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Abstract The progression potential of preinvasive epi-
thelial lesions is usually evaluated by assessing the de-
gree of histologic dysplasia. We examined pl6, retino-
blastoma protein (pRb), and proliferating cell nuclear an-
tigen (PCNA) immunophenotypes in 57 cases of previ-
ously untreated squamous cell carcinoma (SCC) of the
upper digestive tract and in the neighboring normal and
dysplastic epithelia. Tissue samples were examined for
homozygous deletion of exon 2 of the pl6 gene using
polymerase chain reaction (PCR) anaysis. The PCNA
index increased with increasing grade of dysplasia. The
pRb protein was expressed in 89% of the samples of
SCCs and in the neighboring dysplasias and carcinoma
insitu (CIS). In cases with alack of pRb expression, cor-
responding preinvasive lesions were also negative. Lack
of p16 expression was found in 82% of SCCs. The prev-
aence of pl6é expression decreased with increasing
grade of dysplasia. Molecular analysis of the pl6 gene
showed homozygous deletion in 37% of SCCs, 33% of
CIS, and 15% of the samples of normal epithelia. Our
data indicate that inactivation of p16 may play an impor-
tant role in early head and neck carcinogenesis, whereas
the mutation of Rb may be an infrequent event. The p16
immunophenotype might be a biomarker for an in-
creased risk of progression in squamous dysplasia.

Keywords Tumor suppressor - p16 - pRb -
Carcinogenesis - Head and neck squamous cell
carcinoma

P. Ambrosch ([ ]) - D. Hilmes

Department of Otorhinolaryngology, University of Goettingen,
Robert-K och-Strasse 40, D-37075 Goettingen, Germany
e-mail: ambrosch@med.uni-goettingen.de

Tel.: +49-551-392807, Fax: +49-551-392809

T. Schlott - I. Ruschenburg
Department of Cytopathology, University of Goettingen,
Goettingen, Germany

Introduction

Epithelia carcinogenesis in the head and neck area is be-
lieved to be a multistep process. Mutations that develop
may be silent if no vital genes are affected, but mutations
significant for the development of carcinoma will affect
genes important in determining cell behavior. These impli-
cate a number of genes involved in the control of the G1
phase of the cell cycle. The G1 phaseis controlled by phos-
phorylation of the retinoblastoma protein (pRb) and medi-
ated by cyclin D cyclin-dependent kinase (cdk) complexes.
It was recently shown that clonal eventsin the form of loss
of heterozygosity at the 3p14 and 9p21 chromosoma re-
gions are detectable early in head and neck carcinogenesis
[4]. The search for a tumor suppressor gene on chromo-
some 9p21 has identified CDKN2/MTSL/INK4 A coding
for the cdk4 inhibitor, p16 [11, 33]. The result of p16 bind-
ing is the release of cyclin D1 from association with
cdk4/cdk6, subsequently targeting cyclin D1 for destruc-
tion. The fact that these molecules are dl part of the same
signal transduction pathway, indicates that inactivation of
p16 and/or pRb has the potentia to deregulate the G1 phase
of the cell cycle and lead to a selective growth advantage
for tumor cells. Mutations within the p16 gene inhibit the
cdk inhibitory activity of p16 and thus contribute to carci-
nogenesis. The presumed role of p16 as a tumor suppressor
in the genesis of head and neck squamous cell carcinoma
(SCC) was recently supported by transfecting the gene in
pl6 negative squamous carcinoma cdl lines, resulting in
markedly reduced proliferative activity [16, 24].

The identification of markers relevant to an increased
risk of progression toward carcinoma would be invalu-
able to the clinician for the classification of precancerous
lesions and assessing the individua risk of progression.
We describe here an analysis of the expression pattern of
the tumor suppressor proteins, pRb and pl16, in normal
tissue, squamous dysplasia, carcinoma in situ, and carci-
noma, and further demonstrate frequent homozygous de-
letion of pl16 in these lesions. The proliferative activity
was assessed by immunostaining for proliferating cell
nuclear antigen (PCNA).
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Materials and methods
Tissue specimens

Paraffin-embedded tissue specimens from 57 previously untreated
patients with SCC of the head and neck were available for this
study. The patient population comprised 38 males (67%) and 19
females (33%), ranging in age from 38 years to 91 years, with a
median age of 57 years. Specimens included three different sites
of the head and neck (13 oral cavity, 30 oropharynx, and 14 hypo-
pharynx). Staging was performed according to the 1992 Interna-
tional Union Against Cancer (UICC) criteria. The distribution of
pT categories was as follows: 23 pT1, 22 pT2, 8 pT3, and 4 pT4.
Only 25 patients were in UICC stage | or |1, and 32 patients had
lymph node metastases in the neck at diagnosis. All specimens
were selected because they contained, besides carcinoma, adjacent
normal tissue, squamous dysplasia, and/or preinvasive carcinoma.
Samples were serially sectioned. One section was stained with he-
matoxylin and eosin (HE) and reviewed by a pathologist (IR) for
histologic features. Dysplasia grading was done according to the
criteria for the definition and classification of squamous dysplasia
from the upper aerodigestive tract given by the World Health Or-
ganization (WHO) in 1991 [34]. The adjacent sections were im-
munostained or processed for DNA extraction.

Immunohistochemistry

Dewaxed 3-um sections were immersed in a citrate buffer solution
(0.01 M sodium citrate, pH 6.0) and boiled in a microwave oven at
700 W (three times, 5 min each). Immunostaining for pRb and
PCNA was performed using the monoclonal mouse antibodies 1F8
(Novocastra Laboratories Ltd., Newcastle, G.B.) and 5A10 (Im-
munotech, Marseille, France), respectively. A rabbit polyclonal
p16 antibody was obtained from PharMingen (San Diego, Calif.).
Using well-defined p16 positive and pl6 negative cell lines, this
antibody was shown to have adequate sensitivity and specificity
and can be used on paraffin sections [7, 12]. The sections were in-
cubated with primary antibody (1:250 dilution for PCNA, 1:30 for
pRb, and 1:250 for p16 in stock serum). For the PCNA and pRb
antibodies, slides were incubated for 120 min at room tempera-
ture. For the p16 antibody, slides were incubated overnight at 4°C.

Slides were then sequentially incubated at room temperature
with the second antibody [anti-mouse or anti-rabbit immunoglobu-
lin (1g)G, 1:200 dilution] for 60 min and alkaline phosphatase—an-
tialkaline phosphatase (APAAP) complex for 60 min. Neufuchsin
was used as a chromogen. Slides were washed with tris-buffered
saline (TBS) between incubations and counterstained with Meyers
Hamalaun. Negative controls were established by replacing the
primary antibody with TBS and normal mouse or rabbit serum.
Known immunostaining positive slides were used as positive con-
trols. One of each (negative and positive control) was included in
each staining procedure along with the patient slides.

All dlides were reviewed by two independent observers (PA,
IR) under light microscopy. A cell was considered positive if there
was a visibly detectable signal within the nucleus (PCNA, pRB) or
within the nucleus and cytoplasm (p16). In p16, only nuclear stain-
ing was regarded as positive staining; inflammatory cells and reac-
tive stromal cells served as positive internal controls. If the latter
were negative as well, the stain was considered uninterpretable.

Immunostaining was graded and scored based on positive cell
count in more than ten fields under 250x magnification. PCNA
expression was measured semiquantitatively with an ocular micro-
meter. For this purpose 598-838 epithelial nuclei (697 nuclei on
average) were counted in each lesion. The labeling index of
PCNA was calculated as the total number of positively stained
cells divided by the total number of cells counted. The PCNA
labeling index was determined in invasive carcinoma and in
preinvasive lesions. The expression of pRb protein was graded as:
— 0% cells positively stained; + 1-33% cells positively stained;
++ 34-66% cells positively stained; +++ 67—-100% cells positively
stained. The expression of p16 protein was not quantified.

Microdissection and DNA extraction

The epithelial layer of each lesion was microdissected from five to
seven seria sections (5 pm) of each specimen using a 25.5-gauge
steel needle. The microdissected specimens of sgquamous epitheli-
um contained 100% morphologically normal cells, the specimens
of carcinoma in situ (CIS) contained greater than 75%, and the
specimens of carcinoma contained greater than 90% neoplastic
cells. The samples were dewaxed with xylol and digested in 100
50 mM Tris-HCI (pH 8.0) containing 1% dodecy! sulfate-protein-
ase K (1.8 mg/ml) and incubated at 55°C for 12 h. DNA wasisolat-
ed with the QlAamp Tissue Kit (Qiagen, Hilden, Germany). The
DNA concentrations were assessed using spectrophotometry.

PCR analysis for homozygous deletion of the p16 gene

PCR analysis was performed to detect a homozygous deletion, be-
cause it has been suggested that a homozygous deletion is the pre-
dominant mechanism for inactivation of p16 in head and neck can-
cer [3]. Of al coding regions of the pl6 locus (exon 1B, 1a, 2,
and 3) on chromosome 9p21, most deletions and mutations
were found in exon 2 (total 307 bp) [1, 14, 36]. The first 240 bp
of this exon were amplified, using the sense primer (5'-
TCATGATGATGGGCAGCGCC) and the antisense primer (5'-
ACCGTGCGACATCGCGATGG).

Each fragment of exon 2 was coamplified with a fragment of
the mdm2 gene, which is present in each cell, as an internal posi-
tive control in the same reaction. Control primers were: the sense
primer (5'-GTGTGATTTGTCAAGGTCGA) and the antisense
primer (5-ATTGGTTGTCTACATACTGG). PCR amplification
yielded a p16 product of 234 bp and a mdm?2 product of 135 bp.
All PCR reactions were carried out in 50-ul reactions using 200 ng
genomic DNA. The reaction mixture further contained PCR buffer
[50 mM KClI, 1.5 mM MgCl, and 10 mM Tris-HCI (Pharmacia,
Freiburg, Germany)], 0.6 pM each of sense and antisense primer
of both primer pairs, 400 pM each of four deoxynucleoside-tri-
phosphates (Pharmacia, Freiburg, Germany), and 5 U Tag DNA
polymerase (Pharmacia, Freiburg, Germany). The PCR parameters
were 94°C for 5 min (initial denaturation), followed by 40 cycles
of denaturation (94°C for 45 s), annealing (48°C for 60 s), and
elongation (72°C for 60 s), with a final elongation at 72°C for
5 min. PCR products were run on 2.5% agarose gels, stained with
ethidium bromide, and visualized on a ultra violet (UV) lightbox.
The intensity of the bands was not quantified. As a DNA standard,
pUC19 DNA, following incubation with the restriction endonucle-
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Fig. 1 The proliferating cell nuclear antigen (PCNA) index in
squamous cell carcinoma, and the PCNA index in preinvasive le-
sions in normal epithelium and sguamous hyperplasia (A), mild
and moderate dysplasia (B), severe dysplasia and carcinoma in
situ (C), and carcinoma (D). Data are shown as box plots, includ-
ing minimum (25% quantile), maximum (50% quantile), and me-
dian (50% quantile)



ases Mspl and Hpall, was used. All PCR reactions were repeated
at least three times to ensure accuracy of data. A homozygous de-
letion of the p16 gene was only assumed if mdm2 was successfully
amplified but p16 amplification products could not be detected.

Results
Histologic features

Among the 57 cases of surgically resected tumors ana-
lyzed, there were 49 cases with moderately and 8 cases
with poorly differentiated SCC. The surrounding mucosa
showed mild or moderate dysplasia in 49 cases and se-

Fig. 2 a Expression of retino-
blastoma protein (pRb) protein
in normal squamous epitheli-
um. Suprabasal nuclei stained
positive (arrows), and basal
nuclei stained negative (arrow-
heads). b Expression of pRb
protein in a severe squamous
dysplasia. pRb protein positive
nuclei (arrows)
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vere dysplasia or CIS in 43 cases. Norma mucosa was
present in each case.

PCNA immunohistochemistry

The median value of the PCNA index was 4% in normal
epithelium and squamous hyperplasia, 16% in mild and
moderate dysplasia, 48% in severe dysplasia and carci-
nomain situ, and 82% in carcinoma (Fig. 1). The prolif-
erative activity differed from case to case but, in the
same case, the higher degree of dysplasia possessed
higher proliferative activity. Whereas the PCNA posi-
tive cells in normal epithelia were mostly located in the
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basal cell layer, a greater number of positive cells were
seen in the upper cell layers when the degree of dyspla-
siaincreased. In squamous hyperplasia and in mild dys-
plasia, positive cells were found in the lower third of the
epithelium. In moderate dysplasia, positive cells were
found in the lower two thirds and, in severe dysplasia
and CIS, positive cells were found in all epithelial lay-
ers. Positive cells were randomly distributed in carcino-
ma and, in all cases, nearly al cells of the invading
front were positive.

pRb immunohistochemistry

In normal squamous epithelium and squamous hyperpla-
sig, the parabasal and superficial cells were pRb positive.
The basal cells, however, showed no detectable pRb pro-

tein (Fig. 2a). In squamous dysplasia, positive nuclei
were present in basal and superficial cell layers (Fig. 2b).
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Fig. 3 Expression of retinoblastoma protein (pRb) and pl6 pro-
tein in squamous cell carcinoma and preinvasive lesions. Normal
epithelium and squamous hyperplasia (A), mild and moderate dys-
plasia (B), severe dysplasia and carcinoma in situ (C), and carci-
noma (D)

Fig. 4 Expression of p16 pro-
tein in a moderate squamous
dysplasia p16 protein positive
nuclei (arrows)

Preinvasive and invasive carcinoma showed randomly
distributed positive nuclei. As could be expected, stain-
ing was strongest in actively proliferating cells, as indi-
cated by paralel staining for the proliferation marker
PCNA. The norma mucosa adjacent to the carcinoma
stained positive in al 57 cases. In six (11%) of the SCCs
analyzed, no pRb protein could be detected. In these
cases, the surrounding dysplasia and preinvasive carci-
noma also stained negative. In the group of pRb-positive
carcinoma al sguamous hyperplasia, dysplasia, and CIS
stained positive. Protein expression was lacking in the
precancerous stages only when the carcinoma was also
negative. Therefore, loss of expression was not depen-
dent on the stage of progression (Fig. 3).

p16 Immunohistochemistry

Expression of the p16 protein was studied in sections of
50 SCC; the stains of seven cases were considered unin-
terpretable. The protein could be identified in 9 (18%) of
50 invasive lesions. Loss of pl6 protein expression cor-
related with histologic progression: normal mucosa and
squamous hyperplasias were positive in 41 of 50 (82%)
cases, mild or moderate dysplasias were positive in 6 of
15 (40%) cases, and severe dysplasias or CIS were posi-
tivein 10 of 34 (29%) cases (Fig. 3 and Fig. 4).

Comparison of pl6 and pRb expression

In 50 SCC, expression of the p16 and the pRb protein
was determined. We found an inverse expression of both
proteins in 43 (86%) carcinomas. Proteins were coex-
pressed in seven (14%) cases, and no tumor had lost both
proteins.
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Fig. 5 Representative results of polymerase chain reaction (PCR)
analysis of the p16 gene, exon 2. The p16 gene, exon 2 was ampli-
fied from DNA derived from normal squamous epithelium (lanes
2 and 3), carcinomain situ (lanes 4 and 5), and carcinoma (lanes 6
and 7). The p16 amplification products were detectable in lanes 2,
4, and 6. Corresponding tissue samples (lanes 3, 5, and 7) showed
homozygous deletion of the p16 gene. PCR products of the coam-
plified mdm2 gene were detectable in each specimen

pl6 PCR analysis

Homozygous deletions were found in 17 of 46 (37%)
carcinomas, in 6 of 18 (33%) CISs, and in 2 of 13 (15%)
samples of normal epithelium (Fig. 5). The comparison
between immunohistochemistry and genetic analysis re-
vealed that in 14 of 35 (40%) carcinomas, in 4 of 8
(50%) CISs, and in 2 of 5 (40%) samples of normal epi-
thelium without expression of the p16 protein, a homo-
zygous deletion had occurred. A deletion was never
present when protein was expressed.

Discussion

Head and neck SCCs arise from a clonal population of
cells that accumulate genetic alterations. These altera-
tions preferentially appear in different stages of malig-
nant transformation. The identification of these changes
may provide molecular diagnostic markers for clinical
applications. In the present study, we attempted to define
the role of Rb and p16 inactivation in head and neck car-
cinogenesis. We used normal mucosa dysplasia and CIS
adjacent to carcinoma as a progression model. This mod-
el assumes that the surrounding dysplasia represents a
precursor to the invasive tumor.

In addition to histomorphologic classification of pre-
invasive and invasive lesions, proliferative activity was
evaluated using immunostaining for PCNA. To date, the
monoclonal antibody Ki-67 (MIB-1) has been mostly
used for assessment of proliferation. It was shown, how-
ever, that both PCNA and Ki-67 expression correlate
well with increasing grade of dysplasia in oral carcino-
genesis as indicated through DNA measurements [37].
No significant difference between Ki-67 and PCNA
scores could be demonstrated in head and neck SCC,
showing that PCNA immunostaining can be alternatively
used for assessing proliferation [17].

It is well known that PCNA expression in premalig-
nant and malignant lesions from the mucosa of the upper
aerodigestive tract correlates with the grade of dysplasia
and the loss of differentiation in tumors [35, 41]. In ac-
cordance with others, we found that the expression of
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PCNA in squamous epithelia increased with progression
toward carcinoma. With increasing grade of dysplasia,
PCNA expression increased in the suprabasal cell layers,
reflecting an abnormal proliferation pattern in these le-
sions.

pRb immunohistochemistry showed strong nuclear
staining in both tumor and normal cells. We have found
that the expression of pRb protein is restricted to the su-
prabasal epithelia layersin normal epithelium and squa-
mous hyperplasia. In dysplasia and CIS, however, pRb is
also expressed in the basal cells. The expression pattern
may be explained by considering the observation that
pRb expression was found to be largely or entirely con-
fined to the differentiating cells in fetal mouse tissues
with a growing and differentiating compartment. A dif-
ferentiation-dependent pRb expression was found in
squamous epithelia with no detectable pRb staining in
the basal cell layers but positive staining in the more dif-
ferentiated superficial layers, suggesting that the protein
plays arole in differentiation of dividing precursor cells
into mature resting cells [38]. The expression pattern of
the normal epithelia examined by us corresponds well to
the pattern observed in normal murine squamous epithe-
lia. The appearance of the protein in the basal cell layer
in dysplasia and CIS might reflect an altered differentia-
tion pattern in these lesions.

Immunohistochemical analysis has proven reliable for
the assessment of the Rb genetic status despite multiple
mechanisms of inactivation; the presence of Rb muta-
tions correlates with a lack of immunostaining [7, 39,
40]. In our series, Rb inactivation with no detectable pro-
tein expression was observed in 11% of SCCs. The inci-
dence of Rb inactivation was consistent with previous
studies on primary head and neck SCC [2, 20, 39]. The
protein was not expressed in the precancerous stages on-
ly when the carcinoma was also negative. Therefore, 10ss
of expression was not dependent on the stage of progres-
sion. Our observations show that inactivation of the Rb
gene might occur early but seems to be a rare event and
therefore plays a less important role in head and neck
carcinogenesis.

A prevalence of pl6 alterations, ranging from 25% to
83%, has been reported in head and neck SCC [5, 6, 8,
10, 21, 27, 30]. The variable findings may be attributable
to different patient populations and varying methodolo-
gies used for analysis. The p16 gene can be inactivated
by a variety of mechanisms, including deletion, point
mutation, and silencing by means of methylation [3, 6, 8,
9, 14, 22, 23, 32]. A comprehensive genetic analysis, in-
cluding a search for homozygous deletion, point muta-
tion, and methylation status would require amounts of
DNA not extractable from foci of preinvasive carcinoma.
Thus, we focused our genetic analysis on a screening for
homozygous deletion, in the knowledge that methylation
might be another important mechanism of pl6 inactiva-
tion in head and neck SCC [6, 31].

We found a homozygous deletion in 37% of the carci-
nomas. This figure is in accordance with other reports,
describing a prevalence of homozygous deletion of
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10-55% [3, 5, 6, 8, 18, 21, 27, 29, 30]. Furthermore, we
could show that the homozygous deletion of the pl6
gene was detectable in 33% of preinvasive carcinoma
and even in 15% of normal epithelia of cancer patients.
This isin agreement with findings of Califano et a. [4],
who examined hyperplastic and dysplastic epithelia sur-
rounding invasive head and neck cancer and found loss
of heterozygosity (LOH) of chromosome 9p21 in 29% of
hyperplasia, 57% of dysplasias, and 80% of CIS, with no
further increase in invasive cancers. A recent study of
LOH in mucosa specimens from the upper aerodigestive
tract has shown that deletions of 9p21 occurred in 8 of
13 dysplasia and in 6 of 13 mucosa specimens in the ab-
sence of histologic changes [19]. These findings further
support the assumption that deletion of 9p21 and loss of
pl16 function is an early event in head and neck carcino-
genesis.

The two most common inactivation mechanisms of
the p16 gene result in a loss of protein expression, de-
tectable in formalin-fixed, paraffin-embedded tissue. We
confirm that the p16 protein is predominantly nuclear |o-
calized, with avariable nonspecific cytoplasmic reactivi-
ty, as previously noted [7, 26, 30]. We could demonstrate
that the loss of pl6 protein expression correlates with
histologic progression. Specimens were pl6-negative in
18% of normal mucosa and squamous hyperplasia, 60%
of mild or moderate dysplasia, 71% of severe dysplasia
or CIS, and 82% of SCC. To our knowledge, only one
previous report determined immunohistochemically the
prevalence of pl6 protein expression in ora preinvasive
lesions [28]. These authors described a loss of p16 pro-
tein expression in 43% (10 of 23) of oral leucoplakias
with mainly mild dysplasia — only two cases exhibited
moderate to severe dysplasia— and a loss of pl16 protein
expression in 35% (18 of 51) of leucoplakia without dys-
plasia. Undetectable p16 protein in 83% of head and
neck SCC using immunohistochemistry was reported by
others[30].

pl6 Appears to function in a feedback loop that in-
volves pRb. In cell lines lacking functional pRb, high
levels of p16 were observed [15, 26]. p16 And Rb inacti-
vation have been reported to be inversely correlated in
some tumor types, including head and neck SCC [2, 13,
25, 32]. In our series, we found an inverse expression of
pl16 and pRb in 86% of SCC. This inverse relationship
indicates that a mutation in either Rb or p16 is sufficient
to disrupt the G1 checkpoint pathway. In head and neck
SCC, p16 isthe most frequent target of inactivation.

Our observations further confirm the importance of
the p16/Rb pathway in the initiation of head and neck
SCC. The inactivation of pl6 appears to be critical to
early head and neck cancer development, because we
could demonstrate mutation and loss of protein expres-
sion in the absence of histologic changes. The immuno-
histochemically detectable loss of pl6 protein expression
might become a clinically valuable biomarker in the
classification and assessment of the prognosis of precan-
cerous lesions of the upper aerodigestive tract.
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