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A novel circular RNA acts as a key modulator of epidermal growth
factor receptor signaling in non-small cell lung cancer
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One attractive chemotherapeutic target in efforts to defeat
non-small cell lung cancer (NSCLC) is the epidermal
growth factor receptor (EGFR) and its associated signaling
mechanisms. The EGFR is a transmembrane tyrosine kinase
receptor that is typically abnormally activated during NSCLC
and which signals through a variety of canonical signaling
pathways including RAS/RAF/MEK/ERK, JAK/STAT, and
PI3K/Akt/mTOR/p70S6K (1). The many molecular targets
integrated into EGFR signaling have led to the development
of a variety of chemotherapeutic agents that can prevent its
oncogenic function including blockers and tyrosine kinase
inhibitors of the EGFR, and inhibitors of its downstream
kinase effectors (2-5). Despite these pharmacologic efforts,
lung cancer remains the world’s leading cause of cancer
deaths (6) and due to mutations in EGFR pathway proteins,
chemotherapeutic resistance frequently occurs in NSCLC
making prognoses unfavorable (7).

The difficulties encountered with designing
chemotherapeutic strategies against NSCLC signaling
proteins that often undergo mutation might be resolved if
more stable non-protein drug targets exist in the EGFR
pathway. This idea has led to an emerging research focus
on the role of noncoding RNAs in lung cancer. Recently,
dysregulation of noncoding circular RNAs (circRNAs) has
been shown to be implicated in many cancers including
lung cancer (8,9). CircRNAs are closed loop RNAs
produced by RNA binding proteins that mediate the
backsplicing of pre-mRNA transcripts; these circRNAs
can then be subsequently degraded by RNase L (10-12).
CircRNAs represent a form of gene silencing as they
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are able to bind to and suppress microRNAs (miRNAs)
that in turn bind to mRINA transcripts preventing their
translation into proteins (13). Suppression of pathologically
upregulated circRNAs can be accomplished using clustered
regularly interspaced short palindromic repeats (CRISPR)
and CRISPR-associated protein 13 (Casl3) methods (14).
Casl13 proteins are ribonucleases which form complexes
with short CRISPR RNAs (crRNA) that have sequences
complementary to targeted single-stranded RNA transcripts
which are then degraded by Casl13’s nuclease activity
(14,15). The CRISPR/Cas13 system has little potential
for causing off-target effects allowing it to act as a high-
precision therapeutic unlike more traditional forms of RNA
interference mediated gene silencing (14). An additional
advantage of CRISPR/Cas is the ability to use it in both
cell-based and animal models (16).

In the study of Ishola et 4l (17), the authors analyzed the
mechanistic function in NSCLC of the circular noncoding
RNA, hsa_circ_0000190 (C190), a circRNA previously
identified as a negative prognostic biomarker of lung
cancer (18). They first showed that C190 is upregulated in
clinical lung cancer tissues and cancer cell lines; whereas,
the expression of CNIH4, the linear product of the C190
gene, was unaltered. Then, they found that activation of
EGEFR signaling caused altered C190 expression primarily
through the MAPK/ERK and not JAK/STAT or PI3K/Akt/
mTOR/p70S6K pathways. Further, overexpressing C190
promoted tumor cell growth and migration in vitro and
in vivo and activated several cyclin dependent kinases
(CDKs) linked with cancer progression (Figure I). Next, the
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Figure 1 Mechanism of C190 mediated EGFR signaling in non-
small cell lung cancer. Binding of EGF on the EGFR causes self-
phosphorylation leading to activation of RAS and subsequent
phosphorylation and activation of MEK1/2 followed by ERK1/2.

Then, C190 expression increases leading to suppression of miR-

142-5p and subsequent activation of CDK4/6 causing promotion
of NSCLC proliferation, survival, migration and tumor growth.
green circle, phosphate; blue triangle, epidermal growth factor.
EGFR, epidermal growth factor receptor; RAS, Rat sarcoma
virus GTPase; MEK1/2, Mitogen-activated protein kinase kinase;
ERK1/2, extracellular signal-regulated kinase; EGF, epidermal
growth factor; C190, circular noncoding RNA hsa_circ_0000190;
miR-142-5p, microRNA-142-5p; CDK4/6, cyclin dependent
kinases 4 and 6.

authors utilized a CRISPR/Cas13a system where NSCLC
cells stably expressing Cas13a were transfected with either
control or C190 targeting crRNAs and then xenografted
into mice to demonstrate that C190 knockdown decreased
tumor growth iz vive. As a final set of experiments, they
showed that C190 likely targets CDKs by suppressing the
microRNA, miR-142-5p. An important point suggested by
the authors is that their CRISPR/Cas13a technique could
be used to precisely suppress C190 in NSCLC without
causing off-target effects and would still function against
NSCLC independently of the effects of protein mutations
that frequently occur in the EGFR pathway components of
this disease.

There are several issues raised in the study of Ishola
et al. that require further consideration. NSCLC represents
a heterogeneous group of cancers that can integrate non-
EGF receptor mediated genes, e.g., K-RAS and EML4-
ALK which can incorporate signaling mechanisms outside
of the MAPK/ERK, JAK/STAT or PI3K/Akt/mTOR/
p70S6K pathways considered by the authors (19,20).

Therefore, additional research would seem necessary
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to determine if C190 regulation is truly central in the
treatment of all forms of NSCLC. Also, the study’s analysis
of C190 signaling is primarily derived from cell-based
methods which follow short-term time scales that may not
identify later compensatory signaling behaviors which could
modulate or counteract C190 and its related mechanisms.
Interestingly, in prior work (18), the authors suggested
that C190 targets miR-767-5p, miR-382-5p, miR-382-
3p, and miR-1299, other than the miR-142-5p analyzed
in the current study. This data suggests that C190 may act
within a larger microRNA network to modulate pleiotropic
functions with uncertain signaling effects. Additional
research is requisite to determine how suppression of C190
levels would affect wider microRNA systems biology in
NSCLC. Further, as C190 is also upregulated in other
cancers, e.g., gastric cancer (21), expression of this circRINA
may be fairly ubiquitous in human tissues which could mean
that its suppression via CRISPR/Cas13a based methods
might cause deleterious consequences in some normal non-
lung tissues. Finally, as a translational method, a precision
NSCLC targeted form of the CRISPR/Cas technique
proposed in the study of Ishola et 4/. would seem to be
incumbent to prevent off-target effects in non-NSCLC
tissues where other microRNAs may be regulated by C190.
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