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Introduction

This short communication would to be the continuation 
of the Santoni’s paper entitled “Targeting Transient 
Receptor Potential Channels by MicroRNAs drives tumor 
development and progression” published in: Calcium 
Signaling, Advances in Experimental Medicine and 
Biology [1].

MicroRNAs (miRNAs) are small non-coding RNAs 
that negatively modulate post-transcriptional protein-
coding mRNAs. It is estimated that numerous miRNAs 
are expressed in human and more than 700 miRNAs 
have been documented to date [2]. About 50% of human 
miRNAs are found in regions of sites called “brittle”, which 
are associated with carcinogenesis [3]. The evidence 

available so far has shown that miRNAs participate 
extensively in the development or progression of many 
types of tumors of various origins; clinical tests can be 
used to classify this pathology based on the molecular 
profiles of miRNAs.

Specific miRNAs are expressed in different cancer 
tissues and modulation of their expression are associated 
to tumorigenesis [3]. Herein we are going to focus our 
attention on their employment in clinical oncology as 
prognostic biomarkers as well as their use in cancer 
therapy. The use of sets of miRNAs, and not a single 
miRNA, allows building a cancer specific miRNA 
signature. In fact, recently it has been reported that the 
characterization of specific miRNA signature in different 
cancer types not only plays an important role in cancer 
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transformation and progression as well as in early 
diagnosis, but it answers also for the possibility to employ 
miRNAs as novel prognostic markers in cancer. On this 
basis, a specific target gene network and the cellular 
processes regulated by and the intracellular signaling 
pathways could be parallelly identified. Moreover, the 
identification of miRNA differentially expressed in the 
early or late-stage (DEmiRNAs), permits [4] to build a 
risk score and on this basis, to stratify the cancer patients 
in high-risk and low-risk populations showing different 
overall survival (OS) [5].

MiRNAs were initially discovered as a small temporal 
RNA (stRNA) in C. elegans in 1993 [6]; however, initially 
this discovery did not arouse much interest, until seven 
years later when Let-7 (the second miRNA) was identified 
[7]. In subsequent years, researchers have shown that 
miRNAs are part of a large family of small non-coding 
RNAs that exist in species ranging from plants to humans 
[8-10]. MiRNAs are small strands of endogenous non-
coding RNA formed by approximately 22 bp aimed at 
the 3 ‘untranslated region (UTR) of mRNA. The miRNAs 
encoded by the human genome are different and a single 
miRNA can modulate different genes. From this, several 
studies have shown that miRNA functions are not limited 
to temporal regulation, but are implicated in various 
biological processes such as cell cycle and proliferation, 
apoptosis and development [11,12]. MiRNAs are able to 
control the transcription of different genes involved in 
the neoplastic transformation and tumor progression 
through the regulation of the expression of both 
oncogenes and tumor-suppressor genes [13,14]. In 
2002, the first direct evidence of the role of miRNA in 
human cancer was presented; Calin and colleagues found 
that miR-15 and miR-16 play a crucial role in chronic 
lymphatic leukaemia [15]. Subsequently, other examples 
of mRNAs targeted to TRP ion channels related to human 
tumors were identified [16].

Among the genes involved in the transformation and 
progression of cancer, an important role is played by 
ion channels and in particular by the transient receptor 
potential (TRP) channels which expression and functions 
are regulated also at miRNA level [1]. 

Esophageal squamous cell carcinoma (ESCC) represents 
the major esophageal cancer type, with about 400,000 
cases in the world, a poor prognosis, with an OS less 
of 20% at five-years. Yu et al. [17] have reported the 
characterization of a five-miRNA signature as prognostic 
biomarkers in ESCCs. A total of 46 DEmiRNAs have been 
identified in early and late ESSC tumor stages. On the basis 
of statistical analysis, five prognostic miRNAs (miR-181c-
5p, miR-195-5p, miR-203, miR-212-3p and miR-28-5p) 

and relative risk score, characterizing two different high-
risk and low-risk mortality in ESSC patients have been 
reported [17]. The analysis of the expression of these 
miRNAs found in the ESCC miRNA signature evidenced 
that their expression is also altered in other cancer types. 
Thus, MiR-181c-5p is up-regulated in pancreatic cancer 
compared to chronic pancreatitis controls [18], whereas 
miR-195-5p is up-regulated in laryngeal squamous cell 
carcinoma patients compared to healthy subjects [19]; 
miR-203 represents a prognostic marker in pancreatic 
cancer [20] and down-regulation of miR-212-3p results 
in radio-resistance in nasopharyngeal carcinoma [21]. 
Finally, in renal cell carcinoma serum miR-28-5p is 
down-regulated and plays a tumor suppressive role [22].

By gaining the functional role of the five miRNA signature 
in ESCCs, Yu et al., also unveiled a specific miRNA-
target genes and signaling profile patterns, evidencing 
as the altered Wnt/β-catenin [23], cGMP-PKG [24], TRP 
channel [25,26], estrogen signaling pathways [27] and 
the inflammation status [28] contribute to tumorigenesis 
and show prognostic value in ESSC patients. However, 
a larger cohort of ESSC patients of that used by Yu et 
al (119 patients) are needed to completely validate the 
prognostic mean of miRNA signature in ESCCs.

TRPM4 overexpression and miR-150 down-regulation 
as well as Wnt/β-catenin pathway and epithelial 
mesenchymal transition (EMT) stimulation are 
evidenced in prostate cancer (PCa) tissues [29]. TRPM4 
is a direct target of miR-150 and miR-150 overexpression 
abrogates the β-catenin signaling pathway. TRPM4 
knockdown or miR-150 increased expression, suppress 
EMT, proliferation, migration/invasion in vitro and 
reduced tumor growth and metastatic spreading in vivo, 
thus inhibiting the progression of PCa [29].

TRPM6 is involved in the physiology of Mg2+. TRPM6 
mutations are associated with hypomagnesemia [30]. 
Many studies have documented that hypomagnesemia 
could promote tumor metastasis. High hsa-let-7g 
expression levels, as well as hsa-let-7f-1 are closely 
associated with development of colorectal cancer (CRC) 
[31]. A role in the survival and prognosis of hsa-let-7g and 
hsa-let-7f-1 miRNAs targeting TRPM6 has been found in 
CRC. A marked down-regulation of TRPM6 and hsa-let-
7g and hsa-let-7f-1 upregulation was evidenced in about 
80% of CRC tissues, compared with their paired normal 
colon mucosal tissues. TRPM6 is one of the top 10 genes 
(SPARC, CXCL3, COL9A3, FABP1, CLDN2 up-regulated 
and CA4, CHGA, AKR1B10, FXYD3 and TRPM6 down-
regulated) screened in CRC. On the contrary high TRPM6 
expression in CRC is indicative of a prolonged OS [32].

TRPM7 plays an oncogenic role in several human 
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cancer and suggested to be a molecular target for several 
miRNAs in cancer diseases. The miR-543/TRPM7 axis is 
involved in cervical cancer (CC) and the levels of miR-
543 represent a potential biomarker for CC diagnosis, 
prognosis and therapy [33]. Mir-543 has been found to 
localize in the DLK1-DIO3 region of human chromosome 
14 [34]. By dual luciferase assay it has been demonstrated 
that miR-543 directly binds to the 3’-UTR of TRPM7, and 
modulates its expression. Altered miR-543 expression 
has been evidenced in different cancer types. In CC, miR-
543 is down-regulated, and this reduced expression is 
accompanied by up-regulation of the TRPM7 channel. 
Reduced expression of miR-543 correlates with poor 
prognosis as a consequence of increased tumor size, high 
pathological stage and lymph-nodes metastasis. In fact, 
miR-543 down-regulation induces cell cycle progression 
and proliferation of aggressive CC cells, promotes the 
migration and invasion, inhibits the apoptotic cell death 
in vitro and stimulates tumor growth in vivo in a xenograft 
model [33]. The phosphoinositide 3 kinase/protein kinase 
B (PI3K/AKT) and p38/mitogen-activated protein kinase 
(p38/MAPK) signaling pathways promote the miR-543/
TRPM7-mediated progression of CC cells. Activation 
of PI3K/AKT and p38/MAPK signaling pathways is 
inhibited by miR-543 overexpression, but recovered by 
restoration of TRPM7 expression. Thus, miR-543 in CCs 
may represent a novel therapeutic biomarker. In a same 
way, miR-129-3p directly targets TRPM7 and acts as 
negative regulator of TRPM7 expression in clear cell renal 
cell carcinoma (ccRCC) [35], the most frequent kidney 
cancer in China, with about 50% to 70% disease-specific 
survival at 5-years [36]. However, because of lack of early 
diagnosis and resistance to radio- and chemo-therapy, 
the survival of metastatic ccRCC patients is about one 
year [37] and the identification of prognostic biomarkers 
is very important.

MiRNA-150 has been found to suppress EMT, invasion 
and metastasis in PCa through the TRPM4-mediated 
β-catenin signaling pathway [29].

Overexpression, silencing or switching off specific 
miRNAs has been described in glioblastoma (GBM) 
[38,39]. Several studies have reported that miRNA 
signature may also be a prognostic indicator of GBM 
[40]. A recent report evidences the capability of miRNA 
signature to discriminate different glioma stem cells 
(GSCs) clusters characterized by different clinical feature 
in GBM. A specific microRNA signature consisting of 
three microRNAs: miR-23a, miR-27a and miR-9-3p 
has been found to discriminate the pro-neural- and 
mesenchymal-like phenotypes in GSC and primary GBMs 
[41]. Reduced miR-9-3p and enhanced miR-23a and 
miR27a expression marks preferentially the GBMs with 

mesenchymal signature, which is associated with a more 
aggressive and invasive behavior. Interestingly, by down 
regulation of JAK/STAT pathway, miR-9-3p drives the 
GSC differentiation vs mesenchymal type. Moreover, the 
typical EGFvIII variant expression in GBM with tumor 
growth advantage, frequently show a mesenchymal 
phenotype [42]. Thus, new knowledge of miRNA in 
cancer highlights new way to stratify different stages of 
neoplastic disease and tailor an appropriate therapy to 
specific GBM patient subsets. 

Many deregulated miRNAs have been found in cancers. 
Because the tissue specificity of miRNA regulation, one 
miRNA can target different mRNAs and one mRNA 
can be targeted by different miRNAs and also opposite 
effects can be induced in different cancer cell types. 
Some miRNA can promote drug resistance, instead to 
enhance the therapeutic effect. A lot of examples could 
be provided in this way and modulation of miRNA levels 
can induce or overcome chemotherapy resistance. In 
this regard, gain or loss of miRNA genes, epigenetic 
regulation, deregulation of transcription factors, 
alteration of the mechanisms regulating RNA genesis 
can result in altered therapy response. A methylation-
based regulatory network for miRNA-320a is evidenced 
in chemo-resistant breast cancer (BC) [43]. It has 
been previously demonstrated that overexpression of 
TRPC5 and nuclear factor of activated T-cells isoform 
c3 (NFATC3) are essential for cancer chemoresistance 
[4], however the epigenetic mechanism undergoing this 
effect has been only recently demonstrated [43]. MiRNA-
320a that directly targets TRPC5 and NFATC3 was found 
to be down-regulated in chemo resistant cancer cells. 
Hypomethylation of the promoter of miRNA-320a as 
well as of the v-ets erythroblastosis virus E26 oncogene 
homolog 1, which inhibited miRNA-320a expression 
represents a significant unfavorable predictor for clinical 
outcome in BC patients [43].

Conclusion

The knowledge on miRNA have open a new way in 
understanding human cancer. Herein we have focused 
our attention mainly on the prognostic and therapeutic 
role of miRNA in cancer disease. Dis-regulated 
expression of miRNA in cancer is associated with worse 
prognosis also in consequence of the induction of 
chemotherapy drug-resistance in different cancer types. 
Since the heterogeneity of cancer and the pleiotropic 
effects of miRNA, only miRNAs well studied in vitro and 
in vivo could be used for clinical application. Moreover, 
although the miRNAs show high efficiency and safety, 
more important is their targeting into tumor cells. 

MiRNA could be used alone or in combination with 
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chemotherapy. Thus, miRNA-27b synergizes with a 
variety of  anti-cancer agents by activation of the p53 
tumor suppressor gene and CYP1B1 suppression [44]. 
Improved efficiency in delivery of miRNA drugs are 
arrived by nanotechnology. In PDAC, the encapsulation 
in nano-carrier of miRNA-205 with GEM or miRNA-
34a with doxorubicin (DOX) in BC have increased the 
therapeutic effects and reduced the side adverse effects. 
In this regard, a role for miRNA-34a/p53 axis in TRPV1-
mediated drug-resistant cancer cells may be suggested 
[45].

Modulation of miRNA levels can induce or overcome 
chemotherapy resistance. In this regard, gain or loss 
of miRNA genes, epigenetic regulation, deregulation of 
transcriptional factors, alteration of the mechanisms 
regulating RNA genesis can result in altered therapy 
response.

Thus, miRNA-21 promotes DOX resistance in BC. 
On the contrary, miRNA-137, miRNA-149 or miRNA-
181a all could reduce DOX resistance in BC cells. The 
process of miRNA biogenesis and processing could also 
be dysregulated in cancer cells. Transfection of MCF7/
DOX-resistant cells with miRNA-541 that target the 
MDR1 gene induces increased sensitivity of cancer cells 
to DOX, suggesting that changes in miRNA levels may 
have implication in the reversion of cancer-resistance 
in these cells [46]. A role of TRPV2 and TRPM2 in the 
sensitization of cancer cells (e.g., glioblastoma and gastric 
cancer cells) to DOX has been provided [47,48]. 

Sorafenib resistance is common in HCC patients. MiRNA-
193b down-regulation is reported in HBV-positive HCCs. 
Restoring miRNA-193b levels re-sensitizes HCC cells to 
sorafenib-induced apoptosis [49]. A role for TRPV1 in the 
pathogenesis of HCC and on the effects of sorafenib alone 
or in synergism with capsaicin, the synthetic ligand od 
TRPV1 channel has been suggested [50].

Overall, the studies on the involvement of miRNA 
targeting different channels belonging to the TRP 
family in cancer cells must to be improved to completely 
understand the potential application in prognosis and 
cancer therapy.
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