Received: 27 November 2021 | Revised: 16 February 2022 Accepted: 28 February 2022

DOI: 10.1002/jcla.24366

RESEARCH ARTICLE

WILEY

Circ_SAR1A regulates the malignant behavior of lung cancer
cells via the miR-21-5p/TXNIP axis

YiZhao! | Ying Wan® | Tianzhen He?

1Geriatrics Department, Nantong First
People's Hospital, Nantong, China

?|nstitute of Special Environmental
Medicine, Nantong University, Nantong,
China

Correspondence

Tianzhen He, Institute of Special
Environmental Medicine, Nantong
University, Room 621, Building 18,
Seyuan Road, Nantong 226019,
Jiangsu, China.

Email: Tianzhen19852021@163.com

Abstract

Background: Lung cancer is one of the most common malignancies globally and a
significant component of cancer-related deaths. The lack of early diagnosis accounts
for detecting approximately 75% of cancer patients at an intermediate to an advanced
stage, with a low 5-year survival rate. Therefore, a more comprehensive understand-
ing of the molecular mechanisms of lung cancer development is necessary to find
reliable and effective therapeutic and diagnostic biomarkers.

Methods: circ_SAR1A, miR-21-5p, and TXNIP in lung cancer tissues, animal xeno-
grafts, and cell lines were validated by qRT-PCR and western blotting analyses. RNase
R digestion and nuclear/cytoplasm fractionation experiments were utilized to deter-
mine the stability and localization of circ_SAR1A in lung cancer cells. The binding
between miR-21-5p and circ_SAR1A or TXNIP was confirmed by luciferase reporter,
RNA pull-down, Spearman's correlation, and rescue assays. CCK-8, colony formation,
flow cytometry, Transwell, and western blotting were utilized to illustrate the malig-
nant behavior of lung cancer cells.

Results: circ_SAR1A and TXNIP were down-regulated while miR-21-5p was up-
regulated in lung cancer samples and cells. circ_SAR1A was located predominantly in
the cytoplasm; it inhibited lung cancer growth in vitro and in vivo by sponging to miR-
21-5p. miR-21-5p silencing suppressed lung cancer malignancy by targeting TXNIP.
Conclusions: circ_SAR1A is a critical negative regulator of lung carcinogenesis. circ_
SAR1A/miR-21-5p/ TXNIP attenuation inhibited lung cancer progression, presenting

an ideal diagnostic and a potential therapeutic target.
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1 | INTRODUCTION

Lung cancer is one of the most common malignant tumors globally.*
According to the World Health Organization (WHO), approximately
9.6 million people died from cancer worldwide in 2018.2 The cancers

with higher mortality rates are lung cancer, colorectal cancer, gastric

cancer, hepatocellular carcinoma, and breast cancer.? Currently,
surgery, radiotherapy, and chemotherapy are the three main lung
cancer treatments, which are still relatively conservative.® Lung can-
cer patients cannot be treated accordingly due to the lack of ap-
parent characteristics of the early stage of lung cancer. The primary

treatment for patients with advanced lung cancer is radiotherapy
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combined with chemotherapy.* However, radiotherapy and chemo-
radiotherapy cannot eradicate lung cancer. Studies have confirmed
that the 5-year survival rate of lung cancer patients is only 15%.°
Hence, it is urgent to identify novel biomarkers for lung cancer diag-
nosis and treatment.

Circular RNAs (circRNAs) are novel covalently closed continuous-
loop RNAs without 5-end caps and 3'-poly(A) tails.® circRNAs
are not hydrolyzed by nucleic acid exonucleases (RNase R) and are
stable in cells, tissues, and body fluids, making circRNAs more sta-
ble than linear RNAs.? Meanwhile, circRNAs have cell-specific and
tissue-specific origins.10 These properties made circRNAs notewor-
thy molecules in research. Numerous studies have found that cir-
cRNAs are involved in the development and progression of various
diseases, such as tumors,*! rheumatic diseases,'? cardiovascular dis-
eases,13 neurological diseases,14 and endocrine diseases.'® Previous
studies have shown that circRNAs are aberrantly expressed in a va-
riety of tumors, such as gastric cancer,'® hepatocellular carcinoma,’
and lung cancer.’® However, the role of circ_SAR1A in lung cancer
remains unexplored.

MicroRNAs (miRNAs) are a class of highly conserved endoge-
nous non-coding single-stranded RNAs of 18-25 nt in length that
is widely found in various organisms.19 Among a variety of miRNAs,
current studies have shown miR-21-5p as a crucial oncogenic miRNA
(oncomiR) that is highly expressed in various tumors, including gas-

2 22 cervical cancer,®®

25

tric cancer,?® breast cancer,?! ovarian cancer,

26

colorectal cancer,?* hepatocellular carcinoma,”> glioblastoma,

and lung cancer.?’ In addition, tumor growth, apoptosis, metastasis,
and other biological phenomenon are regulated by miR-21-5p.28’29
However, the regulatory role of circ SAR1A in lung cancer progres-
sion remains obscure.

This research aimed to investigate the role of circ_SAR1A and
miR-21-5p in lung cancer malignant behaviors. Also, the relationship

between circ_SAR1A and miR-21-5p was investigated.

2 | METHODS

2.1 | Sample collection

We collected tumor specimens and paired normal paracancer-
ous specimens from 68 lung cancer patients who underwent sur-
gery from December 2017 to November 2020. The samples were
obtained from the Nantong First People's Hospital sample bank.

Immediately after surgery, tissue specimens were frozen in liquid

TABLE 1 Primer sequences for qRT-PCR analysis

Forward
miR-21-5p 5'- CTTACTTCTCTGTGTGATTTCTGTG -3’
ué 5'-TCCGATCGTGAAGCGTTC-3'
TXNIP 5-TGTGTGAAGTTACTCGTGTCAAA-3'
GAPDH 5'-AGAAGGCTGGGGCTCATTTG-3'

circ_SAR1A

5'- GTTGAACCAGAAAACATTTTC-3

nitrogen until further use. None of these patients had received ra-
diotherapy or chemotherapy prior to surgery. All samples were path-
ologically examined, and none were lost during the study period.
This study was approved by the Ethics Committee of Nantong First
People's Hospital. All patients were aware of the study and provided
informed consent.

2.2 | Cell culture and transfection

All lung cancer cell lines H1650, H1581, H460, H1299, and A549,
and normal human bronchial epithelial cells HBE, were grown in
10% fetal bovine serum (FBS)-supplemented RPMI1-1640 complete
medium. Cells were typically grown in an incubator at 37°C and 5%
CO,,. circ-SAR1A overexpression vector (ov-SAR1A), negative con-
trol (ov-NC), TXNIP lentiviral expression vector (sh-TXNIP), negative
control sh-NC, miR-21-5p mimics, miR-21-5p inhibitor, and negative
control (miR-NC) were purchased from GenePharma. These plas-
mids were transfected individually or combined into A549 cells for

subsequent experiments.

2.3 | RNA extraction and quantification

Total RNA was extracted from human tissues and cultured cells using
TRIzol reagent (Invitrogen) according to the manufacturer's protocol.
The concentration and purity of RNA samples were evaluated using
a NanoDrop 2000 spectrophotometer (Thermo Fisher). cDNA was
prepared using a commercial reverse transcription kit (Takara). Real-
time quantitative PCR analysis of circRNA, miRNA, and mRNA was
performed using an SYBR Green PCR kit (Takara) and the primers
listed in Table 1. GAPDH and U6 were used as internal references,
and all analyses were performed in triplicates. The relative expres-
sion of intracellular circRNA, miRNA, and mRNA was analyzed by
the 2724¢T method.

2.4 | Nucleus/cytoplasm fractionation assay

P0028 Extraction Reagent kit (Beyotime) was used to separate the
nuclear and cytoplasmic content from tissues or cells. First, PO028
Extraction Reagents A and B were left at room temperature until
melted, then homogenized and placed on ice immediately. Cells were

digested using trypsin and collected by low-speed centrifugation

Reverse

5'- ACAACCTTTCCAAAATCCATGAGGC -3’
5'-GTGCAGGGTCCGAGGT-3'
5-GCAGGTACTCCGAAGTCTGT-3'
5-AGGGGCCATCCACAGTCTTC-3'

5'- AGACTTCCTGTTTGGTGATC -3’
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until further analysis. 200 ul of Reagent A and 10 pl of Reagent B
were added to the cells, followed by vortexing for 5 s, then kept on
ice for 1 min. Finally, a Trizol reagent was used to extract total RNA.
The mRNA expression was determined by qRT-PCR; GAPDH or Ué
was used as internal inferences.

2.5 | RNase R treatment

In the same sample, 2 ug of RNA was taken, of which 1 ug was
treated with RNase R, and the other 1 ug was used as a control. The
reaction system was prepared and heated at 37°C for 15 min, then
1 ml of Trizol was added to extract the total RNA. The untreated

group was used as the control for reverse transcription experiments.

2.6 | CCK-8 analysis

The transfected cells were inoculated in 96-well plates at a cell den-
sity of 1 x 10 per well for cell viability assay. After incubation at
37°Cand 5% CO, for 0, 24, 48, and 72 h, each well has received 10 pl
of CCK-8 reagent (Beyotime). Then, the cells were further incubated
at 37°C in the dark for another 4 h. Finally, the optical density was
measured at 450 nm using a microplate spectrophotometer (BioTek

Instruments).

2.7 | Colony formation assay

The colony formation assay was performed by inoculating 1000
cells/wellin a 6-well plate. After 14 days of incubation, the cells were
washed three times with PBS, fixed with anhydrous methanol, and
stained with 0.1% crystalline violet staining. The cell colonies were

subsequently photographed and counted.

2.8 | Flow cytometry analysis

According to the manufacturing instructions of AnnexinV-FITC
Apoptosis Kit (Jiamei Biotechnology), the apoptosis rate in A549
cells was detected. Briefly, transfected cells were washed with cold
PBS and later suspended in Annexin V binding buffer. Then, the col-
lected cells were placed in a mixture of Annexin V-FITC and Pl away
from light exposure at room temperature for 15 min. Finally, the ap-

optosis rate was measured by flow cytometry.

2.9 | Transwell assay

Cell invasion and migration capacity were evaluated using 8 pm pore
Transwell chambers (Corning) pre-coated with or without Matrigel.
Briefly, a culture medium (containing 10% fetal bovine serum)
was added to the lower chamber as a chemical elicitor. 5 x 10* of

transfected cells were incubated in the upper chamber with 200 pl of
a serum-free medium at 37°C and 5% CO, for 24 h. After incubation,
the cells were fixed with 70% ethanol and stained with 0.1% crystal
violet. Finally, the invaded or migrated cells were photographed with
a Nikon (Nikon Ti-s) microscope.

2.10 | RNA pull-down analysis

Cells were lysed and transferred to a 2 ml Ep tube. After lysis, cells
were centrifuged at 12,000 r/min for 40 min. Streptavidin agarose
beads were mixed and rinsed with 1 ml of lysis solution. 10 pul of
circ_SAR1A probe was added to the streptavidin agarose beads and
incubated for 2 h at 4°C. Lysed cells were mixed with the agarose
bead-probe complex and incubated for 2 h at 4°C. 1 ml of the high
salt eluate was added to each sample, followed by 40 ul of the low
salt eluate. Samples were mixed gently to obtain the target lysate.
The enrichment of miR-21-5p was detected using PCR analysis.

2.11 | Dual-luciferase reporter assay

The full-length sequences of circ_SAR1A and TXNIP 3'-UTR with or
without miR-21-5p binding sites were cloned in the psiCHECK?2 vec-
tor to construct the circ_SAR1A WT, circ_SAR1A MUT, TXNIP WT,
and TXNIP MUT vectors (Promega), respectively. Later, miR-21-5p
mimics or miR-NC were cotransfected into A549 cells with the lucif-
erase vectors using Lipofectamine 3000 reagent (Invitrogen). After
48 h of transfection, the luciferase activity was assayed with a lucif-
erase reporter kit (Promega) normalized to Renilla luciferase.

2.12 | Western blotting assay

Total proteins in tissues and cells were extracted with a protein
extraction kit (AmylJet). Then, the proteins were separated on 10%
SDS-PAGE gel and transferred onto the PVDF membrane. The mem-
branes were blocked at room temperature using 5% skimmed milk
for 1 h followed by incubation overnight at 4°C with the following
primary antibodies: anti-TXNIP (ab188865; 1:1000; Abcam), anti-
MMP-2 (ab92536; 1:1000; Abcam), anti-MMP-9 (ab76003; 1:1000;
Abcam), anti-N-cadherin (ab76011; 1:5000; Abcam), anti-Vimentin
(ab92547; 1:1000; Abcam), anti-E-cadherin (ab40772; 1:10000;
Abcam), and anti-GAPDH (ab9485; 1:2500; Abcam). Finally, these
membranes were incubated with secondary antibodies and visual-

ized using ECL reagents.

2.13 | Invivo experiment

Nude mice (4 weeks old, 18~22 g) were divided into two groups
(6 mice/group). 200 pl (1 x 108 cells/ml) of control cells (A549 cells
stably expressing ov-NC) or stably expressing ov-SAR1A A549 cells
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were injected into the right axilla of each mouse. After successful
xenografting, the tumor diameter in all mice was measured and re-
corded with vernier calipers every day. After 30 days of continuous
observation, the nude mice were euthanized, and the subcutane-
ous tumors were removed, weighed, and photographed. All animal
procedures were conducted according to national guidelines and
approved by the Institutional Committee of Nantong University for

Animal Research.

2.14 | Statistical analysis

Data were analyzed and generated by SPSS software (version
23.0) and GraphPad Prism software (version 7.0). p < 0.05 was
considered to be statistically significant. All data were expressed
as mean + standard deviation (SD) using the chi-square test to
assess differences among categorical variables. Comparisons be-
tween two or more groups were conducted via Student's t test or
one-way ANOVA followed by Tukey's post hoc test. Spearman's
correlation analysis was utilized to analyze the correlation be-

tween two factors.

3 | RESULTS

3.1 | circ_SAR1A is down-regulated in lung cancer

After searching the GEO database (GSM540421-GSM-540425), we
found that circ_SAR1A was prominently decreased in lung cancer
samples resistant to cisplatin compared to non-resistant lung cancer
samples (Figure 1A), suggesting that circ_SAR1A might participate
in regulating the progression of lung cancer. After that, we collected
paired lung cancer tumor tissues and adjacent non-tumor counter-
parts in a cohort of 68 lung cancer patients to detect the ectopic level
of circ_SAR1A. Results showed that circ_SAR1A was down-regulated
in tumor tissues compared to adjacent para-carcinoma tissues
(Figure 1B). Meanwhile, compared to human bronchial epithelial cell
line HBE, circ_SAR1A was remarkably decreased in lung cancer cell
lines H1650, H1581, H460, H1299, and A549 (especially in A549),
which was chosen for the following experiments (Figure 1C). After
RNase R treatment, we found that circ_SAR1A was more resistant to
degradation than linear SAR1A due to its stable structure, suggesting
that circ_SAR1A s a circRNA (Figure 1D). Also, the subcellular localiza-
tion assay further proved that circ_SAR1A was localized in the cyto-
plasm (Figure 1E). Altogether, circ_SAR1A was down-regulated in lung

cancer and implicated in lung cancer tumorigenesis.
3.2 | circ_SAR1A inhibited lung cancer
malignant properties

To further unravel the molecular mechanisms of circ_SAR1A in lung
cancer, we transfected A549 cells with circ_SAR1A overexpression

plasmid or its negative control. As depicted in Figure 2A, circ_SAR1A
level was significantly enhanced in the ov-SAR1A group compared to
ov-NC or control group, suggesting successful transfection. Then, a
series of cellular experiments were implemented. As demonstrated
in Figure 2B-D, circ_SAR1A overexpression has significantly sup-
pressed A549 cell viability and proliferative capacity. Besides, the
flow cytometry analysis in Figure 2E,F suggested that circ_SAR1A
could hinder lung cancer cell apoptosis compared to the ov-NC
group.

Moreover, the effect of circ_SAR1A on lung cancer cell metas-
tasis was evaluated using Transwell and western blotting analyses.
As presented in Figure 2G,H, the migratory and invasiveness of
lung cancer cells were notably reduced in the ov-SARA1 group
compared to the ov-NC or control group. Also, the pro-metastasis
proteins MMP-2, MMP-9, N-cadherin, and Vimentin were de-
creased while anti-metastasis protein E-cadherin was enhanced
after overexpressing circ_SAR1A in A549 cells (Figure 21,J).
Collectively, circ_SAR1A might serve as an inhibitory element in

lung cancer.

3.3 | circ_SAR1A inhibited tumor growth in vivo

The xenograft tumor model was established by injecting A549 cells
stably overexpressing circ_SAR1A into nude mice. As shown in
Figure 3A, circ_SAR1A level was prominently increased in the ov-
SAR1A group compared to the ov-NC group. Meanwhile, tumor vol-
ume and weight in the ov-SAR1A group were much lower than the
ov-NC group in a time-dependent manner (Figure 3B,C). Taken to-
gether, the in vivo experiments validated that circ_SAR1A inhibited

lung cancer tumor growth.

3.4 | circ_SAR1A targets miR-21-5p

Functional experiments predicted and confirmed the relationship be-
tween circ_SAR1A and miR-21-5p. First, the Starbase tool predicted
the potential binding sites between circ_SAR1A and miR-21-5p
(https://starbase.sysu.edu.cn/), which are presented in Figure 4A.
Then, the dual-luciferase reporter assay illuminated that miR-21-5p
mimics decreased the luciferase activity in 3'"UTR of circ-SAR1IAWT
(Figure 4B) compared to the miR-NC group. However, there were
no apparent differences in the circ-SAR1A MUT groups. Meanwhile,
the RNA pull-down assay further ascertained that miR-21-5p was
abundantly enriched in the biotin-SAR1A group compared to the
biotin-NC group, confirming the binding between circ_SAR1A and
miR-21-5p (Figure 4C).

Moreover, the involvement of miR-21-5p in lung cancer onset
was studied. As depicted in Figure 4D, miR-21-5p was remarkably
increased in lung cancer tumor tissues compared to non-cancerous
distal normal tissues. Similarly, miR-21-5p was prominently ex-
pressed in lung cancer cells line A549 compared to human bron-
chial epithelial cell line HBE (Figure 4E). Intriguingly, miR-21-5p was
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FIGURE 1 circ_SAR1A is down-regulated in lung cancer. (A) Expression of circ_SAR1A in lung cancer samples summarized by GEO
database. (B) Expression of circ_SAR1A in tumor and non-tumor adjacent tissues collected from lung cancer patients. **p < 0.01, tumor versus
adjacent group. (C) Expression of circ_SAR1A in human bronchial epithelial cells HBE and lung cancer cell lines. *p < 0.05, H1650 versus HBE;
**p < 0.01, H1581 versus HBE, H460 versus HBE, A549 versus HBE; ***p < 0.001, H1299 versus HBE. (D) Expression of linear SAR1A and
circ_SAR1A after RNase R treatment. ***p < 0.001, RNase R versus MOCK group. (E) Localization of circ_SAR1A in lung cancer cells

inversely correlated with circ_SAR1A expression level in a cohort of
68 lung cancer patients (Figure 4F). The transfection experiments
suggested that overexpressing circ_SAR1A could decrease the miR-
21-5p level (Figure 4G), whereas the co-expression of circ_SAR1A
and miR-21-5p abated their effects (Figure 4H). Conclusively, the
above data implied that circ_SAR1A negatively targets miR-21-5p in
lung cancer.

3.5 | circ_SAR1A suppressed malignant properties
in lung cancer cells by sponging miR-21-5p

A series of rescue experiments elaborated the regulatory mecha-
nism of the circ_SAR1A/miR-21-5p axis in lung cancer. A549 cells
were transfected with ov-NC, ov-SAR1A, miR-NC, and miR-21-5p
mimics. The CCK-8 and colony formation assays in Figure 5A-C
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FIGURE 2 circ_SAR1A inhibits the malignant behavior in lung cancer. (A) Transfection efficacy of circ_SAR1A in lung cancer cells. (B)
The effects of circ_SAR1A on lung cancer cell viability were determined by CCK-8 assay. (C, D) Lung cancer cell proliferation was detected
by colony formation assay. (E, F) circ_SAR1A promoted lung cancer cell apoptosis. (G, H) The effects of circ_SAR1A on lung cancer cell
migration and invasion were evaluated by Transwell assay. (I, J) Migration-, invasion-, and EMT-related proteins were examined by western
blotting analysis. **p < 0.01, ***p < 0.001, ov-SAR1A versus ov-NC group
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control group; #p < 0.05, ov-SAR1A + miR-21-5p mimics versus ov-SAR1A + miR-NC group



ZHAO ET AL.

80of 13
B | WILEY

demonstrated that circ_SAR1A overexpression significantly in-
hibited lung cancer cell proliferation; however, the inhibitory
effect induced by ov-SAR1A could be partially reversed by co-
transfection with miR-21-5p mimics. In addition, flow cytometry
analysis depicted that the tumor consolidating effect triggered
by ov-SAR1A in lung cancer cell apoptosis could be partly coun-
teracted by re-introducing miR-21-5p mimics (Figure 5D,E). The
migratory and invasive abilities in the ov-SAR1A group were re-
markably hindered compared to the ov-NC group (Figure 5F,G).
Nevertheless, the inhibition of migration and invasion in A549
cells induced by circ_SAR1A overexpression could be reversed by
administering miR-21-5p mimics. Finally, we identified that pro-
metastasis proteins MMP-2, MMP-9, N-cadherin, and Vimentin
levels were prominently declined while anti-metastasis protein
E-cadherin was promoted in the ov-SAR1A group; however, the
effects of circ_SAR1A on metastasis-related protein expressions
could be reversed by co-transfection with miR-21-5p mimics in
part (Figure 5H,I).

3.6 | TXNIPis a direct downstream target of
miR-21-5p

Starbase software was employed to predict downstream targets
of miR-21-5p. As shown in Figure 6A, the putative binding sites
between miR-21-5p and TXNIP 3'UTR are presented. Afterward,
dual-luciferase and RNA pull-down assays confirmed the target
relationship between miR-21-5p and TXNIP. From the results in
Figure 6B, transfection with miR-21-5p mimics significantly de-
creased luciferase activity in 3'UTR of TXNIP WT. Meanwhile,
miR-21-5p was abundantly enriched in the biotin-labeled TXNIP
group by contrast with the biotin-NC group (Figure 6C). Then,
the role of TXNIP in lung cancer tumorigenesis was verified. As
demonstrated in Figure 6D,E, qRT-PCR and western blotting as-
says elaborated that TXNIP was significantly down-regulated in
lung cancer tumor tissues compared to paracancerous non-tumor
tissues.

Similarly, TXNIP level was declined in A549 lung cancer cells
compared to human bronchial epithelial cell line HBE (Figure 6F).
The Spearman's correlation analysis in Figure 6G confirmed the in-
verse correlation between miR-21-5p and TXNIP level in lung cancer
tissues. After transfection, we found that miR-21-5p inhibitor could
enhance TXNIP level in lung cancer cells (Figure 6H). However, the
enhancement in TXNIP expression induced by miR-21-5p inhibitor
could be partially counterbalanced with the co-transfection with

lentivirus plasmid sh-TXNIP (Figure 6l). Generally speaking, TXNIP

was found to be a direct target and negatively regulated by miR-

21-5p in lung cancer.

3.7 | Knockdown of miR-21-5p inhibited lung
cancer cell growth via targeting TXNIP

A549 cells were transfected with miR-21-5p inhibitor and sh-
TXNIP to clarify the regulatory role of miR-21-5p/TXNIP axis in
lung cancer progression. From the results in Figure 7A-D, miR-
21-5p inhibitor prominently inhibited lung cancer cell viability,
proliferation, migration, and invasion, yet facilitated apoptosis.
However, the inhibitory effect of miR-21-5p silencing on lung can-
cer cell malignant behavior could be counterbalanced by silencing
TXNIP using sh-TXNIP (Figure 7A-D). In addition, western blotting
results in Figure 7E illuminated that miR-21-5p interference could
promote E-cadherin level but suppresses MMP-2, MMP-9, N-
cadherin, and Vimentin expressions; nevertheless, the influence
on metastasis-related proteins aroused by miR-21-5p inhibitor
could be relieved by co-transfection with the sh-TXNIP plasmid
(Figure 7E). Ultimately, the above data suggested that miR-21-5p
inhibition could ameliorate lung cancer malignant properties by
targeting TXNIP.

4 | DISCUSSION

There is growing evidence that circRNAs have multiple biological
functions, including “miRNA sponging,” transcriptional regulators,
proteins translators, and templates.>®3! Most molecular mecha-
nisms of circRNAs can be categorized as “miRNA sponges.” Most
notably, Hansen et al. first reported the circRNA CDR1as, also
known as CIRS-7,%2 the first circRNA identified as a miRNA sponge.
circ_SAR1A was first reported by Salzman et al.®% in 2013. It was
further confirmed by Zhao et al.2* that circ_SAR1A was highly ex-
pressed in renal cell carcinoma (RCC) samples and cells, serving
as an oncogene in RCC. In our study, we downloaded information
from the GEO database (GSM540421-GSM-540425) and the results
suggested that circ_SAR1A was declined in samples of lung cancer
patients who were resistant to cisplatin. Furthermore, we collected
tumor and non-tumor distal tissues from a cohort of 68 lung cancer
patients. The results showed that circ_SAR1A was declined in lung
cancer tumor tissues compared to adjacent normal tissues. Further
experiments verified that circ_SAR1A was a stable circRNA located
in the cytoplasm and is down-regulated in A549 lung cancer cells,

exerting a tumor-suppressive role in lung cancer. Our research might

FIGURE 5 circ_SAR1A functions as a tumor suppressor in lung cancer via sponging miR-21-5p. (A) CCK-8 assay was conducted to
measure cell viability. (B, C) Lung cancer cell proliferation was evaluated by colony formation assay. (D, E) Cell apoptosis was verified by flow
cytometry analysis. (F, G) Cell migration and invasion were detected by Transwell assay. (H, I) Migration-, invasion-, and EMT-related proteins
were examined by western blotting analysis. ***p < 0.001, ov-SAR1A versus ov-NC; *p < 0.05, #p < 0.01, ov-SAR1A + miR-21-5p mimics

versus ov-SAR1A + miR-NC group
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FIGURE 6 TXNIP is a downstream target of miR-21-5p in lung cancer. (A) The putative binding sites between TXNIP and miR-21-5p. (B)
Dual-luciferase reporter assay. **p < 0.01, miR-21-5p mimics versus NC mimics group. (C) RNA pull-down assay. ***p < 0.001, biotin-SAR1A
versus biotin-NC group. (D) Expression of TXNIP in tumor and non-tumor para-carcinoma tissues collected from lung cancer patients

was evaluated by gRT-PCR analysis. ***p < 0.001, tumor versus adjacent group. (E) Expression of TXNIP in tumor and non-tumor para-
carcinoma tissues collected from lung cancer patients was evaluated by western blotting analysis. **p < 0.01, tumor versus adjacent group.
(F) Expression of miR-21-5p in human bronchial epithelial cells HBE and lung cancer cell lines. ***p < 0.001, A549 versus HBE group. (G)
Correlation between miR-21-5p and TXNIP level in lung cancer tissues. (H) The effect of miR-21-5p level on TXNIP expression was detected
by western blotting assay. ***p < 0.001, miR-21-5p inhibitor versus miR-NC group. () TXNIP level after co-transfection with miR-21-5p and
TXNIP was evaluated by western blotting analysis. ***p < 0.01, miR-21-5p inhibitor + sh-NC versus control group; ##p < 0.05, miR-21-5p
inhibitor + sh-TXNIP versus miR-21-5p inhibitor + sh-NC group

FIGURE 7 miR-21-5p facilitates lung cancer progression via targeting TXNIP. (A) Lung cancer cell viability was examined by CCK-8 assay.
(B) Colony formation was executed to verify cell proliferative ability. (C) Flow cytometry analysis was conducted to evaluate cell apoptosis
rate. (D) Transwell assay was performed to ascertain cell migratory and invasive capabilities. (E) Expressions of migration-, invasion-, and
EMT-related proteins were detected by western blotting assay. ***p < 0.001, miR-21-5p inhibitor versus miR-NC group; #p < 0.05, #p < 0.01,
miR-21-5p inhibitor + sh-TXNIP versus miR-21-5p inhibitor + sh-NC group
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be the first study that revealed the molecular role of circ_SAR1A in
lung cancer.

With the increasing understanding of the biological mechanisms
of circRNAs, researchers have found that their functions are pri-
marily through the competitive binding of miRNAs (ceRNAs). For
instance, miR-21-5p was sponged by circ_PVT1 and participated

t.35 |.36

in laryngeal cancer (LC) developmen Han et al.>® suggested that

circ_0027599 could sponge miR-21-5p to inhibit gastric cancer pro-

gression; Jiang et al.%’

revealed that miR-21-5p is up-regulated in
colorectal cancer (CRC) and is sponged by circEPB41L2; Li et al.%®
illuminated that circPUM1 served as a sponge of miR-21-5p, promot-
ing papillary thyroid cancer (PTC) tumorigenesis; Ma et al.%? verified
that miR-21-5p bound to the 3'UTR of circ_ACAP2 to promote head
and neck squamous cell carcinoma (HNSCC) cellular phenotypes.

Another research by Yang et al.4°

suggested that miR-21-5p is a tar-
get of circ-LARP4, serving as an oncogene in lung cancer. Our study
verified that circ_SAR1A sponges and negatively modulates miR-
21-5p in lung cancer cells. Moreover, miR-21-5p is down-regulated
in lung cancer tumor tissues and cell lines. Up-regulation of circ_
SAR1A impeded lung cancer malignant behaviors, and miR-21-5p
mimics could counteract this inhibitory effect. In conclusion, our
study ascertained the carcinogenic role of miR-21-5p in lung cancer,
which was in concordance with previous studies.***®

In a former study, TXNIP was predicted and confirmed to be
the downstream target of miR-21-5p.** Also, TXNIP was revealed
to be a tumor suppressor in a wide range of tumors, including cervi-
cal cancer,45 prostate cancer,46 RCC,47 and thyroid cancer.*® In lung
cancer, the tumor suppressor role of TXNIP was also scrutinized. For
instance, Liang et al.*¥’ depicted that cirDCUN1D4 could restrain
metastasis of lung cancer cells by stabilizing the TXNIP level. Zhang

etal.”®

elucidated that TXNIP targets oncogenic miR-411 in lung can-
cer carcinogenesis. Consistent with previous studies, our research
observed down-regulation of TXNIP in lung cancer tumor samples
and cells. Moreover, TXNIP was a direct target of miR-21-5p, which
could partially reverse the inhibitory effects of miR-21-5p on lung
cancer cell growth.

In sum, the expression of circ_SAR1A was found to be signifi-
cantly decreased in lung cancer tissues and cells. The results of
cellular and animal experiments further suggested that circ_SAR1A
protects against the development of lung cancer by regulating the
miR-21-5p/TXNIP axis and may serve as a potential therapeutic tar-
get for lung cancer treatment.
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