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Abstract
Nasopharyngeal carcinoma (NPC) has not been thoroughly studied, and the pathogenesis
of NPC is unclear. Scientists have neither discovered effective therapies nor achieved a
desirable prognosis. Some studies have found that the regulation of intra- and
extracellular ion channels hinges directly on cell apoptosis, and treatment with
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Gambogenic acid (GNA) brings changes to the volume-sensitive outwardly rectifying
chloride (VSOR Cl-) current of CNE-2Z cells recorded by the patch clamp method.
Nevertheless, rarely have any researchers probed into the relevance between this
variation and the anti-tumor mechanism of GNA. This paper is suggested that GNA
activates the VSOR Cl- current on the CNE-2Z cell membrane, and the activation of
VSOR Cl- currents by GNA in CNE-2Z cells is blocked by the chloride channel blockers
DIDS and DCPIB. GNA induces the down-regulation of GRP78 and up-regulation of
ATF4 as well as chop proteins, which is evidence for the induction of CNE-2Z cell
apoptosis, and this correlates with ER stress. GNA can activate the VSOR Cl - channel
and lead to the occurrence of ER stress, thus inducing the apoptosis of CNE-2Z cells and
inhibiting the proliferation of CNE-2Z cells.

Keywords: Gambogenic acid; apoptosis; CNE-2Z cells; volume-sensitive outwardly
rectifying chloride

1. Introduction

As one of the most common cancers in southern China and southeast Asia,
nasopharyngeal carcinoma (NPC) poses severe health problems in southern China with
an annual incidence of 15-50 cases per 100,00 individuals [1]. With the popularity of
intensity-modulated radiation therapy and concurrent chemo-radiation therapy, much
improvement has been made in the local and regional control of NPC for patients with
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locoregionally advanced diseases. However, the prognosis is still undesirable due to
recurrence and distant metastasis [2]. Highly invasive in the late stages, NPC is rarely
detected during regular medical examinations due to its unique location and lack of
specific symptoms [3]. The carcinogenesis of NPC is thought to be associated with the
complex interaction of genetic, viral, environmental, and dietary factors. The molecular
pathogenesis of NPC includes altering the expression and function of multiple genes (e.g.,
dominant oncogenes, recessive oncogenes or tumor-suppressor genes) and the signaling
pathways [4]. Further elucidation of the molecular mechanism underlying NPC is
essential to the development of new effective therapeutic agents.
The ER function of perturbation response is critical to the survival of cells. The
unfolded and misfolded proteins in the ER lumen accumulate under a number of cellular
stress conditions, including nutrient deprivation, oxidative stress, hypoxia, glycosylation
alteration, and calcium flux disturbance, and subsequently lead to alleged ER stress. Due
to the activation of the unfolded protein response (UPR) in the stressed cells, ER stress
results from the perturbation of the ER function or homeostasis. The UPR is primarily
transduced by three ER-resident sensor proteins, including protein kinase R–like ER
kinase, activating transcription factor 6α, and inositol requiring enzyme 1α. Lately, the
URP has been repeatedly demonstrated as an important necessity for tumor cells to
maintain malignancy and therapy resistance [5]. Under continued and severe ER stress,
the UPR induces cell-death programs, thereby dispelling the stressed cells. With the
accumulation of unfolded proteins, the ER chaperone protein of immunoglobulin
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heavy-chain-binding protein (GRP78) is increasingly expressed and dissociated from the
ER receptors. This process activates the receptors and triggers ER stress response. ATF4
protein has shown to be more heavily present in cancer tissue than in normal tissue, and
it is up-regulated by tumor microenvironment signals such as oxidative stress,
hypoxia/anoxia and ER stress [6]. In response to ER stress, the expression of
transcription factor CCAAT-enhancer binding protein homologous protein (CHOP), a
major inducer of apoptosis, also increases [7].
Chloride channels have been demonstrated to be the critical factor in regulation of
the cell cycle and cell proliferation [8, 9]. There are mainly six types of chloride channels,
belonging to the CLC superfamily of voltage-gated chloride channels. It has been
reported that apoptotic stimuli, both mitochondrion-mediated intrinsic ones and death
receptor-mediated extrinsic ones, can rapidly activate VSOR Cl - conductance in various
types of cells [10-12]. The VSOR Cl- channel is the key to the occurrence of apoptosis by
inducing apoptotic volume decrease (AVD), a major hallmark of cell apoptosis and an
early prerequisite to apoptotic events. Observed soon after cell swelling, the regulatory
volume decrease (RVD) is completed by parallel activation of the VSOR Cl - channels in
numerous cell types [13, 14]. In addition, non-swelling-coupled activation of the VSOR
Cl- channels is believed to cause AVD in many cells[15, 16]. The prevention of AVD in
various types of cells helps to evade subsequent biochemical and morphological
apoptotic events and rescue cells from death [17, 18]. According to previous studies, the
inhibition of the VSOR Cl- channels could suppress the apoptotic events [19, 20].
4
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Gamboge is the dry resin of Garcinia hanburyi HOOK. f. (Guttiferae) with various
bioactivities, including detoxifying, homeostasis maintaining, anti-inflammatory and
parasiticidic. Available evidence suggests that gamboge bears anticancer characteristics,
with GNA being its main component. In recent years, our lab has conducted related
research on the anticancer effects of GNA. The results show that GNA can inhibit a
variety of tumor cells, such as HT-29, K562, A549 [21], CNE-1 [22], HepG-2 [23],
U251 [24] and HeLa [25] to name a few. Our previous studies manifested that GNA
inhibits CNE-1 cell growth and proliferation, and it induces apoptosis [22]. The existing
evidence indicates that the VSOR Cl- channel has an effect on NPC. Although some
studies have shown the variation in drug action on the VSOR Cl - current in NPC [26],
further exploration is necessary to reveal the mechanism of VSOR Cl - channel-induced
NPC cell apoptosis. This paper hypothesizes that the VSOR Cl - channel is involved in
GNA-induced apoptosis of CNE-2Z cells. To confirm this hypothesis, the VSOR Cl currents in CNE-2Z cells treated with GNA are investigated, and the potential signaling
mechanism in the development of GNA-induced apoptosis in CNE-2Z cells is also
discussed.
2. Materials and Methods
2.1. Drugs and Reagents
GNA (>99.0%) was purified using HPLC by Dr. X. Wang at the Anhui University of
Chinese Medicine. Purified GNA was dissolved in RPMI 1640 (GIBCO, NY) and was
5

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 June 2018

doi:10.20944/preprints201806.0141.v1

kept at -20 ℃. GNA was diluted as needed in complete culture medium immediately
before use. N-[Ethoxycarbonylmethyl]-6-methoxyquinolinium bromide (MQAE) was
from

the

Beyotime

Institute

4′,6-Diamidino-2-phenylindole

of

Biotechnology

dihydrochloride

(DAPI)

(Shanghai,
was

purchased

China).
from

Sigma-Aldrich (St. Louis, MO, USA). The annexin V-FITC/propidium iodide apoptosis
detection kit was from Bestbio (Beijing, China). The primary antibodies for GRP78,
CHOP, and ATF4 were obtained from Cell Signaling Technology (Beverly, MA, USA).
The β-actin antibodies were from Bioworld (Bioworld Technology, MN, USA). The
ClC-3 antibodies were from Alomone Labs Ltd. (Jerusalem, Israel). ClC-3 siRNA was
from GenePharma (Shanghai, China). Chemiluminescent ECL reagent was from the
Millipore Co. (Billerica, MA, USA). Blue Basic Autorad Film was from ISC Bioexpress
(Kaysville, UT, USA). 4,4'-Diisothiocyano-2,2'-stilbenedisulfonic acid (DIDS), the anion
exchange

inhibitor,

and

4-(2-butyl-6,7-dichloro-2-cyclopentylindan-1-on-5-yl)

oxybutyric acid (DCPIB), the volume-sensitive anion channel inhibitor, were from
Promega Biotec (Madison, WI, USA) and Santa Cruz (CA, USA), respectively. All other
common chemicals were from Amersco (NY, USA) or Keygen Biotechnology (Nanjing,
China).
2.2. Cell culture
CNE-2Z (the poorly differentiated human nasopharyngeal carcinoma cell line) was
purchased from ATCC. The CNE-2Z cells were routinely cultured in RPMI 1640 medium
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with 10% newborn calf serum, 100 IU/ml penicillin and 100 μg/ml streptomycin in a
humidified atmosphere of 5% CO2 and 95% air at 37 °C. The cells were subcultured every
48 h.
2.3. Determination of the cell viability
The cell viability was assessed by the MTT assay. CNE-2Z cells were plated into
96-well culture plates at a density of 5 × 104 /well (100 μl). Experiments were performed
in triplicate in a parallel manner for each concentration of GNA for different times, and
then, MTT was added to each well to give a final concentration of 0.5 mg/ml, followed by
incubation of the cells for 4 h at 37 °C. The formazan crystals were dissolved in dimethyl
sulfoxide (DMSO, 150 μl/well). The absorbance was detected at 490 nm using a
microplate reader.
2.4. Path-clamp experiments
The osmolarity of the isotonic perfusion solution was 300 mOsmol/L, and it was
comprised of the following (mM): 70 NaCl, 0.5 MgCl 2, 2 CaCl2, 10 HEPES and 140
D-mannitol. The osmolarity of the hypotonic perfusion solution was 160 mOsmol/L (47%
hypotonic, compared to that of the isotonic solution), and it was comprised of the
following (mM): 70 NaCl, 0.5 MgCl2, 2 CaCl2 and 10 HEPES. The pipette solution was
comprised of the following (mM): 70 N-methyl-D-glucamine chloride (NMDG-Cl), 1.2
MgCl2, 10 HEPES, 1 EGTA, 140 D-mannitol and 2 ATP, and its osmolarity was adjusted to
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300 mOsmol/L. The pH values of the perfusion and pipette solutions were adjusted to 7.4
and 7.25, respectively.
Whole cell currents were recorded with the EPC-10 patch clamp amplifier (HEKA
EPC-10, Germany). The membrane potential was held at the Cl - equilibrium potential (0
mV) and stepped up to 200 ms pulses of ±80, ±40 and 0 mV in sequence repeatedly, with 4
s intervals between pulses. The voltages and currents were recorded by using a laboratory
interface. Currents were measured at 10 ms after the onset of the voltage steps.
2.5. Determination of the intracellular chloride ion concentration
The Krebs-HEPES buffer solution was comprised of the following (mM): 20
HEPES, 128 NaCl, 1 MgCl2, 2.7 CaCl2, 2.5 KCl, and 16 glucose, and its pH was adjusted
to 7.4. The chloride ion fluorescent probe MQAE was excited at a wavelength of 355 nm,
and emitted light was collected at a wavelength of 460 nm.
The fluorescence intensity of the probe was inversely proportional to the chloride
ion concentration. A chloride ion fluorescent probe was used to detect and analyze the
chloride channel activity of CNE-2Z cells prior and subsequent to mechanical
stimulation. The CNE-2Z cells were placed in 48-well plates and treated with drugs for 24
h. The medium was replaced with culture medium containing 10 mM MQAE, and the
cells were cultured in a 37 ˚C incubator for 1 h. The cells were rinsed with Krebs-HEPES
buffer solution for 5 min 5 times, and the intra-cellular MQAE fluorescence was
observed with a fluorescence microscope. For the densitometric analysis, 5 cells were
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randomly selected from each group, and their fluorescence intensity was measured on the
inverted digital images using Image J software.
2.6. DAPI staining experiment
The CNE-2Z cells were placed in 6-well plates and treated with drugs for 24 h. Cells
in each well were stained with DAPI and photographed using a fluorescence microscope
as previously described.
2.7. Annexin V/propidium iodide staining experiment
CNE-2Z cells were incubated with drugs for 24 and 48 h. After incubation, both
floating and adherent cells were collected and washed once with phosphate-buffered saline
(PBS). Cells were stained with FITC-annexin V (AV) and propidium iodide (PI), and the
percentage of AV/PI-positive cells was calculated as previously described.
2.8. Transfection of CNE-2Z cells with ClC-3 siRNA
The siRNA against the human ClC-3 gene was marked with 5-FAM, and it was
synthesized by the Shanghai GenePharma Company. The sequence of the ClC-3 siRNA
was 5′-CAAUGGAUUUCCUGUCAUATT-3′, and its complementary strand was
5′-UAUGACAGGAAAUCCAUUGTA-3′. The sequence of the negative control siRNA
was 5′-UUCUCCGAACGUGUCACGUTT-3′, and its complementary strand was
5′-ACGUGACACGUUCGGAGAATT-3′. The siRNAs were transfected with HiPerFect
ReagentTM to a final concentration of 100 nM, following the manufacturer’s instruction.
The cells were further incubated in the normal growth conditions for 48 h or more before
the experiments.
9
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The transfection efficiency of siRNAs was tested by fluorescence microscopy and
flow cytometry. After transfection with siRNA ClC-3 for approximately 6–24 h, the cells
were cleaned with PBS three times. Cell images were then taken under a fluorescence
microscope. The fluorescence intensities of the control and transfected cells were further
analyzed by a flow cytometer using an excitation wavelength of 488 nm. The transfection
efficiency was obtained by analyzing the fluorescence intensity of individual cells using
flow cytometry.
2.9. Western blot analysis
CNE-2Z cells were washed with ice-cold PBS 3 times and bathed in RIPA lysis
buffer with 1% PMSF for 30 min. Proteins were separated with 10% SDS-PAGE (for
GRP78, ATF4, and CHOP) and transferred to nitrocellulose membranes. Membranes
were incubated with primary antibodies at 4°C overnight, rinsed with PBST for 10 min 3
times, and then incubated with the secondary antibody at room temperature for 2 h. An
ECL chemiluminescence kit was used, followed by detection by the gel analysis system.
For the densitometric analysis, the optical density was measured on the inverted digital
images using Alpha View SA software.
2.10. Statistical Analysis
All the experiments were repeated at least three times. The data were analyzed using
the statistical software SPSS 13.0 and expressed as the mean ± standard error (S.E.). The
significant differences were determined using the ANOVA test for multiple group
comparisons. P < 0.05 was considered statistically significant.
10
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3. Results
3.1. Effect of GNA on human NPC CNE-2Z cell viability
CNE-2Z cells were treated with GNA at various concentrations for 24 and 48 h. The
MTT assay was used to detect cell viability. It was shown that GNA reduced the
percentage of viable cells in a concentration- and time-dependent manner. The 50%
inhibitory concentration (IC50) values for CNE-2Z cells were 2.25 μM and 1.33 μM,
respectively, at the various time points (24 h and 48 h) after GNA treatment (Fig. 1).
Based on the estimated IC50 value for CNE-2Z cells, a concentration of 2 μM was
therefore used in this study.

Fig. 1. Effects of GNA on the cell viability of CNE-2Z cells. GNA inhibits the
growth and viability of CNE-2Z cells in the MTT assay. The cell survival rates in the
experimental groups were decreased after treatment with GNA at doses of 0.25, 0.5, 1.0,
2.0, 4.0, and 8.0 μmol/L for 24 h or 48 h compared with the blank group. * P<0.05, **
P<0.01 versus the control.
11
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3.2. GNA induces the apoptosis of CNE-2Z cells
Through the morphological observation of GNA-treated cells with an inversion
microscope, it is noted that, compared to the control group, the cells of the GNA group
became smaller, the nuclei suffered rupturing and apoptosis, and the number of apoptotic
cells increased with increasing GNA concentrations (Fig. 2A). The results of the AV/PI
assay demonstrate that the apoptosis rate is positively correlated with the GNA
concentration (Fig. 2B).

Fig. 2. Effects of GNA on the apoptosis of CNE-2Z cells. (A) The morphological
changes of CNE-2Z cells after GNA treatment at different concentrations for 24 h. (B)
Annexin V-FITV/PI double staining was used to detect the cell apoptosis rate after GNA
treatment at different concentrations for 24 h by flow cytometry.
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3.3. GNA rapidly activates VSOR Cl- currents in CNE-2Z cells
The results illustrate that the background current of CNE-2Z cells is small and
stable. Under the voltage clamp of -80 mV, an inward current is formed at the average
current density of -4.9±0.5 pA/pF. When the voltage is clamped at +80 mV, an outward
current is formed at the average current density of 4.3±0.8 pA/pF (Fig. 3). The perfusate
is replaced with isotonic perfusion liquid containing continuous GNA flow. This
replacement activates a current and prolongs the drug action. In this process, the current
gradually increases, and it reaches the peak of the stable stage in 3 min. Under the fixed
voltage clamp, in the last 100 ms, the inactivation of the current is dependent on the
voltage and time. When the voltage is clamped at -80 mV, the current density for GNA
activation is -7.4±0.9 pA/pF. When the voltage is clamped at 80 mV, GNA is activated at
a current density of 13.0±0.5 pA/pF (Fig. 3). Therefore, the outward current is greater
than the inward current, which has obvious advantages. Moreover, the GNA-induced
chloride currents are markedly inhibited by the VSOR Cl - blockers DIDS (Fig. 3A, 3-5
min, 43.4±4.3%, P < 0.05) and DCPIB (Fig. 3B, 3-5 min, 88.9±5.2%, P < 0.05).
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Fig. 3. Increased VSOR Cl- currents of CNE-2Z cells after GNA treatment. (A)
GNA-induced chloride currents were inhibited by adding DIDS (400 μmol/L). Current
density at +80 mV. (B) GNA-induced chloride currents were inhibited by adding DCPIB
(20 μmol/L). Current density at +80 mV. (C) Effects of GNA on the chloride ion
concentration in CNE-2Z cells under a fluorescence microscope. CNE-2Z cells were
treated with GNA in the presence or absence of DIDS or DCPIB for 24 h. Data in A, B
and C represent the mean ± S.E. of five independent experiments.
control; ## P<0.01 versus GNA.

3.4. Effect of GNA on the chloride concentration in CNE-2Z cells
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After GNA treatment, the fluorescence intensity of MQAE is 74.7±5.3%, which is
significantly higher than that of the normal control group. After DIDS treatment, the
parameter is 47.9±1.8%, which is much lower than that of the GNA group. Similarly, the
fluorescence intensity of MQAE (44.9±1.5%) after DCPIB treatment is obviously below
that of the GNA group (Fig. 3C).

3.5. CLC-3 siRNA rescues NPC CNE-2Z cells from apoptosis
The siRNA technology is employed to specifically inhibit the expression of CLC-3
chloride channel proteins. To detect the transfection efficiency, CLC-3 siRNA is labeled
with 5-FAM (green), and the fluorescence is monitored by a fluorescence microscope
and a flow cytometer. As shown in Fig. 4A, fluorescence is detected in most of the cells
treated with 100 nM 5-FAM-labeled ClC-3 siRNA 8 h after transfection, indicating that
ClC-3 siRNA is successfully transfected into the cells. The transfection efficiency stands
at 50%, as obtained through fluorescence intensity analysis of individual cells using flow
cytometry (Fig. 4B).
15
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Fig. 4. Knockdown of the expression of ClC-3 chloride channels by ClC-3 siRNA in
CNE-2Z cells. (A) Transfection efficiency of ClC-3 siRNA in CNE-2Z cells under a
fluorescence microscope. The cells were transfected with ClC-3 siRNA labeled with
5-FAM (green) for 8 h. The green fluorescence was remarkably detected in the ClC-3
siRNA-treated cells, suggesting that the siRNA had been successfully transfected into the
cells. (B) Transfection efficiency of ClC-3 siRNA in CNE-2Z cells detected by flow
cytometry. M1 stands for the cells successfully transfected with the 5-FAM-labelled
ClC-3 siRNA. (C) ClC-3 protein expression in CNE-2Z cells was detected by western
blotting. Data represent the mean ± S.E. of three independent experiments.

*

P<0.05,

**

P<0.01 versus the control. (D) DAPI staining was used to detect the cell apoptosis rate
by a fluorescence microscope. CNE-2Z cells were treated with GNA in the presence or
absence of ClC-3 siRNA for 24 h.
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In order to determine the efficiency of ClC-3 knockdown, western blot techniques
are adopted to detect the expression of the ClC-3 protein. The result shows that the
expression of ClC-3 proteins is inhibited by ClC-3 siRNA (Fig. 4C).
This research further examines whether CLC-3 siRNA rescues NPC CNE-2Z cells
from apoptosis. Through fluorescence microscopy, the cell volume shrinkage, typical
nuclear chromatin condensation, and other morphological changes of apoptosis are
observed after 2 μmol/L GNA exposure for 24 h by DAPI staining. These phenomena are
evidence of the fact that CLC-3 siRNA reduces the morphological changes of apoptosis
(Fig. 4D).
3.6. VSOR Cl- channel blockers counteract ER stress-mediated CNE-2Z cell
apoptosis
Previous studies have shown that gambogenic acid induces the apoptosis of
CNE-2Z cells, and ERS has an effect on the apoptosis of CNE-1 and CNE-2 cells [23,
27]. Hence, the author tests the role of the VSOR Cl - channel in ER stress-mediated
CNE-2Z cell apoptosis with GNA. It is learned from the MTT assay that, after being
treated with 2 μmol/L GNA for 24 h, the survival rate of CNE-2Z cells is lower than that
of the control group. In the DIDS (400 μmol/L)+GNA (2 μmol/L) group and DCPIB (20
μmol/L)+GNA (2 μmol/L) group, the viabilities of the CNE-2Z cells are higher than that
of the GNA group (Fig. 5A). Through fluorescence microscopy, the cell volume
shrinkage, typical nuclear chromatin condensation, and other morphological changes of
apoptosis are observed after DAPI staining. Therefore, GNA can inhibit the proliferation
17

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 June 2018

doi:10.20944/preprints201806.0141.v1

of human NPC CNE-2Z cells, and the inhibition depends on both the time and
concentration (Fig. 5B).

Fig. 5. Effects of DIDS (400 μmol/L) and DCPIB (20 μmol/L) on GNA-induced
CNE-2Z cell death. CNE-2Z cells were treated with GNA in the presence or absence of
DIDS or DCPIB for 24 h. Data represent the mean ± S.E. of three independent
experiments.

**

P<0.01, versus the control; ## P<0.01, versus GNA.

(B) DAPI staining

was used to detect the cell apoptosis rate under a fluorescence microscope. (C) Annexin
V-FITV/PI double staining was used to detect the cell apoptosis rate under a fluorescence
microscope. (D) Annexin V-FITV/PI double staining was used to detect the cell apoptosis
rate by flow cytometry.
According to AV/PI double staining, the early apoptotic cell membrane is colored
apple-green, while the late apoptotic or necrotic cytoplasm shows different levels of
yellow-red color (Fig. 5C). The results of the AV/PI assay reveal that the apoptosis rate
increases substantially when the cells are treated with 2 μmol/L GNA for 24 h. The
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apoptosis of ER stress-mediated CNE-2Z cells is inhibited by DIDS and DCPIB (Fig.
5D).

On this basis, CNE-2Z cells are treated with DIDS and DCPIB for 24 h to further
explore whether the VSOR Cl- channel mediates the apoptosis of CNE-2Z cells through
ERS. The experimental results demonstrate that the expression of ER stress-related
proteins, e.g., GRP78 protein, is down-regulated while the expression of ATF4 and
CHOP proteins is up-regulated after 2 μmol/L GNA exposure for 24 h. In contrast, DIDS

19

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 June 2018

doi:10.20944/preprints201806.0141.v1

and DCPIB significantly up-regulate GRP78 protein and down-regulate ATF4 and CHOP
proteins (Fig. 6A, 6B, 6C).

Fig. 6. Effects of DIDS or DCPIB on GRP78, ATF4 and CHOP protein expressions in
CNE-2Z cells were detected by western blotting.

(A-C) CNE-2Z cells were treated with

GNA in the presence or absence of DIDS or DCPIB for 24 h. Data represent the mean ±
S.E. of three independent experiments.

**

P<0.01, versus the control; ## P<0.01, versus

GNA.
4. Discussion
As suggested in the previous research, GNA is capable of inhibiting the cell
diffusion of non-small cell lung cancer, gastric cancer, liver cancer, colon cancer and
ovarian cancer [21, 28]. The curative effect and mechanism of GNA have been of wide
concern.
Within a certain number of cells, the amount of MTT formation is positively
correlated with the number of viable cells and enzyme marker, an indirect indicator of the
number of viable cells and the absorbance. With the rise of the cell membrane
permeability in apoptotic cells, the amount of DAPI in apoptotic cells increases. Coupled
20
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with cell membrane damage, the variation in apoptosis and DNA structure causes
ineffective discharge of the DAPI stain. The ensuing accumulation in the cell
consequently leads to the higher fluorescence intensity of apoptotic cells than that of
normal cells. In early apoptosis, PS, combined with AV, emits fluorescence and acts as a
marker of apoptosis. However, PI cannot pass through the membrane of normal cells and
early apoptotic cells but can pass through the membrane of the damaged and necrotic
cells in late apoptosis. In association with the nucleus, PI enables the cells to give off red
fluorescence. Therefore, AV is used in combination with PI to differentiate necrotic cells.
In this experiment, it is observed through fluorescence microscopy that the
apoptotic cells are stained with bright blue by DAPI, and the surfaces of the early
apoptotic cells are stained green by AV/PI. Meanwhile, the cytoplasm is not stained, and
the cytoplasm of the late apoptotic/necrotic cells is dyed yellow-red with green surfaces.
Flow cytometry shows that the apoptosis rate grows with increases in the GNA
concentration, and it reaches approximately 50% when cells are treated with 2 mol/L
GNA for 24 h. The results verify that GNA inhibits the proliferation of the NPC cell line
CNE-2Z, and the inhibition effect is dependent on the concentration, time and induction
of NPC CNE-2Z cell apoptosis.
In this study, the effect of GNA on the activation of chloride channels is measured
by the patch clamp technique. In light of the experimental results, the extracellular
perfusion with GNA activates a current with obvious outward dominance. The current
direction is consistent with that of the chloride ions under different voltages. Besides,
21
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DIDS or DCPIB inhibits the current. These effects are in good agreement with the
literature [8], suggesting that the current may be VSOR Cl- current. The concentration of
intracellular ions is detected by a chloride-sensitive fluorescent indicator (MQAE)
through the quenching of the fluorescence intensity of intracellular chloride ions. The
results manifest the negative correlation between the fluorescence intensity of MQAE
and the concentration of intracellular chloride ions. In addition, the fluorescence intensity
of MQAE is increased after treatment with GNA, indicating that the concentration of
intracellular chloride ions is decreased and the chloride ion channel is opened.
Conversely, the fluorescence intensity of the cells declines with the addition of DIDS and
DCPIB, a signal of the dramatic increase in the concentration of intracellular chloride
ions. These results indicate that GNA promotes the opening of chloride ion channels and
enlarges the efflux of chloride ions, while DIDS and DCPIB have the completely
opposite effects. Patch clamp experiments prove that GNA activates the VSOR Clcurrent of the CNE-2Z cell membrane, and chloride channel blockers suppressed the
activation of the VSOR Cl- current of GNA-activated CNE-2Z cells. However, the
VSOR Cl- channel participates in the regulation of apoptotic volume reduction through
mediating the transmembrane transport of chloride ions, which may be involved in the
process of GNA-induced apoptosis in CNE-2Z cells.
The programmed cell death of apoptosis carries a series of morphological and
biochemical characteristics, including cell shrinkage, the rapid increase of intracellular
calcium, nuclear condensation, DNA fragmentation and the formation of apoptotic
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bodies. Known as a shared feature of most cell apoptosis, the shrinking of cells or the
decrease in the cell volume refers to the decrease of the apoptotic volume (apoptotic
volume decrease, AVD). The AVD is regarded as an early trigger factor of apoptosis, as
it emerges earlier than the release of cytochrome C, activation of cysteine aspartic
protease (cysteine-containing aspartate-specific proteases, caspase-3) and fragmentation
of DNA . The VSOR Cl- current is activated in the mitochondria and by death
receptor-mediated apoptosis, while the VSOR Cl- channel blockers (NPPB and DIDS)
can block the current, and they can turn tumor cells and T cells from apoptosis to
recovery [29]. In accordance with previous data, the VSOR Cl - channels play a very
important role in the proliferation of human NPC, apoptosis of epithelial tumor cells and
apoptosis of glomerular cells [30]. These results suggest that the VSOR Cl - channel is
engaged in the proliferation, metastasis and apoptosis of tumor cells. The ClC-3 chloride
channel is a member of the voltage-dependent chloride channel family. When the cell
volume increases, the ClC-3 channel is activated, and Cl- efflux, the formation of
chloride current, mediates the transport of substances, the release of intracellular organic
matter and cell volume regulation. The ClC-3 channel protein is associated with cell
proliferation, differentiation and apoptosis [30]. However, the molecular mechanism of
VSOR Cl- channel regulation is not clear, and the VSOR Cl - channel protein is thought to
be a P-glycoprotein (P-glycoprotein, P-gP), ClC-3 and ClC-2, which influences cell
apoptosis by taking part in the regulation of the cell volume.
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The VSOR Cl- channel mediates the transmembrane transport of chloride ions to
regulate the apoptotic volume decrease. Whereas it is worthwhile to study whether this
channel partakes in GNA-induced apoptosis of CNE-2Z cells, GNA is used to induce the
apoptosis of CNE-2Z cells in this research, the cells are treated with blocking agents
(DIDS, DCPIB), and the survival rate of the cells, apoptosis and apoptosis rate are
detected by MTT, DAPI staining and flow cytometry, respectively. It is observed that the
chloride channel blockers (DIDS and DCPIB) effectively reduce the CNE-2Z-induced
apoptosis of GNA cells. Then, the CLC-3 gene is silenced by a siRNA technique in
CNE-2Z cells. The results reveal that the cell apoptosis after silencing the CLC-3 gene
varies in a similar way to that of the apoptosis of CNE-2Z cells treated with blockers.
Hence, the apoptosis of CNE-2Z cells induced by GNA may be related to the activation
of the VSOR Cl- channels, but the underlying mechanism still requires further
exploration.
Previous studies have found that GNA induced CNE-2Z cell apoptosis, and the
activation of VSOR chloride channels may initiate the GNA-induced apoptosis of
CNE-2Z cells. On this basis, this experiment further studies the relationship between the
activation of the VSOR Cl- channel and ER stress-mediated apoptosis in CNE-2Z cells.
Recent years have seen the discovery that the ER stress-mediated apoptosis pathway
differs from the mitochondrial pathway and the death receptor in that it can induce
apoptosis independently through its own signal transduction pathway. In normal cells,
GRP78, ATF6, IRE 1 and PERK form an integrated inactive complex. Under ER stress,
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the unfolded protein is increased, and GRP78 is separated from the complex and
activated. Then, the signal is transmitted to the nucleus and initiates UPR. RP78 mainly
exists in the ER and contributes significantly to the activation of the proto-oncogene.
Previous research has found that the expression of GRP78 could be detected on the
surfaces of tumor cells instead of normal cells [31]. Thanks to the research progress on
the ER stress-related signal pathway, it has been discovered that UPR can induce CHOP
transcription by PERK, ATF6 and IRE1. Specifically, the PERK-eIF2a-ATF4 pathway
has become a research hotspot and the most important regulator of CHOP [32]. As the
main molecular marker of ER stress, CHOP belongs to the C/EBP family of transcription
factors. Under normal circumstances, the CHOP content is low in the cytoplasm.
However, ER stress can induce the expression of CHOP by regulating the nuclear target
gene. CHOP is involved in the regulation of cell survival or apoptosis mediated by ER
stress [33]. It is increasingly expressed in the nucleus when ER stress induces apoptosis,
and the overexpression could induce cell apoptosis.
It is also meaningful to discuss whether the apoptosis induced by the VSOR Cl channel is correlated with the ER pathway. Thus, this study seeks to clarify the intrinsic
relationship between the VSOR Cl- channel and the level of ER stress-related protein.
The research results are as follows: the expression of GRP78 protein declines in CNE-2Z
cells treated with GNA after 24 h, and the expressions of CHOP and ATF4 proteins
increase. This indicates GNA may down-regulate the expression of ER stress-related
protein GRP78 and up-regulate the expression of ER stress-related proteins CHOP and
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ATF4. In this way, GNA contributes to the unfolded protein response protection
mechanism, suppresses the anti-apoptosis effect of UPR, and thereby induces the
apoptosis of the NPC cell line CNE-2Z. In contrast, DIDS and DCPIB hinder the cell
apoptosis by down-regulating ER stress protein GRP78, up-regulating ATF4 protein, and
blocking CHOP. Obviously, DIDS and DCPIB drag down the expression level of
GNA-induced apoptosis factor CHOP, suggesting that the VSOR Cl - channel is engaged
in the ER stress-mediated apoptosis of CNE-2Z cells.
5. Conclusions
In summary, GNA induces the apoptosis of CNE-2Z cells through the steps below:
it participates in the AVD regulation of early apoptosis events of CNE-2Z cells through
activating volume sensitive chloride channels, promoting the increase in the amount of
CHOP expression in the nucleus via the activation of UPR through the ER stress
pathway, and causing cell apoptosis with the excessive expression of CHOP. In spite of
the valuable findings mentioned above, it is necessary to study the role of CHOP
signaling molecules in the pathogenesis of the NPC CNE-2Z cell line damage and the
function of the downstream signaling molecules.
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