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Propofol mediates non-small cell lung cancer growth in part
by regulating circ_0003028-related mechanisms
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Abstract
Background: Circular RNAs (circRNAs) are associated with propofol-mediated inhib-
itory effect on non-small cell lung cancer (NSCLC) progression. Circular hsa_-
circ_0003028 (circ_0003028) exerts a tumor-promoting role in NSCLC. However, it is
unclear whether propofol can mediate NSCLC progression via regulating
circ_0003028 expression.
Methods: A total of 36 NSCLC patients were recruited in the study. Cell viability, pro-
liferation, apoptosis, migration, and invasion were determined by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), colony forma-
tion, flow cytometry, and transwell assays. Relative expression of circ_0003028 in
NSCLC samples and cells was detected by quantitative real-time polymerase chain
reaction (RT-qPCR). Analysis of the latent binding of circ_0003028 to miR-1305 was
done by bioinformatic analysis and confirmed by luciferase reporter and RNA immu-
noprecipitation (RIP) assays. Xenografting in mice was done to verify the relationship
between propofol and circ_0003028.
Results: Significant upregulation of circ_0003028 was detected in NSCLC samples
and cells. Functionally, propofol treatment reduced circ_0003028 expression in
NSCLC cells, and circ_0003028 overexpression impaired propofol-mediated inhibitory
effect on NSCLC cell proliferation, migration, and invasion. Interestingly,
circ_0003028 could compete with miR-1305 as a competing endogenous RNA and
upregulate CORO1C expression in NSCLC cells.
Conclusion: Propofol-mediated inhibiting effect on NSCLC growth partly depended
on the circ_0003028/miR-1305/CORO1C axis.
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INTRODUCTION

Propofol (2,6-diisopropyl phenol), an intravenous anesthetic
with fast onset, strong action, and quick recovery, is widely
used in clinical applications for induction and maintenance
of anesthesia and sedation of critically ill patients in ICU.1

In addition to its advantages in anesthesia, propofol also has
a variety of non-narcotic effects, such as analgesia, immune
regulation, antiemetic, antioxidant, and neuroprotective
effects.2,3 Studies have shown that propofol can suppress
host immunity to a lower degree compared with volatile
anesthetics.4 Accumulated evidence shows that the

prognosis of cancer is related to the use of propofol during
the perioperative period.5–8 At present, the mechanism by
which propofol exerts its antitumor activity is still unclear.

Non-small cell lung cancer (NSCLC), which is an
aggressive disease, accounts for more than 85% of all lung
cancers.9 Surgical resection is the main treatment for poten-
tially curable NSCLC, but patients also experience postoper-
ative recurrence.10,11 Existing evidence shows that propofol
anesthesia can reduce perioperative inflammation in
patients undergoing lung cancer resection, protect patients’
lung function, and shorten postoperative recovery time.7

Moreover, propofol-based intravenous anesthesia for
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patients with stage I NSCLC has a better prognosis than
inhalation anesthesia.12 At present, the mechanism by which
propofol inhibits NSCLC needs to be further elucidated.

Circular RNAs (circRNAs), a new class of functional mol-
ecules, have a circular structure formed by typical 50 to 30-
phosphodiester bonds. This unique circular structure does
not have 50 or 30 free ends, so it is not easily affected by exo-
nuclease.13 Because of their high stability, circRNAs are
regarded as potential biomarkers in human diseases, includ-
ing cancer.14 Growing reports have highlighted the roles of
circRNAs in NSCLC. For instance, circ_0084003,15 circ-
SATB2,16 and circ-CPA417 are carcinogenic RNAs in NSCLC,
while circ_000830518 and circ_000751819 exert an antitumor
role in NSCLC. Recent evidence shows that the inhibitory
effect of propofol on NSCLC may depend on the regulatory
mechanism mediated by circRNAs.20,21 One example is that
propofol reduces lung cancer progression by downregulating
circTADA2A.20 Hsa_circ_0003028 (circ_0003028) has been
reported as an oncogene in NSCLC.22 However, whether pro-
pofol can restrain NSCLC progression via mediating
circ_0003028 expression is unclear.

Some circRNAs located in the cytoplasm become impor-
tant because they can act as decoys to regulate the expres-
sion of genes involved in cell function.23 By sponging
microRNAs (miRNAs), circRNAs can immobilize and inac-
tivate their activity, thereby changing the stability of
miRNA-regulated linear mRNAs.24 For instance, circ-FLI1
drove NSCLC progression via upregulating ROCK1 by
interacting with miR-584.25 Based on this function, we
found that circ_0003028 may be a potential sponge for
miR-1305 through bioinformatic prediction. miR-1305
expression is universally reduced in tumor samples, such as
bladder cancer,26 NSCLC,27 cervical cancer,28 and esopha-
geal cancer.29 Nevertheless, whether circ_0003028 can inter-
act with miR-1305 in NSCLC is unclear.

Coronin-like actin-binding protein 1C (CORO1C, also
termed coronin 3) is one of the coronin family, which is a
conserved family of actin cytoskeleton regulators that facili-
tate cell motility and regulate other actin-dependent pro-
cesses.30 CORO1C is singularly upregulated in many tumors
and has been shown to play a promoting effect on cancer
cell migration.31–33 In this context, CORO1C was predicted
as a possible target of miR-1305. However, the regulatory
mechanisms between them are unclear.

In this study, we hypothesized that propofol treatment
lessened NSCLC progression by the circ_0003028/miR-1305/
CORO1C axis. The study may provide novel insights into the
underlying mechanism of propofol-mediated NSCLC.

METHODS

Cell culture

16HBE (CL-0249, Procell), H1299 (CL-0165, Procell) and
A549 (CL-0016, Procell) cells were cultured in RPMI-1640
(Thermo) or Ham’s F-12 K (Thermo) medium

supplemented with 10% FBS (Sigma-Aldrich) and 1% P/S
(SA) in an incubator with 95% air and 5% carbon dioxide
at 37�C.

For propofol exposure, NSCLC cells were seeded into
media with different concentrations of propofol (SA), which
was dissolved with dimethyl sulfoxide (Yesen). The same
amount of dimethyl sulfoxide was also used as a control.

Cell viability analysis

About 5 � 103 cells were seeded into 96-well plates and cul-
tured for 24–72 h. After replacing the fresh medium, 10 μL
of MTT working solution (5 mg/mL) was added to each well
and mixed. After 4 h of incubation, the culture medium was
removed from each well and supplemented with 100 μL of
formazan solution. After another 4 h of incubation, mea-
surement of absorbance was performed with a microplate
reader (Bio-Tek) at 570 nm.

Cell proliferation analysis

The clonogenic ability of the cells was used for proliferation
analysis. Briefly, approximately 1 � 103 cells were allowed to
form colonies onto six-well plates. Once visible colonies had
formed, the cells were fixed (4% paraformaldehyde, Beyotime)
and stained (0.01% crystal violet, Beyotime), followed by imag-
ing with a microscope using imaging software (Olympus).

Cell apoptosis analysis

An annexin V-FITC/PI apoptosis detection kit (Yesen) was
used for apoptosis analysis. After digestion with trypsin
without EDTA, the cells were collected by centrifugation.
The cells were washed and resuspended in 100 μL of
1 � binding buffer, followed by adding 5 μL of annexin
V-FITC and 10 μL of propidium iodide (PI) staining solu-
tion and mixing. After reacting for 10–15 min in the dark,
the samples were detected by flow cytometry (Becton Dick-
inson) within 1 h.

Western blotting

The determination of protein concentration was performed
using the BCA protein assay kit (Thermo) after preparing
the total extract with RIPA buffer (Thermo). Western blot-
ting was carried out as previously described using the fol-
lowing primary antibodies: cleaved caspase-3 with a dilution
of 1:500 (ab2302, Abcam), proliferating cell nuclear antigen
(PCNA) with a dilution of 1:1000 (ab280088, Abcam),
CORO1C with a dilution of 1:1000 (ab96266, Abcam), and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) with
a dilution of 1:5000 (ab8245, Abcam). Detection of protein
signals was performed using chemiluminescence (Thermo).
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Densitometry was performed to quantify the changes in pro-
tein levels using ImageJ software (NIH).

Cell migration and invasion analysis

Transwell migration and invasion experiments were per-
formed using 24-well transwell chambers (Corning) without
or with Matrigel (Corning) as previously described.34 The
number of migrating and invading cells was counted under
a microscope (Olympus) in five randomly chosen fields.

Collection of clinical samples

Patients diagnosed with operable NSCLC at The First Peo-
ple’s Hospital of Lianyungang were enrolled in the study
(n = 36). The clinical samples of the enrolled patients were
obtained during the operation in the hospital where the dis-
ease was confirmed. Participants were aware of the research
and signed a personal consent form. The research was car-
ried out with a permit authorized by the Ethics Committee
of The First People’s Hospital of Lianyungang.

Real-time polymerase chain reaction (RT-qPCR)

RNA isolation was conducted using the RNAeasy Plus animal
RNA isolation kit with spin column (Beyotime) according to
the manufacturer’s instructions. RNase R digestion was
performed by incubating total RNA from NSCLC cells with
3 U/μg RNase R (Epicenter). The synthesis of complementary

DNA was done using 1 ng of total RNA along with an iScript
cDNA synthesis kit (Bio-Rad) or miRCURY LNA Universal
RT microRNA PCR system (Exiqon, Euroclone). Amplifica-
tions were run on the 7900HT fast real-time PCR system with
an SYBR Master Mix (Bio-Rad). Data were reported as rela-
tive quantity with respect to a calibrator sample using the
equation 2�ΔΔCt. The primers used are listed in Table 1.

Oligonucleotides and construction plasmids

Oligonucleotides used in the research were synthesized by
GenePharma, including si-circ_0003028, si-CORO1C, si-
NC, miR-1305 inhibitor (anti-miR-1305), anti-miR-NC,
miR-1305 mimic, and miR-NC. Construction of
circ_0003028 overexpressed plasmid (circ_0003028) was
executed using the pCD-ciR vector (Geneseed).

Transfection

NSCLC cells were transiently transfected with the above
mentioned oligonucleotides separately using TransIT-X2
(Mirus Bio) according to the manufacturer’s protocol. For
plasmid transfection, 2–3 μg plasmid was transfected using
FuGENE HD transfection reagent (Promega) as per the
manufacturer’s protocol.

Dual-luciferase reporter assay

Recombinant luciferase reporter plasmids were created by ligat-
ing the fragments of circ_0003028WT, circ_0003028MUT,
CORO1C 3´UTRWT, or CORO1C 3´UTRMUT into the
psiCHECK-2 vector (Promega), respectively. TransIT-X2 (Mirus
Bio) was used to cotransfect miR-1305 mimic or miR-NC with a
recombinant luciferase plasmid into NSCLC cells. Luciferase
activity was measured using the dual-luciferase assay system
(Promega) and then normalized to Renilla luciferase activity.

RNA immunoprecipitation (RIP)

RIP analysis was carried out using an antibody against
Ago2/IgG according to the manufacturer’s instructions of
the Magna RIP RNA-binding protein immunoprecipitation
kit (Millipore). Coprecipitated RNA complexes were puri-
fied and then analyzed by RT-qPCR.

Animal experiments

Twelve male BALB/c nude mice (4 weeks old) (Vital River,
Beijing, China) were allowed to acclimatize to the environ-
ment for 1 week in a specific pathogen-free environment and
then administered as follows: (1) control and (2) propofol
(6 mice/group). Specifically, A549 cells (1 � 107) were injected

T A B L E 1 Primer sequences used for real-time polymerase chain
reaction (RT-qPCR).

Genes Primer sequences (5´-3´)

circ_0003028 Forward (F): 5´-GCCGAATCTCTCCGCATGTA-30

Reverse (R): 5´-CTCACTTCCCTGGAGTCCTGGA-30

circ_0084003 F: 5´-CTTGACCTCCAACCAGCCG-30

R: 5´-GTGGCATAACGGACCTTGTAG-30

circ_0007518 F: 5´-TCACTCTGTACAATGCCGGT-30

R: 5´-TCCAGAACCACATGAGTCCG-30

circ_0008305 F: 5´-TCTCTGTGTCAGAAAAGATGTTGGT-3´

R: 5´-GCCGATTGCCAGTTCCAC-3´

CORO1C F: 5´-CTGGCCACGAATCATTTGCC-3´

R: 5´-CAGGCAATTGAGCATCCACG-3´

FUT8 F: 5´-TATGCTCACCAACCCCGAAC-3´

R: 5´-AGCCTCAGGATATGTGGGGT-3´

miR-1305 F: 5´-GCCGAGTTTTCAACTCTAATGG-3´

R: 5´-AGTGCAGGGTCCGAGGTATT-3´

GAPDH F: 5´-GACAGTCAGCCGCATCTTCT-3´

R: 5´-GCGCCCAATACGACCAAATC-3´

U6 F: 5´-CTCGCTTCGGCAGCACA-3´

R: 5´-AACGCTTCACGAATTTGCGT-3´
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subcutaneously into the armpits of mice. When the tumor vol-
ume grew to 100 mm3, the mice were treated with dimethyl
sulfoxide (DMSO) or propofol (45 mg/kg) every 3 days.
Tumor volume was monitored every 6 days from the adminis-
tration of DMSO or propofol and calculated with the equation
(volume = [length �width2]/2). Then, 25 days later, the mice
were killed and their tumors excised. Xenograft experiments
were conducted with a permit authorized by the Animal Care
Committee of The First People’s Hospital of Lianyungang.

Immunohistochemical (IHC) analysis

IHC analysis was performed using 5 μm thick
paraformaldehyde-fixed de-paraffinized sections as previously
described.35 Xenograft tumor tissue sections were probed with
the antibody against Ki67 (ab243878, 1:300, Abcam).

Statistical analysis

Data were analyzed with GraphPad Prism software (version
6.01, GraphPad Software), and the data of three biological
replicates are exhibited as mean ± standard deviation. Sig-
nificance was evaluated by Student’s t-test or ANOVA. Dif-
ferences were considered statistically significant at p < 0.05.

RESULTS

Propofol exposure decreased NSCLC cell
malignant behaviors

We first analyzed the effects of different concentrations of
propofol on tumor cells. Data in Figure 1a,b showed that
propofol exposure led to a decrease in NSCLC cell viability

F I G U R E 1 Propofol exposure reduced cell malignant behaviors in non-small cell lung cancer (NSCLC) cells. (a and b) 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assays were used to investigate the effects of different concentrations of propofol on NSCLC cell viability. (c and d)
Colony formation and flow cytometry assays were used to determine cell proliferation and apoptosis in NSCLC cells with propofol (10 μg/mL) exposure.
(e and f) Western blotting was used to analyze cleaved caspase-3 and proliferating cell nuclear antigen (PCNA) protein levels in NSCLC cells with propofol
(10 μg/mL) exposure. (g and h) Transwell assays were used to detect cell migration and invasion in NSCLC cells with propofol (10 μg/mL)
exposure. *p < 0.05.

ZHANG ET AL. 1609



in a concentration-dependent manner and 10 μg/mL of
propofol, which achieved a 50% inhibitory effect, was used
for further investigation. Moreover, propofol exposure
decreased NSCLC cell proliferation and induced NSCLC cell
apoptosis in colony formation and flow cytometry assays
(Figure 1c,d). Consistent with the above experiments, the
proliferation-related PCNA protein levels were reduced and
the apoptosis-related cleaved caspase-3 protein levels were
increased in propofol-treated NSCLC cells (Figure 1e,f). In
addition, propofol exposure restrained the migrating and
invading capabilities of NSCLC cells in transwell experi-
ments (Figure 1g,h). Together, propofol exposure decreased
cell malignant behaviors in NSCLC cells.

Increased circ_0003028 expression was obtained
in NSCLC

Next, we explored propofol-mediated molecular mecha-
nisms associated with circRNAs in NSCLC. By reading some
reports,15,18,19,22 we screened four circRNAs (circ_0003028,
circ_0084003, circ_0008305, and circ_0007518) associated
with NSCLC progression for further analysis. Propofol treat-
ment caused a significant downregulation of circ_0003028,
so circ_0003028 was selected for subsequent analysis
(Figure 2a,b). Circ_0003028 expression levels in NSCLC
samples and cells were detected to verify the function of

circ_0003028. We observed a prominent elevation in
circ_0003028 expression in NSCLC samples and cell lines
compared with their corresponding controls (Figure 2c,d).
Moreover, circ_0003028 was hardly digested by RNase R
treatment, but its parental gene FUT8 was severely digested
(Figure 2e,f). These results demonstrated that upregulated
circ_0003028 might be related to NSCLC.

Overexpression of circ_0003028 weakened
propofol-mediated suppression on NSCLC cell
malignant behaviors

We then examined whether circ_0003028 is involved in
propofol-mediated effects on NSCLC cell malignant behav-
iors. The circ_0003028 overexpression plasmid was then
constructed, and the transfection efficiency was exhibited in
Figure 3a. Further experiments showed that circ_0003028
overexpression impaired propofol-mediated effects on cell
viability, colony formation, and apoptosis in NSCLC cells
(Figure 3b–d). Moreover, elevated cleaved caspase-3 and
reduced PCNA protein levels in propofol-treated NSCLC
cells were partly reversed after circ_0003028 overexpression
(Figure 3e,f). In addition, the decline of NSCLC cell migrat-
ing and invading abilities caused by propofol treatment was
attenuated after circ_0003028 overexpression (Figure 3g,h).
These findings indicated that circ_0003028 was involved in

F I G U R E 2 Propofol treatment decreased circ_0003028 expression in non-small cell lung cancer (NSCLC). (a and b) Real-time polymerase chain
reaction (RT-qPCR) analysis of the expression levels of four circRNAs (circ_0003028, circ_0084003, circ_0008305, and circ_0007518) in NSCLC cells with or
without propofol (10 μg/mL) exposure. (c and d) RT-qPCR was used to detect the relative levels of circ_0003028 in NSCLC samples and cell lines. (e and f)
RT-qPCR was used to analyze the relative levels of circ_0003028 and FUT8 mRNA in total RNA of NSCLC cells with or without RNase R
treatment. *p < 0.05.
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propofol-mediated inhibiting effect on NSCLC cell malig-
nant behaviors.

Circ_0003028 acted as a miR-1305 sponge

Since an important function of circRNAs is to act as ceRNA
to antagonize miRNAs, we searched for miRNAs that might
interact with circ_0003028. Circular RNA interactome pre-
dicted that circ_0003028 contained the binding sites for
miR-1305 (Figure 4a). To test this prediction, miR-1305
mimic was used to overexpress miR-1305 in NSCLC cells
(Figure 4b). Moreover, miR-1305 overexpression decreased
the luciferase activity of the circ_0003028WT luciferase plas-
mid but not the circ_0003028MUT luciferase plasmid
(Figure 4c,d). Circ_0003028 and miR-1305 were also more
enriched in RNA complexes precipitated by the anti-Ago2
antibody than with the anti-IgG antibody (Figure 4e,f).
There was a conspicuous decrease in miR-1305 expression
in NSCLC samples and cells (Figure 4g,h). In contrast, a

significant elevation was obtained in propofol-treated
NSCLC cells (Figure 4i). We also designed a siRNA against
circ_0003028 in NSCLC cells, and its interference efficiency
was shown in Figure 4j. In addition, circ_0003028 silencing
led to an elevation in miR-1305 expression in propofol-
treated NSCLC cells, while circ_0003028 overexpression
caused a reduction in miR-1305 expression in propofol-
treated NSCLC cells (Figure 4k,l). Together, these findings
indicated that circ_0003028 acted as a sponge to miR-1305.

Circ_0003028 mediated propofol-treated
NSCLC cell malignant behaviors through
miR-1305

To verify that circ_0003028 mediates propofol-treated
NSCLC cell malignant behaviors through miR-1305, we
assessed whether miR-1305 overexpression weakened the
promoting effect of circ_0003028 upregulation on the malig-
nant behaviors of propofol-treated NSCLC cells. The

F I G U R E 3 Upregulated circ_0003028 weakened propofol-mediated suppression on non-small cell lung cancer (NSCLC) cell malignant behaviors.
(a) Real-time polymerase chain reaction (RT-qPCR) analysis of the transfection efficiency of the circ_0003028 overexpression plasmid. (b–h) NSCLC cells
were treated as follows: control, propofol, propofol + pCD-ciR, or propofol + circ_0003028. (b–d) The viability, colony formation, and apoptosis of NSCLC
cells were determined. (e and f) Protein levels of cleaved-caspase-3 and proliferating cell nuclear antigen (PCNA) in NSCLC cells were detected. (g and h)
The migration and invasion of NSCLC cells were evaluated. *p < 0.05.
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decreased miR-1305 in propofol-treated NSCLC cells caused
by circ_0003028 overexpression was partly overturned by
the introduction of miR-1305 mimic (Figure 5a). Further-
more, circ_0003028 upregulation elevated cell viability, facil-
itated cell proliferation, and decreased cell apoptosis in
propofol-treated NSCLC cells, while these effects were weak-
ened by cointroduction of the circ_0003028 overexpression
plasmid and miR-1305 mimic (Figure 5b–d). Exogenetic
expression of miR-1305 also impaired the elevated PCNA
and the decreased cleaved caspase-3 protein levels in
propofol-treated NSCLC cells caused by circ_0003028 over-
expression (Figure 5e,f). In addition, miR-1305 overexpres-
sion partially counteracted the promoting effects of
circ_0003028 overexpression on propofol-treated NSCLC
cell migration and invasion (Figure 5g,h). Collectively, these
findings suggested that circ_0003028 regulated propofol-
treated NSCLC cell malignant behaviors through adsorbing
miR-1305.

CORO1C was a downstream target of miR-1305

TargetScan was used to predict the targets of
miR-1305. A tumor-associated gene, CORO1C, was

predicted as a potential target for miR-1305
(Figure 6a). Also, exogenetic expression of miR-1305
decreased the luciferase activity of the CORO1C 3´
UTRWT luciferase plasmid instead of the CORO1C 3´
UTRMUT luciferase plasmid (Figure 6b,c). Moreover,
miR-1305 and CORO1C mRNA were overtly enriched
in the anti-Ago2 group (Figure 6d,e). In NSCLC sam-
ples, CORO1C mRNA and protein levels were observ-
ably elevated (Figure 6f,g). Similar protein trends were
observed in NSCLC cells (Figure 6h). In contrast, propo-
fol treatment decreased CORO1C protein levels in
NSCLC cells (Figure 6i). Furthermore, we silenced miR-
1305 expression in NSCLC cells using miR-1305 inhibi-
tor, and the transfection efficiency was exhibited in
Figure 6j. MiR-1305 mimic also decreased CORO1C pro-
tein levels in propofol-treated NSCLC cells, but miR-1305
inhibitor had the opposing effect (Figure 6k,l). Addition-
ally, circ_0003028 overexpression resulted in an elevation
in CORO1C protein levels in propofol-treated NSCLC
cells, while this effect mediated by circ_0003028 overex-
pression was partly counteracted after miR-1305 mimic
introduction (Supplementary Figure S1a,b). Together,
circ_0003028 regulated CORO1C, which acted as a miR-
1305 target, through sponging miR-1305.

F I G U R E 4 Circ_0003028 served as a miR-1305 sponge. (a) Schematic diagram of the binding sites of circ_0003028 and miR-1305. (b) The transfection
efficiency of miR-1305 mimic. (c and d) Luciferase reporter assay was used to analyze the luciferase activity of the circ_0003028WT/circ_0003028MUT

luciferase plasmid. (e and f) Enrichment of circ_0003028 and miR-1305 was detected by real-time polymerase chain reaction (RT-qPCR) after RNA
immunoprecipation (RIP) assay. (g–i) Relative expression levels of miR-1305 in non-small cell lung cancer (NSCLC) samples and cells, as well as propofol-
treated NSCLC cells. (j) The interference efficiency of si-circ_0003028 on circ_0003028 in NSCLC cells. (k and l) Relative expression levels of miR-1305 in
circ_0003028-overexpressed/�silenced NSCLC cells with propofol treatment. *p < 0.05.
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miR-1305 regulated propofol-treated NSCLC
cell malignant behaviors through targeting
CORO1C

We further assessed whether miR-1305 mediated the
malignant behaviors of propofol-treated NSCLC cells via
CORO1C. A siRNA against CORO1C was used to knock
down CORO1C (Figure 7a). Transfection of si-CORO1C
partly reversed the increased protein levels of CORO1C
in propofol-treated NSCLC cells caused by miR-1305
knockdown (Figure 7b). Furthermore, miR-1305 silencing
increased cell viability and colony formation, as well as
reduced cell apoptosis in propofol-treated NSCLC cells,
but these changes were alleviated by CORO1C knock-
down (Figure 7c–e). The increased PCNA protein levels
and the reduced cleaved caspase-3 protein levels in
propofol-treated NSCLC cells mediated by miR-1305
knockdown were also weakened after CORO1C inhibition
(Figure 7f,g). In addition, miR-1305 downregulation-
mediated promotion on propofol-treated NSCLC cell
migration and invasion were reversed by CORO1C
silencing (Figure 7h,i). In summary, miR-1305 regulated
propofol-treated NSCLC cell malignant behaviors via tar-
geting CORO1C.

Propofol treatment reduced tumor growth
partly by downregulating circ_0003028

Whether propofol treatment reduced tumor growth through
downregulating circ_0003028 was validated through mice
models. Propofol treatment decreased tumor volume and
weight (Figure 8a,b). Moreover, circ_0003028 expression
was significantly reduced in tumor tissues from mice treated
with propofol, but miR-1305 expression was markedly
increased (Figure 8c,d). IHC showed a low number of Ki67/
CORO1C-positive cells in tumor tissues from mice treated
with propofol than those in tumor tissues from the control
group (Figure 8e). Collectively, propofol treatment reduced
NSCLC growth partly by downregulating circ_0003028.

DISCUSSION

Increasing evidence shows the inhibitory effect of propofol
on NSCLC progression. Furthermore, the existing evidence
exhibits that the deregulation of circRNAs disrupts the
tightly regulated RNA network in NSCLC cells.36 Therefore,
it is meaningful to explore the mechanism by which propo-
fol regulates circRNAs to inhibit NSCLC. Our findings

F I G U R E 5 Circ_0003028 regulated cell malignant behaviors through adsorbing miR-1305 in propofol-treated non-small cell lung cancer (NSCLC) cells.
(a–h) NSCLC cells were treated as follows: propofol + pCD-ciR, propofol + circ_0003028, propofol + circ_0003028 + miR-NC, or propofol +
circ_0003028 + miR-1305. (a) Relative expression levels of miR-1305 in NSCLC cells. (b–d) The viability, colony formation, and apoptosis of NSCLC cells
were determined. (e and f) Relative protein levels of cleaved caspase-3 and proliferating cell nuclear antigen (PCNA) in NSCLC cells were detected. (g and h)
The migration and invasion of NSCLC cells were evaluated. *p < 0.05.
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uncovered that propofol decreased NSCLC progression
through regulation of the circ_0003028/miR-1305/
CORO1C axis.

We validated the upregulation of circ_0003028 in
NSCLC samples and cells, which was in line with a previous
report.22 Interestingly, propofol exposure overtly decreased
circ_0003028 expression in NSCLC cells, and circ_0003028
overexpression impaired propofol-mediated suppression on
NSCLC cell proliferation, migration, and invasion, as well as
promotion on NSCLC cell apoptosis. The combination of
circ_0003028 silencing and propofol also further repressed
xenograft tumor growth than silencing circ_0003028 alone,
and circ_0003028 expression was lower in xenograft tumors
derived from the combination of circ_0003028 silencing and
propofol than silencing circ_0003028 alone. These results
prompted us to conclude that propofol repressed NSCLC
progression by decreasing circ_0003028 expression. In addi-
tion, our findings supported the oncogenic activity of
circ_0003028 in NSCLC reported by Guan et al. Neverthe-
less, circ_0003028 has been reported to exert an inhibitory
role in bladder cancer,37 which might be related to cell-
specific expression.

The sponge function of circRNAs prompted us to fur-
ther investigate whether circ_0003028 participates in the

effects of propofol on NSCLC cells as an endogenous com-
petitive RNA. Bioinformatic prediction showed that
circ_0003028 might function as a miR-1305 sponge, and this
prediction was verified by luciferase reporter and RIP assays.
Consistent with previous studies,27,38 miR-1305 was lowly
decreased in NSCLC samples and cells. Moreover, propofol
exposure overtly increased miR-1305 expression, and exoge-
netic expression of miR-1305 weakened the effects of
circ_0003028 overexpression on propofol-treated NSCLC
cell malignant behaviors. These findings manifested that
propofol-mediated suppression on NSCLC progression
depended on the circ_0003028/miR-1305 axis.

Considering that circRNAs can modulate gene expres-
sion via adsorbing miRNAs, we further investigated the
downstream target of miR-1305. CORO1C, a cytoskeletal
protein implicated in metastasis in many cancer types, was
validated as a miR-1305 in the research. The increased
expression of CORO1C in NSCLC was also consistent with
previous studies.39,40 In addition, propofol treatment
reduced CORO1C expression, and CORO1C knockdown
mitigated the impacts of miR-1305 inhibitor on cell malig-
nancy in NSCLC cells under propofol treatment. Notably,
circ_0003028 could adsorb miR-1305 to modulate CORO1C
expression. Thus, we inferred that propofol decreased

F I G U R E 6 Coronin-like actin-binding protein 1C (CORO1C) was a target for miR-1305. (a) Schematic diagram of the binding sites of miR-1305 and
the 3´UTR of CORO1C. (b and c) Luciferase reporter assay analyzed the luciferase activity of the CORO1C 3´UTRWT/CORO1C 3´UTRMUT luciferase
plasmid. (d and e) Enrichment of miR-1305 and CORO1C mRNA was detected after RNA immunoprecipitation (RIP) assay. (f and g) Relative levels of
CORO1C mRNA and protein in NSCLC samples were evaluated. (h and i) Relative protein levels of CORO1C in NSCLC cells and propofol-treated NSCLC
cells. (j) The interference efficiency of miR-1305 inhibitor on miR-1305. (k and l) Relative protein levels of CORO1C in miR-1305-inhibited/�overexpressed
NSCLC cells with propofol treatment. *p < 0.05.
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CORO1C expression via the circ_0003028/miR-1305 axis,
thus repressing NSCLC cell malignant behaviors.

In conclusion, we herein identified that the
circ_0003028/miR-1305/CORO1C competitive endogenous

F I G U R E 7 miR-1305 regulated non-small cell lung cancer (NSCLC) cell malignant behaviors through coronin-like actin-binding protein 1C (CORO1C)
under propofol treatment. (a) Analysis of the CORO1C protein levels in NSCLC cells carrying si-NC or si-CORO1C. (b–i) NSCLC cells were treated as
follows: propofol + anti-miR-NC, propofol + anti-miR-1305, propofol + anti-miR-1305 + si-NC, or propofol + anti-miR-1305 + si-CORO1C.
(b) Detection of the CORO1C protein levels in NSCLC cells. (c–e) Evaluation of cell viability, colony formation, and apoptosis in NSCLC cells was carried
out. (f and g) Detection of cleaved caspase-3 and proliferating cell nuclear antigen (PCNA) protein levels in NSCLC cells was performed by western blotting.
(h and i) Determination of cell migration and invasion in NSCLC cells was performed. *p < 0.05.

F I G U R E 8 Propofol reduced tumor growth partly by downregulating circ_0003028. (a) Tumor volume in different groups. (b) Schematic representation
of tumor images from different groups of mice (left), tumor weight in different groups (right). (c and d) Levels of circ_0003028 and miR-1305 in tumor
tissues from different groups of mice were detected. (e) Immunohistochemical (IHC) analysis of the number of Ki67/CORO1C-positive cells in tumor tissues
from different groups of mice. *p < 0.05.
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RNA network participates in the inhibitory effect of propo-
fol on NSCLC. These findings support the potential function
of circ_0003028 as a target for NSCLC treatment.
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