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Circular RNA and exosomes in pancreatic cancer progression
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Circular RNA (circRNA) is a type of noncoding RNA that
forms a covalently closed continuous loop. CircRNAs were
discovered in the 1980s but were thought to be an artifact
of aberrant RNA splicing or specific to a few pathogens
such as hepatitis delta virus (1). The development of next-
generation sequencing and bioinformatics tools has led
to the discovery of numerous endogenous circRNAs, the
expression of which is considerably higher than previously
thought. The expression levels of circRNAs differ among
cell types and are often independent of those of the parent
gene. Thus, circRNAs are not merely artifacts of aberrant
RNA splicing but have unique functions. CiRS-7, one of
the best studied circRNAs, has more than 70 seed sequences
capable of binding to microRNA-7 and inhibiting its
binding to the target mRNA. CiRS-7 functions as a
competing endogenous RNA for microRNA-7 or as a
microRNA-7 sponge (2). CircRNAs can also interact
with RINA to control transcription (3) or translation (4,5).
Furthermore, circRNAs have been implicated in the
pathogenesis of various cancers, arteriosclerosis, and central
nervous system diseases (6).

Exosomes are secreted vesicles 30 to 100 nm in diameter
that are surrounded by a lipid bilayer membrane. Exosomes
contain host-cell-derived RNA and protein and can
be transported long distances to induce functional and
physiological changes in target cells. Exosomes secreted by
cancer cells play an important role in cancer progression
and metastasis by inhibiting the activation of T cells
and dendritic cells and inducing cancer cells to undergo
epithelial-mesenchymal transition (7,8).
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Exosomes contain microRNAs, tRNAs, mRNAs, and
according to recent reports, circRNAs (9). In exosomes,
circRNAs are enriched compared with the linear transcripts
derived from their parent gene (9). Moreover, circRNAs
are more abundant in exosomes than in the cell from which
the exosomes originated. Colon, lung, stomach, breast, and
cervical cancer cells secrete circRNA-containing exosomes.
In exosomes present in the serum of patients with colorectal
cancer, certain circRINAs were enriched compared with those
in exosomes from healthy controls (9). Therefore, exosomal
circRNAs are implicated in the pathogenesis and/or
progression of cancer.

Li et al. first reported a role for exosomal circPED8A in
pancreatic cancer. They performed microarray analysis and
identified circ-PDESA in exosomes secreted by Hs766T-1.2
pancreatic cancer cells, which were established from liver
metastatic tissues. The expression level of circ-PDESA in
pancreatic cancer tissue was related to lymphatic invasion,
TNM stage, and a poor survival rate. In addition, the
expression level of circPDESA in exosomes from the plasma
of pancreatic cancer patients was related to the progression
and prognosis of pancreatic cancer. Moreover, circPDESA
acted as a competing endogenous RNA for microRNA-338
and induced invasive growth via the MACC, MET, ERK,
and AKT pathways (Figure 1). Li and coworkers also
established stably Hs766T-L2 cells stably overexpressing
circPDESA, and the exosomes secreted from these cells
were rich in circPDESA transcripts; co-culture of these
exosomes with BxPC-3 pancreatic cancer cells resulted in
upregulation of MACC expression in the BxPC-3 cells.
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Figure 1 Circ-PDESA promotes invasive growth via the miR-338/
MACCI/MET pathway. Exosomes containing circ-PDE8A may

promote the growth of nearby tumor cells.

circPDE8SA

These novel findings imply that exosomal circPDESA
promotes tumor growth via the MACC, MET, ERK, and
AKT pathways in a cell-autonomous manner and promotes
the progression of pancreatic cancer in a paracrine manner.
However, several questions remain to be resolved.

First, how are circRNAs enriched during exosome
formation? Exosomes originate from various sizes of
endoplasmic reticulum known as intraluminal vesicles,
which are formed by budding from multivesicular bodies.
One possibility is that circRNAs are present in the
cytoplasm and passively included in exosomes during
their formation. As circRNAs are more recalcitrant to
exonuclease degradation than are linear RNAs, circRNAs
may become enriched upon degradation of linear RNA.
Alternatively, circRNAs may be actively transported from
the cytoplasm into exosomes. CiRS-7 functions as an
microRNA-7 sponge. Introduction of an microRNA-7
mimic into cells reduced the abundance of ciRS-7 in
exosomes but increased that in the exosome-derived cells (9).
In addition, the abundance of circRTN4 was increased
in exosomes derived from DLD-1 colorectal cancer cells,
which possess a KRAS mutation, compared with DKs-8
cells (wild type KRAS), whereas the intracellular abundance
of circRTN4 was decreased in DLD-1 cells (10). Therefore,
exosomal circRNA is independent of intracellular circRNA
and may be actively transported between exosomes and the

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

Seimiya et al. Circular RNA and exosomes

cytoplasm. However, the transporter involved has yet to be
identified, and thus further research is needed.

Several circRNAs are associated with the growth of
pancreatic cancer. For example, circRNA-100782 controls
tumor growth via the IL-6/STAT3 pathway by acting as
an microRNA-124 sponge (11). Silencing of the circRNA
hsa_circ_0000977 suppresses the progression of pancreatic
ductal adenocarcinoma by stimulating microRNA-874-3p
and inhibiting PLK1 expression (12). Although circRNAs
can promote cancer progression, their only known function
is acting as microRNA sponges. Despite the discovery of
numerous circRNAs, the functions of only a few have been
identified. Thus, further studies are required to gain a
complete understanding of the functions of circRNAs.

In this study, exosomal circPDE8SA was shown to interact
with pancreatic cancer cells. Exosomes interact with not
only cancer cells but also fibroblasts, endothelial cells, and
immune cells to promote tumor growth and invasion (7).
Tumor-derived exosomes induce differentiation of cancer-
associated fibroblasts, which play a major role in the
establishment of the tumor microenvironment. Fibroblast-
derived exosomes also support tumor growth, and exosome-
mediated communication between tumor cells and
fibroblasts is associated with cancer progression. Exosomal
communication between tumor cells and endothelial cells
regulates angiogenesis and promotes tumor growth, while
that between tumor cells and immune cells modulates the
host immune response and promotes inflammation. Thus,
exosomes play an important role in tumor angiogenesis,
inflammation, and immune reconstitution. Further research
is needed to investigate the effect of exosomal circRNAs on
the tumor microenvironment.

In this study, a high level of exosomal circPDES8A in
plasma, as determined by quantitative reverse-transcription
polymerase chain reaction (QRT-PCR), was correlated with
the progression and prognosis of pancreatic cancer. The
housekeeping genes B-actin and GAPDH are typically used
as an internal control in qQRT-PCR, but whether they are
appropriate for quantification of exosomal circRNAs in
plasma is unclear.

Several issues regarding the relationship between
exosomal circRNAs and pancreatic cancer remain to
be resolved. The findings of this study indicate that
circRNAs and exosomes are involved in the progression of
pancreatic cancer, implying their potential as biomarkers
and therapeutic targets. Therefore, further research on
exosomal circRNAs will enhance our understanding of the
pathology of pancreatic cancer.
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