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Abstract 

The 88 kDa glycoprotein known as GP88, Progranulin or PC cell derived growth factor is an auto-
crine growth factor with a unique cysteine rich motif that is over expressed in breast cancer whe-
reas it is negative in normal mammary epithelial cells. It has been shown to play a major role in 
estrogen independence, tamoxifen resistance and tumorigenesis of breast cancer cells. In the 
present study, we investigated the effect of GP88 overexpression on the response of the human 
breast cancer MCF-7 cells to the pure estrogen receptor antagonist fulvestrant (ICI 182,780). 
While fulvestrant effectively inhibited cell proliferation of empty vector transfected cells, it had no 
inhibitory effect on the proliferation of GP88 overexpressing breast cancer cells. Mouse xenograft 
experiments in athymic ovariectomized nude mice showed that GP88 over expressing cells were 
fulvestrant resistant in vivo in contrast to low GP88 expressing cells. We show that the ability of 
fulvestrant to induce apoptosis determined by measuring cleavage of poly (ADP-ribose) polyme-
rase was inhibited by GP88. Anti-apoptotic activity of GP88 was associated with sustained expres-
sion of bcl-2 and bcl-xL after fulvestrant treatment. In contrast, fulvestrant was still able to inhibit 
the ability of estrogen to stimulate ERE-luciferase reporter gene activity as well as vEGF expres-
sion in GP88 over expressing MCF-7 cells similarly to control MCF-7 cells. Collectively, our data 
suggest that GP88 prevents apoptosis induced by faslodex and contributes to antiestrogen resis-
tance in human breast cancer. 
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1. Introduction 

Anti-estrogen therapy is the treatment of choice in all stages of estrogen receptor positive (ER+) breast cancer [1]. 
These agents target either estrogen binding, interaction with its receptor or estrogen synthesis. They include Se-
lective Estrogen Receptor Modulator (SERM) such as tamoxifen and its derivatives, Selective Estrogen Receptor 
down-regulators (SERD) such as faslodex (fulvestrant or ICI 182, 780) and aromatase inhibitors such as letrozole 
or anastrozole. Tamoxifen is the first developed antiestrogen that acts by inhibiting the binding of estrogen to its 
receptor [2]. It has been the most commonly prescribed drug for breast cancer, and is currently used for the 
treatment of advanced disease as well as adjuvant therapy after surgery for early breast cancer [3]. Fulvestrant 
(faslodex, ICI 182,780) is a steroidal estrogen receptor (ER) pure antagonist that acts by binding with high affinity 
to the ER and down-regulating ER expression [4] [5]. It was developed as an alternative anti-estrogen therapy due 
to the unfavorable agonistic effect of tamoxifen in the endometrium [6]. Unlike tamoxifen, the conformation 
fulvestrant-ER complex inhibits the activation function of ER, disrupts dimerization and nuclear translocation of 
the complex and results in ER degradation. Fulvestrant is well-tolerated and produces good response rates when 
used in patients who develop tamoxifen resistance. In fact, clinical studies have suggested fulvestrant as a second 
line antiestrogen [7] [8]. Although these agents are effective and show promising clinical results, resistance to 
these agents can also be observed after a period of treatment [9] [10]. More than half of the patients, who failed 
previous treatment with tamoxifen, still do not respond to fulvestrant [8] [11]. There have been several mechan-
isms of action to explain anti-estrogen resistance. Among them, one possible mechanism of anti-estrogen therapy 
resistance in ER+ tumors [3] [12] has been the constitutive overexpression of autocrine growth/survival factors, 
and/or the upregulation of growth factor receptor by tumor cells [13] [14]. Such increased autocrine or paracrine 
growth factor signaling network may bypass the need for ER-mediated growthstimulation in human breast cancer 
cells, thus rendering anti-estrogen therapy ineffective. For example, clinical studies have reported a decreased 
efficacy of tamoxifen for tumors overexpressing c-erbB2 (6) and EGFR [15]-[18]. In addition to inhibiting the 
growth promoting effect of estrogen, anti-estrogen have also been shown to induce programmed-cell death in 
breast cancer cell lines and in clinical samples [19]-[24]. Failure to undergo apoptosis in response to anti-estrogen 
would also confer drug resistance [25] Therefore, increase in growth factor signaling that mediates both prolife-
ration signals and anti-apoptotic signals may induce resistance to anti-estrogen therapy. 

GP88 is the 88 kDa cysteine-rich glycoprotein autocrine growth factor originally purified from the highly tu-
morigenic mouse teratoma PC cells by applying a biological screen to mine for drivers of tumorigenesis [26]. 
GP88, (also known as granulin/epithelin precursor, progranulin, acrogranin or PC-cell derived growth factor) is 
the largest member of the granulin-epithelin family of growth modulators characterized by 71/2 granulin repeats 
containing a unique double cysteine rich motif [27]. This protein has been found to have pleiotropic functions in 
normal and diseased human tissues. In particular, GP88 has been found to be overexpressed in many cancers 
whereas it is not expressed in the normal tissue counterparts [26]-[28]. GP88 stimulates proliferation, survival and 
metastasis in several cancer cell types via activation of multiple pathways that include MAP kinase and P-I-3 
kinase pathways, FAK kinase [27]. In human breast cancer cells, GP88 expression was stimulated by estradiol in a 
time- and dose-dependent fashion in estrogen receptor positive cells [29]. In these cells, GP88 was shown to 
mediate the mitogenic activity of estrogen by stimulating cyclin D1 expression [29]. Inhibition of GP88 expres-
sion in estrogen receptor negative MDA-MB-468 cells by antisense transfection led to a complete inhibition of 
tumorigenesis in nude mice [30].  

Overexpression of the autocrine growth factor GP88 in ER+ breast cancer cells leads to tamoxifen resistance in 
vitro and in vivo while the cells remained ER+ [31]. In addition, we have shown that GP88 confers resistance to the 
aromatase inhibitor letrozole in aromatase overexpressing cells MCF7-CA and AC1 cells while estrogen receptor 
expression remained unchanged [32]. Naturally letrozole resistant cells LTLT and AC1LTR cells overexpressed 
GP88 whereas inhibition of GP88 by SiRNA restored letrozole responsiveness [32]. Pathological studies with 
paraffin embedded breast cancer biopsies have shown positive GP88 tissue expression in 60% of ductal carcinoma 
in situ (DCIS) and 80% of invasive ductal carcinoma (IDC) whereas normal mammary epithelium and benign 
tumors were GP88 negative [33] In IDC, GP88 expression correlated with parameters of poor prognosis such as 
tumor grade, proliferation index and p53 expression. Recent studies investigating the correlations of GP88 tumor 
tissue expression in ER+  IDC with clinical outcomes showed that patients with high GP88 tumor expression 
(GP88 3+) were associated with a 4-fold increase in recurrence and mortality when compared to patients with low 
or no GP88 tissue expression [34]. Increased levels of circulating GP88 were found in breast cancer patients when 
compared to healthy subjects [35].  
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Because of the role of GP88 on breast cancer cells and since GP88 confers resistance to a SERM (tamoxifen) 
and to an aromatase inhibitor (letrozole), it would be interesting to examine the effect of GP88 on anti-estrogen 
compound with a different mode of action such as the SERD faslodex. The present study focused on investigating 
the effect of GP88 on the faslodex responsiveness of breast cancer cells in vitro and in vivo. 

2. Material and Methods 

2.1. Materials 

17β-Estradiol (E2) was purchased from Calbiochem (San Diego, CA). G418, Taq polymerase and Superscript II 
were obtained from Gibco BRL (Gaithersburg, MD). Fulvestrant was purchased from Tocris (Ellisville, MO). 
Oligonucleotide primers used in the RT-PCR were synthesized by the Biopolymer Core Laboratory of the Uni-
versity of Maryland (Baltimore, MD). Placebo and fulvestrant time-release pellets were manufactured at Inno-
vative Research of America (Sarasota, FL). Enhanced chemiluminescence kit was obtained from Pierce (Rockford, 
IL). Mouse anti-poly (ADP-ribose) polymerase antibody (anti-PARP) was purchased from Oncogene Research 
(Boston, MA).  

2.2. Cell Lines 

MCF-7 cell line was originally obtained from the American Type Culture Collection (Manassas, VA). GP88 
overexpressing MCF-7 cells and empty vector MCF-7 control cells were developed in our laboratory as pre-
viously described [30] [31]. These cells were cultured in DMEM/F12 supplemented with 5% FBS and 50 µg/ml 
gentamicin (Sigma) and 400 µg/ml G418 (Gibco).  

2.3. Proliferation Assay 

Proliferation assay was performed in 6-well tissue culture plates (Costar, Cambridge, MA). 5 × 104 cells were 
plated in phenol red-free α-MEM (PFMEM) supplemented with 5% charcoal extracted fetal bovine serum 
(CHX-FBS). Cells were treated with either 1 nM E2 alone or in combination with 10 nM fulvestrant. Control cells 
were treated with vehicle alone (0.01% DMSO). Medium was changed at day 4. Cell numbers were determined 
with a hemocytometer. Each time point was performed in triplicate.  

2.4. In Vivo Tumorigenesis Assay 

All animal studies were approved by the Institutional Animal Care and Use Committee of the University of 
Maryland, Baltimore. Control and GP88 overexpressing MCF-7 cells (5 × 106 cells per site) were injected sub-
cutaneously in two sites into six-week-old ovariectomized athymic female nude mice (National Cancer Institute, 
Frederick, MD). E2 pellets (1.7 mg, 60 day release) were implanted subcutaneously in the back, one day before 
inoculating the cells. The animals received fulvestrant pellets (2.5 mg, 60-day release) or placebo pellets (Inno-
vative Research of America, Sarasota, FL), ten days after the cell inoculation, when the tumors were visible. The 
width (W) and length (L) of individual tumors were measured using a caliper. Average tumor volume was cal-
culated with the widely used formula: Tumor volume = (W2 × L) × 0.5.  

2.5. Determination of mRNA Expression for bcl-2, bcl-xL, bax and VEGF by RT-PCR  

Total RNA was isolated with Trizol reagent (Gibco) and was reverse transcribed into single strand cDNA by 
Superscript II (Gibco). A total of 30 - 35 PCR cycles depending on the gene amplified was performed, followed by 
electrophoresis on 1% agarose gel. Specific primers for glyceraldehyde 3-phosphate dehydrogenase (GAPDH) for 
bcl-2 and for V-EGF have been previously described [31] [36] .Other specific primers used here were:  

for bax: forward primer 5’ GAGCAGATCATGAAGACAGGGG 3’, reverse primer 5’  
CTCCAGCAAGGCCCAGCGTC 3’;  

for bcl-xL: forward primer 5’ CAGTGAGTGAGCAGGTGTTTTGG 3’, reverse primer 5’  
GTTCCACAAAAGTATCCCAGCCG 3’;  

2.6. Western Blot Analysis of PARP Cleavage 

Cells were seeded at a density of 7 × 105 cells in 60-mm dish in DMEM/F12 supplemented with 5% FBS. After 24 
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hours, medium was changed to serum-free phenol red-free DMEM/F12 supplemented with vehicle or purified 
GP88 (400 ng/ml) for another 24 hours. Cells were treated with either vehicle only or factors under investigation 
for 24 hours. Cell lysates were prepared as described before [31]. 100 µg of protein from eachsample was used for 
immunoblotting. Intact and cleaved forms of PARP were detected using a mouse monoclonal anti-PARP antibody. 
The band intensity of PARP cleaved form was determined by densitometric analysis and normalized to the 
β-actin. 

2.7. Statistical Analysis 

All experiments were conducted in triplicates and repeated at least twice. Data were analyzed by Student t test for 
mean comparison and statistical significance. The values are reported as mean ± standard error. 

3. Results 

3.1. GP88 Overexpression Prevent Growth Inhibitory Effect of Fulvestrant 

The effect of increasing concentrations of fulvestrant on the proliferation of MCF-7 EV cells and GP88 over ex-
pressing cells was first examined by thymidine incorporation assay. Fulvestrant inhibited proliferation of control 
MCF-7 EV cells in a dose-dependent fashion. Concentrations as low as 0.2 nM, inhibited by 90% thymidine in-
corporation in MCF-7 EV cells. At similar dose, thymidine incorporation into DNA of GP88 overexpressing cells 
had been inhibited by only 20%. Even at concentration of 2 nM of fulvestrant, inhibition did not exceed 40% 
(Figure 1(a)). This dose had no effect on the DNA synthesis of GP88 overexpressing cells. Long-term prolifera-
tion assay showed that fulvestrant inhibited the proliferative effect of estradiol (E2) in MCF-7 EV cells whereas 
the proliferation of GP88 overexpressing cells was mostly unchanged (Figure 1(b)). As shown in Table 1, the 
mean doubling time of MCF-7 EV cells treated with E2 and fulvestrant was significantly higher than in cells 
treated with E2 alone (p < 0.05). On the other hand, the mean doubling time of GP88 overexpressing cells treated 
with fulvestrant and E2 was similar to the one of cells treated with E2 only, indicating that fulvestrant did not 
inhibit the growth of cells overexpressing GP88 (p < 0.05).  

3.2. GP88 Overexpression Results in Fulvestrant Resistance in Vivo 

Since fulvestrant failed to inhibit the proliferation of GP88 overexpressing cells in vitro, its effect on tumorige-
nesis of ER+ breast cancer cells expressing or not GP88 was then examined in mouse xenografts. Control and 
GP88 overexpressing MCF-7 cells were injected into female nude mice one day after they had been implanted 
with E2 pellets, as described in the method section. Ten days later, when the tumors were visible, the mice were 
randomized and segregated into experimental groups that received either placebo or fulvestrant pellets. The 
groups were then monitored for an additional 45 days. Tumor size was determined with a caliper and tumor vo-
lume determined as described in the method section. As shown in Figure 2, fulvestrant significantly inhibited 
MCF-7 EV tumor growth as evidenced by a 35% inhibition of tumor incidence and a 70% inhibition of mean 
tumor volume when compared to mice treated with E2 only (p < 0.05), in agreement with the reported inhibitory 
effect of fulvestrant in MCF-7 tumor growth. In contrast, GP88 overexpressing cells formed larger tumors in mice 
with or without fulvestrant without any change in tumor incidence (100%) or tumor growth. Monitoring of tumor 
volume was performed over 45 days after start of treatment (Figure 2). In the agreement with our previous ex-
periments [31], it is clear that GP88 overexpression in breast cancer cells promotes antiestrogen resistance. 

3.3. Fulvestrant Inhibits Estrogen Responsive Element Activity in MCF-7EV and O4 Cells 

It is well established that fulvestrant acts as a pure estrogen receptor antagonist by inhibiting the formation of 
E2-ER complexes and its subsequent binding to estrogen responsive element (ERE) within the promoter [7]. Since 
fulvestrant did not show growth inhibitory effect on GP88 overexpressing MCF-7 cells, we examined the effect of 
fulvestrant on ERE responsiveness to E2 in these cells when compared to control cells. As shown in Figure 3, E2 
stimulated ERE-luciferase activity in both MCF-7 EV and O4 cells by 4.4 and 3.9-fold, respectively when com 
pared to the untreated cells. Fulvestrant treatment resulted in a 95% inhibition of E2 mediated effect on 
ERE-luciferase in both cells (p < 0.05, compared to untreated groups). These data suggest that fulvestrant still acts 
as an E2 antagonist of in both cells. Therefore, GP88 overexpression in MCF-7 cells does not change the genomic 
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Table 1. Effect of estrogen and fulvestrant on doubling time in breast cancer cell lines.                                

 Doubling Time (h) 

 Control E2 E2 + Fulvestrant 

MCF-7EV 61.8 ± 1.0 37.9 ± 1.0* 64.6 ± 0.9* 

O4 42.1 ± 0.7 37.3 ± 1.6* 39.7 ± 1.1 

O7 47.4 ± 1.3 42.6 ± 2.2* 47.4 ± 1.3 

p < 0.05 compared to control group. The proliferation of Two GP88 overexpressing MCF-7 cell lines and the empty vector transfected control MCF-7 
cell line was examined as described in the material and Methods section. Doubling times in each culture conditions were determined from the growth 
curves of Figure 1. 
 

 
(a)                                     (b) 

Figure 1. Effect of E2 and fulvestrant on Cell proliferation of MCF-7EV, and GP88 overex- 
pressing cells O4 cells. Long-term growth of MCF-7EV and O4 cells in estrogen–depleted 
medium. Cells (5 × 104 cells) were cultivated in phenol red-free DMEM/F12 containing 5% 
charcoal-stripped FBS supplemented with vehicle (), with 1 nM17β-estradiol (E2) alone () 
or in combination with 1 µM tamoxifen () or 10 nM ICI 182,780 (). Cell number was 
counted using hemocytometer. Experiments were performed in triplicates.                  

 

 
Figure 2. In vivo fulvestrant resistance of MCF-7 EV and O4 cells. Exponentially growing 
MCF-7 EV or O4 cells (5 × 106 cells/site) were subcutaneously inoculated into the lower 
abdominal area of ovariectomized athymic nude mice supplemented with E2 pellets. Ten days 
after cell inoculation, fulvestrant pellets were implanted. Tumor growth was monitored and 
tumor volume was calculated as described in the method section. Results shown here were 
plotted as the mean tumor volume at each time point (Vt) over the mean tumor volume at day 
fulvestrant pellet implanted (V0). Bar; SE.                                            

 
response to fulvestrant.  

3.4. GP88 Prevents Apoptosis Induced by Fulvestrant 

It has been documented that fulvestrant, similarly to tamoxifen, induces apoptosis of MCF-7 cells [22]. We de-
termined whether GP88 blocked the apoptotic effect of fulvestrant by using PARP cleavage assay. As shown in 
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Figure 4, incubation with fulvestrant induced PARP cleavage in MCF-7 EV cells. GP88 treatment inhibited 
PARP cleavage induced by fulvestrant in MCF-7 EV cells (>80% inhibition suggesting that GP88 inhibited ful-
vestrant-induced apoptosis as one possible mechanism of fulvestrant resistance. 

3.5. Failure of Fulvestrant to Downregulate Bcl-2 in GP88 Overexpressing Cells 

Bcl-2 is a key regulator for apoptosis in many cell types. Previous reports have suggested that bcl-2 expression 
was downregulated by fulvestrant treatment leading to activation of apoptosis in MCF-7 cells [22] [37]. Bcl-2 
expression was examined in MCF-7 EV and O4 cells treated or not with fulvestrant. Fulvestrant induced the 
down-regulation of bcl-2 transcript in MCF-7 EV cells in a dose dependent manner (Figure 5). In contrast, ful-
vestrant failed to downregulate bcl-2 in O4 cells even at the highest dose tested (10 nM). Fulvestrant (10 nM) also 
downregulated the mRNA expression of bcl-xL, an homolog of bcl-2 in MCF-7EV cells by 72%. The reduction of 
bcl-xL mRNA expression was not observed in O4 cells treated with the same fulvestrant concentration. Bax ex-
pression was slightly but not significantly decreased in both cells at all fulvestrant doses tested. These results in- 
dicate that fulvestrant-induced apoptosis can be prevented by GP88 overexpression by preventing down regula-
tion of bcl-2, and possibly bcl-xL, mRNA expression. 

 

 
Figure 3. Effect of E2 and fulvestrant on ERE-luciferase reporter gene activity in MCF-7 EV 
and O4 cells. Cells were cotransfected with pGL2-ERE-luciferase and β-galactosidase reporter 
gene constructs. E2 (1 nM) and/or fulvestrant (ICI, 10 nM) were added after transfection. Cell 
lysates were collected 36 hours later for measuring luciferase activity as described in the 
method section. The values were normalized to the values of b-galactosidase activity used as 
internal control to determine transfection efficiency. The data are presented in folds of 
activation above the control untreated cells.                                            

 

 
Figure 4. GP88 prevents down regulation of fulvestrant-induced bcl-2 expression. Bcl-2, 
Bcl-xL and Bax mRNA expression were determined by semi-quantitative RT-PCR of total 
RNA samples isolated from MCF-7 EV and O4 cells cultivated in estrogen-depleted medium 
and treated for 24 h with increasing concentrations of fulvestrant (0.1, 1, and 10 nM) as 
described in the method section. GAPDH mRNA expression was used as internal control for 
loading. PCR products were resolved by agarose gel electrophoresis and visualized by 
ethidium bromide staining.                                                        
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3.6. Fulvestrant Effect on V-EGF Expression in GP88 Overexpressing Cells 

It is known that VEGF expression in MCF-7 cells is stimulated by E2 and inhibited by tamoxifen and fulvestrant. 
We have also shown previously that GP88 stimulated VEGF expression in MCF-7 cells ([36]). We examined here 
the effect of fulvestrant on VEGF expression in GP88 overexpressing cells and in MCF-7 control cells. As shown 
in Figure 6, fulvestrant inhibited E2 effect on VEGF expression in both MCF-7 EV and O4 cells.  

4. Discussion 

We have shown previously that GP88 overexpression in MCF-7 cells conferred estrogen independence and ta-
moxifen resistance both in vitro and in vivo [31] [36]. The present study demonstrates that GP88 also confers 
fulvestrant resistance to MCF-7 cells both in vitro and in vivo. We show here that fulvestrant was ineffective in 
inhibiting the long-term proliferation of MCF-7 cells that overexpressed GP88 in contrast to what was observed 
with MCF-7 control cells. More interestingly, fulvestrant failed to inhibit tumor formation of GP88 overex-
pressing cells injected in nude mice. No change in tumor volume as well as tumor incidence was observed in mice 
 

 
Figure 5. GP88 prevents PARP cleavage and inhibits apoptosis induced by fulvestrant in 
MCF-7 EV cells. MCF-7 EV cells were cultivated in estrogen-depleted medium and treated 
with 10 nM fulvestrant (ICI), 1 nM E2 or 400 ng/ml GP88 for 48 hours. Cell lysates were 
prepared in RIPA buffer containing 6 M urea for the western blot analysis. The level of PARP 
cleavage was determined by the presence of 85 kDa band (upper panel). Level of α-actin was 
determined as internal control for equal loading (lower panel).                            

 

 
(a)                                                    (b) 

Figure 6. Effect of fulvestrant and E2 on VEGF expression in MCF-7EV and O4 cells. Cells were treated as described 
previously and incubated with 1 nM E2 or 10 nM fulvestrant (ICI) for 5 days. RNA samples were collected. VEGF 
mRNA expression was compared using RT-PCR. (a) RT-PCR products of VEGF in MCF-7EV and O4 cells. (b) Relative 
expression of VEGF. VEGF expression was normalized with GAPDH and compared with MCF-7 EV cells treated with 
vehicle only                                                                                           
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injected with O4 cells treated with fulvestrant when compared to mice that received placebo pellets in contrast to 
what was observed with mice injected with control MCF-7EV cells. It is interesting to note that fulvestrant-re- 
sistant MCF-7 variants, isolated by cultivating MCF-7 cells in the continuous presence of fulvestrant displayed a 
10-fold increase in GP88 expression as measured by quantitative EIA (data not shown). These data would confirm 
the close correlation between GP88 expression and resistance to fulvestrant in MCF-7 cells. 

In addition to preventing fulvestrant inhibition of cell proliferation, we show here that GP88 prevented apop-
tosis induced by fulvestrant. This was observed with GP88 added exogenously as well as in GP88 overexpressing 
cells. GP88 overexpression as well as GP88 added exogenously prevented PARP cleavage induced by fulvestrant 
and also sustained bcl-2 and bcl-xL expression during fulvestrant treatment. We have reported previously that 
GP88 inhibited tamoxifen apoptotic effect in MCF-7 cells by preventing tamoxifen induced bcl-2 down regulation 
[31]. Both tamoxifen and fulvestrant induce apoptosis in human breast cancer cells although fulvestrant is more 
effective than tamoxifen on inducing apoptosis in MCF-7 cells [22] [24]. 

In MCF-7 cells, fulvestrant, similarly to tamoxifen, induced apoptosis via down regulation of bcl-2 [20]-[24]. In 
addition, fulvestrant can downregulate bcl-xL unlike tamoxifen [20]. This data could explain that fulvestrant has a 
more potent effect than tamoxifen in stimulating apoptosis. However, the role of bax in fulvestrant treatment 
remains unclear. While it has been reported that fulvestrant induced bax expression [22], other reports, in 
agreement with our results, showed that bax expression remained unchanged [24].  

Even though, GP88 could inhibit the effect of fulvestrant on cell proliferation and apoptosis, we show here that 
fulvestrant was still able to inhibit the stimulation by estradiol of ERE-luciferase reporter gene activity in GP88 
overexpressing cells as well as in MCF-7 control cells. Moreover, fulvestrant maintained its ability to inhibit the 
expression of the angiogenic factor V-EGF in GP88 over expressing cells as well as in MCF-7 control cells. Both 
data are in agreement with the fact that ER expression in GP88 over expressing cells remained unchanged com-
pared to MCF-7 control cells [29]. These later results are different from the ones obtained with tamoxifen that not 
only failed to inhibit VEGF expression in GP88 over expressing cells but also cooperated with GP88 to stimulate 
VEGF expression [31] [33]. This effect is in agreement with the fact that tamoxifen has been reported as having a 
weak agonistic effect on VEGF expression [38]. This data is in the agreement with the results from in vitro and in 
vivo growth study that fulvestrant has no stimulatory effect in GP88 over expressing cells. The results suggested 
that even though fulvestrant is more effective than tamoxifen, both agents could not counteract the mitogenic 
effect of GP88. This is unlikely with fulvestrant, since no known agonist effect has been reported yet. Moreover, 
fulvestrant has been shown to have anti-angiogenic effect in human umbilical vein endothelial cells by inducing 
apoptosis and preventing the formation of tube-structure in matrigel [39]. Although Progranulin (GP88) has been 
reported to enhance growth of vascular cells [40], it is possible that the inhibitory effect of fulvestrant may 
overcome the proliferative effect of GP88 on vessel growth. Our in vivo experiments have shown that fulvestrant 
did not promote the growth of GP88 overexpressing tumors in nude mice. In contrast, tamoxifen treatment had 
resulted in a two-fold increase in tumor growth of GP88 overexpressing cells when compared to mice treated with 
placebo pellets [31]. Since this effect was observed in vivo and not in vivo, we had hypothesized that it could be 
due to the increased angiogenesis observed in vivo with tamoxifen and GP88. Based on this, it is possible that no 
stimulatory effect of fulvestrant on O4 tumor growth was observed because the inhibitory effect of fulvestrant on 
vessel growth may have neutralized the proliferative effect of GP88. This data would suggest that in ER+ breast 
tumors that overexpress GP88, fulvestrant would be a better choice of therapy than tamoxifen. 

Resistance to anti-estrogen therapies has been observed in cells over expressing other growth factor pathways. 
GP88 overexpression of several growth factors or growth factor receptors has been found to be associated with 
tamoxifen resistance, especially in MCF-7 cells [5]. Her-2 receptor overexpression promotes tamoxifen resistance 
in MCF-7 [28]. However, in this case, the resistance corresponded to a decreased ability of tamoxifen to inhibit 
tumor growth in vivo rather than a complete loss of tamoxifen response. Enhanced Epidermal Growth Factor 
Signaling was found in faslodex (fulvestrant resistant) MCF-7 cells [17]. It has been shown that tamoxifen re-
sistance and fulvestrant resistance occurred when fibroblast growth factor (FGF) was overexpressed in MCF-7 
cells [13]. Taken together, these results suggest that estrogen independent pathways induced by growth factors 
may overcome the suppression of estrogen dependent pathway by antiestrogens, allowing cells to grow in estrogen 
independent condition and abolishing the response to antiestrogen treatment. However, whether GP88 overex-
pression leads to the resistance to aromatase inhibitor remains to be investigated. 

ER and PR status is a good predictor of response to endocrine therapy [41] [42]. Several groups have proposed 
other additional negative predictors such as kallikrein 10, VEGF, prostate specific antigen, Fas ligand/Fas ratio [42] 
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[43]. 
Combined VEGF and TP53 status has been found to predict poor response to tamoxifen therapy in estrogen 

receptor positive advanced breast cancer [44]. In addition, positive association between expression of trans-
forming growth factor alpha was observed in endocrine unresponsive tumors [45]. Concerning GP88 expression 
in clinical samples, we have reported that GP88 was expressed in 80% of invasive ductal carcinoma in correlation 
with poor prognosis such as tumor grade, p53 expression and Ki67 [33] [34]. GP88 expression was found both in 
ER positive as well as ER negative tumors [33] suggesting that GP88 may play a role in both types of tumors. 
Since GP88 has been found associated with both tamoxifen resistance and fulvestrant resistance, it would be in-
teresting to hypothesize that its expression may serve as a predictive marker of anti-estrogen response. Clinical 
studies are necessary to investigate this hypothesis in detail. 
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