Long non-coding RNA and messenger RNA —the meeting of two

worlds

.1 . . 2
Constance Vennin ', Eric Adriaenssens

'Institute of Physiological Chemistry, University Medical Center of Johannes Gutenberg, University of Mainz, Mainz, Germany; ‘INSERM U908,

University of Lille, Lille, France

Correspondence to: Eric Adriaenssens. INSERM U908, Cité scientifique, Bit SN3, University of Lille, 59655 Villeneuve d’Ascq Cedex, France.

Email: eric.adriaenssens@univ-lillel.fr.

Provenance: This is an invited Editorial commissioned by the Section Editor Dr. Chunlin Ou (Cancer Research Institute of Central South University,

Changsha, China).

Comment on: Grelet S, Link LA, Howley B, et 4l. A regulated PNUTS mRINA to IncRNA splice switch mediates EMT and tumour progression. Nat

Cell Biol 2017;19:1105-15.

Submitted Dec 15, 2017. Accepted for publication Jan 18, 2018.
doi: 10.21037/jtd.2018.01.103
View this article at: http://dx.doi.org/10.21037/jtd.2018.01.103

Long non-coding RNAs (IncRNAs), defined as transcripts
without protein-coding potential, have recently emerged as
key mediators in numerous biological functions. LncRNAs
act as regulators of gene expression at different levels
including transcriptional and post-transcriptional regulation
as well as chromatin organization. Through these actions,
IncRNAs have been implicated in several cellular processes
as proliferation, differentiation, migration, apoptosis and
their misregulations have been found to be associated to
several human disorders including cancers (1).

The advent of DNA arrays and next generation
sequencing technologies has revealed that a larger part
of the genome is transcribed into RNAs than previously
assumed. About 70% of the genome is transcribed but only
2% of the human genome codes for proteins (2). However,
until now, messenger RNAs and IncRNAs world remained
quite distinct.

Recently, Grelet et a/. demonstrated that PNUTS gene
can generate a regular PNUTS mRNA but also a non-
coding isoform (3). In PNUTS pre-RNA, the authors
identified an alternative splice site in exon 12 generating a
premature termination codon. Even if a potential truncated
protein could be formed, the authors failed to detect this
product and assume that alternative spliced RNA forms a
IncRNA. PNUTS (protein phosphatase 1 nuclear targeting
subunit), also known as protein phosphatase 1 regulatory
subunit 10 (PPP1R10) gene encodes a protein phosphatase
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1 binding protein. This protein plays a role in many
cellular processes including cell cycle progression (4), DNA
repair (5) and apoptosis (6) by regulating the activity of
protein phosphatase 1 as well as PTEN (7).

In their work, Grelet er al. demonstrate that binding of
heterogeneous nuclear ribonucleoprotein E1 (hnRNP E1)
in PNUTS pre-RNA mediates its alternative splicing.
Indeed, they showed that hnRNP E1 knock-down favours
PNUTS IncRNA expression without change in PNUTS
mRNA expression. The hnRNP E1 was previously
identified as being able to interact with particular secondary
structures consisting of stem-loop structure located in 3'
UTR of mRNAs (8). The group of PH Howe has found
such structure able to interact with hnRNP E1 close to
the alternative splice site. The downregulation of hnRNP
E1 binding on pre-RNA after TGFB treatment and E1
phosphorylation (8) or after cytoplasmic translocation or
transcription inhibition increases PNUTS IncRNA. So, they
showed that binding of hnRNP E1 to pre-RNA controls
splicing probably by masking this alternative splice site.
Interestingly, the authors showed that PNUTS IncRNA
could act as a competing endogenous RNA. The PNUTS
IncRNA possesses seven miR-205-5p binding sites and the
authors demonstrated an effective binding of miR-205-5p in
PNUTS IncRNA. The miR-205 is well-known to regulate
ZEB proteins and epithelial-mesenchymal transition
(EMT). Authors demonstrated that miR-205 binding to
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PNUTS IncRNA decreases miR-205 bioavailability and
subsequently stabilizes ZEB mRNAs leading to E-cadherin
down-regulation. By this mechanism, the PNUTS IncRNA
regulates EMT. PNUTS IncRNA favours mammospheres
formation and tumorigenesis in mice after limiting dilution
injection. In addition, PNUTS IncRNA increases lung
metastasis. All these results indicate that PNUTS IncRNA
display an oncogenic role.

Interestingly, the authors showed that miR-205 binds
preferentially PNUTS IncRNA rather than normal mRINA.
Thus, when hnRNP EI is present, the PNUTS mRNA is
translated and the miR-205 degrades the ZEB1 mRNAs
leading to the mesenchymal markers repression, whereas
when the binding of hnRNP E1 to the PNUTS pre-RNA
is repressed, the PNUTS IncRNA depletes the miR-205
allowing expression of ZEB1 and EMT. PNUTS IncRNA
could transiently enhance the effect of TGFB on EMT.
Collectively, these data indicate that PNUTS IncRNA
exhibits different properties than PNUTS mRNA.

PNUTS IncRNAs appear overexpressed in breast tumor
compare to the normal counterpart, and could be involve
in cancerous phenotype. In addition, as transcription
inhibition is associated with PNUTS IncRNA expression,
this IncRINA could participate to drug resistance through
its ability to enhance EMT. The authors demonstrate
that PNUTS IncRNAs is probably submitted to nonsense
mediated mRNA decay (NMD). However, it is still able
to deplete the miR-205 and impair its action. This article
shows that an mRNA with premature termination codon
leading to the lack of protein production remains able
to exert cellular function even if NMD mechanism is
functional.

The number of IncRNAs increases exponentially. Many are
located in intergenic regions, but some of them are encoded
concomitantly with mRNA. In addition, alternative splicing
of regular mRNA could generate IncRNA or circular RINA.
In cancer, probably due to aberrant protein expression or
loss of regulation mechanisms, this phenomenon is increased
(9,10). Thus, it is likely that the regulation described by
Grelet et al. for the gene PNUTS can be extended to many
loci. In their paper, the authors demonstrate the competing
endogenous effect of PNUTS IncRNA by squelching miR-
205 activity. An IncRNA or circular RNA can interact with
miR (11) but also with proteins (12) and it is possible that the
concept of competition can be associated with miR or protein
depletion.

In summary, the article of Grelet and colleagues provide
new information on the role of PNUTS IncRNA on
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establishment of EMT. More interestingly, this work suggests
that a gene should no longer be considered as a locus
producing messenger RINA but as a locus potentially capable
of producing different RNAs including mRNA, IncRNA
or competing endogenous RNA (ceRNA) with potentially
antagonistic roles. Results obtained in this paper suggest that
PNUTS IncRNA can be used as biomarkers or therapeutic
targets in cancers. Indeed, PNUTS IncRNA is overexpressed
in cancer cells showing the value of this IncRNA as a
new molecular target in cancer. A variety of approaches
have already been developed to modulate the alternative
splicing (10). Such approaches could be used to inhibit the
formation of PNUTS IncRNA. Alternatively, the specific
degradation of this IncRNA could be used to impair EMT
and drug resistance. In conclusion, the discovery of this
new IncRINA may open up new opportunities for innovative
therapeutic strategies.
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