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Abstract. Bladder cancer is a common malignancy for which 
regional or metastatic disease is identified at diagnosis. The 
aim of this study was to determine whether tamoxifen (Tam), 
an estrogen receptor (ER) antagonist, can sensitize bladder 
cancer cell lines to gemcitabine (Gem) chemotherapy. ERα 
and ERβ protein levels were determined in each cell line 
using western blot analysis. The TCC-Sup, 5637, and RT4 
bladder cancer cells were exposed to various concentrations 
and regimens of Tam or Gem alone or in combination. Cell 
viability and apoptosis were assessed by 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide assay and 
propidium iodide followed by flow cytometry. Apoptosis was 
then evaluated by western blot analysis. Treated TCC-Sup 
cells were subjected to soft agar colony formation assay to 
determine the cellular transformation. Western blot analysis 
results revealed ER expression in the three cell lines. 
TCC-Sup and 5637 cells treated with a combination of Tam 
and Gem had lower cell viabilities than those treated with 
Tam or Gem alone for 72 h in TCC-Sup and 5637. Compared 
with the other treatments, sequential Gem followed by 
Tam (Gem→Tam) treatment caused the largest increase 
in DNA fragmentation at 72 h in TCC-Sup cells. Western 
blot analysis results revealed that this sequential Gem→Tam 
treatment increased poly(ADP-ribose) polymerase cleavage 
in TCC-Sup cells. Sequential Gem→Tam inhibited the cell 
transformation in TCC-Sup cells. In conclusion, sequential 
Gem→Tam enhanced the cytotoxicity of Gem in vitro. This 
regimen be useful to enhance the efficacy of Gem in bladder 
cancer. However, future in vivo studies are required to verify 
the results.

Introduction

Bladder cancer is the fourth most common malignancy in 
men and the ninth most common in women, with 74,690 cases 
being diagnosed in 2014 (1). Ten to 15% of patients present 
with regional or distant metastatic disease at diagnosis (2) 
and have 5-year survival rates of 33 and 5%, respectively (3). 
Patients with muscle-invasive bladder cancer have a poor 
prognosis, often with survival of <1 year after metastasis to 
distant organs (4).

Metastatic bladder cancer is typically treated with various 
combinations of systemic chemotherapy  (5). However, the 
majority of patients with metastatic bladder cancer succumb 
to the disease within 1-2 years (5). Gemcitabine (Gem), has 
been recognized for its activity against bladder cancer, and 
several novel combination regimens including Gem have been 
reported (6,7). The combination of Gem and cisplatin has been 
shown to have similar efficacy to but lower toxicity than the 
standard combination treatment (methotrexate, vinblastine, 
doxorubicin, and cisplatin) (6). However, there is no compel-
ling evidence of improved antitumor efficacy with the Gem 
plus cisplatin regimen. New agents that may increase the effi-
cacy of cytotoxic chemotherapy for bladder cancer are needed.

Recent evidence suggests that bladder cancer has a 
molecular subtype that resembles breast cancer (8). Estrogen 
receptors (ERs) play a major role in breast cancer: ERα and 
ERβ belong to the same nuclear receptor superfamily and act 
as transcriptional factors to mediate important physiologic 
functions on regulating the growth of estrogen-responsive 
tumors in breast cancer (9,10). Strong correlations between 
ERβ expression and bladder tumor grade and stage (11,12) 
and between ERβ expression and worse progression-free 
survival rate have been identified in patients with bladder 
cancer. Additionally, it has been shown that patients 
with bladder cancer and high levels of ERβ have a worse 
progression-free survival rate than patients without this 
molecular subtype (11,13). As women have a disproportionate 
incidence of bladder cancer and a worse prognosis than men, 
estrogen may play a role in bladder cancer incidence and inva-
sion (14,15).

Tamoxifen (Tam), a non-steroidal selective ER modulator 
that has strong efficacy against ER-positive breast tumors, may 
be an ideal synergic agent to increase the cytotoxic effects of 
Gem (16). We therefore hypothesized that Tam would enhance 
the cytotoxicity of Gem in human bladder cancer cell lines.
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Materials and methods

Cells and maintenance. The TCC-Sup and 5637 cells were 
kindly provided by Dr David J. McConkey (The University 
of Texas MD Anderson Cancer Center, Houston, TX), and 
RT4 cells were purchased from the American Type Culture 
Collection (ATCC; Manassas, VA, USA). The three cell lines 
were fingerprinted by the Characterized Cell Line Core of 
MD Anderson Cancer Center for the Specialized Program Of 
Research Excellence in Bladder Cancer. These cell lines were 
maintained as adherent cells in minimum essential medium 
(MEM) supplemented with 10% fetal bovine serum, penicillin, 
streptomycin, vitamins, glutamine, non-essential amino acids, 
and pyruvate at 37˚C in a humidified atmosphere of 5% CO2.

Reagents and antibodies. Tam (T9262) was obtained from 
Sigma-Aldrich (St. Louis, MO, USA). Gem was obtained 
from Sagent Pharmaceuticals (Schaumburg, IL, USA). 
Antibodies used for western blot analysis were purchased 
from the following manufacturers: poly(ADP-ribose) poly-
merase (PARP) (sc-7150) and caspase-3 (sc7148) (Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA); ERα (2512) and p70 S6 
kinase (p70S6K, 2708) (Cell Signaling Technology, Beverly, 
MA, USA); ERβ (ab3576; Abcam, Cambridge, MA, USA); 
and β-actin (A3853; Sigma-Aldrich). For the in vitro studies, 
Tam and Gem were reconstituted just before use in methanol 
and sterile water, respectively, creating stock solutions that 
were then diluted in medium to obtain the final concentrations 
indicated in the figures.

Evaluation of cell viability. Cells were seeded in a 96-well 
plate (3x103 cells/well) for 24 h and then treated with various 
concentrations of Tam (1, 10,  or 20  µM) or Gem (1  µM) 
alone or in combination for 24  to 72 h. Cell viability was 
assessed by pulsing the cells for 2  h with 3-(4,5-dimeth-
ylthiazol‑2-yl)‑2,5-diphenyltetrazolium bromide (MTT) 
(from 5-mg/ml stock in phosphate-buffered saline solution). 
Formazan crystals were solubilized in lysis buffer (100 µl) 
containing 20% sodium dodecyl sulfate and 50% dimethyl-
formamide. Color development was quantified by measuring 
the optical densities at 570 nm. The results are shown as 
means  ±  SEM. Each experimental data point represents 
the mean value of four replicates, and each experiment was 
performed ≥2 times.

Quantification of DNA fragmentation and flow cytometry. 
Cells were grown in 6-well plates in MEM. At 24 h, the cells 
were sequentially treated with Gem (1 µM) for 6 h and then 
Tam (10 µM) (Gem→Tam) or Tam then Gem (Tam→Gem) for 
an additional 24‑72 h. For comparison, the cells were treated 
with Tam or Gem alone, or were treated simultaneously 
(Tam+Gem). The cells were harvested by trypsinization and 
pelleted by centrifugation at 3,500 rpm for 5 min. The cells 
were then resuspended in phosphate-buffered saline solution 
containing propidium iodide (50 µg/ml), with 0.1% Triton 
X-100 and 0.1% sodium citrate. DNA fragmentation was 
measured using propidium iodide fluorescence-activated cell 
sorting (PI-FACS) (FC 500 flow cytometer; Beckman Coulter, 
Brea, CA, USA). Cells exhibiting hypodiploidy, indicative 
of DNA fragmentation, were scored as apoptotic. PI-FACS 

analysis was performed in triplicate, and the results are shown 
as the mean percentage of fragmentation ± SEM.

Western blot analysis. After plating TCC-Sup and 5637 cells, 
the cells were treated with the same combinations agents used 
in the flow cytometry experiments. The cells were scraped in 
medium at 24 h, pelleted by centrifugation at 3,500 rpm for 
5 min, washed once with ice-cold phosphate-buffered saline 
solution, and re-pelleted by centrifugation at 3,500 rpm for 
5 min. The pellets were subjected to lysis buffer [50 mM of 
Tris-HCl, pH 7.4; 150 mM of sodium chloride; 5 mM of ethyl-
enediaminetetraacetic acid; 25 mM of sodium fluoride; 1% 
Triton X-100; 1% NP-40; 0.1 mM of sodium orthovanadate; 
12.5 mM of β-glycerophosphate; 1 mM of phenylmethyl-
sulfonyl fluoride; and complete protease inhibitor cocktail 
(Roche, Basel, Switzerland)] and were clarified at 13,000 rpm 
for 10  min at 4˚C. The supernatants were measured and 
subjected to sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis and western blotting on a nitrocellulose membrane. 
The blots were developed using ECL reagent (GE Healthcare, 
Pittsburgh, PA, USA). Equal protein loading was confirmed 
using β-actin blots.

Soft agar colony formation/transformation assay. TCC-Sup 
cells were grown to semi-confluence in 10-cm plates and were 
treated with MEM, methanol, and Tam (10 µM) or Gem (1 µM) 
alone or with sequential Gem→Tam for 72 h. The cells were 
then subjected to trypsinization and were counted. TCC-Sup 
cells (5x103 cells/ml) were then seeded in 6-well plates in 
MEM with 0.5% agarose or were layered on top of 0.4% agar 
in MEM in 6-well plates (for the soft agar assay). The plates 
were incubated at 37˚C in a humidified atmosphere of 5% CO2. 
After 2 weeks, the cells were stained with MTT (5 mg/ml), and 
cell colonies were counted and photographed on the stage of 
Desk Top Light Box (Logan Electric, Texarkana, AR, USA) 
using Canon IXY120 (Tokyo, Japan).

Statistical analysis. Statistical analysis was performed using 
Ekuseru-Toukei  2010 software (Social Survey Research 
Information Co., Ltd., Tokyo, Japan). Analysis of variance and 
the Student's t-test were used to evaluate statistical significance 
of differences between cells treated at each drug concentration 
and untreated control cells. These data were normal distrib-
uted. P<0.05 was considered statistically significant.

Results

ER expression in bladder cancer cell lines. Immunoblotting 
results for RT4, 5637, and TCC-Sup cells revealed that RT4 
cells had no ERα expression than TCC-Sup and 5637 cells. 
However, the three cell lines expressed ERβ, with the highest 
levels in TCC-Sup cells (Fig. 1).

Effects of Tam and Gem on cell viability. We examined the 
effects of Gem or Tam alone and simultaneous treatment on the 
viability of the three cell lines. On the MTT assay, cell viability 
was affected by the two agents in a concentration‑dependent 
manner (Fig. 2). Tam (10 µM) alone treatment for 72 h reduced 
the viability of TCC-Sup, 5637, and RT4 cells to 36.4, 40.6, and 
45.5%, respectively, of the viability of untreated control 
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cells (Fig. 2). The three cell lines treated with the highest dose 
of Tam (20 µM) alone had a significantly lower cell viability 
than the controls, regardless of treatment time 24 h: [TCC-Sup 
cells, 1.9%; 5637 cells, 11.9%; RT4 cells, 6.2%; (P<0.05) 48 h: 
TCC-Sup cells, 5.2%; 5637 cells, 12.4%; RT4 cells, 17.9%; 

(P<0.05); 72 h: TCC-Sup cells, 1.2%; 5637 cells, 4.1%; RT4 
cells, 7.4%; (P<0.05)] (Fig. 2). At the 72-h time-point, Gem 
(1 µM) reduced the viability of TCC-Sup, 5637, and RT4 cells 
to 30.5, 21.0, and 21.1%, respectively (P<0.05).

TCC-Sup and 5637 cells treated with simultaneous Gem 
(1 µM) + Tam (1 or 10 µM) had a significantly lower cell 
viability than those treated with Gem or Tam alone for 72 h 
[TCC-Sup cells: Tam (1 µM) + Gem (1 µM), 17.3%; Tam 
(10  µM) + Gem (1  µM), 6.7% (P<0.05); 5637 cells: Tam 
(1 µM) + Gem (1 µM), 14.6%; Tam (10 µM) + Gem (1 µM), 
8.8% (P<0.05)] (Fig. 2).

However, simultaneous treatment did not significantly 
affect cell viability in comparison with Tam or Gem alone in 
RT4 cells after 72 h of treatment [RT4 cells: Tam (1 µM) + 
Gem (1 µM), 20.1%; Tam (10 µM) + Gem (1 µM), 22.4%].

These results demonstrated that high concentrations of 
Tam produced substantial cytotoxic effects in the three cell 
lines. Treating cells with simultaneous Tam+Gem increased 
cytotoxicity with lower concentrations of Tam.

Effect of sequential treatment on DNA fragmentation. We 
examined the apoptosis-inducing effects of sequential of Gem 
and Tam treatment in the three cell lines. In TCC-Sup and 
5637 cells in response to sequential Gem and Tam treatment, 
an increase in DNA fragmentation was consistently observed 
with treatment periods >24 h (Fig. 3A and B). TCC-Sup and 
5637 cells treated with sequential Tam (10 µM)→Gem (1 µM) 
or Gem (1 µM)→Tam (10 µM) had greater DNA fragmentation 
than those treated with Gem or Tam alone at the 72-h time‑point 
(TCC-Sup, 10.6%; 5637, 7.8%; P<0.05) (Fig. 3A and B).

Figure 1. ER expression of three bladder cancer cell lines. We performed 
western blot analysis of ERs α and β (ERα and ERβ) in human bladder cancer 
cell lines. Expression of ERα (top panel), ERβ (middle panel), and β-actin 
(bottom panel) were assessed in extracts prepared from TCC-Sup, 5637, and 
RT4 bladder cancer cell lines. ER, estrogen receptor.

Figure 2. Cell viability of three bladder cancer cell lines after treatment with Tam or Gem alone or in combination. MTT assay shows inhibition of viability 
in TCC-Sup, 5637, and RT4 bladder cancer cells treated with Gem or Tam alone or in combination. Cell viability analysis of (A) TCC-Sup, (B) 5637, and 
(C) RT4 bladder cancer cell lines treated with various concentrations of Tam (1, 10, or 20 µM) or Gem (1 µM) alone or simultaneous Gem and Tam for 24‑72 h. 
*,#P<0.05, statistically significant. Tam, tamoxifen; Gem, gemcitabine.
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Sequential Gem→Tam treatment resulted in greater DNA 
fragmentation (32.2%) than simultaneous Gem+Tam (20.1%) 
or sequential Tam→Gem (20.1%) in TCC-Sup cells (Fig. 3A). 
DNA fragmentation was slightly higher in 5637 cells treated 
with sequential Tam→Gem (19.6%) than in those treated with 
simultaneous Gem+Tam (11.6%) or sequential Gem→Tam 
(15.1%) (Fig. 3B).

However, RT4 cells treated with sequential Tam→Gem or 
Gem→Tam had lower DNA fragmentation than those treated 
with Gem alone at the 48- and 72-h time‑points (Fig. 3C). In 
RT4 cells, Gem alone induced a high amount of DNA frag-
mentation (48 h, 56.7%), which did not differ from the DNA 
fragmentation in RT4 cells treated with either sequential 
Tam→Gem or Gem→Tam.

These results demonstrate that sequential Gem→Tam or 
Tam→Gem induced apoptosis to a greater extent than Gem 
or Tam alone or simultaneous treatment in TCC-Sup and 
5637 cells, and these effects of sequential treatment in TCC-Sup 
were higher than in 5637 (Fig. 3A and B). These findings also 
indicate that TCC-Sup and 5637 cells are resistant to Gem 
therapy whereas RT4 cells are not resistant to Gem therapy.

Expression of markers of apoptosis and cell transformation. 
To confirm that the cytotoxic effects of sequential therapy 
in TCC-Sup and 5637 cells were associated with apoptosis 

and reduced cell transformation, we performed western blot 
analysis to assess the expression of cleaved caspase-3 as an 
apoptosis markers and the cell transformation of cleaved PARP 
and p70S6K as markers in treated cells. Caspase and PARP 
cleavage marked apoptosis whereas the expression of p70S6K 
marked the ability of cells to form spheres (transformation) 
after apoptosis (17). TCC-Sup cells treated with sequential 
Gem→Tam for 72 h had lower levels of full-length PARP, 
p70S6K, and procaspase-3 and had higher levels of cleaved 
PARP than the controls (Fig. 4A). The expression levels of 
the apoptotic markers were lower in 5637 cells treated with 
the regimen, including the Tam→Gem sequence  (Fig. 4B). 
Notably, p70S6K was downregulated by sequential Gem→Tam 
treatment in TCC-Sup cells (Fig. 4A) at the 72-h time-point, 
indicating that sequential treatment may inhibit cell trans-
formation. Taken together, these data demonstrated that 
sequential Gem→Tam treatment enhanced PARP cleavage and 
downregulated p70S6K in TCC-Sup cells.

Inhibition of cell transformation by sequential Gem→Tam 
treatment in TCC-Sup cells. Since p70S6K was downregu-
lated by sequential Gem→Tam treatment in TCC-Sup cells, we 
performed soft agar colony formation assays to determine the 
effects of these agents on cellular transformation in TCC-Sup 
cells. Cells treated with sequential Gem→Tam had signifi-

Figure 3. Sequential gemcitabine and tamoxifen increases apoptosis in bladder cancer cells. The effects of sequential Gem and Tam treatment on apoptosis 
measured by PI-FACS. DNA fragmentation of (A) TCC-Sup, (B) 5637, and (C) RT4 bladder cancer cell lines following sequential treatment with Gem 
(1 µM) for 6 h and then Tam (10 µM) (Gem→Tam) for an additional 24‑72 h or vice versa. For comparison purposes, the cells were treated with Tam or 
Gem alone or were simultaneously treated (Gem+Tam). *,#P<0.05, statistically significant. Gem, gemcitabine; Tam, tamoxifen; PI-FACS, propidium iodide 
fluorescence‑activated cell sorting.
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cantly less transformation (2.4%) than those treated with Tam 
(59.3%) or Gem (15.9%) alone (P<0.05, Fig. 5A). These results 
demonstrated that sequential Gem→Tam treatment effectively 
inhibited cell transformation.

Discussion

In the present study, we found TCC-Sup and 5637 cells were 
resistant to Gem therapy whereas RT4 cells were not resistant 
to Gem therapy. However, the sequential treatment of Gem 

and Tam enhanced apoptosis in TCC-Sup and 5637 cells. 
Sequential Gem followed by Tam (Gem→Tam) treatment 
caused the largest increase in DNA fragmentation at 72 h 
in TCC-Sup cells compared to the other treatments in the 
remaining two cell lines, and this regimen enhanced PARP 
cleavage and downregulated p70S6K and blocked transforma-
tion in bladder cancer cells.

Our results demonstrate that Tam induced significant 
apoptosis when treated in sequence after gemcitabine with 
prolonged incubation in a cell type-dependent manner. Bladder 

Figure 4. Sequential gemcitabine and tamoxifen inhibits cell transformation in bladder cancer cells. Apoptosis is confirmed by PARP, caspase-3, and p70 S6 
kinase (p70S6K) expression patterns using western blotting in (A) TCC-Sup and (B) 5637 bladder cancer cell lines. Cells were treated with sequential Gem 
(1 µM) for 6 h and then Tam (10 µM) (Gem→Tam) for an additional 24‑72 h, or vice versa (Tam→Gem), Tam or Gem alone, or simultaneous treatment for 48 and 
72 h. Note that sequential Gem→Tam in TCC-Sup for 72 h induced PARP cleavage/reduction and p70S6K reduction. Gem, gemcitabine; Tam, tamoxifen; PARP, 
poly(ADP-ribose) polymerase.
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cancer is shown to have similarities to breast cancer in terms 
of gene expression data profiling (8). Breast cancer is known 
to have therapeutic efficiency based on ER expression. Thus, 
we examined whether bladder cancer cells express ERs or not. 
This cell-type dependency likely reflects the expression of of 
ERs for the cell lines. TCC-Sup and 5637 cells, which had 
the higher ERβ levels, had more resistance to apoptosis when 
treated with Gem alone than RT4 cells, which had lower levels 
of ERβ than TCC-Sup and 5637 cells. Our findings support 
those of Shen et al  (12) who reported that ERβ expression 
occurred more frequently in high-grade bladder cancers and 
significantly more often in muscle-invasive and metastatic 
bladder cancers. Shen et al (12) suggested that ERβ possibly 
plays a role in tumor progression and metastasis, possibly by 
conferring a growth advantage.

TCC-Sup cells is a bladder cancer cell line that exhibits 
metastasis and cell transformation and 5637 cells exhibit inva-
siveness, whereas RT4 bladder cell lines represent papillary 
tumor. Our findings showing that TCC-Sup and 5637 cells 
are resistant to Gem reflect the clinical outcomes of patients 
with metastatic or invasive bladder cancer. These patients 
are typically treated with systemic chemotherapy regimens 
that include Gem, although the median progression-free 
and overall survival durations are only 7.7 and 14.0 months, 
respectively  (18). Regimens that increase the efficiency of 
Gem are needed to improve patient outcomes.

Gem is a nucleoside analogue that interferes with DNA 
synthesis to induce apoptosis (19). Tam is a standard endocrine 
therapy for the treatment of steroid receptor-positive breast 
cancer  (20,21). Our results support those of another study 
which found that Tam treatment inhibited bladder cancer cell 
proliferation  (12). In the present study, Tam alone showed 

significant cytotoxic effects in the three cell lines, but only 
at high concentrations. Combining Tam with Gem resulted in 
increased cytotoxicity at lower concentrations.

Our results show that the sequential treatment exerted 
significant apoptotic effects in TCC-Sup and 5637 cells, 
which showed resistance to Gem alone. Previous findings 
have suggested that combining Gem and Tam is a valid 
and effective therapy for advanced breast cancer,  (22). 
Additionally, the efficacy of this combination treatment in 
breast cancer was previously demonstrated (23). Sequential 
Gem→Tam treatment resulted in greater DNA fragmentation 
in TCC-Sup cells, whereas Tam→Gem treatment resulted in 
greater DNA fragmentation in 5637 cells. However, the effects 
level of sequential treatment itself resulted in greater DNA 
fragmentation in TCC-Sup cells than in 5637 cells. Therefore, 
the results of the present study have effectively shown the 
significance of utilizing this drug schedule (Gem→Tam) in 
TCC-Sup. Our results demonstrate that sequential treatment 
for 72 h effectively induced TCC-Sup cell death through 
apoptosis. Several studies have investigated ERα and ERβ 
protein levels in bladder cancer development and have found 
correlations between ER expression and bladder cancer 
stage  (11-13,24), which underscores the importance of 
targeting ERs in bladder cancer therapy.

There is also a possibility of sequential treatment using 
Gem and Tam in metastastic bladder cancer. However, we 
were not able to determine the usefulness of this treatment, 
including clinical background. Our results have demonstrated 
that sequential Gem→Tam treatment effectively inhibited cell 
transformation in TCC-Sup cells. Previous findings showed 
that apoptotic cells expressing p70S6K are capable of under-
going cell transformation (sphere formation) (17). We found 

Figure 5. Inhibition of cellular transformation in bladder cancer cells by sequential gemcitabine and tamoxifen is confirmed in soft agar colony formation assay. 
(A and B) Soft agar colony formation assay demonstrates the inhibitory effects of sequential Gem and Tam treatment on cell transformation in TCC-Sup cells. 
Sequential treatment with Gem (1 µM) for 6 h and then Tam (10 µM) (Gem→Tam) for 72 h significantly reduced cell transformation (sphere formation). Gem, 
gemcitabine; Tam, tamoxifen.
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that the sequential Gem→Tam treatment reduced p70S6K 
expression, which efficiently inhibited cell transformation in 
TCC-Sup cells. Thus, our study identified a viable sequential 
treatment strategy in vitro that remains to be confirmed via 
in vivo studies.

In conclusion, prolonged sequential Gem→Tam treat-
ment induced significant apoptosis in a bladder cancer cell 
type‑dependent manner and inhibited cell transformation. 
This sequential treatment may be useful in the increase of the 
efficiency of Gem against bladder cancer in a subset of patients 
and should be investigated.
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