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Abstract. — OBJECTIVE: MicroRNA-338-3p
(miR-338-3p) was reported to influence the me-
tastasis and development of several human can-
cers. However, in bladder cancer (BC), the spe-
cial function of miR-338-3p remains unknown.
Here, we aimed at exploring the miR-338-3p
function in the progression of BC.

PATIENTS AND METHODS: miR-338-3p and
ETS1 expressions were examined by quanti-
tative Real-time polymerase chain reaction
(qRT-PCR) in BC samples. Following that, tran-
swell assays for cell migration and invasion
were performed. And MTT (3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyl tetrazolium bromide) as-
say for cell proliferation was conducted as well.
Western blot was employed to examine the ep-
ithelial-mesenchymal transition (EMT) marker
expressions. Finally, the relationship between
miR-338-3p and E26 transformation specific-1
(ETS1) was verified by luciferase reporter assay.

RESULTS: The decreased miR-338-3p expres-
sion was examined in BC cells. Moreover, miR-
338-3p upregulation repressed cell prolifera-
tion ability in BC. Next, miR-338-3p upregula-
tion also depressed cell metastasis and EMT in
BC cells. Furthermore, ETS1 was a direct target
of miR-338-3p and inversely associated with its
expression. And upregulation of ETS1 partially
rescued the suppression of miR-338-3p for cell
proliferation and metastasis in BC.

CONCLUSIONS: Upregulation of miR-338-
3p inhibited the proliferation, metastasis and
EMT in BC by suppressing ETS, showing that
miR-338-3p might block the development of BC
through regulating ETS1 expression.
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Introduction

Bladder cancer (BC) is the most common ma-
lignancy in the urinary system, and its morbid-
ity is higher than other tumors in the urological
malignancy'. And BC is often occurred in the
elderly over the age of 502 Moreover, the high
incidence of BC is usually associated with the
increased age’. And the occurrence of BC is
closely related to the diet, smoking and drink-
ing water, indicating that preventing BC should
firstly grab these sources®. In addition, early
patients with BC may choose surgery based
on their personal preference, but about 70% of
patients will relapse after surgery®. Therefore,
the key to improve prognosis is early diagnosis
and treatment. Recently, abnormal expressions
of microRNAs (miRNAs) have been identified
in many human cancers, which is significantly
associated with the tumor incidence and pro-
gression®®. And as a key regulator, miRNA
has been found to participate in several sig-
naling pathways to affect the tumorigenesis of
human cancers’. Especially, miR-338-3p was
located on the seventh intron of apoptosis-as-
sociated tyrosine kinase (AATK) gene, which
was identified to regulate AATK expression
in rat neurons'®. Moreover, miR-338-3p down-
regulation had been detected in hepatocellular
carcinoma'!, glioblastoma'?, and non-small-cell
lung cancer. And some target genes of miR-
338-3p had been also been partially examined,
including SOX4", ALKS5', and PKM2'®, How-
ever, the special function of miR-338-3p for the

Corresponding Author: Xingzhou Gu, MM; e-mail: azhou_2006@126.com



MicroRNA-338-3p inhibits the progression of bladder cancer through regulating ETS1 expression

progression of BC has not been investigated
by now. E26 transformation specific-1 (ETSI)
belonging to the ETS family of transcription
factors was found to involve in cell metastasis'”.
And ETS-1 had been reported to regulate the ex-
pression of microRNA-126 in endothelial cells'.
More importantly, it was found that ETS1 as a
proto-oncogene was affected by miR-1", miR-
1442° and miR-377%. Moreover, ETSI expression
was found to associate with the progression of
gastric cancer”, hepatocellular carcinoma® and
breast cancer’*. Nevertheless, the relationship
among miR-338-3p and ETSI in BC is still un-
clear. In our research, the abnormal miR-338-3p
expressions and the relationship with ETS1 were
investigated in BC. Moreover, we emphasized
the effects of miR-338-3p and ETSI1 related to
the progression of BC. Finally, the interaction
between miR-338-3p and ETS1 was confirmed
in BC.

Patients and Methods

Patients

Thirty-nine paired surgical BC specimens
and adjacent tissue samples were acquired from
the Second Hospital of Shandong Universi-
ty after receiving signature written informed
consent. All BC patients received no treatment
prior to the operation. Then, theses samples
were frozen in liquid nitrogen and stored at
-80° C refrigerator to be used in the further
experiment. This study was approved by the
Institutional Ethics Committee of the Second
Hospital of Shandong University (Shandong,
China).

Cell Culture and Transfection

The J82, 5637, T24 cell lines and SV-HUC-1
(normal bladder epithelial cell) were used for
this experiment. These cell lines were obtained
from American Type Culture Collection (ATCC,
Manassas, VA, USA). Next, these cells were
seeded in Dulbecco’s modified eagle medium
(DMEM) (Invitrogen, Carlsbad, CA, USA) with
10% fetal bovine serum (FBS) (Gibco, Rockville,
MD, USA) and cultured at 37°C with 5% CO,.
The miR-338-3p mimic and inhibitor, ETS1 siR-
NA (si-ETS1), were purchased from Biomics Bio-
technology Inc. (Nanjing, China); then, they were
transferred into BC cells with Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) based on
the manufactures’ protocols.

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) was applied to extract total RNA con-
taining miRNA to quantitate miR-338-3p level
in BC. qRT-PCR was carried out through the
SYBR Premix Ex Taq II (TaKaRa, Otsu, Shiga,
Japan) on ABI 7500 Fast Real-Time PCR system
(Applied Biosystems, Foster City, CA, USA). U6
and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) were applied as the control of miR-
338-3p and ETSI. And their expressions were
calculated using the 224 method.

Dual Luciferase Assay

The wild or mutant type of 3’-UTR of ETSI
was cloned into the pmirGLO luciferase vector
(Promega, Madison, WI, USA) to perform lucif-
erase reporter experiments. Wild or mutant type
of 3>-UTR of ETS1 and miR-338-3p mimics were
transfected into HEK293T cells. Subsequently,
the Dual Luciferase Assay System (Promega,
Madison, WI, USA) was applied to analyze lucif-
erase activity.

MTT (3-(4, 5-Dimethylthiazol-2-yl)-
2,5-Diphenyl Tetrazolium Bromide)
Assay For Cell Proliferation

The MTT assay (Sigma-Aldrich, St. Louis,
MO, USA) was applied to measure the prolifer-
ation of BC cells. Cells (4 x 10%/well) were cul-
tured onto 96-well plates in medium. The cells
containing miR-338-3p mimics or inhibitor were
incubated for 0-96 h. After incubation, the cells
added with MTT were incubated for 4 h at 37°C.
The absorbance at 490 nm (OD = 490 nm) was
detected with a spectrophotometer.

Transwell Assays for Cell Migration and
Invasion

Transwell chambers (8 um pore size; Milli-
pore, Billerica, MA, USA) were applied to evalu-
ate the migratory and invasive ability of BC cells
in 24-well plates. 4x10* BC cells without serum
were put in the upper chamber on the non-coated
membrane, and lower chamber filled with 10%
fetal bovine serum (FBS) to induce BC cells to
migrate or invade through the membrane. And
the cells were put into the upper chamber with the
coated membrane for invasion assay. Then, these
cells were incubated for cell migration and inva-
sion. These cells were stained with 0.1% crystal
violet. A microscope was used for counting mi-
grated and invaded cells.
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Western Blot Analysis

The protein samples were obtained using ra-
dioimmunoprecipitation assay (RIPA) lysis buf-
fer (Beyotime, Shanghai, China). The protein was
separated through a 10% sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-
PAGE) and incubated with 5% non-fat milk in
polyvinylidene difluoride (PVDF) membranes at
room temperature. Next, we incubated the mem-
branes overnight at 4°C with rabbit polyclonal an-
ti-EST1 (1:1000; Abcam, Cambridge, MA, USA),
rabbit polyclonal anti-GAPDH antibody (1:1000;
Abcam, Cambridge, MA, USA) and subsequently
incubated with goat polyclonal anti-rabbit IgG
secondary antibody (1:2000; Abcam, Cambridge,
MA, USA). Then, protein expression levels were
measured by ECL (ECL, Pierce, Rockford, IL,
USA). In addition, the antibodies against Vimen-
tin, E-cadherin and N-cadherin were obtained
from Abcam (Cambridge, MA, USA).

Statistical Analysis

The data were analyzed by Statistical Prod-
uct and Service Solutions (SPSS) 19.0 (IBM,
Armonk, NY, USA) and Graphpad Prism 6 (La
Jolla, CA, USA). Clinicopathological parameters
were compared using the y3-test, and difference
was calculated according to Student’s #-test. Sig-
nificant difference was defined at p < 0.05.

Results

MiR-338-3p Expression was Examined in
BC Cells

Here, the miR-338-3p expression levels were
firstly measured in BC tissues via qRT-PCR. And

miR-338-3p expressions were apparently declined
in BC tissues (Figure 1A). Besides that, the same
tendency of miR-338-3p expression was also ob-
served in J82, 5637 and T24 cell lines (Figure 1B).
Moreover, lower miR-338-3p expressions were
identified in T24 cells selected for the following
study. Furthermore, the association among miR-
338-3p expression and their clinic-pathological
characteristics in BC was explored in our re-
search as well. Especially, low expressions of
miR-338-3p were detected to be related to TNM
stage (p = 0.036) and lymph node metastasis (p
=0.007, Table I).

MiR-338-3p Impaired the Proliferation
of BC Cells

Then, we transfected miR-338-3p mimics or
inhibitors into T24 cells to further explored its
function in BC. And Figure 2A, 2B showed that
miR-338-3p mimics reduced miR-338-3p level
while miR-338-3p inhibitor enhanced miR-338-
3p level. Besides that, the MTT assay revealed
that miR-338-3p mimics repressed cell prolif-
eration in BC (Figure 2C). Inversely, miR-338-
3p downregulation promoted the proliferation
in T24 cells (Figure 2D). Hence, miR-338-3p
upregulation impaired the proliferation of BC
cells.

MiR-338-3p Repressed Cell Metastasis in
BC Cells

Next, the miR-338-3p function was investi-
gated for cell metastasis through analyzing cell
migration, invasion and epithelial-mesenchymal
transition (EMT) in transfected T24 cells. First-
ly, miR-338-3p mimics were found to prevent
cell migration in T24 cells when miR-338-3p
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Figure 1. The expressions of miR-338-3p were examined in BC cells. A, The expressions of miR-338-3p were identified via
qRT-PCR in BC tissues B, MiR-338-3p expressions in J82, 5637, T24 and SV-HUC-1 cell lines. *p < 0.05, **p < 0.01.
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Table I. Relationship between miR-338-3p expression and their clinicopathological characteristics of bladder cancer patients.

miR-338-3p
No. of
Characteristics cases (n = 39) High Low p-value
Age (years) 0.075
>60 24 7 17
<60 15 5 10
Gender 0.818
Male 21 6 15
Female 18 6 12
Tumor size 0.139
<3 cm 16 4 12
>3cm 23 8 15
TNM stage 0.036*
[+11 9 3 6
m+1v 30 9 21
Lymph node metastasis 0.007*
Yes 11 3 7
No 28 9 20
Tumor grade 0.215
Low 19 6 8
High 20 6 19

Statistical analyses were performed by the y>-test. *p < 0.05 was considered significant.
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Figure 2. MiR-338-3p repressed cell proliferation in BC cells. 4, B, The miR-338-3p expressions was examined in T24 cells
contained miR-338-3p mimics or inhibitor via qRT-PCR C, D, The cell proliferation was measured in cells contained miR-338-
3p mimics or inhibitor via MTT assay. **p < 0.01.
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Figure 3. MiR-338-3p suppressed cell metastasis in BC. 4, B, Cell migration and invasion analysis in T24 cells with miR-338-
3p mimics or inhibitor was detected by transwell assay. C, D, Western blot analysis of E-cadherin, Vimentin and N-cadherin
in T24 cells contained miR-338-3p mimics or inhibitor. **p < 0.01.

inhibitor improved its ability (Figure 3A). And
the same results were also detected for cell
invasion in T24 cells as shown in Figure 3B.
Furthermore, the results of EMT revealed that
miR-338-3p overexpression promoted E-cadher-
in expression and repressed N-cadherin and

Vimentin expressions (Figure 3C). Conversely,
the silence of miR-338-3p reduced E-cadherin
expression and promoted N-cadherin and Vi-
mentin expressions (Figure 3D). Taken together,
miR-338-3p upregulation inhibited cell metasta-
sis and EMT in BC.
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ETS1 Was a Target Gene of
miR-338-3p in BC

Furthermore, ETS1 was predicted as a target of
miR-338-3p as the prediction of TargetScan (http://
www.targetscan.org/vert_71/). The binding site
among miR-338-3p and ETSI was shown in Fig-
ure 4A. In order to verify the above prediction,
Dual Luciferase Assay was conduct. The results
suggested miR-338-3p mimics declined the lucif-
erase activity of wt-ETSI and had no effect on
that of mutant type of ETSI (Figure 4B). Besides
that, the negative association among miR-338-3p
and ETS1 was also found in this study (p < 0.001,
R? = 0.5513, Figure 4C). Furthermore, the ETS1

expression was detected in T24 cells containing
miR-338-3p mimics or inhibitor. The miR-338-3p
overexpression blocked ETS1 expression where-
as miR-338-3p downregulation promoted ETSI
expression (Figure 4D, 4E). Collectively, we con-
sidered miR-338-3p directly targeted ETSI and
inversely associated with its expression.

The Function of ETS1 was Identified in
the Progression of BC

Afterwards, the ETS1 siRNA was trans-
fected into T24 cells to explore its function in
BC. And si-ETSI significantly decreased the
expression of ETSI (Figure 5A). Functionally,
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Figure 4. MiR-338-3p directly targeted ETS1 in BC. 4, The binding site of miR-388-3p on the 3>-UTR of ETSI. B, Luciferase
reporter assays. C, The association between miR-388-3p and ETSI1. D, E, The expressions of ETS1 were analyzed in cells

containing miR-388-3p mimics or inhibitor **p < 0.01.
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Figure 5. The function of ETS1 was identified in the progression of BC. 4, The expression of ETS1 was measured in cells
containing ETSI siRNA. B, The cell proliferation was measured in cells with si-EST1 via MTT. C, D, Cell migration and
invasion in T24 cells with si-EST1 were detected via transwell assay. E, Western blot analysis of E-cadherin, Vimentin and
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the ability of cell proliferation was impeded by
si-ETS1 in T24 cells (Figure 5B). Similarly, the
inhibitory effect of si-ETS1 was also examined
for cell migration and invasion (Figure 5C, 5D).
Besides that, si-ETS1 enhanced E-cadherin
level and repressed N-cadherin and Vimentin
expressions in T24 cells (Figure 5E). In conclu-
sion, ETS1 silence obstructed the progression
of BC through suppressing cell proliferation
and metastasis.

Upregulation of ETS1 Partially Rescued
the Suppression of miR-338-3p in BC
Finally, we transfected miR-338-3p mimics and
ETSI vector into T24 cells to further confirmed
their relationship. Interestingly, the expression of
ETS1 was not changed in cells containing miR-
338-3p mimics and ETSI vector while decreased
in cells only containing miR-338-3p mimics (Fig-
ure 6A). More importantly, we found that ETSI
overexpression partially rescued the suppression
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Figure 6. Upregulation of ETSI partially rescued the suppression of miR-338-3p for cell proliferation and metastasis. A4, The
EST1 expression was measured in cells containing EST1 vector and miR-338-3p. B, The proliferation was measured in cells
with EST1 vector and miR-338-3p via MTT. C, D, The migration and invasion in cells containing EST1 vector and miR-338-3p

were measured by transwell assay. **p < 0.01.
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of miR-338-3p for the proliferation of T24 cells
(Figure 6B). Besides that, the same results were
also detected for cell migration and invasion in
T24 cells (Figure 6C, 6D). In brief, upregulation
of ETSI1 partially rescued the suppression of cell
proliferation and metastasis induced by miR-338-
3p in BC.

Discussion

In recent years, many miRNAs had been
found to express aberrantly and involve in the
progression of BC, such as miR-23b, miR-24,
miR-186 and miR-429%-2%, In current research,
miR-338-3p downregulation was firstly demon-
strated in BC. And miR-338-3p upregulation
was observed to suppress cell proliferation, me-
tastasis and EMT in BC. These findings indicat-
ed that miR-338-3p influenced the tumorigenesis
and development of BC. Moreover, Liang et
al® reported the diagnostic significance and
potential function of miR-338 in hepatocellular
carcinoma. And the miR-338-3p downregulation
was also observed in non-small cell lung cancer,
which was negatively related to TNM and lymph
node metastasis®’, indicating that miR-338-3p
could be used as a biomarker to diagnose human
cancers. Consistently, miR-338-3p expressions
were also reduced in BC, which was related to
TNM stage and lymph node metastasis. In addi-
tion, Liu et al*! revealed that miR-338 repressed
cell proliferation through regulating CTBP2 in
glioma. In our study, we also found the same
function of miR-338-3p for the proliferation
of BC cells. Besides that, it was reported thT
miR-338-3p repressed cell EMT and metastasis
in hepatocellular carcinoma3?. In the meantime,
the same miR-338-3p function for EMT and
metastasis was also examined in this study. Fur-
thermore, miR-338-3p was verified to directly
target ETS1 and inversely associated with its
expression in this study. And upregulation of
ETSI1 partially rescued the suppression of miR-
338-3p in the development of BC. It had been
demonstrated miR-9 suppressed cell metastasis
and proliferation via targeting ETSI in gastric
cancer”. Similarly, we also found that miR-338-
3p suppressed cell proliferation and metastasis
in BC through suppressing ETS1. Additionally,
Zhang et al* reported that abnormal expression
of ETSI was closely related to EMT in laryngeal
squamous cell carcinoma. Consistent with pre-
vious study, we revealed the ETSI1 silence could

1994

inhibit EMT in BC. Combined with all these
findings, miR-338-3p was speculated to prevent
the progression of BC through repressing ETSI
expression.

Conclusions

We revealed that miR-338-3p downregulation
was detected in BC, which was related to the
lymph node metastasis and TNM stage. More-
over, upregulation of miR-338-3p repressed the
proliferation, metastasis and EMT of BC through
directly inhibiting ETS1. We hoped that miR-338-
3p could function as a new biomarker to diagnose
and treat BC patients.
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