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Abstract. Previous studies have indicated that trichosanthin 
(TCS) exerts antitumor activity by inducing apoptosis in 
numerous tumor cell lines. However, the effects of TCS 
on lymphoma remain to be elucidated. The current study 
demonstrated that TCS inhibited the proliferation of thir-
teen lymphoma cell lines in a dose‑dependent manner, with 
SU‑DHL‑2 cells exhibiting the greatest sensitivity to TCS. 
Treatment of SU‑DHL‑2 cells with TCS led to cell cycle arrest 
at the S to G2/M phase transition. Furthermore, flow cyto-
metric analysis, Hoechst 33258 staining and western blotting 
indicated that TCS induced the apoptosis of SU‑DHL‑2 cells 
in a time‑ and concentration‑dependent manner. In addition, 
the activation of caspase‑3 and ‑7 and poly (ADP‑ribose) 
polymerase were observed. Pharmacological pan-caspase 
inhibition was observed to reduce TCS‑induced apoptosis. 
Inhibition of caspase‑8 or ‑9 alone was observed to partially 
reverse the effect of TCS on apoptosis. In conclusion, the 
current study indicates that TCS may induce apoptosis in 
SU‑DHL‑2 cells via the extrinsic and intrinsic pathways.

Introduction

Trichosanthin (TCS), a type  I ribosome‑inactivating 
protein (RIP), is a 27  kDa protein isolated from the root 
tubers of the Chinese medicinal herb Tian‑Hua‑Fen 
(Trichosanthes kirilowii) of the Cucurbitaceae family (1). TCS 
is a traditional Chinese medicine which has been used as an 
abortifacient and for the treatment of hydatidiform moles, 
malignant hydatidiform moles and ectopic pregnancies due to 
its high toxicity to trophoblasts (2,3). Previous studies suggest 
that TCS has a broad spectrum of biological and pharmaco-
logical activities including immune regulatory, antivirus and 
antitumor activity (1,4,5). Due to the selective cytotoxicity of 
TCS to tumor cells, TCS has gained increased research atten-
tion. It was suggested that TCS‑treated cells underwent cell 
death due to the inhibition of cellular protein synthesis and 
the induction of necrosis (3). However, studies have suggested 
that TCS exerts antitumor activities by inducing apoptosis in 
numerous cell lines, including human choriocarcinoma, breast 
cancer, cervical cancer, nasopharyngeal carcinoma, leukemia 
and lymphoma cells (5‑10). Therefore, TCS has been consid-
ered as a potential novel agent for antitumor treatment.

Apoptosis is an important mode of programmed cell 
death that occurs normally during development or as a stress 
response, and is an essential mechanism to selectively elimi-
nate cells in antitumor chemotherapy and radiotherapy (11,12). 
Central to the cell suicide program is a cascade of caspases 
with caspase‑3 being a key terminal executor that in turn 
is cleaved and activated by various initiator caspases (13). 
There are two major pathways of apoptosis in mammalian 
cells: The death receptor‑initiated extrinsic pathway and the 
mitochondria‑mediated intrinsic pathway (13‑15). Cross‑talk 
exists between the extrinsic and intrinsic apoptotic path-
ways (16). Caspase‑8 is the initiator of the extrinsic pathway 
and caspase‑9 is a key executor of the instrinsic pathway. The 
cleavage of either caspase‑8 or ‑9 triggers downstream effec-
tors, caspase‑3, ‑6 and ‑7, and poly(ADP‑ribose) polymerase‑1 
(PARP‑1), which leads to a series of apoptotic events and 
eventually cell death (14,15,17). 

A previous study demonstrated that TCS is able to inhibit 
the proliferation of Raji and Jurkat cells (10). However, limited 
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types of lymphoma cell lines have been investigated, and the 
mechanisms involved in the TCS‑induced apoptosis in these 
cells remain to be elucidated. Therefore, the current study 
screened the potential antitumor activity of TCS in different 
types of lymphoma cells and identified which exhibited the 
greatest sensitivity to TCS. In these cells, the effects of TCS 
on the cell cycle, the induction of apoptosis and the underlying 
mechanisms were investigated. The present study provides an 
experimental basis for further research, and indicates that TCS 
may be a novel antitumor agent for the treatment of lymphoma.

Materials and methods

Chemicals. TCS was purchased from Shanghai Jinshan 
Pharmaceutical Co., Ltd. (Shanghai, China). Dimethyl 
sulfoxide was obtained from Sigma‑Aldrich (St.  Louis, 
MO, USA) and the Cell Counting Kit‑8 was from Dojindo 
Molecular Technologies, Inc. (Kumamoto, Japan). 
Annexin V‑fluorescein isothiocyanate (FITC) and propidium 
iodide (PI) were obtained from Roche Diagnostics GmbH 
(Mannheim, Germany). Hoechst 33258 was obtained from 
Beyotime Institute of Biotechnology (Haimen, China). The 
caspase‑3, caspase‑7, PARP‑1 and glyceraldehyde 3‑phos-
phate dehydrogenase (GAPDH) primary antibodies were 
supplied by Cell Signaling Technology, Inc. (Danvers, MA, 
USA). Carbobenzoxy‑val‑ala‑asp‑(OMe)‑fluoromethylketone 
(Z‑VAD‑FMK), Z‑i le‑glu(OMe)‑thr‑asp(OMe)‑FMK 
(Z‑IETD‑FMK) and Z‑leu‑glu(OMe)‑his‑asp(OMe)‑FMK 
(Z‑LEHD‑FMK) were obtained from R&D Systems, 
Inc. (Minneapolis, MN, USA). TCS was examined using 
SDS‑PAGE and Coomassie Brilliant Blue staining (Bio-Rad 
Laboratories, Inc., Hercules, CA, USA).

Cell culture. Raji, Ramos, Namalwa (Burkitt's lymphoma), 
RL (follicular lymphoma), Jurkat (T‑cell acute lymphoblastic 
leukemia) (American Type Culture Collection, Manassas, 
VA, USA), OCI‑ly1, OCI‑ly8, OCI‑ly19, SU‑DHL‑6 (gifts 
from Professor Xiongzeng Zhu, Fudan University Shanghai 
Cancer Center, Shanghai, China), OCI‑ly10, SU‑DHL‑2 
(gifts from Professor Ru Feng, Nanfang Hospital, Southern 
Medical University, Guangzhou, China), SU‑DHL‑4 and 
NU‑DHL‑1 [diffuse large B-cell lymphoma (DLBCL)] (gifts 
from Professor Yanhui Liu, Guangdong General Hospital, 
Guangzhou, China) cell lines were used in the present study. 
All cell lines were grown in RPMI‑1640 medium (Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 10% fetal bovine serum (Gibco; Thermo Fisher 
Scientific, Inc.), 100 U/ml penicillin and 100 µg/ml strepto-
mycin (GE Healthcare Life Sciences, Logan, UT, USA) in a 
5% CO2 incubator at 37˚C.

Cell viability assay. A Cell Counting Kit‑8 (CCK‑8) assay 
was used to measure the sensitivity of the different cell lines 
to TCS. Cells were seeded at a density of 6x103 cells/well 
in 96‑well plates. TCS was added at different concentra-
tions (0.01953125‑10.0 µM; 20 µl/well) into the designated 
wells. Following 69 h of incubation, 8 µl of CCK‑8 solution 
was added to each well, and the plate incubated for a further 
3 h. The absorbance values were measured at 450 nm using 
a SpectraMax M5 plate reader (Molecular Devices LLC, 

Sunnyvale, CA, USA). The 50%  inhibitory concentration 
(IC50) values were calculated to construct the survival curves 
using the Bliss method (18).

Cell cycle analysis. SU‑DHL‑2 cells were treated with 
TCS (0.15, 0.75 and 1.50 µM) for 48 h. The cells were then 
centrifuged at 377 x g for 5 min and washed with 0.01 M phos-
phate‑buffered saline (PBS, pH 7.4) three times. Subsequently, 
the cells were fixed with ice‑cold ethanol for a minimum of 
18 h. The cells were then washed with PBS twice and stained 
with PI solution, which contained 50 µg/ml PI, 100 µg/ml 
RNase A (KeyGen Biotech Co. Ltd., Nanjing, China) and 
0.2% Triton X‑100 (KeyGen Biotech Co. Ltd.). The samples 
were measured using a Gallios flow cytometer (Beckman 
Coulter Inc., Brea, CA, USA) and the data were analyzed using 
multiflow software (version 2.2; Beckmann Coulter, Inc.).

Annexin V‑FITC/PI staining assay. An Annexin V‑FITC/PI 
Apoptosis kit was used according to the manufacturer's instruc-
tions to quantify the percentage of cells undergoing apoptosis. 
SU-DHL-2 cells were incubated for 48 h with TCS (0.03, 
0.15 or 0.75 µM) or with 0.75 µM for 3, 6, 12, 24 and 48 h. 
The Bcl‑2/Bcl‑xL inhibitor, ABT‑263 (8 µM; Selleckchem, 
Houston, TX, USA), was used as the positive control. The 
cells were washed twice with cold PBS and resuspended in 
the binding buffer (Roche Diagnostics GmbH) at a concentra-
tion of 1x106 cells/ml. Subsequently, 5 µl Annexin V‑FITC 
and 10 µl PI were added, and the cells were incubated for 
5 min at room temperature in the dark. Following this, 400 µl 
binding buffer was added and the cells were analyzed by flow 
cytometry. The Annexin V‑FITC+/PI- cells were identified as 
apoptotic cells, and the Annexin V‑FITC+/PI+ cells were iden-
tified as necrotic cells. The measurements were repeated three 
times for each sample.

Hoechst 33258 staining. The morphological alterations in 
the TCS‑treated cells were investigated using Hoechst 33258 
staining. Following exposure to TCS (0.03, 0.15 or 0.75 µM) 
for 48 h, or 0.75 µM for 12, 24 or 48 h, the SU‑DHL‑2 cells 
were incubated with 20 µM Hoechst 33258 for 10 min at room 
temperature. The cells were then washed twice with PBS 
and examined using a confocal laser scanning microscope 
(Olympus Fluoview FV1000; Olympus Corporation, Tokyo, 
Japan). Apoptotic cells were identified by Hoechst  33258 
staining as exhibiting condensed chromatin and fragmented 
nuclei. A minimum of 10 random fields were counted for each 
sample.

Western blot analysis. Cells were harvested and rinsed three 
times with ice‑cold PBS, and total cell lysates were prepared. 
Cell extracts were prepared by incubating cells for 30 min 
on ice with 1X lysis buffer [PBS with 0.1% sodium dodecyl 
sulfate (SDS), 1% Nonidet P‑40, 0.5% sodium deoxycholate 
and 100 mg/ml p‑amino phenylmethylsulfonyl fluoride] with 
agitation followed by centrifugation (14,000 x g at 4˚C for 
20 min). The supernatant containing the total cell lysates was 
stored at ‑80˚C prior to experiments. Cell lysates containing 
30 µg total protein were resolved by SDS polyacrylamide 
gel electrophoresis (SDS‑PAGE; Bio-Rad Laboratories, Inc.) 
and transferred onto polyvinylidene fluoride membranes 
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(Roche Diagnostics GmbH). Membranes were incubated in 
blocking buffer [10 mmol/l Tris-HCl (pH 8.0), 150 mmol/l 
NaCl, 0.1% Tween 20 and 5% skimmed milk] for 2 h at room 
temperature, prior to incubation with primary antibodies 
overnight at 4˚C. The following antibodies were used: Rabbit 
polyclonal anti-caspase-7 (cat. no. 9492; 1:1,000 dilution), 
rabbit monoclonal anti-caspase-3 (cat. no.  9665; 1:1,000 
dilution), rabbit monoclonal anti-PARP-1 (cat. no.  9532; 
1:1,000 dilution) and rabbit monoclonal anti-glyceraldehyde 
3-phosphate dehydrogenase (GAPDH; cat. no. 2118; 1:5,000 
dilution) (all from Cell Signaling Technology, Inc., Danvers, 
MA, USA). Subsequently, the membranes were incubated with 
horseradish peroxidase-conjugated goat anti-rabbit secondary 
antibody (1:2,000 dilution; Cell Signaling Technology, Inc.) 
for 1 h at room temperature. The protein‑antibody complexes 
were detected using enhanced chemiluminescence reagents 
(Cell Signaling Technology, Inc.) and exposed to X‑ray film 
(Eastman-Kodak Co., Rochester, NY, USA).

Statistical analysis. All experiments were repeated a minimum 
of three times. The data are presented as the mean ± standard 
deviation. Statistical analysis was conducted using SPSS soft-
ware, version 16.0 (SPSS, Inc., Chicago, IL, USA) and one‑way 
analysis of variance. P<0.05 was considered to indicate a 
statistically significant difference.

Results

TCS reduces the cell viability of lymphoma cells. The purity of 
TCS was examined using SDS‑PAGE and Coomassie Brilliant 
Blue staining. A single band with a molecular mass of 27 kDa 
was observed by SDS‑PAGE (Fig. 1), which was in accordance 
with a previous study (19). To investigate the potential anti-
tumor activity of TCS on different types of lymphoma cells, 
the following thirteen lymphoma cell lines were selected: Raji, 
Ramos, Namalwa (Burkitt's lymphoma), OCI‑ly1, OCI‑ly8, 
OCI‑ly10, OCI‑ly19, SU‑DHL‑2, SU‑DHL‑4, SU‑DHL‑6, 
NU‑DHL‑1 [diffuse large B cell lymphoma (DLBCL)], RL 
(follicular lymphoma) and Jurkat (T‑cell acute lymphoblastic 
leukemia) cells. The cells were treated with different concentra-
tions of TCS (ranging from 0.02‑10 µM) for 72 h. Cell viability 
was measured using a CCK‑8 assay. As presented in Fig. 2A, 
TCS induced a dose‑dependent reduction in the viability of all 
thirteen tested cell lines with diverse sensitivities. Following 
exposure to TCS for 72 h, Jurkat, Namalwa and SU‑DHL‑6 
cells exhibited a lower sensitivity to TCS compared with that 
of the other cell lines, with IC50s of 2.20, 2.47 and 1.87 µM, 
respectively. SU‑DHL‑2 cells exhibited the greatest sensitivity 
to TCS compared with the remaining twelve cell lines. Based 
on the IC50 values, SU‑DHL‑2 cells were selected for further 
investigation. In addition, the reduction in viability mediated 
by TCS on SU‑DHL‑2 cells was time‑dependent (Fig. 2B). 
Following 24, 48 and 72 h treatment with TCS, the IC50s for 
SU‑DHL‑2 cells were 1.74, 0.16 and 0.07 µM, respectively.

TCS induces cell cycle arrest in SU‑DHL‑2 cells. To investi-
gate the molecular mechanisms of the reduction in viability 
mediated by TCS, the cell cycle was assessed using flow 
cytometry. Cultured SU‑DHL‑2 cells were treated with 0, 0.15, 
0.75 or 1.50 µM TCS for 24 h and the percentage of cells in the 

Figure 1. TCS demonstrated a single band in the sodium dodecyl sulfate‑polacryl-
amide gel electrophoresis with a molecular weight of 27 kDa. TCS, trichosanthin.

Figure 2. Effect of TCS on the viability of different lymphoma cells. (A) Cells 
were treated with TCS at different concentrations for 72 h. TCS reduced the cell 
viability of thirteen cell lines in a dose‑dependent manner. (B) The increasing 
concentrations of TCS resulted in a dose‑dependent reduction in the viability 
of SU‑DHL‑2 cells. Values are presented as the mean ± standard deviation 
from a minimum of three independent experiments. TCS, trichosanthin.

  A

  B
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G1, S and G2/M cell cycle phases was analyzed. As presented 
in Fig. 3A, a clear peak appeared in the TCS‑treated cells 
prior to the G1 peak (sub‑G1 population). The sub‑G1 popula-
tion increased in a dose‑dependent manner, from 2.1‑29.1% 
following treatment with 1.5 µM TCS. In addition, cell cycle 
analysis indicated that treatment with TCS increased the 
proportion of cells in the S phase, whereas cells in the G2/M 
phase were reduced from 19.7 to 9.7%. The results demon-
strated that the reduction in the viability of SU‑DHL‑2 cells 
induced by TCS was associated with cell cycle arrest at the 
S to G2/M phase transition (P<0.05; Fig. 3B).

TCS induces apoptosis in SU‑DHL‑2 cells in a time‑ and 
dose‑dependent manner. As the accumulation of cells in 
the sub‑G1 phase is a potential indicator of apoptosis (20), 
it was further investigated whether TCS induced the apop-
tosis of SU‑DHL‑2 cells. SU‑DHL‑2 cells were treated with 

0.75 µM TCS over different time periods (3‑48 h) or 0, 0.03, 
0.15 and 0.75 µM TCS for 48 h. ABT‑263 was used as posi-
tive control, as it is a Bcl‑2/Bcl‑xL inhibitor and apoptosis 
promoter (21‑23). Annexin V‑FITC/PI staining was used to 
analyze the percentage of apoptotic cells. At 3, 6 and 12 h 
following TCS treatment, no significant increase in the apop-
totic rates was observed. However, at 24 and 48 h following 
TCS treatment, the apoptotic rates significantly increased 
from 11.8% in the non‑treated group to 19.9 and 44.4%, respec-
tively, in the 0.75 µM TCS‑treated group (Fig. 4A and B). 
As presented in Fig. 4C, the percentage of apoptotic cells 
increased from 12.2% in the non‑treated group to 27.8% in the 
0.15 µM TCS‑treated group in SU‑DHL‑2 cells following 48 h 
treatment. Higher doses of TCS exerted a greater effect on 
apoptosis, with 0.75 µM TCS increasing the percentage of apop-
totic cells from 12.2 to 53.5%. The results demonstrated that 
TCS dose‑dependently increased apoptosis (P<0.05; Fig. 4D). 

Figure 3. Effect of TCS on the cell cycle distribution of SU‑DHL‑2 cells. (A) The cell cycle distribution was altered, with an increase in the proportion of cells in 
the sub‑G1, G1 and S phases, while the proportion of cells in the G2/M phase was reduced. (B) The percentage of cells in the different phases of the cell cycle are 
presented as a histogram. TCS induced cell cycle arrest at the S to G2/M phase transition in SU‑DHL‑2 cells. *P<0.05 vs. the control group. TCS, trichosanthin.

  A

  B
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To observe the nuclear morphological alterations associated 
with apoptosis in TCS‑treated cells, SU‑DHL‑2 cells were 
stained with Hoechst 33258. As presented in Fig. 5A and B, 
untreated cells exhibited normal nuclear morphology, while 
following treatment with 0.15 µM TCS for 48 h or 0.75 µM 
TCS for 24 h, the characteristic apoptotic nuclear condensa-
tion and fragmentation were observed. This phenomenon was 
time‑ and concentration‑dependent (Fig. 5C and D). Taken 
together, these data indicate that TCS induced apoptosis in 
SU‑DHL‑2 cells.

Induction of apoptosis through the activation of caspase‑3 
and ‑7, and PARP‑1. To investigate the apoptotic mechanisms 
induced by TCS, the activities of key apoptosis‑associated 
proteins were investigated by western blot analysis. SU‑DHL‑2 
cells were treated with different concentrations (0.03, 
0.15 and 0.75 µM) of TCS for 48 h or 0.75 µM TCS for a range 
of time points (3‑48 h). Subsequently, the protein extracts 
were prepared and separated by SDS‑PAGE. As presented in 

Fig. 6A, significant increases in the levels cleaved caspase‑3 
and ‑7, and PARP‑1 were observed following treatment with 
0.15 and 0.75 µM TCS at 48 h. As the key executioners of 
apoptosis, the cleavage and activation of caspase‑3 and ‑7 were 
increased with the increase in the concentration of TCS, and 
the downstream cleavage of PARP‑1 was additionally observed 
in a concentration‑dependent manner. As shown in Fig. 6B, 
the amount of cleaved caspase-3 and -7 as well as PARP-1 
gradually increased following treatment with TCS for 6-48 h, 
while the levels of pro‑caspase‑3 and ‑7 as well as full‑length 
PARP‑1 were reduced in parallel. Furthermore, the levels of 
the active fragments were markedly increased compared with 
the control (Fig. 6B). Therefore, the results indicate that TCS 
induced apoptosis in SU‑DHL‑2 cells through the time‑depen-
dent sequential activation of caspase‑3 and ‑7, and PARP‑1.

Involvement of various upstream caspase pathways. Apoptosis 
is executed by the caspase‑8‑mediated extrinsic pathway and/or 
caspase‑9‑dependent intrinsic pathway (24). To investigate 

A   B

C   D

Figure 4. TCS increases the percentage of apoptotic cells in SU‑DHL‑2 cells. The lower right quadrant indicates the percentage of early apoptotic cells and 
the upper right quadrant indicates the percentage of late apoptotic cells. (A) The cells were treated with 0.75 µM TCS for 3, 6, 12, 24 and 48 h, 8 µM ABT‑263 
was used as a positive control. (B) Histogram presenting the total percentages of apoptotic cells. (C) The cells were treated with TCS (0.15 or 0.75 µM) and 
ABT‑263 (8 µM) for 48 h. (D) TCS increased the percentage of apoptotic cells in a dose dependent manner. *P<0.05 vs. the control group (untreated cells). 
TCS, trichosanthin; PI, propidium iodide.
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whether these pathways were activated in TCS‑induced cell 
apoptosis, caspase activity was inhibited using Z‑VAD‑FMK 
(pan-caspase inhibitor), Z‑IETD‑FMK (caspase‑8 inhibitor) 
and Z‑LEHD‑FMK (caspase‑9 inhibitor), and the percentage of 
apoptotic cells was measured using flow cytometry. SU‑DHL‑2 
cells were treated with 0.75 µM TCS combined with 20 µM 
Z‑VAD‑FMK for 48 h, and the Z‑VAD‑FMK treatment was 
observed to markedly inhibit TCS‑induced apoptosis from 
46.0 to 16.1%, indicating that TCS‑induced cell death involved 
caspase activation (P<0.05; Fig. 7A and B). Notably, treatment 
with Z‑IETD‑FMK (20  µM) or Z‑LEHD‑FMK (20  µM) 
significantly reduced the percentage of TCS‑induced apoptotic 
cells from 40.6 to 27.4 or 34.7%, respectively (Fig. 7C and D). 
These results suggest that the extrinsic and intrinsic apoptotic 
pathways were involved in TCS‑induced apoptosis.

Discussion

TCS has been used as an anti‑inflammatory agent in tradi-
tional Chinese medicine for over a century in China (1,25). 
More recently, TCS has been investigated due to its potential 

antitumor activity. An advantage of TCS compared with stan-
dard chemotherapy is that TCS has selective toxicity for tumor 
cells, with minimal effect on normal cells (4). TCS has been 
demonstrated to induce the apoptosis of choriocarcinoma (6), 
leukemia and lymphoma (4,10), gastric carcinoma (26), cervical 
cancer (5) and hepatoma (27) cells. In the present study, TCS 
was demonstrated to exhibit potent antitumor activity toward 
thirteen lymphoma cell lines. The cell line with the greatest 
sensitivity to TCS was SU‑DHL‑2. TCS was able to reduce 
SU‑DHL‑2 cell viability at low concentrations. Therefore, 
SU‑DHL‑2 cells were selected for further investigation. In 
addition, these data demonstrated that the effects of TCS were 
dependent on the dose and exposure duration.

DLBCL, the most common subtype of non‑Hodgkin's 
lymphoma, has a relatively favorable prognosis. However, 
despite attempts to increase the efficacy of conventional 
chemotherapy during the past decade, it remains that ~40% 
of DLBCL patients fail to respond to treatment with R‑CHOP 
(rituximab, cyclophosphamide, doxorubicin, vincristine and 
prednisone)‑like regimens  (28). Of those patients that are 
treatment‑resistant or have relapsed, only 30‑35% achieve 

Figure 5. TCS induced the apoptosis of SU‑DHL‑2 cells in a time‑ and concentration‑dependent manner. (A) Images of SU‑DHL‑2 cells were captured fol-
lowing treatment with 0.15 or 0.75 µM TCS, or 8 µM ABT‑263 for 48 h. (B) Cells were treated with 0.75 µM TCS for 24 or 48 h or 8 µM ABT‑263. Histograms 
show the percentage change in the number apoptotic cells (C) following treatment with different doses of TCS and (D) following different exposure times. 
Arrows indicate apoptotic cells with characteristic nuclear condensation and fragmentation. Scale bars, 20 µm. *P<0.05 vs. the control.

A   B

C   D
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prolonged progression‑free survival with high‑dose chemo-
therapy followed by autologous stem cell transplantation (29). 
The present study demonstrated clear reductions in the viability 
of SU‑DHL‑2 cells treated with TCS, indicating it may be a 
novel strategy and aid in the improvement of outcomes for 
patients with DLBCL who are treatment‑resistant or have 
relapsed.

To date, the precise mechanisms of TCS‑mediated inhibi-
tion of tumor growth remain poorly characterized. Potential 
mechanisms involved include the cyclic adenosine monophos-
phate signaling pathways (30), caspase family members and 
the mitochondrial apoptotic pathway (31), in addition to the 
regulation of apoptosis‑associated genes and (32) the cytoskel-
eton (3). To elucidate the mechanisms of action of TCS, the 
current study investigated apoptotic induction and cell cycle 
arrest at the cellular and molecular levels. Cell cycle distribu-
tion was observed using PI single staining. The percentage 
of cells at the sub‑G1 phase was increased significantly in 
the TCS‑treated groups compared with the control group. In 
addition, flow cytometric analysis using Annexin V‑FITC/PI 
indicated that TCS induced early apoptosis in SU‑DHL‑2 cells 
in a dose-dependent manner. It was observed that the cells 
undergo apoptotic cell death at 24 and 48 h following TCS 
treatment (0.75 µM; Fig. 4). When the cells were incubated with 
TCS for 48 h, 21.3% of cells were observed to undergo early 
stage apoptosis in the 0.15 µM TCS group, which is signifi-
cantly greater than the control group (6.7%). Furthermore, the 
appearance of apoptotic nuclei was observed in cells treated 
with TCS.

In further investigations of apoptosis induced by TCS, 
it was observed that TCS‑induced apoptosis was associ-
ated with caspase activation. The cleavage of caspase‑3 and 
‑7, and PARP‑1 was observed in the TCS‑treated groups 
in a dose‑ and time‑dependent manner. Caspases are 
cysteine proteases that have critical roles in the coordina-
tion of apoptosis, and cleave target proteins to execute cell 
death (13,17,33). Caspase is a key contributor to the cell disas-
sembly observed in apoptosis, via the targeting of structural 
substrates including nuclear laminins, focal adhesion sites and 

cell‑cell adherence junctions (34‑37). In addition to caspase‑3, 
caspase‑7 is activated during the execution phase of apoptosis, 
and its functions partially overlap with caspase‑3, such that 
caspase‑3‑deficient cells continue to execute apoptosis in the 
presence of caspase‑7 (38). A previous study demonstrated that 
the deficiency of both caspase‑3 and caspase‑7 is required to 
entirely prevent the activation of apoptosis (39). In the current 
study, cleavage of both caspase‑3 and caspase‑7 was observed 
in TCS-treated SU‑DHL‑2 cells.

To investigate the role of the caspase cascade in 
TCS‑induced cell death, Z‑VAD‑FMK, a pan-caspase 
inhibitor, was used. The ability of TCS to induce apoptosis 
was inhibited by Z‑VAD‑FMK in SU‑DHL‑2 cells, demon-
strating that TCS‑induced apoptosis is caspase‑dependent. 
Caspases are the principal effectors of apoptosis and are 
involved in pathways such as the caspase‑8‑regulated extrinsic 
and caspase‑9‑regulated intrinsic pathways. The caspase‑9 
pathway links mitochondrial damage to caspase activation, 
and serves as an index of decreased mitochondrial membrane 
function. In a previous study, TCS has been reported to 
induce apoptosis by the activation of the caspase‑8- and 
caspase‑9‑regulated pathways in breast cancer cells (7). To 
investigate the involvement of caspase‑8 and ‑9 in TCS‑induced 
apoptosis, SU‑DHL‑2 cells were treated with Z‑IETD‑FMK or 
Z‑LEHD‑FMK and co‑treated with TCS. The results demon-
strated that Z‑IETD‑FMK reduced the percentage of apoptotic 
cells induced by TCS. However, Z‑LEHD‑FMK was observed 
to reduce the level of apoptotic cells to a lesser extent than 
Z‑IETD‑FMK. Thus, TCS‑induced apoptosis of SU‑DHL‑2 
cells is dependent on caspase‑9 and caspase‑8, which indicates 
that TCS induces apoptosis via the mitochondrial‑dependent 
and the death receptor pathways, with the caspase‑8‑mediated 
extrinsic death receptor pathway having greater involvement. 
Further investigation of these pathways is required to fully 
elucidate the apoptotic mechanisms involved. Taken together, 
these data indicate that the cell‑death inducing activity of TCS 
is associated with apoptosis.

Alterations in the regulation of the cell cycle serves a 
key role in the growth of numerous types of cancer and is an 

Figure 6. Effect of TCS on the expression of apoptosis‑associated proteins. (A) To examine the dose‑dependent effects, SU‑DH‑2 cells were treated with 
TCS (0.03, 0.15 and 0.75 µM) and 8 µM ABT‑263 for 48 h. Activated caspase‑3 and ‑7, and cleaved PARP‑1 were observed in a dose‑dependent manner. 
(B) To examine the time‑dependent effects, SU‑DH‑2 cells were treated with TCS (0.75 µM) for 3, 6, 12, 24 or 48 h. The activation of caspase‑3 and ‑7, and 
PARP‑1 was maximal at 48 h, and TCS induced apoptosis in a time‑dependent manner. The experiments were repeated three times with similar results. TCS, 
trichosanthin; Con, control; PARP‑1, poly (ADP‑ribose) polymerase 1; GAPDH, glyceraldehyde 3‑phosphate dehydrogenase.
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important target in cancer therapy (40). G1 phase arrest by 
TCS has been previously reported in breast cancer cells (7) 
and A549 lung cancer cells (41). In the current study, TCS 
induced an increase in the percentage of cells in the S phase 
in SU‑DHL‑2 cells. For a cell to be able to divide into two 
daughter cells, the synthesis and duplication of the DNA are 
a requirement, and any abnormality in this would lead to an 
obstacle in cell cycle progression. Numerous checkpoints exist 
to aid cells in the identification and repair of DNA damage by 
halting/stalling the progression through the phases of the cell 
cycle, including the G0/G1, S and G2/M checkpoints (40). The 
current study observed arrest at the S to G2/M phase transition 
of the cell cycle upon TCS treatment, leading to a halt in cell 
cycle progression.

In conclusion, these data indicate that TCS reduced cell 
viability in a dose‑ and time‑dependent manner in SU‑DHL‑2 

lymphoma cells. This effect of TCS may be attributed to the 
induction of apoptosis and the arrest in the S phase of the 
cell cycle in SU‑DHL‑2 cells. To the best of our knowledge, 
the current study demonstrated for the first time that the 
TCS‑induced apoptosis of SU‑DHL‑2 cells was associated 
with the activation of the extrinsic and intrinsic pathways. 
However, the precise mechanisms and the molecular mediators 
that result in the initiation of apoptosis remain to be elucidated. 
Thus, further studies on TCS as a novel chemotherapeutic 
agent are required.
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