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General introduction

1.1 Epidemiology of head and neck squamous cell cancer
Head and neck squamous cell cancer (HNSCC) represents the fourth most 
common tumor worldwide among males (1,2). Annually, more than 500,000 
new cases arise worldwide, with over 50,000 cases in the United States alone 
(3). A wide geographical variation in the occurrence of HNSCC exists with 
high incidences of nasopharyngeal cancers in Southeast Asia and China 
(3/100,000 to 40/100,000) (4), whereas oral carcinomas most frequently occur 
in India (5). The average male to female ratio is 3:1, but differs at the various 
anatomical locations. However, in the last decades the incidence of HNSCC 
malignancies in females is rising, which seems to be related to an increase in 
smoking habits in women, whereas the incidence in males has been stabilized (6). 
According to the most recent data of the Dutch cancer registration, in 1994, 
2034 new cases of HNSCC occurred in the Netherlands, whereas 639 patients 
died as a result of a head and neck tumor in that same year (7). In the Dutch 
male population, in the age group 45-59 years, head and neck cancer repre
sents the third most common tumor (7). In general, these tumors develop from 
the fifth and sixth decade of life onwards, with an increasing incidence at older 
ages (1). As a result of demographic aging of the Dutch population, the inci
dence of head and neck cancers in the Netherlands is likely to rise in the near 
future, thereby increasing the demands on health care facilities.

1.2 Etiology
1.2.1 Nicotine and alcohol
Epidemiological data are unanimous in indicating alcohol and smoking to be 
the major risk factor for the development of HNSCC (8-11). Nicotine and 
alcohol abuse have an independent carcinogenic potential as was demon
strated for instance with beer consumption and oral cancer in non-smoker 
males (12), but when combined there might well be a synergistic effect (13).
In a prospective study the relative risk for death due to cancer among smokers 
older than 35 years of age was 27.5 for oral and pharyngeal cancer, compared 
to a non-smoker group. For laryngeal cancer the relative risk was 10.5 (14). 
Although this relationship between exposition to nicotine and cancer seems 
clear, not all individual smokers eventually develop cancer. Therefore, other 
factors also determine the individual risk for developing cancer. These factors
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General introduction

include co-factors like alcohol consumption, viral infections and diet. All these 
etiologic agents interact with an individual genetic susceptibility.
Activated tobacco carcinogens are capable of forming complexes with DNA, 
the so-called DNA adducts. These adducts have a stability of hours to months 
and cause DNA mutations or may interfere with DNA transcription (15). 
Adduct formation has been shown to be potentiated by alcohol consumption (16). 
Evidence also points to a family related DNA adduct formation and/or DNA 
repair defects (17).
The supraglottis, hypopharynx, and floor of the mouth are subsites with an 
increased risk associated with alcohol consumption (18), whereas smoking is 
associated with an increased risk in larynx and hypopharynx.

1.2.2 Viral factors
Viruses that may play a role in the development of cancer are human papillo
mavirus (HPV), Epstein-Barr virus (EBV) and herpes simplex virus (HSV). An 
association of HPV with human malignancies was established by demonstra
ting HPV DNA in over 90% of uterine cervix cancers and also with high fre
quency in cancers of the vulva, penis, and anus (19-21). The association of 
HPV with HNSCC is more controversial as the presence of HPV DNA in this 
tumor has been reported over a range from 2% to 76% (22,23) which variation 
may be due to the type of detection method or the origin of tumor material. 
Additionally, geographical variations can be present to some extent, because 
HPV infection was not found in oral squamous cell carcinoma in a black South 
African population, nor in esophageal cancers in Northern Italy (24,25). How
ever, a strong association has been found between HPV and tonsillar cancers 
in several series of HNSCC from Western nations (26-28) and it has been 
shown that tonsil cancers with and without detectable HPV can be distinguis
hed by histologic features, keratinization being present in HPV negative cases 
and absent in HPV positive cases (26).
From the multitude of HPV subtypes the subtypes 6,16 and 18 are known to 
be the potentially carcinogenic ones, when compared to other subtypes (29,30). 
More recently, a similar role has been proposed for HPV subtype 11 (31). 
Although a direct causative role of HPV in HNSCC has until now not been 
fully established in tumors, oral keratinocytes can be immortalized in in-vitro
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General introduction

studies when infected with HPV type 16 or 18 and subsequently exposed to 
tobacco carcinogens (32). This suggests that HPV infection can increase the sus
ceptibility for tobacco carcinogens. In addition, it seems unlikely that HPV infec
tion alone can cause malignant conversion, as HPV infections are ubiquitous and 
regression of HPV-induced dysplasias occurs (33). Also, HPV interacts with 
tumor suppressor genes like the Retinoblastoma (Rb) gene and p53. The relation
ship between HPV and p53 will be discussed in more detail later on (1.7.5.2).
A relationship between HPV infection and prognosis was found in laryngeal and 
hypopharyngeal carcinoma. Detection of HPV has been found to be signi-ficantly 
related to decreased survival in a retrospective study as an independent factor, 
along with pathologic vascular invasion and disease stage (34). In a recent study 
on 167 head and neck and esophageal squamous cell tumors however, no differ
ence in 3-year survival could be found between HPV positive and HPV negative 
cancer patients (35).
EBV is associated with the development of nasopharyngeal carcinoma, consi
dering that most patients with nasopharyngeal carcinoma have anti-EBV antibod
ies in their serum. Moreover, the significance of EBV is supported by the presence 
of EBV-encoded small RNA's (EBER) in almost 100% of nasopharyngeal cancers 
(36). While EBV consequently has been established as a direct causative agent in 
the development of anaplastic nasopharyngeal carcinoma, EBV DNA has not 
been found at other HNSCC locations, for instance in oral carcinoma tissue (37). 
Some studies have suggested a role for herpes simplex infections (HSV) in 
HNSCC, because significantly higher HSV serum titers were found in a cancer 
patients groups versus a control group, whereas the prevalence of HSV antibodies 
(90%) was the same in both groups (38).
There is no serological evidence that varicella-zoster virus and cytomegalovirus 
are associated with oral malignancies (37).

1.2.3 Familial and genetic factors in HNSCC
Clinical observations have shown, that HNSCC has a tendency to occur more 
frequently in families of HNSCC patients. Support for this clinical observation 
comes from Foulkes et al. (1996), who found an increased relative risk (RR) of 3.79 
for developing HNSCC if a first degree relative had a head and neck tumor. The 
relative risk for HNSCC has been shown to be even more pronounced if first
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General introduction

degree relatives had developed multiple HNSCC (RR 7.89). The relative risk was 
adjusted for age, sex and abuse of nicotine and alcohol (39). As was previously 
mentioned, there is a tendency for DNA adduct formation and/ or disturbances in 
adduct repair to occur within certain families (17), which could at least in part 
explain the familial susceptibility to HNSCC.
Another explanation for the observed tendency for developing (multiple) HNSCC 
tumor lesions could be the increased mutagen sensitivity as found in patients 
with multiple head and neck tumors (40-41).
In syndromes like Li-Fraumeni, germline mutations predisposing to cancer are 
common, which are responsible for the occurrence of multiple tumors at an early 
age (42). In HNSCC those germline mutations have not yet been identified.

1.2.4 Other factors
Occupational exposition to asbestos, nickel, chromate compounds, organic 
chemicals, cement and tropical wooddust are known causative agents for 
HNSCC and lung cancer (43-45). Betel chewing in India leads to an increased 
relative risk for HNSCC (46).
Deficiencies of certain vitamins (i.e. A and C) and poor oral hygiene probably 
predispose to the development of oral cancer (47,48) as well as iron deficiency 
(Plummer-Vinson syndrome) (49).

1.3 Histology
1.3.1 Histology of head and neck squamous cell cancer
Just as all squamous cell cancers, HNSCC is a malignant epithelial neoplasm 
exhibiting squamous differentiation as characterized by the formation of keratin 
and/ or the presence of intercellular bridges (50). There are no microscopic diffe
rences between HNSCC and squamous cell cancers seen in other sites. These 
tumors have been graded in an attempt to predict their aggressiveness and hence 
to establish a prognosis. In general terms, this grading is based on a subjective 
assessment of the degree of keratinization, cellular and nuclear pleomorphism 
and mitotic activity. Due to its inherent subjectivity, tumor grading and its value 
has evoked a lot of debate in past and present, discussion of which lies beyond the 
scope of this thesis.
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1.3.2 Histology of precursor lesions
The mucosal linings of the head and neck may show lesions not yet invasive 
but containing atypical epithelial cells resembling those found in invasive 
cancer, which may occur isolated or in association with invasive HNSCC. The 
WHO recognizes these lesions as squamous epithelial dysplasia which is 
defined as follows: a precancerous lesion of stratified squamous epitheHum 
characterized by cellular atypia and loss of normal maturation and stratifica
tion short of carcinoma in situ (50). The general disturbance of the epitheHum 
is designated dysplasia of which the severity, - mild, moderate or severe - 
depends on the extent of cellular atypia and disordered epitheHal maturation. 
As some dysplastic lesions present themselves as leukoplakia, a classification 
and staging system for leukoplakic lesions, including extent and site of the 
lesion, clinical aspect and the severity of dysplasia, has been proposed to 
facihtate epidemiologic studies (51). The relationship of epitheHal dysplasia in 
its various grades to the subsequent development of cancer has not been fuUy 
clarified but it is assumed that even mild dysplasia indicates an increased risk 
for cancer development (50). For cases in which the whole, or almost the 
whole, thickness of the epitheHum is involved, but without stromal invasion, 
the term squamous ceH carcinoma in situ is employed.

1.4 Oral Field Cancerization
1.4.1 Introduction
The observation that patients with HNSCC may suffer from multiple head and 
neck tumors as weH as mucosal premaHgnancies prompted Slaughter et al. 
(1953) to formulate the concept of oral field cancerization (52). This wide
spread occurrence of mucosal alterations may easily be explained by the 
influence of the 2 most important etiologic agents, alcohol and tobacco, as both 
influence the entire mucosal lining of the upper aerodigestive tract. The higher 
frequency of lung and esophagus cancers in HNSCC patients is explained in 
the same way (53).
Oral field cancerization generaHy was considered to be the result of mucosal 
changes occurring independently from each other but recently, an alternative 
theory has been proposed advocating intramucosal spread and expansion of 
premafignant cells as an explanation for the occurrence of multiple squamous ceH
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cancers in head and neck area, lung and esophagus of HNSCC patients (54). Both 
alternative theories, multiple cancers arising independently from each other or 
originating from a common migrating clone, will be discussed more extensive
ly in Chapter 1.8.

2.4.2 Multiple tumors in HNSCC patients
In patients with HNSCC, second primary tumors frequently arise (55-57). 
Before discussing the issue of multiple primary tumors in HNSCC patients, 
attention will be paid to multiple primary tumors in general.
The definition of multiple primary tumors (MPT) has been given by Warren 
and Gates as early as 1932 (58). Their definition of MPT, as stated below, is still 
valid although some alterations have been proposed (59). The first tumor that 
is diagnosed is called the index tumor. Tumor lesions are classified as two 
different tumors, when:

- both tumors are histopathologically malignant tumors;
- the tumors are separated by normal mucosa;
- one tumor is judged not to be a metastasis from the other tumor lesion.

MPT in the head and neck region, the lung and other miscellaneous sites were 
found in 32% at autopsy in a series of 69 patients with a history of HNSCC 
(60). Incidences of 15% to 30% have been reported, while the risk of develop
ing a second primary malignancy is approximately 4-6% per year (55,56). The 
second primary tumors in HNSCC patients are located in the upper aerodiges- 
tive tract (50%), but also in lung and esophagus (17%) (61). In the case of 
laryngeal carcinoma, second primary tumors especially arise in the lungs in up 
to 12.5% (53). Second primaries often occur in the head and neck region when 
the index tumor is localized in the floor of the mouth, oropharynx and hypo- 
pharynx (57,62,63).
Even within one subsite, i.e. the oral cavity, a higher risk for developing a 
second primary tumor can be found in patients with a localization of the index 
tumor at one of the following sites: floor of the mouth, retromolar area and 
lower alveolar ridge (64).
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1.5 Management of HNSCC
1.5.1 Management of the primary tumor
Diagnosis of HNSCC is the result of a multidisciplinary analysis in each indi
vidual patient. According to clinical investigations, including panendoscopic 
procedures, radiographic imaging and histopathologic findings, the TNM 
classification is determined for every tumor (65). The TNM classification 
therefore defines the extent of the lesion and has been developed by the Inter
national Union Against Cancer to allow some standardization of tumors for 
the development of therapeutical protocols and for comparing treatment 
results of similar patient groups. The treatment of HNSCC depends on tumor 
site and -classification (3) and usually consists of surgery, radiotherapy or a 
combination of these modalities. Treatment of HNSCC has evolved tremen
dously over the last few decades by the introduction of (adjuvant) chemo
therapy, hyperfractionated irradiation and continuing advances in reconstruc
tive surgery allowing larger resections. Especially when combined, better local 
and regional control is established.
Regretfully, the five-year survival rates have improved only slightly, especially in 
the more advanced stages of disease (66,67), due to locoregional recurrences, the 
occurrence of second primary tumors and distant metastases. In the case of recur
rent tumor, either after radiotherapy or surgery, prognosis is poor. Distant metas
tases defined as HNSCC metastasis below the clavicle occurs in 5 to 24% of 
HNSCC patients, obviously further reducing survival chances (68).

1.5.2 Influence of second primary tumors on patient survival
Survival of HNSCC patients depends on tumor extension, nodal stage and suc
cessful initial treatment. In general a 5-year survival rate of 53-67% can be ob
tained, although some anatomic sites carry a less favorable prognosis than others 
(2). This is exemplified by the 3-year survival rate of 37% for T3/T4 hypo- 
pharyngeal carcinoma after combination treatment of surgery and radiotherapy, 
as compared to the 70% 3-year survival of T3/T4 laryngeal carcinoma (69,70).
It has been shown that the occurrence of second primary tumors adversely 
influences prognosis. Considering patients with and without a second primary 
tumor in the first two years, the survival at 5 years was under 50% versus 70% 
respectively (71). For some types of HNSCC - e.g. a T1N0M0 glottic cancer of
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the larynx (65)- the risk for the patient to succumb to the index tumor is even 
lower than the risk of dying from a metachronous primary lung carcinoma 
(72). The survival of second primary lung tumors has been reported to be 
similar to that of a first primary lung tumor (73), for which the most important 
prognostic indicator is the TNM classification.
In contrast, data on patient survival in the case of pulmonary metastases of 
head and neck cancer, indicate that these results are poor. Radical resection of 
a solitary malignant lesion leads to a 5-year survival of 29-40%, whereas the 5 
year survival after surgery on multiple lung lesions drops to nil (53,74).
The second major problem encountered in HNSCC, besides the occurrence of 
MPT, is locoregional recurrence of disease, which is difficult to manage 
therapeutically. Locoregional recurrences occur more frequently, when 
histopathologic features as spidery growth, substantial tumor thickness and 
perineural invasion are present. This subject however lies beyond the scope of 
this thesis.

2.5.3 Distinction betiveen metastatic disease, recurrence and multiple primary tumors 
Distinction between distant metastases, locoregional recurrences and second 
primaries remains cumbersome as standard histopathological examination 
often is inconclusive as most tumor lesions (i.e. >90%) share the histology of a 
squamous cell carcinoma (1). Neither have attempts to employ DNA quantifi
cation for this purpose appeared to be successful due to DNA heterogeneity in 
HNSCC (75,76).
Distinction between either distant metastasis or new primary tumor has a 
decisive influence on the decision how to treat a patient previously treated for 
HNSCC and now presenting with a lung lesion. In case of a new tumor, treat
ment of the lung lesion will be done as for any lung tumor, type of treatment 
and prognosis being dependent on TNM classification. However, if the lung 
lesion represents a distant metastasis from the HNSCC, the patient suffers 
from disseminated malignant disease and no curative treatment will be possi
ble anymore. As has been discussed previously, survival rates drop dramatically 
in the case of pulmonary metastases.
In other instances the influence of distinguishing between both possibilities on 
treatment options is less decisive for treatment of an individual patient, as is
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the case in local recurrence in the head and neck area versus a new primary 
tumor in that same area. Nevertheless, the distinction is important for evalua
tion of treatment results. In case of recurrent tumor, previous treatment has 
failed and it can be expected that improvement of local treatment will result in 
increased survival of patients whereas in case of new primary tumors, impro
vement of local treatment will be without result.

1.6 Head and neck carcinogenesis
The development of cancer implies genetic alterations followed by clonal expansi
on. These genetic alterations include gain of function of growth stimulating genes, 
the oncogenes and loss of function of growth-inhibiting genes, the tumor suppres
sor genes. This process of activation of oncogenes or inactivation of tumor sup
pressor genes will provide a selective growth advantage to progenitor cells, which 
subsequently can evolve into a malignant tumor. Analysis of genetic alterations in 
tumors includes assessment of alterations in gene function and structure as well 
as cytogenetic alterations such as losses or amplifications of parts of chromoso
mes. Regions frequently deleted or duplicated may indicate possible sites of 
tumor suppressor genes or oncogenes. The most often found and rather consistent 
genetic changes occurring in HNSCC will be summarized based on compiled data 
from the following reviews on the subject (Brachman 1994, Carey 1995, Field 1995, 
Sidransky 1995, Field 1996, Papadimitrakopoulos et al. 1996, Mao 1997) (77-83).

1.6.1 Oncogenes
Oncogenes have been identified in 1967 (84). It has been demonstrated that the 
precursors to the oncogenes, the so-called proto-oncogenes, produce molecules 
that are intimately involved in the control of cellular proliferation and differ
entiation. These molecules can be growth factors, growth factor receptors, 
signal transducers or nuclear factors (85). Activation of oncogenes may be 
induced by a carcinogen, irradiation or virus-infection (79). Investigations on 
oncogenes includes assessment of mutations, amplifications recognized by 
karyotyping ans allelotyping and overexpression either on the mRNA or on 
the protein level. The following oncogenes are considered to play a role in 
HNSCC carcinogenesis.
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1.6.1.1 PR AD-1
PRAD-1 (also called CCND1 or cyclin Dl) is overexpressed in HNSCC. Its 
significance gains strength from the observation that this gene forms a compo
nent of the llql3 region that is amplified in approximately one third of all 
HNSCCs. There is evidence that D type cyclins are fundamental to cell cycle 
regulation. Two- to twelve-fold amplification of the PRAD-1 region has been 
demonstrated in HNSCC and both amplification as well as overexpression of 
mRNA and protein have been shown to correlate with an aggressive tumor 
phenotype.

1.6.1.2 Epidermal Growth Factor Receptor (EGFr)
Epidermal growth factor receptor (EGFr) has been implied in HNSCC carci
nogenesis as far as the detection of increased levels of mRNA and the protein 
product concerns. Moreover, amplifications have been found. This gene codes 
for a receptor for extracellular growth factors. EGFr expression increases when 
oral epithelium transforms from normal to dysplastic and subsequently to 
invasive tumor. This stepwise increase of EGFr expression coexists with an 
increased percentage of cells exhibiting polysemies of chromosomes 7 and 17 
in the dysplasia - carcinoma in situ - invasive cancer sequence, indicating its 
association with genomic instability. This increasing EGFr expression, asso
ciated with histologic progression, may interfere with normal growth regula
tion and thus play a role in HNSCC carcinogenesis. Mutations in this gene 
have not been found.

1.6.1.3 The ras-gene
The ms gene plays a key role in the pathway by which activation of transmem
brane receptors results in cell division. Mutations lock ms in its active form 
resulting in stimulation of cell growth without extracellular stimuli, which is a 
typical feature of tumor cells. However, ms oncogene mutations appear to play 
a minor role in HNSCC carcinogenesis as activating mutations and/or amplifi
cation occurs in less than 10% of cases (86). In exception to this low rate of 
involvement, HNSCC cases from India appear to show mutations as well as 
amplifications more frequently. Overexpression of ms is found more universally 
but its significance in terms of clinicopathologic parameters is controversial.
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1.6.2 Tumor suppressor genes
The most intimately involved tumor suppressor gene p53 will be extensively 
discussed below. Mutations in the other well characterized tumor suppressor 
gene Retinoblastoma (Rb) appear to play no role in the genesis of HNSCC.

2.6.3 Cytogenetic changes
Consistent findings have been chromosomal losses at areas 3p, 9p, 13q and 17p 
and chromosomal gain or amplification at areas 3q and llql3. Loss at area 9p 
may play role in HNSCC carcinogenesis as it may explain loss of function of 
p!6, a gene with cell cycle inhibiting properties that is located at this area. The 
euphoria with which this tumor suppressor gene was welcomed as the "Multi 
Tumor Suppressor gene", has diminished slightly as this gene proved to be of 
lesser importance in HNSCC, although the gene still seems to be associated 
with one of the earliest genetical events in the carcinogenic process (87-88).
Loss of 13q occurs in approximately 60% of HNSCC tumors and the area of 
loss includes the tumor suppressor gene Rb. However, there does not appear 
to be inactivation of Rb and it has been argued that there may be another 
tumor suppressor gene at 13q that has not yet been identified.
Loss of 17p may adversely influence the function of p53 as this gene lies at this 
chromosomal area. The significance of this gene will be discussed in more 
detail below.
Amplification at area llql3 concurs with the significance of PRAD-1 in 
HNSCC carcinogenesis as this gene is located at this chromosomal area. More
over, this chromosomal area houses the EMS-1 gene that, if amplified, may 
mediate increased invasive and metastatic properties of tumor cells.

1.7 p53 and carcinogenesis
1.7.1 History and structure ofp53
The p53 protein was discovered in the late 1970s (89,90) as the protein formed 
tight complexes with SV40 large-T antigen. The p53 gene was initially recog
nized as an initiator of tumorigenesis or a proto-oncogene because levels of 
p53 protein proved to be elevated in malignant tumors. Eventually, the p53 
protein detected in tumors appeared to be a mutant p53 protein with missense
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mutations (91,92). Experiments using the mutated forms of p53 protein re
sulted in cells with a transformed phenotype, whereas studies with the wild- 
type p53 protein resulted in growth inhibition of cells transformed by ras or 
myc oncogenes (91,93,94). These studies led to the understanding that the p53 
gene truly was a tumor suppressor gene.
Mutations of the p53 gene are found in over half of adult human cancers and the 
gene is considered to be the most commonly mutated gene involved in carcino
genesis (95). The p53 gene is located on chromosome 17pl3.1 and contains 5 
highly conserved regions which have been preserved during evolution (Figure 1)
(96) . These highly conserved regions are termed I, n. III, IV and V, whereas re
gions II to V are believed to be the core domain in which p53 mutations accumu
late. The core domain consists of exons 5 until 8 (97). The p53 gene itself contains 
11 exons of which exon 1 is a non-coding exon (98). The p53 protein is a 53 kD 
nuclear phosphoprotein with 393 amino acids. The protein can be subdivided in 
four parts: a highly charged acidic region of about 75 to 80 residues, a hydropho
bic proline-rich domain (codon 80 to 150), a central region (from codon 150 to 
about 300), and a highly basic C-terminal region (99).
The transcription of the gene is controlled at two regulatory sites, both in intron 1
(97) . As the p53 gene contains specific DNA regulatory regions, it appears to 
interact in numerous cellular processes. p53 is a potent transcription factor (the N- 
terminal acidic region) and once activated, it represses transcription of one set of 
genes, several of which are involved in stimulating cell growth, while stimulating 
expression of other genes involved in cell cycle control. The transciption of several 
genes, like the mdm-2 gene, the p21 Wafl/Cipl gene, muscle creatine kinase gene and 
the Growth Arrest DNA Damage gene (GADD45) is regulated by the p53 gene as 
these genes contain specific regulatory sequences (97). The N-terminal portion 
(amino acids 1A5) corresponds to a transactivation domain, whereas the carboxy 
terminal region of p53 (amino acids 310-393) contains the tetramerization region 
and the regulatory region. The protein is organized in a tetramere structure and 
the binding of this functional p53 tetramere structure to DNA is allosterically 
regulated (97,100). A central part of the p53 gene (amino acids 102-292) contains 
the DNA binding sites (101).
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Figure 1. The p53 core domain
The top line displays the exons of the p53 gene, whereas the bottom line shows the 
evolutionary conserved regions and the corresponding codons. The appropriate exons and 
corresponding conserved regions are interconnected with lines (97).

1.7.2 p53 in cell cycle control
The function of the p53 gene is to control the cell cycle at so-called "check
points". The first checkpoint that was found to be under the direct influence of 
the p53 gene was the GrS transition. When the DNA of the cell is damaged, 
the p53 gene is activated and wildtype p53 is produced. The elevated levels of 
p53 protein will trigger a response of the p21 WaH/Clpl cyclin-dependent kinase 
inhibitor gene, resulting in elevated p21 protein levels. p21 subsequently will 
cause a transient cell cycle arrest by inhibiting the various cyclins and cyclin- 
dependent kinase complexes, which are key elements in cell cycle progression 
(102-104). The result of this inhibition is that phosphorylation of the G, 
cyclin/ cyclin-dependent kinase complex pRb is prevented, causing an arrest at 
the Gj-S phase transition (Figure 2)(105). In the resulting interval in the cell 
cycle, the cellular repair mechanisms can repair the DNA damage or force the 
cell into apoptosis. Besides the role in cell cycle arrest and apoptosis, a third 
response that can be initiated by activated p53 is the formation of cellular 
adaptive responses, like the induction of melanin production in the presence 
of UV-radiation (106). Clearly, these mechanisms are part of a protective 
system to safeguard the cell's genetic integrity and to prevent the propagation 
of genetic lesions to progeny cells. Loss of function of the p53 protein can
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therefore result in uncontrolled cell division and progressive genomic insta
bility leading to selective growth advantages of cell populations (107,108).
On the other hand, the concept has arisen that p53 mutations become relevant 
to tumor cells only after a certain amount of cell divisions. According to 
Hayflick, normal cells can divide only limited times, after which the cell enters 
a state of 'senescence', believed to occur due to telomere erosion at each suc
cessive round of cell division (109,110). In tumor cells however, this natural 
limitation on proliferation is obviously defect, but when wildtype p53 is re
introduced in mutant p53 tumors, apoptosis occurs, indicating that p53 can act 
as a control of the cellular proliferative lifespan (110).
An additional role for the p53 gene in cell cycle regulation was recently sug
gested at the G2-M checkpoint (111-113), although it appeared that some cells 
without p53 protein or with mutated p53 protein did show DNA damage 
induced G2-M arrest nevertheless (114,115). It was found that irradiated cells 
that arrest in the Gj-S transition, do not subsequently arrest in the G2-M transi
tion, whereas cells that arrest in G2-M do not arrest subsequently in G^S (116). 
These results suggest a control system in which both checkpoint systems are 
interrelated.

1.7.3 Inactivation of the p53 gene and -protein
Loss of function of the p53 protein can be the result of either p53 gene muta
tions or posttranslational inactivation of the p53 protein. Point mutations, 
deletions or insertions in the p53 gene can lead to a non-functional or trun
cated protein, due to altered codons and/ or a frame shift.
A mutated p53 protein can exhibit a dominating effect over wildtype p53 
protein (117). This is caused by the tetramere structure of functional p53 into 
which a mutated p53 protein is incorporated, thereby inactivating the entire 
complex (100). Posttranscriptional inactivation of wildtype p53 protein can be 
caused by binding to cellular proteins like mdm-2 and viral factors (118).
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- Ionizing radiation - UV radiation 
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Figure 2. The role of p53 in G,-S phase cell cycle control
The p53 gene becomes activated through DNA damage induced by radiation, cytotoxic 
drugs, mutagens and carcinogens. The p53 gene plays a key role in modulating response 
to DNA damage by either directing the cell towards apoptosis, or towards cell cycle arrest. 
This last pathway is mediated through the WAF/Cipl gene, phosphorylation of cyclins and 
cyclin dependent kinases. Phosphorylation of the Rb gene leads to release of E2F, which 
subsequently stimulates the cell to proceed through the Gj-S phase transition. The mechanism 
describing the role of p53 in the G2-M phase has not yet been fully clarified.
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1.7.4 p53 overexpression and -mutation
The mutant p53 protein is posttranslationaUy stabilized, resulting in a prolonged 
half-life time and thus allowing immunohistochemical detection. Typically, the 
half-life time is prolonged from 6-20 min to 4-8 hours. Also, many of the mutant 
p53 proteins form complexes with the heat shock protein 70 family (92,94). Stimu
lation of the p53 gene will lead to production of the mdm-2 protein by activating 
the mdm-2 gene. Binding of p53 to the mdm-2 protein results in a complex that 
can be biodegraded easily, effectively downregulating p53 function. Mutant p53 
protein however is no longer able to bind to the mdm-2 protein, resulting in an 
over 100-fold increase of non-functional p53 protein levels, that can be detected 
easily with immunohistochemical methods.
p53 mutation analysis is mostly performed by molecular biological methods, 
based on separating wildtype and mutant p53 DNA by methods such as 
Single Strand Conformation Polymorphism (SSCP) and Denaturing Gradient 
Gel Electrophoresis (DGGE) followed by sequencing of the PGR product. With 
these methods the core domain, represented by exons 5-8, was mainly studied. 
The justification for studying only this part of the p53 gene was provided by 
earlier reports suggesting that mutations outside this region rarely occur and 
that mutations outside the evolutionary conserved regions are of lesser impor
tance for p53 function. (95,96,97). Currently, there is a growing awareness that 
with these methods the frequency of p53 mutations may well be grossly 
underestimated. A reason for this precaution is the higher p53 mutation 
frequency found with the yeast functional assay, which appears to be more 
sensitive than the currently used assays (119,120). In this assay, the color 
produced by yeast colonies transfected with p53 cDNA determines if the 
incorporated DNA is either wildtype or mutant (119).
As mentioned before, presence of immunohistochemically detectable p53 protein has 
been considered to represent an alternative method to detect p53 mutations. p53 
protein overexpression is detected by employing antibodies directed at various 
regions of the p53 protein A diversity of antibodies, different methods of antigen 
retrieval used in obtaining immunohistochemical staining, and maintaining different 
thresholds in the subjective assessment of the staining intensity judged to represent a 
positive result have led to widely diverging opinions on the occurrence of p53 over- 
expression in tumors as well as the value of detecting it (121,122).
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Also, the dogma that overexpression of p53 protein is synonymous with p53 
mutations has not withstood the test of time. Overexpression of wildtype p53 
protein may occur in morphologically normal epithelium, under hypoxic-, 
genotoxic- or other forms of stress (123,124). Moreover, p53 overexpression 
was also found in benign lesions in the upper respiratory tract, possibly as 
result of the above mentioned forms of stress or as an association with a proli
ferative state of the epitheHum. The incidences found were 92% in adult laryn
geal papilloma, 40% in laryngeal nodules, 41% in inverted papilloma and 10% 
in nasal polyps (125). In view of these considerations, it is not surprising that 
discordances between p53 overexpression and -gene analyses have been re
ported frequently (121,122).
In general, p53 studies regarding protein overexpression report higher inci
dences of p53 aberrations than studies on mutations of the p53 gene. This is 
strange as one would expect incidences of p53 protein overexpression to be 
lower because some mutations produce stopsequences and thus do not lead to 
overexpression. As possible explanation, until now not extensively explored, 
has often been forwarded that mutations may occur at regions in the p53 gene 
lying beyond the core domain, the area to which mutation analysis mostly 
remains confined. Secondly, current gene analysis techniques may be limited 
in their ability to detect low amounts of mutant p53 DNA in case of small 
populations of tumor cells against a background of wildtype p53 gene located 
in infiltrating lymphocytes and stroma cells that surround the tumor.

1.7.5 p53 in head and neck cancer
Considering its crucial role in cell cycle regulation and the fact that p53 is 
commonly mutated, the p53 gene has been studied intensively in HNSCC. 
Also, p53 status has been implicated as a prognostic factor in certain tumor 
stages. Using p53 overexpression and mutation analysis both similar and 
controversial results have emerged. As will be outlined below, p53 can be 
linked to the established risk factors of HNSCC and plays an important role in 
its carcinogenesis.
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1.7.5.1 Occurrence of p53 aberrations in head and neck cancer
In HNSCQ overexpression was found in 30-67%, in oral cancer in 54-80% and in 
the larynx in 60-80% (79,126,127). These figures should be regarded cautiously in 
view of the remarks made above on the methodological aspects of p53 protein 
detection by immunohistochemistry.
The reported mutation frequency, using the conventional assays as SSCP and 
DGGE, is approximately 40% in HNSCC (81). With the previously mentioned 
yeast assay, mutation frequencies as high as 79-87% have been found (119,120). 
Until now, reliable figures on the incidence of p53 mutations in HNSCC also 
suffer from methodological shortcomings: analysis restricting itself to the core 
domain and use of techniques with different detection capacities.

1.7.5.2 Relationship between p53 and established etiologic factors 
Numerous studies have been conducted on the correlation of p53 overex-pression, 
p53 mutation and nicotine abuse. Field et al (1991) found overexpression in 80% 
of HNSCC tumors in patients with nicotine abuse, opposed to 14% of HNSCC 
tumors in non-smoker patients (128). However, the same group also reported that 
no significant relation was established between cigarette consumption alone and 
p53 overexpression, whereas in patients with a history of heavy smoking and 
drinking p53 overexpression could be detected in most tumors (129). Also, a high 
frequency of p53 gene mutations is associated with heavy nicotine- and alcohol 
abuse (127,130).
It has been proposed that carcinogens may leave genetic "fingerprints" at specific 
DNA sites after having imposed their damaging effect on the cell's genome. These 
fingerprints are DNA mutations, mostly consisting of single base changes. Gua
nine transversions, guanine transitions and deletions are associated with cigarette 
smoke carcinogens, although variations in these genetic alterations vary between 
different tobacco-related cancer sites (130-133). Such a genetic fingerprint has 
recently been identified, as cigarette carcinogen benzo[a]pyrene diol epoxide was 
shown to cause strong and selective adduct formation in the p53 gene at muta
tional hot-spot positions often found in lung cancer (134). Moreover, it was shown 
that p53 mutations in HNSCC patients that did not smoke were all located at sites 
containing cytidine phosphate guanosine dinucleotides (potentially representing 
endogenous mutations) in contrast to mutations in smoking HNSCC patients (130).
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Viral factors can also block tumor suppressor genes and it has been shown that 
HPV early protein E7 binds to the Rb tumor suppressor gene, while HPV 
protein E6 is able to bind to the p53 gene, thereby blocking transcription 
(135,136). The result is a defective p53 system, which implicates impaired 
ability of the cell to repair acquired DNA damage. It has been suggested in 
cervical carcinoma studies, that the presence of high risk HPV subtype infec
tions eliminated the need for additional detection of p53 mutations, as HPV E6 
already blocked the p53 protein (137). In addition, the absence of HPV DNA 
in tonsillar carcinoma correlated with p53 overexpression suggesting that both 
factors are mutually exclusive (26). Studies in other HNSCC patients however 
indicate the opposite as both HPV 16 infection and p53 mutations can be 
detected in a single sample (138).

1.7.5.3 p53 as a prognostic factor in HNSCC
Based on the earlier mentioned theoretical grounds a positive relationship is 
likely between an intact p53 cell cycle control system and a favorable response 
to DNA damaging anti-tumor therapies, like radio- and chemotherapy. Be
sides an altered p53 status, aberrations in the G,-S phase transition have been 
found in head and neck cancers. Indeed, in both tumor cell lines and HNSCC 
patients a positive relationship was found between p53 status and radiosensi
tivity, but results are contradictory as some studies could not substantiate 
these results (139-146). In addition, p53 overexpression alone was also not 
indicative for predicting the response of head and neck cancers to radiothera- 
peutical or chemotherapeutical treatment (147), although these results are not 
uniform either (148). In head and neck cancer patients p53 mutations do not 
seem to influence the 5-year survival statistics, although in end-stage disease the 
presence of p53 mutations can be predictive of a poor prognosis (149-150).
No correlation between long-term survival (up to 10 years) and recurrence 
rates versus p53 mutation and HPV infection has been found (30,127).
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1.8 Multistep carcinogenesis and its genetic background
Carcinogenesis in general is a multistage process in which susceptible cells are 
exposed to chemical, physical and/or viral carcinogens, resulting in altered 
responsiveness to inter- or intracellular signals due to genetic damage. Six or 
more independent genetic events must occur before the malignant phenotype 
will develop (151).
Fearon and Vogelstein et al. (1990) developed a model describing the genetic 
alterations involved in the development of colon cancer. They indicated that 
(I) tumors progress through activation of proto-oncogenes and inactivation of 
tumor suppressor genes, (II) genetic events occur in a distinct order and (III) 
the order of events need not necessarily be the same for all tumors, but the 
accumulation determines tumor progression (152).
Syn- as well as metachronous occurrence of invasive cancers and dysplasias in 
HNSCC patients formed the basis for assuming that HNSCC may, just as 
colon cancer, also arise through a pathway of precursor lesions, in this instance 
histologically recognizable as dysplasias of varying degrees.
The genetic events that may occur when epithelial cells progress into invasive 
cancers have been studied by analyzing histologically normal as well as abnor
mal (dysplastic) mucosal samples from HNSCC patients looking for genetic 
alterations know to be present in fully developed HNSCC (mentioned before 
under 1.6 and 1.7).
Data obtained in this way can be summarized as follows: Analyses on HNSCC 
precursor lesions and normal epithelium adjacent to invasive tumor have 
shown that the epidermal growth factor receptor (EGFr) gene is upregulated in 
normal and still more upregulated in dysplastic epithehum, whereas the 
expression of the gene is very intense in malignant lesions (82,153), indicating 
a role in early carcinogenesis as well as in progression to malignancy.
A similar gradual increase in alterations as in a series from tumor adjacent 
histologically normal epithehum to dysplastic epithehum to invasive cancer 
has also been observed for numerical aberrations of chromosomes 7 and 17, 
the frequency of cells with polysemy increasing as the tissues pass from histo- 
logicahy normal to invasive tumor (154,155).
Chromosomal regions carrying genes, probably involved in early head and 
neck carcinogenesis are 3p, which shows allelic loss in oral dysplastic lesions
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(156,157), and 9p, which is lost in over 70% of preinvasive lesions (78,157). In 
addition to allelic losses at 3p and 9p, allelic loss of that part of 17p that houses 
the p53 gene has been reported in dysplasias (158).
Until now, no allelic losses have been observed in histologically normal epitheh- 
um from patients with HNSCC or dysplasias. This is in contrast with bronchial 
epithelium in which allelic losses on 3p as well as 9p have been observed in 
histologically healthy mucosal samples taken from smoking individuals (159-160). 
The timing of p53 mutations in the process of HNSCC carcinogenesis has been 
the subject of many studies. A gradual increase of p53 protein overexpression 
from mild dysplasia (30%) to invasive carcinoma (70%), although in smokers 
the incidence of p53 overexpression was significantly higher (120,161-163). 
Mutations in the p53 gene have also been found in a variety of precursor lesions 
(78). The following data on p53 mutations were obtained: the incidence of p53 
mutations increases in tumor progression from 19% in non-invasive lesions to 
43% in invasive carcinoma (131). Histologically normal epithelium, remote from 
the tumor, has also been found to contain p53 mutations (120,164).
These observations on genetic alterations in presumed HNSCC precursor lesions 
have led to a model for HNSCC carcinogenesis that differs from the previously 
mentioned model of sequential DNA damage in colon carcinoma and that currently 
is considered to represent the genetic background for HNSCC multistep carcinogene
sis (Figure 3) (152,165). Considering this model, mutation of the p53 gene appears to 
be an early event in carcinogenesis, associated with the development of histologically 
recognizable dysplasia of various grades. However, the assumption in this model 
that p53 mutations concur with the development of histologically recognizable 
dysplasia of varying degrees is in disagreement with the occurrence of p53 mutations 
in histologically normal epithelium (120,164). The role of p53 protein overexpression 
in HNSCC carcinogenesis remains undefinable due to the variety of factors for cells 
to overexpress p53 protein as mentioned before (1.7.4).
The findings on genetic changes in head and neck mucosal linings of HNSCC 
patients as observed in either histologically normal or dysplastic lesions also 
shed new light on the genetic background of oral field cancerization. As alrea
dy mentioned before in Chapter 1.4, two theories are forwarded to explain the 
occurrence of MPTs as well as multiple mucosal premalignancies in HNSCC 
patients: the first assuming fully independent origin of different lesions and
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the second proposing intraepithelial expansion of transformed cells leading, by 
subsequent genetic changes, to formation of separate tumors sharing a com
mon derivation of one single premalignant clone.
The polyclonal origin has been suggested by Nees et al. (1993), who found that 
tumor distant respiratory epitheha, hyperplasias and dysplasias contained 
different p53 mutations than detected in the primary tumor (164). Also, multi
ple tumor lesions in the upper aerodigestive tract proved to be different in p53 
mutation status in all 21 patients studied (166).
A more recent study included genetic analysis of 3p deletions and the K-ras gene 
as well as p53 gene status and revealed also different genetic alterations in syn- 
chronal lesions in patients with multiple lung cancers (167). Finally, with the yeast 
assay, presence of clones containing p53 mutations of the primary tumor was 
found in normal mucosa of patients with head and neck cancer (120).
Evidence for the monoclonal theory is presented in rapidly increasing numbers. 
Common genetic alterations can be found in HNSCC squamous cell carcinoma 
and neighboring dysplastic lesions (165,168). By analysis of allelic losses at the 3p 
and 9p locus and by analysis of X-chromosome inactivation, which is, consider
ing the predominance of affected males in HNSCC, frequently not applicable, 
identical alterations could be established in a small group of eight women with 
multiple HNSCC lesions (54) Additional evidence for a monoclonal origin was 
found in an autopsied patient with chronic obstructive pulmonary disease, but 
without malignancy on histopathological examination. Analysis of the p53 gene in 
dysplastic lesions taken from both lungs, revealed the same p53 mutation in 7 
different sites, indicating that a monoclonal precursor cell is able to migrate from 
one lung to a site as far away as the contralateral lung (169).
When considering these data on the early genetic changes in HNSCC, no final 
conclusion can be drawn on which theory on HNSCC carcinogenesis is the most 
appropriate one. Also, a combination of both theories is conceivable. Within the 
sequence of genetic alterations culminating in invasive HNSCC, initial changes 
not necessarily leading to an invasive phenotype may be the same at different 
sites, whereas the later changes associated with invasive cancers may be different 
at different locations. In this view, early, non invasive lesions could be mono
clonal, whereas subsequently originated invasive lesions have genetic changes 
different from each other.
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Figure 3. Genetic progression models
for colorectal (A) and head and neck (B) cancer

Genetic alterations involved in the carcinogenic process of colon carcinoma (A) and in 
HNSCC (B) . The numbers indicate chromosomal regions involved. Loss of 17p, i.e. p53, is 
in the model for colorectal carcinogenesis associated with conversion to invasive cancer, 
whereas the same event is in the model of HNSCC carcinogenesis associated with the 
early step of dysplasia. This discrepancy shows the diversity in views on tumorigenesis in 
the current field of molecular carcinogenesis. It should be remembered that these models 
represent accumulation of genetic events and that the order of these events has not yet 
precisely been defined (152,165).

So it seems, that the distinction between a polyclonal and a monoclonal origin 
of multiple tumor lesions depends on the choice for a particular marker. In this 
way, invasive cancers with different events related to the invasive phenotype 
are polyclonal, whereas multiple non-invasive precursor lesions may all be 
monoclonal (Figure 4). As the invasive lesions are the clonically most impor
tant ones, it appears to be most appropriate to choose the marker associated 
with the invasive phenotype as the one that defines the clonal status.
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1.9 Diagnostic importance of genetic changes
Genetic alterations are not only of interest in studying the genetical events leading 
to malignancy but may also be useful in a diagnostic sense. Molecular biologic 
analysis demonstrates cells with altered DNA (ie. mutated cells) escaping histo
logic detection and may allow distinction between histologically similar lesions. 
As current molecular assays are far more accurate than the existing histopath- 
ological methods, more objective analyses on residual tumor with con
sequences for predicting biological behavior will be obtained (170). Where 
conventional tight microscopy can detect approximately one cancer cell among 
10 to 20 cells, molecular assays based on the PCR method detect one cancer 
cell among 10,000 normal cells (170).
A suitable molecular marker for diagnostic purposes in cancer staging, how
ever, should meet three criteria: 1. the genetic event involving this marker 
must be closely related to the development of cancer, 2. the gene (or marker) 
has to be present just before or at the time of malignant conversion , 3. the 
marker should lead to a selective growth advantage (170).
As possible markers in HNSCC, 3p and 9p alterations, X-chromosome inacti
vation and p53 mutations have been used. p53 gene mutation analysis has 
been shown to be helpful in detecting minute amounts of tumor cells in lymph 
nodes and surgical margins as well as in saliva from HNSCC patients (171- 
173). In these studies, p53 mutant specific probes were employed, manufac
tured after determining the tumor-specific mutation in a biopsy sample. This 
means that this technique can, for the time being, only detect cells derived 
from a tumor already characterized.
p53 gene mutation analysis has also been employed for differentiation be
tween different primary tumors and a single metastasizing lesion, this ap
proach being based on the hypothesis that different tumors have different p53 
mutations, whereas in case of metastasis, the same mutation will be found in 
all individual tumor deposits. That different HNSCC's of the upper aero- 
digestive tract harbor different p53 mutations has indeed been observed 
(166,172,174). It has also been found that HNSCC maintains its p53 mutations 
throughout the metastasizing process (166,172,175).
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3p/9p alteration

lateral migration

---------►

Figure 4. Synthesis of the mono- and polyclonal theory on the development 
of multiple HNSCC

(A) Normal mucosal epithelium. (B) One cell becomes damaged following carcinogenic 
interaction, but remains morphologically normal. The first genetic damage to occur is loss 
of 3p/9p (gray cell). (C) After a process of duplication and lateral migration several identi
cal precursor cells are present in the epithelial layer (gray cells). (D) Subsequent DNA 
damage leads to additional p53 mutations. Different carcinogenic events that occur at 
distant sites cause different p53 mutations in cells that already contain 3p/9p alterations. 
Cells containing mutant p53 (p53+) have gained malignant potential and become invasive. 
The two tumors therefore contain the same 3p/9p alteration, but different p53 mutations. 
The invasive tumors are polyclonal, as the p53 mutation is associated with invasive 
growth. The non-invasive precursor lesions are monoclonal.
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Other genomic alterations employed as possible useful markers of clonality 
are alterations at chromosomal regions 3p and 9p and pattern of X-chromo- 
some inactivation. Using this approach, some regionally distinct HNSCC 
tumors were shown to be derived from the same clone indicating a common 
origin (54). However, genomic alterations at 3p and 9p occur very early in 
upper aerodigestive tract carcinogenesis, before the invasive stage (165) and it 
cannot be excluded that a large area of upper aerodigestive tract mucosa may 
undergo the same genomic alterations at regions 3p and 9p as sometimes, the 
same 3p/9p changes have been found in oral premalignant lesions remote 
from each other (157); if these alterations are maintained during further malig
nant transformation, separate tumors can originate that share the same 3p/9p 
alterations but nevertheless are different invasive lesions. In contrast, differ
ences in 3p/9p alterations have been observed in single premalignant lesions 
of the upper aerodigestive tract (156,157). Invasive HNSCCs sometimes dif
fered in 3p/9p patterns from premalignant lesions either occurring concomi
tant or previously, whereas in other instances the same genomic changes were 
found (158,165,176,177).
At this moment, the role of 3p/9p alterations as clonal markers appears to be 
not entirely clear as they (1) may differ in individual lesions, (2) may be the 
same in different lesions, and (3) are not related with the invasive tumor stage. 
Currently, p53 represents the most promising diagnostic marker for appUca- 
tion in HNSCC patients for at least 2 reasons. Firstly, in these tumors, this 
gene is mutated in an extremely high percentage and secondly, there is a 
broad variation in types of mutation. Therefore, p53 mutation analysis appears 
to be well suited for detecting minute amounts of tumor cells, thus improving 
patient staging and of use in the analysis of the clonal relationship between 
histologically similar manifestations of squamous cell cancer in the head and 
neck area, esophagus and lung.
This does not mean that the p53 gene at this moment may be considered an 
unequivocal clonal marker. Different p53 mutations have been found occur
ring in single lesions (149,166,178) and at present, it is not clear whether this 
means several mutations within one and the same clone or presence of differ
ent clones within an individual tumor. Support for polyclonality comes from 
several studies in which p53 mutations were shown to differ between invasive
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cancers and adjacent premalignant mucosal areas (164,166). Moreover, poly- 
clonality could explain the differences in gene status between primary HNSCC 
and p53 positive tumor neck nodes, in which case the metastatic nature of the 
latter lesion is beyond doubt (149,179).

1.10 The aim of the study
Molecular biologic analyses of DNA changes in tumor cells may contribute to 
diagnosis and management of HNSCC patients. As HNSCC often contains p53 
mutated cells, this gene may be of crucial importance. Assessment of the value 
of p53 mutation analysis in diagnosis and treatment of HNSCC patients requi
res the availability of a technique that yields reliable results on presence of p53 
mutations and that is able to detect small numbers of cells with p53 mutations 
against a background of wild type p53. In the chapters 2-4 of this thesis, we 
evaluated if established techniques meet these requirements.

In Chapter 2, we used Denaturing Gradient Gel Electrophoresis (DGGE) and 
p53 protein overexpression to study the p53 status in T2 laryngeal carcinoma 
patients and its possible prognostic consequences.

In Chapter 3 the data on the p53 status of the T2 laryngeal patients are combi
ned with Ki-67 immunohistochemical data to assess the proliferative capacity. 
The objective is to identify subgroups with higher (- or lower) proliferative 
capacity, according to the p53 status.

In Chapter 4, the concordance between p53 mutation and -overexpression in 
primary tumor and metastasis is studied. To evaluate if p53 mutations are 
maintained in tumor progression, the p53 status in 15 patients with matched 
primary tumors and metastases was determined with DGGE, subsequent 
sequencing and p53 immunohistochemistry.

In chapters 5-7, we describe the development of a new technique for detecting 
p53 mutations and its consequences for current assumptions concerning pre
sence and significance of p53 mutations.
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In Chapter 5, we describe this newly adapted p53 mutation analysis strategy 
and evaluate the effectiveness of this strategy by detecting polymorphisms 
and compare results with the currently defined p53 genomic sequence.

In Chapter 6, the newly adapted method is applied to 11 HNSCC patients, and 
its effectiveness in differentiating between second primary tumor and metasta
sis is studied, when combined with the sequence specific detection method 
Oligo Ligation Assay (OLA).

In Chapter 7, we evaluated if the newly developed technique for analysis of 
p53 mutations will have implications for the current data on the occurrence of 
p53 mutations in HNSCC and if this technique will clarify discordances be
tween detection either by immunohistochemistry or sequence analysis.
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p53 status in T2 laryngeal carcinoma

Abstract
Background. Animal experiments and tumor cell line studies have shown that p53 
alterations can cause radioresistance. This has not yet been demonstrated in 
patient groups.
Methods. We report the p53 status in 20 patients with T2 laryngeal carcinoma and 
recurrent disease after curative radiotherapy. The control group consisted of 16 
patients with T2 laryngeal carcinoma without recurrent disease. The p53 gene 
(exons 5 to 9) was analyzed by Denaturing Gradient Gel Electrophoresis (DGGE). 
Expression of p53 in biopsy material was visualized by immunohistochemistry 
(monoclonal antibody BP 53-12-1).
Results. The group with recurrent disease showed a mutation in 9 cases (45%) and 
overexpression in 14 cases (70%). In 17 cases (85%) either mutation or over
expression was found. The control group showed a mutation in 7 cases (44%) and 
overexpression in 14 cases (88%). In 14 cases (88%) either mutation or over
expression was found. Adding up both groups we found a discordance between 
both detection techniques of 50%. The same mutated exon was found in 6 patients 
(66%) in both primary and recurrent tumors.
Conclusions. A discordance between immunohistochemistry and DGGE exists in 
50% of the cases. Assuming that both p53 mutation and p53 overexpression are 
indicative of a disturbed p53 checkpoint system, 31 cases (86%) in both groups 
together show an alteration of the p53 system. No significant difference in p53 
status in patients with or without recurrent disease exists. Analysis of the p53 
status is not of prognostic significance for irradiation as primary treatment.
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Introduction
Radiotherapy plays an important role as initial therapy in the treatment of 
laryngeal carcinoma. Although radiotherapy is highly effective in the early 
stages (Tl), in the more advanced cases more recurrences occur. In 28-44% of 
the patients with T2 laryngeal carcinoma recurrences occur.1 Therefore, param
eters related to radiosensitivity are urgently needed.
One such parameters could be the p53 gene. Since mutations of this gene occur 
in more than half of all human tumors, its importance is evident.23 Because of 
its protective function as a cell cycle checkpoint the p53 gene has even been 
called the "Guardian of the Genome".4 Cell cycle progression is regulated at 
several checkpoints.5,6 Normally, p53 prevents cells with damaged DNA from 
progressing through the cell cycle by preventing the transition from G, into S 
phase, thus allowing time for DNA repair.7 On the other hand, the cell could 
go into apoptosis by using either p53-dependent or independent pathways.8,9,10 
Kastan et al. found a correlation between high levels of p53 protein when 
DNA damage was present and Gj cell cycle arrest.11 In contrast to the wild- 
type p53 protein, mutant p53 protein can be detected immunohistochemically 
due to its increased half-life time and, therefore, presence of p53 protein has 
been considered to indicate p53 mutation, although one has to be cautious on 
this issue.12 If DNA damage exists, high p53 levels will result in cell cycle arrest, 
but otherwise wild-type p53 protein levels are too low to be detected.11,13,14 The 
importance of a functionally intact G1 cell cycle checkpoint is underlined by the 
fact that cells lacking in wild-type p53 protein enter the S phase without having 
repaired their DNA, and this might result in progressive genomic instability 
subsequently followed by tumorigenesis.7,11 As radiotherapy induces DNA 
damage, one would expect that a normally functioning p53 system inhibits 
proliferation of residual tumor cells still alive after treatment.6 
Other functions of p53 include interactions with cellular proteins (CCAAT- 
binding factor and the protein product of mdm2).15,16 p53 can also act as a 
transcription promotor.17,18,19 Currently, more is elucidated of the mechanisms 
involved in the Gj checkpoint. The WAF1/CIP1 gene coding for p21 is a 
downstream effector of p53 20 and some authors have suggested that the 
mechanism of the G, arrest involves transcriptional activation of the 
WAF1/CIP1 gene, resulting in inhibition of cyclin-CDK complexes.21,22,23,24,25,26,27
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The aim of the present study was to determine whether p53 status could be 
used in treatment decisions. Therefore, we decided to compare the p53 status 
(as indicated by mutation analysis and detection of protein levels by immuno- 
histochemistry) in a group of patients with recurrence to that in a group of 
patients without recurrence. We selected patients with a T2 laryngeal carci
noma, thus maintaining uniformity of the diagnostic criteria and therapeutic 
approach.

Materials and Methods
Patients and Tumors
We retrospectively selected 20 patients with a T2 laryngeal squamous cell carcinoma 
(tumor of the vocal cords extending to supraglottis and/or subglottis, and/or with impaired 
vocal cord mobility)28 and recurrent disease after initial radiotherapy. All patients with a 
T2 laryngeal carcinoma received radiotherapy in a curative dose of 70 Grays, which is the 
common mode of treatment in our institute. This regime was unaltered in the entire 
selection period. The average disease-free interval was 9 months (range: 5-20 months). 
The average age was 61 years (range: 49-77 years). One patient in the group with recur
rent disease was staged NI (Nl: metastasis in a single ipsilateral lymph node, 3 cm or 
less in greatest dimension) and 1 patient was staged N2 (N2: multiple ipsi- or contralat
eral lymph nodes, more than 3 cm but less than 6 cm in greatest dimension); all others 
were NO. All recurrences were histologically proven and occurred at or near the site of the 
primary laryngeal tumor. In this group 16 patients were smokers (16/20=80%). Nineteen 
patients were male and one female.
The control group consisted of 16 patients with histologically proven T2 laryngeal squa
mous cell carcinoma without recurrence of disease and an average disease-free interval of 
33 months (range: 24-58 months). This group had received the same radiotherapy as the 
group with recurrent disease. One patient in the group without recurrent disease was 
staged Nl, all others were NO. The average age was 64 years (range: 50-80 years). In this 
group, 13 patients were smokers (13/16= 81%). Thirteen patients were male and three 
female.
All patients were randomly selected from a larger sample (N=128). Both groups received 
initial treatment over the period 1989-1993. All analyses concerning primary tumors were 
performed on tumor biopsies, taken before initial treatment. The tissue of the recurrent 
tumors in which a mutation was found, was obtained from the biopsy, taken to prove 
recurrent disease, or from the resected tumor in the case of salvage laryngectomy. During 
radiotherapy all patients were weekly examined by the radiotherapist to document the 
clinical response. Six weeks after completion of radiotherapy all patients were referred to 
the combined clinic of radiotherapy and otorhinolaryngology, where the patients were 
examined every two months in the first two years of follow-up. In the next three years, all 
patients were examined every four months; thereafter the patients are seen once a year. 
Biopsies were taken, if there was a strong clinical suspicion for recurrent disease.
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Immunohistochemistry
Paraffin blocks were selected in which tumor was present and 4 pm sections were cut for 
immunohistochemical detection of p53 protein. Immunohistochemistry was performed on 
deparaffinized sections using the murine monoclonal antibody BP Ö3-12-1 (Biogenex, San 
Ramon, Ca, USA), recognizing both wildtype and mutant p53 protein.
All sections were treated with a boiling solution of freshly prepared citrate/HCl buffer (10 
mM; pH 6.0) for 15 minutes on a hotplate, which is as effective as microwave pretreat
ment in antigen retrieval. Next, sections were rinsed in phosphate-buffered saline (PBS) 
(x3) and incubated with the BP53-12-1 antibody at a dilution of 1:100 for one hour at room 
temperature. Subsequently, sections were washed in PBS and incubated with bio
tinylated horse anti-mouse antibodies (1:500; Vector, Burlingham, Ca, USA) for 30 
minutes, followed by washing in PBS and incubation with peroxidase-labelled 
streptavidin (1:400; Boehringer, Mannheim, Germany) for 30 minutes. Peroxidase activity 
was developed with 3,3'-diaminobenzidine hydrochloride (DAB; Sigma, St. Louis, Mo, 
USA) resulting in a brown reaction product. Sections were counterstained with 
haematoxylin and mounted. All dilutions were performed using PBS. Controls consisted of 
omitting the specific antibody or by replacing it by anti-AA amyloid antibody (1:1,000 
PBS: Eurodiagnostics, Apeldoorn, The Netherlands, same IgG subclass as the BP53-12-1 
antibody). The number of p53-containing cells was determined by counting the brown 
staining tumor nuclei in a maximally labelled tumor field selected by low power scanning 
of the slide and was expressed as the percentage of all tumor nuclei visible in the selected 
microscopic field (magnification xl,000). Lesions were classified as positive, if more than 
10% of the tumor cell nuclei were stained.

Polymerase Chain Reaction (PCR)
Template preparation
Formalin-fixed, paraffin-embedded tissue of the biopsy of the primary tumor, taken before 
the start of initial radiotherapy, was processed essentially as described by Wright and 
Manos.29 To prevent contamination of the samples with previously amplified DNA, the 
DNA was isolated in a separate laboratory. The sections were removed from the glass 
slide using a clean razor blade for each individual specimen. No microdissection technique 
was needed, as all biopsies consisted of more than 50% tumor tissue. Neoplastic areas 
from 3 10-pm sections were used as starting material, extracted with xylene (twice), 
ethanol (twice), acetone, air-dried, incubated overnight at 37°C with 100 pi proteinase-K 
solution (50mM Tris/HCl, pH 8.5; 1 mM EDTA; 0.5% Tween 20: and 200 pg proteinase K 
per ml), followed by inactivation of proteinase K at 96°C for 8 min.. One or 2 pi of these 
samples were used as template material in the PCR amplifications.

PCR amplification of p53
p53 exons 5 to 8 and 8+9 were amplified in two successive PCRs using the primers listed 
in Table 1. 30 The 5' primers used in the first PCRs have a 5' 15-nucleotide GC-rich 
extension. The 50-nucleotide GC-rich primer (universal clamp) used as 5' primer in the 
second PCR binds to the complement of the 15-nucleotide extension. This results in the 
second PCR in a product with a 50-nucleotide "GC-clamp" as described by Top. 31 A more
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inwardly located 3' primer was used in most cases in the second PCR (see Table 1). The 
first PCR was performed in 50 pi of a solution containing 75 mM Tris/HCl pH 9.0, 20mM 
(NH4)2S04, 0.01% Tween 20, 0.25 mM of each dNTP, 1.5mM MgCl with 1 or 2 pi 
template (see above) and 20 pmol of each primer. The samples were overlaid with 50 pi 
mineral oil and incubated in a New Brunswick Scientific Thermocycler TC-1 or an Eppen
dorf Mastercycler 5330 as follows: 3 min at 95°C; 5 cycles of 30 sec at 95°C, 30 sec at 
62°C and 1 min at 72°C; 5 cycles of 30 sec at 95°C, 30 sec at 59°C and 1 min at 72°C; 25 
cycles of 30 sec at 95°C, 30 sec at 56°C and 1 min at 72°C; and finally 10 min at 72°C. 
One unit Taq polymerase (Ampli Taq, Perkin-Elmer Cetus) was added after the 3-min 
95°C step. An aliqout of 1 pi of the first PCR was used as a template in the second PCR 
which was performed in the same way as the first PCR. Samples of 5pl of the second PCR 
were run on a 1.5% agarose gel to estimate the yield of the reactions. Amplification of the 
exons 5 and 9 of the recurrent tumor was not possible in one case (patient 20), probably 
due to fragmentation of the DNA caused by the fixation and embedding of the tissue. In 
one case no DNA could be isolated from the paraffin-embedded tissue of a recurrent 
tumor (patient 4).

Denaturing Gradient Gel Electrophoresis (DGGE-analysis)
The PCR fragments with GC-clamp were analyzed on an 8% polyacrylamide gel with a 
linear gradient of denaturing agents (urea and formamide, 7M urea/40% formamide is 
defined as 100% denaturant) as described by Myers et al.32 The gradient conditions for the 
different regions were: exon 5 60-90%: exon 6 30-80%: exon 7 40-80%: exon 8 50-80% or 
60-90%: exon 8+9 30-90%. Electrophoresis was performed overnight at 5V/cm at 60°C. 
Gels were stained with ethidium bromide and photographed.32,33

Results
In the group with recurrent disease we found a mutation present in 9 cases 
(45%). Overexpression of p53 protein occurred in 14 cases (70%). In the group 
without recurrent disease, we found a mutation present in 7 cases (44%). 
Overexpression occurred in 14 cases (88%). Mutation and/or overexpression 
was detected in 17 cases (70%) of the group with recurrent disease, and 14 
cases (88%) in the group without recurrent disease (Table 2). Because of the 
uniformity of the results, we added up the results of both groups and found a 
discordance between immunohistochemistry and DGGE: in 3 cases (8%) a 
mutation occurred without overexpression and in 15 cases (42%) no mutation 
was detected, while there was overexpression of the protein (Table 3). 
Discordance between both tests occurred in 50% of the cases. In both groups 
together a mutation was found in 44% of the cases and overexpression in 78%. 
A mutation and/or overexpression was found in 31 cases (86%).
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SEQUENCE POSITION DGGE- Gradient

exon 4 5' *-AGG ACCT GGTCCT CT G ACT G 11981-12000 30-80%
3' TACGGCCAGGCATTGAAGTC 12350-12331
3' T CT CAT GG A AGCC AGCCCCT 12332-12313

exon 5 5' *-TT CCT CTT CCT AC AGT ACTC 13040-13059 60-90%
3’ CT GGGC A ACC AGCCCT GT CGT 13281-13261
3' AG AGG A AT C AGT G AGG A AT C 13316-13297

exon 6 5' ‘-GAGACGACAGGGCTGGTT 13258-13273 30-80%
3' TCCTCCCAGAGACCCCAGTT 13463-13444
3' GCCACTGACAACCACCCTT A 13488-13469

exon 7 5' *-CCAAGGCGCACTGGC 13957-13971 40-80%
3' CAGTGTGCAGGGTGGCAAGTG 14139-14119
3' C A AGC AG AGGCT GGGGC AC A 14165-14146

exon 8 5' *-TGATTTCCTT ACTGCCTCTTG 14407-14427 50-80% or
3' CTGCACCCTTGGTCTCCTCC 14633-14614 60-90%
3' A AT CT G AGGC AT A ACT GC AC 14647-14628
3' AGGAAAGAGGCAAGGAAAGGT 14678-14658

exon 8+9 3' GC ATTTT G AGT GTT AG ACTG 14813-14794 30-90%

universal clamp:
CCGCGCCCCGCGCCCGCCCCGCCGCCCCCCCCCCGCGCCGCCGCCGCCCG

Table 1. p53 primer sequences, positions and gradients used for Polymerase Chain
Reaction (PCR) and Denaturing Gradient Gel Electrophoresis (DGGE).
*- means that the sequence is preceded by the GC-rich sequence 
CGCCGCCGCCGCCCG, This is the sequence which corresponds to the last 
3' 15 nucleotides of the universal clamp which is used in the second PCR.

A number of the primers has been described by DiGuiseppe et al. 29
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T2-laiyngeal carcinoma. T2-laryngeal carcinoma.
recurrent disease no recurrent disease

Patient Node27 DGGE IHC* Patient Node27 DGGE IHC*

1. 0 _ + (75%) 1. 0 ex. 5+8 + (90%)
2. 0 -- + (80%) 2. 1 ex. 8 + (95%)
3. 0 -- + (70%) 3. 0 -- + (95%)
4. 0 ex. 5 + (85%) 4. 0 -- + (70%)
5. 1 ex. 5+7 + (70%) 5. 0 -- + (85%)
6. 0 ex. 7 - 6. 0 ex. 5 + (80%)
7. 0 -- + (85%) 7. 0 -- + (98%)
8. 2 ex. 6 -- 8. 0 - + (85%)
9. 0 -- + (53%) 9. 0 ex. 5 + (80%)
10. 0 -- -- 10. 0 ex. 5 + (90%)
11. 0 - -- 11. 0 -- + (90%)
12. 0 -- + (75%) 12. 0 -- --
13. 0 -- -- 13. 0 -- --
14. 0 - + (75%) 14. 0 ex. 7 + (80%)
15. 0 -- + (90%) 15. 0 ex. 7 + (90%)
16. 0 ex. 6 + (60%) 16. 0 -- + (81%)
17. 0 ex. 8 + (40%)
18. 0 ex. 7 + (90%)
19. 0 ex. 5+9 + (85%)
20. 0 ex. 7+9 -

Total: 9 (45%) 14 Total: 7(44%) 14

Table 2. Mutation analysis by denaturing gradient gel electrophoresis (DGGE) and p53 
overexpression, as detected by immunohistochemistry (IHC) in patients with T2 
laryngeal carcinoma with and without recurrence of disease. Lesions were 
considered positive, if more than 10% of the tumor cell nuclei were stained. 
*percentage refers to the proportion of positively staining nuclei in maximally 
positive tumor fields.
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In addition, the recurrent tumors of eight patients from the group with 
recurrent disease were analyzed for p53 mutations and protein 
overexpression. In 6 patients the recurrent tumor showed a mutation in the 
same exon as the primary tumor (66%). Three of them had obtained an 
additional mutation in the recurrent tumor. In 3 cases a mutation was lost or 
replaced by a different mutation. In 1 case (patient 20) with a mutation in the 
primary tumor in exon 7 and 9, exon 9 of the recurrent tumor could not be 
analyzed, probably due to fragmentation of the DNA. In 5 cases (56%) the 
recurrent tumors resembled the primary lesions with regard to their 
immunohistochemical staining; in 2 cases both samples had approximately the 
same positive result and in 3 cases both samples showed no staining at all.

overexpression no overexpression total

mutation 13/36 (36%) 3/36 (8%) 16/36 (44%)

no mutation 15/36 (42%) 5/36 (14%) 20/36 (56%)

total 28/36 (78%) 8/36 (22%) 36/36

DGGE

Discussion
We analyzed the p53 status in tumor tissue from two groups of patients with 
T2 laryngeal carcinoma; one group with recurrent disease and one group 
without recurrent disease. No significant differences in p53 status, nor in 
distribution of mutations, could be detected between both groups. When 
comparing the p53 status, the same exon mutation was found in both primary 
and recurrent tumors in 66% of the cases. An additional mutation in the 
recurrent tumor was found in 3 patients, while in 3 patients mutations were 
lost or replaced by a different mutation. A mutation in the primary tumor 
which is lost or replaced in the recurrent tumor can be the result of 
polyclonality in the tumor34; the lost clones were successfully treated and the 
resistant clones reached a detectable level. In 5 cases (56%) overexpression in 
the primary tumor resembled the overexpression of the recurrent tumor.
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Assuming that both p53 mutation and overexpression of p53 protein are 
indicative of a disturbed p53 checkpoint system, it becomes apparent that, in 
the group with recurrent disease, 17 cases (85%) show an aberrant p53 system, 
as compared to 14 cases (88%) in the control group. Adding up the results of 
both groups we find a discordance in 50% of the cases between DGGE and 
immunohistochemistry. Even when a higher cutoff point (e.g. 50%) is used, 
the concordance between DGGE and immunohistochemistry is not improved. 
With this 50% cutoff the only alteration would be the transition of a previously 
positive result in a patient with a mutation in exon 8 (patient 20, Table 2) into 
a negative result. The discordance would therefore be higher at a higher cutoff 
point. In 8% there is a mutation detected by DGGE without elevated p53 
protein and in 42% there is no mutation with elevated p53 protein levels.
A mutation without overexpression of the p53 protein in a single sample may 
be the result of the formation of a stopcodon in which case a truncated, non
functional protein is produced.35 Since p53 can act as a transcription factor, 
there are more targets for mutations or disturbances in the Gj cell cycle 
checkpoint that could result in elevated levels of protein without an obvious 
mutation in the p53 gene itself.11'16'20'22,23'24'2527 The issue of p53 protein over
expression without gene mutations has been discussed extensively in previous 
studies and will not be addressed here.36,37
Cell cycle progression after irradiation has been studied for a few decades.38 
The issue of the relationship between radiosensitivity, p53 gene mutations 
and/or p53 overexpression has been analyzed with various outcomes in 
animal models and in vitro studies (cell line studies).39'40'41,42'43'44,45 Lowe et al. 
used a nude mice model to study the efficacy of cancer therapy in vivo. They 
concluded that defects in apoptosis caused by p53 mutations may induce 
treatment-resistant tumors.39 In Burkitt's lymphoma and lymphoblastic cell 
lines, a minimal G, arrest corresponded with p53 mutations. Cell lines with 
wild-type p53 showed a strong or intermediate G, arrest after irradiation.40 
Using human cell lines, Mcllwrath et al. came to the same conclusion.41 
Primary thyroid cells showed a remarkable G, arrest even after low dose 
radiation, while thyroid carcinoma cell lines harboring a p53 mutation were 
resistant to ionizing radiation and showed no G, arrest.42
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On the other hand, there was no difference in radiation-induced G, arrest in two 
cell lines, which only differed in p53 status.43 A correlation between radioresis
tance in cell lines and p53 status could not be confirmed by Jung et al. in squa
mous cell carcinoma cell lines.44 Using head and neck cancer cell lines, Brachman 
found no correlation between p53 mutations and radiosensitivity.45 Recently, the 
p53 status in 99 patients with head and neck carcinoma, as assessed by immuno- 
histochemistry, flow cytometry and bromodeoxyuridine incorporation studies, 
showed no relationship with the outcome of radiotherapy. Tumors from different 
sites and advanced cancers were included in the study.46 Also, other factors such 
as Human Papilloma Virus (HPV) infection can determine the radiosensitivity of 
tumors, possibly by interference of HPV with p53 functions as oncogenic HPV can 
abrogate wild-type p53 in its function.47,48 The role of p53 in radioresistance in 
squamous cell carcinomas is therefore not fully clarified, but it seems likely that 
besides p53 other proteins involved in the G, checkpoint play a major role.
In this paper, we studied whether the p53 status can be linked to the treatment 
outcome in a distinct clinically defined group. By choosing patients with a T2- 
laryngeal carcinoma, we selected a uniform group of tumors with the same ther
apy to study the prognostic significance of p53 status with regard to radioresis
tance. From our data, it can be concluded that analysis of p53 status either by 
exon analysis or immunohistochemistry is not helpful in detecting patients who 
will not respond to radiotherapy, probably due to the presence of multiple clones 
differing in p53 status. It is also clear that a disturbed p53 cell-cycle checkpoint is 
found in most cases, but not always with a mutation present. Therefore, it is 
unlikely that such a complex cell-cycle checkpoint is dominated by one gene 
alone. Unraveling the p53 pathway may reveal other factors, that could be of 
clinical importance in radioresistance in head and neck tumors.
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Ki-67 and p53 in T2 laryngeal cancer

Abstract
Objectives: To study the relationship between the proliferative capacity, 
represented by the immunohistochemical Labellings Index (LI) of proliferation 
marker Ki-67, and the p53 status, as in theory an intact p53 cell cycle check
point system should result in a lower proliferative capacity.
Study Design: From a group of 128 patients with a T2 laryngeal carcinoma, 
presented in 1989 until 1993 in our institute, 20 patients with recurrent disease 
and 16 patients without recurrent disease were randomly selected. All patients 
received primary irradiation.
Methods: Denaturing Gradient Gel Electrophoresis and immunohistochemistry 
determined the p53 status. MIB-1 staining was used to determine the Ki-67 LI. 
Results: In 36% we found a p53 mutation with overexpression (LI 31%). In 8% a 
p53 mutation without p53 overexpression was found (LI 18%). 42% showed no 
mutation, but nevertheless overexpression (LI 35%). Neither mutation nor 
overexpression was found in 14% (LI 38%). No correlation exists between p53 
status and proliferative capacity of tumours (Analysis of Variance; p = 0.104). 
The proliferation rate as established with Ki-67 LI positively correlates with 
response to radiotherapy (p=0.006).
Conclusions: (1) Overexpression of wild type p53 protein does not result in cell 
cycle arrest measurable by a lower Ki-67 LI in comparison with cases overex- 
pressing mutant type p53 protein. (2) A high Ki-67 labelling index correlates 
with a favourable response to radiotherapy.
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Introduction
Clinicians and histopathologists have since long been interested in methods 
assessing the proliferating rate of tumours in their search for markers deter
mining the prognosis of cancer patients. Unfortunately, all methods determining 
the proliferation rate have their limitations. A simple method like counting mi
totic figures is cheap, but does not seem to be useful in all tumours.1,2 Also the 
reproducibility is sometimes questionable.3 More sophisticated methods like 
tritiated thymidine, bromodeoxyuridine incorporation and flow cytometry seem 
to be accurate ways of measuring tumour growth rate, but are relatively expen
sive and time consuming. Since its discovery in 1983 in Kiel4, proliferation 
marker Ki-67 has gained popularity in the field of histopathology as it is a simple 
and cheap method assessing the number of proliferating cells in tumours. Ki-67 is 
an antibody that recognizes a cell nucleus antigen of which the expression 
reaches a peak in the G2 and M phase5, thus reflecting cell division activity. 
Another marker could be tumour suppressor gene p53, involved in cell cycle 
regulation. Normally, p53 prevents cells with damaged DNA from progressing 
through the cell cycle by preventing transition from G1 into S-phase, thus 
allowing time for DNA repair.6 Recent studies provide evidence for 
involvement of p53 in the control of a second cell cycle block at the G2/M tran
sition and an interrelation between both checkpoints has been suggested.7 Also, 
p53 is involved in the induction of apoptosis.8,9 In contrast to the wild type p53 
protein, the mutated p53 protein can be detected immunohistochemically due to 
its increased half-life time. Therefore, the presence of p53 protein has been consi
dered to indicate p53 mutation, but one has to remain cautious on this issue10, as 
in the case of DNA damage wildtype p53 protein levels may be physiologically 
high, thus reaching a level detectable by immunohistochemistry.11,12 
The role of cell proliferation in the prognosis of head and neck tumours remains 
largely unclear, because some studies have shown that tumours with high 
proliferation indices showed more favourable survival, while other studies 
pointed to the opposite.13-17 Possibly because most of these studies use 
heterogeneous tumour populations the results are not consistent.
In the Netherlands approximately 750 patients a year present with a laryngeal 
carcinoma.18 As the patients with a T2 laryngeal carcinoma represent a well 
defined group with a uniform treatment modality, we used this group to
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study the prognostic role of proliferation marker Ki-67 with regard to response 
to radiotherapy. At the same time we combined these results with the p53 status 
of the tumours to investigate the possible differences in proliferative capacity 
of tumours containing wildtype p53 vs. tumours with mutant p53, as in theory 
these tumours should be lacking control of cell division with as a result a 
higher proliferating activity. Therefore we selected T2 laryngeal cancer patients 
with and without recurrent disease following radiotherapy to investigate the 
prognostic significance of Ki-67 and p53 status combined.

Material and methods
In the selection period (1989-1993) 128 patients with a T2 laryngeal carcinoma (tumour of 
the vocal cords extending to supraglottis and/or subglottis, and/or with impaired vocal 
cord mobility)19 were diagnosed. From this larger group 20 patients with recurrent dis
ease and 16 patients without recurrent disease were randomly selected. Two patients 
were staged Ml (Nl: metastasis in a single ipsilateral lymph node, 3 cm or less in greatest 
dimension)19 ; 1 in the group with and 1 in the group without recurrent disease. One 
patient in the group with recurrent disease was staged N2 (N2: multiple ipsi- or contra
lateral lymph nodes, more than 3 cm but less than 6 cm in greatest dimension).19 All other 
patients were NO. All recurrences were histologically proven and occurred at or near the 
site of the primary laryngeal tumour. All patients received radiotherapy in a curative dose 
of 70 Grays (35 doses of 2 Gy), which is the common mode of treatment in our institute. 
This regime was unaltered in the entire selection period. Initial treatment was started 
over the period 1989-1993. The average age was 62 years (range: 49-80 years). Thirty-two 
patients were male and four female. The average disease-free interval of patients with 
recurrent disease was 20 months (range: 5-58 months).
All analyses concerning primary tumours were performed on tumour biopsies, taken be
fore initial treatment. During radiotherapy all patients were weekly examined by the 
radiotherapist to document the clinical response. Six weeks after completion of radiother
apy all patients were referred to the combined clinic of radiotherapy and otorhinolaryn
gology, where the patients were examined every two months in the first two years of 
follow-up. In the next, three years, all patients were examined every four months: thereafter 
the patients are seen once a year.

Immunohistochemistry
Paraffin blocks were selected in which tumour was present and 4 pm sections were cut for 
immunohistochemical detection of p53 protein. Immunohistochemistry was performed on 
deparaffinized sections using the murine monoclonal antibody BP 53-12-1 (Biogenex, San 
Ramon, Ca, USA), recognizing both wild-type and mutant p53 protein.
All sections were treated with a boiling solution of freshly prepared citrate/HCl buffer (10 
mM; pH 6.0) for 15 minutes on a hotplate, which is as effective as microwave pretreat
ment in antigen retrieval. Next, sections were rinsed in phosphate-buffered saline (PBS)
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(x3) and incubated with the BP53-12-1 antibody at a dilution of 1:100 for one hour at room 
temperature. Subsequently, sections were washed in PBS and incubated with bio
tinylated horse anti-mouse antibodies (1:500; Vector, Burlingham, Ca, USA) for 30 
minutes, followed by washing in PBS and incubation with peroxidase-labelled 
streptavidin (1:400; Boehringer, Mannheim, Germany) for 30 minutes. Peroxidase activity 
was developed with 3,3'-diaminobenzidine hydrochloride (DAB; Sigma, St. Louis, Mo, 
USA) resulting in a brown reaction product. Sections were counterstained with haema- 
toxylin and mounted. All dilutions were performed using PBS. Controls consisted of omit
ting the specific antibody or by replacing it by anti-AA amyloid antibody (1:1,000 PBS; E- 
urodiagnostics, Apeldoorn, The Netherlands, same IgG subclass as the BP53-12-1 anti
body). The number of p53-containing cells was determined by counting the brown staining 
tumour nuclei in a maximally labelled tumour field selected by low power scanning of the 
slide and was expressed as the percentage of all tumour nuclei visible in the selected mi
croscopic field (magnification X 1,000). Lesions were classified as positive, if more than 
10% of the tumour cell nuclei were stained.
The Ki-67 antigen was detected using a technique, that is described in more detail else
where.20 Summarized, sections were treated with a boiling solution of freshly prepared 
citrate/HCL buffer (10 mM, pH 6,0). After cooling down to room temperature, sections are 
rinsed three times in PBS, preincubated for 15-30 min. in PBS with 10% horse serum and 
incubated for 60 min. with MIB-1 (1:200 dilution). The labelling index for MIB-1 staining 
was calculated by counting positively stained cells in a maximally positive tumour field 
(xl,000) and dividing them by the number of all tumour cells counted in the tumour field.

Ki-67 and p53 in 72 laryngeal cancer

Exon analysis
Formalin-fixed, paraffin-embedded tissue of the biopsy of the primary tumour, taken be
fore the start of initial radiotherapy, was processed essentially as described by Wright 
and Manos.21 To prevent contamination of the samples with previously amplified DNA, 
the DNA was isolated in a separate laboratory. The sections were removed from the glass 
slide using a clean razor blade for each individual specimen. No microdissection technique 
was needed, as all biopsies consisted of more than 50% tumour tissue. Neoplastic areas 
from 3 10-gm sections were used as starting material, extracted with xylene (twice), etha
nol (twice), acetone, air-dried, incubated overnight at 37°C with 100 pi proteinase-K solu
tion (50mM Tris/HCl, pH 8.5; 1 mM EDTA; 0.5% Tween 20; and 200 gg proteinase K per 
ml), followed by inactivation of proteinase K at 96°C for 8 min.. One or 2 pi of these sam
ples were used as template material in the PGR amplifications.
p53 Exons 5 to 8 and 8+9 were amplified in two successive PCRs using the primers listed 
in Table I (Chapter 2, page 53).22 The 5' primers used in the first PCRs have a 5' 15-nu
cleotide GC-rich extension. The 50-nucleotide GC-rich primer (universal clamp) used as 5' 
primer in the second PGR binds to the complement of the 15-nucleotide extension. This 
results in the second PGR in a product with a 50-nucleotide "GC-clamp" as described by 
Top.23 A more inwardly located 3' primer was used in most cases in the second PGR (see 
Table I, Chapter 2, page 53). The first PGR was performed in 50 pi of a solution containing
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75 mM Tris/HCl pH 9.0, 20mM (NH4)2S04, 0.01% Tween 20, 0.25 mM of each dNTP, 
1.5mM MgCl2 with 1 or 2 pi template (see above) and 20 pmol of each primer. The sam
ples were overlaid with 50 pi mineral oil and incubated in a New Brunswick Scientific 
Thermocycler TC-1 or an Eppendorf Mastercycler 5330 as follows: 3 min at 95°C; 5 cycles 
of 30 sec at 95=C, 30 sec at 62°C and 1 min at 72°C; 5 cycles of 30 sec at 95°C, 30 sec at 
59°C and 1 min at 72°C; 25 cycles of 30 sec at 95°C, 30 sec at 56°C and 1 min at 72°C; 
and finally 10 min at 72°C. One unit Taq polymerase (Ampli Taq, Perkin-Elmer Cetus) 
was added after the 3-min 950C step. An aliquot of 1 pi of the first PGR was used as tem
plate in the second PGR which was performed in the same way as the first PGR. Samples 
of 5pl of the second PGR were run on a 1.5% agarose gel to estimate the yield of the reactions. 
The PGR fragments with GC-clamp were analyzed on an 8% polyacrylamide gel with a 
linear gradient of denaturing agents (urea and formamide, 7M urea/40% formamide is 
defined as 100% denaturant) as described by Myers et al.24 The gradient conditions for the 
different regions were: exon 5 60-90%; exon 6 30-80%: exon 7 40-80%; exon 8 50-80% or 
60-90%; exon 8+9 30-90%. Electrophoresis was performed overnight at 5V/cm at 60°C. 
Gels were stained with ethidium bromide and photographed.24,25

+
p53 overexpression

+ 0.31 0.18
p53 gene mutation n=13 n=3

0.35 0.38
n=15 n=5

Table 1. Ki-67 Labellings Index (LI) versus p53 status as represented by p53 gene
mutations and protein overexpression. Values inside the table represent the 
Ki-67 LI compared to the p53 status in T2 laryngeal carcinoma as assessed 
by immunohistochemistry and exon analysis. No significant difference in 
Ki-67 LI exists (Analysis of Variance p=0.104) and therefore p53 status does 
not correlate with proliferative capacity of T2 laryngeal carcinoma.
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Results
Mutations in the p53 gene were found in 16/36 patients (44%): 9 patients with 
recurrent disease 9/20 (45%) and 7/16 patients without recurrent disease 
(44%). The mutations found in the patients with recurrent disease were 3 in 
exon 5, 2 in exon 6, 4 in exon 7 and 3 in exon 8/9. In three cases 2 mutations 
were found within one patient. The mutations found in the patients without 
recurrent disease were 4 in exon 5, 2 in exon 7 and 2 in exon 8/9. In one case 2 
mutations were found within one patient. The patients with nodal disease all 
had p53 mutations: the N1 patient with recurrent disease had mutations in 
exon 5 and 8, the N1 patient without recurrent disease had 1 mutation in exon 
8, the N2 patient with recurrent disease had 1 mutation in exon 6. Over
expression of p53 protein was found in 28/36 patients (78%): 14/20 patients 
with recurrent disease (70%) and 11/16 patients without recurrent disease (88%). 
In 13/36 cases (36%) there was a p53 gene mutation as well as p53 protein over
expression. In 5/36 cases (14%) no p53 protein was overexpressed, neither was a 
gene mutation found. Thus in 50% both techniques yielded in concordant results. 
Discordancy was observed in the remaining 18 patients (50%). In 3/36 patients 
(8%) there was a gene mutation found without p53 protein overexpression, 
whereas in 15/36 patients (42%) p53 protein overexpression was observed 
without a gene mutation. The Ki-67 Labelling Index for the various groups is 
given in Table 1. No statistically significant differences could be found when 
comparing the four groups (Analysis of Variance: p=0.104).
The average Ki-67 labelling index (LI) for all patients was 0.32 (0.07-0.64). The 
mean Ki-67 labelling index was 0.26 (0.07-0.64) in the group with recurrent 
disease and 0.40 (0.16-0.60) in the group without. The difference between these 
groups is statistically significant (Student t-test; p=0.006).
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Discussion
In 44% a p53 mutation was detected and in 78% p53 overexpression was 
found, which is consistent with other observations.26 However, a discordance 
between both p53 analysis techniques exists of 50%. This discordance is consis
tent with other observations.27,28
The relationship between p53 protein overexpression and cell proliferation is 
equivocal as some studies report a positive correlation29 indicating that p53 
overexpression results in a higher proliferative capacity, whereas others found 
no correlation.26 In the present study a complete approach to the p53 status 
was followed as both overexpression and gene mutations were determined 
and compared to the Ki-67 LI. We assumed that in patients with over
expression of p53 protein but without p53 mutations, overexpression of the 
protein would result in a lower number of Ki-67 positive cells, due to the cell 
cycle arresting properties of wild type p53. However, no differences in Ki-67 
labelling index were found, Ki-67 labelling index in the patients over- 
expressing p53 protein without p53 mutation being 0.35 and not statistically 
different from the other groups. Thus we conclude that in the group without a 
p53 gene mutation, this wild type p53 overexpression does not result in a 
decreased number of cells exhibiting the proliferation marker Ki-67. This 
apparent lack of physiological function of p53 can be explained in different 
ways. At first, as we have only sequenced the core domain, mutations outside 
this area may be present30 and we may be wrong in assuming that cells over
expressing p53 protein without mutations in the core domain express wildtype 
protein. In the second place, cells that are arrested in the cell cycle may still 
retain their Ki-67 positivity for several hours.31 Thus, it may be possible that 
the Ki-67 LI as a parameter for proliferative activity does not reflect the real 
number of proliferating cells as one cannot distinguish between Ki-67 positive 
cells that are in cycle and Ki-67 positive cells that are arrested due to wildtype 
p53 function, but nevertheless still express the proliferation marker, without 
really contributing to the pool of proliferatively active cells. Also, it is 
important to keep in mind, that the proliferation rate of tumours is the result 
of two separate factors. First factor is the growth fraction, which can effectively 
be determined by Ki-67. The second factor is the time taken for the cell to 
complete the cell cycle, which cannot be assessed by Ki-67. Therefore one must
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always bear in mind that Ki-67 expression only provides information on 
whether a cell is in cycle or not.32 Moreover, the density of proliferating cells 
may vary at different locations within the tumour due to oxygenation- or other 
environmental differences. 33 When determining the number of Ki-67 positive 
cells as a means to assess proliferation activity in a tumour, one should reckon 
with all above mentioned circumstances and possibilities. Nevertheless, we 
observed a correlation between numbers of Ki-67 labelled cells and success of 
radiotherapy and as we assume factors confounding the value of Ki-67 LI as 
proliferation marker to be at random active in this group of patients, we still 
consider Ki-67 LI as an indication of proliferative activity in this study. 
Significantly higher values of the Ki-67 LI are found in the group of patients 
without recurrent disease. At first sight this seems rather contradictory when 
tumours with higher proliferation rates show less recurrences, but this is con
sistent with previous studies, which have shown that tumours with higher 
indices of Ki-67 respond better to aggressive treatment modaUties like radio
therapy.14 In contrast to our findings Welkoborsky reports of a group of pa
tients with laryngeal carcinoma (T1-T4) in which he found a relation between a 
high Ki-67 LI and treatment failure.16 The reason for this apparent difference 
may be the fact that patients in the afore mentioned study received primary 
surgery, whereas in contrast patients in the present study received radiother
apy. No relation between Ki-67 and the prognosis in head and neck cancer pa
tients was observed by Roland et al.15; this may be due to the fact that these 
authors determined Ki-67 LI for some cases before and in other after irradia
tion. It is obvious that in these cases no conclusion can be drawn as actively 
proliferating cells will be eliminated by radiotherapy.
Moreover, although not strictly within the scope of this study, we observed 
that all patients with nodal disease had p53 mutations. This is at variance with 
other studies that did not find a relationship between nodal disease and p53 
status.34 It may well be possible that such a relationship only occurs for some 
anatomical subsites and not for the entire group of head and neck squamous 
cell carcinomas. We will analyse this phenomenon in future studies.
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Conclusions
When comparing the patients with and without recurrent disease, the p53 status 
alone was of no relevance in predicting treatment outcome, as has been reported 
elsewhere.35 A discordance of 50% exists, when comparing p53 mutational status 
as assessed by exon analysis and protein immunohistochemistry. The apparent 
lack of a lowering of the Ki-67 LI in cases expressing p53 protein 
overexpression without a mutation could indicate an absence of normal p53 
function but it cannot be excluded that in these cases a lowering of Ki-67 LI 
does not reflect a diminished proliferative capacity due to presence of arrested 
cells still exhibiting Ki-67 positivity. Finally, tumours with a higher number of 
proliferating cells as reflected by the Ki-67 LI, respond significantly better to 
radiation therapy as less recurrences are found.
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p53 in primary HNSCC and matched metastases

Abstract
To study the use of p53 as a diagnostic tool in head and neck squamous cell 
carcinoma (HNSCC), we analyzed 15 primary tumours (FT) and matched 
lymph node metastases (LNM) for overexpression and mutations of p53. Primary 
goal was to study whether differentiation between primary and metastatic disease 
through their p53 status would be possible. Immunohistochemistry for p53 
protein (antibody BP 53-12-1) was performed. Mutations of the p53 gene were 
detected by exon-specific amplification of DNA (exons 4-9), followed by exon 
analysis using Denaturing Gradient Gel Electrophoresis (DGGE). Mutant 
exons were sequenced.
p53 overexpression was detected in 7 (47%) of the PT and in 7 (47%) of the 
LNM. Six patients (40%) exhibited p53 protein overexpression in both PT and 
LNM. Two patients had a different p53 protein expression in each sample. 
Mutations in the p53 gene were detected in 6 patients (40%) in the PT and in 7 
patients (47%) in the LNM. In 2 patients (13%) the same mutation was found 
in the PT and in the LNM. Nine patients (60%) had a different mutation in 
each sample.
We conclude that a poor correlation exists between p53 protein overexpression 
and p53 gene mutation in HNSCC. Also, a poor correlation for both detection 
techniques exists, when PT and LNM are compared. The p53 status may seem 
to differ between PT and LNM, because of polyclonality in the PT. More 
sensitive detection techniques could be promising.
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Introduction
Head and neck squamous cell carcinoma (HNSCC) represents the fourth most 
common cancer worldwide [1]. In some countries head and neck cancer is 
even the fourth cause of death among the male population [2]. Besides the 
problem of local recurrences after initial curative therapy, these patients have 
a relatively high risk of developing subsequent primary tumours. A yearly 
incidence of 3-7% second primary tumours cumulative per annum after the 
diagnosis of a primary tumour (PT) has been reported [3-6]. This means that 
approximately 20% of all head and neck cancer patients will develop a second 
primary tumour after 5 years of follow up. An explanation for the origin of 
these second primary tumours has been proposed by Slaughter et al. They 
stated that the entire mucosa of the upper aerodigestive tract has been ex
posed to the same carcinogens, which caused the PT to arise. This effect has 
been called "oral field cancerization" [7], On the other hand local and distant 
metastasis, for instance to the lung, can occur. When during the follow-up 
period a tumour in the aerodigestive tract is diagnosed, differentiation be
tween metastatic disease and second primary tumour is very difficult. In the 
field of head and neck cancer research, one of the most challenging issues is 
this diagnostic differentiation between subsequent primary and metastatic 
disease. This differential diagnostic problem occurs, when patients, previously 
treated for a HNSCC, develop a LNM or a lung lesion. The LNM may be a 
metastasis from the previously treated HNSCC or from a not yet diagnosed 
metachronous HNSCC; The lung lesion could be a distant metastasis from the 
former HNSCC or a second primary tumour. The outcome of such a diagnostic 
analysis has profound consequences for the therapeutic decision and therefore 
for the prognosis of the individual patient. As conventional histology is of no 
use in respect to this, other markers are urgently needed. Such a marker could 
be the p53 gene. Mutations and overexpression of the p53 protein have been 
reported in head and neck cancer [8,9], Being mutated in 25-69% in head and 
neck squamous cell carcinoma [10-14], p53 could prove to be a molecular 
marker on which these decisions could be made, as the mutations may occur 
at different locations within the gene.
Assuming that the p53 status in a PT and its lymph node metastasis (LNM) 
will be the same, while the p53 status in a second primary malignancy will be
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different, a reliable p53 screening test could be of use in discriminating between 
primary and subsequent PT's [15], First step therefore is to prove that a p53 
mutation, found in a FT, can reliably be detected in its lymph node metastasis. To 
study this, we used matched PT's and their LNM. Immunohistochemistry was 
used for the detection of overexpression of the p53 protein. The polymerase chain 
reaction (PCR) was used for amplification and denaturing gradient gel 
electrophoresis (DGGE) for exon analysis of the tumour samples.

Patients and methods
Retrospectively, 15 sets of samples were selected, each consisting of a PT and a matched 
LNM from the same head and neck cancer patient. Six patients had an oral cavity 
carcinoma, three patients an oropharyngeal carcinoma, five a hypopharyngeal carcinoma 
and one patient a laryngeal carcinoma. All patient material was paraffin embedded tissue 
and obtained from the files of the Pathology department.

Immunohistochemistry
Paraffin blocks were selected in which tumour was present and 4 pm paraffin sections were 
cut for immunohistochemical detection of p53 protein. The immunohistochemistry was 
performed on deparaffinized 4pm sections using a murine monoclonal antibody, BP 53-12-1 
(Biogenex, San Ramon, Ca, USA), recognizing both wild-type and mutant p53 protein.
All sections for immunohistochemistry were treated with a boiling solution of freshly 
prepared citrate/HCl buffer (10 mM) pH 6.0 for 15 minutes on a electric hotplate, which in 
our laboratory has proved to be as effective as microwave pretreatment in antigen retrie
val. After cooling to room temperature, sections were rinsed in phosphate buffered saline 
(PBS) (x3) and incubated with anti-p53 protein antibody at a dilution of 1:100 for one 
hour. Next, sections were washed in PBS and incubated with biotinylated horse-anti- 
mouse antibodies (1/500; Vector, Burlingham, Ca, USA) for 30 minutes, followed by 
washing in PBS and incubation with peroxidase labelled streptavidin (1/400: Boehringer, 
Mannheim, Germany) for 30 minutes. The peroxidase activity was developed by 3,3 
diaminobenzidine hydrochloride (DAB, Sigma) resulting in a brown reaction product. 
Sections were counterstained with haematoxylin and mounted. All dilutions were 
performed using PBS. Controls consisted of omitting the specific antibody or by replacing 
it by an anti-AA amyloid antibody (Eurodiagnostics, Apeldoorn, the Netherlands, same 
IgG subclass as the BP53-12-1 antibody); the dilution used for control antiserum was 1 : 
1000 for the anti-AA amyloid antibody. Sections stained for p53 protein were examined 
for the presence of brown staining nuclei. Lesions were classified as positive, when more 
than 10% of tumour cell nuclei were stained.
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exon analysis
Formalin-fixed, paraffin embedded tissue was processed essentially as described by 
Wright and Manos [16], Neoplastic areas of three lOpm sections were used as starting 
material, extracted with xyleen (twice), ethanol (twice) acetone, dried, incubated over
night at 37°C with 100 pi 50 mM Tris pH 8.5, 1 mM EDTA, 0.5% Tween 20 and 200gg/ml 
proteinase K. The samples were heated for 8 min at 96°C to inactivate the proteinase K. 
1 or 2 pi of these samples were used as template material in the PGR amplifications.
Exons 4 to 8 and 8+9 of the p53 gene were amplified in two successive PCR-runs using the 
primers listed in Table 1 (Chapter 2, page 54) [17]. The 5' primers used in the first PGR 
have a 5' 15 nucleotide GC-rich extension. The 50-nucleotide GC-rich primer (universal 
clamp) used as 5' primer in the second PGR does anneal to the complement of the 15 
nucleotides extension. This results in the second PGR in a product with a 50 nucleotides 
"GC-clamp" as described by Top [18], A more inward located 3' primer was used in most 
cases in the second PGR. The first PGR was performed in 50 pi 75 mM Tris/HCl pH 9.0, 
20mM (NH4)2S04, 0.01% Tween 20, 0.25 mM of each dNTP, 1.5mM MgGl with 1 or 2 pi 
DNA-template and 20 pmol of each primer. The samples were overlaid with 50 pi mineral 
oil and incubated in a New Brunswick Scientific Thermocycler TC-1 or an Eppendorf 
Mastercycler 5330 with the following cycle conditions: 3 min at 95 °C; 5 cycles 30 sec 
95°C, 30 sec 62°C and 1 min 72°C; 5 cycles 30 sec 95°C, 30 sec 59°C, 1 min 72°C; 25 
cycles 30 sec 95°C, 30 sec 56°C and 1 min 72°C; and finally 10 min 72°C for termination 
of the reaction. 1 Unit Taq polymerase (Ampli Taq, Perkin-Elmer Cetus) was added after 
the 3 min 95 °C step. An aliquot of 1 pi of the first PGR was used as template in the 
second PGR that was performed in the same way as the first PGR. Samples of 5pl of the 
second PGR were run on a 1.5% agarose gel to estimate the yield of the reactions. 
Amplification of exons 8+9 was unsuccessful! in 3 cases, possibly due to DNA 
fragmentation after fixation and embedding in paraffin.
Denaturing gradient gel electrophoresis (DGGE) was used for exon analysis. The PGR 
fragments with GC-clamp were analyzed on a 8% polyacrylamide gel with a linear 
gradient of denaturing agents (urea and formamide, 7M urea/40% formamide is defined as 
100% denaturant) as described by Myers et al. [19], The gradient conditions for the 
different regions are listed in table 1 (Chapter 1, page 53). Electrophoresis was performed 
overnight at 5V/cm at 60°C. Gels were stained with ethidium bromide and photographed. 
Fragments that showed an altered pattern at the DGGE analysis were sequenced.
The PGR fragments were cloned in the pGEM-T vector using the vectorsystem as 
suggested by the supplier (Promega). Plasmid DNA from mixtures of 20 positive clones 
were sequenced using the appropriate amplification primers as sequence primers, a T7 
DNA polymerase sequencing kit (Pharmacia) a35S-dATP and a BioRad Sequi-Gen 
sequencing system (BioRad, Hercules, Ca., USA). In three cases the cloning of the PGR 
fragments was unsuccessful!.
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Results
Immunohistochemistry.
The immunohistochemical analysis showed p53 protein overexpression in 7 
(47%) of the PT's, and in 7 (47%) of the LNM. Figure 1 shows immunohistochemi
cal staining as performed in our study. Six patients (40%) exhibited p53 protein 
overexpression in both FT and LNM. Matching results for immunohistochemistry 
between PT and LNM were found in 13 patients (87%). In 1 patient (7%) the 
LNM was positive, while the PT showed no staining. The opposite was ob
served in 1 patient.

Figure 1. p53 immunostaining with antibody BP 53-12-1 
in head and neck squamous cell carcinoma.

Exon analysis.
Exon analysis of the matched samples showed p53 mutations in 10 patients 
(67%) in either PT, LNM or both (Table 1). Mutations in the p53 gene were 
detected in 6 patients (40%) in the PT and in 7 patients (47%) in the LNM. In 2 
patients (13%) the same mutation was found in the PT and in the LNM. In one 
case there were two different mutations in the PT, which were not found in the 
LNM. The LNM however contained a third mutation (Table 1; Patient 5) [20], 
which is a silent mutation that does not result in a different amino acid. In 3 
patients (20%) a mutation was detected in the PT, while the LNM did not 
contain a mutation. The opposite was observed in 4 cases (27%). In 4 patients 
mutations were found in two exons. Sequencing of the mutant exons showed 
that the mutations result in 3 cases in a stopcodon (Patient 2, Figures 2 and 3)
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and in 2 cases in a stopcodon, downstream from the mutated site as a result of 
a frame shift. In 4 cases a point mutation resulted in a different amino acid in 
the p53 protein. The mutation at position 13432 (patient 8) results in an altered 
exon\intron splice donor site, which probably results in a defective splicing. 
The results of the immunohistochemistry, exon analysis and the sequence 
analysis are listed in Table 1.

A B GATC GATC
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codon 286 r “ 
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1 TAA

•#s •'’#*

Prim, tumour Metastasis

Figure 2. DGGE analysis of amplified 
p53 (exon 8) from patient 
number 2. Lane A represents 
the metastasis; lane B 
represents the primary tumour.

Figure 3. Autoradiograph of part of the 
sequence of p53 exon 8 patient 
number 2. The example shows 
the GAA=>TAA mutation at 
codon 286 in the metastasis, 
which results in a stopsequence.
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Tumour TNM * IHC Exon Position Codon Sequence Result
1. p T2N2bM0 - -

m - -

2. p TlN2cM0 - -

m - 8 14525 286 GAA->TAA stop
3. p T2N2aM0 - -

m + -
4. p T2N2bM0 + -

m + -
5. p T4N2bM0 + 7 14060 245 GGC->AGC Gly->Ser

8+9 14702 314 deletion C downstream stop
m + 8+9 14572 301 CCA->CCG Pro->Pro

6. p T4N2bM0 + 6 13398 213 CGA->CTA Arg->Leu
m + -

7. p T4N2cM0 - 6 13399 213 CGA->CGG Arg->Arg
7 14098 deletion 8 bases downstream stop

14098-14105
m - -

8. p T2N1M0 - 6 13432 224 GAG->GAA splice site
m - 5 13160 161 GCC->ACC Ala->Thr

6 13432 224 GAG->GAA sphce site
9. p T4N2cM0 + -

m + 4 12260 112 GGC->GGG Gly->Gly
5 13107 143 GTG->GCG Val->Ala

10. p T2N2bM0 - -
m - 5 13168 163 T AC->T A A stop

n. p T4N2bM0 - -
m - -

12. p T3N2aM0 - 8+9 sequence not determined
m - -

13. p T4N2bM0 + -
m + -

14. p T4N2cM0 + 8 sequence not determined
m + 8 sequence not determined

15. p T1N1M0 + -
m - 5 13168 163 TAC->TAA stop

Table 1: p53 overexpression and - mutations in 15 primary
head and neck tumours (p) and matched neck node metastases (m).
Detection by immunohistochemistry (IHC), denaturing gradient gel electro
phoresis (DGGE) and sequencing of the mutant bands. Numbering of the base pah- 
positions according to the p53 sequence submitted by P.M. Chumakov 
(Genebank accession X54156). TNM* stage according to pTNM classification [20].
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Discussion
Comparing the immunohistochemical analysis of the primary tumours and 
their metastases, we found a concordance of p53 protein expression in 87%. 
This, and our finding of 40% p53 mutations in primary head and neck tumours 
is consistent with other observations [10-14], Comparing immunohistochemis- 
try with DGGE and sequencing showed an overall concordance of 50%. The 
discordance between immunohistochemistry and DGGE was 53% for the PT's 
(8 patients) and 47% for the LNM (7 patients). A mutation without over
expression of the p53 protein in a single sample may be the result of the 
formation of a stopsequence, as indeed could be found in three cases. Over
expression of the p53 protein without mutation could be the result of a 
mutation or a disturbance elsewhere in the G1 cell cycle checkpoint, which 
could result in elevated protein without a detected mutation in the p53 gene 
[21-23], Therefore the absence of a correlation between p53 overexpression and 
the presence of a mutation can be explained.
The exon analysis itself showed a poor correlation of p53 status between PT 
and LNM. In our study we found the same mutation in a PT and its LNM in 
only 2 cases (13%). In one patient the LNM contained a mutation different 
from the PT. Surprisingly, in seven cases a mutation was only found in one of 
the two matched samples, either in the PT or in the LNM. In 3 patients (20%) a 
mutation was found in the PT, while the LNM did not contain a mutation. The 
opposite was observed in 4 cases (27%). The overall concordance, which 
include the patients without a mutation (5 cases) in both PT and LNM, was 
47%. Some authors, who studied small cell lung carcinoma and head and neck 
cancer patients, found a 100% concordance between mutations in primary tu
mours and their metastases [10,14,24,25]. Others, who studied prostate cancer, 
breast carcinoma, lung carcinoma and gastro intestinal adenocarcinomas [26- 
27], found similar discordances as found in our study. When we compare 
tumours from different sites of origin, we must always bear in mind that a 
wide variety in hot-spot sites exists, which differs for each tumortype and - 
location. We conclude, that the p53 mutational status is not concordant in PT's 
and matched LNM. It has been observed that HNSCC may harbour different 
p53 mutations in one and the same tumour [28]. As a p53 mutation gives rise 
to genetic instability, additional mutations could produce subclones with
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growth advantages over other tumor cells with regard to the environmental 
pressure in the tumour environment [29], Also these subclones could have an 
increased metastatic potential. The metastasis could originate from a small cell 
clone, which could be smaller than one cell in a sample of 105 or 106 cells in the 
primary tumour cell population. A cell fraction this small will not be detected 
using standard PCR methods [30]. In the case where the LNM only harboured 
one p53 mutation, while the PT harboured two mutations, the PT probably 
consisted of multiple subclones of which one gave rise to a metastatic cell [31]. 
Allthough it is generally accepted, that p53 mutations are an early event in 
HNSCC, some data point to the opposite. Additional p53 mutations can occur 
in metastatic tissue as this tissue is even more genetically unstable than its PT 
[32], The absence of a mutation in the LNM, that is present in the PT indicates, 
that the metastasis is derived from a cell clone without a p53 mutation. To 
study the clonal origin of tumours with regard to their p53 mutational status it 
is obvious that new and more selective methods need to be found. Detection 
of specific mutations in metastases by using mutation-specific oligomer probes 
seems to be a very promising technique for investigating the monoclonal origin of 
metastatic spread. With this technique it is possible to search for a specific 
mutation sequence in the PT, which has previously been detected in the 
metastasis using standard methods. Koch et al. used this technique and found 
the mutated sequence of one PT in metastases in both sides of the neck in a 
patient suffering from two synchronous primary cancers [33].
We conclude that immunohistochemistry and denaturing gradient gel electropho
resis (DGGE) are no reliable techniques in differentiating between second 
primary and metastasis, as small clones with different p53 mutations in one 
individual lesion could be missed. Other methods like direct sequence analysis, 
combined with Polymerase Chain Reaction (PCR) with mutant specific 
oligomer probes, as used by Koch et al. seem more promising [33] and are 
presently in our department in development.
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Abstract
In a wide variety of tumors, mutations in the p53 gene have been identified. 
These mutations are considered to have prognostic value. However, not all 
mutational screening methods detect all mutations, or are restricted to the 
core regions. We improved a Sequencing Based Mutation Analysis (SBMA) 
method based on direct sequencing of the complete encoding region of the 
p53 gene and the intronic regions flanking the exons. DNA from peripheral 
blood lymphocytes (PBL) and tumor tissue are sequenced to discriminate 
between polymor-phism and mutation. A number of differences with the 
previously published reference sequence are identified. Since they were 
present in all sequences, we consider these differences as corrections to the 
known, previously published reference sequence. Polymorphisms in 6 re
gions are identified, of which three in protein encoding regions. At these 
polymorphic sites, heterozygosity can be expected. Two of the 
polymorphisms describe alleles of different lengths. The corrected p53 ge
nomic sequence, including the description of the polymorphisms, has been 
submitted to the EMBL/Genbank and was assigned accession number 
U94788.
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Introduction
Alterations in the p53 tumor suppressor gene are among the most 
commonly diagnosed genetic disorders, occurring in as many as 50% of 
cancer patients (1-10). Most of these studies are restricted to the core domain, 
encoded by the exons 5 to 8. Recent data indicate that, once mutation analysis 
of exons 1-4 and exons 9-11 are included, the mutation rate is 90% or higher. 
Changes in the p53 gene are considered a critical event in the development 
of these tumors. Mutations are associated with genomic instability and with 
an increased susceptibility to cancer (11). The p53 tumor suppressor gene is 
involved in controlling cellular growth after DNA damage through 
mechanisms involving growth arrest and apoptosis (12-17). Mutations often 
lead to an increased expression of p53 protein, which can be detected by 
immunohistochemical staining (6) of tumor tissue with mutation specific or 
wild type specific anti-p53 antibodies. DNA technology used for detection 
of mutations are, single-strand conforma-tion polymorphisms (SSCP), dena
turing gradient gel electrophoresis (DGGE) (6) and direct sequencing of 
both mRNA and DNA of the p53 gene (18). Mutations have been reported 
throughout the complete gene (19,20). Mutational hotspots are recognized 
in the core domain, encoded by the exons 5 through 8 (9,10), although most 
studies are restricted to the p53 core domain (9,21). A limited number of 
polymorphisms (22-24) and many different kinds of mutations are recognized: 
single-base mutations in coding and non-coding regions, insertions, deletions 
and splice site mutations (19,20,25). Mutation identification can be used as a 
marker to differentiate between second primary tumors and metastases. PGR 
methods like SSCP and DGGE identify aberrant banding patterns, and detected 
mutations have to be characterized by additional sequencing.
To analyze the entire gene for mutations, we adapted a Sequencing Based 
Mutation Analysis (SBMA) approach comprising 9 PGR amplifications of all 
11 exons (26). PGR products were sequenced subsequently. To discriminate 
between p53 polymorphism and mutations, we sequenced the p53 gene of 
peripheral blood lymphocytes of patients with head and neck squamous cell 
carcinoma. Differences between the sequences as found in the PBL and the
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reference p53 sequence are considered polymorphism, whereas differences be
tween sequences of the tumor and PBL in individual patients indicate mutations. 
Most analyzed samples contain a mixture of tumor cells and normal cells. 
The contribution of the sequence containing the mutation therefore can be 
low compared to the wild-type sequence. For reliable identification of 
mutations, sequences were analyzed using a Multi-Sequence Analysis 
(MSA) method using two software programs POLALL and MOTALL, which 
originally were developed for identification of heterozygotes (27,28) in HLA 
typing. In MSA, sequences of many tumors are compiled. Using cluster 
analysis, sequences which differ at a single position from the other sequences are 
identified, which represents a mutation.
During development of SBMA, a number of corrections were made to the 
reference p53 genomic sequence (accession number X54156). These corrections 
were of crucial importance to be able to develop amplification primers for a 
robust PCR, which are located in the introns and encompass the entire 
exons. In addition, polymorphisms have been identified. The corrections of 
the sequence and the description of the polymorphisms have been 
submitted to the EMBL/Genbank and have been assigned the accession 
number U94788.
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Materials and Methods
DNA/RNA isolation and amplification
DNA from peripheral blood lymphocytes (PBL) was isolated according to the salting-out pro
cedure (29). DNA from tissue samples was isolated from 15 slides of 10 pm frozen tumor tis
sue. Parallel control sections were histologically examined for presence of representative tumor 
tissue. All 11 exons were amplified from DNA template in 9 PCR's. All primers are located 
within the introns. We encountered that some of the previously described primers appeared to 
be unsuitable for PCR (26); in 9 cases new primer sets were selected which avoids hairpin for
mation, duplex formation and primer-dimers. In other primers, changes had to be made based 
on corrections of the original pubhshed genomic p53 sequence. The resulting set of primers is 
listed in Table 1.
RNA was isolated with TRIzol LS reagent (Gibco, Life Technologies, Paisly, UK) according to 
the instructions of the manufacturer. For isolation of mRNA the Trizol LS reagents procedure 
(GIBCO, Life Technologies, Paisly, UK) was used. RNA was isolated from 10 slides of 20 pm 
snap frozen tumor tissue. After RNA isolation cDNA was synthesized according the Gibco pro
cedure using 3 Tg total RNA. This procedure is checked on a GAPDH PCR, a house keeping 
gene which is normally present in tissue-cells. The entire p53 mRNA is amplified in 3 overlap
ping PCR's. All primers were synthesized on a 392 ABI oligo-synthesizer (Applied Biosystems, 
ABI, Foster City, CA, USA). Except for the exon 7 amplification primers, all 5' primers were 
synthesized with an M13 template for sequencing (5' TGT AAA ACC ACC GCC ACT 3'), and 
all 3' primers an M13rev template (5' CAG GAA ACA GCT ATG ACC 3'). For the exon 7 am
plification primers, the 5' primer is synthesized with an M13rev template, and the 3' amplifica
tion primer with an M13 template. 1 U Amph Taq Polymerase (Perkin Elmer Cetus, Norwalk, 
CT, USA), 10 pmol of the tailed primers and 500 ng DNA (or 3 pi cDNA) was added to a buffer 
containing 50 mM KC1,10 mM Tris-HCl pH 8.4, and 1.5 mM MgCl2 in a total volume of 50 pi. 
PCR's from exons 6,10 and 11 were performed with a concentrahon of 1 mM MgCl2. The reac
tion mixture was subjected to a hot start and a one-cycling procedure; 3 minutes at 94 °C fol
lowed by 35 cycles (30 sec. at 94 °C, 60 sec. at 60 °C and 60 sec. at 72 °C) and terminated at 2 min 
at 72°C using a Perking Elmer Thermal Cycler (Perking Elmer Ca). The annealing temperature 
used for the amplification of exon 10 is 56°C as this was consistent with the annealing tempera
ture of the primers used.
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Fluorescent cycle sequencing and multi-sequence analysis.
A one-fourth dilution of the double-stranded PCR-product was sequenced by dideoxy-chain- 
termination method (30) using the sequence cycle kit Taq FS (ABI). Either the M13 or M13rev 
sequencing primers as previously described were used for direct sequencing of the exon tem
plate in both orientations. Sequencing cycles were as follows: 10 sec. at 96 0C, 15 cycles of 10 
sec. at 96 °C, 5 sec. at 55 °C and 60 sec. at 70 °C, 15 cycles of 10 sec. at 96 °C and 60 sec. at 70 °C. 
After cycle sequencing, the four sequence products were mixed and precipitated in 100% ethanol 
and analyzed in a 6% denaturing polyacrylamide gel in an automated DNA sequencer (ABI, 373A).

DNA Sequence analysis
Sequences were aligned with the previously published reference sequence. When all se
quences of different samples showed a same difference in both PBL and tumor as 
compared to the reference sequence, an error in reference is present. This is therefore con
sidered to be a correction to the wild-type sequence. Polymorphisms were identified as 
variations between sequences observed in PBL. Mutations were identified as differences be
tween the sequences obtained from PBL and tumor tissue. Multi-Sequence analysis (MSA) is ap
plied to identify and validate the presence of a mutation. A mutation leads to a change of the 
sequence profile at the mutated position, as compared to all other sequences. To identify the 
deviating sequence from the other sequences, we adapted two Multi-Sequence analysis software 
packages, POLALL and MOTALL, which were developed for Sequencing Based HLA typing and 
mutation analysis (27,28,31). POLALL compares sequence peak heights from many samples at each 
position and identifies those samples which significantly differ from the other sequences. Using 
smoothing algorithms, peak heights are compensated for the global inter-sequence variability. To 
detect profiles deviating by peak shape, MOTALL has been developed. MOTALL compiles sequence 
profiles of small regions, typically 10 bp long, of a number of se quences. These profiles are clustered 
into groups with similar profiles. Based on these clusters, mutations are identified as those 
profiles that differ from the majority of sequences.
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EXON
DNA-PRIMERS

DNA-PRIMER DNA-POSITION

1 5’ TTCTT CCTTC CACCC TTCA
3’ GTCCT AACAT CCCCA TCATC T

519-537
1140-1160

2/3 5’ GCTTG GGTTG TGGTG AAACA
3’ TCCAG GTCCC CAGCC CAAC

11506-11525
11940-11957

4 5’ GGGGC TGAGG ACCTG GT
3’ ATACG GCCAG GCATT GAAGT

11974-11990
12332-12351

5 5’ TGCTG CCGTG TTCCA GTTGC
3’ GAGCA ATCAG TGAGG AATCA GAGGC

12979-12998
13291-13315

6 5’ GGTTG CCCAG GGTCC CCAG
3’ TGGAG GGCCA CTGAC AACCA

13272-13290
13475-13494

7 5’ CTTGC CACAG GTCTC CCCAA
3’ AGGGG TCAGC GGCAA GCAGA

13941-13960
14158-14177

8/9 5’ GGG TGG TTG GGA GTA GAT
3' CGG CAT TTT GAG TGT TAG A

14354-14372
14815-14797

10 5' TCCGT CATAA AGTCA AACAA T
3’ CGTGGA GGCAA GAATG

17480-17500
17837-17857

11 5’ CAGGG AAAAG GGGCA CAGA
3’ CGGGA CAAAG CAAAT GGAAG T

18529-18547
18802-18822

RNA-PRIMERS
RNA-PRIMER RNA-POSITION

I 5' GCT TTC CAC GAC GGT GAC A
3’ TTG TTG AGG GCA GGG GAG TA

-58 - - 44
376- 395

II 5’ GTT TCC GTC TGG GCT TCT TG
3' CTC AGG CGG CTC ATA GGG

321- 342
653- 673

III 5’ TTG CGT GTG GAG TAT TTG GA 601- 620
3' TTA TGG CGG GAG GTA GAG TC 1123-1142

5' M13 template^): 5' TGT AAA ACG ACG GCC AGT
3' M13 rev template(*): 5'GAG GAA ACA GOT ATG ACC

Table 1: DNA and RNA primers used for sequencing based mutation analysis of the 
p53 gene. All primers have been extended with the M13 or M13 rev. 
template (*) for sequencing with universal sequencing primers.
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Results
Sequences are obtained of all 11 exons and flanking intronic regions. At 10 regions, 
listed in Table 2, these sequences showed systematic differences with the reference 
sequence. Since these differences are detected in all sequences, these differences 
are considered corrections to the p53 genomic sequence. All corrections are located 
either in the introns or in the noncoding regions of the exons. Multi-Sequence 
analysis has been applied to identify polymorphism and mutations.

Position Correction

U94788*

Previous

X54156*

Region

438 G GG Exon 1
471 TTTT TTT Exon 1
11615 GT CC Intron 1
11621 T C Intron 1
11654 T C Intron 1
11948 GGGG GGG Intron 3
11963 GGGGGG GGGGGGG Intron 3
17536 T A Intron 9
17699 C A Intron 10
18717 A T Exon 11

Table 2. Corrections to the previously published genomic 
sequence (* Accession number).
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Figure 1A (page 98) shows the sequence of the region around the third base 
of codon 213, within exon 6. At this position two peaks are identified. Since 
this sequence is obtained from PEL, this variation is considered a poly
morphism. In figure IB, a POLALL analysis from this position is applied. 
Each marker indicates one sequence. At the horizontal axis, the G-peak 
height and at the vertical axis the A-peak height is shown. Both forward and 
reversed sequences are shown. All but four sequences have an A-peak only. 
No sequence contained a single G-peak. Four sequences show both an A as 
well as a G peak, indicating heterozygosity; two forward and two reversed 
sequences, obtained from one sample, which was amplified and sequenced 
twice in both orientations. The A-peaks of these four sequences are about 
half the size of the A-peaks of the remaining sequences. Since this variation 
is identified in PBL, this variation is considered a polymorphism. Moreover, 
the sample is obtained from healthy blood donor. The two variants 
described by this polymorphism have identical amino-acid sequences. All 
sequences have been analyzed in a similar way. Polymorphisms have been 
identified at 6 regions, which are listed in Table 3. One polymorphism 
involves the presence or absence of an "A" in exon 1. This however, is in the 
non-coding region and has no influence on the translated protein. In intron 
2, a repeat of the motif ACCTGGAGGGCTGGGG has been identified which 
has been found once or twice in the sequence. Both alleles have been identified 
homozygous as well as heterozygous in individuals. The four remaining 
polymorphisms involve single-base substitutions. Three are in the encoding 
regions. One results in a different amino acid, in which case at codon 72 an 
arginine (R) or proline (P) can be expected in the p53 protein.
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Position Nucleotides in alleles Region Codon Amino-acid
Change

606 A present or absent Exon 1
11827 G or C Intron 2
11951 (ACCTGGAGGGCTGGGG)n. Intron 2
12032 G or A Exon 4 36 silent
12139 G or C Exon 4 72 Arg/Pro
13399 A or G Exon 6 213 silent

Table 3. Polymorphism identified in PEL and tissue (n=l,2).

The application of MSA for mutation detection is illustrated in Figure 2 (page 99). 
In Figure 2A, the profiles of positions 580 to 590 in exon 6 of six sequences were 
compiled. The profile of the same region of a tumor includes an A to T mutation at 
position 583, which is shown in figure 2B (arrow). The T-peak is low, but can be 
recognized. The significance of the T-peak is analyzed using POLALL. POLALL 
analysis of 21 sequences, forward and reversed of position 583 (figure 2C), shows 
that the T-peak in the tumor significantly differs from all other sequences. The sig
nal reduction of the A-peak directly indicates the relative contribution of the mu
tated p53 gene, which is in this example 25-30%.

Discussion
p53 mutations have been identified in a wide variety of tumors. Mutations have 
been identified throughout the entire gene. However, the relation to the actual 
mutation and carcinogenesis is still not clear. To understand the influence of p53 
mutations on carcinogenesis, all mutations should be characterized in the 
complete encoding region of the p53 gene through direct sequencing.
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IA G<GA>C A TAG

IB

sz
CT
0)x:
CO
<0
CL

Forward

Reverse

Position 639 
30 sequences

A Heterozygotes

G peak height -------►
Figure 1. A: Part of the sequence showing the polymorphism in exon 6. In the sequence, 

at position 639. two nucleotides, “G” and “A”, can be identified, as indicated 
between brackets. B; POLALL analysis of this position. 30 sequences have 
been analyzed. Each marker indicates a sequence. At the horizontal axis G- 
peak height is shown. At the vertical axis the A-peak signal. Four sequences 
having both A and G-peaks.
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CTT A ICC GAGT

Position
583

CTT A TCC GAGT

Position
583

21 p53 sequences 
Exon 6 , position 583

■ Forward 
* Reversed 

t = Tumor

A peak height -------►
Figure 2. Multi-sequence analysis of a region in exon 6 of the p53 gene.

A; the compiled profiles of positions 580 to 590 of six sequences.
B; Profile of the same region of a tumor, with an “A” to “T" mutation at 
position 583 (arrow). C; POLALL analysis of 21 sequences of position 
583.The two sequences obtained from the tumor significantly differ from 
all other sequences (t=tumor).
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In many tumors, overexpression of mutated p53 protein is often observed. The 
high expression levels in some tumors may make single-cell assays possible, 
which can be used to study the heterogeneity within tumors. Mutation analysis 
based on sequencing cDNA will identify mutations located in coding regions 
of the p53 gene. However, mutations which do not lead to overexpression will 
not be identified, such as splice site mutations, deletions or insertions leading 
to frame shifts and mutations prohibiting functional protein, like point 
mutations leading to the introduction of a stop-codon. The cDNA sequencing 
protocol can be applied to frozen tissue, but not to paraffin embedded tissue, 
which restricts retrospective studies. To be able to identify all mutations, in
cluding mutations in paraffin embedded tissue, sequencing of all exons and 
flanking intronic regions of the genomic p53 gene is necessary. The SBMA is a 
direct and controlled method to reliably identify mutations. In 9 PCR reactions, 
which subsequently are sequenced, sequences of all 11 exons of the p53 gene 
and their flanking intronic regions are obtained. By comparison of the 
sequences, corrections to the reference were made at six regions, which had 
direct consequences for primer design. In addition, polymorphisms are 
identified at six regions, by comparing sequences from PBL of different 
samples. Two polymorphisms define alleles with different lengths. Only one 
polymorphism results in an amino-acid difference.
To understand the influence of p53 mutations on carcinogenesis, sequence 
data, immunohistochemistry, loss of heterozygosity (LOH) and clinical data 
should be considered. Combining the developed technique with mutation 
detection on single cells, or small cell areas allows the analysis of 
heterogeneous tissue, preinvasive lesions such as dysplasia and invasive can
cer, leading to possibilities for earher diagnosis.
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p53 diagnostics in HNSCC patients

Abstract
Mutation analysis of the p53 gene enables differentiation between second primary 
tumors and metastases in patients with multiple head and neck squamous cell 
cancers (HNSCC). Current knowledge on p53 mutations is derived mainly from 
exon analysis of the p53 core domain, and subsequent sequencing of individual 
exons from tumor tissue only. However, a reliable mutation analysis requires 
examination of the entire mRNA coding DNA region as well as DNA analysis of 
healthy tissue of the patient to distinguish p53 gene polymorphism versus 
mutation. To optimize the use of p53 gene mutations in determining clonal re 
lationships between HNSCC lesions developing at different sites and/ or times, we 
developed an analysis which discloses the presence of multiple tumor clones with 
different mutations and minute numbers of mutated cells against a background of 
cells having the wildtype p53 sequence. This analysis is applicable on frozen as 
well as on paraffin embedded tissue.
In 11 selected HNSCC patients, p53 mRNA and DNA isolated from frozen 
tumor tissue and DNA from matched peripheral blood leucocytes (PBL) 
were investigated by sequence analysis. The wildtype p53 sequence proved 
to be different from the previously published sequence at 11 positions. 
Transversions, transitions, splice site mutations, mutations affecting mRNA 
processing only and polymorphisms were identified.
In two patients with multiple tumor lesions the mutation specific oligo ligation 
assay (OLA) characterized new primary lesions as well as metastases. OLA 
primers were selected based upon mutations identified by sequence analysis. 
We conclude that diagnostic p53 mutation analysis can reliably be applied 
to differentiate between metastatic lesions and multiple primary tumors in 
HNSCC patients.
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Introduction
Today, head and neck squamous cell cancer (HNSCC) represents the fourth 
most common tumor among males worldwide (1). As such, it has become a 
major health problem, as the overall survival rate of these patients has re
mained at approximately 50% over the last three decades (2). The two main 
problems encountered after treatment of the primary tumor are the occurrence 
of locoregional recurrent disease (3,4) and the appearance of subsequent 
primary tumors (SPT) of the head and neck, as well as in lung and esophagus. 
The frequency of new malignancies in the upper aerodigestive tract in pa
tients with head and neck cancer has reported to be 4% per annum (5). The 
most commonly accepted theory explaining the occurrence of SPT is the oral 
field cancerization theory (6). As the entire mucosa of the aerodigestive 
tract is exposed to the carcinogens that caused the primary tumor to arise, 
other mucosal areas also sustain irreversible damage. Further damage to 
these areas gives rise to subsequent independent invasive tumors. This con
cept has been supported by several studies (7-9). Based on findings in mul
tiple bladder tumors some authors prefer a monoclonal theory. This latter 
theory assumes lateral migration of tumor cells as well as seeding in mucosal 
erosions to explain the occurrence of multiple tumors in HNSCC (10). Sup
port for a widespread intra epithelial distribution of mutated cells arising 
from a single clone comes from a study on bronchial dysplasia in which 
both lungs were shown to contain cells with the same mutation (11). 
Differentiation between SPT and metastases is often equivocal as standard 
histopathologic parameters are insufficient to determine with certainty the 
nature of additional HNSCC lesions, because all share the histopathology of 
squamous cell cancer. This distinction however is essential for adequate 
therapy and prognosis assessment because in some cases a SPT can be 
treated with a curative therapeutic regimen, whereas in the case of metastases 
the patient suffers from disseminated disease. Therefore, additional diagnostic 
methods are needed for differentiation between SPT and metastases in 
HNSCC. Such methods could be based on the detection of tumor-associated 
DNA alterations.
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Among these are microsatellite alterations indicating loss of heterozygosity 
(LOH) at chromosomal regions 3p and 9p and the pattern of X-chromosome 
inactivation. The value of 3p/9p alterations as clonal markers does not appear 
to be clear as they may differ in individual lesions and may be the same in dif
ferent lesions, while they are not related with the invasive tumor stage (12-16). 
Furthermore, as the majority of HNSCC patients are male, pattern of X-chromo- 
some inactivation as marker of clonality will have only limited applicability (10). 
p53 mutations bear more promises as clonal marker, as in HNSCC p53 
changes are associated with the acquisition of the malignant phenotype and 
mutations occur in up to 80% of HNSCC. (9,17-19). However, routine use of 
p53 mutation analysis requires some points to be elucidated beforehand. At 
first, p53 gene alterations have mostly been studied by methods like Single 
Strand Confirmation Polymorphism (SSCP) or Denaturing Gradient Gel 
Electrophoresis (DGGE) employing selective amplification of exons in the 
conserved region of the gene only, the so called core domain (exons 5 until 
8). Therefore one may underestimate the real incidence of p53 gene muta
tions, unless these techniques are used to study all exons of the p53 gene, 
including the intron boundaries of the exons (20).
Moreover, if not completed with subsequent sequencing, these techniques 
do not provide information on the exact site and nature of the mutation, 
which prohibits the subsequent use of mutation specific assays (21-23). Direct 
sequencing of DNA as well as mRNA makes a foregoing SSCP or DGGE step 
unnecessary and offers a more direct way to the application of mutation 
specific assays (24-26).
Secondly, p53 polymorphisms do occur that may mimic mutations (27-30). 
As polymorphisms can be mistaken for mutations it is imperative that p53 
aberrations are confirmed by analysis of healthy tissue of the patient.
In the third place, polyclonality poses a diagnostic problem as currently 
used techniques detect only the most predominant cell population, while 
small populations which could harbor different p53 mutations may remain 
undetected (31,32). The clinical relevance of polyclonality is exemplified by 
the occurrence of discordances in p53 gene status present between primary 
tumors and metastases (32-35); at different locations, a different environment 
may allow outgrowth of different clones of one and the same tumor.
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If this polyclonality occurs often, it may make p53 mutation analysis unreliable 
as basis for tumor identification.
Considering the diagnostic problems mentioned earlier our aim was to de
velop a p53 mutation analysis that allows the analysis of all exons of the p53 
gene by DNA and mRNA sequencing to detect mutations, including those 
outside the core-domain. At the same time this mutation analysis should 
allow the differentiation between mutations and polymorphisms, as well as 
the detection of small clones in both frozen and paraffin embedded tissue. The 
applicability of our sequence based mutation analysis strategy is demonstrated 
here in 11 patients with HNSCC and in two autopsied patients with oral squa
mous cell cancer as well as tumor deposits elsewhere in the respiratory tract.

Materials and Methods
Patients and histology
Among the HNSCC patients that underwent surgery, ] 1 patients were defined for 
their p53 mutations in mRNA and DNA of tumor tissue and peripheral blood lympho
cytes (PEL), Additionally, two autopsied HNSCC patients were analyzed. Patient I 
had a T4N1M0 carcinoma of the oral cavity as well as tumor lesions in bronchial tree, 
lung and adrenal gland; patient II had a T1N0M0 carcinoma of the oral cavity as well 
as multiple tumor deposits in the lung (36). Tumor tissue obtained either at surgery or 
autopsy was snap frozen. Conventional histologic diagnosis was established by exami
nation of Hematoxylin/Eosin and PAS stained tissue sections from formalin fixed and 
paraffin embedded tumor tissue. Frozen tissue sections were examined for the presence of 
representative tumor prior to DNA or mRNA isolation.

DNA/RNA isolation and amplification
RNA was isolated with Trizol LS reagent according to the instructions of the manufac
turer (Life Technologies, Paisly, UK). RNA was isolated from 10 sections of 20 pm 
snap frozen tumor tissue. cDNA synthesis was performed with 1 pg 01igo-(dT)15 
primer (Promega, Madison, Wi, USA), 200 units Superscript™ RNAse H-reverse transcrip
tase (Life Technologies) and 3 pg RNA. As a control for RNA isolation and cDNA syn
thesis a glyceraldehyde phosphate dehydrogenase (GAPDH RT) PCR was performed. 
Full length p53 mRNA is amplified and sequenced in 3 overlapping PCR's. DNA from 
PEL was isolated according to the salting-out procedure (37). DNA from frozen tumor 
tissue was isolated from 10 sections of 20 pm using the QiaAmp Tissue Kit (Qiagen 
GmbH, Hilden, Germany). All 11 p53 exons were amplified from DNA templates in 9 
PCR’s. Due to corrections in the original p53 gene sequence (EMBL U94788), original 
amplification primers were modified (29). All primers were synthesized on a 392 oligo-
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synthesizer (Applied Biosystems, ABI. Foster City. CA, USA); Except for the exon 7 
amplification primers, all 5’ primers have been elongated with an -21M13 sequencing 
template (5' TGT AAA ACG ACG GCC AGT 3') and all 3' primers with a M13-reverse 
template (5’ CAG GAA ACA GOT ATG ACC 3'), For the exon 7 amplification primers, 
the 5' primer was synthesized with the M13rev template and the 3' amplification 
primer with the M13 template. PCR conditions for the amplification of DNA and cDNA 
were identical. PCR was performed in a 50 pi solution containing 50 mM KC1. 10 mM 
Tris-HCl pH 8.3, 1.5 mM MgCU. 1 U Ampli Taq DNA Polymerase (Perkin Elmer. 
Norwalk. CT, USA), 10 pmol of the tailed primers, 0.2 mM each dNTP and 500 ng 
DNA (or 3 pi cDNA). The PCR of exons 6. 10 and 11 were performed with a concentra
tion of 1 mM MgCl2. The reaction mixture was subjected to a hot start by denaturing 
at 94 °C for 3 minutes, followed by 35 cycles (30 sec. at 94 °C, 60 sec. at 60 °C and 60 
sec. at 72 °C) and terminated at 2 min at 72 °C using a Thermal Cycler (Perkin Elmer, 
P9600). For exon 10 a 56 °C annealing temperature was used.

Fluorescent cycle sequencing and multi-sequence analysis.
The double-stranded PCR-product was sequenced by dideoxy-chain-termination method 
(38) using the Dye Primer Cycle Sequencing Ready Reaction Kit with Taq FS (ABI). Either 
the -21M13 or M13-reverse sequencing primers were used according to kit protocol for 
direct sequencing of the amplified exon in both orientations. After cycle sequencing, 
sequence products were separated on a 6% denaturating polyacrylamide gel using an 
automated DNA sequencer (373A, ABI). Mutations were identified by software analysis, 
which enables the reliable detection of secondary peaks in the sequence (39).
Multi Sequence Analysis was performed to validate the distinction between back
ground and mutations by comparing sequence profiles of many samples (40).

Mutation detection in small tumor cell clones
An oligo ligation assay (OLA) was used to detect small tumor cell clones in patient I 
(41,42). The primary tumors of the oral cavity and the bronchial tree were identified 
by mRNA/DNA mutation analysis. For the OLA reaction a PCR was performed to am
plify the appropriate exon with DNA template from tissue samples of patient I. After 
PCR, Ampli Taq was heat inactivated for 20 minutes at 100oC. A 10 pi aliquot of the 
amplified exon was combined with 10 pi of OLA reagent. The OLA reagent consists of 
4 units thermal stable Taq ligase (New England Biolabs, Beverly, MA, USA), 2 pi lOx li- 
gase buffer (New England Biolabs), 5 pi OLA probe mix containing 10 nM of each of the 
four primers and distilled water to a total volume of 10 pi. The 3' allele discriminating 
probes are elongated at the 5' end of the probe with different numbers of penta-ethylene 
oxide (PEO) units, creating different mobilities in gel length analysis (43). The 3' wild- 
type probe sequence is: 4PEO-GATGGGCCTCCG. The 3' probe sequence of the mutation 
at position 742 is: 5PEO-GATGGGCCTCCA. The 3' probe sequence of the mutation at 
position 743 is: 6PEO-GGATGGGCCTCAG. The 5' probe sequence is identical for wild- 
type and mutations: P-GTTCATGCCGCCT-6-FAM (6-carboxy-fluorescein). The OLA
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reaction was performed in a thermal cycler (9600, Perkin Elmer) with a protocol consisting 
of 10 cycles of 94°C for 10 sec. and 50°C for 3 min., terminated at. 100°C for 10 min. The OLA 
samples were analyzed on a 6% denaturating polyacrylamide gel by gene scanning (373A, ABI). 
The gel loading solution consisted of 2 ul of the OLA reaction, 2.5 gl genescan loading buffer 
and 0.5 gl 8nM 350-Rox size standard (Perkin Elmer). The gel was analyzed (GeneScan analy
sis 2.0.0, ABI) and the positions and peak sizes were determined with Genotyper 1.1 
software (ABI).

Results
Histology
Histologic examination of paraffin embedded head and neck tumor tissue 
from all 11 patients resulted in the diagnosis of squamous cell carcinoma, as 
exemplified by the presence of polymorphous keratinocytes and formation 
of keratin pearls. In patient I of the two autopsied patients the oral tumor 
was a squamous cell carcinoma (figure 1A), whereas the lung tumor as well 
as the bronchial and adrenal gland tumors were adenocarcinomas (Figure 
IB and 1C). In patient II the oral cavity lesion as well as the lung lesions 
were squamous cell carcinomas.
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Figure 1. Histology of multiple tumor lesions in patient I. Figure 1A shows an oral tumor.
composed of atypical squamous cells, exhibiting keratinization. diagnosed 

as squamous cell carcinoma (Hematoxylin and eosine; X 100). Figure IB shows the lung lesion 
which is composed of polymorphic epithelial cells lining lumina (Hematoxylin and 
eosine: X 400), diagnosed as adenocarcinoma. Figure 1C shows PAS staining of the lung 
lesion. Mucus forming is exhibited by the presence of PAS positive material (PAS: X 400).
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Figure 2. Mutation analysis showing wildtype p53 sequence and the mutations at position 
742 and 743 in patient I in DNA mRNA and as detected with Oligo Ligation As

say (OLA)- mRNA analysis reveals a different mutation in the oral cavity and in the lung tu
mor with its metastases (bronchial tree, adrenal gland), which is compatible with two different 
primary tumors. The results when using DNA analysis, are not conclusive in all metastatic 
lesions (adrenal gland, lung). OLA analysis however shows the mutation of the lung tumor in 
all metastatic lesions. In OLA analysis numbers represent fragment length. Wildtype p53 is 
found approximately at fragment size 32.50. The mutation at position 742 (second primary 
lung tumor) is found approximately at fragment size 34.50, while the mutation at position 743 
(first primary oral cavity tumor) is found approximately at fragment size 36.50. All fragment 
sizes are within the limits of standard deviation of the expected fragment sizes.
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KNA/DNA sequence analysis
In the tumor samples polymorphisms and mutations were encountered. Six 
different polymorphic positions were identified by DNA analysis (Table 1). Two 
were found in introns and 4 in exons of which one in an untranslated part of the 
p53 gene (exon 1, deletion of adenosine, position 606). The intron 2 polymorphism 
at position 11827 is found homozygous G and heterozygous G/C. The intron 3 
polymorphism at position 11967 is a heterozygous 16 nucleotide insertion repeat. 
At this position the homozygous insertion repeat has not been found. In the case 
where the heterozygous insertion repeat is present, sequence analysis is 
impossible due to the resulting frame shift. The occurrence of intron poly
morphisms did not result in a difference in mRNA transcription.
Three polymorphic positions were found in exons within the core domain. In exon 
4 two polymorphic positions were found: one at position 12032, codon 36 
(homozygous G and heterozygous G/C), the other at position 12139, codon 72 
(homozygous G, homozygous A and heterozygous G/A). The polymorphism in 
codon 36 is a third base substitution and encodes for the same amino acid, while 
the polymorphism in codon 72 is a second base substitution and encodes for two 
different amino acids (Arg/Pro). In exon 6 a polymorphism was found at position 
13399, codon 213 (homozygous A and heterozygous A/G). This polymorphism is 
a third base substitution and does not encode for a different amino acid.

intron/
exon

polymorphism DNA
position

RNA
position

codon

exon 1 del A 606 -369
intron 2 G/C 11827
intron 3 ins 16 nucl 11967
exon 4 G/A 12032 108 36
exon 4 G/C 12139 215 72
exon 6 A/G 13399 639 213

Table 1. Polymorphisms of p53 DNA sequence as defined with 
Sequencing Based Mutation Analysis.
(del = deletion; ins = insertion; nucl = nucleotides)
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The mutations as found in 11 HNSCC patients are listed in Table 2. One 
insertion was found, i.e. in patient 1 at position 12134 (exon 4; G insertion). 
The resulting frame shift resulted in a stopcodon (codon 148). Also, patient 
1 proved to be heterozygous for both polymorphism at position 12139 
(G/C) and 11827 (G/C). In Table 2 heterozygosity is indicated at a certain 
position by the nucleotides between brackets. Two deletions were found. In 
patient 2 a 6 nucleotide deletion was found in exon 5, resulting in a replacement of 
three amino acids (Lys/Thr/Cys) by one (Asn). In patient 3 a 6 nucleotide 
deletion was found in exon 7, resulting in a replacement of three amino acids 
(Arg/Pro/He) by one (Asp). This patient was heterozygous for the polymor
phism at position 13399 (A/G). Of the two transversions found, patient 4 
showed a G-A transversion at position 13319 in exon 6 (splice junction) by 
DNA analysis, whereas mRNA analysis revealed wild type p53 sequence 
only. In patient 5 a G-A transversion was found at position 17571 in exon 10 
(splice junction), resulting in a stopcodon (codon 334). PCR of the mRNA of 
this sample showed two fragments. Cloning of the two PCR fragments, 
followed by sequence analysis, showed a deletion of exon 10 (107 bp) in one 
allele. Of the 5 transitions found, patient 6 showed a G-C transition at position 
13319 in exon 6 (splice junction). mRNA analysis showed a deletion of 16 
nucleotides (RNA position 560-575), resulting in frame shift and a stopcodon 
(codon 241). Also, a heterozygous polymorphic insertion repeat (position 
11967) and heterozygous polymorphic at positions 12032 (G/A) and 11827 
(G/C) were found. In patient 7 an A-T transition was found at position 
13169 in exon 5, resulting in a stopcodon (codon 164).
The polymorphic insertion repeat (position 11967) and heterozygous polymorphic 
position 12032 (G/A) were found. In patient 8 an A-T transition was found at 
position 13343 in exon 6, resulting in a different codon encoding for a different 
amino acid (Ile=>Phe). In this patient the polymorphic insertion repeat was found 
(position 11967). In patient 9 a T-G transition was found at position 14091 in exon 
7, resulting in a different codon (Ile=>Ser). In patient 10 a G-T transition was found 
at position 14466, resulting in a different codon (Gly=>Val). In this patient 
heterozygous polymorphic position 606 was found (deletion A).
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Patient DNA
change

DNA
position

RNA
position

RNA
change

codon/ polymorphisms
protein

i ex.4 ins G 12134 210 frame 148 (stop) 12139 (G/C)
shift 11827 (G/C)

2 ex. 5 del 6 13096-101 417-22 del 6 Lys/Thr/Cys=>Asn

3 ex.7 del 6 14072-78 745-52 del 6 Arg/Pro/Ile=>Asp 13399 (A/G)
4 ex.6 G=>A 13319 wt wt
5 ex.10 G=>A 17571 994-1100 del ex. 10 334 (stop)
6 ex.6 G=>C 13319 560-75 del 16 241 (stop) 11967(R)

12032(G/A)
11827 (G/C)

7 ex.5 A=>T 13169 490 A=>T 164 (Lys=>stop) 11967 (R)
12032 (G/A)

8 ex.6 A=>T 13343 583 A=>T 195 (Ile=>Phe) 11967(R)
9 ex.7 T=>G 14091 764 T=>G 255 (Ile=>Ser)
10 ex. 8 G=>T 14466 797 G=>T 266 (Gly=>Val) 606 (del A)
11 ex.5/6 wt 13055-238 del ex.5 11827 (G/C)

13320-23 del part ex. 6
12993-3007 ins 11 nucl. intron 4

Table 2. p53 mutations and polymorphism found in head and neck cancer patients.
All polymorphisms encountered are heterozygous, indicated by nucleotides 
between brackets. wt= wildtype p53 sequence, del = deletion, ins = inser 
tion, R=repeat.

In patient 11 DNA analysis revealed wildtype p53 sequence. mRNA analy
sis showed wildtype p53 sequence from exon 1 to exon 4, whereas exon 5 
and the first 4 nucleotides of exon 6 were replaced by an 11 nucleotide se
quence (5' TTG CTT TAT CT 3') derived from intron 4 (pos. 12993-13007). 
The mRNA alteration did not result in frame shift, nor were stopcodons in
troduced, but as a result 63 were replaced by 4 amino acids. In this patient 
one heterozygous polymorphic position was found (11827; G/C).
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Application in two autopsied patients
Sequence analysis of the oral cavity carcinoma of patient I showed a G-T transition 
at mRNA position 743 (exon 7, codon 248, third base substitution, Arg=>Leu), 
whereas sequence analysis of bronchial tree lesion showed a C-T transversion at 
mRNA position 742 (exon 7, codon 248, second base substitution, Arg=>Trp). In 
Figure 2 mRNA sequencing based mutation analysis is compared with DNA 
sequencing and mutation detection by the oligo ligation assay (OLA). Part of the 
wildtype sequence (mRNA and DNA) is shown along with the wildtype OLA frag 
ment (32.49). In the oral cavity mRNA sequencing shows the mutation at position 
743, whereas in DNA analysis this mutation could be assigned only after multi 
sequence analysis. OLA analysis of the oral cavity shows a small wildtype 
fragment (32.49) and a mutant fragment (36.70), which is characteristic for this 
mutation. In the lung lesion a C-T transversion is found in mRNA sequencing, 
whereas DNA sequencing shows an additional peak, besides a C and T peak. OLA 
analysis however shows the wildtype fragment (32.40) and the mutant fragment
(34.66) , characteristic for the mutation at position 742. The bronchus shows results 
comparable to the lung lesion. In the adrenal gland mRNA sequencing shows the 
C-T transversion, whereas in DNA sequencing no mutation can be found. OLA 
analysis shows a large wildtype fragment (32.52) and a small mutant fragment
(34.67) . All OLA fragment sizes are within the limits of standard deviation of the 
expected fragment sizes (wildtype at position 32.50; mutant at position 742 34.50; 
mutant at position 743 36.50).
Patient II had synchronous lesions at three different locations in the lung 
and one in the oral cavity. In all lesions DNA sequence analysis revealed a 
G-A transversion at mRNA position 159 (exon 4, codon 53, Trp=>stop). 
mRNA analysis showed p53 wildtype sequence. In both patients tumor 
samples were obtained at autopsy and therefore no PBL was available to 
exclude polymorphisms mimicking mutations.
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Discussion
In this study we developed a two-step strategy for identifying p53 mutations 
encompassing all exons and exon boundaries of the p53 gene, allowing the 
differentiation between polymorphisms and the detection of small tumor 
clones. In following this strategy we found differences in the wildtype 
sequence at 11 positions (EMBL U94788). As a result a modification of the 
original amplification primers, which is described in detail elsewhere, 
proved to be necessary (29, Chapter 5).
We documented p53 polymorphisms in HNSCC patients, with PBL as a control 
for the patients wildtype sequence. Four exon polymorphisms were identi
fied, of which two previously have been described as p53 mutations (27-30). 
Therefore, analyzing healthy control tissue from each patient is required to 
prevent confusion in the interpretation of detected p53 aberrations. The distinction 
between exon polymorphisms and germline mutations is not always clear, but 
as three of these polymorphisms did not result in an altered amino acid se
quence, we conclude that they are polymorphisms. The fourth polymorphism 
at DNA position 12139 (codon 72) which has been reported previously results 
in an amino acid change (Arg=>Pro) and could therefore be judged to be a 
germline mutation. In syndromes like Li-Fraumeni p53 germline mutations are 
common, giving rise to multiple tumors at an early age (44,45) and likewise, in 
HNSCC patients germline mutations could play a role. The significance of p53 
germline mutations for the genesis of HNSCC needs further exploration.
Intron polymorphism have, until recently, been practically ignored, although 
immense effort has been put in p53 research. Its importance was addressed by 
Ge et al. (20), who found an increased frequency in peripheral blood of 
adenocarcinoma patients of the same intron 2 polymorphism at position 11827 as 
was found in our study in patients 1, 6 and 11. In this study 1 additional intron 
polymorphism was observed in patients 6, 7 and 8, which is the intron 3 repeat of 
16 nucleotides at position 11967. This intron polymorphism has not been reported 
in previous studies. The importance of intron polymorphisms remains to be eluci
dated, as an effect on survival rates in some patient groups has been reported (20).
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The 11 selected patients (Table 2) illustrate the various types of mutations found: 
insertions, deletions and point mutations (transitions and transversions), found in 
both DNA and mRNA of the p53 gene. RNA deletions of several nucleotides 
could be the result of single splice site mutations detected by DNA sequence 
analysis. Differences in the effect of splice site mutations on mRNA processing, as 
was shown in patients 4,5,6 and 11, might be explained by the presence of 
alternative splice sites. In patient 11 an aberrant mRNA sequence was found, 
whereas a mutation could not be identified in DNA. This can be due to a mutation 
elsewhere in the intron, which might lead to an alternative splice site, resulting in 
deletion of exon 5 and part of exon 6. Remarkably, 11 nucleotides of intron 4 were 
inserted. The result of this substitution was a mutant p53 protein in which 63 
amino acids were replaced by four, being the intron insertion processed into p53 
mRNA. As this patient was previously irradiated, the mutation could be the result of 
the DNA damaging effect of the initial treatment. In 7 of the 10 patients mutations as 
well as polymorphisms were found. As we studied 11 patients that were defined by 
their p53 mutation to optimize our mutation analysis method, no conclusions can be 
drawn as to the possible association of certain polymorphisms to mutations.
The efficacy of the combined mutation analysis and OLA approach is illustrated in 
the two autopsied patients. In patient I, mutations could be detected by mRNA 
sequence analysis in all lesions investigated. The superiority of mRNA analysis 
above DNA analysis was shown in this patient as DNA sequencing was either 
inconclusive, Le. in the adrenal gland, whereas in other lesions (oral cavity, lung) 
additional multi sequence analysis of DNA sequence data was necessary to 
identify a mutation. When, on the other hand, mRNA sequencing is impossible 
due to lack of appropriate tissue, DNA sequencing has to be performed with sub
sequent multi sequence analysis to identify mutations. Once mutations have been 
identified within one individual lesion, the OLA analysis can be done to assess its 
clonal relationship with tumors occurring at other sites and/ or times. In case of a 
common clonal derivation, the mutation specific OLA will detect the mutation, 
was found in the initial lesion, in other lesions as well, even if this is not found 
with DNA sequencing as was shown for patient I's adrenal gland (Figure 2). 
Therefore, the most reliable and efficient approach is to identify mutations in 
mRNA sequencing on snap frozen tissue and employ OLA to assess if other 
lesions have the same mutation. In this way, patient I could be shown to have 2
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primary tumors: a single oral lesion and a diffusely disseminated lung cancer. The 
more cumbersome method of DNA sequencing of all lesions was employed in 
patient II for technical reasons; identical mutations found in oral cavity and lung 
were compatible with oral cancer having metastasized to the lung.
Preliminary results indicate that OLA analysis is applicable on paraffin embedded 
tissue (data not shown). Therefore, OLA analyses covering most of the 
frequently identified p53 mutations, are currently under development for easy 
and standardized tracing of tumor clones. Finally, in our approach no radioactive 
hybridization procedures are necessary, in contrast to other mutation specific 
detection methods (22,23). We conclude that this accurate p53 mutation strategy 
allows efficient analysis of all p53 exons and exon borders in DNA and mRNA 
and distinguishes p53 polymorphisms from mutations. With OLA mutation 
identification technology, small tumor clones can be detected in tumors harboring 
multiple p53 mutations and in tissue against a background of wildtype sequence. 
In this way p53 can be used as a clonal marker in HNSCC patients.
As mentioned above, in patient I of the two autopsied patients (Figure 2), we 
found two mutations within one codon, encoding for two different amino acids, 
respectively the oral lesion on one hand and all other lesions on the other hand, 
which we interpreted as evidence for two different tumor clones, thus indicating a 
separate origin of oral cavity and lung cancer. It could, however, also indicate a 
common clonal origin for both tumors if the different mutations are the result of a 
defectively repaired thymidine bridge by the cellular DNA repair mechanisms, as 
is often the case in genetically unstable tumors. In this way two clones arise from 
the same mutational event, but with the thymidine transversion corrected at 
different sites in the different clones. In the following process of tumor 
progression, one clone may have expanded in the oral cavity, the other in the 
lung. In that case lesions could be falsely judged to be derived from a different 
clone. However, it is clear from histopathologic examination of the tumor spec
imen in patient I that the oral cavity carcinoma is a squamous cell carcinoma, 
whereas the lesion of the bronchial tree is an adenocarcinoma. Therefore, both 
tumors are definitely two independent tumors, which is confirmed by the 
different mutations found in oral cavity and lung.
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Beyond the p53 core domain

Abstract
The p53 core domain (exons 5-9) has predominantly been studied, since mutations 
outside this region are assumed to be rare. Such studies however cannot explain 
discordances between p53 protein overexpression and -gene analyses. We studied 
25 consecutive patients with primary, untreated head and neck squamous cell 
carcinoma to evaluate a newly adapted p53 mutation analysis strategy. This 
consists of sequencing all 11 p53 exons and the complete p53 mRNA, 
immunohistochemistry and loss of heterozygosity (LOH) at the TP53 locus. We 
encountered p53 mutations in 91% of patients; 33% of these were located outside 
the core domain. Protein overexpression was found in 64%; LOH in 52% of the 
patients. In 1 case, p53 overexpression occurred without p53 gene mutations.
We conclude that sequencing of all exons of the p53 gene is vital, as 33% of all 
mutations are located outside the core domain. By analyzing the entire p53 gene, 
we found concordancy between type of mutations and immunohistochemical 
findings in 96%. With LOH, we detect a lower percentage of p53 alterations. Thus, 
mutation analysis has to be preferred above LOH in detecting tumor cells.
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Introduction
High percentages of p53 mutations in head and neck squamous cell carcinoma 
(HNSCC) have been reported over the last decade, indicating that changes 
in the p53 gene play an important role in HNSCC tumorigenesis. p53 analyses 
were performed by molecular biological methods such as Single Strand 
Conformation Polymorphism (SSCP), Denaturing Gradient Gel Electrophoresis 
(DGGE) and subsequent sequencing of the PCR product.1 With these methods 
the so-called conserved region of the p53 gene, represented by exons 5-9, was 
mainly studied. The justification for studying only this part of the p53 gene 
was provided by earher reports suggesting that mutations outside this region 
rarely occur and that mutations outside the evolutionary conserved regions are 
of lesser importance for p53 function.2,3
A more indirect way to analyze p53 changes consists of immunohistochemical 
(IHC) detection of the p53 protein. Because of the increased half-life time of 
mutated protein versus wildtype protein, presence of p53 protein in histological 
sections has generally been considered to indicate p53 mutation although some 
precautions have been stressed in the course of time.4 Reasons for this precaution 
are the frequently reported discordances between IHC and gene analyses.5 In 
general, p53 studies regarding protein overexpression report higher incidences of 
p53 aberrations than studies concerning the core domain of the p53 gene itself. 
In contrast, lower incidences of overexpression were to be expected as some 
mutations produce stopsequences and do not lead to overexpression. As a 
possible explanation until now not extensively explored, has always been 
forwarded that mutations may occur elsewhere in the p53 gene. Secondly, current 
gene analysis techniques may be limited in their ability to detect small populations 
of tumor cells against a background of wildtype p53 gene located in infiltrating 
lymphocytes and stroma cells, that surround the tumor.
Recently, we developed a new p53 gene analysis strategy, which was tested 
in a selected patient group at our institute (Chapter 5). This strategy 
comprises direct sequencing of all 11 exons and mRNA of the p53 gene. As 
previous discordances between mutations and IHC were frequently 
explained by the fact that only a part of the gene was studied, we evaluated 
the concordance of p53 IHC and our p53 mutation analysis strategy by
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studying 25 consecutive patients who underwent surgery as primary 
treatment. In doing so, we evaluated if this improved technique will 
support our hypothesis that mutations outside the core domain will account 
for protein overexpression. Furthermore, we determined the frequency of 
p53 mutations in HNSCC by studying all p53 exons. In the same patients, 
loss of heterozygosity (LOH) of the p53 gene was determined to assess its 
importance for tumor identification. Moreover, by combining data from 
mutation analysis and LOH, more insight will be obtained in the role that 
p53 fulfills in HNSCC carcinogenesis.

Materials and Methods
Patients and immunohistochemistry
Twenty-five consecutive HNSCC patients undergoing surgical resection in our institute were 
included in this study. All patients had primary HNSCC tumors, which had not been treated 
previously. The male to female ratio was 17 to 8. The tumors were located in the oral cavity (16 
patients), larynx (3 patients), oropharynx (5 patients) and hypopharynx (1 patient). Sex and 
TNM stage are listed in Table l.6 From all patients frozen tumor tissue and EDTA-stored 
venous blood had been obtained during surgical intervention. The study was approved by the 
committee for clinical investigations on humans of the Utrecht University Hospital.
Paraffin blocks were selected in which tumor was present and 4 gm sections were cut 
for immunohistochemical detection of p53 protein. Immunohistochemistry was 
performed on deparaffinized sections using the murine monoclonal antibody BP 53-12- 
1 (Biogenex, San Ramon, Ca, USA), recognizing both wild-type and mutant p53 
protein.
All sections were treated with a boiling solution of freshly prepared citrate/HCl buffer 
(10 mM; pH 6.0) for 15 minutes on a hotplate, which is as effective as microwave 
pretreatment in antigen retrieval. Next, sections were rinsed in phosphate-buffered 
saline (PBS) three times and incubated with the BP53-12-1 antibody at a dilution of 
1:100 for one hour at room temperature. Subsequently, sections were washed in PBS 
and incubated with biotinylated horse anti-mouse antibodies (1:500; Vector, 
Burlingham. Ca, USA) for 30 minutes, followed by washing in PBS and incubation 
with peroxidase-labeled streptavidin (1:400; Boehringer. Mannheim, Germany) for 30 
minutes. Peroxidase activity was developed with 3,3'-diaminobenzidine hydrochloride 
(DAB; Sigma, St. Louis, Mo, USA) resulting in a brown reaction product. Sections were 
counter stained with haematoxylin and mounted. All dilutions were performed using 
PBS. Controls consisted of omitting the specific antibody or by replacing it by anti-AA 
amyloid antibody (1:1.000 PBS; Eurodiagnostics, Apeldoorn, The Netherlands, having 
the same IgG subclass as the BP53-12-1 antibody). The number of p53 positive cells
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was determined by counting the brown staining tumor nuclei in a maximally labeled 
tumor field selected by low power scanning of the slide and was expressed as the 
percentage of all tumor nuclei visible in the selected microscopic field (magnification X 
1,000). Lesions were classified as positive, if more than 50% of the tumor cell nuclei 
were stained.

DNA/RNA isolation, amplification and sequence analysis
Prior to DNA or RNA isolation, frozen tissue sections were examined for the presence of 
representative tumor by histologic examination. RNA was isolated with Trizol LS reagent 
according to the instructions of the manufacturer (Life Technologies, Paisly, UK). RNA was 
isolated from 10 sections of 20 pm snap frozen tumor tissue. cDNA synthesis was performed 
with 1 gg 01igo-(dT)15 primer (Promega, Madison, Wi, USA), 200 units Superscript™ RNAse 
H-reverse transcriptase (Life Technologies) and 3 gg RNA. As a control for RNA isolation and 
cDNA synthesis a glyceraldehyde phosphate dehydrogenase (GAPDH) RT-PCR was performed. 
Full length p53 cDNA is amplified in 3 overlapping PCR’s and sequenced. DNA from peripheral 
blood lymphocytes (PBL) was isolated according to the salting-out procedure.7 DNA from frozen 
tumor tissue was isolated from 10 sections of 20 gm using the QiaAmp Tissue Kit (Qiagen 
GmbH, Hilden, Germany). All 11 p53 exons were amplified from DNA templates in 9 PCR’s. 
Due to corrections in the original p53 gene sequence (EMBL U94788), original amplification 
primers were modified (data submitted for publication).8 All primers were synthesized on a 392 
oligo-synthesizer (Applied Biosystems, ABI, Foster City, CA, USA); Except for the exon 7 
amplification primers, all 5' primers have been elongated with an -21M13 sequencing template 
(5' TGT AAA ACG ACG GCC AGT 3') and all 3’ primers with a M 13-reverse template (5' CAG 
GAA ACA GCT ATG ACC 3'). For the exon 7 amplification primers, the 5' primer is 
synthesized with the M13rev template and the 3' primer with the M13 template. PCR 
conditions for the amplification of DNA and cDNA were identical. PCR was performed in a 50 
gl solution containing 50 mM KC1, 10 mM Tris-HCl pH 8.3, 1.5 mM MgCL, 1 U Ampli Taq 
DNA Polymerase (Perkin Elmer, Norwalk, CT, USA), 10 pmol of the tailed primers, 0.2 mM 
each dNTP and 500 ng DNA or 3 gl cDNA (equivalent of 0.16 gg RNA). The PCR of exons 6.10 
and 11 were performed with a concentration of 1 mM MgCL. The reaction mixture was 
subjected to a hot start by denaturing at 94 °C for 3 minutes, followed by 35 cycles (30 sec. at 
94 °C, 60 sec. at 60 °C and 60 sec. at 72 °C) and terminated at 2 min at 72 °C using a Thermal 
Cycler (Perkin Elmer,P9600). For exon 10 a 56 °C annealing temperature was used.
The PCR-product was sequenced by dideoxy-chain-termination method using the Dye 
Primer Cycle Sequencing Ready Reaction Kit with Taq FS (ABI).9 Either the -21M13 
or M 13-reverse sequencing primers were used according to kit protocol for direct se
quencing of the amplified exon in both orientations. After cycle sequencing, sequence 
products were separated on a 6% denaturating polyacrylamide gel using an automated 
DNA sequencer (373A, ABI). Mutations were identified by software analysis, which 
enables the reliable detection of secondary peaks in the sequence.10 Multi Sequence 
Analysis was performed to validate the distinction between background and mutations 
by comparing sequence profiles of many samples simultaneously.11
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Loss of heterozygosity
A dinucleotide (CA) repeat located at the TP53 locus was used.12 A PCR was performed on 
DNA of PBL and tumor tissue in a 25 pi solution containing lx PCR buffer (50mM KC1, 10 mM 
Tris-HCl pH 8.3; Perkin Elmer), 1.5 mM MgCL, (Perkin Elmer), 0.2 mM each dNTP (Promega). 
2 pmol 5' FAM (6-carboxy-fluorescein) labeled primer, 2 pmol 3' primer, 0.5 U Ampli Taq 
Polymerase (Perkin Elmer) and 50 ng denaturated DNA. The 5' primer sequence is 6-FAM 
AGGGATACTATTCAGCCCGAGGTG: the 3' primer sequence is
ACTGCCACTCCTTGCCCCATTC. The reaction mixture was subjected to a hot start by 
denaturing at 94°C for 3 minutes, followed by 30 cycles (1 min. 94° C, 1 min. 58° C and 1.5 
min. 72° C) and terminated at 5 min. at 72° C using a Thermal Cycler (Perkin Elmer, 
480). PCR products were separated on a 6% denaturating polyacrylamide gel using an 
automated DNA sequencer (373A, ABI). The peak heights and peak areas of detected alleles in 
PBL and tumor were compared with GeneScan analysis 2.0.0 and Genotyper 1.0 software 
(ABI). The allele-ratio in both PBL and tumor was calculated by dividing the peak height of the 
second allele by the peak height of the first allele. The LOH-index is represented by dividing 
the lowest by the highest allele-ratio in PBL and tumor. LOH was judged to be present when 
the LOH-index was <0.75. The same calculations were performed with the peak areas.

Results
The complete protocol could be carried out in 20 of the 25 patients. In 5 pa
tients (patients 17, 20-23) a part of the protocol could not be carried out due to 
technical failures: in 3 patients (patients 21, 22 and 23) the amount of PCR 
product from RNA was insufficient for sequence analysis, but with DNA 
analysis all 11 exons could be analyzed; in 2 patients (patients 17 and 20) the 
quality of both mRNA and DNA was too poor to allow adequate sequencing 
(exons 7, 8/9). Only in these last 2 patients, data were insufficient to exclude or 
define the presence of a mutation without doubt. When summarizing the 
patients who could be investigated reliably, we found mutations in 21 of the 23 
patients (91%). These results are summarized in Table 1. Of all mutations, 33% 
(7/21) occurred outside the core domain (exons 5-9).
Point mutations were found in 76% (16/21) of all mutations; 2 resulted in a 
stopcodon (pat. 2,13), 9 in amino acid change (pat. 5,7,8,12,14-15,19,23,25), 3 
mutations occurred at a sphce site (pat. 1,3,9) and 2 mutations were located 
outside the protein encoding region (pat. 18,21). In one patient with a sphce site 
mutation (pat. 9), only a wildtype mRNA sequence was found; in the two 
other patients (pat. 1,3) a stopcodon was the consequence of the mutation. Four
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deletions (pat. 4,10,11/12) and one insertion (pat. 24) were found. In patients 11 
and 12 DNA analysis wildtype p53 sequence was found, whereas mRNA 
analysis revealed that exon 5 and the first 4 nucleotides of exon 6 were 
replaced by an 11 nucleotide sequence (5' TTG CTT TAT CT 3') derived from 
intron 4 (pos. 12993-13007).
This mRNA alteration did not result in frame shift, nor were stopcodons in
troduced, but as a result 63 amino acids were replaced by 4: Leu-Leu-Tyr- 
Leu (Figure 1). It is conceivable that in these 2 patients an alternative splice 
junction in intron 4, outside the intronic flanks of the exons, was formed as 
a result of an as yet undetected mutation. As the tumor of patient 12 
contains an additional mutation, only this patient could have correctly been 
identified as a tumor containing a p53 mutation by using DNA analysis.

DNA

transcription

exon 6exon 5exon 4

exon 4 exon 6

Figure 1. Alternative splicing in patients 11 and 12. In patients 11 and 12 DNA analysis 
showed wildtype p53 sequence, whereas mRNA analysis revealed that exon 5 

and the first 4 nucleotides of exon 6 were replaced by an 11 nucleotide sequence (5' TTG 
CTT TAT CT 3') derived from intron 4 (pos. 12993-13007). The inserted 11 nucleotide 
sequence is indicated in the figure as a gray square. This mRNA alteration did not result 
in frame shift, nor were stopcodons introduced, but as a result 63 amino acids were 
replaced by 4 (Leu-Leu-Tyr-Leu). Possibly, in these 2 patients an alternative splice 
junction was formed in intron 4, located outside the intronic flanks of the exons, as a 
result of an as yet undetected mutation.
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Figure 2. LOH analysis of patient 1 with a splice site mutation in exon 10.The top line 
displays two alleles as found in peripheral blood lymphocytes (PBL). The 

numbers in the boxes indicate the peak height. The bottom line displays the two alleles as 
found in tumor tissue, in which a reduction in peak height can be seen in the second allele, 
indicating LOH. The first allele however retains the same height. This is confirmed with 
the LOH-index: the allele-ratio in PBIVtumor is 0.78/0.39: the LOH-index is 0.5 (0.39 
divided by 0.78).

Table 1. p53 gene analysis, immunohistochemistry (IHC) and loss of heterozygosity
(LOH) in 25 patients with primary, untreated head and neck squamous cell 

carcinoma. L = laryngeal carcinoma, OC = oral cavity, 0 = oropharyngeal, H = hypo- 
pharyngeal; ex = exon: o.p.e.r. = outside protein encoding region, hz = homozygous; ss = 
splice site, wt = wildtype sequence; occ. = occasionally. * as a result of the mutation 63 
amino acids were replaced by 4. # = patient whose mutation cannot be excluded
indefinitely, n.q. = LOH data not quantifiable. The allele-ratio is determined by dividing 
the peak height of allele 2 by the peak height of allele 1 in both PBL and tumor. The LOH- 
index is determined by dividing the lowest allele ratio by the highest allele ratio in each 
patient. Loss of heterozygosity is present when the LOH-index is < 0.75.
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Patient Sex
Ex

Mutation
Base Codon Result

IHC LOH allele-ratio
(PBL/tumor)

LOH
index

1. T1N0 (OC) F 10 G=>A ss stop y y 0.78/0.39 0.5
2. T4N2c (L) M 5 A=>T 164 Lys=>stop n y 0.92/1.61 0.57
3. T2N0 (OC) F 6 G=>C SS stop n y 0.49/3.72 0.13
4. T4N1 (OC) M 7 del. 6 Arg/Pro/Ile y y 0.80/0.41 0.51

=>Asp
5. T2N2b (OC) M 7 T=>G 255 Ile=>Ser y y 0.93/2.29 0.41

6. T2N0 (OC) M 4 ins. C 148 stop n y n.q.
7. T4N2a (OC) M 8 G=>T 266 Gly=>Val y y 0.49/0.65 0.75
8. T1N0 (OC) M 6 A=>T 195 Ile=>Phe y n 0.51/0.67 0.76
9. T1N0 (OC) M 6 G=>A SS wt n y 0.41/1.19 0.34
10. T2NO (OC) M 5 del. 6 Lys/Thr/Cys y n 0.78/0.79 0.99

=>Asn
11. T2N2 (0) M 5 del.ex.5 * y n 0.71/0.72 0.99
12. T4N0 (L) F 5 del.ex.5 * y y 0.92/0.43 0.47

7 G=>T 249 Arg=>Ser
13. T2N2a (0) M 4 C=>T 100 Gln=>stop n y 0.41/1.19 0.34
14. T2N0 (OC) M 8 G=>A 280 Arg=>Lys y y 0.74/1.68 0.44

15. T1N1 (OC) F 7 G=>C 237 Met=>Ile y y 0.46/0.20 0.43
16. T2N0 (L) M no mutation identified n n 0.69/0.73 0.95
17# T1N0 (OC) M no mutation identified n n n.q.
18. T2N0 (OC) M 1 C=>A o.p.e.r. n n 0.92/0.88 0.96
19. T4N2 (H) M 4 T=>C 113 Phe^Ser y y 0.75/1.46 0.51
20# T1N0 (OC) F no mutation identified y n 0.67/ 0.83 0.81
21. T4N1 (OC) F int.2 T=>A o.p.e.r. n n n.q.
22. T2N1 (0) F no mutation identified y n 0.55/0.72 0.76

23. T1N0 (OC) F 7 G=>T 237 Met=>Ile y hz
24. T3N1 (0) M 10 ins. 6 Leu=>stop y n 0.60/0.58 0.97

25. T2N0 (0) M 5 C=>G 179 His=>Asp y n 0.95/0.84 0.88

131



Beyond the p53 core domain

Protein overexpression by IHC was observed in 64% (16/25). The concordance 
between overexpression and the presence of a mutation in the 23 patients, who 
could reliably be analyzed, was 61% (14/23). No mutation, but protein over
expression was found in only 1 patient (patient 22). A theoretical explanation 
could be that in this patient the tumor contains a minute population of a tumor 
clone with a p53 mutation for which DNA analysis by our technique is not 
sensitive enough to detect. As widespread immunostaining, indicating large 
amounts of mutated cells, was observed this does not seem a likely 
explanation. In all 7 patients with a mutation, but without protein over
expression, the discordances can be explained according to the type of 
detected mutation. In 1 patient (patient 18) no overexpression was observed 
as the detected mutation was located in exon 1 outside the protein encoding 
region. One splice site mutation without detectable effect on mRNA splicing 
was identified (patient 9), thereby explaining the lack of protein overexpression 
in the presence of a mutation. In one case (patient 21) an intron mutation was 
found that did not cause protein overexpression, suggesting that this mutation 
is not in a downstream regulatory sequence of exon 2. In four patients (patients
2,3,6 and 13) this discordance can be explained by the presence of a truncated 
protein. In contrast, two patients (patients 1 and 24) with an exon 10 mutation 
showed protein overexpression, whereas a stopcodon was expected. This 
indicates that the monoclonal antibody we used (Bp 53-12-1), reacts with 
regions of the protein downstream of exon 10, as in these cases a fairly large 
truncated protein is produced. Therefore, the explainable concordance between 
the type of mutation and p53 IHC is 96% (22/23), since only patient 22 is really 
discordant as protein expression in this patient cannot be explained by the 
effect of the mutation.
Loss of heterozygosity was found in 52% (13/25) of the patients. All patients 
could be analyzed reliably, although in two patients (patients 4 and 6) the data 
were not quantifiable due to stutter fragments of neighboring allelic fragments, 
whereas LOH was present. No LOH was found in 11 patients and 1 patient 
was homozygous and thus not informative. In all patients with LOH a p53 
mutation was found, but not all patients in which a mutation was found had 
LOH. All calculations on LOH-index and allele ratio were performed with peak 
sizes and peak areas but no differences were found between the different
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approaches (data not shown). An example of the LOH-analysis is shown in 
Figure 2, which displays a reduction in peak size of the second allele in tumor 
tissue, whereas the first allele retains the same size.

Discussion
In this paper we report an incidence of p53 mutations of 91% (21/23) in 
consecutively collected head and neck cancer patients. As stated previously, 2 
patients, in whom the presence or absence of mutations could not be proven 
indefinitely, were excluded from the series. In comparison to previous studies, 
which report p53 mutation frequencies of 21-89.5%,13"15 our result support the 
high proportion of p53 mutated cases. Most previously conducted studies have 
used exon analysis techniques, either alone or with additional sequencing of 
the mutated exon. We have shown that mRNA- and exon analysis, including 
the intronic flanks, are complementary techniques. This is illustrated in Figure 
1 as two patients showed alternatively spliced mRNA, now including the in
tron 4 segment previously described, in the presence of apparently wildtype 
p53 DNA (patients 11,12) and 1 patient showed a splice site mutation without 
effect on the mRNA level (patient 9). Also, the reported p53 mutation 
frequency can vary according to the anatomical localizations of the tumors, 
whereas geographical differences have been reported likewise.16 
The most important factor however that explains the high mutation frequency 
of 91 % is provided by the fact that in current p53 mutation analyses it has been 
generally accepted to study exons 5-9 instead of all 11 exons, as it was 
suggested that mutations outside this region rarely occur.3 Evidence in support 
of this view however is scarce. Our results indicate that perhaps this dogma 
needs readjustment as we have found 7 mutations (33%) outside exons 5-9 in 
randomly subsequent collected patient material (n=23). To exclude patient 
selection factors influencing the results, patients were included for the 
current study from the same clinic as the previous study, in which we found 
a mutation frequency of 45%, when employing established techniques on 
exons 5-9.17 Considering only the mutations in exons 5-9 in this present study 
with DNA analysis, we found a mutation frequency of 57% (13/23), which
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is comparable to our previously reported frequency, thereby excluding patient 
selection factors.
It seems evident that a gene like p53, that shows mutation frequency as high as 
91% cannot be a factor influencing the prognosis of individual patients, 
although the gene evidently plays a vital role in either initiation or propagation 
of the carcinogenic process.
Protein overexpression was observed in 64% of the patients. Comparable to 
p53 gene analyses, reports on p53 overexpression vary widely as incidences 
of 34-79% have been reported in HNSCC.18 Variations can be explained by the 
different monoclonal antibodies used and the differences in cut-off points for 
immunostaining used by the individual pathologist. Although in most 
circumstances p53 mutation results in protein overexpression, discordances 
have been reported between IHC and p53 gene mutation analyses.4,5 An 
explanation is given by the fact that frameshift or nonsense mutations occur 
that result in a truncated protein that cannot be detected by IHC. While a 
frequency of approximately 5.5% has been reported in literature we found an 
incidence of 29% of such mutations in this series.19 False positive over
expression can be found due to wildtype overexpression in tissue under 
carcinogenic stress or due to posttanscriptional stabilization of the protein by 
HPV or heat shock proteins as may be the case in patient 22.8 
The concordance between the type of mutation and p53 IHC in patients who 
were reliably analyzed was 96% in the present study. The previously men
tioned incomplete p53 gene analysis is a major contributor to reported dis
cordances as in 7 patients mutations are found outside the core domain. In 3 
of these patients discordant results would have been obtained in studies on the 
core domain only.
Only few studies have been focussing on loss of heterozygosity (LOH) at the 
TP53 locus in HNSCC. In three reports incidences of allelic loss at the TP53 
locus of 50%, 71% resp. 90% were reported, also indicating a wide variance. 20~22 
In the present study, overall LOH was observed in 52% of patients, which is 
consistent with Nawroz' observation of 50%.20
It seems that the process of multistep carcinogenesis is based on an 
accumulation of genetic damage which, in contrast to carcinogenesis models 
used in colorectal carcinoma, does not follow a specific sequence of events.23
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In the present study however it is remarkable that LOH at the p53 locus was 
only observed in patients with a p53 gene mutation but never in a patient with
out such a mutation (Fischer exact test, p=0.1558). This could indicate that a 
p53 mutation precedes LOH in the process of carcinogenesis as the resulting 
genetic instability of a p53 gene mutation could result in more extensive DNA 
damage like LOH, due to abnormal or absent function. We are currently con
ducting a larger study on this subject.
In our LOH calculations we used the peak height, but no differences were 
found when the peak areas were used. We used a quantification of LOH results 
by determining the LOH-index and the allele-ratio, as mere visual comparison 
of peak height or density of allelic bands can lead to false interpretations. The 
reason for this quantification is that wildtype bias is practically always present 
as stromal cells are included in the analysis. Also, LOH does not provide infor
mation on the functionality of the p53 protein, as mere loss of an allele can still 
lead to functional protein. In addition to the previously mentioned arguments, 
LOH is present in only 52% of patients, whereas mutations are present in 92%. 
We feel therefore that sequence analysis of all p53 exons reflects the mutation sta
tus rather than LOH. Therefore, analysis of p53 alterations in tumor cells using 
mutation analysis is to be preferred above detecting them with LOH analyses.
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Summary and conclusions

8.1. Summary
In Chapter 1, the introduction, the problems currently encountered in HNSCC 
are outlined. In the progressive transformation of normal head and neck mucosal 
linings into invasive cancers, various stages can be recognized that histologi
cally manifest themselves as dysplasia of varying severity, with cells exhibiting 
atypia but not yet invasive growth. Molecular biologic analysis in HNSCC has 
revealed that, just as in carcinogenesis in general, this progressive transforma
tion imphes activation of oncogenes and inactivation of tumor suppressor 
genes. From studying HNSCC as well as its precursor lesions, a multi-step 
model of carcinogenesis has evolved relating specific genetic alterations with 
specific mucosal alterations. An important role in HNSCC carcinogenesis is 
played by the tumor suppressor gene p53 which has been studied extensively 
for its role in cell cycle regulation and its possible function as a prognostic marker. 
Its role in cell cycle regulation as well as in formation of HNSCC has been dis
cussed and it is concluded that assessment of the importance of p53 changes in 
HNSCC carcinogenesis is hampered by both the wide variations in p53 mutation 
frequencies reported in HNSCC and the discrepant results from analysis of 
mutations and protein overexpression.
As HNSCC patients frequently suffer from multiple primary tumors as well as 
multiple premalignant lesions, genetic alterations in the epithelium may occur 
widely spread throughout the whole mucosal surface of the head and neck 
area as well as in lung and esophagus.
Studying these alterations has led to two major explanations for the occurrence 
of multiple tumors in the upper aerodigestive tract: the monoclonal theory versus 
the polyclonal theory, the first assuming intraepithelial clonal expansion of 
transformed cells subsequently further transforming into invasive lesions at 
different sites and the other implying an entirely separate origin for multiple 
mucosal lesions.
Management of HNSCC patients may improve if one is able to identify tu
mor cells escaping detection by morphological methods and if it is possible 
to determine if lesions with an identical histology are separate tumors or either 
metastases or recurrences from previously treated ones. Possibly, p53 muta
tions could be a tool to obtain these goals.
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Therefore, the major aim of this study was to develop and apply a reliable and 
efficient diagnostic assay for detection of p53 mutations in small lesions or 
small tumor clones. The implications of this technique on the discrepancies 
between p53 protein overexpression and mutation assessment, which are wide
ly observed, will be analyzed as well as its implications for both theories con
cerning the genetic changes associated with formation of multiple tumors.

In Chapter 2 we applied the commonly used technique of DNA exon analysis 
(DGGE) on the p53 core domain (exons 5-9) and p53 immunohistochemistry to 
study the prognostic significance of p53 mutation status in 36 T2 laryngeal 
carcinoma patients, as these patients represents a uniform group in terms of 
radiotherapeutical treatment regime. According to the role of p53 in cell cycle 
regulation, tumors with an intact p53 cell cycle control system should more 
amenable for radiotherapeutical treatment as radiation inflicted genetic dam
age causes cell cycle arrest or apoptosis through p53 mediated pathways. To 
study this assumption, the p53 status in patients with recurrent disease (20 
patients) was compared with patients without recurrent disease (16 patients). 
The reported mutation frequency of 45%, as well as the 78% overexpression, 
are consistent with earlier reports. We found a discordance in p53 status be
tween both techniques of 50%, whereas a disturbance in the p53 system, indi
cated by either p53 mutation and/or p53 overexpression, was found in 86% of 
patients. No significant differences in p53 status between patients with or with
out recurrence was observed. We therefore conclude, that by employing exon 
analysis techniques and p53 immunohistochemistry, the p53 status is not of 
significance in predicting treatment outcome in radiotherapy.

In Chapter 3 the proliferation rate of the same patient population as mentioned 
in Chapter 2 is studied immunohistochemically with Ki-67 labellings index (Ki- 
67 LI). These data have subsequently been compared to the previously ob
tained p53 status of these patients.
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The assumption in this chapter is that tumors that do not exhibit a p53 mutation, 
but show p53 overexpression nevertheless, could possess an intact p53 cell cycle 
control system. The detected overexpression could therefore be wildtype over
expression as a result of genotoxic stress that should result in cell cycle inhibi
tion and a lower proliferation Ki-67 LI in this specific patient group.
We detected p53 mutation and -overexpression in 36% of patients (Ki-67 LI: 
31%), p53 mutation without overexpression in 8% of patients (Ki-67 LI: 18%), 
p53 overexpression without p53 mutation in 42% of patients (Ki-67 LI: 35%) 
and no mutation without overexpression in 14% (Ki-67 LI: 38%).
We conclude that the detected labellings indices of Ki-67 between these four 
groups do not reflect the theory that wildtype overexpression in the absence of p53 
mutation reflects a normal p53 system, as no statistical differences were found. A 
high Ki-67 LI correlates with a favorable response to radiation therapy.

In Chapter 4 we evaluated whether p53 status is preserved in tumor progression 
by studying 15 patients with a primary head and neck carcinoma and matched 
nodal metastasis. In doing so we hoped to establish that p53 can effectively be 
used as a clonal marker, identifying nodal lesions by the specific p53 mutation 
of the primary tumor. Again, the p53 status was assessed by p53 exon analysis 
(DGGE) of the core domain and p53 immunohistochemistry. Mutations of the 
p53 gene and p53 overexpression was observed in 40% resp. 47% of the 
primary tumors. These frequencies were 47% resp. 47% in nodal metastases. In 
60% of all patients the primary tumor contained a mutation different from the 
nodal metastasis.
We therefore conclude that a poor correlation exists between p53 status of 
primary tumor and the matched nodal metastasis, possibly due to either poly- 
clonality of the tumor or insufficient sensitivity of the currently employed de
tection methods. Again, we report a poor correlation between p53 over
expression and -mutation analysis, exemplifying the need for more sensitive 
mutation detection strategies as the current techniques produce controversial 
results, and provide insufficient evidence that p53 is a suitable candidate for a 
molecular marker for diagnostic or prognostic purposes.
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Midway evaluation of results
Considering the data that had been obtained in chapters 2-4, we concluded that 
the controversy that resulted from both the discordant results with regard to 
p53 protein overexpression versus exon analysis as well the p53 status in 
primary tumor versus nodal metastasis had to be clarified before further 
exploration of the clonal origin of head and neck tumors could be done. Fur
thermore, the possible use of p53 as molecular marker influencing treatment 
prognosis does not seem feasible with these techniques. We therefore 
concluded that a new p53 mutation analysis strategy was to be developed that 
was more sensitive in detecting mutations in small tumor clones against a 
background of wildtype p53.
In the following chapters we developed this strategy and evaluated its applica
tion in head and neck cancer patients as well as the implications for the concor
dance between mutation analysis and p53 overexpression. At the same time, 
p53 will be re-evaluated as clonal marker.

In Chapter 5 the adapted p53 mutation analysis strategy is outlined. The strategy 
comprises direct sequencing of all 11 exons and the full length of p53 mRNA in 
tumor tissue. This means that in contrast to most previous studies, not just the 
p53 core domain, but the entire coding region of p53 is sequenced. DNA from 
peripheral blood lymphocytes acts as a control to exclude p53 polymorphisms 
mimicking mutations. All p53 sequences obtained are stored in a genomic data
base. This database is subsequently used for multi-sequence analysis, which is 
used as a tool for discrimination between sequence bias and mutations. 
Exemplary for the sensitivity of this newly adapted strategy was the fact that 
corrections were made to the genomic p53 sequence at 11 positions, which 
were deposited at the EMBL\Genbank (U94788) and that 6 polymorphisms 
were identified.
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In Chapter 6 this strategy is applied to tumors of 11 head and neck cancer patients. 
Primary objective was to evaluate the applicability of the p53 mutation analysis 
strategy. In these patients hansversions, transitions, splice-site mutations, poly
morphisms and mutations affecting mRNA processing only were discovered. It is 
demonstrated that DNA and mRNA analysis are complementary techniques. 
Additionally, an Oligo Ligation Assay (OLA) was developed to allow detection of 
specific mutations in additional tumor lesions. In two selected patients with multi
ple tumor lesions the p53 mutation in the primary tumor was identified. In one 
patient all lesions contained the same p53 mutation, indicating that the additional 
lesions were metastases derived from one primary (oral cavity) tumor. The second 
patient exhibited two different p53 mutations in various lesions with DNA 
analysis. The OLA analysis with mutation specific primers and mRNA analysis 
was able to identify all metastatic lesions to be derived from the second primary 
(lung) tumor, including the adrenal gland, whereas the p53 mutation of the first 
primary (oral cavity) tumor was not detected in these lesions. Based on these 
findings the lung- and oral cavity tumor are judged to be different primary tu
mors. The findings in this latter patient are in support of the polyclonal theory of 
oral field cancerization above the monoclonal theory as far as p53 as clonal marker 
concerns, although the substantiation of these preliminary findings awaits the 
analysis of a larger number of cases with multiple tumors.

In Chapter 7 the prevalence and the implications of p53 mutations outside the p53 
core domain is studied. Previous reports have suggested that mutations outside 
this region are rare. However, the frequently observed discordances between p53 
mutation analysis and -overexpression, as was also reported in Chapters 1 and 3, 
can obviously not be explained by such studies. We therefore used the strategy, 
outlined in Chapter 5, to analyze all 11 exons and full length mRNA of the p53 
gene of 25 consecutive head and neck cancer patients. These data were combined 
with p53 protein overexpression and loss of heterozygosity (LOH). LOH data were 
quantified to allow objective measurement of allelic loss. We encountered p53 
mutations in 91% of patients; 33% of these were located outside the core do
main. Protein overexpression was found in 64%; LOH in 52% of the patients. In 
one case, p53 overexpression occurred without p53 gene mutations.
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We conclude that sequencing of all exons of the p53 gene is vital, as 33% of all 
mutations are located outside the core domain. By analyzing the entire p53 
gene, we found concordance between type of mutations and immuno- 
histochemical findings in 96%. With LOH, we detect a lower percentage of p53 
alterations. Thus, mutation analysis has to be preferred above LOH in detecting 
tumor cells.

Implications for previously obtained data on p53
As we have demonstrated in this thesis, p53 mutation analysis has been opti
mized. The assumption that p53 mutations outside the core domain are rare 
events had to be abandoned as one third of all mutations occurred outside this 
region. The additional mutations found outside the core domain, as well as the 
more sensitive technique of multi-sequence analysis result in a very high muta
tion frequency in HNSCC as well as in a high concordance between p53 protein 
overexpression and type of mutation. These findings indicate that previous 
studies on relationship between p53 mutations and p53 protein overexpression 
and their relationship with established prognostic factors and risk factors have 
to be reevaluated.
It is also necessary to repeat the study, which is described in Chapter 4 with 
this more sensitive assay to evaluate whether this improved strategy will lead 
to an improved concordance between primary tumor and nodal metastasis.

The issue of multiple primary tumors in the upper aerodigestive tract, lungs 
and esophagus, needs to be addressed with this more sensitive assay to further 
clarify the dispute between supporters of the monoclonal and the polyclonal 
theory, to explain the occurrence of multiple head and neck tumors.

The role of p53 in the prognosis of individual patients, undergoing surgery, 
radiotherapy, chemotherapy or a combination of these treatment modalities, 
seems to have become of limited importance. As p53 is mutated in 91 % (Chap
ter 7), this mutation frequency is too high to allow p53 to be of relevance as a 
prognostic factor.
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As virtually all primary tumors of HNSCC patients (91%) have shown to contain a 
p53 mutation, OLA analysis can be used both after surgical resection and in the 
follow-up of these patients. With the identified p53 mutation of the primary 
tumor with our strategy, mutation specific OLA primers can be synthesized. In 
addition to the conventional histopathologic assessment of resection margins, 
OLA analysis can detect occult malignancy not observable with standard light 
microscopy.
Additionally, in the follow up of HNSCC patients, OLA analysis of sputum, 
oral- or laryngeal swabs will allow early detection of recurrent disease after 
initial treatment.

Implications for future trends in treatment.
Molecular biologic changes in tumor cells may not only be of interest from a 
diagnostic point of view but may also form a basis for therapeutic strategies 
aimed at correcting these molecular biologic changes. Therefore, promising 
new therapies in head and neck cancer are interventions at the molecular level. 
The almost universal presence of p53 mutations in HNSCC makes this tumor type 
very well suited for treatment options aiming restoring normal p53 function in 
tumor cells or employing the absence of normal p53 function as a way to kill 
tumor cells by agents that are inactivated through normally functioning p53. 
Several strategies are currently being used in gene therapy, such as virus 
mediated transfer of structures that effectively can be targeted with drugs, the 
introduction of wildtype p53 through recombinant cytomegalovirus promoted 
adenoviruses or the infection of cells with mutant adenovirus that is only able 
to replicate in cells with a defective p53 pathway.
In the first strategy for instance, the herpes simplex virus thymidine kinase 
gene can be introduced into tumor cells. Treatment with repeated gancyclovir 
injections resulted in a significantly lower tumor growth, compared to the non 
treated group (1). In the second method defective p53 is restored by transiently 
introducing wildtype p53 into the cell, thereby inducing cell growth inhibition 
by cell death through apoptosis (2,3). The third method consists of infecting 
tumor tissue with ONYX 015 adenovirus strains, defective of E1B, a 55 kDa 
protein that blocks the function of p53. As most tumors contain mutated p53.
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ONYX 015 can infect and kill these cells, whereas the surrounding tissue is safe
guarded from this adenovirus infection through their intact p53 system. The prin
ciple has been compared to the "smart-bombs" used in the military (4,5). 
Adenovirus mediated therapy seems to be a safe and effective method as it is 
known to induce only minor infections, shows a preference for upper respira
tory tract infections (6) and exhibits only a temporary effect as its DNA does 
not seem to be integrated in the hosts genome. Also, adenoviruses are capable 
of transfecting non-proliferating cells, that can exist especially in the hypoxic 
areas of the tumor (7).
For p53 to be used effectively in gene therapy a sensitive assay has to be available 
that allows detection of p53 mutations in small tumor clones or against a back
ground of wild type p53. With the currently described p53 mutation analysis 
strategy, we believe to present an assay that is highly sensitive, allowing further 
explorations on the use of p53 in gene therapy.
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In Hoofdstuk 1, de inleiding, wordt de huidige stand van zaken betreffende het 
hoofd-hals (HH) plaveiselcelcarcinoom weergegeven. Het proces van 
voortschrijdende transformatie van normaal mond- en keelslijmvlies tot invasief 
carcinoom wordt gekenmerkt door een aantal stadia, die zich histologisch 
manifesteren als in ernst variërende dysplasieën, waarbij de epitheelcellen atypie 
laten zien, maar nog geen invasieve groei, de zogenaamde precursor laesies. 
Moleculair biologische studies in HH carcinomen hebben aangetoond dat deze 
voortschrijdende transformatie betekent dat er oncogenen geactiveerd worden en 
tumor suppressor genen geïnactiveerd worden. Hierin verschilt het HH carcinoom 
niet van andere kwaadaardige tumoren. Studies van HH plaveiselcel carcinomen 
en de precursor laesies hebben geleid tot de formulering van een multi-step 
carcinogenese model, waarin specifieke genetische veranderingen gekoppeld 
worden aan specifieke mucosale veranderingen.
Een belangrijke rol in de HH carcinogenese wordt gespeeld door het intensief 
bestudeerde tumor suppressor gen p53, met name door zijn rol in celcyclus 
regulatie. Het p53 gen wordt bij DNA schade geactiveerd en het geproduceerde 
p53 eiwit zorgt voor celcyclus arrest of apoptose, ook wel geprogrammeerde 
celdood genoemd. De evaluatie van de betekenis van p53 veranderingen voor het 
ontstaan van HH plaveiselcelcarcinoom wordt bemoeilijkt door de brede variatie 
in gerapporteerde mutatiefrequenties en door niet met elkaar overeenstemmende 
resultaten van moleculair biologisch en immunohistochemisch onderzoek. Ter 
verduidelijking van dit laatste: p53 eiwit overexpressie wordt vaak beschouwd als 
een indirekt bewijs voor het aanwezig zijn van p53 mutaties, omdat het p53 eiwit 
door sommige mutaties toeneemt in halfwaardetijd en zodoende de drempel voor 
immunohistochemische detectie overschrijdt.
Aangezien bij HH carcinoom patiënten zowel multipele primaire tumoren als 
multipele premaligne laesies frequent vóórkomen, kunnen genetische 
veranderingen wijdverbreid in het gehele mucosale oppervlak van het HH gebied, 
long en oesophagus voorkomen.
De studies betreffende deze veranderingen hebben geleid tot twee verklaringen 
voor het ontstaan van multiple tumoren in de bovenste tractus aerodigestivus 
(TAD): de monoklonale versus de polyklonale theorie, waarbij de eerste uitgaat 
van intraepitheliale clonale expansie van getransformeerde cellen, die zich 
vervolgens verder ontwikkelen tot invasieve laesies op verschillende plaatsen en
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de tweede theorie een volledig onafhankelijke oorsprong van meerdere mucosale 
laesies veronderstelt.
De behandeling van patiënten met een HH carcinoom zou kunnen verbeteren als 
het mogelijk wordt om tumor cellen te identificeren, die onopgemerkt blijven 
detectie bij histologisch onderzoek en wanneer het mogelijk wordt om te kunnen 
bepalen of laesies met een identieke histologie separate tumoren zijn of een 
metastase danwel een lokaal recidief van de in het verleden behandelde primaire 
tumor. p53 mutaties zouden mogelijk een hulpmiddel kunnen zijn om deze 
doelstellingen te bereiken. Daarom was het de hoofddoelstelling van deze studie 
om een efficiënte diagnostische assay voor detectie van p53 mutaties te 
ontwikkelen en toe te passen, zodat p53 mutaties zelfs in kleine laesies en kleine 
tumor klonen gedetecteerd kunnen worden. De implicatie van deze techniek voor 
de frequent gevonden discrepanties tussen p53 analyse middels eiwit 
overexpressie en sequentie analyse worden geëvalueerd, tezamen met de 
implicatie voor de beide theorieën, aangaande het ontstaan van multipele 
tumoren.

In Hoofdstuk 2 hebben wij de veelgebruikte techniek van DNA analyse (DGGE) 
op het p53 core domein en p53 immimohistochemie toegepast om de 
prognostische waarde van de p53 mutatie status in 36 patiënten met een T2 
larynxcarcinoom te bestuderen. Er werd voor deze groep patiënten gekozen, 
omdat het een uniforme groep betreft, met name met betrekking tot het 
radiotherapeutische behandelingsregime. Gezien de rol van p53 in celcyclus re
gulatie zouden tumoren met een intact p53 cel cyclus controle systeem gevoeHger 
moeten zijn voor radiotherapeutische behandeling, aangezien door radiatie 
geïnduceerde genetische schade in dat geval zou zorgen voor celcyclus arrest dan 
wel apoptose middels p53 gemediëerde routes. Qm deze veronderstelling te 
toetsen werd de p53 status van patiënten met recidief tumor (20 patiënten 
vergeleken met patiënten zonder recidief tumor (16 patiënten). Zowel de 
gerapporteerde mutatie frequentie van 45%, als de 78% p53 eiwit overexpressie 
zijn in overeenstemming met recente literatuur. Er werd een discordantie 
gevonden van 50% tussen de beide p53 analyse methoden, terwijl een verstoring 
van het p53 systeem, aangegeven door p53 mutatie en/ of p53 eiwit overexpressie, 
in 86% van de patiënten gevonden werd. Er bestonden geen significante
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verschillen in p53 status tussen de groep patiënten met en zonder recidief tumor. 
Wij concluderen dat bij gebruikmaking van exon analyse, beperkt tot het core 
domein, en p53 immu nohistochem ie, de p53 status niet van belang is bij het 
voorspellen van het behandelingsresultaat van radiotherapie.

In Hoofdstuk 3 is de proliferatie snelheid van dezelfde patiëntenpopulatie, zoals 
die in hoofdstuk 2 is gebruikt, bestudeerd middels immunohistochemie met Ki-67 
Labellings Index (Ki-67 LI). Het Ki-67 is een kemeiwit, dat tot expressie komt in de 
diverse delen van de celcyclus, maar dat in rustende cellen niet aanwezig is. Deze 
gegevens werden vervolgens vergeleken met de voorafgaande verkregen 
gegevens betreffende de p53 status. De veronderstelling in dit hoofdstuk is, dat 
tumoren die geen p53 bevatten, maar desalniettemin p53 overexpressie laten zien, 
een intact p53 celcyclus controle systeem zouden kunnen bevatten. De gevonden 
p53 overexpressie zou derhalve p53 wildtype overexpressie kunnen zijn als een 
resultaat van genotoxische stress, die vervolgens resulteert in celcyclus remming 
en zodoende in een lagere Ki-67 LI in deze specifieke patiënten groep.
Wij vonden p53 mutatie en -overexpressie in 36% van de patiënten (Ki-67 LI: 31%), 
p53 mutatie zonder overexpressie in 8% van de patiënten (Ki-67 LI: 18%), p53 
overexpressie zonder mutatie in 42% van de patiënten (Ki-67 LI: 35%) en noch 
mutatie noch overexpressie in 14% (Ki-67 LI: 38%). Wij concluderen dat de 
gevonden Ki-67 labellings indices van de vier groepen niet passen bij de theorie 
dat wildtype overexpressie in de afwezigheid van een p53 mutatie duidt op een 
intact p53 systeem, aangezien er geen significante verschillen gevonden werden. 
Ook vonden wij dat een hoge Ki-67 LI correleert met een gunstige respons op 
radiotherapie, conform de algemene regel, dat weefsels met een hogere turnover 
gevoeliger zijn voor ioniserende straling.

In Hoofdstuk 4 wordt geëvalueerd of p53 mutaties constant blijven gedurende de 
progressie van een tumor door 15 patiënten met een primair HH carcinoom en 
gepaarde halskliermetastase te bestuderen. Hierdoor hoopten wij te kunnen 
vaststellen of p53 gebruikt kan worden als een klonale merker, door 
halskliermetastasen te identificeren aan de hand van de specifieke mutatie van de 
primaire tumor. Wederom werd de p53 status bepaald middels p53 exon analyse
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(DGGE) van het core domein en p53 immunohistochemie. p53 mutatie en p53 
overexpressie werden in 40% resp. 47% in de primaire tumor gevonden. In de 
lymfkliermetastasen waren deze frequenties 47% resp. 47%. In 60% van alle 
patiënten bevatte de primaire tumor een andere mutatie dan de lymfklier
metastasen.
Wij concluderen daarom dat er een slechte overeenkomst bestaat tussen p53 
mutaties in primaire tumor en gepaarde lymfkliermetastase, mogelijk als gevolg 
van polyklonaliteit van de tumor of onvoldoende gevoeligheid van de gebruikte 
detectietechnieken. Bovendien concluderen wij , conform de bevindingen in 
hoofdstuk 2, dat er een slechte correlatie bestaat tussen p53 overexpressie en 
mutatie analyse, waardoor duidelijk wordt dat gevoehger mutatie detectie 
strategieën noodzakelijk zijn, aangezien de huidige technieken controversiële 
resultaten opleveren.

Tussentijdse evaluatie van de resultaten.
Gezien de gegevens die in hoofdstuk 2-4 verkregen zijn, concludeerden wij dat de 
controverse die resulteerde uit de discordante resultaten van zowel de p53 
overexpressie versus de p53 exon analyse als die van de p53 status in primaire tu
mor versus de gepaarde lymfklier metastase opgehelderd diende te worden, 
voordat de klonale oorsprong van hoofd-hals tumoren verder onderzocht kon 
worden. Bovendien lijkt het met de huidige methoden niet mogelijk om p53 te 
gebruiken als prognostische merker om de behandelingsuitkomst te voorspellen. 
Wij concludeerden daarom dat er een nieuwe p53 mutatie analyse strategie diende 
te worden ontwikkeld, die gevoehger is zodat mutaties in kleine tumorklonen 
tegen een achtergrond van wildtype p53 ontdekt kunnen worden.
In de nu volgende hoofdstukken hebben wij deze strategie ontwikkeld en 
evalueerden wij zowel de toepassing ervan in HH carcinoom patiënten als de 
implicaties ervan met betrekking tot de concordantie tussen mutatie analyse en 
p53 overexpressie. Tegelijkertijd zal p53 worden gereëvalueerd als klonale merker.

In Hoofdstuk 5 wordt de aangepaste p53 mutatie analyse techniek beschreven. 
Deze strategie omvat direct sequencen van alle 11 exonen en van de gehele lengte 
van p53 mRNA in tumorweefsel. Dit betekent, dat in tegenstelling tot voorgaande 
studies niet alleen het p53 core domein, maar het gehele coderende deel van p53
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wordt gesequenced. DNA van lymfocyten uit het perifere bloed fungeert als 
controle om p53 polymorfismen, gelijkend op mutaties, uit te sluiten. Alle 
verkregen p53 sequenties worden opgeslagen in een genomische databank. Deze 
databank wordt vervolgens gebruikt voor multi-sequentie analyse, hetgeen een 
hulpmiddel is bij de discriminatie tussen sequentie-ruis en mutaties.
De superioriteit van de nieuwe techniek moge blijken uit het feit dat er op 11 
posities correcties werden verricht aan de genomische p53 sequentie, die gemeld 
zijn aan de EMBL\Genbank (U94788) en dat 6 polymorfismen werden 
geïdentificeerd.

In Hoofdstuk 6 wordt deze strategie toegepast op tumoren van 11 patiënten met 
HH carcinoom. Het primaire doel was het evalueren van de p53 mutatie analyse 
strategie. In deze patiënten werden transversies, transities, splice-site mutaties, 
polymorfismen en mutaties die alléén mRNA transcriptie beïnvloeden gevonden. 
Er wordt gedemonstreerd dat DNA en mRNA analyse complementaire 
technieken zijn. Ook werd een Oligo Ligatie Assay (OLA) ontwikkeld, waarmee 
detectie van specifieke mutaties in additionele tumorhaarden kan plaatsvinden. In 
2 geselecteerde patiënten met multipele tumorhaarden werd de p53 mutatie in de 
primaire tumor geïdentificeerd. In 1 patiënt bevatten alle haarden dezelfde p53 
mutatie, waarmee aannemelijk werd dat de additionele haarden metastasen zijn 
van 1 primaire (mondholte-) tumor. Bij de tweede patiënt werden 2 verschillende 
p53 mutaties gevonden in de diverse tumor haarden met behulp van DNA 
analyse. Met behulp van de OLA analyse met mutatie-specifieke probes en de 
mRNA analyse kon worden aangetoond dat alle metastatische tumorhaarden 
afkomstig waren van een tweede primaire (long-) tumor, terwijl de p53 mutatie 
van de eerste primaire (mondholte-) tumor niet in andere tumorhaarden 
gevonden werd. Op basis van deze gegevens werd geconcludeerd dat de long en 
de mondholtetumor bij deze tweede patient twee verschillende primaire tumoren 
zijn. De bevindingen in deze laatste patiënt ondersteunen de polyklonale "Oral 
Field Cancerization" theorie, boven de monoklonale theorie, voor wat p53 als 
klonale merker betreft. Deze voorlopige bevindingen zullen moeten worden 
bevestigd door analyse van een groter aantal patiënten met multipele tumoren.
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In Hoofdstuk 7 worden de prevalentie van p53 mutaties buiten het p53 core 
domein en de implicaties hiervan bestudeerd. Voorgaande studies 
suggereerden dat mutaties buiten het core domein zeldzaam zouden zijn. De 
veelvuldig gevonden discordanties tussen p53 mutatie analyse en eiwit 
overexpressie, waarover ook in de hoofdstukken 2 en 4 gerapporteerd is, 
kunnen blijkbaar niet door dergelijke studies verklaard worden. Derhalve 
gebruikten wij de strategie, zoals die in hoofdstuk 5 is beschreven, om alle 11 
exonen en het volledige mRNA van het p53 gen bij 25 opéénvolgende HH 
carcinoom patiënten te analyseren. Deze gegevens werden vergeleken met die 
van p53 eiwit overexpressie en verlies van heterozygotie (LOH). De LOH data 
werden gekwantificeerd, zodat allel verhes objectief bepaald kon worden. 
p53 mutaties werden in 91% van de patiënten gevonden; 33% van deze 
mutaties waren buiten het core domein gelokaliseerd. Eiwit overexpressie 
werd in 64% gevonden; LOH in 52% van de patiënten. In 1 patiënt werd p53 
overexpressie zonder gen mutatie waargenomen.
De conclusie luidt dat sequencen van alle exonen van het p53 gen cruciaal is, 
aangezien 33% van alle mutaties buiten het p53 core domein zijn gelokaliseerd. 
Door het gehele p53 gen te analyseren, werd een concordantie gevonden tussen 
type mutatie en immunohistochemische bevindingen van 96%. Met LOH 
vonden wij een lager percentage p53 afwijkingen. Derhalve geven wij de 
voorkeur aan mutatie analyse boven LOH bij de detectie van tumorcellen.
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Implicaties voor p53 data verkregen uit voorgaande studies.
Zoals in dit proefschrift gedemonstreerd wordt, is p53 mutatie analyse 
geoptimaliseerd. De veronderstelling dat p53 mutaties buiten het core domein 
zeldzaam zouden zijn, werd verlaten, aangezien één derde van alle mutaties 
buiten deze regio's gevonden worden. Door deze additionele mutaties, die 
buiten het core domein gevonden zijn, worden zowel een zeer hoge mutatie 
frequentie, als ook een hoge mate van concordantie tussen type p53 mutaties 
en eiwit overexpressie gevonden in HH carcinomen. Deze bevindingen geven 
aan dat eerdere studies aangaande de relatie tussen p53 mutaties en p53 eiwit 
overexpressie, hun prognostische betekenis, en hun relatie met erkende 
risicofactoren gereëvalueerd dienen te worden.
Bovendien is het noodzakelijk geworden om de studie, zoals beschreven in 
hoofdstuk 4, te herhalen met de nieuw ontwikkelde strategie, zodat 
geëvalueerd kan worden of deze verbeterde strategie kan leiden tot een 
verbeterde concordantie tussen primaire tumor en lymfkliermetastase.
Met behulp van deze gevoeUger detectietechniek zal in de toekomst het 
probleem van de multipele tumoren in de tractus aerodigestivus, long en 
oesophagus bestudeerd dienen te worden, opdat duidelijk wordt in hoeverre 
de monoklonale dan wel de polyklonale theorie de voorkeur verdient om het 
optreden van multipele HH tumor laesies te verklaren.
De rol van p53 in de prognose van individuele patiënten, die chirurgisch, 
radiotherapeutisch, chemotherapeutisch of gecombineerd behandeld worden 
lijkt minder belangrijk te zijn geworden. Wanneer de p53 mutatie frequentie, 
zoals in hoofdstuk 7 is beschreven, 91% is, dan wordt het onwaarschijnlijk dat 
p53 mutaties een prognostische rol van betekenis vervullen.
Zoals gezegd, bevatten bijna alle primaire tumoren van HH carcinoom 
patiënten een p53 mutatie, zodat OLA analyse toegepast kan worden zowel na 
chirurgische resectie als in de follow-up van deze patiënten. Aan de hand van 
de met behulp van onze p53 mutatie analyse strategie gevonden p53 mutatie 
van de primaire tumor, kunnen OLA probes gesynthetiseerd worden. 
Aanvullend op de gebruikelijke histopathologische beoordeling van 
chirurgische resectie randen, kunnen met behulp van OLA analyse maligne 
cellen gedetecteerd worden, die niet met standaard lichtmicroscopie ontdekt
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zouden zijn. Bovendien kan in de follow-up van HH carcinoom patiënten OLA 
analyse plaatsvinden van sputum en mond- en larynx uitstrijkjes voor 
vroegdiagnostiek van recidief tumor na initiële behandeling.

Implicaties voor toekomstige trends in behandelingen
Moleculair biologische afwijkingen in tumorcellen zijn niet alleen interessant 
vanuit diagnostisch oogpunt, maar kunnen ook de basis vormen voor 
therapeutische strategieën gericht op de correctie van deze moleculair biologische 
afwijkingen. Derhalve zijn de meest belovende nieuwe therapieën voor het HH 
carcinoom interventies op moleculair niveau. Het vrijwel universeel voorkomen 
van p53 mutaties in HH carcinomen maakt dit tumortype zeer geschikt voor 
behandelingsstrategieën gericht op het herstellen van de p53 functie in 
tumorcellen of voor technieken die gebruik maken van de afwezigheid van een 
normale p53 functie om tumorcellen te doden middels agentia die normaliter 
geïnactiveerd worden door p53. Verschillende strategieën worden op dit moment 
gebruikt op het gebied van gentherapie, zoals virus gemediëerde overdracht van 
virale structuren die gericht medicamenteus bestreden kunnen worden, de 
introductie van wildtype p53 adenovirussen als vector of tot slot het infecteren van 
cellen met een mutant adenovirus dat alleen kan reproduceren in cellen met een 
verstoorde p53 functie.
De eerste strategie maakt bijvoorbeeld gebruik van het herpes simplex virus 
thymidine kinase gen, dat in tumor cellen geïntroduceerd wordt. Behandeling 
middels herhaalde gancyclovir injecties heeft geresulteerd in een significante 
afname van tumorgroei vergeleken met een onbehandelde groep (1). In de tweede 
methode wordt de afwezigheid van p53 functie hersteld door het tijdelijk 
inbrengen van wildtype p53 in de cel, waardoor tumorremming optreedt door 
celdood veroorzaakt door apoptose (2,3). Bij de derde methode worden tumor 
cellen geïnfecteerd met ONYX 015 adenovirus stammen, die E1B, een 55 kDa eiwit 
dat de functie van p53 blokkeert, missen. Aangezien de meeste tumoren 
gemuteerd p53 bevatten kan ONYX 015 deze tumorcellen infecteren en doden, 
terwijl het omgevende gezonde weefsel beveiligd is tegen deze adenovirus infectie 
middels zijn intacte p53 systeem. Dit principe is in de literatuur al vergeleken met 
de "slimme bommen" zoals die bij defensie gebruikt worden (4,5).
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Therapieën die gebruik maken van adenovirus infectie lijken een veilige en 
effectieve methode te zijn, aangezien bekend is dat het adenovirus slechts 
geringe infecties veroorzaakt, een voorkeur heeft voor de bovenste luchtwegen 
en slechts een tijdelijk effect sorteert, aangezien het DNA niet in het genoom 
van de gastheer wordt geïncorporeerd (6). Bovendien kunnen adenovirussen 
rustende cellen infecteren, die zich met name in de hypoxische delen van 
tumoren kunnen bevinden, zodat de effectiviteit van deze 
antitumorbehandeling in theorie niet, zoals bij radiotherapie, afhankelijk is van 
de delingsaktiviteit van tumorcellen (7). Beoordeling van het effect van op p53 
veranderingen gebaseerde therapie vereist absolute zekerheid aangaande het al 
dan niet aanwezig zijn van p53 mutaties. De in dit proefschrift beschreven 
analyse techniek is in staat deze zekerheid te verschaffen.
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LIST OF ABBREVIATIONS

DGGE denaturing gradient gel electrophoresis

EBV Epstein-Barr virus

EGF(r) epidermal growth factor (receptor)

GADD45 growth arrest DNA damage gene

HNSCC head and neck squamous cell carcinoma

HPV human papillomavirus

HSV herpes simplex virus

IHC immunohistochemistry

LI (Ki-67) immunohistochemical labellings index of 
proliferation marker Ki-67

LNM lymph node metastasis

LOH loss of heterozygosity

MPT multiple primary tumors

MSA multi-sequence analysis

OLA oligo ligation assay

PBL peripheral blood lymphocytes

PBS phosphate buffered saline

PCR polymerase chain reaction

PEO penta-ethylene oxide

PT primary tumor

Rb gene retinoblastoma gene

SBMA sequence based mutation analysis

SPT second primary tumors

SSCP single strand conformation polymorphism
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