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1 | INTRODUCTION

Abstract

Objectives: Capillarisin (Cap), an active component of Artemisia capillaris root extracts,
is characterized by its anti-inflammatory, anti-oxidant and anti-cancer properties.
Nevertheless, the functions of Cap in prostate cancer have not been fully explored.
We evaluated the potential actions of Cap on the cell proliferation, migration and inva-
sion of prostate carcinoma cells.

Materials and methods: Cell proliferation and cell cycle distribution were measured by
water-soluble tetrazolium-1 and flow cytometry assays. The expression of cyclins,
p21, p27, survivin, matrix metallopeptidase (MMP2 and MMP9) were assessed by im-
munoblotting assays. Effects of Cap on invasion and migration were determined by
wound closure and matrigel transmigration assays. The constitutive and interlukin-6
(IL-6)-inducible STAT3 activation of prostate carcinoma cells were determined by im-
munoblotting and reporter assays.

Results: Capillarisin inhibited androgen-independent DU145 and androgen-dependent
LNCaP cell growth through the induction of cell cycle arrest at the GO/G1 phase by
upregulating p21 and p27 while downregulating expression of cyclin D1, cyclin A and
cyclin B. Cap decreased protein expression of survivin, MMP-2, and MMP-9 and
therefore blocked the migration and invasion of DU145 cells. Cap suppressed consti-
tutive and IL-6-inducible STAT3 activation in DU145 and LNCaP cells.

Conclusions: Our data indicate that Cap blocked cell growth by modulation of p21,
p27 and cyclins. The inhibitory effects of Cap on survivin, MMP-2, MMP-9 and STAT3
activation may account for the suppression of invasion in prostate carcinoma cells.
Our data suggest that Cap might be a therapeutic agent in treating advanced prostate
cancer with constitutive STAT3 or IL-6-inducible STAT3 activation.

relapses of prostate cancer are limited, especially for patients who

have already received androgen depletion therapy (ADT). One possible

Prostate cancer is the most prevalent cancer and is the third leading
cause of cancer death in American men.! Certain alterations in andro-
gen receptor signalling contribute to the development and progression
of a lethal and drug-resistant form of prostate cancer, castration-

resistant prostate cancer (CRPC).2 Currently, therapeutic options for

Tsui and Chang contributed equally to this study.

explanation for the development of CRPC in patients who have had
ADT involves activation of signal transducer and activator of transcrip-
tion 3 (STAT3) in prostate cancer cells.®

Signal transducer and activator of transcription 3 is a signal trans-
duction protein activated by many growth factors and cytokines, in-
cluding interleukin-6 (IL-6).% By acting like an oncogenic transcription
factor, STAT3, upon phosphorylation at tyrosine 705, dimerizes and
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translocates into the nucleus where it modulates target genes in rela-

tion to cell proliferation, survival, invasion, angiogenesis and chemo-
resistance in prostate cancer.’ STAT3 activation is transient and tightly
controlled in normal cells, whereas, constitutively activated STAT3
occurs frequently in a variety of malignant tumours and promotes can-
cer cell development and progression.6 Previous studies indicated that
IL-6 functions as a paracrine growth factor for androgen-dependent
prostate carcinoma LNCaP cells and as an autocrine growth factor for
androgen-independent prostate carcinoma DU145 cells.” The growth
stimulation by IL-6 is accompanied by activation of the STAT3 signal-
ling transduction pathway.® Therefore, targeting STAT3 could be a
promising therapeutic strategy for treatment of androgen-responsive
and androgen-resistant prostate cancers.®

Artemisia capillaris (AC) is an edible plant. Its young shoots are
consumed daily as a vegetable in China and it is regarded as an herbal
remedy for various inflammatory diseases such as hepatitis, choles-
tatic jaundice, and urinary tract infection in Asia.” Komiya et al'° first
recognized the molecular structure of Capillarisin (Cap), an active ele-
ment extracted from AC, as 2-(p-hdroxyphenoxy)-6-methoxy-5,7-dihy
droxychromoneas (C, ,H,,0) with strong choleretic activity. Previous
studies indicated that Cap has anti-inflammation, anti-oxidation and
anti-cancer biological activities. 112 Cap induces apoptosis and cell
cycle arrest in osteosarcoma cancer cells.** Furthermore, it has been
reported to suppress cancer cell invasion via inhibition of NFxB-
dependent matrix metallopeptidase (MMP)9 expression in MCF-7 cells
and inhibition of the STAT3 signalling cascade in multiple myeloma cell
lines.!>® Nevertheless, the functions and effects of Cap in prostate
carcinoma cells are still unexplained, and Cap-mediated inhibition of
STAT3 activation in the prostate carcinoma cells remains unexplored.

In this study, we determined the effects of Cap on cell proliferation
and invasion/migration in prostate carcinoma cells. The inhibitory ef-
fect of Cap on constitutive and IL-6-inducible STAT3 activation, which
may account for the suppression of migration and invasion of prostate

carcinoma cells, was also investigated.

2 | MATERIALS AND METHODS

2.1 | Chemicals

Capillarisin was purchased from Wako (Osaka, Japan), RPMI 1640 media
from Life Technologies (Rockville, MD, USA), and recombinant human IL-6
from Peprotech (Rocky Hill, NJ, USA). The 4’ 6-diamidino-2-phenylindole
(DAPI) and other chemicals of reagent grade used in this study were ob-
tained from Sigma Chemical (St. Louis, MO, USA).

2.2 | Cell cultures

Androgen-independent prostate carcinoma DU145 cells and
androgen-dependent prostate carcinoma LNCaP cells were obtained
from the Bioresource Collection and Research Center (BCRC, Hsinchu,
Taiwan) and maintained in culture medium RPMI 1640 (Gibco, Grand
Island, NY, USA) containing with 10% foetal calf serum (FCS; Gibco),
100 U mL™? penicillin, 100 pg mL™* streptomycin and 0.25 pg mL™?

amphotericin B (Gibco) in a 5% CO, atmosphere at 37°C as described

previously.'

2.3 | Cell growth assay

DU145 cells were seeded at 1 x 10* cells per well in a 24-well plate
in culture medium for 24 hours. After refreshing the medium with 5%
FCS, cells were treated with various concentrations of Cap for 24,
48, or 72 hours. To determine cell growth rate, 50 uL water-soluble
tetrazolium-1 (WST-1; abcam, Cambridge, UK) was added to each well
at the end of the incubation time, and the absorbance of each sample
was measured using a microplate reader at a wavelength of 450 nm.

2.4 | Flow cytometry

In response to the Cap treatment, cells were serum starved for 24 hours
and then cultured in RPMI-1640 medium with 10% FCS and various con-
centrations of Cap as indicated for another 24 hours. Cell cycle analysis
was performed using the FACSCalibur E6147 Cytometer and CELLQuest
Pro Software (BD Biosciences, San Jose, CA, USA); the data were ana-

lysed using ModFit LT Mac 3.0 Software, as previously described.*®

2.5 | Annexin V-FITC apoptosis detection

The cell pellets were harvested after cells were treated with or without
Cap for 48 hours. Apoptosis detection and quantification were per-
formed after treatment with Annexin V-FITC (BioVision Inc, Milpitas,
CA, USA) and propidium iodide (PI) for 1 hour using the FACSCalibur
E6147 Cytometer (BD Biosciences) as previously described.’

2.6 | Cell migration assay

For cell migration analysis, a culture insert (ibidi GmbH, Martinsried,
Germany) was placed on a culture dish, and DU145 cells were seeded
into each reservoir. After 24 hours incubation at 37°C, the insert was
removed and the medium was refreshed with the same medium only
containing 5% FCS. Then, cells were treated without or with Cap at in-
dicated concentrations for another 24 hours. The wound closure (the
gap width) was photographed under an optical microscope with a digi-
tal camera. The quantification of cell migration was determined within
a defined area using the Image J program (NIH, Bethesda, MD, USA).

2.7 | Matrigel invasion assay

The matrigel invasion assay was performed as described previously.20

Briefly, 500 pL RPMI 1640 medium with 10% FCS was added to
the lower chamber of a 24-well plate, and 200 pL of cell suspension
(1 x 10° cells mL™) with no serum was added onto the upper well in
the absence or presence of Cap at indicated concentrations. The plates
were placed in an incubator with a 5% CO, atmosphere at 37°C for
24 hours. The non-invading cells were removed from the upper surface
of the membrane by scrubbing with a cotton tip. Cells that migrated
into the matrigel-coated transmembrane containing 8 um pores were
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fixed in 4% paraformaldehyde and then stained with 0.1% crystal violet
solution for 30 minutes. The results were recorded by a digital camera
connected to an inverted microscope (IX71, Olympus, Tokyo, Japan).
The membrane was then soaked in 10% acetate acid and agitated at
37°C for 1 hour. The acetate acid solution was then read by a spectro-
photometer at 635 nm (DU640; Beckman, Fullerton, CA, USA).

2.8 | Immunoblot analysis

DU145 or LNCaP cells were lysed in lysis buffers (containing 0.2%
sodium dodecyl sulphate, 1% NP-40, 5 mmol L™! ethylenediaminetet-
raacetic acid, 1 mmol L™* phenylmethylsulphonyl fluoride, 10 pg mL™
leupeptin, and 10 pg mL ™ aprotinin), and then analysed by sodium dode-
cyl sulphate-polyacrylamide gel electrophoresis. After being transferred
onto a nitrocellulose membrane, antigens were analysed by specific an-
tibodies to STAT3 (79D7), phospho-STAT3 (Tyr 705), cyclin D1 (DCS6,
Cell Signaling, Danvers, MA, USA), cyclin A (C-19), cyclin B1 (D-11), cy-
clin E (13A3), survivin (D8, Santa Cruz Biotechnology, Santa Cruz, CA,
USA), MMP2 (ab86607) and anti-MMP9 (ab7299; abcam). The house-
keeping proteins, p-actin (MAS1501, Millipore, Temecula, CA, USA) and
Lamin B (M20, Santa Cruz Biotechnology), were detected as internal
controls. Antigen-antibody complexes were detected using horseradish
peroxide-labelled rabbit anti-mouse immunoglobulin G and an enhanced
chemoluminescence detection system (Pierce, Rockford, IL, USA).

2.9 | Reporter assay

The reporter vector, pSTAT3-TA-Luc was purchased from Clontech
Laboratories, Inc (Mountain View, CA, USA). Cells were plated on
24-well plates at 1 x 10* cells per well for 24 hours before transfec-
tion. Cells were transiently transfected using TransFast™ transfec-
tion reagent with 1 pg per well reporter vector and 0.5 pg per well
pCMVSPORT-gal (Invitrogen, Carlsbad, CA, USA), as described previ-
ously.?! Transfected cells were treated with IL-6 and/or Cap as indi-
cated in RPMI 1640 medium with 10% FCS for an additional 24 hours.
Luciferase activity was adjusted for transfection efficiency using the
normalization control plasmid pPCMVSPORT-gal.

2.10 | Statistical analysis

Data were presented as mean + SE. Statistical significance was deter-
mined by Student’s t test and one-way ANOVA using the SigmaStat
program for Windows, version 2/03 (SPSS Inc, Chicago, IL, USA).
Statistical significance was defined as *P < .05 and **P < .01.

3 | RESULTS

3.1 | Cap inhibits cell growth without induction of
cell apoptosis

To explore the anti-proliferative effect of Cap on prostate carcinoma
DU145 cells, we compared and analysed the inhibitory effects and the
cell-cycle distribution in Cap-treated cells. WST-1 assays revealed that

Proliferation:

inhibition of DU145 cell growth occurred initially at 200 pmol L™ Cap
for 24 hours, increasing in a dose- and time-dependent manner. Cap at
200 pmol Lt significantly blocked 44%, 79% and 84.7% of cell prolif-
eration in DU145 cells after treatment for 24, 48 and 72 hours, respec-
tively (Figure 1A). The EC50 for 48 and 72 hours of treatments were
80.35 pmol L™* and 50.34 pmol L™, respectively. The immunoblot as-
says demonstrated that Cap did not induce cell apoptosis in DU145 cells
even after 72 hours of treatment since the poly (ADP-ribose) polymerase
(PARP) cleavage form, an apoptotic marker, did not present in the Cap-
treated DU145 cells (Figure 1B). We further used Annexin V-FITC in
conjunction with PI staining to distinguish early apoptotic, late apoptotic
and necrotic cells. Results of fluorescence intensity for Annexin V-FITC
and Pl in DU145 cells after treatment with or without Cap for 48 hours
revealed that Cap did not induce apoptosis significantly (Figure 1C).

3.2 | Cap inhibits cell cycle progression in
DU145 cells

In the flow cytometric analysis, we found that 100-200 pmol L?
Cap induced a 22% increase in GO/G1 arrest together with a de-
crease in G2/M phase and S phase cells after 48 hours of incubation
(Figure 1D), confirming retardation of the growth rate by Cap treat-
ment for 48 hours owing to cell cycle arrest.

3.3 | Cap inhibits migration and invasion of
DU145 cells

To evaluate cell mobility after Cap treatment in DU145 cells, wound
closure (Figure 2A) and matrigel invasion (Figure 2B) assays were per-
formed. Both assays revealed that Cap dose-dependently inhibited
cell migration and invasion. Cap 200 pmol L™? significantly blocked
51% of cell migration and 82% of cell invasion compared with the ve-

hicle treatment group in DU145 cells.

3.4 | Cap modulates protein expression involving in
cell growth and invasion of DU145 cells

Results of the immunoblot assays showed that Cap downregulated
cyclin D1, cyclin A, cyclin B, survivin, MMP2 and MMP?9 in DU145
cells. However, Cap treatment did not significantly affect the protein
expression of cyclin E (Figure 3). Results of the quantitative analysis
are illustrated in Figure 3B,D,F.

3.5 | Cap inhibits cell growth of LNCaP cells
via downregulation of cyclin A and cyclin D1 but
upregulation of p21 and p27

We observed that Cap inhibited LNCaP cell growth in both dose- and
time-dependent ways (Figure 4A). The EC50 for 48 and 72 hours of
treatments were 82.75 and 52.81 pmol LY respectively. Then, we de-
tected the cell cycle distribution with flow cytometry and cell cycle
regulatory proteins by immunoblotting in cells with or without Cap treat-
ment. Cap obviously increased in a 12% cell accumulation at the GO/
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FIGURE 1 Effects of cap on growth and distribution of DU145 cells. DU145 cells were treated with various concentrations of Capillarisin
(Cap) for indicated time periods. (A), After treatment, cell growth was determined by WST-1 assay. Cell growth of the vehicle-treated group

is set as 100% and data obtained from three independent experiments are expressed as the mean * SE. (B), Protein expression of PARP and
cleaved PARP after treatment with various concentrations of Cap as indicated for 72 hours was analysed by immunoblotting assays. (C), The
fluorescence intensity for Annexin V-FITC and Pl in DU145 cells after treatment with or without Cap for 48 hours. (D), The cell cycle distribution
after DU145 cells were treated with various concentrations of Cap as indicated for 24 hours

G1 phase together with a decrease in S phase but not G2/M phase cells

after 48 hours of incubation (Figure 4B). Consistently, with Cap treat-

ment, the cell cycle regulatory proteins (cyclin A and cyclin D1) were de-

creased, whereas cyclin-dependent kinase inhibitors (p21 and p27) were

increased (Figure 4D). The results of the quantitative analysis presented

in Figure 4E, indicate that Cap inhibits LNCaP cell growth through arrest-

ing the cell cycle at the GO/G1 phase by modulating cell cycle regulatory

proteins and cyclin-dependent kinase inhibitors.
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are expressed as percentage of control and depicted in the bar chart (in lower panel). (B) Matrigel invasion assay was performed using a transwell

method. Representative image shows that cells adhered to the bottom of the matrigel coated filters (upper panel), and quantitation of the results
is depicted in the bar chart (lower panel)

. el s r e . . dose-dependent manner in DU145 cells. Moreover, Cap treatment
3.6 | Cap inhibits constitutive and inducible P P

. . 100 pmol L™Y) blocked STAT3 activation in a time-dependent man-
phospho-STAT3 in prostate carcinoma DU145 cells (100w i ) i ) P )
ner (Figure 5B). Further immunoblot assays using cell lysis of the

nuclear fraction from DU145 cells revealed that Cap downregulated
protein levels of the phosho-STAT3 in the nuclear fraction indicating

As shown in Figure 5A, Cap treatment for 24 hours apparently
inhibited protein levels of phospho-STAT3 but not STAT3 in a
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that Cap blocked the activation of STAT3 (Figure 5C). Results of Cap downregulated STAT3 activity (Figure 5D). When DU145
reporter assays using the STAT3 specific reporter vector (pSTAT3- cells were cotreated with 20 ng mL™! IL-6 and various concentra-
TA-Luc) containing the STAT3 binding site further indicated that tions of Cap for 24 hours, the protein levels of phosph-STAT3 and
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MMP2 were upregulated by IL-6, while Cap reversed the effects of
IL-6 (Figure 5E). Results of the quantitative analysis are shown in
Figure 5F.

3.7 | Cap inhibits IL-6-inducible phospho-STAT3 in
prostate carcinoma LNCaP cells

Results of the immunoblot assays showed different expression pat-
terns of phospho-STAT3 and STAT3 in DU145 and LNCaP cells,
indicating that STAT3 was constitutively activated in DU145 cells
but not in LNCaP cells (Figure 6A). We further determined the ef-
fect of Cap on the inducible activation of STAT3 by IL-6 in LNCaP
cells. Consistently, Cap showed a dose-dependent reduction in
IL-6-induced STAT3 phosphorylation in LNCaP cells (Figure 6B).
Similar results found in the reporter assays using the reporter vec-
tor, pSTAT3-TA-Luc, revealed that IL-6 upregulated STAT3 activity
while Cap treatment blocked IL-6-induced STAT3 reporter activity
in LNCaP cells (Figure 6C).

4 | DISCUSSION

Prostate cancer is one of the most frequently diagnosed malig-
nancies and the leading cause of cancer-related deaths in men
worldwide.»?? In this study, we demonstrated that Cap suppressed
cell growth without inducing apoptosis in androgen-independent
DU145 cells since the Cap did not significantly induce poly (ADP-
ribose) polymerase (PARP) cleavage form, an apoptotic marker,
which is similar to a previous study in androgen-dependent LNCaP
cells.*” Moreover, the Cap-inhibited cell growth of prostate carci-
noma cells was due to its induction of cell cycle arrest at the GO/G1
phase (Figures 1 and 4). These results were consistent with other

Proliferation:
studies in human breast carcinoma cells, MCF7, osteosarcoma and
B-lymphoblast cells, although some of them showed cell apoptosis
was induced with higher Cap concentrations.'**® The EC50 be-
tween DU145 and LNCaP after Cap treatments for 48 and 72 hours
has shown no significant differences; however, recent study re-
vealed that Cap blocks androgen activation on AR-mediated pros-
tate specific antigen expression in LNCaP cells.'? Whether Cap has
the same effect on prostate normal epithelial cells still needs fur-
ther investigations. Our report is the first study to discover the po-
tential mechanisms of Cap on the anti-proliferative effects of both
androgen-dependent and -independent prostate carcinoma cells.

Prior study showed that downregulation of cyclin D1 and cyclin
A but upregulation cyclin E, p21 and p27 induced G1 cell cycle ar-
rest in prostate carcinoma cells.?® Therefore, to explore the potential
mechanisms of Cap on cell proliferation, we determined the protein
expressions of cyclin D1, cyclin A, cyclin B, cyclin E, p21 and p27 after
DU145 or LNCaP cells were treated with Cap. Our immunoblot assays
showed that Cap downregulated cyclin D1, cyclin A and cyclin B, but
not cyclin E in DU145 cells (Figure 3). These results were in agreement
with a previous study which indicated that Cap induced expression of
cyclin D1 in human multiple myeloma U266 cells.*® Our study found
that Cap treatment not only downregulated cyclin D1 but also upreg-
ulated p21 and p27 protein expression in LNCaP cells (Figure 4). Study
has indicated that down modulations of both p21 and p27 enhance
the aggressive type of prostate carcinoma cells in vitro and in vivo.?*
Our results demonstrated that Cap enhanced protein expression of
p21 and p27, suggesting that Cap is an effective agent in the preven-
tion of prostate cancer.

We continued to verify whether Cap has effects against the mi-
gration and invasion of prostate carcinoma DU145 cells. As shown in
Figure 2, results of wound closure and matrigel invasion assays demon-

strated that Cap dose-dependently inhibited cell migration and invasion

(A) DU145 LNCaP (B) pSTAT3 ——
pSTAT3 | — STATS | e s e S— —
- 120 -

FIGURE 6 Effects of Cap on STAT3 | - | 100 4
interlukin-6 (IL-6) inducible STAT3 B- Acﬁn| m— _| X z
activation in prostate carcinoma LNCaP = ‘g 80 1 %
cells. (A) Protein levels of STAT 3 and ST 60
phosph-STAT3 in DU145 and LNCaP = E 40 4
cells were determined by immunoblotting (©) %_t\i 5 T e
assays. (B) LNCaP cells were cotreated __ 3004 0
with 20 ng mL™! interlukin-6 (IL-6) and 2 = 0-
various concentrations of Cap as indicated ‘? 201 Cap (pmolL) — - 10 50 100 200
for 24 hours. The protein levels of STAT E 200 - IL-6 - + + + + +
3 and phosph-STAT3 were analysed o # #H
by immunoblotting assays. Data from g 150 4 .
quantitative analysis are expressed as fold- 5
induction +SE (n = 3). (C) The pSTAT3-TA- 3 100
Luc-transfected LNCaP cells were treated fz_’
as indicated. Data are presented as mean % 501
percentage +SE (n = 6) of the luciferase &« 0 : :
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(Figure 2). Our immunoblot assays showed that Cap downregulated

protein levels of survivin, a potential mediator of prostate cancer me-
tastasis (Figure 3C). Survivin was found to be overexpressed in prostate
cancer tissues in vivo. Ectopic overexpression of survivin in prostate
carcinoma cells upregulated cell invasion in vitro.?> Another study in
U266 cells also found that Cap downregulated survivin expression.*®
Immunoblot assays in this study indicated that Cap downregulated
protein expression of MMP-2 and MMP-9, which may account for the
inhibition of migration and invasion (Figure 3). MMP-2 and MMP-9 are
well-known promoters of invasion in prostate cancer,?® and blocking of
MMP-2 and MMP-9 downregulated cell migration and invasion in pros-
tate carcinoma cells.?” These results are in agreement with other stud-
ies which suggested that Cap blocks MMP-9 expression to decrease
the invasion of U266 and MCF7 cells.>*¢ Interestingly, our results
demonstrated that Cap not only downregulated protein expression of
MMP-2 and MMP-9 but also blocked the activation of IL-6 on MMP-2
and MMP-9 expression in androgen-resistant DU145 cells with consti-
tutively activated STAT3 (Figure 5).

Interlukin-6 is a multifunctional cytokine known to activate
STAT3 and participates in the malignant progression of prostate
cancer.?® Results from our previous in vitro studies have shown
that both IL-6 and IL-6 receptor are expressed in DU145 cells,
and IL-6 enhances the expression of prostate-specific antigen in
LNCaP cells.??® These results are consistent with early studies
indicating that IL-6 functions as a paracrine growth factor for
androgen-dependent prostate carcinoma LNCaP cells and as an
autocrine growth factor for androgen-independent prostate car-
cinoma DU145 cells.” As shown in Figure 5, Cap apparently not
only inhibited protein levels of phospho-STAT3 in a time- and
dose-dependent manner but also blocked the IL-6-induced STAT3
activation. Moreover, our results showed that IL-6 enhanced pro-
tein expression of MMP2 and MMP2, while Cap treatment down-
regulated the activation of IL-6 on MMP2 and MMP9 expression
(Figure 5). These results indicated that Cap blocks migration and
invasion possibly through targeting STAT3 activation in DU145
cells. The constitutive or IL-6-induced activation of the STAT3
pathway has been reported to stimulate cell proliferation and to
promote metastatic progression of advanced prostate cancer cells;
therefore, the IL-6/STAT3 signal pathway is considered promis-
ing in targeted therapy for hormone-resistant prostate cancer.®!
In this study we demonstrated that Cap inhibits the constitutive
and inducible phosphor-activation of STAT3 in prostate carcinoma
DU145 cells.

Increased STAT3 activation by IL-6 as an autocrine growth factor is
also considered a potential mechanism to enhance androgen receptor
reactivation in a ligand-independent manner after androgen deprivation,
and thereby promote transition of androgen-sensitive prostate cancer to
castration-resistant status.® Here, we showed that Cap apparently inhib-
ited the IL-6-induced activation of STAT3 in LNCaP cells. Since cyclin D1,
survivin, p21, p27, and MMP9 are the target genes of STAT3 in prostate
carcinoma cells, 3% Cap may have benefits in the prevention of biologi-
cal functions mediated by sustained and inducible STAT3 activation, such

as cell growth and metastasis, in prostate carcinoma cells in vitro.

Our results demonstrated that Cap upregulated p21 and p27
but downregulated cyclin D1, cyclin A, cyclin B, survivin, MMP2 and
MMP9 expression concomitant with suppression of growth, migra-
tion, and invasion in androgen-dependent and androgen-independent
prostate carcinoma cells. Cap also inhibits constitutive and inducible
STAT3 activation. These findings provide evidence suggesting that
Cap has potential as an agent in treating prostate cancer with consti-
tutive or IL-6-inducible STAT3 activation.
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