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Chromosome Instabi l i t y as an Indicator of Mal ignant
Progress ion in Laryngeal Mucosa

By Joris A. Veltman, Fredrik J. Bot, Ference C. Huynen, Frans C.S. Ramaekers, Johannes J. Manni,
and Anton H.N. Hopman

Purpose: Routine histologic examination cannot
predict whether premalignant laryngeal lesions will
progress toward invasive growth. The acquisition of
changes in chromosome constitution has been sug-
gested to be essential for driving tumor progression by
enhancing mutagenic mechanisms. The aim of the
present study was to determine whether chromosomal
changes occur in the subsequent stages of early laryn-
geal carcinogenesis and, if so, whether these changes
can be of prognostic value.

Materials and Methods: Numerical aberrations for
chromosomes 1 and 7 were detected in tissue sections
from archival material using an improved in situ hybrid-
ization protocol. In total, eight benign laryngeal lesions,
37 premalignant laryngeal lesions, and 16 specimens
containing histologically normal epithelia adjacent to la-
ryngeal squamous cell carcinomas were studied. Both the
histologic and the cytogenetic classifications were corre-
lated with progression to laryngeal cancer.

Results: No evidence for chromosome alterations
was obtained in the control group, nor in histologically
normal epithelia adjacent to laryngeal squamous cell
carcinomas, nor in all but one hyperplastic lesion (n 5
11). In contrast, 14 of 15 dysplastic lesions and nine of
11 carcinomas-in-situ contained numerical chromo-
somal aberrations. Tetrasomy was present in the
majority of the dysplastic lesions. An unstable chromo-
some content (indicated by the presence of chromo-
some imbalances and/or polyploidization) in the pre-
malignant lesion strongly predicted its malignant
progression.

Conclusion: Our results show that laryngeal tumor
development involves chromosome tetraploidization.
The further change from a stable to an unstable chro-
mosome constitution is of importance for malignant
progression.

J Clin Oncol 18:1644-1651. © 2000 by American
Society of Clinical Oncology.

THE GENERATION OF abnormal chromosome num-
bers (aneuploidy) is a key characteristic of most solid

tumors, including head and neck squamous cell carcinomas
(HNSCCs).1-3 Although the patterns of chromosomal alter-
ations among HNSCCs differ widely, intratumoral hetero-
geneity seems to be limited: Identical patterns of chromo-
somal alterations, including extensive chromosomal copy
number imbalances and chromosome polysomy, have re-
cently been detected by us in macroscopically distinct areas
of individual HNSCC specimens.4 It can be deduced from
these results that abnormal chromosome patterns are present
in an early stage of head and neck carcinogenesis and
remain relatively stable during clonal expansion. It has been
suggested that the development of aneuploidy, indicative
for genetic instability, is crucial for cells to progress through

the initial stages of the carcinogenic process by enhancing
mutagenic mechanisms.5-8 Although there are some reports
on the presence of chromosomal aberrations in premalig-
nant head and neck epithelia, no detailed information is
available on the complexity of the chromosome patterns in
these epithelia.2,9

In this study, the in situ hybridization (ISH) technique
using chromosome-specific probes was performed on a
clinically and histologically well-defined series of prema-
lignant lesions of the larynx. In addition, extensive stretches
of histologically normal epithelia adjacent to laryngeal
squamous cell carcinomas (LSCCs) were investigated in
order to find out whether numerical chromosomal aberra-
tions can be detected in these carcinogen-exposed areas, as
reported by others.2 The improved protocol was applied to
thin tissue sections and allowed a direct coupling of the
genetic information to the histopathologic phenotype. Based
on previous studies with HNSCC, DNA probes directed
against the centromeric regions of chromosomes 1 and 7
were chosen.2-4,10 Using these techniques, we were able to
study the presence of aneuploidy, chromosomal copy num-
ber imbalances, and polyploidization in different histologic
stages of laryngeal preneoplasia. This allowed us to draw
conclusions about the sequence of changes in the chromo-
some content that occur during early laryngeal carcinogen-
esis. In addition, the chromosome classification of prema-
lignant lesions was correlated to clinical follow-up in order
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to find out whether the different steps in chromosome
aneuploidization were indicative for malignant transforma-
tion.

MATERIALS AND METHODS

Patient Material

Forty-two formalin-fixed, paraffin-embedded specimens were avail-
able from the laryngeal lesions of 33 patients. All of these specimens
were obtained by microlaryngeal surgery. In this procedure, the lesions
were completely removed and no further therapeutic intervention was
applied. From six of these patients, subsequent biopsy specimens
containing premalignant laryngeal lesions were included. As a control
group, benign vocal cord polyps of 10 patients were included; these
were innocent lesions like singer’s nodules. In addition, from each of
nine patients with LSCC who underwent total laryngectomy, two
formalin-fixed, paraffin-embedded specimens containing histologically
normal epithelia either adjacent to laryngeal carcinomas or at the
margin of resection were used. From all of these specimens, a
hematoxylin-eosin–stained serial section was thoroughly reviewed by
an experienced pathologist (F.J.B.) and classified as normal, hyperplas-
tic, dysplastic, carcinoma-in-situ (CIS), or infiltrative carcinoma ac-
cording to Friedmann.11 Hyperplasia is defined as keratosis and
acanthosis with, at most, slight atypia of the basal cell layer. Dysplastic
lesions show, in addition, more than just slight individual cell atypia,
increasing keratosis, and sometimes parakeratosis. CIS is characterized
by, in addition to the above, increasing, often full-thickness cell atypia,
loss of polarity, frequent mitoses, and the absence of infiltrative growth.
Normal epithelium is regular, nonkeratinizing squamous epithelium
without the features mentioned above. The lesions of the study group
generally did not show significant heterogeneity; however, when
present, the lesions were classified according to the most atypical
region of the specimen. These criteria provide a separation of mild,
moderate, and severe dysplastic lesions. For practical reasons, we
combined the mild and moderate dysplastic lesions. Severe dysplasia
was considered equal to CIS. Laryngeal papillomas were not included
in this study. This subdivision is in accordance with clinical practice, ie,
as a rule, mild and moderate dysplastic lesions are only monitored
clinically, whereas severe dysplasia as a rule leads to complete removal
of the lesion or other appropriate clinical interventions.

ISH

ISH was essentially performed using a recently optimized protocol.12

Briefly, after deparaffinization, 4-mm-thick sections were pretreated
with 85% formic acid containing 0.3% H2O2, followed by incubation at
80°C in 1 mol/L sodium thiocyanate. After digestion with pepsin from
porcine stomach mucosa (800 to 1,200 U/mg protein; Sigma Chemical
Co, St Louis, MO) at a concentration of 4 mg/mL in 0.02N HCl,
individual sections were hybridized using a centromere-specific probe
for either human chromosome 1 or 7, both labeled with biotin-11-dUTP
(Boehringer, Mannheim, Germany).13 Immunochemical detection of
hybridization products was performed by a standard avidin-biotin
complex procedure. Signals were developed using diaminobenzidine/
H2O2; sections were counterstained with hematoxylin and mounted in
Entellan (Merck, Darmstadt, Germany).

Evaluation of ISH Results

Evaluation was performed qualitatively by three investigators
(J.A.V., F.C.H., and A.H.N.H.) by analyzing in detail the histopatho-

logically normal and premalignant laryngeal epithelia, scoring for the
presence of nuclei with aberrant copy numbers, studying the distribu-
tion of these nuclei, and determining the highest copy number. In all
evaluations, strict criteria for the classification of individual nuclei were
applied.14 On the basis of this evaluation, lesions were classified as
either disomic, trisomic, tetrasomic, or polysomic based on the maxi-
mum chromosome copy number present in the lesion (two, three, four,
or . four, respectively). All lesions classified as genetically aberrant
contained a significant number of aneusomic cells per microscopic
image field (340). All histologic areas classified as genetically normal
contained only sporadic nuclei exhibiting more than two ISH signals. In
these cases, the neighboring cells were disomic. Whether or not the rare
aneusomic cells should be considered as genetically unstable or result
from a nuclear overlap leading to misclassification cannot be deter-
mined. In addition to this qualitative analysis, a quantitative analysis
was performed by counting the chromosome copy number in 400
nuclei per histologic area. On the basis of these results, ISH spot-count
distribution patterns were obtained for each specimen with each
chromosome probe and the chromosome index (CI) was calculated (CI
was defined as the mean number of chromosome copies per nucleus).

Statistical Analysis

Statistical analysis was performed using Statistical Package for the
Social Sciences software version 7.5 (SPSS, Inc, Chicago, IL). For this
analysis, only patients with no previous history of LSCC were
included. The two-sided Fisher’s exact test was used to investigate
whether there was a significant difference in progression to invasive
cancer in (a) different histologic subgroups and (b) groups with distinct
patterns of chromosomal aberrations. The limit for significance was set
atP 5 .05. In addition, the Kaplan-Meier method was used for plotting
a cancer-free survival curve. The log-rank test was used for survival
analysis.

RESULTS

Using the ISH protocol described, discrete hybridization
signals were obtained in combination with the retention of a
proper nuclear and tissue morphology in eight (80%) of 10
control specimens, in 16 (89%) of 18 biopsy specimens
from histologically normal epithelia in the surroundings of
laryngeal cancers, and in 37 (88%) of the 42 premalignant
lesions. Figure 1 illustrates typical ISH results for normal
epithelia and different premalignant stages of laryngeal
epithelia. Because of nuclear truncation in the tissue sec-
tions, many nuclei in the normal epithelia exhibited fewer
than two chromosome-specific signals. Therefore, a normal-
value study was performed to determine the ISH distribu-
tion pattern in normal laryngeal epithelia.

ISH on Normal Laryngeal Epithelia

Normal epithelia from eight patients with benign vocal
cord lesions showed zero, one, or two signals per nucleus
for both chromosomes 1 and 7. No nuclei with more than
two signals were identified by detailed analysis of the entire
epithelia of these eight cases, nor were differences observed
between the ISH patterns of chromosomes 1 and 7. As an
example, Fig 1A shows a detail of the ISH pattern observed
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for chromosome 1 in normal laryngeal epithelia. In addition,
Fig 2A shows the mean ISH distribution patterns and SDs
for chromosomes 1 and 7 in these specimens. On the basis

of these results, the mean number of chromosome copies per
nucleus (CI) was calculated to be 1.4 for both chromosomes
(range, 1.3 to 1.5). Using the mean value plus three times

Fig 1. Examples of ISH analy-
ses on 4-mm-thick sections of his-
topathologically normal, hyper-
plastic, and premalignant laryngeal
epithelia. Chromosome 1 analysis
of (A) normal epithelium and (D) a
dysplastic lesion. Chromosome 7
analysis of (B, C) two hyperplastic
lesions and (E, F) two CIS lesions.
Scale bar, 10 mm.
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the SD, a CI of 1.7 is highly suggestive for gain of
chromosomes.

ISH on Normal Epithelia Adjacent to LSCCs

Extensive areas of histologically normal epithelia adja-
cent to LSCCs (n5 8) and at the margins of resection of the
same cases (n5 8) were analyzed both qualitatively and
quantitatively. In this group, no nuclei with three or more
chromosome copies were identified in either the qualitative

or the quantitative analysis, nor were differences observed
between the ISH patterns of chromosomes 1 and 7. The
mean ISH distribution patterns and SDs for chromosomes 1
and 7 are shown in Fig 2B. Comparable ISH patterns were
observed in normal epithelia adjacent to LSCCs and in
normal epithelia at the margins of resection of the same
tumors (results not shown). The mean CI values of both
chromosomes, 1.5 for chromosome 1 (range, 1.3 to 1.6) and
1.4 for chromosome 7 (range, 1.2 to 1.6), were also
comparable in this group.

Fig 2. Mean ISH distribu-
tion patterns plus SDs in
4-mm-thick sections (chromo-
some 1, f; chromosome 7,
M) from (A) epithelia from
benign laryngeal lesions and
(B) histologically normal epi-
thelia adjacent to LSCCs. ISH
distribution pattern of (C) a
hyperplastic lesion classified
as disomic for chromosomes
1 and 7, (D) a dysplastic le-
sion with tetrasomy for both
chromosomes, (E) a CIS with
chromosome copy number
imbalances, and (F) a CIS
with polyploidization.
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ISH on Hyperplastic and Premalignant Laryngeal
Epithelia

On the basis of the qualitative analysis, the 37 lesions
classified as hyperplastic, dysplastic, and CIS were geneti-
cally classified as disomic, trisomic, tetrasomic, or poly-
somic for chromosomes 1 and 7 (summarized in Table 1).
An ISH pattern identical to that of the normal laryngeal
epithelia was obtained in 10 hyperplastic lesions (Fig 1B).
In these specimens, only sporadic nuclei exhibiting more
than two ISH signals were identified after detailed analysis
by three observers. In contrast, one hyperplastic lesion
contained an area of approximately 300 nuclei with trisomy
for chromosome 7 (Fig 1C), whereas no numerical aberra-
tions were detected in the same area for chromosome 1.
Chromosomal aberrations (ie, trisomy, tetrasomy, or poly-
somy) were detected in 14 of 15 dysplasia lesions and in
nine of 11 CIS. Taking the nuclear truncation into consid-
eration, it seemed that all nuclei within these lesions
contained aberrant chromosome copy numbers. Nuclei lo-
cated in the basal cell layer contained the same pattern of
chromosomal aberrations as the other cell layers. Not only
were nuclei with three or four ISH signals frequently
observed (Fig 1D), but in some cases, nuclei with six to
eight signals, indicating polyploidization, were clearly
present (Fig 1E and 1F). In addition, imbalances in the copy
numbers of chromosomes 1 and 7 were frequently observed
by comparing the hybridization results of the two different
probes in the same histologic area in serial sections.
Histologically normal or hyperplastic epithelia, often
present adjacent to an aneusomic dysplastic lesion or CIS,
were never shown to contain nuclei with aberrant copy
numbers for both chromosomes 1 and 7 (results not shown).

In order to validate the qualitative classification, and to
obtain detailed information on the presence of chromosome
imbalances and polyploidization, the ISH results of 22
lesions were further quantified by counting the chromosome
copy number in 400 nuclei per specimen. Lesions classified
by the qualitative approach as disomic for either chromo-
some 1 or 7 showed an ISH pattern similar to the pattern
obtained for these chromosomes in the normal epithelia (Fig
2C). In contrast, all lesions classified as aneusomic for
chromosome 1 and/or 7 revealed an aberrant ISH pattern
(Fig 2D, 2E, and 2F). The percentage of nuclei with aberrant
chromosome copy numbers ranged from 28% to 65% in
these lesions. In all cases, evidence for the existence of both
chromosome copy number imbalances and polyploidization
in these premalignant lesions confirmed the qualitative
analysis (eg, Fig 2E and 2F). Taking the results of both
chromosomes together, the CIs of the lesions classified as
disomic by the qualitative approach varied between 1.3 and
1.6 (mean CI, 1.4), whereas the CIs of the lesions classified
as aneusomic varied between 1.9 and 2.9 (mean CI, 2.5).

From six cases included in this study, subsequent biopsy
specimens taken from the same laryngeal location and
containing premalignant lesions, were analyzed by ISH.
Although the time interval between different biopsies was 2
to 4 years in some of these cases, a remarkable stability in
the chromosome constitution was observed. Tetrasomy for
the chromosomes 1 and 7 was observed in subsequent
biopsies of two cases, whereas polysomy for chromosome 1
and/or 7 was detected in subsequent biopsies of three other
cases. For only one case was a change detected from disomy
for chromosomes 1 and 7 in the first two biopsies to
tetrasomy for both chromosomes in the third biopsy.

Table 1. Overview of the Qualitative Classification of the ISH Results in Normal and (Pre)Malignant Laryngeal Epithelia

Histology

Disomy for Chromosomes
1 and 7*

Aneusomy for Chromosomes 1 and/or 7†

Total No. of
Specimens %

Total No. of
Specimens

% of
Specimens

Tetrasomy
for 1 and 7

Imbalanced Copy
Numbers for

1 and 7‡
Polysomy for
1 and/or 7§

No. % No. % No. %

Normal control epithelia (n 5 8) 8 100 0 0 — — —
Normal epithelia adjacent to LSCCs (n 5 16) 16 100 0 0 — — —
Hyperplasia (n 5 11) 10 91 1 9 — 1 9 —
Dysplasia (n 5 15) 1 7 14 93 7 46 3 20 4 27
CIS (n 5 11) 2 18 9 82 2 18 2 18 5 46
LSCC\ (n 5 16) 4 25 12 75 3 19 4 25 5 31

*No evidence of nuclei with more than two ISH signals for both chromosomes.
†Containing multiple nuclei with more than two ISH signals for one or both chromosomes.
‡As evidenced by comparing the ISH results of chromosomes 1 and 7 in identical histologic areas of serial sections.
§Containing multiple nuclei with more than four ISH signals for one or both chromosomes.
\Selected from previously published data from our group.4,10
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Correlation Among Histology, Chromosome
Classification, and Progression to Laryngeal Cancer

Ten of 25 assessable cases developed LSCC. The median
follow-ups of the progressive and the nonprogressive
groups were 72 (range, 25 to 149 months) and 61 months
(range, 18 to 99 months), respectively. All LSCCs devel-
oped within 47 months after diagnosis of the first prema-
lignant lesion.

There was a significant difference in clinical follow-up
between patients with hyperplastic lesions and patients with
dysplastic lesions or CIS (P 5 .01). No significant differ-
ence in progression was observed between patients with
dysplastic lesions and patients with CIS (P . .05). Also no
significant difference in progression was observed between
the group of patients with lesions without evidence of
chromosomal abnormalities and the group of patients with
chromosomal abnormalities (P . .05). However, within the
group of patients with aneusomic lesions, a significant
difference in progression was observed between patients
with lesions containing tetrasomy for both chromosomes
and patients with lesions containing chromosome copy
number imbalances and/or chromosome polysomy (P 5 .03).

The time to cancer development from the baseline biopsy
was significantly shorter in the group with unstable chro-
mosome content (ie, chromosome copy number imbalances
and chromosome polysomy) than in the group with stable
chromosome content (ie, disomy and tetrasomy for both
chromosomes) (P 5 .027 by the log-rank test; Fig 3).

DISCUSSION

In this study, the chromosomal constitution of premalig-
nant laryngeal lesions was investigated by applying the ISH
technique to paraffin sections. The use of a strongly im-
proved ISH protocol, resulting in an improved retention of
tissue morphology, sharply localized ISH signals, and a
reduced minor binding of the DNA probes proved to be
essential for a detailed analysis of both normal and prema-
lignant laryngeal epithelia.12 The use of a suboptimal
protocol easily leads to misclassification. In our study, both
qualitative and quantitative analyses were performed, while
strict evaluation criteria were applied for the classification
of individual nuclei.14

Our results show no numerical aberrations for chromo-
somes 1 and 7 in control laryngeal epithelia, while histo-
logically normal epithelia adjacent to laryngeal tumors
showed normal chromosome content. This finding is in
contrast with data in the literature reporting low percentages
of nuclei with numerical aberrations for chromosomes 7 and
17 in normal epithelia adjacent to head and neck cancers.2

Based on the data presented in the underlying study and our

recent work on resection margins from oral squamous cell
carcinomas (van der Toorn PP et al, manuscript submitted
for publication), we conclude that numerical aberrations for
chromosomes 1 and 7 are not detected in histologically
normal epithelia adjacent to HNSCCs. Although all kinds of
(epi)genetic changes might occur randomly in this carcino-
gen-exposed tissue, our data indicate that these changes do
not cause major alterations in the chromosome content, such
as chromosome copy number changes. Numerical chromo-
some alterations were detected only in expanded cell pop-
ulations that had accumulated extensive genetic changes
and which in most cases were histologically altered to at
least mild degrees of dysplasia (discussed below). Similar
results were recently described for morphologically normal
cervical epithelia adjacent to cervical intraepithelial neopla-
sia.15

No numerical chromosomal aberrations were found in 10
of 11 laryngeal hyperplastic lesions. Interestingly, in one
hyperplastic lesion, an area with trisomy for chromosome 7
was observed. Trisomy for chromosome 7 was also identi-
fied in two dysplastic lesions and one CIS lesion included in
this series. Trisomy for chromosome 7 has been described in

Fig 3. Cancer-free survival in patients with stable and unstable chromo-
some content. Kaplan-Meier curves are shown for 25 patients. Data on
patients who did not develop LSCC were censored in the analysis. In the
group of patients with stable chromosome content, the lesions were disomic
or tetrasomic for chromosomes 1 and 7. In the group of patients with
unstable chromosome content, the lesions had chromosome copy number
imbalances and were polysomic for chromosomes 1 and 7. The difference in
cancer-free survival time was tested using the log-rank test.
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many tumor types, often as the sole chromosomal aberra-
tion, and has therefore been interpreted as a primary change
in cancer development.1 In contrast to the ISH results for
hyperplastic lesions, 93% of the dysplastic lesions and 82%
of the CIS contained numerical aberrations for one or both
of the chromosomes examined, percentages that are com-
parable to that for HNSCC.4 This shows that the acquisition
of abnormal chromosome numbers is an early event in
laryngeal carcinogenesis and can be detected in nearly all
lesions with dysplasia. Expansion of these aneusomic cell
populations was evidenced by the fact that the entire
dysplastic or CIS lesion contained nuclei with abnormal
chromosome numbers, whereas adjacent nondysplastic ar-
eas did not contain chromosome aneusomy.

Tetrasomy for both chromosomes 1 and 7, indicating a
more or less balanced tetraploid chromosome status, was
present in a considerable number of dysplastic lesions
(46%), whereas only a minority of the CIS lesions (18%)
had a balanced chromosome status. These results provide
support to the theory that tetraploidization takes place as
one of the first steps in the change of the genomic content,
and they indicate that this change is correlated with the
histologic change from hyperplasia to dysplasia. The cells
containing these excessive chromosome numbers will then
become cytogenetically unstable, both losing and gaining
chromosomes randomly over the course of successive cell
divisions.16 Chromosome copy number imbalances and/or
polyploidization, indicative of an overall chromosomal
instability, indeed seemed to be more common in CIS
lesions, although they were also found in a number of
dysplastic lesions. The identification of these complex
chromosome patterns in premalignant stages of laryngeal
carcinogenesis strongly resembled the chromosome patterns
identified by us in HNSCC.3,4

Interestingly, progression to invasive cancer was sig-
nificantly more common in patients with lesions contain-

ing these chromosome imbalances or polyploidization as
compared with patients with lesions with a balanced
tetrasomic chromosome status. In contrast to these ge-
netic subgroups, there was no significant difference in
clinical follow-up between dysplastic lesions and CIS
lesions. In our opinion, this is the first report demonstrat-
ing a correlation between tumor development and the
presence of specific chromosomal abnormalities in a
premalignant lesion. These data strongly indicate that the
acquisition of chromosomal instability is crucial for cells
to progress through the initial stages of laryngeal carci-
nogenesis. In this respect, our data complement a genetic
progression model for head and neck carcinogenesis
showing an increased loss of heterozygosity of specific
chromosome regions with histologic progression, pre-
dominantly at the transition from hyperplasia to dyspla-
sia.17 It might be expected that both genomic changes,
ie, loss of heterozygosity and chromosome instability,
are essential for driving tumor progression. This hypoth-
esis is supported by a study showing that HNSCCs
with a marked loss of heterozygosity are mostly DNA-
aneuploid.18

In conclusion, this study showed that the correlation of
numerical chromosome aberrations with morphologic
parameters helped to define sequences of genetic events
that occur in premalignant laryngeal lesions. The chro-
mosome patterns observed in these lesions strongly
suggest that most laryngeal tumors develop via a genetic
pathway involving chromosome tetraploidization, fol-
lowed by the acquisition of genetic instability, as evi-
denced by chromosome copy number imbalances and
chromosome polyploidization. The acquisition of genetic
instability seemed to be associated with progression to
invasive growth. The identification of these chromosome
patterns can easily be applied as an additional tool in the
diagnosis of these preinvasive lesions.
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