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Introduction

Bladder cancer (BC) is a common human urinary malignancy 
and is ranked as the ninth most common cancer worldwide. 
Each year, more than 4,000,000 cases of BC are diagnosed 
and over 160,000 die from the disease worldwide (1).  
Unfortunately, the morbidity and mortality rates are also 
increasing, and although the current treatments for BC 

have substantially improved, over 50% of patients develop 
local progression and relapse after surgery (2,3). The 
prognosis of patients with bladder cancer, especially those at 
an advanced stage, is still unsatisfactory (4). Due to its high 
morbidity and postoperative recurrence, the exploration 
and clarification of the molecular mechanisms of BC 
progression are crucial, as this knowledge may contribute 
to potential therapeutic targets and improvements in the 
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therapeutic effect.
Mesoderm-specific transcript (MEST) is an imprinted 

gene located at the human 7q32.2 locus, and since it is 
preferentially expressed on the paternal allele, it is also 
called paternal expressed gene 1 (PEG1) (5). At present, 
the biological function of MEST is unclear, but previous 
studies have demonstrated that MEST is involved in the 
growth, differentiation and maintenance of mesoderm cells 
and contributes to embryonic development (6,7). Recent 
research has indicated that MEST frequently undergoes loss 
of imprinting (LOI) in several malignancies, such as thyroid 
carcinoma (8), lung cancer (9,10) breast cancer (11) uterine 
leiomyoma (12) and colorectal cancer (13), which may be 
linked to MEST upregulation and cancer progression. 
MEST has also been reported to be a tumour suppressor 
in ovarian cancer (14), which suggests it can suppress 
cell proliferation, migration, invasion, angiogenesis and 
tumorigenesis, while in thyroid carcinoma (8) and breast 
cancer (15), MEST has been described as an oncogene, and 
therefore contributes to cell proliferation and metastasis. 
However, little is known about the role of MEST in BC.

In this study, we demonstrated that MEST was elevated 
in BC tissues and cell lines and that high MEST expression 
was closely related to the clinicopathologic features of BC 
patients as well as poor prognosis in these patients. We also 
found that MEST can facilitate cell proliferation, migration 
and invasion via STAT3/Twist-1-mediated EMT. 

We present the following article in accordance with the 
MDAR checklist (available at http://dx.doi.org/10.21037/
tcr-20-1006).

Methods

Clinic bladder cancer samples

Bladder cancer tissues (n=68) and adjacent normal tissues 
(n=20) were collected from Xiangya hospital, Central South 
University, from Jan 2018 to Dec 2018. The adjacent 
tissues were obtained from at least 5 cm away from tumor 
border and with no microscopic tumor cells. No patient 
was administered to preoperative chemotherapy and 
radiotherapy. All the tissues were fast frozen in liquid 
nitrogen and kept at −80 ℃. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by the institutional ethics 
committee of Xiangya Hospital, Central South University 
(approval No. 2019012618), and written informed consents 
were obtained from all patients. The pathological features 

were acquired from patients’ medical records.

Cell culture and transfection

Human bladder cancer cell lines 5637, UM-UC-3, T24 and 
bladder epithelial immortalized cell line SV-HUC-1 were 
obtained from COBIOER (Nanjing, China) and cultured 
following to the instructions.

siRNAs were purchased from GenePharm (Shanghai, 
China). siRNA knockdown was carried out with a siRNA 
pool which includes 2 siRNAs targeting the MEST cDNA 
sequence. The sequences information as showing in Table 1. 
Scramble oligonucleotides were used as a negative control. 
MEST cDNA ORF plasmid was purchased from Sino 
Biological (Beijing, China). Cells were transfected with 
Lipofectamine 3000 (Thermo Fisher, USA) following the 
manufacturers’ instructions. Cells were collected at 48 h 
after transfection. 

qRT-PCR 

Total RNAs were isolated using Trizol (Sigma-Aldrich, 
USA). ExcelRTTM Kit (Gene, Hongkong, Chia) was applied 
to RNA reverse transcription according to the product’s 
protocol. The SYBR Green I (TOYOBO, Japan) was used 
to conduct the qRT-PCR reaction on the LightCycler480 
system (Roche, Germany). β-actin was utilised as a control 
for normalizing. Each reaction was performed in triplicate. 
The specific primers for amplifying each gene were listed in 
Table 1.

Western blot

Protein was extracted from cells with RIPA lysis containing 
protease inhibitors and phosphate inhibitors. Equal amounts 
proteins (30 μg/samples) were separated by 10% SDS-
PAGE gel and immunoblotted onto a polyvinylidene 
difluoride (PVDF) membrane (ThermoFisher, USA). After 
blocking with 5% non-fat dry milk, the membrane was 
incubated with primary antibodies against MEST (1:500, 
Proteintech), E-cadherin (1:500, Proteintech), N-cadherin 
(1:800, Proteintech), Vimentin (1:8000, Proteintech), STAT3 
(1:1000, Abcam), p-STAT3 (Try705) (1:1000, Abcam), 
Twist-1 (1:500, Proteintech), overnight at 4 ℃. After washing 
by PBS, the membrane was covered with HRP-conjugated 
secondary antibody, the immune signals were examined using 
enhanced chemiluminescence reagent (Thermofisher, USA). 
GAPDH employed as the loading control.

http://dx.doi.org/10.21037/tcr-20-1006
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MTT and clone formation analysis

Cell viability and proliferation were investigated by MTT 
and clone formation experiments respectively. For MTT, 
each group cells (5×104 cells/well) were plated into 96-well 
plates and cultured at 37 ℃ for 24 h. Then, each well was 
added 20 µL MTT and incubated for 4 h. After removing 
the medium, each well was added 150 µL of DMSO and 
incubated at 37 ℃ for 10 min. Finally, the absorbance 
was read at 570 nm by the microplate reader (Multishan 
Go, Bio-Tek, USA). For clone formation assay, 5×103 
cells were plated into the 35 mm dish and cultured for 
two weeks. After that, colonies of cells were fixed in 4% 
paraformaldehyde (PFA) and stained with 0.01% crystal 
violet dye.

Cell migration and invasion analysis

Cell migration was analyzed by wound scratch experiment. 
Simply, cells were plated onto 12-well plates and grew close 
to 100% confluence. Cell wounds were scratched using a 
20 μL pipette tube. Wound closure was measured by the 
distance between the opposite edges of the wound after 

0 and 24 h. Cell invasion was detected with the BioCoat 
Matrigel Invasion chamber (Corning, USA). 5×105 cells 
suspended in serum-free medium were implanted into the 
upper chambers (coated with matrigel), while the lower 
chambers were added medium containing 10% FBS. 
Incubating at 37 ℃ for 48 h, the translocated cells were 
fixed with 4% PFA and stained by 0.1% crystal violet for 
20 min. Subsequently, the invasive cells were captured and 
counted under the microscope.

Immunofluorescence

Cells (5×103) were implanted in a 24-well plate paved with 
sterile slips. 24 h later, the cells were fixed in PFA for 0.5 h 
and permeabilized in 0.1% Triton X-100 for 5 min. Then, 
the slips were incubated with anti-E-cadherin (20874-1AP, 
Proteintch, USA) or Vimentin (10366-1AP, Proteintch, 
USA) antibody at a dilution of 1:100 overnight at 4 ℃. 
Subsequently, the slips were covered by fluorescently 
labeled secondary antibody for 2 hours. Then, DAPI was 
used to stain nuclei. Finally, fluorescence was observed and 
captured under the fluorescent microscope (ECLIPSE NI, 
Nikon, Japan). 

Statistical analysis

Each experiment was performed at least three times, and 
the data were presented by mean ± standard deviation (SD). 
The statistical analysis was conducted by SPSS 20.0 software 
(SPSS Inc., IL, USA). Student’s t-test was applied to analyse 
the differential expression between the two groups. A chi-
square test was applied to assess the relationship between 
MEST expression and clinicopathological features of BC. 
P<0.05 were identified statistically significant.

Results

MEST was upregulated in BC tissues and its upregulation 
was associated poor survival 

Firstly, MEST expression was investigated in 68 BC 
and 20 adjacent normal tissues by qRT-PCR assay, we 
observed that MEST was upregulated in BC tissues 
(Figure 1A). Moreover, MEST expression in lymph node 
(LN)-metastatic BC tissues was remarkably higher than 
nonmetastatic tumor tissues (Figure 1B). Basing on the 
median value of MEST expression in BC tissues, the 
patients were divided into the low expression group 

Table 1 The sequences of siRNAs and qRT-PCR primers

Name Sequence

siRNAs

MEST siRNA-1 GGAGGUAUCUUUCCUGAGA

MEST siRNA-2 CAACAAUGACGGGAACUUA

scramble siRNA UUCUCCGAACGUGUCACGU

qRT-PCR

MEST forward TGTGGGTGTGGTTGGAAGTC

MEST reverse CCTCAAGGTCAGACCCTTCC

E-cadherin forward TTCTGCTGCTCTTGCTGTTT

E-cadherin reverse TGGCTCAAGTCAAAGTCCTG

N-cadherin forward CAAGATGGGTCAATGGAAATAG

N-cadherin reverse CTCAGGAATACGAGCCTTCAC

Vimentin forward CCAGGCAAAGCAGGAGTC

Vimentin reverse GGGTATCAACCAGAGGGAGT

β-actin forward TTCCTTCCTGGGCATGGAGTC

β-actin reverse TCTTCATTGTGCTGGGTGCC

siRNAs, small interfering RNAs; qRT-PCR, quantitative real-time 
PCR.
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Figure 1 MEST was upregulated in bladder cancer (BC) tissues and its upregulation was associated poor survival. (A) Quantitative Real-
time PCR (qRT-PCR) detected MEST expression in 68 BC and 20 adjacent normal tissues; (B) Expression of MEST was detected in lymph 
node (LN) metastatic BC [LN(+)] and nonmetastatic tumor tissues [LN(–)]; (C) BC patients were divided into high expression and low 
expression groups according to the median value of MEST expression; (D) The expression of MEST was analyzed in BC tissues from Gene 
Expression Profiling Interactive Analysis (GEPIA) data (http://gepia.cancer-pku.cn). (E) The overall survival of BC patients was evaluated 
(analyzed using Kaplan-Meier Plotter, http://kmplot.com/analysis/). *P<0.05. 
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(n=29) and the high expression group (n=39) (Figure 1C).  
The correlation between MEST expression and BC 
clinicopathological features was analyzed by χ2 test. We 
found that MEST expression was obviously correlated with 
tumor stage (P=0.014), grade (P=0.027) and LN metastasis 
(P=0.035) (Table 2). Besides, GEPIA database (http://gepia.
cancer-pku.cn) showed that MEST was elevated in BC 
tissues (Figure 1D). Additionally, basing on the TCGA data 
analysis, the high MEST expression was indicated the poor 
overall survival for BCpatients (Figure 1E). 

MEST promoted BC cell proliferation, migration, invasion 

To explore the function of MEST in BC cells, Firstly, 
we assessed its endogenous level in BC cell lines (5637, 
UM-UC-3, T24) and bladder epithelial cell SV-HUC-1 
with Western blot. The result showed that MEST was 
obviously upregulated in tumor cell lines compare to SV-
HUC-1 cells, Moreover, T24 cells had a higher expression 
than 5637 and UM-UC-3 cells (Figure 2A). Therefore, 
we depleted MEST level in T24 cells and overexpressed 
MEST in 5637 cells. Western blot detection demonstrated 

that MEST expression was effectively reduced in T24 
cells and increased in 5637 cells respectively (Figure 2B). 
MTT and clone formation assays showed that MEST 
knockdown obviously suppressed T24 cell proliferation and 
growth, while overexpression of MEST in 5637 cells had 
a remarkable enhancing effect (Figure 2C and D). Wound 
scratch and invasion assays demonstrated that MEST 
depletion strongly impaired cell migration and invasion, but 
the result was the opposite when over-expression MEST in 
5637 cells (Figure 2E and F).

MEST induced epithelial-mesenchymal transition (EMT) 
in BC 

Considering EMT as one crucial process in tumor 
invasion and metastasis, the effect of MEST on EMT was 
investigated by examining the level of EMT markers, such 
as the epithelial marker E-cadherin and mesenchymal 
markers N-cadherin and Vimentin. qRT-PCR and 
western blot assays demonstrated that MEST knockdown 
obviously represses the expression of mesenchymal 
markers N-cadherin and Vimentin, and upregulated 

Table 2 Association between MEST expression and clinicopathologic characteristics in bladder cancer

Features Number of cases
MEST expression

χ2 test, P value
Low High

Age (years) 0.462

≥60 38 18 20

<60 30 11 19

Gender 0.801

Female 42 17 25

Male 26 12 14

Tumor stage 0.014*

T1+T2 28 17 11

T3+T4 40 12 28

Tumor grade 0.027*

Low 39 12 27

High 29 17 12

LN metastasis 0.035*

LN(+) 22 5 17

LN(–) 46 24 22

LN(+), lymph node (LN) metastasis; LN(–), no lymph node metastasis. *P<0.05.
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Figure 2 MEST promoted BC cell proliferation, migration, invasion. (A) Western blot detected the endogenous level of MEST in BC 
cell lines (5637, UM-UC-3, T24) and bladder epithelial immortalized cell SV-HUC-1; (B) Expression of MEST were detected by western 
blot when MEST knockdown or overexpression; MTT (C), clone formation (D), Wound scratch (magnification 100×) (E) and Transwell 
assays (magnification 200×) (F) were applied to assess the effects of MEST-depletion or overexpression- on BC cell proliferation, migration, 
invasion. *P<0.05, **P<0.01. 
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epithelial marker E-cadherin expression. Meanwhile, an 
opposite result was presented in MEST-overexpressed cells  
(Figure 3A and B). In addition, immunofluorescence assay 
was further confirmed these result (Figure 3C and D).

MEST promotes BC cell proliferation, migration and 
invasion via STAT3/Twist-1

A previous study showed that MEST plays an important 
role in STAT3 activation, which leads to increased Twist-1 
expression, thereby triggering the EMT programme in 
breast cancer (15). Therefore, using western blot. we 
analysed the expression of STAT3/Twist-1 signalling 
components. As shown in Figure 4A, p-STAT3 and Twist-1 
levels were repressed in MEST silenced cells, and their 
expressions were increased when MEST overexpression. 
But STAT3 level was not affected in MEST silenced or 
overexpressed cells. In additional, treating with STAT3 
inhibitor S3I-201 could obviously attenuate STAT3 
activation and Twist-1upregulation in MEST transfected 
5637 cells. Moreover, STAT3 inhibitor could remarkably 
attenuated the oncogenic effect of MEST on proliferation, 
migration and invasion (Figure 4B,C,D,E).

Discussion

In this study, we confirmed that MEST was upregulated in 
BC, especially in metastatic cancer tissues, compared with 
normal adjacent tissues. Moreover, MEST expression was 
obviously correlated with tumour stage, grade and lymph 
node metastasis. As an imprinted gene, MEST frequently 
undergoes LOI in a variety of cancers (8-13). Studies have 
confirmed that LOI has an effect on the expression of 
imprinted genes in human cancer; for example, IGF2 was 
reactivated and H19 was inactivated in Wilms’ tumour and 
breast cancer, respectively, after LOI (16-18). Similarly, 
MEST is biallelic through promoter switching from isoform 
1 to isoform 2 (10,12,13,15). In terms of function, previous 
research has demonstrated that MEST can negatively 
regulate adipocyte differentiation and promote skeletal 
muscle growth and regeneration (19,20). In cancer, MEST 
has been found to be overexpressed and to contribute to 
thyroid cancer cell survival, while MEST depletion has 
been demonstrated to lead to proliferation of inhibition 
and cell cycle arrest (8). Moreover, MEST was confirmed 
to promote breast cancer cell proliferation and metastasis 
(15,21). Here, we also found that MEST facilitated cell 
proliferation, migration and invasiveness of BC cells. 

However, in ovarian cancer, MEST was demonstrated 
to suppress cell proliferation, migration, invasion, tube 
formation, angiogenesis and tumorigenic ability (14). The 
reason MEST exerts opposite functions in different cancers 
may be attributed to different tumour characteristics and 
different binding targets.

Epithelial-mesenchymal transition (EMT) is a pivotal 
physiological process that is active during embryonic 
development, during which it functions in the formation of 
various germ layers and organs (22). During this process, 
epithelial cells lose polarity and expression of adhesion 
proteins, and acquire a mesenchymal phenotype and 
motility. An increasing number of studies has demonstrated 
that EMT is closely related to tumour invasion and 
metastasis (23-25). At the molecular level, the main features 
of EMT are characterised by the reduced expression 
of the epithelial marker E-cadherin and the enhanced 
expression of mesenchymal markers such as N-cadherin 
and Vimentin, which implies tumour progression to a 
metastatic phenotype. E-cadherin belongs to a class of 
transmembrane glycoproteins that regulates intercellular 
homogeneity adhesion, while N-cadherin is the principal 
component of epithelial structures, and thus, intercellular 
adhesion decreases with reduced E-cadherin levels and 
increased N-cadherin expression, which results in tumour 
cell proliferation and metastasis (26). Vimentin is a type 
III intermediate filament that promotes tumour EMT 
phenotypes by reorganising the cytoskeleton to increase cell 
polarity and motility as well as generate cellular tension (27).  
In our study, we observed that MEST knockdown 
upregulated E-cadherin expression, whereas N-cadherin 
and Vimentin levels were reduced. In addition, these results 
were completely reversed when MEST was overexpressed. 
Taken together, our data suggest that MEST can induce 
EMT in BC, which is consistent with previous studies in 
breast cancer (15).

Signal transducer and activator of transcription 3 
(STAT3) belongs to the STAT family and is widely known 
as a facilitator of cell proliferation, survival, invasion, 
angiogenesis and immune evasion in cancer (28). When 
activated by the IL-6 family of cytokines, receptor tyrosine 
kinases or JAKs, STAT3 is primarily phosphorylated at the 
Y705 site, after which it is transported to the nucleus where 
it acts as a transcription factor with oncogenic functions (29). 
STAT3 plays a crucial role in tumorigenesis and progression, 
but whether aberrant STAT3 signalling also contributes 
to EMT, the early step of tumour invasion and metastasis, 
is still unknown. Previous studies have demonstrated 
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Figure 3 MEST induced epithelial-mesenchymal transition (EMT) in BC. qRT-PCR (A) and western blot (B) detected the expression of 
EMT markers including E-cadherin, N-cadherin and Vimentin in MEST-depletion or overexpression cells; Immunofluorescence analyzed 
the expression of EMT markers E-cadherin (C) and vimentin (D) (magnification 200×). The green signal represented the staining of 
corresponding protein, and the blue signal represented the nuclear staining by DAPI. *P<0.05.
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Figure 4 MEST promotes BC cell proliferation, migration and invasion via STAT3/Twist-1. (A) Western blot detected the expression of 
p-STAT3, STAT3 and Twist-1 in MEST-depletion or overexpression cells; Treating MEST transfected 5637 cells with STAT3 inhibitor 
S3I-201 (100 nM) for 24 h, the cell proliferation, migration and invasion were detected by MTT (B), clone formation (C), Wound scratch 
(magnification 100×) (D) and Transwell assays (magnification 200×) (E), respectively. *P<0.05.
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that STAT3 signalling contributes to EMT in cancer, 
including BC (30-32). STAT3 activation was shown to 
induce typical EMT-related morphological changes, which 
are accompanied by enhanced invasiveness and decreased 
expression of E-cadherin, while inhibition of STAT3 
signalling impaired these effects (33). The regulatory 
mechanism that has been ascribed to STAT3 could regulate 
a series of EMT transcription factors such as Snail (34), 
Twist-1 (32) and ZEB1 (35). Recently, Kim et al. (15)  
confirmed that MEST-induced activated STAT3 was able to 
upregulate Twist-1 expression, which subsequently enabled 
the induction of EMT activation in breast cancer. Here, 
we also observed that MEST promoted p-STAT3 and 
Twist-1 expression, while treatment with a STAT3 inhibitor 
obviously attenuated STAT3 activation and Twist-1 
upregulation induced by MEST. Moreover, inhibition 
of STAT3 signalling remarkably relieved the stimulating 
effects on BC cell proliferation, migration and invasion 
induced by MEST.

In summary, this study revealed that MEST promotes BC 
cell proliferation, migration and invasion via STAT3/Twist-
1-mediated EMT. It is therefore suggested that MEST may 
represent a promising target for improving BC therapy.
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