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Chapter 1 
General introduction and outline of the thesis.
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General introduction 
Epidemiology and Etiology

Head and neck cancer is a heterogeneous group of malignancies that may arise 
from different parts of the head and neck region, such as from the salivary glands 
or the skin. However, most malignant tumours (90%) in the head and neck region 
are squamous cell head and neck carcinomas (HNSCC) originating in the mucosa 
of the oral cavity, oropharynx, nasopharynx, hypopharynx and/or larynx. In this 
thesis, the focus will be on these HNSCC.

HNSCC is the sixth most prevalent type of cancer in the world[1]–[3], with an 
incidence of 9.2 patients per 100,000 people per year [4]. Risk factors for HNSCC 
are tobacco smoking, alcohol consumption, infection with the human papilloma 
virus (HPV)  [5], [6] and chewing of the betel quid. 

Cigarette smoke contains nitrosamine and polycyclic hydrocarbons, which are 
known to be genotoxic, and therefore carcinogenic. Heavy smokers have an 
approximately 2-fold increased risk for developing HNSCC as compared to non-
smokers.[7] The combination of alcohol consumption and smoking has been 
shown to increase the risk even more, up to a 6 fold.  The common idea is that 
alcohol partially dissolves the mucosa, leaving the epithelium more susceptible to 
the carcinogenic effects of the tobacco smoke.[7] 

In the last decade it has become clear that the high risk HPV types play an 
important role in the carcinogenesis of HNSCC, mostly in the oropharyngeal 
region, and more specifically in the base of the tongue and tonsils. HPV related 
tumours demographically occur more in Caucasian, male, non-smoking, non-
drinking, younger patients with a higher socio-economic status, when compared 
to non-HPV related HNSCC patients. Sexual behaviour is thought to be the most 
important risk factor in HPV related HNSCC[8]. HPV related HNSCC has a 2 times 
better overall survival than HPV unrelated HNSCC. [9]

Chewing of the betel quid or Paan is common in south-east Asia and certain 
regions of India. A betel quid consists of areca nut and betel leaves, sometimes 
with addition of tobacco, slaked lime (calcium hydroxide) paste is often added 
to bind the leaves. Both the betel leaves and the areca nut have carcinogenic 
effects[10]. Also it has been shown that the slaked lime makes the mouth more 
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alkaline, which is thought to increase the carcinogenic effects of the areca nut and 
betel leaves.[11] 

Treatment

Patient with HNSCC can be treated with different strategies including primary 
surgery either followed or not by postoperative radiotherapy or chemo-radiation. 
Alternatively HNSCC patients can be treated with non-surgical strategies, such 
as primary radiotherapy either as single modality, combined with chemotherapy 
[12] or, targeted agents directed against the epidermal growth factor receptor 
(EGFR)[13]. In general, patients with early stages (stages I-II) have an excellent 
outcome and are most optimally treated with only one treatment modality 
(surgery or radiotherapy alone). It should be noted that there are no randomized 
controlled trials to confirm this, but the results in these cases in terms of loco-
regional control and survival are favourable. Most patients with HNSCC however 
present with more locally advanced stages (stages III and IV). Although loco-
regional tumour control and survival associated with non-surgical strategies have 
improved significantly over time[12], in particular after the addition of concurrent 
chemotherapy to radiotherapy, many patients with locally advanced HNSCC are 
still  primarily treated with surgery and are referred for postoperative radiotherapy 
or chemo-radiation in case of adverse prognostic pathological factors. This is 
particularly true for oral cavity SCC. The choice between primary surgical or non-
surgical treatment strategies depends thus on several factors such as primary 
tumour origin and expected functional outcomes. Besides considerations of loco-
regional control and survival, the development of treatment-related side effects 
depends on both the selected treatment strategy and the site of the primary 
tumour. This, for example, results in an emphasis on surgery in cancers of the 
oral cavity and on non-surgical approaches in HNSCC originating from the larynx, 
hypopharynx and oropharynx. 

Still many patients with locally advanced HNSCC are primarily treated with surgery 
of the primary site and neck dissection with or without postoperative radiation or 
chemo-radiation. Although there are no large randomized controlled trials (RCT’s) 
that confirm the additional value of postoperative radiotherapy after primary 
surgery as compared to surgery alone, it is generally believed that radiotherapy 
is effective against microscopic deposits of cancer cells which, if unaddressed, 
would progress and lead to tumour recurrence. 
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In a number of retrospective studies, the results obtained with surgery alone were 
compared to those obtained with surgery and postoperative radiotherapy[14]. In 
most of these studies, loco-regional tumour control was significantly better after 
surgery and postoperative radiotherapy compared to surgery alone for the entire 
population[14]. This was particularly true in case of positive surgical margins [15] 
and lymph node metastases with extranodal spread[15], [16]. In most of these 
series, the benefit in terms of loco-regional tumour control was associated with a 
significant overall survival benefit as well[14].

According to the Dutch guidelines, postoperative radiotherapy is currently 
considered standard in case of high risk factors after surgery alone, including 
positive (< 1 mm) or close (1-5 mm) surgical margins, lymph node metastases with 
extranodal spread, 2 or more positive lymph nodes, invasion of the soft tissues 
and/or skin of the neck, more than 5 mm subglottic extension and perineural 
growth [Dutch guidelines]. 

The patients included in the studies of this thesis were all treated with primary 
surgery and considered at risk for locoregional failure and treated with 
postoperative radiotherapy after primary surgery.

Prognosis after surgery and postoperative radiotherapy

Patients with HNSCC may present with a large variety of prognostic factors, including 
clinical factors, pathologic features and molecular and genetic characteristics. For 
the proper design of therapeutic trials investigating novel strategies, a thorough 
knowledge of differences in outcome of specific prognostic groups is essential. 
Moreover, the choice of adjuvant treatment (e.g., total dose, overall treatment 
time, radiotherapy technique, addition of chemotherapy) after primary surgery 
mainly depends on the risk on loco-regional failure and to a lesser extent on the 
probability of distant metastases. 

Langendijk et al developed a classification system based on recursive partitioning 
analysis (RPA)[17]. Based on this RPA, three different risk groups among patients 
treated with surgery and postoperative radiotherapy could be identified. RPA 
Class I (intermediate risk) consisted of patients who had no pN3 lymph nodes, free 
surgical margins (> 5 mm), and no extranodal spread (ENS). RPA Class II (high risk) 
consisted of patients who had 1 positive lymph node with ENS or had pT1, pT2, or 
pT4 tumours with close or positive surgical margins. RPA Class III (very high risk) 
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consisted of patients who had a pN3 neck, > 2 positive lymph nodes with ENS, or a 
pT3 tumour with close or positive surgical margins. This classification system was 
significantly associated with outcome in terms of loco-regional tumour control, 
overall survival and the occurrence of distant metastases. The prognostic value of 
the RPA classification system was externally validated in two other studies [18], 
[19]. The RPA risk groups may be used to select the most appropriate adjuvant 
therapeutic strategy after curatively intended primary surgery. 

Besides clinico-pathological factors, there are a number of other factors 
directly related to treatment itself that may influence outcome after primary 
surgery and postoperative radiotherapy, including the interval between surgery 

Table 1.1 Recursive Partitioning Analysis Classes and Outcome, taken from 
Langendijk et al., Oral Oncology, 2010[14], with permission.

Variable
RPA class

Class I Class II Class III Log-rank p-value 

 (intermediate risk) (high risk) (very high risk) (DF = 2)

Locoregional control    

 5-yrs (%) 92 78 58 < 0.0001

 HR 1 2.37 5.26  

 95%CI — 1.43–3.94 3.22–8.62  

Distant metastases free interval    

 5-yrs (%) 92 80 68 < 0.0001

 HR 1 2.48 4.74  

 95%CI — 1.44–2.28 2.77–8.13  

Disease-free survival    

 5-yrs (%) 65 47 32 < 0.0001

 HR 1 1.54 2.48  

 95%CI — 1.20–1.97 1.93–3.20  

Disease-specific survival    

 5-yrs (%) 88 69% 51% < 0.0001

 HR 1 2.51 4.79  

 95%CI — 1.64–3.84 3.14–7.29  

Overall survival     

 5-yrs (%) 67 5000% 36 < 0.0001

 HR 1 1.49 2.35  

 95%CI — 1.56–1.91 1.81–3.04  
RPA: recursive partitioning analysis; DF: degrees of freedom; HR: hazard ratio; 95%CI: 95% confidence 

interval



14

and postoperative radiotherapy, the overall treatment time of postoperative 
radiotherapy and the total radiation dose administered[14]. The outcome after 
surgery and postoperative radiotherapy in the different risk groups are depicted 
in Table 1.1[14].

Molecular and genetic prognostic factors

In order to identify molecular markers for clinical outcome in HNSCC, we have 
selected a number of proteins known to have aberrant expressions in HNSCC, or 
known to be of clinical significance in other types of cancer. 

The Epidermal Growth Factor Receptor (EGFR) is member of the Human Epidermal 
Growth Factor Receptor (HER) protein family, which consists of 4 member 
proteins (HER1 – 4)[20], [21]. The HER proteins are membrane receptor tyrosine 
kinase proteins. EGFR responds to extra-cellular signalling molecules such as EGF 
and TGFα, by dimerization and auto-phosphorylation, which triggers a cascade 
of phosphorylations in the PI3K/PTEN/AKT pathway, the RAF/MEK/ERK pathway 
and the JAK/STAT pathway, leading to increased proliferation[20], [22]–[24]. EGFR 
has been described in multiple types of cancer to have an effect on the response 
to treatment. EGFR is found to be mutated[25], [26], amplified[27], alternatively 
spliced [28], [29] or overexpressed [30], [31] resulting in EGFR activation and 
in all cases associated with a negative effect on clinical outcome. Also multiple 
aberrations are found in the downstream members of this signalling pathway. 
Amongst these are activating mutations in activating members of the pathway 
such as the catalytic subunit of PI3K (PIK3CA)[23], [32], [33], deletion of the signal 
inhibiting PTEN protein[34]–[36].

Chromosomal aberrations are a common event in most types of cancers. They 
consist mostly of amplification or deletions of certain regions of the genome. The 
frequency of chromosomal aberrations in HNSCC has been studied previously[37], 
[38], and the amplification of the 11q13 region occurs most frequently in 
HNSCC (approximately 36%). Previously the amplification of this region has also 
been described for breast (approximately 20%)[39], [40] and ovarian cancer 
(approximately 16%)[41]. The size of the 11q13 amplicon is not identical for all 
tumours with the amplification. Within the amplicon a core can be identified, 
.i.e. the region that occurs most frequently in the amplicon[37], [38]. Within 
the core of the 11q13 amplicon, in HNSCC 13 genes are identified and of these 
13 genes, amplification of the FADD gene associated best with increased mRNA 
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expression[38]. 

The Fas Associated Death Domain containing protein (FADD) is best known for 
its role in the extrinsic apoptosis pathway, where it functions as an adaptor 
protein between the Fas receptor (FasR/CD95/TNFRSF6), and procaspase-8. 
Upon activation of the Fas Receptor by the Fas Ligand (FasL), the Fas Receptor 
will cluster and attract the members of the Death Including Signalling Complex 
(DISC), which, through caspase 3 and PARP will result in cell death[42]–[44]. The 
FADD protein consists of 3 domains: a Death Domain (DD) which binds to the 
DD in Fas Receptor, a Death Effector Domain (DED) which binds to the DED in 
Caspase 8, and a C-terminal domain[45]. Within the C-terminal domain a location 
was identified where FADD can be phosphorylated (Ser194). The phosphorylation 
at Ser194 has an effect on cell cycle regulation[43], [46]–[50].

Serine 194 phosphorylated FADD (pFADD) is present almost exclusively in the 
nucleus of the cell, where it co-locates with the mitotic spindles during the 
metaphase of the cell cycle [48]–[51]. Furthermore, arresting the cell in the G2/M 
phase of the cell cycle by treatment with Taxol resulted in higher levels of pFADD.
[49], [52] 

The protein expression patterns[53]–[56] and genetic make-up of a tumour, e.g. 
mutations[53], [57], [58] and genomic aberration[59]–[61], are of a large influence 
on the clinical outcome after treatment. In order to find prognostic markers for 
the clinical outcome in HNSCC, we have studied the expression of a number of 
proteins and associated the expression of these proteins to various forms of 
clinical outcome of the patients. 

Goal and Hypothesis
The goal of the research project described in this thesis was to improve outcome 
prediction for squamous cell carcinoma of the head and neck, when treated 
with primary surgery and postoperative radiotherapy. We attempted to do this 
by using protein expression patterns in the tumour as candidate prognostic 
factors for overall survival, local or loco-regional control and distant metastasis. 
These proteins are referred to as molecular markers. Furthermore we studied 
the mechanisms behind the prognostic effect of these molecular markers on a 
cell biological level. This was done by overexpression in cell lines and performing 
in-vitro assays. We hypothesized that using both molecular markers and clinico-
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pathological characteristics will give a more complete picture of the tumour, 
and will therefore result in a more accurate prediction of clinical outcome. More 
accurate clinical prediction models may also be important for treatment selection 
in individual patients, resulting in improvements of clinical outcome, and/or 
reductions in unnecessary adverse effects of treatment.
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Outline of this thesis
To achieve this goal, several studies were undertaken, to find new markers that 
would lead to better prediction of clinical outcome, and eventually to improve the 
choice of treatment. 

Chapter 2 “The phosphatase and tensin homologue deleted on chromosome 10 
(PTEN) mediates radiosensitvity in head and neck cancer” describes the effects of 
overexpression of proteins in the EGFr pathway on clinical outcome, and specifically 
on loco-regional recurrence. Additionally, the effect of PTEN overexpression on 
the sensitivity of this cell line upon in vitro radiation was investigated.

Chapter 3 “FADD expression is associated with regional and distant metastasis 
in Squamous Cell Carcinoma of the Head and Neck” describes the effects of 
overexpression of the Fas Associated Death Domain (FADD) on the metastatic 
behavior in a patient group of locally advanced squamous cell carcinoma of the 
head and neck. 

Chapter 4 ”FADD Expression as a Prognosticator in Early-Stage Glottic Squamous 
Cell Carcinoma of the Larynx Treated Primarily With Radiotherapy” describes the 
effects of FADD and phosphorylated FADD overexpression on local control in a 
patient series of early stage glottic carcinoma that were treated with radiotherapy 
alone. 

Chapter 5 ”High expression of phosphorylated Fas Associated Death Domain 
containing protein (pFADD) is associated with better local control in oral cancer” 
describes the effects of phosphorylated FADD expression on local control in 
a group of locally advanced Oral Squamous Cell Carcinoma. Also the effect of 
radiation sensitivity in a cell line overexpressing a phosphorylation mimicking 
form of FADD was described in this study.

Chapter 6 “Summary, general discussion and perspectives” will give an overview 
of the studies that have been performed in this thesis, and discuss where we 
should go from here. 
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Chapter 2 
The phosphatase and tensin homologue deleted on 
chromosome 10 (PTEN) mediates radio-sensitivity in head 
and neck cancer.

Wouter J. Pattje1,2, Ed Schuuring2, Mirjam F. Mastik2, Lorian Slagter-Menkema1,2,3, 
Michiel L. Schrijvers2,3, Simone Alessi5, Bernard F.A.M. van der Laan3, Jan 
Roodenburg4, Johannes A. Langendijk2, Jacqueline E. van der Wal2.

1. Department of Radiation Oncology; 2. Pathology and Medical Biology; 3. 

Otorhinolaryngology and Head and Neck Surgery; 4. Oral and Maxillofacial Surgery, 
University Medical Center Groningen, University of Groningen, Groningen, The 
Netherlands; 5. Sapienza - Università di Roma, Rome, Italy

Published in: British Journal of Cancer 2010 Jun 8;102(12):1778-85.
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Abstract
For advanced stage squamous cell carcinoma of the head and neck (HNSCC) the 
recurrence rate after surgery and postoperative radiotherapy is between 20% 
and 40%, and the 5 year overall survival does not exceed 50%. Presently, no 
markers exist to accurately predict treatment outcome. The expression of human 
epidermal growth factor receptor family proteins (HER) has been reported as a 
prognostic marker in several types of cancer.

The aim of this study was to investigate the prognostic value of the growth 
receptors, EGFR/HER1 and HER2/neu, the pathway agonist PI3K, the pathway 
antagonist PTEN and important downstream targets such as phosphorylated 
EGFR (pEGFR), phosphorylated AKT (pAKT) and phosphorylated ERK (pERK) using 
immunohistochemistry in advanced stage HNSCC. Furthermore, we determined 
copy number changes of the EGFR locus 7p12 using fluorescent in situ hybridisation 
(FISH). For this purpose, we collected pre-treatment biopsies of 140 advanced-
stage head and neck cancer patients all treated with surgery and post-operative 
radiotherapy.

PTEN and pAKT were the only markers associated with locoregional control (LRC) 
(p=0.043 and p=0.019 resp.). In a multivariate analysis PTEN expression was 
significantly related to worse LRC (HR: 2.2, 95%CI 1.1 – 4.6, p = 0.03) independent 
of positive lymph nodes (HR: 5.6, 95%CI 1.2 – 27.4, p=0.03) and extra nodal spread 
(HR: 2.7; 95%CI: 1.2 – 6.5, p = 0.02). The in vitro clonogenic radiosensitivity assay 
confirmed that overexpression of PTEN resulted in increased radioresistance.

Our study is the first report demonstrating that expression of PTEN mediates 
radiosensitivity in vitro and that increased expression in advanced HNSCC predicts 
worse local region control.
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Introduction
The prognosis for patients with locally advanced head and neck squamous cell 
carcinoma (HNSCC) depends on numerous clinical and histopathological factors. 
Despite intensive curative treatment strategies, such as surgery and postoperative 
radiotherapy, 20-40% of all patients will develop a loco-regional recurrence (LRR), 
and the 5-year overall survival rate remains below 50%[62]. For this reason, 
attempts have been made to identify molecular markers that are able to improve 
the identification of tumors that will develop locoregional recurrence and thus 
might benefit from more aggressive treatment strategies[63]. One of the potential 
prognostic factors is the Epidermal Growth Factor Receptor (EGFR), which has 
been identified as an important prognostic marker in several other cancer 
types[64]–[68]. The Human Epidermal Growth Factor Receptor (HER) family of 
tyrosine kinase receptors consists of 4 family members, of which the Epidermal 
Growth Factor Receptor (EGFR/HER1/erbB1) and Human Epidermal Growth Factor 
Receptor 2 (HER2/NEU/erbB2) are the best known members[69]. Binding of the 
ligands for EGFR, such as TGF-α and EGF, to the extracellular domain of the receptor 
triggers a dimerization of the receptors resulting in auto-phosphorylation of the 
tyrosine rich intracellular domain of the EGFR. Upon activation, the receptors 
can either homodimerize with other EGFRs, or heterodimerize with other HER 
family members, such as HER2.  This activated form of the receptor initiates two 
major downstream signaling pathways, the PI3K/AKT pathway and the Ras/Raf/
MEK/ERK pathway. Activation of these pathways leads to increased proliferation, 
desensitization to apoptosis and increased angiogenesis[70]–[72]. 

A number of studies reported that overexpression of the EGFR protein [73]–[75] 
is associated with worse prognosis in HNSCC. However, in other studies, the 
association between the levels of EGFR expression and clinical outcome could 
not be confirmed[76]–[78]. There are various explanations for the differences 
between these studies, such as various antibodies, protocols and scoring methods. 
In addition, it has been shown that amplification of the EGFR gene is predictive 
for clinical outcome in HNSCC[79]. Since EGFR amplification analysis by FISH is 
more reproducible than most immunohistochemical (IHC) staining procedures, 
this might prove to be a more valuable tool for prognosis than IHC. 

The aim of this study was to investigate the prognostic value of EGFR, HER2 and 
their downstream pathway targets with regard to locoregional control (LRC) 
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in locally advanced HNSCC. For 
this purpose surgically resected 
tumor specimens of HNSCC 
patients treated with surgery and 
postoperative radiotherapy were 
collected. In addition, we tried 
to confirm the hypothesis that 
followed from the results of the 
clinical part of our study by in vitro 
experiments.

Material and Methods
Patients and tissues

This study cohort was composed 
of patients diagnosed with HNSCC 
uniformly treated with primary 
surgery and postoperative 
radiotherapy at the University 
Medical Center Groningen, the 
Netherlands, between 1993 and 
2003. Clinical and histopathological 
data of all these patients were 
collected (n=198) with a follow-
up of at least 3 years. Formalin-
fixed paraffin embedded surgically 
resected tissue of the primary tumor 
was collected and revised by an 
experienced pathologist (JEvdW). 
In 167 cases, sufficient tumor 
material was available to construct 
a tissue microarray (TMA). In this 
study, we included 140 patients for 
whom IHC stainings for all antigens 
were assessable. The pre-treatment 
characteristics of these patients are 

Table 2.1 Patient characteristics
Characteristic N (%)

Total 140 (100)

Age
  Median  (range) 60 (24 - 90) yrs

Gender
  Female 46 (33)
  Male 94 (67)

Primary Location
  Larynx 28 (20)
  Hypopharynx 8   (6)
  Oropharynx 25 (18)
  Oral Cavity 79 (56)

T-Status
  T1 6   (4)
  T2 30 (22)
  T3 34 (24)
  T4 70 (50)

N-Status
  N0 50 (36)
  N+ 90 (64)
     N1 32 (23)

     N2a 1   (1)

     N2b 42 (30)

     N2c 13 (9)

     N3 2   (1)

Stage
  I 1     (1)
  II 21   (15)
  III 17   (12)
  IV 101 (72)

Resection margins
  Free 43 (31)
  Not Free 97 (69)

Extra Nodal Spread
  Yes 51 (36)
  No 89 (64)
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summarized in Table 2.1. In summary, the study cohort mainly consisted of male 
patients, with a median age of 60 years (range: 24-90), with a predominantly more 
advanced T-stages (T3-T4 in 74%), lymph node metastasis (64%), and advanced 
stage (84% stage III and IV). All patients underwent surgery of the primary tumor 
followed by postoperative radiotherapy. In 128 of the cases (91%), neck dissection 
was performed. Postoperative radiotherapy was administered because of positive 
surgical margins (69%), lymph node metastases with extranodal spread (36%), 
and/or other adverse prognostic factors such as advanced T-stage, multiple lymph 
node metastases, and/or perineural growth. 

Tissue Microarray (TMA) Construction

To construct TMAs 5 μm slides were cut from paraffin embedded formalin-
fixed tissue blocks and a standard haematoxylin and eosin (H&E) staining was 
performed. The representative regions in the tumor were marked on the H&E 
stained slides by an experienced pathologist. Three cores of 0.6 mm in diameter 
were taken from each donor block and put into the recipient paraffin block using 
the Manual Tissue Arrayer 1 (Beecher Instruments, Silver Spring, MD, USA). Six 
different normal tissue controls and one oropharyngeal SCC were included on each 
TMA block to ensure similarity of staining between the slides, orientation on the 
TMA and recognition of each TMA. Our series of 167 carcinomas was distributed 
on 4 TMAs. 5 μm sections from each TMA block were cut and the first section was 
stained with H&E to confirm the presence of tumor cells in each core. Using TMAs 
with three cores of 0.6 mm diameter is considered to be representative for the 
heterogeneousness of the tumor[80], [81] .

Immunohistochemical staining 

TMA sections were deparaffinized in xylene and rehydrated. Antigen retrieval was 
performed with heating in a microwave oven for 15 min in 10mM Citrate buffer 
pH=6.0 (for pERK, pAKT, PTEN), in EDTA pH=8.0 (for pEGFR), in a pressure cooker 
3 times 5 minutes at 115 °C (for PI3K), 30 minutes at 95°C in a Tris buffer pH=9.5 
(for EGFR) or 30 minutes at 95°C in Cell Conditioner 1 buffer (Roche Diagnostics/
Ventana, Basel, Switserland) (for HER2).

After antigen retrieval the endogenous peroxidase was blocked with a 0.3% 
peroxide solution. The following primary antibodies were used: EGFR (Clone 
EGFR113, Novocastra, ready to use), pEGFR (clone 1H12, Cell Signalling, 1:200), 
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PTEN (clone 6H2.1, Cascade, 1:100), PI3K p110 (sc-1331, Santa Cruz, 1:50), pAKT 
(ser473) (clone 736E11, Cell Signalling, 1:50), pERK (clone 20G11, Cell Signalling, 
1:50), and HER2 (clone CB11, Roche Diagnostics/Ventana, ready to use). 

For immunodetection we used the appropriate biotinylated (PTEN, pEGFR, pERK) 
or horseradish peroxidase (HRP) conjugated (PI3K) secondary antibody or Envision 
(Dako, Glostrup, Denmark) (pAKT) followed by appropriate HRP conjugated 
tertiary antibody (PI3K) or HRP conjugated Streptavidin (PTEN, pEGFR, pERK) 
and developed with 3,3’-di-aminobenzidine (DAB) chromogen solution (Dako), 
followed by a routine haematoxylin counterstaining. 

Interpretation of Immunohistochemistry

Evaluation of immuno-staining was performed independently by two observers 
without information on the clinical data. In case of discrepancies between the 
observers, cases were reviewed with an experienced pathologist and were scored 
on consensus opinion.  In all IHC stainings any staining intensity that is higher 
than the background was considered to be positive. For the EGFR and the HER2 
staining, no and incomplete membranous staining were considered negative, 
and complete membranous staining was considered positive, independent of 
the percentage of positive cells (Herceptest protocol). The cases were considered 
positive for the pEGFR staining if 20% or more of the cells had membranous, 
cytoplasmic or nuclear staining, positive for pAKT if 27.5% or more of the tumor 
cells had cytoplasmic staining, positive for PTEN when 7.5% or more of the tumor 
cells showed a cytoplasmic staining and positive for PI3K when more than 35% of 
the tumor cells had cytoplasmic staining. The cut off percentages are based on 
Receiver Operating Characteristic (ROC) curve analysis for locoregional recurrence 
(data not shown)[82]. The cases were considered positive for pERK if there was 
nuclear staining in any of the tumor cells.

Fluorescent In Situ Hybridisation

FISH analysis was used to determine copy number changes of the EGFR gene. TMA 
sections were deparaffinized in xylene and rehydrated, pretreated in a pressure 
cooker at 120°C in a Tris/EDTA pH9.0 buffer, incubated with RNAse A and with 
0.1% pepsine the sections were dehydrated in an ethanol gradient. The DNA was 
denaturated for 12 minutes at 80°C with the dual-color EGFR/CEP7 FISH probes 
(Vysis LSI EGFR SpectrumOrange/ CEP 7 SpectrumGreen probe from Abbott, 
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Hoofddorp, the Netherlands), and hybridized at 37°C overnight. The sections 
were incubated in a 0.3% NP-40 solution at 73°C and a 0.1% NP-40 solution at 
RT. The sections were dehydrated and covered by a drop of DAPI (1:3000) in 
Vectashield (Vector Laboratories, Burlingame, CA, USA) and covered by a cover-
slip. Images were captured using a Leica DMRA2 fluorescence microscope (Leica 
Microsystems, Wetzlar, Germany) equipped with a Leica DC 350Fcharge-coupled 
device camera. Digital images were processed with Leica CW4000 software. 
Interfase nuclei were examined by eye and the orange and green signals were 

Figure 2.1 Examples of negative and positive cases in the immunohistochemical 
staining for EGFR (A,B), phoshoEGFR (C,D), PI3K p110 (E,F), PTEN (G,H), phoshoAKT 
(I,J), phosphoERK (K,L) and HER2 (M,N)
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counted separately in approximately 20 nuclei per core. The ratio between EGFR 
(orange) and centromere 7 signals provides an accurate estimation of copy number 
differences. A ratio of 1.0 indicates normal copy (or polyploidy of chromosome 7 
if > 3 signals of both probes are observed per nucleus), a ratio < 1 is loss and > 2 is 
gain. Nuclei were considered to contain amplification of EGFR when the number 
of signals exceeded 5 (and ratio > 2.5).

Statistical analysis

Statistical analysis was carried out using the SPSS 14.0.0 software package. 
Association between different markers, and between markers and clinico-

Table 2.2 Cross tables showing the correlations between the expression levels of 
different proteins.

a. pEGFR b. pEGFR
 Low High Total  Low High Total
EGFR  pERK  
  Low  78 (63) 45 (37) 123    Negative 78 (66) 40 (34) 118
  High   6 (35) 11 (65)   17    Positive   6 (27) 16 (72)   22
Total 84 56 140 Total 84 56 140
Pearson χ2  is 4.9, p = 0.027 Pearson χ2  is 11.6, p = 0.001
    
c. PI3K p110 d. PI3K p110
 Low High Total  Low High Total
pERK  Her2  
   Negative 63 (53) 55 (47) 118    Negative 79 (61) 50 (39) 129
   Positive 19 (86)   3 (14)   22    Positive   3 (27)   8 (73)   11
Total 82 58 140 Total 82 58 140
Pearson χ2  is 8.3, p = 0.004 Pearson χ2  is 4.8, p = 0.028

e. PTEN   f. PTEN   
 Low High Total  Low  High Total
pERK  pAKT  
   Negative 86 (71) 32 (29) 118    Low 81 (77) 24 (23) 105
   Positive 11 (50) 11 (50)   22    High 16 (46) 19 (54) 35
Total 97 43 140 Total 97 43 140

Pearson χ2  is 4.6 , p = 0.033 Pearson χ2  is 12.2, p < 0.001
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pathological characteristics were performed using the χ2 test. The endpoint used 
in this study was LRC, which is defined by the time from surgery until the first 
locoregional recurrence in the case of an event, or the time from surgery until the 
last follow up in the case of no event. The time to LRR was calculated from the 
time of surgery. For the univariate and multivariate analysis of clinical outcome a 
Cox regression analysis was used. The categorized covariates that showed a trend 
(p < 0.10) in the univariate analysis were put into a back-step multivariate Cox 
regression analysis. P-values < 0.05 were considered significant. Kaplan-Meier 
survival curves for LRC were created to illustrate the differences.

Cell Culture and transfection 

The Hek293 cell line was cultured in DMEM (1 g/l glucose) with 10% fetal bovine 
serum, 2mM ultra-glutamine, penicillin and streptomycin (all purchased from 
BioWhittaker, Basel, Switzerland). The cells were transfected using Fugene 
6 reagent (Roche Applied Sciences, Penzberg, Germany) as described by the 
manufacturer with the empty vector pcDNA3 or the pcDNA3–GFP–PTEN (Addgene 
plasmid 10759). From one day after transfection on, the cells were cultured in 
DMEM containing 800μg/ml Geneticin (Invitrogen, Carlsbad, CA, USA). Geneticin 
resistant colonies were separately cultured, and the expression of GFP/PTEN was 
confirmed using FACS analysis for GFP and immunostaining on western blot using 
an antibody for PTEN (clone 28H6, 1:500;  Santa Cruz Biotechnology, Santa Cruz, 
CA, USA). 

Clonogenic survival assay to determine radioresponse in vitro.
The 96-well plate clonogenic assay based on limiting dilutions was used as described 
previously in detail[83]. In summary, the cells were harvested with trypsin-EDTA, 

Table 2.3 Cross table EGFR FISH and EGRF IHC
EGFR FISH

IHC EGFR Normal Amplification Total
   Low 101 (99) 1 (1) 102
   High 3 (19) 13 (81) 16
Total 104 14 118

 
Fischer exact test: p < 0.001
Specificity 97%
Sensitivity 93%
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counted, and suspended in DMEM medium containing 10% foetal bovine serum. 
Various plates were irradiated with one single dose each of either 2 Gy, 4 Gy or 6 
Gy at 0.66 Gy/min using an IBL 637 Cesium-137 γ source (CIS Biointernational, Gif-
sur-Yvette, France). Two different amounts of cells per well were plated for each 
radiation dose. 14 days after irradiation the amount of positive wells per plate was 
determined; wells that contained at least one colony with more than 32 cells were 
considered positive. The plating efficiency (PE) was calculated using the formula 
PE=-LN (negative wells / total wells) / cells per well. Survival was calculated by 
comparing the PE after irradiation to the PE of the non-irradiated plates. The data 
are based on the average of 3 independent experiments.

Results
To assess the expression levels of proteins and phospho-protein isoforms playing 
an active role in the EGFR pathway in locally advanced HNSCC, IHC was performed 
on TMA containing primary tumor material from patients with HNSCC who were 
all treated with primary surgery and postoperative radiotherapy. In 140 HNSCCs, 
EGFR was positive in 17 cases (11%), pEGFR in 56 cases (40%), PI3K in 53 cases 
(38%), PTEN in 43 cases (31%), pAKT in 35 cases (25%), pERK in 22 cases (16%) and 
HER2 in 11 cases (8%)  (examples in Figure 2.1). 

PTEN expression is associated with EGFR-activation 

To determine whether the activation of the EGFR pathway resulted in the 
simultaneous activation of other downstream EGFR-pathway targets, we performed 
cross-table analysis between all targets (Table 2.2). A significant association 
was found between the expression of EGFR and its activated isoform (pEGFR) 
(p=0.027) (Table 2.2a). Also pEGFR staining and pERK staining were found to be 
associated (p = 0.001) (Table 2.2b). pERK staining showed an inverse relationship 
with the PI3K staining  (p=0.004) (Table 2.2c) and a positive correlation with PTEN 
positive staining (p=0.028) (Table 2.2d). Positive staining for PI3K was associated 
with positive staining for HER2 (p=0.028)(Table 2.2e). Surprisingly, a positive pAKT 
staining showed a positive association with PTEN positivity (p<0.001) (Table 2.2f). 
Combinations of other stainings were not associated significantly (Table 2.4). 

EGFR expression is associated with more advanced stage tumors

The correlations between IHC staining and clinico-pathological characteristics 
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showed that tumors with a high percentage of pAKT positive cells had an 
increased risk on lymph node metastases with extranodal spread (p=0.011). 
High expression of EGFR correlated with lower T stages (T1-2) (chi-square=4.6; 
p=0.032), and with lower stage (stage I-III) (chi-square = 9.2, p = 0.002). For the 
other clinico-pathological characteristics, no associations were found with any of 
the IHC stainings. (Table 2.4) 

EGFR expression is strongly associated with DNA amplification

We found high copy DNA amplification of the EGFR gene in 14 out of the 118 
assessable cases (12%). Immunohistochemical EGFR protein expression was 
significantly associated with DNA amplification (Chi-square = 85.22; p<0.0001) as 
13/16 positive cases showed amplification in contrast to only 1/102 EGFR-negative 
cases. The IHC-staining for EGFR was shown to be highly specific (97%) and highly 

Figure 2.2 Kaplan Meier analysis for Locoregional control. A. Comparing N0 with 
N+ cases B. Comparing PTEN - with PTEN + cases. C. Comparing N0 with N+/PTEN- 
and N+/PTEN+ cases.
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Table 2.5 Cox regression analysis on IHC and clinical factors, univariate
Cox regression  Hazard Ratio for LRR
Univariate N (%) HR (95% CI; p-value)

EGFR  
   Low 123 (89) 1
   High   17 (11) 0.5 (0.1 - 2.0; p = 0.32)

pEGFR  
   Low 84 (60) 1
   High 56 (40) 1.2 (0.6 - 2.6; p = 0.58)

PI3K  
   Low 87 (62) 1
   High 53 (38) 0.6 (0.3 - 1.4; p = 0.25)

PTEN  
   Low 97 (69) 1
   High 43 (31) 2.4 (1.2 - 5.0; p = 0.019)*

pAKT  
   Low 105 (75) 1
   High   35 (25) 2.2 (1.0 - 4.6; p = 0.043)*

pERK  
   Negative 118 (84) 1
   Positive   22 (16) 1.2 (0.5 - 3.0; p = 0.65)

HER2  
   Low 129 (92) 1
   High 11 (8) 1.0 (0.2 - 4.2; p = 0.99)

Lymph Nodes  
   Negative 50 (36) 1
   Positive  90 (64) 5.7 (2.0 - 16.3; p = 0.001)*

ENS  
   No 89 (64) 1
   Yes 51 (36) 5.0 (2.4 - 10.6; p < 0.001)*

Surgical margins  
   Free 43 (31) 1
   Not Free 97 (69) 1.4 (0.6 - 3.2; p = 0.37)



32

sensitive (93%) for EGFR amplification (Table 2.3). Interestingly, the only case with 
EGFR amplification that was scored IHC-negative (because of lack of membranous 
staining) showed the strongest cytoplasmic staining among the other cases.

PTEN predicts locoregional control.

In order to investigate whether expression of EGFR and its downstream targets 
were associated with clinical outcome, we performed univariate Cox regression 
analysis. 

Expression of PTEN (HR: 2.4; 95%CI: 1.2-5.0) and pAKT (HR: 2.2; 95%CI: 1.0-
4.6) were significantly associated with a worse LRC (Table 2.5). LRC was also 
significantly worse in case of lymph node metastases (HR: 5.7; 95%CI: 2.0-16.3) 
and in case of extranodal spread (HR: 5.0; 95%CI: 2.4-10.6). The multivariate Cox 
regression analysis for LRC showed that PTEN (HR: 2.2; 95%CI: 1.1-4.6), extranodal 
spread (HR: 2.7; 95%CI: 1.2–6.5) and the presence of lymph node metastasis (HR: 
5.7; 95%CI: 1.2-27.4) were all independent prognostic factors for LRC. Kaplan-
Meier survival analysis showed that patients with PTEN-positive HNSCCs have 
worse LRC (Figure 2.2B). Because PTEN and N-status are independent predictors 
for increased risk for locoregional failure (Table 2.6) we performed a stratified 
analysis which revealed that also within the subset of N+ patients, PTEN-positivity 
identified patients with significantly worse LRC (p<0.001) (Figure 2.2C). In our 

Table 2.6 Cox regression analysis on IHC and clinical factors, multivariate

Multivariate N (%) HR (95% CI; p-value)
   
PTEN  
   Low 97 (69) 1
   High 43 (31) 2.2 1.1 - 4.6 (p = 0.03)

 
Lymph Nodes  
   Negative (N0) 50 (36) 1
   Positive  (N+) 90 (64) 5.7 1.2 - 27.4 (p = 0.03)

 
ENS  
   No 89 (64) 1
   Yes 51 (36) 2.7 1.2 - 6.5 (p = 0.02)
    



33

Ta
bl

e 
2.

7 
O

ve
rv

ie
w

 o
f p

ub
lic

at
io

n 
on

 th
e 

pr
og

no
st

ic
 v

al
ue

 o
f E

G
FR

 e
xp

re
ss

io
n 

in
 H

N
SC

C
. M

 =
 m

em
br

an
e,

 C
 =

 
cy

to
pl

as
m

, M
O

D 
= 

m
ea

n 
op

tic
al

 d
en

sit
y,

 H
N

 =
 a

ll 
HN

SC
C,

 L
 =

 L
ar

yn
x,

 P
 =

 P
ha

ry
nx

, O
P 

= 
O

ro
ph

ar
yn

x,
 O

 =
 O

ra
l c

av
ity

, R
T 

=r
ad

io
th

er
ap

y, 
S 

= 
su

rg
er

y, 
CR

T 
= 

ch
em

o-
ra

di
ot

he
ra

py
, P

O
RT

 =
 p

os
to

pe
ra

tiv
e 

ra
di

ot
he

ra
py

, M
ED

 =
 m

ed
ia

n,
 IN

T 
= 

in
te

ns
ity

, 
1.

 =
 4

 g
ro

up
s b

as
ed

 o
n 

in
te

ns
ity

 a
nd

 %
,  

N
S 

= 
no

t s
ig

ni
fic

an
t, 

N
M

 =
 n

ot
 m

en
tio

ne
d.

Au
th

or
Ye

ar
An

tib
od

y
So

ur
ce

Sc
or

ed
n=

Si
te

Tr
ea

tm
en

t
Cu

t o
ff

LC
O

S

An
g

20
02

31
G7

Zy
m

ed
 L

ab
.

M
O

D
15

5
HN

RT
M

ED
p=

0.
00

31
p=

0.
00

06

Be
nt

ze
n

20
05

EG
FR

.1
13

N
ov

oc
as

tr
a

M
30

4
HN

RT
>0

%
N

S
N

S

Ca
rr

ac
ed

o
20

08
2-

18
C9

Da
ko

M
47

P/
L

S
M

ED
N

S
N

S

Ch
an

g
20

08
N

M
Zy

m
ed

 L
ab

.
M

+C
15

1
P

RT
IN

T
p=

0.
04

7
N

M

De
m

ira
l

20
04

N
M

Da
ko

M
O

D
31

L
RT

5%
 p

=0
.0

3
N

M

Er
ik

se
n

20
04

2-
18

c9
Da

ko
M

33
6

HN
RT

50
%

N
M

N
M

Er
ik

se
n

20
05

2-
18

c9
Da

ko
M

20
9

L
RT

50
%

N
S

N
M

Fi
sc

he
r

20
08

EG
FR

.1
13

N
ov

oc
as

tr
a 

M
+C

29
9

HN
S/

RT
/C

RT
60

%
N

S
N

S

Gu
pt

a
20

02
H1

1
Da

ko
M

38
O

P
CR

T
IN

T
N

S
N

S

Ho
fm

an
20

08
31

G7
In

vi
tr

og
en

M
+C

17
6

HN
S

50
%

p=
0.

01
1

p=
0.

02
3

Hu
an

g 
20

09
EG

FR
.1

13
N

ov
oc

as
tr

a
M

+C
17

2
O

S
50

%
N

M
N

M

La
im

er
20

07
N

M
Da

ko
M

10
9

O
/O

P
S/

C/
RT

IN
T

N
M

p=
0.

05

Pr
eu

ss
20

08
31

G7
Zy

m
ed

 L
ab

.
M

73
O

P
S/

PO
RT

1.
N

S
N

S

Ry
ott

20
09

31
G7

Zy
m

ed
 L

ab
. 

M
78

O
S/

R 
+ 

S
IN

T
N

S
N

S

Sh
ei

kh
 A

li
20

08
EG

FR
.1

13
N

ov
oc

as
tr

a
M

65
HN

C+
S

N
M

N
S

N
S

Sm
id

20
06

EG
FR

.1
13

N
ov

oc
as

tr
a

M
16

5
O

PO
RT

IN
T

N
S

N
S



34

patient group the primary anatomical site of the tumour had no significant effect 
on the LRC (data not shown), therefore there was no interaction between the 
primary anatomical site of the tumour and IHC staining with respect to LRC.

Increased PTEN expression induces increased radio-resistance in vitro

Our data based upon IHC suggests that increased PTEN expression might affect the 
radiosensitivity of tumor cells. To investigate whether PTEN expression directly 
affected radiosensivity, we overexpressed the PTEN protein in Hek293 cells (Figure 

Figure 2.3 A. Clonogenic assay, comparing the radio sensitivity of Hek293 cell 
line stabile transfected with an empty vector or with a plasmid overexpressing 
PTEN. B. Western blot analysis for PTEN, RAD51 and Beta-Actin.  Notice that 
overexpression of PTEN is associated with overexpression of Rad51 in the stabile 
transfected PTEN cell line.
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2.3A) and tested the sensitivity to radiation in vitro by in vitro clonogenic assays. 
The PTEN overexpressing Hek293 cells clearly showed a better survival compared 
to the empty vector control (Figure 2.3A).

Discussion
The role of EGFR in oncogenesis is widely accepted since activation of the receptor 
is known to result in important cancer hallmarks such as proliferation and 
resistance to apoptosis[84]. Numerous studies reported on the prognostic value 
of overexpression of EGFR in many tumor types including HNSCC. The different 
studies on EGFR in HNSCC are unable to reach consensus on the effect of EGFR 
overexpression on the clinical outcome (Table 2.7). Reasons for the inconsistency 
in the IHC could be the different antibodies used, no standard cut-off percentage 
for dichotomizing the data and no consensus on the localization of staining in 
the cell. In HNSCC the percentage of EGFR-positive cases varies from 10 – 90 % 
(Table 2.7). Compared to these studies, the percentage of EGFR positive cases in 
our study is low (11%). We also performed FISH analysis to determine EGFR gene 
copy number changes in our study. We showed that  immunohistochemistry with 
the EGFR113 antibody is a very specific sensitive marker for amplification of the 
EGFR gene. Since IHC stainings are in many institutes more routinely performed 
than FISH analysis, the antibody and protocol we used could very well be used as 
a pseudo marker for amplification. The frequency we found is in good agreement 
with the previously described amplification frequency of EGFR in HNSCC. [85]–
[87]

Recently both hrHPV positivity and p16 positivity in HNSCC have been reported 
as very strong markers for clinical outcome[88]. In addition, EGFR expression has 
been inversely associated with HPV presence[89]. To determine whether HPV 
positivity is related to LRC we used a semi quantitative HPV16/HPV18 specific 
PCR, as well as the GP5+/6+ and CPI/IIg consensus PCR as previously reported[90]. 
Only two cases were high-copy HPV16 positive (data not shown). Immunostaining 
for p16 revealed expression in six cases (3 of 25 oropharyngeal and 3 of 79 oral 
carcinomas). In the current literature, p16 positivity and hrHPV positivity is mainly 
reported in carcinomas in the oropharyngeal area[91]. The relative low number of 
HPV-positive and p16-positive cases in our series is most probably because of the 
fact that our study contains only 25 oropharyngeal carcinomas (18%).
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In addition, we observed a significant association between PTEN and pAKT. 
PTEN was originally identified as an antagonist of the AKT pathway as expression 
resulted in decreased activation of AKT[92]. We found that PTEN expression is 
not only associated with higher pAKT levels but also with nuclear localization of 
pERK, both indicators of EGFR pathway activation. These data suggested that the 
EGFR pathway is more activated in PTEN positive than in PTEN negative HNSCC. 
The positive correlation between PTEN and pAKT has recently been described 
in ovary cancer[93], [94], breast cancer [95]and malignant melanoma[96]. AKT 
was reported to become activated by PDK1 (on threonine 308) and by PDK2 (on 
serine 473), in case AKT is bound to PIP3. PTEN dephosphorylates PIP3 to PIP2, 
by which AKT cannot bind to it anymore and will therefore not be activated by 
these kinases[92]. An alternative pathway for the phosphorylation of AKT is the 
integrin pathway. It has been reported that the integrin-linked kinase (ILK) is able 
to phosphorylate AKT at ser473 independent of the PI3K pathway[97]. Tumors 
that are positive for PTEN seem to have an alternative way of activating AKT and 
ERK, and the ILK pathway might well be that way. 

In our study both positive PTEN and positive pAKT staining both showed a 
significantly increased risk for loco-regional recurrence. Also the presence of 
extranodal spread and lymph node metastases revealed a significantly increased 
risk. A multivariate analysis for LRR for these four variables revealed that PTEN 
status, N-stage and extra-nodal spread are all independent significant factors, 
indicating that the PTEN status could have an additive value in determining the 
prognosis of advanced stage HNSCC, next to the already used clinical factors of 
N-stage and extra-nodal spread.

To support the results of our IHC staining we performed a clonogenic assay on 
Hek293 cells, transfected with an overexpression plasmid for PTEN, and compared 
it to the same cell line transfected with an empty vector. These in vitro data are 
in line with our findings in the patient series, i.e. that higher expression of PTEN 
leads to reduced radiosensitivity. To our knowledge we are the first to publish this 
effect of PTEN on radiosensitivity in vitro. 

The phosphatase and tensin homologue deleted on chromosome 10 (PTEN/
MMAC1) was originally described as a tumor suppressor in a large variety of 
malignant tumors[95], [98], [99]. In numerous cancer cell lines and primary 
tumors, mutations in the PTEN gene and loss of heterozygosity (LOH) or 
homozygous deletions have been found[99]–[101]. As described earlier, PTEN 
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regulates AKT activity through dephosphorylation of PIP3[92]. More recently 
two alternative functions for PTEN associated with its nuclear localization were 
described[102]. First, PTEN has a role in maintaining chromosomal stability by 
forming a complex with the CENP-C protein that binds and stabilizes centromeres. 
In addition, PTEN was shown to bind to the promoter region of the double 
strand break repair protein Rad51 resulting in upregulation of Rad51[102], [103]. 
Interestingly, Rad51 expression was also upregulated in our radiation resistant, 
PTEN-overexpressing transfectants (Figure 2.3B) in good agreement with the 
reported study[102]. Rad51 has been studied extensively and described to repair 
DSB through homologous recombination[102], [104], [105]. Rad51 -/- mice are not 
viable [106] and DT40 Rad51 knockdown cells have been reported to accumulate 
chromosomal breaks during the replication and arrest in the G2/M phase of the cell 
cycle[107]. Furthermore overexpression of the Rad51 protein has been reported 
to increase the radioresistance of cell lines[108]. The association between PTEN 
overexpression and both worse LRC in patients as well as radioresistance in cell 
lines (this study), might therefore be explained through the overexpression of 
Rad51. 

In conclusion, PTEN positive HNSCC have a worse LRC when treated with primary 
surgery and postoperative radiotherapy. In these tumors the AKT pathway is 
more frequently activated than in PTEN negative tumors. A PTEN overexpressing 
HEK293 is more radiation resistant than the empty vector transfected control 
cells, and in this overexpressing cell line RAD51 is upregulated. We therefore pose 
that the mechanism by which PTEN positive HNSCC have a worse LRC is through 
upregulation of RAD51, leading to better DSB repair.
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Abstract
Background

The Fas Associated Death Domain (FADD) gene is often overexpressed in squamous 
cell carcinoma of the head and neck (HNSCC) and is considered to be a driver 
gene in DNA amplification of the chromosomal 11q13.3 region. Amplification of 
11q13.3 is associated with increased metastasis in HNSCC and breast cancer. The 
aim of this study was to correlate FADD expression in advanced stage HNSCC with 
clinico-pathological features and clinical outcome.

Patients and Methods

Tumor tissues of 177 HNSCC patients uniformly treated with primary surgery and 
postoperative radiotherapy were collected. FADD expression was assessed on 
pre-treatment tumor biopsies using immunohistochemistry. 

Results

High FADD expression was detected in 44% of the HNSCC patients. High expression 
was associated with an increased rate of lymph node metastases (p=0.001) and 
with shorter distant metastasis free interval (DMFI) (HR:3.3, 95%CI: 1.3-8.1, 
p=0.008) independent of lymph node status at the time of diagnosis. 

Conclusion

Our data show that an increase in FADD expression is associated with a higher 
incidence of lymph node metastasis at presentation and with shorter DMFI when 
lymph node metastases are present. High FADD expression in the primary tumor 
could be a useful marker to select patients for systemic treatment strategies that 
reduce the risk for distant metastases. 
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Introduction
Head and neck squamous cell carcinoma (HNSCC) is the 6th most common type 
of cancer worldwide[1], [2], with an incidence of approximately 9.2 per 100.000 
people in 2008[4]. The most important risk factors for this type of cancer are 
smoking, alcohol consumption and infection with the human papillomavirus 
(HPV)[5], [6]. 

Although outcome of locally advanced HNSCC has been improved significantly 
with combined modality approaches, still about half of the patients develop loco-
regional recurrences and distant metastases[2], [3], [109]. Accurate estimation of 
outcome in HNSCC based on clinical prognostic factors, such as TNM-stage, remains 
difficult. Therefore, there is need for a more precise prediction of outcome in order 
to adjust treatment modalities to the risk of either loco-regional failure or distant 
metastasis. During the last decade, increasing data became available on molecular 
and genetic changes associated with malignancy and tumor progression. Some of 
these genetic changes are specifically identified in HNSCC[38], [110], [111] and 
may be good candidates for predicting clinical outcome in HNSCC patients.

The most commonly amplified region in HNSCC is chromosome 11q13.3[37], 
[110]. Previous studies have shown that amplification of 11q13.3 correlates with 
worse clinical outcome, both in HNSCC[112] and in breast cancer[113]. In HNSCC, 
we previously showed that within the commonly amplified 11q13.3 region, a 
cluster of 13 genes is most frequently co-amplified, including 9 genes (FADD, 
PPFIA1, TPCN2, CCND1, FLJ42258, ORAOV1, ANO1, FGF19 and CTTN) that are 
overexpressed when amplified. From the genes within the core of the amplicon, 
the expression of the gene coding for the Fas Associated Death Domain (FADD) 
correlates best with 11q13.3 amplification status[38].

Originally, FADD was reported in the extrinsic apoptosis pathway to act as an adaptor 
linking the death receptors to caspase-8 and passing the extracellular apoptosis 
signals onto the intracellular caspases, eventually resulting in apoptosis[42]–[44]. 
However, recently other functions have also have been attributed to FADD, such 
as enhancing in vitro invasion, inhibiting necrosis in epithelial cells and regulating 
cell proliferation in both epithelial and lymphoid cells (see for review[43], [114]–
[116]).

The current study was designed to investigate the role of FADD expression in the 
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metastatic potential in terms of regional and distant metastases in a retrospective 
cohort study consisting of HNSCC patients uniformly treated with surgery and 
postoperative radiotherapy.

Methods
Patients and tissues 

The study cohort consists of consecutive patients diagnosed with HNSCC, uniformly 
treated with primary surgery and postoperative radiotherapy at the University 
Medical Center Groningen between 1993 and 2003. Clinical and histopathological 
data of all patients were collected (n=198) as described previously[31]. The follow-
up was at least 3 years. 

Formalin-fixed paraffin-embedded surgically resected tissues of the primary 
tumors were collected and revised by an experienced pathologist. In the current 
study we included 177 patients for whom the immunohistochemical staining 
for FADD was available. The study cohort mainly consisted of male patients 
(64%) with a median age of 60 years (range 24–90), with predominantly loco-
regional advanced stages. Based on histopathological examination of the surgical 
specimen, 75% of the patients had advanced primary tumors (T3-T4) and 64% had 
lymph node metastasis (N+) with 84% of the patients having stage III or IV disease.

All 177 patients underwent surgery of the primary tumor and in 151 cases this was 
combined with a neck dissection. All patients were treated with postoperative 
radiotherapy based on pathological risk factors, such as positive surgical margins 
(69%), lymph node metastases with extranodal spread (36%) and/or other adverse 
prognostic factors such as advanced T-stage, multiple lymph node metastases and/
or perineural growth. None of the patients received postoperative chemoradiation 
at that time.

Immunohistochemistry

Immunohistochemical staining was performed as described previously[38], [117]. 
Briefly, paraffin-embedded, formalin-fixed, 3 µm thick sections of tumor tissue 
were deparaffinized and rehydrated in a gradient series of alcohol. Antigen retrieval 
was performed on all specimens by incubating overnight at 80˚C in 0.1 M Tris/HCl 
(pH 9.0). Subsequently, the endogenous peroxidase was blocked in a 0.3% H2O2 
solution. The slides were incubated with mouse – anti FADD monoclonal antibody 
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clone A66-2 (BD Pharmingen, San Jose, CA, USA) 1:100 diluted in PBS for one hour. 
This was followed by Horseradish Peroxidase (HRP) conjugated Rabbit anti Mouse 
(RaMPO) immunoglobulin G (IgG) (1:100). Finally the slides were incubated with 
horseradish peroxidase conjugated goat anti rabbit (GaRPO) IgG (1:100) for one 
hour. The slides were developed with 3,3’-di-aminobenzidine (DAB) chromogen 
solution (Dako, Glostrup, Denmark) and counterstained using haematoxylin. 
All cases were evaluated independently by two observers without prior 
knowledge of clinical data. In case of discrepancies between the observers, 
cases were re-evaluated with an experienced pathologist until consensus 
was reached.

Cytoplasmic staining intensity was semi-quantitatively scored as: negative (0); 
weakly positive (+); positive (++) or strongly positive (+++) staining as previously 
described9. For statistical purposes the cases with 0 or + were classified as low 
FADD, whereas the ++ and +++ cases were categorized as high FADD (Figure 3.1).

Statistical analysis 

Statistical analysis was carried out using the SPSS 14.0.0 software package 
(SPSS Inc., Chicago, IL, USA). Associations between FADD expression and 
clinicopathological characteristics were tested on statistical significance using the 
Chi square-test. The primary endpoint used in this study was distant metastasis 

Figure 3.1 FADD staining for a negative (A, B, C) and a strong positive (D, E, F) case. 
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Table 3.1 A. Clinico- pathological characteristics of the patient series, stratified 
by FADD expression B. Cross table between FADD staining and Extra Nodal 
Spread, calculated only for the lymph node positive patients.

A FADD expression
Low High Total

 N % N % N p-value
Age NS
  <60 48 53% 42 47% 90
  >=60 51 59% 36 41% 87
Gender NS
  Female 39 62% 24 38% 63
  Male 60 53% 54 47% 114
N-stage 0.001
  N0 50 71% 20 29% 70
  N+ 49 46% 58 54% 107
T-Stage NS
  T 1 - 2 24 50% 24 50% 48
  T 3 - 4 75 58% 54 42% 129
Surgical Margins NS
  Free 33 59% 23 41% 56
  Not Free 66 55% 55 45% 121  

Total 99 56% 78 44% 177  

B FADD expression
Low High Total

 N % N % N p-value
Extra Nodal Spread NS
  Yes 26 44% 33 56% 59
  No 23 48% 25 52% 48  

Total 49 46% 58 54% 107  
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free interval (DMFI), which was defined as the time from surgery until the first 
distant metastasis in the case of an event or from the time from surgery until 
the death or last follow-up date in the case of no event. For the univariate and 
multivariate analysis of clinical outcome, a Cox regression analysis was used. The 
categorized covariates with a p-value of 0.10 or smaller in the univariate analysis 
were put into a back-step multivariate Cox regression analysis. P-values 0.05 were 
considered significant. Kaplan – Meier survival curves for DMFI were created to 
illustrate the differences.

Results
FADD expression is associated with N-stage

Immunohistochemical cytoplasmic staining for FADD revealed 99 (56%) low FADD 

Table 3.2 Univariate Cox regression analyses for Distant Metastasis performed 
for FADD expression and clinico-pathological characteristics.

Univariate Cox regression analyses for DMFI
HR 95%CI p-value

FADD
  Low 1
  High 3.3 1.3 - 8.1 0.008*
Age
  <60 1
  >=60 1.0 0.5 - 2.3 0.948
Gender
  Female 1
  Male 1.3 0.5 - 3.2 0.535
N-stage
  N0 1
  N+ 17.5 2.4 - 130.6 0.005*
T-Stage
  T 1 - 2 1
  T 3 - 4 1.8 0.6 - 5.3 0.277
Surgical Margins
  Free 1
  Not Free 2.3 0.8 - 7.0 0.115
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and 78 (44%) high FADD cases. In order to assess whether FADD expression was 
associated with clinico-pathological characteristics (age, gender, T-stage, N-stage, 
stage and surgical margin status) we performed cross-table analyses (Table 3.1A). 
Analysis of the association between FADD expression and extranodal spread 
(ENS) was only performed on the subpopulation of patients who underwent a 
neck dissection and were diagnosed with a lymph node metastasis positive neck 
(n=107) (Table 3.1B). The expression of FADD was significantly associated with the 
presence of lymph node metastasis (N0 vs. N+; p=0.001), however not with any of 
the other characteristics tested. 

FADD expression is associated with increased risk for distant metastasis 
In order to assess the association between FADD expression and clinical outcome 
we performed univariate Cox regression analyses for the distant metastasis free 
interval DMFI). These analyses revealed that FADD expression was significantly 

Table 3.3 Multivariate Cox regression analysis for DMFI
 Multivariate Cox regression for DMFI

HR 95%CI p-value
FADD
  Low 1
  High 2.3 0.96 - 5.7 0.062
N-stage
  N0 1
  N+ 14.5 1.9 - 108.5 0.009*

Table 3.4 Cox regression analyses for DMFI comparing the N0 cases with the N+ 
FADD – cases and the N+ FADD + , and the N+ FADD – cases with the N+ FADD+ 
cases.

Univariate Cox regression for DMFI
HR 95%CI p-value

N0 1
N+ FADD - 9.7 1.2 - 80.9 0.035*

N0 1
N+ FADD + 25.4 3.4 - 192.0 0.002*

N+ FADD -  1
N+ FADD + 2.6 1.0 - 6.7 0.046*
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associated with a shorter DMFI 
(HR: 3.3, 95%CI: 1.3-8.1, p=0.008) 
(Table 3.2; Figure 3.2A). We 
also analyzed the association 
between clinico-pathological 
characteristics and clinical 
outcome. These analyses revealed 
that, besides FADD also N-stage 
was significantly associated with 
shorter DMFI (Table 3.2; Figure 
3.2B). In a multivariate analysis, 
N-stage was the only significant 
factor associated with DMFI (HR: 
14.5, 95%CI: 1.9-108.5, p=0.009). 
A trend towards a shorter DMFI 
was found with high FADD 
expression (HR: 2.3, 95%CI: 0.96-
5.7, p=0.062) (Table 3.3).

FADD expression predicts 
shorter distant metastasis free 
interval in N+ patients

To investigate the effect of the 
FADD expression within the group 
of cases with positive lymph 
nodes, we divided the study 
cohort in 3 groups: patients with 
N0, patients with N+/FADD- and 
patients with N+/FADD+ tumors. 
In multivariate analysis, the 
DMFI was significantly shorter 
for FADD+ compared to the 
FADD- cases within the N+ group 
(HR:2.6, 95%CI:1.0-6.7, p=0.046) 
(Table 3.4, Figure 3.2C). When 
analyzing the subgroup of N+ 

Figure 3.2 Kaplan Meier Analyses. A. The 
association between FADD expression and 
DMFI. B. The association between N–stage 
and DMFI. C. The association between FADD 
expression and N-stage combined, analysed 
for DMFI.
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tumors (n=107) in a multivariate analysis, besides FADD also ENS (HR: 2.8, 95%CI: 
1.1-7.2, p=0.034) was an independent predictor for a shorter DMFI (data not 
shown).

Discussion
The 11q13.3 region, in which the FADD gene is located, is amplified in ~ 36% 
of the cases of HNSCC[118] and FADD expression is highly associated with the 
presence of this 11q13.3 amplification[38]. We hypothesized that overexpression 
of FADD is beneficial for HNSCC tumor cells and in consequence may drive this 
amplification[38].

In the current study we showed that in our study cohort of mainly advanced stage 
HNSCC treated with primary surgery and postoperative radiotherapy, high FADD 
expression was detected in 78 of the 177 cases (44%), and that this high expression 
was associated with a higher incidence of lymph node metastasis. Moreover, high 
FADD expression was associated with a shorter distant metastasis free interval 
(DMFI), with a 3.3 times higher risk for developing a distant metastasis.

We previously performed FADD expression studies on an independent, and 
heterogeneously treated group of mainly advanced laryngeal squamous 
carcinoma patients collected from multiple centers. In that study we found high 
FADD expression in 62/140 (44%) of the cases, and a significant association with 
worse survival[119]. The current study was performed on a consecutively and 
homogeneously treated group of patients from a single center, with a longer 
follow-up of at least three years. The comparable percentage of high FADD 
expression in these two different populations of HNSCC shows that high FADD 
expression is a frequent event in advanced HNSCC. The lower incidence of 26% 
overall positivity in the recent study of Rasamny et al.[120], might be due to the 
heterogeneous group of HNSCC from nearly all sub-localizations and generally 
less advanced tumors, (55% N0 versus 39% in our study). A Japanese study of 
60 early-stage tongue SCC reported FADD amplification in 44%, FADD expression 
was only assessed quantitatively and positive in 33%25. In both studies FADD was 
associated with N status and shorter disease-specific survival. 

Because FADD has been associated with lymph node metastasis, and shorter 
survival, not only in HNSCC[120], [121], but also in breast cancer[122], the current 
study was set up to further analyze the role of FADD in the metastatic potential in a 
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clinical series of HNSCC. Both N status and distant metastasis free survival (DMFI), 
which directly reflects metastatic progression of the disease, were associated 
with FADD expression.

FADD was originally described as an adapter molecule in the DISC to mediate 
apoptose through activation of caspase-8[43], [44]. However, more recent studies 
showed a much more complex and largely unresolved role, FADD being involved in 
apoptosis, embryonic development, cell survival, proliferation, tumor progression, 
TLR-signaling, inflammation, necrosis and autophagy, partially by interacting 
with other molecules such as Atg5 and  RIPK1/3 complexes (see for review[43], 
[114], [116], [123]). From these studies it emerged that FADD expression can lead 
to apoptosis but also to inhibition of apoptosis or necrosis[115], [124]–[126]. 
Moreover, the balance between phosphorylated and non-phosphorylated FADD 
and in consequence, nuclear versus cytoplasmic FADD may be closely associated 
with carcinogenesis[51]. On the other hand, the nuclear localisation of FADD 
has also been suggested for storage in resting cells and enabling immediate 
redistribution to the cytoplasm upon CD95 activation[127]. Of note, we used the 
A66-2 antibody directed against FADD irrespective of its phosphorylation status, 
in particular since it has been suggested that cancer cells express high levels of 
unphosphorylated FADD in comparison to their normal counterparts[38]. We 
also investigated with the expression of phosphorylated FADD using a specific 
antibody[38] but expression was not associated with a higher incidence of lymph 
node metastasis (data not shown). Therefore, the underlying mechanism how 
FADD leads to an increased metastatic potential as shown in the current study, 
remains to be elucidated.

In summary, our data show that an increase in FADD expression is associated with 
a higher incidence of lymph node metastases at presentation and is associated 
with shorter DMFI when lymph node metastases are present. Therefore high 
FADD expression in the primary tumor could be a useful marker to select patients 
for systemic treatment strategies that reduce the risk for distant metastases. 
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Abstract
Purpose 

We recently reported on the identification of the Fas-associated death domain 
(FADD) as a possible driver of the chromosome 11q13 amplicon and the 
association between increased FADD expression and disease-specific survival 
in advanced-stage laryngeal carcinoma. The aim of this study was to examine 
whether expression of FADD and its Ser194-phosphorylated isoform (pFADD) 
predicts local control in patients with early-stage glottic carcinoma primarily 
treated with radiotherapy only.

Methods and Materials

Immunohistochemical staining for FADD and pFADD was performed on 
pretreatment biopsy specimens of 92 patients with T1eT2 glottic squamous cell 
carcinoma primarily treated with radiotherapy between 1996 and 2005. Cox 
regression analysis was used to correlate expression levels with local control. 

Results

High levels of pFADD were associated with significantly better local control (hazard 
ratio, 2.40; 95% confidence interval, 1.04-5.55; p = 0.040). FADD overexpression 
showed a trend toward better local control (hazard ratio, 3.656; 95% confidence 
interval, 0.853-15.663; p = 0.081). Multivariate Cox regression analysis showed that 
high pFADD expression was the best predictor of local control after radiotherapy.

Conclusions

This study showed that expression of phosphorylated FADD is a new prognostic 
biomarker for better local control after radiotherapy in patients with early-stage 
glottic carcinomas.
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Introduction
In squamous cell carcinoma of the head-and-neck region (HNSCC), DNA 
amplification of the chromosome 11q13 region is observed in approximately 
30% of all HNSCCs and is therefore one of the most frequently observed genomic 
abnormalities[118]. In HNSCC 11q13 amplification is associated with the presence 
of lymph node metastases, decreased disease-specific survival, and decreased 
overall survival (OS)[128]. Recently, we reported that the commonly amplified 
11q13 region in oropharyngeal/laryngeal carcinomas contains at least 6 genes, 
FADD (Fas-associated death domain) (MORT1), PPFIA1 (LIPRIN), ORAOV1 
(TAOS1), FGF19, cortactin (CTTN), and cyclin D1 (CCND1), that are amplified and 
overexpressed in almost all carcinomas with 11q13 amplification[38]. Of all genes 
in this 11q13 amplicon, FADD was not only amplified the most, but overexpression 
and amplification of FADD also correlated with increased FADD protein expression, 
suggesting that FADD is a key gene in the 11q13 amplicon[38]. 

Originally, FADD (Fas [TNFRSF6]-associated via death domain) was reported as 
a pro-apoptotic adaptor molecule that recruits caspases 8 and 10 to promote 
formation of the death inducing signal complex[45]. The recruitment of these 
caspases to the death-inducing signal complex leads to intracellular processing 
and activation of caspases, eventually resulting in cleavage of downstream targets 
and apoptosis. More recently, an alternative function for FADD was described 
because many studies showed that FADD also plays an important role in growth 
and regulation of the cell cycle[129], [130]. Nuclear localization of FADD has been 
ascribed to FADD phosphorylation at Ser194 (pFADD), and the highest levels of 
pFADD are observed at the G2/M phase of the cell cycle[50]. In addition, treatment 
of cells in vitro with agents blocking the G2/M transition resulted in a significant 
accumulation of pFADD[49]. Finally, expression of a Ser194-phosphomimicking 
FADD mutant caused G2/M cell cycle arrest[52]. Altogether, these data suggest a 
key role for FADD/pFADD in cell cycle control. Because previous studies showed that 
cells arrested in the G2/M phase are most radiosensitive[131], FADD is amplified 
in more than 30% of HNSCCs, and pFADD is mainly expressed at the G2/M phase 
of the cell cycle, we hypothesize that glottic carcinomas with overexpression of 
pFADD will have better local control (LC) after radiotherapy alone. 

In a series of 167 advanced-stage oropharyngeal/laryngeal carcinomas, we found 
that increased levels of both FADD and pFADD were significantly associated 
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with a worse disease specific survival and positive lymph node status[38], [119]. 
In agreement with this finding, in HNSCC, FADD overexpression and pFADD 
overexpression in adenocarcinomas of the lung were both associated with 
decreased OS[132]. In prostate cancer, pFADD expression was associated with 
progression of disease[52]. In our series of 167 advanced-stage oropharyngeal/
laryngeal carcinomas, we could not evaluate the prognostic value for LC after 
radiotherapy because of the presence of many confounding parameters that 
might influence the clinical outcome, such as the variety of different (combined) 
treatment modalities, different subsites in the head-and-neck region, and 
differences in extended disease (e.g., N+) and tumor size[38], [119]. 

In this study we examined the prognostic value of FADD and pFADD expression 
in patients with laryngeal carcinoma primarily treated with radiotherapy alone. 
To evaluate the effect of FADD/pFADD expression on clinical outcome after 
radiotherapy, we limited the number of possible interfering variables by selecting 
a homogeneous study population. Of all patients with laryngeal carcinoma 
treated at our institution between 1997 and 2004, we selected 92 patients with 
early-stage (pT1/pT2) glottic carcinoma of the larynx who were treated primarily 
with radiotherapy with curative intent. Because early-stage glottic carcinomas 
rarely have regional lymph node metastasis on initial diagnosis and because FADD 
expression has been associated with the presence of lymph node metastasis in 
advanced-stage HNSCC as well[119], the analysis of early-stage glottic cancer will 
restrict our validation to LC after radiotherapy. Immunohistochemical staining of 
FADD and pFADD on pretreatment biopsy specimens will be correlated with LC 
and OS.

Methods and Materials 
Patients and tissues. 

The selection of patients and samples was described in detail previously[133]. 
Between 1997 and 2004, 638 patients were diagnosed with laryngeal squamous 
cell carcinoma in the northern part of the Netherlands (comprising >10 medical 
centers) and treated at the University Medical Center Groningen (UMCG) 
including 433 glottic, 186 supraglottic, 8 subglottic and 11 transglottic tumours. 
Of the 433 glottic, 360 (83%) were T1/T2. Demographic and clinicopathological 
data as gender, age, pre-treatment haemoglobin level, T-status, N-status, current 
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and past tobacco use and alcohol 
use were retrospectively collected 
by reviewing the patient charts. The 
inclusion criteria for this study were 
(1) histologically proven squamous 
cell carcinoma, (2) localized on the 
glottis, (3) small tumors (pT1 and 
pT2), (4) no evidence for distant 
metastasis (cM0), (5) curatively 
treated with radiotherapy only, 
and (6) no treatment before 
radiotherapy. In this study we 
included the pre-treatment biopsies 
from 3 large medical centers in the 
northern part of the Netherlands: 
the University Medical Center 
Groningen, the Wilhelmina Hospital 
Assen and the Scheper Hospital 
Emmen (in total n = 157 patients). Of 
these 157 patients, formalin-fixed, 
paraffin embedded pre-treatment 
biopsy material was collected 
and revised by an experienced 
pathologist. Tissue specimens 
with sufficient tumor cells for 
immunohistochemical staining 
were available from 92 patients. 
The pre-treatment characteristics 
are summarized in Table 4.1. 

Radiotherapy

For radiotherapy megavoltage 
equipment (6 MV linear accelerator) 
was used. In T1 and T2 with normal 
vocal cord mobility, the target 
volume encompassed the gross 

Table 4.1 Patient characteristics: 
glottical cancer treated with primarily 
radiotherapy. Tobacco use is expressed 
in cigarettes per day, and alcohol use is 
expressed in units per day. 

   Patient characteristics (N=92)
No. (%) 

Sex
   -Male
   -Female

82 (89%)
10 (8%)

Age (years)
  -Median (Range) 65 (40-86)
Primary symptom
  -Hoarse voice
  -Other

88 (96%)
4  (4%)

T-status
   -1
   -2

50 (54%)
42 (46%)

N-status
   -0
   -1
  -X

90 (98%)
1   (1%)
1   (1%)

HB level (mmol/l)
  -Median 9.1
Past tobacco use
   -0
   -1-20
   ->20
   -unknown

4   (4%)
45 (49%)
20 (22%)
23 (25%)

Present tobacco use 
  -0
  -1-20
  ->20
  -unknown

40 (44%)
29 (32%)
11 (12%)
12 (13%)

Past alcohol use 
  -0
  -1-6
  ->6
  -unknown

25 (27%)
47 (51%)
3   (3%)
17 (18%)
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tumour volume (GTV) with 
margins of at least 1 cm for the 
clinical target volume (CTV) of the 
primary field. In case of T2N0 with 
impaired vocal cord mobility, the 
CTV also encompassed elective 
nodal levels (II-IV) at both sides. 
In the single case with N+, the 
CTV was extended to level Ib-V 
of the involved neck. The CTV 
of the boost encompassed the 
GTV with a margin of at least 0.5 
cm. The planning target volume 
(PTV) included the CTV plus a 
0.5 cm margin. Generally, these 
target volumes were irradiated 
using two opposing lateral fields. 
T1 tumours were treated with 
a total dose was 66 Gy using 
2 Gy per fraction, 5 times per 
week. T2 tumours were generally 
treated with 6 fractions per week 
including 2 fractions on Friday 
(morning and afternoon with a 
minimum interval of 6 hours) to 
a total dose of 70 Gy in 6 weeks. 
In case of elective irradiation of 
the neck nodes, a total dose of 
46 Gy was given on the primary 
PTV with an additional boost of 
70 Gy on the primary tumour and 
pathological lymph nodes. 

Follow up

After completing the treatment, 
patients were followed every 3 

Table 4.2 Patient characteristics: follow up.

Patient characteristics (N=92)

Events in follow up No. (%)

   -Any 43 (47%)

   -Local recurrence 22 (24%)

   -Regional rec. 3   (3%)

   -2nd primary 9   (10%)

   -Death 26 (28%)

      -DOD       7 (27%)

      -DNOD     19 (73%)

Time to first event (mo)

   -Mean 19

   -Median (Range) 13 (0-98)

Time to follow-up (mo)

   -Mean 49

   -Median (Range) 40 (1-119)

Time to local recurrence (mo)

   -Mean 14

   -Median (Range) 11.5 (2-46)

Time to regional recurrence (mo)

 -Mean 11

 -Median (Range) 12 (6-16)

Time to 2nd primary (mo)

 -Mean 26

 -Median (Range) 10 (0-68)

Time to death (mo)

 -Mean 33

 -Median (Range) 28 (3-98)
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months the first and second year, and every 6 months the third, fourth and fifth 
year. After five years of disease free follow-up, patients were discharged from 
follow-up. Most patients who developed a local recurrence after radiotherapy 
were salvaged by total laryngectomy.

Formalin-fixed, paraffin-embedded, pre-treatment biopsy material was collected 
of all 92 patients that fulfilled the inclusion criteria. All pre-treatment biopsy 
slides were revised and tumour percentage was estimated by an experienced 
pathologist. Informed consent was given by all patients included in the study. 

Figure 4.1 Immunohistochemical staining for FADD, pFADD, cortactin  and cyclin 
D1, magnification 200x. Examples of positive cytoplasmic FADD (A) and cortactin 
(C), and nuclear pFADD (B) and cyclin D1 (D) staining.
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Table 4.3 Patient and disease characteristics in total and related to local 
recurrence after radiotherapy, univariate regression analysis.
Characteristics Total LR [n (%)] HR (95% CI) p value
FADD expression
   -Low
   -High

71
21

20 (28%)
  2 (10%)

3.656 (0.853-15.663)
1 p=0.081

pFADD expression
   -Low
   -High

30
62

11 (37%)
11 (18%)

2.403 (1.041-5.548)
1 p=0.040

Cyclin D1 expression
    -Low
    -High

43
44

12 (28%)
10 (23%)

1.292 (0.558-2.991)
1 p=0.550

Cortactin expression
    -Low
    -High

42
39

14 (33%)
  7 (18%)

1.890 (0.762-4.687)
1 p=0.169

Sex
   -Female
   -Male

10
82

 1 (10%)
21 (26%)

1
2.751 (0.370-20.470) p=0.323

Age
   -Under age 65
   -65 and over

46
46

11 (24%)
11 (24%)

1
1.183 (0.511-2.738) p=0.695

Hemoglobine
   -High
   -Low

70
22

15 (21%)
  7 (32%)

1
1.731 (0.704-4.257) p=0.232

T-status
   -T1
   -T2 

50
42

  9 (18%)
13 (31%)

1
1.906 (0.814-4.463) p=0.137

N-status
   -N1
   -N0

1
91

  0 (0%)
22 (24%)

1
20.570 (0.00-1.25E8) P=0.704

Current tobacco use
   -Yes
   -No

40
40

  8 (20%)
12 (30%)

1
1.718 (0.701-4.215) p=0.237

Past tobacco use
   -No
   -Yes

4
65

  0 (0%)
16 (25%)

1
21.941 (0.002-295955) p=0.524

Alcohol use
   -No
   -Yes

25
50

  9 (18%)
13 (31%)

1
4.816 (1.10-21.087) p=0.037

Abbreviations: CI = confidence interval; FADD = Fas-associated death domain; 
pFADD = Ser194-phosphorylated isoform of Fas-associated death domain; HR = 
hazard ratio of univariate Cox regression analysis; LR = local recurrence; 



59

Immunohistochemistry

Immunohistochemical staining for FADD, pFADD, cortactin and cyclin D1 was 
performed as reported previously[38], [119]. FADD, pFADD, cortactin and cyclin 
D1 protein expression in the tissue sections were immunostained using the 
murine monoclonal antibody A66-2 (BD Biosciences, Franklin Lakes, NJ), the rabbit 
polyclonal antibody against Ser194 pFADD (BD Biosciences), murine monoclonal 
antibody 30/cortactin (BD Biosciences) and the rabbit anti-human monoclonal 
antibody SP4 (Lab Vision/Neomarkers, Fremont, CA), respectively (see examples 
in Figure 4.1).

Four μm sections from the formalin-fixed paraffin-embedded tissue blocks were 
deparaffinised in xylene twice for 10 minutes and subsequently rehydrated through 
a series of decreasing ethanol dilutions and phosphate-buffered saline (PBS). 
Antigen retrieval was achieved by heating in a microwave in preheated EDTA buffer 
(pH 8.0, pFADD), citrate buffer (pH 6.0, cortactin) or Tris/HCl buffer (pH 9.0, Cyclin 
D1) for 15 minutes at 100 °C. For FADD antigen retrieval was achieved by incubation 
overnight in Tris-HCl (pH 9.0) at 80 °C. To block endogenous peroxidise activity, 
0.3% hydrogen peroxide was applied for 30 minutes at room temperature. The 
slides were then washed three times with PBS. The slides were immunostained for 
1 hour with antibodies against FADD (A66-2, 1:100), cortactin (mouse monoclonal 
AB 30, 1:1000), Cyclin D1 (SP4, 1:50) or overnight at 4 °C with rabbit polyclonal 
antibody against pFADD (1:25). Secondary antibodies, GARPO (DakoCytomation, 
Glostrup, Denmark) for Cyclin D1 and cortactin, RAMPO (DakoCytomation) for 
FADD were diluted 1:100 in 1% bovine serum albumin/PBS complemented with 
1% human AB serum and applied for 30 minutes at room temperature. For pFADD 
secondary antibody Envision (DakoCytomation) was applied for 30 minutes at 
room temperature. Tertiary antibody GARPO (Dakocytomation, 1:100) for FADD 
and cortactin, and RAGPO (Dakocytomation, 1:100) for Cyclin D1 was applied for 
30 minutes at room temperature. The peroxidase reaction was performed by 
applying 3,3’-diaminobenzide tetrachloride for 10 minutes. After washing with 
PBS, the slides were counterstained for 2 minutes with hematoxylin and fixated.  

Evaluation of scoring 

Scoring was performed by two independent observers without knowledge of 
clinical data. A concordance of more than 90% for all stainings was found. The 
discordant cases were reviewed and scores were reassigned on consensus of 
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opinion. The definition for scoring the immunostainings was reported previously 

[130], [134]. In short, for cyclin D1 and pFADD the percentage of tumour cells with 
nuclear staining was scored. For FADD and cortactin, staining of the cytoplasm was 
scored as positive. Since the FADD staining was very homogeneous with mostly 
scores of 100%, staining intensity was scored as low (FADD-, FADD +) or high 
(FADD ++, FADD +++) as described previously. Cut-off values of percentages for 

Figure 4.2 Local control (LC) rate as a function of (A) Fas-associated death domain 
(FADD), (B) Ser194-phosphorylated isoform of Fas-associated death domain 
(pFADD), and (C) combination of FADD and pFADD. Patients overexpressing FADD 
show a trend toward better LC. Patients overexpressing pFADD show significantly 
better LC. Patients overexpressing both FADD and pFADD have an LC rate of 100%.
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dichotomization of the data (pFADD) was determined by using Receiver Operating 
Curve (ROC) analyses[139]. Tumours with a percentage of positive staining above 
the cut-off level were considered as high expression, and those below as negative/
low expression. For pFADD, the best sensitivity/specificity ratio was found at a 
cutoff level of 71%. 

Figure 4.3 Overall survival (OS) as a function of (A) Fas-associated death domain 
(FADD) and (B) Ser194-phosphorylated isoform of Fas-associated death domain 
(pFADD). No significant correlation was found between either FADD or pFADD 
overexpression and OS.

Figure 4.4 Local control (LC) as a function of (A) cortactin and (B) cyclin D1. No 
gnificant correlation was found.
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Statistical Analysis

Associations between expression of FADD, pFADD, cyclin D1 and cortactin were 
analysed using a chi-square test. Follow-up time was calculated from the day of 
diagnosis until the date of the last follow-up visit. Local recurrence was defined 
as tumour recurrence at the primary tumour site and was calculated from the 
date of diagnosis until the day of local recurrence diagnosis or the last follow-up. 
Overall survival was defined from the day of diagnosis to the date of death or last 
follow-up.

Kaplan-Meier survival analysis and Cox regression analysis for expression of FADD 
and pFADD, as well for gender, age, haemoglobin level, T status, N status, tobacco 
use and alcohol use were performed with local control and overall survival as 
endpoints. Only variables showing a correlation with LC or OS in univariate 
analysis (p<0.10) were included in the multivariate Cox regression analysis. 
Alcohol consumption was excluded from the multivariate analysis because of 
the large number of missing values (17 missing, 18%). All statistical analysis were 
performed using the Statistical Package for Social Sciences, version 16.0 (SPSS, 
Chicago, IL).

Table 4.4 Patient characteristics related to local recurrence after radiotherapy, 
multivariate regression analysis.

Characteristics HR (95% CI) p value

Low FADD expression 4.227 (0.981-18.320) p = 0.053

Low pFADD expression 2.715 (1.172-6.287) p = 0.020

Abbreviations: CI = confidence interval; FADD = Fas-associated death domain; 
pFADD = Ser194-phosphorylated isoform of Fas associated death domain; HR = 
hazard ratio in a multivariate Cox regression analysis.

Only variables showing a correlation with local control on univariate analysis (p < 
0.10) were included (pFADD and FADD). Alcohol use was excluded because of the 
large number of missing values.
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Results
FADD and pFADD are not associated with clinicopathologic features

Immunohistochemical staining of FADD was mainly cytoplasmic and very 
homogeneous cross the tumor (Figure 4.1). High levels of FADD were detected 
in 21 of 92 cases (23%). The immunostaining of pFADD was distributed more 
heterogeneously within the tumor tissues and predominantly found within the 
nucleus (Figure 4.1). High nuclear pFADD levels were observed in 62 of 92 cases 
(67%). No significant association was found between FADD and pFADD expression 
(results not shown), which is in agreement with the different morphologic 
distributions. No significant associations were found between FADD or pFADD 
expression and sex, age, hemoglobin level, T stage, N stage, current and past 
tobacco use, and use of alcohol (data not shown).

Expression of FADD and pFADD predicts increased LC in early-stage glottic 
carcinoma

Univariate Cox regression analysis on dichotomized groups showed that high 
pFADD expression was associated with better LC (hazard ratio [HR], 2.40; 95% 
confidence interval [CI], 1.04 -5.55; p = 0.040), whereas borderline significance for 
the association with this endpoint was found for high FADD expression (HR 3,66; 
95% CI, 0.85 - 15.66; p = 0.081) (Table 4.3). Kaplan-Meier survival analysis showed 
similar results for both pFADD (p = 0.033) and FADD (p = 0.060) (Figure 4.2 A and 
B). Interestingly, no local recurrence developed in any of the 12 patients with high 
expression of both FADD and pFADD, whereas a local recurrence developed in 22 
of the 80 patients with low expression of either FADD, pFADD, or both (27.5%) 
(p = 0.025) (Figure 4.2 C). Multivariate Cox regression analysis showed that high 
pFADD expression was the strongest independent prognostic factor for LC after 
radiotherapy (HR, 2.72; 95% CI, 1.17 - 6.29; p = 0.020) (Table 4.3).

Expression of FADD or pFADD does not predict better OS

Kaplan-Meier survival analysis showed that high expression of FADD (p = 0.213) 
and high expression of pFADD (p = 0.788) were not associated with OS (Figure 
4.3). Cox regression analysis also showed that high expression of FADD (HR, 1.94; 
95% CI, 0.67 - 5.65; p = 0.223) and high expression of pFADD (HR, 1.12; 95% CI, 
0.49 - 2.55; p = 0.788) were not associated with OS. 



64

Cyclin D1 and cortactin are not associated with LC

Because cortactin and cyclin D1 are frequently co-amplified and consequently 
co-overexpressed with FADD in HNSCC [38], [119]and have been associated with 
poor prognosis and/or response to therapy[38], [134], [135], we immunostained 
the same series for cortactin and cyclin D1 (examples are shown in Figure 4.1C 
and D). Increased expression of cyclin D1 and cortactin was observed in 43 of 92 
cases and 39 of 92 cases, respectively. Univariate Cox regression analysis (Table 
4.3) and Kaplan-Meier survival analysis (Figure 4.4) showed that high expression 
of cyclin D1 and high expression of cortactin were not associated with LC in early-
stage glottic cancer.

Discussion
Laryngeal squamous cell carcinoma is the most common type of HNSCC and 
accounts for approximately 20% of all newly diagnosed HNSCCs. Nowadays, most 
patients with Stage T1/T2 laryngeal carcinoma are treated with radiotherapy 
because of better laryngeal function after treatment compared with surgery. 
The 5-year LC and OS rates for T1/T2 laryngeal carcinoma vary between 69% 
and 94% and between 63% and 82%, respectively[136]. Unfortunately, except 
for TNM status, no good clinicopathologic factors are available to predict clinical 
outcome in early-stage laryngeal carcinoma treated with radiotherapy. The clinical 
relevance is obvious, because in case of recurrent disease after radiotherapy, 
salvage laryngectomy is mandatory, resulting in loss of vocal cord function and 
therefore quality of life. Thus molecular tumor markers could be useful to predict 
local recurrence and survival in patients with early-stage glottic carcinoma treated 
with radiotherapy. 

Associations between expression of either FADD or pFADD with clinical outcome 
have been described in different tumor types. Chen et al. [132] showed that FADD 
overexpression and pFADD overexpression were both associated with decreased 
OS in patients with adenocarcinoma of the lung. Shimada et al. [52] reported that 
expression of pFADD was associated with progression of prostate carcinoma. In a 
previous study we found an association between FADD and pFADD expression and 
clinical outcome in a group of mainly advanced-stage laryngeal carcinomas[38], 
[119]. No associations could be performed between FADD/pFADD expression and 
response to therapy because of the heterogeneity of the patient series. In this 
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study we selected a homogeneous series of patients with T1/T2 glottic carcinoma 
treated with radiotherapy only. Our data showed that high expression of FADD and, 
even more significantly, pFADD overexpression were associated with better LC. No 
association with OS was found. These data strongly suggest that overexpression 
of pFADD is associated with better radiosensitivity.

FADD is part of the chromosome 11q13 amplicon[38]. We have shown that 
not only FADD but also several other genes in the amplicon (PPFIA1, TPCN2, 
FLJ442258, ORAOV1, FGF19, CTTN/cortactin, CCND1/cyclin D1) are overexpressed 
in HNSCC carcinomas with 11q13 amplification[38]. Two of these genes (cyclin 
D1 and cortactin) have been studied extensively[118]. Cyclin D1 has been 
associated with response to radiotherapy previously in breast cancer both in a 
clinical study[135], [137], [138] and in an in vitro model[134], and cortactin has 
been associated with worse clinical outcome in HNSCC[119] and cell migration 
in vitro[139]. Immunostaining of the same series of 92 glottic cancers showed 
no association between either cortactin or cyclin D1 expression and LC (Table 
4.3and Fig. E2). The lack of this association for cyclin D1 is not consistent with the 
observed response to therapy in breast cancer but is concordant with studies in 
HNSCC that failed to associate cyclin D1 expression and clinical outcome[140]. In 
this study we only selected early-stage (T1/T2) glottic carcinomas, in which the 
rate of regional or distant metastasis is relatively low (only 1 of 92), which results 
from the less developed lymphatic drainage system of the glottic larynx. The lack 
of the observed association between cortactin and LC in this series of early-stage 
glottic carcinomas is therefore in good agreement with cortactin’s function in cell 
migration and invasion[139]. This analysis showed that not cyclin D1 or cortactin 
but high pFADD expression is associated with LC in our series of early stage glottic 
carcinomas. 

Our data also suggest that the expression of pFADD might mediate the sensitivity 
of tumor cells to radiotherapy. However, at present, we can only speculate how. 
Besides the role of FADD in apoptosis, more recently, phosphorylation of FADD 
(pFADD) at serine 194 was reported to be involved in cell cycle progression[45], 
[49], [50], [129]. Hua et al. [129] showed that phosphorylation of FADD is essential 
for growth/proliferation in T cells. Shimada et al.[52] and Alappat et al.[49] have 
shown that phosphorylation of FADD caused more cells to be arrested in the G2/M 
phase of the cell cycle. A possible explanation for this is that cells in the G2/M 
phase are more radiosensitive than cells in other phases of the cell cycle[131]. 
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Furthermore, the fact that phosphorylation of FADD is associated with nuclear 
localization in our tumors and is involved in G2/M arrest in in vitro models[52] 
suggests that FADD plays an important role in sensitizing these tumors for 
radiation. However, whether pFADD itself triggers cells into G2/M arrest or cells 
at G2/M arrest show expression of pFADD has to be tested in future experiments 
by knocking down or expressing FADD and pFADD mutants in HNSCC cell lines and 
determining RT response directly by the classical clonogenic survival assay.

Conclusions
We showed that increased expression of pFADD/FADD is associated with better 
LC in early-stage glottic carcinoma treated with radiotherapy alone. A possible 
explanation is that pFADD expression is associated with more arrested cells in 
the radiosensitive G2/M phase of the cell cycle. Our findings suggest that pFADD 
might be a new prognostic biomarker to predict local recurrence in T1/T2 glottic 
carcinoma treated with radiotherapy.
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Abstract
Background

The most frequently amplified genomic region in oral squamous cell carcinoma 
(OSCC) is chromosome 11q13.3 region. In this region the Fas Associated Death 
Domain (FADD) gene is overexpressed upon DNA amplification. FADD plays a role 
in both (TNFR-mediated) apoptosis and when phosphorylated on Ser194 (pFADD) 
in regulation of cell cycle progression. The aim of this study was to investigate 
the prognostic value of pFADD expression on the clinical outcome of OSCC and its 
possible role in in vitro radiosensitivity. 

Methods

Surgically resected tumor tissue of 100 OSCC patients treated with primary 
surgery and postoperative radiotherapy, of which clinico-pathological as well as 
follow-up data were available, were selected and immunostained for pFADD. 
The sensitivity for radiation was validated in vitro in transfectants with regulated 
pFADD overexpression using the Grenman clonogenic cell survival assay.

Results

High expression of pFADD is a strong prognostic factor for better local control 
in OSCC (HR:5.3; 95%CI: 1.6 – 18.0; p=0.007). In a multivariate analysis, pFADD 
expression is the strongest and most significant prognostic marker for local 
control. Cells overexpressing pFADD proved to be more radiosensitive compared 
to control cell lines. 

Conclusions

High expression of pFADD in OSCC patients treated with primary surgery and 
postoperative radiotherapy is associated with a better local control. In vitro 
experiments showed an increased radiosensitivity in cells that overexpressed 
pFADD in good agreement with the association between pFADD and local control. 
Our data show that pFADD expression levels do not only identify OSCC patients 
that might benefit from postoperative radiotherapy but also play an important 
role in the response of tumor cells to radiation.
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Introduction
Squamous cell carcinoma of the head and neck (HNSCC) is the 6th most prevalent 
type of cancer in the world[2]. Oral squamous cell carcinoma (OSCC) is the 
largest group within HNSCC[141] with an annual incidence of 3.8 per 100.000 
people worldwide[4]. In the last decades, major advances have been made 
in the treatment of HNSCC resulting in significant improvement of disease-
free and overall survival[142], [143]. Most OSCC patients present with locally 
advanced tumors with 5 year overall survival rates of approximately 50% [62] and 
locoregional recurrence rates of 20 to 40%[17], [19]. 

In order to further improve the clinical outcome of OSCC, e.g. by selecting patients 
for more or less aggressive treatment strategies, it is pivotal to identify these 
high risk patients. At present, in the postoperative setting, certain pathological 
markers such as positive surgical margins and the presence of extranodal spread 
are used to predict clinical outcome and to select patients for either adjuvant 
radiotherapy or chemoradiation. However, for a more individualized approach, 
factors that are able to predict outcome (prognostic factors) and those that can 
predict the added value of a certain treatment approach (predictive factors), such 
molecular markers, are needed[144].

In HNSCC multiple chromosomal aberrations may occur in high frequency 
including the amplification of the chromosomal region 11q13.3 (~36%)[38], [118].  
The most commonly amplified gene in the 11q13.3 region is the Fas Associated 
Death Domain (FADD) gene[38]. FADD was first identified as an adaptor protein 
in the extrinsic apoptosis pathway linking the Fas death receptor to the initiator 
caspase 8[45], [145]. More recently, an isoform of FADD that is phosphorylated 
on the serine 194 (pFADD), mostly present in the G2/M phase of the cell cycle in 
the nucleus of normal cells and is located on the mitotic spindles during the meta- 
and early anaphase was described[48]–[51]. 

The clinical significance of pFADD expression was reported previously in breast, 
prostate and lung cancer. In lung cancer high pFADD expression was associated 
with worse overall survival[132], in prostate cancer high pFADD expression 
correlated with lower Gleason score, indicating a less aggressive tumor [52] and 
in breast cancer higher pFADD correlated with reduced prevalence of lymph node 
metastases[51]. Recently we found that a high expression of pFADD was significantly 
associated with better local control in 92 early stage (T1-T2) glottic laryngeal 
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squamous cell carcinoma patients treated with definitive radiotherapy[117]. 

The main purpose of this study was to test the hypothesis that high pFADD 
expression was associated with local control in a well-defined series of locally 
advanced OSSC treated with surgery and postoperative radiotherapy. We also 
tested in vitro the hypothesis that pFADD expression is involved directly in the 
response to radiation. For that purpose, the response to radiation of a cell line 
transfected with a phospho-mimicking FADD mutant under control of an inducible 
promoter was determined using the in vitro Grenman assay.

Methods
Patients and tissue

For this retrospective study we selected patients diagnosed with primary OSCC 
who were uniformly treated with primary surgery and postoperative radiotherapy 
at the University Medical Center Groningen in The Netherlands between 1993 
and 2003. Clinical and histopathological data were collected with a follow up of 
at least 3 years. 

The clinico-pathological features of the 100 patients included in this study, were 
reported previously[31], [146].The majority of the patients included in this study 
were male (59%), had positive lymph nodes in the neck (N+; 60%) and presented 
with advanced stage tumors (Stage III-IV) (73%)(Table 5.1). Patients with previous 
other malignancies were excluded.

In total 94 of these patients underwent a neck dissection (94%). Postoperative 
radiotherapy was administered to all patients because of the presence of one 
or more adverse factors including positive surgical margins (64%), lymph node 
metastasis with extra nodal spread (28%), advanced stage (stage III-VI) (73%) and 
perineural growth (30%). 

H&E staining was performed on formalin fixed paraffin embedded (FFPE) tissue of 
the surgically resected tumors. Histopathology of all carcinomas was revised by an 
experienced pathologist (JEvdW).

All patient tissues were coded. This study was performed according to the Code of 
Conduct for proper secondary use of human tissue in the Netherlands, as well as 
to the relevant institutional and national guidelines. Informed consent was given 
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by all patients included in the study.

Immunohistochemistry

Immunohistochemical staining was performed as described previously[38]. Briefly, 
3 µm thick sections of FFPE tumor tissue were deparaffinized and rehydrated 
in a gradient series of alcohol. Antigen retrieval was performed by incubating 
overnight at 80˚C in 0.1 M Tris/HCl (pH 9.0). Endogenous peroxidase was blocked 
in a 0.3% H2O2 solution. For the pFADD staining the sections were subsequently 
incubated with the rabbit anti-pFADD monoclonal antibody (#2781, Cell Signalling 
Technologies, Danvers, MA, USA) 1:100 diluted in PBS for 1 hour, Horseradish 
Peroxidase (HRP) conjugated Goat anti Rabbit (GaRPO) immunoglobulin G (IgG) 
(1:100) for 1 hour, a HRP conjugated Rabbit anti Goat (RaGPO) IgG (1:100) for an 
hour, and treated with 3,3’-di-aminobenzidine (DAB) chromogen solution (Dako, 
Glostrup, Denmark) and counterstained with haematoxylin. For the scoring of the 
immunostaining of pFADD, the percentage of tumour cells with nuclear staining 
was determined. The ideal cut-off point for dichotomizing these data was 50% 
as determined by a ROC curve analysis for local recurrence. This cut-off of gave 
a sensitivity of 81% and specificity of 50% (data not shown). Percentages of 
positive staining above the cut-off level were considered as high expression, and 
those below as low expression of pFADD. All slides were scored independently by 
two observers without prior knowledge of clinical data. In case of discrepancies 
between the observers, cases were reviewed by an experienced pathologist and 
scored on consensus opinion. 

Cell Culture and Transfections

The Hek293 cell line was cultured in DMEM (1 g l−1 glucose) with 10% fetal bovine 
serum, 2 mM ultra-glutamine, penicillin and streptomycin (all purchased from 
BioWhittaker, Basel, Switzerland). 

The pcDNA3-FADD-S194A and pcDNA3-FADD-S194E plasmids were kind gifts from 
Dr. Marcus E. Peter (The Ben May Institute for Cancer Research, University of Chi-
cago) [12]. The pIND-FADD-S194A plasmid was constructed using high-fidelity 
PCR on pcDNA3-FADD-S194A and pcDNA3-FADD-S194E with overhanging primers 
containing restriction sites for HinDIII and BamHI and a cMyc tag (using prim-
ers AAGCTTATGGAGCAGAAGCTGATCTCCGAGGAGGACCTGATCGACCCGTTCCTG-
GTGCTGCTGCACTC and GGATCCTCAGGACGCTTCGGAGGTAGATGCGTCTGAGTTC) 
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and cloning the product into pInd (Invitrogen, Life Technologies, Grand Island, 
NY, USA) using the BamHI and HinDIII restriction sites. The success of both the 
high fidelity PCR and the cloning was confirmed by sequencing the resulting pIND 
plasmids. The cells were co-transfected with pInd (either containing FADD-S194A, 
FADD-S194E or Empty Vector) and pVgRXR (Ecdysone inducible expression sys-
tem by Invitrogen) using Fugene 6 reagent (Roche Applied Sciences, Almere, The 
Netherlands) as described by the manufacturer. After transfection, the cells were 
cultured on a selection medium of Zeocin (for pVgRXR, Invitrogen) and G418 (for 
pInd, Invitrogen). Single colonies were picked and cultured separately under se-
lective pressure. 

Out of 10 clones transfected with pIND-FADD-S194A and 10 clones transfected 
with pIND-FADD-S194E, the ones with no/very low FADD expression in the 
untreated cells and the highest expression after 24 hours of treatment with 5uM 
ponasterone A were selected for further experiments. In all tests, the expression 
of the transgene was stimulated 24 hours before the start of the experiments, 
using ponasterone A (in alcohol 100%) at a concentration of 5uM or 100% alcohol 
only as a negative control. 

FACS Cell Cycle Analysis

Cell Cycle analysis was performed as previously[147]. Briefly, hypotonic DNA 
staining buffer (0.1% Sodium citrate; 0.3% Triton–x 100; 0.01% Propidium iodide, 
0.002% Ribonuclease A) was added to the cells and mixed well. Acquisition was 
performed on the flowcytometer (Calibur, BD Biosciences, San Jose, CA USA).

FACS analysis for pFADD intensity

Cells were harvested and fixated using 4% paraformaldehyde. Membrane 
permeabilization was done using a 1% saponine buffer. Primary antibody specific 
for pFADD (#2781, Cell Signalling Technologies, 1:50 in 1%sarponine/2%BSA/PBS) 
was incubated at 4 ºC overnight. Secondary antibody (A-21428 GaR-Alexa555, 
Invitrogen) incubation was applied at 4 ºC for 1 hour. Afterwards the cells were 
suspended in a solution of 10 µg/ml 4,6-diamidino-2-phenylindole (DAPI) for the 
DNA content staining.  Acquisition was performed on a flow cytometer (LSRII, BD 
Biosciences). 
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Table 5.1 Patient characteristics stratified by pFADD expression levels

Phosphorylated FADD expression

Characteristic Low (n (%)) High (n (%)) Total (n (%)) p-value

Age ns
  Median  (range) 61.5 (25 - 90) yr 57.3 (24 - 84) yr 59.7 (24 - 90) yr

Gender ns
  Female 25 (43) 17 (41) 42 (42)
  Male 33 (57) 25 (59) 58 (58)

T-stage ns
  T1 6   (10) 4   (10) 10 (10)
  T2 14 (24) 16 (38) 30 (30)
  T3 9   (16) 8   (19) 17 (15)
  T4 29 (50) 14 (33) 43 (43)

N-stage ns
  N0 21 (36) 19 (45) 40 (40)
  N+ 37 (64) 23 (55) 60 (60)

N-stage ns
  N0 21 (36) 19 (45) 40 (40)
  N1 12 (21) 12 (29) 24 (24)
  N2b 18 (31) 8   (19) 26 (26)
  N2c 6   (10) 3   (7) 9 (9)
  N3 1   (1) 0   (0) 1 (1)

Stage ns
  I 2 (4) 2 (5) 5 (5)
  II 12 (17) 13 (31) 25 (23)
  III 6 (9) 5 (12) 11 (10)
  IV 48 (70) 22 (52) 69 (62)

Resection margins ns
  Free(> 5 mm) 19 (33) 15 (36) 34 (34)
  Not Free (<5 mm) 39 (67) 27 (64) 66 (66)

Extra Nodal Spread p=0.032*
  Yes 21 (37) 7   (17) 28 (47)
  No 37 (64) 35 (83) 32 (53)

Total 58 (100) 42 (100) 100 (100)



76

Clonogenic radiation sensitivity Grenman assay

Clonogenic radiation sensitivity Grenman assays were performed as described 
previously[31], [83]. Briefly, the cells were harvested with trypsin-EDTA, counted, 
and suspended in DMEM medium containing 10% fetal bovine serum, and plated 
out in 96 wells plates at 3 different amounts of cells per well. Various plates 
were irradiated with one single dose each of either 2 Gy, 4 Gy or 6 Gy at 0.66 Gy/
min using an IBL 637 Cesium-137 γ source (CIS Biointernational, Gif-sur-Yvette, 
France). 14 days after irradiation the amount of positive wells per plate was 
determined; wells that contained at least one colony with more than 32 cells were 
considered positive. The plating efficiency (PE) was calculated using the formula: 
PE = -LN(negative wells/total wells)/cells per well .

Survival was calculated by dividing the PE after irradiation by the PE of the non-
irradiated plates. The data are based on the average of 3 independent experiments.

Western blot

Cell lysates were separated on polyacrylamide gels and blotted onto nitrocellulose 
membranes using standard protocols. Blots were incubated with primary 
antibodies, for FADD (A66-2, BD Biosciences) or beta-actin (SC-81178, Santa 
Cruz Biotechnology, Santa Cruz, CA, USA) at 4ºC overnight. Immunostaining was 
amplified by incubation with HRP-conjugated antibodies and chemiluminescence 
was visualized with ECL (Pierce, Rockford, USA). 

For subcellular fractions the cells were suspended in a harvest buffer (10mM 
HEPES pH 7.9, 50mM NaCl, 0.5M sucrose, 0.1mM EDTA, 0.5% Triton X-100, 
freshly added HALT proteinase inhibitor cocktail (Pierce) and incubate on ice for 
5 minutes. Nuclear fraction was pelleted at 1000 rpm at 4 ºC for 10 minutes. The 
pellet was washed and finally re-suspended in nuclear lysis buffer (10mM HEPES 
pH 7.9, 500mM NaCl, 0.1mM EDTA, 0.1mM EGTA, 0.1% NP-40 and freshly added 
HALT protease inhibitor cocktail). The supernatant was stored as the cytoplasmic 
fraction. To verify whether fractionation was performed appropriate, all fractions 
were immunostained for PARP as control for nuclear fractionation and GAPDH as 
control for cytoplasmic fractionation[148].

Immuno-fluorescence for FADD 

Cells were cultured on sterilized poly-l-lysine coated glass slides in a 6 wells  plate 

Table 5.2 Univariate and multivariate Cox regression analysis
Cox regression Hazard Ratio for LC Hazard Ratio for OS
Univariate N (%) HR (95% CI; p-value) HR (95% CI; p-value)

pFADD
High 42 (42) 1 1
Low 58 (58) 5.3 (1.6 - 18.0; p=0.007)* 1.8 (1.1 – 3.1; p=0.013)*

Gender
Female 42 (42) 1
Male 58 (58) 0.7 (0.3 – 1.6; p=0.411) 1.4 (0.9 – 2.4; p=0.139)

T-stage
T1-T2 40 (40) 1 1
T3-T4 60 (60) 1.0 (0.4 - 2.4; p=0.979) 1.3 (0.8 - 2.1; p=0.261)

N-stage
N0 40 (40) 1 1
N+ 60 (60) 2.2 (0.8 – 5.6; p=0.099) 2.6 (1.5 – 4.4; p=0.000)*

Resection margins
Free (> 5 mm) 36 (36) 1 1
Not Free (<5 mm) 64 (64) 1.2 (0.5 - 3.1; p=0.591) 1.1 (0.7 - 1.8; p=0.701)

Extra Nodal Spread
No 72 (72) 1 1
Yes 28 (28) 3.8 (1.6 - 8.9; p=0.002)* 3.5 (2.1 – 6.0; p=0.000)*

Multivariate N (%) HR (95% CI; p-value) HR (95% CI; p-value)

pFADD
Positive 42 (38) 1 1
Negative 58 (58) 4.2 (1.2 – 14.7; p=0.021)* 1.7 (1.0 –  2.8; p=0.061)

ENS
No 72 (72) 1 1
Yes 28 (28) 2.9 (1.2 - 6.9; p=0.017)* 1.9 (1.1 – 3.6; p=0.032)*

N-stage
N0 40 (40) 1
N+ 60 (60) 2.3 (1.2 – 4.1; p=0.008)*

* significant (p<0.05)
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Clonogenic radiation sensitivity Grenman assay

Clonogenic radiation sensitivity Grenman assays were performed as described 
previously[31], [83]. Briefly, the cells were harvested with trypsin-EDTA, counted, 
and suspended in DMEM medium containing 10% fetal bovine serum, and plated 
out in 96 wells plates at 3 different amounts of cells per well. Various plates 
were irradiated with one single dose each of either 2 Gy, 4 Gy or 6 Gy at 0.66 Gy/
min using an IBL 637 Cesium-137 γ source (CIS Biointernational, Gif-sur-Yvette, 
France). 14 days after irradiation the amount of positive wells per plate was 
determined; wells that contained at least one colony with more than 32 cells were 
considered positive. The plating efficiency (PE) was calculated using the formula: 
PE = -LN(negative wells/total wells)/cells per well .

Survival was calculated by dividing the PE after irradiation by the PE of the non-
irradiated plates. The data are based on the average of 3 independent experiments.

Western blot

Cell lysates were separated on polyacrylamide gels and blotted onto nitrocellulose 
membranes using standard protocols. Blots were incubated with primary 
antibodies, for FADD (A66-2, BD Biosciences) or beta-actin (SC-81178, Santa 
Cruz Biotechnology, Santa Cruz, CA, USA) at 4ºC overnight. Immunostaining was 
amplified by incubation with HRP-conjugated antibodies and chemiluminescence 
was visualized with ECL (Pierce, Rockford, USA). 

For subcellular fractions the cells were suspended in a harvest buffer (10mM 
HEPES pH 7.9, 50mM NaCl, 0.5M sucrose, 0.1mM EDTA, 0.5% Triton X-100, 
freshly added HALT proteinase inhibitor cocktail (Pierce) and incubate on ice for 
5 minutes. Nuclear fraction was pelleted at 1000 rpm at 4 ºC for 10 minutes. The 
pellet was washed and finally re-suspended in nuclear lysis buffer (10mM HEPES 
pH 7.9, 500mM NaCl, 0.1mM EDTA, 0.1mM EGTA, 0.1% NP-40 and freshly added 
HALT protease inhibitor cocktail). The supernatant was stored as the cytoplasmic 
fraction. To verify whether fractionation was performed appropriate, all fractions 
were immunostained for PARP as control for nuclear fractionation and GAPDH as 
control for cytoplasmic fractionation[148].

Immuno-fluorescence for FADD 

Cells were cultured on sterilized poly-l-lysine coated glass slides in a 6 wells  plate 

Table 5.2 Univariate and multivariate Cox regression analysis
Cox regression Hazard Ratio for LC Hazard Ratio for OS
Univariate N (%) HR (95% CI; p-value) HR (95% CI; p-value)

pFADD
High 42 (42) 1 1
Low 58 (58) 5.3 (1.6 - 18.0; p=0.007)* 1.8 (1.1 – 3.1; p=0.013)*

Gender
Female 42 (42) 1
Male 58 (58) 0.7 (0.3 – 1.6; p=0.411) 1.4 (0.9 – 2.4; p=0.139)

T-stage
T1-T2 40 (40) 1 1
T3-T4 60 (60) 1.0 (0.4 - 2.4; p=0.979) 1.3 (0.8 - 2.1; p=0.261)

N-stage
N0 40 (40) 1 1
N+ 60 (60) 2.2 (0.8 – 5.6; p=0.099) 2.6 (1.5 – 4.4; p=0.000)*

Resection margins
Free (> 5 mm) 36 (36) 1 1
Not Free (<5 mm) 64 (64) 1.2 (0.5 - 3.1; p=0.591) 1.1 (0.7 - 1.8; p=0.701)

Extra Nodal Spread
No 72 (72) 1 1
Yes 28 (28) 3.8 (1.6 - 8.9; p=0.002)* 3.5 (2.1 – 6.0; p=0.000)*

Multivariate N (%) HR (95% CI; p-value) HR (95% CI; p-value)

pFADD
Positive 42 (38) 1 1
Negative 58 (58) 4.2 (1.2 – 14.7; p=0.021)* 1.7 (1.0 –  2.8; p=0.061)

ENS
No 72 (72) 1 1
Yes 28 (28) 2.9 (1.2 - 6.9; p=0.017)* 1.9 (1.1 – 3.6; p=0.032)*

N-stage
N0 40 (40) 1
N+ 60 (60) 2.3 (1.2 – 4.1; p=0.008)*

* significant (p<0.05)
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Figure 5.1 Kaplan - Meier analysis for Local Control. A. Comparing cases with 
high pFADD expression and low pFADD expression B. Comparing cases with 
and without Extra Nodal Spread (ENS). P-values, Hazard Ratios (HR) and 95% 
confidence intervals (95%CI) that are displayed in the graphs are calculated by 
Cox regression analyses.
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for 24 hours before fixation in 3.7% formaldehyde in PBS. Fixed cells were 
incubated with the 1:100 FADD antibody (A66-2, BD Biosciences) overnight, and 
then with the secondary antibody (A-21428 GaR-Alexa555, Invitrogen) for an hour 
at 4 ºC. Afterwards the cells were treated with a solution of 10ug/ml DAPI for DNA 
content staining. 

Statistical Analyses

Statistical analysis was carried out using the SPSS 14.0.0 software package. 
Associations between different markers and between markers and clinico-
pathological characteristics where tested using the χ2 test. The endpoint used in 

 

Figure 5.2 Figure 2 A Immunohistochemical staining for pFADD on HNSCC shows 
a primarily nuclear staining B. Immunohistochemical staining of the normal 
epithelium of the head and neck area shows that pFADD is highly expressed in 
the basal layer. C. The expression of pFADD in HNSCC is higher in cells that are in 
the mitotic phase of the cell cycle.



80

this study was local control (LC), defined as failure at the primary site only. The 
time to local recurrence (LR) was calculated from the time of surgery. For the 
univariate analysis, Kaplan-Meier curves were produced and compared with the 
log rank test. For the multivariate analysis, a Cox regression analysis was used. 
The categorized covariates that showed a trend towards statistical significance (p 
< 0.10) in the univariate analysis were entered into a back-step multivariate Cox 
regression analysis. Eventually, p-values < 0.05 were considered significant. 

Results
Increased expression of pFADD associates with local control in OSCC

We performed immunohistochemical staining for pFADD on tissue specimens of 
100 oral squamous cell carcinoma patients. In 42 patients (42%) high expression 
of pFADD (i.e. positive staining in more than 50% of the tumor cells) was 
found. The expression of pFADD was heterogeneous throughout the tumor. 
Statistical analysis of pFADD expression in combination with clinico-pathological 
characteristics revealed a significant negative association with extra nodal spread 
(ENS) (p=0.032). No other significant associations were found (Table 5.1).

To determine whether pFADD expression was associated with LC, we performed 
univariate analyses. This analysis revealed low pFADD as the strongest prognostic 
factor for worse LC (HR:5.3 95%CI:1.6-18.0 p=0.007) (Table 5.2, illustrated in Figure 
5.1A). Univariate analysis also revealed an association between the presence of 
extra-nodal spread (ENS) and worse LC (HR: 3.8 95%CI:1.6-8.9; p=0.000) (Table 
5.2, illustrated in Figure 5.1B). Multivariate analysis revealed that pFADD and ENS 
were both independent significant factors for LC (HR:4.2 95%CI:1.2 - 14.7 and 
HR:2.9 95%CI:1.2 - 6.9 resp.) (Table 5.2). 

Univariate analysis revealed that low pFADD expression was significantly 
associated with decreased overall survival (OS) (HR:1.8 95%CI:1.1-3.1 p=0.013) 
(Table 5.2). Univariate analysis also revealed an association between OS and ENS 
(HR: 2.6 95%CI:1.4-4.7; p=0.002) and OS and N-stage (HR: 2.6 95%CI:1.5-4.4; 
p=0.000) (Table 5.2). Multivariate analysis for OS revealed that N-stage (HR: 2.3; 
95%CI:1.2 – 4.1; p=0.008) and ENS (HR: 1.9; 95%CI: 1.1 – 3.6; p=0.032) were both 
independent prognostic factors, while pFADD (HR:1.7; 95%CI:1.0 –  2.8; p=0.061) 
showed borderline significance (Table 5.2).
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Figure 5.3 FACS analysis of HNSCC cell lines immuno-stained for pFADD with DAPI 
staining for Cell Cycle distribution, with or without 24h treatment with 50nM 
taxol. Q1 represents the pFADD high/ G1 fraction, Q2 the pFADD high/G2 fraction, 
Q3 the pFADD low/ G2 fraction and Q4 the pFADD low/G1 fraction. Percentages 
of the cells per quadrant are displayed in the corner of the images, or can be 
found in table 5.3. A. U2 without taxol. B. U2 with taxol. C. U22b without taxol. D. 
U22b with taxol.
Table 5.3 The percentages per quartile as shown in Figure 5.3.

Quadrant Q1 Q2 Q3 Q4 Q1+Q2 Q2+Q3
Phase G1 G2M G2M G1  Total G2M
pFADD High High Low Low Total High  
U2 untreated (A) 4.5% 5.9% 31.9% 57.6% 10.4% 37.8%
U2 arrested (B) 1.2% 32.3% 48.3% 18.2% 33.5% 80.6%
U22b untreated (C) 8.2% 3.7% 29.5% 58.6% 11.9% 33.2%
U22b arrested (D) 0.4% 63.6% 30.8% 5.1% 64.0% 94.4%
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Figure 5.4 A. Western blot for FADD on HEK293 stabile transfected with either an 
empty vector (EV) plasmid, or an inducible plasmid (pIND) containing the gene 
for non-phospho FADD-S194A or phospho-mimicing FADD-S194E. Transfectants 
were either unstimulated (-) or stimulated with 5 µM Ponesterone for a 24h 
(+).  The A66-2 FADD antibody that was used detects both phosphorylated 
and non-phosphorylated FADD as well as endogenous FADD expression. B. 
Immunofluorescence for FADD with a nuclear staining using DAPI performed of 
cells stimulated with PonA for 24h.
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pFADD is mainly located in the nucleus and expression is increased  during  
the G2/M phase of the cell cycle.

The outcome of our clinical data showed worse LC when pFADD expression was 
low suggesting that high pFADD expression is associated with high radiosensitivity. 
Because pFADD was reported to be most highly expressed during the G2M phase 
[48], [50], [149] and because cells in the G2/M phase are most sensitive to 
radiotherapy[150], [151], we tested expression levels of pFADD at G2/M phase in 
OSCC and HNSCC cell lines. 

Using immunohistochemical staining, pFADD was located mainly in the nucleus of 
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Figure 5.5 Clonogenic assays preformed on HEK293 stabile transfected with either 
an empty vector (EV) plasmid, or an inducible plasmid (pIND) containing the gene 
for FADD-S194A or FADD-S194E. All three cell line where either unstimulated or 
stimulated with 5 µM Ponesterone A. The stimulated FADD-S194A shows a worse 
survival after radiation. All point in the graph are based on measurements from 3 
separate experiments, error bars show the standard error of the mean.
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both HNSCC cells (Figure 5.2A) and the basal layer of the normal epithelium of the 
head and neck area representing the proliferative fraction of the epithelium layer 
(Figure 5.2B). In addition, HNSCC cells in the metaphase of the cell cycle showed a 
higher expression of pFADD than those in the interphase (Figure 5.2C).  

To determine whether cell cycle arrest at the metaphase increased the level of 
pFADD in HNSCC cell lines, 2 different HNSCC cell lines (UMSCC2 and UMSCC22b) 
with a high FADD expression were treated with 50 nm of Taxol for 16 hours. These 
cells were immunostained for pFADD, and simultaneously stained with DAPI to 
determine expression in different phases of the cell cycle. FACS analysis revealed 
that taxol treatment of both HNSCC cell lines resulted in a significant cell cycle 
arrest at G2/M and a concomitant increase of pFADD expression (Figure 5.3B&D) 
when compared to untreated cells (Figure 5.3A&C). 

Expression of phospho-mimicking FADD affects radio-sensitivity in vitro.
In order to investigate the direct effect of pFADD expression on the response to  
radiation, we generated HEK293 transfectants that only expressed a phospho-
mimicking FADD full-length isoform (FADD-S194E), or non-phospho-FADD full-
length isoform (FADD-S194A) upon treatment with 5uM Ponesterone A for 24 
hours. As illustrated in Figure 5.4, the Ponesterone A treated HEK293/FADD-
S194A and HEK293/FADD-S194E transfectants showed an increased expression 

Figure 5.6 Cell Cycle distribution. A) Hek293 cells stable transfected with an 
empty vector, with and without 24h induction with 5 µM PonA. B) Hek293 cells 
transfected with the inducible FADD-S194E construct, with and without 24h 
induction with 5 µM PonA.  
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of the FADD protein, whereas the expression in non-treated transfectants 
showed very low (endogenous) expression only on western blot (Figure 5.4A) 
and immunofluorescence (Figure 5.4B). In the FADD-S194E overexpressing cells 
a double band was detected as described previously for pFADD[48], [49], [152]. 

To investigate whether pFADD expression conferred a higher sensitivity to 
irradiation, we used the in vitro Grenman survival assay. Indeed, a significantly 
higher radio-sensitivity was observed in the Ponesterone A treated HEK293/
FADD-S194E transfectants compared to untreated cells and the non-phospho-
FADD-S194A mutant overexpressing cell line (Figure 5.5). Interestingly, treated 
and untreated FADD-S194A transfectants both showed the same radiosensitivity 
as empty vector transfected HEK293 cells. These findings demonstrated that not 
the non-phosphorylated but only the FADD isoform phosphorylated on Ser194 
causes increased radiosensitivity which is in good agreement with the observed 
association between high pFADD expression and better LC.

Phospho-mimicking-FADD overexpression does not influence the cell cycle 
distribution

To determine whether the effect of expression of the phospho-mimicking FADD-

Figure 5.7 Western blot of cellular fractionation of Hek293 cells transfected with 
an empty vector (pIND-EV), non-phospho FADD( pIND-FADD(S194A)) or phospho-
mimicking FADD (pIND-FADD(S194E)), either not stimulated with ponasterone A 
(-ponA) or stimulated with 5µM of ponasterone A  for 24h (+ponA). After cellular 
fractionation both the nuclear fraction (N) and the cytoplasmic fraction (C) blotted 
against FADD, GAPDH and PARP. GAPDH was used a loading control for the cellular 
fraction while GAPDH was used as a loading control for the nuclear fraction.  
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S194E mutant on in vitro radiosensitivity resulted from cell cycle arrest, we 
investigated cell cycle distribution in the cells expressing the phospho-mimicking 
FADD mutant FADD-S194E using FACS analysis (Figure 5.6). This analysis revealed 
that Ponesterone A treated HEK293/FADD-S194E cells showed similar cell cycle 
distribution as compared to untreated HEK293/FADD-S194E cells. These data 
indicated that increased expression of the FADD-S194E is not sufficient to influence 
the cell cycle distribution to explain the in vitro effect on radiosensitivity.

We performed a western blot analysis on the nuclear and cytoplasmic fractions 
of Ponesterone A treated and untreated transfectants with FADD-S194A, FADD-
S194E and empty vector as control. Appropriate fractionation was verified by 
immunostaining for PARP (as control for the nuclear fractions) and GAPDH (as 
control for cytoplasmic fractions) (Figure 5.7). This experiment revealed that upon 
treatment with Ponesterone A in both transfectants expressing the non-phospho 
FADD-S194A as well as (although at low levels) the phospho-mimicking FADD-
S194E mutant, FADD is present both in the cytoplasmic fraction and in the nuclear 
fraction. The fractionation experiment showed that the phospho-mimicking 
FADD-S194E protein is also present in the nuclear fraction.

Discussion
Amplification of the 11q13 amplicon is frequently found in HNSCC[118], [128], 
[153]. Using comprehensive array-CGH and quantitative real-time RT-PCR analysis 
of the 13 genes located in the 11q13 region commonly amplified in HNSCC 
and breast cancer, we showed that FADD was the most amplified and highest 
overexpressed gene[38]. Recently, we showed in a well-defined cohort of T1-2 
glottic carcinomas treated with definitive radiotherapy that high expression of 
pFADD was associated with better local control and overall survival[117]. In the 
current study, we showed that high expression of phosphorylated FADD was 
observed in 42% of locally advanced OSCC treated with surgery and postoperative 
radiotherapy, and was also associated with better local control and overall survival, 
which corresponded well with our previous findings in laryngeal carcinoma[117]. 
Based on these clinical data, we hypothesized that the better local control could 
be explained by an increased radiosensitivity of tumor cells with increased 
expression of pFADD. To test this hypothesis we determined changes in the in 
vitro radiosensitivity of HEK293 cells overexpressing the phospho-mimicking 
FADD-S194E mutant upon transcriptional stimulation. Overexpressing HEK293/
FADD-S194E cells showed significantly decreased cell survival after irradiation. 
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Interestingly, when cells expressing the non-phospho FADD-S194A mutant were 
used, no effect on cell survival was observed. This is in good agreement with the 
immunostaining results on the same tissue specimens of 100 OSCC patients using 
an anti-FADD monoclonal antibody (clone A66-2) that detects expression of all 
FADD isoforms. High expression of FADD was observed in 49% of OSCC[146], but 
statistical analysis revealed no association between high FADD expression and 
LC (HR: 1.2; 95%CI: 0.5-2.7; p=0.6) (data not shown). From these findings, we 
concluded that not the expression levels of FADD but the phosphorylation status 
of FADD is responsible for the observed effect on radiosensitivity.

With immunostaining, a very high expression of pFADD was observed in those 
cells that showed clear mitotic patterns (Figure 5.4B), confirming the observation 
that pFADD expression is higher in the G2/M phase of the cell cycle. To investigate 
the effect of the cell cycle distribution on the expression of pFADD in HNSCC we 
treated 2 HNSCC cancer cells lines (UMSCC2 and UMSCC22b) with taxol to induce 
a G2/M arrest. By using 50 nM taxol for 24h, both cell lines were fully arrested in 
the G2/M phase and the arrested cells showed a significant shift to high pFADD 
expression at G2/M when compared to the untreated cells. Also in human cell 
lines other than HNSCC (BJAB, HeLa, MDA-MB-231 and MCF7) arresting cell cycle 
at the G2/M phase showed high pFADD at G2/M and low at G1/S[50], [51]. 

The establishment of stable cell lines continuously overexpressing full-length 
FADD was not successful. This was most probably due to the fact that increased 
FADD expression causes apoptosis[154] as after transfection no transfectants were 
found expressing the FADD transgene (data not shown). This is in good agreement 
with the literature as most other studies that generated FADD overexpressing cell 
lines used a truncated isoform (C-FADD) not inducing apoptosis since it lacks the 
DED domain[49], [50]. Since we cannot exclude that the DED domain is involved in 
the observed radioresponse of pFADD overexpressing cells, we generated stable 
cell lines with a full-length FADD under control of the Ecdysone promoter that is 
only induced upon treatment with Ponesterone A, an insect hormone which is 
not present in eukaryote cells. For this study we selected transfectants that only 
showed transgene expression upon Ponesterone A treatment for 24 hrs.

Since the G2/M phase of the cell cycle is the most radiosensitive phase[150], [151], 
we investigated whether the effect of phospho-mimicking FADD-S194E mutant on 
the radiosensitivity of Hek293 cells was due to an increased fraction of the cells 
being in the G2/M phase of the cell cycle. Our cell cycle experiments showed that 
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cells overexpressing FADD-S194E did not have a different cell cycle distribution 
compared to those cells with no FADD-expression. Similar observations were 
reported in BJAB, HeLa, MDA-MB-231 and MCF7 cell lines transduced with the 
truncated (lacking DED domain) C-FADD-S194E mutant[49], [155].  These results 
indicate that the increased sensitivity to radiation that is associated with pFADD 
expression, is not due to a cell cycle effect. 

In this study, immunostaining of OSCC showed that pFADD was predominantly 
localized in the nucleus. In addition, we showed that pFADD expression 
increased when the cells were arrested in the G2/M phase of the cell cycle, 
which corresponds well with earlier studies[49], [51], [132], [155]. It is generally 
accepted that transition to and localization in the nucleus is important for FADD 
to be active on cell cycle[48], [49], [51], [132], [155] and phosphorylation of FADD 
is essential for its nuclear localization[48], [49], [51], [132], [155]. To verify that 
FADD-S194E is indeed translocated into the nucleus, we performed subcellular 
fractionation analysis. In Ponesterone A treated HEK293/FADD-S194E cells, 
cellular fractionation revealed a predominant cytoplasmic rather than nuclear 
localization, whereas the non-phospho-FADD-S194A mutant was equally present 
in the cytoplasm and in the nucleus. From this observation we concluded that the 
translocation from the cytoplasm to the nucleus is easier for non-phosphorylated 
FADD then for phospho-mimicking FADD under the circumstances used in this 
study. So far the mechanism by which FADD is translocated to the nucleus remains 
unclear. In previous studies it was reported that Ser194 phosphorylation plays 
an important role in both the nuclear import and export[49], [132], [149], [155]. 
For instance, Screaton et al. showed that the localization of FADD was primarily 
nuclear in most cell lines, yet the non-phospho-FADD-S194A mutant caused a 
more homogeneous distribution between cytoplasm and nucleus[149]. It was 
also shown that the export from the nucleus to the cytoplasm was more efficient 
for the FADD-S194A mutant. These data using truncated FADD isoforms are in 
very good agreement with our observations using the full-length FADD isoform. 
One explanation for the fact that FADD-S194E in our study is detected at very 
low levels in the nucleus only, is that for both the import to the nucleus and the 
export to the cytoplasm, FADD needs to be in the un-phosphorylated state. Upon 
phosphorylation in the nucleus, pFADD would be kept in the nuclear FADD pool, 
whereas de-phosphorylation would release FADD into the cytoplasm. Another 
argument for this mechanism is that casein kinase I alpha (CK1α), one of the 
prominent enzymes that phosphorylate FADD specifically at Ser194, is co-localized 
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with pFADD on the mitotic spindles during the early anaphase of the cell cycle 
[15], indicating that the phosphorylation of FADD is performed in the nucleus. 
To further investigate the role of nuclear pFADD on cell cycle regulation and 
radiosensitivity, FADD-mutants containing nuclear import or export signals could 
be used as previously reported[149]. Although the mechanism is not yet completely 
understood presently, our data showed that not the non-phospho-FADD but the 
FADD isoform phosphorylated on Ser194 is involved in radiosensitivity. 

In conclusion, we showed that high expression of pFADD in OSCC treated with 
primary surgery and postoperative radiotherapy is associated with better local 
control. Our in vitro experiments provided more direct evidence that neither 
the FADD expression levels, nor an effect on cell cycle distribution, but the 
phosphorylation status of FADD results in an increased sensitivity to radiation in 
Hek293 cells. Further research is needed to unravel the biological mechanism by 
which FADD confers radiosensitivity to HNSCC cells.
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Chapter 6 
Summary, general discussion and perspectives
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Summary
The goal of the studies described in this thesis was to improve clinical outcome 
prediction for squamous cell carcinoma of the head and neck (HNSCC) in two 
different treatment cohorts. The first cohort consisted of locally advanced 
HMSCC from various locations in the head and neck region that were treated 
with primary surgery and postoperative radiotherapy (POST-cohort). The second 
cohort consisted of early-stage (T1-2) glottic larynx SCC treated with definitive 
radiotherapy alone (GL-cohort). 

In this thesis, expression of two major groups of proteins that are commonly 
deregulated in HNSCC were studied: (1) those in the genomic 11q13.3 region 
commonly amplified in HNSCC [37], and those involved in the EGFR pathway 
[156], [157]. To validate a possible direct relationship between expression of 
candidate genes and radiosensitivity, we expressed the genes that were found to 
be associated with response to radiotherapy or locoregional tumour control, in 
cell lines to determine in vitro cell survival upon irradiation.

In chapter 2 we studied the EGFR pathway in our POST-cohort. The aim was to 
identify proteins in this pathway with the strongest association with locoregional 
tumour control. The hypothesis was that increased activation of the EGFR 
pathway would be associated with worse locoregional control, since the EGFR 
pathway promotes survival [30], [158], [159]. In this analysis, we investigated the 
impact of proteins that indicate an activated EGFR pathway (i.e. pEGFR, pAKT 
and pERK) and other proteins in the pathway of which the expression could 
modify this activation (EGFR, HER2, PI3K and PTEN). EGFR [156], [159], [160] and 
HER2 [161], [162], both positive regulators of the pathway, are often amplified 
in various tumours. Moreover, the PI3K subunit PIK3CA, often has activating 
mutations [156], [163], [164], while PTEN, is often deleted [163]. However, we 
found that PTEN expression positively correlated with the presence of pAKT, and 
that PTEN expression was associated with worse locoregional control. As PTEN is 
an inhibitor of the EGFR pathway, we expected that overexpression of PTEN would 
result in less AKT activation (pAKT), and that overexpression of a known tumour 
suppressor gene like PTEN in a tumour would result in better clinical outcome. 
Recently, other investigators found an alternative function for PTEN in which PTEN 
interacted with the Rad51 and CENP-C proteins [165], [166] instead of inhibiting 
the EGFR pathway. CENP-C stabilizes centromeres, while Rad51 repairs double 
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strand breaks in the genome [165], [167]. Particularly, the interaction of PTEN 
with Rad51 could be relevant, since one of the major reasons for cell death after 
radiation is the presence of double strand breaks in the genome [168]. Stimulation 
of a double strand break repair protein would explain an increased resistance 
to radiation [168]. To test this, we overexpressed PTEN in a cell line, and found 
indeed that increased PTEN expression resulted in increased Rad51-expression in 
the cells. The overexpression of PTEN in these cells resulted in increased radiation 
resistance as measured by a clonogenic radioresistance assay. The association 
we found in the clinical data, between the overexpression of PTEN, and a worse 
local control, could therefore be explained by an improved double strand break 
repair mechanism in the tumour cells, through the association between PTEN and 
Rad51. 

In chapters 3, 4 and 5 we studied proteins associated with the 11q13.3 region 
of the genome, which is the most frequently amplified genomic region in oral 
squamous cell carcinoma (OSCC). In this region the Fas Associated Death Domain 
(FADD) gene is overexpressed upon DNA amplification [38]. FADD plays a role in 
both (TNFR-mediated) apoptosis and when phosphorylated on Ser194 (pFADD) in 
regulation of cell cycle progression[155]. 

In chapter 3 we studied the prognostic value of FADD expression in a group of 
177 HNSCC patients from our POST-cohort. FADD expression was assessed on 
the surgically removed tumour tissue using immunohistochemistry. High FADD 
expression was detected in 44% of the HNSCC patients. High expression was 
associated with an increased rate of lymph node metastases (p=0.001) and with a 
shorter distant metastasis free interval (DMFI) (HR: 3.3, 95%CI: 1.3-8.1, p=0.008) 
independent of lymph node status at the time of diagnosis. These data indicate 
that the expression of FADD in locally advanced HNSCC could be a valuable 
molecular marker for the potential of distant metastasis. 

In chapter 4 the expression of FADD and pFADD was studied on 92 patients of the 
GL-cohort. The main focus of this study was to investigate the prognostic value 
of FADD and pFADD on local control. High levels of pFADD were associated with 
a significantly better local control (HR 2.403, 95% CI 1.041-5.548, p=0.040) while 
FADD overexpression showed a trend towards better local control (HR 3.656; 
95% CI: 0.853-15.663, p=0.081). The multivariable analysis showed that pFADD 
was a better predictor for local control than other clinico-pathological factors, 
and that its prognostic value was independent of FADD expression. Although the 
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expression of FADD and pFADD was associated with local control, there was no 
association between this expression and overall and disease specific survival. 

In chapter 5, the prognostic value of pFADD expression on the clinical outcome of 
oral SCC (OSCC) and its possible role in in vitro radiosensitivity was investigated. 
Surgically resected tumour tissue of 100 OSCC patients from the POST-cohort, 
were selected and stained for pFADD using immunohistochemistry. The sensitivity 
for radiation was validated in vitro in transfectants with regulated pFADD 
overexpression using the Grenman clonogenic cell survival assay. High expression 
of pFADD was a strong prognostic factor for better local control in OSCC (HR: 5.3; 
95%CI: 1.6 – 18.0; p=0.007) which was confirmed in the multivariable analysis. 
Cells overexpressing pFADD proved to be more radiosensitive compared to control 
cell lines. The increased radiosensitivity in cells that overexpressed pFADD is in 
line with the association between pFADD and local control in OSCC. Thus, our data 
show that high pFADD expression is associated with increased radiosensitivety and 
better local control after primary surgery followed by postoperative radiotherapy.
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General discussion
FADD expression is associated with lymph node metastases: is FADD 
expression also directly responsible for the metastatic potential?

FADD was initially described as an adapter protein involved in apoptosis [45]. So far, 
there were no previous reports suggesting that FADD expression was associated 
with the presence of lymph node metastases. In our POST-cohort we observed a 
significant association between high FADD expression and the presence of lymph 
node metastasis at diagnosis (Chapter 3), whereas in our GL-cohort no association 
was found between lymph node metastasis and FADD expression (Chapter 4). One 
explanation for the contradicting results between these two cohorts is the location 
in the head and neck region from which the tumour originated. Most HNSCC 
are well vascularized, a minimal requirement for tumour cells to metastasize to 
regional lymph nodes and tissues at distant locations [169], [170]. In our POST-
cohort, where most HNSCC originated from the oral cavity (57%) and oropharynx 
(16%) there was indeed a high risk of lymph node metastases (64%). However, 
SCC that originate from the glottic larynx generally have a low rate of lymph node 
metastases, because of the limited lymph drainage system in the laryngeal region 
[133]. Moreover, patients with early stage (T1-2) tumours generally have low rates 
of lymph node metastases. This is clearly reflected in our GL-cohort showing low 
rate of lymph node metastases (2%). Consequently, the association between lymph 
node metastases and FADD expression in this GL-cohort (Chapter 4) could not be 
studied because of the small numbers of patients with lymph node metastases. 
In this respect, it should be emphasized that since the low rate of lymph node 
metastases in early stage glottis cancer, tumour markers that predict the presence 
of lymph node metastases are less relevant and might be particularly relevant for 
HNSCC at other locations with higher risks of lymph node metastases.

During the process of lymph node metastasis, cells from the primary tumour 
detach from its surrounding, and migrate through the lymph drainage system to 
the lymph nodes. These tumour cells then settle in the lymph node and proliferate 
again forming a tumour mass [169], [170]. The frequency of lymph node metastasis 
is dependent on a number of factors. The tumour cells need to have decreased 
interactions with the surrounding environment of both adjacent cells and the 
extracellular matrix (ECM), enabling easy detachment from the surrounding 
tissue[171]. To survive the migration from the primary tumour to the lymph 
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nodes, the tumour cells need to be insensitive to apoptosis upon detachment 
from the ECM, a process called anoikis, meaning “the state of being without a 
home”[172]. Another important factor is the abundance of lymph vessels through 
which the cells can migrate. These vessels are more present in some locations in 
the head and neck region (e.g. oral cavity), then in others (e.g. larynx). Therefore, 
oral cavity tumours more often develop lymph node metastases than laryngeal 
tumours [169], [170]. 

In our POST-cohort, we did not only observe a significant association between 
high expression of the FADD protein and the presence of lymph node metastasis 
at diagnosis (p<0.001), but also found an association between FADD expression 
and Distant Metastasis Free Interval (DMFI) (HR: 3.3, 95%CI: 1.3-8.1, p=0.008) 
(Chapter 3). To validate whether the association between FADD expression and 
both lymph node metastases and distant metastasis free interval directly resulted 
from expression changes of the FADD protein, we overexpressed a wild-type full-
length FADD gene construct in HNSCC and other cell lines. However, our attempts 
to overexpress wild-type FADD failed in all these cell lines as FADD-transfected 
cells did not survive. This is in good agreement with the lack of studies reporting 
on continuous overexpression of the full-length FADD. In the TNFR apoptosis 
pathway, FADD functions as an adaptor protein, binding to the Fas receptor on the 
one side, and Caspase 8 on the other. There are two domains in the FADD protein 
that are necessary for this adaptor function. The N-terminal end of the protein 
contains a Death Effector Domain (DED), which binds to the DED of Procaspase-8, 
while the C terminal end has a Death Domain (DD) which binds to the DD of Death 
Receptors (e.g. TNFR and Fas). Studies that show a long term overexpression of 
FADD either only use the C terminal part of FADD (C-FADD)[47], [49]–[51], [155], 
which lacks the DED, or a dominant negative isoform of FADD (DN-FADD) with a 
mutated DED is mutated so that it cannot cluster with other DEDs anymore[173], 
[174]. 

Previous studies showed that overexpression of Death Effector Domain (DED) 
containing proteins such as FADD, resulted in the initiation of a clustering of these 
proteins into so called Death Effector Filaments[154]. These filaments can trigger a 
ligand independent, caspase dependent form of apoptosis, which means that the 
cells will go into programmed cell death through the caspase pathway, without 
receiving an extracellular trigger. These findings may explain the profound cell 
death that we observed in our wild-type full-length FADD overexpressing cell 
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lines. Assuming that this is true, the following questions remain to be answered 
regarding our observations in tissue samples: 

1) Which mechanisms may explain the association between FADD and the 
metastasizing phenotype of tumour cells? 

2) If overexpression FADD in our cell lines causes apoptosis triggered by Death 
Effector Filaments, why does this not happen in tumours overexpressing FADD? 

In general, overexpression of wild-type FADD leads to apoptosis (Figure 6.1A) and 
when tumour cells start to migrate and invade through the basal membrane, they 
will normally die of anoikis (Figure 6.1B). However, if either of these two events 
occur in tumour cells with reduced sensitivity to caspase dependent apoptosis 
(Figure 6.1C1) and overexpression of FADD (Figure 6.1C2), cell migration will not 
lead to anoikis (Figure 6.1C4). Therefore, tumours with a reduced sensitivity to 
caspase dependent apoptosis are more likely to have high FADD expression and 
consequently are more likely to survive cell migration, resulting into increased 
lymph node and distant metastasis. This implies that FADD expression does not 
directly cause a metastasizing phenotype, but a third independent factor, the 
reduced sensitivity to caspase dependent apoptosis, which causes both the 
FADD expression and the metastasizing phenotype. This is known as a spurious 
relationship in which apoptosis sensitivity is the confounding factor. To prove 
that this is really the case, further studies should be performed in which FADD 
overexpression success rates and anoikis sensitivity are both measured in a 
background of Caspase inhibitors.

pFADD expression is associated with local control: does pFADD expression 
directly affect radiosensitivity ?

The FADD protein can be phosphorylated at the serine on position 194, resulting 
in an isoform of the protein called phospho-Serine194 FADD, or pFADD. It has 
been reported that FADD is not only involved in apoptosis, but more recently that 
the pFADD isoform is involved in cell cycle regulation [49], [155]. In this thesis, 
we investigated the effect of a higher percentage of pFADD positive cells using 
primary tumours present in both the GL-cohort (Chapter 4) as in the POST-cohort 
(Chapter 5). In both cohorts we found that a higher percentage of pFADD positive 
cells in tumours was significantly associated with better local control (HR 2.4, p = 
0.04 in the GL-cohort and HR 5.3, p = 0.007 in the Oral SCCs of the POST-cohort). 
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Figure 6.1 Illustration of the suggested link between FADD expression and 
metastasis through reduced sensitivity for Caspase dependant apoptosis. Six cell 
types are shown: =normal squamous cell;  = normal cell in the basal cell 
layer; = tumour cell;  = tumour cell overexpressing FADD; = tumour cells 
in apoptosis;  = tumour cell with reduced sensitivity to caspase dependant 
apoptosis. A. Some tumour cells overexpress FADD (A2) and go into caspase-
dependant apoptosis through formation of Death Effector Filaments (DEF) (A3). 
B Tumour cells start migration through the basal membrane (B2) and go in to 
caspase dependant apoptosis through anoikis (B3). C. Tumour cells first acquire 
resistance to caspase dependant apoptosis (C1) start overexpressing FADD which 
is usually an early event in carcinogenesis (C2) and survives that because Death 
Effector Filaments cannot trigger apoptosis (C3) then the cells start metastasizing 
which now does not trigger anoikis (C4). 
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To validate whether and how pFADD expression directly affects radiosensitivity 
in vitro, we constructed a number of stable cell lines containing FADD-gene 
constructs under control of an inducible promoter. Since it is not possible to 
express a specific non-phosphorylated or phospho-isoform of a protein, we used 
two different mutant FADD genes [48]–[50]. Both mutants contained a mutation 
in the triplet encoding for the Serine on position 194, in the first it changes to an 
alanine (FADD-S194A) and in the second to a glutamic acid (FADD-S194E). The 
FADD-S194A cannot be phosphorylated, and is therefore used as the non-p-FADD, 
whereas the FADD-S194E mimics pFADD, since the protein will be expressed 
with a bulky negatively charged group at the position of Serine 194, similar to a 
phosphate group.

Using cell lines with these 2 inducible FADD-isoforms, our in vitro clonogenic 
radiation resistance assays showed a worse cell survival of cells overexpressing 
FADD-S194E when compared to cells without expression. The effect on 
radiosensitivity of the phospho-mimicing FADD isoform was specific because the 
same cell line transfected with the FADD-S194A construct or the empty vector 
control had no effect on cell survival upon irradiation.

In primary tumours, pFADD was found mainly in the nucleus and is highly expressed 
during the G2/M phase of the cell cycle. In two HNSCC cell lines we demonstrated 
that arresting these cells in the G2/M phase of the cell cycle showed indeed 
increased expression of pFADD.  We studied the cell cycle distribution of cells 
overexpressing FADD-S194E, to determine whether phosphorylation of FADD is 
part of the mechanism by which cells are arrested in the G2/M phase. However 
overexpressing FADD-S194E did not lead to a higher fraction of cells at G2/M. 
Because cells in the G2/M phase of the cell cycle have been shown to be more 
radiosensitive [150], [151], our data suggest that the observed association with 
better local control in patients treated with radiotherapy cannot be explained by 
an increased numbers of cells in G2/M as the result of pFADD expression. 

As mentioned before, in our primary tumours, pFADD is mainly expressed in the 
nucleus, as can be seen when using a specific antibody against the phosphorylated 
FADD isoform. Also in other tumours pFADD was found to be expressed in the 
nucleus[46], [51]. Because there was no antibody available to specifically detect 
unphosphorylated FADD only, to detect FADD expression in our 2 cohorts we used 
an antibody that detects both FADD and pFADD. Combining both antibodies, the 
unphosphorylated FADD isoform is mainly expressed in the cytoplasm although 
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we cannot exclude that it is also located in the nucleus together with pFADD. 
Expression of the FADD-S194A mutant induces a significantly higher transport 
rate to the nucleus, whereas the expression of FADD-S194E showed an only 
moderate amount of transport into the nucleus (Figure 5.7). However, despite the 
moderate amount of FADD-S194E that was translocated to the nucleus, the levels 
were apparently sufficient for the effect on cell survival after radiation. These data 
suggest that under normal physiological conditions FADD is transported to the 
nucleus in its un-phosphorylated form, and subsequently becomes phosphorylated 
in the nucleus. In our model, it might be that the phospho-mimicking FADD 
isoform is not efficiently transported to the nucleus for this reason. 

In conclusion, our data indicate that expression of pFADD has a positive effect on 
the radiosensitivity of tumour cells. This increased radiosensitivity could explain 
the association between pFADD expression and better local control in patients 
with HNSCC treated with radiotherapy. The exact pathway that is effected by 
pFADD in regulating radiosensitivity is presently unknown and subject of further 
research. 
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Future perspectives
The use of molecular markers for prognostic purposes is an important first step in 
utilizing the full potential of these markers. 

Through improvement of predicting clinical outcome in terms of locoregional 
tumour control and overall survival using molecular tumour markers, we might 
select a subset of patients with a fair chance of treatment success, or, vice 
versa, to consider alternative treatment strategies for those with poor outcome. 
However, expression of molecular tumour markers may also indicate mechanisms 
explaining why certain treatment modalities will or will not be of benefit for 
specific patients, or why certain treatment strategies are not successful. The 
latter is specifically important as poor outcome after definitive radiotherapy does 
not necessarily mean that other treatment strategies like primary surgery, will 
be more successful, e.g. in case molecular markers identify a more aggressive 
phenotype rather than specific resistance to ionising radiation.

From this point of view, another opportunity for the clinical utility of molecular 
markers is the so-called targeted approach. Here a tailored drug is developed 
against a certain molecular marker, which can either be a protein that is 
overexpressed, or a specific mutation in a gene. In most cases this marker then 
directly becomes the predictive marker for these therapies. The development and 
clinical testing of tailored drugs requires thorough understanding of how proteins 
interacts with other proteins and pathways in the tumour cell, and how the 
expression of this protein affects tumour progression and thus requiring clinical 
validation in randomized controlled trials. A better understanding of the tumour 
cell biology is essential for this type of approach. At present, targeted therapies 
are applied in many cancer types, such as in breast cancer (Herceptin in HER2neu-
positive tumours) and metastatic melanoma (vemurafenib in tumours with a 
BRAF V600E mutation).

One of the issues with the use of molecular markers is the lack of understanding 
of the interaction between these markers. There are many studies indicating the 
one or the other marker as being prognostic for a specific type of treatment, but 
what would really be useful would be a more matrix like approach, showing the 
predictive, or prognostic value of a combination of a large number of markers. 
By this it would be possible to test a biopsy for these markers, and select the 
appropriate treatment on basis of the combination of these markers. With new 
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advances in molecular biology and sequencing technologies, in the near future it 
might be possible and affordable to screen the tumours of thousands of patients 
for thousands of loci on the cancer genome. When linking this information to 
the treatment and clinical outcome information, predictive algorithms could be 
developed, on basis of which the best treatment for new patients could be chosen. 

This approach could well be combined with the ex-vivo culturing of tumour in 
so called organiods[175]–[177]. In this method tumour and supporting tissue are 
cultured in a 3D matrigel, by which a high percentage of tumours can be cultured 
ex-vivo (~90%)[175]–[177]. The tumour tissue can be sequenced, expression 
profiled, and can undergo a high throughput drug screening, by which the 
sensitivity to many different potential drugs can be established. The sensitivity 
to these drugs can be used for a highly personalized treatment of the patient and 
additionally this information can be used to predictive algorithms, as described 
before. 

The combined knowledge of genomic sequence, expression profiles, drug 
screening outcome, clinical treatment and clinical outcome will lead to a very 
powerful tool to tailor treatment and improve the clinical outcome in cancer 
patient in the near future. 
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Het doel van het onderzoek beschreven in dit proefschrift is het bestuderen 
van de relatie tussen de expressie van potentieel prognostische tumormarkers 
en de klinische uitkomst van patiënten met een plaveiselcelcarcinoom in het 
hoofdhalsgebied. Hiervoor zijn twee verschillende cohorten gebruikt. Het eerste 
cohort bestond uit patiënten met plaveiselcelcarcinomen van verschillende 
locaties in het hoofdhalsgebied, die behandeld waren met primaire chirurgie 
gevolgd door postoperatieve radiotherapie (POST-cohort). Het tweede cohort 
bestond uit patiënten met een vroeg stadium (T1-T2) glottisch larynxcarcinoom, 
die behandeld zijn met primaire radiotherapie (GL-cohort). 

In dit proefschrift is gekeken naar de expressie van twee groepen eiwitten, die 
vaak gedereguleerd zijn in plaveiselcelcarcinomen in het hoofdhalsgebied. De 
eerste groep betreft eiwitten waarvan de genen gelokaliseerd zijn op chromosoom 
11q13.3, een regio die vaak geamplificeerd in plaveiselcelcarcinomen in het 
hoofdhalsgebied [37]. De tweede groep betreft eiwitten die betrokken zijn bij de 
EGFR pathway [156], [157]. Om vast te stellen of er een directe relatie bestaat 
tussen de expressie van deze eiwitten en de respons op radiotherapie, is het effect 
op de stralingsgevoeligheid bestudeerd in cellijnen waarin de eiwitten, waarvan 
de expressie in de klinische studie geassocieerd waren met locoregionale tumor 
controle, tot overexpressie zijn gebracht. Aan de hand van een in vitro survival 
test is vervolgens de stralingsgevoeligheid gemeten in relatie tot de expressie van 
deze genen. 

In hoofdstuk 2 is gekeken naar de prognostische betekenis van de expressie van 
eiwitten uit de EGFR pathway bij patiënten uit het POST-cohort in relatie tot 
locoregionale tumor controle. De hypothese was dat de activatie van de EGFR 
pathway zou leiden tot een slechtere locoregionale controle aangezien activatie 
van deze pathway de overlevingsmechanismen in cellen activeert [30], [158], 
[159]. In de POST-cohort is gekeken naar eiwitten, waarvan de aanwezigheid een 
indicatie is voor activatie van de EGFR pathway (i.e. pEGFR, pAKT en pERK), als ook 
naar eiwitten die deze activatie kunnen beïnvloeden (EGFR, HER2, PI3K en PTEN). 
EGFR [156], [159], [160] en HER2 [161], [162], zijn beide positieve regulatoren 
van de pathway en zijn vaak geamplificeerd in verschillende type tumoren. De 
PI3K subunit PIK3CA heeft vaak activerende genmutaties [156], [163], [164], en 
het gen voor PTEN is vaak gedeleteerd [163]. Wij vonden echter dat een hoge 
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PTEN-expressie was gecorreleerd met de aanwezigheid van pAKT, en geassocieerd 
met een slechtere locoregionale tumor controle. Aangezien PTEN beschreven is 
als een negatieve regulator van de EGFR pathway, was de verwachting dat PTEN-
expressie zou samenhangen met een verminderde hoeveelheid geactiveerd 
AKT (pAKT), en dat de overexpressie van een bekend tumor suppressor gen als 
PTEN zou leiden tot een verbeterde klinische uitkomst. Recent hebben andere 
onderzoekers gevonden dat PTEN ook nog een andere functie heeft binnen 
de cel, waarbij het eiwit een interactie aangaat met Rad51 en CENP-C. CENP-C 
heeft een functie in het stabiliseren van de centromeren, en Rad51 is betrokken 
bij het repareren van dubbelstrengs-DNA-breuken in het genoom. Vooral de 
interactie tussen PTEN en Rad51 lijkt interessant, aangezien de voornaamste 
reden voor celdood na bestraling voortkomt uit dubbelstrengs DNA-breuken 
[168]. Verhoogde expressie van een eiwit dat deze breuken repareert, zou dus 
mogelijkerwijs kunnen leiden tot een verhoogde radioresistentie [168]. Om deze 
hypothese te toetsen is PTEN tot overexpressie gebracht in de Hek293 cellijn. 
Cellen met PTEN overexpressie lieten ook een verhoogde Rad51-expressie en een 
verhoogde resistentie tegen bestraling. De associatie tussen PTEN-expressie en 
een slechtere lokale controle in de klinische studie, zou dus gevolg kunnen zijn 
van een verbeterd reparatiemechanisme voor dubbelstrengs DNA-breuken via de 
interactie tussen PTEN en Rad51.

In de hoofdstukken 3, 4 en 5 is gekeken naar eiwitten waarvan de genen 
gelokaliseerd zijn op chromosoom 11q13.3. Dit gebied is vaak geamplificeerd 
bij plaveiselcelcarcinomen in het mondholtegebied. Amplificatie van een van de 
11q13-genen, het Fas Associated Death Domain (FADD) gen, is sterk geassocieerd 
met een verhoogde expressie van dit gen [38]. FADD speelt een belangrijke rol 
bij (TNFR-geïnduceerde) apoptose en als het gefosforyleerd wordt op Ser194 
(pFADD) bij de regulatie van de celcyclus [155]. 

In hoofdstuk 3 is de prognostische waarde van FADD-expressie bestudeerd in een 
groep van 177 patiënten met een plaveiselcelcarcinoom in het hoofdhalsgebied 
uit het POST-cohort. De FADD-expressie werd vastgesteld aan de hand van 
immunohistochemische kleuring op het chirurgisch verwijderde tumor materiaal. 
Een hoge expressie van FADD was geassocieerd met de aanwezigheid van 
lymfekliermetastasen bij diagnose (p=0.001) en met een verhoogde kans op 
metastasen op afstand (HR: 3.3, 95%CI: 1.3-8.1, p=0.008). Het verband tussen 
FADD-expressie en metastasen op afstand was onafhankelijk van de aanwezigheid 
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van lymfekliermetastasen op het moment van diagnose. Deze data laten zien 
dat de expressie van FADD een onafhankelijke prognostische factor is voor 
de ontwikkeling van metastasen op afstand bij plaveiselcelcarcinomen in het 
hoofdhalsgebied die worden behandeld met primaire chirurgie gevolgd door 
postoperatieve radiotherapie. 

In hoofdstuk 4 is de prognostische waarde van FADD en pFADD bestudeerd in 
92 patiënten uit het GL-cohort. Een hoge pFADD-expressie was geassocieerd 
met een significant betere lokale controle (HR 2.40, 95% CI 1.04-5.55, p=0.040) 
en er werd een niet-significante trend gevonden tussen expressie van FADD en 
lokale controle (HR 3.66; 95% CI: 0.85-15.66, p=0.081). De multivariate analyse 
liet zien dat pFADD expressie een betere voorspeller was voor lokale controle dan 
klinische en pathologische factoren (zoals T-status, N-status en leeftijd) en dat de 
prognostische waarde van pFADD onafhankelijk was van FADD-expressie. 

In hoofdstuk 5 is gekeken naar de prognostische waarde van pFADD in 
plaveiselcelcarcinomen in de mondholte. Ook is hier gekeken naar de rol van 
pFADD op stralingsgevoeligheid in vitro. In het chirurgisch verwijderde tumor 
materiaal van 100 patiënten uit het POST-cohort werd de expressie van pFADD 
bepaald door middel van immunohistochemisch onderzoek. In de groep 
patiënten met een hoge expressie van pFADD werd een significant betere lokale 
controle gevonden dan in de groep met een lage pFADD expressie (HR: 5.3; 
95%CI: 1.6 – 18.0; p=0.007), zowel in de univariate als in de multivariate analyse. 
De gevoeligheid voor bestraling werd vastgesteld in cellijnen met gereguleerde 
expressie van pFADD. Cellen die pFADD tot overexpressie brachten bleken 
gevoeliger te zijn voor bestraling dan dezelfde cellen met weinig/geen FADD-
expressie. De betere lokale controle na chirurgie en postoperatieve radiotherapie 
bij patiënten met mondholte tumoren zou daarom verklaard kunnen worden 
door een verhoogde stralingsgevoeligheid in cellen die pFADD tot overexpressie 
brengen. De expressie van pFADD zou daarom een waardevolle prognostische 
factor kunnen zijn voor lokale controle na bestraling, zowel in het vroeg stadium 
glottisch larynxcarcinoom, als bij mondholtecarcinomen. 

Het doel van de studies in dit proefschrift was het verbeteren van het voorspellen 
van de klinische uitkomsten van patiënten met een plaveiselcelcarcinoom in het 
hoofdhalsgebied. Wij vonden een verband tussen FADD-expressie en metastasen 
op afstand, pFADD-expressie en betere lokale controle en tussen PTEN-expressie 
en slechtere locoregionale controle. Ook hebben we laten zien dat pFADD 
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overexpressie op cellulair niveau leidt tot een verhoogde stralingsgevoeligheid, 
terwijl PTEN overexpressie juist leidt tot een verminderde stralingsgevoeligheid 
op cellulair niveau. De resultaten verkregen uit de in vitro studies zouden een 
verklaring kunnen zijn voor de resultaten die werden gevonden in de klinische 
studies. Verder onderzoek zal uit moeten wijzen of modulatie van deze eiwitten 
doormiddel van targeted agents kan zorgen voor een verbetering van de klinische 
uitkomsten van patiënten. 
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Dankwoord
Een promotietraject is uiteraard iets wat je niet alleen doet. In de afgelopen 10 jaar 
zijn er een boel mensen geweest die bijgedragen hebben aan het tot stand komen 
van dit proefschrift en een aantal daarvan zou ik hier graag bij naam bedanken. 

Ten eerste natuurlijk Prof. E.M.D Schuuring. Beste Ed, Vanaf het begin van dit 
promotietraject in december 2005, heb je me de wetenschap door jouw ogen 
laten zien. Ik heb enorm veel geleerd over hoe complexe problemen in kleine 
stukjes op te delen en hoe vervolgens deze kleine stukjes te analyseren om tot 
een goede eindconclusie te komen. Dit analytisch denken is een vaardigheid die 
ik ook nu, buiten de wetenschap, dagelijks gebruik. Ik ben blij dat je gedurende dit 
traject professor bent geworden, waardoor je ook officieel mijn 2e promotor kon 
worden.  Verder wil ik je bedanken voor je eindeloze geduld in dit lange traject. 

Prof. J.A. Langendijk. Beste Hans, Het doen van onderzoek op het raakvlak van 
het biologische en het klinische is iets dat mij vanaf het begin gefascineerd 
heeft. Jouw eindeloze kennis van de kliniek en de methodes die bij klinisch 
onderzoek horen, hebben mij enorm geholpen. Ik ben er dankbaar voor dat ik 
de mogelijkheid heb gekregen om op deze eerste geldstroom AIO positie deel te 
nemen aan dit onderzoek. Toen ik binnen kwam als bioloog was de klinische kant 
van het onderzoek mij volledig vreemd, maar gedurende het onderzoek heb ik het 
me, mede dankzij jou, steeds meer eigen kunnen maken. 

Dr. J.E van der Wal. Beste Jacqueline, ik denk dat we met z’n tweeën tienduizenden 
coupes bekeken hebben. En hoewel dat voor de buitenstaander misschien klinkt 
als een enorme hoeveelheid, heb ik dat zo niet ervaren. Het was altijd leerzaam 
en gezellig om weer een uurtje of twee coupes te kijken. Je hebt me heel veel 
geleerd over de pathologie, IHC kleuringen, tumormorfologie, maar misschien 
nog wel belangrijker, je hebt me geleerd om het geheel een beetje in perspectief 
te zien. De notie dat je goed kan zijn in wat je doet en er plezier in kan hebben, 
zonder dat het gelijk je hele leven over hoeft te nemen, iets ik wat ik altijd erg in 
je gewaardeerd heb, en wat ik ook in mijn eigen leven probeer mee te nemen. 

Van dit hele proefschrift was niks gekomen zonder twee personen. Lorian Slagter-
Menkema en Mirjam Mastik. Jullie kennis van technieken, en van het opzetten 
van experimenten heeft me enorm veel geleerd. Veel van het werk wat ik dit 
proefschrift staat is direct door jullie uitgevoerd, maar bijna alle data waren er 
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zonder jullie hulp niet gekomen. Ik ben jullie enorm dankbaar voor jullie inzet en 
hulp. Lorian, ik weet dat het verschil in onze werkstijl bij tijden wat strubbeling 
heeft gegeven, maar ik ben blij dat we daar ook altijd weer overheen gekomen 
zijn. Terwijl ik dit schrijf kijk ik naar mijn bureau en snap ik waarom het soms 
ingewikkeld kan zijn om een lab en celkweek ruimte met mij te delen. Ik heb diep 
respect voor de passie die je in je werk stopt en ben blij dat je mijn paranimf 
wilde zijn. Mirjam, je rustige en gecontroleerde manier van werken maakte onze 
samenwerking altijd erg plezierig. Jullie beiden, bedankt voor de samenwerking. 

Mijn kamergenoten over de jaren. Johan Gibcus, Marije Booman, Mirjam Boelens, 
Michiel Schrijvers, Jasper Wachters, L.J. Melchers, Jan Lukas Robertus. Het was mij 
een waar genoegen om met jullie deze jaren te kunnen delen. De mix van biologen 
en medici hield het altijd interessant op de kamer, zowel in de wetenschappelijke, 
als in de niet-wetenschappelijke discussies. 

Verder mijn stagaires, Paul, Willemien, Maarten, Joke en Aicha. Het werk dat jullie 
gedaan hebben voor jullie afstudeeropdrachten heeft zeker bijgedragen aan dit 
proefschrift. Ik hoop dat ik jullie wat heb kunnen bijbrengen.

Mijn ouders, ik wil jullie bedanken voor de liefde, de wijsheid en de vrijheid 
waarmee ik opgevoed ben. Het kritisch denken dat nodig is voor de wetenschap, 
is iets dat ik met de paplepel ingegoten heb gekregen. En die vroege vorming is 
essentieel. Verder is mijn dank ook groot voor de steun die jullie over de afgelopen 
10 jaar hebben gegeven en toch ook voor de vragen in de meer recente jaren, of 
het ooit nog af ging komen. Soms was dat toch het beetje extra druk dat ik nodig 
had om me er nog een keer voor in te zetten. 

Wiebke, mijn meisje, zonder jou had ik de eindstreep niet gehaald. Dank voor je 
steun en liefde en de trap onder mijn kont die ik af en toe nodig had. Je hebt het 
hele promotietraject vanaf het begin tot het einde met me meegemaakt en ik 
weet dat er tijden zijn geweest dat ik er niet de makkelijkste door geweest ben. 
De lange weken werken en vervolgens nog aan mijn proefschrift schrijven in de 
weekenden heeft het op momenten moeilijk gemaakt om ook nog aan ons toe te 
komen. Thanks for putting up with me.

Allemaal bedankt voor de hulp bij het tot stand laten komen van dit boekje. 

Wouter Pattje, februari 2016
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