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Abstract 

Tumour necrosis factor-related apoptosis-inducing ligand (TRAIL) has a specific antitumour 
activity against many malignant tumours. However, more than half of lung cancer cells are 
resistant to TRAIL-relevant drugs. Trichosanthin (TCS) is a traditional Chinese medicine with 
strong inhibitive effects on various malignancies. Nevertheless, its function on TRAIL resistance 
has not been revealed in non-small cell lung cancer (NSCLC). To examine the molecular 
mechanisms of TCS-induced TRAIL sensitivity, we administrated TCS to TRAIL-resistance 
NSCLC cells, and found that the combination treatment of TCS and TRAIL inhibited cancer cell 
proliferation and invasion, and induced cell apoptosis and S-phase arrest. This combined 
therapeutic method regulated the expression levels of extrinsic apoptosis-associated proteins 
Caspase 3/8 and PARP; intrinsic apoptosis-associated proteins BCL-2 and BAX; 
invasion-associated proteins E-cadherin, N-cadherin, Vimentin, ICAM-1, MMP-2 and MMP-9; 
and cell cycle-associated proteins P27, CCNE1 and CDK2. Up-expression and redistribution of 
death receptors (DRs) on the cell surface were also observed in combined treatment. In 
conclusion, our results indicated that TCS rendered NSCLC cells sensitivity to TRAIL via 
upregulating and redistributing DR4 and DR5, inducing apoptosis, and regulating invasion and 
cell cycle related proteins. Our results provided a potential therapeutic method to enhance 
TRAIL-sensitivity. 
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Introduction 
Lung cancer has been the leading cause of 

cancer-related death across the world over the last 30 
years. Up to 85% of lung cancer cases are non-small 
cell lung cancer (NSCLC), almost 75% of which are 
diagnosed as advanced cancer at the first visit [1]. 
Chemotherapy and radiotherapy are still the major 
therapies to treat advanced cancer [2]. Tumour 

necrosis factor-related apoptosis-inducing ligand 
(TRAIL) can selectively induce cancer cell apoptosis 
and keep normal cells alive [3-5]. There are five 
different TRAIL receptors, including death receptor 4 
(DR4), DR5, decoy receptor 1 (DcR1), DcR2, and the 
soluble receptor osteoprotegerin (OPG) [6]. The 
interaction between TRAIL and DRs initiates 
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TRAIL-induced apoptosis via aggregating Fas- 
associated death domain (FADD) and Caspase 8 [7-8]. 
Activated Caspase 8 directly induces apoptosis via 
extrinsic or intrinsic apoptotic pathway, also called 
the DR-mediated or mitochondrial-mediated apop-
totic pathway. In the extrinsic apoptotic pathway, the 
activation of Caspase 3 by Caspase 8 cleaves a broad 
range of apoptosis-related protein substrates and 
induces programmed cell death. In the intrinsic 
apoptotic pathway, the cleavage of BH3 interacting 
domain death agonist (Bid) by Caspase 8 induces tBid 
[9] and upregulates BCL-2 associated X protein (BAX). 
Clinical trials on TRAIL-related drugs were carried 
out in lung cancer, pancreatic cancer, colorectal 
cancer, breast cancer, lymphoma, soft tissue sarcoma, 
and head and neck tumours [10-12]. However, cancer 
cells can escape TRAIL-induced apoptosis and 
gradually acquire TRAIL resistance during the 
process of treatment [13-15]. Therefore, further 
investigation on the mechanisms of TRAIL resistance 
and enhancement of TRAIL-sensitivity will 
substantially improve its therapeutic potential. 

Trichosanthin (TCS) is a type I ribosome 
inactivating protein (RIP), which is used in 
choriocarcinoma therapy and midterm pregnancy 
termination in China [16]. Its primary sequence and 3 
dimensional structure were reported in 1990 [17, 18]. 
TCS is a traditional Chinese medicine extracted from 
Trichosanthes root. TCS has various pharmacological 
effects including induction of abortion, inhibition of 
protein synthesis, anti-HIV, and anti-tumour [19-21]. 
TCS was also reported to kill tumour cells specifically 
without damaging normal cells [22]. We hypothesized 
that TCS could promote TRAIL sensitivity in NSCLC 
cells. We administrated TCS individually or combined 
it with TRAIL to TRAIL-resistance NSCLC cells, and 
examined its effects on cell proliferation, cell 
apoptosis, invasion ability, cell cycle distribution and 
the regulation of DRs. Our studies revealed the 
molecular mechanisms of TRAIL resistance and 
broadened the application of TRAIL. 

Materials and methods 
Reagents and cell culture 

TRAIL was purchased from Shanghai TRAIL 
Bio-Technical Co., Ltd. TCS was obtained from the 
Chengdu Institute of Biological Products Co., Ltd. 
Purified TCS was prepared as previously reported 
[23, 24]. Briefly, TCS was purified from the grinded 
and extracted root tuber of Trichosanthes kirilowii by 
ammonium sulphate fractionation followed by 
Blue-sepharose CL-B and SP-sepharose column. The 
homogeneity of purified TCS was assessed by 
SDS-PAGE and PAGE.  

NSCLC cells (NCI-H1299, NCI-H1975 and A549) 
were obtained from the Type Culture Collection of the 
Chinese Academy of Sciences (Shanghai, China) and 
authenticated by Guangzhou Cellcook Biotech Ltd 
(Identification certificates listed in Supplemental Fig. 
S1-3). Cells were cultured in RPMI-1640 medium 
(Hyclone Ltd., USA) supplemented with 10% fetal 
bovine serum (FBS), 100 U/ml penicillin and 100 
mg/ml streptomycin, and maintained at 37°C in 5% 
CO2. 

Cell viability and clonogenic assays 
Cell viability was detected by the cell counting 

kit (CCK-8, Dojindo Ltd., Japan). Cells with 
confluence of 70-80% were treated with different 
concentrations of TCS (0, 10, 20, 40, 60, 80, 100 μg/ml) 
and TRAIL (0, 5, 10, 25, 50, 100, 250, 500, 750, 1000 
ng/ml) for 48 h. After mixing with basal medium 
containing 10% (v/v) CCK-8 for 1 h, the optical 
density (OD) at 450 nm was measured by a microplate 
reader (Rayto Ltd., China). Cell viability was 
calculated by the formula: cell viability (100%) = (OD 
value of the treated wells - OD value of the blank 
control wells) / (OD value of the negative control 
wells - OD value of the blank control wells). Each 
group had at least five wells and the whole assay was 
repeated 3 times.  

For the clonogenic assay, cells were seeded into 
6-well plates (100 cells/well), and then treated with 50 
ng/ml TRAIL or/and the IC20 dose of TCS for 14 
days. Colonies were fixed with 4% paraformaldehyde 
(Sangon Ltd., China) and stained with 0.5% crystal 
violet (Beyotime Ltd., China). The colony number was 
quantified under a microscope, and the assay was 
performed in triplicate. 

Immunofluorescence 
Cell climbing sheets were treated with 50 ng/ml 

TRAIL or/and the IC20 dose of TCS for 48 h. After 
fixing with 4% paraformaldehyde (Sangon Ltd., 
China) and permeabilizing with 0.5% Triton X-100 
(Beyotime Ltd., China), the cells were blocked with 
concentrated normal goat serum for 30 min and 
incubated with primary antibodies (listed in 
Supplemental Table S1) at 4°C overnight. After 
incubating with fluorescein isothiocyanate (FITC) 
/Cy3-conjugated secondary antibody (listed in 
Supplemental Table S2) for 45 min and washing with 
PBS, the slides were stained with DAPI (Sigma Ltd., 
Germany). Images were taken by microscope 
(Olympus Ltd., Japan) or confocal laser scanning 
microscopy (Nikon Ltd., Japan). 

Flow cytometry 
The cells were treated with 50 ng/ml TRAIL 

or/and the IC20 dose of TCS for 48 h. For the 
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detection of apoptotic cells, the cells were digested 
with EDTA-free trypsin (Corning Ltd., USA) and 
harvested. After washing twice and dissolving in 400 
μl binding buffer (BestBio Ltd., China), the single cell 
suspension was stained with 5 μl Annexin V-FITC for 
30 min and then with 7 μl propidium iodide (PI) for 5 
min at room temperature. For the detection of cell 
cycle, the cells were digested with trypsin and 
harvested. After washing with PBS and fixing in 
ice-cold 70% ethanol overnight, cells (1 × 106) were 
washed twice with PBS, and then resuspended in PI 
staining buffer (50 μg/ml PI; 100 μg/ml RNase and 
0.2% Triton X-100 in PBS) for 30 min. For the detection 
of DR cytomembrane expression, cells were 
trypsinized with 0.25% trypsin (Corning Ltd., USA) 
and washed twice with ice-cold PBS. Cells were then 
incubated in 50 μl PBS containing 1% goat serum at 
room temperature for 40 min. After washing with PBS 
3 times, cells were incubated with the primary 
antibody (listed in Supplemental Table S1) at 4°C 
overnight. After washing 3 times with PBS and 
incubating with FITC-labelled secondary antibody 
(listed in Supplemental Table S2) in dark at room 
temperature for 45 min, the cells were washed with 
PBS once and resuspended in 500 μl PBS. For the 
negative control, cells were processed as described 
above without using primary antibody. The samples 
were analyzed using flow cytometer (Becton- 
Dickinson Ltd., USA).  

In situ cell death detected by terminal 
deoxynucleotidyl transferase (TdT) - mediated 
dUTP nick end-labelling (TUNEL) assay 

Cell climbing sheets were treated with 50 ng/ml 
TRAIL or/and 40 μg/ml TCS for 48 h. The in situ cell 
death was detected by a TUNEL Kit (Roche Ltd., 
Switzerland). Cells were fixed with 4% paraformal-
dehyde and permeabilized with 0.5% Triton X-100. 
The positive control group was treated with 100 µl 
DNase I at 25°C for 10 min. After incubating with 50 
µl TUNEL reaction solution in the dark for 1 h and 
washing with PBS, the slides were mounted with 
DAPI, and images were taken. Five visual fields of 
view were randomly selected to count the positive 
cells from per 100 cells under the microscope at 100X 
magnification, and the positive rate was calculated as 
apoptosis index (AI). 

Invasion assay 
The H1299 cells were resuspended in basal 

medium after treatment. Cells (1×104) were seeded 
into the upper chamber with 8 µm pore inserts 
(Corning Ltd., USA) pretreated with Matrigel 
(Becton-Dickinson Ltd., USA), and 600 µl RPMI-1640 
medium containing 20% FBS was added into the 

lower chamber. After 24 h, the cells on the upper 
surface of the membrane were removed, whereas the 
cells on the lower surface were fixed with 4% 
paraformaldehyde (Sangon Ltd., China) for 30 min at 
room temperature and stained with 0.5% crystal violet 
solution (Beyotime Ltd., China) for 15 min. The 
numbers of invasive cells were counted under the 
microscope at 200X magnification. The images were 
analyzed using Image-Pro Plus software (version 6.0).  

RNA isolation, RT-PCR and qRT-PCR 
Total RNA was extracted with TRIzol (Sangon 

Ltd., China). RNA concentration was detected by a 
Nanodrop spectrophotometer (Thermo Scientific Ltd., 
USA). Total RNA (500 ng) was used for the synthesis 
of first-strand cDNA using HiScript® II Q RT 
SuperMix for qPCR kit (Vazyme Ltd., China). The 
following primers were used:  
• DR4:  

forward 5’-ACCTTCAAGTTTGTCGTCGTC-3’ and 
reverse 5’-CCAAAGGGCTATGTTCCCATT-3’; 
• DR5:  

forward 5’-ACAGTTGCAGCCGTAGTCTTG -3’ and 
reverse 5’- CCAGGTCGTTGTGAGCTTCT -3’; 
• GAPDH:  

forward 5’-TGGAAGGACTCATGACCACA-3’ and 
reverse 5’- TCAGCTCAGGGATGACCTT -3’. 

The qRT-PCR reactions were performed using a 
CFX96 qRT-PCR system (Applied Biosystems Ltd., 
USA) according to the manufacturer’s instruction. The 
2-ΔΔCT method was used to calculate the fold changes. 
GAPDH was used as an internal control for the 
normalization of target gene expression. 

Western blot analysis 
H1299 Cells were treated with 50 ng/ml TRAIL 

or/and 40 μg/ml TCS for 48 h. Whole cell lysate 
was extracted using RIPA buffer (Beyotime Ltd., 
China) supplemented with protease and phosphatase 
inhibitors cocktails (Sigma Chemical Ltd., USA). Cell 
membrane proteins DR4 and DR5 were extracted 
following the membrane protein extraction kit 
instruction (Merck Ltd., Germany). Protein 
concentration was measured by bicinchoninic acid 
system (Beyotime Ltd., China) with bovine serum 
albumin as a standard control. Aliquots of 40 μg 
protein per lane were separated by 10% SDS-PAGE, 
and the proteins were then transferred to 
polyvinylidene fluoride (PVDF) membranes. Primary 
and secondary antibodies used for detection were 
listed in Supplemental Table S1 and S2 for 90 min. 
Then, the PVDF membranes were visualized with an 
enhanced chemiluminescence kit (Bio-Rad Ltd., USA) 
and exposed on a gel imaging analyzer (Bio-Rad Ltd., 
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USA). The total protein levels were related to GAPDH 
and the membrane protein levels were related to 
ATP1A1.  

Statistical analysis 
Results were presented as the mean ± standard 

deviation (SD). The difference between 2 measure-
ments was analyzed by the unpaired Student’s T-test 
using GraphPad Prism 5.0 Software. A p value of < 
0.05 was defined as a significant difference. IC20 and 
IC50 values were calculated using SPSS 17.0 software. 

Results 
Combination of TCS and TRAIL inhibited the 
proliferation of TRAIL-resistant cells 

H1299, A549 and H1975 cells were reported to be 
resistant to TRAIL [26]. Our CCK8 results also 
showed that, even when treated with 1,000 ng/ml 
TRAIL, these cells still maintained approximately 70% 
cell viability (Fig. 1B-D, the upper curve). As the 
combination index was less than 1 at every drug 
concentration with the combined treatments, TCS and 
TRAIL had synergistic effects on these cells 
(Supplemental Fig. S4). We next investigated whether 
or not TCS enhanced the TRAIL sensitivity of H1299, 
A549 and H1975 cells. We found that TCS inhibited 
the cell viability in a dose-dependent manner. The 
IC20 values of TCS were 39.5 ± 1.1, 49.3 ± 4.2 and 61.1 
± 6.8 μg/ml in H1299, A549 and H1975 cells 
respectively (Fig. 1A). Cell viability was significantly 
inhibited by the combined therapy with 50 ng/ml 
TRAIL and the IC20 dose of TCS (Fig. 1B-D, the lower 
curve). The levels of Ki-67 in all these 3 cell lines were 
also decreased by combined treatment (Fig. 1E). As 
expected, the colony formation of H1299 and A549 
cells were significantly decreased in combined 
treatment groups (Fig. 1F). The average colony 
numbers decreased from 64 ± 3.61% to 12.3 ± 2.08% 
for H1299, and from 57.67 ± 2.05% to 26 ± 1.63% for 
A549 with combined treatment (Fig. 1G). Those 
results indicated that TCS enhanced the sensitivity to 
TRAIL by inhibiting cell proliferation and colony 
formation in TRAIL-resistance cells. 

Combination of TCS and TRAIL promoted the 
apoptosis of TRAIL-resistant cells 

The apoptosis of A549, H1975 and H1299 cells 
treated with TCS or/and TRAIL was detected by an 
Annexin V-FITC/PI apoptosis detection kit. While 
individual treatment of TRAIL had no effect on the 
apoptotic rate, the combined use of TCS and TRAIL 
significantly induced Annexin V expression, 
suggesting more cell apoptosis (Fig. 2A-B). The 
number of TUNEL positive cells was also significantly 
increased in H1299 cells treated with both TCS and 

TRAIL (Fig. 2C-D). Compared with the control group 
or the individual treatment groups, the levels of 
cleaved-Caspase 3/8, cleaved- poly ADP-ribose 
polymerase (PARP) and BAX of the combined group 
were substantially increased in H1299 cells, while the 
levels of BCL-2 were decreased (Fig. 2E). These results 
suggested that TCS and TRAIL dual treatment 
induced apoptosis in TRAIL-resistance cells via 
promoting both the extrinsic and intrinsic apoptotic 
pathways. 

Combination of TCS and TRAIL inhibited 
invasion and induces S-phase arrest in H1299 
cells 

The results of Matrigel invasion assay showed 
that combined treatment of TCS and TRAIL 
significantly decreased cell invasion compared with 
the control and the individual drug groups (Fig. 
3A-B). The protein levels of E-cadherin were increased 
(Fig. 3C and Supplemental Fig. S5), while the protein 
levels of N-cadherin, Vimentin, Intercellular 
Adhesion Molecule 1 (ICAM-1), Matrix 
Metallopeptidase-2 (MMP-2) and MMP-9 were 
decreased in the combination group (Fig. 3C). The 
results of flow cytometry indicated that combination 
of TCS and TRAIL increased the proportion of cells in 
S phase and decreased the proportion of cells in G1 
phase compared with the control group and the 
individual drug groups (Fig. 3D-E). Western blot 
results showed that the protein levels of CCNE1, 
CDK2 and Cyclin A1+A2 were up-regulated and 
those of CCND1 and P27 were decreased in 
combination group (Fig. 3F).  

Combination of TCS and TRAIL up-regulated 
DRs expression and accumulation on the cell 
surface in H1299 cells 

The transcriptional levels of DR4 and DR5 in 
H1299 cells were significantly increased in the 
combination group (Fig. 4A and Supplemental Fig. 
S6). The results of Western blot analysis also 
suggested that the protein levels of DR4 and DR5 
were up-regulated after combined treatment, in both 
whole cell lysate and the membrane compartment 
(Fig. 4B). The results of flow cytometry indicated that 
combination of TCS and TRAIL significantly 
increased the levels of DR4 and DR5 on the cell 
surface (Fig. 4C-D). These results suggested that TCS 
improved TRAIL-sensitivity by increasing the 
expression levels of DR4 and DR5 and leading them to 
accumulate onto the cell membrane. Immunofluor-
escence also confirmed that higher expression and 
induced accumulation of DRs on the cell surface in 
H1299 cells treated with both TCS and TRAIL (Fig. 4E, 
the white arrow).  
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Figure 1. The combination of TCS and TRAIL inhibited the proliferation of TRAIL-resistance cells. (A) Sensitivity of H1299, A549 and H1975 cells to 
TCS was determined by CCK8. The cell lines showed different responsivity to 0-100 μg/ml TCS. All assays were performed in 5 replicates and repeated 3 times. 
(B-D) Sensitivity of H1299, A549 and H1975 cells to TRAIL or the combined treatment of TRAIL and TCS was determined by CCK8. Cells were resistant to TRAIL 
but more sensitive to the combined treatment. (E) Proliferation of H1299, A549 and H1975 cells were detected by Ki-67 immunofluorescence. Cells showed 
decreased proliferation rate after the combination treatment of 50 ng/ml TRAIL and the IC20 dose of TCS. The magnification was 400X. The scale bar: 50 μm. (F-G) 
Colony forming assay for H1299 and A549 cells after treatment with 50 ng/ml TRAIL or/and IC20 dose of TCS for 14 days. Less colony numbers in the combination 
group compared with individual drug groups. All assays were repeated 3 times. **, p < 0.01.  
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Figure 2. The combination of TCS and TRAIL promoted apoptosis of TRAIL-resistance cells. (A) Apoptosis was detected by Annexin V-FITC/PI 
double-staining. Cells were treated with 50 ng/ml TRAIL or/and the IC20 dose of TCS for 48 h. (B) The percentage of apoptotic cells to total cells. Data were 
presented as column graph of 3 independent experiments with the mean value. *, p < 0.05; **, p < 0.01. (C) After H1299 cells were incubated with 50 ng/ml TRAIL 
or/and 40 μg/ml TCS for 48 h, the apoptosis of H1299 cells was measured by the TUNEL assay. The magnification was 100X. The scale bar: 200 μm. (D) A graphical 
representation of the data presented the apoptotic index of 100 cells from 3 independent experiments. *, p < 0.05; **, p < 0.01. (E) The protein levels of 
apoptosis-related proteins FADD, Caspase 3/8, PARP, BCL-2 and BAX were analyzed by Western blot. GAPDH was used as an internal control to verify equal 
protein loading. 

 

Discussion 
The clinical application of TRAIL is limited due 

to the drug resistance. As described in previous 
researches, cells with an IC50 < 100 ng/ml were 
classified as sensitive, those with an IC50 between 100 
and 500 ng/ml were classified as moderately 
sensitive, and those with an IC50 > 500 ng/ml were 
defined as resistant [26]. One study found that 32 of 
the 39 tumour cells including colon, lung, breast, 
kidney, and skin cancers were sensitive to the 

cytotoxic effects of recombinant TRAIL [27]. Among 
13 detected glioma cell lines, while 3 cell lines were 
sensitive, and 4 cell lines were moderately sensitive, 
the rest and normal astrocytes were resistant to 
TRAIL [28]. In vitro studies showed that more than 
half of the lung cancer cell lines were resistant to 
either recombinant human TRAIL or TRAIL DR 
agonists [26]. Our CCK8 results showed that H1299, 
A549 and H1975 cells still preserved at least 70% cell 
viability when treated with the maximum concentrat-
ion of TRAIL (1,000 ng/ml) (Fig. 1B-D), and they were 
considered as TRAIL-resistance cells. Compared with 
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A549 and H1975 cell lines, the H1299 cell line was 
more sensitive to the combined treatment in both 
proliferation and apoptosis assays. Therefore, the cell 
function assays were only preformed in H1299 cells. 

There are various factors that cause TRAIL 
resistance, such as endoplasmic reticulum stress [29], 
protein synthesis disorders [30], DR expression 
decreased, and anti-apoptotic protein over-expression 
[31]. Many therapeutic ways been developed to 

increase TRAIL-sensitivity. Previous researches 
proved that the cell surface levels of DR4 were 
significantly reduced in acquired TRAIL-resistance 
SW480 cells, and that TRAIL resistance was reversed 
by increased cytomembrane expression of DRs [32]. 
However, the mechanism of TRAIL resistance is 
complex and unclear at present. The causes of TRAIL 
resistance and the methods to overcome resistance are 
still to be investigated. 

 

 
Figure 3. The combination of TCS and TRAIL inhibited cell invasion and induced cell cycle redistribution. (A) H1299 cells were incubated with 50 
ng/ml TRAIL or/and 40 μg/ml TCS for 48 h, and the cell invasion was detected by a transwell invasion assay. The magnification was 200X. The scale bar: 100 μm. (B) 
A graphical representation of the data from 3 independent experiments. *, p < 0.05; **, p < 0.01. (C) The protein levels of invasion-related proteins E-cadherin, 
N-cadherin, Vimentin, ICAM-1, MMP-2 and MMP-9 were analyzed by Western blot. GAPDH was used as an internal control to verify equal protein loading. (D) Cell 
cycles were detected by flow cytometry. H1299 cells were treated with 50 ng/ml TRAIL or/and 40 μg/ml TCS for 48 h. Cells were then stained with PI and analyzed 
using Flow cytometry. (E) The percentage of G0-G1, S and G2-M phase cells were presented as histogram from 3 independent experiments with the mean value. *, 
p < 0.05 vs G0-G1 control, **, p < 0.01 vs S control. (F) The protein levels of cell cycle-related proteins CCNE1, CDK2, CCND1, Cyclin A1+A2 and P27 were 
analyzed by Western blot. GAPDH was used as an internal control to verify equal protein loading. 
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Figure 4. The combination of TCS and TRAIL upregulated the expression and cell surface accumulation of DR4 and DR5. (A) The transcriptional 
levels of DR4 and DR5 (relative to GAPDH) were analyzed by qRT-PCR in H1299 cells treated with 50 ng/ml TRAIL or / and 40 μg/ml TCS for 48 h. All assays were 
performed in triplicates and repeated 3 times. *, p < 0.05; **, p < 0.01. (B) The protein levels of DR4 and DR5 were analyzed by Western blot. GAPDH and ATP1A1 
were used as internal controls to verify equal protein loading. (C) The cell surface levels of DR4 and DR5 were detected by indirect immunofluorescence staining 
using Flow cytometry. (D) A graphical representation of the data from 3 independent experiments. *, p < 0.05; **, p < 0.01. (E) The accumulation of DR4 and DR5 
on the surface of the cell membrane was revealed by confocal microscopy, marked by white arrow. The magnification was 800X. The scale bar: 25 μm.  
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Figure 5. The molecular mechanism of TCS enhanced TRAIL-sensitivity. TCS promoted the redistribution of DR4 and DR5 to the cytomembrane, and 
induced both the extrinsic and intrinsic apoptotic pathways mediated by TRAIL. TCS also induced S phrase arrest and inhibited cell proliferation and invasion of 
TRAIL-resistance cancer cells. 

 
Many researchers have reported that TCS 

induced cell apoptosis and inhibited cell proliferation 
in many malignant tumours, including human 
choriocarcinoma [33, 34], breast cancer [35], 
nasopharyngeal carcinoma [36], leukemia and 
lymphoma [37] and cervical cancer [38]. TCS might 
promote demethylation of antioncogenes such as 
adenomatous polyposis coli (APC) and tumour 
suppressor in lung cancer 1 (TSLC1) in cervical cancer 
cells [38]. One study reported that TCS was cytotoxic 
towards A549 cells, which could lead to redistribution 
of cell cycle and induce apoptosis[39]. Another study 
demonstrated that TCS up-regulated the expression of 
TSLC1 and class I-restricted T cell-associated 
molecule (CRTAM), and inhibited tumour growth via 
promoting the conjunction of TSLC1 and CRTAM in 
mouse Lewis lung cancer cells [40]. These studies 
suggested the potential role of TCS as an anti-cancer 
drug. 

In this study, we investigated the effects and 
molecular mechanisms of the combined treatment of 
TCS and TRAIL on cell proliferation, cell apoptosis, 
invasion ability, cell cycle distribution and the 
expression of DRs in TRAIL-resistance cells. The cell 
viability and cell colony formation were significantly 
reduced by the combined treatment (Fig. 1B-F and 
Suppmental Fig. S4). Apoptosis was remarkably 
increased in the combination groups (Fig. 2A), 
especially in H1299 cells (Fig. 2D). The combined 
treatment with TCS and TRAIL also inhibited cell 
invasion and induced S-phase arrest in H1299 cells via 
regulating the expression of invasion- and 
apoptosis-associated proteins (Fig. 3C, F). These 
results indicated that TCS increased the TRAIL- 

sensitivity and suggested a new strategy to overcome 
TRAIL resistance. 

As the initiators of apoptosis, the DRs 
significantly restrict the effectiveness of apoptotic 
signal transduction. Wang et al. [41] constructed a 
colon cancer cell line which was deficient in DR5 
using RNA interference technology, and transplanted 
these cells into nude mice. It was found that the mice 
acquired resistance to 5-Fluoracil, suggesting that DRs 
played an important role in the process of drug 
resistance. There are many potential mechanisms 
involved in the regulation of DR4 and DR5. One study 
reported that bufalin promoted the clustering of DR4 
and DR5 in aggregated lipid rafts in breast cancer cells 
MCF-7 and MDA-MB-231, and that bufalin enhanced 
TRAIL-induced apoptosis by activating the extrinsic 
apoptotic pathway. The cholesterol-sequestering 
agent methyl-β-cyclodextrin reversed the DR4 and 
DR5 clustering and reduced bufalin+TRAIL-induced 
apoptosis [42]. In colon cancer cells, resveratrol 
induced DR redistribution into lipid rafts and 
facilitated the Caspase cascade activation in response 
to DR stimulation without increased levels of DRs on 
the cell surface [43]. In glioblastomas, targeting of 
receptor-interacting protein (RIP), cellular Fas- 
associated death domain Like IL-1 beta converting 
enzyme (c-FLIP) or phosphoprotein enriched in 
diabetes/phosphoprotein enriched in astrocytes 
(PED/PEA-15) with siRNA led to the redistribution of 
death inducing signaling complex (DISC) from 
non-rafts to lipid rafts and eliminated the inhibition of 
Caspase 8 cleavage [44]. Another study stated that 
TRAIL induced gastric cancer cell apoptosis through 
the casitas B-lineage lymphoma (Cbl)-regulated 
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DR redistribution in lipid rafts in MGC803, BGC823, 
and SGC7901 cells partially [45]. We found that DR4 
and DR5 were significantly increased by combined 
treatment with TCS and TRAIL (Fig. 4 and 
Supplemental Fig. S6). The cell surface levels of DR4 
and DR5 were increased by the combined treatment 
(Fig. 4B-F). These results suggested that TCS 
promoted the TRAIL-sensitivity via increasing the 
cytomembrane levels of DR4 and DR5 in lung cancer 
cells. 

Our study indicated that the combined treatment 
of TCS and TRAIL in TRAIL-resistance cells increased 
TRAIL sensitivity via inhibiting cell proliferation and 
invasion, inducing apoptosis and S phrase arrest, and 
upregulating the cytomembrane levels of DR4 and 
DR5. These results provided a new strategy to 
enhance TRAIL-sensitivity. Further research on the 
effects of this combined treatment on both primary 
and acquired TRAIL-resistance using animal models 
is on the way. The molecular mechanism, such as 
DNA methylation and cell autophagy, is to be 
investigated. Taken together, our study suggests that 
TCS might act as a potential therapeutic candidate to 
enhance TRAIL-sensitivity in NSCLC cells. 
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