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miR-335 functions as a tumor suppressor in pancreatic cancer

by targeting OCT4
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Abstract Octamer-binding transcription factor 4 (OCT4) was
closely related to pancreatic cancer progression, but its regu-
lation in pancreatic cancer by microRNA (miRNA) is not fully
clear. OCT4-positive and OCT4-negative pancreatic cells
were isolated by flow cytometry, and it was found that
OCT4-positive cells are enriched in transplanted pancreatic
cancer cells compared with the primary ones and showed
increasing proliferation and sphere formation. The data of
miRNA array assay showed that miR-335 in OCT4-positive
pancreatic cancer cells was lower than that in the negative
ones. The results were confirmed in pancreatic cancer tissue
and cell lines. Through expression analysis, it was found that
miR-335 was underexpressed in OCT4(+) pancreatic cancer
cells purified from primary tumors. Enforced expression of
miR-335 in OCT4(+) pancreatic cancer cells inhibited
clonogenic expansion and tumor development. miR-335 re-
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expression in OCT4(+) pancreatic cancer cells was blocked.
Systemically delivered miR-335 inhibited pancreatic cancer
metastasis and extended animal survival. Of significance,
OCT4 was identified and validated as a direct and functional
target of miR-335. Taken together, our results provide evi-
dence that miR-335 might inhibit progression and stem cell
properties of pancreatic cancer targeting OCT4.

Keywords miR-335 - OCT4 - Pancreatic cancer - Stem cell -
Tumorigenesis

Introduction

Pancreatic cancer is one of the poorest prognoses among all
cancers. Aside from its silent nature and tendency for late
discovery, pancreatic cancer also shows unusual resistance
to chemotherapy and radiation [1]. Only 20 % of pancreatic
cancer patients are eligible for surgical resection. The opera-
tions are very complex, and unless performed by surgeons
specially trained and experienced in this procedure, they can
be associated with very high rates of operative morbidity and
mortality [2]. Unfortunately, many pancreatic cancers are not
resectable at the time of diagnosis [2, 3]. Furthermore, there
are limited treatment options available for the patients with
pancreatic cancer because chemo- and radiotherapies are
largely ineffective, and metastatic disease frequently rede-
velops even after surgery. Therefore, there is a need to discov-
er novel and effective approaches for the prevention and/or
treatment of pancreatic cancer.

Octamer-binding transcription factor 4 (OCT4) is always
considered as a stem cell marker for pancreatic cancer [4].
OCT4 plays important roles in cancer progression such as
proliferation, cell cycle, stem cell properties, metastasis, and
so on [4-8]. Cancer stem cells (CSCs) have been proposed to
be the cause of therapy failure, cancer relapse, and drug
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resistance [9]. CSCs and epithelial-mesenchymal transition
(EMT)-type cells, which share molecular characteristics with
CSCs, have been proposed to play critical roles in drug
resistance and early cancer metastasis as demonstrated in
several human malignancies including pancreatic cancer
[10—13]. Thus, the discovery of molecular knowledge related
to stem cell characteristics and EMT in pancreatic cancer is
becoming an important area of research, and such knowledge
is likely to be helpful in the discovery of novel molecular
targets and strategies for the prevention of pancreatic cancer
by targeting CSCs.

Emerging evidence indicates the critical roles of
microRNAs (miRNAs) in the regulation of various biological
and pathologic processes in cancer [14]. These small, noncod-
ing molecules elicit their regulatory effects by imperfectly
binding to the 3’ untranslated region of target mRNA, causing
either degradation of mRNA or inhibition of their translation
to functional proteins [15]. The expression of miRNAs has
been recognized as integral components of many normal
biological processes involving cell proliferation, differentia-
tion, apoptosis, and stress resistance [ 16—18]. More important-
ly, it has been recently suggested that aberrant upregulation or
downregulation of specific miRNAs and their targets in vari-
ous types of cancer is associated with the development and
progression of cancer [16—18]. The low expression of miR-
335 has a close correlation with cancer development [19-25].
miR-335 has been identified as a metastasis-suppressor
miRNA in cancers. The expression of miR-335 is lost in the
majority of primary tumors from patients who relapse, and the
loss of miR-335 expression is associated with poor distal
metastasis-free survival. It regulates a set of genes, which
are SOX4, PTPRN2, MERTK, and possible TNC, the collec-
tive expression of which in a large cohort of human tumors is
associated with the risk of distal metastasis [26—30].

Our previous data of microarray showed that several stem
cell markers such as OCT4, CD133, and C-myc were upreg-
ulated in transplanted pancreatic cancers. In this study, OCT4,
CD133, and C-myc expression were verified by reverse tran-
scriptase polymerase chain reaction (RT-PCR). OCT4 was
increased much more than the other genes. We indentified
that miR-335, directly targeting OCT4, was able to inhibit
pancreatic cancer progression.

Materials and methods

Cell culture

Primary tumor cells were maintained in the Dulbecco’s mod-
ified Eagle’s medium (DMEM, Gibco, USA) supplemented
with 10 % fatal bovine serum in a humidified incubator at

37 °C and 5 % CO,. Human pancreatic cancer cells SW1990,
PANC-1, BxPC3, and CFPAC were obtained from the
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American Type Culture Collection (ATCC) and were cultured
in DMEM supplemented with 10 % fetal bovine serum, 100
U/mL of penicillin, and 100 pg/mL of streptomycin. Cells
were cultured at 37 °C in a humidified atmosphere of 5 %
CO,. Human pancreatic normal cells HPDE6¢7 were pur-
chased from GuangZhou Jennio Biotech company and cul-
tured according to the protocol.

Clinical specimens

Primary pancreatic cancer biopsy specimens and normal bi-
opsies were obtained from the First Affiliated Hospital (Soo-
chow University, China). Both tumors and their normal tissues
were histologically confirmed by hematoxylin and eosin
(H&E) staining. Informed consent was obtained from each
patient, and the research protocols were approved by the
Ethics Committee of the First Affiliated Hospital of Soochow
University.

miRNA precursor expression profiling

Total RNA was isolated from the cell lines or tissues in 1 mL
of Trizol (Invitrogen, USA). RNA concentration was deter-
mined by analyzing 1 pL of solution using the ND-1000
micro-spectrophotometer (NanoDrop Technologies, Wil-
mington, DE). RNA integrity was evaluated using the Agilent
2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA).
RNA with a RIN>4 was included in the study. RNA was
briefly treated with RNase-free DNAase I, and ¢cDNA was
synthesized from 1 pug of total RNA by using gene-specific
primers to 222 miRNA precursors plus 18S rRNA. The ex-
pression of 222 miRNA precursors was profiled using a real-
time quantitative PCR assay. Duplicate PCRs were performed
for each miRNA precursor gene in each sample of cDNA. The
mean CT was determined from the duplicate PCRs. Relative
gene expression was calculated as 2—(CTmiRNA—-CT18S
rRNA).

Oligonucleotide construction and lentivirus transduction

The oligonucleotide of mature miR-335 was
chemosynthesized, amplified, and cloned into GV232-Puro
Vectors by Genechem Co., Ltd. (Shanghai, China). The cor-
rect sequences and insertions were confirmed by DNA se-
quencing. Cells were lentivirally transfected with either the
GV232-Puro-miR-335 recombined vector (LV-miR-335) or
empty GV232-Puro vector (negative control, miR control).
Oligonucleotide transfection or lentivirus construction was
performed using Lipofectamine 2000 reagent (Invitrogen)
according to the manufacturer’s instructions. The transduced
cells with a cell density of over 40 % confluency were exposed
to puromycin dihydrochloride (1 mg/mL, Sigma, St. Louis,
MO) for resistance selection. When all of the cells in the non-
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transfected control culture were killed, puromycin-resistant
cell clones were picked and passaged in a medium containing
a half concentration of puromycin (0.5 mg/mL) in the first
round of selection. Lentivirus-mediated silencing of miR-335
was verified by qRT-PCR.

RNA isolation and real-time RT-PCR

Total RNA was isolated using the Trizol system (Invitrogen)
according to the manufacturer’s guidelines. Oligo(dT)18
primer and M-MLV reverse transcriptase were used for the
first-strand synthesis. Real-time RT-PCR was performed with
Real-time RT-PCR Master Mix containing SYB Green I and
Hot Start Taqg DNA polymerase (Toyobo). The threshold cycle
(Ct) values were determined by using an iCycler thermal
cycler (Bio-Rad, Hercules, CA) performed according to the
manufacturer’s instructions. OCT4, CD133, c-myc, and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
primers were purchased from Invitrogen. The relative expres-
sion levels were calculated by comparing Ct values of the
samples with those of the reference, all data normalized to the
internal control GAPDH.

Fluorescence-activated cell sorting

Cells of 10* were suspended in fluorescence-activated cell
sorting (FACS) buffer (phosphate-buffered saline (PBS) with
0.1 % BSA and 0.1 % Triton X100) followed by incubation
with FITC-conjugated anti-OCT4 for 15 mins at room tem-
perature. Cells were then washed with PBS and resuspended
in PBS for FACS analysis.

MTT assay

3-[4,5-Dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bro-
mide (MTT) assay was employed to detect the growth of
pancreatic cancer cells, and the growth curve was delineated.
Logarithmic-phase cells were collected, and the concentration
of'the cell suspension was adjusted to 5,000 cells per well (the
edge wells of the plate are filled with aseptic PBS buffer). The
cells were incubated at 37 °C and 5 % CO, until cells cover
the bottom of the well (a flat-bottom 96-well plate), and then
the cells were cultured. Twenty microliters of the MTT solu-
tion was added to each well (5 mg/mL, 0.5 % MTT), and
the cells were continued to culture for 4 h. After the incuba-
tion, the supernatant was discarded, and 150 pL dimethyl
sulfoxide was added to each well, and the culture plate was
shaken at a low speed for 10 min until crystal dissolved
completely. The ELISA reader was used to measure the ab-
sorbance at 570 nm.

Colony-forming assay

Cells in logarithmic growth phase were digested in 0.5 %
trypsin/0.04 % EDTA, and a single cell suspension was pre-
pared. Then, these cells were added to six-well plates (200
cells/well) followed by incubation at 37 °C in an environment
with saturated humidity and 5 % CO, for 24 h. Nonadherent
cells were removed. After culture for 10-14 days, colonies
were present. The colony-forming efficiency and the morphol-
ogy of colonies were observed.

Tumor spheroid assay

Spheroid-forming assays were performed as described. In
brief, cells were plated in six-well ultralow attachment plates
(Corning Inc., Corning, NY) at a density of 1,000 cells/mL in
DMEM supplemented with 1 % N2 Supplement (Invitrogen),
2 % B27 Supplement (Invitrogen), 20 ng/mL human platelet
growth factor (Sigma-Aldrich), 100 ng/mL epidermal growth
factor (Invitrogen), and 1 % antibiotic-antimycotic
(Invitrogen) at 37 °C in a humidified atmosphere of 95 % air
and 5 % CO,. Spheroids were collected after 7 days and
dissociated with Accutase (Innovative Cell Technologies,
Inc.). The cells obtained from dissociation were sieved
through a 40-um filter and counted by a Coulter counter using
trypan blue dye.

Western blot analysis

Western blots were performed as we described elsewhere. In
brief, cells were lysed in RIPA buffer containing 1x protease
inhibitor cocktail, and protein concentrations were determined
using the Bradford assay (Bio-Rad, Philadelphia, PA). Pro-
teins were separated by 12.5 % SDS/PAGE and transferred to
membranes (Millipore, Bedford, MA) at 55 V for 4 h at 4 °C.
After blocking in 5 % nonfat dry milk in Tris-buffered saline
(TBS), the membranes were incubated with primary antibod-
ies at 1:1,000 dilution in TBS overnight at 4 °C, washed three
times with TBS-Tween 20, and then incubated with secondary
antibodies conjugated with horseradish peroxidase from Santa
Cruz (TX, USA) at 1:5,000 dilution in TBS for 1 h at room
temperature. Primary antibodies including OCT4, E-cadherin,
Fibronectin, Vimentin, and GAPDH were ordered from Cell
Signaling (USA). a-Smooth muscle actin (x-SMA) antibody
was purchased from Epitomics (CA, USA). Membranes were
washed again in TBS-Tween 20 for three times at room
temperature. Protein bands were visualized on X-ray film
using an enhanced chemiluminescence detection system.

Transwell migration assay

For transwell migration assays, 1 x 10> pancreatic cancer cells
were plated in the top chamber onto the noncoated membrane
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(24-well insert; pore size, 8 wum; Corning Costar) and allowed
to migrate toward a serum-containing medium in the lower
chamber. Cells were fixed after 24 h of incubation with
methanol and stained with 0.1 % crystal violet (2 mg/mL,
Sigma-Aldrich). The number of cells invading through the
membrane was counted under a light microscope (three ran-
dom fields per well).

A .

Transwell invasion assay

For invasion assay, 1 x 10° cells were plated in the top chamber
onto the Matrigel-coated membrane (24-well insert; pore size,
8 um; Corning Costar). Each well was coated freshly with
Matrigel (60 pg, BD Bioscience) before the invasion assay.
Pancreatic CSCs were plated in a medium without serum or

B

O Primary cells
435 T O Transplanted cells
£
2 35 0
3 T !
g [ w 9
g, 3 8 I
g &9
€
i - .
& —
£ S
. T T T Ag 3 T
8 2
05 4
03 1
[} 0
o=t conis c-me Primary tumor Transplanted tumer
120
25
\ ~ 100
—e— Oct4(-) 2 T
Y 7]
2 —— Octé(+) B 20
oy 5 T
Z S B 60
c E
“ 8
g 1 E 40
[=]
0.5 2 130
0 0
0 1 2 3 4 3 Octé(-) Octd(+)
Time (days)
140
0
=z 120
5 I
8 100
[=]
o~
[~
=
S
®
E <
e
o 40
Q
a
& 20
0
Octé(-) Octé(+)

Fig. 1 OCT4 promotes proliferation and stem cell properties in pancre-
atic cancer cells. a OCT4, CD133, and C-myc expression were verified
by real-time RT-PCR. Primary tumor cells and transplanted tumor cells
were cultured, and total RNA was collected for real-time RT-PCR. b
Primary tumor cells and transplanted tumor cells were cultured and
collected for flow cytometry. ¢ Cell proliferation was analyzed by MTT
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assay. OCT4(+) cells and OCT4(-) cells were seeded in a 96-well plate;
added with MTT in days 0, 1, 2, 3, 4, and 5; and then recorded. d Cell
proliferation was analyzed by colony formation assay. One hundred cells
were seeded in a six-well plate, and colonies were counted 10 days later. e
Stem cell sphere formation was performed in OCT4(+) and OCT4(—)
cells
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growth factors, and a medium supplemented with serum was
used as a chemoattractant in the lower chamber. The cells
were incubated for 48 h, and cells that did invade through the
pores were removed by a cotton swab. CSCs on the lower
surface of the membrane were fixed with methanol and
stained with crystal violet. The number of cells invading
through the membrane was counted under a light microscope
(x40, three random fields per well).

Statistical analysis

The mean and SD were calculated for each experimental
group. Differences between groups were analyzed by one-
or two-way ANOVA, followed by Bonferroni’s multiple com-
parison tests using PRISM statistical analysis software
(GraphPad Software, Inc., San Diego, CA). Significant differ-
ences among groups were calculated at P<0.05.

Results
OCT4 promotes progression of pancreatic cancer

To compare with difference of gene expression in the primary
tumor cells and transplanted ones, microarray was used to
screen out the overexpressed gene in transplanted cells, which
showed the expression levels of OCT4, CD133, and C-myc.
The overexpressed genes were verified using real-time RT-
PCR (Fig. 1a). OCT4-positive cells (+) were selected by flow
cytometry (Fig. 1b). After cell separation and identification by
flow cytometry, it indicated that OCT4(+) cells took more
portions in transplanted tumor cells than in primary tumor
cells. In order to know the role of OCT4(+) cells, cell biolog-
ical functions were analyzed. The proliferation of OCT4(+)

Fig. 2 Loss of miR-335 in A B
pancreatic cancer cells with OCT4 +

OCT4 expression in human mirR-148
pancreatic cancer. a OCT4(+) and )

OCT4(-) cells were performed D
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analysis of miR-335 in SW1990,
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pancreatic cancer cells was increased compared with that of
OCT4(-) ones (Fig. 1c, d). The sphere formation of OCT4(+)
cells increased than that of OCT4(—) ones (Fig. le). These
data indicated that OCT4-positive pancreatic cancer cells
showed stem-like cells.

Loss of miR-335 in pancreatic cancer cells with OCT4
expression in human pancreatic cancer

To compare the miRNA profile in the pancreatic cancer cells
with OCT4(+) and (—), miRNA assay was used to analyze the
different miRNAs. The data indicated that miR-335 in
OCT4(+) pancreatic cancer cells was much lower than that
in the OCT4(—) ones (Fig. 2a). Next, to investigate the possi-
ble role of miR-335 in pancreatic cancer, we examined the
expression of miR-335 in human pancreatic specimens by
real-time RT-PCR. We examined the expression of miR-335
in 16 tumor samples and 16 normal tissues. As shown in
Fig. 2b, the expression levels of miR-335 in tumor samples
were lower than those in normal ones. Similarly, miR-335 was
lower in human pancreatic cancer cells compared with that in
normal ones (Fig. 2¢). These results provided us an initial
evidence that miR-335 may play a suppressing miRNA in the
development of human pancreatic cancer.

OCT4 was a new target gene of miR-335 in pancreatic cancer
cells

To clear the relationship between OCT4 and miR-335,
TargetScan also showed that OCT4 may be directly sup-
pressed by miR-335 (Fig. 3a). As shown in Fig. 3b, the
luciferase activity of pGL4-OCT4-WT in OCT4 cells was
much lower than that in control cells. The luciferase activity
of pGL4-OCT4-Mut was rescued in cells. Compared
with control, endogenous OCT4 mRNA levels were
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Fig. 3 OCT4 was a new target gene of miR-335 in pancreatic cancer
cells. a The 3'- untranslated region (UTR) of the OCT4 gene contains
binding sites for miR-335 according to bioinformatic analysis. b miR-335
suppressed the expression of a luciferase reporter gene harboring the 3'-
UTR of OCT4. The pGL4 plasmid was modified by adding the human 3'-
UTR or the 3'-UTR with mutations in regions complementary to miR-30a
seed regions behind the firefly luciferase gene. Pancreatic cells were
transiently co-transfected with negative control (mock) or miR-335 to-
gether with the indicated luciferase constructs, and luciferase activity was
analyzed 48 h later. Data are presented as relative firefly luciferase activity
normalized to Renilla luciferase activity from the same construct. The

downregulated in the cells with miR-335 overexpression
(Fig. 3c). We next examined whether miR-335 could regulate
endogenous OCT4 expression in pancreatic cancer cells.
When pancreatic cancer cells SW1990 and OCT4(+) with
miR-335, OCT4 was decreased by Western blot (Fig. 3d).
These data clearly indicated that OCT4 was a new target gene
of miR-335, and miR-335 was a suppressor miRNA in pan-
creatic cancer.
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data presented are shown as means + s.d. collected from three indepen-
dent experiments. ¢ miR-335 restoration downregulated OCT4 in OCT4-
positive pancreatic cancer cells. Cells were transfected with miR-335 or
miR control for 48 h and were then collected for Western blot analysis.
miR-335 restoration downregulated OCT4 mRNA in OCT4-positive
pancreatic cancer cells. Cells were transfected with miR-335 or miR
control for 48 h and were then collected for real-time PCR. d miR-335
decreased OCT4 expression in SW1990 and OCT4(+) pancreatic cancer
cells. Cells were transfected with miR-335 or miR- control for 48 h and
were then collected for Western blot analysis

miR-335 inhibits progression and stem cell properties
of pancreatic cancer cells by targeting OCT4

To explore the effect of miR-335 on cell growth, SW1990
cells were infected with LV-miR-335 or LV-miR-control, re-
spectively. The results of colony formation assay displayed
that miR-335 inhibited cell in pancreatic cancer cells (Fig. 4a).
Because the miR control had no effect on cell growth, the data
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was not shown in the comparison of parent cells and the
control ones, which indicated that the effect caused by miR-
335 was highly specific. To further observe miR-335-
mediated growth inhibition, cells were infected with LV-
miR-335, and cell cycle distribution was examined. Com-
pared with miR control, SW1990 cells infected with LV-
miR-335 displayed an increased percentage of cells in Gl
phase and fewer cells in S phase (Fig. 4b).

Our above results have shown that miR-335 potently in-
hibits OCT4 expression. To investigate the potential role of
miR-335 in pancreatic cancer stem cells, we examined wheth-
er miR-335 restoration could inhibit the cells and their self-
renewal potential. Figure 4c shows that miR-335 restoration
significantly decreased the OCT4(+) cells with 87 % reduc-
tion. This miR-335-induced reduction of the OCT4(+) cells
was accompanied by reduced tumor sphere formation and
smaller size of the tumor spheres. In order to explore the role
of miR-335 in vivo of pancreatic cancer, models of pancreatic
cancer were set up. Data of tumor growth curve showed that
miR-335 could decrease the pancreatic cancer formation
(Fig. 4d). miR-335 inhibits metastasis of pancreatic cancer
cells by targeting OCT4.

To investigate the role of miR-335 in pancreatic cancer
metastasis and EMT, OCT4 overexpressed cells were infected
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Fig. 4 miR-335 inhibits proliferation and stem cell properties of pancre-
atic cancer cells by targeting OCT4. a Cell proliferation was analyzed by
colony formation assay. SW1990 cells with LV-miR-335 or control or
combined with OCT4 were seeded in a six-well plate, and colonies were
counted after 10 days. b Cell cycle distribution of SW1990 cells was
analyzed by flow cytometry. Cells with LV-miR-335 or control or

with LV-miR-335, and the results showed that upregulation of
miR-335 could significantly decreased migration (Fig. 5a) and
invasion (Fig. 5b) of pancreatic cancer cells. EMT markers
were also detected by Western blot. The results showed that
mesenchymal markers Fibronectin, Vimentin, x-SMA, and
SNAIL1 decreased and epithelial marker, E-cadherin, in-
creased in the pancreatic caner cells with LV-miR-335
(Fig. 5¢). The results showed that miR-335 could inhibit
metastasis and EMT of pancreatic cancer cells.

Discussion

Our data provide the first evidence that miR-335 is able to
inhibit OCT4-positive tumor sphere-forming and tumor-
initiating cancer stem cells in pancreatic cancer, implying that
miR-335 might play a role in the self-renewal of pancreatic
cancer stem cells. Similar results were also observed in pan-
creatic cells, where lentiviral miR-335 restoration significant-
ly inhibited the clonogenic growth and tumor spheres.
Cancer stem cells have been defined as cells within a tumor
that possess the capacity to self-renew and to cause the het-
erogeneous lineages of cancer cells that comprise the tumor

miR-centrol miR-33Sa miR-335+0CT4
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- - -4 - - miR-control
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combined with OCT4 were seeded in a six-well plate, and cell cycle
was assayed. ¢ Stem cell sphere formation was performed in SW1990
pancreatic cancer cells with LV-miR-335, control, or both of miR-335 and
OCT4. d Comparison of the pancreatic cancer formation with OCT4(+)
and OCT4(—) cells with LV-miR-335 or control on nude mice
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Fig.5 miR-335 inhibits metastasis of pancreatic cancer cells by targeting
OCT4. a Migration of pancreatic cancer cells. Migration assay using the
transwell chamber was performed for SW1990 cells with LV-miR-335 or
control or combined with OCT4. b Invasion of pancreatic cancer cells.
Invasion assay using the transwell chamber with matrigel in the upper
chamber was performed for SW1990 cells with LV-miR-335 or control or
combined with OCT4. ¢ E-cadherin was detected by immunofluoresence,

[31]. These two definitive biological properties are what make
the CSCs the prime candidate for initiation of relapse. These
cells express stemness markers, are able to form floating
spheres in a serum-free medium, a property associated with
stem cells, and are also able to differentiate in an aberrant cell
phenotype constituting tumor heterogeneity [32]. Experimen-
tally, this population is identified by its ability to form new

@ Springer

and EMT markers in pancreatic cancer cells were detected by Western
blot. OCT4(+) cells with LV-miR-335 or control were seeded in the 12-
well plate, fixed in the fixation solution, and cultured with E-cadherin
antibody. OCT4(+) cells with LV-miR-335 or control were seeded in the
six-well plate, and total protein was isolated from the cells and detected
for E-cadherin, Fibronectin, Vimentin, x-SMA, and OCT4 protein

tumors through serial transplantations in immunodeficient
hosts, re-establishing tumor heterogeneity [33]. There are
three distinct and main methodologies to isolate CSCs from
solid tumors: detection of side population (SP) phenotype by
Hoechst 33342 exclusion [34], sphere formation by cultiva-
tion of a defined serum-free medium with growth factors that
maintain the CSCs undifferentiated [35, 36], and isolation of
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CSCs by flow cytometry according to CSC-specific cell sur-
face markers [37].

Cell surface markers of CSCs can help distinguish, isolate,
and purify these tumor-initiating cells for further biological
investigation. OCT4(+) cells comprised a small fraction of the
total tumor population in all three samples studied, but repre-
sented an increased percentage of the sphere-forming cells.
This suggests that OCT4(+) could act as a cell surface marker
for CSCs in pancreatic cancer. We also investigated the use of
this cell surface protein as a candidate marker to further
identify the CSC phenotype in GBC. The self-renewal ability
of OCT4(+) cells was tested using spheroid-forming assays in
serum-free medium. OCT4(+) cells possessed higher
clonogenicity than their antigen-negative counterparts. Subse-
quent in vivo tumorigenesis experiments demonstrated that
OCT4(+) cells possessed higher tumorigenicity than the
OCT4(—) subpopulation. Furthermore, the tumors generated
in nude mice displayed the same phenotype as the primary
pancreas tissue. Taken together, these results firmly suggest
that CD133+ cells possess the potentials for self-renewal and
high tumorigenicity, exhibiting cancer stem cell-like charac-
teristics in human pancreatic cancer.

We used bioinformatics to search potential target genes and
found that OCT4 was a target gene of miR-335. miR-335
could inhibit cell proliferation, stem cell properties, and EMT
by downregulation of OCT4. EMT has been described as a
cell biological program that is required for the remodeling of
cells and tissues during embryogenesis, during certain types of
wound healing, and during the acquisition of malignant traits
by carcinoma cells. EMT is a key developmental program that
is often activated during cancer invasion and metastasis and
may promote resistance to chemotherapy. In a few years,
evidence has mounted for EMT as the key means through
which cancer cells acquire more highly mobile potentials to
migrate and metastasize to distant sites during tumor progres-
sion [7]. E-cadherin, a classical cadherin from the cadherin
superfamily, is required for maintaining epithelial cell plastic-
ity. N-cadherin, known as an important member of the
cadherin family that mediates calcium-dependent adhesion,
is normally expressed in mesenchymal cells. Loss of E-
cadherin and increased N-cadherin expression are now de-
fined as a major hallmark of EMT [8, 9]. Snail, one member of
the zinc finger family composed of a highly conserved
COOH-terminal region, induces EMT and tumor invasion
by binding the E-cadherin promoter through Ebox sequences.
Over the past few years, accumulating data has demonstrated
that EMT correlates closely with the acquisition of stem cell-
like properties in cancer cells [10, 11]. Our results indicated
that miR-335 could suppress EMT of OCT4-positive pancre-
atic cells. This is the first report that showed that miR-335
inhibited EMT of pancreatic cancer.

In summary, we identified miR-335 to be a tumor suppres-
sor miRNA in pancreatic cancer, and low miR-335 expression

was an unfavorable prognostic factor in patients with pancre-
atic cancer. miR-335 partially influences human pancreatic
cancer through the regulation of OCT4. These results suggest
that miR-335 is a potential target for treating pancreatic can-
cer, and the critical roles of miR-335 in pancreatic cancer
tumorigenesis may aid patient prognosis and diagnosis. Our
findings provide basic information to better understand the
pathogenesis of pancreatic cancer and its possible therapeutic
strategies.
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