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here that phosphorylation of Akt and ERK might also be 
required for TRAIL sensitization. In summary, our results 
indicate that gefitinib effectively enhances TRAIL-induced 
apoptosis, likely via autophagy and JNK- mediated death 
receptor expression and phosphorylation of Akt and ERK.
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Introduction

Tumor necrosis factor (TNF)-related apoptosis-inducing 
ligand (TRAIL), a type II transmembrane protein from the 
TNF cytokine family, is a potent cancer cell- specific apop-
tosis-inducing agent that exhibits little or no effect on nor-
mal tissues [1–3]. TRAIL can interact with five distinct type 
I transmembrane receptors, two of which are death recep-
tors, DR4 and DR5, and three of which are decoy recep-
tors, DcR1, DcR2 and osteoprotegerin. Each of these death 
receptors contains a cytoplasmic functional death domain 
[4–6]. Upon binding death receptors, TRAIL triggers cell 
death via both extrinsic and intrinsic apoptosis pathways 
[7]. Because of this, monoclonal antibodies against death 
receptors have also demonstrated the potential as anti-can-
cer therapeutics [8–10]. However, the effectiveness of ago-
nistic antibodies as monotherapies may be limited by the 
development of drug resistance, and agents that can enhance 
TRAIL-induced apoptosis or sensitize resistant cancer cells 
to TRAIL are urgently needed [11, 12].

Gefitinib (also known as ZD1839 or Iressa) is an orally 
administered, selective epidermal growth factor receptor 
(EGFR) tyrosine kinase inhibitor (EGFR-TKI) that blocks 
signal transduction pathways implicated in proliferation and 
survival of cancer cells [13]. Gefitinib has a broad anti-tumor 

Abstract  Tumor necrosis factor (TNF)-related apoptosis-
inducing ligand (TRAIL) is a potent cancer cell-specific 
apoptosis-inducing cytokine with little toxicity to most 
normal cells. Here, we report that gefitinib and TRAIL in 
combination produce a potent synergistic effect on TRAIL-
sensitive human colon cancer HCT116 cells and an addi-
tive effect on TRAIL-resistant HT-29 cells. Interestingly, 
gefitinib increases the expression of cell surface receptors 
DR4 and DR5, possibly explaining the synergistic effect. 
Knockdown of DR4 and DR5 by siRNA significantly 
decreases gefitinib- and TRAIL-mediated cell apoptosis, 
supporting this idea. Because the inhibition of gefitinib-
induced autophagy by 3-MA significantly decreases DR4 
and DR5 upregulation, as well as reduces gefitinib- and 
TRAIL-induced apoptosis, we conclude that death recep-
tor upregulation is autophagy mediated. Furthermore, our 
results indicate that death receptor expression may also be 
regulated by JNK activation, because pre-treatment of cells 
with JNK inhibitor SP600125 significantly decreases gefi-
tinib-induced death receptor upregulation. Interestingly, 
SP600125 also inhibits the expression CHOP, yet CHOP 
has no impact on death receptor expressions. We also find 
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Antibodies against DR4 and caspase-9 were obtained from 
Santa Cruz Biotechnology (Santa Cruz, CA, USA). Antibod-
ies against PARP, JNK, p-JNK, ERK, p-ERK, Akt, p-Akt-
308, p-Akt-473, caspase-3, LC3, CHOP and DR5 were 
purchased from Cell Signaling (Danvers, MA, USA). Anti-
bodies against actin and caspase-8 were purchased from BD 
Biosciences (Franklin Lakes, NJ, USA). Caspase inhibitor 
and SP600125 were purchased from Beyotime Institute of 
Biotechnology (Shanghai, China). All of the other reagents 
were of analytical grade or better.

Cell lines and cell culture

Unless otherwise stated, all cell lines were purchased from 
the American Type Culture Collection and were maintained 
in the appropriate growth medium supplemented with 10 % 
fetal calf serum and penicillin/streptomycin at 37 °C and 5 % 
CO2. Colon adenocarcinoma HCT116 human colon cancer 
cells were cultured in IMDM medium. HT-29 cells were 
cultured in DMEM/F12 medium. HMECs and NCM460 
were cultured in DMEM medium.

WST-1 assay

Cell viability was assessed using the WST-1 assay. In this 
assay, cells were treated with different concentrations of 
gefitinib or TRAIL for 24 h. The medium was then removed, 
and 10 µl/well of the WST-1 solution (Beyotime Biotech-
nology, Jiangsu, China) was added. After 4  h incubation, 
the absorbance was measured at 450 nm using a microplate 
reader (Bio-Rad). All experiments were performed in trip-
licate and repeated at least three times. Cell proliferation is 
expressed as the percentage of the control, which was set 
to 100 %.

Annexin V-FITC/PI flow cytometric analysis

Cell apoptosis was quantified by flow cytometry using 
Annexin V-FITC/propidium iodide (PI) staining. Cells 
were plated in 6-well plates (Costa) for 24 h, followed by 
treatment for another 24 h with various concentrations of 
gefitinib or TRAIL. Cells were then stained with Annexin 
V-FITC/PI (Keygen Biotechnology, Jiangsu, China) accord-
ing to the manufacturer’s instructions. Washed cells were 
re-suspended in 500  µl PBS and incubated with 10  µl PI 
and 10 µl Annexin V-FITC for 15 min at room temperature 
in the dark. Approximately 20,000 cells were counted for 
each measurement.

Propidium iodide (PI) staining for DNA fragmentation

Using flow cytometry, cell death was quantified with prop-
idium iodide (PI) staining for DNA fragmentation and 

effect against various types of solid tumors [14–16]. More-
over, EGFR regulates ERK and Akt that could limit apop-
tosis induced by cytotoxic agents [17–19]. Hence, gefitinib 
can be exploited in EGFR-dependent tumors in combination 
regimens [20, 21].

It has been reported that gefitinib sensitizes non-small 
cell lung cancer cells to TRAIL-induced apoptosis via 
upregulation of pro-apoptosis protein Bax and down-regu-
lation of p-Akt [22]. Moreover, gefitinib can reverse TRAIL 
resistance in human bladder cell lines via inhibition of Akt-
mediated X-linked inhibitor of apoptosis protein expres-
sion [23]. Gefitinib also enhances the anti-cancer effect 
of TRAIL in human esophageal squamous cell carcinoma 
by inhibiting p-Akt and inactivating Bcl-xL [24]. Further-
more, gefitinib causes upregulation of the long isoform of 
caspase-8 inhibitor FLICE-inhibitory protein (FLIP(L)) and 
makes non-transformed breast epithelial cells more resis-
tant to TRAIL through extracellular signal-regulated kinase 
(ERK)1/2 pathway [25]. It is unknown, however, whether 
gefitinib can enhance TRAIL-induced apoptosis in human 
colon cancer cells. Although it was recently reported that 
gefitinib can enhance TRAIL anti-tumor activity in NSCLC 
cells by upregulating DR5 expression [26], the mechanism 
of action is not fully understood.

In the present study, we demonstrate that gefitinib 
enhances TRAIL-induced apoptosis in human colon can-
cer cells via inhibition of Akt and ERK and death recep-
tor upregulation. Furthermore, we found that death receptor 
upregulation is mediated by autophagy and JNK activation.

Materials and methods

Reagents

A solution of 50  mM gefitinib (purchased from Cayman 
Chemical, Ann Arbor, MI) was prepared in 100 % dimethyl 
sulfoxide, stored in small aliquots at −80 °C, and diluted 
in cell culture medium as needed. His-tagged recombinant 
human TRAIL (rhTRAIL) was produced and purified as 
described previously [27]. Dulbecco’s modified Eagle’s 
medium: Nutrient Mixture F-12 (DMEM/F12) medium, 
Iscove’s Modified Dubecco’s Medium (IMDM), and fetal 
bovine serum were obtained from Gibco (Gibco, Grand 
Island, NY, USA). Trypsin and PMSF were obtained from 
Amersco (Amersco LLC, OH, USA). PI, WST-1 and 3-MA 
were purchased from Sigma (Sigma Aldrich, St Louis, MO, 
USA). Incomplete protease inhibitor cocktail tablets were 
acquired from Roche (Roche, Welwyn Garden City, UK). 
The ECL Plus Western Blotting Detection Kit was purchased 
from Beijing Saizhi technology co., LTD (Beijing, China). 
Penicillin/streptomycin was obtained from the Tina Jin Hao 
Yang Biological Manufacture Co., Ltd. (Tianjin, China). 
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the Lipofectamine RNAiMAX (GenePharma, Shanghai, 
China) following the manufacturer’s instructions. After 24 h 
of transfection, cells were treated with gefitinib for 24  h. 
Whole cell extracts were prepared for western blot protein 
analyses.

Western blotting

Cells were lysed in lysis buffer (50 mM Tris/acetate, pH 7.4, 
1 mM EDTA, 0.5 % Triton X-100, 150 mM sodium chloride, 
0.1  mM PMSF, and Roche incomplete protease inhibitor 
cocktail). Protein concentrations were measured using the 
Bradford method [28]. Equal amounts of protein were sepa-
rated by 12 % sodium dodecyl sulphate–polyacrylamide gel 
electrophoresis (SDS-PAGE), transferred to a nitrocellulose 
membrane, blotted with each antibody, and then detected 
by using the enhanced chemiluminescence (ECL) reagent.

Statistical analysis

Data were analyzed using the student’s t test for comparison 
between groups. Significance was defined as P values less 
than 0.05 or 0.01.

Results

Gefitinib enhances TRAIL-induced apoptosis in 
HCT116 cells

We initially investigated whether gefitinib could enhance 
TRAIL-induced apoptosis in TRAIL-sensitive HCT116 
human colon cancer cells. Cell viability were tested by 
WST-1 assay. As shown in Fig.  1a, HCT116 cells were 
found to be moderately sensitive to TRAIL and gefitinib. 
However, in combination, they decreased cell viability sig-
nificantly. PI staining demonstrated that gefitinib or TRAIL 
alone induced 26 or 19 % apoptosis, respectively. However, 
their combination enhanced apoptosis to 98 % (Fig. 1b). This 
finding was supported by Annexin V/PI staining as shown 
in Fig.  1c, where essentially the same levels of apoptosis 
could be attained with gefitinib or TRAIL alone or in com-
bination (Fig. 1c). The degree of apoptosis was then evalu-
ated by immunoblotting for apoptotic markers. As shown 
in Fig. 1d, HCT116 cells treated with gefitinib and TRAIL 
exhibited a markedly greater level of cleaved caspase-8, 
-9, and -3, along with the caspase-3 substrate poly(ADP-
ribose) polymerase (PARP). Pre-treatment with the cell-
permeable pan caspase inhibitor, z-VAD-fmk, effectively 
blocked apoptosis induced by this treatment from 98 to 22 % 
(Fig. 1b), indicating that gefitinib enhanced TRAIL-induced 
apoptosis of HCT116 cells in a caspase-dependent manner. 
In addition, our results showed that gefitinib significantly 

content. For this analysis, cells were first pre-treated with 
gefitinib for 24 h and then exposed to TRAIL for 24 h. Float-
ing and adherent cells were collected and fixed in 75 % etha-
nol, followed by ribonuclease (RNase) A treatment and PI 
staining. A total of 20,000 fluorescent events were acquired 
at 610 nm following excitation at 488 nm.

Reverse transcription polymerase chain reaction (RT-
PCR)

DR4 and DR5 mRNAs were detected using RT-PCR as fol-
lows: Total RNA from the treated cells was extracted using the 
Trizol reagent according to the supplier’s instructions. Two 
micrograms of total RNA was converted into cDNA using 
M-MLV reverse transcriptase (Promega) and then amplified 
using Ex-Taq polymerase (Takara). Total RNA was ampli-
fied by PCR with primers described previously: DR4 sense 
5′-CTGAGCAACGCAGACTCGCTGTCCAC-3′, DR4 
anti-sense 5′-TCCAAGGAC ACGGCAGAGCCTGTGC 
CAT-3′, DR5 sense 5′-AAGACCCTTGTGCTCGTT GTC 
3′, DR5 anti-sense 5′-GACACATTCGATGTCACTCCA-3′, 
glyceraldehyde-3- phosphate dehydrogenase (GAPDH) 
sense, 5′-GTCTTCACCACCATGGAG-3′, and GAPDH 
antisense 5′-CCACCCTGTTGCTGTAGC-3′. Reactions 
were run at 94 °C for 2 min; 94 °C for 35 cycles of 30 s each; 
50 °C for 30 s; and 72 °C for 45 s with an extension at 72 °C 
for 10 min. PCR products were run on a 1.5 % agarose gel 
and then stained with ethidium bromide. Stained bands were 
visualized under UV light and photographed.

Flow cytometric analysis of the expression of cell 
surface DR4 and DR5

Cells were treated with different concentrations of gefitinib 
for 24 h, collected and washed with cold 2 % FBS/PBS, and 
then labeled with anti-DR4 or anti-DR5 antibody for 20 min 
on ice. The secondary antibody used was phycoerythrin 
(PE)- conjugated goat anti-rabbit Ab, which was incubated 
for 20 min on ice in the dark. Cells were then washed in cold 
2 % FBS/PBS and resuspended in 300 µl 2 % FBS/PBS and 
immediately analysed by flow cytometry. All the antibodies 
were diluted with 2 % FBS/PBS.

Transfection with siRNA

High purity controls (scrambled RNA), along with 
DR4 and DR5 siRNA oligos, were obtained from 
GenePharma (Shanghai, China). The targeting 
sequences of the siRNA constructs were: DR4 siRNA, 
5′-AAGAACCAGCAGAGGUCACAA-3′; DR5 siRNA, 
5′-AAGACCCUUGUGCUCGUUGUC-3′; CHOP siRNA, 
5′-UUCUUGGUCGUCUCCAGUGUU-3′. Transfection of 
these siRNA duplexes was performed in 6-well plates using 
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Fig. 1  Gefitinib enhances TRAIL-induced apoptosis in HCT116 cells. 
HCT116 cells, HMECs or NCM460 cells were co-treated with or with-
out 50 µM gefitinib and/or TRAIL (25 ng/ml) for 24 h. Cell viability 
was analyzed using the WST-1 assay (a, e, or f), and cell apoptosis was 

teste by flow cytometry followed by PI staining (b) or Annexin V/PI 
staining (c) and western blot (d). The values represent the mean ± s.d. 
(n = 3). *P < 0.05, ** P < 0.01 (Student’s t test, two-tailed)
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resistant to TRAIL and sensitive to gefitinib. The com-
bination of TRAIL and gefitinib exerted an enhanced 
effect (Fig.  2a). Whereas TRAIL or gefitinib treatment 
alone induced 43 or 7.5 % apoptosis, respectively, their 
combination increased apoptosis to 72 % (Fig. 2b). Pre-
treatment with the cell-permeable pan caspase inhibi-
tor, z-VAD-fmk, effectively blocked apoptosis that 
was induced by this treatment, from 72 to 33 %. Simi-
lar results were obtained using Annexin V/PI staining 
(Fig.  2c). Consistent with these findings, combination 
treatment efficiently initiated caspase-3 processing and 
the cleavage of PARP (Fig. 2d).

potentiated TRAIL-induced apoptosis in HCT116 cells, but 
not in immortalized human microvascular endotheilal cell 
lines (HMEC) (Fig. 1e) and NCM460 human normal colon 
cells (Fig. 1f), indicating that the combination of gefitinib 
and TRAIL preferentially target cancer cells.

Additive effect of gefitinib and TRAIL on TRAIL-
resistant HT-29 cells

We also investigated whether gefitinib could sensi-
tize TRAIL-resistant HT-29 cancer cells to TRAIL. 
The WST-1 assay results showed that HT-29 cells were 

Fig. 2  Additive effect of gefitinib and TRAIL on TRAIL-resistant 
HT-29 cells. HT-29 cells were treated with or without 50  µM gefi-
tinib and/or TRAIL (25 ng/ml) for 24 h. Cell viability was analyzed 
using the WST-1 assay (a) and cell apoptosis was investigated by flow 

cytometry PI staining (b) or Annexin V/PI staining (c) and western 
blot (d). Values represent the mean ± s.d. (n = 3). *P < 0.05, ** P < 0.01 
as compared with control (Student’s t test, two-tailed)
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and decrease in p62 (Fig.  4a) that paralleled death recep-
tor upregulation (Fig.  4a). Pre-treatment with autophagy 
inhibitor 3-methyladenine (3-MA, 5 mM) partially inhibited 
LC3-II upregulation (Fig. 4b) and death receptor upregula-
tion (Fig. 4b), indicating that autophagy was associated with 
death receptor induction. In addition, 3-MA also substan-
tially inhibited cell surface expression of death receptors 
(Fig. 4c) and reduced the extent of gefitinib/TRAIL-induced 
apoptosis in HCT116 cells from 95 to 69 % (Fig. 4d).

Gefitinib-induced death receptors expression via JNK 
activation

Because Akt, ERK and JNK can mediate death receptor 
upregulation, we investigated whether these kinases played 
a role in gefitinib-induced DR4 and DR5 expression. Our 
results showed that gefitinib decreased Akt and ERK activa-
tion (Fig. 5a) and led to phosphorylation of JNK (Fig. 5b). 
In addition, gefitinib-induced DR4 and DR5 upregulation 
paralleled the activation of JNK (Fig.  5b). Pre-treatment 
with JNK inhibitor SP600125 (10 or 20 µM) significantly 
reduced JNK phosphorylation, as well as death receptor 
upregulation (Fig. 5c, d). Moreover, SP600125 reduced cell 
apoptosis induced by gefitinib and TRAIL from 90 to 51 % 
(Fig. 5e). We also found that pre-treatment with SP600125 
significantly inhibited upregulation of JNK-modulated 
CHOP, the upstream transcription regulator of DR4 and 
DR5 (Fig.  5c). However, we saw no robust decrease in 
CHOP siRNA transfected HCT116 cells (Fig. 5f).

Discussion

Previous studies had demonstrated that gefitinib could 
enhance TRAIL-induced apoptosis in non-small cell lung 
cancer cells, human bladder cells and esophageal squamous 
cell carcinoma [22–24, 26], but not in human colon can-
cer cells. Moreover, the mechanism of action by gefitinib 
had not been investigated. Here, we found that gefitinib 
could enhance TRAIL-induced apoptosis in human colon 
cancer HCT116 cells, as well as in TRAIL-resistant HT-29 
cells. The combination of gefitinib and TRAIL synergisti-
cally enhanced HCT116 cell apoptosis, whereas it had only 
an additive effect on HT-29 cells. The degree of enhanced 
apoptosis was related to the cell surface expression of 
death receptors DR4 and DR5 in both cell lines, more sig-
nificantly in HCT116 cells. Therefore, we hypothesized 
that death receptor trafficking pathways were different in 
HCT116 and HT-29 cells. Further studies are now under-
way to investigate this thoroughly. In contrast, gefitinib and 
TRAIL together had no effect on HMECs, indicating that 
their combination preferentially targets cancer cells and 
spares normal cells.

Cell surface death receptor induction by gefitinib is 
required for the synergistic effect

For mechanistic insight into gefitinib-enhanced TRAIL-
induced apoptosis, we examined the effect of gefitinib on the 
expression of TRAIL death receptors. Our results showed 
that DR4 and DR5 were upregulated by gefitinib in a dose-
dependent manner in both HCT116 and HT-29 cells (Fig. 3a). 
However, gefitinib did not impact either DR4 or DR5 mRNA 
expression levels, indicating post-transcription modulation 
(Fig. 3b). In support of this, we found that the translational 
inhibitor cycloheximide (CHX) blocked gefitinib-induced 
DR5 and DR4 expression (Fig. 3c). Interestingly, gefitinib 
increased cell surface DR4 and DR5 expression significantly 
in HCT116 cells, but only modestly in HT-29 cells (Fig. 3d). 
This might account for the synergistic effect or addictive 
effect observed with HCT116 cells or HT-29 cells.

To validate the role of cell surface death receptor expres-
sion on the enhanced effect from gefitinib on TRAIL-induced 
apoptosis in HCT116 cells, we used siRNAs specific for 
DR4 and DR5 (Fig. 3e). As shown in Fig. 3f, siRNAs for 
DR4 and DR5 reduced the cell surface expression of both 
death receptors. The WST-1 assay revealed that silencing 
of DR4 and DR5 increased the percentage of cell viability 
(Fig. 3g) and the cleavage of caspase-3, -8, and PARP sig-
nificantly (Fig. 3h), suggesting that cell surface expression of 
death receptors indeed played a crucial role in the synergistic 
effect of gefitinib and TRAIL in HCT116 cells.

Gefitinib-induced death receptors upregulation is 
mediated by autophagy

Next, we were interested in assessing the mechanism by 
which gefitinib induced the expression of DR4 and DR5. 
Because gefitinib can induce autophagy in tumor cells [29], 
we investigated whether the observed upregulation of death 
receptors was related to autophagy. Our results showed that 
gefitinib produced a dose-dependent increase in LC3-II 

Fig. 3  Cell surface death receptors induction by gefitinib is required 
for the synergistic effect of gefitinib and TRAIL. HCT116 and HT-29 
cells were treated with gefitinib at the indicated doses. DR4 and DR5 
proteins were analyzed by western blotting (a), the mRNA expression 
were analyzed by RT-PCR (b), the cell surface DR4 and DR5 expres-
sion was tested by flow cytometry (d). HCT-116 cells were pretreated 
with 5 µM cycloheximide for 30 min before incubation with 50 µM 
gefitinib for 24  h. Whole-cell extracts were subjected to western 
blot analysis using anti-DR5 and anti-DR4 antibodies (c). HCT116 
cells were transfected with DR4 and DR5 siRNA and then exposed 
to 50  μM gefitinib for 24  h. Whole-cell extracts were prepared and 
analyzed by western blotting (e) and the cell surface DR4 and DR5 
expression was tested by flow cytometry (f). Control siRNA or DR4/
DR5 siRNA transfected HCT116 cells were treated with or without 
50 μM gefitinib and/or TRAIL (25 ng/ml) for 24 h. Cell viability was 
analyzed using the WST-1 assay (g) and the expression of caspase-3, 
-8 and PARP was assessed by western blotting (h)


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To determine whether the cell surface upregulation of 
death receptors by gefitinib is essential to sensitizing colon 
cancer cells to TRAIL, we silenced DR4 and DR5 using 
specific siRNAs in HCT116 cells. Our results showed that 
DR4 and DR5 siRNAs remarkably decreased cell sur-
face expression of these death receptors, and significantly 
decreased subsequent potentiation of gefitinib on TRAIL-
induced apoptosis. Based on these findings, we concluded 
that cell surface expression of death receptors by gefitinib 
is crucial to the synergistic effect of gefitinib and TRAIL.

Fig. 4  Gefitinib-induced death receptor upregulation is mediated by 
autophagy. HCT116 were treated with 50 μM gefitinib for the indi-
cated hours. Protein expression was analyzed by western blotting (a). 
HCT116 cells were pre-treated with or without 3-MA for 1  h, then 
co-treated with gefitinib as the giving does for 24 h. Protein expression 

were analyzed by western blotting (b) and the cell surface DR4 and 
DR5 expression was tested by flow cytometry (c). HCT116 cells were 
pre-treated with 5 mM of 3-MA for 1 h then treated with or without 
gefitinib and/or TRAIL for 24 h. Cells were stained with PI and ana-
lyzed by flow cytometry (d)

 

Fig. 5  Gefitinib-induced death receptors expression is mediated by 
JNK activation. HCT116 were treated with gefitinib at the indicated 
doses. Proteins were analyzed by western blotting (a, b). HCT116 
cells were pre-treated with or without 10 or 20 μM SP600125 and then 
treated with gefitinib in the giving doses. The expression of proteins 
were analyzed by western blotting (c) and the cell surface DR4 and 
DR5 expression was tested by flow cytometry (d). HCT116 cells were 
transfected with CHOP siRNA and then exposed to 50 μM gefitinib 
for 24 h. Whole-cell extracts were prepared and analyzed by western 
blotting (e). HCT116 cells were pre-treated with or without SP600125 
and then co-treated with or without gefitinib and/or TRAIL for 24 h. 
The cells were stained with PI and were analyzed by flow cytometry (f)


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Because the inhibition of autophagy only partially decreased 
the effect of gefitinib on DR4 and DR5 expression, another 
mechanism of action aside from autophagy is likely also in 
play. Because Akt, ERK and JNK can mediate death receptor 
upregulation [11, 35, 36], we investigated whether these kinases 
could be that missing link. Our results demonstrated that gefi-
tinib only provoked JNK activation, and that gefitinib-induced 
death receptor upregulation required the activation of JNK.

In addition to death receptor upregulation, the down-
regulation of ERK and Akt by gefitinib may also lead to 
enhancement of TRAIL-induced apoptosis. Therefore, we 
concluded that gefitinib treatment of cancer cells results in 
the enhancement of TRAIL-induced apoptosis. Gefitinib 
effectively enhanced TRAIL-induced apoptosis by inhibit-
ing Akt and ERK activation and up-regulating autophagy- 
and JNK- mediated death receptors expression (Fig. 6). Our 
findings contribute significantly to the understanding of the 
anticancer activity of gefitinib and warrant further evalua-
tion for the combination of gefitinib and TRAIL as a poten-
tial therapeutic regimen against human colon cancer.
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Death receptor expression is tightly regulated by tran-
scriptional and post- transcriptional mechanisms. Here we 
found that gefitinib did not alter mRNA expression of either 
death receptor, indicating that gefitinib might upregulate 
these death receptors by post-transcriptional mechanism. 
To confirm the hypothesis, the translation inhibitor cyclo-
heximide was used. The results showed that cycloheximide 
blocked gefitinib-induced DR5 and DR4 expression.

Autophagy, a highly conserved and regulated cellular 
process employed by living cells to degrade proteins and 
cell organelles, has been reported to be induced following 
treatment with EGFR-TKIs in NSCLC and breast cancer cell 
lines [29, 30]. Therefore, we next asked whether autophagy 
could be related to gefitinib-induced death receptor upregu-
lation. Our results showed that pre-treatment with autophagy 
inhibitor 3-MA substantially suppressed cell surface expres-
sion of death receptors and significantly reduced the extent 
of gefitinib/TRAIL-induced apoptosis. This finding allowed 
us to conclude that gefitinib treatment, at least in part, could 
account for the increase in DR4 and DR5 expression.

Although autophagy is known to regulate key processes 
associated with TRAIL resistance [31], the molecular mech-
anism of autophagy-mediated TRAIL resistance remains 
unknown [32, 33]. Recently, TRAIL-resistant breast cancer 
cells were reported to have a high basal level of autopha-
gosomes that sequestered DR4 and DR5, which may con-
tribute to the deficiency of these molecules on the cell 
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Fig. 6  Schematic representation of the mechanism by which gefitinib 
potentiates TRAIL-induced apoptosis
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