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Abstract. The dietary compound phenethyl isothiocyanate 
(PEITC), an important tumoricidal component found in 
cruciferous vegetables, exhibits strong anticancer and chemo-
preventive effects in a variety of tumors. However, its role in 
human laryngeal cancer is unclear. The aim of the present 
study was to investigate whether PEITC exhibits anticancer 
properties in human laryngeal carcinoma Hep-2 cells in vitro 
and to identify the potential molecular mechanisms. The 
results showed that treatment of Hep-2 cells with PEITC 
significantly inhibited cell proliferation in a dose- and time-
dependent manner, promoted apoptosis with concurrent G2/M 
cell cycle arrest and inhibited cell invasion in a dose-dependent 
manner. These effects were accompanied by significant altera-
tions in the expression levels of key proteins associated with 
pro-survival signaling pathways, including PI3K, Akt, ERK, 
NF-κB, Bcl, Bax, cyclin B, CDK4 and CDK6. Importantly, 
these effects were not reflected in 16HBE normal human 
bronchial epithelial cells, suggesting a safe range of treatment 
concentrations between 0 and 10 µM PEITC. In summary, 
PEITC exhibited significant anticancer effects against human 
laryngeal cancer cells in vitro with low toxicological impact on 
normal bronchial epithelial cells. This was achieved through 
dysregulation of key proteins involved in the occurrence and 
development of tumors, thereby offering a valuable contribu-
tion to future strategies for the treatment and screening of 
patients with laryngocarcinoma.

Introduction

Laryngeal squamous cell carcinoma (LSCC) is one of the most 
malignant forms of head and neck cancers and is particularly 
prevalent in Asia and South China. Currently, surgery or total 
laryngectomy, followed by radiotherapy or chemotherapy, 
is the primary treatment strategy for LSCC. However, the 
prognosis of patients with LSCC is poor due to the advanced 
stage at which the disease typically presents. Associated 
complications, such as trachyphonia, dysphagia, dyspnea and 
coughing, can seriously affect the quality of life of patients (1). 
Due to the high mortality rate and morbidity associated with 
LSCC, effective treatment remains a considerable clinical 
challenge (2). Therefore, new and effective preventive and 
therapeutic strategies are urgently needed.

Epidemiological and case-control studies have indicated a 
strong correlation between the consumption of certain vegeta-
bles and the decreased risk of carcinogenesis (3,4). Recently, it 
has been suggested that phenethyl isothiocyanate (PEITC), an 
important tumoricidal component found in cruciferous vege-
tables such as broccoli and cauliflower may possess anticancer 
properties against various malignancies, including breast, 
colon and prostate cancers (5-9). Several mechanisms have 
been proposed for these actions, including the generation of 
reactive oxygen species and initiation of cell cycle arrest (10). 
However, the role of PEITC in human laryngocarcinoma cells 
remains largely unknown.

The primary aim of the present study was to determine the 
actions and potential mechanisms of PEITC in laryngocarci-
noma, including LSCC, by studying its effects on proliferation, 
apoptosis, cell cycle and metastasis in human laryngeal cancer 
Hep-2 and normal bronchial epithelial 16HBE cells in vitro 
in order to provide a basis for targeted therapies and drug 
screening in patients with LSCC.

Materials and methods

Cell lines, reagents and kits. Human laryngeal cancer cell line 
Hep-2 and human normal bronchial epithelial cell line 16HBE 
were cryopreserved in our laboratory and stored in liquid 
nitrogen. PEITC was obtained from Sigma-Aldrich (St. Louis, 
MO, USA). Other reagents included dimethylsulfoxide 
(DMSO) (Sigma-Aldrich), fetal bovine serum (FBS; HyClone, 
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Logan, UT, USA), RPMI-1640 medium and 0.25% trypsin 
solution (Invitrogen, Carlsbad, CA, USA). Experimental 
equipment included Cell Counting Kit-8 (CCK8; Dongji, 
Japan), Annexin V-FITC/propidium iodide (PI) apoptosis 
detection kit, PI cell cycle analysis kit (both from Lianke, 
China), TUNEL apoptosis detection kit (Roche, Indianapolis, 
IN, USA) and a Transwell insert chamber coated with Matrigel 
(BD Biosciences, San Jose, CA, USA). Primary antibodies 
against Bcl-2, Bax, Bcl-xl, PI3K class III, PI3K p110α, PI3K 
p110β, p-Akt, p-c-Raf, p-NF-κB-p65, p-ERK, cyclin  D1, 
CDK4 and CDK6 and GAPDH were all purchased from Cell 
Signaling Technology (Danvers, MA, USA).

Cell culture and treatments. Hep-2 and 16HBE cells were 
cultured in RPMI-1640 medium supplemented with 10% 
FBS and 20 µg/ml antibiotics (ampicillin and kanamycin) at 
37˚C in a humidified atmosphere of 5% CO2. The cells were 
harvested in their logarithmic growth phase by trypsinization 
for use in the experiments. The cells were seeded in 96-well 
plates at a density of 1x103 cells/well for normal culture. They 
were divided into groups in 6-well plates and treated by adding 
PEITC to give the following final concentrations: Hep-2 cells, 
0, 2.5, 5, 7.5 and 10 µM; and 16HBE cells, 0, 5, 10, 15 and 
20 µM. All experiments were performed at least three times.

Cell proliferation assay. Hep-2 and 16HBE cells were treated 
with PEITC as described above, for 0, 24, 48 and 72 h before 
being incubated with 10 µl CCK-8 for 1 h at 37˚C. DMSO 
was used as a negative control. Six repeats were prepared for 
each treatment group. Absorbances were detected at 450 nm, 
and IC50 values were calculated by sigmoidal dose-response 
nonlinear regression analysis using GraphPad Prism software 
version 5.04 (GraphPad Software, San Diego, CA, USA).

Flow cytometry with Annexin V-FITC for the detection of 
apoptosis. After being treated with PEITC for 24 h as described 
above, the cells were harvested by trypsinization, centrifuged 
and washed in cold phosphate-buffered saline (PBS). The 
cells were then stained with 5 µl Annexin V-FITC solution 
and 10 µl of PI solution for 15 min. Stained cells were analyzed 
using a FACSCanto™ II spectrometer (BD Biosciences). Data 
were analyzed using FlowJo version 7.6.5 software (FlowJo 
LLC, Ashland, OR, USA).

Flow cytometry with PI for cell cycle analysis. After treatment 
with PEITC for 24 h as described above, the cells were fixed in 
70% ethanol overnight. The cells were centrifuged and the cell 
pellets were recovered and resuspended in 1 mg/ml RNase and 
20 µl 0.5% Triton X-100. The cells were then incubated with 
5 µl of 1 mg/ml PI solution for 30 min at room temperature. 
Cell cycle distribution was analyzed using FlowJo software, 
and the percentages of cells at each phase of the cell cycle were 
calculated.

TUNEL assay for detection of apoptosis. Hep-2 cells were 
treated with PEITC for 24 h as described above, and then 
washed in PBS, air dried and fixed with freshly prepared 4% 
paraformaldehyde. Terminal deoxynucleotidyl transferase 
dUTP nick end labeling (TUNEL) was performed according 
to the manufacturer's protocol (Roche). In brief, the cells were 

incubated with TUNEL reaction mixture for 1 h at 37˚C. The 
slides were washed in PBS and stained with 4',6-diamidino-
2-phenylindole (DAPI) before being viewed under microscopy. 
Six fields were randomly selected from every sample, and 
100  cells were randomly selected from every field. The 
apoptotic rate was calculated as the total number of apoptotic 
cells/100 x 100%.

Transwell invasion assay. Cell invasion assays were performed 
using Transwell migration chambers with Matrigel-coated 
inserts (BD  Biosciences) according to the manufacturer's 
protocol. In brief, 1x105 Hep-2 cells were suspended in 
200  ml serum-free RPMI-1640 medium and treated with 
PEITC for 48 h as described above. The cells were seeded 
in Matrigel-coated inserts in the upper chamber; the lower 
chamber contained RPMI-1640 medium with 10% FBS as the 
chemoattractant. After incubation for 48 h at 37˚C in a humidi-
fied atmosphere of 5% CO2, any cells that had not penetrated 
the membrane were removed using cotton swabs; the cells 
that had successfully migrated to the bottom surfaces of the 
membranes were fixed with 4% polyoxymethylene and stained 
with 0.1% crystal violet for 20 min. They were counted under 
a microscope at a magnification of x100.

Western blotting. Hep-2 cells were treated with PEITC for 
24 h as described above. Total cell lysates were extracted from 
the harvested cells using complete protease inhibitor ̒ cocktail̓  
(Roche) and 2 mM dithiothreitol (DTT). The proteins were 
resolved by 12% SDS-PAGE and transferred to polyvinylidene 
fluoride (PVDF) membranes before being incubated with 
the following primary antibodies: anti-Bcl-2, anti-Bax, anti-
Bcl‑xl, anti-PI3K class III, anti-PI3K p110α, anti-PI3K p110β, 
anti-p-Akt, anti-p-PDK1, anti-GSK3-β, anti-p-c-Raf, anti‑p-
NF-κB-p65, anti-p-ERK, anti-cyclin  B1, anti-CDK4 and 
anti-CDK6. GAPDH was used as an internal control. After 
being stained with their respective secondary antibodies, the 
proteins were detected by Odyssey infrared imaging (LI-COR 
Biosciences, Lincoln, NE, USA).

Statistical analysis. Statistical analyses were carried out by 
one-way ANOVA using SPSS statistical software version 16.0 
(SPSS, Inc., Chicago, IL, USA). All data are expressed as 
mean ± SD. P-values <0.05 were considered to indicate a 
statistically significant result.

Results

Effects of PEITC treatment on the viability of the Hep-2 and 
16HBE cells. The influence of PEITC treatment on prolifera-
tion in human Hep-2 laryngeal tumor cells and normal 16HBE 
bronchial epithelial cells was determined by CCK-8 assays. 
The results showed that PEITC exerted profound dose- and 
time-dependent antiproliferative effects on the growth of 
Hep-2 cells when administered between 0 and 10 µM for treat-
ment times from 0-72 h (Fig. 1A). The inhibitory efficiency 
at 10 µM PEITC in Hep-2 cells 24 h post-treatment exceeded 
52%. In contrast, the same treatment conditions had little effect 
on the proliferation of the 16HBE cells (Fig. 1B). These results 
confirmed that Hep-2 tumor cells exhibited greater sensitivity 
to PEITC than normal 16HBE bronchial epithelial cells.
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Effects of PEITC on apoptosis in the Hep-2 and 16HBE cells. 
To further explore the effects of PEITC treatment on laryngeal 
tumor cells, the levels of apoptosis in the Hep-2 and 16HBE 
cells were determined by Annexin V-FITC/PI double-staining 
flow cytometry after treatment with various concentrations of 
PEITC for 24 h. The results demonstrated that the percent-
ages of both early (FITC+/PI-) and late apoptotic Hep-2 cells 
(FITC+/PI+) gradually increased with increasing concentra-
tions of PEITC in a dose-dependent manner  (Fig. 2A). At 
10 µM PEITC, the percentages of apoptotic cells after 24 h 
treatment were 48.5 and 7.5% in the Hep-2 and 16HBE cells, 
respectively (Fig. 2C). In addition, the levels of apoptosis in the 
16HBE cells remained comparatively low at higher concentra-
tions of PEITC, with only 14.1 and 16.7% apoptotic cells at 
15 and 20 µM PEITC, respectively (Fig. 2B). These results 
demonstrated that normal 16HBE bronchial cells exhibited 
higher tolerance to PEITC treatment than the Hep-2 tumor 

cells. In summary, PEITC appeared effective in inducing 
apoptosis in laryngeal cancer cells between 0 and 10 µM 
PEITC in vitro while having little or no toxicological impact 
on normal non‑tumorous bronchial cells.

Effects of PEITC on cell cycle arrest in the Hep-2 cells. To 
investigate the effects of PEITC treatments on laryngocar-
cinoma in greater detail, flow cytometric analysis with PI 
single-staining was used to examine cell cycle distribution 
in the Hep-2 cells following a 24-h treatment with increasing 
concentrations of PEITC. As shown in Fig. 3, the proportion 
of cells in the G0/G1 phase decreased from 59.13 to 41.65% 
as PEITC (P<0.05) concentrations increased from 0-10 µM; 
whereas the corresponding proportion of G2/M phase cells 
significantly increased from 6.93 to 22.27% (P<0.05); and the 
proportion of S phase cells increased marginally from 28.25 
to 32.49%. These results demonstrated that PEITC has the 

Figure 1. Viability of Hep-2 human laryngeal tumor cells and 16HBE human bronchial epithelial cells following treatment with phenethyl isothiocyanate 
(PEITC). (A) The results from the CCK-8 assays showed that proliferation was significantly inhibited in the Hep-2 cells in a dose- and time-dependent manner. 
(B) However, proliferation was not significantly inhibited in the 16HBE cells at concentrations <10 µM PEITC and remained comparatively low up to a 
concentration of 20 µM PEITC. The data represent three independent experiments; error bars represent SD (ANOVA).

Figure 2. Annexin V-FITC flow cytometric analyses of apoptosis in Hep-2 and 16HBE cell lines treated with phenethyl isothiocyanate (PEITC). (A) The levels 
of both early (FITC+/PI-) and late apoptotic cells (FITC+/PI+) clearly increased in the Hep-2 cells with increasing concentrations of PEITC. (B) There was little 
change in the corresponding levels of apoptotic cells in the 16HBE cells. (C) The percentages of apoptotic cells were significantly increased in Hep-2 cells at 
concentrations ≤10 µM PEITC in a dose‑dependent manner; whereas there was little change in the percentages of 16HBE cells up to 20 µM PEITC. The data 
represent three independent experiments; error bars represent SD (ANOVA). P-values are given relative to 0 µM PEITC, *P<0.05 in Hep-2 cells; #P<0.05 in 
16HBE cells.
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greatest influence in promoting cell cycle arrest in Hep-2 cells 
at the G2/M phase.

TUNEL detection of cell apoptosis in the Hep-2 cells. TUNEL 
assays were performed to verify the flow cytometric results 
and to further explore the pro-apoptotic effects of PEITC 
treatment on the laryngeal tumor cells. The micrographs were 
analyzed by fluorescence microscopy 24 h post-treatment 
and showed that the mean percentages of apoptotic increased 
from 1.32±2.57 at a concentration of 0 PEITC to 4.80±1.77, 
8.98±4.41, 19.50±1.58 and 44.23±2.31% at concentrations 
of 2.5, 5, 7.5 and 10 µM PEITC, respectively. These results 
confirmed that PEITC induced apoptosis in the Hep-2 cells in 
a dose-dependent manner (Fig. 4).

Effects of PEITC treatment on cell invasion in the Hep-2 
cells. A Transwell assay was performed to determine whether 
PEITC influences the invasiveness of Hep-2 laryngeal cancer 
cells. Following treatment with 0-10 µM PEITC for 48 h, the 
data clearly demonstrated that PEITC suppressed the invasive 
ability of the Hep-2 cells in a dose-dependent manner (Fig. 5). 
The effects were most significant at concentrations ≥5 µM 
PEITC (P<0.05).

Effects of PEITC treatment on protein expression levels asso-
ciated with proliferation, apoptosis and cell cycle signaling 
pathways. Having demonstrated that PEITC treatment could 
have significant effects on proliferation, apoptosis, cell cycle 
distribution and invasion in Hep-2 cells, it was necessary to 

explore the potential mechanisms. Therefore, western blotting 
was performed to identify changes in the expression levels of 
regulatory proteins involved in key signaling pathways related 
to the occurrence and development of laryngocarcinoma. The 
pathways of interest included proliferation: PI3K, Akt, NF-κB 
and ERK; apoptosis: Bcl-2, Bcl-xl and Bax; and cell cycle 
progression: GSK3-β, cyclin B1, CDK4 and CDK6. Qualitative 
analyses showed that as the PEITC concentration increased 
from 0 to10 µM, the expression levels of PI3K class III, PI3K 
p110α, PI3K p110β, p-Akt, p-PDK1, GSK3-β, p-NF-κB-p65, 
p-c-Raf, p-ERK, Bcl-2, Bcl-xl, cyclin B1, CDK4 and CDK6 
were downregulated 24  h post-treatment and Bax was 
upregulated, whereas t-Akt, t-NF-κB-p65 and t-ERK protein 
expression remained unchanged as the PEITC concentration 
increased (Fig. 6).

Discussion

Several studies have identified PEITC, a major active constit-
uent in cruciferous vegetables, as a potential anticancer agent 
in various types of malignancies, including breast, colon and 
prostate carcinomas (7-9). However, its actions in laryngocar-
cinoma, including LSCC, remain largely unknown. Therefore 
the purpose of the present study was to explore its actions and 
potential mechanisms in human Hep-2 laryngeal tumor cells 
and normal 16HBE bronchial epithelial cells.

Our findings demonstrated that treatment with PEITC 
significantly suppressed proliferation, induced apoptosis, 
promoted G2/M cell cycle arrest and inhibited invasion and 

Figure 3. Flow cytometric analysis of cell cycle distribution in Hep-2 cell lines following treatment with PEITC. (A) The proportion of cells in the G2/M phase 
increased in the Hep-2 cells as the concentration of PEITC increased. (B) Significant concurrent decreases were noted in the percentages of cells in the G0/
G1 phase and S phase while the percentages of G2/M phase cells increased during treatment. The data represent three independent experiments; error bars 
represent SD (ANOVA). *P<0.05 compared to values at 0 µM PEITC.
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thereby metastasis, in the Hep-2 cancer cells in vitro (P<0.05). 
Importantly, the results also demonstrated that treatment 
within a safe range of concentrations (from 0-10 µM PEITC) 

had little toxicological impact on normal 16HBE cells. These 
findings were consistent with published studies on other types 
of cancer (11-13); for example, Wang et al showed that treat-

Figure 4. Detection of cell apoptosis in the Hep-2 laryngeal cancer cells by TUNEL assays. (A) Apoptosis in the Hep-2 cells increased as the concentrations of 
PEITC increased. (B) Quantification of the TUNEL results indicate that the increases in apoptotic cells were significant at concentrations >5 µM PEITC 24 h 
post-treatment. The data represent three independent experiments; error bars represent SD (ANOVA). *P<0.05 relative to values at 0 µM PEITC.

Figure 5. Transwell invasion assays of Hep-2 cells treated with PEITC. (A) A decrease in the numbers of migrating Hep-2 cells was noted following a 48-h 
treatment with PEITC. (B) Quantification of the cell counts at each concentration of PEITC are given in the plot, based on the mean values/field from at least 
five randomly selected low-power fields (magnification, x200). The data represent three independent experiments; error bars represent SD (ANOVA). *P<0.05 
relative to values at 0 µM PEITC.
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ment with 5-10 µM PEITC for 8-24 h could inhibit proliferation 
and induce apoptosis in cervical cancer cells (14).

Our results also showed that PEITC significantly inhibited 
proliferation in Hep-2 cells in a time- and dose-dependent 
manner, and significantly promoted apoptosis and inhibited 
cell invasion in a dose-dependent manner (P<0.05). Similar 
observations have been reported in previous studies (15,16). For 

example, the percentage of Hep-2 cells was reduced to 52% and 
the percentage of apoptotic cells was increased to 48% 24 h 
post-treatment with 10 µM PEITC relative to the corresponding 
levels at 0 µM PEITC (P<0.05). These effects were accompa-
nied by concurrent increases in the percentages of cells at the 
G2/M phase, suggesting that PEITC may inhibit cell growth by 
inducing cell cycle arrest at the G2/M checkpoint.

Figure 6. Western blot assays of protein expression levels in proliferation, apoptosis and cell cycle progression pathways in the Hep-2 cells treated with 
PEITC for 24 h. (A) PI3K class III, PI3K p110α, PI3K p110β, p-Akt, t-Akt and p-PDK1. (B) GSK3-β, p-NF-κB p65, t-NF-κB p65, p-c-Raf p-ERK and t-ERK. 
(C) Bcl-2, Bax, Bcl-xl, cyclin B1, CDK4 and CDK6. (D-F) Data presented are the means ± SD. Results were normalized to GAPDH. *P<0.05 relative to values 
at 0 µM PEITC.
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Tumorigenesis is characterized by uncontrolled cell 
growth and tumor formation and is associated with alterations 
in the expression levels of proteins involved in pro-survival 
signaling pathways linked to the occurrence and development 
of tumors  (17). Furthermore, the suppression of multiple 
signaling pathways simultaneously has been found to have 
a greater anticancer impact than suppression of a single 
signaling pathway alone  (18-20). Proteins such as PI3K, 
Akt, ERK and NF-κB have been found to play key roles in 
the regulation of proliferation, cell cycle progression and 
apoptosis in LSCC (21-23). RNAi is frequently used to inhibit 
the expression of proteins and has proven to be important in 
developing effective therapeutic strategies against cancers. 
Using these methods, our results indicated that PEITC may 
target several important signaling pathways associated with 
apoptosis, cell growth and metastasis simultaneously, thereby 
enhancing its antitumor impact on laryngocarcinoma.

Metastasis and tumor cell invasion are important factors in 
the prognosis and recurrence of cancers. Our results showed 
that treatment with PEITC inhibited the invasiveness of Hep-2 
cells in vitro and suggested that this effect was due in part to 
the suppression of ERK and NF-κB activity. Similar findings 
were reported by Gupta et al in a mouse model of breast cancer 
in which the administration of PEITC suppressed development 
of metastasized tumors (24). However, data on the antimeta-
static effects of PEITC in other forms of cancer remain scarce, 
and further investigations is needed to elucidate the molecular 
mechanisms.

Currently, surgery followed by radiotherapy or 
chemotherapy is the primary treatment for LSCC. However, 
this strategy frequently results in damage to normal 
surrounding tissues (25,26). Consequently, there is increasing 
interest in identifying natural compounds with effective 
anticancer properties due their low toxicities  (27). The 
results of the present study demonstrated that PEITC was 
effective in suppressing proliferation, invasion and inducing 
apoptosis in Hep-2 laryngeal cancer cells while having little 
toxicological impact on 16HBE normal bronchial epithelial 
cells, particularly within a range of 0-10  µM PEITC. 
Although, increased levels of apoptosis were observed 
in 16HBE cells at higher concentrations of PEITC (up to 
20 µM), these remained comparatively low relative to the 
levels in the Hep-2 cells. Similar observations have been 
reported previously. PEITC was found to inhibit mammary 
carcinoma tissues in a mouse model, but was well-tolerated 
in normal mammary glands  (28); however, another study 
reported increased levels of aspartate aminotransferase (AST) 
at high doses of PEITC (100-150 mg/kg) but no change was 
observed at lower doses (50 mg/kg), suggesting that PEITC 
may cause dose-dependent toxicity in normal tissues at high 
treatment concentrations (29). Variations in treatment times 
or analytical time points between different studies may have 
contributed to these inconsistencies (30). Therefore, further 
in vivo studies are required to define the toxicity profile of 
PEITC in laryngocarcinoma in order to ensure that doses can 
be titrated accurately in a clinical setting.

In conclusion, the present study demonstrated that PEITC 
significantly induced antiproliferative, pro-apoptotic and 
antimetastatic effects in Hep-2 human laryngeal cancer cells 
in a time- and dose-dependent manner, while presenting little 

toxicological damage to normal 16HBE bronchial epithelial 
cells in vitro. The findings suggest that its anticancer activities 
resulted from its ability to inhibit several critical pro-survival 
pathways related to the occurrence and development of laryn-
gocarcinoma simultaneously via dysregulation of key cell 
signaling proteins. In summary, PEITC may offer a valuable 
contribution to the development of novel therapeutic strategies 
for the treatment of LSCC in the future.
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