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ȺˊɘɔŮɜŮŰɘəɐ-ɞɟɘůɛɧɠ 

× Conrad Weddington, 1939: ŮɘůɐɔŬɔŮ Űɞɜ 

ɧɟɞ "ŮˊɘɔŮɜŮŰɘəɐ".  

    "ɞ əɚɎŭɞɠ Űɖɠ ɓɘɞɚɞɔɑŬɠ, ˊɞɡ ɛŮɚŮŰɎ Űɖɜ ŬɘŰɘɩŭɖ 

ŬɚɚɖɚŮˊɑŭɟŬůɖ ŬɜɎɛŮůŬ ůŰŬ ɔɞɜɑŭɘŬ əŬɘ ŰŬ 

ˊɟɞɥɧɜŰŬ Űɞɡɠ əŬɘ űɏɟɜŮɘ Űɞ űŬɘɜɧŰɡˊɞ ůŮ 

ɚŮɘŰɞɡɟɔɑŬ"  

 

 

× Andrian Bird, 2002: óôūŬɘɜɧɛŮɜɞ ˊɞɡ 
ˊŮɟɘɚŬɛɓɎɜŮɘ əɚɖɟɞɜɞɛɞɨɛŮɜŮɠ ŬɚɚŬɔɏɠ ůŰɖɜ 

ɔɞɜɘŭɘŬəɐ ɏəűɟŬůɖ ɧˊɞɡ ŭŮɜ ɛŮŰŬɓɎɚɚŮŰŬɘ ɖ 

ɜɞɡəɚŮɞŰɘŭɘəɐ ŬɚɚɖɚɞɡɢɑŬ ŬɚɚɎ ŮˊɘŭɟɎ ůŰɖɜ 

ŭɘŬɛɧɟűɤůɖ Űɞɡ DNAóô.  



EˊɘɔŮɜŮŰɘəɐ-ɞɟɘůɛɧɠ  

çȼ ɛŮɚɏŰɖ Űɤɜ əɚɖɟɞɜɞɛɘəɩɜ ŬɚɚŬɔɩɜ ůŰɖɜ ɏəűɟŬůɖ Űɤɜ 

ɔɞɜɘŭɑɤɜ ˊɞɡ ŭŮɜ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŰŬɡŰɧɢɟɞɜɖ ŬɚɚŬɔɐ Űɖɠ 

ŬəɞɚɞɡɗɑŬɠ Űɞɡ DNAè 

ɐ 

çȼ ɛŮɚɏŰɖ əɚɖɟɞɜɞɛɐůɘɛɤɜ űŬɘɜɞŰɡˊɘəɩɜ ŬɚɚŬɔɩɜ ˊɞɡ 

ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ  ɛŮ Űɞ ˊŮɟɘɓɎɚɚɞɜ ɢɤɟɑɠ 

ɧɛɤɠ ŬɚɚŬɔɏɠ ůŰɞɜ ɔɞɜɧŰɡˊɞè 

  



ȺˊɘɔŮɜŮŰɘəɐ 

 

× ɇŬ ŭɨɞ əɨɟɘŬ ůŰɞɘɢŮɑŬ Űɞɡ 

ŮˊɘɔŮɜŮŰɘəɞɨ əɩŭɘəŬ: 

 

1) ɀŮɗɡɚɑɤůɖ Űɞɡ DNA 

 

2) ɇɟɞˊɞˊɞɘɐůŮɘɠ ɘůŰɞɜɩɜ (ɛŮɗɡɚɑɤůɖ, 

ŬəŮŰɡɚɑɤůɖ, űɤůűɞɟɡɚɑɤůɖ, 

ɞɡɓɘəɘŰɘɜɘɚɑɤůɖ) 

 

 

 

ȺˊɑŭɟŬůɖ ůŰɖ ŭɞɛɐ Űɖɠ ɢɟɤɛŬŰɑɜɖɠ!! 

Qiu J. Nature 2010 Vol 441, 143-145 

 



ȺˊɘɔŮɜŮŰɘəɞɑ ɛɖɢŬɜɘůɛɞɑ 

Ƀɘ ŰɟŮɘɠ əɨɟɘɞɘ ŮˊɘɔŮɜŮŰɘəɞɑ ɛɖɢŬɜɘůɛɞɑ ŮɑɜŬɘ:  

 

i) ɀŮɗɡɚɑɤůɖ Űɞɡ DNA, 

ii) ɀŮŰŬ-ɛŮŰŬűɟŬůŰɘəɏɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ Űɤɜ ɘůŰɞɜɩɜ əŬɘ  

iii) ȰəűɟŬůɖ micro-RNAs (miRNAs) əŬɘ non-coding RNAs 

(ncRNAs) 

 

ȾŬɘ ɞɘ ŰɟŮɘɠ ɛɖɢŬɜɘůɛɞɑ ɛˊɞɟɞɨɜ ɜŬ ɟɡɗɛɑůɞɡɜ Űɖ ɛŮŰŬɔɟŬűɐ Űɤɜ 

ɔɞɜɘŭɑɤɜ ŰɟɞˊɞˊɞɘɩɜŰŬɠ Űɖɜ ˊɟɧůɓŬůɖ ůŰɞɡɠ ɡˊɞəɘɜɖŰɏɠ 

ɔɞɜɘŭɑɤɜ (gene promoters) əŬɘ ůŰɘɠ ɟɡɗɛɘůŰɘəɏɠ ˊŮɟɘɞɢɏɠ.  

      

 

 

 

  ɃˊɞɘŬŭɐˊɞŰŮ Ŭˊɞɟɟɨɗɛɘůɖ ůŰɞɡɠ ŰɟŮɘɠ ɛɖɢŬɜɘůɛɞɨɠ ɛˊɞɟŮɑ ɜŬ 

ɞŭɖɔɐůŮɘ ůŮ ŬəŬŰɎɚɚɖɚɖ ɏəűɟŬůɖ ɔɞɜɘŭɑɤɜ əŬɘ ɜŬ ŬɜŬˊŰɡɢɗŮɑ 

əŬɟəɑɜɞɠ ɐ əɎˊɞɘŬ Ɏɚɚɖ ŮˊɘɔŮɜŮŰɘəɐ ŬůɗɏɜŮɘŬ 



Ⱦɨɟɘɞɘ ŮˊɘɔŮɜŮŰɘəɞɑ ɛɖɢŬɜɘůɛɞɑ 



ɉɟɤɛɧůɤɛŬ  

ɇɟɞˊɞˊɞɑɖůŮɘɠ  

ȽůŰɞɜɩɜ 

ȺˊɑŭɟŬůɖ 

miRNA 

ɀŮɗɡɚɑɤůɖ 

DNA 

ɁɞɡəɚŮɧůɤɛŬ  

ȺˊɘɔŮɜŮŰɘəɞɑ ɛɖɢŬɜɘůɛɞɑ 



ɳˉʽʴʶ˄ʶˍʽˁˇʾ ˃ ʹ˔ʰ˄ʽˋ˃ˇʾ-ʰ˄ʰˁʶ˒ʰ˂ʰʾ˖ˋʹ 



S-Adenosyl methionine S-Adenosyl homocysteine 

Cytosine 5-Methylcytosine 

ɀŮɗɡɚɑɤůɖ Űɞɡ DNA 

üɃɛɞɘɞˊɞɚɘəɐ Űɟɞˊɞˊɞɑɖůɖ Űɞɡ DNA 

üɄɟɞůɗɐəɖ ɛŮɗɡɚɞɛɎŭŬɠ (-CH3) ůŰɞ 5ô ɎɜɗɟŬəŬ 

Űɞɡ ˊɡɟɘɛɘŭɘɜɘəɞɨ ŭŬəŰɡɚɑɞɡ Űɖɠ əɡŰɞůɑɜɖɠ 

üɆɢɖɛŬŰɘůɛɧɠ 5-mC        ɖ óô5ɖ ɓɎůɖóô 



ȼ ɛŮɗɡɚɑɤůɖ Űɞɡ DNA 

CH3 

DNA demethylases  



DNA ɛŮɗɡɚɞŰɟŬɜůűŮɟɎůŮɠ - DNMTs 

V ɀŮŰŬűɏɟɞɡɜ ɛɘŬ ïCH3 Ŭˊɧ Űɞ ŮɜŮɟɔɧ Űɞɡɠ əɏɜŰɟɞ ůŮ ɏɜŬ əŬŰɎɚɞɘˊɞ əɡŰɞůɑɜɖɠ 

(C). 
 

ʆˏˉˇˌ 
˃ʶʻˎ˂ˇˍˊʰ˄ˋ˒ʶˊʱˋʹˌ 

ɽʶʽˍˇˎˊʴʾʰ 

DNMT1 ɲʽʰˍʺˊʹˋʹ ̱ ʹˌ 
˃ʶʻˎ˂ʾ˖ˋʹˌ ˍˇˎ DNA. 

DNMT2 ɾʽˁˊʺ ʶ˄ʶˊʴˈˍʹˍʰ 
˃ʶʻˎ˂ˇˍˊʰ˄ˋ˒ʶˊʱˋʹˌ 
ˋˍʰ tRNA. 

DNMT3a De novo ˃ ʶʻˎ˂ʾ˖ˋʹ 

DNMT3b De novo ˃ ʶʻˎ˂ʾ˖ˋʹ 

DNMT3L ʅˎ˃ˉʰˊʱʴˇ˄ˍʰˌ ɹ ʽʰ de 
novo ˃ ʶʻˎ˂ʾ˖ˋʹ 
 

Hudson W. 2014, Nature Reviews Mol Cel Biol 15: 749-760 



ɀŮɗɡɚɑɤůɖ-ŬˊɞɛŮɗɡɚɑɤůɖ Űɞɡ DNA 

Kohli RM, Zhang Y ñTET enzymes, TDG and the dynamics of DNA demethylationò Nature (2013) 

ɀŮɗɡɚɑɤůɖ DNA: 

Å DNMT1 ŭɘŬŰɐɟɖůɖ Űɖɠ 

ɛŮɗɡɚɑɤůɖɠ 

Å DNMT3A,B əŬɗɘɏɟɤůɖ Űɖɠ 

ɛŮɗɡɚɑɤůɖɠ 

ȷˊɞɛŮɗɡɚɑɤůɖ Űɞɡ DNA: 

Å ɇȺɇ ɏɜɕɡɛŬ   

ȷˊɞəŬŰɎůŰŬůɖ ɛŮɗɡɚɑɤůɖɠ DNA: 

ÅTDG, BER pathway 

 



ȾŬŰŬɜɞɛɐ ɛŮɗɡɚɑɤůɖɠ ůŰŬ ɔɞɜɑŭɘŬ 

*CpG islands = ˊŮɟɘɞɢɏɠ ˊɚɞɨůɘŮɠ ůŮ CpG (ůɡɜɐɗɤɠ ůŰɞɡɠ ɡˊɞəɘɜɖŰɏɠ əŬɘ ůŮ ɟɡɗɛɘůŰɘəɏɠ 

ˊŮɟɘɞɢɏɠ Űɤɜ ɔɞɜɘŭɑɤɜ) 

ü70-80% Űɤɜ CG ŭɘɜɞɡəɚŮɞŰɘŭɑɤɜ ůŰŬ ɔɞɜɑŭɘŬ ɛŮɗɡɚɘɤɛɏɜŬ 

 

üȳɛɤɠ, CpG ɜɖůɑŭŮɠ ůŰɞɜ ɡˊɞəɘɜɖŰɐ Űɤɜ ɔɞɜɘŭɑɤɜ ɛɖ 

ɛŮɗɡɚɘɤɛɏɜŮɠ          ˊɟɧůŭŮůɖ ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ 

ůŰɘɠ ɗɏůŮɘɠ ɏɜŬɟɝɖɠ ɛŮŰŬɔɟŬűɐɠ (TSS)       ɔɞɜɘŭɘŬəɐ 

ɏəűɟŬůɖ 
 
   

Cao et al, Int. J. Biol. Sci. 2015; 11:604-617 



DNA methylation 



ȼ ɛŮɗɡɚɑɤůɖ Űɞɡ DNA ůŰŬ űɡůɘɞɚɞɔɘəɎ əɨŰŰŬɟŬ 

×  3-6% ɧɚɤɜ Űɤɜ əŬŰŬɚɞɑˊɤɜ əɡŰɞůɑɜɖɠ ŮɑɜŬɘ ɛŮɗɡɚɘɤɛɏɜŬ 

ůŮ űɡůɘɞɚɞɔɘəɞɨɠ ɘůŰɞɨɠ 

 

 

 

V   ũɞɜɘŭɘŬəɐ ůɑɔŬůɖ 

 

V  ɄɟɞůŰŬůɑŬ Ŭˊɧ ɛŮŰɎɗŮŰŬ ůŰɞɘɢŮɑŬ 

 

V  ũɞɜɘŭɘŬəɧ ŮɜŰɨˊɤɛŬ 

 

VȷŭɟŬɜɞˊɞɑɖůɖ Űɞɡ ɉ 

ɢɟɤɛɞůɩɛŬŰɞɠ 

 

V  ȽůŰɞŮɘŭɘəɐ ɏəűɟŬůɖ ɔɞɜɘŭɑɤɜ 
 

 
Esteller 2006,  Br J Cancer 



ɀŮɗɡɚɑɤůɖ DNA əŬɘ əŬɟəɑɜɞɠ 

×  ɮˉˇʵʶʾ˔ˍʹˁʶ ʴʽʰ ˉˊ˗ˍʹ ˒ˇˊʱ ˍˇ мфуоΣ ʰˉˈ ˍˇˎˌ 
Feinberg  ˁ ʰʽ Vogelstein. 

×  ɮ˂˂ʰʴʺ ˋˍˇ ˉˊˇ˒ʽ˂ ˃ ʶʻˎ˂ʾ˖ˋʹˌ ˍˇˎ ˁˎˍˍʱˊˇˎΥ 

Vʁ˂ʽˁʺ ˎˉˇ˃ʶʻˎ˂ʾ˖ˋʹ 

Vʇˉʶˊ˃ʶʻˎ˂ʾ˖ˋʹ CpG ˄ ʹˋʾʵ˖˄ ˎˉˇˁʽ˄ʹˍ˗˄ ʴˇ˄ʽʵʾ˖˄ 

Esteller M. Nat Rev Genet 2007 Vol 8, 286-298  



ȼ ɛŮɗɡɚɑɤůɖ Űɞɡ DNA ůŰŬ əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ. 

Ç ʅˎ˄ˇ˂ʽˁʺ ˎˉˇ˃ʶʻˎ˂ʾ˖ˋʹ DNA: ʁ ˄ʶˊʴˇˉˇʾʹˋʹ ˇʴˁˇʴˇ˄ʽʵʾ˖˄ ˁ ʰʽ ˔ˊ˖˃ˇˋ˖˃ʽˁʺ 
ʰˋˍʱʻʶʽʰ 

Ç ʇˉʶˊ˃ʶʻˎ˂ʾ˖ˋʹ ̀ ˍʰ CpG islands ̱ ˇˎ ˎˉˇˁʽ˄ʹˍʺΥ ʰˉˇˋʽ˗ˉʹˋʹ ˇʴˁˇˁʰˍʰˋˍʰ˂ˍʽˁ˗˄ 
ʴˇ˄ʽʵʾ˖˄ ˁʰʽ ʴˇ˄ʽʵʾ˖˄ ˉˇˎ ʶ˃ˉ˂ʷˁˇ˄ˍʰʽ ˋˍˇ˄ ˁˎˍˍʰˊʽˁˈ ˁˏˁ˂ˇΦ  

Esteller M. Nat Rev Genet 2007 Vol 8, 286-298  



ũŮɜɘəŮɡɛɏɜɖ ɡˊɞɛŮɗɡɚɑɤůɖ 
 

ȼ ɡˊɞɛŮɗɡɚɑɤůɖ 

Űɞɡ L1 ɏɢŮɘ ɓɟŮɗŮɑ 

ůŮ ɧɚɞɡɠ Űɞɡɠ 

Űɨˊɞɡɠ əŬɟəɑɜɞɡ!! 

ɈˊɞɛŮɗɡɚɑɤůɖ ɟŮŰɟɞŰɟŬɜůˊɞɕɞɜɑɤɜ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ LINE 

Miousse I. et al, 2014 BioMed Research International 



ɃɔəɞəŬŰŬůŰɞɚɐ 

ȾɡŰŰŬɟɘəɧɠ 
əɨəɚɞɠ 

Ⱥˊɘŭɘɧɟɗɤůɖ 
DNA 

ȷˊɧˊŰɤůɖ 

ȾɡŰŰŬɟɘəɐ 
ůɖɛŬŰɞŭɧŰɖůɖ 

ɈˊŮɟɛŮɗɡɚɑɤůɖ  

Űɞɡ  

DNA 

Rb 

p16INK4a, 

p15INK4b, 

Rb ,p14ARF 

RASSF1A, 

NOREIA 

BRCA1, 

hMLH1, 

MGMT 

TMS1, 

DAPK1, 

WIF-1, 

SFRP1 



ʃˊˇ˒ʾ˂ ˃ʶʻˎ˂ʾ˖ˋʹˌ ˋʶ ʵʽʱ˒ˇˊˇˎˌ ˍˏˉˇˎˌ 
ˁʰˊˁʾ˄ˇˎ  

ȷ. ȽůŰɞŮɘŭɘəɧ ˊɟɞűɑɚ ɛŮɗɡɚɑɤůɖɠ 

ˊɟɤŰɞˊŬɗɩɜ ɧɔəɤɜ. 

ȸ. Ʉɟɞűɑɚ ɛŮɗɡɚɑɤůɖɠ ŮɝŬɘɟɞɡɛɏɜɤɜ 
Űɤɜ CG ŭɘɜɞɡəɚŮɞŰɘŭɑɤɜ ɛŮ ɘůŰɞŮɘŭɘəɐ 

ɛŮɗɡɚɑɤůɖ  

C. ɄɞůɞůŰɎ ɡˊŮɟɛŮɗɡɚɘɤɛɏɜɤɜ əŬɘ 

ɡˊɞɛŮɗɡɚɘɤɛɏɜɤɜ CpG islands ůŰɞɜ 

əŬɟəɑɜɞ-ŮŰŮɟɞɔɏɜŮɘŬ ɛŮɗɡɚɑɤůɖɠ 

ˊɟɤŰɞˊŬɗɩɜ ůŮ ůɢɏůɖ ɛŮ űɡůɘɞɚɞɔɘəɞɨɠ 

ɘůŰɞɨɠ 

Fernandez,Esteller, Genom Res. 

2012; 22:407-19 



The Biology of Cancer (É Garland Science 2007) 



Esteller M, NEJM, 2008, 358: 11, 1148-1159 



Methylated state of the promoters of 12 genes in 

a variety of human tumor types 

  

VThe frequency of methylation of a specific gene varies dramatically from one tumor to 

another 

 

VTumor supressors as well as caretakers undergo hypermethylation 

B. Weinberg, The Biology of Cancer (É Garland Science 2007) 



CpG island methylator phenotype (CIMP) 

Â ʆˇ ˉˊˇ˒ʾ˂ ˃ʶʻˎ˂ʾ˖ˋʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ˉʱ˄ʶ˂ ʴˇ˄ʽʵʾ˖˄ 
ˇˊʾʸʶʽ ˃ˇ˄ʰʵʽˁʷˌ ˃ˇˊʽʰˁʷˌ ˎˉˇˇ˃ʱʵʶˌ ˋʶ ˁʱʻʶ ˍˏˉˇ 
ˁʰˊˁʾ˄ˇˎ          ˔ʰˊʰˁˍʹˊʽˋ˃ˈˌ ˁʰʽ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˍˏˉ˖˄ 
ˁʰˊˁʾ˄ˇˎ 
 

Â ʂʴˁˇʽ ˉˇˎ ˉʰˊˇˎˋʽʱʸˇˎ˄ CIMP ˒ ʰʽ˄ˇˍˏˉˇˎˌ 
˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ ʰˉˈ ʽʵʽʰʾˍʶˊʹ ʶˉʽʵʹ˃ʽˇ˂ˇʴʾʰΣ 
ˁ˂ʽ˄ʽˁˇˉʰʻˇ˂ˇʴʽˁʱ ̝ ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˁʰʽ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˋʶ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋʹ˃ʶʾʰ 
 

Â ɾʶ˂ʷˍʶˌ ˋʶ ˁʰˊˁʾ˄ˇ ˉʰ˔ʷˇˌ ʁ ˄ˍʷˊˇˎΣ ʴʰˋˍˊʽˁˈ ˁʰˊˁʾ˄ˇΣ 
ˁʰˊˁʾ˄ˇ ˉ˄ʶˏ˃ˇ˄ʰΣ ʺˉʰˍˇˌΣ ˖ˇʻʹˁ˗˄Σ ʴ˂ˇʾ˖˃ʰΣ ˂ʶˎ˔ʰʽ˃ʾʰ      



Â ɄŬɟŬŰɖɟɐɗɖəŮ əŬɘ ɛŮɚŮŰɐɗɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ůŰɞɜ əŬɟəɑɜɞ 

ˊŬɢɏɞɠ ŮɜŰɏɟɞɡ 

 

Â ɆɡɜŭɡŬůɛɧɠ ɛŮ ɔŮɜŮŰɘəɏɠ ŬɚɚɞɘɩůŮɘɠ: CIMP-H ůɡůɢɏŰɘůɖ ɛŮ 

ɛŮŰŬɚɚɎɝŮɘɠ ůŰɞ BRAF Ůɜɩ CIMP-L ůɡůɢɏŰɘůɖ ɛŮ ɛŮŰŬɚɚɎɝŮɘɠ Űɞɡ 

KRAS  

 

CpG island methylator phenotype (CIMP) 

Lao et al, Nature Rev Gastroenterology and Hepatology, 2012 



ɄɟɧɔɟŬɛɛŬ Ŭɚɚɖɚɞɨɢɘůɖɠ ŮˊɘɔɞɜɘŭɘɩɛŬŰɞɠ  

(Human Epigenome Project- HEP) 

http://www.epigenome.org/ 

Â ɂŮəɑɜɖůŮ Űɞ 1999, ɛŮ ůəɞˊɧ Űɖɜ ŬˊɞəɟɡˊŰɞɔɟɎűɖůɖ ɧɚɤɜ Űɤɜ 

ɛŮɗɡɚɘɤɛɏɜɤɜ ˊɟɞűɑɚ ůŰɞ Ŭɜɗɟɩˊɘɜɞ ɔɞɜɘŭɑɤɛŬ. 

Â  ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŮɢɜɞɚɞɔɑŮɠ ŰŬɡŰɧɢɟɞɜɖɠ Ŭɚɚɖɚɞɨɢɘůɖɠ, ůŮ 

ɛŮɔɎɚɖ əɚɑɛŬəŬ, Űɞɡ ŮˊɘɔɞɜɘŭɘɩɛŬŰɞɠ   

i. ɖ Ŭɚɚɖɚɞɨɢɘůɖ Űɞɡ DNA, ɛŮŰɎ Ŭˊɧ ŮˊŮɝŮɟɔŬůɑŬ ɛŮ ɧɝɘɜɞ ɗŮɘɩŭŮɠ 

ɜɎŰɟɘɞ,  

ii. ɖ ɡɣɖɚɐɠ ˊɡəɜɧŰɖŰŬɠ ɛɘəɟɞůɡůŰɞɘɢɑŮɠ ɞɚɘɔɞɜɞɡəɚŮɞŰɘŭɑɤɜ əŬɘ 

iii. ɖ űŬůɛŬŰɞɛŮŰɟɑŬ ɛɎɕŬɠ  

 

ɆŰɧɢɞɠ: ɁŬ ɓɟŮɗŮɑ Űɞ ŮˊɘɔŮɜŮŰɘəɧ ˊɟɞűɑɚ (ŮˊɘɔŮɜɧŰɡˊɞɠ) 

əɎɗŮ ɞɟɔŬɜɘůɛɞɨ!  



ɾʶʻˎ˂ʾ˖ˋʹ ˍˇˎ DNA ̟ ˌ ̡̔ ˇʵʶʾˁˍʹˌ 
Â ʃ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰΥ 
 
V ʋʹ˃ʽˁʱ ˁʰʽ ʲʽˇ˂ˇʴʽˁʱ ˋˍʰʻʶˊʺ ˍˊˇˉˇˉˇʾʹˋʹ ˍˇˎ DNA 

 
V ɲˎ˄ʰˍˈˍʹˍʰ ʰ˄ʾ˔˄ʶˎˋʹˌ ˋʶ ʽˋˍˇˏˌ ˁʰʽ ˉˇʽˁʾ˂ʰ ʲʽˇ˂ˇʴʽˁʱ ˎʴˊʱ 
όʰʾ˃ʰΣ ˇˏˊʰΣ ˁˈˉˊʰ˄ʰΣ BALΧύ 
 

V  ʆʶ˔˄ʽˁʱΣ ˂ʽʴˈˍʶˊˇ ˉˇ˂ˏˉ˂ˇˁʹ ʰ˄ʾ˔˄ʶˎˋʹ ˋʶ ˋ˔ʷˋʹ ˃ʶ ʶˁʶʾ˄ʹ ˍ˖˄ 
˃ʶˍʰ˂˂ʱ˅ʶ˖˄ 
 

V ɾʶʴʱ˂ʹ ʶˎʰʽˋʻʹˋʾʰ ˁʰʽ ʶʽʵʽˁˈˍʹˍʰ 
 

V ʃˊ˗ʽ˃ˇ ʴʶʴˇ˄ˈˌ ˁʰˍʱ ˍʹ˄ ˁʰˊˁʽ˄ˇʴʷ˄ʶˋʹ         ˉˊ˗ʽ˃ˇˌ 
ʵʽʰʴ˄˖ˋˍʽˁˈˌ ʵʶʾˁˍʹˌ 
 

V ʃ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʹ˄ ʷ˄ʰˊ˅ʹ ˁʰʽ ʶ˅ʷ˂ʽ˅ʹ ˍʹˌ ˄ˈˋˇˎ 
 

V ʃ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʹ˄ ˃ʶˍʱˋˍʰˋʹ 
 
 



Âɼˇʽ˄ʱ ˃ʶʻˎ˂ʽ˖˃ʷ˄ʰ ʴˇ˄ʾʵʽʰ ˋʶ ʵʽʱ˒ˇˊˇˎˌ 
ˍˏˉˇˎˌ ˁʰˊˁʾ˄ˇˎ 

ɾʶʻˎ˂ʾ˖ˋʹ ˖ˌ ʲʽˇʵʶʾˁˍʹˌ 

Heichman, Clin Chem Lab Med 2012, 50:1707-1721 



DNA methylation as a tumor biomarker  

in primary tumors and regional nodes 

Brock, et al, N Engl J Med 2008;358:1118-28. 

One marker Combination 

of markers 



ɄɟɞŰŮɘɜɧɛŮɜɖ ˊɞɟŮɑŬ ɔɘŬ Ůˊɘəɨɟɤůɖ 

ɓɘɞŭŮɘəŰɩɜ ɛŮɗɡɚɑɤůɖɠ DNA 

Dobrovic, Expert Rev. Mol. Diagn. 2012; 12:473ï487 



ɀŮɗɡɚɑɤůɖ Űɞɡ DNA ɤɠ ɓɘɞŭŮɑəŰɖɠ 

əŬɟəɑɜɞɡ 

ü ɲʶʾˁˍʹˌ ˁʰˊˁʾ˄ˇˎ: ̌ ˉˇʽˇʵʺˉˇˍʶ ʲʽˇ˂ˇʴʽˁˈ ˃ˈˊʽˇ ʰ˄ʽ˔˄ʶˏʶˍʰʽ ˋˍˇ 
ʰʾ˃ʰΣ ˋʶ ʲʽˇ˂ˇʴʽˁʱ ˎʴˊʱ ˁʰʽ ˋʶ ʽˋˍˇˏˌ ˁʰʽ ʰˉˇˍʶ˂ʶʾ ʷ˄ʵʶʽ˅ʹ 
ˁʱˉˇʽʰˌ ˒ˎˋʽˇ˂ˇʴʽˁʺˌ ʺ ˃ʹ ˒ˎˋʽˇ˂ˇʴʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌ ʺ ˍʹˌ 
ˁʰˍʱˋˍʰˋʹˌ ˃ʽʰˌ ˄ˈˋˇˎ όNational Cancer Institute)  

ü ʁʽ ʁ̄ʽʴʶ˄ʶˍʽˁˇʾ ̡ ʽˇʵʶʾˁˍʶˌ ʁ ʾ˄ʰʽ ˔ˊʺˋʽ˃ˇʽ ʴʽʰΥ 

Å ʃˊ˗ʽ˃ʹ ʵʽʱʴ˄˖ˋʹ όdiagnostic biomarkers-screening) 

Å ʃˊˈʴ˄˖ˋʹ όprognostic biomarkers) 

Å ɮ˄ˍʰˉˈˁˊʽˋʹ ˋˍʹ ʻʶˊʰˉʶʾʰ όpredictive biomarkers) 

 

 

Esteller M, N Engl J Med 2008, 358: 1148-59  



The Biology of Cancer (É Garland Science 2007) 

DNA methylation is an early event in 

carcinogenesis 

 

V In situ hybridization 

Promoter of p16 INK4A 

Tumor supressor gene 

V Methylation specific  

probe 

 

A) Low grade 

squamous 

intraepithelial 

lesion of the 

cervix 

B) Adjacent high 

grade lesion 

(progression to a 

cervical 

carcinoma) 

C) Normal breast 

tissue, no 

promoter 

methylation 

D) Normal breast 

tissue, promoter 

methylation 

 


