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Background: At present, the molecular genetics of the development and progression of 

bladder cancer are still unclear. In recent years, the pathological relevance and significance of 

microRNAs (miRNAs) in bladder cancer have attracted increasing attention.

Methods: The expressions of miR-411 and zinc transporter 1 (ZnT1) in bladder cancer were 

determined by western blot and real-time PCR. Biological software, luciferase reporter gene, 

Western blot and real-time PCR were used to determine the regulatory effect of miR-411 on 

ZnT1. MTT and transwell were used to confirm the regulatory effect of miR-411 on bladder 

cancer cells. MTT and transwell were used to find how miR-411 modulated the biological 

activity of bladder cancer cells by regulating ZnT1. 

Results: The expression of miR-411 was low in bladder cancer and was negatively correlated 

with ZnT1. MiR-411 can inhibit the activity and the expression of ZnT1. MiR-411 can inhibit 

the growth and metastasis of bladder cancer cells. MiR-411 inhibited the growth and metastasis 

of bladder cancer cells by targeting ZnT1. 

Conclusion: The miR-411 target ZnT1 may provide a potential therapeutic target for the 

treatment of bladder cancer.
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Introduction
As one of the most common malignant tumors in humans, the pathogenesis of bladder 

cancer is complex, involving the expression of a large number of genes, protein 

dysfunction, and a variety of signal pathways. At present, the molecular genetic 

mechanisms underlying bladder cancer development are not clear. In recent years, 

increasing attention has been paid to the role and significance of miRNAs in the car-

cinogenesis and development of bladder cancer.1–3

At present, many kinds of miRNA have been shown to be closely related to the 

occurrence and development of tumors. Inhibition of miR-203 in estrogen receptor 

(ER)-positive breast cancer cells inhibited tumor growth in a preclinical breast cancer 

model.4 In bladder cancer, miR-145 was shown to have a lower expression level in 

cancer tissues, whereas the expression of miR-21 was upregulated in cancer tissues.5–8 

miR-129, miR-133b, and miR-518c have been shown to be related to the progression 

of bladder cancer and can be used as tumor markers to monitor the occurrence and 

development of bladder cancer.9,10 miR-129 can regulate the apoptosis-related path-

way and affect the proliferation of bladder cancer cells via GALNT1 and SOX4. The 

expression of miR-143 was low in bladder cancer, and it can regulate the expression 

of RAS, which means that it may play a role as a tumor suppressor in bladder cancer. 

miR-30–3 p, miR-133a, and miR-199a may regulate the growth of bladder cancer by 

regulating the activity of KRT7.11–17 miR-411 has been shown to be expressed at a 
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low level in various tumors, and microarray data have shown 

low expression of miR-411 in bladder cancer,18 but there is 

no specific study on the specific mechanism of miR-411 in 

bladder cancer.

Abnormal expression of the zinc transporter may mediate 

several steps in the pathophysiological processes of cancer, 

such as excessive proliferation and excessive migration of 

cells.19 Deletion of the zinc transporter gene also remarkably 

inhibited activation of matrix metalloproteinases (MMPs; 

such as MMP2) and led to overexpression of cell cycle-

related proteins (such as Cyclin D1).20

In our study, we found that the expression of miR-411 

in bladder cancer was lower than that in the adjacent tissue, 

and that ZnT1 expression and miR-411 in bladder cancer 

patients were negatively correlated. Thereafter, through a 

series of in vitro experiments, we confirmed that miR-411 

can regulate the growth and metastasis of bladder cancer 

cells by affecting ZnT1.

Materials and methods
Tissue specimens
This study was approved by the Protection of Human Subjects 

Committee of First Affiliated Hospital of China Medical 

University. Written informed consent was obtained from 

all patients involved in the study (19 males, 11 females; age 

range, 35–78 years; mean age, 51.28; 25 cases of stages I–II, 

5 cases of stage III). In total, 30 pairs of human bladder cancer 

tissue along with corresponding adjacent nonneoplastic tissue 

were obtained with the patients’ approval. The tissue samples 

were snap frozen in liquid nitrogen at the time of surgery and 

stored at −80°C in a freezer.

cell culture
Human bladder cancer cell lines (BIU87, 5637, and T24) and 

a human ureteral immortalized cell line (SV-HUC-1) were 

obtained from the Chinese Academy of Medical Sciences. 

Cells were maintained in DMEM (Gibco) supplemented with 

10% FBS Gibco) at 37°C in a humidified air atmosphere 

containing 5% carbon dioxide.

real-time Pcr
Total RNA was collected using Trizol (Shenggong, Shanghai, 

China) from frozen tissues and cell lines according to the 

manufacturer’s recommendations.21 Mature miRNA analy-

sis was performed using TaqMan miRNA assays (Huibai, 

Shenyang, China) by Huibai company. miRDB, an online 

database of predicted miRNA targets (http://www.mirdb.org/

miRDB/), was used to predict the target site of the miRNAs. 

The expression of miR-411 was detected using a Stem-Loop 

real-time PCR assay as described previously.22,23 Primer 

sequences were synthesized as shown in Table 1.

Western blotting
The cells and tissues were collected and lysed in the radioim-

munoprecipitation assay (RIPA) buffer. For each Western 

blot assay, an equal amount (30 µg) of proteins was elec-

trophoresed on a 10% SDS-PAGE onto a polyvinylidine 

difluoride membrane. The membranes were blocked with 

5% nonfat milk for 1 hour. The membranes were incu-

bated overnight with specific antibodies targeting ZnT1, 

Cyclin D1, MMP2, and GAPDH (Santa Cruz Biotechnol-

ogy, Santa Cruz, CA, USA). Proteins were then visualized 

with peroxidase-conjugated secondary antibodies for 1 hour.

immunohistochemistry (ihc)
The tissue samples were harvested and fixed in 10% normal 

buffered formaldehyde for 3 days and then embedded in 

paraffin. Tissue sections at the fracture site were cut longi-

tudinally at a thickness of 3 µm and then prepared for IHC 

staining. IHC was performed using anti-ZnT1 antibodies 

(Santa Cruz Biotechnology).

Dual-luciferase reporter assay
A dual-luciferase reporter assay (involving firefly and Renilla 

luciferases) was performed to determine whether ZnT1 is 

a direct target of miR-411. BIU87 cells were seeded into 

12-well plates. After 24 hours, the cells were transfected with a 

luciferase reporter plasmid, miR-411 mimic, negative control 

(NC), or miR-411 inhibitor (antisense), with three independent 

Table 1 Primer sequences synthesized for use in the experiments

Name Forward primer (5′→3′) Reverse primer (5′→3′)

mir-411 ccaTgUaUgUaacacggUccac ggUUagUggaccggTcacc
U6 cTcgcTTcggcagcaca aacgcTTcacgaaTTTgcgT
ZnT1 TaccaTcaacTccaacgg gaacccaaggcaTcTcca
cyclin D1 cca accTccTcaacgacc cacagagggcaacgaag
MMP2 accTggaTgccgTcgTggac TgTggcagcaccagggcagc
gaPDh cTcTgcTccTccTgTTcgac gcgcccaaTacgaccaaaTc

Note: MMP2, Matrix metalloproteinase-2.
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experiments for each. At 48 hours posttransfection, the 

activities of firefly and Renilla luciferases were examined 

using a Dual-Luciferase Reporter Assay System (Promega 

Corporation, Beijing, China). The ZnT1 3′-untranslated 

region (UTR) was cloned into a pGL3 Luciferase Reporter 

Vector (Shenggong, Shanghai, China), and the construct 

was designated ZnT1-wt. In addition, a pGL3-ZnT1 mutant 

3′-UTR construct (designated ZnT1-mut) was generated by 

mutating the sequence that is complementary to the seed 

sequence in the binding region of miR-411. The primers 

were: ZnT1-wt, F: 5′-CTCCAACGGGCTGAAATTGG-3′, 
R: 5′-GGGGTCAGGGAAACATGGAT-3′, ZnT1-mut, 

F: 5′-GGTGGCCAATACCAGCAACT-3′, R: 5′-CAAA 

TGCTTTGCAGGGGTC-3′.

MTT assays
The assessment of cell proliferation was performed using an 

MTT (3-(4,5-dimethylthiazol-2-yl)–2,5-diphenyltetrazolium 

bromide) assay with MTT (Shenggong, Shanghai, China), 

according to the manufacturer’s protocol. Following trans-

fection for 24 hours, cells were seeded into 96-well plates. 

A 10-µL volume of MTT solution was added into each well. 

The formazan precipitates were then dissolved in 200 µL 

of dimethyl sulfoxide (DMSO). The absorbance at 490 nm 

(A490) of each well was measured using a microplate absor-

bance reader (Bio-Rad, Beijing, China).

Transwell assay
The migration and invasion potentials of the cells were 

evaluated using Transwell chambers with an 8-µm pore 

polycarbonate membrane (Corning Costar, Beijing, China) 

coated with/without Matrigel. Following transfection for 

24 hours, cells were added into the upper chamber. Medium 

containing 20% FBS was then added to the lower chamber as 

a chemoattractant. The cells that migrated or invaded were 

counted under a light microscope. Experiments were carried 

out at least three times.

Transfection
To stably silence ZnT1, BIU87 cells were transfected with 

si-ZnT1 (Shanghai GeneChem Company, Shanghai, China), 

and si-NC was used as a negative control. Protein and RNA 

were extracted at 48 hours after transfection.

statistical analysis
All data were analyzed with PRISM 5.0 (GraphPad, Inc., La 

Jolla, CA, USA). Two-sample t-tests were used to analyze 

the results. P,0.05 was considered statistically significant.

Ethics approval and informed 
consent
For the use of clinical materials for research purposes, ethics 

approval was obtained from the Protection of Human Sub-

jects Committee of First Affiliated Hospital of China Medical 

University (ref: 2015024). In addition, patient informed 

consent was obtained in writing according to First Affili-

ated Hospital of China Medical University regulations. This 

patient consent involved a statement of consent to participate 

in the study and to use their tissues for research purposes, as 

specified in the Declaration of Helsinki.

Results
expression of mir-411 and ZnT1 in 
bladder cancer
The expression of miR-411 in the 30 patients with bladder 

cancer was detected by real-time PCR. The result showed that 

miR-411 was downregulated in bladder cancer (Figure 1A). 

In addition, miR-411 was associated with the staging of 

bladder cancer (Table 2). There was also a lower expression 

of miR-411 in bladder cancer cells (BIU87, 5637, and T24) 

compared with SV-HUC-1 cells (Figure 1B). Next, we ana-

lyzed the expression of ZnT1 in bladder cancer. The results 

showed that ZnT1 expression in bladder cancer tissue was 

higher than in adjacent tissues (Figure 1C and D). The expres-

sion of ZnT1 increased with increasing TNM classification 

(Figure 1E). There was also a higher expression of ZnT1 in 

bladder cancer cells (BIU87, 5637, and T24) compared with 

SV-HUC-1 cells (Figure 1F and G).

relationship between mir-411 and ZnT1 
in bladder cancer
In bladder cancer tissues, we found a negative correla-

tion between miR-411 and ZnT1 (Figure 2A). miRDB 

predicted that miR-411 targets a region in the 3′-UTR 

of ZnT1 (Figure 2B). The luciferase reporter gene assay 

showed that miR-411 can directly affect ZnT1 (Figure 2C). 

When miR-411 was overexpressed in BIU87 cells, the 

expression of ZnT1 was assessed by Western blotting and 

real-time PCR (Figure 2D and E). The results showed 

that miR-411 inhibited the expression of ZnT1 at the pro-

tein and mRNA levels. Moreover, ZnT1 expression was 

upregulated when miR-411 was inhibited in BIU87 cells 

(Figure 2F and G).

mir-411 can inhibit the proliferation of 
bladder cancer cells
An MTT assay was used to examine the effect of miR-411 on 

BIU87 cells. From the experiments involving the transfection 
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Figure 1 expression of mir-411 and ZnT1 in bladder cancer.
Notes: (A) The levels of mir-411 in 30 samples of bladder cancer tissues and adjacent tissues were detected by real-time Pcr. There was lower expression of mir-411 in 
bladder cancer tissues. Data are shown as mean±seM. **P,0.05 vs adjacent tissues group. (B) The levels of mir-411 in cells were detected by real-time Pcr. There was lower 
expression of mir-411 in bladder cancer cells. Data are shown as mean±seM. **P,0.05 vs sV-hUc-1 cells. (C, D) The levels of ZnT1 in 30 samples of bladder cancer tissues and 
adjacent tissues were detected by Western blotting and real-time Pcr. There was higher expression of ZnT1 in bladder cancer tissues. Data are shown as mean±seM. **P,0.05 
cancer vs adjacent tissues group. (E) The levels of ZnT1 in bladder cancer tissues were detected by immunohistochemistry (×400). (F, G) The levels of ZnT1 in cells were 
detected by Western blotting and real-time Pcr. There was higher expression of ZnT1 in bladder cancer cells. Data are shown as mean±seM. **P,0.05 vs sV-hUc-1 cells.
Abbreviations: c, cancer; n, normal.

Table 2 relationship between mir-411 and bladder cancer

Parameter Description No of patients miR-411 expression χ2 P-value

Low High

gender Male 19 11 8 0.096 0.757

Female 11 7 4

age (years) ,50 13 14 11 0.362 0.547

$50 17 7 8

TnM grade i 3 0 3 7.787 0.020a

ii 22 12 10

iii 5 5 0

Note: aP,0.05.
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Figure 2 relationship between mir-411 and ZnT1 in bladder cancer.
Notes: (A) correlation between the expression of mir-411 and ZnT1. There was a negative correlation between the expression of ZnT1 and mir-411. (B) The mirDB 
database predicted that mir-411 targets ZnT1. (C) The interaction between mir-411 and ZnT1 was examined by dual-luciferase reporter assays. Data are shown as 
mean±seM. **P,0.05 control group vs ZnT1 group. (D, E) after transfecting the mir-411 mimic/control into BiU87 cells, the levels of ZnT1 was detected by Western 
blotting and real-time Pcr. Data are shown as mean±seM. **P,0.05. (F, G) after transfecting the mir-411 inhibitor/control into BiU87 cells, the levels of ZnT1 was detected 
by Western blotting and real-time Pcr. Data are shown as mean±seM. **P,0.05.

of the miR-411 mimic or inhibitor, we found that miR-411 

could inhibit the proliferation of BIU87 cells (Figure 3A 

and B). We also found that the inhibitory effect of miR-411 

on the proliferation of BIU87 cells may be achieved by its 

inhibitory effect on Cyclin D1 (Figure 3C–F).

mir-411 can inhibit the metastasis of 
bladder cancer cells
Transwell assays (with or without Matrigel) were used to 

study whether miR-411 was involved in the metastasis of 

BIU87 cells (Figure 4A–D). The miR-411 mimic or miR-411 
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Figure 3 mir-411 can inhibit the proliferation of bladder cancer cells.
Notes: (A) after overexpressing mir-411, BiU87 cell proliferation was detected by MTT assay. Data are shown as mean±seM. (B) after inhibiting the expression of mir-
411, BiU87 cell proliferation was detected by MTT assay. Data are shown as mean±seM. (C, D) after transfecting the mir-411 mimic/control into BiU87 cells, the levels of 
cyclin D1 in cells were detected by Western blotting and real-time Pcr. Data are shown as mean±seM. **P,0.05 vs control group. (E, F) after transfecting the mir-411 
inhibitor/control into BiU87 cells, the levels of cyclin D1 in cells were detected by Western blotting and real-time Pcr. Data are shown as mean±seM. **P,0.05 vs control 
group.

inhibitor was transfected into BIU87 cells (along with the 

NC) to detect the effect of miR-411 on the metastasis of 

bladder cancer cells. The results showed that the metastasis 

of BIU87 cells was significantly inhibited when miR-411 

was overexpressed. However, the metastasis of BIU87 cells 

was promoted when the miR-411 expression was decreased. 

We also found that the inhibitory effect of miR-411 on the 

metastasis of BIU87 cells may be achieved by its inhibitory 

effect on MMP2 (Figure 4E–H).

effects of mir-411 inhibitor and ZnT1 
sirna on proliferation and metastasis of 
BiU87 cells
MTT and Transwell assays showed that when ZnT1 was 

silenced using ZnT1 siRNA, cell proliferation and migration 

was significantly suppressed, and miR-411 also significantly 

inhibited the proliferation and migration of BIU87 cells 

(Figure 5A and B). When both miR-411 and ZnT1 were 

inhibited, the proliferation and migration ability of the cells 
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Figure 4 (Continued)
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was stronger than when ZnT1 alone was silenced. Similar 

results were obtained in the Western blotting and real-time 

PCR assays (Figure 5C and D). In conclusion, we conclude 

that miR-411 can be used to target bladder ZnT1 for the 

proliferation and migration of bladder cancer (Figure 5E).

Discussion
The expression and functions of miR-411 have been investi-

gated in several types of cancer. However, until now, miR-411 

in human bladder cancer has not been examined. Research 

revealed that miR-411 might be a potential target for lung 

cancer therapy.24 Data showed that serum miR-411 expres-

sion was significantly positively associated with TNM stage 

in lung cancer. Studies also suggested that high expression of 

miR-411 was an independent indicator of poor prognosis for 

non-small cell lung carcinoma patients.24–26 In breast cancer, 

researchers showed that the miR-411–5 p/GRB2/Ras axis has 

the potential to provide molecular targets for breast cancer 

therapy.25 In contrast, in renal cell carcinoma, miR-411 was 

found to be significantly downregulated and it played a role 

as a tumor suppressor.26 Thus, studies have demonstrated that 

miR-411 is important in tumorigenesis and development.

However, there are no previous reports on the functions 

of miR-411 in bladder cancer. In the present study, it was 

found that miR-411 suppressed bladder cancer cell prolif-

eration and metastasis. These results indicate that miR-411 

has important functions in bladder cancer tumorigenesis and 

development, and it may have clinical implications for the 

treatment of bladder cancer.

Zinc is an essential trace element in the tissues and cells 

of the body. Zinc is involved in the synthesis and catabolism 

of various proteins and nucleic acids in the body, and zinc 

regulates the activity of enzymes. Zinc deficiency can lead to 

a series of diseases, such as body growth retardation, impaired 

DNA synthesis and repair, and immune dysfunction. Studies 

have shown that zinc in the blood is lower in bladder cancer 

patients than in healthy people.24 Zinc content in urine is higher 

in bladder cancer patients than in healthy people, and the dif-

ference is particularly significant in superficial (nonmuscle 

invasive) bladder cancer.27,28 Therefore, we speculated that zinc 

content is involved in the occurrence and development of blad-

der cancer, so the protein regulating zinc metabolism (ZnT1) 

has become our object of study. Zinc transporters transport 

zinc ions to or into cells. Recent research has shown that Znt1 

is associated with a variety of malignant tumors, such as breast 

and pancreatic cancer.29 The present study demonstrated the 

high expression of ZnT1 in bladder cancer, and further showed 

that miR-411 can play a regulatory role regarding ZnT1.

In this study, first, we used Western blotting and real-time 

PCR to assess the expression of ZnT1 in bladder cancer tis-

sues and adjacent normal mucosa, and we found that ZnT1 

upregulation and miR-411 downregulation are likely to be 

important mechanisms underlying bladder cancer develop-

ment. We revealed that miR-411 expression was negatively 

correlated with ZnT1 in bladder cancer.

Second, we predicted the target genes of miR-411 using 

bioinformatics, and we then confirmed that ZnT1 was a 

target gene of miR-411 in bladder cancer using biological 

experimental methods. Using quantitative real-time PCR, 

Western blotting, and the luciferase reporter gene method, we 

found that miR-411 was partially complementary to the ZnT1 

mRNA 3′-UTR sequence and inhibited the translation of ZnT1 

mRNA, which indicated that ZnT1 was regulated at the post-

transcriptional level. The gain of function study showed that 

enhanced expression of miR-411 could not only inhibit cell 

proliferation but also cell migration and invasion in vitro.

Figure 4 mir-411 can inhibit the metastasis of bladder cancer cells.
Notes: (A, B) after overexpressing mir-411 in BiU87 cells, Transwell assays with or without Matrigel were performed. (C, D) after inhibiting the expression of mir-411 
in BiU87 cells, Transwell assays with or without Matrigel were performed. (E, F) after transfecting the mir-411 mimic/control into BiU87 cells, the levels of MMP2 in cells 
were detected by Western blotting and real-time Pcr. Data are shown as mean±seM. **P,0.05 vs control group. (G, H) after transfecting the mir-411 inhibitor/control 
into BiU87 cells, the levels of MMP2 in cells were detected by Western blotting and real-time Pcr. Data are shown as mean±seM. **P,0.05 vs control group.
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Figure 5 effects of the mir-411 inhibitor and ZnT1 sirna on cell proliferation and migration in BiU87 cells.
Notes: (A) effects of the mir-411 inhibitor and ZnT1 sirna on cell proliferation were detected by MTT assays. Data are shown as mean±seM. (B) effects of the mir-411 
inhibitor and ZnT1 sirna on cell migration were detected by Transwell assays. cells were counted and data are shown as mean±sD of three experiments. (C, D) effects of 
the mir-411 inhibitor and ZnT1 sirna on ZnT1, cyclin D1, and MMP2 were detected by Western blotting and real-time Pcr. Data are shown as mean±seM. **P,0.05 for 
mir-411 inhibitor/si-ZnT1 vs control group, ^^P,0.05 for mir-411 inhibitor vs si-ZnT1. (E) schematic diagram of proposed mechanism.
Abbreviations: con, control; in, inhibitor.

Studies have shown that ZnT1 can regulate cell growth 

and migration by regulating a variety of signaling pathways.8 

In particular, ZnT1 can regulate the expression of Cyclin D1 

and MMP2. Cyclin D1 is an important protein that regulates 

the cell cycle. Our study found that miR-411 can inhibit cell 

proliferation by inhibiting the level of Cyclin D1. MMP2 is a 

common protein that regulates cell invasion and metastasis. Our 

research also demonstrated that miR-411 can inhibit cell inva-

sion and metastasis by inhibiting the expression of MMP2.

In conclusion, through a series of experiments, we found 

that miR-411 can inhibit the occurrence and development of 

bladder cancer by influencing the expression of ZnT1 to a 

certain extent.

Availability of data and materials
The data sets used and/or analyzed during the current study 

are available from the corresponding author on reasonable 

request.
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