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ABSTRACT 

 
The development of colorectal carcinoma (CRC) is divided in several stages, from normal 

mucosa to adenoma and invasive carcinoma. In routine diagnostic work, the correct diagnosis 

of colorectal adenoma, adenoma with epithelial misplacement and CRC is of utmost 

importance, enabling to choose the optimal treatment. Endoscopic removal is the treatment 

of choice for adenomas and adenomas with epithelial misplacement, since these lesions do 

not metastasize and additional surgical treatment is not necessary. In contrast, CRC including 

early stages (malignant adenomas) are capable to metastasize. It is important to make the 

correct diagnosis and to evaluate the risk for metastases and additionally treat these patients 

with surgical removal of the colon if needed. Despite meticulous microscopic investigation 

of histological slides, it is not always possible to distinguish between various lesions.  

Epithelial-mesenchymal transition (EMT) has emerged as a possible mechanism in the 

development of CRC, but the information on EMT particularly in early stages of CRC 

development is missing. Previous studies have demonstrated some micro RNAs (e.g., miR-

141, miR-200a/b/c and miR-429) to be good markers of EMT.  

Our study included formalin-fixed paraffin-embedded biopsy samples of 62 patients (10 

adenomas and 30 cases of CRC with corresponding normal mucosa, 10 malignant adenomas, 

and 12 adenomas with pseudoinvasion). Expression of miR-141, miR-200a/b/c and miR-429 

and their target genes (CDKN1B, ONECUT2, PTPN13, RND3, SOX2, TGFB2 and ZEB2) was 

analysed using quantitative real-time PCR. Expression of E-cadherin was analysed using 

immunohistochemistry.  

All miRNAs were down-regulated and their target genes showed the opposite expression in 

CRC compared to adenoma. Down-regulation of the miR-200 family at the invasive front in 

comparison to the central part of tumour was observed as well as a correlation of expression 

of the miR200b, CDKN1B, ONECUT2 and ZEB2 to nodal metastases. Expression of the miR-

200 family and SOX2 also correlated with E-cadherin staining. In addition, down-regulation 

of the miR-200 family and PTPN13 and upregulation of CDKN1B in early carcinoma 

compared to adenomas and adenomas with epithelial misplacement was observed.  

These results suggest that the miR-200 family and their target genes contribute to progression 

of adenoma to CRC, invasive properties and development of metastases. Our results strongly 

support the postulated hypotheses of partial EMT and intra-tumour heterogeneity during CRC 

cancerogenesis.  

 

Keywords: colorectal adenoma, colorectal carcinoma,adenoma with epithelial 

misplacement, metastases, intra-tumour heterogeneity, epithelial-mesenchymal transition, 

miR-200 family, target genes 4  
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      (Spearman's rank-order correlation). 
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     1. 

Group 

Age  

(mean ± SD) 

Female / male pTNM 

No of cases with weak or 

focal loss of E-cadherin 

staining 

Adenoma (n 

= 10) 
61,00 ± 10,99 1 : 9 - 

4 

40,0 % 

CRC N0 (n = 

13) 

74,62 ± 11,09 

 

9 : 4 

pT1N0 (n = 0) 

pT2N0 (n = 3) 

pT3N0 (n = 5) 

pT4N0 (n = 1) 

7 

53,9 % 

CRC N+ (n = 

17) 

70,88 ± 13,87 

 

 

9 : 8 

pT3N1 (n = 6) 

pT4N1 (n = 4) 

pT4N2 (n = 7) 

 

9 

52,9 % 

Malignant 

adenoma 

(n = 10) 

65,4±9,22 5 : 5 pT1  

Adenoma 

with 

epithelial 

misplacement 

(n = 12) 

57,07±6,02 9 : 3 -  

CRC T4 67,8 ±13,87 8 : 2 pT4a (n = 10)  
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(  e  miR-200b)         
    .  EMT    
   .   miR-205, ZEB1  WAVE3    

     , j.  oj , a, 
   CRC-      CRC-   

 . 
 

6.4   miR-200        ђ   

        

 

      miRNK   
 ђ        CRC-om N0,   

         
miRNK  CRC-  N+.  ,  ђ      

      CRC-a N0.   ђ   
           4  5 

 miRNK ђ    CRC-a N0  CRC-a N+. 

 

   miRNK       
ђ    miRNK    CRC-a N0; up  
      miR-141 (~ 12,2 , p = 0,001), miR-200b 

(~ 14,3 , p < 0,001), miR-200c (~ 23,4 , p < 0,001)  miR-429 (~ 33,2 , p 

< 0,001).  

     7 . 
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 7 .   miRNK    ђ    

miRNK   . 

 

     , CDKN1B, PTPN13, RND3, 

SOX2  ZEB2       ђ      

  CRC-a N0,  ONECUT2  TGFB2 ,    
 . , PTPN13, SOX2  ZEB2      2 

  10  ,        
. ,        

  CDKN1B (~ 2,3 , p = 0,015)  RND3 (~ 5,9 , p < 0,001),  
 a a miR-200b.  

     7 . 
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 7 .         ђ  

      . 

 

ђ ,    , ,   
ђ   CDKN1B  miR-200a (rs= -0,648, p= 0,043)   . 

 

6.5  miRNK          

ђ    miRNK        

 

Mann–Whitney   ΔCq       
miR-141 (14,2 , p = 0,001), miR-200b (7,6 , p = 0,002), miR-200c (6,6 , p 

= 0,011)  miR-429 (28,2 , p < 0,001)       
ђ        . ђ ,  

     PTPN13    
  ђ        (2,5 , p = 

0,028).  

     8   8 . 
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 8 .  miRNK      ђ   

 miRNK   . 

 

 

 

 
 8 .         

ђ        . 

 



39 

 

6.6   miRNK        (  )  

ђ    miRNK        

 

Mann-Whitney   ΔCq      
 miR-141 (5,0 , p = 0,027), miR-200b (5,1 , p = 0,016)  miR-429 

(6,7 , p = 0,029)   ђ        

   . ђ ,     
  RND3     ђ      

  (3,1 , p = 0,010).  

     9   9 . 
 

 
 9 .  miRNK    (  )  

ђ    miRNK   . 
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 9 .       (  )  

ђ        . 

 

6.7   miR-200         

  ђ     miR-200      

  

 

  miRNK   o   CRC-  N0  
ђ    miRNK    ,  miR-

200  ,    ; up        
miR-141 (~ 1,7 , p = 0,019)  miR-429 (~ 3,7 , p = 0,041) .  

     10 . 
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 10 .  miRNK       ђ   

 miRNK   .  

 

   ,    CDKN1B, PTPN13, RND3, 

SOX2  ZEB2      CRC-  N0,  ONECUT2  TGFB2 , 

   .         
CDKN1B(~ 3,0 , p = 0,015)   ZEB2 (~ 2,7 , p = 0,011) .   

   10 . 
 

 
 10 .          

ђ        . 
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   (engl. Spearman's correlation coefficient) 

      CRC-  N0  miR-200a      
 TGB2  (rs = 0,900, p = 0,037), CDKN1B     miR-

141 (rs= 0,683, p = 0,042)   RDN3     miR-200c (rs= 0,867, p 

= 0,002) .          .  
 

6.8   miR-200         

  ђ  e  miR-200       

  

 

  miRNK,  miR-200a ,     
 CRC-a N+  ђ       ; up 

       miR200b (~ 19,4 , p < 0,001), 

miR-200c (~ 2,7 , p = 0,003)  miR-429 (~ 3,2 , p = 0,006) .  

     11 . 
 

 

 
 

 11 .  miRNK       ђ  
  miRNK   . 

 

   miRNK     CRC-a N+   
  CRC-a N0. PTPN13, ONECUT, SOX2  RND3     

,  TGFB2, ZEB2  CDKN1B       
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CRC-a N+  ђ        

.        CDKN1B (~ 1,5 

, p = 0,017)  ONCECUT (~ 13,1 , p = 0,018) .  

     11 . 
 

 
 11 .          

ђ        . 

 

   (engl. Spearman's correlation coefficient) 

    miR -200a, miR -200c  miR -141     
  TGFB2   CRC-  N+ (rs = -0,841, p = 0,005; rs = -0,765, p = 0,016; 

rs = -0,668 , p = 0,049; ). 
 

6.9  miRNK        ђ   

 miRNK        

 

        
 miR-200        ђ   CRC-  

N0  CRC-om N+.  miRNK    ђ    
CRC-a N0  CRC-a N+ (miR-200a, p = 0,026  p < 0,001, ; miR-200c, 

p = 0,001  p < 0,001, ; miR-141, p = 0,007  p < 0,001, ; miR-

429, p = 0,011  p <0,001, ),  je miR-200b  o   
 ђ    CRC-a N+ (p = 0,003).  

     12 . 
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 12 .  miRNK    ђ    miRNK  

. 
 

   miRNK,  miRNK  ,     
 ђ      , CRC-a N0  CRC-a N+,   

CDKN1B (p < 0,001  p = 0,001, ).  , ђ    
   ђ     CRC-  N0  ZEB2 (p = 

0,034)  SOX2 (p = 0,046) ,   ђ     CRC-  N+  

ONECUT2 (p = 0,006)  RND3 (p < 0,001) . 

     12 . 
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 12 .       ђ   
   . 

 

 

6.10  miRNK          

ђ    miRNK         

 

 

      miR-141 (p = 

0,051)  miR-429 (p = 0,030)      ђ    
    .     

  PTPN13  (p = 0,019),    CDKN1B     
    ђ        (p 

= 0,051).  

     13   13 . 
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 13 .  miRNK      ђ   

 miRNK      

 

 
 13 .         ђ  

        . 
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6.11  miRNK          

 ђ    miRNK        

   

 

 miRNK         
  ђ   ђ ,  CRC N0  CRC N+. 

         miRNK ђ  
CRC-a N+  CRC-a N0,   miR-200b . 

     14 . 
 

 
 14 .  miRNK       ђ  

  miRNK     . 
 

   miR-200, ONECUT2     
 CRC-  N+  ђ     CRC-  N0 (p = 0,028),   ZEB2  

CDKN1B      CRC-  N+  ђ   
  CRC-  N0 (p = 0,038  p = 0,001, ). 

     14 . 
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 14 .          

ђ          . 
 

6.12   miR-200         

      ђ   e   miR-200  

       

 

 Willcoxon Rank      
 ONCECU 2       ђ    

    (p = 0.028).   miRNK,  mRNK 

   .      ,   
  .        miRNK 

       ђ     miRNK  

  . ђ ,         
  .        . 

 

,   Mann-Whitney   ΔCq a o   
        (n 

= 33)   CRC-a 2 (n = 4), CRC-a 3 (n = 14)  CRC-a 4 (n = 15 ).  
      miR-429   CRC-  2 (p = 

0,031),  ONECUT2  (p = 0,035)  CRC-  3  ONECUT2 (p = 0,006), ZEB2 (p = 

0,017)  SOX2  (p = 0,025)  CRC-  4.    
     ONECUT2      2, 

3  4 CRC-  (Rho = 0.621, p = 0.001). 
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6.13  miRNK           

     

 

,   Mann-Whitney   ΔCq    
  ђ  CRC-a 2, CRC-a 3  CRC-a 4.   

     PTPN13 (p = 0,037)  ZEB2 (p = 0,017) . 

     15   15 .  
  ,       

 (ΔΔCq), ђ   ђ  ђ  CRC-a 2,  CRC-a 3  CRC-a 4. 
    o      miRNK, 

  mRNK. 

 
 15 .  miRNK       

   . 
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 15 .          

   . 
 

6.14  -       miRNK  mRNK  

 

 e miRNK    ,     
       CRC- ,     

      -      
 (  ).      

     miRNK (p = 0,036  miR-141, p = 0,003  miR-200 , p 

= 0,014  miR-200b, p = 0,003  miR-200c, p = 0,034  miR-429), o    
SOX2  (p = 0,05). 

 

6.15  ђ  miRNK         

 

    ђ   miRNK   
  . ђ ,     ђ   

ђ  miRNK       ђ      
ђ  miRNK. 

       2.  
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 CDKN1B ONECUT2 PTPN13 RND3 SOX2 TGFB2 ZEB2 E-

 

miR-200a -0,360 -0,395 / -0,325 / / / 0,474 

miR-200b / / / -0,384 / / / 0,400 

miR-200c -0,503 / / -0,337 / / / 0,484 

miR-141 / / / -0,351 / / / 0,355 

miR-429 / / / -0,347 / / / 0,363 

E-

cadherin 

/ / / / 0,521 / / 1 

 

 2.  ђ   miRNK     
. 

 

,  miR-200b (rs = -0,499, p < 0,001)  miR-429 (rs = -0,287, 

p = 0,014)          (  
, , CRC N0  CRC N+).         

(  ,   CRC),       
   miRNK    ,  miR-200b (rs = -

0,620, p < 0,001), miR -200c (rs = -0,401, p < 0,001), miR -141 (rs = -0,420, p < 0,001), 

miR -429 (rs = -0,522, p < 0,001)  CDKN1B (rs = 0,377, p = 0,007), PTPN13 (rs = -

0,426, p = 0,006)  RND3 (rs = 0,467, p = 0,016) . 
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7   

 

 :       
        

  
 

          
   .        

 (58 – 60),  60%   CRC-      
  ,   ,     
 (60). EMT a      ,   

  CRC-     .  EMT    

     ,     
,        (34, 61). 

 

  ,        CRC-a 

  ( ) EMT.  EMT    
    ,     

    ,   
  ( )    .    
           
 ,     EMT-a     (34, 36),  

   EMT  ( - ,  miR-200   
 )     .    

      EMT     CRC-      
 ,     EMT.     

   , ,  ,   
  CRC     CRC   . 

ђ ,       CRC     CRC 

  .  
 

  ,       miR-

200    ,         
EMT-a       (34, 35, 61).  

 EMT       
- . 
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7.1   -   

 

  -     EMT- . - , 
       ,   

    ,  
  Ca2+  ђ  .    

      N-  . 
   -      β- ,  

     ,      

 .        
– ,     ђ  ,     

  . 
 

  ,   -    
          CRC- , 

           miR-

200.      -  (64),   
           ,  

ђ   . ,    
 (   )   CRC-   je    
a .     ,    je 

    ђ         
  . ђ ,        

           -  
      ,      

      (65). 
 

       EMT    
CRC-   a   miR-200,    

    - ,       
 EMT,         

  -   (66).    
    EMT-   CRC- ,     EMT 

 ,    .      
 CRC-     ђ    - , 

        ,     
  - .      ÇRC-  

    ,       
 .  –    , oje  
e      .  ,  

      –  .  , ,  
     ,      
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 .    EMT,      
,  ,   –  ( .  

 - )    ,   
     .     

      ,    
  (9, 61, 67 – 73).  

 

7.2 ђ   EMT-       

 

  ,     ђ  EMT . 
,      miR-205     

   ,   CRC- .    
    miR-205     CRC-

,              
 CRC-  (74 – 76).    , miR-205    ,  
   . 

 

  miR-200        
EMT- ,       EMT- ,   ZEB1  
ZEB2 . ђ , ZEB1         , 

  ZEB2   .   EMT  ,  
   -  ,     

    (61).      EMT-  
     . ,       
     EMT-     

/  EMT,      EMT-

       EMT-  (77). ђ ,    
   miR-200b  WAVE3,    

 ,       (78). 
 

7.3  miR-200        ђ    miR-

200             

 

   CRC- , j. a – , 
    :  

          o 
CRC- .       miRNK   

,     a miRNK   
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         miRNK   
 (79). 

 

      , j.  
ђ   ђ  ,  CRC-    .  

 ,     ,  
          .  

,    CRC-         

    .   CRC-    ђ   
  ,    ,  

Willcoxon Rank .  ,   ђ    
    CRC-a,    , 
 Mann-Whitney .    ,    

ђ    ,        

     ђ      . 

 

     „ “ ,    
     .    

   ,       .   
, „ “     20 cm      

  . ђ ,     
       (80),     

   EMT    . ,   ,  
ђ  ,        

      .  
,  ,   ,  .,  ђ  

     . ђ ,   
EMT- ,       ,       

 . „ “ e ,    EMT     
 . 

 

          miR-200  
      ђ      

.  ,    CRC- ,     
  miR-200    ,    

     miR-200a  miR-200c      
   ђ      (81).    

(CDKN1B, PTPN13, RND3, SOX2  ZEB2)        ђ  
       . , PTPN13, SOX2 

 ZEB2            
 ,   ONECUT2  TGFB2    . 

        miR-200  
 ,    ,      

CDKN1B  SOX2 ,       
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  .   SOX2   
               

  (82, 83). ,      ,   
  SOX2  ( ђ    PTPN13  ZEB2 ), 

      . 
 

 , ,        miR-

200  ZEB2    /  , ђ , 

  ,         (84). 

CDKN1B       ; ђ ,   

     CDKN1B      20%  
  (85)          – 

 /   CRC (86). 

 

          miRNK   
RND3, ђ    RhoE. RND3       

  ,      

       ,      
  ђ  .        
      ,      
 RND3           

,         (87, 88). 
 

 ,         
202   CRC- ,  80  ,   

 RND3   .      
 o   ,      

 .    ,     
         RND3  

,     RND3   (89). 

 

     miR-200  ђ  CRC-   
 ,  miR-200a,     miR-200  

 .       ђ     

CRC N0  CRC N+.       ONECUT2 

,         CRC- . 
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7.4  miR-200           

ђ    miR-200         

  

 

       miR-200     
          

a,        CRC- ,  
    ,     

  (90). 
 

    CRC-     . 
    EMT-    .    

         
  (77),    CRC-     

    .      up 

 miR-200b   CRC-      ђ   up 

 CRC-    ,    miRNK , 

, EMT-    CRC- .      
  miR-200b   CRC-     miR-200b 

    CRC- .  miR-200b  miR-429 

 ђ       pTHM  CRC- ,     
   CRC- . 

 

  ,       miR-200b  miR-429  
    CRC-  (91 – 93), ,  

 miR-141         (94 ). 
  ,     CDKN1B, ONECUT2, PTPN13, 

SOX2, GTFB2, WAVE3, ZEB1  ZEB2   miR-200.      
 CDKN1B, ONECUT2  ZEB2      CRC-   

   ђ      CRC-    
. ZEB2  CDKN1B     miR-200b,  e   

      CRC,  ONECUT2     
miR-429. (95).         CRC-    
p27,    CDKN1B ,      

      (96). 
 

     CDKN1B       
 ,          CDKN1B  

        CRC- .  
 ,     miR-429   EMT  

TGF-β  ONECUT2    CRC-a (97). ђ ,   
,       ONECUT2    
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  CRC- .  ,      ZEB2,  
      a  miR-200,  

          CRC-  

  (98 – 100).     miR-200b  ZEB2   CRC-

     ђ      CRC-   
 ,      ZEB/miR-

200    CRC-  (100). 

 

7.5    

 

      a   
  a   o ,      

 ,      
 ђ   (16, 101).      –   
   ( )     

 (  ),   .   , 
    a      ,   

      .   
  miR-200         

 ђ           . 
 

      down  miR-

141, miR-429  PTPN13     CDKN1B    
  ђ         
 . ђ ,     miR-200c  

miR-429    CDKN1B  RND3      
ђ      . ,    

 TGFB     RND3  CDKN1B     
  ђ      . 

 

 

7.6      

 

    CRC-   THM   
       IUCC-a  AJCC-a.  THM  

       CRC- . CRC     
,       ( 1-pT4a-b),  4 CRC   

     .       
    CRC- ,    3  4  CRC- . 
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       ONECUT2   
   pT2, pT3  pT4  CRC- .  ,   

     miR-429, ONECUT2, ZEB2  SOX2  
   CRT         

. 

 

 ,       PTPN13  ZEB2  
ђ  pT2  pT3  CRC-a  CRC-     (pT4 ). 

 

       EMT    CRC-

,    .   PTPN13    
CRC-        PTPN13 ,   

  . 
 

7.7  miR-200      

 

     miR-200    
           
  73% . ђ ,       miR-200b . 

     ITH-a,     miRNK (36). ђ  
   miR-200b       (engl. tumour budding)  

   71%  (102)        
  CRC- ,  RND3  CDKN1B  (34). 

 

 miR-200b ,   , ђ ,  
  miR-200c        

 CRC-  (102 – 104).  ,     miR-200a, miR-200b 

 miR-200c  ђ        CRC-

,     (90),      
   miR-141  miR-429    .    

    miR-200       

        , 
      CRC-a,    
  ,      

 (105). 

 

      /   
     ђ       . 

  (90, 104)        
 miR-200     ITH. ђ ,    
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 ITH-     ,      
 (106 – 108). ITH     ITH,  

ITH,  ITH (    )   ITH (  
   ).      ITH    

 ,     ,      
  ITH-      , 

    (36). 
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8   

 

 ђ    miR-200       
 CRC-      CRC-        

 .        ђ    
;        CRC-   ђ   ; 

      CRC-    . 
      miRNK      

  -         
  ђ        .  

, ,       EMT  EMT   
CRC- . 
 

ђ    miR-200        
         

miR-200  PTPN13     CDKN13      
ђ           

 .         
EMT-a      CRC. 

 

ђ    miR-200       
          , 

ђ       EMT-a   CRC- .  ,  
 PTPN13    CRC-       

  . 
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