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Abstract. Propofol (2,6‑diisopropylphenol) exerts protec-
tive effects on alveolar epithelial type II (ATII) cells, partly 
through attenuating hypoxia‑induced apoptosis. Autophagy 
is involved in the activation of apoptosis. Therefore, the 
present study investigated the modulating effect of propofol 
against autophagy in ATII cells under hypoxia. Western blot 
analysis was performed to detect the protein expression of 
the autophagy molecular marker, microtubule‑associated 
protein 1 light chain 3 (LC3)‑II, under various condi-
tions. The effects of propofol on the accumulation of other 
autophagy‑associated proteins and apoptosis‑associated 
proteins were also determined using western blot analysis. The 
interactions between proteins were determined by co‑immu-
noprecipitation. Apoptosis of the ATII cells was monitored 
using FITC‑conjugated AV/PI staining. Furthermore, 
hypoxia‑inducible factor 1α (HIF 1α) small interfering (si) 
RNA was designed to construct si‑HIF 1α ATII cells. The 
efficiency of interference was measured using reverse tran-
scription‑quantitative polymerase chain reaction and western 
blot analyses. Following pre‑treatment with propofol, the 
hypoxia‑induced accumulation of LC3‑II, HIF 1α and B‑cell 
lymphoma‑2 interacting protein 3 (Bnip3) were markedly 
decreased, accompanied with the activation of mammalian 
target of rapamycin. In addition, cleaved‑poly ADP‑ribose 
polymerase was suppressed, and hypoxia‑induced autophagic 
cell death was inhibited by propofol pre‑treatment. HIF 1α 
was inhibited by si‑HIF 1α, which simultaneously suppressed 
Bnip3 and LC3‑II under hypoxia. Taken together, propofol 
reduced hypoxia‑induced autophagic cell death through 
reducing the expression of HIF 1α in ATII cells, indicating 

a novel strategy for modulating autophagy via propofol in 
hypoxic ATII cells.

Introduction

Hypoxic‑ischemic pulmonary injury is a common type of 
pathological damage, and investigations of anesthetics for 
lung protection have predominantly focused on the periopera-
tive stage. Propofol (2,6‑diisopropylphenol) is an intravenous 
anesthetic, which is used widely in general anesthesia and 
for sedation in intensive care units (1). Several studies have 
focused on the protective effect of propofol on organs 
in vivo (2‑4). Propofol prevents lung injury by inhibiting the 
expression of CD14 and Toll‑like receptor 4, and activation of 
the nuclear factor erythroid 2‑related factor 2 pathway (3,5). It 
exerts anti‑inflammatory effects by inhibiting the phosphory-
lation of p38 mitogen‑activated protein kinase, stress activated 
protein kinase/c‑Jun N‑terminal kinase, activating transcrip-
tion factor 2 and c‑jun (6), and can exert anti‑apoptotic effects 
by decreasing the accumulation of hypoxia‑inducible factor 
1α (HIF 1α), B cell lymphoma‑2 (Bcl‑2) interacting protein 3 
(Bnip3) and cytokines in alveolar epithelial cells (7). Propofol 
has also been reported to exert an antioxidative effect via 
its inhibition of inducible nitric oxide synthase in lung L2 
cells (8). However, these studies did not distinguish alveolar 
type I (ATI) from alveolar type II (ATII), particularly in 
terms of physiological function. ATII cells can synthesize 
and secrete alveolar surface‑active substance, transport water 
and electrolytes across the membrane, and are involved in 
oxidative metabolism  (9,10). When ATI cells are injured, 
ATII can proliferate and transform into ATI cells (11). The 
results of a previous study demonstrated that ATII cells were 
crucial in the maintenance of physiologic function and the 
repair of impaired lung tissue (12). Considering the significant 
differences in physiologic function between ATI and ATII 
cells, it is important to perform specific respective investiga-
tions. Our previous study showed that propofol alleviated 
hypoxia‑induced apoptosis and increased the viability of ATII 
cells (13). Thus, further protective effects of propofol against 
pathological stimuli in ATII cells require further investigation.

Autophagy, also termed type II programmed cell death, 
often coexists with apoptosis and necrosis during hypoxia and 
ischemia. Under normal conditions, a degree of autophagy 
contributes to the maintenance of cell homeostasis through 
the removal of denatured proteins and aging organelles, 
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and through the provision of substrate and raw materials 
for different types of biochemical reactions in cells  (14). 
In the case of adverse pathological stimuli, including 
hypoxia, autophagic activity increases rapidly to adapt to 
the changes (15). However, the over‑activation of autophagy 
leads to autophagic cell death. The involvement of autophagy 
in apoptosis remains controversial (16). It has been reported 
that apoptosis can be inhibited by the autophagy signaling 
pathway in lung epithelial cells (7,17). By contrast, autophagy 
may activate apoptosis indirectly due to the inducible effects 
on apoptotic signal activation by the nonselective degradation 
of autophagy (18). Taken together, how to modulate autophagy 
and subsequently exert promoting effects on cell survival 
requires elucidation.

It has been demonstrated that autophagy is involved 
in programmed cell death by regulating the p53‑mediated 
pathway; propofol attenuates cell death through autophagic 
mechanisms in the rat hippocampus  (19). The expression 
levels of proteins associated with autophagy were found to be 
induced by propofol treatment in a cellular hypoxia reoxygen-
ation model of human umbilical vein endothelial cells, which 
revealed the effect of propofol on the autophagy signaling 
network  (20). In addition, our previous study reported the 
survival‑promoting effects of propofol via the inhibition of 
ATII cell apoptosis (13). At present, the primary mechanism 
underlying the effect of propofol on ATII cell autophagy 
remains to be elucidated. The aim of the present study was 
to investigate the protective effect of propofol on ATII  
cell autophagy under hypoxia, and examine the underlying 
mechanisms.

Materials and methods

Animals. A total of 3 male Sprague‑Dawley rats (weight, 
150‑200 g; age, 3‑4 months) were purchased from the Animal 
Experimental Centre of the Chinese Academy of Sciences 
(Shanghai, China). They were housed in a cage with an 
atmosphere of 50% humidity and a 12-h light/dark cycle at 
room temperature with an adequate supply of food and water. 
The present study was approved by the Ethics Committee 
of Changzheng Hospital, The Second Military Medical 
University (Shanghai, China).

Reagents. Propofol, DNase, trypsin, heparin sodium, the 
SDS Gel Preparation kit and N‑acetyl‑L‑cysteine were all 
purchased from Sigma‑Aldrich; Merck Millipore (Darmstadt, 
Germany). Pentobarbital sodium was from Merck Millipore; 
DMEM and fetal bovine serum (FBS) were purchased from 
Gibco; Thermo Fisher Scientific, Inc. (Waltham, MA, USA). 
Rabbit primary microtubule‑associated protein 1 light chain 
3 (LC3) polyclonal antibody (cat. no. ab48394), rabbit primary 
BNIP3 polyclonal antibody (cat. no. ab38621), rabbit primary 
GABARAP polyclonal antibody (cat. no. ab1398) and mouse 
primary GAPDH monoclonal antibody (cat. no. ab8245) were  
all purchased from Abcam (Cambridge, MA, USA). Horseradish 
peroxidase (HRP)‑conjugated anti‑rat immunoglobulin G 
(IgG; cat. no. sc‑2450) was obtained from MR Biotech (Santa 
Cruz, CA, USA). Protein A/G Agarose and RIPA lysis buffer 
were from Beyotime Institute of Biotechnology (Haimen, 
China). The electrophoresis apparatus used in western blot 

analysis was from Invitrogen; Thermo Fisher Scientific, Inc. 
3‑MA was purchased from Sigma‑Aldrich; Merck Millipore 
and rapamycin was purchased from Sangon Biotech Co., Ltd. 
(Shanghai, China).

Isolation and culture of primary ATII cells. The ATII cells 
were isolated from the rats as described in a previous study (21) 
with modifications. Briefly, heparin sodium (400 IU/kg) and 
pentobarbital (60 mg/kg) were used for rat anesthesia. Under 
sterile conditions, open pleuroperitoneal cavity surgery of 
the rats was performed, and the lungs were then flushed with 
saline and ventilated until they become pale. Bronchoalveolar 
lavage was performed to perfuse the lungs. Following removal 
from the body and incubated with trypsin for 30  sec, the 
perfused lungs were incubated with 10 ml of trypsin at 37˚C 
for 5 min, followed by the addition of 5 ml trypsin every 5 min 
three times. Subsequently, the enzyme reaction was blocked 
by immersion into DNase containing FBS, and the lungs were 
removed and sliced into sections of 1 mm3. The digested tissue 
was agitated at 37˚C for 5 min on a shaker and filtered using 
stainless steel cells strainers. The obtained filtrate was centri-
fuged at 4˚C for 10 min (800 x g). Following re‑suspension in 
DMEM containing 0.25% of DNase, 1x106 ATII cells were 
incubated with rat IgG at 37˚C, which was pre‑coated on 
culture bottles. After 1 h, non‑adherent cells were collected, 
suspended in DMEM containing 20% FBS, and cultured at 
37˚C. The primary culture of ATII cells entered the loga-
rithmic phase on the second day, and cells cultured for 24 h 
were used for subsequent experiments.

Propofol treatment. The cells were divided into four groups 
according to the different treatment regimens: Cells in the 
control group were cultured under normoxic conditions; cells 
in the propofol group were pre‑treated with propofol (10 or 
20 µmol/l) for 1 h under normoxic condition, followed by 
culturing in normoxic conditions for 24 h; cells in the hypoxia 
group were cultured in normoxic conditions for 1  h and 
in 5% oxygen for 24 h; cells in the hypoxia‑propofol group 
were pre‑treated with propofol (10 or 20 µmol/l) for 1 h under 
normoxic conditions, followed by stimulation under hypoxia 
(5% oxygen) for 24 h.

HIF 1α siRNA transfection. When the cells were grown to 
60‑80% confluence, Lipofectamine 2000 transfection reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) was used for tran-
sient transfection according to the manufacturer's protocol. 
The cells were divided into a control group (transfected 
with scrambled siRNA) and HIF 1α siRNA group. At 48 h 
post‑transfection, 5x105 cells were incubated in normoxia or 
hypoxia for 24 h, with or without pre‑treatment with propofol 
(20 µmol/l), as described above. Scrambled siRNA (forward, 
5'‑GAT​CCG​CTG​ATG​ACC​GGA​ACT​TG‑3'; reverse, 5'‑GCT​
TTT​CCA​AAA​ACT​GTG​CCA​GG‑3') and HIF 1α siRNA 
(forward, 5'‑AGA​GGU​GGA​UAU​GUG​UGG​GDT​DT‑3'; 
reverse, 5'‑GGA​TCA​CAC​ACT​GTG​TCC​AGT​TT‑3') were 
synthesized by Invitrogen; Thermo Fisher Scientific, Inc.

Western blot analysis. The expression levels of proteins asso-
ciated with autophagy and apoptosis were determined using 
western blot analysis. The cell contents were extracted with 
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an extraction kit (KGP250; Nanjing Keygen Biotech. Co., 
Nanjing, China) and incubated for 30 min at 4˚C, followed by 
sonication and centrifugation (5,000 x g for 30 min at 4˚C). 
The supernatants were collected immediately and stored 
at ‑70˚C for later experiments. Protein concentrations were 
determined using a Takara Bicinchoninic Protein Assay kit 
(cat. no. T9300A; Takara Biotechnology, Co., Ltd., Dalian, 
China), according to the manufacturer's instructions. Proteins 
(20 µg) were isolated on a 6% SDS‑PAGE gel and transferred 
onto nitrocellulose membranes (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA) for sample analysis. The membranes 
were blocked with 5% BSA and incubated with the primary 
antibodies (1:1,000; all described in the ‘Reagents’ section) 
for 16 h at 4˚C, followed by incubation with HRP‑conjugated 
secondary antibodies (1:10,000) for 1 h at room temperature. 
ECL reagents were used to detect the blotting signals.

Co‑immunoprecipitation assay. For co‑immunoprecipitation, 
the protein samples (600 µg) were mixed with rabbit anti‑rat 
IgG (1 µg powder; cat. no. A3231) and Protein A/G Agarose 
(20 µl), and incubated for 1.5 hat 4˚C. Following centrifuga-
tion at 2,500 x g for 5 min at 4˚C, 1 µg anti‑Bcl‑2 primary 
antibody (1:500; cat. no. 15071; Cell Signaling Technology, 
Inc., Danvers, MA, USA) was added to the supernatant and 
incubated overnight at 4˚C, following which incubation was 
continued with another 40 µl Protein A/G Agarose for 2 h at 
4˚C. The supernatant was removed carefully following centrif-
ugation at 9,500 x g for 15 min at 4˚C. The protein‑bead was 
then washed with washing solution I containing 50 mM Tris, 
150 mM NaCl and 0.1% NP‑40 (pH 7.5) and washing solution 
II comprising 10 mM Tris (pH 7.5) three times, respectively. 
The sediments were collected and boiled in loading buffer for 
5 min, prior to loading 20 µg total proteins/lane for separation 
using 10% SDS‑PAGE.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR) analysis. Total RNA was extracted from the 
ATII cells using TRIzol reagent (Promega Corp., Madison, 
WI, USA) according to the manufacturer's instruction. The 
RT‑qPCR analysis was performed in the 7500 Fast Real Time 
PCR system (Applied Biosystems; Thermo Fisher Scientific, 
Inc.). Quantification of gene expression was performed using 
the 2‑∆∆Cq method (22), with β‑actin as an endogenous control. 
The total reaction system (final reaction volume, 25 µl; cat. 
no. RR036Q; Takara Biotechnology, Co., Ltd.) of RT‑qPCR 

included 2 µl of the cDNA template, 0.5 µl of the upstream 
primer, 0.5 µl of the downstream primer, 12.5 µl of the SYBR 
green super mix, 0.5 µl of Takara Ex Taq HS (5 U/µH), 0.5 µl 
of PrimeScript RT Enzyme Mix II and 8.5 µl of RNase Free 
dH2O. The primer sequences used in the present study were 
as follows: β‑actin, forward 5'‑CTA​TCG​GCA​ATG​AGC​
GGT​TC‑3' and reverse 5'‑GAT​CTT​GAT​CTT​CAT​GGT​GCT​
AGG‑3'. HIF 1α, forward 5'‑AAC​AAG​CCG​GGG​GAG​GAC​
GA‑3' and reverse 5'‑GCC​ACA​CTG​CGG​CTG​GTC​T‑3'. 
The PCR program was as follows: 50˚C for 2 min, 95˚C for  
5 min, followed by 40 cycles at 95˚C for 15 sec and 60˚C for 
45 sec.

FITC‑conjugated AV/PI staining. Apoptosis was detected 
using FITC‑conjugated AV/PI staining. The cells were stained 
with PI solution (20 µg /ml) and mixed with FITC‑conjugated 
AV for 15 min at room temperature in the dark. The cells 
were then washed with 400 µl ice‑cold PBS. The samples 
were measured within 1 h using a FACScan flow cytometer 
(BD Biosciences, Franklin Lakes, NJ, USA) equipped with 
CellQuest Pro software version 5.1. For each sample 10,000 
events were collected.

Results

Hypoxia induces autophagy in ATII cells in a time‑dependent 
manner. As previous investigations revealed that cell autophagy 
was induced by hypoxia (23), the present study investigated the 
expression levels of LC3 in response to hypoxic exposure in 
ATII cells. The results of the western blot analysis revealed 
that LC3‑II accumulated and the LC3‑II/LC3‑I ratio was 
significantly increased in the hypoxia‑treated ATII cells, 
compared with that in the control cells, exhibiting a peak at 6 h 
of hypoxia treatment (Fig. 1). This indicated that the induced 
autophagy was caused by hypoxia treatment in the ATII cells 
in a time‑dependent manner.

Propofol dose‑dependently attenuates hypoxia‑induced 
autophagy in ATII cells. To examine the effect of propofol on 
hypoxia‑induced autophagy in ATII cells, the present study 
evaluated the accumulation of LC3 in cells with or without 
pre‑treatment with propofol using western blot analysis. As shown 
in Fig. 2, hypoxia exposure significantly enhanced the accumula-
tion of LC3‑II and increased the LC3‑II/LC3‑I ratio, whereas 
the enhanced accumulation was significantly reduced when 

Figure 1. Expression levels of LC3 in ATII cells under exposure to hypoxia. Expression levels of LC3 (LC3‑I and LC3‑II) in ATII cells exposed to hypoxia 
(5% O2) for 3, 6 and 12 h were detected using western blot analysis using anti‑LC3 antibodies. GAPDH was used as an internal control, with no difference 
observed between the samples. *P<0.05, compared with the control (0 h). ATII, alveolar epithelial type II; LC3, microtubule‑associated protein 1 light chain 3.
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the cells were pre‑treated with propofol, particularly at 20 µM. 
These results indicated that propofol prohibited hypoxia‑induced 
autophagy of ATII cells in a dose‑dependent manner.

Effect of propofol on the expression of autophagy‑associated 
proteins under hypoxic conditions. Autophagy is predomi-
nantly regulated by two types of complex: mammalian 

target of rapamycin (mTOR) and Beclin‑1. To examine how 
propofol regulates hypoxia‑induced autophagy, the present 
study analyzed the expression of several autophagy‑associated 
proteins involved in these pathways in the ATII cells. As 
shown in Fig. 3A, the expression levels of HIF 1α and Bnip3 
were increased in the cells under hypoxic conditions. In addi-
tion, when the cells were pre‑treated with hypoxia, the levels 

Figure 3. Expression levels of proteins associated with autophagy under hypoxia. (A) Expression levels of autophagy‑associated proteins in alveolar epithe-
lial type II cells were detected using western blot analysis with specific antibodies against each protein. (B) Immunoprecipitation was used to detect the 
Bcl‑2/Beclin‑1 interaction. Total cell lysates were incubated with anti‑Beclin‑1 antibodies. The Bcl‑2/Beclin‑1 interaction and total input of Beclin‑1were 
detected using western blot analysis using anti‑Bcl‑2 and anti‑Beclin‑1 antibodies, respectively. *P<0.05, compared with the control (N) #P<0.05, compared 
with the control (H). N, normoxia; P, pre‑treated with propofol (20 µM); H, hypoxia (5% O2); H‑P20, pre‑treated with propofol (20 µM) and hypoxia (5% 
O2). ATII, LC3, microtubule‑associated protein 1 light chain 3; HIF 1α, hypoxia‑inducible factor 1α; mTOR, mammalian target of rapamycin; p‑mTOR, 
phosphorylated mTOR; Bcl‑2, B‑cell lymphoma‑2; Bnip3, Bcl‑2 interacting protein 3; PARP, poly ADP‑ribose polymerase.

Figure 2. Expression levels of LC3 in hypoxia‑exposed ATII cells pre‑treated with propofol. Expression levels of LC3 (LC3‑I and LC3‑II) in ATII cells were 
detected using western blot analysis using anti‑LC3 antibodies. GAPDH was used as an internal control. No difference was observed between the samples. 
*P<0.05, compared with the control (N); #P<0.05, compared with the control (H). N, normoxia; H, hypoxia (5% O2); H‑P10, pre‑treated with propofol (10 µM) 
and hypoxia (5% O2); H‑P20, pre‑treated with propofol (20 µM) and hypoxia (5% O2). ATII, alveolar epithelial type II; LC3, microtubule‑associated protein 
1 light chain 3.
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of p‑mTOR and Beclin‑1 were significantly reduced. However, 
pre‑treatment with propofol in the hypoxia‑treated ATII cells 
significantly inhibited the hypoxia‑induced expression of HIF 
1α and Bnip3, and upregulated the expression of p‑mTOR. 
The results of the immunoprecipitation assay revealed that 
hypoxia markedly decreased the interaction between Beclin‑1 
and Bcl‑2, whereas the decreased interaction between Beclin‑1 
and Bcl‑2 induced by hypoxia was markedly attenuated by 
propofol (Fig. 3B).

Effect of propofol on hypoxia‑induced apoptosis in ATII 
cells. It was previously reported that propofol can reduce 
hypoxia‑induced apoptosis (13). Therefore, the present study 
examined cell apoptosis and the expression of cleaved‑poly 
ADP‑ribose polymerase (PARP) in the different groups. As 
shown in Fig. 3A, the expression level of cleaved‑PARP was 
markedly increased when the cells were under hypoxic condi-
tions, however, the increased expression of cleaved‑PARP was 
reduced when the cells were pre‑treated with propofol. These 
results were consistent with changes in autophagy‑associated 
proteins in response to diverse conditions. The results of 
the flow cytometry supported the conclusion that hypoxic 
condition caused cell apoptosis. Compared with cells in 
normal conditions, hypoxia notably promoted the apoptotic 
cell ratio, whereas pre‑treatment with propofol reversed the 
hypoxia‑induced apoptosis (Fig. 4).

Knockdown of HIF 1α inhibits hypoxia‑induced autophagy in 
ATII cells. To further verify whether HIF 1α and Bnip3 regu-
late autophagyin ATII cells under hypoxia, specific siRNA 
targeting HIF 1α was constructed. As shown in Fig. 5A and B, 
the mRNA and protein expression levels of HIF 1α were mark-
edly decreased. The expression levels of Bnip3 and LC3‑II 
were also evaluated in cells treated with hypoxia. The results 
of the western blot analysis showed that the hypoxia‑induced 

increase in the expression levels of Bnip3 and LC3‑II was 
suppressed by the inhibition of HIF 1α (Fig. 5C). Consequently, 
hypoxia‑induced autophagy was ameliorated by HIF 1α gene 
deletion. These data suggested that the hypoxia‑induced 
autophagy and apoptosis were reduced by pre‑treatment with 
propofol, which was partially dependent on the expression 
level of HIF 1α.

Discussion

LC3, which is necessary for the formation of the autophago-
some, is modified by the yeast autophagy associated gene 8 
modification system. Following the synthesis of LC3, there are 
two forms, termed LC3‑I and LC3‑II. Among these, LC3‑II 
is the final form of LC3 and is involved in the formation of 
the autophagosome. Therefore, the level of LC3‑II and the 
LC3‑II/LC3‑I ratio can be detected to indicate autophagic 
activity (24,25). In the present study, LC3‑II was regarded 
as an autophagy molecular marker and it was found that 
propofol attenuated the hypoxia‑induced accumulation of 
LC3‑II in ATII cells. The anti‑apoptotic effects of propofol 
on ATII cells under hypoxic exposure have been reported 
previously (13), and these findings were supported by those 
of the present study using flow cytometry. To further investi-
gate whether propofol promotes cell viability associated with 
the regulation of autophagy, the present study also detected 
the expression of the apoptosis‑associated protein, PARP, 
in parallel with autophagy‑associated proteins. As shown in 
Fig. 3, the hypoxia‑induced upregulation of cleaved‑PARP was 
markedly reduced by propofol, which occurred with the inhi-
bition of autophagy. These results demonstrated that propofol 
increased the cell survival rate and may rely on the regulation 
of autophagy.

Cells respond to hypoxia by activating HIF 1α (26). As 
the target gene of HIF 1α, Bnip3 has been implicated in the 

Figure 4. Apoptosis of alveolar epithelial type II cells detected using Annexin V/PI flow cytometric analysis. *P<0.05, compared with the control (N); #P<0.05, 
compared with the control (H). N, normoxia; P, pre‑treated with propofol (20 µM); H, hypoxia (5% O2); H‑P20, pre‑treated with propofol (20 µM) and hypoxia 
(5% O2).



NING et al:  PROPOFOL MEDIATES HYPOXIA-INDUCED CELL DEATH VIA HIF 1α IN ATII CELLS1514

induction of autophagy and may be regulated by hypoxia (27). 
Autophagy is predominantly regulated by two types of 
complexes upstream of ATG, the mTOR complex and the 
Beclin‑1 complex. Previous studies have shown that the 
phosphorylation of mTOR prevented formation of the autopha-
gosome, thus, negatively mediating autophagy (28,29). Rheb, 
a Ras‑related small GTPase, is a key upstream activator of 
mTOR. Bnip3, which is induced by hypoxia, can directly bind 
to Rheb (30). As a consequence, Bnip3 leads to the negative 
regulation of mTOR. Beclin‑1 directly interacts with class III 
phosphatidylinositol 3‑kinase (PI3KC3) to induce autophagy, 
and the inhibition or loss of lipid kinase components inhibits 
autophagy (29,31). Beclin‑1 also interacts with Bcl‑2 family 
proteins, including Bcl‑2. The binding of Bcl‑2 with Beclin‑1 
prevents the formation of the Beclin‑1‑PI3KC3 complex and 
eventually inhibits autophagy (29). In the present study, it was 
found that hypoxia‑induced autophagy was associated with 
the accumulation of HIF 1α and Bnip3, the deactivation of 
m‑TOR, and attenuation of the interaction between Beclin‑1 
and Bcl‑2. However, pre‑treatment with propofol altered this 

status, increasing the level of p‑mTOR, promoting the interac-
tion between Beclin‑1 and Bcl‑2, and reducing the levels of 
HIF 1α and Bnip3 (Fig. 3A and B). These results suggested that 
propofol negatively regulated hypoxia‑induced autophagy via 
Bnip3 through the m‑TOR‑dependent and Beclin‑1‑dependent 
pathways, and that HIF 1α may act as a regulator in this 
process.

HIF 1α is important in the regulation of cell proliferation, 
apoptosis, autophagy and glucose metabolism under hypoxic 
conditions. Previously, suppressing the expression of HIF 1α 
by silencing HIF 1α in glioblastoma U87 cells was shown to 
inhibit the proliferation of U87 cells (32). Glucose metabo-
lism is also promoted by HIF 1α under hypoxic conditions, 
which protects liver cells from damage (33). HIF 1α regulates 
apoptosis and autophagy via HIF 1α‑microRNA feedback 
in response to hypoxia (15,34), and it has been reported that 
HIF 1α is essential to the pro‑apoptotic response of ATII cells 
upon hypoxia (35). In the present study, HIF 1α was knocked 
down using siRNA, and it was found that the hypoxia‑induced 
increase in the expression levels of Bnip3 and LC3‑II was 

Figure 5. Specific HIF 1α siRNA target attenuates hypoxia‑induced effects in ATII cells. (A) Transfection efficiency of si‑HIF 1α was verified using reverse 
transcription‑quantitative polymerase chain reaction analysis. *P<0.05, compared with control si‑NC. (B) Transfection efficiency of si‑HIF 1α was verified using 
western blot analysis. (C) Expression levels of Bnip3 and LC3 in ATII cells pre‑treated with si‑HIF 1α transfection and exposed to hypoxia were detected using 
western blot analysis. *P<0.05, compared with the control si‑NC (N); #P<0.05, compared with the control si‑NC (H). N, normoxia; P, pre‑treated with propofol 
(20 µM); H, hypoxia (5% O2); H‑P20, pre‑treated with propofol (20 µM) and hypoxia (5% O2). ATII, alveolar epithelial type II; LC3, microtubule‑associated 
protein 1 light chain 3; HIF 1α, hypoxia‑inducible factor1α; Bnip3, Bcl‑2 interacting protein 3; si‑, small interfering RNA; NC, negative control.
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inhibited in these cells (Fig. 5C), which indicated that HIF 1α 
may modulate autophagic activity in ATII cells under hypoxia 
by regulating the downstream gene, Bnip3.

In conclusion, the results of the present study demon-
strated that propofol was important in the inhibition of the 
hypoxia‑induced autophagy. In addition, HIF 1α was a crucial 
regulator of autophagy in ATII cells via Bnip3, through 
m‑TOR‑dependent and Beclin‑1‑dependent pathways. These 
results provide novel understanding of the effect of propofol 
in modulating autophagic cell death via HIF 1α‑Bnip3 in 
hypoxia, and revealed the potential clinical role of propofol in 
the treatment of hypoxic‑ischemic pulmonary injury.
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