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Abstract. Trichosanthin (TCS) is a type I ribosome‑
inactivating protein, which inhibits cell viability in human 
epithelial type 2 (HEp‑2) and AMC‑HN‑8 human laryngeal 
epidermoid carcinoma cells. Although TCS is a potential 
chemotherapeutic agent, its mechanism of action remains to be 
elucidated. In the present study, HEp‑2 and AMC‑HN‑8 cells 
were treated with different concentrations of TCS combined 
with or without cisplatin. After 5 days of successive treat-
ment, different experimental groups were detected using a cell 
counting kit‑8 and the collected supernatants were analyzed 
using a lactate dehydrogenase kit. Flow cytometric assays 
were performed to detect apoptosis and cell cycle arrest in the 
HEp‑2 and AMC‑HN‑8 cells, reverse transcription quantita-
tive polymerase chain reaction was performed to detect the 
levels of p27, p21WAF and western blot analysis was performed 
to detect changes in c‑Jun N‑terminal protein kinase 
(JNK)/phosphorylated (phospho)‑JNK, p38/phospho‑p38, 
extracellular signal‑regulated kinase (ERK)/phospho‑ERK, 
caspase‑3 and caspase‑9 in the HEp‑2 and AMC‑HN‑8 cancer 

cells. TCS significantly inhibited the cell viability of the 
HEp‑2 and AMC‑HN‑8 cells, independently of necrosis. TCS 
induced apoptosis and increased the percentage of HEp‑2 and 
AMC‑HN‑8 cells in the S‑phase of the cell cycle. In addition, 
the JNK/mitogen‑activated protein kinase (MAPK) pathway 
was activated by TCS in the HEp‑2 and AMC‑HN‑8 cells. Low 
concentrations of TCS also induced apoptosis and S‑phase cell 
cycle arrest in the HEp‑2 and AMC‑HN‑8 cells. The antitumor 
effects of TCS may be associated with JNK/MAPK activation.

Introduction

Trichosanthin (TCS) is a protein isolated from the root of 
the tuber Trichosanthes kirilowii, which has been widely 
used in traditional Chinese medicine. TCS, a 27 kDa protein 
consisting of 247 amino acid residues, is a member of the type I 
ribosome‑inactivating protein family  (1). Pharmacological 
studies have demonstrated that TCS exhibits a broad spec-
trum of biological and pharmacological activities, including 
abortifacient, anti‑human immunodeficiency virus (HIV), 
immunomodulatory and antitumor activities (2-5).

TCS has been demonstrated to be effective in treating 
chorionic epithelioma in vitro  (3). Cancer cell line studies 
have indicated that TCS interferes with cell growth and 
causes apoptosis in cervical carcinoma HeLa cells, leukemia 
K562 and HL60 cells, gastric carcinoma MKN‑45 cells and 
nasopharyngeal cancer CNE‑1 cells (2,4). Several studies have 
also demonstrated that TCS treatment induces apoptosis and 
inhibits metastasis in human epithelial type 2 (HEp‑2) human 
laryngeal epidermoid carcinoma cells  (5,6). However, the 
mechanism by which TCS exerts its antitumor effects remains 
to be fully elucidated. Although certain studies have reported 
that TCS irreversibly inactivates ribosomes and inhibits 
protein synthesis in carcinoma to inhibit malignant tumor 
proliferation (7,8). Others have observed that TCS induces 
apoptosis in tumors either through caspase‑3 activation or 
by the disruption of cytoskeletal configurations (9,10). It is 
possible that the antitumor activity of TCS, demonstrated by 
the in vitro inhibition of cell viability, is mediated by multiple 
mechanisms, including cell cycle arrest and apoptosis.
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Mitogen‑activated protein kinases (MAPKs) are signaling 
molecules, which convert extracellular stimuli into a wide 
range of cellular responses  (8). c‑Jun N‑terminal protein 
kinase (JNK) is an MAPK subfamily with three isoforms 
(JNK1, 2 and 3) and a splicing variant. JNK1 and JNK2 are 
ubiquitously expressed, whereas JNK3 is primarily expressed 
in neuronal and heart tissues (11). JNKs and p38 are activated 
by environmental and genotoxic stresses and are important in 
inflammation and tissue homeostasis through the control of 
cell proliferation, differentiation, survival and migration of 
specific cell types (8). The JNK inhibitor, CEP‑11004, reduces 
the anti‑HIV activity of TCS, suggesting that TCS may specifi-
cally target JNK (12). TCS has also been reported to suppress 
the elevation of p38 MAPK, impairing the viral replication in 
Vero cells or inhibit HeLa cell proliferation through suppres-
sion of the protein kinase c/MAPK signaling pathway (13,14). 
These findings suggest that the MAPK family may be respon-
sible for the antiviral activity of TCS (12). 

In the present study, the mechanism by which TCS exerts 
antitumor activity in the HEp‑2 and AMC‑HN‑8 human 
laryngeal epidermoid carcinoma cell lines was investigated by 
examining the potential role of JNK in inhibiting cell viability 
and inducing apoptosis in response to TCS treatment.

Materials and methods

Materials. TCS was purchased from the Jinshan Pharmaceutical 
Co, Ltd. (Shanghai, China). Cisplatin was obtained from the 
Jingang Pharmaceutical Co Ltd. (Nanjing, China). The HEp‑2 
and AMC‑HN‑8 human laryngeal epidermoid carcinoma 
cell lines were provided by the Cell Bank of the Chinese 
Institute of Biochemistry and Cell Biology (Shanghai, China). 
The cell counting kit‑8 (CCK‑8) assay and Hochest33258 
were purchased from Dojindo (Kumamoto, Japan). The JNK 
inhibitor, SP600125, was purchased from Sigma‑Aldrich 
(St. Louis, MO, USA). The CytoTox 96  non‑radioactive 
cytotoxicity assay was obtained from Promega Corportation 
(Madison, WI, USA). Polyclonal rabbit anti‑human anti-
bodies against caspase‑3, caspase‑9, JNK, phosphorylated 
(phospho)‑JNK (Thr183/Tyr185), phospho‑extracellular 
signal‑regulated kinase (ERK)1/2 (Thr202/Tyr204) and 
phospho‑p38 (Thr180/Tyr182) were obtained from Cell 
Signaling Technology, Inc. (Beverly, MA, USA).

Cell culture conditions. All the cells were maintained in 
RPMI‑1640 medium, which was purchased from Gibco‑BRL 
(Grand island, CA, USA) supplemented with 10% heat‑inac-
tivated fetal bovine serum (FBS; Gibco‑BRL), penicillin 
(100 units/ml; Beyotime, Jiangsu, China) and streptomycin 
(100 µg/ml; Beyotime) in a 5% CO2 incubator at 37˚C. For 
the present study, the cells were incubated in either the pres-
ence or absence of different concentrations of TCS (1, 5, 9 or 
13 µg/ml), with or without 3 µg/ml cisplatin for 5 days.

Cell viability and cell proliferation assays. The inhibitory 
effects of the various treatments on HEp‑2 and AMC‑HN‑8 
cell viability were determined by CCK‑8 assay. The cells, 
in the exponential growth phase, were seeded into 96‑well 
plates with 100 µl (1x104/ml) per well. Subsequently, different 
concentrations of TCS (1, 5, 9 and 13 µg/ml) were added. 

Each treatment was performed in triplicate wells and a 
control group consisting of cells grown in culture medium 
containing no drugs was included. The plates were placed in 
an incubator in a humidified atmosphere at 37˚C for 5 days. 
At the end of the exposure, 10 µl CCK‑8 was added to each 
well and the plates were incubated at 37˚C for 1  h. The 
absorbance of each well was then measured using a standard 
enzyme‑linked immunosorbant assay at 450  and 650  nm 
and the absorbance values were labeled A450 and A650, 
respectively. The inhibitory rate was calculated as follows:  
HEp‑2 or AMC‑HN‑8 cells (100%) = 1 ‑ (Atreat490 ‑ Atreat
650)] / (Acontrol490 ‑ Acontrol650) x100% and the results 
were measured in triplicate. SPSS 16.0 software (SPSS, Inc., 
Chicago, IL, USA) was used to calculate the 50% inhibitory 
concentration for each group of drugs and the cell prolif-
eration was analyzed by counting the number of cells with a 
hemocytometer (Hausser Scientific, Horsham, PA, USA) using 
trypan blue (Sangon Biotech, Shanghai, China) exclusion as 
the criterion for cell viability.

Cell necrosis assays. Following treatment of the HEp‑2 and 
AMC‑HN‑8 cells with different concentrations of TCS (final 
concentrations of 1, 5, 9 and 13 µg/ml) for 48 h, the culture 
supernatant was harvested by centrifugation at 670 x g for 
10 min. The supernatant (50 µl) from each well of the assay 
was transferred to the corresponding well of a flat‑bottomed 
96‑well enzymatic assay plate with 50  µl  reconstituted 
substrate mix (CytoTox 96® non‑radioactive cytotoxicity 
assay; Promega Corporation, Madison, WI, USA). The assay 
plate was then incubated at room temperature and protected 
from light for 30 min. The absorbance of each well was then 
measured at 490 nm following the addition of 50 µl stop solu-
tion (Promega Corportation).

Hoechst 33258 staining. The cells were cultured on cover 
slides and incubated in the presence of 5 µg/ml TCS for 48 h. 
Following fixation with 1% glutaraldehyde (Sangon Biotech) for 
30 min, the cells were stained with 10 µg/ml Hoechst 33258 at 
room temperature for 10 min. For each cover slide, 1,500 cells 
were observed under a Leica fluorescence microscope (magni-
fication, x200; model, Laser 355,375, Leica Microsystems, 
Wetzlar, Germany) and images were captured using a digital 
camera (Leica Microsystems). Apoptosis, a form of cell death, 
is characterized by morphological changes, including chromatin 
condensation and apoptotic body formation. The percentage of 
cells undergoing apoptosis was determined (15).

Annexin V/propodium iodide (PI) staining assay. The cells 
were treated either with different concentrations of TCS or 
3 µg/ml cisplatin for 48 h. The cells were then trypsinized, 
harvested by centrifugation at 536 x g for 5 min, washed twice 
and resuspended in 100 µl binding buffer (eBioscience, San 
Diego, CA, USA). The cell density was adjusted to 1x105/ml 
and the cells were incubated with 5 µl annexin V‑fluorescein 
isothiocyanate (FITC) and 5 µl PI for 15 min at room tempera-
ture. The samples were analyzed using a fluorescence‑activated 
cell sorting (FACS)scan flow cytometer (Becton‑Dickinson, 
New York, NY, USA). Early apoptosis and necrosis were 
determined as the percentage of annexin V positive /PI nega-
tive or the percentage of annexin V positive/PI positive cells.
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Analysis of cell cycle phase distribution by flow cytometry. 
The present study synchronized the cells in the G0‑phase 
through serum deprivation prior to treatment. After 3 days 
culture in medium containing 5 µg/ml TCS, the HEp‑2 and 
AMC‑HN‑8 cells were collected by trypsinization, washed 
with phosphate‑buffered saline (PBS; Sangon Biotech, 
Shanghai, China) and fixed in ice‑cold 70% ethanol for 24 h. 
The cells were then stained with 1 ml PI (0.1 mg/ml with 
0.1% Triton X‑100; Sangon Biotech) and incubated in the dark 
for 30 min. The samples were analyzed by flow cytometric 
analysis using FACSCalibur (Becton‑Dickinson). PI is a 
highly water soluble, fluorescent compound that cannot pass 
through intact membranes and is generally excluded from 
viable cells. PI binds to DNA by intercalating between the 
bases in double‑stranded nucleic acids in exposed nuclei (16).

Reverse transcription quantitative polymerase chain reaction 
(RT‑qPCR) assays. The total RNA was extracted from the 
HEp‑2 and AMC‑HN‑8 cells using aguanidium thiocyanate 
hot phenol‑chloroform method (17). This total RNA (100 ng) 
was used for the synthesis of first‑strand cDNA by RT in a 
reaction mixture (20 µl) containing 5 µΜ random hexamers, 
2.5 µΜ oligo (dT) primer and 0.1 µΜ specific primer (Takara 
Bio, Inc., Shiga, Japan). The reaction was performed at 37 ˚C 
for 15 min and at 85˚C for 5 sec.

The RT‑qPCR reactions were performed using an ABI 
PRISM 7500 RT‑qPCR system (Applied Biosystems, Foster 
City, CA, USA). For data analysis, the 2�ΔCT (18) method was 
used to calculate the fold change. GADPH was considered to be 
unaffected by the treatment conditions in the present study and 
was used as a reference gene for normalization of the threshold 
cycle. The following primer sequences for the genes were 
used: p21, forward 5'‑TGT​CCG​TCA​GAA​CCC​ATGC‑3' and 
reverse 5'‑AAA​GTC​GAA​GTT​CCA​TCG​CTC‑3'; p27, forward 
5'‑ATC​ACA​AAC​CCC​TAG​AGG​GCA‑3' and reverse 5'‑GGG​
TCT​GTA​GTA​GAA​CTC​GGG‑3'; Ki67, forward 5'‑AGA​AGA​
AGT​GGT​GCT​TCG​GAA‑3' and reverse 5'‑AGT​TTG​CGT​
GGC​CTG​TAC​TAA‑3'; p53, forward 5'‑ACA​GCT​TTG​AGG​
TGC​GTG​TTT‑3' and reverse 5'‑CCC​TTT​CTT​GCG​GAG​ATT​
CTCT‑3' and PCNA, forward 5'‑ACA​CTA​AGG​GCC​GAA​
GAT​AACG‑3' and reverse 5'‑CAG​CAT​CTC​CAA​TAT​GGC​
TGAG‑3'. The following conditions were used: 1 cycle at 95˚C 
for 30 sec, 40 cycles as 95˚C for 5 sec, 34 seconds at 60˚C, 1 
cycle at 95˚ for 15 sec, 60 sec at 60˚C and 15 sec at 95˚C.

Western blot analysis. The whole cell extracts were prepared 
by directly dissolving the cells in 1X SDS loading buffer 
(Beyotime Institute of Biotechnology, Shanghai, China). 
Equal quantities (1x105  cells/lane) of protein were sepa-
rated by 12% SDS‑polyacrylamide gel electrophoresis 
(15% SDS‑polyacrylamide gel electrophoresis for caspase‑9 
and caspase‑3), transferred onto polyvinylidene fluoride 
membranes (Millipore Corporation, Bedford, MA, USA) and 
inhibited at room temperature for 30 min with 5% non‑fat milk 
in Tris‑buffered saline containing Tween 20 (TBST; Sangon 
Biotech) containing 20 mm Tris‑HCl (pH 7.6), 500 mm NaCl 
and 0.1% (v/v) Tween 20. The blots were incubated overnight 
at 4˚C with the following primary antibodies diluted in TBST 
buffer: JNK, phospho‑JNK (Thr183/Tyr185), p38, phospho‑p38 
(Thr180/Tyr182), caspase‑9 or caspase‑3 primary antibodies 

(1:5,000). Following washing with TBST, the membranes 
were incubated with horseradish peroxidase‑conjugated goat 
anti‑rabbit secondary antibodies (1:4,000; KPL, Gaithersburg, 
MD, USA) and were visualized using an enhanced chemilumi-
nescence detection kit (Thermo Scientific, Inc., Fair Lawn, NJ, 
USA) according to the manufacturer's instructions.

Statistical analysis. SPSS 16.0 software (SPSS, Inc.) was used 
for data analysis. All data are expressed as the mean ± stan-
dard deviation from at least two independent experiments. 
A two‑sided Student's t‑test was used to compare continuous 
variables between two groups. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

TCS inhibits the viability of HEp‑2 and AMC‑HN‑8 cells 
independently of necrosis. To validate the suppressive effect 
of TCS on cell viability, the HEp‑2 and AMC‑HN‑8 cells were 
treated with a range of concentrations (0‑13 µg/ml) of TCS 
for 5 days followed by CCK‑8 assay analysis. TCS inhibited 
the viability of the HEp‑2 and AMC‑HN‑8 cells in a dose‑ 
and time‑dependent manner (Fig. 1A and B). According to 
the slope of growth inhibition, the most significant effects of 
TCS were observed after 2 days of treatment. Lactate dehy-
drogenase (LDH) is a stable cytosolic enzyme, which can be 
released during the necrosis process (19). However, no differ-
ences in LDH levels were observed in the culture supernatant 
between the day 2 experiment group and the control group 
(P>0.05), suggesting that the suppressive activity of TCS was 
independent of necrosis (Fig. 1C and D). LDH is released upon 
cell lysis; however, necrosis is characterized by cell swelling 
and rapid loss of membrane integrity, causing LDH to be 
released into the cell culture supernatant, which was assessed 
in the present study using a CytoTox 96® non‑radioactive cyto-
toxicity assay (20). During apoptosis, cells undergo nuclear 
and cytoplasmic shrinkage, chromatin is partitioned into 
multiple fragments and the cells are fragmented into multiple 
membrane‑surrounded apoptotic bodies, however the integ-
rity of the cell membrane is retained during this process. 
Therefore, TCS significantly suppresses the viability of HEp‑2 
and AMC‑HN‑8 cells through apoptosis or another method 
that is independent of necrosis (15).

TCS induces apoptosis in HEp‑2 and AMC‑HN‑8 cells. The 
HEp‑2 and AMC‑HN‑8 cells were treated with TCS (5 µg/ml), 
cisplatin (3 µg/ml) or the two combined for 2 days followed 
by staining with Hoechst 33258. The morphological features 
of apoptosis, including the primary feature of apoptotic body 
formation, were then visualized by fluorescence microscopy 
(Fig.  2A and B). The results revealed significantly more 
apoptotic cells in the combination group compared with either 
the TCS‑ or cisplatin‑only group when the total number of 
apoptotic cells were counted on a 1 cm2 cover slip (P<0.05, 
supplemental Fig. 1). The apoptotic HEp‑2 and AMC‑HN‑8 
cells were also examined following treatment with different 
concentrations of TCS (0‑13  µg/ml) for 48  h using flow 
cytometry. The lower left quadrant of each panel in Fig.2 
indicated viable cells, which excluded PI and were negative 
for annexin V‑FITC binding (Fig. 2C and D). The upper right 
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quadrants indicated non‑viable, necrotic cells, which were 
positive for annexin V‑FITC binding and PI uptake (Fig. 2C 
and D). The percentage of annexin V‑FITC positive/PI nega-
tive cells, which indicated cells with an exposed phospholipid 
and intact plasma membrane, increased between 1.53 and 
13.4% in the HEp‑2 group and between 3.14 and 22.4% in the 
AMC‑HN‑8 group in the presence of 0‑13 µg/ml TCS for 48 h. 
Collectively, these data confirmed that TCS induced apoptosis 
in the HEp‑2 and AMC‑HN‑8 human laryngeal epidermoid 
carcinoma cells in a dose‑dependent manner. However, it 
remains to be elucidated whether 13 µg/ml TCS and 3 µg/ml 
cisplatin shared similar inhibitory effects on the HEp‑2 cells 
(69.64±3.1% and 67.38±5.0%, respectively) and AMC‑HN‑8 
cells (75.66±4% and 59.58±3.3%, respectively) on the second 
day (Fig. 1A and B). The cisplatin‑induced apoptotic rate was 
markedly higher, suggesting that the increased suppressive 
effect of TCS on the HEp‑2 and AMC‑HN‑8 cells was partly 
independent of apoptosis.

TCS induces cell cycle arrest in human laryngeal epidermoid 
carcinoma cells. To investigate the potential suppressive 
effects of TCS on the HEp‑2 and AMC‑HN‑8 cells not caused 
by apoptosis, the cell cycle was analyzed. Cell cycle analysis 
indicated that culture with TCS for 48 h induced cell cycle 
arrest, as revealed by changes in the percentages of cells in 
each cell cycle sub‑phase (Fig. 3A and B). After 3 days, the 
majority of the TCS‑treated HEp‑2 and AMC‑HN‑8 cells 
exhibited a prolonged S‑phase (Fig. 3A). On the second day, the 
percentage of cells in the S‑phase was significantly increased 
and the percentage of cells in the G1‑phase was significantly 
decreased compared with the control (P<0.01; Fig. 3B). Based 
on this observation, it was hypothesized that TCS may impair 
DNA replication in the HEp‑2 and AMC‑HN‑8 cells or may 
activate cyclin‑dependent kinase (CDK) inhibitors (CKIs) 

to arrest the cells in the early S‑phase. Consistent with this 
hypothesis, the cell proliferation assay indicated that TCS 
treatment resulted in a significant reduction in the number 
of growing cells compared with the untreated cells (Fig. 3C). 
To further determine the molecular mechanism underlying 
the TCS‑induced S‑phase cell cycle arrest, RT‑qPCR was 
performed. Cell cycle‑regulatory genes, including p27kip1 and 
p21Wafl/cip1, were examined by RT‑qPCR in the cells pre‑treated 
with 5 µg/ml TCS for 48 h. As expected, the mRNA expression 
levels of p27kip1 and p21Wafl/cip1 were significantly upregulated 
following TCS stimulation for 48 h. The expression levels of 
the p21Wafl/cip1 family CKIs, p21Wafl/cip1 and p27kip1, are important 
in the precise regulation of CDK activity, which is essential for 
normal cell cycle progression (21).

JNK is activated by TCS treatment. The activation of JNK, 
which occurs through phosphorylation at Thr183 and Tyr185, 
was investigated by western blot analysis of the HEp‑2 and 
AMC‑HN‑8 cells following treatment with different concen-
trations of TCS for different durations. Compared with the 
control group, the increased concentrations of TCS and the 
increased treatment durations caused upregulation in the levels 
of 54/46 kDa phospho‑JNK fragments (Fig. 4). However, no 
significant differences were observed in the protein levels 
of JNK between the different experimental groups. In these 
experiments, βactin was used as a control to confirm equal 
loading. JNK/MAPK is important in cell proliferation, differ-
entiation and apoptosis and the present study hypothesized 
that the antitumor activity of TCS may be mediated by the 
activation of JNK/MAPK.

Inhibitory effects on the cell viability and apoptotic activity of 
TCS is suppressed by the SP600125 JNK/MAPK inhibitor. In 
general, TCS treatment reduced the viability of the HEp‑2 and 

Figure 1. Inhibitory effects and cytotoxicity of TCS in (A and C) HEp‑2 and (B and D) AMC‑HN‑8 cells. Cell viability was determined using a cell counting 
kit‑8 assay. (A and B) Inhibition rate of the treated cells was expressed as a percentage relative to the corresponding control. (C and D) Culture supernatants 
from the 2 day experimental group were collected to determine the cytotoxicity of TCS. TCS significantly inhibited the cell viability of HEp‑2 and AMC‑HN‑8 
cells (*P<0.05 and **P<0.01, vs. 1 day). Compared with the control, no significant differences were observed in the LDH levels in the culture supernatant among 
the experimental groups. TCS, trichosanthin; HEp‑2, human epithelial type 2; LDH, lactate dehydrogenase.

  A   B

  C   D
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Figure 3. TCS causes cell cycle arrest in the HEp‑2 and AMC‑HN‑8 cells. The cells were seeded into six‑well plates containing RPMI‑1640 and 10% fetal bovine 
serum and were harvested after 3 days. Cell proliferation and cell cycle were analyzed using an optical microscope and flow cytometic analysis. The genes involved 
in cell cycle progression were investigated using RT‑qPCR. (A and B) Compared with the control, the percentage of cells in the S‑phase increased daily in the cells 
that had been pre‑treated with 5 µg/ml TCS. On the second day, the percentage of cells in the S‑phase increased significantly (P<0.05). (C) A cell proliferation 
assay indicated that TCS caused a significant reduction in the number of growing cells compared with the untreated cells (P<0.05). (D) RT‑qPCR analysis of the 
expression of p21, p27 and other cell cycle‑associated genes in the HEp‑2 and AMC‑HN‑8 cells. TCS, trichosanthin; HEp‑2, human epithelial type 2; PI, propidium 
iodide; RT‑qPCR, reverse transcription quantitative polymerase chain reaction. *P<0.05 and *P<0.01, compared with control.

Figure 2. TCS‑induced HEp‑2 and AMC‑HN‑8 cell apoptosis. The HEp‑2 and AMC‑HN‑8 cells were exposed to 5 µg/ml TCS in the presence or absence of 
3 µg/ml cisplatin. (A and B) Apoptotic fragments of nuclei (white arrows) were detected by Hoechst 33258 staining. (C and D) Annexin V‑FITC/PI contour 
diagram from flow cytometric analysis of the HEp‑2 and AMC‑HN‑8 cells treated for 48 h with different concentrations of TCS or 3 µg/ml cisplatin. The upper 
right quadrants contain the non‑viable or necrotic cells, which were positive for Annexin V‑FITC binding and PI uptake. The lower right quadrants represent 
the apoptotic cells, which were Annexin V‑FITC‑positive and PI‑negative, demonstrating cytoplasmic membrane integrity. TCS, trichosanthin; HEp‑2, human 
epithelial type 2; FITC, fluorescein isothiocyanate; PI, propidium iodide.

  A   B

  A   B

  C   D

  C   D
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AMC‑HN‑8 cells, as discussed previously. Compared with 
HEp‑2 cells treated with 5 µg/ml TCS alone, co‑administration 
with SP600125 and TCS increased the cell viability between 
52.2±9.3% and 63.58±3.5%, respectively, and suppressed the 
inhibitory effect of TCS on the HEp‑2 cells. This result was 
also observed in the AMC‑HN‑8 cells. Increasing the concen-
tration of SP600125 caused further increases in cell viability, 
however, the magnitude of the effect differed (Fig. 5A and B). 
In addition, SP600125 decreased the apoptotic rate (Fig.5; 
upper right + lower right quadrants) of the HEp‑2 cells between 
13.56% and 4.67% and AMC‑HN‑8 cells between 21.8 and 
5.67%. To investigate the involvement of various caspase 
pathways during TCS‑induced apoptosis, western blot analysis 
of the TCS‑treated cells was performed using specific anti-
bodies against caspase‑3 and caspase‑9. The cells were treated 
with 5 µg/ml TCS and different concentrations of SP600125 
(0‑10 µM) for 48 h followed by protein extract preparation and 
SDS‑PAGE fractionation. SP600125 is a known JNK inhibitor, 
which inhibits JNK/MAPK phosphorylation (22), however, 
SP600125 did not affect p38/MAPK or ERK/MAPK phos-
phorylation (Fig. 5D and E). Furthermore, the TCS‑induced 
caspase‑9 and caspase‑3 cleavage was inhibited by SP600125 
in a dose‑dependent manner. These results suggested that JNK 
may be important in TCS‑induced apoptosis and the inhibition 
of cell viability.

Discussion

In the present study, TCS inhibited the viability of HEp‑2 
and AMC‑HN‑8 human laryngeal epidermoid carcinoma cell 
lines independently of necrosis. Furthermore, flow cytometric 
analysis using annexin V/PI demonstrated that TCS induced 
early and late apoptosis in the HEp‑2 and AMC‑HN‑8 cells in 
a dose‑dependent manner. In accordance with this observation, 

stereotypical apoptotic features were detected (Fig. 2A and B). 
In previous studies, a concentration of ~100 µg/ml TCS has 
been used to investigate its antitumor activity. Apoptosis is 
considered to be the primary antitumor mechanism of TCS (9, 
10,23). However, high concentrations of TCS are cytotoxic, not 
only to tumor cells, but also to normal cells, suggesting that 
TCS is unsuitable for in vivo experiments. By contrast, lower 
concentrations of TCS (1, 5, 9 and 13 µg/ml) were used in 
the present study and, although TCS‑mediated apoptosis was 
less evident compared with that following 3 µg/ml cisplatin 
treatment, for which the apoptosis mechanism has been clearly 
demonstrated, TCS did inhibit HEp‑2 and AMC‑HN‑8 cell 
growth (CCK‑8; Fig. 1A). Thus, a low concentration of TCS 
can be used in combination chemotherapy regimens with other 
cytotoxic drugs.

In the present study, the inhibitory effect of 13 µg/ml TCS 
on the viability of the HEp‑2 and AMC‑HN‑8 cells was not 
lower than that of 3 µg/ml cisplatin, which is an important 
chemotherapeutic agent for head and neck squamous cell 
carcinoma (24). However, the apoptotic rate caused by 3 µg/ml 
cisplatin was higher compared with that caused by 13 µg/ml TCS 
(Fig. 2C and D). This observation suggested that, in addition to 
apoptosis, TCS may inhibit cell viability through other mecha-
nisms. Following treatment with 5 µg/ml TCS for 3 days, the 
cells were stained with a trypan blue solution and counted using 
a hemocytometer. The cell proliferation assay indicated that 
TCS caused a significant reduction in the number of growing 
cells compared with the untreated cells (P<0.05). Consistent 
with this result, TCS treatment induced cell cycle arrest as 
changes were observed in the percentage of cells in S‑phase. In 
the cells pretreated with 5 µg/ml TCS for 2 days, the percentage 
of cells in the S‑phase was significantly increased compared 
with the control (Fig. 3A and C). Similarly, the important CKIs, 
p21Wafl/cip1 and p27kip1, were prominently upregulated following 

Figure 4. TCS induces JNK activation in a dose‑ and time‑dependent manner. The HEp‑2 and AMC‑HN‑8 cells, which had been treated with 5 µg/ml TCS, 
were harvested at different time points, while two other groups were treated with different concentrations of TCS and harvested after 48 h. The levels of 
JNK/MAPK and p‑JNK/MAPK were then assayed by western blot analysis. β‑actin was used as a loading control for equal total cell numbers. TCS, tricho-
santhin; JNK, c‑Jun N‑terminal protein kinase; MAPK, mitogen‑activated protein kinase; p‑, phosphorylated‑; HEp‑2, human epithelial type 2 DDP, cisplatin.
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TCS stimulation for 48 h (Fig. 3D). The findings of the present 
study and those of a previous study supported the hypothesis 
that treatment of uninfected HEp‑2 cells with TCS prolongs 
the S‑phase (6). The present study hypothesized that TCS may 
impair DNA replication through the induction of DNA damage. 
The DNA damage caused by TCS may be detected by the G2 
checkpoint, which prevents cells from entering mitosis and 
results in S‑phase or G2/M‑phase arrest to provide time for 
the repair or initiation of the cell death pathway (25). However, 
the precise mechanism by which TCS induces S‑phase arrest 
requires further investigation.

In the present study, a low concentration of TCS led to 
activation of the phospho‑JNK in the HEp‑2 and AMC‑HN‑8 
cells in a dose‑ and time‑dependent manner (Fig. 4A and B). 
JNK activation leads to the phosphorylation of cytoplasmic 
and nuclear targets, including the AP‑1 transcription factor 
Jun and cell cycle regulators, including Cdc25, Aurora B and 
Cdh1, involved in modulating cell cycle, cell growth and cell 
death (26). Therefore, the antitumor activity of TCS may be 
associated with its activity in activating the JNK/MAPK 
pathway. SP600125, a known JNK inhibitor, specifically 
inhibited phospho‑JNK activation in a dose‑dependent manner 
without affecting other MAPK family members, including 

phospho‑ERK or phospho‑p38 (Fig. 4D and E). Compared 
with 5 µg/ml TCS alone, the cell viability was significantly 
increased following addition of different concentrations of 
SP600125 to the culture medium. In addition, the protein levels 
of caspase‑3 and caspase‑9 protein, key cysteine proteases 
that are essential for apoptosis in eukaryotic cells (15), were 
downregulated by SP600125 in a dose‑dependent manner. 
Caspase‑3 activation has been detected in several TCS‑treated 
tumor cell lines, including HL‑60, K562, HeLa and chorio-
carcinoma cells (30). Caspase‑9 is the primary executor of 
the mitochondrial apoptoti pathway. Inhibition of caspase‑9 
with z‑LEHD‑FMK inhibits the cellular apoptotic processes 
induced by TCS, suggesting that the caspase‑9‑mediated 
mitochondrial pathway is involved in TCS‑induced apop-
tosis  (2). As the cytoplasmic injection of cytochrome  c 
rescues the apoptotic defects of JNK‑deficient fibroblasts, the 
pro‑apoptotic functions of JNK may be mediated through the 
mitochondrial pathway  (8). SP600125‑mediated inhibition 
of the TCS‑induced JNK pathway activation may reduce the 
ability of TCS to inhibit cell viability and induce apoptosis 
in the HEp‑2 and AMC‑HN‑8 cells. The inhibition of cell 
viability and the apoptotic effect of TCS appear to be associ-
ated with phospho‑JNK activation.

Figure 5. Cell growth inhibitory and apoptotic activities of TCS can be suppressed by SP600125. (A, B and C) HEp‑2 and AMC‑HN‑8 cells were treated 
with 5 µg/ml TCS and different concentrations of SP600125, a JNK/MAPK inhibitor for 48 h. A cell counting kit‑8 assay and flow cytometric analysis 
were performed to detect the growth inhibition and apoptotic rate among the experimental groups. The experiment was repeated three times. The results 
are expressed as the mean ± standard deviation. Statistical analyses of the data was performed using Student's t‑test and **P<0.01. SP600125 inhibited the 
TCS‑induced activation of the apoptosis‑associated proteins caspase‑3 and caspase‑9 in the (D) HEp‑2 and (E) AMC‑HN‑8 cells. SP600125 decreased the 
levels of p‑JNK in a dose‑dependent manner, but did not affect p‑p38/MAPK or p‑ERK/MAPK activation. TCS, trichosanthin; HEp‑2, human epithelial 
type 2; JNK, c‑Jun N‑terminal protein kinase; MAPK, mitogen‑activated protein kinase; ERK, extracellular signal‑regulated kinase; p‑, phosphorylated‑; 
FITC, fluorescein isothiocyanate; PI, propidium iodide; DDP, cisplatin.
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The present study demonstrated that low concentra-
tions of TCS, compared with the higher concentrations of 
TCS used in previous studies (10,23,31) assessing antitumor 
activity suppressed human laryngeal epidermoid carcinoma 
cell viability and induced apoptosis via the induction of JNK 
pathway activation. The TCS‑induced S‑phase cell cycle arrest 
was partially attributed to the ability of TCS to inhibit cell 
viability. Therefore, TCS treatment offers a potential novel 
chemotherapy regimen for laryngocarcinoma, which can be 
used with other cytotoxic drugs in combination chemotherapy 
regimens.
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