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Summary

Epithelial malignancies demonstrate aggressive phenotypes
(increased metastatic potential) due to mechanisms includ-
ing the epithelial-to-mesenchymal transition (EMT). Novel
micro-epigenetic markers —the micro-RNAs (miRs) - are
under investigation in solid malignancies for diagnostic,
prognostic or specific targeted therapy purposes. miRs are
considered very promising and significant genetic markers
for categorizing patients by their molecular characteristics,
extending also their complicated genetic signatures. miRs
are short, non-coding RNAs consisting of 20-25 nucleotides
located at intra- or inter-gene regions. Functional miRs
mediate a positive requlation of posttranscriptional gene
silencing. Their derequlation in cancer cells due to genetic
(mutations, translocations), epigenetic (DNA hypermethyla-

Introduction

Cell malignant transformation is mediated by
an aberrant gene expression, including predomi-
nantly oncogenes upregulation combined with
suppressor genes downregulation that lead to
cell cycle deregulation [1]. In fact, cancer genome
consists of all genetic alterations that modify the
normal DNA/m RNA sequences triggering a cata-
ract of molecular reactions inside and outside the

tion of tumour suppressor genes, extensive genomic DNA hy-
pomethylation, aberrant histone modification patterns) and
transcriptional alterations leads to a loss of miRs-mediated
repression of target mRNA. Interestingly, a biphasic role of
miRs in cancers of different histogenetic origin has been con-
firmed. In some of them, their uprequlation correlates with
an increased ongogenic activity, whereas in others the same
miR type acts as a suppressor agent. In the current special
molecular review we describe specific miRs in EMT develop-
ment and progression in renal cell carcinoma (RCC).
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nucleus micro-environment [2]. Point mutations,
polymorphisms, abnormal gene copy number (am-
plification, deletion), or structural chromosomal
rearrangements (translocations) and epigenetic
modifications detectable by different molecular
techniques provide critical information to on-
cologists for handling those patients in a rational
therapeutic way regarding their isolated molecular
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landscape [3]. Quite recently, micro-RNAs (miRs)
are considered novel significant markers for cat-
egorizing patients based on their molecular charac-
teristics extending their genetic signatures. In the
current molecular review, we explored the role and
described specific miRs implicated in epithelial-to-
mesenchymal transition (EMT) development and
progression in renal cell carcinoma (RCC).

miRs: structure and function

MiRs demonstrate an increasing interest for
understanding their role in cancer and also in han-
dling patients via targeted therapeutic agents [4].
miRs are short, non-coding RNA molecules consist-
ing of 20-25 nucleotides located at intra- or inter-
gene regions [5]. RNA polymerase II is responsible
for their transcription. Initially, pri-miRNAs are re-
formed to pre- miRs followed by a maturation pro-
cess. In the nucleus, the RNase III enzyme Drosha
complex provides release of the pre-miRs to the
cytoplasm where the final single-stranded mature
miR is produced [6]. Functional miRs mediate a
positive regulation of posttranscriptional gene si-
lencing. MiRNA deregulation in cancer cells due
to genetic (mutations, translocations), epigenetic
(DNA hypermethylation of tumour suppressor
genes, extensive genomic DNA hypomethylation,
aberrant histone modification patterns) and tran-
scriptional alterations leads to a loss of miR-me-
diated repression of target mRNA [7-9]. Interest-
ingly, a biphasic role of miRs in cancers of different
histogenetic origin has been detected. In some of
them, their upregulation seems to correlate with
increased ongogenic activity, whereas in others
the same miRNA type acts as a suppressor agent
(miRNA 29 in hepatocellular carcinoma and lung
cancer, miRNA 26a in lung and breast lung cancer,
respectively) [10,11]. Mirs deregulation has been
detected to be implicated in a variety of carcino-
mas including thyroid, esophageal, Epstein-Barr-
related nasopharyngeal carcinoma, or hepatocellu-
lar [12-15]. Understanding biogenesis, maturation
and functional aspects of miRNAs we realize that
their transcriptional-expression profile should be
a useful molecular tool for typing and classifying
subgroups of patients with the same histopatho-
logical cancer, as well as targeting specific genes
and modifying the corresponding response rates to
specific inhibition molecules [106].

Epithelial-to-mesenchymal transition
(EMT) phenomenon

Carcinogenesis is a multi-step procedure com-
prising a broad spectrum of genetic (chromosome
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and gene structural/numerical aberrations) and epi-
genetic (DNA methylation, histone modifications,
and specific micro-genetic non-coding markers
deregulation) alterations. Additionally, epithelial
malignancies demonstrate aggressive phenotypes
(increased metastatic potential) due to mechanisms
including the EMT). EMT phenomenon is based
on a combination of intra-extra-cellular modifica-
tions that enhance cell adhesion disruption, and
also focal cell/tissue transformation to a mesen-
chymal phenotype [17]. EMT is implicated in meta-
static process by releasing cancer cell migration/
invasion, and also by inducing proliferation and
suppressing apoptotic mechanisms. Concerning
epithelial malignancies- including RCC-E cadherin/
catenin complex -involved also in EMT- releases
tumor metastasis mechanisms increasing also the
stage of disease. Based on these alterations, spe-
cific agents such as calcitriol (vitamin D3, an active
form of vitamin D) seems to suppress E-cadherin
downregulation in RCCs [18]. For these reasons it
is involved in elevated rates of malignant tumor
relapse and decreased responses to targeted or
chemotherapeutic strategies.

MiRs landscape in RCC - related EMT

RCC is an aggressive malignancy with in-
creased frequency worldwide. Exposed metastatic
potential at the time of diagnosis leads the corre-
sponding patients to poor prognosis and survival
rates [19]. RCC comprises a variety of pathologi-
cal entities that arise from the corresponding epi-
thelia. Clear cell RCC covers 60-70% of all RCCs,
whereas papillary and chromophobe histopatho-
logical subtypes are referred to the rest of them
[20]. Among epigenetic mechanisms that seem to
interfere with EMT development and progression
in RCC, deregulation of miRs has a central role.
Concerning the impact of specific miRs’ deregu-
lation in RCC, molecular analyses have revealed
a landscape of these markers that enhance EMT
progression and metastasis. MiR-155-5p repre-
sents a significant micro-genetic marker that is
involved in epithelial malignant transformation
and immune response rates [21]. Overexpression
of miR-155-5p is correlated to apoptosis-inducing
factor downregulation suppressing the apoptotic
process. This alteration induces progression and
recurrence of the malignancy in the correspond-
ing patients [22]. In conjunction to the previous
referred miR-155-5p - mediated activity, its over-
activation was associated with decreased E-cad-
herin expression providing the eligible substrate
for EMT progression in renal cancer cells in vitro
and in vivo. The crucial role of miR-155-5p in RCC
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Figure 1. miRs that affect E-cadherin expression patterns in RCC (clear cell histotype). The molecule combined with
N-cadherin, vimentin is critically involved in EMT progression. a: E-cadherin overexpression. b: Low expression of the
molecule (DAB-based brown membranous staining pattern, original magnification 100x). MiR-155-5p (red) is frequently
overexpressed in RCCs, whereas other miRs such as miR-200-a/b and miR-194-5p (green) -acting as suppressor factors
- lose their expression and activity in RCC the first and in nephroblastoma the second, respectively (RCC: renal cell car-
cinoma, EMT: epithelial-to-mesenchymal transition, DAB: diaminobenzidine-tetrahydrocloride.

aggressive phenotypes is under investigation. Al-
most recently, a molecular study showed the ex-
istence of a unique pathway involved in EMT de-
velopment and progression in these malignancies.
Interaction between miR-155-5p and IncTCLG is
responsible for EMT progression and the corre-
sponding IncTCLG6-miR-155-Src/Akt pathway is
overactivated in RCCs [23].

In conclusion, the previously referred and oth-
er similar molecular analyses suggest that miRs
should be considered potentially reliable biomark-
ers for discriminating RCC patients at the basis of
micro-genetic signatures, explaining in part differ-

References

1. Schlessinger J. Cell Signaling by Receptor Tyrosine
Kinases. Cell 2000;103:211-25.

2. Polyak K, Haviv I,Campbell IG. Co-evolution of tu-
mor cells and their microenvironment. Trends Genet
2009;25:30-8.

3. Albertson DG, Collins C, McCormick F, Gray JW. Chro-
mosome aberrations in solid tumours. Nat Genet
2003;34:369-706.

4. Jansson MD, Lund AH. MicroRNA and cancer. Mol On-
col 2012;6:590-610.

5. Bartel DP. MicroRNAs: target recognition and regula-
tory functions. Cell 2009;136:215-33.

6. Saj A, Lai EC. Control of microRNA biogenesis and tran-
scription by cell signaling pathways. Curr Opin Genet
Develop 2011;21:504-10.

7. LeeY, Kim M, Han J. MicroRNA genes are transcribed
by RNA polymerase II. EMBO ] 2004;23:4051-60.

ences in biological behaviour and response rates to
specific targeted regimens. Involvement of deregu-
lated miRs in RCC development and progression is
a very promising topic of research especially for
this role in modifying expression of EMT- related
molecules [24,25] (Figure 1).

Conflict of interests

The authors declare that the research was con-
ducted in the absence of any commercial or finan-
cial relationships that could be construed as a po-
tential conflict of interest.

8. Krek A, Grun D, Poy MN. Combinatorial microRNA
target predictions. Nat Genet 2005;37:495-500.

9. Mishra PJ, Mishra PJ, Banerjee D, Bertino JR. MiRSNPs
or MiR-polymorphisms, new players in microRNA me-
diated regulation of the cell: introducing microRNA
pharmacogenomics. Cell Cycle 2008;7:853-8.

10. Gebeshuber CA, Zatloukal K, Martinez J. miR-29a sup-
presses tristetraprolin, which is a regulator of epithe-
lial polarity and metastasis. EMBO Rep 2009;10:400-5.

11. Liu, B, Wu X, Liu B. MiR-26a enhances metastasis po-
tential of lung cancer cells via AKT pathway by tar-
geting PTEN. Biochim Biophys Acta 2012;1822:1692-
1704.

12. Mastronikolis N, Tsiambas E, Roukas D et al. Micro-
RNAs signatures in papillary thyroid carcinoma.
JBUON 2020;25:2144-6.

13. Tsounis D, Stavrakis I, Niotis T, Tsiambas E. Micro-

JBUON 2021; 26(6): 2211



2212

MiRs in renal cell carcinoma

14.

15.

16.

17.

18.

19.

RNAs in esophageal carcinoma. JBUON 2021;26:280.

Tsiambas E, Mastronikolis NS, Fotiades PP, Ragos V,
Kavantzas N, Lazaris AC. Epstein-Barr Virus MicroR-
NAs in Nasopharyngeal Carcinoma. Pathol Oncol Res
2020;26:1347-8.

Papanikolopoulos K, Niotis A, Petrogiannopoulos L,
Tsiambas E. MicroRNAs in HBV-dependent hepatocel-
lular carcinoma. JBUON 2020;25:2131.

Croce CM. Causes and consequences of microRNA dys-
regulation in cancer. Nat Rev Genet 2009;10:704-14.

Zhang Y, Weinberg RA. Epithelial-to-mesenchymal
transition in cancer: complexity and opportunities.
Front Med 2018;12:361-73.

Xu S, Zhang ZH, Fu L et al. Calcitriol inhibits migration
and invasion of renal cell carcinoma cells by suppress-
ing Smad2/3-, STAT3- and p-catenin-mediated epitheli-
al-mesenchymal transition. Cancer Sci 2020;111:59-71.

Patard JJ. ICUD-EAU international consultation on kid-
ney Cancer 2010: treatment of metastatic disease. Eur
Urol 2011;60:684-90.

JBUON 2021; 26(6): 2212

20.

21.

22.

23

24.

25.

Rini BI, Campbell SC, Escudier B. Renal cell carcinoma.
Lancet 2009;373:1119-32.

Elton TS, Selemon H, Elton SM et al. Regulation of the
MIR155 host gene in physiological and pathological
processes. Gene 2013;532:1-12.

Lei QQ, Huang Y, Li B, Han L, Lv C. MiR-155-5p pro-
motes metastasis and epithelial-mesenchymal transi-
tion of renal cell carcinoma by targeting apoptosis-
inducing factor. Int J Biol Markers 2021;36:20-27.

Kulkarni P, Dasgupta P, Hashimoto Y et al. A IncRNA
TCL6-miR-155 Interaction Regulates the Src-Akt-EMT
Network to Mediate Kidney Cancer Progression and
Metastasis. Cancer Res 2021;81:1500-12.

Wang L, Yang G, Zhao D et al. CD103-positive CSC exo-
some promotes EMT of clear cell renal cell carcinoma:
role of remote MiR-19b-3p. Mol Cancer 2019;18:86-92.
Chen ], Zhong Y, Li L. miR-124 and miR-203 synergisti-
cally inactivate EMT pathway via coregulation of ZEB2

in clear cell renal cell carcinoma (ccRCC). ] Transl Med
2020;18:69-77.



