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Abstract
Head and neck squamous cell carcinomas (HNSCC)
are characterized by resistance to chemotherapy and
overexpression of antiapoptotic Bcl-2 family members,
including Bcl-XL and Bcl-2. Molecular targeting of Bcl-XL
and/or Bcl-2 in HNSCC cells has been shown to promote
apoptosis signaling and to sensitize cells to chemotherapy
drugs, including cisplatin, which is commonly used in the
treatment of HNSCC. We report that induction of HNSCC
apoptosis by the proteasome inhibitor bortezomib is
accompanied by up-regulation of the proapoptotic proteins
Bik and Bim, natural cellular inhibitors of Bcl-XL and Bcl-2.
Additionally, bortezomib treatment of HNSCC cells caused
up-regulation of antiapoptotic Mcl-1L. Inhibition of Bik or
Bim up-regulation using small interfering RNA markedly
attenuated bortezomib-induced cell death. By contrast,
small interfering RNA – mediated inhibition of Mcl-1L
expression resulted in enhanced killing by bortezomib.
Further investigation showed that the combination of
bortezomib and cisplatin led to synergistic killing of
HNSCC cells, with calculated combination indexes well
below 1.0. Taken together, these results delineate a novel
mechanism of HNSCC killing by bortezomib that involves
up-regulation of Bik and Bik. Moreover, our findings
suggest that the combination of bortezomib plus cisplatin,
or bortezomib plus an inhibitor of Mcl-1L, may have
therapeutic value in the treatment of HNSCC. [Mol Cancer
Ther 2008;7(6):1647 – 55]

Introduction
Squamous cell carcinomas of the mouth, larynx, and
pharynx account for greater than 90% of all head and neck
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cancers. Collectively, head and neck squamous cell
carcinomas (HNSCC) represent a common human malignancy, with f500,000 new cases per year worldwide (1).
Standard treatment options for HNSCC include surgery,
radiation, and chemotherapy. However, roughly half of all
HNSCC patients will suffer recurrence, and the 5-year
survival rate for this disease has not substantially improved
over the last few decades (2, 3).
Recurring or advanced-stage HNSCC are frequently
characterized by chemotherapy and radiation resistance
due to failure of the tumor cells to undergo apoptosis. The
overexpression of antiapoptotic members of the Bcl-2
protein family, including Bcl-XL and Bcl-2, appears to play
an important role in conferring apoptosis resistance in
HNSCC (4, 5). Bcl-XL and Bcl-2 are known to inhibit
apoptosis by binding and neutralizing the activities of
proapoptotic members of the Bcl-2 protein family, including the multidomain proteins Bax and Bak and the BH3
domain – only proteins Bim, Bik, Noxa, and Puma (6, 7).
Overexpression of Bcl-XL is observed in a majority of
HNSCC tumors and correlates with chemotherapy resistance (4). Overexpression of Bcl-2 is also common in
HNSCC, albeit to a somewhat lesser degree (8). Antisensemediated down-regulation of Bcl-XL and Bcl-2 in HNSCC
cell lines has been shown to promote apoptosis and
sensitize these cells to cisplatin and etoposide (5). Similarly,
molecular targeting of Bcl-XL and Bcl-2 with the smallmolecule inhibitor (-)-gossypol (9 – 11) or short peptides
derived from the BH3 domains of proapoptotic proteins
(12) promotes apoptosis and chemosensitivity in HNSCC
cells.
An alternative strategy for neutralizing the effects of BclXL and Bcl-2 overexpression in diseases such as HNSCC
would involve shifting the cellular balance of proapoptotic
versus antiapoptotic proteins in favor of the proapoptotic
proteins. Accumulating evidence indicates that the proteasome inhibitor bortezomib (PS-341/Velcade) represents a
valuable tool for perturbing this balance. Bortezomib is a
potent and specific inhibitor of the chymotrypsin-like
protease activity of the 26S proteasome subunit (13) and
is approved for use in the treatment of refractory multiple
myeloma (14, 15). In preclinical models, bortezomib
has shown apoptosis-inducing and antitumor activities
against both hematopoietic and solid tumor malignancies.
Up-regulation of proapoptotic Noxa is frequently observed
in bortezomib-treated cells and has been shown to mediate
apoptosis induction by this agent in cell lines representing
multiple myeloma (16, 17), non-small cell lung cancer (18),
mantle cell lymphoma (19, 20), and melanoma (17).
Moreover, the ability of bortezomib to sensitize non-small
cell lung cancer, myeloid leukemia, and renal carcinoma
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Figure 1.

Induction of HNSCC cell death by
proteasome inhibitors. UM-22A, UM-22B,
and 1483 cells were left untreated or were
treated for 48 h with 0.1% DMSO or varying
concentrations of MG-132 (A) or bortezomib
(B). Following treatment, MTS assays were
done. Points, average of triplicate wells; bars,
SD. The experiments were done twice, with
similar results each time. C, UM-22A, UM22B, and 1483 cells were left untreated or
were treated for 24 or 48 h with concentrations of bortezomib corresponding to the
IC50 of each cell line (20 nmol/L for UM-22A
and UM-22B and 80 nmol/L for 1483). As a
control, cells were treated with 0.1% DMSO
for 24 h. Whole-cell lysates (40 Ag/lane) were
subjected to immunoblotting with anti-PARP
or anti-caspase-3. The processed, active
forms of caspase-3 are depicted. Blots were
stripped and reprobed with anti-h-actin to
show equal protein loading.

cells to tumor necrosis factor – related apoptosis-inducing
ligand is associated with up-regulation of the DR5 death
receptor and down-regulation of c-FLIP (21, 22), whereas
tumor necrosis factor – related apoptosis-inducing ligand
sensitization of prostate and colon cancer cells has been
reported to involve Bik and Bim (23 – 25).
Bortezomib treatment of HNSCC cells leads to induction
of apoptosis in vitro and antitumor effects in vivo (26 – 28).
Several mechanisms have been proposed to explain the
effects of bortezomib on HNSCC cells. Treatment with
bortezomib results in inhibition of nuclear factor-nB

(26, 28), an important antiapoptotic factor that is constitutively activated and contributes to the survival of HNSCC
cells (29 – 31). Bortezomib also promotes generation of
reactive oxygen species in HNSCC, and inhibition of
reactive oxygen species production attenuated bortezomib-induced cell death (27). In addition, HNSCC cells
up-regulate Noxa following bortezomib treatment, and
inhibition of Noxa up-regulation using small interfering
RNA (siRNA) was found to moderately suppress cell death
(32). Treatment of HNSCC tumors with bortezomib in vivo
results in suppression of nuclear factor-nB target genes
Mol Cancer Ther 2008;7(6). June 2008
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and important proangiogenic cytokines including interleukin-6, GRO-1, and vascular endothelial growth factor
(26, 28). Inhibition of HNSCC cell migration and cell-cell
adhesion by bortezomib has also been reported (33).
In this study, we investigated the effect of bortezomib on
apoptosis-regulatory proteins in HNSCC cells. We found
that bortezomib induced expression of the proapoptotic
proteins Bim and Bik and the antiapoptotic protein Mcl-1L.
Inhibition of Bim or Bik up-regulation using siRNA
strategies significantly attenuated bortezomib-induced
apoptosis. By contrast, inhibition of Mcl-1L up-regulation
served to enhance killing by bortezomib. In further experiments, we determined that bortezomib synergizes with
cisplatin in the killing of HNSCC cells. Together, these
findings delineate a new mechanism of bortezomibinduced apoptosis in HNSCC and support dual targeting
of HNSCC cells using bortezomib plus an inhibitor of
Mcl-1L or bortezomib plus cisplatin.

Materials and Methods
Cells and Reagents
The human HNSCC cell lines UM-22A, UM-22B, and
1483 (34) were grown at 37jC and 5% CO2 in DMEM

Figure 2. Bortezomib regulates the expression of proapoptotic and
antiapoptotic Bcl-2 family members in HNSCC cells. UM-22A and 1483
cells were left untreated or were treated for 24 or 48 h with bortezomib
(UM-22A: 20 nmol/L; 1483: 80 nmol/L). Control cells were treated for
24 h with 0.1% DMSO. Whole-cell lysates (40 Ag/lane) were subjected to
immunoblotting for the indicated proteins. Probing with anti-h-actin was
used to show equal protein loading. Similar results were obtained in three
independent experiments.

(Mediatech) containing 10% heat-inactivated fetal bovine
serum and antibiotics. UM-22A cells were derived from a
primary HNSCC tumor and UM-22B cells were derived
from a cervical lymph node metastasis from the
same patient. Both of these cell lines were kindly provided
by Dr. Thomas Carey (University of Michigan). 1483 cells
were derived from a primary HNSCC tumor and were
provided by Dr. Gary Clayman (M. D. Anderson Cancer
Center). Bortezomib was purchased from the University of
Pittsburgh Cancer Institute Pharmacy, and a stock solution
(10 mmol/L) was prepared in DMSO and stored at 80jC.
MG-132 was obtained from Calbiochem, and a stock
solution (10 mmol/L) was similarly prepared in DMSO
and stored at 80jC. Antibodies against Bik, Bax, Mcl-1,
and Bcl-XL were purchased from Santa Cruz Biotechnology. Antibodies against poly(ADP-ribose) polymerase
(PARP) and Bak were obtained from Cell Signaling
Technology. Anti-Bcl-2 antibody was from DAKO, whereas
anti-Bim antibody was from Calbiochem. Anti-caspase-3
was obtained from Assay Designs. Secondary horseradish
peroxidase – conjugated antibodies were from Promega.
Immunoblotting
Cells were harvested by scraping of the monolayers
followed by centrifugation at 4jC for 5 min and washing
once in cold PBS. The cell pellets were resuspended in cell
lysis buffer [50 mmol/L Tris (pH 8.0), 150 mmol/L NaCl,
0.1% SDS, 1% NP-40] containing 1.5 mmol/L phenylmethylsulfonyl fluoride, 3 Ag/mL leupeptin, and 20 Ag/mL
aprotinin. After 1 h on ice, the lysates were centrifuged at
13,000 rpm for 10 min at 4jC. Protein concentrations in the
clarified lysates were determined using Bio-Rad Protein
Assay dye concentrate (Bio-Rad Laboratories). Proteins
(40 Ag/lane) were electrophoresed on 10% or 12.5% SDSPAGE gels, transferred to nitrocellulose filters, and blocked
for 1 h at room temperature in 5% nonfat dry milk in
10 mmol/L Tris (pH 8.0), 150 mmol/L NaCl, 0.1% Tween
20 (TBST). The blocked filters were briefly rinsed in
TBST buffer, incubated with primary antibody at 4jC
overnight, and then washed again in TBST. The filters
were then incubated with secondary antibody for 1 h at
room temperature followed by washing in TBST. Blots
were developed using enhanced chemiluminescence
reagent according to the guidelines of the manufacturer
(Perkin-Elmer Life Science).
Cell Viability Assays
To determine cellular sensitivities to proteasome inhibitors, UM-22A cells (10,000 per well), UM-22B cells
(5,000 per well), and 1483 cells (8,000 per well) were plated
in triplicate in 96-well plates 1 day before treatment.
Varying concentrations of MG-132 and bortezomib were
then added to cells followed by incubation for 48 h at
37jC. The concentration of DMSO in the wells never
exceeded 0.1%, and treatment with 0.1% DMSO was used
as a control in each experiment. Following treatment, 20 AL
MTS reagent (5 mg/mL) was added to each well and
incubation was continued for 1 h at 37jC. Absorbance was
measured at 570 nm using a VERSA MAX microplate
reader (Molecular Devices).
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Figure 3.

Bik and Bim mediate bortezomibinduced HNSCC cell death. A, UM-22A cells were
transfected with Bik siRNA or a nonspecific siRNA
as described in Materials and Methods. After 24 h,
the transfected cells were either left untreated or
were treated for 48 h with 20 nmol/L bortezomib.
Cell viabilities were determined by trypan blue
exclusion assays, and Bik expression levels were
determined by immunoblotting. Columns, average of means obtained in three independent
experiments; bars, SE. *, P = 0.029, compared
with bortezomib-treated cells transfected with
nonspecific siRNA versus Bik siRNA. B, UM-22A
cells were transfected with Bim siRNA or a
nonspecific siRNA, then treated, and analyzed as
in A. Columns, average of means from three
independent experiments; bars, SE. *, P = 0.01,
compared with bortezomib-treated cells transfected with nonspecific siRNA versus Bim siRNA.

For experiments involving siRNA down-regulation of
apoptosis-regulatory proteins, cell viabilities were assessed
by trypan blue exclusion assays. A minimum of 300
cells were counted per data point and the average of
triplicate experiments was plotted. Error bars represent
the SE.
siRNA Transfection
Cells (6.0  105 per well) were seeded into 6-cm dishes 1
day before transfection. Immediately before transfection,
the culture medium was removed and replaced with
DMEM containing 10% FBS but lacking antibiotics.
Duplex siRNA oligonucleotides (100 nmol/L) were then
transfected into cells using LipofectAMINE 2000 (Invitrogen) diluted in Opti-MEM (Invitrogen) according to the
manufacturer’s protocol. After 12 h, the medium was
removed and fresh DMEM containing 10% FBS and
antibiotics was added. Following incubation for an
additional 12 h, bortezomib was added and the cells
treated for an additional 48 h. Down-regulation of protein
expression was then analyzed by immunoblotting and cell
viability was assessed by trypan blue exclusion assays.
siRNA for Bim (targeting sequence: 5¶- CCUUCUGAUGUAAGUUCUGTT-3¶), Bik (targeting sequence: 5¶-CUAUUACUCCAAGACCUCU-3¶), and Mcl-1 (targeting sequence:
5¶-CCUGAAAAUCUAAAUCACUTT-3¶) were synthesized
at Ambion. Nonspecific siRNA was also purchased from
Ambion.

Analysis of Synergy
UM-22A cells (10,000 per well) and 1483 cells (8,000
per well) were plated in triplicate in 96-well plates 1 day
in advance of treatment. The cells were then treated
with cisplatin alone, bortezomib alone, or the combination
of cisplatin plus bortezomib for 24 h at 37jC followed
by performance of MTS assays. Synergy was determined
using the method of Chou and Talalay (35). Combination
indexes (CI) were calculated using CalcuSyn
V2 software (Biosoft). A CI = 1 indicates an additive
effect, a CI < 1 indicates synergy, and a CI > 1 indicates
antagonism.
Statistics
Statistical analysis of the data was done using SigmaStat
software (Jandel Scientific Software). Comparison between
groups was made using one-way ANOVA followed by the
Student’s-Newman-Keuls’ test. P < 0.05 was considered
significant.

Results
Bortezomib Killing of HNSCC Cells Is Accompanied
by Changes in the Expression Levels of Bcl-2 Family
Members
In initial studies, we evaluated the effect of proteasome
inhibition on three HNSCC cell lines: UM-22A, UM-22B,
and 1483 (34, 36 – 38). UM-22A and 1483 cells were
Mol Cancer Ther 2008;7(6). June 2008
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originally derived from primary HNSCC tumors from
different patients. UM-22B cells were derived from a
cervical lymph node metastasis from the same patient that
yielded UM-22A cells. In Fig. 1A, cells were treated with
varying doses of the proteasome inhibitor MG-132, and
48 h later, MTS assays were done to obtain a measure of cell
viability. In this assay, UM-22B cells exhibited an IC50 of
f0.2 Amol/L for MG-132, whereas UM-22A and 1483
exhibited IC50 values of 0.5 and 0.75 Amol/L, respectively.
Controls cells that were left untreated or were treated with
0.1% DMSO, the drug diluent, did not show any loss of
viability over the 48-h timeframe. All three HNSCC cell
lines showed even greater sensitivity to the proteasome
inhibitor bortezomib (Fig. 1B). In this case, UM-22A and
UM-22B cells showed essentially identical sensitivities,
with IC 50 values of f20 nmol/L. 1483 cells were
moderately less sensitive to bortezomib, with an IC50 of
f80 nmol/L. The killing of UM-22A, UM-22B, and 1483
cells by bortezomib was accompanied by molecular
features of apoptosis, including processing of procaspase3 to active subunits and cleavage of PARP protein (39),
indicating an apoptotic form of cell death (Fig. 1C).
We next evaluated the effect of bortezomib treatment on
the expression levels of both proapoptotic and antiapoptotic members of the Bcl-2 protein family. As shown in
Fig. 2, bortezomib treatment did not substantially alter the
expression of the multidomain proapoptotic proteins Bak
and Bax. By contrast, bortezomib treatment for 24 or
48 h resulted in moderate up-regulation of the BH3
domain – only protein Bim and dramatic induction of the
BH3 domain – only protein Bik. In addition, bortezomib
caused marked up-regulation of Mcl-1L, an antiapoptotic
protein whose expression levels in other cell types have
been shown to be regulated by the proteasome (40). The
expression levels of antiapoptotic Bcl-2 and Bcl-XL were not
appreciably changed following bortezomib treatment,
although a modest up-regulation of Bcl-XL was observed
in 1483 cells. Collectively, these data indicated that
bortezomib treatment of HNSCC cells induced the expression of both proapoptotic proteins, which might serve to
mediate the killing effects of this compound, and an

antiapoptotic protein, which might act to dampen the
induction of apoptosis by bortezomib.
Bik and Bim Mediate, Whereas Mcl-1L Suppresses,
Bortezomib-Induced HNSCC Apoptosis
To determine whether Bik or Bim may be acting to
mediate bortezomib-induced apoptosis in HNSCC cells, a
siRNA strategy was used to prevent the up-regulation of
these proteins following bortezomib treatment. UM-22A
cells were transfected with either Bik (Fig. 3A) or Bim
(Fig. 3B) siRNA duplex oligonucleotides (100 nmol/L) or
a nonspecific siRNA as control. After 24 h, bortezomib
(20 nmol/L) was added to the cells, and incubation
continued for an additional 48 h. The cells were then
harvested for analysis of protein expression levels by
immunoblotting and assessment of cell viabilities by trypan
blue exclusion assays. As expected, cells transfected with
the nonspecific siRNA exhibited dramatic up-regulation
of Bik and moderate up-regulation of Bim following
bortezomib treatment. By contrast, bortezomib-induced
up-regulation of Bik or Bim was markedly attenuated in
cells transfected with Bik or Bim siRNA, respectively.
Attenuation of Bik up-regulation resulted in a significant
inhibition of bortezomib-induced cell death (P = 0.029).
Similarly, prevention of Bim up-regulation also resulted
in reduced killing by bortezomib (P = 0.01). These results
showed that Bik and Bim play important roles in mediating
bortezomib-induced killing of HNSCC cells.
Whereas the up-regulation of Bik and Bim was found to
be important for the activity of bortezomib against HNSCC
cells, the simultaneous up-regulation of antiapoptotic
proteins such as Mcl-1L may serve to blunt the potency
of this compound. To determine the consequence of
bortezomib-induced Mcl-1L up-regulation, transfection
of Mcl-1L siRNA was used to prevent up-regulation of
the protein (Fig. 4). In contrast to what was seen using Bik
or Bim siRNA, prevention of Mcl-1L up-regulation resulted
in significant enhancement of bortezomib-induced cell
death. (P = 0.004). This indicated that the ability of
bortezomib to kill HNSCC cells is partially restrained
due to bortezomib-induced up-regulation of antiapoptotic
Mcl-1L.

Figure 4. Inhibition of Mcl-1L up-regulation enhances bortezomib-induced death of
HNSCC cells. UM-22A cells were transfected with Mcl-1 siRNA or nonspecific
siRNA followed by 48 h of treatment with
20 nmol/L bortezomib. Trypan blue exclusion assays were used to determine cell
viabilities, and immunoblotting was used to
assess siRNA-mediated inhibition of Mcl-1L
up-regulation. Columns, average of means
from three independent experiments; bars,
SE. *, P = 0.004, compared with bortezomib-treated cells transfected with nonspecific siRNA versus Mcl-1 siRNA.
Mol Cancer Ther 2008;7(6). June 2008
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Bortezomib Synergizes with Cisplatin in the Killing of
HNSCC Cells
An overall strategy in developing anticancer drug
regimens is to identify synergistic drug combinations that
will allow lowering of drug doses to prevent undesirable
side effects in patients. In the case of HNSCC, cisplatin is
commonly used as a frontline chemotherapeutic agent. To
determine whether bortezomib might synergize with
cisplatin in the killing of HNSCC cells, UM-22A and 1483
cells were treated for 24 h with varying doses of bortezomib
plus cisplatin while maintaining a constant ratio of the two
drugs (Fig. 5A and B). Synergy was then assessed by
determining CI (CalcuSyn V2 software) according to the
method of Chou and Talalay (35). According to this
algorithm, CI < 1.0 is indicative of synergy. CI well below
1.0 was achieved at multiple combinations of bortezomib
and cisplatin, showing synergy between these drugs in the
killing of HNSCC cells. Synergy between bortezomib and
cisplatin was also shown using clonogenic survival assays
(Supplementary Fig. S1; data not shown).4
We next sought to confirm the observed synergy between
bortezomib and cisplatin by using a molecular marker of
apoptosis induction. For these experiments, we examined
PARP cleavage and caspase-3 processing in cells treated
with bortezomib alone, cisplatin alone, or a combination
of bortezomib plus cisplatin known to yield a CI < 1.0
(as determined in Fig. 5A and B). Treatment of either
UM-22A or 1483 cells for 24 h with the combination of 40
nmol/L bortezomib plus 8.0 Amol/L cisplatin resulted
in a dramatic increase in PARP cleavage and caspase-3
processing relative to that observed in cells treated with
either drug alone (Fig. 5C). Thus, the combination of
bortezomib plus cisplatin resulted in synergistic induction
of apoptosis signaling, suggesting the potential utility of
combining these agents in a therapeutic regimen for
HNSCC.

Discussion
Members of the Bcl-2 protein family act as key regulators of
cellular apoptosis and are important determinants of
cellular sensitivity or resistance to chemotherapy drugs
(6). Overexpression of Bcl-XL and Bcl-2, antiapoptotic
members of this family, is commonly observed in HNSCC,
and Bcl-XL overexpression correlates with chemoresistance
in this disease (4, 8). Previously, we and others have shown

4

Supplementary material for this article is available at Molecular Cancer
Therapeutics Online (http://mct.aacrjournals.org/).

that molecular targeting of Bcl-XL and/or Bcl-2 with BH3
peptides (12), (-)-gossypol (9 – 11), or antisense (5) promotes
apoptosis signaling and cell death in HNSCC cells. The
natural cellular antagonists of Bcl-XL and Bcl-2 are
proapoptotic members of the same protein family and
include the BH3 domain – only proteins Bik, Bim, Noxa,
and Puma. In this study, we found that treatment of
HNSCC cells with the proteasome inhibitor bortezomib
results in up-regulation of proapoptotic Bik and Bim as
well as up-regulation of antiapoptotic Mcl-1L. Inhibition of
Bik or Bim up-regulation using siRNA significantly
inhibited bortezomib-induced cell death, showing an
important role for these proteins in mediating the killing
activity of bortezomib. An opposite effect was seen when
siRNA was used to prevent Mcl-1L up-regulation, indicating that bortezomib-induced up-regulation of Mcl-1L
serves to dampen the potency of this compound in
HNSCC.
It is important to note that our experiments involving
siRNA-mediated suppression of Bik or Bim up-regulation
never resulted in complete inhibition of bortezomibinduced cell death. This suggests that Bik- and Bimindependent pathways also contribute to HNSCC cell
killing by bortezomib. Sunwoo et al. (26) have shown that
bortezomib inhibits nuclear factor-nB, an antiapoptotic
transcription factor that is aberrantly hyperactivated in
a majority of HNSCC cell lines and primary specimens
(29 – 31). Interestingly, an early clinical trial of bortezomib
in combination with radiation showed effective downregulation of nuclear factor-nB target genes in HNSCC
tumors from patients who exhibited a reduction in tumor
size (28). This suggests the potential utility of bortezomib
inclusion in HNSCC therapeutic regimens. Others have
reported that bortezomib induces generation of reactive
oxygen species in HNSCC cells and activation of the
unfolded protein response pathway (27). Activation of this
pathway was associated with phosphorylation of the stress
kinase PERK, induction of ATF-4 transcription factor, and
up-regulation of Noxa (32). Inhibition of Noxa up-regulation in these cells modestly inhibited bortezomib-induced
cell death (32). Thus, up-regulation of Bik, Bim, and Noxa
all may play a role in the killing of HNSCC cells by
bortezomib. At the same time, it is also apparent that
bortezomib induces responses that lessen the killing
activity of this compound in HNSCC cells as evidenced
by our observation of Mcl-1L up-regulation. This supports
the use of combination approaches targeting multiple
pathways as a reasonable strategy in HNSCC.
The ability of bortezomib to enhance apoptosis induction
by other anticancer agents has been reported. Bortezomib

Figure 5.

Bortezomib synergizes with cisplatin in the killing of HNSCC cells. UM-22A cells (A) and 1483 cells (B) were treated for 24 h with bortezomib
alone, cisplatin alone, or a constant ratio of bortezomib plus cisplatin. Following treatment, MTS assays were done. Points, average of triplicate wells;
bars, SD. CI was determined as described in Materials and Methods. Similar results were obtained in three independent experiments. C, UM-22A and 1483
cells were left untreated or were treated for 24 h with 0.1% DMSO alone, 40 nmol/L bortezomib alone, 8 Amol/L cisplatin alone, or the combination of
40 nmol/L bortezomib plus 8 Amol/L cisplatin. Whole-cell lysates were analyzed by immunoblotting for cleavage of PARP protein and processing/activation
of caspase-3. The blot was stripped and reprobed with anti-h-actin to show equal protein loading. The experiment was done twice, with similar results each
time.
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enhances cell death caused by the death ligand tumor
necrosis factor – related apoptosis-inducing ligand (21 – 23),
the BH3 mimetic GX15-070 (20), and the histone deacetylase inhibitors trichostatin A, sodium butyrate, and PXD101
(41). In addition, bortezomib has been shown to enhance
the activities of the epidermal growth factor receptor
inhibitors PKI166 and PD153035 (33, 42). These findings
may be particularly relevant for the treatment of HNSCC,
because overexpression and/or hyperactivation of epidermal growth factor receptor is observed in a majority of
HNSCC tumors and contributes to malignant cell growth
and survival in this disease (43 – 45). In our studies, we
observed that bortezomib potently synergizes with the
chemotherapy drug cisplatin in the killing of HNSCC cells.
Interestingly, Fribley et al. (32) have reported that bortezomib is able to kill HNSCC cells that are resistant to
cisplatin. As cisplatin is commonly used in the treatment of
HNSCC, it will be important to evaluate the combination of
bortezomib plus cisplatin as a therapeutic strategy.
In summary, we have identified a novel mechanism of
bortezomib-induced killing of HNSCC cells, which involves
up-regulation of the proapoptotic proteins Bik and Bim.
Moreover, our finding that bortezomib up-regulation of
Mcl-1L lessens the killing activity of this compound
supports the development of Mcl-1L targeting agents as a
means of enhancing bortezomib potency against HNSCC
tumors. Lastly, the potent synergy we observed between
bortezomib and cisplatin suggests that the combination of
these agents may prove useful for improving therapeutic
efficacy in a disease where little improvement in survival
rates has been seen over the past few decades.
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