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Mitochondrial targeted nanoparticle encapsulated circRNA
attenuates NASH: one step closer to the therapeutic application

of circRNA in liver diseases
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Non-alcoholic steatohepatitis (NASH) is the progressive
state of non-alcoholic fatty liver disease (NAFLD). Instead
of hepatitis, NAFLD has become the major concern among
liver diseases with the change of lifestyle and chronic
alcoholism as well as over nutrition (1). There will be 15—
20% of NAFLD patients becomes NASH and nearly 20%
of NASH patents then further develop into cirrhosis, which
permanently irreversible and liver transplantation is needed.
Despite the increasing prevalence, currently, there are limited
approved therapeutic drugs available for NASH (2).
Recently, Zhao er al. from Sun Yat-sen University
provided a novel circular RNA (circRNA) based therapy
for NASH (3). Specifically, they showed that mitochondrial
steatohepatitis-associated circRNA ATP5B Regulator
(SCAR) could inhibit mitochondrial ROS (mROS) output
and fibroblast activation via blocking mitochondrial
permeability transition pore opening. Notably, PGCl-0, a
key transcriptional co-activator modulating mitochondrial
biogenesis (4), were predicted as the regulator to the
consensus site which is responsible for SCAR transcription
in fibroblast. Interestingly, the authors clearly revealed
the mechanism between PGC1l-0 and SCAR and
further clarified a CHOP-PGC1-0- SCAR axis under
the ER Stress induced by lipid overload. Moreover, the
authors successfully deliver SCAR to mitochondrial and
overexpression of circRNA could attenuate the high fat
diet-induced cirrhosis and insulin resistance in vivo. To
be mentioned, the function and mechanism of circRNA
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are still under the center of the storm of controversy. It
is no doubt that this study showed the new evidence that
circRNAs could serve as the putative therapeutic target in
liver disease. Compared with the viral based gene therapy,
there is more and more fundamental evidence highlight
that RNA molecular could be the future for next generation
gene therapy (5). Viral approaches including lentivirus
and AAV may lead to genome integration, insertional
mutagenesis and carcinogenesis. Thus, non-genome
integration platforms such as in vitro transcribed mRNA or
circRNA, modified RNA and even nanoparticle mediated
overexpression plasmid delivery could enhance the safety
concern. In addition, compare to linear RNA, special
structure of circRNA results the high RNase resistance
and longer expression lifespan (6), suggesting the high
application value.

Multiple mechanisms have been investigated for circRNA’s
effect in NASH (7,8). One of the approved mechanism
is the circRNA-miRNA-mRNA axes (9,10). Guo et al.
reported that both circRNA_046366 and circRNA_046367
could enhance the expression of miR-34a and indirectly
remove the inhibitor of transcribed peroxisome proliferator-
activated receptor o mRNA abundance (11,12). A similar
mechanism didn’t apply for circRNA SCAR when Zhao
et al. tries to find out its sponged microRNAs. The SCAR
also did not have any effect on its host gene’s transcripts.
Instead, they find the circRNA-protein directly binding
pathway. The double-stranded stem-loop structure of
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circRNA SCAR severed as a binding site for ATP5B protein.
Inconsistent with their previous hypothesis, they launched
an attractive mechanism to investigate circRNA (13).

The mechanism under NASH is still suitable for the
two hits theory (14). The fat accumulation and metabolic
syndrome caused the first hit for the liver. The following
reactive oxygen species stimuli and inflammation infiltration
induced a second hit to the function imbalanced liver and
result in steatohepatitis and cirrhosis. To interfere with
the early-stage mitochondrial ROS generation in activated
hepatic myofibroblasts could reduce the second hit and
inhibit its dominoes pro-inflammatory effect efficiently.
The majority of the anti-fibrotic investigations are focus
on reversing the activated hepatic myofibroblasts, the
combination strategy of targeting mitochondrial and reduce
mROS maybe accelerate the generation of new powerful
drugs in anti-fibrotic weaponry (15).

Another highlight of the study is the pioneering
application of mitochondrial-targeted nanoparticles. The
PH-sensitive polymers and integrated triphenylphosphonium
(TPP)-decorated amphiphilic cationic peptides (TACP) allow
the circRNA released from the endosome and entered the
double-shell mitochondrial. The innovative mitochondrial
targeting peptide provides a novel cell organelle targeting
possibility. However, the delivery system could be improved
by adding organ and cell targeting peptides. Regarding
the hepatic myofibroblast delivery, the peptides including
PDGFRP and P75NTR could be applied to improve the
fibroblasts targeting effect (16,17). Besides, the off-target of
the nanoparticle delivery is another concern.

Overall, the unprecedented work done by Zhao et 4.
provided a better understanding of the process of NASH-
developed cirrhosis. A promising future clinical application
is expected with further improvement of the delivery system
and circRNA optimization.
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