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Circular RNAs (circRNAs) represent a relatively novel
class of non-coding RNA (ncRNA) characterized by a
covalently bound loop (1). Due to their circular structure,
circRNAs are very stable and resistant to the action of
exonucleases and this characteristic distinguishes them from
the other linear RNAs (2). They belong to the largest class
of long ncRNA (IncRNA), and consist of several hundred
nucleotides; they are endogenous, abundantly expressed,
conserved and able to perform own peculiar functions (3,4).
Depending on where they are located on the genome,
members of this class are distinguished in exonic, intronic,
and eso-intronic (3). As far as their biogenesis is concerned,
it has now been found that they are co-transcriptional
products, being generated through back-splicing,
unlike messenger RNA of genes coding for proteins (5).
Interestingly, they are able to regulate gene expression both
at transcriptional and post-transcriptional levels, essentially
through three main mechanisms: (I) they can function as
endogenous sponge for microRNAs (miRNAs), (II) they
can bind to RNA-binding proteins (RBP) and, finally, (III)
they can interact with other RNAs through base-pairing (3).

CircRNAs take part in cellular physiology, as it has
been observed that they regulate either physiological
(proliferation and migration) and pathological (invasion and
modulation of therapeutic response to antitumoral drugs)
mechanisms (6-8). In fact, recent studies have shown that
circRNAs play an important role in the development of
certain human pathologies including neurological disorders,
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diabetes, Parkinson’s and Alzheimer’s disease, multiple
sclerosis and even cancer (7-9). In the latter case, it has
been observed that, like other ncRNAs, circRNAs can also
behave both by oncogenes and tumor suppressors (10).

The work by Chen and colleagues (6) recently published
on Cell Death & Differentiation sheds new light on
elucidating functions of the circRNA ¢irc4GO2 in human
cancer. Interestingly, circAGO2 appears able to physically
interact with the RBP called “human antigen R” (HuR),
then recruiting it into particular cellular districts and
modulating its function (6).

CircAGO?2 is over-expressed in tumor cell lines in culture
and in tumoral tissues (stomach, colon, prostate) compared
to adjacent non-tumoral tissues (6) and essentially acts as
an oncogene. As it is evident from its name, circAGO2 is
generated from an intron of the Argonaute 2 (AGO2) (6,11)
and, in particular, its circular structure (consisting of 391
nucleotides) encompasses a piece of AGO?2 first intron (6).
CircAGO?2 is not able to modulate the expression of its
cognate gene AGO?2 in this system, but interestingly, the
proteomic approach used in this work elucidates how it
exerts its oncogenic properties by interacting with RBPs.
Among the several putative interacting partners identified,
the HuR protein is finally confirmed to be an interactor of
circAGO?2 (6).

HuR belongs to the RBP family of the Elav type (12).
At the resting state HuR is located in the nucleus, but
when activated, it plays its role mostly in the cytoplasm.
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Following different types of stimuli, HuR binds to particular
mRNAs, whose sequence is rich in adenine and uridine
(AU), through protein domains called “RNA recognition
motifs” (RRMs). As a result of this interaction, the protein/
RNA complex is moved to the cytoplasm where HuR is
able to stabilize mRNAs and regulate their translation
into proteins (13). Several studies have interestingly
shown that HuR is abundantly expressed in a variety of
human cancers, and that its expression is associated with
several characteristics of tumors, such as development
and progression, migration and invasion, prognosis and
resistance to therapy (12). This could be likely explained
by considering that HuR tends to stabilize a large series of
mRNAs associated with human tumors (12). Additionally,
it is worth to note that a series of post-transcriptional
modifications control the abundance, the localization and
the binding of HuR to the different target mRNAs (12).
In this context, the interaction with circAGO?2 represents a
further and interesting control mechanism exerted by the
HuR protein. In fact, the enforced expression of ¢ireAGO2
in prostate cell lines induces its translocation from the
nucleus to the cytoplasm, without modulating its relative
expression (6). This observation is of paramount importance
for understanding the mechanism since circAGO2, by
inducing this translocation, is able to activate the HuR
protein on the 3'-UTRs of genes targeted by miRNAs.
Recently, it has been reported that HuR can modulate the
function of AGO2/miRNA complexes (14), therefore, it is
intriguing to envisage an involvement of ¢ireAGO?2 in this
regulatory circuitry. Interestingly, AGO2 and HuR also
interact in MKIN-45 cells and this interaction is restrained
by ectopic over-expression of ¢ircAGO2 (6). Noteworthy,
the over-expression of ¢ircAGO2 is able to interfere with
the expression of circAGO2/HuR downstream genes, since
as many as 6 cancer progression-related genes (EIF4EBP3,
HNF4A4, MAP4K1, NOTCH4, SLC2A4 and SLC44A44)
are modulated. Additionally, the binding sites for up to 5
miRNAs (miR-224-5p, miR-143-3p, miR-181a-5p, miR-
503-5p and miR-125a-3p) are located in a site close to the
AU-rich elements (ARE) in the 3'-UTR of these 6 target
genes (6). The emerging mechanism of regulation is quite
remarkable, in fact, while the over-expression of miRNAs
induces an enrichment of both HuR and AGO2 on these
3'-UTRs, the over-expression of ¢ircAGO?2 is able to impair
this occurrence, therefore preventing the decrease of the
6 target genes (6). Thus, it is worth noting that cireAGO2
promotes the repressive function of HuR on the miRNAs/
AGO?2 complex. The interaction between circ4GO2 and
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HuR on the 3'-UTRs of target genes most likely generates
a steric hindrance which, in turn, prevents the positioning
of the miRNA/AGO?2 complex on adjacent sites located
in the 3'-UTR and, consequently, blocks the translational
repression driven by miRNAs (6).

The interaction with AGO2 represents an additional
mechanism of circRNAs function. AGO2, plays a crucial
role in the gene silencing process mediated by miRNAs, by
interacting with them and driving translational repression
or cleavage of target mRNAs. Several authors have already
shown that a lot of circRNAs are able to interact with AGO2
and miRNAs, thus acting as miRNA sponge, and then
inhibiting the block of the expression due to miRNAs (15).
AGO?2, therefore, represents a typical example of RBP
that not only interacts with miRNAs, but also mediates the
function of specific circRNAs. Nevertheless, the mechanism
proposed by Chen et 4l. is somewhat different from miRNA
sponge since circAGO2 has no putative base-pairing
sites shared with the miRNAs identified in the present
work. This observation, however, further strengthens the
importance of the circRNAs/AGO?2 interaction, which as
a matter of fact, can exert its regulatory function in many
different ways. The miRNA sponge mechanism exerted by
circRNAs has however been questioned, since the putative
binding sites of miRNAs on circRNAs are not sufficient, as
required by such a model (6).

The mechanism involving ¢irc4GO2 and HuR shows
very interesting similarities with the IncRNA LINC00707. It
has just been reported that LINC00707 is able to bind HuR
forming a complex able to increase the stability of several
mRNAs associated with gastric carcinoma (16). Considering
that HuR and LINC00707 are also over-expressed in gastric
carcinoma, it is likely to envisage that this interaction can
lead to the development and the progression of gastric
carcinoma (16). Another similar mechanism has been
observed in epithelial ovarian carcinoma, where LNCARSR
is able to simultaneously interact with HuR and with the
B-catenin mRNA in the cytoplasm of carcinoma cells. This
interaction is reflected into an increase of the B-catenin
levels, with a substantial progression of the carcinoma (17).
Indeed, it seems that the HuR protein represents a true
nodal center in diseases like human cancer and, currently,
researchers are developing new therapeutic approaches
based on the HuR blocking.

Oncogenic properties of ¢circAGO2 are specifically
mediated by the activation of HuR protein, since HuR
silencing leads to a lower stability of the 6 target genes
mRNAs, with a reduced expression of them. Conversely, it
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is noteworthy that the over-expression of ¢ircAGO?2 is able
to sustain their expression (6). On the other hand, in vivo
circAGO2 silencing is able to significantly reduce growth,
tumor mass, expression of Ki-67 and CD-31 positive
microvessels in subcutaneous xenografts and the ability to
form metastases to the lungs (6).

More in general, the characterization of the circRNAs/
RBPs interplay sheds new light on current therapeutic
strategies and future developments in the field of
oncological diseases. The possibility to target RBPs is
certainly desirable in the case of cancer, as these proteins
simultaneously modulate multiple characteristics of the
disease (18). However, it is proving very difficult to block
specifically this type of proteins. In this perspective, a
combinatorial therapy, which also takes into account
RNA interactors, could provide further validity. In this
framework, the circRNAs play a leading role since they
show remarkable features which make them exploitable not
only as molecular targets, but also as therapeutic vectors (19).
In the latter case it is noteworthy that molecular vectors
expressing circRNAs can be engineered in laboratory to
carry binding sites both for miRNAs and for RBPs (19).
This allows, at least in principle, to obtain a therapeutic
advantage due to a multiple block of a same pathway. Novel
therapeutic strategies must move along a path in which
ncRNAs and the respective RBPs must be considered
as central nodes, whose targeting is reflected in a better
therapeutic response of patients.

A therapeutic use of cireAGO?2 silencing is also envisaged,
in fact the treatment of AGS cells with a peptide mimicking
the binding site of HuR to ¢ireAGO2 (HIP-13) is able
to block the endogenous interaction between HuR and
circAGO2, with a consequent effect on the viability,
proliferation and invasive ability of cells. Additionally,
in vivo treatment with HIP-13 has the same effect of
circAGO2 silencing, namely a significant reduction of
growth, tumor mass, expression of Ki-67 and CD-31
positive microvessels in subcutaneous xenografts, and also
a reduced ability to form lung metastases (6). Thus, this
investigation undoubtedly shows that the block of ¢ircAGO2
could be exploited as a novel therapeutic strategy in cancer
management. The characterization of ¢ircAGO2/HuR
interaction certainly offers new therapeutic opportunities
for the treatment of gastric carcinoma and, more generally,
in the different human carcinomas. In fact, the idea of using
protein fragments able to penetrate the cell, as potential
drugs, is very interesting. The small size of peptides would
also allow a very rapid clearance, with a reduction of side
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effects. More importantly, such an approach would be
even more specific and personalized, since peptides would
only block ¢ireAGO2 and, consequently, the pathological
functions of HuR, but not the whole physiological
functionality of HuR. This eventuality would be very
advantageous in terms of drug efficacy and decrease of side
effects.

It is clearly obvious that the block of ¢ircAGO2 could also
be obtained by other approaches, such as the administration
of other ncRNA fragments able to bind it. A further aspect
to consider is the possibility to take advantage of the novel
delivery opportunity offered by nanoparticles and, more
generally, by nanotechnologies.

The characterization of the oncogenic role of ¢ireAGO2
in gastric carcinoma further emphasizes the importance
of circRNAs in the development and progression of
human diseases such as cancer. It is well known that a
series of circRNAs are aberrantly expressed in human
carcinomas (7,8,10). Their improper expression is mostly
reflected in the interaction with miRNAs with subsequent
sponge effect and this aberrant interaction seems to be a
fairly general phenomenon in human carcinogenesis (15).
Additionally, several works tend to extend the concept of
sponge also to RBPs, as it has been observed that some
circRNAs can bind and relocalize other proteins, preventing
their functioning (20). This is quite similar to what is
observed for ¢ircAGO2 and its interaction with HuR.

The expression analysis of cireAGO2 and HuR in human
gastric carcinomas shows that their levels are significantly
associated with the presence of metastases and with a poor
overall survival and, in particular, the over-expression
of HuR in carcinoma samples is associated with a worse
clinical condition of patients (6). If we consider only gastric
carcinoma, we can certainly say that a large list of circRNAs
are deregulated and show both an oncogenic and a tumor
suppressor role. For instance, it has just been reported in
the literature that cirePSMC3 can suppress proliferative
and metastatic abilities of gastric carcinoma cells (21).
Conversely, cireNRIP1, HSA_circ_0067997 and cireNF1,
are all able to sustain the progression of gastric carcinoma
(22-24). Likewise, RBPs also play a general and very
important role in cancer (25). It has been hypothesized
that single RBPs are virtually involved in all the various
pathological processes leading to cancer development (25).
For example, the IMG type RBPs are mainly associated
with an increase of cell proliferation (25). Sam68, on
the other hand, due to its splicing regulatory ability, is
also involved in the enforcement of breast and prostate
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cancer cells proliferation (25). The RBPs of the LARP
family, again, are mainly associated with the acquisition of
resistance phenomena to apoptosis. Finally, ESRP1/2 and
KHSRP proteins are involved in the onset of several human
carcinomas, as they are associated with the acquisition of
mesenchymal phenotypic characteristics, with consequent
increase in the migratory and invasive capacity of tumor
cells (25).

In conclusion, we can recapitulate the main implications
of circAGO2/HuR interaction as follows: the over-expression
of ¢ircAGO2 in a series of human tumors, including gastric
carcinoma, promotes the translocation of HuR from the
nucleus to the cytoplasm and induces its enrichment on
the 3'-UTR of target genes related to the proliferation and
the cell cycle. The presence of circAGO2/HuR complex
on the 3'-UTR increases the stability of target mRNAs by
competing with the AGO2/miRNAs complex. Then, the
final effect is to promote tumorigenesis and aggressiveness (6).
For the future, a new window opens in the design of
personalized anti-cancer therapies based on the inhibition
of ¢ircAGO2 and HuR in specific types of human cancers.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
and reviewed by the Section Editor Chunlin Ou, MD, PhD
(Cancer Research Institute of Central South University,
Changsha, China).

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at http://dx.doi.
org/10.21037/tcr.2019.03.10). The authors have no conflicts
of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-

commercial replication and distribution of the article with

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Jeck WR, Sharpless NE. Detecting and characterizing
circular RNAs. Nat Biotechnol 2014;32:453-61.

2. Jeck WR, Sorrentino JA, Wang K, et al. Circular RNAs
are abundant, conserved, and associated with ALU repeats.
RINA 2013;19:141-57.

3. Memczak S, Jens M, Elefsinioti A, et al. Circular RNAs
are a large class of animal RNAs with regulatory potency.
Nature 2013;495:333-8.

4. Salzman J, Gawad C, Wang PL, et al. Circular RNAs
are the predominant transcript isoform from hundreds
of human genes in diverse cell types. PLoS One
2012;7:€30733.

5. Chen LL, Yang L. Regulation of circRNA biogenesis.
RNA Biol 2015;12:381-8.

6. Chen, Yang F, Fang E, et al. Circular RNA circAGO2
drives cancer progression through facilitating HuR-
repressed functions of AGO2-miRNA complexes. Cell
Death Differ 2018. [Epub ahead of print].

7. Hsiao KY, Lin YC, Gupta SK, et al. Noncoding Effects of
Circular RNA CCDC66 Promote Colon Cancer Growth
and Metastasis. Cancer Res 2017;77:2339-50.

8. Bachmayr-Heyda A, Reiner AT, Auer K, et al. Correlation
of circular RNA abundance with proliferation--exemplified
with colorectal and ovarian cancer, idiopathic lung fibrosis,
and normal human tissues. Sci Rep 2015;5:8057.

9. Zhang HD, Jiang LH, Sun DW, et al. CircRNA: a novel
type of biomarker for cancer. Breast Cancer 2018;25:1-7.

10. QuS, Liu Z, Yang X, et al. The emerging functions
and roles of circular RNAs in cancer. Cancer Lett
2018;414:301-9.

11. Glazar P, Papavasileiou P, Rajewsky N. circBase: a database
for circular RNAs. RNA 2014;20:1666-70.

12. Zhang F, Cai Z, Lv H, et al. Multiple functions of HuR in
urinary tumors. ] Cancer Res Clin Oncol 2019;145:11-8.

13. von Roretz C, Di Marco S, Mazroui R, et al. Turnover
of AU-rich-containing mRNAs during stress: a matter of
survival. Wiley Interdiscip Rev RNA 2011;2:336-47.

14. Balkhi MY, Iwenofu OH, Bakkar N, et al. miR-29 acts as
a decoy in sarcomas to protect the tumor suppressor A20
mRNA from degradation by HuR. Sci Signal 2013;6:ra63.

15. Zang J, Lu D, Xu A. The interaction of circRNAs and

Transl Cancer Res 2019;8(Suppl 2):5211-S215


http://dx.doi.org/10.21037/tcr.2019.03.10
http://dx.doi.org/10.21037/tcr.2019.03.10

Translational Cancer Research, Vol 8, Suppl 2 March 2019

16.

17.

18.

19.

20.

21.

RNA binding proteins: An important part of circRNA
maintenance and function. J Neurosci Res 2018. [Epub
ahead of print].

Xie M, Ma T, Xue J, et al. The long intergenic non-
protein coding RNA 707 promotes proliferation and
metastasis of gastric cancer by interacting with mRNA
stabilizing protein HuR. Cancer Lett 2019;443:67-79.

Shu C, Yan D, Mo Y, et al. Long noncoding RNA
IncARSR promotes epithelial ovarian cancer cell
proliferation and invasion by association with HuR and
miR-200 family. Am J Cancer Res 2018;8:981-92.

Hong S. RNA Binding Protein as an Emerging
Therapeutic Target for Cancer Prevention and Treatment.
J Cancer Prev 2017;22:203-10.

Kristensen LS, Hansen TB, Veno MT, et al. Circular
RNAs in cancer: opportunities and challenges in the field.
Oncogene 2018;37:555-65.

Hentze MW, Preiss T. Circular RNAs: splicing's enigma
variations. EMBO ] 2013;32:923-5.

Rong D, Lu C, Zhang B, et al. CircPSMC3 suppresses the

Cite this article as: Pellecchia S, Quintavalle C, Pallante P.

The control of tumor progression by circular RNAs: novel

prognostic and therapeutic insights resulting from the analysis

of the circAGO2/human antigen R complex. Transl Cancer Res
2019;8(Suppl 2):5211-S215. doi: 10.21037/tcr.2019.03.10

© Translational Cancer Research. All rights reserved.

22.

23.

24.

25.

tcr.amegroups.com

S215

proliferation and metastasis of gastric cancer by acting as
a competitive endogenous RNA through sponging miR-
296-5p. Mol Cancer 2019;18:25.

Zhang X, Wang S, Wang H, et al. Circular RNA
circNRIP1 acts as a microRNA-149-5p sponge to promote
gastric cancer progression via the AKT1/mTOR pathway.
Mol Cancer 2019;18:20.

Zhang H, Wang X, Huang H, et al. Hsa_circ_0067997
promotes the progression of gastric cancer by inhibition
of miR-515-5p and activation of X chromosome-linked
inhibitor of apoptosis (XIAP). Artif Cells Nanomed
Biotechnol 2019;47:308-18.

Wang Z, Ma K, Pitts S, et al. Novel circular RNA NF1
acts as a molecular sponge, promoting gastric cancer by
absorbing miR-16. Endocr Relat Cancer 2018. [Epub
ahead of print].

Pereira B, Billaud M, Almeida R. RNA-Binding Proteins
in Cancer: Old Players and New Actors. Trends Cancer
2017;3:506-28.

Transl Cancer Res 2019;8(Suppl 2):S211-S215



