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Abstract: Background: After an initial response to EGFR targeted therapy, secondary resistance almost invariably 
ensues, thereby limiting the clinical benefit of the drug. Hence, it has been recognized that the successful imple-
mentation of targeted therapy in the treatment of HNSCC cancer is very much dependent on predictive biomarkers 
for patient selection. Methods: We generated an in vitro model of acquired cetuximab resistance by chronically 
exposing three HNSCC cell lines to increasing cetuximab doses. Gene expression profiles of sensitive parental cells 
and resistant daughter cells were compared using microarray analysis. Growth inhibitory experiments were per-
formed with an HB-EGF antibody and the MMP inhibitor, both in combination with cetuximab. Characteristics of EMT 
were analyzed using migration and invasion assays, immunofluorescent vimentin staining and qRT-PCR for several 
genes involved in this process. The function of the transcription factor AP-1 was investigated using qRT-PCR for sev-
eral genes upregulated or downregulated in cetuximab resistant cells. Furthermore, anchorage-independent growth 
was investigated using the soft agar assay. Results: Gene expression profiling shows that cetuximab resistant cells 
upregulate several genes, including interleukin 8, the EGFR ligand HB-EGF and the metalloproteinase ADAM19. 
Cytotoxicity experiments with neutralizing HB-EGF antibody could not induce any growth inhibition, whereas an MMP 
inhibitor inhibited cell growth in cetuximab resistant cells. However, no synergetic effects combined with cetuximab 
could be observed. Cetuximab resistant cells showed traits of EMT, as witnessed by increased migratory potential, 
increased invasive potential, increased vimentine expression and increased expression of several genes involved 
in EMT. Furthermore, expression of upregulated genes could be repressed by the treatment with apigenin. The 
cetuximab resistant LICR-HN2 R10.3 cells tend to behave differently in cell culture, forming spheres. Therefore, 
soft agar assay was performed and showed more and larger colonies when challenged with cetuximab compared 
to PBS challenged cells. Conclusions: In summary, our results indicate that increased expression of the ligand HB-
EGF could contribute to resistance towards cetuximab in our cetuximab resistant HNSCC cells. Furthermore, several 
genes upregulated or downregulated in cetuximab resistant cells are under control of the AP-1 transcription factor. 
However, more studies are warranted to further unravel the role of AP-1 in cetuximab resistance. 
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Introduction

Molecular individualized medicine and the cor-
responding biomarkers are replacing the tradi-
tional “one-size-fits-all” medicine. The field of 
oncology has entered an era of personalized 
medicine where treatment selection for each 

cancer patient is becoming individualized or 
customized. Personalized medicine can be 
defined as “tailoring of medical treatment to 
the individual characteristics of each patient; to 
classify individuals into subpopulations that dif-
fer in their susceptibility to a particular disease 
or their response to a specific treatment so that 
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preventive or therapeutic interventions can 
then be concentrated on those who will benefit, 
sparing expense and side effects for those who 
will not” [1]. 

In this regard, the epidermal growth factor 
receptor (EGFR) is recognized as a central regu-
lator of proliferation and progression in many 
human cancers, including head and neck squa-
mous cell carcinoma (HNSCC) and is, therefore, 
one of the most promising targets for molecu-
lar-targeted therapies in HNSCC. Furthermore, 
tumor EGFR expression is inversely correlated 
with clinical outcome in HNSCC patients [2, 3]. 
In the last years, several potent EGFR inhibitors 
have been developed, including both EGFR tar-
geting monoclonal antibodies and EGFR tyro-
sine kinase inhibitors. 

After the initial promise of targeted therapies, 
drug resistance is now emerging as the major 
obstacle in the field of targeted therapies. 

This non-responsiveness may be caused by 
multiple intrinsic and extrinsic/acquired resis-
tance mechanisms. In the case of HNSCC, 
many tumors remain non-responsive to cetux-
imab, an EGFR targeting monoclonal antibody, 
as the single-agent response rate of this drug, 
is less than 15% [4], showing that intrinsic 
resistance is a widespread phenomenon. 
Nevertheless, cetuximab is known to provide a 
clinical benefit when used either in conjunction 
with radiation or in combination with chemo-
therapy [5, 6]. From a clinical point of view, 
acquired resistance occurs after an initial 
response to therapy and eventually all HNSCC 
patients will relapse or become insensitive to 
further anti-EGFR therapy [7]. Therefore, deter-
mining the underlying active signaling pathways 
or genes may bring comprehensive understand-
ing of these mechanisms of resistance and 
could consequently have an important impact 
on the effectiveness of treatment given in the 
acquired resistance clinical setting. Targeted 
therapy is thought to offer a higher therapeutic 
index and should therefore be associated with 
less toxicity than cytotoxic drugs [8]. However, 
predictive biomarkers are required to identify 
molecular determinants of resistance and to 
sub-classify tumors into homogenous molecu-
lar subtypes, thus maximizing efficacy and cost 
effectiveness and eventually enhancing quality 
of life for patients [1, 9, 10].

The development and combination of new 
agents that target members of the ErbB family 
or downstream effectors will lead to a more 
comprehensive approach in using targeted 
therapies and may overcome tumor-acquired 
resistance to single-agent therapies. Although 
previous results have been encouraging, there 
is a remaining need for further mechanistic 
insights [11]. 

In the current study, we generated a model of 
acquired cetuximab resistance by exposing 
cetuximab sensitive HNSCC cells to doses of 
cetuximab increasing over time, resulting in 
cetuximab resistant daughter HNSCC cells. 
This study provides valuable insights regarding 
the molecular mechanisms of acquired cetux-
imab resistance in HNSCC and could be used 
as a model to explore strategies to overcome 
therapeutic drug resistance. 

Methods 

Cell lines and culture conditions

The human HNSCC tumor cell line SC263, 
described previously [12], was kindly provided 
by Prof. Dr. Sandra Nuyts (University Hospital 
Leuven, Leuven, Belgium). The LICR-HN2 and 
LICR-HN5 cell lines were provided by Prof. Dr. 
Olivier De Wever (Ghent University Hospital, 
Ghent, Belgium). All these HNSCC derived cell 
lines were shown previously to respond to 
cetuximab therapy [13]. Cells were grown as 
monolayers in Dulbecco’s Modified Eagle 
Medium (DMEM), supplemented with 10% fetal 
calf serum, 2 mM glutamine and 1% penicillin/
streptomycin. All media and supplements were 
obtained from Life Technologies (Merelbeke, 
Belgium). Cultures were maintained in expo-
nential growth in a humidified 5% CO2/95% air 
atmosphere at 37°C. Cells were periodically 
screened for mycoplasma contamination 
(MycoAlertTM, Plus Mycoplasma detection kit, 
Lonza, Verviers, Belgium). 

Generation of resistant cell clones

Previously, dose-response studies of cetux-
imab (Merck, Darmstadt, Germany) were per-
formed in order to select cetuximab sensitive 
cell lines [13]. Cetuximab resistant variants of 
each cell line were derived from each original 
parental cell line by continuous exposure to 
cetuximab, starting with the IC50 concentration 
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(drug concentration causing 50% growth inhibi-
tion) of cetuximab for 10-14 days for a particu-
lar tumor cell line. In parallel, controlled paren-
tal cells were exposed to the vehicle for cetux-
imab, PBS. After 9 or 10 dose doublings, dose-
response studies were re-assessed for each 
resistant cell line (suffix Rx), by exposure to the 
maximally achieved dose of cetuximab every 
four weeks. Resistant cells were tested to 
investigate whether acquired resistance was a 
transient or lasting effect by re-assessing the 
dose-response studies of cetuximab after 6 
weeks in cell culture without cetuximab. 

Dose-response studies of cetuximab by SRB

Cetuximab resistant and cetuximab vehicle 
(PBS) cells were seeded in 48-well plates at cell 
concentrations assuring exponential cell 
growth during the whole assay. After overnight 
incubation at 37°C, cells were treated with 
0-15 nM cetuximab for 168 h. Cell proliferation 
was determined by the sulphorhodamine B 
assay, as previously described [14]. All experi-
ments were performed in triplicate and each 
concentration was tested six times within the 
same experiment. IC50 values were calculated 
using WinNonlin software (Pharsight, Mountain 
View, USA).

Genome wide gene expression and validation

Prior to RNA isolation using the Trizol method, 
cetuximab sensitive and resistant cells were 
treated with 15 nM cetuximab or vehicle (PBS) 
during 13 hours, thus eliciting activation of 
genes or signaling pathways responsible for 
(non-) response to cetuximab. In order to main-
tain minimal experimental variability, all cell 
lines were grown and treated in identical cul-
ture conditions. 

After overnight sample hybridization at 58°C, 
subsequent washing steps and sample labeling 
with a streptavidin-Cy3 dye (Amersham, 
Buckinghamshire, England), intensity values 
were read out on an Illumina iScan equipped 
with iScan control software (version 1) 
(Illumina). The software was configured in such 
a way that for every sample on the microarray, 
a file was created containing intensity values 
and XY coordinates for every probe present on 
the array. Next, the resulting data files were 
analyzed using the R package “Beadarray 
v1.14.0” for intensity reading and quantile nor-
malization and were further processed in 
“Limma v3.2.1” to estimate differential gene 
expression [15, 16]. In addition, pathway analy-
sis was performed. For this purpose, a priori 
defined gene sets were downloaded from the 
Gene Ontology website (http://www.geneontol-
ogy.org) and used as input in the Gene Set 
Enrichment v2.0 program [17].

All microarray expression data will be deposit in 
the Gene Expression Omnibus database 
(http://www.ncbi.nlm.nih.gov/geo/) at the time 
of acceptation of the paper. 

Validation of microarray was assessed by qRT-
PCR in 10 µl volumes with Power SYBR® Green 
RNA-to-CtTM 1-step kit (Applied Biosystems, 
Foster city, CA, USA). The reaction volume was 
made up as follows: 2x Taqman RT PCR mix, 
200 nM forward and reverse primer each, 125x 
Taqman RT Enzyme Mix, 30 ng RNA to a total 
volume of 10 µl. Primer sequences is summa-
rized in Table 1.

Each sample, including the non-template con-
trol, was run in triplicate. Relative gene expres-
sion levels were calculated according to the 
QbasePlus software (Biogazelle).

Table 1. Sequence of primers used for validation of microarray 
results
gene forward reverse
HB-EGF GAAAGTCCGTGACTTGCAAGAGG GTGGCTTGGAGGATAAAGTGACTC
IL8 TCTGCAGCTCTGTGTGAAGGTG TGTGGTCCACTCTCAATCACTCTC
HTRA1 AAGTTCCTCACGGAGTCCCATGAC TCAGCTCTTTGGCTTTGCTGGAC
KRTDAP ACTGGGATGCCTTTCCTAAGCTG TTCCAGTGGAGGTCATGGTCAC
GAPDH TCCTGCACCACCAACTGCTTAG TGGTCATGAGTCCTTCCACGATAC
ADAM19 AGCACTTGCCGAGGAATTAGAGG TCGATGACGTAGCTGAGGTTGC
VIM AGATGCTTCAGAGAGAGGAAGCC CAGAGACGCATTGTCAACATCCTG
ALAS1 TAAGAGTCTTCCCTGCCTGGATGG TGCTGGCTCCTGTGGAAAGAATC
HMBS GGCAATGCGGCTGCAA GGGTACCCACGCGAATCAC

For microarray experiments, 
RNA samples were amplified 
using the Illumina Totalprep 
RNA Amplification kit (Ambion, 
Austin, TX, USA). In short, 
mRNA fractions were convert-
ed to double stranded-cDNA. 
A subsequent in vitro tran-
scription reaction produced 
cRNA strands with incorporat-
ed biotin-UTP nucleotides. 
750 ng of the resulting cRNA 
was hybridized to an Illumina 
human HT12v4 beadchip 
(Illumina, San Diego, CA, USA). 

http://www.geneontology.org/
http://www.geneontology.org/
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Growth inhibition experiments - xCELLigence

Growth inhibition experiments were carried out 
using the xCELLigence RTCA DP instrument 
(Roche Diagnostics GmbH, Mannheim, Ger- 
many) which was placed in a humidified incuba-
tor at 37°C and 5% CO2. Cell cytotoxicity experi-
ments were performed using modified 16-well 
plates (E-plate, Roche Diagnostics GmbH), as 
previously described [18]. In short, 100 µL of 
cell-free DMEM medium (10% FBS) was added 
to the wells. After leaving the plates at room 
temperature for 30 min, the background imped-
ance for each well was measured. Cells were 
harvested from exponential phase cultures by 
trypsinization using 0.05% Trypsin-EDTA 
(Invitrogen, Merelbeke, Belgium) and were 
counted automatically with a Scepter 2.0 
device (Merck Millipore, Overijse, Belgium). Two 
replicates of each experimental condition were 
used in the same experiment. Cells were seed-
ed at a concentration ensuring exponential 
growth during the assay. In accordance with 
the manufacturer’s guidelines, the plates were 
then left at room temperature for 30 minutes in 
order to allow cell attachment. Next, the plates 
were locked in the RTCA DP device inside the 
incubator and the impedance value of each 
well was automatically monitored by the xCEL-
Ligence system and expressed as a Cell Index 
value (CI). After a recovery period, cells were 

bation with the particular drug of interest, cell 
index measurement was ended.

Migration assay 

Migration of HNSCC cell lines was investigated 
by a Transwell system with 8.0 µm pore polycar-
bonate membrane insert (Corning®, NY, USA). 

In order to exclude the effect of serum on the 
migratory capability, the experiment was run in 
conditions with (4 h) and without serum depri-
vation prior to the assay. Cells were detached 
using TrypLE™ Express (Life Technologies, 
Merelbeke, Belgium), counted and resuspend-
ed in 250 μl serum free medium (2.105 cells/
insert) and incubated at 37°C (95% air-5% 
CO2). The lower chamber contained 600 μl  
medium supplemented with 10% FBS. 24 hours 
later, non-migrated wells were carefully 
removed with a cotton swab and migrated cells 
were fixed with 0.1% crystal violet in 20% meth-
anol for 3 minutes at room temperature, fol-
lowed by washing in deionized water to remove 
redundant staining. Next, stained membranes 
were visualized in three random non-overlap-
ping fields at 10x objective and 10x eyepiece 
on a transmitted-light microscope (Leica 
DMBR, Leica Microsystems GmbH, Wetzlar, 
Germany) equipped with an AxioCam HRc cam-
era (Carl Zeiss MicroImaging GmbH, Jena, 
Germany). Quantification was performed by 

Table 2. Design of combination studies for the three drugs of interest
Drug in Monotherapy Monotherapy Cetuximab Combination therapy Vehicle
 HB-EGF 15 nM 0.01; 0.1; 0.5; 1.0; 2.5; 5.0 µg/ml HB-EGF + 15 nM cetuximab PBS
10; 25; 50 mM GM6001 15 nM 10; 25; 50 mM GM6001 + 15 nM cetuximab DMSO

Table 3. Primer sequences of genes
Gene Forward primer Reverse primer
VIM CTTGAACGGAAAGTGGAATCCT GTCAGGCTTGGAAACGTCC
FN1 GGTGACACTTATGAGCGTCCTAAA AACATGTAACCACCAGTCTCATGTG
TJP1 AAGTCACACTGGTGAAATCC CTCTTGCTGCCAAACTATCT
SNAI1 AAGA TGCACA TCCGAAGCCA CTCTTGGTGCTTGTGGAGCA
SNAI2 CTCACCTCGGGAGCATACAG GACTTACACGCCCCAAGGATG
TWIST1 CTGCCCTCGGACAAGCTGAG CTAGTGGGACGCGGACATGG
ZEB1 GTTCTGCCAACAGTTGGTTT GCTCAAGACTGTAGTTGATG
ZEB2 TCTGAAGA TGAAGAAGGCTG AGTGAATGAGCCTCAGGTAA
CST6 GAGAAGCTGCGCTGTGACTTTGAG AGTTGTGCTTTAGGAGCTGAGAGG
S100A8 AGCTGTCTTTCAGAAGACCTGGTG TCAGGGAGTACTTGTGGTAGACG
FOSL1 AAGGCCTTGTGAACAGATCAGC AGGAAGTCGGTCAGTTCCTTCC
PLAU ATACGAACAGGCGAACTGTGAC GCTGCCCTCCGAATTTCTTTGG

treated with the drug of inter-
est; i.e. HB-EGF (monoclonal 
mouse antibody, R&D sys-
tems, Minneapolis, USA) or 
GM6001 (Enzo Life Sciences, 
Antwerp, Belgium). Combi- 
nation studies were executed 
with single agent, vehicle and 
15 nM cetuximab as control 
(Table 2). 

For every experiment, corre-
sponding vehicle solution was 
used as a control (Table 2). 
Cell index was monitored 
every 30 min during the exper-
iment. After 72 hours of incu-
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processing all obtained images using ImageJ 
software (http://rsbweb.nih.gov/ij/), as 
described previously [18]. Degree of migration 
per experiment was determined by calculating 
the average pixel % area of the three random 
fields and experiments were performed in 
triplicate. 

Invasion assay

Cell invasion experiments were carried out 
using a Transwell plate system as described for 
migration experiments, added with the applica-
tion of Matrigel (Basement Membrane Matrix, 
growth factor reduced, BD Biosciences, 
Erembodegem, Belgium) as extracellular matrix 
component. Matrigel was thawed overnight on 
ice and mixed with ice-cold serum free medium 
to obtain a dilution corresponding with 12.5% 
v/v. All other conditions regarding culturing, cell 
seeding density and serum deprivation were 
identical to the Transwell migration assays 
described above. Experiments were performed 
in quadruplicate. 

Immunofluorescence

For the immunofluorescent staining, cells were 
cultivated overnight in 6-well plates, with a cov-
erslip on the bottom of the plate. The medium 
was removed, and the cells were washed once 
with 1x PBS buffer. Fixation of the cells was car-
ried out for 5 minutes with ice-cold methanol 
and followed with a wash step 1x PBS. After 
permeabilization with 0.1% Triton X-100 in PBS 
for 10 minutes, the fixed cells were blocked 
with 1% BSA/PBS-buffer for 30 minutes. Next, 
cells were again washed with 1x PBS and incu-
bated with the primary antibody vimentin 
(1/100, mouse, Dako, Glostrup, Denmark) for 1 
hour. After washing 3 times with 1x PBS, cells 
were incubated for 2 hours with Alexa fluor 555 
dye-coupled anti-mouse antibody (1/800, don-
key, Life Technologies, Merelbeke, Belgium). 
The unbound secondary antibody was removed 
by 3 washes with 1x PBS for 5 minutes. 
Thereafter, the samples were counterstained 
with PPD mounting medium containing DAPI 
(Vector Laboratories, Burlingame, CA, USA). 
Samples were analyzed on an inverted immu-
nofluorescence EVOS® FL Digital Fluorescence 
Microscope (Advanced Microscopy Group, Mill 
Creek, Washington, USA). The MDA-MB-231 
breast cancer cell line was used as a positive 
control for vimentin staining. Negative control 
was achieved by incubation with only primary 
antibody or only secondary antibody. 

qRT-PCR of genes associated with EMT and 
AP-1 

Expression of genes associated with EMT or 
with the AP-1 transcription factor was assessed 
by qRT-PCR, as described above. Primer 
sequences are provided in Table 3.

Before RNA isolation using the Trizol method 
(Invitrogen, Merelbeke, Belgium), cells were 
treated with 15 nM cetuximab or PBS during 13 
or 72 hours for the EMT experiment, whereas 
for the AP-1 experiment, cells were treated with 
15 nM cetuximab or 15 nM cetuximab com-
bined with 25 mM apigenin for 13 hours. 

Colony formation in soft agar

Anchorage-independent growth of the LICR-
HN2 R10.3 cell line was investigated using the 
soft agar assay. To prepare the base layer, 1 ml 
of 0.75% agar in DMEM media containing 10% 
FBS was added to 6 well plates and allowed to 
polymerize. The top layer consisted of 1 ml 
1.104 cells per well suspended in 0.36% agar in 
DMEM with 10% FBS, containing 15 nM cetux-
imab or vehicle-solution (PBS) and plated in a 6 
well plate. The top layer was covered with 0.5 
ml DMEM twice a week, containing 15 nM 
cetuximab or PBS, in order to provide cells with 
fresh medium. After being cultured for 14 days 
at 37°C, colonies were stained with 0.04% 
crystal violet (Merck, Darmstadt, Germany) in 
2% ethanol (Fisher Chemicals, Leicestershire, 
UK) in PBS. Three pictures per well of the 
stained colonies were taken using an EVOS® 
FL Digital Fluorescence Microscope. 

Statistical analysis 

All experiments were performed at least in trip-
licate. Results are presented as mean ± stan-
dard deviation. Possible significant differences 
(P≤0.05) were evaluated with Mann-Whitney U 
test, using SPSS v20.0 software. 

Results

Generation of cetuximab resistant cell lines 

Three human HNSCC cell lines LICR-HN2, LICR-
HN5 and SC263, previously shown to be sensi-
tive to cetuximab therapy, were exposed to 
increasing concentrations of cetuximab, start-
ing with the IC50 of cetuximab for these cell 
lines; respectively 0.05, 0.43 and 0.13 nM 
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cetuximab [13]. Eventually, cetuximab resistant 
daughter cells (suffix Rx) were generated, show-
ing resistance towards high concentrations of 
cetuximab; respectively 25.6, 110.0 and 66.65 
nM. In parallel, cells were exposed to the vehi-
cle-solution PBS (suffix PBS). The resistant phe-
notype was characterized by performing cell 
proliferation assays when challenged with 

cetuximab (Figure 1A). Thus, we observed a 
higher proliferative potential in cetuximab 
resistant cells when treated with cetuximab 
compared with sensitive cells. Furthermore, 
statistical analysis showed that cetuximab sen-
sitive and resistant cells responded significant 
different on 15 nM cetuximab (P=0.050 for all 
cell lines tested). 

Table 4. Genes upregulated in resistant LICR-HN5 R9.1 and SC263 R10.2 cells compared with sensi-
tive LICR-HN5 PBS and SC263 PBS cells. Genes were selected based on fold change > 2
Gene Symbol Gene Name Fold Change
IL8 interleukin 8 3.80
CST6 cystatin E/M 2.66
KRT80 keratin 80 2.53
ADAM19 ADAM metallopeptidase domain 19 2.50
THBS1 thrombospondin 1 2.49
HBEGF heparin-binding EGF-like growth factor 2.48
CST6 cystatin E/M 2.33
KRT8 keratin 8 2.21
FOSL1 FOS-like antigen 1 2.17
TAGLN transgelin 2.16
PLAU plasminogen activator, urokinase 2.15
TCEB1 transcription elongation factor B (SIII), polypeptide 1 (15 kDa, elongin C) 2.13
RRS1 RRS1 ribosome biogenesis regulator homolog (S. cerevisiae) 2.09
KRT18 keratin 18 2.08
HPCAL1 hippocalcin-like 1 2.07
KRT8 keratin 8 2.03
IER3 immediate early response 3 2.03
FAM20C family with sequence similarity 20, member C 2.02
LTB lymphotoxin beta (TNF superfamily, member 3) 2.02
TUBA1B tubulin, alpha 1b 2.02
TUBA1A tubulin, alpha 1a 2.01

Figure 1. Dose response curves of cetuximab for isogenic cetuximab resistant and sensitive HNSCC cell lines. A. 
Dose response curves for the sensitive mother cell line (suffix PBS) and the resistant daughter cell line (suffix Rx) 
after exposure to cetuximab for 168 hours. The graph represents three independent experiments. B. Dose response 
curves of the three cetuximab resistant cell lines after 6 weeks of culture in drug-free medium, followed by cetux-
imab treatment for 168 hours. This graph represent one experiment executed in six-fold. 
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Next, we confirmed the stability of cetuximab 
resistance in a drug free culture system. LICR-
HN2 R10.3, LICR-HN5 R9.1 and SC263 R10.2 
cells still exhibited a resistant phenotype even 
after culture in drug-free medium for at least 6 
weeks (Figure 1B).

Genome-wide gene expression profiling of ce-
tuximab resistant cells

To determine the underlying signaling pathways 
responsible for cetuximab resistance, we used 
the same strategy as in our previous study [13], 
i.e. activation of these pathways and/or genes 
by treating cells with 15 nM cetuximab or vehi-
cle (PBS) for 13 h prior to RNA isolation. 

Since the LICR-HN5 and SC263 cells, both sen-
sitive and resistant forms, tend to cluster more 
together compared to the LICR-HN2 cells (data 
not shown), most attention will be paid to the 
LICR-HN5 and SC263 cells. Hereby, differences 
in gene expression will be the result of different 
response towards cetuximab therapy. Furth- 
ermore, the effect of cetuximab treatment on 
the cells was minimal. Therefore, in the analy-
sis no discrimination was made between treat-
ed (cetuximab) and vehicle (PBS). Differential 
gene expression of the LICR-HN5 and SC263 
sensitive and resistant forms is shown in Tables 
4 and 5.   

Among the most upregulated genes in LICR-
HN5 R9.1 and SC263 R10.2 cells are the ligand 
HB-EGF, the chemokine IL8 and the metallopro-
teinase ADAM19. From literature, it is known 
that IL8 can activate the EGFR pathway by 
shedding of EGFR ligands in an ADAM depen-
dent and independent way (Figure 2) [19]. In 
addition, shedding of HB-EGF has been associ-
ated with EGFR transactivation by G-protein 
coupled receptors [20]. Therefore, we hypothe-
sized that acquired cetuximab resistance in our 
HNSCC cells could be the result of constitutive 
activation of the EGFR pathway caused by 
shedding of the HB-EGF ligand after activation 
of ADAM by a stimulus, possibly IL8. 

Targeting HB-EGF in cetuximab resistant 
cell lines did not establish growth inhibition, 
whereas inhibition of MMPs resulted in de-
creased cell survival

In order to investigate the role of HB-EGF in our 
cetuximab resistant cells, these cells were 
treated with a neutralizing antibody targeting 
soluble HB-EGF in combination with cetuximab. 

Surprisingly, we did not observe any additional 
growth inhibition after treatment in the LICR-
HN5 R9.1 (Figure 3A) and SC263 R10.2 (Figure 
3B) cells. In fact, the LICR-HN5 R9.1 cells tend-
ed to grow faster in the presence of cetuximab 
compared with control (PBS). This effect could 
not be inhibited by addition of the neutralizing 
HB-EGF antibody (Figure 3A). 

Next, as pro-HB-EGF requires cleavage into sol-
uble ligands by cell surface proteases to bind 
EGFR, we examined the effect of a matrix 
metalloproteinase inhibitor, GM6001, in combi-
nation with cetuximab on cetuximab resistant 
cell lines LICR-HN5 R9.1 (Figure 3C) and SC263 
R10.2 (Figure 3D). A dose-dependent decrease 
in cell survival was observed in cetuximab 
resistant cells treated with GM6001 (Figure 3C 
and 3D). However, the obtained decrease in 
cell survival was solely the effect of GM6001, 
as the survival histograms of GM6001 in mono-
therapy are not statistically significant different 
from the corresponding survival histograms of 
the combination groups (Figure 3E). 

Cetuximab resistant HNSCC cells exhibit char-
acteristics of epithelial-to-mesenchymal transi-
tion (EMT) 

As literature suggests that epithelial-to-mesen-
chymal transition (EMT) could contribute to 
cetuximab resistance [21-23] and our microar-
ray analysis showed traits of EMT, we investi-
gated several characteristics of EMT; such as 
migratory capacity, invasiveness and expres-
sion of several associated marker genes and 
transcription factors. 

Transwell migration assays showed that cetux-
imab resistant LICR-HN5 R9.1 cells had a stron-
ger migratory capacity compared with cetux-
imab sensitive LICR-HN5 PBS cells indepen-
dent of preceding serum deprivation (P=0.050) 
(Figure 4A). In the invasion assay, however, this 
effect disappeared for both the serum free con-
dition as well as the non-serum free condition 
(P=0.564 and P=0.773 respectively) (Figure 
4C). Furthermore, increased expression of 
vimentin, a mesenchymal intermediate fila-
ment protein, and therefore an indication of 
EMT, was noticed in the drug resistant cells 
compared with drug sensitive cells (Figure 4B). 

In contrast to the LICR-HN5 R9.1 cells, the 
cetuximab resistant SC263 R10.2 cells did 
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show a significantly increased invasive poten-
tial in the non-serum free condition (P=0.021) 
and a trend towards significance in the serum 

free condition (P=0.083) (Figure 4C). In this cell 
line, however, the observed increase in the 
migratory capacity was not statistically signifi-

Table 5. Genes downregulated in resistant LICR-HN5 R9.1 and SC263 R10.2 cells compared with 
sensitive LICR-HN5 PBS and SC263 PBS cells. Genes were selected based on fold change > 2
Gene Symbol Gene Name Fold Change
HTRA1 HtrA serine peptidase 1 3.45
KRTDAP keratinocyte differentiation-associated protein 3.28
PRODH proline dehydrogenase (oxidase) 1 3.10
KRT14 keratin 14 2.79
CXCR7 Atypical Chemokine Receptor 3 2.77
SPRR1B small proline-rich protein 1B 2.74
ABCG1 ATP-binding cassette, sub-family G (WHITE), member 1 2.60
H19 H19, imprinted maternally expressed transcript (non-protein coding) 2.56
AGR2 anterior gradient 2 2.50
SCGB1A1 secretoglobin, family 1A, member 1 (uteroglobin) 2.50
MMP10 matrix metallopeptidase 10 (stromelysin 2) 2.43
KRT13 keratin 13 2.37
KRT16 keratin 16 2.31
GJA1 gap junction protein, alpha 1, 43 kDa 2.30
NTS neurotensin 2.30
SLC7A8 solute carrier family 7 (amino acid transporter light chain, L system), member 8 2.28
TSC22D3 TSC22 domain family, member 3 2.27
SPANXC SPANX family, member C 2.19
TNFSF10 tumor necrosis factor (ligand) superfamily, member 10 2.18
GPNMB glycoprotein (transmembrane) nmb 2.18
PTPRZ1 protein tyrosine phosphatase, receptor-type, Z polypeptide 1 2.15
TP63 tumor protein p63 2.15
PPAP2B phosphatidic acid phosphatase type 2B 2.14
SESN3 sestrin 3 2.12
IGFBP2 insulin-like growth factor binding protein 2, 36 kDa 2.10
PI3 peptidase inhibitor 3, skin-derived 2.10
BMP7 bone morphogenetic protein 7 2.10
MYLIP myosin regulatory light chain interacting protein 2.10
CLCA2 chloride channel accessory 2 2.10
CXCR7 atypical chemokine receptor 3 2.09
SPRR1A small proline-rich protein 1A 2.07
ALDH1A1 aldehyde dehydrogenase 1 family, member A1 2.07
DOCK8 dedicator of cytokinesis 8 2.06
AMTN amelotin 2.04
ALDH3A1 aldehyde dehydrogenase 3 family, member A1 2.04
SREBF1 sterol regulatory element binding transcription factor 1 2.03
ABCA1 ATP-binding cassette, sub-family A (ABC1), member 1 2.03
ATP2B4 ATPase, Ca++ transporting, plasma membrane 4 2.02
SOX21 SRY (sex determining region Y)-box 21 2.01
S100A8 S100 calcium binding protein A8 2.00
ST6GALNAC2 ST6 (alpha-N-acetyl-neuraminyl-2,3-beta-galactosyl-1,3)-N-acetylgalactosaminide 

alpha-2,6-sialyltransferase 2
2.00

SCG2 secretogranin II 2.00
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cant (P=0.513) in non-serum free as well as in 
serum free conditions (Figure 4A). Vimentin 
expression could be observed in cetuximab 
resistant as well as sensitive SC263 cells 
(Figure 4D). Overall, serum deprivation had no 
statistically significant effect on the migration 
or invasion of both cell lines.  

Figure 5 shows the mRNA expression profiles 
of cetuximab sensitive and resistant SC263 
and LICR-HN5 cells for different genes involved 
in EMT. 

A remarkable increase in fibronectin was 
observed in LICR-HN5 R9.1 challenged with 
cetuximab for 13 hours, whereas in SC263 
R10.2 this increase was only observed after 
cetuximab exposure for 72 hours. In agreement 

with our immunofluorescent staining, a strong 
increase in the mesenchymal protein vimentin 
mRNA expression was observed in LICR-HN5 
R9.1 cells, both after 13 and 72 hours of cetux-
imab exposure. Cetuximab could initially reduce 
vimentin expression in SC263 R10.2 cells as 
the untreated cells express more vimentin, 
though vimentin expression in cetuximab treat-
ed SC263 R10.2 is higher compared with 
SC263 PBS cells. However, longer exposure 
times resulted in more vimentin expression in 
SC263 PBS cells compared with S263 R10.2 
cells. Furthermore, the expression of the ZEB-1 
transcription factor was initially lower in the 
cetuximab resistant LICR-HN5 cells, but longer 
cetuximab exposure resulted in the opposite 
effect. ZEB-2 expression was higher under both 

Figure 2. Simplified model of our hypothesis for acquired cetuximab resistance in our HNSCC cells. A. Schematic 
representation of the localization of HB-EGF, ADAM19 and EGFR. After a trigger (e.g. interleukin 8) ADAM becomes 
active and cleaves the pro-HB-EGF ligand in a soluble HB-EGF (sHB-EGF) and a carboxy-terminal fragment cyto-
HB-EGF. The latter translocates to the nucleus where it activates several genes involved in cell cycle progression, 
whereas sHB-EGF can transactivate EGFR. B. Relative mRNA expression of HB-EGF, ADAM19 and interleukin 8 as-
sessed by qRT-PCR in cetuximab resistant and sensitive cells challenged with cetuximab or vehicle (PBS) solution 
for 13 hours.  
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conditions in the LICR-HN5 R9.1 cells. Higher 
expression of Slug, a transcriptional repressor 
of E-cadherin was noticed in the cetuximab 
sensitive LICR-HN5 versus cetuximab resistant 
daughter cells. For the SC263 cells, 13 hours of 
cetuximab treatment led to increased expres-
sion of this transcription factor in SC263 R10.2 
cells. However, longer exposure resulted in a 
small increase for the SC263 PBS cells com-
pared with resistant SC263 cells. 

Several upregulated genes reveal a common 
promoter site for the transcription factor AP-1 
in their regulatory region

Examination of the regulatory region of many 
upregulated genes in our microarray study 
revealed a common binding site for the tran-
scription factor activator protein 1 (AP-1), which 
can be activated by injury, cytokines and growth 
factors [24]. Therefore, cetuximab resistant 

Figure 3. Relative cell survival of LICR-HN5 R9.1 and SC263 R10.2 cells after treatment with a neutralizing anti-
body targeting HB-EGF or the matrix metalloproteinase inhibitor GM6001. A & B. Cell survival of LICR-HN5 R9.1 
cells (A) and SC263 R10.2 cells (B) after several conditions of a neutralizing HB-EGF antibody in combination with 
cetuximab. C & D. Cell survival of LICR-HN5 R9.1 cells (C) and SC263 R10.2 cells (D) after several conditions of 
a broad-spectrum MMP inhibitor GM6001 in monotherapy and in combination with cetuximab. Cells treated with 
vehicle-solution (PBS or DSMO) were used as absolute control and assimilated to 100% survival. All experiments 
were performed in triplicate. E. Statistical analysis of LICR-HN5 R9.1 and SC263 R10.2 cells and the MMP inhibitor 
GM6001 for the experimental conditions using Mann-Whitney U test.
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cells were treated with apigenin, an ERK1/2 
inhibitor, and the expression of selected genes 
was assessed with qRT-PCR (Figure 6). 

Figure 6 shows that treatment with the ERK 
inhibitor apigenin combined with cetuximab for 
13 hours resulted in a decrease of cystatin 
E/M (CST6), FOS-like antigen 1 (FOSL1), plas-
minogen activator urokinase (PLAU) and vimen-
tin (VIM) expression in the LICR-HN5 R9.1 cells, 
whereas in the SC263 10.2 cells apigenin only 
had a negative effect on vimentin expression. 
Furthermore, in both cetuximab resistant cells, 
S100A8 expression was increased after api-
genin treatment, which is negatively regulated 
by AP-1. However, expression of plasminogen 
activator urokinase was increased in the 
SC263 R10.2 cells after apigenin treatment. 
Apigenin had no effect on the expression of 
HB-EGF in LICR-HN5 R9.1 and SC263 R10.2 
cells.

Exposure to cetuximab potentiates anchorage 
independence of LICR-HN2 R10.3 cells

The microarray dendrogram (data not shown) 
indicated that the LICR-HN2 (sensitive and 
resistant) cells cluster further from the LICR-
HN5 and SC263 (sensitive and resistant) cells. 
Furthermore, we observed a different pheno-
type in cell culture. LICR-HN2 R10.3 cells tend 

to form multicellular spheroids in cell culture 
(Figure 7A). In order to investigate whether 
cetuximab induces the ability to survive a semi-
solid environment, soft agar experiments were 
performed for cetuximab resistant LICR-HN2 
R10.3 cells challenged with cetuximab or vehi-
cle (PBS) (Figure 7B and 7C).

Figure 7B shows that challenge of resistant 
LICR-HN2 R10.2 cells with cetuximab results in 
increased anchorage independent growth of 
LICR-HN2 R10.2 compared with PBS treated 
cells (Figure 7C).   

Discussion

The clinical efficacy of cetuximab in HNSCC 
patients is limited by the development of thera-
peutic resistance. However, little is known 
about these mechanisms in HNSCC. In the cur-
rent study, we established a model of acquired 
resistance towards cetuximab in vitro by chroni-
cally exposing HNSCC cell lines to increasing 
doses of cetuximab. 

Evaluation of our microarray data has revealed 
several interesting genes upregulated in cetux-
imab resistant cells compared with cetuximab 
sensitive cells, including IL8, HB-EGF and 
ADAM19. We focused on these genes for the 
following reasons. First, the most differentially 

Figure 4. Characteristics of EMT: migration, invasion and vimentine expression. (A & C) Migration (A) and invasion 
(C) assay for cetuximab resistant LICR-HN5 R9.1 and SC263 R10.2 and cetuximab sensitive LICR-HN5 PBS and 
SC263 PBS cells. Migration experiments were performed in triplicate, whereas invasion assay were performed in 
quadruplicate. (B & D) Vimentin immunofluorescent staining of (B) LICR-HN5 and (D) SC263; left: resistant and 
right: sensitive isogenic cell lines. Blue = dapi, nucleus and red = vimentin. 
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expressed protein IL8 was previously shown to 
confer resistance towards anti-VEGF therapy 
[25] and the role of IL8 in EGFR transactivation 
has been described in several studies [26-28]. 
Furthermore, high IL8 expression has been 

negatively associated with overall survival, dis-
ease-free survival, and distant metastasis-free 
survival in nasopharyngeal carcinoma [29]. 
Second, increased expression of EGFR binding 
ligands may contribute to cetuximab resis-

Figure 5. Relative gene expression profiles of EMT-related genes for the two HNSCC cell lines LICR-HN5 and SC263 
(sensitive and resistant forms) challenged with cetuximab “cetu” or PBS “pbs” for 13 or 72 hours (blue and green 
respectively). qRT-PCR reactions were performed in triplicate. 
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tance, as several studies have reported upregu-
lation of EGFR ligands in resistant cells [30-34]. 
Finally, HB-EGF has been shown to activate 
EGFR even in the presence of cetuximab [30]. 

Our results show that neutralization of sHB-EGF 
combined with cetuximab could not decrease 
cell proliferation of cetuximab resistant cells. 
This might be due to nuclear translocation of 
cyto-HB-EGF, which is followed by nuclear 
export of the transcriptional repressor promy-
elocytic leukemia zinc finger protein and bind-
ing to B-cell lymphoma 6 [35, 36]. Consequently, 
the suppression of cyclin A, cyclin D2 and c-Myc 

genes is reversed, resulting in cell cycle pro-
gression [35-38]. However, others have shown 
that EGFR phosphorylation decreases after 
treatment with a neutralizing HB-EGF antibody 
[26]. Therefore, cleavage of HB-EGF was pre-
vented by the MMP inhibitor GM6001. This 
inhibitor was able to induce cell cytotoxicity, but 
no synergistic effect could be observed in com-
bination with cetuximab therapy. However, it 
has been shown that knockdown of HB-EGF 
reverses cetuximab resistance in HNSCC cells 
[30]. Interestingly, one study reported translo-
cation to the nuclear envelope of pro-HB-EGF 
[39]. This might explain our observation that no 

Figure 6. A. List of AP-1 target genes and the effect on their expression; +: 
positively regulated, -: negatively regulated and ±: positively or negatively regu-
lated depending on the AP-1 dimer composition [66, 69]. B. Gene expression 
profiles of several AP-1 target genes after treatment (13 h) with 15 nM cetux-
imab (control) and after treatment with 15 nM cetuximab plus ERK inhibitor 
25 mM apigenin. qRT-PCR reactions were performed in triplicate. 

Figure 7. (A) Macroscopic image of LICR-HN2-R cells in culture. (B & C) Soft agar assay of LICR-HN2 R10.3 chal-
lenged with 15 nM cetuximab (B), and LICR-HN2 R10.3 cells challenged with PBS (C). Soft agar assay was per-
formed in 2 wells and 3 non-overlapping fields were taken per well at a 4x objective on an EVOS ®FL Digital Fluo-
rescence Microscope. 
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synergy between cetuximab and the MMP 
inhibitor GM6001 could be observed in our 
experiments. 

In the literature, EMT has been proposed as a 
mechanism of resistance towards EGFR target-
ing therapeutics [21-23, 40-44]. This process is 
characterized by loss of epithelial cell charac-
teristics and acquisition of mesenchymal phe-
notypic traits, causing tumor cells to detach 
from neighboring cells and to migrate into adja-
cent tissue [45-47]. However, it has been 
reported that EGFR inhibition can promote an 
infiltrative front composed of mesenchymal-
like cells, which made up a small subpopulation 
of the tumor before therapy [48]. Increased 
expression of IL8 and HB-EGF have been linked 
with EMT [29, 30, 49-54]. Both genes are 
upregulated in our cetuximab resistant cells 
and these cells shows traits of EMT, including 
higher migratory (LICR-HN5 R9.1 cells, 
P=0.050) and invasive capacity (SC263 R10.2 
cells, P=0.021). Moreover, our microarray pro-
file reveals upregulation of the epithelial mark-
ers KRT13, KRT14, KRT16 and KRTDAP in 
cetuximab sensitive cells, whereas resistant 
cells were characterized by upregulation of pro-
tease urokinase (PLAU), transgelin (TAGLN), 
ADAM19 and thrombospondin (TSP-1), all of 
which have functions associated with features 
of EMT [55-59]. Other important changes in the 
EMT expression profile of LICR-HN5 R9.1 cells 
included increased fibronectin, vimentin and 
ZEB2. For the SC263 R10.2 cells, an increase 
in fibronectin and Slug was observed, whereas 
the mesenchymal protein vimentin was more 
present in cetuximab sensitive SC263 PBS 
cells. However, EMT is a process in which differ-
ent genes and transcription factors at certain 
times in this process will be regulated. 
Additionally, upregulation of the protease inhib-
itor cystatin M (CST6) was observed in our 
cetuximab resistant cells. Interestingly, 
increased expression of CST6 has been linked 
with metastasis in oropharyngeal squamous 
cell carcinoma, rescuing tumor cells from TNF-
induced apoptosis [60]. Strikingly, several 
genes upregulated in cetuximab sensitive cells 
are known to be involved in aspects of tumor 
growth, such as p63 (TP63), neurotensin (NTS) 
and CXCR7 [61, 62].

Other important processes involved in metas-
tasis are anchorage-independency and anoikis 

resistance [63, 64]. In this regard, it is an inter-
esting finding that LICR-HN2 R10.3 cells not 
only were able to grow in an anchorage-inde-
pendent manner in vitro as tumor spheroids, 
these cells also formed more and larger colo-
nies when challenged with cetuximab. 
Previously, it has been shown that Ras could 
induce anchorage-independent growth, involv-
ing multiple signals leading to both expression 
of cyclin A and activation of cyclin-dependent 
kinase activities in the absence of cell adhe-
sion [65]. This is an important observation, as it 
potentially implicates that cetuximab resistant 
HNSCC patients might deteriorate upon persis-
tent cetuximab treatment.  

The activator protein complex (AP-1) is formed 
by a FOS gene, which can dimerize with pro-
teins of the JUN family through leucine zipper 
domains and have been implicated as regula-
tors of cell proliferation, differentiation and 
transformation [66]. As most of the early 
response gene activation events in our microar-
ray are facilitated by FOS/JUN AP-1 associated 
pathways and regulation of AP-1 is attributable 
to ERK1/2 [66-69], we investigated the effect 
of an ERK inhibitor, apigenin, on the expression 
of selected genes. These results indicate that 
the expression of these genes could be 
reversed by apigenin treatment in LICR-HN5 
R9.1 cells, whereas the expression of these 
genes in the SC263 R10.2 cells was less influ-
enced by 13 hours of apigenin treatment. 
Interestingly, ERK activation is considered 
essential for entry into the cell cycle, and there-
fore, ERK or AP-1 is considered as a strong tar-
get for cancer therapy [67, 68]. Inhibitors of 
AP-1 have been shown to block tumor promo-
tion, transformation, progression and invasion 
[70]. Resveratrol, curcumin, epigallocatechin 
gallate, quercetin and caffeic acid phenethyl 
ester, all inhibit AP-1 activation to varying 
degrees [70]. 

Conclusion

In summary, our results indicate that 1) 
increased expression of the ligand HB-EGF 
(sHB-EGF and cyto-HB-EGF) could be responsi-
ble for resistance towards cetuximab in our 
cetuximab resistant HNSCC cells; 2) cetuximab 
resistant cells showed characteristics of EMT, 
and 3) several upregulated genes in cetuximab 
resistant cells share a common promoter site 
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for the AP-1 transcription factor.  However, more 
studies are warranted to further unravel the 
role of AP-1 in cetuximab resistance. 
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