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MicroRNAs (miRNAs) present frequently altered expression in urologic cancers including prostate,
bladder, and kidney cancer. The altered expression of miR-223 has been reported in cancers and other
diseases in recent researches. MiR-223 is up-regulated in systemic lupus erythematosus and rheumatoid
arthritis. In neoplastic diseases, miR-223 is proved to be up-expressed in plasma or serum and cancer tissues
compared with normal tissues in pancreatic cancer, gastric cancer, et al. However, whether altered
expression of miR-223 is associated with prostate cancer (PCa) and what it is potential functions in PCa
remained unveiled. In this study, we firstly found miR-223-3p were up-regulated in prostate cancer tissues
and then we study functional role of miR-223-3p in PCa using DU145, PC3 and LNCaP cell lines. Our data
suggested that miR-223-3p might target gene SEPT6 and promoted the biological behavior of prostate
cancer. Notably, we found increasing SEPT6 expression might reverse the biological activity induced by
miR-223-3p, which might be a potential therapeutic target for PCa.

P
rostate cancer (PCa) is one of the most common malignancies in men and contributes to the second most
frequent cause of cancer-associated death1. Patients with advanced or metastatic prostate cancers have a less
average survival time and suffer from cancer metastasis-related symptoms. To control and well-treat PCa,

methods of early cancer detection and delaying cancer progression enable patients improving survivals and their
quality of life. Many researchers have found potential prognostic factors and tumor aggressiveness of PCa,
including role of genetic mutation related biological pathways2–5. Like other solid cancers, PCa metastasis
proceeds through a complicated series of molecular events, including angiogenesis at the site of the original
tumor, local migration within the primary site, intravasation into the blood stream, survival within the circula-
tion, extravasation of the tumor cells to the target organ and colonization of those cells within the new site2.

MicroRNAs (miRNAs, miRs) are a class of small non-coding RNAs that negatively regulate gene expression
primarily through post-transcriptional modification. MiRNAs present commonly altered expression in urologic
cancers including prostate, bladder, and kidney cancer. They appear to be important modulators of these tumors,
and many of them are functionally implicated in their pathogenesis4,6–9. These miRNAs are up or down expressed
and alter the prostate cancer pathways such as cell apoptosis, cell cycle control, proliferation, androgen inde-
pendence and drug resistence by targeting their ‘‘seed’’ regions that bind complementary sequences within
messenger RNA (mRNA) tails (39 untranslated region)4. The translational applications about miRNAs include
their use as disease biomarkers, in prognostic prediction, and as novel treatments. The most exciting application
enables potentially disease-specific individualized therapeutic targeting. The altered expression of miR-223 has
been reported in cancers and other diseases in recent researches. MiR-223 is up-regulated in systemic lupus
erythematosus and rheumatoid arthritis10. In neoplastic diseases, miR-223 is proved to be up-expressed in plasma
or serum and cancer tissues compared with normal tissues in pancreatic cancer11, gastric cancer12–14, et al.
However, whether altered expression of miR-223 is associated with PCa and what it is potential functions in
PCa remained unveiled. In this study, we firstly found overexpression of miR-223-3p (MIMAT0000280) in PCa
tissues and PCa cell lines. Our data suggested that miR-223-3p promote the biological behavior of PCa cell lines,
including decreasing cell apoptosis, and increasing cell migration and invasion. Future more, we found reverse
regulation effects of miR-223-3p on gene SEPT6 (NM-015129) and confirmed SEPT6 was a target gene of miR-
223-3p with luciferase reporter assay. The role of SEPT6 on PCa the biological activity targeted by miR-223-3p
was studied, and the results indicated miR-223-3p’s potential role as a therapeutic target for PCa.

OPEN

SUBJECT AREAS:
CANCER GENETICS

CELL INVASION

Received
8 August 2014

Accepted
1 December 2014

Published
18 December 2014

Correspondence and
requests for materials

should be addressed to
J.R.Y. (yjinrui2012@

163.com)

SCIENTIFIC REPORTS | 4 : 7546 | DOI: 10.1038/srep07546 1

mailto:yjinrui2012@163.com
mailto:yjinrui2012@163.com


Results
Expression of miR-223-3p was up-regulated in PCa tissues and
PCa cell lines. Paired 10 PCa tissues and adjacent non-cancer tissues
were used to detect expression of miR-223-3p. The expression of
miR-223-3p in PCa tissues was found about 1.9 fold more than the
paired adjacent non-cancer tissues (2.98 6 1.45 vs 1.55 6 0.38). The
expression level of miR-223-3p was significantly increased in PCa
tissues compared with adjacent non-cancer tissues (p , 0.01)
(Figure 1A). The mean Gleason score of the total 10 patients was
6.20 6 1.16, ranging from 3 to 8. PCa samples were divided into two
groups by Gleason score, group of well differentiation (n 5 5,
Gleason score #6, WD) and group of poor differentiation (n 5 5,
Gleason score $7, PD). Expression of miR-223-3p in group of PD
was found significant higher than that in group of WD (4.10 6 1.14
vs 1.86 6 0.55, p 5 0.004) (Figure 1B). Expression of miR-223-3p
was also examined in different PCa cell lines LNCaP, PC3 and
DU145. The results showed significant differences were discovered
in each pairwise groups. All PCa cells presented significantly higher
than that in non-tumor human prostate epithelial cells (RWPE-1)
(all p , 0.01) (Figure 1C). In details, among PCa cell lines, expression
of miR-223-3p in DU145 was in highest level and the middle level
one was in PC3, while in LNCaP, the lowest level was obtained.

MiR-223-3p regulates biological behavior in PCa cell lines. Detection
of transfection efficiency. Three PCa cell lines DU145, PC3 and
LNCaP cells were divided into four groups. According to previous
study, miRNA’s mimics and miRNA’s antisense oligonucleotides
were used for alternating miRNA’s expression15. To promote miR-
223-3p expression, cells were transfected by miR-mimics (Sense:
59-ugucaguuugucaaauacccca-39; antisense:59-ugggguauuugacaaacugaca-
39) (miR-MM). To inhibit expression of miR-223-3p, cells were
knocked down by the miR-223-3p antisense oligonucleotides (59-
ugggguauuugacaaacugaca-39) (miR-AO). Cells transfected with
miRNA negative control (miR-NC) and conventional culture cells
(CC-cells) were used as two control groups. Detection of the above
transfections was performed on light and fluorescence microscope
and by quantitative real-time polymerase chain reaction (qRT-PCR).
The results of fluorescence microscope indicated transfection
efficiencies in all the two groups of miR-MM and miR-AO were
both more than 90% (Figure 2A1 and 2A2). QRT-PCR was carried
out for miR-223-3p expression evaluation after the different
transfections (Figure 2B). The results suggested the different
expression levels of miR-223-3p were existed among four groups
in each cell lines. MiR-223-3p contents in miR-MM groups were
significantly higher than the other three groups (all p , 0.01).
While expression in groups of miR-AO were lowest (all p , 0.01),
leaving groups of CC-cells and miR-NC in the middle level and with

no significant differences found between them. These results of
fluorescence microscope and qRT-PCR demonstrated the above
transfections were successful and effective.

Detection of biological behaviors. To figure out function of higher
miR-223-3p expression in PCa cell lines, we examined the potential
role of miR-223-3p in cell proliferation, apoptosis, cell cycle and
invasion assays after cells were divided into the above four groups.
The results of cell proliferation and cell cycle assays showed that
knocking down miR-223-3p expression ( groups of miR-AO) leaded
to lowest cell proliferation (Figure 2C1, 2C2 and 2C3), made cells
arrest in G0/G1 sub phase (Figure 2D, 2E1, 2E2 and 2E3) and
induced their apoptosis, with the proliferation index (PI) signifi-
cantly lower than other three groups. Increased cell apoptosis was
demonstrated by cell apoptosis assay, and the results indicated cells
with miR-223-3p knocked down presented highest level of apoptosis
( all p , 0.01) (Figure 2F and 2G). Similarly results were seen in cell
invasion assay, and cells showed lowest invasive ability in groups of
miR-AO (all p , 0.05) (Figure 2H and 2I). While in contrast, cells
with up-regulated expression of miR-223-3p after miR-MM trans-
fected presented an opposite above biological behaviors (highest cell
proliferation, lowest apoptosis and highest invasive ability). No sig-
nificant differences were found between groups of CC-cells and miR-
NC in the four assays (all p . 0.05).

MiR-223-3p regulated SEPT6 expression by directly targeting its 39
UTR and promoted biological behaviors of PCa cells. To find
target genes of miR-223-3p, we searched several commonly used
target gene prediction websites like Targetspy, Pictar, Microrna and
Mirbase. All the results suggested that 39-UTR SEPT6 mRNA contains
two highly conserved binding sites from positions 55 to 76 and 1135 to
1156 for miR-223-3p (Figure 3A), indicating SEPT6 might be a target
gene of miR-223-3p. To further demonstrate this possibility, SEPT6
protein and mRNA were detected and luciferase reporter assay was
performed.

We detected expression of SEPT6 protein and mRNA in PCa
tissues and cell lines. Compared with adjacent non-tumor tissues
and RWPE-1, lower expressions of SEPT6 mRNA and protein were
found in PCa tissues and cell lines (all p , 0.01) (Figure 3B1, 3B2,
3C1 and 3C2). Combined with the higher miR-223-3p expression in
PCa tissues and cell lines in above section, the hypothesis was estab-
lished that a potential reverse regulation might be existed between
miR-223-3p and SEPT6. Furthermore, we found expressions of
SEPT6 mRNA and protein were lowest in DU145 while miR-223-
3p expressed highest in it, thus DU145 cell line was selected to do
further studies, in order to confirm the SEPT6 might be a target gene
of miR-223-3p and to figure out its potential role in PCa cells.

Figure 1 | Expression of miR-223-3p is up-regulated in PCa tissues and PCa cell lines. Figure 1A: The expression level of miR-223-3p was significantly

increased in PCa tissues compared with adjacent non-cancer tissues (p , 0.01). Figure 1B: PCa samples were divided into two groups by

Gleason score, group of well differentiation (WD) and group of poor differentiation (PD), and expression of miR-223-3p in group of poor differentiation

was found significant high than that in group of well differentiation (p 5 0.004). Figure 1C: Expression of miR-223-3p was examined in different PCa cell

lines LNCaP, PC3 and DU145. The results showed pairwise significant differences were discovered among them, all significantly higher than that in non-

tumor human prostate epithelial cells (RWPE-1) (all p , 0.01). ** on behalf of p , 0.01.
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Luciferase reporter assay was carried out and its result confirmed
that SEPT6 was directly targeted by miR-223-3p. In group of DU145
cells transfected by miR-MM, a significant decreased expression of
SEPT6 was observed, with about 79.8% down-regulation rate; con-
versely, in DU145 cells with miR-AO transfected, a significant
increased expression of it was obtained, about 103.6% up-regulation
rate (Figure 3D). At this point, we were sure about SEPT6 was a target
gene of miR-223-3p.

Further more studies were done to interpret SEPT6’s role in
DU145 cell apoptosis, migration and invasion that induced by highly
expressed miR-223-3p. SiRNA was used to transfect DU145 cells to
regulate SEPT6 mRNA and protein expression. Three siRNAs of
SEPT6 were transfected into DU145 cells and their gene silencing

effects were evaluated, siRNA-SEPT6-163 (sense: 59-AGAGAAA-
GUGUUACACUUCTT-39, antisense: 59-GAAGUGUAACACUU-
UCUCUTT-39, target sequence on SEPT6: 59- ccgaagtgtaacactttctc-
ttt-39, siR-S-163), siRNA-SEPT6-1219 ( sense: 59- UCAUAUGUCU-
CCUGUAAACTT-39, antisense: 59- GUUUACAGGAGACAUAU-
GATT-39, target sequence on SEPT6: 59- cagtttacaggagacatatgagg-39,
siR-S-1219) and siRNA-SEPT6-2289 ( sense: 59-UUGUUUAAGC-
GUGAAUUUCTT-39, antisense: 59- GAAAUUCACGCUUAAAC-
AATT-39, target sequence on SEPT6: 59- cagaaattcacgcttaaacaacc-39,
siR-S-2289). Scrambled siRNA as negative control (sense: 59-UUCU-
CCGAACGUGUCACGUTT, antisense: 59-ACGUGACACGUUC-
GGAGAATT-39, siR-S-NC) and CC-cells were used as control
groups. All transfection efficiencies were detected on fluorescence

Figure 2 | MiR-223-3p regulates biological behavior in PCa cell lines. Figure 2A1 and 2A2: Fluorescence microscope is used for detecting transfection

efficiency for miR-MM and miR-AO transfection and the results suggested transfection efficiencies are all more than 90%. Figure 2B: MiR-223-3p

expression is evaluated in groups after the different transfections, resulting in different expression levels of miR-223-3p are existed among four groups in

each cell lines. MiR-223-3p contents in miR-MM groups are significantly higher than the other three groups (all p , 0.01), while expression in

groups of miR-AO are lowest (all p , 0.01). Figure 2C1, 2C2 and 2C3: cell proliferation assays for DU145, PC3 and LNCaP, show that knocking down

miR-223-3p expression ( groups of miR-AO) leads to lowest cell proliferation, cells with up-regulated expression of miR-223-3p after miR-MM

transfected present highest cell proliferation. Figure 2D, 2E1, 2E2 and 2E3: cell cycle assays for DU145, PC3 and LNCaP. Knocking down miR-223-3p

expression makes cells arrest in G0/G1 sub phase, and induces their apoptosis, with the proliferation index (PI) significantly lower than other groups.

Figure 2F and 2G: Cell apoptosis assay. The results indicat cells with miR-223-3p knocked down present highest level of apoptosis, while cells with up-

regulated expression of miR-223-3p after miR-MM transfected present lowest apoptosis (all p , 0.01). Figure 2H and 2I: In cell invasion assay, cells

showed lowest invasive ability in groups of miR-AO, while in contrast, cells with up-regulated expression of miR-223-3p after miR-MM transfected

present highest invasive ability (all p , 0.05).** on behalf of p , 0.01. * on behalf of p , 0.05.
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microscope and the results showed all of them were more than 80%
(Figure 4A), suggesting these transfections were effective. The results
of western blot and qRT-PCR confirmed that mRNA (Figure 4B1)
and protein (Figure 4B2) of SEPT6 in cells that transfected with
siRNA-SEPT6-1219 expressed at the lowest level (all p , 0.01),
obviously indicating that siR-S-1219 was the best gene-silencing
vector. In two control groups of siR-S-NC and CC-cells, no signifi-
cant difference was obtained (p . 0.05). Thus siR-S-1219 was
selected to regulate SEPT6 expression in the following study.

To decrease expression of SEPT6 and unchange expression of
miR-223-3p, DU145 was transfected with miR-NC 1 siR-S-1219.
To increase expression of SEPT6, DU145 was transfected with miR-
AO 1 siR-S-NC. MiR-NC 1 siR-S-NC and miR-AO 1 siR-S-1219
tranfected cells were used as control groups. The expression of
miR-223-3p in groups of miR-NC 1 siR-S-NC and miR-NC 1
siR-S-1219 were higher than in the other two groups transfected with
miR-AO 1 siR-S-1219 and miR-AO 1 siR-S-NC (all p , 0.01).
While no significant difference was found between two groups with
miR-NC or two groups with miR-AO (Figure 4C). Together with
that we achieved highest expression of SEPT6 mRNA and protein in
group miR-AO 1 siR-S-NC and lowest express of it in group miR-
NC 1 siR-S-1219 (all p , 0.01) (Figure 4D1 and 4D2), the interfer-
ence of SEPT6 expression was considered effective. Cell apoptosis,
migration and invasion assays were performed subsequently. In
group of miR-AO 1 siR-S-NC where SEPT6 mRNA and protein
expressed in highest level, cells presented highest rate of cell apoptosis

(Figure 4E) and lowest cell abilities of migration (Figure 4F) and
invasion (Figure 4G) among four groups (all p , 0.05). On the
contrary, in group of miR-NC 1 siR-S-1219 with lowest expression
of SEPT6, cells presented lowest rate of cell apoptosis and highest cell
abilities of migration and invasion (all p , 0.05).

Discussion
The altered expression of miR-223 has been found in cancers and
other diseases in recent studies. MiR-223 is found up-regulated in
systemic lupus erythematosus and rheumatoid arthritis10. In neo-
plastic diseases, miR-223 is proved to be up-expressed in plasma or
serum, and cancer tissues compared with normal tissues in pancre-
atic cancer11, gastric cancer12–14, esophageal squamous cell carcin-
oma16, hepatocellular carcinoma17,18, breast cancer19, lung cancer20,
endometrioid endometrial cancer21. However, it is also found down-
regulated in chronic lymphocytic leukemia22,23, nasopharyngeal car-
cinoma24, osteosarcoma25, intrahepatic cholangiocarcinoma26. In a
study, 16 miRNAs are identified differentially expressed between
acute lymphoblastic leukemia (ALL) and acute myelocytic leukemia
(AML) samples, the results suggest nine are expressed at a signifi-
cantly higher level in ALL than in AML, while in contrast; miR-223
and the other six miRs are expressed at a significantly higher level in
AML compared to ALL27. Moreover, in previous studies, altered
expression of miR-223 is demonstrated in urologic cancers, such as
up-regulated in bladder cancer28. In our study, we firstly found

Figure 3 | MiR-223-3p regulates SEPT6 expression by directly targeting its 39 UTR. Figure 3A: 39-UTR SEPT6 mRNA contains two highly conserved

binding sites from position 55 to 76 and 1135 to 1156 for miR-223-3p. Figure 3B1, 3B2, 3C1 and 3C2: expression of SEPT6 mRNA and protein

in PCa tissues and cell lines. Compared with adjacent non-tumor tissues and RWPE-1, lower expressions of SEPT6 mRNA and protein were found in PCa

tissues and cell lines than those in adjacent non-tumor tissues and RWPE-1 (all p , 0.01). Figure 3D: Luciferase reporter assay was carried out and its

result confirms that SEPT6 is directly targeted by miR-223-3p. In DU145 cells transfected by miR-MM group, a significant decreased expression of SEPT6

is observed, with about 79.8% down-regulation rate; conversely, in DU145 cells with miR-AO transfected, a significant increased expression of it was

obtained, about 103.6% up-regulation rate (all p , 0.01). ** on behalf of p , 0.01.
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miR-223-3p was significantly up-regulated in PCa tissues compared
with the normal adjacent tissues (Figure 1A) and PCa cell lines
(Figure 1C), indicating that miR-223-3p might be associated with
PCa.

MiR-223 may be a predictor of cancer reoccurrence and meta-
stasis. Compared with non-recurrent hepatocellular carcinoma,

miR-223 is expressed much higher than in recurrent hepatocellular
carcinoma29. In addition, highly expressed miR-223-3p is signifi-
cantly associated with a higher risk for progression in adenocarci-
noma patients30. Plasma levels of miR-223 increased when metastasis
manifested in patients with uveal melanoma31. In recurrent ovarian
cancer, miR-223 is also proved to be of potential importance as

Figure 4 | SEPT6’s role in DU145 cell apoptosis, migration and invasion. Figure 4A: Transfection efficiencies were detected on fluorescence microscope

and the result shows all of them were more than 80%. Figure 4B1 and 4B2: Western blot and qRT-PCR confirmed that mRNA and protein of SEPT6 in

cells that transfected with siRNA-SEPT6-1219 expressed at the lowest level (all p , 0.01), obviously indicating that siR-S-1219 was the best gene-silencing

vector, thus siR-S-1219 was selected to regulate SEPT6 expression in the following study. Figure 4C: The expression of miR-223-3p in groups of miR-NC

1 siR-S-NC and miR-NC 1 siR-S-1219 are higher than in the other two groups transfected with miR-AO 1 siR-S-1219 and miR-AO 1 siR-S-NC (all p

, 0.01), while no significant difference is found between two groups with miR-NC or two groups with miR-AO. Figure 4D1 and 4D2: Highest expression

of SEPT6 mRNA and protein are achieved in group miR-AO 1 siR-S-NC and lowest express of them are found in group miR-NC 1 siR-S-1219

(all p , 0.01). In group of miR-AO 1 siR-S-NC where SEPT6 mRNA and protein expressed in highest level, cells presented highest rate of cell apoptosis

(Figure 4E) and lowest cell abilities of migration (Figure 4F) and invasion (Figure 4G) among four groups (all p , 0.05). On the contrary, in group of miR-

NC 1 siR-S-1219 with lowest expression of SEPT6, cells presented lowest rate of cell apoptosis and highest cell abilities of migration and invasion

(all p , 0.05). ** on behalf of p , 0.01.

www.nature.com/scientificreports
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biomarkers32. In our study, miR-223-3p was proved positive corre-
lated with Gleason scores (Figure 1B). Further study found over-
expressed miR-223-3p promoted PCa cell lines proliferation
(Figure 2C1, 2C2 and 2C3), leaded to less cell apoptosis (Figure 2F
and 2G) and accelerated invasive ability (Figure 2H and 2I). On the
contrary, knocking down miR-223-3p made cell arrest in G0/G1 sub
phase (Figure 2D, 2E1, 2E2 and 2E3), induced its apoptosis and
decreased DU145 cell invasive ability. These results predicted that
highly expressed miR-223-3p might be associated with the onset and
progression of PCa.

With base-pairing reactions, the 59end of miRNAs include the
targeting ‘‘seed’’ regions that can bind complementary sequences
within mRNAs 39 untranslated tails. This kind of affinity bond
depends on the sequence and number of complementary seeds33.
The miRNA–mRNA pair recruits a silencing complex to modulate
mRNA expression. Although it is now appreciated that miRNAs are
involved in a broad range of biological processes, an exploration of a
miRNA downstream target genes may reveal more fully the molecu-
lar mechanisms of its role in cancers. In the previous studies, many of
target genes of miR-223 have been found, such as tumor suppressor
gene EPB41L313, NFI-A34, stathmin135, caprin-136, ect225, IGF-1R
and CDK237. In our study SEPT6 was identified as direct target gene
of miR-223-3p using qRT-PCR, western blot analysis and luciferase
reporter assay (Figure 3).

Septins are filament-forming GTP-binding proteins that act as
scaffolds in diverse cell functions including division, polarity and
membrane remodeling. Human septins comprise a family of 13
genes that encode for more than 30 protein isoforms with ubiquitous
and tissue-specific expressions. Different expression and function of
septins present in multiple systems, including the cardiovascular,
immune, nervous, urinary, digestive, respiratory, endocrine, repro-
ductive, and integumentary organ systems38. Septins may also belong
to a kind of cancer critical genes. More septins might act as potential
oncogenes or tumor suppressor genes in cancer development39. In a
recent review article, the role of septins in tumorigenesis, emphas-
izing their significance and supporting their use as potential biomar-
kers in various cancer types are clearly summarized40. SEPT6 also
known as SEP2 and KIAA0128, located at Xq2441, is expressed ubi-
quitously, plays a role in actin dynamics, cell shape and microtubule
regulation, and is associated with bipolar disorder, Down’s syn-
drome, infection (bacterial, viral), schizophrenia and cancers, includ-
ing skin, leukaemia and lymphoma42. In our study, SEPT6 was firstly
discovered targeted by miR-223-3p and associated with PCa. The
results of luciferase reporter assay presented that SEPT6 expression
was significant decreased in miR-MM group, with down-regulation
rate about 79.8%; conversely, it was significant increased in miR-AO
group, with the up-regulation rate about 103.6% (Figure 3D). Further
study found that unregulated expression of SEPT6 could inhibit the
biologic activity of DU145. The results indicated that in group of
miR-AO 1 siR-S-NC, highest expression of SEPT6 (Figure 4D1 and
4D2), leaded to highest rate of cell apoptosis (Figure 4E), lowest cell
migration (Figure 4F) and invasion (Figure 4G). Converse conclu-
sions were obtained in group of miR-NC 1 siR-S-1219 in which
expression level of SEPT6 was lowest (Figure 4D1, 4D2, 4E, 4F and
4G). Collectively, these results might indicate that increasing
expression of SEPT6 might reverse the biologic activity of PCa cells
induced by miR-223-3p, which might apply a potential therapeutic
target for PCa treatment.

Members of septins are proved having a tumor suppressor func-
tion and or oncogenic function40. Nevertheless, in our study, as a
member of septins, SEPT6 might present as carrying tumor sup-
pressor properties in PCa, though its exact role remained unknown.
One possible mechanism might be a gene fusion and or gene inter-
action happened between SEPT6 and other PCa related genes. As
firstly, In hematological malignancies, members of the septin family
were shown to fuse to mixed-lineage leukemia (MLL), including

SEPT643,44. A gene fusion is generated by a chromosomal transloca-
tion and is a frequent event in leukemias45. Secondly, septins have
also been found to present altered expression or cellular localization
in hormonally regulated tumors such as prostate (SEPT9)46. The
interaction of overexpressed SEPT9_v1 with hypoxia-inducible fac-
tor-1a (HIF-1a) in prostate cancer results in increased cell prolifera-
tion and tumor angiogenesis, whereas the knockdown of SEPT9_v1
is associated with an increase in HIF-1a degradation, a decrease in
HIF-1 transcriptional activity, cell proliferation and angiogenesis46.
Another possibility is that the main mechanism by which altered
gene expression leads to tumorigenesis is through septin downregu-
lation or deletion, resulting in impairment of cell division leading to
polyploidy or aneuploidy40.

There are limitations about our study. In future study, large sam-
ple of case-control study and experimental animal models are needed
to analyze the role of miR-223-3p and SEPT6 in PCa’s occurrence,
development and prognosis. The startup mechanism of high express-
ion of miR-223-3p and downstream pathways associated with SEPT6
in PCa should also be further explored.

In conclusion, our data supply the convince evidence of miR-223-
3p up-regulation and its potential role in PCa. Notably, we found
SEPT6 is a target gene of miR-223-3p and it may reverse the bio-
logical activity induced by miR-223-3p, which might supply a poten-
tial therapeutic target for PCa.

Methods
Ethics Statement. The approval for this study was obtained from the Institutional
Review Board of the Second Xiangya Hospital, Central South University. Informed
consent was obtained from all patients or their families for their related tissues were
used. The study did not contain any identifying information about any individual
subjects. All the data was kept by the administrator of the study team in a confidential
manner and was not used by any other purposes. We confirm that all experiments
were performed in accordance with relevant guidelines and regulations.

Tissue samples. In order to assess the expression level of miR-223-3p in prostate
cancer compared with normal prostate tissue, human prostate cancer tissues and the
matched adjacent non-cancer tissues were harvested from prostate cancer patients in
Department of Urology, the Second Xiangya Hospital, Central South University. All
samples were stored at -80uC in liquid nitrogen immediately after surgery.

Cell culture and transfection. Three prostate cell lines PC3, DU145 and LNCaP, and
RWPE-1 were cultured in RPMI-1640 (Sigma, St. Louis, MO, USA), with 10% FBS
and 5% CO2 at 37uC. PCa cells were cultured after 24 hours and were divided into
different groups. The transfections were performed on LipofectamineTM 2000
complexes (Invitrogen, CA, USA). After 24 or 48 hours incubation in the incubator,
cells were detected on light and fluorescence microscope.

QRT-PCR and Real-time PCR analysis of mRNA. Total miRNAs were purificated
from human tissues and cell lines with miRNeasy Mini Kit (Qiagen #217004, USA),
according to the manufacturer’ instructions. QRT-PCR was carried out on the ABI
7900 system (Applied Biosystems, USA). MiR-223-3p was detected using miRNA Q-
PCR Detection Kit (GeneCopoeia #R0101L, USA). Total RNA for Real-time PCR was
reverse transcribed using RevertAidTM H Minus First Strand cDNA Synthesis Kit
(Fermentas #K1631). All experiments were repeated three times. Standard curves
were generated. The results were normalized according to internal controls. The data
were presented based on the 22DDCt method47.

Western blot. Proteins were extracted at 24 or 48 hours post-transfection and used
for western blot analysis. Protein lysates were separated by 10% SDS-PAGE (Sigma,
St. Louis, MO, USA), then transferred onto nitrocellulose blotting membranes
(Pierce, Rockford, IL, USA). Membranes were blocked and incubated with SEPT6
antibody (15400 Proteintech,#12805-1-AP,USA) and then Goat Anti Rabbit IgG/
HRP (155000) overnight at 4uC, detected and then visualized. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was used as equal protein loading control.

Cell proliferation assay. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) (Sigma, USA) assay was used for examining cell proliferation. 100ul
cells (1 3 104 cells) were added into each 96-well plates. After cultured in a incubator
chamber at 37uC and 5% CO2, cells were transfected with miR-223-3p mimics, miR-
223-3p antisense oligonucleotides or miR-NC. MTT was diluted and 50 ul 13 MTT
was dropped in to each plate after the transfected cells cultured 48 hours. The cells
were gestated for another four hours. Removal out of the culture supernatant,
dimethyl sulfoxide (DMSO, Sigma, USA) was added for 10 minutes. A microplate
reader (Molecular Devices, Sunnyvale, USA) was performed to measure the
absorbance of each plate at 570 nm.
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Cell apoptosis assay. Annexin V-FITC/Propidium Iodide (PI) was purchased from
MbchemTM (Mbchem M3021, USA) to evaluate cell apoptosis. The transfected
cells passed through centrifugation (300 times of gravity), suspended by PBS at 4uC,
and then centrifugation again. 100ul labeling buffer containing 5ul annexin V-FITC
was used to label the above cells. After 15 minutes cultured in the dark, 10ul PI was
added into each specimen. Diluted by cold Binding Buffer dilution, the cells were
detected by flow cytometry (FCM, FACSAria, BD,USA).

Cell cycle assay. Collect about 2 3 106 transfected cells and wash them with PBS at
1000rpm for five minutes. Fixed by pre-cooling 75% ethyl alcohol, the cells was
incubated overnight at 4uC. Removal the alcohol, cells was washed with PBS again.
After cells suspended in a mixture combined by 800ul PBS and 1% BSA, 100ul
propidium iodide (PI) (Sigma, R40432, USA) and then 100ul 10mg/ml RNase A
(Sigma, R4875,USA) were added. 30 minutes later, cell detection was performed on
FCM at 488nm (EPICS-XL, BECKMAN-COULTER, USA).

Transwell chamber for invasion and migration assay. Transwell chamber was built
by transwell 6-well plates (Corning, USA) covered with 60-80ul Matrigel dilution
(BD, USA). Cells were washed by PBS and cultured in BSA serum-free medium. The
cell concentration was adjusted to 5 3 104/ml. Cell culture medium containing 1 ml
FBS was added on lower chamber, while cell suspension was planted on the upper
chamber. After the cells were cultured for 24 hours at 37uC with 5% CO2, the matrigel
and cells on upper chamber were removed. The cells were fixed with 95% ethyl
alcohol for 15–20 minutes and then stained with hematoxylin for 10 minutes. Cell
counting was performed on inverted microscope at 400 times magnification.

Luciferase reporter assay. In order to figure out miR-223-3p downstream target
gene, we searched the three microRNA targets gene prediction systems: PicTar
(http://pictar.mdc-berlin.de/), microRNA (http://www.microrna.org/), MiRBase
(http://www.mirbase.org/) and TargetSpy (http://www.targetspy.org/). The 39UTR of
SEPT6 mRNA fragment was found containing miR-223-3p responsive elements and
was designed as a candidate target gene of miR-223-3p. DU145 cell line was selected
for transfection and target gene detection. LipofectamineTM 2000 (Invitrogen, CA,
USA) was used for cell transfection. MIR/report gene plasmid-Lipo2000 complexes
containing fragment of miR-MM, miR-AO or miR-NC were prepared and added into
DU145 culture medium. The cells were cultured in 48-well plates for 48 hours at 37uC
with 5% CO2. Dual-LuciferaseH Reporter Assay System(Promega,DLRTM,E1960,
USA)was performed according to the manual instructions. Renilla luciferase intensity
was used as internal control to normalize the luminescence intensity of Firefly
luciferase.

Statistical analysis. All experiments were repeated three times and data was
presented as mean (SD). Student’s t test, one-way ANOVA and subsequent LSD test
were used for for statistical analyses. Significant difference was obtained when a p
value , 0.05.
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