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Abstract
Background: Propofol plays an anti-cancer role in diverse cancers, including non-small cell lung cancer (NSCLC). We
aimed to study the function and underlying mechanism of propofol in NSCLC.
Methods: Cell Counting Kit-8 (CCK-8) and colony formation assays were used to detect cell proliferation. The expression of circ_0001727, microRNA-516b-5p (miR-516b-5p) and leucine-rich repeat-containing protein 1 (LRRC1) mRNA
was tested via quantitative real-time polymerase chain reaction (qRT-PCR). Cell migration and invasion were assessed
by transwell assay. Angiogenesis and cell apoptosis were determined by tube formation assay and flow cytometry,
respectively. Western blot (WB) assay was performed to measure all protein levels. In vivo experiments were conducted via establishing mice xenograft model. Dual-luciferase reporter and RNA Immunoprecipitation (RIP) assays
were carried out to verify the relationship between miR-516b-5p and circ_0001727 or LRRC1.
Results: Circ_0001727 was overexpressed in NSCLC, and propofol treatment reduced circ_0001727 level in NSCLC
cells. Propofol could repress proliferation, migration, invasion, and angiogenesis while accelerated apoptosis of
NSCLC cells, while these effects were augmented by circ_0001727 knockdown. Moreover, circ_0001727 depletion
in combined with propofol also inhibited tumorigenesis in vivo. MiR-516b-5p was targeted by circ_0001727, and
miR-516b-5p downregulation counteracted the suppressive influence of circ_0001727 deficiency on the malignant
behaviors of NSCLC cells. LRRC1 was targeted by miR-516b-5p, and miR-516b-5p exerted its anti-tumor function in
NSCLC cells by targeting LRRC1. Additionally, circ_0001727 regulated LRRC1 expression via sponging miR-516b-5p.
Conclusion: Propofol inhibited NSCLC progression by regulation of circ_0001727/miR-516b-5p/LRRC1 axis, which
might offer an effective therapeutic target for NSCLC therapy.
Keywords: Non-small cell lung cancer, Propofol, circ_0001727, miR-516b-5p, LRRC1
Introduction
Lung cancer is the most commonly diagnosed cancer
in most countries and has become the leading cause
of tumor-associated death in 2020 [1]. Non-small cell
lung cancer (NSCLC) is a main type of lung cancer [2].
Although great progress has been achieved in therapeutic
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over the past few decades, and cancer-related death in
patients with NSCLC is still high [3]. Therefore, identifying new biomarkers and molecular targets is essential for
improving the survival of NSCLC patients.
Propofol is a frequently used intravenous anesthetic
during tumor resection because of its rapid recover, short
action, and little side effect [4]. Propofol has an anticancer role in various types of cancer, such as bladder
[5], pancreatic [6], liver [7], and colorectal cancers [8]. In
addition, propofol also suppresses NSCLC cell proliferation and induces apoptosis [9]. Considering that propofol
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can be widely used in clinical surgery, it is critical to
study the relationship between propofol and NSCLC and
determine the underlying mechanism.
As a new kind of non-coding RNAs (ncRNAs), circular
RNAs (circRNAs) have become the latest focus of RNA
research [10, 11]. It is acknowledged that circRNAs have
no 5′-cap and 3′-end poly A tail and are able to form
covalent closed structures, making circRNAs very stable
and highly resistant to RNase R [12, 13]. Recently, growing evidence has revealed the importance of circRNAs
in a variety of diseases, including cancers [14, 15]. Some
circRNA are involved in the initiation and development
of NSCLC [16–18]. Circ_0001727 (also known as circZKSCAN1), a circRNA derived from ZKSCAN1 gene,
has been reported to promote NSCLC development [19].
However, whether circ_0001727 is involved in propofolmediated effect in NSCLC remains unclear.
MicroRNAs (miRNAs) are short (~ 22 nt) ncRNAs that
can regulate gene expression [20]. Many miRNAs can
function as tumor suppressors or facilitators in many
cancers [21]. Recently, the connection between miRNAs
and circRNAs has attracted great attention. One popular hypothesis shows that circRNAs can competitively
bind to miRNA response elements to function as miRNA
sponges, thereby regulating target gene expression [22].
A former report declared that miR-516b-5p could inhibit
NSCLC progression [23]. In NSCLC, leucine-rich repeatcontaining protein 1 (LRRC1) has been reported to serve
as an oncogene [24]. However, the interactions among
circ_0001727, miR-516b-5p, LRRC1 in NSCLC development and propofol-mediated functions have not been
reported.
A549 cell line was initiated in 1972 by D.J. Giard, et al.
through explant culture of lung carcinomatous tissue
from a 58-year-old Caucasian male. H1299 cell line was
established from a lymph node metastasis of the lung
from a NSCLC patient who had received prior radiation therapy. In our work, the function of propofol in
NSCLC cells (A549 and H1299) was studied. Further, we
also investigated the interaction between propofol and
circ_0001727/miR-516b-5p/LRRC1 axis. The purpose
of this research to provide a novel insight into the use of
anesthetics for the treatment of NSCLC.

Materials and methods
Specimen collection

NSCLC tissue specimens (n = 30) and matched nearby
normal tissues (n = 30) were obtained from NSCLC
patients after surgical resection at the Central Hospital of Enshi Tujia and Miao Autonomous Prefectrue. All
patients signed their written informed consents. With
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approval from the Research Ethics Committee of the
Central Hospital of Enshi Tujia and Miao Autonomous
Prefectrue, the current study was conducted.
Cell culture and transfection

NSCLC cells (A549 and H1299) and normal lung epithelial cells (BEAS-2B) were obtained from COBIOER (Nanjing, China). DMEM (Invitrogen, Carlsbad, CA, USA)
that contained FBS (Invitrogen) was used for culturing
BEAS-2B and NSCLC cells in standard conditions (5%
CO2, 37 ℃). For treatment of propofol, cells were treated
with propofol (Sigma-Aldrich, St. Louis, MO, USA) in a
concentration gradient.
The siRNA against circ_0001727 (si-circ_0001727),
miR-516b-5p inhibitor, miR-516b-5p mimic, LRRC1
overexpression plasmid (pc-LRRC1), and corresponding
controls (si-NC, inhibitor NC, miRNA NC, and pc-NC)
were all synthesized by RiboBio (Guangzhou, China).
The oligonucleotide and plasmid were introduced into
NSCLC cells (A549 and H1299) by Lipofectamine 3000
Reagent (Invitrogen).
Cell viability assay

Cell Counting Kit-8 (CCK-8) assay was used for analyzing
cell viability. Briefly, cell suspension (100 μL) was inoculated into 96-well plates. Following treatment, CCK-8 (10
μL, Bimake, Shanghai, China) was placed into per well for
2–3 h, followed by detection of the optical density (OD)
using a microplate reader (Bio-Rad, Hercules, CA, USA)
at 450 nm.
RNA isolation and qRT‑PCR

After extraction of RNA using TRIzol (Invitrogen), RNA
was subjected to reverse transcription with miScript
II RT kit (for miRNA; Invitrogen) or PrimeScriptTM
RT reagent Kit (for mRNA/circRNA; TaKaRa, Otsu,
Japan). Thereafter, qRT-PCR reaction was manipulated
using SYBR green PremixEx Taq II (Takara) on Bio-Rad
CFX96 system (Bio-Rad). The information of primers was listed: circ_0001727 (F, 5′-CCCAGTCCCACT
TCAAACAT-3′; R, 5′-TCAGGCTCCAGGAACTGA
CT-3′); ZKSCAN1 (F, 5′-CTCGGAGGAATCTCAGTA
GGGA-3′; R, 5′-CGTGATGCTGAATCTTCCGAGG3′); miR-516b-5p (F, 5′-GCCGAGATCTGGAGGTAA
GAA-3′; R, 5′-CAGTGCGTGTCGTGGAGT-3′); LRRC1
(F, 5′-TCCTTACCAAAAGAGATCGG-3′; R, 5′-GGT
AGATGCAGCAACCTGT-3′); GAPDH (F, 5′-GTCTCC
TCTGACTTCAACAGCG-3′; R, 5′-ACCACCCTGTTG
CTGTAGCCAA-3′); U6 (F, 5′-CTCGCTTCGGCAGCA
CATATACT-3′; R, 5′-ACGCTTCACGAATTTGCG
TGTC-3′). The 2−ΔΔCt method was employed to analyze
RNA levels. U6 (for miR-516b-5p) and GAPDH (for
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circ_0001727, ZKSCAN1, and LRRC1) were employed as
internal controls.
RNase R treatment

RNase R treatment was applied for degrading linear RNA.
In brief, total RNA was exposed to RNase R (Duma,
Shanghai, China) for half an hour at 37 ℃. After that,
circ_0001727 and ZKSCAN1 expression were examined
via qRT-PCR.
Colony formation assay

NSCLC cells (A549 and H1299) were seeded into the
6-well plate, and cell culture medium was changed every
3–4 days. After culturing for 2 weeks, these wells were
washed and fixed by paraformaldehyde (Beyotime, Jiangsu,
China). After staining using crystal violet (Beyotime),
these colonies were counted and photographed.
Transwell assay

Transwell assay was used to detect cell migration and invasion. NSCLC cells (A549 and H1299) were suspended
in FBS-free medium and plated in the top chamber precoated with (for detecting cell invasion) or without (for
detecting cell migration) Matrigel. Meanwhile, completed
medium was placed into the bottom chamber. 24 h later,
the migrated and invasive cells were fixed in 4% paraformaldehyde (Beyotime) and stained with 0.1% crystal violet
solution (Beyotime). Lastly, these cells were photographed
by a microscope (× 100, Olympus, Tokyo, Japan).
Tube formation assay

Tube formation assay was carried out to evaluate angiogenesis activity in vitro. When NSCLC cells (A549 and
H1299) reached 80% confluence, the supernatant was
collected as conditioned medium (CM). Next, human
umbilical vein endothelial cells (HUVECs; COBIOER)
were inoculated in a 24-well plate coated with Matrigel
and incubated for 0.5 h, and then seeded into wells under
different CM. After incubation for 6 h in 37 ℃, tube formation was then observed and photographed using a
microscope (Olympus). The number of branches in each
well was calculated by ImageJ software.
Flow cytometry analysis

Annexin V-FITC&PI apoptosis detection kit purchased
form Vazyme was utilized to measure apoptotic cells.
Shortly, cells were seeded in 6-well plates and harvested
after treatment, followed by resuspending in1 × binding
buffer. After staining with Annexin V-FITC and PI for
0.5 h, cells were subjected to a flow cytometer to examine
apoptotic cells.

Page 3 of 13

Western blot (WB) assay

After extraction of total protein with RIPA lysis buffer
(Vazyme), the total protein was denatured via heating for 3–5 min at 100 ℃. After measurement of protein concentration, total protein was separated by
SDS-PAGE. Afterwards, these gels were transferred
onto PVDF membranes (Beyotime). After blocking in 5% non-fat milk, these membranes were then
probed with the following primary antibodies: vascular
endothelial growth factor A (VEGFA; ab51745, 1:1500,
Abcam, Cambridge, UK), Bcl-2 (ab194583, 1:1500,
Abcam), LRRC1 (HPA031603, 1:1500, Sigma-Aldrich),
or GAPDH (ab9485, 1:3000, Abcam) at 4 ℃ for
12–16 h, followed by incubation with secondary antibody (ab205718, 1:5000, Abcam). At last, ECL reagent
(Abcam) was used for visualization of protein blots.
Tumor formation assay in vivo

For in vivo assay, we purchased BALB/c nude mice
(male, n = 20) from Vital River (Beijing, China) to
establish xenograft model and segmented into 2
groups. Short hairpin RNA targeting circ_0001727
(sh-circ_0001727) and sh-NC (as control) were provided by RiboBio. Briefly, mice were subcutaneously inoculated with un-transfected cells (A549) or
transfected-cells (sh-circ_0001727 or sh-NC). After
injection 7 days, these mice were randomly divided
into 4 groups: Control (untreated), propofol, propofol + sh-NC, and propofol + sh-circ_0001727 (n = 5/
group). In the propofol groups, propofol (45 mg/
kg) was injected intraperitoneally twice a week. An
external caliper was used to detect tumor volume.
We calculated the volume of tumors according to
the equation: 1/2 × length × w idth2. These mice were
sacrificed 4 weeks later, and excised tissues were
weighed, followed by collection of the tumor tissues.
This study got approval from the Animal Care and
Use Committee of the Central Hospital of Enshi Tujia
and Miao Autonomous Prefectrue.
Immunohistochemistry (IHC)

Tumor tissues were fixed with paraformaldehyde
(4%), embedded in paraffin, and cut at a thickness of
4 μm slides. Next, these sections were incubated with
the Ki67 (ab15580, 1:500, Abcam) antibody to measure Ki67 expression. After incubation with secondary
antibody (ab171870, 1:2000, Abcam), these sections
were then stained using diaminoaniline (DAB; Maxim,
Fuzhou, China) and then counterstained using haematoxylin (Maxim). The image was captured using a
microscope (Olympus).
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Dual‑luciferase reporter assay

Circular RNA interactome or starBase was employed
to predict the association between miR-516b-5p and
circ_0001727 or LRRC1. The fragments of circ_000172
or LRRC1 containing the putative bindings sites
for miR-516b-5p were synthesized and cloned into
the pmirGLO vectors (GenePharma, Shanghai,
China), thereby constructing WT-circ_0001727 or
WT-LRRC1-3′UTR. Meanwhile, binding sites for miR516b-5p were mutated and cloned into the same vector
to create MUT-circ_0001727 or MUT-LRRC1-3′UTR.
NSCLC cells (A549 and H1299) were co-introduced
with the recombinant plasmid and miRNA mimic or
miR-516b-5p. 48 h later, the luciferase activities were
measured using the dual-luciferase reporter assay system (Promega, Madison, WI, USA).
RNA immunoprecipitation (RIP) assay

RIP assay was conducted with EZ-Magna RIP Kit (Millipore, Billerica, MA, USA). After lysing using RIP buffer,
cell lysate (0.1 mL) was incubated with magnetic beads
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previously binding to human anti-IgG (as the control)
or anti-Ago2. The magnetic beads were digested using
proteinase K for removing the protein. Lastly, the purified RNA used for measuring the expression of relevant
RNAs via qRT-PCR.
Statistical analysis

Data from at least 3 independent experiments displayed
as mean ± standard deviation and were analyzed by
GraphPad Prism software (Version 7.0). Statistical significance was analyzed via Student’s t test or a one-way
analysis of variance. P value < 0.05 was determined to be
statistically different.

Results
Propofol inhibited NSCLC cell viability

To investigate the effect of propofol on NSCLC cell viability, NSCLC cells (A549 and H1299) were exposed to various doses of propofol. CCK-8 assay showed that propofol
treatment reduced A549 and H1299 cell viability in a
dose-dependent way (Fig. 1A, B). Meanwhile, propofol

Fig. 1 Propofol suppressed NSCLC cell viability. A, B CCK-8 assay was used for detection of cell viability in NSCLC cells (A549 and H1299) exposed to
various concentrations of propofol. C, D Cell viability was evaluated in NSCLC cells exposed to propofol for different times. *P < 0.05.
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treatment time-dependently decreased A549 and H1299
cell viability (Fig. 1C, D). Our data indicated that propofol might has an anti-cancer function in NSCLC.
Circ_0001727 was overexpressed in NSCLC

To probe the potential role of circ_0001727 in NSCLC,
the expression of circ_0001727 was detected in NSCLC
tissues and NSCLC cells. The results showed that
circ_0001727 expression was increased in NSCLC tissues relative to adjacent normal tissues (Fig. 2A). Likewise, circ_0001727 level was also enhanced in NSCLC
cells (A549 and H1299) (Fig. 2B). Circ_0001727 is generated from the second and third exons of ZKSCAN1
gene and its spliced mature sequence length is 668 bp
(Fig. 2C). Generally, RNase R cannot digest circRNAs,
but can digest linear RNAs. As presented in Fig. 2D,
E, circular isoform (circ_0001727) was resistant to
RNase R. Moreover, we found that propofol treatment
reduced the expression of circ_0001727 (Fig. 2F). Taken
together, circ_0001727 might be associated with NSCLC
progression.
Circ_0001727 knockdown increased the anti‑cancer role
of propofol in NSCLC cells

Since propofol could downregulate the expression of
circ_0001727, we further explored whether circ_0001727
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participated in propofol-mediated suppression on
NSCLC cell progression. Transfection of si-circ_0001727
obviously reduced circ_0001727 level compared to
si-NC group (Fig. 3A), indicating a high transfection efficiency. Propofol treatment decreased A549 and H1299
cell viability and colony formation, and combination of
circ_0001727 knockdown and propofol led to more obvious inhibition on cell viability and colony-forming ability
(Fig. 3B, C). We found similar results of cell viability and
colony formation in the propofol group and the propofol + si-NC group, indicating that transfection of si-NC
did not influence NSCLC cell behaviors. Angiogenesis
can be found in many pathological processes (including the development of most solid tumors) and is a key
factor in carcinogenesis. [25, 26]. We found that propofol treatment could reduce migration, invasion, and
angiogenesis, and combination of circ_0001727 silence
and propofol further decreased cell migration, invasion,
angiogenesis compared to only propofol group (Fig. 3D–
F). Moreover, circ_0001727 downregulation enhanced
propofol-induced apoptosis in NSCLC cells (Fig. 3G).
WB assay was carried out to detect the protein levels of
VEGFA (one of the important tumor cell-secreted proangiogenic factor) and Bcl-2 (anti-apoptotic molecule). The
data showed that propofol suppressed the protein levels
of VEGFA and Bcl-2, and circ_0001727 downregulation

Fig. 2 Circ_0001727 was overexpressed in NSCLC. A, B Circ_0001727 expression was tested by qRT-PCR in normal tissue samples, NSCLC tissue
samples, BEAS-2B cells, and NSCLC cells (A549 and H1299). C The information of circ_0001727 was presented. D, E After treatment of RNase R,
circ_0001727 and ZKSCAN1 expression were determined in NSCLC cells. F Circ_0001727 expression was determined in NSCLC cells treated with or
without propofol. *P < 0.05.
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Fig. 3 Propofol limited NSCLC cell malignant behaviors by regulating circ_0001727. A Circ_0001727 level was examined in NSCLC cells
transfected with si-NC or si-circ_0001727. B–I NSCLC cells were divided into 4 groups: control group, propofol group, propofol + si-NC group, and
propofol + si-circ_0001727 group. B CCK-8 analysis was applied for detecting cell viability. C Cell colony-forming ability was evaluated by colony
formation assay. Cell migration (D) invasion (E) were evaluated using transwell assay (× 100). F Angiogenesis was determined by tube formation
assay. G Cell apoptosis was detected via flow cytometry. H, I WB was used to measure the protein expression of VEGFA and Bcl-2. *P < 0.05.
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together with propofol further inhibited VEGFA and
Bcl-2 protein expression (Fig. 3H, I). Taken together,
propofol suppressed NSCLC cell progression by regulating circ_0001727.
Circ_0001727 depletion augmented the inhibiting effect
of propofol on tumor growth in vivo

To determine the roles of circ_0001727 and propofol
in tumor growth in vivo, we established mice xenograft
model. Propofol treatment decreased tumor growth
(volume and weight), and combination of circ_0001727
knockdown and propofol resulted in more obvious inhibition on tumor growth (Fig. 4A, B). Additionally, propofol treatment inhibited the expression of circ_0001727,
and circ_0001727 interference and propofol treatment further inhibited circ_0001727 expression relative to propofol group (Fig. 4C). IHC analysis revealed
that circ_0001727 deficiency reduced the expression
of Ki67 (a proliferation marker) in tumor tissues, and
circ_0001727 depletion in combined with propofol obviously reduced Ki67 expression (Fig. 4D). Collectively,
propofol blocked tumor growth in vivo by downregulating circ_0001727.
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Circ_0001727 directly targeted miR‑516b‑5p in NSCLC cells

To elucidate the underlying mechanism of circ_0001727
in NSCLC, the possible miRNA targets of circ_0001727
were predicted by bioinformatics database (circular
RNA interactome). We discovered that miR-516b-5p
might be a possible target for circ_0001727, and the
binding sequence of circ_0001727 in miR-516b-5p and
its mutant sites were presented in Fig. 5A. Transfection
of miR-516b-5p mimic resulted in a promotion of miR516b-5p expression in A549 and H1299 cells (Fig. 5B).
Overexpressing miR-516b-5p inhibited the luciferase
activity of WT-circ_0001727 but not MUT-circ_0001727
(Fig. 5C, D). Meanwhile, circ_0001727 and miR-516b-5p
were greatly enriched Ago2 pellets rather than in the IgG
control group (Fig. 5E, F), suggesting that Ago2 protein
bound to circ_0001727 and miR-516b-5p in NSCLC
cells. Next, we detected miR-516b-5p level in NSCLC
tissues and cells. MiR-516b-5p expression was both
reduced in NSCLC tissues and cells (Fig. 5G, H). Transfection of miR-516b-5p inhibitor obviously reduced
miR-516b-5p level, indicating a high inhibition efficiency
(Fig. 5I). Moreover, propofol treatment increased miR516b-5p expression (Fig. 5J). In addition, knockdown of

Fig. 4 Circ_0001727 depletion enhanced the repressive impact of propofol on tumor growth in vivo. A Representative photographs of tumors
were displayed, and tumor volume was recorded every week. B Tumor weight was tested following injection for 4 weeks. C The abundance
of circ_0001727 was examined using qRT-PCR in tumor tissue specimens. D Ki67 expression was determined by IHC analysis in tumor tissue
specimens. *P < 0.05.
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Fig. 5 MiR-516b-5p could directly interact with circ_0001727. A The predicted binding sites for circ_0001727 and miR-516b-5p were presented. B
The expression of miR-516b-5p was detected in NSCLC cells after transfection with miRNA NC or miR-516b-5p mimic. C, D The luciferase activity in
NSCLC cells co-introduced with miRNA NC or miR-516b-5p mimic and WT-circ_0001727 or MUT-circ_0001727 was detected. E, F Circ_0001727 and
miR-516b-5p enrichment were examined in NSCLC cells by RIP assay. G, H The expression of miR-516b-5p was examined in normal tissue samples,
NSCLC tissue samples, BEAS-2B cells, and NSCLC cells. I The level of miR-516b-5p was determined in NSCLC cells after transfection with inhibitor NC
or miR-516b-5p inhibitor. J MiR-516b-5p expression was measured in NSCLC cells treated with or without propofol. K MiR-516b-5p abundance was
tested in NSCLC cells introduced with si-NC, si-circ_0001727, si-circ_0001727 + inhibitor NC, si-circ_0001727 + miR-516b-5p inhibitor, followed by
treatment with propofol. *P < 0.05.

circ_0001727 enhanced miR-516b-5p expression, which
was restored by inhibiting miR-516b-5p in NSCLC cells
treated with propofol (Fig. 5K). These results revealed
that miR-516b-5p was sponged by circ_0001727.
Circ_0001727 knockdown repressed proliferation,
migration, invasion, and angiogenesis and facilitated
apoptosis via upregulating miR‑516b‑5p
in propofol‑treated NSCLC cells

Subsequently, we explored whether circ_0001727 regulated the behaviors of NSCLC cells via sponging miR516b-5p. We found that circ_0001727 deficiency reduced
cell viability, colony-forming ability, migration, invasion,
and angiogenesis, while these inhibitory effects were
reversed by downregulating miR-516b-5p in NSCLC
cells treated with propofol (Fig. 6A–E). Moreover,

circ_0001727 interference increased apoptosis, which
was weakened by suppressing miR-516b-5p in propofoltreated NSCLC cells (Fig. 6F). Meanwhile, circ_0001727
downregulation suppressed VEGFA and Bcl-2 protein
expression, whereas miR-516b-5p knockdown abated
this effect in propofol-treated NSCLC cells (Fig. 6G,
H). Together, these results suggested that circ_0001727
knockdown inhibited NSCLC cell progression via sponging miR-516b-5p.
LRRC1 was a direct target for miR‑516b‑5p

Subsequently, we investigated the downstream targets for miR-516b-5p using starBase. As displayed in
Fig. 7A, LRRC1 3’UTR included the binding sequence
of miR-516b-5p. The results revealed that miR-516b-5p
upregulation led to a decrease in the luciferase activity
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Fig. 6 Downregulation of circ_0001727 inhibited NSCLC cell progression by upregulating miR-516b-5p in propofol-treated NSCLC cells. NSCLC
cells were transfected with si-NC, si-circ_0001727, si-circ_0001727 + inhibitor NC, si-circ_0001727 + miR-516b-5p inhibitor, and then treated with
propofol. Cell viability (A), colony-forming capacity (B), migration (C), invasion (D), angiogenesis (E), and cell apoptosis (F) were detected. G, H
VEGFA and Bcl-2 protein expression were examined via WB assay. *P < 0.05.

of WT-LRRC1-3′UTR, while changes in miR-516b-5p
expression could not affect the luciferase activity of
MUT-LRRC1-3′UTR (Fig. 7B, C). MiR-516b-5p and
LRRC1 enrichment were increased in Ago2 group compared to IgG control group (Fig. 7D, E). In NSCLC tissue samples, LRRC1 mRNA and protein levels were
increased in comparison with normal tissue samples
(Fig. 7F, G). Likewise, LRRC1 protein expression was also
enhanced in NSCLC cells (Fig. 7H). Moreover, propofol
treatment led to a reduction in LRRC1 protein expression
in NSCLC cells (Fig. 7I). LRRC1 was successfully overexpressed in NSCLC cells transfected with pc-LRRC1
(Fig. 7J). In addition, miR-516b-5p overxpression inhibited the protein expression of LRRC1, which was rescued
by elevating LRRC1 in NSCLC cells treated with propofol (Fig. 7K). Collectively, miR-516b-5p directly targeted
LRRC1.
Restoration of miR‑516b‑5p suppressed the malignant
behaviors of NSCLC cells via targeting LRRC1

Considering that LRRC1 was targeted by miR-516b-5p in
NSCLC cells, we further explored whether LRRC1 was
implicated in miR-516b-5p-mediated functions in propofol-treated NSCLC cells. Overexpressing miR-516b-5p

inhibited cell viability, colony-forming ability, migration,
invasion, and angiogenesis, while these suppressive effects
were abated by upregulating LRRC1 in NSCLC cells
exposed to propofol (Fig. 8A–E). In addition, enforced
expression of miR-516b-5p increased cell apoptosis, which
could be reversed by increasing LRRC1in propofol-treated
NSCLC cells (Fig. 8F). Meanwhile, miR-516b-5p overexpression inhibited VEGFA and Bcl-2 protein expression, which was neutralized by upregulation of LRRC1
in propofol-treated NSCLC cells (Fig. 8G, H). These data
revealed that miR-516b-5p played an anti-cancer role in
NSCLC cells via downregulation of LRRC1.
Circ_0001727 sponged miR‑516b‑5p to positively regulate
LRRC1 expression

Next, we studied the impact of circ_0001727 and
miR-516b-5p on LRRC1 expression in propofoltreated NSCLC cells. The results of WB displayed that
circ_0001727 knockdown reduced LRRC1 protein
expression, which was restored by inhibition of miR516b-5p in propofol-treated NSCLC cells (Fig. 9), implying that circ_0001727 serve as a miR-516b-5p sponge to
regulate LRRC1 level.
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Fig. 7 LRRC1 was directly targeted by miR-516b-5p. A The binding sequence of miR-516b-5p and LRRC1 3′UTR was shown. B–E Dual-luciferase
reporter and RIP assays were conducted to confirm the interaction between miR-516b-5p and LRRC1. F, G LRRC1 mRNA and protein abundance
in normal and NSCLC tissues were detected. H LRRC1 protein expression was examined by WB in BEAS-2B cells and NSCLC cells. I LRRC1 protein
expression was analyzed in NSCLC cells treated with or without propofol. J LRRC1 protein abundance was detected in NSCLC cells transfected
with pc-NC or pc-LRRC1. K The expression of LRRC1 protein was determined in NSCLC cells transfected with miRNA NC, miR-516b-5p mimic,
miR-516b-5p mimic + pc-NC, or miR-516b-5p mimic + pc-LRRC1, followed by treatment with propofol.

Discussion

Recently, several studies have suggested that propofol possesses anti-tumor, neuroprotective, anti-anxiety,
and anti-oxidation roles in several diseases [27–29]. In
the current study, propofol facilitated apoptosis while
repressed NSCLC cell proliferative ability, mobility, and
angiogenesis (in vitro) and also limited tumor growth (in
vivo), which was in line with former studies. For example,
propofol suppressed NSCLC cell growth and metastasis
while accelerated apoptosis via modulating circ-RHOT1/
miR-326/FOXM1 axis [30]. Another study demonstrated
that propofol restrained lung cancer tumorigenesis
through regulating circ-ERBB2/miR-7-5p/FOXM1 network [31].
Propofol can regulate the progression of cancer via various pathways, such as regulating ncRNA expression and
serving as a regulator of different signaling pathways [32].
Propofol has been reported to have the anti-tumor function in several cancers through regulation of circRNAs
[33, 34]. Hence, we assumed that propofol might inhibit
NSCLC progression through regulating other circRNAs.
Some studies revealed that circ_0001727 was associated

with the development of some cancers, including bladder
cancer [35] and hepatocellular carcinoma [36]. Importantly, Wang et al. claimed that circ_0001727 expression
was increased in NSCLC, and circ_0001727 reinforced
the proliferative ability of NSCLC cells through modulating miR-330-5p/FAM83A axis and inactivating
MAPK signaling [19]. According to the above findings,
we assumed that propofol might exert its functions via
regulating circ_0001727. As expected, propofol treatment could downregulate circ_0001727 expression in
NSCLC cells. To investigated whether propofol exerted
the anti-tumor function in NSCLC cells by downregulating circ_0001727, we silenced circ_0001727 by transfection with si-circ_0001727 and treated with propofol. We
found that circ_0001727 knockdown augmented the anticancer action of propofol in NSCLC cells.
Strikingly, circRNAs commonly serve as miRNA
sponges, which result in the decrease of the expression and function of miRNAs [37]. Subsequently, we
investigated whether circ_0001727 served as a miRNA
sponge. Here, we verified that miR-516b-5p was sponged
by circ_0001727. Some researchers have verified the
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Fig. 8 MiR-516b-5p suppressed NSCLC cell progression via targeting LRRC1 in propofol-treated NSCLC cells. NSCLC cells were transfected with
miRNA NC, miR-516b-5p mimic, miR-516b-5p mimic + pc-NC, or miR-516b-5p mimic + pc-LRRC1, followed by exposure to propofol. Cell viability
(A), colony-forming ability (B), migration (C), invasion (D), angiogenesis (E), and cell apoptosis (F) were determined. G, H EGFA and Bcl-2 protein
abundance were detected. *P < 0.05.

Fig. 9 Circ_0001727 sponged miR-516b-5p to regulate LRRC1 expression. LRRC1 protein abundance was examined by WB in NSCLC cells
transfected with si-NC, si-circ_0001727, si-circ_0001727 + inhibitor NC, si-circ_0001727 + miR-516b-5p inhibitor, and then stimulated with propofol.
*P < 0.05.
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anti-tumor role of miR-516b-5p in NSCLC. Xu et al. disclosed that miR-516b-5p level was decreased in NSCLC,
and miR-516b-5p inhibition could abolish the suppressive impact of circAKT3 depletion on glycolysis and cisplatin resistance in NSCLC cells [38]. Additionally, Song
et al. illustrated that restoration of miR-516b-5p blocked
NSCLC cell growth and invasion [23]. In line with this,
we uncovered that miR-516b-5p abundance was also
declined in NSCLC cell lines and NSCLC tissue specimens. MiR-516b-5p suppression neutralized the inhibiting influence of circ_0001727 depletion on NSCLC cell
progression, suggesting that propofol inhibited NSCLC
cell progression via regulation of circ_0001727/miR516b-5p axis.
MiRNAs exert their functions via regulating the
expression of target mRNAs [39]. Based on bioinformatics analysis and a series of experiments, LRRC1 was
demonstrated to be directly targeted by miR-516b-5p. A
previous has demonstrated that LRRC1 can promote the
development of hepatocellular carcinoma [40]. Moreover, LRRC1 was demonstrated to be upregulated in
NSCLC, and knockdown of LRRC1 repressed NSCLC
cell invasion, proliferation and migration and accelerated apoptosis [24]. In this study, LRRC1 was overexpressed in NSCLC tissues and cells. However, propofol
treatment reduced LRRC1 expression in NSCLC cells.
Rescue experiments showed that LRRC1 overexpression counteracted the anti-tumor role of miR-516b-5p
on in NSCLC cells, indicating that miR-516b-5p regulated NSCLC cell behaviors by targeting LRRC1. Mechanistically, circ_0001727 regulated LRRC1 expression
via sponging miR-516b-5p in propofol-exposed NSCLC
cells.
In conclusion, propofol could suppress NSCLC progression via regulating the circ_0001727/miR-516b-5p/
LRRC1 network. These results might offer an effective
therapeutic target for NSCLC.
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