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The functional role of clusterin in apoptosis was exam-
ined using flow cytometry. Clusterin cDNA was trans-
fected into the mouse neuroblastoma cell line, B103, in
order to determine if clusterin overexpression inhibits
apoptosis. The increased clusterin expression level in the
B103 cells tended to suppress the apoptotic index. This
suggests an association of clusterin gene expression with
apoptosis inhibition. These results support the conclu-
sion that clusterin expression in B103 cells has an anti-
apoptotic influence.
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Introduction

Clusterin, which was first described as a secreted
glycoprotein, is present in the rete testis fluid of
rams. It was reported to elicit erythrocyte and Ser-
toli cell aggregation in vitro (Kissinger et al., 1982).
Although many homologs have been discovered
in other species, its biological function is unclear.
Clusterins isolated from different species have
been assigned different names such as SGP-2 (sul-
fated glycoprotein-2), GP III (glycoprotein III),
TRPM-2 (testosterone repressed message-2), CL I
(cytolysis inhibitor) and Apo J (apoprotein J) (Ro-
senberg and Silkensen, 1995). However, since
1992, clusterin has been the name generally used
(Jenne and Tschopp, 1992). Clusterin is a disulfide-
linked heterodimeric glycoprotein (75 ~ 80 kDa)
with 30% of its mass being a N-linked carbo-
hydrate. Each form of clusterin consists of two
40 kDa subunits. It is encoded by a single gene
and the translated product is internally cleaved to
produce its α and � subunit prior to its secretion
from the cell (Wilson and Easterbrook-Smith,
2000).
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Early studies on the function of clusterin fo-
cused mainly on the reproductive tracts, the rete
testis and the cauda epididymal fluids (Matt-
mueller and Hinton, 1991). Recent studies have
revealed many functions of clusterin such as con-
trolling the cell-cell interactions, regulating apo-
ptosis, lipid transport, as a regulating complement
and as a molecular chaperone (Wilson and Easter-
brook-Smith, 2000; Humphreys et al., 1999). In re-
cent years, some researchers have suggested that
clusterin affects neuronal apoptosis. However, the
results vary. In neuronal cells, early studies have
shown that clusterin is accumulated in apoptotic
dying neurons in the CA1 hippocampal pyramidal
cells, and clusterin gene expression is strongly re-
lated to apoptosis (Rozovsky et al., 1994). On the
other hand, other studies have reported that an
exogenously infected SGP-2 gene does not induce
apoptosis (D’Mello et al., 1993). The biological
function of clusterin associated with apoptosis in
neurocytes is unclear. Therefore, as a first step to-
ward understanding the role of clusterin in induc-
ing apoptosis in the mouse neuroblastoma cell
line, B103, an apoptotic cell population where ex-
ogenous clusterin was overexpressed was analyzed
using flow cytometry.

Materials and Methods

The B103 cells derived from mouse neuro-
blastoma were maintained in Dulbecco’s modified
Eagle’s medium (DMEM) (containing 4.5 g glu-
cose per liter) supplemented with fetal bovine
serum (10% final concentration), 2 mm l-gluta-
mine, and penicillin-streptomycin (100 Unit/ml
and 100 µg/ml, respectively) in a humidified 37 ∞C
CO2 incubator until the monolayers reached ap-
proximately 90% confluence (Cabral et al., 1987).
The B103 cells were grown on 6-well plates to a
50% confluence. The cells were then transfected
with 0.5 µg of the different recombinant cDNAs
(mouse clusterin and human Bcl-2) and 5 µg of li-
pofectin (Gibco BRL, CA), which were diluted
separately in 100 µl Opti-Mem I (Gibco BRL),
mixed for 15 min, added to cells, and removed the
following day. The cells were subsequently trans-
ferred onto 10-cm plates, cultured for 48 h, and
selected for 3 weeks with G418 (Geneticin)
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(400 µg/ml). The resulting clones that showed a
high expression level were tested by Northern
blotting with a 32P-labeled mouse clusterin cDNA
probe for clusterin and by Western blotting with
mouse anti-human antibodies for Bcl-2. Both
methods were performed according to Sambrook’s
Molecular Cloning (Sambrook et al., 1989). Unless
otherwise stated, all other materials used in this
study were purchased from Sigma Chemical Co.
(St. Louis, MO). After treating the wild type cells,
the clusterin infected cells and the Bcl-2 infected
cells with various H2O2 concentrations, they were
washed twice in cold PBS and fixed in a 70% etha-
nol solution in PBS on ice. The cells were then
pelleted with RNase A (0.1 ng/ml) for 30 min at
37 ∞C, and then stained with a hypotonic fluoro-
chrome solution containing 50 µg/ml propidium
iodine. The cell cycle analysis of the B103 cells was
measured by flow cytometry using a FACSort in-
strument (Becton Dickinson, NJ).

Results and Discussion

As shown in Fig. 1A, the clones that transfected
and overexpressed clusterin gene were selected by
Northern blotting using the 32P-labeled mouse
clusterin cDNA probe. As a control, the Bcl-2 ov-
erexpression stable transfectant was also analyzed
by Western blotting with mouse anti-human Bcl-2
antibodies (Fig. 1B). Both clones were transfected
and overexpressed by the infected genes, clusterin
and Bcl-2, and were used in the following experi-

Fig. 1. Overexpression analysis of clusterin and Bcl-2.
The cells were transfected with 0.5 µg of the different
recombinant cDNAs [mouse clusterin (A, C) and human
Bcl-2 (B, D)] and 5 µg lipofectin (Gibco BRL, CA). The
resulting clones that showed a high expression level
were selected with G418 (400 µg/ml) and tested using
Northern blotting with a 32P-labeled mouse clusterin
cDNA probe for clusterin (A, D) and Western blotting
with mouse anti-human antibodies for Bcl-2 (B, C). Lane
1; parental B103 cells, lane 2; transfected cells.

ments on the H2O2 induced apoptosis. However,
the possibility that clusterin overexpression en-
hances Bcl-2 expression, which also exhibits anti-
apoptotic activity, was not ruled out, since the
changes in Bcl-2 expression as a result of clusterin
overexpression were the focus of this study. As
shown in Fig. 1C, no significant amount of Bcl-2
expression was detected during clusterin overex-
pression. In addition, no up-regulated clusterin ex-
pression was detected during Bcl-2 overexpression
(Fig. 1D). This suggests that stable clusterin over-
expression is not directly involved in Bcl-2 expres-
sion.

The rate of the apoptotic cell population was
analyzed by flow cytometry. As shown in Fig. 2,
treatment of the wild type cells with various H2O2

concentrations (1; untreated, 2; 0.5 mm, 3; 1 mm
and 4; 2 mm) enhanced the subdiploid G0 (Gap 0
phage)/G1 (Gap 1 phage) population in the cell

Fig. 2. Flow cytometric analysis. Cell cycle analysis of the
B103 cells after treating the wild type cells (A), the clus-
terin infected cells (B) and the Bcl-2 infected cells (C)
with various H2O2 concentrations (untreated, 0.5 mm,
1 mm, and 2 mm; indicated vertically in Fig. by 1Ð4) for
12 h, respectively. The distribution of cells in the cell cy-
cle phases was measured using a FACSort instrument
(Becton Dickinson, NJ). The vertical axis represents the
relative number of events and the horizontal axis the
fluorescence intensity. The indicated percentages repre-
sent the subdiploid population of the cells and M indi-
cates mitosis phage, eventually that means apoptosis in-
dex.
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cycle after 12 h of exposure, and reached approxi-
mately 2% 29% and 93% of the total cells, respec-
tively (A). In contrast, after treatment at the high-
est H2O2 concentration for 12 h, the clusterin
transfectant showed a strongly suppressed G0/G1
population of < 2% (B). A similar anti-apoptotic
effect of < 2% subdiploid population through the
various H2O2 concentrations was obtained when
the cells were transfected with Bcl-2 (C). Since
several studies have demonstrated that Bcl-2
strictly inhibits apoptosis, Bcl-2 was used as a
negative control of the apoptotic effect (Liu et al.,
2001). These results demonstrate that an overex-
pressed clusterin is a powerful inhibitor of apo-
ptosis (Fig. 2A). Therefore, clusterin plays a key
role in the anti-apoptotic effect in mouse neuro-
blastoma cells (B103).

The striking relationship between clusterin ex-
pression and the onset of apoptosis have raised the
hypothesis that clusterin might play a direct role
in apoptosis (Norman et al., 1995). The molecular
relationships between clusterin and apoptosis are
unclear. It has been reported that in non-nerve
cells, up-regulated clusterin is involved in human
A431 cell and prostate cancer cell apoptosis and
the down-regulation of clusterin expression in-
duces apoptosis in Sertoli cells originated from
mouse testis (Kalka et al., 2000; Kang et al., 2000;
Steinberg et al., 1997). In recent years, some re-
searchers have suggested that clusterin affects
neuron apoptosis. However, the results vary. In

neuronal cells, early studies have shown that clus-
terin is accumulated in the apoptotic dying neu-
rons in CA1 hippocampal pyramidal cells, and
clusterin gene expression is strongly correlated
with apoptosis (Rozovsky et al., 1994). Other
studies have shown that an exogenously infected
SGP-2 gene, does not induce apoptosis and that
ApoJ expression is strongly associated with neuro-
nal apoptosis in the olfactory mucosa (D’Mello
et al., 1993; Michel et al., 1997). On the other hand,
in the several photoreceptor neurons, clusterin is
not causally involved in apoptosis, but may have
cytoprotective functions (Jomary et al., 1999). Al-
though the biological function of clusterin associ-
ated with apoptosis including a detailed mecha-
nism of apoptosis induction is unclear in
neuroblastoma cells, the results in this study do
show a close link between the induction of
apoptosis and clusterin expression. Therefore, the
expression of the clusterin gene may be a useful
indicator of the presence of apoptosis in neurons.
Furthermore, clusterin overexpression may offer a
biochemical therapy through the inhibition of
apoptosis in neurons.
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