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Abstract: Cancer stem cells (CSCs) that closely correlated with tumor growth, metastasis, provide a plausible ex-
planation for chemoresistance and cancer relapse. CSCs are usually isolated and enriched from carcinoma cells,
which is inconvenient, low-efficient, and even unreliable. Here, we converted mouse induced pluripotent stem cells
(miPSCs) into prostate cancer stem-like cells with carcinoma microenvironment following exposure to conditioned
medium (CM) derived from RM9, a mouse prostate cancer cell line. These transformed cells, termed as miPS-
RM9CM, displayed CSCs properties, including spheroids morphology and expression of both stemness genes and
cancer stem cells surface markers, such as Oct3/4, Sox2, Nanog, KIf-4, c-Myc, CD44, and CD133. In addition, in
vivo transplantation experiment was performed to confirm the tumorigenicity. Furthermore, we used the model to
assess conventional chemotherapeutic agent, docetaxel. The results showed that miPS-RM9CM cells exhibited
increased resistance to docetaxel, however, high susceptibility to the cancer cell stemness inhibitor | (BBI-608). Our
current study demonstrates that CM from cultured RM9 cells play a crucial role in the determination of cell fate from
miPSCs to cancer stem-like cells and provide a potentially valuable system for the study of CSCs.
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Introduction

Prostate cancer (PCa) is the second most com-
mon cancer and one of the leading causes of
cancer death among men worldwide [1]. The
current standard practices for the treatment of
prostate cancers include surgical resection,
radiotherapy, and chemotherapy. However, the-
se treatments often result in poor outcome due
to early metastasis and further post-operative
recurrence [2]. Recent studies come to impli-
cate that CSCs are the source of cancer oc-
currence, development and recurrence [3, 4].
CSCs or tumor-initiating cells are a subset of
cancer cells and characterized by self-renew
and differentiation potential. In solid tumors,
the minority population of CSCs appears to

locate in the tumor mass involved in tumor ini-
tiation and progression. Furthermore, accumu-
lating evidence show that CSCs are the major
contributor for chemoresistance [5]. Conven-
tional chemotherapeutic agents are considered
to target differentiated cells, while CSCs appear
to possess resistance to their toxicity [6]. There-
fore, identifying the mechanisms that hamper
CSCs stemness may help to improve the effica-
cy of chemotherapy.

Induced pluripotent stem cells (iPSCs) are gen-
erated by introducing transcription factors
(Oct3/4, Sox2, KIf4, c-Myc, and Nanog) into
ordinary somatic cells and show the same mor-
phology, pluripotency, and differentiation poten-
tial similar to embryonic stem cells [7]. CSCs
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Table 1. The primers used in the RT-PCR analysis

Primer name Primer sequence

OCT3/4 Forward: 5’-CTGAGGGCCAGGCAGGAGCACGAG-3’
Reverse: 5-CTGTAGGGAGGGCTTCGGGCACTT-3’
SOX2 Forward: 5’-GGTTACCTCTTCCTCCCACTCCAG-3’
Reverse: 5’-TCACATGTGCGACAGGGGCAG-3’
NANOG Forward: 5’-~AGGGTCTGCTACTGAGATGCTCTG-3’
Reverse: 5’-CAACCACTGGTTTTTCTGCCACCG-3’
KLF-4 Forward: 5’-AGTGTGACAGGGCCTTTTCCAGGT-3’
Reverse: 5-AAGCTGACTTGCTGGGAACTTGACC-3’
Cc-MYC Forward: 5’-CAGAGGAGGAACGAGCTGAAGCGC-3’
Reverse: 5-TTATGCACCAGAGTTTCGAAGCTGTTCG-3’
GAPDH Forward: 5’-CCGCATCTTCTTGTGCAGTG-3’

Reverse

: 5’-CTGTGGTCATGAGCCCTTCC-3’

cells (Reprocell, Japan) in ES-101B
complete ES cell media with 15% FBS
and LIF (ES-101-B, Millipore, USA).
Mice prostate cancer cell line RM9
was kindly provided by Dr. T.C.
Thompson (Baylor College of Medicine,
Houston, TX, USA) and maintained in
RPMI-1640 medium (Gibco, Invitrogen,
Carlsbad, USA) supplemented with
10% FBS at 37°C in a humidified
incubator.

The CM from RM9 were gained as
described [8]. In brief, culture super-
natants were collected from confluent

display great flexibility and reversible switch
between stem and non-stem cell states. Chen,
L et al. reported that Nanog positive miPSCs
could acquire characters of CSCs when cul-
tured in the conditioned culture medium de-
rived from mouse Lewis lung carcinoma, which
is @ mimic of tumor microenvironment [8]. In
another study, tumor-derived extracellular vesi-
cles (tEVs) secreted by Lewis lung carcinoma
cells facilitate the process of transforming miP-
SCs into CSCs [9]. Taken together, these stud-
ies suggest a role for secreted factor(s) from
tumor microenvironment in the determination
of stem cell fate and these factors promote the
formation of CSCs from miPSCs, despite the
mechanism underlying the conversion remains
unclear.

CSCs are usually isolated and enriched from
carcinoma cells, which is inconvenient, low-effi-
cient, and the success rate of cancer cells into
CSCs was much lower. In this study, we investi-
gated whether CM derived from RM9 could
transform miPSCs into cancer stem-like cells
easily and efficiently. These results imply the
possibility for formations of CSCs by CM and
could represent a valuable model for the study
of CSCs in vitro.

Material and methods
Cell culture and reagents

miPSCs expressed GFP gene in control of
Nanog promoter were obtained from Riken Cell
Bank (Kyoto, Japan). The cells were maintained
on feeder layers of mitomycin-C-treated MEF
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dishes and centrifuged for 5 mins at
1000 rpm to remove cells and large
debris. The miPSCs were induced to differenti-
ate with CM and miPSCs medium (1:1), and the
medium was changed every two days for 42
days. Cells morphology were photographed by
random field selection under a fluorescence
microscope (IX-71, Olympus, Tokyo, Japan).

Antibodies and reagents

Antibodies against Oct 4A (#83932), Sox2
(#14962), Nanog (#8822), KIf-4 (#4038),
B-actin (#4970), and anti-rabbit IgG HRP-linked
antibody (#7076) were purchased from CST
(Billerica, MA, USA), antibody against CD133,
was from Proteintech (18470-1-AP, Chicago,
USA), CD44 from Abcam (ab157107, MA, USA).

Cancer cell stemness inhibitor | (BBI-608) was
obtained from BioVision (Mountain View, CA).
Docetaxel was purchased from Sanofi (#87424,
Tokyo, Japan).

Western blot

Cells were collected and lysed in lysis buffer
(#78410, Thermo Scientific). After centrifugal
separation, the protein concentrations were
measured using BCATM Protein Assay Kit (Ther-
mo Scientific, Rockford, USA). Protein samples
were added to 10% SDS/gel polyacrylamide
(Bio-Rad) for electrophoresis and transferred
onto PVDF membrane. And then, the mem-
brane was blocked with 5% non-fat milk for 1 h.
The primary antibodies were incubated over-
night at 4°C and secondary antibodies for 1 h
at room temperature. Bands were visualized
with enhanced chemiluminescent (ECL) kit.

Am J Cancer Res 2018;8(8):1624-1632



Conditioned medium induces miPSCs into prostate cancer stem-likes cells

A Conditioned medium
induced cancer stem-like
cells (miPS-RM9CM)

Mouse induced
pluripotent stem cells

Conditioned medium and
- = % miPSCs medium(1:1)
- 42 days induction

B miPSCs

C miPSCs
D1 D42 RM9 MEF

o [ 1
N1

Nanog

Kif-4

c-Myc

GAPDH

Figure 1. Functional analysis of induced cancer stem-like miPS-RM9CM cells.
A. Experiment scheme for the induction of miPS-RM9CM cells B. Representa-
tive images of miPSCs and miPS-RM9CM cells with GFP expression. Both the
miPSCs and miPS-RM9CM cells displayed spheroid morphology under a fluo-
rescence microscope. Scale bar: 100 um. C. RT-PCR analysis of transcription
factors, including Oct3/4, Sox-2, Nanog, KIf-4, c-Myc in miPSCs and miPS-
RMOCM cells before and after induction using the conditioned medium (CM)
derived from RM9 cell. The expression levels of transcription factors in MEF
cells was used as a control. D. Cancer stem cell surface marker, CD133 and
CD44 expression in miPS-RM9CM cells were analyzed by western blot. GAPDH
and B-actin served as a loading control. Results were representative of three

independent experiments.

RNA extraction and RT-PCR

Total RNA was extracted using the RNeasy
Plus Mini Kit (QIAGEN). In total, RNA (1 ug) was
reverse-transcribed into first strand cDNA with
the PrimeScriptM RT reagent Kit and gDNA
Eraser (Takara). PCR amplifications for OCT3/4,
SOX2, NANOG, KLF-4, C-MYC, and GAPDH were
performed using primer sequences as Table 1.
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The PCR conditions were
as follows: 3 min at 98°C
and 30 cycles of 96°C for
i 30 sec, 65°C for 30 sec
S and 72°C for 30 sec. After
o the final cycle, the reaction
was amplified at 72°C for 3
min. All the reactions were
performed in three inde-
pendent experiments, and
the GAPDH gene was used
as the internal control. All
transcripts were confirmed
using 3% agarose gel elec-
trophoresis.

Evaluation of tumorigenic-
ity in vivo

Male C57BL/6 mice (6-8
weeks) were obtained from
Japan SLC, Inc. and kept
under SPF environment. All
studies involving animals
were approved by the Eth-
ics Committee of Okayama
University. Tumorigenicity
was determined by sub-
cutaneously (s.c.) injecting
different density of miPSCs
and miPS-RM9CM cells,
the cells were suspended
in 100 yL DMEM contain-
ing 10% FBS and respec-
tively injected into the flan-
ks of 6-week-old C57BL/6
mice. The left side was
injected s.c. with 10° cells
and the right side was
injected s.c. with 10° cells.
Tumor growth was then
monitored weekly for up to
2 weeks after transplanta-
tion. Mice were sacrificed,
and the tumor was resect-
ed for histologic analysis. The tumor was
embedded, and one section every 4 um was
stained with H&E according to the standard
protocols.

RMS9

Drug treatment assays

miPS-RM9CM cells and miPSCs were treated
with increasing concentrations of BBIGOS8 (O,
0.5 and 2 uM) or docetaxel (0, 1 and 5 nM) for
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Figure 2. In vivo tumorigenic potential assay. A. Different density of miPSCs or
miPS-RM9OCM cells were subcutaneously injected into C57BL/6 mice. L3 repre-
sented the left flank of mice injected with 102 cells and R5 represented the right
flank injected with 10° cells. The number of tumor formation within 2 weeks
were counted in the right table. NA: not applicable. B. Representative H&E
staining sections of subcutaneous xenograft tumor from miPS-RM9CM cells.
The tumors exhibited typical malignant phenotype with the different character-
istic of atypia (asterisks), and pathological mitotic figure (arrows), and apoptotic
bodies (§) were observed in some grown cells. Scale bar: 100 um. Results were

representative of three independent experiments.

24 hours. Cells morphology were observed and
photographed under a fluorescence micro-
scope and then harvested the cells for RNA
and protein to evaluate the expression of Oct4,
Sox2, Nanog, Kif4, CD44, and CD133.

Results

Induction of miPS-RM9CM cells by conditioned
medium derived from mouse prostate cancer
RMO9 cells

We investigated whether CM from mouse pros-
tate cancer cell line RM9 could stimulate the
transformation of miPSCs into CSCs. Experi-
ment scheme for the induction of miPSCs was
shown in Figure 1A. The miPSCs exposed to
CM for 42 days by changing half of the medium
every two days, were observed on MEF cells
cultured dishes. Nanog-GFP miPSCs harbored
a GFP reporter gene, which allowed us to distin-
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Transcription factors such
as Oct-4, Sox-2, Nanog, KIf-
4, and c-Myc have been
implicated in pluripotency.
To determine if miPS-RM-
9CM have the characteris-
tics of stemness, we exam-
ined the level of the tran-
scription factors by reverse
transcription PCR (RT-PCR).
As shown in Figure 1C, bo-
th original miPSCs and mi-
PS-RM9CM cells expressed
the transcription factors,
Oct 3/4, Sox-2, Nanog, KiIf-
4, c-Myc, no significant dif-
ference was found in miP-
SCs versus miPS-RMCM
cells. The results imply that
miPS-RM9CM still maintain
stem cell property. The ex-
pression levels of transcri-
ption factors in MEF cells
were used as a control. To further study the
transformation of miPSCs into CSCs, we inves-
tigated CSCs surface markers expression on
both cells. We observed the expression of
CD44 in miPS-RM9CM cells was at a higher
level when compared with the original miPSCs.
No significant differences in the CD133 expres-
sion were found between two kinds of cell types
(Figure 1D).

In vivo tumor-initiating properties of miPS-
RM9CM

To assess the tumor-forming ability of miPSCs
and miPS-RM9CM cells in vivo, we subcutane-
ously injected these cells into C57BL/6 mice
and monitored for 2 weeks respectively. All
mice were induced tumorigenesis after injec-
tion of miPS-RM9CM, 100,000 cells per mouse
(5/5 mice, 100%; Figure 2A). The tumor-forma-
tion frequency of miPS-RM9CM (100,000 cells)
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in different doses for 24 h. Scale bar: 100 um.

was significantly high. However, no tumor was
formed when injected with the number of 1000
and 100,000 miPSCs (Figure 2A). These
results suggest that miPS-RM9CM exhibit high
degree of tumorigenicity with rapid growth in
vivo. Furthermore, histological examinations of
tumor tissues revealed that subcutaneous
tumors from miPS-RM9CM cells displayed typi-
cal malignant phenotypes such as atypia and
pathological mitotic figure. In addition, apop-
totic bodies were observed in some grown cells
(Figure 2B).

Cancer stem cell inhibitor, BBI608 downregu-
lates stemness in the miPS-RM9CM cells

BBI608, a cancer stemness inhibitor, prevents
self-renewal and promotes cell death in CSCs.
Formation of spheres is one of the main char-
acteristics of cancer stemness. Interestingly,
even with high-dose BBI608 treatment, the
change in the morphology of miPSCs was not
significant (Figure 3A). Contrarily, we found that
BBI60O8 treatment attenuates the sphere-form-
ing ability of miPS-RM9CM cells in a dose-
dependent manner (Figure 3B). In addition, we
used the established model to track docetaxel
therapeutic effect on CSCs. miPS-RM9CM cells
still maintained the intact spheroids morpholo-
gy after docetaxel treatment. At the protein

1628

Docetaxel ( nM )

level, BBIGO8 dramatically

¢ ¢ DO s gy
] R ) NE Dot

Docetaxel ( nM ) factors in mMiPS-RM9CM

downregulated the expres-
sion of Oct-4A, Sox-2, Na-
nog in MiPS-RM9CM cells
in a dose-dependent man-
ner but not in miPSCs (Fig-
ure 4A). In contrast, doce-
taxel had no effect on the
expression level of these

i . g e

Figure 3. BBI6O8 treatment attenuated the sphere-forming ability of miPS-
RM9OCM cells in a dose-dependent manner. A. Representative morphology of
miPSCs with BBIGO8 or docetaxel treatment in different doses for 24 h. B. Rep-
resentative morphology of miPSC-RM9CM with BBIGO8 or docetaxel treatment

5 cells and miPSCs (Figure
4B). It is noteworthy that
after BBI608 treatment,
the decrease in transcrip-
tion activities of Oct-4, Sox-
2, Nanog, and KIf-4 was
also consistent with their
protein levels. The expres-
sion of transcription factors
in MiPS-RM9CM cells was
inhibited significantly by
BBIGOS8 (Figure 4C). Never-
theless, docetaxel did not
affect the expression of
these factors in miPS-RM9CM cells (Figure
4D). We also detected the expression level of
cancer stem cell surface marker by western
blot analysis, BBI608 markedly inhibited the
expression of CD133 and CD44 in miPS-
RM9OCM cells (Figure 4E).

Discussion

We have demonstrated in the study that CM
derived from mouse prostate cancer RM9 cell
induced the transformation of miPSCs into can-
cer stem-like cells. These transformed cells are
characterized by spheroids morphology, pluri-
potency, high tumorigenic potential and che-
motherapeutic resistance. In addition, cancer
stem-like cells can be converted from miPSCs
cells efficiently and help us design new thera-
peutic strategies targeting CSCs.

iPSCs display the same characteristics of em-
bryonic stem cells (ESCs) such as morphology,
immortal cell growth, marker expression, self-
renewal and differentiation into multiple lineag-
es [10]. Itis believed that under the influence of
appropriate environments, iPSCs could differ-
entiate into a various mature cell including
cardiomyocyte [11], neurons [12], hepatocytes
[43], and trophoblast [14]. Despite these stud-
ies indicate that iPSCs possess great value for
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Figure 4. Protein and gene expression analysis of stemness factor and CSC
surface marker in miPSCs and miPS-RM9CM cells treated with BBI608 and
docetaxel. A and B. Western blot analysis of Oct4A, Sox2, Nanog and KIif-4 ex-
pression in miPSCs and miPS-RM9CM cells with BBI6OS8 or docetaxel treatment
for 24 h. C and D. RT-PCR analysis of Oct3/4, Sox2, Nanog and KIf-4 expression
in miPSCs and miPS-RM9CM cells with BBIGO8 or docetaxel treatment for 24
h. GAPDH served as a loading control. E. The expression of CD133 and CD44
in miPS-RM9CM cells with BBI6G0O8 or docetaxel treatment for 24 h. B-actin was
used as a loading control. Results are representative of three independent ex-

that abnormal niche sig-
nals or factors have a cri-
tical influence on normal
stem cells. Our study sho-
wed that CSCs could stem
from normal stem cells by
conditioned medium. Des-
pite not familiar with the
specific mechanisms of
dominating transformation
procedure, several studies
attribute it to genetic insta-
bility in these cells, which
may explain miPSCs is sus-
ceptible to the soluble fac-
tor (s) in the tumor microen-
vironment [8, 9, 21]. Exo-
somes are small extracel-
lular vesicles that bear pro-
teins and nucleic acids.
They serve as pathways
of intercellular communica-
tion and play a key role in
cell growth and malignant
transformation[22-24].Exo-
somes have been identified
as mediators to modulate
tumor micro-environment
[25-27]. It would be worth-
while to explore the role
of the exosomes released
from RM9 cells during the
transformation of miPSCs
into cancer stem-like cells.

The transcription network
regulating pluripotency in
stem cell is considered to

periments.

regeneration therapy, there is a long way to go
in transplanting into patients. The main con-
cern is that iPSCs into nude mice are likely to
generate teratomas and lead to malignant
transformation [15-17].

The stem cell niche, a particular microenviron-
ment, regulate the balance between self-
renewal and differentiation in stem cell [18].
The molecular cross-talk signals and factors in
microenvironment make cell fate decisions
easy in an unclear manner [19]. When cultured
with newborn bovine serum, ES cells could dif-
ferentiate into CSC-like cells [20], suggesting
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play a crucial role in the tu-
mor-initiating ability of can-
cer cells. Nanog has been
shown to initiate CSC-like characteristics and
contributes to oncogenesis in several cancers
[28, 29]. BORA-SINGHA et al. demonstrate that
Oct4 regulate self-renewal through activation of
the downstream signal pathway in cancer-stem
like cells [30]. One study by Boumahdi (2014)
also argues that Sox2 deletion in squamous
cell cancer result in tumor regression and
decrease the ability of tumor formation in vivo
[31]. Overall, this evidence indicated that there
is a positive association between these stem-
ness factors and cancer stem cells. Our results
showed that no difference was found in the
expression of Oct4, Sox2, Nanog, KIf4 and c-
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Myc in miPS-RM9CM cells when compared with
miPSCs, which suggests that miPS-RM9CM are
maintained in the relatively undifferentiated
state as those of miPSCs and high expression
of these factors may be responsible for high
self-renewal ability of miPS-RM9CM cells.
CD44 have been identified as a negative cell
surface marker for pluripotent stem cell and is
found to overexpress in CSCs originated from
prostate cancer cells [32, 33]. In the current
study, miPS-RM9CM expressed a high level
of CD44, indicating that miPS-RM9CM cells
had undergone malignant transformation and
acquired CSCs cell surface marker after induc-
tion of CM.

It is generally true that CSCs have high resis-
tance capacity to routine drug therapy [34, 35].
Our previous study has reported that BBI60O8
downregulated the expression of stemness fac-
tors in prostate cancer stem cells and increas-
ed the sensitivity of prostate cancer cells to
docetaxel [36]. In the study, we observed that
miPS-RM9CM exhibited resistance to the che-
motherapeutic compound, docetaxel, but high
sensitivity to cancer cell stemness inhibitor,
BBI608, suggesting that comparing with miP-
SCs cells, miPS-RM9CM cells possess charac-
teristic associated with CSCs, especially the
ability of drug resistance.

In our study, we demonstrated that prostate
cancer stem-like cells can be efficiently indu-
ced from miPSCs by the conditioned medium
derived from prostate cancer cell line and pro-
vide a valuable model for the future study of
CSCs.
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