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Abstract. Propofol, a commonly used intravenous anesthetic 
agent during surgery, has relatively widespread pharmaco-
logical actions. Previous studies have reported that propofol 
may act as an antitumor drug in several cancer types, such as 
pancreatic cancer, lung cancer and gastric cancer. However, 
the underlying mechanism in ovarian cancer remain unknown. 
Therefore, the present study investigated the pharmacological 
effect of propofol on microRNAs (miRNAs) in ovarian cancer 
treatment. Propofol (1, 5 or 10 µg/ml) was used to treat A2780 
and SKOV3 ovarian cancer cells for 1, 2, 3, 4 or 5 days. The 
MTT assay was used to detect cell viability, while wound 
healing and Transwell assays were utilized to assess the inva-
sive and migratory abilities. The bioinformatics prediction 
approach identified differentially expressed miRNAs (miRs) 
that were used in Gene Ontology, Gene Set Enrichment 
Analysis and Kyoto Encyclopedia of Genes and Genomes 
analyses. The expression levels of miR‑125a‑5p and lin‑28 
homolog B (LIN28B) were evaluated by reverse transcrip-
tion‑quantitative PCR (RT‑qPCR). A luciferase assay was 
performed to identify the relationship between miR‑125a‑5p 
and LIN28B. Western blotting was conducted to measure 

the protein expression of LIN28B. It was demonstrated that 
propofol significantly upregulated miR‑125a‑5p to exert its 
antitumor activity. RT‑qPCR results suggested that propofol 
could upregulate miR‑125a‑5p and LIN28B expression levels 
in ovarian cancer cell lines. Western blot analysis also indi-
cated that propofol could enhance the expression of LIN28B 
in ovarian cancer cell lines. The luciferase assay identified that 
miR‑125a‑5p could directly inhibit the expression of LIN28B 
to suppress proliferation and metastasis in ovarian cancer. 
In conclusion, these results suggested that propofol inhibited 
ovarian cancer proliferation and metastasis by enhancing 
miR‑125a‑5p, which targets LIN28B.

Introduction

Ovarian cancer is the 8th leading cause of gynecological 
cancer type mortalities and cancer‑associated incidence rates 
worldwide (1). The long‑term survival rates of patients with 
ovarian cancer vary between 40‑45% depending on diverse 
pathological types and clinical stages  (2). Difficulties in 
effectively treating ovarian cancer with regards to its forma-
tion, development and progression remain challenging due to 
the multivariate risk factors of this disease, the diagnosis at 
a terminal stage and poor prognosis (3). Moreover, advances 
in treatment strategies, including hormonotherapy, immuno-
therapy, surgical operation, chemotherapy and radiological 
intervention, have not increased the long‑term survival rate 
of patients with ovarian cancer (4). Therefore, effective anti-
cancer therapies with few side effects are urgently required.

Propofol, a short‑acting intravenous sedative hypnotic 
reagent used during and after operation, is one of the most 
widely accepted and commonly used intravenous sedative 
hypnotic agents and has multiple advantages over other 
types of these reagents in protecting neurocytes from oxida-
tive stress and hypoxia injury (5), as well as exerting several 
non‑anesthetic effects  (6). Previous studies have reported 
that suppressive effects of propofol are observed in different 
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cancer types. For example, it has been revealed that propofol 
suppressed the proliferative ability and epithelial‑mesen-
chymal transition cascades by enhancing the expression of 
microRNA (miRNA/miR)‑1284 in A549 lung cancer cells (7). 
In endometrial cancer, Du et al  (8) reported that propofol 
decreased cellular proliferation, migration and invasion, but 
induced apoptosis of endometrial cancer cells by regulating 
Sox4.

Previous studies investigating the tumor‑suppressing 
effects of miR‑125a‑5p have shown that downregulated 
miR‑125a‑5p is found in multiple types of cancer  (9,10). 
Zhang et al (11) revealed that lin‑28 homologue B (LIN28B) 
was a direct target of miR‑125a‑5p in melanoma. Furthermore, 
Yong et al  (12) demonstrated that LIN28B expression was 
increased in ovarian cancer, which could promote the cellular 
proliferation and migration. LIN28B has a close association 
with proliferation, apoptosis, metastasis, growth and oncogen-
esis in colon cancer, non‑small cell lung cancer, esophageal 
cancer, prostate cancer, peripheral T‑cell lymphoma, breast 
cancer, nasopharyngeal carcinoma, renal cell cancer, hepato-
cellular carcinoma and ovarian cancer (13‑15). Therefore, it 
was hypothesized that propofol could inhibit the expression of 
LIN28B to reduce proliferation and metastasis by regulating 
miR‑125a‑5p in ovarian cancer. The present study may offer a 
novel and important insight into the use of anesthetics in the 
surgical operation of ovarian cancer treatment.

Materials and methods

Bioinformatic analysis. Bioinformatic analysis was 
performed on the GSE119055 dataset (https://www.ncbi.nlm.
nih.gov/gds/?term=) that was submitted by Dong et al (16) 
which contained six ovarian cancer tissues and three healthy 
ovarian tissues, and was based on the GPL21572 (miRNA‑4) 
Affymetrix Multispecies miRNA‑4 Array (ProbeSet  ID 
version). Subsequently, the raw data were analyzed using 
several packages (pheatmap and ggplot2) of R statistical soft-
ware (version 3.3.2; https://www.r‑project.org/) (17) to obtain a 
heat map, volcano plots. Visualization of Gene Ontology (GO; 
http://geneontology.org/) Slim summary, Gene Set Enrichment 
Analysis  (GSEA), and Kyoto Encyclopedia of Genes and 
Genomes analyses (KEGG) pathway enrichment (https://www.
kegg.jp/) were performed (http://www.linkedomics.org/login.
php), which are efficient methods to visualize large amounts 
of genomic information  (18). TargetScan (http://www.
targetscan.org) (19), miRTarBase (http://mirtarbase.mbc.nctu.
edu. tw/php/index.php) (20), and miRDB (http://www.mirdb.
org/) (21) were used to predict potential targets of miR‑125a‑5p.

Cell culture. Human ovarian cancer cell lines, A2780 and 
SKOV3 (American Type Culture Collection), were cultured in 
RPMI‑1640 medium (Sigma‑Aldrich; Thermo Fisher Scientific, 
Inc.) supplemented with 1%(v/v) Penicillin‑Streptomycin 
mixture (Thermo Fisher Scientific, Inc.) and 10%  (v/v) 
fetal bovine serum (FBS; Gibco; Invitrogen; Thermo 
Fisher Scientific, Inc.). Cells were treated with propofol 
(Sigma‑Aldrich; Merck KGaA; 1‑10 µg/ml) for 48 h at 37˚C, 
or were cultured at different time points (0, 12, 24, 48 h) at 
10 µg/ml. All cells were cultured in a humidified atmosphere 
of 5% CO2 and 95% air at 37˚C.

Cell viability assays. For MTT assay, cells were seeded in 
96‑well (1x103 cells/well) and treated with 0, 1, 5, 10 µg/ml 
of propofol for 48 h at 37˚C. A total of 5x103 cells/well were 
seeded into 96‑well plates and cultured for 1, 2, 3, 4 and 
5 days at 37˚C. Twenty microliters MTT solution (5 mg/ml, 
Sigma‑Aldrich; Merck KGaA) was incubated for 4 h at 37˚C. 
Then, 150 µl DMSO was added to dissolve the precipitates 
and the effect of cell number on absorbance at 490 nm was 
measured using a microplate reader (Molecular Devices, LLC). 
The experiments were performed in triplicate.

Wound healing assay. For wound healing assay, A2780 and 
SKOV3 cells were plated in a 6‑well plate (5x105 cells/well) 
and were cultured to confluence as a monolayer at 5% CO2 
and 95% air at 37˚C. The monolayer was scratched with a 
10 µl plastic pipette tip and washed twice with PBS to remove 
injured cells, which were cultured with DMEM without serum 
and treated with 0, 1, 5, 10 µg/ml of propofol for 48 h at 37˚C. 
The images of the wounded cell monolayer were captured and 
evaluated using a light microscope (magnification, x40; Nikon 
Corporation). Then, the data of wound healing area were 
analyzed by image analysis software (ImageJ v1.8.0, National 
Institutes of Health).

Transwell migration and invasion assays. For cell transfection, 
LIN28B‑shRNA (no. 1, no. 2; Sigma‑Aldrich; Merck KGaA) and 
scramble‑shRNA plasmids (no 1; Sigma‑Aldrich; Merck KGaA) 
were transfected into A2780 cells. Cells were transfected with 
2 µg of each plasmid in six‑well plates with Lipofectamine® 2000 
(Thermo Fisher Scientific, Inc.). Following cell culture in the 
medium with 2 µg/ml puromycin for 72 h, cell monoclonal 
culture from single cell was performed. After 12 days of cell 
culture, the knockdown efficiency was examined by Western 
blot analysis. Scramble‑shRNA transfected cells were used as 
the negative control for LIN28B‑knockdown cells. A Transwell 
assay was utilized to demonstrate the migratory and invasive 
abilities of A2780 and SKOV3 cells after transfection with 
LIN28B short hairpin (sh)RNA or co‑incubation with propofol 
in 0, 1, 5 and 10 µg/ml at 37˚C for 72 h. Cells were added to 
the Transwell chamber (8 µm pore size; BD Biosciences). The 
number of cells that migrated through the membrane was deter-
mined 8 h later. For invasion assay, Matrigel (BD Biosciences) 
was mixed with 1640 medium at a ratio of 1:6 and was placed 
into upper chambers at 37˚C for 30 min in a 5% CO2 incubator 
overnight prior to addition of cells. For migration assay, Matrigel 
was not used. Then, 150 µl cell suspension (2.5x104 cells) was 
plated to the upper chamber with serum‑free medium and cell 
medium with 10% FBS was placed into lower chambers, which 
was incubated at 37˚C for 24 h. Migrated and invaded cells 
were determined by crystal violet staining at 37˚C for 15 min 
and were subsequently counted by an inverted light microscope 
(magnification, x40; Nikon Corporation) using ImageJ v1.8.0 
(National Institutes of Health).

Reverse transcription‑quantitative PCR (RT‑qPCR). A2780 
cells were treated with 0, 1, 5 and 10 µg/ml of propofol for 48 h 
at 37˚C and A2780 cells administered 10 µg/ml propofol for 0, 
12, 24 and 48 h were analyzed by RT‑qPCR. Total cellular RNA 
was extracted with TRIzol® (Invitrogen; Thermo Fisher 
Scientific, Inc.) following the manufacturer's instructions. Then, 
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1,000 ng total RNA was reverse transcribed using TaqMan 
miRNA RT kit (Applied Biosystems; Thermo Fisher Scientific, 
Inc.) for 1 h at 37˚C. qPCR (SYBR® Premix Ex Taq II; Takara 
Biotechnology Co., Ltd.) was performed on ABI 7500 Sequence 
Detection system (Thermo Fisher Scientific, Inc.). The thermo-
cycling conditions were as follows: 2 min at 50˚C and 10 min at 
95˚C followed by 40 cycles of 95˚C for 3 sec and 60˚C for 30 sec. 
The expression level of miRNA was normalized by U6. The 
expression level of RNA was normalized to β‑actin. The 
following primers were used: β‑actin forward, 5'‑ACCCTGAAG 
TACCCCATCGAG‑3' and reverse, 5'‑AGCACAGCCTGGA 
TAGCAAC‑3'; U6 forward, 5'‑CTCGCTTCGGCAGCACA 
TATACT‑3' and reverse, 5'‑ACGCTTCACGAATTTGCGT 
GTC‑3'; miR‑125a‑5p forward, 5'‑CGATTCCCTGAGACCCTT 
TAA‑3' and reverse, 5'‑TATGGTTTTGACGACTGTGTGAT‑3'; 
and LIN28B forward, 5'‑GTCAATACGGGTAACAGGAC‑3' 
and reverse, 5'‑TTCTTTGGCTGAGGAGGTAG‑3' The expres-
sion level of miR‑125a‑5p was calculated using the 2‑ΔΔCq 
method (22), whereby ΔCq=Cq (miR‑125a‑5p)‑Cq (U6). The 
expression level of LIN28B was calculated using the 2‑ΔΔCq 
method, whereby ΔCq=Cq (LIN28B)‑Cq (β‑actin).

Luciferase reporter assays. Luciferase assays were used in 
A2780 cells. Wild‑type 3'‑UTR of LIN28B and mutant controls 
were constructed and inserted into the psiCheck2 Luciferase 
vector (Promega Corporation). The psi‑CHECK2 vector (cat. 
no. C8021) was purchased from Promega Corporation. The 
miR‑125a‑5p mimics and negative control (NC) mimics, and 
miR‑125a‑5p inhibitor and NC inhibitor were synthesized by 
Guangzhou RiboBio Co., Ltd., and transfected into 24‑well 
plate at 50 nM using Lipofectamine® 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.), according to the manufacturer's instruc-
tions. Next, cells were harvested. Firefly and Renilla luciferase 
activities were measured with the dual‑luciferase assay kit 
(Promega Corporation) at 48 h after transfection. Then, cells 
were collected and lysed. The luciferase activity was subse-
quently measured using a Dual Luciferase Reporter Assay 
System Kit (Promega Corporation) on a Luminometer TD‑20/20 
detector (E5311; Promega Corporation), and the relative lucif-
erase activity was expressed by Firefly/Renilla luciferase 
activity. The mimics sequence (5'‑UCCCUGAGACCCUUU 
AACCUGUGA‑3'), inhibitors sequence (5'‑TCACAGGUU 
AAAGGGTCTCAGGGA‑3'), mimic NC sequence (5'‑GGACC 
AAATCTCGAGATTTGG‑3') and inhibitor NC sequence 
(5'‑UUCUCCGAACGUGUCACGUU‑3') were all designed as 
chemically modified double strands.

Western blot analysis. Cells were homogenized and sonicated 
in RIPA buffer (Sigma‑Aldrich; Merck KGaA) on ice. Western 
blotting was conducted according to our previous report (23). 
Determination of protein content: A small amount of the 
supernatant was taken with a pipette, and the absorbance was 
measured by a visible spectrophotometer at a wavelength of 
590 nm according to the Bradford method. Using solvent as the 
blank control and Bovine Serum Albumin (BSA) as the stan-
dard control a curve was drawn, and the content of the protein 
in the extracted sample was estimated based on the standard 
curve. The extracted protein was collected, denatured and elec-
trophoresed through a 10% SDS‑polyacrylamide gel. Samples 
were loaded and electrophoresis was performed for 60‑90 min 

followed by transfer to PVDF membranes and blocking in 
5% skimmed milk at 37˚C. After shaking for 2 h, elution was 
performed. Following this, membranes were incubated with 
the primary antibodies (LIN28B; Abcam, cat. no. ab229628, 
1:1,000 dilution) at 4˚C overnight with shaking. Membranes 
were then incubated in secondary antibodies (conjugated goat 
anti rabbit IgG; CWBIO, cat. no. CW0103S, 1:2,000 dilution,) 
at room temperature for 2 h and washed in TBST three times 
for 15 min. The Western blot analysis was detected by a chemi-
luminescent method. The membranes were then incubated in 
Super Signal ECL‑HRP detection reagent (ComWin Biotech) 
for 1 min followed by exposure to film in a visualizer.

Statistical analysis. Data are presented as the mean ± SD. 
All assays were tested in three independent experiments. 
Experimental data were analyzed using SPSS statistical soft-
ware (version 12.0; SPSS Inc.). The significance of the group 
difference was evaluated by one‑way analysis of variance 
followed by Tukey's post hoc test. Multiple comparisons between 
the groups were performed using Student‑Newman‑Keuls 
method. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Propofol suppresses the proliferation of ovarian cancer cells. 
To assess whether the effects of 1, 5 and 10 µg/ml propofol 
suppress cell viability, the cytotoxicity of propofol was tested 
in A2780 and SKOV3 cells. It was demonstrated that propofol 
decreased A2780 and SKOV3 cell viability in a dose‑dependent 
manner (Fig. 1A and B). It was found that 10 µg/ml propofol 
had the strongest inhibitory effect on A2780 and SKOV3 cells. 
Furthermore, the MTT assay results indicated that propofol 
treatment (10 µg/ml) significantly inhibited the proliferation of 
A2780 and SKOV3 cells (Fig. 1C and D).

Migration and invasion of ovarian cancer cells are attenuated 
by propofol. Subsequently, the effects of propofol on A2780 
and SKOV3 cell migratory and invasive abilities were exam-
ined. The wound healing assay results suggested that treatment 
with 10 µg/ml propofol markedly inhibited the migration of 
A2780 and SKOV3 cells compared to NC group (Fig. 2A). 
To further demonstrate the suppressive effects of propofol on 
cell migration and invasion, Transwell assays were performed. 
These findings also indicated that propofol notably suppressed 
the migration and invasion of ovarian cancer cells (Fig. 2B).

Bioinformatics analysis of women with ovarian cancer. 
miRNA expression profiles were downloaded from the Gene 
Expression Omnibus database (ID, GSE119055) to analyze 
differentially expressed miRNAs. This analysis identified 
45 microRNAs with differential expression in ovarian cancer 
compared with healthy ovarian tissue (Fig. 3A and B). Among 
these, the expression of miR‑125a‑5p was lower in patients with 
ovarian cancer compared with healthy ovarian tissue (Fig. 3C). 
Within the top 30 candidate miRNAs analyzed, it was found 
that the expression of miR‑125a‑5p was lower in cancer tissues 
compared with healthy tissues (Fig. 3A). Collectively, these 
results indicated that miR‑125a‑5p expression was lower in 
ovarian cancer, resulting in a poor prognosis.

https://www.spandidos-publications.com/10.3892/mmr.2020.11223
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GO analysis and GSEA of co‑expressed genes correlated with 
miR‑125a‑5p in ovarian cancer. The present study analyzed 
mRNA sequencing data from 453 patients with ovarian cancer 
in The Cancer Genome Atlas (TCGA). As shown in the heat map 
and volcano plot (Fig. 4A and B), 3,395 genes (dark red dots) 
were significantly upregulated along with miR‑125a‑5p, while 
3,031 genes (dark green dots) were significantly downregulated 
(false discovery rate<0.01). In total, 50 hub genes were positively 
and negatively associated with miR‑125a‑5p, as presented in the 
heat map (Fig. 4A). These results indicated a significant and wide 
pathophysiological effect of miR‑125a‑5p on gene transcription. 
The list of co‑expressed genes associated with miR‑125a‑5p 
contained 6,426 gene IDs of which 5,188 gene IDs were unam-
biguously mapped to 5,188 unique Entrez gene IDs and 1,238 
user IDs could not be mapped to any Entrez gene ID.

The GO Slim summary indicated a notable quantity 
variance and significance level difference among the 5,188 
differentially expressed genes (DEGs) that were enriched in 
biological processes, molecular functions and cellular compo-
nents. For biological processes, these 5,188 genes regulated by 
miR‑125a‑5p were mainly enriched in ‘biological regulation’, 
including ‘cell proliferation’, ‘growth’, ‘metabolic process’ and 
‘cell communication’, thus suggesting that miR‑125a‑5p could 
act as an anticarcinogen to inhibit ovarian cancer by mediating 
biological regulation. For cellular components, the genes were 
largely enriched in the ‘membrane’, including ‘cell projec-
tion’, ‘cytoskeleton’ and ‘extracellular matrix’, indicating that 
miR‑125a‑5p could regulate membrane components to control 
cell movement and organization. For molecular functions, the 
genes were mainly enriched in ‘protein binding’ and ‘enzyme 

activity’, demonstrating that miR‑125a‑5p could act as a regu-
lator to mediate ovarian cancer progression (Fig. 4D).

GSEA of the 5,188 DEGs at the whole gene expression level 
was performed, and was used to assess the cell migration and 
invasion effects of DEGs that played roles in the whole gene 
expression level. The results demonstrated that the 5,188 DEGs 
regulated by miR‑125a‑5p were largely enriched in pathways 
including ‘cell‑cell junction’, ‘negative regulation of cellular 
component movement'’, ‘protein complex involved in cell adhe-
sion’ and ‘cell‑cell adhesion via plasma‑membrane adhesion 
molecules’, which indicated that miR‑125a‑5p could mediate 
cell migration and invasion in ovarian cancer (Fig. 4C).

Expression of miR‑125a‑5p is enhanced by propofol in ovarian 
cancer cells. It has been revealed that propofol can upregulate 
the expression levels of miR‑199a  (24) and miR‑143  (25), 
suggesting that propofol may regulate a number of miRNAs. 
Therefore, the present study detected the effects of propofol on 
miR‑125a‑5p involved in ovarian cancer cells. The expression 
of miR‑125a‑5p was measured under different concentra-
tions of propofol (1, 5 and 10 µg/ml), and it was found that 
the expression of miR‑125a‑5p was enhanced in a dose‑ and 
time‑dependent manner (Fig. 5A and B). Furthermore, the posi-
tive effect of propofol on miR‑125a‑5p transcriptional activity 
was further tested using a luciferase assay and it was found 
that propofol could significantly increase the transcriptional 
activity of miR‑125a‑5p compared to NC group (Fig. 5C).

miR‑125a‑5p targets LIN28B to downregulate ovarian 
cancer cell proliferation. TargetScan (http://www.

Figure 1. Proliferation of ovarian cancer is inhibited by propofol. (A) Proliferation of (A) A2780 cells and (B) SKOV3 cells was measured by cell counts assay 
under different concentration of propofol. Viability of (C) A2780 cells and (D) SKOV3 cells was evaluated by MTT assay in 10 µg/ml propofol. Data are 
presented as the mean ± SD. **P<0.01, ***P<0.001 vs. control.
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targetscan.org), miRTarBase (http://mirtarbase.mbc.nctu.
edu. tw/php/index.php), miRDB (http://www.mirdb.org/) 
and TCGA (https://cancergenome.nih.gov/) were used to 
predict potential targets of miR‑125a‑5p (Fig. 6A). A variety 
of cell proliferation‑, migration‑ and invasion‑related genes 
were predicted, and the level of Lin28B in these genes was 
subsequently assessed by RT‑qPCR. It was demonstrated that 
LIN28B mRNA expression was significantly inhibited by 
miR‑125a‑5p mimics in A2780 and SKOV3 cells (Fig. 6B). 
In both ovarian cancer cell lines, miR‑125a‑5p mimics also 
significantly decreased the protein expression of LIN28B 
compared with the controls (Fig. 6C).

To identify the direct action of miR‑125a‑5p on LIN28B 
a luciferase assay was performed. miR‑125a‑5p significantly 
suppressed the expression of LIN28B, while LIN28B with 
mutant binding sites was not regulated by miR‑125a‑5p 
mimics (Fig. 6D). Furthermore, A2780 cells were transfected 
with miR‑125a‑5p inhibitor and mimics, which significantly 
affected the expression of miR‑125a‑5p  (Fig.  6E  and  F). 
Cellular proliferation and viability were also inhibited 
by the miR‑125a‑5p mimic group compared with the NC 
group  (Fig.  6G  and  H). It was found that inhibition of 
miR‑125a‑5p could significantly enhance cell proliferation and 
viability compared with the control group (Fig. 6I and J).

Figure 2. Propofol inhibits migration and invasion of ovarian cancer. (A) Wound healing assay of A2780 cells and SKOV3 cells administered 10 µg/ml 
propofol. Original magnification, x40. (B) Transwell migration and invasion assay of A2780 cells and SKOV3 cells administered 10 µg/ml propofol. Scale 
bar, 100 µm for B. Data are presented as the mean ± SD.

https://www.spandidos-publications.com/10.3892/mmr.2020.11223
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Expression of LIN28B is decreased by propofol in ovarian 
cancer cells. To determine whether the expression of LIN28B 
could be affected by propofol, the expression of LIN28B 
was measured under different concentrations of propofol 
(1, 5 and 10 µg/ml). The results indicated that the expres-
sion of LIN28B was inhibited in a dose‑ and time‑dependent 
manner (Fig. 7A and C). Mechanistically, it was identified that 
LIN28B knockdown (KD; Fig. 7B) inhibited cellular migra-
tion and invasion (Fig. 7D). Furthermore, cell viability and 
numbers could be suppressed by LIN28B KD compared with 
the control cell line (Fig. 7E and F).

Discussion

The present study evaluated the effects of propofol on ovarian 
cancer A2780 and SKOV3 cells. It was found that exposure to 
propofol markedly inhibited proliferation, migration and inva-
sion in ovarian cancer cells. The underlying mechanisms were 
investigated, and several miRNAs related to cell migration and 
invasion were detected. After propofol treatment, the expres-
sion of miR‑125a‑5p was significantly increased in a dose‑ and 
time‑dependent manner in A2780 and SKOV3 cells. Previous 
studies have reported that propofol can upregulate the expression 

Figure 3. Heat map, Volcano plot and differential expression of miRNAs in ovarian cancer. (A) Heat map of the differentially expressed miRNAs between 
ovarian cancer and healthy ovarian tissue. (B) Volcano plot of the differential expressed miRNAs from GSE119055 datasets, the red dots and green dots 
represent the upregulated and downregulated genes, respectively (logFC>2 or <‑2). (C) Different expression of miR‑125a‑5p from GSE119055 datasets. Data 
are presented as the mean ± SD. ***P<0.001 vs. control. miR/miRNA, microRNA.
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levels of miR‑199a (24) and miR‑143 (25), indicating that propofol 
can regulate miRNAs involved in cell migration and invasion. 
The present results also identified that LIN28B was a target of 
miR‑125a‑5p. Thus, it was speculated that propofol serves crucial 

roles in the inhibition of ovarian cancer cell proliferation, migra-
tion and invasion by enhancing miR‑125a‑5p, which targets 
LIN28B. Moreover, KD of LIN28B markedly enhanced cellular 
migration and invasion compared with the control cell line.

Figure 4. Heat map, Volcano plot, GSEA and GO enrichment assay in ovarian of key genes targeted by miR‑125a‑5p. (A) Heat map of the positive DEGs (left) 
and negative DEGs (right) targeted by miR‑125a‑5p in TCGA database. (B) Volcano plot of the DEGs targeted by miR‑125a‑5p in TCGA database, the red dots 
and green dots represent the upregulated and downregulated, respectively. (C) The four enrichment plots from the GSEA results, including ‘cell‑cell junction’, 
‘negative regulation of cellular component movement’, ‘protein complex involved in cell adhesion’ and ‘cell‑cell adhesion via plasma‑membrane adhesion 
molecules’. (D) GO analysis results of DEGs. GO, Gene Ontology; miR, microRNA; DEGs, differentially expressed genes; GSEA, Gene Set Enrichment 
Analysis; TCGA, The Cancer Genome Atlas.

https://www.spandidos-publications.com/10.3892/mmr.2020.11223
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Figure 5. miR‑125a‑5p expression is upregulated by propofol. (A) miR‑125a‑5p expression in A2780 cells administered different concentration of propofol 
was tested by RT‑qPCR. (B) miR‑125a‑5p expression in A2780 cells administered 10 µg/ml propofol for different time points was measured by RT‑qPCR. 
(C) Luciferase reporter assay of A2780 cells transfected with miR‑125a‑5p reporter and treated with 10 µg/ml propofol. Data are presented as the mean ± SD. 
***P<0.001 vs. control. NC, negative control; mir, microRNA; RT‑qPCR, reverse transcription‑quantitative PCR; fLuc, firefly luciferase; RLuc, Renilla luciferase.

Figure 6. miR‑125a‑5p directly targets LIN28B and repress proliferation ability in ovarian cancer. (A) Prediction potential targets of miR‑125a‑5p assessed 
by TargetScan, miRTarBase, miRDB and TCGA. (B) mRNA expression of LIN28B regulated by miR‑125a‑5p in A2780 and SKOV3 cells was measured 
using RT‑qPCR. (C) Expression of LIN28B in A2780 and SKOV3 cells transfected with miR‑125a‑5p were detected by Western blotting. (D) Luciferase 
reporter activities driven by wild‑type or MUT LIN28B 3’ untranslated regions were examined in A2780 cells transfected with miR‑125a‑5p mimics or NC. 
(E) Expression of miR‑125a‑5p in A2780 cells transfected with miR‑125a‑5p inhibitor was evaluated by RT‑qPCR. (F) miR‑125a‑5p expression in A2780 
cells transfected with miR‑125a‑5p mimics was measured by RT‑qPCR. (G) Proliferation of A2780 cells transfected with miR‑125a‑5p was assessed by cell 
counts assay. (H) Viability of A2780 cells transfected with miR‑125a‑5p was tested by MTT assay. (I) Proliferation ability of A2780 cells transfected with 
miR‑125a‑5p inhibitor was determined by cell counts assay. (J) Viability of A2780 cells transfected with miR‑125a‑5p inhibitor was tested by MTT assay. 
Data are presented as the mean ± SD. **P<0.01, ***P<0.001 vs. control. miR, microRNA; MUT, mutant; RT‑qPCR, reverse transcription‑quantitative PCR; 
NC, negative control; LIN28B, lin‑28 homolog B; TCGA, TCGA, The Cancer Genome Atlas.
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Ovarian cancer is one of the most fatal gynecologic tumor 
types  (26). Currently, therapeutic methods involve multiple 
approaches that include debulking surgery, chemotherapy and 
radiotherapy in ovarian cancer, but the curative treatment is 
surgical resection (27). Anesthesia agents must be used during 
the surgical processes. However, the role that anesthetics serve 
in the development of cancer is not fully understood. Propofol, 
a commonly used intravenous sedative‑hypnotic agent admin-
istered to induce and maintain anesthesia, has been used since 
the late 1980s (5). Propofol not only has an anesthetic effect 
but has also been reported to possess antioxidant, neuroprotec-
tive, immunomodulatory, analgesic, antiemetic and anticancer 
effects (6,28,29). Previous studies have also reported that propofol 
can suppress tumor growth (25,30,31). Another study revealed 
that propofol increased the expression of caspase‑3 in A549 
cells and LoVo cells to induce cell apoptosis (32). Du et al (8) 
also showed that propofol inhibited cell proliferation, migration 
and invasion, and induced apoptosis by regulating Sox4 in endo-
metrial cancer cells. Moreover, Peng and Zhang (33) reported 
that propofol possessed anti‑proliferative and pro‑apoptotic 
properties in gastric cancer via the upregulation of miR‑451. 

Propofol also has an inhibitory role in A549 lung cancer cells 
by downregulating miR‑372 and inactivating the mTOR and 
Wnt/β‑catenin pathways (34). Propofol inhibits proliferation, 
migration and invasion, and induces apoptosis in gastric cancer 
cells by upregulating miR‑195 and miR‑451 (33,35). Cellular 
proliferation can also be inhibited by propofol via its regulation 
of several miRNAs, including miR‑372, miR‑1284 and miR‑486, 
in lung cancer cells  (7,36). Overall, propofol inhibits cell 
viability functions in numerous cancer types. Huang et al (37) 
revealed that propofol upregulated miR‑9 expression and led 
to the inhibition of cell proliferation and invasion in ovarian 
cancer ES‑2 cells. Moreover, Sun et al (31) found that propofol 
could decrease miR‑374a expression to increase the expression 
of forkhead box O1, resulting in inhibition of cisplatin resistance 
and proliferation. The present study evaluated the effects of 
different concentrations of propofol on two ovarian cell lines. 
It was identified that propofol had inhibitory effects on cell 
viability, migration and invasion in a dose‑ and time‑dependent 
manner. Moreover, the present results are consistent with the 
aforementioned previous studies, suggesting that propofol can 
suppress tumors.

Figure 7. LIN28B expression is inhibited by propofol. (A) Expression of LIN28B in A2780 cells administered with different concentration of propofol was 
measured using Western blotting. (B) Expression of LIN28B in LIN28B knockdown A2780 cells was assessed by Western blotting. (C) Expression of LIN28B 
in A2780 cells administered with 10 µg/ml propofol at different times was evaluated using Western blotting. (D) Transwell migration and invasion assay of 
A2780 cells and LIN28B knockdown A2780 cells. Original magnification, x400. (E) Viability of A2780 cells and A2780 knockdown cells was measured using 
MTT assay. (F) Proliferation of A2780 cells and A2780 knockdown cells determined by cell counts assay. Data are presented as the mean ± SD. **P<0.01, 
***P<0.001 vs. control. miR, microRNA; LIN28B, lin‑28 homolog B; sh, short hairpin RNA.
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miRNAs, which are non‑coding RNAs consisting of 
18‑25 nucleotides, act as oncogenes or tumor suppressors 
and can be used as potential biological markers to diag-
nose, predict and treat different cancer types (38). Previous 
studies have reported that several miRNAs are regulated 
by propofol  (25,31). The present study analyzed mRNA 
sequencing data from 453 patients with ovarian cancer in 
TCGA. For biological processes, these 5,188 genes regu-
lated by miR‑125a‑5p were mainly enriched in ‘biological 
regulation’, including ‘cell proliferation’, ‘growth’, ‘meta-
bolic process’ and ‘cell communication’, indicating that 
miR‑125a‑5p could act as an anticarcinogen to inhibit ovarian 
cancer by mediating biological regulation. The expression 
of miR‑125a‑5p was measured under several concentrations 
of propofol, and the results indicated that the expression of 
miR‑125a‑5p was enhanced in a dose‑ and time‑dependent 
manner. Furthermore, the positive effect of propofol on 
miR‑125a‑5p transcriptional activity was further identified by 
a luciferase assay. Wu and Belasco (39) revealed the human 
LIN28 mRNA as a regulatory target of human miR‑125b 
and its homologue miR‑125a during neuronal differentiation 
of embryonal carcinoma cells. Moreover, Zhang et al (11) 
showed that miR‑125a‑5p directly targeted LIN28B and 
suppressed melanoma growth. In patients with colon cancer, 
it has been revealed that propofol anesthesia is associated 
with improved survival during colon cancer surgery (40). 
However, another study suggested that the prognosis and 
survival of patients treated with propofol and desflurane were 
not significantly different after breast cancer surgery (30). 
However, these conflicting results could be attributed to the 
different types of cancer or to different effects of propofol 
in  vitro and in  vivo. The present results demonstrated a 
significant decrease in LIN28B expression with propofol 
in a dose‑ and time‑dependent manner. Further investiga-
tions revealed that LIN28B KD significantly inhibited cell 
proliferation and viability. LIN28B was also identified as a 
direct target of miR‑125a‑5p, and propofol treatment reduced 
LIN28B expression. Thus, the results indicated that LIN28B 
KD led to significantly decreased cell proliferation and 
viability in ovarian cancer.

In conclusion, the results demonstrated that propofol plays 
an important role in inhibiting the proliferation, migration and 
invasion of ovarian cancer cells. Propofol also upregulates 
the expression of miR‑125a‑5p to inhibit LIN28B. Therefore, 
propofol in the surgical treatment of ovarian cancer may 
be a potential target for improving cancer prognosis and 
survival (24,31,41).
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