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Circular RNA (circRNA), a group of single-
stranded RNA with circular configurations
produced by backsplicing, have been widely
identified for both diagnostic and prognostic
applications in various human diseases.
In this study, Zheng et al. applied compre-
hensive transcriptomic analyses on the adja-
cent non-tumorous tissues and tumorous
tissues from patients with intrahepatic chol-
angiocarcinoma (ICC) and plasma-derived
exosomes from both patients with ICC
and healthy individuals.1 The study revealed
that circRNAs in exosomal fractions well
distinguished healthy individuals and
patients with ICC. Moreover, the authors
highlighted novel subgroups of ICC defined
by using transcriptomic profiling. This infor-
mation consolidated and exemplified the
great clinical potential for the application of
circRNA in better classification of ICC and
also for the development of better strategies
targeting distinct groups of ICC (Figure 1).

The diagnostics of a given disease are attrib-
uted to the convenience and reachability
of diagnostic tools. The development of ICC
at early stages is typically asymptomatic
and difficult for diagnosis. In this study,
the authors set out to develop a non-invasive
tool for early detection of ICC and demon-
strated a potentially game-changing tool
for the earlydiagnosis of ICCbyusingcompre-
hensive and unbiased characterization of
circRNA profiles on both solid and liquid
biopsies. Adjacent non-tumorous tissues and
tumorous tissues were first collected and
analyzed. The authors not only confirmed
the previous known biomarkers—ciRS-7/
CDR1as and circ-0000284—but also acquired
an additional panel of differentially expressed
circRNA. These results are promising and
showed that circRNA profiling is fairly appli-
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cable to serve as a diagnostic tool todistinguish
non-tumorous and tumorous tissues.

Nevertheless, to include a broader spectrumof
patientswith ICC, the authors integrated addi-
tional transcriptomic profiles collected in The
Cancer Genome Atlas (TCGA) and identified
3distinct groups of patientswith ICC, suggest-
ing that ICC is a diseasewith heterogonous or-
igins and/or composition. This discovery is
consistent to the not-yet-consensual classifica-
tion of ICC, which includes at least 4 subtypes
of ICC according to anatomic/cellular origins
of disease and histological characteristics.2,3 It
was reported that molecular profiling using
genomic mutation can distinguish ICC origi-
nating froma small or large duct.2,4 The results
of this study further push the limit for a finer
classification of ICC using transcriptomic
profiling. Of special note, there were no ge-
netic profiles or histological or pathological
details provided for the ICC tissues analyzed
in this study, and thus the link between these
three newly classified subgroups and pre-ex-
isting classified subtypes remains to be estab-
lished in the future. Despite this missing
link, the authors indeed made a novel discov-
ery that one of the subgroups associated with
the feature of T cell exhaustion and neutrophil
extracellular trap (NET) and thus coined the
term “immunogenic ICC.” The idea of T cell
exhaustion is a currently evolving concept
referred to a state of differentiated T cells
with a declined capacity to secrete cytokines
and elevated expression of inhibitory recep-
tors (such as PD-1) in response to persistent
exposure of antigen and/or chronic T cell
receptor (TCR) stimulation. Knowing the
properties of theT cells infiltrated in tumorous
tissues is an important prior task for the suc-
cess of immunotherapy. Thus, the authors
provided a novel insight into how circRNA
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can be a novel diagnostic biomarker for iden-
tifying patients with ICC suitable for PD-1
blockade treatment. A recent study has shown
thatpembrolizumab, a full-lengthmonoclonal
antibody against the immune checkpoint PD-
1, restored the activity of exhausted T cells,5

providing a piece of supporting evidence that
this particular ICC type with exhausted
T cell infiltration may be a good candidate
for immunotherapy (Figure 1). In addition
to T cell exhaustion, genes related to NET
wereupregulated in the immunogenic ICC tis-
sues. NET is an emerging player implicated in
many human diseases. In the field of cancer
biology, it has been reported that systematic
stimuli of NET causes circulating tumor cells
trapped at remote organs. It should be noted
that such NET stimuli usually come from in-
flammatory stimulation. It will be worthwhile
to further clarify whether the patients with
immunogenic ICC in this study suffered
such NET stimuli.

The authors further characterized the
top differentially expressed circRNAs in
tumorous and adjacent non-tumor tissues
from patients with immunogenic ICC and
showed that the circRNA profile is a practical
tool for distinguishing immunogenic ICC tis-
sues. To further maximize its flexibility in
clinical application for routine examination,
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Figure 1. Exosomal circRNA as biomarkers for better diagnostics and novel classification of ICC.
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the authors used the circRNA collected from
exosomes and revealed that circRNAs in exo-
somes have even better power to distinguish
patients with immunogenic ICC from
healthy individuals. The application of
circRNA in exosomes shows significant supe-
riority over other types of molecules and
liquid biopsy. For example, exosomes exist
in almost all body fluids, and both circRNAs
and exosomes harbor high stability. The high
biological stability reduces the cost of sample
storage and relieves the difficulty of transpor-
tation, both of which greatly improve the
clinical applicability. Nevertheless, the infor-
mation from circRNAs encapsulated in exo-
somes are more biologically relevant than
cell-free nucleic acids, which are mainly
released from necrotic or apoptotic cells.
Thus, both circ-PTPN22 and circ-
ADAMTS6 will be convenient diagnostic
biomarkers for patients with ICC. It will
certainly be worthwhile to further investigate
the biological functions of circ-PTPN22 and
690 Molecular Therapy: Nucleic Acids Vol. 31
circ-ADAMTS6 during the development of
ICC to evaluate whether they can serve as
prognostic markers or therapeutic targets
as well.
ACKNOWLEDGMENTS
H.-H.L. carried out her thesis research under
the auspices of the PhD program in Tissue
Engineering and Regenerative Medicine, Na-
tional Chung Hsing University, and National
Health Research Institutes in Taiwan. This
study was supported by Ministry of Science
and Technology of Taiwan (MOST 109-
2320-B-005-008-MY3) to K.-Y.H., Hsing
Chung inter-institutional project (NCHU-
CSMU-11007 and -11106) to K.-Y.H. and
Y.-C.L., and Rong Hsing inter-institutional
project (TCVGH-NCHU-1110101) to K.-
Y.H. and H.-E.T.
DECLARATION OF INTERESTS
The authors declare no competing interests.
March 2023
REFERENCES
1. Wang, X.,Wang, G.,Wu, Z., Dong, Y., Shi, Y., Yang, F.,

Chen, X., Wang, J., Du, S., Xu, H., and Zheng, Y.
(2023). Exosomal circ-PTPN22 and circ-ADAMTS6
mark T cell exhaustion and neutrophil extracellular
traps in Asian intrahepatic cholangiocarcinoma. Mol.
Ther. Nucleic Acids 31, 151–163.

2. Liau, J.Y., Tsai, J.H., Yuan, R.H., Chang, C.N., Lee, H.J.,
and Jeng, Y.M. (2014). Morphological subclassification
of intrahepatic cholangiocarcinoma: etiological, clini-
copathological, and molecular features. Mod. Pathol.
27, 1163–1173.

3. Nakanuma, Y., Sato, Y., Harada, K., Sasaki, M., Xu, J.,
and Ikeda, H. (2010). Pathological classification of in-
trahepatic cholangiocarcinoma based on a new
concept. World J. Hepatol. 2, 419–427.

4. Chung, T., and Park, Y.N. (2022). Up-to-Date patho-
logic classification and molecular characteristics of in-
trahepatic cholangiocarcinoma. Front. Med. 9, 857140.

5. Lee, J., Ahn, E., Kissick, H.T., and Ahmed, R. (2015).
Reinvigorating exhausted T cells by blockade of the
PD-1 pathway. Forum Immunopathol. Dis. Ther.
6, 7–17.

http://refhub.elsevier.com/S2162-2531(23)00043-4/sref1
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref1
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref1
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref1
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref1
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref1
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref2
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref2
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref2
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref2
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref2
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref3
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref3
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref3
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref3
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref4
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref4
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref4
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref5
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref5
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref5
http://refhub.elsevier.com/S2162-2531(23)00043-4/sref5
http://www.moleculartherapy.org

	Circular RNA in liquid biopsy as biomarkers toward precision medicine
	Acknowledgments
	Declaration of interests
	References


