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Abstract Using a molecular genetic approach, we try to
confirm the molecular alterations of inverted papilloma and
clarify its status as a putative precursor lesion of sinonasal
squamous cell carcinoma. To better understand its genetics,
we investigated the immunohistochemical protein expres-
sion patterns of cell-cycle-regulators p53, p63, p21, p27
and proliferation marker Ki-67 in 22 inverted papilloma
and 9 squamous cell carcinoma of the sinonasal tract.
Significantly elevated levels of p53 and p63 in squamous
cell carcinoma of sinonasal tract compared with inverted
papilloma were revealed. Ki-67-stained neoplastic cell
nuclei were found in a significantly higher percentage of
squamous cell carcinoma of sinonasal tract than in inverted
papilloma, whereas no variation of p21 and p27 expression
was identified. This work first examined the immunohis-
tochemical overexpression of p63 in sinonasal inverted
papilloma and squamous cell carcinoma. In conclusion,
this is a first study shedding light on the expression of p63
in tumors of paranasal sinuses.
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Introduction

Inverted papilloma (IP) is a benign epithelial neoplasm that
arises from the outlining Schnederian respiratory mem-
brane. It is a rare sinonasal tumor comprising only 0.5-4%
of all nasal tumors [1]. Although this tumor is benign in
nature, it exhibits the characteristics of local invasiveness,
recurrence, and malignant transformation [2-5].The inci-
dence of malignant change in individual series of inverted
papillomas ranges from 2 to 27% [6]. Recently, it was
reported that there is a clear relationship between paranasal
IP and squamous cell carcinoma (SCC), and that nearly
10% of inverted papillomas are associated with SCC [7].
Malignant transformation within an IP may take on the
histologic appearance of all grades of SCC [7]. Clinical
relevance and possible association of IP with sinonasal
carcinoma, if IP is considered to be a premalignant lesion,
remain a matter of debate.

A complex network of various intracellular proteins
regulates cell cycle and apoptosis. Cyclin and cyclin-
dependent kinase (CDK) complexes induce a transition
between different cell cycle phases, whereas Cdk inhibi-
tors, such as p21 and p27, restrain the function of these
complexes and arrest the cell cycle [8]. Its gene product
(p21WVAVCPT brotein) acts as an inhibitor of G; CDKs and
regulates entry of the cells into S phase. Cells lacking
functional p53 express only low levels of p21WV*/CiP! The
p21WVa/CPL promoter contains a p53-binding site, sug-
gesting that expression of p21V#CPl depends on p53
function [9, 10]. However, it has been shown that expres-
sion of p21Wa/CIPl ig als0 induced by p353-independent
pathways [11]. p275"! is another CDKI that shares partial
homology with p21W*/€IP! and binds to CDK complexes.
The p27%'?! protein combines with cyclin E-CDK2, cyclin
A-CDK2, and cyclin D;-CDK4 complexes, and prevents
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their activation or inhibits previously activated complexes
[12]. There is considerable evidence that p27Kipl plays a
crucial role in several cellular processes, including prolif-
eration and apoptosis [13].

The proliferation marker Ki67 antigen, detected with
monoclonal antibody MIB-1, is expressed in all phases of the
cell cycle except GO [14]. Ki-67 has been utilized to dem-
onstrate proliferating cells in G1, S, G2 and M phases of the
cell cycle [15]. Ki-67 has been used to study the growth
fraction and cytokinetic activity in various carcinomas [15].
It was found that a high Ki-67 score correlates with histo-
logical tumour grade and early recurrence in carcinoma.

The immunohistochemical protein expression patterns
of cell-cycle-regulators p53, p21, p27 and proliferation
marker Ki-67 have been studied in IP and sinonasal car-
cinoma, which gave clues to this progression [16—19].

p63, which is becoming increasingly recognized as an
important player in human tumorigenesis, is a new member
of the p53 tumor suppressor family. Like p53 and p63
codes for proteins with an amino(N)-terminal transcription-
activating region, a middle DNA-binding region, and a
carboxyl terminal region are responsible for oligomeriza-
tion [20]. p63 helps regulate differentiation and prolifera-
tion in epithelial progenitor cells. Its expression is often
higher in malignant tissue compared with normal tissue,
and poorly differentiated carcinomas often show a larger
number of p63-positive cells than well-differentiated
tumors [21].

Very few reports have investigated the role of cell cycle
regulators as biomarkers in IP and SCC. To date the role of
p63 protein has not been studied in IP and SCC. The aim of
this study is to investigate what role cell-cycle-regulators
p53, p21, p27, p63, and proliferation marker Ki-67 have in
predicting malignancy.

Materials and Methods

In a retrospective study conducted from January 2000-June
2006, 22 cases of IP and 9 cases of SCC were collected and
reviewed from the files of the Department of Pathology of
the Izmir Training and Research Hospital.

Tissue fixed in 10% formalin and embedded in paraffin
was available in all cases. Immunohistochemical studies
were performed using the avidin-biotin-peroxidase com-
plex method. Mouse monoclonal antibodies (mAb), anti-
p21 (Neomarkers, MS 387-P, 200 mg/L), anti-p27 (Neo-
markers, MS 256-P, 200 mg/L), anti-p63 (Neomarkers, MS
1081-P, 200 mg/L), anti-p53 (Neomarkers, RM 9105-S),
and Ki-67 (Neomarkers RM 9106-S) were used for
immunohistochemistry through the streptavidin—biotin
peroxidase method. The tissue sections were deparaffinized
in xylene, rehydrated in an alcohol series, and immersed in

distilled water. Endogen peroxidase activity was blocked
using a 0.3% solution of hydrogen peroxidase in phos-
phate-buffered saline at room temperature for 10 min and
rinsed with Tris buffer. The sections were then boiled in
citrate buffer solution (10 mmol/L; pH, 6.0) in a micro-
wave oven for 15 min for epitope retrieval in staining with
pS53, p21, and p27. Primary antibodies were applied for
60 min at room temperature and were washed in Tris
buffer. The linking antibody and streptavidin peroxidase
complex (DAKO LSAB Kit, K-0675; Carpintera, CA)
were added consecutively for 15 min at room temperature
and washed in Tris buffer. The sections were stained for 15
min with 0.05% 3'3-diaminobenzidine tetrahydrochloride
(DAB), freshly prepared in 0.05 M tris (hydroxymethyl)-
aminomethane (Tris) buffer at pH 7.6, containing 0.024%
H,0, and washed twice in The Tris buffer. The sections
were then washed in deionized water, counterstained with
Mayer’s hematoxylin, and mounted. For each antibody,
sections were stained as positive controls (tonsilla palatina
for Ki-67, SCC for p21, and colorectal adenocarcinoma for
p27, p21, and p53), while the primary antibody was
replaced by The Tris buffer in the case of negative controls.
The immunostained nuclei were quantified in each case.
All counting was performed under a standard light micro-
scope in 1000x field to evaluate positive nuclei/total
number of cells. Ten fields or at least 500 cells were
counted on each section. Tumor sections were considered
negative if staining was absent, present in <10% of tumor
cells. A score of 14+ was given when 10-30% of the cells
were positive to the reaction. A score of 2+ was given
when 30-50% of the cells were positive to the reaction. A
score of 34+ was given when >50% of the cells were
positive to the reaction, respectively (Tables 1, 2).
Statistical significance was analyzed using the y* test or the
Mann-Whitney U nonparametric test. Results were consid-
ered statistically significant when the P value was <0.05.

Results

The stains revealed significantly elevated levels of p53 and
p63 in The SCC of sinonasal tract compared with IP. In the
statistical analysis using the y” test, p63 positivity (>50%)
was significantly higher in the SCC group (77.8%) when
compared to the IP group (22.7%) (P = 0.019 < 0.05)
(Fig. 1) (Table 3).

pS3 positivity (+++) was absent in the IP group,
whereas 33.3% of The SCC group showed p53 positivity;
this was found to be statistically significant (P = 0.015
< 0.05) (Fig. 2) (Table 4).

There was a marked decrease in the expression of
p27Kipl in the SCC group compared to IP group, but this
was not statistically significant.
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Table 1 Relationship between immunohistochemical parameters and
patients with inverted papilloma

Case No Sex Age p63 p21 p27 Ki-67 pS3
O GO N U O/ W /)

1 E 37 12 70 0 14 0
2 E 73 80 40 0 5 0
3 K 61 10 0 0 0 0
4 E 37 20 40 0 0 0
5 K 66 15 30 5 17 6
6 E 60 50 20 15 25 3
7 E 70 12 4 0 8 5
8 E 47 40 35 1 8 1
9 E 58 35 15 12 14 0
10 E 42 25 70 0 15 0
11 E 40 12 12 15 8 5
12 E 42 40 25 20 13 0
13 E 67 55 65 15 8 0
14 E 59 45 55 25 12 0
15 E 44 65 85 40 12 0
16 E 59 20 75 12 5 0
17 K 49 70 8 0 0 0
18 E 56 12 35 0 2 0
19 E 59 40 60 2 15 12
20 E 50 8 50 0 25 0
21 E 57 65 70 2 17 0
22 E 54 11 15 4 14 0

Table 2 Relationship between immunohistochemical parameters and
patients with squamous cell carcinoma

Case No Sex Age po3 p 21 p27 Ki-67 pS3
(%) (%) (%) (%) (%)

1 E 65 60 30 0 30 80
2 E 69 55 80 0 65 60
3 K 35 80 80 0 1 0
4 E 48 65 0 0 30 0
5 K 63 15 12 0 25 0
6 E 73 52 35 0 12 0
7 E 67 0 20 20 25 2
8 E 54 55 90 0 55 0
9 E 59 90 70 12 75 85

The mean immunohistochemical staining percentage of
Ki-67 was significantly higher in the SCC group compared
to The IP group with Mann—Whitney test (P < 0.05)
(Fig. 3). In the statistical analysis using the y* test, Ki-67
proliferation index was significantly higher in the SCC
group when compared to the IP group (P = 0.009 < 0.05).

Statistical analysis between the IP and SCC in terms of
p21 expression revealed that there was no significant dif-
ference between the groups.
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Fig. 1 Diffuse and high positivity for p63 in squamous cell
carcinoma (Peroxidase stain; orginal magnification x220)

Table 3 Expression of p63 in inverted papilloma and squamous cell
carcinoma

po3 Inverted papillom Squamous cell carcinoma P

Number % Number %
- 1 4.5 1 1.1 0.019*
+ 10 45.5 1 11.1
++ 6 27.3 0 0
+++ 5 22.7 7 77.8
22 100 9 100
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Fig. 2 Squamous cell carcinoma with nuclear positivity for p53
protein in most of its cells (Peroxidase stain; original magnification
x220)

Discussion

Inverted papillomas are rare lesions that have the propen-
sity for local aggresiveness, recurrence, and malignant
transformation. Establishment of IP as a putative precursor
lesion of sinonasal SCC has allowed analyses of the
molecular changes associated with stepwise progression of
SCC carcinogenesis. Recent studies demonstrated crucial
dysregulations in the cell cycle along with dysplastic and
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Table 4 Expression of p53 in inverted papilloma and squamous cell
carcinoma

p53 Inverted papilloma Squamous cell carcinoma P

Number % Number %
- 21 95.5 6 66.7 0.015%
+ 1 4.5 0 0
++ 0 0 0 0
+++ 0 0 3 333
22 100 9 100

* p < 0.005 Statistically significant

1007 @ Inverted papilloma
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60
35.33
40
20
0

Fig. 3 Percentage of Ki-67 expression

neoplastic transformation in IP [22, 23]. Furthermore,
genetic instabilty or some alterations, which induce p53
mutation in IP may be associated with carcinogenesis of
sinonasal SCC [22, 23]. To resolve the mechanism by
which sinonasal SCC develops from IP, which is a multi-
step process that involves activation of oncogenes and
inactivation of tumor suppressor genes, we evaluated p53,
p63, p21, and p27 mutations in sinonasal IP and SCC.

p63 is a close relative of the tumor supressor gene p53,
but overexpression of p63 in many SCCs suggests that it
could act as an oncogene. Alterations of p63 have been
reported in human cancers including digestive tract, head
and neck, cervix, lung, and also in urothelial carcinomas,
some thymomas and non-Hodgkin lymphomas [24], but to
this date the role of this protein has never been studied in
paranasal tumors.

Tonon et al. [25] found that genomic locus of p63
is consistently amplified in squamous cell carcinoma,
suggesting that upregulation of p63 contributes to
tumorigenesis.

Guo et al. [26] evaluated the immunohistochemical
expression of p63 in nasopharyngeal carcinoma, nasopha-
ryngeal inflammation, and noncancerous nasaopharyngeal
tissue and found that all 202 undifferentiated nasopharyn-
geal carcinomas showed strong positive staining, but 29
cases with nasopharyngeal inflammation and 17 with
noncancerous epithelial tissue were negatively stained.

They suggested that p63 might be used as an adjunct
diagnostic marker of nasopharyngeal carcinoma.

p63 immunostaining data shows a progressive increase
of IP throughout the depth of the epithelium moving from
metaplasia to severe dysplasia which relates to the
pathology. These findings confirm the data previously
reported by Sniezek et al. [27] and Pelosi et al. [28] in a
small series of head and neck, lung tumors.

In the study of Sniezek et al. [29] p63 is overexpressed
in head and neck SCC when compared with normal tissue
control specimens. They indicated that p63 plays an un-
differentiating and antiapoptotic role in the mucosal epi-
thelium of the head and neck region, possibly leading to
tumor formation.

Massion et al. [30] found a significant increase in the
p63 gene copy number in preinvasive lesions graded as
severe dysplasia or higher. Their data demonstrate that
there is early and frequent genomic amplification of p63 in
the development of squamous carcinoma of the lung and
that patients with non-small cell lung carcinoma showing
amplification and overexpression of p63 have a prolonged
survival. They suggested that p63 genomic amplification
has an early role in lung tumorigenesis and deserves
additional evaluation as a biomarker for lung cancer pro-
gression. In our study, p63 expression showed a significant
difference between IP and paranasal SCC.

Immunostaining for the p53 protein is generally accep-
ted as a marker of malignant transformation, and p53
overexpression has been found to be associated with
malignant potential in premalignant lesions of the head and
neck. Gujrathi et al. [31] found that four of the five cases of
malignancy associated with IP demonstrated overexpres-
sion of p53 and none of the benign cases of IP demon-
strated overexpression. They indicated that overexpression
of p53 may serve as a marker for malignant transformation
of IP.

In Katori et al’s [32] study, significantly increased
staining of p53 was observed in IP with severe dysplasia,
IP with carcinoma, and invasive carcinoma compared with
control nasal mucosa. They suggested that testing for p53
may help to screen out papilloma lesions with a potential
for dysplasia or carcinoma. In the present study, p53
expressions were significantly different between IP and
paranasal SCC.

Increased proliferative activity of tumor cells is also
associated with malignancy and is an important prognostic
marker in many human tumors. Increasing cell prolifera-
tion seems to be a very important factor in the development
of IP. Recent data suggested of the biologic significance of
Ki-67 as a proliferative index in paranasal tumors. Katori
et al. [32] investigated the Ki-67 index in IP and invasive
SCC and found significantly higher Ki-67 in IP with severe
dysplasia, IP with carcinoma and SCC compared with IP
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with mild and moderate dysplasia. Ikegawa et al. evaluated
Ki-67 reactivity and p53 protein expression in paranasal
tumors including nasal polyps (NP), IP, IPs accompanied
with SCC or dysplastic lesions (DL). The authors [33]
showed that the p53 scores of SCC areas and Ki-67 index
were significantly larger than those of IPs without SCC/DL
or those of NPs. This study clearly demonstrated that Ki-67
proliferative index values were significantly higher in the
paranasal SCC compared with the values in IPs.

The p53, p21, and p27 tumor suppressor genes act by
modulating cell proliferation via control of the G1 arrest
checkpoint of the cell cycle. The p21 and p27 genes pro-
duce proteins that are activated by p53 and induce cell-
cycle arrest by inhibition of kinase activity of cyclin/
cyclin-dependent kinase complexes which regulate cell-
cycle progression [34]. The clinical roles of p21 and p27
expression in the biological behaviour of human malig-
nancies, especially head and neck SCC, are still contro-
versial. Furthermore, there is little information regarding
the expression of these regulatory molecules in IP and
paranasal SCC. Katori et al. [32] indicated that signifi-
cantly increased staining of p21 and p53 was observed in
IP with severe dysplasia, IP with carcinoma and invasive
carcinoma compared with control nasal mucosa. They
suggested that testing for p21 and p53 may help to screen
out papilloma lesions with a potential for dysplasia or
carcinoma. Keles et al. [18] found that p21 expression was
not associated with dysplasia and the degree of dysplasia in
IP in their study. There was no significant correlation with
tumor differentiation in spite of increased p21 expression
in paranasal sinus SCCs that Saegusa et al. [35] observed.
Similarly, we found no significant difference in the level of
p21 expression between IPs and paranasal SCCs.

p27 is a negative regulator of the cell cycle and putative
tumor suppressor gene. Loss of p27 expression was reported
to be correlated with the high degree of malignancy in many
human cancers. Choi et al. [36] evaluated p27 and p21
protein expression by immunohistochemistry in non-dys-
plastic squamous epithelium, premalignant lesions and oral
squamous carcinomas. Their study indicated that down-
regulation of p27 and up-regulation of p21 were associated
with early progression of head and neck SCC. Saegusa et al.
demonstrated that the average p27 scores decreased from
normal to malignant lesions. They suggested that p27
expression may be a useful marker for the disregulation of
cell kinetics in these tumors. However, in contrast to this
study, we found no significant differences between IPs and
sinonasal SCCs in terms of p27 expression.

In conclusion, this is a first study shedding light on the
expression of p63 in tumors of paranasal sinuses. Fur-
thermore, it is the first description of p63 in these tumor

types.
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