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Background: Propofol is a common intravenous anesthetic that exerts an antitumor role in 
human cancers. Circular RNAs (circRNAs) play crucial roles in the progression of various 
cancers. However, the relationship between propofol and circRNA decaprenyl diphosphate 
synthase subunit 1 (circPDSS1) in gastric cancer (GC) remains unclear.
Methods: Cell proliferation was evaluated by Cell Counting Kit-8 (CCK-8), colony forma-
tion, and 5-ethynyl-2ʹ-deoxyuridine (EdU) assays. Cell migration and invasion were assessed 
by transwell assay. Cell apoptosis was determined by flow cytometry. All protein levels were 
detected by Western blot assay. The expression levels of circPDSS1, microRNA-1324 (miR- 
1324), and SRY-box transcription factor 4 (SOX4) mRNA were determined by quantitative 
real-time PCR (qRT-PCR). The interaction between miR-1324 and circPDSS1 or SOX4 was 
confirmed by dual-luciferase reporter and RNA pull-down assays. The mice xenograft model 
was established to investigate the role of propofol and circPDSS1 in vivo.
Results: Propofol inhibited cell proliferation, migration and invasion and induced apoptosis 
in GC cells, which could be reversed by upregulating circPDSS1. MiR-1324 was a target of 
circPDSS1, and circPDSS1 promoted cell proliferation, migration and invasion and reduced 
apoptosis in propofol-treated cells by sponging miR-1324. Moreover, SOX4 was a direct 
target of miR-1324, and miR-1324 exerted anticancer role by targeting SOX4 in propofol- 
treated cells. CircPDSS1 acted as a sponge of miR-1324 to regulate SOX4 expression. 
Additionally, circPDSS1 overexpression weakened the anticancer role of propofol in vivo.
Conclusion: Propofol exerted anticancer role in GC through regulating circPDSS1/miR- 
1324/SOX4 axis, indicating that propofol might be an effective therapeutic medicine for GC 
treatment.
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Introduction
Gastric cancer (GC) is the second leading cause of cancer-related mortality world-
wide with an estimated over 769,000 deaths in 2018.1 Although outstanding 
advances have been made in therapeutic methods, the 5-year overall survival rate 
is less than 30% in most countries because of frequent tumor metastasis and 
recurrence.2 Therefore, it is of great significance to understand and study the 
molecular mechanisms of GC pathogenesis to improve the survival of GC patients.

Propofol is one of the commonly used intravenous anesthetics in clinical operation, 
characterized by short action, rapid recover, and little side effect.3 In addition, its 
multiple anesthetic advantages, propofol also has multiple non-anesthetic effects.4 

Many studies have reported that propofol can exert antitumor function via different 
molecular mechanisms in diverse cancers, such as bladder carcinoma,5 lung cancer,6 
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pancreatic cancer,7 and colorectal cancer.8 Moreover, propo-
fol also suppresses GC cell proliferation and metastasis.9 

However, the detailed molecular mechanism of propofol in 
GC is needed to be further explored.

As a novel type of non-coding RNAs (ncRNAs), cir-
cular RNAs (circRNAs) possess covalently closed-loop 
RNA structures.10 Many reports have confirmed the criti-
cal importance of circRNAs in human diseases, including 
cancers.11,12 With rapid advances in bioinformatics tech-
nologies and high-throughput sequencing, some circRNAs 
have been found to be involved in the development of 
GC.13–15 CircRNA decaprenyl diphosphate synthase sub-
unit 1 (circPDSS1, also known as hsa_circ_0093398) is 
derived from PDSS1 gene and located at chr10:26994214– 
27024508. CircPDSS1 has been reported to accelerate GC 
progression.16 However, whether circPDSS1 was involved 
in propofol-mediated functions in GC is still unclear.

It is well known that circRNAs can function as sponges 
for microRNAs (miRNAs) via competitively binding to 
miRNA response elements, thereby modulating the 
expression of downstream target genes.17,18 MiRNAs are 
small ncRNAs that are involved in cancer progression as 
a suppressors or promoters.19 MiR-1324 has been reported 
to play tumor-suppressing miRNA in GC.20 SRY-box tran-
scription factor 4 (SOX4), an essential developmental 
transcription factor, has been suggested to have vital 
roles in the embryonic development and cell fate 
decision.21 Moreover, increased expression of SOX4 has 
been observed in many cancers, including GC.22–24 

Interestingly, online bioinformatics database showed that 
both circPDSS1 and SOX4 had complementary binding 
sequence for miR-1324. Therefore, we hypothesized that 
propofol might exert anticancer role in GC via modulating 
circPDSS1/miR-1324/SOX4 axis.

In this paper, we investigated the role of propofol in 
GC and explored the association between propofol and 
circPDSS1/miR-1324/SOX4. We aimed to offer a new 
insight into the use of anesthetics for the treatment of GC.

Materials and Methods
Specimen Collection
GC tissues (n=35) and adjacent normal tissues (n=35) 
were obtained from GC patients who underwent surgery 
at Wuhu Hospital of Traditional Chinese Medicine. Tissue 
specimens were harvested at surgery, promptly snap- 
frozen in liquid nitrogen and then stored at −80°C. 
Written informed consent was obtained from all patients. 

This study was approved by the Research Ethics 
Committee of Wuhu Hospital of Traditional Chinese 
Medicine.

Cell Culture and Transfection
GC cells (HGC-27 and AGS) were purchased from BeNa 
Culture Collection (Beijing, China) and cultured in 
Dulbecco’s Modified Eagle Medium (Invitrogen, 
Carlsbad, CA, USA) that contained 10% fetal bovine 
serum (FBS; Invitrogen), 100 μ/mL penicillin and 
100 mg/mL streptomycin (Gibco, Carlsbad, CA, USA) in 
incubator at 37°C with 5% CO2. Propofol was acquired 
from Sigma-Aldrich (St. Louis, MO, USA) and added to 
cells in a concentration gradient.

CircPDSS1 overexpression vector (circPDSS1) and 
matched control (Vector), small interfering RNA 
(siRNA) against circPDSS1 (si-circPDSS1) and matched 
control (si-NC), miR-1324 mimic or inhibitor (miR-1324 
or in-miR-1324) and matched control (miR-NC or in-miR- 
NC), SOX4-overexpressing plasmid (SOX4) and matched 
control (pcDNA) were all purchased from RiboBio 
(Guangzhou, China). Cells were transfected with the 
above oligonucleotide (50 nM miRNA mimic/inhibitor 
and 20 nM siRNA) or plasmid (2 μg) using 
Lipofectamine 3000 (Invitrogen) when cells reached 60– 
70% confluence.

Cell Viability Assay
Cell Counting Kit-8 (CCK-8) assay was used to analyze 
cell viability. In short, cell suspension (100 μL, 2×103 

cells/well) were inoculated in 96-well plates. CCK-8 (10 
μL, Bimake, Shanghai, China) was placed into each well 
after respective treatment. After incubation for 2–3 h, the 
absorbance at 450 nm was examined using a microplate 
reader (Bio-Rad, Hercules, CA, USA). All experiments 
were repeated three times.

Colony Formation Assay
Cells (150 cells/well) were inoculated in a 6-well plate and 
the medium was updated every 2–3 day, and then cultured 
for about 14 days to form colonies. Afterwards, these 
colonies were fixed in 4% paraformaldehyde (Sangon 
Biotech, Shanghai, China) for 15 min, followed by stain-
ing with 0.1% crystal violet (Beyotime, Jiangsu, China) 
for half an hour. Thereafter, excess crystal violet was 
washed using phosphate buffered saline (PBS; 
Beyotime), and the colonies were counted and analyzed. 
All experiments were repeated three times.
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5-Ethynyl-2ʹ-Deoxyuridine (EdU) Assay
Cell proliferation and DNA synthesis were detected by 
keyFluor488 Click-iT EdU detection kit (KeyGene, 
Nanjing, China). Briefly, cells (2×104 cells/well) were 
inoculated into the 24-well plates. After 48 h of treatment, 
EdU (50 μM) was added to the plate for 2 h. After EdU 
labeling, the cells were fixed in paraformaldehyde (4%) 
for 15 min and then incubated with Triton-X-100 (0.5%) 
for 15 min, followed by staining with Click-It reaction 
mixture for half an hour in a dark place. The nucleic 
acids were stained using DAPI. Images were photographed 
under a fluorescence microscope (Olympus, Tokyo, Japan) 
with a magnification of ×200. All experiments were 
repeated three times.

Transwell Assay
Transwell assay was carried out in transwell chambers 
(Corning Costar, Corning, NY, USA) to assess the migra-
tion and invasion of HGC-27 and AGS. In short, cells 
(2×104 cells/well) in serum-free medium (0.2 mL) were 
seeded into the top chamber precoated with (invasion 
assay) or without (migration assay) Matrigel (BD 
Biosciences, Franklin, NJ, USA). Meanwhile, DMEM 
with 10% FBS (0.6 mL) was added into the bottom 
chamber (as the chemokine). After incubation for 24 
h at 37°C with 5% CO2, non-migrating and non- 
invading cells from the top surface of the insert were 
gently removed with a cotton swab, and the migrating or 
invading cells were fixed with 4% paraformaldehyde 
(Sangon Biotech) for 20 min, and stained with 0.1% violet 
solution (Beyotime). The number of migrating or invading 
cells was calculated using a microscope (Olympus) with 
a magnification of ×100. All experiments were repeated 
three times.

Flow Cytometry Analysis
Cell apoptosis was assessed via an Annexin V-fluorescein 
isothiocyanate (FITC) and propidium iodide (PI) 
Apoptosis Detection kit (Sangon Biotech). Briefly, cells 
(5 × 105 cells/well) were inoculated in 6-well plates and 
harvested after treatment. After resuspension in binding 
buffer (0.4 mL), Annexin V-FITC (10 μL) and PI (5 μL) 
were used to stain cells for 0.5 h in the darkness, followed 
by detection of apoptotic cells using a flow cytometer (BD 
Biosciences). All experiments were repeated three times.

Western Blot Assay
Cells were lysed using RIPA lysis buffer (Beyotime) on 
ice and centrifuged (20 min, 14, 000g, 4°C) to extract total 
protein. Thereafter, the protein samples were denatured by 
heating at 100°C for 3–5 min. After measuring protein 
concentration with BCA protein assay kit (Abcam, 
Cambridge, UK), extracted protein samples (about 30 μg/ 
lane) were separated using sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE; Sangon Biotech), and protein 
was then transferred to nitrocellulose membranes 
(Invitrogen). After blocking with 5% skim milk 
(Beyotime), the membranes were then incubated with the 
primary antibodies at 4°C for 12–16 h: B-cell lymphoma-2 
(Bcl-2; ab194583, 1:500, Abcam), BCL2-associated 
X protein (Bax; ab77566, 1:1000, Abcam), SOX4 
(ab70598, 1:500, Abcam), β-actin (ab227387, 1:5000, 
Abcam). Afterwards, these membranes were probed with 
corresponding secondary antibody (ab205718/ab205719, 
1:4000, Abcam). Finally, the combined signals were 
detected by enhanced chemiluminescence reagent 
(Solarbio, Beijing, China). Quantification of protein levels 
was determined using ImageJ software. The protein abun-
dance was normalized by β-actin. All experiments were 
repeated three times.

Quantitative Real-Time PCR (qRT-PCR)
Total RNA was isolated using TRIzol (Invitrogen). Next, 
the purity and concentration of RNA samples were 
detected by the measurement of the absorbance at 260 
and 280 nm using NanoDrop 2000 Spectrophotometer 
(Thermo Scientific, Wilmington, DE, USA). OD260/ 
OD280 ratio ranged from 18 to 2.1 could be classified as 
qualified sample. Next, RNA samples (1 μg) were reverse- 
transcribed into cDNA using a Primescript RT Reagent 
(TaKaRa, Kusatsu, Japan) for analysis of circRNA and 
mRNA, or miRNA1st Strand cDNA Synthesis kit 
(Vazyme, Nanjing, China) for detection of miRNA. Then 
qRT-PCR was performed by using BeyoFast™ SYBR 
Green qPCR Mix (Beyotime) on CFX96 Touch Real- 
Time PCR Detection System (Bio-Rad). Primer informa-
tion was listed: circPDSS1 (forward 5ʹ-3ʹ: GTGGTG 
CATGAGATCGCCTA; reverse 5ʹ-3ʹ: GGGTTGTG 
TGATGAAACCTGC); PDSS1 (forward 5ʹ-3ʹ: TCTG 
AAGCTCGGGTTAGCCACT; reverse 5ʹ-3ʹ: 
GCTCTGTCTACATCTCCAGGCA); miR-1324 (forward 
5ʹ-3ʹ: GCCGAGCCAGACAGAATTCTAT; reverse 5ʹ-3ʹ: 
CAGTGCGTGTCGTGGAGT); SOX4 (forward 5ʹ-3ʹ: 
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GGCCTCGAGCTGGGAATCGC; reverse 5ʹ-3ʹ: GCCC 
ACTCGGGGTCTTGCAC). β-Actin (forward 5ʹ-3ʹ: GCC 
GGGACCTGACTGACTAC; reverse 5ʹ-3ʹ: TCTCC 
TTAATGTCACGCACGAT), U6 (forward 5ʹ-3ʹ: CTCG 
CTTCGGCAGCACATATACT; reverse 5ʹ-3ʹ: ACGCT 
TCACGAATTTGCGTGTC). The RNA levels were 
assessed with 2-ΔΔCt method, followed by normalization 
to β-actin (for circPDSS1 and SOX4) and U6 (for miR- 
1324). All experiments were repeated three times.

RNase R Treatment
RNase R treatment was utilized for degrading linear RNA. 
Briefly. RNA (2 μg) was incubated with (RNase R+) or 
without (Mock) RNase R (Epicentre Technologies, 
Madison, WI, USA) for half an hour at 37°C. After that, 
the treated RNAs were used for qRT-PCR to evaluate the 
expression of circPDSS1 and PDSS1. All experiments 
were repeated three times.

Dual-Luciferase Reporter Assay
Circinteractome (https://circinteractome.nia.nih.gov/) or 
DianaTools–microT_CDS (http://diana.imis.athena- 
innovation.gr/DianaTools/index.php?r=microT_CDS/ 
index) was applied to predict the potential binding 
sequence between miR-1324 and circPDSS1 or SOX4. 
The fragments of circPDSS1 or SOX4 containing the 
predicated complementary sequences of miR-1324 were 
amplified and cloned into pmirGLO Dual-luciferase vec-
tor (GenePharma, Shanghai, China) to create circPDSS1 
WT/MUT and SOX4 3ʹUTR WT/MUT reporter plas-
mids. After that, HGC-27 and AGS (2×104 cells/well) 
were inoculated into the 24-well plates and then each of 
the above-mentioned plasmids and miR-1324/miR-NC 
were co-transfected into HGC-27 and AGS cells. After 
being incubated for 48 h, the luciferase activities were 
measured by dual-Luciferase Reporter Assay System 
(Promega, Madison, WI, USA). All experiments were 
repeated three times.

RNA Pull-Down Assay
Biotin labeled miR-NC (Bio-NC) and miR-1324 (Bio-miR 
-1324) were bought from GenePharma (Shanghai, China), 
and were individually transfected into GC cells for 48 
h. After that, cells were harvested and lysed, followed by 
incubation with streptavidin-coated magnetic beads 
(Invitrogen). The RNA complexes combining on the beads 
were washed and used for detection of the enrichment of 

circPDSS1 by qRT-PCR. All experiments were repeated 
three times.

Tumor Formation Assay in vivo
BALB/c nude mice (female, 6 weeks old, n=24, weigh-
ing 20–25 g, Vital River, Beijing, China) were utilized 
to establish xenograft model. Briefly, HGC-27 cells or 
cells transfected with circPDSS1 or Vector were inocu-
lated into nude mice. After 7 days of injection, nude 
mice were randomly divided into four groups: Mock 
group, propofol group, propofol + Vector, and propofol 
+ circPDSS1 (n=6/group). The propofol groups was 
intraperitoneally injected with (45 mg/kg) twice 
a week. Mock group was injected with PBS. Tumor 
volume was calculated and measured every 7 days. 
These mice were sacrificed 28 days later, and tumor 
masses were collected. The animal experiments were 
approved by the Animal Care and Use Committee of 
Wuhu Hospital of Traditional Chinese Medicine. Animal 
studies were performed in compliance with the ARRIVE 
guidelines and the Basel Declaration. All animals 
received humane care according to the National 
Institutes of Health (USA) guidelines.

Immunohistochemistry (IHC) Analysis
Tissues were fixed in 10% formalin, embedded in paraf-
fin and cut into thick sections (5 μm). Next, these sec-
tions were incubated with primary antibody against 
SOX4 (ab243041, 1:1000, Abcam) for 12 h at 4°C. 
Thereafter, the sections were continuously incubated 
with secondary antibody (ab205719, 1:2000, Abcam) for 
1 h. After that, the slides were then stained by 3,3ʹ- 
Diaminobenzidine (DAB) solution (Sigma-Aldrich) and 
subsequently counterstained with hematoxylin (Sigma- 
Aldrich). Finally, images were obtained using 
a microscope with a magnification of ×200. All experi-
ments were repeated three times.

Statistical Analysis
All data from at least three independent experiments 
were displayed as mean ± standard deviation (SD). 
Data analysis was performed by GraphPad Prism 
(GraphPad Software, San Diego California, USA). 
Student’s t-test or a one-way analysis of variance was 
used for calculating significant differences. Statistical 
significance was considered when P<0.05.
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Results
Propofol Inhibited Cell Proliferation and 
Migration and Invasion and Induced 
Apoptosis in GC Cell
To investigate the functions of propofol in GC cells, HGC- 
27 and AGS cells were exposed to different doses of 
propofol. CCK-8 and colony formation assays showed 
that propofol treatment reduced HGC-27 and AGS cell 
viability in a dose-dependent manner, and also decreased 
colony formation ability and EdU-positive cells 
(Figure 1A–D), suggesting that propofol inhibited GC 
cell proliferation. Meanwhile, transwell assay indicated 
that propofol treatment suppressed HGC-27 and AGS 
cell migration and invasion in a dose-dependent manner 
(Figure 1E and F). Moreover, propofol dose-dependently 

promoted HGC-27 and AGS cell apoptosis (Figure 1G). 
Next, Western blot assay was performed to measure the 
expression levels of apoptosis-related proteins (Bcl-2, an 
anti-apoptotic molecule; Bax, a pro-apoptotic molecule). 
As presented in Figure 1H, propofol increased the protein 
expression of Bax and decreased the protein expression of 
Bcl-2. These data collectively indicated that propofol 
might play an anticancer role in GC.

Propofol Reduced the Expression of 
circPDSS1 in GC Cells
Next, we explored the effect of propofol on the expression 
of circPDSS1. As displayed in Figure 2A and B, the 
expression of circPDSS1 was decreased by treatment 
with propofol in HGC-27 and AGS cells. The data from 

Figure 1 Propofol exerted anticancer role in GC cells. (A and B) Cell viability was detected using CCK-8 assay in HGC-27 and AGS cells treated with different 
concentrations of propofol. (C–G) HGC-27 and AGS cells were treated with or without propofol (10 μg/mL). (C) Colony formation assay was utilized to measure colony 
formation ability. (D) DNA synthesis was determined by EdU assay (×200). (E and F) Transwell assay was utilized to evaluate cell migration and invasion assay (×100). (G) 
Flow cytometry analysis was used to detect cell apoptosis rate. (H) The protein levels of Bax and Bcl-2 were determined by Western blot assay. *P<0.05.
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qRT-PCR showed that circPDSS1 was resistant to RNase 
R digestion (Figure 2C and D), indicating the cyclic struc-
ture of circPDSS1. Our results revealed that circPDSS1 
expression was decreased in GC cells treated with propo-
fol and circPDSS1 had a closed-loop structure.

Propofol Exerted the Anticancer Role by 
Downregulating circPDSS1 in GC Cells
Based on the regulatory relationship between circPDSS1 
and propofol, we further explored whether circPDSS1 was 
involved in propofol-mediated inhibition on GC cell pro-
gression. The data of qRT-PCR showed that the inhibitory 
effect of propofol on the expression of circPDSS1 was 
reversed by circPDSS1 upregulation in HGC-27 and AGS 
cells (Figure 3A and B). Moreover, circPDSS1 overexpres-
sion abated the suppressive effects of propofol on cell via-
bility, colony-forming ability, EdU-positive cells, migration, 
and invasion in HGC-27 and AGS cells (Figure 3C–H). 
Furthermore, upregulation of circPDSS1 weakened propo-
fol-induced apoptosis in HGC-27 and AGS cells (Figure 3I). 
Also, transfection of circPDSS1 reversed the promotion of 
Bax protein expression and reduction of Bcl-2 protein 
expression caused by propofol (Figure 3J and K). 
However, transfection of circPDSS1 MUT had little effect 
on the expression of circPDSS1 (Supplementary Figure 1A 
and B). Meanwhile, overexpression of circPDSS1 MUT did 

not affect GC cell proliferation, migration and invasion, 
(Supplementary Figure 1C–H). Collectively, propofol inhib-
ited GC cell tumorigenesis by regulating circPDSS1.

circPDSS1 Acted as a Sponge of 
miR-1324 in GC Cells
To elucidate the underlying mechanism of circPDSS1 in GC, 
the potential miRNA targets of circPDSS1 were predicted 
using circinteractome. We found that there were binding sites 
between circPDSS1 and miR-1324 (Figure 4A), indicating that 
miR-1324 might be a target of circPDSS1. Overexpression or 
inhibition efficiency of miR-1324 was determined by qRT- 
PCR. The data showed that transfection of miR-1324 increased 
the expression of miR-1324 and transfection of anti-miR-1324 
decreased the expression of miR-1324 in HGC-27 and AGS 
cells (Figure 4B). To confirm the interaction between 
circPDSS1 and miR-1324, dual-luciferase reporter assay and 
RNA pull-down assay were performed. We found that miR- 
1324 overexpression reduced the luciferase activity of 
circPDSS1 WT but not the activity of circPDSS1 MUT in 
HGC-27 and AGS cells (Figure 4C and D). RNA pull-down 
assay exhibited that transfection of Bio-miR-1324 led to an 
increased in the enrichment of circPDSS1 in HGC-27 and 
AGS cells (Figure 4E). Afterwards, HGC-27 and AGS cells 
were treated with propofol, and qRT-PCR analysis suggested 
that propofol treatment increased the expression of miR-1324 

Figure 2 Propofol treatment decreased the expression of circPDSS1 in GC cells. (A and B) The expression of circPDSS1 was measured by qRT-PCR in HGC-27 and AGS 
cells treated with or without propofol. (C and D) The levels of circPDSS1 and linear PDSS1 were examined after treatment of RNase R by qRT-PCR in HGC-27 and AGS 
cells. *P<0.05.
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(Figure 4F and G). Moreover, we observed that transfection of 
si-circPDSS1 inhibited the expression of circPDSS1 
(Figure 4H), implying that circPDSS1 was successfully 
knocked down. Next, we explored the impact of circPDSS1 

on miR-1324 expression. As shown in Figure 4I, the expres-
sion of miR-1324 was increased by circPDSS1 downregula-
tion. These results revealed that miR-1324 was a target of 
circPDSS1.

Figure 4 MiR-1324 was a target of circPDSS1 in GC cells. (A) The binding sequence between miR-1324 and circPDSS1 was presented. (B) The expression of miR-1324 was 
measured by qRT-PCR in HGC-27 and AGS cells were transfected with miR-NC, miR-1324, in-miR-NC, or in-miR-1324. (C and D) Dual-luciferase reporter assay was 
conducted to measure the luciferase activity in HGC-27 and AGS cells co-transfected with circPDSS1 WT or circPDSS1 MUT and miR-NC or miR-1324. (E) The enrichment 
of circPDSS1 was examine by RNA pull-down assay in HGC-27 and AGS cells transfected with Bio-NC or Bio-miR-1324. (F and G) The expression level of miR-1324 was 
detected by qRT-PCR in HGC-27 and AGS cells treated with or without propofol. (H and I) The expression levels of circPDSS1 and miR-1324 were detected by qRT-PCR in 
HGC-27 and AGS cells transfected with si-NC or si-circPDSS1. *P<0.05.

Figure 3 Propofol inhibited GC cell progression by regulating circPDSS1. HGC-27 and AGS cells were divided into four groups: Control, Propofol, Propofol + Vector, and 
Propofol + circPDSS1. (A and B) The expression of circPDSS1 was determined using qRT-PCR. (C and D) Cell viability was assessed by CCK-8 assay. (E) Cell colony- 
forming ability was evaluated by colony formation assay. (F) DNA synthesis was examined using EdU assay (G and H) Cell migration and invasion were determined by 
transwell assay. (I) Flow cytometry analysis was used for detecting cell apoptosis. (J and K) The protein levels of Bax and Bcl-2 were analyzed by Western blot assay. *P<0.05.
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circPDSS1 Promoted Cell Proliferation 
and Migration and Invasion and Inhibited 
Apoptosis by Downregulating miR-1324 
in Propofol-Treated GC Cells
Next, we explored the whether the effects of 
circPDSS1 were mediated by miR-1324 in propofol- 
treated GC cells. The expression of miR-1324 was 
reduced by overexpression of circPDSS1, which was 
rescued by upregulating miR-1324 (Figure 5A and B). 
Moreover, circPDSS1 overexpression promoted cell 
viability, colony-forming ability, EdU-positive cells, 
migration and invasion, while these effects were aba-
ted by elevating miR-1324 (Figure 5C–H). In addition, 
circPDSS1 upregulation reduced cell apoptosis and 
Bax protein expression and increased the expression 
of Bcl-2, which could be revered by miR-1324 over-
expression (Figure 5I–K). Taken together, these data 
suggested that circPDSS1 exerted its role by sponging 
miR-1324 in propofol-treated GC cells.

SOX4 Was a Target of miR-1324 in GC 
Cells
To elucidate which genes are regulated by the circPDSS1/ 
miR-1324 axis in GC, DianaTools–microT_CDS was used 
to predict the targets of miR-1324. As presented in 
Figure 6A, SOX4 might be a target of miR-1324. The 
results of dual-luciferase reporter assay showed that miR- 
1324 upregulation considerably decreased the luciferase 
activity of SOX4 3ʹUTR WT compared with the miR-NC 
group, while miR-1324 overexpression did not have any 
impact on the luciferase activity of SOX4 3ʹUTR MUT 
(Figure 6B and C). Moreover, propofol treatment reduced 
the protein expression of SOX4 in HGC-27 and AGS cells 
(Figure 6D and E). In addition, the protein expression of 
SOX4 was inhibited by miR-1324 overexpression in 
HGC-27 and AGS cells (Figure 6F). Moreover, we found 
that circPDSS1 expression and SOX4 mRNA expression 
were higher in GC tissues than that in normal tissues, 
while miR-1324 expression was lower in GC tissues 
(Supplementary Figure 2A–C). In addition, we observed 

Figure 5 Overexpression of circPDSS1 promoted GC cell progression by downregulating miR-1324 in propofol-treated GC cells. HGC-27 and AGS cells were transfected 
with Vector, circPDSS1, circPDSS1 + miR-NC, or circPDSS1 + miR-1324 and then treated with propofol. (A and B) The expression level of miR-1324 was tested by qRT- 
PCR. (C–F) CCK-8, colony formation, and EdU assays were used to assess cell proliferation ability. (G and H) Transwell assay was used for measuring cell migration and 
invasion abilities. (I) Cell apoptosis was measured using flow cytometry analysis. (J and K) Western blot assay was performed to detect the protein levels of Bax and Bcl-2. 
*P<0.05.
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that miR-1324 expression was negatively correlated with 
circPDSS1 expression and SOX4 mRNA expression in 
GC tissues, and circPDSS1 expression was positively cor-
related with SOX4 mRNA expression in GC tissues 
(Supplementary Figure 2D–F). Subsequently, we deter-
mined whether circPDSS1 was able to act as a miR-1324 
sponge to regulate SOX4. Results revealed that circPDSS1 
silencing suppressed the protein expression of SOX4 in 
HGC-27 and AGS cells, which was restored by inhibition 
of miR-1324 (Figure 6G), indicating that circPDSS1 posi-
tively regulated SOX4 expression by sponging miR-1324.

Overexpression of miR-1324 Suppressed 
Cell Proliferation and Migration and Invasion 
and Facilitated Apoptosis by Targeting SOX4 
in Propofol-Treated GC Cells
To determine whether the role of miR-1324 in GC was 
regulated by SOX4, HGC-27 and AGS cells were trans-
fected with miR-NC, miR-1324, miR-1324 + pcDNA, or 
miR-1324 + SOX4 prior to propofol exposure. The protein 
expression of SOX4 was reduced by transfection of miR- 
1324, which was restored by co-transfection of SOX4 
(Figure 7A and B). Overexpression of miR-1324 inhibited 
cell viability, colony formation ability, EdU-positive cells, 
migration, and invasion, while SOX4 enhancement 
reversed these effects (Figure 7C–H). Meanwhile, 
enforced expression of miR-1324 increased cell apoptosis 

and the protein expression of Bax as well as reduced the 
protein expression of Bcl-2 expression, which could be 
counteracted by upregulating SOX4 (Figure 7I–K). These 
results indicated that miR-1324 exerted its role by target-
ing SOX4 in propofol-treated GC cells.

circPDSS1 Weakened the Effect of 
Propofol on Inhibition of Tumor Growth 
in vivo
To determine the roles of propofol and circPDSS1 in 
tumor growth in vivo, we established mice xenograft 
model. As presented in Figure 8A and B, propofol treat-
ment decreased tumor volume and weight, while overex-
pression of circPDSS1 could neutralize this inhibitory 
effect. Moreover, propofol treatment reduced the expres-
sion level of circPDSS1 and the protein level of SOX4 as 
well as enhanced the expression level of miR-1324 in 
tumor tissues, while these effects were reversed by over-
expression of circPDSS1 (Figure 8C–E). IHC analysis 
showed that propofol also reduced the expression of 
SOX4, which was restored by upregulating circPDSS1 
(Figure 8F). Collectively, propofol suppressed tumor 
growth in vivo by downregulating circPDSS1.

Discussion
An increasing number of reports have shown that propofol 
possesses anti-anxiety, neuroprotective, anti-oxidation and 

Figure 6 SOX4 was directly targeted by miR-1324 in GC cells. (A) The complementary binding sequence of miR-1324 and SOX4 3ʹUTR was shown. (B and C) Luciferase 
activity was measured in HGC-27 and AGS cells co-transfected with SOX4 3ʹUTR WT and SOX4 3ʹUTR MUT and miR-NC or miR-1324. (D and E) The protein expression 
of SOX4 was measured by Western blot assay in HGC-27 and AGS cells treated with or without propofol. (F) Western blot assay was conducted to detect the protein 
expression of SOX4 in HGC-27 and AGS cells transfected with miR-NC or miR-1324. (G) The protein level of SOX4 was determined by Western blot assay in HGC-27 and 
AGS cells transfected with si-NC, si-circPDSS1, si-circPDSS1 + in-miR-NC, or si-circPDSS1 + in-miR-1324. *P<0.05.
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antitumor roles in some diseases.25–27 In this research, we 
identified the anticancer role of propofol in the biological 
behaviors of GC cells, and we uncovered that propofol 
suppressed GC cell proliferation, migration and invasion 
and facilitated apoptosis and also inhibited tumor growth 
in vivo, which was in agreement with previous results. For 
instance, Zhu et al indicated that propofol repressed pro-
liferation and metastasis of GC cells via modulation of 
miR-140-5p.28 A report by Yang et al also declared that 
propofol suppressed the growth and survival of GC cells 
in vitro by upregulating ING3.29 However, how propofol 
exerts anticancer effect in GC remains largely unknown.

Next, we explored the molecular mechanism related to 
propofol in GC. Some studies have shown that propofol 
exert antitumor functions in some cancers through regulat-
ing circRNAs.30,31 Therefore, we explored whether propo-
fol suppressed the progression of GC via regulating 
circRNA. Some studies revealed that circPDSS1 served 
as a tumor promotor in some cancers. Fang et al pointed 
out that circPDSS1 was upregulated in colorectal cancer 
tissues and circPDSS1 promoted migratory ability and 
angiogenesis in colorectal cancer cells via activating 

Wnt/β-catenin signaling.32 In addition, Yu et al declared 
that circPDSS1 promoted the development of bladder can-
cer via downregulation of miR-16.33 More importantly, 
Ouyang et al revealed that circPDSS1 was upregulated in 
GC tissue samples and cell lines, and knockdown of 
circPDSS1 repressed GC cell proliferation and accelerated 
apoptosis via sponging miR-186-5p and regulating 
NEK2.16 Thus, we explored the interaction between pro-
pofol and circPDSS1 in GC. In the present study, propofol 
treatment decreased circPDSS1 expression in GC cells, 
implying that circPDSS1 might participate in the functions 
of propofol in GC. More importantly, circPDSS1 upregu-
lation abolished the inhibitory effect of propofol on GC 
cell progression, suggesting that propofol exerted antitu-
mor function by downregulating circPDSS1.

CircRNAs can regulate the expression of target genes by 
serving as mRNA sponges.34 To explore whether circPDSS1 
exerted its role in GC via sponging miRNAs, bioinformatics 
analysis (circinteractome) was used. We identified 
circPDSS1 as a sponge of miR-1324. MiR-1324 is a newly 
discovered miRNA in recent years. MiR-1324 has been 
reported to act as a tumor inhibitor in some cancers.35,36 

Figure 7 MiR-1324 suppressed GC cell progression by targeting SOX4 in propofol-treated GC cells. HGC-27 and AGS cells were transfected with miR-NC, miR-1324, miR- 
1324 + pcDNA, or miR-1324 + SOX4, followed by treatment with propofol. (A and B) The protein expression of SOX4 was analyzed by Western blot assay. (C–F) Cell 
proliferation ability was assessed by CCK-8 assay, colony formation assay, and EdU assay. (G and H) Cell migration and invasion were measured by transwell assay. (I) Flow 
cytometry analysis was utilized to determine cell apoptosis. (J and K) The protein levels of Bax and Bcl-2 were determined by Western blot assay. *P<0.05.
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Additionally, Zhang et al reported that miR-1324 was down-
regulated in GC, and inhibition of miR-1324 enhanced the 
proliferative capacity and invasion of GC cells by regulating 
MECP2.20 In this research, miR-1324 level was elevated by 
propofol treatment. Rescue experiments revealed that 
restoration of miR-1324 abated the impact of circPDSS1 
upregulation on decrease of cell proliferation, migration 
and invasion and increase of apoptosis in propofol-treated 
GC cells, indicating that propofol inhibited GC cell progres-
sion through regulating the circPDSS1/miR-1324 axis. To 
analyze how miR-1324 influenced the function of circPDSS1 
in propofol-treated GC cells, possible targets of miR-1324 
were predicted using online tool. We demonstrated that miR- 
1324 directly targeted SOX4.

Recent studies indicated that SOX4 might contribute to 
the tumor progression by regulating multiple signaling 
pathways, such as the PI3K/Akt, Wnt and p53 
pathway.37–39 Moreover, SOX4 has been reported to play 
a carcinogenic role in GC. For instance, Zhang et al illu-
strated that SOX4 interference inhibited the malignant 
behaviors of GC cells.40 Pang et al showed that miR-138 
inhibited GC progression by downregulating SOX4 in 
GC.41 Here, we found that SOX4 expression was down-
regulated by propofol treatment. Additionally, we 
observed that miR-1324 upregulation inhibited GC cell 
progression by suppressing SOX4 expression in propofol- 
stimulated GC cells. In vivo experiments showed that 
circPDSS1 overexpression weakened the inhibitory effect 

Figure 8 Propofol inhibited tumor growth in vivo by downregulating circPDSS1. HGC-27 cells or HGC-27 cells transfected with circPDSS1 (or Vector) were 
subcutaneously inoculated into the nude mice. After injection for 7 days, the mice were injected with propofol or PBS twice a week. (A) Tumor volume of nude mice 
was recorded every 7 days. (B) Tumor weight was measured after injection for 28 days. (C and D) The expression levels of circPDSS1 and miR-1324 were examined using 
qRT-PCR in resected tumor tissues. (E) The protein level of SOX4 was measured by Western blot in resected tumor tissues. (F) The expression of SOX4 in tissues was 
examined by IHC analysis (×200). *P<0.05.
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of propofol on tumor growth by downregulating miR-1324 
and upregulating SOX4.

In conclusion, these results showed propofol inhibited 
GC progression by regulating circPDSS1/miR-1324/SOX4 
axis. These findings might provide a theoretical basis for 
propofol adjuvant treatment of GC.
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