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Abstract

Background
Circular RNAs (circRNAs) are shown to play a signi�cant role in cancer initiation and progression by
interacting on microRNAs (miRNAs) which act as one kind of competing endogenous RNAs (ceRNAs) for
the regulation effect on target gene expressions. This study was performed to explore the prognosis-related
circRNAs in LUAD patients by integrated analysis and �nd the mechanism it worked.

Methods
The miRNAs and mRNAs, accompanied with circRNAs expressions were obtained through The Cancer
Genome Atlas (TCGA) and the Gene Expression Omnibus (GEO) database, The cytoHubba app of
Cytoscape was used to identify hubgenes. q-RT PCR was performed to identify the expression of circRNA,
miRNA and mRNA, Cell Counting Kit-8 (CCK-8) and clone formation assays were used to evaluate the
proliferation ability of different kinds of cells in vitro. Transwell assays were utilized to assess the motility
of tumor cells.

Results
Finally, circRNA_0039908/let7c-5p/RRM2 axis were identi�ed in our research, it can play an important role
in the LUAD pathogenesis progression and we found that the ability of proliferation and metastasis of
LUAD cells can be suppressed after knockdown of circRNA_0039908. This work indicates that
circRNA_0039908/let7c-5p/RRM2 axis may be a promising target in the prognosis and treatment of LUAD
patients.

Conclusion
Circ_0039908/miR-let-7c/RRM2 axis can promote the ability of proliferation, migration and invasion of
LUAD cells.

Introduction
As a kind of malignant tumor, lung carcinoma exhibits the highest velocity of mortality and morbidity
growth, with the predictions of newly increased patients and fatality as 2.1 million and 1.8 million
respectively in 2018(1), which enormously threatens the healthy life of human beings. Among the common
subtypes of lung cancer, non–small cell lung cancer (NSCLC)represents 85% of lung cancer cases(2) and
lung adenocarcinoma (LUAD) is categorized as the most common histological type(3). Despite the recent
efforts in improvements in early diagnosis and treatment have been made, the prognosis of patients with
LUAD was still unsatisfactory(4). Consequently, the crucial signi�cance to further explore the mechanism
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of occurrence and metastasis of LUAD, and to provide new ideas for improving treatment methods and
exploring new therapeutic targets.

Unlike protein-coding RNAs, non-coding RNAs do not code for proteins and were once thought to be junk
RNAs. But recent studies have shown that non-coding RNAs are key regulators of many important
biological processes(5). Circular RNAs (circRNAs) are a special class of non-coding RNAs with covalent
closed - loop structure without 5′ caps or 3′ tails which likely confer high resistance to RNA exonuclease or
RNase R activity conferring much higher stability than linear RNAs(6). CircRNAs have been shown in many
studies to be associated with physiological processes and development of various malignant tumors
including lung cancer(7, 8), Recent studies have demonstrated that circRNAs can act as miRNA sponges,
thereby inhibiting miRNA activity and further regulating the expression of their downstream target genes.
For example, circRNA8924 promotes proliferation, migration, and invasion of cervical cancer cells by
competitively binding the mir-518d-5p /519-5p family and modulating the expression of CBX8(9). As for
the oral squamous cell carcinoma, the role that CircRNA_100290 exerts is a kind of ceRNA that counteracts
the GLUT1 inhibition induced by miR-378a, thereby increasing the proliferating and glycolytic activity(10).

In this study, we successfully constructed a ceRNA regulatory network that contains mRNA, miRNA and
circRNA, as well as a sub-network of circRNA-miRNA-hubgene. Finally, we found that the proliferation and
metastasis of LUAD cells can be suppressed after knockdown of circRNA_0039908, while
circRNA_0039908/miR-let7c/RRM2 axis were identi�ed in our research.

Methods And Materials
Data collection

We screened the expression spectrum of circRNA in Gene Expression Omnibus (GEO) datasets
(http://www.ncbi.nlm.nih.gov/gds/) until October 2020. We screened out the GSE101684(GPL21825,
Agilent-074301 Arraystar Human CircRNA microarray V2, Agilent Technologies Inc, California, USA)
dataset, which included 4 normal lung tissues and 4 LUAD tissues. Meanwhile, We downloaded miRNAseq
and mRNAseq data of LUAD from the TCGA database by means of the Data Transfer Tool (obtained from
GDC Apps)(https://tcga-data.nci.nih.gov/) with the closing date of 30 October 2020. The miRNA pro�les
contained 483 LUAD tissue samples and 45 nearby healthy lung tissue samples, and the pro�les of mRNAs
contained 497 LUAD tissues and 54 adjacent normal tissues. This study did not require ethical approval or
informed consent since we used public data from GEO and TCGA.

Differential expression analysis

The procession of download �les including data calibration, normalization, and log2 conversion was
conducted by means of R packages. The screening of circRNAs with differential
expressions (DEcircRNAs) was performed utilizing the Limma package, and the criteria included
adjusted P-value < 0.05 accompanied with |log 2 (fold change [FC])| > 1.5. In addition, the screening of
miRNAs and mRNAs with differential expressions (DEmiRNAs and DEmRNAs, respectively) was performed
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utilizing the edgeR package, and the threshold values included adjusted P-value < 0.05 accompanied
with |log 2 (fold change [FC])| > 1. Hierarchical clustering analysis of DEcircRNAs was performed using R
package “heatmap” and volcano plots of DEmRNAs and DEmiRNAs were drawn using R package “gplots”.

Construction of the competing endogenous RNA regulatory network.

The prediction of miRNA response elements (MREs) and corresponding target miRNAs was conducted
using the Cancer Speci�c CircRNA database (http://gb.whu.edu.cn/CSCD/). Only miRNAs that presented in
both target miRNAs and DEmiRNAs on the basis of the TCGA database were �ltered for network
construction. Next, three databases (miRDB miRTarBase and TargetScan) were applied to the prediction of
the target mRNAs of DEmiRNAs. The precondition of being selected as mRNA candidates was the
recognition of all three databases. The intersection between the candidate mRNAs and DEmRNAs was
subsequently performed for screening the target DEmRNAs of DEmiRNAs, and the overlapping mRNAs
were retained for constructing the network of ceRNAs. The pairs of miRNA-mRNA and circRNA-miRNA were
combined to construct the regulation network of circRNA-miRNA-mRNA. Ultimately, Cytoscape v3.7.2
(http://www.cytoscape.org) was used to visualize the network.

PPI network establishment and module analysis

For the assessment of the interaction among DEmRNA varieties, a PPI network was established by means
of the Search Tool for the Retrieval of Interacting Genes (STRING) online tool (STRINGdb: https://string-
db.org/), which can provide comprehensive interactions between proteins and genes. The PPI network was
constructed with a combined score of > 0.9 as the screening criterion. The cytoHubba app was then used
to extract hubgenes from the PPI network, which was visualized by Cytoscape.

Prognostic analysis

To evaluate the effect of the expression level of hubgenes on the overall survival of LUAD patients, we
entered the 6 miRNAs and 10 hubgenes into the Kaplan-Meier Plotter website to draw the Kaplan Meier
curve. Log-rank test was then carried out and p< 0.05 was considered signi�cant.

Cells and culture

A549, H1299 and BEAS-2B (human immortalized normal epithelial cells) cells were purchased from the Cell
Bank of the Chinese Academy of Sciences (Shanghai, China). Cells were cultured in RPMI 1640 medium
and DMEM with 10% foetal bovine serum (Gibco, Carlsbad, CA, USA) and L-glutamine (Invitrogen, Carlsbad,
CA, USA) at 37 °C in a 5% CO2 atmosphere.

RNA extraction, cDNA synthesis and quantitative real-time PCR analysis

The detailed processes were performed as we previously described(11). Primers used in the study were
listed in Table1. The primer of miR-let-7c was designed by Accurate biology, and mRQ3’ primer was
supplied with the kit. The CT values of the gene mRNA levels were normalized to those of β-actin and
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U6. The △△Ct method was applied to calculate the relative quantities of these mRNAs. Each experiment
was performed in triplicate.

RNA interference

The small interfering RNA (siRNA) sequences corresponding to the target sequences and inhibitor of miR-
let-7c were directly synthesized (GenePharma). The siRNA constructs were as follows: siRNA-circ_0039908-
1: 5’-GUUUACUGUGAGAUAUCAATT-3’ (sense)and 5’-UUGAUAUCUCACAGUAAACTT-3’ (antisense), siRNA-
circ_0039908-2: 5’- AUUGUUUACUGUGAGAUAUTT-3’ (sense)and 5’- AUAUCUCACAGUAAACAAUTT-3’
(antisense). Transfection of siRNA and inhibitor into cells were performed with Lipofectamine 2000
according to the instructions of the manufacturer.

Cell proliferation analysis

Cell proliferation was evaluated using CCK-8 assays. Cells were digested and plated at a concentration of
3× 103 cells per well in 96-well plates under standard cell culture conditions. A Cell Counting Kit-8 (Boster,
Wuhan, China) was used to detect cell proliferation after culture for 24, 48, and 72h.

Colony Formation Assay

A colony formation assay was used to con�rm malignant transformation. Three thousand cells were
seeded in 3ml of RPMI 1640 medium supplemented with 10% foetal bovine serum and incubated at 37 °C
with 5% CO2. The number of colonies formed after 14 days was counted using ImageJ.

Migration and invasion assay

For the migration assay, cells were plated into the upper chamber of a Transwell insert in medium
containing 1% FBS. The difference between the migration assay and invasion assay is that in invasion
assay, the upper chamber is precoated with a Matrigel matrix (BD Science, Sparks, MD, USA). In the upper
chamber, 3×104 cells were seeded for the migration assay, while 5×104 cells were seeded for the invasion
assay. Then, 800 μl of complete medium was added to the lower chamber. After 24h of incubation, the
cells that invaded from the upper surface to the lower chamber were �xed with methanol and stained with
crystal violet. Finally, �ve random �elds from each Transwell sample were selected to examine under a light
microscope.

Statistical analysis

We used Student’s t-test (two-tailed) and two-way ANOVA to analyse the results when required. P<0.05
indicates that a difference between groups was signi�cant. All data were analysed using GraphPad Prism
8.

Results

Identi�cation of RNAs with differential expressions
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79 differential circRNAs were screened, including 16 up-regulated circRNAs and 63 down-regulated
circRNAs. 3 of the upregulated circRNAs and 3 downregulated circRNAs that can be retrieved in the CSCD
database and were the most signi�cant in expression difference were selected for further analysis. The
expression of the 6 circRNAs were presented by heatmap (Fig. 1). Table 2 showed the primary features of
the 6 circRNAs and Fig. 2A showed the fundamental modes of the structure. Through the analysis of
DEmiRNAs and DEmRNAs obtained from the LUAD tissue samples and nearby healthy tissues in the TCGA
database; we discovered 293 DEmiRNAs (226 exhibited up-regulation and 67 exhibited down-regulation,
and 5598 DEmRNAs (3752 exhibited up-regulation and 1846 exhibited down-regulation) (Fig. 2B and 2C).

Construction of the competing endogenous RNA network
313 pairs of circRNA and corresponding miRNA were found by searching the 6 circRNAs in the CSCD
database. We screened out 33 circRNA-miRNA pairs based on the intersection with the DEmiRNAs, which
included 31 DEmiRNAs accompanied by 6 circRNAs. Additionally, through the prediction of three
databases (miRDB miRTarBase and TargetScan), we identi�ed 1073 mRNAs. Next, we compared those
mRNAs with the 5598 DEmRNAs and the precondition of being chosen as mRNA candidates were the
overlapped recognition of all the three databases. It was suggested by the outcomes that 132 DEmRNAs
were related to the network of ceRNA. Based on the nodes including 132 mRNAs, 31 miRNAs, as well as 6
circRNAs in LUAD, a network of ceRNA was established (Fig. 3A). Then the GO an KEGG analysis were
performed by these mRNAs, and top 5 GO and KEGG terms (Fig. 3B, C).

PPI network analyses
A PPI network consisting of 31 nodes and 64 edges was constructed using the STRING database, revealing
the interrelationships of 132 DEmRNAs (Fig. 4A). For the identi�cation of hub genes during the
development of LUAD, the cytoHubba plugin was used to calculate the closeness centrality of DEmRNAs,
which revealed 10 hub genes included CCNE1, CDC25A, CHEK1, CLSPN, AURKA, RRM2, MCM4, CEP55,
KIF23 and ESPL1(Fig. 4B). According to the above hubgenes, a circRNA-miRNA-hubgene subnetwork was
constructed (Fig. 4C), which contained 10 regulation modules of ceRNAs.

Univariate and multivariate Cox regression analyses.
We performed univariate and multivariate Cox regression analyses of the 10 hubgenes, only the RRM2 had
the signi�cance in the results of both univariate and multivariate cox regression analyses (Fig. 5A, B), while
the results of survival analysis revealed that the expression hsa-let-7c and RRM2 were signi�cantly
associated with the overall survival of patients (Fig. 5C-E), so we chose the circRNA_0039908/let7c-
5p/RRM2 axis for further study.

CircRNA_0039908 can regulate the expression of miR-let7c-
5p and RRM2
We performed the qRT-PCR and found that circRNA_0039908 was high-expressed in LUAD cells compared
with that in human immortalized normal epithelial cells (Fig. 6A). Then we knockdown the
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circRNA_0039908 by siRNA (Fig. 6B) and we found that with the downregulation of circRNA_0039908, the
expression of miR-let7c-5p was promoted and the expression of RRM2 was inhibited. So, we identi�ed that
circRNA_0039908 can regulate the expression of miR-let7c-5p and RRM2.

Knockdown circRNA_0039908 can inhibit the proliferation,
invasion and migration of LUAD cells
To further characterize the role of circRNA_0039908 in LUAD cells, the CCK8 assay was performed to
identify the effects of circRNA_0039908 on LUAD cells proliferation, we found that the inhibition of
circRNA_0039908 can suppress the proliferation of LUAD cells (Fig. 7A), we also con�rmed these results by
colony formation assays (Fig. 7B). Transwell migration and invasion assays showed that knockdown of
circRNA_0039908 can inhibit LUAD migration and invasion (Fig. 7C). Then we performed CCK8 assay and
colony formation assay, we found that the effects of knockdown of circRNA_0039908 can be reversed
after the cells added with inhibitor of miR-let-7c-5p (Fig. 8A, B), the transwell assay showed that the same
results too (Fig. 8C).

Discussion
In the past, circRNAs, considered as RNA transcriptional by-product, exhibited lower expression richness
and no signi�cant biological function(12). However, due to the development of bioinformatics and Next-
Generation Sequencing technologies, the quantity of circRNAs identi�ed in multiple species and veri�ed as
participating in varied vital pathophysiologic processes, which included tumorigenesis, exhibited an
explosive growth(13–15). Moreover, since circRNAs are relatively stable, widespreadly expressed and
presenting abundently in blood, saliva as well as exosomes, the detection is easy, which makes it an
innovative and promising cancerous biomarker for diagnosis(6, 16–18). However,it remains largely unclear
about the precise effect exerted by circRNAs on LUAD.In our present research, we obtained
circRNAs,miRNAs as well as mRNAs with differential expressions between LUAD tissue and non-tumor
tissue samples from TCGA and GEO database, thereby constructing the network of circRNA-miRNA-mRNA
regulation.

Multiple researches demonstrated the circRNA expressions in LUAD to be dysregulated and to be
associated with aggressive clinicopathological features and dismal outcome. Wang et al analyzed thirty-
six paired LUAD and healthy tissue samples and discovered the negative association between cMras
expression and tumorous stages.Furthermore,they con�rmed the inhibiting effect of cMras on tumor
metastasis and development. As for LUAD, cMras restrained the activity of miRNA-567 directly like a
sponge, thereby upregulating the target gene PTPRG which acted as a tumor-inhibiting factor(19). Zhou et
al revealed the regulatory effect of circRNA on glycolysis in LUAD and proved the promoting role exerted by
circRNA-ENO1 in the EMT and proliferation of LUAD through the upregulation of the host gene ENO1, which
made circRNA-ENO1 an innovative and promising biomarker for lung cancer(20). Ying et al certi�ed that
hsa_circ_0000317, hsa_circ_0005606, hsa_circ_0002873, hsa_circ_0001955, hsa_circ_0072088 and
hsa_circ_0039908 were dysregulated in LUAD tissues. Among them, hsa_circ_0072088 was found to
participate in the regulation of cell migration and proliferation of colorectal carcinoma through the
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miR532e3P/FOXO4 axis(21). In addition, hsa_circ_0001955 has been investigated to be overexpressed in
breast carcinoma which could be involved in BC-triggering biological processes and pathways(22). It was
also demonstrated that hsa_circ_0001955 could play an oncogenic roles in hepatocellular carcinoma
through the hsa_circ_0001955/miR-145-5p/NRAS axis(23). Nevertheless, no one has proposed the role of
any of the other 4 circRNAs in tumors yet. MiRNAs refer to a kind of non-coding RNAs with high
conservation containing about 22 nucleotides(23). They can interact with mRNAs-coding genes by binding
to their 3’untranslated regions (UTRs) for directly post-transcriptional regulation of the expression of target
genes(24). MiRNAs can regulate approximately 60% of human genes and exert an essential role in nearly
every regard of oncology, which includes the proliferating, apoptotic, invading, metastatic and angiogenic
processes(25). In the current work, 31 DEmiRNAs were identi�ed from the network of ceRNAs, in which a
portion had been proved to be essential to the processes of LUAD generation and progression. MiRNA-let-
7c-5p, the miRNA studied in our research, has been widely reported in different cancer types, it can
mediated the pathogenesis progression of NSCLC by targeting ITGB3 and MAP4K3(26), while it can
promote the sensitivity of LUAD cells to EGFR-TKIs by inhibiting the WNT pathway(27).

Ribonucleoside-diphosphate reductase subunit M2, also known as ribonucleotide reductase small subunit,
is an enzyme that in humans is encoded by the RRM2 gene, inhibition of RRM2 can promote the apoptosis
of NSCLC and head and neck squamous cell carcinoma (HNSCC) cell lines by increasing Bcl-2
degradation(28). While it can mediate NSCLC pathogenesis by regulating PI3K/Akt and WNT pathyway(29,
30). RRM2 could be regulated by multiple non-coding RNAs, just like miR-20a-5p, miR520a and miR-143-
3p(29–31).

Conclusions
In conclusion, we screened out that circ_0039908 was high-expressed in LUAD by bioinformatics, while
inhibition of circ_0039908 can suppress the proliferation, migration and invasion of LUAD cells, then we
found that circ_0039908 affected the pathogenesis of LUAD cells by regulating miR-let-7c/RRM2, so the
circ_0039908/miR-let-7c/RRM2 axis was identi�ed played an important role in LUAD and it may provide us
with a new insight in diagnosis and therapeutic methods of LUAD patients.

Declarations
Acknowledgements

The authors expressed their gratitude to Dr. Yang Zhang and Dr. Anqi Wang for bioinformatics support and
statistical analysis. 

Author contributions

WJZ performed the experiments. JC and YL analyzed data and help conduct partial experiment. YYZ and
JJZ provided guidance on experimental technology and gave suggestions. WJZ wrote the paper. ZYL, and
JAH, supervising the study.



Page 9/20

Funding

The Suzhou Gusu Medical Youth Talent (GSWS2020016), The Science and Technology Development
Projects of Suzhou (No. SZYJTD201801). Postgraduate Research & Practice Innovation Program of
Jiangsu Province (KYCX21_2973).

Availability of data and materials

The data used in the current study are available from the corresponding author upon reasonable request.

Ethics approval and consent to participate

All data are sourced from open accessed repository that require no ethical approval.

Consent for publication

No applicable.

Competing interests

The authors declare that there is no con�ict of interests.

References
1. Siegel RL, et al. Cancer statistics, 2016. CA Cancer J Clin. 2016;66(1):7-30.

2. Govindan R, et al. Changing epidemiology of small-cell lung cancer in the United States over the last
30 years: analysis of the surveillance, epidemiologic, and end results database. J Clin Oncol.
2006;24(28):4539-44.

3. Torre LA, et al. Lung Cancer Statistics. Adv Exp Med Biol. 2016;893:1-19.

4. Martin P, et al. Review of the use of pretest probability for molecular testing in non-small cell lung
cancer and overview of new mutations that may affect clinical practice. Ther Adv Med Oncol.
2017;9(6):405-14.

5. Yang JX, et al. Non-coding RNAs: An Introduction. Adv Exp Med Biol. 2016;886:13-32.

�. Suzuki H, et al. A view of pre-mRNA splicing from RNase R resistant RNAs. Int J Mol Sci.
2014;15(6):9331-42.

7. Li X, et al. The Biogenesis, Functions, and Challenges of Circular RNAs. Mol Cell. 2018;71(3):428-42.

�. Memczak S, et al. Circular RNAs are a large class of animal RNAs with regulatory potency. Nature.
2013;495(7441):333-8.

9. Liu J, et al. CircRNA8924 Promotes Cervical Cancer Cell Proliferation, Migration and Invasion by
Competitively Binding to MiR-518d-5p /519-5p Family and Modulating the Expression of CBX8. Cell
Physiol Biochem. 2018;48(1):173-84.



Page 10/20

10. Chen X, et al. Circle RNA hsa_circRNA_100290 serves as a ceRNA for miR-378a to regulate oral
squamous cell carcinoma cells growth via Glucose transporter-1 (GLUT1) and glycolysis. J Cell
Physiol. 2019;234(11):19130-40.

11. Tang H, et al. CPNE1 is a target of miR-335-5p and plays an important role in the pathogenesis of non-
small cell lung cancer. J Exp Clin Cancer Res. 2018;37(1):131.

12. Xin Z, et al. The understanding of circular RNAs as special triggers in carcinogenesis. Brief Funct
Genomics. 2017;16(2):80-6.

13. Chen LL. The expanding regulatory mechanisms and cellular functions of circular RNAs. Nat Rev Mol
Cell Biol. 2020;21(8):475-90.

14. Kristensen LS, et al. The biogenesis, biology and characterization of circular RNAs. Nat Rev Genet.
2019;20(11):675-91.

15. Goodall GJ, et al. RNA in cancer. Nat Rev Cancer. 2021;21(1):22-36.

1�. Bahn JH, et al. The landscape of microRNA, Piwi-interacting RNA, and circular RNA in human saliva.
Clin Chem. 2015;61(1):221-30.

17. Memczak S, et al. Identi�cation and Characterization of Circular RNAs As a New Class of Putative
Biomarkers in Human Blood. PLoS One. 2015;10(10):e0141214.

1�. Li Y, et al. Circular RNA is enriched and stable in exosomes: a promising biomarker for cancer
diagnosis. Cell Res. 2015;25(8):981-4.

19. Yu C, et al. Circular RNA cMras inhibits lung adenocarcinoma progression via modulating miR-
567/PTPRG regulatory pathway. Cell Prolif. 2019;52(3):e12610.

20. Zhou J, et al. CircRNA-ENO1 promoted glycolysis and tumor progression in lung adenocarcinoma
through upregulating its host gene ENO1. Cell Death Dis. 2019;10(12):885.

21. Bian L, et al. Hsa_circRNA_103809 regulated the cell proliferation and migration in colorectal cancer
via miR-532-3p / FOXO4 axis. Biochem Biophys Res Commun. 2018;505(2):346-52.

22. Afzali F, et al. Unearthing Regulatory Axes of Breast Cancer circRNAs Networks to Find Novel Targets
and Fathom Pivotal Mechanisms. Interdiscip Sci. 2019;11(4):711-22.

23. Ding B, et al. hsa_circ_0001955 Enhances In Vitro Proliferation, Migration, and Invasion of HCC Cells
through miR-145-5p/NRAS Axis. Mol Ther Nucleic Acids. 2020;22:445-55.

24. Bartel DP. Metazoan MicroRNAs. Cell. 2018;173(1):20-51.

25. Bartel DP. MicroRNAs: target recognition and regulatory functions. Cell. 2009;136(2):215-33.

2�. Zhao B, et al. MicroRNA let-7c inhibits migration and invasion of human non-small cell lung cancer by
targeting ITGB3 and MAP4K3. Cancer letters. 2014;342(1):43-51.

27. Li X, et al. Let-7c regulated epithelial-mesenchymal transition leads to osimertinib resistance in NSCLC
cells with EGFR T790M mutations. Scienti�c reports. 2020;10(1):11236.

2�. Rahman M, et al. RRM2 regulates Bcl-2 in head and neck and lung cancers: a potential target for
cancer therapy. Clinical cancer research : an o�cial journal of the American Association for Cancer
Research. 2013;19(13):3416-28.



Page 11/20

29. Xie Y, et al. MicroRNA-520a Suppresses Pathogenesis and Progression of Non-Small-Cell Lung Cancer
through Targeting the RRM2/Wnt Axis. Analytical cellular pathology (Amsterdam).
2021;2021:9652420.

30. Han J, et al. MicroRNA-20a-5p suppresses tumor angiogenesis of non-small cell lung cancer through
RRM2-mediated PI3K/Akt signaling pathway. Molecular and cellular biochemistry. 2021;476(2):689-
98.

31. Yang Y, et al. RRM2 Regulated By LINC00667/miR-143-3p Signal Is Responsible For Non-Small Cell
Lung Cancer Cell Progression. OncoTargets and therapy. 2019;12:9927-39.

Tables
Table1 Primers sequences used in the study 

Primer Sequences

circ_0039908  F: GGACATTGTTTACTGTGAGATATCA

R: ATTACTTTGATATATGTGTTCTGGC

miR-let-7c F: TGAGGTAGTAGGTTGTATAGTT

RRM2 F: CACGGAGCCGAAAACTAAAGC

R: TCTGCCTTCTTATACATCTGCCA

β-actin F: CACAGAGCCTCGCCTTTGC

R: ACCCATGCCCACCATCACG

U6 F: GGAACGATACAGAGAAGATTAGC

R: TGGAACGCTTCACGAATTTGCG

 

Table2. Basic characteristics of the 6 differently expressed circRNAs.
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circRNA ID position genomic
length

strand gene
symbol

best
transcript

regulation

hsa_circ_0000317 chr11:62288378-
62288522

144 - AHNAK NM_001620 up

hsa_circ_0005606 chr16:1675973-
1682366

6393 + CRAMP1L NM_020825 up

hsa_circ_0002873 chr12:12788710-
12788908

198 + CREBL2 NM_001310 up

hsa_circ_0001955 chr15:64495280-
64508912

13632 - CSNK1G1 NM_022048 down

hsa_circ_0072088 chr5:32379220-
32388780

9560 - ZFR NM_016107 down

hsa_circ_0039908 chr16:68059317-
68072052

12735 + DUS2L NM_017803 down

Figures
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Figure 1

Heatmap of the differentially expressed circRNAs of the GSE101684 dataset.



Page 14/20

Figure 2

Identi�cation of RNAs with differential expressions. (A) Schema graphs of 6 circRNAs downloaded from
Cancer-Speci�c CircRNA (CSCD, http://gb.whu.edu.cn/CSCD/).Red spots represent miRNA response
elements, blue spots represent RNA binding protein, and green curves represent open reading frame. (B, C)
Volcano plot of differentially expressed miRNAs (B) and mRNAs (C).
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Figure 3

Construction of the competing endogenous RNA network. (A) The ceRNA network of circRNA-miRNA-mRNA
in LUAD. The network consists of 6 circRNA nodes, 31 miRNA nodes, and 132 mRNA. (B, C) Cnet plot of the
top 5 GO terms(A) and KEGG pathways(B) enriched by DEmRNA involved in the ceRNA network.
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Figure 4

PPI network analyses. (A) PPI network of 132 genes, consisting of 31 nodes and 64 edges. (B) PPI network
of 10 hubgenes. (C) CircRNA-miRNA-hubgene network. The network consists of 4 circRNAs, 6 miRNAs, and
10 hubgenes.
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Figure 5

Univariate and multivariate Cox regression analyses. (A, B) Univariate and multivariate Cox regression
analyses of the 10 hubgenes. (C-E) The KM plot of miR-let-7a-5p, miR-let-7c-5p and RRM2 in LUAD
patients.
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Figure 6

CircRNA_0039908 can regulate the expression of miR-let7c-5p and RRM2. (A) Circ_0039908 was high-
expressed in LUAD cells. (B) The knockdown e�ciency of si- circ_0039908. (C, D) The expression of miR-
let-7c and RRM2 after knockdown of circ_0039908. *P < 0.05; **P < 0.01; ***P < 0.001.
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Figure 7

Knockdown circRNA_0039908 can inhibit the proliferation, invasion and migration of LUAD cells. (A) CCK-8
assay of cell viability in H1299 and A549 cells. (B) Representative images of the results of the clonogenic
analysis of H1299 and A549 cells proliferation after transfection of si-circ_0039908. (C) Representative
images of the transwell assay results for cell migration and invasion in H1299 and A549 cells after
transfection of si-circ_0039908. ***P < 0.001.
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Figure 8

Inhibition of miR-let-7c can rescure the effect of the knockdown of circ_0039908 in LUAD cells. (A) CCK-8
assay of cell viability in H1299 and A549 cells after cells co-transfected with si-circ_0039908 and inhibitor
of miR-let-7c. (B) Representative images of the results of the clonogenic analysis of H1299 and A549 cells.
(C) Transwell assay results in H1299 and A549 cells. ***P < 0.001.


