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Introduction: The incidence and mortality rates of lung cancer rank top in the different 
types of cancers in China. Licochalcone A (LA) is a flavonoid extracted from the roots of 
licorice with antitumor effects in various cancers in vitro and in vivo. However, the role of 
LA in non-small cell lung cancer (NSCLC) remains largely unclear.
Methods: The cell viability was measured by MTT assay, Edu staining and colony forma-
tion assay. Apoptosis was investigated using Annexin V/PI double-stained assays with flow 
cytometry. Real-time quantitative RT-PCR was carried out to investigate the expression of 
mRNA of related proteins. Western blotting was used to investigate the expression of related 
proteins.
Results: The results show that LA inhibits the proliferation of NSCLC cells in a dose- 
dependent manner and induces apoptotic cell death. Moreover, LA significantly suppresses 
the expression of c-IAP1, c-IAP2, XIAP, Survivin, c-FLIPL and RIP1 without influencing the 
level of mRNA. Cycloheximide chase assay demonstrates that LA greatly decreases the 
stability of Survivin, XIAP and RIP1. Mechanistic studies indicate that LA induces cyto-
protective autophagy since block of autophagy with CQ greatly enhances LA-induced 
anticancer activities. Furthermore, LA rapidly induces ERK and p38 activation in a time- 
dependent manner in both A549 and H460 cells, but suppresses the activities of c-Jun 
N-terminal kinase (JNK); suppression of ERK not p38 with inhibitor attenuates LA- 
induced autophagy, while it remarkably enhances LA-induced cytotoxicity in lung cancer 
cells and further promotes the degradation of apoptosis-related proteins.
Discussion: The results of this study provide novel insights on the role of apoptosis-related 
proteins and the MAPKs pathway in the anticancer activities of LA.
Keywords: non-small cell lung cancer, NSCLC, licochalcone A, LA, inhibitors of apoptosis 
proteins, IAPs, RIP1, ERK, autophagy

Introduction
As one of the most common malignancies, lung cancer severely endangers the life 
and health of people worldwide. The incidence and mortality rates of this disease 
rank top of different types of tumors in China.1 Lung cancer mainly includes non- 
small cell lung cancer (NSCLC) and small cell lung cancer (SCLC). NSCLC 
accounts for about 85% of lung cancer diagnoses, the 5-year survival rate of 
which is only about 15%, which may be attributed to late stage of diagnosis and 
lack of effective therapies.2–4 Surgery, chemotherapy and radiotherapy are the main 
options for late-stage NSCLC patients, but the effects are still not satisfactory. 
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Therefore, it is of great significance to explore novel antic-
ancer agents for late-stage NSCLC treatment.

A flavonoid isolated from the Chinese medicinal herb 
Glycyrrhiza uralensis Fisch,5 licochalcone A (LA) pos-
sesses a wide spectrum of pharmacological effects, includ-
ing antibacterial,6,7 anti-inflammatory,8,9 antioxidative,10,11 

and anticancer properties. Recently its antitumor activities 
have attracted great interest of researchers. It has been 
demonstrated that LA inhibits the proliferation of different 
types of cancers, including gastric cancer BGC-823, AGS, 
SGC-7091 and MKN-45 cells,12,13 bladder cancer T24 and 
5367,14 hepatocellular carcinoma HepG2 cells,15 breast 
cancer MDA-MB-231 cells,16 glioblastoma U87 cells,17 

nasopharyngeal carcinoma HONE-1, NPC-39 and NPC- 
BM cells,18 cervical cancer SiHa and Hela cells,19 osteo-
sarcoma HOS and MG-63 cells,20 lung cancer A549, 
H1299, H292 and H460,21–23 and so on. In vivo studies 
also reveal that LA is a potent anticancer agent in gastric 
cancer, cervical cancer and colon cancer. Notably, LA 
greatly attenuates cisplatin-induced kidney toxicity with-
out influencing anticancer activities. Moreover, LA causes 
endoplasmic reticulum (ER) stress and apoptosis via upre-
gulating miR-144-3p in human lung cancer cell line 
H292,22 it inhibits proliferation, causes G2/M cell cycle 
arrest and induces apoptosis in lung cancer A549 and 
H460 cells in a dose-dependent manner,23 and causes little 
cytotoxicity in Beas-2B and HELF cells, indicating LA 
selectively inhibits lung cancer cells. Additionally, LA 
induces autophagic induction in lung cancer, however, it 
seems that autophagy is not involved in LA-induced antic-
ancer activities since block of autophagy with inhibitors or 
siRNA did not reverse LA-induced antitumor effects.21 LA 
suppresses the migration and invasion of lung cancer,24 

hepatocellular carcinoma,25,26 oral cancer,27 and breast 
cancer cells,16,28 and also synergizes 5-fluorouracil29 and 
sorafenib25 to inhibit gastric cancer and hepatocellular 
cancer, respectively.

Inhibitors of apoptosis proteins (IAPs, including 
c-IAP1, c-IAP2, XIAP, Survivin and livin) are the main 
inhibitors of cell proliferation and cell death.30–32 It has 
been reported that these proteins are highly expressed in 
many types of tumors, and predict poor diagnosis for 
several anticancer agents, including cisplatin.33,34 

Previous studies have reported that LA reduces the 
mRNA level of Survivin in human hepatoma cells,35 and 
consistently decreases the expression of Survivin in oral 
squamous cell carcinoma36 and ovarian carcinoma cells.37 

LA also downregulates the expression of Mcl-1 in oral 

squamous cell carcinoma36 and human osteosarcoma cells. 
Previous studies have demonstrated that chalcone and its 
derivatives are promising anticancer agents with little 
toxicity. We recently reported that chalcone derivative 
Chal-2438 synergizes cisplatin39 and TRAIL40-induced 
anticancer effects by decreasing the expression of IAPs 
and c-FLIPL in NSCLC cells. However, until now the role 
of IAPs and c-FLIPL in LA-induced anticancer effects 
remains undefined.

In the present study, we extend our interest to apopto-
sis-related proteins in LA-induced anticancer activities in 
lung cancer in vitro. We investigate the role of apoptosis- 
related proteins in LA-induced anticancer activities in 
NSCLC cells in vitro. We demonstrate that LA inhibits 
cell viability and induces apoptosis in NSCLC cells. LA 
significantly decreases the expression of apoptosis-related 
proteins without greatly influencing the expression of 
mRNA. Moreover, autophagy protects lung cancer cells 
from LA-induced cytotoxicity because suppression of 
autophagy with CQ significantly increased cell death. 
Furthermore, LA greatly induced ERK and p38 activation, 
but suppressed the activities of c-JunN-terminal kinase 
(JNK); block of ERK not p38 with inhibitor greatly attenu-
ates LA-induced autophagic induction and remarkably 
enhances LA-induced cytotoxicity. The data from this 
study suggest ERK activation-mediated autophagy induc-
tion plays a protective part to resist LA-induced cell death 
in lung cancer.

Materials and Methods
Reagents and Antibodies
Anti-c-IAP1 (7065), c-IAP2 (3130), XIAP (2045), PARP 
(9542), RIP1 (3493), HSP90 (7065), phosphor-p38 MAPK 
(4511), LC3 (4108) and GAPDH (2118) were from Cell 
Signaling Technology (Danvers, MA, US). Antibody for 
JNK1 (201001), P44/42 MAPK (ERK1/2) (250222), p38 
(220979), Survivin (71G4B7), β-tubulin (200608) was 
from Zen Bioscience (Chengdu, Sichuan, China). Anti- 
caspase 3 (ab32351) and c-FLIPL were from Abcam 
(Cambridge, UK). Anti-phospho-JNK (2679369) and 
phosphor-MAP kinase 1/2 (Erk1/2) were from Millipore. 
Licochalcone A, z-vad-fmk-1, U0126 and chloroquine 
(CQ) were from MCE MedChemExpress.

Cell Culture
Lung cancer cell line A549, H460, SPC-A1, H23 and 
H1299 were obtained from America Type Culture 
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Collection (Manassas, VA, USA) and grown in RPIM 
1640 medium supplemented with 10% fetal bovine 
serum, 2 mM L-glutamine, 100 U penicillin and 100 µg/ 
mL streptomycin. All cells were cultured in standard incu-
bator conditions at 37°C with 5% CO2. RPMI 1640 
Medium without glucose and fetal bovine serum were 
purchased from Gibco (USA).

Cell Viability Assay
Cells were seeded in triplicate data density of 5×104/well 
and after staining with trypan blue were counted 
every day for 3 days. In some experiments, cells were 
seeded in triplicate at a density of 2.5×104/well. The 
next day and thereafter, cells were incubated with 
20 mg/mL MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide) for 3 h. MTT was then dissolved 
in DMSO and read at OD 570 nm. The results were 
expressed as relative cell number against the correspond-
ing readings from the cells on day set to 100.

Colony Formation Assay
Lung cancer cells were seeded into 6-well plates at 
a density of 5×103 per well. After overnight growth, the 
cells were treated with LA (10 μM) for 7 days. Cells were 
fixed with methanol, then stained with 1% crystal violet 
dye. The visible colonies were photographed, and the 
colonies containing at least 50 cells were counted.

EdU Staining
DNA synthesis was analyzed using the Cell-Light EdU 
Apollo488 In Vitro Imaging Kit as per the manufacturer’s 
instructions (RiboBio, Guangzhou, China).

Annexin V-Fluorescein Isothiocyanate/PI 
Double-Stained Assays
Apoptosis was investigated using the Annexin 
V-fluorescein isothiocyanate (FITC) Apoptosis Detection 
Kit (BD Biosciences, San Jose, CA, USA). Lung cancer 
cells were seeded in 6-well plates and cultured with 0.1% 
DMSO or LA (20 μM) for 36 h. Afterward, the cells were 
collected and fixed and stained in binding buffer with 5 µL 
of PI solution and 5 µL of FITC-conjugated Annexin V for 
15 min in the dark. After staining, FACS Calibur flow 
cytometry (BD FACSCalibur, Becton Dickinson Co.) was 
performed to detect apoptotic cells, and the data were 
analyzed with Flowjo software.

RNA Extraction
Total RNA was extracted from cells using Transzol 
(TaKaRa, Japan), chloroform (Sangon, Shanghai, China), 
isopropyl alcohol (Sangon, Shanghai, China), DEPC water 
(Sangon, Shanghai, China) and 75% ethanol (Sangon, 
China). The yield of RNA was determined using 
a NanoDrop 2000 spectrophotometer (Thermo Scientific, 
USA), and the integrity was evaluated using agarose gel 
electrophoresis stained with ethidium bromide.

Real-Time Quantitative RT-PCR
Quantification was performed with a two-step reaction 
process: reverse transcription (RT) and PCR. The 
PrimerScriptTM RT reagent Kit with gDNA Eraser 
(TaKaRa, Japan) was used for each RT reaction in a total 
volume of 10 μL. Reactions were performed in a -
GeneAmp® PCR System 9700 (Applied Biosystems, 
USA) for 15 min at 37°C, followed by heat inactivation 
of RT for 5 s at 85°C. The 10 μL RT reaction mix was then 
diluted × 10 in nuclease-free water and held at −20°C.

Real-time PCR was performed using ABI Prism 7900 
Real-time PCR Instrument (Applied Biosystems, USA) 
with the TransStart® Top Green qPCR SuperMix (+Dye 
I/+Dye II)-qPCR kit (Transgen Biotech, China) in a 10 μL 
PCR reaction mixture. Reactions were incubated in a 96- 
well optical plate (Transgen Biotech, China) at 94°C for 
30 min, followed by 40 cycles of 94°C for 50 s, 60°C for 
30 s. Each sample was run in triplicate for analysis. At the 
end of the PCR cycles, melting curve analysis was per-
formed to validate the specific generation of the expected 
PCR product. The primer sequences were designed in the 
laboratory and synthesized by Beijing TSINGKE, based 
on the mRNA sequences obtained from the NCBI database 
as follows: Primer sequences for real-time PCR are shown 
in Table 1.

Western Blotting
Cell lysates were prepared by suspending cells in M2 
buffer (20 mM Tris-HCl pH 7.6, 0.5% NP40, 250 mM 
NaCl, 3 mM EDTA, 2 mM DTT, 0.5 mM phenylmethyl-
sulfonylfluoride, 20 mM β-glycerophosphate, 1 mM 
sodium vanadate, and 1 µg/mL leupeptin). The samples 
were boiled for 5 minutes, equal amounts of proteins from 
each of the cell lysates were resolved by 8% or 12% SDS- 
PAGE and analyzed by Western blot. The proteins were 
visualized with enhanced chemiluminescence (Millipore) 
following the instructions of the manufacturer. Each 
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experiment was repeated at least three times and represen-
tative results are shown.

Statistical Analysis
All data were expressed as mean ± SD and statistical 
significance was examined with one-way analysis of var-
iance (ANOVA) pairwise comparison using SPSS 17.0 for 
Windows (SPSS Inc., Chicago, IL, USA). P < 0.05 was 
considered statistically significant.

Results
LA Promotes NSCLC Cells Apoptosis
To investigate the anticancer effects of LA, A549, H460, 
SPC-A1, H23 and H1299 cells were exposed to increasing 
concentrations of LA for 48 h, then cell viability was detected 
and qualified by MTT assay. As shown in Figure 1A, LA 
inhibited the proliferation of NSCLC cells in a dose- 
dependent manner. EdU staining and Colony formation 
assay also showed that LA suppressed the proliferation of 
lung cancer cells (Figure 1B and C). Consistent with previous 
studies, flow cytometry analysis showed that LA promoted 
apoptotic cell death in both A549 and H460 cells (Figure 2A), 
meanwhile LA remarkably induced caspase-3 activation and 
PARP cleavage (hallmarks of apoptosis) (Figure 2C), and 
pan-caspases inhibitor z-VAD-fmk blocked LA-induced cyto-
toxicity (Figure 2B), indicating LA induced apoptotic cyto-
toxicity in NSCLC cells in vitro. Together, these results 

indicate that LA mainly induces apoptotic cytotoxicity in 
lung cancer cells.

LA Suppresses the Expression of IAPs and 
c-FLIPL in NSCLC Cells
Accumulating evidence has demonstrated that IAPs and c- 
FLIPL are the main inhibitors of cell death, including apop-
tosis and necrosis, and previous studies have reported that LA 
suppresses the expression of Survivin in human hepatoma 
cells,36 oral squamous cell carcinoma36 and ovarian carci-
noma cells.11 However, whether LA influences the expression 
of IAPs and c-FLIPL in NSCLC still remains elusive. As 
shown in Figure 3A, LA greatly decreased IAPs (c-IAP1, 
c-IAP2, XIAP, Survivin) and c-FLIPL expression in both 
A549 and H460 cells, however, LA did not greatly influence 
the expression of mRNA level of the above proteins (Figure 
3B). To further elucidate the mechanism underlying LA- 
induced IAPs and c-FLIPL suppression, a cycloheximide 
chase assay was carried out to investigate the stability of 
IAPs and c-FLIPL. Lung cancer cells were pre-treated with 
LA (20 µM) or PBS for 4 h respectively, then exposed to 
cycloheximide (200 ug/mL) for indicated times, then Western 
blotting was carried out to investigate the expression of 
related proteins. As shown in Figure 3C, LA significantly 
accelerated the degradation of Survivin and XIAP in both 
A549 and H460 cells compared with the control group, but 
only marginally affected the expression of c-IAP1, c-IAP2 
and c-FLIPL, suggesting that LA decreased the stability of 
Survivin and XIAP in lung cancer cells. Taken together, these 
results strongly suggest that LA kills lung cancer cells through 
degradation of IAPs and c-FLIPL in lung cancer cells.

LA Decreases the Expression of RIP1 in 
NSCLC Cells in a HSP90-Independent 
Way
It has been well documented that RIP1 plays a crucial role in 
cell survival and cell death. Our previous studies have shown 
that RIP1 maintains the expression of IAPs in lung cancer A549 
and H460 cells,41,42 which leads us to investigate whether RIP1 
is involved in LA-induced anticancer activities. Thereby, we 
continued to investigate whether LA influences the expression 
of RIP1 in lung cancer cells. As shown in Figure 4A, LA 
significantly suppressed the expression of RIP1 in both A549 
and H460 cells. Considering the crucial role of HSP90 in the 
regulation of RIP1 expression in cancer cells, we explored 
whether LA influences the expression of HSP90. 
Unexpectedly, LA did not affect the expression of HSP90 in 

Table 1 Primer Sequences for Real-Time PCR

Gene 
Name

Primer Name Sequence (5ʹ-3ʹ)

c-FLIPL Forward primer GCAGTCTCACAGCTCACCAT

Reverse primer TGTGCTGCAGCCAGACATAA

c-IAP1 Forward primer ATAGGGTAGCCTGCTTTGCC

Reverse primer GCATGTGTCTGCATGCTCAG

c-IAP2 Forward primer GGAGACAGAGTGGCTTGCTT

Reverse primer GCATGTGTCTGCATGCTCAG

XIAP Forward primer CGAGGAACCCTGCCATGTAT

Reverse primer TTCTGACCAGGCACGATCAC

Survivin Forward primer AACTGGCCCTTCTTGGAGG

Reverse primer TCATCTGGCTCCCAGCCTT

RIP1 Forward primer CTGGGCTTCACACAGTCTCA

Reverse primer GTCGATCCTGGAACACTGGT

β-Actin Forward primer ATAGCACAGCCTGGATAGCAACGTAC

Reverse primer CAC CTTCTACAATGAGCTGCGTGTG
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Figure 1 LA suppresses the viability of NSCLC cells in a dose-dependent manner. (A) A549 and H460 cell were exposed to indicated concentrations of LA for 48 h, cell 
viability was measured and quantified by MTT assay. (B) Lung cancer cells were exposed to LA for 8 h, then EdU staining was carried out. (C) 5×103 cells were seeded on 
a culture plate and treated with LA (10 µM) for 7 days. Cells were fixed with 1% formalin containing 1% crystal violet and colony formation inspected using an inverted 
microscope. N=3. *P<0.05, **P<0.0.1, ***P<0.001.
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either A549 or H460 cells, suggesting that LA may decrease the 
expression of RIP1 in a HSP90-independent manner (Figure 
4B). Surprisingly, LA slightly increased the level of mRNA of 
RIP1 (Figure 4C), which may be a compensation mechanism 
since RIP1 plays a key part in cell survival. To further explore 
the mechanism of LA-induced RIP1 downregulation, 
a cycloheximide chase assay was carried out to investigate 
whether LA affects the stability of RIP1. Lung cancer cells 
were pre-treated with LA (20 µM) or PBS for 4 h respectively, 
then exposed to cycloheximide (200 ug/mL) for indicated 
times. As shown in Figure 4D, LA significantly accelerated 
the degradation of RIP1 in both A549 and H460 cells compared 
with the control group, indicating that LA decreased the stabi-
lity of RIP1 in NSCLC cells. Taken together, these results 
strongly suggest that LA induces apoptotic cytotoxicity in 
lung cancer cells by decreasing the stability of RIP1.

LA Induces Protective Autophagy in Lung 
Cancer Cells
Recent studies suggest that LA induces autophagy in 
different types of cancers, however, the role of autophagy 
in LA-induced anticancer activities remains obscure. Our 
results showed that LA indeed increased autophagic 
activities in both A549 and H460 cells (Figure 5A), 
which was further validated by autophagic flux assay 
(Figure 5B). Intriguingly, inhibition of autophagy with 
CQ significantly enhanced LA-induced cytotoxicity in 
lung cancer cells (Figures 2A and 5C-D), meanwhile 
further downregulating the expression of apoptosis- 
related proteins (Figure 5E), indicating that autophagy 
plays a protective role in LA-induced cytotoxicity by 
maintaining the expression of apoptosis-related proteins 
in lung cancer.

Figure 2 LA induces apoptotic cell death. (A) Lung cancer cells were pre-treated with CQ (20 µM) and U0126 (10 µM) for 1 h, then exposed to LA (20 µM) for 36 h, then 
flow cytometric analysis was carried out to investigate cell death. (B) Lung cancer cells were pre-treated with z-VAD-fmk (10 µM) for 1 h, then exposed to LA (20 µM) for 
36 h, then cell viability was investigated by MTT assay. (C) Lung cancer cells were treated with indicated concentration of LA for 36 h, then the expression of indicated 
proteins was examined by Western blot. N = 3. *P<0.05, ***P<0.001.
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Figure 3 LA downregulates the expression of IAPs and c-FLIPL. (A) Lung cancer cells were treated with indicated concentration of LA for 36 h, then the expression of 
indicated proteins was examined by Western blot. (B) Lung cancer cells were exposed to LA (20 µM) for 8 h, then total RNA was extracted, and the mRNA level of 
indicated proteins was examined by q-RT-PCR, β-Actin was detected as an input control. (C) Lung cancer cells were pre-treated with LA (20 µM) or PBS for 4 h, then 
exposed to CHX (200 µg/mL) for indicated times, then the expression of indicated proteins was examined by Western blot. GAPDH or tubulin were detected as an input 
control. # P>0.05.
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ERK-Mediated Autophagy Activation 
Resists LA-Induced Cytotoxicity in 
NSCLC
Previous studies have reported that MAPKs (JNK, ERK 
and p38) contributes to LA-induced anticancer activities, 

however, the role of MAPKs is controversial in different 
types of cancers. Therefore, we continued to investigate 
the role of MAPKs in LA-mediated antitumor activities in 
lung cancer cells. LA indeed significantly induced ERK 
and p38 activation in a time-dependent manner in both 
A549 and H460 cells, strikingly, LA greatly suppressed 

Figure 4 LA downregulates the expression of RIP1 in a HSP90-independent manner. (A) Lung cancer cells were treated with indicated concentration of LA for 36 h, then 
the expression of indicated proteins was examined by Western blot. (B) Lung cancer cells were treated with indicated concentration of LA for 36 h, then the expression of 
indicated proteins was examined by Western blot. (C) Lung cancer cells were exposed to LA (20 µM) for 8 h, then total RNA was extracted, and the mRNA level of 
indicated proteins was examined by q-RT-PCR, β-Actin was detected as an input control. (D) Lung cancer cells were pre-treated with LA (20 µM) or PBS for 4 h, then 
exposed to CHX (200 µg/mL) for indicated times, then the expression of indicated proteins was examined by Western blot. GAPDH or tubulin were detected as an input 
control. # P>0.05.
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Figure 5 Autophagy plays a protective part in LA-induced anticancer effects. (A) Lung cancer cells were treated with indicated concentration of LA for 12 h, then the 
expression of indicated proteins was examined by Western blot. (B) Lung cancer cells were pre-treated with CQ (20 µM) for1 h, then exposed to LA (20 µM) for 12 h, then 
the expression of indicated proteins was examined by Western blot. (C–E) Lung cancer cells were pre-treated with CQ (20 µM) for 1 h, then exposed to LA (20 µM) for 36 
h, then morphology was examined and cell viability was investigated by MTT assay, and the expression of indicated proteins was examined by Western blot. GAPDH or 
tubulin were detected as an input control. N = 3. ***P<0.001.
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the activity of JNK activities in lung cancer cells (Figure 
6A). Then we continued to investigate whether ERK is 
involved in LA-induced autophagy induction. ERK inhi-
bitor U0126 remarkably attenuated LA-induced LC3II 
accumulation in both A549 and H460 cells (Figure 6B), 
indicating that LA induced autophagy induction depending 
on ERK activation. To interrogate the biological role of 
MAPKs in LA-induced anticancer effects, U0126 and 
SB242235 were used to suppress the activities of ERK 
and p38 respectively. The results showed that U0126 but 
not SB242235 greatly increased LA-induced cytotoxicity 
in both A549 and H460 cells (Figure 2A and 6C-D), and 
suppression of ERK activities with U0126 further pro-
moted LA-induced downregulation of IAPs, c-FLIPL and 
RIP1 in lung cancer cells (Figure 6E), suggesting ERK 
activation resisted LA-induced anticancer activities. 
Collectively, ERK-mediated autophagy activation plays 
a protective role in LA-induced cytotoxicity in NSCLC 
by maintaining the expression of IAPs, c-FLIPL and RIP1 
in vitro.

Discussion
In the present study, we demonstrated that LA suppressed 
cell proliferation and induced apoptosis in NSCLC cells in 
a dose-dependent manner. LA significantly decreased the 
expression of apoptosis-related proteins, including IAPs, 
c-FLIPL and RIP1, and also greatly decreased the stability 
of Survivin, XIAP and RIP1. Mechanistic studies revealed 
that ERK-mediated autophagy activation played 
a cytoprotective role in LA-induced anticancer activities 
since suppression of ERK and autophagy remarkably 
enhanced LA-induced cytotoxicity and downregulation of 
apoptosis-related proteins (Figure 7). The results of this 
study extend the role of apoptosis-related proteins in LA- 
induced anticancer effects, furthering our knowledge of 
the underlying mechanisms of this agent.

The IAPs proteins play an important role in cell survi-
val. They are mediated by NK-kB activation and inhibit 
cell death.30–32 It has been well documented that IAPs 
proteins are overexpressed in many types of tumors, and 
predict poor prognosis for several anticancer agents, 
including cisplatin.33,34 Therefore, IAPs are promising 
targets for cancer therapy. IAPs are crucial factors of 
RIP1; RIP1 plays a key role in cell survival, apoptosis 
and necrosis and is essential for the formation of 
Ripoptosome complex. c-FLIPL inhibits the Ripoptosome- 
mediated cell death pathway. c-FLIP is often highly 
expressed in different types of cancers, conferring poor 

prognosis of patients.43,44 Accumulating evidence has 
demonstrated that downregulation of c-FLIP restores sen-
sitivity to anticancer agents, including TRAIL, Fas and 
cisplatin.44,45 Our previous studies have reported that chal-
cone derivative Chal-24 alone or in combination of 
cisplatin39 and TRAIL40 promotes IAPs (c-IAP1, c-IAP2 
and XIAP) and c-FLIPL degradation depending on JNK 
and ERK activation. Besides, our previous studies have 
demonstrated that RIP1 maintains IAPs expression to 
resist cisplatin-induced cytotoxicity in lung cancer 
cell.41,42 Our results show that LA decreases the expres-
sion of IAPs (c-IAP1, c-IAP2, XIAP, Survivin), c-FLIPL 

and RIP1. Moreover, LA significantly decreases the stabi-
lity of Survivin, XIAP and RIP1, but not c-IAP1, c-IAP2 
and c-FLIPL. Therefore, the underlying mechanisms of 
LA-induced c-IAP1, c-IAP2 and c-FLIPL downregulation 
warranted further investigation.

Autophagy may play a dual role in anticancer 
agents’ anticancer activities. Emerging evidence has 
suggested that LA induces autophagy in various cancer 
cells in vitro, however the role of autophagy in LA- 
induced anticancer activities is controversial. 
Autophagy may contribute to LA-induced anticancer 
effects in osteosarcoma cells.20 However, Jen-Pi Tsai 
and colleagues demonstrate that autophagy plays 
a protective role because autophagy inhibitors 3-methy-
ladenine and bafilomycin A1 both increased LA-induced 
apoptosis.19 Additionally, Tang et al. reported that 
autophagy may be a bystander in LA-induced anticancer 
activities since block of autophagy with inhibitor or 
siRNA did not reverse LA-induced anticancer effects.21 

In the present study, we indeed found that LA induced 
autophagic activation in both A549 and H460 cells, but 
autophagy plays a protective role in LA-induced apop-
tosis because the autophagy inhibitor CQ greatly 
enhanced LA-induced cytotoxicity and further promoted 
the degradation of apoptosis-related proteins. Our results 
also show that LA induces autophagy depending on 
ERK activation since block of ERK activity greatly 
decreased LA-induced autophagic activity.

Previous studies have reported that MAPKs play an 
important role in LA-induced anticancer activities in var-
ious cancers, however the role of MAPKs in LA-induced 
anticancer effects remains disputable. Chun-Yi Chuang 
and colleagues reported that LA increased JNK and p38 
activation in human nasopharyngeal carcinoma cells, and 
block of JNK or p38 with JNK inhibitor (JNK-IN-8) or 
p38 inhibitor (SB203580) abolished LA-induced 
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Figure 6 ERK-mediated autophagy resists LA-induced anticancer effects. (A) Lung cancer cells were treated with LA (20 µM) for indicated times, then the expression of 
indicated proteins was examined by Western blot. (B) Lung cancer cells were pre-treated with U0126 (10 µM) for 1 h, then exposed to LA (20 µM) for 12 h, then the 
expression of indicated proteins was examined by Western blot. (C–E) Lung cancer cells were pre-treated with U0126 (20 µM) for 1 h, then exposed to LA (20 µM) for 36 
h, then morphology was examined and cell viability was investigated by MTT assay, and the expression of indicated proteins was examined by Western blot. GAPDH or 
tubulin were detected as an input control. N = 3. **P<0.0.1.
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apoptosis.18 Hao et al. also found that LA induced the 
activation of JNK, ERK and p38 in human gastric cancer 
BGC-823 cells. Jae-Sung Kim and coworkers reported that 
LA rapidly induced ERK and p38 activation in oral cancer 
cells.46 However, Ke Yao and colleagues found that LA 
was a natural selective JNK1 inhibitor, in vivo and in vitro 
studies both demonstrate LA inhibited JNK1-mediated, 
but not JNK2-mediated c-Jun phosphorylation.47 

Subsequent studies also confirmed that LA suppressed 
the activities of JNK in hepatocellular cell 
carcinoma.25,26 Huang et al. reported that LA significantly 
suppressed the activation of ERK in human glioma cells.48 

Jian Wu and coworkers demonstrated that LA attenuated 

ERK activities in in gastric cancer.49 Xiangrong Chen and 
colleagues reported that LA suppressed the p38/JNK/ERK 
signaling pathway as well.50 Nevertheless, Tsai et al. 
demonstrated that LA only marginally affected the activ-
ities of MAPKs, including JNK, ERK and p38 in cervical 
cancer19 and lung cancer cells.24 The controversial role of 
MAPKs in various cancers may be attributed to different 
antibodies targets for JNK activation and time for LA 
exposure; MAPKs are usually activated rapidly, and long- 
term treatment may give misleading results. However, the 
role of MAPKs in LA-mediated anticancer effects in 
NSCLC remains unclear. The results from this study 
show that LA greatly caused ERK and p38 activation in 
a time-dependent manner in both A549 and H460 cells, 
however, LA remarkably inhibited the activity of JNK in 
lung cancer cells. Moreover, suppression of ERK not p38 
kinase with inhibitor enhanced LA-induced cytotoxicity, 
while ERK inhibitor significantly enhanced LA-mediated 
downregulation of apoptosis-related proteins and attenu-
ated LA-induced autophagic induction.

Conclusion
In summary, our results provide evidence that LA kills 
NSCLC cells by downregulating the expression of apop-
tosis-related proteins, and ERK-mediated autophagy acti-
vation resists LA-induced cytotoxicity by maintaining the 
expression of apoptosis-related proteins (Figure 7). Further 
in vivo and in vitro studies are warranted for exploring the 
specific role of apoptosis-related proteins in LA-induced 
anticancer activities.
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