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LncRNA FEZF1-AS1 promoted chemoresistance,
autophagy and epithelial-mesenchymal
transition (EMT) through regulation of
miR-25-3p/ITGB8 axis in prostate cance

Z-H. WANG', J.-H. WANG', K.-Q. WANG?, Y. ZHOUW?, J. WA

Abstract. — OBJECTIVE: Accumulating evi-
dence determined that IncRNA plays important
roles in the development and occurrence of can-
cers. Prostate cancer is the second most com-
mon type of cancer and one of the top five can-
cers for the cause of male death in the world.
Therefore, this study was to explore the regula-
tory mechanism of IncRNA in chemoresistance
of PC.

MATERIALS AND METHODS: qRT-PQ
used to detect the mRNA expression of F
AS1, miR-25-3p and ITGB8. Western blo
applied to measure the protein expressio
ITGB8 E-cadherin, N-cadherin, Vimentin, LG
LC3Il, ATG5 and Beclin-1. In ggalition, CC
assay was used to assess i

ship among FEZF1-AS1,

RESULTS: In this
FEZF1-AS1 and ITG
as the expressio
lated in PC tum
ciferase repo

PC/PTX cells.

study, we found that
moted chemoresistance,
elial-mesenchymal tran-
h regulation of miR-25-3p/

F 1-AST,

. Chemoresistance, Autophagy, EMT,
Prostate cancer.

Corresponding Author: Jia Wang, MD; e-mail: hjxwoq@163.com

n type of cancer and one of
for the cause of male death

Paclitaxel (PTX) is a natural anti-cancer drug
that has a significant alleviated effect on PC, but
chemoresistance is also occurred®®. However,
chemoresistance studies for PC cells are still
very limited.

LncRNA is a type of non-coding RNA of
more than 200 bp in length’. LncRNAs play an
important regulatory role in the treatment and
diagnosis of cancer, and its regulation mecha-
nism has also improved the understanding of
cancer occurrence and development®'°. It is well
known that IncRNA affects the expression of
mRNA by binding to its target miRNA, thereby
affecting a series of physiological metabolism,
immunity, and cell cycle processes' ", including
PC". Such as IncRNA PCAT-1 could contribute
to cell proliferation via regulating cMyc in PC'.
Growing evidence determined that FEZF1-AS1
played multiple roles in cancers, including col-
orectal carcinoma, gastric cancer, osteosarcoma
and PC"2°, In this study, we found that FEZF1-
ASI is highly expressed in PC, but its role in drug
resistance is not fully understood.

MiRNAs are also important regulators of the
development, progression, chemoresistance of can-
cer cells???. In PC, miR-29b has been shown to
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be involved in cell proliferation, metastasis and
EMT*2. With the development of sequencing
technology, more and more miRNAs involved in
cancer cell progression have been discovered, and
miR-25-3p is one of them?*?°. miR-25-3p is a tumor
suppressor that is low in cancers and inhibits the
development and progression of cancer cells*’%,
However, research on the mechanism of drug re-
sistance in PC cells needs further exploration.

Integrin beta-8 (ITGBS), a member of the inte-
grin beta chain family, encodes a single-pass type
I membrane protein containing a VWFA domain
and four cysteine-rich repeats®. ITGB8 is shown
to be involved in cancer cell invasion, metastasis
and chemoresistance’®?!, but its function in PC
has not been fully explored.

In this paper, we focus on the functional study
of IncRNA resistance in PC cells, further explor-
ing its molecular regulation mechanism in drug
resistance, improving the understanding of can-
cer cell resistance mechanism.

Materials and Methods

Patients, Tissues and Serum Samplé
A total of 47 PC tissues and matched ad
tissues, and PC serum samples were obtd
from the West China Hospital, Slchuan Uni
sity with the informed consent ofgaa [

Board of the West China
versity. All patients were

aP) were pur-
merican Type Culture Col-
anassgs, VA, USA). DUI145/

eatment with paclitaxel
cell lines were seeded in

pvine serum (FBS; Atlanta Biologicals, Law-
gceville, GA, USA) at 37°C in a humidified

plasmids and olizéos, Si-FE2F1-ASl1, si-
ITGBS, anti-miR-25-3p, pcDNA-ITGBS (ITGBS),
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miR-25-3p mimic (miR-25-3p) and their negative
control, were purchased from Ribobio (Guang-
zhou, China). A negative control siRNA i

PTX using Lipofectamine 2000
Scientific, Waltham, MA,
manufacturer’s instructio

gRT-PCR
Total RNA was e

1 or ITGBS, RNA
by using M-MLV

te dehydrogenase (GAPDH)
ce genes for miR-25-3p and
spectively. SYBR Green Re-
vitrogen) was used for quan-
, according to the manufacturer’s
gigtocol. Each sample had three replications.
ere calculated and analyzed using
method. The primers are as follows:
U6-F 5-CTCGCTTCGGCAGCACA- 3, U6-R
5>~ AACGCTTCACGAATTTGCGT-3"; miR-25-
3p-F  5-CATTGCACTTGTCTCGGTCTGA-3’;
miR-25-3p-R 5’-GCTGTCAACGATACGCTAC-
GTAACG-3’; ITGB8-F 5-CCCGTGACTTTC-
GTCTTGGA-3’; ITGB8-R 5-CCTTTCGGG-
GTGGATGCTAA-3’; FE2F1-F 5-TTAGGAG-
CCTTGTTCTGTGT-3; FE2F1-R 5-GCGCATG-
TACTTAAGAAAGA-3’; GAPDH-F 5-GGAG-
CGAGATCCCTCCAAAAT-3’; GAPDH-R
5’-GGCTGTTGTCATACTTCTCATGG-3".

Western Blot

Cell samples were washed with Tris-buff-
ered saline (TBS) and lysed using a lysis buffer
(Beyotime, Shanghai, China) on ice for protein
extraction. Then, a BCA protein assay kit (Be-
yotime) was used to detect the protein concen-
tration. Subsequently, 50 pg of proteins were
added onto 10% sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE) to
separation and then transferred to polyvinylidene
difluoride (PVDF) membranes. The membranes
were incubated with primary antibodies, includ-
ing anti-ITGBS anti-E-cadherin, anti-N-cadherin,
anti-Vimentin, anti-LC3I, anti-LC3II, anti-ATGS5,
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anti-Beclin-1 and anti-GAPDH (1:2000, Cell Sig-
naling Technology, Danvers, MA, USA). After
that, the membranes were incubated with horse-
radish peroxidase (HRP)-conjugated secondary
antibody solution (goat anti-mouse IgG, 1:2000
dilution, Cell Signaling Technology). The ECL
Western blotting substrate (Promega, Madison,
WI, USA) was applied to detect and visualize the
blot signals.

Cell Viability
CCK-8 Kit (Dojindo Molecular Technolo-
gies, Kumamoto, Japan) was used to measure
the cell viability according to the manufactur-
er’s protocol. Briefly, all cells were seeded into
96-well plates at a density of 5000 cells/cm?.
Next, each well was added into 10 uL CCK-8
solutions and incubated at 37°C for 0 h, 24 h,
48 h, and 72 h. The absorbance was detected
at 450 nm using a microplate reader (Bio-Rad,
Hercules, CA, USA) at 0 h, 24 h, 48 h, 72 h.
DU145, LNCaP, DU145/PTX and LNCaP/PTX
cells were treated at concentrations of 0, 2, 4,
8, 16 paclitaxel for 24 h, and the half-maximal
inhibitory concentration IC50 was calgala
ed as the concentration of paclitaxel t
creased cell viability by 50% using sig
dose-responses curves (IC50 Calculator

Wild-type and mutated
(FE2F1-AS1I-WT and 4

3’UTR-MUT) were
reporter vector (P

sites with
FE2F1-ASI1 lacked

1-AS1-WT and FE2F1-ASI-
T and ITGB8-3’UTR-
with miR-125-3p or
and LNCaP/PTX cells

PC/PTX (DU145/PTX and LNCaP/PTX) cells
are used as the EZ-Magna RIPTM RNA-Bind-

a, MA, USA) to perform RIP experi-
ments according to the manufacturer’s protocol.

Anti-Ago2 or anti-IgG antibodies were used to
incubate with cells according to the manufactur—
er’s protocol gRT-PCR was applied to dg
expression of FEZF1-ASI.

Tumor Xenograft Model
Female 6-week-old BALB/c
purchased from Vital Riv

flank regions with 2
stably transfected

jection for 7 d,

injection for calcu-
lated. Volu (width +
length) x ts were ap-

were repeated three times.
t-test was used to analyze all
us groups. All data represent
rd deviation (SD) from three

Results

FEZF1-AS1 Was Upregulated In
Pc Tumor Tissues And Associated
With Paclitaxel Sensitivities In PC

As shown in Figure 1A, FEZF1-ASI was
up-regulated in PC tumor tissues compared with
normal tissues. Moreover, FEZF1-AS1 is associ-
ated with PTX resistance sensitivity of PC (Figure
IB). In addition, with the increase of paclitaxel
concentration, the cell viability of DU145/PTX
and LNCaP/PTX cells was significantly higher
than that of DU145 and LNCaP cells (Figure 1C
and 1D). Additionally, the IC50 of IDU145/PTX
and LNCaP/PTX cells were sharply higher than
that of DU145 and LNCaP cells (Figure 1C and
1D). Interestingly, the expression level of FEZF1-
ASI in DU145/PTX and LNCaP/PTX cells was
also significantly higher than that of DU145 and
LNCaP (Figure 1E and 1F). These results indi-
cated that abnormal expression of FEZFI-AS1
in PC is associated with paclitaxel resistance of
PC cells.
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Figure 1. FEZF1-AS1 was up-regulated in PC tumor tissues a
expression of FEZF1-AS1 in normal tissues and PC tumor tissues
diagnostic value of FEZF1-AS1 for drug resistance in PC. (C and|
LNCaP cells treated with paclitaxel of different concentrations (0, 2,
FZEF1-AS1 in DU145/PTX, DU145, LNCaP/PTX and LNCaP cells

detected with q
IC50 values of

CR. (B) ROC curve analysis of the
45/PTX, DU145, LNCaP/PTX and
tected. (E and F) The expression of
T-PCR. *p < 0.05.

Knockdown of FEZF1-AS1 Could
Inhibit Cell Viability and EMT and

Promoted Cell Autophagy in
PC/PTX Cells

To further clarify the funcig
in PC resistance, DU145/PZ%

LNCaP/PTX cells

so found that de ﬁ EZEIl-

X LNCaP/PTX cells. In addition,
El-ASl also affected the EMT process of
145/PTX and LNCaP/PTX cells. E-cadher-
adherin and Vimentin have proven to be
1mp ant biomarkers for EMT. In this paper,
a decreased FEZEI-ASI expression significantly
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E-cadherin protein in DU145/PTX and LNCaP/
PTX cells (Figure 2I to 2K). Therefore, all da-
ta determined that a decreased expression of
FEZE1-ASI inhibited proliferation and EMT as
well as promoted autophagy in DU145/PTX and
LNCaP/PTX cells, revealing that the low expres-
sion of FEZE1-AS1 contributed to reducing the
paclitaxel resistance of PC cells and inhibited the
growth and metastasis of PC/PTX cells.

MiR-25-3p Was a Target MiRNA of
FEZF1-AS1

Target genes for FEZF1-AS1 candidates were
predicted by starBase 3.0. The results showed that
miR-25-3p was the target miRNA of FEZF1-AS1
(Figure 3A). To further validate the relationship
between FEZF1-AS1 and miR-25-3p in DU145/
PTX and LNCaP/PTX cells, analysis of the lu-
ciferase reporter assay showed that luciferase
activity was significantly reduced when miR-25-
3p was combined with FEZF1-AS1-WT DU145/
PTX and LNCaP/PTX cells (Figure 3B and 3C).
At the same time, miR-25-3p was shown to be
underexpressed in PC tissues and negatively cor-
related with expression of FEZF1-AS1 (Figure 3D
and 3E). In addition, the expression of miR-25-3p



Effect of INcRNA FEZF1-AS1 in prostate cancer

A B

1 si-NC
=3 si-FEZF1-AsS1

DU145/PTX

- -
o 2

o
o
Cell viability (%)

Relative expression
of FEZF1-AS1

0 -=_si-FEZF1-AS1
DU145/PTX LNCaP/PTX 0 1 2 3 4
Log(PTX)ng/mL

4

LNCaP/PTX

m

D DU145/PTX

— 1.09— si-NC
-= si-FEZF1-AS1

1.5+ si-NC
= si-FEZF1-AS1

o
n
F06

OD value (450 nm)
*

" oh 24h 48h 72h

H g LNCaP/PTX I
g 413 Srezrast
% E-cadherin
“=’ N-cadherin | se—
% Vimentin -
;3' GAPDH
§ 0 si-FEZF‘Is-II-\’\‘S(i +
& LC3II/LC3l ATG5 Beclin-1

Figure 2. Knockdown of FEZF1-AS1 could inhibit &
The expression of FEZF1-AS1 was detected in si-NC

Western blot. (I to K) The proteg
AS1 groups of DU145/PTX a

X and LNCaP/PTX
" These results reflected

ZF1-AS Regulated Cell Viability,
YT and Autophagy by Inhibition of

further clarify the specific regulatory
mechanisms of FEZF1-ASI, overexpressing or

1C50 of PTX (ng/mL)

LNCaP/PTX

DU145/PTX LNCaP/PTX

50

Cell viability (%)

DU145/PTX LNCaP/PT.

LC3| j
LC3|| = —

ATGS5 w—
Beclin-1 e w—

GAPDH | S—
si-NC  +
si-FEZF1-AS1 - LC3II/LC3I ATGS Beclin-1

LNCaP/PTX

d promoted cell autophagy in PC/PTX cells. (A)
1-AS1 groups in DU145/PTX and LNCaP/PTX cells with
X cells transfected with si-NC or si-FEZF1-AS]1 treated with

e detected. (D and E) Cell proliferations were assessed in si-NC
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downregulating miR-25-3p of DU145/PTX and
LNCaP/PTX cells was obtained by transfection
of the vector of miR-25-3p or anti-miR-25-3p
(Figure 4A and 4B). As shown in Figure 4C
to 4F, overexpression of miR-25-3p remarkably
reduced IC50 and cell proliferation whereas
downexpression of miR-25-3p could significant-
ly reverse the effect of inhibition of FEZF1-AS1
on DUI45/PTX and LNCaP/PTX cells. A sim-
ilar effect was observed in the protein expres-
sion of autophagy-related factors. miR-25-3p
transfection contributed to the protein expres-
sion of LC3II/LC3I, ATG5 and Beclin-1, pro-
moting autophagy in DU145/PTX and LNCaP/
PTX cells. In addition, the effects of inhibition
of FEZF1-AS1 were significantly inhibited by
anti-miR-25-3p transfection in DU145/PTX and
LNCaP/PTX cells (Figure 4C to 4I). Besides,
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downstream target gene for miR-25-3p and high-
ly expressed at protein expression in tumor
tissues and DU145/PTX and LNCaP/PTX cells
(Figure 5A, 5D and 5E). Luciferase report-
er assay showed that, when miR-25-3p was
combined with ITGB8-3UTR-WT, instead of
ITGB8-3UTR-MUT, luciferase activities sharp-
ly reduced (Figure 5B and 5C). More than that,
overexpression miR-25-3p significantly inhibit-
ed the protein expression of ITGBS in DU145/
PTX and LNCaP/PTX cells (Figure 5F). In
addition, knocking out FEZF1-ASI significantly
suppressed the protein expression of ITGBS,
which was reversed by downregulation of miR-
25-3p (Figure 5G and 5H). These data indicate
F1-AS Regulated ITGB8 Expression that ITGBS is the target gene for miR-25-3p and
igh Targeting miR-25-3p FEZF1-ASI1 regulated the protein expression of
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whereas increased expression of ITGBS atten-
uated these effects of DU145/PTX and LNCaP/
PTX cells transfected with si-FEZF1-AS1 (Fig-
ure 6C to 61). Moreover, si-ITGBS transfection
enhanced E-cadherin protein expression and re-
duced N-cadherin and Vimentin protein expres-
sion. The effects of si-FEZF1-AS1 on E-cadher-
in, N-cadherin and Vimentin protein expression
were reversed through promotion of ITGBS in
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cells (Figure 6] to
he effects of low

-AS1 Suppressed
Decreased PTX
Cells in Vivo

in mice. The results showed that
uc1ng the expression of FEZF1-AS1 in DU145/
X and LNCaP/PTX cells significantly inhibit-
g tumor volume and reduced tumor weight
¢ 7A and 7B). In addition, the expression
of FEZF1-AS1 and the mRNA and protein ex-
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eting miR-25-3p. (A) Predicted binding sites for miR-25-3p on
easured in DU145/PTX and LNCaP/PTX cells co-transfected
) The protein expression of ITGB8 in normal tissues and PC
pression of ITGBS in DU145/PTX, DU145, LNCaP/PTX and
btein expression of ITGB8 was detected in 51-NC si-FEZF1 ASl

pression of ITGBS in sh-FEZF1-AS1 group were
higher than that in sh-NC group (Figure 6C and
6D). The expression of miR-25-3p in sh-FEZF1-
AS1 group was higher than that in sh-NC group
(Figure 6C). The results showed that low expres-
sion of FEZF1-AS1 could reduce PTX sensitivi-
ties and inhibit tumor growth via regulating miR-
25-3p/ITGBS axis.

Discussion

With the continuous development of mo-
lecular biology and bioinformatics technolo-
gy, more and more molecular mechanisms of
cancer have been discovered. Accumulating



Effect of INcRNA FEZF1-AS1 in prostate cancer

A DU145/PTX

GAPDH " s s w—
2.5

N

Relative Expression
of ITGB8 protein

o v o w o

o o

O o® o ab
Q\X\é\ '\“09 < \,‘09

m

DU145/PTX

—— si-NC -=- si-ITGB8
1.27—+ si-FEZF1-AS1+vector
- si-FEZF1-AS1+ITGB8

o
©

OD value (450 nm)
o
'S

=4

01— T T T
Oh 24h 48h 72h

LNCaP/PTX

[ si-NC [ si-ITGB8
[ si-FEZF1-AS1+vector
[ si-FEZF1-AS1+ITGB8

N W A O

-

0
LC3II/LC3I ATG5 Beclin-1

Relative protein expression

B LNCaP/PTX
GAPDH e e e e
25

Relative Expression
of ITGBS protein

LNCaP/PTX

- si-NC -=- siITGB8
1.2+ si-FEZF1-AS1+vector
—+ si-FEZF1-AS1+ITGB8

o
©

I
'S

OD value (450 nm)
o

E-cadherin
N-cadherin
Vimentin
GAPDH
E-cadherin
N-cadherin

Vimentin
GAPDH
siNC +
siITGB8 -
si-FEZF1-AS1 =
vector

[ N

01— T T T
Oh 24h 48h 72h

DU145/PTX D

LNCaP/PTX

w
(=]
o

*

1C50 of PTX (ng/mL) o
g &

d/dBONT  X1d/S;

N

lative protein e:

0
LC3IILC3I ATG5 Beclin-1

5 LNCaP/PTX
# 3103 sinNc B3 sidTeBS
Q |Em si-FEZF1-AS1+vector
S |23 si-FEZF1-AS1+ITGBS
X * %
o 2{% =
£
K]
o
a1
[
2
Bo
£ 2 R
< <
o e o™
B SN

Figure 6. The effects of low
ITGBS in PC/PTX cells. (A 3
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racteristics of PC cells,
nd metastasis
ortant issue in the current
36, More than that, IncRNA
nvolved in the chemoresistance
chamsrns of various cancers, including col-
gctal cancer, gastric cancer, cervical cancer,
cancer and prostate cancer’”*’, Interst-
increased MALATI expression could

32-34

Drug

contribute to chemoresistance in gastric cancer,

jability, EMT and autophagy were reversed by promotion of
ITGB8 was detected in si-NC, si-ITGBS, vector and ITGBS8

-ASl + vector, si- FEZF] -AS1 + si-ITGBS groups. (E and F) Cell prohferanons
easured in si-NC, si-ITGBS, si-FEZF1-AS1 + vector, si-FEZF1-AS1 + si-ITGB8
xpression of LC3II/LC31, ATGS5 and Beclin-1 was measured in si-NC, si-ITGBS,

lung cancer, and prostate cancer ***. Autopha-
gy and EMT are important mechanisms of tu-
mor cell development. Autophagy can improve
the adaptability of cells, and abnormal autoph-
agy mechanism will lead to the appearance of
cancer cells*. EMT is an important biological
process for tumor cells to acquire the ability to
migrate and invade. Moreover, IncRNA plays
an important role in the regulation of autoph-
agy and EMT®. It has been observed that In-
cRNA CPSI-IT1 inhibited EMT and metastasis
via suppressing hypoxia-induced autophagy by
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inactivation of HIF-lain colorectal canc
In the present research we foupd

ed in the metastasis,
sensitivity of cancer

B1 directly targeted miR-25-3p, and that re-
ing miR-25-3p significantly suppressed the

WF1-AS1 and reduced the sensitivity of
PC/PTX cells to paclitaxel. Thus, FEZF1-ASI
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decreased the paclitaxel resistance of PC cells
through downregulating miR-25-3p. Next, we
found that the ITGBS is the target gene of miR-
25-3p. We thought that ITGB8 was involved
in the regulatory mechanism of FEZF1-AS1/
miR-25-3p. Many studies®-** demonstrated that
ITGBS8 also participated in chemoresistance
of various cancers. Wang et al*> showed that
silencing ITGB8 reversed gefitinib resistance
for hepatic cancer. In addition, ITGBS also
regulated cell progression in lung cancer and
colorectal cancer’ 3%, In this paper, we found
that the inhibition of ITGB8 expression signifi-
cantly reduced drug-resistant cell proliferation,
EMT and promoted autophagy and increased
paclitaxel sensitivity in PC cells. Moreover, in-
creasing the expression of ITGBS reversed the
inhibitory effect of si-FEZF1-AS1 on PC/PTX
cells and reduced the resistance of PC cells.
LncRNAs have been reported to act as com-
peting endogenous RNAs (ceRNAs) to modulate
mRNA via sponging miRNA in the regulation
mechanism of cell growth in cancers. Besides,
in hepatocellular carcinoma, IncRNA CCATI1
promoted autophagy through regulating ATG7
expression by competitively binding miR-181%.
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Otherwise, IncRNA APP, acts as a competing
endogenous RNA, contributing to prostate can-
cer progression via binding miR-228 to regulate
ZEB2/CDH2 expression®. Therefore, we could
infer that IncRNA FEZF1-AS1 promoted chemo-
resistance, autophagy and EMT through regulat-
ing ITGB8 expression via competitively binding
miR-25-3p in PC.

Conclusions

In this study, we first found and verified that
IncRNA FEZF1-ASI promoted chemoresistance,
autophagy and EMT through regulation of miR-
25-3p/ITGBS8 axis in PC, providing a new regu-
latory mechanism of paclitaxel-resistance of PC
and a novel therapeutic target.
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