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1. Oral squamous cell carcinoma

Chapter

1.1 Epidemiology
Oral cancer is a significant health threat accounting for approximately 300,000 new cases
annually worldwide (1). The majority of these cancers are oral squamous cell carcinomas (OSCC)
that arise in the mucosal linings. Oral cancer incidence rates vary widely across the world. In western
countries incidence rates are 3-4 per 100,000 per year. Incidence trends of OSCC in the Netherlands
in the period 1989-2006 showed a significant increase, more pronounced for female than for male
patients (2.0% vs. 0.5% per year, respectively) (2). Most patients are over 45 years of age, with a male
predominance. Major risk factors for the development of OSCC are life-style factors, in particular
tobacco smoking and excessive alcohol consumption (3).
1.2 Treatment and prognosis
Surgery remains the mainstay of treatment for the large majority of patients with OSCC. In
selected cases radiotherapy, chemoradiation or bioradiation might be applied. Factors that affect
definitive treatment choice are related to tumor and patient characteristics (4). Despite advances
in therapy leading to better locoregional control, the long-term survival rates of patients with
OSCC have only marginally improved during the last decades (5). The prognosis of OSCC is strongly
related to the stage: small tumors that have not yet spread to the regional lymph nodes of the
neck have a much more favourable prognosis (five-year survival of approximately 80%) than more
advanced tumors that already have metastasized via the lymphatic compartment (five-year survival
of approximately 30%). The overall five-year-survival rate for oral cancer, all stages combined, is
approximately 50% (6).
1.3 Screening for early detection
On the basis of the large difference in prognosis between early and advanced stage tumors,
one would envision that screening programs for oral cancer might reduce cancer-related deaths.
A major example in this respect is the cytological screening of women with smears to diagnose
cervical intraepithelial neoplasias and cervical cancer at an early stage. The introduction of these
screening programs has considerably declined the incidence of cervical cancer in the last three to
four decades in most developed countries (7).
A limited number of studies regarding screening for oral cancer have been carried out during
the last decade and thus far this approach has yielded limited success (8). A major problem in this
respect is that only a subgroup of tumors seems to arise from visible precancerous oral mucosal
lesions.
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2. Oral precancerous lesions: clinical aspects
2.1 Terminology and epidemiology
Clinically, a precancerous lesion is defined as a morphologically altered tissue in which cancer
is more likely to occur than in its apparently normal counterpart (9). Oral precancerous lesions
may appear as a white or red lesion, designated as leukoplakia or erythroplakia, respectively. The
term leukoplakia should be used to indicate white plaques of questionable risk having excluded
(other) known diseases or disorders that carry no increased risk for cancer (10). Leukoplakia has
an estimated prevalence, world-wide, of less than 0.5% (11). The annual malignant transformation
rate is approximately 1%-2% (Figure 1). Erythroplakia is much less prevalent, but has a much higher
malignant transformation rate (11).

Figure 1. Malignant transformation of a leukoplakia lesion of the lateral border of the tongue

2.2 Histopathology
The malignant potential of oral precancerous lesions is assessed by histopathology and mainly
based on the presence and degree of dysplasia in biopsy material (12). The WHO 2005 classification
recognizes five histopathological stages: squamous hyperplasia, mild dysplasia, moderate dysplasia,
severe dysplasia and carcinoma in situ (13). However, dysplasia grading was shown to be somewhat
subjective, and of limited predictive value for the individual patient (14, 15, 16, 17).
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2.3 Management
In our hospital, biopsies are taken in case of a definitive clinical diagnosis of leukoplakia or
erythroplakia in order 1) to exclude other known visible lesions, 2) to assess the presence and
degree of epithelial dysplasia, and 3) to rule out the presence of a squamous cell carcinoma. Both
dysplastic and non-dysplastic lesions are treated when feasible (e.g. < 2-3 cm), most commonly by
surgery or laser therapy. Lifelong follow-up in both treated and untreated patients is recommended
at intervals of 3-6 months (11).

3. Oral precancerous lesions: genetic aspects
3.1 Carcinogenesis
It has been well established that the progression from a normal cell into a cancer cell is caused
by an accumulation of genetic and/or epigenetic alterations in oncogenes and tumor suppressor
genes, referred to as multistep carcinogenesis (18, 19). Often, these changes appear in less
important regions of the genome and are therefore a mere reflection of the genetic instability of the
tumors, but some of these alterations specifically occur in genes that play a crucial role in signalling
pathways that regulate DNA maintenance, cell cycle or other important physiological processes
(19). These alterations can be observed at the DNA level as mutations, amplifications or deletions
of genomic sequences. In recent years, considerable progress has been made in understanding
the genetic basis of OSCC carcinogenesis (18, 20, 21). Certain genetic changes occur frequently,
are clonally preserved and are considered as ‘driving mutations’. The majority of oral squamous cell
carcinomas, if not all, develop in precancerous lesions, macroscopically visible or not, also known as
fields (see 3.3: field cancerization), characterized by some of these specific genetic alterations.
3.2 Genetic progression model
Based on a genetic analysis of mucosal lesions with an apparently progressive histopathological
appearance, Califano et al (18) presented a genetic progression model for head and neck squamous
cell carcinoma (HNSCC), most particularly based on OSCC. They showed that the spectrum and
frequency of chromosomal loss progressively increased at each histopathological step (Figure 2).
Using microsatellite analysis several chromosomal areas have been identified that show allelic
imbalance, which are likely to harbour cancer genes for HNSCC (22).
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Figure 2. Pathological and molecular progression of oral cancer; an adapted model of that of Califano et al
(1996). Underlying genetic instabilities include the loss of heterozygosity (LOH), amplification/ deletion or upregulation/ down-regulation of certain oncogenes or tumor-suppressor genes (23).
Adapted and reprinted by permission from the New England Journal of Medicine: R.I. Haddad et al, Recent
Advances in Head and Neck Cancer, N Engl J Med 2008; 359:1143-1154.

3.3 Field cancerization
The concept of “field cancerization” was first introduced by Slaughter et al in 1953 when studying
the presence of histologically abnormal tissue surrounding OSCC (24). They proposed that often a
large area of oral epithelium exist that has been preconditioned for cancer by long term exposure
to carcinogens. This hypothesis could explain the development of multiple primary tumors and the
frequent local recurrences in OSCC patients. In 2003, Braakhuis et al provided a genetic explanation
for the concept of field cancerization, based on the comparison of the genetic profile of a tumor and
its adjacent macroscopically normal mucosa (Figure 3)( 21). In the initial phase, a stem cell acquires
genetic alterations and forms a “patch”, a clonal unit of altered daughter cells. The conversion of
a patch into an expanding field is the next logical and critical step in epithelial carcinogenesis.
Additional genetic alterations are required for this step, and by virtue of its growth advantage, a
proliferative field gradually displaces the normal mucosa. Ultimately, clonal divergence leads to the
development of one or more tumors within a contiguous field of preneoplastic cells. The majority of
these fields is not visible by clinical inspection. As mentioned above, only a minor subgroup of oral
precancerous lesions can be seen clinically as leukoplakia or erythroplakia.
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Figure 3. Proposed model of HNSCC carcinogenesis: first a patch develops, consisting of a clonal unit of TP53mutated cells. The next step is conversion into a field of cells with cancer-related genetic alterations, which
expands at the expense of normal tissue. Eventually a field can progress into a carcinoma. The numbers indicated
are the chromosomal locations for which genetic changes (LOH) have been described.
Adapted and reprinted by permission from the American Association for Cancer Research: B.J.M. Braakhuis et al,
A Genetic Explanation of Slaughter’s Concept of Field Cancerization: Evidence and Clinical Implications, Cancer
Res 2003;63:1727-1730.

4. Molecular diagnosis
4.1 Introduction
The hypothesis that oral cancers are preceded by precancerous fields of genetically altered cells,
suggests that screening approaches for precancerous changes might become an option. As the
fields are characterized by genetic changes, these are the markers of choice. Since only a minority of
these fields is clinically visible, a noninvasive screening approach would be preferable, necessitating
the collection of small brushed samples to prevent contamination with normal cells. Hence, a
sensitive and accurate diagnostic assay is required that allows assessment of genetic changes using
a minimal amount of DNA.
4.2 Numerical chromosomal alterations
In 2002, an assay for analysis of multiple genetic alterations using small amounts of DNA
was developed: multiplex ligation-dependent probe amplification (MLPA). This assay allows the
measurement of numerical chromosomal alterations, gains and losses, at up to 40 target locations
in a single PCR run, on 50 ng of isolated DNA (22). In short, probes that differ in length are hybridized
against a specific location in the genomic DNA, ligated, PCR amplified by a general primer pair,
and analyzed by capillary electrophoresis. This method allows a quantitative analysis of the copy
numbers of multiple chromosomes of DNA from the analyzed sample.
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4.3 Allelic imbalance analysis by microsatellites
Chromosomal changes in (pre)cancer cells can also be determined by allele-specific markers
such as microsatellites. Microsatellites are small repetitive sequences that are highly polymorphic
with respect to length in the population. The loss of a given marker is generally considered a
hallmark of the loss of a specific chromosomal locus harboring a tumor suppressor gene, or an
unbalanced amplification. Previous studies have shown that allelic imbalance (AI) analysis using
microsatellites is a reliable genetic test for detecting genetic alterations in oral (pre)cancer (20, 26).
In practice, sample DNA is compared with normal DNA (usually isolated from blood lymphocytes)
for multiple microsatellite markers. After PCR amplification and electrophoretic separation, two
bands representing the two alleles (maternal and paternal) are seen in the normal tissue DNA.
When only one band is seen in the sample DNA, then the other allele has been lost, referred to
as “loss of heterozygosity” (LOH), “allelic imbalance” (AI) or “allelic loss”. Because this method can
theoretically not discriminate loss of one allele over the gain of another, the term “allelic imbalance”
is most correct. One allele is often not completely lost, usually by contamination of stromal cells in
the sample analyzed, and for this reason a cutoff value is used to determine the presence of AI. A
generally used cutoff point is when the ratio between the alleles in the sample as compared to the
ratio in the normal DNA has changed 50% or more (20).
4.4 DNA content
Abnormal nuclear DNA content (aneuploidy) is an indicator of chromosomal aberrations and
is associated with malignant and premalignant lesions (27). A recent study has shown that DNA
ploidy analysis by image cytometry (ICM) helps to identify oral epithelial dysplasias with a high
risk of malignant progression (28). In short, DNA image cytometry allows the measurement of the
DNA content (ploidy) of the sample tissue by comparing the nuclei of interest with control nuclei
(lymphocytes). In order to visualize these nuclei under a microscope, cytospins are prepared from
cell suspensions and subsequently stained (29, 30). Based on the DNA index, tissue samples can be
classified into different subclasses (31): DNA diploid (DNA index 1.0) or DNA aneuploid (DNA index
≥ 1.1).

5. Scope of this thesis
As outlined above, survival rates of patients with OSCC have only marginally improved the last
decades despite advances in locoregional therapy. Therefore, it seems critical to establish a strategy
to identify patients at risk for OSCC and to optimize the clinical management in order to prevent
cancer development or treat tumors at the earliest stage possible.
Previous studies have shown that OSCC develops within mucosal fields, of which only a
minor subgroup can be identified clinically. The knowledge that these precancerous fields are
characterized by cancer-associated genetic alterations opens the possibility to screen for the
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presence of such alterations using genetic assays, even in the absence of clinically visible lesions
(20). Taking random biopsies is not an attractive option for routine screening. Cytology on the other
hand could be an alternative, as shown in cervical (pre)cancer screening. Standard oral cytology has
been studied extensively in the past, showing good results in identifying oral cancer. However, in
oral precancerous lesions standard cytology showed profound differences in diagnostic accuracy
(32, 33). Therefore, the use of additional genetic assays was suggested to improve the cytological
diagnosis of oral precancerous lesions (34).
The aim of the work described in this thesis is to investigate the potential of noninvasive genetic
screening to detect and monitor oral precancerous fields and visible lesions, and to identify the
ones with the highest risk for cancer.
In Chapter 2, we describe the development of a noninvasive genetic screening test using MLPA
to detect oral precancer.
In Chapter 3, the test characteristics of three genetic assays that were developed to detect oral
precancer (MLPA, AI and DNA ploidy) were investigated and compared to histology.
In Chapter 4, a noninvasive genetic assay using AI was developed and investigated in healthy
control subjects as well as leukoplakia patients and validated against biopsy material.
In Chapter 5, a study on the prognostic value of DNA ploidy in patients with oral leukoplakia is
described.
In Chapter 6, a summary, general discussion and the future perspectives of this thesis are
presented.
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Abstract
Early diagnosis of oral squamous cell carcinoma (OSCC) may have a major impact on survival
and quality of life. Recent studies have shown that the majority of OSCC is preceded by precursor
lesions characterized by genetic alterations. The aim of this study was to develop and evaluate a
noninvasive screening test for oral preneoplastic lesions, based on genetic alterations as marker.
Various methods to obtain a high yield of cells by brushing a small area of the oral mucosa were
compared. A novel genetic assay, multiplex ligation-dependent probe amplification (MLPA), was
applied that enables the measurement of gains and losses at 40 different chromosomal locations
in one PCR-reaction using 150 ng DNA. MLPA was performed on DNA of normal and dysplastic oral
mucosa as well as of OSCC with the intention to select a specific probe set for accurate detection of
precursor lesions in the oral cavity. The assay was correlated to loss of heterozygosity analysis using
microsatellite markers, and evaluated on noncancer subjects and patients with oral leukoplakia.
A noninvasive sampling method was developed with DNA yields ranging from 150 to 600
ng. Using 120 probes, we could detect large differences with MLPA in the number of alterations
between normal vs dysplastic and dysplastic vs tumor tissue with P-values < 0.001. A significant
correlation was found between the number of alterations as detected by MLPA and the analysis for
allelic loss. The available data enabled the selection of a set of 42 MLPA probes, which had the power
to optimally discriminate between normal and dysplastic tissue.
Our data show that MLPA is a sensitive, reliable, high-throughput and easy-to-perform technique,
enabling the detection of genetic alterations on small noninvasive samples and can be considered a
promising method for population-based screening of preneoplastic lesions in the oral cavity.
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Introduction
Worldwide approximately 300,000 individuals are yearly diagnosed with oral cancer,
approximately 80% with squamous cell carcinomas (OSCC) that arise in the mucosal linings (1).
Despite advances in locoregional therapy, still 50% of OSCC patients die of their disease (2,3).
Screening populations for the early detection of asymptomatic carcinoma or precursor lesions is an
attractive strategy to reduce the burden of OSCC. The major example in this respect is the cytological
screening of women with smears to prevent cervical cancer. The introduction of screening programs
has considerably declined the incidence of cervical cancer in the last three to four decades in most
developed countries (4). In the 1960s and 1970s numerous reports on the use of oral cytology as a
diagnostic approach were published. However, low sensitivity and specificity precluded the general
adoption of microscopic cytology for the detection of oral cancer and precancerous lesions (5).
In recent years, considerable progress has been made in understanding the genetic basis of OSCC
carcinogenesis. It has been well established that these cancers arise as a result of the accumulation
of genetic alterations in proto-oncogenes and tumor suppressor genes, referred to as multistep
carcinogenesis (6). In 2003, Braakhuis et al. proposed a progression model of oral cancer in which
they described that mucosal fields with genetic alterations can replace the normal epithelium in the
oral cavity. Clonal evolution in these fields leads to the invasive carcinoma (7-9). Despite the large
dimensions up to 10 cm in diameter, the majority of these lesions is not visible by clinical inspection.
Only a minor subgroup of precursor lesions can be seen clinically and present as a white or a red
lesion in the oral mucosa, designated as leukoplakia or erythroplakia, respectively (10).
The knowledge that far most, if not all, OSCC, may be preceded by large precursor lesions
now opens the possibility for early diagnosis of these precancerous lesions (8). At this moment,
histology is the gold standard for diagnosis and grading of oral preneoplastic lesions. The lesions are
histologically recognized as either nondysplastic or dysplastic, and if dysplastic, graded as mildly,
moderately or severely. The potential of histological examination to identify preneoplastic lesions
might suggest that histology is suitable for screening. However, screening by taking random biopsies
of both clinically normal and suspect oral tissue is unpractical, since this causes serious discomfort to
the patient and is not suited for repeated sampling at multiple sites. Moreover, histological grading
has some value for the assessment of the risk for progression, but due to inter- and intraobserver
variability, it is of limited importance for the individual patient. Grading of preneoplastic lesions by
genetic methods or DNA ploidy seems more promising in this respect (11-16).
Noninvasive sampling is a more attractive alternative that would allow repeated screening
for preneoplastic lesions. The cells can be brushed or scraped from the mucosa (17), and the DNA
analyzed for genetic alterations. It has been generally accepted that specific genetic changes
are related to the carcinogenic process, and are of value to predict the risk for progression (18).
Of note, to obtain a homogeneous sample of a potential preneoplastic lesion, only small samples
should be used, restricting the amount of DNA available for analysis. On the other hand, numerous
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chromosomal regions have been associated with early OSCC carcinogenesis and should therefore
be analyzed in parallel.
Hence, an assay is needed that allows analysis of multiple markers using only small amounts
of DNA. Recently, a novel assay for analysis of multiple genetic alterations using small amounts of
template DNA has been developed: multiplex ligation-dependent probe amplification (MLPA) (19).
This assay allows the measurement of numerical chromosomal alterations at 40 target locations
using only 20 ng of DNA, corresponding to approximately 3,000 cells. The aim of this study was to
develop a noninvasive screening test using MLPA to detect preneoplastic lesions in the oral cavity.

Materials and methods
Patients and tissue samples
Normal oral mucosa was derived from 10 paraffin-embedded surgical specimens of uvulas from
patients who underwent surgical treatment for snoring. In addition, 10 paraffin-embedded tumor
specimens were selected from patients who underwent surgical treatment for OSCC. Dysplastic oral
mucosa was obtained from 10 fresh frozen and 10 paraffin-embedded surgical margins that were
taken from the specimen of surgically treated OSCC patients for routine histological assessment.
All specimens were histologically examined by an experienced pathologist. Dysplasia was scored
according to the standard criteria of the World Health Organization (20).
Specimens from three leukoplakia patients who underwent a transoral excision were used
for comparison of the genetic changes in brushed cells, and those in the excised tissue samples.
The leukoplakia lesion was brushed before excision, and the excised specimen was subsequently
embedded in paraffin. The microdissected mucosal epithelium was analyzed for genetic changes
as described below.
Blood samples and cells brushed from the oral mucosa obtained from 20 noncancer subjects
served as control material.
The study was approved by the Institutional Review Board, and all patients were enrolled after
written informed consent.
Noninvasive sampling
For noninvasive sampling, exfoliated cells were brushed from the oral mucosa in noncancer
controls and leukoplakia patients. Different sampling methods were tested, including a small
disposable brush (Omnident®, Dental Union, Nieuwegein, The Netherlands), a Cytobrush plus®
(Medscand Medical, Sweden) and an excavator 125-126 (Dentsply Ash, UK). To investigate the depth
of sampling, cytospins were made from the different samples and subsequently immunostaining
with suprabasal CK-13 and basal CK-19 antibody was performed, using IgG as negative control.
Sites of 5 x 10 mm were brushed repeatedly five times at different anatomical sites in the oral
cavity in healthy controls or at the leukoplakia lesion before excision. Each brush was immediately
placed into a 2 ml reaction vial containing 200 ml phosphate-buffered saline (PBS). After 15 seconds
22
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of vortexing, the brush was removed by a sterilized pair of tweezers. Next, the cells were pelleted by
centrifuging the vials at 1,500 g for 10 minutes. Finally, excess PBS was removed by a glass capillary
and the pellets were stored at -20 °C.
Microdissection
From all tissue specimens, 10-µm sections were cut and mounted on microscopic glass slides.
The paraffin-embedded specimens were subsequently deparaffinized in xylene and rehydrated.
The first and last tissue sections were stained with hematoxylin and eosin for histological analysis
and to guide microdissection. The other tissue sections were stained with 1% toluidine blue and
0.2% methylene blue and manually microdissected under a stereomicroscope. From the uvulas and
leukoplakia samples, the entire mucosal epithelium was microdissected. From the surgical margins
and tumor samples, only dysplastic and neoplastic areas were microdissected, respectively.
Isolation of DNA
The pelleted exfoliated cells and blood cells as well as the microdissected tissues were treated
with 1 mg/ml of proteinase K for 24 hours at 52°C in 100 µl buffer containing 100 mM TRIS-HCL (pH
9.0), 10 mM NaCl, 1% sodium dodecyl sulphate, and 5 mM EDTA (pH 8.2). The DNA was purified
by phenol-chloroform extraction and collected by ethanol precipitation using 2 µg of glycogen as
carrier. The DNA was redissolved in 20 µl LoTE-buffer (3 mM TRIS-HCL, 0.2 mM EDTA, pH 7.5). DNA
concentrations were measured by a ND-1000 spectrophotometer (B&L, Maarssen, The Netherlands).
For comparison, DNA isolation from exfoliated cells was also performed with DNA Stat (Campro
Scientific Bv, Veenendaal, The Netherlands) and QIAamp DNA mini Kit (50) (Qiagen GmbH, Hilden,
Germany), carried out according to the suppliers.
Measurement of numerical chromosomal alterations by MLPA
MLPA kits were used as described by the supplier (19). Three different probe sets were evaluated
with each 40-42 probes detecting primarily oncogenes and tumor suppressor genes: SALSA
P005, P006 and P007 (MRC-Holland, Amsterdam, The Netherlands). In addition, the SALSA P014
chromosome 8p kit was used. In short, 5 ml of genomic DNA diluted in LoTE at a concentration of 10
ng DNA/ml was denatured at 98°C for 5 min, cooled to 25°C and 3 ml of a 1:1 mixture of MLPA buffer
and SALSA probe-mix was added. After hybridization for 16 hours at 60°C, 32 ml ligation mix was
added and the reaction was incubated for 15 min at 54°C followed by 5 min at 98°C. Subsequently,
40 ml of the SALSA PCR-mix (FAM label) was added to 10 ml of ligation product and this was
amplified by PCR in 33 cycles (30 seconds 95°C, 30 seconds 60°C, 60 seconds 72°C). For analysis, 12
ml of deionized formamide was combined with 0.5 ml of Genescan-500 (Rox) size standard (Applied
Biosystems, Nieuwerkerk a/d IJssel, The Netherlands) and 1 ml of PCR-product in a Genetic Analyzer
plate. This was denatured at 96°C for 2 minutes, loaded on an automated ABI PRISM sequence
analyzer and run following the suppliers’ protocol (3100 Genetic Analyser; Applied Biosystems). All
assays were performed in triplicate.
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The data were analyzed with Genescan Analysis software (version 3.7; Applied Biosystems). All
peak areas were exported to an Excel spreadsheet. The data were standardized on the basis of the
total peak areas. For each peak, a ratio was calculated by dividing the median of the normalized
peak area of the tissue sample by the normalized peak area of control DNA from peripheral blood
samples, or as otherwise indicated. A number of quality controls were used. The total signal of all
peaks had to pass a certain threshold value. When one or more MLPA reactions failed to pass this
threshold value, the triplicate assay was repeated. Finally, in every MLPA run a tumor DNA sample
and a normal DNA sample were included as control.
Microsatellite analysis
Allelic loss was assessed using 23 microsatellite markers located at chromosomes 3p, 9p,
17p, 8p, 13q and 18q. These markers were selected because they frequently demonstrate loss of
heterozygosity (LOH) in head and neck squamous cell carcinoma (HNSCC) and preneoplastic lesions
(6, 8). The following markers were used: D3S1274, D3S1284, D3S1217, D3S1766, D3S1029, D3S1293,
D9S171, D9S1748, D9S1751, IFNA, D9S162, D9S157, CHRNB1, TP53, D17S1866, D13S294, D13S168,
D13S170, D13S158, D18S34, D18S57, D8S1130 and LPL-GZ. Primer sequences were obtained
from the Genomic Database for all of these markers (http://gdbwww.gdb.org/). LOH analysis was
performed as described previously (8, 9).
Statistical analysis
All MLPA experiments were performed in triplicate. For analysis, the median was used to control
for outliers. Fisher’s exact test was used to assess the difference of the number of genetic alterations
between the different experimental groups. P-values < 0.05 were considered statistically significant.
To determine the relation between MLPA and LOH analysis on the dysplastic tissues, the Pearson
correlation coefficient was calculated, using SPSS (SPSS for windows, release 10.1; SPSS, Chicago, IL,
USA). To determine more specific cutoff values for genetic alterations in MLPA, the 99.99% confidence
intervals to set the criteria for ‘normal’ were calculated for each probe on the log-transformed data.

Results
Noninvasive sampling
Noninvasive sampling of 5 x 10 mm areas in the oral cavity of healthy controls showed a minimal
yield of 30,000 exfoliated cells per brushed site. We found that the yield varied with site, with the
lowest yields at the palate and the highest yields at the gingiva and lateral border of the tongue.
Measured DNA amounts showed a range of 150-600 ng/ sample.
For noninvasive sampling, we chose to use a small disposable brush. Other sampling methods,
the Cytobrush plus® and excavator 125-126, gave less reproducible and lower yields. All three
different sampling methods showed comparable numbers of positive cells for CK-13 and CK-19,
suggesting that the same depth was reached (data not shown).
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DNA isolation from exfoliated cells with proteinase K isolation showed approximately five times
higher DNA yield compared to DNA isolation with DNA Stat and QIAamp DNA mini Kit.
Suitability of MLPA
MLPA was performed on DNA isolated from 10 normal oral mucosa and 10 OSCC (paraffinembedded) samples, using all available probes, to set initial cutoff values to decide whether the
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DNA copy number was normal or showed gain or loss. The genetic status of the OSCC samples
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was determined previously with LOH analysis using microsatellite markers and this information was
exploited (8, 9). The following arbitrary criteria for an aberration were defined: a ratio < 0.75 was
considered a loss and a ratio > 1.33 was considered a gain. Within these limits, all normal samples
were free of losses and gains (0/1160 probes), whereas tumor tissues showed losses and gains
in 29.5% (342/1160 probes), which compared well with the previous LOH data. Also, 10 paraffin
embedded surgical margins that were dysplastic and known to contain genetic alterations were
analyzed by MLPA, showing losses and gains in 23.0% (267/1160 probes). The MLPA results of
normal vs. dysplastic tissues and dysplastic vs. tumor tissues showed significant differences in
the number of alterations with P-values < 0.001. The unprocessed MLPA data, displayed as peaks,
showed distinct differences between normal and dysplastic mucosal epithelium. A typical example
is shown in Figure 1.

Figure 1. Unprocessed MLPA data of DNA derived from normal oral mucosa (upper panels) and from a dysplastic
surgical margin (lower panels), all paraffin-embedded tissue. Duplicate MLPA analyses are indicated as exp. 1 and
exp. 2. On the x-axis, the number of base pairs is depicted, on the y-axis, the fluorescence intensity. The lower
left arrow indicates a gain of 11q and the lower right arrow indicates a loss of 17p in the DNA of the dysplastic
sample. Besides these two genetic changes, a considerable number of other alterations can be observed in the
dysplastic sample.
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A widely used and more accepted assay for genetic analysis of oral premalignant lesions is detection
of LOH using microsatellite markers. Previous studies have even reported that LOH at different
chromosome arms is associated with an increased risk for OSCC (13, 14). To see whether MLPA
analysis corresponds to LOH analysis on the same tissues, we compared the results of both assays on
20 surgical margins, focusing on those chromosomal regions for which both LOH markers and MLPA
probes were available. The MLPA assay on fresh frozen tissue does not differ from the MLPA assay on
paraffin-embedded tissue. The overall percentage LOH and overall percentage genetic alterations
(gains and losses) as assessed with MLPA was determined for each sample and their Pearson
correlation coefficient was calculated to be 0.474, with a two-tailed P-value of 0.035, indicating a
moderate but nevertheless significant correlation between MLPA and LOH results (Figure 2).

Figure 2. Results of MLPA analysis and LOH analysis on 20 dysplastic surgical margins. On the x-axis, the %
MLPA alterations (gains and losses) are shown, and on the y-axis, the % LOH alterations for each sample. In all,
14 MLPA markers were used: 03p21.3 (2x), 03p22, 08p23.1, 08p22 (2x), 09p21 (2x), 13q14.3, 17p13.1 (4x) and
18q11.2. A total of 13 LOH markers were used: D3S1029, D3S1293, D9S171, D9S1748, D9S1751, D9S162, TP53,
D13S294, D13S168, D18S34, D18S57, LPL-GZ and D8S1130. Pearson correlation coefficient = 0.474, with a twotailed P-value of 0.035.

Selection of probes and cutoff values for an OSCC set
Since the DNA amount of the small noninvasive samples is limited and not all available probes
are relevant for the detection of oral preneoplastic lesions, the most suitable probes were combined
in one probe set. Probes, suitable for the detection of oral preneoplastic lesions, were selected
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based on the following characteristics: (1) genetic alterations in a high percentage of dysplastic oral
lesions, (2) reproducible measurements, and (3) no genetic alteration in healthy controls using the
arbitrary cutoff values of 1.33 and 0.75. Probes at chromosomes 2 (IL1A-DO1, TANK-DO1) and 17q
(ERBB2-DO2), which did not show genetic alterations in dysplastic mucosa and OSCC, were added
as control probes enabling independent standardization of the data.
Chapter
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Figure 3. MLPA results from DNA obtained from microdissected normal, dysplastic and OSCC tissue samples,
using the OSCC probe set. Columns from left to right: probe name, chromosome position, 10 normal, 10 dysplastic
and 10 OSCC tissue samples. For calculations, the 99.99% confidence interval limits were used. Explanation of
used colors: gray = gain, black = loss and white = no genetic alteration. The normal tissues showed 0 % (0/420),
the dysplastic tissues 21.4% (90/420) and the tumor tissues 29.3% (123/420) genetic alterations.

27

Chapter 2

Initially, cutoff values of 1.33 and 0.75 were used to define a gain or loss, respectively. These
values were chosen more or less arbitrarily, and do not take variation between probes into account.
Therefore, for each MLPA probe in the OSCC probe set, a 99.99% confidence interval was calculated,
using the median values of 20 DNA samples of blood from noncancer controls. The upper limit of the
confidence interval was used to define gain, while the lower limit defines loss. The mean coefficient
of variation for the probes over these 20 samples was determined to be 7.2%, with a range of 4.017.6%. The MLPA assay, using the OSCC probe set with specific cutoff values, was performed on
10 normal, 10 dysplastic and 10 tumor tissues, all paraffin-embedded. The normal tissues showed
0% (0/420), the dysplastic tissues 21.4% (90/240) and the tumor tissues 29.3% (123/420) genetic
alterations (Figure 3). The number of genetic alterations between the normal and the dysplastic
tissues, as well as between the dysplastic and tumor tissues remained significantly different (P <
0.0001 and P = 0.011, respectively). The 99.99% confidence interval corresponding to a nonaltered
DNA content of all probes is presented in Table 1.
Feasibility of noninvasive screening by MLPA
In order to investigate the feasibility of noninvasive screening by MLPA, we first brushed the
oral mucosa of 20 noncancer subjects. None of these samples showed genetic changes. Then, we
compared the MLPA results from noninvasive samples, obtained by brushing the mucosal surface
of three different leukoplakia lesions, with the MLPA results from the microdissected mucosal
epithelium of the paraffin-embedded surgical specimen. All surgical specimens were found to be
nondysplastic and showed no genetic alterations. The MLPA results of the exfoliated cells showed in
all three cases no genetic alterations.

Discussion
This study was performed to develop and evaluate a noninvasive screening test for oral
preneoplastic lesions, based on genetic markers. Early diagnosis of oral preneoplastic lesions might
be of importance for clinical management, particularly in high-risk populations, considering the
poor prognosis of advanced stage tumors. Patients who are known to be at high risk for developing
OSCC and would qualify for screening are those with oral leukoplakia or erythroplakia, those who
have been treated for OSCC and those with excessive tobacco and alcohol abuse. Besides these
well-known risk groups, there are also patients who are genetically predisposed, suffering from
Fanconi anemia, or relatives from OSCC patients who should be considered as risk groups (21, 22).
Methods such as toluidine blue staining (23) and auto fluorescence imaging have been
investigated to improve the clinical identification of oral premalignant lesions as the majority other
than leukoplakia and erythroplakia cannot be recognized by visual inspection. These methods
would allow frequent surveillance of lesions by imaging or inspection and, when indicated,
histological examination of biopsies, but to date there is not much evidence for the efficacy of these
visualization methods.
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Table 1. Details of MLPA probes and performance in normal DNA
Length (bases)

Chromosome
position

Confidence interval
lower limit

Confidence interval
upper limit

CTSB-D01

127

08p22

0.7767

1.2876

CREM-D01

133

10p12.1

0.7343

1.3618

ERBB2-D02

139

17q21.1

0.7373

1.3563

Chapter

DLEU-D01

147

13q14.3

0.732

1.3662

MLH1-D02

152

03p21.3

0.7744

1.2914

BCL2L1-D01

159

20q11.1

0.7712

1.2967

2

CASPG-D01

166

04q25

0.8441

1.1847

MYBL2-D01

174

20q13.1

0.6393

1.5643

N33-D01

184

08p22

0.7052

1.418

PMAIP1-D01

192

18q21

0.68

1.4705

CDKN2A-D01

201

09p21

0.783

1.2771

CDKN2B-D01

210

09p21

0.4073

2.4554

TANK-D01X

218

02q24

0.7996

1.2506

EMS1-D01

228

11q13

0.6849

1.4602

IGSF4-D02

236

11q23

0.7921

1.2624

STK11-D02

245

19

0.5655

1.7683

IL1A-D01

255

02q14

0.8024

1.2462

CDKN2D-D01

263

19p13

0.7069

1.4147

BCL2-D01

273

18q21.2

0.8073

1.2387

LMNA-D01

282

01q21.2

0.7214

1.3862

CCND1-D02

291

11q13

0.7511

1.3314

TP53-D13

299

17p13.1

0.652

1.5337

IL18-D01

309

11q22.2-q22.3

0.7808

1.2808

CDH2-D01

320

18q11.2

0.8052

1.242

RB1-D17

328

13q14.2

0.7409

1.3497

MLH1-D12

337

03p21.3

0.7657

1.3061

TP53-D01

345

17p13.1

0.5759

1.7364

BRCA2-D01

355

13q12.3

0.7971

1.2545

AI651963-D01

364

10p14

0.7343

1.3618

IL2-D01

371

04q26

0.6707

1.4909

BLM-M04

382

15q26.1

0.7579

1.3195

TP53-D06

390

17p13.1

0.7026

1.4233

IGF1R-D01

399

15q25-q26

0.4817

2.0761

TP53-D05

408

17p13.1

0.7305

1.369

RECQL4-D02

418

08q24.3

0.7289

1.3719

Probe name

29

Chapter 2

Table 1 (Continued)
Length (bases)

Chromosome
position

Confidence interval
lower limit

Confidence interval
upper limit

PTPN1-D01

425

20q13.1-q13.2

0.6846

1.4607

DCC-D02

434

18q21.1

0.657

1.5221

PTP4A3-D04

443

08q24.3

0.6632

1.5079

CTNNB1-D01

453

03p22

0.6699

1.4928

RENT2-D01

460

10p14

0.7879

1.2692

NRAS-D02

471

01p13.2

0.5821

1.7179

MFHAS1-D01

478

08p23.1

0.6221

1.6076

Probe name

The 99.99% confidence interval corresponding to a nonaltered DNA content of all probes is presented. These
data were based on the median values of 20 DNA samples of blood from noncancer controls.

Considering that these premalignant lesions are characterized by genetic alterations, and that
genetic markers can be assayed on minimal amounts of tissue, we developed a genetic test that
allows analysis of noninvasive samples.
To ensure homogenous sampling within a precursor lesion, we used small brushes. These gave
the most consistent results, even more reliable than scraping cells with an excavator. This simple
sampling method might even allow self-sampling in the future. As expected, the amount of DNA
isolated from these samples was limited, and we therefore decided to exploit the recently developed
MLPA test. Although the lower limit of DNA for analysis has been indicated as 20 ng according to the
supplier, we found in numerous experiments that 40-60 ng of input DNA gave most reliable results.
Furthermore, we consider triplicate assays a prerequisite to ensure sufficient accuracy.
Previously, we used microsatellite markers to assess the presence of mucosal precursor
lesions, and we analyzed whether the genetic changes determined by allelic loss correlate to
those determined by MLPA. Although both techniques determine essentially genetic alterations,
numerical methods such as MLPA do not allow to detect copy number neutral events, while allelic
loss analysis by microsatellites is less suited for detecting gains. In addition, the exact locations of
microsatellite markers and MLPA probes did not exactly correspond. Despite these limitations, the
data collected by both assays correlated significantly, indicating that major changes detected by
LOH analysis are in agreement with major changes as detected by MLPA.
Based on the results obtained with tumor, dysplastic and normal mucosa, we selected a number
of markers from all available genomic probe sets that could be combined in a single OSCC probe set.
Initially, we used arbitrary cutoff levels to indicate a loss or gain (a ratio of 0.75 or 1.33, respectively),
and using these limits, there were significant genetic differences between normal and dysplastic
mucosa, indicating that MLPA with this OSCC probe set has the ability to discriminate between
normal and preneoplastic tissue. However, screening exfoliated samples is different from screening
microdissected mucosal epithelium. It is to be expected that exfoliated samples of precursor lesions
are contaminated with few wild-type cells, necessitating a higher sensitivity to detect genetic
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alterations. After selection of the probes for the OSCC screening set, we decided to refine the cutoff
level to improve the accuracy and included variation per probe. The 99.99% confidence interval for
normality of each separate probe was determined on 20 normal DNA samples isolated from blood
of noncancer subjects. Within these limits, all tissue samples from noncancer controls showed no
genetic alterations. It should be noted that there is a variation in the confidence intervals making
some markers more reliable than others.

Chapter

To determine proof of principle of noninvasive screening by MLPA, we analyzed samples of
leukoplakia biopsies and their corresponding noninvasive samples. In addition, we analyzed 20
brushed noninvasive samples of noncancer subjects. All samples revealed reliable data and no
alterations were found as expected. These results indicated the feasibility of noninvasive screening
by MLPA. The next step is a prospective screening study to determine the clinical sensitivity and
specificity by analyzing a large number of matched brushed and biopsy samples in leukoplakia
and erythroplakia patients. Subsequently, the prognostic value of MLPA-based detection of oral
preneoplastic lesions should be ascertained in a large cohort of subjects at risk. As the number and
type of specific genetic alterations is most likely associated with the risk for progression of a lesion
(12-14, 17), criteria must be defined that allow identification of specifically those lesions with a high
risk for progression.
In summary, the MLPA technique with a panel of specific markers has proven to be sufficiently
sensitive, accurate, high-throughput and easy-to-perform on small noninvasive samples, and can
be considered a promising method to improve the early diagnosis of preneoplastic lesions in the
oral cavity.
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Abstract
Oral squamous cell carcinomas often develop in a precancerous field, defined as mucosal
epithelium with cancer-related genetic alterations, and which may appear as a clinically visible
lesion. The test characteristics of three genetic assays that were developed to detect precancerous
fields were investigated and compared to histology.
In total, 10 precancerous fields that were not visible at clinical inspection and gave rise to
malignant transformation based on an identical TP53 mutation in tumor and mucosal epithelium
in the surgical margin, as well as 10 normal oral mucosa specimens were analyzed for numerical
chromosomal changes with multiplex ligation-dependent probe amplification (MLPA), for loss
of heterozygosity (LOH) with microsatellite PCR, and for DNA index alterations with DNA image
analysis.
No alterations were detected in normal tissue by either of the assays. Both MLPA and LOH assays
detected all precancerous fields. DNA cytometry identified aneuploidy in four of 10 precancerous
fields, while the corresponding tumors that developed in these fields were shown to be aneuploid.
Both the MLPA and LOH assay seem suitable for screening precancerous fields in subjects at high
risk for oral cancer even in the absence of clinically abnormal appearing oral mucosa. Measurements
of DNA index might be valuable to determine the time to progression.

34

Comparative Evaluation of Genetic Assays to Identify Oral Precancerous Fields

Introduction
Oral cancer is a significant public health threat accounting for 270, 000 new cases annually
worldwide (1). Approximately, 80% of all oral cancers are oral squamous cell carcinomas (OSCC) that
arise in the mucosal linings. Despite advances in therapy leading to better local control, the longterm survival rates of patients with OSCC have only marginally improved during the last 20 years
(2). The prognosis of OSCC is strongly related to the stage: small tumors that have not yet spread to
the regional lymph nodes of the neck have a much more favorable prognosis than more advanced
tumors that already have metastasized via the lymphatic compartment (3).
On the basis of the large difference in prognosis between early and advanced stage tumors,
one would envision that screening programs for oral cancer might reduce cancer-related deaths. A
limited number of studies has been carried out during the last decade and thus far this approach
has yielded no (4-6) or limited (7) success. An important reason might be that the tumors progress
rapidly and that consequently the screening interval needs to be short.
A potentially more successful strategy might be the identification of precancerous fields in the
mucosal epithelium that precede the carcinomas. It has been well established that OSCC is the
result of a multistep process that progresses over several years (8). In 2003, Braakhuis (9) proposed
an adapted progression model of oral cancer in which they described that OSCC develops within a
mucosal field with cancer-associated genetic alterations that replaced part of the normal epithelium
in the oral cavity. Recently, these field alterations in tumor margins of oral cancer patients could
be visualized by autofluorescence (10). The clinical relevance of the presence of these fields is well
established as it was shown that these cause local recurrences and second primary tumors in treated
oral cancer patients (11, 12, 13).
The adapted progression model was in part based on the genetic observations in the mucosa
surrounding the tumors but in part also based on existing clinical experience as it is known that a
subgroup of precancerous fields can be identified clinically as white or red lesions in the oral mucosa,
designated as leukoplakia or erythroplakia, respectively. The clinical management of these visible
oral lesions routinely involves biopsy for histological examination and grading for dysplasia. The
presence and grade of dysplasia will influence treatment, usually excision, and follow-up. However,
as only a minor subgroup is macroscopically visible, the use of clinical examination to identify oral
precancerous fields as a method of screening thus meets limitations (9, 14, 15).
The knowledge that a large proportion of OSCC developed in these precancerous fields
characterized by cancer-associated genetic changes now opens the possibility to screen for the
presence of such preneoplastic changes in the absence of clinically visible lesions (14). Taking
random biopsies for histological examination is not an attractive option for routine screening.
Standard cytology, a routine method used for cervical cancer and precancer screening, has been
reported to be not successful for use in the oral cavity (16). Recent studies have shown that cancer
and precancerous fields might be detected by non-invasive methods employing microsatellite
analysis to determine tumor-specific allelic imbalance in exfoliated oral mucosal cell samples from
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patients with OSCC (17) . In addition, multiplex ligation-dependent probe amplification (MLPA) has
been shown to be a promising method for non-invasive screening of high-risk populations to detect
oral precancerous fields (18). The MLPA assay allows the measurement of numerical chromosomal
alterations, gains and losses, at up to 40 target locations in a single PCR-run. Probes that differ in
length are hybridized against a specific location in the genomic DNA, ligated, PCR amplified by
a general primer pair, and analyzed by capillary electrophoresis. This set up allows a quantitative
analysis of the copy numbers of multiple chromosomes. Apart from these genetic markers, also
the ploidy status has been used to examine cytologic scrapings of visible oral lesions, and this
approach might be suited as well to investigate clinically normal appearing oral mucosa (19, 20).
Measurement of allelic imbalance, commonly known as loss of heterozygosity (LOH), MLPA and
DNA ploidy analysis are three potential screening methods to detect precancerous fields that could
be employed on samples obtained by non-invasive methods. Our study compares the potential of
these methods for detection of genetically altered fields in clinically normal appearing tissue. The
results are important for the future development of a non-invasive screening assay with scraped
cells as sample source.

Materials and methods
Patients and tissue samples
From previous studies, we selected primary oral tumor samples with corresponding resection
margins, obtained between 1993 and 2000, that were shown to contain a precancerous field clonally
related to the tumor by LOH analysis. All specimens were fixed by formalin and subsequently
embedded in paraffin. Specifically, these samples were selected from a large series of 40 tumors and
about 150-200 surgical margins previously studied, as the tumors and the mucosal epithelium of the
corresponding surgical margins had the same TP53 mutation (12, 13, 14, 21). This was considered
strong evidence that tumor and precancerous field in the margin were clonally related, and that
the tumor arose in this field. Six primary oral tumor samples with corresponding margins and two
metachronous multiple primary tumors of two patients with corresponding resection margins
were selected for this investigation, analyzing in total 10 tumors with 10 corresponding margins.
All tissues were available in paraffin blocks. All hematoxylin and eosin (HE)-stained slides were
examined independently by three experienced pathologists for dysplasia according to the standard
criteria of the World Health Organization. A consensus score was defined after a review session (22).
Tissue characteristics are summarized in Table 1.
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Table 1. Tissue characteristics
Patient-Tumor

Site

Dysplasia Resection Margin

1

Tongue border R

Mild

2-a

Buccal mucosa R

Mild

2-b

Palate

Moderate-Severe

3-a

Alveolar process R

Mild

3-b

Buccal fold superior R

Mild

4

Alveolar process

Severe

5

Floor of mouth R

Severe

6

Tongue border R

Moderate-Severe

7

Tonsil R

Severe

8

Supraglottic

Severe
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R, right

Normal oral mucosa was derived from 10 paraffin-embedded surgical specimens of uvulas
from patients who underwent surgical treatment for snoring. Blood and exfoliated cells of the
oral mucosa obtained from a number of other non-cancer subjects served as control samples. The
studies were approved by the Institutional Review Board, and in accordance with Dutch medical
ethical guidelines. Patients in prognostic studies were enrolled after written informed consent.
For serial dilution experiments, four cell lines were used: human HNSCC cell line UM-SCC-22A,
obtained from Dr. T.E. Carey (Ann Arbor, MI, USA); FaDu, an established human hypopharyngeal
squamous cell carcinoma line provided by the American Type Culture Collection (Rockville, MD,
USA); VU-SCC9917T, a cell line established at our own Department, and primary cultured oral
keratinocytes that were immortalized by oncogenic (large T-antigen) transformation (S.J. Smeets,
unpublished data). Cells were routinely cultured in Dulbecco’s modified Eagle’s Medium with 5%
fetal calf serum or keratinocyte growth medium (Keratinocyte SFM with supplements; Gibco BRL,
Merelbeke, Belgium).
Dissection
For LOH and MLPA analysis, tumor and preneoplastic mucosal epithelium from the resection
margins were enriched by microdissection. From these specimens, 10-µm paraffin sections were
cut and mounted on microscopic glass slides. The first and last tissue sections were stained with
HE for histological analysis and to guide dissection. The other tissue sections were stained with 1%
toluidine blue and 0.2% methylene blue in phosphate buffered saline (PBS) and manually dissected
under a stereomicroscope.
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Isolation of DNA
The microdissected tissues as well as the nucleated cells of blood samples obtained by
hypotonic lysis were treated with 1 mg/ml of proteinase K for 24 h at 52°C in 100-300 µl buffer
containing 100 mM Tris-HCL (pH 9.0), 10 mM NaCl, 1% sodium dodecyl sulphate, and 5 mM ethylenediaminetetraacetate (EDTA) (pH 8.2). The DNA was purified by phenol-chloroform extraction and
collected by ethanol precipitation using 2 µg of glycogen as carrier. The DNA was dissolved in 20 µl
LoTE-buffer (3 mM Tris-HCl, 0.2 mM EDTA, pH 7.5).
LOH analysis
Allelic loss was assessed on the enriched (pre)neoplastic cells using 12 microsatellite
markers located at chromosomes 3p, 9p, 11q, and 17p. The corresponding cancer genes at these
chromosomal locations are: at 3p gene formerly unknown, but possibly FHIT, at 9p the p16 gene,
at 11q the cyclin D1 gene , and at 17p the TP53 gene. This marker panel was selected based on
the following criteria: high percentage of LOH in HNSCC and preneoplastic lesions (9, 14), a high
percentage of informativity, and amplimer lengths that can be combined for multiplex sequence
runs (23). The following markers were used: D3S1766, D3S1029, D3S1293, D9S171, D9S162, D9S157,
D11S1883, D11S1369, D11S2002, CHRNB1, TP53, and D17S1866. Primer sequences were obtained
from the genomic database for all of these markers (http://www.ncbi.nlm.nih.gov, UniSTS). LOH
analysis was performed as described previously, including stutter correction (12, 14, 24).
We analyzed various tissue specimens in this study including archival specimen. To circumvent
differences in genetic data based on the type of material, we used very strict methods and criteria.
We always include a normal reference DNA from the same paraffin block for LOH analysis and
standardize the amount of input DNA in the assays.
Previously, we scored LOH when one allele was decreased by more than 50% in the sample
when compared with the same allele in normal control DNA, an internationally accepted but
arbitrary standard (23) that allows some variation in the allelic ratios and presence of normal cells in
the sample. However, the analytical variation for the 12 selected LOH markers might be larger than
these cut-off points, and we therefore calculated for each marker the cut-off points limiting the 99 %
confidence interval of the mean value by performing 20 repeated analyses on a control blood DNA
sample informative for all markers. The ratios limiting the 99% confidence interval corresponding to
non-altered DNA of each marker is presented in Table 2. CHRNB1 was the least performing marker
with 99% CI cut-off values to call LOH determined as less than 0.7 and greater than 1.42, but still well
within the ratios of 0.5 and 2.0 used.
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Table 2. The 99% confidence interval of the 12 selected LOH markers using normal DNA informative for all markers.
Lower cut-off value
Upper cut-off value
(99% Confidence Interval) (99% Confidence Interval)

LOH Marker

Standard Deviation

D3S1766

0,06313

0,86

1,16

D3S1029

0,14098

0,77

1,30

D3S1293

0,07678

0,83

1,20

D9S171

0,13028

0,81

0,81

D9S162

0,17053

0,76

1,31

D9S157

0,17119

0,75

1,32

D11S1883

0,10949

0,81

1,24

D11S1369

0,07916

0,83

1,20
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D11S2002

0,08501

0,81

1,23

CHRNB1

0,20436

0,70

1,42

TP53

0,08362

0,80

1,25

3

D17S1866

0,08164

0,85

1,17

LOH, loss of heterozygosity

MLPA analysis
Multiplex ligation-dependent probe amplification analysis, using the OSCC probe set (MRCHolland, Amsterdam, The Netherlands) was performed on the microdissected samples as described
earlier (18, 25). For each MLPA probe in the OSCC probe set, we determined specific cut-off values
for gain or loss, using the values limiting the 99.99% confidence interval as determined on 20
blood samples of 20 non-cancer subjects. When the upper limit of the CI interval was exceeded, a
numerical gain was scored while values below the lower limit defined a numerical loss (18).
DNA ploidy analysis
All tissues were analyzed with DNA image cytometry (ICM). For ICM, two or three 50-µm sections
were cut from paraffin-embedded tissue specimens and cell suspensions were prepared according
to the Hedley procedure (26). To increase the sensitivity of the analysis, the dysplastic areas were
selected and when possible, the parts of the tissue peripheral to the lesions were removed.
Cytospins were prepared (15 min at 3000 rpm) and stained with the Feulgen procedure according
to the consensus of the European Society for Analytical Cellular Pathology (27). In short, cytospins
were placed in 5N HCl for 30 min at 27 °C, rinsed in distilled water for 5 min, stained with fresh
Schiff’s reagens for 45 min, and washed in running tap water for 15 min.
DNA content of the stained nuclei was measured and analyzed by ICM according to an
established protocol (28). In short, monolayers were analyzed with use of an Axioplan microscope
(Zeiss, Oberkochen, Germany) equipped with a 20x plan apochromat (numerical aperture of 0.6) and
a projective magnification of 1.6x. Images were recorded by a XC-77-CE CCD black and white camera
(Sony, Köln, Germany). The slide was moved with an automatic scanning stage (Märzhäuser, Wetzlar,
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Germany) with a step size of 0.25 μm. The specimen was illuminated with a stabilized halogen light
source and filtered with a green monochrome filter (λ = 550 nm, Δ λ = 10 nm). Images of 512 x
512 picture elements were digitized with a Matrox Meteor II PCI frame grabber (Matrox Electronic
Systems Ltd. Imaging, Dorval, Canada) in 8 bit grey value resolution. The pixel-to-pixel distance
at the specimen level was 0.33 µm. Image processing was performed on a dedicated personal
computer with a color monitor at a spatial resolution of 1152 x 900 in 24-bit. Prior to every image
analysis session, Köhler illumination was applied. The nuclei of at least 1000 cells were measured,
and lymphocytes and fibroblasts were included as internal controls.
For DNA flow cytometry (FCM), cell lines resuspended in RPMI cell culture medium and 5% fetal
bovine serum (FBS) were pelleted (5 min at 500 rpm), washed with PBS, and subsequently stained
with 4’, 6-diamidino-2-phenyl-indole (DAPI). FCM was performed within 3 hours after DAPI staining
with a Partec PAS II mercury lamp based flow cytometer (Partec Instruments, Muenster, Germany)
using trout erythrocytes as external control cells.
Criteria for the classification of DNA content
Image cytometry and FCM-DNA histograms were analyzed with the MultiCycle AV computer
program (Phoenix Flow Systems, San Diego, CA, USA) according to a previously developed protocol
(29). Based on the DNA index, ICM cases were classified into three subclasses as follows: DNA diploid
(only one peak during G0 or G1 phase, 4c nuclei during peak G2 phase < 10% of total, or 5c nuclei
< 0.1% of total), tetraploid ( 4c peak during G0 or G1 phase together with 8c peak during G2 phase
or 4c nuclei during peak G2 phase > 10% of total), and aneuploid (presence of aneuploid peaks (3c,
5c, 7c, 9c), or number of nuclei more than 5c or 9c > 0.1% of total) (25). FCM cases were classified in
different ploidy classes as published by Uyterlinde et al (30).
Non-invasive sampling
Exfoliated cells were scraped from the oral mucosa of non-cancer controls using a small
disposable brush (Omnident®, Dental Union, Nieuwegein, The Netherlands) and prepared as
described previously (18).
Serial dilutions
For analysis of the analytical sensitivity of MLPA and LOH analysis, we mixed DNA isolated from
peripheral blood from non-cancer controls with DNA isolated from OSCC cell line VU-SCC-9917T. We
used the following five dilutions (n=normal DNA, T = tumor DNA): 100% n, 75% n/ 25%T, 50% n/ 50%
T, 25% n/ 75% T, 100% T.
To assess the analytical sensitivity of DNA ploidy analysis by FCM, we selected three different cell
lines: UM-SCC-22A (diploid), FaDu (aneuploid) and SV40 transformed oral keratinocytes (tetraploid).
The aneuploid cell line FaDu and the tetraploid transformed oral keratinocytes were mixed with the
diploid cell line UM-SCC-22A in serial dilutions of 1/10,000, 1/1,000, 1/100, 1/10 and 1/100, 1/20,
1/4, 1/2, respectively.
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Results
To assess the analytical sensitivity of the various screening methods, we analyzed 10 precancerous
fields in the resection margins of excised tumors by the MLPA, LOH and DNA ploidy assays (31). The
presence of the fields and the clonal relation to the tumor was based on an identical TP53 mutation,
strongly indicating that the tumors originated in these precancerous fields . The results of all assays
are shown in Figure 1.
The MLPA assay and LOH assay demonstrate genetic alterations in all 10 precancerous fields. In
contrast, only four out of 10 fields were detectable by a change in DNA index, in all cases determined
as aneuploidy. In these four aneuploid fields also so called stem lines were found, indicated by 5c
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peaks. In addition, we analyzed the DNA index of all corresponding tumor samples. Only six of 10

3

tumors could be evaluated and were found to be all aneuploid. Although the limited sample size
needs to be taken in consideration, we found that in three cases both the tumor and the surgical
margin were aneuploid. In three other cases, however, the surgical margin was found to be diploid
while the tumor was aneuploid (Table 3).
Table 3. DNA index from all preneoplastic lesions and corresponding tumor samples
Tumor

DNA Ploidy

DNA Ploidy Surgical Margin

1

NE

Diploid

2-a

Aneuploid

Aneuploid

2-b

Aneuploid

Diploid

3-a

Aneuploid

Aneuploid

3-b

Aneuploid

Aneuploid

4

NE

Diploid

5

NE

Aneuploid

6

Aneuploid

Diploid

7

Aneuploid

Diploid

8

NE

Diploid

NE: not evaluable by lack of material.

To determine the detection limits of all assays, we performed analysis of serial dilutions of normal
and aberrant samples. In the MLPA assay, the genetic alterations were just detected when 50% or
more tumor DNA was mixed with normal DNA. In the LOH assay, we found the genetic alterations
when 75% or more tumor DNA was mixed with normal DNA. The aneuploid cell line could be
detected in a background of diploid cells until dilution 1/10, meaning that the detection of only
10% of aneuploid cells in a sample is feasible. The tetraploid cell line could be detected until dilution
1/4, meaning that presence of more than 25% of tetraploid cells in a sample is detectable (Figure 2).
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Figure 1. Multiplex ligation-dependent probe amplification (MLPA), loss of heterozygosity (LOH), DNA ploidy
assays, and dysplasia score were compared to identify 10 oral precursor fields that were macroscopically not
visible as clinically identifiable lesions. The fields surrounded a primary OSCC and showed the same TP53
mutation as the primary tumor, indicating a clonal relationship and suggesting that the tumor arose in this field.
For the MLPA, numerical losses (light gray) and gains (dark gray) are indicated. For the LOH, allelic loss is indicated
in gray (more than 50% change in allele ratio as compared to normal DNA from the stroma). Particularly, the
larger microsatellite markers are very difficult to analyze on formalin-fixed paraffin-embedded samples. OSCC,
oral squamous cell carcinomas; NI, not informative; NA, not analyzable.
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Figure 2. Assessment of the analytical sensitivity of the DNA ploidy assay. An aneuploid cell line was serially
diluted in a background of a diploid cell line. In the upper panel, the results of the 1/10 dilution is depicted and
clearly an aneuploid peak is observed at 3c. This aneuploid peak disappears at dilution 1/100 (lower panel),
indicating that aneuploidy in a sample can still be detected when only 10% of the cells are aneuploid.

All three assays were also performed on 10 mucosal tissue samples of non-cancer controls to
determine the analytical specificity. With MLPA and LOH, all samples were free of genetic alterations.
All samples were also found to be diploid. MLPA and LOH assays were performed in addition on DNA
derived from exfoliated cell samples taken in duplicate from 20 young (< 30 years) non-smoking,
non-cancer controls and no genetic alterations were found.
Finally, we correlated the findings obtained with the various assays, including dysplasia grading.
When the LOH and MLPA results for the separate chromosome arms 3p, 9p, 11q, and 17p were
compared, a highly significant difference (P < 0.001 by Fisher’s exact test) was found for the markers
at 17p. With MLPA, only three of 40 17p markers showed genetic changes, while with LOH this was
12 of 25 informative markers, confirming that with LOH other but very relevant genetic changes
are detected. When we analyzed the association of genetic changes with DNA index status, it was
found that the number of genetic alterations measured by either the MLPA or the LOH assays in
diploid margins did not show significant differences with the number of genetic alterations in the
aneuploid margins (P-values 0.92 and 0.31 by Fisher’s exact test, respectively). Intriguingly, there
were differences related to dysplasia grading. The MLPA results showed a significantly increased
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number of numerical genetic alterations in moderate/severe dysplasias when compared with
mild dysplasias (P- value of 0.008 by Fisher’s exact test). This difference was not seen in the relative
number of allelic losses (P value = 1). Remarkably, the presence of aneuploidy also seemed not
related to dysplasia grading.

Discussion
Screening for precancerous changes is evaluated or even already part of population-based
screening programs for several tumor types. The most well-known example of a screening program
focusing not only on cancer detection but also on detection of precancerous changes is that for
cervical cancer. The incidence and mortality of invasive cervical carcinoma have decreased over the
last 30 years in the developed world, a fact which has been attributed mainly to the implementation
of cytological screening programs (Papanicolaou test). Studies that have evaluated cervix cytology
screening show an estimated sensitivity of 22-29% and a specificity ranging from 85 to 100% (32).
Screening for oral precancer in the general population at high age might not be cost-effective.
We foresee that application of non-invasive screening will be applied in high-risk groups such as
leukoplakia patients and treated oral cancer patients. Also other populations at high risk for oral
cancer either by genetic predisposition or a specific life style might qualify for screening programs
(33).
Our study was performed to evaluate test characteristics of three different genetic assays that
might be suitable to screen for oral precancerous fields in apparently normal looking mucosa.
The size of the samples is not very large, but very unique and selected from a series of 40 tumors
and about 150-200 surgical margins. Both tumors and precursor lesions were sequenced for TP53
mutations and for these sample sets, enough material was present for these comparative analyses.
These particular tumors apparently arose from the non-visible field surrounding them based on
the identical TP53 mutation. A specific OSCC probe set was used for MLPA analysis and the cut-off
values were based on a previous study (18). Based on the present results, the MLPA assay seems a
suitable assay to screen for oral precancerous fields. The MLPA assay was able to detect alterations in
all preneoplastic fields and showed no genetic alterations in normal oral mucosa and exfoliated cell
samples from non-cancer controls. However, limitations of the MLPA assay are that automatization
might be difficult and that the assay is very sensitive to DNA input (data not shown), which decreases
the robustness in heterogeneous sample sets.
An intriguing observation is the large difference between numerical chromosomal changes
at 17p and allelic losses. Numerical changes were hardly found while allelic losses were found in
almost half of the cases at the same chromosomal region. This strongly indicates that copy neutral
events occurred at 17p, the target locus of TP53, and supports previous findings that copy number
changes are less frequent than allelic losses (34, 35). Obviously, the data should be interpreted with
caution as the exact locations and number of markers tested differ between the MLPA and LOH

44

Comparative Evaluation of Genetic Assays to Identify Oral Precancerous Fields

assays. Nonetheless, the difference is remarkable and points to a peculiar role of the TP53 gene in
oral cancer progression.
Another interesting observation is the association of genetic changes with dysplasia. In total,
four of 10 lesions were graded as mild dysplasia while there seemed a more or less identical number
of allelic losses in these samples as compared to the lesions graded as moderate or severe dysplasia.
This seems to be in contrast to earlier results as we previously noticed a correlation between the
grade of dysplasia and the number of allelic losses (36), but it is likely due to the selection of the
markers. Losses on chromosomes 3p, 9p and 17p belong to the earliest in malignant progression
and consequently do not differ between the various precancerous lesions. There was a significant
association between the grade of dysplasia and the number of MLPA changes, most likely as the
number of MLPA markers is larger, and more chromosomes are measured that in part are related to
late progression.
As per definition, the LOH assay detected genetic alterations in all precancerous fields but not in
normal oral mucosa and exfoliated cell samples from non-cancer controls. It should be noted that
LOH marker D11S1883 was not evaluable in all 10 paraffin-embedded resection margins because
of the length of the amplicon (240-259 bp). It is well known that DNA isolated from formalin-fixed
paraffin-embedded specimens is fragmented and therefore is difficult to analyze by markers larger
than 200 bp. However, in the 20 fresh non-invasive samples from exfoliated cells tested, this marker
has proven to work well (data not shown). We investigated, using normal blood DNA of a non-cancer
control subject informative for all markers, whether the cut-off values limiting the 99% confidence
interval of our select marker panel are within the generally accepted values of less than 0.5 and
greater than 2.0. At present, we did not adapt these cut-off values. The polymorphic nature of the
microsatellite markers does not allow fine-tuning of the cut-off values on the repeat analysis of
normal DNA of only one single control subject. This will require large-scale screening studies with
many repetitive mucosal samples in control subjects. Compared with the MLPA assay, the LOH assay
is more robust, with the feasibility for automatization. Nevertheless, the assay remains laborious and
in principal necessitates that normal DNA is analyzed in parallel as reference.
The DNA index assay has been used on the tissue samples according to an established protocol
based on ICM (27, 28). From the 10 analyzed precancerous fields, only four showed an aberrant
DNA content while they all contained (per definition) genetic changes by LOH measurement.
Moreover, the six analyzed corresponding tumors were all aneuploid, while in three of these six
sample pairs, the fields were diploid. There are several technical and biological explanations for this
finding. We cannot formally exclude that we missed aneuploid cells by limitations in sensitivity of
the assay. Both FCM and automated image analyses can be exploited to assess the DNA index, but
we used the more sensitive ICM method, and the chance that we missed aneuploid cells is therefore
relatively low. We can also not formally exclude that the insufficient enrichment of the preneoplastic
cells in this assay might have played a role. The area of interest in the samples was enriched by
macroscopic removal of the peripheral tissue while for the LOH and MLPA analysis, tissue was
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enriched by dissection under the microscope. On the other hand, measurement of aneuploidy was
more sensitive than LOH and MLPA analysis as at least one aneuploid cell in 10 normal cells could
be detected, which counterbalances the different level of enrichment in the comparison of the
different assays. Furthermore, despite the fact that all precursor fields contained genetic changes
per definition, these alterations are often minor encompassing one or two chromosomes, and this
might not result in a change in the DNA index that can be detected by ploidy analysis. Hence, the
most logical explanation in our view is not technically, but biologically and we should consider that
aneuploidy is a specific and reliable marker for late progression. DNA index measurement might
therefore be more suited for risk assessment of an identified precancerous field, and of less value for
early diagnosis despite the higher analytical sensitivity. Unexpectedly, ploidy status seemed to be
unrelated to dysplasia grading as three of four aneuploid precancerous fields were graded as mild
dysplasia. In contrast, five of six diploid margins showed moderate to severe dysplasia.
Early diagnosis of oral precancerous fields might be of importance for clinical management,
particularly in high risk populations. Patients who are known to be at high risk for developing
OSCC and would qualify for screening are those with visible oral preneoplastic lesions, those who
have been treated for OSCC, those with excessive tobacco and alcohol abuse, and those who are
genetically predisposed such as Fanconi Anaemia patients. A study containing a large number of
subjects having a precancerous field as determined by the genetic analysis of tissue biopsies and
in subjects without risk factors (young age, non-smokers) will be necessary to determine clinical
sensitivity and specificity of the assays, respectively.
In conclusion, the LOH assay might be a valuable screening tool to detect the presence of
oral precancerous fields, particularly in high-risk patients. Whether the DNA ploidy assay adds to this
approach to follow risk for progression remains to be determined.
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Abstract
Oral squamous cell carcinomas develop in precancerous fields consisting of genetically altered
mucosal epithelial cells. These precancerous fields may appear as clinically visible lesions, in
particular oral leukoplakia, but the large majority remains clinically undetectable. The aim of this
study was to assess the potential value of a noninvasive screening approach to detect precancerous
fields.
As a first step, we developed a suitable assay and investigated 25 leukoplakia patients and 20
noncancer control subjects. Exfoliated cells were removed by a brush from multiple small areas of
the oral mucosa, including the leukoplakia. Brushed samples were investigated for allelic imbalance
(AI) at chromosomes 3p, 9p, 11q, and 17p, using microsatellite markers known to show frequent
alterations in oral precancer.
AI was absent in all (137) of the samples of the 20 control subjects, yielding a specificity of 100%.
AI was detected in exfoliated cell samples of 40% (10 of 25) of the leukoplakia lesions studied.
Genetic changes were also found outside the leukoplakia lesions. Most frequent was AI at 9p (9
of 10). The noninvasive assay was validated against the biopsy results of the leukoplakia lesions
yielding an estimate of the sensitivity of 78% (7 of 9) and a positive predictive value of 100% (7 of 7).
Altogether, these results show the feasibility of a noninvasive genetic screening approach for the
detection and monitoring of oral precancer. This assay could therefore contribute to the secondary
prevention of oral squamous cell carcinoma. The assay also shows promise for the detection of
precancerous changes that are not macroscopically visible.
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Introduction
Early diagnosis of oral squamous cell carcinoma may have a major effect on survival and quality
of life. It is well-known that the majority of oral squamous cell carcinomas, if not all, develop in
precancerous fields characterized by specific genetic alterations (1-3). Clinically, oral precancerous
lesions may appear as a white or a red lesion (leukoplakia or erythroplakia, respectively). The
malignant potential of these lesions is assessed by histopathology and mainly based on the
presence and the degree of dysplasia in biopsy material, graded as mild, moderate, and severe (4).
As histology is still the gold standard, microscopic examination of mucosal biopsies might, in theory,
be exploited for early diagnosis of precancerous fields even when these are not visible. However,
histopathological grading has limited value to predict the malignant potential in individual cases
(5). In addition, histopathological grading requires taking a biopsy, and to monitor progression of
a lesion, repeated biopsies need to be taken, which is a large burden for the patient. Furthermore,
histopathological grading may largely depend on the precise location of the biopsy, given the
heterogeneity of some lesions. Finally, to identify precancerous fields that are not visible, more
or less random biopsies need to be taken, which is too invasive as a screening approach. Hence,
screening and monitoring oral precancer by histopathological examination of tissue biopsies does
not seem to be feasible, except for the visible lesions.
Notwithstanding, a noninvasive genetic screening assay might be of large value for populations
at high risk for developing oral cancer such as treated oral cancer patients, leukoplakia patients,
genetically predisposed subjects such as Fanconi anemia patients, and individuals frequently
exposed to environmental carcinogens. Oral cancers are frequently surrounded by nonvisible
precancerous changes in the oral mucosa that are often not completely resected causing secondary
tumors. Detection and monitoring of such nonvisible precancerous fields by histology would require
multiple biopsies surrounding the treated area, and a noninvasive screening tool would be a much
more attractive alternative. Such an assay would also be of relevance for leukoplakia patients, as it
has been shown that these patients can develop oral squamous cell carcinomas outside the visible
lesion (6). Therefore, it seems important to screen and monitor leukoplakia patients not only for
precancerous changes in the visible lesion(s), but throughout the whole oral cavity.
The precancerous fields are characterized by genetic changes based on allelic imbalance (AI),
and earlier studies have shown that genetic tests are promising in predicting malignant progression
of oral precancerous fields, in particular those that are visible as leukoplakias. Both the presence
as well as the accumulation of genetic changes have been shown to be associated with the risk
of malignant transformation (7-9). Such genetic alterations have been assessed on exfoliated cell
samples (10, 11), and could be further developed to a reliable noninvasive assay. In a previous
study, we developed and evaluated various genetic assays that might allow the detection of oral
precancerous fields in small brushed samples (12). We found that measurement of AI, commonly
known as allelic loss or loss of heterozygosity, seems most suitable. A marker panel of microsatellite
markers, located at chromosomes 3p, 9p, 11q, and 17p, was selected based on the following criteria:
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high percentage of loss of heterozygosity in HNSCC, frequent loss of heterozygosity in precancerous
fields indicating that these occur early in carcinogenesis (2, 3, 13), high percentage of informativity
of these particular microsatellites, amplimer lengths that can be combined for multiplex sequence
runs (12, 14), and known to be associated with malignant transformation of leukoplakia (7-9).
In this study, we report on the potential of a noninvasive genetic assay based on AI in brushed
samples. The feasibility of this approach was investigated in noncancer control subjects and
leukoplakia patients. Brushed samples of the leukoplakia lesions were tested against biopsies to
validate the noninvasive approach.

Materials and methods
Patients
Biopsy material, blood and brushed samples of the oral mucosa were obtained from 25
leukoplakia patients, who visited (in the period 2004-2007) the outpatient clinic at the Oral and
Maxillofacial Surgery Department of the VU University Medical Center. In 17 cases, an incisional
biopsy was taken from the leukoplakia lesion or the lesion was excised, whereas in others the lesion
was left untreated. Dysplasia was scored according to the standard criteria of the WHO (4). Brushed
samples were taken from the leukoplakia lesion as well as from different oral mucosal sites with a
relatively high incidence of oral squamous cell carcinoma: border of tongue (left and right), floor of
mouth (left and right), and the alveolar ridge/retromolar trigone (left and right; ref.15). Exfoliated
cells were brushed from the oral mucosa using a small disposable brush (Omnident, Dental Union)
and prepared as described previously (11). Furthermore, information on tobacco and alcohol use of
the patients was collected. The characteristics of the study population are summarized in Table 1.
In addition, we collected seven brushed samples of the oral mucosa from 20 noncancer control
subjects at young age (<30 years) without history of smoking and excessive alcohol consumption,
assuming that no precancerous changes would be present in this low-risk population. The brushed
samples were obtained at the same standardized locations: six at high-risk sites for oral cancer, one
at a lower risk site (soft palate). The study was approved by the Institutional Review Board of the VU
University Medical Center, and written informed consent was obtained from all patients and control
subjects. The results of the genetic analyses were reported to the treating physician, but not used
for clinical decision making. In all cases (leukoplakia patients and noncancer controls) the findings
in a brushed sample could be directly linked to the specific location. Samples were always processed
separately.
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Table 1. Patient characteristics and results of histology and Allelic Imbalance (AI) assay in exfoliated cells and in
biopsies of leukoplakia patients.
patient Gender Age

Tobacco/alcohol
(u/day)

Histology

Location
leukoplakia

(after review)

AI in
AI in
exfoliated
biopsy
cells (location) (location)

1

M

67

25 / 4

Tongue border (left)

Mild dysplasia

9p

9p

2

F

67

-/-

Tongue border (left)

Mild dysplasia

9p

9p

3

F

86

-/2

Tongue (diffuse),
lower lip (left)

No dysplasia

11q

NA

4

F

69

-/-

Multiple lesions

Verrucous
carcinoma

0

0

5

F

74

7/-

Soft palate (right)

No dysplasia

0

0

Cheek mucosa
(diffuse), gingiva
(lower left jaw)

No dysplasia

0

0

Palate

No dysplasia

9p

NA

No dysplasia

0

NA

No dysplasia

9p

NA

6
7

F

54

-/2

F

72

-/1

8

F

66

-/3

9

F

61

15 / 2

Gingiva, buccal fold
(lower left jaw)
Gingiva upper jaw,
palate
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10

F

60

-/-

Cheek mucosa (left)

Mild dysplasia

0

0

11

F

44

40 / -

Floor of mouth (left)

No dysplasia

0

0

12

F

43

-/3

Tongue border (left) Moderate dysplasia

9p, 17p

9p, 17p

13

F

66

-/-

Gingiva (diffuse)

No dysplasia

0

NA

Proliferative
verrucous
leukoplakia

0

0

14

M

69

5/5

Cheek mucosa
(right), lower lip,
tongue surface

15

M

76

12 / 2

Floor of mouth

Moderate dysplasia

3p, 9p,17p

3p, 9p

16

F

79

-/-

Tongue (diffuse),
floor of mouth,
gingiva lower jaw

No dysplasia

9p

9p

17

M

72

-/1

Cheek mucosa (left)

No dysplasia

0

0

18

M

70

20 / 3

Floor of mouth,
tongue (floor)

No dysplasia

9p

9p
NA

19

F

56

-/2

Gingiva upper jaw

No dysplasia

0

20

F

64

9/2

Gingiva upper jaw

No dysplasia

0

9p

Mild dysplasia

0

9p, 11q,
17p

Verrucous
carcinoma

9p

9p

No dysplasia

0

0

Tongue border
(right)
Tongue border
(right)

21

F

34

-/-

22

M

76

10 / -

23

F

77

-/-

Cheek mucosa (left)

24

F

78

-/-

Multiple lesions

No dysplasia

0

NA

25

M

61

15 / 2

Floor of mouth

Severe dysplasia

0

NA

Abbreviations: M, male; F, female; NA, not available. 1 Units per day
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Analysis of biopsy material
From the biopsy material, 10-µm paraffin sections were cut and mounted on microscopic
glass slides. The first and last tissue sections were stained with hematoxylin and eosin (H&E) for
histological analysis and to guide microdissection. All H&E sections were reviewed by an experienced
pathologist. The other tissue sections were stained with 1% toluidine blue and 0.2% methylene blue
in phosphate buffered saline (PBS) and manually dissected under a stereomicroscope to enrich for
preneoplastic cells when present. Regions of dysplasia were marked by a pathologist and separately
dissected.
Isolation of DNA
The exfoliated cell samples, microdissected tissues, or the nucleated fraction of the blood
samples obtained by hypotonic lysis were treated with 1 mg/ml of proteinase K for 24 h at 52°C in
100 to 300 µl buffer containing 100 mmol/L TRIS-HCl (pH 9.0), 10 mmol/L NaCl, 1% sodium dodecyl
sulphate (SDS), and 5 mmol/L EDTA (pH 8.2). The DNA was purified by phenol-chloroform extraction
and collected by ethanol precipitation using 2 µg of glycogen as carrier. The DNA was dissolved in
20 µl LoTE-buffer (3 mmol/L TRIS-HCl, 0.2 mmol/L EDTA, pH 7.5).
AI analysis
AI was assessed using 12 microsatellite markers located at chromosomes 3p, 9p, 11q, and
17p. The following markers were used: D3S1766, D3S1029, D3S1293, D9S171, D9S162, D9S157,
D11S1883, D11S1369, D11S2002, CHRNB1, TP53, and D17S1866 (Table 2). Detailed information
including primer sequences can be found at http://ncbi.nlm.nih.gov at UniSTS. These markers were
carefully selected on various criteria as discussed above. AI analysis was done by PCR using primers
with fluorochromes as described previously (3, 16, 17). PCR products were run on an Applied
Biosystems 3130 sequence analyzer (Applied Biosystems BV).
Data processing and quality control
The peak patterns were inspected by eye and peaks for further analysis selected manually. Data
were loaded from the sequence analyzer in an Excel spreadsheet and processed automatically.
Stutter correction was performed when necessary. Data were inspected by two independent
researchers and decisions on quality and presence of AI made in consensus. Data were considered
reliably when peak values were within the range of 250-7,000 fluorescence units. The median of all
samples was used as reference value to score AI. We scored AI when one allele was decreased by >
50% in the sample when compared with the median ratios of all samples as normal reference, an
internationally accepted but arbitrary standard (3, 14, 17). When AI was found in multiple samples,
the median of all samples was unreliable as reference, and the data were reanalyzed with the ratios
of normal blood DNA as reference. The standard deviation of the ratios using normal DNA depend
on the marker and the individual patient, but are usually in the order of 10% to 20%. We therefore
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marked ratio changes between 0.5 to 0.625 and 1.6 to 2.00 as “possible AI”, limits determined by
approximately thrice this standard deviation. More details on data processing and quality assurance
are available upon request.
Table 2. Detailed information on the genetic markers used for AI analysis.
Marker

Location

Base pairs

D3S1766

3p14.2

58956715-58956927

D3S1029

3p21.33

44110861-44111030

D3S1293

3p24.3

21902207-21902338

D9S171

9p21

24524210-24524384

D9S162

9p22.1

19669807-19669992

D9S157

9p22.2

17618382-17618526

D11S1883

11q13.1

63130309-63130560

D11S1369

11q13.4

72234643-72234819
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D11S2002

11q14.1

79643051-79643288

CHRNB1

17p13.1

7290301-7290466

TP53

17p13.1

7558143-7558252

4

D17S1866

17p13.3

82571-82745

Results
Frequency and pattern of allelic loss in exfoliated cells of leukoplakia patients
The visible lesion in leukoplakia patients was used to assess proof of principle. The visibility of
the lesion ensures that noninvasive sampling is carried out at the location that is also biopsied, and
it is known that in at least a subgroup AI can be detected. Besides sampling the leukoplakia lesion,
we also sampled the other defined regions in the oral cavity. In total 157 noninvasive samples were
collected from 25 leukoplakia patients, and all samples gave results that passed the quality controls.
AI was present in exfoliated cells in 40% (10 of 25) of the leukoplakia lesions studied. In Fig. 1, three
examples are shown. The most common imbalances were on 9p; in 90% (9 of 10) we found allelic
loss at one or more markers on 9p. Allelic loss at multiple chromosomal arms was present in two
lesions, one with AI at 9p and 17p, and one with AI at 3p, 9p, and 17p (Fig. 1C). One case showed a
single loss on 11q.
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A

B

C

Fig. 1. Few typical examples of the noninvasive genetic AI assay on exfoliated cells of leukoplakia patients. Left,
markers; top, samples analyzed. The ratios between the median of all samples and the sample analyzed for each
markers are depicted. A, a patient without AI. B, a patient with AI in the leukoplakia lesion at all markers at 9p. C,
the results from a patient with multiple chromosomal losses in the leukoplakia lesion. Gray, allelic imbalance (AI:
ratio<0.5 or >2); LP, leukoplakia lesion; Exfo, exfoliated cells; NI, not informative).
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The leukoplakia lesions of 10 patients were relatively large, and in these cases multiple brushed
samples were taken. In six cases, heterogeneity of the lesions was seen with AI in some samples
and with no AI in others (Fig. 2A). In one case, AI on 9p was measured in exfoliated cells outside the
leukoplakia lesion, brushed at clinically normal-appearing oral mucosa. The leukoplakia lesion was
located at the palate, whereas the samples showing AI at 9p were located at the left and right buccal
mucosa (Fig. 2B). This suggests the presence of a large field of precancerous changes in this patient
that is not visible (3). Seven lesions were scored as dysplastic, of which, four showed AI in exfoliated
cells. In three cases, a verrucous carcinoma or proliferative verrucous leukoplakia was diagnosed,
whereas AI was found in one case. All data are summarized in Table 1.
A
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Fig. 2. Examples of genetic heterogeneity in the leukoplakia lesion (A) and genetic changes outside the visible
lesion (B). Abbreviations are identical as indicated in the legend of Fig. 1.
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Comparison of the noninvasive AI assay with biopsies in leukoplakia patients
As already indicated above, the leukoplakia lesions could be exploited to estimate the test
variables (sensitivity, specificity, and positive predictive value) of the noninvasive AI assay. These
macroscopically visible lesions allow noninvasive sampling at exactly the same location as the
biopsy. We used genetic analysis of the biopsy as a gold standard to establish the test variables.
It should be noted that the numbers of patients studied only allows an estimation of these test
variables, and proof of concept of the noninvasive approach. In 17 cases, biopsy material taken just
after brushing was available, and these were investigated for AI in the tissue material. In all eight
lesions that did not show AI in the biopsy material, the corresponding exfoliated cells also did not
present with AI (data not shown). This suggests a high specificity of the assay (eight of eight, 100%).
From the nine lesions with AI in the biopsy material, seven showed a similar pattern of allelic losses
in the corresponding exfoliated cells. The results of a subgroup of patients are shown in Fig. 3. This
would indicate a sensitivity of ~80% (seven of nine) for the noninvasive test when genetic analysis
of the biopsy is considered as the gold standard. The positive predictive value also seems quite high
(seven of seven, 100%); when there is AI in the exfoliated cells, it is also present in the tissue biopsy.

Fig. 3. Validation of the noninvasive AI assay. Biopsies of the leukoplakia lesion were microdissected, analyzed
by the same marker panel, and compared to the results of the exfoliated cells. Results from five patients which
showed genetic alterations in the lesion. In general, the same genetic changes are seen in the exfoliated cell
samples and the biopsies except for patients 20 and 21. Abbreviations are identical as indicated in the legend
of Fig. 1.

Frequency and pattern of allelic loss in exfoliated cells of control subjects
As mentioned above, the specificity was estimated on basis of the data collected in eight
patients with leukoplakia who did not show genetic changes in the lesion. However, the specificity
can also, or even more reliably, be assessed in noncancer control subjects who are at a low risk
for precancerous changes. We therefore analyzed the exfoliated cells brushed at seven defined
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locations in the oral cavity of 20 noncancer subjects, volunteers at a young age (<30 yrs) who did not
smoke and had no history of excessive alcohol consumption. Based on the assumption that these
control subjects are devoid of nonvisible precancerous changes, we decided not to take and analyze
biopsy material. The exfoliated cells from the 20 control subjects brushed at seven locations (140
samples) were analyzed and 137 of 140 (98%) samples gave a reliable result for all markers. None of
these samples showed AI, confirming the apparent high specificity of the assay (100%).

Discussion
We explored AI analysis on noninvasive brushed samples of the oral cavity as a method
for identification of precancerous changes. This would allow identification and monitoring of
precancerous changes in the oral mucosa without the burden of taking biopsies. Previously, we
showed that the amount of DNA isolated from brushed samples varied between 150 and 600 ng (11).
We assessed the minimal and maximal amount of normal template DNA that needs to be added to
every PCR reaction till “false” AI occurred (using the 50% change in ratio taken as cut-off ). Between
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input of normal DNA, false AIs started to occur, although dependent on the specific marker and the
difference in length between the peaks (data not shown). The reliability of the peak ratios over such
a large range of DNA input allows to assay samples without preceding DNA quantitation, although
samples with very low fluorescence values on the electropherogram should be interpreted with
caution.
Usually, normal DNA of blood is used as reference DNA for AI ratio calculation. We examined
whether the median of all seven samples could be used as the reference. This works very reliably
except when many samples show allelic loss. In these cases, the “low-risk sample” of the soft palate
can be taken as a reference. In general, the median of all values suffices as reference value and blood
sampling can be omitted. This will facilitate the implementation of this noninvasive cytologic assay
in clinical practice and as a screening tool.
As mentioned, we scored AI when one allele was decreased by > 50% in the sample when
compared with the same allele in normal control DNA. However, we found in some cases one
or more borderline results, with AI results of 0.5 < x < 0.625 and 1.6 < x < 2.0. In particular, when
multiple borderline results are present on one chromosome, one could envision that there is a
precancerous field present, but that by sampling error wild-type cells or free DNA derived from
saliva was introduced in the sample, causing a relatively lower change in AI ratio.
In this study, we focused on AI markers. As head and neck cancers, in particular, those arising in
the oropharynx, could also be caused by infection with the human papillomavirus, the use of human
papillomavirus DNA as markers of precancer might be considered as well. However, in a previous
study, it was shown that human papillomavirus infection is rarely found in oral premalignant lesions,
and hardly contributes to malignancies in the oral cavity (18). Therefore, we decided not to analyze
our samples for the presence of human papillomavirus.
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Two lesions with AI in the biopsy were missed in the brushed samples. One leukoplakia
patient (patient 21) showed even AI at three chromosomes in the biopsy sample, which were
not detected in the noninvasive sample. After scrutinizing investigation of all paraffin blocks, we
could conclude that the lesion was large and genetically homogeneous. Moreover, we could show
that the superficial nucleated cells contained the same precancerous changes as the basal cells.
These potential caveats of a noninvasive approach with brush samples could not explain this falsenegative case (data not shown). Hence, there was no explanation other than that this case was
undoubtedly missed by noninvasive sampling. A possible explanation for the failure was the thick
hyperkeratotic surface texture of the lesion, making it difficult to obtain a reliably exfoliated cell
sample. The signal of the markers on the electropherogram were not particularly low, suggesting
that DNA from other sources, possibly saliva, contaminated the samples. These false-negative cases
leave room for improvement of the assay. Better designed brushes that allow sampling of more cells
of deeper mucosal layers might improve the sensitivity. Also, a test/retest approach with duplicate
samples taken at the same sampling round might improve the reliability of the data.
Early diagnosis of oral precancerous but clinically nonvisible fields might be of importance
for clinical management, particularly in high-risk populations such as patients with leukoplakia,
patients with treated oral cancer, and even healthy individuals frequently exposed to environmental
carcinogens. The noninvasive genetic assay presented here seems to be a valuable screening tool
to detect these nonvisible precancerous fields. The large majority of samples work well (>95%),
the specificity seems high (100%), and the sensitivity in leukoplakia lesions is ~80%. It should be
particularly noted that the sensitivity estimate was based on a few patients. Notwithstanding, we
believe that these preliminary results are suggestive to further develop this approach in larger
cohorts. Furthermore, the sensitivity is expectedly higher for nonvisible precancerous fields, as
these are usually not hyperkeratotic (which seemed the most prominent problem), negatively
influencing the sensitivity. Following validation of the test variables in larger cohorts, prognostic
studies in high-risk groups to predict oral cancer will have to be carried out to proof the actual
clinical value of this approach. Assuming that the clinical value can be established, this assay could
be helpful in selecting patients for secondary prevention, and monitoring the effect of interventions.
Recently, oncolytic adenoviruses such as the ONYX adenovirus have been applied for the treatment
of precursor lesions using mouthwash rinses (19). Expectedly, other interventions will be developed
and tested in clinical trials.
In conclusion, the presented noninvasive test can be used for identification as well as
genetic grading of visible and possibly nonvisible precancerous fields, monitoring by follow-up
sampling, and selection of location for biopsy. For leukoplakia lesions, however, biopsy should
remain the gold standard although genetic analysis of the specimen may have added value to the
histological diagnosis.
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Abstract
Oral leukoplakia is a potentially malignant disorder that will develop into oral cancer at an
estimated rate of 1-2% per year. Aim of the present study is to assess the possible predictive value of
DNA ploidy for malignant progression of oral leukoplakia.
A cohort of 62 leukoplakia patients was studied and their biopsy was examined with standard
histopathology and DNA image cytometry. Cox regression analysis was performed to establish the
relationship between progression-free survival and the DNA ploidy status.
During the follow-up time (median of 69 months) 13 patients developed an oral squamous
cell carcinoma (OSCC). DNA aneuploidy was observed in 27 (44%) patients and was significantly
associated with a shorter progression-free survival [Hazard ratio of 3.7, 95% confidence intervals
(CI) of 1.1 and 13.0 and a p-value of 0.04]. Sensitivity and specificity scores were 54% and 60%,
respectively. Aneuploidy was not correlated with dysplasia grading (chi-square analysis).
DNA aneuploidy in oral leukoplakia is associated with an increased risk of progression to OSCC.
However, for the individual leukoplakia patient, DNA ploidy status as single biomarker has limited
value to predict progression to cancer.
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Introduction
Oral cancer is a significant public health threat accounting for 270,000 new cases annually
worldwide.1 The majority of all oral cancers are squamous cell carcinomas (OSCC) that arise in the
mucosal linings. Early diagnosis and treatment of OSCC may have a major impact on survival and
quality of life. Clinically, oral potentially malignant disorders may appear as a white or a red lesion,
designated as leukoplakia or erythroplakia, respectively. It has been estimated that approximately
1-2% of all leukoplakias progress into cancer per year.2 Histopathological assessment and grading of
epithelial dysplasia, if present, carry some subjectivity and, therefore, have limited value to predict
the malignant potential in the individual patient.3-5
Earlier studies, mainly based on the measurement of allelic imbalance (AI), have shown that
genetic analysis is promising in predicting malignant progression of leukoplakia. The presence of
cells with AI at 3p, 9p and 17p has been shown to be associated with an increased risk for malignant
transformation.6-8 Limitations of measuring AI are the relatively high workload and the low
analytical sensitivity at the assay level; for reliable measurement of AI at least 50% of the cells must
be genetically altered,9 necessitating enrichment of the preneoplastic areas by microdissection.
Abnormal nuclear DNA content, DNA aneuploidy, is an indicator of numerical chromosomal
changes and its emergence is often a critical step in carcinogenesis.10 DNA aneuploidy can be
measured in a relatively robust and sensitive assay,11 though lately its reputation as a marker of
progression has been questioned.12 DNA ploidy status can be measured either by flow cytometry
(FCM-DNA) or image cytometry (ICM-DNA). ICM-DNA has several advantages over FCM-DNA
as it allows for visual control and selection of specific cells for analysis based on morphological
or additional features such as cell shape and texture. In addition, ICM-DNA permits additional
measurements, because the specimen is a fixed cell suspension deposited on a glass slide, that can
be stored after measurement.13
Two recent retrospective case-control studies have shown that DNA aneuploid oral dysplastic
lesions have a higher risk of malignant progression and that ICM-DNA might help to identify those
lesions at increased risk.14, 15 The aim of the present study is to determine the prognostic value of the
DNA ploidy status in a cohort of patients with oral leukoplakia, in comparison with histopathological
grading. ICM-DNA was used to analyze the DNA index and the clinical endpoint was development
of OSCC.

Patients, materials and methods
Patients
In this study 62 leukoplakia patients, who visited the outpatient clinic at the Oral and Maxillofacial
Surgery Department of the VU University Medical Center in the period 1990-2010, were enrolled.
Inclusion criteria were presence of leukoplakia defined according to Schepman et al.16 and availability
of sufficient representative formalin fixed paraffin embedded biopsy material for histopathological
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grading as well as for DNA ploidy measurement. This cohort can be considered as an unselected and
unbiased group of leukoplakia patients. The median follow-up time of all patients was 69 months
(range 10-193). Dysplasia was scored in hematoxylin and eosin-stained slides by an experienced
pathologist according to the standard criteria of the World Health Organization17 and was classified
as no, mild, moderate or severe. Information on tobacco consumption was collected, and patients
were divided in two groups: never versus former plus current smokers. A smoker was defined as
having smoked more than five packyears in his or her lifetime. A packyear is a cumulative measure
of tobacco smoking and reflects the consumption of a packet of cigarettes per day in a year. The
occurrence of OSCC was confirmed by histopathological examination. Characteristics of the study
population are summarized in Table 1.
The study was approved by the Institutional Review Board of the VU University Medical
Center, and carried out according to the Dutch guidelines for experimental use of tissue samples.
Table 1. Patient and leukoplakia characteristics
Variable

number

Gender
Female

40

Male

22

Age (years)
Average

56

Minimum

24

Maximum

88

Current and former

43

Never

19

No

11

Yes

51

Tobacco consumption

Treatment

66

Surgery

34

Laser/surgery

6

Laser

11
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Table 1. (Continued)
Variable

number

Type of biopsy
Incisional

30

Excisional

32

Tongue

26

Site lesion
Non-tongue

36
Cheek

13

Floor of mouth

13

Alveolar ridge

8

Hard palate

1

Soft palate

1

No

35

Dysplasia
Mild

16

Moderate

7

Severe

4
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Tissue processing for ICM-DNA
From the formalin fixed paraffin-embedded tissue specimens, two or three 50-µm sections
were cut and cell suspensions were prepared according to the Hedley procedure.18 Cytospins
were prepared, by centrifugation for 15 min at 3000 rpm, and stained by the Feulgen procedure
according to the consensus protocol of the European Society for Analytical Cellular Pathology.19 In
short, cytospins were placed in 5 N HCl for 30 min at 27 °C, rinsed in distilled water for 5 min, stained
with fresh Schiff’s reagent for 45 min, and washed in running tap water for 15 min.
Measurement of ICM-DNA
DNA content of the stained nuclei was measured and analyzed by ICM according to an
established protocol.13, 19, 20 Approximately 1000 nuclei were measured in a fully automatic manner.
Using classification algorithms, round dark condense objects resembling lymphocytes were
automatically identified, as well as objects having an elongated oval shape representing fibroblasts.
These objects were used as internal controls and to calibrate and scale the DNA-histogram.13 Another
set of classification algorithms was applied to automatically remove the majority of remaining debris
and aggregates from the data set. The resulting DNA histograms were visually inspected and nuclei
that should have been removed on the basis of features such as shape and texture automatically but
were missed by the classification algorithms, were removed manually.
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Analysis of DNA-histogram
By convention in DNA cytometry, nuclear DNA content is measured in relative units ‘c’, in which
the DNA content of normal, non-cancerous nuclei is set at 2c. In this study, the 2c reference value
was determined by taking the mean DNA content measured for nuclei that were identified as
lymphocytes and if present fibroblasts. After establishing the 2c reference value, the histogram was
scaled up to 10c with a fixed number of 256 bins in order to obtain standardized histograms that
cover a wide range of c values that potentially occur in populations of (pre)cancerous nuclei.
All ICM-DNA histograms were analyzed using the MultiCycle AV computer program (Phoenix
Flow Systems, San Diego, CA, USA) according to a previously developed protocol.21 The DNA index
was calculated by dividing the modal channel number of DNA aneuploid peaks by the corresponding
number of the DNA diploid peak. In case of only one cell cycle, the DNA index was set at 1.00. All
ICM-DNA cases were classified in 2 subclasses, based on previous published guidelines19 as follows:
DNA diploid (only one cell cycle present) and DNA aneuploid (DNA index ≥ 1.1).
Statistical analysis
Different variables were part of the analysis: clinical parameters, DNA ploidy measurement
(DNA diploid or DNA aneuploid) and dysplasia score. As for this latter variable, patients were also
divided in two groups: no or mild versus moderate or severe dysplasia.17 Subsequently, combinations
of DNA ploidy and dysplasia scores were used: DNA aneuploidy with dysplasia (moderate or severe)
versus the rest, as well as DNA aneuploid and/or dysplasia (moderate or severe) versus the rest.
Development of histologically proven cancer was the analytical endpoint.
To establish the association between the clinical and biomarker variables and progression
into cancer, uni- and multivariate Cox regression analyses were performed and hazard ratios (HR)
including its 95% confidence intervals (CI) and associated p-values were calculated. Graphic plots
were constructed according to the Kaplan-Meier method and differences between the curves
analyzed by the log-rank test. The significance of differences of frequency distributions was
calculated with the Pearson Chi-square test.
Statistical tests were taken two-sided and differences were considered significant at α = 0.05.
For all statistical analyses SPSS 15.0 for Windows (SPSS Inc., Chicago, IL, USA) was used.

Results
DNA ploidy status and risk of progression
In our group of 62 patients, malignant progression occurred in 13 cases. In 11 out of 13 cases, the
OSCC presented in the biopsy site and 2 in an adjacent area. Abnormal DNA content, as measured
with DNA-ICM, was present in 27 out of 62 lesions. In 7 out of 13 lesions that progressed into OSCC,
the DNA content was abnormal. DNA aneuploidy was associated with cancer development, with
a HR of 3.7 (CI of 1.1 and 13.0) which was statistically significant (p=0.04; Table 2). This significant
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relation between DNA ploidy and cancer development is visualized in the Kaplan-Meier plot (Figure
1). DNA-ICM has some value in predicting progression for the individual patient as indicated by the
sensitivity and specificity values of 54% and 60%, and the positive (PPV) and negative predictive
value (NPV) of 26% and 83%, respectively (Table 3).
Table 2. Associations between progression-free period and histopathological, patient- and DNA ploidy variables
Variable

Cox regression analysis
Reference

Risk characteristic

Hazard ratio (CI) a

P-value

Gender

Male

Female

1.1
(0.32–3.5)

0.918

Tobacco

Never

Former and current

0.52 (0.17-1.6)

0.249

Ageb

< 51 yr.

Between 51 and 63 yr.

1.6 (0.42-6.0)

0.488

Over 63 yr.

1.4 (0.35-5.8)

0.626

Excisional

0.96 (0.30-3.1)

0.944

Type of biopsy

Incisional

Chapter
Site

Tongue

No tongue

0.65 (0.19-2.2)

0.545

Treatment

No

Yes

25.7 (0.02-44.0)

0.390

Dysplasiac

No

Yes

4.2 (1.4-12.8)

0.011

DNA ploidy

Diploid

Aneuploid

3.7 (1.1-13.0)

0.039

Dysplasiac with DNA
ploidy

No dysplasia or
diploid

Dysplasia and
aneuploid

19.3 (3.2-115.9)

0.001

Dysplasiac and/or
DNA ploidy

No dysplasia and
diploid

Dysplasia or
aneuploid

5.0 (1.3-19.0)

0.018

5

CI=95% confidence interval
Patients were divided into two groups of equal size
c
’No’ in case of no or mild dysplasia, and ‘yes’ in case of moderate or severe dysplasia
a

b

Clinical parameters and risk of progression
None of the patient-related clinical factors was associated with the risk of progression to cancer
(Table 2).
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Figure 1. Kaplan-Meier curves are shown with associated p-values. The right panel represents the results for
DNA ploidy and the left panel for dysplasia (no or mild dysplasia are categorized as ‘no’ and moderate or severe
dysplasia as ‘yes’).
Table 3. Value of histopathological and DNA ploidy parameters in predicting leukoplakia progression
Sensitivity (%)

Specificity(%)

Positive predictive
value (%)

Negative predictive
value (%)

DNA ploidy

54

60

26

83

Dysplasiaa

54

92

64

88

Dysplasiaa and DNA ploidy

23

96

60

82

Dysplasiaa or DNA ploidy

77

57

32

90

’No’ in case of no or mild dysplasia, and ‘yes’ in case of moderate or severe dysplasia

a

Histopathological grading and risk of progression
The scores of dysplasia grading are shown in Table 4. Dysplasia grading was significantly
associated with the risk of progression (Tables 2 and 3 and Fig. 1). HR scores had the same order
of magnitude as observed for DNA ploidy. The predictive value of dysplasia scoring appears to be
better than that of DNA-ploidy measurement, judged from the sensitivity and specificity of 54% and
92%, respectively.
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Combination of DNA ploidy measurement and histopathological grading: improvement of risk
assessment
The multivariate cox regression analysis was performed and when adjusted for dysplasia, the HR
for DNA aneuploidy was 7.1 (CI 1.6 and 30.5, p = 0.008). This suggests that DNA ploidy and dysplasia
are relatively independent variables. Indeed, also the statistical analysis of the frequency distribution
could not demonstrate a correlation between these variables (Table 4). This prompted us to assess
the level of association when the histopathological grading and DNA ploidy are combined. With
respect to HRs and its associated p-values, the combination aneuploidy with moderate or severe
dysplasia seemed superior to the and/or combination as well as to the individual assessments (HR
19.3, CI of 3.2 and 115.9; p = 0.001; Table 2). It has to be added that there were only 5 patients with
a lesion that was aneuploid as well as dysplastic (Table 4). When looking at predictive value, the
combination of aneuploidy with dysplasia appears to improve the specificity to almost 100%, but
this was at the expense of a lower sensitivity (Table 3). For the situation that one of the variables
needed to be positive, it was the other way around, i.e. a higher sensitivity at the expense of a lower
specificity (Table 3).
Table 4. Correlation histopathological grading and DNA ploidy measurement
Diploid

Aneuploid

p-valuea

Chapter
Dysplasia (4 classes)

Dysplasia (2 classes)

No

22

13

Mild

7

9

Moderate

4

3

Severe

2

2

No or mild

29

22

Moderate or severe

6

5

5

0.636

a
Chi-square analysis (Pearson) was not performed in the 2 x 2 table, but was not performed in the comparison
of four classes of dysplasia because of the small group sizes.
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Discussion
The present study was based on leukoplakia lesions from a representative and unbiased group of
patients. It shows that DNA ploidy, analyzed with ICM-DNA, has a significant value for the assessment
of risk for malignant progression, based on the HR-values of the proportional hazard analysis. The
predictive value for the individual patient, however, was moderate. Multiple explanations can be
offered for the relatively low predictive value of ICM-DNA. First, this could be related to the relatively
short time-frame of the study. It is possible that DNA aneuploid lesions may develop into cancer in
the future. Secondly, it is possible that DNA aneuploidy is not required for malignant progression.
OSCC can be diploid, as it seems reasonable to assume that the percentage of diploid OSCC varies
between 10% and 30%.22-24 This difference in percentage is likely related to the variation regarding
the site of carcinomas that has been studied and the methodology that has been applied. Thirdly,
there can be a sampling problem; the biopsy has been taken at a region where no aberrant cells
were present. DNA ploidy assessment by ICM is a relatively sensitive technique, but the number of
aberrant cells has to be around 20%.11
In this study, histopathological grading shows similar or slightly better results as DNA ploidy
status, judged from the score. However, a disadvantage of dysplasia grading is that it is a somewhat
subjective measurement.25 In an effort to reduce the inter-observer variation, the working group
of the WHO Collaborating Centre for Oral Cancer and Precancer in the UK recommended in 2008
the use of a two-class classification for dysplasia. The no-or-mild dysplasia class would imply low
risk of malignant progression, whereas the moderate-or-severe dysplasia class implies high risk.17
When combining DNA ploidy measurement and histopathological grading in a statistical analysis,
there seems to be a slight improvement in risk assessment. This improvement is in line with the
observation that the correlation between ploidy and dysplasia scoring is relatively low.
Our results showed that none of the patient-related clinical factors, i.e. gender, age, tobacco
consumption and site of the lesion, was associated with the risk of progression. In current literature,
however, reported risk factors for malignant transformation include female gender, leukoplakia
in non-smokers and location on tongue and/or floor of mouth.2 Furthermore, a previous study
has shown that leukoplakia lesions with a non-homogenous aspect as well as lesions with a size
exceeding 200 mm2 have an increased risk of malignant development.26 In the present study, these
specific data could not reliably be retrieved from the patient files. Furthermore, it is well appreciated
that the follow-up period of some of our patients has been rather short. Ideally, one may want to
observe a minimum follow-up period of five years in this type of studies.
Earlier case-control studies on the prognostic value of DNA index measurement in oral
precancerous lesions, such as leukoplakia, showed more or less similar results on the suitability of
the DNA ploidy status in predicting the risk of malignant progression.14, 15, 27, 28 In conclusion, DNA
aneuploid leukoplakia lesions have a significant higher risk for OSCC progression, although DNA
diploid lesions are not exempt from malignant progression. As for the individual leukoplakia patient,
DNA ploidy status as single biomarker has limited value to predict progression to cancer.
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Summary
In the introduction (Chapter 1) it is outlined that despite advances in therapy, the long term
survival rates of patients with oral squamous cell carcinoma (OSCC) have only marginally improved
(1). Because of the large difference in prognosis between early and advanced stage tumors (2),
it seems critical to establish a strategy to identify patients at risk for OSCC and to optimize their
management in order to prevent (further) cancer development. In recent years, considerable
progress has been made in understanding the genetic basis of OSCC carcinogenesis (3, 4, 5).
The hypothesis that oral cancers are preceded by precancerous fields of genetically altered cells,
suggests that screening approaches for precancerous genetic changes might become an option.
The major example in this respect is the population-based screening of women for early detection
of cervical precancer by cytological analysis of smears (6).
The aim of this thesis was to develop a noninvasive genetic cytology approach that might be
applied for screening risk groups for precancerous fields as well as monitor oral visible lesions,
and to identify the ones with the highest risk for cancer. Risk groups are leukoplakia patients who,
besides the visible lesion, might have fields that are macroscopically not detectable; treated oral
cancer patients who are at risk for secondary tumors; and patients with Fanconi anemia (FA). FA
is a hereditary chromosomal instability disorder characterized by congenital abnormalities, bone
marrow failure and cancer predisposition, particularly squamous cell carcinoma, most notably in the
head and neck region (7). One could envision that also the elderly population with a long history
of tobacco smoking and alcohol consumption might be at increased risk for oral cancer, but likely
screening will not be cost-effective.
In Chapter 2, the beginning of our search for a noninvasive genetic screening test to detect oral
precancerous lesions is described. In order to gain brushed cells from the oral mucosa and analyze
DNA for genetic alterations (8), a small disposable brush for noninvasive sampling was selected.
The DNA from these exfoliated cells was isolated with proteinase K, resulting in measured DNA
amounts in a range of 150 to 600 ng per sample. Subsequently, a novel assay that allows analysis of
multiple genetic alterations using only small amounts of DNA was investigated: Multiplex Ligationdependent Probe Amplification (MLPA) (9). MLPA was performed on DNA of normal and dysplastic
oral mucosa tissue, as well as of OSCC, with the intention to select a specific MLPA probe set for
accurate detection of precancerous fields in the oral cavity. The MLPA results of normal versus
dysplastic tissues and dysplastic versus tumor tissues showed significant differences in the number
of alterations with p-values < 0.001. In addition, the MLPA assay was compared to the widely used
and accepted loss of heterozygosity (LOH) analysis on dysplastic oral mucosa, showing a moderate
but significant correlation between MLPA and LOH results. A set of 42 MLPA probes was selected,
enabling discrimination between normal and dysplastic tissue. Finally, the feasibility of noninvasive
screening by MLPA was investigated, using brushed samples of 20 noncancer subjects. The study
showed that MLPA is a sensitive, reliable and easy-to-perform technique, enabling the detection of
genetic alterations on small noninvasive samples.
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		 The next step in our search for the most suitable genetic assay to detect and monitor oral
precancerous lesions, was the investigation of the test characteristics on precancerous lesions of
three different genetic assays: MLPA, LOH and DNA ploidy in Chapter 3. To ensure the precancerous
character of the analyzed lesions, we selected 10 previously studied surgical margins from different
oral tumors. Since the tumors and the mucosal epithelium of the corresponding surgical margins
had the same TP53 mutation (10, 11, 12) , it was considered strong evidence that tumor and
precancerous field in the surgical margin were clonally related, and that the tumor arose in this
field. In addition, 10 normal oral mucosa specimens derived from surgical specimens of uvulas
from patients who underwent surgical treatment for snoring were analyzed. No alterations were
found in normal tissue by either of the assays. The MLPA assay was able to detect genetic alterations
in all precancerous fields, however limitations of the assay were the difficult automatization and
the requirement of accurate levels of DNA input. The LOH assay detected genetic changes in all
precancerous fields as well. This assay was, however, more laborious and requires that normal DNA
is analyzed in parallel as reference. Nonetheless, the LOH assay was found to be more robust than
the MLPA assay and feasible for automatization by robotics. DNA index measurement showed an
aberrant DNA content in only four precancerous fields, while they all contained genetic changes. In
conclusion, the LOH assay in particular was found to be the most valuable screening tool to detect
the presence of oral precancerous fields. DNA index measurement might be more suited for risk
assessment of an identified precancerous field, and of less value for early diagnosis. The results were
important for future development of a noninvasive screening assay with brushed cells as sample
source.
		

In order to investigate whether our LOH assay as described in Chapter 3, would be suitable for

noninvasive genetic cytology, we investigated brushed samples from 25 leukoplakia patients and
20 non-cancer control subjects for LOH at chromosomes 3p, 9p, 11q and 17p in Chapter 4. LOH was
absent in all control subjects, and detected in 40% of the leukoplakia lesions. Interestingly, genetic
changes were also found outside the leukoplakia lesions. To determine the test parameters of the
noninvasive LOH assay, the biopsy material from the corresponding leukoplakia lesions was tested
by the same assay as “gold standard”. In the lesions that did not show LOH in the biopsy material,
the corresponding exfoliated cells also did not present with LOH. In seven out of nine leukoplakia
lesions that did show LOH, the same pattern of allelic losses was found in the exfoliated cells. This
would indicate a specificity of 100% and a sensitivity of ~80% for the noninvasive test when genetic
analysis of the biopsy is considered the gold standard. Given the false-negative cases there is
room for improvement of the assay. In conclusion, the presented noninvasive test can be used for
identification as well as genetic grading of visible and possibly nonvisible precancerous fields. For
leukoplakia lesions, however, we believe biopsy should remain the gold standard, although genetic
analysis of the specimen may have added value to the histologic diagnosis.
		

Meanwhile, two retrospective case-control studies showed that DNA aneuploid oral dysplastic

lesions have a higher risk of malignant progression and that DNA index measurement might help to
identify those lesions at increased risk (13, 14). Therefore, we decided to determine the prognostic
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value of the DNA ploidy status in a Dutch cohort of patients with oral leukoplakia in Chapter 5.
The results were compared with histopathological grading. A cohort of 62 leukoplakia patients was
studied, and their biopsy was examined with standard histopathology and DNA image cytometry.
Abnormal DNA content was present in 27 out of 62 lesions. During the follow-up period with a
median of 69 months, 13 patients developed an OSCC. In 7 of these 13 patients the DNA content of
the initial biopsy was abnormal. Statistical analysis showed a significant relation between DNA ploidy
and cancer development, with an HR of 3.7. DNA measurement was shown to have some value in
predicting progression for the individual patient as indicated by the sensitivity and specificity values
of 54% and 60%, and the positive and negative predictive value of 26% and 83% respectively. On the
other hand, histopathological grading was analyzed, and this showed a significant association with
the risk for progression, in the same order as observed for DNA ploidy. However, the predictive value
of dysplasia grading appeared to be better, judged from the sensitivity and specificity of 54% and
92%, respectively. In addition, a multivariate Cox regression analysis showed that DNA ploidy and
dysplasia are relatively independent variables. From this study we concluded that DNA aneuploid
leukoplakia lesions have a significantly higher risk for malignant progression, although DNA diploid
lesions are not exempt from malignant progression. As for the individual leukoplakia patient, we
found that DNA ploidy status as single biomarker has limited value to predict the progression into
cancer. Dysplasia grading seems to perform better, but it should be noted that histopathological
grading remains a somewhat subjective measurement. Of note, these analyses were performed on
one initial biopsy. We cannot exclude that both assays would perform much better in longitudinal
studies.

General discussion and future perspectives

Chapter

Early diagnosis of oral precancerous lesions might be of importance for clinical management,
particularly in high-risk populations, considering the poor prognosis of advanced stage tumors.
As the majority of precancerous lesions other than leukoplakia and erythroplakia is clinically not
recognizable (10), there is a need to improve detection. Methods such as toluidine blue staining (15)
and auto fluorescence imaging have been investigated, but there is to date not much evidence for
the efficacy of these visualization methods.
Considering that precancerous oral lesions are characterized by genetic alterations, this thesis
was performed to develop and evaluate a noninvasive screening test based on genetic markers. As
head and neck cancers in general could also be caused by infection with the human papillomavirus
(HPV) (16), the use of HPV DNA as markers of precancerous lesions might be considered as well.
Although in a previous study, it was shown that HPV infection is rarely found in oral premalignant
lesions and hardly contributes to malignancies in the oral cavity (17), a more recent study suggests
that HPV may play a more prominent role in oral premalignant disorders than was previously
believed (18).
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We were able to design a noninvasive method to screen for oral precancerous lesions, and
found the LOH of markers, located at chromosomes 3p, 9p, 11q and 17p, to be most suitable in this
respect. The LOH assay has been proven to work well, is automated and allows a high-throughput
approach. However, in large series we have now shown that the sensitivity is somewhat lower than
suggested, being around 50%. The specificity remains 100% and the positive predictive value is
also 100%, indicating that when a field was detected noninvasively, it was present histologically
(Graveland et al. in preparation). For screening purposes in low risk groups, such test characteristics
are acceptable. However, for high risk groups the sensitivity should be higher. For small lesions, a
likely explanation for the limited sensitivity is that by brushing a larger surface, too many normal
cells are introduced in the sample that skew the allelic loss. Meanwhile, we have also noted that
there may be many other sources of normal DNA in the oral cavity that might skew LOH analysis
even when the sampling is accurate. Using CD45 immunostaining, we noted that in many cases
lymphocytes infiltrate the mucosal epithelium, which might be a likely source of normal DNA
contamination (Smetsers et al. in preparation). Changing the cut-off point to a change of 25% in the
ratio between the alleles might be an option to increase the analytical sensitivity of the LOH assay ,
but will have important consequences for the specificity. For diagnostic workup for visible lesions,
incisional biopsies, therefore, remain the standard. However, this is not an option for fields that are
not visible to the naked eye. Therefore, it is preferable to apply more sensitive markers than LOH,
possibly methylation markers (19). Given the apparent various sources of DNA in the oral cavity,
these markers need to be selected with great care.
Identification of high risk precancerous lesions is important, but should be followed by the
development of treatment options. For visible precancerous lesions, the most commonly used
treatment modalities consist of surgical excision or laser therapy. However, in case of precancerous
fields that are not visible, other treatment modalities will be required. Administration of retinoids,
either topically or systemically, has thusfar not been proven to have therapeutic value (20, 21).
Mouthwash therapy containing an attenuated adenovirus, such as the ONYX adenovirus, have
been investigated in a clinical trial. Feasibility was shown, but the reported efficacy leaves much
to be desired (22). There are a multitude of drugs being tested, but major successes have not been
reported. Notwithstanding, the development of targeted biologic therapies will likely, in the future,
result in a strategy to either inhibit progression of precancerous lesions to invasive oral cancer, or
eradicate these fields.
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behandelingsmogelijkheden

van

een

plaveiselcelcarcinoom van het mondslijmvlies, is de lange-termijn overleving van deze
patiëntengroep de afgelopen decennia nauwelijks gestegen (1) (Hoofdstuk 1). Er bestaat een
aanzienlijk verschil in prognose wanneer de patiënt zich in een vroeg stadium presenteert versus in
een gevorderd stadium (2). Derhalve is het vroegtijdig identificeren van patiënten met een verhoogd
risico op het ontstaan van een plaveiselcelcarcinoom van de mond belangrijk. In de afgelopen jaren
is men steeds meer te weten gekomen over de genetische oorzaken in de ontwikkeling van kanker,
de carcinogenese (3, 4, 5). Kanker ontstaat door een accumulatie van genetische veranderingen
in tumorsuppressorgenen en oncogenen. De hypothese is, dat een plaveiselcelcarcinoom van de
mond wordt voorafgegaan door gebieden met genetisch veranderde cellen, de ‘voorlopervelden’.
Sommige van deze gebieden zijn bij onderzoek zichtbaar als een witte of rode slijmvlieslaesie,
respectievelijk leukoplakie en erythroplakie; de meeste velden zijn echter niet met het blote oog
zichtbaar. Door deze velden vroegtijdig op te sporen zou de lange-termijn overleving mogelijk
verbeterd kunnen worden. Een belangrijk voorbeeld hiervan is het bevolkingsonderzoek naar
baarmoederhalskanker bij vrouwen vanaf 30 jaar door middel van een uitstrijkje (6).
Het doel van het in dit proefschrift beschreven onderzoek was het ontwikkelen van een
niet-invasieve genetische test om zowel mensen met verhoogd risico op de aanwezigheid van
voorlopervelden te kunnen screenen, alsmede reeds aanwezige zichtbare slijmvlieslaesies te kunnen
monitoren en controleren op het ontstaan van kanker. Deze groep bestaat uit leukoplakiepatiënten,
patiënten reeds eerder behandeld voor een plaveiselcelcarcinoom van de mond en patiënten
met Fanconi Anemie (FA). Fanconi anemie is een zeldzame, erfelijke vorm van aplastische anemie
(bloedarmoede) met een ernstige en soms levensbedreigende afname van witte en rode bloedcellen
en bloedplaatjes. Kenmerken van FA zijn onder andere aangeboren misvormingen en een
verhoogde kans op ontwikkeling van kanker, met name in het hoofd-hals gebied (7). Daarnaast kan
men verwachten dat onder de populatie ouderen met een voorgeschiedenis van roken en alcohol
consumptie zich mensen met een verhoogd risico op het ontwikkelen van plaveiselcelcarcinoom van
de mond bevinden. Echter, screening van deze populatie is naar verwachting niet kosteneffectief.
In hoofdstuk 2 is de start van onze zoektocht naar een bruikbare niet-invasieve genetische test
voor het detecteren van orale precancereuze laesies beschreven. Voor het verzamelen van cellen
van het slijmvliesoppervlak in de mond, waaruit vervolgens het DNA geanalyseerd kan worden (8),
is een kleine disposable borstel geselecteerd. Vervolgens is een nieuwe genetische test onderzocht,
welke in staat is uit een kleine hoeveelheid DNA multipele genetische afwijkingen te detecteren:
de Multiplex Ligation-dependent Probe Amplification (MLPA) test (9). Deze test is uitgevoerd op
DNA uit weefsel van normaal en dysplastisch (afwijkend) mondslijmvlies, en op DNA uit geborstelde
cellen bij een controlegroep. De studie heeft aangetoond dat MLPA een sensitieve, betrouwbare en
gemakkelijk uit te voeren techniek is, welke het mogelijk maakt genetische veranderingen uit kleine
niet-invasieve monsters te detecteren.
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De volgende stap in onze zoektocht naar een geschikte genetische test voor het detecteren en
monitoren van orale precancereuze laesies is in hoofdstuk 3 beschreven. De volgende genetische
testen zijn geanalyseerd: MLPA, ‘loss of heterozygosity’ (LOH) en DNA ploidy. Het te analyseren
weefsel bestond uit 10 resectieranden van verschillende tumoren uit de mondholte, welke een
normaal aspect van het slijmvliesoppervlak toonden. Deze randen zijn reeds in een eerdere
studie genetisch geanalyseerd en bleken dezelfde TP53 mutatie te bevatten als de bijbehorende
tumoren (10, 11, 12). Dit is bewijs voor een klonale relatie tussen tumor en precancereus gebied in
de resectierand, met andere woorden voor het ontstaan van de tumor vanuit dat voorloperveld.
De MLPA en LOH testen vonden in alle resectieranden genetische afwijkingen, de DNA ploidy
test slechts in 4 resectieranden. Op basis van verschillende eigenschappen, zoals onder andere
betrouwbaarheid en mogelijkheid tot automatisatie, werd de LOH test beschouwd als de best
bruikbare genetische test voor het detecteren van orale precancereuze laesies.
Vervolgens is in hoofdstuk 4 onderzocht of de bovengenoemde LOH test eveneens geschikt
is voor niet-invasieve monsters. Hiertoe zijn geborstelde monsters, genomen op verschillende
gestandaardiseerde locaties, van 25 leukoplakiepatiënten en van 20 controles geanalyseerd
voor LOH op chromosomen 3p, 9p, 11q en 17p. Bij de controles is geen LOH gevonden, en bij de
leukoplakiepatiënten in 40% van de leukoplakielaesies. Eveneens zijn buiten de leukoplakielaesies
genetische veranderingen gevonden, wat mogelijk duidt op een veld groter dan de leukoplakie zelf.
De LOH resultaten van de geborstelde monsters van de leukoplakielaesies zijn vervolgens vergeleken
met LOH resultaten van biopten (de gouden standaard) van de corresponderende leukoplakielaesies.
De laesies welke in de biopten geen LOH toonden, lieten in de geborstelde monsters evenmin LOH
zien, duidend op een specificiteit van 100%. In zeven van de negen leukoplakielaesies met LOH in
de biopten is hetzelfde LOH patroon teruggevonden in de geborstelde monsters, duidend op een
sensitiviteit van ~80%. Gezien de aanwezigheid van fout-negatieve resultaten, is verbetering van
de test wenselijk. Geconcludeerd werd, dat bovengenoemde test geschikt is voor de identificatie
en genetische analyse van zichtbare en mogelijk niet-zichtbare precancereuze gebieden. Echter in
geval van leukoplakielaesies werd gesteld dat vooralsnog histopathologisch onderzoek van een
biopt de gouden standaard is, mogelijk met een toegevoegde waarde voor genetische analyse.
Gezien het feit dat in een tweetal recente publicaties bij DNA aneuploide orale dysplastische
laesies een hoger risico op maligne ontaarding is aangetoond (13, 14), is in hoofdstuk 5 de
prognostische waarde van DNA ploidy bepaling bij leukoplakiepatiënten onderzocht. De
resultaten zijn vergeleken met histopathologisch onderzoek op hetzelfde weefsel. Een cohort van
62 leukoplakiepatiënten is bestudeerd, waarbij de standaard histopathologische resultaten zijn
vergeleken met ‘DNA image cytometry’. Bij 27 van de 62 laesies is een abnormale DNA hoeveelheid
aangetoond. In een gemiddelde follow-up periode van 69 maanden ontwikkelden 13 patiënten
een plaveiselcelcarcinoom van de mond. Bij 7 van deze 13 patiënten is in het eerste biopt een
abnormale DNA hoeveelheid aangetoond. Statistische analyse toonde een significante relatie
tussen DNA ploidy en maligne ontaarding, en enige voorspellende waarde voor de individuele
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patiënt. Histopathologische gradering toonde een vergelijkbaar significant risico op maligne
ontaarding, maar een betere voorspellende waarde. Geconcludeerd werd dat DNA aneuploide
leukoplakielaesies een significant hoger risico op maligne ontaarding hebben, echter met de
kanttekening dat DNA diploide laesies eveneens maligne kunnen ontaarden. Voor de individuele
patiënt blijkt uit deze studie dat DNA ploidy bepaling een beperkte voorspellende waarde heeft
voor maligne ontaarding. Bepaling van dysplasie lijkt beter te voorspellen, echter deze bepaling
blijft enigszins subjectief. Genoemd moet worden, dat deze analyses uitgevoerd zijn op het eerste
biopt; wellicht dat een longitudinale studie betere uitkomsten zou laten zien.

Discussie en perspectieven
Vroegdiagnostiek van orale precancereuze laesies is, zoals reeds eerder aangegeven, belangrijk,
gezien de matige prognose van tumoren in een vergevorderd stadium. Gezien het feit dat de
meerderheid van precancereuze laesies, buiten leukoplakie en erythroplakie, niet zichtbaar is
(10), bestaat er een behoefte aan verbetering van de detectie. Verschillende detectiemethoden,
waaronder kleuring met toluidine blauw (15) en auto-fluorescentiespectroscopie, zijn tot dusver
weinig efficiënt en betrouwbaar gebleken.
Gezien het feit dat orale precancereuze laesies zich karakteriseren door genetische veranderingen,
is dit onderzoek uitgevoerd teneinde een niet-invasieve test gebaseerd op genetische markers te
ontwikkelen. Bekend is, dat infectie met het humaan papillomavirus (HPV) een rol kan spelen bij
het ontstaan van hoofd-hals tumoren (16), waardoor het gebruik van HPV DNA markers eveneens
overwogen zou kunnen worden. Recente studies hebben niet tot eenduidige conclusies geleid over
de rol van HPV bij orale precancereuze laesies en tumoren (17, 18).
Dit proefschrift heeft geleid tot de ontwikkeling van een niet-invasieve methode voor de
detectie van orale precancereuze laesies, gebruikmakend van LOH markers op de locaties 3p, 9p,
11q en 17p. In een grotere serie is echter onlangs een lagere sensitiviteit aangetoond van ongeveer
50%, bij een specificiteit en positief voorspellende waarde van beide 100% (Graveland et al., in
voorbereiding). In geval van screenen bij laag-risico groepen is dit acceptabel; dit geldt echter niet
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voor de hoog-risico groepen. Een verklaring voor de lagere sensitiviteit zou kunnen liggen in het

7

nemen van monsters van vooral kleine laesies, waarbij normale cellen gelegen rondom de laesies
in het monster ingesloten zouden kunnen worden. Een andere verklaring kan zijn, dat DNA uit
lymphocyten, welke het epitheel binnendringen, de LOH meting kunnen beïnvloeden (Smetsers
et al. in preparation). De sensitiviteit kan mogelijk verbeterd worden door het aanpassen van het
cut-off punt in de LOH analyse van 50% naar 25% verschil in ratio tussen beide allelen; echter, dit zal
ten koste gaan van de specificiteit. Voor diagnostiek van zichtbare laesies is vooralsnog een biopt
de gouden standaard. Voor niet-zichtbare gebieden zal bij voorkeur gezocht moeten worden naar
meer sensitieve markers, mogelijk methylatiemarkers (19).
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Naast de detectie van hoog-risico precancereuze laesies, is de ontwikkeling van
behandelingsmogelijkheden van belang. De meest gangbare behandeling voor een zichtbare
laesie bestaat uit chirurgie of lasertherapie. In geval van niet-zichtbare laesies zal naar andere
behandelingen gezocht moeten worden. Het gebruik van retinoiden, lokaal of systemisch, heeft
tot op heden geen therapeutische waarde aangetoond (20, 21). Therapie in de vorm van een
mondspoelmiddel welke een verzwakt adenovirus bevat, zoals het ONYX adenovirus, is in een
klinische trial onderzocht en onvoldoende effectief gebleken (22). Niettemin is de verwachting dat
de ontwikkeling van biologische therapieën in de toekomst zal leiden tot een methode om maligne
ontaarding van orale precancereuze laesies tegen te gaan, of om deze voorlopervelden geheel te
doen verdwijnen.
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De onderzoeken beschreven in dit proefschrift zijn tot stand gekomen in een samenwerkingsverband
tussen de afdelingen Mondziekten, Kaak- en Aangezichtschirurgie, Keel, Neus- en Oorheelkunde/
Hoofd-Hals Chirurgie en Pathologie van het VU Medisch Centrum te Amsterdam. Mijn dank gaat uit
naar de vele medewerkers van deze afdelingen die een bijdrage hebben geleverd aan het tot stand
komen van dit proefschrift, alsmede naar de patiënten die vrijwillig hebben deelgenomen aan de
klinische studies.
Een aantal personen wil ik graag in het bijzonder bedanken.
Allereerst mijn promotoren prof. dr. I. van der Waal, prof. dr. C.R. Leemans en prof. dr. R.H. Brakenhoff
en co-promotoren dr. B.J.M. Braakhuis en dr. J.A.M. Beliën.
Beste prof. dr. I. van der Waal, ik ben u zeer dankbaar voor de mogelijkheid die u me geboden
heeft om, na de start van dit promotieonderzoek, de studie tandheelkunde in Nijmegen en de
opleiding tot MKA-specialist in het VUMC te kunnen volgen. Naast uw kritische blik en waardevolle
commentaren op het manuscript, ben ik u met name dankbaar voor uw geduld en voor alle wijze
lessen die ik van u als opleider heb mogen leren in de afgelopen jaren.
Beste prof. dr. C.R. Leemans, ik wil u graag bedanken voor uw interesse en de gelegenheid die u
mij jaren geleden, naar aanleiding van mijn sollicitatie naar een opleidingsplaats op uw afdeling,
geboden heeft voor het uitvoeren van dit promotieonderzoek.
Prof. dr. R.H. Brakenhoff en dr. B.J.M. Braakhuis wil ik uitvoerig bedanken. Beste Ruud en Boudewijn,
jullie hebben door jullie grote inzet en enthousiasme een sleutelrol gespeeld tijdens het tot stand
komen van dit proefschrift. Zonder noemenswaardige onderzoekervaring werd ik jaren geleden
warm onthaald en met engelengeduld hebben jullie mij fantastisch begeleid, tot het einde aan toe.
Ik heb het als een voorrecht ervaren dat ik deel heb mogen uitmaken van jullie team.
Dr. J.A.M. Beliën wil ik bedanken voor zijn fijne samenwerking. Beste Jeroen, hartelijk dank voor je zo
kenmerkende energieke begeleiding en voor je unieke bijdrage aan dit proefschrift.
Prof. dr. E. Bloemena, beste Elisabeth, graag wil ik je bedanken voor de histologische revisies en
interesse voor dit onderzoek, alsmede voor het zitting nemen in de promotiecommissie.
De overige leden van de promotiecommissie, prof. dr. J.L.N. Roodenburg, prof. dr. P. Slootweg,
prof. dr. V. Everts, prof. dr. P.J.F. Snijders en prof. dr. R.J. Baatenburg de Jong, wil ik eveneens
hartelijk danken voor het kritisch doornemen van het manuscript en voor het zitting nemen in de
promotiecommissie.
Alle (oud)medewerkers van de afdeling KNO Tumorbiologie wil hartelijk danken voor de prettige
samenwerking en collegialiteit. In het bijzonder mijn ‘rechterhanden’ Henrique Ruijter-Schippers
en Arjen Brink; zonder jullie grote hoeveelheid praktisch werk in het lab was er nooit iets van dit
proefschrift terecht gekomen, mijn dank is groot.
Maar ook alle andere leden van het ‘dream-team’ en collegae AIO’s wil ik hartelijk danken voor hun
gezelligheid en de nodige afleiding: Pontus Börjesson, Marianne Budde, Peggy Graveland, Lars Perk,
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Lisa van der Putten, Asaf Senft, Tieneke Schaaij-Visser, Serge Smeets, Marijke Stigter-van Walsum,
Bernard Tijink, Maria Vosjan, Janny de Vries-Dijkstra en Hester van Zeeburg.
Van de afdeling Pathologie wil ik graag Mark Broeckaert, Pien Delis-van Diemen, dhr W. de Jong,
Angelique Leonhart en Mireille van Zijp-Vervaart bedanken voor al hun werkzaamheden in een
immer ontspannen sfeer.
Tevens wil ik graag drs. D.J. Kuik van de afdeling Epidemiologie en Biostatistiek bedanken voor de
ondersteuning met betrekking tot de statistiek.
Stafleden, collega arts-assistenten, verpleegkundigen en medewerkers van het secretariaat van de
afdeling Mondziekten, Kaak- en Aangezichtschirurgie van het VUMC dank ik allen voor hun steun en
belangstelling voor dit onderzoek, maar met name voor de fijne samenwerking de afgelopen jaren.
Ik wens de afdeling een welverdiende, prachtige toekomst toe.
Alle medewerkers van de afdeling Mondziekten, Kaak- en Aangezichtschirurgie van het MCA wil ik
bij deze hartelijk danken voor het mooie ‘perifere’ jaar; qua onderzoek geen topjaar, maar voor al het
andere had ik me geen betere plek kunnen wensen.
Mijn paranimfen Christine van Gogh en Charlotte Verlinden.
Lieve Christine, mijn onderzoeks-buddy vanaf dag één. Het was een genot om met jou, als
gelijkgestemde, het onderzoeksavontuur te beleven. Ook al scheidden onze wegen toen ik besloot
toch geen KNO-arts te worden, onze vriendschap heeft dat prima doorstaan. Hopelijk rond jij
binnenkort ook je boekje af, en kan het Grote Genieten beginnen.
Lieve Charlotte, mijn ‘partner-in-crime’ op MKA-gebied. Als de twee oude mannetjes op het balkon
in de Muppetshow becommentarieerden we altijd graag de gang van zaken ten tijde van onze
opleiding; wij zouden dat later in ons “ZBC Gummy Smile” vast en zeker anders doen. Ik hoop op een
glansrijke MKA-toekomst samen, uiteraard onder het genot van de nodige glaasjes Tini.
Lieve familie en vrienden.
Ik kan niet anders zeggen dan dat ik mezelf enorm gelukkig prijs met zoveel lieve mensen om me
heen. Zonder te verzanden in clichés, hoop ik toch van harte dat het afronden van dit boekje de
kwanti-‘tijd’ ten goede komt. Ik heb jullie allen lief!
Arjen, Willem, Justus, Pleun, Julie, Youp en ?: mijn allerliefsten.
Het leven met jullie is één groot feest! Door jullie word ik keer op keer weer met beide benen op
de grond gezet en besef ik weer des te meer waar het in het leven om draait. Jullie zijn het mooiste
wat me ooit is overkomen. Lieve kleine snoeties, wat hebben jullie een prachtige bijdrage geleverd
aan dit boekje, ik ben trots op jullie! Lieve Arie, wat een geluk dat ik het leven met jou mag delen.
Voor altijd.
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De auteur van dit proefschrift werd geboren op 19 juni 1976 te Wissenkerke. In 1994 behaalde zij
haar diploma VWO aan het Sint Willibrord College te Goes. In datzelfde jaar begon zij aan de studie
Geneeskunde aan de Universiteit Leiden. Tijdens de studie deed zij haar wetenschappelijke stage bij
het Instituto de Nutrición y Technologia de los Alimentos INTA, Universidad de Chile, Santiago in Chili
onder begeleiding van prof. dr. J.M. Wit (LUMC) en prof. dr. O. Brunser (Chili). Het artsexamen werd
behaald in 2001, cum laude. Hierna volgde een buitenlandse klinische stage op de afdeling KNO,
Tygerberg Hospitaal, Universiteit van Stellenbosch te Zuid Afrika onder begeleiding van prof. J.W.
Loock. In december 2002 startte zij met haar promotieonderzoek op de afdelingen Mondziekten,
Kaak- en Aangezichtschirurgie, KNO-tumorbiologie en Pathologie van het VU medisch centrum,
onder begeleiding van prof. dr. I. van der Waal, prof. dr. R.H. Brakenhoff, prof. dr. C.R. Leemans,
dr. B.J.M. Braakhuis en dr. J.A.M. Beliën. In 2005 werd begonnen met de tandartsopleiding-voorartsen (TOVA) te Nijmegen, waarna zij in 2007 startte met de opleiding tot Mondziekten, Kaak- en
Aangezichtschirurg in het VU medisch centrum te Amsterdam (opleider prof. dr. I van der Waal tot
1 juli 2011; daarna tot 7 november 2011 dr. E.A.J.M. Schulten) en het perifere deel in het MCA te
Alkmaar (opleider drs. J. Blankestijn).
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