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lung cancer cells through the MAPK

signaling pathway

Lung cancer is an exceedingly prevalent form of cancer,
frequently diagnosed, and holds the unfortunate distinction
of being the primary cause of cancer-related fatalities on a
global scale.” Non-small cell lung cancer (NSCLC) accounts
for 85 % of all lung cancer cases and has a low 5-year sur-
vival rate.? Previous studies have revealed that CircDONSON
plays a pivotal role in promoting the growth and invasion of
gastric cancer by activating the NURF complex-dependent
transcription factor SOX4.> However, the function signifi-
cance of CircDONSON in lung cancer remains unexplored.
Mechanistically, we demonstrate that CircDONSON in-
teracts with HNRNPC and subsequently inhibits the down-
stream MAPK signaling pathway. To summarize, our study
demonstrates that CircDONSON acts as a tumor suppressor
in lung cancer and exhibits potential as both a prognostic
marker and therapeutic target for NSCLC.

CircDONSON (circbase ID: hsa_circ_0004339) is located
on chromosome 21g22.11, spanning a length of 948 nucle-
otides. It is generated through the back-splicing process
involving exon 3 to exon 8 of DONSON pre-mRNAs (Fig. 1A).
To determine whether CircDONSON is related to non-small
cell lung cancer, we initially utilized quantitative reverse
transcription PCR to analyze the expression disparity of
CircDONSON in non-small cell lung cancer tissues versus
adjacent normal tissues (Fig. 1C). Subsequently, we
assessed the expression of CircDONSON in various non-small
cell lung cancer cell lines (Fig. 1B). The findings revealed
that the expression of CircDONSON in lung cancer cell lines
was notably lower than that of Beas-2b cells (Fig. 1B).
Certainly, we verified circDONSON’s circular RNA signature
using Sanger sequencing, PCR analysis, and RNase R
exonuclease digestion assay (Fig. S1). Based on our results,
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it can be inferred that CircDONSON is down-regulated in
NSCLC and potentially plays a role in regulating multiple
biological functions related to NSCLC.

In order to study the biological function of CircDONSON
in NSCLC, we constructed a CircDONSON overexpression
vector and transfected it into NSCLC cells. Our data show
that overexpressed CircDONSON could not only inhibit cell
migration and invasion significantly (Fig. 1D, E; Fig. S2D, E)
but also inhibit cell proliferation and colony formation
ability (Fig. 1F, G; Figs. S2A—C). These results indicate that
overexpression of CircDONSON suppresses NSCLC cell pro-
gression in vitro.

To further explore the function of CircDONSON, we
performed tumor formation experiments in Balb-c nude
mice. The results showed that the tumor volume and
weight from the CircDONSON overexpression group were
significantly lower than those from the empty plasmid
control group (Fig. 1H, I; Fig. S3). Ki67 staining further
proved the significantly lower proliferation ability in Circ-
DONSON overexpression group (Fig. 1J). Taken together,
these suggest that CircDONSON can inhibit the progression
of NSCLC in vivo.

Next, we investigated the potential mechanism by which
circDONSON inhibited NSCLC progression. We utilized the
http://circatlas.biols.ac.cn/database to predict CircDON-
SON potential binding proteins. Additionally, proteins har-
vested by circDONSON pulldown were identified by mass
spectrometry or liquid chromatography-mass spectrometry,
and five specific proteins were picked through intersection
analysis (Fig. S4A). To further explore the interaction be-
tween CircDONSON and specific proteins, we conducted
RNA pulldown and RNA immunoprecipitation experiments
to confirm the interaction between HNRNPC and CircDON-
SON (Fig. 1K, L). Immunofluorescence assay further
demonstrated colocalization of CircDONSON and HNRNPC in
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Figure 1
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CircDONSON regulates the proliferation, invasion, and migration of non-small cell lung cancer (NSCLC) cells through the

MAPK signaling pathway. (A) Structural diagram of CircDONSON. (B) The level of CircDONSON was decreased in NSCLC cell lines
versus Beas-2b cells. (C) The level of CircDONSON was decreased in NSCLC tissues versus para-carcinoma tissues. (D) The
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the nucleus (Fig. 1M). Analysis of data from the TCGA
database has revealed a high expression of HNRNPC in
NSCLC, which is associated with poor prognosis of NSCLC
patients (Fig. S5A, B). Our data showed that silencing
HNRNPC could impair the growth, migration, and invasion
abilities (Figs. S5C—G), as reported previously.*

Interestingly, when HNRNPC was overexpressed in Circ-
DONSON overexpressing lung cancer cell lines, a restoration
in the proliferation, invasion, and migration was observed
(Fig. 1N—R; Fig. S6). In order to explore the specific
signaling pathways of circDONSON inhibiting NSCLC, we
tested the level of proteins in the MAPK signaling pathway
in cell lines with CircDONSON overexpression. The results
demonstrated a significant reduction in the expression
levels of MAPK signaling pathway-related proteins in the
overexpression group (Fig. 1S). Interestingly, we also
observed decreased protein levels in the MAPK pathway
after HNRNPC knockdown (Fig. 1T).

In conclusion, it is worth emphasizing that the circular
RNA CircDONSON exhibits a notable tumor suppressor effect
in NSCLC, representing a remarkable biomarker and a potent
therapeutic target. The outcomes of functional experiments
have furnished compelling evidence, demonstrating that
CircDONSON effectively regulates the proliferation, migra-
tion, and invasion of NSCLC cells. This regulatory mechanism
is accomplished by binding the HNRNPC protein, thereby
inhibiting the MAPK signaling pathway (Fig. S7).
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representative images of Transwell assays showing the migration of A549 cells stably transfected with empty vector (EV) and
overexpression vector carrying circDONSON. (E) Representative images of Matrigel assays showing the invasion of A549 cells stably
transfected with empty vector (EV) and circDONSON. (F) The proliferation of A549 cells with overexpression of CircDONSON was
analyzed with CCK-8. (G) Colony formation assays were applied to detect the proliferation of A549 cells with overexpression of
CircDONSON. (H) Photo of tumors separated from nude mice transplanted with A549 carrying empty vector (EV) or CircDONSON
(OE). (I) The tumor weight was measured 19 days after injection. (J) Immunohistochemistry analysis of Ki67 expression in tumor
tissues of each group. (K, L) RNA immunoprecipitation and RNA pulldown experiments demonstrated the interaction between
CircDONSON and HNRNPC. (M) Immunofluorescence showed that CircDONSON and HNRNPC were co-localized in the nucleus. (N)
HNRNPC protein was overexpressed in stable overexpressing CircDONSON cell lines. (O, R) CCK-8 assay and clonal formation assay
were used to analyze the proliferation ability of the three groups of cells. (P, Q) Transwell assay showed that overexpression of
HNRNPC promoted migration and invasion of the two groups of cells. (S, T) Overexpression of CircDONSON and knockdown of
HNRNPC inhibited the MAPK signaling pathway.
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