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Abstract. The present study aimed to identify potential 
anticancer effects of Cucurbitacin I regulators on cell growth 
of human non‑small cell lung cancer (NSCLC) and to explore 
their mechanism. The results indicated that the anticancer 
effects of Cucurbitacin I markedly attenuated cell proliferation, 
and induced apoptosis in NSCLC. Furthermore, Cucurbitacin I 
suppressed phosphatidylinositol‑4,5‑bisphosphate 3‑kinase 
(PI3K), phosphorylation (p)‑AKT and p‑p70S6K pathway in 
NSCLC. Then, (PI3K) inhibitor increased anticancer effects 
of Cucurbitacin I on NSCLC. In conclusion, the present results 
indicated that Cucurbitacin I inhibited cell growth of human 
NSCLC through PI3K/AKT/p70S6K signaling pathway.

Introduction

Lung cancer is the malignant tumor with the highest fatality 
rate in the world. Meanwhile, non‑small cell lung cancer 
(NSCLC) is the most common pathological type of lung 
cancer, accounting for >70% of all lung cancer cases (1). The 
increasingly improved therapeutic means such as traditional 
surgery has greatly improved the prognosis and quality of life 
of lung cancer patients (1). However, intensive understanding 
of the molecular mechanism of lung cancer pathogenesis is 
lacking at present (2). Therefore, the existing early diagnosis 
target and anticancer therapy have limited effect on lung 
cancer patients (2). It is reported that >50% NSCLC patients 
visiting for the first time have progressed into stage III or have 
metastases (2). As a result, they have been deprived of the 
opportunity of surgical treatment. Platinum‑based combined 
chemotherapy regimen is considered as one of the most 

effective methods for treating advanced NSCLC (3). However, 
tumor is a highly heterogeneous disease. It is associated with 
remarkably different sensitivity to platinum‑based chemo-
therapeutics, even in lung cancer patients with same clinical 
stage or same pathological type (4).

As is suggested in research, the phosphatidylino-
sitol‑4,5‑bisphosphate 3‑kinase (PI3K)/AKT signaling 
pathway is abnormally activated in NSCLC  (5). This has 
played an important role in tumor cell proliferation, apoptosis, 
survival and drug resistance (6). Cisplatin is the most common 
first‑line chemotherapeutic in clinic (7). However, tumor resis-
tance to cisplatin becomes increasingly common as treatment 
progresses, which has severely restricted its clinical effects (7). 
Cisplatin resistance is a complex process involving multiple 
mechanisms. Of them, continuous activation of the PI3K/AKT 
pathway or its components is one of the vital factors (6).

Chinese herbal medicine has been applied in treating 
disease for thousands of years in traditional medicine (8). For 
instance, Jinhuang powder and ichthammol ointment have the 
effects of softening hardness to dissipate stagnation, clearing 
heat and removing toxicity (8). Therefore, they have been used 
to treat non‑suppurative acute mastitis and sebaceous cyst (9). 
In recent years, some scholars have studied the effects of 
Yishenguchong decoction, which is constituted by 11 kinds 
of Chinese herbs, on treating breast cancer (10). Cucurbitacin 
is a tetracyclic triterpenoid, which is abundant in cucur-
bitaceous plant  (11). Data have indicated that cucurbitacin 
has anti‑inflammatory, anti‑bacterial and immunity boosting 
effects (10). Moreover, cucurbitacin is mainly employed in 
traditional medicine to assist in treating hepatitis or primary 
liver cancer. It has favorable therapeutic effects and moderate 
property (9). Cucurbitacin I is one of the Cucurbitacin family 
members with the richest content (12). At the same time, it is 
also one of the most extensively studied Cucurbitacin family 
members in terms of anticancer effects (8). Research in vivo 
and in vitro has suggested that Cucurbitacin I can inhibit 
cellular growth of multiple malignant tumors, such as liver 
cancer, gastric cancer, breast cancer and neuroblastoma (12). 
In addition, it can suppress their proliferation and apoptosis 
in the meantime of improving sensitivity of tumor cells to 
chemotherapeutics (12). In this study, we aimed to identify 
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potential anticancer effects of Cucurbitacin I regulators cell 
growth of human NSCLC and to explore their mechanism.

Materials and methods

Cell culture. A549 lung adenocarcinoma were grown in 
complete DMEM containing 10% FBS (both Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) at 37˚C and 
5% CO2.

Cell proliferation assay and toxicity assay. Cell was treated 
with 0 (DMSO), 50, 100 and 200 nM of Cucurbitacin I for 
24, 48, and 72 h, for 48 h, and stained with MTT assay for 4 h 
at 37˚C. DMSO assay was used to dissolve for 20 min at 37˚C. 
Absorbance was measured using an MRX II microplate reader 
(Dynex, Chantilly, VA, USA) at 490 nm.

We used LDH activity to explain cell cytotoxicity of 
Cucurbitacin  I on NSCLC using LDH Release Assay kit 
(C0016; Beyotime Institute of Biotechnology, Haimen, China). 
Absorbance was measured using an MRX II microplate reader 
(Dynex) at 405 nm.

Flow cytometry analysis. After treatment with Cucurbitacin I 
for 48 h, cells washed with PBS three times. Cells were stained 
with all 5 µl of Annexin V‑FITC and PI (Sigma‑Aldrich Co., 
St Louis, MO, USA) for 15 min at darkness. The apoptosis 
rate was analyzed by flow cytometry (BD FACSCanto II; BD 
Biosciences, San Diego, CA, USA).

Western blot analysis and caspase‑3/9 activity. Protein 
samples from cells were prepared in RIPA buffer (Beyotime 
Institute of Biotechnology) and protein concentrations were 
measured using the BCA protein assay kit (Beyotime Institute 
of Biotechnology). The equal amounts (40  µg) of protein 
were separated on 8‑12% SDS gel and transferred onto PVDF 
membranes. Membranes were probed with the primary anti-
bodies: PI3K (1:500), p‑AKT (1:500), p‑p70S6K (1:500) and 
GAPDH (1:500; all Santa Cruz, CA, USA) at 4˚C overnight. 
After incubating with HRP‑conjugated secondary antibodies 
goat anti‑rabbit IgG, protein bands were detected using an 
enhanced chemiluminescence detection kit (ThermoFisher 
Scientific, Inc.). Equal amounts protein also was used to 
measure caspsae‑3/9 activity using caspsae‑3/9 activity kits 
(Beyotime Institute of Biotechnology).

Statistical analysis. Data were presented as the mean ± standard 
error. Statistical differences were analyzed using the one‑way 
analysis of variance (ANOVA) with the Tukey's test. P<0.05 
was considered to indicate a statistically significant difference.

Results

Cucurbitacin I attenuated cell proliferation of NSCLC. 
To investigate whether the anticancer of Cucurbitacin I on 
NSCLC, A549 cell was treated with Cucurbitacin  I, cell 
proliferation and LDH activity were measured. The structural 
formula of Cucurbitacin I was showed at Fig. 1A. As showed 
in Fig. 1B, C, Cucurbitacin I attenuated cell proliferation and 
increased LDH activity in A549 cell, compared with control 
group.

Cucurbitacin I induced apoptosis of NSCLC. Next, 
Cucurbitacin I induced apoptosis, and promoted capase‑3/9 
activity in A549 cell, compared with control group (Fig. 2).

Cucurbitacin I suppressed PI3K/AKT/p70S6K pathway 
of NSCLC. To identify the PI3K/AKT/p70S6K pathway 
mediator involved in the anticancer effects of Cucurbitacin I 
on NSCLC, we examined the changes of PI3K/AKT/p70S6K 
pathway. Cucurbitacin I suppressed PI3K, p‑AKT and 
p‑p70S6K protein expression, compared with control 
group (Fig. 3).

Suppression of PI3K increased the anticancer effects of 
Cucurbitacin I on PI3K/AKT/p70S6K pathway of NSCLC. To 
validate the downregulation of PI3K/AKT/p70S6K pathway 
by PI3K inhibitor (LY294002; 100 nM) affects the anticancer 
effects of Cucurbitacin I on NSCLC. PI3K inhibitor suppressed 
PI3K, p‑AKT and p‑p70S6K protein expression, compared with 
control group. Taken together, PI3K/AKT/p70S6K pathway 
maybe mediates the anticancer effects of Cucurbitacin I on 
NSCLC (Fig. 4).

Suppression of PI3K increased the anticancer effects of 
Cucurbitacin I on cell proliferation of NSCLC. Fig. 5 showed 
that the suppression of PI3K increased the anticancer effects 
of Cucurbitacin I on the inhibition of cell proliferation and the 
activation of LDH activity of NSCLC, compared with only 
Cucurbitacin I treatment group (Fig. 5).

Suppression of PI3K increased the anticancer effects of 
Cucurbitacin I on apoptosis of NSCLC. Meanwhile, the 
suppression of PI3K increased the anticancer effects of 
Cucurbitacin I on the promotion of apoptosis and caspase‑3/9 
activity of NSCLC, compared with only Cucurbitacin  I 
treatment group (Fig.  6). Overall, these data suggest that 
Cucurbitacin I induced apoptotic in NSCLC involve inhibition 
of PI3K/AKT/p70S6K pathway.

Suppression of p70S6K reduced the anticancer effects of 
Cucurbitacin I on PI3K/AKT/p70S6K pathway of NSCLC. We 
next explored whether p70S6K is involved in the anticancer 
effects of Cucurbitacin I on cell proliferation of NSCLC. As 
showed in Fig. 7, p70S6K inhibitor (LY‑2584702 hydrochlo-
ride, 2 nM) suppressed the protein expression of p‑p70S6K in 
NSCLC by Cucurbitacin I, compared with only Cucurbitacin I 
treatment group (Fig. 7).

Suppression of p70S6K reduced the anticancer effects of 
Cucurbitacin I on cell proliferation of NSCLC. The suppression 
of p70S6K increased the anticancer effects of Cucurbitacin I 
on the inhibition of cell proliferation and the activation of 
LDH activity of NSCLC, compared with only Cucurbitacin I 
treatment group (Fig. 8).

Suppression of p70S6K reduced the anticancer effects 
of Cucurbitacin I on apoptosis of NSCLC. Moreover, the 
suppression of p70S6K increased the anticancer effects of 
Cucurbitacin I on the promotion of apoptosis and caspase‑3/9 
activity of NSCLC, compared with only Cucurbitacin  I 
treatment group (Fig. 9).
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Figure 1. Cucurbitacin I attenuated cell proliferation of NSCLC. The structural formula of Cucurbitacin I (A), cell proliferation (B) and LDH activity (C).  
##P<0.01 compared with control group. DMSO, control group; Cue I, Cucurbitacin I; NSCLC, non‑small cell lung cancer.

Figure 2. Cucurbitacin I induced apoptosis of NSCLC. Apoptosis rate (A), caspase‑3 activity (B) and caspase‑9 activity (C). NSCLC, non‑small cell lung 
cancer; DMSO, control group; Cue I, Cucurbitacin I. ##P<0.01 compared with control group.

Figure 3. Cucurbitacin I suppressed PI3K/AKT/ p70S6K pathway of NSCLC. PI3K, p‑AKT and p‑p70S6K protein expression by statistical analysis (A‑C), and 
western blot analysis (D).  ##P<0.01 compared with control group. DMSO, control group; Cue I, Cucurbitacin I.
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Discussion

Lung cancer is a severe disease affecting human life. The 
world has witnessed over 1.1 million of patients dying of 
lung cancer, including 80% NSCLC patients  (4). Surgical 
resection remains the preferred method for treating NSCLC 

at present (13). However, most patients have developed into 
moderate and advanced stage at diagnosis, which has deprived 
them of the optimal surgical timing. Therefore, they can only 
extend their life through chemotherapy or radiotherapy (13). In 
addition, most patients undergoing surgery requires adjuvant 
chemotherapy  (14). Consequently, chemotherapy is an 

Figure 4. The suppression of PI3K increased the anticancer effects of Cucurbitacin I on PI3K/AKT/p70S6K pathway of NSCLC. PI3K, p‑AKT and p‑p70S6K 
protein expression by statistical analysis (A‑C), and western blot analysis (D). ##P<0.01 compared with control group, **P<0.01 compared with Cue I group.
DMSO, control group; Cue I, Cucurbitacin I; PI3K, phosphatidylinositol‑4,5‑bisphosphate 3‑kinase.

Figure 5. The suppression of PI3K increased the anticancer effects of Cucurbitacin I on cell proliferation of NSCLC. Cell proliferation (A) and LDH 
activity (B).  ##P<0.01 compared with control group, **P<0.01 compared with Cue I group. DMSO, control group; Cue I, Cucurbitacin I; PI3K, phosphatidylino-
sitol‑4,5‑bisphosphate 3‑kinase.

Figure 6. The suppression of PI3K increased the anticancer effects of Cucurbitacin I on apoptosis of NSCLC. Apoptosis rate (A), caspase‑3 activity (B) and 
caspase‑9 activity (C).  ##P<0.01 compared with control group, **P<0.01 compared with Cue I group. NSCLC, non‑small cell lung cancer; DMSO, control 
group; Cue I, Cucurbitacin I; PI3K, phosphatidylinositol‑4,5‑bisphosphate 3‑kinase.
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indispensable means for treating tumor and delaying patients' 
life span  (15). The current study indicated Cucurbitacin I 
markedly attenuated cell proliferation in NSCLC. However, we 
only used A549 cell, which is a limitation of our study. So, further 
studies will be conducted with more CSCLC cell lines in order 
to confirm the study's results.

Genotype difference of NSCLC is suggested to be partly 
correlated with body sensitivity to platinum‑based chemo-
therapeutics  (16). Platinum‑based chemotherapeutics, such 
as cisplatin and carboplatin, are one of the most extensively 
used anticancer chemotherapeutics with the most definite 
efficacy (17). Moreover, they show strong cytotoxicity (16). 
Platinum‑based drugs will bind with intranuclear DNA after 

entering the cell nucleus. They can lead to irreversible DNA 
damage through forming the platinum‑DNA complex (18). 
Meanwhile, they can also induce cell apoptosis and thus exert 
their anticancer effects (16). The intracellular DNA damage 
repair mechanism allows cells to recruit DNA damage 
repair‑related factors to repair the DNA damage induced by 
platinum‑based chemotherapeutics (18). Therefore, expres-
sion and function of regulatory factors during DNA repair 
process are considered to play a determining role in tumor 
sensitivity to platinum‑based chemotherapeutics  (17). The 
results of the present study indicated that Cucurbitacin I 
markedly induced apoptosis in NSCLC. Ishdorj et al demon-
strates that Cucurbitacin‑I activates of apoptosis and cell cycle 

Figure 7. The inhibition of p70S6K reduced the anticancer effects of Cucurbitacin I on p70S6K pathway of NSCLC. p‑p70S6K protein expression by statistical 
analysis (A), and western blot analysis (B).  ##P<0.01 compared with control group, **P<0.01 compared with Cue I group. NSCLC, non‑small cell lung cancer; 
DMSO, control group; Cue I, Cucurbitacin I.

Figure 8. The inhibition of p70S6K reduced the anticancer effects of Cucurbitacin I on cell proliferation of NSCLC. Cell proliferation (A) and LDH activity (B).  
##P<0.01 compared with control group, **P<0.01 compared with Cue I group. DMSO, control group; Cue I, 1Cucurbitacin I; NSCLC, non‑small cell lung cancer.

Figure 9. The inhibition of p70S6K reduced the anticancer effects of Cucurbitacin I on apoptosis of NSCLC. Apoptosis rate (A), caspase‑3 activity (B) and 
caspase‑9 activity (C).  ##P<0.01 compared with control group, **P<0.01 compared with Cue I group. NSCLC, non‑small cell lung cancer; DMSO, control 
group; Cue I, Cucurbitacin I.
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arrest, leading to increased VEGF expression in B leukemic 
cells (11).

Exon point mutation of gene PI3K is found in multiple 
human tumor cells, such as colorectal cancer, breast cancer, 
brain cancer, liver cancer, gastric cancer, ovarian cancer and 
lung cancer. About 3% NSCLC patients have PI3K muta-
tion in tumor cells (19). The PI3K/Akt signal transduction 
pathway plays a vital role in growth factor‑mediated cell 
survival (20). Research has indicated that, dysfunction of the 
PI3K/Akt/mTOR pathway may play a crucial role in lung 
cancer formation  (19). As has been reported, several cell 
proliferation signals produced by the binding of transmem-
brane receptor with ligand can activate the transduction of 
PI3K/Akt/mTOR signal (20). This is closely associated with 
the proliferation and survival of NSCLC (7). Furthermore, 
out showed that Cucurbitacin I suppressed PI3K and p‑AKT 
protein expression in NSCLC. Johnson et al indicate that 
Cucurbitacin I blocks cerebrospinal f luid through Akt 
signal (21).

In recent years, the role of PI3K/Akt/m TOR signaling 
pathway in human tumor has attracted extensive attention (22). 
Activation of PI3K/Akt/m TOR signaling pathway is quite 
common in the genesis of human tumor (5). Such pathway 
can promote cancer genesis through multiple mechanisms, 
including gene mutation, decreased expression of tumor 
suppressor gene PTEN, PI3K mutation or amplification, 
Akt mutation or amplification, and activation of oncogene 
receptor (23). Moreover, activation of all pathway components is 
a factor indicating poor prognosis for numerous tumors, which 
can induce treatment resistance (20). Inhibiting such pathway 
can reverse the resistance, and improve the chemotherapy and 
radiotherapy effects both in vivo and in vitro (23). Consequently, 
it is necessary to intensively study the precise mechanism 
of that pathway (22). Our study showed that PI3K inhibitor 
increased anticancer effects of Cucurbitacin I on NSCLC. 
Premkumar et al reported that Cucurbitacin I induces defects 
in cell cycle progression and promotes ABT‑737 cell death of 
cell death through PI3K/Akt (24).

P70s6k is one of the direct substrates of p‑mTOR protein, 
which can be phosphorylated by p‑mTOR protein (25). The 
phosphorylated p70s6k can further phosphorylate the 40S 
ribosomal subunit of protein S6, so as to enhance mRNAs 
translation (26). In this way, the ribosome, initiation factor 
and elongation factor can be produced, thus promoting tumor 
cell diffusion (26). Research has suggested that p70s6k protein 
is closely associated with tumors such as digestive system 
neoplasms, ovarian cancer, breast cancer, hemangiomas and 
parotid adenocarcinoma. P‑mTOR/p70s6k signaling pathway 
can regulate expression of downstream genes, thus affecting 
protein synthesis, cell proliferation and apoptosis  (27). 
Moreover, it is closely related to the genesis, growth, metas-
tasis and resistance of malignant tumor. Thus, it has become 
a hotspot of current tumor research  (25). We found that 
Cucurbitacin I suppressed p‑p70S6K pathway in NSCLC. 
Yuan et al showed that Cucurbitacin I induces protective 
autophagy through p70S6K pathway in glioblastoma in vitro 
and in vivo (12).

In conclusion, the present study demonstrated that 
anticancer effects of Cucurbitacin I inhibited cell growth 
of human NSCLC through PI3K/AKT/p70S6K pathway. 

Therefore, Cucurbitacin I may present a novel therapeutic 
treatment for NSCLC.
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