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Background: miRNAs have been widely used in cancer treatment. Our study was designed to explore the effects of miR-325-3p
in bladder cancer cells.

Material/Methods: Levels ofd miR-325-3p and MT3 in bladder cancer tissues and cells were assessed by quantitative real-time
polymerase chain reaction (qRT-PCR). miR-325-3p mimics were transfected into bladder cancer 724 cells, and
cell migration and invasion rates and cell proliferation were assessed by transwell assay and Cell Counting
Kit-8 (CCK-8). The target mRNA for miR-325-3p was predicted by Targetscan7.2 and confirmed by dual-lucif-
erase reporter assay. More experiments were performed to confirm the effects of miR-325-3p and MT3 in T24
cells. Additionally, the levels of TIMP-2, MMP9, and E-cadherin were assessed by Western blotting to identify
the effects of miR-325-3p and MT3 on epithelial-mesenchymal transition (EMT).

Results: miR-325-3p expression was reduced and MT3 was increased in bladder cancer tissues and bladder cancer cells.
miR-325-3p mimics suppressed cell proliferation ability and invasion and migration rates of T24 cells. Moreover,
miR-325-3p was confirmed to target MT3. Further experiments showed that the effects of increased cell prolif-
eration, invasion, migration, and EMT promoted by MT3 overexpression were abolished by miR-325-3p mim-
ics, proving that miR-325-3p is a tumor suppressor through targeting MT3 in bladder cancer cells.

Conclusions: Downregulation of miR-325-3p in bladder cancer regulates cell proliferation, migration, invasion, and EMT by
targeting MT3. Furthermore, miR-325-3p is a potential therapeutic target in treating bladder cancer.
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Material and Methods

Bladder cancer is common worldwide, with men having a high-
er incidence rate than women [1] and women having more
advanced stage and less favorable outcomes than men [2]. In
addition to cytotoxic cisplatin-based chemotherapy, FGFR3 in-
hibitor, immune checkpoint inhibitor [3,4], neoadjuvant chemo-
therapy (NAC), and molecular-targeted therapy have been de-
veloped as promising strategies for treating bladder cancer, but
disease recurrence, progression, and mortality after treatment
still remains great challenges to be solved. Therefore, it is im-
portant to explore the molecular mechanism of bladder cancer.

MicroRNAs (miRNAs) are short non-coding RNAs that degrade
or reduce the translation of target mRNAs. Dysregulation of
miRNAs has been observed in most cancers, and is related to
tumorigenesis [5], proliferation [6], metastasis [7], chemoresis-
tance [8], and stemness [9]. Recently, miRNA signature in the
early stages of gastric tumorigenesis has been observed to re-
store miR143-3p expression or inhibit its target through BRD2,
which might be applied for treatment of gastric cancer [10].
Additionally, miRNAs are potential predictors for urologic cancer
survival [11]. In lung cancer, miR-325-3p has been found to be
downregulated, and it regulates cell proliferation and invasion
via targeting HMGB1 [12], while in hepatocellular carcinoma,
miR-325-3p suppresses cell growth by downregulating aqua-
porin 5[13]. miR-325 may be a potential biomarker of bladder
cancer [14]. The possible molecular mechanism of miRNA-325
in bladder cancer still needs to be further researched.

Metallothioneins (MTs) are small cysteine-rich proteins that
regulate homeostasis of metal and prevent cells from heavy
metal-induced cytotoxicity. MTs have been found to be down-
regulated in multiple cancers, and are involved in tumor angio-
genesis, tumor differentiation, immunomodulation, drug resis-
tance, tumor growth, and metastasis [15]. MTs have 4 main
isoforms (MT1, MT2, MT3, and MT4) in humans, and MT3 is
one of the 4 main isoforms. MT3 is downregulated in breast
cancer cell lines [16], but is enhanced in primary prostate can-
cer cells [17]. Additionally, MT3 is an oncogene, and promotes
the development of bladder carcinoma [18]. Nonetheless,
the function and mechanism of MT3 in bladder cancer and
whether miR-325 targets MT3 in bladder cancer should be
further researched.

This study was designed to investigate the roles of miR-325-3p
and MT3 in bladder cancer, hoping to find a potential thera-
peutic target based on miRNA.

Patients and tissue sample

From June 2017 to July 2018, 30 bladder cancer tissues and
adjacent normal tissues were collected from bladder cancer
patients after surgical operations. The current research was
approved by the Ethics Committee of Beijing Luhe Hospital
Affiliated to Beijing Capital Medical University. All patients
signed informed consent for sample collection. All histolog-
ical and pathologic diagnoses were confirmed by 3 patholo-
gists. All specimens were stored at -80°C.

Cell culture

Human normal ureter epithelial cell SV-HUC-1 (CRL-9520),
bladder cancer cells lines [SW780 (CRL-2169), and HT1376
(CRL-1472)] were obtained from the American Type Culture
Collection (USA). Another 3 bladder cancer cells lines (T24, )82
and UMUC3) were from the cell bank of the Chinese Academy
Sciences Typical Culture Preservation Committee (China). SV-
HUC-1 cells were cultured in F-12K medium; SW780 cells were
cultured in Leibovitz’s L-15 (11415056, Gibco, ThermoFisher,
USA); HT1376 and )82 cells were cultured in MEM medium
(11095114, Gibco, ThermoFisher, USA); T24 cells were cultured
in McCoy’s 5a medium (16600082, Gibco, ThermoFisher, USA);
and UMUC3 cells were cultured in MEM-a medium (32561037,
Gibco, ThermoFisher, USA). All media were supplemented with
10% FBS (16140071, Gibco, ThermoFisher, USA), and 1% peni-
cillin/streptomycin (15140163, Gibco, ThermoFisher, USA). All
cells were cultured in 5% CO, at 37°C.

Cell transfection

miR-325-3p mimics (5’-UACAGGUUAGAUUAUGUACU-3’), con-
trol mimics, and scramble negative control were purchased
from RiboBio Co. Opti-MEM (11058021, Invitrogen, USA) con-
taining Lipofectamine® 2000 (11668019, Invitrogen, USA) was
used to transfect miR-325-3p mimic and control mimics into
T24 cells at room temperature according to the instructions of
the manufacturer. Cells were incubated at 37°C for 24 h and
collected for further experiments.

Full-length cDNA sequence of MT3 was amplified and inserted
into the pcDNA 3.1 plasmid (V79020 Invitrogen, ThermoFisher,
USA). The pcDNA 3.1-MT3 was then transfected into T24 cells
for overexpressing MT3. Cells were incubated at 37°C for 24 h
and collected for further experiments.

Qualitative real-time PCR analysis

Tissue specimens and cells were treated by Trizol re-
agent (15596018, Invitrogen, ThermoFisher, USA) on ice.
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Table 1. Primers used for qRT-PCR.

Gene Forward

miR-325-3p [22]

TIMP-2 AAGCGGTCAGTGAGAAGGAAG
Cmwes TGTACCGCTATGGTTACACTCG
Ecadherin CGAGAGCTACACGTTCACGG
e GTCCCTTCGGGGACATCC
CGAPDH GCTCT CTGCTCCTCCTGTTC

ATATAGTGCTTGGTTCCTAGTAGGTGC
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Reverse

CCAGAGCCTAGCACAGTGCT

TAACTGGTTGAGCACAGGGTAC

NanoDrop 8000 (ND-8000-GL, Thermo Scientific, USA) was
used for determining the concentration of RNA.

For the quantification of MT3, TIMP-2, MMP9, and E-cadherin,
reverse-transcription was performed using the PrimeScript™ Il
First Strand cDNA Synthesis Kit (6210B, Takara, Japan). gRT-PCR
was performed with SYBR® Green PCR Master Mix (4312704,
ABI, USA). GAPDH served as a reference gene. For quantification
of miR-325-3p, reverse-transcription was performed using the
One-step miRNA RT kit (D1801, HaiGene, China). gRT-PCR was
performed with the SYBR Green gPCR kit (C10211-1, RiboBio,
China). U6 snRNA served as a reference gene. Reaction condi-
tions for all gqRT-PCR were: 95°C (5 min), 40 cycles with 95°C
(15's), 60°C (30 s), and 70°C (10 s). The Bio-Rad CFX 96 Touch
Real-Time PCR Detection System (1855196, Bio-Rad, China)
and the comparative threshold cycle method 24" were used
to calculate the relative expressions. All reactions were per-
formed in triplicate. All primers for qRT-PCR are shown in Tablel.

Cell Counting Kit-8 (CCK-8) assay

After the transfection, the cells (5000 cells/well) were grown
in 96-well plates. After incubation for 24, 48, or 72 h, 10 pL
CCK-8 (70-CCK801, MultiSciences, China) was dropped into the
well and bathed at 37°C for 4 h. Next, cell viability was mea-
sured at a wave length of 450 nm. All experiments were con-
ducted in triplicate.

Transwell assays

For detecting cell migration ability, a transwell chamber (3422,
Corning, USA) was inserted into the 24-well plates. Then, cells
in serum-free medium were added into the upper chamber.
Serum (20%) containing medium was placed into the lower
chamber. After being incubated for 48 h at 37°C, cells migrating
through the filters were counted under a microscope (TS100,
Nikon, Japan). For invasion assay, the pores in the membrane
were blocked by matrigel (354248, Corning, USA), and similar
operations were conducted as described above. Each experi-
ment was independently repeated in triplicate.

Dual-luciferase reporter assay

PMIR-reporter luciferase vector was used for luciferase assays.
Wild-type and mut-type MT3 3’UTR were linked to pMIR vector,
and then transfected into T24 cells. Control mimics, scramble
control mimics, or miR-325-3p mimic (15nM) were transfected
into the T24 cells. After incubation for 24 h, a dual-luciferase
reporter assay system (N1610, Promega, USA) with a GloMax®
Discover System (GM3000, Promega, USA) was used to deter-
mine the luciferase activity.

Western blotting

Tissues or cells were treated by RIPA lysis buffer (89901, Thermo
Scientific, USA) containing PMSF protease inhibitor (36978,
Thermo Scientific, USA), for protein extraction. Next, the total
proteins were separated by 10% sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and transferred to
polyvinylidene difluoride (PVDF) membranes (LC2002, Invitrogen,
ThermoFisher, USA), which were blocked by 5% of non-fat
milk (PA201-01, BioMed, China) for 10 min at room temper-
ature. Membranes were then exposed to primary antibodies
(anti-MT3 antibody (1: 1000, SAB1402849, Sigma, USA); Anti-
TIMP-2 antibody (1: 2000, ab180630, Abcam, UK), Anti-MMP9
antibody (1: 2000, ab38898, Abcam, UK) and Anti-E-cadherin
antibody (1: 2000, ab15148, Abcam, UK), or Anti-GAPDH anti-
body (ab181602, 1: 2000, Abcam, UK) at 4°C for 8 h. The mem-
branes were then incubated with anti-Mouse 1gG (1: 2000,
70-GAMO007, MultiSciences, China) with MT3 and anti-rabbit
IgG antibody (1: 2000, 7074, Cell Signaling Technology, USA) for
TIMP-2, MMP9, MMP9, and GAPDH at 4°C overnight. After each
incubation, the membrane was washed by 1xTBST (50 mM Tris,
150 mM NaCl and 2% Tween-20; pH 7.5). Finally, SignalFire™ ECL
reagent (6883, Cell Signaling Technology, USA) was applied to
collect the signals. GADPH served as an internal control.

Statistical analysis

SPSS v.19.0 software (IBM, Armonk, NY, USA) was used for data
analyses and GraphPad Prism 5.02 (La Jolla, CA, USA) was used
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for graphing. The data are expressed as the mean+SD, and an-
alyzed by t test or Tukey’s post hoc test after ANOVA. P<0.05
indicates a significant difference.

Results

miR-325-3p was reduced in bladder cancer tissue and cells.

To assess the effects of miR-325-3p in bladder cancer, we first
measured the level of miR-325-3p in bladder cancer tissues
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and cells lines. The gRT-PCR results showed that miR-325-3p
was downregulated (P<0.001, Figure 1A, 1C) and MT3 was up-
regulated (P<0.001, Figure 1B, 1D) in bladder cancer tissues
and bladder cancer cell lines, compared with tumor-adjacent
normal bladder tissues and normal ureter epithelial cell SV-
HUC-1, respectively. As miR-325-3p expression in T24 cells was
the lowest among all detected bladder cancer cells, T24 cells
were used in further research.
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Figure 1. The expression pattern and effects of miR-325-3p on bladder cancer tissues and cells. (A) The expression levels of
miR-325-3p in tumor-adjacent normal bladder tissues (n=30) and bladder cancer tissues (n=30) were measured by gRT-
PCR. * Vs. adjacent tissue. * P<0.05; ** P<0.001. (B) The expression levels of MT3 in tumor-adjacent normal bladder tissues
(n=30) and bladder cancer tissues (n=30) were measured by qRT-PCR. * Vs. adjacent tissue. * P<0.05; ** P<0.001. (C)

The expression levels of miR-325-3p in different bladder cell lines (SV-HUC-1, SW780, HT1376, T24, J82 and UMUCS3 cells)
were measured by qRT-PCR. * Vs. SV-HUC-1. * P<0.05; ** P<0.001. (D) The expression levels of MT3 in different bladder
cell lines (SV-HUC-1, SW780, HT1376, T24, )82 and UMUC3 cells) were measured by gRT-PCR. * V5. SV-HUC-1. * P<0.05;

** P<0.001. (E) The proliferation capacity of T24 cells was measured by CCK-8 assays after interference with control, NC or
miR-325-3p mimics at 0 h, 24 h, 48 h and 72 h. (F, H) The cell migration of T24 cells was evaluated by transwell assay at
200x. The migration rate of T24 cells was measured in the right chart. (G, I) The cell invasion of T24 cells was evaluated
by transwell assay at 200x. The invasion rate of T24 cells was shown in the right chart. * Vs. NC. * P<0.05; ** P<0.001.
Control — non-specific target control; NC — scrambled negative control.

miR-325-3p mimics suppressed cell proliferation,
migration, and invasion in T24 cells.

After the transfection of miR-325-3p mimics into T24 cells,
CCK-8 assay showed that the proliferation rate of T24 cells was
reduced by miR-325-3p mimics (P<0.001, Figure 1E). Transwell
assays indicated that the cell migration and invasion were
also reduced by miR-325-3p mimics (P<0.001, Figure 1F-1I).

miR-325-3p regulated the expression level of MT3 via
targeting 3’UTR of MT3.

TargetScan7.2 predicted that 3’UTR (site 116-122) of MT3
mRNA was possibly the target of miR-325-3p (Figure 2A), and
the prediction was verified by dual-luciferase reporter assay, as
the luciferase activity of T24 cells transfected with MT3-3’-UTR
and miR-325-3p mimics was significantly reduced (P<0.001),
while there was little change in T24 cells co-transfected with
miR-325-3p mimics and MT3-3’-UTR-mut (Figure 2B). In ad-
dition, gRT-PCR determined that miR-325-3p mimics down-
regulated the level of MT3 (P<0.001, Figure 2D), while over-
expression of MT3 did not influence miR-325-3p expression
(P<0.001, Figure 2C). Western blot analysis demonstrated that
miR-325-3p mimics also downregulated the expression level
of MT3 (P<0.001, Figure 2E, 2F).

miR-325-3p regulated cell proliferation, migration,
invasion, and EMT through targeting MT3

To further explore the effects of miR-325-3p on bladder cancer
cells through targeting MT3, we measured the cell prolifera-
tion, cell migration, and invasion of T24 cells transfected with
miR-325-3p mimics or MT3 overexpression plasmid. The results
showed that overexpression of MT3 increased the cell prolif-
eration rate, while miR-325-3p mimics reversed the effect of
MT3 overexpression (P<0.001, Figure 3A). The increased migra-
tion and invasion of T24 cells with MT3 overexpression were
also rescued by miR-325-3p mimics (all P<0.001, Figure 3B-3E).

To investigate the effects of miR-325-3p mimics on EMT, TIMP-2,
MMP9, and E-cadherin were measured to reflect the EMT state
in T24 cells. The data demonstrated that overexpression of
MT3 reduced the expressions of TIMP-2 and E-cadherin (both
P<0.001), and increased the expression of MMP9 (P<0.001),
which, however, were reversed by miR-325-3p mimics (P<0.001,
Figure 3F-3H).

Discussion

miRNAs are key modulators in cancers. miRNAs are frequently
dysregulated in bladder cancers, and many of them are func-
tionally involved in the pathogenesis of cancer. In this study,
we found that miR-325-3p is a tumor suppressor to bladder
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Figure 2. miR-325-3p regulated the expression level of MT3 via targeting 3’UTR of MT3 mRNA in T24 cells. (A) The potential target
site for miR-325-3p in the 3’'UTR of the MT3 mRNA predicted by Targetscan7.2. (B) Double-luciferase reporter assays were
used to validate miR-325-3p binding at the 3’UTR of MT3 in T24 cells. * Vs. Control+MT3-3’-UTR; # Vs. miR-325-3p+MT3-3’-
UTR-mut. * P<0.05; ** P<0.001. (C) The relative mRNA expression level of miR-325-3p was measured by qPCR in T24 cells.
(D, E) QRT-PCR analysis (D) and Western blot (E, F) showed the expression level of MT3 in T24 cells. * Vs. NC; * vs. MT3.

* P<0.05; ** P<0.001. Control — non-specific target control; NC — scrambled negative control; MT3+ miR-325-3p mimics — co-
transfection with MT3 overexpression plasmid and miR-325-3p mimics.
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cancer through inhibiting cell proliferation, migration, and in-
vasion via targeting MT3. We are the first to demonstrate the
relationship between miR-325-3p and MT3 in bladder cancer.

Recently, miRNAs have become potential therapeutic tools in
treatment of cancers, as cancer-related miRNAs function as
oncogenes or suppressors [19,20]. In non-small cell lung can-
cer, miRNAs are used in anti-metastatic therapy [21]. The cell-
cycle-targeting miRNAs are used for inhibiting excessive tu-
mor growth [22]. Thus, we were interested in the potential
inhibitive function of miR-325-3p mimics on bladder cancer.
In the current study, we found that miR-325-3p was signifi-
cantly reduced in bladder cancer tissues and cells, suggest-
ing that miR-325-3p was potentially related to the process of

LAB/IN VITRO RESEARCH

bladder cancer. Furthermore, we found that miR-325-3p over-
expressed by its mimics reduced the cell proliferation, migra-
tion, and invasion rate, but function of miR-325-3p overex-
pression in bladder cancer should be further verified in vivo.

Previous studies showed that miR-325-3p has several tar-
gets genes; for example, miR-325-3p negatively regulates
EGFR [23]. A study also confirmed a direct interaction between
miR-325-3p and AANAT mRNA in hypoxic-ischemic brain dam-
age rats [24]. In our study, we found that MT3 could be tar-
geted by miR-325-3p in bladder cancer cells. We hypothesized
that miR-325-3p, like other miRNAs, has multiple target genes
and plays complicated roles in the development of cancer. MT3
is one of the 4 main isoforms in the metallothioneins (MTs)
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Figure 3. miR-325-3p regulated proliferation, migration, invasion, and EMT via targeting MT3. (A) The proliferation capacity of 724
cells transfected with control, NC, miR-325-3p mimics or MT3 plasmid at O h, 24 h, 48 h, and 72 h was measured by CCK-8
assays. (B, C) The cell migration of T24 cells was evaluated by transwell assay at 200x. The migration rate of T24 cells was
measured in the right chart. (D, E) The cell invasion of T24 cells was evaluated by transwell assay at 200x. The invasion rate
of T24 cells was shown in the right chart. (F-H) QRT-PCR analysis (F) and Western blot (G, H) showed the expression levels of
TIMP-2, MMP9 and E-cadherin. * Vs. NC; # vs. MT3. * P<0.05; ** P<0.001. Control — non-specific target control; NC — scrambled
negative control; MT3+ miR-325-3p mimics — co-transfection with MT3 overexpression plasmid and miR-325-3p mimics.

family, and promotes the invasion of triple-negative breast
cancer through upregulating metalloproteinase [25]. MT3 is
also induced by hypoxia to enhance tumorigenesis and cell
invasion ability of bladder carcinoma [18]. However, a study
suggested that MT3 is a tumor suppressor and is frequently
downregulated in acute myeloid leukemia [26]. Thus, the func-
tion of MT3 in cancer remains unclear. We found that MT3 was
the target for miR-325-3p. Further experiments demonstrated
that MT3 is more likely an oncogene in bladder cancer, and
overexpression of MT3 increased the growth and metastasis
of bladder cancer cells, which was consistent with most pre-
vious studies. We confirmed that MT3 is the functional target
for miR-325-3p in bladder cancer cells.

Epithelial-mesenchymal transition (EMT) is a cellular program
involved in embryogenesis, wound healing, and malignant
progression. In cancers, EMT is frequently associated with tu-
mor initiation, metastasis, and therapy resistance [27]. EMT
is associated with inhibition of epithelial markers (E-cadherin)
and tissue inhibitor of metalloproteinases-2 (TIMP-2), as well

as the upregulation of mesenchymal markers (vimentin and
N-cadherin) and mesenchymal marker of matrix metallopro-
teinase-9 (MMP-9) [28-31]. In the current study, expressions
of E-cadherin, MMP-9, and TIMP-2 were detected to reflect the
EMT state, and we found that MT3 promoted EMT of bladder
cancer cells through reducing E-cadherin level and increasing
TIMP-2 and MMP9 levels, thereby potentially increasing the mi-
gration and invasion ability of bladder cancer cells. Moreover,
we found that miR-325-3p mimics conversely inhibited EMT
in bladder cancer cells and compromised the effect of MT3 on
EMT in bladder cancer cells. On one hand, we speculated that
miR-325-3p regulated the EMT program through targeting
MT3; on the other hand, the effects of miR-325-3p on cell in-
vasion and migration were potentially attributed to the regula-
tion of EMT by MT3. In addition, a study found that upregula-
tion of MT3 is associated with poor prognosis in glioblastoma
multiforme [32]. As EMT induction is significantly associated
with high-grade and high-stage tumors [33], and high-grade
tumors are more aggressive than low-grade ones, we specu-
lated that miR-325-3p might also be correlated with bladder
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cancer grade, stage, and poor prognosis through MT3, but this
needs further confirmation.

Conclusions

In conclusion, miR-325-3p expression is reduced in bladder
cancer, and it regulates cell proliferation, migration, invasion,
and EMT through targeting MT3. These findings provide new
understanding of the roles of miR-325-3p and MT3 in bladder
cancer and suggest a potential therapy.
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