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Abstract 

Objective: Gecko active components (GACs), extracted from the powder of 
whole Gecko, have been reported to be effective against esophageal squamous 
cell carcinoma (ESCC). Endoplasmic reticulum stress (ERs) has been regarded 
as an important cause for pathogenesis of esophageal squamous cell carcino-
ma (ESCC). In this paper, we aimed to study the effect of GACS on apoptosis 
of human esophageal carcinoma KYSE150 cells and to analyze the underlying 
signaling pathway. Methods: MTT assay was used to detect the viability of 
KYSE150 cells, and Flow cytometry was applied to detect reactive oxygen spe-
cies (ROS), calcium generation, and the level of mitochondrial membrane po-
tential (MMP). Western blot analysis was applied to observe the expression of 
apoptosis-related proteins and endoplasmic reticulum stress (ERs)-related 
proteins in KYSE150 cells. Results: The results showed that GACs inhibited 
KYSE150 cell vitality in a dose- and time-dependent manner. Not only that, 
GACs could up-regulated ERs-related and apoptosis-related proteins expres-
sion, and the content of ROS and calcium were significantly increased, and 
also, the level of MMP was significantly decreased. Conclusion: The results of 
this report suggested that induction of apoptosis occurs through the ERs de-
pendent signaling pathways. 
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1. Introduction 

Esophageal cancer is the eighth most common cancer and the sixth most com-
mon causes of cancer mortality worldwide, and the incidence of ESCC in China 
is much higher than other countries. Esophageal cancer comprises two histolog-
ical types: esophageal squamous cell carcinoma (ESCC) and esophageal adeno-
carcinoma (EAD) [1] [2]. The five-year survival rate of ESCC is below 20%, and 
the exact molecular mechanism and pathological process of ESCC remain poorly 
elucidated although numerous efforts had been made. Figuring out the molecu-
lar mechanisms of carcinogenesis, metastasis and invasion in ESCC will help 
improving efficiency of ESCC therapy [3]. 

Gecko has been used as anti-tumor medicine for many years. Gecko active 
components (GACs) are extracted from gecko that exhibits a variety of pharma-
cological activities. Gecko active components (GACs) have been shown to be 
highly curative effect in some cell and animal tests. It has been previously re-
vealed that GACs displays potent antitumor activities in various types of cancer, 
including liver cancer, cervical cancer, and laryngeal cancer [4] [5], but the ef-
fects of GACs on human ESCC and its mechanism of action have not been elu-
cidated. 

In eukaryotic cells, the endoplasmic reticulum(ER) is essential for the regula-
tion of calcium homeostasis, protein synthesis, and proper protein folding. A 
disturbance of ER Ca2+ homeostasis or the protein process can contribute to ER 
stress, which in turn induces the production of ROS in the ER and mitochon-
dria. High ROS generation induces the opening of the mitochondrial permeabil-
ity transition pore (mPTP) [6] [7] [8]. To cope with these hostile environments, 
unfolded protein response(UPR) is activated to restore ER proteostasis via three 
endoplasmic reticulum membrane sensor protein, including the protein kinase 
RNA-like ER kinase (PERK), inositol-requiring kinase 1 (IRE1), and activating 
transcription factor 6 (ATF6). Since, a number of proteins that regulate apopto-
sis become involved, and leading to cell death [9] [10]. However, the effects of 
signaling in the anti-ESCC actions of GACs have not been examined. In the 
present study, we assessed the anticancer activity of GACs in ESCC and explored 
the role of ERS signaling in GACs treatment. 

2. Material and Methods 

2.1. Preparation of Gecko Active Components (GACs) 

The whole-dried Gecko was purchased from Anhui Bozhou Yong gang Co. Ltd 
(Bozhou, China). Gecko powders (100 g) were mixed with4 00 ml double-distilled 
water and made into homogenate. Following centrifugation at 5600 × g for 5 
min, the precipitation was collected and soaked in 400 ml of 55% ethanol solu-
tion. The supernatant was obtained following centrifugation at 5600 × g for 5 
min, and was evaporated under reduced pressure at 55˚C. Subsequently, yellow 
powders were collected following freeze-drying of the residue liquid. Gel filtra-
tion chromatography (Sephadex G-25) was used to purify the yellow powders, 
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and ultimately, the GACs were collected. 

2.2. CELL Line and Cultures 

The human esophageal squamous cell carcinoma KYSE150 cells were kindly 
provided by the First Affiliated Hospital of Henan University of Science and 
Technology. KYSE150 cell was grown in RPMI-1640 medium (Solarbio, Beijing, 
China) with 10% fetal bovine serum (FBS) at 37˚C in a humidified 5% CO2 in-
cubator. The culture medium was replaced every 2 days and the cells in the ex-
ponential growth phase were collected for the following experiments. 

2.3. MTT Assay 

KYSE150 cells were seeded in a 96-well plate at a density of 2.5 × 104 cells/well. 
The cells were exposed to different doses of GACs (0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 
0.4, 0.45, 0.5 mg·mL−1). After incubation for 20, 44, and 68 h, respectively, 20 µl 
of the MTT reagent (5 mg/l) was added per well and incubated for another 4 h. 
The supernatant was replaced by 200 µl dimethyl sulfoxide (DMSO) and the ab-
sorbance (A) was measured with an ELX800 Universal Microplate reader at 490 
nm. The cell proliferation inhibition rate (IR) was as follows: IR = (1-A GPM/A 
control) × 100%. 

2.4. Determination of Intracellular Reactive Oxygen Species (ROS), 
Calcium, and Mitochondrial Membrane Potential (MMP) 

The intracellular ROS levels were measured using a Reactive Oxygen Species 
Assay Kit (Solarbio, Beijing, China); the level of intracellular calcium was per-
formed using calcium fluorescence probe kit (Beyotime Biotechnology, Shang-
hai, China); MMP changes were confirmed by the fluorescent probe JC-1 (Solar-
bio, Beijing, China). 

KYSE150 cells (2 × 105) were plated in 6-well plates and cultured overnight. 
The cells were treated with different concentrations of GACs (0.1, 0.15, 0.225 
mg∙mL−1). After treatment, the cells were harvested and then washed twice with 
cold-phosphate buffered saline (PBS). Next, the cells were incubated with 10 
μmol·L−1 of DCF-DA for 20 min, 10 μmol∙L−1 of calcium fluorescence probe for 
40 min, and JC-1 for 30 min at 37˚C in darkness, respectively, followed by three 
washes with PBS. Finally, the samples were tested with a flow cytometry (Beck-
man). 

2.5. Western Blotting 

KYSE150 cells (2.5 × 105) in 6-well plates were treated with different concentra-
tion GACs (0.1, 0.15, 0.225 mg·mL−1) for 24 h. The cells were washed with 
ice-cold PBS, and 60 μl RIPA lysate (Solarbio, Beijing, China) were added to all 
samples. The protein concentrations were detected by BCA protein assay kit 
(Solarbio, Beijing, China) and the proteins were separated by 12% SDS-PAGE 
and transferred to PVDF (poly-vinylidene difluoride transfer, Millipore, USA) 
membranes. The membranes were blocked with 5% skimmed milk (BD, USA) 
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for 2 h at 37˚C, and then incubated with primary antibodies, anti-PERK, an-
ti-GRP78, anti-ATF4, anti-CHOP, anti-PARP(poly ADP-ribose polymerase), 
anti-caspase-3(cysteinyl aspartate specific proteinase-3) and anti-GAPDH over-
night at 4˚C. On the following day, HRP-labeled secondary antibodies (goat an-
ti-rabbit) were added for incubation in 37˚C for 1 h. All the antibodies were 
purchased from Proteintech (Wuhan, China). The eECL western blot kit 
(CWBIOTECH, Beijing, China) was used to detect the signals (BioRad, USA). 
The results of the western blots were analyzed using Image J software. 

2.6. Statistical Analysis 

The experimental results presented in the figures are representative of three or 
more independent observations. Values were showed as mean ± SD (standard 
deviation). One-way ANOVA was applied to analyze the data by SPSS 19.0 sys-
tem to determine differences between groups. Values of P < 0.05 were consi-
dered to be statistically significant. 

3. Results 

3.1. Effects of GACs on the Proliferation and Migration Ability of 
KYSE150 Cells 

KYSE150 cells were exposed to different concentrations of GACs to evaluate its 
survival rates using MTT method. Time-and dose-effect curve of GACs on 
KYSE150 cells were shown in Figure 1, it can be seen that GACs inhibit the cell 
vitality of KYSE150 cells with the increase of concentration and the extension of 
time. The half-maximal inhibitory concentration (IC50) values of GACs at 24 h, 
48 h, 72 h were 0.2223, 0.1849, 0.1493 mg·mL−1, respectively. 

3.2. Effects of GACs Treatment on ROS, Calcium and MMP Levels in 
Human ESCCs 

Excessive ROS production has been shown to induce apoptosis in various types 
of cancer cells. As shown in Figure 2(a), treatment with GACs caused 
dose-dependent increases in ROS production in ESCC cells. The mean fluores-
cence intensity of different concentrations GACs on HepG2 cells were (74.95 ± 
10.56), (173.22 ± 15.23), (442.43 ± 10.23), and the mean fluorescence intensity of 
the control group was (44.44 ± 8.26). Compared with control group, the content 
of ROS was significantly increased. These results suggested that ROS accumula-
tion may be responsible for inducing ESCC cells apoptosis. Calcium communi-
cates with a number of other systems and pathways, among them also with reac-
tive oxygen species (ROS). As shown in Figure 3B, treatment with GACs caused 
dose-dependent increases in calcium production in ESCC cells. The mean fluo-
rescence intensity of different concentrations GACs on HepG2 cells were (35.93 
± 5.36), (55.28 ± 8.24), (135.81 ± 10.56), and the mean fluorescence intensity of 
the control group was (17.12 ± 2.32). Compared with control group, the level of 
calcium was significantly increased. Figure 2(c) is statistical analysis of data 
from (a) and (b). Previous studies showed that ROS generation was closely  
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Figure 1. The anti-proliferative effect of GACs on KYSE150 
cells. The growth inhibitory effect of GACs on KYSE150 cells 
were assessed by MTT assay in vitro. 

 

 
Figure 2. Effect of GACs on ROS generation, calcium levels and MMP dissipation in 
KYSE150 cells. (a) KYSE150 cells were treated with indicated concentration of GACs for 
24 h. KYSE150 cells were incubated with GACs in a dose- and time-dependent manner as 
indicated and ROS generation was determined by staining the cells with DCFH-DA; (b) 
KYSE150 cells were treated with GACs for 24 h and intracellular calcium levels was 
measured according to kit instructions; (c) Statistical analysis of data from a and b; (d) 
GACs caused a disruption of MMP in KYSE150 cells, as evidenced by an increased pro-
portion of cells with green fluorescent light and a decrease proportion of cells with a 
higher red (JC-1 aggregates)/green (JC-1 monomers) ratio of JC-1 fluorescence. Abbrevi-
ations as above. Values are mean ± SD (n = 5). Compared with control group, *P < 0.05, 
**P < 0.01. 
 
related to MMP changes. As shown in Figure 2(d), the number of depolarized 
cells was increased massively after exposure to various concentrations of GACs, 
which indicated that mitochondrial function was dose-dependently disturbed by 
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GACs treatment. The MMP of different concentrations GACs on HepG2 cells 
were (0.24 ± 0.09), (0.18 ± 0.07), (0.16 ± 0.08), the MMP of control group was 
(0.31 ± 0.11). Compared with the control group, the level of MTP was signifi-
cantly decreased. 

3.3. Effects of GACs on ERs Signaling and Apoptosis Related  
Proteins in Human ESCC Cells 

The results of ROS may illustrate the activation of ERs. Western blots revealed 
that GACs treatment up-regulated PERK, GRP78, ATF4 and CHOP expression 
levels in KYSE150 cells in a dose-dependent manner (Figure 3(a)). Figure 3(b) 
is statistical analysis of data from (a). Additionally, we determined whether 
GACs affects the apoptotic signaling pathway in KYSE150 cells by measuring the 
protein expression of PARP (poly ADP-ribose polymerase), Caspase3 (cysteinyl 
aspartate specific proteinase-3). GACs treatment increased the expression of 
PARP, Caspase3 (Figure 3(c)). Figure 3(d) is statistical analysis of data from 
(c). All data revealed that the anti-ESCC effect of GACs was mediate by ERs. 

4. Discussion 

ESCC is characterized by a poor prognosis. The accompanying drug resistance 
and side effects substantially weaken the therapeutic effectiveness [11]. Recently 
reports have revealed that some traditional Chinese products and their extract 
can be used to develop effective anticancer drugs. Some previous studies showed 
that gecko extract exerted strong anti-tumor effects by inducing apoptosis; 
however, the effects of GACs on ESCC cells have never been investigated, and 
the underlying mechanism of the anticancer effect is still unclear. In the present 
study, we demonstrated that GACs could significantly inhibit the proliferation of 
KYSE150 cells in a dose-and time-dependent manners via MTT assay, and we 
found that GACs induces apoptosis in ESCC cells via ROS generation, calcium 
production, and mitochondrial dysfunction, meanwhile ERs is activated by ROS 
generation. 

Previous studies have found that cancer cells contain higher levels of ROS 
than those of normal cells as a result of their hypermetabolism, which is closely 
associated with cell proliferation, differentiation and cell death [12] [13] [14]. 
Our results showed that GACs increased ROS levels of KYSE150 cells in a 
time-dependent manner. Calcium is an important second messenger involved in 
intra- and extracellular signaling cascades and plays an essential role in cell life 
and death decisions. ROS can significantly affect calcium influx into the cell and 
intracellular calcium stores. Our results showed that GACs increased calcium 
levels of KYSE150 cells in a time-dependent manner. Additionally, ROS could 
more directly damage MMP by provoking mitochondrial membrane hyperpola-
risation [15]. A number of reports has been demonstrated that apoptosis is re-
lated to MMP depolarization and that the permeabilization of outer mitochon-
drial membranes is a critical step in apoptosis [16] [17]. Our results demon-
strated that GACs induced MMP depolarization. 
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Figure 3. Effect of GACs on ERs signaling and apoptosis related proteins in human ESCC 
cells. (a) KYSE150 cells were treated with GACs for 24 h and expression of PERK, GRP78, 
ATF4 and CHOP was measured by Western blot; (b) Statistical analysis of data from (b); 
(c) KYSE150 cells were treated with indicated concentrations of GACs for 24 h and ex-
pressions of cleaved PARP and cleaved caspases-3 were measured by Western blot analy-
sis; (d) Statistical analysis of data from (c). Changes were significantly different compared 
with control group (*P < 0.05, **P < 0.01). GAPDH was used as the internal loading con-
trol. 

 
The ER is highly mediated protein folding, and only correctly folded proteins 

performed their physiological functions. Due to their high growth and prolifera-
tion rates, cancer cells require an increased rate of protein folding and assembly 
in the ER [18] [19]. In addition, some cancer cells express mutant proteins that 
cannot be correctly folded, which activates the UPR. The activation of unfolded 
protein response (UPR) plays a protective role in cells under ER stress. Stress 
condition such as ROS generation and calcium production can affect the ER 
steady state, trigger ERs and initiate the UPR [20]. Under ERs, the PERK path-
way of cells was up-regulated, and then through phosphorylation of the transla-
tion initiation factor eIf2a to ameliorates ERs. The downstream protein ATF4 
induced expression of the transcription of C/EBP homologous protein (CHOP), 
finally enabled the recovery of protein translation [21]. Apoptosis plays an es-
sential role in maintaining human stable internal environment. ERs was in-
volved in regulating cell apoptosis [22]. Recent studies have shown that ROS 
overexpression and MMP disruption are two early steps involved in mitochon-
dria-mediated apoptosis [23]. Herein, our results suggested that the activation of 
ERs signaling is associated with the induction of the mitochondrial apoptotic 
pathway in human cancer cells. 

In summary, the present findings demonstrate that GACs effectively induced 
apoptosis via ER stress pathway. Most importantly, our findings provide a foun-
dation for GACs to become a potential anti-tumor agent in ESCC treatment. 
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