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Small molecules in combination with conventional
chemotherapeutic drugs: Light at the end of the tunnel?
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Abstract. Recent studies have shown BI2536 and bortezomib
to be effective in squamous cell carcinoma of the head and
neck (SCCHN) cell lines. In this systemic in vitro study, we
examined the antitumor effect of the small molecules BI2536
and bortezomib in combination with cisplatin or docetaxel in
nine squamous cell carcinoma cell lines, most of head and neck
origin. Dose escalation studies were performed with these cell
lines using bortezomib, BI2536, cisplatin and docetaxel in cell
line-specific concentrations. Growth inhibitory and proapop-
totic effects were measured quantitatively using cytohistology
and the Human Apoptosis Array kit. The combination of
bortezomib and BI2536 with cisplatin or docetaxel showed
a significantly higher antiproliferative and apoptotic activity
in all SCCHN cell lines investigated compared with single
agent cisplatin or docetaxel alone (P<0.021). Combination of
conventional chemotherapeutic drugs, such as cisplatin and
docetaxel, with small molecules in the clinical setting may
enhance the antitumor activity of these agents and may lead
to less toxic side-effects and a more effective cancer therapy.

Introduction

Squamous cell carcinoma of the head and neck (SCCHN) is
among the 10 most common types of cancer worldwide and
arises from the surface epithelium of the upper-aerodigestive
tract, including the oral cavity (1). As well as extensive
tobacco and alcohol abuse, various epidemiological studies
have revealed HPV-infection to be an independent risk factor
in the development of SCCHN (2-4). The advent of chemo-
therapeutical drug regimes to treat head and neck cancer
in the early 1980s changed a number of therapeutical para-
digms. Previously, most patients with head and neck cancer
of a higher tumor stage were treated either by surgery and
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postoperative radiotherapy or by definitive radiotherapy. In
more recent years, induction chemotherapy became a matter
of interest as a treatment option in modern oncology (5).
Although remission rates were often associated with severe
side-effects, including nephrotoxicity and cardiovascular
complications, cisplatin and docetaxel remain the most
commonly used cytotoxic agents in the treatment of patients
with SCCHN (6-8). However, these serious side-effects
often require a reduction in dose or even discontinuation of
chemotherapy. Although therapeutic treatment options have
become more refined in recent decades, the prognosis of
SCCHN remains poor. Therefore, one of the great challenges
currently is to identify new, well-tolerated drug regimes
which do not compromise the antitumor effect. Previously,
several studies demonstrated that the proteasome inhibitor
bortezomib was a prime candidate for drug development,
not only in hematological malignancies, but also in solid
cancers, including SCCHN (9-11). Other studies have shown
further that bortezomib may be utilized to overcome cisplatin
resistance in squamous cell carcinoma (12). In a previous
systemic in vitro investigation, we showed that the polo-like-
kinase-1 (PLK1) inhibitor BI2536 had a marked antitumor
effect in a large number of SCCHN cell lines (Wagenblast
et al, unpublished data).

In order to address the need of developing new cancer
treatment regimes, the aim of the present study was to evaluate
the antitumor effects of a combination of the small molecules
bortezomib and BI2536 with the conventional chemothera-
peutic drugs cisplatin and docetaxel in nine tumor cell lines of
squamous carcinoma origin.

Materials and methods

Nine squamous carcinoma cell lines, most of head and neck
origin, were tested in the present study. A-431 cells were
obtained from ATCC (American Type Culture Collection,
Manassas, VA, USA). The PE/CA-PJ 15, PE/CA-PJ 41,
PE/CA-PJ 49 and PE/CA-PJ 34 cell lines were obtained from
ECACC (European Collection of Cell Cultures, Salisbury,
UK) and Cal-27 and Kyse-140 cells from DSMZ GmbH
(Braunschweig, Germany). CLS-354 and UM-SCC-14 C cells
were obtained from Cell Lines Service (CLS; Eppelheim,
Germany). A fibroblast cell line (human praeputium), used
as a control cell line, was a gift from the Department of
Dermatology, University Hospital (Frankfurt am Main,
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Table I. Cell line-specific drug concentrations of bortezomib, BI2536, cisplatin and docetaxel.
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Concentration
Tumor cell line Cisplatin (#M) Docetaxel (nM) Bortezomib (M) BI2536 (nM)
PE/CA-PJ 15 1.56 2.5 2.50 2.50
PE/CA-PJ 34 1.56 2.5 5.00 2.50
PE/CA-PJ 41 0.19 5.0 2.50 2.50
PE/CA-PJ 49 1.56 150 1.25 2.50
CLS 354 1.56 10.0 1.25 2.50
UM-SCC-14 C 1.56 10.0 2.50 2.50
Cal-27 0.39 150 2.50 2.50
Kyse-140 3.125 50 2.50 2.50
A-431 0.78 15.0 2.50 2.50

Germany). Bortezomib (Velcade®) was supplied by Millenium
Pharmaceuticals Inc. (Cambridge, MA, USA) and Johnson
& Johnson Pharmaceuticals (Raritan, NJ, USA). BI2536 was
provided by Boehringer Ingelheim GmbH (Vienna, Austria).
Squamous carcinoma cell lines were cultivated according to
the supplier's instructions with antibiotics at 37°C in the cell
type-specific Quantum 263 medium with L-glutamine (PAA
Laboratories GmbH, Pasching, Austria). Cells were seeded in
96-multiwell plates (1x10° cells/well) and, following incuba-
tion for 24 h, the cells were treated with cisplatin or docetaxel
alone or in combination with bortezomib and BI2536 for 24,48
and 76 h, respectively. In the experiments, bortezomib, BI2536,
cisplatin and docetaxel 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 bortezomib ranged from 1.25
to 5 uM. The concentration for all cell lines investigated was
2.5 nmol/I for BI2536, showing maximal growth inhibition
in our previous dose escalation studies. Dosage of cisplatin
ranged from 0.19 to 3.125 uM and docetaxel from 2.5 to 15 nM
(Table I). The number of cells was determined by counting
cells in a Rosenthal chamber at 24, 48 and 72 h after treat-
ment. Apoptosis was detected by microscopic cytohistology as
well as using the Human Apoptosis Array kit (R&D Systems,
Abingdon, UK) as described previously (13,14).

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 result.

Results

Nine squamous carcinoma cell lines, most of head and neck
origin, were tested in this study. Following incubation for
24 h, the cells were treated with cisplatin and docetaxel
alone or with a combination of bortezomib and BI2536
for 24, 48 and 76 h. Compared with the untreated control
groups, the proteasome inhibitor bortezomib, the PLK-1-
inhibitor BI2536, cisplatin and docetaxel had a significant
antiproliferative and apoptotic effect when used as single
agent treatments in all nine tumor cell lines (P=0.008). The
combination of bortezomib/BI2536 and cisplatin showed
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Figure 1. Growth inhibitory effect of cisplatin or docetaxel alone and in com-
bination with bortezomib/BI2536 at a fixed cell line-specific concentration
as shown in Table I after 72 h treatment in the PE/CA-PJ 49 tumor cell line.
The untreated tumor cells (light grey column) served as a control and were
incubated according to the supplier's instructions with antibiotics at 37°C in
the cell type-specific Quantum 263 medium with L-glutamine. The absolute
tumor cell numbers in the treated and control cell lines were determined in a
Rosenthal chamber at 72 h after treatment or incubation with Quantum 263,
respectively. Mean values of three independent experiments with standard
deviation are shown. Significant differences between single agent and
combination treatment and untreated controls are indicated by asterisks.
Combination treatment of bortezomib/BI2536+cisplatin or +doectaxel sig-
nificantly inhibited cell proliferation compared with mono drug therapy with
cisplatin or docetaxel alone (P<0.021).

a significantly higher antiproliferative activity compared
with cisplatin alone (P=0.008). The same phenomenon was
observed in the combination of bortezomib/BI2536 with
docetaxel compared with docetaxel monotherapy (P=0.021;
Figs. 1 and 2). Apoptosis was detected by microscopic
cytohistology as well as using the Human Apoptosis Array
kit (R&D Systems), detecting pro caspase 3 as a typical
molecular apoptosis marker.

The combination of the conventional chemotherapeutic
drugs cisplatin and docetaxel with small molecules in this
in vitro examination significantly enhanced the antitumor
activity of these agents.
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Figure 2. Growth inhibitory effect of cisplatin or docetaxel alone and in com-
bination with bortezomib/BI2536 at a fixed cell line-specific concentration
as shown in Table I after 72 h treatment in the SCC-14C tumor cell line.
The untreated tumor cells (light grey column) served as a control and were
incubated according to the supplier's instructions with antibiotics at 37°C in
the cell type-specific Quantum 263 medium with L-glutamine. The absolute
tumor cell numbers in the treated and control cell lines were determined in a
Rosenthal chamber at 72 h after treatment or incubation with Quantum 263,
respectively. Mean values of three independent experiments with standard
deviation are shown. Significant differences between single agent and
combination treatment and untreated controls are indicated by asterisks.
Combination treatment of bortezomib/BI2536+cisplatin or +doectaxel sig-
nificantly inhibited cell proliferation compared with mono drug therapy with
cisplatin or docetaxel alone (P<0.021).

Discussion

Various molecularly targeted approaches have been investi-
gated in SCCHN patients in the search of improved selectivity
and toxicity. Targets that are worth considering include growth
factor receptors, signal transduction proteins, kinases, such as
PLK1, and proteins involved in the degradation of kinases,
such as the proteasome (15,16). Previous studies have demon-
strated the marked growth inhibitory and apoptotic effects
of bortezomib, a small molecular weight reversible inhibitor
of the intracellular 26S proteasome, in SCCHN (10,17).
Bortezomib acts primarily by inhibition of the NF«B signaling
pathway, although the complete molecular mechanism leading
to the antitumor action of this proteasome inhibitor remains
unidentified (18,19). BI2536 is a further selective and potent
small molecule that inhibits PLK1, which is a key player in
processes such as cell division and checkpoint regulation in
mitosis (20). Approximately 80% of human tumors express
high levels of PLK-1 transcripts, which are correlated with
poor prognosis (20-23). PLK inhibitors, such as BI2536 and
BI6727, interfere with several stages of mitosis, including
spindle formation and chromosome separation, thus inducing
a mitotic chaos leading to a disruption of cell cycle progres-
sion. In the present study, we showed the enhanced antitumor
effect of a combination of two small molecules which affect
different signaling pathways. The drug combination of bort-
ezomib/BI2536 with cisplatin showed a significantly higher
antiproliferative activity compared with cisplatin alone
(P<0.008). The same phenomenon was observed in the combi-
nation of bortezomib/BI2536 with docetaxel compared with
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docetaxel monotherapy (P=0.021). In summary, the results
of our systemic in vitro experiments have demonstrated the
growth inhibitory and proapoptotic effect of a combination
regime consisting of the two small molecules bortezomib/
BI2536 in combination with conventional chemotherapeutic
drugs, cisplatin and docetaxel, in SCCHN cell lines for the
first time.

With regard to the combination of two small molecules,
bortezomib/BI2536, enhancing the antiproliferative effect of
both cytotoxic agents, cisplatin and docetaxel, it appears to
be possible to reduce the doses of the conventional drugs and
thus to reduce the severe side-effects of these regimes in the
future.
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