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Decitabine enhances the tumoricidal potential of TRAIL via the 
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Background: Deoxyribonucleic acid (DNA) methyltransferase inhibitors, such as decitabine, have made 
great advances in cancer therapy as combinational drugs. Tumor necrosis factor-related apoptosis-inducing 
ligand (TRAIL) has an obvious anti-tumor effect; however, some gastric cancer (GC) cells are resistant to 
TRAIL-induced cell death. This study sought to explore the synergistic anti-tumor effect of TRAIL and 
decitabine, and the potential synergetic mechanism.
Methods: The cell growth inhibition effect was monitored by the IncuCyte ZOOM Live-Cell Analysis 
System, and cell viability was determined by Cell Counting Kit-8 assays. Apoptosis was detected by 
Annexin V/Propidium Iodide double staining. Death receptor 4 (DR4) was knocked down by ribonucleic 
acid (RNA) interference, and the effect of DR4 deletion on TRAIL sensitivity was analyzed. Methylation-
specific polymerase chain reaction (PCR) was applied to determine the methylation status of DR4. The 
messenger RNA (mRNA) and protein expression levels were detected by quantitative real-time polymerase 
chain reaction (qRT-PCR) and western blot. The expression of the DRs on the cell membrane surfaces was 
analyzed by flow cytometry.
Results: The combined use of decitabine and TRAIL synergistically inhibited cell growth in 2 TRAIL-
resistant cell lines. Further, decitabine augmented TRAIL-induced apoptosis in a caspase-dependent manner. 
The co-application of decitabine and TRAIL facilitated the activation of caspase-7, -8, -9, and poly ADP-
ribose polymerase (PARP). Notably, decitabine increased the expression of DR4 at the transcriptional 
and post-transcriptional levels. DR4 expression on the cell membrane surfaces was also upregulated after 
decitabine exposure. The depletion of DR4 by specific inhibitors attenuated TRAIL-induced apoptosis and 
weakened the synergistic effects of decitabine and TRAIL. In addition, DR4 gene presented methylation 
status in SNU-1 cells. The low mRNA and protein expression of DR4 were also detected in SNU-1 cells. 
Conclusions: Decitabine enhances the effect of TRAIL by inhibiting the growth and inducing the 
apoptosis of GC cells. This is achieved by the epigenetic modification of decitabine, which upregulates 
DR4. Decitabine may act as a sensitizing agent of TRAIL. The combined use of decitabine and TRAIL may 
provide a novel idea for GC treatment.
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Introduction

Gastric cancer (GC) is one of the most common digestive 
system malignancies worldwide, and the prognosis of 
advanced GC patients is often poor. About 49% of all GC-
related mortalities occur in East Asia (1,2). Recently, the 
incidence of GC has begun to decline; however, the overall 
survival (OS) of GC patients remains low (3,4). To improve 
the prognosis of GC patients, a large amount of studies are 
currently examining how to improve the efficacy of drug 
therapies.

Tumor necrosis factor-related apoptosis-inducing ligand 
(TRAIL, also known as the APO2 ligand, APO2L) is a 
cytokine of the tumor necrosis factor (TNF) superfamily (5).  
TRAIL holds promise for cancer therapy, as it has a 
unique capacity to selectively kill tumor cells, and it has 
little cytotoxicity on normal cells (6). TRAIL fulfills its 
function by binding to death receptors (DRs), including 
DR4 (TRAIL-R1) and DR5 (TRAIL-R2) (7). It kills tumor 
cells by inducing caspase-dependent apoptosis. However, 
a number of clinical studies have shown that some solid 
tumors, including GC, are resistant to TRAIL (6,8). To 
date, some studies have focused on how to improve the 
tumor-killing effect of TRAIL and found that combination 
therapy is a valid method to increase the anti-tumor effect 
of TRAIL (9).

Decitabine (5-aza-2’-deoxycytidine, DAC) is a natural 
2'-deoxycytidine analog of adenosine, which is the strongest 
known deoxyribonucleic acid (DNA) methylation-specific 
inhibitor. It can inhibit DNA methyltransferase, modulate 
gene expression, and affect drug sensitivity (10). Studies 
have shown that decitabine and cisplatin act synergistically 
to exert an anti-tumor effect on GC cells by inducing SRY-
box-containing gene 2 (Sox2) DNA demethylation (11).  
Notably, decitabine has been shown to upregulate 
endogenous TRAIL and enhance TRAIL-induced apoptosis 
in models of stepwise tumorigenesis (12). Fan et al. showed 
that the combined use of decitabine and TRAIL inhibits the 
proliferation of hepatocellular carcinoma (13). However, it 
is not yet known whether decitabine increases the sensitivity 
of GC cells to TRAIL.

In this study, we examined the synergistic anti-tumor 
effect of decitabine and TRAIL in GC. We analyzed the 
effects of decitabine and TRAIL on tumor cell growth 
and apoptosis, and preliminarily explored the potential 
mechanism. We present the following article in accordance 
with the MDAR reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-22-928/rc).

Methods

Reagent

DAC was purchased from Selleck (Houston, USA). 
Soluble recombinant human TRAIL was purchased 
from PeproTech (London, UK). DR4 and non-targeting 
scramble small inhibitory ribonucleic acids (siRNAs) 
were purchased from Santa Cruz Biotechnology (Santa 
Cruz, CA). Allophycocyanin (APC)-conjugated anti-DR4 
and anti-DR5 antibody, and the isotype control, which 
were used for the flow cytometry, were purchased from 
BioLegend (San Diego, CA). The following antibodies 
were used for western blot: anti-DR4 (Abcam Cat# ab8414, 
RRID:AB_306549), anti-glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) (Abcam Cat# ab128915, 
RRID:AB_11143050), and anti-DR5 (Sigma-Aldrich Cat# 
HPA023625). The other antibodies used included caspase-7 
(Cell Signaling Technology Cat# 9492, RRID:AB_2228313), 
cleaved-caspase-7 (Cell Signaling Technology Cat# 
8438, RRID:AB_11178377), caspase-8 (Cell Signaling 
Technology Cat# 9746, RRID:AB_2275120), caspase-9 (Cell 
Signaling Technology Cat# 9502, RRID:AB_2068621), 
cleaved-caspase-9 (Cell Signaling Technology Cat# 7237, 
RRID:AB_10895832), PARP (Cell Signaling Technology 
Cat# 9542, RRID:AB_2160739), and cleaved-PARP (Cell 
Signaling Technology Cat# 5625, RRID:AB_10699459).

Cell viability assays

Human GC cell  l ines AGS, SNU-1, SNU-16 and 
NCI-N87 were obtained from American type culture 
collection (ATCC). SGC-7901, BGC-823, and MGC-
803 were obtained from Cell Research Institute (Shanghai, 
China). MKN28 and NUGC3 were obtained from Health 
Science Research Resources Bank (Tokyo, Japan). All the 
cells were grown in Dulbecco’s Modified Eagle Medium 
(DMEM) or Roswell Park Memorial Institute medium 1640 
(GIBCO BRL, Carlsbad, CA) supplemented with 10% fetal 
bovine serum and 100 units/mL of penicillin in 5% carbon 
dioxide at 37 ℃.

To monitor the growth inhibition effect, the IncuCyte 
ZOOM Live-Cell Analysis System (Essen Bioscience) 
was used in this study. The cells were pre-incubated with 
decitabine (2 or 5 μM) or DMEM medium for 48 h, and 
then seeded into 96-well plates. Next, 20 h later, the cells 
were incubated with TRAIL (100 ng/mL) and/or decitabine 
(2 or 5 μM) for 24 h. The IncuCyte System took cell 
photographs every 2 h, and the cell proliferation curve was 

https://jgo.amegroups.com/article/view/10.21037/jgo-22-928/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-22-928/rc


Journal of Gastrointestinal Oncology, Vol 13, No 6 December 2022 2801

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2022;13(6):2799-2808 | https://dx.doi.org/10.21037/jgo-22-928

depicted by IncuCyte ZOOM software (Essen Bioscience).
To examine the synergistic effects, cell viability was 

measured using Cell Counting Kit-8 (CCK-8) assays 
(Dojindo Molecular Technologies, Japan). The GC cells 
were pre-treated with decitabine and seeded into the 96-well 
plates mentioned above. Next, the cells were treated with 
TRAIL (100 or 200 ng/mL) and/or decitabine (2 or 5 μM)  
for 24 h, and CCK-8 solution was used to measure the 
absorbance. The synergetic effect of decitabine and TRAIL 
was evaluated in accordance with Jin’s formula, which states: 
Q = Ea + b/[Ea + (1 – Ea) × Eb], where Ea, Eb and Ea + b 
represent the response rate of TRAIL, decitabine, and the 
combination treatment, respectively (14,15). In this method, 
Q<0.85, 0.85≤Q<1.15 and Q≥1.15 indicated antagonism, 
additive effects, and synergism, respectively.

Flow cytometry 

Apoptosis was detected using an Annexin V/Propidium 
Iodide (PI) double staining kit (Dojindo Molecular 
Technologies, Japan) and analyzed by flow cytometry (BD 
Accuri C6, USA). The cells were pre-cultured with free 
medium or free medium supplemented with decitabine  
(5 μM) for 48 h. An equal quantity of cells were treated 
with a vehicle, decitabine (5 μM), TRAIL (100 ng/mL), and 
combination regimens for 24 h. Next, the cells were stained 
in accordance with the manufacturer’s protocol.

To analyze the effect of decitabine on the surface 
expression of the DRs, the cells were treated with decitabine 
or the vehicle for 48 h and then incubated with APC-
conjugated antibody for 30 min at 4 ℃. The DRs expression 
was measured by flow cytometry.

RNA interference

The cells (1×105) were seeded into 6-well plates. The 
siRNAs (100 nmol/L) were diluted in Opti-MEM™ 
medium (GIBCO BRL, Carlsbad, CA) mixed with 
Lipofectamine 2000 reagent (Invitrogen, Carlsbad, 
USA). After incubation for 6 h, fresh complete medium 
was replaced for an additional 20 h of cell culture. The 
transfection effect was confirmed by western blot.

DNA extraction and methylation-specific PCR (MSP)

Genomic DNA was extracted from the GC cells in 
accordance with the standard protocol for the TIANamp 
genomic DNA kit (Tiangen, Beijing, China), and the 

DNA concentration was measured using a Nanodrop 2000 
spectrophotometer (Thermo Fisher Scientific, Wilmington, 
Delavare, USA). Approximately 1 μg of DNA was bisulfite-
modified with an EZ DNA methylation-gold kit (Zymo 
Research Corporaion, Irvine, CA, USA). The bisulfite-
treated DNA was analyzed by polymerase chain reaction 
(PCR) assays. The PCR assays were performed using the 
primer and PCR conditions previously described (16).  
The  sequences  were  as  fo l lows :  DR4-M (sense ) 
5'-TTCGAATTTCGGGAGCGTAGC-3' and (antisense) 
5'-GTAATTCAATCCTCCCCGCGA-3'; DR4-U (sense) 
5'-GTAGTGATTTTGAATTTTGGGAGTGTAGT-3' 
and (antisense) 5'-CTCATAATTCAATCCCCACAA-3'. 
The PCR products were electrophoresed in agarose gel and 
visualized under ultraviolet illumination.

Quantitative RT-PCR

Total RNA was isolated using Trizol reagent (Life 
Technologies, USA), and complementary DNA was 
synthesized using the SuperScript III reverse transcription 
kit (Invitrogen, Carlsbad, CA, USA). Quantitative PCR 
was performed with an ABI7500 fast real-time PCR 
system (Applied Biosystems, USA) using the SYBRTM 
Green PCR master mix kit (Applied Biosystems, USA). 
The primer sequences were as follows (17): DR4 (sense) 
5'-CGATGTGGTCAGAGCTGGTACAGC-3' and 
(antisense) 5'-GGACACGGCAGAGCCTGTGCC 
ATC-3'; DR5 (sense) 5'-GGGAGCCGCTCATGAGGA 
AGTTGG-3' and (antisense) 5'-GGCAAGTCTCTCTCC 
CAGCGTCTC-3' and GAPDH (sense) 5'- GAAGGT 
GAAGGTCGGAGT-3' and (antisense) 5'- GAAGATG 
GTGATGGGATTTC-3'. The data were normalized to 
GAPDH and the relative quantitation of gene expression 
was measured using the comparative cycle threshold 
(ΔΔCT).

Western blot

The prepared cells were treated with radioimmunoprecipitation 
assay lysis buffer (Solarbio, China). The proteins were 
quantified using the bicinchoninic acid protein assay kit 
(Pierce, Rockford, USA), and stored at –80 ℃ awaiting 
use. An equivalent amount of protein (20 μg) was loaded to 
10–12% polyacrylamide gel electrophoresis (SDS-PAGE) 
and transferred onto polyvinylidene fluoride membranes 
(Millipore, Billerica, MA). The membranes were probed 
with each primary antibody overnight at 4 ℃, followed 



Li et al. Decitabine enhances TRAIL-induced apoptosis 2802

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2022;13(6):2799-2808 | https://dx.doi.org/10.21037/jgo-22-928

Figure 1 Decitabine promotes TRAIL-induced growth inhibition. (A) AGS and SGC-7901 cell lines were treated with TRAIL (100 ng/mL)/ 
decitabine (2 or 5 μM) alone or in combination. The cell photographs were taken after 24 h drug treatment. Scale bar, 200 μm; (B) IncuCyte 
monitors cell growth in real time; the abscissa represents time, and the ordinate represents cell growth; (C) TRAIL-insensitive GC cell 
lines AGS and SGC-7901 were treated with different concentrations of TRAIL (100 or 200 ng/mL) and decitabine (2 or 5 μM) alone or 
in combination for 24 h, and cell viability was determined by CCK-8 assays. *P<0.05, **P<0.01, ***P<0.001 compared to TRAIL alone. 
TRAIL, tumor necrosis factor-related apoptosis-inducing ligand; GC, gastric cancer; CCK-8, Cell Counting Kit-8.
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by incubation with horseradish peroxidase–conjugated 
secondary antibodies. Signals were detected using 
chemiluminescent agents (Pierce, Rockford, USA). 

Statistical analysis

The results of the 3 independent experiments are presented 
as the mean ± standard deviation. the difference between 
the 2 groups was determined using a two-sided Student’s 
t-test. P value <0.05 was considered statistically significant. 
All the statistical analyses were performed using GraphPad 
Prism software (9.0 version).

Results

Decitabine and TRAIL inhibited cell growth synergistically

To evaluate the synergistic effect of decitabine and TRAIL, 
AGS and SGC-7901 were employed as TRAIL-resistant 
GC cell lines based on our previous study (18). The cells 
were stimulated with various concentrations of decitabine 

(2 or 5 μM) and TRAIL (100 ng/mL) for the indicated 
times. The cell growth conditions were photographed (see  
Figure 1A). Decitabine exhibited a slight growth inhibiting 
effect on the GC cells. The cell growth was mildly inhibited 
by TRAIL alone, but effectively reduced in the combination 
group (see Figure 1B). The CCK-8 assays further confirmed 
this synergism. The results revealed that decitabine 
facilitated TRAIL-induced cytotoxicity in a dose-dependent 
manner (see Figure 1C). According to Jin’s formula, which 
was used to count the synergetic effect of the 2 drugs (15), 
the Q values were 2.04 for AGS and 1.31 for SGC-7901 
at the combination of 5 μM of decitabine with 100 ng/mL 
of TRAIL, which had a stronger effect than other dose 
combination and was chosen for the following experiments.

Decitabine sensitized TRAIL-induced apoptosis by 
activating the caspase-dependent apoptotic pathway

To ascertain whether cell death was due to apoptosis, 
flow cytometry was performed. The apoptotic rate was 
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Figure 2 Decitabine promotes TRAIL-mediated apoptosis. (A,B) AGS and SGC-7901 cells were treated with decitabine (5 μM)/TRAIL 
(100 ng/mL) alone or in combination for 24 h, and the apoptosis was detected by Annexin V/PI double staining, **P<0.01, ***P<0.001, vs. 
the TRAIL single-drug treatment group; (C) AGS and SGC-7901 cells were treated with decitabine (5 μM)/TRAIL (100 ng/mL) alone 
or in combination for 24 h, and the expression of full-length and truncated Caspase protein were detected by western blot. TRAIL, tumor 
necrosis factor-related apoptosis-inducing ligand; PI, propidium iodide.

significantly increased in the combination treatment group 
compared to the TRAIL alone group (see Figure 2A,2B). 
Taking the AGS cell line as an example, the mean apoptotic 
rate was only 23.06%±0.25% in the TRAIL treatment 
group, but was 41.97%±1.79% in the combination 
treatment group. To further confirm this finding and 
evaluate the apoptosis signals, the expression of the full-
length and cleaved-caspase proteins were detected by 
western blot. As Figure 2C shows, TRAIL mildly activated 
Caspase-7, -8, -9 and PARP in the GC cells, and the above 
phenomenon was significantly enhanced after combined 
treatment, suggesting that decitabine promotes TRAIL-
induced apoptosis depending on caspase activation (see 
Figure 2C).

Decitabine regulates TRAIL sensitivity of GC cells by 
upregulating DR4

Next, the possible mechanism of decitabine sensitization 
to TRAIL was investigated. Given that TRAIL acts by 

binding to DRs, we analyzed the effect of decitabine on 
TRAIL receptor expression. After the cells were treated 
with decitabine for 48 h, the expression of DR4, not DR5, 
increased at the transcriptional and post-transcriptional 
levels (see Figure 3A,3B). Additionally, DR expression on the 
cell membrane surface were measured by flow cytometry. 
The cell surface expression of DR4 was elevated after 
decitabine exposure (see Figure 3C). Notably, the silencing 
of DR4 by siRNA reduced the TRAIL-mediated apoptosis 
and the synergistic effect, indicating that the modulation 
of DR4 expression takes part in the combination effect of 
decitabine and TRAIL (see Figure 3D,3E).

DR4 methylation regulation

As decitabine is a demethylation drug, we examined the 
relationship between the DNA methylation level of DR4 
and gene expression. The qRT-PCR and western blot were 
performed to detect the expression of DR4 in the 9 GC cell 
lines. DR4 was ubiquitously detected in all the GC cells 
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Figure 3 Decitabine increases DRs expression. (A,B) AGS and SGC-7901 cells were treated with or without decitabine (5 μM) for 48 h. The 
DR4 and DR5 expression was assessed by qRT-PCR (A) and western blot (B); (C) AGS and SGC-7901 cells were treated with or without 
decitabine (5 μM) for 48 h. The expression of DR4 and DR5 on the cell membrane surface was detected using the flow cytometry technique; 
the blue line represents the isotype control, the black line represents the lysed control cells, and the red line represents the decitabine-treated 
cells; (D,E) AGS and SGC-7901 cells were transiently transfect with DR4 specific siRNA or scrambled siRNA for 48 h. Then, the cells 
were treated with decitabine (5 μM)/TRAIL (100 ng/mL) alone or in combination for 24 h, and Annexin V/PI double staining was used to 
detect cell apoptosis. *P<0.05, ***P<0.001, vs. si-Control group; western blot was used to detect protein expression to verify the transfection 
effect. DRs, Death Receptors; qRT-PCR, quantitative real-time polymerase chain reaction; TRAIL, tumor necrosis factor-related apoptosis-
inducing ligand; PI, propidium iodide.

expect SNU-1 (see Figure 4A,4B). The methylation of DR4 
gene promoters was detected using methylation-specific 
PCR. DR4 methylation was detected in SNU-1 cells, which 
was negatively correlated with its gene expression level (see 
Figure 4C). As we proved that demethylation regulation 
enhanced the expression of DR4, these results provide 
further evidence that decitabine promotes the killing effect 
of TRAIL on GC through demethylation.

Discussion

TRAIL is an attractive anti-tumor agent. However, drug 
resistance is a major obstacle to TRAIL-based therapy. 
GC is a highly heterogeneous solid tumor that is resistant 

to many drugs. Our previous study showed that about half 
of the GC cell lines were insensitive to TRAIL-mediated 
apoptosis signals (18). Multiple resistant mechanisms 
have been identified. The most common cause of TRAIL 
resistance is dysfunction of death receptors (19). The 
defect in caspase protein (20), and overexpression of pro-
survival proteins (21) are also linked to TRAIL resistance. 
In addition, cell survival signals such as transcription 
factor NF-κB played pivotal role in regulation of TRAIL 
sensitivity (22). Improving the killing effect of TRAIL on 
tumor cells is vital in the treatment of GC. Fortunately, 
combination therapies may be able to be used to reduce 
the drug resistance of TRAIL. Decitabine is a potent 
DNA methylation inhibitor that can inhibit tumor cell 
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Figure 4 DR4 methylation regulation. (A,B) The DR4 expression in 9 GC cell lines was assessed by qRT-PCR (A) and western blot (B). (C) 
The methylation of the DR4 gene promoters was detected using MS-PCR. GC, gastric cancer; qRT-PCR, quantitative real-time polymerase 
chain reaction; MS-PCR, methylation-specific polymerase chain reaction.

proliferation and weaken drug resistance by reducing 
methylation. In this study, we showed that decitabine 
upregulated DR4 by promoting demethylation and 
increasing the sensitivity of GC cells to TRAIL.

Combination therapy is an effective way to increase 
the sensitivity of TRAIL. Previous studies have shown 
that combined therapy enhances the tumor-killing effect 
of TRAIL by upregulating apoptosis pathway proteins, 
inhibiting anti-apoptotic proteins, and regulating 
phosphorylation pathways. A previous GC study showed 
that cisatracurium besilate enhanced TRAIL-induced 
GC apoptosis through tumor protein 53 signaling (23). 
Li et al. found that 5-fluorouracil (5-FU) enhanced the 
chemosensitivity of GC to TRAIL by inhibiting the 
mitogen-activated protein kinase (MAPK) pathway (24). 
Periplocin upregulated DRs by activating the extracellular 
signal-regulated protein kinases1/2 pathway (25). Xie et al. 
combined TRAIL and liquiritin to synergize human GC 
cells and xenografts in nude mice by enhancing apoptosis 
and reactive oxygen species generation (26).

Our study showed that decitabine single-drug exposure 
had a weak inhibitory effect on the growth of GC cells, 
but when used in combination with TRAIL, it significantly 
inhibited the growth of tumor cells. This growth inhibitory 
effect was dose-dependent, and increased as decitabine 
concentrations increased. Conversely, increasing the 
concentrations of TRAIL did not enhance cell inhibition. 
Thus, decitabine exposure changed the molecular 
characteristics of GC cells, making them more sensitive to 
the killing effect of TRAIL. 

Further apoptosis-related experiments revealed that 

decitabine enhanced the TRAIL-mediated apoptosis of GC 
cells, indicating that the growth inhibitory effect was mainly 
produced by activating the apoptotic pathway. Apoptosis 
involves multiple aspects, such as pathway gene expression 
and regulation, apoptosis signal transduction, and the 
interaction of apoptosis-related molecules. In our study, 
we found that decitabine combined with TRAIL enhanced 
the activation of caspase proteins. In terms of pathway 
gene expression, we found that decitabine upregulated 
the apoptotic receptor DR4. We also examined the effect 
of decitabine pretreatment on other apoptotic proteins, 
including the B-cell lymphoma-2 (Bcl-2) proteins and 
inhibitor of apoptosis proteins (IAPs); however, no changes 
in the expression of any related proteins were detected. 
Overall, decitabine mainly appears to enhance the tumor-
killing effect of TRAIL through strengthened caspase-
dependent apoptosis signaling by upregulating the TRAIL 
receptor DR4.

DRs initiate TRAIL apoptotic signals and are important 
regulators of drug sensitivity. The loss of DR expression 
by mutation and methylation is one of the main causes of 
drug resistance. Recently, some studies have shown that 
drugs can enhance TRAIL sensitivity by upregulating the 
expression and redistribution of DRs. You et al. found that 
trichosanthin sensitizes non-small cell lung cancer cells 
to TRAIL by modulating DR expression and subcellular 
localization (27). Han et al. verified that the natural 
compound Periplocin upregulates the expression of DRs 
in vitro and in vivo, resulting in a high apoptosis rate of 
esophageal squamous cell carcinoma cells (28).

DR4 and DR5, as 2 receptors for TRAIL, both mediate 
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intracellular stress-induced apoptosis. According to our 
previous study, DR4 and DR5 have unequal apoptotic 
signal transduction roles in GC, and DR4 is more positively 
correlated with TRAIL sensitivity (17). The upregulation 
of DR4 is important to improve TRAIL resistance in GC. 
We found that decitabine upregulates the expression of 
DR4 on cell membranes, which is of great significance in 
ameliorating the TRAIL resistance of GC.

Epigenetics plays an important role in the process 
of tumorigenesis and development (29). The abnormal 
hypermethylat ion of  spec i f ic  gene i s  one of  the 
characteristic changes in tumor cells. The hypermethylation 
of tumor suppressor gene will lead to gene inactivation and 
molecular changes. At present, DNA methyltransferase 
inhibitors have led to great advances in the treatment of 
hematological diseases, such as decitabine, which has been 
approved by the Food and Drug Administration for the 
treatment of myelodysplastic syndrome and acute leukemia 
and achieved satisfactory therapeutic effects (30,31). Small 
doses of decitabine can maximize the therapeutic effect, and 
the most important finding is that it can effectively remove 
DNA methylation and re-express many inactive genes. 
Under the catalysis of methyltransferase, the transformation 
of S-adenosine-L-Methionine is a methyl donor, which 
transfers the methyl group to the 5-carbon atom of cytosine 
to generate 5-methylcytosine, thereby regulating gene 
expression (32). Besides, studies have shown that decitabine 
also played an important role in innate immune response. 
Decitabine may act as a nucleic acid drug, which has similar 
functions with anti-virus drugs. The research of Xiao J et al. 
confirmed that decitabine showed potential antiviral activity 
by up-regulating the innate antiviral immune response (33). 

DNA methylation is one of the most common regulatory 
mechanisms involved in epigenetic modifications. DNA 
methylation occurs mainly at the CpG islands. About 
70% of the promoters in the human genome are rich in 
CpG islands. About 60–90% of the CpG islands in the 
normal genome are methylated (34). Gastric carcinogenesis 
is associated with multiple epigenomic mutations. 
Understanding the epigenetic features in GC patients may 
help us to better treating this disease (35).

DR4 expression is regulated by promoter methylation. 
The hypermethylation of DR4 gene leads to down-
expression of DR4. According to our previous study, 
DR4 expression level is positively correlated with TRAIL 
sensitivity. Other studies also proved that hypermethylation 
of the DR4 gene promoter was responsible for TRAIL 
resistance (36). In this research, we examined the 

methylation in the promoter region of the DR4 gene and 
found that different degrees of methylation levels existed 
in the GC cell lines. Among these, the SNU-1 cells were 
most regulated by methylation, and its DR4 expression was 
completely silenced. The confirmation of the methylation 
status of DR4 provided further evidence that decitabine 
regulates DR4 expression through demethylation.

Our study had some limitations. We confirmed that 
decitabine improves the killing effects of TRAIL on GC 
cells; however, animal experiments should be carried out to 
further observe the synergistic effects of the 2 drugs. We 
will also continue to examine the regulation of the upstream 
pathway. In the future, the safety and effectiveness of 
TRAIL-associated compounds might be explored in clinical 
trials.

Our study confirmed that decitabine can be used as a 
sensitizing agent of TRAIL by upregulating DR4. These 
findings may provide novel ways to overcome the drug 
resistance of TRAIL in treating tumors in clinical practice 
and may lead to novel ideas for the treatment of GC.
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