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and Peter Lichter*
From the Abteilung Organisation komplexer Genome,* Deutsches

Krebsforschungszentrum, Heidelberg; Klinik für Mund-, Kiefer-,

Gesichtschirurgie † and Pathologisches Institut,§ Ruprecht-Karls-

Universität, Heidelberg; Institut für Dermatohistologie und

Oralpathologie,¶ Heidelberg; Institut für Neuropathologie,\

Heinrich-Heine-Universität, Düsseldorf; and Klinik und

Poliklinik für zahnärztliche Chirurgie und für Mund-, Kiefer-,

Gesichtschirurgie,‡ Universität zu Köln, Köln, Germany

Biopsies routinely performed for the histopathologi-
cal diagnosis of oral epithelial lesions before treat-
ment were screened for chromosomal imbalances by
comparative genomic hybridization. Comparative
genomic hybridization was performed on 12 oral pre-
malignant lesions (OPLs; dysplasias and carcinomas
in situ) and 14 oral squamous cell carcinomas
(OSCCs). Eight biopsies displayed areas of different
histopathological appearance, so that OPLs and
OSCCs from the same patient were analyzed. To avoid
contamination with nonneoplastic cells, defined cell
populations were isolated by micromanipulation
with a glass needle. Before comparative genomic hy-
bridization analysis, universal DNA amplification was
performed using the DOP-polymerase chain reaction
protocol. In the 14 OSCCs examined, the average
number of chromosomal imbalances was signifi-
cantly higher than in the 12 OPLs (mean 6 SEM:
11.9 6 1.9 versus 3.2 6 1.2; P 5 0.003). The DNA copy
number changes identified in more than one OPL
were gains on 8q (3 of 12) and 16p (2 of 12), as well as
losses on 3p (5 of 12); 5q (4 of 12); 13q (3 of 12); and
4q, 8p, and 9p (2 of 12 each). In more than 30% of
OSCCs, gains of chromosomal material were identi-
fied on 20q (8 of 14); 8q, 11q, 22q (7 of 14 each); 3q,
15q, and 17p (6 of 14 each); and 14q, 17q, and 20p (5
of 14 each), and losses were identified on 3p and 4q (9

of 14 each), 5q (7 of 14), 13q (6 of 14), and 2q and 9p
(5 of 14 each). These results were validated by positive
and negative control comparative genomic hybridiza-
tion experiments and microsatellite analysis for the
detection of allelic loss. The vast majority of genomic
alterations found in OPLs were again identified in
OSCCs from the same biopsy, supporting the hypoth-
esis that multiple lesions in the same patient are
clonally related. In summary, we show that compre-
hensive information on the genomic alterations in
oral epithelial lesions can be obtained from small
biopsies. Such data may identify prognostic indica-
tors that could eventually assist in designing thera-
peutic strategies. (Am J Pathol 1998, 153:295–303)

Oral and oropharyngeal squamous cell carcinoma is the
sixth most frequently occurring cancer worldwide, with
approximately 400,000 new cases diagnosed each
year.1 A high incidence of second primary lesions, both
malignant and premalignant, was observed in patients
with oral squamous cell carcinoma (OSCC), leading to
the concept of field cancerization.2 This phenomenon is
partly attributed to the fact that the entire oral mucosa is
exposed to exogenous cancer-promoting substances
such as alcohol and tobacco. Some OSCCs are pre-
ceded by oral premalignant lesions (OPLs), which in-
clude dysplasias and carcinomas in situ (CIS) of the oral
mucosa. However, 64% of OPLs do not progress to
malignancy.3

In most studies on the genetic alterations in cancer of
the upper aerodigestive tract, OSCCs are included in the
more heterogeneous group of squamous cell carcinomas
(SCCs) of the head and neck (HNSCCs). In HNSCCs,
losses of genomic material were identified on 3p, 5q, 7q,
8p, 9p, 11q, 13q, 17p, and 18q by chromosome banding
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and/or allelotyping.4–8 Cytogenetic gains were found on
1q, 3q, 8q, and 15q.4,5 By comparative genomic hybrid-
ization (CGH),9–13 gains in HNSCCs were most fre-
quently detected on 1q, 3q, 5p, 7q, and 8q, whereas
losses were most commonly found on 1p, 3p, 5q, 11q,
13q, and 19.14–16 Less is known about genetic changes
in OPLs. Molecular genetic analyses revealed loss of
heterozygosity (LOH) at 3p, 9p, 17p, and 18q in dyspla-
sias and additionally at 11q, 13q, and 14q in CIS.17–20

Most of the above-mentioned studies were performed
on resection specimens obtained at surgery when ther-
apy decisions had already been made. It was the aim of
our study to make use of the little material obtained on
biopsy of oral epithelial lesions of unknown malignancy
that were made for diagnostic reasons before the pa-
tients were started on any therapy regimen. Biopsies
were histopathologically classified as dysplasia (n 5 8),
CIS (n 5 4), or OSCC (n 5 14) and screened for chro-
mosomal imbalances by CGH. To exclusively analyze
cells representative of the diagnosis, precise tissue areas
were microdissected and their DNA was universally am-
plified before CGH analysis. As this approach provides
comprehensive information on the genomic alterations of
an oral epithelial lesion before treatment, it could supple-
ment histopathological findings and assist in identifying
prognostic parameters as a basis for therapy decisions.

Materials and Methods

Biopsy Samples and Clinical Data

Material was obtained from oral biopsies routinely per-
formed for diagnostic purposes in the Clinic for Oral and
Maxillofacial Surgery, University of Heidelberg, Germany.
The biopsy material was fixed in 4% PBS-buffered forma-
lin for no longer than 4 hours, paraffin-embedded, and
sectioned. The hematoxylin and eosin (H&E)-stained sec-
tions were classified by an oral pathologist (IAB) accord-
ing to the World Health Organization classification.21 Le-
sions consisted of 8 dysplasias (1 mild, 5 moderate, and
2 severe dysplasias), 4 CIS, and 14 carcinomas (3 car-
cinomas of grade 1, 9 of grade 2, and 2 of grade 3). The
clinical course of the patients whose biopsies were ex-
amined was monitored from January 1996 to December
1997. Of the patients with OSCC, one had metastases at
diagnosis (patient 4) and two developed metastases dur-
ing the follow-up period (patients 5 and 14). None of the
patients diagnosed with OPL developed an OSCC during
the follow-up period of 23 months. Consumption of alco-
hol and tobacco was assessed in all patients. Patients
with a regular alcohol intake of greater than 50 g per day
were given the symbol A, and patients who regularly
smoked more than 10 cigarettes per day were given the
symbol T in Figure 1.

DNA Extraction, Microdissection and Proteinase
K Digestion

The preparation of high molecular weight DNA from pe-
ripheral blood leukocytes as control DNA was carried out

as described.22 The test DNA was obtained by microdis-
section of 50–100 cells of a defined histopathological
entity from an H&E-stained, formalin-fixed, paraffin-em-
bedded biopsy section. For microdissection, a glass nee-
dle was produced from a glass capillary using a micro-
forge. Microdissection was then performed using an
inverted microscope with the glass needle attached to a
de Fonbrune micromanipulator. The microdissected tis-
sue was placed into a tube containing 20 ml 100 mmol/L
Tris-HCl buffer (pH 7.5) and digested with 1 ml proteinase
K (10 mg/ml) for 3 h at 55°C. The enzyme was then
inactivated by incubation at 90°C for 10 minutes.

Degenerate Oligonucleotide Primed-Polymerase
Chain Reaction

Degenerate oligonucleotide primed-polymerase chain
reaction (DOP-PCR) was used to universally amplify both
the test and the control DNA in a thermal cycler. The
protocol used was modified from Telenius et al.23 PCR
was done in a final volume of 50 ml (4 ml 25 mmol/L
MgCl2, 5 ml 103 PCR buffer (500 mmol/L KCl, 100
mmol/L Tris-HCl, pH 8.3) with 2 ml 5 mmol/L deoxynucle-
otide triphosphate, 5 ml 17 mM primer 6MW (59-CCG ACT
CGA GNN NNN NAT GTG G-39), 0.5 ml (2.5 U) Taq
polymerase, and test or control DNA in 20 ml 100 mmol/L
Tris-HCl, pH 7.5). The PCR conditions used were: 10
minutes at 93°C, followed by 10 cycles of 1 minute at
94°C, 1.3 minutes at 30°C, 3-minute transition at 30–
72°C, and 3-minute extension at 72°C, followed by 35
cycles of 1 minute at 94°C, 1 minute at 62°C, 3 minutes at
72°C with an addition of 1 second/cycle to the extension
step, and a final extension of 10 minutes.

CGH

Following standard procedures, metaphase spreads
were prepared from stimulated peripheral blood lympho-
cytes obtained from a healthy male subject (46,XY). CGH
was performed with test and control DNA amplified by
DOP-PCR as described in detail elsewhere.24 For image
acquisition and processing, an epifluorescence micro-
scope (Zeiss Axiophot, Jena, Germany) was used that
was equipped with a cooled charge-coupled device
camera (Photometrics, Tucson, AZ). Digital images were
processed with a program developed by du Manoir et
al25 on the basis of the software package TCL-Image
(TNO Institute of Applied Physics, Delft, The Nether-
lands). Mean ratio profiles were determined from the
analysis of 10 metaphase spreads. The diagnostic
threshold values used to score losses and gains were
0.75 (lower threshold) and 1.25 (upper threshold), re-
spectively, in accordance with previously reported CGH
analysis protocols.25 Due to the suppression with Cot1
DNA, the fluorescence intensities were not representative
at chromosome regions with tandem repetitive DNA clus-
ters. These areas were excluded from evaluation. Band-
ing assignment of losses and gains was based on the
comparison of CGH average ratio profiles and chromo-
some ideograms.
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Microsatellite Analysis

Microsatellite locus D4S426 (4q35) was studied for LOH
in the dysplasia and the carcinoma from patient 1. PCR
amplification, denaturing polyacrylamide electrophoresis
of PCR products, silver staining of the gels, and assess-
ment for allelic loss was performed as described.26

Control Experiments

To validate our approach combining the microdissection
of H&E-stained biopsy sections followed by DOP-PCR
and CGH, various control experiments were performed.

Negative control experiments were carried out to spe-
cifically validate the DOP-PCR protocol used by hybrid-
izing differently labeled, DOP-PCR-amplified control
DNAs to reference chromosomes. As a further control
experiment, DNA obtained from connective tissue micro-
dissected from biopsy sections and amplified by DOP-
PCR was hybridized together with differently labeled
DOP-PCR-amplified control DNA to reference chromo-
somes. In these control experiments, no imbalances were
detected on any chromosome except on 19, X and Y
once each (four experiments). As artifactual results had
been occasionally observed in our and other laboratories
on chromosome 19 and chromosomal bands 1p34–
p36,27–29 these regions as well as the sex chromosomes
were excluded from the analysis.

Positive control experiments were performed with DNA
extracted conventionally from OSCC tissue. Results from
CGH experiments performed with 1) OSCC DNA versus
control DNA and 2) the same OSCC DNA versus control
DNA, but both amplified by DOP-PCR, were compared.
The chromosomal imbalances identified by CGH in the
OSCC DNAs that had not been subjected to DOP-PCR
were again detected in the experiments with the same
OSCC DNAs that had been universally amplified by DOP-
PCR. To validate CGH results by an independent
method, microsatellite analysis was performed at D4S426
on DOP-PCR-amplified DNA from a dysplasia and a car-
cinoma of patient 1. LOH at this microsatellite marker was
identified in both the dysplasia and the carcinoma of this
patient. This result was concordant with the CGH findings
that loss on chromosome arm 4q was present in both
lesions.

Statistics

Given are means 6 SEM. After assessment for normal
distribution by the Shapiro-Wilks test, comparisons be-
tween groups were performed by Mann-Whitney U test.
P , 0.05 was considered statistically significant.

Results

Figure 1 summarizes the histopathological diagnoses,
selected clinical data, and all CGH results from the biop-
sies tested. In addition, H&E-stained tissue sections from
a representative dysplasia, CIS, and OSCC are shown.

Oral Dysplasias and CIS (Premalignant Lesions)

An average of 2.9 6 1.3 genomic alterations was de-
tected in the 8 dysplasias. In the 4 CIS studied, the
average number of chromosomal imbalances was
slightly higher (3.8 6 2.8). When combining all 12 pre-
malignant lesions, an average of 3.2 6 1.2 genomic
changes per case was found (Figure 2).

The imbalances identified in more than one premalig-
nant lesion were gains on 8q (3 of 12) and 16p (2 of 12),
as well as losses on 3p (5 of 12); 5q (4 of 12); 13q (3 of
12); and 4q, 8p, and 9p (2 of 12 each) (Figures 3 and 4).

OSCCs

In the 14 carcinomas examined, the average number of
chromosomal imbalances was significantly higher
(11.9 6 1.9) than in the OPLs (P 5 0.003) (Figure 2).

The following chromosomal alterations were identified
in more than three carcinomas: gains on 20q (8 of 14,
57%); 8q, 11q, and 22q (7 of 14, 50% each); 3q, 15q, and
17p (6 of 14, 43% each); 14q, 17q, and 20p (5 of 14, 36%
each); 1q, 5p, 7q, and 16p (4 of 14, 29% each) and
losses on 3p and 4q (9 of 14, 64% each); 5q (7 of 14,
50%); 13q (6 of 14, 43%); 2q and 9p (5 of 14, 36% each);
and 4p, 6q, and 8p (4 of 14, 29% each) (Figures 3 and 4).

Of the 14 OSCCs investigated, 3 were metastasizing.
The mean number of genomic alterations was higher in
these 3 cases than in the 11 nonmetastasizing tumors
(15 6 2.5 versus 11.1 6 2.4). The DNA copy number
changes common to all 3 metastasizing OSCCs were
gains on 3q, 15q, 17p, and 20q, as well as losses on 3p
and 9p.

Comparison of Lesions of Different
Histopathology within One Biopsy

In eight biopsies with the histopathological diagnosis of
carcinoma, premalignant lesions were also found in other
areas of the biopsy material. In these cases, cells from
dysplasia, CIS, and carcinoma from the same patient
were microdissected separately and analyzed.

In 4 biopsies (patients no. 2, 4, 5, and 7), no or only one
genomic alteration was found in the premalignant lesions
and 0, 2, 12, and 13 abnormalities in the respective
carcinomas. Figure 5A shows CGH results obtained for
patient 5 comparing average ratio profiles detected in the
dysplasia and the carcinoma of this patient. In the other 4
biopsies (patients no. 1, 3, 8, and 10), 5 or more changes
were identified in the premalignant lesions and 11 or
more anomalies in the respective carcinomas (5, 8, 8,
and 12 (changes in OPLs) versus 18, 11, 11, and 15
(changes in OSCCs)). Chromosomal imbalances found in
the dysplasia and the carcinoma of patient 1 are shown in
Figure 5B. Of the 36 CGH abnormalities detected
in premalignant lesions, 30 (83%) were again found in the
respective carcinomas (Figure 6).
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Discussion
Experimental Approach
In this study, we used CGH to identify chromosomal
imbalances in 26 oral lesions from 16 patients diagnosed

as dysplasia, CIS, or invasive SCC. The stringent diag-
nostic thresholds that we use for CGH analysis25 require
a high percentage of cells to be tested within the tissue
used for DNA extraction and amplification. As CIS and
particularly dysplasias represent alterations of a few de-

Figure 1. Left: Summary of selected clinical data, histopathological characteristics, and CGH results in dysplasias, CIS, and OSCCs investigated. m, male; f, female;
DYS 1, mild dysplasia; DYS 2, moderate dysplasia; DYS 3, severe dysplasia; G1, G2, and G3, grades 1, 2, and 3, respectively; A, alcohol consumption (as defined
in Materials and Methods); T, tobacco consumption (as defined in Materials and Methods); enh, enhanced number of chromosomes or chromosome segments;
dim, reduced number of chromosomes or chromosome segments. Right: Covered H&E-stained tissue sections of oral biopsies representative of a dysplasia (1A),
a CIS (2A), and a SCC (3A) viewed through a brightfield microscope used for diagnosing the lesions (magnification, 3100). Noncovered H&E-stained tissue
sections before (1B, dysplasia; 2B, CIS; 3B, SCC) and after (1C, dysplasia; 2C, CIS; 3C, SCC) microdissection viewed through an inverted microscope used for
microdissection (3100). The tip of a glass needle can be seen in images (1C) and (3C).
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fined cells within the oral epithelium, the isolation of a
precise tissue area is a prerequisite for CGH analysis.
Similarly, SCCs may contain a significant component of
nonneoplastic cells, such as inflammatory cells, as well
as connective tissue. In our study, we therefore per-
formed microscopic dissection of areas of 50 to 100
histopathologically defined cells with the aid of a glass
needle and a micromanipulator. To achieve a precise
cellular identification, H&E-stained tissue sections were
used for microdissection. This approach allowed a more
reliable microdissection of defined cells as compared
with using an unstained section consecutive to a H&E-
stained section.

The DNA from the microdissected tissue was then
universally amplified using a modified DOP-PCR proto-
col23 (see Materials and Methods). Negative and positive
control CGH experiments confirmed the validity of using
this DOP-PCR protocol for the generation of genomic
DNA as probes for CGH (see Materials and Methods).
The reliability of this approach was further corroborated
by the detection of LOH on 4q in a dysplastic lesion and
an OSCC from the same patient that had both been found
to have losses on 4q by CGH. Thus, tissue microdissec-
tion followed by universal DNA amplification and CGH
represent a strategy that allows the detection of chromo-
somal imbalances even in small precursor lesions repre-
senting an early stage of the tumor progression pathway.
Previously, a combination of these techniques was per-
formed on a few tumors of different types. These included
one human testicular tumor versus adjacent normal testis
tissue,30 three primary human cutaneous malignant mel-
anomas in different growth phases,31 and seven ductal
CIS that represent precursor lesions of invasive ductal
breast cancer.32

Genomic Alterations in OPLs and OSCCs

In 8 of the 12 OPLs analyzed here, no or only one
genomic alteration was detected, whereas 5 or more
genetic changes were found in the other 4 lesions. The

Figure 2. Accumulation of genetic alterations during progression from OPL
to OSCC. The number of CGH alterations detected in an individual lesion are
shown in the respective group. The OPL group comprises dysplasias (E) and
CIS (F). CIS. Next to the column of data points, mean 6 SEM are given. *,
significant difference compared with values for OPLs (P , 0.05).

Figure 3. Frequency of all CGH results obtained in OPLs (top) and OSCCs
(bottom). x axis, chromosomes 1–22; y axis, number of cases. Ascending bars
represent gains on the short arms (light bars) or long arms (dark bars),
whereas descending bars represent losses on the short arms (light bars) or
long arms (dark bars) of the respective chromosomes.

Figure 4. Location of chromosomal imbalances detected by CGH in OPLs
(discontinuous lines) and OSCCs (continuous lines). Vertical lines on the
right side of a chromosome ideogram represent gains of genetic material,
whereas vertical lines on the left side correspond to losses. Chromosomal
region 1p34–p36 and chromosome 19 are shaded gray; they were excluded
from the evaluation (see Materials and Methods).
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most frequent losses identified included those on 3p, 9p,
and 13q, which had previously been reported in OPLs by
LOH analyses.7,17–19,33 Additionally, losses on 4q, 5q,
and 8p were detected in our study. The gains identified
by CGH in more than one case were located on 8q
and 16p.

One of the most frequent alterations detected in
OSCCs was loss on 3p. On this chromosome arm, three
distinct regions of deletion were previously identified, of
which the most proximal (3p13–p21.1) and the most dis-
tal (3p25) were found to occur in oral dysplastic lesions at
the same frequency as in OSCCs.19 In our study, a com-
monly deleted region in OPLs and OSCCs encompassed
3p25–p26. This region contains the VHL (von Hippel-
Lindau) tumor suppressor gene.34 However, in 26 upper
aerodigestive tract SCCs that were known to have lost
one allele at 3p, neither mutations nor hypermethylation
was found in the remaining allele of the VHL gene,35

making VHL an unlikely “target” for the distal 3p deletion.
Losses detected on 9p in OPLs and OSCCs in this report

included the locus of tumor suppressor gene CDKN2A
(p16/MTS1/INK4a). Loss of p16 expression was found by
immunohistochemistry in 38% of oral dysplastic lesions36

and in 50% of HNSCC cell lines.37 In our study, loss on
13q was detected in 25% of OPLs, a percentage similar
to that identified by LOH studies.17 The smallest com-
monly deleted region found comprised 13q22–q31.

Losses on 4q, 8p, and 5q, which were identified in
OPLs and in higher percentages of OSCCs in our study,
had previously only been identified in HNSCCs: LOH on
4q was seen in the majority of HNSCCs with a common
region of deletion at 4q25 containing the EGF locus;38 on
8p, multiple distinct regions of allelic loss (8p21, 8p22–
p23, and 8p23) were detected in SCC of the supraglottic
larynx;39 LOH on 5q was shown to involve the APC gene
in OSCC,40 which is located within the commonly deleted
region identified in OPLs (5q11.2–q23) and OSCCs
(5q21–q23) here. According to our results, particularly
the loss on 5q that was found in one-third of OPLs may in
fact be a previously unidentified genetic alteration that
occurs in the progression pathway before the invasive
carcinoma stage.

In our study, 3 of 12 OPLs and 7 of 14 OSCCs
revealed gain on 8q with a smallest region of common
gain including the MYC proto-oncogene locus at
8q24.41 In oral SCCs, MYC was previously shown to
be amplified42,43 and overexpressed,44 making this
gene the likely “target” for the gain on 8q in OPLs and
OSCCs described here.

Clonality of Different Lesions within the
Oral Mucosa

The observation that histopathological abnormalities are
common in the vicinity of invasive carcinomas from the
oral cavity was first made by Slaughter et al. and termed
field cancerization.2 In eight patients with OSCC studied

Figure 5. Comparison of chromosomal imbalances identified in the dysplasia
(DYS, top) and the carcinoma (SCC, bottom) of patient 5 (A) and patient 1
(B). Selected average ratio profiles are shown. The three vertical lines to the
right of each chromosome ideogram represent the balanced state (center)
and the lower (left) and upper (right) thresholds used as diagnostic cutoff
values for losses and gains, respectively. The areas of tandem repetitive DNA
clusters are gray shaded. Because no representative fluorescence intensities
can be measured in these regions due to suppression with Cot1 DNA, they
were excluded from the evaluation. Whereas only one imbalance was found
in the dysplasia of patient 5 (A), almost all alterations identified in the SCC of
patient 1 (B) were already present in the respective dysplasia. The losses on
4q detected in the dysplasia and SCC of patient 1 by CGH (B) were confirmed
by LOH analysis at the microsatellite locus D4S426 (4q35) (data not shown).

Figure 6. Number of distinct and shared genomic alterations identified in
lesions of different histopathology within one biopsy. Each box represents
one chromosomal imbalance detected only in the OPL (dark gray), in both
OPL and OSCC from the same patient (light gray), or in the OSCC only
(white). Patients are divided into those with zero to one copy number
change (left) and those with more than five copy number changes (right) in
the OPL of their biopsy. Pt. no., patient number; no. chr. imb. in OPLs,
number of chromosomal imbalances detected in OPLs.
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here, areas of dysplasia and/or CIS were identified within
the same biopsy and examined additionally. Six OSCCs
displayed the same alterations as the respective OPLs
and additional DNA copy number changes. In only three
cases, a small fraction of chromosomal imbalances iden-
tified in the OPLs were not found in the respective OS-
CCs. These data support the hypothesis that field can-
cerization is caused by the migration and expansion of
clonally related cells in a high proportion of cases. Addi-
tional evidence that multiple lesions within the mucosa of
the head and neck arise from a single progenitor clone
was provided by studies of allelic loss and X chromo-
some inactivation in lesions with different histopatholog-
ical appearance and multiple primary tumors from the
same patients.17,45

Genomic Alterations as Prognostic Parameters

The chromosomal imbalances identified in biopsy mate-
rial diagnosed as OSCC in this study are similar to those
detected in a CGH study on 30 primary tumor specimens
of HNSCC obtained at surgical resection.16 This is par-
ticularly interesting, as it demonstrates that CGH can be
reliably performed on biopsy material, which is obtained
from the patient when the oral lesion is first diagnosed,
before a therapeutic decision has been made. Together
with the histopathological classification, the genomic al-
terations of an oral lesion determined at such an early
time point could eventually be used as prognostic indi-
cators that could assist in the choice of the best thera-
peutic strategy.

As a first step in this direction, it is of interest to deter-
mine the most likely sequence in which genomic alter-
ations occur during the progression from premalignant
lesions to invasive carcinomas. Such genetic models
have been proposed for the development from normal
mucosa to hyperplasia (9p loss), dysplasia (3p, 17p
loss), CIS (11q, 13q and 14q loss), and invasive HNSCC
(6p, 8, and 4q loss) based on microsatellite analyses for
allelic loss at 10 chromosomal loci.17 Other models are
based on compilations of the literature.20,46 A CGH study
postulated that distinct patterns of gains and losses were
associated with HNSCC of different histological grades
(grade 1, losses on 3p, 9p, and gain on 3q; grade 3,
additional losses on 4q, 8p, 11q, 13q, 18q, and 21q, and
gains on 1pter, 11q13, 19, and 22q).16 In our study, a
genome-wide screening for chromosomal imbalances
was possible not only in pure tumor cell populations from
OSCCs but also in oral dysplasias and CIS. Compared
with the above-mentioned reports, the additional alter-
ations identified here in more than one-fourth of OPLs
were loss on 5q and gain on 8q and in more than one-
third of OSCCs gains on 14q and 15q and losses on 2q.

To be able to base therapy decisions on the genetic
abnormalities identified, it is necessary to correlate the
respective chromosomal changes with the clinical course
of the patient, ie, with the development of invasive carci-
noma from OPLs or of metastases from SCCs, or with
patient survival. Mao et al33 found that detection of allelic
loss at 9p21 and 3p14 in OPLs may aid in assessing the

risk for progression to carcinoma. They reported that
more than one-third of patients with LOH at one of these
loci developed OSCCs, whereas only 6% of patients
without allelic loss did so. In our study, the mean number
of genomic alterations was higher in the 3 metastasizing
carcinomas than in the 11 nonmetastasizing tumors. This
is in line with the findings by Soder et al47 that diploidy
was significantly more common in nonmetastasizing car-
cinomas and that aneuploidy predominated in the group
of metastasizing HNSCCs. The chromosomal imbalances
attributed to metastasizing versus nonmetastasizing
HNSCCs by Bockmühl et al48 differ from our results for
metastasizing OSCCs except for overrepresentation of
20q, which was frequently found in both studies. In some
reports, genetic changes were correlated with patient
survival. In HNSCCs, the fractional allele loss calculated
for 52 tumors,49 LOH at 3p,50 and rearrangements at
11q1351 were associated with a reduction in survival
time.

By our combined approach, comprehensive informa-
tion on the chromosomal imbalances in small biopsies of
oral epithelial lesions could be obtained. Such data may
assist in identifying prognostic parameters that could in
future be used as a basis for patient counseling and
therapeutic decisions.
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