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Cetuximab enhances cisplatin-induced endoplasmic reticulum
stress-associated apoptosis in laryngeal squamous cell
carcinoma cells by inhibiting expression of TXNDCS3S
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Abstract. Cisplatin and cetuximab, an anti-epidermal growth
factor receptor (EGFR) monoclonal humanized antibody, have
been used for treatment of laryngeal squamous cell carcinoma
(LSCCQ). It has been demonstrated that cisplatin and inhibition
of EGFR signaling may induce endoplasmic reticulum (ER)
stress-associated apoptosis. However, ER protein thioredoxin
domain-containing protein 5 (TXNDCS) reportedly protects
cells from ER stress-associated apoptosis. The present study
investigated the interaction between cisplatin, cetuximab and
TXNDCS5 on ER stress-associated apoptosis in LSCC cells.
AMC-HN-8 human LSCC cells with or without TXNDC5
overexpression or knockdown were treated with cisplatin (5, 10,
20 and 40 M) and/or cetuximab (10, 50, 100 and 150 pg/ml),
for 12,24, 36 and 48 h. Cisplatin and cetuximab concentration-
and time-dependently increased and decreased the expression
of TXNDCS5 in AMC-HN-8 cells, respectively. Knockdown
of TXNDC5 markedly augmented cisplatin-induced levels
of CCAAT/enhancer-binding protein homologous protein
(CHOP), caspase-3 activity and apoptosis; while overexpres-
sion of TXNDCS largely eliminated cetuximab-induced levels
of CHOP, caspase-3 activity and apoptosis. Cisplatin and
cetuximab demonstrated a combinatorial effect on increasing
the levels of CHOP, caspase-3 activity and apoptosis, which
was largely eliminated by overexpression of TXNDCS5 or
a reactive oxygen species (ROS) scavenger/antagonist. In
addition, promoter/luciferase reporter assays revealed that
cisplatin and cetuximab regulated the expression of TXNDC5
at the gene transcription/promoter level. In conclusion, the
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findings suggested that ER stress-associated apoptosis is a
major mechanism underlying the apoptotic effect of cisplatin
and cetuximab on LSCC cells; cetuximab enhanced cispl-
atin-induced ER stress-associated apoptosis in LSCC cells
largely by inhibiting the expression of TXNDCS5 and thereby
increasing ROS production; cisplatin and cetuximab had stim-
ulatory and inhibitory effects on the TXNDCS5 gene promoter,
respectively. The present study offered novel insights into the
pharmacological effects of cisplatin and cetuximab on LSCC.
It also suggested that TXNDCS5 may be a potential therapeutic
target for LSCC.

Introduction

Laryngeal squamous cell carcinoma (LSCC), which accounts
for ~14% of head and neck squamous cell carcinomas
(SCCs) (1), is one of the most common carcinomas of the
head and neck (1). Key features of LSCC include rapid
progression, aggressive behavior, resistance to chemotherapy
and poor prognosis (2,3). Patients with advanced LSCC are
typically treated with a combination of surgery, chemotherapy
and radiation therapy (4). Despite advances in treatment, the
survival of patients with LSCC remains low, primarily due to
its resistance to anticancer drugs (2,3). Therefore, it is impera-
tive to identify novel methods to improve therapeutic efficacy
for this disease.

Overexpression of epidermal growth factor receptor
(EGFR) has been associated with tumor progression and
resistance to chemotherapy and radiotherapy (5). EGFR and
its ligands are overexpressed in head and neck SCCs including
LSCC (5). Cetuximab, an anti-EGFR monoclonal humanized
antibody, has been proved clinically effective in patients with
recurrent or metastatic head and neck SCCs in combination
with cisplatin-based chemotherapy (5,6). A recent in vitro
study has demonstrated that cetuximab increases the thera-
peutic effect of cisplatin in LSCC cells (5).

As the most commonly used chemotherapeutic agent for the
treatment of solid tumors, cisplatin has been proven effective
for treatment of LSCC (7). However, the efficacy of cisplatin
diminishes when LSCC develops resistance to it during the
treatment process (7). It has been demonstrated that cisplatin
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has effects on multiple cellular targets in tumor cells in addi-
tion to nuclear DNA (8-10). Previous studies have revealed that
cisplatin induces endoplasmic reticulum (ER) stress (11-13).
ER stress-associated apoptosis is hypothesized to be a major
cisplatin-induced pathway, which contributes to cisplatin cyto-
toxicity and is also involved in cisplatin resistance (14). Recent
studies have suggested that EGFR signaling is also involved
in ER stress-associated apoptosis (15,16). Miao et al (15)
demonstrated that EGFR signaling protected cardiomyocytes
from ER stress-associated apoptosis. However, Hong et al (16)
demonstrated that inhibiting EGFR signaling triggered ER
stress, which resulted in ER-mediated cell death.

ER is an essential subcellular compartment responsible for
the synthesis and folding of proteins (17). Various physiolog-
ical and pathological conditions may lead to ER stress, which
results in an accumulation of unfolded or misfolded proteins in
the ER lumen (18,19). This cellular stress subsequently causes
an activation of the unfolded protein response, which induces
the expression of chaperones and proteins involved in the
recovery process (20). Moderate ER stress can be resolved and
ER homeostasis restored to maintain cell survival, whereas
severe and prolonged ER stress may induce cell apoptosis by
activating downstream apoptotic signaling pathways (20). A
decisive factor in this process is CCA AT/enhancer-binding
protein homologous protein (CHOP), also known as growth
arrest and DNA damage inducible gene (GADDI153) (21).
CHOP exhibits pro-apoptotic activity and is critical for trig-
gering apoptosis in response to ER stress (22). Increased
expression of CHOP activates caspases, integrates mitochon-
drial events and amplifies the death signal (21).

Thioredoxin domain-containing protein 5 (TXNDC5), a
memberof the disulfide isomerase family,is primarily expressed
in the ER (23). It has been demonstrated that TXNDCS5
protects cells from ER stress-induced apoptosis (24,25) by
facilitating proteins to fold correctly via formation of disulfide
bonds through its thioredoxin domains (26).

The present study for the first time, to the best of the
authors' knowledge, investigated the interaction among
cisplatin, cetuximab and TXNDCS5 in ER stress-associated
apoptosis in LSCC cells.

Materials and methods

Cell culture and treatments. The AMC-HN-8 human LSCC
cell line was purchased from the Shanghai Institute of the
Chinese Academy of Science (Shanghai, China), and cultured
in RPMI 1640 media supplemented with 10% fetal bovine
serum and 100 M penicillin and streptomycin (Thermo Fisher
Scientific, Inc., Waltham, MA, USA) in a humidified atmo-
sphere containing 5% CO, at 37°C. The cells were treated with
cisplatin (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)
at 5, 10, 20 and 40 uM and/or cetuximab (Merck KGaA) at
10, 50, 100 and 150 pg/ml for 12,24, 36 and 48 h, in the pres-
ence or absence of 10 mM reactive oxygen species (ROS)
scavenger/antagonist N-acetylcysteine (NAC; Sigma-Aldrich;
Merck KGaA). For TXNDCS5 knockdown, AMC-HN-8 cells
were transduced with human ERp46/TXNDCS5 lentiviral
particles (sc-60601-V; Santa Cruz Biotechnology, Inc., Dallas,
TX, USA), with cells transduced with control short hairpin
RNA (shRNA) lentiviral particles (sc-108080; Santa Cruz
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Biotechnology, Inc.) as a control. For TXNDCS5 overexpres-
sion, human full length TXNDCS5 cDNA clone (SC109657)
was purchased from Origene Technologies, Inc. (Beijing,
China) and subcloned into pcDNA 3.1 expression vector
(V79020; Thermo Fisher Scientific, Inc.); then AMC-HN-8
cells were transfected with the TXNDCS5-expressing vector
using Lipofectamine 3000 transfection reagent (L.3000008;
Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol. Empty expression vector was used as the
control. The cells were subject to subsequent experiments 24 h
following transduction/transfection.

Real-time reverse transcription-quantitative polymerase chain
reaction (RT-gPCR). RNA was prepared from AMC-HN-8
cells using TRIzol reagent (Thermo Fisher Scientific, Inc.)
followed by purification with TURBO DNA-free System
(Ambion, Austin, TX, USA). cDNA was synthesized using
SuperScript II reverse transcriptase (Thermo Fisher Scientific,
Inc.) and random hexamer primers (Thermo Fisher Scientific,
Inc.). RT-qPCR was performed using an ABI-PRISM 7700
Sequence Detection System (Applied Biosystems; Thermo
Fisher Scientific, Inc.) and the fluorescent dye SYBR Green
Master Mix (Thermo Fisher Scientific, Inc.), according
to the manufacturer's protocol. The primers used were as
follows: Forward, 5-GGGTCAAGATCGCCGAAGTA-3' and
reverse, 5SGCCTCCACTGTGCTCACTGA3' for TXNDCS5;
and forward, SSCCCTGTAATTGGAATGAGTCCAC3' and
reverse, SSGCTGGAATTACCGCGGCT3' for 18S rRNA.
The PCR amplification condition was: Initial denaturation for
20 sec at 95°C, 40 cycles of denaturation for 3 sec at 95°C,
annealing for 30 sec at 60°C. Relative quantification of the
TXNDCS5 expression level was determined using the 2-44¢4
method (27) and normalized against that of 18S rRNA in the
same sample. Each experiment was repeated three indepen-
dent times in duplicate.

Western blot analysis. Whole cell lysates were extracted
by incubating AMC-HN-8 cells with lysis buffer [SO mM
Tris-HCI (pH 7.2), 150 mM NaCl, 1% (v/v) Triton X-100,
1 mM sodium orthovanadate, 50 mM sodium pyrophos-
phate, 100 mM sodium fluoride, 0.01% (v/v) aprotinin,
4 pug/ml pepstatin A, 10 yg/ml leupeptin and 1 mM phenyl-
methanesulfonyl fluoride; all Sigma-Aldrich; Merck KGaA]
on ice for 30 min and removing cell debris by centrifugation
at 2,000 x g for 15 min at 4°C. For the detection of nuclear
receptor subfamily 4 group A member 1 (NR4A1), nuclear
extracts were prepared as previously described (28). Equal
amount of proteins (7 pg) for each sample were separated by
10% SDS-PAGE and blotted onto a polyvinylidene difluoride
microporous membrane (EMD Millipore, Billerica, MA,
USA). The membranes were blocked with 5% skimmed
milk powder in TBS containing 0.1% Tween-20 (SRE0031;
Sigma-Aldrich; Merck KGaA) for 2 h at room temperature,
and incubated for 1 h at room temperature with a 1:1,000 dilu-
tion of goat anti-human ERp46/TXNDCS polyclonal antibody
(sc-49660), mouse anti-mouse GADDI153/CHOP monoclonal
antibody (sc-7351), rabbit anti-human cleaved caspase-3
pll polyclonal antibody (sc-22171-R), mouse anti-human
[B-actin monoclonal antibody (sc-130301), mouse anti-human
NR4A1/Nur77 monoclonal antibody (sc-365113), or goat
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anti-human histone H3 polyclonal antibody (sc-8654; all Santa
Cruz Biotechnology, Inc.). Membranes were subsequently
washed in TBST (Sigma-Aldrich; Merck KGaA) for 5 min
three times, and probed using bovine anti-goat (sc-2378),
bovine anti-mouse (sc-2371) or bovine anti-rabbit (sc-2370;
all Santa Cruz Biotechnology, Inc.) horseradish peroxi-
dase-conjugated secondary antibodies at a 1:5,000 dilution
for 1 h at room temperature. Protein bands were visualized by
enhanced chemiluminescence (GE Healthcare Life Sciences,
Little Chalfont, UK) using the ChemiDoc Touch Imaging
system (Bio-Rad Laboratories, Inc., Hercules, CA, USA) and
Image Lab Touch software version 4.1 (Bio-Rad Laboratories,
Inc.) for image acquisition and densitometric analysis. Three
independent experiments were performed.

Intracellular ROS detection. ROS were measured using the
Dichlorodihydrofluorescein Diacetate (DCFDA) Cellular
Reactive Oxygen Species Detection Assay kit (abl113851;
Abcam, Cambridge, UK), according to the manufacturer's
protocol. Cells were plated at 7x10* cells/well in black 96-well
plates and incubated with 25 yM DCFDA for 45 min at 37°C.
Fluorescence was detected using a Victor3 1420 Multilabel
Counter (PerkinElmer, Inc., Shanghai, China).

Caspase-3 activity assay. The activity of caspase-3 was deter-
mined using a colorimetric Caspase-3 Assay kit (ab39401;
Abcam, Cambridge, MA, USA). The assays were performed
in 96-well plates by incubating 20 pl cell lysate protein/sample
in 70 ul reaction buffer [1% NP-40,20 mM Tris-HCI (pH 7.5),
137 mM Nad and 10% glycerol] containing 10 ul caspase-3
substrate (2 mM). The lysates were subsequently incubated at
37°C for 6 h, following which the samples were assayed using
an iMark Microplate Absorbance Reader (1681130; Bio-Rad
Laboratories, Inc.) at 405 nm. Each experiment was repeated
three independent times in duplicate.

Cellular apoptosis assay. AMC-HN-8 cells with or without
TXNDCS5 knockdown or overexpression were cultured at
7x10* cells/well in 96-well tissue culture plates in the pres-
ence of cisplatin (40 uM) and/or cetuximab (150 pg/ml) for
48 h at 37°C. Cellular apoptosis was measured with a micro-
plate reader-based TiterTACS in situ apoptosis detection kit
(4822-96-K; R&D systems, Inc., Minneapolis, MN, USA),
according to manufacturer's protocol. Each experiment was
repeated three independent times in duplicate.

Luciferase reporter assay. AMC-HN-8 cells were trans-
fected with a commercially available human TXNDCS5 gene
promoter/pLightSwitch_Prom luciferase reporter (S709642;
SwitchGear Genomics, Menlo Park, CA, USA) using
Lipofectamine 3000 transfection reagent (Thermo Fisher
Scientific, Inc.) for 24 h at 37°C, and subsequently treated
with cisplatin (Sigma-Aldrich; Merck KGaA) at 5, 10, 20 and
40 uM and/or cetuximab (Merck KGaA) at 10, 50, 100 and
150 pug/ml for 48 h 37°C. Luciferase assays were performed
with the LightSwitch Luciferase Assay kit (LS010; SwitchGear
Genomics) according to the manufacturer's protocol. Plasmid
PRL-CMV (Promega Corporation, Madison, WI, USA)
encoding Renilla luciferase (at 1/5 molar ratio to the reporter
plasmid) was co-transfected with the reporter plasmid in each
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transfection as an internal control for data normalization. Each
experiment was repeated three independent times in duplicate.

Statistical analysis. Statistical analyses were performed with
SPSS software version 10.0 (SPSS Inc., Chicago, IL, USA). All
data values were expressed as the mean + standard deviation.
Comparisons of means among multiple groups were performed
using one-way analysis of variance followed by post hoc pair-
wise comparisons using Tukey's test. P<0.05 was considered to
indicate a statistically significant difference.

Results

Cisplatin and cetuximab increase and decrease the expres-
sion of TXNDC5 in human LSCC cells, respectively. To
examine the effects of cisplatin and cetuximab on the
expression of TXNDCS5 in LSCC cells, AMC-HN-8 human
LSCC cells were treated with cisplatin (5, 10, 20 and 40 uM)
or cetuximab (10, 50, 100 and 150 pg/ml) for 12, 24, 36 and
48 h. As demonstrated in Table I, cisplatin concentration- and
time-dependently increased the mRNA level of TXNDCS5
in AMC-HN-8 cells, until it reached a plateau at 20-40 yM
following 36-48 h of treatment. As demonstrated in Table II,
cetuximab concentration- and time-dependently decreased the
mRNA level of TXNDCS5 in AMC-HN-8 cells, until it reached
a plateau at 100-150 pg/ml following 36-48 h of treatment.
Western blot analyses confirmed that in AMC-HN-8 cells
under 48 h of treatment, cisplatin and cetuximab concen-
tration-dependently increased and decreased the protein
levels of TXNDCS until reaching a plateau at 20-40 M and
100-150 pg/ml, respectively (Fig. 1).

Cetuximab enhances cisplatin-induced ER stress-associ-
ated apoptosis in LSCC cells by inhibiting expression of
TXNDCS5. It has been reported that cisplatin induces ER
stress-associated apoptosis (20,21), while TXNDCS5 has
been demonstrated to protect cells from ER stress-induced
apoptosis (24,25). Recent studies have suggested that EGFR
signaling is also involved in ER stress-associated apop-
tosis (15,16). To investigate the functional role of TXNDCS5
in the effects of cisplatin and cetuximab on ER stress in
LSCC cells, TXNDCS5 was overexpressed and knocked down
in AMC-HN-8 cells, respectively. As demonstrated in Fig. 2,
compared with the controls, TXNDC5 was successfully over-
expressed >3-fold and knocked down by >80% in AMC-HN-8
cells. As demonstrated in Fig. 3, compared with the control,
cisplatin (40 M) increased the expression of TXNDCS5 by
~3-fold, which was completely eliminated by knocking down
TXNDCS5; however, cetuximab (150 pg/ml) decreased the
expression of TXNDC5 by ~70%, which was completely
reversed by overexpressing TXNDCS5; combined treatment
with cisplatin (40 xM) and cetuximab (150 pg/ml) restored
the expression of TXNDCS5 to the control level, compared
with their individual effect. The expression of CHOP, a
decisive factor in ER-stress-associated apoptosis (21,22), was
increased by ~2.5-fold by cisplatin; this effect of cisplatin
was more than doubled by TXNDCS5 knockdown (Fig. 3).
Cetuximab increased the expression of CHOP by ~3-fold,
which was completely eliminated by TXNDCS5 overex-
pression (Fig. 3). Cisplatin and cetuximab demonstrated a
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Table I. TXNDCS5 mRNA levels in LSCC cells following treatment with cisplatin.

TXNDCS5 mRNA levels at time point, h

Cisplatin, M 12 36 48

5 1.01+0.03 1.03+0.03 1.05+0.04 1.02+0.02
10 1.19+0.06 1.55+0.08%¢ 1.97£0.1124 2.07£0.12¢4
20 1.68+0.08"" 2.39+0.13*¢ 2.94+0.15*¢ 3.06+0.15*¢
40 1.76+0.09** 2.50+0.14*¢ 3.04+0.15*¢ 3.19+0.16*¢

The mRNA levels of TXNDCS in treated AMC-HN-8 human LSCC cells are presented as fold changes compared with untreated cells (desig-
nated as 1). “P<0.05 vs. treatment with cisplatin (5 xM); "P<0.05 vs. treatment with cisplatin (10 xM); “P<0.05 vs. 12 h of treatment with
cisplatin at each concentration; “P<0.05 vs. 24 h of treatment with cisplatin at each concentration. TXNDCS3, thioredoxin domain-containing

protein 5; LCSS, laryngeal squamous cell carcinoma.

Table II. TXNDC5 mRNA levels in LSCC cells following treatment with cetuximab.

TXNDC5 mRNA levels at times point, h

Cetuximab, pg/ml 12 24 36 48
10 1.03+£0.02 1.01£0.02 0.98+0.03 0.96+0.03
50 0.92+0.03* 0.76+0.06¢ 0.62+0.07¢4 0.57£0.07%¢4
100 0.84+0.06*° 0.50+0.08*¢ 0.38+0.06"¢ 0.33+0.07*¢
150 0.79+0.07*° 0.44+0.08*¢ 0.32+0.07*¢ 0.270.06*

The mRNA levels of TXNDCS in treated AMC-HN-8 human LSCC cells are presented as fold changes compared with untreated cells
(designated as 1). P<0.05 vs. treatment with cetuximab (10 pg/ml); °P<0.05 vs. treatment with cetuximab (50 pg/ml); °P<0.05 vs. 12 h of
treatment with cetuximab at each concentration; ‘P<0.05 vs. 24 h of treatment with cetuximab at each concentration. TXNDCS5, thioredoxin
domain-containing protein 5; LSCC, laryngeal squamous cell carcinoma.

combinatorial effect on increasing the expression of CHOP,
which was decreased by ~45% by TXNDCS5 overexpression.
The level of cleaved caspase-3, a major caspase activated in
apoptotic cells (29), was increased by ~4-fold by cisplatin;
this effect of cisplatin was increased by >2-fold by TXNDC5
knockdown (Fig. 3). Cetuximab increased the level of cleaved
caspase-3 by ~3-fold, which was completely eliminated by
TXNDCS overexpression (Fig. 3). Cisplatin and cetuximab
demonstrated a combinatorial effect on increasing the level
of cleaved/activated caspase-3, which was decreased by ~50%
by TXNDCS5 overexpression. The findings were confirmed
by directly measuring the caspase-3 activity (Fig. 4), which
demonstrated a similar data trend.

It has been reported that TXNCDS maintains levels of
cellular reductants and that drug- or siRNA-induced down-
regulation of TXNDCS5 induces ROS, which in turn activates
ER stress and CHOP expression (30). Therefore, the interac-
tive effects of TXNDCS, cisplatin, cetuximab and ROS
scavenger/antagonist NAC on ROS production and CHOP
expression in LSCC cells were investigated. As demonstrated
in Fig. 5A, cisplatin (40 yM) and cetuximab (150 pg/ml)
significantly induced ROS in AMC-HN-8 cells (P<0.05),
which was respectively enhanced by TNXDCS5 knockdown
and inhibited by TXNDC5 overexpression; cisplatin and

cetuximab exhibited a combinatorial effect on inducing ROS,
which was significantly eliminated by TXNDCS5 overexpres-
sion or NAC (P<0.05). As demonstrated in Fig. 5B, NAC
significantly decreased cisplatin- and cetuximab-induced
CHOP expression in addition to the combinatorial promoting
effect of cisplatin and cetuximab on CHOP expression in
AMC-HN-8 cells (P<0.05).

As demonstrated in Fig. 6, treatment with cisplatin (40 zM)
for 48 h resulted in 56% of apoptosis, which was increased to
82% by TXNDCS5 knockdown and decreased to 43% by NAC;
treatment with cetuximab (150 pg/ml) for 48 h resulted in 30%
apoptosis, which was brought down to 14.5% by TXNDCS5 and
to 21% by NAC. Combined treatment with cisplatin (40 yM)
and cetuximab (150 pg/ml) resulted in 76% apoptosis, which
was brought down to 54% by TXNDCS5 overexpression and to
63% by NAC. Analyses of the data revealed that knockdown of
TXNDCS5 augmented the apoptotic effect of cisplatin by ~54%
[(82-56%)/(56-7.7%)=53.8%; basal apoptosis level=7.7%];
overexpression of TXNDCS reduced the apoptotic effect of
cetuximab by ~70% [(30-14.5%)/(30-7.7%)=69.5%]; the effect
of TXNDCS5 was primarily mediated by inhibiting ROS
production (~59%) [(76-63%)/(76-54%)=59.1%)].

The above findings suggested that cetuximab enhanced the
apoptotic effect of cisplatin on LSCC cells by promoting ER
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Figure 1. TXNDCS protein levels in laryngeal squamous cell carcinoma cells
in the presence of cisplatin and/or cetuximab. AMC-HN-8 human LSCC
cells were treated with cisplatin (5, 10, 20 and 40 M) and/or cetuximab
(10,50, 100 and 150 pug/ml) for 48 h. Then cell lysates were subject to western
blot analysis for TXNDCS5 expression. Lysates from untreated AMC-HN-8
cells were used as a control. Lane 1, control; lane 2, cisplatin (5 xM); lane 3,
cisplatin (10 #M); lane 4, cisplatin (20 xM); lane 5, cisplatin (40 xM); lane 6,
cetuximab (10 pg/ml); lane 7, cetuximab (50 ug/ml); lane 8, cetux-
imab (100 pg/ml); lane 9, cetuximab (150 pg/ml); lane 10, cisplatin
(40 uM) + cetuximab (150 pg/ml). B-actin was used as a loading control.
Density of the TXNDCS blot was normalized against that of 3-actin to obtain
a relative density, which was expressed as fold changes to that of control
(designated as 1). *P<0.05 vs. control; °P<0.05 vs. cisplatin (5 uM); °P<0.05
vs. cisplatin (10 zM); ‘P<0.05 vs. cetuximab (10 ug/ml); °P<0.05 vs. cetux-
imab (50 pg/ml). TXNDCS, thioredoxin domain-containing protein 5.

stress-associated apoptosis primarily via inhibiting expression
of TXNDCS5 and thereby increasing ROS production.

Cisplatin and cetuximab exhibit opposing effects on TXNDCS5
gene promoter. As indicated in Tables I and II, cisplatin and
cetuximab exhibited opposing effects on the TXNDC5 mRNA
level, suggesting that the two drugs may affect the TXNDC5
gene promoter activity. AMC-HN-8 cells were transfected with
a human TXNDCS gene promoter/luciferase reporter, and the
cells were treated with cisplatin (5, 10,20 and 40 xM) or cetux-
imab (10, 50, 100 and 150 pg/ml) for 48 h. As demonstrated
in Fig. 7, cisplatin and cetuximab concentration-dependently
increased and decreased the TXNDCS5 promoter activity,
respectively. Combined treatment with cisplatin (40 xM)
and cetuximab (150 pg/ml) restored the TXNDCS5 promoter
activity to the control level, compared with their individual
effect (Fig. 7). The findings suggested that cisplatin and cetux-
imab exhibit opposing effects on the TXNDCS5 gene promoter.

As TXNDCS5 expression is reportedly regulated by the
orphan nuclear receptor NR4A1 in cancer cell lines (30-32) and
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Figure 2. Overexpression and knockdown of TXNDCS in laryngeal
squamous cell carcinoma cells. AMC-HN-8 cells were transfected with
a human TXNDCS5-cDNA expression vector or transduced with human
TXNDCS5-shRNA lentiviral particles to overexpress and knock down
TXNDCS, respectively. The NC, cells transfected with the VC, or cells
transduced with SC were used as controls. Lane 1, NC; lane 2, VC; lane 3,
TX-cDNA; lane 4, SC; lane 5, TX-shRNA. f-actin was used as a loading
control. Density of the TXNDCS blot was normalized against that of 3-actin
to obtain a relative density, which was expressed as fold changes to that
of NC (designated as 1). "P<0.05 vs. NC; AP<0.05 vs. VC; "P<0.05 vs. SC.
TXNDCS5/TX, thioredoxin domain-containing protein 5; shRNA, short
hairpin RNA; NC, untransduced/untransfected cells; VC, empty expression
vector; SH, control shRNA lentiviral particles.

NR4AL1 also serves arole in cisplatin-induced responses (33,34),
it was subsequently examined whether cisplatin and/or cetux-
imab exhibited an effect on NR4Al levels in the nucleus of
AMC-HN-8 cells. As demonstrated in Fig. 8, cisplatin and
cetuximab demonstrated no significant effects on the nuclear
NR4AL1 protein level, suggesting that NR4A1 did not serve a
role in the regulatory effects of cisplatin and cetuximab on the
TXNDCS5 gene promoter.

Discussion

Cisplatin and cetuximab have been used for the treatment of
LSCC (5,6). It has been demonstrated that cisplatin and inhi-
bition of EGFR signaling may induce ER stress-associated
apoptosis (11-16). However, ER protein TXNDCS5 reportedly
protects cells from ER stress-induced apoptosis (24,25).
The present study provided the first evidence, to the best
of the authors' knowledge, that: i) While inducing ER
stress-associated apoptosis, cisplatin also induces expression
of TXNDCS5 in LSCC cells; ii) cetuximab inhibits the expres-
sion of TXNDCS5 in LSCC cells; and iii) cetuximab enhances
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Figure 3. Protein levels of TXNDCS5, CHOP and cleaved caspase-3 in laryngeal squamous cell carcinoma cells with or without TXNDCS5 overexpression or
knockdown in the presence of cisplatin and/or cetuximab. AMC-HN-8 cells with or without TXNDCS5 overexpression (TX-cDNA) or knockdown (TX-shRNA)
were treated with cisplatin (40 xM) and/or cetuximab (150 pg/ml) for 48 h. The cell lysates were subject to western blot analyses to determine the protein
levels of TXNDCS5, CHOP and cleaved caspase-3. Lysates from untreated AMC-HN-8 cells were used as a control. Lane 1, control; lane 2, cisplatin (40 zM);
lane 3, cisplatin (40 xM) + TX-shRNA; lane 4, cetuximab (150 pg/ml); lane 5, cetuximab (150 ug/ml) + TX-cDNA; lane 6, cisplatin (40 M) + cetuximab
(150 peg/ml); lane 7, cisplatin (40 M) + cetuximab (150 pg/ml) + TX-cDNA. 3-actin blotting was used as a loading control. Density of the TXNDCS5, CHOP
or cleaved caspase-3 blot was respectively normalized against that of -actin to obtain a relative density, which was expressed as fold changes to that of control
(designated as 1). “P<0.05 vs. control; "P<0.05 vs. cisplatin (40 gM); °P<0.05 vs. cisplatin (40 uM) + TX-shRNA; “P<0.05 vs. cetuximab (150 pg/ml); °P<0.05 vs.
cetuximab (150 pg/ml) + TX-cDNA; 'P<0.05 vs. cisplatin (40 zM) + cetuximab (150 gg/ml). TXNDC5/TX, thioredoxin domain-containing protein 5; CHOP,
CCAAT/enhancer-binding protein homologous protein; shRNA, short hairpin RNA.

the apoptotic effect of cisplatin on LSCC cells primarily via As the previously widely used Hep-2 cell line has been
inhibiting expression of TXNDCS5. identified to be dominated by HeLa cell contamination rather
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Figure 4. Caspase 3 activities in laryngeal squamous cell carcinoma
cells with or without TX overexpression or knockdown in the presence
of cisplatin and/or cetuximab. AMC-HN-8 cells with or without TX
overexpression (TX-cDNA) or knockdown (TX-shRNA) were treated
with cisplatin (40 xM) and/or cetuximab (150 pxg/ml) for 48 h and the
caspase-3 activity was measured with a colorimetric caspase 3 assay kit and
expressed as fold changes to that of untreated cells (control; designated as
1). *P<0.05 vs. control; °P<0.05 vs. cisplatin (40 zM); “P<0.05 vs. cetuximab
(150 pg/ml); 'P<0.05 vs. cisplatin (40 uM) + cetuximab (150 pg/ml). TX,
thioredoxin domain-containing protein 5; shRNA, short hairpin RNA.

than LSCC cells (35), only the AMC-HN-8 human LSCC cell
line was used as a cell model in the study (36). In agreement
with previous studies demonstrating that cisplatin induces
ER stress-associated apoptosis (14,21), cisplatin induced ER
stress-associated apoptosis in LSCC cells in the present study,
as evidenced by elevated levels of CHOP, caspase activity and
apoptosis. Cisplatin also induced TXNDCS5, an ER protein
protective against ER stress-associated apoptosis (23-26);
this may be a protective response of LSCC cells to promote
survival under cisplatin-induced ER stress. The direct effect
of this response was to decrease cisplatin-induced apoptosis,
which was demonstrated by: i) The marked enhancement of
the apoptotic effect of cisplatin following TXNDCS5 knock-
down; and ii) cetuximab, which inhibited the expression of
TXNDCS5, markedly enhanced the apoptotic effect of cisplatin
and this effect was eliminated by overexpressing TXNDCS.
Knockdown of TXNDCS5 augmented the apoptotic effect of
cisplatin by ~54%, suggesting that ER stress-associated apop-
tosis is a major mechanism underlying the apoptotic effect of
cisplatin on LSCC cells and that TXNDCS is a critical factor
in this process.

It has been reported that cetuximab effectively antago-
nizes EGFR signaling (5,6,37) and that inhibition of EGFR
signaling induces ER stress-associated apoptosis (15,16). In
agreement with these previous reports, cetuximab induced
ER stress-associated apoptosis in LSCC cells in the present
study, as evidenced by elevated levels of CHOP, caspase
activity and apoptosis. Overexpression of TXNDC5 reduced
the apoptotic effect of cetuximab by ~70%, suggesting that ER
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Figure 5. ROS production and CHOP mRNA levels in laryngeal squamous
cell carcinoma cells with or without TX overexpression or knockdown in the
presence of cisplatin, cetuximab and/or ROS scavenger. AMC-HN-8 cells
with or without TX overexpression (TX-cDNA) or knockdown (TX-shRNA)
were treated with cisplatin (40 M) and/or cetuximab (150 gg/ml) in the
presence or absence of 10 uM ROS scavenger NAC for 48 h. (A) ROS produc-
tion and (B) the CHOP mRNA level were determined and expressed as fold
changes to those of untreated cells (control; designated as 1), respectively.
2P<0.05 vs. control; °P<0.05 vs. cisplatin (40 uM); °P<0.05 vs. cetuximab
(150 pg/ml); “P<0.05 vs. cisplatin (40 uM) + cetuximab (150 pg/ml). ROS,
reactive oxygen species; CHOP, CCAAT/enhancer-binding protein homolo-
gous protein; TX, thioredoxin domain-containing protein 5; shRNA, short
hairpin RNA; NAC, N-acetylcysteine.

stress-associated apoptosis is a major mechanism underlying
the apoptotic effect of cetuximab on LSCC cells and that
TXNDCS is a critical factor in this process.

In agreement with previous studies demonstrating
that TXNDCS5 protects cells from ER stress-induced
apoptosis (24,25), the present study demonstrated by over-
expression and knockdown experiments that TXNDCS is
an effective protective/survival factor against cisplatin- and
cetuximab-induced ER stress-associated apoptosis. Therefore,
TXNDCS5 may be a new potential therapeutic target for LSCC
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Figure 6. Apoptosis in laryngeal squamous cell carcinoma cells with or
without TX overexpression or knockdown in the presence of cisplatin,
cetuximab and/or ROS scavenger. AMC-HN-8 cells with or without TX
overexpression (TX-cDNA) or knockdown (TX-shRNA) were treated with
cisplatin (40 M) and/or cetuximab (150 pg/ml) in the presence or absence
of 10 mM ROS scavenger/antagonist NAC for 48 h. The apoptosis rate (in
percentage of total cells) was measured with a microplate reader-based
apoptosis detection kit. “P<0.05 vs. control; °P<0.05 vs. cisplatin (40 uM);
°P<0.05 vs. cetuximab (150 pg/ml); ‘P<0.05 vs. cisplatin (40 uM) + cetux-
imab (150 mg/ml). TX, thioredoxin domain-containing protein 5; shRNA,
short hairpin RNA; NAC, N-acetylcysteine.

Relative TXNDCS promoter activity

Figure 7. TXNDCS5 gene promoter activities in laryngeal squamous cell
carcinoma cells in the presence of cisplatin and/or cetuximab. AMC-HN-8
cells were transfected with a human TXNDCS5 gene promoter/luciferase
reporter for 24 h and then treated with cisplatin (5, 10, 20 and 40 xM) and/or
cetuximab (10, 50, 100 and 150 pg/ml) for 48 h. Luciferase activities were
expressed as fold changes to that of untreated cells (control; designated
as 1). “P<0.05 vs. control; "P<0.05 vs. cisplatin (5 pM); °P<0.05 vs. cisplatin
(10 uM); 9P<0.05 vs. cetuximab (10 gg/ml); °P<0.05 vs. cetuximab (50 ug/ml).
TXNDCS, thioredoxin domain-containing protein 5.

and other cancers. In the present study, cetuximab enhanced
the apoptotic effect of cisplatin on LSCC cells primarily by
inhibiting the expression of TXNDCS5 and the overexpression
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Figure 8. Nuclear NR4A1 protein levels in LSCC cells in the presence of
cisplatin and/or cetuximab. AMC-HN-8 human LSCC cells were treated with
cisplatin (40 yM) and/or cetuximab (150 pg/ml) for 48 h. Then the nuclear
extracts were subject to western blot analyses for NR4A1 expression. Lysates
from untreated AMC-HN-8 cells were used as a control. Lane 1, control;
lane 2, cisplatin (40 uM); lane 3, cetuximab (150 pg/ml); lane 4, cisplatin
(40 uM) + cetuximab (150 ug/ml). Nuclear protein histone H3 blotting was
used as a loading control. Density of the nuclear NR4A1 blot was normalized
against that of histone H3 to obtain a relative density, which was expressed
as fold changes to that of control (designated as 1). NR4Al, nuclear receptor
subfamily 4 group A member 1; LSCC, laryngeal squamous cell carcinoma.

of TXNDCS5 eliminated the enhancing effect of cetuximab. It
may be worthwhile to examine whether cetuximab in combi-
nation with ER stress-inducing chemotherapeutic agents other
than cisplatin may benefit patients with LSCC or other cancers.
In addition, as radiotherapy is a major treatment for a number
of types of cancer, including advanced LSCC (4), and induces
ER stress in tumor cells (38,39), cetuximab in combination
with radiotherapy may benefit patients with advanced LSCC
or other cancer types.

TXNDCS reportedly facilitates the correct folding of
proteins via the formation of disulfide bonds through its
thioredoxin domains, thereby alleviating ER stress and
protecting cells from ER stress-associated apoptosis (24-26).
It has also been demonstrated that TXNCDS5 maintains
levels of cellular reductants and that drug- or siRNA-induced
downregulation of TXNDCS5 induces ROS, which in turn
activates ER stress and CHOP expression (30). Consistent
with previous reports, the present study identified that
cisplatin and cetuximab significantly induced ROS and
CHOP expression in AMC-HN-8 cells, which were respec-
tively enhanced by TNXDCS5 knockdown and inhibited by
TXNDCS5 overexpression; an ROS scavenger/antagonist
significantly decreased cisplatin- and cetuximab-induced
ROS and CHOP expression. Apoptosis analysis suggested
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that 59% of TXNDCS5 overexpression-induced inhibition
of the apoptotic effect of cetuximab may be attributed to it
inhibiting ROS production. The present results suggest that
cetuximab enhances cisplatin-induced ER stress-associated
apoptosis primarily by regulating TXNDC5-mediated inhibi-
tion of ROS production. Nevertheless, the other mechanisms
involved in how TXNDCS5 functions to lessen cisplatin- and
cetuximab-induced ER stress in LSCC cells remain to be
elucidated and require future studies. The present study iden-
tified that cisplatin and cetuximab exhibited opposing effects
on the TXNDCS gene promoter, suggesting that cisplatin and
cetuximab regulate the expression of TXNDCS5 at the gene
transcription/promoter level. The orphan nuclear receptor
NR4AI1 reportedly regulates TNXDCS5 expression (30-32)
and also serves a role in cisplatin-induced responses (33,34).
However, as cisplatin and cetuximab demonstrated no
significant effects on the nuclear NR4A1 protein level, it
is unlikely that NR4A1 mediates the regulatory effects of
cisplatin and cetuximab on the TXNDCS5 gene promoter. It is
hypothesized that the mechanisms underlying transcriptional
regulation of TXNDCS5 expression may be investigated in
future studies.

In conclusion, the results of the present study suggested
that ER stress-associated apoptosis is a major mechanism
underlying the apoptotic effect of cisplatin and cetuximab
on LSCC cells. Cetuximab enhances cisplatin-induced ER
stress-associated apoptosis in LSCC cells primarily by inhib-
iting the expression of TXNDCS and thereby increasing ROS
production. Cisplatin and cetuximab exhibited stimulatory
and inhibitory effects on the TXNDCS5 gene promoter, respec-
tively. The present study presented a novel understanding of
the pharmacological effects of cisplatin and cetuximab on
LSCC. The present study also suggested that TXNDCS5 may
be a potential novel therapeutic target for LSCC.
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