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Summary The CCAAT/enhancer binding protein (C/EBP) family of transcription factors is involved in metabolism and differentiation of cells,
especially in rodent liver cells and adipocytes. Their roles in vivo and in particular during pathophysiological conditions in humans are largely
unknown. We have investigated the presence of C/EBPα, -β, -δ and -ζ in normal ovaries and in epithelial ovarian tumours of different stages.
Immunohistochemical experiments demonstrated that C/EBPα and C/EBPβ were preferentially expressed in epithelial/tumour cells
irrespective of stage or grade of the tumour. C/EBPβ was located in the nuclei of the cells, in contrast to C/EBPα, which was present only in
the cytoplasm of these cells. The nuclear localization of C/EBPβ indicates an active role of this transcription factor in tumour cells, whereas
the cytoplasmic distribution suggests a more passive function of C/EBPα. C/EBPδ and -ζ demonstrated a more diverse distribution with
predominant localization to epithelial cells, but stromal distribution was also noted. The intracellular distribution was confined to both the
nucleus and the cytoplasm for C/EBPδ and -ζ. Western blotting demonstrated that C/EBPα, -β, -δ and -ζ were present in a majority of the
samples. The amount of C/EBPβ increased markedly with malignancy, i.e. with degree of dedifferentiation, while the other members of the
C/EBP family displayed a more constant expression level. These results demonstrate an association between the expression of members of
the C/EBP family and the formation of epithelial ovarian tumours, with C/EBPβ as a potential marker for these tumours. As C/EBPβ is known
to be expressed during proliferation of cells in vitro, it may participate in the proliferative process of ovarian epithelial tumour cells in vivo and
play a central role in tumour progression.

Keywords: ovarian surface epithelial cells; tumour formation; transcription factors; C/EBP 

British Journal of Cancer (1999) 79(7/8), 1240–1248
© 1999 Cancer Research Campaign
Article no. bjoc.1998.0199
       
         α
 β   γ  δ
β ε   ζ  
       
       
       
          
         
    
        


   
ζ 
     ζ    

α β




        
1240

Received 17 November 1997
Revised 13 May 1998
Accepted 13 July 1998

Correspondence to: L Hedin, Department of Physiology, Göteborg University,
PO Box 432, SE-405 30 Göteborg, Sweden

βδ
      
   α     
       
α 
 α   
ζ 
          
        
         






         
        
 ζ      













C/EBP in ovarian tumours 1241

Table 1 List of tissues analysed for C/EBPα, -β, -δ and -ζ

Sample no. Type Stage α β δ ζ

N1 N Normal, fertile W W W W
N2 N Normal, fertile W W W W
N3 N Normal, fertile W W W
N4 N Normal, post-menopausal W W W W
N5 N Normal, post-menopausal I I I I
N6 N Normal, post-menopausal I I I I
N7 N Normal, post-menopausal I I I I
Tb1 B Adenoma I I I I
T8 B Adenofibroma W W W W
T12 B Adenofibroma W,I W,I W,I W,I
T17 B Adenoma W W W
T36 B Adenofibroma I I I I
T5 BL Borderline adenofibroma IA W W W W
T16 BL Borderline adenoma IA W,I W,I W,I W,I
T20 BL Borderline adenoma IA I I I I
T32 BL Borderline muc. adenoma IA I I I I
T22 M h diff. ser. adenocarcinoma III I I I I
T25 M h diff. ser. adenocarcinoma III I I I I
T34 M h diff. muc. adenocarcinoma IA I I I I
T9 M m/p diff. ser. adenocarcinoma III W,I W W,I W,I
T15a M m/p diff. ser. adenocarcinoma III W,I I I W
T15b M Metastasis t. 15a III W W W
T29 M m diff. ser. adenocarcinoma III I I I I
T30 M m diff. ser. adenocarcinoma III I I I I
T31 M m diff. ser. adenocarcinoma III I I I I
T11 M m/p diff. ser. adenocarcinoma II W W W W
T10a M m/p diff. ser. adenocarcinoma III W W W
T10b M Metastasis t. 10a III W W W
T14 M p diff. ser. adenocarcinoma III W W W W
T26 M p diff. ser. adenocarcinoma II I I I I
T27 M p diff. ser. adenocarcinoma IC I I I I
T33 M p diff. ser. adenocarcinoma III I I I I
T35 M p diff. ser. adenocarcinoma III I I I I
T18 M Undiff. adenocarcinoma III W,I W,I W,I W,I
T28 M undiff. adenocarcinoma I I I I I

Abbreviations: W, Western blotting performed; I, immunohistochemistry
performed; N, normal; B, benign; BL, borderline; M, malignant; h, highly; m,
moderately; p, poorly; diff, differentiated; ser, serous; muc, mucinous.
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Immunohistochemistry


°   

 

        
        
 
      
     

      

       
        

          
        
        


Western blotting


          
   

           
   
          
 g °
°  

° 
      
        

    


 

     
  
  

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      

         
     
         
× 

t
P 



C/EBPα

      
α 



          
α


   


α 
α 
        
          
  
        

 
         
          



C/EBPβ


   β     

         
β 

      
β 

         
      
β
    α β    

      α  
         
        
β 

β 
         
            
  β     
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
β 
        
 P        
   
         
        
β 


C/EBPδ


δ       

         
δ 



   δ      
 

         

 

C/EBPζ

      

         
ζ 
  
       ζ 
       
         


ζ


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Figure 1 Detection of four members of the C/EBP family with immunohistochemistry in a moderately differentiated serous adenocarcinoma (T31)
(bar = 50 µm). (A) Negative control, (B) cytokeratin as a marker of epithelial cells, (C) C/EBPα, (D) C/EBPβ, (E) C/EBPδ and (F) C/EBPζ
 


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Figure 2 Detection with immunohistochemistry (bar = 50 µm) of C/EBPα (A and D), C/EBPδ (B and E) and C/EBPζ (C and F), in a post-menopausal normal
ovary (N5); surface epithelium (A–C), epithelial cells lining a cleft formation (D–F)

A B C

D E F

Figure 3 Detection of C/EBPβ in a post-menopausal normal ovary (N5) with immunohistochemistry (bar = 50 µm) (A) surface epithelial cells, (B) inclusion
cyst, (C) cleft formation and (D–F) corresponding tissue sections incubated with antibodies against cytokeratin, a marker of epithelial cells
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Figure 4 Detection of C/EBPβ in (A) epithelial cells of a borderline tumour (T16), (B) moderately differentiated adenocarcinoma (T30), (C) poorly differentiated
adenocarcinoma (T33) and (D) undifferentiated adenocarcinoma (T18) (bar = 50 µm)
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Figure 5 Western blotting analysis of four members of the C/EBP family.
(A) C/EBPβ (LAP 34 and 38 kDa, LIP 18 kDa) and the quantification by
densitometry (OD × mm, the result of sample 8 refers to lower blot). (B)
C/EBPα (42 kDa), C/EBPδ (30 kDa) and C/EBPζ (29 kDa). The samples: 1
and 2, normal post menopausal ovaries (N1, N4); 3 and 4, benign tumours
(T12, T8); 5, a borderline tumour (T5); 6–9, medium to poorly differentiated
malignant tumours (T11, T9, T10a, T14); and 10, undifferentiated malignant
tumour (T18)
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Figure 6 Comparison of Western blots for C/EBPβ (LAP, 34/38 kDa and
LIP, 18 kDa) (top) and PCNA (36 kDa) (bottom). The samples: 1, T5; 2,
T10a; 3, T10b; 4, N1; 5, N2; 6, T14; 7, T16; 8, T17; 9, T18. Abbreviations:
N, normal ovary; B, benign tumour; BL, borderline tumour; M, malignant
tumour
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