
Summary. Head and neck squamous cell carcinoma
(HNSCC) is the sixth most common cancer worldwide.
Acquired resistance to standard chemotherapy accounts
for most of treatment failure. Here we demonstrate that
Interferon-γ (INF-γ) may up-regulate Egr-1 gene
expression in HNSCC cell line SCC-25. Forced
expression of Egr-1 sensitizes SCC-25 cells to
chemotherapy-induced apoptosis and necroptosis, a
novel form of programmed cell death. Egr-1 up-
regulation also significantly increases the production of
Thrombospondin-1 (TSP-1), a matricellular glycoprotein
which has been described to induce cell death in
HNSCC. Moreover, INF-γ-induced sensitization of cells
to chemotherapy-mediated cell death and TSP-1
production could be markedly abolished by Egr-1
silencing. The present investigation provides the first
evidence that INF-γ may sensitize HNSCC cells to
chemotherapy-induced apoptosis and necroptosis
through up-regulation of Egr-1. These data support the
combination use of INF-γ and cytotoxic drugs for
HNSCC Therapy.
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Introduction

Squamous cell carcinoma of the head and neck
(HNSCC) is a relatively common human cancer with
600,000 new cases diagnosed per year worldwide.
Therapeutic options include cytotoxic chemotherapy,
radiation, and surgery. Clinical outcomes vary
significantly according to different subsites within the
head and neck region. Acquired resistance to standard
chemotherapy has been noted as one of the hallmarks of
HNSCC and accounts for most of treatment failure
(Rothenberg and Elisen, 2012).

Interferon-γ (INF-γ) is a type II interferon and is
produced predominantly by T lymphocytes and natural
killer cells (Han et al., 2011). As a potent
Immunomodifier, INF-γ regulates the expression of
apoptosis-related genes and may overcome tumor cell
apoptosis resistance, especially when used in
combination with conventional chemotherapy (Ahn et
al., 2002; Tekautz et al., 2006; Lissat et al., 2007; Zhou
et al., 2008; Häcker et al., 2009; Liu et al., 2011).
Moreover, INF-γ may enhance the anti-tumour immune
response of dendritic cells against HNSCC through
restoring the expression of antigen processing machinery
genes, including Tap-1 and Tapasin (Wei et al., 2011).

Cytotoxic chemotherapy may lead to cancer cell
death through the apoptotic pathway, which is well-
characterized. Accumulating evidence suggests a novel
kind of programmed necrosis, called necroptosis, could
act as an alternative mechanism to kill cells, especially
in apoptotic-deficient conditions (Hitomi et al., 2008;
Declercq et al., 2009; He et al., 2009; Zhang et al.,
2009). Several reports, including our recent
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investigation, have shown that targeting the key
regulators of both the apoptotic and necroptotic machine
to restore the cell death pathway may represent a novel
approach for cancer treatment (Horita et al., 2008; Liu et
al., 2012). Much less is known with respect to the
significance of necroptosis in HNSCC.

EGR1, a member of the immediate-early response
gene family, is induced by diverse stimuli such as stress,
injury, mitogens and differentiation factors. It regulates a
number of physiological and pathological processes,
including cell growth, differentiation and apoptosis
(Shin et al., 2006; Liu et al., 2009). Furthermore, several
studies, including our investigation, showed that Egr-1 is
involved in regulating invasive behavior of cancer cells.

In the present study, we determined the effect of
Egr-1 in INF-γ-induced chemosensitivity in HNSCC.
We also described the detailed role of apoptotic and
necroptotic mechanisms in cell death process in response
to the combination of INF-γ and cytotoxic drugs.
Materials and methods

Cell culture and reagents

SCC-25 human head and neck squamous carcinoma
(HNSCC) cell line was obtained from the American
Type Culture Collection (ATCC, Manassas, VA). Cells
were maintained in a 1:1 mixture of Dulbecco’s
modified Eagle’s medium and Ham’s F12 medium
containing 1.2 g/L sodium bicarbonate, 2.5 mM L-
glutamine, 15 mM HEPES, 0.5 Mm sodium pyruvate,
4.5 g/L glucose, and 400 ng/mL hydrocortisone with
10% fetal bovine serum. Cell viability was determined
by using a trypan blue dye exclusion assay. IFN-γ was
obtained from R&D System (R&D Systems,
Minneapolis, MN). Nec-1 and zVAD were purchased
from Alexis Biochemicals (San Diego, CA, USA).
Western blot

Whole-cell pellets were lysed in 50 mM Tris-HCl
(pH 7.6) buffer containing 0.15 M NaCl, 1 mM EDTA,
10 mg/ml leupeptin and benzamidine, 1 mM PMSF and
1% Triton X-100. Proteins in cell lysates were resolved
by SDS polyacrylamide gel electrophoresis and
transferred to nitrocellulose membranes (Bio-Rad,
Hercules, CA, USA). Membranes were blocked in
bovine serum albumin (3%) in Tris-buffered saline-
Tween 20 (0.05%) and incubated with antibody against
human Egr-1 (Santa Cruz Biotechnology, Santa Cruz,
CA) at 1:1000 dilutions followed by horseradish
peroxidase-conjugated secondary antibodies at 1:5000
dilutions. Detection was performed by using enhanced
chemiluminescence.
Quantitative real-time reverse transcription-PCR

Total RNA was extracted from cells using Trizol
(Invitrogen, San Diego, CA, USA) and treated with

DNaseI (Ambion, Austin, TX, USA). In all, 1 mg of
total RNA was used for first-strand DNA synthesis using
iScript cDNA Synthesis system (Bio-Rad). Real-Time
PCR was performed using iQ SYBR Green Supermix
and the iCycler Real-Time PCR Detection System (Bio-
Rad). Each sample was run in triplicate. The relative
RNA amounts were calculated with the ΔΔCt method
and normalized with an internal control, 18s rRNA. The
following primers were used for Egr-1 mRNA
amplification: forward 5’-AGCCCTACGAGC
ACCTGAC-3’ and reverse 5’-TGGGTTGGTCATGCTC
ACTA-3’.
ELISA

TSP-1 protein secreted in cultured supernatant was
measured by ELISA (Chemicon International, Temecula,
CA) according to the recommendation by the
manufacturer.
Plasmids

The expression plasmid of Egr-1 was constructed by
cloning human Egr-1 cDNA into pcDNA3.1 (Invitrogen)
with PCR primers containing NheI and XbaI sites. The
nucleotide sequences were confirmed by restriction
digestion and sequencing.
MTT assay

The MTT experiment was performed as described
previously (Liu et al., 2009). Cells were incubated for 2
h with MTT by adding 20 mL of 5 mg/mL MTT into
each well in a 96-well plate. Cells were then washed
with phosphate-buffered saline and solubilised with 100
mL dimethyl sulfoxide. Absorbance was read at λ=570
nm and survival was calculated as a percentage of
vehicle-treated controls.
siRNAs

siRNA transient transfection was performed using
the HiPerfect Transfection Reagent (Qiagen, Valencia,
CA, USA) according to the recommended procedure.
The sequence of siRNA targeting Egr-1 was listed as
follows: 5’-AGAGGCAUACCAAGAUCCATT-3’.
Statistical analysis

Data are presented as mean±s.d. of at least three
independent experiments. Differences between groups
were analyzed using two-tailed Student’s t-test. P<0.05
was considered statistically significant.
Results

INF-γ regulates Egr-1 expression in SCC-25 cells

We first investigated the effect of INF-γ treatment

1438
INF-g sensitizes HNSCC to Egr-1-mediated apoptisis and necroptosis



on Egr-1 expression in SCC-25 cells. SCC-25 cells were
incubated with 1000 U/ml INF-γ for different time
intervals following 12 h pretreatment with serum free
medium. Immunoblot analysis of whole-cell lysates
taken from SCC-25 cells indicated that Egr-1 protein
level was up-regulated remarkably by INF-γ treatment,
the maximal induction being observed following 3 h
drug incubation and the up-regulation was sustained for
at least 24 hours (Fig. 1A). SCC-25 cells were then
treated with a series of concentrations of INF-γ (0-3000
U/ml) for the peak induction period (3h). As shown in
Fig. 1B, the highest Egr-1 protein expression was
induced at 1000 U/ml INF-γ treatment in SCC-25 cells.
Also, as shown in Fig. 1C, among the different time
intervals tested, 1h INF-γ treatment resulted in the most
robust Egr-1 mRNA induction in SCC-25 cells.
Forced expression of Egr-1 sensitizes HNSCC cells to
chemotherapy-induced apoptosis and necroptosis

To study the effect of Egr-1 expression on
chemotherapy-mediated cytotoxicity, we transiently
transfected Egr-1 expression construct into SCC-25
cells. Forty-eight hours following transfection, Egr-1
expression levels were verified by western blot (Fig.
1A). Measurement of cell survival was then performed.
As shown in Fig. 2B, forced expression of Egr-1 led to a
notable increase in 5-FU or cisplatin-induced cell death
in SCC-25 cells.

A cell can die through the apoptosis or necrosis
pathway. Defects in both cell death programs may result
in chemotherapy resistance of cancer cells. In order to
determine the specific mechanisms which modulate Egr-

1-mediated cytotoxicity, Egr-1-transfected SCC-25 cells
were treated with cytotoxic drugs plus specific cell death
inhibitors [a pan-caspase inhibitor zVAD (20 mM), a
chemical inhibitor of necroptosis Necrostatin-1 (Nec-1,
30 mM), or both]. Cell survival assay showed that both
zVAD and Nec-1 protected SCC-25 cells against
chemotherapy-induced cell death, indicating that not
only apoptotic program but also necroptotic signaling
contribute to Egr-1-mediated cytotoxicity (Fig. 2B).
Egr-1 up-regulates Thrombospondin-1 (TSP-1)
expression in HNSCC cells.

Egr-1 has been reported to increase the expression
levels of TSP-1 in human colon carcinoma cells (Zhao et
al., 2008). Our previous study showed that TSP-1 up-
regulation significantly enhances chemotherapy-induced
cell death in HNSCCs (Xu a Liu, 2009; Xu et al., 2010).
Therefore, we next explored the effect of Egr-1 forced
expression on TSP-1 level in HNSCC cells. Since
previous studies (Saumet et al., 2005; Xu ad Liu, 2009)
showed that TSP-1 is mostly secreted into the
extracellular culture medium upon induction by various
stimuli, we detected its protein production using
enzymelinked immunosorbent assay (ELISA) in this
study. As shown in Fig. 2C, Egr-1 transfection markedly
up-regulated TSP-1 protein production in SCC-25 cells.
INF-γ confers chemotherapy-mediated cytotoxicity in
SCC-25 cells through Egr-1 induction

The Above-mentioned results indicated that INF-γ
treatment may increase Egr-1 expression in SCC-25 cells
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Fig. 1. Up-regulation of Egr-1 expression by INF-γ in SCC-25 cells. A,
B. SCC-25 cells were incubated for 12 h in serum-free medium and
treated with 1000 U/ml INF-γ for different time intervals (A) or
indicated dose of INF-γ for 3 h (B).Western blot was then performed to
detect Egr-1 protein levels. The blots were stripped and re-probed with
anti-α-tubulin antibody to show equal loading of total protein. 
C. Following the same treatment as Panel A, Egr-1 mRNA induction
relative to 18S rRNA was determined by quantitative real time RT-
PCR. Results are shown as mean+s.d. of triplicates samples. *P<0.05.



and that Egr-1 up-regulation could sensitize SCC-25cells
to chemotherapy-induced cell death. To determine the
specific contribution of Egr-1 in INF-γ-induced
chemosensitivity, SCC-25 cells were transfected with
Egr-1 siRNA for 24 h and then treated with INF-γ for 3
h. As shown in Fig. 3A, INF-γ incubation resulted in no
more dramatic Egr-1 induction after Egr-1 siRNA
transfection. Cell viability was then investigated by
MTT assay following another 72 h. As shown in Fig.
3B, the INF-γ-induced sensitization of cells to
chemotherapy-mediated cell death was markedly
abolished by Egr-1 knockdown. These results suggest a
specific contribution of Egr-1 in INF-γ-induced
chemosensitivity.

We next tested the effect of INF-γ treatment on TSP-
1 production and the role of Egr-1 in this process. As
shown in Fig. 3C, INF-γ incubation led to a marked
increase in TSP-1 production in SCC-25 cells, which
could be significantly inhibited by Egr-1 silencing. 
Discussion

HNSCC is the sixth most frequent cancer
worldwide, characterized by high morbidity and
mortality (Rothenberg and Elisen, 2012). It encompasses
a diverse group of malignancies originating in the oral
cavity, oropharynx, larynx, and hypopharynx (Howard et
al., 2012). Since the prognosis is globally poor with
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Fig. 3. Effect of Egr-1 on
chemosensitivity and TSP-1
production conferred by INF-γ.
A. SCC-25 cells were
transfected with siEgr-1 for 24 h
and then treated with 1000 U/ml
INF-γ for additional 3 h. Egr-1
induction and resuppression
were verified by western blot. 
B. SCC-25 cells were
transfected with siEgr-1 for 24 h
and then treated with 1000 U/ml
INF-γ plus cytotoxic drugs (2 µM
5-FU or 10 µM cisplatin) for
additional 72 h. Cell viability was
determined using MTT assay.
The percentage of viable cells
was then determined by MTT
assay and the cell survival is
presented as a percentage of
viability of the cells treated with
DMSO. C. SCC-25 cells were
transfected with siEgr-1 for 24 h

Fig. 2. Egr-1 regulates chemotherapy-induced apoptosis and necroptosis. A. SCC-25 cells were transfected with Egr-1 expression construct. Forty-
eight hours later, Egr-1 protein levels were determined by immunoblot. B. Two days following Egr-1 plasmid transfection, SCC-25 cells were treated
with 2 µM 5-FU or 10 µM cisplatin plus specific cell death inhibitors [a pan-caspase inhibitor zVAD (20 mM), a chemical inhibitor of necroptosis Nec-1
(30 mM), or both] for additional 72 h. The percentage of viable cells was then determined by MTT assay. Cell survival is presented as a percentage of
viability of the cells treated with DMSO. C. Following 48 h Egr-1 construct transfection, the SCC-25 cell culture medium was collected and TSP-1
protein production was detected by ELISA. *P<0.05.

and then treated with 1000 U/ml INF-γ for additional 24 h. Cell culture medium was collected and TSP-1 protein production was detected by ELISA.
*P<0.05, # P>0.05.



standard radiation and cytotoxic chemotherapy, a novel
therapeutic strategy is needed for this disease (Lallemant
et al., 2010; Rothenberg and Elisen, 2012).

Egr-1 gene encodes a transcription factor containing
three tandem zinc finger motifs that bind to GC-rich
DNA elements in the promoters of a range of target
genes to activate their transcription (Baek et al., 2005).
Through activation of downstream regulators such as
p53, Egr-1 is involved in the apoptotic process very
early upon diverse cell death stimuli (Nair et al., 1997).
Egr-1 up-regulation and nuclear translocation may lead
to transcriptional activation of proapoptotic target genes
and induce cell death in prostate cancer (Kang et al.,
2013). Up-regulation of Egr-1 via the CXCR3 receptor
induces reactive oxygen species (ROS) and inhibits
Na+/K+-ATPase activity in an immortalized human
proximal tubule cell line (Bek et al., 2003). 

Consistent with our previous report in another
cancer cell model, Egr-1 is up-regulated very shortly
following stimuli treatment. As shown in Fig. 1A and B,
upon INF-γ incubation, the time period needed to reach
Egr-1 protein peak induction was only 3 hours. Among
the series of INF-γ concentrations (0-3000 U/ml), 1000
U/ml INF-γ induced the most robust Egr-1 at protein
level in SCC-25 cells. Subsequent experiments
demonstrated that 3h INF-γ treatment at 1000 U/ml is
capable of exerting its synergy effect with
chemotherapeutic drugs (Fig. 3B). 

Several findings from this study indicate a
regulatory role for Egr-1 in the control of INF-γ-induced
chemosensitivity. Transient enhanced Egr-1 expression
resulted in a significant increase in 5-FU or cisplatin-
induced cell death in SCC-25 cells (Fig. 2B). INF-γ
treatment could sensitize SCC-25cells to chemotherapy-
induced cell death. More importantly, this sensitization
of cells to chemotherapy was mediated by Egr-1, which
was confirmed by siRNA-mediated knockdown
experiments (Fig. 3B). Our data support a combination
of the use of INF-γ with routine chemotherapy in
HNSCC treatment.

Additional studies indicate that Egr-1 sensitizes
HNSCC cells to chemotherapy-induced cell death
through both the caspase-dependent and caspase-
independent mechanism. Recently, the term necroptosis
has been used to designate one novel form of
programmed necrosis mediated by stimulating death
receptors with agonists such as TNFα, FasL and TRAIL
(Hitomi et al., 2008; Declercq et al., 2009; Liu et al.,
2012; Wu et al., 2012). The necroptotic signaling
pathway requires the involvement of receptor interaction
protein kinase 1 and 3 (RIP1 and RIP3) and a recently-
characterized mixed lineage kinase domain-like protein
(MLKL) (Liu et al., 2012; Sun et al., 2012; Wu et al.,
2012), Moreover, Necrostatin-1 (Nec-1), the specific
chemical inhibitor of necroptotic pathway, has been
identified as a powerful tool to distinguish necroptosis
from apoptotic cell death (Degterev et al., 2005). As
shown in Fig. 2B, we pre-treated Egr-1-transfected SCC-
25 cells with cytotoxic drugs plus the caspase inhibitor

zVAD and NEC-1 separately, and together in cell
survival assay. Our results showed that chemotherapy-
induced cell death was more effectively inhibited by the
combination of these two inhibitors, suggesting that
necroptosis also contributes to Egr-1-mediated
cytotoxicity. This data is consistent with a previous
study showing that Egr-1 is implicated in glucose
deprivation-induced necrosis and tumour progression
(Jeon et al., 2013).

TSP-1 is a homotrimeric matricellular glycoprotein
that participates in the regulation of cell invasion,
proliferation, and cell death in a number of physiological
and pathological conditions (Chen et al., 2000; Liu et al.,
2003; Carlson et al., 2008). TSP-1 is the first protein to
be recognized as a endogenous suppressor of capillary
morphogenesis and has been shown to inhibit
angiogenesis in multiple in vitro and in vivo assays
(Good et al., 1990; Liu et al., 2003). For cell death
regulation, TSP-1 has been shown to be capable of
triggering both caspase-dependent and caspase-
independent cell death in cancer cells (Mateo et al.,
2002; Li et al., 2003; Roué et al., 2003; Saumet et al.,
2005). Through high-throughput protein microarray
techniques, TSP-1 was found to be significantly down-
regulated in HNSCC patient specimens (Weber et al.,
2007). Our previous investigations demonstrated that up-
regulation of TSP-1 could markedly potentiate
chemotherapy-induced cell death in HNSCC cells (Xu
and Liu, 2009; Xu et al., 2010). In the current study, we
showed that Egr-1 overexpression may induce TSP-1
production in HNSCC cells, which is consistent with a
previous investigation by Zhao et al. (2008).

As a powerful antiproliferative and immune
modulatory cytokine, INF-γ was shown to increase the
anti-tumour immune response of dendritic cells against
HNSCC cells through stimulation of the expression of
various antigen processing genes, such as Tap-1 and
Tapasin (Wei et al., 2011). Since INF-γ treatment may
activate the PI3K/AKT signaling pathway, some authors
suggested that combined use of LY294002 (a specific
inhibitor of AKT signaling) and INF-γ could not only
preserve Tap1 and tapasin expression but also induce
apoptosis of tumor cells (Han et al., 2011). 

INF-γ also regulates cell death directly. Fulda et al
demonstrated that 5-Aza-2’-deoxycytidine and INF-γ, at
relatively low individual concentrations, cooperate to
restore caspase-8 expression and sensitize resistant
neuroblastoma and medulloblastoma cells to TRAIL-
induced apoptosis (Fulda and Debatin, 2006). INF-γ
exerts its synergistic effect on Fas-induced apoptosis in
A549 human non-small cell lung cancer cells by Jak1
activation (Kurdi and Booz, 2007). For the necrotic
process, inhibition of NF-κB signaling allows INF-γ to
trigger RIP1 kinase-dependent necroptosis in resistant
cancer cells (Balachandran and Adams, 2013).

Collectively, our study demonstrates that INF-γ may
increase Egr-1 expression level in HNSCC SCC-25
cells. Forced expression of Egr-1 sensitizes SCC-25 cells
to chemotherapy-induced apoptosis and necroptosis.
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Egr-1 up-regulation also markedly enhances the
production of TSP-1 in HNSCC cells. Moreover, INF-γ-
induced sensitization of cells to chemotherapy-mediated
cell death and TSP-1 production could be significantly
inhibited by Egr-1 silencing. These data provide the first
evidence that INF-γ may sensitize HNSCC cells to
chemotherapy-induced apoptosis and necroptosis
through up-regulation of Egr-1. Our findings have
important implications for novel strategies targeting both
apoptotic and necroptotic pathways and support the
combination of the use of INF-γ and cytotoxic drugs for
HNSCC Therapy.
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