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Abstract: Objective: MAPK kinase 1 (MEK1) plays an important role in regulating cell proliferation and apoptosis 
through activation of the ERK/MAPK signaling pathway. It was found that the expression of miR-195 in bladder 
cancer was abnormally decreased, suggesting that miR-195 may affect the development of bladder cancer. In this 
study, we examined the expression of miR-195 and MEK1 in bladder cancer tissues and analyzed the relationship 
between miR-195 and MEK1 in cell proliferation and apoptosis in bladder cancer cells. Patients and methods: 
The expression of MEK1 in bladder cancer tissues was detected by western blot, and the expression levels of miR-
195 and MEK1 mRNA were detected by qRT-PCR. Log Rank test was used to compare the survival and prognosis 
of patients with low and high expression of miR-195 and MEK1 by using the median expression of miR-195 and 
MEK1. Bioinformatics analysis and double luciferase reporter gene test were used to verify the relationship between 
miR-195 and MEK1. Bladder cancer BIU-87 and 5637 cells were cultured in vitro and divided into two groups: miR-
NC group and miR-195 mimic group. The expression of MEK1 and p-MEK1 protein was detected by western blot, 
apoptosis was detected by flow cytometry, and cell proliferation was detected by EdU staining. Results: Compared 
with normal bladder tissue, expression of miR-195 in bladder cancer tissue was significantly decreased, while the 
expression of MEK1 mRNA and protein was significantly increased. The prognosis of patients with low expression of 
miR-195 was worse than those with high expression of miR-195. The prognosis of patients with low expression of 
MEK1 was better than those with high expression of MEK1. Bioinformatics analysis showed that there was a target 
complementary binding site between miR-195 and MEK1. Double luciferase reporter gene experiments confirmed 
that there was a target regulatory relationship between miR-195 and MEK1. miR-195 mimic transfection could sig-
nificantly down-regulate the expression of MEK1 and p-MEK1 proteins in BIU-87 and 5637 cells, weaken cell prolif-
eration, and increase cell apoptosis. Conclusion: Overexpression of miR-195 can inhibit the proliferation of bladder 
cancer cells by inhibiting MEK1, which provides further evidence for developing therapy against bladder cancer.
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Introduction

Bladder cancer (BC) is one of the most common 
malignant tumors in the urogenital system. It 
ranks as one of the top ten malignant tumors in 
the world. The incidence of BC is listed as the 
ninth most common malignant tumor. 

MAPK kinase 1 phosphorylates ERK proteins, 
and further activates the extracellular signal 
regulated kinases (ERK)/mitogen activated pro-
tein kinase (MAPK) signaling pathway [2, 3]. 
Studies have shown that enhanced expression 
and functional activity of MEK1 are associated 
with bladder cancer [4]. It was also found that 

the expression of miR-195 in bladder cancer 
tissue was significantly decreased, suggesting 
that miR-195 may play an oncogene role in the 
pathogenesis of bladder cancer [5, 6]. In this 
study, we aimed to explore the relationship 
between miR-195 and MEK1 in the prognosis 
of bladder cancer patients.

Materials and methods

Main reagents and materials

Human bladder cancer cell line BIU-87, 5637 
and human normal bladder epithelial cell 
SV-HUC-1 were purchased from Beijing North 
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NAH, China. DMEM medium and FBS were pur-
chased from Gibco, USA. Lip 2000 was pur-
chased from Invitrogen, USA. QuantiTect SYBR 
Green RT-PCR Kit was purchased from Qiagen, 
Germany. miR-NC, miR-195 mimic was pur-
chased from Guangzhou Rubo biology, China. 
Rabbit anti human MEK1, p-MEK1, and beta 
-actin antibodies were purchased from Abcam, 
USA. HRP was purchased from Shanghai bio-
tech industry, China. RIPA protein extract and 
Annexin V/PI apoptosis reagents were pur-
chased from Biyun Tian, Jiangsu, China. Dual-
Luciferase Reporter Assay System, pGL3-pro-
moter plasmids were purchased from Promega, 
USA. EdU Flow Cytometry Kit was purchased 
from Sigma, USA.

Clinical data

From June 2014 to August 2015, 80 patients 
with metastatic bladder cancer underwent 
resection in our hospital, including 50 males 
and 30 females, with an average age of 59.7 (+ 
10.6 years). Another 30 cases of normal blad-
der mucosa were collected as controls. All sam-
ples were informed and agreed by the hospital 
ethics committee.

Cell culture

BIU-87, 5637, SV-HUC-1 cells were all cultured 
in DMEM medium containing 10% FBS and 1% 
penicillin and put into DMEM incubator contain-
ing 5% CO2 at 37°C. After maturation the cells 
were subcultured in 1:4 ratio among which with 
good logarithmic phase growth were selected 
for experiment.

Double luciferase gene report experiment

Using HEK293T cell genomic mRNA as tem-
plate, the fragments containing targeted bind-
ing sites or their mutant fragments in the 
3’-UTR region of MEK1 gene were amplified. 
The PCR products were harvested by digesting 
and ligated into pGL3 vector. The DH5a recep-
tor cells were transformed and the positive 
clones were screened by colony PCR. The plas-
mids were named pGL3-MEK1-WT, pGL3-
MEK1-MUT respectively.

50 ng pGL3-MEK1-WT (or pGL3-MEK1-MUT) 
and 100 nmol miR-195 mimic (or miR-NC) were 
co-transfected into HEK293 cells by Lip 2000. 
After 48 hours of culture, the culture medium 
was discarded, the rest was washed twice with 
PBS and were lysed with 100 µL Passive Lysis 

Buffer for 15 min, then were centrifuged by 
1000 rpm for 5 min. After the reaction between 
50 L lysate and 50 L luciferase substrate, the 
luciferase activity was determined immediate-
ly, and the reaction was terminated by adding 
50 µL Stop&Glo, and the murine kidney lucifer-
ase activity was determined immediately. The 
ratio of luciferase activity to the murine kidney 
luciferase activity was relative luciferase 
activity.

Cell transfection and grouping

BIU-87 and 5637 cells were cultured in vitro 
and divided into two groups: miR-NC transfec-
tion group and miR-195 mimic transfection 
group. The transfection steps were as follows: 
diluting 10 μL Lip 2000, 50 nmoL miR-NC and 
50 nmoL miR-195 mimic respectively with 100 
μL serum-free Opti-MEM, incubating at room 
temperature for 5 minutes, mixing Lip 2000 
gently with microRNAs-NC and microRNAs-195 
mics, respectively. After incubation at room 
temperature for 20 minutes, the transfected 
cells were added to the cell culture medium, 
and then cultured for 72 hours.

Flow cytometry

After trypsin digestion and collection, the trans-
fected cells were incubated with 10 μM EdU for 
2 hours and cultured 48 h. Trypsin digestion 
and collection were performed and then the 
cells were washed, fixed, and permeated by 
centrifugation. We added Alexa Fluor 488 
labelled detection reaction solution. Then the 
cells were incubated at room temperature in 
the presence of light for 30 minutes. After cen-
trifugation and washing, the cell proliferation 
was detected by Beckmann Coulter FC500MCL 
cytosolic assay.

Apoptosis was detected by flow cytometry

After being washed twice with PBS, the cell pre-
cipitate was added with 100 μL Binding Buffer. 
The cell precipitate was added with 5 μL 
Annexin V-FITC and 5 μL PI. After 20 minutes of 
light-proof reaction, 400 μL Binding Buffer was 
added to suspend the cells and the apoptosis 
was detected by FC500MCL flow cytometry.

Detection of gene expression using qRT-PCR

Trizol was used to extract intracellular RNA, and 
Q Kit was used to detect RNA gene expression 
by one-step qRT-PCR. In the qRT-PCR (reaction 
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system of 20 μL), including 10.0 μL 2 × 
QuantiTect SYBR Green RT-PCR Master Mix, 
1.0 μL 0.5 μm/L pre-and post-primers, 2 μg 
Template RNA, 0.5 μL QuantiTect RT Mix, at 
last, replenishing ddH2O to 20.0 μL. The reac-
tion conditions of qRT-PCR were 45°C, 5 min, 
94°C, 30 s, (95°C, 5 s; 60°0, 30 s) × 40 cycles. 
The gene expression was detected by Bio-Rad 
CFX96 real-time quantitative PCR.

Western blot 

The protein supernatant was transferred to the 
new EP tube by centrifugation at 10000 g for 
15 min after adding 100 μL protein extract to 
every 5 mg or 1 million cells. The protein con-
centration was detected by BCA method. The 
protein was separated by electrophoresis in 
SDS-PAGE for 3 h, transferred to PVDF mem-

exposed, developed, fixed, scanned and the 
data were stored.

Statistical analysis

SPSS 18.0 was used for statistical analysis  
of the data. The measurement data were 
expressed as mean ± standard deviation. The 
comparison of measurement data between the 
two groups was performed by t-test. The com-
parison of measurement data among multiple 
groups was performed by one-way ANOVA and 
Bonferroni method. Mann-Whitney U test was 
used to compare the miR-195 in bladder tissue 
of the two groups. Spearman method was used 
to analyze the correlation among the expres-
sion of MEK1 mRNA and the expression of  
miR-195 and MEK1 mRNA in bladder cancer 
tissues. Kaplan-Meier method was used to 

Figure 1. Abnormal expression of miR-195 and MEK1 in bladder cancer tissues. A. qRT-PCR was used to detect the 
expression of miR-195 in bladder cancer. B. qRT-PCR was used to detect the expression of MEK1 mRNA in bladder 
cancer. *P<0.05, compared with NC group. NC, normal bladder mucosa tissues. BC, bladder cancer tissues.

Figure 2. The expression of MEK1 protein in bladder cancer tissue increased 
significantly. A. Western blot was used to detect the expression of MEK1 pro-
tein in bladder cancer. B. The expression of MEK1 protein in bladder cancer 
tissues was compared and expressed. *P<0.05, compared with NC group. 
#P<0.05, comparing stage I to stage II of bladder cancer (I-II). III-IV, stage III 
to stage IV of bladder cancer.

brane, sealed at room temper-
ature for 60 min with 5% 
skimmed milk powder, and 
incubated overnight at 4°C. 
The dilution ratios of MEK1, 
p-MEK1, and beta-actin were 
1:2000, 1:1000 and 1:10000, 
respectively. Then the protein 
was washed three times with 
PBST, added HRP-labeled an- 
tibodies (1:10000 dilution) in- 
cubating at room temperature 
for 1 h, washed three times 
with PBST and reacted with 
ECL for 1-3 minutes. At last, 
the film with the protein was 
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determine the survival curves. Log-rank test 
was used to compare the survival rates; P<0.05 
was considered significant.

Result

Abnormal expression of miR-195 and MEK1 in 
bladder cancer tissues

The results of qRT-PCR showed that the expres-
sion of MEK1 mRNA in bladder cancer tissues 
was significantly higher than that in normal 
bladder mucosa tissues (P<0.05) (Figure 1A). 
The expression of microRNA-195 in bladder 
cancer tissues was significantly lower than that 
in normal bladder mucosa tissues (P<0.05) 
(Figure 1B).

The expression of MEK1 protein in bladder 
cancer tissues increased significantly

Western blot showed that the expression of 
MEK1 protein in bladder cancer tissues was 
significantly increased compared to that in nor-
mal bladder mucosa tissues (P<0.05) (Figure 
2A and 2B). Moreover, compared with bladder 
cancer of stage I-II, the expression of MEK1 
protein in bladder cancer of stage III-IV was sig-
nificantly elevated (P<0.05) (Figure 2A and 2B).

The expression of miR-195 and MEK1 is re-
lated to the prognosis of patients with bladder 
cancer

According to the median expression of microR-
NA-195 and MEK1, the patients with bladder 

cancer were divided into 4 groups: miR-195 
high expression group, miR-195 low expression 
group, MEK1 high expression group and MEK1 
low expression group. The relationship between 
the expression of microRNA-195 and MEK1 
and survival and prognosis was further ana-
lyzed. Survival curve analysis showed that the 
survival and prognosis of those with high miR-
195 expression were favorable compared to 
those with low miR-195 expression (Log-rank 
test χ2=5.137, P=0.023) (Figure 3B), while the 
survival and prognosis of patients with low 
expression of MEK1 mRNA was poor in com-
parison to those with low expression of MEK1 
mRNA (Log-rank test χ2=4.413, P=0.042) 
(Figure 3A).

There is a target regulatory relationship be-
tween miR-195 and MEK1

The predicted results from the microRNA.org 
website showed that there was a targeted com-
plementary binding site between miR-195 and 
3’-UTR of MEK1 mRNA (Figure 4A). The data of 
double luciferase gene report validated that 
transfection of miR-195 mimic significantly 
decreased the activity of relative luciferase in 
HEK293T cells transfected with pGL3-MEK1-
WT, but did not affect the activity of relative 
luciferase in HEK293T cells transfected with 
pGL3-MEK1-MUT (P<0.05) (Figure 4B), sug-
gesting that there was a targeted regulation 
relationship between miR-195 and MEK1 
mRNA. 

Figure 3. The expression of miR-195 and MEK1 is related to the prognosis of bladder cancer patients. A. The sur-
vival curves of MEK1 mRNA high expression and low expression were compared. B. The survival rates of miR-195 
with high expression and low expression were compared.
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Overexpression of miR-195 can downregulate 
MEK1 expression, inhibit proliferation of blad-
der cancer cells, and induce apoptosis

Compared with that in normal bladder epitheli-
al cells SV-HUC-1, the expression of miR-195 in 
bladder cancer BIU-87 and 5637 cells was sig-
nificantly decreased (P<0.05) (Figure 5A), while 
the expression of MEK1 mRNA was significantly 
increased (P<0.05) (Figure 5B). Western blot 
showed similar alterations at protein level 
(Figure 5C). The results of qRT-PCR showed 
that the transfection of miR-195 mimic in BIU-
87 and 5637 cells increased significantly the 
level of miR-195 (Figure 5D), and significantly 
decreased the expression of MEK1 and p-MEK1 
protein (P<0.05) (Figure 5E). Flow cytometry 
showed that transfection of miR-195 mimic into 
bladder cancer BIU-87 and 5637 cells also sig-
nificantly increased the apoptosis rate (P<0.05) 
(Figure 5F). The results of EdU staining showed 
that the positive rate of EdU in BIU-87 and 
5637 cells was significantly lower and the pro-
liferation of cells was significantly inhibited 
(P<0.05) (Figure 5G).

Discussion

Bladder cancer is insidious without obvious 
clinical symptoms in the early stage, but the 
disease progresses rapidly, and is prone to 
invasion and metastasis [7-9]. Once pelvic 
lymph node metastasis or distant metastasis 
occurs, the 5-year survival rate of patients with 
bladder cancer is usually less than 20% [10]. 
ERK/MAPK signal transduction pathway is 
widely expressed in many tissues and cells, 
and can regulate cell proliferation, cycle, apop-
tosis, migration and invasion and other biologi-
cal processes [11, 12]. Excessive activation of 
ERK/MAPK signaling pathway can lead to 
abnormal cell proliferation, apoptosis and dif-
ferentiation, and is closely related to the occur-
rence, progression and metastasis of oral can-
cer, esophageal cancer, lung cancer, and other 
tumors [13-15]. MEK1 is a tyrosine/threonine 
(Tyr/Thr) dual-specific protein kinase that phos-
phorylates ERK protein specifically, thereby 
activating the ERK/MAPK signaling pathway [3, 
16].

MicroRNA is an endogenous non-coding small 
RNA molecule in eukaryotes. It can regulate the 
expression of target genes by degrading mRNA 
or inhibiting mRNA translation through comple-
mentary pairing with the 3’-untranslated region 
(3’-UTR) of target gene mRNA. It participates in 
cell survival, proliferation, apoptosis, migration, 
and other biological processes. Extensive 
attention has been paid to the role of the abnor-
mal expression and dysfunction of microRNA in 
the occurrence, progression and prognosis of 
tumors [17, 18].

Abnormal expression of miR-195 is associated 
with the occurrence and progression of cervical 
cancer [19], breast cancer [20], and prostate 
cancer [21]. Studies have shown that [5, 6], the 
expression of miR-195 in bladder cancer tissue 
significantly decreased, suggesting that miR-
195 may play an oncogenic role in the patho-
genesis of bladder cancer. In this study, we 
found that compared with normal bladder tis-
sues, the expression of miR-195 in bladder 
cancer tissues was significantly reduced, the 
expression of MEK1 mRNA and protein was sig-
nificantly increased, and expression of MEK1 
protein was even elevated at the late clinical 
stage. Our result thus indicated that the 
decreased expression of miR-195 played an 

Figure 4. Relationship between miR-195 and MEK1. 
A. There is a binding site between miR-195 and the 
3’-UTR of MEK1 mRNA. B. Double luciferase gene 
experiment report; Note: *P<0.05, compared with 
miR-NC group.
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Figure 5. Overexpression of miR-195 can downregulate MEK1 expression, inhibit bladder cancer cell proliferation, 
and induce apoptosis. A. qRT-PCR was used to detect the expression of miR-195 in bladder cancer cells. B. qRT-PCR 
was used to detect the expression of MEK1 mRNA in bladder cancer cells. C. Western blot was used to detect the 
expression of MEK1 protein in bladder cancer cells. D. qRT-PCR was used to detect miR-195 expression in bladder 
cancer cells of each transfection group. E. Western blot was used to detect the protein expression of bladder cancer 
cells in each transfection group. F. Flow cytometry was used to detect the apoptosis rate of bladder cancer cells in 
each transfection group. G. Flow cytometry was used to detect the proliferation ability of bladder cancer cells in each 
transfection group. *P<0.05, compared with SV-HUC-1 cells. #P<0.05, compared with miR-NC.
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important role in increasing the expression of 
MEK1 and participated in the pathogenesis of 
bladder cancer, and its expression affected the 
survival and prognosis of patients with bladder 
cancer.

In the study of the relationship between miR-
195 and bladder cancer, the expression of miR-
195 in bladder cancer T24 cells was significant-
ly lower than that in adjacent tissues, while  
the expression of miR-195 in bladder cancer 
CDC42 cells was abnormally increased [5]. It is 
also demonstrated that the expression of miR-
195 in bladder cancer tissue was significantly 
lower than that in normal bladder mucosal epi-
thelium [22]. The expression of miR-195 in 
bladder cancer tissue was significantly lower 
than that in normal bladder mucosa tissue in 
sequencing results [23]. Compared with normal 
urethral epithelial cells HUC, the expression of 
miR-195 in bladder cancer T24 cells was signifi-
cantly decreased, and the expression of GLUT3 
gene was significantly increased [24]. These 
results suggest that miR-195 plays an inhibito-
ry role in bladder cancer, and the decrease of 
its expression is related to bladder cancer, simi-
lar to the results observed in this study.

In vitro assay suggested that the abnormalities 
of miR-195 and MEK1 were related to the 
malignant biological characteristics of bladder 
cancer cells. Therefore, this study further 
explores whether miR-195 plays a role in regu-
lating the expression of MEK1 and affecting the 
biological effects of bladder cancer cells. We 
observed that the expression of MEK1 in blad-
der cancer BIU-87 and 5637 cells was signifi-
cantly down-regulated by transfection of miR-
195 mimic, and the expression of p-MEK1 was 
also significantly down-regulated. The down-
regulated expression of p-MEK1 might be due 
to the down-regulated expression of MEK1. 
Transfection of miR-195 mimic significantly 
inhibited the proliferation and apoptosis of 
bladder cancer cells.

In a study of the relationship between miR-195 
and the biological effects of bladder cancer 
cells, bladder cancer T24 cells transfected miR-
195 mimic could inhibit the expression of 
CDC42 gene, inhibit the proliferation of T24 
cells and weaken their malignant biological 
characteristics [5]. Overexpression of miR-195 
in bladder cancer T24 cells could inhibit the 
proliferation, cloning and apoptosis of bladder 

cancer cells by regulating the expression of the 
target gene GLUT3 [24], which confirms that 
miR-195 can attenuate the malignant biologi-
cal effects of bladder cancer cells. Consistently, 
we unraveled the role of miR-195 in up-regulat-
ing the expression of MEK1 and promoting the 
pathogenesis of bladder cancer, which high-
lights the potential benefits of the anti-bladder 
cancer treatment in clinical practice.

Conclusion

In conclusion, overexpression of miR-195 sup-
presses the proliferation of bladder cancer 
cells by the inhibition of MEK1.
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