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	 Background:	 Propofol has antitumor effects against various cancers. However, the mechanism of action of propofol in HeLa 
human cervical cancer cells has not been elucidated.

	 Material/Methods:	 We treated HeLa human cervical cancer cells with different concentrations of propofol. Cell viability was eval-
uated with Cell Counting Kit-8 and apoptosis was analyzed by annexin V-fluorescein isothiocyanate and prop-
idium iodide staining and flow cytometry. Autophagosome formation was evaluated based on microtubule-
associated protein light chain (LC)3 conversion and light chain 3 puncta formation. Autophagosome clearance 
was assessed according to p62 protein level and autolysosome generation.

	 Results:	 We found that propofol decreased cell viability and increased autophagosome generation in HeLa cells. 
Autophagosome formation was evaluated based on LC3 conversion and LC3 puncta formation. Autophagosome 
clearance was assessed according to p62 protein level. The AMPK/mTOR signaling pathway was found to be ac-
tivated in propofol-induced autophagosome accumulation. Fluorescence analysis using LysoTracker dye revealed 
that propofol blocked autophagosome–lysosome fusion. Administration of rapamycin increased autophagosome 
clearance in propofol-treated HeLa cells. Additionally, propofol induced endoplasmic reticulum (ER) stress and 
disrupted intracellular Ca2+ balance, thereby enhancing autophagosome accumulation. Suppressing ER stress 
by treatment with tauroursodeoxycholic acid (TUDCA) enhanced these effects, suggesting that the cytotoxici-
ty of propofol is related to induction of ER stress.

	 Conclusions:	 This study is the first to provide evidence that propofol-mediated autophagy regulation is an underlying part 
of the mechanism by which propofol regulates HeLa cells progression.
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Background

Propofol (2, 6-diisopropylphenol) is widely used for the induc-
tion and maintenance of anesthesia [1]. Recent studies sug-
gest that propofol also exerts antitumor effects [2]. Propofol 
was found to suppress HeLa human cervical cancer cell inva-
sion [3]. In addition, propofol induces autophagy in some or-
gans [4], which has been shown to potentiate the antitumor 
efficacy of some drugs [5].

Autophagy is a dynamic process comprising 2 consecutive 
stages. The first step is autophagosome formation. The sec-
ond step is autophagosome clearance, which involves autol-
ysosome formation via autophagosome–lysosome fusion [6,7]. 
Inhibiting autophagic flux can sensitize cells to stimulus-in-
duced damage and cell death [7–10]. Mammalian target of ra-
pamycin (mTOR) is described as a key homeostatic regulator 
of cell growth, proliferation, and survival as well as metabo-
lism by upregulating protein synthesis and inhibiting exces-
sive autophagy. Inhibition of mTOR leads to induction of au-
tophagy. Adenine nucleotide (AMP)-activated protein kinase 
(AMPK) activity is generally antagonistic toward mTOR func-
tion. Recent evidence suggests that endoplasmic reticulum (ER) 
stress is a potent inducer of autophagy [11]. The ER is an or-
ganelle that regulates protein secretion and maintains intra-
cellular Ca2+ concentration [12,13]. Indeed, ER stress results in 
the perturbation of cellular Ca2+ homeostasis and cell death. 
Propofol significantly increases peak and integrated Ca2+ re-
sponses [14]; however, it is unclear whether its anticancer ef-
fects involve modulation of ER stress and Ca2+ homeostasis.

We addressed these questions in the present study by treat-
ing HeLa cells with propofol and evaluating the effects on cell 
proliferation and autophagy as well as the underlying mecha-
nisms. Our results demonstrate that impairment of autopha-
gic flux is an underlying part of the mechanism by which pro-
pofol regulates cancer progression.

Material and Methods

Cell culture, drug treatment, and reagents

HeLa cells were obtained from the Institute of Science Center. 
Cells were grown in Dulbecco’s modified Eagle’s medium 
(DMEM) supplemented with 10% fetal bovine serum (FBS) 
and penicillin-streptomycin (all from Biological Industries, 
Cromwell, CT, USA) at 37°C in a humidified incubator with 5% 
CO2. Polyclonal antibody against LC3‑I/II (Sigma-Aldrich, St. 
Louis, MO, USA) and monoclonal antibodies against C/EBP-
homologous protein (CHOP), LC3, p62, lysosomal-associated 
membrane protein -1 (LAMP-1) AMPK, phosphorylated (p-) 
AMPK, mTOR, p-mTOR, binding immunoglobulin protein (Bip), 

glyceraldehyde 3-phosphate dehydrogenase (GAPDH), inosi-
tol-requiring protein-1a (IRE-1a), and p-IRE-1a (all from Cell 
Signaling Technology, Danvers, MA, USA) were used at 1: 1000 
dilution. Goat anti-mouse and -rabbit IgG secondary antibodies 
were purchased from Li-Cor (NE, USA). Magic Red Cathepsin B 
Assay kit was purchased from ImmunoChemistry (Bloomington, 
MN, USA). All the experiments were performed with 400 μM 
propofol treatment for 3 h unless stated otherwise. Propofol 
(Sigma-Aldrich; D126608) was prepared in dimethylsulfoxide 
and diluted in DMEM. Rapamycin and chloroquine (CQ) were 
purchased from Selleck Chemicals (Houston, TX, USA). In some 
experiments, cells were co-treated with 1 mM TUDCA (Aladdin, 
Shanghai, China; S101371) or 10 μM CQ. In others, cells were 
pre-treated with 10 mM rapamycin for 30 min.

Cell viability

Cell suspensions (7000 cells/100 µl) were seeded in a 96-well 
plate, then exposed to propofol for 3 h or 24 h. The cells were 
washed with DMEM and then incubated with 10 µl of CCK-
8 solution for 1–2 h, after which the absorbance was mea-
sured at 450 nm.

Apoptosis

Apoptotic cells were quantified with an annexin V and PI 
(propidium iodide) detection kit and by flow cytometry anal-
ysis. Briefly, cells were treated with 400 or 800 µM propofol 
for 3 h, washed twice with PBS, resuspended in 1 ml of bind-
ing buffer, stained for 15 min at room temperature with an-
nexin V and PI, and sorted on a FACS Calibur instrument with 
CellQuest software.

Western blot analysis

Samples (50 μg) were separated for 3 h at 80 V by sodium 
dodecyl sulfate polyacrylamide gel electrophoresis on 8–15% 
gels and transferred for 2 h at 100 V to a polyvinylidene diflu-
oride membrane that was then blocked in 4% skim milk for 
1 h and probed overnight at 4°C with primary antibodies. After 
three 5-min washes, the membrane was incubated for 2 h at 
room temperature with secondary antibodies. Protein bands 
were visualized with an Odyssey Image Analyzer 3.0 (Li-Cor).

Examination of GFP-LC3 punctae

GFP-LC3 punctae were observed on an Operetta high-through-
put optical imager (Perkin-Elmer, Waltham, MA, USA) and an-
alyzed with the integrated Columbus image data storage and 
analysis system (Perkin-Elmer). The number of LC3 punctae 
was counted in more than 60 randomly selected cells from 1 
batch of 4–5 independent experiments [6,7].
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Evaluation of lysosomal pH

Lysosomal pH was evaluated using the LysoSensor Yellow/Blue 
DND-160 reagent, which shows a pH-dependent increase in 
fluorescence intensity upon acidification [6,7,15]. Cells were 
stimulated with propofol (400 μM) or CQ (10 μM) for 3 h, then 
incubated with 5 μM LysoSensor reagent for 1 h. Fluorescence 
intensity was examined with the Operetta high-throughput op-
tical imager and analyzed with the integrated Columbus im-
age data storage and analysis system.

Examination of autophagosome–lysosome fusion

The cells were incubated with LysoTracker Red DND-99 (75 nM), 
which is an acidic pH marker for lysosomes, for 30 min to visu-
alize lysosomes [16–18]. The co-localization of GFP-LC3 punc-
tae and LysoTracker was examined with the Operetta high-
throughput optical imager and analyzed with the integrated 
Columbus image data storage and analysis system. The rate 
of autophagosome–lysosome fusion was calculated as the 
percentage of autolysosomes relative to autophagosomes.

Cathepsin B activity assay

Cathepsin B activity was measured using a Magic Red Cathepsin 
B assay kit (Bio-Rad) according to the manufacturer’s instruc-
tions. Images were captured with the integrated Columbus im-
age data storage and analysis system.

Rhod-2AM staining

Cells were incubated at 37°C for 3 h with or without 400 μM 
propofol, TUDCA, or both. Cells were simultaneously stained 
with 3 μM Rhod-2AM ester (Biotium, Fremont, CA, USA, 50023) 
to follow changes in fluorescence intensity of Ca2+. Finally, cells 
were imaged at 1 h, 2 h, and 3 h on an Operetta high-through-
put optical imager and analyzed with the integrated Columbus 
image data storage and analysis system.

Statistical analysis

There was no priori power analysis conducted prior to the study. 
The sample size was in accordance with previous similar stud-
ies [19,20]. There were no missing data in this study. Data are 
presented as the mean ±SD. Groups were compared with the 
two-tailed unpaired t test or by one-way analysis of variance 
followed by Tukey’s post hoc test, as appropriate, using SPSS 
v. 16.0 software (SPSS Inc., Chicago, IL, USA). Statistical signif-
icance was set at p<0.05.

Results

Propofol inhibits HeLa cell growth

HeLa cells were treated with different concentrations of propo-
fol. Cell viability and apoptosis were examined. Treatment with 
propofol at concentrations of 0, 50, 100, and 200 μM had no 
effect on cell survival (Figure 1A). However, exposure to 400, 
800, and 1600 μM propofol for 24 h significantly reduced cell 
viability in a concentration-dependent manner (Figure 1B). 
Propofol treatment for 3 h had no effect on the viability of 
HeLa cells (Figure 1C). However, exposure to 800 μM propofol 
for 24 h increased cell apoptosis (Figure 1D). Our results indi-
cated that 400 μM propofol decreased cell viability, but did not 
induce apoptosis, in HeLa cells. Our research focused on wheth-
er propofol induces autophagy and on the effect of autopha-
gy in the antitumor effect of propofol. This concentration was 
used in all subsequent experiments unless stated otherwise.

Propofol interferes with autophagosome–lysosome fusion

We examined the formation of green fluorescent protein (GFP)-
LC3 puncta as a marker of autophagosomes [7]. The number of 
GFP-LC3 puncta was higher in cells exposed to propofol than 
in untreated control cells (Figure 2A). We next examined LC3 
conversion, which is also a marker of autophagosome forma-
tion, by Western blot analysis [6,7,21]. The LC3-II/GAPDH ratio 
was increased in a concentration-dependent manner in propo-
fol-treated cells relative to controls (Figure 2B). p62 is a marker 
of autophagosome degradation. Figure 2B shows that propo-
fol treatment significantly increased the p62 protein level com-
pared with that in the untreated controls. To clarify this point, a 
flux experiment was performed using CQ, a weakly basic amine 
that inhibits the late stage of autophagy by increasing lysosom-
al pH and inhibiting lysosomal enzymes post-sequestration to 
prevent autophagosome degradation. LC3-II levels induced by 
propofol in association with CQ were significantly higher than 
those observed with propofol or CQ alone (Figure 2C). The pos-
sibility that autophagosome accumulation might occur in the 
present experimental setting cannot be disregarded.

The propofol-induced accumulation of autophagosomes could 
be due to either an increase in autophagosome generation 
caused by activation of early autophagy or blockade of au-
tolysosome clearance caused by inhibition of late autophagy. 
We next investigated whether propofol impaired autophago-
some clearance. HeLa cells treated with CQ served as a pos-
itive control for lysosomal pH neutralization. Fluorescence 
was unchanged in the presence of 400 μM propofol but was 
diminished by CQ relative to that in untreated control cells 
(Figure 2D). Cathepsin B is a proteinase contained in lyso-
somes. Cathepsin B activity was 40.4% higher in cells treated 
with propofol than in the control groups (Figure 2E). Lysosomal 
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abundance is important for autophagosome clearance and was 
evaluated by examining the fluorescence of LysoTracker and 
the levels of LAMP-1 [17]. The intensity of red fluorescence 
of LysoTracker was 28.9% higher in propofol-treated as com-
pared to untreated control cells (Figure 2F) indicating that lyso-
somal abundance and activity were not diminished by propo-
fol treatment. Consistent with this observation, LAMP-1 levels 
were upregulated following exposure to propofol (Figure 2G). 
Thus, propofol-induced impairment of autophagosome clear-
ance is unlikely to be caused by dysregulation of lysosomal 
abundance and activity. Then, we examined autolysosome for-
mation. Autophagosomes were visualized as GFP-LC3 puncta 
(green fluorescence), whereas lysosomes were labeled with 
LysoTracker [18,22]. A yellow (green + red) fluorescence signal 
indicates normal autolysosome formation. Such signals were 
observed in the control group, whereas the colocalization rate 
of green and red fluorescence in cells treated with propofol 
was reduced by 54.0% (Figure 2H). These results demonstrate 
that propofol inhibits autolysosome formation by interfering 
with autophagosome–lysosome fusion. To determine wheth-
er autophagosome accumulation is involved in the antitumor 
effects of propofol in HeLa cells, we also observed that cell vi-
ability was decreased in the presence of CQ (Figure 2I). CQ 
potentiates the inhibitory effect of propofol on cell viability.

Propofol activates AMPK/mTOR signaling

Recently, several studies have suggested that the activation 
of AMPK promotes autophagosome formation in various cells; 
thus, we investigated whether propofol stimulates autophago-
some generation by examining the activation of AMPK, which 
is known to stimulate this process [21,23]. mTOR prevents ex-
cessive autophagy [24] and is frequently dysregulated in hu-
man cancers [25]. Propofol treatment decreased mTOR phos-
phorylation in a concentration-dependent manner relative to 
control cells, whereas the opposite trend was observed for 
AMPK phosphorylation (Figure 3A). Pre-administration of ra-
pamycin decreased cell viability (Figure 3C) and increased the 
LC3-II/GAPDH ratio as compared to cells treated with propo-
fol alone (Figure 3B), whereas the p62 protein level was de-
creased. Similar trends were observed in cells treated with 
rapamycin alone. The colocalization rate of GFP-LC3 punc-
tae and LysoTracker signal was also increased in the propofol 
group co-treated with rapamycin, as compared to the propo-
fol-only group (Figure 3D). Therefore, propofol appears to be 
both an mTOR inhibitor and an AMPK activator. Propofol in-
duces autophagy at least partly through the AMPK-mTOR sig-
naling pathway.
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Figure 1. �Propofol inhibits HeLa cell growth. Propofol inhibits HeLa cell growth. (A, B) HeLa cells were incubated with 0, 50, 100, 
200, 400, 800, or 1600 μM propofol for 3 h (A) or 24 h (B), and cell viability was determined with the CCK-8 assay. (C, D) 
Apoptosis was detected by annexin V/PI staining and flow cytometry. Data are expressed as the mean ±S.D, n=3, * P<0.05, 
** P<0.01 versus the control group. n=3 per group.
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ER stress plays a key role in propofol-induced 
autophagosome accumulation

To determine whether ER stress is involved in the effects of 
propofol on autophagy, HeLa cells were exposed to TUDCA, 
an inhibitor of ER stress. Treatment with TUDCA in the pres-
ence or absence of propofol suppressed the expression of ER 
stress and autophagy markers, as determined by Western blot 
analysis (Figure 4A). In particular, LC3-II, p62, Bip, and CHOP 
were upregulated and the ratio of p-IRE-1a to IRE-1a was in-
creased upon exposure to propofol, and this effect was abro-
gated in the presence of TUDCA. Treatment with TUDCA with 
or without propofol decreased the number of LC3-positive 
puncta in GFP-LC3-expressing HeLa cells (Figure 4B) with a 
corresponding increase in cell viability (Figure 4C). Thus, pro-
pofol treatment increases autophagosome accumulation and 

exerts cytotoxic effects by stimulating the ER stress response 
in HeLa cells.

To determine whether ER stress is associated with Ca2+ ho-
meostasis, we compared Ca2+ fluorescence between propofol-
treated cells with or without TUDCA co-treatment. To quanti-
fy changes in cellular Ca2+, cells were stained with Rhod-2AM, 
an indicator of intracellular Ca2+. Fluorescence intensity was 
increased in cells treated with propofol (Figure 4D), and this 
effect was abolished in the presence of TUDCA. The fluores-
cence intensity increased more in the cells treated with pro-
pofol than in the control group at 1 h. The fluorescence inten-
sity was higher in control cells and cells treated with propofol, 
with the propofol-treated cells showing a further increase at 
2 h. Ca2+ homeostasis was disrupted by propofol, whereas the 
fluorescence intensity was lower in cells exposed to TUDCA 
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Figure 2. �Propofol interferes with autophagosome–lysosome fusion. (A) HeLa cells stably expressing GFP-LC3 were exposed to propofol 
([Pro] 400 μM) for 3 h. Untreated cells served as controls (Con). LC3 punctae were quantified. Representative images from 
4 or 5 independent experiments are shown (scale bar=50 μm). (B) LC3 conversion and p62 levels in HeLa cells, as detected 
by western blot analysis. (C) HeLa cells were treated with propofol ([Pro] 400 μM) for 3 h, and untreated cells served as 
controls (Con). LC3 and p62 levels in propofol-treated HeLa cells with or without CQ (10 μM) treatment for 3 h. Propofol 
interferes with autophagosome–lysosome fusion. (D) To detect changes in lysosomal pH, cells were stained with LysoSensor 
and fluorescence was evaluated (scale bar=50 μm). Representative images from 3 independent experiments are shown. 
(E) Cathepsin B activity was evaluated with the Magic Red Cathepsin B Assay kit. Fluorescence images were acquired 
(scale bar=50 μm) and fluorescence intensity was quantified. (F) To detect autophagosome–lysosome fusion, cells were 
stained with LysoTracker. Fluorescence images were acquired (scale bar=50 μm) and fluorescence intensity was quantified. 
(G) Lysosomal-associated membrane protein 1 (LAMP-1) levels were evaluated by Western blot analysis, with GAPDH serving 
as a loading control. (H) HeLa cells stably expressing GFP-LC3 were stimulated with propofol ([Pro] 400 μM) for 3h; untreated 
cells served as the control (Con). Cells were stained with LysoTracker, and fluorescence was visualized (scale bar=20 
μm). Higher-magnification views of the boxed areas are shown in the panels to the right. Representative images from 3 
independent experiments are shown. (I) HeLa cells were co-incubated with 400 μM propofol with or without CQ (10 μM) for 
3 h, and cell viability was evaluated with CCK-8. Data are expressed as the mean ±S.D, n=3, * p<0.05, compared with the 
control group; ** p<0.01, compared with the control group; # p<0.05, compared with the propofol group; ## p<0.01, compared 
with the propofol group.
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were acquired (scale bar=20 μm). Higher-magnification images of the boxed areas are shown in the panels to the right. 
Representative images from 3 independent experiments are shown. Data are expressed as the mean ±S.D, n=3, * p<0.05, 
compared with the control group; ** p<0.01, compared with the control group; # p<0.05, compared with the propofol group; 
## p<0.01, compared with the propofol group.
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Figure 4. �ER stress is involved in propofol-induced autophagy. (A) ER stress following propofol treatment was evaluated based on 
determination of Bip, IRE-1a, phosphorylated (p)-IRE-1a, and CHOP levels using Western blot analysis. LC3 conversion and 
p62 levels in HeLa cells, as determined by Western blot analysis. (B) HeLa cells stably expressing GFP-LC3 were exposed to 
propofol ([Pro] 400 μM) for 3 h with or without TUDCA (1 mM); untreated cells served as the control (Con). The fluorescence 
of LC3 punctae was visualized. Treatment with TUDCA in the presence or absence of propofol decreased the number of LC3-
positive punctae. Representative images from 4–5 independent experiments are shown. Scale bar=20 μm. (C) HeLa cells 
were co-incubated with 400 μM propofol with or without 1 mM TUDCA for 3 h, and cell viability was determined with CCK-8. 
(D) HeLa cells were treated with 400 μM propofol, TUDCA, or both and intracellular Ca2+ was detected using Rhod-2 AM (red 
fluorescence) for 1 h, 2 h, and 3 h (scale bar=20 μm). Data are expressed as the mean ±S.D, n=3, ** p<0.01 (comparison with 
control), # p<0.01 (comparison with propofol treatment), ## p<0.01 (comparison between propofol treatment times: 1 h, 2 h, 
and 3 h).
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than in cells treated with propofol and TUDCA. These results 
suggest that propofol perturbs Ca2+ homeostasis, thereby in-
ducing ER stress.

Discussion

This study examined the effects of propofol on HeLa human 
cervical cancer cells. The major findings of this study were 
that propofol exerts antitumor effects by impairing autopha-
gic flux, which involves induction of ER stress and regulation 
of AMPK/mTOR signaling. Propofol has recently been shown 
to reduce tumor size and weight [26,27]. This was confirmed 
in our study by the observation that HeLa cell viability was re-
duced by propofol treatment.

Propofol significantly increased the number of GFP-LC3 fluo-
rescent dots dramatically. Additionally, propofol increased the 
concentration-dependent conversion of LC3 detected by im-
munoblotting. p62 binds to LC3 and is selectively degraded 
through autophagy and is a marker of autophagosome clear-
ance that accumulates when this process is perturbed [7]. We 
observed an increase in p62 level in HeLa cells following pro-
pofol stimulation. Propofol had a weak effect on lysosomal pH, 
whereas cathepsin B activity and lysosomal abundance were 
increased. This could be due to the reduced consumption of ly-
sosomes that failed to fuse with autophagosomes. Our results 
suggest that the observed increase in the levels of autopha-
gic markers resulted from suppression of late autophagy, sim-
ilar to the effects observed with treatment with CQ. Currently, 
autophagy inhibitors can be divided into 2 categories: early-
stage autophagy inhibitors [28] that mainly block the forma-
tion of autophagosomes, and late-stage autophagy inhibitors 
that exert suppressive effects downstream of autophagosome 
formation, including inhibition of autophagosome and lyso-
some fusion or blocking degradation of autolysosomes [29]. 
Autophagy is another cell death program associated with 
cancer cell death [30] that serves as a self-protection mecha-
nism for survival under extreme conditions. Additionally, the 
process of tumor cell metastasis may particularly rely on au-
tophagy. Thus, the roles of autophagy in sustaining or killing 
cancer cells are complicated. Recently, many autophagy inhib-
itors have been identified and used in cancer treatment [31]. 
Inhibition of the autophagic pathway is regarded as a prom-
ising new strategy for cancer treatment. Additional research 
is needed to explore this issue and to clarify whether propo-
fol suppresses tumor cells by impairing autophagic in future 
experiments using different cell types.

Previous studies have suggested that AMPK is a potential 
target that regulates various signaling pathways [32]. In ad-
dition, AMPK activators can suppress several types of tu-
mors [33]. mTOR is known to play a central role in antitumor 

activity among the signaling pathways regulated by AMPK [34]. 
However, the role of mTOR in cancer is complex [35]. mTOR 
signaling is an important pathway for cell growth and prolif-
eration [36], whereas other research has indicated that mTOR 
activation inhibits cancer cell proliferation [37]. The positive or 
negative role of mTOR in tumor growth depends on the com-
plicated environment. Our study indicates that activation of 
the mTOR signaling pathway contributed to propofol-induced 
HeLa cell death. Propofol appears to be both an mTOR inhib-
itor and an AMPK activator. Further studies are underway to 
investigate the potential use of the AMPK/mTOR pathway as 
a specific target for therapy in cervical cancer and the sensi-
tivity of mTOR inhibitors to cervical cancer in vivo.

Autophagy contributes to apoptosis in several different ways, 
including enabling membrane blebbing and phosphatidylserine 
exposure by maintaining ATP levels [38]. Young et al. found that 
autophagosome formation is involved in the process of apop-
tosis. Several studies have shown that the activation of AMPK 
and inhibition of mTOR in addition to autophagy is closely re-
lated to apoptosis [39–41]. Nonetheless, the antitumor mech-
anisms of propofol are complicated. The relationship between 
propofol-induced autophagy and apoptosis and the underly-
ing mechanisms deserve further investigation. Similarly, sever-
al earlier studies demonstrated that the use of autophagy in-
hibitors targeted against autophagy-associated genes induced 
apoptosis in various cancer cells [42–45]. These findings raise 
the possibility of the existence of a potential crosstalk network 
between autophagy, apoptosis, and feedback, and suggest an 
attractive strategy for anticancer therapy.

ER stress has been suggested to be a major pathophysiological 
mechanism in various chronic diseases, including heart disease 
and cancer [46]. Previous studies have indicated that altera-
tion of the levels of the ER molecular chaperone Bip can in-
hibit tumor growth in vivo [47]. Consistent with this, we found 
that induction of ER stress resulted in activation of the un-
folded protein response (UPR) in HeLa cells treated with pro-
pofol, which enhanced cell death by inducing autophagosome 
accumulation in HeLa cells. An imbalance of Ca2+ concentra-
tions between the cytosol and organelles can disrupt autoph-
agy and other Ca2+-dependent cellular processes. Ca2+ is also 
a second messenger in the ER stress response [22], which is 
linked to dysregulation of Ca2+ transport and induction of cell 
death [48]. When cells experience stimuli such as starvation 
and disruption of homeostasis, ER stress is activated and Ca2+ 
is transferred from the endoplasmic reticulum to the mitochon-
dria or cytoplasm, subsequently evoking a cytoplasmic Ca2+ in-
crease. We also observed that intracellular Ca2+ fluorescence 
was increased in propofol-treated HeLa cells, and this effect 
was abrogated by TUDCA. Our results suggest that propofol 
perturbs Ca2+ homeostasis not only by causing ER stress but 
also by enhancing ER stress. Thus, propofol and TUDCA have 
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opposite effects on the UPR and Ca2+ levels in HeLa cells, al-
though the molecular basis of the relationship between these 
parameters is unclear and warrants further examination. These 
events are clearly related to autophagy upregulation, but for 
as yet unknown reasons. Whether propofol-induced autoph-
agy requires Ca2+ should be tested in future experiments us-
ing different cell types under various stresses.

Conclusions

In conclusion, this study demonstrates for the first time that 
propofol exerts antitumor effects in HeLa cells by promoting 
autophagosome accumulation via inhibition of autophagy flux.
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