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   General Discussion



In this thesis, the mechanistic and therapy-related studies on apoptin tumor-

selective apoptosis in head and neck squamous cell carcinoma cells in-vitro 

and in-vivo ���� �����	
���� ����� �� 
�	��� �������� ����	���� ���� ���	����

apoptin studies and the generation of a novel head and neck mouse tumor 

������� ��� ���� �������	��� �������� �� 
������� �������� ��� ���� ������	��� ���

apoptin as a future therapeutic option for the treatment of head and neck 

squamous cell carcinoma is provided.

 

Summary

����� ���� ����� ������� 	�� ���� ��� ���� ����� ������� ������ ��� �������

accounting for 4 percent of all new cancer cases in the Netherlands1. The 

majority of these cancers are of the squamous cell carcinoma type. Primary 

treatment of head and neck cancer depends on the location of the tumor and 

��������������	�������	�����	���������	���������!�����������	����������	��������

with advanced head and neck cancer, meaning loco-regional metastasis and/

���������"������"#2. In the last 2 decades, concurrent chemoradiotherapy 

and radiation for the treatment of loco-regionally advanced $������ ���%�&'�

head and neck cancer has been widely studied�. The outcome of these studies 

has been organ preservation while maintaining or improving loco-regional 

control compared with radiotherapy alone and/or surgery. Secondly, it 

���� ��������� 	�� 	����������� 	�� �
������� �������� (��� ����� ����	���� ��� )!�. 

On the other hand, follow-up studies have indicated that side-effects of 

chemoradiation are considerable. In addition, in many cases the preserved 

�������*��������������	�����������������������	������	�����*	�������	����
���

���
�����*	������	����*����*	�����	�������
�����	����+���������������	����

���� 	����������� 	�� �	�����0����� ���� �������� ����	���� ��� ��� #�!� ��� ����

patients with head and neck cancer die due to this disease4��+������������������

�&���������*	����������
	���	�������	�����	�%30+5��������	��	�����������������

30��������������������������	����	���6!5. 
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Because this future perspective remains bleak from a patient 

perspective, new therapeutic alternatives, such as gene therapy, are 

investigated for the treatment of head and neck squamous cell carcinoma. 

Supported by a better understanding of the genetics of cancer6, researchers 

try to produce drugs that eliminate tumor cells while sparing normal tissues7. 

����
��������	����������0��	������������������	�������������*��������������

���������������������������������	����&��	�����������	������������������������

considered, such as genes killing tumor cells directly, restore a defective tumor-

suppressor gene, or induce apoptosis. Nearly all of these new options are still 

	�� �����	�	���� ������������ ����� ��� �:&0";%<=&� ��������� ����� ��������

����������������	�	�������������	�����������*	���>?@A0�C3�����"?+D��������

�������	�0	����	����	�����$"E��F'��"E��F�	�������
����������������������	��

factor G superfamily and induces cell death by the recruitment of caspase-8 

�����������0C��
������+��0�����	����������	��*	�������������	� $+�JJ'�����

subsequential formation of the death-inducing �	����	�����������$J�:='�����

���	���	�������������0� and leading to the eventual cellular disassembly8 and 

seems to be inactive against normal healthy tissue9���:&0";%<=&�	��
��������

the transfer of the herpes �	�������	��������	�	����	�����$�:&0";'������	����

tumor cells, *�	��������������	���������	�	L���������	����	��$<=&'�����	������

������������	������	����������	� ����
��	���<=&���	����������$<=&"M'�����

subsequent incorporation into DNA and apoptosis10�� �:&0";%<=&� 	�� �����

termed suicide gene therapy and is made more effective by the phenomenon 

of the “bystander ������V�*�	��� 	�� �����
	�	��������	�	�����L���0�������	���

cells �������	�	L����	��
��	������0�������	���
��������������������� pro-drug. 

"��������������
��
���(�	��������������������	��	�����������	��������������

therapy ���������������������������	�����(�	��� ���
�������������������>?@A0

�C3���������	�����	��
�����������������0����������������������������	������3��

���*	��� �� ��������	�� ������� ���� �	������ �������	��� ��� �
������� �3�� �����

without damaging normal tissue and killing all kind of cells in-vitro such 

as cervical carcinoma cells, colon carcinoma cells, glioblastoma cells and 

��������	�����������	���������������	��������	������3�11. Although there are 
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��	����������	��	���������	�������������	������>?@A0C3���������������	�	���

�����3�0��(�	���������������3���������������������	0�����������������������12 

remains unanswered. Several Phase I and II trials have, by means of intra-

��������	�W���	���������	����>?@A0�C3�	�������	������������*�������	��	�������

������
��� ��� ���	���� ���	�	������� �������� $C�C�� M+5'� *	������ �����	���

��������0�	�	�	������	�	���$JF"'C�. The most promising result came forward 

�������������������������
	�	���>?@A0�C3�*	���������������14. The here 

described protein apoptin is still in its preclinical phase although both in-

vitro as in-vivo������	��������������	�	��� 	���������� �������0���	�	�������

anti-tumor effect15-19. Also the in this thesis described studies underline these 

observations found in various tumor systems and carried out by various 

research groups worldwide19, 20.   

+����*	��� �� 
�	��� 	��������	��� ��� ���� �������� ���*������ ��� �����

therapy, and apoptin gene therapy in particular, the outline of this thesis 

is presented in chapter 1. The contemporary approach to the treatment of 

���������������������*	����	�����$�������
	���	�����'���������	����	��	���

and chemotherapy as well as their limitations are discussed. The need to 

further improve current therapy and the novel approach based on gene 

therapy are described. The chicken anemia virus-derived protein apoptin is a 

���	��������	���������	��	������������������	��������������	�����3�0	�����������

�������� X����	����� �����	����� �3�� 	�� ���*�� ��� 
�� ��Y�	���� ���� ���	��	���

chemo- and radiotherapy induced apoptosis, but is in more than half of the 

tumors non-functional19,21. Several tumor cells derived from e.g. cervical 

cancer, prostate cancer and osteosarcoma undergo apoptosis once apoptin is 

����������	���������������+���������������0�������	���������	0�������	��Z��0

[���������������������������	���������������	���?�������������������	������

������������	��	
	�����A��M�����=��M����Z�������	�	������+F�M$:'�hamper 

apoptin- induced cell death19. These features are even further arguments that 

apoptin harbors potential novel anti-cancer activities. 
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In chapter 2, a study is described in which a cell line derived from 

��������	�������	������Y����������������	������������\�����������������*	���

�� �������� ���0�����	����� �3�� 	�� �������� *	��� �����	��� �����	�� ����������

��������� 	�� ���� ���	���	��� ��� ���� �������	�� ������	����� �������0�� ���� ����

release of mitochondrial pro-apoptotic cytochrome c�����������������
�����3��

and apoptin could effectively induce apoptosis, reaching an apoptosis rate of 

������	�������)�!�������#�������]����Z��0�F�*�����0����������*	����3�����

apoptin in these squamous cell carcinoma cells it clearly affected the apoptosis 

���������3��
������������������������	�0	��������������	����������������������

Z��0�F������	��������	���	�������������	��	��������W��	����������������������	���


����Z��0�F����������	�����������������Z��0�F��	�	�	����������3�0	�������

cytochrome c release, but not the apoptin activated one. Radiation is widely 

used in the treatment of squamous head and neck carcinomas and causes 

damaging of DNA in the rapid dividing tumor cells, which results in apoptosis 

	�����	��� �	�� �3�0���	��	��� ������� ��	�� ���� 
�� 
������� 
�� Z��0[� ���	0

�������	�����
������������Z��0�F21. In attempts to overcome the resistance, 

higher doses of radiation were used with consequential bystander damage to 

normal tissues and an undesirable �������������	�	����

In chapter 3, the combination of apoptin and radiation was 

investigated in-vitro in two cell lines. One radiosensitive and one more 

���	����	���������������������������Y�������������	���*��������	�����Z��

adding apoptin before treating the cell lines with radiation the amount of 

������ 
����	��� ���	���� 	��������� ����	����
���� Z���� ����������� �� ��������

�����������0�����������������
�����������	�����	����	������������*���������	��

was added to irradiation treatment, whereas irradiation treatment alone did 

not. By means of colony survival assays it was proven that a combinatorial 

������������������	������	����	��	��������������
���(�	������������������������

in comparison to single treatment with apoptin alone. These results are in 

accordance with in-vitro or in-vivo studies carried out by others22-24. They 

���*�����������
	�����������������������	��*	���$�����'���������	���������

������������	�������F0C)������	�0�����	�����	��	
	����F=F0[�#����������	����

more potent anti-tumor effect than the single treatments. 
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In chapter 4 several alternatives for investigation of new treatment 

options such as gene therapy are assessed. In-vitro� ����� �	���� �����������

	�� 	�������(�	���� ������ ���� �he hamster cheek pouch model in which 

_C[0�	�����
��L$�'���������� 	�� ����� ��� 	������ ������� ����� ���� ���	��

limitations. The carcinogen #0�	���Y�	���	��0C0��	��� $#?`>'� 	�� ���*�� ���

induce squamous cell carcinomas of the palate and the tongue in rats and 

������ ������ �����	�	��� ����� ����	���	���� ��� ���� ����	��� #?`>� *��� ����	���

three times a week during 16 weeks in male CBA mouse. The time that was 

needed for representative squamous cell carcinoma with an appropriate 

volume for tumor treatment was proven to be another 24 weeks. The 

established squamous cell carcinomas and the preceding dysplastic changes 

were evaluated and compared by using the immunohistochemistry tumor 

markers cyclin D1 and E-cadherin. These immunohistochemistry studies 

��������� ����� ���� �
��	���� #?`>0	������� ��	����� ������ ����� �������

showed strong similarities with the described squamous cell carcinomas 

in humans. Therefore, this model is suitable for conducting pre-clinical 

��������� 	�� ����� �Y������� ����� ����	����� �����	��� ����� ������	������� #��

*���������������������������������	������"�����	�������	��������0���	������

����� ��������	�� ���	���� ���� �� ��������� ���	��� *	��� ���	�� �*�� �������	��� ���

diagnosis, treatment and follow-up. 

In chapter 5 we have taken a closer look at the oral dysplasia in the 

#?`>�������	�����������������������������	���	����������������
�������
���

���� ��
�������� 	�����	���	����� J��	��� �	������ *����� #?`>� ���������� 	��

the mouth of male CBA mouse was carried out and at several time points 

afterwards developing oral dysplasia was observed. Several architectural 

and cytological characteristics essential in human pathology were used to 

describe the possible dysplastic changes. Microscopic assessment of the 

mucosa of the mouse tongue revealed that all three consecutive 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 
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of the human counterpart, making it apt for laboratory investigation. The 

time point when mild, moderate and severe dysplasia is encountered became 

apparent in our studies, which will make future research on these primary 

tumors more convenient. 

In chapter 6 the in-vivo����������������	��	�����������	������#?`>�

�������Z�������	�������#?`>�����	������	��	��������������������=Z��

mice, tongue tumors were induced which were suitable for treatment and 

*����	�W������*	������	��������������������
	�����������	������������������	���

�����	��$��|FM������	�'��������	����
�����������������������������������

apoptin and underwent apoptosis, whereas injection with the negative control 

��=|&�F��}� �������	��� ~0��������	����� �	�� ����� ��� ��������� �����	������

squamous cell carcinoma cells were derived from the primary tongue tumors 

and grown in culture. Passage 1 cells were treated with apoptin and the result 

was a considerable amount of cells undergoing apoptosis. Both the in-vivo 

and in-vitro apoptin-treated cells underwent apoptosis via the activation of 

�������0���The fact that apoptin induces apoptosis in primary squamous cell 

carcinoma cells indicates that apoptin is a potential therapeutic agent for 

treatment of head and neck squamous cell carcinoma.
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Concluding Remarks

The protein apoptin is derived from the chicken anemia virus was 

�	���������
������(���������	
���
��?���
����������� 	��C66#25. Since then, 

many surprising results have been obtained in our laboratory and in various 

other research institutes worldwide. A vast range of different tumor cell lines 

undergo apoptosis after apoptin treatment, whereas normal cells are not 

affected by apoptin. In this thesis, 4 different types of squamous carcinoma 

cell lines are treated with apoptin resulting in cell death in all cases. The 

�����	�0����	�	��� 5|::=0C#Z� ����� �	��� �����	��� ���0�����	����� �3��� X����

��0�������	�����Z��0�F�	���������������������	������������������	��	�������

cytochrome c release. Release of cytochrome c from mitochondria is a central 

event in the death receptor-independent, “intrinsic”, apoptotic pathway, 

which results with the help of ATP and Apaf-1 in the activation of caspase 

9 and downstream effector caspases, which then cleave their substrates, 

(����������	�����������������	� cell death. In addition, cytochrome c release 

also occurs in ������ ��������0���������� �����	��	�V� �������	�� ����*����

by cleavage and activation of the pro-apoptotic Bcl-2 family member Bid 

through ��������)�����	
�������	�������������	(���	���������

"����
������	�������������	��������������������	������3�������	��*���

able to induce the release of mitochondrial cytochrome c in UMSCC-14B cells, 

�����*����Z��0�F�*�����0������������������	�������	���������=�0�������	�����

�3������Z��0�F�	��5|:==0C#Z��������	���������������	��������������������������

In addition, the radioresistant head and neck squamous carcinoma cell line 

:`J6�������
����������	�	������	����	��	����������0����������*	��������	��

and there was a clear additive effect seen in cell death. Irradiation alone did 

not result in release of cytochrome c�������	���	�������������0�����������0�

���� ���	����	������ ������ ��� ��0�������	��� ��� Z��0�F� 	�� ���*�� ��� 
����� ����

chemo-/radiation-induced apoptotic signal by inhibiting the mitochondrial 

release of cytochrome c and activation of both upstream and downstream 

caspases26. These data convincingly show that apoptin can induce apoptosis 
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under conditions, when chemo- or radiotherapy will fail. Earlier reports 

������������������
������	�������	������3�*�	���	��	
	���������������������

inhibit the release of cytochrome c after apoptin treatment27. CrmA, which is 

���	���������������*�����	����	�����*�����
���������������������������C�

����)����������	����������������������������	���������������	���=������0��

is the main downstream effector caspase and is activated just prior to the 

apoptosis when it cleaves the majority of the cellular substrates. All cell lines, 

whether radiosensitive or more radioresistant or passage 1 cells derived from 

�� ��	����� ������� ������ ����� �� ������ ���������� ���	��� �������0�� �����

�����	����������������������	�����������������0��*������������[������������

����������*	��������	��������*��������	���	����������������	������������0��

appears to be pivotal for apoptin induced apoptosis. The remarkable fact 

that apoptin only  induces apoptosis in transformed and not in normal 

cells appears to lie in the fact that apoptin harbors a nuclear localization in 

������������*�	���	���������������	��	����������	�����������������+�����������

nuclear apoptin is phosphorylated in tumor cells though unphosphorylated 

in normal cells. This phosphorylation of apoptin at the threonine 108 site 

appeared to be tumor selective and enables apoptin to accumulate in the 

nucleus resulting in cell death28. Because nuclear localization seems crucial 

for apoptin activated cell death, we hypothesize that a signal has to go from 

���� �������� ��� ���� �	��������	�� ���� ���� ��*�������� ���������� +�������

studies are needed to unravel the precise mechanism of apoptin’s tumor-

selective apoptosis capabilities. 

As with other types of gene therapy, apoptin gene therapy has its 

�	�	���	����� X���� ������� ������ ���� 
���� �	��	(����� ��������� ���	�����

in vector technology, effective transfer of genes in-vivo remains elusive. 

]���� ���	������ ������	������ ������ ������ ���� ���� ��������� ����	(������� ���

with other types of cancer, head and neck cancer frequently metastasizes so 

�	��������	����� 	��������$��	����'� ���������
�� 	����(�	����� ��� ���� in-vivo 

�����	������*�����	��������������������������������*�����������	��������	��
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after treatment, but in order for gene therapy to be successful it is necessary 

to deliver the gene in every cell or the remaining nontransduced tumor 

cells will continue to proliferate. There is not an ideal vector and each one 

����	�������	(���	�	���	�����������������	���������������������������������

��������
���������� ���	�� $�����	��'��	�����(�	�������� ���������	����>�� ������

the adenovirus seems to be the most promising of all viruses. Currently viral 

vectors are evaluated that are genetically engineered for tumor selectivity 

by either modifying the cellular tropism at the level of viral replication in a 

*��������	��
������������������������	(�����������	��	����������������������

viral replication or enhancing the tumor-selective binding and uptake of the 

vector. Of the non-viral vectors several peptides have shown the ability to 

deliver proteins across the cell membrane[6���. Of particular interest is the 

���	�	�����������������	��������	��������&0C������0���	�����������	��"�"�

����"�"������	�����������	�������	��$"�"0M"J'��"���"�"0���	��������	���

��������������������������(�	�����������in-vivo studies in mice have shown 

�����������	�������	�������	�W���	������"�"0~0��������	�������L����	�����	�	���

could be detected in all tissues tested, including the brain�C. Recent results 

*	���"�"0�����	�������	�����*��������"�"0�����	����(�	�������	�����������

cells�[, while sparing non-malignant human cells����"�������*�(��	��������

encouraging and increase the possibility of apoptin being used in cancer 

$����'����������E��������:������������������*�������M"J#0�����	�������	��

	��������������	�� 	�������������������� �����������
�	����� 	��������	���

models, but leaves normal cells unharmed�#. In the near future the success of 

cancer gene therapy will dependent on the improvement of its vectors. Until 

then gene therapy must be combined with present therapies, such as surgery, 

irradiation and chemotherapy, to decrease the number of cancer cells in the 

initial treatment 
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Summarizing, this thesis describes in in-vitro and in-vivo� �����	������

the potential of apoptin as a future drug in the treatment of head and neck 

squamous cell carcinoma.  Reliable and representative animal models were 

composed and evaluated based on human pathology characteristics describing 

the degree of dysplastic changes and squamous cell carcinoma. The in-vitro 

�����������*�����������	��������	�����	������������������	�����3�0	�����������

*���	���������������
����0�������	���������	0�������	��Z��0�F������
�������	���

radioresistant head and neck tumor cells. A single intra-tumoral injection of 

�������
	�����������	������������������	��������	�����������	������	����
���

��������������������������*�����������	��
�����	���	�������������0�� These 

results are encouraging and apoptin may constitute a potential therapeutic 

agent for treatment of head and neck cancer.
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