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Background: Lung cancer treatment remains a global challenge due to tumor cell resistance. Propofol, traditionally used as an
anesthetic, has demonstrated potential anti-tumor properties. This study seeks to elucidate howpropofol induces cell death in lung
cancer cells by upregulating Pannexin 1 (PANX1) expression, activating the mitochondrial cell death pathway, and augmenting
reactive oxygen species (ROS) production.
Methods: In this study, the A549 lung cancer cell line was employed as the experimental model. Cells underwent exposure
to varying propofol concentrations and were pre-treated with H2O2 and N-acetylcysteine (NAC) to simulate oxidative stress
and antioxidant conditions. Various techniques, including 5-Ethynyl-2′-deoxyuridine (EdU), colony formation, Transwell, 2′,7′-
Dichlorodihydrofluorescein diacetate (DCFH-DA), Terminal deoxynucleotidyl transferase dUTP Nick End Labeling (TUNEL),
and JC-1 (5,5′,6,6′-Tetrachloro-1,1′,3,3′-tetraethyl-imidacarbocyanine iodide) probes, were employed to evaluate propofol’s ef-
fects on lung cancer cell viability, growth, invasion, ROS levels, apoptosis, and mitochondrial membrane potential. Western blot
analysis was used to measure PANX1, B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X protein (Bax), caspase-3, and Cytochrome
C (Cyt C) protein levels. Additionally, PANX1’s influence on propofol-induced apoptosis was investigated through siRNA inter-
ference.
Results: The experiment unveiled propofol’s dose-dependent inhibition of A549 lung cancer cell growth, coupled with decreased
cell proliferation and invasion attributable to heightened ROS production. Notably, propofol treatment significantly elevated mi-
tochondrial membrane potential, signifying activation of the mitochondrial cell death pathway (p < 0.01). Furthermore, propo-
fol upregulated PANX1 expression (p < 0.01), thereby intensifying apoptosis signaling, whereas PANX1 inhibition ameliorated
propofol-induced apoptosis (p< 0.01). These findings underscore the pivotal role of PANX1 upregulation and ROS augmentation
in propofol-induced apoptosis in lung cancer cells.
Conclusion: This study provides evidence that propofol induces cell death in lung cancer cells by upregulating PANX1, activating
the mitochondrial apoptosis pathway, and increasing ROS production. These findings suggest that targeting PANX1 and ROS
could enhance the anti-cancer efficacy of propofol in lung cancer.
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Introduction

Lung cancer, ranking among the malignancies with
the highest mortality rate globally, continues to pose signif-
icant challenges with persistently high incidence and mor-
tality rates [1,2]. Despite notable advancements in treat-
ment modalities over recent years—including surgery, ra-
diation, chemotherapy, and targeted therapy—the five-year
survival rate for patients remains disheartening due to low
rates of early detection and limited treatment efficacy [3,4].
Consequently, the exploration of novel treatment strategies,

particularly for patients with advanced lung cancer, has
emerged as a crucial focus in current lung cancer research
[2,5–10].

The conventional treatment approaches for lung can-
cer primarily encompass surgery, chemotherapy, radiother-
apy, and targeted therapy. Surgery stands as the primary
treatment for early-stage lung cancer, particularly for tu-
mors amenable to local resection. Chemotherapy and ra-
diotherapy typically serve advanced-stage lung cancer pa-
tients or those unsuitable for surgical resection, aiming to
alleviate symptoms, extend survival, or reduce tumor bur-
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den. Targeted therapy entails treatment directed at spe-
cific molecular targets in lung cancer, such as epidermal
growth factor receptor (EGFR) mutations and anaplastic
lymphoma kinase (ALK) fusion genes. These targeted ther-
apy agents can enhance treatment outcomes for patients har-
boring these mutations.

However, these conventional treatment modalities ex-
hibit certain limitations. Surgery may not be feasible for
advanced-stage lung cancer patients, and post-surgical re-
currence rates are relatively high. The toxic side effects as-
sociated with chemotherapy and radiotherapy may dimin-
ish patients’ quality of life, and some tumors may develop
resistance to these treatments. Targeted therapy is only ap-
plicable to patients with specific genetic mutations, and re-
sistance or other escape mechanisms may arise over time.

Recent research highlighted the significance of Pan-
nexin 1 (PANX1), a protein located in cell membranes,
in regulating cell death, inflammation, and tumor growth
[11,12]. Specifically, during the apoptosis process of tumor
cells, the upregulation of PANX1 can facilitate the trans-
mission of apoptosis signals, thereby expediting the demise
of tumor cells [13–15]. The mitochondrial pathway for
cell death constitutes a pivotal process that triggers apopto-
sis by releasing Cytochrome C, activating caspase proteins,
and employing other mechanisms. Reactive oxygen species
(ROS), acting as crucial signaling molecules, play a pivotal
role in themitochondrial pathway of apoptosis [16–18]. Ex-
cessive ROS accumulation can induce oxidative stress in
the intracellular environment, thereby instigating the mito-
chondrial apoptosis pathway and culminating in cell death
[19,20].

Propofol, a widely utilized intravenous anesthetic
renowned for its rapid and short-acting effects, finds ex-
tensive application in clinical settings [21]. Recent inves-
tigations have indicated that beyond its anesthetic proper-
ties, propofol may also exert influence over the growth and
demise of cancer cells through diverse pathways [22–24].
However, the mechanism bywhich propofol induces cancer
cell death, specifically through increased PANX1 expres-
sion, activation of the mitochondrial apoptosis pathway,
and augmentation of ROS generation, remains largely un-
explored among these pathways. Further research and val-
idation are imperative to delve into the impact of propofol
on the proliferation and demise of lung cancer cells, along
with its potential clinical applications.

The aim of this research is to investigate the mech-
anisms through which propofol induces cell death in lung
cancer cells by enhancing PANX1 expression, activating
the mitochondrial cell death pathway, and increasing ROS
generation. This study will assess the impact of propofol on
lung cancer cell growth and apoptosis, as well as its role in
modulating PANX1 expression and influencing ROS levels
via the mitochondrial apoptosis pathway using in vitro cell
experiments and molecular biology techniques. The find-
ings of this research will not only offer a fresh perspective

on propofol’s anti-tumor mechanism but also provide a the-
oretical basis and experimental evidence for the utilization
of propofol in lung cancer treatment, holding significant
scientific importance and promising clinical implications.

Materials and Methods

Cell Culture and Transfection
A549 cells (CL-0016), procured from Wuhan Puno

Sai Life Technology Co., Ltd. (Wuhan, China), were re-
vived and cultured in DMEM medium supplemented with
10% fetal bovine serum (iCell-0500, iCELL, Shanghai,
China) and 1% penicillin-streptomycin (iCell-15140-122,
iCELL, Shanghai, China). The cells were maintained in
a constant temperature incubator at 37 °C with 5% CO2.
DMEMwas supplied by Gibco (MT15017CV,Wilmington,
MA, USA).

The cells were divided into Control, Propofol
(25 µmol/L) (YZ-100806, China National Institutes for
Drug Control, Beijing, China), Propofol+N-acetylcysteine
(NAC) (5 mmol) (SA5830, Solarbio, Beijing, China), and
Propofol+H2O2 (60 mmol) groups for various interven-
tion treatments. Cells were passaged and plated once they
reached 80% to 90% confluence. A549 cells in the rapid
growth phasewere treatedwith trypsin and then seeded onto
culture dishes. Cells were transfected when they reached a
confluence of 50% to 70%.

For transfection, siRNA and Lipofectamine 2000 (11-
668-019, Invitrogen, Wilmington, MA, USA) were sepa-
rately incubated with DMEM for 5 minutes. Subsequently,
the two components were combined and allowed to incu-
bate for an additional 20 minutes. The resulting mixture
was then introduced into the cell culture dishes.

Two groups were established: the Negative con-
trol group (NC group) and the silenced group (siRNA
PANX1 group), each comprising three replicates.
SiRNA PANX1 was synthesized by Beijing Hesh-
eng Biotechnology Co., Ltd. (Beijing, China). The
sequences were as follows: SiRNA-NC (sense: 5′-
UUCUCCGAACGUGUCACGUTT-3′, antisense: 5′-
ACGUGACACGUUCGGAGAATT-3′); SiRNA-PANX1
(sense: 5′-GAGAGAGUUUGAAAUUAUATT-3′, anti-
sense: 5′-UAUAAUUUCAAACUCUCUCTT-3′).

Following transfection for 4 to 6 hours, the DMEM
was replaced with 10% fetal bovine serum. Following
transfection for 48 hours, cell proteins were extracted ac-
cording to the instructions to verify the efficiency of trans-
fection. All cell lines employed in this study underwent
STR authentication and mycoplasma screening.

CCK-8 Assay
A549 cells (1 × 105 cells/well) in the rapid growth

stage were detached using trypsin and seeded into a 96-
well dish, with three duplicates for each set. The cells were
then incubated in a stable environment at 37 °C with 5%
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CO2. Subsequently, Cell Counting Kit-8 (CCK-8) (C0037)
reagent obtained from Beyotime Institute of Biotechnology
(Shanghai, China) was added to the culture, followed by a
2-hour incubation period. The absorbance of each well was
measured at 450 nm using a microplate reader (SpectraMax
iD3, Molecular Devices, San Jose, CA, USA), and the re-
sultingODvalues were analyzed to assess cell proliferation.

EdU Assay
Cells (1 × 105 cells/well) in the exponential growth

phase from all groups were seeded onto 24-well cell culture
inserts. Once the cells adhered to the surface, 300 micro-
liters of 5-Ethynyl-2′-deoxyuridine (EdU) solution (50 mi-
cromoles per liter) was added to each well and allowed to
incubate for 2 hours. The EdU-488 Cell Proliferation Assay
Kit (C0071S) by BeyoClick™was procured from Shanghai
Beyotime Biotechnology Co., Ltd. (Shanghai, China).

Following the incubation, the cells were fixed using
4% paraformaldehyde at room temperature for 30 minutes
and then treated with 0.5% Triton X-100 in PBS for 10 min-
utes. Apollo staining solution was applied, followed by in-
cubation on a shaker in darkness at room temperature for
30 minutes. Subsequently, DNA staining was performed
using 4′,6-diamidino-2-phenylindole (DAPI) staining solu-
tion. After the staining procedure, cells were observed un-
der a microscope (IX83, Olympus, Tokyo, Japan), and five
random fields of view were selected for cell counting. The
EdU-positive cell rate in each group of A549 cells was then
calculated.

Transwell Assay
Cell migration assay: add cell suspension contain-

ing appropriate culture medium to the upper chamber of
the Transwell plate, and add the same culture medium or
medium containing sufficient chemoattractants to induce
cell migration to the lower chamber. Add the cell suspen-
sion to the upper chamber of the Transwell plate. Place the
plate in a cell culture incubator for a period of time to al-
low cell migration through the pores of the plate. Remove
non-migrated cells from the upper chamber, fix and stain
migrated cells. Use a microscope (CX83, Olympus, Tokyo,
Japan) to observe and capture images of migrated cells, and
perform quantitative analysis of the images.

Cell invasion assay: coat the upper chamber of the
Transwell plate with a layer of ECM (extracellular matrix)
or matrix (such as Matrigel) to mimic cell invasion under
physiological conditions. Add the cell suspension to the up-
per chamber of the Transwell plate. Place the plate in a cell
culture incubator for a period of time to allow cell invasion
through the ECM or matrix layer. Remove non-invading
cells from the upper chamber, fix and stain the invading
cells. Use a microscope (CX83, Olympus, Tokyo, Japan)
to observe and capture images of the invading cells, and
perform quantitative analysis of the images. Quantitative

analysis of images was performed using Image J software
(version 1.48, National Institutes of Health, Rockville, MD,
USA).

Cell Colony Formation Assay
A549 cells (500 cells/well) were evenly distributed

into 6-well dishes, with each group containing three repli-
cates. Once colonies were established, the medium was as-
pirated, and the cells were treated with 4% paraformalde-
hyde, followed by incubation for 30 minutes in each well.
Subsequently, the cells were stained with 0.1% crystal vio-
let for 20 minutes and left to dry. Finally, photographs of
the stained colonies were captured using a digital camera
(D850, Nikon, Tokyo, Japan).

TUNEL Assay for Cell Apoptosis
Following the guidelines of the Terminal deoxynu-

cleotidyl transferase dUTP Nick End Labeling (TUNEL)
fluorescence kit, reagent 1 (TdT) and reagent 2 (dUTP)
were combined in a 1:9 ratio and then applied to the cellu-
lar slides. The TUNEL apoptosis detection kit from Roche,
Basel, Switzerland (batch number 11684817910), was uti-
lized. The slideswere positioned in a chamberwith high hu-
midity andmaintained at a temperature of 37 °C for 2 hours.
Subsequently, 3% bovine serum albumin (BSA) (A8010,
Solarbio, Beijing, China) was introduced for room temper-
ature blocking, with a duration of 30 minutes. The pri-
mary antibody was incubated overnight in a humid chamber
at 4 °C. Afterward, the secondary antibody was incubated
in darkness at room temperature for 50 minutes, followed
by DAPI staining in darkness at room temperature for 10
minutes. The slides underwent three rinses with PBS for
5 minutes each, then were sealed with anti-fade mounting
solution. Pictures were captured using a fluorescent micro-
scope (Eclipse Ti2, Nikon, Tokyo, Japan). Normal cell nu-
clei stained with DAPI emitted blue fluorescence under UV
excitation, while apoptotic cells appeared green.

DCFH-DA Fluorescent Probe Method for Detecting
Cellular ROS Levels

Logarithmically growing cells (1 × 105 cells/well)
were seeded into 6-well plates. Upon reaching 80%
to 90% confluence, cells were subjected to drug treat-
ment under predetermined conditions for 24 hours. Fol-
lowing the removal of the supernatant, cells were gen-
tly washed twice with PBS. Subsequently, the 2′,7′-
Dichlorodihydrofluorescein diacetate (DCFH-DA) probe
was added and allowed to incubate for 30 minutes. The
ROS detection kit (lot number 10324010104) was pro-
cured fromDingguoChangsheng Biotechnology in Beijing,
China. Images were captured using a fluorescence micro-
scope (Eclipse Ti2, Nikon, Tokyo, Japan), with the intensity
of green fluorescence serving as an indicator of ROS levels
within the cells.
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Fig. 1. Propofol inhibits the viability of lung cancer cells. (A) Propofol reduces the growth of A549 lung cancer cells in a manner that
depends on the dosage. (B) Pretreatment with H2O2 enhances the inhibitory effect of propofol on the viability of A549 lung cancer cells.
(C) Pretreatment with N-acetylcysteine (NAC) reduces the inhibitory effect of propofol on the viability of A549 lung cancer cells. N =
6. **p < 0.01, ***p < 0.001. EdU, 5-Ethynyl-2′-deoxyuridine.
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Fig. 2. Propofol inhibits the proliferation and invasion of lung cancer cells by increasing cellular oxidative stress. (A) The effect
of different treatments on the clonogenic ability of lung cancer A549 cells was assessed by colony counting. (B) The impact of different
treatments on the invasive capacity of lung cancer A549 cells evaluated by transwell assay. N = 6. *p< 0.05, **p< 0.01, ***p< 0.001.

JC-1 Fluorescent Probe Method for Detecting
Mitochondrial Membrane Potential

A549 cells (1 × 105 cells/well) were seeded into 6-
well dishes according to their respective groups and in-
cubated for 24 hours prior to the removal of the cul-
ture medium. Following this, cells were washed with
1 mL of PBS. Each well was then incubated with
1 mL of JC-1 (5,5′,6,6′-Tetrachloro-1,1′,3,3′-tetraethyl-
imidacarbocyanine iodide) staining working solution for 20
minutes. After discarding the supernatant, the cells un-
derwent two washes with JC-1 buffer solution, followed
by the addition of 2 mL of culture medium. The mito-
chondrial membrane potential JC-1 assay kit (batch num-
ber: 032421220215) was obtained from Solarbio Science &
Technology, Beijing, China. The assessment of membrane
potential was conducted by observing the ratio of red to
green fluorescence under a fluorescence microscope (IX83,
Olympus, Tokyo, Japan).

Western Blot

In each well of a 6-well plate containing cells, 200 µL
of cell lysis buffer (RIPA:PMSF = 100:1) from Solarbio
Science & Technology, Beijing, China, was added. Fol-
lowing the manufacturer’s guidelines, total protein extrac-
tion from the cells was performed, and the protein concen-
tration for each group was determined. Subsequently, 20
µg of each protein sample underwent sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-PAGE) elec-
trophoresis. The separated proteins were then transferred
from the gel onto a nitrocellulose membrane.

For membrane blocking, the membrane was incu-
bated with BSA blocking solution at room temperature
for 3 hours. After blocking, the excess blocking solu-
tion was removed with filter paper. Primary antibodies
(PANX1 (1:1000 dilution, ab124131, Abcam, Cambridge,
UK), Bcl-2-associated X protein (Bax) (1:1000 dilution,
ab32503, Abcam, Cambridge, UK), B-cell lymphoma 2
(Bcl-2) (1:1000 dilution, ab182858, Abcam, Cambridge,
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UK), Cleaved caspase-3 (1:1000 dilution, ab24042, Ab-
cam, Cambridge, UK), Cytochrome C (Cyt C) (1:1000 di-
lution, ab133504, Abcam, Cambridge, UK), Glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) (1:1000 dilu-
tion, ab9485, Abcam, Cambridge, UK)) were added with
blocking solution and left to incubate overnight at 4 °C.

Following primary antibody incubation, the mem-
brane underwent three washes with Tris-Buffered Saline
Tween (TBST) buffer, each lasting 15 minutes. Subse-
quently, the membrane was incubated with the correspond-
ing secondary antibodies (diluted 1:1000 with blocking
solution) at room temperature for 2 hours. Horseradish
peroxidase-conjugated secondary antibodies (1:1000 dilu-
tion) for mouse and rabbit detection were supplied by
Zhongshan Golden Bridge Biotechnology (Beijing, China).

After secondary antibody incubation, the membrane
was washed three times with TBST buffer for 15 min-
utes each. Following this, chemiluminescent substrate was
added, and the membrane was imaged using a chemilumi-
nescence imaging system (Tanon-5200, Tanon Science &
Technology, Shanghai) for data analysis.

Statistical Analysis
The statistical analysis was performed using the SPSS

statistical program (version 25.0, IBM, Armonk, NY,
USA). Quantitative data are presented as mean ± standard
deviation. One-way analysis of variance (ANOVA) was
employed to compare multiple groups, followed by post-
hoc tests using Tukey’s method for pairwise comparisons.
The t-test was utilized for comparisons between pairs. A p-
value less than 0.05 was considered statistically significant.

Results

Propofol Inhibits the Viability of Lung Cancer Cells
The experiment was divided into three main parts to

investigate the effects of propofol on the viability of A549
cells, along with the effects of pretreatment with H2O2

and NAC on propofol’s action. The findings regarding
propofol’s impact on the survival of A549 lung cancer cells
revealed its ability to decrease cell viability in a dose-
dependent manner. Specifically, as propofol concentration
increased (from 0 µM to 50 µM and then to 100 µM), there
was a significant decrease in the EdU positivity rate, indi-
cating reduced cell proliferation ability (p < 0.01). This
suggests propofol’s potential to effectively suppress lung
cancer cell growth (Fig. 1A).

Moreover, when A549 cells were pretreated with
H2O2 before propofol addition, the EdU positivity rate fur-
ther decreased (p < 0.01), more significantly than with
propofol alone (Fig. 1B). This indicates that H2O2 pretreat-
ment enhances propofol’s inhibitory effect on lung cancer
cell viability, possibly by elevating intracellular oxidative
stress levels, rendering cells more sensitive to propofol.

Conversely, pretreatment with NAC before propofol
addition resulted in an increased EdU positivity rate com-
pared to propofol alone, indicating a reduction in propofol’s
inhibitory effect on lung cancer cell viability (p < 0.01)
(Fig. 1C). This may be attributed to NAC’s ability to reduce
intracellular oxidative stress, thereby mitigating propofol-
induced apoptosis.

Propofol Suppresses the Growth and Spread of Lung
Cancer Cells by Enhancing Cellular Oxidation

The results of the colony formation assay revealed that
the control group (Ctrl) exhibited the highest number of
lung cancer A549 cell colonies, indicating robust prolifer-
ation ability in the absence of treatment. Upon treatment
with propofol (propofol group), the number of colonies
formed decreased (p < 0.001), suggesting propofol’s abil-
ity to inhibit lung cancer cell proliferation. Notably, the
propofol+H2O2 group displayed the lowest colony forma-
tion (p < 0.05), indicating that H2O2 enhances propofol’s
inhibitory effect. Conversely, the propofol+NAC group
showed fewer colonies compared to the control group but
more than the propofol group (p < 0.01), suggesting NAC
partially reduces propofol’s inhibitory impact (Fig. 2A).

Similarly, the results of the invasion assay mirrored
those of the colony formation assay. The number of invad-
ing cells decreased in the propofol treatment group (p <

0.001), indicating propofol’s inhibition of lung cancer cell
invasion. Furthermore, the propofol+H2O2 group exhibited
a further reduction in invading cells (p < 0.05), suggest-
ing enhanced inhibition by H2O2. Conversely, although the
number of invading cells in the propofol+NAC group was
lower than in the control group, it was higher than in the
propofol group (p < 0.01), indicating that NAC weakens
propofol’s inhibitory effect to some extent (Fig. 2B).

Propofol Treatment Increased the Levels of ROS in
A549 Cells, thereby Promoting Cell Apoptosis

ROS levels play a crucial role in apoptosis signaling,
and the detection of ROS generation within cells is com-
monly achieved through DCFH-DA incubation. This study
aimed to investigate the impact of propofol and its combi-
nation with H2O2 and NAC on ROS levels in A549 lung
cancer cells using the DCFH-DA incubation technique.

A549 cells treated solely with propofol exhibited in-
creased ROS fluorescence intensity compared to the control
group (p < 0.01), indicating propofol’s ability to elevate
ROS levels in cells. When propofol was combined with
H2O2, the ROS fluorescence intensity further increased (p
< 0.001), reaching the highest level. This suggests that
H2O2 enhances propofol-induced ROS upregulation, po-
tentially by exacerbating intracellular oxidative stress and
promoting apoptosis. In contrast, the ROS fluorescence in-
tensity decreased when propofol was combined with NAC
(p < 0.05), although it remained higher than the control
group. This indicates that NAC, as an antioxidant, partially

https://www.discovmed.com/


2237

Fig. 3. Levels of reactive oxygen species (ROS) and apoptosis in A549 cells treated with propofol, propofol+H2O2, and propo-
fol+NAC. (A) Intracellular ROS generation was analyzed by incubating A549 cells with 2′,7′-Dichlorodihydrofluorescein diacetate
(DCFH-DA). H2O2 increases the upregulation of ROS induced by propofol, while NAC decreases the upregulation of ROS induced by
propofol. (B) H2O2 increases the apoptotic capability induced by propofol, whereas NAC decreases the apoptosis induced by propofol.
N = 6. *p < 0.05, **p < 0.01, ***p < 0.001.
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Fig. 4. Mitochondrial membrane potential detected using the JC-1 (5,5′,6,6′-Tetrachloro-1,1′,3,3′-tetraethyl-imidacarbocyanine
iodide) assay kit. H2O2 increases the mitochondrial membrane potential induced by propofol, while NAC decreases the increase in
mitochondrial membrane potential induced by propofol. N = 6. *p < 0.05, **p < 0.01, ***p < 0.001.

neutralizes propofol-induced ROS increase, thus lowering
ROS levels and potentially slowing down propofol-induced
apoptosis (Fig. 3A).

Subsequently, the influence of propofol on cell death
in A549 lung cancer cells was examined through TUNEL
staining, with a focus on the role of H2O2 and NAC in this

process. The propofol-treated group exhibited a significant
increase in the number of TUNEL-positive cells compared
to the control group (p< 0.001), indicating propofol’s abil-
ity to trigger apoptosis in A549 lung cancer cells. With
the addition of hydrogen peroxide to propofol, the num-
ber of TUNEL-positive cells continued to rise (p < 0.001),
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peaking eventually. This suggests that H2O2 enhances
propofol-induced apoptosis, likely by promoting ROS pro-
duction and exacerbating cellular oxidative stress. Con-
versely, the propofol+NAC group had a lower number of
TUNEL-positive cells compared to the propofol group (p
< 0.001), albeit still higher than the control group. This
indicates that NAC, acting as an antioxidant, partially neu-
tralizes propofol-induced ROS increase, thereby mitigating
apoptosis (Fig. 3B).

Propofol Therapy Enhances Mitochondrial
Membrane Potential in Lung Carcinoma Cells

The study assessed alterations in the mitochondrial
membrane potential of A549 lung cancer cells under var-
ious treatment conditions using the JC-1 assay kit (J8030,
Solarbio, Beijing, China). The propofol-treated group ex-
hibited a higher mitochondrial membrane potential com-
pared to the control group (p< 0.01), suggesting that propo-
fol may influence mitochondrial function by activating the
mitochondrial apoptosis pathway and increasing ROS pro-
duction, ultimately leading to apoptosis in lung cancer
cells. Upon addition of H2O2 to propofol, the mitochon-
drial membrane potential further increased (p < 0.001),
reaching its peak level. This indicates that H2O2 enhances
the changes in mitochondrial function induced by propofol,
likely by further elevating ROS production, exacerbating
cellular oxidative stress, and promoting apoptosis. In com-
parison to the propofol group, the mitochondrial membrane
potential in the propofol+NAC group decreased (p < 0.05)
but remained higher than in the control group. This suggests
that NAC, functioning as an antioxidant, can partially coun-
teract the increase in ROS induced by propofol, therebymit-
igating the impact on mitochondrial function and slowing
down the apoptosis process (Fig. 4).

Propofol Induces Apoptosis by Upregulating PANX1
The impact of propofol and its combination with

hydrogen peroxide or N-acetylcysteine on the levels of
PANX1, Bax, Bcl-2, caspase-3, and Cytochrome C pro-
teins in A549 lung cancer cells was assessed via Western
blot analysis. In the propofol-treated group, there was a sig-
nificant increase in the expression level of PANX1 protein
(p < 0.01), and in the propofol+ H2O2 group (p < 0.001),
this expression level was further elevated. This suggests
that propofol can induce apoptosis by upregulating PANX1.
The addition of NAC (propofol+NAC group) normalized
PANX1 expression to levels similar to those of the control
group (p< 0.001), indicating that NAC’s antioxidant prop-
erties can mitigate propofol’s impact.

Similarly, the expression of Bax was upregulated in
the propofol-treated group (p< 0.05) and further enhanced
in the propofol+H2O2 group (p < 0.01), mirroring the
changes observed in PANX1. Conversely, the expression
of Bcl-2 exhibited an opposite trend, indicating that propo-
fol promotes apoptosis by modulating the Bax/Bcl-2 bal-

ance. NAC supplementation led to the restoration of Bax
and Bcl-2 expression levels, approaching those seen in the
control group.

Patterns of expression for Cleaved caspase-3 and Cy-
tochromeC, both indicative of apoptosis, paralleled those of
PANX1 and Bax, showing a notable increase in the propo-
fol (p < 0.05) and propofol+H2O2 groups (p < 0.05). This
suggests that propofol triggers apoptosis by activating the
apoptotic pathway. The addition of NAC counteracted this
effect, restoring protein expression levels to baseline (p <

0.01) (Fig. 5).

Inhibition of PANX1 Reduces Propofol-Induced
Apoptosis

Transfection with siRNA targeting PANX1 effectively
reduced PANX1 protein levels in the siPANX1 group (p <

0.001), as demonstrated by Western blot (Fig. 6A). Propo-
fol was observed to significantly impede the proliferation
of lung cancer cells by diminishing their proliferation ca-
pacity (p < 0.001), with siPANX1 partially attenuating this
effect (p < 0.05). This suggests that PANX1 plays a piv-
otal role in propofol-induced inhibition of cell prolifera-
tion (Fig. 6B). Fig. 6C showcased that propofol effectively
heightened apoptosis in lung cancer cells (p< 0.001), while
siPANX1 hindered this effect, thereby reinforcing the in-
volvement of PANX1 in propofol-induced apoptosis (p <

0.01). The assessment of cellular ROS fluorescence inten-
sity revealed that propofol treatment notably escalated ROS
levels within lung cancer cells (p < 0.001), whereas the in-
hibition of PANX1 (siPANX1) decreased ROS production,
underscoring the significant role of PANX1 in propofol-
induced ROS elevation (p < 0.001) (Fig. 6D).

Discussion

This research delved into the impact of propofol on
A549 lung cancer cells, specifically examining its role in
triggering cell death through the upregulation of PANX1,
activation of the mitochondrial apoptosis pathway, and ele-
vation of ROS levels. Our study findings demonstrate that
propofol effectively diminishes the survival of lung cancer
cells, heightens intracellular ROS levels, and induces apop-
tosis. These discoveries provide a novel theoretical basis
for the potential utilization of propofol in lung cancer ther-
apy.

PANX1, functioning as a protein channel across cell
membranes, plays a crucial role in various biological and
disease-related processes such as cell death, immune reac-
tions, and cancer progression [25–27]. Our study found
that propofol significantly upregulates the expression of
PANX1, aligning with previous research findings. This
suggests that propofol may induce apoptosis in lung can-
cer cells by upregulating PANX1, which could represent
a crucial mechanism. Furthermore, our research revealed
that propofol administration notably increases intracellular
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Fig. 5. Propofol induces apoptosis through the upregulation of Pannexin 1 (PANX1). (A) Levels of PANX1, B-cell lymphoma 2
(Bcl-2), Bcl-2-associated X protein (Bax), caspase-3, and Cytochrome C (Cyt C) proteins in A549 cells detected by Western blot. (B–F)
Statistical analysis of the expression levels of PANX1 (B), Bax (C), Bcl-2 (D), Cleaved caspase-3 (E), and Cyt C (F) proteins in A549
cells. N = 6. *p < 0.05, **p < 0.01, ***p < 0.001. GAPDH, Glyceraldehyde 3-phosphate dehydrogenase.
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Fig. 6. Inhibition of PANX1 reduces the apoptosis induced by propofol. (A)Western blot detection of siPANX1 transfection efficiency.
(B) Cell proliferation in different treatment groups assessed by Cell Counting Kit-8 (CCK-8) assay. (C) Apoptosis in different treatment
groups evaluated by Terminal deoxynucleotidyl transferase dUTP Nick End Labeling (TUNEL) assay. (D) ROS content in different
treatment groups detected by DCFH-DA assay. N = 6. *p < 0.05, **p < 0.01, ***p < 0.001. NC, Negative control.
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ROS levels, indicating that the elevation in ROS could be
another critical factor in propofol-induced apoptosis in lung
cancer cells [24,28]. Our study also discovered that propo-
fol has the potential to trigger apoptosis in lung cancer cells
by enhancing mitochondrial membrane potential, signify-
ing the activation of the mitochondrial apoptosis pathway,
a pivotal pathway in apoptosis [29]. Additionally, through
the examination of apoptosis-related protein expression, we
further validated that propofol activates the mitochondrial
apoptosis pathway. Interestingly, we found that pretreat-
ment with H2O2 enhances the inhibitory effect of propofol,
while pretreatment with NAC reduces it. These findings
suggest that ROS significantly influences the apoptosis trig-
gered by propofol in lung cancer cells. Moreover, when
PANX1 expression was inhibited, the apoptotic impact of
propofol was notably reduced, providing additional evi-
dence of PANX1’s significance in propofol-triggered apop-
tosis in lung cancer cells.

This research represents the initial effort to elucidate
how propofol initiates cell death in lung cancer cells by aug-
menting PANX1 expression, activating the mitochondrial
cell death pathway, and increasing ROS levels. These find-
ings advance our comprehension of propofol’s anti-tumor
properties and provide novel insights into lung cancer treat-
ment strategies. Specifically, we demonstrated the pivotal
role of PANX1 in propofol-triggered cell death in lung can-
cer cells, laying the foundation for potential anti-cancer ap-
proaches targeting PANX1. Furthermore, our study un-
derscores the significance of the mitochondrial apoptosis
pathway in propofol-induced apoptosis, offering a fresh
perspective on understanding propofol’s anti-tumor mech-
anism.

Although our study sheds light on the involvement of
PANX1 in propofol-induced apoptosis in lung cancer cells,
further research is warranted to fully elucidate the specific
mechanisms of PANX1. Given the complex nature and het-
erogeneity of lung cancer, it is imperative for future stud-
ies to explore potential variations in propofol’s effects on
different types of lung cancer cells, as well as any poten-
tial synergistic or antagonistic effects when combined with
other anti-tumor medications.

Based on existing literature and preliminary data,
we propose a hypothesis that propofol might modulate
PANX1 expression through transcriptional regulation or
post-transcriptional modifications, rather than directly im-
pacting protein translation or degradation processes. It
is plausible that propofol’s effects on transcription factors
or signaling pathways associated with PANX1 regulation,
such as hypoxia-inducible factor 1-alpha (HIF-1α), nuclear
factor-kappa B (NF-κB), or mitogen-activated protein ki-
nase (MAPK) pathways, could be involved. Further explo-
ration into these potential mechanisms is warranted.

Future investigations employing techniques such as
chromatin immunoprecipitation (ChIP) assays, luciferase
reporter assays, and RNA sequencing (RNA-seq) analy-

sis hold promise for unraveling the precise transcriptional
regulatory mechanisms responsible for propofol-induced
PANX1 upregulation. Furthermore, exploring the roles
of microRNAs or epigenetic modifications in mediating
PANX1 expression changes following propofol treatment
could offer valuable insights into this process, thereby en-
hancing our understanding of propofol’s effects on PANX1
expression.

Conclusion

This study elucidates a novel mechanism by which
propofol induces cell death in lung cancer cells, highlight-
ing the critical role of PANX1 upregulation, mitochondrial
apoptosis pathway activation, and ROS elevation. This
discovery provides both theoretical support and empiri-
cal evidence for the potential therapeutic use of propofol
in treating lung cancer. Further investigations are war-
ranted to delve into the specific mechanisms of propofol
action in various tumor types and its potential synergistic
effects when combined with other anti-cancer medications.
Such studies aim to strengthen the scientific foundation for
propofol’s clinical application in cancer therapy.
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