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Non-small cell lung cancer remains the leading cause of cancer-related deaths worldwide
with high morbidity and mortality. There is an urgent need to reveal new molecular
mechanisms that contribute to NSCLC progression to facilitate drug development and
to improve overall survival. Much attention has been paid to the role of circRNAs in NSCLC
development. However, the knowledge of circRNAs in NSCLC is still limited, and need to
be further explored. The dysregulation of circACC1 was evaluated by gRT-PCR in NSCLC
samples and cell lines. The oncogenic role of circACC1 in NSCLC progression was
analyzed by CCK8 and colony formation assays. The interaction between the circACC1
and miR-29¢-3p, as well as MCL-1, was verified by gRT-PCR, Western blot, luciferase
reporter assay, and RIP experiment. Elevated levels of circACC1 were found in NSCLC
patients and were negatively correlated with OS. Ectopic expression of circACCA
promoted the capacity of cell growth and clonogenicity, while the inhibition of
circACC1 decreased the proliferation and clonogenicity potential. Mechanism studies
elucidated that circACC1 contributes to cell growth via directly binding to miR-29¢-3p.
Transfection of miR-29¢-3p mimic blocked circACC1 mediated NSCLC cell proliferation.
MCL-1 is a downstream target of miR-29¢-3p in NSCLC cells. The circACC1/miR-29¢-3p/
MCL-1 axis is important in NSCLS proliferation.

Keywords: proliferation, circACC1, miR-29¢c-3p, MCL-1, NSCLC

INTRODUCTION

Non-small cell lung cancer (NSCLC) is the leading cause of cancer-related deaths globally (Herbst
etal., 2020; Uprety et al., 2020). Surgery and adjuvant chemotherapy are still the ultimate treatment
options for patients who suffer from advanced NSCLC, since there has been little progress in the
detection and treatment of NSCLC at an early stage (Howlader et al., 2020; Middleton et al., 2020).
Therefore, it is an unmet need to uncover new molecular mechanisms that contribute to NSCLC
progression to facilitate drug development and our understanding of the disease.

Abbreviations: circRNAs, circular RNAs; CRC, colorectal cancer; EC, esophageal carcinoma; MCL-1, myeloid cell leukemia-1;
NSCLC, non-small cell lung cancer; OS, overall survival; gRT-PCR, quantitative reverse transcription PCR; RIP, RNA
immunoprecipitation.
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A great deal of attention has recently been given to the role of
circular RNAs (circRNAs) in tumor development, trying to figure
out new drug targets for cancer therapy (Li C. et al., 2019; Lei
et al., 2020; Rajappa et al., 2020; Ruan et al., 2020; Shao and Lu,
2020). CircRNAs are abundantly expressed in humans and have
various biological functions, especially famous as “sponges” for
miRNAs (Memczak et al., 2013; Salzman et al., 2013). Although
several studies showed prove that abnormal expression of
circRNAs are tightly correlated to NSCLC, such as circSATB2,
which was highly expressed in serumal exosomes from NSCLC
patients with high sensitivity and specificity for clinical detection
and was related to cancer metastasis (Zhang et al., 2020), circ-
ABCB10 promotes NSCLC proliferation and inhibits cell
apoptosis through repressing KISS1 (Zheng et al., 2020), circ-
ACACA regulates proliferation, migration and glycolysis in non-
small-cell lung carcinoma via miR-1183 and PI3K/PKB pathway
(Wu et al,, 2020), and circSLC25A16 contributes to the glycolysis
of non-small-cell lung cancer through epigenetic modification
(Shangguan et al., 2020). However, the knowledge of circRNAs in
NSCLC is still limited, and needs to be further explored.

In the present study, we screened and identified circACC1, a
circRNA that is upregulated in NSCLC and negatively correlated
with overall survival (OS). We investigated the functions and
potential molecular mechanisms of circACC1 in NSCLC, and our
data suggested that circACC1 could regulate MCL-1 expression
to control cell growth via direct binding to miR-29¢-3p. Our
study showed the implication that the circACC1/miR-29¢-3p/
MCL-1 axis could do beneficial for patients of NSCLC.

MATERIALS AND METHODS
NSCLC Samples

In total, 28 pairs of NSCLC samples and adjacent samples were
taken from NSCLC surgery patients who gave their written
informed consent. None of the patients enrolled in this study
had received chemotherapy or radiotherapy before surgery. The
histological identification was confirmed by two pathologists in a
double-blind manner. The human study was proved by the Ethics
Committee of Peking University Cancer Hospital and Institute.

Cell Lines, Cell Culture, and Treatment

This study involved the well-known lung epithelial cell line
BEAS-2B, and four NSCLC cell lines H1299, H2170, A549,
and H1703. All the cell lines were purchased from the Chinese
Academy of Sciences Cell Bank (Shanghai, China), and cultured
in DMEM medium, supplemented with 10% fetal bovine serum,
plus Penicillin/Streptomycin. The cells were tested for
mycoplasma contamination before the study. CircACCl
overexpressing cells H1299-circACC1 and downregulating cells
H1703-shcircACC1  were constructed for function and
mechanism studies after lentiviral transfection. The miR-29¢c-
3p function was investigated by transfecting miR-29¢ mimic or
inhibitor into certain NSCLS cells according to the
manufacturer’s protocols. The sequences of the miR-29c-3p
mimic and inhibitor are listed in Supplementary Table S2.

CircACC1 Promotes NSCLC

RNA Extraction and Quantitative Reverse
Transcription PCR

Trizol reagent (Invitrogen, United States) was used to extract the
total RNA from tissues and cells according to the instructions.
The total RNA was reverse transcribed into cDNA using a cONA
Synthesis Kit (Thermo Fisher Scientific, United States). A qRT-
PCR assay was performed to determine mRNA levels of miR-
29¢3p, circACCl, and MCL-1. U6 was used as the internal control
of miR-29¢-3p, and B-actin was used as the internal control of
mRNAs. The sequences are listed in Supplementary Table S1.

Protein Extraction and Western Bolts

RIPA buffer and protease and phosphatase inhibitors were used
to extract proteins from cells according to their instructions. The
protein levels of target molecules were tested by SDS-PAGE, and
finally evaluated with a Bio-Rad system. The primary antibodies
used for Western Blots were anti-B-actin (1:2000), abcam,
ab179467 and anti-MCL-1, abcam, ab32087 (1:1000).

RNA Immunoprecipitation Assay

A Magna RIP" RNA- binding protein immunoprecipitation kit
(Millipore, United States) was used for RIP assay, according to the
manufacturer’s protocols. We first lysed the indicated cells and
incubated the cell lysis with Protein A magnetic beads. Then we
conjugated the magnetic beads to the indicated antibody at 4°C.
Six hours later, the beads were washed with washing buffer,
incubated with 0.1% SDS/0.5 mg/ml proteinase K for 30 min at
55°C to remove proteins, and analyzed by qRT-PCR.

Luciferase Reporter Assay

After transfection of the indicated plasmids, luciferase reporter
assays were performed using the Dual-Luciferase Reporter Assay
Kit according to the manufacturer’s instructions. The luciferase
reporter vector, including the full length of MCL-1 3
untranslated region (3'UTR) or circACCI sequences, was
constructed through the gene synthesis procedure. The mutant
vectors were also generated with the gene synthesis procedure.
Negative control mimics or miR-miR-29¢-3p mimics were
cotransfected with the reporter plasmid into the indicated cells
using L1pofectam1ne 2000. Luciferase activity was measured using
the Dual-Luciferase” Reporter Assay System (Promega) at 48 h
post-transfection.

CCKS8 Assay

Cell proliferation assays were determined with a CCK8 assay kit
(Dojingdo Molecular Technologies, Japan). CCK8 assay was
applied in 1 x 10? cells in triplicate. The cells were seeded into
96-well plates and incubated for 4 days. The cell viability was
examined every day using the CCK8 solution and measured at
490 nm.

Colony Formation Assay

Colony formation assay was performed by seeding cells
(1,000-1,500/well) into a six-well plate for 14 days after
different treatments. Then, we fixed the cells with absolute
ethyl alcohol and dyed them with 5% crystal violet.
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FIGURE 1 | Elevated level of circACC1 was found in NSCLC patients, and was negatively correlated with OS. (A). The expression of circACC1 in NSCLC patients
from TCGA database; (B). The expression of circACC1 in NSCLC tissues and adjacent tissues by RT-gPCR. Data are mean + SD, n = 28; (C). The association between
circACC1 and OS by Kaplan-Meier curve; (D). Determination of circACC1 expression in NSCLC cell lines and lung epithelial cell line BEAS-2B by RT-gPCR. Data are
mean + SD. “p < 0.01, **p < 0.001, ***p < 0.0001.

Statistical Analysis

All statistical assays were analyzed by GraphPad Prism 7.
Student’s t-test or Pearson’s correlation was used where is
appropriate. All experiments presented in this study were
repeated at least three times with consistent results.
Quantitative data were presented as mean + SD, and p-value
(two-sided) where less than 0.05 was considered as statistically
significant.

RESULTS

The Expression of circACC1 in NSCLC

Patients and Its Clinical Implications

In order to uncover whether circACC1 contributes to NSCLC
progression, we screened the TCGA database and found that
circACC1 is strikingly upregulated in NSCLC samples (1 = 369)
compared to adjacent samples (n = 165) (p < 0.001) (Figure 1A).
The upregulation of circACC1 was further validated in fresh
samples of NSCLC patients (n = 28, p < 0.001) (Figure 1B). In
addition, we found that circACCI1 levels were closely correlated

with the over-all survival of patients who suffer from NSCLC
(Figure 1C). Consistent with the patient’s data, elevated levels of
circACC1 were found in the NSCLC cell lines, including H1299,
H2170, A549, and H1703, compared with the lung epithelial cell
line BEAS-2B (Figure 1D). All these findings indicated the
clinical significance of circACC1 in NSCLC.

CircACC1 Contributes to Cell Growth of

NSCLC

We next focused on how circACC1 contributed to NSCLC
progression. Given that circACCI is universally overexpressed
in NSCLC cell lines, we choose H1299, which showed a lower
circACC1 level, to establish exogenous overexpression cell lines of
circACC1, which were termed LV-H1299-circACCI1 (Figure 2A).
We choose H1703, which showed a higher circACCI level, to
establish knockdown cell lines of circACCI, which were termed
LV- H1703-shcircACC1 (Figure 2B). Cell growth data tested by
CCK8 revealed that upregulation of circACC1 accelerates cell
growth relative to LV-vector cells (Figure 2C). Conversely,
downregulation of circACC1 showed an inhibitory effect on
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FIGURE 2 | CircACCH is contributes to cell growth of NSCLC. (A). The expression of circACC1 in H1299 cells transfected with circACC1 overexpression plasmid
or control vector; (B). The expression of circACC1 in H17083 cells transfected with the shRNAs or control. Data are mean + SD. **p < 0.001; (C,D). The effect of
circACC1 on cell viability by CCK-8 assay. Data are mean + SD. *p < 0.05; (E). Images of cell proliferation by colony formation assay.
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cell growth relative to LV-control cells (Figure 2D). Colony
formation experiments further validated the pro-growth ability
of circACC1 in NSCLC cells (Figures 2E,F). From the above data,
we draw the conclusion that circACC1 contributes to NSCLC
progression by promoting NSCLC cell growth.

miR-29¢-3p Is a Key Binding Target of
circACC1 in NSCLC Cells

To explore the underlying mechanisms of circACC1 in regulating
NSCLC cell growth, we focused on its main function of acting as
an “miRNA sponge.” We screened the database, made
predictions, and validated that miR-29c-3p is a key binding

target of circACC1 in NSCLC cells. As indicated by qRT-PCR,
miR-29¢-3p expression was negatively associated with circACC1
levels in the LV-H1299-circACC1 and LV- H1703-shcircACC1
cell lines of NSCLC (Figures 3A,B). The luciferase activity was
only mitigated in circACC1-wt cells co-transfected with miR-29c-
3p mimic, whereas circACCl-mut cells showed no changes of
luciferase activity when co-transfected with miR-29¢-3p mimic
(Figures 3C,D), indicating that miR-29¢-3p could directly bind
to circACC1 in NSCLC cells. The RIP assay data also confirmed
that circACCI directly interacts with miR-29¢-3p in NSCLC cells
(Figure 3E). We next explored the role of miR-29¢-3p in
circACC1 mediated NSCLC cell growth. CCK-8 data showed
that the miR-29¢-3p mimic could successfully restrain cell growth
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FIGURE 3 | miR-29¢-3p is a key binding target of circACC1 in NSCLC cells. (A,B). The expression of miR-29¢c-3p in LV-H1299-circACC1 and LV- H1703-
shcircACCH1 cell lines by RT-gPCR. Data are mean + SD, **p < 0.001; (C,D). The luciferase activity of Luc-circACC1-wt or Luc-circACC1-mutant in NSCLC cells co-
transfected with miR-29c-3p mimics. Data are mean + SD. *p < 0.01; (E). RIP assay for the degree of miR-29¢-3p with circACC1 probe. Data are mean + SD. **p < 0.01;
(F-H). The effect of miR-29¢-3p on cell viability by CCK-8 assay. Data are mean + SD. *p < 0.05; (I,K). The effect of miR-29¢-3p on cell viability by colony
formation assay.

of H1703 NSCLC cells, while the miR-29¢-3p inhibitor showed a
pro-growth effect on H1299 cells (Figures 3F,G). Moreover,
using the miR-29¢-3p inhibitor in LV- H1703-shcircACC1
cells reversed the inhibition of cell growth due to circACC1
downregulation (Figure 3H). Colony formation experiments
showed the consistent effect of miR-29¢-3p on circACCl
mediated NSCLC cell growth (Figures 3I-K). All the data
indicated that miR-29¢-3p is a key binding target of circACC1
in NSCLC cell growth.

MCL-1 Is a Downstream Target of

miR-29¢c-3p in NSCLC Cells

We then investigated how miR-29¢-3p promotes NSCLC growth.
Based on database screening and luciferase reporter assays, we
found that myeloid cell leukemia-1 (MCL-1) is a direct target of
miR-29¢-3p (Figures 4A,B). Moreover, we found that MCL-1
mRNA expression could be dramatically elevated when the miR-
29¢-3p inhibitor was added to H1299 cells (Figure 4C), whereas
the miR-29¢-3p mimic could restrain MCL-1 mRNA expression

in H1703 cells (Figure 4D). The trend of MCL-1 protein was
similar to the trend of mRNA expression in respective cells
(Figures 4E,F). Furthermore, we validated the circACC1/miR-
29¢-3p/MCL-1 axis in NSCLS proliferation. We found that both
mRNA and protein levels of MCL-1 were positively correlated
with circACC1 levels (Figures 4G-J). More importantly, the
knockdown of MCL-1 could suppress the pro-growth effect of
NSCLC in LV- H1703-shcircACCI1 cells co-transfected with the
miR-29¢-3p inhibitor (Figures 4K-M). All these results give us
the implication that the circACC1/miR-29¢-3p/MCL-1 axis is
important in NSCLS proliferation. Inhibition of this axis could be
beneficial for patients with NSCLC.

DISCUSSION

In this study, we uncovered that circACCl is strikingly
upregulated in NSCLC samples and NSCLC cell lines. In
addition, we found that circACC1 showed clinical significance
in NSCLC progression. Ectopic expression of circACCl
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promoted the capacity of cell growth and clonogenicity, while the
inhibition of circACCl decreased the proliferation and
clonogenicity potential. Mechanism studies elucidated that
circACC1 contributes to cell growth by directly binding to
miR-29¢-3p. Transfection of the miR-29c-3p mimic blocked
circACC1 mediated NSCLC cell proliferation. MCL-1 is a
downstream target of miR-29¢-3p in NSCLC cells.

In recent years, more and more studies have attached
significance to the role of circRNAs in cancer initiation and
progression, including NSCLC (Wang et al., 2018; Arnaiz et al,,
2019; Chen L. et al, 2019; Zhang P.-F. et al,, 2019; Wei et al,
2019). The advantages of circRNAs as molecular targets in the
detection and treatment of cancer are obvious, since they have an
extremely stable circular structure. However, the knowledge of
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circRNAs in NSCLC is still limited. In this study, we screened the
TCGA database and found that circACC1 is strikingly
upregulated in NSCLC samples. The upregulation of circACC1
was further validated in fresh samples of NSCLC patients, and its
upregulation was negatively correlated with OS of patients who
suffer from NSCLC, indicating that circACC1 possessed clinical
significance in NSCLC patients. CircACCI has been proved to
regulate the formation and activation of the AMPK complex
under metabolic stress, thus controlling lipid metabolism and
lipid disorders (Li Q. et al., 2019; Yu et al., 2020). However, the
role of circACC1 in NSCLC progression is unknown. So, we next
focused on how circACC1 contributed to NSCLC progression via
using circACC1 overexpression and knockdown cell lines. Both
CCK-8 and colony formation assays confirmed the pro-growth
ability of circACC1 in NSCLC cells. Given that the most famous
role of circRNAs is to act as “miRNA sponges,” we screened the
database, made predictions, and validated that miR-29¢-3p is a
key binding target of circACC1 in NSCLC cells. miR-29¢-3p is
one of the most frequently dysregulated miRNAs in
carcinogenesis. For example, miR-29c-3p suppresses the
progression of esophageal carcinoma (EC) via the CCNA2/p53
axis (Wang et al.,, 2020). High-throughput screening identified
miR-29¢-3p as metastasis suppressors in gallbladder carcinoma
(Lu et al, 2020). The circ001971/miR-29¢-3p axis modulates
colorectal cancer (CRC) growth, metastasis, and angiogenesis
through VEGFA (Chen et al., 2020). As indicated by qRT-PCR,
miR-29¢-3p expression was negatively associated with circACC1
levels. Latterly, we confirmed that miR-29¢-3p could directly bind
to circACC1 in NSCLC cells by using luciferase reporter assay
and RIP assay. Given that circRNAs usually “sponging” for
miRNAs in carcinogenesis by regulating the miRNAs target
gene expression, we then screened and validated the target
gene known to be related with miR-29¢-3p. As confirmed by
the luciferase reporter assay, we found that MCL-1 is a direct
target of miR-29c-3p. MCL-1 is a well-known cancer-related
molecule involved in cell proliferation, survival, and metastasis
(Wangetal.,, 2017; Chen G. et al., 2019; Zhang H. et al.,, 2019). We
found that MCL-1 mRNA expression could be dramatically
elevated when the miR-29¢-3p inhibitor was added to NSCLC
cells, whereas the miR-29c-3p mimic could restrain MCL-1
mRNA expression. Moreover, the trend of MCL-1 protein was
similar to the trend of mRNA expression in respective cells. We
validated the circACC1/miR-29¢-3p/MCL-1 axis in NSCLS
proliferation. We found that both the mRNA and protein
levels of MCL-1 were positively correlated with circACCI levels.

REFERENCES

Arnaiz, E,, Sole, C., Manterola, L., Iparraguirre, L., Otaegui, D., and Lawrie, C. H.
(2019). CircRNAs and Cancer: Biomarkers and Master Regulators. Semin.
Cancer Biol. 58, 90-99. doi:10.1016/j.semcancer.2018.12.002

Chen, C, Huang, Z,, Mo, X,, Song, Y., Li, X,, Li, X,, et al. (2020). The Circular RNA
001971/miR-29¢-3p axis Modulates Colorectal Cancer Growth, Metastasis, and
Angiogenesis through VEGFA. J. Exp. Clin. Cancer Res. 39, 91. doi:10.1186/s13046-
020-01594-y

Chen, G., Park, D., Magis, A. T., Behera, M., Ramalingam, S. S., Owonikoko, T.
K., et al. (2019a). Mcl-1 Interacts with Akt to Promote Lung Cancer

CircACC1 Promotes NSCLC

In conclusion, our study implies that the circACC1/miR-29c¢-
3p/MCL-1 axis is important in NSCLS proliferation. Inhibition of
this axis could be beneficial for patients with NSCLC.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be
directed to the corresponding authors.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of Peking University
Cancer Hospital and Institute. The patients/participants
provided their written informed consent to participate in
this study. The animal study was reviewed and approved by
the Ethics Committee of Peking University Cancer Hospital
and Institute.

AUTHOR CONTRIBUTIONS

MC, BZ, and LK drafted the manuscript, participated in research
design, conducted experiments, and validated the data. PL and
XW participated in research design and conducted experiments.
LY and MB contributed to the writing of the manuscript,
discussing data and supervised the study. All authors
performed data analysis and interpretation and read and
approved the final manuscript.

ACKNOWLEDGMENTS

We thank all patients who have participated in this study. We
thank the members of our group who participated in this work.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fgene.2021.798587/
full#supplementary-material

Progression. Cancer Res. 79, 6126-6138. doi:10.1158/0008-5472.can-19-
0950

Chen, L, Nan, A,, Zhang, N,, Jia, Y., Li, X,, Ling, Y., et al. (2019b). Circular RNA
100146 Functions as an Oncogene through Direct Binding to miR-361-3p and
miR-615-5p in Non-small Cell Lung Cancer. Mol. Cancer 18, 13. doi:10.1186/
512943-019-0943-0

Herbst, R. S., Giaccone, G., de Marinis, F., Reinmuth, N., Vergnenegre, A., Barrios, C. H.,
et al. (2020). Atezolizumab for First-Line Treatment of PD-L1-Selected Patients with
NSCLC. N. Engl. J. Med. 383, 1328-1339. doi:10.1056/nejmoal917346

Howlader, N., Forjaz, G., Mooradian, M. J., Meza, R., Kong, C. Y., Cronin, K. A,,
et al. (2020). The Effect of Advances in Lung-Cancer Treatment on Population
Mortality. N. Engl. J. Med. 383, 640-649. doi:10.1056/nejmoal916623

Frontiers in Genetics | www.frontiersin.org

January 2022 | Volume 12 | Article 798587


https://www.frontiersin.org/articles/10.3389/fgene.2021.798587/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgene.2021.798587/full#supplementary-material
https://doi.org/10.1016/j.semcancer.2018.12.002
https://doi.org/10.1186/s13046-020-01594-y
https://doi.org/10.1186/s13046-020-01594-y
https://doi.org/10.1158/0008-5472.can-19-0950
https://doi.org/10.1158/0008-5472.can-19-0950
https://doi.org/10.1186/s12943-019-0943-0
https://doi.org/10.1186/s12943-019-0943-0
https://doi.org/10.1056/nejmoa1917346
https://doi.org/10.1056/nejmoa1916623
https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles

Zhu et al.

Lei, M., Zheng, G., Ning, Q., Zheng, J., and Dong, D. (2020). Translation and
Functional Roles of Circular RNAs in Human Cancer. Mol. Cancer 19, 30.
doi:10.1186/s12943-020-1135-7

Li, C, Zhang, L., Meng, G., Wang, Q., Lv, X,, Zhang, ., et al. (2019a). Circular
RNAs: Pivotal Molecular Regulators and Novel Diagnostic and Prognostic
Biomarkers in Non-small Cell Lung Cancer. J. Cancer Res. Clin. Oncol. 145,
2875-2889. doi:10.1007/s00432-019-03045-4

Li, Q, Wang, Y., Wu, S, Zhou, Z., Ding, X,, Shi, R,, et al. (2019b). CircACC1
Regulates Assembly and Activation of AMPK Complex under Metabolic Stress.
Cel Metab. 30, 157-173. e157. doi:10.1016/j.cmet.2019.05.009

Lu, K, Feng, F., Yang, Y., Liu, K, Duan, J., Liu, H,, et al. (2020). High-throughput
Screening Identified miR-7-2-3p and miR-29¢-3p as Metastasis Suppressors in
Gallbladder Carcinoma. J. Gastroenterol. 55, 51-66. doi:10.1007/s00535-019-
01627-0

Memczak, S., Jens, M., Elefsinioti, A., Torti, F., Krueger, J., Rybak, A., et al. (2013).
Circular RNAs Are a Large Class of Animal RNAs with Regulatory Potency.
Nature 495, 333-338. doi:10.1038/nature11928

Middleton, G., Fletcher, P., Popat, S., Savage, J., Summers, Y., Greystoke, A., et al.
(2020). The National Lung Matrix Trial of Personalized Therapy in Lung
Cancer. Nature 583, 807-812. doi:10.1038/s41586-020-2481-8

Rajappa, A., Banerjee, S., Sharma, V., and Khandelia, P. (2020). Circular RNAs:
Emerging Role in Cancer Diagnostics and Therapeutics. Front. Mol. Biosci. 7,
577938. doi:10.3389/fmolb.2020.577938

Ruan, Y., Li, Z,, Shen, Y., Li, T., Zhang, H., and Guo, J. (2020). Functions of Circular
RNAs and Their Potential Applications in Gastric Cancer. Expert Rev.
Gastroenterol. Hepatol. 14, 85-92. doi:10.1080/17474124.2020.1715211

Salzman, J., Chen, R. E., Olsen, M. N, Wang, P. L., and Brown, P. O. (2013). Cell-
type Specific Features of Circular RNA Expression. Plos Genet. 9, 1003777,
doi:10.1371/journal.pgen.1003777

Shangguan, H., Feng, H., Lv, D., Wang, J., Tian, T., and Wang, X. (2020). Circular
RNA circSLC25A16 Contributes to the Glycolysis of Non-small-cell Lung
Cancer through Epigenetic Modification. Cell Death Dis 11, 437.
doi:10.1038/s41419-020-2635-5

Shao, Y., and Lu, B. (2020). The Crosstalk between Circular RNAs and the Tumor
Microenvironment in Cancer Metastasis. Cancer Cel Int 20, 448. doi:10.1186/
§12935-020-01532-0

Uprety, D., Mandrekar, S. J., Wigle, D., Roden, A. C., and Adjei, A. A. (2020).
Neoadjuvant Immunotherapy for NSCLC: Current Concepts and Future
Approaches. J.  Thorac. Oncol. 15, 1281-1297. doi:10.1016/
j.jtho.2020.05.020

Wang, H,, Fu, L., Wei, D., Wang, B., Zhang, C., Zhu, T, et al. (2020). MiR-29¢-3p
Suppresses the Migration, Invasion and Cell Cycle in Esophageal Carcinoma via
CCNA2/p53 Axis. Front. Bioeng. Biotechnol. 8, 75. doi:10.3389/
fbioe.2020.00075

Wang, L., Tong, X., Zhou, Z., Wang, S., Lei, Z., Zhang, T., et al. (2018). Circular
RNA Hsa_circ_0008305 (circPTK2) Inhibits TGF-B-Induced Epithelial-
Mesenchymal Transition and Metastasis by Controlling TIF1y in Non-small
Cell Lung Cancer. Mol. Cancer 17, 140. doi:10.1186/s12943-018-0889-7

CircACC1 Promotes NSCLC

Wang, X., Chen, Z,, Li, X,, Jiang, Z. K., Zhao, Y. Q., and Ping, F. F. (2017). Geraniin
Suppresses Ovarian Cancer Growth through Inhibition of NF-Kb Activation
and Downregulation of Mcl-1 Expression. J. Biochem. Mol. Toxicol. 31.
doi:10.1002/jbt.21929

Wei, S., Zheng, Y., Jiang, Y., Li, X., Geng, J., Shen, Y., et al. (2019). The circRNA
circPTPRA Suppresses Epithelial-Mesenchymal Transitioning and Metastasis
of NSCLC Cells by Sponging miR-96-5p. EBioMedicine 44, 182-193.
doi:10.1016/j.ebiom.2019.05.032

Wu, W, Xi, W,, Li, H,, Yang, M., and Yao, X. (2020). Circular RNA circ-ACACA
Regulates Proliferation, Migration and Glycolysis in Non-small-cell Lung
carcinoma via miR-1183 and PI3K/PKB Pathway. Int. J. Mol. Med. 45,
1814-1824. doi:10.3892/ijmm.2020.4549

Yu, G, Yang, Z, Peng, T., and Lv, Y. (2020). Circular RNAs: Rising Stars in Lipid
Metabolism and Lipid Disorders. J. Cel Physiol 236 (7), 4797-4806. doi:10.1002/
jcp.30200

Zhang, H,, Li, G., Chen, G., Zhang, Y., Pan, J.,, Tang, H., et al. (2019a). Targeting
Mcl-1 Inhibits Survival and Self-Renewal of Hepatocellular Cancer Stem-like
Cells. Clin. Res. Hepatol. Gastroenterol. 43, 292-300. doi:10.1016/
j.clinre.2018.11.004

Zhang, N., Nan, A, Chen, L., Li, X,, Jia, Y., Qiu, M,, et al. (2020). Circular RNA
circSATB2 Promotes Progression of Non-small Cell Lung Cancer Cells. Mol.
Cancer 19, 101. doi:10.1186/s12943-020-01221-6

Zhang, P.-F,, Pei, X,, Li, K.-S,, Jin, L.-N., Wang, F,, Wu, J,, et al. (2019b). Circular
RNA circFGFR1 Promotes Progression and Anti-PD-1 Resistance by Sponging
miR-381-3p in Non-small Cell Lung Cancer Cells. Mol. Cancer 18, 179.
doi:10.1186/512943-019-1111-2

Zheng, J. P., Dai, Y. M., Chen, Z., Chen, Q., Zheng, Y., Lin, X,, et al. (2020). Circular
RNA Circ-ABCB10 Promotes Non-small Cell Lung Cancer Proliferation and
Inhibits Cell Apoptosis through Repressing KISS1. Eur. Rev. Med. Pharmacol.
Sci. 24, 7200-2524. doi:10.26355/eurrev_202007_21850

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zhu, Ke, Li, Wang, Yang, Bai and Chen. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Genetics | www.frontiersin.org

January 2022 | Volume 12 | Article 798587


https://doi.org/10.1186/s12943-020-1135-7
https://doi.org/10.1007/s00432-019-03045-4
https://doi.org/10.1016/j.cmet.2019.05.009
https://doi.org/10.1007/s00535-019-01627-0
https://doi.org/10.1007/s00535-019-01627-0
https://doi.org/10.1038/nature11928
https://doi.org/10.1038/s41586-020-2481-8
https://doi.org/10.3389/fmolb.2020.577938
https://doi.org/10.1080/17474124.2020.1715211
https://doi.org/10.1371/journal.pgen.1003777
https://doi.org/10.1038/s41419-020-2635-5
https://doi.org/10.1186/s12935-020-01532-0
https://doi.org/10.1186/s12935-020-01532-0
https://doi.org/10.1016/j.jtho.2020.05.020
https://doi.org/10.1016/j.jtho.2020.05.020
https://doi.org/10.3389/fbioe.2020.00075
https://doi.org/10.3389/fbioe.2020.00075
https://doi.org/10.1186/s12943-018-0889-7
https://doi.org/10.1002/jbt.21929
https://doi.org/10.1016/j.ebiom.2019.05.032
https://doi.org/10.3892/ijmm.2020.4549
https://doi.org/10.1002/jcp.30200
https://doi.org/10.1002/jcp.30200
https://doi.org/10.1016/j.clinre.2018.11.004
https://doi.org/10.1016/j.clinre.2018.11.004
https://doi.org/10.1186/s12943-020-01221-6
https://doi.org/10.1186/s12943-019-1111-2
https://doi.org/10.26355/eurrev_202007_21850
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles

	CircACC1 Promotes NSCLC Proliferation via miR-29c-3p/MCL-1 Signaling Pathway
	Introduction
	Materials and Methods
	NSCLC Samples
	Cell Lines, Cell Culture, and Treatment
	RNA Extraction and Quantitative Reverse Transcription PCR
	Protein Extraction and Western Bolts
	RNA Immunoprecipitation Assay
	Luciferase Reporter Assay
	CCK8 Assay
	Colony Formation Assay
	Statistical Analysis

	Results
	The Expression of circACC1 in NSCLC Patients and Its Clinical Implications
	CircACC1 Contributes to Cell Growth of NSCLC
	miR-29c-3p Is a Key Binding Target of circACC1 in NSCLC Cells
	MCL-1 Is a Downstream Target of miR-29c-3p in NSCLC Cells

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


