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Aim of the study 

 

Aim of the study 
 

 

The aim of the present study is to determine the expression of 

DNA topoisomerase IIα in benign and malignant salivary gland tumours 

and to correlate this expression with their histopathological features. 



iii-List of Abbreviations 

 

  Abbreviations Words 

              AgNoR Silver nuclear organizer region 

               E. coli Escherichia coli 

               EGFP Enhanced green fluorescent protein 

               MEC Mucoepidermoid carcinoma 

             N/C ratio Nuclear/cytoplasmic ratio 

               PCNA Proliferating cell nuclear antigen 

               PLGA  Polymorphous low grade adenocarcinoma 

               SCLC Small cell lung cancer 

             Topo IIα Topoisomerase IIα 

               WHO World health organization 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



List of Contents 

         

Chapter  Page 

Introduction 

 

Review of Literature 

-History and classification 

-Structure of type II topoisomerases 

-Biological functions of DNA topoisomerase II 

-Regulation of topoisomerase II functions by  

  phosphorylation 

-Cellular locations of topoisomerase II 

-Extranuclear expression of topoisomerase IIα 

-DNA topoisomerase II targeting therapeutics 

-Prognostic values of topoisomerase IIα 

-Immunohistochemical expression of topo IIα 

 

Aim of the study 

 

Materials and Method 

 

Results 

-Histopathological and Immunohistochemical findings 

  of topo IIα 

-Statistical analysis 

 
Discussion 

 

Conclusion 

 

Summary 

 

References 

Arabic summary 

         1 

 

 

         3 

         3 

         8 

        15 

        21 

        

        23 

        25 

        28 

        30 

        32 

        
        37 

 

         

        38 

         

 

        51  

        51 

         

        90 

 

 

        98 

 

       113 

 

        

       115 

 

       117 



 

i-List of Tables 

 
 

 

 

 

  Table 

Number 

Table Title Pages 

  Table (1) Classification of topoisomerases      7 

  Table ( 2) Histopathological diagnosis of  the studied cases     39 

  Table (3) Area percentage of topo IIα positive cells in benign and and 

malignant salivary gland tumours  

    92 

  Table (4) Immunostaining intensity of topo IIα positive cells in benign 

and malignant salivary gland tumours 

    93 

  Table (5) Area percentage of topo IIα positive cells in different rent 

histological patterns of adenoid cystic carcinoma 

    94 

  Table (6) LSD test to compare area percentage of topo IIα in adenoid 

cystic carcinoma 

    94 

  Table (7) Immunostaining intensity of topo IIα positive cells in different  

histological patterns of adenoid cystic carcinoma 

    95 

  Table (8) LSD test to compare immunostaining intensity of topo IIα 

positive cells in adenoid cystic carcinoma 

    95 

  Table (9) Comparing the area percentage of topo IIα positive cells in 

pleomorphic adenoma and malignant pleomorphic  

adenoma 

    96 

  Table (10) Comparing the immunostaining intensity of topo IIα positive  

cells in pleomorphic adenoma and malignant pleomorphic 

adenoma 

    96 

 Table (11) Comparing the area percentage of topo IIα positive cells in 

low grade mucoepidermoid  carcinoma and high grade 

 mucoepidermoid  carcinoma  

    97 

 Table (12) Comparing the immunostaining intensity of topo IIα positive 

cells in low grade mucoepidermoid carcinoma and high grade 

mucoepidermoid  carcinoma 

    97 



ii-List of Figures 

 

Figure  

Number 

Figure Caption Pages 

Figure (1) Action of E. coli DNA gyrase, a type II topoisomerase: 

introduction    of negative supercoils. 

     3 

Figure (2) Sequence comparisons among eukaryotic type II topo-   

isomerases. 

     9 

 

Figure (3) 

Representation of the yeast DNA topoisomerase II dimer. 

The two crescent shaped monomers form a pair to make 

a heart shaped dimer with a large central hole.  

     

    10 

Figure (4) Schematic alignment of the amino-acid sequences of  

yeast DNA topoisomerase II and E. coli DNA gyrase 

    11 

 

Figure (5) 

A molecular model for the catalytic reaction of  of 

topoisomerase II. 

    13 

 

 

Figure (6) 

Diagram of DNA topoisomerase II cleavage reaction.  

ATP binding cause the two DNA linked tyrosines to  

undergo a significant translocation away from each other  

which opens a gab large enough for the second duplex to  

pass through. 

 

 

    14 

Figure (7) Reactions catalysed by type II DNA topoisomerases.     15 

Figure (8) Two paths for the merging of a pair of converging  

 replication forks 

    17 

 

 

 Figure (9) 

(A) top, a transcriptional ensemble R shown on a  

 DNA segment whose ends are anchored to a certain 

cellular entity "E". (A) Bottom, formation of positive  

supercoils ahead of the polymerase and negative   

supercoils behind it. 

(B) The terminal ends of DNA "E" are combined. 

     

 

    18 

 

 Figure (10) 

DNA topoisomerase II poisons stabilize the cleavable  

complex in the topoisomerase II reaction by forming a 

drug- enzyme- DNA ternary complex which is required 

to trigger the lethal effect of topoisomerase II poisons. 

 

    28 

   Figures 

 (11 & 12) 

Measurement of the area percentage of positive nuclear  

topo IIα immunoexpression. 

    47 

   Figures 

   (13-15) 

Measurement of the optical density of positive nuclear 

topo IIα immunoexpression. 

48 & 49 



         ii-List of Figures (continue) 

 

Figure  

Number 

Figure Caption Pages 

    Figures 

    (16-20) 

Histopathology and immunohistochemistry of the  

control specimens 

 59-61 

    Figures 

    (21-28) 

Histopathology and immunohistochemistry of 

pleomorphic adenoma. 

 62-65    

    Figures 

    (29-32) 

Histopathology and immunohistochemistry of Warthin's  

tumour. 

66 & 67 

    Figures 

    (33-38) 

Histopathology and immunohistochemistry of malignant 

pleomorphic adenoma. 

 68-70    

    Figures 

    (39-42) 

Histopathology and immunohistochemistry of low grade 

mucoepidermoid carcinoma. 

71 & 72 

    Figures 

    (43-47) 

Histopathology and immunohistochemistry of high grade 

mucoepidermoid carcinoma. 

 73-75    

    Figures 

    (48-60) 

Histopathology and immunohistochemistry of adenoid 

cystic carcinoma.  

 76-82    

   Figures 

   (61-65) 

Histopathology and immunohistochemistry of of 

polymorphous low grade adenocarcinoma. 

 83-85 

  Figures 

   (66-68) 

Histopathology and immunohistochemistry of acinic cell 

carcinoma. 

86 & 87 

  Figures 

   (69-72) 

Histopathology and immunohistochemistry of squamous    

cell carcinoma. 

88 & 89 

  

 Figure (73) 

Bar chart illustrating the difference in area percentage of  

topo IIα positive cells in benign and malignant salivary 

gland tumours. 

     

    92 

 

 Figure (74) 

Bar chart illustrating the difference in immunostaining 

intensity of topo IIα positive cells in benign and malignant 

salivary gland tumours.  

     

    93 

  

 Figure (75) 

Bar chart illustrating the difference in area percentage of  

topo IIα positive cells among different histological  

patterns of adenoid cystic carcinoma. 

 

    94 

 

 Figure (76) 

Bar chart illustrating the difference in immunostaining 

intensity of topo IIα positive cells among different  

histological patterns of adenoid cystic carcinoma. 

 

    95 

 

 Figure (77) 

Bar chart illustrating the difference in area percentage and 

immunostaining intensity of topo IIα positive cells between 

pleomorphic adenoma and malignant pleomorphic 

adenoma. 

    

    96 



 

 Figure (78) 

Bar chart illustrating the difference in area percentage and 

immunostaining intensity of topo IIα positive cells between 

low and high grade mucoepidermoid carcinoma. 

 

 

    97 

 

 

 



 -1- 

Introduction 

 

Introduction 

 
DNA undergoes conformational and topological changes during 

many cellular processes such as replication and transcription (Liu, 1989). 

DNA topoisomerases are ubiquitous enzymes; they resolve the 

topological problems which arise during the various processes of DNA 

metabolism including transcription, recombination, replication and 

chromosome partitioning during cell division (Osheroff et al., 1991; 

Gasser et al., 1992). 

 

Topoisomerases are classified into two major types, topoisomerase I 

and topoisomerase II (Tan et al., 1992). Because of their vital functions in 

cell physiology, they have become targets of numerous chemotherapeutic 

drugs (Chen and Liu, 1994; Wang, 1994). 

 

Type I topoisomerases are involved in transcription, whereas type II 

topoisomerases play an important role in DNA replication and mitotic 

events. Two isoforms encoded by different genes were identified for type 

II, topo IIα and topo IIβ. They do not only differ in their biophysical and 

biochemical properties but are also differentially regulated during the cell 

cycle (Capranico et al., 1992; Jenkins et al., 1992; Hwang and Hwong, 

1994). 

 

Danks et al. (1993) and Ishida et al. (1994) found that mutation of 

the gene  encoding for  DNA  topoisomerase IIα (topo IIα) may influence  

 


