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Abstract. Chloroquine (CQ) has been revealed to exhibit 
antitumor activity in several human tumors including lung 
cancer as mono- or add-on therapy. The antitumor effect of 
CQ appears to depend on the tumor type, stage and genetic 
context. Few studies have focused on the mechanism 
concerning the antitumor effect of CQ monotherapy and the 
cause and effect relationship among autophagy, apoptosis and 
CQ in human lung A549 cells. Therefore, the present study 
aimed to identify the antitumor effect of CQ monotherapy 
and analyze the possible mechanism. In the present study, we 
demonstrated that CQ suppressed human A549 cell growth 
in a dose- and time-dependent manner. CQ-mediated growth 
inhibition in A549 cells was characterized by the targeting of 
the PI3K/AKT pathway, thus, inducing mitochondria-mediated 
apoptosis at relatively higher concentrations by downregu-
lating Bcl-2 expression, increasing the expression level of Bax, 
decreasing mitochondrial membrane potential, releasing cyto-
chrome c from the mitochondria into the cytosol, activating 
caspase‑3 and cleaving PARP. Collectively, these findings may 
offer a new rationale for using CQ as a lung cancer therapy 
drug in clinical practice.

Introduction

Chloroquine (CQ), a 4-aminoquinoline compound, has long 
been prescribed for the treatment of malaria (1), autoim-
mune disorders (2) and viral infections (3). It functions 
primarily by inhibiting lysosomal proteases and blocking 
autophagosome-lysosome fusion (4). In the range of neutral 

pH, CQ can freely diffuse across the plasma membrane but 
can also get protonated and trapped in acidic vesicles such 
as lysosomes. The accumulation of protonated CQ results 
in less acidic conditions in lysosomes, further preventing 
autophagosome-lysosome fusion and autophagosome degra-
dation. Nowadays, CQ is receiving more attention from all 
over the world mostly due to its potent antitumor activity as 
mono- or add-on therapy. It has been reported that CQ can 
increase sensitization of radiation (5-7) and chemotherapeutic 
agents including ABT‑737, 5‑fluorouracil and PI103 (8‑10), and 
then induce cell death in a subset of cancer cell lines. Recent 
evidence suggests that CQ alone effectively suppressed the 
growth of pancreas, leukemia, lung, colon and liver cancer 
cells (11-15), and promoted apoptosis by increasing the expres-
sion of pro-apoptotic protein Bim both in HepG2 and Huh7 
cells (15), activating the p53 pathway in glioma cells (16) 
and stabilizing the BH3-only protein PUMA in melanoma 
cells (17). However, the mechanism underlying the antitumor 
effect of CQ monotherapy in human A549 cells has not been 
clearly investigated yet.

Autophagy is a self-defense event in all eukaryotic cells 
triggered by internal needs or extracellular stressors. It mainly 
serves as a mechanism for cell survival. Normally, autophagy 
functions in the maintenance of cellular homeostasis by deliv-
ering impaired organelles or unwanted cellular components 
to the lysosomes for degradation and recycling (18). In recent 
years, there has been an increasing amount of research on 
the relationship between autophagy and cancer. The role of 
autophagy in cancer is highly complex and still paradoxical. 
It appears to have the double-edged sword effect: Under stress 
circumstances, autophagy can protect cancer cells against 
apoptosis and/or other forms of cell death by providing 
energy and essential macromolecules, whereas excessive 
autophagy may cause irreversible self-destruction of cancer 
cells and further induce autophagic cell death (19). Notably, 
several proteins functioning in the process of apoptosis are 
also required for autophagy. Autophagy and apoptosis can 
be triggered by the same stimuli. They are closely intercon-
nected at some special points of crosstalk in different types 
of cancer (20). Thus, thoroughly analyzing the mechanism 
of crosstalk between autophagy and apoptosis is essential for 
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successful anticancer treatments as a potential therapeutic 
strategy.

Although CQ displays antitumor activity in human 
A549 cells, there are very few studies that have described 
the underlying mechanism of the antitumor effect of CQ as 
a monotherapy and the relationship among autophagy, apop-
tosis and CQ. Therefore, the present study was designed to 
investigate the antitumor effect of CQ in human A549 cells, 
further analyze the possible molecular mechanism of CQ 
monotherapy in the regulation of autophagy or apoptosis, as 
well as the association between autophagy and apoptosis when 
the A549 cells were exposed to CQ. Thus, it may offer a solid 
experimental base for utilizing CQ as a monotherapy agent in 
cancer therapy in the future.

Materials and methods

Cell line culture and reagents. Human lung A549 cells and 
human kidney 293T cells were obtained from the Cell Bank 
of the Chinese Academy of Sciences (Shanghai, China), 
cultured in Ham's F-12 medium (Sigma-Aldrich Chemie 
GmbH, Munich, Germany) and Dulbecco's modified Eagle's 
medium (DMEM; HyClone Laboratories, Logan, UT, USA), 
respectively, supplemented with 10% fetal bovine serum 
(FBS; HyClone, Laboratories), 100 U/ml penicillin and 
100 µg/ml streptomycin (Gibco, Grand Island, NY, USA) 
at 37˚C and 5% CO2 in a humidified atmosphere. CQ was 
purchased from Sigma-Aldrich (Merck KGaA, Darmstadt, 
Germany) and dissolved in deionized distilled water (DDW) 
until the experiments.

Cell viability assay. The antiproliferative effect of CQ in 
A549 cells was assessed by MTT assay. Briefly, A549 cells 
were seeded into 96-well plates (5x103 cells/well) and treated 
with CQ at different concentrations (1.25, 2.5, 5, 10, 20, 40, 
80 and 160 µM) for 24 or 48 h, respectively. A total of 20 µl 
methylthiazol tetrazolium (MTT) solution (final concentration 
of 0.5 mg/ml) was added and incubated at 37˚C for another 4 h. 
Subsequently, 150 µl dimethyl sulfoxide (DMSO) was added 
to dissolve the blue formazan product. The absorbance values 
were measuring at 570 nm with an enzyme-labeling instru-
ment (Safire2; Tecan Group, Ltd., Männedorf, Switzerland).

Immunofluorescence of LC3‑II. The amount of LC3-II, an 
indicator of autophagosomes, was detected following a stan-
dard procedure of immunofluorescence. Firstly, A549 cells 
after being treated with or without CQ for 24 h were grown 
on sterilized glass coverslips to 90‑95% confluence and fixed 
with a 4% (w/v) paraformaldehyde solution. After being 
washed 3 times with phosphate-buffered saline (PBS; Sigma 
Chemical Co., St. Louis, MO, USA), the cells were blocked 
with 0.1% Triton X-100 containing 1% bovine serum albumin 
(BSA) in PBS for 1 h, and then incubated with LC3B primary 
antibody (1:200; cat. no. 2775; Cell Signaling Technology, Inc., 
Danvers, MA, USA) at 4˚C overnight and subsequently with 
the corresponding FITC-linked anti-rabbit secondary antibody 
(1:160; cat. no. F9887; Sigma-Aldrich) for 40 min at room 
temperature. Finally, the cells were rinsed with PBS and exam-
ined using a fluorescence microscope (Zeiss Axio ObserveRA1; 
Carl Zeiss GmbH, Jena, German) in 3 random fields.

Transmission electron microscopy (TEM) observation. The 
ultrastructure of human A549 cells were observed using a 
transmission electron microscope (HT7700; Hitachi, Tokyo, 
Japan). After CQ administration, the cells were harvested and 
fixed in 2.5% glutaraldehyde at 4˚C overnight. After being 
washed 3 times with a sucrose solution, the fixed cells were 
incubated with 1% osmium tetroxide for 2 h at room tempera-
ture. Subsequently, the cells were dehydrated with gradient 
ethanol and embedded in Spurr's resin. Ultrathin sections 
(40-70 nm) were obtained using an ultramicrotome and stained 
with lead citrate/uranyl acetate and subsequently visualized 
with a transmission electron microscope at 80 kV.

Lentiviral shRNA vector construction and transfection. 
The interfering sequence targeting the human Beclin-1 
gene (GeneBank accession: NM_003766.3) was designed as 
follows: shRNA, 5'-GCT CAG TAT CAG AGA GAA TAC-3'. 
The sequence, 5'-TTC TCC GAA CGT GTC ACG T-3', sharing 
no homology with any other human gene was used as a 
negative control. The annealed, double-stranded DNA was 
inserted into the lentiviral vector LV2-pGLV-u6-puro. The 
recombinant plasmids were transformed into DH5α and the 
positive colonies selected by PCR were sequenced. 293T 
cells were co-transfected with 20 µg of lentiviral expres-
sion plasmid and packaging plasmid (15 µg pHelper 1.0 and 
10 µg pHelper 2.0) using Lipofectamine 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA). The 
recombinant lentiviral particles which were obtained 48 h 
after transfection were harvested to infect human A549 cells. 
The interference efficiency was assessed using western blot 
analysis.

AO/EB dual fluorescence staining. Acridine orange/ethidium 
bromide (AO/EB) staining was performed for the observation 
of morphological changes in cultured cells. Human A549 cells 
were seeded in a 6-well plate at a density of 5x105 cells/ml 
and incubated overnight before treatment. Then, the cells were 
exposed to CQ at final concentrations of 0, 10, 20, 40 and 
80 µM for 24 h. Untreated cells were used as the negative 

Figure 1. CQ inhibits the proliferation of human A549 cells. The cells were 
seeded into 96-well plates (5x103 cells/well), and treated with CQ at different 
concentrations (1.25-160 µM) for 24 or 48 h, respectively. Cell viability 
was assessed by MTT assay. The percentage of proliferation inhibition was 
calculated by the following formula: inhibition rate (%) = (1 - absorbance of 
the experimental group/absorbance of the control group) x 100%. The data 
are presented as the means ± SD of 3 independent experiments. *P<0.05 
compared with the control group. 
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control. In subsequent assays, the cells were harvested and 
stained with AO/EB solution (mixture of AO 100 µg/ml and EB 
100 µg/ml prepared in PBS) at room temperature for 15 min. 
The morphological changes of A549 cells were observed 
immediately under a fluorescence microscope (Zeiss Axio 
Observer A1; Carl Zeiss).

Annexin V binding assay. The rate of apoptosis induced by 
CQ was quantified using the Annexin V‑FITC/PI kit (Nanjing 
KeyGen Biotech, Co., Ltd., Nanjing, China) following the 
manufacturer's instructions. A549 cells (5x105 cells/well) in 
the exponential phase were treated with different concen-
trations of CQ (0, 10, 20, 40 and 80 µM) for 24 h. After 

Figure 2. CQ inhibits autophagic flux in human A549 cells. (A) Cells were treated with CQ at different concentrations (0, 10, 20, 40 and 80 µM) for 24 h. 
LC3 puncta was detected by immunofluorescence. Images were captured using a fluorescence microscope in 3 random fields. (B) Representative transmission 
electron micrograph of A549 cells treated with CQ. Typical autophagosomes are magnified and indicated with black arrows. (C) Protein expression was 
examined using western blot analysis for LC3-I, LC3-II, p62 and Beclin-1. GAPDH was used as an internal control. The data are presented as the means ± SD 
of 3 independent experiments. *P<0.05 and **P<0.01 compared with the control group. 
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harvesting, the cells were resuspended with Annexin binding 
buffer and then incubated with 5 µl Annexin V-FITC 
and 5 µl of propodium iodine (PI) solutions at room 
temperature for 15 min in the dark. The early apoptotic 
(Annexin V-FITC-positive) and necrotic/late apoptotic cells 
(Annexin V‑FITC‑positive, PI‑positive) were quantified by BD 
FACSCalibur Flow Cytometer (BD Biosciences, San Jose, CA, 
USA).

Mitochondrial membrane potential assay. Mitochondrial 
membrane potential (ΔΨm) changes after CQ exposure were 
detected using the JC-1 Mitochondrial Potential Detection 
kit (Nanjing KeyGen Biotech) and flow cytometry (FCM). 
After being treated with CQ, A549 cells were trypsinized and 
washed twice with cold PBS, and then were stained using JC-1 
in PBS for 15 min at room temperature in the dark, followed 
by FCM analysis.

Western blot analysis. Human A549 cells were treated with 
CQ in designated concentrations for 24 h. Total protein was 
isolated from the control and treated cells using RIPA lysis 
buffer (Beyotime Institute of Biotechnology, Shanghai, 
China). The bicinchoninic acid (BCA) protein assay was 
employed to determine the protein concentration. For western 
blot analysis, equal amounts of protein were denatured, 
separated by 10% sodium dodecyl sulfate-acrylamide gel, 
and transferred onto nitrocellulose membranes (Pall Life 
Sciences, Ann Arbor, MI, USA). The non-specific protein 
bands were blocked in BSA blocking buffer for 1 h at room 
temperature. Subsequently, the membranes were incubated 
with primary antibodies respectively against GAPDH 
(1:2,500; cat. no. 2118), LC3B (1:1,000; cat. no. 2775), 
Beclin-1 (1:1,000; cat. no. 3495), p62 (1:1,000; cat. no. 88588), 
p -AKT (1:2,000; cat.  no.  4060),  AKT (1:1,000; 
cat. no. 9272), p-PI3K (1:1,000; cat. no. 4228), PI3K (1:1,000; 
cat. no. 4292), Bcl-2 (1:1,000; cat. no. 2872), Bax (1:1,000; 
cat. no. 2774), cytochrome c (1:1,000; cat. no. 11940), 
c-caspase-3 (1:1,000; cat. no. 9664) and poly(ADP-ribose) 
polymerase (PARP) (1:1,000; cat. no. 9542) (Cell Signaling 
Technology, Inc.) at 4˚C overnight followed by either a goat 
anti-rabbit (1:2,500; cat. no. 7074; Cell Signaling Technology, 
Inc.), or goat anti-mouse HRP-conjugated secondary antibody 
(1:2,500; cat. no. 7076; Cell Signaling Technology, Inc.) 
for another 2 h at room temperature. Finally, the reactive 
bands were visualized using an enhanced chemiluminescent 
substrate to HRP (Pierce, Woburn, MA, USA). GAPDH was 
used as the internal control.

Statistical analysis. All experiments were run independently 
in triplicate. The data were presented as the mean ± standard 
deviation (SD). One-way analysis of variance (ANOVA) was 
employed to determine the differences between the control 
and treated groups followed by a Student's t-test for multiple 
comparisons. A P<0.05 indicated a statistically significant 
result.

Results

CQ inhibits the viability of A549 cells. The inhibitory effect 
of CQ on A549 cells was detected by MTT assay. As shown in 

Fig. 1, CQ inhibited the viability of A549 cells in a dose-and 
time-dependent manner in CQ concentrations between 
2.5 and 160 µM, and a significant decrease was recorded after 
the concentration reached 20 µM at 24 h and 10 µM at 48 h, 
respectively (P<0.05). CQ inhibited cell proliferation to ~80% 
at a concentration of 160 µM at 24 h and 92.28% at a concen-
tration of 160 µM at 48 h, respectively.

CQ inhibits autophagic flux in A549 cells. CQ, a typical 
autophagy inhibitor, contributes to the inhibition of late-stage 
autophagy by blocking autophagosome-lysosome fusion. We 
hypothesized that CQ may target autophagy to induce the 
cell death of A549 cells. LC3 immunofluorescence results 
indicated that LC3 fluorescence dots were accumulated in 
A549 cells of the experimental groups, reaching a maximum 
at a concentration of 40 µM of CQ (Fig. 2A). The western blot 
analysis further confirmed the enhanced expression of LC3‑II, 
whereas that of LC3-I was reduced, resulting in an increased 
ratio of LC3-II/LC3-I, with the highest ratio reached at 40 µM 
of CQ treatment (Fig. 2C). It is well known that LC3‑II specifi-
cally associates with autophagosome membranes. A cellular 

Figure 3. Effect of CQ on the PI3K/AKT pathway in human A549 cells. Cells 
were treated with CQ at different concentrations (0, 10, 20, 40 and 80 µM) 
for 24 h. The protein expression was examined using western blot analysis for 
p-PI3K, PI3K, p-AKT, AKT and GAPDH was used as internal control. The 
data are presented as the means ± SD of 3 independent experiments. *P<0.05 
and **P<0.01 compared with the control group. 



ONCOLOGY REPORTS  39:  2807-2816,  2018 2811

level of LC3-II can be used as an autophagosome formation 
marker (21). TEM-based analysis further confirmed that 
treatment with CQ markedly increased the number of autopha-
gosomes in A549 cells (Fig. 2B).

The accumulation of autophagosomes may be due to an 
induction of autophagy or the inhibition of the autophagic 
flux (22). Beclin‑1 has an essential role in autophagy initia-
tion and regulates autophagy positively. p62 is generally used 
as an autophagic flux marker. The expression of Beclin-1 
and p62, were analyzed by western blot analysis. The results 
demonstrated that exposure of A549 cells to CQ significantly 
reduced the expression level of Beclin-1. The expression of 
p62 increased in a dose-dependent manner after treatment 
with CQ (Fig. 2C). Therefore, these findings revealed that CQ 
blocks autophagic flux in human A549 cells.

CQ inhibits autophagy by targeting the PI3K/AKT 
pathway. The process of autophagy is tightly regulated by 
autophagy-related (ATG) proteins. Beclin-1, the mammalian 
ortholog of ATG6, governs most autophagic processes and can 
regulate autophagy positively (23). It was confirmed that the 
expression levels of Beclin-1 in human A549 cells were down-
regulated in dose-dependent manner after exposure to CQ. The 
PI3K/AKT signaling pathway is well known as a regulator of 
various cellular processes, such as cell survival (24). To further 
explore the mechanisms underlying the autophagy-inhibiting 
effect of CQ, the expression of critical proteins associated 
with the PI3K/AKT pathway was examined by western blot 
analysis in human A549 cells treated with CQ. We observed 
that the expression of p-PI3K and p-AKT was enhanced after 
10 µM of CQ treatment compared with the control group. 
Subsequently, a dose-dependent decrease in the expression 
levels of p-PI3K and p-AKT was observed during exposure to 

increasing CQ concentrations from 20 to 80 µM (Fig. 3). It was 
speculated that CQ inhibited autophagy at a low concentration 
(10 µM) and induced apoptosis at higher concentrations (20, 
40 and 80 µM).

It was surmised that CQ-inhibited autophagy in A549 cells 
occurred mainly by reducing Beclin-1 and targeting the 
PI3K/AKT signaling pathway. To ascertain this conclusion, 
the lentiviral shRNA-Beclin-1 vector was constructed and the 
expression of p-PI3K and p-AKT was assessed in A549 cells 
which were lacking in the Beclin-1 gene in the presence of 
50 µM LY294002 (a PI3K inhibitor). As revealed in Fig. 4A, 
the expression of Beclin-1 was significantly reduced after 
lentivirus shRNA interference. Compared with the negative 
control, the expression of p-PI3K and p-AKT was increased 
in the absence of the Beclin-1 gene. LY294002 treatment 
decreased the expression of p-PI3K and p-AKT in A549 cells 
transfected with shRNA-Beclin-1 (Fig. 4B). Collectively, these 
findings confirmed that CQ inhibited autophagy in human 
A549 cells by downregulating Beclin-1 and activating the 
PI3K/AKT signaling pathway.

CQ induces apoptosis in human A549 cells. To determine 
whether apoptosis induction is involved in the CQ-mediated 
inhibitory effects on cell growth, rapamycin and HBSS 
(two autophagy inducers), 3-MA (an autophagy inhibitor), 
Z-VAD-FMK (a caspase inhibitor) were used in human 
A549 cells, and their effects on the levels of LC3-II, c-caspase-3 
and PARP were assessed by western blot analysis. The results 
indicated that the level of c-caspase-3 was markedly enhanced 
after inhibition of autophagy using 3-MA (Fig. 5). PARP is 
a specific substrate of caspase‑3. If caspase‑3 is activated, 
cleaved PARP can be observed. In the present study, detec-
tion of cleaved PARP was possibly due to its faster expression. 

Figure 4. CQ inhibits autophagy by decreasing Beclin‑1 expression and activating the PI3K/AKT pathway in human A549 cells. (A) Efficiency of lentiviral 
shRNA-Beclin-1 interference was detected by western blot analysis. (B) The effect of Beclin-1 knockdown and PI3K inhibitor (LY294002) on the expression 
of p-PI3K and p-AKT. **P<0.01 compared with the negative control group; ##P<0.01 compared with the shRNA-Beclin-1 group. 
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In addition, it was observed that inhibition of apoptosis by 
Z-VAD-FMK increased the level of LC3-II whereas that of 
LC3-I decreased (Fig. 5).

AO/EB staining was performed in human A549 cells. As 
it is well known, AO penetrates the membranes of all cells, 
fluorescing green when bound to DNA. EB can only enter cells 
when their membranes are damaged, appearing as orange-red 
fluorescence when bound to concentrated DNA fragments 

or apoptotic bodies. Moreover, the fluorescence intensity 
of EB is stronger than that of AO. This method allows us to 
distinguish normal cells, early and late apoptotic cells and 
necrotic cells (25). As demonstrated in Fig. 6A, compared 
with the negative control group, treatment with CQ in A549 
cells induced evident morphological changes associated 
with apoptosis, such as adherent cell detachement from the 
culture surface, cell shrinkage and vacuolization gradually as 
the concentration of CQ increased. The early apoptotic cells 
were marked by green AO nuclear staining. Late-stage apop-
totic cells revealed concentrated and asymmetrical orange 
fluorescence. The apoptotic cells were increased by CQ in a 
concentration-dependent manner.

Apoptosis was also detected using Annexin V-FITC 
and PI dual staining in A549 cells which can quantitatively 
distinguish normal cells (Annexin V-FITC-/PI-), early 
apoptotic cells (Annexin V-FITC+/PI-), late apoptotic cells 
(Annexin V-FITC+/PI+) and necrotic cells (Annexin V-FITC-/PI+). 
As shown in Fig. 6B, there was a marked increase of cells in 
early-stage apoptosis (from 0.40% in the untreated cells to 
1.47, 3.04 and 9.64% respectively, in the 20, 40 and 80-µM 
CQ-treated cells for 24 h) and late-stage apoptosis (from 3.45% 
in the untreated cells to 4.78, 12.02 and 16.80% respectively, in 
the 20, 40 and 80-µM CQ-treated cells for 24 h). No obvious cell 
apoptosis was observed in the 10-µM CQ-treated A549 cells. 
These results confirmed that CQ treatment induced apoptosis 
at higher concentrations (20, 40 and 80 µM) in A549 cells. 
The proportion of apoptotic cells increased dose-dependently 
when they were exposed to different concentrations of CQ.

CQ activates mitochondrial‑dependent apoptosis in human 
A549 cells. Apoptosis is generally associated with the activation 
of caspases but it is also accompanied by a loss of mitochon-
drial membrane potential and the release of proapoptotic 
proteins from the intermembrane space of the mitochondria. 
Mitochondrial membrane potential in A549 cells with or 
without CQ treatment was detected using JC-1 Mitochondrial 
Potential Detection kit. As shown in Fig. 7, compared with the 
control group, CQ treatment caused a drop in mitochondrial 
membrane potential in a concentration-dependent manner 
which was observed by an increase in green fluorescent 
probe JC-1 (from 2.43% in the untreated cells to 7.10, 18.19 
and 28.43%, respectively in the 20, 40 and 80-µM CQ-treated 
cells).

It is known that proteins of the Bcl-2 family and caspase 
family, along with PARP and cytochrome c, play vital roles in 
the mitochondrial apoptotic pathway (26). To further ascertain 
whether CQ-induced apoptosis was mitochondrial-dependent, 
we also investigated the expression of apoptosis-related 
proteins including Bcl-2, Bax, cytochrome c, c-caspase-3 and 
PARP after treatment with various concentrations of CQ. 
As depicted in Fig. 8, upregulation of Bax, cytochrome c, 
c-caspase-3 and downregulation of Bcl-2 and PARP was 
induced by CQ in a dose-dependent manner. The expres-
sion of Bcl-2 was downregulated, whereas that of Bax was 
upregulated, suggesting that CQ induced an increase in the 
Bax/Bcl-2 ratio. We speculated that CQ treatment reduced 
the level of Bcl-2, activated the expression of proapoptotic 
factor Bax, reducing mitochondria membrane potential which 
led to cytochrome c escape from the mitochondria into the 

Figure 5. Effect of autophagy inducer, autophagy inhibitor and caspase inhib-
itor on apoptosis and autophagy in human A549 cells. The protein expression 
of LC3-I/II, c-caspase-3 and PARP was detected by western blot analysis in 
cells treated with rapamycin (Rap), HBSS, 3-MA and Z-VAD-FMK, respec-
tively. GAPDH was used as an internal control. The data are presented as the 
means ± SD of 3 independent experiments. *P<0.05 and **P<0.01 compared 
with the control group. 
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cytosol, further activating caspase-3 and inducing apoptosis. 
Collectively, CQ induced cell apoptosis of human A549 cells 
through the mitochondrial-dependent pathway.

Discussion

Chloroquine (CQ), is widely used as an anti-malarial and 
anti-rheumatoid drug (27). Recently, it has been reported that 
CQ, either alone, or in combination with other agents, displayed 
antitumor activity, including growth inhibition and/or induc-
tion of apoptosis in various types of cancer. The antitumor 
effect of CQ appears to depend on the tumor type, stage and 
genetic context (28). Previously, we also revealed that CQ 
administered as a mono-drug therapy effectively suppressed 
the growth of S180 sarcoma in vivo (29). Although previous 
studies have examined the antitumor effect of CQ, only a few 
studies have focused on the mechanism underlying the effect 
of CQ and the cause and effect relationship among autophagy, 
apoptosis and CQ in human A549 cells. Therefore, in the 
present study, we focused on the antitumor effects of CQ and 
its possible mechanism. We clearly demonstrated that in vitro, 
CQ effectively inhibited the proliferation of A549 cells. The 

inhibitory effect of CQ on proliferation was characterized by 
the blockage of autophagy through targeting of the PI3K/AKT 
pathway, coupled with the induction of mitochondrial-mediated 
apoptosis at relatively higher concentrations.

Conversion of LC3-I into LC3-II is widely used as a marker 
for autophagosome formation (30). p62 is degraded following 
an increase in autophagic flux for which it serves as an indicator. 
The increase of LC3 conversion and p62 abundance suggests 
the inhibition of autophagic flux. Our results indicated that, 
marked LC3 conversion and induced p62 accumulation was 
detected in CQ-treated A549 cells, suggesting that CQ inhibits 
the autophagic flux. Beclin‑1, as a multifaceted protein, is 
crucial in several cellular processes, such as autophagy, 
endocytosis, phagocytosis, cytokinesis and pollen germina-
tion. Beclin-1 can intervene at every major step in autophagic 
processes. It functions in the recruitment of ATGs which are 
essential for autophagosome formation (31,32). The expression 
level of Beclin-1 can determine the autophagic response. The 
decreased protein level of Beclin-1 after CQ treatment demon-
strated that CQ inhibited autophagy in A549 cells. The results 
were further confirmed by TEM‑based analysis by observing 
the ultrastructural changes of A549 cells.

Figure 7. CQ causes a drop in mitochondrial membrane potential (ΔΨm) in A549 cells. A549 cells were treated with CQ at different concentrations (0, 20, 40 
and 80 µM) for 24 h. Subsequently, the cell suspension was filtered through a 300‑mesh nylon, and then stained with JC‑1 followed by FCM analysis. 

Figure 6. CQ triggers apoptosis of human A549 cells. (A) Cells were treated with CQ at different concentrations (0, 10, 20, 40 and 80 µM) for 24 h, stained with 
acridine orange/ethidium bromide (AO/EB), and then selected and focused using fluorescence microscopy. Green fluorescence appeared to represent normal 
and early apoptotic cells, late apoptotic cells presented with red‑orange fluorescence in the nucleus. The red‑orange fluorescence in the cytoplasm represents 
autophagic vacuoles. (B) A scattergram of apoptotic A549 cells stained with Annexin V/PI and analyzed by flow cytometry. 
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The PI3K/AKT pathway is an important signaling pathway 
in the regulation of autophagy (33). Autophagy was impaired 
by activation of the PI3K/AKT pathway (34). It has been 
reported that PI3K causes the phosphorylation and activation 
of AKT. In the present study, it was revealed that CQ at a low 
concentration induced the phosphorylation of PI3K and AKT, 
indicating that CQ at a low concentration mainly inhibits 
autophagy via the activation of the PI3K/AKT pathway in 
A549 cells. A dose-dependent decrease in the expression 
levels of p-PI3K and p-AKT during exposure to increasing CQ 
concentrations from 20 to 80 µM revealed that CQ-mediated 
growth inhibition in A549 cells may be characterized by the 
inhibition of autophagy and induction of apoptosis.

Previously, research has demonstrated that the biological 
effect of CQ is concentration- and time-dependent. At low 
concentrations, CQ inhibits cell proliferation by increasing the 
volume of lysosomes; at high concentrations, or over longer 
periods, CQ induces apoptosis and necrosis (12). In this study, 
CQ effectively inhibited A549 cell proliferation in both a dose- 
and time-dependent manner. Orange vacuoles were observed 
when cells were exposed to CQ. Accumulation of orange 
vacuoles was caused by CQ-mediated autophagy inhibition. CQ 
induced cell apoptosis at relatively higher concentrations. The 
number of early and late apoptotic cells increased following 
an increase in CQ concentration. These findings are consistent 
with results from aforementioned research. Further experiments 
illustrated that CQ-induced apoptosis was mitochondrial-depen-
dent in A549 cells by downregulating the expression of the 
anti-apoptotic factor Bcl-2, increasing proapoptotic factor Bax 
expression, reducing mitochondrial membrane potential, and 
triggering cytochrome c release into the cytosol, followed by 
caspase-3 activation and cleavage of PARP.

Autophagy and apoptosis are both cellular catabolic 
processes essential for organism homeostasis. Many stimuli 
elicit autophagy and apoptosis within the same cell. In many 
cases, autophagy before apoptosis dismantles the cell (19). 
In special cases, autophagy or autophagy-relevant proteins 
sensitize cells to apoptosis or necrosis, leading to autophagic 
cell death. Autophagy and apoptosis may be triggered by 
common upstream signals. The PI3K-AKT axis exhibits the 
dual capacity to regulate both autophagy and apoptosis. AKT 
can phosphorylate Beclin-1 and BAD, further inhibiting their 
pro-autophagic and pro-apoptotic activity, respectively (35). 
Beclin-1 and Bcl-2 have also been implicated in bridging 
autophagy and apoptosis. The PI3Kc3 complex controls 
autophagy by regulating autophagosome formation. Beclin-1, 
as a key component of the PI3Kc3 complex, works as the 
platform for assembly and triggers its activity (36). Notably, 
Beclin-1 can be cleaved in apoptosis by caspases, such as, 
caspase-3, caspase-7 and caspase-8. The cleavage of Beclin-1 
loses its capacity to induce autophagy and generates N- and 
C-terminal fragments. The C-terminal fragments are able to 
sensitize cells to apoptotic signals. Bcl-2 is a direct binding 
partner of Beclin-1. In cells, Bcl-2 is constitutively bound to 
Beclin-1, leading to decreased autophagic activity. However, 
Bcl-2 does not lose its anti-apoptotic potential (37).

In summary, the present study demonstrated that CQ 
at a low concentration inhibited autophagy by targeting the 
PI3K/AKT pathway. With increased concentration of CQ, 
apoptosis was markedly triggered through the activation of the 

Figure 8. CQ-induced apoptosis of human A549 cells through the activa-
tion of the mitochondrial-mediated pathway. Cells were treated with CQ at 
different concentrations (0, 20, 40 and 80 µM) for 24 h, and the expression 
of Bcl-2, Bax, cytochrome c (Cyt-C), c-caspase-3 and PARP was examined, 
respectively. GAPDH was used as an internal control. The data are presented 
as the means ± SD of 3 independent experiments. *P<0.05 and **P<0.01 
compared with the control group. 
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mitochondrial pathway and CQ effectively inhibited human 
A549 cell proliferation in vitro. The present study may provide 
new theoretical and experimental evidence for a clinical trial 
on CQ in lung cancer patients.
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