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In eukaryotes, microRNAs (miRNAs) are central regulators 
of gene expression. These small noncoding RNAs are 
about 19–24 nucleotides long (1). miRNAs can silence 
gene expression by binding to a complementary sequence 
in the 3'-UTR of the target gene, which then triggers 
mRNA degradation. miRNAs can inhibit gene expression 
by also blocking translation. After an miRNA is processed 
into its mature form, it is loaded onto the RNA-induced 
silencing complex (RISC). This complex guides the miRNA 
to its target sequence which can reside in more than 60% 
of protein-coding genes. In the context of cancer, some 
miRNAs are categorized as oncomiRs, i.e., miRNAs 
that play a role in tumor initiation, metastasis, immune 
evasion, and angiogenesis (2). On the opposite end of the 
spectrum, tumor suppressor miRNAs can inhibit cancerous 
phenotypes by silencing oncogenes. An example of an 
oncomiR is miR-221. This miRNA silences anti-cancer 
genes such as PUMA, p27, and Beclin-1 in various cancer 
types including breast, lung, and prostate (2). 

Bladder cancer is one of the most common cancers 
of urological system and is heavily associated with 
environmental factors such as smoking and chronic urinary 
tract infections (3). Patients diagnosed with muscle invasive 
bladder cancer have the poorest prognosis with 10-year 
survival rates of about 50%. Patients with non-muscle-

invasive bladder cancer have better prognosis, but many 
patients eventually relapse and progress to muscle invasive 
bladder cancer (4,5). These observations highlight the 
importance of identifying therapeutics for treating muscle-
invasive malignancy. Researchers are actively pursuing 
the identification of drug targets, since surgery currently 
remains the only curative treatment of non-invasive bladder 
cancer. Unfortunately, bladder cancer has also been shown 
to be chemoresistant. Many preclinical models have been 
developed to help define the underlying mechanisms and 
fill gaps in our understanding of this disease (4,5). p53/RB, 
PI3K/mTOR, FGFR3 and RAS-MAPK signaling pathways 
have been implicated in both types of bladder cancer. 
However, due to the heavy influence of environmental 
factors, epigenetic mechanisms such as histone modifications 
have also been implicated in disease progression (3). Studies 
using microarrays and public databases identified several 
miRNAs that are dysregulated in bladder cancer models 
and in patients (6). One study identified miR-133a-5p as 
a miRNA downregulated in bladder cancer tissues, which 
could be clinically relevant. However, no research has 
been reported on the role this miRNA may play in bladder 
cancer pathogenesis. 

A recent study by Huang et al. found miR-370-3p 
downregulated in bladder cancer patient samples (7). To 
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date, the role of this miRNA has not been explored in 
bladder cancer by other researchers. miR-370-3p was 
previously shown to be downregulated in glioblastoma 
tissues as compared to normal tissues (8). When expression 
was restored, glioma cells were sensitized to temozolomide, 
a common chemotherapeutic used for the treatment of 
glioblastoma. Overexpression of miR-370-3p in GBM 
also inhibited cellular proliferation and induced cell cycle  
arrest (9). This study also found that the canonical Wnt 
signaling pathway was inhibited through the direct silencing 
of β-catenin by miR-370-3p. 

The Wnt signaling pathway is a highly conserved 
pathway that plays a seminal role in multiple biological 
processes (10). The Wnt cascade is dependent on the 
stability of β-catenin. In the absence of a Wnt ligand 
interacting with the Frizzled/LRP receptors, β-catenin is 
bound to a complex including Axin, APC, WTX, CK1, and 
GSK3β. In this context, β-catenin is rapidly phosphorylated, 
ubiquitinated, and then degraded. In the presence of Wnt 
ligands, Axin relocates to the LRP tail of the receptor and 
β-catenin can no longer be sequestered and degraded by 
the complex. β-catenin is then translocated to the nucleus 
where it can bind to and activate TCF transcription factors. 
Subsequently, this interaction induces expression of Wnt 
target genes (depicted in Figure 1) The Wnt pathway is 
susceptible to regulation by miRNAs at almost any position 
in the cascade (11). miR-34 has been reported to target 
Wnt ligand, β-catenin, and LRP6. β-catenin is also reported 

to be targeted by miR-370-3p (9) and miR-34 (11). In brain, 
miR-135a2 can target GSK3β and miR-310 has been shown 
to target TCF (11). 

The combination of regulation by miRNAs and direct 
gene mutations in Wnt signaling play an important role in 
cancer metastasis. Potentially, one of the most important 
consequences of aberrant Wnt signaling is development 
of cancer stem cells (CSCs) (12). CSCs can initiate relapse 
or lead to metastasis in distant organs. Wnt signaling 
has a direct role in metastasis by activating epithelial-to-
mesenchymal transition (EMT). Wnt target genes such as 
matrix metalloproteinases, fibronectin, and S100A4 also 
have important roles in invasion and metastasis. MMP10 
is a specific matrix metalloproteinase that is activated by 
Wnt signaling (13). Not only can it participate in the 
maintenance of stemness in CSCs, but it influences tumor 
initiation, and metastasis (14). In esophageal squamous 
cell carcinoma, MMP10 is associated with poor patient 
survival. This is likely due to the ability of MMP10 to 
degrade the extracellular matrix thereby enabling tumor cell  
migration (15). In a lung cancer model, MMP10 is 
overexpressed in metastatic lesions (14). 

The activity of the Wnt signaling pathway relies on 
the interaction of a Wnt ligand with the Frizzled/LRP  
receptor (10). As such, mutations in Wnt ligands can 
cause activation or inactivation of this important signaling 
pathway. Wnt7a is a member of the Wnt family that appears 
to have a controversial role in cancer. It is downregulated in 
non-small cell lung cancer (16) as well as cervical cancer (17). 
With the loss of expression, these cancers display increased 
cell migration, proliferation and tumorigenesis. However, 
its tumor suppressive properties appear to be independent 
of  β-catenin signaling (16).  The study by Huang  
et al. (7) delves into the potential of Wnt7a as a promoter of 
metastasis in the context of bladder cancer.

Bladder cancer does not escape the impact of aberrant 
Wnt signaling. A recent study found 20 single nucleotide 
mutations in the Wnt signaling pathway associated with 
bladder cancer risk (18). Another study found epigenetic 
silencing of Wnt inhibitory factor 1 (Wif-1) could 
upregulate Wnt signaling in bladder cancer tissues (19). 
This led to the upregulation of c-myc and increased cell 
growth. Cullin 4B (CUL4B) has been found to play a role 
in EMT of bladder cancer tissues through the upregulation 
of Wnt signaling which led to an increase in migration and 
invasion (20). MMP10 is also reported to be upregulated 
in bladder cancer cells due to an early mutation in FGFR3 
which has a well-studied role in bladder cancer (21). 
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Figure 1 Schematic of Wnt signaling. Wnt binds to the Frz/
LRP receptor. Axin binds to the tail of LRP and inhibits the 
phosphorylation of new β-catenin. β-catenin binds to the TCF 
transcription factor which activates the expression of Wnt-target 
genes. 
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Accordingly, scrutinizing aberrant Wnt signaling in the 
context of bladder cancer may uncover useful insights into 
potential targets for developing future therapeutics. 

The recent study by Huang et al. set out to explore 
the mechanisms behind urinary bladder cancer (UBC)  
metastasis (7). UBC cell lines with high and low invasive 
capabilities were generated to reveal differentially 
regulated genes. Through mass spectroscopy analyses, 
Wnt7a, MMP10, MMP1, and S100A8 were identified as 
up-regulated proteins in the highly invasive cell line. As 
discussed earlier, aberrant Wnt signaling can contribute 
to metastasis. The silencing of Wnt7a in UBC cell lines 
inhibited invasion, EMT-associated proteins, and MMP1 
and MMP10. When Wnt7a was upregulated, the opposite 
effects were evident. The cells acquired a more invasive 
phenotype as EMT-associated proteins and matrix 
metalloproteinases were now upregulated. These results 
combined with the finding that Wnt7a is upregulated in 
UBC patient samples supports the hypothesis that Wnt7a 
has a putative role in metastasis of UBC. The authors found 
that Wnt7a activated the canonical signaling pathway and 
a downstream effect is the induction of MMP10 expression 
through the activation of its promoter. Finally, to determine 
how Wnt7a is dysregulated in this model the authors 
focused on miRNAs. A miRanda algorithm was used and 
this approach identified 12 putative miRNAs targeting 
Wnt7a. miR-370-3p was one miRNA downregulated in 
UBC patient samples with lymph node invasions, but not 
in samples without lymph node invasions. The expression 
levels of miR-370-3p was evaluated in 5637 HMI (high 
invasive) and 5637 NMI (low invasive) cells. Expression 
levels of miR-370-3p was about 50% in 5637 HMI cells 
than that in 5637 NMI cells, suggesting that miR-370 
might be relevant in UBC invasion and metastasis, but 
not in tumorigenesis. Overexpression of miR-370-3p 
downregulated Wnt7a and inhibited the invasive phenotype. 

Overall, this study provides much needed insight into 
molecular mechanism of UBC metastasis beginning with 
the loss of miR-370-3p expression. The loss of this miRNA 
causes the upregulation of Wnt7a and consequently 
the activation of the Wnt signaling pathway, as well 
as upregulation of MMP10. The degradation of the 
extracellular matrix combined with active Wnt signaling 
can allow UBC cells to invade other tissues. Once UBC 
metastasizes, much like any cancer, the mortality rate for 
patients drastically increases. Targeting Wnt7a may seem 
controversial based on its variable role in other cancers 
(16,17). However, in the case of UBC, it is shown by this 

study Wnt7a may have potential as a clinically relevant 
diagnostic marker and drug target. Exploring miR-370-3p 
and Wnt7a and MMP10 protein dysregulation has provided 
a clearer picture of how UBC can metastasize and which 
genes are vital to this phenotype. 
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