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Background: Non-small cell lung cancer (NSCLC) is one of the causes of carcinomas mortality 
worldwide. Ecliptasaponin A (ES), a natural product extracted from the plant known as Eclipta prostrata, has 
been reported as an anti-cancer drug against various cancer cell lines. However, the exact mechanisms of ES 
have not yet been fully characterized. 
Methods: Numerous studies have been done to support that ES has a powerful inhibiting effect on the 
growth of cancers via the activation of apoptosis and autophagy. To explore the underlying mechanisms 
of anti-cancer and investigate the relationships of the apoptosis and autophagy, we used apoptosis signal-
regulating kinase 1 (ASK1) inhibitor (GS-4997), c-Jun N-terminal kinase (JNK) inhibitor (SP600125), and 
autophagy inhibitor [chloroquine (CQ) and 3-methyladenine (3-MA)].  
Results: ES could potently suppress cell viability and induces apoptotic cell death of human lung cancer 
cells H460 and H1975. ES activated apoptosis via ASK1/JNK pathway, GS-4997 and SP600125 can 
attenuated these effects. Furthermore, ES could triggered autophagy in lung cancer cell lines, and the 
autophagy inhibitor 3-MA and CQ reversed ES-induced apoptosis in H460 and H1975 cells. Furthermore, 
SP600125 can inhibit autophagy. 
Conclusions: This study showed that ES induces apoptosis in human lung cancer cells by triggering 
enhanced autophagy and ASK1/JNK pathway, which may thus be a promising agent against lung cancer. 
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Introduction 

Lung cancer is one of the main causes of global cancer 
mortality and cancer-related death (1,2). Even though 
there has been development in treatment over the 
past 20 years, the five-year survival rate has levelled at  
<20% (1). Consequently, preferable therapeutic regimens 
and strategies with high efficiency for this deadly disease to 
eradicate non-small cell lung cancer (NSCLC) are urgent 
and vital. 

Natural products from pure plant extracts used in 
the treatment of cancers have long and rich experience, 
and are currently getting increasing attention from 
researchers around the world (3-5). Nevertheless, though 
Ecliptasaponin A (ES) has a clear structure (Figure 1A), 
the exact role and mechanism of it on carcinoma of lung 
remains unclear. 

Apoptosis is often triggered by oncotherapy agents and 
is a key player in clinical treatment of malignant tumors, 
which are regulated by a number of genes and signaling 
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pathways related to apoptosis (6-8).
Autophagy is an evolutionarily conserved cellular self-

digesting process with the characteristic of autophagosome 
formation (9), has recently been suggested as a “double 
edge sword” in the development and progress of tumor (10), 
may be either cytoprotective (11,12) or cytotoxic during 
therapy (13,14). In other words, given the appropriate 
circumstances, overabundant autophagy may induce cell 
death, or apoptosis (15,16), while other evidences have 
suggested that autophagy can protect tumor cells from 
apoptosis (17,18). 

Many pathological processes are influenced by autophagy 
and apoptosis, which, in turn, mutually modify one 
another (19). Accumulating studies have demonstrated that 
numerous antitumor agents can induce apoptosis while 
trigger autophagy (20). 

Apoptosis signal-regulating kinase 1 (ASK1) is a member 
of the mitogen-activated protein kinase (MAPK) family. 
MAPKs induce cells apoptosis, which leads to downstream 
signaling of MAPKs, c-Jun N-terminal kinases (JNKs) 
and p38 MAPKs (21). ASK1 is involved in many different 
stress responses, such as apoptosis (22-24), and ASK1 has 
been reported to be involved in many diseases, such as  
cancer (25-27). 

JNK is part of the MAPK family, which is involved in 
modulating cell survival, proliferation, and apoptosis (28,29). 
And, in many cases of tumorigenesis and development, JNK 
has been demonstrated to regulate the apoptotic response 
of cells to pro-inflammatory cytokines and environmental 
stresses (30). 

In this study, we aim to confirm the effect of ES on 
lung cancer cells and to elucidate its underlying molecular 
mechanisms.

Methods 

Reagents and antibodies 

ES was dissolved in Dimethylsulfoxide (DMSO). 
3-(4,5-dimethylthiazol-yl)-2,5-diphenyltetrazolium bromide 
(MTT), DMSO, hoechst33342, 3-methyladenine (3-MA), 
chloroquine (CQ) and paraformaldehyde were purchased 
from Abcam (Cambridge, MA, USA). GS-4997, SP600125 
and Z-VAD-FMK were acquired from Selleck Chemicals 
(Houston, TX, USA). Fetal Bovine serum and RPMI 1640 
medium were acquired from Gibco Life Technologies 
(Grand Island, NY, USA). Primary antibodies (i.e. cleaved 
caspase-3, LC3B, Beclin-1, phosphor-JNK) were purchased 

from Cell Signaling Technology, Inc. (Beverly, MA, USA).  

Cell culture 

H460 and H1975 cells were acquired from the Cell Bank 
of the Chinese Academy of Science (Shanghai, China), and 
were subsequently cultured in RPMI 1640 medium with 
10% FBS and in a 5% CO2 incubator at 37 ℃.

Cell viability assay 

H460 and H1975 were seeded at 104 cells/well into  
96—well plates and treated with growing concentrations of 
ES for 24 and 48 h. At the end of incubation, the medium 
was removed, and replaced by 0.5 mg/mL MTT, which was 
followed by a 4-h incubation. The crystal formazan was 
dissolved in 150 μL DMSO and reading of the absorbance 
was completed at 490 nm using a microplate reader. 

Clone formation assay

We seeded cells at 1,000–2,000 cells per well into six-
well plates. The medium was changed and refreshed in 
2-day interims. Finally, the we fixed the colonies with 
paraformaldehyde and stained them using Giemsa staining.

Annexin V-FITC/propidium iodide (PI) staining assay 

Apoptosis was identified through an Annexin V-FITC/
PI assay kit (BD Biosciences, San Diego, CA, USA). We 
acquired about 10,000 cells for each sample. Annexin 
V-FITC and PI fluorescence were detected and analyzed by 
using a flow cytometer.

Western blot assay 

Cells were collected and lysed with RIPA buffer after being 
treated for 24 h under the prescribed conditions. Total 
proteins 20–40 μg were loaded into each well and separated 
by 12% separation gel. And then was transferred to PVDF 
membrane at 100 V for 120 min. For 1 hour, we blocked 
the membranes in 5% non-fat milk at room temperature. 
They were subsequently incubated with specific primary 
antibodies at room temperature for 2 hours or overnight 
at 4 ℃. After washing with TBST, the HRP-conjugated 
secondary antibodies for 1 hour at room temperature. 
A chemiluminescence detection system visualized and 
analyzed the bolts (Bio-Rad, Hercules, CA, USA). 
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Xenograft nude mouse model in vivo

Male BALB-c nude mice (4-week-old) obtained from 
the Animal Center of the Chinese Academy of Science 
(Shanghai, China) were the subjects in this study. 
Subcutaneously, H460 cells (2×106 cells/each) with a 100 μL 
suspension were injected into the right flanks of the mice. 
As the tumors grew to roughly 50–100 mm3, the mice were 
randomly placed into the three following groups: control, 
ES (25 mg/kg), ES (50 mg/kg) were all intraperitoneally 
injected. At 3-day intervals, the body weights and tumor 
sizes of each mouse were monitored, with tumor volume 
being determined via a formula: length × width 2/2. On day 
21, the mice were sacrificed, and we the tumors were frozen 
in liquid nitrogen or formalin-fixed for further analysis.

Statistical analysis 

All experiments were completed in triplicate with data being 
expressed as mean ± SD.  We applied an analysis of variance 
(ANOVA), and values of *P <0.05, **P<0.01, and ***P<0.001 
constituted statistical significance.

Results 

ES induces lung carcinoma cell death 

We use MTT assay to evaluate the cell viability which were 
exposed to increasing concentrations of ES for 24 and 48 h. 
As shown in Figure 1B, H460 and H1975 were significantly 
induced cell death by ES in both dose-dependent and time-
dependent ways.  

To confirm that the cell viability of H460 and H1975 
were inhibited by the treatment of ES, we observed that the 
ability of the cells to form colonies was prevented by ES in a 
concentration-dependent method, which supported an anti-
cancer effect of ES (Figure 1C).

To explore the manner of cell death, flow cytometry 
was carried out to label H460 and H1975 cells that had 
been subjected to apoptosis, with ES being discovered as 
inducing apoptosis in H460 and H1975 cells in a dose-
dependent manner (Figure 2A). 

To sum up, these findings indicated that ES promoted 
H460 and H1975 cell death through triggering apoptosis. 

Figure 2B (under a fluorescent microscope with 30 μM 
concentrations after staining with Hoechst 33342) shows 
H460 and H1975 exhibiting a post-treatment decreased cell 
count, chromatin condensation, and cell size (31), which all 
point to the occurrence of apoptosis.

The early stages of apoptosis are characterized by the 
activation of caspase (32). Cleavage of caspase-3,8,9 was 
detected by western blot assay in order to determine the 
involvement of caspase activation in ES-induced apoptosis. 
Figure 2C shows that, compared to the control group, ES 
exposure groups significantly elevated the caspase-3,8,9 
activities with a dose-dependent increase. To verify these 
findings, we pretreated H460 and H1975 cells with the 
pan-caspase inhibitor, Z-VAD-FMK, which functioned as 
a caspase-activity blocker. Flow cytometry findings give 
credence to the ability of Z-VAD-FMK to reverse ES-
induced cell death (Figure 2D). 

Therefore, ES could induce apoptosis in human lung 
carcinoma H460 and H1975 cells through the caspase-
dependent apoptotic pathway. 

ES stimulates autophagy in human lung carcinoma cells 

Initially, shown in Figure 3A, the increased formation of 
autophagosomes with the characteristic of expressing the 
mRFP-GFP-LC3 was visualized stably in the presence of 
30μM ES. Then, a hallmark of autophagy (33), LC3B I/II’s 
protein expression level was identified by the western blot 
assay. Exposed to the indicated concentrations of ES for  
24 hours (Figure 3B), other autophagy-related proteins, 
such as Beclin-1 and P62/SQSTM1 also saw increased 
expression. From the findings above, in can be concluded 
that ES can indeed activate autophagy in human lung 
carcinoma cells. 

Apoptosis and autophagy are two approaches that seal 
cell fate (34); therefore, the link between autophagy and 
ES-induced apoptosis was further explored. As shown in  
Figure 3C,D, we cotreated H460 and H1975 cells with 
ES (30 μM) and autophagy inhibitors, and showed that 
ES and 3-MA in combination or CQ notably reduced the 
proportion of apoptotic cells in comparison to those treated 
with ES by itself. 3-MA blocks autophagy at the early stage, 
while CQ blocks autophagy at the late stage, however, 
combination inhibitor led to the inactivation of caspases, as 
shown as cleaved caspase-3.

Collectively, these data further confirmed autophagy’s 
pro-apoptotic involvement in human lung carcinoma cells 
treated with ES. 

ASK1/JNK pathway play an important role in apoptosis 
with ES treated human lung carcinoma cells 

MAPK-related pathways were involved in cancer cell 
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survival and cell death and to further clarify the relationship 
of ES and MAPK pathways in lung cancer, Western 
blot was used to determine the levels of MAPK-related 
pathway proteins and their phosphorylated forms. The 
phosphorylation levels of ASK1, P38, JNK and AKT 
(S473 and T308) were showed a marked increase while the 
phosphorylation levels of ERK were declined in response to 
ES treatment (Figure 4). 

To verify the roles of p-ASK1 and p-JNK in the 
apoptotic cells induced by ES, we combined ES with 
GS-4997 (specific inhibitor for ASK1) or SP600125 
(specific inhibitor for JNK) in the treatment. As shown in  
Figure 5A,B, combination with GS4997 or SP600125 
significantly downregulated the number of apoptotic 
cells, and in Figure 5C,D, the expression levels of cleaved 
caspase-3 decreased in co-treatment than that of ES 
treatment alone.  

Furthermore,  SP600125 can inhibit  autophagy  
(Figure 5D). Being in combination treatment using ES and 
SP600125, the expression of LC3B-II was significantly 

lower than treatment with ES alone. Collectively, these 
data confirmed that the activation of ASK1/JNK pathways 
contributed to promoting ES-induced apoptosis in human 
lung carcinoma cells and activating autophagy may be 
mediated by JNK pathway.

ES exhibits effective anti-cancer effect in vivo

To verify the part that ES has in regulating lung cancer cell 
growth in vivo, a xenograft tumor model that injected H460 
cells subcutaneously into the right flanks of nude mice 
was made. In Figure 6A,B, the tumor size was in a visual 
reduction in the groups of treatment with ES compared to 
the control group. Consistently, tumor weight and volume 
of ES-treated at doses of 25 and 50 mg/kg were lower 
than the control group (Figure 6C,D). However, the body 
weight was not significantly altered among the three groups  
(Figure 6E), which indicated no significant biological 
toxicity of ES in vivo at certain concentration. These data 
imply that ES can be considered as an anti-cancer drug for 
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Figure 1 ES inhibits cell viability in human lung carcinoma cells. (A) Chemical structure of ES; (B) cell viability was evaluated by MTT 
assay, H460 and H1975 cells were treated with ES for 24 and 48 h; (C) cells were treated with ES to form colonies. All data are expressed as 
mean ± SD. *, P <0.05; **, P<0.01; ***, P<0.001 compared to the control group. ES, Ecliptasaponin A.
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Figure 2 ES induces cell apoptosis in human lung carcinoma cells. (A) Apoptosis was analyzed by FACS using an Annexin V-FITC/PI cell 
apoptosis kit; (B) stained with Hoechst33342 solution and captured by fluorescence microscopy. White arrows indicate condensed nuclei; (C) 
expression levels of indicated proteins were detected by western blot assay; (D) pretreated with Z-VAD-FMK (50 μmol/L) for 1 h, apoptosis 
was analyzed by FACS using an Annexin V-FITC/PI cell apoptosis kit. All data are expressed as mean ± SD. *, P <0.05; **, P<0.01; ***, 
P<0.001 compared to the control group. ES, Ecliptasaponin A; FACS, fluorescence-activated cell sorting; PI, propidium iodide.
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lung carcinoma with few side effects.

Discussion 

ES is a plant-derived natural product and has been 
associated with potent anti-cancer effects. In the present 
study, we first reported how ES inhibits growth in lung 
cancer cells and elucidated the potential mechanisms 
involved in its anti-tumor effect. ES inhibits the viability 
of H460 and H1975 cells in both a time-dependent and 
dose-dependent manner, and ES regulated the apoptosis, 
autophagy through MAPKs signaling pathway. 

Apoptosis is a form of cell death, the induction of which 
is presumed to factor prominently in most anti-tumor 
therapy mechanisms. The execution of apoptosis was 
caspases, which is from a family of proteases (35). Apoptosis 
is realized either via the caspase-8-induced death receptor 
pathway or the caspase-9-activated mitochondrial apoptosis 
pathway. Subsequently, apoptosis mediated by Bcl-2 
family members is induced by caspase-3 or by cleaving its 
substrates, poly ADP-ribose polymerase (PARP) (36,37). 
As we all know, the activation of Caspase-3 is led by the 
activation of Caspase-8 or Caspase-9 and is a crucial link in 
the process of apoptosis (38,39). 

Figure 3 ES induces autophagy, which contributes to cell death. (A) Images of mRFP-GFP-LC3 adenovirus infection monitored the 
autophagy flux in H460 and H1975 cells under fluorescence microscope (200× magnification); (B) the expression levels of indicated proteins 
were analyzed by western blot assay; (C) pretreated with 3-MA (5 mmol/L) or CQ (20 μmol/L) for 1 h, apoptosis was analyzed by FACS 
using an Annexin V-FITC/PI cell apoptosis kit; (D) cells were pretreated with 3-MA (5 mmol/L) or CQ (20 μmol/L) for 1 h. Expression 
levels of indicated proteins were detected by western blot assay. All data are expressed as mean ± SD. *, P <0.05; **, P<0.01; ***, P<0.001 
compared to the control group. ES, Ecliptasaponin A; 3-MA, 3-methyladenine; CQ, chloroquine; FACS, fluorescence-activated cell sorting; 
PI, propidium iodide.
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Figure 4 ES induces MAPK pathways in human lung carcinoma cells. Western blot assay for MAPK pathways in ES-treated cells. ES, 
Ecliptasaponin A; MAPK, mitogen-activated protein kinase.
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Figure 5 Reversed the activation of ASK1-JNK pathway can attenuate ES-induced apoptosis and JNK plays a vital role in autophagy 
induced by ES. (A,B) Pretreated with GS-4997 (GS; 1 μmol/L) and SP600125 (SP; 20 μmol/L) for 1 h, apoptosis was analyzed by FACS 
using an Annexin V-FITC/PI cell apoptosis kit; (C,D) pretreated with GS-4997 (GS; 1 μmol/L) and SP600125 (SP; 20 μmol/L) for 1 h, 
expression levels of indicated proteins were detected by western blot assay. All data are expressed as mean ± SD. **, P<0.01; ***, P<0.001 
compared to the control group. ASK1, Apoptosis signal-regulating kinase 1; JNK, c-Jun N-terminal kinase; ES, Ecliptasaponin A; FACS, 
fluorescence-activated cell sorting; PI, propidium iodide. 
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Flow cytometry and western blots results suggested that 
ES induced apoptosis in H460 and H1975 cells, which 
increased amount of cleaved caspase-3,8,9. These data 
suggested that ES induced apoptosis of H460 and H1975 
cells through caspase activation.  

Autophagy is a conserved pathway characterized by 
compromised or and deleterious cellular components 
being taken into autophagosomes, and ending up in the  
lysosome (40). 

Our results found that the expression level of autophagy-
related factors, such as LC3, Beclin1 and P62, three 
prominent autophagy markers involved in autophagy, all 
increased in a dose-dependent manner. Specifically, the 
conversion of LC3-I to LC3-II has positive correlations to 
the number of autophagosomes and the autophagic activity 
of cells (33,41). Beclin1 functions to form a trimer and 
induce the aggregation of proteins related to autophagy in 
the nucleation phase (42). P62 is a marker of autophagic 

degradation which is consumed during the elongation 
phase. It is able to hasten the transfer of ubiquitinated 
substrates to autophagosomes (43). At the most, P62 
expression level is negative correlated with the degree of 
autophagy induction (44). 

Compared to treatment with ES alone, the apoptosis 
was decreased in response to the 3-MA or CQ treatment 
with ES. These results suggested that although apoptosis 
and autophagy were induced by ES in lung cancer cells, a  
pro-apoptotic effect might still be exercised by autophagy.

It is well known that the MAPK pathways figure 
prominently in intrinsic and extrinsic apoptosis in human 
lung cancer (45). We supposed that JNK was activated by 
ASK1, using the S-4997 and SP600125 regulators to verify 
the dependence of ES treatment effect on the function 
of ASK1/JNK in lung cancers. In accordance with these 
findings, JNK is a key play in lung cancer, figuring both in 
apoptosis and autophagy. As we know, the activation of JNK 

Figure 6 ES suppress the growth of tumor xenografts in vivo. (A,B) Image of human lung cancer xenograft from the control group and ES-
treated groups; (C) tumor weight of the three groups; (D,E) tumor volume and body weight were measured every three days. All data are 
expressed as mean ± SD. **, P<0.01; ***, P<0.001 compared to the control group. ES, Ecliptasaponin A.
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can stimulate its downstream, such as c-Jun transcription 
factor, which can result Beclin-1 rising and promoting 
autophagy further (46). 

Here, in lung cancer-bearing nude mice, treatment 
with ES was shown to cause a clear suppression of tumor 
growth. Furthermore, treatment with ES at doses of 25 and  
50 mg/kg had marked inhibitory effects on the tumor 
growth of lung cancer in vivo.

Conclusions   

To sum up, the present research is the first to illuminate 
the molecular mechanisms of ES suppressing the growth 
of lung cancer cells. Briefly, ES induce apoptosis partly 
through autophagy and the ASK1/JNK signaling pathway 
(Figure 7). Moreover, ES exert a powerful anti-cancer effect 
in vivo. These findings demonstrated that ES is a novel and 
promising clinical molecular targeted therapeutic drug of 
human lung cancer.
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