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MicroRNA‑34a‑5p serves as a tumor suppressor by
regulating the cell motility of bladder cancer cells
through matrix metalloproteinase‑2 silencing
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Abstract. Bladder cancer (BC), a common urologic cancer,
is the fifth most frequently diagnosed tumor worldwide.
hsa‑miR‑34a displays antitumor activity in several types
of cancer. However, the functional mechanisms underlying
hsa‑miR‑34a in BC remains largely unknown. We observed
that hsa‑mir‑34a levels were significantly and negatively
associated with clinical disease stage as well as regional lymph
node metastasis in human BC. In a series of in vitro investigations, overexpression of hsa‑miR‑34a inhibited cell migration
and invasion in BC cell lines 5637 and UMUC3 as detected
by Transwell assays. We further found that hsa‑miR‑34a
inhibited cell migration and invasion by silencing matrix
metalloproteinase‑2 (MMP‑2) expression and thus interrupting MMP‑2‑mediated cell motility. Our analysis of BC
datasets from The Cancer Genome Atlas database revealed
a negative correlation between hsa‑miR‑34a and MMP‑2.
Moreover, higher MMP‑2 protein expression was observed in
the BC tissues when compared with that noted in the normal
tissue. MMP‑2 levels were also significantly associated with
clinical disease stage and poor survival rate in human BC.
These findings indicate that MMP‑2 plays a critical role
in regulating BC progression. Therefore, hsa‑miR‑34a is a
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promising treatment to target MMP‑2 for the prevention and
inhibition of cell migration and invasion in BC.
Introduction
Bladder cancer (BC) is the fifth most commonly diagnosed
tumor worldwide and the second leading cause of death in
patients with genitourinary tract malignancies (1). Annually,
approximately 430,000 new BC cases and 165,000 cancer
deaths are reported globally, according to the International
Agency for Research on Cancer and the World Health
Organization (2). The vast majority (an estimated 80%) of BC
is diagnosed as nonmuscle invasive (NMIBC), also known
as superficial BC, and the remaining 20% are muscle (i.e.,
muscularis propria)‑invasive BC (MIBC) (3). The overall
survival rate of patients diagnosed with NMIBC is high,
although 30‑50% of NMIBC will recur after transurethral
resection and 10‑20% will progress to MIBC (4). MIBC is
responsible for the vast majority of BC‑specific deaths, and
approximately 50% of patients with MIBC present a higher
incidence of distant metastasis than those with NMIBC at
the time of diagnosis (5). Currently, transurethral resection
of a bladder tumor (TURBT) and intravesical chemotherapy
are still considered the standard of care for bladder cancer.
However, not all patients are suitable for chemotherapy. Viable
treatment alternatives are warranted in the treatment of BC.
Tumor metastasis is a complex and continuous multistep
process encompassing local adhesion, migration, and invasion that also accompany a variety of proteases, particularly
matrix metalloproteinases (MMPs) (6). MMPs, a group of
calcium (Ca2+)‑ and zinc (Zn2+)‑dependent endopeptidases, are
responsible for the tissue remodeling and degradation of the
extracellular matrix (ECM) leading to tumor cell migration and
invasion in the metastatic environment (7,8). In total, 24 genes
encoding MMPs in humans have been identified and many are
implicated in cancer (9). For instance, MMP‑1, MMP‑3, and
MMP‑9 expression levels are high in human chondrosarcoma
cells, and MMP‑9 is positively correlated with clinical outcome
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parameters in chondrosarcoma (10). The secretion of MMP‑2
and MMP‑9 is elevated in various types of human cancers, and
their expression is closely related to clinical staging, lymph
node metastasis, and poor prognosis (11‑13).
MicroRNAs (miRNAs/miRs), consisting of approximately
22 nucleotides, are non‑coding RNAs (14) that bind to target
mRNAs and suppress protein translation by either blocking the
translation or destabilizing mRNA levels (15). Many miRNAs
are classified as either tumor‑suppressive (TS) miRNAs or
oncogenic miRNAs, also known as oncomirs (16). miR‑34a
is a TS miRNA, and its expression is epigenetically silenced
in several human cancers (17,18). Expression of hsa‑miR‑34a
stimulates cell apoptosis, cell cycle arrest, cellular senescence,
epithelial‑mesenchymal transition (EMT) repression, and
impedes cell proliferation in cancer stem cells (19). Moreover,
hsa‑miR‑34a is downregulated in BC tissues and has been
demonstrated to inhibit migration and invasion by silencing
Notch1 (20) or CD44 (21). Overexpression of hsa‑miR‑34a
may also inhibit cell migration and invasion and thus suppress
metastasis in hepatocellular carcinoma (22). In breast cancer,
low hsa‑miR‑34a expression was found to advance cell invasion in vitro and distant metastasis in vivo by directly silencing
proto‑oncogene Fos‑related antigen‑1 (Fra‑1) expression (23).
These findings highlight hsa‑miR‑34a as a potential therapeutic target and a clinical biomarker of cancer progression
and metastasis.
The present study revealed that hsa‑miR‑34a expression
is negatively associated with clinical disease stage, regional
lymph node metastasis, and overall survival rate in patients
with BC. In vitro evidence revealed that hsa‑miR‑34a
suppressed MMP‑2 expression, leading to inhibition of BC
cell motility. Another critical clinical characteristic of MMP‑2
was its higher expression in late stage than in early stage
BC. Moreover, high expression of MMP‑2 was found to be
significantly associated with a lower survival rate for patients
with BC. This study provides insight into the mechanisms
underlying hsa‑miR‑34a‑mediated cell migration and invasion
through MMP‑2 silencing in BC.
Materials and methods
Cell culture. Human BC cell lines (5637 and UMUC3) and
human bladder epithelial cell line (SV‑HUC‑1) were obtained
from Bioresource Collection and Research Center (Hsinchu,
Taiwan) and incubated at 37˚C under 5% CO2. SV‑HUC‑1
cells were cultured in F‑12 medium (Gibco; Thermo Fisher
Scientific, Inc.). 5637 and UMUC3 cells were cultured in
RPMI‑1640 medium (Gibco; Thermo Fisher Scientific, Inc.).
All culture media were supplemented with 10% fetal bovine
serum (FBS), 2 mM GlutaMAX‑1, 100 U/ml penicillin, and
100 µg/ml streptomycin.
hsa‑miR‑34a stable clones in BC cells. MicroRNA expression
vectors were constructed by annealing a paired oligonucleotide
consisting of mature hsa‑miR‑34a‑5p sequences and cloning it
into a small‑RNA expression vector (pSM‑vector), as previously described (24). Culture cells with 70% confluence were
transfected with pSM‑34a‑5p in 6‑well plates for 24 h prior to
the administration of G418 selection antibiotic. The transfection was performed using polymer‑based transfection reagents

(Ultra293, GeneDirex, Taipei, Taiwan) according to manufacturer's instructions. The cell viability of each transfected cell
line was tested to investigate whether miRNA disrupted BC
cell proliferation.
Transfection of hsa‑miR‑34a mimic and inhibitor. MISSION
synthetic negative control (NC) mimic (5'‑GGUUCGUAC
GUACACUGUUCA‑3'), hsa‑miR‑34a‑5p mimic (5'‑UGGCAG
UGUCUUAGCUGGU UGU‑3'), NC inhibitor (5'‑GGUUCG
UACGUACACUGUUCA‑3') and hsa‑miR‑34a‑5p inhibitor
(5'‑ACAACCAGCUAAGACACUG CC‑3') were purchased
from Sigma‑Aldrich/Merck KGaA. Cells were seeded in
6‑well dishes with 2 ml culture medium. Viromer ® BLUE
(Lipocalyx GmbH, Germany), miRNA transfection reagent,
was used to transfect hsa‑miR‑34a mimic (100 nM) or inhibitor
(100 nM) in cells for 24 h. Cell samples were then evaluated
for MMP‑2 expression and the ability of cell migration and
invasion by Western blot analysis and Transwell migration
assay, respectively.
Luciferase reporter assay. Wild‑type (5'…CACUGCC…3')
and mutant (5'…GAGAGGC…3') plasmids of human MMP‑2
3'‑UTR (untranslated region) containing the miR‑34a‑5p
binding site were constructed in pmiR‑GLO (Promega Corp.)
by MDBio, Inc. (Taipei, Taiwan). BC cells were seeded in
6‑well dishes and transfected with the plasmid (1 µg/µl), using
Viromer ® RED (Lipocalyx GmbH), as per manufacturer's
protocol. After 24 h of transfection, cell lysates were harvested
and the activities of firefly and Renilla luciferase were detected
using Dual‑Luciferase kit (Promega Corp.). Firefly luciferase
activity was normalized to Renilla luciferase activity.
Western blot analysis. Total proteins were extracted from BC
cell lines. The samples containing 20 µg of total protein were
electrophoresed on 12% sodium dodecyl sulfate‑polyacrylamide gel electrophoresis (SDS‑PAGE) gels and proteins were
transferred to Immobilon polyvinyldifluoride membranes.
Bovine serum albumin (4%) was used to block membranes
for 1 h at room temperature; the membranes were then
probed with primary anti‑MMP‑2 (dilution 1:3,000; GeneTex;
cat. no. GTX104577), anti‑b‑actin (dilution 1:5,000; Merck;
cat. no. MAB1501) and anti‑GAPDH (dilution 1:5,000; Abcam;
cat. no. ab8245) antibodies at 4˚C overnight. The membranes
were incubated with the appropriate horseradish peroxidase
(HRP)‑conjugated anti‑rabbit antibody (dilution 1:3,000; Cell
Signaling; cat. no. 7074S) or anti‑mouse antibody (dilution
1:3,000; Sigma‑Aldrich/Merck KGaA; A9044) at 37˚C for 1 h.
Enhanced chemiluminescence was then added to the blots,
which were imaged using a ChemiDoc‑It Imaging System
(UVP Inc.).
Quantitative real‑time polymerase chain reaction. Total RNA
extracted from BC cells was reverse transcribed and subjected
to quantitative real‑time polymerase chain reaction (qPCR) to
detect MMP‑2 and GAPDH as previously described (25).
Migration and invasion assays. Transwell inserts in 24‑well
dishes (8‑µm pore size; Costar) were used to perform cell
migration and invasion. For invasion assays, Transwell inserts
were precoated with 30 µl Matrigel basement membrane
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Figure 1. UALCAN portal analysis of BC samples based on the TCGA database. (A) Comparison of hsa‑miR‑34a expression between male and female
individuals in BC samples. (B‑F) Expression of hsa‑miR‑34a for different races, tumor histology, molecular subtypes, clinical stages, and nodal metastasis
status of BC samples. (G) Overall survival rate between patients with BC with high and low hsa‑miR‑34a expression. All data are expressed as the mean ± the
SD of triplicate samples. *P<0.05, ***P<0.001 compared with the control group; ns, not significant. BC, bladder cancer; TCGA, The Cancer Genome Atlas.

matrix (BD Biosciences) for 30 min. The human BC cells in
200 µl serum‑free medium were seeded in Transwell inserts
with a 300 µl medium containing 1% FBS and placed in the
lower chamber. Cell migration and invasion were imaged
under x200 magnification by Eclipse Ti2 microscope (Nikon)
after 24 h.
Analysis of publicly available database. Using the TCGA
dataset of bladder urothelial carcinoma, the correlations
among MMP‑2, hsa‑mir‑34a expression, race, tumor histology,
molecular subtype, clinical stage, and nodal metastasis status
were analyzed for each tumor sample through the UALCAN
web server (http://ualcan.path.uab.edu/) (26). Overall
survival rate between patients with BC with high and low
hsa‑miR‑34a or MMP‑2 expression was analyzed by OncoLnc
(http://www.oncolnc.org/).
Statistical analysis. Statistical analyses were performed using
SigmaPlot 10.0 (Systat Software, Inc.) and GraphPad Prism
7 (GraphPad Software. Inc.). The values are expressed as
the mean ± standard deviation (SD). All differences between
experimental groups and controls were assessed for significance using Student's t‑test. Between‑group differences were
considered to be significant if the P‑value was <0.05.

Results
Clinical importance of hsa‑miR‑34a in human BC based on the
TCGA Database. Numerous studies have classified hsa‑mir‑34a
as a tumor suppressor because it inhibits tumorigenesis, and
hsa‑mir‑34a is considered a potential therapeutic candidate for
cancer (27). However, the clinical importance of hsa‑mir‑34a
in human BC is largely unknown. We therefore analyzed the
expression pattern of hsa‑mir‑34a by using different variables
from The Cancer Genome Atlas (TCGA) Urothelial Bladder
Carcinoma datasets through the UALCAN web server. Results
revealed that hsa‑miR‑34a had a lower expression in female
individuals diagnosed with BC (n=107) than in male individuals
(n=302) (P=0.04628; Fig. 1A). Notably, hsa‑miR‑34a expression was more enhanced in Asians (n=44) than in Caucasians
(n=324; P=0.0195) and African‑Americans (n=23; P=0.00007;
Fig. 1B). This result indicates that hsa‑miR‑34a expression
varies according to genetic differences between races. We
further analyzed the expression pattern of hsa‑miR‑34a in tumor
histology and molecular subtypes of BC. Papillary urothelial
carcinoma (n=131), which progresses more slowly and has a
more straightforward treatment and a more favorable prognosis
than other types of BC (28), exhibited higher hsa‑miR‑34a
expression than nonpapillary samples (n=273; P=0.00061;
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Figure 2. hsa‑miR‑34a affects the functions of cell migration and invasion in BC cells. (A‑D) Cells were transfected with control or hsa‑miR‑34a mimic for
24 h after which cell migration and invasion were performed using Transwell assays. The number of migrated or invaded cells were quantified. All data are
expressed as the mean ± SD of triplicate samples. **P<0.01, ***P<0.001, ****P<0.0001 compared with the control group. BC, bladder cancer.

Fig. 1C). Moreover, MIBC has five molecular subtypes, namely
luminal‑papillary, luminal‑infiltrated, luminal, basal‑squamous,
and neuronal (28). We found that the luminal‑papillary subtype
(n=142) exhibited higher levels of hsa‑miR‑34a expression
than did the other four molecular subtypes (Fig. 1D). By
contrast, the neuronal subtype (n=19), which has the poorest
clinical outcome of all the subtypes, exhibited lower levels of
hsa‑miR‑34a expression than did the luminal‑papillary subtype
(P=0.000002; Fig. 1D). These data indicate that hsa‑miR‑34a
may be positively associated with favorable clinical outcomes.
Next, we analyzed hsa‑miR‑34a expression in clinical
stages and nodal metastasis status of BC samples. Results indicated that late stage (stage III and IV) had lower hsa‑miR‑34a
expression than did early stage (stage II) tumors (stage II vs. III:
P=0.025879; stage II vs. IV: P=0.046764; Fig. 1E). Moreover,
significant associations were observed between low
hsa‑miR‑34a expression levels and regional lymph node

metastasis (N0 vs. N1: P=0.010535; Fig. 1F). OncoLnc, a new
TCGA data portal, focuses on survival correlations by using
mRNA or miRNA expression data. Using OncoLnc analysis,
we found that low hsa‑miR‑34a expression levels were significantly correlated with a low survival rate for patients with BC
(P=0.045; Fig. 1G). These data indicate that hsa‑miR‑34a, as
a tumor suppressor, has significant associations with clinical
and histopathologic characteristics in patients with BC.
hsa‑miR‑34a impedes cell migration and invasion in BC cells.
hsa‑miR‑34a can inhibit cancer cell proliferation and migration (29). Therefore, we investigated whether hsa‑miR‑34a
exhibits antitumor effects in inhibiting BC cell motility. An
hsa‑miR‑34a mimic was used to analyze its function in regulating
cell migration and invasion by employing a Transwell assay.
We found that compared with the control mimic, hsa‑miR‑34a
mimic significantly suppressed cell migration (Fig. 2A and B)
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Figure 3. hsa‑miR‑34a suppresses MMP‑2 expression through direct binding. (A) An miRNA target prediction program (microRNA.org) was used to identify
miRNAs that potentially bind to the MMP‑2 3'‑UTR. (B) Levels of MMP‑2 mRNA expression in different BC cell lines were determined by qPCR assay.
(C and D) Cells were cotransfected with wild‑type or mutant MMP‑2 3'‑UTR (1 µg/µl) and control mimic or hsa‑miR‑34a mimic (100 nM) for 24 h, and
luciferase activities were measured. (E‑G) Cells were transfected with control mimic or hsa‑miR‑34a mimic for 24 h; the levels of MMP‑2 protein and mRNA
expression were measured using western blot analysis and qPCR assay, respectively. (H) Correlation between hsa‑miR‑34a and MMP‑2 expression in BC
samples. All data are expressed as the mean ± the SD of triplicate samples. *P<0.05, ****P<0.0001 compared with the mimic control group. MMP‑2, matrix
metalloproteinase‑2; BC, bladder cancer.

and invasion ability (Fig. 2C and D) in the 5637 and UMUC3 cell
lines. The groups between the control and control mimic exhibited no such effects. The successful transfection of hsa‑miR‑34a
mimic was confirmed (Fig. S1A). These data demonstrated that
hsa‑miR‑34a reduced cell migration and invasion in BC cells.
hsa‑miR‑34a directly targets MMP‑2. The action of miRNAs
appears to involve mRNA silencing by binding to the 3'‑UTRs
(untranslated regions) at the miRNA recognition elements of
target mRNAs (30). Subsequently, we investigated which target
mRNA hsa‑mir‑34a binds to when impeding cell motility. On
the basis of an analysis using the miRNA target prediction
program (microRNA.org), we confirmed that hsa‑miR‑34a
directly targets the 3'‑UTR of MMP‑2 (Fig. 3A). Therefore, we
hypothesized that hsa‑miR‑34a affects BC cell migration and
invasion through MMP‑2 silencing. First, we assessed basal

MMP‑2 expression levels in three BC cell lines. The 5637 and
UMUC3 cells exhibited significantly higher MMP‑2 mRNA
and protein expression than T24 cells (Figs. 3B and S1B).
To confirm that hsa‑miR‑34a directly binds to the
3'‑UTR of MMP‑2 and inhibits MMP‑2 mRNA translation, we constructed wild‑type and mutant MMP‑2‑3'‑UTR
luciferase plasmids containing hsa‑miR‑34a binding sites.
After transfection of 5637 and UMUC3 cells with wild‑type
luciferase plasmids, we found that the hsa‑miR‑34a mimic
inhibited luciferase activity, but the mutant type had no such
affect (Fig. 3C and D). Moreover, the hsa‑miR‑34a mimic
diminished the levels of endogenous MMP‑2 protein and
mRNA expression in 5637 and UMUC3 cells (Fig. 3E‑G).
hsa‑miR‑34a expression was also negatively correlated with
MMP‑2 mRNA in human BC samples (Fig. 3H). According
to our data, high hsa‑miR‑34a expression levels are associated
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Figure 4. Inhibition of MMP‑2 expression suppresses cell motility in BC cells stably expressing hsa‑miR‑34a. (A and B) BC cells stably expressing control or
hsa‑miR‑34a were established. The levels of MMP‑2 protein and mRNA expression were determined using western blot analysis and qPCR assay, respectively.
(C‑F) Cell migration and invasion abilities in stable cells were determined using Transwell assays. The number of migrated or invaded cells were quantified.
All data are expressed as the mean ± SD of triplicate samples. **P<0.01, ***P<0.001, ****P<0.0001 compared with the control group. MMP‑2, matrix metalloproteinase‑2; BC, bladder cancer.

with improved clinical outcomes and significant suppression
of MMP‑2 expression by combining with the 3'‑UTR region
of MMP‑2 mRNA.
Hsa‑miR‑34a regulates cell motility by suppressing MMP‑2
expression. To confirm that MMP‑2 is a critical mediator
involved in hsa‑miR‑34a‑regulated cell migration and invasion,
BC cell lines 5637 and UMUC3 that stably expressed control or
hsa‑miR‑34a were established. Low levels of MMP‑2 expression were measured in hsa‑miR‑34a stable cells (Fig. 4A and B)
and hsa‑miR‑34a inhibitor reversed the MMP‑2 downregulation (Fig. S1C). The successful transfection of hsa‑miR‑34a
inhibitor was verified (Fig. S1D). Moreover, hsa‑mir‑34a stable
cells exhibited low mobility (Fig. 4C and D) and invasiveness
(Fig. 4E and F). Thus, hsa‑miR‑34a regulates cell migration
and invasion by suppressing MMP‑2 expression in BC cells.
Clinicopathologic characteristics of MMP‑2 in patients with
BC. To further investigate the role of MMP‑2 in human BC,
we analyzed the clinical importance of MMP‑2 in human BC
tissue samples derived from the Human Protein Atlas database. MMP‑2 protein levels were higher in tumor specimens
than in normal tissues (Fig. 5A and B). The data presented in
Fig. 5C‑H revealed that, in BC patients, MMP‑2 expression
differed according to sex, race, tumor histology, molecular
subtype, tumor stages, and regional lymph node metastasis.
Overexpression of MMP‑2 was higher in Caucasians than in
Asians (P=0.012; Fig. 5D). Similarly, MMP‑2 expression was

significantly elevated in BC tissues of nonpapillary (P=0.0043;
Fig. 5E) or luminal‑infiltrated subtypes (luminal‑infiltrated vs. luminal‑papillary: P=1.76E‑12; Fig. 5F). Additionally,
the mRNA levels of MMP‑2 in patients with stage III and IV
BC were clearly higher than those in patients with stage II
(stage II vs. stage III: P=0.00002; stage II vs. stage IV:
P=0.00001; Fig. 5G). We also found that high levels of MMP‑2
expression were significantly correlated with low survival
rates for patients with BC (P=0.045; Fig. 5I). However, no relationship was observed between MMP‑2 expression and other
clinical features such as sex (Fig. 5C) and regional lymph node
metastasis (Fig. 5H). Taken together, our results indicate that
increased MMP‑2 might predict a poor prognosis for patients
with BC, and MMP‑2 is an excellent target for developing BC
treatments.
Discussion
Bladder cancer (BC) is a common urologic cancer (31).
Surgery and chemotherapy are useful standard treatments;
however, tumor recurrence rates (an estimated 70% within
5 years) remain high, and progression to invasive disease
is extremely common (32). The poor prognosis in patients
with BC is related to high local recurrence rates and distant
metastases (33). Developing a novel and safer BC treatment
that improves patient outcomes and recurrence rates is
essential. This study investigated the therapeutic potential of
hsa‑miR‑34a in inhibiting BC cell migration and invasion.
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Figure 5. Levels of MMP‑2 expression correlate with clinicopathologic features of BC. (A and B) Representative immunohistochemistry images of MMP‑2
protein expression in BC tissues and normal bladder tissues. MMP‑2 staining intensity was quantified. (C) Comparison of MMP‑2 expression between male
and female individuals in BC samples. (D‑H) MMP‑2 expression for different race, tumor histology, molecular subtypes, clinical stages, and nodal metastasis
status of BC samples. (I) Survival probability between patients with BC with high and low MMP‑2 expression. All data are expressed as the mean ± SD of
triplicate samples. *P<0.05, **P<0.01, ***P<0.001 compared with the control group; ns, not significant. MMP‑2, matrix metalloproteinase‑2; BC, bladder cancer.

The extracellular matrix (ECM) in the tumor microenvironment plays a vital role in regulating cancer progression (34).
Notably, MMPs are involved in every step of tumor progression, such as promoting angiogenesis (35), tumor growth, and
distant metastasis (36). MMP‑14 silencing significantly reduced
tumor cell migration and invasion ability (37). Similarly,
MMP‑9 silencing was found to diminish cell migration and
invasion in glioma cells (38). Furthermore, in vivo analysis
revealed that increased MMP‑2 levels are correlated with
melanoma progression (39). MMP‑9 knockdown significantly
inhibited tumor growth and metastasis in a mouse xenograft
model of triple‑negative breast cancer (40). In the present
study, we found that high MMP‑2 expression levels were
significantly correlated with low survival rates in patients with
BC. The mRNA levels of MMP‑2 in patients with stage III
and IV BC were markedly higher than those in patients with
stage II. We further demonstrated that MMP‑2 mediates BC
cell migration and invasion. From a clinical perspective, MMP
expression is correlated with tumor aggressiveness, disease
stage, and poor prognosis in patients with cancers (41,42).
Together, these findings indicate that MMPs are an attractive
target for cancer therapeutics. Cancer clinical trials have been
conducted with numerous MMP inhibitors, including peptidomimetics, nonpeptidomimetics inhibitors, and tetracycline

derivatives, which target MMPs in the extracellular space (43).
However, the results have been disappointing and associated
complications, such as musculoskeletal pain and inflammation,
have been of great concern (43). Therefore, new drugs for the
treatment of BC should be developed.
As crucial modulators in cellular pathways, microRNAs
are instrumental in tumorigenesis and metastasis by targeting
numerous oncogenes simultaneously through translation
repression or mRNA degradation (44). A thorough understanding of associated downstream and upstream miRNAs
is essential for successful treatment. In BC, hsa‑miR‑34a has
been reported to attenuate metastasis and chemoresistance by
reducing the levels of TCF1 and LEF1 (45). Also, hsa‑miR‑34a
was found to inhibit BC cell migration and invasion by upregulating tumor‑suppressor gene PTEN (46). Our study results
concur with these findings, by showing that hsa‑miR‑34a
inhibits MMP‑2 expression and thereby suppresses cell migration and invasion in BC cells. The relevant results indicate that
the hsa‑miR‑34a/MMP‑2 axis is involved in the regulation of
the antitumor effect of esophageal squamous cell carcinoma
and glioma (47,48). In addition, we also found that hsa‑miR‑34a
was significantly correlated with clinical and histopathologic
characteristics in human BC. However, hsa‑miR‑34a‑mediated
MMP‑2 expression and tumor invasiveness should be evaluated
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Figure 6. Schematic image depicting the mechanism by which hsa‑miR‑34a modulates cell motility through MMP‑2 downregulation in BC cells. Modeling
revealed that hsa‑miR‑34a directly targets the 3'‑UTR of MMP‑2 mRNA and thus suppresses MMP‑2 translation. Overexpression of hsa‑miR‑34a in human
BC cells may represent a potential treatment strategy. MMP‑2, matrix metalloproteinase‑2; BC, bladder cancer.

in vivo to confirm these findings. In multiple myeloma, intratumor or exogenous delivery of lipidic‑formulated synthetic
hsa‑miR‑34a mimic triggered antitumor action in an in vivo
animal model (49,50). Related results revealed that systemic
transfer of hsa‑miR‑34a mimic to tumors in an in vivo lung
cancer animal model resulted in extraordinary suppression of
tumor growth, suggesting the effectiveness of hsa‑miR‑34a
replacement therapy in lung cancer (51,52). Notably, MRX34,
a liposomal formulation of nanoparticles packed with
hsa‑miR‑34a mimics, is progressing to a phase I clinical trial
(NCT01829971) for primary liver cancer, several solid tumors,
and hematopoietic malignancies (27). Therefore, hsa‑miR‑34a
is attractive as a potential treatment in cancers.
Although prior studies have emphasized the potential
benefit of miRNA expression profiles in the prognosis for
BC patients (53,54), their value concerning ethnicity is unfamiliar. Caucasians are about twice as likely to develop BC as
African‑Americans, and Asians have slightly lower rates of
BC (55). The reasons for these differences are not well understood.
In the present investigation, we found that tumor‑suppressor
hsa‑miR‑34a has higher expression in Asians than Caucasians
and African‑Americans. This result suggests a racial‑association
for hsa‑miR‑34a in BC progression. hsa‑miR‑34a may repress
tumorigenicity, especially in the Asian population, leading
to a lower prevalence of BC. However, further investigation
is still needed to prove the specificity of interaction between
hsa‑miR‑34a and ethnicity.
In conclusion, hsa‑miR‑34a inhibits MMP‑2 expression
and thus suppresses cell migration and invasion (Fig. 6). These
results may provide significant therapeutic opportunities for
human BC.
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