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Abstract: Objective: Renal cell carcinoma (RCC) is one of the most common and life-threatening cancers in the 
world. Accumulating evidence suggest propofol inhibits the initiation and development of cancers. The main focus 
of the study was to explore the effect of propofol on RCC and its mechanism of action. Methods: In this study, dif-
ferent doses of propofol were used to treat human RCC cell lines i.e., OSRC-2 and SW839. Western blot and trans-
well assays were used for the evaluation of RCC cell invasion, proliferation, migration, and transition of epithelial to 
mesenchymal (EMT). RCC cells following 5 μmol/L propofol treatment for 24 h were applied in the subsequent ex-
periments. Expression of MicroRNAs-363 (miR-363) in cells with or without propofol treatment were analyzed. The 
expression of Snail1, Vimentin, N-cadherin, and E-cadherin in RCC cells was measured, and then the effect of loss-
of-function of miR-363 and gain-of-function of Snail on RCC cells were analyzed. The targeted relationship between 
miR-363 and Snail1 was investigated using luciferase assay and RIP, RNA pull down. Results: Propofol reduced the 
migration, proliferation, invasion and EMT of RCC cells in a dose-dependent way. Propofol elevated miR-363 expres-
sion but reduced Snail1 expression, and it reduced Vimentin and N-cadherin but increased E-cadherin expression 
in RCC cells. miR-363 directly bounds to Snail1. miR-363 inhibition or Snail1 promotion reversed propofol-inhibited 
malignant behaviors of RCC cells. Conclusion: Our study found that propofol could inhibit invasion, migration, prolif-
eration and EMT of RCC cells by promoting miR-363 expression and suppressing Snail1 expression.
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Introduction

Renal cell carcinoma (RCC) is one of the most 
familiar types of tumors, originates from renal 
tubular epithelium and encompasses a hetero-
geneous group of cancers. RCC is among the 
top ten most common cancers globally and is 
the most deadly genitourinary cancers [1]. In 
recent years, the incidence of RCC has been 
increasing by an average of 2% to 4% every year 
[1]. Thus, investigating effective therapeutic 
measures is urgent and crucial for the global 
management of RCC.

Propofol has been commonly used in clinical 
anesthesia as an intravenous anesthetic [2]. A 
number of studies have shown that propofol 

inhibited the cancer occurrence and develop-
ment in a variety of cancers [1-3]. For instance, 
one previous study showed that propofol sup-
pressed cell proliferation and metastasis in gli-
oma, pancreatic cancer and hepatocellular car-
cinoma [3-5]. Nevertheless, there is no studies 
so far have reported the role of propofol on 
renal cell carcinoma (RCC) yet and the mecha-
nism of propofol in RCC requires further 
investigation.

MicroRNAs (miRNAs) are small endogenous 
non-coding RNA molecules comprising around 
22 nucleotides, which possess a potential role 
in the regulation of gene expression such as 
inhibition of post-transcriptional gene expres-
sion via binding to the 3’untranslated regions 
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(3’UTRs) of the mRNA [6]. Previous studies 
have reported its key role in the regulation of 
gene expression, cell proliferation, pathogene-
sis and progression of various cancers [7]. For 
instance, accumulating evidence suggests the 
important role of microRNA-363 (miR-363) in 
cancer progression and metastasis in gastric 
cancer, colorectal cancer and RCC [8-10]. In 
addition, a zinc-finger transcription factor 
(Snail1) can be targeted by miRNA and has 
been reported to stimulates EMT and promote 
metastasis in RCC [11].

The purpose of current study is to identify the 
mechanisms underlying anti-tumor effect of 
propofol on RCC. Propofol effect in the RCC cell 
lines, including SW839 and OSRC-2, was ana-
lyzed against cell proliferation, migration, inva-
sion, and transition of epithelial to mesenchy-
mal (EMT). The regulatory effect of propofol on 
miR-363 was studied to reveal the potential 
mechanism and signaling pathways of the anti-
cancer effect of propofol.

Materials and methods

Cell culture

Human cell lines (i.e., OSRC-2 and SW839), 
were procured from the Cell Bank of the 
Chinese Academy of Science. Cells were main-
tained with Dulbecco’s modified Eagle’s medi-
um (DMEM) supplemented with 10% fetal 
bovine serum (FBS), followed by cells culturing 
at 37°C, using a humidified incubator with (gas 
mixture: 5% CO2 and 95% air).

Propofol was obtained from Corden Pharma 
S.p.A, while the culture media used for the incu-
bation of the cells contained various doses of 
propofol (i.e., 0, 1, 5, 10 μmol/L), for a range of 
hours (0, 24 h, 48 h, 72 h).

Cell viability assay

In order to measure the cell viability, a standard 
CCK-8 kit (Abcam) was used. OSRC-2 and 
SW839 cells were sown into 96-well plate with 
1 * 104 cells per well and then, treated with 0, 
1, 5, 10 μmol/L propofol for 0, 24 h, 48 h, and 
72 h. Subsequently, cells were maintained for 1 
h at 37°C by adding 10 μl of CCK-8 solution. 
Absorbance was recorded at 450 nm by using 
Microplate Reader (Bio-Rad, USA). Cell viability 
in the propofol treated group was presented in 

mean absorbance/mean absorbance in the 
control group * 100%.

Cell migration and invasion assays

To measure cell migration as well as their inva-
sion ability, trans-well assays were performed. 
Cultured cells with 70-80% confluency were 
digested for the next experiments.

For cell migration, it was performed by cell inva-
sion chambers that carry membrane with 8 
μmpores in 24-well plates (Corning). The cell 
suspensions was added into the upper cham-
ber. Serum-free medium was transferred into 
the upper compartment, and medium with 10% 
FBS was added to the lower compartment. 
Cells were incubated for 24 h at 37°C and after 
24 h of incubation, the upper chamber’s cells 
were fixed by adding methanol for 10 min fol-
lowed by 0.1% crystal violet solution staining. 
Cells attached to the upper-membranes were 
removed, while lower-membranes cells were 
counted in five random fields by using a micro-
scope. To assess cell invasion, the upper cham-
bers were coated with Matrigel (BD Biosciences, 
Bedford, MA), before the addition of cells 
suspension.

Quantitative real-time PCR (qRT-PCR)

Trizol reagent was used in the total RNA extrac-
tion from the given two cell lines, such as OSRC-
2 and SW839 cells, in accordance with the 
manufacturer’s instructions. Concentration 
and quality of the RNA were examined by mea-
suring OD260 and the OD260/OD280 ratio. 
Then RNA was converted to cDNA with the 
primers using PrimeScript RT reagent Kit 
(Takara, Kusatsu, Japan) and then the resulted 
RNA was stored at -80°C. qRT-PCR was then 
carried out by using a standard 7900HT Fast 
Real-Time PCR System (Applied Biosystems, 
USA). A well-known standard method Ct was 
used to calculate and investigate the relative 
expression level ratio of the desired gene and 
the efficiency was compared with a reference 
gene. GAPDH was used as the reference of 
mRNA, and U6 was used as the reference of 
miRNA. The primers’ sequences used in this 
study, have been listed in Table 1.

Western blot analysis

The procedure of western blot was the same as 
the previous paper [12]. Total proteins from 
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OSRC-2 and SW839 cells were extracted. For 
total protein extraction, Mammalian Protein 
Extraction Reagent (M-PER™) was utilized, 
while the concentration of the desired protein 
was quantified using a Bradford protein assay 
kit. Protein (50 µg) was electrophoresed in poly-
acrylamide gels as well as electro-transferred 
to nitrocellulose membranes. Relevant antibod-
ies were used for membrane probing. The blots 
and primary antibodies probe formation was 
followed by the HRP-conjugated secondary 
antibody. All the primary and secondary anti-
bodies were purchased from Abcam. The pri-
mary antibodies used in the current study are 
listed as follows: Beta-actin (1:5000), N- 
cadherin (1:1000), (1:1000), E-cadherin and 
Vimentin (1:1000). The secondary antibody 
was 1:5000 dilution.

Luciferase reporter assays

To perform luciferase reporter assays, a Dual-
luciferase reporter system was used. The 3’UTR 
sequences of the wide-type or mutant of Snail1 
(Figure 5A) were introduced into a pmir-GLO 
Dual-luciferase vector (Promega) to form the 
pmirGLO-snail1-wild type (Snail1-3’UTR-WT) or 
pmirGLO-Snail1-mutant (snail1-3’UTR-MUT) re- 
porter vector. Co-transfection of Snail1-3’UTR-
MUT or Snail1-3’UTR-WT was performed with 
miR-363 mimics or negative control into OSRC-
2 and SW839 cells. After 48 h transfection, the 
relative luciferase activities were assessed in 
accordance with manufacturer’s instructions.

RNA pulldown assay

RNA pulldown assay was performed with no 
changes as described in previous studies [13]. 
Briefly, OSRC-2 and SW839 cells were quantita-
tively evaluated and then treated with 1 mL of 

cell lysis buffer for 72 h. Before the cells cen-
trifugation at 4°C overnight, 1.5 μL of RNase 
inhibitor was added, followed by the addition  
of 500 pM antisense oligos of miR-363 
(Thermofisher) and 10 μL of streptavidin aga-
rose beads to OSRC-2 and SW839 cells. qRT-
PCR was performed for the total RNA 
quantification.

Ago2 immunoprecipitation assay

The MagnaRIP RNA-Binding Protein Immuno- 
precipitation Kit was used to perform the Ago2 
immunoprecipitation assay. Briefly, the trans-
fected cells were lysed on ice for 30 minutes, 
by adding RIPA lysis buffer (150 mM NaCl, 20 
nM Tris-HCl (PH7.5), 2.5 mM sodium pyrophos-
phate, 1% NP-40, 1 mM Na2EDTA, 1% sodium 
deoxycholate, 1 mM EGTA, 1 μg/mL leupetin, 1 
mM beta-glycerophosphate) 1 mM Na3VO4. In 
the following step, the suspension of the cells 
was centrifuged at 14000 rpm for 15 min. After 
the addition of 10 μL of beads (Thermofisher) 
and 2 μL of Ago2 antibody (Abcam), the super-
natant was rotated at 4°C overnight. A lysis  
buffer was used for the mixture washing. RNA 
extraction was performed using Trizol reagent 
and then subjected to qRT-PCR analysis.

Statistical analysis

Data was processed in mean ± S.E.M. For the 
comparison of independent groups One-way 
(ANOVA) was used to analyze the data, and 
Tukey’s post-hoc test was also performed. 
P<0.05 were considered as statistical signifi- 
cance.

Results

Propofol inhibited the proliferation of RCC cells

Firstly, a CCK-8 assay was performed to investi-
gate the propofol effect on the RCC cell prolif-
eration. Figure 1A, our acquired results indi-
cated that propofol exhibits a significant 
inhibitory effect on the proliferation of OSRC-2 
and SW839 cells in a dose-dependent way. It  
is worth noting that the cell viability was robust-
ly decreased when propofol concentration 
increased from 1 μmol/L to 5 μmol/L, however, 
the viability of the cells was decreased slightly 
when the concentration of propofol increased 
from 5 μmol/L to 10 μmol/L, indicating 5 

Table 1. Primer sequences for qRT-PCR
Gene Primer sequence (5’-3’)
miR-363 Forward primer: GCGGCCAATTGCACGGTAT

Reverse primer: GTGCAGGGTCCGAGGTATTC
U6 Forward primer: CTCGCTTCGGCAGCACA

Reverse primer: AACGCTTCACGAATTTGCGT
snail1 Forward primer: ATGCCGCGCTCTTTCCTCGTC

Reverse primer: TCAGCGGGGACATCCTGAGC
GAPDH Forward primer: GCACCGTCAAGGCTGAGAAC

Reverse primer: ATGGTGGTGAAGACGCCAGT
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μmol/L propofol a threshold and sufficient to 
inhibit the cell viability of different RCC cell 
lines. So, 5 μmol/L propofol was chosen for 
subsequent experiments. It’s shown in Figure 
1B that the inhibition of cell proliferation also 
significantly increased with the elongation of 
propofol treatment time, of which, 24 h was 
sufficient enough and elonged time only had 
mildly increased effects. Finally, Propofol con-
centration of 5 μmol/L treated for 24 h were 
chosen as propofol treatment for subsequent 
experiments.

Propofol inhibited the migration, invasion and 
EMT of RCC cells

Subsequently, we measured the effect of pro-
pofol on OSRC-2 and SW839 cell migration and 
invasion using Transwell assays. Figure 2A and 
2B displayed that in contrast to control group, 
the relative invasion and migration of OSRC-2 
and SW839 cells were both significantly 
reduced in propofol group (P<0.01, P<0.001). 
Additionally, EMT of SW839 and OSRC-2 cells 
was also estimated by performing western blot 
(Figure 2C). These results indicated that a sig-
nificant increase was observed in the level of 
E-cadherin protein (P<0.01), while in contrast a 
significant decrease was observed in the 
expression level of Vimentin, N-cadherin (P< 
0.01, P<0.001) in OSRC-2 and SW839 cells 
after being treated with propofol. Our current 
results revealed that propofol is apparently 
involved in the inhibition of RCC cell migration, 
invasion, and EMT.

Propofol upregulated the expression of miR-
363 in RCC cells

We had noticed that miR-363 were significantly 
decreased in a majority of human RCC cells 
including SW839, SN12-PM6, and A498,  
OSRC-2, Caki-1 cells, especially in OSRC-2 and 
SW839 cells (P<0.001, P<0.001), in contrast 
with Human normal kidney cell line HK-2 (Figure 
3A). Previous researches have revealed that 
miR-363 is crucial for cancer progression and 
metastasis [8-10]. Other studies show that pro-
pofol induces neurotoxicity by increasing the 
expression of miR-363 [14, 15]. Therefore, we 
hypothesized if propofol is responsible for the 
inhibition of cell proliferation, migration, inva-
sion, and EMT of RCC cells by up-regulating 
miR-363. The treatment of propofol significant-
ly increased the relative expression levels of 
miR-363 in both OSRC-2 and SW839 cells 
(P<0.001, P<0.001; Figure 3B and 3C). This 
indicated that the potential anti-cancer me- 
chanism of propofol in RCC cells might be in 
part by up-regulating miR-363.

Upregulation of miR-363 was responsible 
for propofol-inhibited proliferation, invasion, 
migration and EMT in RCC cells

To further investigate the role of miR-363 in the 
propofol-induced RCC cells proliferation, migra-
tion, invasion as well as EMT, the miR-363 
inhibitor was transfected into SW839 and 
OSRC-2 cells. Figure 4A clearly indicated that 
miR-363 inhibitor transfection is responsible 

Figure 1. Propofol inhibited the proliferation of kidney cancer cells. A: Human OSRC-2 cells and SW839 cells were 
exposed to diverse concentrations of propofol (0, 1, 5, and 10 μmol/L). After 24 h, to measure the viability of the 
cells a standard CCK-8 assay was used; B: Human OSRC-2 and SW839 cells were exposed to 5 μmol/L propofol for 
0, 24 h, 48 h, 72 h. The cell viability was assessed at different time points using CCK-8 assay. Data with the given 
parameters is shown in means ± S.E.M. *P<0.05, **P<0.01, ***P<0.001, while comparing to control (Student t test, 
ANOVA and post hoc test).
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for the significant decrease in the relative 
expression level of miR-363 in OSRC-2 and 
SW839 cell (P<0.01, P<0.001). Figure 4B 
showed that a significant increase in the OSRC-

2 and SW839 cell was observed in the group 
treated with propofol and miR-195 inhibitor, in 
contrast to the single propofol treated group 
with (P<0.01, P<0.01). Relative invasion and 

Figure 2. Propofol inhibited the invasion, migration and EMT of RCC cells. A: The migration of OSRC-2 and SW839 
cells after 5 μmol/L propofol treatment for 24 h (transwell assays, ×100); B: The invasion of OSRC-2 and SW839 
cells after 5 μmol/L propofol treatment for 24 h (transwell assays, ×100); C: Relative expression levels of the pro-
teins including, Vimentin, E-cadherin, N-cadherin after 5 μmol/L propofol treatment for 24 h (western blot analysis). 
Data with the given parameters is shown in means ± S.E.M. **P<0.01; ***P<0.001, while comparing to control (Stu-
dent t test, ANOVA and post hoc test).
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migration of OSRC-2 and SW839 were signifi-
cantly increased in the group treated with pro-
pofol + miR-195 inhibitor (all P<0.05) while 
comparing with the single propofol treated 
group (Figure 4C and 4D). Western blot acqu- 
ired data were analyzed for the comparison of 
expression levels cell EMT-related protein. 
These results revealed that miR-363 inhibitor 
transfection was responsible for the significant 
attenuation in the expression level of propofol-
induced E-cadherin and Vimentin and N- 
cadherin in the OSRC-2 and SW839 cells 
(Figure 4E, all P<0.05). Besides this, our 
obtained data further identified the crucial role 
of miR-363 in propofol’s effect on OSRC-2 and 
SW839 cell proliferation, migration, invasion 
and EMT.

miR-363 directly targeted Snail1 in RCC cells

The relationship between miR-363 and EMT 
regulators Snail1 was also studied. According 
to the Starbase database search, Snail1 has 
putative miR-363 binding sites and one binding 
site of miR-363 is in its 3’-UTR (Figure 5A). To 
confirm the actual binding site and target of 
miR-363 in OSRC-2 and SW839 cells, wild-type 
(with target site) and mutant-type (without  
target-site) vectors were constructed. As is 
shown in Figure 5B, the overexpression of miR-
363 in SW839 and OSRC-2 cells significantly 
decreased. On the other hand, relative lucifer-
ase activity in the Snail1 3’-UTR wild-type con-
structs (Figure 5C, P<0.001, P<0.001), which 
was not observed in the Snail1 3’-UTR mutant 
constructs. Moreover, RIP assays demonstrat-
ing that snail1 and miR-363 expressions were 

considerably enriched by the Ago2 antibody in 
OSRC-2 and SW839 cells as shown in (Figure 
5D, P<0.001). The overexpression of miR-363 
in SW839, and in OSRC-2 cells resulted in a 
decrease of Snail1 (Figure 5E, P<0.001). 
Consistent with this, knocking down miR-363  
in SW839, and OSRC-2 cells and resulted in an 
increase of Snail1 (Figure 5F, P<0.001). The 
Snail1 expression in SW839 and OSRC-2 cells 
were also determined after the treatment of 
propofol, which indicated the propofol led to 
the decrease of snail1 in both RCC cells (Figure 
5G, P<0.001).

Overexpression of snail1 partially reversed the 
propofol’s inhibitory effect on RCC cells

To assess whether Snail1 is involved in the inhi-
bition of RCC cell proliferation, migration, inva-
sion and EMT by miR-363, a Snail1 construct 
which lacks a 3’-UTR, or empty vector was used 
to transfect OSRC-2 cells and SW839 cells. The 
expression of Snail protein in the RCC cells was 
subsequently evaluated by western blot analy-
sis which showed that in contrast with cells 
transfected with the empty vector, those trans-
fected with Snail1 construct had significantly 
increased Snail protein expression (Figure 6A, 
P<0.001, P<0.001). The CCK-8 assay revealed 
that Snail1 induction significantly increased 
cell proliferation in OSRC-2 and SW839 cells as 
described in the given (Figure 6B, P<0.01, 
P<0.01). The Transwell assays indicated that 
the restored expression of Snail1 partially 
reversed the miR-363 mediated suppression  
of the migration and invasion of RCC cells 
(Figure 6C and 6D, all P<0.05). The protein 

Figure 3. Propofol upregulated the expression of miR-363. A: Relative expression levels of miR-363 in human RCC 
cells including, SW839 Caki-1, A498, SN12-PM6, and OSRC-2 cells as well as normal kidney cell lines of Human 
HK-2; B and C: After 5 μmol/L propofol treatment for 24 h, a relative of miR-195 expression level in OSRC-2 and 
SW839 cells was measured using qRT-PCR. Data with the given parameters is shown in means ± S.E.M. **P<0.01; 
***P<0.001, while comparing to control (Student t test, ANOVA and post hoc test).
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Figure 4. Upregulation of miR-363 was responsible for propofol-inhibited proliferation, invasion, migration and EMT in renal cancer cells. A: Relative expression 
level of miR-363 in OSRC-2 and SW839 cell after miR-363 inhibitor transfection was measured using qRT-PCR; B: The cell viability of OSRC-2 and SW839 cell was 
investigated after no treatment, propofol treatment and propofol treatment along with miR-363 inhibitor transfection was measured by applying CCK-8 assay; C and 
D: The relative invasion and migration of SW839 and OSRC-2 cells measured after no treatment, propofol treatment and propofol treatment + miR-363 inhibitor 
transfection (×100); E: Western blot analysis was performed to investigate the levels of expression of various proteins, such as E-cadherin, Vimentin, N-cadherin 
after no treatment, treated with propofol and propofol treatment along with miR-363 inhibitor transfection. Data are presented in mean ± S.E.M. *P<0.05; **P<0.01; 
***P<0.001, while comparing with control (ANOVA and post hoc test).
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Figure 5. miR-363 directly targeted Snail1 in RCC cells. A: To clone 3’-UTR sequences of wild type and mutant Snail1 pGL3-promoter luciferase vector was used. To 
justify the putative binding-sites between 3’-UTR and miR-363, matched base pairs were presented with solid lines and unmatched with cross lines. B: miRNA con-
trol (miR-NC), or miR363 mimic, Snail1-Mut reporter and wild-type (WT) Snail1 can be used for co-transfection with OSRC-2 and SW839 cells. Then, 48 hours post-
transfection the luciferase activity was detected; C: The validation of the interaction between Snail1 and miR-363 in OSRC-2 cells and SW839 cells were conducted 
with RNA pull-down assays; D: Ago2 or IgG antibody were used in RNA-immunoprecipitation assays to investigate the enrichment of snail1 and miR-363 in Ago2 or 
IgG immunoprecipitation complexes of OSRC-2 cells and SW839 cells. The input group is a positive control; E: To detect the expression level of Snail1 in RCC cells 
after overexpressing miR-363; western blot was performed. F: Western blot was used for the measurement of Snail expression in RCC cells after knocked out of 
miR-363; G: Expression level of a snail after treatment with propofol was measured in SW839 and OSRC-2 cells. Data are presented in mean ± S.E.M. ***P<0.001, 
while comparing with control (ANOVA and post hoc test).
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Figure 6. Overexpression of snail1 partially reversed the inhibitory effect of propofol on RCC cells. A: The expression of Snail1 protein in RCC cells which were trans-
fected with the empty vector and those transfected with Snail1 construct; B: The cell viability of OSRC-2 and SW839 cell after no treatment, propofol treatment and 
propofol treatment + Snail1 transfection were measured by CCK-8 assay; C and D: The relative invasion and migration of OSRC-2 cells and SW839 cells after no 
treatment, propofol treatment and propofol treatment + Snail1 transfection (×100); E: Western blot analysis was carried out to assess the protein expression levels 
of E-cadherin, Vimentin, N-cadherin after no treatment, propofol treatment and propofol treatment + Snail1 transfection. Data are shown as mean ± S.E.M. *P<0.05; 
**P<0.01; ***P<0.001, compared to control (ANOVA and post hoc test).
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expression levels of the aforementioned cell 
EMT-related protein (E-cadherin, Vimentin, 
N-cadherin) were also compared using the 
western blot analysis. Similarly, Figure 6E 
showed that Snail1 partially reversed the pro-
pofol-induced the increased E-cadherin expres-
sion level and decreased Vimentin, N-cadherin 
expression level in OSRC-2 and SW839 cells 
(Figure 6E, all P<0.05). Our obtained results 
further supported that Snail1 was also enga- 
ged in the role of propofol on OSRC-2 and 
SW839 cell proliferation, invasion, migration 
and EMT.

Discussion 

The poor prognosis in most RCC patients is due 
to its high proliferation, migration and invasion 
ability. In current study, we revealed that propo-
fol significantly inhibited RCC OSRC-2 and 
SW839 cells proliferation, invasion, migration 
and EMT. Moreover, after the treatment of pro-
pofol the relative expression level of miR-363 
was upregulated in OSRC-2 and SW839 cells. 
Also, the propofol-induced RCC cell migration, 
proliferation, invasion, and EMT inhibition was 
significantly reversed by the suppression of 
miR-363. We also showed that miR-363 direct-
ly targeted EMT-regulator Snail1 in RCC cells 
and the overexpression of Snail1 partially 
reversed the suppression effect of miR-363 on 
propofol-induced RCC cell proliferation, inva-
sion, migration and EMT inhibition.

Propofol is well-known and frequently used, 
intravenous anesthetic medicine. Apart from 
its anesthetic effect, propofol also exerts anti-
cancer features in multiple cancer types includ-
ing gastric cancer, lung cancer and pancreatic 
cancer [16-21]. The benefits of propofol as the 
potential chemotherapy candidate drug is its 
cost-effectivity for clinical trial and little side 
effect. However, the effect of propofol on RCC 
hasn’t yet been studied. We demonstrated that 
propofol suppressed RCC cell proliferation in a 
dose-dependent manner, which has also been 
reported for gastric cancer [16, 17]. Further- 
more, in concordance with previous research, 
we found that propofol significantly suppressed 
RCC cell migration, invasion and EMT in our 
study. This is crucial for the management and 
treatment of RCC metastasis in patients. These 
findings confirmed that the anti-cancer effect 
of propofol on RCC specifically.

The microRNAs are small molecules that play 
an important role in the regulation of multiple 
signaling networks. Several research studies 
have reported the low expression and anti-can-
cer effect of miR-363 in cancer. One study on 
RCC reported that patients with higher TNM 
stage and higher Fuhrman grade expressed 
lower level of miR-363 [10]. Similarly, the down-
regulation of miR-363 was observed in colorec-
tal cancer tissues. Then it was negatively relat-
ed with the advanced stage of colorectal cancer 
[22]. Consistent findings were also revealed  
in our current study that miR-363 expression 
level in RCC cells level was significantly 
decreased. Besides, our study identified that 
miR-363 intervention reversed the protective 
events of propofol in RCC cells, which further 
validated that miR-363 was responsible for 
these events.

The Snail family transcriptional repressor 1 
(Snail1) has been reported to promote metas-
tasis in RCC, however the mechanism is largely 
unexplored [11]. We revealed that Snail1 is a 
potential miR-363 target gene in the current 
study. Our findings showed that miR-363 might 
directly targeting the 3’-UTR of Snail1 mRNA in 
RCC cells and thus negatively regulate Snail1 
expression. Snail1 is a transcription factor first 
identified in Drosophila, and zinc-finger motif as 
well as the E-cadherin promoter E-box region 
(sequence CAGGTG) are located on the main 
chain [23, 24]. One important function of Snail1 
is to suppress E-cadherin expression, which 
directly leads to EMT, altered cell morphology, 
instability in cellular structure thus leading to 
cell metastasis, migration and invasion from 
the original cancer site [25]. Additionally, previ-
ous studies have identified that Snail1 expres-
sion level could a potential prognostic indicator 
for poor prognosis and low survival rate in RCC 
patients [11]. Our study provided further evi-
dence for the role of Snail1 in RCC metastasis 
mediated by miR-363.

In summary, the results supported that propo-
fol inhibits the proliferation, invasion, migration 
and EMT of RCC cells by targeting microR-
NA-363/Snail1 pathway, which helps clarify the 
mechanisms underlying anti-cancer effect of 
propofol on RCC and identify new biomarker 
and therapeutic targets. Furthermore, the ther-
apeutic effect of propofol on RCC worth deep 
research.
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