment, we confirmed the activation of caspase-3 through
Western blotting for PARP-1 cleavage products. As expected,
treatment of Colo205 with 5-ASA resulted both in a time-
dependent reduction in the intensity of the 116 KDa band

and induction of the 85 KDa cleaved form of PARP-1
(Fig. 3c). Similar results were seen in HT-29 cells growing in
suspension while neither caspase-3 nor PARP-1 was affected
by 5-ASA in adherent HT-29 cells (not shown).

To examine the involvement of caspases in the 5-ASA-
induced lethal effects, Colo205 cells were pre-incubated with
zVAD-fmk or DMSO and subsequently treated with 5-ASA or
staurosporine. Importantly, in zVAD-fmk-treated Colo205
cells, the activity of caspase-3 was constantly maintained be-
low the control level (Fig. 4a), thus confirming that this inhib-
itor was active in our system. No inhibitor effect was seen
when cells were pre-incubated with DMSO (not shown). Flow
cytometry analysis revealed that pre-incubation of Colo205
cells with zVAD-fmk significantly reduced the percentage of
AV-positive/PI-negative cells induced by 5-ASA (15+2%
versus 34.7 + 4%, p = 0.02), whereas the fractions of AV-posi-
tive/PI-positive cells (18 +9 versus 21.5+13) and AV-nega-
tive/PI-positive (4 +3 versus 2.5 +2.7) were not significantly
modified (Fig. 4b). This effect was observed at all the applied
doses of zVAD-fmk (not shown). These data suggest that
5-ASA enhances Colo205 cell death through a mechanism
which is only in part dependent on caspase activity.
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Fig. 4 - The pancaspase inhibitor, zVAD-fmk, partially
inhibits the 5-ASA-induced Colo205 cell death. (a) Colo205
cells were preincubated with zVAD-fmk or DMSO (vehicle)
for 1 h prior to adding staurosporine (500 ng/ml) or 5-ASA
(50 mM) for an additional 8 h. Proteins were then analysed
for caspase-3 activity. Data indicate fold increase as com-
pared with control (DMSO-treated cells) and express mean
of three separate experiments. (b) Golo205 cells were
preincubated with medium (Unst) or 100 pM zVAD-fmk for
1h and then treated or not with 50 mM 5-ASA. After 16 h
cells were recovered and analysed for AV and PI positivity.
Data indicate the mean percentages of AV, PI and AV/PI-
positive cells of four separate experiments, while vertical
bars indicate the SD and refer to the total cell death. zZVAD-
fmk significantly reduces the percentage of AV- (p = 0.02) but
not the fraction of PI-positive cells induced by 5-ASA.
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3.4.
cells

5-ASA enhances the production of peroxides in CRC

Since ROS are important mediators of caspase-independent
cell death,” we then evaluated the production of ROS by
staining with DHE and H,-DCF-DA, which are oxidised in
the presence of superoxide and peroxides, respectively, to
fluorescent dyes. ASA but not 5-ASA increased the production
of superoxide in Colo205 (Fig. 5a, p <0.01). In contrast, both
ASA and 5-ASA were effective in enhancing the production
of peroxides (Fig. 5b, p < 0.01 and p = 0.03, respectively).

To examine the role of peroxides in the 5-ASA-mediated
anoikis, Colo205 cells were pre-incubated with reduced glu-
tathione (GSH), an antioxidant molecule, and then treated
with 5-ASA. We first showed that GSH dose-dependently
inhibited the 5-ASA-induced peroxides production (Fig. 5c).
Since 5mM GSH completely suppressed the 5-ASA-induced
peroxides production, we then examined the effect of such
a dose of GSH on the 5-ASA-induced Colo205 cell death.
Pre-incubation of cells with GSH significantly reduced the
percentage of 5-ASA-induced AV-positive and PI-positive
cells (8 +2.5% versus 22 +14% in cells treated with 5-ASA
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alone, p = 0.03) but not the fraction of AV-positive/PI-negative
cells (19 £ 16% versus 20 = 14% in cells treated with 5-ASA
alone) (Fig. 5d). Overall, GSH significantly reduced the per-
centages of cell death induced by 5-ASA (Fig. 5d, p < 0.001).
Additionally, the percentage of 5-ASA-induced cell death
was decreased further by pre-treatment of cells with both
zVAD-fmk and GSH in comparison to GSH alone, even if
the use of both inhibitors did not confer full protection
(Fig. 5d). Similar results were observed in non-adherent HT-
29 cells (not shown).

3.5. Over-expression of Bcl-2 prevents the 5-ASA-induced
CRC cell anoikis

These data raise the possibility that 5-ASA promotes mito-
chondrial damage and activation of multiple cell death path-
ways. Therefore, we investigated whether protection of
mitochondria by over-expression of Bcl-2 could prevent the
5-ASA-induced cell death. To this end, Colo205 cells were sta-
bly transfected with either a pc3/Bcl-2 or pc3 (control) plasmid,
and then treated with 5-ASA. Importantly, cells transfected
with pc3/Bcl-2 but not empty vector contain elevated amount
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Fig. 5 - GSH, an inhibitor of peroxide production, reduces but does not abolish the 5-ASA-induced Colo205 cell death. (a)
Colo205 cells were either left unstimulated (Unst) or treated with 50 mM 5-ASA or ASA (10 mM) for the indicated time points,
followed by measurement of the intracellular production of superoxide and peroxides by DHE (a) and H2-DCF-DA (b) staining
respectively. Data are expressed as mean * SD of three separate experiments. ASA significantly enhances the production of
both superoxide and peroxides (p < 0.01), whereas 5-ASA significantly enhances only the production of peroxides (p = 0.03).
(c) GSH dose-dependently inhibits the 5-ASA-induced peroxides synthesis. Colo205 cells were pre-incubated with graded
doses of GSH for 1 h followed by 5-ASA for 8 h. Peroxides production was analysed as indicated above. One of three separate
experiments is shown. (d) Effect of GSH on 5-ASA-induced Colo205 cell death. Cells were either left unstimulated (Unst) or
pre-incubated with GSH (5 mM) in the presence or absence of zZVAD-fmk (100 uM) for 1 h followed by 5-ASA for a further 8 h.
Data are expressed as mean * SD of three separate experiments and indicate the percentage of cell death as assessed by
analysis of AV and/or PI-positive cells. GSH significantly inhibits the percentages of AV+/PI+ cells (p = 0.03) and total cell death
(p < 0.001) but not the fraction of apoptotic cells (AV+/PI- cells) induced by 5-ASA. The combination of GSH and zVAD-fmk
further reduces the 5-ASA-induced total cell death (p < 0.001) but does not confer full protection.
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Fig. 6 — Stable over-expression of Bcl-2 prevents the 5-ASA-
induced Colo205 cell death. (a) Representative Western blot
showing Bcl-2 and g-actin in protein extracts of Colo205
cells stably transfected with either empty pcDNA3 vector
(pc3) or pcDNA3-Bcl-2 plasmid (pc3-Bcl-2). (b) Colo205 cells
stably transfected with empty pcDNA3 vector (pc3) or
pcDNA3-Bcl-2 plasmid (pc3-Bcl-2) were cultured in the
absence (Unst) or presence of 50 mM 5-ASA for 8 h, and then
analysed for AV and PI positivity. (c) Cells were cultured and
analysed as indicated in (b). Data are expressed as mean *
SD of three separate experiments and indicate the per-
centage of cell death as assessed by analysis of AV and/or PI
positive cells.

of Bcl-2 (Fig. 6a) and appeared resistant to the 5-ASA-induced
death (Fig. 6b and c).

4, Discussion

Normal colonic cells require for their survival and growth sig-
nals elicited from adhesion to the extracellular matrix. Depri-
vation of anchorage destines cells to undergo apoptosis, a
phenomenon termed anoikis.’ In contrast, CRC cells survive
when kept in suspension and this phenomenon is supposed
to play a major role in the uncontrolled growth and metasta-
sis of such tumours.” Attempts to either prevent or revert
such an alteration are therefore worth pursuing for reducing
the growth and/or diffusion of CRC cells.

This study was undertaken to investigate whether 5-ASA,
a drug widely used in the management of patients with IBD
and proposed as an attractive option for CRC chemopreven-
tion'"'2 may enhance anchorage-independent CRC cell death.
Using Colo205 and HT-29 cells as an in vitro model of CRC, we
here show that 5-ASA enhances the death of non-adherent
CRC cells. The 5-ASA effect on CRC cell death is seen at con-
centrations of drug which are higher than those reached
within the gut tissue under standard oral treatment® but
similar to those used by other authors to assess the anti-neo-
plastic effect of 5-ASA in vitro.”> Our data also indicate that
the 5-ASA-induced CRC cell death pathway converges on
mitochondria. Indeed, treatment of CRC cells with 5-ASA is
associated with a marked loss of A¥,,, that occurs in the early
phase of cell death and precedes the disruption of plasma
membrane integrity. Moreover, we show that stable over-
expression of Bcl-2 is sufficient to prevent the 5-ASA-induced
lethal effect on CRC cells. The sequence of intracellular
events that trigger the mitochondrial signalling pathway in
5-ASA-treated CRC cells remains, however, unclear. It is unli-
kely that 5-ASA uses the FAS signalling pathway to enhance
CRC cell death, as 5-ASA does not promote caspase-8 activa-
tion, and incubation of CRC cells with graded doses of a neu-
tralising FAS antibody prior to adding 5-ASA does not reduce
the rate of 5-ASA-induced cell death (not shown). Moreover,
analysis of pro- and anti-apoptotic members of the Bcl-2 fam-
ily by Western blotting reveals no significant change in the
global expression of Bax, Bak, and Bcl-2 after 5-ASA exposure.

Consistent with the AY,, dissipation, 5-ASA-treated cells
exhibit an accumulation of mitochondrial proteins into the
cytoplasm and activation of caspase-3. However, pre-incuba-
tion of CRC cells with the broad caspase inhibitor, zZVAD-
fmk, reduces the percentage of 5-ASA-induced AV+/PI- cells
but does not confer cytoprotection. Importantly, the effect of
zVAD-fmk on the fraction of AV+/PI— cells is also maintained
after long term 5-ASA exposure (i.e. 24 h) thereby indicating
that zVAD-fmk really prevents the induction of apoptosis
rather than delaying the manifestation of 5-ASA-mediated
CRC cell death. Together, these data suggest that 5-ASA can
trigger both caspase-dependent and -independent cell death
signalling pathways. In this context, we show that 5-ASA in-
creases the intracellular production of peroxides, and that
suppression of peroxides production by GSH significantly re-
duces the percentage of 5-ASA-induced AV-positive and PI-po-
sitive cells. Moreover, the combination of GSH and zVAD-fmk
further reduces but does not completely prevent the 5-ASA-in-
duced cell death, raising the possibility that 5-ASA may acti-
vate multiple cell death signalling pathways. No reduction in
the fraction of 5-ASA-induced CRC cell death was seen when
Colo205 cells were treated with commercially available inhib-
itors of either non-caspase proteases or trypsin-like serine
proteases (not shown), arguing against a role of these mole-
cules in the 5-ASA-mediated cell death program.

Although the exact molecular basis underlying the ability
of CRC cells to survive and grow under the non-adhesive or
anchorage-independent conditions remains to be clarified,
there is evidence that CRC cells constitutively activate several
intracellular pathways that allow them to survive in suspen-
sion culture."” We have previously shown that treatment of
HT-29 cells with 5-ASA results in a marked inhibition of EGFR,
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a signalling pathway that is over-expressed in CRC cells and is
supposed to inhibit apoptotic-inducing stimuli.*®**?* How-
ever, our unpublished observations would seem to suggest
that the 5-ASA-induced CRC cell anoikis is not entirely depen-
dent on the inhibition of EGFR activation. In fact, the percent-
age of Colo205 cell death induced by specific and powerful
suppressors of EGFR activity was significantly lower than that
induced by 5-ASA. Additionally, 5-ASA was effective in
enhancing the death of EGFR-deficient neoplastic cells.

The balance between cell proliferation and apoptosis typi-
cally associated with the normal colonic epithelium becomes
progressively dysregulated during the neoplastic transforma-
tion.! The fact that the in vitro property of CRC cells to survive
and grow in suspension correlates very well with their in vivo
oncogenic potential and that 5-ASA enhances anoikis of CRC
cells further support the view that this drug may be a promis-
ing candidate for colitis-associated CRC therapy. In line with
this, recent epidemiological studies have shown a favourable
role of 5-ASA in the prevention of IBD-related CRC.*?¢ Clearly,
an optimal study for ascertaining the chemopreventive effect
of 5-ASA should be a prospective, randomised controlled study.
However, given the long duration before dysplastic lesions or
cancers develop, case-control studies and laboratory-based
experiments could alternatively provide the best evidence to
support the chemopreventive effect of 5-ASA in IBD patients.
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