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Abstract: Background: Non-small-cell lung cancer is the leading cause of cancer-related mortality in human world-
wide. Propofol is widely used in general anesthesia and sedation, which is also well-known for its anti-tumor function 
in many cancer cells. Methods: Cck8 assay was used for cell proliferation test; Flow cytometer, TUNEL assay and 
caspase-3 activity analysis were used for cell apoptosis. After transfected with rno-miR-665 mimics or inhibitor in 
A549 cells, the functions of proliferation and apoptosis was investigated. Quantitative polymerase chain reaction 
analysis and western blot were performed to detect the expression of related proteins in A549 cells. The target 
gene of rno-miR-665 was determined by luciferase assay and Western blot. Results: Propofol inhibited A549 cell 
proliferation and induced cell apoptosis significantly in vitro. Introduction of rno-miR-665 mimics apparently sup-
pressed the proliferation and induced apoptosis of A549 cells, while transfection with rno-miR-665 inhibitor in A549 
cells contributed to propofol not alter cell proliferation and apoptosis. Moreover, luciferase reporter assay identified 
the 3’-UTR of bcl-xl mRNA contained a complementary sequence for rno-miR-665. Bcl-xl was a direct target of rno-
miR-665. Conclusion: Propofol inhibits proliferation and induces apoptosis of A549 cells through, at least partly, 
regulation of rno-miR-665. Our study provided a better understanding of propofol function in NSCLC cells.
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Introduction

NSCLC, non-small-cell lung cancer accounts for 
80%-85% of lung cancer, which is the leading 
cause of cancer-related mortality in human 
worldwide [1-3]. Due to implementation of 
tobacco control and advances in multidisci-
plinary treatments, both incidence and mortal-
ity have slowly declined. However, majority of 
lung cancer patients diagnosed at advanced-
stage, in addition to high relapse rate, the 
5-year survival rate of NSCLC is only 13% [4].

Propofol, a rapid onset and comfort recovery 
intravenous anesthetic, is widely used in gen-
eral anesthesia and sedation. Propofol is also 
well-known for its anti-inflammatory, anti-oxi-
dant and induce apoptosis. These effects have 
been demonstrated in accumulating clinical 
evidences [5-7]. Moreover, the fact that propo-
fol total intravenous anesthesia for cancer sur-

gery decreases the risk of recurrence during 
the initial years of follow-up [8-10], indicates 
that propofol has the effect to inhibit cancer 
cells released into the circulation in the periop-
erative period. Propofol functions in cancer 
cells involve various mechanisms. Biki B et al 
suggested that propofol induced apparent cell 
death in the hESC-derived neurons by regula-
tion of microRNAs expression [11], and Sun et 
al presented that propofol-induced disturbanc-
es in astroglia development might be related 
with rnomiR-665 [12].

MicroRNAs (miRNAs) are endogenous, non- 
coding RNA molecules that mediate target 
sequence-specific mRNA degradation [13] or 
repression of mRNA translation [14] to regulate 
nearly every cellular process. The role for miR-
NAs in the carcinogenesis, development and 
progression of NSCLC has been well estab-
lished [15-17]. Recently, Sun et al found that 
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rno-miR-665 was significantly regulated by pro-
pofol in vitro, and we suspect that whether such 
effect found in NSCLC.

Given the above research, we hypothesized 
that regulation of the expression of rno-miR- 
665 might be involved in the mechanism of 
inducing apoptosis of propofol in NSCLC.

Materials and methods

Cell culture and reagent

Human NSCLC cell A549 was purchased from 
Shanghai Institutes for Biological Sciences and 
maintained in RPMI 1640 medium (Gibco) sup-
plemented with 10% fetal bovine serum (Sigma 
Aldrich, St. Louis) in a 5% CO2 incubator at 
37°C. A549 cells medium also involved 100 IU/
ml penicillin and 100 μg/ml streptomycin (So- 
larbio, China). Cells were harvested at 80% 
confluence.

Pure propofol (2,6-diisopropylphenol) was 
obtained from Beyotime. A stock solution (40 
mg/mL) of propofol was prepared in RPMI 
1640 medium and stored at -20°C.

Cell proliferation detection

Cell proliferation of A549 was assessed by cell 
counting kit-8 (CCK-8) assay (Beyotime) which 
is based on bioreduction of 2-(2-methoxy-4- 
nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfoph- 
enyl)-2H tetrazolium sodium (WST-8) to mea-
sure cell proliferation viability. According to the 
manufacturer’s instructions, cells were seeded 
into 96-well plates at 8,000 cells per well and 
allowed to adhere overnight. The cells were 
then co-incubated with propofol at various con-
centrations (0 μM, 1 μM, 5 μM, or 10 μM) for 48 
h before 10 μL CCK-8 assay reagent was added 
into each well. After incubation at 37°C for 2 h, 
optical density units of absorbance at 450 nm 
were measured. The samples consisted of 
wells with treated cells, the blanks consisted of 
wells without cells, and the controls consisted 
of wells with untreated cells.

Flow cytometer for apoptosis assay

A549 cell apoptosis was analyzed by the An- 
nexin V-APC Apoptosis Detection Kit (KeyGEN 
Biotech, Nanjing, China) and evaluated with a 
flow cytometry analyzer (BD Biosciences, San 

Jose, CA). Cells (106/well) were treated with 10 
μM propofol for 24 h, then washed twice with 
cold phosphate-buffered saline solution (PBS) 
to remove floating cells and harvested left cell 
for apoptosis analysis. Data were analyzed by 
BD Accuri C6 software.

Terminal deoxynucleotidyl transferase (TdT) 
dUTP nick-end labeling assay

Apoptotic cells also detected by terminal deoxy-
nucleotidyl transferase (TdT) dUTP nick-end 
labeling (TUNEL) (Roche, Shanghai, China) 
assay for that late stages of apoptosis undergo 
extensive DNA degradation [18]. Cells were 
fixed with 4% paraformaldehyde and 0.2% 
Triton X-100, and then incubated with in situ 
cell death detection kit (Roche, Shanghai, 
China) at 37°C for 1 h. After that, the samples 
were mounted in mounting media containing 
DAPI. Fluorescent images were captured and 
the total numbers of DAPI positive cells or 
TUNEL positive cells were counted from at least 
five images.

Caspase-3 activity analysis for cell apoptosis

Caspase-3 colorimetric activity assay kit (Be- 
yotime, Shanghai, China) was used for detect-
ing caspase-3 activity of A549 cells. In brief, 
cells treated by 10 μM propofol were washed 
twice with PBS and lysed with the cell lysis buf-
fer included in the kit to collect proteins. Equal 
amounts of protein were incubated with cas-
pase-3 substrate (Ac-DEVD-AMC) at 37°C for 2 
h. Caspase-3 activity was determined by mea-
suring the absorbance at 405 nm.

Plasmid transfection

A549 cells were seeded into 12-well plates  
and kept in an incubator at 37°C overnight. 
Subconfluent cells were transfected with pG- 
CMV/EGFP plasmids containing rno-miR-665 
mimic, rno-miR-665 inhibitor or empty vector 
(negative control [NC]) using Lipofectamine 
2000 (Invitrogen-Life Technologies, CA) (DNA/
Lipofectamine 2000=1/2.5), all the plasmids 
were synthesized by GenePharma (Shanghai, 
China). Cells were incubated in complete DMEM 
with blasticidin (12 µg/mL) (Sigma, Shanghai, 
China) or G418 (500 mg/ml) (Sigma, Shanghai, 
China) for 15 days. We verified clones from sta-
ble transfection expression of cell lines using 
quantitative polymerase chain reaction analy-
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sis (qPCR) and Western blot, and then kept the 
successful clones for further experiments.

Isolation of RNA and quantitative polymerase 
chain reaction analysis

Total RNA from A549 cells was extracted by 
TRIzol (Invitrogen, Shanghai, China) following 
the manufacturer’s protocols, miRNA-specific 
RT primers (RiboBio, Guangzhou, China) for 
rno-miR-665 and random primer (TaKaRa, 
Dalian, China) for bcl-xl. Reverse-transcribed 
cDNA was measured by quantitative polyme- 
rase chain reaction (qPCR) using SYBR Green 
PCR Kit (QIAGEN, Shanghai, China) under the 
following conditions: denaturation at 95°C for 5 
min, then 40 cycles of denaturation at 95°C for 
10 sec and annealing and extension at 60°C 
for 30 sec in an Applied Biosystems 7500 Fast 
Sequence Detection System. The relative 
miRNA and mRNA expression levels were nor-
malized by U6 and β-actin, respectively. Re- 
lative expression and fold differences were 
determined by comparing normalized expres-
sion levels between groups (ΔΔCT) using the 
2-ΔΔCT method.

The reverse transcription primer rno-miR-665:  
5’-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC- 
ACTGGATACGACTAAGGG-3’ The qPCR primers: 
rno-miR-665: 5’-GGTGAACCAGGAGGCTGAGG- 
3’ (forward), 5’-CAGTGCAGGGTCCGAGGTAT-3’ 
(reverse); BCLXL: 5’-ATCAGAAACGCCAGCGAA- 
GA-3’ (forward), 5’-TCAGATACCACAAAGCACCA-3’ 

(reverse); β-actin: 5’-GGAGATTACTGCCCTGGC- 
TCCTAGC-3’ (forward), 5’-GGCCGGACTCATCGT- 
ACTCCTGCTT-3’ (reverse).

Western blotting

Treated cells were washed and lysed to collect 
proteins from the supernatant fraction. Protein 
concentration was measured by bicinchoninic 
acid protein assay kit (Beyotime, Hangzhou, 
China). All proteins were separated by 10% 
sodium dodecyl sulfate-denatured polyacryl-
amide gel electrophoresis and subsequently 
transferred to nitrocellulose membrane (Bio-
Rad), After blocking with 5% nonfat dried milk 
and incubation of membranes at 4°C overnight 
with primary antibody (1:1000 dilution), the 
membranes were then reacted with horserad-
ish peroxidase-conjugated secondary antibody 
(1:2000 dilution; both, Santa Cruz Biotechno- 
logy) at room temperature for 1 h. The blots 
were then incubated with enhanced chemilumi-
nescence solution for 1 min. Final signals were 
detected by the ChemiDoc XRS + Chemilumi- 
nescence imaging system (Bio-Rad, Hercules, 
CA) and specific bands were visualized with a 
UVP Gel imaging system and analyzed by an 
Image-Pro Plus 6.0 system.

Luminescent reporter gene transfection and 
luciferase assays

The putative rno-miR-665 binding sites in the 
bcl-xl 3’ UTR was predicted by using the 

Figure 1. Propofol inhibits A549 cell proliferation. A: Different concentration of propofol (1, 5 or 10 μM) treated A549 
cells for 48 h resulted in dose- and time- dependent cell proliferation inhibition compared to the control; B: Propofol 
decreased the protein expression levels of PCNA and ki-67 in A549 cells. *P<0.05 **P<0.01 vs. control.
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TargetScan and miRanda database. For the 
luciferase activity assay, the mRNA 3’-UTR 
sequences of the bcl-xl (WT) was PCR amplified 
and inserted downstream of the Renilla lucifer-
ase gene in a Renilla/firefly luciferase reporter 
plasmid, psiCHECK-2 (GenePharma, Shanghai, 
China). The forward primer sequences for the 
mRNA 3’-UTR of bcl-xl was 5’-ATCAGAAACG- 

CCAGCGAAGA-3’ and reverse primer sequenc-
es was 5’-TCAGATACCACAAAGCACCA-3’. Bcl-xl 
mRNA 3’-UTR contained sequences with muta-
tions (MUT) in the putative binding sites of  
rno-miR-665 was chemically synthesized by 
GenePharma. A549 cells were transfected with 
WT or MUT constructed reporter plasmids and 
rno-miR-665 mimics or mimics control by using 

Figure 2. Propofol induces A549 cells apoptosis. A, B: 10 μM propofol treatment for 24 h increased both early and 
late apoptotic cell populations compared with the control; C, D: Percentage of TUNEL positive cells in A549 cells 
treated with propofol significantly increased compared with control; E: Caspase-3 activity was increased dramati-
cally after treatment by propofol; F: Protein expression levels of NF-κB, bax and bcl-2 in A549 cells were all in ac-
cordance with the above. **P<0.01 vs. control.
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Lipofectamine 2000. Incubated at 37°C for 48 
h post-transfection, both firefly and Renilla 
luciferase activities were measured by a dual 
luciferase reporter assay (Promega, Madison, 
WI) in an automatic microplate reader (Thermo 
Scientific, Waltham, MA).

Statistical analysis

Statistical analysis was conducted using SPSS 
software version 18.0 (SPSS Inc., Chicago, IL, 
USA) and GraphPad Prism 5 (La Jolla, CA) soft-
ware packages. All results are expressed as 
means ± standard deviation (SD), Each sample 
was run in triplicate. Comparisons between 
groups were analyzed by analysis of variance or 
2-tailed Student t-test. A P-value <0.05 was 
considered statistically significant.

Results

Propofol inhibits A549 cell proliferation

The effect of propofol on proliferation of A549 
cells was detected by cck8 assay. As shown in 
Figure 1A, treatment of A549 cells with propo-
fol (1, 5 or 10 μM) for 48 h resulted in dose- 
and time- dependent cell proliferation inhibi-
tion compared to the control (all panels, 
P<0.05-0.01). We also found that treatment  
of propofol decreased the protein expression 
levels of PCNA and ki-67 in A549 cells (Figure 

1B), which agreed with the results of the cck8 
assay.

Propofol induces A549 cells apoptosis

10 μM propofol treatment for 24 h increased 
both early and late apoptotic cell populations 
compared with the control (P<0.01) (Figure 2A, 
2B). Apoptosis was also measured using TUNEL 
assay, propofol could significantly increased 
percentage of TUNEL positive cells compared 
with control (P<0.01) (Figure 2C, 2D). 
Meanwhile, Caspase-3 activity was increased 
dramatically after treatment by propofol, and 
the protein expression levels of NF-κB, bax and 
bcl-2 in A549 cells were all in accordance with 
the above (P<0.01) (Figure 2E, 2F).

Propofol increases rno-miR-665 and decreas-
es bcl-xl expression in A549 cell

Rno-miR-665 was found to be expressed at 
elevated levels in A549 cells after 10 μM pro-
pofol treatment for 24 h (Figure 3A). Western 
blot analyses revealed that treatment of propo-
fol significantly decreased the expression of 
bcl-xl in A549 cells (P<0.01) (Figure 3B, 3C).

Rno-miR-665 inhibits A549 cell proliferation

As shown in Figure 4A, rno-miR-665 expres-
sion was significantly upregulated after trans-
fection with rno-miR-665 mimic in A549 cell, 

Figure 3. Propofol increases rno-miR-665 and decreases bcl-xl expression in A549 cell. A: Rno-miR-665 elevated in 
A549 cells after 10 μM propofol treatment for 24 h; B, C: Propofol significantly decreased the expression of bcl-xl in 
A549 cells. **P<0.01 vs. control.
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indicating that the mimic was efficiently trans-
fected (P<0.01). Transfection of rno-miR-665 
mimic into A549 cells led to a decrease of cell 
proliferation, and western blot examined that 
overexpression of rno-miR-665 decreased pro-
tein expression levels of PCNA and ki-67 in 
A549 cells (P<0.01) (Figure 4B, 4C).

Rno-miR-665 induces cell apoptosis and de-
creases bcl-xl expression in A549 cell

Pretreatment with rno-miR-665 mimic in A549 
cell increased both early and late apoptotic cell 
populations compared with the control (all pan-
els, P<0.01) (Figure 5A, 5B). Percentage of 
TUNEL positive cells and caspase-3 activity in 
A549 cell transfection with rno-miR-665 mimic 
also significantly increased compared with con-
trol (all panels, P<0.01) (Figure 5C-E). In addi-
tion, expression levels of NF-κB and bax were 
increased dramatically, while the protein of 
bcl-2 and bcl-xl were all decreased significantly 
in A549 cells (all panels, P<0.01) (Figure 5F, 
5G).

Rno-miR-665 inhibitor contributes to propofol 
not alter proliferation of A549 cells

As shown in Figure 6A, rno-miR-665 expres-
sion was significantly downregulated after 

transfection with rno-miR-665 inhibitor in A549 
cell, indicating that the inhibitor was efficiently 
transfected (P<0.01). Propofol (1, 5 or 10 μM) 
treatment for 48 h in A549 cell transfection 
with rno-miR-665 inhibitor did not significantly 
alter cell proliferation inhibition compared to 
the control. We also found no changes in pro-
tein expression of PCNA and ki-67 in A549 cells 
transfected with rno-miR-665 inhibitor (Figure 
6B, 6C).

Rno-miR-665 inhibitor contributes to propofol 
not induce apoptosis of A549 cells

Both early and late apoptotic cell populations in 
flow cytometry and percentage of TUNEL posi-
tive cells in TUNEL assay were not altered sig-
nificantly when 10 μM propofol treatment for 
24 h in A549 cells transfected with rno-
miR-665 inhibitor (Figure 7A-D). Meanwhile, 
Caspase-3 activity and the protein expression 
levels of NF-κB, bcl-2 and bax in A549 cells 
transfected with rno-miR-665 inhibitor were 
also not changing after treatment with propo-
fol, neither nor the expression of bcl-xl (Figure 
7E-G).

Bcl-xl is a direct target of rno-miR-665

According to prediction of TargetScan and 
miRanda database, we found that 3’-UTR of 

Figure 4. Rno-miR-665 inhibits A549 cell pro-
liferation. A: Rno-miR-665 expression was sig-
nificantly upregulated after transfection with 
rno-miR-665 mimic in A549 cell; B: Cell pro-
liferation was decreased after transfection of 
rno-miR-665 mimic into A549 cells; C: Over-
expression of rno-miR-665 decreased protein 
expression levels of PCNA and ki-67 in A549 
cells. **P<0.01 vs. control.
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bcl-xl mRNA harbored a potential target site for 
rno-miR-665 (Figure 8A). Luciferase reporter 

assay result showed that rno-miR-665 signifi-
cantly suppressed the luciferase activity of the 

Figure 5. Rno-miR-665 induces cell apoptosis and decreases bcl-xl expression in A549 cells. A, B: Pretreatment with 
rno-miR-665 mimic in A549 cells increased both early and late apoptotic cell populations; C-E: Percentage of TUNEL 
positive cells and caspase-3 activity in A549 cell transfection with rno-miR-665 mimic also significantly increased 
compared with control; F, G: Expression levels of NF-κB and bax were increased dramatically, while the protein of 
bcl-2 and bcl-xl were all decreased significantly in A549 cells. **P<0.01 vs. control.
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wild type (WT) rather than the mutant (MUT) 
3’-UTR of bcl-xl (P<0.01) (Figure 8B). In addition 
to that over-expression of rno-miR-665 signifi-
cantly decreased the expression of bcl-xl in 
A549 cells (P<0.01) (Figure 5G), our results 
suggest that bcl-xl might be a target of rno-
miR-665 in A549 cells.

Discussion

In the present study, we assessed the roles of 
propofol on human lung cancer A549 cells and 
explored its mechanisms. We found that: 1) 
exposure to propofol inhibited proliferation and 
induced significant cell apoptosis in the A549 
cells; 2) transfection with rno-miR-665 mimic  
in A549 cell inhibited cell proliferation and 
induced cell apoptosis; 3) transfection with 
rno-miR-665 inhibitor in A549 cells contributed 
to propofol not alter cell proliferation and apop-
tosis; 4) Bcl-xl was a direct target of rno-miR- 
665.

Propofol is an intravenous sedative-hypnotic 
agent administered to induce and maintain 

anesthesia. Its anticancer properties have 
been reported involve various mechanisms 
including direct and indirect suppression of the 
growth and proliferation of cancer cells by 
inducing apoptosis in some cancer cell lines 
[19-22]. Some in vitro evidence suggested that 
clinically relevant concentrations of propofol 
induced significant cell death in the hESC-
derived neurons through regulation of miRNAs 
expression [23] and decreased the invasion 
ability of some human cancer cells [24, 25]. Liu 
et al found that propofol reduces cell death and 
leakage in a dose- and time-dependent manner 
in PANC-1 cells in vitro [20], which accords with 
our reports that propofol (1-10 μM) reduced cell 
proliferation in a dose- and time-dependent 
manner.

MiRNAs are endogenous small non-coding RNA 
molecules that regulate gene expression at the 
post-transcriptional level either by the promo-
tion of mRNA degradation or by the inhibition of 
protein translation [26, 27]. For example, rno-
miR-1224 and rno-miR-665 have been predict-

Figure 6. Rno-miR-665 inhibitor contributes to propofol not alter proliferation of A549 cells. A: rno-miR-665 ex-
pression was significantly downregulated after transfection with rno-miR-665 inhibitor in A549 cell; B: Different 
concentration of propofol (1, 5 or 10 μM) treated A549 cells transfection with rno-miR-665 inhibitor for 48 h did not 
significantly alter cell proliferation inhibition compared to the control; C: No changes in protein expression of PCNA 
and ki-67 in A549 cells transfected with rno-miR-665 inhibitor.
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ed to target Sox10 and Notch1 respectively, 
which control cell developmental processes. 
Similar to rno-miR-351-5p predicted to target 
Wnt11 and Tle3, which participate in the devel-
opment and maintenance of the CNS. And com-

parable roles and Rno-miR-1224 targeted 
11cam and Sox10 [12]. However, there has 
been a dearth of studies regarding regulation 
of propofol-mediated lung cancer suppression 
by miRNAs. Recently, Sun WC and Pei L report-

Figure 7. Rno-miR-665 inhibitor contributes to propofol not induce apoptosis of A549 cells. A-D: Both early and late 
apoptotic cell populations in flow cytometry and percentage of TUNEL positive cells in TUNEL assay were not altered 
significantly when 10 μM propofol treatment for 24 h in A549 cells transfected with rno-miR-665 inhibitor. E-G: Cas-
pase-3 activity and the protein expression levels of NF-κB, bcl-2 and bax in A549 cells transfected with rno-miR-665 
inhibitor were also not changing after treatment with propofol, neither nor the expression of bcl-xl.
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ed that rno-miR-665 targeted BCL2L1 (Bcl-xl) 
and increases vulnerability to propofol in devel-
oping astrocytes [28, 29], which accords with 
our research that rno-miR-665 mimic transfect-
ed in A549 cell inhibited cell proliferation and 
induced cell apoptosis, while transfection with 
rno-miR-665 inhibitor in A549 cells contributed 
to propofol not alter cell proliferation and apop-
tosis. Moreover, Bcl-xl was the direct target of 
rno-miR-665.

Conclusion

In summary, this study suggests that propofol 
inhibits proliferation and induces apoptosis of 
A549 cells through, at least partly, regulation of 
rno-miR-665. Although the clinical significance 
of our data remains to be verified in further 
studies, including animal trials and prospective 
clinical studies, our study provided a better 
understanding of propofol function in NSCLC 
cells.
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