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ABSTRACT
Urothelial carcinoma of bladder (UCB) is a common urological malignancy in the world, but its progression
mechanism remains unclear. MiR-612 was found as an anti-tumor factor in multiple types of cancer, while
few studies have revealed its functions in UCB cells. Based on this, UCB cells such as HTB-9 and HTB-4, and
normal urothelial of bladder cells such as SV-Huc1, were used as subjects in this study. Western blot, qRTPCR, CCK-8 assay and transwell assay were used to assess functions of miR-612 in UCB cells. The database,
miRWalk, was used to search for potential targets of miR-612, and dual-luciferase reporter assay was used to
verify the accuracy of the forecasting results. Besides, PMEPA1 overexpressed vector and miR-612 mimics were
co-transfected into HTB-4 to observe the regulation mechanism of miR-612. It was found that miR-612 was
signiﬁcantly downregulated in HTB-9 and HTB-4 cells rather than in SV-Huc1 cells, and overexpressed
miR-612 reduced the proliferation and invasion of HTB-4 cells. The expression level of YAP1 was negatively related
with miR-612 while LATS1 was positively related with miR-612. Besides, the results of miRWalk and dual-luciferase
reporter assay indicated that PMEPA1 was a target of miR-612, and overexpression of PMEPA1 could reverse the
effects of miR-612 on UCB including weakened proliferation and invasion abilities, low expression level of YAP1 and
high expression level of LATS1. Therefore, this study suggests that miR-612 inhibits the proliferation and invasion of
urothelial carcinoma of bladder cells through activating Hippo pathway via targeting PMEPA1.
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1 Introduction
Urothelial carcinoma of bladder (UCB) is one of the most dangerous urological malignancy, and more
than 80,000 people have been diagnosed with this disease in the United States annually [1–3]. At present,
several studies have indicated that the abnormal expression of some oncogenes or anti-oncogenes may
cause the tumorigenesis of UCB, and some tumor factors have been found to play a crucial role in
formation and development of UCB [4,5]. For instance, it has been found that TRIM65 can enhance the
invasion ability of UCB via promoting ANXA2 ubiquitination and degradation [6]. Although many
studies have revealed that some tumor factors take part in the formation and invasion of cancer cells via
regulating some signal pathways such as wnt/β-catenin and PI3K/AKT, the mechanism of UCB
development remains unclear [7,8]. Therefore, more comprehensive researches on UCB are necessary.
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MicroRNAs (miRNAs), a class of noncoding RNAs, which have short chains with 20–24 nucleotides
[9,10]. In recent years, miRNAs have attracted increasing attention from researchers in the world, and
lots of studies have indicated that miRNAs play important roles in life activities of cells [11]. Besides, it
is also found that some miRNAs have intimate connection with the formation and development of tumor
cells, and their abnormal expression is conﬁrmed as the major reason of cancer deterioration, including
tumor malignant proliferation, invasion and so on. Some miRNAs such as miR-143, miR-410 and
miR-34a-3p have been conﬁrmed to be related with UCB development [12–14]. Generally, the
deterioration of cancer cells is related with the inhibition or activation of some signal pathways, and some
miRNAs may play key roles in inhibiting or activating the pathways. For instance, miR-98 can regulate
the malignancy of bladder cancer through STAT3/Wnt/β-catenin pathway axis, and miR-125b-5p can
target HK2 and suppress PI3K/AKT pathway to inhibit the proliferation of bladder cancer [15,16].
MiR-612, an anti-tumor factor, has negative correlation with some cancers and takes part in many signal
pathways, while few studies have revealed its regulatory mechanism on UCB [17]. In this study, we explored
the functions of miR-612 in UCB cells, and illuminated its functions and regulation mechanism in UCB,
aiming to provide some reference for the research and treatment of UCB.
2 Materials and Methods
2.1 Cell Culture
Bladder urothelial carcinoma cell lines (HTB-9 and HTB-4) and normal bladder epithelial cell line (SVHUC-1) were used as subjects in this study. All frozen cells were melted in 37°C water bath, and then were
washed with serum-free DMEM. After that, all cells were resuspended with DMEM containing 10% foetal
bovine serum and then were cultured in an incubator (37°C and 5% CO2). All cells were subcultured at 80%
conﬂuence.
2.2 Cell Transfection
When cells were at 70% conﬂuence in each well, the culture ﬂuid was replaced with DMEM without
FBS (fetal bovine serum). After that, the miR-612 mimic, miR-NC, PMEPA1 overexpression plasmid
(pCMV-PMEPA1) and empty pCMV plasmid (NC) (RiboBio, Guangzhou, China) were transfected into
the wells with Lipofectamine 2000 (Invitrogen, California, USA), and then the cells were incubated for
48 h. 4 μg DNA, 100 pmol RNA or 10 μl Lipofectamine 2000 diluted by 250 μl serum-free medium,
respectively. After incubation for 5 min, the diluted DNA/RNA were mixed with diluted Lipofectamine
2000 (total volume = 500 μl), and then the mixtures were incubated for 20 min at room temperature.
After that, each well was added with the 500 μl of the mixture, and then the cell were cultured for 24~48 h.
2.3 qRT-PCR
Total RNAs of the cells were extracted by Trizol reagent, and then were transcribed into cDNA by
PrimeScript® RT reagent Kit (Thermo Fisher, Massachusetts, USA). The primers of miR-612 were
synthesized and puriﬁed by RiboBio, Guangzhou, China. The qRT-PCR reaction system (10 μL) was
prepared according to the operating instructions of SYBR Fluorescent Quantitative Premix Kit. The PCR
reaction conditions were pre-denaturation at 95°C for 30 s, 95°C for 5 s, and 60°C for 30 s for a total of
40 cycles. U6 was used as the control of miR-612. The forward and reverse primer sequences of
miR-612 and U6 are shown in Tab. 1 [18].
2.4 Western Blot
The total proteins of cells were extracted with RIPA buffer, and 1% PMSF (Beyotime, Shanghai, China)
was instantly added to keep the activity of proteins. The concentration of extracts was measured by a Pierce
BCA protein assay kit (Beyotime, Shanghai, China). After that, the proteins of the extracts were separated by
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10% SDS-PAGE, and then were transferred from SDS-PAGE onto the PVDF membranes. The membranes
were blocked with 5% non-fat milk for 1 h. After that, the membranes were incubated with the primary
antibodies of target proteins at 4°C over night and β-actin was used for the quantiﬁcation of target
proteins. After washing three times with TBST, the membranes were incubated with secondary antibodies
for 1.5 h at 25°C. Finally, chemiluminescence detection system was used to observe protein expression
level. The antibodies were used as follow: anti-YAP1 (1:1000, ab2219137, ThermoFisher, Massachusetts,
USA); anti-LATS1(1:1000, ab2736084, ThermoFisher, Massachusetts, USA); anti-PMEPA1 (1:2000,
ab2850672, ThermoFisher, Massachusetts, USA); anti-β-actin (1:1000, sc-47,778, Santa Cruz, Argentina).
Table 1: Primer sequence of miR-612 and U6
Name of primer

Sequences

miR-612-F
miR-612-R
U6-F
U6-R

5′-GCTGGGCAGGGCTTCT-3′
5′- CAGTGCGTGTCGTGGAGT-3′
5′-CTCGCTTCGGCAGCACA-3′
5′-AACGCTTCACGAATTTGCGT-3′

2.5 Dual-Luciferase Reporter Assay
The 3’-UTR of PMEPA1 containing the predicted wild-type (Wt) or mutant-type (Mut) miR612 binding sequences were inserted into pmirGLO luciferase reporter vector (Promega, Wisconsin,
USA). The luciferase vectors and miR-612 were co-transfected into HEK-293T cells, and then the cells
were incubated for 48 h. Finally, the luciferase activity of the HEK-293T cells was observed by a dualluciferase reporter assay system.
2.6 Transwell Assay
The invasion of the cells was detected by transwell assay. The cell suspension (5 × 104 cell/mL) was
prepared at ﬁrst. Transwell chambers coated with Matrigel were used to assess invasion capability of
cells. 300 μL of serum-free cell suspension was added to the upper chamber, and 500 μL of medium
(containing 10% FBS) was added into the bottom chamber. All cells were incubated for 24 h, and the
cells in the upper chamber were removed and the cells in the bottom chamber were ﬁxed by 10%
formaldehyde. After that, 0.05% crystal violet was used to stain the cells. Finally, the number of cells on
the bottom was observed and counted under the microscope.
2.7 CCK-8 Assay
UCB cells were seeded into 96-well plates and cultured with DMEM (1% FBS) for 24 to 96 h. Then
miR-612 mimic, miR-NC, PMEPA1 overexpression plasmid (pCMV-PMEPA1) and empty pCMV
plasmid (NC) were transfected into cells with their density at 70% in each well. After incubating for
48 h, all wells were added with 10 μL of CCK-8 solution (Amyjet, Wuhan, China). After incubation for
4 h, the absorbance value of the cells was measured by a microplate reader (Flash, Shanghai, China) at
450 nm, and the absorbance value of the wells with CCK-8 solution was used as controls.
2.8 Statistical Analysis
All the experiments were performed at least three times, and the data were analyzed by SPSS 20.0, and
the ﬁgures were charted by Graphpad Prism 8.0. The difference between the groups was calculated through
Chi-squared test or ANOVA with Tukey’s post hoc-test. *P < 0.05 means that the difference of the data in two
groups is statistically signiﬁcant.
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3 Results
3.1 MiR-612 was Downregulated in UCB Cell Lines
The miR-612 expression level in UCB cell lines was detected by qRT-PCR. As shown in Fig. 1,
compared with normal urothelial cells, miR-612 was signiﬁcantly downregulated in HTB-9 and HTB-4
cells (Fig. 1. P < 0.05).

Figure 1: MiR-612 was downregulated in urothelial carcinoma of bladder cells compared with normal cell
lines. * means P < 0.05
3.2 Overexpression of miR-612 Inhibited the Proliferation and Invasion of HTB-4 Cells
To analyze the functions of miR-612 in UCB cells, miR-612 mimics were transfected into HTB-4 cells,
and CCK-8 assay and transwell assay were used to observe the proliferation and invasion abilities of HTB-4
cells. The results (Fig. 2B, P < 0.05) showed that miR-612 mimics effectively enhanced expression level of
miR-612, and then the proliferation of HTB-4 cells was inhibited notably. The results showed that the
number of invasion cells decreased when miR-612 was upregulated (Fig. 2C. P < 0.05).

Figure 2: Overexpression of miR-612 inhibited proliferation and invasion abilities of HTB-4. (A) The
relative expression level of miR-612 was measured by qRT-PCR. (B) The viability of HTB-4 was
observed by CCk-8 assay. (C) The invasion of HTB-4 was observed by transwell assay. * means P < 0.05
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3.3 YAP1 was Downregulated and LATS1 was Upregulated in HTB-4 Cells Induced by miR-612
To explore the mechanism of miR-612 on HTB-4 cells, the western blot was used to measure the
expression level of YAP1 when miR-612 mimics were transfected into HTB-4 cells. The results showed
that YAP1 was downregulated but LATS1 was upregulated when miR-612 was overexpressed in HTB-4
cells (Figs. 3A–3C. P < 0.05).

Figure 3: Overexpressed miR-612 promoted the expression of LATS1 and inhibited the expression of YAP1.
(A) The relative expression levels of LATS1 and YAP1 was measured by western blot. (B) The relative protein
expression level of LATS1. (C) The relative protein expression level of YAP1. * means P < 0.05
3.4 PMEPA1 is a Direct Target of miR-612
According to miRWalk, an online prediction database, PMEPA1 is one of the potential candidates, which
has lower binding energy with miR-612 compared with other factors. To further validate the accuracy of this
forecasting result, dual-luciferase reporter assay was used to detect the effect of miR-612 on luciferase activities
of PMEPA1-wt and PMEPA1-mut. The results showed that the luciferase activity of the cells decreased
signiﬁcantly when co-transfected with PMEPA1-wt and miR-612. However, the luciferase activity of
PMEPA1-mut did not show any notable changes whether miR-612 or miR-NC was co-transfected with
PMEPA1-mut into HEK-293T cells (Fig. 4A, P < 0.05). Besides, PMEPA1 was signiﬁcantly upregulated in
HTB-9 and HTB-4 cells rather than in SV-Huc1 (Figs. 4B and 4C, P < 0.05).
3.5 PMEPA1 Reversed the Effects of miR-612 on HTB-4 Cells
To conﬁrm whether the carcinostasis effect of miR-612 has direct connection with PMEPA1, miR612 mimic and pCMV-PMEPA1 were co-transfected into HTB-4 cells to observe the proliferation and
invasion capacities of HTB-4 cells. The results showed that miR-612 inhibited the expression level of
PMEPA1. The results of western blot showed that LATS1 was upregulated but YAP1 was downregulated
signiﬁcantly when transfected with miR-612 mimics, while those phenomena were reversed in the cells
which were co-transfected with miR-612 mimic and pCMV-PMEPA1 (Figs. 5A–5D, all P < 0.05).
HTB-4 cells showed poor proliferation and invasion abilities when transfected with miR-612 mimics, and
the effects of miR-612 on HTB-4 cells were reversed when the cells were co-transfected with
miR-612 mimics and pCMV-PMEPA1 (Figs. 5E–5G, all P < 0.05).
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Figure 4: MiR-612 directly targeted PMEPA1-wt but didn’t have effect on PMEPA1-mut. PMEPA1 was
signiﬁcantly upregulated in HTB-9 and HTB-4 cells. (A) The binding effect of miR-612 and
PMEPA1 was observed by dual-luciferase reporter assay. (B) The relative protein expression level of
PMEPA1 was measured by western blot. (C) The relative protein expression level of PMEPA1 was
measured by western blot. * means p < 0.05
4 Discussion
Recently, although many studies have focused on researching the formation and development of UCB,
the pathogenic mechanism of UCB remains unclear [19]. MiRNAs involve in many life activities of cells,
and increasing researches have indicate that the abnormal expression of some miRNAs contributes the
proliferation and invasion of UCB [20]. Latest studies have showed that miR-612 plays an anti-tumor
role in UCB cells, which inhibits UCB progression via targeting FOXK1 and ME1 [21,22]. In this study,
it was found that miR-612 was downregulated in UCB cells such as HTB-9 and HTB-4 compared with
SV-Huc1, indicating that miR-612 is related with the development of UCB to a large extent. Although,
multiple studies have indicated that the expression level of miR-612 is related with the development of
some tumors, while few studies revealed the functions of miR-612 in UCB cells.
In this study, it was found that miR-612 overexpression could effectively inhibit the proliferation and
invasion of UCB cells, suggesting that miR-612 played an anti-tumor role in UCB cells. In hepatocellular
carcinoma, miR-612 is downregulated and could inhibit the invasion ability of cancer cells through
reprogramming lipid and blocking the function of their pseudopods via reducing the expression level of
HADHA [23]. YAP1 is a key factor of downstream of Hippo pathway, which takes great part in cell life
activities. In this study, the upregulation of miR-612 signiﬁcantly reduced expression level of YAP1 in
UCB cells, which may be one of the direct reasons for weakened proliferation and invasion abilities of
UCB cells. Recently, YAP1 has been conﬁrmed as a tumor promoter which is signiﬁcantly upregualted in
multiple types of cancer, and it has direct the relationship with proliferation and invasion of cancer cells
[24,25]. The research have indicated that the invasion ability of prostate and bladder cancer can be
signiﬁcantly inhibited when YAP1 was downregulated [26,27]. In colorectal cancer, high expression level
of YAP1 can promote the proliferation of cancer cells, which is related with upregulation of LncRNA
RP11-757G1.5 and downregualtion of miR-139-5p [28]. Although miR-612 has been conﬁrmed to
regulate the development of cancer cells via activating or inactivating several pathways, its effects on
Hippo pathway remains unclear. In our study, LATS1 was also found to have positive relationship with
the expression level of miR-612. Several studies have indicated that LATS1 is an upstream factor of
YAP1, which could mediate the ubiquitin process and further reduce the expression level of YAP1 via
phosphorylating YAP1 [29,30]. Therefore, miR-612 inhibits the expression of Yap1 via regulating the
stability of LATS1. With the help of miRWalk, PMEPA1 was conﬁrmed as a downstream target which
has lower binding energy with miR-612, and the luciferase activity of the cells transfected with the wild
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type of PMEPA1 can be decreased by miR-612. PMEPA1 is considered as a carcinogen to induce EMT
procession via activating TGF-β pathway in colorectal cancer [31]. In glioblastoma cells, PMEPA1 can
promote cancer cells progression via combining with LATS1 and then recruiting NEDD4, an E3 ligase, to
mediate the ubiquitin progression of PMEPA1 [32]. In this study, compared with normal cell line,
PMEPA1 was regulated in HTB-9 and HTB-4, indicating that PMEPA1 may take part in the formation
and development of UCB. Besides, the overexpression of PMEPA1 could reverse some effects of miR612 on UCB cells, suggesting that PMEPA1 is connected with the effects of miR-612 on inhibiting the
proliferation and invasion of UCB cells.

Figure 5: PMEPA1 reversed the effects of miR-612 on HTB-4 cells. (A) The protein expression level of
PMEPA1, LATS1 and YAP1 were measured by western blot. (B) The relative protein expression level of
PMEPA1. (C) The relative protein expression level of LATS1. (D) The relative protein expression level
of YAP1. (E) The proliferation ability of HTB-4 was observed by CCK-8. (F, G) The invasion ability of
HTB-4 was observed by transwell assay. * means P < 0.05
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In summary, this study demonstrated that miR-612 deﬁciency was a key reason to directly promote
the upregulation of PMEPA1, PMEPA1 further inhibited the expression of LATS1 and increased the
expression of YAP1, and ﬁnally promoted the proliferation and invasion abilities of UCB cells.
Considering YAP1 is beneﬁcial to promote the proliferation and invasion of UCB cells, miR-612 should
be taken seriously in the research, diagnosis and treatment of UCB. However, more credible evidence of
miR-612/PMEPA1/LATS1/Yap1 axis in UCB should be obtained from animal model experiments.
5 Conclusions
In summary, our study suggests that miR-612 is a tumor suppressor which is downregulated in UCB
cells, and it can inhibit the proliferation and invasion of cancer cells through activating Hippo pathway
via targeting PMEPA1.
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