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Circular RNAs (circRNAs) are a type of long non-coding 
RNA (lncRNA), which form when a 5’ splice site binds 
to an upstream 3’ splice site and a circular structure is the 
result, also referred to as back splicing (1). Unlike other 
forms of RNA, circRNA is highly stable and conserved, 
due to its ability to resist the activity of RNA exonucleases, 
such as RNase R (2). CircRNAs can be localized in the 
nucleus, cytoplasm, and mitochondria. Those located in 
the nucleus are associated with genome editing, while those 
in the cytoplasm can act as miRNA sponges, as well as 
interacting with other proteins (3). A recent study has shown 
that downregulated steatohepatitis-associated circRNA 
ATP5B regulator (SCAR) is localized at mitochondria 
of liver fibroblasts from patients with nonalcoholic  
steatohepatitis (4). Decreased levels of circRNA SCAR 
switches on mitochondrial permeability transition pore by 
releasing ATP5B leading to increased mitochondrial ROS 
output. The interaction between circRNAs and miRNAs has 
been discussed in lung and other tumors in previous reviews 
(5,6). For example, circ_001569 has been shown to promote 
the proliferation of tumor cells in colorectal cancer through 
the sponging of miR-145, whose functional targets include 
BAG4, a regulator of apoptosis (7). There are many potential 
clinical applications of circRNAs. Currently, there are 
studies that suggest that it can be used as a biomarker, useful 
for detecting certain cancers, such as gastric cancer and oral 
squamous cell carcinoma (8,9). Currently there is a clinical 
trial, in the recruiting phase, that are exploring the reliability 
of circRNAs as biomarkers and potential diagnostic markers 
for pancreatic and biliary duct cancers (clinicaltrials.gov).

In a novel study conducted by Ishola et al. (10), in the 
Cancer Research journal, they introduce potential roles for 

circRNA, hsa_circ_0000190 (C190) in lung cancer. In a 
previous study, the authors discovered hsa_circ_0000190 
and identified it as a biomarker for non-small cell lung 
cancer (NSCLC) due to its ease of detectability in patients' 
blood (11). One of the miRNAs that can be sponged by 
C190, is miR-142-5p, as validated by Ishola et al. (10). MiR-
142-5p has been shown to play a role in the suppression 
of lung cancer through inhibition of cell migration and 
proliferation, as well as immune system modulation (12,13). 
The author’s main objective in this study was to identify 
the major functions of C190 in lung cancer progression. 
After analyzing transcriptomes of various lung cancer cell 
lines, they found that C190 had been the most upregulated 
circRNA. They confirmed expression of C190 in NSCLC 
patients’ blood samples using RNA-FISH and RT-qPCR 
techniques. Using the following cell lines: HCC827, A549, 
H1299 and BEAS-2B, they found that overexpression of 
C190 led to increased cell proliferation as well as increased 
phosphorylation of ERK1/2, not phosphorylation of 
epidermal growth factor receptor (p-EGFR), which may 
suggest that there is no direct positive or negative feedback 
loop with EGFR and C190. Additionally, the authors found 
that after conducting a wound-healing experiment, C190 
increased cell migration. To test the effects of this circRNA 
on tumor growth, they stably transfected A549, H1299, and 
HCC827 cells with C190 and found that, through activation 
of the MAPK/ERK pathway, cell proliferation increased. 
Another mechanism of C190 is regulation of the cell cycle. 
By performing a transient transfection of the A549 cells, 
they found that cyclin-dependent kinase 1 (CDK1) and 
CDK4/6 are upregulated, while retinoblastoma (Rb) is 
hyperphosphorylated. This indicates that there is a positive 
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correlation between upregulation of the cell cycle and 
EGFR activation through a C190-driven mechanism. 

This  study was conducted with a two-pronged 
perspective of both overexpression and knockdown of 
C190. This is advantageous because it confirms the function 
of the protein of interest in a holistic way, while also 
revealing potential significant protein-protein interactions. 
In this paper, for example, they found that when C190 was 
overexpressed in A549 and H1299, levels of phosphorylated 
ERK1/2 and ribosomal protein S6 (RPS6) were elevated. 
ERK1/2 is a downstream effector of EGFR and RPS6 
is a component of the 40S ribosomal subunit and thus 
involved in protein translation, which further supports their 
hypothesis that C190 is linked to EGFR activation and 
modulation of global translational mechanisms. However, 
when C190 was knocked down using CRISPR-Cas13 RNA 
editing, the same proteins were downregulated in HCC827, 
a cell line with a constitutively active EGFR mutation. 
This suggests that there may be an alternative mechanism 
of C190 that is independent of EGFR activation or an 
alternative regulator of the MEK/ERK pathway and RPS6. 

The use of CRISPR-Cas13 RNA editing system allowed 
the authors to reduce off-target effects of C190 knockdown, 
which increases the reliability of their results. Furthermore, 
they demonstrated the clinical relevance of their work, by 
incorporating the function of the CRISPR-Cas13 editing 
system with the effects of EGFR-tyrosine kinase inhibitors 
(TKIs), as well as showing the pro-oncogenic effects of 
C190 in vivo using a mouse tumor model. 

For future studies on C190, different cell lines with 
alternate mutations can be analyzed to see if the functions 
of C190 are restricted to the development of NSCLC or 
if it can play a role in other kinds of lung cancers. In Fig. 
2M, for example, gefitinib treatment in KRAS mutant 
A549 (EGFR wild-type, non-responder to gefitinib) did not 
change C190 expression. EGFR mutant cell line HCC827 
and other cell lines should be used to re-evaluate this effect. 
Another point of consideration is that there may be a time-
dependent activation of EGFR that could affect downstream 
targets. At various times, the stimulation of EGF will lead 
to preferential phosphorylation of certain sites (14,15). That 
could be why STAT3 phosphorylation was not observed in 
H1299 and A549. In Fig. 6D, there may be concern about 
emergence of drug resistance after targeting C190 via the 
cancer cells utilizing other signaling pathways, such as the 
EGFR-phosphoinositide 3 kinase (PI3K) signaling pathway. 
Blocking C190 did not change the p-EGFR expression, 
which can induce other signaling pathways such as PI3K to 
bypass the C190-MAPK signaling pathway. 

While this study brings to light many of the mysteries 
surrounding circRNAs and their functions in cancer 
progression, further exploration will be needed to 
understand the differences in functions of linear RNAs and 
circular RNAs that share the same promoter, for example 
CNIH4 and C190, as mentioned in the paper. Additionally, 
we want to understand the frequency of exon splicing that 
leads to the formation of circRNAs. The exact role of C190 
seems to vary across different cancers as well. In some 
cancers, such as multiple myeloma and gastric cancer, C190 
was downregulated and that led to cell proliferation through 
derepressing miR-767-5p and miR-1252-5p respectively, 
which are other known targets of C190 (16,17). Another 
target of C190 is miR-382-5p, which has been shown to 
function as a tumor suppressor in colorectal cancer through 
its inhibition of KLF12 and HIPK3 (11,18). For future 
clinical trials that could be based on this C190, we may need 
to consider these possible off-target effects (19) of C190’s 
alternative sponging of miR-767, miR-1252, and miR-382 
(Figure 1).
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Figure 1 Summary of the mechanisms of C190 with implications in 
various cancers. EGFR is depicted as an upstream regulator of C190 
since their expression has been shown to be positively correlated 
with each other. C190 can then activate ERK1/2, which, along 
with PI3K, another downstream regulator of EGFR, can activate 
cell proliferation pathways. ADAR is a potential RNA editing tool 
that may function to alter the function of C190 in ways that may 
be helpful for clinical applications. The ability of C190 to sponge a 
variety of miRNAs can lead to several cellular consequences such as 
inflammation, evasion of growth suppressors, genomic instability, 
and anti-apoptosis through CDK4/6-mediated mechanisms. ADAR, 
adenosine deaminase RNA specific; EGFR, epidermal growth factor 
receptor; PI3K, phosphoinositide 3 kinase.
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Since this paper showed that miR-142-5p, a guide strand 
of the miRNA duplex, and C190 have antagonistic roles, 
there should be further exploration into the function of miR-
142-3p, a passenger strand, since it has also been shown to 
regulate the cell cycle (20). Also, the roles of miR-142-5p 
and C190 are suggested here to be time dependent, which 
could provide insight into clinical treatment efficacy. It is not 
clear if miR-142-5p will affect drug response to anticancer 
drugs, such as EGFR-TKIs. Several studies have shown that 
miRNAs mediate drug resistance such as EGFR-TKIs in 
lung cancer through different mechanisms (21-23). RNAs 
including miRNAs can be edited by an RNA editing enzyme 
such as adenosine deaminase RNA specific (ADAR) tool (24). 
Thus, how circRNA C190 and miR-142-5p are modified and 
edited by ADAR will be of interest in the future. 
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