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Abstract

Oral dysplasia is a frequent pre-malignant lesion. Preventing these pre-

malignant lesions to develop into malignancy is the main goal of treatment. 

Optimal treatment is debated, and a reliable animal model could be helpful 

to elucidate pathogenesis and to test treatment modalities. The carcinogen 

�������	������������������������	���������������������������!����	�"	��

cell carcinoma of the oral mucosa in mouse; however, less is known whether 

the carcinogen also leads to pre-malignant lesions. To this end we studied 

the microscopic changes in the mucosa of the mouse tongue after treatment 

#���� ������ � ����� #��� �������� ������ ��� "���� $%&� "	��� ������ ��"��� ��

week during 16 weeks.  Architectural and cytological features, used in 

human pathology are used to describe the degree of dysplastic changes. The 

successive stages of epithelial dysplasia, mild, moderate and severe dysplasia 

were seen. All three stages contained architectural and cytological features 

seen in human dysplasia, which implies that the carcinogenic mouse model 

resembles that of the human counterpart, making it apt for laboratory 

investigation.
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Introduction

Squamous cell carcinoma of the tongue is the most common oral 

cavity malignancy. '�������������(���)	���	"������������#�����*+��������

period between 1975 and 20011. The occurrence of these oral malignancies 

is strongly connected with smoking tobacco and consumption of alcohol2. 

The treatment of locoregional tumors of the oral cavity often has a profound 

effect on the quality of life. Besides cancer, clinicians are confronted with pre-

malignant lesions; those require a totally different approach and treatment. 

/���������� ���������� "����� �������� ��� �� #����3� ���� �� ��� �� "�����

red and white lesion. There is an association between the risk of malignant 

transformation and the histology of the lesion4�� 8���� ��	"������ ��	�����

with a mean follow up of more than seven years revealed that the overall 

malignant transformation rates (�����������������������)��(�"�:���4*+4. 

Interestingly the malignant transformation rate for mild epithelial dysplasia 

is similar to that of severe dysplasia5. The primary goal of management 

of pre-malignant lesions is preventing these lesions to transform in to 

malignant tumors. There is no consensus on what the best treatment is of 

oral dysplasia in order to prevent the development of malignancies. The most 

recent Cochrane review concluded that there is a complete lack of qualitative 

research for the treatment and management of dysplastic lesions including 

randomized controls trials nor is there consensus on the minimal required 

margins of surgical resection6. There is no evidence that non-surgical 

treatment such as topical Bleomycin7 or Lycopene8 is effective in preventing 

malignant transformation. 

'�����	����������������	����(��"���������������������������>�����"���

models, epithelial dysplasia has been described, although the emphasis of 

these investigations lies more on squamous cell carcinoma9-11. Different 

animal models are known to develop oral dysplasia, including hamster9, 

rats12, and mice11 models. The hamster cheek pouch model, in which 

?3�@���"�������E������������� ��� 	���� �� ���	��� �	"��3� ��� 	���������!��
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because the tumors are not the same as their human equivalents�4. The oral 

���	��������������������	�"	�������������"������������	��������������

������� ��� ����� ���� ����� ���������12,14 and it revealed that there is close 

similarity between induced dysplasia of the palate mucosa and that of human 

oral epithelial dysplasia. F����!����)����)�����������(�������)	����������

application, mice seem more appropriate than rats because they consistently 

develop more advanced premalignant changes and earlier squamous cell 

carcinomas than the palate15, whereas in rats the palate is most of the times 

����G�����((�������	�������>���������������������������"���14-173�(�����������

"	���"����������	�H�#��#���������������������������������������)	�����

the same, as the human equivalent and thus apt for in-vivo investigation. The 

time that is needed for dysplastic lesions to develop is accurately known, but 

the histopathology up till now is not thoroughly been described.

The aims of this study are:

�� ����������������((����!������(����������"���

�� to study the histological characteristics of carcinogenic induced 

dysplasia of tongue of the mouse

�� to compare the lesions to dysplastic lesions of human oral epithelium

�� ����������������������(����������"��������	�����#�����������(�

premalignant lesions and squamous cell carcinoma of the oral mucosa.

Materials and Methods

Animals and carcinogen.

$%&�"����"	��3�?�N�#��H��(��)������#��)���)�����#����@4�����@?�

)��"�� �
�����3� Q����3� '��� ������������3� #���� H���� ��� ��������� ���������

conditions of alternating 12-h periods of light and darkness and were fed 

�������E��� ��������� ��#� ���� #����� ��� �����	"�� &��� ������"����� #����

����!��������!������������U������W��!�������&��"���8��(����$""�������'���

������)��������#��������!���������������)���������G����������������(�
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5 mg/ml. A fresh aliquot was used for each application session and anesthesia 

was achieved by inhalation of halothane vapor. The tongue was stroked once 

#��������	��3�#���������������������������������������	�����'���"����

#���������������(�"�����H��)�����G�����	���(���������������������&���"����

were carefully inspected daily and weighed weekly. The mouse was brushed 

#����������	���)��*�#��H��#������(���	�����(�4�#��H��������"�������	���

��#��)���)���(�"��������#�����""��������������G����

Histopathology and Immunohistochemistry.

Prior information showed that dysplasia was achieved between 4 

�����@�#��H���(��������G��������������������������	�"	�������������"��

�(����@Y�#��H���'#��!��"����#���������G�������#�����������@�#��H��������

�(����@��#��H���&����������"������������	��#�����"!�������G�������(�������

"���� �+� �	((����� (�"������ &(���� ����(G�� �"������)3� ������� �������� (�

�� Z"� #����� #���� "���� ���� �������� #���� �������� #���� ��"�������������

�
/���'�����������	"�#������"��������	���)����������	������������)�����

(���	����	���������)�����	"��������������'���������'������������!�!�������

evaluation of 7 architectural and 9 cytological characteristics

Results

'#��!��"����#���������G�������#����@Y�����@N�#��H���(�����������)�

����������"���������(���������������"�����������	"�(�������)	���F�)	���

����'����	�(����(�������)	������!�����#����H�������E���������G�� squamous 

cell epithelium containing numerous G��(�"� ���������� The basal cell layer 

contains specialized cells for mitotic division and the parabasal cells are 

differentiating cells with a layer of highly keratinized cells. Mild dysplasia 

#������)��������[�"���3�"�������������!���������������������4����"�����

The scores of the features of dysplasia, both architectural and cytological of 

����4�������(������������������#�����'�������
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Figure 1

A           B

&�����������(���"�������������(�������)	��(�����"	�����
\/3����)�����"�)��G��������
�YY���%��>��	��������(���"�������������#��������������������"�"�����3�������G�����������	"�
and parakeratosis.

>�� "���� ���������� �F�)	��� @�3� ���� ����������� ����)��� ���� ��"����� ��

the lower one-third of the epithelium. Basal cells show a lack of polarity, 

cells have slightly bigger hyperchromatic nuclea and there is an increased 

nuclear/cytoplasmatic ratio. Parakeratosis is covering the epithelia and there 

��������"���"������G)	�����'���	�������������������#���"���"��	�������

Figure 2

A           B

&��
��������)��N�#��H���(��������G����������������������#��)�"���������������'�����
is a disturbance of polarity in basal cells with hyperchromatic nuclea and an increased 
�	�����]�������"�����������$����������������������������H������&��������"������G)	��������
increased and atypical. �
\/3���)�����"�)��G���������YY���%��>��	��������(�"��������������
with atypical changes in the lower one-third of the epithelia. 

>�� "������� ���������� �F�)	��� 4�3� ���� ����������� ���� ��"����� ��

the lower two-thirds of the epithelium. The basal part of the epithelia 

shows an increase of loss of polarity, and irregular maturation. Enlarged 

pleomorphismic cells with hyperchromatic nucleus and enlarged nucleoli 

are visible. There is an obvious ������(�"������G)	���3�����"���������������

parabasal cell layers and an increase of nuclear-cytoplasmic ratio.
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Figure 3

A           B

&�� �������� ���������� (� ���� ��)	�� �Y� #��H�� �(���� G���� ����� ������������ /����)���
pleomorphism��� ������ #���� ��������"����� �	���	�� ������ 	�� #���� ����)	���� ������G������
�����������������������)�����
\/3���)�����"�)��G���������YY���%��>��	��������(�"�������
����������#���� ����)	����"��	���������� ���H�(����������$���)�������������������� �#���
one-third of the epithelia.

>�� ��!���� ���������� �F�)	��� ��� ���� ��������� ����)��� ��!�!�� ���� (	���

thickness of the epithelium in which there is considerable hyperplasia and a 

strong irregular maturation with strong cell atypia. 

Figure 4

A           B

&�� 
��������)�� ��#��)� ��!���� ���������� (� ���� ��)	�� @N� #��H�� �(���� �������)� (� ����
������"����� '����� ��� ������� ����)	���� ������G������ (� ���� ���������3� ���� (� ���������	����
������������������"���H�������E�������������	�(������
\/3���)�����"�)��G���������YY���
B. Illustration of moderate dysplasia with abnormal cellular organization and  pleomorphism. 
Changes involve the full thickness of the epithelia.

Figure 5

A           B

&�� 
��������)�� ��#��)� ��!���� ���������� (� ���� ��)	�� @N� #��H�� �(���� �������)� (� ����
������"����� '����� ��� ������� ����)	���� ������G������ (� ���� ���������3� ���� (� ���������	����
������������������"���H�������E�������������	�(������
\/3���)�����"�)��G���������YY���
B. Illustration of moderate dysplasia with abnormal cellular organization and  pleomorphism. 
Changes involve the full thickness of the epithelia.
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'����� ���� ��� �������G��� �	"���� (� "������ G)	���� ���� �	������

cytoplasmic ratio. Anisocytosis and anisokary is widely present. Compared 

with mild and moderate dysplasia the lack of polarity is stronger. Cells have 

nuclear pleomorphism and hyperchromatism, with prominent larger nucleoli 

������������������������������	��������&��������"������G)	�������������������)��

�	����������>��������"������#�����G)	���������(	�������H�����(�������	�"	��

epithelia was involved, so in fact this represents carcinoma in situ. 

&����������(�����������"������"����#���������G�����(�����Y�#��H��

�����������������!�������!���!����	�"	�������������"���F�)	���[��

Table 1                               ����������G����)��(����������

A
rc

hi
te

ct
ur

al
 fe

at
ur

es

Mild dysplasia Moderate dysplasia Severe dysplasia
Irregular epithelial 
������G�����

- __ __

&���"������	���G�����
mitoses

- _ __

Loss of polarity of basal 
cells

_ __ ___

Pre-mature keratini-
zation in single cells

- _ __

Drop-shaped rete ridges - _ __

Keratin pearls within rete 
ridges

- - __

Increased number of 
"������G)	���

_ __ ___

C
yt

ol
og

ic
al

 fe
at

ur
es

Abnormal variation in 
nuclear size 

_ _ ___

Abnormal variation in 
nuclear shape

- _ ___

Abnormal variation in cell 
size

_ __ ___

Abnormal variation in cell 
shape

_ __ ___

Increased nuclear-cyto-
plasmic ratio 

_ __ ___

Increased number and 
size of nucleoli

_ _ ___

Increased nuclear size _ __ ___

&��������"������G)	��� _ __ ___


�������"���� _ __ ___
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Discussion

 The present study was designed to evaluate the development of 

epithelial dysplasia and squamous cell carcinoma of the tongue in mouse after 

��������!�������������(�������%���������������"������������������!��������

��������	��������������������	�"	�������������"����'����"�����������

been predominantly on squamous cell carcinomas and only in rats there has 

����� ���������)����� ����������� (� ���	���� ����������� F�� ���� G���� ��"��

we minutely describe the several stages of oral dysplasia in mouse by using 

the architectural and cytological features, which is a useful and consistent 

"����� (� ���� �������������� ���� �	����G������ (� ����������� ���������� ���

�	"��� �����)��� '���� ������G������ "�H��� 	��� (� 5 architectural and 4 

cytological criteria for epithelial dysplasia, although it is unknown how many 

features are necessary for a particular diagnosis. Some of these features 

are present in squamous cell carcinoma. There is a continuous spectrum 

from mild, via moderate to severe dysplasia in which there is a quantitative 

increase in architectural and cytological characteristics wherein mild 

dysplasia is restricted to the lower one-third and severe dysplasia involves 

the full thickness. This full continuum was seen in our specimens. In mild 

���������3��������(�����������(�����	������3���������������)���#��������!����

As in the human equivalent the changes were limited to the lower third of the 

epithelia. In mild dysplasia the nuclear abnormalities stand out18 and changes 

are limited to the parabasal layers19. In the moderate dysplasia the nuclear 

abnormalities are more marked and nucleoli are more prominent, changes 

that both were observed. In moderate dysplasia increased cellularity emerges 

������������)����������������"������������(��������������	������!������(�

evident nuclear abnormalities, loss of maturation and mitosis present high 

up in the epithelia all are typical of severe dysplasia20,21. All nine features 

are abundantly present in severe dysplasia. The involvement of all layers 

��� 4� �����"���� #���� ��!���� ���������� ���� ��� ������� ����"���� "�"������

j	���G��� ���� ���)����� ������"�� ��� ���	�� '��� ���)����� ������"��������	�
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����������������������#������!�����������������(������(G�	��������"���"���

����������� '��� ����� �� "���� �����G���� ��� ���� ���� (� ����� ������"���� #����

diagnosed with an invasive squamous cell carcinoma. Prior observations that 

eventually all mouse after the time point of 40 weeks bear squamous cell 

������"����������(��������� ��������������"��������"	��������G�����������

����(� ����������"��������#�������)�����#������	�"	������� ������"��

strengthen our believe that all dysplastic lesions in this animal model in time 

eventually develop in squamous cell carcinomas.

 The histological characteristic of the oral epithelial dysplasia in 

mouse resembles that of oral dysplasia in humans. The gradual increase of 

the features in mild, moderate and severe dysplasia showed strong parallels 

�� ���� �	"��� �	���������� '�	�� ���� ����� "	��� "���� ((���� �� �	�������

model to study oral premalignant and squamous cell carcinoma of the mouth. 

Current and new treatment modalities can very well be studied in this model.  
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