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Figure 2 Localization of androgen receptors in prostate cancer cell tines. Immunocyto'chemical staining of prostate cancer cell lines, LNCaP,
DU145, and PC-3, and COS-1 transfected with the expression plasmid of AR (COS-1) was performed with anti-AR antibody. Immunofluo-
rescence stalnlng for AR was performed with LNCaP cells (LNCaP IF). Upper: celis were cultured in the absence of ligand. Lower: cells were

cultured in the presence of 107 M testosterone Bar = 10 um. .

gens, whereas in LNCaP cells, AR-GFP was detected
not only in the cytoplasm but also in the nucleus
without nucleoli. The primary localization of AR-GFP
in LNCaP cells was similar to the localization of
endogenous AR. Upon the addition of testosterone,
AR-GFP in all cell lines was time-dependently trans-
located into the nucleus and showed a discrete pattern
that formed subnuclear foci. It took <20 min to form
nuclear foci in all investigated cells after treatment with
" testosterone. Intranuclear foci were distributed evenly
throughout the nucleus without nucleoli. Intensity of
foci formation was not changed after overnight treat-
ment with the ligand (data not shown). No signifi-
cant difference in the localization and trafficking
pattern of the AR-GFP was detected between LNCaP
cells (androgen sensitive) and DU 145/PC-3 cells (andro-
gen refractory).

Subcellular Localization and Trafficking of AR
(T877A)-GFP With High Concentration of Androgen

We transfected plasmids expressing AR (T877A)-GFP
to COS-1 and LNCaP cells (Figure 4). In both cells, the
primary localization of AR (T877A)-GFP was not only
in the cytoplasm but also in the nucleus in the absence
of testosterone. However, a predominance of AR-GFP

~was observed in the nucleus. Upon the addition of
107° M testosterone, AR (T877A)-GFP in both cell lines
was time-dependently translocated into the nucleus and
formed subnuclear foci. Trafficking patterns and distri-
bution in the nucleus of both cells were the same as those
observed in the case of wild-type AR-GFP.

Trafficking Pattern of AR-GFP and AR (T877A)-GFP
With Low Concentration of Androgen

- We also transfected plasmids expressing AR-GFP and

AR (T877A)-GFP to COS-1 and LNCaP cells and ob-
served the effect of a low concentration of androgen
(Figure 5). With 107° M DHT treatment, the distribu-
tion of AR-GFP and AR (T877A)-GFP in COS-1 cells
remained’ cytoplasmic, whereas those in LNCaP cells
were translocated to the nucleus and formed subnuclear
foci, showing the same pattern as in the high androgen
concentration with regard to the time course, distribu-
tional pattern, and their size.

Trafficking Pattern of AR-GFP and AR (T877A)-GFP
With Antiandrogen Treatment

We used bicalutamide {CAS), a competitive androgen
antagonist, as a ligand at 107° M, almost the same as
the plasma concentration of the clinical dose (Figure 6).
Upon the addition of CAS, AR-GFP that was transfected
in both COS-1 and LNCaP cells was translocated into the
nucleus but did not form subnuclear foci, whereas AR
(T877A)-GFP in both cells was translocated to the nu-
cleus and formed typical subnuclear foci. The distribution
and trafficking pattern of AR (T877A)-GFP in LNCaP
cells and COS-1 cells were the same as those observed in
the case of AR-GFP.

Discussion

The present study using a real-time imaging method
clearly showed that wild-type AR-GFP and mutated
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Figure 3 Real-time imaging of AR-green fluorescent protein (AR-GFP) in prostate cancer cell lines and COS-1 cells treated with 107 ™m
testosterone. COS-1, LNCaP, DU 145, and PC-3 cells transfected with the expression plasmid of AR-GFP were cultured in the absence of
ligand for 14 hr before observation. Fluorescent images were captured by confocal laser scanning microscopy every 20 min after the addition

of 1078 M testosterone. Bar = § um.

AR (T877A)-GFP in prostate cancer cells, LNCaP, and
non-prostate cancer cells, COS-1, translocated to their
nucleus and formed subnuclear foci at a high concen-
tration of androgen, whereas a low concentration of
androgen led to AR-GFP and AR (T877A)-GFP forming
nuclear foci only in the LNCaP cells and not in the COS-1
cells. In addition, it was demonstrated that anti-androgen
treatment induced subnuclear foci in LNCaP and COS-1
cells that were transfected with AR (T877A)-GFP, but not
in those with AR-GFP (Table 1).

AR activation by androgen is a multistep process. AR
in the cytoplasm forms a complex with chaperone pro-
teins such as heat-shock protein 90 (HSP90), HSP70, and
HSP56 (Picard and Yamamoto 1987; Hager et al. 2000;
Pratt et al. 2004). Ligand binding leads to a conforma-
tional change of its receptor followed by revealing the
NLS (Simental et al. 1991; Zhou et al. 1994; Gelmann

i

2002). Many studies have suggested that exposed NLS
of the cytoplasmic cargo protein is recognized by the

importin family that mediates translocation to the nu-

cleus through the nuclear complex, and the direct bind-
ing of Ran GTP to importin—cargo complex releases the
cargo into the nucleoplasm (Picard and Yamamoto
1987; Poukka et al. 2000). There has been, however, no
direct evidence of an interaction between AR and the
mportin family. Further studies are needed to elucidate
the subcellular compartmentalization of AR.

With the use of the three-dimensional construction
of confocal microscopic images with AR-GFP, it was
demonstrated that after binding with the agonist, AR-
GFP is concentrated in a subnuclear compartment that
has the appearance of foci in a boundary region of
the nucleus between enchromatin and heterochromatin
(Tomura et al. 2001). The functional significance of these
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Figure 4 Real-time imaging of AR (T877A)-GFP in COS-1 and LNCaP cells treated with 1075 M testosterone. COS-1 and LNCaP cells transfected
with the expression plasmid of AR (T877A)-GFP were cultured in the absence of ligand for 14 hr before observation. Fluorescent images were
captured by confocal laser scanning microscopy every 20 min after the addition of 1076 M testosterone. Bar = 5 pum.

subnuclear foci has been discussed at the molecular level.
The interaction of AR with this compartment is strongly
biased for the agonist-bound form of AR (Tomura et al.
2001; Karvonen et al. 2002; Black et al. 2004). Several
studies have shown that the interaction between AR
and SRC1, GRIP-1, and the p160 coactivator family
in these subnuclear foci is an agonist-dependent re-
““cruitment and/or release step that occurs before -AR
engages with chromatin (Karvonen et al. 2002; Black
et al. 2004).

Most prostate cancer patients initially respond to
androgen ablation therapy (Huggins and Hodges 1941);
therefore, it is considered that androgen plays pivotal

“roles in the growth promotion of epithelial tissue of
prostate cancer. The LH-RH analog excludes testicular
androgen production, and antiandrogen excludes ad-
renal androgens. This combination of the two medicines
is the first-line hormone therapy of prostate cancer.

However, the disease eventually progresses to what is -

defined as hormone-refractory prostate cancer (HRPC),
at which point the tumor is no longer responsive to
androgen ablation, and uncontrolled progression of
the disease is inevitable (Palmberg et al. 1999). Several
possible mechanisms have been proposed (Grossmann
et al.-2001). Mutations in the ligand-binding domain
of the AR gene or amplification of the AR gene would
increase AR sensitivity to a low concentration of an-
drogen or allow it to respond to other steroids or anti-
androgens. Many mutation sites of the AR gene in
prostate cancer cells have been reported (Gottlieb et al.
2004), and codon 877 mutation (threonine to alanine)
is the most frequently detected. This mutation is also

found in LNCaP cell lines (Veldscholte et al. 1990).
It was previously reported that mutations of the AR gene
result in a higher affinity to androgen (Tilley et al. 1996).
Moreover, it is an accepted theory that this results in
the broadening ligand specificity of AR (Gaddipati et al.
1994; Taplin et al. 1995; Suzuki et al. 1996). Codon 877
of AR is located in the LBD and contacts the ligand
directly. Mutation at this site alters the stereochemistry
of helix 11 that forms part of the ligand-binding pocket.
The present study showed that antiandrogen treat-
ment did not induce the formation of subnuclear foci
of AR-GFP in the COS-1 and LNCaP cells but appar-
ently produced those foci of AR (T877A)-GFP in COS-1
and LNCaP cells. However, Farla'et al. (2005) demon-
strated that AR (T877A)-GFP did not form foci in CAS-
treated Hep3B cells. These results indicate that T877A
mutation broadens the specificity of ligand recognition
{McDonald et al. 2000), but subnuclear foci formation
of antiandrogen-bound AR (T877A).appears to depend
on the intracellular environment, e.g., levels of interact-
ing regulatory factors in the cellular milieu.

The present study demonstrated that AR-GFP and
AR (T877A)-GFP in LNCaP cells were translocated
to the nucleus and formed subnuclear foci at both low
and high concentrations of androgen, and that those in
COS-1 cells were translocated at the high concentration -
but not at the low concentration. These results suggest
that T877A mutation of the AR gene does not account
for AR hypersensitivity. It is supposed that hypersen-
sitivity of AR might be due to the existence of some
other intracellular factors such as chaperone proteins,
signaling cascade, and cofactors in LNCap cells. Some
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Figure 5 Real-time imaging of AR-GFP and AR (T877A)-GFP in COS-1 and LNCaP cells treated with 107° M dihydrotestosterone (DHT). COS-1
(A,Q) and LNCaP (B,D) cells transfected with the expression plasmid of AR-GFP (A.B) or AR (T877A)-GFP (C.D) were cultured in the absence
of ligand for 14 hr before observation. Fluorescent images were captured by confocal laser scanning microscopy every 20 min after the addi-

tion of 107 M DHT. Bar = 5 um.

cofactors, for example, the 160-kDa nuclear receptor
coactivator (p160) family, interact directly with AF-1
of AR and can also bind to LBD (Ma et al. 1999).
Consequently, they enhance the AR-mediated transcrip-
tion of target genes in a ligand-dependent manner (Alen
et al. 1999). One possibility is that an increase of the
P160 family, such as glucocorticoid receptor-interacting
protein 1 (GRIP-1) and the steroid receptor coactivator-1
(SRC1), may allow low concentrations of androgen to
function more efficiently as an AR ligand. However, this
is still controversial because expression levels of SRC1
protein in HRPC cells varied in experiments (Gregory
etal. 2001; Linja et al. 2004).

The fusion protein with AR was detected in the cyto-
plasm without androgen treatment in non-prostate cells;
however, AR-GFP in LNCaP cells localizes not only in the

cytoplasm but also in the nucleus. Subcellular factors in
prostate cancer may activate the AR-signaling pathway
itself or another one besides AR, having an interdepen-
dence on AR. Another possibility is that prostate cancer
may have specific docking proteins for substrate binding
in a nuclear import pathway. Furthermore, AR (T877A)-
GFP in non-prostate cancer cells was detected in both the

cytoplasm and nucleus. Alterations in the AR gene may

lead to AR having an affinity for the nucleus.

The presence of endogenous AR in prostate cancer
cells has been controversial (Tilley et al. 1995). The
present study clearly showed that AR protein was not

expressed in DU 145 or PC-3 cells, but was expressed in

LNCaP cells at the same level of expression as in COS-1
cells transfected with rAR by Western blot analysis
using anti-AR antibody. Immunocytochemistry by the
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Figure 6 Real-time imaging of AR-GFP and AR (T877A)-GFP in COS-1 and-LNCaP cells treated with 1075 M bicalutamide (CAS). COS-1 (A,C)
and LNCaP (B,D) cells transfected with the expression plasmid of AR-GFP (A,B) or AR (T877A)-GFP (C,D) were cultured in the absence of ligand
for 14 hr before observation. Fluorescent images were captured by confocal laser scanning microscopy every 20 min after the addition of

1075 M CAS. Bar = 5 um.

streptavidin-biotin peroxidase method with anti-AR anti-

body was consistent with Western blot analysis, showing

that AR immunoreactivity was observed only in LNCaP
cells and not in DU 145 or PC-3 cells. A recent report

~ demonstrated the expression of AR protein in DU 145

and PC-3 cells (Alimirah et al. 2006). This contradictory
result might be due to the different antibodies used.

Table 1 Summary of differential response of AR and AR (T877A)

The concepts of compartmentalization of AR in the
cell and nuclear import of AR to the nucleus in re-
sponse to androgen and antagonist have extended our
understanding of the molecular mechanisms of prostate
cancer progression. The present study of live imaging
using GFP may facilitate further study on the relation-
ship between AR and prostate cancer.

AR (T877A)-GFP

AR (T877A)-GFP AR (T877A)-GFP

" AR-GFP 1076 M T 10°5mMT AR-GFP 1072 M DHT 107° M DHT AR-GFP 1075 M CAS 10~5 M CAS
COs-1 +(*) +(*) - - + +(*)
LNCaP +(*) +(*) +(*) +(*) + +(%)

-, no change; +, translocation without subnuclear foci; +(*), translocation with subnuclear foci.
AR-GFP, androgen receptor—-green fluorescent protein; DHT, dihydrotestosterone; CAS, bicalutamide.
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ABSTRACT

 Background: Recently, several kinase inhibitors have been reported to exert stronger growth
inhibitory effects on metastatic renal cell carcinomas (RCCs) than cytokines such as interferons
(IFNs) and interleukin-2 (IL-2). On the contrary, the adverse effects of these drugs are also
severe. The aim of this study is to analyze the dgrowth-inhibitory effects of DEXamethasone
(DEX) on RCC in vivo and in vitro. Methods: The MTT assay was performed using three RCC cell
lines, OUR-10, Caki-1, and NC65. OUR-10 cells were subcutaneously transplanted to the dorsal
area of nude mice. The nuclear translocation of glucocorticoid receptor (GR) and NF-<B was
examined using appropriate antibodies. Concentrations of interleukin-6 (IL-6), IL-8, and vascular
endothelial cell growth factor (VEGF) in the conditioned media and cytosol were measured by
enzyme-linked immunosorbent assay (ELISA). Results: All three RCC cell lines responded to
DEX treatment. The growth of OUR-10 xenografts was significantly inhibited by administration
of DEX. GR was translocated into the nucleus on DEX treatment. Intracellular IL-6, as well as
IL-6 in the conditioned medium, decreased in OUR-10 cells following treatment with increasing
amounts of DEX. Concentrations of iL-8 and VEGF in the conditioned medium of OUR-10 and
NCE65 celis also decreased following DEX treatment, with the inhibition of nuclear transfocation
of NF-xB. Conclusion: DEX treatment is a candidate for advanced RCC therapy by inhibiting the

activation of NF-xB and its downstream products such as IL-6, IL-8 and VEGF.

INTRODUCTION

Renal cell carcinoma accounts annually for more than
30,000 new cases of cancer and more than 12,000 deaths in
the United States of America. According to the data from
the Surveillance, Epidemiology, and End Results Registry
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http://www.seer.cancer.gov), it is localized in 53% of cases, re-
gionally advanced in 20%, and distant in 22%: the correspond-
ing 5-year survival rates are 90%, 61%, and 10%; respectively.
Despite the important stage-related risk of tumor progression,
until now no effective adjuvant treatment for use after surgery
has been established (1). Immunotherapy with interferon (IFN)
alfa and interleukin-2 (IL2), improve survival of patients with
advanced RCC with only a limited period (2-5). Very recently,
inhibitors against several kinases have improved survival peri-
ods. However, they were accompanied by severe advérse effects
(6).

IL-6 is an inflammatory cytokine that has been reported to
stimulate the growth of renal cancer (7, 8). Dexamethasone
(DEX) has long been used to suppress the inflammatory reac-
tions often seen in patients with advanced cancers; it acts through
activation of transcription factor NF-xB (9, 10). In this study,
we have analyzed the growth inhibitory effects of DEX on renal
cancer cells in vivo and in vitro in terms of suppression of NF- KB
activation.
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METHODS

Cell lines

The human RCC cell lines Caki-1 and the human prostate
cancer cell line DU145 were obtained from the American
Type Culture Collection (Manassas, Virginia, USA). OUR-
10 cell line was established in our laboratory (11). Cell
line NC65 was obtained from the Department of Urol-
ogy, Kyoto Prefectural University of Medicine. OUR-10,
NC-65 and Caki-1 cells were maintained in RPMI-1640
containing 10% heat-inactivated fetal calf serum (FCS).
DU145 cells were maintained in Dulbecco’s modified Eagle
‘medium (DMEM) supplemented with 10% heat-inactivated
FCS. :

Cell growth assay

To assess cell growth, OUR-10, NC-65 and Caki-1 (1.5 x 103
cells/well) cells were seeded in a 96-well culture plate in RPMI
containing 5% charcoal-stripped FCS. Medium containing DEX
(107'%t0 10~5M) oran equivalent volume of ethanol (0.1%) was
added on the next day (day 1) and 2 days later (day 3). On day
6, cell viability was measured with the MTT assay kit (Chemi-
con International, Temecula, California, USA) according to the
manufacturer’s instructions. Cell growth was calculated relative
to the mean cell growth of control cells, defined as 1.0.

Preparation of cellular protein
and western blotting

RCC cells (5 x 10° cells) were seeded onto 100 mm dish

plates. On the next day, the medium was changed to RPMI con-
taining 5% charcoal-stripped FCS containing each specific dose
of DEX. After 48 h of incubation, the cells were washed twice
with phosphate-buffered saline (PBS), collected, suspended in
PBS and centrifuged (10000 g, 10 min, 4°C). Cell pellets were
homogenizéd in RIPA buffer (1 x PBS, 1% Nonidet P-40, 0.5%
sodium deoxycholate, 0.1% SDS, 10 pg/mL phenylmethylsul-
fonyl fluoride, 5 pg/mL aprotinin, and 1:100 dilution of Phos-
phatase Inhibitor Cocktail 2 (Sigma, St. Louis, Missouri, USA).
Supernatant was used as protein lysate. After determination of
protein concentration, the supernatant was diluted in the gel
loading buffer and boiled for 3 min. Aliquots of each sample cor-
responding to 10 ug protein were analyzed by 7.5% SDS-PAGE
on a polyacrylamide gel. Standard protein markers were used
for molecular weight calibration. After blotting, the membrane
was blocked with 5% skim milk, washed with PBS containing
0.1% Tween 20 (T-PBS), and probed with specific primary anti-
body (1:1000 dilution) for 1 h. After another wash in T-PBS, the
membrane was incubated for 1 h with the secondary antibody
(1:1000 dilution). After a further wash in T-PBS, immunore-
active bands were visualized for horseradish peroxidase with
the enhanced chemiluminescence (ECL) substrate according to
the manufacturer’s instructions (Amersham Pharmacia Biotech,
Tokyo, Japan).

In vivo xenograft model

Animal care was in accordance with the laboratory animal
guidelines of the Institute of Experimental Animal Sciences in
Osaka University Medical School. To establish OUR-10 tumors
in mice, OUR-10 cells were detached form dishes with trypsin
(0.02%) and resuspended in RPMI with 10% FCS. Six week old
male athymic nude mice (n = 6) were given a single subcuta-
neous injection of 1 x 107 cells in 0.1 mL RPMI in the dorsal
area. Three times a week, 6 mice were given a subcutaneous
injection of DEX (1 ug per mouse per injection) that had been
dissolved in ethanol and diluted 1:2000 in sterile saline imme-
diately before injection; DEX treatment was started at the time
of cell inoculation. Six control mice were given an injection of
ethanol diluted 1:2000 in sterile saline. The tumor volumes were
measured weekly with a slide caliper and determined by the fol-
lowing generally used formula: (length x width®)/2. When the
experiments were completed, the mice were sacrificed.

Immunofluorescence and
immunohistochemistry

Cells were treated with 10~7 M DEX or ethanol control for
48 h then fixed with methanol. After blocking with 3% bovine
serum albumin (BSA), cells were incubated overnight at 4°C
with anti-NF-«B (Santa Cruz Biotechnology, Inc., Santa Cruz,

_ California, USA) at a dilution of 1:100 in l?BS. Cells were in-

cubated at room temperature for 1 h with a secondary antibody
conjugated with FITC (Santa Cruz Biotechnology, Inc.) at a dilu-
tion of 1:100, and then treated with the SlowFade Light Antifade
Kit with DAPI (Molecular Probes Inc., Eugene, Oregon, USA).
To examine GR staining in tissue sections, OUR-10 xenograft tu-
mors were fixed in 10% neutral buffered formalin, processed and
embedded in paraffin. Serial tissue sections (5 um thick) were
obtained and mounted on slides that were then deparaffinized,
rehydrated, and incubated with 3% (v/v) hydrogen peroxide in
PBS for 15 min at room temperature to inhibit endogenous per-
oxidase activity. The sections were then blocked with 10% BSA
for 15 min at 37°C and incubated with rabbit polyclonal anti-
GR antibody (Santa Cruz Biotechnology, Inc.) at a dilution of
1:100 in PBS for 4 h at 37°C. The sections were then rinsed
three times with PBS, incubated with a peroxidase-conjugated
anti-rabbit IgG (Bio-Red Laboratories, Richmond, Califomnia,
USA) at a dilution of 1:1000 in PBS for 10 min at 37°C, and
exposed to avidin-biotin-peroxidase complex using DAKO kit
(DAKO Corp., Carpinteria, California, USA) according to the
manufacturer’s instructions. The sections were reacted with 3.3'-
diaminobenzidine as the chromogen and counterstained with
hematoxylin. An isotype-specific rabbit IgG was used instead
of the GR antibody to serve as a negative control.

Measurement of IL-6, IL-8 and VEGF

To determine the amount of IL-6, IL-8 or VEGF being pro-
duced by the RCC cell lines, ELISAs were performed. RCC
cells were seeded and the medium was changed.to RPMI con-
taining 5% FCS with or without DEX. Conditioned medium
was collected 48 h after DEX addition and subjected to ELISA
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Figure 1. Effect of DEX on the proliferation of RCC cell lines. Eacﬁ cell line was cultured in the presence of DEX (109 to 10-8 M), or 0.1%
ethanol as control, for 6 days. Each data point represents the mean (n = 6) + 95% confidence interval (error bars). *p < 0.05.

assay using ELISA kits (Amersham Pharmacia Biotech, Tokyo,
Japan) according to the manufacturer’s instructions. To mea-
sure the intracellular concentration of IL-6, cells were lysed by
freeze/thaw (5 cycles) in PBS. After centrifugation (14000 g x
10 min, 4°C), the supernatant was subjected to ELISA assay as
above.

Statistical analysis

The level of statistical significance was calculated by the
Mann-Whitney U test, assuming statistical significance as p <
0.05. All statistical analyses used the StatView software (SAS
Institute Inc., Cary, North Carolina, USA). All statistical tests
were two-sided.

RESULTS

Growth-inhibitory effects of DEX
on RCC cell lines

RCC cell lines were treated with DEX at concentrations of
1075-10"1° M for 6 days. MTT assays revealed that DEX at

concentrations of 107°~10~% M inhibited growth of OUR-10,

NC65 and Caki-1 cells (Figure 1).

GR expression and its downregulation
in RCC cells

GR protein expression was examined by Western blot. OUR-
10 and NC65 cells expressed high levels of the GR protein,
while Caki-1 expressed a low level (Figure 2A). In OUR-10
and NC65 cells, the highest concentration of DEX (10~% M) re-
stored cell growth slightly. In these cell lines, GR protein expres-
sion was downregulated in vitro by increasing concentrations of
DEX (Figure 2B). In order to examine the inhibition of NF-xB
activation by DEX, immunofluorescence staining of NF-«B in
OUR-10 cells were treated with 10~7 M DEX for 48 h. The nu-
clear expression of NF-xB was attenuated in DEX-treated cells
compared with control cells (Figure 2C).

A e
O 3

B
DU145 Control 10°
GR
B - actin
C ) Control
DAPI

- - .

Figure 2. The expression of GR in renal cancer cell lines. A: GR
expression by Western Blot analysis in RCC ‘cell lines. DU145
prostate cancer cell line is included as a positive control. B: Down
regulation of GR in OUR-10 célls with increasing concentrations of
DEX. OUR-10 cells were treated with increasing concentrations of
DEX (10~2 to 10~3 M) or 0.1% ethano! as control for 48 h. Whole-
cell lysates were prepared, and GR protein levels determined by
Western blot analysis. C: Distribution of GR in OUR-10 cells with or
without DEX treatment. OUR-10 cells were incubated with NF-«xB
p65 antibody, followed by a FITC-conjugated antibody to rabbit IgG,
and then counterstained with DAPI. Immunofluorescence staining
of OUR-10 cells treated with DEX (10~7 M) for 48 hours showed
more attenuated translocation of NF-«xB p65 from the cytoplasm to
the nucleus than control-treated OUR-10 cells.
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Figure 3. Effact of dexamethasone on growth of QUR-10 cells in vivo. A: Nude mice were given a subcutaneous injection of OUR-10 cells in
the dorsal area. The mice were then injected subcutaneously with low-dose DEX or ethanol (control) for 6 weeks. Arrows identify the location of
the tumors. B: The volume of each tumor was measured at weekly intervals. Each data point represents the mean (n = 6) £ 95% confidence
interval (error bars). *p < 0.05. C: Hematoxylin and eosin (H + E) staining of xenografts at 5 week. D: GR immunohistochemistry on QUR-10

Growth-inhibitory effects of DEX on OUR-10
xenografts ‘

We examined whether DEX could inhibit the growth of QUR-
10 cells in vive. We determined the dose and frequency of low-
dose DEX treatment as 1 ng per mouse 3 times per week. After
6 weeks, the mean tumor volume in the DEX-treated mice was
220.9 mm? (95% CI = 267 to 399), statistically significantly
smaller (p=0.01) than in the ethanol-treated control mice (629.5
mm?>; 95% CI = 651 to 811) (Figure 3 A, B).

GR expression in OUR-10 xenografts

To determine whether in vivo administration of low-dose
DEX alters the level of GR expression, we harvested the OQUR-
10 xenografts from the nude mice after 6 weeks of low-dose
treatment. H&E staining showed more inflammatory cells and
necrotic tissues in the control group than the DEX groups (Fig-
ure 3C). Immunohistochemically, GR was stained mainly I the
cytoplasm in xenograft tumors of the ethanol-treated control
group, while it was located mainly in the nucleus in the tumors
of the DEX-treated group (Figure 3D).

Effects of DEX on IL-6 secretion and
intracellular IL-6 concentration

The IL-6 concentration in the cell culture medium of the
four RCC cell lines treated with the increasing concentrations

of DEX (107'9-1076 M) for 48 h was quantified using ELISA..

DEX downregulated IL-6 secretion to less than 50% in OUR-10,
NC65 and Caki-1 cells (Figure 4A). Intracellular IL.-6 concen-
trations of the four RCC cell lines treated with DEX (10~'0-
1076 M) for 48 h were quantified using ELISA and found to be

4B).

downregulated by approximately 40~70% in all cell lines (Figure

13

Effects of DEX on IL-8 and VEGF secretion
by RCC cell lines

Concentrations of IL-8 and VEGF in the cell culture media
of the four RCC cell lines treated with DEX (10791076 M)
for 48 h were quantified using ELISA kits. DEX downregulated
IL-8 secretion remarkably in NC65 cells and a little in OUR-10
cells (Figure 4C), and downregulated VEGF secretions by more
than 30-65% in all RCC cell lines (Figure 4D).

DISCUSSION

RCC expresses several steroid hormone receptors including
the estrogen receptor, progesterone receptor and GR. However,
hormone therapy using estrogen or progesterone has not proved
useful in RCC (12).

The growth-inhibitory effects of DEX on multiple myeloma
and hormone-refractory prostate cancer have been reported (13-
15). In the past, DEX has only been shown to inhibit the

‘growth of RCC in vitro (16). However, in this study, we demon-

strated the growth-inhibitory effects of DEX on three RCC cell
lines in vitro and in vivo. In the experiments to examine dose-
dependence, the highest concentration (10~¢ M) of DEX did not
inhibit the growth of RCC cells. Western blot analysis of the GR
suggested that this decrease in growth inhibition appeared to be
due to GR downregulation caused by increasing concentrations
of DEX. These phenomena have been also reported on hormone-
refractory prostate cancer (HRPC) (14). The growth-inhibitory
effects of DEX on RCC were observed at concentrations
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of 10782107 M, which are physiological concentrations for
humans.

In HRPC, DEX inhibits growth by inhibiting the activation of
NF-«B. We hypothesized that the same mechanism of growth-
inhibition might apply in RCC. IL-6, IL-8 and VEGF are the
target genes of NF-«B, and, as shown in our.in vitro exper-
iments, IL-6 concentrations in the RCC cell line conditioned

media correlate with DEX dose. Moreover, the concentration .

of IL-6 in the cell lysate from RCC cell lines also decreased
on DEX administration. IL-6 has been reported to promote the
growth of RCC in a paracrine or intracrine fashion (7, 17, 18)
and is well known to cause paraneoplastic syndrome (8, 18). In
end-stage malignancies, we often encounter an elevated serum
IL-6 level. Therefore, in the clinical field, DEX is thought to
be useful for patients with end-stage malignancies as palliative
therapy because it suppresses those paraneoplastic symptoms
due'to the elevated IL-6 through inhibiting the NF-«B activa-
tion. In Caki-1 cells, concentrations of IL-6 in the conditioned
medium and cell lysates were extremely high compared to the
other two cell lines (OUR-10 and NC65), which might be one
of the reasons why DEX could not inhibit the growth of cells to
only a limited extent in Caki-1 cells. However, the growth inhi-
bition of Caki-1 cells was demonstrated by antisense nucleotide
against IL-6 gene, which suggests that IL-6 is also an important
growth-promoting cytokine in Caki-1 cells (17),

In our series of experiments, we demonstrated, for the first

' time, the in-vivo growth inhibition of RCC cells by DEX us-

ing nude mice. The growth-inhibitory effect of DEX was more
remarkable in vivo than in vitro. Immunohistochemical study
revealed the translocation of the GR from the cytosol to the
nucleus, as in the cell-culture experiments, suggesting that
DEX acts through transcriptional activation of GR. As men-
tioned above, VEGF and IL-8 are also target genes for NF-«B.
Their concentrations in conditioned medium and cell lysates
decreased following DEX treatment in a dose-dependent man-
ner, except for IL-8 in Caki-1 cells. The reason why IL-8 pro-
duction in Caki-1 cells did not respond to DEX is not known.
Lower expression of GR may be one of the reasons. VEGF is
a well-known angiogenic factor important for neovasculariza-
tion when a tumor grows in vivo. Decreased VEGF might be
also one of the most important factors for growth-inhibition
of RCC caused by DEX treatment (19). This could be why
RCC growth suppression was more remarkable in vivo than
in vitro. ’ ‘ .

In conclusion, DEX is a possible therapeutic agent for ad-
.vanced RCC via suppression of IL-6, IL-8 and VEGF produc-
tion through inhibition of nuclear translocation and subsequent
inactivation of NF-xB. However, as growth-inhibitory effects of
DEX are less marked than newly developed kinase inhibitors,
we think DEX can be best used in combination with other drugs.
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F#2 BEANBRZEER (M =67)
“ “Location of tumor- n (%) - . Prior radiotherapy n Treatment modality for recurrence n - Status* n'(mo)r ¢
Central pelvis © 24 (35%)  Outside the irradiated field® 4 Radiotherapy 4 NED*® 1 (71)
Inside the irradiated field* 9 Radiotherapy 3 NED 1 (62)
. Pelvic exenteration 2 NED 1 (142)
Palliative surgery 2
Not done 2 -
Not done® 1 Radiotjerapy 8 NED 3 (70, 78, 86)
. Pelvic exenteration 3 NED 2 (81, 24)
Pelvic wall involvement 43 (65%)  Inside the irradiated field 25 Radiotherapy - 5
Pelvic exenteration 1 .
Palliative surgery 1 AWD¢ 1 (34)
Chemotherapy 6 AWD 2 (17, 23)
Not done 12 '
Not done 18 Radiotherapy 9
Pelvic exenteration 2
Chemotherapy 4
Not done 3

*Blank represents dead of disease, ®Survival after initial treatment, ¢ No evidence of disease ¢ Alive with disease,
¢ The recurrent tumor was located outside the field of irradiation that had been performed for the initial treatment
‘ The recurrent tumor was located inside the field of irradiation that had been performed for the initial treatment
¢ Patients who did not receive radiotherapy for treatment of initial therapy

Wt
29

0 5 10 (F)

M2 SENEREOFE (h=67)

ERINERET6% (7/109%1) Tho7-. W»Wih
5L LOEBBARTH 5. gD EDOKEK
HIEM o 7O BE 2R E 25T L T/,

Z OBENEF 67 HloPERIZ, 1B Hi 26 31,
HARI6f%I, IBE 1341, MAH 14, B H
186, IVAKA3BITH b, #IERAEE LT 63%
(4250 =T, S5 12% (126) HimmEs
HIThbhTHD, B0 37% (256 2RaHEA
BHITH -7, HBEIRFELEERA 6%, IR
BA 21%, BRRELERA 6%, TOMIFHFET
Bt

INns 67 BIOBRKRBOFEMEZBHREMN, b
K UTRHEF AR KRBT > 5 DBER > OF

- wall recurrence) T& -7z,

RPSRL728DMRE2THS. BRIPAELL
T3 3% REF (central recurrence), 65%
SEREENERE,SHBR LY, F2EE
BEELBEL720DOBEIFEER (pelvic side
ZDRGEHEBNIZ
BB TELFUIFEEL 2 -7z, BHTEET
» o FIOBEBMIZTThEHRBRTH -

. ZhLEDAEFHIZE, BRESENLOE

HIRAETIBITH 5. 67 lEhOERED 5 4F
REAETFRE 15%TH D, S0RETFHIRIE 14
Tho7= (H2). :
Z OBETETSH - 7= 8 IOBEHRIGE 45 3 1C
AU7z. 3% (GEMI1, 7, 8) 13 pelvic exentera-
tion BTEETH - 7B TH 5. 4 FliLs EEE &
INERIRROBERIC & 0 T4 B TR BE
BRIURETH->72HTHB. ZDA4FHDSH3
Bl Z RS EEIZ < (R4, 5, 6), 1B
SHEBTRICTH 5 AREBHE 2 5 OBERTH -
ke (ERI2). B0 4BIOBERBESEE, 2cm
BT O/NSOREE A, & 7= 13RI % < A
Mo 1 IBETH 7=, & BTG 3 12 EEE
D FEW % B F 151 pelvic exenteration &
TEHITH o720, BEDEBIZED, BREL
BTN AEM L 2B TH 5. T
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K3 EEEBEER X#k1) X h5IH
Patient FIGO Histological X : Recurrence free p Survival after -
. P thera " R i : Sal th
no. Stage subtype - - nmary Py ecurrent Site interval {mo) vage Inerapy -recurrence {mo)
1 oA Squamous Radiotherapy Cervix, Bladder 7 Anterior exenteration 135
-2 mB Squamous Radiotherapy Vaginal wall 21 Radiotherapy 50
3 IB Adenosquamous Radical hysterectomy + Vaginal stump 12 Radiotherapy 50
radiotherapy
4 IB Squamous Radical hysterectomy Vaginal stump 7 Radiotherapy 79
5 IB Squamous Radical hysterectomy Vaginal wall 2 Radiotherapy 76
6 IB Adenosquamous Radical hysterectomy Vaginal wall 18 Radiotherapy - 52
7 iB Adenocarcinoma Radical hysterectomy Rectum, Bladder 26 - Total exenteration 35
8 Eb Glassy cell Anterior exenteration + Rectum 44 Posterior exenteration 80
Chemotherapy :
2 ¥ —re
B 50 H ABHREFL TR 32, BEOR I
R e )R 2
B REEMEEIC X OB T - T L EE PN
A pE . .
pelvic exentaration MOt RAEH (B £ - (2 RBME)

ED&S BESHHHOD
TheES > TLDh

BIEOYBIDOER LV - XE2R5 L, BE
BL-EBEAS, IB—IB#H®D 13%, MBHOD
1NBUPEHGTE T ENI EAbhr b, Ykt
DX A Y FAEF VHRIZIZS OB R
BEAOEREBE SAPHEKITKEO NS A, RRIZIE
mEIRIEE B A A, PUBRIOFESER L EIEIC
HOERENSRT 5@BohTuEV L Ebh
LYUERGE %, first line, second line, third
line $HE4 LHEIT TWABHIERRT S, T/l

IZ pelvic exenteration R JRHEHRIEED KV EIG -

- TGOS S B DIZEORE M ST
TWZEdEdb.

L5 AAERBEBICIZEEEREE L HIEE
DIET VA% S - EEBEERIT LV, kE
DEELBHFANAENEE +ELANL, Th
TY b ZEEORINEDY, H—IOBRT X
BEL D S ORIFET 5. HAOTEMES S
BEAITIZBREN L ZOESEE S TR
EEEVL, $ERESELRELEAIR, F
7, PUEA, MEREV S PERELEYD,
T RTDIEFE L palliation BHEIDBRENED

3 REEIRE R RIES]

T, ORISR BB BICE K, TOER

TEDEORET—HCHERATES LS ¥

F-bLEL TR ES W, BEOBEIZH -
BIBAITE, BIRLZBEMBIEEN D H»
palliation B ZDH» %2 BELHRRED L -2 D
BB L CAEICED I LRV ETH S,

T T EDD TFROBOERADERA
BRIZBWT, Whk 3BAICRaOEEH
HBDH. BIEDLYBEDRERFIY ) — X PFED
FEME, reviewHEZFEEFZAHLE3D_DD
BAETHELELD. ¥, WRERTHEZ
EARIRTH B, HABROFMEIITNOWE
REELoTERETHBEEN TS, D
EHE UTEAL, A5BRE K metastatic
systemic disease THHRFEFE & ZEMFHICR
Bol-ME - BELE2EDTHD, LA
NT X7, 1990 4E4R%02, LA/ & L RI5 B

ISR U, B & 0 EEERE TR

L=, fidic7 7V r—% — 2 RFHRICE
BL, B#HEZEMESs%EINYT % High-Dose-Rate
Intraoperative Radiation Therapy (HDR-IORT)
THAEBFRGIOEOWEAOFHIE S TTETH



% LT HRBBROME L AL Nzh, ZD#%
LRIZLTOENY, &k, 7535 F8%K L2 H
D e T APIERARIE, BAEDZERTIZ TN
TODIPAIZH T palliation HRIDFER L M B
Direns.

1) BENBRSEBERATREL WS 2L,
itk BE & EORBES B VD, 5o T ERE
FHOBRTHDEND I LIZEBN, ThiZ
B EBICEENDL. Tto 59 DEMIREFERIC
X9 5 BREEENRFOEE Y 1 XFHIDOBRE
BAEER B L, ZO10FAEFEIL, BELL
THbN L WDIRA A8 72%,
N ETIR 0%E Bo5 TS, LS Z LIidEihk

DUBROERFL ) — X TERENB LIS, E

BRICIZRERE b S A REMICKE T 5/ EDfE
B, MBITHEBRHIA L EEREBLED &
IIZIFEUEE 2R L THWENERER L W
DT LD, ZDEIIHAILKBRTSZ
LIZEDLDTHRVH, MITWAIE, ZO%MF
ER7-THERBLEZWL-BE, B 2 RaHEE
Brdditks Zei3FahrtneEihils
BIsvy. b5 BA, EROERICIIREEIER
BRI K 2 HBAREST, BB A & /Mg
TR 3 RITRREE 4 & & AW =55k
BHPDET, 28RN BE AT ThiE &
NENS ZETRAVDT, BADHEIZZH
BENE B, Thb AR TR B R IR
BETE3ILRBELEDIIEF>ETEENI LT
H 5. :

2) RO pelvic exenteration &, FESIBFANER
1T AME— DB OTEEMDH 5 HETH 5.

&4 pelvic exenteration DEEERIREHE

chRER feot . kB
' TEEE
B IERE
- BREE 2FLE
- U L INETER zl :
- FEREE Bt BYA?

3cm AN T 48%, % -

EREEAR - 20074 - 10% (37) 1177
HEDIGE, IR FEERENRICH%EEE %
ToTOWBZ ENBNDT, EBRIZIZENTE
é%%@ﬁ%,%%,ﬁfﬂihéﬁ@@ﬁ%
BZDWEIGE LD ENBN,

pelvic exenteration @

BEEREHE

AMRITRBEERE, ATHAFTEREZFEI KE -
EFMCHS. M TEHATE, TTIER
FEEFEMATOI, X5IZ&BBES, B
RN TON-BERZONGE L KB
LAY, WEHOHDLE & 5B RED
BREZHABIEEIEHELLL TS, 7z,
W, PRE S BEHROBHFIZA>TN5728,
ZTOYAZEIZIE, BELBHEBRRABET,
INGIZRIT WRZFFIE, KBNABHEZED
BEABIERF — 2080 hiEReEr» o1REH
DEVWFRHNTE B DO TIdE, ffikEEs
BUED, REENELEDRZDT B LR
boTRELZD. RRINAKDBE, kA
%%%ﬁ%w&ﬁéf,%WW%ﬁék%<ﬁ
T, Lo TEEBERIZZZHLOD THEHELR
BABETHSE,

— RNV DR TS BRAEUERZIRADT L .
{Th53. %%hﬁwﬁﬂ%ﬁd¢%%ﬁﬁf
b5, ZOFHEIZKS 28, REHEA

ﬁl&%f%ﬁ@ﬁﬁ@mﬁmi PSR B

BEAOBBEDEN+BETEI L1355, 7
EARS cmDIEETH > THYRLTHRB L
HADESZRLHO 2 ~3 cm BET, FHHE
BEMASTH B Z L 5. KEE, LB
ﬁﬁﬁ&@Tﬁﬁ@ﬁnfﬂ%Tfoﬁ&u

, WA REERET AR LTEETH 5.
EﬁmféTﬁmmh;h6®F%%%$:£
BHTB2,

7z, HET7Z0 Tk < BRAEERIC & BEREAIRERS
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&5 pelvic exenteration fEfl (1973 ~2000, n=17) XE2) XhFIE
No. FIGO. B  MESE T @R OBE F#mo. PE®)
1 1Ia R¥ iR 6 APE 5 NED 142 (135)
2 pT3bN1 FTHHFX  APE 44 PPE = NED 124 (80)
3 pTibNO 2 ARH 26 TPE 5 NED . 61 (34)
4 Ia B¥ A 15 TPE = BfifE 23 (6)
5 b R¥ A 9 TPE = BeHm 25 (11)
6. IB BT A 10 TPE 58 iEE 71 (49)
7 1Ia B¥ A 3 TPE A2 &R 12 (2)
8 pTibNO & ARH 17 TPE 5 =B 21 (3)
9 pT2bN1 R ARH 14 TPE %27 &R 18 (4)
10 pTi1bNO ARH 10 TPE = bEA( 15 (4)
11 pTibNO RB¥ - ARH 11 TPE F5E2 B 15 (6)
12 pTibN1 R¥F ARH, WP 13 TPE F5£ B - 60 (6)
13 pT1bNO B ARH 38 TPE T2 =R 52 (10)
14 pT3bN1 B2 TAH, WP 6 TPE 52 Brr 33 (16)
15 pT2bN1  R¥ " ARH, WP 5 TPE 54  &#E 27 (1)
16  pT2aNO0 f2 ~ ARH, WP 12 TPE 52 e 48 (33)
17 pTibNO f2 ARH 23 TPE =£? &R 121 (94) -

APE:anterior pelvic exenteration, PPE:posterior pelvic exenteration,
TPE:total pelvic exenteration, WP:whole pelvis radiation,

AV SEDERE TOIMET 5 2 & SN
ThB. ThENBEOBE, EEIERIE S
TRETHB..

BREcofBME LR, 2EULOBOF
BEBIFEEINTNS,

ERATIE, BAACIEREERSE
FLLAVETBBREZ VA, BRRENRE
¥i&ﬁh&ﬂ%#éﬁi“ébb,%ﬁﬁﬁ

Sy, LRBEOH@HBNCIE, DEh 5 hIER
FERBADE ih“(wé 2,

peIV|c exenteratlon D

SBERE

FE e 'C@@/J‘%u%)’ﬁﬁ%kﬁﬂ‘% pelvic
exeneration 8D 5 FAEFERITH K% 20 ~ 60%
TH0, FIMBEEIEIL 106l T TH B0, Z
DEFEORFIE, AAAD XS LEHICHE

hthE

.}

f i 1
0 5

B4 pelvic excenteraion #D%% (n=17)

AHFTEERE, BRBRE LTIHNEY
RNEBEFBETHDHENL S,

LFEDRERFIS ) — X &R 5IC, BREBOESR
HifR 4 X 4 i8R L7z, exenteration D 5 4
HTFERIZ 36%, S0%EFHIRENE 16 7 A, 165EE
BICIL 5.8%Th -7z, EFFlITVTh ERE
1T, exenteration % 3 ~ 10 BB L T 5,



K6 UIBRELWEIAR n (%) X#k2) Xv3E

S C ERBR1. R k4
TKEIE 2/11 (18) 4/4 (100)
LB R 2/11 (18) 4/4 (100)

VARBESEIL 11T H 50, B RAREC
BRI T o R H 5. PIRNERIC kB

KIFEIE 2l 2 4%, BRIZERD b - 7=, BEHifE -

ZWRMEER, X\ palliation FEE ST E
THANHEOEROEA L £ A2ATHD
ﬁﬁ@ﬁ#é?hw?Nfﬁﬁﬁ@ﬁﬂﬁﬁ%
AT LTS B 00RE0nS, EHEH)I:
DVTIE, ZOMOFETREGREETH -7~
EEbDLNB.

M REERIZ L 22 UBE AT 76%T
H o7z, ATEYR 4 FICIZWFh & BEMEN
BRGREN D - 2. YIBRE L iRiAT ROBI %
D—D2L LT, KBEEL B FEHZEBIDONVTAR
3L, RELURHICIZEH 2 Hb DR A
BB EURFITIE 18%TH -7 (F6)., X
120 BRIBO DEFLRBIRER BTN T
D, ZDWIBIZIZE DD THE LR BVET
H5.

palliation & LT O pelvic
excenteration |

SETHBNTE 2K 512, pelvic excentera-
tion IZARWE DRI EEM: 2 B B IFAIZ D ATEIG & 7
LIEEETH 5. —7F, palliation # HEg & L7~
pelvic excenteration 4 H D53 LT 3&FH 1T
HRZNhS, T5bs, ErALNBHBERTS
&, WENBENEE, EREESEL, 224
BRIV D BEOD B 5 5 WA B X h
2&512h 5, PR THERMAEZ 0 EER
REMFHMEORMIZE 5 EhE, ZDES
BB EREI RS0 R 2HNT, BRO

ERERARE - 20074 - 108 (39) 1179

ARV ZVEAETE, FHIC pelvic exenter- -
ation #1795 Z &I &k > THIOREEL L b k<
RESLVWSIEZIFTHS. BHLR -
REEOLETIE, Z0&> EREBIZE -k
IR BBLEVLLTH S, 1976 4 IC
Deckers P] 62 23, #4T - BRELALEIZF
FrikREDHE % ® X L, palliation & LTD
pelvic exenteration éﬁb \, BELZORED
Wb B “quality of life” DHEERNALT
5 18 BUDRERIS ) — X% RE L 72D s 72
LBbhE. ZORIXDEFEIERD & 5 108
T3, “The rigid demand that cure be

- the only end of pelvic exenteration fails to rec-

ognize that many serious oncologic efforts are,
at best, palliative and designed toward improve-
ment in the quality of life for a defined, albeit

‘brief, interval of time. Exenteration of the pelvic

viscera can be extremely useful in this regard
and if the published | morbidity and mortality
rates can be reduced, then we believe that use
of this procedure as palliation should be advo-
cated.”. ZOFIIIE L BEFRETHL, B
REMEBNABEDOTENERICE S RiE L
ENBH, I3 palliation B I pelvic exen-
teration (X{HErR&E T&H 5. palliation HEg & L
TEHHXDITRBEBL) 2 NKETELL NS
EBYURSHEHZE Ch e, BHOFS
“symptom control” & B A 5 A7 “quality
of life” #REAL TVBBARDHBH56TH 3.
ERE R A & ZIULHE» I EBIE L BT OREE &
BT % (symptom contrql) , EPRhEB ST
To/=Z &, BT U K > TREM
PEATIDNEEZ T TRLGIZE 2 5 7= LK
U%Z¢t (quality of life) &, 3L BEMT
BREVHETH S, -

{1



