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 Background: Gastric cancer (GC) is a life-threating malignancy worldwide. Accumulating studies suggest propofol has anti-
tumor functions in addition to the anesthetic effect. This study aimed to figure out the effects of propofol treat-
ment in GC development.

 Material/Methods: Human GC SGC-7901 and NCI-N87 cells were treated with different doses of propofol. Then the invasion and 
migration of GC cells was measured. SGC-7901 cells following 10 μM propofol treatment were applied in the 
following experiments. MicroRNAs (miRNAs) with differential expression in cells with or without propofol treat-
ment were analyzed. Expression of miR-195-5p, Snail, vimentin and E-cadherin in SGC-7901 cells was mea-
sured, and then loss-of-function of miR-195-5p and gain-of-function of Snail were performed. Target relation 
between miR-195-5p and Snail was confirmed using luciferase assay. Xenograft tumor was induced in nude 
mice to identify the effect of propofol on GC in vivo.

 Results: Propofol reduced epithelial to mesenchymal transition (EMT), invasion and migration of GC cells in a dose-
dependent manner. Propofol elevated miR-195-5p expression but reduced Snail expression, and it reduced vi-
mentin but increased E-cadherin expression in SGC-7901 cells. miR-195-5p directly bound to Snail. miR-195-5p 
inhibition or Snail promotion reversed propofol-inhibited malignant behaviors of SGC-7901 cells. In vitro results 
were reproduced in in vivo experiments.

 Conclusions: Our study found that propofol could inhibit EMT, invasion, and migration of GC cells by promoting miR-195-5p 
expression and suppressing Snail expression. This study may provide novel insights in GC treatment.
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Background

Gastric cancer (GC) is one of the most prevailing and life-
threating cancers around the world [1,2]. The incidence of GC 
is reported higher in developing countries in South America, 
Eastern Asia, and Central and Eastern Europe than that in de-
veloped nations, with approximately 70% GC cases are found 
in developing nations around the world [3]. China represents 
25% of all GC death cases, with the 5-year survival rate at 40% 
since most GC patients were diagnosed at advanced stages [4]. 
As a heterogeneous disease, GC is thought to be a compli-
cated illness with diverse influence factors such as environ-
ment, lifestyle, dietary intake of salt, genetics, vitamin C and 
Helicobacter pylori infection [3]. Despite the improvements in 
radiotherapy, chemotherapy and operation techniques for GC 
in the past few years, the overall survival rate of GC patients 
is unfavorable owing to the resistance to traditional therapies, 
recurrence and metastasis [5–7]. Thus, identifying the regu-
latory mechanisms and developing novel therapeutic options 
for GC is of great importance.

Recently, the use of anesthetics has aroused wide concerns 
in cancer therapy, since anesthetics may result in improved 
outcomes during cancer resection, but the volatile anesthetics 
may also lead to tumor growth and metastasis [8,9]. Propofol 
is an anesthetic agent that is widely applied in most kinds 
of surgeries due to the short effect and quick recovery [10]. 
Aside from its anesthetic effects, propofol holds other func-
tions including anti-tumor attributes [11]. Besides, propofol 
has been documented to inhibit the survival and growth of 
GC cells in vitro [12], but the mechanisms are not fully under-
stood. Importantly, propofol has been documented to show 
anti-tumor activity with the involvement of multiple microRNAs 
(miRNAs) [8,13]. miRNAs are well known to prevent transla-
tion and expression of target genes via binding to the 3’un-
translated regions (3’UTRs) of mRNAs [14]. miRNAs exert key 
functions in diverse cellular biological processes such as pro-
liferation, migration, and epithelial to mesenchymal transition 
(EMT) [15]. Here, we analyzed the miRNAs with differential 
expression before and after propofol treatment with microar-
rays and analyzed the aberrantly expressed miRNAs in GC pa-
tients, with miR-195-5p was found to have the potential to af-
fect GC progression. Given that dysregulation of miR-195-5p 
has been identified to involve in the development of several 
cancers [16,17]. The role of miR-195-5p in GC and the down-
stream mechanisms were probed.

As aforementioned, miRNAs play significant roles in cell EMT, 
invasion and migration. EMT is crucial for tumorigenesis and 
tumor development. During oncogenesis processes, normal 
epithelial cells develop to carcinoma in situ through EMT, 
and the cancer cells in situ can further invade and migrate 
into lymph vessels or blood vessels through EMT for remote 

metastasis [18–20].The zincfinger protein transcription fac-
tor Snail is well-known for its role in promoting EMT process 
and enhancing the invasion of tumor cells via promoting the 
E-cadherin-to-N-cadherin shift [21]. A previous study noted 
that Snail may have a clinical significance in the progression 
of GC [22]. Based on the discussion above, we hypothesized 
that propofol might play roles in GC progression with the in-
volvement of miR-195-5p and Snail, and both in vivo and in 
vitro experiments were performed to validate the hypothesis.

Material and Methods

Ethics statement

This study gained the approval of the Clinical Ethical Committee 
of Yidu Central Hospital. All procedures were performed care-
fully to minimize the pain of conscious animals.

Cell culture and transfection

Human GC cell lines SGC-7901 and NCI-B87 (Shanghai Institute 
of Biochemistry and Cell Biology, Chinese Academic of Science, 
Shanghai, China) were cultivated in 10% Dulbecco’s Modified 
Eagle’s Medium (DMEM) (Hyclone Company, Logan, UT, USA) 
containing 10% fetal bovine serum (FBS) at 37°C with 5% 
CO2. Cells were detached with trypsin and passaged once ev-
ery 2 or 3 days. Then the SGC-7901 and NCI-B87 cells in the 
logarithmic growth period were treated with 5 μM propofol 
(Sigma-Aldrich, Merck KGaA, Darmstadt, Germany) (P5 group), 
10 μM propofol (P10 group), and 20 μM propofol (P20 group), 
and cells were collected for following experiments 72 hours 
after propofol treatments. Another batch of 10 μM propofol-
treated SGC-7901 cells were allocated into the blank group 
(without transfection), the inhibitor-negative control (NC) 
group (transfected with inhibitor NC), the miR-195-5p inhibi-
tor group (transfected with miR-195-5p inhibitor), the pc group 
(transfected with pcDNA3.1), and the pc-Snail group (trans-
fected with pcDNA3.1-Snail). All transfections were conducted 
with LipofectamineTM 2000 reagent (Invitrogen Inc., Carlsbad, 
CA, USA), with the transfection efficiency detected using re-
verse transcription quantitative polymerase chain reaction 
(RT-qPCR) and western blot analysis 48 hours after transfec-
tions. The inhibitor-NC, miR-195-5p inhibitor, pcDNA3.1 and 
pcDNA-3.1-Snail were acquired from Thermo Fisher Scientific 
Inc. (Waltham, MA, USA).

Microarray analysis

Total RNA from SGC-7901 cells and 10 μM propofol-treated 
SGC-7901 cells was extracted using a TRIzol kit (Invitrogen). 
Then the miRNAs were separated using Ambion’s miRNA 
Isolation Kit (Invitrogen), and the miRNA microarrays were 
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labeled, hybridized and washed as per the instructions of a 
miRCU RY™ Array kit (Invitrogen). After washing and drying, 
the miRNA microarrays were scanned on a Genepxi 4000B dual-
channel laser image scanner (Molecular Devices, CA, USA) at the 
single wavelength of 635 nm. Then the results were analyzed.

RT-qPCR

Total RNA from SGC-7901 cells was extracted and reversely tran-
scribed to cDNA, with the primers synthesized by Guangzhou 
RiboBio Co., Ltd. (Guangzhou, Guangdong China). RT-qPCR 
was conducted as per the protocol of the SYBR Premix Ex 
Tap (Toyobo Co., Ltd., Kitaku, Osaka, Japan). The 2–DDCt meth-
od was used to measure the relative expression of target 
genes. U6 and glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) were applied as the internal references. The primers 
are shown in Table 1.

Western blot analysis

Total proteins were extracted from SGC-7901 cells with the 
protein concentration assessed. Next, the proteins were added 
with loading buffer and run on sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE), and then transferred 

onto PVDF membranes. The membranes were sealed with 
50 g/L skimmed milk for 1 hour, washed with tris-saline buf-
fer with 0.1% tween 20 (TBST), and then cultured with the pri-
mary antibodies Snail (ab180714, 1: 1000), vimentin (ab8978, 
1: 1000) and E-cadherin (ab76055, 1: 1000) (all purchased 
from Abcam Inc., Cambridge, UK) at 4°C overnight. Next, the 
membranes were cultured with secondary antibody immuno-
globulin G (ab6728; 1: 2000, Abcam) for 1 hour at room tem-
perature after TBST washes. Thereafter, the membranes were 
washed again, added with enhanced chemiluminescence re-
agent, exposed in a dark room, visualized and fixated for obser-
vation. GAPDH (ab8245, 1: 1000) was set as the internal refer-
ence, and the images were analyzed using ImageJ 2×software 
(v2.1.4.7, Rawak Software, Inc., Stuttgart, Germany)

Transwell assays

Cell migration and invasion were assessed via Transwell as-
says. Regarding migration assay, the Transwell chambers were 
placed into 24-well plates, and the cells were resuspended in 
DMEM to 1×105 cells per mL. Each basolateral chamber was 
added with 800 μL DMEM containing 10% FBS, while the api-
cal chamber was added with 200 μL cell suspension. The me-
dium was absorbed after 24 hours of incubation at 37°C. 
Migrated cells were fixed with 5% glutaraldehyde for 30 min-
utes and then subjected to 20 minutes of crystal violet stain-
ing. Cells in the apical chamber were removed, and then the 
plates were dried and observed under a microscope for cell cal-
culation, with 5 fields randomly selected. Regarding invasion 
assay, the apical chamber was pre-coated with Matrigel, and 
each well was added with 1×105 cells. After 24 hours of regu-
lar incubation, the Matrigel in the apical chamber was wiped 
away. Then the plates were fixed in 750 mL/L alcohol for 15 
minutes, stained with crystal violet for 20 minutes, repeatedly 
washed with phosphate buffer saline (PBS) to wash away the 
remaining staining liquid. Then the plates were observed un-
der a microscope with 5 fields randomly selected.

Dual luciferase reporter gene assay

A computer-based program (http://starbase.sysu.edu.cn/index.
php) was applied to predict the binding relation in miR-195-5p 
and Snail. The 3’UTR sequence of Snail containing the binding 
sites with miR-195-5p was inserted into the pGL2-Basic Vector 
(Promega, Madison, WI, USA) to construct Snail 3’UTR wild type 
(Snail-WT) plasmid, and the corresponding Snail 3’UTR mutant 
(Snail-MUT) plasmid was constructed as well. HEK-293T cells 
(Shanghai Yeasen Biotechnology Co., Ltd., Shanghai, China) 
were incubated in DMEM supplemented with 10% FBS, 1% 
penicillin, and streptomycin at 37°C with 5% CO2. After de-
tached by trypsin, the cells were subcultured once every 2nd 
or 3rd day. Well-constructed Snail-WUT and Snail-WT plasmids 
were mixed with miR-195-5p mimic or mimic NC, respectively, 

Gene Sequence

miR-1827
F: 5’-ACTAGTTATAACCCTAGGAATTTAGACAACC-3’

R: 5’-AAGCTTACATCATTACTCCCATCCCTTAC-3’

miR-195-5p
F: 5’-CTGGAGCAGCACAGCCAATA-3’

R: 5’-AGCTTCCCTGGCTCTAGCA-3’

miR-96-5p
F: 5’-AAGCTTACATCATTACTCCCATCCCTTAC-3’

R: 5’-CCGGAATTCATCTGCTGGCCCAGCTCAGATTG-3’

miR-93-5p
F: 5’-ACACTCCAGCTGGGTCCTGTACTGAGCTGCCC-3’

R: 5’-CTCAACTGGTGTCGTGGA-3’

miR-106b-
5p

F: 5’-TGCGGCAACACCAGTCGATGG-3’

R: 5’-CCAGTGCAGGGTCCGAGGT-3’

U6
F: 5’-CTCGCTTCGGCAGCACA-3’

R: 5’-AACGCTTCACGAATTTGCGT-3’

Snail1
F: 5’-TATGCTGCCTTCCCAGGCTTG-3’

R: 5’-ATGTGCATCTTGAGGGCACCC-3’

GAPDH
F: 5’-GGTGGTCTCCTCTGACTTCAACA-3’

R: 5’-GTTGCTGTAGCCAAATTCGTTGT-3’

Table 1. Primer sequences for RT-qPCR.

RT-qPCR – reverse transcription quantitative polymerase chain 
reaction; miR – microRNA; GAPDH – glyceraldehyde-3-phosphate 
dehydrogenase.
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and transfected into 293T cells using Lipofectamine™ 2000. 
Then the luciferase activities were detected.

Immunofluorescence staining

SGC-7901 cells were sorted into 24-well plates at 2×104 
cells/well. Cells grew on slides for 24 hours. Then the cell slides 
were washed with PBS (3 times for 5 minutes each time), fixed 
in 4% polyformaldehyde for 15 minutes, washed with PBS again 
(3 times for 5 minutes each time), and sealed with goat se-
rum for 30 minutes. Then the sealing liquid was absorbed, and 
the cells were cultivated with the primary antibody E-cadherin 
(ab76055, 1: 1000) at 4°C overnight. Next, the slides were 
washed with PBS containing 0.05% (v/v) Tween-20 (PBST) 3 
times for 3 minutes each time, and then incubated with the 
diluted fluorescence (Cy3)-labeled goat anti-rabbit IgG (Boster 
Biological Technology Co., Ltd., Hubei, China) in a wet box at 
20–37°C for 1 hour with the remaining liquid absorbed. Then 
the slides were further washed with PBST 3 times for 3 min-
utes each time, and treated with 4’,6-diamidino-2-phenylindole 
(DAPI, Shanghai Beyotime Biotechnology Co., Ltd., Shanghai, 
China) in the dark for 5 minutes to stain the nuclei. The remain-
ing DAPI was washed away with PBST 4 times for 5 minutes 
each time; then the slides were sealed with mounting medi-
um containing fluorescent mounting media. Finally, the stain-
ing was photographed under a fluorescence microscope (BX53, 
Olympus Optical Co., Ltd., Tokyo, Japan).

Xenograft tumor in nude mice

Fifteen nude mice (4 weeks old, 15–18 g, strain: BALB/c nude) 
were purchased from Haisco Pharmaceutical Group (Chengdu, 
Sichuan, China) (License No. SYXK (Sichuan) 2018-182). 
SGC-7901 cells were trypsinized and centrifuged with the su-
pernatant discarded. Then the cells were resuspended in PBS 
till the cell concentration to 1×107/mL. Next, 200 μL cell sus-
pension was subcutaneously injected into the right hind leg 
of nude mice. Ten days later, subcutaneous tubercles about 
5 mm in diameter were found in the 15 nude mice, which in-
dicated successful GC model establishment. Next, the nude 
mice were numbered by weight and allocated into 3 groups, 
5 mice for each group. The 3 groups of mice were intraperito-
neally injected with equal volume of saline, 5 μM propofol and 
20 μM propofol once every 5 days, respectively. The tumor vol-
ume was evaluated using a Vernier caliper, and the mice were 
sacrificed via cervical dislocation at the 25th day, after which 
the tumor weight was evaluated.

Measurement of the xenograft tumor migration

SGC-7901 cells were trypsinized and centrifuged. Then the 
cells were resuspended with PBS to adjust the cell concentra-
tion to 4×105/mL. Twelve nude mice (4 weeks old, 15–18 g) 

were numbered by weight and assigned into 3 groups into 2 
groups, 6 mice for each group. The mice were injected with 
200 μL cell suspension through the caudal vein. One day af-
ter successful GC model establishment, the 2 groups of mice 
were intraperitoneally injected with equal volume of saline 
or 20 μM propofol once every 5 days, respectively. The mice 
were observed every day and sacrificed via cervical disloca-
tion at the 35th day. Then the liver and lung tissues were sep-
arated, fixed in formalin for 24 hours, embedded with paraf-
fin, and cut into sections.

Hematoxylin and eosin (H&E) staining

The paraffin-embedded sections were dewaxed, and then 
soaked in gradient concentrations of alcohol (5 minutes for 
each concentration) and in water for 10 minutes. After the wa-
ter absorbed and air dried, the sections were subjected to 5 
minutes of hematoxylin staining, soaked in hydrochloric etha-
nol for 10 seconds, washed with clean water, and turned blue 
in 60°C warm water for 10 minutes. Next, the sections were 
stained with eosin for 1 minute, sealed with neutral balsam 
after air dried, and then observed under a microscope.

Statistical analysis

Data were analyzed using SPSS 21.0 (IBM Corp. Armonk, NY, 
USA). Measurement data are normally distributed and ex-
pressed as mean±standard deviation. The t-test was applied 
for comparisons between 2 groups, while one-way analysis of 
variance (ANOVA) or 2-way ANOVA for multi-groups, and Tukey’s 
multiple comparisons test for post hoc test. P value was ob-
tained by 2-tailed test, and P<0.05 meant statistical differences.

Results

Propofol inhibited EMT, invasion and migration of GC cells

After propofol treatments, the Snail and vimentin levels re-
duced while the E-cadherin level increased in SGC-7901 cells 
(all P<0.01), with higher propofol concentrations leading to 
more significant changes (Figure 1A). Similar trends were 
found in NCI-N87 cells after propofol treatments (P<0.01) 
(Figure 1B). The immunofluorescence assay result identified that 
E-cadherin protein was located on cell membrane in SGC-7901 
and NCI-N87 cells (Figure 1C). Meanwhile, compared to the un-
treated SGC-7901 cells, 5 μM propofol treatment reduced the 
number of invaded and migrated cells (P<0.05), while this in-
hibition was further improved when the propofol concentra-
tion was increased (P<0.01) (Figure 1D). The same trends were 
found in NCI-N87 cells (Figure 1E, 1F).
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Upregulation of miR-195-5p was responsible for propofol-
suppressed EMT, invasion and migration of GC cells

To explore the potential mechanism involved in the propofol-
suppressed EMT, invasion and migration of GC cells, we inves-
tigated the differentially expressed miRNAs in the SGC-7901 
cells with or without 10 μM propofol treatment via microarray 

analysis. The results suggested that miR-195-5p was upregulat-
ed in SGC-7901 cells after 10 μM propofol treatment (Figure 2A). 
The miRNAs with differential expression after 10 μM propofol 
treatment were further detected using RT-qPCR, and 5 miRNAs 
were found upregulated, among which miR-195-5p presented 
a significant increase (Figure 2B). Meanwhile, the online soft-
ware (http://starbase.sysu.edu.cn/panMirDiffExp.php) predicted 
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Figure 1.  Propofol inhibits EMT, invasion and migration of GC cells. (A, B) Protein levels of Snail, vimentin and E-cadherin in 
SGC-7901 (A) and NCI-N87 (B) cells detected using western blot analysis. (C, D) Protein levels of E-cadherin in SGC-7901 (C) 
and NCI-N87 (D) cells measured using immunofluorescence staining (200×). (E, F) Migration and invasion of SGC-7901 (E) 
and NCI-N87 cells (F) detected using Transwell assays. In panel A and B, data were analyzed using 2-way ANOVA, while in 
panel E and F, data were analyzed using one-way ANOVA, and Tukey’s multiple comparisons test was applied for post hoc 
test; in panels A and E, *, compared to the SGC-7901 group, while in panels B and F, *, compared to the NCI-N87 group, 
* P<0.05; ** P<0.01; repetition=3. EMT – epithelial to mesenchymal transition; GC – gastric cancer.
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Figure 2.  miR-195-5p is lowly-expressed in GC cells and downregulation of miR-195-5p reverses the effects of propofol treatment. 
(A) Differentially expressed miRNAs in SGC-7901 cells with or without propofol treatment evaluated using microarray 
analysis; (B) 5 miRNAs with most significant differential expression in SGC-7901 cells with or without propofol treatment 
measured using RT-qPCR. (C) Differential expression of miR-195-5p between GC tissues and normal tissues predicted via 
the online software (http://starbase.sysu.edu.cn/panMirDiffExp.php). (D) After miR-195-5p inhibitor transfection, miR-195-5p 
expression in SGC-7901 cells measured using RT-qPCR. (E, F) Migration (E) and invasion (F) of SGC-7901 cells detected 
using Transwell assays and observed under a microscope (200×). (G) Protein levels of Snail, vimentin and E-cadherin in 
SGC-7901 cells detected using western blot analysis. In panels D, E, and F, data were analyzed using one-way ANOVA, while 
in panels B and G, data were analyzed using 2-way ANOVA, and Tukey’s multiple comparisons test was applied for post 
hoc test; compared to the NC group, * P<0.05, ** P<0.01; repetition=3. GC – gastric cancer; RT-qPCR – reverse transcription 
quantitative polymerase chain reaction; miR – microRNA; GAPDH – glyceraldehyde-3-phosphate dehydrogenase.

that miR-195-5p expression was decreased in GC tissues com-
pared to the normal gastric tissues between the GC patients 
(n=372) and healthy individuals (n=32) (P<0.01) (Figure 2C).

We further transfected the propofol-treated cells with miR-195-5p 
inhibitor, and the transfection was successfully conducted ac-
cording to RT-qPCR, since the miR-195-5p expression was notably 
reduced (P<0.01) (Figure 2D). miR-195-5p inhibition led to mark-
edly elevated cell invasion and migration (P<0.01) (Figure 2E, 2F), 
elevated Snail and vimentin levels, while decreased E-cadherin 
level after 10 μM propofol treatment (all P<0.01) (Figure 2G).

miR-195-5p negatively targeted Snail

The miR-195-5p sequence was predicted to specifically bind 
to the 3’UTR of Snail (Figure 3A). miR-195-5p inhibition ele-
vated the mRNA and protein levels of Snail in SGC-7901 cells 
pre-treated with 10 μM propofol (all P<0.01) (Figure 3B, 3C). 

The bingding between miR-195-5p and Snail was further iden-
tified with luciferase assay, which showed the luciferase ac-
tivity in cells co-transfected with miR-195-5p mimic and Snail 
3’UTR WT plasmid significantly decreased (P<0.01), but that 
in cells co-transfected with miR-195-5p mimic and Snail 3’UTR 
MUT plasmid showed no major change (Figure 3D).

Upregulation of Snail reversed the effects of propofol 
treatment

The role of Snail in SGC-7901 cell invasion was identified as 
well. The 10 μM propofol-treated SGC-7901 cells were trans-
fected with pcDNA3.1-Snail, after which the Snail expression 
significantly elevated (P<0.01) (Figure 4A, 4B). Upregulation 
of Snail increased the number of invaded and migrated cells 
(P<0.01) (Figure 4C, 4D), and it enhanced the Snail and vimen-
tin protein levels but decreased the E-cadherin level in 10 μM 
propofol-treated SGC-7901 cells (all P<0.01) (Figure 4E).

Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Liu F. et al.: 
Propofol reduces GC EMT, invasion and migration
© Med Sci Monit, 2020; 26: e920981

ANIMAL STUDY

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) e920981-7



Propofol suppressed tumor growth and metastasis in vivo

In vivo experiments were carried out to validate the findings 
in vitro. Compared to the control nude mice, the tumor volume 
and weight the propofol-treated mice reduced, and a higher 
propofol concentration led to further decreased tumor volume 
and weight (all P<0.01) (Figure 5A–5C). Besides, the tumor me-
tastasis rates in liver and lung tissues were decreased follow-
ing high dose of propofol treatment (Figure 5D).

Discussion

Most GC patients suffer from unpleasant prognosis because 
of the metastasis, which is caused by potent invasion and 
migration abilities of GC cells [23]. Propofol is a widely used 
anesthetic in the process of cancer resection surgery, and 
it has been recently recognized as a tumor inhibitor [24]. 
Propofol may exert functions though mediating miRNAs [13]. 
In this study, we probed the mechanisms of propofol in GC, 
with the findings that propofol inhibited GC cell metastasis 

via elevating miR-195-5p expression and inhibiting Snail 
expression.

The initial finding of our study was that propofol treatment 
reduced the invaded and migrated SGC-7901 and NCI-N87 
cell numbers. Emerging studies documented that propofol 
also presented anti-cancer functions, and in some cases by 
directly or indirectly inhibiting the metastasis of cancer cells. 
For instance, propofol has been proved to decrease the in-
vasion and migration ability of human cholangiocarcinoma 
cells [25]. Likewise, it has been documented that propofol 
reduces migration of breast cancer cells via downregulating 
NET1 [26]. The same trends have also been found in GC, as pro-
pofol-based total intravenous anesthesia has been validated 
to improve the outcome and survival of GC patients who un-
dergo surgical resection [27]. A previous study identified that 
propofol inhibits GC cell growth and invasion through down-
regulation of miR-221 [28]. Correspondingly, our study found 
that propofol treatment led to reduced protein levels of Snail 
and vimentin while elevated level of E-cadherin in GC cells. 
Over-expression of Snail and the following downregulation of 
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Figure 4.  Upregulation of Snail promotes SGC-7901 cell invasion and migration. (A, B) mRNA (A) and protein (B) expression of Snail 
in SGC-7901 cells after pcDNA3.1-Snail transfection measured using RT-qPCR and western blot analysis, respectively. 
(C, D) Migration (C) and invasion (D) of SGC-7901 cells following Snail upregulation detected using Transwell assays 
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upregulation determined using western blot analysis. In panel E, data were analyzed using 2-way ANOVA, while in the rest 
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compared to the pc group, * P<0.05, ** P<0.01; repetition=3. RT-qPCR – reverse transcription quantitative polymerase chain 
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Figure 5.  Propofol inhibits tumor growth and metastasis in vivo. (A) Tumor volume in each group of nude mice, n =5. (B) Observation 
of the resected tumors in each group of nude mice, n=5. (C) Tumor weight in each group of nude mice, n = 6. (D) Metastatic 
tumor in liver and lung tissues detected using H&E staining and observed under a microscope (400×), n=6. In panel A, data 
were analyzed using 2-way ANOVA, in panel C, data were analyzed using one-way ANOVA, while in panel D, data were 
analyzed using the t-test, and Tukey’s multiple comparisons test was applied for post hoc test; * P<0.05, ** P<0.01.

E-cadherin occur during EMT, which is crucial for tumor inva-
sion and distant metastasis [29]. Besides, vimentin is an im-
portant contributor for EMT via regulating its linked genes [30]. 
Similarly, propofol has been found to reduce vimentin and Snail 
expression, while increase E-cadherin expression, thus inhib-
iting EMT in lung cancer A549 cells [31]. These results further 
validated that propofol could reduce EMT in GC cells from the 
perspective of molecules.

Following the aforementioned findings, we measured the 
miRNAs with differential expression in SGC-7901 cells before 
and after propofol treatment using microarray analysis and 
RT-qPCR, which suggested that expression of miR-195-5p mark-
edly elevated following propofol treatment. miR-195-5p has 
been recognized as a tumor inhibitor in several cancer types, 
and its dysregulation has been revealed to lead to chemo-resis-
tance and unfavorable prognosis [17,32,33]. miR-195-5p has 
been found lowly expressed in GC patients, and the upregula-
tion of miR-195-5p promoted GC cell death [34,35]. Likewise, 
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miR-195-5p has been documented to reduce GC cell invasion 
and migration and to suppress tumor formation in nude mice 
with xenograft tumor via downregulating basic fibroblast 
growth factor expression [36]. Quite in coincidence with our 
findings, miR-195 expression has been suggested to be ele-
vated after propofol treatment, which inhibits the proliferation 
and metastasis of GC cells via the inactivation of the down-
stream signaling pathways [37]. Besides, our study identified 
that miR-195-5p intervention reversed the protective events of 
propofol in GC cells, which further validated that miR-195-5p 
was responsible for these events. Furthermore, we identified 
that miR-195-5p bound to the 3’UTR of Snail. Snail induces 
EMT partially by directly repressing E-cadherin transcription, 
during tumor progression and development, and low expres-
sion of E-cadherin is a marker of poor clinical outcomes [38]. 
As aforementioned, upregulation of Snail and downregula-
tion of E-cadherin expression has been found in several can-
cers. Similarly, the vast majority of patients with progressive 
GC in a clinical-based study was found with aberrant Snail ex-
pression [39]. Reasonably, over-expression of Snail reversed 
the propofol-inhibited cell invasion in our study. Moreover, 
we found the in vitro results were reproduced in in vivo ex-
periments where the volume and weight of xenograft tumor 
and the metastasis of tumor in nude mice were significantly 
reduced following propofol treatment. Collectively, it can be 

inferred that propofol treatment inhibited GC invasion and mi-
gration both in vivo and in vitro.

Conclusions

To sum up, the current study provided evidence that propofol 
could suppress EMT, invasion and migration of GC cells via up-
regulation of miR-195-5p expression and the following down-
regulation of Snail. We hope these findings could offer novel 
insights for GC prevention and treatment. However, the find-
ings were obtained from pre-clinical experiments. We hope 
more studies in this field would be carried out to validate our 
findings and to provide more evidence for the clinical practice 
of propofol application in GC treatment.
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