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Abstract: Current treatment methods for advanced head and neck squamous cell carcinoma (HNSCC) include sur-
gery, radiation therapy and chemotherapy. For recurrent and metastatic HNSCC, cisplatin is the most common treat-
ment option, but most of patients will eventually develop cisplatin resistance. Therefore, it is imperative to define the 
mechanisms involved in cisplatin resistance and find novel therapeutic strategies to overcome this deadly disease.
In order to determine the role of nuclear factor-kappa B (NF-κB) in contributing to acquired cisplatin resistance in 
HNSCC, the expression and activity of NF-κB and its upstream kinases, IKKα and IKKβ, were evaluated and com-
pared in three pairs of cisplatin sensitive and resistant HNSCC cell lines, including a pair of patient derived HNSCC 
cell line. The experiments revealed that NF-κB p65 activity was elevated in cisplatin resistant HNSCC cells compared 
to that in their parent cells. Importantly, the phosphorylation of NF-κB p65 at serine 536 and the phosphorylation 
of IKKα and IKKβ at their activation loops were dramatically elevated in the resistant cell lines. Furthermore, knock-
down of NF-κB or overexpression of p65-S536 alanine (p65-S536A) mutant sensitizes resistant cells to cisplatin. 
Additionally, the novel IKKβ inhibitor CmpdA has been shown to consistently block the phosphorylation of NF-κB at 
serine 536 while also dramatically improving the efficacy of cisplatin in inhibition of cell proliferation and induction 
of apoptosis in the cisplatin resistant cancer cells. These results indicated that IKK/NF-κB plays a pivotal role in 
controlling acquired cisplatin resistance and that targeting the IKK/NF-κB signaling pathway may provide a possible 
therapeutic method to overcome the acquired resistance to cisplatin in HNSCC.
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Introduction

Head and neck squamous cell carcinoma 
(HNSCC) ranks as the sixth most common can-
cer worldwide [1-3]. Despite advancements in 
basic science and improvements in clinical 
treatment, the overall survival rate for patients 
with advanced HNSCC still remains poor with a 
five year survival rate of less than 50% [1-3]. 
Currently, the standard therapies for advanced 
head and neck cancer include surgery, radia-
tion therapy and chemotherapy. A combination 
of all three potential treatments could reduce 
the rate of recurrence and distant metastasis 
for patients with regional tumor and lymph 
node metastasis. For the patients with recur-
rent and distant metastatic cancer, however, 

chemotherapy is the only viable option, even 
though most of patients die within one year [1, 
4, 5]. Therefore, improving the efficacy of con-
ventional chemotherapy is desperately needed 
to effectively treat patients with late stage 
HNSCC.

Cisplatin, one of the most common chemother-
apeutics for solid tumors, including HNSCC, 
exerts its antitumor effects through multiple 
mechanisms, including the generation of DNA 
lesions followed by the activation of the DNA 
damage response and the induction of apopto-
sis [1, 4-7]. Despite many patients experiencing 
excellent results when they first begin taking 
this drug, cancers in most of patients will even-
tually develop resistance. Multiple signaling 
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pathways are involved in the development of 
cisplatin resistance, including mutation or loss 
of function of tumor suppressor genes such as 
p53 as well as the overexpression and activa-
tion of oncogenic proteins such as HER-2, 
Aurora-A and members of the Bcl-2 family [1, 
4-7]. In order to design a mechanism-based 
strategy to improve the efficacy of cisplatin, it 
will be important to identify the more critical 
molecules and signaling pathways that underlie 
the development of cisplatin resistance. 

Cumulative evidence indicates that the nuclear 
factor-κB (NF-κB) family of transcription factors 
could be important therapeutic targets in can-
cer treatments, including HNSCC therapy [1, 5]. 
The NF-κB family is comprised of 5 members, 
including RelA (p65), RelB, c-Rel, p50/p105 
(NF-κB1), and p52/p100 (NF-κB2), which are 
activated by both canonical and non-canonical 
signaling pathways. In the canonical pathway, 
p50 and p65 heterodimers are sequestered in 
the cytoplasm in an inactive state by IκBα, but, 
upon stimulation, IκB kinase (IKK) complex 
comprising IKKα, IKKβ and IKKγ is activated, 
leading to IκBα phosphorylation by IKKβ, which 
results in ubiquitination and proteasomal deg-
radation of IκBα as well as subsequent p50 
and p65 heterodimer translocation to nucleus. 
In the nucleus, activated NF-κB induces gene 
expression to regulate different cellular pro-
cesses, including cell proliferation, survival, 
invasion, metastasis and resistance to chemo-
therapy [5, 8-10]. Although well the concept 
that NF-κB is involved in chemotherapy resis-
tance is universally accepted [11], the exact 
mechanism by which NF-κB contributes to 
acquired-cisplatin resistance is not well docu-
mented. In addition, no effective IKK and NF-κB 
inhibitors are used in HNSCC.

In the present study, we investigate the role of 
IKK/NF-κB in the regulation of acquired resis-
tance to cisplatin in HNSCC. Our data demon-
strates that the level of phosphorylated NF-κB 
at serine 536 in established cisplatin resistant 
head and neck cell lines is elevated compared 
to those found in their parental counterparts. 
Furthermore, the phosphorylation of IKKα and 
IKKβ, the critical kinases that phosphorylates 
and activates NF-κB, is also up-regulated in 
these cells. Moreover, knockdown of NF-κB or 
expression of NF-κB serine 536 alanine mutant 
sensitizes the resistant cells to cisplatin-
induced apoptosis. As consistently shown, the 

specific IKKβ inhibitor, CmpdA, inhibits NF-κB 
phosphorylation at serine 536, while also sen-
sitizing the resistant cells to cisplatin treat-
ment. Combining our various results demon-
strate that IKK/NF-κB could be a critical 
determinant of acquired resistance to cisplatin 
and that IKK phosphorylation of NF-κB at ser-
ine 536 may play a pivotal role in IKK/NF-κB 
regulation of cisplatin resistance in HNSCC. 

Materials and methods

Antibodies

Antibodies were obtained from the following 
sources: Antibodies against IKKα (CST-2682), 
IKKβ (CST-8943), cleaved casepase 3 (CST-
9664), phospho-IKKα/β (CST-2697), β-tubulin 
(CST-4466), Lamin A/C (CST-2032), p65 (CST-
6956), phospho-p65 (CST-3033), GAPDH (CST-
5174). HRP-labeled anti-mouse and anti-rabbit 
secondary antibodies were from Santa Cruz 
Biotechnology.

Cell culture and reagents

University of Michigan HNSCC (UM-SCC) cell 
lines including UM-SCC17B, UM-SCC11A and 
UM-SCC11B were the generous gift of T.E. 
Carey (University of Michigan, Ann Arbor, MI, 
USA). UM-SCC25 and UM-SCC25/CP were ini-
tially described by Teicher et al [12] and pro-
vided by Dr. J. Lazo, University of Pittsburgh. All 
cells were maintained in Dulbecco’s modified 
Eagle’s medium (DMEM) supplemented with 
10% fetal bovine serum (FBS), 2 mM glutamine, 
and 100 U/mL penicillin and streptomycin 
(Gibco). The reagents were obtained from the 
following sources: Protease and phosphatase 
inhibitor cocktails were from Roche; CHAPS 
was from Pierce; cisplatin was purchased from 
Sigma (P4394).

Small RNA interference

siRNA SMARTpool p65 (catalog # M003533) 
and non-targeting siRNA D-001210) were pur-
chasedfrom Dharmacon. The cells were trans-
fected with indicated SMARTpool siRNA or non-
specific control pool using DharmaFECT 1 
reagent (Dharmacon) according to the manu-
facturer’s instructions. Briefly, 20 nM final con-
centration of siRNA was used to transfect cells 
at 60%-70% confluency. Cells were harvested 
48-72 h after siRNA transfection.
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Cell lysis and western blot analysis

Cells grown on 100-mm dishes were rinsed 
twice with cold PBS and then lysed on ice for 
20 min in 1 mL of lysis buffer (40 mM Hepes at 
pH 7.5, 120 mM NaCl, 1 mM EDTA, 10 mM 
pyrophosphate, 10 mM glycerophosphate, 50 
mM NaF, 0.5 mM orthovanadate, EDTA-free 
protease inhibitors [Roche]) containing 1% 
Triton X-100. After centrifugation at 13,000 g 
for 10 min, samples containing 20-50 μg of 
protein were resolved by SDS-PAGE, and pro-
teins were transferred to Pure Nitrocellulose 
Membrane (Bio-Rad), blocked in 5% nonfat 
milk, and blotted with the indicated anti- 
bodies. 

Reporter assays

Cells were seeded in six-well plates and 200 ng 
of 3×κB luciferase reporter and 50 ng of pRL-
SV40 (Renilla reporter control) DNA were 
cotransfected using Lipofectamine and Plus 
(Invitrogen) following the manufacturer’s 
instructions. Cells were harvested after 24 h of 
transfection, and luciferase assays were per-
formed using the Dual Luciferase Assay System 
(Promega). All transfections were performed in 
triplicate. 

3-(4,5-Dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
etrazolium cellular proliferation assay

Cells were seeded in 96-well plate in triplicate 
at 3×103 per well and cultured in the presence 
or absence of cisplatin or the IKKβ inhibitors at 
the indicated concentrations and time course. 
Alternatively, cells were transiently transfected 
with appropriate siRNA and cultured at the indi-
cated time points post-transfection. At the end 
of each time point, 3-(4,5-dimethylthiazol-2-yl)-
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium (MTS) compound (Promega) 
was added for 1 hours at 37°C. Colorimetric 
readouts were read at 490 nm on a Versamax 
Microplate Reader (Molecular Devices). IC50 val-
ues were calculated using GraphPad Prism 5. 

Clonogenic assay

UMSCC17B/CP, UMSCC25/CP, or UMSCC11B 
cells were plated the day before treatment at 
2000 cells per well in a six-well plate. The next 
day, cells were pre-treated with DMSO or 

CmpdA for 2 hours and then treated with cispl-
atin for another 2 hours. After the two hour 
incubation with cisplatin, medium was replaced 
DMSO or CmpdA containing media and colo-
nies were allowed to grow. Cells were allowed to 
form colonies for 10 days. The plates were then 
gently washed with phosphate-buffered saline 
and colonies stained with crystal violet. 
Colonies of cells containing 50 cells or larger 
were counted. 

Luminescence-based caspase-3/7 activity 
assay

Cells were plated in triplicate at 2×103 per well 
in white-walled 96-well plates (Becton 
Dickinson). Cells were transiently transfected 
with siRNA as described above and treated 
with the IKK inhibitor and/or cisplatin as indi-
cated in the figure legends. Caspase-3/7 activ-
ity was measured at 48 hours post-transfection 
using the Caspase-Glo 3/7 assay (Promega) 
according to the manufacturer’s instructions. 
Caspase-Glo 3/7 assay uses a caspase-3/7 
tetrapeptide DEVD substrate that produces a 
luminescent signal on cleavage. Relative light 
units were measured on an Lmax Microplate 
Luminometer (Molecular Devices).

Statistics

Data from the in vitro experiments are 
expressed as mean ± SD from a minimum of 3 
independent experiments. Comparison be- 
tween groups were carried out by 2-way ANOVA 
or Student t test, and a P value of less than 
0.05 was considered significant.

Results

Establishing and characterizing the cisplatin 
resistant head and neck cancer cell lines

In order to study cisplatin resistance in head 
and neck cancer, we first developed a cell line 
resistant to cisplatin treatment. UMSCC-17B, a 
human head and neck squamous cell carcino-
ma acquired from the University of Michigan 
[12], was cultured in a media with 0.5 μM of 
cisplatin, escalating to 7.5 μM during a 6 month 
span. After 6-months of culture and selection, 
the cells were able to grow freely in the medium 
with 5 μM of cisplatin. Next, we measured the 
sensitivity of the parental UMSCC-17B and cis-
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platin treated cells (UMSCC-17B/CP) to cisplat-
in as well as the IC50 values through MTT assay. 
The results showed that the UMSCC-17B cells 
are relatively sensitive to cisplatin treatment 
with an IC50 of 5.2 μM, whereas the UMSCC-
17B/CP cells are more resistant to cisplatin 
treatment with an IC50 of 15.7 μM, which is 
approximately a 3-fold decrease in sensitivity 
compared to the parental UMSCC-17B cells 
(Figure 1A, upper panel). Teicher and col-

leagues previously reported another pair of cis-
platin parental/resistant (SCC-25/SCC-25CP) 
lines [13], which were also used for the present 
study. We found that the IC50 value for cisplatin 
is 4.5 μM for parental SCC-25 cells and 10 μM 
for SCC-25CP cells in our system (Figure 1A, 
lower panel).

To confirm the cell proliferation data, we evalu-
ated the effects of cisplatin treatment on apop-

Figure 1. Characterization of cisplatin resistance in head and neck cancer cell lines. A. IC50 determination of cispla-
tin in UMSCC-17B, UMSCC-17B/CP, UMSCC-25 and UMSCC-25/CP. Cells were treated with cisplatin (0-100 μM) for 
72 hours at 37°C. Representative results from at least three experiments for each of the two treatments are shown. 
Error bars represent standard error of mean of three wells (*, P < 0.05). B. Cisplatin induced caspase 3/7 activity 
in parental but not resistant cells. Cells were treated with cisplatin (20 μM) for 48 hours. Caspase 3/7 activity was 
evaluated following the protocol. The results are representative of three independent experiments (**, P < 0.01). 
C. Cisplatin induced caspase-3 cleavage in parental but not resistant cells. The indicated cells were treated with 
cisplatin (0-20 μM) for 24 hours and lysed and cleaved caspase 3 was measured by western blot. The results are 
representative of three independent experiments.
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tosis in the two pairs of cell lines by measuring 
caspase 3/7 activity. As shown in Figure 1B, 
48-hour treatment with 20 μM of cisplatin led 
to a 2.2 fold increase of caspase 3/7 activity in 
SCC17B cells and a 4.8 fold increase in SCC-25 
cells compared to vehicle treated cells, but 
there was no increase of Caspase activity in 
either resistant cell line in response to cisplatin 
(Figure 1B). Next, the apoptotic response of 
these two pairs of cell lines to cisplatin treat-
ment was determined by measuring caspase-3 
cleavage through western blot. Following 24 
hours of cisplatin treatment, both cisplatin-sen-
sitive SCC-17B and SCC-25 cells showed a dose 
dependent induction of caspase-3 cleavage, 
but the resistant cells (both SCC-17B/CP and 
SCC-25/CP) showed no detectable cleaved cas-
pase-3 (Figure 1C). These data verify that the 
SCC17B/CP cells and SCC-25/CP are more 
resistant to cisplatin compared to their paren-
tal cell lines. 

IKKβ and NF-κB signaling is elevated in cispla-
tin resistant head and neck cancer cells

NF-κB signaling pathways play a critical role in 
protecting cancer cells from chemotherapy 
induced apoptosis [1, 5, 8-11]. Therefore, we 
determine if the NF-κB pathway is up-regulated 
in the SCC17B/CP and SCC-25/CP cells. Total 
cell lysates were prepared and the level of 
phosphorylation of NF-κB at serine 536, a key 
marker for NF-κB activity, as well as the total 
level of p65 was recorded. As shown in Figure 
2A, the phosphorylation of p65 at serine 536 is 
elevated in SCC17B/CP and SCC-25/CP cells 
compared with those found in the parental 
cells, but there was no change in the total p65 
level. These results demonstrate that NF-κB is 
activated in acquired cisplatin resistant head 
and neck cancer cells. The significant increase 
in the phosphorylation of NF-κB at serine 536 
prompted us to explore whether or not the 

Figure 2. NF-κB/IKK signaling is upregulated in cisplatin resistant HNSCC.A. IKK/NF-κB activity is elevated in the 
cisplatin resistant cell lines. The levels of phosphorylation of IKKα/β and p65, IKKα, IKKβ and GAPDH in the cells 
were determined by western blot. Densitometric analysis of 3 independent experiments shows a statistically-signif-
icant increase in levels of phosphorylated p65 in both cell lines. B. Cells were transfected with siRNA control, IKKα, 
IKKβ or IKKα plus IKKβ and blotted with the indicated antibodies. C. NF-κB p65 translocate to nucleus in cisplatin 
resistant cell lines. The levels of p65, β-tublin and Lamin A/C of the cytoplasmic and nuclear extracts of the cells 
were determined by immunoblotting with the indicated antibodies. Densitometry analyses for p65 were performed 
employing ImageJ software (NIH) and presented as ratio of nuclear p65 to cytoplasmic p65 band signal intensity. 
D. NF-κB reporter activity increased in cisplatin resistant cells. Cells were harvested 24 hours after transfection 
with luciferase reporter and Renilla reporter control and luciferase assays were performed. The experiments were 
repeated three times (**, P < 0.01).
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activities of IKKα and IKKβ, the upstream 
kinases of NF-κB, are elevated in the cisplatin 
resistant cells. As a result of this, we were able 
to detect the phosphorylation of IKKα and IKKβ 
in their activation loop using this specific phos-
phorylation antibody. The results showed that 
the phosphorylation of IKKα/β increased in 
both SCC-17B and SCC-17B/CP cells compared 
to those found in the parental cells, while the 
expression of IKKα and IKKβ experienced no 
change. In addition, the basal phosphorylation 
of IκBα, another IKK substrate, has also consis-
tently increased, while the expression of IκBα 
has decreased, in comparison with the paren-
tal cells. These results demonstrated that the 
activities of NF-κB and its upstream kinase, 
IKKα and IKKβ, are upregulated in cisplatin 
resistant cells. The next step is determining 
whether or not IKKα or IKKβ phosphorylates 
NF-κB at serine 536. The expressions of IKKα, 
IKKβ and a combination of both are then 
reduced by siRNA transfection before the phos-
phorylation of NF-κB at serine 536 was mea-

sured. The results showed that knockdown of 
either IKKα or IKKβ decreases the phosphory-
lation of NF-κB at serine 536, with IKKβ knock-
down appearing slightly more effective, but 
knockdown both IKKα and IKKβ simultaneously 
causes a significant reduction in phosphoryla-
tion of NF-κB serine 536 (Figure 2B). Since acti-
vated NF-κB translocate to the nucleus to regu-
late NF-κB target genes transcription, we next 
examined if there was more NF-κB in the nucle-
us of resistant cells compared to those in the 
parental cells. The proteins from the cytoplas-
mic and the nuclear extracts from both the 
parental as well as the resistant cells were 
separated by electrophoresis and blotted with 
either antibody p65, tubulin or Lamin A/C, with 
the latter two proteins serving as the cytoplas-
mic and nuclear controls, respectively. The 
results indicate that more NF-κB remains in the 
nucleus of the two resistant cells compared 
with those found in their parental control, while 
no difference in localization was observed 
between the parental and resistant cells with 

Figure 3. Depletion of NF-κB sensitizes cisplatin resistant cells to cisplatin treatment. A. The siRNA against p65 is ef-
fective in reducing p65 expression in the cisplatin resistant cells. Cells were transfected with siRNA control or siRNA 
NF-κB p65 for 48 hours and lysed and the levels of the levels of p65 and GAPDH were determined by immunoblot-
ting. The experiments were carried out on three separate occasions. B. Cells were transfected with siRNA control or 
siRNA NF-κB p65 for 48 hours and then treated (DMSO) or Cisplatin (20 μM) for additional 24 hours. Caspase 3/7 
activity was evaluated following the protocol. The results are representative of three independent experiments (*, 
P < 0.05, **, P < 0.01). C. Cells were transfected with siRNA control or siRNA NF-κB p65 for 48 hours and then left 
untreated (DMSO) or treated with 20 μM Cisplatin for additional 48 hours. The levels of cleaved caspase 3, p65 and 
GAPDH were determined by immunoblotting. The experiments were repeated three times.
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tubulin and Lamin A/C (Figure 2C). To further 
confirm that NF-κB signaling is upregulated in 
cisplatin resistant cells, we expressed NF-κB 
reporter in the parental and cisplatin resistant 
cells and then measured NF-κB luciferase activ-
ity. We found that NF-κB luciferase activity in 
SCC-17B/CP cells were more than twice as high 
as those found in parental SCC-17B cells, with 
similar results found in SCC-25 and SCC25/CP 
cells (Figure 2D). In conclusion, NF-κB/IKKβ 
pathway is up-regulated in cisplatin resistant 
HNSCC.

Knockdown of NF-κB p65 sensitizes cisplatin 
resistant cells to cisplatin treatment

Next, we determined precisely how NF-κB is 
involved in cisplatin resistance in the estab-
lished cisplatin resistant cells. If NF-κB is vital 
in protecting against cisplatin-induced cell 
death, one would expect that NF-κB depletion 
would re-sensitize the resistant cells to cisplat-

in-induced cell death. To begin, siRNA to NF-κB 
p65 was utilized in parallel with a control siRNA. 
Western blot showed that 48 hours of siRNA 
p65 treatment led to a dramatic reduction of 
p65 expression in both SCC-17B/CP and SCC-
25/CP cells (Figure 3A). Next, we tested for the 
effects of knocking down p65 protein expres-
sion on apoptosis in response to cisplatin treat-
ment by measuring caspase 3/7 activity. 
SCC17B/CP cells were treated with either 
siRNA control or siRNA p65 before (48 hours 
post transfection) being exposed to either 20 
μM cisplatin or vehicle control for 24 hours, and 
caspase activity was measured. As shown in 
Figure 3B, after either vehicle or 20 μM cispla-
tin treatment, the induction of caspase 3/7 
activity was similar in siRNA control treated 
cells (SCC-17B/CP and SCC25/CP), whereas 
the caspase 3/7 activity was significantly high-
er in siRNA p65 treated cells, with 1.5 fold and 
3 fold increases in p65 knockdown17-B/CP 
and SCC-25/CP cells respectively (Figure 3B). 

Figure 4. Overexpression of NF-κB serine 536 alanine mutant sensitizes cisplatin resistant cells to cisplatin. A. Cells 
were transfected with vector or flag-p65 S536A and left untreated or treated with cisplatin for 48 hours and caspase 
cleavage was measured by western blot. B. Cells were transfected with vector or flag-p65 S536A and left untreated 
or treated with cisplatin for 48 hours and caspase activity was measured (*, P<0.05).
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In a parallel experiment, with the same cisplat-
in treatment, Caspase-3 cleavage was mea-
sured by western blot in either siRNA control or 
siRNA p65 treated cells. We found that siRNA 
against p65 or cisplatin treatment alone does 
not induce caspase-3 cleavage in both SCC-
17B/CP and SCC-25/CP cells, whereas the 
combination of siRNA p65 and cisplatin treat-
ment causes obvious caspase-3 cleavage 
(Figure 3C). These results suggested that 

NF-κB is involved in acquired cisplatin resis- 
tance.

Expression of NF-κB p65 serine 535 alanine 
mutant sensitizes cisplatin resistant cells to 
cisplatin treatment

Next, we determined the role of NF-κB phos-
phorylation at serine 536 in the regulation cis-
platin resistance. SCC17B/CP and SCC25/CP 

Figure 5. Inhibition of NF-κB/IKKβ signaling by the IKKβ inhibitor, CompA sensitizes cisplatin resistant cells to cis-
platin. A. Cells were treated with different doses of CompA for 2 hours, lysed and analyzed by western blots. B. Cells 
were treated with CompA alone, cisplatin alone, or CompA and cisplatin together for 48 hours and Caspase 3/7 
activity was evaluated (*, P < 0.05; **, P < 0.01). C. Cells were treated with CompA alone, cisplatin alone, or CompA 
and cisplatin together for 48 hours and cleaved caspase 3 and GAPDH were determined. The experiments were 
repeated three times. D. Cells were pre-treated with CompA, cisplatin, or CompA plus cisplatin and colony forma-
tion was observed and the numbers of colony were counted. The results are representative of three independent 
experiments. 
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cells were transfected with either the vector 
control or flag tagged p65 with serine 536 
mutation to alanine (flag-p65-S536A). The cells 
were either left untreated or treated with cispl-
atin for 48 hours before caspase activity was 
measured. The results showed that significant 
induction of caspase activity was detected in 
p65-S536A transfected cells, but not in vector 
control transfected cells in response to cisplat-
in treatment (Figure 4A). In a parallel experi-
ment, caspase 3 cleavage was examined, with 
the results suggesting that cisplatin induced 
caspase 3 cleavage in p65-S536A transfected 
cells, but not in vector transfected cells (Figure 
4B). These data suggested that NF-κB phos-
phorylation at serine 536 plays an important 
role in acquired cisplatin resistance in HNSCC.

Inhibition of IKKβ synergize with cisplatin to 
induce apoptosis in cisplatin resistant cells

Our data suggests that both IKK and NF-κB 
were up-regulated in cisplatin resistant cells 
and that the depletion of NF-κB expression 
increases the sensitivity of the resistant cells to 
cisplatin. If IKKβ/NF-κB cascade is vital to pro-
tecting cells from cisplatin-induced apoptosis, 
we would expect that the IKK inhibitors would 
sensitize cells to cisplatin-induced cell death. 
To test this hypothesis, a recently identified 
IKKβ inhibitor, Bay-65-1942 [14], also known 
as CmpdA, was employed. Treating both SCC-
17B/CP and SCC-25/CP with 5 μM of CmpdA 
for 48 hours resulted in a dramatic decrease of 
phosphorylation of p65 at serine 536 without 
affecting the total p65 level (Figure 5A). Next, 
In order to evaluate the effect of the IKK inhibi-
tor (CmpdA) on cisplatin induced apoptosis, we 
first measured caspase 3/7 activity. As shown 
in 5B (left panel), treatment of SCC-17B/CP 
cells with CmpdA or cisplatin alone for 48 hours 
showed no induction of caspase-3/7 activity, 
whereas the combination of cmpdA and cispla-
tin resulted in a 40% increase in caspase 3/7 
activity. Similar results were observed in SCC-
25/CP cells (Figure 5B, right panel), with the 
combination of cmpdA and cisplatin causing a 
50% increase in induction of caspase 3/7. 
Next, we employed western blot to assess cas-
pase 3 cleavage in these cells. The results indi-
cate that cisplatin treatment alone for 48 hours 
showed no induction of caspase-3 cleavage, 
while CmpdA only slightly induced the cleavage 
of caspase-3, but the combination led to dra-

matic induction of caspase-3 cleavage in both 
SCC-17B/CP and SCC-25/CP cell lines (Figure 
5C). To further determine the survival and pro-
liferation effects of combined IKK inhibitor and 
cisplatin, we performed a clonogenic assay 
with either CmpdA or cisplatin alone, as well as 
one with a combination of both CmpdA and cis-
platin in both resistant cell lines. As shown in 
Figure 5D, the combination of CmpdA and cis-
platin demonstrated a significantly reduced 
number of colonies compared to either agent 
alone. These data indicate that compA sensi-
tizes SCC-17B/CP and SCC-25/CP cells to cis-
platin induced apoptosis. 

NF-κB/IKKβ signaling is up-regulated in hu-
man tumor derived cisplatin resistant HNSCC 
cells

Next, we investigated if NF-κB/IKKβ pathways 
are upregulated in HNSCC cells derived from a 
patient whose tumor had acquired cisplatin 
resistance with treatment. The UM-SCC-11A 
cell originated from a pretreatment biopsy, 
while the UM-SCC-11B was derived from the 
same patient after a session of chemotherapy 
undertaken during surgery [12]. We wanted to 
determine if NF-κB/IKKβ pathway was activat-
ed in UM-SCC-11B cells compared to that found 
in UM-SCC-11A cells. The MTT assay showed 
that UMSCC-1A cells were relatively sensitive to 
cisplatin with an IC50 of 6.7 μM, whereas 
UMSCC-11B cells are relatively resistant to cis-
platin with an IC50 of 10 μM, which is an approx-
imately 50% increase over UMSCC-11A cells 
(Figure 6A). In addition, the western blot experi-
ment showed that the phosphorylation of NF-κB 
p65 at serine 536 in UMSCC-11B is markedly 
increased compared with those found in 
UMSCC-11A cells (Figure 6B). These data indi-
cate that NF-κB/IKKβ is elevated in UMSCC-
11B compared to UMSCC-11A, which corrobo-
rates the SSC17-B/SCC17-B/CP and SCC-25/
SCC25/CP data. 

Afterward, we treated UMSCC-11B cells with 
either cisplatin, CompA or a combination of 
both to test their effects on cell proliferation 
and apoptosis. Our data showed that CmpdA 
effectively blocks phosphorylation of NF-κB at 
serine 536 dose-dependently (Figure 6C). In 
addition, as shown in Figure 6D, both 2 μM 
CmpdA and 20 μM cisplatin alone did not inhib-
it cell proliferation, whereas the combination of 
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Figure 6. NF-κB is activated in patient-derived HNSCC cell lines and cisplatin resistance is reversed with IKKβ inhibi-
tion. A. IC50 values of UMSCC-11A and UMSCC-11B cells were determined. Cells were treated with Cisplatin (0-100 
μM) for 72 hours. Cell proliferation was measured through MTT Assay. IC50 values were determined. B. Cell lysates 
from UMSCC-11A and UMSCC-11B cells were analyzed by western blots. C. Cells were treated with different doses 
of CompA for 2 hours, lysed and analyzed by western blots. D. UMSCC-11B cells were treated with CompA alone, 
Cisplatin alone, or CompA and Cisplatin as indicated for 48 hours and cell proliferation was measured by MTT assay. 
The results are representative of three independent experiments (*, P < 0.05). E. Cells were treated same with (C) 
for 48 hours and Caspase 3/7 activity was measured. The results are representative of three independent experi-
ments (*, P < 0.05). F. Cells were treated same with (C) and the levels of cleaved caspase 3 and GAPDH. The results 
are representative of three independent experiments. G. Cells were treated with CompA, Cisplatin, or CompA and 
Cisplatin as indicated and colony formation was observed and the numbers of colony were counted. Each experi-
ment was repeated three times.
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CmpdA and cisplatin caused a 30% decrease in 
cell proliferation within SCC11B cells. We also 
measured the caspase activity and caspase-3 
cleavage in the cells following these treat-
ments. In Figure 6E, UMSCC-11B cells treated 
with either CmpdA or cisplatin alone did not 
induce caspase-3/7 activity, whereas the com-
bination treatment led to a dramatic activation 
of caspase 3/7. In accordance with the cas-
pase 3/7 activity results, western blot showed 
that there is no detectable cleaved caspase-3 
in either CompA or cisplatin treatments, but 
showed a dramatic caspase-3 cleavage in the 
combination treatment (Figure 6F). Finally, in 
Figure 6G, the combination of CmpdA and cis-
platin demonstrated a significant reduction in 
the numbers of colonies compared to either 
CmpdA or cisplatin treatment alone. These 
data demonstrate that NF-κB activity is upregu-
lated in a human tumor derived cisplatin resis-
tant cell, and the inhibition of IKK/NF-κB 
enhances the ability of cisplatin to increase 
apoptosis as well as decrease colony formation 
in the human derived cisplatin resistant cells.

Discussion

Cisplatin is the most common anticancer drug 
used to treat head and neck cancer. Currently, 
the standard of care for cisplatin-based chemo-
therapy regimen as treatment of recurrent and 
metastatic head and neck cancer is a combina-
tion of cisplatin, fluorouracil and cetuximab, but 
its efficacy is limited due to toxicity and the 
development of cisplatin resistance [1, 4, 6, 
15-17]. Therefore, a better understanding of 
the mechanisms involved in developing cispla-
tin resistance, especially specifically acquired 
resistance, is needed to improve the efficacy of 
treatment for head and neck cancer. Identifying 
the critical signaling pathways that underlie cis-
platin resistance would offer an opportunity for 
patients to maintain or even regain sensitivity 
to drugs used through combination therapy.

The transcription factor NF-κB is involved in 
many cellular functions, including the regula-
tion of apoptosis and chemotherapy resistance 
[10, 11]. Earlier studies have demonstrated 
that NF-κB is related to intrinsic cisplatin resis-
tance and that targeting NF-κB signaling can 
increase the sensitivity of cancer cells to cispla-
tin treatment, but the exact role and mecha-
nisms by which NF-κB regulates this acquired 
resistance to cisplatin are unclear [18-22]. 

Several studies published by different groups 
have already shown that the phosphorylation of 
NF-κB at serine 536 plays pivotal roles in NF-κB 
regulation of tumorigenesis [23-25]. Our data 
first demonstrate that the phosphorylation of 
NF-κB p65 at serine 536 is dramatically elevat-
ed in several head-neck cancer cell lines that 
were subjected to long term exposure of cispla-
tin and in a patient derived head-neck cancer 
cell line from a patient treated with cisplatin, 
which serve to indicate the key role of NF-κB 
phosphorylation at serine 536 in regulation of 
cisplatin resistance. In addition, phosphoryla-
tion of IKK (both IKKα and IKKβ), the NF-κB 
upstream kinase that phosphorylate NF-κB at 
serine 536, is also dramatically elevated in 
these resistant cell lines. Furthermore, NF-κB 
p65 knockdown or overexpression of NF-κB 
p65-Serine 536A mutant sensitizes the resis-
tant cells to cisplatin. As has been consistently 
demonstrated, the IKKβ inhibitor CmpdA blocks 
NF-κB p65 serine 536 phosphorylation and sig-
nificantly sensitizes the resistant cells to cispla-
tin treatment. These data demonstrated that 
NF-κB/IKK is a critical factor that contributes to 
the acquired cisplatin resistance in HNSCC and 
the blocking of IKK/NF-κB activity by the IKK 
kinase inhibitor could be a strategy to improve 
the efficacy of cisplatin treatment in human tri-
als. Our data are consistent with the observa-
tion by Duarte and colleagues showing that 
Curcumin, the major component of the spice 
turmeric derived from the rhizome of the East 
Indian plant, enhances the effect of cisplatin in 
suppressing head and neck squamous cell car-
cinoma through the inhibition of IKKβ/NF-κB 
pathway [22].

Toxicity has proven to be another challenge 
when treating head and neck cancer patients 
with cisplatin. Our data indicate that lower 
doses of cisplatin, in combination with the IKK 
inhibitor, caused marked induction of apopto-
sis, whereas cisplatin alone was less effective 
even at high doses in the cisplatin resistant 
cells. An IKK inhibitor, in combination with cis-
platin, could allow a lower dosage of cisplatin 
for patients, which would improve its toxicity 
profile and provide patients with better 
outcomes.

The mechanisms associated with cisplatin 
resistance involve many different cellular pro-
cesses [1, 6]. NF-κB mediates apoptosis 
through transcriptional regulation of down-
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stream target genes, including Bcl-2, BCL-xl, 
XIAP, c-IAP2 and Survivin [26-29]. Specimens 
derived from patients, both before and after 
chemotherapy, demonstrated that Survivin 
expression levels were elevated during or after 
chemotherapy and the up-regulation of Survivin 
was associated with both resistance to chemo-
therapy and poor prognosis [26-28]. It would be 
interesting to determine which NF-κB target 
genes are critical for conferring cisplatin resis-
tance in HNSCC.

In summary, the data presented here indicates 
that IKK/NF-κB is involved in acquired resis-
tance to cisplatin in HNSCC cells. Currently, 
there are no effective IKK inhibitors approved 
for use to treat cancer patients, including those 
with head and neck cancer.

The next steps should include the testing of 
CmpdA on in-vivo efficacy models of cisplatin 
sensitive and resistant HNSCC. 
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