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Abstract
Clusterin (CLU) has been implicated in various cell functions
involved in carcinogenesis and tumour progression. There
are two known CLU protein isoforms generated in human
cells. A nuclear form of CLU protein (nCLU) is proapoptotic,
and a secretory form (sCLU) is prosurvival. CLU expression
has been associated with tumorigenesis of various malig-
nancies, including tumours of prostate, colon, and breast.
Furthermore, CLU expression is modulated by many factors
that are believed to regulate tumour growth and/or apoptosis,
including 1,25-dihydroxyvitamin D3, transforming growth
factor beta-1, ultraviolet radiation, and IR. sCLU upregulation
appears to be a general molecular stress response. Presently,
preliminary results indicate that therapeutic modalities
targeting CLU may be effective in cancer treatment. However,
such strategies should make sure that nCLU is not eliminated
or reduced. This review summarizes our present under-
standing of the importance of CLU in various physiological
functions including tumour growth, and discusses its
relevance to future cancer therapy.
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Introduction

Clusterin (CLU), also known as apolipoprotein J, testo-
sterone-repressed prostate message-2, or sulphated glyco-
protein-2, is a secretory heterodimeric disulphide-linked
glycoprotein (449 amino acids) that is expressed in virtually
all tissues, and found in all human fluids.1–4 It is involved in
numerous physiological processes important for carcino-
genesis and tumour growth, including apoptotic cell death,
cell cycle regulation, DNA repair, cell adhesion, tissue
remodelling, lipid transportation, membrane recycling, and
immune system regulation.1–3 Increased CLU mRNA and
protein levels have been consistently detected in various
tissues undergoing stress, including heart, brain, liver, kidney,
breast, and retinal tissues both in vivo and in vitro. Early
studies seemed to establish that CLU gene expression was a
marker of apoptotic cell loss.5 Importantly, CLU upregulation
has been reported in various human malignancies, including
bladder,6 kidney,7 prostate,8–11 colon,3 breast,12,13 and lung14

tumours.

Two CLU Isoforms with Distinct Biologic
Activities

Recent observations indicated an association of CLU expres-
sion with contradictory functions, either cell survival, tumour
progression, treatment resistance in vivo, or apoptosis.2,4

These early apparently ambiguous functions appear to be
attributed to the existence of two different but related CLU
protein isoforms, a glycosylated as well as an apparently
nonglycosylated form that are produced in the cell by
alternative splicing. These two forms of the CLU protein can
be immunologically distinguished.13

The secreted form of the CLU protein (sCLU) is a
glycosylated protein of 76–80 kDa. Depending on the degree
of glycosylation, it appears usually as two different protein
bands by Western blot analyses: one full-length uncleaved
60 kDa protein as well as another B40 kDa a and b protein
smear as observed by SDS-PAGE.13 sCLU expression is
initiated by translation from the full-length CLU mRNA,
wherein the first AUG codon is translated into the 49 kDa
sCLU precursor protein (Figure 1a).2,13 This protein is
directed to the endoplasmic reticulum by a leader signalling
sequence. As the protein is transported towards theGolgi, this
form is cleaved at the a and b site and heavily glycosylated.
The result is a secreted protein ofB80 kDa, which consists of
a and b peptides, linked by five disulphide bonds. This form
appears as a smear at B40 kDa smear on SDS-PAGE
immunoblots (Figure 1).
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In contrast, nuclear clusterin (nCLU) is an initially synthe-
sized 49 kDa protein, referred to as a precursor to the nuclear
form of the protein (i.e. pnCLU). In human cells, the nCLU
protein was shown to be synthesized from a second in-frame
AUG codon from an alternatively spliced nCLU mRNA, which
was the result of the alternative splicing, which eliminated
Exon II (which would otherwise encode for the sCLU start
AUGand signalling leader peptide). It is currently unclear as to
how nCLU is expressed in rodent cells, which apparently do
not have conserved Exon I/II alternative splice sites that are
present in all human cells. Once made, the B49 kDa pnCLU
protein does not undergo a/b cleavage, nor does this protein
appear to be extensively glycosylated. pnCLU appears to be
localized to the cytoplasm of normal human and rodent cells
(Figure 1).15

In response to cell damage, the pnCLU protein is post-
translationally modified and a mature B55 kDa proapoptotic
protein form (nCLU) is generated that induces apoptosis.13

pnCLU is induced and translocated from the cytoplasm to the
nucleus following certain cytotoxic events, including ionizing
radiation (IR).13 Although its structure/function relationship is
not completely understood, pnCLU appears to contain at least
two nuclear localization signals that target the nCLU protein to
the nucleus. Previous data demonstrated that overexpression
of nCLU protein with both a C-terminal coiled-coil domain and
a functional nuclear localization signal (NLS) only caused cell
death.13 Some experiments have shown a mechanism by
which the inert pnCLU could be activated to an nCLU ‘death’
protein. Recent data indicate that regulation of nCLU into the
nuclei of irradiated cells occurs through both nuclear localiza-
tion as well as nuclear export sequences (NES) (Leskov et al.,
unpublished data). These data suggest a very dynamic
process in human cells wherein the conversion of pnCLU to
nCLU, as well as the continual export of nCLU protein
regulates the overall signal for cell death in the cell. Further,
studies to manipulate specifically mature nCLU levels
inside stressed tumour compared to normal cells are under-
way in our laboratories. However, mutation in the NLS in
the C-terminal appears to abrogate the majority of nCLU
function.13

CLU, Apoptosis, and Cell Cycle
Regulation

Although it has been suggested that CLU upregulation
represents a marker of apoptotic response, the precise
relationship between CLU gene expression and programmed
cell death has not been elucidated clearly.16 Elucidation of the
function of CLU in cells after stress is clearly complicated by
the recognition of two different forms of the protein which
apparently have two separate functions in the cell. A number
of studies1,5,13,16,17 have demonstrated that overexpression
of the full-length CLU mRNA that would produce, depending
on where the translation would start from and in this case,
nCLU, acts as a prodeath signal, inhibiting cell growth and
survival. However, other studies2,6,8,10,17–19 have shown that
CLU expression may exert cytoprotective properties. We
favour the recent proposal that tumour cell survival is
connected with overexpression of sCLU and loss of nCLU.3

This theory has been supported by recent data which suggest
that cells must suppress sCLU to stimulate cell death. One
proposed mechanism for this death process is through the
activation of the p53 tumour suppressor gene.17 This would
apparently explain how progression towards high-grade and
metastatic carcinoma leads to a shift from nCLU to sCLU
expression, and that the role of CLU for tumour growthmay be
related to a pattern shift in its isoform production.3

It is well known that apoptotic pathways are regulated via an
orchestrated interplay of multiple activators (e.g. tumour
necrosis factor, Fas ligand, Bax, and p53) and suppressors
(e.g. various growth factors and Bcl-2).20 In this context, it is
interesting that p53, an activator of the apoptotic cascade, can
suppress basal as well as IR-induced sCLU expression in
both MCF-7 (breast cancer) and HCT116 (colon cancer) cells
by repressing CLU promoter activity and transcription.17

Recent clinical results by our group appear to support this
theory in vivo (Willis and Boothman et al., unpublished data),
in which loss of functional p53 appears to result in lost nCLU
function. We are currently working on the mechanism through
which sCLU expression is downregulated by p53 and nCLU
functionally lost if p53 is mutated or cells lose expression of
this tumour suppressor.
CLU expression was reported to be directly regulated by B-

MYB, a transcription factor involved in the regulation of cell
survival, proliferation, and differentiation.21 Another transcrip-
tion factor that was reported to be regulated by CLU is NF-kB.
Modulation of NF-kB activity is believed of importance for cell
survival, cell motility, proliferation, and transformation. Its
activity is regulated through interaction with inhibitory mole-
cules (IkBs). CLU expression could be required to suppress
excessive NF-kB activation, which determines inflammation
and cardiomyocyte apoptosis in autoimmune myocarditis in
the rat. Loss of CLU expression in cells that depend on NF-kB
activity for proliferation or chemoresistance could lead to
tumour progression. For example, acutely expressed CLU
can significantly reduce the in vitro invasive properties of
neuroblastoma cells. However, it is not clear yet how CLU
regulates IkBs protein turnover.22

To what extent the expression of CLU is cell cycle
dependent is still a matter of debate. It was shown that in
human dermal fibroblasts CLU acts as a cell cycle-related
gene, controlled by serum starvation, and that CLU protein
accumulation occurred in the G0 phase in human dermal
fibroblasts.23 CLU overexpression in immortalized human
prostate epithelial cells resulted in an increased accumulation
of cells at the G0/G1 phases of the cell cycle, accompanied by
slow down of cell cycle progression and a reduction of DNA
synthesis.11 CLU overexpression also resulted in DNA
damage accumulation in LNCaP prostate cells, and helped
accelerate prostate cancer development. This is thought to
have occurred, at least in part, through the inhibition of
membrane damage induced by H2O2.

8 High levels of nCLU
were reported to cause G1 cell cycle arrest in distinct cell
types.16 The overall function of CLU expression in cell cycle
regulation remains unclear. Use of short interfering RNAs
(siRNAs) specific to each form of the CLU proteins should
allow future studies to delineate cause–effect relationships
and reveal whether sCLU or nCLU directly affect cell cycle
regulation with or without cell stress.
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CLU and DNA Repair

In addition to the function of CLU in mediating apop-
tosis,1,5,13,16,17 increasing evidence supports an important
function for CLU in DNA repair.23 Interestingly, CLU has
been identified as the first stress-inducible protein that is
associated with the DNA-dependent protein kinase (DNA-PK)
double-strand break (DSB) repair complex.16 nCLU, but not
sCLU, protein binds to Ku70, forming a trimeric protein
complex with Ku80; Ku70 and Ku80 are two components
of the DNA-PK complex, involved in nonhomologous DNA
DSB repair.16,24 DNA-PK is a nuclear serine/threonine
kinase that requires DNA ends for catalytic activity. It is
selectively activated by binding to the ends of linear double-
strand DNA. The exact mechanism by which DNA-PK
takes part in the physical resealing of a DSB is not fully
understood.16,25 Data showing that overexpression of CLU
reduces the binding activity of Ku70/Ku80 to DNA ends in
whole-cell extracts suggests that nCLU may directly affect
DSB repair. However, the importance of nCLU in DNA repair
versus the induction of apoptosis remains to be elucidated.16

Recent data by our group indicate that Ku70 plays an
important dual role in binding Bax and protecting cells from
Bax-mediated cell death responses.24,26 We are currently
testing the hypothesis that nCLU acts to release Bax from the
cytoprotective Ku70–Bax complex, as well as prevent non-
homologous end joining through the inhibition of Ku70–Ku80
end binding activity.26

CLU, Cell Matrix Formation, Cell
Membrane Remodelling, and
Morphological Modulation

It has been demonstrated that CLU may act as a negative
regulator of MT6-matrix metalloproteinase (MMP) in vivo,
a component of the membrane-type MMPs subgroup in
the MMP family. MT6-MMP is expressed in neutrophils and
in some brain tumours, and seems to play a vital role in
neutrophil function.27 However, the MMPs are responsible
for the degradation of most components of the extra-
cellular matrix, and the MT6-MMP specifically produced by
neutrophils are believed to be important for invasion and
migration of cells to inflammatory sites, and/or destruction of
host tissue.27 The importance of CLU expression for tissue
remodelling and apoptosis has not only been demonstrated in
malignancies but also in othermodels of cell growth and tissue
remodelling, including in hair growth.28 The hair follicle goes
through cycles of growth, regeneration, and rest that involve
tissue remodelling and apoptosis. Expression of sCLU during
the growth phase of the hair cycle suggests that this protein
may have a role in the maintenance of the layered structure of
the hair follicle.28

A study using smooth muscle cells showed that morpho-
logical modulation associated with a change from amonolayer
to a nodular cell culture resulted in increased levels of CLU
mRNA and protein.29 Moreover, endogenous sCLU was
found to support rapid nodular formation and is proposed to
play a functional role in cell matrix.29

These findings demonstrate an important role for CLU for
cell matrix formation, cell membrane remodelling, and
morphological tissue modulation under various physiological
and pathological conditions.

Regulation of CLU Expression in Cancer
Cells

A broad variety of different compounds involved in the
modulation of tumour growth or in cancer therapy can regulate
CLU expression in cancer cells. 1,25-Dihydroxyvitamin D3

(1,25(OH)2D3) or its analogues inhibit proliferation and induce
apoptosis in a broad variety of cell lines, including cancer
cells.13,20,30–32 Increased expression of both sCLU and a
prostatic atrophy marker were observed after treatment of
benign prostate hyperplastic cells with the 1,25(OH)2D3

analogue, BXL-628.33 BXL-628 induced inhibition of prostate
cell proliferation in vivo and in vitro. sCLU overexpression in
LNCaP cells (some LNCaP clones express very low levels of
sCLU) may help accelerate prostate cancer development
through the inhibition of membrane damage induced by
H2O2.

8 Recently, we have shown a time-dependent upregula-
tion of CLU gene expression in MeWo, and SK-MEL-28
melanoma cells after treatment with 1,25(OH)2D3 at various
time points (Shannan et al., under review, Journal of Cellular
Biochemistry).
Other factors that have been shown to affect the expression

of CLU in tumour cells include various growth factors
that mediate proliferation and differentiation signals that are
important for tumour cell growth. CLU mRNA was induced
and activated in PC12 prostate cancer cells by nerve growth
factor and epidermal growth factor.34 Transforming
growth factor beta (TGF-b) induces CLU gene expression in
a variety of cell types. Transforming growth factor beta-1
(TGF-b1) was shown to enhance sCLU protein and
mRNA expression in thyroid epithelial cells, and it was
proposed that upregulation of CLU expression may be a
marker of TGF-b1-mediated thyrocyte dedifferentiation.34 In
rodent cells, CLU gene expression was proposed to occur via
a consensus AP-1-binding site located in the promoter region
of this gene.15 Furthermore, TGF-b1-induced CLU expression
in CCL64 mink lung cancer cells was repressed by over-
expression of the c-Fos proto-oncogene, and it was specu-
lated that TGF-b1 could exert effects on c-Fos protein
synthesis and/or stability, resulting in the repression of
c-Fos, and thus increased CLU gene expression.15 More
recent data from our group has shed additional light on
TGF-b1-induced expression, differentiating CLU promoter
regulation from other agents (e.g. IR).35 These data
indicate that while CLU promoter activity is regulated
through Egr-1 and Egr-1 consensus sites in the CLU promoter
after IR, TGF-b1 regulates CLU expression by activation
of Smad 3 and 4 binding to three highly conserved
Smad-binding elements (SBEs).36 Although both IR
and TGF-b1 upregulate sCLU expression in human
and rodent cells, the mechanism by which CLU expression
is induced appear to vary with the cytotoxic or cytostatic
agent.
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Expression of CLU in Malignant Tumours
and its Potential Role as a Prognostic
Marker

Changes in sCLU expression have been documented in a
broad variety of different malignancies including in human
prostate, skin, pancreatic, breast, lung, and colon tumours, as
well as in oesophageal squamous cell carcinoma, and
neuroblastoma.2 It is now accepted that the primary function
of sCLU in distinct genetic backgrounds of cancer cells is
antiapoptotic.2 However, whether increased expression of

antiapoptotic sCLU is a common feature of tumorigenesis,

thereby protecting cancer cells against apoptotic stimuli that

might cause cell death, is still a matter of debate. Moreover,

the question whether antiapoptotic sCLU is the only form of

CLU expressed in cancer, or whether proapoptotic forms of

nCLU are downregulated in distinct tumour entities (as

discussed above), has not been definitely answered to date.
Recent data indicate that progression towards high-grade

and metastatic carcinoma leads to elevated sCLU levels and
altered intracellular distribution of nCLU. Thus, the function of
CLU in tumours may be related to a pattern shift in its isoform
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Figure 1 Generation of sCLU and nCLU. (a) sCLU precursor is translated from the first AUG codon of the full-length CLU mRNA, while nCLU precursor (pnCLU) is
obtained by alternative splicing from the second in-frame AUG codon of the full-length CLU mRNA. LP: leader peptide; NLS: nuclear localization signal. (b) sCLU
precursor is transported into the rough ER by leader signalling peptide (1), and then undergoes cleavage and extensive glycosylation while being transported to the Golgi
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production.3 As discussed above, overexpression of sCLU
was shown in the majority of tumours investigated including
prostate cancer,8,18,19,37 breast carcinoma,12,38 lung,14 blad-
der,6 and colon3 cancers. In fact, CLU upregulation was
closely associated with disease progression and recurrence in
patients with bladder cancer.6 Full-length CLU mRNA and
sCLU protein were both involved in intestinal tumours.39 In
prostate cancer, sCLU expression was associated with the
development of androgen resistance and it (sCLU) is thought
to act as a protective agent against treatment-induced cell
death.8,38 In fact, not many studies showed a decrease in
sCLU in tumours like that of a proapoptotic. A few reports do,
however, suggest decreased sCLU levels in specific cancers,
including nonmelanoma skin cancer,40 oesophageal squa-
mous cell carcinoma,41 neuroblastoma,22 prostate,11,37 and
pancreatic cancer 42 (Table 1).
In one study, CLU expression was analysed during

progression of prostate cancer.37 While expression levels of
sCLU protein and full-length CLU mRNA were almost
undetectable in prostate carcinoma cells, high expression
levels of CLU protein and mRNA were found in stromal
peritumoral fibroblasts. In different stages of tumour progres-
sion, sCLU accumulated in specific, well-defined areas of the
stromal compartment of the tumours. In advanced prostate
cancer, staining of the remnants of the extracellular matrix
suggested a role for sCLU in the process of dismantling the
stromal organization caused by prostate cancer.37 CLU
expression was induced in pancreatic cancer and its down-
regulation may be associated with disease progression.42 It is
not clear, however, in these studies if sCLU versus nCLU
expression levels were clearly separable. There is a need for
improved methods to detect nCLU in cases like this. Thus,
although themajority of studies indicate that sCLU expression
is upregulated along with the progression of distinct malig-
nancies, its role as a prognostic factor is still questionable and
more research examining expression levels of sCLU versus
nCLU in these cancers is needed.3,6,8,9,18,39

In contrast, sCLU levels have been implicated as having
prognostic value in specific cancers. For example, sCLU was
reported to be a prognostic indicator in tumorigenesis and
progression of human breast carcinoma.38 Furthermore,
sCLU has been proposed to be a potentially new prognostic
and predictive marker for colon carcinoma aggressiveness,
since overexpression of sCLU is reported or observed in

highly aggressive tumours as well as metastatic nodules.3 In
addition, in prostate LNCaP cells, CLU appeared to be
associated with tumour progression and resistant to chemo-
therapy treatments in vivo.18 However, preliminary data show
that the pattern of distribution of full-length CLU mRNA and
sCLU protein expression in prostate tumours does not seem
to be affected by treatment modalities.37

Therefore, as with overall basal levels of sCLU, the notion of
whether changes in sCLU expression may be an indicator of
treatment response is still to be elucidated. Recent prelimin-
ary data from our laboratory indicate a strong correlation
between sCLU expression and resistance to therapy of
advanced human breast cancer patients.

CLU as a Diagnostic Marker in
Malignancies

The sCLU antigen has been characterized as a sensitive and
stable histological marker for murine and human intestinal
tumours.39 This property can make sCLU be considered as a
potential biomarker for diagnosis of human colorectal cancer
using immunohistochemical or molecular biology techniques.
Furthermore, elevated production of sCLU antigen, if secreted
from tumour cells, may be detected in body fluids, such as
serum. Consequently, it has been speculated that markers
derived from sCLU may be used as part of a set of indices for
early detection of human colorectal cancer.39 sCLU was also
identified as amarker of anaplastic large-cell lymphoma43 and
it has been recommended that sCLU should be added as a
useful marker to antibody panels designed to distinguish
systemic anaplastic large-cell lymphoma from classical
Hodgkin’s lymphoma.43 These findings show that an increas-
ing body of evidence now indicates that the specific expres-
sion patterns of sCLU and its correlation with cellular events
during tumorigenesis make it a promising diagnostic tool in
anaplastic large-cell lymphoma, as well as other malignan-
cies. Thus, sCLU is a potential contributor to the set of
biomarkers for early detection of a variety of cancers,
especially colon cancer.

CLU as a Therapeutic Target in
Malignancies

Recent scientific findings demonstrate that drugs targeting
sCLU expression, including CLU silencing using antisense
oligonucleotides (ASO) or short interfering double-stranded
RNA, may become promising tools for cancer therapy.4,51 It is
now accepted that the primary function of the 67–80 kDa
sCLU protein form is cytoprotective and it is well known that
resistance to cancer treatment is mediated, at least in part, by
enhanced expression of cell survival proteins that help
facilitate tumour progression.9 Thus, it has become increas-
ingly clear that in most cells sCLU is a stress-associated
cytoprotective protein that is upregulated by various apoptotic
triggers. Furthermore, sCLU confers resistance by some
unknown mechanism when overexpressed.9 The novel
therapeutic strategy of silencing sCLU expression to over-
come resistance to cancer therapy is of interest for the
treatment of cancers that overexpress sCLU as in kidney,

Table 1 Summary of CLU expression in various tumours

Tumour CLU expression (as observed
by previous studies)

Prostate cancer 5,10,18,19 m* mRNA and protein
Breast carcinoma12,13,35 m mRNA
Lung cancer14 m mRNA
Colon cancer3,28 m mRNA and protein
Skin cancer38 k** mRNA
Oesophageal squamous
cell carcinoma39

k Protein

Neuroblastoma cancers40 k Protein
Pancreatic cancer41 k mRNA
Prostate cancer11,37 k mRNA

m*: Increase in expression; k**: decrease in expression

Clusterin in human cancers
B Shannan et al

16

Cell Death and Differentiation



prostate,44 colon, breast, and lung tumours14 (Table 2).
Recent findings support the concept that silencing sCLU
expression can enhance the cytotoxicity of various chemo-
therapeutic agents1,49 as well as IR.50 However, a potential
disadvantage of ASO therapy is the rapid intracellular
degeneration of oligonucleotides. This problem was over-
come by replacing a nonbridge phosphoryl oxygen of DNA
with a sulphate to create a phosphothiate backbone, thus
creating a first generation of ASOs intended for cancer
therapy.46 Considerable efforts have been made to improve
efficacy of ASO-based cancer therapy. Modifications made to
the ribose, the 20-position, improve the pharmacokinetic
characteristics of second-generation phosphothioate ASOs,
for example, OGX-011.46 In advanved breast cancer,45 OGX-
011 targeting CLU enhanced the growth-inhibitory effect of
Trastuzumab, an HER-2-targeted monoclonal antibody used
in the clinical management of advanced breast cancer
patients. Only the combination of OGX-011 and Tratuzumab
lead to an activation of apoptosis that was not observed with
either agents alone. It has been suggested that a reduction in
CLU expression by ASO may enhance the sensitivity of the
cytotoxic chemotherapy for advanced breast cancer.45 Phase
I studies have suggested a combined therapy using ASOs
against CLU and Bcl-2, along with Trastuzumab for advanced
breast cancer patients. Phase II studies are still underway.45

Phase I trials in prostate cancer have shown that OGX-011
improved the efficacy of chemotherapy, radiation, and
androgen withdrawal by inhibiting the expression of CLU
and enhancing the apoptotic response. Phase II trails
combining OGX-011 and chemotherapy are still being
assessed.46 In other prostate cancer phase I trails, OGX-
011 was given prior to radical prostoctomy, while some ‘well-
tolerated’ phase II trials were established based on the
biologic effectiveness of OGX-011.4 The use of CLU ASO on
Caki-2 cells (human clear cell carcinoma of the kidney)
inhibited CLU mRNA expression. ASO against CLU alone

showed no effect on Caki-2 cells’ growth.48 CLU ASO
combined with cytotoxic chemotherapy enhanced Caki-2
cells apoptosis both in vivo and in vitro, while CLU ASO
combinedwith paclitaxel suppressedCaki-2 tumour growth by
50% as compared to treatment with mismatch control
oligonucleotides plus paclitaxel.48 Treatment of KoTCC-1
(human bladder cancer cells) in vivo and in vitro with CLU
ASO enhanced the IC50 of cisplatin by more than 50% and
enhanced cisplatin-induced apoptosis, while no effect was
observed upon KoTCC-1 treatment with CLU ASO alone.6

Most bladder cancer cases initially respond to cisplatin-based
combination chemotherapy, but resistant phenotypes develop
with the progression of the disease. Thus, cisplatin (at
tolerable doses) alongside CLU ASO delays tumour progres-
sion.6 Similar results have shown that nucleotide-based
therapies targeting sCLU (sCLU silencing using ASO or
siRNA) chemosensitize human lung adenocarcinoma cells
both in vitro and in vivo.14 In these studies, the effect of sCLU
ASO or siRNA treatment on sCLU expression and chemo-
sensitivity to paclitaxel was examined in A549 lung adeno-
carcinoma cells in vitro, while in vivo administration of sCLU
ASO (compared to mismatch control oligonucleotides) syner-
gistically enhanced the effects of paclitaxel or gemcitibine to
significantly delay growth of A549 tumours in immunocom-
promised mice. In vitro and in vivo studies demonstrated that
combined treatment of CLU ASO and paclitaxel reduced the
mean PC-3 tumour volumes more efficiently.51 Treatment of
PC-3 cells with CLU ASO reduced the IC50 of apoptosis-
inducing agent Ad5CMV-p53 (adenoviral-mediated p53 gene
transfer) by 75%, although no growth-inhibitory effects were
observed in PC-3 cells treated with CLU ASO alone.47 In vivo,
combined treatment of CLU ASO and Ad5CMV-p53 inhibited
the growth of PC-3 tumours.47 Moreover, it has been
demonstrated that treatment of PC-3 prostate cancer cells
with CLU ASO significantly enhanced IR-induced apoptosis
and decreased cellular growth.18 Administration of CLU ASO

Table 2 Summary of CLU ASOs used in various tumours

Tumour Study type ASO Additional
treatment

Outcome of treatment

Breast45 Phase I trial OGX-011 Trastuzumab and/or
Bcl-2 ASO

Combined therapy: activation of apoptosis (not observed in
either agents alone)

Prostate46 Phase I trial OGX-011 Chemotherapy Combined therapy: improved efficiency of chemotherapy,
radiation, and androgen withdrawal by enhancing the
apoptotic response (not observed in chemotherapy alone)

PC-347 In vitro and
in vivo

CLU ASO Ad5CMV-p53
(adenoviral-
mediated p53 gene
transfer)

Combined treatment: inhibition of PC-3 tumour growth
compared to no growth-inhibitory effect using ASO alone,
reduction of the IC50 of Ad5CMV-p53 by 75%

Kidney (Caki-2)48 In vitro and
in vivo

CLU ASO Cytotoxic
chemotherapy

Combined treatment: enhanced Caki-2 cells apoptosis
while ASO alone had no effect on cells’ growth

Paclitaxel Combined treatment: suppressed tumour growth by 50%
as compared to treatment with mismatch control
oligonucleotides plus paclitaxel

Bladder (KoTCC-1)6 In vitro and
in vivo

CLU ASO Cisplatin Combined treatment: delayed tumour progression, and
enhanced cisplatin-induced apoptosis compared to no
growth-inhibitory effect using ASO alone. Resistant tumour
phenotypes arise with the progression of the disease when
cisplatin is used alone

Lung (A549)14 In vitro and
in vivo

CLU ASO Paclitaxel Combined treatment: enhanced the effects of paclitaxel to
significantly delay the growth of the tumour compared to
mismatch control oligonucleotides
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in vivo before and after radiation significantly reduced PC-3
tumour volume by 50% as compared to radiation alone,10,18

Table 2. It has been hypothesized that sCLU overexpression
may influence the apoptotic response of prostate tumour cells
to IR and that the upregulation of CLU after various apoptotic
signals represents an adaptive cell survival mechanism,
thereby affecting a potential target for downregulation to
improve the results of radiation therapy for patients with
prostate cancer.18 Thus, sCLU overexpression helps confer a
chemoresistant phenotype through inhibition of apoptosis in
human renal cell carcinoma cells.7 Analysis of the functional
role of sCLU in chemotherapy-induced apoptosis suggests
that lowering the expression of sCLU might increase the
sensitivity of bladder cancer cells to chemotherapeutic
agents.52 Furthermore, sCLU was supported as a valid
therapeutic target in strategies employing novel multimodality
therapy for advanced prostate cancer, as sCLU is upregulated
following androgen therapy, and this may represent an
adaptive cell survival response following apoptotic signals
like androgen withdrawal.44

Consequently, it has been hypothesized that sCLU gene
silencing using siRNA or other techniques may ultimately
develop into attractive antitumour therapeutics.2 It has
recently been shown that sCLU knockdown in human cancer
cells, using siRNA-mediated CLU gene silencing, induces
significant reduction of cellular growth and higher rates of
spontaneous endogenous apoptosis.2 sCLU provides cyto-
protection for IR-exposed MCF-7 breast cancer cells that is
not observed after siRNA to silence CLU gene.50 However,
great care in reducing sCLU levels without affecting nCLU
levels must be taken using siRNA targeted against a specific
CLU isoform. siRNA knockdown sCLU levels enhances
cytotoxic agent efficacy, whereas siRNA specific to sCLU
enhances efficacy of cytotoxic agents, whereas siRNA
against nCLU confers cytoprotection against a variety of
chemotherapeutics.

Future Outlook

In conclusion, a large body of evidence now supports
important functions of CLU expression in the pathogenesis
and progression of cancer. Although recent findings are very
promising, future studies will have to meet the challenge to
clarify specifically the role(s) of different CLU isoforms as
diagnostic or prognostic markers for cancer malignancies,
and as potential targets for therapeutic modalities for effective
cancer therapy.
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