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Abstract 
Oropharyngeal cancer, and especially squamous cell carcinoma, is one of the most common cancers worldwide, and its incidence is 
increasing, with the palatine tonsil being one of the main locations. The etiopathogenic factors, together with its location as well as the 
available immunohistochemical methods, make this type of cancer an accessible one in terms of diagnosis. However, it is usually 
diagnosed in late stages. Therefore, we tried to elucidate the causes of treatment failures and development of local recurrence. For this, 
we reassessed the proliferative pattern of tonsil lesions using the anti-p53, anti-PCNA and anti-Ki67 antibodies on 73 tonsil fragments 
collected after curative surgery on adults aged between 28 and 86 years. Following the reevaluation of the histopathological examination 
using markers for cell proliferation, the diagnosis was modified in 16 cases, representing about 22% of the cases take into study. By using 
immunohistochemical markers in the histopathological examination the diagnosis is improved, leading to a more appropriate therapeutical 
approach. 
Keywords: palatine tonsil, dysplasia, neoplasia, cell proliferation markers. 

 Introduction 

In the last decades, oropharyngeal cancer incidence, 
particularly squamous cell carcinoma (SCC), is 
increasing in many Western countries [1]. According to 
some authors, squamous cell carcinoma (SCC) located 
in the head and neck is ranked the sixth most common 
tumor, with over 500 000 new cases and 300 000 deaths 
worldwide in 2002 [2]. 

The most common etiopathogenic factors involved 
in the development of squamous cell carcinomas of  
the oral cavity, oropharynx, larynx, hypopharynx, are 
smoking and alcohol abuse. Other factors involved to a 
lesser extent are genetic factors as well as factors related 
to diet and environment [3, 4]. In the past 20 years, the 
etiopathogenesis of head and neck cancers involved 
several infectious agents. Recent data shows that the 
Human Papilloma Virus (HPV) is a major etiologic 
agent in the development of squamous cell carcinoma of 
the oropharynx, tonsils and tongue base. 

The frequency of these HPV-associated cancers 
appears to be increasing, affecting mainly younger 
patients, males and nonsmokers [5]. The increasing 
trend of oropharyngeal SCC incidence was more and 
more linked to an increased prevalence of oral infection 
with oncogenic human papilloma virus (HPV) [6, 7]. 
But, not all HPV types are equally carcinogenic; the 

most aggressive type for cancer of palatine tonsil or oral 
mucosa seems to be HPV-16. A case-control study 
showed a risk two times higher for the development  
of oral cancer if the patient is HPV-16-positive [8]. 
However, in about 20% of patients who developed 
oropharyngeal SCC, none of the above-mentioned etio-
pathogenic factors could be revealed. 

We conducted a clinical–statistical study, for a 
period of 10 years (1999–2008), on 1124 adult patients 
hospitalized in the ENT Department of the Emergency 
County Hospital of Craiova, showed that chronic 
inflammatory pathology of the tonsils from the 
Waldeyer lymphatic circle was diagnosed in 712 cases 
(63.34%), premalignant lesions were found in 92 cases 
(8.19%), and malignant lesions in 320 cases (28.47%). 
Of the 320 cases with neoplastic lesions, 130 cases 
(40.62%) were neoplasms of the palatine tonsils. In 
other words, premalignant and malignant pathology 
accounted for a high percentage (36.66%) of the 
pathology of the lymphatic Waldeyer circle. 

In recent years, new data from molecular biology 
tries to explain the process of oropharyngeal carcino-
genesis. Based on these new data, we decided to re-
evaluate a number of 73 premalignant and malignant 
tonsil lesions, using both classical histopathological and 
immunohistochemical methods. 
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 Materials and Methods 

The histological and immunohistochemical study 
was performed on a total of 73 tonsil fragments collected 
after curative surgery on adults aged between 28 and 86 
years, hospitalized in the ENT Clinic of the Emergency 
County Hospital of Craiova, between 2007 and 2010, 
for malignant lesions, or inflammatory conditions with 
suspicion for malignant transformation. The biological 
material was fixed immediately after surgical excision 
in neutral formaldehyde solution buffered with sodium 
phosphate and disodium phosphate to pH 7, the fixation 
duration being between 24–72 hours depending on the 
size of the sample, followed by paraffin wax inclusion 
following the classical histological technique. 

Tonsil fragments included in paraffin as described 
above were cut into 4 µm serial sections with a rotary 
microtome (Microm HM350) equipped with a waterfall 
based section transfer system (STS, Microm). For the 
classical histological study, histological sections were 
placed on ordinary histological slides and for the 
immunohistochemical study, the sections were placed 
on poly-L-lysine coated slides (Sigma). After a quick 
drying period of 5–10 minutes on a heated plate, 
sections were transferred to an incubator at 370C and 
kept overnight, in order to obtain a perfect adhesion of 

the biological material to the surface of the histological 
slide. 

For the histological study, the sections were routinely 
stained with Hematoxylin–Eosin and Goldner–Szekely 
light green, followed by evaluation under a light 
microscope. 

For single immunohistochemistry, after antigen 
retrieval, sections were allowed to cool down to room 
temperature and were incubated for 30 minutes in a 1% 
hydrogen peroxide solution. The sections were next 
washed in PBS, followed by a blocking step of 
30 minutes in 1% skim milk. Next, the slides were 
incubated with the primary antibodies overnight at  
40C, and the next day, the signal was amplified for 
30 minutes using a peroxidase polymer-based secondary 
detection system (EnVision, Dako). Finally the signal 
was detected with 3,3’-diaminobenzidine (DAB) (Dako) 
and the slides were coverslipped in DPX (Fluka) after 
Hematoxylin staining. 

The sections were imaged with a Nikon Eclipse 55i 
microscope (Nikon, Apidrag, Romania) equipped with a 
5-megapixel cooled CCD camera. Images were captured 
and archived using a Nikon frame grabber and the 
Image ProPlus 7 AMS software (Media Cybernetics 
Inc., Buckinghamshire, UK). 

Table 1 – Antibodies used for the immunohistochemical study 
Antibody Manufacturer Clonality Clone Antigen Dilution Antigen retrieval 

Anti-Ki-67 Dako IgG1k MIB-1 Marker for cell proliferation, marking only 
dividing cells 1:100 Sodium citrate, pH 6 

Anti-p53 Dako IgG2b k DO-7 p53 proto-oncogene 1:50 EDTA, pH 8 
Anti-PCNA Dako IgG2a k PC10 Marker for cell proliferation 1:50 Sodium citrate, pH 6 

 

 Results 

In our study we started from the observation that 
although malignant oropharyngeal lesions are easy to 
diagnose because the oropharyngeal region is very 
accessible, they are most often diagnosed in advanced 
stages due to a low intensity of clinical symptoms which 
leads to a late presentation to the ENT specialist. Early 
premalignant and malignant lesions are sometimes 
confused by patients with benign or inflammatory 
lesions, leading to a shallow approach of oropharyngeal 
lesions and a delay in clinical diagnosis. In advanced 
stages, when symptoms become intense and patients 
seek medical attention, surgical, radiation and chemo-
therapy are less effective, and local recurrences are 
relatively frequent. It also should be noted that although 
oropharyngeal cancers are more frequently diagnosed 
after 50 years of age, they could also be seen in 10-year-
old children. 

Our histological and immunohistochemical study 
sought to elucidate the causes of treatment failures and 
development of local recurrence. For this, we assessed 
the proliferative pattern of tonsil lesions using the 
antibodies anti-p53, anti-PCNA and anti-Ki67. 

The p53 protein, encoded by the TP53 gene located 
on the short segment (p) of chromosome 17, is a 53 kD 
nuclear phosphoprotein that plays an important role in 
controlling normal cell proliferation. It has the ability to 
sense certain types of stress to which cells are exposed 
and to mobilize defense mechanisms, in which it acts as 

a promoter itself. The TP53 gene is a tumor suppressor 
gene, a vital anti-cancer gene, which controls the 
transcription and translation of a series of genes and  
cell and it is involved in cell cycle control, apoptosis 
and senescence by regulating complex intracellular 
signaling pathways. 

In our study, by using the p53 marker the accuracy 
of the histopathological diagnosis increased. Thus, within 
the normal tonsillar epithelium, p53 protein expression 
was extremely low, with a very low immunomarking of 
only a few nuclei in the basal layer (Figure 1), evidence 
that p53 protein is synthesized in small quantities and 
can hardly be detected by immunohistochemistry. 

In areas of transition from normal to dysplastic 
epithelium, the immunohistochemical reaction was 
intensely positive in nuclei of the basal and middle 
layer, which indicates the formation of increased 
amounts of p53 protein in the nuclei (Figure 2). 
Histopathological examination classically stained slides 
rarely noticed these areas of transition from normal to 
dysplastic epithelium, especially to low-grade dysplasia, 
because the morphology of cells and nuclei was not 
profoundly altered. The intense positive reaction for p53 
of the nuclei in these areas allowed a more accurate 
assessment of microscopic changes in the epithelium 
covering the tonsils. 

Areas with advanced epithelial dysplasia, intra-
epithelial carcinoma or squamous cell carcinoma, the 
p53 staining was very intense, with more than 93% of 
nuclei being positive. 
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In these areas, transformed neoplastic cells showed 
both nuclear and cytoplasmic staining, evidence of 
intracellular synthesis and accumulation of increased 
amounts of p53 protein (Figures 3 and 4). The immuno-
histochemical technique for the identification of p53 
protein had an important contribution to the positive and 
differential diagnosis of distant dissemination of tumor 
cells both in well-differentiated epidermoid (Figures 5 
and 6) and in poorly differentiated forms of carcinoma 
(Figures 7 and 8). As can be seen on our images, on 
usual histological stains it was difficult to differentiate 

perineural invading neoplastic cells since their 
morphology has no particular features; however, 
staining for p53 selectively revealed these cells. Similar 
aspects were also seen in poorly differentiated 
epidermoid carcinoma where isolated cancer cells 
disseminated within the connective stroma were 
mistaken for fibroblast-like cells on the usual stains. 
Immunostaining for p53 clearly differentiated neoplastic 
cells differentiated within the stroma from of ordinary 
connective cells. 
 

 

Figure 1 – Normal tonsilar epithelium with weak p53 
reaction (p53 immunostaining, ×200). 

Figure 2 – Intense p53 reaction within the dysplastic 
epithelium (p53 immunostaining, ×200). 

 

Figure 3 – Severe epithelial dysplasia (p53 immuno-
staining, ×200). 

Figure 4 – Well-differentiated epidermoid carcinoma 
of the tonsil with nuclear monstrosities. Nuclear and 
cytoplasmic positivity (p53 immunostaining, ×200). 

 

Figure 5 – Tonsil stroma (Goldner–Szekely stain, ×100). Figure 6 – The same aspect. Tonsil stroma with p53+ 
cells and perineural invasion (p53 immunostaining, 
×100). 
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Figure 7 – Poorly differentiated epidermoid carcinoma. 
Tonsil stroma with islands of pleomorphic cells (HE 
stain, ×200). 

Figure 8 – Islands of p53+ neoplastic cells (p53 
immunostaining, ×200). 

 

Another immunomarker used in our study was 
PCNA. Proliferating cell nuclear antigen (PCNA) is a 
36 kD auxiliary protein of DNA polymerase delta, 
involved in DNA synthesis and repair. It is a useful 
marker in studies of cell proliferation, since its 
expression correlates with the proliferative status of the 
cell. Although less specific, being well expressed in the 
S phase of the cell cycle, its positivity is associated with 
DNA replication processes during the cell cycle. 

Unlike p53, PCNA showed an intense positivity in 
the nuclei of cells in suprabasal layer in simple 
epithelial hyperplasias (Figure 9), which indicates either 

an unstable genetic material or the development of DNA 
damage, or an increase in its synthesis. Although simple 
hyperplasias are not considered premalignant lesions, 
we believe that a strong reaction to PCNA draws 
attention to the existence of oropharyngeal irritative 
factors that may trigger the carcinogenic process. 

The positivity of nuclei within the covering tonsillar 
epithelium increased in parallel with the severity  
of injuries. Thus, severe dysplasia, intraepithelial 
carcinomas, but also invading squamous cell 
carcinomas, showed a nuclear positivity higher than  
85–90% (Figures 10 and 11). 

 

Figure 9 – Intense PCNA reactivity in the nuclei from 
the suprabasal layer (PCNA immunostaining, ×100). 

Figure 10 – Intraepithelial carcinoma with nuclear 
monstrosities (PCNA immunostaining, ×400). 

 

Figure 11 – Well-differentiated epidermoid carcinoma 
with intense PCNA reaction (PCNA immunostaining, 
×200). 
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It can be said that PCNA reaction can be similar to 
p53 since the more severe the epithelial lesions, the 
more intense the reactions to both immunohistochemical 
markers. However, by comparing the PCNA to the p53 

reaction on serial sections in a poorly differentiated 
epidermoid carcinoma, we found that the responses 
were different, with PCNA being more intense but less 
selective (Figures 12 and 13). 

 

Figure 12 – Poorly differentiated epidermoid carcinoma. 
Intense PCNA reaction in covering epithelium and 
stromal neoplastic cells, ×100. 

Figure 13 – p53+ neoplastic cells within the stroma 
(p53 immunostaining, ×100). 

 

Ki-67 is commonly used in the positive and 
differential diagnosis of neoplasms since it is a protein 
involved in cell proliferation and is expressed in cell 
nuclei throughout the entire cell cycle except the G0 
phase. In our study, Ki-67 expression was much lower 
than that of PCNA and p53, both in premalignant and 
malignant lesions. Thus, tonsillar epithelial dysplastic 
lesions showed a slight increase of Ki-67 positivity, 
being visible in some nuclei of basal and suprabasal 
layers, while in carcinomas, regardless of the degree of 
differentiation, immunohistochemical expression of  
Ki-67 was present in some nuclei in the deeper layers of 
tumor epithelium and absent in the areas with keratotic 
pearls (Figure 14). 

 
Figure 14 – Well-differentiated epidermoid carcinoma 
with moderate reaction to Ki-67 (Ki-67 immuno-
staining, ×200). 

Nuclear positivity in these areas did not exceed  
35%. Also, in carcinomas, we found a heterogeneity of 
immunohistochemical expression of this marker, 
although it is considered to be a reliable indicator of cell 
proliferation. 

Following the reevaluation of the histopathological 
examination using markers for cell proliferation, the 
diagnosis was modified in 16 cases, representing about 
22% of the cases take into study. 

 Discussion 

Morbidity and mortality of oropharyngeal cancer, 
including that of the palatine tonsil, continues to be 
high, although malignant tumors of the oropharynx are 
easily preventable, given that exogenous risk factors 
that can be prevented account for 80%. In the last 
decades, many Western countries reported an increasing 
incidence of oropharyngeal squamous cell carcinoma 
(SCC) [9]. In Romania, also there is an increase in 
morbidity and mortality through malignant tumors, of 
which oropharyngeal cancer accounts for 40% of all 
head and neck cancers. 

Smoking and alcohol consumption are considered as 
key determinants of squamous cell carcinoma of the 
oropharynx [10]. Approximately 60% of all tobacco 
components are carcinogenic. They are aromatic 
chemicals, nitric amines, aromatic amines, metals and 
nicotine [11]. Nicotine in cigarettes and cigars in 
particular is the most carcinogenic; it induces 
proliferation of cancerous cells and neoangiogenesis 
in vivo and in vitro [12]. 

Oropharyngeal carcinogenesis is extremely complex. 
Most studies suggest that under the influence of several 
etiopathogenic factors (alcohol, smoking, HPV infection, 
etc.), progressive and cumulative genetic changes 
develop in the nuclei of epithelial cell clones leading to 
the emergence of phenotypically altered cell clones 
evolving towards a premalignant lesion and then an 
invasive malignancy. Genetic alterations lead to 
inactivation of tumor suppressor genes and proto-
oncogenes activation (p16ink4A, p53, cyclin D1, p14ARF, 
FHIT, RASSF1A, epidermal growth factor receptor – 
EGFR, Rb, etc.), which leads to loss of tissue growth 
and multiplication self-control. Chaotic proliferation 
leads to the development of premalignant genetically 
abnormal cell clones, which proliferate rapidly leading 
to the formation of abnormal cell populations. 

In these cell populations, the rate of accumulation of 
acquired genetic abnormalities increases logarithmically 
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with time [13]. Recent data support the hypothesis that 
tumors contain a small subpopulation of cells, called 
cancer stem cells, which have self-renewal capacity and 
are responsible for tumor maintenance and metastasis 
[14]. Prince ME et al. [15] were the first to show that in 
squamous cell carcinomas of the head and neck a 
CD44+ cell population possesses properties of cancer 
stem cells but that it takes a relatively large number of 
such cells (more than 5000 cells) to develop new tumors 
in immunodeficient mice. 

The aim of our study was to reveal changes in cell 
proliferation markers throughout progression from 
dysplastic lesions to invasive squamous cell carcinoma 
of the palatine tonsil, to highlight differences between 
these markers on the same type of lesion, and to assess 
their significance for the positive and differential 
diagnosis. 

The best-known and most widely used marker in the 
diagnosis of malignant epithelial lesions is p53. Many 
studies emphasize that p53 is very important marker  
in oral cancer biology, especially for prediction of 
progression to squamous cell carcinoma of some oral 
premalignant lesions. Our study showed that p53 was 
correlated with the severity of histological lesions of the 
tonsillar epithelium. In normal epithelium p53 marked 
rare nuclei in the basal layer of the covering epithelium 
while in severe dysplasia as well as squamous cell 
carcinoma about 93% of nuclei were positive. Also,  
p53 was positive in perineural invasions and local 
metastases. 

The TP53 gene is a suppressor gene essential for 
tumorigenesis. Overexpression of p53 mutants was 
identified in many types of cancer [16]. TP53 gene 
mutation leading to loss of its suppressor function is one 
of the most common genetic lesions present in tumor 
lesions, including oral squamous cell carcinoma [17]. 
Several authors observed that p53 point mutations occur 
in about 50% of oropharyngeal cancers [18]. Other 
authors have shown that most of these mutations seem 
to occur later in the process of progression from 
epithelial dysplasia to invasive carcinoma [19]. 

Unlike p53, PCNA showed an intense reaction even 
in simple epithelial hyperplasia, which makes us believe 
that etiopathogenic factors lead to a series of lesions or 
genetic abnormalities that are marked by PCNA. It is 
possible that the accumulation of genetic abnormalities 
leads to a genetic instability which results in 
development of dysplastic or neoplastic lesions. Genetic 
instability can lead to impaired mitotic rate, altered cell 
differentiation capacity, altered apoptosis, reduced 
ability to repair genetic defects, and finally the 
emergence of cell clones with a malignant phenotype. 

The immunohistochemical reaction to Ki-67 was 
much less intense compared to the other two 
immunomarkers. However, a positive reaction to this 
marker draws attention to changes in cell cycle. 

We believe that people with various conditions 
involving the tonsils which were histopathologically 
diagnosed with hyperplasia or dysplasia, with positive 
or moderate positive reaction to PCNA and/or p53, 
should be monitored for a long period of time as the 

evolution of the lesions may be unfavorable, with the 
development of cancer, and also knowing that genetic 
changes occur a long time before phenotypic changes of 
epithelial cells. For the ENT specialist histopathological 
data are essential for early diagnosis of premalignant 
lesions, and especially for a correct therapeutic approach. 

 Conclusions 

The higher the severity of histopathological changes, 
the more intense the p53 and PCNA immunohisto-
chemical reactions were. PCNA showed a strong 
positive reaction in epithelial hyperplasias suggesting 
the presence of nuclear lesions even in this stage.  
By using immunohistochemical markers in the histo-
pathological examination the diagnosis was improved, 
leading to the reconsideration of the therapeutic attitude. 
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