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Abstract

Background and Aims In vitro studies have shown that
clusterin modulates treatment sensitivity in a number of
human cancers; however, the interaction between clusterin
expression and hypoxia in controlling treatment response in
CRC has not previously been examined. The aim of this
study was to assess the effect of clusterin overexpression in
CRC cells on sensitivity to S-fluorouracil (5-FU), oxalipla-
tin and FOLFOX treatment under normoxic and graded
hypoxic conditions.

Methods SW480 colon cancer cells were transfected with
full length Clusterin cDNA to generate a clusterin over-
expressing cell line. Overexpression was confirmed by
western blot analysis. The response of parental and
clusterin overexpressing cells to 5-FU, oxaliplatin and
FOLFOX was examined using a crystal violet-based
proliferation assay under normoxic conditions, 3% and
1% hypoxic conditions. The levels of apoptosis and G2/M
arrest in FOLFOX-treated cells were assessed by flow
cytometry.

Results Under normoxic conditions, clusterin overexpress-
ing cells were more sensitive to FOLFOX treatment (p=
0.01); under 3% and 1% hypoxic conditions, overexpress-
ing clusterin cells were more sensitive to 5-FU, oxaliplatin
and FOLFOX, p values <0.05 for all conditions. Under
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normoxic conditions, overexpressing clusterin cells showed
significantly higher levels of apoptosis when treated with
FOLFOX compared to untransfected cells; levels of G2M
cells were not significantly different. Under both 3% and
1% hypoxia, the percentage of cells undergoing apoptosis
following FOLFOX treatment was significantly higher in
overexpressing clusterin cells.

Conclusion These in vitro findings suggest that tumours
expressing high levels of clusterin, particularly if hypoxic
in nature, may benefit from treatments such as FOLFOX.

Keywords Clusterin - Colorectal cancer - Treatment
sensitivity - Hypoxia

Introduction

Clusterin is a disulfide-linked heterodimeric-secreted gly-
coprotein which is ubiquitously expressed in most mam-
malian tissues and found in plasma, urine and cerebrospinal
fluid across a broad range of species [1, 2]. We and
others have previously shown that Clusterin is a heavily
glycosylated protein [3]; however, non-glycosylated cy-
toplasmic and nuclear isoforms have also been identified
[3-6].

Clusterin binds to and forms complexes with lipids,
immunoglobulins, heparin, complement components, beta
amyloid, bacteria, paraoxonase and leptin [1, 7—13]. It is
also hypothesised to be involved in tissue remodelling,
cellular debris clearance, complement inhibition, cell
aggregation and adhesion and matrix metalloproteinase
inhibition [1, 3, 14]. Despite advances in the understanding
of the multifactorial nature of clusterin’s functions and its
recognition as an important player in tumour growth and
disease progression, its precise role remains unclear with
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studies supporting both pro- [15] and anti-apoptotic effects
[16, 17].

In vitro studies have shown that clusterin can modulate
treatment sensitivity in human prostate cancer cell lines
(LNCaP and PC-3) [16, 18], bladder cancer cell lines (UM-
UC-3P and KoTCC-1) [19, 20], and breast cancer cell lines
(MCF-7 and 734B) [21]. These in vitro models showed that
increased clusterin expression conveyed resistance to
chemotherapy and radiotherapy [1, 3, 16, 19, 21]. The
downregulation of clusterin using anti-sense oligonucleo-
tides has been shown to reverse this resistance, therefore
enhancing the cytotoxicity of chemotherapeutic and radia-
tion treatments [1, 19, 21, 22]. While tumour hypoxia is
also classically associated with resistance to radiotherapy
and chemotherapy [23, 24], the interaction between
clusterin expression and hypoxia in controlling treatment
response has not previously been examined. The aim of this
study was to assess the effect of clusterin overexpression in
colorectal cancer cells on sensitivity to 5-fluorouracil (5-FU),
oxaliplatin and FOLFOX treatment under normoxic and
graded hypoxic conditions.

Methods
Cell Culture and Transfection

To assess the effect of clusterin overexpression on chemo-
therapy treatment sensitivity in vivo, SW480 colon cancer
cells were transfected with full-length Clusterin cDNA which
was kindly provided by Prof. Martin Tenniswood
(GEN*NY*Sis Center for Excellence in Cancer
Genomics, NY). Clusterin ¢cDNA was inserted into the
pcDNA DEST47 mammalian expression vector. This
vector contained a neomycin resistance gene used to
select for clusterin overexpressing transfected cells.
SW480 cells were obtained from the American Type
Culture Collection (www.atcc.org). Cells were grown in
RPMI medium, supplemented with 10% fetal calf serum
plus penicillin (100 U/ml), streptomycin (100 pg/ml) and
Fungizone amphotericin B (4 pg/ml; Invitrogen, Paisley,
UK). Cells were seeded at 500,000 cells in a 6-well
plate 24 h prior to transfection with clusterin cDNA.
Transfection was carried out following the manufacturer’s
protocol (Lipofectamine™ 2000 reagent, Invitrogen).
Briefly, 500 ng of DNA was diluted in serum-free media
containing 20 pl of lipofectamine™ 2000 reagent and
incubated for 20 min at room temperature. This DNA/lipid
mixture was added to cells in serum-free media and
incubated for 16 h. Transfection medium was replaced
with fresh medium supplemented with 500 pg/ml G418
(Geneticin, Invitrogen) to select for clusterin overexpress-
ing stably transfected cells for a period of 7 days.
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Western Blot Analysis

The expression levels of clusterin in parental SW480 cells
and cells transfected with empty vector or clusterin ¢cDNA
were determined by western blotting analysis. The cells
were harvested, and the pellets were washed in cold PBS.
Whole-cell lysates were prepared in ice-cold RIPA buffer
containing 50 mM Tris/HCI (pH 7.4), 425 mM NacCl, 0.1%
Triton X100, 0.25% sodium deoxycholate and protease
inhibitors (Halt™ Protease Inhibitor Cocktail Kit, Pierce
Technology, Rockford, IL), 5 mM EDTA, 1 mM phenyl-
methylsulfonyl fluoride (Pierce Biotechnology, Rockford,
IL) and 1 mM sodium orthovanadate (Sigma, Dublin,
Ireland). Lysates were gently shaken at 4°C for 20 min and
centrifuged at 13,000 rpm at 4°C for 5 min. Protein
concentrations were determined using the BCA Protein
Assay Kit (Pierce Biotechnology, Rockford, IL). Fifty
microgrammes of protein was run on a 10% SDS-PAGE
gel and transferred to a PVDF Transfer Membrane (Pierce
Biotechnology Rockford, IL). Antibodies to human clus-
terin (1:100; Fitzgerald, USA), and {3-actin (1:8,000;
Sigma) were used. A secondary antibody, antimouse-IgG
HRP-conjugated (Pierce Biotechnology, Rockford, IL), was
used at a final dilution of 1:20,000. Signals were detected
using a SuperSignal West Pico Chemiluminescent Substrate
(Pierce Biotechnology, Rockford, IL). The blots were
scanned using an AutoChemi System, and the bands were
densitometrically analysed using LabWorks II image
acquisition and analysis software (UVP Bioimaging
Systems, Cambridge, UK).

Immunofluorescence

Immunofluorescence was performed on parental and clus-
terin overexpressing SW480 cells. Cells were prepared for
immunofluorescence as follows. Cells were seeded at a
density of 50,000 cells/well in 8-well cell culture-treated
glass chamber slides. The cells were fixed using 3.7%
paraformaldehyde in PBS for 25 min at 4°C. Two 5-min
PBS washes were then performed. The cells were permea-
bilised using 0.2% Triton X100 in PBS. Two further 5-min
PBS washes were then performed. The chamber slides were
then incubated with clusterin 2D9 antibody [5] for 1.5 h at
room temperature. Three 5-min PBS washes were per-
formed. Biotinylated antimouse IgG (Vector Laboratories,
Burlingame, CA, USA) 1:200 was incubated on slides for
30 min, followed by three 5-min PBS washes. Slides were
then incubated with monoclonal anti-biotin—Cy3 antibody
(clone BN-34, Sigma-Aldrich, St Louis, MO, USA) 1:100
for 30 min. Three further 5-min PBS washes were
performed, and slides were then incubated with 10 ng/ml
DAPI for 5 min at room temperature. Following three final
5-min PBS washes, slides were incubated with ProLong
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Gold antifade reagent (Invitrogen, Oregon, USA) and
stored at —20°C until visualised using a confocal micro-
scope (Zeiss).

Cell Growth Assay

The response of parental, empty vector and clusterin
overexpressing cells to chemotherapeutic treatments,
10 uM 5S-fluorouracil, 5 uM oxaliplatin and FOLFOX (5-
FU, oxaliplatin and 2.5 pg/ml folinic acid), was examined
using a crystal violet-based proliferation assay. Fifteen
thousand cells were seeded in 96-well plates and incubated
overnight under normoxic (21% oxygen levels), 3%
hypoxic (partial pressure of oxygen, 22.8 mmHg) and 1%
hypoxic (partial pressure of oxygen, 7.6 mmHg) conditions,
and cell proliferation was evaluated at after 24, 48, 72 and
96 h. At each time point, the medium was removed; the
cells were washed with PBS, fixed with 1% glutaraldehyde
for 15 min at room temperature and stained with a 0.1%
crystal violet solution (Pro-Lab Diagnostics, Cheshire, UK)
for 30 min. The cells were washed extensively in tap water
and air dried. Dye was extracted from cells using 1%
solution of Triton X100 and absorbance read at 550 nm
using a plate reader (Multiskan Ascent, Labsystems,
Helsinki, Finland). The level of growth inhibition induced
by each treatment was calculated as a percentage of the
control.

Flow Cytometry

To assess the levels of apoptosis and G2/M arrest by flow
cytometry, cells were seeded in 6-well plates and incubated
in the absence and presence of FOLFOX (and under
normoxic and graded hypoxic levels). At 48 and 96 h,
cells and media were harvested, pooled and centrifuged.
Cell pellets were fixed in 4% paraformaldehyde for 20 min
at room temperature. Cells were permeabilised in PBA +
0.25% Triton at 4 C for 5 min and stained with 10ug/mL
propidium iodide for 30 min in the dark. The samples were
analysed, and the cells were post-fixed in 1% paraformal-
dehyde and stored at 4°C until run on a Becton Dickinson
FACScan flow cytometer using CellQuest software (BD
Biosciences, San Jose, CA).

Clusterin, VEGF and IL-8 Secretions

Cell culture media collected at 48 and 96 h time points were
analysed for secretion levels of clusterin, VEGF and IL-
8 concentrations using ELISA technique. Human clusterin
competitive ELISA kit (AdipoGen, Incheon, Korea) was used
to assess levels of clusterin secretion as per manufacturer’s
instruction. The absorbances were read at 450 nm, and the
concentration of clusterin was determined by linear regres-

sion from a standard curve of the known clusterin standards.
VEGF and IL-8 levels were quantified using ELISA’s from
R&D as per manufacturer’s instructions.

Statistical Analysis
Data was analysed using the Statistical Package for the
Social sciences (SPSS, Chicago, IL, USA), version 11.0.

Continuous data were presented as mean and standard
deviation. Time-dependent variables such as cell growth
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Fig. 1 Clusterin is overexpressed in SW480 cells lines. a A
representative example of a western blot for clusterin with increased
signal seen at 35, 50, and 75 kDa fractions comparing transfected
(CLU) to parental (PAR) cell lines. b Densitometry analysis confirm-
ing approximately fivefold overexpression of >50 and 30-35 kDa
clusterin isoforms. ¢ Representative immunofluorescence images
demonstrating increased amounts of cytoplasmic clusterin in CLU
compared to PAR cell lines
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rates were assessed using repeated measures analysis of
variance. All p values were two-sided, and p values less
than 0.05 were considered statistically significant in all
analyses.

Results
Clusterin Overexpression in SW480 Cells

Figure la shows levels of clusterin (three different iso-
forms, 35, 50 and 75 kDa) in parental (untransfected) and
transfected clusterin cells. Densitometry analysis demon-
strated approximately fivefold overexpression of the 30-35
and 50 kDa isoforms (Fig. 1b). Figure 1c shows represen-
tative immunofluorescence images demonstrating the over-
expression of cytoplasmic clusterin in the transfected

(CLU) versus untransfected cells (PAR). No morphological
cellular changes were detected in the clusterin overexpress-
ing cells.

Treatment Sensitivity of Clusterin Overexpressing Cells

Cell growth rates and growth inhibition were assessed
using the crystal violet assay over a 4-day time course.
Overexpressing clusterin cells did not show significant
differences in cell growth rates compared to parental
and empty vector lines in untreated conditions. Under
normoxic conditions, clusterin overexpression was not asso-
ciated with altered sensitivity to 5-FU and oxaliplatin (Fig. 2a,
b); however, for FOLFOX treatment, the overexpressing
clusterin cells were more sensitive (p=0.01), Fig. 2c. Under
1% hypoxic conditions (Fig. 2d—f), overexpressing clusterin
cells were more sensitive to 5-FU, oxaliplatin and FOLFOX,
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Fig. 2 The growth inhibitory effects of 5-fluorouracil, oxaliplatin, and
FOLFOX in parental and clusterin overexpressing SW480 cell lines
cultured under normoxic, 1% hypoxic, and 3% hypoxic conditions.
Under normoxic conditions, clusterin overexpression was not
associated with altered sensitivity to 5-FU and oxaliplatin (a, b);
however, for FOLFOX treatment, the overexpressing clusterin cells

@ Springer

were more sensitive (p=0.01;

¢). Under 1% hypoxic conditions (d—f),

overexpressing clusterin cells were more sensitive to 5-FU, oxaliplatin,
and FOLFOX; p values of 0.003, <0.001, and <0.001, respectively.
Under 3% hypoxic conditions (g-i), overexpressing clusterin cells were
again more sensitive to 5-FU, oxaliplatin, and FOLFOX; p values of
0.03, <0.001, and <0.001, respectively
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p values 0.003, <0.001 and <0.001, respectively. Under 3%
hypoxic conditions (Fig. 2, g—i), overexpressing clusterin
cells were again more sensitive to 5-FU, oxaliplatin and
FOLFOX, p values 0.03, <0.001 and <0.001, respectively.

Levels of Apoptosis and G2M Arrest in Clusterin
Overexpressing Cells

The increased sensitivity of clusterin overexpressing cells
under graded hypoxic levels was further evaluated to
determine if this effect was due to the elevated rates of
apoptosis or the altered G2M arrest cells. This was
performed for FOLFOX treatment at 48 and 96 h. Under
normoxic conditions, overexpressing clusterin cells showed
significantly higher levels of apoptosis when treated with
FOLFOX compared to untransfected cells (Fig. 3a). The
levels of G2M cells were not significantly different
(Fig. 3b). Under both 3% and 1% hypoxia, the percentage
of cells undergoing apoptosis following FOLFOX treatment
was significantly higher in overexpressing clusterin cells
(Fig. 3c, e).

VEGF and IL-8 Secretions

The levels of secreted VEGF and IL-8 were assessed in
conditioned media from untransfected and transfected cells
under normoxic and 3% and 1% hypoxic conditions.
Table 1 shows that the levels of these factors at 48 and
96 h. Under normoxic untreated conditions, clusterin
overexpressing cells had lower levels of VEGF secretions
but higher IL-8 secretions compared to untransfected cells
(»<0.001). Treatment under normoxic conditions with
FOLFOX reversed this trend (all p values <0.002). Under
3% hypoxia conditions, there was no significant difference
in the levels of VEGF secretions between untransfected and
transfected cells; however, for this grade of hypoxia, there
was a significant higher level of IL-8 secretion in clusterin
overexpressing (p=0.003). In 3% hypoxia FOLFOX con-
dition, VEGF was lower and IL-8 levels were higher in
overexpressing clusterin cells compared to untransfected
cells (p values 0.006 and 0.02, respectively). In 1% hypoxia
condition with and without FOLFOX treatment, over-
expressing clusterin cells show lower VEGF and higher
IL-8 secretions (all p values <0.03). There was no
significant difference in secreted clusterin levels comparing
untransfected to transfected cells for any condition with or
without FOLFOX treatment.

Discussion

This study has shown that clusterin overexpression enhan-
ces the sensitivity of colon cancer cells to chemotherapy, an
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Fig. 3 Levels of apoptosis and G2M arrest in clusterin over-
expressing cells. Under normoxic conditions, overexpressing
clusterin cells showed significantly higher levels of apoptosis
when treated with FOLFOX compared to untransfected cells (a)
and levels of G2M cells were not significantly different (b). Under
both 3% and 1% hypoxia, the percentage of cells undergoing
apoptosis following FOLFOX treatment was significantly higher in
overexpressing clusterin cells (¢, e)

effect which is enhanced under graded hypoxic conditions.
Flow cytometry analysis demonstrated that the enhanced
treatment sensitivity of clusterin overexpressing cells is
mediated via increased apoptosis.

Clusterin has been implicated in tumourigenesis in
many different in vitro and in vivo tumour models;
however, the results of these studies are conflicting with
some promoting clusterin as a cell survival signal [22,
25] and others as a pro-apoptotic protein [15]. These
apparently ambiguous functions may be attributable to the
existence of two different but related clusterin isoforms,
secreted clusterin (sCLU) and nuclear clusterin (nCLU),
with may have distinct biological activities [3] and can be
distinguished immunologically [5, 6]. sCLU has pro-
survival activity and is known to convey treatment
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Table 1 ELISA for clusterin, VEGF, and IL-8 performed on media from transfected and parental SW480 cells cultured under normoxic, 3%
hypoxic, and 1% hypoxic conditions, in the presence or absence of FOLFOX

Clusterin VegF IL-8

48 h 96 h p value 48 h 96 h p value 48 h 96 h p value
Normoxia Untreated
Untransfected 12.3 (1.7) 15.3 (1.5) 0.77 102 (1.2) 645 (9.5) <0.001 11.7 (0.3) 20.7 (0.3) <0.001
Transfected 13.2 (1.7) 15.8 (1.5) 82 (1.2) 519 (9.5) 12.7 (0.3) 28.7 (0.3)
Normoxia FOLFOX
Untransfected 14.6 (2.5) 11.0 (2.1) 0.39 36.0 (1.2) 63.0 (1.8) 0.002 80.0 (0.9) 128 (0.7) <0.001
Transfected 17.2 (2.5) 143 (2.1) 38.0 (1.2) 73.7 (1.8) 59 (0.9) 104 (0.7)
3% Hypoxia Untreated
Untransfected ~ 29.3 (21.1) 9.9 (1.2) 0.35 235 (9.1) 696 (37.8) 0.98 7.4 (0.5) 24.3 (0.7) 0.003
Transfected 9.9 (21.1) 7.7 (1.2) 212 (9.1) 718 (37.8) 8.3 (0.5) 31.3 (0.7)
3% Hypoxia FOLFOX
Untransfected 11.1 (2.1) 11.3 (21.2) 0.38 139 (1.2) 310 (12.6) 0.006 17.9 (0.7) 42.7 (0.7) 0.02
Transfected 14.1 (2.1) 38.4 (21.2) 118 (1.2) 231 (12.6) 23.0 (0.7) 45.0 (0.7)
1% Hypoxia Untreated
Untransfected 7.0 (0.7) 9.2 (0.5) 0.75 28.6 (0.3) 119.0 (4.2) 0.001 2.5(0.5) 5.7 (0.5) 0.03
Transfected 7.5 (0.7) 9.2 (0.5) 21.3 (0.3) 78.6 (4.2) 2.7 (0.5) 10.0 (0.5)
1% Hypoxia FOLFOX
Untransfected 9.1 (0.8) 38.9 (20.9) 0.38 24.0 (0.5) 78.0 (1.4) <0.001 4.7 (0.5) 20.3 (0.3) <0.001
Transfected 9.2 (0.8) 9.9 (20.9) 15.6 (0.5) 53.7 (1.4) 6.7 (0.5) 30.7 (0.3)

resistance in some cancers while nCLU has pro-apoptotic
effects [2]. We demonstrate, for the first time, that
clusterin overexpression in colorectal cancer cells para-
doxically conveys increased treatment sensitivity to 5-
fluorouracil, oxaliplatin and FOLFOX, an effect which is
even further enhanced under graded hypoxic conditions.
While hypoxia alone caused resistance to the treatments,
overexpression of clusterin reversed these effects. This has
not been previously reported.

The mechanism by which clusterin overexpression
contributes to this increased chemotherapy-induced growth
inhibition in the SW480 cell line was assessed using flow
cytometry and the levels of apoptosis and G2M arrest
evaluated. We demonstrated that the higher rates of growth
inhibition in overexpressing clusterin cells compared to
untransfected cells were due to higher levels of apoptosis, a
finding which was significantly more pronounced under
both hypoxic conditions. Clusterin has been reported to
play a role in cell cycle regulation. Transient clusterin
overexpression in human prostate epithelial cells resulted in
increased accumulation of cells in the G(0)/G(1) phases of
the cell cycle, accompanied by the slowdown of cell cycle
progression and decrease of DNA synthesis [26]; while
overexpression of nuclear clusterin in human breast cancer
cells dramatically reduced cell growth and colony-forming
ability concomitant with increased G(1) cell cycle check-
point arrest and increased cell death [27]. Despite these
data, the overall function of clusterin in cell cycle

@ Springer

regulation remains unclear. In our study, we found
increased apoptosis in clusterin overexpressing cells treated
with chemotherapy suggesting that increased expression of
this protein may promote changes in the cell cycle which
favour apoptotic cell death following exposure to chemo-
therapy. In contrast to our findings, other in vitro studies
have shown that treatment resistance is mediated by
clusterin overexpression [1, 3, 16, 19, 21] and clusterin
anti-sense oligonucleotides reversed this effect [1, 19,
21, 22]. However, these studies did not examine clusterin’s
treatment sensitivity/resistance effect in colorectal cells
nor were these effects evaluated under graded hypoxia
levels.

Tumour hypoxia occurs frequently in solid tumours
including colorectal carcinoma [28] and is one of the key
factors in inducing the development of cell clones with an
aggressive and treatment-resistant phenotype. A number of
mechanisms contribute to its development including:
unrestrained growth and accelerated oxygen consumption
by tumour cells, poor lymphatic drainage of tumours
resulting in high interstitial pressures and the development
of immature, disordered tumour vasculature [29, 30].
Hypoxia may result in a variety of changes within a given
tumour. It may have anti-proliferative effects, restricting
cell proliferation, promoting differentiation and inducing
apoptosis and necrosis. Conversely, clones within the
tumour may react to hypoxic stress with adaptive processes
through the modification of gene expression, which confer
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an aggressive phenotype, promoting local and distant
spread [28, 30, 31]. Hypoxia is known to promote treatment
resistance in a number of cancers [23, 32] and can convey a
growth advantage to tumour cells by inducing the produc-
tion of VEGF [33] and promoting the switch from oxidative
to glycolytic metabolism [34]. Hypoxia is known to
increase VEGF secretion via the HIF pathway which can
promote and drive tumour progression [33]. We demon-
strated VEGF secretion to be generally decreased in
clusterin overexpressing colorectal cancer cells, while
VEGF levels were generally increased in untransfected
cells comparing normoxic and hypoxic conditions. Conse-
quently, increased clusterin expression may enhance the
growth inhibitory effects of chemotherapeutic agents via
attenuation of VEGF production. This would be in
concordance with previous data which demonstrated that
inhibition of VEGF expression using epidermal growth
factor receptor inhibitors increased sensitivity to chemo-
therapy and radiotherapy [35].

IL-8 is a pro-inflammatory cytokine which is induced
under hypoxic conditions whose predominant function is to
mediate the activation and migration of neutrophils [36].
IL-8 has also been implicated in tumourigenesis through its
potential functions as a mitogenic and angiogenic factor
[37]. Increased serum and tissue IL-8 levels have been
demonstrated in CRC patients, and recombinant human IL-
8 has been reported to enhance the in vitro proliferation of
CRC cells [38]. The effect of IL-8 on treatment sensitivity
has been investigated in a number of cancers. IL-8 has been
shown to promote treatment resistance in ovarian cancer
[39], while IL-8 signalling has been demonstrated to
promote treatment resistance in prostate carcinoma by
reducing levels of apoptosis [40]. The influencer of IL-
8 on treatment sensitivity in colorectal cancer has not been
previously evaluated. We demonstrated IL-8 production to
be generally increased in clusterin overexpressing cells
under both normoxic and hypoxic conditions, suggesting
that IL-8 may have some role in enhancing treatment
sensitivity in colorectal cancer; however, these findings
clearly require further study and validation.

The form of clusterin that is overexpressed in our system
is the intracellular form; we do not see expression of the
nuclear clusterin isoform. From Fig. 1, the pro form
(50 kDa), active form (35 kDa) and glycosylated form
(75 kDa) are all overexpressed. Furthermore, there were no
differences observed in secreted clusterin levels comparing
transfected and untransfected cells for any condition, with
or without FOLFOX treatment, suggesting that the in-
creased treatment sensitivity observed in clusterin over-
expressing cells was mediated by intracellular clusterin
isoforms. We hypothesise that it is the overexpression of
this active intracellular isoform that is contributing to the
effects that we see under hypoxic conditions.

Several groups including ours have examined the
prognostic significance of clusterin in vivo. Cytoplasmic
clusterin expression correlates with poor prognosis in
prostate adenocarcinoma [41], renal cell carcinoma [42],
ovarian carcinoma [43], cervical cancer [44] and hepato-
cellular carcinoma [45]. In contrast, cytoplamic clusterin
expression correlates with a good prognosis in pancreatic
adenocarcinoma [46] and non-small cell lung cancer [47].
Our group have recently reported that increased cytoplamic
clusterin correlates with poor outcome in stage II colorectal
cancer [48]. These in vitro findings that we report suggest
that in vivo tumours expressing high levels of clusterin,
particularly if these tumours are hypoxic in nature, may
benefit from treatments such as FOLFOX. This may be of
particular importance in early-stage cancer where patients
with clusterin overexpressing tumours have poorer progno-
sis yet may be more sensitive to combined chemotherapy
treatments.
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