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Abstract

Clusterin is a glycoprotein that was initially isolated from the male reproductive system. Subsequently, clusterin
has been found to be widely distributed in a variety of tissues in mammals. One characteristic of the expression
of clusterin is that it is induced as a result of cellular injury, death or pathology. Despite the efforts of many
laboratories working in diverse biological systems, the function of clusterin remains unknown. Recent studies
show that it has strong relationship with gynecological malignancies. Overall, the evidence suggests that
function of clusterin is fo protect surviving cells aftfer damage. This protection may result from a detergent-like

action of the protein.
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Introduction

Clusterin is glycoprotein first isolated from ram rete
testis fluid by Blaschuk, Burdzy, and Fritz in 1983 and so
named because of its ability to elicit clustering of sertoli
cells. Since that time species Clusterin is an enigma.
In spite of having been discovered almost two decades
ago Mas a protein causing clustering of red blood cells
hence the name now most widely used clarification of
its biological roles has proved exceptionally difficult,
and recent studies using clusterin knockout mice >*
may have deepened the mystery. The multiplicity of
names for clusterin is an indication of the complexity
of the problem (Table 1) and could reflect on the one
hand its multi functionality or alternatively could mask
commonality of function.

Structure of clusterin

Clusterin is a secreted hetero dimeric glycoprotein
of 75-80kDa. A single-copy gene in humans of nine
exons, spanning over 16kband located on chromosome
8p21-p12, encodes an mRNA of approximately 2kb
which directs the synthesis of a 449-amino acid
primary polypeptide chain. Proteolytic processing
removes the 22-mer secretory-signal polypeptide and
cleaves the remainder into o and B chains (Fig.1). These

are linked in anti-parallel by five disulfide bridges
near their centers, forming a molecule in which the
core is flanked by three amphipathic a- helices and
two coiled- coil alpha helices. Some 30% of the mass
of the mature protein is N- linked carbohydrate of
variable structure attached at six glycosylation sites. A
nuclear localization signal and a potential dinucleotide
binding site have also been identified. Clusterin is
highly conserved across species, showing 70-80%
identity at the amino acid level among mammals, and
numerous variants and isoforms have been described
though their functional significances are unclear*>. No
X ray crystallographic data have yet been generated
for clusterin, since the protein has proved difficult to
crystallize due to its inherent “stickiness”.

Biological function

Unraveling the biological significance of clusterin
is complicated by two main characteristics: (1) the
propensity of the protein to interact with a wide
range of molecules, including itself, lipids, amyloid
proteins, components of the complement membrane
attack complex, and immunoglobulins; and (2) the
ubiquitous upregulated expression of the gene in
e.g. developmental remodeling, apoptotic disease
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states such as neurodegeneration, and in response to
injury and other stresses (Fig. 1). Clusterin variants
additionally may play tissue or context specific roles.
Is clusterin therefore truly multifunctional, or can a
primary role be extracted from the diversity? Earlier
hypotheses focused on specific potential roles including
cytoprotection at fluid—tissue boundaries, membrane
recycling during development and in response to injury,
and regulation of complement-mediated membrane
attack. More recently, arguments have been advanced
proposing clusterin as a form of secreted heat-shock
protein or chaperone molecule, in light of its induced
expression by thermal, oxidative or mechanical stress,
its diverse ligands, its ability to inhibit stress-induced
protein precipitation, and its reported activities in vitro
systems as a protectant against cytotoxic agents®’. In
the context of active cell death, these lines of evidence
argue against a pro-apoptotic role for clusterin, further
supported by failure of targeted overexpression of the
gene to cause increased death of photoreceptors in
a transgenic model®. The posited role of clusterin as
a cytoprotective chaperone-like molecule therefore
seems compelling. However, not all forms of clusterin
exhibit these benign properties. Recently, a truncated
55 kDa form of clusterin induced by irradiation in vitro
has been found targeted to the nucleus where it appears
to act as a death signal®. Interestingly, investigations
of knockout mice have also highlighted the two faces
of clusterin, since on the one hand absence of clusterin
reduces cell death in hypoxia-ischemia-induced brain
damage, suggesting that it normally functions to
exacerbate neuronal damage in these circumstances
2, whereas in the same knockout strain, autoimmune
myocardial damage is increased, implying a normally
protective role®. It is possible, therefore, that as with
a select few other molecules such as p53 or Bel-x,
clusterin can act either to promote or to inhibit cell
death, depending on the cellular context or molecular
species.

Synthesis and degradation

Clusterin is constitutively expressed in almost
all mammalian tissues, and is a major protein in
physiological fluids including plasma, milk, urine,
cerebrospinal fluid and semen. Within particular given
tissue, clusterin may be expressed predominantly in
particular cell types for example, in epithelial cells at
tissue fluid interfaces or in specific sub-populations of
neurons. Clusterin mRNA is translated on membrane-
bound ribosomes and the polypeptide undergoes
processing from initial removal of the signal sequence
in the endoplasmic reticulum, through a mannose rich
58-65 kDa form, to cleavage, dimer assembly and
final glycosylation steps in the trans Golgi network.
Secretion occurs from secretory vesicles or through
non-regulated routes, and uptake and degradation may
be mediated by the endocytic receptor gp330/megalin

(LRP-2), a member of the low-density lipoprotein
receptor gene family'®. Truncated clusterin forms,
potentially derived from alternative translational start
codons, may escape glycosylation and be targeted to the
nucleus’. Up regulation of clusterin mRNA and protein
are widespread phenomena in developmental and
pathophysiological states, suggesting that control of
expression levels is important. Analysis of the promoter
has revealed numerous transcription factor-binding
sites ' but also a conserved “clusterin element” CLE,
which appears related to heat-shock element consensus
sequences, can bind the HSF-1 transcription factor,
and may govern stress-response induction®. Factors
such as TGF have also been implicated in modulating
clusterin transcription °.

Impact of clusterin in different
gynecologic malignancies

In human ovarian carcinoma

Ovarian carcinoma is a major cause of death among
all gynecolgoic malignancies. It is the seventh most
common malignancy in women worldwide 2. Recently,
the incidence of ovarian carcinoma has been increasing
in Asian Countries . The overall 5 year survival rate
is only approximately 30%, and this poor prognosis
usually is ascribed to late tumor diagnosis 4. The
development of ovarian carcinoma is considered a
multistep process that involves multiple genetic changes
15, Therefore genes that are expressed differentially in
ovarian carcinoma were investigated by serial analysis
of gene expression (SAGE) and quantitative real
time reverse transcriptase polymerase chain reaction
analysis and overexpression of clusterin gene was
detected '°. Likewise, another study suggested that
the clusterin over expression significantly correlates
with decresed survival in ovarian cancer patients,
and clusterin confers resistance to paclitaxel-induced
apoptosis in ovarian cancer cells 7. The compared
expression profiles of primary tumor tissue from five
long- term (>8years) and five short- term (<2 years)
ovarian cancer survivors and indentified clusterin as
one of the genes that were significantly up-regulated
in short term survivors. Still the potential role in the
development and progression of ovarian carcinoma
is unclear. Up regulated expression of cytoplasmic
clusterin in human ovarian carcinoma suggested that
the overexpression of cytoplasmic clusterin may
represent an acquired malignant phenotypic feature of
ovarian carcinoma and may be one of the important
factors in determining aggressive nature of ovarian
carcinoma '*. So it shows that clusterin is strongly
associated with ovarian carcinoma.

In cervical cancer

Cervical cancer is the seventh most common cancer,
overall, and the third most common in women, in



whom it comprises 9.8% of all cancers. Generally,
it is much more common is developing countries,
where 78% of cases occur and where cervical cancer
accounts for 15% of female cancers, with a life time
risk of about 3%, whereas in developed countries it
accounts for only 4.4% of new cancers, with a life
time risk of 1.1%.

Cervical carcinoma is generally treated by surgery,
radiotherapy or both. The data regarding clusterin
expression in cervical cancer identification are very
premature; however, there were two studies done
recently in cervical cancer.

A series of 52 patients who underwent radical
hysterectomy and systematic lymphadenectomy
clusterin protein was present in the cytoplasm of
cervical cancer cells . The expression of clusterin
protein in invasive cervical cancer tissues was not
related to any clinicopathologic factors analyzed.
Patients with positive clusterin expression showed
significantly worse prognosis than those with negative
clusterin expression (p=0.017). Multivariate analysis
including clusterin expression revealed that clusterin
expression (p=0.006) and the number of positive
node groups (p=0.002) were independent prognostic
factors for survival. Survival of patients with invasive
cervical cancer could be stratified into three groups
by combination of clusterin expression and number
of positive node groups with an estimated 5-year
survival rate of 100.0% for no or one positive node
group irrespective of clusterin expression (group A),
78.7% for multiple node groups with negative clusterin
expression (group B), and 14.3% for multiple node
groups with positive clusterin expression (group C) (
p=0.03 for group A vs. group B, p=0.004 for group B
vs. group C, and p=0.0001 for group A vs. group C).
So Clusterin expression and the number of positive
node groups were independent prognostic factors for
invasive cervical cancer patients treated with radical
hysterectomy and systematic lymphadenectomy.
Clusterin might be a new molecular marker to
predict the survival of cervical cancer patients with
multiple positive node groups. Another recent
study was Clusterin confers paclitaxel resistance in
cervical cancer shown that clusterin expression was
significantly higher in cervical cancer tumor samples
than in normal cervical tissues and that clusterin
expression was significantly correlated with paclitaxel
resistance in cervical cell lines 2. The result suggests
that Cervical cancer tissues expressed significantly
higher levels of clusterin than did normal cervical
tissues (4.08 vs. 1.35, P<0.05). Clusterin expression
levels were correlated with paclitaxel resistance in
cervical cancer cell lines, and transfection of clusterin

Role of Clusterin in the Female Reproductive System

siRNA into HeLaS3 cells significantly decreased their
resistance to paclitaxel (P<0.05).

In endometrial cancer

Endometrial cancer is the commonest gynaecological
cancer mostly affecting women in the postmenopausal
age group. It ranks fourth in terms of incident cancers in
women, and eighth in terms of age-adjusted mortality
21, Several risk factors are known to be associated
with endometrial cancer, the most significant being
unopposed oestrogens.

Endometrial carcinoma is divied into endometriod
and papillary serous type carcinoma according to the
histological characteristics. As we know clusterin has
been associated with various malignacies. A higher
expression of clusterin were found in endometrioid
compared to papillary serous carcinoma using both
immunohistochemistry (p=0.033) and Western blot
analysis (p=0.024). The mRNA and protein expressions
of clusterin in endometrioid carcinoma were higher
than in benign endometrium (p=0.002). Forced
expression of clusterin promoted 293T cell survival
in a concentration-dependent manner, and estradiol
treatment increased clusterin expression in HEC-
1B but not in HEC-1A cells. So these data suggest
that clusterin expression is realted to endometrioid
carcinoma of endometrium, in which estrogen is
involved in the regulatory network of clusterin
22, Eighty percent of endometrial carcinoma is the
endometrioid type. In contrast, uterine papillary serous
carcinomas account for only 3% of cases. This type
usually recurs and metastasizes distantly even after the
surgical treatment of carcinoma at an early stage 2>,
This study results suggest that sCLU is an important
factor that can distinguish the two different types of
carcinogenesis. A previous study in endometrium
showed that sCLU in endometrium is associated
with tissue remodeling by mediating clearance or
neutralizing the tissue debris at the late secretory phase
when the endometrium undergoes dynamic growth
and involution®. As endometrium is a dynamic organ
that undergoes regular cycles of remodeling under
hormonal control 2028,

Conclusion

Either clusterin is a multi-functional protein, or its
appearance in various tissues and its association with
various processes has some fundamental link. It is now
very clear that the clusterin is made primarily by the
surviving cells or the cells next to the dying cells '*1°,
Despite the efforts of many laboratories working in
diverse biological systems, the function of clusterin
remains unknown. Overrall, the evidence suggests
that function of clusterin is to protect surviving cells
after damage.
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Clusterin structure
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Fig 1. Schematic representation of the structure of

human clusterin. The precursor polypeptide

chain (top) is cleaved proteolytically
to remove the 22-mer secretory signal
peptide (magenta) and subsequently
between residues 227/228 to generate
the alpha (orange) and beta (light
blue)-chains. These are assembled in
anti-parallel to give a heterodimeric
molecule (bottom) in which the cysteine-rich
centers (red) are linked by five disulfide
bridges (red ellipses) and are flanked by
two predicted coiled-coil alpha helices
(green) and three predicted amphipathic
alpha helices (dark blue). The six sites of N-
linked glycosylation are indicated as yellow
spots.

Table 1. A selection of the alternative names by which clusterin is also known, with the
species and biological associations which led to their first identification

Name Species Association
usterin eep eminal fluid protein causing cell aggregation
Cl i Sh Seminal fluid i i 11 i
SGP-2 Rat Sulfated glycoprotein secreted by Sertoli cells of the testis
SP-40, 40 Human Plasma component, present in SC5b-9 complement complex
PADHC-9 Human Up regulated in Alzheimer disease brain
TRPM-2 Rat Up regulated mRNA in prostate following castration
CLI Human Inhibitor of complement-mediated cell lysis
T64 Quail Induced in neuroretina
GP III Bovine Present in chromaffin granules
Apol Human Serum protein with apolipoprotein properties
uman runcated nuclear form in radiation induced cell deat
XIP8 H T d nuclear form in radiation induced cell death
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