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Abstract  

Background 

Clusterin is a secreted glycoprotein that is upregulated in a variety of cell lines in 

response to stress, and enhances cell survival. A second nuclear isoform of clusterin 

that is associated with cell death has also been identified. The aim of this study was to 

determine the role(s) of the secretory isoform in breast tumor progression and 

metastasis. 

Methods 

To investigate the role of secretory clusterin in the biology of breast cancer tumor 

growth and resistance to therapy we have engineered an MCF-7 cell line (MCF-

7CLU) that over-expresses clusterin. We have measured the in vitro effects of 

clusterin over-expression on cell cycle, cell death, and sensitivity to TNFalpha and 

tamoxifen. Using an orthotopic model of breast cancer, we have also determined the 

effects of over-expression of clusterin on tumor growth and metastatic progression.   

Results 

In vitro, over-expression of secretory clusterin alters the cell cycle kinetics and 

decreases the rate of cell death, resulting in the enhancement of cell growth. Over-

expression of secretory clusterin also blocks the TNFalpha-mediated induction of p21 

and abrogates the cleavage of Bax to t-Bax, rendering the MCF-7CLU cells 

significantly more resistant to the cytokine than the parental cells.  Orthotopic primary 

tumors derived from MCF-7CLU cells grow significantly more rapidly than tumors 

derived from parental MCF-7 cells and, unlike the parental cells, metastasize 

frequently to the lungs. 
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Conclusions 

These data suggest that secretory clusterin, which is frequently up-regulated in breast 

cancers by common therapies, including anti-estrogens, may play a significant role in 

tumor growth, metastatic progression and subsequent drug resistance in surviving 

cells. 

   

Background  
The development of a metastatic, hormone-independent and drug resistant phenotype 

is responsible for a high percentage of treatment failures among breast cancer 

patients. Therefore, understanding the molecular mechanisms of metastasis is crucial 

for the design and effective use of novel therapeutic strategies to combat tumor 

progression [1-3]. Whether the phenotypes of drug resistance, hormone independence 

and invasion are linked genotypically, or whether they involve independent genetic or 

epigenetics processes, remains to be determined. Clusterin is a secreted heterodimeric 

70-80 kDa glycoprotein composed of alpha and beta chains linked by five inter-chain 

disulfide bonds [4, 5]. The glycoprotein is induced during apoptosis in hormone 

dependent tissues including the prostate and mammary gland [6, 7], as well as many 

other tissues in response to stress [8-11], although it is not clear whether the protein 

plays a pivotal mechanistic role in either cell death or cell survival since it is also 

expressed constitutively in many tissues [9, 11].   

 In MCF-7 breast cancer cells, the biogenesis of clusterin is significantly 

altered during tamoxifen-induced apoptosis, and a new isoform of the protein appears 

in the nucleus [12]. While the details of the changes in the intracellular trafficking that 

produce this new isoform have not been fully elucidated, it is clear that the nuclear 

isoform is not cleaved to form the alpha and beta chains and is not glycosylated, even 
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though the protein appears to retain its disulfide linkages [12]. Increases in a nuclear 

form of clusterin in response to radiation [13], heat shock [14] and other stress 

inducers [15-17] have also been described although there is no clear consensus on the 

biogenesis or structure of the nuclear protein or its function. The nuclear isoform 

produced by radiation is known to bind to Ku70/80, inhibiting non-homologous end 

joining (NHEJ) DNA repair during apoptosis [18]. While the synthesis of clusterin 

and the appearance of the nuclear isoform is clearly upregulated during apoptosis, the 

role of the secretory protein in either cell death or cell survival has not been clearly 

delineated.  

 The physiological function of secreted the glycosylated isoform is not fully 

understood, but it most likely serves as a extracellular chaperone [19], although the 

structure-function relationship remains to be firmly established [4, 20].  The protein is 

also known to bind to cholesterol and other hydrophobic ligands [21], giving rise to 

the suggestion that it is responsible for the retrograde transport of cholesterol and 

proteins in redundant membranes produced by apoptotic cells to the liver.  

Pathological or engineered over-expression of clusterin in various cell types confers 

resistance to the induction of apoptosis by several cytokines including TGFbeta, and 

TNFalpha[22-24] and promotes tumor progression in the prostate [25, 26]. Thus, 

while the protein is clearly expressed in cells that are destined to undergo apoptosis, 

the observation that high levels of clusterin expression is also seen in surviving cells 

suggests that it may play a role in cell survival. Elevated clusterin expression 

generally correlates with tumor grade in prostate cancer [27-29], although at least one 

report has shown that the level of clusterin mRNA in prostate cancer is lower than in 

paired benign tissue from the organ [30]. Clusterin  is currently being targeted using 

anti-sense RNA approaches in clinical trials for prostate cancer disease [31]. In breast 
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cancer, two small retrospective studies has shown an association with elevated 

clusterin expression and large tumor size, estrogen and progesterone receptor status 

and with the progression from the primary carcinoma to metastatic carcinoma in 

lymph nodes in breast cancer [32, 33]. The studies described here are designed to 

investigate whether secretory clusterin expression plays a causative role in the 

progression of human breast carcinoma.  

  

Methods 
Cell culture 

 MCF-7 (American Type Culture Collection, Rockville, MD), MCF-7CLU and 

SUM-159PT (University of Michigan Human Breast Cell/Tissue Bank, Ann Arbor, 

MI) were cultured in alpha-MEM medium (Life Technologies Inc, Gaithersburg, MD) 

containing 25mM HEPES and 5% fetal bovine serum (ATLAS Biologicals, Fort 

Collins, CO). Cells were routinely passaged every 4-5 days. For cell growth and 

morphological assays, MCF-7 and MCF-7CLU cells were plated at either 10,000 or 

20,000 cells/well in 24-well plates and were treated with 1, 5 or 10 micromolar 

tamoxifen (Sigma, St. Louis, MO), or 1, 5 or 10 ng/ml TNFalpha(Sigma) or ethanol 

vehicle for the indicated times, starting two days after plating. 

Over-expression of clusterin  

 MCF-7 cells were engineered to over-express the glycosylated clusterin 

isoform using Gateway Technology (Invitrogen Corporation, Carlsbad, California) 

according to the manufacturer’s protocol. Briefly, Gateway’s attB1 and attB2 

recombination sites were added to the 5’ and 3’ ends respectively of human clusterin 

cDNA [34] by PCR amplification using primers containing the attB sites. Using 
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Gateway Technology, which allows for the transfer of DNA among different vectors 

based on lambda-phage recombination, the clusterin cDNA was inserted into the 

pDONOR 201 plasmid to generate the entry clone. This vector was subsequently 

transferred into the pcDNA-DEST47 destination vector to create the expression clone 

pEXP-CLU which allows for constitutive gene expression under the control of a 

CMV promoter.  A second construct was also engineered in which the stop codon was 

altered by a single base pair mutation of TGA to GGA yielding a glycine residue 

substitution. This alteration was generated to allow for expression of a C-terminal 

GFP-tagged clusterin (pEXP-CLUGFP). The construct mutations and correct transfer 

into pcDNA-DEST47 were confirmed in all cases by automated DNA sequencing.  

 The expression constructs (pEXP-CLU and pEXP-CLUGFP) were 

independently transfected into MCF-7 cells using Lipofectamine 2000 (GibcoBRL) 

according to the manufacturer’s direction and MCF-7CLU cells were selected for by 

growth in appropriate media containing neomycin  (BRL, Gaithersberg, MD).  

 Cell growth was determined by crystal violet assays. For quantitation of total 

adherent cell number, cells were fixed with 1% gluteraldehyde (Fisher Scientific, 

Pittsburgh, PA) for 15 min, incubated with 0.1% crystal violet (Fisher Scientific) for 

30 min, destained with H20, and solubilized with 0.2% Triton X-100 (Sigma). 

Absorbance at 590 nm, which is proportional to total adherent cell number, was 

determined on a microplate reader. 

PCR analysis 

 DNA was isolated from MCF-7 and MCF-7CLUGFP cells using a 

commercially available assay according to the manufacturer’s protocol (Qiagen, 

Valencia, CA).  Primers were designed that spanned the CLUGFP gene sequence and 
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the pcDNA-DEST vector.  DNA was amplified directly using primers specific for the 

CLU-pcDNA-DEST vector to generate a product of 380 bp. For MCF-7CLU-

pcDNA-DEST47 the primers were as follows: 

5’primer: 5'-TCC CAC ACT TCT GAC TCG GAC GTT C-3' 

3’primer:    5'- GCA TCA CCT TCA CCC TCT CCA CTG A -3' 

The amplification conditions were as follows:  A denaturation step for 5 min at 95°C, 

followed by 45 sec at 95°C, 45 sec at 64°C and 45 sec at 72°C for 30 cycles, followed 

by 15 min at 72°C.  20 microliters of the PCR reaction was analyzed on a 1.5% 

agarose gel. 

Fluorescence microscopy 

MCF-7 and MCF-7CLU cells were plated at 10,000 cells/well onto poly-L-lysine 

coated Lab-Tek II chamber slides (Fisher Scientific) and fixed in 4% formaldehyde 

after 72h growth. Cells were analyzed by phase and fluorescence microscopy and 

photographed using an Olympus AX70 microscope equipped with a Spot RT digital 

camera.    

Flow cytometry 

 MCF-7 and MCF-7CLU cells were plated at a density of 8 x 10
5
 cells/150-mm 

flask.  48 h following plating, cells were treated with 1, 2.5 or 5 micromolar 

tamoxifen or 1, 2.5 or 5 ng/ml TNFalpha or ethanol vehicle for the indicated times. 

For analysis of cell cycle kinetics, MCF-7 and MCF-7CLU cells were harvested by 

trypsinization, pooled with floating cells, pelleted by centrifugation (500xg, 5 min, 

4°C), fixed and permeabilized with 90% ethanol at -20°C.  Cells were stained with 5 

micrograms/ml propidium iodide (Sigma)
 
containing RNase A (Roche Molecular 
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Biochemicals, Mannheim, Germany). For analysis of DNA fragmentation, MCF-7 

and MCF-7CLU cells were harvested by trypsinization at the indicated times, 

collected by centrifugation, fixed in 2%
 
formaldehyde in PBS, and permeabilized in 

70% ethanol at  -20°C.
  
DNA strand breaks in cells undergoing apoptosis were 

indirectly
 
labeled with bromodeoxyuridine by terminal transferase (Roche

 
Molecular 

Biochemicals) and detected by FITC-conjugated monoclonal
 
antibody to 

bromodeoxyuridine using the APO-BrdU kit according
 
to manufacturer's protocol 

(Phoenix Flow Systems, San Diego, CA).
 
Cells were counterstained with 5 

microgram/ml propidium iodide containing RNase A for detection
 
of total DNA, and 

two-color analysis of DNA strand breaks and
 
cell cycle was achieved by flow

 

cytometry.  All flow cytometric analyses were performed on an Epics XL Flow 

Cytometer (Coulter Corp., Miami, FL) equipped with an argon
 
laser.  Data was 

modeled with
 
the Multiplus AV software (Phoenix Flow

 
Systems). 

Preparation of cell lysates, conditioned media and subcellular fractions 

For cell lysates, monolayers were washed with PBS, scraped into 2 x Laemlli 

buffer (containing protease and phosphatase inhibitors) and sonicated prior to protein 

determination using the BCA protein assay (Pierce, Rockland, IL).   

For conditioned media fractions, serum free media from cells was centrifuged 

(500xg, 5 min, 4°C) to pellet any floating cells and concentrated using ultra-

centrifugation filter units (5 KDa cut-off) according to the manufacturer’s protocol 

(Fisher Scientific). 

  For subcellular fractions, adherent and floating cells were pelleted by 

centrifugation (500xg, 5 min, 4°C), resuspended in wash buffer (25 mM Tris pH 7.5, 

250 mM sucrose, 2.5 mM MgCl2, protease and phosphatase inhibitors), pelleted 
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(500xg, 5 min, 4°C), resuspended in 3 volumes of buffer A (20 mM HEPES-KOH, 

pH 7.5, 10 mM KCL, 1.5 mM MgCl2, 1 mM EDTA, 1 mM EGTA, 250 mM sucrose, 

protease and phosphatase inhibitors), lysed with a Dounce homogenizer, and 

fractionated by differential centrifugation. Briefly, homogenates were centrifuged 

twice (500xg, 5 min, 4°C) and the supernatants transferred to an ultracentrifuge tube.  

The pellets (containing nuclei) were resuspended in Buffer A, sonicated and stored at 

-80°C.  The combined supernatants were ultracentrifuged (100,000xg, 1 h, 4°C) to 

generate the cytosolic fraction (supernatant) and the non-nuclear membrane fraction 

(NNMF) (pellet). The pellets were resuspended in 100 ml Buffer A, sonicated and 

stored at -80°C. All protein samples were analyzed for total protein using the Micro 

BCA protein assay (Pierce, Rockford, IL). 

Western blot analysis 

 Subcellular fractions, conditioned media, or cell lysates isolated as described 

above were solubilized in Laemmli sample buffer, separated under reducing 

conditions by SDS-PAGE and transferred to nitrocellulose. Proteins derived from the 

NNMF and cytosolic extracts were immunoblotted with a rabbit polyclonal antibody 

directed against Bax (Clone 13666E; Pharmingen, San Diego, CA) and normalized 

for protein loading with mouse monoclonal antibodies directed against GAPDH 

(Clone 6G5; Biogenesis, Brentwood, NH) and ATP synthase (Molecular Probes, Inc., 

Eugene, OR) diluted 1:500, or 1:1000 respectively.  Proteins derived from nuclear 

fractions were immunoblotted with a mouse monoclonal antibody directed against 

p21
WAF1

 (Clone EA10; Calbiochem, San Diego, CA) diluted 1:50. Protein samples 

were normalized by comparison to a mouse monoclonal antibody antibodies directed 

against lamin A/C (Clone sc-7293; Santa Cruz, Santa Cruz, CA) diluted 1:100. 

Proteins derived from cell lysates were immunoblotted with mouse monoclonal 
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directed against ER-alpha (Clone 6F11; Nova Castra, New Castle upon Tyne, UK) or 

clusterin (Clone 7D1; RDI, Flanders, NJ) diluted 1:50 and 1:1000 respectively and 

normalized for protein loading by immunoblotting with GAPDH antibody. All 

antibodies were diluted in PBS plus 5% skim milk. Proteins derived from conditioned 

media were immunoblotted with anti-clusterin antibody (Clone 7D1; RDI, Flanders, 

NJ). Specific antibody binding was detected by the appropriate horseradish 

peroxidase-conjugated secondary antibodies (BioRad, Hercules, CA) diluted 1:5000 

in PBS plus 5% skimmed milk and detected using enhanced chemiluminescence. 

(Pierce, Rockford, IL).  The band intensities were measured and analyzed with the 

Kodak 1D imaging software. Changes in protein levels were normalized relative to 

the appropriate loading control (lamin A/C for the nuclear fraction; GAPDH for the 

cytosolic fraction, and ATP-synthase-alpha for the mitochondrial fraction) and then 

plotted relative to the appropriate control (which was normalized to a value of 1).   

Matrigel invasion assay 

 Invasion was assessed using 8 micron invasion chambers coated with growth 

factor reduced Matrigel™ (Becton Dickinson, Bedford, MA) according to the 

manufacturer’s protocol with the exception that fibroblast conditioned media (from 

NIH 3T3 cells) was used as a chemo-attractant. The number of invasive MCF-7, 

MCF-7CLU and SUM-159PT cells was determined 24 h after 1x10
4
 cells were seeded 

into the Matrigel™ chambers. At that time the Matrigel™ was removed from the 

inserts and the cells on the underside of the membranes were fixed using 1% 

gluteraldehyde for 15 min, stained with 0.1% crystal violet for 30 min and rinsed with 

water to remove unbound dye.  Membranes were dried, and numbers of invasive cells 

on each insert were counted by viewing under an Olympus AX70 microscope. 
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Orthotopic xenograft of MCF-7CLU cells 

 Six week old ovariectomized female NCr-nu mice (Taconic Farms, 

Germantown, NY) supplemented with 17-beta-estradiol-sustained release pellets 

(1.7mg/90days) (Innovative Research, Sarasota, FL), were used as hosts for MCF-7 

and MCF-7CLU xenografts.  Mice were inoculated orthotopically with 2x10
6 

cells/0.1 

ml injection directly into the inguinal mammary fat pad under anesthesia.  Body 

weight and tumor size was monitored weekly by caliper measurements of the length, 

width and height, and volume was calculated using the formula for a semi-ellipsoid 

(4/3Βr
3
/2).  When tumor volume reached approximately 200 mm

3
 (4-5 weeks), mice 

were randomized to control or tamoxifen treatment groups. Anesthetized mice were 

implanted subcutaneously with placebo or tamoxifen (15mg/60day) continuous 

release pellets. After 6 weeks of treatment, mice were euthanized, blood was collected 

by cardiac puncture, tumors and organs were removed, examined and fixed in 4% 

formalin (Fisher Scientific) for histological analysis.  All animal studies were carried 

out in accordance with an IACUC-approved protocol at the University of Notre 

Dame.  

Histological analysis of tumors and organs 

 For routine morphological assessment, tumors and organs were embedded in 

paraffin, sectioned at 5 microns, and stained with hematoxylin (Gill’s formulation 3, 

Fisher Scientific) and eosin Y (Sigma, St. Louis, MO).  Mitotic and apoptotic cells 

were identified by immunohistochemistry for proliferating cell nuclear antigen 

(PCNA) and by TUNEL assay.  For PCNA, sections were incubated with mouse 

monoclonal anti-PCNA (Nova Castra Laboratories) at a 1:50 dilution in 1% BSA-

PBS.  The secondary biotin conjugated antibody (Vector Laboratories, Burlingame, 
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CA) was applied at a 1:200 dilution in 1% BSA-PBS.  The ABC technique followed 

by diaminobenzidine was used to localize peroxidase, and sections were 

counterstained with Harris’ modified hematoxylin (Fisher).  TUNEL was performed 

with a commercially available assay according to manufacturer’s directions 

(Boehringer Mannheim, Indianapolis, IN).    

 For quantitation of proliferation and apoptosis PCNA and TUNEL positive 

cells were counted as a percentage of total cells. At least 4 mice from each group were 

chosen and 2 tumor sections (approximately 500 cells/section) from each mouse were 

quantitated for PCNA and TUNEL positivity. 

Statistical analyses 

Statistical comparisons were performed using Student’s unpaired t tests (for two 

groups) or one-way non-parametric ANOVA for more than two groups.  Data are 

expressed as the mean ±SD or mean ±SEM, depending on the context as indicated in 

the figure legends, and differences between means were considered significant at 

P<0.05. 

Results  
Stable transfection of MCF-7 cells with the pEXP-CLU using the Gateway expression 

system resulted in the integration of approximately 1-2 copies per cell, giving rise 

after selection to an MCF-7 cell line constitutively expressing secretory clusterin. This 

cell line was designated MCF-7CLU (Figure 1 panel A). One drawback of the 

Gateway system is that it is not possible to produce a companion empty vector 

control. We have therefore used an untransfected MCF-7 cell line cultured in parallel 

as the control for these experiments. The intracellular levels of clusterin in the MCF-7 

CLU cell line is increased between 10-15 fold by 48h compared to the parental line 
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(Figure 1 panels B and C). This is reflected by a substantial increase in the levels of 

extracellular clusterin (Figure 1 panel B), however since it is not possible to normalize 

the levels of extracellular clusterin, it is only possible to state that the transfected cell 

line secretes approximately 10-15 times more clusterin than the untransfected, 

unstressed MCF-7 cells. It is also important to recognize that parental MCF-7 cells 

also secrete measurable levels of clusterin over the 48h collection time. The chimeric 

GFP tagged clusterin protein is excluded from the nucleus and is localized within the 

endomembrane system, as indicated by the punctate fluorescence, rather than the 

diffuse staining typical of cytoplasmic localization (Figure 1 panel D). MCF-7 cells 

over-expressing clusterin retain their sensitivity to both estrogens and anti-estrogens 

as assessed by monitoring the changes in the steady state level of the estrogen target 

gene, pS2, by real time PCR (Figure 1 panel E). While the basal level of pS2 mRNA 

is elevated in untreated MCF-7CLU cells relative to the parental cell line, the estrogen 

induced expression of pS2 mRNA, and the responsiveness to tamoxifen is essentially 

equivalent in the parental and MCF-7CLU cell lines, indicating that clusterin over 

expression has not significantly altered the ability of the estrogen receptor to 

transactivate known target genes.   

 MCF-7CLU cells grow more rapidly than untransfected MCF-7 cells (Figure 2 

panel A). Flow cytometry demonstrates that this increase in cell number is not 

associated with dramatic changes in cell cycle (Table 1) but is associated with a 

significant decrease in apoptosis in MCF-7CLU compared to the parental MCF-7 

cells (Table 2).  In untransfected MCF-7 cells, TNFalpha induces a decrease in the 

proportion of cells in S phase with a concomitant increase in the proportion of cells in 

G0/G1 (Table 1) as well as an increase in the percentage of apoptotic cells (Table 2). 

Stable transfection of secretory clusterin abrogates the effects of TNFalpha and 
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tamoxifen on cell cycle kinetics and apoptosis in MCF-7CLU cells, resulting in the 

overall increase in cell number (Figure 2 panel A).  Clusterin over-expression confers 

significant resistance to TNFalpha, and partial resistance to tamoxifen (since MCF-

7CLU cells appear to show resistance to 1 micromolar tamoxifen (Figures 2 panels B 

and C).  

 In untransfected MCF-7 cells, TNFalpha induces the expression of p21 

(Figure 3 panel A) and stimulates the proteolytic activation of Bax, an upstream 

regulatory protein that initiates mitochondrial membrane permeability transition and 

is surrogate marker for cell death. In contrast in MCF-7 CLU cells, over-expression of 

secretory clusterin appears to block the effects of TNFalpha on both cell cycle (by 

blocking the increase in p21) and cell death by preventing the proteolytic activation of 

Bax (Figure 3 panel B). 

 In the parental MCF-7 cells, TNFalpha induces a dose dependent decrease in 

ERalpha expression by 48 h (Figure 4 panel A). In contrast, tamoxifen induces a 

slight increase in ERalpha levels in the untransfected cells. In MCF-7CLU cells the 

changes in ERalpha expression are substantially reduced but not completely abrogated 

(Figure 4 panel B).  

 In vivo, over-expression of secretory clusterin has a dramatic effect on the 

growth rate of orthotopic xenografts. As shown in Figure 5 panel A, MCF-7 cells 

grow slowly, even in estradiol supplemented mice. In contrast, MCF-7CLU cells 

grow more rapidly, reaching an average volume of 800 mm
3
 by 10 weeks, although 

the growth rate of individual tumors is quite variable. Tamoxifen significantly 

decreases the volume of the tumors derived from untransfected MCF-7 cells, but has 

no statistically significant effect on the volume of MCF-7CLU tumors (Figure 5, 
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panel B). This is reflected in the decrease in the  proportion of replicating cells in 

tumors derived from  untransfected MCF-7 cells compared to MCF-7CLU cells 

(Figure 5 panel C), and the relative increasing rate of apoptosis in the MCF-7 tumors 

after treatment with tamoxifen compared to the MCF-7CLU tumors which show a 

small, but significant increase in the percentage of apoptotic cells (Figure 5 panel D). 

Over-expression of secretory clusterin also increases the invasiveness of the 

transfected cells in vitro (Figure 6 panel A), and a significant number of primary 

tumors displayed metastatic progression to the lungs  and lymph nodes in vivo (Figure 

6 panel B and Table 3) . 

 

Discussion  
The data presented here demonstrate that over-expression of secretory clusterin alters 

the phenotypic behavior of MCF-7 breast cancer cells. The decrease in the proportion 

of MCF-7CLU cells undergoing apoptosis, without a concomitant change in the rate 

of proliferation results in a more rapid increase in cell number even in unstressed 

cells. MCF-7CLU cells are also significantly less sensitive to either the anti-estrogen, 

tamoxifen, or the cytokine, TNFalpha, both of which are known to induce apoptosis in 

the parental cell line. The reduced sensitivity of the MCF-7CLU to these biological 

modifiers is manifested by a decrease in apoptotics staining and the abrogation of 

their effects on proliferation (as measured by ApoBrdU and PI staining respectively) 

compared to the untransfected parental cell. These effects are mirrored by the 

abrogation of the increase in p21 levels in the nucleus and the lack of Bax cleavage in 

response to TNFalpha. There are two possible explanations for these effects. First, as 

has been suggested from previous studies, clusterin may bind to TNFalpha in the 

medium [23, 24], substantially reducing the effective concentration of TNFalpha. 
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Alternatively, in MCF-7CLU cells treated with TNFalpha or tamoxifen, the 

biogenesis of the newly synthesized clusterin may be modified, altering the 

intracellular signaling pathways responsible for the induction of cell cycle arrest and 

apoptosis. Two different mechanisms have been proposed to account for the changes 

in clusterin biogenesis. It has been suggested that under stress conditions the splicing 

of the clusterin primary transcript is altered, producing a mature mRNA that is 

translated on free ribosomes from an alternative start site resulting in a truncated 

protein that can be translocated to the nucleus [35]. Over-expression of this clusterin 

isoform, which binds to Ku70/80 has been shown to induce apoptosis in MCF-7 cells 

[13].  In the current studies, we have not been able to identify the variant RNA using 

RT-PCR, nor have we identified a protein of the appropriate molecular mass (49 kDa) 

by Western analysis (data not shown). Our previous studies have suggested that in 

MCF-7 cells clusterin biogenesis is altered by profound changes in the post-

translational modifications that occur after treatment with tamoxifen. These changes 

appear to occur after the full length mRNA has been translated by bound ribosomes 

[12].  During the process of co-translational translocation through the translocons of 

the endoplasmic reticulum, nascent clusterin is normally glycosylated by 

oligosaccharyltransferase a process that is regulated in part by Ost2p (DAD-1, 

defender against death-1) [36, 37]. The glycoprotein is then further modified and 

disulfide bonded in the ER, translocated to the Golgi, and cleaved to form the mature 

alpha and beta disulfide linked chains in the trans Golgi [12]. Over-expression of 

clusterin or other secretory proteins does not appear to induce an ER-overload 

response [38], and it is unlikely that the glycosylation, processing or trafficking of the 

glycoprotein is altered as a consequence of over-expression. In MCF-7 cells, during 

apoptosis induced by TNFalpha or anti-estrogen treatment, clusterin expression is 
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significantly upregulated [12]. However, Ost2p/DAD-1 is also inactivated [39, 40] 

and the initial glycosylation of clusterin (and other glycoproteins) is abrogated as the 

structural integrity of the oligosaccharyltransferase is compromised [41]. While this 

does not interfere with the translation or translocation of the nascent protein, or its 

subsequent folding and disulfide bond formation, the non-glycosylated protein is not 

cleaved into the mature heterodimer in the Golgi. This induces ER overload [38] 

resulting in the appearance of the uncleaved, disulfide-linked protein in the nucleus of 

dying cells [12]. The retro-translocation of clusterin from the endomembrane system 

to the cytoplasm has recently been confirmed [42], providing an important missing 

component in the biosynthesis of the disulfide linked nuclear isoform. These latter 

studies also provide a rational explanation for the presence of the protein in the 

cytoplasmic compartment where it has been shown to influence TGFbeta-mediated 

signaling and inhibit apoptosis through a direct interaction with activated Bax [43].   

 The observation that clusterin over-expression also stimulates invasion and 

metastatic progression, at least to the lungs, suggests that the secreted glycoprotein 

has additional extracellular functions. This increase in the number of metastatic sites 

does not appear to correlate simply with the increased size of the MCF-7CLU primary 

tumors, although we cannot definitively rule out this possibility. In our view it is more 

likely that secretory clusterin plays one or more distinct roles in the metastatic spread 

of the cells from the primary tumor.  Hematogeneous spread of tumor cells is a 

complex process that involves intravasation into the microvasculature surrounding the 

primary tumor, survival of tumor cells in the circulation and extravasation from the 

microvasculature at the metastatic site [44, 45]. For many metastatic cells, survival is 

enhanced through heterotypic cell-cell interactions, which promotes embolus 

formation. Embolus formation also increases the likelihood that invasive cells arrest 
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in the microvasculature at the metastatic site, and enhances the probability that the 

cells will extravasate. It is likely that chronic over-expression of clusterin in cells 

which survive therapy results in the clustering of tumor cells, platelets and other 

circulating cells to form emboli,  possibly as a by-product of the function of the 

glycoprotein as an extracellular chaperone, as originally described by Fritz and his 

colleagues who first described and named the protein [46]. 

 While the experimental design used in this study cannot exclude the 

possibility that some of the clusterin synthesized within the endomembrane system is 

retro-translocated to the nucleus even in the unstressed cells over-expressing the 

secretory isoform, we were unable to detect any nuclear clusterin prior to treatment 

with TNFalpha or tamoxifen (Figure 1 D and data not shown). This suggests that the 

phenotypic changes seen in the unstressed MCF-7CLU cells are probably due to the 

secretory glycoprotein rather than intracellular isoforms. However, it is likely that 

changes in endomembrane trafficking accompanying the response of the MCF-7CLU 

cells to TNFalpha (in vitro) and tamoxifen (in vivo) result in ER overload and the 

retrotranslocation of a proportion of the nascent protein to the nucleus, although we 

have been unable to detect the nuclear isoform during treatment with tamoxifen or 

TNFalpha or in surviving cells using immunofluorescence.  Thus, it is not possible to 

fully delineate which of the observed effects on the phenotype of the MCF-7CLU 

after treatment are due to effects of the secretory isoform and which are due to the 

cytoplasmic or nuclear isoforms. In fact, it is probable that the phenotypic changes in 

the MCF-7CLU cells, including their increased resistance to cell death and the 

acquisition of the invasive phenotype represents the combined effect of the 

extracellular and intracellular isoforms.  Further work will be required to dissect these 
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responses and refine the target for interventional therapies such as the anti-sense 

approaches currently being pursued by others for the treatment of prostate cancer.    

Conclusions  
These data demonstrate that secretory clusterin, which is frequently up-regulated in 

breast cancers by common therapies, including anti-estrogens, may play a significant 

role in tumor growth and metastatic progression by blocking the apoptotic signaling, 

leading to cell survival and by increasing the ability of cells to survive during one or 

more phases of the metastatic process. Targeting the secreted form of clusterin may 

decrease the rate of metastatic progression. 

Competing interests 
The authors declare that they have no competing interests. 

 

Authors' contributions 
LF was responsible for the in vivo studies described in this manuscript. LW was 

responsible for the in vitro experiments, including the cloning and over expression of 

clusterin. NC performed the experiments designed to demonstrate that the over-

expression of clusterin did not alter the sensitivity of the transfected cells to estradiol.  

MT conceived and designed the experiments described in this manuscript. All authors 

collaborated to analyze the data, and write the manuscript.  

Acknowledgements  
This research was supported by the Coleman Foundation, a post-doctoral award to LF 

from the Breast Cancer Research Program of the Department of Defense (DAMD 17-

02-1-0527) and a pre-doctoral dissertation award to LW from the Komen Foundation 

for Breast Cancer Research. The authors would like to acknowledge Ken Jones for his 



 - 20 - 

excellent technical assistance, and Jeffrey Dawson, Jennifer Hurley and John Park for 

their assistance in various stages of the projects. The authors would also like to thank 

Drs. JoEllen Welsh and Judy Narvaez for their input into the design and execution of 

these experiments.    

 

References 
1.  Gu B, España L, Méndez O, Torregrosa A, Sierra A:  Organ-selective 

chemoresistance in metastasis from human breast cancer cells: inhibition of 

apoptosis, genetic variability and microenvironment at the metastatic focus. 

Carcinogenesis 2004, 12:2293-2301. 

2.  Pearse RN: New strategies for the treatment of metastatic bone disease. Clin 

Breast Cancer 2007, 8:S35-S45. 

3.  Shah GD, Abrey LE: Chemotherapy for brain metastases: breast, gynecologic 

and non-melanoma skin malignancies. Cancer Treat Res 2007, 136:185-197. 

4.  Kapron JT, Hilliard GM, Lakins JN, Tenniswood MP, West KA, Carr SA, Crabb 

JW:  Identification and characterization of glycosylation sites in human serum 

clusterin. Protein Sci 1997, 6:2120-2133. 

5. Bailey RW, Dunker AK, Brown CJ, Garner EC, Griswold MD. Clusterin, a 

binding protein with a molten globule-like region. Biochem 2001, 40:11828-11840.  

6.  Lakins J, Bennett SA, Chen JH, Arnold JM, Morrissey C, Wong P, O'Sullivan J, 

Tenniswood M: Clusterin biogenesis is altered during apoptosis in the regressing 

rat ventral prostate. J Biol Chem 1998, 273:27887-27895. 



 - 21 - 

7.   Guenette RS, Corbeil HB, Léger J, Wong K, Mézl V, Mooibroek M, Tenniswood 

M: Induction of gene expression during involution of the lactating mammary 

gland of the rat. J Mol Endocrinol 1994, 12:47-60. 

8.  Jenne DE, Tschopp J. Clusterin: the intriguing guises of a widely expressed 

glycoprotein. Trends Biochem Sci 1992, 17:154-159.  

9.  Tenniswood MP, Guenette RS, Lakins J, Mooibroek M, Wong P, Welsh JE: 

Active cell death in hormone-dependent tissues. Cancer Met Rev 1992, 11:197-

220.  

10. Wilson MR, Easterbrook-Smith SB. Clusterin is a secreted mammalian 

chaperone. Trends Biochem Sci 2000 25:95-98. 

11. Shannan B, Seifert M, Leskov K, Willis J, Boothman D, Tilgen W, Reichrath J: 

Challenge and promise: roles for clusterin in pathogenesis, progression and 

therapy of cancer. Cell Death  Diff  2006, 13:12-19.  

12. O'Sullivan J, Whyte L, Drake J, Tenniswood M: Alterations in the post-

translational modification and intracellular trafficking of clusterin in MCF-7 

cells during apoptosis. Cell Death  Diff 2003, 10:914-927. 

13. Yang CR, Leskov K, Hosley-Eberlein K, Criswell T, Pink JJ, Kinsella TJ, 

Boothman D: Nuclear clusterin/XIP8, an x-ray-induced Ku70-binding protein 

that signals cell death. Proc Natl Acad Sci USA 2000, 97:5907-5912. 

14. Caccamo AE, Desenzani S, Belloni L, Borghetti AF, Bettuzzi S: Nuclear 

clusterin accumulation during heat shock response: implications for cell survival 

and thermo-tolerance induction in immortalized and prostate cancer cells. J Cell 

Physiol 2006, 207: 208-219. 



 - 22 - 

15. Michel D, Chatelain G, North S, Brun G. Stress-induced transcription of the 

clusterin/apoJ gene. Biochem J 1997, 328:45-50. 

16. Carver JA, Rekas A, Thorn DC, Wilson MR: Small heat-shock proteins and 

clusterin: intra- and extracellular molecular chaperones with a common 

mechanism of action and function? IUBMB Life 2003 55:661-668.  

17. Trougakos IP, Gonos ES: Regulation of clusterin/apolipoprotein J, a functional 

homologue to the small heat shock proteins, by oxidative stress in ageing and 

age-related diseases. Free Rad Res 2006, 40:1324-1334. 

18. Leskov KS, Criswell T, Antonio S, Li J, Yang CR, Kinsella TJ, Boothman DA: 

When X-ray-inducible proteins meet DNA double strand break repair. Sem Rad 

Oncol 2001, 11:352-72.   

19. Stewart EM, Aquilina JA, Easterbrook-Smith SB, Murphy-Durland D, Jacobsen 

C, Moestrup S, Wilson MR: Effects of glycosylation on the structure and function 

of the extracellular chaperone clusterin. Biochem 2007, 46:1412-1422. 

20. Lakins JN, Poon S, Easterbrook-Smith SB, Carver JA, Tenniswood MP, Wilson 

MR. Evidence that clusterin has discrete chaperone and ligand binding sites. 

Biochem 2002, 41:282-291. 

21. de Silva HV, Stuart WD, Park YB, Mao SJ, Gil CM, Wetterau JR, Busch SJ, 

Harmony JA: Purification and characterization of apolipoprotein J.  J Biol Chem 

1990, 265:14292-14297. 

22. Sensibar JA, Sutkowski DM, Raffo A, Buttyan R, Griswold MD, Sylvester SR, 

Kozlowski JM , Lee C: Prevention of cell death induced by tumor necrosis factor 



 - 23 - 

alpha in LNCaP cells by overexpression of sulfated glycoprotein-2 (clusterin).  

Cancer Res 1995, 55:2431-2437. 

23. Humphreys D, Hochgrebe TT, Easterbrook-Smith SB, Tenniswood MP, Wilson 

MR: Effects of clusterin overexpression on TNFalpha- and TGFbeta-mediated 

death of L929 cells. Biochem 1997, 36:15233-15243.  

24. Sintich SM, Steinberg J, Kozlowski JM, Lee C, Pruden S, Sayeed S, Sensibar JA: 

Cytotoxic sensitivity to tumor necrosis factor-alpha in PC3 and LNCaP prostatic 

cancer cells is regulated by extracellular levels of SGP-2 (clusterin). Prostate 

1999, 39:87-93. 

25. Zhan P, Lee EC, Packman K, Tenniswood M: Induction of invasive phenotype 

by Casodex in hormone-sensitive prostate cancer cells. J Steroid Biochem Mol Biol 

2002, 83:101-111. 

26. Lee EC, Zhan P, Schallhorn R, Packman K, Tenniswood M: Antiandrogen-

induced cell death in LNCaP human prostate cancer cells. Cell Death Diff 2003, 

10:761-71. 

27. Steinberg J, Oyasu R, Lang S, Sintich S, Rademaker A, Lee C, Kozlowski JM, 

Sensibar JA: Intracellular levels of SGP-2 (Clusterin) correlate with tumor grade 

in prostate cancer. Clin Cancer Res 1997, 10:1707-1711. 

28. Pins MR, Fiadjoe JE, Korley F, Wong M, Rademaker AW, Jovanovic B, Yoo TK, 

Kozlowski JM, Raji A, Yang XJ, Lee C: Clusterin as a possible predictor for 

biochemical recurrence of prostate cancer following radical prostatectomy with 

intermediate Gleason scores: a preliminary report. Prostate Cancer Prostatic Dis 

2004, 7:243-248. 



 - 24 - 

29. Miyake H, Muramaki M, Kurahashi T, Yamanaka K, Hara I, Gleave M, Fujisawa 

M: Expression of clusterin in prostate cancer correlates with Gleason score but 

not with prognosis in patients undergoing radical prostatectomy without 

neoadjuvant hormonal therapy. Urol 2006, 68:609-614. 

30. Miyake H, Hara I, Gleave ME: Antisense oligodeoxynucleotide therapy 

targeting clusterin gene for prostate cancer: Vancouver experience from 

discovery to clinic. Int J Urol 2005, 12:785-794. 

31. Bettuzi S, Davalli P, Astancolle S, Carani C, Madeo B, Tampiera A, Corti A: 

Tumor progression is accompanied by significant changes in the levels of 

polyamine metabolism regulatory genes and clusterin (sulfated glycoprotein 2) in 

human prostate cancer specimens. Cancer Res 2000, 60:28-34. 

32. Doustjalali, Yusof R, Yip C-H, Looi L-M, Pillay B, Hashim O: Aberrant 

expression of acute phase reactant proteins in sera and breast lesions of patients 

with malignant and benign tumors. Electrophoresis 2004, 25:2392-2401. 

33. Redondo M, Villar E, Torres-Muñoz J, Tellez T, Morell M & Petito CK: 

Overexpression of clusterin in human breast carcinoma. Am J Pathol 2000, 157: 

393-399. 

34. Wong P, Taillefer D, Lakins J, Pineault J, Chader G, Tenniswood M: Molecular 

characterization of human TRPM-2/clusterin, a gene associated with sperm 

maturation, apoptosis and neurodegeneration. Eur J Biochem 1994, 221:917-925.  

35. Leskov KS, Klokov DY, Li J, Kinsella TJ Boothman DA: Synthesis and 

functional analyses of nuclear clusterin, a cell death protein. J Biol Chem 2003, 

278:11590-11600. 



 - 25 - 

36. Yan A, Lennarz WJ: Unraveling the mechanism of protein N-Glycosylation. J 

Biol Chem 2004, 280:3121-3124. 

37. Kelleher D, Gilmore R: An evolving view of eukaryotic oligosaccharyl-

transferase. Glycobiol 2006, 16:47R-62R. 

38. Pahl HL: Signal transduction from the endoplasmic reticulum to the cell 

nucleus. Physiol  Rev 1999, 79:683-701. 

39. Sugimoto A, Hozak RR, Nakashima T, Nishimoto T, Rothman JH: Dad-1, an 

endogenous programmed cell death suppressor in Caenorhabditis elegans and 

vertebrates. EMBO J 1995, 14:4434-4441. 

40. Hong NA, Flannery M, Hsieh SN, Cado D, Pedersen R, Winoto A: Mice lacking 

Dad1, the defender against apoptotic death-1, express abnormal N-linked 

glycoproteins and undergo increased embryonic apoptosis. Dev Biol 2000, 

220:76-84. 

41. Kelleher D, Gilmore R: DAD1, the defender against apoptotic death, is a 

subunit of the mammalian oligosaccharyltransferase. Proc Natl Acad Sci USA 

1997, 94: 4994-4999. 

42. Nizard P, Tetley S, LeDréan Y, Watrin T, Le Goff P, Wilson MR, Michel D: 

Stress-Induced retrotranslocation of clusterin/ApoJ into the cytosol. Traffic 2007, 

8:554-564. 

43. Zhang H, Kim JK, Edwards CA, Xu Z, Taichman R, Wang CY: Clusterin 

inhibits apoptosis by interacting with activated Bax. Nature Cell Biol 2005, 7:909-

915. 



 - 26 - 

44. Tuszynski GP, Wang TN, Berger D: Adhesive proteins and the hematogenous 

spread of cancer. Acta Haematol 1997,  97:29-39. 

45. Chambers AF, Naumov GN, Varghese HJ, Nadkarni KV, MacDonald IC, Groom 

AC: Critical steps in hematogenous metastasis: an overview. Surg Oncol Clin 

North Am 2001, 10:243-55. 

46. Blaschuk O, Burdzy K, Fritz IB: Purification and characterization of a cell-

aggregating factor (clusterin), the major glycoprotein in ram rete testis fluid. J 

Biol Chem 1983, 258:7714-7720. 

Figure legends 
Figure 1  Over-expression of clusterin in MCF-7 cells 

Panel A: Stable transfection of clusterin into MCF-7 cells using the Gateway pDEST-

clusterin, verified by PCR amplification. Following stable transfection into MCF-7 

cells using the pDEST-CLU generated by the Gateway technology, nuclear DNA was 

prepared from MCF-7 and MCF-7CLU cells and analyzed for plasmid integration by 

PCR amplification using clusterin and vector DNA sequences derived from the 

clusterin cDNA and the vector. The pEXP-clusterin was used as a positive control. 

Panel B: Cell lysates (30 micrograms) and conditioned medium (50 microliters) 

prepared from MCF-7 and MCF-7CLU before and after 48 h of incubation in serum 

free medium were separated on 12.5% SDS-PAGE gels and immunoblotted with 

mouse monoclonal antibodies against clusterin and GAPDH. Blots are representative 

of three independent experiments. 

Panel C: Comparison of baseline expression of the intracellular clusterin protein 

expression in MCF-7 and MCF-7CLU cells were normalized against GAPDH 

Panel D:  Localization of GFP-tagged clusterin in stably transfected MCF-7 cells. 
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MCF-7 and MCF-7CLU cells were seeded onto poly-L-lysine coated chamber slides 

and grown for 48h prior to fixing and photography. Scale bar: 25 micrometers. 

Panel E:  Relative expression of pS2 in MCF-7 and MCF-7CLU cells in response to 

estradiol. 

MCF-7 and MCF-7CLU cells were grown in the presence of absence of estradiol 

and/or 10 micromolar tamoxifen for 48h. RNA was extracted and the level of relative 

pS2 mRNA was determined by RT-PCR.  

 

Figure 2 - Effect of TNFalpha and tamoxifen on MCF-7 and MCF-7CLU cell 

adherent cell number.  

Panel A: MCF-7 (black bars) and MCF-7CLU (grey bars) cells were plated at 20,000 

cells per well and allowed to grow for the indicated times. Total adherent cell number 

was determined by crystal violet staining. 

Panel B: MCF-7 and MCF-7CLU cells were plated at 10,000 cells per well.  Two 

days later cells were treated with ethanol vehicle or varying concentrations of 

TNFalpha (1, 5 and 10 ng/ml) for 48 h.  

Panel C: MCF-7 and MCF-7CLU cells were plated at 10,000 cells per well.  Two 

days later cells were treated with ethanol vehicle or varying concentrations of 

tamoxifen (1, 5 and 10 micromolar) for 72 h.  

Data represents mean±SEM of four values per time point.  Similar results were 

obtained from at least three other independent experiments.  *P<0.05. 

 

Figure 3 - Effect of TNFalpha on p21 and Bax in MCF-7 and MCF-7CLU cells  

Panel A: Nuclear extracts prepared from MCF-7 and MCF-7CLU cells treated with 

ethanol or 5ng/ml TNFalpha for 48 h were separated on 10% SDS-PAGE gels and 

immunoblotted with mouse monoclonal antibodies against p21. Nuclear p21 protein 
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expression was normalized against lamin A/C and plotted relative to appropriate 

control. Blots are representative of two independent experiments.   

Panel B: Cytosolic fractions prepared from MCF-7 and MCF-7CLU cells treated with 

ethanol vehicle or 5 ng/ml TNFalpha for 48 h were separated on 12.5% SDS-PAGE 

gels and immunoblotted with monoclonal antibodies directed against bax and 

GAPDH. Non-nuclear membrane (NNMF) fractions were separated on 12.5% SDS-

PAGE gels and immunoblotted with monoclonal antibodies directed against Bax, 

GAPDH and ATP synthase. Blots are representative of two independent experiments. 

Data are expressed as mean±range. 

 

Figure 4 - Effects of TNFalpha and tamoxifen on ERalpha expression in MCF-7 

and MCF-7CLU cells.   

Total cell lysates prepared from MCF-7 (Panel A) and MCF-7CLU (Panel B) cells 

treated with ethanol vehicle, TNFalpha (1, 2.5 and 5 ng/ml) or tamoxifen (1, 2.5 

micromolar) in serum free medium for 48h were separated on 10% SDS-PAGE gels 

and immunoblotted with mouse monoclonal antibodies against ERalpha and GAPDH.  

Individual band intensity was normalized against GAPDH and plotted relative to 

appropriate control. Blots are representative of three independent experiments. 

Results are expressed as Mean±SD, *, p<0.05 (control versus treated). 

 

Figure 5 - Response of MCF-7 and MCF-7CLU cells grown as orthotopic 

xenografts to tamoxifen  

Panel A: Ovariectomized nude mice supplemented with slow release estradiol pellets 

(1.7mg/90 day) were inoculated with MCF-7 or MCF-7CLU cells and allowed to 

grow for 4-5 weeks.  *P<0.05; MCF-7 vs MCF-7CLU. (n=10-12) 
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Panel B: Ovariectomized nude mice supplemented with slow release estradiol pellets 

(1.7mg/90 day) were inoculated with MCF-7 or MCF-7CLU cells and allowed to 

grow for 4-5 weeks until tumors measured 200mm
3
. Animals were implanted with 

slow release placebo or tamoxifen pellets. Results are expressed as mean ±SD.  

*P<0.05 (control versus treated, n=10) 

Panel C: Formalin-fixed sections from placebo or tamoxifen treated MCF-7 or MCF-

7CLU tumors were labeled for cellular proliferation using PCNA. Representative 

sections stained for PCNA (scale bar: 50micrometers). Positive cells were counted as 

a percentage of total cells. A minimum of 500 cells from each of two sections from 

four mice per treatment group were evaluated.  *P<0.05 control vs treated. 

Panel D: Formalin-fixed sections from placebo or tamoxifen (15mg/60day) treated 

MCF-7 or MCF-7CLU tumors, excised after 10 weeks of treatment, were TUNEL 

labelled. Representative TUNEL-stained sections (scale bar: 50 micrometers).   

Positive cells were counted as a percentage of total cells. A minimum of 500 cells 

from each of two sections from four mice per treatment group were evaluated.  

*P<0.05 control vs treated. 

 

Figure 6 - Invasive and Metastatic Potential of MCF-7 and MCF-7CLU 

Panel A: In vitro invasive potential was analysed using a Boyden chamber 

Matrigel™ invasion assay. Cells that invaded through the 8 micron Matrigel™ 

membrane and attached to the bottom of the well were fixed with 1% gluteraldehyde, 

stained with crystal violet, allowed to dry and counted using a light microscope. Data 

represent the mean±SEM of 3 independent experiments performed in quadruplicate 

for each cell line. SUM-159PT cells are shown as a positive control. *P<0.05; MCF-7 

vs MCF-7CLU and SUM-159PT. 
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Panel B: Representative lung tissue sections from mice inoculated orthotopically with 

MCF-7 or MCF-7CLU were formalin fixed, paraffin embedded, sectioned and stained 

with hematoxylin and eosin. Incidence of metastatic lung deposits was monitored in 

animals 10 weeks after implantation.   Arrow indicates MCF-7CLU metastatic foci to 

the lung.  Lung sections from mice inoculated with the metastatic SUM-159PT are 

shown as positive controls.  Bar: 100 microns. 

 

Tables 
 

Table 1:  Effects of TNFalpha and Tamoxifen on MCF-7 and MCF-7CLU cell cycle kinetics.   

 G0/G1  S G2/M   

MCF-7 MCF-7CLU MCF-7 MCF-7CLU MCF-7 MCF-7CLU 

Control 61.6± 2.8 52.8±2.5* 27±2.1 35.2±4.0* 12.4±1.8 11.5±3.8 

Tamoxifen  

(5 micromolar) 

75.2±3.4 60±3.0* 14.5±4.0 31.7±2.1* 9.5±3.0 8.3±1.9 

TNF-alpha  

 (5ng/ml) 

72.8±1.4 56.3±2.2* 15.3±3.8 41.9±3.4* 11.9±2.0 1.6±1.2* 

 

MCF-7 and MCF-7 CLU cells were grown in culture and treated with ethanol vehicle, 

TNFalpha (5 ng/ml) or tamoxifen (5 micromolar) for 48 h. Cells were harvested, 

ethanol fixed and stained with propidium iodide and analyzed by flow cytometry. 

Results are expressed as mean±SD of three independent replicates. (* indicates 

significant differences between means (MCF-7 versus MCF-7CLU), p<0.05). 
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Table 2: Effects of TNFalpha and Tamoxifen on MCF-7 and MCF-7CLU DNA fragmentation.   

 

MCF-7 and MCF-7 CLU cells were grown in culture and treated with ethanol vehicle, 

TNFalpha (5 ng/ml) or tamoxifen (5 micromolar) for 48 h as described in Materials 

and Methods.  DNA strand breaks were labeled with Br-dUTP and detected using a 

FITC-conjugated anti-BrdU antibody and analysed by flow cytometry as described in 

Materials and Methods.  Data are expressed as the percentage of cells positive for 

DNA fragmentation. Results are expressed as mean ± SD of three independent 

replicates. (* indicates significant differences between means (MCF-7 versus MCF-

7CLU), p<0.05). 

Percentage Apoptotic Cells MCF-7 MCF-7CLU 

 Control 13.6±1.4 7.4±1.2* 

Tamoxifen (5micromolar) 22.2±2.8 5.6±1.4* 

TNFalpha (5 ng/mL) 22.6±1.8 6.4±1.8* 
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Table 3: Frequency of macroscopic metastases in nude mice after orthotopic implantation of 

MCF-7 or MCF-7CLU cells in the inguinal fat pad of female NCR/nu mice. 

 

 

 

 

 

 

 

Tumor Type Gross Morphology 

    Lymph Nodes     Lung                          Liver 

MCF-7 0/35 0/35 0/35 

MCF-7CLU 26/35 11/35 1/35 
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