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Clusterin has been known to play important roles in
cell-cell and/or cell-substratum interactions. Recently
we reported the transient expression of clusterin in
pancreatic endocrine cells during the early
developmental stages and suggested a role in
aggregating the endocrine cells for islet formation. In
the present study, we have investigated the involvement
of clusterin in cell-substratum interaction by the
inhibition of clusterin synthesis using antisense
oligonucleotide. The expression of clusterin was
transiently increased as early as 2—-8 h after plating the
ASC-17D Sertoli cells to the culture flask, which was
the period of cell attachment. In addition, up-regulation
of clusterin mMRNA was so much greater when the
Sertoli cells were plated on the petri dish for the
bacterial culture instead of in a animal cell culture flask
that therefore, the cells failed to attach to it. These
findings suggested that interruption of cell to plate
substratum interaction might lead to over-expression of
clusterin from Sertoli cells to induce cell to cell
aggregation or, perhaps, to re-establish attachment
with the substratum. Transfection of ASC-17D Sertoli
cells with a 20-base antisense oligonucleotide against
clusterin mRNA resulted in extracellular release of
LDH and DNA fragmentation. Sertoli cell death by
antisense oligonucleotide of clusterin was sequence
specific and dose dependent. Treatment of antisense
oligonucleotide induced a marked reduction of
synthesis for clusterin protein, but not for clusterin
MRNA expression, suggesting the translational
suppression of clusterin by antisense oligonucleotide.
Further, microscopic observation showed that more
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noticeable cell death was induced by treating the
antisense prior to plating the cells than by treating after

cell attachment to the plate. From these results, we
speculate that down-regulation of clusterin expression
in the anchorage-dependent Sertoli cells prevents them
from attaching to the plate, and therefore induces cell

death.
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Introduction

Clusterin is an intriguing glycoprotein (75-80 kDa)
consisting of two different subunits joined by disulfide
bonds. This protein has been identified and cloned
independently from many laboratories focusing on the
diverse research areas. Thus, clusterin has many different
names such as sulfated glycoprotein-2 (Griswetidl.,
1986), apolipoprotein-J (de Sihet al, 1990), SP-40/40
(Murphy et al., 1988), complement cytolysis inhibitor
(Jenne and Tschopp, 1989), testosterone repressed prostate
message-2 (Leget al, 1987), glycoprotein 80 (Hartmann

et al, 1991), and pADHC-9 (Magt al, 1989). Clusterin

has been suggested to have roles in important biological
processes, including cell adhesion, organogenesis,
spermatogenesis, differentiation, complement regulation,
lipid transport, and apoptosis based on its tissue expression
pattern and/or biochemical properties (Fritz and Murphy,
1993; Jenne and Tschopp, 1992; Rosenberg and Silkensen,
1995; Tenniswooctt al, 1992). However, these proposed

Abbreviations: LDH, lactate dehydrogenase; PMSF,
phenylmethylsulfonyl fluoride; POD, peroxidase; PVDF,
polyvinylidene difluoride; TNF-alpha, tumor necrosis factor-
alpha.
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functions of clusterin need to be further characterized. Theéhiocyanate and phenol/chloroform extraction method as
protein was originally identified as a cell-aggregating factordescribed by Chomczynski and Sacchi (1987). Five micrograms
in ram rete testis fluid and named for its potential to induce?f total RNA were size fractionated on 1.2% agarose gel
clustering of suspensions of Sertoli cells and erythrocyte§Ontaining 0.67 M formaldehyde, and transferred to a Hybohd N

(Blaschuket al., 1983; Fritzet al, 1983). Thereafter, many nylonb mkembrane (,?mersha_m Pharhmaqa.’ USA). The membrane
researches have been focused on the role of clusterin in th&.> °2 ed at 12@ for 30 min and hybridized withot™ PJUTP

f d cell death/ t0Sis. i lust Iéaoeled rat clusterin cRNA probe in the hybridization buffer (Min
process of programmed cell aeath/apoptosis, since clus erg} al, 1998). After 14 h of hybridization, the membrane was

is markedly induced in tissues undergoing apoptotic cellyashed twice in 08 SSC containing 0.1% SDS at °&D for
death, such as mammary gland involution, neuro-15min each, and more stringently washed twice in<0SSC
degenerative diseases, renal injury and prostate regressi@bntaining 0.1% SDS at 65 for 30 min each. The membrane
by castration. Correlation between clusterin induction andvas then exposed to X-ray film with an intensifying screen at
cell death led to the possibility that clusterin could be80°C for 2 d.

directly involved in the process of apoptotic cell death.

However, Silkenseat al. (1995) suggested that the function Antisense oligonucleotide transfection Twenty bases of
of clusterin is to enhance cell-cell and/or cell-substratumPlosphothioate antisense oligonucleotide-GACAGCAG-
interactions which are perturbed in the renal injury, thereby>~CAATCTTCAT-3), which was designed to hybridize to the

. . . . . . rat clusterin AUG translation initiation codon, was synthesized
E:istgrcvtlirl]’lgg tr;ﬁéntsgggtg;(t:hecéﬁna(;:ezalrt]hellg r?r?g;i:oargdfrom SGS (Scandinavian Gene Synthesis AB, Sweden) and used

. 'to inhibit clusterin expression in rat ASC-17D Sertoli cells.
Humphreyset al (1997) showed that TNF-alpha induced- antisense oligonucleotide transfection was carried by the method
cytotoxicity was prevented by over-expression of clusterings Bennettet al. (1992) using liposome to enhance the
in L929 murine fibrosarcoma cells. These reports suggesteglansfection efficiency. For the transfection of antisense
that clusterin expression is likely to be a cytoprotectiveoligonucleotide to the suspended ASC-17D Sertoli cells,
response rather than a cause of cell death. Recently, we haswconfluent cells were detached using 0.1% EDTA and washed
also shown that clusterin was up-regulated in the survivinghree times with Opti-MEM (Life Technologies, USA)
alpha-cells, but not in apoptotic beta-cells uponpPrewarmed at 3T. Five milliliters of ASC-17D rat Sertoli cells
streptozotocin injection to rat and suggested that clusterift X 10°/ml) were distributed to 10 ml of polystyrene tube.
could play important cytoprotective roles by enhancing the! et five ug of Lipofectin (Life Technologies, USA) was
cell interactions and membrane integrity of the pancreatié’1 dded to 25Qu of Opti-MEM and mixed with twenty folds of the

. . . . indicated concentration of oligonucleotide. Oligonucleotide/
islet (Parket al, 1999). In this study, we have investigated Lipofectin complexes (250l) were added to suspended-state of

the role of c_Iusterin_in apoptotic cel! death and/or cell-plateggtgji cells and incubated for 4 h at°@2 The medium was

substratum interaction by suppression of clusterin synthesigmoved by centrifugation and replaced with 5ml of normal

using the transfection of an antisense oligonucleotide. Ifyrowth medium. Transfected cell suspension (2 ml) was plated on

addition, we have analyzed the levels of clusterin mMRNAa 6-well cluture dish for microscopic analysis. For the

and protein suppressed by antisense oligonucleotide usirtgansfection of antisense oligonucleotide to attached ASC-17D

Northern and Western blotting analysis. Sertoli cells, cells (& 10°/ml) were plated on 6-well cell culture
plates. Antisense oligonucleotide was treated according to the
same protocol described above at 1d after plating.

Materials and Methods :
LDH assay Cell death was examined by extracellular LDH

Cell culture The rat ASC-17D Sertoli cells were kindly release. ASC-17D Sertoli cells were transfected with various
provided by Dr. Kenneth Roberts (University of Minnesota, concentrations of antisense or random oligonucleotides for 24 h.
Minneapolis, USA). ASC-17D cells were maintained in a Culture supernatant (50) was incubated with an equal volume
humidified atmosphere of 5% GCat 32C in DMEM/F12 of LDH substrate solution (Promega, USA) for 30 min. Enzyme
medium (Life Technologies, USA) that supplemented with 4%reaction was then terminated by the addition oft66f 1.0 M
heat-inactivated fetal bovine serum and 1% antibiotics-acetic acid and the optical density of each reaction was
antimycotics. The number of viable cells which excluded tryphandetermined by a microplate reader (Uniskan Il 3.0) at a
blue was counted. wavelength of 492 nm.

Total RNA isolation and Northern blot analysis For the study =~ DNA fragmentation ASC-17D Sertoli cells were plated on
of clusterin gene expression during cell attachment, ASC-17D060 mm dishes and transfected with QM of antisense or
Sertoli cells (5 10°) were plated in 60 mm cell culture dish random oligonucleotides. Following exposure to antisense or
following detachment with 0.1% EDTA solution. RNA was random oligonucleotides for 24 h, adherent and floating cells
isolated at various time points after re-plating. For the study ofwere lysed with lysis buffer and treated with RNase AYg@onl)
clusterin transcription from the attached or suspended-state it 37C for 30 min and proteinase K (1@/ml) at 55C for
anchorage dependent cells, rat ASC-17D Sertoli cells werenother 30 min (Ahret al, 1999). The DNA was then extracted
incubated in animal cell culture dish or bacteria culture dish forwith phenol-chloroform, precipitated with isopropanol, washed
2 d, respectively. Total RNA was isolated by the acid guanidiumwith ethanol, and air-dried. DNA samples {ig) were separated
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by electrophoresis in 2.0% agarose gel and visualized by sho(Silkensenet al, 1995). Since cell harvest using 0.1%
wave UV transilluminator. EDTA and re-plating might also disrupt cytoskeleton
_ ) structure, clusterin induction during attachment after re-
Western blot analysis Transfected ASC-17D Sertoli cells were plating needs to be further characterized whether it is for
harvested at the time indicated, washed twice with cold PBS ang : :
i . ’ . ell adhesion or remodeling of cytoskeleton. However,
lysed with lysis buffer (150 mM NaCl, 50 mM Tris-Cl, pH 8.0, significant increase of LLC-PK1 cell adhesion on

0.1% SDS, 1% NP-40, 1g@/ml PMSF). After quantification of . .

total protein extract, protein sample (2%) was loaded on each clusterln_-coated plate (_S”kensena_l" 1995) SuPpQrtS our

lane and resolved by electrophoresis on 7.5% sps.suggestion that clusterin expression could be induced to

polyacrylamide gel. Clusterin immunoreactive bands were€nhance the cell attachment to plate substratum.

detected with the ECL Western Blotting Substrate (POD)

(Amersham Pharmacia, USA) using polyclonal sheep anti-ratClusterin induction by disruption of cell-substratum

clusterin antibody (Quidel, USA). ASC-17D Sertoli cells cultured on normal culture plate for

animal cell expressed low level of clusterin. When cell-

substratum interactions were disrupted by culturing on

Results and Discussion bacterial culture plate, clusterin was highly expressed in

Expression of clusterin during cell attachment the _a_nchorage dependent ASC-17D Sertoli cells (Fig. 2). In

Because cell-substratum interactions are often disturbed {RAd1tion, We observed that most cc_alls_ were suspendeq and
aggregated each other in the media instead of attaching to

the tissues undergoing apoptotic cell death with the . . .
increased expression of clusterin (Pakal., 1999; the plate and still survived for 48 h when the Sertoli cells

Rosenberg and Silkensen, 1995), we examined th ere plated on the petridish for bacterial culture. These
clusterin expression at variou,s time p’oints after plating ra%/ndings imply that Sertoli cells being disrupted in the cell-
ASC-17D Sertoli cells to the culture plate. Clusterin plate substratum interactions express clusterin to induce
expression was transiently increased as early as 2-8 h aft%t?t” tr? ceItI aggr?r?atlont; tor tperh%\pl)rs], to re—gstabllshl
plating ASC-17D Sertoli cells on the culture flask, ang 2tachment wi € substratum. €n porcine rena
then decreased at 24 h (Fig. 1). Up-regulation of cIusteriner"me!'a_I cells were p_Iated on the “a$" coated wnh_agarose
occurred at the time of cell attachment after re-platingto inhibit cell adhesion, up-regulation of clusterin was

suggesting the involvement of clusterin in cell adhesion.Observed (Silkensest al, 1995). Such up-regulation of

Podophyllotoxin treatment to porcine renal epithelial Ce”_cluts;erm |||1Id|cates th?t CIUSte”r_] ’T‘a3|’| play an |th1p(;)rLantFrqtle
(LLC-PK1) resulted in disruption of microtubules and In the cell aggregation as originally suggested by iz
induced clusterin expression. Disruption of microfilaments

etal (1983). In order to investigate if clusterin has the
by cytochalasin B also resulted in the increase of clusterit

bility of enhancing cell-substratum interaction, clusterin
transcription, indicating the disruption of microtubule or antisense was transfected to Sertoli cells before or after
microfilament was associated with clusterin expressio

nolating the cells to the culture flask. We found that more
cell death was induced by antisense treatment prior to
plating the cells (A panel in Fig. 3) than by treatment after
0 U4 U2 1 2 4 8 24(h cell attachment to the plate (B panel in Fig. 3). From these

1€ 2.0kb A B A B

Fig. 1. Northern blot analysis of clusterin in rat ASC-17D Sertoli Fig. 2. Transcription of clusterin gene in attached- or suspended-
cells during cell attachment. Total RNA was isolated at variousstate of rat ASC-17D Sertoli cells. Cells were plated on cell
time points after re-plating, following detachment with 0.1% culture plate &) or petridish for bacteria cultur®) for 2 d and
EDTA solution. Five micrograms of total RNA were size then total RNA was isolated from each plate. Five micrograms of
fractionated by 1.2% denatured-agarose gel electrophoresis aridtal RNA were fractionated in 1.2% denatured agarose gel and
blotted onto nylon membrane. Blot was hybridized with transferred to nylon membrane with capillary action. Blot was
[a-32P]JUTP labeled-clusterin cRNA probe (310 bp). Equal hybridized with fi-2PJUTP labeled clusterin cRNA probe. Equal
loading of RNA was confirmed by ethidium-bromide gel staining. loading of RNA was confirmed by ethidium-bromide gel staining.
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results, we speculate that clusterin suppression by 350  UAntisense

antisense oligonucleotide in anchorage-dependent Sertoli 5 300 |} HRandom
cells prevents them from attaching to the plate, and « 250 |
therefore induces cell death. R 200 |

. . . ué 150 |
Cell death induced by transfection of clusterin 2 100 |
antisense Clusterin up-regulation during cell attachment =
and by the disruption of cell-substratum interaction led us g 58 i D

to test whether it is involved in adhesion and/or survival of
anchorage-dependent Sertoli cells. To suppress the
expression of clusterin, we synthesized an antisense
oligonucleotide designed to hybridize to the rat clusterin
mMRNA covering AUG translation initiation codon.

0 0.0625 0.125 0.25 0.5
Conc. of oligonucleotide (uM)

Transfection of ASC-17D Sertoli cells with a 20-base 14 . Antisense
antisense oligonucleotide to clusterin mRNA resulted in _ , 5, | BWRandom
~ - T

cell death in a dose-dependent manner. The induced cell
death by clusterin antisense was sequence specific because
the oligonucleotide of random sequences with the same
size to antisense had no cytotoxic effect to Sertoli cells at

1.0
0.8 |
0.6 [
0.4 |
0.2
directly induce cell death was coincident with LNCaP L L

the same molar concentration (Fig.4). The fact that
clusterin depletion, rather than clusterin induction, could

prostate cancer cell death induced by high concentration of 0 0.0625 0.125 0.25 0.5

clusterin antisense oligonucleotide (Sensisaal, 1995). Conc. of oligonucleotide (uM)

For efficient transfection, we tested several liposome

carriers and found that Lipofectin (Life Technologies, Fig. 4. Cell death induced by clusterin antisense oligonucleotide.

USA) yielded greater transfection efficiency as carrier, ASC-17D Sertoli cells were transfected with various
concentrations of clusterin antisense or random oligonucleotides

for 24 h. Cell death was examined by extracellular release of
LDH (A) and by counting the viable cell8)( Cell death by
clusterin antisense was induced in a dose-dependent manner and
showed sequence specificity.

Cell number (X10

Without the liposome carrier, cell death or growth
inhibition was not detected up to i (data not shown).
However, ASC-17D Sertoli cell death could be induced at
as low a level as 0.128M using liposome carrier (Fig. 4).
Further, we also found that clusterin antisense
oligonucleotide induced DNA ladder formation, one of the
biochemical features of apoptosis (Fig.5). However, the
mechanism of apoptotic cell death by clusterin depletion
needs to be further characterized.

Translational suppression by clusterin antisense
Inhibition of gene expression by transfection of antisense
oligonucleotide could be explained by several mechanisms
including inhibition of the new protein synthesis by
translational arrest, promotion of mMRNA degradation by
RNase H-dependent mechanism and transcriptional
repression by forming a triple helix structure (Chiang
etal, 1991; Landgraf, 1996; Stein and Cohen, 1988). In
oligonucleotides beforeA( or after B) cell attachment. The Ord_er to identify the mechanism of clusterin Sl_"ppreSSion by
transfected cells by antisense oligonucleotide, not the randorfNtISENSe, we analyzed the levels of clusterin mRNA and
oligonucleotide, underwent cell death and were scarcely seen oprotein in ASC-17D Sertoli cells transfected with antisense
the plate. In case of transfection prior to cell attachment, moré@ligonucleotide by northern and western blotting,
cell death was observed. respectively. Treatment of antisense oligonucleotide did

Fig. 3. Light microscopic photograph of rat ASC-17D Sertoli
cells following transfection with antisense oligonucleotide. Cells
were transfected with 0.5M of antisense or random
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In summary, we showed here that clusterin could be
repressed in ASC-17D Sertoli cells by transfection with an
antisense oligonucleotide of 20 bases to clusterin mRNA.
Clusterin suppression by antisense prevented the adhesion
of the anchorage-dependent Sertoli cells to plate
substratum, thereby inducing cell death. From these
results, we speculate that clusterin could play important
roles in preventing cell death by enhancing cell-cell and/or
cell-substratum interactions.
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