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EXPRESSION OF CLUSTERIN, XIAP AND SURVIVIN,
AND THEIR CHANGES BY CAMPTOTHECIN (CPT) TREATMENT
IN CPT-RESISTANT PC-3 AND CPT-SENSITIVE LNCaP CELLS
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Aim: Clusterin and IAPs (inhibitor of apoptosis proteins), such as survivin and XIAP, are known to be related to chemo-resistance in
several cancer cells. In the current study, we investigated their expression levels in human prostate cancer cell lines, LNCaP and PC-3
which are sensitive and resistant to camptothecin (CPT), topoisomerase I inhibitor, respectively. Methods: LNCaP and PC-3 cells
were cultured in the presence of CPT, cell death was evaluated using Hoechst 33342 and propidium iodide (PI) double staining. The
expression of clusterin, XIAP and survivin on mRNA and protein levels was investigated by semi-quantitative RT-PCR and Western
blotting, respectively. Results: Our data showed that 24 h treatment of LNCaP cells with 0.5 and 3.0 pM CPT resulted in higher
number of apoptotic cells, than that in PC-3 cells. Western blot analysis revealed that the clusterin level in PC-3 cells was 5-fold
higher than that in LNCaP cells. In contrast, XIAP expression level in PC-3 cells was lower than that in LNCaP cells, and survivin
levels were similar in these two cell lines. Treatment with 0.5 and 3.0 pM CPT resulted in the reduced survivin and XIAP expression
in both cell lines, while clusterin expression remained unchanged in LNCaP cells, but was increased in PC-3 cells. Conclusion: The

results suggest that clusterin may take a greater part in CPT-resistance than survivin and XIAP in PC-3 cells.
Key Words: LNCaP, PC-3, clusterin, XIAP, survivin, camptothecin.

Prostate cancer is the most commonly diagnosed
malignancy in male. Although early prostate cancer
is eminently treatable due to hormone dependency,
androgen withdrawal results in incurability of its ad-
vanced stage because of the inevitable emergence
of androgen-independent cells within few years [1].
Thus hormone-refractory prostate cancer has long
been recognized as a chemo-resistance disease,
and there is a great need novel therapeutic strategies
that target the molecular basis of hormone refractory
chemo-resistance of prostate cancer. Recently, itwas
reported that clusterin and inhibitors of apoptosis
proteins (IAPs) are related to chemo-resistance in
some cancer cells including prostate cancer [2-6].
Furthermore, the targeted downregulation of XIAP or
survivin genes have been shown to directly sensitize
cancer cells to apoptosis induced by various conven-
tional chemotherapeutic drugs [7, 8]. Clusterin (also
known as Apod, TRPM-2, and SGP-2) is a secretory
glycoprotein known as an anti-apoptotic protein [9-
14]. Survivin and XIAP belong to a family of IAPs that
have been shown to prevent chemotherapy-induced
apoptosis by inhibiting caspase [15, 16].

Camptothecin (CPT) specifically targets topoisome-
rase | (Top1), which is required for maintenance of
double helical structure of DNA [17]. Studies by Wang et
al. and our data[18, 19] demonstrated that CPT induces
growth inhibition and apoptosis in atime- and dose-de-
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pendent manner in androgen-sensitive prostate cancer
cells (LNCaP), but notin androgen-resistant PC-3 cells.
However, the precise mechanism underling the different
sensitivity to CPT between these cell types remains to
be explored. As an approach to gain some insight into
the CPT-resistance, we have examined the expression
levels of clusterin, survivin and XIAP and the changesin
during CPT treatment in LNCaP and PC-3 cells.

MATERIALS AND METHODS

Cell culture. LNCaP and PC-3 human prostate can-
cer cells were cultured in RPMI 1640 (Nikken Bio Medical
Laboratory, Kyoto, Japan) supplemented with 10% fetal
bovine serum (Sigma, USA) under a humidified atmo-
sphere of 5% CO2 and 95% air at 37 °C. (S)-(+)-camp-
tothecin (CPT) (Sigma, USA) dissolved in DMSO was
added to the cell cultures with final DMSO concentration
less than 0.03% v/v, which had no significant effect on
the growth and differentiation of LNCaP and PC-3 cells.
0.03% DMSO treatment was used as control.

Celldeath assay. To identify apoptotic or necrotic cell
death, double staining with Hoechst 33342 and propidium
iodide (PI) was performed. Cells were stained with 5 pg/ml
Hoechst 33342 (Calbiochem, San Diego, CA, USA) and
2 ug/mi Pl (Invitrogen, Carlsbad, CA, USA) for 20 min. After
washing with phosphate-buffered saline (PBS), cells were
observed under a fluorescence microscope, Olympus
BX-51 (Olympus, Tokyo, Japan). To evaluate the type of
cell death, over 500 cells were analyzed.

Western blotting. Antibodies used were rabbit
polyclonal anti-survivin (Santa Cruz Biotechnology, Santa
Cruz, CA, USA), rabbit polyclonal anti-clusterin y chain
(Upstate, Charlottesville, VA, USA), rabbit polyclonal anti-
XIAP (Cell Signaling Technology, Beverly MA, USA) and
mouse monoclonal anti-B-tubulin (Sigma). Cells washed
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with PBS were resuspended in RIPA buffer (10 mM Tris-
HCI pH7.4, 1% NP-40, 0.1% sodium deoxycholate,
0.1SDS, 150 mM NaCl, 1 mM EDTA) containing the
protease inhibitor cocktail (Sigma, USA), and stored
on ice for 30 min. After centrifugation at 13,000 rpm for
30 min at 4 °C, the resultant supernatant was used as
protein sample. Each protein content was measured
with a DC protein assay kit (BIORAD, USA). 30 ug of
each protein sample was subjected to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to PVDF membrane. The membrane was
blocked with 5% non-fat dry milk in 0.1 M Tris buffered
saline containing 0.1% Tween-20 for 30 min, and incu-
bated overnight with primary antibodies at 4 °C. The im-
munocomplexwas detected with horseradish peroxidase
conjugated anti-mouse or anti-rabbit IgG (Amersham
Biosciences, USA) using an ECL system (Amersham
Biosciences).

Semi-quantitative RT-PCR. Total RNA was isola-
ted from LNCaP cells and PC-3 cells using a Quick Prep
Total RNA Extraction Kit (Amersham Biosciences) ac-
cording to manufacturer’s instruction. 2 ug of total RNA
of each sample were reverse transcribed by using Super
Script Il RNase H-reverse transcriptase and oligo(dT)
primer (Invitrogen). Primers and reaction conditions for
each gene are summarized in Table 1. The housekeep-

Table. PCR Primers and Conditions

ing transcript, elongation factor-1a (EF-1a), was used
as a control for standardization [20]. Each PCR product
was separated by electrophoresis on 2 % (w/v) agarose
gel, and then visualized by ethidium bromide staining.
To measure the density of each band, we use computer-
imaging analysis (BIO-1D Vilber Lourmat, France).

RESULTS

CPT sensitivity in LNCaP and PC-3 cells. \Ne exami-
ned CPT sensitivity in LNCaP cells and PC-3 cells using
Hoechst 33,342 and Pl double staining (Fig. 1). At 0.5
UM of CPT, nuclear fragmentation and Pl positive staining
were observedin LNCaP cells, but notin PC-3 cells. When
LNCaP cells were treated with 0.5 uM and 3.0 uM of CPT
for 24 h, PI positive cells (necrotic or late apoptotic) and
PI negative cells with nuclear fragmentation (apoptotic)
were observed. At 0.5 uM CPT, less than 10% of cell death
was mainly due to necrosis/late apoptosis, whereas at
3.0 uM cell death was enhanced up to over 20% of totall
cells (~70% necrotic/late apoptotic and ~30% apoptotic)
(Fig. 1, B). Incontrast, in PC-3 cells the effect of CPT treat-
ment on cell death was much less pronounced.

Expression of clusterin, XIAP and survivin in
prostate cancer cells. To investigate the mechanism
underlying the different susceptibility of LNCaP cells and
PC-3 cells to CPT, we examined expression levels of the

Gene 5’ primer 3’ primer Annealing Temperature (°C) Cycle
Clusterin AATACAACGAGCTGCTAAAGTCCT AATTTAGGGTTCTTCCTGGAGACT 62 25
Survivin AGAGGAACATAAAAAGCATTCGTC ACAGGAGCACAGTTGAAACATCTA 62 27
XIAP GCAGATCTAGTGAATGCTCAGAAA TACTTGGTAGCAAATGCTAATGGA 62 29
EF-1a CTCAGGTGATTATCCTGAACCATC AACAGTTCTGAGACCGTTCTTCCA 60 22
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Fig. 1. CPT-induced cell death in prostate cancer cell lines. (a) Morphological examination of CPT-induced cell death in LNCaP and
PC-3 cells. Cell death was examined by the Hoechst 33342 and Pl double staining. After 24 h incubation with 0.5 uM and 3.0 uM
CPT, cells were stained and examined by fluorescence microscopy. (b) Time course of cell death in LNCaP and PC-3 cells. Both
cells were exposed to 0.5 uM and 3.0 uM CPT for different time intervals (6, 24 h). After Hoechst 33,342 and PI double staining,
over 500 cells were analyzed in each experiment
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proteins that exert the anti-apoptotic action by Western
blotting. a-clusterin with 60 kDa has been known as anti-
apoptotic protein in normal state [21]. Its expression in
LNCaP cells was marginal while it is much higher in PC-3
cells (Fig. 2, a). The XIAP expression level was slightly
higher in LNCaP cells compared to PC-3 cells (Fig. 2, b).

As for survivin, there was no significant difference in both
celllines.

Changes in expression levels of clusterin, XIAP
and surviving by CPT treatment. We examined CPT-
induced changes of clusterin and its mRNA by Western
blotting and semi-quantitative RT-PCR. Interestingly,
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Fig. 2. Clusterin and IAPs expression levels in LNCaP and PC-3 cells analyzed by Western blotting with polyclonal antibodies to
human clusterin (a), XIAP (b) and survivin (c). Values represent means + SD (bars) from three independent experiments. The blots
are representative of three separate experiments
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Fig. 3. Expression of clusterin in LNCaP and PC-3 cells upon CPT treatment. (a) Time course of the protein expression of clusterin
analysed by Western blotting with the specific antibody for human clusterin. Fold changes were determined from relative intensity
compared to the control. Values represent means + SD (bars) from three independent experiments. The blots represent one of three
separate experiments with similar results. (b) Time course of expression of clusterin mRNA. Fold changes were determined from
relative intensity to the control. Values represent means = SD (bars) from three independent experiments
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clusterin protein expression appeared to increase by CPT
treatment at 0.5 uM and 3.0 uM in PC-3 cells in a time-
dependent manner (Fig. 3, a). The temporal profile of its
mMRNA expression was reflected in the protein expression
pattern (Fig. 3, b). However, clusterin expression in LN-
CaP cells did not change upon CPT treatment.

CPT-induced changes were also examined for pro-
tein and mRNA of XIAP. After treatment with 0.5 uM and
3.0 uM CPT, the content of XIAP protein were shown to
be decreased in both cell lines in a time-dependent
manner. The general patterns of the XIAP protein
changes in LNCaP and PC-3 cells were compatible
with those of mRNA changes (Fig. 4).

Further, we have examined survivin expression levelsin
LNCaP cellsand PC-3cellsexposedt0 0.5 uMand 3.0 uM
CPT. CPT treatment resultedin reduced protein expression
level in both celllines. It’s interesting to note thatin LNCaP
cells there was a marked decrease in protein expression
level of survivin upon 24 h-incubation with 0.5 uM CPT,
while the treatment with 3.0 uM CPT caused only a small
decrease (Fig. 5). The profile of expression levels was
similar for proteins and respective mRNAs. In PC-3 cells,
there was a trend to decreased survivin expression during
treatment with either 0.5 uM or 3.0 uM CPT.

Asitis shown here, the expression levels were dis-
cordant between proteins and mRNAs, suggesting the
transcriptional and/or post-transcriptional regulation
of protein expression.

DISCUSSION

Prostate cancer is the most common in men and
the major leading cause of cancer-related death in
males. Prostate cancer is characterized by the andro-
gen-dependent growth at the early stage and can be
effectively treated by hormone ablation [1]. However,
prostate cancer cells often become androgen-inde-
pendent and refractory to chemotherapy. Despite
abundant investigations, the molecular mechanism
underlying the resistance to chemotherapy-induced
apoptosis remains poorly understood. For in vitro
studies, androgen-sensitive LNCaP and androgen-
resistant PC-3 cell lines have been most commonly
used as a model system to search for biochemical or
molecular differences between these two cell lines [1,
22]. Wang et al. [18] have demonstrated that LNCaP
cells produced ceramide, a key apoptotic mediator,
by CPT treatment while PC-3 cells were defective
in the ceramide generation, and concluded that the
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Fig. 4. Expression of XIAP in LNCaP and PC-3 cells upon CPT-treatment. (a) Time course of the protein expression of XIAP analyzed
by Western blotting with the specific antibody for human XIAP. Fold changes were determined from relative intensity to the control.
Values represent means * SD (bars) from three independent experiments. The blots represent one of three separate experiments
with similar results. (b) Time course of expression of XIAP mRNA analized by RT-PCR. Fold changes were determined from relative
intensity to the control. Values represent means + SD (bars) from three independent experiments
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loss of ceramide formation was responsible for the
anti-apoptotic response of PC-3 cells. Our study
using ceramide synthetase inhibitor suggested that
ceramide generated via its de novo synthesis may not
play a primary role in CPT-induced apoptotic cell death
in LNCaP cells [19]. Recently, studies by Pchejetski et
al. and our report [23, 24] have shown that expression
and activity of oncogenic sphingosine kinase 1 were
higher in PC-3 cells than in LNCaP cells and that the
enzyme expression level was enhanced by CPT-treat-
ment in PC-3 cells. On the other hand, we have previ-
ously performed the comparative proteomic analysis
to examine differential protein expression in PC-3
and LNCaP cells [25]. Several proteins preferentially
expressed in PC-3 cells were identified; they include
annexin A1, glutathione-S-transferase (GST) pi and
glucose-regulated protein (GRP) 78/Bip which are
thought to be involved in the anti-apoptotic response.
However, because of the low level expression, we were
unable to detect other anti-apoptotic proteins includ-
ing clusterin and inhibitor of apoptosis proteins (I1APs)
known as endogenous caspase inhibitors. Therefore,
in the current study, we have examined and compared
the expression profiles of clusterin, XIAP and survivin,
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and their changes by CPT-treatment by Western blot-
ting and RT-PCR analysis.

Clusterin, also known as apolipoprotein J or tes-
tosterone-repressed prostate message 2 (TRPM-2),
is a cytosolic glycoprotein that has multiple functions
including regulation of apoptosis [21]. There is accu-
mulating evidence suggesting that clusterin is an anti-
apoptotic protein associated with chemoresistance.
In fact, recent study has shown that clusterin-over-
expressing cells are highly resistant to CPT- and eto-
poside-mediated apoptosis [26]. We have observed
a striking difference in clusterin protein expression
between LNCaP and PC-3 cells, as shownin Fig. 2, a;
abundant in PC-3 cells and marginal in LNCaP cells.
This predominant expression of clusterin may at least
in part account for resistance to CPT in PC-3 cells but
not in LNCaP cells. Moreover, it is of great interest
to note that the expression of clusterin protein was
enhanced in a time-dependent fashion within 24 h
following CPT-treatmentin PC-3 cells. This enhanced
clusterin expression was considered to be regulated
at the transcriptional regulation.

The IAP proteins XIAP and survivin expression were
shown to be at the nearly same level, which is distinct
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Fig. 5. Expression of survivin in LNCaP and PC-3 cells upon CPT-treatment. (a) Time course of the protein expression of surviving
analyzed by Western blotting with the specific antibody for human survivin. Fold changes were determined from relative intensity to
the control. Values represent means *= SD (bars) from three independent experiments. The blots represent one of three separate
experiments with similar results. (b) Time course of survivin mRNA expression analyzed by RT-PCR. Fold changes were determined
from relative intensity to the control. Values represent means * SD (bars) from three independent experiments
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from clusterin. Furthermore, in sharp contrast to clus-
terin, CPT-induced up-regulation of XIAP and survivin
was not observedin PC-3 cells as well as LNCaP cells.
Instead, the content of both anti-apoptotic proteins
was reduced in a time-dependent fashion in both cell
lines. The down-regulated expression of these proteins
is favoring for induction of the apoptotic process. Un-
expectedly, the survivin level was markedly reduced
in LNCaP cells exposed to 0.5 uM CPT compared to
3.0 uM CPT-treated cells, and this profound decrease
in the protein level was well correlated with mRNA
expression (Fig. 5). At present, we have no adequate
explanation for this finding and further experiments
are needed to address this phenomenon.

Taken together, the comparative investigations of
the expression profiles for three anti-apoptotic pro-
teins provide atleast in part some evidence suggesting
that clusterin may take a greater part in resistance to
CPT in PC-3 cells, compared to XIAP and survivin.
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IKCIMNMPECCU4A KJTIACTEPUHA, XIAP N CYPBUBUHA B KJIETKAX
PAKA NPEACTATEJIbHOW XXEJIE3bI, YCTON4YUBbIX U
PESUCTEHTHbIX K KAMNTOTELUUNHY

I]eav: n3BeCTHO, UTO KJIACTEPHH M OeJKH-HHTHOUTOPHI anmonto3a cemeiictBa IAP, Takue kak cypsuBun u XIAP, cBszanbt
€ XHMHOPE3HCTEHTHOCTBIO OMYXO0JIEBbIX KJIETOK. 3a/1a9a MCCIeNOBAHNS — OMPENeIUTh YPOBHH JDKCIPECCHN YKA3AHHBIX 0EIKOB
B JMHHUAX OMYXOJIeBBIX KJETOK MpeAcTaTelbHOil Keie3nl, YyBcTBUTENbHbIX (LNCaP) u ycroituuseix (PC-3) K neiicTBuio
kamnroremnHa (CPT) — unru6uropa Tomomsomepassl 1. Memoos:: knerkm LNCaP n PC-3 unkyouposamu ¢ CPT, nocie gero
AHAJIM3APOBAIM KOIMIECTBO MOTHONINX KJIETOK C HCTIOIb30BAHMEM IBOHOTO OKPAIIMBAHKS peakTuBoM Xepcra 33 342 u mponuauym-
HomuaoM. DKcnpeccuio Kiactepuaa, XIAP u cypeuBuHa Ha ypoeHe 0eika u MPHK onenmBamm meronamu BectepH-010TTHHrA M
noxykomraectsennoro PT-ITLP coorBercTBenHO. Pe3yabmaniot: YCTAHOBIIEHO, YTO BCJIEACTBHE 24-9aCOBOil MHKYOAINH KJIETOK C
0,51 3,0 uM CPT onpenensror 6oJiee 3HAYUTEILHBII MPOLEHT rH0eH KiieTok uann LNCaP, yem Takosbix PC-3. JIannbie Becrepn
0JIOT aHAJIM3A BBISIBIIIN, 9TO B KieTKax junni PC-3 KoymmuecTBo Kiacrepuna B 5 pa3 6oibure, a XIAP — menbine, yeM B KJleTKax
s LNCaP, B To BpeMsi KaK 9KCIIPeccHs CypBHBHHA OMHAKOBA B 00eHX KJIeTOUHBIX JJUHUAX. VIHKyOamus kietok ¢ 0,5 u 3,0 pM
CPT npuBoauna K cHIzKeHHI0 ypoBHs cypBuBuHa 1 XIAP B 06eux ymunsx. Dkcnpeccus Knacrepuna Ha yposane MPHK u 6enka ne
usmenstach npu aeiicreun CPT nHa knerkn mamn LNCaP, onnako nosbimaniach B Kierkax Juaud PC-3. Bbigodsi: moxydeHHbIE
JIAHHbIE CBUIETEIBCTBYIOT O TOM, YTO B PA3BHTHH PE3MCTEHTHOCTH K KAMIITOTEMHY KiieToK jmani PC-3 Kiacrepun MokeT HrpaTth
00J1ee BaXKHYIO POJib, YeM cypsuBuH 1 XIAP.

Karoueevie croea: LNCaP, PC-3, knacrepun, XIAP, cypsuBHH, KAMITOTEHHH.
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