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Inhibition of cell proliferation and arrest of cell cycle progression by 
blocking chloride channels in human laryngeal cancer cell line Hep-2
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Chloride channel (ClC) is involved in normal physiological processes and pathology of various diseases. Although it 
is recognized that blockade of ClC inhibits the cell proliferation, it is not well understood the potential function of ClC in 
laryngeal cancer. In this study, we investigated the effect of the ClC inhibitor on cell proliferation, cell cycle progression 
in human laryngeal cancer cell line Hep-2, as well as the effect on the phosphorylation levels of ERK1/2 and AKT1. In 
this study crystal violet method was used to study the effect of the ClC inhibitor, 5-nitro-2-(3-phenylpropylamino) benzoic 
acid, NPPB, on Hep-2 cell proliferation. The impaction of the inhibitor on the cell cycle distribution was investigated by the 
flow cytometry (FCM). Western blot was performed to measure the phosphorylation levels of ERK1/2 and AKT1. Our data 
indicated ClC played an important role in Hep-2 cell proliferation and cell cycle. NPPB inhibited Hep-2 cell proliferation 
when compared with the controls. Blockade of ClC arrested cell cycle progression and suppressed the phosphorylation of 
ERK1/2 and AKT1 in Hep-2 cells by inhibition of cell proliferation by CIC inhibitor (NPPB) could be through arresting 
cell cycle progression, which is probably by suppressing phosphorylation of ERK1/2 and AKT1.
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It is well known that head and neck cancer is the eighth most 
common cause of cancer death worldwide [1]. Laryngeal cancer 
is one of the head and neck malignant tumors that seriously 
lead to health damage. It is very common in Brazil, Hong 
Kong, Italy and among the Black populations in parts of 
USA. There are also areas of low incidence in Japan, Norway, 
Sweden and Senegal. In each country there exist difference 
in incidence among urban and rural areas, the former having 
higher incidence [2]. Pathogenesis of laryngeal cancer is still 
not clear. It is becoming clear that cell ion transport proteins 
function as part of larger macromolecular complexes [3–6] 
is necessary for the cell biosynthesis, signal transduction, 
and function of membrane normal receptors [7–9]. Recently, 
some reports showed that cell ClC play a critical role in cell 
proliferation and differentiation. For example, in most cell 
types studied, cell swelling results in activation of ClC [10–14], 
and, particularly in mammalian cells. ClC is characterized as 
an outwardly rectifying current that is inhibited by a variety 

of nonspecific ClC inhibitors including both 5-nitro-2 (3-phe-
nylpropylamino) benzoic acid (NPPB) and DIDS [12, 14, 15, 
16], and is thought to be one of the major osmolytes involved 
in cancer cells. Volume-regulated chloride currents have been 
involved in the control of the cell cycle [17–19]. Therefore, 
understanding the mechanisms and functional significance of 

ClC is essential for the therapy of laryngeal cancer. However, 
the functions of ClC in laryngeal tumor cells still remains 
unknown. In the present study we investigated the effect of 
NPPB on cell proliferation and cell cycle in Hep-2 cells.

It is known that signal transduction pathways play important 
role in cellular proliferation and differentiation. They are often 
orchestrated by mitogen-activated protein kinases (MAPKs) 
[20]. MAPK is proline-directed serine/threonine kinase that 
have been classified into at least six subfamilies, of which 
ERK1/2, JNK1/2, and p38 are the most extensively studied [21]. 
ERK1/2 is normally activated by growth signals and mainly as-
sociated with cell cycle arrest, apoptosis and tumor formation 
[22, 23]. Another important kinase is Akt/protein kinase B. It 
is a central regulator of cell survival [24, 25] and Akt activation 
is required for many types of human tumors [26, 27].* Corresponding author 
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Therefore, the purpose of this study is to determine the
role of ClC in laryngeal cancer. We examined the effects of
NPPB on the cell proliferation and cell cycle in Hep-2 cells,
and the signaling pathway involving ERK1/2 and Akt1.

Materials and methods

Cell culture. Human laryngeal cancer Hep-2 cells were pur-
chased from the Cell Resource Center of Shanghai Academy of
Life Science of Chinese Academy of Science. Cells were grown
in RPMI-1640 with 5%(v/v) decomplemented fetal bovine se-
rum (FBS) (Gibco Life Technologies, Grand Island, NY, USA),
at 37°C in a humidified atmosphere containing 5% (v/v) CO2.
The medium was supplemented with 300 μg/ml L-glutamine,
100 U/ml penicillin and 100 μg/ml streptomycin. Cells were seeded
in 75 cm2 flasks, and the growth medium was renewed every
second day. For the experiments, the cells were subcultured in 35
mm petri dishes (Nunc) and used after 3–5 days.

Cell Proliferation. Cell proliferation was assayed as de-
scribed [28, 29]. Hep-2 cells were cultured in 96-well plates

(4000-6000 cells/well) for 24h, starvation for overnight.
Added 5%(v/v) decomplemented fetal bovine serum, cells
were treated without(control) or with NPPB at 50, 100, 150,
and 200μM(6 wells/dose). After another 48 hr of culture, the
number of cells was determined. Briefly, wells were rinsed
with PBS, fixed in methanol, air-dried, and stained with 0.1%
(w/v) crystal violet. Wells were rinsed with distilled water,
and air-dried again. Once dried, cells were lysed with 2% (w/
v) sodium deoxycholate solution with gentle agitation. Ab-
sorbance was measured at 570 nm on a microplate reader (Bio
Tek Instrument, Winooski, VT). Wells containing known cell
numbers (0, 1000, 2000, 5000, 10000, 20000 or 40000 cells/
well; 6 wells/cell density) were treated in the similar fashion
to establish standard curves. Cell proliferation studies were
run in five independent experiments.

Cell viability.The cell viability was detected by trypan blue
rejection. After Hep-2 cells stained by trypan blue, the num-
ber of Hep-2 cells unstained by trypan blue was accounted by
microscope, and then we computed cellular survival rate.

Cell cycle progression. Hep-2 cells were inoculated into
culture bottles when the cells in the mid-log phase of growth.
They were divided into four groups, including of control group;
50μM-NPPB group, 100μM-NPPB group and 150μM-NPPB
group. There were three repeated bottles for each group. The
cells were then cultured in RPMI-1640 alone or in RPMI-
1640 with the corresponding NPPB concentration when the
cells were in the denary logarithmic growth condition. Cells
were collected from each bottle after 24 hrs and 48 hrs.
A unicellular suspension was prepared and the cell concen-
tration was adjusted to 1×106/ml, the agent was then added
according to the kit instructions. The cell cycle of each treat-
ment group was measured using FCM to determine.

Western blotting analysis. Western blot analysis was performed
as described [28, 29]. After 16 hours of serum-deprivation, cells
were treated with 50, 100 and 150μM of NPPB (Pepro Tech,

Rocky Hill, NJ) for 0-8 hours. To determine changes in total and
phosphorylated ERK1/2 and AKT1 protein levels, cells were
washed twice with cold PBS, harvested and then lysed by soni-
cation in buffer (4 mM sodium pyrophosphate; 50 mM HEPES,
pH 7.5; 100 mM NaCl; 10 mM EDTA; 10 mM sodium fluoride;
2 mM sodium orthovanadate [Na3VO4]; 1 mM PMSF; 1% Tri-
ton X-100; 5 mg/ml leupeptin; and 5 mg/ml of aprotinin). The
protein concentrations in supernatants of the lysates were deter-
mined. Proteins (15-20 μg/lane) were subjected to Western blot
analysis. Proteins were separated on 10% SDS-PAGE gels and
electroblotted onto Immobilon-P membrane (Millipore, Bedford,
MA), Proteins on the membranes were probed with an antibody
against total or phospho-specific ERK1/2 (1:2000; Cell Signal-
ing Technology, Beverly, MA), total (1:2000; Cell Signaling
Technology) or phospho-specific AKT1 (1:1000; Cell Signaling
Technology). The membranes were reprobed for GAPDH as
described above. Changes in total and phosphorylated ERK1/
2and AKT1 protein levels were quantified. Data on phosphory-
lated ERK1/2 and AKT1 were normalized to total ERK1/2 and
AKT1. Data on total ERK1/2 and AKT1 were normalized to
GAPDH. The kinase studies were run in at least three indepen-
dent experiments.

Statistical analysis. The data were analyzed by one-way
analysis of variance (ANOVA) followed by Dunnett’s post-
hoc analysis. Statistical significance was defined as p < 0.05.
SPSS 13.0 for Windows was used for all the analyses.

Results

Blockade of ClC significantly inhibited Hep-2 cell prolif-
eration. NPPB inhibited (p < 0.05) (t[1]=3.24) Hep-2 cell
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Figure 1. Effects of NPPB on Hep-2 cell proliferation. Added 5%(v/v)
fetal bovine serum. Cells after treated without (control) or with NPPB
were seeded in 96 well plates (4000 cells/well) for 48 hr. Data are
expressed as means ± SEM percent of the control from eight independent
experiments. Numbers of cells per well in the control were 6039 ± 558.
Letter b indicate significant (p < 0.05) differences from the control.
Asterisks denote significant (p < 0.05) differences at the corresponding
dose of NPPB.
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proliferation in a dose-dependent manner (Figure 1). NPPB
at the concentration of 50μM, 100μM and 150μM inhibited
Hep-2 cell proliferation, but did not significantly alter cell
viability. As compared with the control group, the cellular
survival rate was not changed significantly (p > 0.05)
(t[1]=0.18) (97.2±0.2% vs. 97.6±0.5% for the concentration
of 50μM: untreated group, 96.9±0.7% vs. 97.6±0.5% for the
concentration of 100μM: untreated group, 96.3±0.4% vs.
97.6±0.5% for the concentration of 150μM: untreated group).
But, NPPB significantly decreased (p < 0.001) (t=6.76) cell
viability (76.5±0.8% vs. 97.6±0.5% for the concentration of
200μM: untreated group). Thus we used 50μM, 100μM and
150μM NPPB to block ClC in our experiments.

Effects of ClC blockers on Hep-2 cell cycle. The cell ratio
of G0/G1-phase increased (p < 0.05) (t[1]=2.84) the cell ra-
tio of S-phase and G2/M-phase decreased (p < 0.05)
(t[1]=3.05) correspondingly after various levels of NPPB were
added for 24 hours. After 48 hours, the cell ratio of G0/G1
phase reached a peak then decreased especially in the 150μM-
NPPB group (Table 1). Further problem studied was the effect
of ClC blockers on phosphorylation of ERK1/2 and AKT1 in
Hep-2 cells. Cells were treated with 50, 100 and 150μM of
NPPB (Pepro Tech, Rocky Hill, NJ) for 0-8 hours. To deter-
mine whether blocking ClC affected activation of ERK1/2

and AKT1, the phosphorylation of ERK1/2 (Figs. 2) and
AKT1 (Figs. 3) was assessed by Western blot analysis. As
compared with the control group, blockade of CLC did not
significantly (p > 0.05) (t[1]=0.26) change levels of total
ERK1/2(total ERK1/2/GAPDH: 1. 47 ± 0.142 vs. 1.32 ± 0.212
for the concentration of 150μM: untreated group) and total
AKT1 (total AKT1/GAPDH: 1.39 ± 0.205 vs. 1.25 ± 0.189
for the concentration of 150μM: untreated group). But block-
ade of CLC significantly (p < 0.05) (t[1]=2.63) changed
phosphorylation levels (at time 2 hour) of ERK1/2 (phospho/
total ERK1/2: 1.13 ± 0.030 vs. 0.53 ± 0.019 for the concen-
tration of 150μM: untreated group) and AKT1 (phospho/total
AKT1: 1.07 ± 0.093 vs. 0.52 ± 0.062 for the concentration of
150μM: untreated group) as well as other time point (4, 6 and
8 hours) examined (Figs. 2 and 3; quantitative data not shown).

Discussion

Blockade of ClC inhibited Hep-2 cells proliferation and
increased cell cycle arrest.ClC has been referred to as “the
problem of chloride ion channels” [30], and the field harbors
considerable controversies. The role of ClC in human laryn-
geal cancer is poorly defined. In this study, for the first time
in human laryngeal cancer Hep-2 cells, we have demonstrated

Figure 2. The effects of NPPB on the phosphorylation of ERK1/2 in Hep-
2 cells. Cells were treated with NPPB (150 μμμμμM). Proteins (15μμμμμg/lane) are
subjected to Western blot analysis. Data normalized to total ERK1/2 are
expressed as means ± SEM fold of the controls (time 0) from three
independent experiments. 150 μμμμμM-NPPB group is significantly (p < 0.05)
different from the corresponding 0μμμμμM-NPPB group.

Figure 3. The effects of NPPB on the phosphorylation of AKT1 in Hep-
2 cells. Cells were treated with NPPB (150 μμμμμM). Proteins (15μμμμμg/lane)
are subjected to Western blot analysis. Data normalized to total AKT1
are expressed as means ± SEM fold of the controls (time 0) from three
independent experiments. 150 μμμμμM-NPPB group is significantly (p < 0.05)
different from the corresponding 0μμμμμM-NPPB group.
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successfully that blockade of ClC with NPPB dose-depen-
dently significantly inhibited Hep-2 cell proliferation. These
data implicate a direct link between ClC and Hep-2 cell pro-
liferation. This conclusion is in agreement with the previously
published data. For example, it has been demonstrated that
cell division could be inhibited by channel blockers [31–33].
Similarly, the proliferation of C6 glioma cells, rat aortic smooth
muscle cells, and mouse liver cells is inhibited after ClC knock-
down [34–36]. The reduction in cell proliferation observed in
this study may be mediated by a number of factors. It is well
known that cell cycle analysis was carried out to elucidate the
antiproliferative activity. Increasing cell cycle arrest in the
G0/G1 phase of the cell cycle may mediate its antiproliferative
effects via its impact on cell cycle progression. These results
are similar to data obtained using the human cervical epithe-
lial cell-lines SiHa and HeLa [37, 38]. In both studies, NPPB
increased the cells arrested in G0/G1. On the other hand, in-
creased chloride channels activity has been shown to coincide
with the entry into the cell cycle of human cervical cancer
cells [39].

What is the mechanism of NPPB dose-dependently inhib-
ited-cell proliferation with arrested cell cycle progression? Did
NPPB kill Hep-2 cells directly? To answer these questions,
Hep-2 cells viability was determined.Blockade of CIC with
NPPB (50, 100 and 150μM), the cell survival rates did not
change remarkably. This indicated that inhibition of Hep-2
cells proliferation and arrest of cell cycle by blocking ClC
has other reasons.

Blockade of ClC decreased the phosphorylation of ERK1/
2 and AKT1 It is well known that ERK1/2 and AKT1 are
actively involved in the regulation of cell function. Firstly,
ERK1/2, a member of the MAP kinase family, is activated by
upstream kinases, resulting in its translocation to the nucleus
where it phosphorylates nuclear targets. This pathway is con-
stitutively active in several human malignancies and may be
involved in the pathogenesis of these tumors [40]. The ERK1/
2 pathway mediates ligand-stimulated signals for the induc-
tion of cell proliferation, differentiation, and cell survival [41,
42]. It has been shown that MAP kinases Erk1/2 was involved
in the activation of volume-sensitive chloride channels in as-
trocytes [43]. In this study, we examined the phosphorylation
of ERK1/2 before and after blockade of ClC. We have dem-
onstrated successfully that NPPB (50, 100 and 150μM)
inhibited the phosphorylation of ERK1/2 in Hep-2 cells. The
reasons may be that the volume-sensitive chloride channel
appears to be a cytoplasmic target for the MAP kinase signal-
ing pathway [43]. When chloride channels were blocked by
NPPB (50, 100 and 150μM), the MAP kinase signaling path-
way was influenced. Therefore, the phosphorylation of ERK1/
2 was inhibited. This conclusion agreed with those studies.
For example, the MAP kinase kinase inhibitor PD 98059 re-
versibly inhibited activation of the chloride current by
hypo-osmotic solution [43].

Secondly, protein kinase B (PKB/Akt) is a pivotal regulator
of diverse metabolic, phenotypic, and antiapoptotic cellular con-

trols, and also well known to be involved in transformation and
cell survival. It is a critical kinase that regulates events down-
stream of growth factor receptors. AKT has been shown to be
a key player in cancer progression, where its overexpression in-
duces malignant transformation. It affects prosurvival proteins
as well. Blocking the flow-activated chloride current abolished
flow-induced Akt phosphorylation in BAECs [44]. It was also
reported that volume-sensitive chloride currents I(Cl,vol) inhibitors
in preventing doxorubicin-induced apoptosis and subsequent
contractile dysfunction through AKT in cardiomyocytes [45]. In
the current study, we examined the phosphorylation of AKT1
before and after blockade of ClC. We have demonstrated suc-
cessfully that NPPB(50, 100 and 150μM) inhibited the
phosphorylation of AKT1.

As shown above, blockade of ClC inhibited both the Hep-
2 cells proliferation and the phosphorylation of ERK1/2 and
AKT1. We examined further the relationship between NPPB
inhibited-cell proliferation and the phosphorylation of
ERK1/2 and AKT1. The data indicated that the concentra-
tion dependence of NPPB inhibition of cell proliferation was
in excellent agreement with the phosphorylation of ERK1/2
and AKT1. The inhibition of the cell proliferation by NPPB
was positively related to phosphorylation of ERK1/2 and
AKT1. These results are in agreement with those studies
above.

Taken together, our current study has shown for the first time
that blockade of ClC inhibited Hep-2 cell proliferation and ar-
rested cell cycle progression by inhibiting ERK1/2 and AKT1
activation. Further experiments are required using different types
of tumor cells. Future studies are needed to dissect the mecha-
nism, which may provide fundamental information for ClC.

In conclusion, in Hep-2 cells ClC played an important role
in cell proliferation and cell cycle. ClC inhibitor (NPPB) does-
dependly inhibited cell proliferation and arrested cell cycle
progression, which is probably by suppressing phosphoryla-
tion of ERK1/2 and AKT1.

Table 1. The ratios of different cell cycles in Hep-2 cells at different
time points (%, mean ± SD). The cell cycle of each treatment group was
measured using FCM to determine.

Groups  24 hr  48 hr  72 hr

Control G0/G1 61.53±1.29 62.12±1.28 65.45±1.16
S 25.16±1.53 23.37±1.69 18.35±1.71
G2/M 14.89±1.24 15.57±1.52 17.08±1.45

50μM-NPPB G0/G1 74.68±2.12 75.58±1.79 74.12±1.78
S 17.87±1.25 19.56±1.36 15.24±1.42
G2/M 10.34±0.35 5.26±0.32 12.96±0.17

100μM-NPPB G0/G1 80.52±1.68 81.78±1.35 82.57±1.47
S 10.45±1.08 12.67±1.22 10.57±1.49
G2/M 9.23±0.34 7.58±0.36 7.98±0.26

150μM-NPPB G0/G1 85.57±1.23 87.82±1.26* 84.59±1.49
S 5.28±1.42 6.75±1.04 5.89±1.36
G2/M 10.12±0.82 6.04±0.28 10.04±1.82

* The comparison between the 150μM-NPPB group and control group, the
100μM-NPPB group, and 50μM-NPPB group, p < 0.05, respectively.
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