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Abstract. Inhibition of the proteasome with Bortezomib as
well as inhibition of Polo-like-kinase-1 (PLK-1) has been
shown to be effective in many solid tumour models and also
in squamous cell carcinoma of the head and neck (SCCHN)
cell lines. For the first time, we systematically examined the
antitumour effect of Bortezomib in combination with BI2536
in SCCHN in an in vitro study. Dose escalation studies were
performed with nine SCCHN cell lines using Bortezomib
and BI2536 as single agent and combination treatments.
Growth-inhibitory and pro-apoptotic effects were measured
quantitatively using cytohistology and Human Apoptose
Array kit. The combination of Bortezomib and BI2536
showed significant anti-proliferative and apoptotic activity
in all SCCHN cell lines investigated (P=0.008) compared to
both the untreated control group and Bortezomib alone. A
combination treatment regime consisting of the proteasome
inhibitor, Bortezomib, and the inhibitor of PLK-1, BI2536,
leads to an enhanced anti-proliferative and apoptotic effect in
SCCHN cell lines, compared to single agent treatment with
Bortezomib alone.

Introduction

Head and neck cancer is one of the most common cancerous
diseases worldwide. Each year more than 500,000 new cases
are diagnosed (1). These are mostly malignancies of the
upper aerodigestive tract, including the mouth, larynx and
pharynx region from the base of the skull up to the upper
oesophagus. Currently, standard treatment regimes include
surgery, radiation and chemotherapy. In approximately 50%
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of all cases a tumour relapse has been observed to correlate
with a poor prognosis (2,3). Standard chemotherapeutical
regimes including cisplatin and 5-FU are often associated
with adverse toxicity. In the last decade there has been an
introduction of well-tolerated agents in head and neck cancer
therapy, such as cetuximab, a chimeric monoclonal inhibitor
of the epidermal growth factor (EGF) receptor. This agent
binds with high affinity to the extracellular domain of the EGF
receptor being overexpressed in squamous cell carcinoma of
the head and neck (SCCHN). The addition of cetuximab to
conventional chemotherapy or standard radiation therapy was
found to significantly enhance patient survival (4). However,
despite the success of cetuximab for use in SCCHN patients,
improvement in overall survival with the use of this agent
has only been incremental in the past. Thus, there is a strong
need for alternative or additive drug regimens for the treat-
ment of head and neck cancer (5,6). In previous reports we
showed a significant anti-proliferative and apoptotic effect of
Bortezomib and BI2536 in SCCHN (7,8). Nuclear factor-xB
(NF-«kB) is a protein which is overexpressed in SCCHN (9).
In several gene expression studies it was shown that tumours
with high risk of recurrence harboured a higher expression of
genes associated with the activation of NF-kB signalling (10).
Bortezomib is a small-molecule proteasome inhibitor. While it
affects various signalling pathways, one of the mechanisms of
antitumour activity is NF-xB inhibition (11). BI2536 is another
selective and potent small-molecule drug that inhibits polo-
like-kinase-1 (PLK-1), which plays a key role in processes
such as cell division and checkpoint regulation of mitosis.
Approximately 80% of human tumours express high levels of
PLK transcripts, while PLK mRNA is mostly absent in healthy
surrounding tissue (12,13). This PLK overexpression is associ-
ated with poor prognosis and a lower overall survival rate. The
aim of the present study was to illuminate the combinational
effects of Bortezomib and BI2536 in SCCHN.

Material and methods

Nine different squamous carcinoma cell lines, predominantly
of head and neck origin, were tested in this study. A-431
cells were obtained from American Type Culture Collection
(ATCC). PE/CA-PJ 15, PE/CA-PJ 34, PE/CA-PJ 41 and
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Table I. Concentration of Bortezomib and BI2536 in different
cell lines.

Tumour Concentration of Concentration of
cell line Bortezomib (xM) BI2536 (nM)
PE/CA-PJ 15 2.50 2.50
PE/CA-P] 34 5.00 2.50
PE/CA-PJ 41 2.50 2.50
PE/CA-PJ 49 1.25 2.50
CLS-354 1.25 2.50
UM-SCC-14C 2.50 2.50
Cal-27 2.50 2.50
Kyse-140 2.50 2.50
A-431 2.50 2.50
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Figure 1. Growth-inhibitory effect of Bortezomib as a single agent and
in combination with BI2536 at a fixed cell line-specific concentration (as
shown in Table I) after 72 h treatment in the PE/CA-PJ 49 tumour cell line.
The corresponding untreated tumour cell line (white column) served as a
control and was incubated according to the instructions of the suppliers,
with only antibiotics at 37°C in the cell type-specific medium Quantum 263
with L-glutamine. The absolute tumour cell numbers in treated and control
cell lines were determined in a Rosenthal chamber at 72 h after treatment
or incubation with Quantum 263 (controls), respectively. Mean values of
three independent experiments with standard deviations are shown. Single
agent differences versus combination treatment and untreated controls are
indicated by asterisks. Combination treatment of Bortezomib with BI2536
inhibited cell proliferation significantly more than mono-drug therapy with
Bortezomib alone (P=0.008).

PE/CA-PJ 49 cells were obtained from European Collection
of Cell Cultures (ECACC), and Cal-27 and Kyse-140 cells
from DSMZ GmbH (Braunschweig, Germany). CLS-354
and UM-SCC-14C cells were obtained from Cell Lines
Service (CLS; Eppelheim, Germany). The fibroblast cell line
was a gift from the Department of Dermatology, University
Hospital, Frankfurt/Main, Germany. Bortezomib (Velcade®)
was supplied by Millenium Pharmaceuticals Inc. (Cambridge,
MA, USA) and Johnson & Johnson Pharmaceuticals (Raritan,
NIJ, USA). BI2536 was provided by Boehringer Ingelheim
GmbH (Ingelheim am Rhein, Austria). Squamous carcinoma
cell lines were cultivated, according to the instructions of the
suppliers, with antibiotics at 37°C in the cell type-specific
medium Quantum 263 with L-glutamine (PAA Laboratories
GmbH, Pasching, Austria). Cells were seeded in 96-well plates
(1x10° cells/well), and after incubation for 24 h, the cells were
treated with Bortezomib and/or BI2536 for 24, 48 and 72 h,
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Effect of Bortezomob alone and in combination with BIZ536 in CLS 354 tumor cells.
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Figure 2. Growth-inhibitory effect of Bortezomib as a single agent and
in combination with BI2536 at a fixed cell line-specific concentration (as
shown in Table I) after 72 h treatment in the CLS-354 tumour cell line.
The corresponding untreated tumour cell line (white column) served as a
control and was incubated according to the instructions of the suppliers,
with only antibiotics at 37°C in the cell type-specific medium Quantum 263
with L-glutamine. The absolute tumour cell numbers in treated and control
cell lines were determined in a Rosenthal chamber at 72 h after treatment
or incubation with Quantum 263 (controls), respectively. Mean values of
three independent experiments with standard deviations are shown. Single
agent differences versus combination treatment and untreated controls are
indicated by asterisks. Combination treatment of Bortezomib with BI2536
inhibited cell proliferation significantly more than mono drug therapy with
Bortezomib alone (P=0.008).

Effect of Bortezemib alone and in combination with BIZ536 in Kyse-140 tumar cells
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Figure 3. Growth-inhibitory effect of Bortezomib as a single agent and
in combination with BI2536 at a fixed cell line-specific concentration (as
shown in Table I) after 72 h treatment in the Kyse-140 tumour cell line.
The corresponding untreated tumour cell line (white column) served as a
control and was incubated according to the instructions of the suppliers,
with only antibiotics at 37°C in the cell type-specific medium Quantum 263
with L-glutamine The absolute tumour cell numbers in treated and control
cell lines were determined in a Rosenthal chamber at 72 h after treatment
or incubation with Quantum 263 (controls), respectively. Mean values of
three independent experiments with standard deviations are shown. Single
agent differences versus combination treatment and untreated controls are
indicated by asterisks. Combination treatment of Bortezomib with BI2536
inhibited cell proliferation significantly more than mono-drug therapy with
Bortezomib alone (P=0.008).

respectively. In the experiments described in this publication,
Bortezomib and BI2536 were used in each cell line at a fixed,
cell line-specific concentration that had produced maximum
growth inhibition in previous systematic investigations in our
laboratory. The concentration for all cell lines investigated
was 2.5 nmol/l for BI2536, which showed maximal growth
inhibition in our previous dose escalation studies. The concen-
tration for Bortezomib ranged from 1.25 to 5 uM (Table I).
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Cells were counted in a Rosenthal chamber at 24, 48 and
72 h after treatment. Apoptosis was detected by microscopic
cytohistology as well as by Human Apoptose Array kit (R&D
Systems, Abingdon, UK) as previously described by other
groups (14,15).

Each experiment was performed in triplicate. For statistical
analysis, a Wilcoxon test for matched pairs (dependent samples)
was performed using SPSS 19.0 software for Windows. P<0.05
was considered to indicate a statistically significant difference.

Results

Nine different squamous carcinoma cell lines, predominantly
of head and neck origin, were tested in this study. After incuba-
tion for 24 h, the cells were treated with Bortezomib or BI2536
alone, or with a combination of both agents for 24, 48 and
72 h, respectively. Compared with the untreated control group,
the proteasome inhibitor, Bortezomib, as well as the PLK-1
inhibitor, BI2536, had highly significant anti-proliferative and
apoptotic activity when used as single agent treatments in all
nine tumour cell lines (P=0.008). The drug combination of
Bortezomib and BI2536 showed a significantly higher antipro-
liferative activity compared with Bortezomib alone (P=0.008)
(Figs. 1-3). Apoptosis was detected by microscopic cytohis-
tology as well as by Human Apoptose Array kit detecting pro
caspase 3 as a typical molecular apoptosis marker.

These results demonstrate that the combination of protea-
some inhibitor, Bortezomib, with the PLK-1 inhibitor, BI2536,
enhances the apoptotic effects of Bortezomib alone and thus
leads to a significantly higher anti-proliferative effect.

Discussion

Head and neck cancer is one of the most common cancer
types worldwide and is associated with many different sites
in the upper aerodigestive tract. Although surgical tech-
niques and pharmacological regimens have been improved
in the past decades, there has been little improvement in the
5-year survival rate for patients suffering from these types of
malignant tumours (2). Often there is a tumour relapse, which
is typically resistant to conventional antineoplastic drugs (3).
This fact among others, underlines the great need to develop
new therapeutic regimens which are potent on one hand and
well tolerated on the other. Therefore, identifying new targets
with special regard to the various signalling pathways is one
of the greatest challenges at present. Several in vitro and
in vivo studies showed the proteasome inhibitor Bortezomib to
effectively inhibit tumour growth, induce apoptosis and lower
vessel density in SCCHN (7,16-19). Furthermore, Bortezomib
led to a sustained but limited response rate in SCCHN patients
suffering from tumour recurrence, who underwent radiation
therapy combined with Bortezomib (20,21). With regard to these
findings, it may be possible that optimisation of Bortezomib
efficacy may yield substantial improvement in the therapy
of head and neck cancer although the use of Bortezomib in
SCCHN is discussed controversially in the literature (22,23).
PLK-1 is the most thoroughly characterised member of the polo
family and is known to control critical steps in the passage of
cells through the M phase of the cell cycle, initiating the entry
into mitosis, centrosome separation necessary for the formation
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of a bipolar mitotic spindle, metaphase to anaphase transition,
mitotic exit and finally, the onset of cell division (12). BI2536 is
a highly selective and potent small-molecule PLK-1 inhibitor.

In a previous study we demonstrated that BI2536, when
applied as a single agent, showed strong inhibition of cell
proliferation accompanied by enhanced apoptosis in nine
different squamous carcinoma cell lines (unpublished results).
In the present study, we examined the effects of combination
therapy of Bortezomib and BI2536 together in SCCHN cell
lines, for the first time. Our results showed that compared
with the untreated control group, the proteasome inhibitor
Bortezomib, as well as the PLK-1 inhibitor BI2536, had a
highly significant anti-proliferative and apoptotic activity
when used as single agent treatment in all nine tumour cell
lines (P=0.008). Notably, the drug combination of Bortezomib
and BI2536 showed significant higher anti-proliferative
activity compared with Bortezomib alone (P=0.008). These
findings indicate that the antiproliferative effect of proteasome
inhibitior Bortezomib is enhanced by adding BI2536.

With regard to the complex mechanism of tumour biology,
and with special regard to the different signalling pathways
that play an important role in tumour genesis, this study intro-
duces the concept that a cancer may be treated successfully by
targeting several pathways at the same time.

Although Bortezomib showed a notable anticancer activity
in previous in vitro and in vivo set-ups, its clinical activity in
solid tumours is still limited (24-26). Therefore, new combina-
tion regimens targeting the tumour from different signalling
pathways may be one key to success. Due to our favourable
results presented, the addition of BI2536 to Bortezomib in
SCCHN treatment may be subject to further pre-clinical and
clinical phase I investigations.
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