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Adipose-derived stromal cell (ASC), known as one of the mesenchymal stem cells (MSCs), is a promising tool
for regenerative medicine; however, the effect of ASCs on tumor growth has not been studied sufficiently. We
investigated the hypothesis that ASCs have an inhibitory effect on metastatic tumor progression. To evaluate the
in vitro inhibitory effect of ASCs on metastatic prostate cancer (PCa), direct coculture and indirect separate
culture experiments with PC3M-luc2 cells and human ASCs were performed, and ASCs were administered
to PC3M-luc2 cell-derived tumor-bearing nude mice for in vivo experiment. We also performed exosome
microRNA (miRNA) array analysis to explore a mechanistic insight into the effect of ASCs on PCa cell
proliferation/apoptosis. Both in vitro and in vivo experiments exhibited the inhibitory effect of ASCs on PC3Mluc2 cell proliferation, inducing apoptosis and PCa growth, respectively. Among upregulated miRNAs in ASCs
compared with fibroblasts, we focused on miR-145, which was known as a tumor suppressor. ASC-derived
conditioned medium (CM) significantly inhibited PC3M-luc2 cell proliferation, inducing apoptosis, but the
effect was canceled by miR-145 knockdown in ASCs. ASC miR-145 knockdown CM also reduced the expression of Caspase 3/7 with increased antiapoptotic protein, BclxL, expression in PC3M-luc2 cells. This study
provides preclinical data that ASCs inhibit PCa growth, inducing PCa cell apoptosis with reduced activity of
BclxL, at least in part, by miR-145, including exosomes released from ASCs, suggesting that ASC administration could be a novel and promising therapeutic strategy in patients with PCa.

Introduction

M

ost of PCa patients are cured with surgery and/or
radiation therapy; however, more than 30%–40% of
patients will eventually progress and develop advanced disease. While androgen ablation prolongs life with advanced
PCa, remissions are temporary because surviving tumor cells
progress to establish castration-resistant PCa (CRPC). Identifying targetable mechanisms underlying CRPC progression
is essential for improving survival of PCa patients with advanced disease. The premise is that development of CRPC
results from adaptive upregulation of antiapoptotic genes,
acquisition of gonadal testosterone-independent AR activation, and activation of alternative growth factor signaling
events as a consequence of selective pressures of treatment.
Moreover, the mandate to modern PCa research is to establish
diagnostic parameters that identify and predict the natural
history of different subclasses of disease to affect appropriate
therapeutic strategies for individual PCa patients.

Since adipose tissue represents an abundant and accessible
source of adult stem cells with the ability to differentiate along
multiple lineages, adipose tissue-derived stromal cells (ASCs)
are considered a great alternative source of mesenchymal
stem cells (MSCs). ASCs exhibit properties that are similar to
MSCs, an adult stem cell type [1]. In 2005, the Mesenchymal
and Tissue Stem Cell Committee of the International Society
for Cellular Therapy established the minimal criteria for MSC
definition. Three criteria were proposed: adherence to plastic,
specific surface antigen (CD73+, CD90+, CD105+, CD45-,
CD34-, CD14 or CD11b-, CD79- or CD19-, HLA-DR), and
in vitro capability to give rise to adipocytes, osteoblasts, and
chondrocytes [2].
Recent studies have linked ASCs to cancer development.
An in vivo murine model demonstrated that ASCs home to
tumor sites when injected intravenously, and the stromalderived growth factor-1 (SDF-1)/CXC receptor 4 (CXCR4)
axis plays an important role in mediating the tumor-promoting
effect of ASCs [3]. Walter et al. reported that interleukin 6
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(IL-6) secreted by ASCs is related to the migration and invasion of breast tumor cells [4]. IL-6 plays as a critical growth
factor for several types of cancer, including multiple myeloma
and PCa [5]. Another report indicated that ASCs had a promotional effect on the proliferation of PCa cells in an in vivo
xenograft model [6]. On the other hand, several studies have
indicated the negative effect on tumor cells. Cousin et al. have
reported that ASCs exhibited a suppressive effect on the proliferation of pancreatic cancer cells under coculture condition
[7], and Sun et al. demonstrated that implanted ASCs inhibited
breast cancer metastasis and growth in a murine model [8].
Moreover, the ability of ASCs to specifically localize multiple
tumors makes them extremely attractive for targeted cancer
therapy [9]. Despite the above controversial issues, genetically
modified ASCs have demonstrated the safe use for cancer
treatment using murine xenograft models [10–12].
We have previously reported that ASCs directly inhibited
the proliferation of two different types of PCa cells, androgenresponsive (LNCaP) and androgen-nonresponsive (PC3) cells,
through apoptosis both in vitro and in vivo, and that the antiproliferative effect of ASCs on PCa cells appears to be
mediated, at least in part, by TGF-b1 secretion and signaling
[13]. Since ASCs are easily obtainable from adipose tissue and
can be quickly expanded to the desired number in culture, we
suggested that ASC transplantation in patients with PCa
should be optimized before starting clinical trials.
In the present study, to elucidate further mechanism for
ASC-induced negative effect on PCa functions, especially targeting on the metastasis and invasion of PCa, we carried out
in vitro and in vivo studies using a luciferase-expressing
metastatic PCa cell line, which was stably transfected with
the firefly luciferase gene (luc2), PC3M-luc2, originated from
androgen-nonresponsive human PCa cells, PC3, with human
ASCs under direct coculture and indirect separate culture
conditions. We also performed exosome microRNA (miRNA)
array analysis to gain a mechanistic insight into the effect of
ASCs on PCa cell proliferation/apoptosis.

Materials and Methods
Cell lines
PC3M-luc2, originated from PC3 (which is an androgenindependent cell line), is a luciferase-expressing metastatic
PCa cell line, which was stably transfected with the firefly
luciferase gene (luc2), and was purchased from Caliper LifeScience (Hopkinton, MA). This cell was maintained in
RPMI1640 supplemented with 10% fetal bovine serum (FBS)
and 1% penicillin/streptomycin (Life Technologies, Burlington, Canada). Since it was difficult to isolate enough number of
ASCs in elderly men who underwent some hormonal or chemotherapy for prostate cancer, ASCs isolated from subcutaneous adipose tissue of a 52-year-old female donor were
purchased from Lonza (Lonza, Inc., Walkersville, MD) and
maintained in MesenPRO RS Medium with l-glutamine
2 mM and 1% antibiotic–antimycotic mix (Life Technologies).
ASCs were consistent with the criteria described above in the
Introduction section and were used under passage 3 for experiments. Normal human dermal fibroblasts (NHDFs) isolated
from a 50-year-old male donor were obtained from Lonza and
cultured in fibroblast growth medium-2 (FGM-2) containing
FBM, 0.1% insulin, 0.1% recombinant human fibroblast
growth factor-B, 0.1% GA-1000, and 2% FBS (Lonza). Cells
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were grown at 37C and 5% CO2. Since NHDFs are well
known as one of the important factors that affect the microenvironment surrounding cancer cells, we used NHDFs not
only for the simple control cells of ASCs but also for exploring
the relationship between NHDFs and PCa cells in carcinogenesis in this study as well as in our previous study [13].

Assessment of tumor growth
All animal procedures were performed according to the
guidelines of the Osaka Medical College Animal Care and
Use Committee. PC3M-luc2 cells (1 · 106) with 50 mL of
Matrigel (Becton Dickinson Labware, Franklin Lakes, NJ)
and 50 mL of serum-free RPMI1640 were injected intraperitoneally into 6–8-week-old male athymic nude mice to make a
peritoneal metastasis model. The cell injection day of PC3Mluc2 was taken as the starting point and defined as day 0. At
week 2 after the injection of PC3M-luc2 cells, the mice were
then injected intraperitoneally with 15 mg/mL/kg luciferin
(Calipers Life Sciences), and 2 min after, the bioluminescent
(BLI) signals of the injected cells were measured using
Photon Imager (BIOSPACE LAB, Paris, France). Mice with
solid tumors formed in the intraperitoneal space were randomly assigned in two groups: one was treated with NHDFs
(1 · 105) with 100 mL of PBS, and the other was treated with
ASCs (1 · 105) with 100 mL of PBS. Both cells were injected
intraperitoneally once a week, and BLI measurements were
also performed once a week from 2 to 6 weeks. Body weight
measurements were carried out twice a week. At week 6, the
treatment was stopped, and all the mice were sacrificed, and
tumor tissue were harvested and immediately frozen with
O.C.T. compound (Sakura Finetek Japan, Tokyo, Japan) for
histological examination.

Histological examination
For immunohistochemistry, tissues were embedded in
O.C.T. compound and snap-frozen in liquid nitrogen. Frozen
sections, 6 mm thick, were mounted on silane-coated glass
slides and air-dried for 1 h. Cell apoptosis was confirmed by
detection of fragmented DNA, using a DeadEnd Colorimetric TUNEL System (Promega, Madison, WI) in accordance with the manufacturer’s instructions. As markers of cell
proliferation, sections were stained with anti-Human Ki-67
eFluor 570 (eBioscience, Frankfurt, Germany; 1:200) and
anti-SMa-actin (Sigma-Aldrich Japan K.K., Tokyo, Japan;
1:500). Nuclear counterstaining was performed by incubation
with 4¢,6-diamidino-2-phenylindole (DAPI) solution (SigmaAldrich; 1 mg/mL in PBS) for 10 min at room temperature.
Double-positive cells for Ki-67 and DAPI staining were
counted with multichannel systems in a computer-assisted
fluorescent/light microscope BioZero BZ-8000 (Keyence,
Osaka, Japan) and averaged for quantitative analysis.

Cell proliferation assay
PC3M-luc2 cell proliferation activity was evaluated using
both coculture and separated culture of ASCs versus NHDFs.
For coculture assays, PC3M-luc2 cells were cocultured with
ASCs or NHDF cells labeled with CM-DiI (Life Technologies)
according to the manufacturer’s instructions and conditions of
our previous study [13]. PC3M-luc2 cells (total 2.5 · 105,
1.2 · 102/mm2) at different ratios (3:1 or 1:1 with ASCs/NHDF,
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respectively) were cultured in complete RPMI medium. After
48 h, cells were measured by direct cell counting under a
computer-assisted fluorescent/light microscope BioZero BZ8000. For cell viability assay, PC3M-luc2 cells (5 · 103,
1.5 · 102/mm2) were first plated in cell culture inserts with a
Transwell 24-well plate (0.4-mm pore size) (Corning, NY) in
complete medium overnight. Then, cells were transferred to a
new Transwell 24-well plate in the presence of ASCs or NHDF
conditioned medium (CM) for another 48 h. Cell viability was
measured by the MTT cell growth assay kit, according to the
manufacturer’s instructions (Millipore, Billerica, MA).
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miR-145 hairpin inhibitor or negative control at doses of 10, 50,
and 100 nM. Cell viability was measured by the MTT cell
growth assay kit according to the manufacturer’s recommendations. Caspase-3/7 activation assay was performed using a
Caspase-Glo 3/7 assay kit (Promega) in accordance with
the manufacturer’s instructions. The Caspase-Glo 3/7 reagent
was then added to each well, and the plate was incubated at
room temperature for 1 h. The luminescence of each sample
was measured with the GloMax-Multi + Detection System
(Promega).

Western blot analysis
Apoptosis assay
ASC- or NHDF-induced apoptosis in PC3M-luc2 cells
was assessed using an APO Percentage apoptosis assay kit
(Biocolor Ltd., Belfast, United Kingdom). PC3M-luc2 cells
(5 · 103, 1.5 · 102/mm2) were first plated in cell culture inserts with a Transwell 24-well plate (0.4-mm pore size) in
complete medium overnight. Then, cells were transferred to
a new Transwell 24-well plate in the presence of ASCs or
NHDF CM for another 48 h. Then, the medium was discarded, and the cells were incubated with 100 mL of serumfree RPMI1640 containing 5% APO Percentage dye for
30 min. Cell surface-bound dye was extracted by lysis solution and immediately observed under a computer-assisted
fluorescent/light microscope BioZero BZ-8000.

Exosome miRNA array
ASCs or NHDFs (2 · 106, 3.6 · 102/mm2) were first plated
in complete medium overnight. Then, cells were incubated
with 6 mL of serum-free RPMI1640 for another 48 h.
Exosomes were collected from each supernatant using the
PureExo Exosome Isolation kit (101Bio, Palo Alto, CA)
following the manufacturer’s instructions. Exosomal miRNA
expression profiling was performed using Affymetrix GeneChip miRNA 4.0 arrays (Affymetrix, Santa Clara, CA). The
RNA was labeled using the FlashTag Biotin HSR RNA
Labeling Kit (Affymetrix) and then hybridized to the miRNA
array. For scanning the signals and analyzing the data, Affymetrix Expression Console Software 1.2 (Affymetrix)
was used for the microarray analysis.

miR-145 detection
ASCs were transfected with miR-145 hairpin inhibitor
or negative control purchased from Dharmacon Research
(Lafayette, CO) at doses of 0, 10, 50, and 100 nM. Cells
were grown for 48 h and miR-145 detection was performed
with QuantiGene ViewRNA miRNA ISH Cell Assay (Affymetrix) according to the manufacturer’s protocols. Then,
cells were immediately observed under a computer-assisted
fluorescent/light microscope BioZero BZ-8000.

Assessment of cell proliferation and apoptosis
in PC3M-luc2 after miR-145 knockdown of ASCs
For cell viability assay, PC3M-luc2 cells (5 · 103,
1.5 · 102/mm2) were first plated in cell culture inserts with a
Transwell 24-well plate in complete medium overnight. Then,
cells were transferred to a new Transwell 24-well plate for
another 48 h in the presence of ASCs after transfection with

PC3M-luc2 cells were cocultured with ASCs in a Transwell 10-cm dish with 100 nM of miR-145 hairpin inhibitor or
negative control for 48 h. The cells on the Transwell insert
were collected and lysed using RIPA buffer (25 mM Tris,
0.1 M NaCl, 1% Triton X-100, 0.5% deoxycholic acid, 0.1%
SDS, pH 7.4). The lysates were subjected to SDS-PAGE,
followed by western blot analysis (Nihon Eido Corp., Tokyo,
Japan). The samples were probed with antibodies of interest.
The images were captured and analyzed using ChemiDoc
(Bio-Rad, Hercules, CA).

Statistical analyses
All values in vitro are presented as mean – SD, and those
in vivo are presented as mean – SEM. Statistical comparison
of results was performed by Student’s t test. Western blot
analyses were performed twice, and other in vitro experiments were repeated at least in triplicate and analyzed.

Results
ASCs inhibited the progression
of PC3M-luc2 cells in vivo
We first evaluated the effects of ASCs on PCa growth
in in vivo luciferase assay. At week 2 after the intraperitoneal injection of PC3M-luc2 cells, 14 male athymic
mice bearing peritoneal tumor metastasis were randomly
divided into two groups. One was treated with NHDFs
(n = 7) and the other was treated with ASCs (n = 7). Both
intraperitoneal injection of NHDFs or ASCs and BLI
measurements were performed once a week from 2 to 6
weeks. The percent body weight of each mouse was
plotted twice a week from 0 to 6 weeks (Fig. 1A). No
significant effect on animal body weight was observed in
both groups during the treatment period. Tumor growth
rate (n = 7 in each group, ASCs: -12.6, 3.8, -2.7, -31.9,
-19.4, 3.2, and -11.6 and NHDFs: 81.4, 9036.5, 3,626,
3234.9, 14,038, 363.8, and 29,790) is shown in Figure 1B,
and those of mice bearing PC3M-luc2 subjected to ASCs
were significantly lower compared with NHDFs (P < 0.01),
represented in Photon Imager (Fig. 1C). Consistent with
luciferase assay, macroscopic findings demonstrated that
PC3M-luc2 cells treated with NHDFs were grown with
intraperitoneal lymph node metastasis, while those with
ASCs were markedly suppressed (Fig. 1C, white arrows
indicate sites of tumor). These findings indicate that local
transplantation of ASCs significantly inhibits both metastasis and invasion of PC3M-luc2 cells without any severe
adverse events.
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FIG. 1. Effect of ASCs on tumor growth of PC3M-luc2 cells. (A) Each body weight of the mice treated with ASCs or
NHDFs is shown. Each point represents % of body weight normalized to body weight before treatment (ns, not significant
vs. NHDFs). (B) Luciferase assay of PC3M-luc2 tumor-bearing mice treated with ASCs or NHDFs. Each point represents %
of tumor growth rate normalized to that of week 2. Histograms represent each point and the mean with SEM (**P < 0.01 vs.
NHDFs). (C) Representative Photon Imager and macroscopic findings of mice treated with ASCs or NHDFs at week 6.
White arrows indicate sites of tumor. ASC, adipose-derived stromal cell; NHDF, normal human dermal fibroblast; SEM,
standard error of the mean. Color images available online at www.liebertpub.com/scd

ASCs suppressed the growth of PC3M-luc2
cells inducing apoptosis
Next, to assess how ASCs affected the growth of PC3M-luc2
cells, immunohistochemistry for the proliferation marker, Ki67,
and TUNEL staining were performed on PC3M-luc2 speci-

mens of NHDFs and ASCs. Double-positive staining for Ki67
was observed in both groups, without any obvious differences
between them, and quantification of Ki67-positive cells also
indicated no significant intergroup difference (Fig. 2A).
However, the number of apoptotic cells was significantly
greater in ASCs than that in NHDFs (5.75 – 0.94 vs.

FIG. 2. Ki67 or TUNEL
staining on PC3M-luc2 tumor
specimens. (A) Tissues of mice
treated with ASCs or NHDFs
were stained with Ki67, SMaactin, and DAPI. Quantification of Ki67-positive cells is
shown. (B) Tissues of mice
treated with ASCs or NHDFs
were stained with TUNEL
and the number of apoptotic
cells was quantified. Histograms represent the mean
with SEM (ns, not significant
and **P < 0.01 vs. NHDFs).
Color images available online
at www.liebertpub.com/scd
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1.25 – 0.45, respectively, P < 0.01) (Fig. 2B). These IHC
studies suggested that ASCs slowed PC3M-luc2 progression, inducing apoptosis.

ASCs inhibited the proliferation
of PC3M-luc2 cells in vitro
In parallel with the in vivo experiments that ASCs significantly suppress the growth of PC3M-luc2 cells, we carried out
coculture experiments to analyze in vitro growth of PC3Mluc2 cells. PC3M-luc2 cells were cocultured with ASCs or
NHDFs at different ratios for 48 h. The result showed that a
significant reduction of PC3M-luc2 cell number was observed
at both 3:1 and 1:1 ratios with ASCs, while PC3M-luc2 cell
number increased when cocultured with NHDFs (Fig. 3A).
Next, we examined the proliferation of PC3M-luc2 cells in the
presence of CM derived from ASCs or NHDFs using a
Transwell 24-well plate under direct cell-to-cell contact-free
conditions. As shown in Figure 3B, ASC-derived CM significantly inhibited the proliferation/viability of PC3M-luc2
cells compared with NHDF-derived CM. These two in vitro
coculture experiments suggested that ASCs inhibited the
proliferation of PC3M-luc2 cells regardless of the cell-to-cell
contact conditions. Next, to assess how ASCs inhibit the proliferation of PC3M-luc2 cells, in vitro apoptosis assay was
performed. Consistent with the in vivo IHC study with TUNEL
staining, apoptosis assay with ASC- or NHDF-derived CM
indicated that apoptosis was observed more frequently in
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PC3M-luc2 cells with ASC-CM than with NHDF-derived CM.
Quantification of cell apoptosis indicated that the ratio of apoptotic cells (%) was significantly higher for ASCs than for
NHDFs in PC3M-luc2 cells (34.83 – 6.74 vs. 13.49 – 4.56, respectively, P < 0.01) (Fig. 3C). Our in vitro coculture experiments strongly supported our in vivo results and revealed that
ASCs significantly suppressed the proliferation of PC3M-luc2
cells, inducing apoptosis.

miR-145 was highly expressed in ASCs
To further elucidate how ASCs negatively influence
PC3M-luc2 cell proliferation/viability, we next performed
exosome miRNA array analysis with ASCs and NHDFs
(Fig. 4). Four miRNAs of miR-4417, miR-7107, miR-1185,
and miR-145 whose expression levels were more than
fivefold higher in ASCs than in NHDFs are shown in
Table 1. Among the above selected miRNAs, we focused on
miR-145, which was well known as a tumor suppressor. The
expression of miR-145 (miR-145-5p) was high in ASCs
compared with NHDFs, and the expression ratio of ASCs/
NHDFs was 5.18 (14.86 vs. 2.87).

Hairpin inhibitor reduced miR-145
expression in ASCs
Next, to examine the paracrine tumor-suppressive effect
of miR-145 supplied from ASCs, QuantiGene ViewRNA

FIG. 3. Effect of ASCs on proliferation activity in PC3M-luc2 cells. (A) DiI-PC3M-luc2 cells were cocultured with
NHDFs or ASCs at ratios of 1:1 and 3:1. The proliferations were assessed by counting DiI-positive cell number in each
experimental group. The percentages of cell number to PC3M-luc2 cells in each group are expressed as relative proliferation
activities to PC3M-luc2 cell alone. (B) PC3M-luc2 cells were cultured in the presence of ASC- or NHDF-CM under a
separate culture condition. Cell viability/proliferation expressed as values at OD of 570 nm wavelength. (C) Photomicrographs representing purple stained apoptotic cells in PC3M-luc2 cells with ASC- or NHDF-derived CM (560 PC3Mluc2 cells/field). Percent of apoptotic cell area of PC3M-luc2 cells with ASCs or NHDFs was quantified. Histograms
represent the mean with SD. (*P < 0.05 vs. NHDFs and **P < 0.01 vs. NHDFs). CM, conditioned medium; OD, optical
density. Color images available online at www.liebertpub.com/scd
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Table 1. Exosomal miRNA Expression
of ASCs and NHDFs
Expression ratio
(ASC/NHDF)

ASC

NHDF

Gene name

5.82
5.79
5.28
5.18

17.92
20.61
18.64
14.86

3.08
3.56
3.53
2.87

miR-4417
miR-7107-5p
miR-1185-1-3p
miR-145-5p

Four miRNAs whose expression levels were more than fivefold
higher in ASCs than in NHDFs are shown.
ASC, adipose-derived stromal cell; NHDF, normal human dermal
fibroblast.

FIG. 4. High expression level of miR-145 in exosome
miRNA array analysis. Exosomal miRNA expression of ASCs
or NHDFs was examined by Affymetrix GeneChip miRNA
4.0 arrays (X axis: ASC probe signal, Y axis: NHDF probe
signal). Red arrow indicates the location of miR-145-5p. Color
images available online at www.liebertpub.com/scd
miRNA ISH cell assay was used to quantify knockdown of
miR-145 expression in ASCs with miR-145 hairpin inhibitor
or the negative control. MiR-145 expression was suppressed
*50% at 10 nM, *80% at 50 nM, and undetectable at 100 nM
after the treatment of miR-145 hairpin inhibitor in ASCs. In
contrast, the negative control or Lipofectamine alone suppressed miR-145 expression by less than 20% at maximal
doses tested (Fig. 5).

miR-145 knockdown reduced the effect
of ASCs on apoptosis and rescued
the proliferation in PC3M-luc2 cells
To observe the paracrine tumor-suppressive effect of
miR-145 by ASCs, MTT assay, Caspase-3/7 activation
assay, and western blot analysis were performed to examine
the proliferation of PC3M-luc2 cells in the presence of CM

derived from ASCs after the treatment with miR-145 hairpin
inhibitor or negative control using a Transwell plate under
direct cell-to-cell contact-free conditions. MTT assay indicated that the inhibitory effect of ASCs on PC3M-luc2 cell
growth was not observed either at 10 or 50 nM of miR-145
hairpin inhibitor, while after the transfection at 100 nM, the
inhibitory effect of ASCs on PC3M-luc2 growth was significantly reduced compared with negative control (P < 0.05)
(Fig. 6A). Caspase 3/7 expression in the presence of ASCderived CM after the treatment with miR-145 hairpin inhibitor at 100 nM was significantly decreased in PC3M-luc2
cells compared with negative control at the same concentration (Fig. 6B). Western blot analysis demonstrated that
Bcl2 expression in PC3M-luc2 cells in the presence of
CM derived from ASCs after the treatment with miR-145
hairpin inhibitor was not affected (1.000 – 0.00003 in NC
and 0.973 – 0.00223 in miR145 HI), while the expression of
the antiapoptotic BclxL protein was significantly increased
(1.000 – 0.0004 in NC and 1.546 – 0.1772 in miR145 HI)
after the treatment with miR-145 hairpin inhibitor compared
with negative control (Fig. 7). These in vitro results indicated that ASCs suppressed the growth of PC3M-luc2 cells
through the paracrine tumor-suppressive effect of miR-145induced apoptosis through the caspase-3/7 pathway.

Discussion
To establish the personalized medicine for PCa, we have
previously demonstrated the antiproliferative effect of ASC

FIG. 5. Knockdown of miR-145
with miR-145 hairpin inhibitor.
Representative QuantiGene ViewRNA miRNA ISH Cell Assay of
ASCs transfected with miR-145
hairpin inhibitor (miR 145 HI) or
NC at 0, 10, 50, and 100 nM. ASCs
were immediately observed under a
computer-assisted fluorescent/light
microscope BioZero BZ-8000. NC,
negative control. Color images
available online at www.liebertpub
.com/scd
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FIG. 6. Effect of miR-145 knockdown of AdSCs in PC3M-luc2 cells. (A) PC3M-luc2 cells were cultured in the presence
of ADSC-CM transfected with miR-145 hairpin inhibitor (miR 145 HI) or NC at 10, 50, and 100 nM. Cell viability/
proliferation was expressed with MTT cell growth assay kit. (B) Caspase 3/7 was measured in PC3M-luc2 cells with ASCCM transfected with miR-145 hairpin inhibitor (miR 145 HI) or NC at 100 nM. RLU of the cells with miR 145 HI to NC
was expressed as Caspase 3/7 activity. Histograms represent the mean with SD (ns, not significant and *P < 0.05 vs. negative
control). RLU, relative luminescence; SD, standard deviation.
transplantation, perhaps through a TGF-b1-dependent signaling pathway in PCa cells [13]. In this study, to further
elucidate the role of ASCs on PCa carcinogenesis, including tumor invasion/metastasis, both in vitro and in vivo
coculture experiments were carried out using a luciferaseexpressing metastatic PCa cell line, PC3M-luc2, originated
from androgen-nonresponsive human PCa cells, PC3.
In vivo experiments demonstrated that local ASC trans-

FIG. 7. Increased level of BclxL expression on western
blot analysis. Whole cell lysates from PC3M-luc2 cells with
ASC-CM transfected with miR-145 hairpin inhibitor (miR
145 HI) or NC at 100 nM and subjected to immunoblotting
against Bcl2, BclxL, and b-actin with antibodies. Data are
expressed as ratio normalized to b-actin. Histograms represent the mean with SD (ns, not significant and *P < 0.05
vs. negative control).

plantation suppressed both metastasis and invasion inducing apoptosis following the in vitro results of the
antiproliferative effect of ASCs in PC3M-luc2 cells. Next,
to gain a mechanistic insight on how ASCs negatively influence PC3M-luc2 cell proliferation/viability, exosome
miRNA array analysis with ASCs and NHDFs was performed based on the evidences in which miR-145 was
shown to be involved in tumor invasion/metastasis [14–16].
Newly discovered small RNAs are termed microRNAs
(miRNAs), which have been defined as a group of endogenous single-stranded noncoding RNAs with a length of 19–25
nucleotides [17–20]. These small RNAs play important roles
in numerous cellular processes, including development,
proliferation, and apoptosis [21]. miRNAs are frequently
misregulated in human cancers [22,23] and can act as either
potent oncogenes or tumor suppressor genes [24]. Recently,
studies of the regulation of miRNAs in multipotent MSC
differentiation have attracted much attention; however, there
is hardly any literature that comprehensively and systematically reviews the role of miRNAs in the differentiation of
ASCs. Chen et al. first reviewed the molecular mechanisms of
miRNAs that both govern and provide a better understanding
of molecular events in the differentiation of ASCs and
their importance for the development of new strategies in
regenerative medicine [25].
The exosome miRNA array analysis demonstrated that
the miR-145 expression level was high in ASCs compared
with NHDFs. Among the large number of studied miRNAs,
hsa-miR-145-5p (miR-145) has a well-characterized tumor
suppressor regulatory role in the cell microenvironment
[26]. In the context of PCa, miR-145 expression in PCa using
clinical specimens was significantly downregulated [27], and
Avgeris et al. demonstrated that the loss of the tumor suppressor miR-145 increased the risk for disease progression
and predicted the poor survival of PCa patients [28]. Kojima
et al. revealed that loss of the miR-143/145 cluster enhanced
cancer cell migration and invasion in PCa through directly
regulating Golgi membrane protein 1 (GOLM1) [29].
However, the role of miR-145 secreted from ASCs still
remains unclear. We then focused on the paracrine tumorsuppressive effect of miR-145 from ASCs in PCa, and in
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vitro coculture experiments with knockdown of miR-145 in
ASCs using miR-145 hairpin inhibitor were performed. Our
coculture results demonstrated that miR-145 was the important factor in ASC-derived CM that induced apoptosis
and inhibited the progression of PC3M-luc2 cells. Since we
previously demonstrated that ASCs inhibited proliferation
activity of the other androgen-dependent PCa cell line,
LNCaP, inducing apoptosis [13], ASC-derived miR-145
might also play a key role in the regulation of LNCaP cell
viability. Nevertheless, further study with the other cell lines
such as LNCaP and androgen receptor-negative hormoneindependent DU145 will be required. Regarding possible inhibitory effects of other miRNAs, the exosome miRNA array
analysis demonstrated that the expression of miR-4417, miR7107, and miR-1185 was more than fivefold higher in ASCs
than NHDFs as well as miR-145; however, the functions and
roles of miRNAs in carcinogenesis have not been elucidated
yet, and further investigation would therefore be required to
explore their paracrine/inhibitory effects on PCa.
In the present study, we injected five times of ASCs
(1 · 105/time), which equal the total number of injected ASCs
in our previous study, into PCa-derived peritoneal tumorbearing mice to demonstrate therapeutic effect; however, since
we did not perform the ASC dose-escalation study, the number
of ASCs for therapeutic application against cancer should be
further optimized in future investigations.
Our previous data suggested that the antiproliferative effect
of ASCs on PCa cells appears to be mediated, at least in part,
by TGF-b1 secretion and signaling. Interestingly, miR-143
and miR-145, downregulated in PCa, are two miRNAs that
are transcribed after TGF-b1 pathway activation [28]. Santos
et al. identified that TGF-b1-related miR-143, miR-145, miR146a, and miR-199a may have a key role in the development
of PCa metastasis and restoration of their expression may be a
promising therapeutic strategy for PCa treatment [30]. Indeed,
previous clinical studies demonstrated that upregulation of
TGF-b1 in PCa tissues and high urinary/serum levels of TGFb1 are associated with enhanced tumor angiogenesis and
tumor metastasis, resulting in a poor clinical outcome [31];
however, the tumor-suppressive effect of TGF-b1 through
activation of Smad2/3 signaling in PCa cells was reported in a
recent article [32], suggesting the controversial role of TGFb1 in PCa carcinogenesis.
We therefore assume that exogenous TGF-b1 and miR145 supplied from ASCs could affect the environment of
endogenous TGF-b1 signaling and miR-145 in the PCa tumor, inducing apoptosis through the caspase-3/7 pathway.
Several pathways contribute to apoptosis and the wellcharacterized ones are the Akt/PKB pathway, RTKN/NF-kB
survival pathway, and p53-mediated apoptosis pathway [33–
35]. RTKN was confirmed as a direct target of miR-145 in
MCF-7 cells [36] and further enhanced the expression of
BclxL by activating NF-kB [34]. These previous reports
strongly supported our in vitro coculture results that ASCs
suppressed the growth of PC3M-luc2 cells through the
paracrine tumor-suppressive effect of miR-145, inducing
apoptosis with antiapoptotic activity of BclxL.
In conclusion, this study may provide preclinical proofof-principle data in which ASCs have been shown to inhibit
PCa growth both in vitro and in vivo by induction of apoptosis, at least in part, with miR-145 secretion from ASCs.
Moreover, our results that ASCs isolated from a female
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donor slowed PCa progression give a significant impact on
the allogeneic stem cell therapy. For clinical study, the
protocol, including the number of ASCs and frequency of
administration, should be optimized. Nevertheless, we suggest that allogeneic ASC transplantation might be a promising new therapeutic approach for patients with PCa.
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