
 

 

ǥǨǭǩǪǯ  ǬǥǳǲǯǢǩǯ  ǰǯǫǴǳǥǶǭǥǩǯ 

ǲǶǯǫǧ ǥǵǡǱǬǯǲǬǥǭǸǭ ǬǡǨǧǬǡǳǩǪǸǭ Ǫǡǩ ǵǴǲǩǪǸǭ ǥǰǩǲǳǧǬǸǭ 

ǳǯǬǥǡǲ ǵǴǲǩǪǧǲ 

 ǥǱǣǡǲǳǧǱǩǯ ǢǫǡǢǸǭ DNA  
 

 
 
 
 
 
 
 
 
 
 

Ǥ ǩ Ǥ ǡ Ǫ ǳ ǯ Ǳ ǩ Ǫ ǧ   Ǥ ǩ ǡ ǳ Ǳ ǩ Ǣ ǧ 

çǥȏȈȃȈțȐȇȘȒȆ ȎȍȄȈȃȘȓȈȉȝȌ ȎȋȀȃȎȏȎȈȆȋǼȌȘȌ ȁȊȀȁȝȌ DNA  ȜȒȓȄȐȀ Ȁȏț 

ǼȉȇȄȒȆ ȉȀȐȉȈȌȈȉȝȌ ȉȔȓȓǻȐȘȌ ȒȄ ȈȎȌȓǾȅȎȔȒȄȑ ȀȉȓȈȌȎȁȎȊǾȄȑè 

 
 

ǦǡǶǡǱǥǭǩǡ ǭǩǪǧǳǡǪǧ 
ǤȈȏȊȘȋȀȓȎȜȖȎȑ ȓȆȑ  

ǲǶǯǫǧǲ ǥǵǡǱǬǯǲǬǥǭǸǭ ǬǡǨǧǬǡǳǩǪǸǭ Ǫǡǩ ǵǴǲǩǪǸǭ ǥǰǩǲǳǧǬǸǭ, ǥǬǰ 
 

 

ǥȏȈȁȊǼȏȘȌ:  
ǤȐ ǡȊǼȍȀȌȃȐȎȑ ǣ. ǣȄȘȐȂȀȉǾȊȀȑ,  
ǡȌ. ǪȀȇȆȂȆȓǽȑ ǲǥǬǵǥ ǥǬǰ 

 

 

 

 

 

 

 

 

 

ǡȇǽȌȀ, ǬǻȐȓȈȎȑ 2017 



 

 

 

 
  



 

 

ǥǨǭǩǪǯ  ǬǥǳǲǯǢǩǯ  ǰǯǫǴǳǥǶǭǥǩǯ 

ǲǶǯǫǧ ǥǵǡǱǬǯǲǬǥǭǸǭ ǬǡǨǧǬǡǳǩǪǸǭ Ǫõ ǵǴǲǩǪǸǭ ǥǰǩǲǳǧǬǸǭ 

 ǳǯǬǥǡǲ ǵǴǲǩǪǧǲ 

               ǥǱǣǡǲǳǧǱǩǯ ǢǫǡǢǸǭ DNA  
 

Ǥ ǩ Ǥ ǡ Ǫ ǳ ǯ Ǳ ǩ Ǫ ǧ   Ǥ ǩ ǡ ǳ Ǳ ǩ Ǣ ǧ 
 

çǥȏȈȃȈțȐȇȘȒȆ ȎȍȄȈȃȘȓȈȉȝȌ ȎȋȀȃȎȏȎȈȆȋǼȌȘȌ ȁȊȀȁȝȌ DNA  ȜȒȓȄȐȀ 

Ȁȏț ǼȉȇȄȒȆ ȉȀȐȉȈȌȈȉȝȌ ȉȔȓȓǻȐȘȌ ȒȄ ȈȎȌȓǾȅȎȔȒȄȑ ȀȉȓȈȌȎȁȎȊǾȄȑè 

ǦǡǶǡǱǥǭǩǡ ǭǩǪǧǳǡǪǧ 
ǤȈȏȊȘȋȀȓȎȜȖȎȑ ȓȆȑ  

ǲǶǯǫǧǲ ǥǵǡǱǬǯǲǬǥǭǸǭ ǬǡǨǧǬǡǳǩǪǸǭ Ǫǡǩ ǵǴǲǩǪǸǭ ǥǰǩǲǳǧǬǸǭ, ǥǬǰ 

 

ǳǱǩǬǥǫǧǲ  
ǲǴǬǢǯǴǫǥǴǳǩǪǧ ǥǰǩǳǱǯǰǧ 

ǥǰǳǡǬǥǫǧǲ  
ǥǮǥǳǡǲǳǩǪǧ ǥǰǩǳǱǯǰǧ 

1. ǡ. ǣǥǸǱǣǡǪǩǫǡǲ, AȌ. KȀȇ. ǥǬǰ 1. ǡ. ǣǥǸǱǣǡǪǩǫǡǲ, AȌ. KȀȇ. ǥǬǰ 

2. Ǭ.ǬȀȉȐȎȏȎȜȊȎȔ, KȀȇ. ǥǬǰ 2. Ǭ.ǬȀȉȐȎȏȎȜȊȎȔ, KȀȇ. ǥǬǰ 

3. ǣ.ǳȄȐȅȎȜȃȆ, EȐȄȔȌ.ǘ, ǥǪǥǵǥ 
çǤȆȋțȉȐȈȓȎȑè 

3. ǣ.ǳȄȐȅȎȜȃȆ, EȐȄȔȌ.ǘ, ǥǪǥǵǥ 
çǤȆȋțȉȐȈȓȎȑè 

 4. Ǭ.ǪțȉȉȎȐȆȑ, AȌ. KȀȇ.ǥǬǰ 

 5. Ǣ.ǣȎȐȂȎȜȊȆȑ, KȀȇ. ǥǪǰǡ 

 6. G.Iliakis, Prof. Universitªt 
Duisburg -Essen, Germany 

 7.L.Shiver, Prof . Technische 
Universitªt Wien,Vienna, Austria  

 

 

ǡȇǽȌȀ, ǬǻȐȓȈȎȑ 2017  



 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Copyright É ð All rights reserved  
ǦȀȖȀȐǼȌȈȀ ǭȈȉȆȓǻȉȆ. 
ǬȄ ȄȏȈȕȜȊȀȍȆ ȏȀȌȓțȑ ȃȈȉȀȈȝȋȀȓȎȑ. 
ǡȏȀȂȎȐȄȜȄȓȀȈ Ȇ ȀȌȓȈȂȐȀȕǽ, ȀȏȎȇǽȉȄȔȒȆ ȉȀȈ ȃȈȀȌȎȋǽ ȓȆȑ ȏȀȐȎȜȒȀȑ ȄȐȂȀȒǾȀȑ, Ȅȍ ȎȊȎȉȊǽȐȎȔ ǽ ȓȋǽȋȀȓȎȑ ȀȔȓǽȑ, 
ȂȈȀ ȄȋȏȎȐȈȉț ȒȉȎȏț. ǥȏȈȓȐǼȏȄȓȀȈ Ȇ ȀȌȀȓȜȏȘȒȆ, ȀȏȎȇǽȉȄȔȒȆ ȉȀȈ ȃȈȀȌȎȋǽ ȂȈȀ ȒȉȎȏț ȋȆ ȉȄȐȃȎȒȉȎȏȈȉț, 
ȄȉȏȀȈȃȄȔȓȈȉǽȑ ǽ ȄȐȄȔȌȆȓȈȉǽȑ ȕȜȒȆȑ, Ȕȏț ȓȆȌ ȏȐȎȚȏțȇȄȒȆ ȌȀ ȀȌȀȕǼȐȄȓȀȈ Ȇ ȏȆȂǽ ȏȐȎǼȊȄȔȒȆȑ ȉȀȈ ȌȀ ȃȈȀȓȆȐȄǾȓȀȈ 
ȓȎ ȏȀȐțȌ ȋǽȌȔȋȀ. ǥȐȘȓǽȋȀȓȀ ȏȎȔ ȀȕȎȐȎȜȌ ȒȓȆ ȖȐǽȒȆ ȓȆȑ ȄȐȂȀȒǾȀȑ ȂȈȀ ȉȄȐȃȎȒȉȎȏȈȉț ȒȉȎȏț ȏȐǼȏȄȈ ȌȀ 
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ǲȓȎ ǭȈȉȆȓȎȂȈȝȐȂȆ ȉȀȈ ȒȓȆȌ ǥȊǼȌȆ 
  



 

 

 
 



 

 

 

ǥȔȖȀȐȈȒȓǾȄȑ 

ǧ ȃȈȀȓȐȈȁǽ ȋȎȔ ȄȉȏȎȌǽȇȆȉȄ ȒȓȎȌ ǳȎȋǼȀ ǵȔȒȈȉǽȑ ȓȆȑ ǲȖȎȊǽȑ ǥȕȀȐȋȎȒȋǼȌȘȌ 

ǬȀȇȆȋȀȓȈȉȝȌ ȉȀȈ ǵȔȒȈȉȝȌ ǥȏȈȒȓȆȋȝȌ ȓȎȔ ǥ.Ǭ.ǰ. Ȁȏț ȓȎ ǤȄȉǼȋȁȐȈȎ ȓȎȔ 2012 ǼȘȑ ȓȎ 

ǬǻȐȓȈȎ ȓȎȔ 2017 ȉȀȈ ȒȔȂȉȄȉȐȈȋǼȌȀ ȒȓȎ ǥȐȂȀȒȓǽȐȈȎ ǢȊȀȁȝȌ DNA , ȔȏȄȜȇȔȌȎȑ ȓȎȔ ȎȏȎǾȎȔ 

ȉȀȇȝȑ ȉȀȈ ȄȏȈȁȊǼȏȘȌ ȓȆȑ ȄȐȂȀȒǾȀȑ ȋȎȔ ȄǾȌȀȈ Ȏ ǡȌȀȏȊȆȐȘȓǽȑ ǪȀȇȆȂȆȓǽȑ ǡȊǼȍȀȌȃȐȎȑ 

ǣȄȘȐȂȀȉǾȊȀȑ. ǥȔȖȀȐȈȒȓȝ ȇȄȐȋǻ ȓȎȌ ȉȀȇȆȂȆȓǽ ȋȎȔ ȂȈȀ ȓȆ ȒȓȀȇȄȐǽ ȒȓǽȐȈȍȆ ȏȎȔ ȋȎȔ 

ȏȀȐȄǾȖȄ ȉȀȈ ȂȈȀ ȓȆȌ ȄȋȏȈȒȓȎȒȜȌȆ ȏȎȔ ȋȎȔ ǼȃȄȈȍȄ ȉȀȇõ țȊȆ ȓȆ ȃȈǻȐȉȄȈȀ ȓȆȑ ȒȔȌȄȐȂȀȒǾȀȑ 

ȋȀȑ. 

ǯ ȉȜȐȈȎȑ țȂȉȎȑ ȓȘȌ ȏȄȈȐȀȋǻȓȘȌ ȂȈȀ ȓȎȔȑ ȒȉȎȏȎȜȑ ȓȆȑ ȏȀȐȎȜȒȀȑ ȃȈȀȓȐȈȁǽȑ ȄȉȓȄȊǼȒȓȆȉȄ 

ȒȄ ȒȔȌȄȐȂȀȒǾȀ ȋȄ ȓȎ ǥȐȂȀȒȓǽȐȈȎ ǴȂȄȈȎȕȔȒȈȉǽȑ, ȓȎȔ ǩȌȒȓȈȓȎȜȓȎȔ ǰȔȐȆȌȈȉȝȌ ȉȀȈ 

ǱȀȃȈȎȊȎȂȈȉȝȌ ǥȏȈȒȓȆȋȝȌ & ǳȄȖȌȎȊȎȂǾȀȑ, ǥȌǼȐȂȄȈȀȑ & ǡȒȕǻȊȄȈȀȑ, ȒȓȎ ǥ.Ǫ.ǥ.ǵ.ǥ. 

çǤȆȋțȉȐȈȓȎȑè, ȋȄ ȃȈȄȔȇȔȌȓǽ ȓȎ ǤȐȀ ǣȀȁȐȈǽȊ ǰȀȌȓȄȊȈǻ ȉȀȈ ȔȏȄȜȇȔȌȆ ȓȆ ǤȐȀ ǣȄȘȐȂǾȀ 

ǳȄȐȅȎȜȃȆ, ǥȐȄȔȌǽȓȐȈȀ ǡõ, ȓȎȔȑ ȎȏȎǾȎȔȑ ȉȀȈ ȄȔȖȀȐȈȒȓȝ ȇȄȐȋǻ ȏȎȔ ȋȄ ȃǼȖȓȆȉȀȌ ȍȀȌǻ ȒȓȎ 

ȄȐȂȀȒȓǽȐȈț ȓȎȔȑ. ǥȔȖȀȐȈȒȓȝ ȈȃȈȀȈȓǼȐȘȑ ȓȆ ȃȐȀ ǳȄȐȅȎȜȃȆ ȂȈȀ ȓȆ ȒȓȀȇȄȐǽ ȔȏȎȒȓǽȐȈȍǽ ȓȆȑ, 

ȒȓȎ ȏȐȝȓȎ ȋȎȔ ȏȓȔȖǾȎ ȉȀȈ ȒȓȀ ȖȐțȌȈȀ ȓȎȔ ȃȈȃȀȉȓȎȐȈȉȎȜ ȋȎȔ. ǡȌǼȊȀȁȄ ȀȉȎȜȐȀȒȓȀ ȓȈȑ 

ȀȉȓȈȌȎȁȎȊǽȒȄȈȑ ȒȖȄȃțȌ ȂȈȀ ȉǻȇȄ ǼȌȀ Ȁȏț ȓȀ ȏȎȊȊǻ ȏȄȈȐǻȋȀȓȀ ȏȎȔ ȄȉȓǼȊȄȒȀ ȒȓȎ 

ȄȐȂȀȒȓǽȐȈț ȓȆȑ. ǲȓȎ ǥȐȂȀȒȓǽȐȈȎ ǴȂȄȈȎȕȔȒȈȉǽȑ, ȄȈȃȈȉțȓȄȐȀ ȒȓȆȌ ȀȐȖǽ ȓȎȔ ȃȈȃȀȉȓȎȐȈȉȎȜ 

ȋȎȔ ȄǾȖȀ ȓȆȌ ȓȜȖȆ ȌȀ ȄȐȂȀȒȓȝ ȋȄ ȓȆ ǤȐȀ ǢȀȒȈȊȈȉǽ ǶȀȓȅǽ, Ȇ ȎȏȎǾȀ ǽȓȀȌ Ȇ ȏȐȝȓȆ ȒȄ ȀȔȓț 

ȓȎ ȄȐȂȀȒȓǽȐȈȎ ȏȎȔ ȍȄȉǾȌȆȒȄ ȌȀ ȀȌȀȅȆȓǻ ȏȐȘȓțȉȎȊȊȎ ȀȌȎȒȎȕȇȎȐȈȒȋȎȜ ȋȄ ȓȆȌ ȈȒȓțȌȆ Ȃ-

ǧ2ǡǶ. ǬȄ ȓȆ ǢǻȒȈȀ ȄȐȂȀȒȓǽȉȀȋȄ ȋȀȅǾ ȓȎȔȑ ȏȐȝȓȎȔȑ ȋǽȌȄȑ, ȋȎȔ ȄȍǽȂȆȒȄ ȊȄȏȓȎȋȄȐȝȑ ȓȈȑ 

ȄȏȈȋǼȐȎȔȑ ȁȈȎȊȎȂȈȉǼȑ ȃȈȄȐȂȀȒǾȄȑ ȉȀȈ ȋȄ ȃǾȃȀȍȄ ȏȊǽȇȎȑ ȓȄȖȌȈȉȝȌ ȏȎȔ ȋȎȔ ȕǻȌȆȉȀȌ ȏȎȊȜ 

ȖȐǽȒȈȋȄȑ ȒȓȆ ȒȔȌǼȖȄȈȀ ȓȆȑ ȄȉȏțȌȆȒȆȑ ȓȆȑ ȃȈȀȓȐȈȁǽȑ ȋȎȔ. ǳȆȌ ȄȔȖȀȐȈȒȓȝ ȇȄȐȋǻ ȂȈȀ ȓȎ 

ȖȐțȌȎ ȏȎȔ ȋȎȔ ȀȕȈǼȐȘȒȄ ȉȀȈ ȂȈȀ țȊȀ ȓȀ ȓȄȖȌȈȉǻ ȏȎȔ ȄȉȄǾȌȆ ȄǾȖȄ ȋȄ ȃȈȉǽ ȓȆȑ ȏȐȎȒȏǻȇȄȈȀ 

ȏȐȎȒȃȈȎȐǾȒȄȈ ȉȀȈ ȒȓȆ ȒȔȌǼȖȄȈȀ ȋȎȔ ȋȄȓǼȃȘȒȄ. ǪǻȇȄ ȕȎȐǻ ȏȎȔ ȀȌȀȅǽȓȆȒȀ ȓȆ ȒȔȋȁȎȔȊǽ ȓȆȑ 

ȏǻȌȓȀ ȄǾȖȄ ȉǻȓȈ ȎȔȒȈȝȃȄȑ ȌȀ ȋȎȔ ȏȐȎȓȄǾȌȄȈ.  

ǳȎ 2014 ȄȏȈȒȉǼȕȇȆȉȀ ȂȈȀ ȃȜȎ ȋǽȌȄȑ ȓȎ ǩȌȒȓȈȓȎȜȓȎ ǩȀȓȐȈȉǽȑ ǡȉȓȈȌȎȁȈȎȊȎȂǾȀȑ, ȒȓȎ ǚȒȒȄȌ 

ȓȆȑ ǣȄȐȋȀȌǾȀȑ, ȃȈȄȔȇȔȌȓǽȑ ȓȎȔ ȎȏȎǾȎȔ ȄǾȌȀȈ Ȏ ȃȈȄȇȌȝȑ ȀȌȀȂȌȘȐȈȒȋǼȌȎȑ ȉȀȇȆȂȆȓǽȑ 

ǧȊȈǻȉȆȑ ǣȈȝȐȂȎȑ. ǳȎȌ ȄȔȖȀȐȈȒȓȝ ȏȎȊȜ ȂȈȀ ȓȆȌ ȄȔȉȀȈȐǾȀ ȏȎȔ ȋȎȔ ǼȃȘȒȄ, ȉȀȇȝȑ Ȇ ȃȈǻȐȉȄȈȀ 

ȓȆȑ ȏȀȐȀȋȎȌǽȑ ȋȎȔ ȄȉȄǾ ȀȏȎȃȄǾȖȇȆȉȄ ȄȏȈȒȓȆȋȎȌȈȉǻ ȏȎȊȜ ȂțȌȈȋȆ. ǥȔȖȀȐȈȒȓȝ țȊȆ ȓȎȔ ȓȆȌ 

ȎȋǻȃȀ ȉȀȈ ȈȃȈȀȈȓǼȐȘȑ ȓȎȌ Dr Emil  Mladenov  ȉȀȈ ȓȎȌ ȔȏȎȗǽȕȈȎ ȃȈȃǻȉȓȎȐȀ Vladimir  

Nikolov . O Emil  ȋȄ ȃǾȃȀȍȄ ȓȈȑ ȏȄȈȐȀȋȀȓȈȉǼȑ ȓȄȖȌȈȉǼȑ ȏȎȔ ȄȉȄǾ ȖȐȆȒȈȋȎȏȎȈȎȜȌ, ȀȕȈǼȐȘȒȄ 

ȏȎȊȜ ȖȐțȌȎ ȂȈȀ ȓȀ ȃȈȉǻ ȋȎȔ ȏȄȈȐǻȋȀȓȀ ȉȀȈ ȄǾȖȀȋȄ ȈȃȈȀȈȓǼȐȘȑ ȄȌȃȈȀȕǼȐȎȔȒȄȑ 



 

 

ȄȏȈȒȓȆȋȎȌȈȉǼȑ ȒȔȅȆȓǽȒȄȈȑ. ǯ Vladimir  ȋȎȜ ǼȃȄȈȍȄ ȓȈȑ ȓȄȖȌȈȉǼȑ ȋȈȉȐȎȒȉȎȏǾȀȑ ȉȀȈ ȄȏǾȒȆȑ 

ȀȕȈǼȐȘȒȄ ȏȎȊȜ ȖȐțȌȎ ȋȀȅǾ ȋȎȔ, ȓțȒȎ ȒȓȎ ȋȈȉȐȎȒȉțȏȈȎ țȒȎ ȉȀȈ ȒȓȈȑ ȋȏȔȐȀȐǾȄȑ ȓȎȔ ǚȒȒȄȌ. 

ǳȎ 2015 ȄȏȈȒȉǼȕȇȆȉȀ ȍȀȌǻ ȓȎ ǾȃȈȎ ȄȐȂȀȒȓǽȐȈȎ ȂȈȀ ȉǻȏȎȈȄȑ ȒȔȋȏȊȆȐȘȋȀȓȈȉǼȑ ȋȄȓȐǽȒȄȈȑ. 
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ǰȄȐǾȊȆȗȆ 

ǲȓȆ ȃȈȀȓȐȈȁǽ ȀȔȓǽ ȋȄȊȄȓǽȇȆȉȀȌ ȎȈ ȒȜȌȇȄȓȄȑ ȎȍȄȈȃȘȓȈȉǼȑ ȁȊǻȁȄȑ DNA , ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ 

ȀȔȍȆȋǼȌȆȑ ȏȎȊȔȏȊȎȉțȓȆȓȀȑ ȏȎȔ ȒȔȌȎȃȄȜȎȌȓȀȈ ȉȀȈ Ȁȏț ȁȊǻȁȄȑ ȁǻȒȄȘȌ ȒȓȆȌ ȄȂȂȜȑ ȓȎȔȑ 

ȏȄȐȈȎȖǽ. ǯȈ ȁȊǻȁȄȑ ȀȔȓǼȑ ȇȄȘȐȎȜȌȓȀȈ Ȇ ȔȏȎȂȐȀȕǽ ȓȘȌ ȈȎȌȓȈȅȎȔȒȝȌ ȀȉȓȈȌȎȁȎȊȈȝȌ ȀȊȊǻ 

ȉȀȈ ȓȎȔ ȈȒȖȔȐȎȜ ȎȍȄȈȃȘȓȈȉȎȜ ȒȓȐȄȑ ȒȓȎ ȉȜȓȓȀȐȎ. ǡȏȎȓȄȊȎȜȌȓȀȈ Ȁȏț ȃȈǻȕȎȐȄȑ ȁȊǻȁȄȑ, 

țȏȘȑ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ, ȋȎȌțȉȊȘȌȄȑ ȉȀȈ ȀȊȊȎȈȝȒȄȈȑ ȁǻȒȄȘȌ ȏȎȊȜ ȉȎȌȓǻ Ȇ ȋǾȀ ȒȓȆȌ ǻȊȊȆ 

ȄȌȓțȑ 10-15 ȅȄȔȂȝȌ ȁǻȒȄȘȌ DNA . ǫțȂȘ ȓȆȑ ȋȄȂǻȊȆȑ ȃȔȒȉȎȊǾȀȑ ȄȏȈȃȈțȐȇȘȒǽȑ ȓȎȔȑ 

ȋȏȎȐȎȜȌ ȌȀ ȎȃȆȂǽȒȎȔȌ ȏȎȊȜ ȄȜȉȎȊȀ ȒȄ ȋȄȓȀȊȊǻȍȄȈȑ, ȂȎȌȈȃȈȘȋȀȓȈȉǽ ȀȒȓǻȇȄȈȀ ȉȀȈ 

ȉȀȐȉȈȌȎȂǼȌȄȒȆ. ǥȏȈȏȊǼȎȌ, ȒȓȆ ȃȈȄȇȌǽ ȁȈȁȊȈȎȂȐȀȕǾȀ ȄǾȌȀȈ ȂȄȌȈȉǻ ȀȏȎȃȄȉȓț țȓȈ ȔȏǻȐȖȄȈ 

ȋȄȂǻȊȆ ȃȔȒȉȎȊǾȀ ȌȀ ȀȌȈȖȌȄȔȇȎȜȌ ȒȄ ȄȏǾȏȄȃȎ ȉȔȓȓǻȐȎȔ in situ.  

ǧ ȋǼȇȎȃȎȑ ȏȎȔ ȉȜȐȈȀ ȀȉȎȊȎȔȇǽȇȆȉȄ ȄǾȌȀȈ Ȏ in situ ǼȋȋȄȒȎȑ ȀȌȎȒȎȕȇȎȐȈȒȋțȑ ȒȄ 

ȏȄȈȐȀȋȀȓȈȉț ȄȏǾȏȄȃȎ ȋȄ ȓȆ ȖȐǽȒȆ ȄȈȃȈȉȝȌ ȀȌȓȈȒȘȋǻȓȘȌ ǼȌȀȌȓȈ ȓȘȌ ȃȈǻȕȎȐȘȌ ȏȐȘȓȄșȌȝȌ 

ȏȎȔ ȒȔȋȋȄȓǼȖȎȔȌ ȒȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ȄȏȈȋǼȐȎȔȑ ȁȊȀȁȝȌ ȏ.Ȗ. ȃǾȉȊȘȌȘȌ (Ȃ-ǧ2ǡǶ), 

ȎȍȄȈȃȘȓȈȉȝȌ (OGG1) ȉȓȊ. ǥȏǾȒȆȑ ǼȂȈȌȄ ȋȄȓȀ-ȀȌǻȊȔȒȆ ȏȀȊȀȈțȓȄȐȘȌ ȏȄȈȐȀȋȀȓȈȉȝȌ 

ȃȄȃȎȋǼȌȘȌ, ȉǻȌȎȌȓȀȑ ȄȕȈȉȓǽ ȓȆ ȒȔȒȓȆȋȀȓȈȉǽ ȇȄȝȐȆȒȆ ȓȘȌ ȕȀȈȌȎȋǼȌȘȌ ȋȄ ȄȐȂȀȊȄǾȀ 

ǢȈȎȏȊȆȐȎȕȎȐȈȉǽȑ. ǳȎ ȄȌȃȈȀȕǼȐȎȌ ȂȈȀ ȓȈȑ ȁȊǻȁȄȑ ȒȓȎ DNA  ȀȊȊǻ ȉȀȈ ȓȆȌ ȀȏțȉȐȈȒȆ ȓȎȔ 

ȉȔȓȓǻȐȎȔ ȒȄ ȀȔȓǼȑ ȏȐȎȉȜȏȓȄȈ Ȁȏț ȓȆ ȃȈȓȓǽ ȃȐǻȒȆ ȓȘȌ ȈȎȌȓȈȅȎȔȒȝȌ ȀȉȓȈȌȎȁȎȊȈȝȌ. ǡȕȄȌțȑ, 

Ȇ ȓȔȖȀǾȀ ǼȉȇȄȒȆ ȒȄ ȈȎȌȓǾȅȎȔȒȄȑ ȀȉȓȈȌȎȁȎȊǾȄȑ ȋȏȎȐȄǾ ȌȀ ȃȈȀȓȀȐǻȍȄȈ ȓȆȌ ȀȉȄȐȀȈțȓȆȓȀ ȓȎȔ 

DNA  ȉȀȈ ȓȎȔ ȂȎȌȈȃȈȝȋȀȓȎȑ, ȏȐȎȉȀȊȝȌȓȀȑ ȋȄȓȀȊȊǻȍȄȈȑ, ȎȈ ȎȏȎǾȄȑ ȄǾȓȄ ȄǾȌȀȈ ȖȐǽȒȈȋȄȑ, 

ȏȐȎǻȂȎȌȓȀȑ ȓȆȌ ȄȍȄȊȈȉȓȈȉǽ ȃȈȀȃȈȉȀȒǾȀ, ȄǾȓȄ ȄǾȌȀȈ ȄȏȈȅǽȋȈȄȑ ȏȐȎȉȀȊȝȌȓȀȑ ȂȎȌȈȃȈȘȋȀȓȈȉǽ 

ȀȒȓǻȇȄȈȀ ȉȀȈ ȏȈȇȀȌǻ ȉȀȐȉǾȌȎ. ǡȕȄȓǼȐȎȔ, ȋǾȀ Ȁȏț ȓȈȑ ȒȆȋȀȌȓȈȉțȓȄȐȄȑ ȇȄȐȀȏȄǾȄȑ ȄȌǻȌȓȈȀ 

ȒȓȎȌ ȉȀȐȉǾȌȎ, Ȇ ȀȉȓȈȌȎȇȄȐȀȏȄǾȀ, ȖȐȆȒȈȋȎȏȎȈȄǾ ȓȈȑ ȈȎȌȓǾȅȎȔȒȄȑ ȀȉȓȈȌȎȁȎȊǾȄȑ ȂȈȀ ȌȀ 

ȒȓȎȖȄȜȒȄȈ ȒȓȎ DNA  ȓȘȌ ȉȀȐȉȈȌȈȉȝȌ ȉȔȓȓǻȐȘȌ ȉȀȈ ȌȀ ȏȐȎȉȀȊǼȒȄȈ ȓȆȌ ȄȊȄȂȖțȋȄȌȆ 

ȇȀȌǻȓȘȒǽ ȓȎȔȑ.  

ǲȓȀ ȏȊȀǾȒȈȀ ȓȆȑ ȏȀȐȎȜȒȀȑ ȃȈȃȀȉȓȎȐȈȉǽȑ ȃȈȀȓȐȈȁǽȑ, ȋȄȊȄȓǽȇȆȉȀȌ ȃȈǻȕȎȐȄȑ ȀȌȇȐȝȏȈȌȄȑ 

ȉȀȐȉȈȌȈȉǼȑ ȒȄȈȐǼȑ ȏȐȎȄȐȖțȋȄȌȄȑ Ȁȏț ȉȀȐȉǾȌȎ ȓȎȔ ȋȀȒȓȎȜ (MCF7), ȆȏȀȓȎȉȔȓȓȀȐȈȉț 

ȉȀȐȉǾȌȘȋȀ (HepG2), ȉȀȐȉǾȌȘȋȀ ȓȎȔ ȏȌȄȜȋȎȌȀ (ǡ549), ȂȊȎȈȎȁȊǻȒȓȘȋȀ (Ǭǯ59Ǫ ȉȀȈ ȓȀ 

ȈȒȎȂȎȌȈȃȈȀȉǻ ȓȎȔȑ MO59J), ȀȊȊǻ ȉȀȈ ȕȔȒȈȎȊȎȂȈȉǻ ȀȇȀȌȀȓȎȏȎȈȆȋǼȌȀ ȉȄȐȀȓȈȌȎȉȜȓȓȀȐȀ 

(FEP18-11-T1), ȉȀȇȝȑ ȉȀȈ ȊȄȋȕȎȉȜȓȓȀȐȀ ȔȂȈȝȌ ȃȎȓȝȌ. ǤȎȉȈȋǻȒȓȆȉȀȌ ȃȈȀȕȎȐȄȓȈȉǻ ȄǾȃȆ 

ȈȎȌȓǾȅȎȔȒȀȑ ȀȉȓȈȌȎȁȎȊǾȀȑ, ȆȊȄȉȓȐȎȋȀȂȌȆȓȈȉǽ (ȀȉȓǾȌȄȑ ðȂ ȉȀȈ ðǶ), ȀȊȊǻ ȉȀȈ ȕȎȐȓȈȒȋǼȌȀ 

ȒȘȋȀȓǾȃȈȀ (ȒȘȋǻȓȈȀ ðȀ ȉȀȈ ȈțȌȓȀ ǡȐȂȎȜ). ǰȀȐȀȓȆȐǽȇȆȉȄ ȀȜȍȆȒȆ ȓȆȑ ȏȎȊȔȏȊȎȉțȓȆȓȀȑ 

ȓȘȌ ȁȊȀȁȝȌ ȋȄ ȓȆȌ ȀȜȍȆȒȆ ȓȆȑ ȂȐȀȋȋȈȉǽȑ ȋȄȓȀȕȎȐǻȑ ȄȌǼȐȂȄȈȀȑ ȓȆȑ ȏȐȎȒȏǾȏȓȎȔȒȀȑ 
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ȀȉȓȈȌȎȁȎȊǾȀȑ, ȀȊȊǻ ȉȀȈ ȉȀȇȔȒȓǼȐȆȒȆ ȒȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ȁȊȀȁȝȌ. ǤȎȉȈȋǻȒȓȆȉȄ ȄȏǾȒȆȑ 

ȖȆȋȈȉǽ ȀȌȀȒȓȎȊǽ ȓȆȑ ȄȏȈȃȈȎȐȇȘȓȈȉǽȑ ȏȐȘȓȄǠȌȆȑ (ȉȈȌǻȒȆȑ) DNA -PK ȋȄ ȃȜȎ ȃȈȀȕȎȐȄȓȈȉȎȜȑ 

ȀȌȀȒȓȎȊȄǾȑ, ȓȎȔȑ NU 7026 ȉȀȈ NU 7441. ǤȈȀȏȈȒȓȝȇȆȉȄ țȓȈ Ȏ NU 7441 ȏȐȎȉȀȊȄǾ ȈȒȖȔȐțȓȄȐȆ 

ȏȀȐȄȋȏțȃȈȒȆ ȓȆȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ǼȌȀȌȓȈ ȓȎȔ NU 7026. ǥȏǾȒȆȑ Ȇ 

DNA -PK ȄȊǼȂȖȇȆȉȄ ȉȀȈ ȋȄ ȓȆ ȖȐǽȒȆ ȅȄȜȂȎȔȑ ȉȔȓȓȀȐȈȉȝȌ ȒȄȈȐȝȌ, ȓȀ Ǭǯ59Ǫ ȉȀȈ Ǭǯ59J, 

țȏȎȔ ȓȀ ȃȄȜȓȄȐȀ ȄǾȌȀȈ ȀȌȄȏȀȐȉǽ ȒȓȆȌ ǼȉȕȐȀȒȆ ȓȆȑ ȉȀȓȀȊȔȓȈȉǽȑ ȔȏȎȋȎȌǻȃȀȑ ȓȆȑ 

ȏȐȘȓȄǠȌȆȑ DNA -PK. ǧ ȄȏȈȃȈțȐȇȘȒȆ ȕǻȌȆȉȄ țȓȈ ȉȀȇȔȒȓȄȐȄǾ ȋȄȌ, ȀȊȊǻ ȄȌ ȓǼȊȄȈ ȒȔȌȓȄȊȄǾȓȀȈ.  

ǣȈȀ ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȓȘȌ ȒȜȌȇȄȓȘȌ ȁȊȀȁȝȌ ȏȎȔ ȏȄȐȈȊȀȋȁǻȌȎȔȌ ȉȀȈ ȎȍȄȈȃȘȓȈȉǼȑ ȁȊǻȁȄȑ 

ȁǻȒȄȘȌ ȒȓȆȌ ȏȄȐȈȎȖǽ ȓȆȑ ȃǾȉȊȘȌȆȑ ȇȐȀȜȒȆȑ DNA  ȏȐȎȒȃȈȎȐǾȒȓȆȉȄ ȋȄȓǻ Ȁȏț 

ȀȊȊȄȏǻȊȊȆȊȄȑ ȃȎȉȈȋǼȑ ȓȎ ȉȀȓǻȊȊȆȊȎ ȏȐȘȓțȉȎȊȊȎ ȏȎȔ ȉǻȌȄȈ ȄȕȈȉȓǽ ȓȆȌ ȎȏȓȈȉȎȏȎǾȆȒǽ 

ȓȎȔȑ, Șȑ ȒȔȌȄȌȓȎȏȈȒȋǼȌȎ ȒǽȋȀ ȕȇȎȐȈȒȋȎȜ ȏȐȎȄȐȖțȋȄȌȎ Ȁȏț ȓȀ ȕȇȎȐǾȅȎȌȓȀ ȀȌȓȈȒȝȋȀȓȀ 

ȏȎȔ ȒȓȎȖȄȜȎȔȌ ȓȈȑ ȏȐȘȓȄǠȌȄȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ (Ȃ-ǧ2ǡǶ ǽ 53ǢP1) 

ȉȀȈ ȓȈȑ ȏȐȘȓȄǠȌȄȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȘȌ ȁȊȀȁȝȌ ȁǻȒȄȘȌ (OGG1 ǽ APE1). 

ǣȈȀ ȓȆȌ ȄȉȓǾȋȆȒȆ ȓȎȔ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȒȄ ȄȈȉțȌȄȑ ȕȇȎȐȈȒȋȎȜ, ȏȐȎȓȄǾȌȄȓȀȈ Șȑ ȀȏȎȓǼȊȄȒȋȀ 

ȀȔȓǽȑ ȓȆȑ ȋȄȊǼȓȆȑ ǼȌȀ ȉȐȈȓǽȐȈȎ-ȏȀȐǻȋȄȓȐȎȑ, ȓȎ ȎȏȎǾȎ ȎȌȎȋǻȒȀȋȄ Pclc, ȓȎ ȎȏȎǾȎ ȃȈȀȓȆȐȄǾ 

ȓȆȌ ȓȎȏȎȊȎȂǾȀ ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ ȂȈȀ ȓȈȑ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ, ȏȎȔ ȄǾȌȀȈ ȉȀȈ ȓȎ ȉǼȌȓȐȎ 

ȓȆȑ ȄȏȈȃȈțȐȇȘȒȆȑ, ȀȊȊǻ ȂȈȀ ȓȈȑ ȎȍȄȈȃȘȓȈȉǼȑ ȁȊǻȁȄȑ ȁǻȒȄȘȌ ȊȀȋȁǻȌȄȈ ȔȏțȗȆ ȓȆ ȋǼȒȆ 

ȕȘȓȄȈȌțȓȆȓǻ ȓȎȔȑ. ǧ ȏȀȐǻȋȄȓȐȎȑ Pclc ȒȔȂȉȐǾȌȄȈ ȓȆȌ ȄȏȈȕȀȌȄȈȀȉǽ (ȖȘȐȈȉǽ) ȕȘȓȄȈȌțȓȆȓȀ 

ȓȎȔ ȒǽȋȀȓȎȑ Ȁȏț ȓȆȌ ȄȏȈȒȆȋȀȒȋǼȌȆ ȏȐȘȓȄǠȌȆ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȘȌ ȁȊȀȁȝȌ ȁǻȒȄȘȌ 

ȎȐȈȒȋǼȌȆ ȒȓȈȑ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ȋȄ ȓȎ ǾȃȈȎ ȋǼȂȄȇȎȑ ȎȐȈȒȋǼȌȎ ȒȓȎȌ 

ȔȏțȊȎȈȏȎ ȏȔȐǽȌȀ ȓȎȔ ȉȔȓȓǻȐȎȔ. ǬȄ ȓȎȌ ȓȐțȏȎ ȀȔȓț ȄȏȈȓȔȂȖǻȌȄȓȀȈ ȉȀȌȎȌȈȉȎȏȎǾȆȒȆ ȓȘȌ 

țȏȎȈȘȌ ȃȈȀȕȎȐȝȌ ȋȄȓȀȍȜ ȓȘȌ ȏȄȈȐȀȋǻȓȘȌ ȉȀȈ ȏȀȐǻȂȎȌȓȀȈ ȒȔȂȉȐǾȒȈȋȀ ȀȏȎȓȄȊǼȒȋȀȓȀ. ǳȎ 

ȉȜȐȈȎ ȏȊȄȎȌǼȉȓȆȋȀ ȀȔȓǽȑ ȓȆȑ ȇȄȝȐȆȒȆȑ ȄǾȌȀȈ țȓȈ ȀȏȎȕȀǾȌȄȓȀȈ ǻȋȄȒȀ ȂȈȀ ȓȎ ȀȌ Ȏ 

ȄȋȕȀȌȈȅțȋȄȌȎȑ ȒȔȌȄȌȓȎȏȈȒȋțȑ ȄǾȌȀȈ ȓȔȖȀǾȎȑ ǽ ȁȈȎȊȎȂȈȉǻ ȒȆȋȀȌȓȈȉțȑ, ȀȌ Ȇ ȓȈȋǽ ȄǾȌȀȈ 

ȂȜȐȘ ȒȓȎ 1 ǽ ȋȄȂȀȊȜȓȄȐȆ Ȁȏț ȓȎ 1 ȀȌȓǾȒȓȎȈȖȀ.  

ǰȐȎȒȄȂȂǾȅȎȌȓȀȑ ȓȎ ȏȐțȁȊȆȋȀ ȓȆȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȘȌ ȒȜȌȇȄȓȘȌ ȁȊȀȁȝȌ DNA  ȒȄ ȄȏǾȏȄȃȎ 

ȎȐȂȀȌȈȒȋȎȜ ȉȀȈ ȁȈȎȊȎȂǾȀȑ ȒȔȒȓȆȋǻȓȘȌ (systems biology ), ȄȉȓȄȊǼȒȇȆȉȄ ȉȀȈ ȀȌǻȊȔȒȆ ȓȘȌ 

ȏȀȂȉțȒȋȈȘȌ ȁȈȁȊȈȎȂȐȀȕȈȉȝȌ ȃȄȃȎȋǼȌȘȌ ȋȄ ȄȐȂȀȊȄǾȀ ȁȈȎȏȊȆȐȎȕȎȐȈȉǽȑ. ǚȂȈȌȄ ȖȐǽȒȆ 

ȏȊǽȇȎȔȑ ȃȈȀȕȎȐȄȓȈȉȝȌ ȄȐȂȀȊȄǾȘȌ ȄȊȄȜȇȄȐȎȔ ȊȎȂȈȒȋȈȉȎȜ ȉȀȈ ȏȎȊȊȀȏȊțȑ ȒȔȒȓȆȋȀȓȈȉțȑ 

ǼȊȄȂȖȎȑ ȓȘȌ ȀȏȎȓȄȊȄȒȋǻȓȘȌ Ȁȏț ȀȌȀȂȌȘȐȈȒȋǼȌȄȑ ȁǻȒȄȈȑ ȃȄȃȎȋǼȌȘȌ. ǪȀȓǻ ȏȄȐǾȏȓȘȒȆ 

ȃțȇȆȉȄ ȏȐȎȒȎȖǽ ȒȓȆȌ ȉȀȓǻȊȊȆȊȆ ȎȌȎȋȀȓȎȊȎȂǾȀ ȓȘȌ ȂȎȌȈȃǾȘȌ, ȀȌǻȊȎȂȀ ȋȄ ȓȈȑ ȀȏȀȈȓǽȒȄȈȑ 

ȓȎȔ ȉǻȇȄ ȄȐȘȓǽȋȀȓȎȑ. ǪȜȐȈȎ ǻȍȎȌȀ ȀȌȀȅǽȓȆȒȆȑ ȀȏȎȓǼȊȄȒȀȌ ȎȈ țȐȎȈ ȂȎȌȈȃȈȀȉǽȑ 

ȎȌȓȎȊȎȂǾȀȑ, ȝȒȓȄ ȌȀ ȄȍȀȒȕȀȊȈȒȓȄǾ Ȇ ȀȍȈȎȏȈȒȓǾȀ ȓȘȌ ȀȏȎȓȄȊȄȒȋǻȓȘȌ. ǧ ȀȌǻȊȔȒȆ 

ȖȀȐȀȉȓȆȐǾȅȄȓȀȈ ȏȐȘȓȎȂȄȌǽȑ, ȉȀȇȝȑ ȀȌȀȅȆȓǽȇȆȉȀȌ ȃȄȃȎȋǼȌȀ ȏȎȔ ȄǾȌȀȈ ȏȄȈȐȀȋȀȓȈȉȝȑ 
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ȄȏȈȁȄȁȀȈȘȋǼȌȀ ȉȀȈ țȖȈ ȋǼȒȘ ǻȊȊȘȌ ȉȐȈȓȆȐǾȘȌ (țȏȘȑ ȓȆ ȂȄȈȓȌǾȀȒȆ ȒȓȎ ȖȐȘȋțȒȘȋȀ ǽ ȓȆ 

ȒȔȌǼȉȕȐȀȒȆ).  

ǡȏț ȓȆ ȁȈȎȏȊȆȐȎȕȎȐȈȉǽ ȀȌǻȊȔȒȆ ȏȐȎǼȉȔȗȄ ȏȊǽȇȎȑ ȂȎȌȈȃǾȘȌ ȂȈȀ ȓȎȌ ǻȌȇȐȘȏȎ ȀȊȊǻ ȉȀȈ 

ȂȈȀ ȓȀ ȕȔȓǻ ȓȀ ȎȏȎǾȀ ȏȐȎȓȄǾȌȎȌȓȀȈ Șȑ ȏȈȇȀȌǻ ȌȀ ȒȔȋȋȄȓǼȖȎȔȌ ȒȓȎȔȑ ȋȆȖȀȌȈȒȋȎȜȑ 

ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA  ȜȒȓȄȐȀ Ȁȏț ǼȉȇȄȒȆ ȒȄ ȈȎȌȓǾȅȎȔȒȀ ȀȉȓȈȌȎȁȎȊǾȀ ȈȃȈȀǾȓȄȐȀ ȓȘȌ 

ȒȜȌȇȄȓȘȌ ȁȊȀȁȝȌ. ǰȐȎȒȃȈȎȐǾȒȓȆȉȀȌ ȄȏǾȒȆȑ ȂȎȌǾȃȈȀ ȏȎȔ ȏȐȎȓȄǾȌȎȌȓȀȈ Șȑ ȁȈȎȃȄǾȉȓȄȑ ȂȈȀ 

ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȒȓȀ ȃȈǻȕȎȐȀ ȄǾȃȆ ȄȌȃȎȂȄȌȎȜȑ (ȀȌȓȈȂȐȀȕǽȑ DNA , ȎȍȄȈȃȘȓȈȉȎȜ) ȉȀȈ 

ȄȍȘȂȄȌȎȜȑ ȒȓȐȄȑ (ȈȎȌȓǾȅȎȔȒȀ ȀȉȓȈȌȎȁȎȊǾȀ) ȀȊȊǻ ȉȀȈ ȂȎȌǾȃȈȀ ȉȀȓǻȊȊȆȊȀ ȂȈȀ ȁȈȎȊȎȂȈȉǽ 

ȃȎȒȈȋȄȓȐǾȀ.  

ǲȖȄȓȈȉǻ ȋȄ ȓȆȌ ȀȉȓȈȌȎȇȄȐȀȏȄǾȀ ȓȎȔ ȉȀȐȉǾȌȎȔ, ȋȄȊȄȓǽȇȆȉȄ Ȇ ȒȔȋȋȄȓȎȖǽ ȓȘȌ ȂȎȌȈȃǾȘȌ 

ȄȏȈȃȈțȐȇȘȒȆȑ ȉȀȈ ȏȐȎȒȃȈȎȐǾȒȓȆȉȀȌ ȂȎȌǾȃȈȀ ȓȀ ȎȏȎǾȀ ȏȐȎȓȄǾȌȎȌȓȀȈ Șȑ ȏȈȇȀȌȎǾ ȒȓțȖȎȈ 

ȖȆȋȈȉǽȑ/ȕȀȐȋȀȉȄȔȓȈȉǽȑ ȀȌȀȒȓȎȊǽȑ ȂȈȀ ȓȆȌ ȄȌǾȒȖȔȒȆ ȓȆȑ ȀȉȓȈȌȎȇȄȐȀȏȄǾȀȑ ȒȓȀ ȏȊȀǾȒȈȀ 

ȓȆȑ ǲȔȌȃȔȀȒȓȈȉǽȑ ǵȎȌȈȉțȓȆȓȀȑ ȉȀȈ ȏȐȎȓǻȇȆȉȄ Ȇ ȈȃǼȀ ȓȆȑ ǰȎȊȊȀȏȊǽȑ ǵȎȌȈȉțȓȆȓȀȑ.  

ǳǼȊȎȑ ȋȄȊȄȓǽȇȆȉȄ Ȇ ȋȆ-ȒȓȎȖȄȔȋǼȌȆ ȃȐǻȒȆ ȓȆȑ ȈȎȌȓǾȅȎȔȒȀȑ ȀȉȓȈȌȎȁȎȊǾȀȑ, ȃȆȊȀȃǽ ȎȈ 

ȀȏȎȉȐǾȒȄȈȑ ȏȎȔ ȒȔȋȁȀǾȌȎȔȌ ȒȄ țȊȆ ȓȆȌ ǼȉȓȀȒȆ ȓȎȔ ȎȐȂȀȌȈȒȋȎȜ ȏȎȔ ȃǼȖȄȓȀȈ ȓȆȌ 

ȀȉȓȈȌȎȁțȊȆȒȆ, ȉȀȇȝȑ ȉȀȈ Ȇ ȒȔȋȋȄȓȎȖǽ ȓȘȌ ȏȐȘȓȄșȌȝȌ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA  ȒȄ ȀȔȓǻ ȓȀ 

ȕȀȈȌțȋȄȌȀ.  

ǲȔȌȎȊȈȉǻ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȓȆȑ ȃȈȀȓȐȈȁǽȑ ȀȔȓǽȑ, ȒȖȄȓǾȅȎȌȓȀȈ ȋȄ ȓȆȌ ȄȏȀȂȘȂǽ ȉȀȈ 

ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ȒȜȌȇȄȓȘȌ ȁȊȀȁȝȌ DNA  ȉȀȈ ȎȃǽȂȆȒȀȌ ȒȓȆ ȀȌǻȏȓȔȍȆ ȏȐȘȓȎȉțȊȊȘȌ ȂȈȀ 

ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȓȘȌ ȁȊȀȁȝȌ ȀȔȓȝȌ ȒȄ ȄȏǾȏȄȃȎ ȉȔȓȓǻȐȎȔ in situ ȋȄ ȓȆ ȋǼȇȎȃȎ ȓȎȔ 

ȀȌȎȒȎȕȇȎȐȈȒȋȎȜ. ǧ ȒȆȋȀȒǾȀ ȓȘȌ ȀȏȎȓȄȊȄȒȋǻȓȘȌ ȉȐǾȌȄȓȀȈ ȈȃȈȀǾȓȄȐȀ ȒȆȋȀȌȓȈȉǽ ȉȀȈ Șȑ 

ȏȐȎȑ ȓȆȌ ȓȄȖȌȈȉǽ ȏȐțȎȃȎ ȏȎȔ ȄȏȄȓȄȜȖȇȆ ȂȈȀ ȓȆȌ ȉȀȊȔȓǼȐȄȔȒȆ ȓȘȌ ȋȄȇțȃȘȌ ȀȌǾȖȌȄȔȒȆȑ 

ȓȘȌ ȒȜȌȇȄȓȘȌ ȁȊȀȁȝȌ ȏȎȔ ȄȏǻȂȎȌȓȀȈ Ȁȏț ȓȆȌ ȈȎȌȓǾȅȎȔȒȀ ȀȉȓȈȌȎȁȎȊǾȀ, ȀȊȊǻ ȉȀȈ ȓȆȌ 

ȏȊȆȐȎȕȎȐǾȀ ȂȈȀ ȓȆ ȃȔȒȉȎȊǾȀ ȄȏȈȃȈțȐȇȘȒȆȑ, ȉǻȓȈ ȏȎȔ ǼȖȄȈ ȉȀȈ ȋȄȂǻȊȆ ȁȈȎȊȎȂȈȉǽ ȒȆȋȀȒǾȀ. 
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Abstract  

Repair of oxidatively -induced clustered DNA lesions, after exposure of human cancer cells 

to ionizing radiation.  

In the present thesis, the induction and repair of complex DNA lesions, double strand 

breaks (DSBs) of high complexity accompanied by oxidatively -induced base lesions in 

their close vicinity were studied after exposure to ionizi ng radiation (IR) of varying quality 

i.e. linear energy transfer (LET). These lesions are considered the hallmark of ionizing 

radiation as well as of the high levels of oxidative stress. Complex DNA damage may be 

consisted by DSBs, single strand breaks (SSBs) and base lesions within a very short DNA 

fragment up to 10-15 base pairs. Clustered DNA damage challenges the cell DNA repair 

machinery and therefore the eventual misrepair could lead to mutations, genomic 

instability or even carcinogenesis. The in situ immunofluorescence-based detection of this 

kind of damage is generally accepted as a very challenging goal and can be performed 

currently only at the chromosomal level and within DNA regions much larger than the 

above mentioned above.  

The main experimental method followed in this thesis, it is the in situ indirect 

immunofluorescence, using specific antibodies against several human DNA repair 

proteins i.e. for DSBs (Ȃ-ǧ2ǡǶ), for oxidative base lesions (OGG1) and for abasic DNA 

sites (hAPE1). Moreover complementary meta-analysis of experimental results was 

performed, achieving the systematical review of underlying mechanisms. The scientific 

interest for DNA damage as well as for the consequential cellular response can be 

attributed to the dual action of ion izing radiation. On one hand, coincidental exposure to 

ionizing radiation could disrupt DNA integrity, causing mutations, sometimes beneficial, 

promoting evolution or detrimental causing genomic instability and sometimes cancer. 

On the other hand, one of the most important therapies against cancer, radiotherapy 

utilizes ionizing radiation to target the DNA of tumor cells and thus to induce 

programmed cell death (apoptosis).       

In the framework of the present thesis, several human cancer cell lines originating from 

breast cancer (MCF7), hepatocellular carcinoma (HepG2), lung carcinoma (A549), 

glioblastoma (MO59K and their isogenic MO59J) but also normal immortalized 

keratinocytes (FEP18-11-T1), as well as lymphocytes from healthy donors were studied. 

Diffe rent types of ionizing radiation and LET, electromagnetic (Low LET: Ȃ- and X- rays) 

and charged particles (high-LET: a- particles and Argon ions) were used. Increasing 
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complexity of the induced damage was detected with the increase of LET of the incident 

radiation. Regarding the repair of this damage, a significant delay in the process of 

complex lesions was also observed. Chemical inhibition of the DNA repair protein DNA -

PK was induced in cell cultures, using two different and highly specific inhibitors, n amely 

the NU7026 and the NU7441. NU7441 was found to induce stronger inhibition in double 

strand break repair process than NU7026. DNA-PK was also tested by using a pair of cell 

lines (MO59K and MO59J), MO59J are DNA-PKcs deficient. DNA repair was delayed but 

finally was achieved.  

In order to detect complex DNA lesions that also include oxidative base lesions in the 

vicinity of a DSB, we defined the proper protocol which allows their visualization as 

colocalized fluorescence signal coming from fluorescent antibodies that target the DSB 

repair proteins (Ȃ-ǧ2ǡǶ or 53BP1) and the base lesion repair proteins (OGG1 or APE1). 

In order to evaluate the colocalization levels based on òfluorescentó images, as a result of 

the present work, we introduced a criterion -Parameter called Pclc (colocalization 

parameter). Our criterion conserves the focus topology for the DSBs, which are considered 

the ôcentersõ of repair, and regarding the oxidative base lesions, it uses their mean 

luminosity. Pclc compares the surface (or spatial in the case of 3D images) luminosity of the 

signal coming from the labeled antibody that targets the base repair enzymes, considered 

over the DSB foci area with the same value considered over the rest of the cell nucleus 

area. Using our suggested parameter Pclc, normalization of any fluctuation am ong images 

has been achieved, making possible the comparison among images resulting by different 

experiments. The main advantage of this consideration is that it allows unbiased the 

decision whether or not the occurring colocalization is random or of biolo gical importance. 

Significant Pclc increases were detected with increasing LET and this trend was verified 

with some minor variations for all radiations used. In addition, specific correlations were 

made with repair time and focus size synonymous with dama ge complexity.  

Approaching the DNA repair of complex DNA lesions on organism level (systems 

biology), data analysis coming from universal data bases was performed, utilizing 

bioinformatics. For this purpose several open source tools were utilized, and mul tilevel 

systematic proofing of the results was performed. Proper gene nomenclatures were case ð

specifically used. Gene ontology terms hold the key role in the gene screening that was 

performed, making the results reliable. This analysis has been based exclusively on 

experimentally evaluated data. Specific correlations were done between DNA damage 

response (DDR) and repair genes with the immune system and inflammatory response 
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especially in the case of radiation-induced systemic effects which consisted a significant 

part of our bioinformatical work. The idea of radiation non -targeted effects holds currently 

a prominent position in radiation biology and our main hypothesis has been that complex 

DNA lesions and their repair can be regarded as the first ôdangerõ signal due to the 

difficulty the cell encounters in processing and amending these genome problems.   

Bioinformatics analysis revealed numerous (human and plant) genes that we believe that 

are also participating in DNA repair machinery, following the expos ure to IR and 

especially to the repair of clustered DNA lesions.  Several other genes where identified and 

are proposed as potential biomarkers of exposure to endogenous (replication, oxidative) 

and to exogenous stress (ionizing radiation), being also applicable to biological dosimetry. 

Regarding cancer therapy, the role of DNA repair genes was explored and several genes 

were suggested as potential targets for chemical/pharmaceutical inhibition in order to 

enhance radiotherapy in the frame of Synthetic Lethality, moreover the idea of Multi -

pathway Lethality was also proposed.  

Summarizing , the results of this study are centered on the biophysical mechanisms 

induction and  repair of complex DNA lesions.  They led to the development of protocols 

for the detection of these lesions on the cellular level, by using in situ immunofluorescence. 

The scientific importance of these findings relies primarily on two aspects: 1. the technical 

improvements and advancement of the field of in situ detection of complex damage as 

well as 2. the biophysical/biological importance of the findings on the processing of 

complex DNA damage consisting of a DSB and neighboring oxidative lesions challenging 

the repair machinery of the cell. More importantly, the biophysical experimental and 

complementary bioinformatics work has been published in the following papers:  

 

 [1] Z. Nikitaki, V. Nikolov, I. V. Mavragani, I. Plante, D. Emfietzoglou, G. Iliakis, and 

Alexandros G. Georgakilas, "Non-DSB clustered DNA lesions. Does theory colocalize with the 

experiment?," Radiation Physics and Chemistry, 2016. 128: p. 26-35. 

Abstract  

Ionizing radiation results in various kinds of DNA lesions such as double strand breaks 

(DSBs) and other non-DSB base lesions. These lesions may be formed in close proximity 

(ie, within a few nanometers) resulting in clustered types of DNA lesions. These damage 

clusters are considered the signature of ionizing radiation, notably charged particles of 

high linear energy transfer (LET). Accumulating theoretical and experimental e vidence 

suggest the induction of these clustered lesions appears under various irradiation 

conditions but also as a result of high levels of oxidative stress. The biological significance 



viii  

 

of these clustered DNA lesions pertains to the inability of cells to process them efficiently 

as isolated lesions. The results in the case of unsuccessful or erroneous repair can vary 

from mutations up to chromosomal instability. In this mini review, we discuss of several 

Monte Carlo simulations codes and experimental evidence regarding the induction and 

repair of radiation -induced non -DSB complex DNA lesions. We also critically discuss the 

most widely used methodologies (ie, gel electrophoresis and fluorescence microscopy [in 

situ colocalization assays]). Based on the comparison of different approaches, we present 

examples and suggestions for the improved detection of these lesions in situ. Based on the 

current status of knowledge, we conclude that there is a great need for improvement of 

the detection techniques at the cellular or tissue level, which will provide valuable 

information for understanding the mechanisms used by the cell to process clustered DNA 

lesions. 

 

[2] Z. Nikitaki, V. Nikolov, I. V. Mavragani, E. Mladenov, A. Mangelis, D. A. 

Laskaratou, Georgios I. Fragkoulis, Christine E. Hellweg, Olga A. Martin, Dimitris 

Emfietzoglou, Vasiliki I. Hatzi, Georgia I. Terzoudi, George Iliakis and Alexandros G. 

Georgakilas, "Measurement of complex DNA damage induction and repair in human cellular 

systems after exposure to ionizing radiations of varying linear energy transfer (LET)," Free Radic 

Res, pp. 1-45, Sep 5 2016. 

Abstract  

Detrimental effects of ionizing radiation (IR) are correlated to the varying efficiency of IR 

to induce complex DNA damage. A double strand break (DSB)  can be considered the 

simpler form of complex DNA damage. These types of damage can consist of double 

strand breaks (DSBs), single strand breaks (SSBs) and/or non-DSB lesions such as base 

damages and apurinic/apyrimidinic (AP; abasic) sites in different c ombinations. 

Enthralling theoretical (Monte Carlo simulations) and experimental evidence suggests an 

increase of the complexity of DNA damage and therefore repair resistance with linear 

energy transfer (LET). In this study, we have measured the induction and processing of 

DSB and non-DSB oxidative clusters using adaptations of immunofluorescence. 

Specifically, we applied foci colocalization approaches as the most current methodologies 

for the in situ detection of clustered DNA lesions in a variety of human normal (FEP18-11-

T1) and cancerous cell lines of varying repair efficiency (MCF7, HepG2, A549, MO59K/J) 

and radiation qualities of increasing linear energy transfer (LET) i.e., Ȃ-, X-rays 0.3-1 

keV/ȋm, Ȁ-particles 116 keV/ȋm and 36Ar ions 270 keV/ȋm. Using Ὓ-H2AX or 53BP1 foci 

staining as DSB probes, we calculated a DSB apparent rate of 5-16 DSBs/cell/Gy 

decreasing with LET. A similar trend was measured for non -DSB oxidized base lesions 

detected using antibodies against the human repair enzymes 8-oxoguanine-DNA 

glycosylase (OGG1) or AP endonuclease (APE1) i.e. damage foci as probes for oxidized 

purines or abasic sites respectively. In addition, using colocalization parameters 

previously introduced by our groups, we detected an increasing clustering of damage for 

DSBs and non-DSBs. We also made correlations of damage complexity with the repair 
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efficiency of each cell line and we discuss the biological importance of these new findings 

with regard to the severity of IR due to the complex nature of its DNA damage.    

 

[3] Z. Nikitaki, I. V. Mavragani, D. A. Laskaratou, V. Gika, V. P. Moskvin, K. 

Theofilatos Konstantinos Vougas, Robert D. Stewart and Alexandros G. Georgakilas., 

"Systemic mechanisms and effects of ionizing radiation: A new 'old' paradigm of how the 

bystanders and distant can become the players," Semin Cancer Biol, vol. 37-38, pp. 77-95, Jun 

2016. 

Abstract  

Exposure of cells to any form of ionizing radiation (IR) is expected  to induce a variety of 

DNA lesions, including double strand breaks (DSBs), single strand breaks (SSBs) and 

oxidation, as well as loss of bases, i.e. abasic sites. The damaging potential of IR is 

primarily related to the generation of electrons, which thro ugh their interaction with water 

produce free radicals. In their turn, free radicals attack DNA, proteins and lipids. Damage 

is induced also through direct deposition of energy. These types of IR interactions with 

biological materials are collectively call ed ôtargeted effectsõ, since they refer only to the 

irradiated cells. Earlier and sometimes ôanecdotalõ findings were pointing to the possibility 

of IR actions unrelated to the irradiated cells or area, i.e. a type of systemic response with 

unknown mechani stic basis. Over the last years, significant experimental evidence has 

accumulated, showing a variety of radiation effects for ôout-of-fieldõ areas (non-targeted 

effects-NTE). The NTE involve the release of chemical and biological mediators from the 

ôin-fieldõ area and thus the communication of the radiation insult via the so called ôdangerõ 

signals. The NTE can be separated in two major groups: bystander and distant (systemic). 

In this review, we have collected a detailed list of proteins implicated in eit her bystander 

or systemic effects, including the clinically relevant abscopal phenomenon, using 

improved text -mining and bioinformat ics tools from the literature. We have identified 

which of these genes belong to the DNA damage response and repair pathway (DDR/R) 

and made protein-protein interaction (PPi) networks. Our analysis supports that the 

apoptosis, TLR-like or NOD -like receptor signaling pathways are the main pathways 

participating in NTE. Based on this analysis, we formulate a biophysical hypothesi s for 

the regulation of NTE, based on DNA damage and apoptosis gradients between the 

irradiation point and various distances corresponding to bystander (5 mm) or distant 

effects (5 cm). Last but not least, in order to provide a more realistic support for our model, 

we calculate the expected DSB and non-DSB clusters along the central axis of a 

representative 200.6 MeV pencil beam calculated using Monte Carlo DNA damage 

simulation software (MCDS) based on the actual beam energy-to-depth curves used in 

therapy.    
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[4] A. G. Georgakilas, A. Pavlopoulou, M. Louka, Z. Nikitaki, C. E. Vorgias, P. G. 

Bagos, Ioannis Michalopoulos,"Emerging molecular networks common in ionizing radiation, 

immune and inflammatory responses by employing bioinformatics approaches," Cancer Lett, vol. 

368, pp. 164-72, Nov 28 2015. 

Abstract  

Efficient radiation therapy is characterized by enhanced tumor cell killing involving the 

activation of the immune system (tumor immunogenicity) but at the same time 

minimizing chronic inflammation and radiation adverse effects in healthy tissue. The aim 

of this study was to identify gene products involved in immune and inflammatory 

responses upon exposure to ionizing radiation by using various bioinformatic tools. 

Ionizing radiation is known to elicit d ifferent effects at the level of cells and organism i.e. 

DNA Damage Response (DDR), DNA repair, apoptosis and, most importantly, systemic 

effects through the instigation of inflammatory ôdangerõ signals and innate immune 

response activation. Genes implicated both in radiation and immune/inflammatory 

responses were collected manually from the scientific literature with a combination of 

relevant keywords. The experimentally validated and literature -based results were 

inspected, and genes involved in radiation , immune and inflammatory response were 

pooled. This kind of analysis was performed for the first time, for both healthy and tumor 

tissues. In this way, a set of 24 genes common in all three different phenomena was 

identified. These genes were found to form a highly connected network. Useful 

conclusions are drawn regarding the potential application of these genes as markers of 

response to radiation for both healthy and tumor tissues through the modulation of 

immune and/or inflammatory mechanisms.  

 

[5] N. Hekim, Z. Cetin, Z. Nikitaki, A. Cort, and E. I. Saygili, "Radiation triggering 

immune response and inflammation," Cancer Lett, vol. 368, pp. 156-63, Nov 28 2015. 

Abstract  

Radiation therapy (RT) is a well -established but still under optimization branch of Ca ncer 

Therapy (CT). RT uses electromagnetic waves or charged particles in order to kill 

malignant cells, by accumulating the energy onto these cells. The issue at stake for RT, as 

well as for any other Cancer Therapy technique, is always to kill only cancer  cells, without 

affecting the surrounding healthy ones. This perspective of CT is usually described under 

the terms òspecificityó and òselectivityó. Specificity and selectivity are the ideal goal, but 

the ideal is never entirely achieved. Thus, in addition  to killing healthy cells, changes and 

effects are observed in the immune system after irradiation. In this review, we mainly 

focus on the effects of ionizing radiation on the immune system and its components like 

bone marrow. Additionally, we are interest ed in the effects and benefits of low-dose 

ionizing radiation on the hematopoiesis and immune response. Low dose radiation has 

been shown to induce biological responses like inflammatory responses, innate immune 

system activation and DNA repair (adaptive r esponse). This review reveals the fact that 
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there are many unanswered questions regarding the role of radiation as either an 

immuneactivating (low dose) or immunosuppressive (high dose) agent.  

 

[6] Z. Nikitaki, I. Michalopoulos, and A. G. Georgakilas, " Molecular inhibitors of DNA 

repair: searching for the ultimate tumor killing weapon," Future Med Chem, vol. 7, pp. 1543-

58, Aug 2015. 

Abstract  

DNA repair (DR) inhibitors are small molecules that interact with DR proteins in order to 

disrupt their function and  induce a ôstrikeõ to the high fidelity of the mammalian DNA 

repair systems. Many anticancer therapies aim to harm the DNA of the usually highly 

proliferative cancer cell, causing it to undergo apoptosis. In response to this, cancer cells 

attempt to fix th e induced lesion and reconstitute its genomic integrity, in turn reducing 

the efficacy of treatment. To overcome this, DR inhibitors suppress DNA repair proteinsõ 

function, increasing the potency and tumor killing effect of chemotherapy or 

radiotherapy. In  this review, we discuss clinically applied novel inhibitors under 

translational investigation and we apply bioinformatic tools in order to identify repair 

proteins implicated in more than two phenomenically distinct DNA repair pathways (e.g., 

base excision repair and nonhomologous end joining), that is, the concept of ôsynthetic 

lethalityõ. Our study can aid towards the optimization of this therapeutic strategy and, 

therefore, maximizing treatment effectiveness like in the case of radiation therapy.  
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DNA damage biomarkers: applications and limitations," Front Chem, vol. 3, p. 35, 2015. 

Abstract  

 Avariety of environmental stresses like chemicals, UV and ionizing radiation a nd 

organismõs endogenous processes such as replication stress and metabolism can lead to 

the generation of reactive oxygen and nitrogen species (ROS/RNS) that can attack cellular 

vital components like DNA, proteins and lipid membranes. Among them, much att ention 

has been focused on DNA since DNA damage plays a role in several biological disorders 

and aging processes. Thus, DNA damage can be used as a biomarker in a reliable and 

accurate way to quantify for example radiation exposure and can indicate its pos sible long 

term effects and cancer risk. Based on the type of DNA lesions detected one can 

hypothesize on the most probable mechanisms involved in the formation of these lesions 

for example in the case of UV and ionizing radiation (e.g., X- or Ȁ-,Ȃ-rays, energetic ions, 

neutrons). In this review we describe the most accepted chemical pathways for DNA 

damage induction and the different types of DNA lesions, i.e., single, complex DNA 

lesions etc. that can be used as DNA damage biomarkers. We critically compare DNA 

damage detection methods and their limitations. In addition, we suggest the use of DNA 

repair gene products as biomarkes for identification of different types of stresses i.e., 

radiation, oxidative, or replication stress, based on bioinformatic appro aches and meta-

analysis of literature data. 
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Panayiotidis, et al., "Non-targeted radiation effects in vivo: a critical glance of the future in 

radiobiology," Cancer Lett, vol. 356, pp. 34-42, Jan 1 2015. 

Abstract  

Radiation-induced bystander effects (RIBE), demonstrate the induction of biological non -

targeted effects in cells which have not directly hit by radiation or by free radicals 

produced by ionization events. Although R IBE have been demonstrated using a variety of 

biological endpoints the mechanism(s) of this phenomenon still remain unclear. The 

controversial results of the in vitro RIBE and the evidence of nontargeted effects in various 

in vivo systems are discussed. The experimental evidence on RIBE, indicate that a more 

analytical and mechanistic in depth approach is needed to secure an answer to one of the 

most intriguing questions in radiobiology.  
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ǰȐțȊȎȂȎȑ 
ǧ ȀȊȊȆȊȄȏǾȃȐȀȒȆ ȓȆȑ ȈȎȌȓǾȅȎȔȒȀȑ ȀȉȓȈȌȎȁȎȊǾȀȑ (ǩǡ) ȋȄ ȓȆ ȁȈȎȊȎȂȈȉǽ ȜȊȆ ȄǾȌȀȈ ǼȌȀ 

ȕȀȈȌțȋȄȌȎ ȏȎȔ Ȇ ȏȊǽȐȆȑ ȀȏȎȒȀȕǽȌȈȒǽ ȓȎȔ ȁȎȆȇǻ ȓțȒȎ ȒȓȆȌ ȉȀȓȀȌțȆȒȆ ȓȆȑ ȏȐțȉȊȆȒȆȑ 

ȌȄȎȏȊȀȒǾȀȑ țȒȎ ȉȀȈ ȒȓȆȌ ȀȏȎȓȄȊȄȒȋȀȓȈȉțȓȄȐȆ ȀȌȓȈȋȄȓȝȏȈȒȆ ȓȆȑ ȌțȒȎȔ. ǳȎȜȓȎ ȒȔȋȁȀǾȌȄȈ 

ȃȈțȓȈ Ȇ ȈȎȌȓǾȅȎȔȒȀ ȀȉȓȈȌȎȁȎȊǾȀ ȀȕȄȌțȑ ȀȏȎȓȄȊȄǾ ȂȄȌȄȒȈȎȔȐȂț ȀȈȓǾȀ ȓȎȔ ȉȀȐȉǾȌȎȔ ȉȀȇȝȑ 

ȏȐȎȉȀȊȄǾ ȒȜȌȇȄȓȄȑ (ȏȎȊȜȏȊȎȉȄȑ) ȁȊǻȁȄȑ DNA , ȋȄȓȀȊȊǻȍȄȈȑ ȉȀȈ ȂȎȌȈȃȈȘȋȀȓȈȉǽ ȀȒȓǻȇȄȈȀ 

ȉȀȈ ȀȕȄȓǼȐȎȔ ȄǾȌȀȈ ǼȌȀ ȄȔȐǼȘȑ ȖȐȆȒȈȋȎȏȎȈȎȜȋȄȌȎ ȋǼȒȎ ȒȓȆȌ ȉȀȓȀȏȎȊǼȋȆȒǽ ȓȎȔ, ȋǼȒȘ ȓȆȑ 

ȀȉȓȈȌȎȇȄȐȀȏȄǾȀȑ. ǯȈ ȁȊǻȁȄȑ ȏȎȔ ȏȐȎȉȀȊȎȜȌȓȀȈ ȒȓȎ DNA  ȓȘȌ ȉȔȓȓǻȐȘȌ ȊțȂȘ ȓȆȑ 

ȈȎȌȓǾȅȎȔȒȀȑ ȀȉȓȈȌȎȁȎȊǾȀȑ ǼȖȎȔȌ ȓȎ ȄȈȃȎȏȎȈț ȖȀȐȀȉȓȆȐȈȒȓȈȉț țȓȈ ȄȋȕȀȌǾȅȎȌȓȀȈ ȏȔȉȌǼȑ ȉȀȈ 

ȎȋȀȃȎȏȎȈȆȋǼȌȄȑ (clustered DNA  damage) ȒȄ ȀȌȓǾȇȄȒȆ ȂȈȀ ȏȀȐǻȃȄȈȂȋȀ ȋȄ ȓȈȑ ȄȌȃȎȂȄȌȄǾȑ 

ȖȆȋȈȉǼȑ ȁȊǻȁȄȑ ȎȈ ȎȏȎǾȄȑ ȄȋȕȀȌǾȅȎȌȓȀȈ ȃȈǻȒȏȀȐȓȄȑ. Ǹȑ çȎȋȀȃȎȏȎȈȆȋǼȌȄȑè ȎȐǾȅȎȌȓȀȈ ȎȈ 

ȁȊǻȁȄȑ ȄȉȄǾȌȄȑ țȓȀȌ ȄȏȈȒȔȋȁȀǾȌȎȔȌ ȃȜȎ ǽ ȏȄȐȈȒȒțȓȄȐȄȑ ȄȌȓțȑ ȄȌțȑ ȓȋǽȋȀȓȎȑ DNA  ȏȎȔ 

ȃȄȌ ȔȏȄȐȁȀǾȌȄȈ ȓȀ ȃǼȉȀ ȅȄȜȂȆ ȁǻȒȄȘȌ (bp-base pairs) ȒȄ ȋǽȉȎȑ.  

 

ǲȉȎȏțȑ ȓȆȑ ȃȈȀȓȐȈȁǽȑ 

ǯ ȒȉȎȏțȑ ȓȆȑ ȏȀȐȎȜȒȀȑ ȃȈȀȓȐȈȁǽȑ ȄǾȌȀȈ Ȇ ȋȄȊǼȓȆ ȓȆȑ ȄȏȀȂȘȂǽȑ ȉȀȈ ȓȆȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȘȌ 

ȒȜȌȇȄȓȘȌ ȁȊȀȁȝȌ DNA  ȏȎȔ ǼȖȎȔȌ ȏȐȎȉȊȆȇȄǾ Ȁȏț ȈȎȌȓǾȅȎȔȒȀ ȀȉȓȈȌȎȁȎȊǾȀ ȒȄ ȀȌȇȐȝȏȈȌȀ 

ȉȀȐȉȈȌȈȉǻ ȉȀȈ ȔȂȈǽ ȉȜȓȓȀȐȀ. ǣȈȀ ȓȎ ȒȉȎȏț ȀȔȓț ȖȐȄȈǻȒȓȆȉȀȌ ȀȊȊȄȏǻȊȊȆȊȀ ȏȄȈȐǻȋȀȓȀ 

ǼȘȑ țȓȎȔ ȌȀ ȏȐȎȓȔȏȎȏȎȈȆȇȄǾ ȓȎ ȉȀȓǻȊȊȆȊȎ ȏȄȈȐȀȋȀȓȈȉț ȏȐȘȓțȉȎȊȊȎ, ȀȊȊǻ ȉȀȈ Ȇ 

ȄȏȄȍȄȐȂȀȒǾȀ ȓȘȌ ȄȈȉțȌȘȌ ȋȈȉȐȎȒȉȎȏǾȎȔ. 

ǪȀȓǻ ȃȄȜȓȄȐȎ ȊțȂȎ, ȒȓȎȔȑ ȒȉȎȏȎȜȑ ȓȆȑ ȃȈȀȓȐȈȁǽȑ ǽȓȀȌ Ȇ ȒȔȒȓȆȋȀȓȈȉǽ ȀȌǻȊȔȒȆ (ȋȄȓȀ-

ȀȌǻȊȔȒȆ) ȏȐȎȂȄȌǼȒȓȄȐȘȌ ȏȄȈȐȀȋȀȓȈȉȝȌ ȃȄȃȎȋǼȌȘȌ ȏȎȔ ȀȕȎȐȎȜȌ ȓȎȔȑ ȋȆȖȀȌȈȒȋȎȜȑ 

ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA  ȒȄ ȀȌȇȐȝȏȈȌȀ ȉȜȓȓȀȐȀ ȋȄ ȒȓțȖȎ ȓȘȌ ȏȐȎȒȃȈȎȐȈȒȋț ȁȈȎȃȄȈȉȓȝȌ 

ȁȊǻȁȆȑ DNA , ȓȆȌ ȄȍȄȜȐȄȒȆ ȀȌȀȒȓȎȊǼȘȌ ȄȏȈȃȈțȐȇȘȒȆȑ DNA , ȓȆ ȒȜȂȉȐȈȒȆ ȓȘȌ 

ȋȆȖȀȌȈȒȋȝȌ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA  ȓȎȔ ȀȌȇȐȝȏȎȔ ȋȄ ȓȘȌ ȕȔȓȝȌ ȉȀȈ ȓȆ ȋȄȊǼȓȆ ȓȘȌ 

ȒȔȒȓȆȋȈȉȝȌ ȕȀȈȌȎȋǼȌȘȌ ȏȎȔ ȏȐȎȉȀȊȄǾ Ȇ ǼȉȇȄȒȆ ȒȄ ȈȎȌȓǾȅȎȔȒȄȑ ȀȉȓȈȌȎȁȎȊǾȄȑ.  

ǰȄȈȐȀȋȀȓȈȉǽ ȏȐȎȒǼȂȂȈȒȆ (in situ  ȀȌȎȒȎȕȇȎȐȈȒȋțȑ) 

ǣȈȀ ȓȆ ȋȄȊǼȓȆ ȓȘȌ ȎȋȀȃȎȏȎȈȆȋǼȌȘȌ ȁȊȀȁȝȌ ȒȓȆȌ ȏȀȐȎȜȒȀ ȃȈȃȀȉȓȎȐȈȉǽ ȃȈȀȓȐȈȁǽ Ȇ 

ȋǼȇȎȃȎȑ ȏȎȔ ȉȔȐǾȘȑ ȄȕȀȐȋțȅȄȓȀȈ ȄǾȌȀȈ Ȏ in situ ǼȋȋȄȒȎȑ ȀȌȎȒȎȕȇȎȐȈȒȋțȑ. ǧ ȀȐȖǽ 

ȊȄȈȓȎȔȐȂǾȀȑ ȓȆȑ ȋȄȇțȃȎȔ ȒȓȆȐǾȅȄȓȀȈ ȒȓȀ ȀȌȓȈȒȝȋȀȓȀ, ȏȐȘȓȄǠȌȄȑ ȉȀȓȀȒȉȄȔȀȒȋǼȌȄȑ Ȁȏț 

ȄȓȀȈȐǾȄȑ ȋȄ ȓȆȌ ȈȃȈțȓȆȓȀ ȌȀ ȏȐȎȒȃǼȌȎȌȓȀȈ ȄȏȈȊȄȉȓȈȉǻ ȒȄ ǻȊȊȄȑ ðȓȈȑ ȏȐȎȑ ȀȌǾȖȌȄȔȒȆ- 

ȏȐȘȓȄǠȌȄȑ. ǧ ȋǼȇȎȃȎȑ ȊǼȂȄȓȀȈ çǼȋȋȄȒȎȑè ȂȈȀ ȃȜȎ ȊțȂȎȔȑ: ȀȕȄȌțȑ ȂȈȀȓǾ ȀȏȀȈȓȄǾȓȀȈ ȉȀȈ ǼȌȀ 

ȃȄȜȓȄȐȎ ȀȌȓǾȒȘȋȀ ȓȎ ȎȏȎǾȎ ȇȀ ȀȌȀȂȌȘȐǾȅȄȈ Șȑ ȀȌȓȈȂțȌȎ ȓȎ ȏȐȝȓȎ ȀȌȓǾȒȘȋȀ ȉȀȈ 
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ȓȀȔȓȎȖȐțȌȘȑ ȕǼȐȄȈ ȋȈȀ ȕȇȎȐǾȅȎȔȒȀ ȖȐȘȒȓȈȉǽ, ȋȄ ȀȏȎȓǼȊȄȒȋȀ, țȓȀȌ ȓȎ ȃȄǾȂȋȀ ȄȍȄȓȀȒȓȄǾ 

ȒȄ ȋȈȉȐȎȒȉțȏȈȎ ȕȇȎȐȈȒȋȎȜ, ȓȎ ȃȄȜȓȄȐȎ ȀȌȓǾȒȘȋȀ ȌȀ ȕȇȎȐǾȅȄȈ, ȉǻȌȎȌȓȀȑ ǼȓȒȈ ȄȋȋǼȒȘȑ 

ȎȐȀȓǽ ȓȆȌ ȏȐȎȑ ȀȌǾȖȌȄȔȒȆ ȏȐȘȓȄǠȌȆ ȉȀȈ ȀȕȄȓǼȐȎȔ ȃȈțȓȈ ȎȈ ȏȐȎȑ ȀȌǾȖȌȄȔȒȆ ȏȐȘȓȄǠȌȄȑ, 

ȄǾȌȀȈ ȏȐȘȓȄǠȌȄȑ ȏȎȔ ȒȔȋȋȄȓǼȖȎȔȌ ȒȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȎȔ DNA  ȉȀȈ țȖȈ ȎȈ ȁȊǻȁȄȑ ȀȕȄȀȔȓǼȑ, 

ȎȏȓȈȉȎȏȎȈȝȌȓȀȑ ȉȀȈ ȏǻȊȈ ȄȋȋǼȒȘȑ ȓȈȑ ȁȊǻȁȄȑ, ȋǼȒȘ ȓȘȌ ȄȌȅȜȋȘȌ ȄȏȈȃȈțȐȇȘȒȆȑ.  

ǧ ȏȀȐȎȜȒȀ ȃȈȀȓȐȈȁǽ ȄȒȓȈǻȅȄȈ ȒȓȈȑ ȒȜȌȇȄȓȄȑ ȁȊǻȁȄȑ ȏȎȔ ȏȄȐȈǼȖȎȔȌ ȓȎȔȊǻȖȈȒȓȎȌ ȋǾȀ ȃȈȏȊǽ 

(ȃǾȉȊȘȌȆ) ȇȐȀȜȒȆ (DSB-double strand break) ȉȀȈ ȉǻȏȎȈȄȑ ȎȍȄȈȃȘȓȈȉǼȑ ȁȊǻȁȄȑ ȁǻȒȄȘȌ 

ȒȓȆȌ ȄȔȐȜȓȄȐȆ ôȂȄȈȓȎȌȈǻõ ȓȆȑ DSB. ǣȈȀ ȓȈȑ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ ȄȏȈȊǼȂȎȌȓȀȈ Șȑ ȃȄǾȉȓȄȑ ð

ȄȌȀȊȊȀȉȓȈȉǻ ǽ ȉȀȈ ȒȄ ȒȔȌȃȔȀȒȋț- ȄǾȓȄ Ȇ ȈȒȓțȌȆ ǧ2ǡǶ ȒȓȆ ȕȘȒȕȎȐȔȊȈȘȋǼȌȆ ȓȆȑ ȋȎȐȕǽ 

(Ȃ-ǧ2ǡǶ) ȄǾȓȄ Ȇ 53ǢǱ1 (p53 bounding  protein  1). ǣȈȀ ȓȈȑ ȎȍȄȈȃȘȓȈȉǼȑ ȁȊǻȁȄȑ ȁǻȒȄȘȌ 

ȃȎȉȈȋǻȅȎȌȓȀȈ ȎȈ ȏȐȘȓȄǠȌȄȑ APE1, OGG1 ȉȀȈ XRCC1. ǚȂȈȌȀȌ ȏȎȊȊǻ ȏȄȈȐǻȋȀȓȀ ȒȄ 1) 

ȊȄȋȕȎȉȜȓȓȀȐȀ ȔȂȈȝȌ ȃȎȓȝȌ ȉȀȈ ȏȊǽȇȎȑ ǻȊȊȘȌ ȏȄȈȐȀȋǻȓȘȌ ȒȓȈȑ Ȅȍǽȑ ȀȌȇȐȝȏȈȌȄȑ 

ȉȔȓȓȀȐȈȉǼȑ ȒȄȈȐǼȑ: 2) MCF7: ȉȀȐȉǾȌȎȑ ȓȎȔ ȋȀȒȓȎȜ, 3) HepG2: ȆȏȀȓȎȉȔȓȓȀȐȈȉț ȉȀȐȉǾȌȘȋȀ, 

4) Fǡ549: ȄȏȈȇȆȊȈȀȉț ȉȀȐȉǾȌȘȋȀ ȏȌȄȜȋȎȌȀ, 5-6) MO59K/ MO59J: ȉȀȉȎǽȇȄȑ 

ȂȊȎȈȎȁȊǻȒȓȘȋȀ, 7) FEP18-11-T1: ȀȇȀȌȀȓȎȏȎȈȆȋǼȌȀ ȉȄȐȀȓȈȌȎȉȜȓȓȀȐȀ, ȉȀȇȝȑ ȉȀȈ ȒȄ 8) 

CHO: ȄȏȈȇȆȊȈȀȉǻ ȉȜȓȓȀȐȀ ȘȎȇǽȉȆȑ Ȁȏț Chinese hamster. ǳȀ ȉȜȓȓȀȐȀ ȀȉȓȈȌȎȁȎȊǽȇȆȉȀȌ 

ȋȄ ȈȎȌȓǾȅȎȔȒȄȑ ȀȉȓȈȌȎȁȎȊǾȄȑ ȎȈ ȎȏȎǾȄȑ ȏȀȐȀȓǾȇȄȌȓȀȈ ȉȀȓǻ ȀȔȍȀȌțȋȄȌȆ LET (ȂȐȀȋȋȈȉǽ 

ȄȌȀȏțȇȄȒȆ ȄȌǼȐȂȄȈȀȑ): 1) ȀȉȓǾȌȄȑ Ȃ LET=0.3 keV/ȋm ȏȐȎȄȐȖțȋȄȌȄȑ Ȁȏț ȏȆȂǽ 60Co 

GammaCell 220 irradiator (Atomic Energy of Canada Ltd, Ottawa, Canada) ǽ Ȁȏț ȏȆȂǽ 

137Cs (GammaCell40 Irradiator , Nordion  International , Ottawa, ON, Canada) , 2) ȀȉȓǾȌȄȑ 

X ȏȐȎȄȐȖțȋȄȌȄȑ Ȁȏț Gulmay  X-ray source RS225 (X-Strahl, Surrey, UK) ǽ Ȁȏț Seifert-

Pantak X-ray machine ȋǼȒȆȑ LET 2 keV/ȋm, 3) ȒȘȋǻȓȈȀ Ȁ ȋǼȒȆȑ LET=116 keV/ ȋm, 4) 

ȈțȌȓȀ 36Ar  ȏȎȔ ȄȏȈȓȀȖȜȌȇȆȉȀȌ ȒȓȎȌ Grand Acc®l®rateur National d'Ions Lourds (GANIL, 

Caen, France) ȋǼȒȆȑ LET~270 keV/ȋm. ǧ ȀȏȄȈȉțȌȈȒȆ ǼȂȈȌȄ ȄǾȓȄ ȋȄ ȀȏȊț ȋȈȉȐȎȒȉțȏȈȎ 

ȕȇȎȐȈȒȋȎȜ (ȀȌǻȉȊȀȒȆȑ) ȄǾȓȄ ȋȄ ȒȔȌȄȒȓȈȀȉț ȋȈȉȐȎȒȉțȏȈȎ. ǳȀ ȊȎȂȈȒȋȈȉǻ ȂȈȀ ȓȈȑ ȄȈȉțȌȄȑ 

ǽȓȀȌ ȀȌȓȈȒȓȎǾȖȘȑ ȓȎ Isis ȓȆȑ Metasystems ȉȀȈ ȓȎ LAS X ȓȆȑ Leica. ǧ ȀȌǻȊȔȒȆ ǼȂȈȌȄ ȂȈȀ ȓȎ 

ȋȄȌ ȋȈȉȐȎȒȉțȏȈȎ ȄȏȈȕȇȎȐȈȒȋȎȜ ȋȄ ȓȀ ȊȎȂȈȒȋȈȉǻ Jcount, Jquant, ȏȎȔ ȀȌǼȏȓȔȍȄ Ȏ 

ȒȔȌȄȐȂǻȓȆȑ ȓȎȔ ȄȐȂȀȒȓȆȐǾȎȔ ȉȀȇȆȂȆȓǽȑ Pavel Lobachevsky, ȄȌȝ ȂȈȀ ȓȈȑ ȄȈȉțȌȄȑ Ȁȏț ȓȎ 

ȒȔȌȄȒȓȈȀȉț ȋȄ ȓȎ ȊȎȂȈȒȋȈȉț Imaris  ȓȆȑ Bitplane.  

ǢȈȎȏȊȆȐȎȕȎȐȈȉǽ ǡȌǻȊȔȒȆ (in  silico ) 

ǪȀȓǻ ȓȆȌ ȄȉȏțȌȆȒȆ ȓȆȑ ȃȈȀȓȐȈȁǽȑ Ȅȉȓțȑ Ȁȏț ȓȀ ȏȄȈȐǻȋȀȓȀ ȀȌȎȒȎȕȇȎȐȈȒȋȎȜ, ǼȂȈȌȄ ȉȀȈ 

ȒȏȎȔȃȀǾȀ ȃȎȔȊȄȈǻ ȒȄ ȄȏǾȏȄȃȎ ȁȈȎȏȊȆȐȎȕȎȐȈȉǽȑ. ǚȂȈȌȄ ȖȐǽȒȆ ȏȊǽȇȎȔȑ ȄȐȂȀȊȄǾȘȌ ȉȀȈ 

ȁǻȒȄȘȌ ȃȄȃȎȋǼȌȘȌ țȏȘȑ ȄȌȃȄȈȉȓȈȉǻ: AmiGO 2, OrthoMCL -DB, BioMart -Ensembl, 
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Ensembl Plants, Bio-Venn, REPAIRtoire, GLAD 4U, QuickGO, Gene Cards, Cancer Gene 

list , STRING v9 ȉȀȈ ǻȊȊȀ.  

ǲȔȌȓȎȋȎȂȐȀȕǾȄȑ 

EA ȄȏȈȃȈțȐȇȘȒȆ ȀȌȀȌȓȈȒȓȎȈȖǾȀȑ 

ǤǪǨ ȃǾȉȊȘȌȆ ȇȐȀȜȒȆ (DNA)  

ǩǡ ȈȎȌȓǾȅȎȔȒȀ ȀȉȓȈȌȎȁȎȊǾȀ 

ǬǥǢ ǬȆȖȀȌȈȒȋțȑ ǥȉȓȎȋǽȑ ǢǻȒȆȑ 

Ǭǥǭ  ǬȆȖȀȌȈȒȋțȑ ǥȉȓȎȋǽȑ ǭȎȔȉȊȄȎȓȈȃǾȘȌ 

ǬǪǨ  ȋȎȌțȉȊȘȌȆ ȇȐȀȜȒȆ 

Ǭǯǥǡ ǬȆ ǯȋțȊȎȂȆ ǚȌȘȒȆ ǘȉȐȘȌ 

ǯǡ ǯȋțȊȎȂȎȑ ǡȌȀȒȔȌȃȔȀȒȋțȑ 

ǯǣǯ țȐȎȈ ȂȎȌȈȃȈȀȉǽȑ ȎȌȓȎȊȎȂǾȀȑ 
 

 

 

 

Abbreviations  

At  Arabidopis thaliana 
BER Base excision repair 
DDR DNA d amage repair 
DDR/R  DNA damage repair or response 
DSB double strand break 
GO gene ontology 
HR Homologous recombination  
Hs Homo sapiens 
MMR  MisMatch repair  
NER Nucleotide excision repari  
NHEJ Non homologous End Joining  
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ǬǥǱǯǲ ǡõ  -  ǨǥǸǱǩǡ 

 

1 ǥǰǡǣǸǣǧ ǢǫǡǢǸǭ DNA  

1.1 ǡȊȊȆȊȄȏǾȃȐȀȒȆ ȈȎȌȓȈȅȎȔȒȝȌ ȀȉȓȈȌȎȁȎȊȈȝȌ ȋȄ ȓȆ ȁȈȎȊȎȂȈȉǽ ȜȊȆ 

ǢȈȎȊȎȂȈȉǽ ȜȊȆ  

ǬȄ ȓȎȌ țȐȎ ȁȈȎȊȎȂȈȉǽ ȜȊȆ ȒȓȆȌ ȏȀȐȎȜȒȀ ȃȈȀȓȐȈȁǽ ȀȏȎȉȀȊȎȜȌȓȀȈ ȓȀ ȉȜȓȓȀȐȀ, ȉȀȇțȓȈ 

ȀȏȎȓȄȊȎȜȌ ȓȆ ȃȎȋȈȉǽ ȉȀȈ ȊȄȈȓȎȔȐȂȈȉǽ ȋȎȌǻȃȀ ȓȆȑ ȁȈȎȊȎȂȈȉǽȑ ȃȐȀȒȓȆȐȈțȓȆȓȀȑ ȓȘȌ 

ȎȐȂȀȌȈȒȋȝȌ. ǥȏȈȏȊǼȎȌ ȂȈȀ ȓȎ ȊțȂȎ țȓȈ țȊȀ ȓȀ in situ ȏȄȈȐǻȋȀȓȀ ȏȎȔ ȏȄȐȈȂȐǻȕȎȌȓȀȈ 

ǼȂȈȌȀȌ ȒȄ ȉȔȓȓȀȐȈȉț ȄȏǾȏȄȃȎ. ǳȀ ȉȜȓȓȀȐȀ ȃȈȀȕǼȐȎȔȌ, ȀȌǻȊȎȂȀ ȋȄ ȓȎ ȄǾȃȎȑ ȓȎȔ 

ȎȐȂȀȌȈȒȋȎȜ ȉȀȈ ȓȆ ȊȄȈȓȎȔȐȂǾȀ ȓȆȌ ȎȏȎǾȀ ȄȏȈȓȄȊȎȜȌ. ǲȓȎ Ȅȍǽȑ, țȏȎȔ ȃȄ ȃȈȄȔȉȐȈȌǾȅȄȓȀȈ 

ȒȀȕȝȑ, ȉȀȈ ȂǾȌȄȓȀȈ ȀȌȀȕȎȐǻ ȒȄ ȉȜȓȓȀȐȀ, ȇȀ ȄȌȌȎȎȜȋȄ ǼȌȀ çȓȔȏȈȉțè ȉȜȓȓȀȐȎ, ȓȎ ȎȏȎǾȎ 

ȄǾȌȀȈ ȌȎȆȓȈȉț ȉȀȓȀȒȉȄȜȀȒȋȀ ȉȀȈ ȏȄȐȈȂȐǻȕȄȈ ȓȈȑ ȂȄȌȈȉǼȑ ȈȃȈțȓȆȓȄȑ ȓȘȌ ȉȔȓȓǻȐȘȌ ȓȘȌ 

ȇȆȊȀȒȓȈȉȝȌ. 

 

ǣȐȀȋȋȈȉǽ ȋȄȓȀȕȎȐǻ ȄȌǼȐȂȄȈȀȑ-LET 

ǚȌȀ ȒȘȋǻȓȈȎ ǽ ǼȌȀ ȕȘȓțȌȈȎ ȃȆȋȈȎȔȐȂȄǾ ȈțȌȓȀ ȒȓȎ ȏǼȐȀȒȋǻ ȓȎȔ ȋǼȒȀ Ȁȏț ȓȆȌ ȜȊȆ ȉȀȇȝȑ 

ȖǻȌȄȈ ȄȌǼȐȂȄȈȀ, ȝȒȓȄ ȓȄȊȈȉǻ ȌȀ ȀȏȎȐȐȎȕȆȇȄǾ ȏȊǽȐȘȑ, ȄǾȓȄ ȏȀȂȈȃȄȔțȋȄȌȎ (Ȋ.Ȗ. ȆȊȄȉȓȐțȌȈȎ), 

ȄǾȓȄ ȋȄȓȀȁȈȁǻȅȎȌȓȀȑ țȊȆ ȓȎȔ ȓȆȌ ȄȌǼȐȂȄȈȀ (Ȋ.Ȗ. ȕȘȓțȌȈȎ). ǧ ȏȀȐǻȋȄȓȐȎȑ ȏȎȔ 

ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ ȂȈȀ ȓȆȌ ȏȄȐȈȂȐȀȕǽ ȓȆȑ ȃȈȀȃȈȉȀȒǾȀȑ ȀȔȓǽȑ ȊǼȂȄȓȀȈ ȂȐȀȋȋȈȉǽ ȋȄȓȀȁǾȁȀȒȆ 

ȄȌǼȐȂȄȈȀȑ (linear energy transfer-LET) ȉȀȈ ȋȄȓȐǻȓȀȈ ȒȄ keV ȀȏȝȊȄȈȀ ȄȌǼȐȂȄȈȀȑ ȀȌǻ ȋm 

ȋǽȉȎȔȑ ȓȆȑ ȓȐȎȖȈǻȑ ȓȎȔ ȒȘȋȀȓǾȎȔ ǽ ȓȎȔ ȕȘȓȎȌǾȎȔ.  

ǧ LET ȏȐȎȒȏǾȏȓȎȌȓȎȑ ȕȎȐȓȈȒȋǼȌȎȔ ȒȘȋȀȓȈȃǾȎȔ ȄǾȌȀȈ ȀȌǻȊȎȂȆ ȓȎȔ ȓȄȓȐȀȂȝȌȎȔ ȓȎȔ 

ȕȎȐȓǾȎȔ ȓȎȔ ȉȀȈ ȀȌȓȈȒȓȐțȕȘȑ ȀȌǻȊȎȂȆ ȓȆȑ ȉȈȌȆȓȈȉǽȑ ȄȌǼȐȂȄȈȀȑ ȓȎȔ ȒȘȋȀȓȈȃǾȎȔ. ǥȏȈȏȊǼȎȌ 

ȀȏȎȓȄȊȄǾ ȓȎ ȂȈȌțȋȄȌȎ ȓȎȔ ȄȈȃȈȉȎȜ ȈȎȌȓȈȒȋȎȜ, ȃȆȊȀȃǽ Ȏ ȀȐȈȇȋțȑ ȅȄȔȂȀȐȈȝȌ ȈțȌȓȘȌ ȀȌǻ ȋm 

ȓȐȎȖȈǻȑ ȓȎȔ ȒȘȋȀȓǾȎȔ ǽ ȓȎȔ ȕȘȓȎȌǾȎȔ ȉȀȈ ȓȆȑ ȋǼȒȆȑ ȄȌǼȐȂȄȈȀȑ ȏȎȔ ȏȐǼȏȄȈ ȌȀ ȄȌȀȏȎȓȄȇȄǾ 

ȒȓȆȌ ȜȊȆ ȂȈȀ ȌȀ ȏȀȐȀȖȇȄǾ ǼȌȀ ȅȄȜȂȎȑ ȈțȌȓȘȌ. ǧ LET ȎȔȒȈȀȒȓȈȉǻ ȏȄȐȈȂȐǻȕȄȈ ȓȆȌ 

ȏȔȉȌțȓȆȓȀ ȄȌȀȏțȇȄȒȆȑ ȄȌǼȐȂȄȈȀȑ Ȁȏț ȓȆȌ ȀȉȓȈȌȎȁȎȊǾȀ ȒȓȆȌ ȜȊȆ ȉȀȈ ȉȀȇȎȐǾȅȄȈ, ȒȄ 

ȒȆȋȀȌȓȈȉț ȁȀȇȋț, ȓȈȑ ȒȔȌǼȏȄȈȄȑ ȏȎȔ ȇȀ ȔȏȎȒȓȄǾ ȓȎ ȁȈȎȊȎȂȈȉț ȔȊȈȉț. ǡȌȀȕȎȐȈȉǻ, ȋȄȂǻȊȆ 

LET ǼȖȎȔȌ ȓȀ ȁȀȐȈǻ ȕȎȐȓȈȒȋǼȌȀ ȒȘȋȀȓǾȃȈȀ ȓȀ ȎȏȎǾȀ ȏȐȎȍȄȌȎȜȌ ȏȈȎ ȏȔȉȌǼȑ ȁȊǻȁȄȑ ȒȓȎȔȑ 

ȈȒȓȎȜȑ Ȁȏț țȒȎ ȎȈ ȀȉȓȈȌȎȁȎȊǾȄȑ ȋȈȉȐǽȑ LET, țȏȘȑ ȓȀ ȆȊȄȉȓȐțȌȈȀ ǽ ȓȀ ȕȘȓțȌȈȀ [2] . 
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ǲȖǽȋȀ 1-1: ǤȈǻȖȔȒȆ ȓȘȌ ȁȊȀȁȝȌ ȓȎȔ DNA  ȋȄȓǻ Ȁȏț ǼȉȇȄȒȆ ȒȄ ȔȏȄȐȎȍȄǾȃȈȎ ȓȎȔ ǴȃȐȎȂțȌȎȔ, 
ȀȉȓȈȌȎȁțȊȆȒȆ ȋȄ ǩǡ ȖȀȋȆȊǽȑ ȉȀȈ ȔȗȆȊǽȑ ȂȐȀȋȋȈȉǽȑ ȋȄȓȀȕȎȐǻȑ ȄȌǼȐȂȄȈȀȑ (LET). ǯȈ ȐǾȅȄȑ *OH Ȁȏț 
ȓȎ H2O2 ȃȈȀȖǼȎȌȓȀȈ ȎȋȎȈțȋȎȐȕȀ, ȄȏǻȂȎȌȓȀȑ ǼȓȒȈ ȄȍǾȒȎȔ ȎȋȎȈțȋȎȐȕȆ ȉȀȓȀȌȎȋǽ ȓȘȌ ȁȊȀȁȝȌ ȒȓȎ 
DNA. ǲȓȆȌ ȏȄȐǾȏȓȘȒȆ ȓȆȑ ǩǡ, ȎȈ ȈȎȌȓȈȒȋȎǾ ȒȔȋȁȀǾȌȎȔȌ ȉȀȓǻ ȋǽȉȎȑ ȓȆȑ ȓȐȎȖȈǻȑ ȓȎȔ ȒȘȋȀȓȈȃǾȎȔ 
[ȒȓȎ ȋȄȒȀǾȎ ȒȖǽȋȀ ȏȀȐȈȒȓȝȌȓȀȈ ȆȊȄȉȓȐțȌȈȀ (e-) ȄȌǼȐȂȄȈȀȑ 0.5 ȉȀȈ 10 keV, ȒȓȎ ȃȄȍǾ ȒȖǽȋȀ ȒȘȋǻȓȈȀ Ȁ 
ȄȌǼȐȂȄȈȀȑ 4 MeV] ȄȏǻȂȎȌȓȀȑ ȒȜȌȇȄȓȄȑ ȁȊǻȁȄȑ țȏȘȑ ȕȀǾȌȄȓȀȈ ȒȓȎ ȒȖǽȋȀ (Schipler and Iliakis, 2013 
[1]). 

ǲȜȌȇȄȓȄȑ ȁȊǻȁȄȑ DNA  

ǪȀȇȝȑ ȀȔȍǻȌȄȓȀȈ Ȇ LET ȎȈ ȁȊǻȁȄȑ ȒȓȎ DNA, ȂȈȀ ȃȄȃȎȋǼȌȆ ȀȐȖȈȉǽ ȄȌǼȐȂȄȈȀ ȒȘȋȀȓǾȎȔ, 

ȂǾȌȎȌȓȀȈ ȏȔȉȌțȓȄȐȄȑ. ǡȉȎȊȎȔȇȄǾ ǼȌȀ ȏȀȐǻȃȄȈȂȋȀ ȒȓȆ ȋǾȀ ȃȈǻȒȓȀȒȆ. ǲȖǽȋȀ ǩ-2 ǳȐǾȀ 

ȒȘȋǻȓȈȀ (Ȁ, ȁ ȉȀȈ Ȃ) ȕǼȐȎȌȓȀ ȀȐȖȈȉȝȑ ȓȆȌ ǾȃȈȀ ȄȌǼȐȂȄȈȀ, ȀȊȊǻ ȖȀȐȀȉȓȆȐȈȅțȋȄȌȀ Ȁȏț 

ȃȈȀȕȎȐȄȓȈȉǽ LET ȀȊȊȆȊȄȏȈȃȐȎȜȌ ȋȄ ȓȎ ȋțȐȈȎ ȓȎȔ DNA. ǚȒȓȘ țȓȈ LETȀ<LETȁ<LETȂ, ȓțȓȄ 

ȏȐȎȉȜȏȓȄȈ țȓȈ ȂȈȀ ȓȈȑ ȏȈȇȀȌțȓȆȓȄȑ ȀȊȊȆȊȄȏǾȃȐȀȒȆȑ ȀȌǻ ȋȎȌǻȃȀ ȋǽȉȎȔȑ ȇȀ ȈȒȖȜȄȈ 

pȀ<pȁ<pȂ. ǲȔȌȀȉțȊȎȔȇȀ ȇȀ ȈȒȖȜȄȈ lȀ>lȁ>lȂ, țȏȎȔ l ȓȎ ȋǽȉȎȑ ȃȈȄǾȒȃȔȒȆȑ ȓȆȑ ȀȉȓȈȌȎȁȎȊǾȀȑ, 

ȃȆȊȀȃǽ Ȇ ȀȏțȒȓȀȒȆ ȏȎȔ ȇȀ ȃȈȀȌȜȒȄȈ ȓȎ ȒȘȋǻȓȈȎ ȋǼȖȐȈȑ ȀȏȎȃȝȒȄȈ țȊȆ ȓȎȔ ȓȆȌ ȄȌǼȐȂȄȈȀ 

ȏȐȎȉȀȊȝȌȓȀȑ ȁȊǻȁȄȑ ȒȓȎ DNA. ǯȈ ȒȔȌǽȇȄȈȑ ȁȊǻȁȄȑ ȒȓȎ DNA ȋȏȎȐȄǾ ȌȀ ȄǾȌȀȈ ȁȊǻȁȄȑ 

ȁǻȒȄȘȌ, ȀȁȀȒȈȉǻ ȒȆȋȄǾȀ ðȀȏȎȔȐȈȌȈȉǻ/ȀȏȔȐȈȋȈȃȈȌȈȉǻ-(abasic sites-AP), ȋȎȌțȉȊȘȌȄȑ ǽ 

ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ (ǬǪǨ ǽ ǤǪǨ) ȒȓȎ DNA. ǪȀȇȝȑ ȉȀȈ ȓȀ ȓȐǾȀ ȒȘȋǻȓȈȀ ȕǼȐȎȔȌ ȓȆȌ ǾȃȈȀ 

ȄȌǼȐȂȄȈȀ, ǼȖȎȌȓȀȑ ǼȓȒȈ ȓȆ ȃȔȌȀȓțȓȆȓȀ ȌȀ ȏȐȎȉȀȊǼȒȎȔȌ ȓȎȌ ǾȃȈȎ ȀȐȈȇȋț ȀȊȊȎȈȝȒȄȘȌ ȉȀȈ 

ȃȈȀȌȜȎȔȌ ȃȈȀȕȎȐȄȓȈȉǻ ȃȈȀȒȓǽȋȀȓȀ ȋǼȖȐȈȑ ȀȏȎȃȝȒȎȔȌ țȊȆ ȓȎȔȑ ȓȆȌ ȄȌǼȐȂȄȈȀ, ȓȎ ȒȘȋǻȓȈȎ 

ȋȄ ȓȆ ȋȄȂȀȊȜȓȄȐȆ LET, ȇȀ ȃȈȀȌȜȒȄȈ ȓȆ ȋȈȉȐțȓȄȐȆ ȀȏțȒȓȀȒȆ, ȏȐȎȍȄȌȝȌȓȀȑ ȏȈȎ ȏȔȉȌǼȑ 

ȁȊǻȁȄȑ. ǯȈ ȁȊǻȁȄȑ ȄȏȈȒȔȋȁȀǾȌȎȔȌ ȏȔȉȌțȓȄȐȄȑ, ȒȓȎ ȏȀȐțȌ ȏȀȐǻȃȄȈȂȋȀ 2 ǤǪǨ, 1 ǬǪǨ, 2 
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ǡǰ ȉȀȈ 8 ȁȊǻȁȄȑ ȁǻȒȄȘȌ, ȃȈțȓȈ Ȏ ǾȃȈȎȑ ȀȐȈȇȋțȑ Ȁȏț ȀȔȓǼȑ ȏȐțȉȄȈȓȀȈ ȌȀ ȏȐȎȉȊȆȇȄǾ ȒȄ 

ȋȈȉȐțȓȄȐȎ ȓȋǽȋȀ ȓȎȔ DNA. 

1.2 ǰȀȐǻȂȎȌȓȄȑ ȄȏȀȂȘȂǽȑ ȁȊȀȁȝȌ DNA 

ǯȈ ȁȊǻȁȄȑ ȒȓȎ DNA ȋȏȎȐȄǾ ȌȀ ȎȕȄǾȊȎȌȓȀȈ ȄǾȓȄ ȒȄ ȄȌȃȎȂȄȌȄǾȑ ȄǾȓȄ ȒȄ ȄȍȘȂȄȌȄǾȑ ȏȀȐǻȂȎȌȓȄȑ, 

țȏȘȑ ȎȈ ȉȎȒȋȈȉǼȑ ȀȉȓǾȌȄȑ ðǶ, -Ȃ ǽ ȓȀ ȒȘȋǻȓȈȀ-Ȁ ȏȎȔ ȀȏȄȊȄȔȇȄȐȝȌȎȌȓȀȈ Ȁȏț ȓȆ ȃȈǻȒȏȀȒȆ 

ȓȎȔ ȐȀȃȎȌǾȎȔ. ǥȌȃȎȂȄȌȝȑ, ȓȀ ȔȏȎȏȐȎșțȌȓȀ ȓȆȑ ȕȔȒȈȎȊȎȂȈȉǽȑ ȋȄȓȀȁȎȊȈȉǽȑ ȃȈȄȐȂȀȒǾȀȑ, 

țȏȘȑ ȎȈ ȎȍȄȈȃȘȋǼȌȄȑ ȏȐȘȓȄǠȌȄȑ ȉȀȈ ȓȀ ȊȈȏǾȃȈȀ ȄȌȃǼȖȄȓȀȈ ȌȀ ȏȐȎȉȀȊǼȒȎȔȌ ȁȊǻȁȆ ȒȓȎ DNA, 

ȋȄ ȒȎȁȀȐțȓȀȓȄȑ ȄȏȈȏȓȝȒȄȈȑ ȒȓȆȌ ȀȉȄȐȀȈțȓȆȓȀ ȓȘȌ ȉȔȓȓǻȐȘȌ ȉȀȈ ȒȓȆ ȊȄȈȓȎȔȐȂȈȉțȓȆȓȀ ȓȎȔ 

ȎȐȂȀȌȈȒȋȎȜ [3]. ǲȓȎȔȑ ȄȌȃȎȂȄȌȄǾȑ ȏȀȐǻȂȎȌȓȄȑ ȄȌȓǻȒȒȎȌȓȀȈ ȎȈ ȋȄȓȀȁȎȊȈȉǼȑ ȃȈȄȐȂȀȒǾȄȑ ȉȀȈ 

ȓȎ ȎȍȄȈȃȘȓȈȉț ȒȓȐȄȑ, ȀȊȊǻ ȉȀȈ ȓȀ ȓȔȖțȌ ȊǻȇȆ ȏȎȔ ȒȔȋȁȀǾȌȎȔȌ ȉȀȓǻ ȓȆȌ ȀȌȓȈȂȐȀȕǽ ȉȀȈ 

ȃȈȏȊȀȒȈȀȒȋț ȓȎȔ DNA  ȀȊȊǻ ȉȀȈ ȎȈ ȏȈȇȀȌǼȑ ȒȖȄȓȈȉǼȑ ȇȐȀȜȒȄȈȑ. ǲȓȎȔȑ ȄȍȘȂȄȌȄǾȑ 

ȏȀȐǻȂȎȌȓȄȑ ȄȌȓǻȒȒȎȌȓȀȈ ȎȈ ȈȎȌȓǾȅȎȔȒȄȑ ȀȉȓȈȌȎȁȎȊǾȄȑ, ȖȆȋȈȉȎǾ ȏȀȐǻȂȎȌȓȄȑ Ȁȏț ȓȎ 

ȏȄȐȈȁǻȊȊȎȌ ǽ ȓȈȑ ȒȔȌǽȇȄȈȄȑ ȓȎȔ ȀȌȇȐȝȏȎȔ, țȏȘȑ ȓȎ ȉǻȏȌȈȒȋȀ [4]. 

ǲȖǽȋȀ 1-2: ǪȀȇȝȑ ȀȔȍǻȌȄȓȀȈ Ȇ LET ȎȈ ȁȊǻȁȄȑ ȒȓȎ DNA ȂǾȌȎȌȓȀȈ ȏȔȉȌțȓȄȐȄȑ (ȎȋȀȃȎȏȎȈȆȋǼȌȄȑ). 
(ȋȄȓȀȕȐȀȒȋǼȌȎ ȒȖǽȋȀ Ȁȏț ȓȎ Nikitaki et. al., 2015) [4].   
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1.3 ǢȊǻȁȄȑ DNA 

1.3.1 ǢȊǻȁȄȑ ȁǻȒȄȘȌ 

ǬȄȋȎȌȘȋǼȌȄȑ ȁǻȒȄȈȑ ȓȎȔ DNA  ȋȏȎȐȎȜȌ ȌȀ ȔȏȎȒȓȎȜȌ ȖȆȋȈȉǽ ȁȊǻȁȆ ȏȐȎȄȐȖțȋȄȌȆ Ȁȏț 

ȃȈǻȕȎȐȎȔȑ ȋȆȖȀȌȈȒȋȎȜ, ȋȄ ȓȎȔȑ ȏȈȎ ȉȎȈȌȎȜȑ ȌȀ ȄǾȌȀȈ Ȇ ȀȏȀȋǾȌȘȒȆ, Ȇ ȎȍȄǾȃȘȒȆ ȉȀȈ Ȇ 

ȀȊȉȔȊǾȘȒȆ. ǥǾȌȀȈ ȏȈȇȀȌț ȊțȂȘ ȀȔȓȝȌ ȓȘȌ ȓȐȎȏȎȏȎȈǽȒȄȘȌ ȌȀ ȄȏȆȐȄȀȒȓȄǾ Ȇ ȈȉȀȌțȓȆȓȀ ȓȆȑ 

ȁǻȒȆȑ ȌȀ ȃȆȋȈȎȔȐȂȄǾ ȃȄȒȋȎȜȑ ȔȃȐȎȂțȌȎȔ, ȋȄ ȃȔȌȆȓȈȉț ȀȏȎȓǼȊȄȒȋȀ ȒȄ ȊȀȌȇȀȒȋǼȌȆ 

ȀȌȓȈȒȓȎǾȖȈȒȆ ȁǻȒȄȘȌ ȉȀȈ ȒȔȌȄȉȃȎȖȈȉǻ ȌȀ ȏȐȎȉȊȆȇȎȜȌ ȋȄȓȀȊȊǻȍȄȈȑ ȒȓȎ DNA . ǣȈȀ 

ȏȀȐǻȃȄȈȂȋȀ, Ȇ ȄȌȒȘȋǻȓȘȒȆ ȓȆȑ ȀȃȄȌǾȌȆȑ Ȁȏț ȓȆȌ 8-ȎȍȎȂȎȔȀȌǾȌȆ ȉȀȓǻ ȓȆȌ ȀȌȓȈȂȐȀȕǽ 

ȓȎȔ DNA  ȏȐȎȉȀȊȄǾ ȓȆ ȋȄȓȀȓȐȎȏǽ ȓȎȔ ȅȄȜȂȎȔȑ G:C ȒȓȎ ȅȄȜȂȎȑ T:A. ǘȊȊȀ ȏȀȐȀȃȄǾȂȋȀȓȀ 

ȁȊȀȁȝȌ ȁǻȒȄȘȌ ȏȎȔ ȄȏȈȃȈȎȐȇȝȌȄȈ Ȏ ǬȆȖȀȌȈȒȋțȑ ǥȉȓȎȋǽȑ ǢǻȒȆȑ: (i) ȎȍȄȈȃȘȋǼȌȄȑ ȁǻȒȄȈȑ: 

8-ȎȍȎ-ȂȎȔȀȌǾȌȆ (FapyG), ȉȀȈ  2,6-ȃȈǻȋȈȌȎ-4-ȔȃȐȎȍȔ-5-ȕȎȐȋȀȋȈȃȎȏȔȐȈȋȈȃǾȌȆ (FapyA), (ii ) 

ȀȊȉȔȊȈȘȋǼȌȄȑ ȁǻȒȄȈȑ: 3-ȋȄȇȔȊ-ȀȃȄȌǾȌȆ, 7-ȋȄȇȔȊ-ȂȎȔȀȌǾȌȆ, (iii ) ȀȏȀȋȈȌȘȋǼȌȄȑ ȁǻȒȄȈȑ: 

ȔȏȎȍȀȌȇǾȌȆ ȒȖȆȋȀȓȈȅțȋȄȌȆ Ȁȏț ȀȏȀȋǾȌȘȒȆ ȓȆȑ ȀȃȄȌǾȌȆȑ, ȇȔȋǾȌȆ ȏȐȎȄȐȖțȋȄȌȆ Ȁȏț 

ȀȏȀȋǾȌȘȒȆ ȓȆȑ 5-ȋȄȇȔȊ-ȉȔȓȎȒǾȌȆȑ, (iv ) ȊȀȌȇȀȒȋǼȌȆ ȄȈȒȀȂȘȂǽ ȎȔȐȀȉǾȊȆȑ ȒȓȎ DNA  ȄǾȓȄ 

ȏȐȎȄȐȖțȋȄȌȆ Ȁȏț ȀȏȀȋǾȌȘȒȆ ȓȆȑ ȉȔȓȎȒǾȌȆȑ [5, 6]. 

1.3.2 ǬȎȌțȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ  

ǝȓȀȌ Ȇ ȔȏȄȐȈȝȃȆȑ ȀȉȓȈȌȎȁȎȊǾȀ ǽ ȎȈ ȀȉȓǾȌȄȑ-Ƕ ȀȊȊȆȊȄȏȈȃȐȎȜȌ ȋȄ ȓȀ ȋțȐȈȀ ȓȎȔ ȌȄȐȎȜ 

ȃȆȋȈȎȔȐȂȎȜȌȓȀȈ ȃȐȀȒȓȈȉǼȑ ȋȎȐȕǼȑ ȎȍȔȂțȌȎȔ, ȂȌȘȒȓǼȑ ȒȓȆ ȃȈȄȇȌǽ ȁȈȁȊȈȎȂȐȀȕǾȀ Șȑ ROS 

(reactive oxygen species) ȉȀȈ ǻȊȊȄȑ ȄȊȄȜȇȄȐȄȑ ȐǾȅȄȑ, ȎȈ ȎȏȎǾȄȑ ȋȏȎȐȎȜȌ ȌȀ ȏȐȎȉȀȊǼȒȎȔȌ 

ȃȈȀȉȎȏǼȑ ǽ ȉȀȈ ȇȐȀȜȒȄȈȑ ȓȎȔ ȕȘȒȕȎȃȈȄȒȓȄȐȈȉȎȜ ȃȄȒȋȎȜ. ǝȓȀȌ Ȇ ȁȊǻȁȆ ȄȉȓȄǾȌȄȓȀȈ ȋțȌȎ 

ȒȓȎȌ ǼȌȀȌ ȉȊȝȌȎ ȓȆȑ ȃȈȏȊǽȑ ǼȊȈȉȀȑ, ȓțȓȄ Ȇ ȁȊǻȁȆ ȊǼȂȄȓȀȈ çǬȎȌțȉȊȘȌȆ ǨȐȀȜȒȆè (ǬǪǨ). 

ǡȕțȓȎȔ ȀȌȈȖȌȄȔȓȄǾ Ȇ ȏȀȐȎȔȒǾȀ ȓȆȑ ȁȊǻȁȆȑ ȓțȓȄ ȓȎ ȉȜȓȓȀȐȎ ȄȏȈȒȓȐȀȓȄȜȄȈ ȄǾȓȄ ȓȎ 

ȋȆȖȀȌȈȒȋț BER ǽ ȓȎ ȋȆȖȀȌȈȒȋț NER, ȎȈ ȎȏȎǾȎȈ ȏȄȐȈȂȐǻȕȎȌȓȀȈ ȒȓȎ ȄȏțȋȄȌȎ ȉȄȕǻȊȀȈȎ [7].   

1.3.3 ǡȌȀȌȓȈȒȓȎȈȖǾȄȑ ȁǻȒȄȘȌ ȉȀȓǻ ȓȆȌ ȀȌȓȈȂȐȀȕǽ 

ǪǻȏȎȈȎ ȓȔȖȀǾȎ ȒȕǻȊȋȀ ȋȏȎȐȄǾ ȌȀ ȒȔȋȁȄǾ ȉȀȓǻ ȓȆ ȃȈǻȐȉȄȈȀ ȓȆȑ ȀȌȓȈȂȐȀȕǽȑ ȓȎȔ DNA, 

țȓȀȌ ȃȆȊȀȃǽ ȓȎ ȉȜȓȓȀȐȎ ȃȈȏȊȀȒȈǻȅȄȈ ȓȎ DNA ȓȎȔ ȋȄ ȒȉȎȏț ȒȓȆ ȒȔȌǼȖȄȈȀ ȌȀ ȃȈȀȈȐȄȇȄǾ ȒȄ 

ȃȜȎ ȌǼȀ ȉȜȓȓȀȐȀ. ǳȎ ȒȕǻȊȋȀ ȄȋȕȀȌǾȅȄȓȀȈ ȒȓȎ ȇȔȂȀȓȐȈȉț ȉȊȝȌȎ ȉȀȈ ȋȏȎȐȄǾ ȌȀ ȀȏȎȓȄȊȄǾ 

ȄǾȓȄ ȓȎȏȎȇǼȓȆȒȆ ȊȀȌȇȀȒȋǼȌȆȑ ȁǻȒȆȑ, ȏȎȔ ȌȀ ȋȆȌ ȔȏȀȉȎȜȄȈ ȒȓȎȌ ȉȀȌțȌȀ ȓȆȑ 

ȒȔȋȏȊȆȐȘȋȀȓȈȉțȓȆȓȀȑ ȓȘȌ ȁǻȒȄȘȌ, ȄǾȓȄ ȏȀȐǻȊȆȗȆ ȋǾȀȑ ȁǻȒȆȑ ǽ ȏȐȎȒȇǽȉȆ ȋȈȀȑ 

ȏȊȄȎȌǻȅȎȔȒȀȑ ȁǻȒȆȑ. ǘȊȊȎ ȄǾȃȎȑ ȒȕǻȊȋȀȓȎȑ ȀȌȀȌȓȈȒȓȎȈȖǾȀȑ ȀȏȎȓȄȊȎȜȌ ȎȈ 

ȃȈȀȒȓȀȔȐȎȜȋȄȌȄȑ ȒȔȌȃǼȒȄȈȑ ȋȄȓȀȍȜ ȓȘȌ ȁǻȒȄȘȌ ȉȔȓȎȒǾȌȆ ȉȀȈ ȇȔȋǾȌȆ, ȃȆȋȈȎȔȐȂȝȌȓȀȑ 
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ȃȈȋȄȐǽ ȏȔȐȈȋȈȃǾȌȘȌ ǽ ȃȈȀȒȓȀȔȐȎȜȋȄȌȄȑ ȒȔȌȃǼȒȄȈȑ CpG, ȏȐȎȄȐȖțȋȄȌȄȑ Ȁȏț ȕǻȐȋȀȉȀ 

ȖȆȋȄȈȎȇȄȐȀȏȄǾȀȑ țȏȘȑ ȓȎ cisplatin ȉȀȈ ȓȎ carboplatin [7]. ǡȔȓǼȑ ȎȈ ȃȈȀȒȓȀȔȐȎȜȋȄȌȄȑ 

ȒȔȌȃǼȒȄȈȑ ȒȔȌǽȇȘȑ ǼȖȎȔȌ ȄȍȘȂȄȌǽ ȏȐȎǼȊȄȔȒȆ, țȏȘȑ ȓȆ ȕȘȓȎȖȆȋȈȉǽ ȀȊȊȆȊȄȏǾȃȐȀȒȆ ȓȆȑ 

ȀȉȓȈȌȎȁȎȊǾȀȑ UV-B ȋȄ ȓȎ ȃȈȏȊț ȃȄȒȋț ȋȄȓȀȍȜ ȓȘȌ ȀȓțȋȘȌ ǻȌȇȐȀȉȀ (C=C) ȏȎȔ ǼȖȄȈ Șȑ 

ȀȏȎȓǼȊȄȒȋȀ ȓȆ ȃȆȋȈȎȔȐȂǾȀ ȎȋȎȈȎȏȎȊȈȉȎȜ ȃȄȒȋȎȜ ȋȄȓȀȍȜ ȓȆȑ ȇȔȋǾȌȆȑ ȉȀȈ ȓȆȑ ȉȔȓȎȒǾȌȆȑ 

[8]. ǯȈ ȋȆȖȀȌȈȒȋȎǾ ȏȎȔ ȄȌȄȐȂȎȏȎȈȎȜȌȓȀȈ ȂȈȀ ȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓǼȓȎȈȘȌ ȁȊȀȁȝȌ ȄǾȌȀȈ 

ȉȔȐǾȘȑ Ȏ NER ȀȊȊǻ ȉȀȈ Ȏ MMR, ȋȆȖȀȌȈȒȋȎǾ ȏȎȔ ȀȌȀȊȜȎȌȓȀȈ ȒȓȀ ȄȏțȋȄȌȀ. 

1.3.4 ǤǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ 

ǳȎ ȏȈȎ ȄȏȈȉǾȌȃȔȌȎ ȄǾȃȎȑ ȁȊǻȁȆȑ ȄǾȌȀȈ ȎȈ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ (ǤǪǨ) ȓȎȔ DNA, țȏȎȔ ȉȀȈ ȎȈ 

ȃȜȎ ȉȊȝȌȎȈ ȓȆȑ ȃȈȏȊǽȑ ǼȊȈȉȀȑ ǼȖȎȔȌ ȃȈȀȐȐȆȖȇȄǾ. ǧ ȃǾȉȊȘȌȆ ȇȐȀȜȒȆ ȋȏȎȐȄǾ ȌȀ ȏȄȐȈȂȐȀȕȄǾ 

ȉȀȈ Șȑ ȃȜȎ ǬǪǨ ȄȔȐȈȒȉțȋȄȌȄȑ ȒȓȎȔȑ ȀȏǼȌȀȌȓȈ ȉȊȝȌȎȔȑ, ȒȄ ȉȎȌȓȈȌǽ ȀȏțȒȓȀȒȆ ȋǼȖȐȈ 15-

20 ȅȄȜȂȆ ȁǻȒȄȘȌ DNA . ǯȈ ȋȆȖȀȌȈȒȋȎǾ ȂȈȀ ȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ȄǾȌȀȈ 

Ȏ ȎȋțȊȎȂȎȑ ȀȌȀȒȔȌȃȔȀȒȋțȑ (Homologous  Recombination HR) ȉȀȈ ȋȆ-ȎȋțȊȎȂȆ ǼȌȘȒȆ 

ǻȉȐȘȌ (non-homologous end joining -NHEJ ȉȀȈ ȏȄȐȈȂȐǻȕȎȌȓȀȈ ȀȌȀȊȔȓȈȉǻ ȒȓȎ ȀȌȓǾȒȓȎȈȖȎ 

ȉȄȕǻȊȀȈȎ çǥȏȈȃȈțȐȇȘȒȆ ȁȊȀȁȝȌ DNA è. 

1.4 ǲȜȌȇȄȓȄȑ ȁȊǻȁȄȑ DNA   

ǳȎ ȄȌȃȎȂȄȌǼȑ ȎȍȄȈȃȘȓȈȉț ȒȓȐȄȑ ȀȊȊǻ ȉȔȐǾȘȑ Ȇ ȈȎȌȓǾȅȎȔȒȀ ȀȉȓȈȌȎȁȎȊǾȀ (ǩǡ) ȋȏȎȐȄǾ ȌȀ 

ȃȆȋȈȎȔȐȂǽȒȎȔȌ ȏȔȉȌǼȑ ȁȊǻȁȄȑ ȒȓȎ DNA ȎȈ ȎȏȎǾȄȑ ȎȌȎȋǻȅȎȌȓȀȈ ȒȜȌȇȄȓȄȑ ȁȊǻȁȄȑ ǽ 

ȒȔȒȓǻȃȄȑ ȁȊȀȁȝȌ (clustered DNA lesions) ǽ ȓȎȏȈȉȝȑ ȄȌȓȎȏȈȒȋǼȌȄȑ ȏȎȊȊȀȏȊǼȑ ȁȊǻȁȄȑ 

(locally multiply damage sites), țȏȘȑ ȏȐȝȓȎȑ ȓȈȑ ȄȈȒǽȂȀȂȄ Ȏ John Ward [9]. ǲȓȈȑ ȒȜȌȇȄȓȄȑ 

ȁȊǻȁȄȑ ȄȌȓǻȒȒȎȌȓȀȈ ȉȀȈ ȎȈ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ, ȓȘȌ ȎȏȎǾȘȌ Ȇ ȏȎȊȔȏȊȎȉțȓȆȓȀ ȋȏȎȐȄǾ ȌȀ 

ȏȎȈȉǾȊȄȈ (ǲȖǽȋȀ ǩǩ-1) ȀȊȊǻ ȉȀȈ ȋȆ-ǤǪǨ ȎȋȀȃȎȏȎȈȆȋǼȌȄȑ ȎȍȄȈȃȘȓȈȉǼȑ ȁȊǻȁȄȑ (non-DSB 

oxidative  clustered DNA  lesions (OCDLs). ǯȈ ȒȔȒȓǻȃȄȑ ȁȊȀȁȝȌ, ȀȏȎȓȄȊȎȜȌ ȓȎ 

ȖȀȐȀȉȓȆȐȈȒȓȈȉț ȀȏȎȓȜȏȘȋȀ ȓȆȑ ȈȎȌȓǾȅȎȔȒȀȑ ȀȉȓȈȌȎȁȎȊǾȀȑ ȉȀȈ ȓȎ ȉȜȓȓȀȐȎ ȃȔȒȉȎȊȄȜȄȓȀȈ 

ȈȃȈȀǾȓȄȐȀ ȌȀ ȓȈȑ ȄȏȈȃȈȎȐȇȝȒȄȈ [10].  

1.4.1 ǬȆȖȀȌȈȒȋȎǾ ȄȏȀȂȘȂǽȑ ȒȜȌȇȄȓȘȌ ȁȊȀȁȝȌ DNA  

ǧ ȈȎȌȓǾȅȎȔȒȀ ȀȉȓȈȌȎȁȎȊǾȀ ȏȐȎȉȀȊȄǾ ȁȊǻȁȄȑ ȒȓȎ DNA  ȄǾȓȄ ȊțȂȘ ȓȆȑ ǻȋȄȒȆȑ ȄȌȀȏțȇȄȒȆȑ 

ȄȌǼȐȂȄȈȀȑ ȒȓȎ ȋȀȉȐȎȋțȐȈȎ ȓȎȔ DNA  ȄǾȓȄ ǼȋȋȄȒȀ Ȁȏț ȓȆȌ ȄȏǾȃȐȀȒȆ ȓȘȌ ȖȆȋȈȉȝȑ 

ȃȐȀȒȓȈȉȝȌ ȎȔȒȈȝȌ ȏȎȔ ȒȖȆȋȀȓǾȅȎȌȓȀȈ ȏȊȆȒǾȎȌ ȓȎȔ ȋȀȉȐȎȋȎȐǾȎȔ [11, 12].  

ǧ ǼȋȋȄȒȆ ȃȐǻȒȆ ȉȔȐǾȘȑ ȏȐȎȉȀȊȄǾȓȀȈ Ȁȏț ȓȎ ȒȖȆȋȀȓȈȒȋț ȐȈȅȝȌ ȔȃȐȎȍȔȊǾȎȔ (ÅOH) ȋǼȒȘ 

ȓȆȑ ȐȀȃȈțȊȔȒȆȑ ȓȎȔ ȜȃȀȓȎȑ ȒȄ ȀȏțȒȓȀȒȆ Ȁȏț ȓȎ DNA  ȄȂȂȜȓȄȐȆ ȓȘȌ 10 nm. ǧ ȋǼȒȆ 
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ȀȏțȒȓȀȒȆ ȃȈǻȖȔȒȆȑ ȓȆȑ ÅOH ȒȄ ȉȔȓȓȀȐȈȉț ȏȄȐȈȁǻȊȊȎȌ ǼȖȄȈ ȔȏȎȊȎȂȈȒȓȄǾ ȒȓȀ ȏȄȐǾȏȎȔ 6 nm 

[13], ȃȆȊȀȃǽ ȏȄȐǾȏȎȔ ȓȐȄȈȑ ȕȎȐǼȑ Ȇ ȃȈǻȋȄȓȐȎȑ ȓȆȑ ȃȈȏȊǽȑ ǼȊȈȉȀȑ [14]. ǥȍȀȈȓǾȀȑ ȓȆȑ ȋȈȉȐǽȑ 

ȄȋȁǼȊȄȈȀȑ ȓȘȌ ÅOH ȉȀȈ ȓȆȑ ȀȔȍȆȋǼȌȆȑ çȏȔȉȌțȓȆȓȀȑè ȏȎȔ ȀȏȀȈȓȄǾȓȀȈ ȌȀ ǼȖȎȔȌ ȎȈ ȁȊǻȁȄȑ 

ȝȒȓȄ ȌȀ ȖȀȐȀȉȓȆȐȈȒȓȎȜȌ ȎȋȀȃȎȏȎȈȆȋǼȌȄȑ, ȎȈ ȒȔȒȓǻȃȄȑ ȁȊȀȁȝȌ ȃȆȋȈȎȔȐȂȎȜȌȓȀȈ ȋțȌȎ 

ȄȕțȒȎȌ 2 ǼȘȑ 5 ȈȎȌȈȒȋȎǾ ȄȏȈȒȔȋȁȀǾȌȎȔȌ ȒȄ ȋǾȀ ȏȄȐȈȎȖǽ ȓȎȔ DNA  ȃȈȀȋǼȓȐȎȔ 1-4 nm. ǯȈ 

ȁȊǻȁȄȑ ȀȔȓǼȑ ǼȖȎȔȌ ȓțȓȄ ȓȆ ȃȔȌȀȓțȓȆȓȀ ȌȀ ȏȐȎȉȀȊǼȒȎȔȌ ȋǾȀ ǤǪǨ [15]. ǥȏȈȏȊǼȎȌ Ȇ ȋǼȒȆ 

ȀȏțȒȓȀȒȆ ȃȈǻȖȔȒȆȑ ȋȏȎȐȄǾ ȌȀ ȄȍȀȐȓǻȓȀȈ Ȁȏț ȓȆ ȇǼȒȆ ȓȘȌ ȋȎȐǾȘȌ ȓȎȔ ȌȄȐȎȜ ȉȀȈ ȓȘȌ 

ǻȊȊȘȌ ȄȊȄȜȇȄȐȘȌ ǽ ȉȀȈ ȏȐȎȒȃȄȃȄȋǼȌȘȌ ȒȔȒȓȀȓȈȉȝȌ ȓȎȔ ȉȔȓȓǻȐȎȔ ȏȎȔ ȁȐǾȒȉȎȌȓȀȈ ȉȎȌȓǻ 

ȒȓȎ ȋțȐȈȎ ȓȎȔ DNA . ǬȈȀ ȏȐȝȓȆ ȏȐȎȒǼȂȂȈȒȆ ȓȆȑ ȀȏțȒȓȀȒȆȑ ȃȈǻȖȔȒȆȑ ȓȘȌ ȐȈȅȝȌ ÅOH 

ȃǾȃȄȓȀȈ Ȁȏț ȃȆȋȎȒȈȄȔȋǼȌȎȔȑ ȔȏȎȊȎȂȈȒȋȎȜȑ. ǣȈȀ ȀȉȓȈȌȎȁȎȊǾȄȑ ȖȀȋȆȊǽȑ LET Ȕȏț ȎȐȇȎȍȈȉǼȑ 

ȒȔȌȇǽȉȄȑ, ȏȐȎȒȎȋȎȈȝȒȄȈȑ Monte Carlo ȏȐȎȁȊǼȏȎȔȌ țȓȈ ǼȌȀ ȏȎȒȎȒȓț 60% ȓȘȌ ǬǪǨ 

ȀȏȎȓȄȊȎȜȌȓȀȈ Ȁȏț ȋǾȀ ȇȐȀȜȒȆ ȉȊȝȌȎȔ ȉȀȈ țȓȈ ȎȈ ȔȏțȊȎȈȏȄȑ ǬǪǨ (40%) ȀȏȎȓȄȊȎȜȌȓȀȈ 

Ȁȏț ȃȜȎ ǽ ȉȀȈ ȏȄȐȈȒȒțȓȄȐȄȑ ȁȊǻȁȄȑ [16]. ǥȏǾȒȆȑ ȂȈȀ ȀȉȓȈȌȎȁȎȊǾȄȑ ȖȀȋȆȊǽȑ LET ( < 1 

keV/ȋm), ȔȏȎȊȎȂǾȅȄȓȀȈ țȓȈ ȏȄȐǾȏȎȔ ȓȎ 50% ȓȘȌ ȋȄȋȎȌȘȋǼȌȘȌ ȁȊȀȁȝȌ ȏȐȎǼȐȖȎȌȓȀȈ Ȁȏț 

ȋȆ (ǻȋȄȒȀ ǽ ȄȋȋǼȒȘȑ) ȄȉȉȀȇȀȐǾȒȈȋȎȔȑ (non-scavengeable) ȋȆȖȀȌȈȒȋȎȜȑ ȄȌȝ ȎȈ 

ȄȌȀȏȎȋǼȌȎȔȒȄȑ ȁȊǻȁȄȑ ȄǾȌȀȈ ȄȉȉȀȇȀȐǾȒȈȋȄȑ [16], ȒȄ ȒȔȋȕȘȌǾȀ ȋȄ ȓȆȌ ȄȉȓǾȋȆȒȆ țȓȈ ǼȌȀ 

ȏȎȒȎȒȓț 50 ð 65% ȓȘȌ ȁȊȀȁȝȌ ȒȓȎ DNA  ȏȎȔ ȏȐȎȉȀȊȄǾ Ȇ ȀȉȓȈȌȎȁȎȊǾȀ ȄȐȋȆȌȄȜȄȓȀȈ Ȁȏț 

ǼȋȋȄȒȀ ȕȀȈȌțȋȄȌȀ [13, 17]. Ǹȑ ȋȆ ȄȉȉȀȇȀȐǾȒȈȋȄȑ ȎȐǾȅȎȌȓȀȈ, ȉȀȓǻ ȓȎȔȑ ȄȐȄȔȌȆȓǼȑ ȏȎȔ 

ǼȓȐȄȍȀȌ ȓȈȑ ȏȐȎȒȎȋȎȈȝȒȄȈȑ [16], ȎȈ ȁȊǻȁȄȑ ȄȉȄǾȌȄȑ ȏȎȔ ȀȉțȋȀ ȉȀȈ ȄǻȌ ȔȏȎȇȄȓȈȉǻ ȒȓȎ 

ȉȜȓȓȀȐȎ ȔȏǽȐȖȄ ȏȎȊȜ ȋȄȂǻȊȆ ȒȔȂȉǼȌȓȐȘȒȆ ȄȉȉȀȇȀȐȈȒȓȝȌ/ ȀȃȐȀȌȎȏȎȈȆȓȝȌ1  ȓȘȌ 

ȄȊȄȜȇȄȐȘȌ ȐȈȅȝȌ2, ȇȀ ǽȓȀȌ ȉȀȈ ȏǻȊȈ ȏȀȐȎȜȒȄȑ. ǪȀȇȝȑ Ȇ ȄȌȀȏțȇȄȒȆ ȄȌǼȐȂȄȈȀȑ ȄǾȌȀȈ 

ȀȌǻȊȎȂȆ ȓȆȑ ȋǻȅȀȑ, ȎȈ ȏȎȔȐǾȌȄȑ (ȀȃȄȌǾȌȆ ȉȀȈ ȂȎȔȀȌǾȌȆ) ȉȀȈ ȎȈ ȏȔȐȈȋȈȃǾȌȄȑ ǼȖȎȔȌ ȏȄȐǾȏȎȔ 

ȓȆȌ ǾȃȈȀ ȏȈȇȀȌțȓȆȓȀ ȌȀ ȔȏȎȒȓȎȜȌ ȁȊǻȁȆ Ȁȏț ȓȎȌ ǻȋȄȒȎ ȋȆȖȀȌȈȒȋț. ǥȏȈȏȊǼȎȌ ȉȀȈ ȓȀ 

ȓǼȒȒȄȐȀ ȄǾȃȆ ȁǻȒȄȘȌ ȄȋȕȀȌǾȅȎȔȌ ȏȄȐǾȏȎȔ ȓȆȌ ǾȃȈȀ ȄȔȀȈȒȇȆȒǾȀ ȒȓȈȑ ÅOH [12]. ǳȀ 

ȆȊȄȉȓȐțȌȈȀ ȉȀȈ ȓȀ ȊȎȈȏǻ ȄǾȃȆ ȈȎȌȓǾȅȎȔȒȀȑ ȀȉȓȈȌȎȁȎȊǾȀȑ ȄȏȈȕǼȐȎȔȌ ȏȄȐǾ ȓȈȑ 217 Ñ 22 

(~10%) ȇȐȀȜȒȄȈȑ ȁǻȒȄȘȌ Gy-1 Gbp-1 ȉȀȈ ȏȄȐǾ ȓȈȑ 650 Ñ 65 (~10%) ȁȊǻȁȄȑ ȁǻȒȄȘȌ Gy-1 Gbp-

1 [[20] ȉȀȇȝȑ ȉȀȈ ȎȈ ȀȌȀȕȎȐǼȑ ȏȎȔ ȏȄȐȈǼȖȎȌȓȀȈ ȒȄ ȀȔȓǽȌ], ȎȈ ȎȏȎǾȄȑ ȀȌȓȈȒȓȎȈȖȎȜȌ ȒȄ ȋǾȀ 

ȀȌȀȊȎȂǾȀ ȏȄȐǾȏȎȔ ȓȐȈȝȌ ȁȊȀȁȝȌ ȁǻȒȄȘȌ ȀȌǻ ȇȐȀȜȒȆ ȉȊȝȌȎȔ [9]. 

                                                      

1 ǥȉȉȀȇȀȐȈȒȓǽȑ/ȀȃȐȀȌȎȏȎȈȆȓǽȑ (scavenger): ȒȓȆ ȖȆȋȄǾȀ: ȋǾȀ ȎȔȒǾȀ ȏȎȔ ȏȐȎȒȓǾȇȄȓȀȈ ȒȄ ǼȌȀ ȋǾȂȋȀ 
ȂȈȀ ȌȀ ȀȏȎȋȀȉȐȜȌȄȈ ǽ ȌȀ ȀȏȄȌȄȐȂȎȏȎȈǽȒȄȈ ȀȉȀȇȀȐȒǾȄȑ [18].  
2 ǥȉȉȀȇȀȐȈȒȓǽȑ/ȀȃȐȀȌȎȏȎȈȆȓǽȑ ȄȊȄȜȇȄȐȘȌ ȐȈȅȝȌ (free radical  scavenger): ȎȔȒǾȀ ȏȎȔ ȀȌȓȈȃȐǻ ȒȄ 
ǼȌȀ ȁȈȎȊȎȂȈȉț ȏȄȐȈȁǻȊȊȎȌ ȋȄ ȓȈȑ ȄȊȄȜȇȄȐȄȑ ȐǾȅȄȑ, ȏȐȎȒȓȀȓȄȜȎȌȓȀȑ Ȁȏț ȓȀ ǼȋȋȄȒȀ ȕȀȈȌțȋȄȌȀ ȏȎȔ 
ȄȉȄǾȌȄȑ ȏȐȎȉȀȊȎȜȌ, ȎȈ ȎȏȎǾȄȑ ȒȔȌǽȇȘȑ ȏȐȎǼȐȖȎȌȓȀȈ Ȁȏț ȓȆȌ ȈȎȌȓǾȅȎȔȒȀ ȀȉȓȈȌȎȁȎȊǾȀ. ǲȔȌǽȇȘȑ ȓȎ 
ȐțȊȎ ȓȘȌ ȄȉȉȀȇȀȐȈȒȓȝȌ ȒȓȎ ȉȜȓȓȀȐȎ ȀȌȀȊȀȋȁǻȌȎȔȌ ȓȀ ȕȔȒȈȉǻ ȖȆȋȈȉǻ ǽ ȄȌȅȔȋȈȉǻ ȀȌȓȈȎȍȄȈȃȘȓȈȉǻ 
[19]. 
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ǲȔȌȎȗǾȅȎȌȓȀȑ, ȎȈ ȋȎȌǼȑ, ȄȔȐǼȘȑ ȃȈȄȒȏȀȐȋǼȌȄȑ ȁȊǻȁȄȑ ȒȓȎ DNA  ȒȔȌǽȇȘȑ ȓȀȍȈȌȎȋȎȜȌȓȀȈ 

Șȑ ȋȄȋȎȌȘȋǼȌȄȑ ȇȐȀȜȒȄȈȑ ȉȊȝȌȎȔ, Șȑ ȎȍȄȈȃȘȋǼȌȄȑ ȁǻȒȄȈȑ, ǽ Șȑ ȀȏȎȔȐȈȌȈȉǻ-ȀȏȔȐȈȋȈȃȈȌȈȉǻ 

(apurinic -apyrimidinic  -AP) ǽ ȀȁȀȒȈȉǻ ȒȆȋȄǾȀ [11, 21, 22]. ǰȀȐțȊȎ ȏȎȔ ǼȖȎȔȌ ȀȌȀȏȓȔȖȇȄǾ 

ȏȎȊȊǼȑ ȏȄȈȐȀȋȀȓȈȉǼȑ ȋǼȇȎȃȎȈ ȂȈȀ ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȓȘȌ ȏȔȉȌȝȌ ȋȄȋȎȌȘȋǼȌȘȌ ȁȊȀȁȝȌ, Ȇ 

ȀȌǾȖȌȄȔȒǽ ȓȎȔȑ ȏȀȐȀȋǼȌȄȈ ǼȌȀȑ ȃȜȒȉȎȊȎȑ ȒȓțȖȎȑ [23]. Ǹȑ Ȅȉ ȓȎȜȓȎȔ, țȓȀȌ ȀȌȀȕȄȐțȋȀȒȓȄ 

ȒȄ ȋǾȀ ȋȎȌțȉȊȘȌȆ ȇȐȀȜȒȆ (ǬǪǨ) ȃȄȌ ȄȌȌȎȎȜȋȄ ȀȏȀȐȀǾȓȆȓȀ ȋǾȀ ȋȄȋȎȌȘȋǼȌȆ ȇȐȀȜȒȆ ȏȎȔ 

ȃȄ ȒȔȌȎȃȄȜȄȓȀȈ Ȁȏț ȉȀȋǾȀ ǻȊȊȆ ȁȊǻȁȆ ȒȄ ȀȏțȒȓȀȒȆ ( > ȓȘȌ 10 ȋȄ 20 bp). ǛȓȎȈ, Ȇ 

ȏȄȈȐȀȋȀȓȈȉȝȑ ȀȌȈȖȌȄȔțȋȄȌȆ ȁȊǻȁȆ ȏȎȔ ȉȀȓȀȓǻȒȒȄȓȀȈ Șȑ ǬǪǨ, ȒȔȌǽȇȘȑ ȒȔȌȎȃȄȜȄȓȀȈ ȉȀȈ 

Ȁȏț ȁȊǻȁȄȑ ȁǻȒȄȘȌ ǽ ȉȀȈ ȀȁȀȒȈȉǻ ȒȆȋȄǾȀ. ǣȈȀ ȌȀ ȂǾȌȄȈ Ȇ ȃȈǻȉȐȈȒȆ ȋȄȓȀȍȜ ȓȘȌ ȉȀȇȀȐȝȌ 

ǬǪǨ ȉȀȈ ȀȔȓȝȌ ȏȎȔ ȒȔȌȎȃȄȜȎȌȓȀȈ ȉȀȈ Ȁȏț ǻȊȊȄȑ ȁȊǻȁȄȑ, ȎȈ ȃȄȜȓȄȐȄȑ ȀȌȀȕǼȐȎȌȓȀȈ ȉȀȈ 

Șȑ ȒȜȌȇȄȓȄȑ ǬǪǨ. ǤȜȎ ȋȎȌțȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ ȏȎȊȜ ȉȎȌȓȈȌǼȑ ȉȀȈ ȄȔȐȈȒȉțȋȄȌȄȑ ȒȓȎȌ ǾȃȈȎ 

ȉȊȝȌȎ ȏȎȊȊǼȑ ȕȎȐǼȑ ȋȄȓȐȎȜȌȓȀȈ Șȑ ȋǾȀ ȋȎȌǽȐȆ ǤǪǨ. 

1.4.2 ǧ ȁȈȎȊȎȂȈȉǽ ȒȆȋȀȒǾȀ ȓȘȌ ȒȜȌȇȄȓȘȌ ȁȊȀȁȝȌ DNA  

ǧ ȁȈȎȊȎȂȈȉǽ ȒȆȋȀȒǾȀ ȓȘȌ ȎȋȀȃȎȏȎȈȆȋǼȌȘȌ ȁȊȀȁȝȌ DNA  (ȒȜȌȇȄȓȘȌ ǤǪǨ, ǽ ȋȆ ǤǪǨ) 

ȄǾȌȀȈ ȏȊǼȎȌ ȀȏȎȃȄȉȓǽ ȉȀȈ ȀȏȎȃǾȃȄȓȀȈ ȒȓȆȌ ȀȌȈȉȀȌțȓȆȓȀ ȓȘȌ ȉȔȓȓǻȐȘȌ ȌȀ ȄȏȈȃȈȎȐȇȝȒȎȔȌ 

ȄǾȓȄ ȏȊǽȐȘȑ ȄǾȓȄ ȄȏȈȓȔȖȝȑ ȓȆ ȋȄȂǻȊȆ ȏȎȈȉȈȊǾȀ ȒȔȌȃȔȀȒȋȝȌ ȓȘȌ ȒȜȌȇȄȓȘȌ ȁȊȀȁȝȌ DNA . 

ǰȐțȒȕȀȓȄȑ ȏȄȈȐȀȋȀȓȈȉǼȑ ȋȄȊǼȓȄȑ ȉȀȈ ȁȈȎȏȊȆȐȎȕȎȐȈȉǼȑ ȀȌȀȊȜȒȄȈȑ ȔȏȎȂȐȀȋȋǾȅȎȔȌ ȓȆ 

ȒȏȎȔȃȀȈțȓȆȓȀ ȓȆȑ ȃȔȒȉȎȊǾȀȑ ȓȎȔ ȉȔȓȓǻȐȎȔ ȌȀ ȄȏȈȃȈȎȐȇȝȒȄȈ ȓȈȑ ȎȋȀȃȎȏȎȈȆȋǼȌȄȑ ȁȊǻȁȄȑ 

ȉȀȇȝȑ ȉȀȈ ȓȆ ȒȔȌȄȈȒȕȎȐǻ ȓȎȔȑ ȒȓȆȌ ȏȐțȉȊȆȒȆ ȂȄȌȄȓȈȉǽȑ ȀȒȓǻȇȄȈȀȑ [7, 24]. ǥȉȓȄȓȀȋǼȌȄȑ 

ȋȄȊǼȓȄȑ ǼȖȎȔȌ ȕȀȌȄȐȝȒȄȈ ȓȆȌ ȀȍȈȎȒȆȋȄǾȘȓȆ ȉȀȇȔȒȓǼȐȆȒȆ ȒȓȆȌ ȄȏȄȍȄȐȂȀȒǾȀ ȉȀȈ 

ȄȏȈȃȈțȐȇȘȒȆ ȀȔȓȝȌ ȓȘȌ ȎȋȀȃȎȏȎȈȆȋǼȌȘȌ ȁȊȀȁȝȌ ȏȎȔ ȏȐȎȉȊǽȇȆȒȀȌ ȒȄ ȉȜȓȓȀȐȀ 

ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓȈȌȎȁȎȊǾȄȑ ȖȀȋȆȊǽȑ [25, 26] ȄǾȓȄ ȔȗȆȊǽȑ LET [27], țȏȘȑ ȄȏǾȒȆȑ ȉȀȈ ȒȄ 

ȎȊȈȂȎȌȎȔȉȊȄȎȓǾȃȈȀ DNA  ȏȎȔ ǼȕȄȐȀȌ ȒȔȂȉȄȉȐȈȋǼȌȎȔ ȄǾȃȎȔȑ ȎȋȀȃȎȏȎȈȆȋǼȌȄȑ ȁȊǻȁȄȑ [22, 

28]. ǧ -ȋȄȓǻ ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ- ȋȄȓȀȓȐȎȏǽ ȀȔȓȝȌ ȓȘȌ ȎȋȀȃȎȏȎȈȆȋǼȌȘȌ ȁȊȀȁȝȌ ȒȄ ȌǼȄȑ 

(de novo) ǤǪǨ ȀȌȀȃȄȈȉȌȜȄȈ ȋǾȀ ȄȏȈȏȐțȒȇȄȓȆ ȀȈȓǾȀ ȂȈȀ ȓȆ ȁȈȎȊȎȂȈȉǽ ȉȀȈ ȓȆȌ ȉȊȈȌȈȉǽ ȓȎȔȑ 

ȒȆȋȀȒǾȀ [26, 29]. ǧ ȏȀȐȎȔȒǾȀ ȓȘȌ ȃȈȀȕțȐȘȌ ȄȈȃȝȌ ȁȊǻȁȆȑ ǼȖȄȈ Șȑ ȀȏȎȓǼȊȄȒȋȀ ȓȆȌ 

ȓȀȔȓțȖȐȎȌȆ ȄȉȉǾȌȆȒȆ ȃȈȀȕȎȐȄȓȈȉȝȌ ȋȆȖȀȌȈȒȋȝȌ ȄȏȈȃȈțȐȇȘȒȆȑ, ȂȈȀ ȏȀȐǻȃȄȈȂȋȀ ȓȆȑ ǬȆ 

ǯȋțȊȎȂȆȑ ǚȌȘȒȆȑ ǘȉȐȘȌ (Ǭǯǥǡ, non-homologues end joining -NHEJ) ǽ ȓȎȔ ǯȋțȊȎȂȎȔ 

ǡȌȀȒȔȌȃȔȀȒȋȎȜ (ǯǡ, homologues recombination -HR) ȂȈȀ ȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ǤǪǨ 

[30] ȉȀȈ ȓȎȔ ǬȆȖȀȌȈȒȋȎȜ ǥȉȓȎȋǽȑ ǢǻȒȆȑ (ǬǥǢ, base excision repair-BER) ȂȈȀ ȓȈȑ ȁȊǻȁȄȑ 

ȁǻȒȄȘȌ. ǧ ȓȀȔȓțȖȐȎȌȆ ȄȉȉǾȌȆȒȆ ȋȆȖȀȌȈȒȋȝȌ ȄȏȈȃȈțȐȇȘȒȆȑ DNA  ȇȄȘȐȄǾȓȀȈ țȓȈ ȀȏȎȓȄȊȄǾ 

ȂȈȀ ȓȎ ȉȜȓȓȀȐȎ ȃȜȒȉȎȊȎ ȒȓțȖȎ ȉȀȈ ȒȔȖȌǻ ȓȎ ȀȏȎȓǼȊȄȒȋȀ ȄǾȌȀȈ Ȇ ȀȌȄȏȈȓȔȖǽȑ ǽ Ȇ 

ȊȀȌȇȀȒȋǼȌȆ ȄȏȈȃȈțȐȇȘȒȆ. ǬȏȎȐȄǾ ȌȀ ȀȏȎȉȀȇǾȒȓȀȓȀȈ Ȇ ȀȉȄȐȀȈțȓȆȓȀ ȓȆȑ ȀȊȔȒǾȃȀȑ ȀȊȊǻ 
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ȌȀ ǼȖȄȈ ȀȊȊǻȍȄȈ Ȇ ȀȊȊȆȊȎȔȖǾȀ ȓȘȌ ȁǻȒȄȘȌ ȋȄ ȀȏȎȓǼȊȄȒȋȀ ȓȆȌ ȀȊȊȎǾȘȒȆ ȓȆȑ ȏȊȆȐȎȕȎȐǾȀȑ 

ȏȎȔ ȋȄȓȀȕǼȐȄȈ, ȎȃȆȂȝȌȓȀȑ ȒȄ ȋȄȓȀȊȊǻȍȄȈȑ [21] ȉȀȈ ȋȀȉȐȎȏȐțȇȄȒȋȀ ȒȄ 

ȂȎȌȈȃȈȘȋȀȓȈȉǽ/ ȖȐȘȋȎȒȘȋȀȓȈȉǽ ȀȒȓǻȇȄȈȀ [31, 32]. ǤȈǻȕȎȐȀ ȋȎȌȓǼȊȀ, ȈȃȈȀȈȓǼȐȘȑ ȒȓȆȌ 

ȏȄȐǾȏȓȘȒȆ ȓȘȌ ȀȉȓȈȌȎȁȎȊȈȝȌ ȔȗȆȊǽȑ LET ǼȖȎȔȌ ȃȄǾȍȄȈ ȓȆ ȒȏȎȔȃȀȈțȓȆȓȀ ȓȘȌ ȒȜȌȇȄȓȘȌ 

ǤǪǨ, ȃȜȎ ǽ ȏȄȐȈȒȒțȓȄȐȘȌ ǤǪǨ ȒȄ ȏȎȊȜ ȉȎȌȓȈȌǽ ȋȄȓȀȍȜ ȓȎȔȑ ȀȏțȒȓȀȒȆ [33, 34], ȄȏȈȏȊǼȎȌ 

Șȑ ȒȜȌȇȄȓȆ ȃǾȉȊȘȌȆ ȇȐȀȜȒȆ ȌȎȄǾȓȀȈ ȉȀȈ ȋǾȀ ȃǾȉȊȘȌȆ ȇȐȀȜȒȆ ȒȔȌȎȃȄȔțȋȄȌȆ Ȁȏț ǻȊȊȄȑ 

ȁȊǻȁȄȑ [35, 36]. ǬǻȊȈȒȓȀ, ȎȈ Schipler and Iliakis  [1] ȓȀȍȈȌȎȋȎȜȌ ȓȀ ȄǾȃȆ ȓȘȌ ȃǾȉȊȘȌȘȌ 

ȇȐȀȜȒȄȘȌ ȉȀȓǻ ȀȔȍȀȌțȋȄȌȆ ȏȎȊȔȏȊȎȉțȓȆȓȀ ȒȜȋȕȘȌȀ ȋȄ ȓȎ ǲȖǽȋȀ 1-3:  

Ǹȑ ǤǪ ȇȐȀȜȒȆ ǳȜȏȎȔ 1 (ǳ1) ȇȄȘȐȄǾȓȀȈ Ȇ ȀȏȊȎȜȒȓȄȐȆ ȇȐȀȜȒȆ Ȇ ȎȏȎǾȀ ǼȖȄȈ ȃȜȎ ȀȏȊǼȑ 

ȃȈȀȉȎȏǼȑ ȓȎȔ ȕȘȒȕȎȃȈȄȒȓȄȐȈȉȎȜ ȃȄȒȋȎȜ ȒȄ ȀȋȕțȓȄȐȎȔȑ ȓȎȔȑ ȉȊȝȌȎȔȑ, ȒȓȎȔȑ 

ȒȀȉȖȀȐȎȕȘȒȕȎȐȈȉȎȜȑ ȒȉȄȊȄȓȎȜȑ, ȖȘȐǾȑ ȓȆ ȖȆȋȈȉǽ ȀȊȊȎǾȘȒȆ ǻȊȊȎȔ ȋȎȐǾȎȔ. ǳǼȓȎȈȎȔ 

ȄǾȃȎȔȑ ȇȐȀȜȒȄȈȑ ȄȏǻȂȎȌȓȀȈ Ȁȏț ȏȄȐȈȎȐȈȒȓȈȉǼȑ ȄȌȃȎȌȎȔȉȊȄǻȒȄȑ. ǨȄȘȐȆȓȈȉǻ ȄǾȌȀȈ ȃȔȌȀȓǽ 

Ȇ ȀȏȊǽ ȄȏȀȌȀȒȜȌȃȄȒȆ ȓȘȌ ȉȊȝȌȘȌ. Ǹȑ ǤǪ ȇȐȀȜȒȄȈȑ ǳȜȏȎȔ 2 (ǳ2) ȎȐǾȅȎȌȓȀȈ ȎȈ ȇȐȀȜȒȄȈȑ 

ȏȎȔ ǼȖȎȔȌ ȏȐȎǼȊȇȄȈ Ȁȏț ǩǡ ȉȀȈ ǼȖȎȔȌ ȒȔȌǽȇȘȑ ȉȎȈȌț ȖȀȐȀȉȓȆȐȈȒȓȈȉț ȓȆ ȁȊǻȁȆ ȏȄȌȓțȅȆȑ 

ȒȓȎ ȃȆȋȈȎȔȐȂȎȜȋȄȌȎ 3õ-ȕȘȒȕȎȂȊȔȉȎȊȈȉț ǻȉȐȎ (3'-phosphoglycolate), ȋȄ ȎȍȄǾȃȘȒȆ ȓȆȑ 

(ȄȓȄȐȎȉȔȉȊȈȉǽȑ3) ȃȄȎȍȔȐȈȁțȅȆȑ ȒȓȎ ǻȉȐȎ 3'. 

ǪȀȇȝȑ ȔȏǻȐȖȄȈ Ȇ ȖȆȋȈȉǽ ȓȐȎȏȎȏȎǾȆȒȆ ȓȘȌ ǻȉȐȘȌ, ȂȈȀ ȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȆȑ ȇȐȀȜȒȆȑ 

ȀȏȀȈȓȄǾȓȀȈ ǼȌȀ ȄȏȈȏȊǼȎȌ ȒȓǻȃȈȎ ȏȐȈȌ ȓȆȌ ȀȏȎȉȀȓǻȒȓȀȒȆ ȓȎȔ ȕȘȒȕȎȃȈȄȒȓȄȐȈȉȎȜ ȃȄȒȋȎȜ 

[38] 

Ǹȑ ǤǪ ȇȐȀȜȒȄȈȑ ǳȜȏȎȔ 3 (ǳ3), ȎȈ ȒȔȂȂȐȀȕȄǾȑ ȖȀȐȀȉȓȆȐǾȅȎȔȌ ȓȈȑ ǤǪǨ ȏȎȔ ǼȖȎȔȌ ȏȐȎǼȊȇȄȈ 

Ȁȏț ȀȉȓȈȌȎȁȎȊǾȀ ȔȗȆȊțȓȄȐȆȑ LET ȉȀȈ ȂȈȀ ȀȔȓț Ȅȉȓțȑ Ȁȏț ȓȀ ȖȆȋȈȉȝȑ ȓȐȎȏȎȏȎȈȆȋǼȌȀ 

ǻȉȐȀ ȒȔȌȎȃȄȜȎȌȓȀȈ ȉȀȈ Ȁȏț ȁȊǻȁȄȑ ȁǻȒȄȘȌ. ǡȔȓǼȑ ȎȈ ȁȊǻȁȄȑ ȀȏȀȈȓȎȜȌ ȓȆȌ ǼȌȀȐȍȆ 

ȏȄȐȈȒȒțȓȄȐȘȌ ȋȆȖȀȌȈȒȋȝȌ ȄȏȈȃȈțȐȇȘȒȆȑ ȂȈȀ ȌȀ ȄȍȀȊȄȈȕȇȎȜȌ. 

Ǹȑ ǤǪ ȇȐȀȜȒȆ ǳȜȏȎȔ 4 (ǳ4), ȖȀȐȀȉȓȆȐǾȅȄȓȀȈ Ȇ ȇȐȀȜȒȆ ȏȎȔ ȏȐȎȉȜȏȓȄȈ ȄȋȋǼȒȘȑ Ȁȏț ȓȆȌ 

ȄȌȅȔȋȀȓȈȉǽ ȄȏȄȍȄȐȂȀȒǾȀ ǻȊȊȘȌ ȁȊȀȁȝȌ, țȏȘȑ ȁȊȀȁȝȌ ȁǻȒȄȘȌ. ǲȓȎ ȒȖǽȋȀ ȏȀȐȎȔȒȈǻȅȄȓȀȈ 

ȋǾȀ ȋȎȌțȉȊȘȌȆ ȇȐȀȜȒȆ ȉȀȈ ȒȓȎȌ ȀȏǼȌȀȌȓȈ ȉȊȝȌȎ ȋǾȀ ȀȏȝȊȄȈȀ ȁǻȒȆȑ, ȃȆȊȀȃǽ ǼȌȀ 

ȀȁȀȒȈȉț ȒȆȋȄǾȎ. ǥǻȌ Ȇ ȄȏȈȃȈțȐȇȘȒȆ ȓȎȔ ȀȁȀȒȈȉȎȜ ȒȆȋȄǾȎȔ ȂǾȌȄȈ ȋȄ ȓȎ ǬȆȖȀȌȈȒȋț 

ǥȉȓȎȋǽȑ ǭȎȔȉȊȄȎȓȈȃǾȎȔ, ȓțȓȄ ȇȀ ȔȏǻȐȍȄȈ ȉȀȈ ȋǾȀ ȃȄȜȓȄȐȆ ȋȎȌțȉȊȘȌȆ ȇȐȀȜȒȆ, ȀȏǼȌȀȌȓȈ 

Ȁȏț ȓȆȌ ȏȐȝȓȆ, ȃȆȊȀȃǽ ȇȀ ȏȐȎȉȜȗȄȈ ȋǾȀ ǤǪǨ. ǳȎ ȏȐțȁȊȆȋȀ ȂȈȀ ȓȎ ȉȜȓȓȀȐȎ țȓȀȌ ȒȔȋȁȄǾ 

ȋǾȀ ȓǼȓȎȈȎȔ ȄǾȃȎȔȑ ȃǾȉȊȘȌȆ ȇȐȀȜȒȆ, ȄǾȌȀȈ țȓȈ ȉȀȇȝȑ ǼȖȄȈ ȌȀ ȀȌȀȂȌȘȐǾȒȄȈ ȓȀȔȓțȖȐȎȌȀ ȃȜȎ 

ȏȐȎȁȊǽȋȀȓȀ, ȎȈ ȏȐȘȓȄǠȌȄȑ ȓȎȜ ȄȌțȑ ȋȆȖȀȌȈȒȋȎȜ ȏȎȔ ȇȀ ȍȄȉȈȌǽȒȄȈ ȏȐȝȓȎȑ, ȉȀȇȝȑ ȇȀ ȄǾȌȀȈ 

                                                      

3 ǥȓȄȐȎȉȔȉȊȈȉǽ ǼȌȘȒȆ: ȉȔȉȊȈȉǽ ǼȌȘȒȆ ȏȎȔ Ȏ ȃȀȉȓȜȊȈțȑ ȓȆȑ ȀȏȎȓȄȊȄǾȓȀȈ Ȁȏț ȓȎȔȊǻȖȈȒȓȎȌ ȃȜȎ 
ȃȈȀȕȎȐȄȓȈȉǻ ȄǾȃȆ ȀȓțȋȘȌ [37] 
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ȏȀȐȎȜȒȄȑ ȒȓȆȌ ȄȂȂȜȑ ȏȄȐȈȎȖǽ ȓȆȑ ȃȄȜȓȄȐȆȑ ȁȊǻȁȆȑ, ȌȀ ȃȔȒȉȎȊǼȗȎȔȌ ȓȎ ȉȜȓȓȀȐȎ ȒȓȆȌ 

ȀȌȀȂȌȝȐȈȒȆ ȓȆȑ ȃȄȜȓȄȐȆȑ ȁȊǻȁȆȑ.  

 

  

ǲȖǽȋȀ 1-3: ǡȌȀȏȀȐǻȒȓȀȒȆ ȓȘȌ ȃȈȀȕțȐȘȌ ȓȜȏȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ȏȎȔ ȀȌȀȕǼȐȎȌȓȀȈ ȒȓȎ ȉȄǾȋȄȌȎ. 
ǡ) ǤǪǨ ǳ1 ȄǾȌȀȈ ȓȎ ȀȏȊȎȜȒȓȄȐȎ ȄǾȃȎȑ ǤǪǨ, ȀȏȎȓȄȊȄǾȓȀȈ Ȁȏț ȃȜȎ ȃȈȀȉȎȏǼȑ ȓȎȔ ȕȘȒȕȎȃȈȄȒȓȄȐȈȉȎȜ 
ȃȄȒȋȎȜ. ǳǼȓȎȈȄȑ ǤǪǨ ȄȏǻȂȎȌȓȀȈ Ȁȏț ȓȈȑ ȏȄȐȈȎȐȈȒȓȈȉǼȑ ȄȌȃȎȌȎȔȉȊȄǻȒȄȑ. Ǣ) ǤǪǨ ǳ2: ȄȏǻȂȎȌȓȀȈ Ȁȏț ǩǡ 
ȉȀȈ ȒȔȖȌǻ ȏȄȐȈȊȀȋȁǻȌȎȔȌ ǼȌȀ 3õȕȘȒȕȎȂȊȔȉȎȊȈȉț ȉȀȈ ǼȌȀ 5õǯǧ ǻȉȐȎ.  ( ǣ) ǧ ǩǡ ȄȏǻȂȄȈ ȄȏǾȒȆȑ 
ȎȋȀȃȎȏȎȈȆȋǼȌȄȑ ȁȊǻȁȄȑ, ȏȎȔ ȎȐǾȅȎȌȓȀȈ Șȑ ǤǪǨ ǳ3. ǲȓȆȌ ȏȄȐǾȏȓȘȒȆ ȀȔȓǽ Ȇ ǤǪǨ ȏȎȔ ǼȖȄȈ ȏȐȎȉȊȆȇȄǾ 
ȋȄ ǻȋȄȒȎ ȓȐțȏȎ ȒȔȌȎȃȄȜȄȓȀȈ Ȁȏț ǻȊȊȀ ȄǾȃȆ ȁȊȀȁȝȌ, țȏȘȑ ȀȊȊȎȈȝȒȄȈȑ ȁǻȒȄȘȌ ǽ ȀȁȀȒȈȉǻ ȒȆȋȄǾȀ. Ǥ) ǧ 
ǤǪǨ T4 ȀȏȎȓȄȊȄǾȓȀȈ Ȁȏț ȒȔȒȓǻȃȄȑ ȁȊȀȁȝȌ ȎȈ ȎȏȎǾȄȑ ȋȄȓȀȓȐǼȏȎȌȓȀȈ ȒȄ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ ǼȏȄȈȓȀ Ȁȏț 
ȓȆȌ ȄȌȅȔȋȀȓȈȉǽ ȓȎȔȑ ȄȏȄȍȄȐȂȀȒǾȀ. ǥȏȎȋǼȌȘȑ ȊǼȋȄ țȓȈ ȄȏǻȂȎȌȓȀȈ ȋȄ ǼȋȋȄȒȎ ȓȐțȏȎ. ǥ) ǪȀȈ ȎȈ ǤǪǨ ǳ5 
ȄȏǻȂȎȌȓȀȈ ȋȄ ǼȋȋȄȒȎ ȓȐțȏȎ, ǼȘȑ ȉȀȈ 1 h ȋȄȓǻ ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ Ȁȏț ȓȆ ȇȄȐȋȈȉȝȑ ȄȔȀǾȒȇȆȓȆ ȖȆȋȈȉǽ 
ȄȏȄȍȄȐȂȀȒǾȀ ȓȘȌ ȒȀȉȖǻȐȘȌ ȏȎȔ ȕǼȐȎȔȌ ȁȊǻȁȆ ȉȀȈ ȁȐǾȒȉȎȌȓȀȈ ȀȏǼȌȀȌȓȈ Ȁȏț ȉǻȏȎȈȀ ǬǪǨ. ǲǳ) ǯȈ ǤǪǨ 
T6 ȀȏȎȓȄȊȎȜȌȓȀȈ Ȁȏț ȒȔȒȓǻȃȄȑ ǤǪǨ ȉȀȈ ȄǾȌȀȈ ȃȔȌȀȓțȌ ȌȀ ȀȏȎȒȓȀȇȄȐȎȏȎȈǽȒȎȔȌ ȓȆ ȖȐȘȋȀȓǾȌȆ. 
ǰȀȐȈȒȓȝȌȓȀȈ ȒȓȎ ȒȖǽȋȀ ȃȜȎ ȏȈȇȀȌǼȑ ȄȉȃȎȖǼȑ: ȏǻȌȘ ȀȐȈȒȓȄȐǻ, Ȇ ȀȉȓȈȌȎȁȎȊǾȀ ȄȏǻȂȄȈ ȃȜȎ ǤǪǨ 
ȄȉȀȓǼȐȘȇȄȌ ȄȌțȑ ȌȎȔȉȊȄȎȒȝȋȀȓȎȑ, ȋȄ ȃȔȌȆȓȈȉț ȀȏȎȓǼȊȄȒȋȀ ȓȆȌ ȀȏȝȊȄȈȀ ȀȔȓȎȜ. ǧ ȃȄȜȓȄȐȆ ȄȉȃȎȖǽ 
(ȉǻȓȘ ȃȄȍȈǻ) ȀȌȀȕǼȐȄȓȀȈ ȒȓȆȌ ȏȄȐǾȏȓȘȒȆ țȏȎȔ Ȇ ȖȐȘȋȀȓǾȌȆ ȏȀȐȎȔȒȈǻȅȄȈ ȀȌȝȓȄȐȆȑ ȓǻȍȆȑ ȒȔȋȏȜȉȌȘȒȆ, 
ȉȀȈ ȓȀȔȓȎȖȐțȌȘȑ ǼȖȄȈ ȃȆȋȈȎȔȐȂȆȇȄǾ ȋǾȀ ȇȆȊȈǻ, ȊțȂȘ ȓȆȑ ȀȌȀȃǾȏȊȘȒȆȑ. ǲȄ ȀȔȓǽ ȊȎȈȏțȌ ȓȆȌ ȏȄȐǾȏȓȘȒȆ 
ȄǾȌȀȈ ȃȔȌȀȓțȌ ȌȀ ȖȀȇȎȜȌ ȋȄȂȀȊȜȓȄȐȀ ȓȋǽȋȀȓȀ ȖȐȘȋȀȓǾȌȆȑ (ǡȏț ȓȆ ȃȆȋȎȒǾȄȔȒȆ ȓȘȌ Schipler and 
Iliakis, 2013 [1] 
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Ǹȑ ǤǪ ȇȐȀȜȒȄȈȑ ȓȜȏȎȔ 5 (T5) ȉȀȓȀȓǻȒȒȎȌȓȀȈ ȎȈ ǤǪǨ ȏȎȔ ȏȐȎȉȜȏȓȎȔȌ Ȁȏț ȇȄȐȋȈȉȝȑ 

ȀȒȓȀȇǽ ȒȆȋȄǾȀ (thermal  labile sites). ǥȉȓțȑ ȊȎȈȏțȌ Ȁȏț ȓȈȑ ǻȋȄȒȄȑ ǤǪǨ (prompt ) ȏȎȔ 

ȄȏǻȂȄȈ Ȇ ǩǡ ȔȏǻȐȖȎȔȌ ȉȀȈ ǻȊȊȄȑ ȁȊǻȁȄȑ ȏȎȔ ȉȀȓǻ ȓȆ ȖȆȋȈȉǽ ȓȎȔȑ ȄȏȄȍȄȐȂȀȒǾȀ 

ȋȄȓȀȓȐǼȏȎȌȓȀȈ ȒȄ ȋȎȌțȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ. ǪȀȈ țȓȀȌ ȒȓȎȌ ȀȏǼȌȀȌȓȈ ȉȊȝȌȎ ǽȃȆ ȔȏǻȐȖȄȈ ǻȊȊȆ 

ȋǾȀ ȋȎȌțȉȊȘȌȆ ȇȐȀȜȒȆ ȓțȓȄ ȃȆȋȈȎȔȐȂȄǾȓȀȈ ȋǾȀ ȇȄȐȋȈȉȝȑ ȄȔǻȊȘȓȆ ǽ ȀȒȓȀȇǽȑ ǤǪǨ. 

ǰǽȐȀȌ ǼȓȒȈ ȓȆȌ ȎȌȎȋȀȒǾȀ ȓȎȔȑ ȀȔȓǼȑ ȎȈ ȇȐȀȜȒȄȈȑ ȄȏȄȈȃǽ ȀȐȖȈȉǻ ȄȇȄȘȐȄǾȓȎ țȓȈ ȏȐȎȉȜȏȓȎȔȌ 

ȋțȌȎ ȉȀȓǻ ȓȆ ȇȄȐȋȈȉǽ ȄȏȄȍȄȐȂȀȒǾȀ ȒȄ ȔȗȆȊǼȑ ȋȆ ȕȔȒȈȎȊȎȂȈȉǼȑ ȂȈȀ ȓȎ ȉȜȓȓȀȐȎ 

ȇȄȐȋȎȉȐȀȒǾȄȑ (~50 ȎC ȂȈȀ ȓȆ ȊȜȒȆ ȓȎȔ ȉȔȓȓǻȐȎȔ ȂȈȀ ȓȆȌ ȀȌǻȊȔȒȆ ȓȘȌ ȇȐȀȜȒȄȘȌ) ȏȎȔ 

ȖȐȆȒȈȋȎȏȎȈȎȜȌȓȀȌ ȏȄȈȐȀȋȀȓȈȉǻ ȂȈȀ ȓȎȌ ȏȐȎȒȃȈȎȐȈȒȋț ȓȘȌ ȇȐȀȜȒȄȘȌ. ǨȄȘȐǽȇȆȉȄ ȊȎȈȏțȌ 

țȓȈ ȀȔȓǼȑ ȎȈ ȏȐțȒȇȄȓȄȑ ȇȐȀȜȒȄȈȑ ȀȔȍǻȌȎȔȌ ȏȊȀȒȋȀȓȈȉǻ ȓȎȌ ȀȐȈȇȋț ȓȘȌ ǤǪǨ ȉȀȈ ȇȀ ǼȏȐȄȏȄ 

Ȇ ȒȔȌȄȈȒȕȎȐǻ ȓȎȔȑ ȌȀ ȔȏȎȊȎȂǾȅȄȓȀȈ ȉȀȈ ȌȀ ȀȕȀȈȐȄǾȓȀȈ Ȁȏț ȓȎ ȀȏȎȓǼȊȄȒȋȀ. ǥȌȃȈȀȕǼȐȎȌ 

țȋȘȑ ȏȐȎȉȀȊȄǾ ȀȔȓț ȏȎȔ ȏȐȎȓȄǾȌȄȈ Ȇ ǾȃȈȀ ȎȋǻȃȀ ȒȄ ǻȊȊȄȑ ȄȐȂȀȒǾȄȑ ȓȈȑ [39-41] țȓȈ ȃȆȊȀȃǽ 

ȉȀȈ Ȇ ǾȃȈȀ Ȇ ǩǡ ȏȐȎȉȀȊȄǾ ȓǼȓȎȈȎȔ ȄǾȃȎȔȑ ȁȊǻȁȄȑ, ȇȄȐȋȈȉȝȑ ȀȒȓȀȇȄǾȑ ȁȊǻȁȄȑ, ȎȈ ȎȏȎǾȄȑ ȋǼȒȀ 

ȒȓȆȌ ȏȐȝȓȆ ȝȐȀ ȋȄȓǻ ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ ȋȄȓȀȓȐǼȏȎȌȓȀȈ ȉȀȈ ȄȉȄǾȌȄȑ ȒȄ ȇȐȀȜȒȄȈȑ, țȏȎȔ ȄǻȌ 

ȄǾȌȀȈ ȏȔȉȌǼȑ ȃȜȌȀȓȀȈ ȌȀ ȃȆȋȈȎȔȐȂǽȒȎȔȌ ȏȐțȒȇȄȓȄȑ ǤǪǨ. ǯȈ ȃȔȒȉȎȊǾȄȑ ȒȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ 

ȏȎȔ ȀȌȀȕǼȐȇȆȉȀȌ ȂȈȀ ȓȈȑ ǤǪǨ ǳ4, ȈȒȖȜȎȔȌ ȉȀȈ ȒȄ ȀȔȓǽȌ ȓȆȌ ȏȄȐǾȏȓȘȒȆ.  

ǳǼȊȎȑ Șȑ ǤǪ ȇȐȀȜȒȄȈȑ ǳȜȏȎȔ 6 (ǳ6), ȎȈ ȒȔȂȂȐȀȕȄǾȑ ȓȀȍȈȌȎȋȎȜȌ ȒȔȒȓǻȃȄȑ ǤǪǨ, țȏȎȔ ȉǻȇȄ 

ȋǾȀ Ȁȏț ȀȔȓǼȑ ȋȏȎȐȄǾ ȌȀ ȄȌȓǻȒȒȄȓȀȈ ȒȄ ȉǻȏȎȈȎȌ Ȁȏț ȓȎȔȑ ȏȐȎȆȂȎȜȋȄȌȎȔȑ ȏǼȌȓȄ ȓȜȏȎȔȑ. 

ǯȈ ǤǪǨ ǳ6, ȕȀȈȌȎȋȄȌȈȉǻ ȃȈȀȓȀȐǻȒȒȎȔȌ ȓȎ ȉȜȓȓȀȐȎ țȏȘȑ ȉȀȈ ȎȈ ȏȐȎȆȂȎȜȋȄȌȄȑ ȇȐȀȜȒȄȈȑ. 

ǝȋȘȑ Ȇ ȜȏȀȐȍȆ ȏȎȊȊȝȌ ǤǪǨ ȒȄ ȉȎȌȓȈȌǽ ȋȄȓȀȍȜ ȓȎȔȑ ȀȏțȒȓȀȒȆ, ȋȏȎȐȄǾ ȌȀ ȃȈȀȓȀȐǻȍȄȈ ȉȀȈ 

ȓȆȌ ȀȉȄȐȀȈțȓȆȓȀ ȓȎȔ ȖȐȘȋȎȒȝȋȀȓȎȑ. ǪȀȓǻ ȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȄǾȌȀȈ ȏȈȇȀȌțȌ ȌȀ ȖȀȇȎȜȌ 

ȎȊțȉȊȆȐȀ ȌȎȔȉȊȄȎȒȝȋȀȓȀ. ǰȐȎȉȀȊȄǾȓȀȈ ȖȐȘȋȎȓȐȔȗǾȀ ȒȄ ȋȄȂǻȊȎ ȁȀȇȋț ȉȀȈ ȋȈȀ ȓǼȓȎȈȀ 

ȉȀȓǻȒȓȀȒȆ ȄǾȌȀȈ ȈȃȈȀǾȓȄȐȀ ȄȏȈȉǾȌȃȔȌȆ ȂȈȀ ȓȎ ȉȜȓȓȀȐȎ, ȃȈțȓȈ ȓǼȓȎȈȎȔ ȄǾȃȎȔȑ ȓȐȎȏȎȏȎȈǽȒȄȈȑ 

ȄǾȌȀȈ ȈȃȈȀǾȓȄȐȀ ȄȏȈȐȐȄȏȄǾȑ ȒȓȆȌ ȉȀȐȉȈȌȎȂǼȌȄȒȆ [42-45]. 

ǧ ȈȃǼȀ ȓȆȑ ȄȌȄȐȂȎȏȎǾȆȒȆȑ ȉȀȈ ȄȋȏȊȎȉǽȑ ȏȎȊȊȀȏȊȝȌ ȋȎȌȎȏȀȓȈȝȌ ȄȏȈȃȈțȐȇȘȒȆȑ ȀȏȎȓȄȊȄǾ 

ȏȈȇȀȌțȓȀȓȀ ȂȈȀ ȓȎ ȉȜȓȓȀȐȎ ȋȈȀ ȏȐȀȂȋȀȓȈȉǽ ȋȎȐȕǽ ȒȓȐȄȑ, ȄȌȄȐȂȎȏȎǾȆȒȆȑ ȒȆȋǻȓȘȌ 

ȉȈȌȃȜȌȎȔ ȉȀȈ ȔȏǽȐȍȄ ȎȔȒȈȀȒȓȈȉǻ Ȇ ȇȄȘȐȆȓȈȉǽ ȁǻȒȆ ȂȈȀ ȓȆȌ ȀȌǻȏȓȔȍȆ ȓȘȌ ȃȈǻȕȎȐȘȌ 

ȓȄȖȌȈȉȝȌ ȀȌǾȖȌȄȔȒȆȑ ȋȄ ȋȈȉȐȎȒȉȎȏǾȀ ȕȇȎȐȈȒȋȎȜ [46], ȁǻȒȄȈ ȓȎȔ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȄȒȓȈȝȌ 

ȕȇȎȐȈȒȋȎȜ, ȏȎȔ ȏȐȎǼȐȖȄȓȀȈ Ȁȏț ȓȀ ȕȇȎȐǾȅȎȌȓȀ ȀȌȓȈȒȝȋȀȓȀ ȏȎȔ ȒȓȎȖȄȜȎȔȌ ȓȈȑ ȏȐȘȓȄǠȌȄȑ 

ȄȏȈȃȈțȐȇȘȒȆȑ [47]. ǯȈ ȏȎȊȊȀȏȊǼȑ ȁȊǻȁȄȑ ȒȓȎ DNA  ȈȃȈȀǾȓȄȐȀ ȒȓȆȌ ȏȄȐǾȏȓȘȒȆ 

ȀȉȓȈȌȎȁȎȊȈȝȌ ȔȗȆȊȎȜ LET ȄǾȖȄ ȏȐȎȁȊȄȕȇȄǾ Ȁȏț ȏȎȊȜ ȏȀȊȈǻ Ȁȏț ȏȐȎȒȎȋȎȈȝȒȄȈȑ Monte 

Carlo [48, 49]. 
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1.5 ǨȄȘȐȆȓȈȉǽ ȏȐțȁȊȄȗȆ ȄȏȀȂȘȂǽȑ ȁȊȀȁȝȌ DNA  

ǣȈȀ ȃțȒȄȈȑ ȋǼȖȐȈ ȉȀȈ 1 Gy ȇȄȘȐȄǾȓȀȈ ȋȄ ȉȀȊǽ ȏȐȎȒǼȂȂȈȒȆ țȓȈ ȉȀȓǻ ȋǼȒȎ țȐȎ ǼȌȀ ǽ ȃȜȎ ȓȎ 

ȏȎȊȜ ȀȌȄȍǻȐȓȆȓȀ ȒȘȋȀȓǾȃȈȀ ȃȈȀȒȖǾȅȎȔȌ ǼȌȀȌ țȂȉȎ ȒȄ ȒȖǽȋȀ ȉȔȓȓǻȐȎȔ, ǾȒȎ ȋȄ ȋǾȀ ȄȒȓǾȀ 

Ȃ-ǧ2ǡǶ, ȃȆȊȀȃǽ ȃȈȀȋǼȓȐȎȔ 500 nm. ǪȀȇȝȑ ȋǾȀ ȄȒȓǾȀ ȀȌȓȈȒȓȎȈȖȄǾ ȒȄ ȋǾȀ ȃǾȉȊȘȌȆ ȇȐȀȜȒȆ, 

ȂǾȌȄȓȀȈ Ȇ ȏȀȐȀȃȎȖǽ țȓȈ Ȏ ȒȖȆȋȀȓȈȒȋțȑ ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ ȎȕȄǾȊȄȓȀȈ ȒȄ ȕȀȈȌțȋȄȌȀ 

ȋȈȀȑ ȋțȌȆȑ ȓȐȎȖȈǻȑ ȒȓȎ ȄȏǾȏȄȃȎ ȓȎȔ DNA (1-10nm). 

ǧ ȈȉȀȌțȓȆȓȀ ȓȘȌ ȀȉȓȈȌȎȁȎȊȈȝȌ ȌȀ ȄȏǻȂȎȔȌ ȒȜȌȇȄȓȄȑ ȁȊǻȁȄȑ ȋȏȎȐȄǾ ȌȀ ȄȐȋȆȌȄȔȇȄǾ ȋǼȒȘ 

ȓȆȑ ȖȘȐȈȉǽȑ ȉȀȓȀȌȎȋǽȑ ȄȌȀȏțȇȄȒȆȑ ȄȌǼȐȂȄȈȀȑ ȒȓȆȌ ȜȊȆ. ǲȓȆȌ ȏȀȐȎȜȒȀ ȃȈȀȓȐȈȁǽ, Ȇ 

ȁȈȎȊȎȂȈȉǽ ȜȊȆ ȏȐȎȒȄȂȂǾȅȄȓȀȈ/ ȏȐȎȒȎȋȎȈȝȌȄȓȀȈ ȋǼȒȘ ȓȎȔ ȌȄȐȎȜ, ȉȀȈ ȎȈ ȃȈȀȕȎȐȄȓȈȉǼȑ 

ȏȎȈțȓȆȓȄȑ ȀȉȓȈȌȎȁȎȊǾȀȑ ȏȐȎȒȎȋȎȈȝȌȎȌȓȀȈ ȋȄ ȆȊȄȉȓȐțȌȈȀ ȃȈȀȕȎȐȄȓȈȉȝȌ ȄȌȄȐȂȄȈȝȌ (ȉȀȈ 

ȃȈȀȕȎȐȄȓȈȉȎȜ ȏȊǽȇȎȔȑ). ǧ ȏȐȎȒǼȂȂȈȒȆ ȀȔȓǽ ȄǾȌȀȈ ȀȐȉȄȓǻ ȀȉȐȈȁǽȑ, ȉȀȇȝȑ Ȇ ȄȏǾȃȐȀȒȆ ȓȆȑ 

ȈȎȌȓǾȅȎȔȒȀȑ ȀȉȓȈȌȎȁȎȊǾȀȑ ȎȕȄǾȊȄȓȀȈ Șȑ ȄȏǾ ȓȎ ȏȊȄǾȒȓȎȌ ȒȓȀ ȃȄȔȓȄȐȎȂȄȌǽ ȆȊȄȉȓȐțȌȈȀ, ȓȀ 

ȎȏȎǾȀ ȏȀȐǻȂȎȌȓȀȈ ȒȄ ȀȕȇȎȌǾȀ ȉȀȓǻ ȓȆ ȃȈǼȊȄȔȒȆ ȓȆȑ ȏȐȎȒȏǾȏȓȎȔȒȀȑ ȀȉȓȈȌȎȁȎȊǾȀȑ.  
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2 ǥǰǩǤǩǯǱǨǸǲǧ ǢǫǡǢǸǭ DNA  

2.1 ǬȆȖȀȌȈȒȋȎǾ ȀȏțȉȐȈȒȆȑ ȒȓȈȑ ȁȊǻȁȄȑ (DNA  damage response-DDR ) 

Ǹȑ çȀȏțȉȐȈȒȆ ȒȓȈȑ ȁȊǻȁȄȑ ȓȎȔ DNA è ȏȎȔ ȒȓȆ ȃȈȄȇȌǽ ȁȈȁȊȈȎȂȐȀȕǾȀ ȀȏȀȌȓǻȓȀȈ Șȑ òDNA  

damage responseó ȎȐǾȅȄȓȀȈ ȓȎ ȃǾȉȓȔȎ ȓȘȌ ȉȔȓȓȀȐȈȉȝȌ ȃȈȄȐȂȀȒȈȝȌ ȏȎȔ ȀȌȈȖȌȄȜȄȈ ȓȈȑ 

ȁȊǻȁȄȑ, ȒȓǼȊȌȄȈ ȓȀ ȉȀȓǻȊȊȆȊȀ ȒǽȋȀȓȀ ȉȀȈ ȄȌ ȓǼȊȄȈ ȄȏȈȃȈȎȐȇȝȌȄȈ ȓȈȑ ȁȊǻȁȄȑ ȓȎȔ DNA . 

ǪȀȓǻȊȊȆȊȄȑ ȏȐȘȓȄǠȌȄȑ ȏȎȔ ȄȊǼȂȖȎȔȌ ȓȆȌ ȀȉȄȐȀȈțȓȆȓȀ ȓȎȔ DNA, ȄȌȄȐȂȎȏȎȈȎȜȌ ȓȀ ȒȆȋȄǾȀ 

ȄȊǼȂȖȎȔ ȓȎȔ ȉȔȓȓȀȐȈȉȎȜ ȉȜȉȊȎȔ ȉȀȈ ȓȎȔȑ ȉȔȓȓȀȐȈȉȎȜȑ ȋȆȖȀȌȈȒȋȎȜȑ ȄȏȈȃȈțȐȇȘȒȆȑ, 

ȉȀȓțȏȈȌ ȀȌȈȖȌȄȜȒȄȘȑ ȓȆȑ ȁȊǻȁȆȑ, ȏȐȎȊȀȋȁǻȌȎȌȓȀȑ ǼȓȒȈ ȓȆ ȃȆȋȈȎȔȐȂǾȀ ȃȔȌȆȓȈȉǻ 

ȄȏȈȁȊȀȁȝȌ ȋȄȓȀȊȊǻȍȄȘȌ.  

 

ǲȖǽȋȀ 2-1: ǡȏțȉȐȈȒȆ ȒȓȈȑ ȁȊǻȁȄȑ DNA. (ȀȌȀȃȆȋȈȎȔȐȂǾȀ Ȁȏț Pateras, et al,2016)[24] 

ǡȕȎȜ ȒȔȋȁȄǾ Ȇ ȁȊǻȁȆ, Ȇ ȎȏȎǾȀ ȏȐȎǼȐȖȄȓȀȈ ȄǾȓȄ Ȁȏț ȄȌȃȎȂȄȌǽ ȀǾȓȈȀ, țȏȘȑ ȓȎ ȎȍȄȈȃȘȓȈȉț 

ȒȓȐȄȑ, ȄǾȓȄ Ȁȏț ȄȍȘȂȄȌǽ, țȏȘȑ Ȇ ȈȎȌȓǾȅȎȔȒȀ ȀȉȓȈȌȎȁȎȊǾȀ, ȓȎ ȏȐȝȓȎ ȁǽȋȀ ȏȎȔ ȀȏȀȈȓȄǾȓȀȈ 
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ȌȀ ȒȔȌȓȄȊȄȒȓȄǾ ȄǾȌȀȈ Ȇ ȀȌȀȂȌȝȐȈȒȆ, ȓȆȌ ȎȏȎǾȀ ȀȌȀȊȀȋȁǻȌȎȔȌ ȎȈ ȏȐȘȓȄǠȌȄȑ-ȀȈȒȇȆȓǽȐȄȑ 

(sensor proteins) ȎȈ ȎȏȎǾȄȑ ȏȐȎȒȄȊȉȜȎȔȌ ȉȀȈ ȄȌȄȐȂȎȏȎȈȎȜȌ ȓȈȑ ȏȐȘȓȄǠȌȄȑ ȉȈȌǻȒȄȑ ȏȎȔ ȄǾȌȀȈ 

ȋȄȓȀȂȘȂȄǾȑ ȒǽȋȀȓȎȑ (transduser kinases). ǯȈ ȋȄȓȀȂȘȂȄǾȑ ȒǽȋȀȓȎȑ ȋȄȓȀȕǼȐȎȔȌ ȓȎ çȒǽȋȀ 

ȉȈȌȃȜȌȎȔè ȒȓȈȑ ȉȈȌǻȒȄȑ ȏȎȔ ȄǾȌȀȈ ȀȌǻȌȓȆ ȓȄȊȄȒȓǼȑ (upstream effector kinases), ȎȈ ȎȏȎǾȄȑ 

ȋȄ ȓȆ ȒȄȈȐǻ ȓȎȔȑ ȕȘȒȕȎȐȔȊȈȝȌȎȔȌ ȓȀ ȀȌȓǾȒȓȎȈȖȀ ȃȈȉǻ ȓȎȔȑ ȔȏȎȒȓȐȝȋȀȓȀ, ȓȎȔȑ ȉȀȓǻȌȓȆ 

ȓȄȊȄȒȓǼȑ. ǯȈ ȉȀȓǻȌȓȆ ȓȄȊȄȒȓǼȑ ȄȏȈȒȓȐȀȓȄȜȎȔȌ ȓȎ ȉȀȓǻȊȊȆȊȎ ȋțȐȈȎ ȄȏȈȃȈțȐȇȘȒȆȑ DNA , 

ȀȌǻȊȎȂȀ ȋȄ ȓȎ ȄǾȃȎȑ ȓȆȑ ȁȊǻȁȆȑ. ǧ ȄȏȀȉȐȈȁǽȑ ȐȜȇȋȈȒȆ (fine tuning ) ȓȆȑ ȀȏțȉȐȈȒȆȑ ȒȓȈȑ 

ȁȊǻȁȄȑ ȓȎȔ DNA  ȄȏȈȓȄȊȄǾȓȀȈ Ȁȏț ȓȎȔȑ ȋȄȒȎȊȀȁȆȓǼȑ (mediators) ȎȈ ȎȏȎǾȎȈ ȄǾȌȀȈ ȓȀ 

ȔȏȎȒȓȐȝȋȀȓȀ ȉȀȈ ȎȈ ȐȔȇȋȈȒȓǼȑ ȉȀȈ ȓȘȌ ȋȄȓȀȂȘȂǼȘȌ ȉȀȈ ȓȘȌ ȉȈȌȀȒȝȌ-ȓȄȊȄȒȓȝȌ. ǧ 

ȄȏȀȉțȊȎȔȇȆ ȄȏȈȃȈțȐȇȘȒȆ ȋȏȎȐȄǾ ȌȀ ȏȄȐȈȊȀȋȁǻȌȄȈ ǼȌȀȌ ȋțȌȎȌ Ȁȏț ȓȎȔȑ ȉȔȓȓȀȐȈȉȎȜȑ 

ȋȆȖȀȌȈȒȋȎȜȑ ȏȎȔ ȏȄȐȈȂȐǻȕȎȌȓȀȈ ȒȓȆȌ ȏȀȐǻȂȐȀȕȎ 1.3.2 ǽ ȉȀȈ ȒȔȌȃȔȀȒȋț ȀȔȓȝȌ, 

ȀȌǻȊȎȂȀ ȋȄ ȓȆȌ ȏȎȊȔȏȊȎȉțȓȆȓȀ ȓȆȑ ȁȊǻȁȆȑ. ǯ ȀȏȀȈȓȎȜȋȄȌȎȑ ȖȐțȌȎȑ ȂȈȀ ȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ 

ȄȍȀȒȕȀȊǾȅȄȓȀȈ Ȁȏț ȓȀ ȒȆȋȄǾȀ ȄȊǼȂȖȎȔ ȓȎȔ ȉȔȓȓȀȐȈȉȎȜ ȉȜȉȊȎȔ, ȓȀ ȎȏȎǾȀ ȀȌȀȒȓǼȊȊȎȔȌ ȓȀ 

ȒȜȋȏȊȎȉȀ cyclin-CDK ȉȀȇȔȒȓȄȐȝȌȓȀȑ ǽ ȉȀȈ ȒȓȀȋȀȓȝȌȓȀȑ ȓȆȌ ȄȍǼȊȈȍȆ ȓȎȔ ȉȔȓȓȀȐȈȉȎȜ 

ȉȜȉȊȎȔ. ǥǻȌ Ȇ ȁȊǻȁȆ ȒȓȎ DNA  ȄǾȌȀȈ ȄȉȓȄȓȀȋǼȌȆ ǽ ȃȄȌ ȄǾȌȀȈ ȄȏȀȐȉȝȑ ȄȏȈȃȈȎȐȇȘȋǼȌȆ ȓȎ 

ȉȜȓȓȀȐȎ ȎȃȆȂȄǾȓȀȈ ȒȓȆȌ ȀȏțȏȓȘȒȆ, ȒȓȆ ȂǽȐȀȌȒȆ ǽ ȒȓȆȌ ȏȄȐǾȏȓȘȒȆ ȏȎȔ ȄȏȈȅǽȒȄȈ, ȇȀ ȕǼȐȄȈ 

ȖȐȘȋȎȒȘȋȀȓȈȉǼȑ ȀȊȊȎȈȝȒȄȈȑ, ȎȈ ȎȏȎǾȄȑ ȃȔȌȆȓȈȉǻ ȇȀ ȄȏȈȕǼȐȎȔȌ ȂȎȌȈȃȈȘȋȀȓȈȉǽ ȀȒȓǻȇȄȈȀ ǽ 

ȉȀȈ ȉȀȐȉȈȌȎȂǼȌȄȒȆ [24].  

2.2 ǪȔȓȓȀȐȈȉȎǾ ȋȆȖȀȌȈȒȋȎǾ ȄȏȈȃȈțȐȇȘȒȆȑ 

ǝȏȘȑ ǼȖȎȔȌ ȄȏȈȉȐȀȓǽȒȄȈ ȒȓȆ ȁȈȁȊȈȎȂȐȀȕǾȀ, ȎȈ ȉȔȓȓȀȐȈȉȎǾ ȋȆȖȀȌȈȒȋȎǾ ȄȏȈȃȈțȐȇȘȒȆȑ ȄǾȌȀȈ 

BER, NER, MMR, HR ȉȀȈ NHEJ. ǳȀ ȀȉȐȘȌȜȋȈȀ ȀȌȓȈȒȓȎȈȖȎȜȌ ȒȓȀ Base Excision Repair, 

Nucleotide  Excision Repair, Mismatch Repair, Homologous Recombination ȉȀȈ Non 

Homologou s End Joining. ǡȌȓǾȒȓȎȈȖȀ, ȒȓȆ ȂȊȝȒȒȀ ȋȀȑ ȎȈ ȋȆȖȀȌȈȒȋȎǾ ȀȔȓȎǾ ȀȏȎȃǾȃȎȌȓȀȈ 

Șȑ ǬȆȖȀȌȈȒȋțȑ ǥȉȓȎȋǽȑ ǢǻȒȆȑ (ǬǥǢ), ǬȆȖȀȌȈȒȋțȑ ǥȉȓȎȋǽȑ ǭȎȔȉȊȄȎȓȈȃǾȘȌ (Ǭǥǭ), 

ǥȏȈȃȈțȐȇȘȒȆ ǡȌȀȌȓȈȒȓȎȈȖǾȀȑ (ǥǡ), ǯȋțȊȎȂȎȑ ǡȌȀȒȔȌȃȔȀȒȋțȑ (ǯǡ) ȉȀȈ ǬȆ ǯȋțȊȎȂȆ 

ǚȌȘȒȆ ǘȉȐȘȌ (Ǭǯǥǡ). ǝȏȘȑ ȏȀȐȀȓȆȐȎȜȋȄ Ȇ ȉȀȓȆȂȎȐȈȎȏȎǾȆȒȆ ȂǾȌȄȓȀȈ ȋȄ ȂȌȝȋȎȌȀ ȓȎ 

ȋȆȖȀȌȈȒȋț Ȁȕõ ȄȀȔȓțȌ, ȉȀȈ țȖȈ ȋȄ ȓȎ ȄǾȃȎȑ ȓȆȑ ȁȊǻȁȆȑ ȏȎȔ ǼȉȀȒȓȎȑ ȄȏȈȃȈȎȐȇȝȌȄȈ, Ȅȉȓțȑ 

Ȁȏț ȓȆȌ ȏȄȐǾȏȓȘȒȆ ȓȆȑ ǥǡ/MMR țȏȎȔ ȏȄȐȈȂȐǻȕȄȓȀȈ ȓȎ ȄǾȃȎȑ ȓȆȑ ȁȊǻȁȆȑ.  

2.2.1 BER (Base Excision Repair-ǬȆȖȀȌȈȒȋțȑ ǥȉȓȎȋǽȑ ǢǻȒȆȑ) 

ǯ ǬȆȖȀȌȈȒȋțȑ ǥȉȓȎȋǽȑ ǢǻȒȆȑ ȀȏȎȋȀȉȐȜȌȄȈ ȋȈȉȐǼȑ, ȒȄ ȄȏǾȏȄȃȎ ȋȈȀȑ ǼȊȈȉȀȑ, ȁȊǻȁȄȑ 

ȁǻȒȄȘȌ, ȄȌȝ Ȏ NER ȄȏȈȒȓȐȀȓȄȜȄȓȀȈ ȒȓȆȌ ȏȄȐǾȏȓȘȒȆ ȓȘȌ ȏȎȊȊȀȏȊȝȌ ȁȊȀȁȝȌ, ȃȆȊȀȃǽ 

ȀȔȓȝȌ ȏȎȔ ȔȏȄȐȁȀǾȌȎȔȌ ȒȄ ǼȉȓȀȒȆ ȓȆ ȋǾȀ ǼȊȈȉȀ. ǯ ȋȆȖȀȌȈȒȋțȑ BER ȀȌȓȈȉȀȇȈȒȓǻ ȓȈȑ 
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ȁǻȒȄȈȑ ȏȎȔ ȕǼȐȎȔȌ ȁȊǻȁȄȑ ȀȊȊǻ ȉȀȈ ȄȏȈȃȈȎȐȇȝȌȄȈ ȓȈȑ ȋȎȌțȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ (SSB) ȓȆȑ 

ǼȊȈȉȀȑ ȓȎȔ DNA [50]. O BER ȄȌȄȐȂȎȏȎȈȄǾȓȀȈ Ȁȏț ȂȊȔȉȎȅȔȊǻȒȄȑ, ȎȈ ȎȏȎǾȄȑ ȀȌȀȂȌȘȐǾȅȎȔȌ 

ȉȀȈ ȀȏȎȋȀȉȐȜȌȎȔȌ ȓȈȑ ȁǻȒȄȈȑ ȏȎȔ ȕǼȐȎȔȌ ȁȊǻȁȄȑ ǽ ȄǾȌȀȈ ȀȉȀȓǻȊȊȆȊȄȑ. ǯȈ ȁǻȒȄȈȑ ȏȎȔ 

ȄȉȓǼȋȌȎȌȓȀȈ ȋȏȎȐȄǾ ȌȀ ȄǾȌȀȈ ȎȍȄȈȃȘȋǼȌȄȑ, ȀȊȉȔȊȈȘȋǼȌȄȑ ǽ ȀȏȀȋȈȌȘȋǼȌȄȑ. ǬȄ ȓȎȌ țȐȎ 

ȀȉȀȓǻȊȊȆȊȄȑ ȄȌȌȎȎȜȋȄ ȂȈȀ ȏȀȐǻȃȄȈȂȋȀ ȓȆȌ ǯȔȐȀȉǾȊȆ, Ȇ ȎȏȎǾȀ ȃȄ ȕǼȐȄȈ ȋȄȌ ȁȊǻȁȆ, ȀȊȊǻ 

ȃȄȌ ǼȖȄȈ ȇǼȒȆ ȒȓȆȌ ȀȊȊȆȊȎȔȖǾȀ ȓȎȔ DNA, ȋȏȎȐȄǾ ȌȀ ǼȖȄȈ ȓȎȏȎȇȄȓȆȇȄǾ ȉȀȓǻ ȊǻȇȎȑ ȒȓȆ ȇǼȒȆ 

ȓȆȑ ȇȔȋǾȌȆȑ, ȀȏǼȌȀȌȓȈ Ȁȏț ȋǾȀ ȀȃȄȌǾȌȆ, ȄȌȃǼȖȄȓȀȈ ȄȏǾȒȆȑ Ȇ ȏȀȐȎȔȒǾȀ ȓȆȑ ȎȔȐȀȉǾȊȆȑ ȌȀ 

ȎȕȄǾȊȄȓȀȈ ȀȏȀȋǾȌȘȒȆ ȓȆȑ ȉȔȓȎȒǾȌȆȑ [51]. ǯ ȋȆȖȀȌȈȒȋțȑ BER, ȊȎȈȏțȌ, ȄǾȌȀȈ ȖȐǽȒȈȋȎȑ ȃȈțȓȈ 

ȏȐȎȕȔȊǻȒȒȄȈ ȓȎ ȉȜȓȓȀȐȎ Ȁȏț ȋȄȓȀȊȊǻȍȄȈȑ ȏȎȔ ȇȀ ȒȔȌǼȁȀȈȌȀȌ ȀȌ ȃȄȌ ȔȏǽȐȖȄ Ȇ 

ȀȌȓȈȉȀȓǻȒȓȀȒȆ ȀȔȓȝȌ ȓȘȌ ȁǻȒȄȘȌ. ǬțȊȈȑ ȀȏȎȋȀȉȐȔȌȇȄǾ Ȇ ȄȊȊȀȓȓȘȋȀȓȈȉǽ/ȀȉȀȓǻȊȊȆȊȆ 

ȁǻȒȆ Ȁȏț ȓȈȑ ȂȊȔȉȎȅȔȊǻȒȄȑ, ȒȓȆ ȇǼȒȆ ȓȆȑ ȋǼȌȄȈ ǼȌȀ ȀȁȀȒȈȉț ȒȆȋȄǾȎ, ȓȎ ȎȏȎǾȎ ȒȓȆ 

ȁȈȁȊȈȎȂȐȀȕǾȀ ȒȔȌȓǼȋȌȄȓȀȈ Șȑ ôAPõ (apurinic/apyrimidinic). ǧ ȀȊȔȒǾȃȀ ȉțȁȄȓȀȈ Ȁȏț ȋǾȀ 

ȄȌȃȎȌȎȔȉȊȄǻȒȆ-AP. ǲȓȎ ȒȓǻȃȈȎ ȀȔȓț ȒȓȆ ȇǼȒȆ ȓȆȑ ȁȊǻȁȆȑ ǼȖȄȈ ȃȆȋȈȎȔȐȂȆȇȄǾ ȋǾȀ 

ȋȎȌțȉȊȘȌȆ ȇȐȀȜȒȆ ȓȆȑ ȀȊȔȒǾȃȀȑ ȓȎȔ DNA (SSB-single strand break). ǲȓȎ ȒȓǻȃȈȎ ȀȔȓț 

ȄȏȈȊǼȂȄȓȀȈ ȀȌ ȇȀ ȀȉȎȊȎȔȇȆȇȄǾ ȓȎ ȒȜȌȓȎȋȎ ǽ ȓȎ ȋȀȉȐȜ ȋȎȌȎȏǻȓȈ (short- or long- patch 

BER), țȏȎȔ ȃȄȌ ȄǾȌȀȈ ȒȀȕǼȑ ȓȎ ȉȐȈȓǽȐȈȎ ȋȄ ȓȎ ȎȏȎǾȎ ȂǾȌȄȓȀȈ Ȇ ȄȏȈȊȎȂǽ. ǯȈ ȏȀȐǻȂȎȌȓȄȑ ȏȎȔ 

ȄȈȉǻȅȄȓȀȈ țȓȈ ȄȏȆȐȄǻȅȎȔȌ ȓȆȌ ȄȏȈȊȎȂǽ ȄǾȌȀȈ ȓȎ ȄǾȃȎȑ ȓȆȑ ȁȊǻȁȆȑ, Ȇ ȕǻȒȆ ȓȎȔ ȉȔȓȓȀȐȈȉȎȜ 

ȉȜȉȊȎȔ, ȓȎ ȀȌ ȓȎ ȉȜȓȓȀȐȎ ȄǾȌȀȈ ȏȊǽȐȘȑ ȃȈȀȕȎȐȎȏȎȈȆȋǼȌȎ ǽ ȄȌȄȐȂȝȑ ȃȈȀȈȐȎȜȋȄȌȎ.  

2.2.1.1 ǲȜȌȓȎȋȎȑ BER 

ǯȈ ȂȊȔȉȎȅȔȊǻȒȄȑ ȋȄ ȓȈȑ ȎȏȎǾȄȑ ȍȄȉȈȌǻ Ȏ BER ȋȏȎȐȄǾ ȌȀ ȄǾȌȀȈ ȋȎȌȎ-ȊȄȈȓȎȔȐȂȈȉǼȑ ǽ ȃȈ-

ȊȄȈȓȎȔȐȂȈȉǼȑ. ǲȓȎ ȒȜȌȓȎȋȎ BER ȒȔȋȋȄȓǼȖȎȔȌ ȎȈ ȃȈ-ȊȄȈȓȎȔȐȂȈȉǼȑ ȂȊȔȉȎȅȔȊǻȒȄȑ ȎȈ ȎȏȎǾȄȑ 

Ȅȉȓțȑ Ȁȏț ȓȆȌ ȈȃȈțȓȆȓǻ ȓȎȔȑ ȌȀ ȉȀȓȀȊȜȎȔȌ ȓȆȌ ȔȃȐȎȊȔȓȈȉǽ ȃȈǻȒȏȀȒȆ ȓȎȔ ȂȊȔȉȎȒȈȃȈȉȎȜ 

ȃȄȒȋȎȜ ȋȄȓȀȍȜ ȓȆȑ ȁǻȒȆȑ ȉȀȈ ȓȎȔ ȒȀȉȖǻȐȎȔ ȃȄȎȍȔȐȈȁțȅȆ, ȃȈȀȇǼȓȎȔȌ ȄȏȈȏȊǼȎȌ ȉȀȈ 

ȃȐȀȒȓȈȉțȓȆȓȀ ȊȔǻȒȆȑ-AP. ǥȏȎȋǼȌȘȑ ȋȏȎȐȎȜȌ ȌȀ ȀȏȎȉțȗȎȔȌ ȓȆȌ ȀȊȔȒǾȃȀ ȖȘȐǾȑ ȌȀ ȄǾȌȀȈ 

ȀȏȀȐȀǾȓȆȓȆ Ȇ ȏȀȐȎȔȒǾȀ ȉǻȏȎȈȀȑ ȄȌȃȎȌȎȔȉȊȄǻȒȆȑ-AP. ǯȈ ȏȈȎ ȉȎȈȌǼȑ ȃȈ-ȊȄȈȓȎȔȐȂȈȉǼȑ 

ȂȊȔȉȎȅȔȊǻȒȄȑ ȄǾȌȀȈ ȎȈ OGG1, NTH, NEIL1, NEL2, NEIL3. ǬȄ ȓȆȌ ȀȏȎȋǻȉȐȔȌȒȆ ȓȆȑ 

ȁǻȒȆȑ Ȁȏț ȓȆ ȂȊȔȉȎȅȔȊǻȒȆ, ȒȓȆ ȇǼȒȆ ȓȆȑ ȁȊǻȁȆȑ ȔȏǻȐȖȄȈ ȓȝȐȀ ȋǾȀ ȋȎȌțȉȊȘȌȆ ȇȐȀȜȒȆ, 

Ȇ ȎȏȎǾȀ ȀȌȀȂȌȘȐǾȅȄȓȀȈ Ȁȏț ȏȐȘȓȄǠȌȄȑ PARP1 ǽ PARP2. ǯȈ PARP ȏȐȎȒȃǼȌȎȌȓȀȈ ȒȓȆ ȇǼȒȆ 

ȓȆȑ ȇȐȀȜȒȆȑ ȉȀȈ ȊȄȈȓȎȔȐȂȎȜȌ Șȑ ȒǽȋȀȓȀ, ȉȀȊȝȌȓȀȑ ǻȊȊȄȑ ȏȐȘȓȄǠȌȄȑ ȄȏȈȃȈțȐȇȘȒȆȑ țȏȘȑ 

ȎȈ XRCC1 (ȏȐȘȓȄǠȌȆ ȒȉȀȊȘȒȈǻȑ), LigIII  (ȏȐȘȓȄǠȌȆ ȒȔȂȉțȊȊȆȒȆȑ), Polȁ (ȏȎȊȔȋȄȐǻȒȆ-ȁ, 

ȏȐȘȓȄǠȌȆ ȒȜȌȇȄȒȆȑ). ǝȊȄȑ ȋȀȅǾ ȀȔȓǼȑ ȃȆȋȈȎȔȐȂȎȜȌ ǼȌȀ ȒȜȋȏȊȄȂȋȀ ȓȎ ȎȏȎǾȎ ȀȐȖȈȉǻ 

ȀȏȎȋȀȉȐȜȌȄȈ ȓȎ 3õ-ȀȉțȐȄȒȓȆ ȀȊȃȄǿȃȆ ȓȎ ȒȖȆȋȀȓȈȒȋț ȓȆȑ ȎȏȎǾȀȑ ȏȐȎȉǻȊȄȒȄ Ȇ 

ȀȏȎȋǻȉȐȔȌȒȆ ȓȆȑ ȄȊȀȓȓȘȋȀȓȈȉǽȑ ȁǻȒȆȑ. ǧ ȀȊȃȄǿȃȆ ȀȔȓǽ ȄȉȓǼȋȌȄȓȀȈ Ȁȏț ȓȈȑ APE1 ȉȀȈ 
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APE2. ǲȓȆ ȒȔȌǼȖȄȈȀ Ȇ Polȁ ȒȔȌȇǼȓȄȈ ȓȆ ȒȘȒȓǽ ȁǻȒȆ ȉȀȈ ȓǼȊȎȑ Ȇ Lig3 ȒȔȂȉȎȊȊǻ ȓȆȌ 

ȀȊȔȒǾȃȀ [52].  

2.2.1.2 ǬȀȉȐȜȑ BER 

ǯ ȋȀȉȐȜȑ BER ȍȄȉȈȌǻ ȋȄ ȉǻȏȎȈȀ Ȁȏț ȓȈȑ ȋȎȌȎ-ȊȄȈȓȎȔȐȂȈȉǼȑ ȂȊȔȉȎȅȔȊǻȒȄȑ, ȎȈ 

ȒȔȌȆȇǼȒȓȄȐȄȑ ȓȘȌ ȎȏȎǾȘȌ ȄǾȌȀȈ ȎȈ UNG ȉȀȈ SMUG ȂȈȀ ȓȆȌ ȀȏȎȋǻȉȐȔȌȒȆ ȓȆȑ ȎȔȐȀȉǾȊȆȑ, 

MUTY  (2-hydroxyadenine 2 -ȔȃȐțȍȔȀȃȄȌǾȌȆ), MPG (DNA -3-methyladenine ) , MBD4 

(methylated DNA  and is specific for G:T mismatches within methylated and 

unmethylated CpG sites.) [53] , TDG (G/ T Mismatch-Specific Thymine  DNA  Glycosylase) 

[54, 55]. ǬțȊȈȑ ȀȏȎȋȀȉȐȔȌȇȄǾ Ȇ ȂȊȔȉȎȅȔȊǻȒȆ ȏȎȔ ǼȖȄȈ ȏǻȐȄȈ ȋȀȅǾ ȓȆȑ ȓȆȌ ȄȊȊȀȓȓȘȋȀȓȈȉǽ 

ǽ ȓȆ ȊǻȇȎȑ ȓȎȏȎȇȄȓȆȋǼȌȆ ȁǻȒȆ, Ȇ ȀȊȔȒǾȃȀ ȏȀȐȀȋǼȌȄȈ ȀȉǼȐȀȈȀ ȉȀȈ ȂȈȀ ȌȀ ȏȐȎȖȘȐǽȒȄȈ Ȇ 

ȄȏȈȃȈțȐȇȘȒȆ, ȖȐȄȈǻȅȄȓȀȈ ȌȀ ȉȎȏȄǾ, ȓȆ ȃȈȀȃȈȉȀȒǾȀ ȓȆȑ ȉȎȏǽȑ ȓȆȌ ȀȌȀȊȀȋȁǻȌȎȔȌ ȎȈ 

ȄȌȃȎȌȎȔȉȊȄǻȒȄȑ APE1 ǽ APE2. ǲȓȆ ȒȔȌǼȖȄȈȀ ȃȆȋȈȎȔȐȂȄǾȓȀȈ ǼȌȀ ȒȜȋȏȊȎȉȎ ȏȐȘȓȄșȌȝȌ, ȋȄ 

ȉȎȐȋț ȓȆȌ PCNA, Ȇ ȎȏȎǾȀ ȊȄȈȓȎȔȐȂȄǾ Șȑ ȏȊȀȓȕțȐȋȀ ȕțȐȓȘȒȆȑ ȂȈȀ ȓȈȑ ȔȏțȊȎȈȏȄȑ 

ȏȐȘȓȄǠȌȄȑ ȓȎȔ ȒȔȋȏȊțȉȎȔ ȏȎȔ ȄǾȌȀȈ ȎȈ APEX, PARP, Polȁ, Polȃ/PolȄ, FEN1 ȉȀȈ Lig1. ǳȎ 

ȒȜȋȏȊȎȉȎ ȀȔȓț ȏȐȎȖȘȐǻ ȋȄ ȕȎȐǻ 5õ-3õ ȄȉȓȎȏǾȅȎȌȓȀȑ ǼȘȑ ȉȀȈ 8 ȌȎȔȉȊȄȎȓǾȃȈȀ, ȄȌȝ 

ȏȀȐǻȊȊȆȊȀ ȎȈ ȏȎȊȔȋȄȐǻȒȄȑ ȒȔȌȇǼȓȎȔȌ ȌǼȀ, ȋȄ ȓȎȌ ȉȀȌțȌȀ ȓȆȑ ȒȔȋȏȊȆȐȘȋȀȓȈȉțȓȆȓȀȑ. 

ǝȓȀȌ ȎȊȎȉȊȆȐȘȇȄǾ Ȇ ȒȜȌȇȄȒȆ, ȓȎ ǼȌȅȔȋȎ FEN1 ȀȏȎȉțȏȓȄȈ ȓȎ ȏȊȄȎȌǻȅȎȌ, ȏȀȊȀȈț, 

ȎȊȈȂȎȌȎȔȉȊȄȎȓǾȃȈȎ. ǲȓȎ ȓǼȊȎȑ Ȇ Lig1 ȒȔȂȉȎȊȊǻ ȓȆȌ ȀȊȔȒǾȃȀ.  
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ǲȖǽȋȀ 2-2 :ǯ ȋȆȖȀȌȈȒȋțȑ BER. ǤȈȀȉȐǾȌȄȓȀȈ ȒȓȎ ȒȜȌȓȎȋȎ ȉȀȈ ȓȎ ȋȀȉȐȜ. ǡ) ǯ ȒȜȌȓȎȋȎȑ ȍȄȉȈȌǻȄȈ ȋȄ 
ȋȀ ȎȍȄȈȃȘȋǼȌȆ ǽ ȉȎȐȄȒȋǼȌȆ-ȉȔȉȊȈȉǽ ȁǻȒȆ. ǧ ȒȔȂȉȄȉȐȈȋǼȌȆ ȁȊǻȁȆ ȀȌȀȂȌȘȐǾȅȄȓȀȈ Ȁȏț ȉǻȏȎȈȀ Ȁȏț 
ȓȈȑ ȃȈ-ȊȄȈȓȎȔȐȂȈȉǼȑ ȂȊȔȉȎȅȔȊǻȅȄȑ. Ǣ) ǧ ȁǻȒȆ ȀȏȎȋȀȉȐȜȌȄȓȀȈ ȋȀȅǾ ȋȄ ȓȆ ȂȊȔȉȎȅȔȊǻȒȆ, Ȇ ȎȏȎǾȀ ǼȖȄȈ 
ȄȏȈȏȊǼȎȌ ȉțȗȄȈ ȉȀȈ ȓȎ ȃȄȒȋț ȋȄȓȀȍȜ ȃȄȎȍȔȐȈȁțȅȆȑ ȉȀȈ ȕȘȒȕȎȐȈȉǽȑ ȎȋǻȃȀȑ ȀȕǽȌȎȌȓȀȑ ȉȀȈ ȋǾȀ 3õ-
ȀȉțȐȄȒȓȆ ȀȊȃȄǿȃȆ. H XRCC1 ȒȔȂȉȐȀȓȄǾ ȓȎ ȄȏȈȃȈȎȐȇȘȓȈȉț ȒȜȋȏȊȄȂȋȀ ȏȎȔ ȀȏȎȓȄȊȄǾȓȀȈ ȄȏȈȏȊǼȎȌ Ȁȏț 
ȓȈȑ APEX, Lig III, Polȁ ȉȀȈ PARP. ǣ) ǯȈ ȄȌȃȎȌȎȔȉȊȄǻȒȄȑ ȀȏȎȋȀȉȐȜȌȎȔȌ ȓȎ ȀȉțȐȄȒȓȎ ȒǻȉȖȀȐȎ. Ǥ) 
ǬȄ ȓȆ ȁȎǽȇȄȈȀ ȓȆȑ Polȁ ȒȔȋȏȊȆȐȝȌȄȓȀȈ ȓȎ ȉȄȌț ȒȓȆȌ ȀȊȔȒǾȃȀ ȋȄ ȌǼȎ ȌȎȔȉȊȄȎȓǾȃȈȎ. ǥ) ǧ Lig3 ȁȎȆȇǻ 
ȒȓȆȌ ȓȄȊȈȉǽ ȒȔȂȉțȊȊȆȒȆ. ǲǳ) ǯ ȋȀȉȐȜȑ BER ȍȄȉȈȌǻ țȓȀȌ Ȇ ȁǻȒȆ ȄǾȌȀȈ ȀȏȀȋȈȌȘȋǼȌȆ, ȀȊȉȔȊȈȘȋǼȌȆ 
ǽ ȊǻȇȎȑ ȓȎȏȎȇȄȓȆȋǼȌȆ. Ǧ) ǧ ȂȊȔȉȎȅȔȊǻȒȆ ȏȎȔ ȊȀȋȁǻȌȄȈ ȋǼȐȎȑ ȄǾȌȀȈ ȋȎȌȎ-ȊȄȈȓȎȔȐȂȈȉǽ ȉȀȈ ȃȄȌ 
ȃȈȀȒȏǻ ȄȏȈȏȊǼȎȌ ȓȎ ȃȄȒȋț ȋȄȓȀȍȜ ȃȄȎȍȔȐȈȁțȅȆȑ ȉȀȈ ȕȘȒȕȎȐȈȉǽȑ ȎȋǻȃȀȑ, țȏȘȑ ȒȓȎ ȁ). ǧ 
ȄȊȀȓȓȘȋȀȓȈȉǽ ȁǻȒȆ ǼȖȄȈ ȀȏȎȋȀȉȐȔȌȇȄǾ. ǧ) ǧ ȄȉȓȎȋǽ ȓȆȑ ȀȊȔȒǾȃȀȑ ȍȄȉȈȌǻ ȋȄ ȓȈȑ ȄȌȃȎȌȎȔȉȊȄǻȒȄȑ-
AP. ǤȆȋȈȎȔȐȂȄǾȓȀȈ ǼȌȀ ȒȜȋȏȊȄȂȋȀ ȏȐȘȓȄșȌȝȌ ȏȎȔ ȀȏȎȓȄȊȄǾȓȀȈ Ȁȏț ȓȈȑ PCNA, FEN1, APE, PARP, 
Lig1, Polȁ ȉȀȈ Polȃ ǽ PolȄ. Ǩ) ǳȎ ȒȜȋȏȊȄȂȋȀ ȏȐȎȖȘȐǻ ȋȄ ȕȎȐǻ 5õ-3õ ȄȉȓȎȏǾȅȎȌȓȀȑ 2 ǼȘȑ 8 
ȌȎȔȉȊȄȎȓǾȃȈȀ, ȉȀȈ ȒȔȌȇǼȓȎȌȓȀȑ ȓȀȔȓțȖȐȎȌȀ ȋǼȒȘ ȓȘȌ ȏȎȊȔȋȄȐȀȒȝȌ ȌǼȀ ȌȎȔȉȊȄȎȓǾȃȈȀ, ȋȄ ȓȎȌ ȉȀȌțȌȀ 
ȓȆȑ ȒȔȋȏȊȆȐȘȋȀȓȈȉțȓȆȓȀȑ. ǩ) ǝȓȀȌ ǼȖȎȔȌ ȀȌȓȈȉȀȓȀȒȓȀȇȄǾ ȓȀ ȌȎȔȉȊȄȎȓǾȃȈȀ ǼȖȄȈ ȋȄǾȌȄȈ ȓȎ ȏȀȊȀȈț 
ȎȊȈȂȎȌȎȔȉȊȄȎȓǾȃȈȎ ȌȀ ȄȍǼȖȄȈ. ǲȓȎ ȒȓǻȃȈȎ ȀȔȓț ȓȎ 5õ-ȃȄȎȍȔȐȈȁȎȕȘȒȕȎȐȈȉț ǻȉȐȎ ȄȉȓǼȋȌȄȓȀȈ Ȁȏț ȓȆȌ 
ȄȌȃȎȌȎȔȉȊȄǻȒȆ-flap (FEN1). IA) ǲȓȎ ȋȀȉȐȜ BER Ȇ Lig1 ȒȔȂȉȎȊȊǻ ȓȆȌ ȀȊȔȒǾȃȀ, ȀȊȊȆȊȄȏȈȃȐȝȌȓȀȑ 
ȋȄ ȓȎ ȒȜȋȏȊȎȉȎ PCNA. 
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2.2.2 NER (Nucleotide excision repair - ǬȆȖȀȌȈȒȋțȑ ǥȉȓȎȋǽȑ ǭȎȔȉȊȄȎȓȈȃǾȎȔ) 

ǝȓȀȌ ȎȈ ȁȊǻȁȄȑ ȓȘȌ ȁǻȒȄȘȌ ȄǾȌȀȈ ȏȎȊȊǼȑ, ȄȌȓțȑ ȋȈȀȑ ȋȈȉȐǽȑ ǼȉȓȀȒȆȑ, ȃȆȊȀȃǽ ȏȔȉȌǼȑ, Ȏ 

ȋȆȖȀȌȈȒȋțȑ ȄȉȓȎȋǽȑ ȁǻȒȆȑ ȃȄȌ ȄǾȌȀȈ ȀȐȉȄȓțȑ ȉȀȈ ȓȎ ȉȜȓȓȀȐȎ ȊȀȋȁǻȌȄȈ ȏȈȎ ȃȐȀȒȓȈȉǻ 

ȋǼȓȐȀ, ȄȉȓǼȋȌȎȌȓȀȑ ȎȊțȉȊȆȐȀ ȌȎȔȉȊȄȎȓǾȃȈȀ ȉȀȈ ȀȌȓȈȉȀȇȈȒȓȝȌȓȀȑ ȓȀ ȋȄ ȌǼȀ, ǼȖȎȌȓȀȑ Șȑ 

ȎȃȆȂț ȓȆ ȒȔȋȏȊȆȐȘȋȀȓȈȉțȓȆȓȀ ȓȘȌ ȁǻȒȄȘȌ. ǯȈ ȁȊǻȁȄȑ ȋȏȎȐȄǾ ȌȀ ǼȖȎȔȌ Șȑ ȀȈȓǾȀ ȉǻȏȎȈȀ 

ȖȆȋȈȉǽ ȎȔȒǾȀ, ȉǻȏȎȈȀ ȉȀȐȉȈȌȎȂțȌȀ ȓȎȔ ȏȄȐȈȁǻȊȊȎȌȓȎȑ ǽ ȓȆȌ ǼȉȇȄȒȆ ȒȓȆȌ ȔȏȄȐȈȝȃȆ 

ȀȉȓȈȌȎȁȎȊǾȀ ȓȎȔ ǛȊȈȎȔ [56]. ǯ NER ȄǾȌȀȈ ǼȌȀȑ ȈȃȈȀȈȓǼȐȘȑ ȖȐǽȒȈȋȎȑ ȋȆȖȀȌȈȒȋțȑ Ȏ ȎȏȎǾȎȑ 

ȏȐȎȒȓȀȓȄȜȄȈ ȓȎ ȉȜȓȓȀȐȎ Ȁȏț ȋȄȓȀȊȊǻȍȄȈȑ ȏȎȔ ȇȀ ȒȔȌǼȁȀȈȌȀȌ ȄǻȌ ȏȀȐǼȋȄȌȀȌ ȎȈ ȁȊǻȁȄȑ 

ȖȘȐǾȑ ȄȏȈȃȈțȐȇȘȒȆ. ǥȌȃȄȈȉȓȈȉț ȓȆȑ ȒȏȎȔȃȀȈțȓȆȓȀȑ ȓȎȔ ȄǾȌȀȈ țȓȈ ȏȎȊȜ ȒȎȁȀȐǼȑ ȏȀȇǽȒȄȈȑ 

ȎȕȄǾȊȎȌȓȀȈ ȒȄ ȋȄȓȀȊȊǻȍȄȈȑ țȏȎȔ Ȏ ȋȆȖȀȌȈȒȋțȑ ȀȔȓțȑ ȔȏȎȊȄȈȓȎȔȐȂȄǾ ǽ ȄǾȌȀȈ ȀȌȄȌȄȐȂțȑ. 

ǳǼȓȎȈȄȑ ȌțȒȎȈ ȄǾȌȀȈ Ȇ ȋȄȊȀȂȖȐȘȋȀȓȈȉǽ ȍȆȐȎȃȄȐȋǾȀ, ȓȎ ȒȜȌȃȐȎȋȎ Cockayne ȉȀȈ Ȇ 

ȓȐȈȖȎȇȄȈȎȃȔȒȓȐȎȕǾȀ. ǧ ȋȄȊȀȂȖȐȘȋȀȓȈȉǽ ȍȆȐȎȃȄȐȋǾȀ ȍȄȉȈȌǻ Ȁȏț ȓȆȌ ȏȀȈȃȈȉǽ ȆȊȈȉǾȀ ȋȄ 

ȀȌǻȏȓȔȍȆ ȏȎȊȊȝȌ ȄȔȐȔȀȂȂȄǾȘȌ, ȇȆȊȘȋǻȓȘȌ ȉȀȈ ȉȀȉȎȆȇȄȈȝȌ ȒȓȎ ȄȉȓȈȇǼȋȄȌȎ ȒȓȎȌ ǽȊȈȎ 

ȃǼȐȋȀ ȄȌȝ ȏȎȊȜ ȒȔȖȌǻ ȀȌȀȏȓȜȒȒȎȌȓȀȈ ȉȀȈ ȋȄȓȀȒȓȀȓȈȉȎǾ ȉȀȉȎǽȇȄȈȑ țȂȉȎȈ. ǳȎ ȒȜȌȃȐȎȋȎ 

Cockayne ȄǾȌȀȈ ȋȈȀ ȒȏǻȌȈȀ, ȇȀȌȀȓȆȕțȐȀ ȌȄȔȐȎȄȉȕȔȊȈȒȓȈȉǽ ȃȈȀȓȀȐȀȖǽ ȏȎȔ ȒȔȌȎȃȄȜȄȓȀȈ 

ȋȄ ȄȊȊȈȏǽ ȀȌǻȏȓȔȍȆ ȒȝȋȀȓȎȑ ȉȀȈ ȌȄȔȐȈȉȎȜ ȒȔȒȓǽȋȀȓȎȑ, ȔȏȄȐȁȎȊȈȉǽ ȕȘȓȎȄȔȀȈȒȇȆȒǾȀ ȉȀȈ 

ȏȐțȘȐȆ ȂǽȐȀȌȒȆ. ǧ ȓȐȈȖȎȇȄȈȎȃȔȒȓȐȎȕǾȀ , Ȇ ȎȏȎǾȀ ȄȏȆȐȄǻȅȄȈ ȏȎȊȊǻ ȋǼȐȆ ȓȎȔ ȒȝȋȀȓȎȑ, 

ȋȄ ȖȀȐȀȉȓȆȐȈȒȓȈȉț ȒȜȋȏȓȘȋȀ ȓȀ ȄȜȇȐȀȔȒȓȀ ȋȀȊȊȈǻ, Ȁȏț ȓȀ ȎȏȎǾȀ ȊȄǾȏȄȈ ȇȄǾȎ [57]. ǪȀȈ ȎȈ 

ȓȐȄȈȑ ȀȌȀȕȄȐȇȄǾȒȄȑ ȏȀȇǽȒȄȈȑ ȒȖȄȓǾȅȎȌȓȀȈ ȋȄ ȄȔȀȈȒȇȆȒǾȀ ȒȓȆȌ ȔȏȄȐȈȝȃȆ ȀȉȓȈȌȎȁȎȊǾȀ [58].  

ǯ NER ȊȎȈȏțȌ, ȏȎȔ ȀȌȀȂȌȘȐǾȅȄȈ ȒȘȐȄȔȋǼȌȄȑ ȁȊǻȁȄȑ ȁǻȒȄȘȌ, ȀȏȎȉțȏȓȄȈ ȋȈȀ ȎȊțȉȊȆȐȆ 

ȀȊȊǻ ȋȈȉȐǽ ȋȎȌțȉȊȘȌȆ ȀȊȊȆȊȎȔȖǾȀ, ȀȕǽȌȎȌȓȀȑ ǼȌȀ ȖǻȒȋȀ, ȓȎ ȎȏȎǾȎ ȋȄ ȓȆ ȒȄȈȐǻ ȓȎȔȑ 

ȂȄȋǾȅȎȔȌ ȎȈ ȏȎȊȔȋȄȐǻȒȄȑ, ȀȍȈȎȏȎȈȝȌȓȀȑ ȓȆ ȒȔȋȏȊȆȐȘȋȀȓȈȉțȓȆȓȀ ȓȘȌ ȁǻȒȄȘȌ Ȁȏț ȓȆȌ 

ȀȌȓȈȉȐȈȌǽ ȀȊȔȒǾȃȀ. ǯ NER, țȏȘȑ ȉȀȈ Ȏ BER, ȃȈȀȇǼȓȄȈ ȉȀȈ ȀȔȓțȑ ȃȜȎ ȄȏȈȋǼȐȎȔȑ ȋȎȌȎȏǻȓȈȀ, 

ȓȎ ȏȐȝȓȎ ȂȌȘȒȓț Șȑ transcription -coupled repair (TCR-NER) ȉȀȈ ȓȎ ȃȄȜȓȄȐȎ Șȑ global 

genome repair (GGR-NER), ȓȀ ȎȏȎǾȀ ȄȌȄȐȂȎȏȎȈȎȜȌȓȀȈ ȀȌǻȊȎȂȀ ȋȄ ȓȆ ȇǼȒȆ ȓȆȑ ȁȊǻȁȆȑ 

ȒȓȎ ȂȎȌȈȃǾȘȋȀ. ǯ GGR-NER ȀȌȈȖȌȄȜȄȈ ȉȀȈ ȄȏȈȃȈȎȐȇȝȌȄȈ ȅȆȋȈǼȑ ȒȄ ȎȊțȉȊȆȐȎ ȓȎ 

ȂȎȌȈȃǾȘȋȀ, ȒȔȋȏȄȐȈȊȀȋȁȀȌȎȋǼȌȘȌ ȉȀȈ ȓȘȌ ȋȆ ȋȄȓȀȂȐȀȕȄȈȒȝȌ ȏȄȐȈȎȖȝȌ ȉȀȈ ȓȆȑ 

ȒȈȘȏȆȊǽȑ ȖȐȘȋȀȓǾȌȆȑ, ȄȌȝ Ȏ TCR-NER ȄȌȄȐȂȎȏȎȈȄǾȓȀȈ ȋțȌȎ țȓȀȌ Ȇ ȁȊǻȁȆ ȒȄ ȋǾȀ 

ȋȄȓȀȂȐȀȕțȋȄȌȆ ȏȄȐȈȎȖǽ ȏȄȐȈȎȐǾȅȄȈ ȓȆ ȃȐȀȒȓȈȉțȓȆȓȀ ȓȆȑ ȋȄȓȀȂȐȀȕǽȑ [59]. 

2.2.2.1 GGR-NER 

ǳȎ ȏȐȝȓȎ ȁǽȋȀ ȉǻȇȄ ȋȆȖȀȌȈȒȋȎȜ ȄǾȌȀȈ Ȇ ȀȌǾȖȌȄȔȒȆ ȓȆȑ ȁȊǻȁȆȑ. ǲȓȎȌ GGR-NER ȓȎ 

ȒȜȋȏȊȄȂȋȀ XPC-hHR23B-XPE ȄȊǼȂȖȄȈ ȃȈȀȐȉȝȑ ȓȎ ȂȎȌȈȃǾȘȋȀ ȂȈȀ ȓȔȖțȌ ȒȘȐȄȔȋǼȌȄȑ 

ȁȊǻȁȄȑ ȁǻȒȄȘȌ, ȉȀȈ țȓȀȌ ȁȐȄȈ ȓǼȓȎȈȄȑ ȍȄȉȈȌǻ ȓȎȌ ȔȏțȊȎȈȏȎ ȋȆȖȀȌȈȒȋț. ǲȓȆ ȒȔȌǼȖȄȈȀ, 
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ȀȐȖǾȅȄȈ ȓȎ ȍȄȓȜȊȈȂȋȀ ȓȆȑ ȃȈȏȊǽȑ ǼȊȈȉȀȑ, ȄȌȝ ȓȀȔȓțȖȐȎȌȀ ȋǼȒȘ ȓȆȑ ȏȎȊȔ-ȎȔȁȈȉȈȓȈȌǾȘȒȆȑ 

ȄȏȈȓȔȂȖǻȌȄȓȀȈ Ȇ ȃȈǻȒȏȀȒȆ ȓȆȑ ȈȒȓțȌȆȑ 2ǡ, ȝȒȓȄ ȌȀ ȃȎȇȄǾ ȏȐțȒȁȀȒȆ ȒȓȈȑ ȏȐȘȓȄǠȌȄȑ 

ȄȏȈȃȈțȐȇȘȒȆȑ [60].  

ǲȓȎ ȍȄȓȜȊȈȂȋȀ ȓȆȑ ǼȊȈȉȀȑ ȄȏȈȏȊǼȎȌ ȁȎȆȇǻ ȓȎ ȒȜȋȏȊȄȂȋȀ TFIIH, ȏȎȔ ȀȏȎȓȄȊȄǾȓȀȈ Ȁȏț ȃȜȎ 

ȔȏȎȋȎȌǻȃȄȑ. ǯ ȏȔȐǽȌȀȑ ȓȎȔ ȒȔȋȏȊǼȂȋȀȓȎȑ ȀȏȎȓȄȊȄǾȓȀȈ Ȁȏț ȏȊǽȇȎȑ ȏȐȘȓȄșȌȝȌ ȋȄȓȀȍȜ 

ȓȘȌ ȎȏȎǾȘȌ ȉȀȈ ȎȈ XPB, XPD, ȓȎ ȔȏțȊȎȈȏȎ ȒȜȋȏȊȄȂȋȀ ȏȄȐȈȊȀȋȁǻȌȄȈ ȓȈȑ CDK7, MNAT1 

ȉȀȈ CCNH. ǳȎ ȒȜȋȏȊȄȂȋȀ ȀȔȓț ǼȖȄȈ ȈȃȈțȓȆȓȄȑ ȄȊȈȉǻȒȆȑ, ȀȋȕǾȃȐȎȋȀ, ȃȆȊȀȃǽ ȉȀȈ 3õ-5õ ȉȀȈ 

5õ-3õ ȖǻȐȈȑ ȒȓȈȑ XPB ȉȀȈ XPD ȀȌȓǾȒȓȎȈȖȀ [61]. 

ǧ ȏȀȐȎȔȒǾȀ ȓȘȌ ȏȐȘȓȄșȌȝȌ XPG (ȂȌȘȒȓǽ ȉȀȈ Șȑ ERCC5), RPA ȉȀȈ XPG, ȒȔȂȉȐȀȓȄǾ ȓȆȌ 

ȍȄȓȔȊȈȂȋǼȌȆ ǼȊȈȉȀ, Ȁȏț ȓȎ ȌȀ ȄȏȀȌǼȊȇȄȈ ȒȓȆ ȕȔȒȈȎȊȎȂȈȉǽ ȓȆȑ ȒȔȒȓȐȎȕǽ. ǲȖȆȋȀȓǾȅȄȓȀȈ ǼȓȒȈ 

ȋǾȀ çȕȎȜȒȉȀè ȂȜȐȘ Ȁȏț ȓȎ ȓȋǽȋȀ ȓȎȔ DNA ȏȎȔ ȕǼȐȄȈ ȓȈȑ ȁȊǻȁȄȑ [62].  

ǧ ȄȉȓȎȋǽ ȍȄȉȈȌǻ ȋȄ ȓȈȑ ERCC1 ȉȀȈ ERCC4 (ȂȌȘȒȓǽ ȉȀȈ Șȑ XPF, RAD1, FANCQ) Ȁȏț ȓȎ 

ǻȉȐȎ 5õ țȏȎȔ ȉǻȌȎȔȌ ȓȆȌ ȄȉȓȎȋǽ 3õ ȉȀȈ ȋȄ ȓȈȑ XPG, XPA ȉȀȈ RPA Ȁȏț ȓȎ 3õ ǻȉȐȎ ȏȎȔ 

ȉǻȌȎȔȌ ȓȆȌ ȄȉȓȎȋǽ 5õ. ǧ ȓȀȔȓțȖȐȎȌȆ ȄȉȓȎȋǽ ȏȐȎȑ ȓȈȑ ȃȜȎ ȉȀȓȄȔȇȜȌȒȄȈȑ, ȎȃȆȂȄǾ ȒȓȆȌ 

ȀȏȎȋǻȉȐȔȌȒȆ ȄȌțȑ ȓȋǽȋȀȓȎȑ ȋȎȌțȉȊȘȌȎȔ DNA ȋǽȉȎȔȑ 25-30 ȌȎȔȉȊȄȎȓȈȃǾȘȌ, ȀȕǽȌȎȌȓȀȑ 

ǼȌȀ ǾȒȎ ȖǻȒȋȀ ȒȓȆ ȃȈȏȊǽ ǼȊȈȉȀ. ǯ ȐțȊȎȑ ȓȆȑ RPA ȄǾȌȀȈ ȌȀ ȏȐȎȒȓȀȓȄȜȄȈ ȓȎȌ ȀȉǼȐȀȈȎ ȉȊȝȌȎ 

Ȁȏț ȓȆȌ ȀȏȎȃțȋȆȒȆ ȏȎȔ ȏȐȎȉȀȊȎȜȌ ȎȈ XPG.  

ǳȎ ȒȜȋȏȊȄȂȋȀ ȏȐȘȓȄșȌȝȌ RFC1-5 ȁȎȆȇǻ ȒȓȆ ȒȜȌȃȄȒȆ ȓȆȑ PCNA ȒȓȎ DNA. H PCNA, 

țȏȘȑ ȉȀȈ ȒȓȎȌ BER, ǼȓȒȈ ȉȀȈ ȒȓȎȌ NER ȊȄȈȓȎȔȐȂȄǾ Șȑ ȏȊȀȓȕțȐȋȀ ȕțȐȓȘȒȆȑ ȓȘȌ 

ȏȎȊȔȋȄȐȀȒȝȌ, ȒȔȌȓȎȌǾȅȎȌȓȀȑ ȓȆ ȃȐǻȒȆ ȓȎȔȑ. ǯȈ ȏȎȊȔȋȄȐǻȒȄȑ (PolȄ/ȃ) ȒȔȌȇǼȓȎȔȌ ȌǼȀ 

ȌȎȔȉȊȄȎȓǾȃȈȀ ȀȌȓȈȂȐǻȕȎȌȓȀȑ ȓȎȌ ȀȉǼȐȀȈȎ ȉȊȝȌȎ. ǳǼȊȎȑ Ȇ Lig 1 ȒȔȂȉȎȊȊǻ ȓȀ ǻȉȐȀ ȉȀȈ Ȇ 

ȄȏȈȃȈțȐȇȘȒȆ ǼȖȄȈ ȄȏȈȓȄȔȖȇȄǾ.  

 

2.2.2.2 TCR-NER 

ǧ ȋțȌȆ ȃȈȀȕȎȐȎȏȎǾȆȒȆ Ȁȏț ȓȎȌ GGR-NER ǼȂȉȄȈȓȀȈ ȒȓȆȌ ǼȌȀȐȍȆ ȓȎȔ ȋȆȖȀȌȈȒȋȎȜ, 

ȃȆȊȀȃǽ ȒȓȆȌ ȀȌȀȂȌȝȐȈȒȆ ȓȆȑ ȁȊǻȁȆȑ. ǧ ȀȌǾȖȌȄȔȒȆ ȍȄȉȈȌǻȄȈ ȋȄ ȓȆȌ RNA ȏȎȊȔȋǼȐȀȒȆ ǩǩ 

(RNAP II) Ȇ ȎȏȎǾȀ ȏȐȎȒȉȎȊȊǻȓȀȈ ȒȓȆ ȇǼȒȆ ȓȆȑ ȁȊǻȁȆȑ, ȒȓȆ ȒȔȌǼȖȄȈȀ Ȇ CSB ȀȌȀȂȌȘȐǾȅȄȈ 

ȓȆȌ țȓȈ Ȇ RNAP II ǼȖȄȈ ȉȎȊȊǽȒȄȈ ȒȄ ȀȔȓǽ ȓȆ ȇǼȒȆ. ǳȎ ȒȜȋȏȊȄȂȋȀ ȎȔȁȈȉȈȓǾȌȆȑ-ȊȈȂǻȒȆȑ 

(Cul4A -CSN-CSA) ȄȌȝȌȄȓȀȈ ȉȀȈ ȀȔȓț ȋȄ ȓȈȑ ȏȐȘȓȄǠȌȄȑ ȏȎȔ ǽȃȆ ȁȐǾȒȉȎȌȓȀȈ ȒȓȆ ȇǼȒȆ ȓȆȑ 

ȁȊǻȁȆȑ. ǲȓȆ ȒȔȌǼȖȄȈȀ ȉȀȓȀȕȇǻȌȄȈ ȓȎ ȒȜȋȏȊȄȂȋȀ TFIIH ȋȀȅǾ ȋȄ ȓȆȌ XPA, ȎȏțȓȄ ȉȀȈ 

ȀȐȖǾȅȄȈ ȓȎ ȍȄȓȜȊȈȂȋȀ ȓȆȑ ǼȊȈȉȀȑ ȉȀȈ Ȏ ȋȆȖȀȌȈȒȋțȑ ȒȔȌȄȖǾȅȄȈ țȋȎȈȎȑ ȋȄ ȓȎȌ GGR NER [63] 
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ǲȖǽȋȀ 2-3: ǯ ȋȆȖȀȌȈȒȋțȑ NER. ǤȈȀȉȐǾȌȄȓȀȈ ȒȓȎȌ GGR ȉȀȈ ȒȓȎȌ TCR. ǯȈ ȃȜȎ ȋȆȖȀȌȈȒȋȎǾ 
ȃȈȀȕǼȐȎȔȌ ȒȓȎ ȀȐȖȈȉț ȒȓǻȃȈȎ ȓȆȑ ȀȌȀȂȌȝȐȈȒȆȑ ȓȆȑ ȁȊǻȁȆȑ. ǯ TCR ȄȌȄȐȂȎȏȎȈȄǾȓȀȈ ȋțȌȎ ȉȀȓǻ ȓȆ 
ȋȄȓȀȂȐȀȕǽ ȓȎȔ DNA, ȄȕțȒȎȌ ȎȈ ȁȊǻȁȄȑ ȉȀȇȔȒȓȄȐȎȜȌ ȓȆ ȃȈȀȃȈȉȀȒǾȀ ȀȔȓǽ. ǡȐȖȈȉǻ ȂǾȌȄȓȀȈ Ȇ 
ȀȌȀȂȌȝȐȈȒȆ, ȒȓȆ ȒȔȌǼȖȄȈȀ ȔȕǾȒȓȀȓȀȈ ȎȔȁȈȉȈȓȈȌǾȘȒȆ ȓȘȌ ȈȒȓȎȌȝȌ, ȂȈȀ ȌȀ ȃȈȀȒȏȀȒȓȎȜȌ ȉȀȈ ȌȀ ȕȜȂȎȔȌ 
ȉȀȈ ȌȀ ȂǾȌȄȈ ȏȐȎȒȁǻȒȈȋȎ ȓȎ DNA ȒȓȈȑ ȏȐȘȓȄǠȌȄȑ ȄȏȈȃȈțȐȇȘȒȆȑ. ǧ ȀȌȀȂȌȝȐȈȒȆ ȓȆȑ ȁȊǻȁȆȑ ȒȓȎ ȋȄȌ 
GGR ȂǾȌȄȓȀȈ Ȁȏț ȓȀ ȒȔȋȏȊǼȂȋȀȓȀ Cul4-XPE ȉȀȈ XPC, ȄȌȝ ȒȓȎȌ TCR Ȁȏț ȓȆȌ RNAP II ȉȀȈ ȓȎ 
ȒȜȋȏȊȄȂȋȀ Cul4-CSA. ǪȀȓțȏȈȌ ȎȈ ȋȆȖȀȌȈȒȋȎǾ ȓȀȔȓǾȅȎȌȓȀȈ, ȉȀȈ ȒȄȈȐǻ ǼȖȄȈ ȓȎ ȍȄȓȜȊȈȂȋȀ ȓȆȑ ȃȈȏȊǽȑ 
ǼȊȈȉȀȑ. ǲȓȆ ȊȄȈȓȎȔȐȂǾȀ ȀȔȓǽ ȁȎȆȇǻ ȉȀȈ ȓȎ ȒȜȋȏȊȄȂȋȀ TFIIH, ȓȎ ȎȏȎǾȎ ȄȈȉȎȌǾȅȄȓȀȈ ȒȓȎ ǼȌȇȄȓȎ ȉȀȈ 
ȀȏȎȓȄȊȄǾȓȀȈ ȉȀȈ ȄȉȄǾȌȎ Ȁȏț ȃȜȎ ȔȏȎȋȎȌǻȃȄȑ. ǯȈ ȏȐȘȓȄǠȌȄȑ XPG, XPA ȉȀȈ RPA ȉȐȀȓȎȜȌ ȓȆ ȃȈȏȊǽ 
ǼȊȈȉȀ ȍȄȃȈȏȊȘȋǼȌȆ. ǲȓȎ ȄȏțȋȄȌȎ ȒȓǻȃȈȎ ȍȄȉȈȌǻ ȓȀȔȓțȖȐȎȌȀ Ȇ ȄȉȓȎȋǽ ȓȘȌ ȌȎȔȉȊȄȎȓȈȃǾȘȌ ȉȀȈ Ȁȏț ȓȈȑ 
ȃȜȎ ȋȄȐȈǼȑ. ǳȆȌ ȄȉȓȎȋǽ ȉǻȌȎȔȌ ȎȈ XPF ȉȀȈ XPG. ǯ ȐțȊȎȑ ȓȆȑ RPA ȄǾȌȀȈ ȌȀ ȏȐȎȒȓȀȓȄȜȄȈ ȓȎȌ ȀȉǼȐȀȈȎ 
ȉȊȝȌȎ. ǯ ȄȊȊȀȓȓȘȋȀȓȈȉțȑ ȉȊȝȌȎȑ ȀȏȎȋȀȉȐȜȌȄȓȀȈ ȉȀȈ ȋȄ ȓȈȑ RPF ȉȀȈ PCNA ȏȎȔ ȒȔȂȉȐȀȓȎȜȌ ȓȈȑ 
ȏȎȊȔȋȄȐǻȒȄȑ ȄȏȈȓȔȂȖǻȌȄȓȀȈ Ȇ ȒȜȌȇȄȒȆ ȌǼȘȌ ȌȎȔȉȊȄȎȓȈȃǾȘȌ ȋȄ ȓȎȌ ȉȀȌțȌȀ ȓȆȑ 
ȒȔȋȏȊȆȐȘȋȀȓȈȉțȓȆȓȀȑ. ǧ ȃȈȀȃȈȉȀȒǾȀ ȓȄȊȄȈȝȌȄȈ ȋȄ ȓȆȌ Lig1 Ȇ ȎȏȎǾȀ ȒȔȂȉȎȊȊǻ ȓȀ ǻȉȐȀ. 
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2.2.3 MMR (Mismatch Repair ð ǥȏȈȃȈțȐȇȘȒȆ ǡȌȀȌȓȈȒȓȎȈȖǾȀȑ) 

ǯ ǬȆȖȀȌȈȒȋțȑ ǥȏȈȃȈțȐȇȘȒȆȑ ǡȌȀȌȓȈȒȓȎȈȖǾȀȑ ȄǾȌȀȈ ȔȏȄȜȇȔȌȎȑ ȂȈȀ ȊǻȇȆ ȏȎȔ ȒȔȋȁȀǾȌȎȔȌ 

ȉȀȓǻ ȓȆȌ ȀȌȓȈȂȐȀȕǽ ȓȎȔ DNA. ǡȌȓȈȉȀȇȈȒȓǻ ȌȎȔȉȊȄȎȓǾȃȈȀ ȏȎȔ ȄǾȌȀȈ ȓȎȏȎȇȄȓȆȋǼȌȀ 

ȀȌȀȌȓǾȒȓȎȈȖȀ, ȄǾȓȄ ȀȕȀȈȐȄǾ ǻȊȊȀ ȏȎȔ ȄǾȌȀȈ ȏȊȄȎȌǻȅȎȌȓȀ, ȄǾȓȄ ȏȐȎȒȇǼȓȄȈ ȌȎȔȉȊȄȎȓǾȃȈȀ ȏȎȔ 

ǼȖȎȔȌ ȏȀȐȀȊȄȈȕȇȄǾ. ǣȈȀ ȓȆ ȃȈȀȒȕǻȊȈȒȆ țȓȈ ȃȄ ȇȀ ȂǾȌȎȔȌ ȓǼȓȎȈȎȔ ȄǾȃȎȔȑ ȊǻȇȆ ȔȏȄȜȇȔȌȄȑ 

ȄǾȌȀȈ ȎȈ DNA ȏȎȊȔȋȄȐǻȒȄȑ, ȘȒȓțȒȎ țȋȘȑ ȒȔȋȁȀǾȌȎȔȌ ȉȀȈ ȓțȓȄ ȄȌȄȐȂȎȏȎȈȄǾȓȀȈ Ȏ 

ȋȆȖȀȌȈȒȋțȑ ȀȔȓțȑ [64]. 

ǯ ǬȆȖȀȌȈȒȋțȑ ǥȏȈȃȈțȐȇȘȒȆȑ ǡȌȀȌȓȈȒȓȎȈȖǾȀȑ ȄǾȌȀȈ ȀȐȖǼȂȎȌȎȑ ȉȀȈ ǼȖȄȈ ȃȈȀȓȆȐȆȇȄǾ ȒȖȄȃțȌ 

ȏȀȌȎȋȎȈțȓȔȏȎȑ ȉȀȓǻ ȓȆȌ ȄȍȄȊȈȉȓȈȉǽ ȃȈȀȃȈȉȀȒǾȀ. ǚȖȄȈ ȋȄȊȄȓȆȇȄǾ ȄȏȈȒȓȀȋǼȌȘȑ ȒȓȆȌ E. coli 

ȉȀȈ Ȇ ȋȄȊǼȓȆ ȂȈȀ ȓȎȌ ǻȌȇȐȘȏȎ ǼȖȄȈ ȄȏȈȓȄȔȖȇȄǾ ȉȔȐǾȘȑ ȖǻȐȈȑ ȒȓȆȌ ȎȋȎȊȎȂǾȀ ȓȘȌ ȂȎȌȈȃǾȘȌ 

ȏȎȔ ȓȎȌ ȄȏȈȓȄȊȎȜȌ [65]. 

ǳȀ ȓȔȖțȌ ȊǻȇȆ ȉȀȓǻ ȓȆȌ ȀȌȓȈȂȐȀȕǽ, țȏȘȑ ȄǾȌȀȈ ȊȎȂȈȉț ȒȔȋȁȀǾȌȎȔȌ ȒȓȎȌ ȌǼȎ-ȒȔȌȓȄȇǼȌȓȀ 

ȉȊȝȌȎ. ǣȈȀ ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȊȎȈȏțȌ, ȃȄȌ ȀȐȉȄǾ ȌȀ ȃȈȀȁǻȒȄȈ Ȏ ȋȆȖȀȌȈȒȋțȑ ȓȆȌ ȜȏȀȐȍȆ ȄȌțȑ 

ȀȓȀǾȐȈȀȒȓȎȔ ȅȄȜȂȎȔȑ ȁǻȒȄȘȌ, ȀȊȊǻ ȖȐȄȈǻȅȄȓȀȈ ȉȀȈ ȌȀ ȋȏȎȐȄǾ ȌȀ ȍȄȖȘȐǾȒȄȈ ȓȎȌ 

ȌȄȎȒȔȌȓȄȇǼȌȓȀ (ȇȔȂȀȓȐȈȉț) ȉȊȝȌȎ Ȁȏț ȓȎȌ ȀȐȖȈȉț (ȋȆȓȐȈȉț), ȝȒȓȄ ȌȀ ȀȌȓȈȉȀȓȀȒȓȀȇȄǾ Ȇ 

ȌǼȀ ȁǻȒȆ ȉȀȈ țȖȈ ȌȀ ȉȀȓȎȖȔȐȘȇȄǾ ȓȎ ȊǻȇȎȑ ȀȊȊǻȅȎȌȓȀȑ ȓȆ ȒȘȒȓǽ ȏȎȔ ȁȐǾȒȉȄȓȀȈ ȒȓȎ 

ȋȆȓȐȈȉț ȉȊȝȌȎ. ǯ ȋȆȖȀȌȈȒȋțȑ ȀȌȀȂȌȝȐȈȒȆȑ ȓȎȔ ȇȔȂȀȓȐȈȉȎȜ ȉȊȝȌȎȔ ȃȄȌ ȄǾȌȀȈ ȀȏȎȊȜȓȘȑ 

ȄȍȀȉȐȈȁȘȋǼȌȎȑ, ȀȊȊǻ ȄȈȉǻȅȄȓȀȈ țȓȈ ȎȈ ȃȈȀȉȎȏǼȑ ȏȎȔ ȄȋȕȀȌǾȅȎȌȓȀȈ ȏȐȎȒȘȐȈȌǻ, ȉȀȓǻ ȓȆ 

ȃȈȀȃȈȉȀȒǾȀ ȓȆȑ ȀȌȓȈȂȐȀȕǽȑ, ȀȉȐȈȁȝȑ ȂȈȀ ȓȎ ȊțȂȎ țȓȈ Ȇ ȀȌȓȈȂȐȀȕǽ ǻȐȖȄȓȀȈ Ȁȏț ȏȎȊȊǼȑ 

ȀȕȄȓȆȐǾȄȑ ȓȀȔȓțȖȐȎȌȀ, ȎȈ ȃȈȀȉȎȏǼȑ ȊȎȈȏțȌ ȏȎȔ ȏȐțȉȄȈȓȀȈ ȀȐȂțȓȄȐȀ ȌȀ ȒȔȋȏȊȆȐȘȇȎȜȌ 

Ȁȏț ȓȆ ȊȈȂǻȒȆ, ȄǾȌȀȈ ȄȉȄǾȌȄȑ ȏȎȔ ȉǻȌȎȔȌ ȓȎȌ ȌǼȎ ȉȊȝȌȎ ȀȌȀȂȌȘȐǾȒȈȋȎ.  

ǧ ȃȈȀȃȈȉȀȒǾȀ ȍȄȉȈȌǻ ȋȄ ȓȆȌ ȏȐțȒȃȄȒȆ ȃǾȏȊȀ ȒȓȎ ȖǻȒȋȀ ȓǽȑ RFC ȉȀȈ ȓȆȑ PCNA . ǧ 

ȀȌȀȂȌȝȐȈȒȆ ȂǾȌȄȓȀȈ ȋǼȒȘ ȓȆȑ MutS, țȏȎȔ ȒȓȀ ȇȆȊȀȒȓȈȉǻ ȃȈȀȇǼȓȄȈ ȏǼȌȓȄ ȎȋțȊȎȂȄȑ ȓȈȑ 

MSH2-6, Ȁȏț ȓȈȑ ȎȏȎǾȄȑ ȒȓȎȌ MMR ȋȏȎȐȄǾ ȌȀ ȒȔȋȋȄȓǼȖȎȔȌ ȎȈ MSH2, MSH3 ȉȀȈ MSH6. 

ǯȈ ȀȌȀȌȓȈȒȓȎȈȖǾȄȑ ȉȀȈ ȎȈ ȋȈȉȐǽȑ ǼȉȓȀȒȆȑ ȏȀȐȀȊȄǾȗȄȈȑ ǽ ȄȏȈȏȊǼȎȌ ȏȐȎȒȇǽȉȄȑ 

ȀȌȀȂȌȘȐǾȅȎȌȓȀȈ Ȁȏț ȓȎ ȄȓȄȐȎȃȈȋȄȐǼȑ MutSȀ, ȓȎ ȎȏȎǾȎ ȀȏȎȓȄȊȄǾȓȀȈ Ȁȏț ȓȈȑ MSH2 ȉȀȈ 

MSH6. ǬȄȂǻȊȆȑ ǼȉȓȀȒȆȑ ȏȀȐȀȊȄǾȗȄȈȑ ǽ ȄȏȈȏȊǼȎȌ ȏȐȎȒȇǽȉȄȑ ȀȌȀȂȌȘȐǾȅȎȌȓȀȈ Ȁȏț ȓȎ 

ȄȓȄȐȎȃȈȋȄȐǼȑ MutSȁ, ȓȎ ȎȏȎǾȎ ȀȏȎȓȄȊȎȜȌ ȎȈ MSH2 ȉȀȈ MSH3 [66].  
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ǲȖǽȋȀ 2-4: MMR- ǥȏȈȃȈțȐȇȘȒȆ ȀȌȀȌȓȈȒȓȎȈȖǾȀȑ: ǡȏț ȉǻȏȎȈȎ ȖǻȒȋȀ ȒȓȎ ȇȔȂȀȓȐȈȉț ȉȊȝȌȎ ȍȄȉȈȌǻ Ȏ 
ǼȊȄȂȖȎȑ ȂȈȀ ȀȌȀȌȓȈȒȓȎȈȖǾȄȑ ȁǻȒȄȘȌ, ȏȀȐȀȊȄǾȗȄȈȑ ǽ ȄȏȈȏȊǼȎȌ ȏȐȎȒȇǽȉȄȑ ȉȀȓǻ ȓȆ ȃȈȀȃȈȉȀȒǾȀ ȓȆȑ 
ȀȌȓȈȂȐȀȕǽȑ ȓȎȔ DNA. ǡȐȖȈȉǻ ȏȐȎȒȃǼȌȎȌȓȀȈ ȎȈ RFC ȉȀȈ PCNA, ȉȀȈ ȓțȓȄ ȓȎ ȄȓȄȐȎȃȈȋȄȐǼȑ MutS 
ȍȄȉȈȌǻ ȌȀ ȗǻȖȌȄȈ ȂȈȀ ȊǻȇȆ. ǝȓȀȌ ȄȌȓȎȏȈȒȓȄǾ ȓȎ ȊǻȇȎȑ ȏȐȎȒȃǼȌȄȓȀȈ ȉȀȈ Ȇ MutLȀ, Ȇ ȎȏȎǾȀ ȄȏȈȕǼȐȄȈ ȃȜȎ 
ȓȎȋǼȑ, ȒȓȎ ȇȔȂȀȓȐȈȉț ȉȊȝȌȎ, ȄȉȀȓǼȐȘȇȄȌ ȓȎȔ ȒȕǻȊȋȀȓȎȑ. ǧ ExoI ȀȐȖǾȅȄȈ ȌȀ ȉțȁȄȈ ȓȀ ȌȎȔȉȊȄȎȓǾȃȈȀ, 
ȋȄȓȀȍȜ ȓȘȌ ȎȏȎǾȘȌ ȁȐǾȒȉȄȓȀȈ ȉȀȈ Ȇ ȏȄȐȈȎȖǽ ȓȎȔ ȒȕǻȊȋȀȓȎȑ. ǳȀȔȓȎȖȐțȌȘȑ Ȇ RPA ȏȐȎȒȓȀȓȄȜȄȈ ȓȎ 
ȋȆȓȐȈȉț ȉȊȝȌȎ, Ȁȏț ȓȆ ȃȐǻȒȆ ȓȆȑ ExoI ǽ ȉǻȏȎȈȀȑ ȄȌȃȎȌȎȔȉȊȄǻȒȆȑ. ǝȓȀȌ ǼȖȄȈ ȏȈȀ ȀȏȎȋȀȉȐȔȌȇȄǾ ȓȎ 
ȓȋǽȋȀ ȓȎȔ ȇȔȂȀȓȐȈȉȎȜ ȉȊȝȌȎȔ ȏȎȔ ȉȀȇȎȐǾȒȓȆȉȄ Ȁȏț ȓȈȑ ȓȎȋǼȑ, Ȇ DNA Polȃ ȒȔȌȇǼȓȄȈ ȌǼȀ 
ȌȎȔȉȊȄȎȓǾȃȈȀ, ȉȀȈ Ȇ ȃȈȀȃȈȉȀȒǾȀ ȎȊȎȉȊȆȐȝȌȄȓȀȈ ȋȄ ȓȆ ȒȔȂȉȎȊȊȆȓȈȉǽ ȃȐǻȒȆ ȓȆȑ LigI. [65] 

 

ǧ ȏȐțȒȃȄȒȆ ȓȆȑ MutS ȏȐȎȉȀȊȄǾ ȋǾȀ ȀȏțȓȎȋȆ ȒȔȒȓȐȎȕǽ ȒȓȆ ȃȈȏȊǽ ǼȊȈȉȀ. ǲȓȆ ȒȔȌǼȖȄȈȀ 

ȏȐȎȒȃǼȌȄȓȀȈ ȉȀȈ Ȇ MutL, ȄȌȄȐȂȎȏȎȈȝȌȓȀȑ ȋȈȀ ȀȊȔȒǾȃȀ Ȁȏț ȒȔȋȁǻȌȓȀ ȏȎȔ ȇȀ ȄȏȈȓȄȊǼȒȎȔȌ 

ȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ. ǧ MutLȀ ȏȐȎȉȀȊȄǾ ȃȜȎ ȄȉȓȎȋǼȑ ȒȓȎ ȇȔȂȀȓȐȈȉț ȉȊȝȌȎ ȎȈ ȎȏȎǾȄȑ 
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ȏȄȐȈǼȖȎȔȌ ȓȆ ȊȀȌȇȀȒȋǼȌȆ ǼȉȓȀȒȆ. ǧ ExoI ȀȌȀȊȀȋȁǻȌȄȈ ȓȆȌ ȄȉȓȎȋǽ țȊȘȌ ȓȘȌ 

ȌȎȔȉȊȄȎȓȈȃǾȘȌ ȏȎȔ ȏȄȐȈǼȖȎȌȓȀȈ ȋȄȓȀȍȜ ȓȘȌ ȃȜȎ ȄȉȓȎȋȝȌ ȓȎȔ ȇȔȂȀȓȐȈȉȎȜ ȉȊȝȌȎȔ. H RPA 

ȏȐȎȒȓȀȓȄȜȄȈ ȓȎȌ ȄȌȀȏȎȋȄǾȌȀȌȓȀ ȋȆȓȐȈȉț ȉȊȝȌȎ Ȁȏț ȀȖȐȄǾȀȒȓȆ ȄȏǾȇȄȒȆ Ȁȏț 

ȄȌȃȎȌȎȔȉȊȄǻȒȄȑ ȉȀȈ Ȁȏț ȓȆȌ ExoI, țȒȎ ȄȉȄǾȌȆ ȄȉȓǼȋȌȄȈ ȓȎ ȇȔȂȀȓȐȈȉț ȉȊȝȌȎ [67]. ǧ Polȃ 

ȒȔȌȇǼȓȄȈ ȌǼȀ ȌȎȔȉȊȄȎȓǾȃȈȀ, ȉȀȈ ȓǼȊȎȑ Ȇ LigI ȒȔȂȉȎȊȊǻ ȓȆȌ ȌǼȀ ȀȊȊȆȊȎȔȖǾȀ ȓȎȔ ȇȔȂȀȓȐȈȉȎȜ 

ȉȊȝȌȎȔ, Ȇ ȎȏȎǾȀ ȃȄȌ ȏȄȐȈǼȖȄȈ ȏȊǼȎȌ ȊǻȇȆ. 

 

2.2.4 HR (Homologous recombination -ǯȋțȊȎȂȎȑ ǡȌȀȒȔȌȃȔȀȒȋțȑ)  

ǯ ǯȋțȊȎȂȎȑ ǡȌȀȒȔȌȃȔȀȒȋțȑ ȄȏȈȃȈȎȐȇȝȌȄȈ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ ȒȓȎ DNA ȀȊȊǻ ȉȀȈ 

ȒȔȋȁǻȊȊȄȈ ȒȓȆ ȃȈȀȃȈȉȀȒǾȀ ȓȆȑ ǬȄǾȘȒȆȑ ȉȀȓǻ ȓȆȌ ȎȏȎǾȀ ȏȀȐǻȂȎȌȓȀȈ ȓȀ ȘǻȐȈȀ ȉȀȈ ȓȀ 

ȒȏȄȐȋȀȓȎȅȘǻȐȈȀ. ǪȀȓǻ ȓȎȌ ǯȋțȊȎȂȎ ǡȌȀȒȔȌȃȔȀȒȋț ȀȌȓȀȊȊǻȒȒȎȌȓȀȈ ȀȊȊȆȊȎȔȖǾȄȑ 

ȌȎȔȉȊȄȎȓȈȃǾȘȌ ȋȄȓȀȍȜ ȃȜȎ ȏȀȐțȋȎȈȘȌ ǽ ȉȀȈ ȓȀȔȓțȒȆȋȘȌ ȋȎȐǾȘȌ DNA. ǰȐțȉȄȈȓȀȈ ȂȈȀ ǼȌȀ 

ȏȎȊȜ ȀȍȈțȏȈȒȓȎ ȋȆȖȀȌȈȒȋț, ȋȄȓǻ ȓȎ ȏǼȐȀȑ ȓȎȔ ȎȏȎǾȎȔ ȃȄȌ ȔȏǻȐȖȎȔȌ ȊǻȇȆ, ȒȄ ȀȌȓǾȇȄȒȆ ȋȄ 

ȓȎȌ NHEJ, Ȏ ȎȏȎǾȎȑ ȃȄȌ ȄȍȀȒȕȀȊǾȅȄȈ ȓȆȌ ȀȍȈțȏȈȒȓȆ ȄȏȈȃȈțȐȇȘȒȆ, ȀȊȊǻ ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ 

Ȁȏț ȓȀ ȉȜȓȓȀȐȀ Șȑ ȊȜȒȆ ȀȌǻȂȉȆȑ. ǯ ȋȆȖȀȌȈȒȋțȑ ȀȔȓțȑ ȇȀ ȏȄȐǾȋȄȌȄ ȉȀȌȄǾȑ ȌȀ ȄǾȌȀȈ 

ȋȎȌțȃȐȎȋȎȑ ȂȈȀ ȓȎ ȉȜȓȓȀȐȎ, ȃȄȃȎȋǼȌȎȔ țȓȈ ȄǾȌȀȈ ȀȏȎȊȜȓȘȑ ȀȍȈțȏȈȒȓȎȑ, țȋȘȑ ȂȈȀ ȌȀ 

ȄȌȄȐȂȎȏȎȈȆȇȄǾ ȀȏȀȈȓȄǾȓȀȈ ȌȀ ȔȏǻȐȖȄȈ ǼȌȀ ȀȉǼȐȀȈȎ ȀȌȓǾȂȐȀȕȎ, ȒȜȋȕȘȌȀ ȋȄ ȓȎ ȎȏȎǾȎ ȇȀ 

ȂǾȌȄȈ Ȇ ȀȉȐȈȁǽȑ ȒȜȌȇȄȒȆ ȓȘȌ ȌȎȔȉȊȄȎȓȈȃǾȘȌ ȏȎȔ ȇȀ ȀȌȓȈȉȀȓȀȒȓȀȇȎȜȌ. ǳȎ ȀȌȓǾȂȐȀȕȎ țȋȘȑ 

ȀȔȓț, ȃȆȊȀȃǽ Ȇ ȀȃȄȊȕǽ ȖȐȘȋȀȓǾȃȆ, ȄǾȌȀȈ ȃȈȀȇǼȒȈȋȎ ȋțȌȎ ȉȀȓǻ ȓȆȌ ȜȒȓȄȐȆ ȕǻȒȆ ȓȆȑ 

ǲȜȌȇȄȒȆȑ ȉȀȈ ȉȀȓǻ ȓȆ ȃȈǻȐȉȄȈȀ ȓȆȑ G2.  

ǯ ǯȋțȊȎȂȎȑ ǡȌȀȒȔȌȃȔȀȒȋțȑ ȄǾȌȀȈ ȋȀȉȐǻȌ Ȏ ȏȎȊȔȏȊȎȉțȓȄȐȎȑ Ȁȏț ȓȎȔȑ ȋȆȖȀȌȈȒȋȎȜȑ 

ȄȏȈȃȈțȐȇȘȒȆȑ ȉȀȇȝȑ ȄȋȏȊǼȉȄȈ ȏȀȐǻȂȘȂȀ Ȁȏț ȏȄȐǾȏȎȔ 162 ȂȎȌǾȃȈȀ ȄȌȝ ȎȈ ȔȏțȊȎȈȏȎȈ 

ȋȆȖȀȌȈȒȋȎǾ ǼȖȎȔȌ: 52 Ȏ BER, 124 Ȏ NER, 43 Ȏ MMR ȉȀȈ 73 Ȏ NHEJ4. 

ǧ ȀȌȀȂȌȝȐȈȒȆ ȓȆȑ ǤǾȉȊȘȌȆȑ ȇȐȀȜȒȆȑ ȏȐȎȆȂȄǾȓȀȈ ȓȆȑ ȄȌǻȐȍȄȘȑ ȓȎȔ ȋȆȖȀȌȈȒȋȎȜ, ȉȀȈ 

ȒȔȋȁȀȓȈȉǻ ȃȄȌ ȏȄȐȈȊȀȋȁǻȌȄȓȀȈ ȒȓȆȌ ȏȄȐȈȂȐȀȕǽ ȓȎȔ, ȉȀȇȝȑ Ȏ HR ȃȄȌ ȄǾȌȀȈ Ȏ ȋțȌȎȑ 

ȋȆȖȀȌȈȒȋțȑ ȏȎȔ ȀȌȓȀȏȎȉȐǾȌȄȓȀȈ ȒȓȆȌ ȜȏȀȐȍȆ ȓȆȑ ȃǾȉȊȘȌȆȑ ȇȐȀȜȒȆȑ. ǧ ȀȌȀȂȌȝȐȈȒȆ 

ȊȎȈȏțȌ ȄȏȈȓȔȂȖǻȌȄȓȀȈ, ȋǼȒȘ ȓȎȔ ȒȔȋȏȊțȉȎȔ MRN ȉȀȈ ȓȆȑ ATM, ȏȎȔ ȏȐȎȉȀȊȎȜȌ ȓȆ 

ȕȘȒȕȎȐȔȊǾȘȒȆ ȓȆȑ ȈȒȓțȌȆȑ ǧ2ǡǶ, ȀȕǽȌȎȌȓǻȑ ȓȆ ȒȓȆ ȕȘȒȕȎȐȔȊȈȘȋǼȌȆ ȓȆȑ ȋȎȐȕǽ ȏȎȔ 

ȒȔȋȁȎȊǾȅȄȓȀȈ Șȑ Ȃ-H2AX  [68]. 

ǧ ǼȌȀȐȍȆ ȓȎȔ ǯȋțȊȎȂȎȔ ǡȌȀȒȔȌȃȔȀȒȋȎȜ ȏȄȐȈȊȀȋȁǻȌȄȈ ȓȆȌ ȄȏȈȒȓȐǻȓȄȔȒȆ ȓȎȔ 

ȒȔȋȏȊțȉȎȔ MRN  ȉȀȈ ȓȆȑ ȃȈȋȄȐȈȒȋǼȌȆȑ ȌȎȔȉȊȄǻȒȆȑ CtlP [69], Ȇ CtlP ȔȕǾȒȓȀȓȀȈ 

                                                      

4 ǲȓȎ ǰȀȐǻȐȓȆȋȀ-Ǣ1 ȓȆȑ ȃȈȀȓȐȈȁǽȑ ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȀȔȓǻ ȓȀ ȂȎȌǾȃȈȀ ȒȄ ȋȎȐȕǽ ȏǾȌȀȉȀ.   
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ȎȔȁȈȉȎȔșȓȈȌǾȘȒȆ Ȁȏț ȓȎ ȒȜȋȏȊȎȉȎ BRCA1-BARD1. ǣȈȀ ȌȀ ȍȄȉȈȌǽȒȄȈ Ȇ ȄȉȓȎȋǽ ȓȘȌ 

ȌȎȔȉȊȄȎȓȈȃǾȘȌ ȖȐȄȈǻȅȄȓȀȈ ȏȐȝȓȀ ȌȀ ȒȔȋȁȄǾ Ȇ ȀȏȎȀȉȄȓȔȊǾȘȒȆ ȓȆȑ CtlP Ȁȏț ȓȆȌ SIRT6 ȉȀȈ 

ȌȀ ȃȐǻȒȎȔȌ ȎȈ ȌȎȔȉȊȄǻȒȄȑ Artemis ȉȀȈ MRE11. ǤȜȎ ȒȜȋȏȊȎȉȀ, ȏȎȔ ȏȄȐȈȊȀȋȁǻȌȎȔȌ ȓȆȌ 

ȄȊȈȉǻȒȆ BLM ȒȄ ȄȍȀȋȄȐǽ ȋȎȐȕǽ, ȄȉȓȄȊȎȜȌ ȄȉȓȄȓȀȋǼȌȆ ȄȉȓȎȋǽ ȓȘȌ ǻȉȐȘȌ ȏȎȔ ǼȖȄȈ 

ȃȆȋȈȎȔȐȂǽȒȄȈ Ȇ ȇȐȀȜȒȆ. ǲȄ ȒȔȌǼȐȂȄȈȀ ȋȄ ȓȆȌ Exo1, Ȇ BLM ȏȐȎǻȂȄȈ ȓȆȌ ȄȉȓȎȋǽ, 

ȀȌȄȍǻȐȓȆȓȀ Ȁȏț ȓȆ ȃȐǻȒȆ ȓȆȑ Șȑ ȄȊȈȉǻȒȆ. ǥȌȀȊȊȀȉȓȈȉǻ, ȒȄ ȒȔȌǼȐȂȄȈȀ ȋȄ ȓȆȌ DNA2, Ȇ 

BLM ȏȐȎǻȂȄȈ ȓȆȌ ȄȉȓȎȋǽ ȍȄȓȔȊǾȂȎȌȓȀȑ ȓȎ ȃǾȉȊȘȌȎ DNA (dsDNA). ǪȀȇȝȑ ȏȐȎȖȘȐǻȄȈ Ȇ 

ȄȉȓȎȋǽ ȓȘȌ ȌȎȔȉȊȄȎȓȈȃǾȘȌ, ȒȓȀ ȋȎȌțȉȊȘȌȀ 3õ-ǻȉȐȀ ȏȎȔ ȃȆȋȈȎȔȐȂȎȜȌȓȀȈ ȏȐȎȒȃǼȌȎȌȓȀȈ 

ȄȓȄȐȎȃȈȋȄȐǽ ȓǽȑ RPA (RPA70-RPA32-RPA14), ȏȐȎȒȓȀȓȄȜȎȌȓǻȑ ȓȀ Ȁȏț ȏȄȐȄȓȀǾȐȘ 

(ȀȖȐȄǾȀȒȓȆ) ȃȐǻȒȆ ȄȌȃȎȌȎȔȉȊȄȀȒȝȌ ǽ ȄȍȘȌȎȔȉȊȄȀȒȝȌ. ǧ ȀȏȎȕȘȒȕȎȐȔȊǾȘȒȆ ȓȆȑ RPA 

ȏȐȎǻȂȄȈ ȓȆȌ ȏȐțȒȃȄȒǽ ȓȆȑ ȒȓȎ DNA. (39) ǧ ȄȌȄȐȂȎȏȎǾȆȒȆ ȓȆȑ ȉȈȌǻȒȆȑ ATR ȉȀȈ 

ȃȄȔȓȄȐȄȔțȌȓȘȑ ȓȆȑ Chk1 ȄȍȀȐȓǻȓȀȈ Ȁȏț ȓȆȌ ȏȐțȒȃȄȒȆ ȓȎȔ ATR-ATRIP ȒȓȈȑ ȋȎȌțȉȊȘȌȄȑ 

ȏȄȐȈȎȖǼȑ ȏȎȔ ȄǾȌȀȈ ȉȀȊȔȋȋǼȌȄȑ ȋȄ ȋțȐȈȀ RPA ȉȀȈ Ȁȏț ȓȆȌ ȏȐțȒȃȄȒȆ ȓȎȔ ȒȔȋȏȊǼȂȋȀȓȎȑ-

ȓȒȈȋȏǾȃȀ 9-1-1 ȒȓȎȌ 5Ź ȏȐȘȓȀȐȖȈȉț ȉțȋȁȎ ȓȎȔ ȄȉȓȄȓȋȆȋǼȌȎȔ DNA. ǳȎ ȕȘȒȕȎȐȔȊȈȘȋǼȌȎ 

ȒȜȋȏȊȄȂȋȀ 9-1-1 ȕȎȐȓȝȌȄȓȀȈ Ȁȏț ȓȎ ȒȜȋȏȊȄȂȋȀ RAD17-RFC2-5, ȄȌȝ Ȇ ȕȘȒȕȎȐȔȊȈȘȋǼȌȆ 

TopBP1 ȃȐȀ Șȑ ȂǼȕȔȐȀ ȂȈȀ ȓȆȌ ȄȌȄȐȂȎȏȎǾȆȒȆ ȓȆȑ ATR. ǧ ȒȔȋȋȄȓȎȖǽ ȓȎ RHINO ȄǾȌȀȈ Ȇ 

ȏȐțȒȃȄȒǽ ȓȎȔ ȓțȒȎ ȒȓȎ 9-1-1, țȒȎ ȉȀȈ ȒȓȆȌ TopBP1. (40) ǧ ȏȐȘȓȄǻȒȆ SENP ȀȕȀȈȐȄǾ ȓȀ 

ȄȏȈȏȊǼȎȌ ȀȋȈȌȎȍǼȀ Ȁȏț ȓȆȌ ȏȐțȃȐȎȋȆ ȋȎȐȕǽ ȓȆȑ SUMO ȉȀȈ ǼȓȒȈ ȓȆȌ ȄȌȄȐȂȎȏȎȈȄǾ. ǧ 

SUMO ȋȄ ȓȆ ȒȄȈȐǻ ȓȆȑ ȓȐȎȏȎȏȎȈȄǾ ȓȆȌ RPA ȒȄ RPA70 ȋȄ ȋȈȀ ȃȈȀȃȈȉȀȒǾȀ ȏȀȐțȋȎȈȀ ȋȄ ȓȆȌ 

ȎȔȁȈȉȎȔșȓȈȌǾȘȒȆ ȏȎȔ ȎȌȎȋǻȅȄȓȀȈ SUMOylation. ǧ ȄȏǾȃȐȀȒȆ ȄȏȎȋǼȌȘȑ ȓȆȑ SENP ȃȐȀ 

ȒȓȆȌ ȀȜȍȆȒȆ ȓȆȑ ȏȐțȒȃȄȒȆȑ ȓȆȑ RAD51 ȒȓȆȌ RPA70. ǧ BRCA1 ȏȐȎȒȉȀȊȄǾ ȓȆȌ PALB2. 

(41) ǧ BRCA1 ȃȈȄȔȉȎȊȜȌȄȈ ȓȆȌ ȄȏȈȒȓȐǻȓȄȔȒȆ ȓȆȑ BRCA2 ȋǼȒȘ ȓȆȑ ȏȐȘȓȄǠȌȆȑ-ȂǼȕȔȐȀ 

PALB2. ǳȎ ȒȜȋȏȊȎȉȎ ȀȌȀȃȈǻȓȀȍȆȑ ȖȐȘȋȀȓǾȌȆȑ (chromatin -remodeling)  NuA4, ȓȎȔ 

ȎȏȎǾȎȔ Ȇ ȔȏȎȋȎȌǻȃȀ MRG15 ȀȊȊȆȊȄȏȈȃȐǻ ȋȄ ȓȆȌ PALB2, ȄȌȃȄȖȎȋǼȌȘȑ ȌȀ ȒȔȋȁǻȊȄȈ ȉȀȈ 

ȀȔȓț ȒȓȆȌ ȄȏȈȒȓȐǻȓȄȔȒȆ ȓȆȑ PALB2. ǧ BRIT1 ȄȏȈȒȓȐȀȓȄȜȄȈ ȓȆȌ BRCA2, Ȇ ȎȏȎǾȀ ȕǼȐȌȄȈ 

ȋțȐȈȀ RAD51 ȒȓȆȌ ȏȄȐȈȎȖǽ ȓȆȑ ȄȏȈȃȈțȐȇȘȒȆȑ. ǧ ȕȘȒȕȎȐȔȊǾȘȒȆ ȓȆȑ RAD51 Ȁȏț ȓȆȌ c-

ABL ȎȃȆȂȄǾ ȓȆ ȕțȐȓȘȒȆ ȓȆȑ RAD51 ȒȓȎ ȋȎȌțȉȊȘȌȎ DNA. (42) ǧ BRCA2 ȄǾȌȀȈ Ȏ ȁȀȒȈȉțȑ 

ȋȄȒȎȊȀȁȆȓǽȑ ȂȈȀ ȓȎ ȒȖȆȋȀȓȈȒȋț ȌǽȋȀȓȎȑ ȌȎȔȉȊȄȎȏȐȘȓȄǠȌȆȑ ȏȎȔ ȏȄȐȈǼȖȄȈ RAD51, ȉȀȓǻ 

ȓȎȌ ȎȏȎǾȎ ȀȏȎȋȀȉȐȜȌȎȌȓȀȈ ȓȀ ȋțȐȈȀ ȓȆȑ RPA, ȉȀȈ Ȏ ȒȖȆȋȀȓȈȒȋțȑ ȓȎȔ ȌǽȋȀȓȎȑ ȐȔȇȋǾȅȄȓȀȈ 

Ȁȏț ȄȏȈȏȊǼȎȌ ȏȐȘȓȄǠȌȄȑ țȏȘȑ Ȇ DDS1 ȉȀȈ BCCIPȀ/ȁ. ǣȈȀ ȓȎ ȒȖȆȋȀȓȈȒȋț ȓȎȔ ȌǽȋȀȓȎȑ 

RAD51-ȌȎȔȉȊȄȎȏȐȘȓȄǠȌȆȑ ȀȏȀȈȓȎȜȌȓȀȈ ȓȀ ȏǼȌȓȄ ȏȀȐǻȊȎȂȀ ȓȆȑ RAD51, ȓȀ XRCC2/3, 

RAD51B/C/D ȉȀȈ Ȇ SWS1, Ȇ ȎȏȎǾȀ ȀȊȊȆȊȄȏȈȃȐǻ ȋȄ ȓȆȌ RAD51D. ǧ RAD18 ȄȋȏȊǼȉȄȓȀȈ 

ȒȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȋǼȒȘ ȓȆȑ ȀȊȊȆȊȄȏǾȃȐȀȒǽȑ ȓȆȑ ȋȄ ȓȆȌ RAD51C. (43) ǧ ȀȌǻȏȓȔȍȆ ȉȀȈ Ȇ 

ȎȊȎȉȊǽȐȘȒȆ ȓȎȔ ȌǽȋȀȓȎȑ RAD51-ȌȎȔȉȊȄȎȏȐȘȓȄǠȌȆȑ ȄȏȆȐȄǻȅȄȓȀȈ Ȁȏț ȓȆ ȒȔȌȄȐȂȀȓȈȉǽ 
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ȃȐǻȒȆ ȓȘȌ BRC-ȄȏȀȌȀȊǽȗȄȘȌ ȓȆȑ BRCA2, ȓȀ ȎȏȎǾȀ ȁȄȁȀȈȝȌȎȔȌ țȓȈ Ȇ RAD51 

ȕȎȐȓȝȌȄȓȀȈ ȄȏȈȊȄȉȓȈȉǻ ȒȓȎ ȋȎȌțȉȊȘȌȎ DNA ȉȀȈ țȓȈ ȀȏȎȋȀȉȐȜȌȎȌȓȀȈ ȓȀ ȋțȐȈȀ ȓȆȑ RPA 

[70].  

2.2.4.1 Break induced replication  

ǬǾȀ ȏȈȇȀȌǽ ȄȉȃȎȖǽ ȓȎȔ ǯȋțȊȎȂȎȔ ǡȌȀȒȔȌȃȔȀȒȋȎȜ ȋȏȎȐȄǾ ȌȀ ȏȄȐȈȊȀȋȁǻȌȄȈ ȓȎ 

ȒȖȆȋȀȓȈȒȋț ȌǽȋȀȓȎȑ RAD51-ȌȎȔȉȊȄȎȏȐȘȓȄǠȌȆȑ ȋțȌȎ ȒȓȎ ǼȌȀ ȄȉȓȄȓȋȆȋǼȌȎ ǻȉȐȎ. (44) ǳȎ 

ȌǽȋȀ RAD51 ȗǻȖȌȄȈ ȉȀȈ ȅȄȔȂȀȐȝȌȄȈ ȋȄ ȋȈȀ ȎȋțȊȎȂȆ ȀȊȊȆȊȎȔȖǾȀ ȒȓȆ ȂȄȈȓȎȌȈȉǽ ȀȃȄȊȕǽ 

ȖȐȘȋȀȓǾȃȆ, ȉȀȓǻ ȓȆ ȕǻȒȆ S ǽ ȓȆȌ G2. ǧ RAD54 ȋȄ ȓȆȌ ȈȃȈțȓȆȓȀ ȓȆȑ ȉȈȌȆȓǽȐȈȀȑ ATPǻȒȆȑ 

ȃȈȄȔȉȎȊȜȌȄȈ ȓȆ ȃȈȀȃȈȉȀȒǾȀ [71]. ǤȆȋȈȎȔȐȂȄǾȓȀȈ ǼȌȀȑ ȁȐțȖȎȑ ȒȖǽȋȀȓȎȑ ôDõ ȋǼȒȘ ȓȆȑ 

ȒȔȌȄȐȂȀȒǾȀȑ ȓȆȑ PALB2 ȉȀȈ ȓȆȑ RAD51AP1 ȉȀȇȝȑ ȒȖȆȋȀȓǾȅȄȓȀȈ ȓȎ ȄȓȄȐȎȃȈȏȊț DNA5. ǯȈ 

ȓȄȊȄȔȓȀǾȄȑ ȃȜȎ ȏȐȘȓȄǠȌȄȑ ȀȊȊȆȊȄȏȈȃȐȎȜȌ ȋȄȓȀȍȜ ȓȎȔȑ, ȋȄ ȓȎ DNA ȀȊȊǻ ȉȀȈ ȋȄ ȓȆ RAD51.  

2.2.4.2 SDSA-Synthesis Depended Strand annealing  

ǳȎ ȄȓȄȐȎȃȈȏȊț ȋțȐȈȎ ȄȏȈȋȆȉȜȌȄȓȀȈ ȋȄ ȒȜȌȇȄȒȆ ȄȏȈȃȈțȐȇȘȒȆȑ. ǲȄ ȀȔȓț ȓȎ ȒȓǻȃȈȎ ȋȏȎȐȄǾ 

ȌȀ ȄȋȏȊǼȉȄȓȀȈ ȉǻȏȎȈȀ ȖȀȋȆȊǽȑ ȏȈȒȓțȓȆȓȀȑ ȏȎȊȔȋȄȐǻȒȆ, țȏȘȑ Ȇ ȏȎȊȔȋȄȐǻȒȆ ȋȄȓǻȕȐȀȒȆȑ 

Polȅ-REV1. (46) ǲȓȎ ȄȏȈȋǼȐȎȔȑ ȋȎȌȎȏǻȓȈ SDSA Ȇ ȃȈǻȒȏȀȒȆ ȓȎȔ ȄȓȄȐȎȃȈȏȊȎȜ ȓȋǽȋȀȓȎȑ 

ȃȈȄȌȄȐȂȄǾȓȀȈ ȋȄ ȓȆȌ ȀȏȄȊȄȔȇǼȐȘȒȆ ȓȎȔ ȄȈȒȁǻȊȊȎȌȓȀ ȉȊȝȌȎȔ, ȋȄ ȓȆ ȁȎǽȇȄȈȀ ȓȆȑ RAD54, 

ȉȀȈ ȓȆȌ ȄȏȀȌȀȒȜȌȃȄȒȆ ȋȄ ȓȎ ȃȄȜȓȄȐȎ ǻȉȐȎ. (47) ǳȎ ȒȓǻȃȈȎ ȀȔȓț ȓȆȑ ȄȏȀȌȀȒȜȌȃȄȒȆȑ 

ȏȈȇȀȌȝȑ ȌȀ ȔȏȎȁȎȆȇȄǾȓȀȈ Ȁȏț ȓȆȌ RAD52 ǽ ǻȊȊȎȔȑ ȏȀȐǻȂȎȌȓȄȑ. ǬȄȓǻ ȓȆȌ ȀȌȀȒȜȌȃȄȒȆ 

ȓȆȑ ȎȋțȊȎȂȆȑ ȏȄȐȈȎȖǽȑ, ȓȔȖțȌ ȔȏȄȐȇǼȒȄȈȑ ȏȎȔ ȏȈȇȀȌȝȑ ȏȐȎȉȜȗȎȔȌ Ȁȏț ȓȆȌ ȄȏȈȏȊǼȎȌ 

ȀȖȐȄǾȀȒȓȆ ȒȜȌȇȄȒȆ, ȀȏȎȋȀȉȐȜȌȎȌȓȀȈ Ȁȏț ȋȈȀ ȄȍȄȈȃȈȉȄȔȋǼȌȆ ȒȄ ȉțȋȁȎȔȑ ȌȎȔȉȊȄǻȒȆ 

(junction -specific nuclease) țȏȘȑ Ȇ ERCC1-XRF. (48) ǚȌȀ ȄȏȈȏȊǼȎȌ ȒȓǻȃȈȎ ȒȜȌȇȄȒȆȑ 

ȒȔȋȏȊȆȐȝȌȄȈ ȓȀ ȄȌȀȏȎȋȄǾȌȀȌȓȀ ȋȎȌțȉȊȘȌȀ ȖǻȒȋȀȓȀ. ǳȎ ȒȜȋȏȊȎȉȎ ȏȎȊȔȋȄȐȀȒȝȌ 

ȋȄȓǻȕȐȀȒȆȑ Polȅ-REV1 ȏȈȇȀȌȝȑ ȌȀ ȄȋȏȊǼȉȄȓȀȈ ȒȄ ȀȔȓǽ ȓȆ ȃȄȜȓȄȐȆ ȒȜȌȇȄȒȆ. ǳȎ 

ȀȏȎȓǼȊȄȒȋȀ ȀȔȓǽȑ ȓȆȑ ȃȈȀȃȈȉȀȒǾȀȑ ȄǾȌȀȈ Ȇ ȂȎȌȈȃȈȀȉǽ ȋȄȓȀȓȐȎȏǽ6, țȏȎȔ Ȇ ȀȉǼȐȀȈȆ 

ȖȐȘȋȀȓǾȃȆ ȏȀȐǼȖȄȈ ȓȆȌ ȏȊȆȐȎȕȎȐǾȀ ȂȈȀ ȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȆȑ ȃǾȉȊȘȌȆȑ ȇȐȀȜȒȆȑ. (49) ǯȈ 

ȄȌȀȏȎȋȄǾȌȀȒȄȑ ȋȄȓǻ ȓȆ ȒȜȌȇȄȒȆ ȋȎȌțȉȊȘȌȄȑ ȃȈȀȊȄǾȗȄȈȑ ȄȍȀȊȄǾȕȎȌȓȀȈ Ȁȏț ȓȆ ȃȐǻȒȆ ȓȘȌ 

ȊȈȂȀȒȝȌ LIG3 ǽ LIG1, ȓȈȑ ȎȏȎǾȄȑ ȒȔȌȀȌȓǽȒȀȋȄ ȉȀȈ ȒȓȎȔȑ BER ȉȀȈ NER.  

                                                      

5  ǥȓȄȐȎȃȈȏȊț DNA: ǼȌȀ ȃǾȉȊȘȌȎ ȋțȐȈȎ ȌȎȔȉȊȄșȌȈȉȎȜ ȎȍǼȎȑ, ȏȐȎȄȐȖțȋȄȌȎ Ȁȏț ȂȄȌȄȓȈȉț 
ȀȌȀȒȔȌȃȔȀȒȋț, țȏȎȔ Ȏ ȉǻȇȄ ȉȊȝȌȎȑ ȏȐȎǼȐȖȄȓȀȈ Ȁȏț ȃȈȀȕȎȐȄȓȈȉǼȑ ȏȆȂǼȑ, țȏȘȑ ȓȀ ȃȈȀȕȎȐȄȓȈȉǻ 
ȎȋțȊȎȂȀ ȖȐȘȋȎȒȝȋȀȓȀ ǽ ȀȉțȋȆ ȉȀȈ Ȁȏț ȃȈȀȕȎȐȄȓȈȉȎȜȑ ȎȐȂȀȌȈȒȋȎȜȑ Wikipedia contributors [72] .  
6  ǣȎȌȈȃȈȀȉǽ ȋȄȓȀȓȐȎȏǽ: Ȇ ȃȈȀȃȈȉȀȒǾȀ ȋȄ ȓȆȌ ȎȏȎǾȀ ȋǾȀ ȀȊȊȆȊȎȔȖǾȀ DNA ȀȌȓȈȉȀȇȈȒȓǻ ȋǾȀ 
ȎȋțȊȎȂȆ ȀȊȊȆȊȎȔȖǾȀ, ȋȄ ȀȏȎȓǼȊȄȒȋȀ ȎȈ ȃȔȎ ȀȊȊȆȊȎȔȖǾȄȑ ȌȀ ȂǾȌȎȌȓȀȈ ȏȀȌȎȋȎȈțȓȔȏȄȑ ȋȄȓǻ Ȁȏț 
ȀȔȓǽȌ [73]. 
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2.2.4.3 Crossing over via cleavage of nicked joint molecules 

(50) ǳȎ ȄȉȓȄȓȋȆȋǼȌȎ ȃȄȜȓȄȐȎ ǻȉȐȎ ȃȄȒȋȄȜȄȓȀȈ Ȁȏț ȓȎ ȁȐțȖȎ ȒȖǽȋȀȓȎȑ-D. ǲȄ ȀȔȓț 

ȄȌȃȄȖȎȋǼȌȘȑ ȌȀ ȋȄȒȎȊȀȁȄǾ ȋȄ ȓȆȌ ȈȃȈțȓȆȓȀ ȀȌȀȒȜȌȃȄȒǽȑ ȓȆȑ Ȇ RAD52. (51) ǧ 

ȄȏȈȃȈȎȐȇȘȓȈȉǽ ȒȜȌȇȄȒȆ ȒȔȋȁȀǾȌȄȈ ȉȀȈ ȒȓȈȑ ȃȜȎ ȏȊȄȔȐǼȑ ȓȎȔ ȁȐțȖȎȔ-D, ȏȈȇȀȌȝȑ ȋǼȒȘ ȓȆȑ 

ȏȎȊȔȋȄȐǻȒȆȑ Polȅ-REV1. ǧ ȏȐȎȉȜȏȓȎȔȒȀ ȃȎȋǽ ȄǾȌȀȈ ȎȔȒȈȀȒȓȈȉǻ ȃȜȎ ȉțȋȁȎȈ-Holliday 7 

ȋȄ ȄȂȉȎȏǼȑ. (52) ǣȈȀ ȌȀ ȊȔȇȎȜȌ ȎȈ ȉțȋȁȎȈ Holliday ȄȍȄȈȃȈȉȄȔȋǼȌȄȑ ȌȎȔȉȊȄǻȒȄȑ ȏȐȎȉȀȊȎȜȌ 

ȃȔȎ ȄȏȈȏȊǼȎȌ ȄȂȉȎȏǼȑ. ǳǼȓȎȈȄȑ ȌȎȔȉȊȄǻȒȄȑ ȋȏȎȐȄǾ ȌȀ ȄǾȌȀȈ ȎȈ GEN1, SLX1-SLX4 ȉȀȈ 

MUS81-EME1. ǲȓȎ ȒȖǽȋȀ ȎȈ ȌȎȔȉȊȄǻȒȄȑ ȀȔȓǼȑ ȏȀȐȈȒȓȝȌȓȀȈ Șȑ ȉțȉȉȈȌȀ ȁǼȊȆ. (53) ǯȈ 

ȄȂȉȎȏǼȑ ȄȌȝȌȎȌȓȀȈ ȒȄ ȒȔȌȃȔȀȒȋȎȜȑ țȏȘȑ ȀȏȄȈȉȎȌǾȅȎȌȓȀȈ ȒȓȎ ȒȖǽȋȀ ȋȄ ȓȀ ȋȏȊȄ ȉȀȈ 

ȉțȉȉȈȌȀ ȁǼȊȆ. (54) ǯȈ ȏȐȎȉȜȏȓȎȔȒȄȑ ȀȊȔȒǾȃȄȑ ȓȆȑ ȃȈȀȒȓȀȜȐȘȒȆȑ ȄǾȌȀȈ ȀȏȎȓǼȊȄȒȋȀ 

ȀȌȓȀȊȊȀȂǽȑ ȋȄȓȀȍȜ ȓȘȌ ȀȃȄȊȕȝȌ ȖȐȘȋȀȓǾȃȘȌ. (55) ǧ ȄȏȀȌȀȕȎȐǻ ȓȆȑ ȃȎȋǽȑ ȓȆȑ 

ȖȐȘȋȀȓǾȌȆȑ ȒȔȋȁȀǾȌȄȈ ȋǼȒȘ ȓȆȑ ȃȐǻȒȆȑ ȒȔȋȏȊțȉȘȌ ȀȌȀȃȈȀȋțȐȕȘȒȆȑ ȖȐȘȋȀȓǾȌȆȑ ȉȀȈ 

ȓȆȌ ȀȌȀȒȓȐȎȕǽ ȏȊȆȇȝȐȀȑ ȋȄȓȀ-ȋȄȓȀȕȐȀȒȓȈȉȝȌ ȓȐȎȏȎȏȎȈǽȒȄȘȌ. ǧ ȀȌȀȊȔȓȈȉǽ 

ȏȀȐȎȔȒǾȀȒȆ ȏȎȔ ȏȐȎȆȂǽȇȆȉȄ ȁȀȒǾȒȓȆȉȄ ȒȓȆȌ ȄȏȈȒȉțȏȆȒȆ ȓȎȔ Larry H. Thompson [75] 

ȉȀȈ Ȇ ȄȉȓȄȌǽȑ ȓȆȑ ȀȌȀȕȎȐǻ ȒȓȆȌ ȏȀȐȎȜȒȀ ȃȈȀȓȐȈȁǽ ǽȓȀȌ Ȇ ȀȌȀȊȔȓȈȉǽ ȏȄȐȈȂȐȀȕǽ ȒȄ 

ȁȈȎȖȆȋȈȉț ȄȏǾȏȄȃȎ ȓȘȌ ȋȆȖȀȌȈȒȋȝȌ. ǷǻȖȌȎȌȓȀȑ ȓȆ ȁȈȁȊȈȎȂȐȀȕǾȀ ȂȈȀ ȓȎȌ ǯȋțȊȎȂȎ 

ǡȌȀȒȔȌȃȔȀȒȋț, ȃȈȀȏȈȒȓȝȇȆȉȄ țȓȈ ȓȀ ȄȏȈȋǼȐȎȔȑ ȋȎȌȎȏǻȓȈȀ ȏȄȐȈȂȐǻȕȎȌȓȀȈ ȋȄ 

ȃȈȀȕȎȐȄȓȈȉȎȜȑ ȓȐțȏȎȔȑ Ȁȏț ȓȎȔȑ ȃȈǻȕȎȐȎȔȑ ȒȔȂȂȐȀȕȄǾȑ. ǰȀȐȎȔȒȈǻȅȄȓȀȈ Ȅȃȝ ȉȀȈ 

ȄȍȆȂȄǾȓȀȈ ǼȌȀ ȒȖǽȋȀ (ǲȖǽȋȀ 2-5) Ȁȏț ȓȆȌ ȄȏȈȒȉțȏȆȒȆ ȓȘȌ Li and Heyer [76], Ȇ ȎȏȎǾȀ 

ȄȏȈȊǼȖȇȆȉȄ ȋȄȓȀȍȜ ȓȘȌ ǻȊȊȘȌ Șȑ Ȇ ȏȈȎ ȏȄȐȈȂȐȀȕȈȉǽ țȒȎȌ ȀȕȎȐǻ ȓȎȔȑ ȏȈȇȀȌȎȜȑ 

ȒȔȌȃȔȀȒȋȎȜȑ ȀȏȎȓȄȊȄȒȋǻȓȘȌ ȏȎȔ ȋȏȎȐȄǾ ȌȀ ǼȖȄȈ ȒȓȈȑ ȄȋȏȊȄȉțȋȄȌȄȑ ȀȊȔȒǾȃȄȑ ȓȎȔ DNA Ȏ 

ǯȋțȊȎȂȎȑ ǡȌȀȒȔȌȃȔȀȒȋțȑ.  

                                                      

7  ǪțȋȁȎȑ ȓȎȔ Holliday: ȋȈȀ ȃȈȀȒȓȀȔȐȎȜȋȄȌȆ ȃȎȋǽ, ȏȐȎȉȜȏȓȎȔȒȀ ȉȀȓǻ ȓȎ ȂȄȌȄȓȈȉț 
ȀȌȀȒȔȌȃȔȀȒȋț. ǝȓȀȌ ȃȜȎ ȃǾȉȊȘȌȀ ȋțȐȈȀ DNA ȃȈȀȖȘȐǾȅȎȌȓȀȈ ȒȄ 4 ȉȊȝȌȎȔȑ ȋȄ ȒȉȎȏț ȌȀ 
ȀȌȓȀȊȊǻȍȎȔȌ ȂȄȌȄȓȈȉǽ ȏȊȆȐȎȕȎȐǾȀ.  ǧ ȃȎȋǽ ȀȔȓǽ ȏȐȎȓǻȇȆȉȄ Ȁȏț ȓȎ ȂȄȌȄȓȈȒȓǽ Robin Holliday ȓȎ 
1964 [74].  



26 

 

 

ǲȖǽȋȀ 2-5: ǰȈȇȀȌǻ ȀȏȎȓȄȊǼȒȋȀȓȀ ȒȓȈȑ ȀȊȔȒǾȃȄȑ (ȄȉȋȀȂȄǾȎ ȉȀȈ ȄȏȈȃȈȎȐȇȘȋǼȌȆ) ȋȄȓǻ Ȁȏț ǯȋțȊȎȂȎ 
ǡȌȀȒȔȌȃȔȀȒȋț: ǯ ǯȋțȊȎȂȎȑ ǡȌȀȒȔȌȃȔȀȒȋțȑ ȋȏȎȐȄǾ ȌȀ ȃȈȀȉȐȈȇȄǾ ȒȄ ȓȐǾȀ ȒȓǻȃȈȀ: ȓȆȌ ȏȐȎ-ȒȜȌȀȗȆ, 
ȓȆ ȒȜȌȀȗȆ ȉȀȈ ȓȆ ȋȄȓȀ-ȒȜȌȀȗȆ. ǪȀȓǻ ȓȆȌ ȏȐȎ-ȒȜȌȀȗȆ ȀȌȀȂȌȘȐǾȅȎȌȓȀȈ ȓȀ ǻȉȐȀ ȏȎȔ ǼȖȎȔȌ 
ȃȆȋȈȎȔȐȂȆȇȄǾ Ȁȏț ȓȆ ǤǾȉȊȘȌȆ ǨȐȀȜȒȆ ȉȀȈ ȓȐȎȏȎȏȎȈȎȜȌȓȀȈ ȝȒȓȄ ȌȀ ȂǾȌȎȔȌ ȋȎȌțȉȊȘȌȄȑ ȎȔȐǼȑ 3õ-
ǯǧ (ȒȓǻȃȈȀ 1-2). ǪȀȓǻ ȓȆ ȒȜȌȀȗȆ ȃȆȋȈȎȔȐȂȄǾȓȀȈ ǼȌȀȑ ȁȐțȖȎȑ ȒȖǽȋȀȓȎȑ D Ȁȏț ȓȎȌ ȄȈȒȁǻȊȊȎȌȓȀ 
ȉȊȝȌȎ ȒȓȆȌ ȀȊȔȒǾȃȀ ȄȉȋȀȂȄǾȎ (ȒȓǻȃȈȎ 3). ǤȈȀȉȐǾȌȎȌȓȀȈ ȓȎȔȊǻȖȈȒȓȎȌ ȓȐǾȀ ȋȎȌȎȏǻȓȈȀ: ǪȀȓǻ ȓȆȌ 
ȀȌȀȒȜȌȃȄȒȆ ȓȆȌ ȄȍȀȐȓȝȋȄȌȆ Ȁȏț ȓȆ ȒȜȌȇȄȒȆ (synthesis-depended strand annealing-SDSA, ȒȓǻȃȈȀ 
4Ȁ-5Ȁ-6Ȁ) Ȏ ȄȈȒȁǻȊȊȘȌ ȉȊȝȌȎȑ ȀȏȎȒȔȌȃǼȄȓȀȈ țȓȀȌ ȓȄȊȄȈȝȒȄȈ Ȇ ȒȜȌȇȄȒȆ ȉȀȈ ȒȔȂȉȎȊȊǻȓȀȈ ȋȄ ȓȎ 
ȃȄȜȓȄȐȎ ǻȉȐȎ, ȄȌȝ ȏȐȎȉȀȊȄǾȓȀȈ ȋȈȀ ȄȌȓȎȏȈȒȋǼȌȆ ȋțȌȎ ȂȎȌȈȃȈȀȉǽ ȋȄȓȀȓȐȎȏǽ. ǲȄ ȀȔȓǽ ȓȆ ȃȈȀȃȈȉȀȒǾȀ 
ȄȌȃǼȖȄȓȀȈ ȌȀ ȄȋȏȊǼȉȎȌȓȀȈ ȏȎȊȊȎǾ ȉȜȉȊȎȈ ȄȈȒȁȎȊǽȑ, ȒȜȌȇȄȒȆȑ ȉȀȈ ȀȏȎȒȜȌȃȄȒȆȑ. ǲȓȆȌ ǡȌȓȈȂȐȀȕǽ 
ȊțȂȘ ǨȐȀȜȒȆȑ (break-induced replication-BIR, ȒȓǻȃȈȀ 4Ȁ-5ȁ-6ȁ) Ȏ ȁȐțȖȎȑ-D ȋȄȓȀȒȖȆȋȀȓǾȅȄȓȀȈ ȒȄ 
ȋȈȀ ȏȊǽȐȆ ȃȈȖǻȊȀ ȀȌȓȈȂȐȀȕǽȑ ȀȌȓȈȂȐǻȕȎȌȓȀȑ ȎȊțȉȊȆȐȎ ȓȎ ȔȏțȊȎȈȏȎ ȖȐȘȋțȒȘȋȀ, ȎȃȆȂȝȌȓȀȑ ǼȓȒȈ 
ȒȄ ȀȏȝȊȄȈȀ ȄȓȄȐȎȅȔȂȘȓǾȀȑ (ǡǥ). ǲȓȆȌ ǥȏȈȃȈțȐȇȘȒȆ ǤǾȉȊȘȌȘȌ ǨȐȀȜȒȄȘȌ- ǥǤǨ (ȒȓǻȃȈȀ 4ȁ-5Ȃ-6Ȃ-
Ȅ-7) ȄȋȏȊǼȉȎȌȓȀȈ ȉȀȈ ȓȀ ȃȜȎ ǻȉȐȀ ȏȎȔ ǼȖȄȈ ȃȆȋȈȎȔȐȂǽȒȄȈ Ȇ ȇȐȀȜȒȆ ȄǾȓȄ ȋȄ ȀȌȄȍǻȐȓȆȓȆ ȄȈȒȁȎȊǽ ȉȀȈ 
ȓȘȌ ȃȜȎ ȉȊȝȌȘȌ ȄǾȓȄ ȋȄ ȓȆȌ ȏȐțȒȊȆȗȆ (capture) ȓȎȔ ȃȄȜȓȄȐȎȔ ǻȉȐȎȔ, ȃȆȋȈȎȔȐȂȝȌȓȀȑ ǼȌȀ ȃȈȏȊț 
ȉțȋȁȎ ȓȎȔ Holliday. ǯ ȉțȋȁȎȑ ȒȓȆ ȒȔȌǼȖȄȈȀ ȋȏȎȐȄǾ ȄǾȓȄ ȌȀ ȊȔȇȄǾ Ȁȏț ȋȈȀ ȃȈȀȊȔȓǻȒȆ ȒȄ 
ȃȈȀȒȓȀȔȐȎȜȋȄȌȀ ǽ ȋȆ- ȏȐȎșțȌȓȀ (ȒȓǻȃȈȀ 6Ȃ-ȃ) ǽ ȋȏȎȐȄǾ ȌȀ ȊȔȇȄǾ ȋǼȒȘ ȄȌțȑ ȋȆȖȀȌȈȒȋȎȜ ȏȎȔ 
ȏȄȐȈȊȀȋȁǻȌȄȈ ȓȆȌ BLM-ȂȄȈȓȌǾȀȒȆ ȉȊȝȌȘȌ ȉȀȈ ȓȆȌ ȀȏȎȃǼȒȋȄȔȒȆ ȋǼȒȘ ȓȆȑ TOPOIIIȀ (ȒȓǻȃȈȎ 6Ȅ), 
ȎȃȆȂȝȌȓȀȑ ȀȏȎȉȊȄȈȒȓȈȉȝȑ ȒȄ ȋȆ-ȃȈȀȒȓȀȔȐȎȜȋȄȌȀ ȏȐȎșțȌȓȀ (ȒȓǻȃȈȎ 7). (ȏȆȂǽ ȄȈȉțȌȀȑ: Li and Heyer, 
2008 [76]) 
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ǲȖǽȋȀ 2-6: ǯ ǯȋțȊȎȂȎȑ ǡȌȀȒȔȌȃȔȀȒȋțȑ ǼȖȄȈ ȓȐȄȈȑ ȏȈȇȀȌǼȑ ȄȉȁǻȒȄȈȑ.  

2.2.5 NHEJ (Non-Homologous End Joining-ǬȆ ǯȋțȊȎȂȆ ǚȌȘȒȆ ǘȉȐȘȌ) 

ǧ ȏȄȐȈȂȐȀȕǽ ȏȎȔ ȀȉȎȊȎȔȇȄǾ ȓȎȔ ȋȆȖȀȌȈȒȋȎȜ NHEJ, țȏȘȑ ȉȀȈ ȒȓȆȌ ȏȐȎȆȂȎȜȋȄȌȆ 

ȏȀȐǻȂȐȀȕȎ ȏȐȎȚȏȎȇǼȓȄȈ țȓȈ ǼȖȄȈ ȂǾȌȄȈ Ȇ ȀȌȀȂȌȝȐȈȒȆ Ȁȏț ȓȎȔȑ ȉȔȓȓȀȐȈȉȎȜȑ ȋȆȖȀȌȈȒȋȎȜȑ 
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ȓȆȑ ȜȏȀȐȍȆȑ ȓȆȑ ȃǾȉȊȘȌȆȑ ȇȐȀȜȒȆȑ ȉȀȈ ǼȖȄȈ ȊȆȕȇȄǾ Ȇ ȀȏțȕȀȒȆ ȂȈȀ ȓȆȌ ȄȏȈȊȎȂǽ ȓȎȔ 

ȋȆȖȀȌȈȒȋȎȜ ȄȏȈȃȈțȐȇȘȒȆȑ.  

ǯ ȋȆȖȀȌȈȒȋțȑ ȀȔȓțȑ ȒȔȌȎȏȓȈȉǻ ȏȄȐȈȂȐǻȕȄȓȀȈ Șȑ ȓȆȌ ǻȋȄȒȆ ǼȌȘȒȆ ȓȘȌ ȉȎȋȋǼȌȘȌ ǻȉȐȘȌ. 

ǬȈȀ ȀȏȊǽ ȒȔȂȉțȊȊȆȒȆ ȓȘȌ ǻȉȐȘȌ ȏȎȔ ȏȐȎȉǻȊȄȒȄ Ȇ ȇȐȀȜȒȆ. ǯ ȋȆȖȀȌȈȒȋțȑ ȀȔȓțȑ ȄǾȌȀȈ 

ȂȐǽȂȎȐȎȑ ȉȀȈ ȄȜȉȎȊȎȑ, ȃȄȌ ȀȏȀȈȓȄǾ ȓȆȌ ȜȏȀȐȍȆ ȎȋțȊȎȂȆȑ ȀȊȊȆȊȎȔȖǾȀȑ ȂȈȀ ȌȀ 

ȊȄȈȓȎȔȐȂǽȒȄȈ Șȑ ȄȉȋȀȂȄǾȎ, ȀȊȊǻ ȄȂȉȔȋȎȌȄǾ ȓȆȌ ȏȈȇȀȌțȓȆȓȀ ȊȀȇȝȌ, ȉȀȇȝȑ ȄǻȌ ǼȖȎȔȌ ȖȀȇȄǾ 

ȌȎȔȉȊȄȎȓǾȃȈȀ ȉȀȓǻ ȓȆ ȇȐȀȜȒȆ, ȓțȓȄ ȉȀȈ ȄȈȃȈȉǻ ȀȌ ȀȔȓǻ ȏȎȔ ȊȄǾȏȎȔȌ ȃȄȌ ȄǾȌȀȈ 

ȏȎȊȊȀȏȊǻȒȈȀ ȓȎȔ 3, ȇȀ ȏȐȎȉȜȗȄȈ ȉȀȓǻ ȓȆ ȋȄȓǻȕȐȀȒȆ ȊǻȇȎȑ ȏȎȔ ȇȀ ȀȕȎȐǻ ȎȊțȉȊȆȐȎ 

ȂȎȌǾȃȈȎ. ǨȔȋǾȅȎȔȋȄ Ȅȃȝ țȓȈ ȂȈȀ ȓȆ ȋȄȓȀȂȐȀȕǽ ȓȎȔ DNA ȒȄ RNA ȉȀȈ ȓȆȌ ȄȏȀȉțȊȎȔȇȆ 

ȋȄȓǻȕȐȀȒȆ ȒȄ ȀȋȈȌȎȍǼȀ ȀȉȎȊȎȔȇȄǾȓȀȈ Ȏ ȉȀȌțȌȀȑ ȓȈȑ ȓȐȈȏȊǼȓȀȑ, ȃȆȊȀȃǽ ȓȐǾȀ ȌȎȔȉȊȄȎȓǾȃȈȀ 

ȉȘȃȈȉȎȏȎȈȎȜȌ ǼȌȀ ȀȋȈȌȎȍȜ. ǥȏȈȏȊǼȎȌ Ȇ ȀȌǻȂȌȘȒȆ ȓȎȔ ȂȎȌȈȃǾȎȔ ȄǾȌȀȈ ȂȐȀȋȋȈȉǽ, ȃȆȊȀȃǽ 

ȒȔȌȄȖǽȑ. ǥȏȎȋǼȌȘȑ ȄǻȌ ȖȀȇȄǾ ǼȒȓȘ ǼȌȀ ȌȎȔȉȊȄȎȓǾȃȈȎ, ȓțȓȄ ȃȄ ȇȀ ȂǾȌȄȈ ȊǻȇȎȑ ȋțȌȎ ȒȄ ǼȌȀ 

ȀȋȈȌȎȍȜ, ȀȊȊǻ ȓȎ ȊǻȇȎȑ ȇȀ ȋȄȓȀȕǼȐȄȓȀȈ ȒȄ ȉǻȇȄ ȄȏțȋȄȌȎ ȀȋȈȌȎȍȜ ȏȎȔ ȇȀ ȉȘȃȈȉȎȏȎȈȄǾ Ȇ 

ȀȊȊȆȊȎȔȖǾȀ. ǥǻȌ ȏǻȊȈ ȖȀȇȎȜȌ ȓȐǾȀ ȌȎȔȉȊȄȎȓǾȃȈȀ ȓțȓȄ ȇȀ ȖȀȇȎȜȌ ǼȌȀ ǼȘȑ ȃȜȎ ȀȋȈȌȎȍǼȀ, 

ȅȆȋȈǻ ȏȎȊȜ ȋȈȉȐțȓȄȐȆ Ȁȏț ȓȎ ȌȀ ȀȊȊǻȍȄȈ ȋȄȂǻȊȎ ȓȋǽȋȀ ȓȆȑ ȉȘȃȈȉȎȏȎǾȆȒȆȑ. ǧ ǬȆ 

ǯȋțȊȎȂȆ ǚȌȘȒȆ ǘȉȐȘȌ țȖȈ ȋțȌȎ ȃȄȌ ȄȂȂȔǻȓȀȈ ȓȆȌ ȀȉȄȐȀȈțȓȆȓȀ ȓȎȔ ȄȏȈȃȈȎȐȇȎȜȋȄȌȎȔ 

ȋȎȐǾȎȔ, ȀȊȊǻ ȃȄȌ ȄǾȌȀȈ ȉȀȈ ȒȄ ȇǼȒȆ ȌȀ ȄȊǼȂȍȄȈ ȄǻȌ ȓȀ ȃȜȎ ǻȉȐȀ ȏȎȔ ȒȔȂȉȎȊȊǻ ȄǾȌȀȈ 

ȏȐȎșțȌȓȀ ȓȆȑ ǾȃȈȀȑ ȇȐȀȜȒȆȑ!  

ǯ NHEJ ȒȔȋȁȀǾȌȄȈ ȊȎȈȏțȌ ȋȄ ȀȌȓǾȃȐȀȒȆ ȒȜȌȃȄȒȆȑ ȉȀȈ Șȑ Ȅȉ ȓȎȜȓȎȔ ȀȏȀȈȓȄǾ ȒȔȌȃǼȒȈȋȀ 

ǻȉȐȀ. ǣȈȀ ȓȎ ȊțȂȎ țȓȈ ȎȈ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ, ȎȈ ȄȏȀȂțȋȄȌȄȑ Ȁȏț ȆȊȄȉȓȐȎȋȀȂȌȆȓȈȉǽ 

ȀȉȓȈȌȎȁȎȊǾȀ, ȒȔȌǽȇȘȑ ȒȔȌȎȃȄȜȎȌȓȀȈ ȋȄ ȁȊǻȁȆ ȒȓȎ ȒȀȉȖȀȐȎȕȘȒȕȎȐȈȉț ȒȉȄȊȄȓț ȓȎȔ DNA 

ǽ ȉȀȈ ȋȄ ȁȊǻȁȄȑ ȒȓȈȑ ȁǻȒȄȈȑ ȏȎȔ ȄǾȌȀȈ ȉȎȌȓǻ ȒȓȀ ǻȉȐȀ ȓȆȑ ȇȐȀȜȒȆȑ, ȏȐȎȚȏțȇȄȒȆ ȂȈȀ ȓȆ 

ȒȜȌȃȄȒȆ ȄǾȌȀȈ Ȇ ȀȏȎȋǻȉȐȔȌȒȆ ȀȔȓȝȌ ȓȘȌ ȁȊȀȁȝȌ. ǚȓȒȈ ȏȀȐȀȓȆȐȄǾȓȀȈ țȓȈ Ȇ ȄȏȈȃȈțȐȇȘȒȆ 

ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ȋȄ ȓȎȌ NHEJ ȒȔȌȎȃȄȜȄȓȀȈ ȉȀȈ Ȁȏț ȏȄȐȈȎȐȈȒȋǼȌȄȑ ǽ ȉȀȈ 

ȄȉȓȄȓȀȋǼȌȄȑ ȏȐȎȒȇǽȉȄȑ ǽ ȃȈȀȂȐȀȕǼȑ ȌȎȔȉȊȄȎȓȈȃǾȘȌ, ȎȈ ȎȏȎǾȄȑ ȀȊȊǻȅȎȔȌ ȓȆȌ ȀȊȊȆȊȎȔȖǾȀ 

ȓȎȔ ȄȏȈȃȈȎȐȇȎȜȋȄȌȎȔ ȋȎȐǾȎȔ [30].  

2.2.5.1 ǪȊȀȒȈȉǽ ǬȆ ǯȋțȊȎȂȆ ǚȌȘȒȆ ǘȉȐȘȌ Canonical NHEJ 

ǧ ȏȐȘȓȄǠȌȆ Ku, Ȇ ȎȏȎǾȀ ȄǾȌȀȈ ȄȉȄǾȌȆ ȏȎȔ ȏȀȐȎȔȒȈǻȅȄȈ ȓȆ ȋȄȂȀȊȜȓȄȐȆ ȀȕȇȎȌǾȀ ȒȓȀ 

ȉȜȓȓȀȐȀ, ȄȉȃȆȊȝȌȄȈ ȏȎȊȜ ȔȗȆȊǽ ȏȐȎȒȃȄȒȈȋțȓȆȓȀ ȒȓȀ ǻȉȐȀ ȓȎȔ DNA  ȉȈ ǼȓȒȈ 

ȏȐȎȒȃȄȌțȋȄȌȆ ȄȉȉȈȌȄǾ ȓȎ ȋȆȖȀȌȈȒȋț. ǧ Ku ȄǾȌȀȈ ǼȌȀ ȄȓȄȐȎȃȈȋȄȐǼȑ ȀȏȎȓȄȊȎȜȋȄȌȎ Ȁȏț ȓȈȑ 

ȔȏȎȋȎȌǻȃȄȑ Ku70/Ku80 Ȇ ȎȏȎǾȀ ȋțȊȈȑ ȏȐȎȒȃȄȇȄǾ ȒȓȀ ǻȉȐȀ ȓȎȔ DNA ȏȐȎȒȄȊȉȜȄȈ ȓȆȌ 

ȉȀȓȀȊȔȓȈȉǽ ȔȏȎȋȎȌǻȃȀ ȓȆȑ DNA-dependent protein kinase (DNA -PKcs) ȝȒȓȄ ȌȀ 

ȒȖȆȋȀȓȈȒȓȄǾ ȓȎ ȄȌȄȐȂț ȎȊȎǼȌȅȔȋȎ DNA-PK. ǯ ȒȖȆȋȀȓȈȒȋțȑ ȀȔȓȎȜ ȓȎȔ ȄȌȄȐȂȎȜ 
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ȒȔȋȏȊțȉȎȔ ȉȈȌȀȒȝȌ ȄȏȈȕǼȐȄȈ ȕȘȒȕȎȐȔȊǾȘȒȆ ȒȄ ǻȊȊȄȑ ȏȐȘȓȄǠȌȄȑ ȏȎȔ ȄȋȏȊǼȉȎȌȓȀȈ ȒȓȎ 

ȋȆȖȀȌȈȒȋț, țȏȘȑ ȓȈȑ RPA2, WRN, XLF/Cernunnos, DNA Ligase IV (LigIV) ȉȀȈ XRCC4, 

țȏȘȑ ȄȏǾȒȆȑ ȉȀȈ ȓȆȌ 

ȀȔȓȎȕȘȒȕȎȐȔȊǾȘȒȆ ȓȆȑ 

DNA -PKcs. ǧ ȓȄȊȄȔȓȀǾȀ, 

ȄȏȈȏȊǼȎȌ, ȏȐȎȒȃǼȌȄȓȀȈ ȒȓȆȌ 

ȏȐȘȓȄǠȌȆ Artemis, 

ȐȔȇȋǾȅȎȌȓȀȑ ȓȆ ȃȐȀȒȓȈȉțȓȆȓǻ 

ȓȆȑ. H Artemis ȄǾȌȀȈ ȋȈȀ 

ȄȌȃȎȌȎȔȉȊȄǻȒȆ ȂȈȀ ȓȆȌ 

ȎȏȎǾȀ ȄȈȉǻȅȄȓȀȈ țȓȈ 

ȄȋȏȊǼȉȄȓȀȈ ȒȓȆȌ ȄȏȄȍȄȐȂȀȒǾȀ 

ȓȘȌ ǻȉȐȘȌ ȓȎȔ DNA ȏȎȔ 

ȒȔȋȁȀǾȌȄȈ ȏȐȈȌ Ȁȏț ȓȆ 

ȒȜȌȃȄȒȆ, ȈȃȈȀǾȓȄȐȀ țȓȀȌ ȓȀ 

ǻȉȐȀ ȏȄȐȈǼȖȎȔȌ ȒȜȌȇȄȓȄȑ 

ȁȊǻȁȄȑ. 

 ǧ ȀȔȓȎȕȘȒȕȎȐȔȊǾȘȒȆ ȓȆȑ 

DNA -PKcs ȏȀȐǼȖȄȈ ȓȆȌ 

ȀȏȀȈȓȎȜȋȄȌȆ ȄȌǼȐȂȄȈȀ ȂȈȀ ȓȆ 

ȋȄȓǻȁȀȒȆ ȓȎȔ ȎȊȎȄȌȅȜȋȎȔ 

Ȁȏț ȓȆȌ ȀȌȎȈȖȓǽ ȒȓȆȌ ȉȊȄȈȒȓǽ 

ȓȎȔ ȋȎȐȕǽ. ǧ ȉȊȄȈȒȓǽ ȋȎȐȕǽ 

ȓȎȔ ȎȊȎȄȌȅȜȋȎȔ ȄȏȈȓȐǼȏȄȈ 

ȓȆȌ ȄȏȄȍȄȐȂȀȒǾȀ ȓȘȌ ǻȉȐȘȌ 

ȓȎȔ DNA Ȁȏț ȓȆȌ 

ȏȎȊȔȌȎȔȉȊȄȎȓȈȃȈȉǽ ȉȈȌǻȒȆ 

PNK ȉȀȈ ȓȆȌ ȓȐȀȌȒȕȄȐǻȒȆ 

TDT, ȓȎȌ ȏȎȊȔȋȄȐȈȒȋț Ȁȏț ȓȈȑ DNA ȏȎȊȔȋȄȐǻȒȄȑ Ȋ ȉȀȈ ȋ ȉȀȈ ȓȄȊȈȉȝȑ ȓȆ ȒȜȌȃȄȒȆ Ȁȏț ȓȎ 

ȒȜȋȏȊȎȉȎ LigIV/XRCC4/XLF. ǬǼȒȘ ȓȆȑ ȒȔȌȓȎȌȈȒȋǼȌȆȑ ȃȐǻȒȆȑ ȓȘȌ ȒȔȋȏȊțȉȘȌ 

LigIV/XRCC4/XLF ȉȀȈ DNA-PK ȓȀ ȃȜȎ ȃȈȀȇǼȒȈȋȀ ǻȉȐȀ ȓȎȔ DNA ȒȔȂȉȎȊȊȝȌȓȀȈ. ǥǻȌ 

ȓȀ ȃȜȎ ȀȔȓǻ ǻȉȐȀ ȏȐȎǼȐȖȎȌȓȀȈ Ȁȏț ȓȆȌ ǾȃȈȀ ȇȐȀȜȒȆ ȓțȓȄ ȀȏȎȉȀȇǾȒȓȀȓȀȈ Ȇ ȀȉȄȐȀȈțȓȆȓȀ 

ȓȎȔ ȋȎȐǾȎȔ DNA [30].  

ǲȖǽȋȀ 2-7: ǪȊȀȒȈȉǽ ǬȆ ǯȋțȊȎȂȆ ǲȜȌȃȄȒȆ ǘȉȐȘȌ: Ȇ ȏȐțȒȃȄȒȆ 
ȓȎȔ ȄȓȄȐȎȃȈȋȄȐȎȜȑ Ku70/80 ȒȓȀ ǻȉȐȀ ȓȆȑ ȇȐȀȜȒȆȑ ȃȈȄȔȉȎȊȜȌȄȈ 
ȓȆȌ ȄȏȈȒȓȐǻȓȄȔȒȆ ȓȆȑ DNA-PKcs, ȋȈȀȑ ȒȆȋȀȌȓȈȉǽȑ ȉȈȌǻȒȆȑ ȏȎȔ 
ȄȌȄȐȂȎȏȎȈȄǾȓȀȈ Ȁȏț ȓȆȌ ȜȏȀȐȍȆ DNA ǻȉȐȘȌ ȉȀȈ ȒȔȌȄȈȒȕǼȐȄȈ ȒȓȆȌ 
ȀȏȎȓȄȊȄȒȋȀȓȈȉțȓȆȓȀ ȓȎȔ ȏȀȐțȌȓȎȑ ȋȆȖȀȌȈȒȋȎȜ. ǧ DNA-PKcs 
ȏȐȎǻȂȄȈ ȓȆȌ ȄȏȄȍȄȐȂȀȒǾȀ ǻȉȐȘȌ ȋȄ ȓȆ ȌȎȔȉȊȄǻȒȆ Artemis ȉȀȈ ȓȆȌ 
ȄȏȀȉțȊȎȔȇȆ ȄȏȀȌǼȌȘȒȆ ȓȘȌ ȒȏȀȒȋǼȌȘȌ ǻȉȐȘȌ ȓȎȔ DNA ȋȄ ȓȎ 
ȒȜȋȏȊȎȉȎ LigIV/XRCC4/XLF [30]. 
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2.2.5.2 ǥȕȄȃȐȈȉǽ ǬȆ ǯȋțȊȎȂȆ ǚȌȘȒȆ ǘȉȐȘȌ Backup NHEJ 

ǯ ȋȆȖȀȌȈȒȋțȑ ȀȔȓțȑ 

ȏȐȎȓǻȇȆȉȄ Ȁȏț ȓȆȌ ȎȋǻȃȀ 

ȓȎȔ ȉȀȇȆȂȆȓǽ ǧȊȈǻȉȆ ȒȓȀ 

ȓǼȊȆ ȓȆȑ ȃȄȉȀȄȓǾȀȑ ȓȎȔ õ90 

[77]. ǯȈ ȏȐȝȓȄȑ ȄȌȃȄǾȍȄȈȑ ȂȈȀ 

ȓȆȌ ȜȏȀȐȍȆ ȄȌțȑ ǻȊȊȎȔ 

ȋȆȖȀȌȈȒȋȎȜ ǽȓȀȌ Ȇ 

ȏȀȐȀȓǽȐȆȒȆ țȓȈ ȉȜȓȓȀȐȀ 

MO59J, ȓȀ ȎȏȎǾȀ ǼȖȎȔȌ 

ȉȀȓȄȒȓȀȊȋǼȌȎ ȓȎ ȂȎȌǾȃȈȎ 

DNA -PKcs, (DNA -PKcs 

deficient) ǽȓȀȌ ȈȉȀȌǻ ȌȀ 

ȄȏȈȃȈȎȐȇȝȒȎȔȌ țȊȄȑ ȓȈȑ 

ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ ȏȎȔ ȄǾȖȀȌ 

ȏȐȎȉȊȆȇȄǾ Ȁȏț ȈȎȌȓǾȅȎȔȒȀ 

ȀȉȓȈȌȎȁȎȊǾȀ, ȋȎȊȎȌțȓȈ ȋȄ 

ȉǻȏȘȑ ȏȈȎ ȀȐȂȎȜȑ ȐȔȇȋȎȜȑ [77]. ǡȌȓǾȒȓȎȈȖȀ ȄȔȐǽȋȀȓȀ ȏȀȐȀȓǽȐȆȒȀȌ ȒȄ ȋȄȓȀȊȊǻȍȄȈȑ ȋȄ 

ȉȀȓȄȒȓȀȊȋǼȌȎ ȓȎ ȄȓȄȐȎȃȈȋȄȐǼȑ Ku [78], ȓȆ LigIV [79] ȉȀȈ ȉȀȓȄȒȓȀȊȋǼȌȎȔȑ ǻȊȊȎȔȑ 

ȏȀȐǻȂȎȌȓȄȑ ȓȎȔ D-NHEJ țȏȘȑ ȉȀȈ ȒȄ ȉȜȓȓȀȐȀ ȋȄ ȕȔȒȈȎȊȎȂȈȉǽ ȄȏȈȃȈțȐȇȘȒȆ ȒȓȀ ȎȏȎǾȀ 

ǼȂȈȌȄ ȖȆȋȈȉǽ ȀȌȀȒȓȎȊǽ ȓȆȑ ȃȐȀȒȓȈȉțȓȆȓȀȑ ȉȈȌǻȒȆȑ ȓȆȑ DNA-PKcs [79].  

 

 

 

 

 

 

  

ǲȖǽȋȀ 2-8: ǥȕȄȃȐȈȉǽ ǬȆ ǯȋțȊȎȂȆ ǚȌȘȒȆ ǘȉȐȘȌ: ǲȄ ȀȔȓț ȓȎ 
ȋȎȌȎȏǻȓȈ ȓȎ ȐțȊȎ ȓȆȑ LigIV ȀȌȀȊȀȋȁǻȌȄȈ Ȇ LigIII, Ȇ ȎȏȎǾȀ 
ȐȔȇȋǾȅȄȓȀȈ Ȁȏț ȓȆȌ PARP1, ȄȌȝ ȃȆȋȈȎȔȐȂȄǾ ǼȌȀ ȒȜȋȏȊȎȉȎ ȋȄ ȓȆȌ 
XRCC1 [30] . 
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3 ǡǭǩǶǭǥǴǲǧ ǢǫǡǢǸǭ DNA  

ǧ ȉȀȓȀȂȐȀȕǽ ȓȘȌ ȁȊȀȁȝȌ DNA ȒȓȀ ȉȜȓȓȀȐȀ ȄǾȌȀȈ ǼȌȀ ȒȜȌȇȄȓȎ ȀȌȀȊȔȓȈȉț ȏȐțȁȊȆȋȀ, 

ȉȀȇȝȑ ȓȀ ȄȏǾȏȄȃȀ ȓȘȌ ȁȊȀȁȝȌ ȄǾȌȀȈ ȒȖȄȓȈȉǻ ȖȀȋȆȊǻ, ȒȔȖȌǻ ȓȆȑ ȓǻȍȄȘȑ ȓȆȑ ȋȈȀȑ 

ȀȊȊȎȈȘȋǼȌȆȑ ȁǻȒȆȑ ȀȌǻ 106 ȕȔȒȈȎȊȎȂȈȉǼȑ ȁǻȒȄȈȑ. ǪȀȇȝȑ ȏȐțȉȄȈȓȀȈ ȂȈȀ ǼȋȁȈȀ ȜȊȆ, ȎȈ 

țȏȎȈȄȑ ȋȄȓȐǽȒȄȈȑ ȂȈȀ ȌȀ ȏȐȀȂȋȀȓȎȏȎȈȆȇȎȜȌ ȎȕȄǾȊȎȔȌ ȌȀ ȖȐȆȒȈȋȎȏȎȈȎȜȌ ȉȀȓǻ ȓȎ ȃȔȌȀȓțȌ 

ȊȈȂțȓȄȐȎ ȁȈȎȊȎȂȈȉț ȔȊȈȉț. ǯȈ ȓȄȖȌȈȉǼȑ ȀȌǾȖȌȄȔȒȆȑ ȓȘȌ ȁȊȀȁȝȌ ȋȏȎȐȎȜȌ ȌȀ ȖȘȐȈȒȇȎȜȌ ȒȄ 

ôǻȋȄȒȄȑõ ȉȀȈ ôǼȋȋȄȒȄȑõ. ǯȈ ǻȋȄȒȄȑ ȁȀȒǾȅȎȌȓȀȈ ȒȓȆȌ ǡȌȀȊȔȓȈȉǽ ǶȆȋȄǾȀ ȉȀȈ ȀȏȀȈȓȎȜȌ 

ȄȍȀȂȘȂǽ ȉȀȈ ȉȀȓțȏȈȌ ȏǼȗȆ ȓȎȜ DNA. ǧ ȀȌǾȖȌȄȔȒȆ ȂǾȌȄȓȀȈ ȒȄ ȄȏǾȏȄȃȎ ȄǾȓȄ ȌȎȔȉȊȄȎȓȈȃǾȎȔ, 

ȄǾȓȄ ȌȎȔȉȊȄȎȒȈȃǾȎȔ ǽ ȁǻȒȆȑ ȋȄ ȏȀȐǻȊȊȆȊȆ ȖȐǽȒȆ ȉǻȏȎȈȎȔ ȋȎȐǾȎȔ-ȀȌȈȖȌȄȔȓǽ ȋǼȒȘ 

ȖȐȘȋȀȓȎȂȐȀȕȈȉȎȜ ȃȈȀȖȘȐȈȒȋȎȜ. ǯȈ ǼȋȋȄȒȄȑ ȋǼȇȎȃȎȈ ȂȄȌȈȉȝȑ ȋȄȓȐȎȜȌ ȇȐȀȜȒȄȈȑ ȓȘȌ 

ȉȊȝȌȘȌ ȓȎȔ DNA. ǥǾȓȄ ȋȄ ȓȆȌ ȏȐȎȒȇǽȉȆ ȄȌțȑ ȄȌȅȜȋȎȔ ȄȏȈȃȈțȐȇȘȒȆȑ ȏȎȔ ȋȄȓȀȓȐǼȏȄȈ ȓȈȑ 

ȀȊȊȎȈȝȒȄȈȑ ȒȄ ȇȐȀȜȒȆȑ ȀȊȔȒǾȃȀȑ ȄǾȓȄ ȋȄ ȓȆ ȖȐǽȒȆ ȄȈȃȈȉȝȌ ȀȌȓȈȒȘȋǻȓȘȌ ȏȎȔ ǼȖȎȔȌ 

ȀȌȀȏȓȔȖȇȄǾ ȄȌǻȌȓȈȀ ȒȄ ȁȊǻȁȄȑ DNA, ȃȈǻȕȎȐȄȑ ȀȊȊȎȈȝȒȄȈȑ ȋȏȎȐȎȜȌ ȌȀ ȂǾȌȎȔȌ 

ȀȌȈȖȌȄȜȒȈȋȄȑ. ǳȀ ȓȄȊȄȔȓȀǾȀ ȖȐțȌȈȀ ǼȖȎȔȌ ȀȌȀȏȓȔȖȇȄǾ ȀȌȓȈȒȝȋȀȓȀ ȏȎȔ ȏȐȎȒȃǼȌȎȌȓȀȈ ȄǾȓȄ 

ȒȄ ȏȐȘȓȄǠȌȄȑ ȄǾȓȄ ȒȄ ȓȐȎȏȎȏȎȈȆȋǼȌȄȑ ȏȐȘȓȄǠȌȄȑ, țȏȘȑ Ȇ ȕȘȒȕȎȐȔȊȈȘȋǼȌȆ ȋȎȐȕǽ ȓȈȑ 

ȈȒȓțȌȆȑ ǧ2ǡǶ, Ȇ Ȃ-H2AX, ȎȈ ȎȏȎǾȄȑ ȀȌǽȉȎȔȌ ȒȄ ȋȆȖȀȌȈȒȋț ȄȏȈȃȈțȐȇȘȒȆȑ DNA 

ȉȀȇȈȒȓȝȌȓȀȑ ȄȕȈȉȓǽ ȓȆȌ ȀȌǾȖȌȄȔȒȆ çȄȒȓȈȝȌ ȄȏȈȃȈțȐȇȘȒȆȑè, ȎȈ ȎȏȎǾȄȑ ȄȔȇǼȘȑ ȒȔȌȃǼȎȌȓȀȈ 

ȋȄ ȓȈȑ ȁȊǻȁȄȑ ȓȎȔ DNA. ǥȏȈȏȊǼȎȌ, ȁȈȎȊȎȂȈȉǼȑ ȒȔȌǼȏȄȈȄȑ ȓȘȌ ȀȐȖȈȉȝȌ ȁȊȀȁȝȌ, țȏȘȑ ȎȈ 

ȋȈȉȐȎȏȔȐǽȌȄȑ ȉȀȈ ȎȈ ȖȐȘȋȎȒȘȋȀȓȈȉǼȑ ȀȊȊȎȈȝȒȄȈȑ ȀȍȈȎȏȎȈȎȜȌȓȀȈ ȂȈȀ ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȓȆȑ 

ȁȊǻȁȆȑ [4].  

3.1 ǘȋȄȒȆ ȀȌǾȖȌȄȔȒȆ 

ǧ ȀȐȖǽ ȓȆȑ ǻȋȄȒȆȑ ȀȌǾȖȌȄȔȒȆȑ ȓȘȌ ȀȊȊȎȈȝȒȄȘȌ ȓȎȔ DNA, ȏȐȎȚȏȎȇǼȓȄȈ ȓȆȌ ȄȍȀȂȘȂǽ ȓȎȔ 

DNA Ȁȏț ȓȀ ȉȜȓȓȀȐȀ, ȓȎ ȎȏȎǾȎ ȔȃȐȎȊȜȄȓȀȈ ȒȄ ȋȎȌȎȋȄȐȄǾȑ ȋȎȌǻȃȄȑ, ȄǾȓȄ ȒȄ ȌȎȔȉȊȄȎȓǾȃȈȀ, 

ȒȄ ȌȎȔȉȊȄȎȒǾȃȈȀ ǽ ȒȄ ȁǻȒȄȈȑ [80]. ǡȌȀȊȔȓȈȉǼȑ ȋǼȇȎȃȎȈ, ȒȓȆ ȒȔȌǼȖȄȈȀ, ȃȈȀȖȘȐǾȅȎȔȌ ȓȀ 

ȔȃȐȎȊȔȋǼȌȀ ȏȐȎșțȌȓȀ ȉȀȈ ȋǼȒȘ ȋȈȀȑ ȄȍȄȈȃȈȉȄȔȋǼȌȆȑ ȋȄȇțȃȎȔ ȀȌǾȖȌȄȔȒȆȑ ȂǾȌȄȓȀȈ Ȇ 

ȏȎȒȎȓȈȉȎȏȎǾȆȒȆ ȓȘȌ ȀȊȊȎȈȝȒȄȘȌ.  

ǧ ȔȂȐǽ ȖȐȘȋȀȓȎȂȐȀȕǾȀ ȔȗȆȊǽȑ ȀȏțȃȎȒȆȑ ȒȔȅȄȔȂȋǼȌȆ ȋȄ 

ȆȊȄȉȓȐȎȖȆȋȈȉǽ ȀȌǾȖȌȄȔȒȆ ǽȓȀȌ ȋǾȀ Ȁȏț ȓȈȑ ȏȐȝȓȄȑ ȋȄȇțȃȎȔȑ ȀȌǾȖȌȄȔȒȆȑ ȓȆȑ 8-ȎȍȎ-7,8-

ȃȈȔȃȐȎ-2õ-ȃȄȎȍȔȂȎȔȀȌȎȒǾȌȆȑ  (8-oxo-7,8-dihydro -2Ź-deoxyguanosine  -  8-oxodGuo) [81]. 

ǧ ȀȊȊȎǾȘȒȆ ȀȔȓǽ ǼȖȄȈ ȃȔȌȀȋȈȉț ȈȎȌȓȈȒȋȎȜ ȖȀȋȆȊțȓȄȐȎ Ȁȏț ȓȈȑ ȉȀȌȎȌȈȉǼȑ ȁǻȒȄȈȑ, 

ȄȏȈȓȐǼȏȎȌȓȀȑ ȓȆȌ ȄȏȈȊȄȉȓȈȉǽ ȉȀȈ ȏȎȒȎȓȈȉǽ ȀȌǾȖȌȄȔȒǽ ȓȆȑ. ǬȄ ȓȆ ȋǼȇȎȃȎ ȀȔȓǽ ȄȏȈȏȊǼȎȌ 

ȀȌȈȖȌȄȜȎȌȓȀȈ ȉȀȈ ȎȈ 5-ȔȃȐȎȍȔȊ-2õ-ȃȄȎȍȔȉȔȓȈȃǾȌȆ (5-hydroxy -2Ź-deoxycytidine  - 5-HO-
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dCyd) ȉȀȈ 8-oxodAdo ȓȐȎȏȎȏȎȈǽȒȄȈȑ. ǲȔȌǽȇȘȑ ȀȔȓǻ ȓȀ ȒȔȒȓǽȋȀȓȀ ȀȌǾȖȌȄȔȒȆȑ 

ȒȔȌȎȃȄȜȎȌȓȀȈ ȉȀȈ Ȁȏț ǼȌȀȌ ȀȌȈȖȌȄȔȓǽ ȒȓȎ UV, țȖȈ ȈȃȈȀȈȓǼȐȘȑ ȄȔȀǾȒȇȆȓȎ, ȏȎȔ ȋȄȓȐǻ ȓȈȑ 

ȕȔȒȈȎȊȎȂȈȉǼȑ ȁǻȒȄȈȑ, ȉȀȇȈȒȓȝȌȓȀȑ ǻȋȄȒȆ ȓȆȌ ǼȉȕȐȀȒȆ ȓȎȔ ȀȐȈȇȋȎȜ ȓȘȌ ȓȐȎȏȎȏȎȈȆȋǼȌȘȌ 

ȁǻȒȄȘȌ ȀȌǻ ȄȉȀȓȎȋȋȜȐȈȎ ȕȔȒȈȎȊȎȂȈȉȝȌ, ȄȌȅȔȋȀȓȈȉȝȑ ȔȃȐȎȊȔȋǼȌȀ ȃȄǾȂȋȀȓȀ DNA. 

ǥȉȄǾȌȆ ȓȆȌ ȄȏȎȖǽ, ȓȆ ȃȄȉȀȄȓǾȀ ȓȎȔ õ80, ȄȏǾȒȆȑ ȀȌȀȏȓȜȖȇȆȉȄ ȋȈȀ ȋǼȇȎȃȎȑ ȏȎȔ ȒȔȌȃȔǻȅȄȈ 

ȓȆȌ ȀǼȐȈȀ ȖȐȘȋȀȓȎȂȐȀȕǾȀ ȋȄ ǼȌȀȌ ȕȀȒȋȀȓȎȂȐǻȕȎ ȋǻȅȀȑ [82]. ǧ ȋǼȇȎȃȎȑ ȀȔȓǽ 

ȄȕȀȐȋțȅȄȓȀȈ ȒȄ ȃȄǾȂȋȀȓȀ DNA ȏȎȔ ǼȖȎȔȌ ȔȃȐȎȊȔȇȄǾ ȒȄ țȍȈȌȎ ȏȄȐȈȁǻȊȊȎȌ, 

ȃȆȋȈȎȔȐȂȝȌȓȀȑ ȄȊȄȜȇȄȐȄȑ ȁǻȒȄȈȑ. ǣȈȀ ȓȆ ȋǼȇȎȃȎ ȀȔȓǽ ȀȏȀȈȓȄǾȓȀȈ ȉȀȈ ǼȌȀ ȏȐțȒȇȄȓȎ ȁǽȋȀ 

ȏȀȐȀȂȘȂȎȏȎǾȆȒȆȑ, ȉȀȇȝȑ ȎȈ ȁǻȒȄȈȑ DNA ȃȄȌ ȄǾȌȀȈ ȀȐȉȄȓǻ ȏȓȆȓȈȉǼȑ ȂȈȀ ȌȀ ȃȈȀȖȘȐȈȒȓȎȜȌ 

ȋȄ ȀǼȐȈȀ ȖȐȘȋȀȓȎȂȐȀȕǾȀ. ǳȀ ȏȐȎșțȌȓȀ ȏȀȐȀȂȘȂȎȏȎǾȆȒȆȑ ȀȌȈȖȌȄȜȎȌȓȀȈ ȋȄ 

ȕȀȒȋȀȓȎȂȐȀȕǾȀ ȋǻȅȀȑ. ǧ ȋǼȇȎȃȎȑ ȀȔȓǽ ȄǾȌȀȈ ȏȈȎ ȄȔǼȊȈȉȓȆ Ȁȏț ȓȆȌ ȏȐȎȆȂȎȜȋȄȌȆ, ȉȀȇȝȑ 

ȄȏȈȓȐǼȏȄȈ ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȏȄȐȈȒȒțȓȄȐȘȌ ȀȊȊȎȈȝȒȄȘȌ. ǫǾȂȎ ȋțȊȈȑ ȉȀȈȐț ȋȄȓǻ ȓȆȌ 

ȉȀȇȈǼȐȘȒȆ ȓȘȌ ȃȜȎ ȀȔȓȝȌ ȋȄȇțȃȘȌ ǼȂȈȌȄ ȀȌȓȈȊȆȏȓț țȓȈ ȏȀȐȎȔȒȈǻȅȎȔȌ ȋȄȂǻȊȄȑ 

ȀȏȎȉȊǾȒȄȈȑ ȋȄȓȀȍȜ ȓȎȔȑ Șȑ ȏȐȎȑ ȓȀ ȀȌȈȖȌȄȔțȋȄȌȀ ȄȏǾȏȄȃȀ ȔȏȎȁǻȇȐȎȔ [83]. ǡȐȂțȓȄȐȀ 

ȃȈȄȔȉȐȈȌǾȒȓȆȉȄ țȓȈ ȎȈ ȀȏȎȉȊǾȒȄȈȑ ȎȕȄǾȊȎȌȓȀȌ ȒȓȎ ȒȓǻȃȈȎ ȏȀȐȀȂȘȂȎȏȎǾȆȒȆȑ ȓȆȑ ȃȄȜȓȄȐȆȑ 

ȋȄȇțȃȎȔ, țȏȎȔ ȉȀȓǻ ȓȎ ȒȓǻȃȈȎ ȀȔȓț ȏȐȎȉȀȊȄǾȓȀȈ ȎȍȄǾȃȘȒȆ ȒȓȎ DNA ȀȔȍǻȌȎȌȓȀȑ 

ȓȄȖȌȆǼȌȓȘȑ ȓȈȑ ȀȌȈȖȌȄȔțȋȄȌȄȑ ȁȊǻȁȄȑ [84].  

3.1.1.1 ǧ ȔȂȐǽ ȖȐȘȋȀȓȎȂȐȀȕǾȀ ȔȗȆȊǽȑ ȀȏțȃȎȒȆȑ ȒȔȅȄȔȂȋǼȌȆ ȋȄ 

ȃȈȀȃȎȖȈȉǽ ȕȀȒȋȀȓȎȂȐȀȕǾȀ ȋǻȅȀȑ,  

ȄǾȌȀȈ Ȇ ȏȊǼȎȌ ȒȜȂȖȐȎȌȆ ȋǼȇȎȃȎȑ, ȋȄȓȄȍǼȊȈȍȆ ȓȘȌ ȏȐȎȆȂȎȜȋȄȌȘȌ, Ȇ ȎȏȎǾȀ ȋȄȓȐǻ ȖȀȋȆȊǻ 

ȄȏǾȏȄȃȀ ȁȊȀȁȝȌ DNA [80]. ǧ ȋǼȇȎȃȎȑ ȀȔȓǽ ȊțȂȘ ȋȈȀȑ ȓȄȖȌȈȉǽȑ çǽȏȈȎȔè ȈȎȌȈȒȋȎȜ, ȄǾȌȀȈ 

ȏȎȊȜ ȄȔȀǾȒȇȆȓȆ, ȓȎȔȊǻȖȈȒȓȎȌ țȒȎȌ ȀȕȎȐǻ ȓȆ ȊȄȈȓȎȔȐȂǾȀ çȏȀȐȀȉȎȊȎȜȇȆȒȆȑ ȏȎȊȊȀȏȊȝȌ 

ȀȌȓȈȃȐǻȒȄȘȌè, țȏȎȔ ȀȏȀȈȓȄǾȓȀȈ ȃȈȀȃȎȖȈȉǽ ȕȀȒȋȀȓȎȂȐȀȕǾȀ ȋǻȅȀȑ. ǩȒȎȓȎȏȈȉȝȑ 

ȄȏȈȒȆȋȀȒȋǼȌȀ ȄȒȘȓȄȐȈȉǻ ȏȐțȓȔȏȀ (internal standards), ȋȏȎȐȎȜȌ ȌȀ ȖȐȆȒȈȋȎȏȎȈȆȇȎȜȌ 

ȝȒȓȄ ȌȀ ȀȔȍȆȇȄǾ Ȇ ȀȉȐǾȁȄȈȀ ȓȎȔ ȏȎȒȎȓȈȉȎȜ ȏȐȎȒȃȈȎȐȈȒȋȎȜ. ǣȈȀ ȉǻȇȄ ȏȀȐțȋȎȈȀ ȓȄȖȌȈȉǽ 

ȄǾȌȀȈ ȒȆȋȀȌȓȈȉț ȌȀ ȊȀȋȁǻȌȄȓȀȈ ȔȏțȗȆ ȓȎ ȄȌȃȄȖțȋȄȌȎ ȀȌǾȖȌȄȔȒȆȑ ȄȏȈȏȊǼȎȌ ȁȊȀȁȝȌ ȒȓȎ 

DNA ȎȈ ȎȏȎǾȄȑ ȌȀ ȎȕȄǾȊȎȌȓȀȈ ȒȓȎ ȀȉȎȊȎȔȇȎȜȋȄȌȎ ȏȐȘȓțȉȎȊȊȎ, ȉȀȈ țȖȈ ȒȓȆȌ ȏȐȎȑ 

ȃȈȄȐȄȜȌȆȒȆ ȀȈȓǾȀ.  
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ǯȈ Pouget ȉȀȈ ȒȔȌ. ȉǻȌȎȌȓȀȑ çȔȂȐǽ ȖȐȘȋȀȓȎȂȐȀȕǾȀ ȔȗȆȊǽȑ ȀȏțȃȎȒȆȑ ȒȔȅȄȔȂȋǼȌȆ ȋȄ 

ȆȊȄȉȓȐȎȖȆȋȈȉǽ ȀȌǾȖȌȄȔȒȆè ȉȀȈ ȋȄ çȔȂȐǽ ȖȐȘȋȀȓȎȂȐȀȕǾȀ ȔȗȆȊǽȑ ȀȏțȃȎȒȆȑ ȒȔȅȄȔȂȋǼȌȆ 

ȋȄ ȃȈȀȃȎȖȈȉǽ ȕȀȒȋȀȓȎȂȐȀȕǾȀ ȋǻȅȀȑè ȉȀȓțȐȇȘȒȀȌ ȌȀ ȋȄȓȐǽȒȎȔȌ ȃȈǻȕȎȐȄȑ ȁȊǻȁȄȑ DNA 

ȒȄ ȉȜȓȓȀȐȀ ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȔȍȀȌțȋȄȌȄȑ ȃțȒȄȈȑ ȈȎȌȓǾȅȎȔȒȀȑ ȀȉȓȈȌȎȁȎȊǾȀȑ [85, 86]. ǯȈ 

ȂȊȔȉțȊȄȑ ȇȔȋȈȃǾȌȆȑ (thymidine glycols)8 ȁȐǼȇȆȉȀȌ ȌȀ ȄǾȌȀȈ Ȇ ȏȈȎ ȒȔȖȌǽ ȁȊǻȁȆ, ȉȀȈ ȓȀ 

ȄȏǾȏȄȃȀ ȄȏȀȂȘȂǽȑ ȓȎȔȑ, ȏȄȐǾȏȎȔ 0,1 ȓȐȎȏȎȏȎȈǽȒȄȈȑ ȀȌǻ 106 ȁǻȒȄȈȑ ȉȀȈ ȀȌǻ Gy, ȁȐǼȇȆȉȀȌ 

ȌȀ ȄǾȌȀȈ 4 ȕȎȐǼȑ ȔȗȆȊțȓȄȐȀ Ȁȏț ȄȉȄǾȌȀ ȓȆȑ 8-oxodGuo, ȄȌȝ ȋȈȀ ȏȈȎ ȏȐțȒȕȀȓȆ ȋȄȊǼȓȆ ȓȈȑ 

ȃȄǾȖȌȄȈ ȒȓȀ ǾȃȈȀ ȄȏǾȏȄȃȀ [87]. ǧ ȇȔȋȈȃǾȌȆ ȄǾȌȀȈ ȓȎ ȀȌȓǾȒȓȎȈȖȎ ȃȄȎȍȔȐȈȁȎ-ȌȎȔȉȊȄȎȒǾȃȈȎ9 ȓȆȑ 

ǨȔȋǾȌȆȑ.  

ǥȌȃȈȀȕǼȐȎȌ ȏȐȎȉȀȊȄǾ ȓȎ ȄȜȐȆȋȀ țȓȈ ȓȀ ȄȏǾȏȄȃȀ ȒȖȆȋȀȓȈȒȋȎȜ ȓȆȑ FapyGua ǽȓȀȌ ȃȜȎ 

ȕȎȐǼȑ ȔȗȆȊțȓȄȐȀ Ȁȏț ȀȔȓǻ ȓȆȑ 8-oxodGua, ȔȏȎȃȄȈȉȌȜȎȌȓȀȑ țȓȈ ȓȎ DNA ȁȐǾȒȉȄȓȀȈ ȒȄ 

ȀȌȀȂȘȂȈȉț ȉȔȓȓȀȐȈȉț ȏȄȐȈȁǻȊȊȎȌ, ȄȕțȒȎȌ ȄǾȌȀȈ ȂȌȘȒȓț țȓȈ ȉȀȈ ȎȈ ȃȜȎ ȀȔȓǼȑ ȀȊȊȎȈȝȒȄȈȑ 

ȏȐȎȉȜȏȓȎȔȌ Ȁȏț ȓȎ ǾȃȈȎ ȄȌȃȈǻȋȄȒȎ ȏȐȎșțȌ, ȉȀȈ ȄȏȈȏȊǼȎȌ Ȏ ȒȖȆȋȀȓȈȒȋțȑ ȓȆȑ 8-oxodGua 

ȀȏȀȈȓȄǾ țȍȈȌȄȑ ȒȔȌȇǽȉȄȑ. ǡȌȀȕǼȐȄȓȀȈ ȄȏǾȒȆȑ țȓȈ Ȏ ȒȖȆȋȀȓȈȒȋțȑ ȒȜȌȇȄȓȘȌ ȁȊȀȁȝȌ 

ȏȄȐȈȊȀȋȁǻȌȄȈ ȉȀȈ ȓȎ ȒȖȆȋȀȓȈȒȋț ȏȐțȒȇȄȓȘȌ ȉȔȓȎȒǾȌȆȑ (cytosine addacts) ȀȌȈȖȌȄȜȄȓȀȈ ȉȀȈ 

ȀȔȓțȑ ȋȄ ȔȂȐǽ ȖȐȘȋȀȓȎȂȐȀȕǾȀ ȔȗȆȊǽȑ ȀȏțȃȎȒȆȑ ȒȔȅȄȔȂȋǼȌȆ ȋȄ ȃȈȀȃȎȖȈȉǽ 

ȕȀȒȋȀȓȎȂȐȀȕǾȀ ȋǻȅȀȑ ȉȀȈ ȓȀ ȄȏǾȏȄȃǻ ȓȎȔ ȄǾȌȀȈ ȏȄȐǾȏȎȔ ȉȀȓǻ ȃȜȎ ȓǻȍȄȈȑ ȖȀȋȆȊțȓȄȐȀ Ȁȏț 

ȄȉȄǾȌȀ ȓȎȔ ȒȖȆȋȀȓȈȒȋȎȜ ȓȆȑ 8-oxodGua [88], Șȑ Ȅȉ ȓȎȜȓȎȔ ȓȀ ȄȏǾȏȄȃȀ ȀȔȓǻ ȄǾȌȀȈ ȏȀȐțȋȎȈȀ 

ȋȄ ȄȉȄǾȌȀ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ȏȄȐǾ ȓȀ 40 ȀȌǻ Gy ȉȀȈ ȀȌǻ ȉȜȓȓȀȐȎ.  

                                                      

8 ǣȊȔȉțȊȆ ǨȔȋȈȃǾȌȆȑ: ȀȊȊȎǾȘȒȆ ȓȆȑ ȇȔȋȈȃǾȌȆȑ Ȁȏț ȀȉȓȈȌȎȁȎȊǾȀ, țȏȘȑ ȕȀǾȌȄȓȀȈ ȒȓȎ ǲȖǽȋȀ ǩǩ-1  
9 ǭȎȔȉȊȄȎȒǾȃȈȎ: ǼȌȀ ȌȎȔȉȊȄȎȓǾȃȈȎ ȖȘȐǾȑ ȓȆ ȕȘȒȕȎȐȈȉǽ ȎȋǻȃȀ.  

ǲȖǽȋȀ 3-1: ǯȈ ȁȊǻȁȄȑ ȌȎȔȉȊȄȎȒȈȃǾȘȌ ȏȎȔ ȀȌȀȕǼȐȎȌȓȀȈ ȒȓȎ ȉȄǾȋȄȌȎ, ȋȀȅǾ ȋȄ ȓȀ ȀȌȓǾȒȓȎȈȖȀ 
ȌȎȔȉȊȄȎȒǾȃȈȀ 
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3.2 ǚȋȋȄȒȆ ȀȌǾȖȌȄȔȒȆ 

ǚȋȋȄȒȄȑ ǽ ȁȈȎȖȆȋȈȉǼȑ ȋǼȇȎȃȎȈ ǼȖȎȔȌ ȄȏǾȒȆȑ ȖȐȆȒȈȋȎȏȎȈȆȇȄǾ ȂȈȀ ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȓȘȌ 

ȁȊȀȁȝȌ DNA. ǯȈ ȏȐȝȓȄȑ ȏȐȎȒȏǻȇȄȈȄȑ ȏȄȐȈȄȊǻȋȁȀȌȀȌ ȓȆȌ ȀȌǻȏȓȔȍȆ ȀȌȓȈȒȘȋǻȓȘȌ 

ȄȈȃȈȉȝȌ ǼȌȀȌȓȈ ȁȊȀȁȝȌ DNA. ǚȓȒȈ, ȄȍȄȈȃȈȉȄȔȋǼȌȀ ȀȌȓȈȒȝȋȀȓȀ ȀȌȀȏȓȜȖȇȆȉȀȌ ǼȌȀȌȓȈ ȓȘȌ 

ȃȈȋȄȐȝȌ ȏȔȐȈȋȈȃǾȌȆȑ ȏȎȔ ȃȆȋȈȎȔȐȂȄǾ Ȇ ȏȀȐȎȔȒǾȀ ȔȏȄȐȈȝȃȎȔȑ ȀȉȓȈȌȎȁȎȊǾȀȑ [89]. 

[90]  

ǣȈȀ ȓȈȑ ȎȍȄȈȃȘȓȈȉǼȑ ȁȊǻȁȄȑ ȉȀȈ ȉȔȐǾȘȑ ȂȈȀ ȓȆȌ 8-oxodGua ȓȀ ȀȌȓȈȒȝȋȀȓȀ ȏȎȔ 

ȀȌȀȏȓȜȖȇȆȉȀȌ ȁȐǼȇȆȉȄ țȓȈ ȃȄȌ ȄǾȌȀȈ ȈȉȀȌȎȏȎȈȆȓȈȉȝȑ ȄȏȈȊȄȉȓȈȉǻ ȋȄ ȀȏȎȓǼȊȄȒȋȀ Ȇ 

ȃȈȀȒȓȀȔȐȎȜȋȄȌȆ ȀȌȓǾȃȐȀȒȆ ȋȄ ȓȈȑ ȁǻȒȄȈȑ ȂȎȔȀȌǾȌȆȑ ȌȀ ȃǾȌȄȈ ȔȏȄȐȄȉȓȈȋȆȋǼȌȀ 

ȀȏȎȓȄȊǼȒȋȀȓȀ [91].  

3.2.1 ǡȊȉȀȊȈȉǽ ǼȉȏȊȔȒȆ (Alkaline elution)  

ǧ ȀȊȉȀȊȈȉǽ ǼȉȏȊȔȒȆ ȄǾȌȀȈ ȋǾȀ ȏȀȐȘȖȆȋǼȌȆ ȏȊǼȎȌ ȓȄȖȌȈȉǽ Ȇ ȎȏȎǾȀ ȁȀȒǾȅȄȓȀȈ ȒȓȆ ȊȜȒȆ 

ȓȎȔ ȉȔȓȓǻȐȎȔ ȋǼȒȘ ȀȊȉȀȊȈȉȎȜ ȃȈȀȊȜȋȀȓȎȑ ȉȀȈ ȒȓȆ ȒȔȌǼȖȄȈȀ ȓȎ ȏǼȐȀȒȋȀ ȓȎȔ ȃȈȀȊȜȋȀȓȎȑ 

Ȁȏț ȕǾȊȓȐȎ ȋȄ ȓȆ ȁȎǽȇȄȈȀ ȕȔȂȎȉǼȌȓȐȈȒȆȑ. ǬȄ ȓȆ ȋǼȇȎȃȎ ȀȔȓǽ ȋȄȓȐȎȜȌȓȀȈ ȃǾȉȊȘȌȄȑ ȉȀȈ 

ȋȎȌțȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ, ȉȀȇȝȑ ȓȎ ȏǼȐȀȒȋȀ Ȁȏț ȕǾȊȓȐȎ ȓȘȌ ȋȀȉȐȎȋȎȐǾȘȌ ȄǾȌȀȈ ȓȀȖȜȓȄȐȎ 

țȓȀȌ ȏȄȐȈǼȖȎȔȌ ȇȐȀȜȒȄȈȑ. ǧ ȓȄȖȌȈȉǽ ȀȔȓǽ ȇȄȘȐȄǾȓȎ ȄȔȀǾȒȇȆȓȆ ȉȀȈ ȀȉȐȈȁǽȑ, ȀȊȊǻ ȄǾȖȄ 

ȋȄȂǻȊȆ ȋȄȓȀȁȊȆȓțȓȆȓȀ ȉȀȈ ȋȈȉȐǽ ȄȏȀȌȀȊȆȗȈȋțȓȆȓȀ, ȊțȂȘ ȓȘȌ ȏȎȊȊȝȌ ȄȌȃȈǻȋȄȒȘȌ 

ȁȆȋǻȓȘȌ ǼȉȏȊȔȒȆȑ ȏȎȔ ȀȏȀȈȓȎȜȌȓȀȈ [92].  

˒˖ˍˇʶˉʰ˄ʶ˄ʶˊʴˇˉˇʾʹˋʹ 

(˒˖ˍˇ˂ˎʱˋʹ) 

˒˖ˍˇʶˉʰ˄ʶ˄ʶˊʴˇˉˇʾʹˋʹ 

(˒˖̱ ˇ˂ˎʱˋʹ) 

ǲȖǽȋȀ 3-2: ǬȄ ȓȆȌ ȏȀȐȎȔȒǾȀ ȀȉȓȈȌȎȁȎȊǾȀȑ UV ȒȖȆȋȀȓǾȅȎȌȓȀȈ ȃȈȋȄȐǽ ȏȔȐȈȋȈȃǾȌȆȑ. ǡȌȓȈȒȓȐțȕȘȑ, 
Ȇ ȏȀȐȎȔȒǾȀ ȓȆȑ ȔȏȄȐȈȝȃȎȔȑ ȀȉȓȈȌȎȁȎȊǾȀȑ ȕȘȓȎȄȏȀȌȄȌȄȐȂȎȏȎȈȄǾ ȓȈȑ ȕȘȓȎȊȔǻȒȄȑ, ȎȈ ȎȏȎǾȄȑ 
ȃȈȀȒȏȎȜȌ ȀȔȓǻ ȓȀ ȃȈȋȄȐǽ 
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3.2.2 ǪȔȓȓȀȐȎȋȄȓȐǾȀ ǱȎǽȑ 

ǧ ȉȔȓȓȀȐȎȋȄȓȐǾȀ ȐȎǽȑ ȄǾȌȀȈ ǼȌȀ ȒȜȒȓȆȋȀ ȏȎȔ ȉȀȓȀȂȐǻȕȄȈ ȏȊȆȐȎȕȎȐǾȄȑ, ȃȆȊȀȃǽ ȎȏȓȈȉț 

ȒǽȋȀ, ȂȈȀ ȉȜȓȓȀȐȀ ȉȀȇȝȑ ȄȍȀȌȀȂȉǻȅȎȌȓȀȈ ȌȀ ȏȄȐǻȒȎȔȌ ȒȄ ȋȎȐȕǽ ȃȈȀȊȜȋȀȓȎȑ Ȁȏț ȊȄȏȓǽ 

ȒȓǽȊȆ, ȕȘȓȈȅțȋȄȌȀ Ȁȏț laser ǽ ǻȊȊȆ ȎȏȓȈȉǽ ȏȆȂǽ țȓȀȌ ȁȐǾȒȉȎȌȓȀȈ ȋȏȐȎȒȓǻ Ȁȏț ȓȎȌ 

ȀȈȒȇȆȓǽȐȀ. ǧ ȀȐȖȈȉǽ ȄȕȀȐȋȎȂǽ ȓȆȑ ȋȄȇțȃȎȔ ȀȔȓǽȑ ǽȓȀȌ Ȇ ȀȌǾȖȌȄȔȒȆ ȀȌȄȔȏȊȎȄȈȃǾȀȑ10, 

ȉȀȇȝȑ Ȇ ȋǼȇȎȃȎȑ ȀȔȓǽ ȏȀȐǼȖȄȈ ȏȊȆȐȎȕȎȐǾȄȑ ȂȈȀ ȓȎ ȋǼȂȄȇȎȑ ȓȎȔ ȉȔȓȓǻȐȎȔ ȀȊȊǻ ȉȀȈ ȓȆȌ 

ǼȌȓȀȒȆ ȕȇȎȐȈȒȋȎȜ. ǰȈȎ ȒȔȂȉȄȉȐȈȋǼȌȀ ȂȈȀ ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȎȍȄȈȃȘȓȈȉȝȑ ȄȏȀȂțȋȄȌȘȌ 

ȁȊȀȁȝȌ DNA Ȇ ȄȕȀȐȋȎȂǽ ȓȆȑ ȋȄȇțȃȎȔ ȓȆȑ ȉȔȓȓȀȐȎȋȄȓȐǾȀȑ ȐȎǽȑ ȄǾȌȀȈ ȌȀ ȒȔȂȉȐǾȌȄȈ ȓȀ 

ȄȏǾȏȄȃȀ ȕȇȎȐȈȒȋȎȜ ȋȄȓȀȍȜ ȓȘȌ ȀȉȓȈȌȎȁȎȊȆȋǼȌȘȌ ȉȀȈ ȓȘȌ ȋȆ ȀȉȓȈȌȎȁȎȊȆȋǼȌȘȌ 

ȉȔȓȓǻȐȘȌ. ǣȈȀ ȌȀ ȀȌȈȖȌȄȔȓȎȜȌ ȎȈ ȁȊǻȁȄȑ ȀȔȓǼȑ ǼȖȄȈ ȏȐȎȆȂȆȇȄǾ ȖȐȝȒȆ ȋȄ ȀȌȓȈȒȝȋȀȓȀ ȏȎȔ 

ȀȌȈȖȌȄȜȎȔȌ ȏȐȘȓȄǠȌȄȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȎȍȄȈȃȘȓȈȉȝȌ ȁȊȀȁȝȌ [93]. ǰȐțȉȄȈȓȀȈ ȂȈȀ ȀȐȉȄȓǻ 

ȏȀȊȈǻ ȏȊȆȌ țȋȘȑ ȂȐǽȂȎȐȆ ȓȄȖȌȈȉǽ. ǥȏǾȒȆȑ ȎȈ ȃȈȀȓǻȍȄȈȑ ȂȈȀ ȉȔȓȓȀȐȎȋȄȓȐǾȀ ȐȎǽȑ ȒȔȌȄȖȝȑ 

ȄȍȄȊǾȒȒȎȌȓȀȈ, ȏȀȐǼȖȎȌȓȀȑ țȊȎ ȉȀȈ ȏȈȎ ȀȍȈțȏȈȒȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ. ǬǻȊȈȒȓȀ Ȅȃȝ ȉȀȈ ȉǻȏȎȈȀ 

ȖȐțȌȈȀ ȔȏǻȐȖȄȈ ȉȀȈ ȓȎ ȒȜȒȓȆȋȀ FACS (fluorescence-activated cell sorting) ȓȎ ȎȏȎǾȎ 

ȄȏȈȏȊǼȎȌ ȉȀȓȀȓǻȒȒȄȈ, ȃȆȊȀȃǽ ȃȈȀȖȘȐǾȅȄȈ ȓȎ ȄȌȀȈȝȐȆȋȀ ȓȘȌ ȉȔȓȓǻȐȘȌ ȒȜȋȕȘȌȀ ȋȄ ȓȈȑ 

ȏȐȎȄȏȈȊȄȂȋǼȌȄȑ ȈȃȈțȓȆȓȄȑ. ǰȈȎ ȏȐțȒȕȀȓȄȑ ȏȐȎȒȄȂȂǾȒȄȈȑ ȒȓȎȖȄȜȎȔȌ ȒȓȆȌ ȓȀȔȓțȖȐȎȌȆ 

ȀȌǾȖȌȄȔȒȆ ȏȐȘȓȄșȌȝȌ ȄȏȈȃȈțȐȇȘȒȆȑ DNA, ȉǻȌȎȌȓȀȑ ȉȀȈ ȏǻȊȈ ȖȐǽȒȆ ȉȀȓǻȊȊȆȊȘȌ 

                                                      

10 ȀȌȄȔȏȊȎȄȈȃǾȀ ǽ ȏȎȊȔȏȊȎȄȈȃǾȀ: Ȇ ȜȏȀȐȍȆ ȋȆ ȕȔȒȈȎȊȎȂȈȉȎȜ ȀȐȈȇȋȎȜ ȖȐȘȋȎȒȘȋǻȓȘȌ ȒȄ ǼȌȀ 

ȉȜȓȓȀȐȎ. 

ǲȖǽȋȀ 3-3 ǡȐȖǽ ȊȄȈȓȎȔȐȂǾȀȑ ȓȆȑ ȉȔȓȓȀȐȎȋȄȓȐǾȀȑ ȐȎǽȑ 
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ȀȌȓȈȒȘȋǻȓȘȌ, țȏȘȑ ȂȈȀ ȏȀȐǻȃȄȈȂȋȀ ȂȈȀ ȓȈȑ ȏȐȘȓȄǠȌȄȑ Ȃ-H2AX ȉȀȈ ȏȐȘȓȄǠȌȄȑ ȓȎȔ 

ȋȆȖȀȌȈȒȋȎȜ BER. ǥȌȃȄȈȉȓȈȉǻ ȀȌȀȕǼȐȄȓȀȈ Ȇ ȄȐȂȀȒǾȀ ȓȘȌ Peng ȉȀȈ ȒȔȌ. ȂȈȀ ȓȆȌ ȏȐȝȓȆ 

ȄȉȓǾȋȆȒȆ ȓȘȌ ȄȏȈȏǼȃȘȌ ȓȆȑ OGG1 ȋȄ ȓȆ ȒȔȂȉȄȉȐȈȋǼȌȆ ȓȄȖȌȈȉǽ [94] .  

 

3.2.3 ǰȀȊȋȈȉȎȜ ȏȄȃǾȎȔ ȆȊȄȉȓȐȎȕțȐȆȒȆ ȏȆȉȓǽȑ (Pulsed field  gel electrophoresis 

PFGE) 

 

ǲȖǽȋȀ 3-4: ǡȌǾȖȌȄȔȒȆ ȎȋȀȃȎȏȎȈȆȋǼȌȘȌ ȁȊȀȁȝȌ DNA, ȄȉȓȄȈȌțȋȄȌȘȌ ȉȀȈ ȒȓȎȔȑ ȃȜȎ ȉȊȝȌȎȔȑ 
(ȎȋȀȃȎȏȎȈȆȋǼȌȄȑ ȎȍȄȈȃȘȓȈȉǼȑ ȁȊǻȁȄȑ DNA, ǯǯǢD), ȋȄ ȖȐǽȒȆ ȆȊȄȉȓȐȎȕțȐȆȒȆȑ ȏȆȉȓǽȑ ȀȂȀȐțȅȆȑ 
ȒȄ ȎȔȃǼȓȄȐȎ pH. Ȁ) ǯȈ ȀȐȖǼȑ ȓȆȑ ȀȌǾȖȌȄȔȒȆȑ ȋȄ ȓȆ ȖȐǽȒȆ ȄȌȅȜȋȘȌ ȄȏȈȃȈțȐȇȘȒȆȑ ȂȈȀ ȃȜȎ 
ȀȌȓȈȏȐȎȒȘȏȄȔȓȈȉǻ ȄǾȃȆ ȒȔȒȓǻȃȘȌ, ȀȏȎȓȄȊȎȜȋȄȌȘȌ Ȁȏț ȅȄȜȂȎȑ ȁȊȀȁȝȌ ȁǻȒȆȑ, ȄȔȐȈȒȉțȋȄȌȘȌ ȉȀȈ 
ȒȓȎȔȑ ȃȜȎ ȉȊȝȌȎȔȑ (ǩ) ǽ ȂȈȀ ȋȎȌțȉȊȘȌȆ ȇȐȀȜȒȆ ȉȀȈ ȎȍȄȈȃȘȓȈȉǽ ȁȊǻȁȆ ȒȓȎȌ ǻȊȊȎ ȉȊȝȌȎ (ǩǩ) ǽ ȂȈȀ 
ȃǾȉȊȘȌȆ ȇȐȀȜȒȆ (ǩǩǩ). ǲȓȈȑ ȃȜȎ ȏȐȝȓȄȑ ȏȄȐȈȏȓȝȒȄȈȑ, ȓȔȖțȌ ȀȓȄȊǽȑ ȀȏȎȉȎȏǽ ȉȀȈ ȓȘȌ ȃȜȎ ȁȊȀȁȝȌ Ȁȏț 
ȓȀ ǼȌȅȔȋȀ ȄȏȈȃȈțȐȇȘȒȆȑ ȇȀ ȎȃȆȂǽȒȄȈ ȒȓȆ ȋȆ ȀȌǾȖȌȄȔȒȆ ȓȆȑ ȒȔȒȓǻȃȀȑ ȁȊȀȁȝȌ. ǲȓȆȌ ȏȄȐǾȏȓȘȒȆ ȏȎȔ 
ȓȀ ǼȌȅȔȋȀ ȃȐǻȒȎȔȌ ȉȀȈ ȒȓȎȔȑ ȃȜȎ ȉȊȝȌȎȔȑ, ȇȀ ȏȀȐȀȖȇȄǾ ȋǾȀ ȃǾȉȊȘȌȆ ȇȐȀȜȒȆ Ȇ ȎȏȎǾȀ ȇȀ ȄȏȈȓȐǼȗȄȈ 
ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȓȆȑ ȒȔȒȓǻȃȀȑ. ȁ) ǡȌǾȖȌȄȔȒȆ ȓȘȌ ȒȔȒȓǻȃȘȌ ȋȄ ȖȐǽȒȆ ȎȔȃǼȓȄȐȆȑ ȆȊȄȉȓȐȎȕțȐȆȒȆȑ 
ȏǽȂȋȀȓȎȑ ȀȂȀȐțȅȆȑ. ǣȎȌȈȃȈȀȉț DNA (ǳ7 ǽ Ȋ) ǽ ȀȌȇȐȝȏȈȌȎ ȒȄ ǼȌȇȄȓȀ (plugs) ȀȂȀȐțȅȆȑ ȔȕǾȒȓȀȓȀȈ 
ȆȊȄȉȓȐȎȕțȐȆȒȆ (ȒȔȌȄȖȎȜȑ ǽ ȏȀȊȋȈȉȎȜ ȏȄȃǾȎȔ, ȀȌǻȊȎȂȀ ȋȄ ȓȎ ȋǼȂȄȇȎȑ ȓȎȔ DNA). ǬȄ ȓȆȌ ȄȕȀȐȋȎȂǽ 
ȀȌǻȊȔȒȆȑ ȋǼȒȎȔ ȀȐȈȇȋȆȓȈȉȎȜ ȋǽȉȎȔȑ ȎȈ ȏȐȘȓȎȂȄȌȄǾȑ ǤǾȉȊȘȌȄȑ ǨȐȀȜȒȄȈȑ (ǤǪǨ) (prompt DSBs) ȉȀȈ 
ǯȋȀȃȎȏȎȈȆȋǼȌȄȑ ǯȍȄȈȃȘȓȈȉǼȑ ǢȊǻȁȄȑ DNA (OOBD) ȋȏȎȐȎȜȌ ȌȀ ȋȄȓȐȆȇȎȜȌ ȒȓȆȌ ǾȃȈȀ ȏȆȉȓǽ. ǧ 
ȒȜȂȉȐȈȒȆ ȋȄȓȀȍȜ ȓȘȌ ȅȘȌȝȌ 1 ȉȀȈ 2 ȏȀȐǼȖȄȈ ȓȀ ȄȏǾȏȄȃȀ ȓȘȌ ȄȌȃȎȂȄȌȝȌ ǯǯǢD, ȃȆȊȀȃǽ ȓȎȔ ȋȆ 
ȀȉȓȈȌȎȁȎȊȆȋǼȌȎȔ ȃȄǾȂȋȀȓȎȑ, ȓȀ ȎȏȎǾȀ ȒȔȌǽȇȘȑ ȀȌȀȋǼȌȎȌȓȀȈ ȖȀȋȆȊǻ. ǧ ȒȜȂȉȐȈȒȆ ȋȄȓȀȍȜ ȓȘȌ ȅȘȌȝȌ 
3 ȉȀȈ 4 ȏȀȐǼȖȄȈ ȓȀ ȄȏǾȏȄȃȀ ȓȘȌ ǯǯǢD ȂȈȀ ȓȀ ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ ȃȄǾȂȋȀȓȀ. ǲȓȀ ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ 
ȃȄǾȂȋȀȓȀ ȀȌȀȋǼȌȄȓȀȈ ȏȎȊȜ ȔȗȆȊțȓȄȐȎȑ Ȏ ȀȐȈȇȋțȑ ȓȘȌ OOBD. ǧ ȒȜȂȉȐȈȒȆ ȋȄȓȀȍȜ ȓȘȌ ȅȘȌȝȌ 3 ȉȀȈ 
1 ȃǾȌȄȈ ȓȀ ȄȏǾȏȄȃȀ ȓȘȌ ȏȐȘȓȎȂȄȌȝȌ ǤǪǨ ȏȎȔ ȏȐȎȉȀȊȎȜȌȓȀȈ ȉȀȓȄȔȇȄǾȀȌ Ȁȏț ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ. ǧ 
ȒȓǽȊȆ 1 ȃȄǾȖȌȄȈ ȓȀ ȀȐȖȈȉǻ ȄȏǾȏȄȃȀ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ, ȄȌȝ Ȁȏț ȓȆȌ ȓȄȊȄȔȓȀǾȀ ȊțȂȘ ȓȆȑ 
ȏȀȐȎȔȒǾȀȑ ȓȎȔ ȄȌȅȜȋȎȔ ȎȈ OOBD ȄȋȕȀȌǾȅȎȌȓȀȈ Șȑ ȏȐțȒȇȄȓȄȑ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ ȉȀȈ ǼȓȒȈ ȂǾȌȄȓȀȈ 
ȄȕȈȉȓǽ Ȇ ȀȌǾȖȌȄȔȒǽ ȓȎȔȑ. Hada and Georgakilas, 2008 [10]. 
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ǣȈȀ ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȃǾȉȊȘȌȘȌ ȎȋȀȃȎȏȎȈȆȋǼȌȘȌ ȁȊȀȁȝȌ DNA, ȀȏȎȋȎȌȘȋǼȌȎȔ Ȁȏț 

ȀȌȇȐȝȏȈȌȀ ȉȜȓȓȀȐȀ ǽ Ȁȏț ȉȜȓȓȀȐȀ ȇȆȊȀȒȓȈȉȝȌ, ǽ ȂȎȌȈȃȈȀȉț DNA țȏȘȑ ȓȎȔ ǳ711 ǽ ȓȎȔ 

Ȋ-DNA 12  ǽ ȓȎ ȔȏȄȐȄȊȈȉȘȋǼȌȎ DNA ȋȈȀ ȏȐȎȒǼȂȂȈȒȆ ȏȎȔ ȖȐȆȒȈȋȎȏȎȈȄǾ ǼȌȅȔȋȀ 

ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA ȀȐȖȈȉǻ ȀȌȀȏȓȜȖȇȆȉȄ Ȁȏț ȓȎȔȑ Sutheland ȉȀȈ ȒȔȌ. [97]. ǧ ȈȃǼȀ ȓȆȑ 

ȏȐȎȒǼȂȂȈȒȆȑ ȁȀȒǾȅȄȓȀȈ ȒȓȎ ȂȄȂȎȌțȑ țȓȈ ȓȀ ǼȌȅȔȋȀ ȄȏȈȃȈțȐȇȘȒȆȑ ȏȎȔ ȒȔȋȋȄȓǼȖȎȔȌ ȒȓȎ 

ǬȆȖȀȌȈȒȋț ǥȉȓȎȋǽȑ ǢǻȒȆȑ, țȏȘȑ ȎȈ ȂȊȔȉȎȅȔȊǻȒȄȑ DNA ȉȀȈ ȎȈ ȄȌȃȎȌȎȔȉȊȄǻȒȄȑ AP, 

ȀȌȀȋǼȌȄȓȀȈ ȄȏǾȒȆȑ ȌȀ ȃȐǻȒȎȔȌ in vitro, ȃȆȊȀȃǽ ȒȄ ȀȏȎȋȎȌȘȋǼȌȎ DNA ȏȎȔ ȕǼȐȄȈ 

ȎȋȀȃȎȏȎȈȆȋǼȌȄȑ ȁȊǻȁȄȑ. ǡȕțȓȎȔ ȓȀ ǼȌȅȔȋȀ ȀȌȈȖȌȄȜȒȎȔȌ ȓȈȑ ȁȊǻȁȄȑ ȒȄ ȉǻȇȄ ȒȔȒȓǻȃȀ 

ȁȊȀȁȝȌ, ȇȀ ȓȈȑ ȀȏȎȉțȗȎȔȌ ȉȀȈ ȇȀ ȃȈȀȒȏǻȒȎȔȌ ȓȎȌ ȉȊȝȌȎ ȓȎȔ DNA, ȊțȂȘ ȓȆȑ ȄȌȃȎȂȄȌȎȜȑ 

ȓȎȔȑ ȄȌȄȐȂțȓȆȓȀȑ ȊȔǻȒȆȑ (ȂȊȔȉȎȅȔȊǻȒȄȑ DNA) ǽ ȇȀ ȃȈȀȒȏǻȒȎȔȌ ǻȋȄȒȀ ȓȎȌ ȉȊȝȌȎ ȒȓȆȌ 

ȏȄȐǾȏȓȘȒȆ ȓȆȑ ȄȌȃȎȌȎȔȉȊȄǻȒȆȑ AP, ȃȆȋȈȎȔȐȂȝȌȓȀȑ ȋǾȀ ȋȎȌțȉȊȘȌȆ ȇȐȀȜȒȆ ȒȄ ȉǻȇȄ 

ȉȊȝȌȎ, ȃȆȊȀȃǽ ȋǾȀ ȃǾȉȊȘȌȆ ȇȐȀȜȒȆ ȒȓȆȌ ȏȄȐǾȏȓȘȒȆ ȓȆȑ ȎȋȀȃȎȏȎȈȆȋǼȌȆȑ ȁȊǻȁȆȑ ȊțȂȘ 

ȂȄȈȓȌǾȀȒȆȑ ȓȘȌ ȀȐȖȈȉȝȌ ȁȊȀȁȝȌ. ǴȏǻȐȖȄȈ ȋǾȀ ȄȏȈȉǻȊȔȗȆ ȒȓȆȌ ȄȍȄȈȃǾȉȄȔȒȆ ȓȘȌ Fpg, 

EndoIII ȉȀȈ EndoIV ȒȓȀ ȀȁȀȒȈȉǻ ȒȆȋȄǾȀ țȏȘȑ ȉȀȈ ȓȘȌ Fpg ȉȀȈ EndoIII ȒȄ ȉǻȏȎȈȀ ȄǾȃȆ 

ȎȍȄȈȃȘȋǼȌȘȌ ȁǻȒȄȘȌ. ǯȈ ȄȏȈȏȊǼȎȌ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ ȏȎȔ ȄȏǻȂȎȌȓȀȈ Ȁȏț ȓȀ ǼȌȅȔȋȀ 

ȄȏȈȃȈțȐȇȘȒȆȑ ȋȏȎȐȎȜȌ ȌȀ ȋȄȓȐȆȇȎȜȌ ȋȄ ȆȊȄȉȓȐȎȕțȐȆȒȆ ȏȆȉȓǽȑ ȒȔȌȄȖȎȜȑ ǽ ȏȀȊȋȈȉȎȜ 

ȏȄȃǾȎȔ, ȀȉȎȊȎȔȇȎȜȋȄȌȆȑ Ȁȏț ȀȌǻȊȔȒȆ ȋǼȒȎȔ ȀȐȈȇȋȆȓȈȉȎȜ ȋǽȉȎȔȑ13 (number average 

length analysis -NALA) , ȒȜȋȕȘȌȀ ȋȄ ȓȎ ȋǼȂȄȇȎȑ ȓȎȔ ȄȍȀȖȇǼȌȓȎȑ DNA. ǡȔȓǼȑ ȎȈ ȏȐțȒȇȄȓȄȑ 

ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ ȇȄȘȐȎȜȌȓȀȈ ȈȒǻȐȈȇȋȄȑ ȋȄ ȓȈȑ ȒȔȒȓǻȃȄȑ ȁȊȀȁȝȌ ȏȎȔ ȀȌǾȖȌȄȔȒȀȌ ȓȀ 

ǼȌȅȔȋȀ. ǪȀȓțȏȈȌ ȎȈ ȏȆȉȓǼȑ ȖȐȘȋȀȓǾȅȎȌȓȀȈ ȋȄ ȁȐȘȋȈȎȜȖȎ ȀȈȇǾȃȈȎ, ȀȏȎȖȐȘȋȀȓǾȅȎȌȓȀȈ 

ȉȀȓǻȊȊȆȊȀ ȉȀȈ Ȇ ȆȊȄȉȓȐȎȌȈȉǽ ȀȏȄȈȉțȌȈȒȆ ȂǾȌȄȓȀȈ ȋǼȒȘ ȋȈȀȑ CCD14  ȉǻȋȄȐȀȑ. ǯȈ 

                                                      

11 T7: ȁȀȉȓȆȐȈȎȕǻȂȎȑ T7, ǼȌȀȑ Ȉțȑ ȏȎȔ ȏȐȎȒȁǻȊȊȄȈ ȄȏȈȃȄȉȓȈȉǻ ȁȀȉȓȆȐȈȀȉǻ ȉȜȓȓȀȐȀ, ȀȏȎȓȄȊȄǾȓȀȈ 
Ȁȏț DNA ȉȀȈ ȋȎȊȜȌȄȈ ȓȀ ȏȄȐȈȒȒțȓȄȐȀ ȒȓȄȊǼȖȆ ȓȆȑ Escherichia coli. ǚȖȄȈ ǼȌȀ ȊȔȓȈȉț ȉȜȉȊȎ ȅȘǽȑ ȉȀȈ 
ȏȎȊȊǼȑ ȈȃȈțȓȆȓȄȑ ȏȎȔ ȓȎȌ ȉȀȇȈȒȓȎȜȌ ȈȃȀȌȈȉț ȕǻȂȎ ȂȈȀ ȏȄȈȐȀȋȀȓȈȉǼȑ ȃȈȀȃȈȉȀȒǾȄȑ [95].   
12 Ȋ-DNA : DNA  Ȁȏț ȓȎ ȕǻȂȎ-Ȋ. ǯ ȕǻȂȎȑ ȄȌȓȄȐȎȁȀȉȓȆȐǾȘȌ ðȊ ȄǾȌȀȈ ǼȌȀȑ ȁȀȉȓȆȐȈȎȕǻȂȎȑ ȋȄȒȀǾȎȔ 
ȋȄȂǼȇȎȔȑ ȏȎȔ ȏȐȎȒȁǻȊȊȄȈ ȉȀȈ ȀȔȓțȑ ȓȆȌ Escherihia coli [96]  
13  ȀȌǻȊȔȒȆ ȋǼȒȎȔ ȀȐȈȇȋȆȓȈȉȎȜ ȋǽȉȎȔȑ: ȋǼȇȎȃȎȑ ȏȐȎȒȃȈȎȐȈȒȋȎȜ ȓȎȔ ȋǼȒȎȔ ȋǽȉȎȔȑ ȓȘȌ 
ȋȀȉȐȎȋȎȐǾȘȌ ȏȎȔ ȄȋȕȀȌǾȅȎȌȓȀȈ ȒȄ ȋȈȀ ȒȔȂȉȄȉȐȈȋǼȌȆ ȅȝȌȆ ȋȈȀȑ ȊȘȐǾȃȀȑ ȒȓȆȌ ȄȈȉțȌȀ ȓȆȑ 
ȆȊȄȉȓȐȎȕțȐȆȒȆȑ. ǡȏț ȀȔȓț ȓȎ ȋǼȂȄȇȎȑ ȋȏȎȐȄǾ ȌȀ ȄȍȀȖȇȄǾ ȉȀȈ Ȇ ȏȊȆȐȎȕȎȐǾȀ ȂȈȀ ȓȆȌ ȏȔȉȌțȓȆȓȀ 
ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ȀȌǻ ȏȎȒțȓȆȓȀ DNA, ȋȄȓȐȆȋǼȌȆ ȒȄ kbp, Ǭbp ǽ Gbp. ǣȈȀ ȀȌȀȊȔȓȈȉǽ 
ȏȄȐȈȂȐȀȕǽ ȓȆȑ ȋȄȇțȃȎȔ ȏȐȁ Sutherland et al., 2003 [98]. 
14 CCD: Charged Coupling  Device, ǤȈǻȓȀȍȆ ǲȔȅȄȔȂȋǼȌȎȔ ǵȎȐȓǾȎȔ: ȋȈȀ ȒȔȒȉȄȔǽ ȂȈȀ ȓȆ ȋȄȓȀȕȎȐǻ 
ȆȊȄȉȓȐȈȉȎȜ ȒǽȋȀȓȎȑ Ȁȏț ȓȆȌ ȏȄȐȈȎȖǽ ȓȎȔ ȀȈȒȇȆȓǽȐȀ ȒȄ ȋȈȀ ǼȍȎȃȎ ȏȎȔ ȋȏȎȐȄǾ ȌȀ ȉȀȓȀȂȐȀȕȄǾ. 
ǡȏȎȓȄȊȄǾȓȀȈ Ȁȏț ȒȔȒȓȎȈȖǾȄȑ ȏȔȉȌȘȓȝȌ ȏȎȔ ȏȄȐȈǼȖȎȔȌ ȆȋȈȀȂȝȂȈȋȎ ȔȊȈȉț ȓȎ ȎȏȎǾȎ ȄȏȈȓȐǼȏȄȈ ȓȆ 
ȋȄȓȀȓȐȎȏǽ ȓȘȌ ȕȘȓȎȌǾȘȌ ȏȎȔ ȏȐȎȒȏǾȏȓȎȔȌ ȒȄ ȅȄȜȂȆ ȆȊȄȉȓȐȎȌǾȎȔ-Ȏȏǽȑ. ǯȈ ȎȏǼȑ ȉȀȓȄȔȇȜȌȎȌȓȀȈ 
ȒȓȆ ȂȄǾȘȒȆ ȄȌȝ ȓȀ ȆȊȄȉȓȐțȌȈȀ ȃȄȒȋȄȜȎȌȓȀȈ Ȁȏț ȓȎ ȏȆȂǻȃȈ ȃȔȌȀȋȈȉȎȜ ȏȎȔ ȃȆȋȈȎȔȐȂȄǾȓȀȈ ȉǻȓȘ Ȁȏț 
ȓȎ ǻȊȊȎ ȆȊȄȉȓȐțȃȈȎ. ǣȈȀ ȓȆȌ ȉȀȓȀȂȐȀȕǽ ȓȆȑ ȄȈȉțȌȀȑ ȂȈȀ ȉǻȇȄ ȂȐȀȋȋǽ Ȁȏț ȀȈȒȇȆȓǽȐȄȑ ȓȎ ȒǽȋȀ 
ȋȄȓȀȕǼȐȄȓȀȈ ȃȈȀȃȎȖȈȉǻ Ȁȏț ȏȔȉȌȘȓǽ ȒȄ ȏȔȉȌȘȓǽ ȋǼȖȐȈ ȌȀ ȒȔȊȊȄȖȇȄǾ Ȁȏț ȓȆȌ ǻȉȐȆ ȓȆȑ ȂȐȀȋȋǽȑ, 
ȃȆȊȀȃǽ ȏȐțȉȄȈȓȀȈ ȂȈȀ ȉȀȓȀȖȘȐȆȓǼȑ ȎȊǾȒȇȆȒȆȑ.  
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ȆȊȄȉȓȐȎȌȈȉǼȑ ȄȈȉțȌȄȑ ȒȓȆ ȒȔȌǼȖȄȈȀ ȀȌȀȊȜȎȌȓȀȈ ȋȄ ȊȎȂȈȒȋȈȉț ȏȎȔ ȋȄȓȐǻȄȈ ȓȆȌ ȏȔȉȌțȓȆȓȀ 

ȀȉȓȈȌȎȁȎȊǾȀȑ (ȕȘȓȄȈȌțȓȆȓȀ ȀȌǻ ȋȎȌǻȃȀ ȄȏȈȕǻȌȄȈȀȑ) ȉȀȈ ǼȌȀ ȃȈǻȂȐȀȋȋȀ ȏȔȉȌțȓȆȓȀȑ 

ȀȉȓȈȌȎȁȎȊǾȀȑ ȄȍǻȂȄȓȀȈ Ȁȏț ȉǻȇȄ ȊȘȐǾȃȀ ȓȆȑ ȏȆȉȓǽȑ. ǬȈȀ ȉȀȋȏȜȊȆ ȃȈȀȒȏȎȐǻȑ ȓȎȔ DNA 

Ȇ ȎȏȎǾȀ ȒȔȒȖȄȓǾȅȄȈ ȓȎ ȋǽȉȎȑ ȓȎȔ DNA ȋȄ ȓȆȌ ȆȊȄȉȓȐȎȕȎȐȆȓȈȉǽ ȉȈȌȆȓȈȉțȓȆȓȀ, ȁȀȒȈȅțȋȄȌȆ 

ȒȄ țȊȀ ȓȀ ȏȐțȓȔȏȀ ȋǽȉȎȔȑ (DNA  markers) ȏȐȎȒȃȈȎȐǾȅȄȓȀȈ Ȁȏț ȋȈȀ ȀȌȀȊȔȓȈȉǽ ȒȔȌǻȐȓȆȒȆ 

ȆȊȄȉȓȐȎȕȎȐȆȓȈȉǽȑ ȉȈȌȆȓȈȉțȓȆȓȀȑ ȓȘȌ ȋȎȐǾȘȌ DNA . ǡȏț ȓȀ ȏȐȎȕǾȊ ȓȘȌ 

ȀȉȓȈȌȎȁȎȊȆȋǼȌȘȌ ȉȀȈ ȋȆ ȀȉȓȈȌȎȁȎȊȆȋǼȌȘȌ (ǽ ȓȘȌ ȄȏȄȍȄȐȂȀȒȋǼȌȘȌ ȋȄ ǼȌȅȔȋȀ ȉȀȈ ȓȘȌ ȋȆ 

ȄȏȄȍȄȐȂȀȒȋǼȌȘȌ ȏȊȆȇȔȒȋȝȌ DNA), ȓȎ ȋǼȓȐȎ çȋǼȒȎ ȋǽȉȎȑ, ὒ , ȉȀȇȄȌțȑ ȏȊȆȇȔȒȋȎȜ DNA 

ȔȏȎȊȎȂǾȅȄȓȀȈ ȉȀȈ ȓȎ ȏȊǽȇȎȑ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ǽ ȓȘȌ ȒȔȒȓǻȃȘȌ ȁȊȀȁȝȌ 

ȔȏȎȊȎȂǾȅȄȓȀȈ, țȏȘȑ ȏȄȐȈȂȐǻȕȄȓȀȈ ȒȓȎ ǲȖǽȋȀ 3-4 [10].  

ǧ ȄȔȀȈȒȇȆȒǾȀ ȓȆȑ ȋȄȇțȃȎȔ ȏȄȐȈȎȐǾȅȄȓȀȈ ȒȓȀ 3-5 Gy ȂȈȀ ȓȈȑ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ ȄȌȝ ȂȈȀ ȓȈȑ 

ǯǯǢD ȀȔȍǻȌȄȓȀȈ ȒȓȎ 1 Gy [99]. ǬȄ ȓȆȌ ȏȀȐȀȏǻȌȘ ȋǼȇȎȃȎ ȔȏȎȊȎȂǾȅȄȓȀȈ Ȏ ȊțȂȎȑ ȓȘȌ ǤǪǨ 

ȏȐȎȑ ȓȈȑ ǯǯǢD ȌȀ ȈȒȎȜȓȀȈ ȋȄ 3-5 [10].  

3.2.4 Comet Assay- ǳȄȖȌȈȉǽ ȓȎȔ ǪȎȋǽȓȆ 

ǧ ǳȄȖȌȈȉǽ ȓȎȔ ǪȎȋǽȓȆ ǽ ȀȊȊȈȝȑ ȓȆȑ ȆȊȄȉȓȐȎȕțȐȆȒȆȑ ȂǼȊȆȑ ȋȄȋȎȌȘȋǼȌȎȔ ȉȔȓȓǻȐȎȔ 

(Single Cell Gel Electrophoresis) ȄǾȌȀȈ ȋǾȀ ȄȏǾȒȆȑ ȄȔȀǾȒȇȆȓȆ ȓȄȖȌȈȉǽ, ȈȉȀȌǽ ȌȀ ȀȌȈȖȌȄȜȒȄȈ 

ȃȈȀȕȎȐȄȓȈȉǻ ȄǾȃȆ ȁȊȀȁȝȌ țȏȘȑ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ ȀȊȊǻ ȉȀȈ ȓȈȑ ȊȎȈȏǼȑ ȎȋȀȃȎȏȎȈȆȋǼȌȄȑ 

ȎȍȄȈȃȘȓȈȉǼȑ ȁȊǻȁȄȑ, ȏȊȆȌ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ (ȁȊǻȁȄȑ ȁǻȒȄȘȌ ȉȀȈ ȋȎȌțȉȊȘȌȄȑ 

ȇȐȀȜȒȄȈȑ).  

ǧ ȓȄȖȌȈȉǽ ȀȔȓǽ ȋȏȎȐȄǾ ȌȀ ȏȄȐȈȂȐȀȕȄǾ Șȑ ȋǾȀ ȓȄȖȌȈȉǽ ȆȊȄȉȓȐȎȕțȐȆȒȆȑ ȋȄȋȎȌȘȋǼȌȘȌ 

ȉȔȓȓǻȐȘȌ ȄȂȉȊȄȈȒȋǼȌȘȌ ȒȄ ȋȈȉȐȎȂǼȊȆ. ǬȄ ȓȀ ȉȀȓǻȊȊȆȊȀ ǼȌȅȔȋȀ ȓȀ ȎȏȎǾȀ ȀȌȀȂȌȘȐǾȅȎȔȌ 

ǼȉȀȒȓȎ ȃȈȀȕȎȐȄȓȈȉǽ ȁȊǻȁȆ ȉțȁȄȓȀȈ ȒȓȀ ȀȌȓǾȒȓȎȈȖȀ ȒȆȋȄǾȀ ȓȎ ȋȀȉȐȎȋțȐȈȎ. ǲȓȆ ȒȔȌǼȖȄȈȀ 

ȓȎ ȏǽȉȓȘȋȀ ȀȂȀȐțȅȆȑ ȔȏȎȁǻȊȊȄȓȀȈ ȒȄ ȆȊȄȉȓȐȎȕțȐȆȒȆ ȄȌȓțȑ ȈȎȌȓȈȉȎȜ ȐȔȇȋȈȒȓȈȉȎȜ 

ȃȈȀȊȜȋȀȓȎȑ. ǡȌǻȊȎȂȀ ȋȄ ȓȎ ȋǼȂȄȇțȑ ȓȎȔȑ, ȓȀ ȃȈǻȕȎȐȀ ȓȋǽȋȀȓȀ ȓȎȔ DNA  

ȀȏȎȋȀȉȐȜȌȎȌȓȀȈ ȒȄ ȃȈȀȕȎȐȄȓȈȉț ȁȀȇȋț Ȁȏț ȓȎȌ ȀȉȊțȌȆȓȎ ȏȔȐǽȌȀ, ȃȆȋȈȎȔȐȂȝȌȓȀȑ ȓȆȌ 

ǻȊȘ ȉǻȇȄ ȏȔȐǽȌȀ, Ȇ ȎȏȎǾȀ ȒȓȎ ȋȈȉȐȎȒȉțȏȈȎ ȕȇȎȐȈȒȋȎȜ ǼȖȄȈ ȓȆ ȋȎȐȕǽ ȉȎȋǽȓȆ (Ȅȍ ȎȔ ȉȀȈ 

ȓȎ țȌȎȋȀ ȓȆȑ ȋȄȇțȃȎȔ). ǧ ȄȏȄȍȄȐȂȀȒǾȀ ȓȘȌ ȄȈȉțȌȘȌ ȕȇȎȐȈȒȋȎȜ ȂǾȌȄȓȀȈ ȋȄ ȉȀȓǻȊȊȆȊȎ 

ȊȎȂȈȒȋȈȉț ȓȎ ȎȏȎǾȎ ȋȄȓȐǻȄȈ ȓȆȌ ǼȌȓȀȒȆ ȕȇȎȐȈȒȋȎȜ ȉȀȈ ȓȆȌ ȀȏțȒȓȀȒȆ Ȁȏț ȓȎȌ ȏȔȐǽȌȀ, 

ȏȀȐǼȖȎȌȓȀȑ ȓȎ ȋǼȂȄȇȎȑ ȓȆȑ ǼȉȓȀȒȆȑ ȓȆȑ ȎȔȐǻȑ ȓȎȔ ȉȎȋǽȓȆ [100]. 
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3.2.5 In  situ  ǡȌȎȒȎȕȇȎȐȈȒȋțȑ 

ǣȈȀ ȓȆ ȋȄȊǼȓȆ ȓȘȌ ȎȋȀȃȎȏȎȈȆȋǼȌȘȌ ȁȊȀȁȝȌ ȀȊȊǻ ȉȀȈ ȓȘȌ ȃǾȉȊȘȌȘȌ DNA  ȒȓȆȌ ȏȀȐȎȜȒȀ 

ȃȈȃȀȉȓȎȐȈȉǽ ȃȈȀȓȐȈȁǽ Ȇ ȋǼȇȎȃȎȑ ȏȎȔ ȉȔȐǾȘȑ ȄȕȀȐȋțȅȄȓȀȈ ȄǾȌȀȈ Ȏ in situ ǼȋȋȄȒȎȑ 

ȀȌȎȒȎȕȇȎȐȈȒȋțȑ. ǧ ȀȐȖǽ ȊȄȈȓȎȔȐȂǾȀȑ ȓȆȑ ȋȄȇțȃȎȔ ȒȓȆȐǾȅȄȓȀȈ ȒȓȀ ȀȌȓȈȒȝȋȀȓȀ, ȏȐȘȓȄǠȌȄȑ 

ȉȀȓȀȒȉȄȔȀȒȋǼȌȄȑ Ȁȏț ȄȓȀȈȐǾȄȑ ȋȄ ȓȆȌ ȈȃȈțȓȆȓȀ ȌȀ ȏȐȎȒȃǼȌȎȌȓȀȈ ȄȏȈȊȄȉȓȈȉǻ ȒȄ ǻȊȊȄȑ ðȓȈȑ 

ȏȐȎȑ ȀȌǾȖȌȄȔȒȆ- ȏȐȘȓȄǠȌȄȑ. ǧ ȋǼȇȎȃȎȑ ȊǼȂȄȓȀȈ çǼȋȋȄȒȎȑè ȂȈȀ ȃȜȎ ȊțȂȎȔȑ: ȀȕȄȌțȑ ȂȈȀȓǾ 

ȀȏȀȈȓȄǾȓȀȈ ȉȀȈ ǼȌȀ ȃȄȜȓȄȐȎ ȀȌȓǾȒȘȋȀ (ȃȄȔȓȄȐȄȜȎȌ) ȓȎ ȎȏȎǾȎ ȇȀ ȀȌȀȂȌȘȐǾȅȄȈ Șȑ ȀȌȓȈȂțȌȎ 

ȓȎ ȏȐȝȓȎ ȀȌȓǾȒȘȋȀ (ȏȐȘȓȄȜȎȌ) ȉȀȈ ȓȀȔȓȎȖȐțȌȘȑ ȕǼȐȄȈ ȋȈȀ ȕȇȎȐǾȅȎȔȒȀ ȖȐȘȒȓȈȉǽ, ȋȄ 

ȀȏȎȓǼȊȄȒȋȀ, țȓȀȌ ȓȎ ȃȄǾȂȋȀ ȄȍȄȓȀȒȓȄǾ ȒȄ ȋȈȉȐȎȒȉțȏȈȎ ȕȇȎȐȈȒȋȎȜ, ȓȎ ȃȄȜȓȄȐȎ ȀȌȓǾȒȘȋȀ 

ȌȀ ȕȇȎȐǾȅȄȈ, ȉǻȌȎȌȓȀȑ ǼȓȒȈ ȄȋȋǼȒȘȑ ȎȐȀȓǽ ȓȆȌ ȏȐȎȑ ȀȌǾȖȌȄȔȒȆ ȏȐȘȓȄǠȌȆ ȉȀȈ ȀȕȄȓǼȐȎȔ 

ȃȈțȓȈ ȎȈ ȏȐȎȑ ȀȌǾȖȌȄȔȒȆ ȏȐȘȓȄǠȌȄȑ, ȄǾȌȀȈ ȏȐȘȓȄǠȌȄȑ ȏȎȔ ȒȔȋȋȄȓǼȖȎȔȌ ȒȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ 

ȓȎȔ DNA  ȉȀȈ țȖȈ ȎȈ ȁȊǻȁȄȑ ȀȕȄȀȔȓǼȑ, ȎȏȓȈȉȎȏȎȈȝȌȓȀȑ ȉȀȈ ȏǻȊȈ ȄȋȋǼȒȘȑ ȓȈȑ ȁȊǻȁȄȑ, ȋǼȒȘ 

ȓȘȌ ȄȌȅȜȋȘȌ ȄȏȈȃȈțȐȇȘȒȆȑ.  
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3.3 ǡȌǾȖȌȄȔȒȆ ȁȊȀȁȝȌ ȋǼȒȘ ȓȘȌ ȁȈȎȊȎȂȈȉȝȌ ȓȎȔȑ ȄȏȈȏȓȝȒȄȘȌ 

3.3.1 ǪȊȀȒȈȉǽ ȉȔȓȓȀȐȎȂȄȌȄȓȈȉǽ ȋǼȇȎȃȎȑ 

ǬǾȀ ǻȊȊȆ ȋǼȇȎȃȎȑ ȏȎȔ ȏȐȎȒȕǼȐȄȓȀȈ ȂȈȀ ȓȆ ȋǼȓȐȆȒȆ ȁȊȀȁȝȌ DNA ȄǾȌȀȈ Ȇ ȉȊȀȒȒȈȉǽ 

ȉȔȓȓȀȐȎȂȄȌȄȓȈȉǽ ȋǼȇȎȃȎȑ. ǬȄ ȓȆ ȋǼȇȎȃȎ ȀȔȓǽȌ ȃȄ ȋȄȓȐȎȜȌȓȀȈ ȎȈ ȁȊǻȁȄȑ ȀȕȄȀȔȓǼȑ ȀȊȊǻ ȎȈ 

ȒȔȌǼȏȄȈȄȑ ȏȎȔ ȏȐȎȉȀȊȎȜȌȓȀȈ ȒȄ ȖȐȘȋȎȒȘȋȀȓȈȉț ȄȏǾȏȄȃȎ ȉȀȇȝȑ ȓȎ ȉȜȓȓȀȐȎ ȋȏȀǾȌȄȈ ȒȓȆ 

ȋǾȓȘȒȆ ȉȀȈ Ȇ ȉȀȊȊȈǼȐȂȄȈȀ ȒȓȀȋȀȓǻȄȈ ȒȓȎ ȒȓǻȃȈȎ ȓȆȑ ȋȄȓǻȕȀȒȆȑ. ǧ ȋǼȇȎȃȎȑ ȀȔȓǽ ȀȏȎȓȄȊȄǾ 

ȓȆȌ ȉȊȀȒȒȈȉǽ ȋȄȇȎȃȎȊȎȂǾȀ ȁȈȎȃȎȒȈȋȄȓȐǾȀȑ. ǳȀ ȃȈȉȄȌȓȐȈȉǻ ȖȐȘȋȎȒȝȋȀȓȀ ȓȀ ȎȏȎǾȀ 

ȄȋȕȀȌǾȅȎȌȓȀȈ ȋȄ ȒȔȖȌțȓȆȓȀ 10 ȕȎȐǼȑ ȋȄȂȀȊȜȓȄȐȆ Ȁȏț ȓȎȔȑ ȃȀȉȓȔȊǾȎȔȑ, ȒȔȌȎȃȄȜȎȌȓȀȈ 

ȒȔȌǽȇȘȑ Ȁȏț ȖȐȘȋȎȒȘȋȀȓȈȉǻ ȇȐȀȜȒȋȀȓȀ, Ȇ ȜȏȀȐȍȆ ȓȘȌ ȎȏȎǾȘȌ ȀȏȎȓȄȊȄǾ ȉȐȈȓǽȐȈȎ ȂȈȀ 

ȓȆȌ ȉȀȓȀȋǼȓȐȆȒǽ ȓȎȔȑ. ǧ ȒȔȖȌțȓȆȓȀ ȄȋȕǻȌȈȒǽȑ ȓȎȔȑ ȀȌǻ ȉȜȓȓȀȐȎ ȄǾȌȀȈ ȒȔȌǻȐȓȆȒȆ ȓȆȑ 

ȀȏȎȐȐȎȕȆȋǼȌȆȑ ȃțȒȆȑ. ǶȐȆȒȈȋȎȏȎȈȝȌȓȀȑ ȓȈȑ ȀȊȊȎȈȝȒȄȈȑ ȀȔȓǼȑ Șȑ ȃȄǾȖȓȆ ȓȆȑ ǼȉȇȄȒȆȑ, Ȇ 

ȀȏȎȐȐȎȕȆȋǼȌȆ ȃțȒȆ ȏȐȎȒȃȈȎȐǾȅȄȓȀȈ ȋǼȒȘ ȏȐțȓȔȏȘȌ ȉȀȋȏȜȊȘȌ ȀȌȀȕȎȐǻȑ ȎȈ ȎȏȎǾȄȑ 

ȉȀȓȀȒȉȄȔǻȅȎȌȓȀȈ Ȁȏț in vitro  ȀȉȓȈȌȎȁțȊȆȒȆ ȏȄȐȈȕȄȐȈȉȎȜ ȀǾȋȀȓȎȑ. ǯȈ ȏȐțȓȔȏȄȑ ȉȀȋȏȜȊȄȑ 

ȀȌȀȕȎȐǻȑ ǼȖȎȔȌ ȂȄȌȈȉǻ ȋȎȐȕǽ ȂȐȀȋȋȈȉǽ-ȃȄȔȓȄȐȎȁǻȇȋȈȀ : 

Y = Ȃ + ȀD + ȁD2 

 

 

ǲȖǽȋȀ 3-4: ǪȊȀȒȒȈȉǽ ȉȔȓȓȀȐȎȂȄȌȄȓȈȉǽ ȋǼȇȎȃȎȑ. ǤȜȎ ȋȄȓȀȕǻȒȄȈȑ ȊȄȋȕȎȉȔȓȓǻȐȘȌ ȏȎȔ 
ȀȉȓȈȌȎȁȎȊǽȇȆȉȀȌ ȋȄ 6 Gy țȓȀȌ ȁȐǾȒȉȎȌȓȀȌ ȒȓȆ ȕǻȒȆ G0 ȓȎȔ ȉȔȓȓȀȐȈȉȎȜ ȉȜȉȊȎȔ. ǤȈȀȉȐǾȌȎȌȓȀȈ ȎȈ 
Ȅȍǽȑ ȖȐȘȋȎȒȘȋȀȓȈȉǼȑ ȀȊȊȎȈȝȒȄȈȑ: ȀȐȈȒȓȄȐǻ) ȓȐǾȀ ȃȈȉȄȌȓȐȈȉǻ ȖȐȘȋȎȒȝȋȀȓȀ ȉȀȈ ȓȀ ȀȌȓǾȒȓȎȈȖǻ ȓȎȔȑ 
ȀȉȄȌȓȐȈȉǻ ȇȐȀȜȒȋȀȓȀ, ȃȄȍȈǻ) ǼȌȀȑ ȉȄȌȓȐȈȉțȑ ȃȀȉȓȜȊȈȎȑ (ȋȄ ȉȄȌȓȐȎȋȄȐǾȃȈȎ) ȉȀȈ ǼȌȀ ȓȐȈȉȄȌȓȐȈȉț 
ȖȐȘȋțȒȘȋȀ. ǥȈȉțȌȀ Ȁȏț ȓȆ ȃȈȏȊȘȋȀȓȈȉǽ ȄȐȂȀȒǾȀ ȓȆȑ ȂȐǻȕȎȔȒȀȑ [2]. 
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țȏȎȔ Ǵ Ȏ ȀȐȈȇȋțȑ ȃȈȉȄȌȓȐȈȉȝȌ ȖȐȘȋȎȒȘȋǻȓȘȌ ȀȌǻ ȉȜȓȓȀȐȎ, D Ȇ ȀȏȎȐȐȎȕȆȋǼȌȆ ȃțȒȆ 

ȀȉȓȈȌȎȁȎȊǾȀȑ (ȒȄ grays), ȉȀȈ Ȁ&ȁ, ȒȔȌȓȄȊȄȒȓǼȑ ȏȎȔ ȄȍȀȐȓȝȌȓȀȈ Ȁȏț ȏȀȐǻȂȎȌȓȄȑ țȏȘȑ ȓȎ 

ȄǾȃȎȑ ȀȉȓȈȌȎȁȎȊǾȀȑ, ȃǾȌȎȌȓȀȈ Ȁȏț ȏǾȌȀȉȄȑ. 

ǲȄ ȎȊțȒȘȋȄȑ ȎȍȄǾȄȑ ȄȉȇǼȒȄȈȑ ȋȄȂȀȊȜȓȄȐȄȑ Ȁȏț 0.1 gray, Ȇ ȋȄȊǼȓȆ ȓȘȌ ȄȏȀȂȎȋǼȌȘȌ 

ȃȈȉȄȌȓȐȈȉȝȌ ȖȐȘȋȎȒȘȋǻȓȘȌ ȄǾȌȀȈ ȈȉȀȌǽ ȌȀ ȏȐȎȒȃȈȎȐǾȒȄȈ ȓȆȌ ȀȏȎȐȐȎȕȆȋǼȌȆ ȃțȒȆ 

ȀȉȓȈȌȎȁȎȊǾȀȑ ȋȄ ȈȉȀȌȎȏȎȈȆȓȈȉǽ ȀȉȐǾȁȄȈȀ (ȒȄ ȄȏǾȏȄȃȎ ȄȋȏȈȒȓȎȒȜȌȆȑ 95%), ȁǻȒȄȈ ȓȆȑ 

ȒȓȀȓȈȒȓȈȉǽȑ Poisson. ǳȀ ȄȏȀȂțȋȄȌȀ Ȁȏț ȓȆȌ ȀȉȓȈȌȎȁȎȊǾȀ ȃȈȉȄȌȓȐȈȉǻ ȖȐȘȋȎȒȝȋȀȓȀ, ȒȓȀ 

ȎȏȎǾȀ ȁȀȒǾȅȄȓȀȈ Ȇ ȉȊȀȒȈȉǽ ȀȔȓǽ ȋȄȇȎȃȎȊȎȂǾȀ ȁȈȎȃȎȒȈȋȄȓȐǾȀȑ, ȄǾȌȀȈ Ȁȏț ȓȆ ȕȜȒȆ ȓȎȔȑ 

ȀȒȓȀȇǽ. ǡȔȓț ȎȕȄǾȊȄȓȀȈ ȒȓȎȌ ȏȄȏȄȐȀȒȋǼȌȎ ȖȐțȌȎ ȅȘǽȑ ȓȘȌ ȊȄȋȕȎȉȔȓȓǻȐȘȌ ȓȎȔ 

ȏȄȐȈȕȄȐȈȉȎȜ ȀǾȋȀȓȎȑ ȉȀȈ ȒȓȆȌ ȀȌȓȈȉȀȓǻȒȓȀȒǽ ȓȎȔȑ ȋȄȓǻ Ȁȏț ȏȎȊȊȀȏȊȀȒȈȀȒȋț 

ȀȐȖǼȂȎȌȘȌ ȉȔȓȓǻȐȘȌ ȉȔȐǾȘȑ ȓȎȔ ȋȔȄȊȎȜ ȓȘȌ ȎȒȓȝȌ. ǧ ȀȌȓȈȉȀȓǻȒȓȀȒȆ ȓȘȌ 

ȊȄȋȕȎȉȔȓȓǻȐȘȌ ȓȎȔ ȏȄȐȈȕȄȐȈȉȎȜ ȀǾȋȀȓȎȑ ȏȐȀȂȋȀȓȎȏȎȈȄǾȓȀȈ Ȁȏț ȌǼȀ ȏȎȔ ȃȄȌ ȕǼȐȎȔȌ 

ȓǼȓȎȈȎȔ ȄǾȃȎȔȑ ȋȆ ȒȔȋȁȀȓǼȑ ȋȄ ȓȆȌ ȉȔȓȓȀȐȈȉǽ ȃȈȀǾȐȄȒȆ ȀȊȊȎȈȝȒȄȈȑ. ǯ ȖȐțȌȎȑ ȅȘǽȑ ȓȘȌ 

ȊȄȋȕȎȉȔȓȓǻȐȘȌ ȄǾȌȀȈ ȏȄȐǾȏȎȔ 3 ȖȐțȌȈȀ [2, 101]. 

ǧ ȉȊȀȒȒȈȉǽ ȀȔȓǽ ȋȄȇȎȃȎȊȎȂǾȀ, țȓȀȌ ȓȀ ȖȐȘȋȎȒȝȋȀȓȀ ȎȏȓȈȉȎȏȎȈȎȜȌȓȀȈ ȋȄ ȀȏȊǽ ȖȐȝȒȆ 

Giemsa ǼȖȄȈ ȓȆȌ ȈȉȀȌțȓȆȓȀ ȌȀ ȀȌȈȖȌȄȜȄȈ ȄȉȇǼȒȄȈȑ ǼȘȑ ȉȀȈ 5 Gy. ǲȜȋȕȘȌȀ țȋȘȑ ȋȄ ȓȀ 

ȌȄțȓȄȐȀ ȄȔȐǽȋȀȓȀ ȓȎȔ ǥȐȂȀȒȓȆȐǾȎȔ ǴȂȄȈȎȕȔȒȈȉǽȑ ȒȓȎ ǥǪǥǵǥ çǤȆȋțȉȐȈȓȎȑè, ȄǻȌ 

ȀȉȎȊȎȔȇȆȇȄǾ Ȇ ȋǼȇȎȃȎȑ FISH15, ȃȆȊȀȃǽ ȂǾȌȄȈ ȔȁȐȈȃȈȒȋțȑ ȋȄ ȈȖȌȆȇǼȓȄȑ ȂȈȀ ȓȀ ȓȄȊȎȋȄȐǽ ȉȀȈ 

ȓȀ ȉȄȌȓȐȎȋȄȐǾȃȈȀ, ȉȀȈ ȂǾȌȄȈ Ȇ ȖȐȝȒȆ ȋȄ Dapi , ȉȀȈ ȄǻȌ ȏȐȎȒȓȄȇȄǾ ǼȌȀ ȒȓǻȃȈȎ ȄȏȝȀȒȆȑ 3 h 

ȋȄ ȉȀȕȄǠȌȆ, Ȇ ȎȏȎǾȀ ȏȀȐȀȉǻȋȏȓȄȈ ȓȎ ȒȆȋȄǾȎ ȄȊǼȂȖȎȔ G2 ȓȎȔ ȉȔȓȓȀȐȈȉȎȜ ȉȜȉȊȎȔ, ȓțȓȄ 

ȀȔȍǻȌȄȓȀȈ Ȇ ȈȉȀȌțȓȆȓȀ ȓȆȑ ȋȄȇțȃȎȔ ȉȀȈ ȋȏȎȐȄǾ ȌȀ ȀȌȈȖȌȄȜȄȈ ȄȉȇǼȒȄȈȑ ǼȘȑ ȉȀȈ ȓȀ 20 Gy 

[102]. 

3.3.2 ǬǼȇȎȃȎȑ ȓȆȑ ȏȐțȘȐȆȑ ȖȐȘȋȎȒȘȋȀȓȈȉǽȑ ȒȔȋȏȜȉȌȘȒȆȑ (PCC) 

ǣȈȀ ȓȎȌ ȏȐȎȒȃȈȎȐȈȒȋț ȓȆȑ ȀȏȎȐȐȎȕȆȋǼȌȆȑ ȃțȒȆȑ ȒȄ ȏȎȊȜ ȏȈȎ ȒȜȌȓȎȋȎ ȖȐȎȌȈȉț ȃȈǻȒȓȆȋȀ 

ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ Ȇ ȋǼȇȎȃȎȑ ȏȐțȘȐȆȑ ȖȐȘȋȎȒȘȋȀȓȈȉǽȑ ȒȔȋȏȜȉȌȘȒȆȑ (PCC). 

ǲȔȂȉȄȉȐȈȋǼȌȀ ȒȜȋȕȘȌȀ ȋȄ ȓȆ ȋǼȇȎȃȎ ȀȔȓǽ, ȋȎȌȎȏȔȐȆȌȈȉǻ ȉȜȓȓȀȐȀ, ȒȔȌǽȇȘȑ 

ȊȄȋȕȎȉȜȓȓȀȐȀ ȓȎȔ ȏȄȐȈȕȄȐȈȉȎȜ ȀǾȋȀȓȎȑ, ȒȔȌȓǽȉȎȌȓȀȈ ȋȄ ȋȈȓȘȓȈȉǻ ȉȜȓȓȀȐȀ hamster 

(CHO) Ȕȏț ȓȆȌ ȄȏǾȃȐȀȒȆ ȋȈȀȑ ȖȆȋȈȉǽȑ ȒȔȌȓȆȍȈȎȂțȌȎȔ ȎȔȒǾȀȑ (ȏȎȊȔȀȈȇȔȊȄȌȂȊȔȉțȊȆȑ -

PEG). ǪȀȓǻ ȓȆ ȒȜȌȓȆȍȆ, Ȇ ȏȔȐȆȌȈȉǽ ȋȄȋȁȐǻȌȆ ȓȘȌ ȊȄȋȕȎȉȔȓȓǻȐȘȌ ȏȎȔ ȁȐǾȒȉȎȌȓȀȈ ȒȓȆȌ 

G0 ȕǻȒȆ ȓȎȔ ȉȔȓȓȀȐȈȉȎȜ ȉȜȉȊȎȔ ȒȏǻȄȈ, ȋȄ ȀȏȎȓǼȊȄȒȋȀ ȌȀ ȂǾȌȄȓȀȈ ȎȐȀȓț ȓȎ ȄȒȘȓȄȐȈȉț ȓȎȔ 

ȏȔȐǽȌȀ ȓȎȔȑ, ȖȘȐǾȑ ȀȔȓǻ ȌȀ ȁȐǾȒȉȎȌȓȀȈ ȒȓȆ ȕǻȒȆ ȓȆȑ ȋǾȓȘȒȆȑ. ǚȓȒȈ ȄǾȌȀȈ ȃȔȌȀȓǽ Ȇ 

                                                      

15 FISH: fluorescence in situ hybridization:  
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ȀȏȄȔȇȄǾȀȑ ȀȌǻȊȔȒȆ ȖȐȘȋȎȒȘȋȀȓȈȉȝȌ ȀȊȊȎȈȝȒȄȘȌ ȒȄ ȋȄȒȎȕȀȒȈȉǻ ȖȐȘȋȎȒȝȋȀȓȀ 

ȊȄȋȕȎȉȔȓȓǻȐȘȌ ȏȄȐȈȕȄȐȈȉȎȜ ȀǾȋȀȓȎȑ, ȀȏȎȕȄȜȂȎȌȓȀȑ ȓȆȌ ȉȀȇȔȒȓǼȐȆȒȆ ȓȘȌ 48 ȘȐȝȌ ȓȆȑ 

ȉȊȀȒȒȈȉǽȑ ȉȔȓȓȀȐȎȂȄȌȄȓȈȉǽȑ ȋȄȇțȃȎȔ ȁȈȎȃȎȒȈȋȄȓȐǾȀȑ ȏȎȔ ȀȌȀȕǼȐȇȆȉȄ ȏȐȎȆȂȎȔȋǼȌȘȑ 

[2]. ǪȀȈ ȓȎȜȓȆ Ȇ ȓȄȖȌȈȉǽ, ȄǻȌ ȒȔȌȃȔȀȒȓȄǾ ȋȄ FISH, ȉȀȈ ȏȐȀȂȋȀȓȎȏȎȈȆȇȄǾ ȃȆȊȀȃǽ Ȇ ȖȐȝȒȆ 

ȓȘȌ ȓȄȊȎȋȄȐȝȌ ȉȀȈ ȓȘȌ ȉȄȌȓȐȎȋȄȐȈȃǾȘȌ ȋȄ ȕȇȎȐǾȅȎȌȓȄȑ ȈȖȌȆȇǼȓȄȑ, ȏȀȐǻȂȄȈ ȂȐǽȂȎȐȀ ȉȀȈ 

ȀȍȈțȏȈȒȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ [103].   

3.3.3 ǬǼȇȎȃȎȑ ȓȘȌ ȋȈȉȐȎȏȔȐǽȌȘȌ (Cytokinesis -block micronucleus cytome assay) 

ǬȄ ȓȆ ȖȐǽȒȆ ȓȆȑ ȓȄȖȌȈȉǽȑ ȓȘȌ ȋȈȉȐȎȏȔȐǽȌȘȌ, ȀȌȈȖȌȄȜȎȌȓȀȈ ȖȐȘȋȎȒȘȋȀȓȈȉǻ ȇȐȀȜȒȋȀȓȀ 

ǽ ǻȇȈȉȓȀ ȖȐȘȋȎȒȝȋȀȓȀ ȓȀ ȎȏȎǾȀ ǼȖȎȔȌ ȉȀȇȔȒȓȄȐǽȒȄȈ ȒȓȆȌ ȀȌǻȕȀȒȆ Șȑ ȀȏȎȓǼȊȄȒȋȀ 

ȉȀȓȀȒȓȐȎȕǽȑ ȓȆȑ ȀȓȐǻȉȓȎȔ ȉȀȈ ȃȄȌ ǼȖȎȔȌ ȄȌȒȘȋȀȓȘȇȄǾ ȒȄ ȉǻȏȎȈȎ ȇȔȂȀȓȐȈȉț ȏȔȐǽȌȀ ȉȀȓǻ 

ȓȆȌ ȉȔȓȓȀȐȈȉǽ ȃȈȀǾȐȄȒȆ. ǳȎ ȀȏȎȓǼȊȄȒȋȀ ȀȔȓȎȜ ȓȎȔ ȕȀȈȌȎȋǼȌȎȔ, ȄǾȌȀȈ Ȇ ȉȀȓǻȊȆȍȆ ȓȘȌ 

ȖȐȘȋȎȒȘȋȀȓȈȉȝȌ ȇȐȀȔȒȋǻȓȘȌ (ǽ ȎȊțȉȊȆȐȘȌ ȖȐȘȋȎȒȘȋǻȓȘȌ) ȒȄ ȌȄȎȒȖȆȋȀȓȈȅțȋȄȌȎȔȑ 

ȋȈȉȐȎȜȑ ȏȔȐǽȌȄȑ (ȋȈȉȐȎȏȔȐǽȌȄȑ) [2]. EǾȌȀȈ ȋǾȀ ȉȀȇȈȄȐȘȋǼȌȆ ȓȄȖȌȈȉǽ ȏȎȔ ǼȖȄȈ ȄȂȉȐȈȇȄǾ ȉȀȈ 

Ȁȏț ȓȆ ǤȈȄȇȌǽ ǥȏȈȓȐȎȏǽ ǡȓȎȋȈȉǽȑ ǥȌǼȐȂȄȈȀȑ ȂȈȀ ȓȆ ȁȈȎȃȎȒȈȋȄȓȐǾȀ ȈȎȌȓǾȅȎȔȒȀȑ 

ȀȉȓȈȌȎȁȎȊǾȀȑ, ȂȈȀ in vitro  ȃȎȉȈȋǼȑ ȂȄȌȄȓȈȉǽȑ ȓȎȍȈȉȎȊȎȂǾȀ ȒȓȆ ȕȀȐȋȀȉȄȔȓȈȉǽ ȁȈȎȋȆȖȀȌǾȀ, 

ȉ.Ȁ. [104]. 

ǧ ȓȄȖȌȈȉǽ ȀȔȓǽ ȀȏȎȓȄȊȄǾ ǼȌȀ ȎȊȎȉȊȆȐȘȋǼȌȎ ȒȜȒȓȆȋȀ ȂȈȀ ȓȆȌ ȄȉȓǾȋȆȒȆ ȓȆȑ ȁȊǻȁȆȑ ȓȎȔ 

DNA, ȓȆȌ ȉȔȓȓȀȐțȒȓȀȒȆ ȉȀȈ ȓȆȌ ȉȔȓȓȀȐȎȓȎȍȈȉțȓȆȓȀ, ȒȄ ȖȐȘȋȎȒȘȋȀȓȈȉț ȄȏǾȏȄȃȎ. 

ǲȔȂȉȄȉȐȈȋǼȌȀ, ȎȈ ȁȊǻȁȄȑ ȒȓȎ DNA  ȉȀȓȀȋȄȓȐȎȜȌȓȀȈ ȒȄ ǻȏȀȍ ȃȈȀȈȐȄȋǼȌȀ ȃȈȏȜȐȆȌȀ 

ȉȜȓȓȀȐȀ ȉȀȈ ȄȉȃȆȊȝȌȎȌȓȀȈ Șȑ Ȁ) ȋȈȉȐȎȏȔȐǽȌȄȑ, ǼȌȀȑ ȁȈȎȃȄǾȉȓȆȑ ȓȘȌ ȖȐȘȋȎȒȘȋȀȓȈȉȝȌ 

ȇȐȀȜȒȄȘȌ ǽ ȉȀȈ ȓȆȑ ȉȀȇȎȊȈȉǽȑ ȀȏȝȊȄȈȀȑ ȖȐȘȋȎȒȝȋȀȓȎȑ, ȁ) ȏȔȐȆȌȎȏȊȀȒȋȈȉǼȑ ȂǼȕȔȐȄȑ, 

ǼȌȀȑ ȁȈȎȃȄǾȉȓȆȑ ȓȆȑ ȊȀȌȇȀȒȋǼȌȆȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA  ǽ ȉȀȈ ȓȆȑ ȒȜȌȓȆȍȆȑ ȓȘȌ 

ȓȄȊȎȋȄȐȝȌ ȉȀȈ Ȃ) Șȑ ȏȔȐȆȌȈȉȎǾ ȃȎȐȔȕțȐȎȈ, ǼȌȀȑ ȁȈȎȃȄǾȉȓȆȑ ȓȆȑ ȀȏȎȁȎȊǽȑ ȓȎȔ 

ȄȌȈȒȖȔȋǼȌȎȔ DNA ǽ / ȉȀȈ ȓȘȌ ȒȔȋȏȊțȉȘȌ ȄȏȈȃȈțȐȇȘȒȆȑ. 

ǳȀ ȉȔȓȓȀȐȎȒȓȀȓȈȉǻ ȕȀȈȌțȋȄȌȀ ȋȄȓȐȎȜȌȓȀȈ ȋǼȒȘ ȓȎȔ ȏȎȒȎȒȓȎȜ ȓȘȌ ȋȎȌȎ-, ȃȈ - ȉȀȈ ȏȎȊȔ-

ȏȜȐȆȌȘȌ ȉȔȓȓǻȐȘȌ ȉȀȈ Ȇ ȉȔȓȓȀȐȎȓȎȍȈȉțȓȆȓȀ ȋȄȓȐǻȓȀȈ ȋǼȒȘ ȓȆȑ ȀȌȀȊȎȂǾȀȑ ȌȄȉȐȘȓȈȉȝȌ 

ȉȀȈ / ǽ ȀȏȎȏȓȘȓȈȉȝȌ ȉȔȓȓǻȐȘȌ. ǧ ȓȄȖȌȈȉǽ ȄȋȏȊȎȔȓǾȅȄȓȀȈ ȋȄ ȓȆ ȖȐǽȒȆ ȃȄȈȉȓȝȌ 

ȄȏȈȒǽȋȀȌȒȆȑ ȓȘȌ ȉȄȌȓȐȎȋȄȐȈȃǾȘȌ ȉȀȈ ȓȘȌ ȓȄȊȎȋȄȐȝȌ. ǧ ȓȄȖȌȈȉǽ ȄȕȀȐȋțȅȄȓȀȈ ȋȄ ȄȏȈȓȔȖǾȀ 

ȂȈȀ ȓȆ ȁȈȎȊȎȂȈȉǽ ȏȀȐȀȉȎȊȎȜȇȆȒȆ ȓȆȑ in vivo ǼȉȇȄȒȆȑ ȒȄ ȏȀȐǻȂȎȌȓȄȑ ȏȎȔ ȁȊǻȏȓȎȔȌ ȓȎ 

DNA , ȒȓȎȌ in vitro  ȂȎȌȈȃȈȎȓȎȍȈȉț ǼȊȄȂȖȎ ȉȀȈ ȒȄ ȃȈǻȕȎȐȀ ǻȊȊȀ ȏȄȃǾȀ ǼȐȄȔȌȀȑ țȏȘȑ ȓȆȑ 

ȂȎȌȈȃȈȘȋȀȓȈȉǽȑ ȓȘȌ ȇȐȄȏȓȈȉȝȌ ȎȔȒȈȝȌ ȉȀȈ ȓȆȑ ȕȀȐȋȀȉȎȂȎȌȈȃȈȘȋȀȓȈȉǽȑ. ǥȏǾȒȆȑ 

ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ ȉȀȈ ȂȈȀ ȓȆȌ ȄȉȓǾȋȆȒȆ ȓȆȑ ȀȉȓȈȌȎȄȔȀȈȒȇȆȒǾȀȑ ȔȂȈȝȌ ȈȒȓȝȌ ȉȀȈ țȂȉȘȌ 

[105].   



43 

 

Ǣõ ð ǰǥǩǱǡǬǡǳǩǪǯ ǬǥǱǯǲ 

4 ǴǫǩǪǡ Ǫǡǩ ǬǥǨǯǤǯǩ 

4.1 ǡȌȎȒȎȕȇȎȐȈȒȋțȑ 

ǣȈȀ ȓȆ ȋȄȊǼȓȆ ȓȆȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȘȌ ȁȊȀȁȝȌ ȓȎȔ DNA, ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ȉȀȈ ȒȜȌȇȄȓȘȌ 

ȁȊȀȁȝȌ Ȇ ȏȄȈȐȀȋȀȓȈȉǽ ȃȈȀȃȈȉȀȒǾȀ ȏȎȔ ȀȉȎȊȎȔȇǽȇȆȉȄ ȄǾȌȀȈ Ȏ in situ ǼȋȋȄȒȎȑ 

ȀȌȎȒȎȕȇȎȐȈȒȋțȑ.  

ǲȖǽȋȀ 4-1: ǡȐȖǽ ȊȄȈȓȎȔȐȂǾȀȑ ȓȎȔ in situ ǼȋȋȄȒȎȔ ȀȌȎȒȎȕȇȎȐȈȒȋȎȜ, ȉȀȇȝȑ ȉȀȈ ȓȆȑ ȀȌǾȖȌȄȔȒȆȑ ȓȘȌ 
ȒȜȌȇȄȓȘȌ ȁȊȀȁȝȌ DNA. ǧ ȁȊǻȁȆ ȏȎȔ ȕǼȐȄȈ ȓȎ DNA  (ȒȖȆȋȀȓȈȉǻ ȐȎȅ ȏȀȍȈȋǻȃȈ) ȀȐȖȈȉȝȑ ȀȌȈȖȌȄȜȄȓȀȈ 
Ȁȏț ȋǾȀ ȏȐȘȓȄǠȌȆ ȄȏȈȃȈțȐȇȘȒȆȑ (ȒȖȆȋȀȓȈȉǻ ȏȐǻȒȈȌȎ ȂȀȊȊȈȉț ȉȊȄȈȃǾ), ȓȎȔ ǾȃȈȎȔ ȓȎȔ ȉȔȓȓǻȐȎȔ. ǣȈȀ ȓȆȌ 
ȎȏȓȈȉȎȏȎǾȆȒȆ ȓȆȑ ȁȊǻȁȆȑ, ȒȓȎ ȄȐȂȀȒȓǽȐȈȎ, ȀȐȖȈȉǻ ȏȐȎȒȓǾȇȄȓȀȈ ȓȎ ȏȐȘȓȄȜȎȌ ȀȌȓǾȒȘȋȀ, ȓȎ ȎȏȎǾȎ 
ȏȐȎȒȃǼȌȄȓȀȈ ȄȏȈȊȄȉȓȈȉǻ ȒȓȆȌ ȏȐȘȓȄǠȌȆ ȄȏȈȃȈțȐȇȘȒȆȑ. ǳȎ ȃȄȔȓȄȐȄȜȎȌ ȀȌȓǾȒȘȋȀ ȓȎȔ ȎȏȎǾȎȔ Ȇ ȎȔȐǻ 
ȕȇȎȐǾȅȄȈ, ȀȌȈȖȌȄȜȄȈ ȓȎ ȏȐȝȓȎ ȉȀȈ ǼȓȒȈ Ȇ ȁȊǻȁȆ ȎȏȓȈȉȎȏȎȈȄǾȓȀȈ ȄȋȋǼȒȘȑ, ȀȕȎȜ Ȏ ȒȓțȖȎȑ ȓȎȔ ȅȄȜȂȎȔȑ 
ȓȘȌ ȀȌȓȈȒȘȋǻȓȘȌ ȄǾȌȀȈ Ȇ ȏȐȘȓȄǠȌȆ ȄȏȈȃȈțȐȇȘȒȆȑ ȉȀȈ țȖȈ Ȇ ǾȃȈȀ Ȇ ȁȊǻȁȆ. ǬȈȀ ȃȄȜȓȄȐȆ ȁȊǻȁȆ ȏȎȔ 
ȁȐǾȒȉȄȓȀȈ ȏȎȊȜ ȉȎȌȓǻ ȒȓȆȌ ȏȐȝȓȆ, ȋȏȎȐȄǾ ȌȀ ȀȌȈȖȌȄȔȓȄǾ Ȁȏț ǼȌȀ ǻȊȊȎ ȅȄȜȂȎȑ ȀȌȓȈȒȘȋǻȓȘȌ ȏȎȔ ȌȀ 
ȏȐȎȒȃǼȌȎȌȓȀȈ ȒȄ ǻȊȊȆ ȏȐȘȓȄǠȌȆ ȄȏȈȃȈțȐȇȘȒȆȑ, ȓȎȔ ǾȃȈȎȔ ǽ ǻȊȊȎȔ ȋȆȖȀȌȈȒȋȎȜ ȄȏȈȃȈțȐȇȘȒȆȑ. ǧ 
ȖȘȐȎȖȐȎȌȈȉǽ ȒȜȋȏȓȘȒȆ ȓȘȌ ȒȆȋǻȓȘȌ ȏȎȔ ȏȀȐȀȓȆȐȄǾȓȀȈ ȒȓȎ ȋȈȉȐȎȒȉțȏȈȎ (ȒȔȌȄȌȓȎȏȈȒȋțȑ) ȄǾȌȀȈ Ȇ 
ǼȌȃȄȈȍȆ ȓȆȑ ȜȏȀȐȍȆȑ ȒȜȌȇȄȓȆȑ ȁȊǻȁȆȑ DNA, ȄȕțȒȎȌ Ȏ ȒȔȌȃȔȀȒȋțȑ ȓȘȌ ȄȏȈȊȄȂȋǼȌȘȌ ȀȌȓȈȒȘȋǻȓȘȌ 
ȃȄȌ ȒȓȎȖȄȜȄȈ ȒȄ ȏȐȘȓȄǠȌȄȑ ȏȎȔ ȀȌǽȉȎȔȌ ȒȓȎȌ ǾȃȈȎ ȋȆȖȀȌȈȒȋț ȄȏȈȃȈțȐȇȘȒȆȑ.  

ǧ ȀȐȖǽ ȓȆȑ ȋȄȇțȃȎȔ ȄȏȄȍȆȂȄǾȓȀȈ ȒȓȎ ǲȖǽȋȀ 4-1, ȉȀȇȝȑ ȉȀȈ Ȇ ǼȌȌȎȈȀ ȓȎȔ ȒȔȌȄȌȓȎȏȈȒȋȎȜ 

ȓȘȌ ȒȆȋǻȓȘȌ ȕȇȎȐȈȒȋȎȜ, ȋǼȒȘ ȓȎȔ ȎȏȎǾȎȔ ȀȌȈȖȌȄȜȄȓȀȈ Ȇ ȜȏȀȐȍȆ ȒȜȌȇȄȓȘȌ ȁȊȀȁȝȌ, Ȕȏț 
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ȓȆȌ ȏȐȎȚȏțȇȄȒȆ țȓȈ ȓȀ ȄȏȈȊȄȂȋǼȌȀ ȅȄȜȂȆ ȀȌȓȈȒȘȋǻȓȘȌ ȒȓȎȖȄȜȎȔȌ ȒȄ ȏȐȘȓȄǠȌȄȑ 

ȄȏȈȃȈțȐȇȘȒȆȑ ȏȎȔ ȀȌǽȉȎȔȌ ȒȄ ȃȈȀȕȎȐȄȓȈȉȎȜȑ ȋȆȖȀȌȈȒȋȎȜȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA . 

ǲȓȆȌ ȏȀȐȎȜȒȀ ȃȈȀȓȐȈȁǽ Ȇ ȜȏȀȐȍȆ ȒȜȌȇȄȓȆȑ ȁȊǻȁȆȑ ȄȍȄȓǻȅȄȓȀȈ ȋȄ ȁǻȒȆ ȓȆ ȃǾȉȊȘȌȆ 

ȇȐȀȜȒȆ ȓȎȔ DNA , ȒȓȆ ȂȄȈȓȎȌȈǻ ȓȆȑ ȎȏȎǾȀȑ ȃȈȄȐȄȔȌǻȓȀȈ Ȏ ȕȇȎȐȈȒȋțȑ ȏȎȔ ȏȐȎǼȐȖȄȓȀȈ Ȁȏț 

ȀȌȓȈȒȝȋȀȓȀ ȏȎȔ ȒȓȎȖȄȜȎȔȌ ȒȄ ȏȐȘȓȄǠȌȄȑ ȄȏȈȃȈțȐȇȘȒȆȑ ǻȊȊȘȌ ȋȆȖȀȌȈȒȋȝȌ, țȏȘȑ Ȇ 

ȏȐȘȓȄǠȌȆ APE1 ȓȎȔ ǬȆȖȀȌȈȒȋȎȜ ǥȉȓȎȋǽȑ ǢǻȒȆȑ ȉȀȈ ȓȆȑ OGG1 Ȁȏț ȓȎ ǬȆȖȀȌȈȒȋț 

ǥȉȓȎȋǽȑ ǭȎȔȉȊȄȎȓȈȃǾȘȌ.  

ǣȈȀ ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȓȘȌ ǤǪǨ ȂȈȀ ȓȎȔȑ ȒȉȎȏȎȜȑ ȓȆȑ ȏȀȐȎȜȒȀȑ ȃȈȀȓȐȈȁǽȑ ǼȖȄȈ ȉȔȐǾȘȑ 

ȖȐȆȒȈȋȎȏȎȈȆȇȄǾ Ȇ ȒȓțȖȄȔȒȆ ȓȆȑ ȕȘȒȕȎȐȔȊȈȘȋǼȌȆȑ ȈȒȓțȌȆȑ H2AX, Ȇ ȎȏȎǾȀ ȒȔȋȁȎȊǾȅȄȓȀȈ 

Șȑ Ȃ-ǧ2ǡǶ, ȉȀȇȝȑ țȓȀȌ ȏȐȘȓȎȃȈȀȓȔȏȝȇȆȉȄ Ȇ ȋǼȇȎȃȎȑ, ȎȈ ȁȊǻȁȄȑ ȒȓȎ DNA  ȄǾȖȀȌ 

ȏȐȎȉȊȆȇȄǾ Ȁȏț ȀȉȓȈȌȎȁȎȊǾȀ ðȂ. ǧ ȖȐǽȒȆ ȓȆȑ ȈȒȓțȌȆȑ Ȃ-H2AX Șȑ ȃȄǾȉȓȆ ȃǾȉȊȘȌȘȌ 

ȇȐȀȜȒȄȘȌ DNA  ȍȄȉǾȌȆȒȄ Ȁȏț ȏȄȈȐǻȋȀȓȀ ȆȊȄȉȓȐȎȕțȐȆȒȆȑ Ȁȏț ȓȆȌ ǚȋȋȔ ǱȎȂȉǻȉȎȔ ȉȀȈ 

ȓȎȌ William  Bonner ȓȎ 1998 [106], țȏȎȔ ȃȈȀȏȈȒȓȝȇȆȉȄ țȓȈ ȎȈ ǤǪǨ ȒȔȒȖȄȓǾȅȎȌȓȀȈ ȋȄ ȓȆ 

ȕȘȒȕȎȐȔȊǾȘȒȆ ȓȆȑ ȈȒȓțȌȆȑ H2AX ȒȓȆ ȒȄȐǾȌȆ 139 ȒȓȎ C-ȓȄȊȈȉț ǻȉȐȎ ȓȆȑ ȏȐȘȓȄǠȌȆȑ. ǧ 

ȏȀȐȀȓǽȐȆȒȆ ȀȔȓǽ ȎȃǽȂȆȒȄ ȒȓȆ ȃȆȋȈȎȔȐȂǾȀ ȀȌȓȈȒȘȋǻȓȘȌ ȏȎȔ ȒȓȎȖȄȜȎȔȌ ȓȆ Ȃ-H2AX ȉȀȈ 

ǼȉȓȎȓȄ Ȇ ȋǼȇȎȃȎȑ ȀȌǾȖȌȄȔȒȆȑ ȓȆȑ Ȃ-ǧ2ǡǶ ȖȀǾȐȄȈ ȄȔȐȄǾȀȑ ȀȏȎȃȎȖǽȑ ȂȈȀ ȓȎȌ ȄȌȓȎȏȈȒȋț ȓȘȌ 

ǤǪǨ. ǬǻȊȈȒȓȀ ȇȄȘȐȄǾȓȀȈ ȏȊǼȎȌ ȓȎ ȉȀȇȈȄȐȘȋǼȌȎ ȏȐțȓȔȏȎ ȂȈȀ ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȓȘȌ ǤǪǨ [4, 

107-109]. ǧ ȋǼȇȎȃȎȑ ȓȆȑ ȕȘȒȕȎȐȔȊȈȘȋǼȌȆȑ ȈȒȓțȌȆȑ ǧ2ǡǶ ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ ȂȈȀ 

ȁȈȎȃȎȒȈȋȄȓȐǾȀ ȒȄ ȏȄȐǾȏȓȘȒȆ ǼȉȇȄȒȆȑ ȒȓȆȌ ǩǡ [110, 111], ȂȈȀ ȓȆȌ ȀȌǾȖȌȄȔȒȆ 

ȏȐȎȉȀȐȉȈȌȈȉȝȌ ȉȔȓȓǻȐȘȌ ȉȀȈ ȓȆȌ ȄȉȓǾȋȆȒȆ ȓȎȔ ȒȓȀȃǾȎȔ ȓȎȔ ȉȀȐȉǾȌȎȔ [112]. 

 

ǳȀ ȏȊȄȎȌȄȉȓǽȋȀȓȀ ȓȆȑ ȋȄȇțȃȎȔ ȓȆȑ Ȃ-ǧ2ǡǶ 

ǧ ȋǼȇȎȃȎȑ ȀȔȓǽ ȄǾȌȀȈ ȂȈȀ ȏȎȊȊȎȜȑ ȊțȂȎȔȑ Ȇ ȉȀȊȜȓȄȐȆ ȉȀȈ ȏȈȎ ȄȔȀǾȒȇȆȓȆ ȂȈȀ ȓȆȌ in situ 

ȀȌǾȖȌȄȔȒȆ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ. ǳȎ ȉȜȐȈȎ ȏȐȎȓǼȐȆȋǻ ȓȆȑ ȄǾȌȀȈ țȓȈ Ȇ ȕȘȒȕȎȐȔȊȈȘȋǼȌȆ 

ȈȒȓțȌȆ ȃȄȌ ȔȏǻȐȖȄȈ ȄȌȃȎȂȄȌȝȑ ȒȓȀ ȉȜȓȓȀȐȀ, ȀȊȊǻ ȏȐțȉȄȈȓȀȈ ȂȈȀ ȋǾȀ ȓȐȎȏȎȏȎǾȆȒȆ Ȇ ȎȏȎǾȀ 

ȒȔȋȁȀǾȌȄȈ ȄȕțȒȎȌ ȔȏǻȐȍȄȈ ǤǪǨ. ǲȄ ȀȌȓǾȇȄȒȆ ȋȄ ȓȈȑ ǻȊȊȄȑ ȏȐȘȓȄǠȌȄȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȏȎȔ 

ȏȀȐȎȔȒȈǻȅȎȔȌ ȄȌȃȎȂȄȌȄǾȑ ȒȔȂȉȄȌȓȐȝȒȄȈȑ ȉȀȈ ȋȄȓǻ ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ ȀȏȊȝȑ ȀȌȈȖȌȄȜȎȔȋȄ 

ȓȆ ȋȄȓȀȌǻȒȓȄȔȒǽ ȓȎȔȑ ȒȓȆȌ ȔȏȎȉȔȓȓǻȐȈȀ ȏȄȐȈȎȖǽ ȓȆȑ ȁȊǻȁȆȑ, țȏȘȑ ȂȈȀ ȏȀȐǻȃȄȈȂȋȀ Ȇ 

53PB1, ȏȎȔ ǼȖȄȈ ȖȐȆȒȈȋȎȏȎȈȆȇȄǾ ȉȀȈ ȒȓȆȌ ȏȀȐȎȜȒȀ ȃȈȀȓȐȈȁǽ ȉȀȈ ȒȖȎȊȈǻȅȄȓȀȈ ȒȓȀ ȄȏțȋȄȌȀ. 

ǧ Ȃ-ǧ2ǡǶ ȃȄȌ ȏȀȐȎȔȒȈǻȅȄȈ ȒǽȋȀ ȔȏȎȁǻȇȐȎȔ16, ȏȀȐǻ ȋțȌȎ ȉȀȓǻ ȏȄȐǾȏȓȘȒȆ ȀȓȄȊȎȜȑ 

                                                      

16 ǥȍȀǾȐȄȒȆ ȀȏȎȓȄȊȎȜȌ ȎȈ ȏȄȐȈȏȓȝȒȄȈȑ Ȁ) ȉȀȓǻ ȓȆ ȋȄǾȘȒȆ ȒȓȎ ȒȓǻȃȈȎ ȓȎȔ ȏȀȖȔȓȄȌǾȎȔ ȓȎ ȅȄȜȂȎȑ ȓȘȌ 
ȒȔȋȏȔȉȌȘȋǼȌȘȌ ȕȔȊȄȓȈȉȝȌ ȖȐȘȋȎȒȘȋǻȓȘȌ (Ƕ-Y) ȏȀȐȀȋǼȌȄȈ ȏȊǽȐȘȑ ȉȀȊȔȋȋǼȌȎ ȋȄ Ȃ-ǧ2ǡǶ, 
ȖȘȐǾȑ ȌȀ ȒȖȄȓǾȅȄȓȀȈ ȋȄ ǤǪǨ [113] ȁ) Ȇ ǼȉȇȄȒȆ ȒȄ UV-C ȏȐȎȉȀȊȄǾ ȒȖȆȋȀȓȈȒȋț ȋȈȉȐȎ-ȄȒȓȈȝȌ [114] 
ȉȀȈ ȉȀȓǻ ȓȆȌ ȀȏțȏȓȘȒȆ [115]. 
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ȏȐȘȓȎȉțȊȊȎȔ ȏȎȔ ǼȖȄȈ ȒȀȌ ȀȏȎȓǼȊȄȒȋȀ ȓȆ ȋȆ ȄȏȀȐȉǽ ȏȀȐȄȋȏțȃȈȒȆ (blocking) ȓȆȑ ȋȆ 

ȄȏȈȊȄȉȓȈȉǽȑ ȏȐțȒȃȄȒȆȑ ȓȘȌ ȀȌȓȈȒȘȋǻȓȘȌ (unspecific binding ). ǳȎ ǻȊȊȎ ȏȎȊȜ ȒȏȎȔȃȀǾȎ 

ȏȊȄȎȌǼȉȓȆȋǻ ȓȆȑ ȄǾȌȀȈ țȓȈ ȄǾȌȀȈ çȏȀȌȓȀȖȎȜ ȏȀȐȎȜȒȀè Ȇ ȋȆ ȓȐȎȏȎȏȎȈȆȋǼȌȆ ȓȆȑ ȋȎȐȕǽ, 

ȃȆȊȀȃǽ Ȇ ȈȒȓțȌȆ ǧ2ǡǶ ȔȏǻȐȖȄȈ, ȒȓȎȌ ǻȌȇȐȘȏȎ, ȒȄ ȏȎȒȎȒȓț 10% ȒȓȀ ȌȎȔȉȊȄȎȒȝȋȀȓȀ. 

ǰȎȊȜ ȒȆȋȀȌȓȈȉț ȏȊȄȎȌǼȉȓȆȋȀ ȄǾȌȀȈ țȓȈ ȋǾȀ ǤǪǨ ȋȏȎȐȄǾ ȌȀ ȏȐȎȉȀȊǼȒȄȈ ȓȐȎȏȎȏȎȈǽȒȄȈȑ ȒȄ 

ȋȈȀ ǼȉȓȀȒȆ ȓȆȑ ȖȐȘȋȀȓǾȌȆȑ ȏȄȐǾ ȓȀ 2 Mbp 17 ȉȀȈ ȌȀ ȕȘȒȕȎȐȔȊȈȘȇȎȜȌ ȏȄȐǾ ȓȀ 2000 ȋțȐȈȀ 

ȈȒȓțȌȆȑ ǧ2ǡǶ [106]. ǳȎ ȀȏȎȓǼȊȄȒȋȀ ȄǾȌȀȈ țȓȈ ȋǼȒȘ ȓȎȔ ȀȌȎȒȎȕȇȎȐȈȒȋȎȜ ȄȌȓȎȏǾȅȎȌȓȀȈ 

ȋȄȂǻȊȄȑ ȉȀȈ ȕȘȓȄȈȌǼȑ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ, ȉǻȌȎȌȓȀȑ ȄȕȈȉȓǽ ȓȆȌ ȎȏȓȈȉȎȏȎǾȆȒȆ ȓȘȌ ȁȊȀȁȝȌ. 

ǣȄȌȈȉǻ ȇȄȘȐȄǾȓȀȈ țȓȈ ȂȈȀ ȀȉȓȈȌȎȁȎȊǾȀ ðȂ ȉȀȈ ðǶ Ȇ ȀȌȓȈȒȓȎǾȖȈȒȆ ȓȘȌ ǤǪǨ ȋȄ ȓȈȑ 

ȄȋȕȀȌȈȅțȋȄȌȄȑ ȄȒȓǾȄȑ, ȒȄ ǼȌȀ ȋȄȂǻȊȎ ȄȜȐȎȑ ȃțȒȄȘȌ, ȄǾȌȀȈ ô1:1õ. 

ǧ ȕȘȒȕȎȐȔȊǾȘȒȆ ȓȆȑ ȈȒȓțȌȆȑ ǧ2ǡǶ ȄȏȈȓȄȊȄǾȓȀȈ Ȁȏț ȓȆȌ ǡǳǬ, ȓȆȌ ATR ǽ ȓȆȌ DNA -PKcs, 

ȄȌȀȊȊȀȉȓȈȉǻ ǽ ȒȔȋȏȊȆȐȘȋȀȓȈȉǻ, ȄǻȌ ȉǻȏȎȈȀ Ȁȏț ȀȔȓǼȑ (ȏȎȔ ȄǾȌȀȈ țȊȄȑ ȓȎȔȑ ȋǼȊȆ ȓȆȑ 

ȎȈȉȎȂǼȌȄȈȀȑ PIKK18) ȄǾȌȀȈ ȂȄȌȄȓȈȉȝȑ ȀȌȄȌȄȐȂǽ [116]. ǲȔȋȁȀǾȌȄȈ ȒȓȀ ȏȐȝȓȀ ȒȓǻȃȈȀ ȓȆȑ 

ȀȌǾȖȌȄȔȒȆȑ ȓȆȑ ǤǪǨ, ȀȌȄȍǻȐȓȆȓȀ Ȁȏț ȓȎȌ ȏȎȈȎȌ ȋȆȖȀȌȈȒȋț ȄȏȈȃȈțȐȇȘȒȆȑ ȇȀ ȄȏȈȊǼȍȄȈ ȓȎ 

ȉȜȓȓȀȐȎ (ȓȎȌ ǯȋțȊȎȂȎ ǡȌȀȒȔȌȃȔȀȒȋț ǽ ȓȆ ǬȆ ǯȋțȊȎȂȆ ǚȌȘȒȆ ǘȉȐȘȌ).  

ǣȈȀ ȓȆ ȋȄȊǼȓȆ ȓȘȌ ȒȜȌȇȄȓȘȌ ȁȊȀȁȝȌ DNA , ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ ȒȓȆȌ ȏȀȐȎȜȒȀ ȃȈȀȓȐȈȁǽ Șȑ 

ǻȍȎȌȀȑ ȎȈ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ ȏȎȔ ȃȆȋȈȎȔȐȂȎȜȌ ȎȈ ȏȐȘȓȄǠȌȄȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȘȌ ǤǪǨ (Ȃ-

ǧ2ǡǶ ǽ 53BP1) ȉȀȈ ȃȈȄȐȄȔȌǻȓȀȈ ȏǻȌȘ ȒȄ ȀȔȓǼȑ ȓȈȑ ȄȒȓǾȄȑ Ȇ ȜȏȀȐȍȆ ȒǽȋȀȓȎȑ ȕȇȎȐȈȒȋȎȜ 

Ȁȏț ǻȊȊȄȑ ȏȐȘȓȄǠȌȄȑ ȄȏȈȃȈțȐȇȘȒȆȑ (APE1 ǽ OGG1) ȏȎȔ ȀȌǽȉȎȔȌ ȒȓȎ ǬȆȖȀȌȈȒȋț ǥȉȓȎȋǽȑ 

ǢǻȒȆȑ, ȏȎȔ ȄǾȌȀȈ ȔȏȄȜȇȔȌȎȑ ȂȈȀ ȓȈȑ ȁȊǻȁȄȑ ȁǻȒȄȘȌ. ǧ ȋǼȇȎȃȎȑ ȊȎȈȏțȌ ȏȎȔ ȀȉȎȊȎȔȇȄǾȓȀȈ 

ȂȈȀ ȓȆȌ ȄȉȓǾȋȆȒȆ ȓȘȌ ȒȜȌȇȄȓȘȌ ȁȊȀȁȝȌ ȄǾȌȀȈ Ȇ ȃȈȄȐȄȜȌȆȒȆ ȓȆȑ ȜȏȀȐȍȆȑ ȒȔȌȄȌȓȎȏȈȒȋȎȜ 

(colocalization), țȏȘȑ ȏȀȐȀȒȓȀȓȈȉǻ ȃǾȌȄȓȀȈ ȒȓȎ ǲȖǽȋȀ 4-1.  

ǥȏȈȊǼȖȓȆȉȀȌ ȒȔȂȉȄȉȐȈȋǼȌȀ, ȀȔȓǼȑ ȎȈ ȏȐȘȓȄǠȌȄȑ, țȏȘȑ ȏȐȎȓȄǾȌȎȌȓȀȈ Ȁȏț ȓȎȔȑ Hada and 

Georgakilas [10]. ǧ APE1 (Apurinic/Apyrimidinic Endo deoxyribonuclease 1) ȄǾȌȀȈ ȋȈȀ 

ȏȐȘȓȄǠȌȆ, ȄȌȃȎȌȎȔȉȊȄǻȒȆ, ȋȄ ȉȔȐǾȀȐȖȎ ȐțȊȎ ȒȓȆȌ ȀȏțȉȐȈȒȆ ȒȓȎ ȎȍȄȈȃȘȓȈȉț ȒȓȐȄȑ. 

ǫȄȈȓȎȔȐȂȄǾ Șȑ ȀȏȎȔȐȈȌȈȉǽ/ȀȏȔȐȈȋȈȃȈȌȈȉǽ ȄȌȃȎȃȄȎȍȔȐȈȁȎȌȎȔȉȊȄǻȒȆ ȒȓȎ ǬȆȖȀȌȈȒȋț 

ǥȉȓȎȋǽȑ ǢǻȒȆȑ, ȄȏȈȃȈȎȐȇȝȌȎȌȓȀȑ ȁȊǻȁȄȑ ȏȎȔ ǼȖȎȔȌ ȏȐȎȉȊȆȇȄǾ Ȁȏț ȎȍȄȈȃȘȓȈȉȎȜȑ ǽ 

ȀȊȉȔȊȈȘȓȈȉȎȜȑ ȏȀȐǻȂȎȌȓȄȑ. ǥȉȉȈȌȄǾ ȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ȀȁȀȒȈȉȝȌ ȒȆȋȄǾȘȌ 

ȉȀȓȀȊȜȎȌȓȀȑ ȓȆȌ ȔȃȐȎȊȔȓȈȉǽ ȄȉȓȎȋǽ ȓȎȔ ȕȘȒȕȎȃȈȄȒȓȄȐȈȉȎȜ ȒȉȄȊȄȓȎȜ ȀȉȐȈȁȝȑ ȃǾȏȊȀ ȒȓȆ 

ȁȊǻȁȆ ȃȆȋȈȎȔȐȂȝȌȓȀȑ ȋǾȀ ȋȎȌțȉȊȘȌȆ ȇȐȀȜȒȆ.  

                                                      

17 Mbp : mega base-pairs. ǲȄ ȅȄȜȂȆ ȁǻȒȄȘȌ ȋȄȓȐǻȓȀȈ ȓȎ ȋǽȉȎȑ ȓȎȔ DNA .  

18  PIKK : Phosphatidylinositol  3-kinase-related kinases ȄǾȌȀȈ ȎȈȉȎȂǼȌȄȈȀ ȉȈȌȀȒȝȌ 

ȒȄȐǾȌȆȑ/ ȇȐȄȎȌǾȌȆȑ 
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ǧ OGG1 (8-Oxoguanine DNA  Glycosylase) ȄǾȌȀȈ ǼȌȀ ǼȌȅȔȋȎ (ȏȐȘȓȄǠȌȆ) ȔȏȄȜȇȔȌȎ ȂȈȀ ȓȆȌ 

ȄȉȓȎȋǽ ȓȆȑ 8-ȎȍȎȂȎȔȀȌǾȌȆȑ. ǧ ȓȄȊȄȔȓȀǾȀ ȄǾȌȀȈ ǼȌȀ ȋȄȓȀȊȊȀȍȎȂțȌȎ ȏȀȐȀȏȐȎșțȌ ȁǻȒȆȑ, ȓȎ 

ȎȏȎǾȎ ȄȋȕȀȌǾȅȄȓȀȈ Șȑ ȀȏȎȓǼȊȄȒȋȀ ȓȆȑ ǼȉȇȄȒȆȑ ȒȄ ȃȐȀȒȓȈȉț ȎȍȔȂțȌȎ. ǧ ȃȐǻȒȆ ȓȎȔ ȄȌȅȜȋȎȔ 

OGG1, ȏȎȔ ȄǾȌȀȈ ȋǾȀ ȂȊȔȉȎȅȔȊǻȒȆ ȏȄȐȈȊȀȋȁǻȌȄȈ ȓȆ ȃȐȀȒȓȈȉțȓȆȓȀ ȊȔǻȒȆȑ, ȂȈȀ ȓȆȌ ȄȉȓȎȋǽ 

ȓȆȑ ȀȊȔȒǾȃȀȑ, ȖȘȐǾȑ ȌȀ ȄǾȌȀȈ ȀȏȀȐȀǾȓȆȓȆ Ȇ ȏȀȐȎȔȒǾȀ ȉǻȏȎȈȀȑ ȏȄȐȈȎȐȈȒȓȈȉǽȑ 

ȄȌȃȎȌȎȔȉȊȄǻȒȆȑ. ǡȌȓǾȒȓȎȈȖȄȑ ȋȄȊǼȓȄȑ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȄȏȈȖȄȈȐǽȇȆȉȀȌ ȒȓȎ ȏȀȐȄȊȇțȌ Ȁȏț 

ȓȎȔȑ Asaithamby  and Chen [47].  

 

 

4.2 ǪȔȓȓȀȐȈȉǼȑ ȒȄȈȐǼȑ ȉȀȈ ȒȔȌȇǽȉȄȑ ȉȀȊȊȈǼȐȂȄȈȀȑ 

ǥȏȄȊǼȂȆȒȀȌ ȏȊǽȇȎȑ Ȁȏț ȉȔȓȓȀȐȈȉǼȑ ȒȄȈȐǼȑ ȉȀȈ ȒȔȌȇǽȉȄȑ ȀȉȓȈȌȎȁțȊȆȒȆȑ ȝȒȓȄ ȀȐȖȈȉǻ ȌȀ 

ȏȐȎȒȃȈȎȐȈȒȓȄǾ ȉȀȈ ȌȀ ȄȕȀȐȋȎȒȓȄǾ ǼȌȀ ȏȐȘȓțȉȎȊȊȎ ȀȌȎȒȎȕȇȎȐȈȒȋȎȜ ȈȉȀȌț ȌȀ 

ȎȏȓȈȉȎȏȎȈǽȒȄȈ țȒȀ ȎȈ ȇȄȘȐȆȓȈȉǼȑ ȏȐȎȁȊǼȗȄȈȑ ȔȏȀȂȎȐȄȜȎȔȌ. ǝȊȄȑ ȎȈ ȀȌȀȕȄȐțȋȄȌȄȑ 

ȉȔȓȓȀȐȈȉǼȑ ȒȄȈȐǼȑ ȉȀȊȊȈȄȐȂǽȇȆȉȀȌ ȒȓȎȔȑ 37ȎC ȒȄ ȃȈȔȂȐȀȈȌțȋȄȌȆ ȀȓȋțȒȕȀȈȐȀ (5% CO2, 

95% ȀǼȐȀȑ) ȉȀȈ ȀȕǼȇȆȉȀȌ ȌȀ ȀȌȀȏȓȜȒȒȎȌȓȀȈ ǼȘȑ țȓȎȔ ȌȀ ȕȓǻȒȎȔȌ ȒȄ ȏȊȆȐțȓȆȓȀ ȒȓȆȌ 

ȏȊǻȉȀ ȋȈȉȐȎȒȉȎȏǾȎȔ ǽ ȒȓȆȌ ȉȀȊȔȏȓȐǾȃȀ țȏȎȔ ǼȂȈȌȄ Ȇ ȉȀȊȊȈǼȐȂȄȈȀ 70-80% ȉȀȈ ȋȄȓǻ 

ȀȉȓȈȌȎȁȎȊȎȜȌȓȀȌ. 

MCF7 (ATCC; HTB22) ȀȌȇȐȝȏȈȌȀ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ ȋȀȒȓȎȜ ȉȀȊȊȈȄȐȂǽȇȆȉȀȌ ȒȄ 

Dulbeccoõs modified Eagleõs medium (DMEM) (Sigma-Aldrich Corp., St. Louis, MO) 

ȒȔȋȏȊȆȐȘȋǼȌȎ ȋȄ 10% ȇȄȐȋȈȉȝȑ ȀȏȄȌȄȐȂȎȏȎȈȆȋǼȌȎ ȄȋȁȐȔșȉț ȎȐț ȋțȒȖȎȔ (fetal bovine 

serum, FBS), 1% L-glutamine ȉȀȈ 1% ȏȄȌȈȉȈȊǾȌȆ-ȒȓȐȄȏȓȎȋȔȉǾȌȆ [penicillin (100 U/ml) ð

streptomycin (100 ȋg/ml)]. ǧ ȄȓȎȈȋȀȒǾȀ ȓȘȌ ȏȊȀȉȝȌ ȋȈȉȐȎȒȉȎȏǾȎȔ ȏȄȐȈȄȊǻȋȁȀȌȄ ȓȆ 

ȕȔȒȈȉǽ ȎȐȈȎȇǼȓȆȒȆ ȓȎȔ ȖȝȐȎȔ țȏȎȔ ȇȀ ȀȌȀȏȓȜȒȒȎȌȓȀȌ ȎȈ ȉȔȓȓȀȐȈȉǼȑ ȀȏȎȈȉǾȄȑ ȋȄ 

ȔȃȐțȕȎȁȎ ȋȀȐȉȀȃțȐȎ (Liquid  Blocker super pap pen, Sigma-Aldrich, Steinheim, 

Germany). ǲȓȆ ȒȔȌǼȖȄȈȀ ȎȈ ȏȊǻȉȄȑ ȁȔȇǾȅȎȌȓȀȌ ȂȈȀ ȓȎȔȊǻȖȈȒȓȎȌ 24 h ȒȄ ȉȀȇȀȐǽ ȀȈȇȀȌțȊȆ 

ȉȀȈ ȀȕǽȌȎȌȓȀȌ ȌȀ ȒȓȄȂȌȝȒȎȔȌ ȒȄ ȒȓȄǾȐȎ ȏȄȐȈȁǻȊȊȎȌ. ǳȀ ȉȜȓȓȀȐȀ ȒȏǼȐȌȎȌȓȀȌ ȒȓȆȌ 

ȏȄȐȈȂȄȂȐȀȋȋǼȌȆ ȏȄȐȈȎȖǽ ȒȄ 200 ȋl ȇȐȄȏȓȈȉȎȜ ȋǼȒȎȔ . ǳȀ ȏȊȀȉǻȉȈȀ ȄȏȘǻȅȎȌȓȀȌ ȋǼȒȀ ȒȄ 

ȓȐȔȁȊǾȀ Petri ȒȓȎȌ ȉȊǾȁȀȌȎ ȄȏȝȀȒȆȑ ǼȘȑ țȓȎȔ ȓȀ ȉȜȓȓȀȐȀ ȌȀ ȏȐȎȒȉȎȊȊȆȇȎȜȌ ȒȄ ȀȔȓǻ. 

ǲȓȆ ȒȔȌǼȖȄȈȀ (ȋȄȓǻ Ȁȏț 1,5-2 h) ȄȏȈȏȊǼȎȌ ȇȐȄȏȓȈȉț ȋǼȒȎ (10ml) ȏȐȎȒȓǾȇȄȓȎ ȒȓȀ ȓȐȔȁȊǾȀ. 

ǣȈȀ ȓȎ ȏȄǾȐȀȋȀ ȏȎȔ ȏȄȐȈȄǾȖȄ ȓȎȌ ȀȌȀȒȓȎȊǼȀ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȆȑ DNA -PKcs, NU7026 

(Sigma-Aldrich Corp., St. Louis, MO ), Ȏ ȀȌȀȒȓȎȊǼȀȑ ȏȐȎȒȓǾȇȄȓȎ ȒȓȎ ȇȐȄȏȓȈȉț ȋǼȒȎ 24 h 

ȏȐȈȌ ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ, ȒȄ ȓȄȊȈȉǽ ȒȔȂȉǼȌȓȐȘȒȆ 10 ȋmol/l. ǬȄȓǻ ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ ȓȀ 

ȉȜȓȓȀȐȀ ȓȎȔ ȒȔȂȉȄȉȐȈȋǼȌȎȔ ȏȄȈȐǻȋȀȓȎȑ ȄȏȘǻȒȓȆȉȀȌ ȒȄ ȕȐǼȒȉȎ ȇȐȄȏȓȈȉț ȋǼȒȎ.  
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FEP18-11-T1 (Gibco, Paisley, UK; Cat. No. 12332-011), ȀȌȇȐȝȏȈȌȀ ȏȐȘȓȎȂȄȌǽ 

ȕȔȒȈȎȊȎȂȈȉǻ ȀȇȀȌȀȓȎȏȎȈȆȋǼȌȀ ȉȄȐȀȓȈȌȎȉȜȓȓȀȐȀ ȉȀȊȊȈȄȐȂǽȇȆȉȀȌ ȒȄ ȉȀȓǻȊȊȆȊȎ ȂȈȀ 

ȀȔȓǻ ȇȐȄȏȓȈȉț ȋǼȒȎ (KeratinocyteðSFM; Invitrogen, Paisley, UK; Cat. No. 17005-042) ȓȎ 

ȎȏȎǾȎ ȀȏȎȓȄȊȄǾȓȀȈ Ȁȏț ȓȎ ȉȔȐǾȘȑ ȋǼȒȎ (Cat. No. 17024-011) ȒȔȋȏȊȆȐȘȋǼȌȎ ȋȄ ȓȎȌ 

ȀȌȇȐȝȏȈȌȎ ȄȏȈȃȄȐȋȈȉț ȏȀȐǻȂȎȌȓȀ ȀȌǻȏȓȔȍȆȑ rEGF (2.5 ȋg; Cat. No. 10450-013) ȉȀȈ ȓȎ 

ȄȉȖȜȊȈȒȋȀ ȔȏȎȕȜȒȄȘȑ ȋțȒȖȎȔ (25 mg; Cat. No. 13026-014) ȒȄ ȒȔȌȎȊȈȉț țȂȉȎ 500 ml. ǳȀ 

ȉȜȓȓȀȐȀ ȒȏǻȐȇȆȉȀȌ ȒȄ ȏȊȀȉǻȉȈȀ-ȕȊǻȒȉȄȑ 2 ȋǼȐȄȑ ȏȐȈȌ ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ.  

HepG2, ȀȌȇȐȝȏȈȌȀ ȉȜȓȓȀȐȀ ȆȏȀȓȎȉȔȓȓȀȐȈȉȎȜ ȉȀȐȉȈȌȝȋȀȓȎȑ (HepG2, ATCC; HB-8065) 

ȉȀȊȊȈȄȐȂǽȇȆȉȀȌ ȒȄ a-medium (modified MEM, Pan -Biotech, Aidenbach, Germany) ȋȄ 

10% FBS. ǣȈȀ ȓȆȌ ȄȁȃȎȋȀȃȈȀǾȀ ȀȌȀȉȀȊȊȈǼȐȂȄȈȀ ȓȀ ȉȜȓȓȀȐȀ ȏȊȄȌțȌȓȎȔȒȀȌ ȋȄ PBS ȏȐȈȌ 

ȓȆȌ ȀȏȎȉțȊȊȆȒȆ ȓȎȔȑ ȋȄ ȃȈǻȊȔȋȀ ȓȐȔȗǾȌȆȑ/EDTA (PAN -Biotech). ǲȓȆ ȒȔȌǼȖȄȈȀ ȓȀ 

ȉȜȓȓȀȐȀ ȒȏǼȐȌȎȌȓȀȌ ȒȄ ȏȔȉȌțȓȆȓȀ 3x104/cm 2 ȒȄ ȌǼȄȑ ȕȊǻȒȉȄȑ. ǳȎ ȇȐȄȏȓȈȉț ȋǼȒȎ 

ȀȊȊȀȅțȓȀȌ ȉǻȇȄ 4 ȆȋǼȐȄȑ. ǣȈȀ ȓȆ ȃȈȄȍȀȂȘȂǽ ȓȎȔ ȀȌȓǾȒȓȎȈȖȎȔ ȏȄȈȐǻȋȀȓȎȑ ȓȀ ȉȜȓȓȀȐȀ 

HepG2 ȒȏǻȐȇȆȉȀȌ ȒȄ ȏȊȀȉǻȉȈȀ-ȕȊǻȒȉȄȑ ȄȏȈȕǻȌȄȈȀȑ 8,6 cm2 (Nunc, Roskilde, Denmark) 

ȋȄ 3 ml ȇȐȄȏȓȈȉȎȜ ȋǼȒȎȔ ȉȀȈ ȏǻȊȈ ȒȄ ȏȔȉȌțȓȆȓȀ 3x104/cm 2. ǣȈȀ ȌȀ ȀȏȎȕȄȔȖȇȄǾ ȓȔȖțȌ 

ȀȏȎȉțȊȊȆȒȆ ȓȘȌ ȉȔȓȓǻȐȘȌ Ȁȏț ȓȀ ȏȊȀȉǻȉȈȀ ȉȀȓǻ ȓȆ ȃȈǻȐȉȄȈȀ ȓȆȑ ȀȉȓȈȌȎȁțȊȆȒȆȑ ȎȈ 

ȕȊǻȒȉȄȑ ȄȏȈȒȓȐȝȇȆȉȀȌ ȋȄ poly-L ȊȔȒǾȌȆ (0,6 ȋg/cm2) ȂȈȀ 15 min ȒȓȎȔȑ 37ȎC ȉȀȈ 

ȄȉȏȊȜȇȆȉȀȌ 3 ȕȎȐǼȑ ȋȄ ȒȓȄǾȐȎ ȀȏȎȒȓȀȂȋǼȌȎ ȌȄȐț. ǬȄȓǻ ȓȆ ȒȏȎȐǻ ȓȎȔȑ ȓȀ ȉȜȓȓȀȐȀ 

ȏȐȎȒȉȎȊȊǽȇȆȉȀȌ ȒȓȎȌ ȏȔȇȋǼȌȀ ȓȆȑ ȉǻȇȄ ȕȊǻȒȉȀȑ ȉȀȈ ǼȕȓȀȒȀȌ ȒȄ ȏȊȆȐțȓȆȓȀ 70% ȓȆ 

ȒȓȈȂȋǽ ȓȆȑ ȀȉȓȈȌȎȁțȊȆȒȆȑ. ǳȀ ȏȊȀȉǻȉȈȀ-ȕȊǻȒȉȄȑ ȏȊȆȐȝȇȆȉȀȌ ȋȄ ȇȐȄȏȓȈȉț ȋǼȒȎ ȀȉȐȈȁȝȑ 

ȏȐȈȌ ȓȆ ȒȓȈȂȋǽ ȓȆȑ ȀȉȓȈȌȎȁțȊȆȒȆȑ, ȒȕȐȀȂǾȒȓȆȉȀȌ ȉȀȈ ȀȉȓȈȌȎȁȎȊǽȇȆȉȀȌ, țȏȘȑ 

ȏȄȐȈȂȐǻȕȄȓȀȈ ȒȓȀ ȄȏțȋȄȌȀ.  

A549 (ATCC, CCL-185), ȀȌȇȐȝȏȈȌȀ ȄȏȈȇȆȊȈȀȉǻ ȉȜȓȓȀȐȀ Ȁȏț ȉȀȐȉǾȌȘȋȀ ȓȎȔ ȏȌȄȜȋȎȌȀ 

ȉȀȊȊȈȄȐȂǽȇȆȉȀȌ ȒȄ ȉȀȊȔȏȓȐǾȃȄȑ ȃȈȀȋǼȓȐȎȔ 18 mm, ȄȏȈȒȓȐȘȋǼȌȄȑ ȋȄ poly-L-ȊȔȒǾȌȆ. ǪǻȇȄ 

ȉȀȊȔȏȓȐǾȃȀ ȓȎȏȎȇȄȓȄǾȓȎ ȒȄ ȓȐȔȁȊǾȎ ȃȈȀȋǼȓȐȎȔ 35 mm ȉȀȈ ȒȏȄȐȌțȌȓȎȔȒȀȌ 0,15 x 106 

ȉȜȓȓȀȐȀ ȒȄ ȉǻȇȄ ǼȌȀ. ǳȎ ȇȐȄȏȓȈȉț ȋǼȒȎ ǽȓȀȌ McCoyõs 5A ȒȔȋȏȊȆȐȘȋǼȌȎ ȋȄ 10% ȄȋȁȐȔșȉț 

ȎȐț ȋțȒȖȎȔ (fetal calf serum-FCS).  

MO59K -MO59J (ATCC, CRL-2365/2366), ȀȌȇȐȝȏȈȌȀ ȉȜȓȓȀȐȀ ȂȊȎȈȎȁȊȀȒȓȝȋȀȓȎȑ 

ȉȀȊȊȈȄȐȂǽȇȆȉȀȌ ȒȄ Dulbeccoõs modified Eagleõs medium-F-12 ȒȔȋȏȊȆȐȘȋǼȌȎ ȋȄ 10% ȎȐț 

ȋțȒȖȎȔ ȏȎȔ ȏȄȐȈǼȖȄȈ ȄȏȈȏȊǼȎȌ ȒǾȃȆȐȎ (HyClone, Logan, UT). ǝȏȘȑ ȉȀȈ ȓȀ A549 ǼȓȒȈ ȉȀȈ 

ȀȔȓǻ ȉȀȊȊȈȄȐȂǽȇȆȉȀȌ ȒȄ ȉȀȊȔȏȓȐǾȃȄȑ ȉȀȈ ȒȏǻȐȇȆȉȀȌ ȉȀȓǻ 0,3 x106 ȉȀȈ 0,2 x 106 

ȀȌȓǾȒȓȎȈȖȀ. ǳȀ M059K/J ȇȄȘȐȎȜȌȓȀȈ ȉȀȓǻȊȊȆȊȎ ȏȐțȓȔȏȎ ȒȜȒȓȆȋȀ ȂȈȀ ȓȆ ȋȄȊǼȓȆ ȓȆȑ 

ȏȐȘȓȄǠȌȆȑ ȉȈȌǻȒȆȑ DNA (DNA -PK) ȒȄ ȉȔȓȓȀȐȈȉǼȑ ǽ ȋȎȐȈȀȉǼȑ ȃȈȄȐȂȀȒǾȄȑ ȏȎȔ ȀȕȎȐȎȜȌ 

ȓȆȌ ȀȌȀȂȌȝȐȈȒȆ ǽ ȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȁȊȀȁȝȌ DNA. ǳȀ ȉȜȓȓȀȐȀ MO59J ȔȒȓȄȐȎȜȌ 
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ȏȀȌȓȄȊȝȑ ȒȓȆȌ ǼȉȕȐȀȒȆ ȓȆȑ ȉȀȓȀȊȔȓȈȉǽȑ ȔȏȎȋȎȌǻȃȀȑ ȓȆȑ DNA-PK, DNA -PKcs19, ȂȈȀ 

ȀȔȓțȌ ȓȎ ȊțȂȎ ȄǾȌȀȈ ȉȀȓǻ ȏȎȊȜ ȊȈȂțȓȄȐȎ ȈȉȀȌǻ ȒȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȎȔ DNA ȒȄ ȀȌȓǾȇȄȒȆ 

ȋȄ ȓȀ ȈȒȎȂȎȌȈȃȈȀȉǻ20 ȓȎȔȑ ȓȀ MO59K, ȊțȂȘ ȋȈȀȑ ȋȄȓǻȊȊȀȍȆȑ ȋȄȓȀȓțȏȈȒȆȑ ȏȊȀȈȒǾȎȔ21. 

 

4.3 ǥȉȇǼȒȄȈȑ ȒȄ ȈȎȌȓǾȅȎȔȒȄȑ ȀȉȓȈȌȎȁȎȊǾȄȑ  

ǪȀȓǻ ȓȆ ȃȈǻȐȉȄȈȀ ȓȆȑ ȄȉȏțȌȆȒȆȑ ȓȆȑ ȏȀȐȎȜȒȀȑ ȃȈȀȓȐȈȁǽȑ ȏȐȀȂȋȀȓȎȏȎȈǽȇȆȉȀȌ 

ȀȉȓȈȌȎȁȎȊǽȒȄȈȑ ȒȄ ȃȈǻȕȎȐȀ ȄȐȄȔȌȆȓȈȉǻ ȉǼȌȓȐȀ. ǯ ȋȄȂȀȊȜȓȄȐȎȑ țȂȉȎȑ ȓȘȌ ȏȄȈȐȀȋǻȓȘȌ 

ǼȂȈȌȀȌ ȒȓȎ ǥ.Ǫ.ǥ.ǵ.ǥ. çǤȆȋțȉȐȈȓȎȑè, Ȕȏț ȓȆȌ ȉȀȇȎȃǽȂȆȒȆ ȓȆȑ ǤȐȀ ǳȄȐȅȎȜȃȆ. ǰȎȊȊǻ 

ȏȄȈȐǻȋȀȓȀ ȄȏǾȒȆȑ ȄȉȓȄȊǼȒȓȆȉȀȌ ȒȓȎ ȄȐȂȀȒȓǽȐȈȎ ȓȎȔ ǪȀȇȆȂȆȓǽ ǧȊȈǻȉȆ ȒȓȎ Essen ȓȆȑ 

ǣȄȐȋȀȌǾȀȑ. ǬȀȑ ȄȒȓǻȊȆȒȀȌ ȉȜȓȓȀȐȀ ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ ȄǾȓȄ ȋȄ ȀȉȓǾȌȄȑ-Ƕ ȄǾȓȄ ȋȄ ȈțȌȓȀ 

ǡȐȂȎȜ Ȁȏț ȓȆ ȒȔȌȄȐȂǻȓȈȃǻ ȋȀȑ Christine Hellweg  Ȁȏț ȓȎ ǣȄȐȋȀȌȈȉț ǪǼȌȓȐȎ 

ǡȄȐȎȃȈȀȒȓȆȋȈȉǽȑ ȒȓȆȌ ǪȎȊȘȌǾȀ. ǧ ȒȔȌȄȐȂǻȓȈȃǻ ȋȀȑ ǪȀȇȆȂǽȓȐȈȀ Olga Martin, Ȁȏț ȓȎ 

Peter MacCallum Cancer Centre ȓȆȑ ǬȄȊȁȎȜȐȌȆȑ ȀȉȓȈȌȎȁțȊȆȒȄ ȂȈȀ Ȅȋǻȑ ȉȀȈ ȋȀȑ ǼȒȓȄȈȊȄ 

ȉȄȐȀȓȈȌȎȉȜȓȓȀȐȀ ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ ȋȄ ȀȉȓǾȌȄȑ ðȂ.  

 

4.3.1 ȀȉȓǾȌȄȑ-Ȃ  

ǪȜȓȓȀȐȀ MCF7 ȉȀȊȊȈȄȐȂǽȇȆȉȀȌ ȒȄ ȓȐȔȁȊǾȀ Petri ȏȎȔ ȏȄȐȈȄǾȖȀȌ Ȁȏț ǼȌȀ ȀȏȎȒȓȄȈȐȘȋǼȌȎ 

ȏȊȀȉǾȃȈȎ ȋȈȉȐȎȒȉȎȏǾȎȔ. ǲȔȐȐǼȎȔȒȄȑ ȉȀȊȊȈǼȐȂȄȈȄȑ ȉȔȓȓǻȐȘȌ (ȃȆȊ. ȒȄ ȕǻȒȆ ȉȔȓȓȀȐȈȉȎȜ 

ȉȜȉȊȎȔ G1/ G2) ȀȉȓȈȌȎȁȎȊǽȇȆȉȀȌ ȋȄ ȀȉȓǾȌȄȑ-Ȃ ȒȓȆȌ ȏȆȂǽ ǪȎȁȀȊȓǾȎȔ-60 ȏȎȔ ȁȐǾȒȉȄȓȀȈ 

ȒȓȎ ǥ.Ǫ.ǥ.ǵ.ǥ. çǤȆȋțȉȐȈȓȎȑè (60Co GammaCell 220 irradiator, Ato mic Energy of Canada 

Ltd., Ottawa, Canada) ȒȄ ȃȈǻȕȎȐȄȑ ȃțȒȄȈȑ ǼȘȑ ȉȀȈ 4 Gy (LET: 0.3 keV/ȋm, ȐȔȇȋțȑ ȃțȒȆȑ 

ȉȀȓǻ ȓȆȌ ȏȄȐǾȎȃȎ ȓȆȑ ȀȉȓȈȌȎȁțȊȆȒȆȑ: 0.3 Gy/min).  

ǪȜȓȓȀȐȀ FEP18-11-T1 ȀȉȓȈȌȎȁȎȊǽȇȆȉȀȌ ȋȄ 0.1, 1 ȉȀȈ 2 Gy ȒȄ ȏȆȂǽ ǪȀȈȒǾȎȔ-137 (137Cs 

source, GammaCell 40 Irradiator, Nordion International, Ottawa,  ON, Canada), ȋȄ ȐȔȇȋț 

ȃțȒȆȑ ȉȀȓǻ ȓȆȌ ȏȄȐǾȎȃȎ ȓȆȑ ȀȉȓȈȌȎȁțȊȆȒȆȑ 0.531 Gy/min. ǧ ȋȎȌȈȋȎȏȎǾȆȒȆ ǼȂȈȌȄ ȋȄ 

ȏȀȐȀȕȎȐȋȀȊȃȄǿȃȆ 4% 1, 6 ȉȀȈ 24 h ȋȄȓǻ ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ. 

                                                      

19 DNA -PKcs: DNA -PK catalytic subunit  
20 ȈȒȎȂȎȌȈȃȈȀȉǻ: ȏȎȔ ǼȖȎȔȌ ȏȀȌȎȋȎȈțȓȔȏȀ ȒȜȌȎȊȀ ȂȎȌȈȃǾȘȌ  [117] 
21 ȋȄȓǻȊȊȀȍȆ ȋȄȓȀȓțȏȈȒȆȑ ȏȊȀȈȒǾȎȔ: ȒȔȋȁȀǾȌȄȈ ȒȓȆȌ ȀȊȔȒǾȃȀ ȓȎȔ DNA ȉȀȓǻ ȓȆȌ ȄȈȒȀȂȘȂǽ ǽ ȓȆ 
ȃȈȀȂȐȀȕǽ ȌȎȔȉȊȄȎȓȈȃǾȘȌ țȓȀȌ Ȏ ȀȐȈȇȋțȑ ȓȎȔȑ ȃȄȌ ȄǾȌȀȈ ȏȎȊȊȀȏȊǻȒȈȎ ȓȎȔ ȓȐǾȀ, ȝȒȓȄ ȉǻȇȄ 
ȉȘȃȈȉțȌȈȎ ȋȄȓǻ ȓȆȌ ȄȈȒȀȂȘȂǽ ǽ ȓȆ ȃȈȀȂȐȀȕǽ ȃȈȀȁǻȅȄȓȀȈ ȊȀȌȇȀȒȋǼȌȀ ȉȀȓǻ ȓȆ ȋȄȓǻȕȐȀȒȆ [118]   
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4.3.2 ǡȉȓǾȌȄȑ Ƕ 

HepG2 ȄȉȓǼȇȆȉȀȌ ȒȄ ȖȀȋȆȊǽȑ LET (0.3ð3.0 keV/ȋm) ȀȉȓǾȌȄȑ-Ƕ ȋȄ ȏȆȂǽ Gulmay X-ray 

RS225 (X-Strahl, Surrey, UK) ȒȓȆȌ ǪȎȊȘȌǾȀ. ǯ ȒȘȊǽȌȀȑ ȓȘȌ ȀȉȓǾȌȘȌ-Ƕ ǽȓȀȌ ȐȔȇȋȈȒȋǼȌȎȑ 

ȒȓȀ 200 kV ȉȀȈ ȒȓȀ 15 mA. ǣȈȀ ȓȎȌ ȏȄȐȈȎȐȈȒȋț ȓȘȌ ȋȀȊȀȉȝȌ ȀȉȓǾȌȘȌ-Ƕ ȏȀȐȄȋȁȊǽȇȆȉȄ 

ǼȌȀ ȕǾȊȓȐȎ ǶȀȊȉȎȜ, ȏǻȖȎȔȑ 0.5mm. ǧ ȃțȒȆ ȉȀȈ Ȏ ȐȔȇȋțȑ ȃțȒȆȑ ȏȐȎȒȃȈȎȐǾȒȓȆȉȀȌ ȋȄ ȓȎ 

ȃȎȒǾȋȄȓȐȎ UNIDOSwebline , ȋȄ ȇǻȊȀȋȎ ȈȎȌȈȒȋȎȜ ȓȎȌ TM30013 (PTW, Freiburg, 

Germany). ǧ ȀȏțȒȓȀȒȆ ȋȄȓȀȍȜ ȓȎȔ ȃȄǾȂȋȀȓȎȑ ȉȀȈ ȓȆȌ ȏȆȂǽȑ ȓǼȇȆȉȄ ȒȓȀ 450mm, ȝȒȓȄ ȌȀ 

ȄȏȈȓȄȔȖȇȄǾ ȒȓȀȇȄȐțȑ ȐȔȇȋțȑ ȃțȒȆȑ ȒȓȀ 1.0 Gy/min. ǬȄȓǻ ȓȆȌ ǼȉȇȄȒȆ ȓȀ ȃȄǾȂȋȀȓȀ 

ȋȄȓȀȕǼȐȇȆȉȀȌ ȒȓȎ ȇǻȊȀȋȎ ȄȏȝȀȒȆȑ. ǪȀȇȝȑ Ȇ ȏȆȂǽ ȀȉȓǾȌȘȌ-Ƕ ǽȓȀȌ ȓȎȏȎȇȄȓȆȋǼȌȆ ȄȏǻȌȘ 

Ȁȏț ȓȀ ȃȄǾȂȋȀȓȀ ȓȀ ȉȜȓȓȀȐȀ ȒȓȈȑ ȕȊǻȒȉȄȑ ȄȉȓǼȇȆȉȀȌ ȒȄ ȎȐȈȅțȌȓȈȀ ȇǼȒȆ ȉǻȓȘ Ȁȏț ȓȎ 

ȏȀȐǻȇȔȐȎ ȄȍțȃȎȔ ȓȘȌ ȀȉȓǾȌȘȌ. 

ǪȜȓȓȀȐȀ A549, MO59K, MO59J ȀȉȓȈȌȎȁȎȊǽȇȆȉȀȌ ȋȄ ȀȉȓǾȌȄȑ-Ƕ, ȒȄ ȏǻȂȎ, Ȁȏț ȏȆȂǽ 

(Seifert-Pantak, East Haven, CT) ȐȔȇȋȈȒȋǼȌȆ ȒȓȀ 320 kV, 10mA, ȕǼȐȎȔȒȀ ȕǾȊȓȐȎ 

ǡȊȎȔȋȈȌǾȎȔ ȏǻȖȎȔȑ 1.65- mm (ȃȐȀȒȓȈȉǽȑ ȄȌǼȐȂȄȈȀȑ ȕȘȓȎȌǾȘȌ 80 keV). ǯ ȐȔȇȋțȑ ȓȆȑ 

ȃțȒȆȑ ȂȈȀ ȓȆȌ ȀȏțȒȓȀȒȆ ȓȘȌ 50 cm ȏȎȔ ȓȎȏȎȇȄȓȎȜȌȓȀȌ ȓȀ ȃȄǾȂȋȀȓȀ ǽȓȀȌ ȒȓȀ 3 Gy/min. 

ǧ ȃȎȒȈȋȄȓȐǾȀ ȓȆȑ ȏȆȂǽȑ ȄǾȖȄ ȂǾȌȄȈ ȋȄ ȇǻȊȀȋȎ ȈȎȌȈȒȋȎȜ ȉȀȈ ȋȄ ǼȌȀ ȖȆȋȈȉț ȃȎȒǾȋȄȓȐȎ. ǧ 

ȋǼȒȆ LET ȂȈȀ ȀȔȓȎȜ ȓȎȔ ȄǾȃȎȔȑ ȓȆȌ ȀȉȓȈȌȎȁȎȊǾȀ ȄǾȌȀȈ ȏȄȐǾȏȎȔ 2 keV/ȋm.  

ǣȈȀ ȓȆ ȋȄȊǼȓȆ ȓȘȌ ȎȋȀȃȎȏȎȈȆȋǼȌȘȌ ȁȊȀȁȝȌ ȃȎȉȈȋǻȒȀȋȄ ȌȀ ȀȉȓȈȌȎȁȎȊǽȒȎȔȋȄ ȓȀ ȉȜȓȓȀȐȀ 

A549 ȉȀȓǻ ȊȘȐǾȃȄȑ ȂȈȀ ȌȀ ȋȏȎȐǼȒȎȔȋȄ ȌȀ ȃȈȀȉȐǾȌȎȔȋȄ ȄȌȄȖțȋȄȌȄȑ ȓȎȏȈȉǼȑ ȒȔȂȉȄȌȓȐȝȒȄȈȑ 

ȏȐȘȓȄșȌȝȌ ȄȏȈȃȈțȐȇȘȒȆȑ ȁȊȀȁȝȌ ȁǻȒȄȘȌ. ǣȈȀ ȓȎ ȒȉȎȏț ȀȔȓțȌ, ȄȉȇǼȒȀȋȄ ȉȀȈ ȏǻȊȈ ȓȀ 

ȉȜȓȓȀȐȀ ȒȓȆȌ ǾȃȈȀ ȏȆȂǽ, ȀȊȊǻ ȏǻȌȘ Ȁȏț ȀȔȓǻ ȓȎȏȎȇȄȓǽȇȆȉȄ ȋȄȓȀȊȊȈȉǽ ȋǻȒȉȀ ȕǼȐȎȔȒȀ 

ȏȀȐǻȊȊȆȊȄȑ ȄȂȉȎȏǼȑ ȏǻȖȎȔȑ 2 ȋm (2ȋ GaAs; Micro Leman X-ray collimator, Geneva, 

Switzerland) . ǧ ȀȉȓȈȌȎȁțȊȆȒȆ ǼȂȈȌȄ ȂȈȀ 5 min, ȀȊȊǻ Ȇ ȃțȒȆ ȏȎȔ ȏȐȀȂȋȀȓȈȉǻ 

ȀȏȎȐȐȎȕǽȇȆȉȄ ȃȄ ȋȏȎȐȄǾ ȌȀ ȔȏȎȊȎȂȈȒȓȄǾ ȄȜȉȎȊȀ, ǻȊȊȘȒȓȄ ȃȄȌ ǼȖȄȈ ȈȃȈȀǾȓȄȐȆ ȒȆȋȀȒǾȀ ȂȈȀ 

ȓȎ ȒȔȂȉȄȉȐȈȋǼȌȎ ȏȄǾȐȀȋȀ.  

4.3.3 ȒȘȋǻȓȈȀ-Ȁ  

ǪȜȓȓȀȐȀ A549 ȄȉȓǼȇȆȉȀȌ ȒȄ ȒȘȋǻȓȈȀ-Ȁ, ȄȉȏȄȋȏțȋȄȌȀ Ȁȏț ȏȆȂǽ 241Am (Amersham) ȒȓȎ 

ǩȌȒȓȈȓȎȜȓȎ ǩȀȓȐȈȉǽȑ ǱȀȃȈȎȁȈȎȊȎȂǾȀȑ, ȒȓȎ ǚȒȒȄȌ ȓȆȑ ǣȄȐȋȀȌǾȀȑ. ǧ ȏȆȂǽ ǼȖȄȈ 

ȉȀȓȀȒȉȄȔȀȒȓȄǾ Ȁȏț ȓȎ ǾȃȈȎ ȓȎ ȄȐȂȀȒȓǽȐȈȎ ȉȀȈ ȀȏȎȓȄȊȄǾȓȀȈ Ȁȏț ȃȜȎ ȉȔȊȈȌȃȐȈȉȎȜȑ 

ȇȀȊǻȋȎȔȑ Ȁȏț ǡȊȎȔȋǾȌȈȎ, Ȅȉ ȓȘȌ ȎȏȎǾȘȌ ȒȓȎȌ ǼȌȀ ȓȎȏȎȇȄȓȎȜȌȓȀȈ ȓȀ ȏȐȎȑ ȀȉȓȈȌȎȁțȊȆȒȆ 

ȉȜȓȓȀȐȀ ȉȀȈ Ȏ ǻȊȊȎȑ ȏȄȐȈǼȖȄȈ ȓȆȌ ȏȆȂǽ ȉȀȈ ȓȎȌ ȉȀȓȄȔȇȔȌȓǽȐȀ. ǯȈ ȇǻȊȀȋȎȈ ȃȈȀȖȘȐǾȅȎȌȓȀȈ 

Ȁȏț ȕȜȊȊȎ ȏȎȊȔȄȒȓǼȐȀ, ȏǻȖȎȔȑ 1,5 ȋm ȏȎȔ ȉȀȊȜȏȓȄȈ ǼȌȀ ȏȀȐǻȇȔȐȎ ȃȈȀȋǼȓȐȎȔ 50 mm. ǯ 

ȇǻȊȀȋȎȑ ȓȆȑ ȏȆȂǽȑ, țȓȀȌ ȏȐțȉȄȈȓȀȈ ȂȈȀ ȀȉȓȈȌȎȁțȊȆȒȆ ȂȄȋǾȅȄȓȀȈ ȋȄ ȀǼȐȈȎ ǛȊȈȎȌ, Ȏ ǻȊȊȎȑ 
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ȏȄȐȈǼȖȄȈ ȀȓȋȎȒȕȀȈȐȈȉț ȀǼȐȀ. ǯȈ ȒȔȌǽȇȄȈȑ ȏȆȂǼȑ ȒȘȋȀȓȈȃǾȘȌ-Ȁ ȏȄȐȈȊȀȋȁǻȌȎȔȌ ȓȆ 

ȃȆȋȈȎȔȐȂǾȀ ȉȄȌȎȜ, ȝȒȓȄ ȌȀ ȀȏȎȕȄȜȂȎȌȓȀȈ ȀȏȝȊȄȈȄȑ ȄȌǼȐȂȄȈȀȑ Ȁȏț ȀȌȄȊȀȒȓȈȉǼȑ ȒȉȄȃǻȒȄȈȑ 

ȓȘȌ ȒȘȋȀȓǾȘȌ-Ȁ ȋȄ ȓȀ ȋțȐȈȀ ȓȎȔ ȀǼȐȀ. ǧ ȒȔȂȉȄȉȐȈȋǼȌȆ ȏȆȂǽ țȋȘȑ ǼȖȄȈ ȓȆȌ ȉȀȈȌȎȓȎȋǾȀ 

ȓȆȑ ȏȊǽȐȘȒǽȑ ȓȆȑ ȋȄ ǛȊȈȎ, ȝȒȓȄ ȎȈ țȏȎȈȄȑ ȒȉȄȃǻȒȄȈȑ ȌȀ ȄǾȌȀȈ ȄȊȀȒȓȈȉǼȑ, ȀȕȎȜ ȓȀ ȋțȐȈȀ He 

ȉȀȈ ȓȀ ȒȘȋǻȓȈȀ-Ȁ ǼȖȎȔȌ ȏȐȀȉȓȈȉǻ ȓȆȌ ǾȃȈȀ ȋǻȅȀ. ǧ ȀȌǻȂȉȆ ȂȈȀ ȓȎ ȀǼȐȈȎ ǛȊȈȎ ȏȐȎǼȉȔȗȄ 

ȉȀȇȝȑ Ȇ ȃȆȋȈȎȔȐȂǾȀ ȉȄȌȎȜ ȏȐȎȉȀȊȎȜȒȄ ȓȆ ȇȐȀȜȒȆ ȓȎȔ ȊȄȏȓȎȜ ȕȜȊȊȎȔ ȏȎȊȔȄȒȓǼȐȀ ȏȎȔ 

ȖȘȐǾȅȄȈ ȓȎȔȑ ȃȜȎ ȇȀȊǻȋȎȔȑ. ǧ ȏȆȂǽ ȓȎȔ 241Am, ȄȌȄȐȂțȓȆȓȀȑ 1,2x108 Bq, ȓȎȏȎȇȄȓǽȇȆȉȄ Șȑ 

Am 2O3 ȒȄ ǼȌȀ ȕȜȊȊȎ ǡȐȂȜȐȎȔ, ȉȀȈ ȉȀȊȜȕȇȆȉȄ ȋȄ ȋǾȀ ȒȓȐȝȒȆ ǶȐȔȒȎȜ, ȏǻȖȎȔȑ 2 ȋm. 

ǬȄȓȐǽȒȄȈȑ ȁȀȇȋȎȌțȋȆȒȆȑ ǼȃȘȒȀȌ ȐȔȇȋț ȃțȒȆȑ ȒȓȀ 79 Gy/h  ǽ 1,32 Gy/min  ȉȀȈ ȋǼȒȆ LET 

~116 keV/ȋm. 

 

4.3.4 ǩțȌȓȀ ǡȐȂȎȜ  

ǪȜȓȓȀȐȀ HepG2 ȄȉȓǼȇȆȉȀȌ ȒȄ ȈțȌȓȀ ǡȐȂȎȜ, 36Ar, ȄȌǼȐȂȄȈȀȑ 95 MeV/n ȉȀȈ Ȇ ȄȌǼȐȂȄȈȀ ȏȎȔ 

ȕȓǻȌȄȈ ȒȓȎ ȒȓțȖȎ ǽȓȀȌ 84.7 MeV/n, LET~270 keV/ȋm ȒȓȎ Grand Acc®l®rateur National 

d'Ions Lourds (GANIL, Caen, France). ǳȀ ȏȊȀȉǻȉȈȀ-ȕȊǻȒȉȄȑ ȏǻȌȘ ȒȓȀ ȎȏȎǾȀ ǽȓȀȌ 

ȉȀȊȊȈȄȐȂȆȋǼȌȀ ȓȀ ȉȜȓȓȀȐȀ ȀȉȓȈȌȎȁȎȊǽȇȆȉȀȌ ȒȄ țȐȇȈȀ ȇǼȒȆ. ǣȈȀ ȌȀ ȂǾȌȄȈ Ȇ ȀȉȓȈȌȎȁțȊȆȒȆ 

ȖȐȆȒȈȋȎȏȎȈǽȇȆȉȀȌ ȓǼȒȒȄȐȈȑ ȄȈȃȈȉǼȑ ȇǽȉȄȑ, ȖȘȐȆȓȈȉțȓȆȓȀȑ ǼȍȈ ȃȄȈȂȋǻȓȘȌ ǼȉȀȒȓȆ, ȎȈ ȎȏȎǾȄȑ 

ȓȎȏȎȇȄȓǽȇȆȉȀȌ ȄȏǾ ȓȎȔ ȄȈȃȈȉȎȜ ȋȄȓȀȕȎȐǼȀ, Ȏ ȎȏȎǾȎȑ ȎȃǽȂȆȒȄ ȓȀ ȃȄǾȂȋȀȓȀ  ȋȏȐȎȒȓǻ ȒȓȆ 

ȃǼȒȋȆ ȓȘȌ ȒȘȋȀȓȈȃǾȘȌ. ǪȀȇȝȑ Ȇ ȐȜȇȋȈȒȆ ȓȆȑ ȇȄȐȋȎȉȐȀȒǾȀȑ ȃȄȌ ȄǾȌȀȈ ȄȕȈȉȓǽ ȒȓȆ 

ȒȔȂȉȄȉȐȈȋǼȌȆ ȄȂȉȀȓǻȒȓȀȒȆ, Ȇ ȀȉȓȈȌȎȁțȊȆȒȆ ǼȂȈȌȄ ȒȄ ȇȄȐȋȎȉȐȀȒǾȀ ȃȘȋȀȓǾȎȔ. ǯ ȖȐțȌȎȑ 

ȀȉȓȈȌȎȁțȊȆȒȆȑ ǽȓȀȌ ȄȍȀȐȓȝȋȄȌȎȑ Ȁȏț ȓȆ ȃțȒȆ, ȋȄ ȋǼȂȈȒȓȎ ȓȘȌ 10 min. ǲȔȌȎȊȈȉǻ Ȇ 

ȃȈȀȃȈȉȀȒǾȀ ȀȉȓȈȌȎȁțȊȆȒȆȑ țȊȘȌ ȓȘȌ ȃȄȈȂȋǻȓȘȌ ȃȈǽȐȉȆȒȄ 20-30 min. ǯ ȐȔȇȋțȑ ȃțȒȆȑ ȄǾȖȄ 

ȓȄȇȄǾ ȒȓȎ 1 Gy/min. ǧ ȐȎǽ (Ǳ) ȓȘȌ ȁȀȐǼȘȌ ȈțȌȓȘȌ (ȒȘȋȀȓǾȃȈȀ/cm2, ǲ/cm 2) ȋȄȓȀȓȐǻȏȆȉȄ 

ȒȄ ȀȏȎȐȐȎȕȎȜȋȄȌȆ ȃțȒȆ ȒȄ Gy, ȒȜȋȕȘȌȀ ȋȄ ȓȆȌ ȀȉțȊȎȔȇȆ ȒȖǼȒȆ, ȊȀȋȁǻȌȎȌȓȀȑ ȔȏțȗȆ 

ȓȆ ȂȐȀȋȋȈȉǽ ȄȌȀȏțȇȄȒȆ ȄȌǼȐȂȄȈȀȑ (LET) ȂȈȀ ȓȎ ȄǾȃȎȑ ȓȘȌ ȒȘȋȀȓȈȃǾȘȌ: 

                    ῳʝ„– Ὃώ ρȢφὼρπὼὒὉὝ ὯὩὠȾ‘άὼ   Ⱦὧά                                            (1) 

ǯ ȀȐȈȇȋțȑ ȓȘȌ ȀȉȓȈȌȎȁȎȊȆȋǼȌȘȌ ȉȔȓȓǻȐȘȌ ȉȀȈ Ȏ ȋǼȒȎȑ ȀȐȈȇȋțȑ ȉȐȎȜȒȄȘȌ ȀȌǻ ȉȜȓȓȀȐȎ 

ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȒȓȎȌ ǰǾȌȀȉȀ 4-1 

ǣȈȀ ȓȎȌ ȔȏȎȊȎȂȈȒȋț ȓȘȌ ȏȀȐȀȋǼȓȐȘȌ ȓȎȔ ǰǾȌȀȉȀ 4-1 ȇȄȘȐǽȇȆȉȄ țȓȈ Ȇ ȄȏȈȕǻȌȄȈȀ ȓȎȔ 

ȏȔȐǽȌȀ ȓȘȌ HepG2 ȉȔȓȓǻȐȘȌ ȄǾȌȀȈ 98 ȋm2. ǯ ȔȏȎȊȎȂȈȒȋțȑ ȀȔȓǽȑ ȓȆȑ ȄȏȈȕǻȌȄȈȀȑ 

ȄȏȄȍȆȂȄǾȓȀȈ ȒȓȎ ȄȏțȋȄȌȎ ȉȄȕǻȊȀȈȎ ȓȆȑ ȃȈȀȓȐȈȁǽȑ. 
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ǰǾȌȀȉȀȑ 4-1: ǰȀȐǻȋȄȓȐȎȈ ȓȆȑ ȄȉȇǼȒȄȘȑ ȒȄ ȈțȌȓȀ ǡȐȂȎȜ, ȂȈȀ ȓȀ ȉȜȓȓȀȐȀ HepG2 

ǱȎǽ 

(ǲ/cm2) 

ǤțȒȆ 

(Gy) 

ǪȊǻȒȋȀ ȀȌǼȏȀȕȘȌ 

ȉȔȓȓǻȐȘȌ 

ǪȊǻȒȋȀ ȉȔȓȓǻȐȘȌ 

ȏȎȔ ȀȉȓȈȌȎȁȎȊǽȇȆȉȀȌ 

ǬǼȒȎȑ țȐȎȑ 

ȉȐȎȜȒȄȘȌ 

0,00x100 0 1,0 0,1 0,0 

2,50x105 0,1 0,8 0,2 0,2 

1,25x106 0,5 0,3 0,7 1,2 

2,50x106 1,1 0,1 0,9 2,4 

5,00x106 2,2 0,0 1,0 4,9 

 

4.4 ǡȏȄȈȉțȌȈȒȆ 

ǣȈȀ ȓȆȑ ȀȌǻȂȉȄȑ ȓȈȑ ȏȀȐȎȜȒȀȑ ȃȈȀȓȐȈȁǽȑ ǼȂȈȌȄ ȖȐȆȒȈȋȎȏȎȈǽȇȆȉȀȌ ȃȜȎ ȃȈȀȕȎȐȄȓȈȉǻ 

ȋȈȉȐȎȒȉțȏȈȀ ȕȇȎȐȈȒȋȎȜ. ǳȀ ȏȄȈȐǻȋȀȓȀ ȏȎȔ ȄȉȓȄȊǼȒȓȆȉȀȌ ȒȓȎ ǩȌȒȓȈȓȎȜȓȎ ǴȂȄȈȎȕȔȒȈȉǽȑ 

ȒȓȎ ǥǪǥǵǥ çǤȆȋțȉȐȈȓȎȑè ȀȏȄȈȉȎȌǾȒȓȆȉȀȌ ȋȄ ȓȎ ȋȈȉȐȎȒȉțȏȈȎ ȄȏȈȕȇȎȐȈȒȋȎȜ Axioplan  2 

ȓȆȑ ȄȓȀȈȐǾȀȑ Carl Zeiss Microscopy  GmbH , Hamburg , Germany. ǧ ȊǽȗȆ ȓȘȌ ȄȈȉțȌȘȌ 

ǼȂȈȌȄ ȋȄ ȓȎ ȊȎȂȈȒȋȈȉț ISIS ȓȆȑ Metasystems. 

ǲȓȀ ȏȄȈȐǻȋȀȓȀ ȏȎȔ ȄȉȓȄȊǼȒȓȆȉȀȌ ȒȓȎ ǩȌȒȓȈȓȎȜȓȎ ǩȀȓȐȈȉǽȑ ǡȉȓȈȌȎȁȈȎȊȎȂǾȀȑ ȒȓȎ ǚȒȒȄȌ ȓȆȑ 

ǣȄȐȋȀȌǾȀȑ, Ȇ ȀȏȄȈȉțȌȈȒȆ ǼȂȈȌȄ ȋȄ ȓȎ ȒȔȌȄȒȓȈȀȉț ȋȈȉȐȎȒȉțȏȈȎ DMI6000B TCS SP5 (Leica 

Microsystems, Mannheim, Germany). ȉȀȈ Ȇ ȊǽȗȆ ȓȘȌ ȄȈȉțȌȘȌ ǼȂȈȌȄ ȋȄ ȓȎ ȒȜȒȓȆȋȀ 

ȀȏȄȈȉțȌȈȒȆȑ ȏȎȔ ȒȔȌȎȃȄȜȄȈ ȓȎ ȋȈȉȐȎȒȉțȏȈȎ, LAS AF ȓȆȑ Leica Microsystems.  

4.4.1 ǡȐȖǽ ȊȄȈȓȎȔȐȂǾȀȑ ȋȈȉȐȎȒȉȎȏǾȀȑ ȄȏȈȕȇȎȐȈȒȋȎȜ 

 

 

ǲȓȆ ȋȈȉȐȎȒȉȎȏǾȀ ȄȏȈȕȇȎȐȈȒȋȎȜ (ȀȌǻȉȊȀȒȆȑ) (ǲȖǽȋȀ 4-2), Ȇ ȃǼȒȋȆ ȄȍǼȐȖȄȓȀȈ ȒȔȌǽȇȘȑ Ȁȏț 

ȋǾȀ ȊȔȖȌǾȀ ȀȓȋȝȌ ȋȄȓǻȊȊȎȔ (ǴȃȐȀȐȂȜȐȎȔ, ǽ ǮǼȌȎȔ), ȉȀȈ ȏȄȐȈȊȀȋȁǻȌȄȈ ȏȎȊȊǻ ȋǽȉȆ 

ǲȖǽȋȀ 4-3: ǢȀȒȈȉǽ ȀȐȖǽ ȊȄȈȓȎȔȐȂǾȀȑ 
ȋȈȉȐȎȒȉȎȏǾȀȑ ȕȇȎȐȈȒȋȎȜ 

ǲȖǽȋȀ 4-2: ǵǻȒȋȀ ȄȉȏȎȋȏǽȑ ȓȆȑ ȊȔȖȌǾȀȑ 
ǴȃȐȀȐȂȜȐȎȔ 



52 

 

ȉȜȋȀȓȎȑ (ǲȖǽȋȀ 4-3). ǵȓǻȌȎȌȓȀȑ Ȇ ȏȎȊȔȖȐȘȋȀȓȈȉǽ ȃǼȒȋȆ ȒȓȎ ȕǾȊȓȐȎ ȏȐȎȒȏǾȏȓȎȔȒȀȑ 

ȃǼȒȋȆȑ, ȋțȌȎ ȋȈȀ ȋȈȉȐǽ ȏȄȐȈȎȖǽ ȓȎȔ ȕǻȒȋȀȓȎȑ ȃȈǼȐȖȄȓȀȈ, ȏȐȎȒȏǾȏȓȄȈ ȒȄ ǼȌȀ ȃȈȖȐȘȈȉț 

ȉǻȓȎȏȓȐȎ ȉȀȈ ȉȀȓȄȔȇȜȌȄȓȀȈ ȏȐȎȑ ȓȎ ȃȄǾȂȋȀ. ǵȓǻȌȎȌȓȀȑ ȒȓȎ ȃȄǾȂȋȀ, ȓȎ ȃȈȄȂȄǾȐȄȈ, ȉȀȈ Ȇ 

ȔȏțȊȎȈȏȆ ȋȀȅǾ ȋȄ ȓȆȌ ȄȉȏȄȋȏțȋȄȌȆ Ȁȏț ȓȎ ȃȄǾȂȋȀ ȀȉȓȈȌȎȁȎȊǾȀ (ȒǽȋȀ ȕȇȎȐȈȒȋȎȜ) 

ȄȏȈȒȓȐǼȕȄȈ ȒȓȎ ȃȈȖȐȘȈȉț ȉǻȓȎȏȓȐȎ, țȏȎȔ ȀȏȎȉțȏȓȎȌȓȀȈ ȓȀ ȋǽȉȆ ȉȜȋȀȓȎȑ ȓȆȑ 

ȏȐȎȒȏǾȏȓȎȔȒȀȑ ȃǼȒȋȆȑ ȏȎȔ ȄȏǼȒȓȐȄȗȀȌ ȊțȂȘ ȀȌǻȉȊȀȒȆȑ. ǧ ȔȏțȊȎȈȏȆ ȃǼȒȋȆ ȖȐȄȈǻȅȄȓȀȈ 

ȌȀ ȏȄȐǻȒȄȈ ȉȀȈ Ȁȏț ǼȌȀ ȃȄȜȓȄȐȎ ȕǾȊȓȐȎ, ȓȎ ȕǾȊȓȐȎ ȄȉȏȄȋȏțȋȄȌȆȑ ȀȉȓȈȌȎȁȎȊǾȀȑ, ȉȀȇȝȑ ȓȎ 

ȒǽȋȀ ȕȇȎȐȈȒȋȎȜ ȃȄȌ ȄǾȌȀȈ ȋȎȌȎȖȐȘȋȀȓȈȉț. ǲȓȎȌ ȄȏȈȇȕȎȐȈȒȋț, ȉǻȇȄ ȒȓȈȂȋǽ ȕȘȓǾȅȄȓȀȈ țȊȎ 

ȓȎ ȃȄǾȂȋȀ ȉȀȈ ȎȈ ȕȘȓȎȂȐȀȕǾȄȑ ȏȎȔ ȊȀȋȁǻȌȎȌȓȀȈ ȀȕȎȐȎȜȌ ȎȊțȉȊȆȐȎ ȓȎ ȃȄǾȂȋȀ (ǼȌȀ 

ȄȒȓȈȀȉț ȄȏǾȏȄȃȎ). 

4.4.2 ǡȏȄȈȉțȌȈȒȆ ȋȄ ȓȎ ȋȈȉȐȎȒȉțȏȈȎ ȄȏȈȕȇȎȐȈȒȋȎȜ 

ǳȎ ȋȈȉȐȎȒȉțȏȈȎ ȄȏȈȕȇȎȐȈȒȋȎȜ ȏȎȔ ȖȐȆȒȈȋȎȏȎȈǽȇȆȉȄ ȂȈȀ ȓȀ ȏȄȈȐǻȋȀȓȀ ȓȆȑ ȏȀȐȎȜȒȀȑ 

ȃȈȀȓȐȈȁǽȑ ȉȀȈ ȏȎȔ ȁȐǾȒȉȄȓȀȈ ȒȓȎ ǩȌȒȓȈȓȎȜȓȎ ǴȂȄȈȎȕȔȒȈȉǽȑ ȓȎȔ ǥǪǥǵǥ çǤȆȋțȉȐȈȓȎȑè ȄǾȌȀȈ 

ȓȎ Axioplan  2 ȓȆȑ ȄȓȀȈȐǾȀȑ Carl Zeiss ȉȀȈ ȒȔȌȎȃȄȜȄȓȀȈ Ȁȏț ȓȎ ȊȎȂȈȒȋȈȉț ISIS ȓȆȑ 

Metasystems.  

ǣȈȀ ȓȆȌ ȀȏȄȈȉțȌȈȒȆ ȋȄ ȓȎ ȒȔȂȉȄȉȐȈȋǼȌȎ ȊȎȂȈȒȋȈȉț ȀȏȀȈȓǽȇȆȉȀȌ ȉǻȏȎȈȄȑ ȐȔȇȋǾȒȄȈȑ ȝȒȓȄ 

ȎȈ ȄȍȀȂțȋȄȌȄȑ ȄȈȉțȌȄȑ ȌȀ ȄǾȌȀȈ ȒȔȂȉȐǾȒȈȋȄȑ ȋȄȓȀȍȜ ȓȎȔȑ. ǲȔȂȉȄȉȐȈȋǼȌȀ Ȇ ȀȔȓțȋȀȓȆ ȊǽȗȆ 

ȄȈȉțȌȀȑ ȏȎȔ ȏȀȐǼȖȄȈ ȓȎ ȊȎȂȈȒȋȈȉț, ȄȕȀȐȋțȅȄȈ ȀȊȂȎȐǾȇȋȎȔȑ ȉȀȓǻȊȊȆȊȎȔȑ ȝȒȓȄ ȌȀ ȉǻȌȄȈ 

ȎȐȀȓț ȓȎ ȉȀȈ ȓȎ ȄȊǻȖȈȒȓȎ ȒǽȋȀ, ȄȏȎȋǼȌȘȑ ȄȍȀȐȓǻ ȓȎ ȖȐțȌȎ ȒȔȊȊȎȂǽȑ ȒǽȋȀȓȎȑ Ȁȏț ȉǻȏȎȈȀ 

ȓȈȋǽ ȉȎȐȄȒȋȎȜ, ȓȆȌ ȎȏȎǾȀ ȋȏȎȐȄǾ ȌȀ ȄȏȈȊǼȍȄȈ Ȏ ȖȐǽȒȓȆȑ. 

ǣȈȀ ȓȈȑ ȀȌǻȂȉȄȑ țȋȘȑ ȓȈȑ ȏȀȐȎȜȒȀȑ ȄȐȂȀȒǾȀȑ, ȖȐȄȈǻȒȓȆȉȄ ȌȀ ȎȐȈȒȓȎȜȌ ȉȀȇȎȐȈȒȋǼȌȎȈ 

ȖȐțȌȎȈ ȒȔȊȊȎȂǽȑ ȒǽȋȀȓȎȑ ȂȈȀ ȓȎ ȉǻȇȄ ȖȐȝȋȀ, ȝȒȓȄ ȎȈ ȄȈȉțȌȄȑ Ȁȏț ȓȎ ǾȃȈȎ ȏȄǾȐȀȋȀ ȌȀ ȄǾȌȀȈ 

ȋȄȓȀȍȜ ȓȎȔȑ ȒȔȂȉȐǾȒȈȋȄȑ. 

ǪȀȇȎȐȈȒȋțȑ ȒȔȌȇȆȉȝȌ ȊǽȗȆȑ ȂȈȀ ȓȎ ȉǻȇȄ ȉȀȌǻȊȈ 

ǡȏț ȓȈȑ ȐȔȇȋǾȒȄȈȑ ȄȏȈȊǼȂȎȔȋȄ ȓȎ ȄȈȉȎȌǾȃȈȎ ȋȄ ȓȎ ȉǾȓȐȈȌȎ ȂȐȀȌǻȅȈ (ȃȄȍǾ ȉȊȈȉ) 

ǥȏȈȊǼȂȎȔȋȄ òFluorochrome Settingsó 

ǣȈȀ ȓȎ ȀȌȓǾȒȓȎȈȖȎ ȕǾȊȓȐȎ ȏȎȔ ȄȌȃȈȀȕȄȐțȋȀȒȓȄ, ȏ.Ȗ. DAPI  ȃȆȋȈȎȔȐȂȎȜȋȄ ǼȌȀ ȀȌȓǾȂȐȀȕȎ 

ȉȀȈ ȓȎ ȎȌȎȋǻȅȎȔȋȄ ôDAPIfixed õ.  

ǳȀ ȏȐȎȉȀȇȎȐȈȒȋǼȌȀ ȕǾȊȓȐȀ ȄǾȌȀȈ ȐȔȇȋȈȒȋǼȌȀ ȂȈȀ ȀȔȓțȋȀȓȆ ȊǽȗȆ, ȀȊȊǻ ȄȌȃȈȀȕȄȐțȋȀȒȓȄ 

ȂȈȀ ȋȆ ȀȔȓțȋȀȓȆ ȊǽȗȆ, ȄȏȎȋǼȌȘȑ Ȁȏț ȓȎ ȏȊȀǾȒȈȎ òIntergration  timeó Ȁȏț-ȄȏȈȊǼȂȎȔȋȄ ȓȎ 

òAutomatic ó ȉȀȈ ȐȔȇȋǾȅȎȔȋȄ ȓȎ ȖȐțȌȎ ȒȔȊȊȎȂǽȑ ȕȘȓțȑ òIntergration  timeó ȒȓȆȌ 

ȄȏȈȇȔȋȆȓǽ ȓȈȋǽ. 
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ǥȏȈȇȔȋȆȓǽ ȄǾȌȀȈ Ȇ ȓȈȋǽ ȏȎȔ ȏȐȎȉȜȏȓȄȈ Ȁȏț ȀȊȊȄȏǻȊȊȆȊȄȑ ȃȎȉȈȋǼȑ, ȂȈȀ ǼȌȀ ȒȔȂȉȄȉȐȈȋǼȌȎ 

ȏȄǾȐȀȋȀ, ȉȀȈ ȎȐǾȅȄȓȀȈ ȂȈȀ ȓȎ ȉǻȇȄ ȖȐȝȋȀ, Ȁȏț ȓȆȌ ȏȄȈȐȀȋȀȓȈȉǽ ȒȔȌȇǽȉȆ ȏȎȔ ȄȋȕǻȌȈȒȄ ȓȎ 

ȔȗȆȊțȓȄȐȎ ȒǽȋȀ ȒȓȎ ȀȌȓǾȒȓȎȈȖȎ ȖȐȝȋȀ. ǥȏȎȋǼȌȘȑ ȏȐȈȌ ȀȐȖǾȒȎȔȋȄ ȌȀ ȐȔȇȋǾȅȎȔȋȄ ȓȎ 

ȊȎȂȈȒȋȈȉț ȀȏȄȈȉțȌȈȒȆȑ ȀȏȀȈȓȄǾȓȀȈ ȌȀ ȄȊǼȂȍȎȔȋȄ țȊȀ ȋȀȑ ȓȀ ȏȊȀȉǻȉȈȀ. ǯ ȉȎȐȄȒȋțȑ ȂǾȌȄȓȀȈ 

ȀȌȓȈȊȆȏȓțȑ, ȉȀȇȝȑ ȒȓȆȌ ȀȒȏȐțȋȀȔȐȆ ȄȈȉțȌȀ ȉȀȓǻ ȓȆ ȃȈǻȐȉȄȈȀ ȓȈȑ ȊǽȗȄȈȑ, ȎȈ ȏȄȐȈȎȖǼȑ ȏȎȔ 

ǼȖȎȔȌ ȉȎȐȄȒȋț ȄȋȕȀȌǾȅȎȌȓȀȈ Ȁȏț ȓȎ ȊȎȂȈȒȋȈȉț ȉțȉȉȈȌȄȑ.  

ǪȀȇȎȐȈȒȋțȑ ȏȐȎȂȐǻȋȋȀȓȎȑ ȊǽȗȆȑ ȄȈȉțȌȀȑ 

ǡȕȎȜ ȐȔȇȋȈȒȓȎȜȌ ȓȀ ȄȏȈȋǼȐȎȔȑ ȉȀȌǻȊȈȀ, ȖȐȄȈǻȅȄȓȀȈ ȌȀ ȓȀ ȏȄȐǻȒȎȔȋȄ ȒȄ ǼȌȀ ȏȐțȂȐȀȋȋȀ 

ȊǽȗȆȑ: 

ǡȏț ȓȈȑ ȐȔȇȋǾȒȄȈȑ ȄȏȈȊǼȂȎȔȋȄ ȓȎ ȄȈȉȎȌǾȃȈȎ ȋȄ ȓȎ ȉǾȓȐȈȌȎ ȂȐȀȌǻȅȈ (ȃȄȍǾ ȉȊȈȉ) 

ǥȏȈȊǼȂȎȔȋȄ òExperiment type settingsó. 

ǡȌǻȊȎȂȀ ȋȄ ȓȎ ȄǾȃȎȑ ȓȎȔ ȏȄȈȐǻȋȀȓȎȑ ȏȎȔ ǼȖȎȔȋȄ ȌȀ ȀȏȄȈȉȎȌǾȒȎȔȋȄ, ȀȌ ȂȈȀ ȏȀȐǻȃȄȈȂȋȀ 

ǼȖȄȈ ȓȐǾȀ ȖȐȝȋȀȓȀ, ȋȏȊȄ, ȏȐǻȒȈȌȎ ȉȀȈ ȉțȉȉȈȌȎ, ȄȏȈȊǼȂȎȔȋȄ ȓȎ ȀȌȓǾȒȓȎȈȖȎ ȏȐȎȉȀȇȎȐȈȒȋǼȌȎ 

ȏȐțȂȐȀȋȋȀ (BGR ȄȌ ȏȐȎȉȄȈȋǼȌȘ) ȉȀȈ ȃȆȋȈȎȔȐȂȎȜȋȄ ǼȌȀ ȀȌȓǾȂȐȀȕț ȓȎȔ ȏȀȓȝȌȓȀȑ ȓȎ 

ȏȊǽȉȓȐȎ ô+õ . 

ǚȓȒȈ ǼȖȎȔȋȄ ȃȆȋȈȎȔȐȂǽȒȄȈ ǼȌȀ ȌǼȎ ȏȐțȂȐȀȋȋȀ ȊǽȗȆȑ, țȏȎȔ ȂȈȀ ȄȔȉȎȊǾȀ ȓȎ ǼȖȎȔȋȄ ȎȐǾȒȄȈ 

ȋȄ ȁǻȒȆ ǼȌȀ ȏȀȐțȋȎȈȎ ȏȎȔ ȏȐȎȚȏǻȐȖȄȈ.  

ǣȈȀ ȌȀ ȏȄȐǻȒȎȔȋȄ ȒȄ ȀȔȓț ȓȀ ȉȀȌǻȊȈȀ ȏȎȔ ȏȐȎȉȀȇȎȐǾȒȀȋȄ ȒȓȎ ȄȏțȋȄȌȎ ȁǽȋȀ, ȒȓȎ ȏȊȀǾȒȈȎ 

òcapture sequenceó ȀȌȓȈȉȀȇȈȒȓȎȜȋȄ ȓȀ ȔȏǻȐȖȎȌȓȀ ȉȀȌǻȊȈȀ, ȋȄ ȓȀ ȌǼȀ ȏȎȔ ǼȖȎȔȋȄ ȎȐǾȒȄȈ.  

ǲȓȎ ȏȊȀǾȒȈȎ ôIntegration  timeõ, ȒȓȎ ȏȄȃǾȎ ôCaptureõ ȄȏȈȊǼȂȎȔȋȄ ôIndividual õ ȉȀȈ ȓǼȊȎȑ 

ȏȀȓǻȋȄ ôǯǪõ. 
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 ǥȏȈȏȊǼȎȌ, ȓȎ ȊȎȂȈȒȋȈȉț ȏȀȐǼȖȄȈ ȓȈȑ Ȅȍǽȑ ȃȔȌȀȓțȓȆȓȄȑ ȂȈȀ ȓȆ 

ȁȄȊȓǾȘȒȆ ȓȆȑ ȄȈȉțȌȀȑ.  

ǝȏȘȑ ȕȀǾȌȄȓȀȈ ȒȓȎ ȉǻȓȘ ȋǼȐȎȑ ȓȆȑ ǥȈȉțȌȀȑ 4-1, ȓȎ ȊȎȂȈȒȋȈȉț ǼȖȄȈ 

ȀȌȀȊȜȒȄȈ ȓȆȌ ȄȈȉțȌȀ ȂȈȀ ȓȎ ȉțȉȉȈȌȎ ȖȐȝȋȀ, ȒȄ ǼȌȀ ȈȒȓțȂȐȀȋȋȀ 

ȒȔȖȌȎȓǽȓȘȌ, țȏȎȔ ȒȓȎȌ ȉȀȓȀȉțȐȔȕȎ ǻȍȎȌȀ ȄǾȌȀȈ Ȏ ȀȐȈȇȋțȑ ȓȘȌ 

pixel  ȉȀȈ ȒȓȎȌ ȎȐȈȅțȌȓȈȎ ȎȈ ȓȈȋǼȑ ȓȆȑ ǼȌȓȀȒȆȑ Ȁȏț 0 ǼȘȑ 255 (8-bit ).  

Lower  Threshold  

ǬȄ ȓȆȌ ȄȏȈȊȎȂǽ Lower  Threshold ȋȏȎȐȎȜȋȄ ȌȀ ȋȄȓȀȉȈȌǽȒȎȔȋȄ Ȁȏț 

ȀȐȈȒȓȄȐǻ ȏȐȎȑ ȓȀ ȃȄȍȈǻ ȓȆȌ ȏȐȝȓȆ ǻȒȏȐȆ ȉǻȇȄȓȆ ȂȐȀȋȋǽ ȏȎȔ 

ȕȀǾȌȄȓȀȈ ȒȓȎ ȉǻȓȘ ȏȊȀǾȒȈȎ, ȒȓȎ ȈȒȓțȂȐȀȋȋȀ ȒȔȖȌȎȓǽȓȘȌ. ǥǻȌ ȃȄȌ 

ȉǻȌȎȔȋȄ ȓǾȏȎȓȀ Ȇ ȂȐȀȋȋǽ ȀȔȓǽ ȁȐǾȒȉȄȓȀȈ ȒȓȎ ȋȆȃǼȌ. ǬȄȓȀȉȈȌȝȌȓȀȑ 

ȓȆ ȃȄȍȈǻ, Ȁȏț ȓȆȌ ȄȈȉțȌȀ ȒȁǽȌȎȌȓȀȈ țȒȀ pixel ǼȖȎȔȌ ǼȌȓȀȒȆ 

ȋȈȉȐțȓȄȐȆ Ȁȏț ȓȆȌ ǼȌȓȀȒȆ ȒȓȆȌ ȎȏȎǾȀ ǼȖȎȔȋȄ ȋȄȓȀȉȈȌǽȒȄȈ ȓȆ 

ȂȐȀȋȋǽ ȀȔȓǽ. ǤȆȊȀȃǽ ȋȄ ȀȔȓǽȌ ȓȆȌ ȄȌȓȎȊǽ ȉȀȇȀȐǾȅȎȔȋȄ ȓȆȌ ȄȈȉțȌȀ 

Ȁȏț ȓȎ ȔȏțȁȀȇȐȎ. 

Upper  threshold  

ǬȄ ȓȆȌ ȄȏȈȊȎȂǽ Upper  threshold  ȋȄȓȀȉȈȌȎȜȋȄ Ȁȏț ȃȄȍȈǻ ȏȐȎȑ ȓȀ 

ȀȐȈȒȓȄȐǻ, ȓȆ ȃȄȜȓȄȐȆ ǻȒȏȐȆ ȂȐȀȋȋǽ ȏȎȔ ȕȀǾȌȄȓȀȈ ȒȓȎ ȃȈǻȂȐȀȋȋȀ 

ȒȔȖȌȎȓǽȓȘȌ. ǥǻȌ ȃȄȌ ȓȆ ȋȄȓȀȉȈȌǽȒȎȔȋȄ, ȁȐǾȒȉȄȓȀȈ ȒȓȆȌ ȓȈȋǽ 255. ǝȒȎ ȓȆ ȋȄȓȀȉȈȌȎȜȋȄ 

ȋȄȓȀȁǻȊȊȄȓȀȈ Ȇ ȕȘȓȄȈȌțȓȆȓȀ ȒȄ țȊȀ ȓȀ pixel  ȓȆȑ ȄȈȉțȌȀȑ. ǡȔȍǻȌȄȓȀȈ Ȇ ȕȘȓȄȈȌțȓȆȓȀ ȒȄ țȊȀ 

ȓȀ pixel  ȓțȒȎ ȏȄȐȈȒȒțȓȄȐȎ țȒȎ ȋȄȓȀȉȈȌȎȜȋȄ ȏȐȎȑ ȓȀ ȀȐȈȒȓȄȐǻ ȓȎ Upper  threshold . ǥȕțȒȎȌ 

ȕȓǻȒȎȔȋȄ ȒȄ ȒȆȋȄǾȎ ȜȏȀȐȍȆȑ ȉȎȐȄȒȋȎȜ, ȓțȓȄ ȓȀ pixel  ȏȎȔ ǽȃȆ ǼȖȎȔȌ ȕȓǻȒȄȈ ȃȄ 

ȋȄȓȀȁǻȊȊȎȌȓȀȈ ǻȊȊȎ, ȀȊȊǻ ȀȔȍǻȌȎȔȌ ȓȆ ȕȘȓȄȈȌțȓȆȓǻ ȓȎȔȑ țȊȀ ȓȀ ȔȏțȊȎȈȏȀ. ǥȏȎȋǼȌȘȑ 

ȓȆȌ ȄȌȓȎȊǽ Upper  threshold  ȓȆ ȖȐȆȒȈȋȎȏȎȈȎȜȋȄ țȓȀȌ ȇǼȊȎȔȋȄ ȌȀ ȓȎȌǾȒȎȔȋȄ ȊȄȏȓȎȋǼȐȄȈȄȑ 

ȋȈȀȑ ȄȈȉțȌȀȑ, ȀȔȍǻȌȎȌȓȀȑ ȓȆ ȕȘȓȄȈȌțȓȆȓǻ ȓȎȔȑ.  

ǥȈȉțȌȀ 4-1: 
ǫȄȏȓȎȋǼȐȄȈȀ Ȁȏț ȓȎ 
ȊȎȂȈȒȋȈȉț Isis 
Metasystems 
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4.4.3 ǲȔȌȄȒȓȈȀȉǽ ȋȈȉȐȎȒȉȎȏǾȀ 

 

ǲȖǽȋȀ 4-4: ǢȀȒȈȉǽ ȀȐȖǽ ȒȔȌȄȒȓȈȀȉǽȑ ȋȈȉȐȎȒȉȎȏǾȀȑ 

ǲȓȆ ȒȔȌȄȒȓȈȀȉǽ ȋȈȉȐȎȒȉȎȏǾȀ ȔȏǻȐȖȄȈ Ȇ ȃȔȌȀȓțȓȆȓȀ ȀȏȄȈȉțȌȈȒȆȑ ȏȎȊȊȝȌ ȄȒȓȈȀȉȝȌ 

ȄȏȈȏǼȃȘȌ ȓȎȔ ǾȃȈȎȔ ȎȏȓȈȉȎȜ ȏȄȃǾȎȔ. ǧ ȁȀȒȈȉǽ ȃȈȀȕȎȐǻ ȏȎȔ ǼȖȄȈ ȋȄ ȓȆȌ ȀȏȊǽ ȋȈȉȐȎȒȉȎȏǾȀ 

ȕȇȎȐȈȒȋȎȜ, ȄǾȌȀȈ țȓȈ ȒȓȆȌ ȏȎȐȄǾȀ ȓȆȑ ȄȉȏȄȋȏțȋȄȌȆȑ ȃǼȒȋȆȑ ȏȀȐȄȋȁǻȊȊȄȓȀȈ ǼȌȀ 

ȃȈǻȕȐȀȂȋȀ ȏȎȔ ȀȕǽȌȄȈ ȓȎ ȒǽȋȀ ȌȀ ȏȄȐǻȒȄȈ Ȁȏț ȋǾȀ ȋȈȉȐǽ Ȏȏǽ. ǲȓȆ ȒȔȌȄȒȓȈȀȉǽ 

ȋȈȉȐȎȒȉȎȏǾȀ, ȒȄ ȀȌȓǾȇȄȒȆ ȋȄ ȓȎȌ ȄȏȈȕȇȎȐȈȒȋț, ȓȎ ȒǽȋȀ ȉǻȇȄ ȒȓȈȂȋǽ ȏȐȎǼȐȖȄȓȀȈ ȋțȌȎ Ȁȏț 

ȋǾȀ ȋȈȉȐǽ ȏȄȐȈȎȖǽ ȓȎȔ ȃȄǾȂȋȀȓȎȑ. ǡȔȓț ȀȉȐȈȁȝȑ ȄȍȀȒȕȀȊǾȅȄȈ Ȇ ȜȏȀȐȍȆ ȓȆȑ Ȏȏǽȑ, țȓȈ ȇȀ 

ȏȄȐǻȒȄȈ ȋțȌȎ ȓȎ ȒǽȋȀ ȏȎȔ ȏȐȎǼȐȖȄȓȀȈ Ȁȏț ȋǾȀ ȋȈȉȐǽ ȏȄȐȈȎȖǽ ȉȀȈ țȖȈ ȀȌȄȒȓǾȀȒȓȎ ȒǽȋȀ 

Ȁȏț ǻȊȊȀ ȄȒȓȈȀȉǻ ȁǻȇȆ. ǥȏȎȋǼȌȘȑ ȂȈȀ ȌȀ ȒȔȌȓȄȇȄǾ ȋǾȀ ȄȈȉțȌȀ ȖȐȄȈǻȅȄȓȀȈ ȄȏȄȍȄȐȂȀȒǾȀ 

Ȁȏț ȔȏȎȊȎȂȈȒȓǽ, ȀȕȎȜ ȉǻȇȄ ȒȓȈȂȋǽ ȓȆȑ ȀȏȄȈȉțȌȈȒȆȑ ȒȔȊȊǼȂȄȓȀȈ Ȇ ȏȊȆȐȎȕȎȐǾȀ ȏȎȔ 

ȉȀȓȀȖȘȐȄǾȓȀȈ ȒȄ ǼȌȀ pixel . ǝȓȀȌ ȒȀȐȘȇȄǾ ǼȌȀ ȄȒȓȈȀȉț ȄȏǾȏȄȃȎ, ȔȏǻȐȖȄȈ Ȇ ȃȔȌȀȓțȓȆȓȀ ȂȈȀ 

ȓȎ ǾȃȈȎ ȎȏȓȈȉț ȏȄȃǾȎ ȌȀ ȒȀȐȘȇȎȜȌ ȉȀȈ ǻȊȊȀ ȄȒȓȈȀȉǻ ȄȏǾȏȄȃȀ. ǬȄ ȓȆ ȖȐǽȒȆ ȉȀȓǻȊȊȆȊȘȌ 

ȊȎȂȈȒȋȈȉȝȌ ȂǾȌȄȓȀȈ Ȇ ȓȐȈȒȃȈǻȒȓȀȓȆ ȀȏȄȈȉțȌȈȒȆ, ȃȆȋȈȎȔȐȂȎȜȋȄȌȆ Ȁȏț ȓȈȑ ȃȈǻȕȎȐȄȑ ȓȎȋǼȑ. 

ǡȏȄȈȉțȌȈȒȆ ȋȄ ȓȎ ȒȔȌȄȒȓȈȀȉț ȋȈȉȐȎȒȉțȏȈȎ 

ǲȓȎ ǰȀȐǻȐȓȆȋȀ ǡ6 ȓȆȑ ȃȈȀȓȐȈȁǽȑ ȃǾȌȎȌȓȀȈ ȀȌȀȊȔȓȈȉǻ ȓȀ ȁǽȋȀȓȀ ȏȎȔ ȀȉȎȊȎȔȇȎȜȌȓȀȈ ȂȈȀ 

ȓȆȌ ȀȏȄȈȉțȌȈȒȆ ȋȄ ȓȎ ȒȔȂȉȄȉȐȈȋǼȌȎ ȋȈȉȐȎȒȉțȏȈȎ ȏȎȔ ȖȐȆȒȈȋȎȏȎȈǽȇȆȉȄ ȂȈȀ ȓȈȑ ȀȌǻȂȉȄȑ 

ȓȆȑ ȏȀȐȎȜȒȀȑ ȃȈȀȓȐȈȁǽȑ.  
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4.5 ǰȐȘȓțȉȎȊȊȎ ȖȐȝȒȆȑ  

ǣȈȀ ȓȈȑ ȋȄȓȐǽȒȄȈȑ ȄȒȓȈȝȌ Ȃ-ǧ2ǡǶ ǼȂȈȌȀȌ ȏȎȊȊǼȑ ȒȄȈȐǼȑ ȏȄȈȐȀȋǻȓȘȌ ȋǼȖȐȈ ȌȀ 

ȏȐȎȒȃȈȎȐȈȒȓȄǾ ȓȎ ȉȀȓǻȊȊȆȊȎ ȏȐȘȓțȉȎȊȊȎ, ȒȄ ȒȔȌȄȐȂȀȒǾȀ ȋȄ ȓȆ ȃȐȀ ǢȀȒȈȊȈȉǽ ǶȀȓȅǽ. ǳȎ 

ȏȐȘȓțȉȎȊȊȎ ȒȓȎ ȎȏȎǾȎ ȉȀȓȀȊǽȍȀȋȄ ǼȖȄȈ Șȑ Ȅȍǽȑ: 

ǲȄ ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ ȉȜȓȓȀȐȀ MCF7, ȓȀ ȎȏȎǾȀ ȄǾȖȀȋȄ ȒȏȄǾȐȄȈ ȏǻȌȘ ȒȄ ȏȊȀȉǾȃȈȀ 

ȋȈȉȐȎȒȉȎȏǾȎȔ, ǼȖȎȌȓȀȑ ȎȐǾȒȄȈ ȋǾȀ ȏȄȐȈȎȖǽ ȋȄ ȔȃȐțȕȎȁȎ ȋȀȐȉȀȃțȐȎ, ȀȕȎȜ ȄȏȘǻȅȎȌȓȀȌ 

ȂȈȀ ȓȀ ȀȌȓǾȒȓȎȈȖȀ ȖȐȎȌȈȉǻ ȃȈȀȒȓǽȋȀȓȀ ȏȎȔ ȀȏȀȈȓȎȜȒȄ ȓȎ ȄȉǻȒȓȎȓȄ ȏȄǾȐȀȋȀ (0,5 , 1, 6, 12, 

48 ǽ 72 h) ȂȈȌțȓȀȌ ȋȎȌȈȋȎȏȎǾȆȒȆ ȋȄ ȁȜȇȈȒȆ ȒȄ ȃȈǻȊȔȋȀ ȏȀȐȀȕȎȐȋȀȊȃȄǿȃȆȑ 4 % (w/ v) 

ȂȈȀ 20 min .  

 

4.6 ǬǼȇȎȃȎȈ ȄȉȓǾȋȆȒȆȑ ȓȎȔ ȒȔȌȄȌȓȎȏȈȒȋȎȜ 

ǲȓȆ ȋȈȉȐȎȒȉȎȏǾȀ ȕȇȎȐȈȒȋȎȜ, Ȏ ȒȔȌȄȌȓȎȏȈȒȋțȑ (colocalization) ȀȌȀȕǼȐȄȓȀȈ ȒȓȆ ȖȘȐȈȉǽ 

ȄȏȈȉǻȊȔȗȆ ȋȄȓȀȍȜ ȃȜȎ ǽ ȏȄȐȈȒȒțȓȄȐȘȌ ȕȇȎȐȈȅțȌȓȘȌ ȈȖȌȆȇȄȓȝȌ. ǯȈ ȕȇȎȐǾȅȎȌȓȄȑ ȈȖȌȆȇǼȓȄȑ 

ȂȈȀ ȌȀ ȏȀȐǼȖȎȔȌ ȏȊȆȐȎȕȎȐǾȀ ȀȏȀȈȓȄǾȓȀȈ ȌȀ ǼȖȎȔȌ ȃȈȀȕȎȐȄȓȈȉț ȋǽȉȎȑ ȉȜȋȀȓȎȑ 

ȀȏȎȐȐțȕȆȒȆȑ ȉȀȇȝȑ ȉȀȈ ȃȈȀȕȎȐȄȓȈȉț ȋǽȉȎȑ ȉȜȋȀȓȎȑ ȄȉȏȎȋȏǽȑ ȝȒȓȄ ȌȀ ȋȏȎȐȄǾ ȌȀ 

ȃȈȀȉȐȈȇȄǾ ȄǻȌ ȎȈ ȃȈȀȕȎȐȄȓȈȉȎǾ çȒȓțȖȎȈè ȁȐǾȒȉȎȌȓȀȈ ȒȓȆȌ ǾȃȈȀ ȏȄȐȈȎȖǽ ȓȎȔ ȉȔȓȓǻȐȎȔ ǽ ǼȒȓȘ 

ȄǻȌ ȁȐǾȒȉȎȌȓȀȈ ȏȎȊȜ ȉȎȌȓǻ ȋȄȓȀȍȜ ȓȎȔȑ. ǯ ȎȐȈȒȋțȑ ȀȔȓțȑ ȏȄȐȈȊȀȋȁǻȌȄȈ ȃȜȎ ȃȈȀȕȎȐȄȓȈȉǻ 

ȕȀȈȌțȋȄȌȀ, ȓȆ ȊȄȂțȋȄȌȆ ȒȔȌȄȋȕǻȌȈȒȆ (co-occurrence), Ȇ ȎȏȎǾȀ ȀȌȀȕǼȐȄȓȀȈ ȒȓȆȌ 

ȄȋȕǻȌȈȒȆ ȃȜȎ ȃȈȀȕȎȐȄȓȈȉȝȌ (ȏȈȇȀȌȝȑ ȋȆ ȒȖȄȓȈȅțȋȄȌȘȌ) ȕȇȎȐȎȕțȐȘȌ ȒȓȎ ǾȃȈȎ pixel  ȉȀȈ 

ȓȆ ȒȔȒȖǼȓȈȒȆ (correlation ) ȏȎȔ ȄȉȕȐǻȅȄȈ ȋǾȀ ȏȎȊȜ ȏȄȐȈȒȒțȓȄȐȎ ȒȓȀȓȈȒȓȈȉȝȑ ȒȆȋȀȌȓȈȉǽ 

ȒȖǼȒȆ ȋȄȓȀȍȜ ȓȘȌ ȕȇȎȐȎȕțȐȘȌ, ȃȆȊȘȓȈȉǽȑ ȉǻȏȎȈȀȑ ȁȈȎȊȎȂȈȉǽȑ ȀȊȊȆȊȄȏǾȃȐȀȒȆȑ [119].   

ǲȓȆȌ ȏȄȐǾȏȓȘȒȆ ȀȔȓǽ Ȇ ȄȌȃȄȖțȋȄȌȆ ȕȔȒȈȉǽ ȖȘȐȎȖȐȎȌȈȉǽ ȒȔȌȜȏȀȐȍȆ ȃȜȎ ǽ ȏȄȐȈȒȒțȓȄȐȘȌ 

ȏȐȘȓȄșȌȝȌ ȒȄ ǼȌȀȌ ȋȈȉȐț țȂȉȎ ȓȎȔ ȉȔȓȓǻȐȎȔ (ȒȔȌǽȇȘȑ ȓȆȑ ȓǻȍȄȘȑ ȓȘȌ 0,1-10 ȋm3) ȇȀ ǼȖȄȈ 

Șȑ ȀȏȎȓǼȊȄȒȋȀ ȓȆȌ ȄȏȈȉǻȊȔȗȆ ȓȘȌ ȒȆȋǻȓȘȌ ȕȇȎȐȈȒȋȎȜ. ǯ ȕȇȎȐȈȒȋțȑ ȏȐȎǼȐȖȄȓȀȈ Ȁȏț ȓȀ 

ȃȄȔȓȄȐȄȜȎȌȓȀ ȀȌȓȈȒȝȋȀȓȀ ȏȎȔ ȖȐȆȒȈȋȎȏȎȈȎȜȌȓȀȈ ȂȈȀ ȌȀ ȒȓȎȖȄȜȒȎȔȌ ȓȀ ȏȐȘȓȄȜȎȌȓȀ 

ȀȌȓȈȒȝȋȀȓȀ, ȓȀ ȎȏȎǾȀ ȋȄ ȓȆ ȒȄȈȐǻ ȓȎȔȑ ȒȓȎȖȄȜȎȔȌ ȓȈȑ ȏȐȎȑ ȀȌǾȖȌȄȔȒȆ ȏȐȘȓȄǠȌȄȑ 

ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA . ǣǾȌȄȓȀȈ Ȇ ȏȀȐȀȃȎȖǽ țȓȈ ȓȀ ȋȆ ȄȏȈȒȆȋȀȒȋǼȌȀ ȏȐȘȓȄȜȎȌȓȀ 

ȀȌȓȈȒȝȋȀȓȀ ȏȐȎȒȃǼȌȎȌȓȀȈ ȄȏȈȊȄȉȓȈȉǻ ȒȓȀ ȋțȐȈȀ ȒȓțȖȎȔȑ, ȉȀȇȝȑ ȉȀȈ țȓȈ ȒȓȀ ȏȐȘȓȄȜȎȌȓȀ 

ȀȌȓȈȒȝȋȀȓȀ ȏȐȎȒȃǼȌȎȌȓȀȈ ȓȀ ȄȏȈȒȆȋȀȒȋǼȌȀ ȃȄȔȓȄȐȄȜȎȌȓȀ, ȓȀ ȎȏȎǾȀ ȕǼȐȎȔȌ ȉǻȏȎȈȀ 

ȕȇȎȐǾȅȎȔȒȀ ȖȐȘȒȓȈȉǽ, ȏȎȔ ȒȔȌǽȇȘȑ ȄȉȏǼȋȏȄȈ ȒȓȎ ȋȏȊȄ, ȓȎ ȉțȉȉȈȌȎ ǽ ȓȎ ȏȐǻȒȈȌȎ ȓȎȔ 

ȎȏȓȈȉȎȜ ȕǻȒȋȀȓȎȑ. ǣȈȀ ȓȆ ȃȈǼȂȄȐȒȆ ȓȆȑ ȕȇȎȐǾȅȎȔȒȀȑ ȎȔȒǾȀȑ ȀȏȀȈȓȄǾȓȀȈ ȓȎ ȉȀȓǻȊȊȆȊȎ 

ȋǽȉȎȑ ȉȜȋȀȓȎȑ ȓȎ ȎȏȎǾȎ ȎȕȄǾȊȄȈ ȌȀ ȃȈȀȕǼȐȄȈ Ȁȏț ȓȎ ȋǽȉȎȑ ȉȜȋȀȓȎȑ ȃȈǼȂȄȐȒȆȑ ȓȘȌ ǻȊȊȘȌ 
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ȖȐȘȒȓȈȉȝȌ ȏȎȔ ȖȐȆȒȈȋȎȏȎȈȎȜȌȓȀȈ ȒȓȎ ǾȃȈȎ ȏȄǾȐȀȋȀ, ȝȒȓȄ ȌȀ ȃȈȀȉȐǾȌȎȌȓȀȈ ȋȄȓȀȍȜ ȓȎȔȑ ȎȈ 

ȏȐȎȑ ȀȌǾȖȌȄȔȒȆ ȎȔȒǾȄȑ.  

ǡȉȎȊȎȔȇȄǾ Ȇ ȀȌǻȊȔȒȆ ȓȆȑ ȄȈȉțȌȀȑ ȒȜȋȕȘȌȀ ȋȄ ȓȆȌ ǼȌȓȀȒȆ ȓȎȔ ȉǻȇȄ ȖȐȝȋȀȓȎȑ ȒȓȎ ǾȃȈȎ 

pixel  ǽ voxel. ǝȏȎȈȀ ȋǼȇȎȃȎȑ ȉȀȈ ȀȌ ȀȉȎȊȎȔȇȆȇȄǾ, ȒǾȂȎȔȐȀ ȔȏǻȐȖȄȈ Ȇ ȓȎȏȎȊȎȂǾȀ ȓȎȔ 

ȄȈȉȎȌȎȒȓȎȈȖȄǾȎȔ, țȏȎȔ ȄȉȄǾ ȄȍȄȓǻȅȎȌȓȀȈ ȎȈ ȄȌȓǻȒȄȈȑ [4]. ǰȀȊȀȈțȓȄȐȄȑ ȋȄȊǼȓȄȑ 

ȖȐȆȒȈȋȎȏȎȈȎȜȌ ȀȔȓǽȌ ȓȆ ȊȎȂȈȉǽ ȂȈȀ ȌȀ ȀȏȎȕȀȌȇȎȜȌ ȂȈȀ ȓȆ ȒȔȌȄȋȕǻȌȈȒȆ ȏȐȘȓȄșȌȝȌ ǽ 

ǻȊȊȘȌ ȁȈȎȊȎȂȈȉȝȌ ȋȎȐǾȘȌ. ǰȎȊȜ ȉȎȈȌǻ ȖȐȆȒȈȋȎȏȎȈȎȜȋȄȌȎȈ ȒȔȌȓȄȊȄȒȓǼȑ ȄǾȌȀȈ Ȏ 

ȒȔȌȓȄȊȄȒȓǽȑ ȒȔȒȖǼȓȈȒȆȑ ȓȎȔ Pearson (Pearsonõs correlation  coefficient -PCC) ȉȀȈ Ȏ 

ȒȔȌȓȄȊȄȒȓǽȑ ȄȏȈȉǻȊȔȗȆȑ ȓȎȔ Manders (Mandersõ overlap coefficient -MOC) [120]. ǪȀȈ ȎȈ 

ȃȜȎ ȀȔȓǼȑ ȏȐȎȒȄȂȂǾȒȄȈȑ ȊȀȋȁǻȌȎȔȌ ȓȆȌ ȄȈȉțȌȀ Șȑ ȒȜȌȎȊȎ, ȏȀȐǼȖȎȌȓȀȑ ȂȈȀ ȉǻȇȄ ȋǾȀ 

ȄȈȉțȌȀ ǼȌȀȌ ȋțȌȎȌ ȀȐȈȇȋț, ȎȏțȓȄ ȃȄ ȊȀȋȁǻȌȄȓȀȈ ȔȏțȗȆ ȎȜȓȄ Ȇ ȓȎȏȎȊȎȂǾȀ ȓȎȔ ȉȔȓȓǻȐȎȔ 

ȎȜȓȄ ȁȄȁȀǾȘȑ ȉȀȈ Ȇ ȓȎȏȎȊȎȂǾȀ ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ, ȏȎȔ ȄǾȌȀȈ ȉȔȐǾȀȐȖȆ ȋȄȓȀȍȜ ȓȘȌ 

ȄȐȄȔȌȆȓȝȌ ȏȎȔ ȀȒȖȎȊȎȜȌȓȀȈ ȋȄ ȓȈȑ ȁȊǻȁȄȑ ȓȎȔ DNA , ȎȏȓȈȉȎȏȎȈȎȜȋȄȌȄȑ ȋǼȒȘ ȓȎȔ 

ȀȌȎȒȎȕȇȎȐȈȒȋȎȜ. ǡȔȓǼȑ ȎȈ ȏȐȎȒȄȂȂǾȒȄȈȑ ȊȎȈȏțȌ ȏȀȐǼȖȎȔȌ Șȑ ȀȏȎȓǼȊȄȒȋȀ ȉǻȏȎȈȎ 

ȏȎȒȎȒȓț ȒȔȌȄȌȓȎȏȈȒȋȎȜ țȏȎȔ ȃȄȌ ȄȉȕȐǻȅȄȈ ȓȈȑ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ. ǪǻȏȎȈȀ ȁȄȊȓǾȘȒȆ ȀȔȓȝȌ 

ȓȘȌ ȏȀȐȀȋǼȓȐȘȌ ȄȈȒǽȂȀȂȀȌ ȎȈ Costes et al [121], ȄȏȈȁȄȁȀȈȝȌȎȌȓȀȑ ȓȆȌ ȜȏȀȐȍȆ ȀȊȆȇȎȜȑ 

ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȒȄ ȄȈȉțȌȄȑ ȏȎȔ ȄǾȖȀȌ ǼȘȑ ȉȀȈ 3% ȒȔȌȄȌȓȎȏȈȒȋț. ǡȔȓțȑ Ȏ ȓȄȊȄȔȓȀǾȎȑ 

ȀȊȂțȐȈȇȋȎȑ ȀȐȂțȓȄȐȀ ȔȈȎȇȄȓǽȇȆȉȄ ȉȀȈ Ȁȏț ȓȆȌ ȏȎȊȜ ȂȌȘȒȓț ȊȎȂȈȒȋȈȉț ImarisColoc 

(Bitplane: http :// www .bitplane.com/ imaris / imariscoloc). ǥȈȃȈȉțȓȄȐȀ ȂȈȀ ȓȆȌ ȄȉȓǾȋȆȒȆ 

ȁȊȀȁȝȌ DNA  ǼȖȎȔȌ ȃȈȀȓȔȏȘȇȄǾ ȉȀȈ ǻȊȊȄȑ ȀȏȊȎȜȒȓȄȐȄȑ ȏȐȎȒȄȂȂǾȒȄȈȑ [122-124]. ǧ ȉȜȐȈȀ 

ȈȃǼȀ ȂȜȐȘ Ȁȏț ȓȎ ȒȔȌȄȌȓȎȏȈȒȋț ȄǾȌȀȈ ȏǻȌȓȀ ȌȀ ȄȉȕȐȀȒȓȄǾ Ȏ ȁȀȇȋțȑ ȄȏȈȉǻȊȔȗȆȑ ȓȘȌ 

ȒȆȋǻȓȘȌ ȏȎȔ ȏȐȎǼȐȖȎȌȓȀȈ Ȁȏț ȃȜȎ ǽ ȏȄȐȈȒȒțȓȄȐȀ ȉȀȌǻȊȈȀ ȒȄ ȋǾȀ ȄȈȉțȌȀ ȋȈȉȐȎȒȉȎȏǾȎȔ. 

ǧ ȏȈȎ ȉȎȈȌǽ ȁȄȁȀǾȘȑ ȇȄȝȐȆȒȆ ȓȎȔ ȒȔȌȄȌȓȎȏȈȒȋȎȜ, Ȇ ȎȏȎǾȀ ȏȄȐȈȊȀȋȁǻȌȄȈ ȓȆȌ ȓȎȏȎȊȎȂǾȀ 

ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ, ȄǾȌȀȈ Ȇ ǼȉȕȐȀȒȆ 

ȒȄ ȏȎȒȎȒȓț ȓȘȌ ȒȔȌȄȌȓȎȏȈȒȋǼȌȘȌ ȄȒȓȈȝȌ 

Șȑ ȏȐȎȑ ȓȎȌ ȀȐȖȈȉț ȀȐȈȇȋț ȄȒȓȈȝȌ ȓȆȑ 

ȋȈȀȑ ǽ ȓȆȑ ǻȊȊȆȑ ȖȐȘȒȓȈȉǽȑ, ǽ Șȑ ȏȐȎȑ ȓȎ 

ȒȜȌȎȊȎ ȓȘȌ ȄȒȓȈȝȌ. ǧ ȇȄȝȐȆȒȆ ȀȔȓǽ 

ȄǾȌȀȈ ȏȎȊȜ ȁȎȊȈȉǽ ȃȈțȓȈ Ȇ ȃȈȀȓȜȏȘȒȆ ȓȎȔ 

ȉȊǻȒȋȀȓȎȑ ȉǻȌȄȈ ǻȋȄȒȀ ȀȌȓȈȊȆȏȓǽ ȓȆȌ 

ȈȒȖȜ ȓȎȔ ȕȀȈȌȎȋǼȌȎȔ. ǸȒȓțȒȎ ȀȔȓǽ Ȇ 

ȋǼȇȎȃȎȑ ȃǾȌȄȈ ȉȀȊǻ ȀȏȎȓȄȊǼȒȋȀȓȀ, ȒȓȆȌ 

ȏȄȐǾȏȓȘȒȆ ȏȎȔ ȎȈ ȄȒȓǾȄȑ ȄǾȌȀȈ 

ȉȀȊȎȒȖȆȋȀȓȈȒȋǼȌȄȑ, ȈȒȎȋȄȂǼȇȄȈȑ ȉȀȈ Ȏ ȏȊȆȇȔȒȋțȑ ȓȎȔȑ ȄǾȌȀȈ țȖȈ ȈȃȈȀȈȓǼȐȘȑ ȋȄȂǻȊȎȑ. ǡȌ 

ǲȖǽȋȀ 4-5: ǲȖȆȋȀȓȈȉǽ ȀȌȀȏȀȐǻȒȓȀȒȆ ȓȆȑ 
ȉȊȀȒȒȈȉǽȑ ȇȄȝȐȆȒȆȑ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȋȄȓȀȍȜ ȓȘȌ 
ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ. Ǹȑ ȀȏȎȓǼȊȄȒȋȀ, ȀȌǻ ȉȜȓȓȀȐȎ, 
ȊȀȋȁǻȌȄȓȀȈ ȓȎ ȉȊǻȒȋȀ ȓȘȌ ȒȔȋȁǻȌȓȘȌ 
ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȏȐȎȑ ȓȎȌ ȀȐȈȇȋț ȄȒȓȈȝȌ ȓȆȑ ȋȈȀȑ ǽ 
ȓȆȑ ǻȊȊȆȑ ȖȐȘȒȓȈȉǽȑ, ǽ Șȑ ȏȐȎȑ ȓȎȌ ȎȊȈȉț ȀȐȈȇȋț 
ȄȒȓȈȝȌ. 

http://www.bitplane.com/imaris/imariscoloc


58 

 

ȃȄȌ ȏȊȆȐȎȜȌȓȀȈ ȀȔȓǻ ȓȀ ȉȐȈȓǽȐȈȀ ȓțȓȄ ȄǾȓȄ Ȇ ȃȈȀȓȜȏȘȒȆ ȃȄ ȂǾȌȄȓȀȈ ȋȄ ȀȒȕǻȊȄȈȀ, ȄǾȓȄ ȓȎ 

ȒȔȋȏǼȐȀȒȋȀ ȏȎȔ ȋȏȎȐȄǾ ȌȀ ȏȐȎȉȜȗȄȈ ȏȄȐȈǼȖȄȈ ȀȁȄȁȀȈțȓȆȓȀ. ǰȐȈȌ ȀȌȀȕȄȐȇȎȜȋȄ ȒȓȆ 

ȋǼȇȎȃȎ ȏȎȔ ȄȋȄǾȑ ȄȈȒȀȂǻȂȀȋȄ, ȏȀȐȎȔȒȈǻȅȄȓȀȈ Ȅȃȝ ȋǾȀ ȀȉțȋȆ ȏȐȎȒǼȂȂȈȒȆ, ȀȔȓǽ ȓȆȑ 

ȒȔȌȄȐȂǻȓȈȃǻȑ ȋȀȑ Olga Martin . 

ǯȈ Olga Martin  et al. ȄȈȒǽȂȀȂȀȌ ȓȆȌ ȏȀȐǻȋȄȓȐȎ Rcol ȂȈȀ ȌȀ ȏȄȐȈȂȐǻȗȄȈ ȓȎ ȒȔȌȄȌȓȎȏȈȒȋț 

ȋȄȓȀȍȜ ȄȒȓȈȝȌ ȏȀȐțȋȎȈȎȔ ȋȄȂǼȇȎȔȑ ȉȀȈ ȀȐȈȇȋȎȜ:  

    Ὑ
 

  (1) 

țȏȎȔ Rcol ȄǾȌȀȈ Ȏ ȊțȂȎȑ ȒȔȌȄȌȓȎȏȈȒȋȎȜ, I53BP1 ȉȀȈ IȂǧ2ǡǶ ȄǾȌȀȈ ȎȈ ȋǼȒȄȑ ȄȌȓǻȒȄȈȑ ȕȇȎȐȈȒȋȎȜ 

ȂȈȀ ȓȀ ȉȀȌǻȊȈȀ ȏȎȔ ȀȏȎȓȔȏȝȌȎȔȌ ȓȈȑ ȏȐȘȓȄǠȌȄȑ 53BP1 ȉȀȈ Ȃ-ǧ2ǡǶ ȀȌȓǾȒȓȎȈȖȀ, ȂȈȀ ȋǾȀ 

ȃȄȃȎȋǼȌȆ ȄȒȓǾȀ ȕȇȎȐȈȒȋȎȜ Ȃ-ǧ2ǡǶ, ȉȀȌȎȌȈȉȎȏȎȈȆȋǼȌȄȑ, Șȑ ȏȐȎȑ ȎȊțȉȊȆȐȆ ȓȆȌ ȄȈȉțȌȀ. 

ǳȎ ȏȊȄȎȌǼȉȓȆȋȀ ȀȔȓǽȑ ȓȆȑ ȏȐȎȒǼȂȂȈȒȆȑ ȄǾȌȀȈ țȓȈ ȏȀȐȎȔȒȈǻȅȄȈ ǼȌȀ ȒȓȀȇȄȐț ȄȜȐȎȑ ȓȈȋȝȌ 

Ȁȏț ȓȎ 0 ǼȘȑ ȓȎ 1 [124]. ǧ ȓȈȋǽ 0 ȊȀȋȁǻȌȄȓȀȈ ȒȓȆȌ ȏȄȐǾȏȓȘȒȆ ȏȎȔ ȃȄȌ ȔȏǻȐȖȄȈ ȒǽȋȀ 

ȏȐȎȄȐȖțȋȄȌȎ Ȁȏț ȓȆȌ 53BP1, ȉȀȈ Ȇ ȓȈȋǽ 1 ȒȓȆȌ ȏȄȐǾȏȓȘȒȆ ȏȎȔ ȓȀ ȄȏǾȏȄȃȀ ȕȇȎȐȈȒȋȎȜ ȓȘȌ 

ȃȜȎ ȃȄȈȉȓȝȌ ȄǾȌȀȈ ȓȀ ǾȃȈȀ, ȒȓȆȌ ȏȄȐȈȎȖǽ ȏȎȔ ȉȀȓȀȊȀȋȁǻȌȄȈ ȋǾȀ ȃȄȃȎȋǼȌȆ ȄȒȓǾȀ Ȃ-ǧ2ǡǶ. 

ǡȔȓǽ Ȇ ȏȐȎȒǼȂȂȈȒȆ ȄǾȌȀȈ ȊȎȈȏțȌ ȁȎȊȈȉǽ ȒȄ ȏȄȐȈȏȓȝȒȄȈȑ, țȏȘȑ ȂȈȀ ȄȉȄǾȌȆ ȂȈȀ ȓȆȌ ȎȏȎǾȀ 

ȎȐǾȒȓȆȉȄ ȀȔȓțȑ Ȏ ȒȔȌȓȄȊȄȒȓǽȑ, țȓȀȌ ȃȆȊȀȃǽ ȏȐțȉȄȈȓȀȈ ȂȈȀ ȃȜȎ ȃȄǾȉȓȄȑ ȃǾȉȊȘȌȘȌ 

ȇȐȀȜȒȄȘȌ (53BP1 ȉȀȈ Ȃ-ǧ2ǡǶ), țȏȎȔ ȃȄȌ ȔȏǻȐȖȄȈ ȀȋȕȈȁȎȊǾȀ țȓȈ țȌȓȘȑ ȄȋȕȀȌǾȅȎȔȌ 

ȒȔȌȄȌȓȎȏȈȒȋț ȎȈ ȏȐȎȑ ȄȍǼȓȀȒȆ ȏȐȘȓȄǠȌȄȑ ȉȀȈ ǼȓȒȈ ȃȄ ȖȐȄȈǻȅȎȌȓȀȈ ȄȏȈȖȄȈȐǽȋȀȓȀ 

ȁȀȒȈȅțȋȄȌȀ ȒȓȆȌ ȀȌǻȊȔȒȆ ȓȆȑ ȄȈȉțȌȀȑ.  

ǥǻȌ țȋȘȑ ȋȄ ȀȔȓǽȌ ȓȆȌ ȏȐȎȒǼȂȂȈȒȆ ȂǾȌȄȈ ȏȐȎȒȏǻȇȄȈȀ ȌȀ ȀȌȀȊȔȇȎȜȌ ȄȈȉțȌȄȑ țȏȘȑ ȀȔȓǽ 

ȓȆȑ ǥȈȉțȌȀȑ 5-3, țȏȎȔ ȓȎ ȏȐǻȒȈȌȎ ȖȐȝȋȀ ȏȀȐȎȔȒȈǻȅȄȈ ȃȈǻȖȔȓȆ ȖȐȝȒȆ, Ȏ ȒȔȌȓȄȊȄȒȓǽȑ 

ȀȔȓțȑ, ȄǻȌ ȄȍȄȓȀȒȓȄǾ ȁȀȒȈȅțȋȄȌȎȑ ȒȓȈȑ ȉțȉȉȈȌȄȑ ȄȒȓǾȄȑ (ȄȒȓǾȄȑ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ) ȇȀ 

ȁȂǻȊȄȈ ȋǾȀ ȓȈȋǽ ȉȎȌȓǻ ȒȓȎ 1, ȖȘȐǾȑ țȋȘȑ ȌȀ ȏȀȐǼȖȄȈ ȉǻȏȎȈȎ ȉȐȈȓǽȐȈȎ ȏȎȔ ȌȀ ȄȍȀȒȕȀȊǾȅȄȈ 

țȓȈ ȏȐțȉȄȈȓȀȈ ȂȈȀ ȀȊȆȇǽ ȒȔȌȄȌȓȎȏȈȒȋț ȉȀȈ țȖȈ ȂȈȀ ȓȔȖȀǾȎ. ǲȓȎ ȏȐǻȒȈȌȎ ȖȐȝȋȀ ȇȄȘȐȎȜȋȄ 

ȉǻȏȎȈȀ ȏȐȘȓȄǠȌȆ ȏȎȔ ȌȀ ȄȏȈȃȈȎȐȇȝȌȄȈ ȁȊǻȁȄȑ ȁǻȒȄȘȌ țȏȘȑ ȓȆȌ APE1 ǽ ȓȆȌ OGG1.  

 

              (2) 

 

ǬȄ ȓȎȌ țȐȎ ȓȔȖȀǾȎ ȒȔȌȄȌȓȎȏȈȒȋț ȂǾȌȄȓȀȈ ȀȌȀȕȎȐǻ ȒȓȆȌ ȜȏȀȐȍȆ ȄȒȓȈȝȌ ȏȎȔ ȀȌȀȕǼȐȎȌȓȀȈ 

ȒȄ ȁȊǻȁȄȑ ȏȎȔ ȃȄȌ ȄǾȌȀȈ ǤǪǨ, ȄȏǻȌȘ ȒȓȈȑ ȄȒȓǾȄȑ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ȎȈ ȎȏȎǾȄȑ ȄǾȓȄ 

ȏȐȎǼȐȖȎȌȓȀȈ Ȁȏț ȓȎ ȄȌȃȎȂȄȌǼȑ ȎȍȄȈȃȘȓȈȉț ȒȓȐȄȑ, ȄǾȓȄ ȀȏȊȝȑ ȀȏȄȈȉȎȌǾȅȎȔȌ ȓȆȌ ȄȌȃȎȂȄȌǽ 

ȒȔȂȉǼȌȓȐȘȒȆ ȀȔȓǽȑ ȓȆȑ ȏȐȘȓȄǠȌȆȑ.  
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ǥȏȎȋǼȌȘȑ ȉȀȈ ȄǻȌ ȀȉțȋȀ Ȇ ȒȖǼȒȆ (2) ǼȖȄȈ ȒȀȌ ȀȏȎȓǼȊȄȒȋȀ ȓȈȋǼȑ ȉȎȌȓǻ ȒȓȎ 1, ȀȔȓț ȃȄȌ ǼȖȄȈ 

ȄȍȀȒȕȀȊǾȒȄȈ țȓȈ țȌȓȘȑ ȔȏǻȐȖȄȈ ȃȈȀȕȎȐǻ ȒȓȆ ȖȐȝȒȆ ȓȎȔ ȏȐǻȒȈȌȎȔ ȖȐȝȋȀȓȎȑ ȋȄȓȀȍȜ ȓȘȌ 

ȏȄȐȈȎȖȝȌ ȓȆȑ ȄȒȓǾȀȑ ȓȆȑ ǤǪǨ ȉȀȈ ȓȎȔ ȔȏțȊȎȈȏȎȔ ȓȎȔ ȏȔȐǽȌȀ. ǤȆȊȀȃǽ Ȇ ȋǼȂȈȒȓȆ ȓȈȋǽ ȓȎȔ 

Rcol ȏȎȔ ȄǾȌȀȈ ȓȎ 1, ȃȄȌ ȄȍȀȒȕȀȊǾȅȄȈ țȓȈ ȉȀȈ Ȏ ȔȏțȊȎȈȏȎȑ ȏȔȐǽȌȀȑ ȋȏȎȐȄǾ ȌȀ ȄǾȌȀȈ ȉȀȈ ȀȔȓțȑ 

ȁȀȋȋǼȌȎȑ ȋȄ ȓȎ ȏȐǻȒȈȌȎ ȖȐȝȋȀ. 

ǣȈȀ ȌȀ ȂǾȌȄȈ ȄȕȈȉȓǽ Ȇ ȀȌǻȊȔȒȆ ȀȔȓȎȜ ȓȎȔ ȄǾȃȎȔȑ ȓȘȌ ȄȈȉțȌȘȌ, ȀȐȖȈȉǻ ȏȐȎȓǻȇȆȉȄ Ȁȏț Ȅȋǻȑ 

ȋǾȀ ȏȀȐǻȋȄȓȐȎȑ, Ȇ Flike, ȎȏȎǾȀ ȒȔȂȉȐǾȌȄȈ ȓȎȌ ȀȐȈȇȋț ȓȘȌ ȋȈȉȐȝȌ (ȏȐǻȒȈȌȘȌ Ȅȃȝ) ȄȒȓȈȝȌ 

ȒȓȈȑ ȋȄȂǻȊȄȑ (ȉțȉȉȈȌȄȑ Ȅȃȝ) ȄȒȓǾȄȑ ȓȘȌ ǤǪǨ, ȋȄ ȓȎȌ ȀȐȈȇȋț ȓȘȌ ȋȈȉȐȝȌ ȄȒȓȈȝȌ, ȒȓȎ 

ȔȏțȊȎȈȏȎ ȓȎȔ ȏȔȐǽȌȀ ȓȎȔ ȉȔȓȓǻȐȎȔ. ǧ ȎȌȎȋȀȒǾȀ Flike, ȏȐȎǼȐȖȄȓȀȈ Ȁȏț ȓȎ çFoci-likeè, 

ȄȏȄȈȃǽ ȒȄ ȀȔȓǽȌ ȓȆȌ ȏȀȐǻȋȄȓȐȎ, ȉȀȈ ȓȀ ȃȜȎ ȀȌȓȈȒȝȋȀȓȀ ȇȄȘȐȎȜȋȄ țȓȈ ȒȖȆȋȀȓǾȅȎȔȌ ȄȒȓǾȄȑ 

ȕȇȎȐȈȒȋȎȜ (foci). ǲȓȆ ȒȔȌǼȖȄȈȀ ȏȐȎȓȄǾȌȀȋȄ ȉȀȈ ȓȆȌ ȏȀȐǻȋȄȓȐȎ Pclc, Ȇ ȎȏȎǾȀ ȄǾȌȀȈ 

ȏȄȐȈȒȒțȓȄȐȎ ȀȉȐȈȁǽȑ. ǪȀȈ ȎȈ ȃȜȎ ȀȔȓǼȑ ȏȀȐǻȋȄȓȐȎȈ ǼȖȎȔȌ ȃȆȋȎȒȈȄȔȓȄǾ [125, 126].  

ǲȓȎ ǲȖǽȋȀ 4-6 ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȎȈ ȂȄȘȋȄȓȐȈȉȎǾ ȓțȏȎȈ ȓȘȌ ȏȄȐȈȎȖȝȌ ȒȓȈȑ ȎȏȎǾȄȑ 

ȀȌȀȕǼȐȎȌȓȀȈ. ǲȓȎ ȋǼȐȎȑ ǡ) ȏȀȐȎȔȒȈǻȅȄȓȀȈ ȎȊțȉȊȆȐȎȑ Ȏ ȏȔȐǽȌȀȑ ȓȎȔ ȉȔȓȓǻȐȎȔ, ȋȄ ȋȏȊȄ 

ȖȐȝȋȀ, țȏȎȔ ȄȏǾȒȆȑ ȔȏǻȐȖȎȔȌ ȎȈ ȋȄȂǻȊȄȑ (ȉțȉȉȈȌȄȑ Ȅȃȝ) ȄȒȓǾȄȑ ȏȎȔ ȀȌȓȈȏȐȎȒȘȏȄȜȎȔȌ ȓȈȑ 

ǤǪǨ ȉȀȈ ȎȈ ȋȈȉȐǼȑ (ȏȐǻȒȈȌȄȑ Ȅȃȝ) ȄȒȓǾȄȑ ȏȎȔ ȀȌȓȈȏȐȎȒȘȏȄȜȎȔȌ ȁȊǻȁȄȑ ȁǻȒȄȘȌ. ǲȓȎ ȋǼȐȎȑ 

Ǣ) Ȏ ȇȄȘȐȎȜȋȄȌȎȑ ȖȝȐȎȑ ȄǾȌȀȈ ȋțȌȎ Ȏ ȖȝȐȎȑ ȓȘȌ ȋȄȂǻȊȘȌ (ȉțȉȉȈȌȘȌ) ȄȒȓȈȝȌ, ȉȀȈ ȒȓȎ 

ȋǼȐȎȑ ǣ) Ȏ ȇȄȘȐȎȜȋȄȌȎȑ ȖȝȐȎȑ ȄǾȌȀȈ ȓȎ ȔȏțȊȎȈȏȎ ȓȎȔ ȏȔȐǽȌȀ ȓȎȔ ȉȔȓȓǻȐȎȔ, ȃȆȊȀȃǽ Ȏ 

ȏȔȐǽȌȀȑ, ȄǻȌ ȀȕȀȈȐȄȇȎȜȌ ȎȈ țȂȉȎȈ ȏȎȔ ȉȀȓȀȊȀȋȁǻȌȎȔȌ ȎȈ ȋȄȂǻȊȄȑ (ȉțȉȉȈȌȄȑ) ȄȒȓǾȄȑ. ǯȈ 

ȃȜȎ ȏȀȐǻȋȄȓȐȎȈ ȏȎȔ ȄȈȒȀȂǻȂȀȋȄ ȄǾȌȀȈ ȖȐǽȒȈȋȄȑ țȓȀȌ ȏȐțȉȄȈȓȀȈ ȂȈȀ ȄȒȓǾȄȑ ȀȌțȋȎȈȎȔ 

ȋȄȂǼȇȎȔȑ, ȉȀȈ ȈȃȈȀȈȓǼȐȘȑ ȒȓȆȌ ȏȄȐǾȏȓȘȒȆ ȏȎȔ ȎȈ ȋȈȉȐǼȑ ȄȒȓǾȄȑ ȏȀȐȎȔȒȈǻȅȎȔȌ ȃȈǻȒȏȀȐȓȆ 

ȖȐȝȒȆ. ǯȈ ȏȀȐǻȋȄȓȐȎȈ ȀȔȓǼȑ, ȏȐȎȓȄǾȌȎȌȓȀȈ ȉȀȓǻ ȏȄȐǾȏȓȘȒȆ: 

B ũ A 

ǲȖǽȋȀ 4-6: ǳȎȏȎȊȎȂǾȀ ȎȐȈȒȋȎȜ ȓȘȌ ȏȀȐȀȋǼȓȐȘȌ Flike ȉȀȈ Pclc ȏȎȔ ȄȈȒȀȂǻȂȀȋȄ ȂȈȀ ȓȆȌ ȉȀȊȜȓȄȐȆ 
ȄȉȓǾȋȆȒȆ ȓȎȔ ȒȔȌȄȌȓȎȏȈȒȋȎȜ. ǡ) ȎȊțȉȊȆȐȎȑ Ȏ ȏȔȐǽȌȀȑ ȓȎȔ ȉȔȓȓǻȐȎȔ, ȋȄ ȓȈȑ ȋȄȂǻȊȄȑ ȄȒȓǾȄȑ (Ȅȃȝ ȋȄ 
ȉțȉȉȈȌȎ ȖȐȝȋȀ) ȌȀ ȀȌȓȈȏȐȎȒȘȏȄȜȎȔȌ ȓȈȑ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ ȉȀȈ ȓȈȑ ȋȈȉȐǼȑ (Ȅȃȝ ȏȐǻȒȈȌȄȑ ȄȒȓǾȄȑ) ȌȀ 
ȀȌȓȈȏȐȎȒȘȏȄȜȎȔȌ ȓȈȑ ȁȊǻȁȄȑ ȁǻȒȄȘȌ. Ǣ) Ȇ ȏȄȐȈȎȖǽ ȒȓȆȌ ȎȏȎǾȀ ȀȌȀȕǼȐȎȌȓȀȈ ȎȈ ȏȎȒțȓȆȓȄȑ ȏȎȔ 
ȁȐǾȒȉȎȌȓȀȈ ȒȓȎȌ ȀȐȈȇȋȆȓǽ ȓȘȌ ȏȀȐȀȋǼȓȐȘȌ Flike ȉȀȈ Pclc. ǣ) Ȇ ȏȄȐȈȎȖǽ ȒȓȆȌ ȎȏȎǾȀ ȀȌȀȕǼȐȎȌȓȀȈ ȎȈ 
ȏȎȒțȓȆȓȄȑ ȏȎȔ ȁȐǾȒȉȎȌȓȀȈ ȒȓȎȌ ȏȀȐȎȌȎȋȀȒȓǽ ȓȘȌ ȏȀȐȀȋǼȓȐȘȌ Flike ȉȀȈ Pclc.  
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4.6.1 ǣȈȀ ȓȆȌ ȏȄȐǾȏȓȘȒȆ ȉȀȈ ȎȈ ȃȜȎ ȃȄǾȉȓȄȑ ȏȀȐȎȔȒȈǻȅȎȔȌ ȉȀȊȎȒȖȆȋȀȓȈȒȋǼȌȄȑ ȄȒȓǾȄȑ 

ȕȇȎȐȈȒȋȎȜ ȏȐȎȓȄǾȌȎȔȋȄ ȓȆȌ ȏȀȐǻȋȄȓȐȎ Flike . 

ǧ ȏȀȐǻȋȄȓȐȎȑ Flike ȏȐȎȓȄǾȌȄȓȀȈ țȓȀȌ ȉȀȈ ȎȈ ȃȜȎ ȃȄǾȉȓȄȑ ȏȀȐȎȔȒȈǻȅȎȔȌ ȉȀȊȎȒȖȆȋȀȓȈȒȋǼȌȄȑ 

ȄȒȓǾȄȑ. ǧ ȏȀȐǻȋȄȓȐȎȑ ȀȔȓǽ ȄȉȕȐǻȅȄȓȀȈ Șȑ Ȏ ȊțȂȎȑ ȓȆȑ ȖȘȐȈȉǽȑ ȏȔȉȌțȓȆȓȀȑ ȓȘȌ ȋȈȉȐȝȌ 

ȄȒȓȈȝȌ ȒȓȆȌ ȏȄȐȈȎȖǽ ȓȘȌ ȋȄȂǻȊȘȌ ȄȒȓȈȝȌ (ǲȖǽȋȀ 4-6B) ȏȐȎȑ ȓȆ ȖȘȐȈȉǽ ȏȔȉȌțȓȆȓȀ ȓȘȌ 

ȋȈȉȐȝȌ ȄȒȓȈȝȌ ȒȓȆȌ ȔȏțȊȎȈȏȆ ȏȄȐȈȎȖǽ ȓȎȔ ȏȔȐǽȌȀ, ȄǻȌ ȄȍȀȈȐȄȇȄǾ Ȏ țȂȉȎȑ ȏȎȔ 

ȉȀȓȀȊȀȋȁǻȌȎȔȌ ȎȈ ȋȄȂǻȊȄȑ (Ȅȃȝ ȉțȉȉȈȌȄȑ) ȄȒȓǾȄȑ (ǲȖǽȋȀ 4-6ǣ).  

 

ǧ ȏȀȐǻȋȄȓȐȎȑ Flike ȃǾȌȄȓȀȈ Ȁȏț ȓȈȑ ȈȒȎȃȜȌȀȋȄȑ ȄȉȕȐǻȒȄȈȑ ȒȓȈȑ ȄȍȈȒȝȒȄȈȑ (3) ȉȀȈ (4). 

 

Ὂlike
ʙ ʝ   ʡ  ʡ   ʙ  ʡ    

ʙ ʝ   ʡ  ʡ   ʝ  ʙ  ʙ
            (3) 

Ὂlike

Π  ʡ  ʡ  ʗ   ʚ   

ʝ ʝ   ʗ   ʚ   

ʝ Π  ʡ  ʡ   ʝ   ʙ  Π  ʡ  ʡ  ʗ   ʚ   

ʝ   ʙ   ʝ   ʡ   

              (4)  

ǧ ȏȀȐǻȋȄȓȐȎȑ Flike ȓȄǾȌȄȈ ȒȓȎ 0 ȒȓȆȌ ȏȄȐǾȏȓȘȒȆ ȓȎȔ ȀȌȓǾȒȓȐȎȕȎȔ ȒȔȌȄȌȓȎȏȈȒȋȎȜ, ȏȀǾȐȌȄȈ 

ȓȈȋǼȑ ȂȜȐȘ ȒȓȎ 1 ȒȓȆȌ ȏȄȐǾȏȓȘȒȆ ȓȎȔ ȓȔȖȀǾȎȔ ȒȔȌȄȌȓȎȏȈȒȋȎȜ, ȉȀȈ ȉǻȇȄ ȓȈȋǽ ȒȆȋȀȌȓȈȉǻ 

ȋȄȂȀȊȜȓȄȐȆ ȓȎȔ 1 ȃȆȊȝȌȄȈ ȓȎȌ ȀȊȆȇǽ ȒȔȌȄȌȓȎȏȈȒȋț. ǡȔȓǽ Ȇ ȏȐȎȒǼȂȂȈȒȆ ȄǾȌȀȈ ȁȎȊȈȉǽ țȓȀȌ 

ȉȀȈ ȎȈ ȋȈȉȐǼȑ ȉȀȈ ȎȈ ȋȄȂǻȊȄȑ ȄȒȓǾȄȑ ȄǾȌȀȈ ȉȀȊȎȒȖȆȋȀȓȈȒȋǼȌȄȑ. ǰȀȐțȊȎ ȏȎȔ ȀȔȓǽ Ȇ ȇȄȝȐȆȒȆ 

ȄǾȌȀȈ ȒȖȄȓȈȉǻ ȀȏȊǽ, ȉȀȇȝȑ Ȇ ȄȏȄȍȄȐȂȀȒǾȀ ȓȘȌ ȀȏȎȓȄȊȄȒȋǻȓȘȌ ȃȄȌ ȀȏȀȈȓȄǾ ȈȃȈȀǾȓȄȐȀ 

ȏȎȊȊǼȑ ȏȐǻȍȄȈȑ, ȃȄȌ ȄǾȌȀȈ ȄȕȀȐȋțȒȈȋȆ ȒȓȆȌ ȏȄȐǾȏȓȘȒȆ ȏȎȔ Ȇ ȖȐȝȒȆ ȓȎȔ ȄȌțȑ ȃȄǾȉȓȆ ȄǾȌȀȈ 

ȃȈǻȖȔȓȆ. ǳȎ ȉȜȐȈȎ ȋȄȈȎȌǼȉȓȆȋȀ ȀȔȓǽȑ ȓȆȑ ȀȌǻȊȔȒȆȑ ȏȎȔ ȄȉȕȐǻȅȄȓȀȈ ȋȄ ȓȆȌ ȏȀȐǻȋȄȓȐȎ 

Flike ȄǾȌȀȈ țȓȈ Ȇ ȄȏȈȊȎȂǽ ȓȘȌ ȉȐȈȓȆȐǾȘȌ ȂȈȀ ȓȎȌ ȎȐȈȒȋț ȓȘȌ ȋȈȉȐȝȌ ȄȒȓȈȝȌ ȄǾȌȀȈ ȏȎȊȜ 

ȄȏȈȐȐȄȏǽȑ ȒȓȈȑ ȋȈȉȐǼȑ ȀȊȊȀȂǼȑ ȀȔȓȝȌ ȓȘȌ ȉȐȈȓȆȐǾȘȌ, ȏȀȐǻȂȎȌȓȀȑ ȋȄȂǻȊȄȑ ȃȈȀȉȔȋǻȌȒȄȈȑ, 

Șȑ ȏȐȎȑ ȓȎ ȀȐȈȇȋȆȓȈȉț ȀȏȎȓǼȊȄȒȋȀ ȂȈȀ ȓȈȑ ȋȈȉȐǼȑ ȄȒȓǾȄȑ, ȉǻȌȎȌȓȀȑ ǼȓȒȈ ȀȔȓǽȌ ȓȆ 

ȃȈȀȉȜȋȀȌȒȆ ȌȀ ȃȈȀȃǾȃȄȓȀȈ ȉȀȈ ȒȓȆȌ ȏȀȐǻȋȄȓȐȎ Flike. ǣȈȀ ȀȔȓǽȌ ȓȆȌ ȏȄȐǾȏȓȘȒȆ 

ȏȐȎȓȄǾȌȎȔȋȄ ȓȆȌ ȏȀȐǻȋȄȓȐȎ Pclc. ǝȏȎȔ Ȇ ȓȎȏȎȊȎȂǾȀ ȓȘȌ ȋȄȂǻȊȘȌ ȄȒȓȈȝȌ ȃȈȀȓȆȐȄǾȓȀȈ, 

ȀȊȊǻ ȃȄȌ ȔȏǻȐȖȄȈ Ȇ ȀȌǻȂȉȆ ȓȎȔ ȉȀȇȎȐȈȒȋȎȜ ȓȘȌ ȋȈȉȐȝȌ ȄȒȓȈȝȌ.  

4.6.2 ǣȈȀ ȓȆȌ ȏȄȐǾȏȓȘȒȆ ȏȎȔ ȋțȌȎ Ȏ ȃȄǾȉȓȆȑ ȓȘȌ ǤǪǨ ȏȀȐȎȔȒȈǻȅȄȈ 

ȉȀȊȎȒȖȆȋȀȓȈȒȋǼȌȄȑ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ ȏȐȎȓȄǾȌȎȔȋȄ ȓȆȌ ȏȀȐǻȋȄȓȐȎ Pclc. 

ǣȈȀ ȓȆȌ ȏȄȐǾȏȓȘȒȆ ȏȎȔ Ȇ ȖȐȝȒȆ ȓȎȔ ȃȄǾȉȓȆ ȂȈȀ ȓȈȑ ȁȊǻȁȄȑ ȁǻȒȄȘȌ ȄǾȌȀȈ ȃȈǻȖȔȓȆ ȉȀȈ ȎȈ 

ȄȒȓǾȄȑ ȃȄ ȋȏȎȐȎȜȌ ȌȀ ȎȐȈȒȓȎȜȌ ȋȄ ȁȄȁȀȈțȓȆȓȀ, ȎȐǾȒȀȋȄ ȓȆȌ ȏȀȐǻȋȄȓȐȎ Pclc. ǥȉȕȐǻȅȄȓȀȈ 

ȒȓȆȌ ǾȃȈȀ ȓȎȏȎȊȎȂǾȀ ȋȄ ȓȆȌ ȏȀȐǻȋȄȓȐȎ Flike ȋțȌȎ ȏȎȔ ȀȌȓǾ ȒȓȈȑ ȇȄȘȐȎȜȋȄȌȄȑ ȏȄȐȈȎȖǼȑ ȌȀ 

ȊȀȋȁǻȌȄȓȀȈ Ȇ ȖȘȐȈȉǽ ȏȔȉȌțȓȆȓȀ ȓȘȌ ȋȈȉȐȝȌ ȄȒȓȈȝȌ, Ȇ ȏȊȆȐȎȕȎȐǾȀ ȏȎȔ ȄȍȄȓǻȅȄȓȀȈ ȉȀȈ 
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ȀȕȎȐǻ ȓȆ ȖȐȝȒȆ ȂȈȀ ȓȈȑ ȁȊǻȁȄȑ ȁǻȒȄȘȌ ȄǾȌȀȈ Ȇ ȋǼȒȆ ǼȌȓȀȒȆ ȓȎȔ ȕȇȎȐȈȒȋȎȜ ȒȓȎ ȀȌȓǾȒȓȎȈȖȎ 

ȉȀȌǻȊȈ (Ȅȃȝ ȒȓȎ ȏȐǻȒȈȌȎ ȖȐȝȋȀ). ǤȈȀȓȔȏȝȌȄȓȀȈ ȋȄ ȓȈȑ ȈȒȎȃȜȌȀȋȄȑ ȄȉȕȐǻȒȄȈȑ ȓȘȌ 

ȄȍȈȒȝȒȄȘȌ (5) ȉȀȈ (6). 

 

ὖclc
ȢȢ   ʘ  ʘ   ʡ  ʗ  ʚ   ʗ   ʡ  ʗ  

ʘ  ʘ   ʝ   ʙ   ʗ   ʡ   ʡ  ʗ
 υ) 

            

            ὖclc 
ȢȢ ʘ  ʘ   ʗ    ʝ  ʚ

ʙ ʘ   ʗ  ʝ   ʙ  В ʙ ʘ   ʗ    ʝ  ʚ   

ʝ   ʙ   Вʝ   ʝ  ʚ

    (6) 

 

ǧ ǼȉȕȐȀȒȆ ȀȔȓǽ ȀȕȎȐǻ ǼȌȀ ȉȜȓȓȀȐȎ, ȉȀȈ Ȏ ȃȄǾȉȓȆȑ i ȃȈȀȓȐǼȖȄȈ ȓȈȑ ȉțȉȉȈȌȄȑ ȄȒȓǾȄȑ. Ǭ.ǯ. Ȏ 

ȋǼȒȎȑ țȐȎȑ. ǪȀȈ ȒȄ ȀȔȓǽȌ ȓȆȌ ȏȐȎȒǼȂȂȈȒȆ, ȎȈ ȓȈȋǼȑ ȓȆȑ ȏȀȐȀȋǼȓȐȎȔ Pclc ȏȎȔ ȓȄǾȌȎȔȌ ȒȓȎ 0 

ȄȉȕȐǻȅȎȔȌ ȀȌǻȒȓȐȎȕȎ ȒȔȌȄȌȓȎȏȈȒȋț, ȓȈȋǼȑ ȂȜȐȘ ȒȓȆ 1 ȄȉȕȐǻȅȎȔȌ ȓȔȖȀǾȎ ȒȔȌȄȌȓȎȏȈȒȋț, 

ȄȌȝ ȓȈȋǼȑ ȒȆȋȀȌȓȈȉǻ ȋȄȂȀȊȜȓȄȐȄȑ ȓȎȔ 1 ȄȉȕȐǻȅȎȔȌ ȓȎȌ ȀȊȆȇǽ ȒȔȌȄȌȓȎȏȈȒȋț.  

ǲȓȆȌ ǥȈȉțȌȀ 4-2 ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȏȀȐȀȃȄǾȂȋȀȓȀ ȃȈȀȕțȐȘȌ ȋȄȇțȃȘȌ ȂȈȀ ȓȆȌ ȄȉȓǾȋȆȒȆ ȓȎȔ 

ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȋȄȓȀȍȜ ȏȐȘȓȄșȌȝȌ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA. 
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ǥȈȉțȌȀ 4-2: ǳȐȄȈȑ ȏȄȐȈȏȓȝȒȄȈȑ ȒȔȌȄȌȓȎȏȈȒȋȎȜ, ȀȔȍȀȌțȋȄȌȎȔ Ȁȏț ȓȎ ǡ ȒȓȎ ǣ, ȉȀȈ ȃȈǻȕȎȐȄȑ ȋǼȇȎȃȎȈ 
ȄȉȓǾȋȆȒȆȑ. ǡ) ǼȌȀ ȏȐȎȉȀȓȀȐȉȓȈȉț ȏȄǾȐȀȋȀ, țȏȎȔ Ȇ ȖȐȝȒȆ ȓȎȔ OGG1 ȂȈȀ ȓȈȑ ȁȊǻȁȄȑ ȁǻȒȄȘȌ 
ȄȋȕȀȌǾȅȄȓȀȈ ȋȄ ȓȔȖȀǾȎ ȓȐțȏȎ, ǯ ȉȊȀȒȈȉțȑ ȒȔȌȄȌȓȎȏȈȒȋțȑ, ȋȄ ȋȎȐȕǽ ȉȊǻȒȋȀȓȎȑ ȃȄ ȃǾȌȄȈ ȏȊȆȐȎȕȎȐǾȀ 
ȂȈȀ ȓȎ ȄǻȌ ȏȐțȉȄȈȓȀȈ ȂȈȀ ȓȔȖȀǾȎ ȕȀȈȌțȋȄȌȎ ǽ țȖȈ, ȄȌȝ ȉȀȈ ȎȈ ȃȜȎ ȏȀȐǻȋȄȓȐȎȈ Flike ȉȀȈ Pclc ȏȎȔ 
ȄȈȒȀȂǻȂȀȋȄ ȃǾȌȎȔȌ ȓȈȋǽ ȂȜȐȘ ȒȓȎ 1, ȃȆȊȀȃǽ ȏȐțȉȄȈȓȀȈ ȂȈȀ ȓȔȖȀǾȎ ȒȔȌȄȌȓȎȏȈȒȋț. Ǣ) ǰȄǾȐȀȋȀ ȋȄȓȀȍȜ 
ȓȆȑ APE1 ȉȀȈ ȓȆȑ 53BP1. ǯ ȉȊȀȒȈȉțȑ ȒȔȌȄȌȓȎȏȈȒȋțȑ ȃǾȌȄȈ ȋǾȀ ȓȈȋǽ ȂȜȐȘ ȒȓȎ 80% ȉȀȈ ȎȈ ȃȜȎ 
ȏȀȐǻȋȄȓȐȎȈ ȏȎȔ ȄȈȒȀȂǻȂȀȋȄ ȏȐȎȓȄǾȌȎȔȌ țȓȈ ȏȐțȉȄȈȓȀȈ ȂȈȀ ȀȊȆȇǽ ȒȔȌȄȌȓȎȏȈȒȋț. ǣ) ǲȔȌȄȌȓȎȏȈȒȋțȑ 
ȓȘȌ ȃȜȎ ȏȐȘȓȄșȌȝȌ ȏȎȔ ȀȌȈȖȌȄȜȎȔȌ ǤǪǨ. ǝȊȄȑ ȎȈ ȏȀȐǻȋȄȓȐȎȈ ȁȂȀǾȌȎȔȌ ȋȄ ȓȆ ȋȄȂȀȊȜȓȄȐȆ ȓȈȋǽ 
ȓȎȔȑ. ǲȔȌȎȊȈȉǻ Ȁȏț ȓȎ ȒȖǽȋȀ ȒȔȌǻȂȄȓȀȈ țȓȈ ȉȀȈ ȎȈ ȃȔȎ ȏȀȐǻȋȄȓȐȎȈ ȏȎȔ ȏȐȎȓȄǾȌȀȋȄ ȀȌȓȀȏȎȉȐǾȌȎȌȓȀȈ 
ȉȀȊǻ ȒȄ țȊȀ ȓȀ ȄǾȃȆ ȓȘȌ ȄȈȉțȌȘȌ.  
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4.7 ǶȐǽȒȆ ȊȎȂȈȒȋȈȉȎȜ ȂȈȀ ȓȆ ȒȔȒȓȆȋȀȓȈȉǽ ȀȌǻȊȔȒȆ ȓȘȌ ȄȒȓȈȝȌ 

ȕȇȎȐȈȒȋȎȜ 

4.7.1 ǡȌǻȊȔȒȆ ȄȈȉțȌȘȌ ȏȎȔ ȏȐȎǼȐȖȎȌȓȀȈ Ȁȏț ȋȈȉȐȎȒȉțȏȈȎ ȄȏȈȕȇȎȐȈȒȋȎȜ 

ǝȊȀ ȓȀ ȏȄȈȐǻȋȀȓȀ ȏȎȔ ȀȏȄȈȉȎȌǾȒȓȆȉȀȌ ȋȄ ȓȎ ȋȈȉȐȎȒȉțȏȈȎ ȄȏȈȕȇȎȐȈȒȋȎȜ ȀȌȀȊȜȇȆȉȀȌ ȋȄ 

ȉǻȏȎȈȎ Ȁȏț ȓȀ ȃȈȀȇǼȒȈȋȀ ȊȎȂȈȒȋȈȉǻ ȏȎȔ ȀȌǼȏȓȔȍȄ Ȇ ȎȋǻȃȀ ȓȎȔ ȒȔȌȄȐȂǻȓȆ ȋȀȑ Pavel N. 

Lobachevsky Ȁȏț ȓȎ PeterMacCallum Cancer Centre, East Melbourne. ǳȎ ȏȐȝȓȎ 

ȊȎȂȈȒȋȈȉț ȏȎȔ ȖȐȆȒȈȋȎȏȎȈǽȇȆȉȄ ȒȓȆȌ ȏȀȐȎȜȒȀ ȃȈȀȓȐȈȁǽ ǽȓȀȌ ȓȎ Jcount [123]. ǲȓȆ 

ȒȔȌǼȖȄȈȀ ȂȈȀ ȓȈȑ ȀȌǻȂȉȄȑ ȓȆȑ ȏȀȐȎȜȒȀȑ ȃȈȀȓȐȈȁǽȑ ȉȀȈ ȒȄ ȒȔȌȄȐȂȀȒǾȀ ȋȄ Ȅȋǻȑ Ȏ Dr 

Lobachevsky ȓȎ ȀȌǼȏȓȔȍȄ ȏȄȐȄȓȀǾȐȘ ȃȆȋȈȎȔȐȂȝȌȓȀȑ ȓȀ JcountPro ȉȀȈ JquantPro, ȝȒȓȄ ȌȀ 

ȒȔȋȏȄȐȈȊǻȁȄȈ ȓȆȌ ȏȀȐǻȋȄȓȐȎ Pclc ȏȎȔ ȄȋȄǾȑ ȎȐǾȒȀȋȄ.  

ǲȓȎ ǰȀȐǻȐȓȆȋȀ ȃǾȌȎȌȓȀȈ ȋȄȓȐǽȒȄȈȑ ȏȎȔ ȏȐȀȂȋȀȓȎȏȎȈǽȇȆȉȀȌ ȋȄ ȀȔȓț ȓȎ ȏȐȝȓȎ 

ȊȎȂȈȒȋȈȉț, ȓȎ Jcount. ǪȀȇȝȑ Ȇ ȊȎȂȈȉǽ ȏȀȐȀȋǼȌȄȈ Ȇ ǾȃȈȀ ȉȀȈ ȓȀ ȄȏțȋȄȌȀ ȃȜȎ ȏȀȉǼȓȀ 

ȏȄȐȈȊȀȋȁǻȌȎȔȌ țȓȈ ȏȄȐȈȊȀȋȁǻȌȄȈ ȓȎ Jcount ȀȊȊǻ ȉȀȈ ȄȏȈȏȊǼȎȌ ȃȔȌȀȓțȓȆȓȄȑ, ȃȄ ȇȀ 

ȀȌȀȕȄȐȇȎȜȋȄ ȀȌȀȊȔȓȈȉǻ ȒȄ ȀȔȓț, ȀȊȊǻ ȏȀȐȀȇǼȓȎȔȋȄ Ȅȃȝ ȎȃȆȂǾȄȑ ȂȈȀ ȓȎ ȏȝȑ ȂǾȌȄȓȀȈ Ȇ 

ȀȌǻȊȔȒȆ ȓȘȌ ȄȈȉțȌȘȌ ȋȄ ȓȎ JcountPro ȉȀȈ ȓȎ JquantPro. ǳȎ JcountPro ȋȏȎȐȄǾ ȌȀ ȒȓȀȇȄǾ 

ȋțȌȎ ȓȎȔ Șȑ ȊȎȂȈȒȋȈȉț, ȄȌȝ ȓȎ JquantPro ȏȎȔ ȃȆȋȈȎȔȐȂǽȇȆȉȄ ȉȀȓțȏȈȌ ȃȈȉȎȜ ȋȀȑ 

ȀȈȓǽȋȀȓȎȑ, ȖȐȄȈǻȅȄȓȀȈ ȎȈ ȄȈȉțȌȄȑ ȌȀ ȀȌȀȊȔȇȎȜȌ ȒȄ ȏȐȝȓȎ ȄȏǾȏȄȃȎ Ȁȏț ȓȎ JcountPro, ȏȐȈȌ 

ȀȌȀȊȔȇȎȜȌ ȋȄ ȓȎ JquantPro. 

ǤȜȎ ȄǾȌȀȈ ȎȈ ȁȀȒȈȉǼȑ ȓȎȏȎȊȎȂȈȉǼȑ ȎȌȓțȓȆȓȄȑ ȏȎȔ ȎȐǾȅȎȌȓȀȈ ȋǼȒȘ ȀȔȓȝȌ ȓȘȌ ȊȎȂȈȒȋȈȉȝȌ: 

ȎȈ ȏȔȐǽȌȄȑ ȓȘȌ ȉȔȓȓǻȐȘȌ ôobjectsõ ȉȀȈ ȎȈ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ ôfociõ. ǯ ȖȐǽȒȓȆȑ ȊȎȈȏțȌ ȏȐȈȌ 

ȏȐȎȖȘȐǽȒȄȈ ȒȓȆȌ ȀȌǻȊȔȒȆ ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ, ȏȐǼȏȄȈ ȏȐȝȓȀ ȌȀ ȎȃȆȂǽȒȄȈ ȓȎ 

ȊȎȂȈȒȋȈȉț ȝȒȓȄ ȌȀ ȀȌȈȖȌȄȜȒȄȈ ȓȎȔȑ ȏȔȐǽȌȄȑ ȓȘȌ ȉȔȓȓǻȐȘȌ. ǥȃȝ ȖȐȆȒȈȋȎȏȎȈȎȜȋȄ ȂȈȀ 

ȀȔȓțȌ ȓȎȌ ȏȐȝȓȎ ȒȓțȖȎ ȓȎ ȊȎȂȈȒȋȈȉț JcountPro. 

4.7.1.1 ǥȜȐȄȒȆ ȓȘȌ ȏȔȐǽȌȘȌ ȓȘȌ ȉȔȓȓǻȐȘȌ -JcounPro 

 

ǥȈȉțȌȀ 4-3: ǡȐȖȈȉț ȋȄȌȎȜ ȒȓȎ JcountPro. ǣȈȀ ȌȀ ȎȐǾȒȎȔȋȄ ȓȎȔȑ ȏȔȐǽȌȄȑ ȄȏȈȊǼȂȎȔȋȄ ȓȎ ôObject 
Analysisõ 

ǡȏț ȓȎ ȀȐȖȈȉț ȋȄȌȎȜ ȄȏȈȊǼȂȎȔȋȄ ȓȎ Object Analysis  (ǥȈȉțȌȀ 4-3). 



64 

 

 

ǲȓȎ ȀȌȀȃȔțȋȄȌȎ ȏȀȐǻȇȔȐȎ (ǥȈȉțȌȀ 4-4), Ȇ ȏȐȝȓȆ ȉȀȐȓǼȊȀ ȄǾȌȀȈ ȓȎ ôFile selectionõ.  

EȏȈȊǼȂȎȔȋȄ ȓȈȑ ȏȐȎȑ ȀȌǻȊȔȒȆ ȄȈȉțȌȄȑ, ȎȈ ȎȏȎǾȄȑ ȏȐǼȏȄȈ ȌȀ ȄǾȌȀȈ ȒȄ ȋȎȐȕǽ .tif  ȖȘȐǾȑ 

ȒȔȋȏǾȄȒȆ. ǧ ȋȄȓȀȓȐȎȏǽ ȓȘȌ ȄȈȉțȌȘȌ ȒȄ .tif  ȖȘȐǾȑ ȒȔȋȏǾȄȒȆ ȋȏȎȐȄǾ ȌȀ ȂǾȌȄȈ ȋȄ ȓȎ ȄȊȄȜȇȄȐȎ 

ȊȎȂȈȒȋȈȉț IrfanView . 

ǣȈȀ ȌȀ ȄȏȈȊǼȍȎȔȋȄ ȓȈȑ ȄȈȉțȌȄȑ ȏȀȓǻȋȄ ôAddõ ȉȀȈ ȒȓȆ ȒȔȌǼȖȄȈȀ ôDisplayõ. 

ǲȓȆȌ ȄȏțȋȄȌȆ ȉȀȐȓǼȊȀ ôSegmentationõ ȄȏȈȊǼȂȎȔȋȄ ȓȎ ȖȐȝȋȀ ȏȎȔ ȄǾȌȀȈ ȁȀȋȋǼȌȎȈ ȎȈ 

ȏȔȐǽȌȄȑ, ȒȓȀ ȃȈȉǻ ȋȀȑ ȏȄȈȐǻȋȀȓȀ ȄǾȌȀȈ ȋȄ DAPI , ȄȏȎȋǼȌȘȑ ȄȏȈȊǼȂȎȔȋȄ ȓȎ ôblueõ ȉȀȈ Ȁȏț 

ȓȎ ôrow  tuneõ ȏȆȂȀǾȌȎȔȋȄ ȓȎ ȃȄǾȉȓȆ Ȁȏț ȓȀ ȃȄȍȈǻ ȏȐȎȑ ȓȀ ȀȐȈȒȓȄȐǻ ȝȒȓȄ ȌȀ ȄȏȈȊȄȂȎȜȌ ȎȈ 

ȏȔȐǽȌȄȑ. ǯ ȃȄǾȉȓȆȑ ȀȌȓȈȒȓȎȈȖȄǾ ȒȓȈȑ ȄȌȓǻȒȄȈȑ ȓȘȌ pixel , ȄȏȎȋǼȌȘȑ ȀȐȖȈȉǻ ȄȏȈȊǼȂȄȈ ȓȀ pixel  

ǥȈȉțȌȀ 4-4: ǥȌȃȄȈȉȌȔțȋȄȌȄȑ ȓȈȋǼȑ ȓȘȌ ȄȏȈȋǼȐȎȔȑ ȏȀȐȀȋǼȓȐȘȌ ȂȈȀ ȓȆȌ ȄȏȈȊȎȂǽ ȓȘȌ ȏȔȐǽȌȘȌ ȓȘȌ 
ȉȔȓȓǻȐȘȌ, ȒȓȎ ȊȎȂȈȒȋȈȉț JcountPro. 
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ȋȄ ȓȆ ȋȄȂȀȊȜȓȄȐȆ ǼȌȓȀȒȆ ȉȀȈ țȒȎ ȉȈȌȎȜȋȀȒȓȄ ȏȐȎȑ ȓȀ ȀȐȈȒȓȄȐǻ ȄȏȈȊǼȂȄȈ ȉȀȈ pixel  

ȋȈȉȐțȓȄȐȆȑ ǼȌȓȀȒȆȑ.  

ǲȓȆȌ ȉȀȐȓǼȊȀ ôObjectsõ (ǥȈȉțȌȀ 4-4), ȃǾȌȄȓȀȈ Ȇ ȃȔȌȀȓțȓȆȓȀ ȌȀ ȎȐǾȒȎȔȋȄ ȓȈȑ ȏȀȐȀȋǼȓȐȎȔȑ 

ȂȈȀ ȓȆȌ ȄȏȈȊȎȂǽ ȓȘȌ ȏȔȐǽȌȘȌ.  

Top Hat  Settings 

ǲȓȆȌ ȀȌǻȊȔȒȆ ȄȈȉțȌȀȑ ǼȌȀȑ ȏȎȊȜ ȉȎȈȌțȑ ȋȄȓȀȒȖȆȋȀȓȈȒȋțȑ ȄǾȌȀȈ Ȇ ȄȌȓȎȊǽ Top Hat. ǬȄ ȓȎ 

Top Hat ȄȌȈȒȖȜȎȌȓȀȈ ȊȄȏȓȎȋǼȐȄȈȄȑ ȋȈȀȑ ȄȈȉțȌȀȑ. ǣȈȀ ȓȆȌ ȄȏȈȊȎȂǽ ȓȘȌ ȏȔȐǽȌȘȌ ȃȄȌ ȄǾȌȀȈ 

ȀȏȀȐȀǾȓȆȓȆ, ȄȏȎȋǼȌȘȑ ȓȆȌ ȄȍȆȂȎȜȋȄ ȒȓȀ ȄȏțȋȄȌȀ. 

ǲȓȎ H-Dome ȀȕǽȌȎȔȋȄ ȓȆȌ ȏȐȎȄȏȈȊȎȂǽ. 

ǲȓȎ ǡutoSave ȄȏȈȊǼȂȎȔȋȄ ȓȀ ȃȜȎ ȏȐȝȓȀ.  

Delete Options  

ǬǾȀ ȏȎȊȜ ȖȐǽȒȈȋȆ ȄȏȈȊȎȂǽ. ǤȄȌ ȄȏȈȊǼȂȄȈ ȓȎȔȑ ȏȔȐǽȌȄȑ ȏȎȔ ȄǾȌȀȈ ȋȈȉȐțȓȄȐȎȈ Ȁȏț ȓȀ 

ȉȀȇȎȐȈȒȋǼȌȀ pixel . ǡȌǻȊȎȂȀ ȋȄ ȓȆȌ ȀȌǻȊȔȒȆ ȓȆȑ ȃȈȀȇǼȒȈȋȆȑ ȄȈȉțȌȀȑ, ȎȐǾȅȎȔȋȄ ȓȎȌ 

ȀȐȈȇȋț ȓȘȌ pixel  ȏȎȔ ȄǾȌȀȈ Ȏ ȄȊǻȖȈȒȓȎȑ ȄȏȈȓȐȄȏȓțȑ. ǪǻȇȄ ȀȌȓȈȉȄǾȋȄȌȎ ȋȈȉȐțȓȄȐȎ Ȁȏț 

ȀȔȓțȌ, ȃȈȀȂȐǻȕȄȓȀȈ ȀȔȓțȋȀȓȀ Ȁȏț ȓȆȌ ȄȏȈȊȎȂǽ.  

Holes 

ǰȎȊȊǼȑ ȕȎȐǼȑ ȉȀȓǻ ȓȆ ȖȐȝȒȆ ȋȄ Dapi  ȂǾȌȎȌȓȀȈ ȎȐȀȓȎǾ ȎȈ ȏȔȐȆȌǾȒȉȎȈ, Șȑ ȒȉȎȓȄȈȌǼȑ 

ȏȄȐȈȎȖǼȑ ȋǼȒȀ ȒȓȎȔȑ ȋȏȊȄ ȏȔȐǽȌȄȑ. ǳȎ ȊȎȂȈȒȋȈȉț ȀȌȓȈȊȀȋȁǻȌȄȓȀȈ ȓȎȔȑ ȏȔȐȆȌǾȒȉȎȔȑ Șȑ 

ȎȏǼȑ. ǥǻȌ ȇǼȊȎȔȋȄ ȎȈ ȏȔȐȆȌǾȒȉȎȈ ȌȀ ȋȆȌ ȄȍȀȈȐȄȇȎȜȌ Ȁȏț ȓȎȌ ȏȔȐǽȌȀ ȓȎȔ ȉȔȓȓǻȐȎȔ, 

ȄȏȈȊǼȂȎȔȋȄ ȓȎ ôAuto  Fill  Small Holesõ. 

Auto  Split  

Max Object size: ȓȎ ȋǼȂȈȒȓȎ ȄȏȈȓȐȄȏȓț ȋǼȂȄȇȎȑ ȄȌțȑ ȏȔȐǽȌȀ. ǡȌȓȈȉȄǾȋȄȌȀ ȋȄȂȀȊȜȓȄȐȀ Ȁȏț 

ȀȔȓț ȃȈȀȖȘȐǾȅȎȌȓȀȈ. 

Max Object size (conditional): ǧ ȏȀȐǻȋȄȓȐȎȑ ȀȔȓǽ ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ ȒȄ ȒȔȌȃȔȀȒȋț ȋȄ ȓȆȌ 

Min  Roundness. ǥǻȌ ȉǻȏȎȈȎ ȀȌȓȈȉȄǾȋȄȌȎ ȄǾȌȀȈ ȋȄȂȀȊȜȓȄȐȎ Ȁȏț ȀȔȓǽȌ ȓȆȌ ȓȈȋǽ ȉȀȈ 

ȀȌȓǾȒȓȎȈȖȀ ǼȖȄȈ ȋȈȉȐțȓȄȐȆ çȒȓȐȎȂȂȔȊțȓȆȓȀè Ȁȏț ȓȎ Min  Roundness, ȓțȓȄ ȓȎ ȀȌȓȈȉȄǾȋȄȌȎ 

ȃȈȀȖȘȐǾȅȄȓȀȈ. 

Background Correction   

ǡȕȀȈȐȄǾ ȒȄ ȉǻȇȄ ǼȌȀ Ȁȏț ȓȀ ȄȏȈȊȄȂȋǼȌȀ ȀȌȓȈȉȄǾȋȄȌȀ ȓȎ ȒǽȋȀ ȏȎȔ ǼȖȄȈ ȎȐȈȒȓȄǾ Șȑ ȒǽȋȀ 

ȔȏȎȁǻȇȐȎȔ, ȏȐȎȒȕǼȐȎȌȓȀȑ ȋȄȂȀȊȜȓȄȐȆ ȀȉȐǾȁȄȈȀ ȒȓȆ ȋȄȓȐȎȜȋȄȌȆ ǼȌȓȀȒȆ ȓȘȌ 

ȀȌȓȈȉȄȈȋǼȌȘȌ. 

ǰȀȓȝȌȓȀȑ ȀȔȓț ȓȎ ȏȊǽȉȓȐȎ, ȓȎ ȊȎȂȈȒȋȈȉț ȄȏȈȊǼȂȄȈ ȓȎȔȑ ȏȔȐǽȌȄȑ ȓȘȌ ȉȔȓȓǻȐȘȌ 

ȒȜȋȕȘȌȀ ȋȄ ȓȈȑ ȏȀȐȀȋǼȓȐȎȔȑ ȏȎȔ ǼȖȎȔȌ ȓȄȇȄǾ. 
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ǴȏǻȐȖȄȈ ȃȔȌȀȓțȓȆȓȀ ȂȈȀ ȏȄȐȀȈȓǼȐȘ ȁȄȊȓǾȘȒȆ ȒȖȄȓȈȉǻ ȋȄ ȓȀ ȄȏȈȊȄȂȋǼȌȀ ȀȌȓȈȉȄǾȋȄȌȀ, 

ȏȀȓȝȌȓȀȑ ȃȄȍǾ ȉȊȈȉ ȏǻȌȘ ȒȓȆȌ ȄȈȉțȌȀ. 

 ǥȐȂȀȊȄǾȀ ȏȎȔ ȅȘȂȐȀȕǾȅȎȔȌ ȀȌȓȈȉȄǾȋȄȌȀ. ǳȎ 

ȏȐȝȓȎ ȎȐǾȅȄȈ ȎȁǻȊ ȀȌȓȈȉȄǾȋȄȌȀ, ȓȎ ȃȄȜȓȄȐȎ 

ȏȀȐȀȊȊȆȊțȂȐȀȋȋȀ, ȄȌȝ ȓȎ ȓȐǾȓȎ ȄȏȈȓȐǼȏȄȈ 

ȓȆȌ ȄȊȄȜȇȄȐȆ ȒȖȄȃǾȀȒȆ. 

ǥȐȂȀȊȄǾȀ ȏȎȔ ȃȈȀȖȘȐǾȅȎȔȌ ȀȌȓȈȉȄǾȋȄȌȀ. ǳȎ 

ȏȐȝȓȎ ȉǻȌȄȈ ȀȔȓțȋȀȓȎ ȃȈȀȖȘȐȈȒȋț 

ȀȌȓȈȉȄȈȋǼȌȘȌ, ȏǻȌȘ ȒȄ țȏȎȈȎ ȒȆȋȄǾȎ ȓȆȑ 

ȄȈȉțȌȀȑ ȉȀȈ ȄǻȌ ȏȀȓȆȇȄǾ. ǳȎ ȃȄȜȓȄȐȎ ȄȍȀȌȀȂȉǻȅȄȈ ȓȆ ȃȈȀȃȐȎȋǽ ȏȎȔ ȇȀ ȀȉȎȊȎȔȇǽȒȄȈ Ȇ 

ȂȐȀȋȋǽ ȃȈȀȖȘȐȈȒȋȎȜ ȌȀ ȏȄȐǻȒȄȈ Ȁȏț ȓȎ ȒȆȋȄǾȎ ȏǻȌȘ ȒȓȎ ȎȏȎǾȎ ȁȐǾȒȉȄȓȀȈ Ȏ ȉǼȐȒȎȐȀȑ ȓȆ 

ȒȓȈȂȋǽ ȏȎȔ ȓȎ ȏȀȓǻȋȄ. ǳȎ ȓȐǾȓȎ ȃǾȌȄȈ ȓȆ ȃȔȌȀȓțȓȆȓȀ ȌȀ ȉȀȇȎȐǾȒȄȈ ȃȜȎ ȒȆȋȄǾȀ Ȁȏț ȓȀ 

ȎȏȎǾȀ ȇȀ ȏȄȐǻȒȄȈ Ȇ ȂȐȀȋȋǽ ȃȈȀȖȘȐȈȒȋȎȜ ȓȘȌ ȀȌȓȈȉȄȈȋǼȌȘȌ. ǳȎ ȓǼȓȀȐȓȎ ȃǾȌȄȈ ȓȆ 

ȃȔȌȀȓțȓȆȓȀ Ȏ ȖȐǽȒȓȆȑ ȌȀ ȄȏȈȊǼȍȄȈ ȓȆ ȂȐȀȋȋǽ ȃȈȀȖȘȐȈȒȋȎȜ. ǳȎ ȓȄȊȄȔȓȀǾȎ ȏȊǽȉȓȐȎ ȄǾȌȀȈ 

ȓȎ òdeleteó. 

ǝȓȀȌ ȎȊȎȉȊȆȐȝȒȎȔȋȄ ȋȄ ȓȆȌ ȄȏȈȊȎȂǽ ȓȘȌ ȀȌȓȈȉȄȈȋǼȌȘȌ ȋǾȀȑ ȄȈȉțȌȀȑ ȏȀȓǻȋȄ ȓȎ ȃȈȏȊț 

ȁǼȊȎȑ ȂȈȀ ȌȀ ȏǻȋȄ ȒȓȆȌ ȄȏțȋȄȌȆ.  

ǝȓȀȌ ȄȏȈȊǼȍȎȔȋȄ ȓȎȔȑ ȏȔȐǽȌȄȑ Ȁȏț țȊȀ ȓȀ ȉȜȓȓȀȐȀ ȉȊȄǾȌȎȔȋȄ ȓȎ JcountPro ȉȀȈ ȀȌȎǾȂȎȔȋȄ 

ȓȎ JquantPro. ǧ ȄȏȈȊȎȂǽ ȓȘȌ ȀȌȓȈȉȄȈȋǼȌȘȌ, ȃȆȋȈȎȜȐȂȆȒȄ ȈȒǻȐȈȇȋȀ ȋȄ ȓȈȑ ȄȏȈȊȄȂȋǼȌȄȑ 

ȄȈȉțȌȄȑ ȀȐȖȄǾȀ ȋȄ țȌȎȋȀ ȓȎ țȌȎȋȀ ȓȆȑ ȉǻȇȄ ȄȈȉțȌȀȑ ȉȀȈ ȄȏǼȉȓȀȒȆ .ioc, ȒȓȎ ȕǻȉȄȊȎ ȏȎȔ 

ȀȔȓțȋȀȓȀ ȃȆȋȈȎȔȐȂǽȇȆȉȄ ȋȄ ȓȎ țȌȎȋȀ òManualEdit ó, Ȏ ȎȏȎǾȎȑ ȃȆȋȈȎȔȐȂǽȇȆȉȄ ȋǼȒȀ ȒȓȎ 

ȕǻȉȄȊȎ ȏȎȔ ȏȄȐȈǼȖȄȈ ȓȈȑ ȄȈȉțȌȄȑ. 

 

4.7.1.2 ǥȜȐȄȒȆ ȉȀȈ ȉȀȓȀȋǼȓȐȆȒȆ ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ ȉȀȈ ȓȎȔ ȒȔȌȄȌȓȎȏȈȒȋȎȜ- 

JquantPro 

ǳȎ ȊȎȂȈȒȋȈȉț JquantPro ȍȄȉȈȌǻȄȈ Ȁȏț ȓȆȌ ȉȀȐȓǼȊȀ Foci Counting . ǣȈȀ ȌȀ ȏȐȎȖȘȐǽȒȎȔȋȄ 

ȖȐȄȈǻȅȄȓȀȈ ȌȀ ȄȏȈȊȄȂȎȜȌ ȉȀȈ ȎȈ ȄȈȉțȌȄȑ ȉȀȈ ȓȀ ȀȌȓǾȒȓȎȈȖȀ ȀȐȖȄǾȀ .ioc ȓȀ ȎȏȎǾȀ ȏȄȐȈǼȖȎȔȌ 

ȓȆȌ ȏȊȆȐȎȕȎȐǾȀ ȂȈȀ ȓȎȔȑ ȄȏȈȊȄȂȋǼȌȎȔȑ ȏȔȐǽȌȄȑ ȓȘȌ ȉȔȓȓǻȐȘȌ. ǲȓȆȌ ǥȈȉțȌȀ 2-6 

ȕȀǾȌȎȌȓȀȈ ȓȀ ȁǽȋȀȓȀ ȏȎȔ ȏȐǼȏȄȈ ȌȀ ȀȉȎȊȎȔȇȆȇȎȜȌ. ǬȄȓǻ ȓȆȌ ȄȏȈȊȎȂǽ ȏȀȓǻȋȄ ôSelectõ ȉȀȈ 

ȒȓȆ ȒȔȌǼȖȄȈȀ ȏȆȂȀǾȌȎȔȋȄ ȒȓȆ ȃȈȏȊȀȌǽ ȉȀȐȓǼȊȀ ȏȎȔ ȄǾȌȀȈ ȓȎ ôFoci Countingõ. 
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ǲȓȎ ȄȏțȋȄȌȎ ȁǽȋȀ ȎȐǾȅȎȌȓȀȈ ȎȈ ȏȀȐǻȋȄȓȐȎȈ ȂȈȀ ȓȆȌ ȄȜȐȄȒȆ ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ ȓȘȌ 

ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ. ǲȓȎ ȏȀȐǻȃȄȈȂȋȀ ȏȎȔ ȀȉȎȊȎȔȇȄǾ, ȎȈ ȄȒȓǾȄȑ ȓȘȌ ǤǪǨ ȄǾȌȀȈ ȒȓȎ ȉȀȌǻȊȈ 

ȓȎȔ ȉțȉȉȈȌȎȔ ȖȐȝȋȀȓȎȑ.  

Top Hat  Settings  

ǯ ȋȄȓȀȒȖȆȋȀȓȈȒȋțȑ Top Hat ȎȐǾȅȄȓȀȈ ȋǼȒȎ ȓȎȔ ȋȄȂǼȇȎȔȑ òstructural  elementó, ȓȎ 

ȎȏȎǾȎ ȎȐǾȅȄȓȀȈ ȋǼȒȘ ȓȆȑ ȀȉȓǾȌȀȑ (SE Rad) ȉȀȈ ȓȆȑ ȄȏȈȕǻȌȄȈȀȑ (SE Size). ǶȐȆȒȈȋȎȏȎȈȄǾȓȀȈ 

ȂȈȀ ȌȀ ȃȈȀȉȐǾȌȄȈ ȓȈȑ ȄȒȓǾȄȑ ȏȎȔ ȁȐǾȒȉȎȌȓȀȈ ȉȎȌȓǻ. ǣȈȀ ȓȆ ȒȘȒȓǽ ȄȏȈȊȎȂǽ ȓȘȌ ȄȒȓȈȝȌ ȓȎ SE 

Size ȏȐǼȏȄȈ ȌȀ ȎȐǾȅȄȓȀȈ Șȑ ȓȎ ȋǼȂȈȒȓȎ ȀȌȀȋȄȌțȋȄȌȎ ȋǼȂȄȇȎȑ ȓȘȌ ȄȒȓȈȝȌ. ǧ ȄȏȈȊȎȂǽ 

ȄȌȈȒȖȜȄȈ ȓȎ ȒǽȋȀ ȓȘȌ ȄȒȓȈȝȌ ȏȎȔ ȄǾȌȀȈ ȋȈȉȐțȓȄȐȄȑ Ȁȏț ȓȎ SE, ȄȌȝ ȓȎ ȒǽȋȀ ȏȎȔ ȄȈȉǻȅȄȓȀȈ 

țȓȈ ȏȐȎǼȐȖȄȓȀȈ Ȁȏț ȓȆ ȃȈǻȖȔȒȆ, ȃȆȊȀȃǽ ȒȓȀ țȐȈȀ ȓȆȑ ȄȒȓǾȀȑ, ȔȏȎȁȈȁǻȅȄȓȀȈ. 

H-Dome Settings 

ǥȈȉțȌȀ 4-5: ǡȐȖȈȉț ȋȄȌȎȜ ȓȎȔ JquantPro. ǮȄȉȈȌǻ ȉȀȓȄȔȇȄǾȀȌ Ȁȏț ȓȆȌ ȉȀȐȓǼȊȀ Foci Counting. 
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ǯ ȋȄȓȀȒȖȆȋȀȓȈȒȋțȑ ȀȔȓțȑ ȃȆȋȈȎȔȐȂȄǾ ǼȌȀȌ ȉȀȓȀȉȄȐȋȀȓȈȒȋț ȓȆȑ ȄȈȉțȌȀȑ ȂȜȐȘ Ȁȏț 

ȓȈȑ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ. ǢȀȒǾȅȄȓȀȈ ȒȓȀ ȄȏǾȏȄȃȀ ȓȆȑ ǼȌȓȀȒȆȑ ȄȌțȑ ȃȄȃȎȋǼȌȎȔ ȉȀȌȀȊȈȎȜ, ȓȎ 

ȎȏȎǾȎ ǼȖȎȔȋȄ ǽȃȆ ȄȏȈȊǼȍȄȈ, ȄȌ ȏȐȎȉȄȈȋǼȌȘ ȓȎ ȉțȉȉȈȌȎ, ȉȀȈ Ȁȏț ȓȎ ȈȒȓțȂȐȀȋȋȀ 

ȒȔȖȌȎȓǽȓȘȌ, ȄȍȄȓǻȅȎȌȓȀȑ ȉǻȇȄ ȉȎȐȔȕǽ ȉȀȈ ȔȏȎȊȎȂǾȅȎȌȓȀȑ ǼȌȀ ȏȎȒȎȒȓț ȓȎȔ ȋǽȉȎȔȑ ȓȆȑ, 

ȍȄȉȈȌȝȌȓȀȑ Ȁȏț ȓȎ ȋǼȂȈȒȓȎ, ȋȄ ȓȆ ȖȐǽȒȆ ȓȆȑ ȏȀȐȀȋǼȓȐȎȔ H-Dome height. ǳȎ ȀȏȎȓǼȊȄȒȋȀ 

ȂȈȀ ȓȆȌ ǼȌȓȀȒȆ ȓȆȑ ȉǻȇȄ ȉȎȐȔȕǽȑ ȄȍǻȂȎȌȓȀȈ Ȁȏț ȓȎ ȔȏțȊȎȈȏȎ ȂȐǻȕȆȋȀ, ȏȀȐǻȂȎȌȓȀȑ ȋȈȀ 

ȀȊȊȆȊȎȔȖǾȀ ȃȎȋȝȌ ȏȎȔ ȓȎ ȒȖǽȋȀ ȓȎȔȑ ȋȎȈǻȅȄȈ ȋȄ ȓȐȎȜȊȎȔȑ (domes). ǳȀ pixel  ȏȎȔ Ȇ ǼȌȓȀȒǽ 

ȓȎȔȑ ȄǾȌȀȈ ȋǼȒȀ ȒȄ ȀȔȓǽȌ ȓȆȌ ȏȄȐȈȎȖǽ ȄȌȈȒȖȜȎȌȓȀȈ. ǬȄ ǻȊȊȀ ȊțȂȈȀ Ȇ ȏȀȐǻȋȄȓȐȎȑ ȀȔȓǽ, 

țȏȘȑ ȉȀȈ Ȇ ȏȐȎȆȂȎȜȋȄȌȆ, ȄǾȌȀȈ ȋǾȀ ȋǼȇȎȃȎȑ ȄȔȐǼȒȄȘȑ ȓȘȌ ȓȎȏȈȉȝȌ ȋȄȂǾȒȓȘȌ ȋȈȀȑ ȄȈȉțȌȀȑ. 

ǳȎ ȜȗȎȑ ȏȎȔ ȄȏȈȊǼȂȄȈ Ȏ ȖȐǽȒȓȆȑ, țȏȘȑ ȕȀǾȌȄȓȀȈ ȉȀȈ ȒȓȎ ȄȈȉȎȌǾȃȈȎ ȄǾȌȀȈ ȓȎ ȜȗȎȑ ȓȘȌ 

ȄȌȓǻȒȄȘȌ ȏȎȔ ȇȀ ȀȕȀȈȐȄȇȎȜȌ Ȁȏț ȉǻȇȄ pixel  ȓȆȑ ȄȈȉțȌȀȑ, ȝȒȓȄ ȒȓȆȌ ȄȈȉțȌȀ ȌȀ 

ǥȈȉțȌȀ 4-6: ǥȏȈȊȎȂǽ ȏȀȐȀȋǼȓȐȘȌ ȂȈȀ ȓȆȌ ȄȉȓǾȋȆȒȆ ȓȆȑ ȏȀȐȀȋǼȓȐȎȔ Pclc, ȇȄȘȐȎȜȋȄȌȆ ȏǻȌȘ ȒȓȈȑ 
ȄȒȓǾȄȑ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ, țȓȀȌ ȄȉȄǾȌȄȑ ȄǾȌȀȈ ȒȓȎ ȉțȉȉȈȌȎ ȉȀȌǻȊȈ.   
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ȀȏȎȋȄǾȌȎȔȌ ȋțȌȎ ȎȈ ȓȐȎȜȊȎȈ, ȄǻȌ ȕȀȌȓȀȒȓȎȜȋȄ ȓȆȌ ȄȈȉțȌȀ Șȑ ȄȏǾȏȄȃȎ ȉȀȈ ȒȓȆȌ ȓȐǾȓȆ 

ȃȈǻȒȓȀȒȆ ȇȄȘȐǽȒȎȔȋȄ ȓȆȌ ȓȈȋǽ ȓȆȑ ǼȌȓȀȒȆȑ ȓȎȔ ȉǻȇȄ pixel . ǥȏȎȋǼȌȘȑ țȒȎ ȀȔȍǻȌȄȓȀȈ ȓȎ 

ȜȗȎȑ, ȓțȒȎ ȀȔȍǻȌȄȓȀȈ ȉȀȈ Ȇ ȓȈȋǽ ȓȆȑ ǼȌȓȀȒȆȑ ȏȎȔ ȇȀ ȀȕȀȈȐȄȇȄǾ Ȁȏț ȉǻȇȄ pixel, ȝȒȓȄ ȌȀ 

ȀȏȎȋȄǾȌȎȔȌ ȋțȌȎ ȎȈ ȓȐȎȜȊȎȈ. ǘȐȀ Ȇ ȀȜȍȆȒȆ ȓȆȑ ȓȈȋǽȑ ȓȎȔ ȜȗȎȔȑ ȉǻȌȄȈ ȓȎ ȉȐȈȓǽȐȈȎ 

ȀȔȒȓȆȐțȓȄȐȎ.  

Shape/Size settings 

Min  focus size: ȃȄ ȊȀȋȁǻȌȄȈ ȔȏțȗȆ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ ȏȎȔ ǼȖȎȔȌ ȄȏȈȕǻȌȄȈȀ ȋȈȉȐțȓȄȐȆ Ȁȏț 

ȓȎȌ ȀȐȈȇȋț ȓȘȌ pixel  ȏȎȔ ȎȐǾȅȎȌȓȀȈ ȋȄ ȀȔȓț ȓȎ ȉȐȈȓǽȐȈȎ. 

Max focus size: ȃȈȀȖȘȐǾȅȄȈ ȓȈȑ ȄȒȓǾȄȑ ȏȎȔ ǼȖȎȔȌ ȋǼȂȄȇȎȑ ȋȄȂȀȊȜȓȄȐȎ Ȁȏț ȀȔȓț. 

Max focus size (conditional ) ȒȄ ȒȔȌȃȔȀȒȋț ȋȄ ȓȎ Min  Roundness, ȃȈȀȖȘȐǾȅȄȈ ȓȈȑ ȄȒȓǾȄȑ ȏȎȔ 

ǼȖȎȔȌ ȋǼȂȄȇȎȑ ȋȄȂȀȊȜȓȄȐȎ Ȁȏț ȓȎ conditional  ȉȀȈ Roundness ȋȈȉȐțȓȄȐȆ Ȁȏț ȓȆȌ 

ȄȊǻȖȈȒȓȆ.  

ǯȐȈȒȋțȑ ȓȎȔ ȃȄȜȓȄȐȎȔ ȉȀȌȀȊȈȎȜ 

ǲȓȎ ȒȔȂȉȄȉȐȈȋǼȌȎ ȏȀȐǻȃȄȈȂȋȀ ȒȓȎ ȃȄȜȓȄȐȎ ȉȀȌǻȊȈ ȄǾȌȀȈ ȓȎ ȏȐǻȒȈȌȎ. 

Analysis  

ǣȈȀ ȌȀ ȔȏȎȊȎȂǾȒȄȈ ȓȎ ȒȔȌȄȌȓȎȏȈȒȋț ȋǼȒȘ ȓȆȑ ȏȀȐȀȋǼȓȐȎȔ Pclc ȏȎȔ ȎȐǾȒȓȆȉȄ ȒȓȀ ȏȊȀǾȒȈȀ 

ȓȆȑ ȏȀȐȎȜȒȀȑ ȃȈȀȓȐȈȁǽȑ, ȄȏȈȊǼȂȎȔȋȄ ȓȆȌ ȓȐǾȓȆ ȄȏȈȊȎȂǽ ȏȎȔ ȄǾȌȀȈ ȓȎ Intensity  co-loc. 

ǝȓȀȌ ȎȐǾȒȎȔȋȄ țȊȄȑ ȓȈȑ ȏȀȐȀȋǼȓȐȎȔȑ ȏȀȓǻȋȄ ȓȎ Start ȉȀȈ ȄȏȄȍȄȐȂǻȅȄȓȀȈ țȊȄȑ ȓȈȑ ȄȈȉțȌȄȑ 

ȏȎȔ ǼȖȎȔȋȄ ȄȈȒȀȂǻȂȄȈ.  

ǤȆȋȈȎȔȐȂȄǾȓȀȈ ȓțȓȄ ǼȌȀ çȁȈȁȊǾȎè ȏȎȔ ȋȎȈǻȅȄȈ ȋȄ ȀȔȓǻ ȏȎȔ ȃȆȋȈȎȔȐȂȄǾ ȓȎ Excel. 

ǳȎ ȎȏȎǾȎ ȏȄȐȈǼȖȄȈ ȓȀ ȀȉțȊȎȔȇȀ ȕȜȊȊȀ: Experiment, Analysis Summary, Cell Summary, 

Focus Summary, Distributions, Colocalization Distributions, Image Summary ȉȀȈ 3D 

cluster. 

ǲȓȎ ȒȆȋȄǾȎ ȀȔȓț ǼȖȎȔȌ ȒȔȋȏȊȆȐȘȇȄǾ Ȁȏț ȓȆȌ ȏȐȎȆȂȆȇȄǾȒȀ ȀȌǻȊȔȒȆ ȓȀ 4 ȏȐȝȓȀ ȕȜȊȊȀ. 

ǣȈȀ ȌȀ ȒȔȌȄȖǾȒȄȈ ȓȆ ȒȓȀȓȈȒȓȈȉǽ ȀȌǻȊȔȒȆ ȏȐǼȏȄȈ ȌȀ ȓȎȔ ȎȐǾȒȎȔȋȄ ȓȈȑ ȎȋǻȃȄȑ ȓȘȌ ȄȈȉțȌȘȌ, 

ȃȆȊȀȃǽ ȏȎȈȄȑ ȄȈȉțȌȄȑ ȀȌǽȉȎȔȌ ȒȓȆȌ ȉǻȇȄ ȏȄȈȐȀȋȀȓȈȉǽ ȒȔȌȇǽȉȆ. 

ǲȓȆȌ ȄȏțȋȄȌȆ ȉȀȐȓǼȊȀ, ȒȓȎ Data analysis , ǼȖȄȈ ȃȜȎ ȄȏȈȊȎȂǼȑ.: Group  Settings ȉȀȈ Analysis . 

Data Analysis> Group  Settings: ǯȐǾȅȎȔȋȄ ȓȎȌ ȀȐȈȇȋț ȓȘȌ ȎȋǻȃȘȌ ȒȓȎ ȏȊȀǾȒȈȎ Number  

of Groups. ǲȓȎ ȏȊȀǾȒȈȎ Image/ Object/ Files/ IDs ȒȓȆ ȒȓǽȊȆ GroupID , ȃǾȏȊȀ ȒȓȆȌ ȏȐȝȓȆ 

ȄȈȉțȌȀ ȓȆȑ ȉǻȇȄ ȎȋǻȃȀȑ ȁǻȅȎȔȋȄ ǼȌȀȌ ȀȐȈȇȋț, ȍȄȉȈȌȝȌȓȀȑ Ȁȏț ȓȎ ô0õ ȉȀȈ ȏȀȓǻȋȄ ȓȎ Accept 

Groups. 

Data Analysis>Analysis:  

Data Analysis> Analysis> Standard Counting  
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ǥȏȈȊǼȂȎȔȋȄ Analysis  ȉȀȈ ȃȆȋȈȎȔȐȂȄǾ ȒȓȎ Foci Frequency Distribution  Analysis , ǼȌȀ 

ȈȒȓțȂȐȀȋȋȀ ȒȔȖȌȎȓǽȓȘȌ, ȉȀȌȎȌȈȉȎȏȎȈȆȋǼȌȎ ȒȓȆ ȋȎȌǻȃȀ ȂȈȀ ȓȈȑ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ ȓȘȌ 

ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ. ǰȄȐȀȈȓǼȐȘ ȃǾȌȄȓȀȈ Ȇ ȃȔȌȀȓțȓȆȓȀ ȂȈȀ ȀȌǻȊȔȒȆ ȏȀȊȈȌȃȐțȋȆȒȆȑ ȋȄ 

ȄȏȈȊȎȂǽ ȒȔȌȀȐȓǽȒȄȘȌ ȋȄȓȀȍȜ Poisson (țȏȎȔ ȃǾȌȄȓȀȈ Ȇ ȃȔȌȀȓțȓȆȓȀ ȉȀȈ ȂȈȀ ȃǾȉȎȐȕȆ 

ȒȔȌǻȐȓȆȒȆ Bimodal  Poisson, țȏȘȑ ȏȄȐȈȂȐǻȕȄȓȀȈ ȉȀȈ ȒȓȆ ȃȆȋȎȒǾȄȔȒȆ ȓȆȑ ȎȋǻȃȀȑ ȓȎȔ P. 

Lobachevsky, Martin  et al [124]) ȉȀȈ Poisson-Gamma. ǲȓȎ ȒȆȋȄǾȎ ȀȔȓț ȓȎ çȁȈȁȊǾȎè ȓȘȌ 

ȀȏȎȓȄȊȄȒȋǻȓȘȌ ȒȔȋȏȊȆȐȝȌȄȓȀȈ ȋȄ ȓȎ ȕȜȊȊȎ Distributions , ȏȎȔ ȏȄȐȈǼȖȄȈ ȓȈȑ ȉȀȓȀȌȎȋǼȑ ȂȈȀ 

ȓȈȑ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ ȓȘȌ ǤǪǨ ȂȈȀ ȉǻȇȄ ȎȋǻȃȀ.  

Data Analysis> Analysis> Focus/Intensity Colocalization :  

ǬȄ ȓȆȌ ȄȏȈȊȎȂǽ ȀȔȓǽ ȓȎ ȊȎȂȈȒȋȈȉț JquantPro ȔȏȎȊȎȂǾȅȄȈ ȓȆȌ ȏȀȐǻȋȄȓȐȎ Pclc . 

ǲȓȆȌ ǥȈȉțȌȀ 4-7 ȕȀǾȌȄȓȀȈ ȓȎ ȀȏȎȓǼȊȄȒȋȀ ȄȌțȑ ȋȈȉȐȎȜ ȃȄǾȂȋȀȓȎȑ 3 ȄȈȉțȌȘȌ Ȁȏț ȓȆȌ 

ȏȄȈȐȀȋȀȓȈȉǽ ȒȔȌȇǽȉȆ 1 Gy 0h, ȂȈȀ HepG2 ȉȜȓȓȀȐȀ ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ ȋȄ ȀȉȓǾȌȄȑ ðǶ. ǯ 

ȃȄǾȉȓȆȑ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ȄǾȌȀȈ Ȇ Ȃ-ǧ2ǡǶ ȉȀȈ ȂȈȀ ȓȀ ȀȁȀȒȈȉǻ ȒȆȋȄǾȀ Ȇ ȏȐȘȓȄǠȌȆ 

APE1. 

ǳȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȄȍǻȂȎȌȓȀȈ ȒȓȎ ȀȌȓǾȒȓȎȈȖȎ ȕȜȊȊȎ Colocalization  Distr ibutions, ȒȓȎ 

çȁȈȁȊǾȎè ȓȘȌ ȀȏȎȓȄȊȄȒȋǻȓȘȌ.  

ǥȏȈȏȊǼȎȌ ȃȆȋȈȎȔȐȂȄǾȓȀȈ ȉȀȈ ȓȎ ȕȜȊȊȎ Group  CSummary, țȏȎȔ ȒȔȌȎȗǾȅȄȈ, 

ȎȋȀȃȎȏȎȈȆȋǼȌȀ ȀȌǻ ȏȄȈȐȀȋȀȓȈȉǽ ȒȔȌȇǽȉȆ, ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȂȈȀ ȉǻȇȄ ȉȜȓȓȀȐȎ.  

ǲȓȎ ȒȆȋȄǾȎ ȀȔȓț ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȋȏȎȐȎȜȌ ȌȀ ȀȏȎȇȆȉȄȔȓȎȜȌ ȒȄ ǼȌȀ ȀȐȖȄǾȎ .jcr ȏȎȔ 

ȃȆȋȈȎȔȐȂȄǾ ȓȎ ȊȎȂȈȒȋȈȉț, ȝȒȓȄ ȌȀ ȋȏȎȐȄǾ ȌȀ ȓȀ çȍȀȌȀȕȎȐȓȝȒȄȈè, ȄǾȓȄ ȌȀ ȀȌȓȈȂȐȀȕȎȜȌ ȂȈȀ 

ȒȄ ȉǻȏȎȈȎ ȏȐțȂȐȀȋȋȀ țȏȘȑ ȓȎ Excel ȂȈȀ ȏȄȐȀȈȓǼȐȘ ȄȏȄȍȄȐȂȀȒǾȀ.  
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ǥȈȉțȌȀ 4-7: ǥȜȐȄȒȆ ȓȆȑ ȏȀȐȀȋǼȓȐȎȔ Pclc ȋȄ ȓȎ ȊȎȂȈȒȋȈȉț JquantPro. ǲȓȎ ȒȔȂȉȄȉȐȈȋǼȌȎ ȏȀȐǻȃȄȈȂȋȀ 
ǼȖȄȈ ȀȌȀȊȜȒȄȈ ȓȐȄȈȑ ȄȈȉțȌȄȑ Ȁȏț ȓȆȌ ȏȄȈȐȀȋȀȓȈȉǽ ȒȔȌȇǽȉȆ 1 Gy 0h, ȂȈȀ HepG2 ȉȜȓȓȀȐȀ 
ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ ȋȄ ȀȉȓǾȌȄȑ ðǶ. ǯ ȃȄǾȉȓȆȑ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ȄǾȌȀȈ Ȇ Ȃ-ǧ2ǡǶ ȉȀȈ ȂȈȀ ȓȀ 
ȀȁȀȒȈȉǻ ȒȆȋȄǾȀ Ȇ ȏȐȘȓȄǠȌȆ APE1.  

 

4.7.2 ǡȌǻȊȔȒȆ ȄȈȉțȌȘȌ ȏȎȔ ȏȐȎǼȐȖȎȌȓȀȈ Ȁȏț ȒȔȌȄȒȓȈȀȉț ȋȈȉȐȎȒȉțȏȈȎ. 

ǳȀ ȏȄȈȐǻȋȀȓȀ ȏȎȔ ȄȉȓȄȊǼȒȓȆȉȀȌ ȒȓȎ ǩȌȒȓȈȓȎȜȓȎ ǩȀȓȐȈȉǽȑ ǡȉȓȈȌȎȁȈȎȊȎȂǾȀȑ, ȒȓȎ ǚȒȒȄȌ, 

ȕȘȓȎȂȐȀȕǽȇȆȉȀȌ ȋȄ ȒȔȌȄȒȓȈȀȉț ȋȈȉȐȎȒȉțȏȈȎ ȉȀȈ ȎȈ ȄȈȉțȌȄȑ ȀȌȀȊȜȇȆȉȀȌ ȋȄ ȓȎ ȊȎȂȈȒȋȈȉț 

Imaris  ȓȆȑ Bitplane. ǲȄ ȀȔȓǽȌ ȓȆȌ ȏȀȐǻȂȐȀȕȎ ȏȄȐȈȂȐǻȕȄȓȀȈ Ȏ ȓȐțȏȎȑ ȏȎȔ ȓǾȇȄȌȓȀȈ ȎȈ 

ȏȀȐǻȋȄȓȐȎȈ ȝȒȓȄ ȌȀ ȉȀȓȀȋȄȓȐȆȇȎȜȌ ȎȈ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ ȉȀȇȝȑ ȉȀȈ ȓȀ ȂȄȂȎȌțȓȀ 

ȒȔȌȄȌȓȎȏȈȒȋȎȜ. Ǹȑ ȂȄȂȎȌțȓȀ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȎȌȓȎȊȎȂȈȉǻ ȄȌȌȎȎȜȋȄ ǼȌȀ ȓȐǾȓȎ ȄǾȃȎȑ ȄȒȓȈȝȌ, 
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ȏȎȔ ȎȈ ȏȀȐǻȋȄȓȐȎǾ ȓȎȔȑ ȄǾȌȀȈ ȓǼȓȎȈȄȑ ȝȒȓȄ ȌȀ ȄȉȕȐǻȅȎȔȌ ȓȎ ȒȔȌȄȌȓȎȏȈȒȋț ȄȉȕȐȀȒȋǼȌȎ Șȑ 

ȏȐȎȑ ȓȎ ǼȌȀ ǽ ȓȎ ǻȊȊȎ ȄǾȃȎȑ ȄȒȓȈȝȌ. ǲȓȎ ȒȔȂȉȄȉȐȈȋǼȌȎ ȏȀȐǻȃȄȈȂȋȀ ȏȐțȉȄȈȓȀȈ ȂȈȀ ǼȌȀ 

ȏȄǾȐȀȋȀ ȋȄ ȉȜȓȓȀȐȀ ǡ549, ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ ðǶ țȏȎȔ ȎȈ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ ǼȖȎȔȌ 

ȄȏȈȒȆȋȀȌȇȄǾ ȋǼȒȘ ȓȘȌ ȏȐȘȓȄșȌȝȌ ȄȏȈȃȈțȐȇȘȒȆȑ Ȃ-ǧ2ǡǶ ȉȀȈ 53BP1. Ǹȑ ȂȄȂȎȌțȓȀ 

ȒȔȌȄȌȓȎȏȈȒȋȎȜ (Ȃ-ǧ2ǡǶ to 53ǢP1) ȄȌȌȎȎȜȋȄ ȓȈȑ ȄȒȓǾȄȑ ȎȈ ȎȏȎǾȄȑ ǼȖȎȔȌ ȓȀ ȖȀȐȀȉȓȆȐȈȒȓȈȉǻ 

ȓȘȌ ȄȒȓȈȝȌ 53ǢP1, ȏȐȘȓǾȒȓȘȑ ȉȀȈ ȄȏȈȏȊǼȎȌ ǼȖȎȔȌ ȒǽȋȀ ȒȓȎ ȉȀȌǻȊȈ ȓȘȌ ȄȒȓȈȝȌ Ȃ-ǧ2ǡǶ 

(Ȅȃȝ ȓȎ channel-2, ȏȐǻȒȈȌȎ). ǰȐțȉȄȈȓȀȈ ȃȆȊȀȃǽ ȂȈȀ ȄȒȓǾȄȑ 53BP1 ȏȎȔ ȁȐǾȒȉȎȌȓȀȈ ȏǻȌȘ ȒȄ 

ȄȒȓǾȄȑ Ȃ-ǧ2ǡǶ. ǝȒȎȌ ȀȕȎȐǻ ȓȆȌ ȏȀȐǻȋȄȓȐȎ Pclc, ȔȏȎȊȎȂǾȒȓȆȉȄ Ȁȏț ȓȀ ȃȄȃȎȋǼȌȀ ȏȎȔ 

ȄȍǽȖȇȆȒȀȌ Ȁȏț ȓȆȌ ȀȌǻȊȔȒȆ ȓȎȔ ȊȎȂȈȒȋȈȉȎȜ, ȒȄ ȃȄȜȓȄȐȎ ȖȐțȌȎ, ȉȀȇȝȑ ȏȐțȉȄȈȓȀȈ ȂȈȀ ȋǾȀ 

ȌǼȀ ȏȀȐǻȋȄȓȐȎ ȏȎȔ ȄȋȄǾȑ ȄȈȒȀȂǻȂȀȋȄ ȉȀȈ ȓȎ ȒȔȂȉȄȉȐȈȋǼȌȎ ȊȎȂȈȒȋȈȉț ȄǾȌȀȈ ȄȋȏȎȐȈȉț, 

ȄȏȎȋǼȌȘȑ ȃȄȌ ȓȆȌ ȏȄȐȈǼȖȄȈ.  

ǮȄȉȈȌȝȌȓȀȑ ȓȎ çȖȓǾȒȈȋȎè ȓȎȔ ȀȊȂȎȐǾȇȋȎȔ, ȏȐǼȏȄȈ ȉȀȌȄǾȑ ȌȀ ȎȐǾȒȄȈ ȓȎȔȑ ȏȔȐǽȌȄȑ ȓȘȌ 

ȉȔȓȓǻȐȘȌ. ǲȓȆȌ ǥȈȉțȌȀ 4-8, ȓȀ ȁǽȋȀȓȀ ȁ ǼȘȑ Ȅ ȏȄȐȈȂȐǻȕȎȔȌ ȀȔȓǽ ȓȆ ȃȈȀȃȈȉȀȒǾȀ. 

Ȁ) ǡȏț ȓȎ ȀȐȖȈȉț ȋȄȌȎȜ ȄȏȈȊǼȂȎȔȋȄ ȓȎ ȃȄȜȓȄȐȎ ȄȈȉȎȌǾȃȈȎ ôSurpassõ ȉȀȈ Ȁȏț ȓȎ ôSettingsõ 

ȄȏȈȊǼȂȎȔȋȄ ȓȎ ôMIP (max)õ. ǧ ȄȏȈȊȎȂǽ ȀȔȓǽ ȄȍȀȒȕȀȊǾȅȄȈ țȓȈ țȓȀȌ ȇȀ ȃȄǾȖȌȄȈ ǼȌȀ ȄȏǾȏȄȃȎ 

ȀȌȓȈȏȐȎȒȘȏȄȔȓȈȉț ȂȈȀ ȉǻȇȄ ȒȄȓ ȄȈȉțȌȘȌ ȏȎȔ ȀȏȎȓȄȊȎȜȌ ȓȎ ǾȃȈȎ ȎȏȓȈȉț ȏȄȃǾȎ, ȀȔȓț ȇȀ 

ȄǾȌȀȈ Ȇ ȏȐȎȁȎȊǽ ȓȘȌ ȋȄȂǾȒȓȘȌ ȓȆȑ ǼȌȓȀȒȆȑ ȂȈȀ ȉǻȇȄ ȒȓǽȊȆ Ȁȏț pixel . ǰȐțȉȄȈȓȀȈ ȂȈȀ ȓȆȌ 

ȉȎȈȌǽ ȄȌȓȎȊǽ Maximum  Intensity  Projection.  

ȁ) ǥȏȈȊǼȂȎȌȓȀȑ ȓȎ ȄȈȉȎȌǾȃȈȎ ȋȄ ȓȎ ȉȜȓȓȀȐȎ ȍȄȉȈȌǻ Ȇ ȐȜȇȋȈȒȆ ȓȘȌ 

ȏȀȐȀȋǼȓȐȘȌ ȏȎȔ ȎȐǾȅȎȔȌ ȓȀ ȉȜȓȓȀȐȀ. ǲȓȎ ôSelect Detection 

Typeõ ȄȏȈȊǼȂȎȔȋȄ ȓȆȌ ȓȐǾȓȆ ȄȏȈȊȎȂǽ. ǪȀȓǻ ȒȄȈȐǻ ȀȔȓǼȑ 

ȒȔȋȁȎȊǾȅȎȔȌ i) ȀȌǾȖȌȄȔȒȆ ȉȔȓȓǻȐȘȌ ȏȎȔ ȏȄȐȈǼȖȎȔȌ ȏȔȐǽȌȀ ȉȀȈ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ. ii ) 

ǡȌǾȖȌȄȔȒȆ ȉȔȓȓǻȐȎȔ ȏȎȔ ȏȄȐȈǼȖȄȈ ȏȔȐǽȌȀ. iii ) ȀȌǾȖȌȄȔȒȆ ȉȔȓȓǻȐȎȔ ȏȎȔ ȏȄȐȈǼȖȄȈ ȄȒȓǾȄȑ 

ȕȇȎȐȈȒȋȎȜ ȉȀȈ iv) ȀȌǾȖȌȄȔȒȆ ȉȔȓȓǻȐȘȌ. ǥȏȈȊǼȂȎȌȓȀȑ ȓȎ iii ) ȎȌȓȎȊȎȂȈȉǻ ȄǾȋȀȒȓȄ ȄȌȓǻȍȄȈ, 

ȉȀȇȝȑ ȇȀ ȇȄȘȐȎȜȋȄ Șȑ çȉȜȓȓȀȐȎè ȓȎȌ ȏȔȐǽȌȀ ȓȎȔ ȉǻȇȄ ȉȔȓȓǻȐȎȔ. 
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Ȃ) ǧ ȒȔȂȉȄȉȐȈȋǼȌȆ ȄȏȈȊȎȂǽ ǼȖȄȈ ȓȆȌ ǼȌȌȎȈȀ Ȏ ȀȊȂțȐȈȇȋȎȑ ȏȎȔ ȇȀ ȎȐǾȒȄȈ ȓȀ ȉȜȓȓȀȐȀ ȌȀ 

ȍȄȉȈȌǻ Ȁȏț ȓȎ ȉǼȌȓȐȎ ȓȎȔ ȉȔȓȓǻȐȎȔ ȉȀȈ ȌȀ ȄȉȓȄǾȌȄȓȀȈ ȒȜȋȕȘȌȀ ȋȄ ȓȈȑ ȏȀȐȀȋǼȓȐȎȔȑ ȏȎȔ 

ȎȐǾȅȎȌȓȀȈ ȒȓȆ ȒȔȌǼȖȄȈȀ. ǧ ǻȊȊȆ ȄȏȈȊȎȂǽ ȄǾȌȀȈ ȖȐǽȒȈȋȆ țȓȀȌ ȓȀ ȉȜȓȓȀȐȀ ȄǾȌȀȈ ȏȎȊȜ ȉȎȌȓǻ 

ȓȎ ǼȌȀ ȒȓȎ ǻȊȊȎ ȄȏȎȋǼȌȘȑ Ȏ ȃȈȀȖȘȐȈȒȋțȑ ȓȘȌ ȉȔȓȓǻȐȘȌ ȊȀȋȁǻȌȄȈ ȔȏțȗȆ ȏȄȐȈȒȒțȓȄȐȎ ȓȀ 

țȐȈȀ ȓȘȌ ȉȔȓȓǻȐȘȌ. ǪȀȇȝȑ ȒȓȎ ȏȄǾȐȀȋȀ ȖȐȆȒȈȋȎȏȎȈǽȇȆȉȄ DAPI  ȂȈȀ ȓȆ ȖȐȝȒȆ ȓȘȌ 

ȏȔȐǽȌȘȌ ȓȘȌ ȉȔȓȓǻȐȘȌ ȉȀȈ ȀȔȓț ȕȇȎȐǾȅȄȈ ȒȓȎ ȋȏȊȄ ȖȐȝȋȀ ȓȎȔ ȎȏȓȈȉȎȜ ȕǻȒȋȀȓȎȑ, ǼȖȎȔȋȄ 

ȄȏȈȊǼȍȄȈ Șȑ ȗȄȔȃȎȖȐȝȋȀ ȉȀȈ ȏǻȊȈ ȓȎ ȋȏȊȄ, Șȑ ȄǾȇȈȒȓȀȈ ȝȒȓȄ ȌȀ ȓȀȈȐȈǻȅȎȔȌ ȎȈ ȕȘȓȎȂȐȀȕǾȄȑ 

ȋȄ ȓȆȌ ȄȈȉțȌȀ ȏȎȔ ȁȊǼȏȎȔȋȄ Ȁȏț ȓȎ ȋȈȉȐȎȒȉțȏȈȎ, ȄȏȈȊǼȂȎȔȋȄ ȂȈȀ ȓȎȔȑ ȏȔȐǽȌȄȑ ȓȎ ȉȀȌǻȊȈ 

1 ȏȎȔ ȀȌȓȈȒȓȎȈȖȄǾ ȒȓȎ ȖȐȝȋȀ ȀȔȓț  

ȃ) ǳȎ ôBackground Substractionõ ȀȏȎȉțȏȓȄȈ Ȁȏț țȊȀ ȓȀ pixel  ȓȆȑ ȄȈȉțȌȀȑ ȉǻȏȎȈȀ ȓȈȋǽ ȓȆȑ 

ǼȌȓȀȒȆȑ ȏȎȔ ȎȐǾȅȄȓȀȈ Ȁȏț ȓȎ ȖȐǽȒȓȆ Șȑ ȔȏțȁȀȇȐȎ. ǲȓȆ ȒȔȌǼȖȄȈȀ ȄȏȈȊǼȂȎȔȋȄ ȓȎ 

ȃȈȀȖȘȐȈȒȋț ȓȘȌ ȉȔȓȓǻȐȘȌ ȏȎȔ ȁȐǾȒȉȎȌȓȀȈ ȉȎȌȓǻ ȋǼȒȘ ȓȘȌ Seed Points. ǲȓȆȌ ǡȌǻȊȔȒȆ 

ǥȈȉțȌȀȑ seed point  ȋȈȀȑ ȓȎȏȎȊȎȂȈȉǽȑ ȎȌȓțȓȆȓȀȑ ȄǾȌȀȈ ȓȎ ȉǼȌȓȐȎ ȂȜȐȘ Ȁȏț ȓȎ ȎȏȎǾȎ 

ȄȉȓȄǾȌȄȓȀȈ ȓȎ ȉǻȇȄ ȀȌȓȈȉȄǾȋȄȌȎ. ǤȆȊȀȃǽ Ȏ ȀȊȂțȐȈȇȋȎȑ ȏȎȔ ȓȎ ȖȓǾȅȄȈ ȄǾȌȀȈ ȓǼȓȎȈȎȑ ȝȒȓȄ ȌȀ 

ȍȄȉȈȌǻ ȓȆ ȇȄȝȐȆȒȆ ȓȎȔ ȀȌȓȈȉȄȈȋǼȌȎȔ Ȁȏț ȉǻȏȎȈȎ ȉǼȌȓȐȎ ȉȀȈ ȒȔȌȄȖǾȅȄȈ ȌȀ ȏȐȎȒȇǼȓȄȈ pixel  

ȏȎȔ ȇȄȘȐȄǾ țȓȈ ȀȌǽȉȎȔȌ ȒȓȎ ǾȃȈȎ ȀȌȓȈȉȄǾȋȄȌȎ ȒȜȋȕȘȌȀ ȋȄ ȓȀ țȏȎȈȀ ǻȊȊȀ ȉȐȈȓǽȐȈȀ ȋȏȎȐȄǾ 

ǥȈȉțȌȀ 4-8: : ǡȊȊȆȊȎȔȖǾȀ ȁȆȋǻȓȘȌ ȝȒȓȄ ȌȀ ȃȆȋȈȎȔȐȂȆȇȄǾ Ȏ ȉȀȓǻȊȊȆȊȎȑ ȀȊȂțȐȈȇȋȎȑ ȄȌȓȎȏȈȒȋȎȜ 
ȓȘȌ ȄȒȓȈȝȌ (Ȅȃȝ Ȃ-ǧ2ǡǶ ȉȀȈ 53BP1) ȉȀȇȝȑ ȉȀȈ ȓȘȌ ȒȔȋȁǻȌȓȘȌ ȒȔȌȄȌȓȎȏȈȒȋȎȜ, ȋȄ ȓȎ ȊȎȂȈȒȋȈȉț 
Imaris ȓȆȑ Bitplane.  
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ȌȀ ȏȄȐȈǼȖȄȈ. ǥȃȝ seed point  ȌȎȄǾȓȀȈ ȓȎ pixel  ȓȎ ȎȏȎǾȎ ȓȎ ȊȎȂȈȒȋȈȉț ǼȖȄȈ ȇǼȒȄȈ Șȑ ȉǼȌȓȐȎ ȓȎȔ 

ȉȔȓȓǻȐȎȔ. ǥȏȎȋǼȌȘȑ, ȎȐǾȅȎȌȓȀȑ Șȑ ȉȐȈȓǽȐȈȎ ȃȈȀȖȘȐȈȒȋȎȜ ȓȆȌ ȀȏțȒȓȀȒȆ ȓȘȌ ȉǼȌȓȐȘȌ ȓȘȌ 

ȉȔȓȓǻȐȘȌ ȋȄ ȓȆȌ ȓȈȋǽ ȏȎȔ Ȅȃȝ ǼȖȎȔȋȄ ȇǼȒȄȈ 10 ȋm, ȎȃȆȂȎȜȋȄ ȓȎ ȏȐțȂȐȀȋȋȀ ȝȒȓȄ ȌȀ 

ȂȌȘȐǾȅȄȈ ȏȎȈȀ ȄǾȌȀȈ Ȇ ȀȌȀȋȄȌțȋȄȌȆ ȃȈǻȋȄȓȐȎȑ ȓȘȌ ȉȔȓȓǻȐȘȌ. ǳȎ Imaris ȏȄȐȈǼȖȄȈ ǼȌȀȌ 

ȏȎȊȜ ȀȍȈțȏȈȒȓȎ ȀȊȂțȐȈȇȋȎ ȝȒȓȄ ȌȀ ȄȌȓȎȏǾȅȄȈ ȓȀ ȀȌȓȈȉȄǾȋȄȌȀ, ȄǾȓȄ ȄǾȌȀȈ ȉȜȓȓȀȐȀ ȄǾȓȄ ȄǾȌȀȈ 

ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ, ȓȎȌ ȄȏȎȌȎȋȀȅțȋȄȌȎ ôquality õ. ǜȒȘȑ ȌȀ ȄǾȌȀȈ ȀȔȓțȑ Ȏ ȀȊȂțȐȈȇȋȎȑ ȏȎȔ ȓȎ 

ǼȖȄȈ ȉǻȌȄȈ ȃȈȄȇȌȝȑ ǼȌȀ Ȁȏț ȓȀ ȏȈȎ ȀȍȈțȏȈȒȓȀ ȀȊȊǻ ȉȀȈ ȏȈȎ ȉȎȒȓȎȁțȐȀ ȊȎȂȈȒȋȈȉǻ ȒȓȆȌ 

ȀȌȀȂȌȝȐȈȒȆ ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ. ǲȓȎ ȄȂȖȄȈȐǾȃȈȎ ȏȎȔ ȃȈȀȇǼȓȄȈ Ȇ ȄȓȀȈȐǾȀ 

(http://www.bitplane.com/download/manuals/ReferenceManual6_1_0.pdf ) ȎȐǾȅȄȓȀȈ 

ȉǻȏȘȑ ȀȒȀȕȝȑ Șȑ ç ǧ ôQuality õ ȄǾȌȀȈ Ȇ ǼȌȓȀȒȆ ȒȓȎ ȉǼȌȓȐȎ ȓȎȔ ȒȏȎȓ ȒȓȎ ȉȀȌǻȊȈ ȏȎȔ ȓȎ 

ȒȏȎȓ ȀȌȈȖȌȄȜȄȓȀȈ.  

ǥǻȌ ȓȎ ôBackground Substractionõ ȃȄȌ ȄǾȌȀȈ ȄȏȈȊȄȂȋǼȌȎ, ȀȔȓǽ ȄǾȌȀȈ Ȇ ǼȌȓȀȒȆ ȒȓȎ ȉȀȌǻȊȈ 

ȕȈȊȓȐȀȐȈȒȋǼȌȆ ȋȄ ȉȀȌȎȌȈȉǽ ȉȀȓȀȌȎȋǽ Ȁȏț ȓȀ Ĵ ȓȆȑ ȀȉȓǾȌȀȑ ȓȎȔ ȒȏȎȓ. ǥǻȌ ȄǾȌȀȈ 

ȄȏȈȊȄȂȋǼȌȎ ȓȎ ôBackground Substractionõ Ȇ ǼȌȓȀȒȆ ȄǾȌȀȈ Ȇ ȏȐȎȆȂȎȜȋȄȌȆ (ȏȎȔ ȄǾȌȀȈ 

ȕȈȊȓȐȀȐȈȒȋǼȌȆ ȋȄ ȉȀȌȎȌȈȉǽ ȉȀȓȀȌȎȋǽ) ȋȄǾȎȌ ȓȆȌ ȀȐȖȈȉǽ ȕȈȊȓȐȀȐȈȒȋǼȌȆ Ȁȏț ȓȀ 8/9 ȓȆȑ 

ȀȉȓǾȌȀȑ ȓȎȔ ȒȏȎȓ.è ǧ ȏȀȐǻȋȄȓȐȎȑ ȀȔȓǽ ȋȎȈǻȅȄȈ ȌȀ ȄǾȌȀȈ ȒȔȌȃȔȀȒȋțȑ ȓȘȌ ȏȀȐȀȋǼȓȐȘȌ 

ôTop Hatõ ȉȀȈ ôH-Domeõ ȏȎȔ ȖȐȆȒȈȋȎȏȎȈȄǾ ȓȎ ȊȎȂȈȒȋȈȉț JcountPro.  

ǥȏȈȊǼȂȎȔȋȄ ȊȎȈȏțȌ ȂȈȀ ȓȆȌ ȄȜȐȄȒȆ ȓȘȌ ȏȔȐǽȌȘȌ Ȁȏț ȓȀ ȃȈȀȇǼȒȈȋȀ ȕǾȊȓȐȀ, ȓȆȌ ȏȀȐǻȋȄȓȐȎ 

ôQuality õ, ȒȓȆȌ ȎȏȎǾȀ ȇǼȓȎȔȋȄ ȉǻȏȎȈȎ ȉǻȓȘ ȕȐǻȂȋȀ. ǳȎ ȉȐȈȓǽȐȈȎ ȀȔȓț ȀȏȎȕȀȒǾȅȄȓȀȈ Ȁȏț 

ȓȆȌ ȄȈȉțȌȀ ȏȎȔ ȃȄǾȖȌȄȈ ȓȀȔȓțȖȐȎȌȀ ȓȎ ȊȎȂȈȒȋȈȉț, Ȇ ȎȏȎǾȀ țȏȘȑ ȄȏȈȊǼȍȀȋȄ ȒȓȎ ȁǽȋȀ Ȁ) 

ȄǾȌȀȈ Ȇ ȄȈȉțȌȀ ȓȘȌ ȋǼȂȈȒȓȘȌ ȏȐȎȁȎȊȝȌ, ȉȀȇȝȑ ȓȎ ȊȎȂȈȒȋȈȉț ȉȀȓȀȃȄȈȉȌȜȄȈ ȏȎȈȀ ȉȜȓȓȀȐȀ 

ȄȏȈȊǼȂȎȌȓȀȈ ȉȀȈ ȏȎȈȀ ȄȍȀȈȐȎȜȌȓȀȈ ȉȀȇȝȑ ȉȈȌȎȜȋȄ Ȁȏț ȓȎȌ ȉǼȐȒȎȐȀ Ȁȏț ȀȐȈȒȓȄȐǻ ȓȎȔ 

ȈȒȓȎȂȐǻȋȋȀȓȎȑ ȏȐȎȑ ȓȀ ȃȄȍȈǻ.  

ǯȐȈȒȋțȑ ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ. 

Ȓȓ) ǲȓȎ ȒȓǻȃȈȎ ȀȔȓț ȎȐǾȅȎȌȓȀȈ ȓȀ ȄǾȃȆ ȓȘȌ ȄȒȓȈȝȌ ȏȎȔ ȇȀ ȀȌȈȖȌȄȔȓȎȜȌ. ǤǾȌȄȓȀȈ ȓȎ țȌȎȋȀ, 

ȓȎ ȁȀȒȈȉț ȉȀȌǻȊȈ ȒȓȎ ȎȏȎǾȎ ȎȐǾȅȎȌȓȀȈ ȉȀȈ ȏȐȎȀȈȐȄȓȈȉǻ ȃǾȌȄȓȀȈ Ȇ ȄȉȓȈȋȝȋȄȌȆ ȃȈǻȋȄȓȐțȑ 

ȓȎȔȑ. ǲȓȎ ȒȔȂȉȄȉȐȈȋǼȌȎ ȏȊȀǾȒȈȎ ȕȀǾȌȄȓȀȈ ȏȎȔ ǼȖȎȔȋȄ ȎȐǾȒȄȈ ȓȆȑ ȄȒȓǾȄȑ ȓȎȔ Ȃ-ǧ2ǡǶ ȌȀ ȓȈȑ 

ȗǻȖȌȄȈ ȒȓȎ ȏȐǻȒȈȌȎ ȖȐȝȋȀ ȉȀȈ ȌȀ ǼȖȎȔȌ ȃȈǻȋȄȓȐȎ 0,5 ȋm. ǯȋȎǾȘȑ ȎȐǾȒȀȋȄ ȉȀȈ ȂȈȀ ȓȈȑ 

ȔȏțȊȎȈȏȄȑ ȄȒȓǾȄȑ, ȂȈȀ ȓȆ 53BP1 ȌȀ ȓȆȌ ȗǻȖȌȄȈ ȒȓȎ ȉțȉȉȈȌȎ ȉȀȌǻȊȈ ȉȀȇȝȑ ȉȀȈ ȓȈȑ ȄȒȓǾȄȑ 

ȂȄȂȎȌțȓȀ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȓȈȑ ôyǧ2ǡǶ to 53BP1õ. ǡȌȓǾȒȓȎȈȖȀ ȎȐǾȒȀȋȄ ȉȀȈ ȓȈȑ ȄȒȓǾȄȑ ô53BP1 

to yH 2AXõ ȌȀ ȓȈȑ ȗǻȖȌȄȈ ȒȓȎ ȏȐǻȒȈȌȎ ȖȐȝȋȀ. ǡȕȎȜ ȃȝȒȎȔȋȄ țȌȎȋȀ ȒȄ ȉǻȇȄ ȄǾȃȎȑ ȄȒȓǾȀȑ 

(vesicle) ȏȐȎȑ ȀȌǾȖȌȄȔȒȆ ȏȀȓǻȋȄ ȓȎ ȃȄȍǾ ȁǼȊȎȑ ȉȀȈ ȏǻȋȄ ȒȓȎ ȄȏțȋȄȌȎ ȁǽȋȀ. ȅ) ǥȃȝ 

ȎȐǾȅȎȌȓȀȈ ȓȀ ȕǾȊȓȐȀ ȒȜȋȕȘȌȀ ȋȄ ȓȀ ȎȏȎǾȀ ȇȀ ȂǾȌȄȓȀȈ Ȇ ȀȌǾȖȌȄȔȒȆ ȓȘȌ ȄȒȓȈȝȌ. ǳȀ ȕǾȊȓȐȀ 

ǼȖȎȔȌ ȈȒȖȜ ȉȀȓǻ ȏȐȎȓȄȐȀȈțȓȆȓȀ ȒȜȋȕȘȌȀ ȋȄ ȓȆ ȒȄȈȐǻ ȏȎȔ ȎȐǾȅȎȌȓȀȈ. 

http://www.bitplane.com/download/manuals/ReferenceManual6_1_0.pdf
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Ȇ) ǚȌȀ ȏȀȐǻȃȄȈȂȋȀ țȏȎȔ ǼȖȎȔȋȄ ȄȏȈȊǼȍȄȈ ȏȄȐȈȒȒțȓȄȐȀ ȓȎȔ ȄȌțȑ ȕǾȊȓȐȀ. ǰȐțȉȄȈȓȀȈ ȂȈȀ ȓȀ 

ȂȄȂȎȌțȓȀ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ôyH 2AX to 53BP1õ. Ǹȑ ȏȐȝȓȎ ȉȐȈȓǽȐȈȎ ȇǼȒȀȋȄ ȀȉȐȈȁȝȑ ȓȎ 

ȉȐȈȓǽȐȈȎ ȏȎȔ ȕȀǾȌȄȓȀȈ ȒȓȎ ȅ ȂȈȀ ȓȈȑ ȄȒȓǾȄȑ 53BP1. Ǹȑ ȄȏȈȏȊǼȎȌ ȉȐȈȓǽȐȈȎ ȇǼȒȀȋȄ ǼȌȀ 

ȉȐȈȓǽȐȈȎ ȏȎȔ ȀȕȎȐǻ ȓȆȌ ǼȌȓȀȒȆ ȒȓȎ ȉȀȌǻȊȈ ȓȘȌ ȄȒȓȈȝȌ yH 2AX, ȏȎȔ ȄǾȌȀȈ ȓȎ channel 2, 

ȃȆȊȀȃǽ ȓȎ ȏȐǻȒȈȌȎ ȖȐȝȋȀ. ǨǼȊȎȔȋȄ Ȇ ǼȌȓȀȒȆ ȒȓȎ ȏȐǻȒȈȌȎ ȌȀ ȄǾȌȀȈ ȏǻȌȘ Ȁȏț ȋǾȀ 

ȄȊǻȖȈȒȓȆ ȓȈȋǽ.  

 

ǲȔȂȉȐǾȌȎȌȓȀȑ ȓȀ ȃȜȎ ȊȎȂȈȒȋȈȉǻ: 

ǳȎ JquantPro, ǼȖȄȈ ȏȊǼȎȌ ȄȌȒȘȋȀȓȘȋǼȌȆ ȓȆȌ ȏȀȐǻȋȄȓȐȎ Pclc, ȄȏȎȋǼȌȘȑ Ȇ ȀȌǻȊȔȒȆ ȂȈȀ 

ȓȆȌ ȄȜȐȄȒȆ ȀȔȓǽȑ ȓȆȑ ȏȀȐȀȋǼȓȐȎȔ ȂǾȌȄȓȀȈ ȏȎȊȜ ȏȈȎ ȂȐǽȂȎȐȀ, ȉȀȇȝȑ ȂȈȀ ȓȀ ȃȄȃȎȋǼȌȀ Ȁȏț 

ȓȎ Imaris  ȖȐȄȈǻȅȄȓȀȈ ȈȃȈȀǾȓȄȐȀ ȏȎȊȜȑ ȖȐțȌȎȑ ȂȈȀ ȓȎ ȉǻȇȄ ȏȄȈȐȀȋȀȓȈȉț ȒȆȋȄǾȎ. 

ǳȎ Imaris  ȀȌȀȊȜȄȈ ȉȀȈ ȓȐȈȒȃȈǻȒȓȀȓȄȑ ȄȈȉțȌȄȑ ȀȊȊǻ ȉȀȈ ȓȎ JquantPro, ȏȎȔ ȃȈȀȐȉȝȑ 

ȀȌȀȏȓȜȒȒȄȓȀȈ ȒȓȎ ȋǼȊȊȎȌ ȇȀ ȀȌȀȊȜȄȈ ȉȀȈ ȄȉȄǾȌȎ. 

ǳȀ Jcount-Jquant ȀȕǽȌȎȔȌ ȓȎ ȖȐǽȒȓȆ ȌȀ ȄȏǼȋȁȄȈ ȄȏȀȉȐȈȁȝȑ ȒȄ țȊȄȑ ȓȈȑ ȃȈȀȇǼȒȈȋȄȑ 

ȏȀȐȀȋǼȓȐȎȔȑ, ȄȏȎȋǼȌȘȑ ȂȈȀ ȓȎȌ ǼȋȏȄȈȐȎ ȖȐǽȒȓȆ ȄǾȌȀȈ ȏȈȎ ȖȐǽȒȈȋȎ, ȀȊȊǻ Ȁȏț ȓȆȌ ǻȊȊȆ 

ȋȄȐȈǻ ȓȎ Imaris  ȉȀȇȝȑ ȄǾȌȀȈ ȀȔȓȎȋȀȓȎȏȎȈȆȋǼȌȎ ȃǾȌȄȈ ȉȀȊǻ ȀȏȎȓȄȊǼȒȋȀȓȀ ȉȀȈ ȒȄ ȊȈȂțȓȄȐȎ 

ǼȋȏȄȈȐȎȔȑ ȖȐǽȒȓȄȑ. 

ǳȎ Imaris  ȃȈȀȇǼȓȄȈ ȓȆȌ ȏȀȐǻȋȄȓȐȎ quality  Ȇ ȎȏȎǾȀ ȄǾȌȀȈ ȋȄȌ ȏȎȊȜ ȀȍȈțȏȈȒȓȆ, ȀȊȊǻ ȉȀȇȝȑ 

ȄǾȌȀȈ ȋǾȍȆ ȏȀȐȀȋǼȓȐȘȌ, ȏȎȔ ȃȄȌ ȄȏȈȓȐǼȏȄȓȀȈ ȒȓȎ ȖȐǽȒȓȆ ȌȀ ȄȏǼȋȁȄȈ, ȃȄȌ ȄǾȌȀȈ ȒǾȂȎȔȐȎȑ 

ȀȌ ȏȀȐǻȂȄȈ ȒȔȂȉȐǾȒȈȋȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȋȄȓȀȍȜ ȓȘȌ ȏȄȈȐȀȋǻȓȘȌ. 

ǳȎ Imaris  ȃǾȌȄȈ ȄȏȈȏȊǼȎȌ ȓȆ ȃȔȌȀȓțȓȆȓȀ ȒȓȎ ȖȐǽȒȓȆ ȌȀ ȎȐǾȒȄȈ ȓȆȌ ȈȄȐȀȐȖǾȀ ȓȘȌ 

ȏȀȐȀȋǼȓȐȘȌ ȏȎȔ ȇȀ ȖȐȆȒȈȋȎȏȎȈǽȒȄȈ, ȄȌȝ ȒȓȀ ȊȎȂȈȒȋȈȉǻ Jcount-Jquant ȄǾȌȀȈ 

ȏȐȎȉȀȇȎȐȈȒȋǼȌȆ, ȖȘȐǾȑ ȄȏȈȏȊǼȎȌ ȌȀ ȂǾȌȄȓȀȈ ȒȀȕǼȑ ȒȓȎ ȖȐǽȒȓȆ ȏȎȈȀ ȏȀȐǻȋȄȓȐȎȑ ȁȀȐȀǾȌȄȈ 

ȏȄȐȈȒȒțȓȄȐȎ.  
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5 ǰǥǩǱǡǬǡǳǩǪǡ ǡǰǯǳǥǫǥǲǬǡǳǡ 

5.1 ǬȄȓȐǽȒȄȈȑ ȃȈȀȒȓǻȒȄȘȌ 

5.1.1 ǴȏȎȊȎȂȈȒȋțȑ ȄȏȈȕǻȌȄȈȀȑ ȉȔȓȓǻȐȘȌ ȒȓȈȑ G0-G1 ȕǻȒȄȈȑ 

ǣȈȀ ȓȎȌ ȔȏȎȊȎȂȈȒȋț ȓȆȑ ȄȏȈȕǻȌȄȈȀȑ ȓȘȌ ȏȔȐǽȌȘȌ ȓȘȌ HepG2 ȉȔȓȓǻȐȘȌ ȄȊǽȕȇȆȒȀȌ 

ȔȏțȗȈȌ țȊȀ ȓȀ ȃȈȀȇǼȒȈȋȀ ȉȜȓȓȀȐȀ Ȁȏț ȓȎ ȏȄȈȐȀȋȀȓȈȉț ȒȆȋȄǾȎ ȓȘȌ ô0 hõ, ȃȆȊȀȃǽ 625 

ȉȜȓȓȀȐȀ, Ȁȏț țȊȄȑ ȓȈȑ ȃțȒȄȈȑ. ǳȀȍȈȌȎȋǽȇȆȉȀȌ ȒȄ ȈȒȓțȂȐȀȋȋȀ ȒȔȖȌțȓȆȓȀȑ ȉȀȈ ȒȓȆ ȒȔȌǼȖȄȈȀ 

ȄȕȀȐȋțȒȓȆȉȄ ȋǾȀ ǣȉȀȎȔȒȒȈȀȌǽ ȉȀȓȀȌȎȋǽ 2ȎȔ ȁȀȇȋȎȜ ȂȈȀ ȌȀ ȁȐȄȇȎȜȌ ȎȈ ȃȜȎ ȉȎȐȔȕǼȑ. ǧ 

ȏȐȝȓȆ ȉȎȐȔȕǽ ȀȌȓȈȒȓȎȈȖȄǾ ȓȆȌ ȄȏȈȕǻȌȄȈȀ ȓȎȔ ȏȔȐǽȌȀ (ȒȄ pixel) ȓȘȌ ȉȔȓȓǻȐȘȌ ȏȎȔ 

ȁȐǾȒȉȎȌȓȀȈ ȒȓȈȑ ȕǻȒȄȈȑ G0-G1 ȓȎȔ ȉȔȓȓȀȐȈȉȎȜ ȉȜȉȊȎȔ, ȄȌȝ Ȇ ȃȄȜȓȄȐȆ ȉȎȐȔȕǽ ȀȌȓȈȒȓȎȈȖȄǾ 

ȒȓȀ ȉȜȓȓȀȐȀ ȏȎȔ ǼȖȎȔȌ ȏȄȐǻȒȄȈ ȓȆ ǲȜȌȇȄȒȆ ȉȀȈ ȁȐǾȒȉȎȌȓȀȈ ȒȓȆ ȕǻȒȆ G2. ǧ ȏȐȎȒǼȂȂȈȒȆ 

ȏȀȐȎȔȒȈǻȅȄȓȀȈ ȒȓȎ ǣȐǻȕȆȋȀ 5-1. 

 

ǲȓȎȌ ǰǾȌȀȉȀ 5-1 ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȓȆȑ ȏȐȎȒǼȂȂȈȒȆȑ. ǧ ȏȐȎȒȀȐȋȎȂǽ ȓȆȑ 

ȉȀȋȏȜȊȆȑ ǼȃȘȒȄ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȒȄ pixel, ȂȈȀ ȓȆ ȋȄȓȀȓȐȎȏǽ ȓȎȔȑ ȒȄ ȋm2, ǼȂȈȌȄ 

ȏȎȊȊȀȏȊȀȒȈȀȒȋțȑ ȋȄ 
 

 
. ǧ ȁȀȇȋȎȌțȋȆȒȆ ȓȎȔ ȒȔȒȓǽȋȀȓȎȑ ȀȏȄȈȉțȌȈȒȆȑ ȏȎȔ ȄǾȌȀȈ 

ǣȐǻȕȆȋȀ 5-1: ǰȐȎȒȀȐȋȎȂǽ ȉȀȋȏȜȊȆȑ ȒȓȎ ȈȒȓțȂȐȀȋȋȀ ȒȔȖȌȎȓǽȓȘȌ ȂȈȀ ȓȆȌ ȄȜȐȄȒȆ ȓȆȑ ȄȏȈȕǻȌȄȈȀȑ 
ȓȘȌ ȉȔȓȓǻȐȘȌ ȏȎȔ ȁȐǾȒȉȎȌȓȀȈ ȒȓȈȑ ȕǻȒȄȈȑ G0 ǽ G1. ǯȈ ȏȐȎȒȃȈȎȐȈȒȇȄǾȒȄȑ ȓȈȋǼȑ xc1 ȉȀȈ xc2 
ȋȄȓȐȎȜȌȓȀȈ ȒȄ pixel. 
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ȒȔȌȃȄȋǼȌȎ ȋȄ ȓȎ ȋȈȉȐȎȒȉțȏȈȎ ȏȎȔ ȁȐǾȒȉȄȓȀȈ ȒȓȎ ȄȐȂȀȒȓǽȐȈȎ ǴȂȄȈȎȕȔȒȈȉǽȑ ȒȓȎ ǥǪǥǵǥ 

çǤȆȋțȉȐȈȓȎȑè, ǼȂȈȌȄ ȕȘȓȎȂȐȀȕǾȅȎȌȓȀȑ ǼȌȀ ȏȊȀȉǻȉȈ Neubauer (ȉȔȓȓȀȐțȋȄȓȐȎ), ȓȎ ȎȏȎǾȎ 

ǼȖȄȈ ȖȀȐȀȂȋǼȌȀ ȓȄȓȐǻȂȘȌȀ ȂȌȘȒȓȝȌ ȃȈȀȒȓǻȒȄȘȌ, ȓȀ pixel ȋȄȓȐǽȇȆȉȀȌ ȋȄ ȓȎ ȊȎȂȈȒȋȈȉț 

ImageJ (ǥȈȉțȌȀ 5-1).  

 

ǥȈȉțȌȀ 5-1 ǢȀȇȋȎȌțȋȆȒȆ ȓȎȔ ȋȈȉȐȎȒȉȎȏǾȎȔ ȄȏȈȕȇȎȐȈȒȋȎȜ. ǵȘȓȎȂȐȀȕǽȇȆȉȄ ǼȌȀ ȏȊȀȉǻȉȈ Neubauer 
(ȀȐȈȒȓȄȐǻ) ȉȀȈ ǼȂȈȌȄ Ȇ ȀȌȓȈȒȓȎǾȖȈȒȆ ȓȘȌ pixel ȏȎȔ ȋȄȓȐǽȇȆȉȀȌ ȋȄ ȓȆ ȁȎǽȇȄȈȀ ȓȎȔ ImageJ, (400 x 400) 
ȂȈȀ ȓȎ ȓȄȓȐǻȂȘȌȎ ȏȎȔ ȀȌȓȈȒȓȎȈȖȄǾ ȒȓȆ ȋȈȉȐțȓȄȐȆ ȔȏȎȃȈȀǾȐȄȒȆ ȓȎȔ ȏȊȀȉȈȃǾȎȔ (0,05mm x 0,05mm) 
(ȃȄȍȈǻ). 

ǰǾȌȀȉȀȑ 5-1: ǡȏȎȓȄȊǼȒȋȀȓȀ ȓȆȑ ȏȐȎȒǼȂȂȈȒȆȑ ȒȄ pixel ȉȀȈ ȒȄ ȋm2 

ǣȈȀ ȓȆȌ ȄȏȀȊǽȇȄȔȒȆ ȓȘȌ ȀȏȎȓȄȊȄȒȋǻȓȘȌ ȓȆȑ ȏȐȎȒǼȂȂȈȒȆȑ ȂȈȀ ȓȈȑ ȉȎȐȔȕǼȑ peak1 ȉȀȈ 

peak2, ǼȂȈȌȄ Ȇ ȔȏțȇȄȒȆ țȓȈ ȄȕțȒȎȌ ȓȀ ȉȜȓȓȀȐȀ ȏȎȔ ȁȐǾȒȉȎȌȓȀȈ ȒȓȆ ȕǻȒȆ G2 ǼȖȎȔȌ ȓȎ 

ȃȈȏȊǻȒȈȎ ȏȄȐȈȄȖțȋȄȌȎ ȒȄ DNA, ȓțȓȄ ȇȀ ǼȖȎȔȌ ȉȀȈ ȓȎ ȃȈȏȊǻȒȈȎ țȂȉȎ  

ὠ ςὠȢ 

¶ ǥǻȌ ȇȄȘȐȆȇȄǾ țȓȈ ȎȈ ȏȔȐǽȌȄȑ ǼȖȎȔȌ ȒȖǽȋȀ ȒȕȀǾȐȀȑ, ȓțȓȄ ȂȈȀ ȓȎ ȊțȂȎ ȓȘȌ 

ȃȈȀȋǼȓȐȘȌ ȓȎȔȑ, ȃ1 ȉȀȈ ȃ2, ȇȀ ȈȒȖȜȄȈ  

      Ѝς    (ȃȈțȓȈ  “ ς “   ). 

Å ǥǻȌ ȇȄȘȐȆȇȎȜȌ ȓȀ ȉȜȓȓȀȐȀ Șȑ ȉȜȊȈȌȃȐȎȈ ȏȎȔ ǼȖȎȔȌ ȓȎ ǾȃȈȎ ȜȗȎȑ (Ȕ), ȓțȓȄ ȂȈȀ ȓȎ 

ȊțȂȎ ȓȘȌ ȃȈȀȋǼȓȐȘȌ ȓȎȔȑ, ȃ1 ȉȀȈ ȃ2, ȇȀ ȈȒȖȜȄȈ  

Ѝς    (ȃȈțȓȈ   “  ‡ ς “  ‡  ). 

 ǥȏȈȕǻȌȄȈȀ 

[pixels]  Ñ 

 ǥȏȈȕǻȌȄȈȀ 

[ȋm2] Ñ 

 ȃȈǻȋȄȓȐȎȑ 

[ȋm] 

 

G0-G1 peak1 5831 58 91,1 0,9 10,77 ♯ 

G2 peak2 9754 360 152,4 2,4 13,93 ♯ 

(Ȇ ȋǼȒȆ ȄȏȈȕǻȌȄȈȀ ȓȘȌ ȏȔȐǽȌȘȌ ȄǻȌ ȃȄ ȊȆȕȇȄǾ ȔȏțȗȆ Ȇ ȕǻȒȆ ȓȎȔ ȉȔȓȓȀȐȈȉȎȜ ȉȜȉȊȎȔ  

ȄǾȌȀȈ  97.7 Ñ 32.1 ‘ά) 
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ǯ ȊțȂȎȑ ȓȘȌ ȃȈȀȋǼȓȐȘȌ ȏȎȔ ȏȐȎȉȜȏȓȄȈ Ȁȏț ȓȆȌ ȀȌǻȊȔȒȆ ȏȎȔ ȏȄȐȈȂȐǻȕȄȓȀȈ ȒȓȎȌ ǰǾȌȀȉȀ 

5-1 ȄǾȌȀȈ  ρȟςω , ȉȀȈ ȁȐǾȒȉȄȓȀȈ ȄȏȎȋǼȌȘȑ ȋȄȓȀȍȜ ȓȘȌ ȃȜȎ Șȑ ǻȌȘ ȔȏȎȊȎȂȈȒȋǼȌȘȌ 

ȓȈȋȝȌ: 

                                                       1,26=Ѝς ρȟςω Ѝς=1,41 

ǢǻȒȄȈ ȓȆȑ ȏȐȎȆȂȆȇȄǾȒȀȑ ȀȌǻȊȔȒȆȑ Ȏ ȓȐțȏȎȑ ȏȐȎȒǼȂȂȈȒȆȑ ȋȏȎȐȄǾ ȌȀ ȇȄȘȐȆȇȄǾ ȀȍȈțȏȈȒȓȎȑ.  

 

5.1.2 ǬȄȓȐǽȒȄȈȑ ȄȏȈȕǻȌȄȈȀȑ ȂȈȀ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ ȏȎȔ ȒȖȆȋȀȓǾȅȎȌȓȀȈ ȋȄȓǻ Ȁȏț 

ǼȉȇȄȒȆ ȒȄ ȀȉȓǾȌȄȑ-Ƕ ǽ ȒȄ ȈțȌȓȀ ǡȐȂȎȜ 

ǲȓȎ ǣȐǻȕȆȋȀ 5-2 ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ Ȁȏț ȓȈȑ ȋȄȓȐǽȒȄȈȑ ȄȏȈȕǻȌȄȈȀȑ ȂȈȀ ȓȈȑ 

ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ ȓȘȌ ǤǪǨ ȒȄ ȉȜȓȓȀȐȀ HepG2 ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ ðǶ ǽ ȒȄ ȈțȌȓȀ 

ǡȐȂȎȜ. ǯȈ ȋȄȓȐǽȒȄȈȑ ǼȂȈȌȀȌ ȄȕȈȉȓǼȑ ȋǼȒȘ ȓȎȔ ȊȎȂȈȒȋȈȉȎȜ Jcount ȏȎȔ ȃǾȌȄȈ ȀȏȎȓȄȊǼȒȋȀȓȀ 

ȒȄ pixel  ȉȀȈ ȓȆȑ ȁȀȇȋȎȌțȋȆȒȆȑ ȏȎȔ ȏȄȐȈȂȐǻȕȄȓȀȈ ȒȓȆȌ ǥȈȉțȌȀ 5-1. 

 

ǣȐǻȕȆȋȀ 5-2: ǬǼȓȐȆȒȆ ȓȆȑ ȄȏȈȕǻȌȄȈȀȑ ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ ȂȈȀ ȓȈȑ ǤǾǪȊȘȌȄȑ ǨȐȀȜȒȄȈȑ, ȂȈȀ 
ȉȜȓȓȀȐȀ HepG2 ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ ðǶ ǽ ȒȄ ȈțȌȓȀ ǡȐȂȎȜ. 

ǡȏț ȓȆ ȋȄȊǼȓȆ ȓȎȔ ȂȐȀȕǽȋȀȓȎȑ ȏȐȎȉȜȏȓȄȈ țȓȈ ȄǾȌȀȈ ȋȄȌ ȋȄȂȀȊȜȓȄȐȄȑ ȎȈ ȄȒȓǾȄȑ ȏȎȔ 

ȃȆȋȈȎȔȐȂȎȜȌ ȓȀ ȈțȌȓȀ ǡȐȂȎȜ ȂȈȀ ȓȀ ȀȌȓǾȒȓȎȈȖȀ ȏȄȈȐȀȋȀȓȈȉǻ ȒȆȋȄǾȀ (ȃțȒȆ & ȖȐțȌȎȑ) ȏȎȔ 

ȃȆȋȈȎȔȐȂȎȜȌ ȎȈ ȀȉȓǾȌȄȑ ðǶ, ȀȊȊǻ țȖȈ ȋȄ ȄȔȇǼȘȑ ȀȌǻȊȎȂȎ ȓȐțȏȎ. ǡȌ ȒȔȌȄȉȓȈȋȆȇȎȜȌ ȉȀȈ ȓȀ 

ȀȏȎȓȄȊǼȒȋȀȓȀ ȓȎȔ ǣȐȀȕǽȋȀȓȎȑ 5-12, ȀȔȓǽ Ȇ ȏȀȐȀȓǽȐȆȒȆ ȒȔȌȆȂȎȐȄǾ ȒȓȆȌ ȏȄȏȎǾȇȆȒȆ țȓȈ 

ȀȔȍȀȌȎȋǼȌȆȑ ȓȆȑ LET ȎȈ ȁȊǻȁȄȑ ȂǾȌȎȌȓȀȈ ȏȔȉȌțȓȄȐȄȑ. ǚȓȒȈ ȏȊǼȎȌ ȖǻȌȄȓȀȈ Ȇ ô1-

1õȀȌȓȈȒȓȎȈȖǾȀ ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ ȋȄ ȓȈȑ ǤǪǨ, Ȇ ȎȏȎǾȀ ȈȒȖȜȄȈ ȂȈȀ ȓȈȑ ȀȉȓǾȌȄȑ ðǶ.  
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5.1.3 ǲȜȌȎȗȆ ȀȏȎȓȄȊȄȒȋǻȓȘȌ 

ǧ ȀȌǻȊȔȒȆ ȓȘȌ ȄȈȉțȌȘȌ ȋȈȉȐȎȒȉȎȏǾȎȔ, ȄǻȌ ȂǾȌȄȈ ȒȘȒȓǽ ȁȀȇȋȎȌțȋȆȒȆ ȓȎȔ ȒȔȒȓǽȋȀȓȎȑ 

ȀȏȄȈȉțȌȈȒȆȑ, ȋȏȎȐȄǾ ȌȀ ȃȝȒȄȈ ȋȄ ȉȀȊǽ ȀȉȐǾȁȄȈȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȂȈȀ ȓȎ ȕȔȒȈȉț ȋǼȂȄȇȎȑ ȓȘȌ 

Ȕȏț ȄȍǼȓȀȒȆ ȀȌȓȈȉȄȈȋǼȌȘȌ. ǳȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȓȆȑ ȁȀȇȋȎȌțȋȆȒȆȑ ȓȆȑ ȏȀȐȀȂȐǻȕȎȔ 5.1.1 

ȀȍȈȎȏȎȈǽȇȆȉȀȌ ȂȈȀ ȓȎ ȇȄȘȐȆȓȈȉț ȔȏȎȊȎȂȈȒȋț ȓȘȌ ȉȐȎȜȒȄȘȌ ȈțȌȓȘȌ ǡȐȂȎȜ ȀȌǻ ȉȜȓȓȀȐȎ 

ȂȈȀ ȓȈȑ ȃȈǻȕȎȐȄȑ ȃțȒȄȈȑ ȒȓȈȑ ȎȏȎǾȄȑ ȄȉȓǼȇȆȉȀȌ HepG2 ȉȜȓȓȀȐȀ (ǰǾȌȀȉȀȑ 4-1). ǳȀ 

ȀȏȎȓȄȊǼȒȋȀȓȀ ȓȘȌ ȋȄȓȐǽȒȄȘȌ ȃȈȀȒȓǻȒȄȘȌ ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ (ǣȐǻȕȆȋȀ 5-2) ȒȄ 

ȒȔȌȃȔȀȒȋț ȋȄ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȂȈȀ ȓȘȌ ȀȐȈȇȋț ȓȘȌ ȄȒȓȈȝȌ ȓȘȌ ǤǪǨ ȏȎȔ ȄȏǻȂȎȌȓȀȈ ȒȄ 

HepG2 ȉȜȓȓȀȐȀ ȋȄȓǻ Ȁȏț ǼȉȇȄȒȆ ȒȄ ȀȉȓǾȌȄȑ ðǶ ǽ ȈțȌȓȀ ǡȐȂȎȜ (ǣȐǻȕȆȋȀ 5-3), ȕȀȌȄȐȝȌȄȈ 

ȓȆȌ ȀȜȍȆȒȆ ȓȆȑ ȏȎȊȔȏȊȎȉțȓȆȓȀȑ ȓȆȑ ȄȏȀȂțȋȄȌȆȑ ȁȊǻȁȆȑ, ȋȄ ȓȆȌ ȀȜȍȆȒȆ ȓȆȑ LET (ȈțȌȓȀ 

ǡȐȂȎȜ) ȓȆȑ ȏȐȎȒȏǾȏȓȎȔȒȀȑ ȀȉȓȈȌȎȁȎȊǾȀȑ. 
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5.2 ǬȄȊǼȓȆ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ 

5.2.1 ǡȌǾȖȌȄȔȒȆ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ȒȄ ȏȎȊȜ ȖȀȋȆȊǼȑ ȃțȒȄȈȑ 

(ǰȀȐȎȔȒȈǻȅȄȓȀȈ Ȅȃȝ ǼȌȀ ȏȄǾȐȀȋȀ ȏȎȔ ȄȉȓȄȊǼȒȓȆȉȄ ȒȓȆȌ ȎȃȎȌȓȈȀȓȐȈȉǽ ȒȖȎȊǽ ȉȀȈ ȄȋȄǾȑ ȒȔȌȄȈȒȕǼȐȀȋȄ 

ȒȓȆȌ ȉȀȓȀȋǼȓȐȆȒȆ ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ, ȒȄ ȒȔȌȄȐȂȀȒǾȀ ȋȄ ȓȈȑ ǤȐȀ ǳȄȐȅȎȜȃȆ ȉȀȈ ǤȐȀ ǶȀȓȅǽ.) 

5.2.1.1 ǰȄȐȈȂȐȀȕǽ ȓȎȔ ȏȄȈȐǻȋȀȓȎȑ 

ǲȓȈȑ 17/6/16 ȉȜȓȓȀȐȀ HEK293 ȀȉȓȈȌȎȁȎȊǽȇȆȉȀȌ (Irr) ȋȄ ȓȎȌ ȎȃȎȌȓȈȀȓȐȈȉț ȓȎȋȎȂȐǻȕȎ. 

ǥȏȘǻȒȓȆȉȀȌ ȂȈȀ 0,5 , 6 ȉȀȈ 48 ȝȐȄȑ (ǲȖǽȋȀ Ì5-1). ǣȈȀ ȓȀ ȀȌȓǾȒȓȎȈȖȀ ȖȐȎȌȈȉǻ ȒȆȋȄǾȀ ȄǾȖȀȋȄ 

ȓȆ ȒȄȈȐǻ ȋǻȐȓȔȐȀ Ctr2, ȓȀ ȎȏȎǾȀ ȀȉȎȊȎȜȇȆȒȀȌ ȓȀ Irr ȒȓȆ ȃȈȀȃȐȎȋǽ Ȁȏț ȓȎ ǼȌȀ 

ȄȐȂȀȒȓǽȐȈȎ ȒȓȎ ǻȊȊȎ, ȖȘȐǾȑ ȌȀ ȀȉȓȈȌȎȁȎȊȆȇȎȜȌ. ǥȏȈȏȐțȒȇȄȓȀ ȏȊȀȉǾȃȈȀ ȋǻȐȓȔȐȄȑ 

ȀȏȎȓȄȊȎȜȌ ȓȀ Ctr1, ȓȀ ȎȏȎǾȀ ȏȀȐǼȋȄȈȌȀȌ ȒȓȎȌ ȉȊǾȁȀȌȎ ȄȏȝȀȒȆȑ ȂȈȀ ȓȀ ȀȌȓǾȒȓȎȈȖȀ 

ȖȐȎȌȈȉǻ ȃȈȀȒȓǽȋȀȓȀ. ǡȉȎȊȎȜȇȆȒȄ ȖȐȝȒȆ ȀȌȎȒȎȕȇȎȐȈȒȋȎȜ ȂȈȀ ȓȆ Ȃǧ2ǡǶ. ǤȄȌ ǼȂȈȌȄ 

ȖȐȝȒȆ ȓȘȌ ȏȔȐǽȌȘȌ ȋȄ DAPI. 

 

ǲȖǽȋȀ 5-1 ǰȄȈȐȀȋȀȓȈȉǼȑ ȒȔȌȇǽȉȄȑ 

5.2.1.2 ǰȀȐȀȓǽȐȆȒȆ ȒȓȎ ȋȈȉȐȎȒȉțȏȈȎ 

ǧ ȏȀȐȀȓǽȐȆȒȆ ȒȓȎ ȋȈȉȐȎȒȉțȏȈȎ ǼȃȄȈȍȄ ǼȌȀ ȋȄȂǻȊȎ ȏȎȒȎȒȓț ȉȔȓȓǻȐȘȌ ȂȄȋǻȓȀ Ȁȏț ȄȒȓǾȄȑ 

ȕȇȎȐȈȒȋȎȜ, ȄȈȃȈȉǻ ȂȈȀ ȓȈȑ ȏȐȝȓȄȑ ȝȐȄȑ, ȏȎȒȎȒȓț ȓȎ ȎȏȎǾȎ ǽȓȀȌ ȋȈȉȐțȓȄȐȎ ȒȓȈȑ 48 ȝȐȄȑ. ǧ 

ȏȊȄȈȎȌțȓȆȓȀ ȓȘȌ ȉȔȓȓǻȐȘȌ ȄǾȖȄ Ȁȏț 0-3 ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ. ǥȊǽȕȇȆȒȀȌ ȄȈȉțȌȄȑ, ȋțȌȎ ȋȄ ȓȎ 

ȏȐǻȒȈȌȎ ȕǾȊȓȐȎ (FITC), ȉȀȇȝȑ ȉȀȓǻ ȓȆȌ ȆȋǼȐȀ ȊǽȗȆȑ ȓȎ ȋȈȉȐȎȒȉțȏȈȎ ȃȄ ȃȈǼȇȄȓȄ ȓȆ ȊǻȋȏȀ 

ȀȊȎȂțȌȎȔ (ȂȈȀ DIC images, ȝȒȓȄ ȌȀ ȂǾȌȎȔȌ ȎȐȀȓȎǾ ȎȈ ȏȔȐǽȌȄȑ). ǯȈ ȄȈȉțȌȄȑ ȄǾȌȀȈ ȉȀȓǻ 

ȏȄȐǾȏȓȘȒȆ ȄȊȀȕȐȝȑ ȏȐȎȒȀȐȋȎȒȋǼȌȄȑ ȝȒȓȄ ȌȀ ȕȀǾȌȎȌȓȀȈ ȓȀ țȐȈȀ ȓȘȌ ȏȔȐǽȌȘȌ, ȋȈȀȑ ȉȀȈ 

ȃȄȌ ȔȏǽȐȖȄ ǻȊȊȆ ȃȔȌȀȓțȓȆȓȀ ȀȏȄȈȉțȌȈȒȆȑ ȓȘȌ ȏȔȐǽȌȘȌ. 

5.2.1.3 ǬǼȇȎȃȎȑ ȉȀȓȀȋǼȓȐȆȒȆȑ 

ǪȀȇȝȑ ȏȐțȉȄȈȓȀȈ ȂȈȀ ȏȎȊȜ ȖȀȋȆȊǽ ȃțȒȆ, ȂȈȀ ȌȀ ȕȀȌȎȜȌ ȎȈ țȏȎȈȄȑ ȃȈȀȕȎȐǼȑ ȋȄȓȀȍȜ ȓȘȌ 

ȒȔȌȇȆȉȝȌ, ȉȐǾȇȆȉȄ ȒȉțȏȈȋȎ ȌȀ ȀȌȀȊȔȇȎȜȌ ȎȈ ȄȈȉțȌȄȑ ȋȄ ȓȎ ȋǻȓȈ, Șȑ ȏȈȎ ȂȐǽȂȎȐȆ ȋǼȇȎȃȎȑ, 

Ȁȏț ȓȎ ȌȀ ȊȆȕȇȎȜȌ ȄȈȉțȌȄȑ ȉȀȈ ȌȀ ȄȏȄȍȄȐȂȀȒȓȎȜȌ ȋȄ ȉǻȏȎȈȎ Ȁȏț ȓȀ ȃȈȀȇǼȒȈȋȀ ȊȎȂȈȒȋȈȉǻ 

ȉȀȓȀȋǼȓȐȆȒȆȑ ȄȒȓȈȝȌ. ǥȍǻȊȊȎȔ ȃȄȌ ȔȏǽȐȖȄ ȉȀȈ Ȇ ȃȔȌȀȓțȓȆȓȀ ȀȕȎȜ ȂȈȀ ȌȀ ȀȏȄȈȉȎȌȈȒȓȄǾ Ȏ 
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ȏȔȐǽȌȀȑ (ȋǼȒȘ ȓȆȑ ȋȆ ȄȏȈȊȄȉȓȈȉǽȑ ȏȐțȒȃȄȒȆȑ ȓȎȔ ȀȌȓȈȒȝȋȀȓȎȑ), ȎȈ ȄȈȉțȌȄȑ ǽȓȀȌ ȓǼȓȎȈȄȑ 

ȝȒȓȄ ȌȀ ȉǻȌȎȔȌ ȎȐȀȓǽ ȓȆ ȋȆ ȄȏȈȊȄȉȓȈȉǽ ȏȐțȒȃȄȒȆ ȉȀȓǻ ȏȄȐǾȏȓȘȒȆ. ǥȏȎȋǼȌȘȑ ȂȈȀ ȉǻȇȄ 

ȏȊȀȉǻȉȈ ȋȄȓȐǽȇȆȉȀȌ 10 ȎȏȓȈȉǻ ȏȄȃǾȀ ȋȈȉȐȎȒȉȎȏǾȎȔ (30-60 ȉȜȓȓȀȐȀ ǼȉȀȒȓȎ), ȄȌȝ ȓȎ 

ȎȏȓȈȉț ȏȄȃǾȎ ȓȆȑ ȕȘȓȎȂȐȀȕǾȀȑ ȏȄȐȈǼȖȄȈ ȏȄȐǾȏȎȔ 10 ȉȜȓȓȀȐȀ. ǣȈȀ ȉǻȇȄ ȎȏȓȈȉț ȏȄȃǾȎ 

ȋȄȓȐǽȇȆȉȄ Ȏ ȀȐȈȇȋțȑ ȓȘȌ ȉȔȓȓǻȐȘȌ ȏȎȔ ǽȓȀȌ ȂȄȋǻȓȀ ȋȄ ȄȒȓǾȄȑ, ȓȀ ȎȏȎǾȀ ȒȆȋȄȈȝȇȆȉȀȌ Șȑ 

çȋȆ ȀȐȈȇȋǽȒȈȋȀè, ȄȌȝ ȂȈȀ ȓȀ ȔȏțȊȎȈȏȀ ȉȀȓȀȂȐǻȕȆȉȄ ȀȌȀȊȔȓȈȉǻ Ȏ ȀȐȈȇȋțȑ ȄȒȓȈȝȌ ȏȎȔ 

ȏȄȐȈȄǾȖȀȌ. ǲȓȆ ȒȓȀȓȈȒȓȈȉǽ ȀȌǻȊȔȒȆ ȏȎȔ ȀȉȎȊȎȔȇȄǾ, ȎȈ çȄȒȓǾȄȑ / ȉȜȓȓȀȐȎè ȀȌȀȕǼȐȎȌȓȀȈ 

ȒȓȀ çȀȐȈȇȋǽȒȈȋȀè ȉȜȓȓȀȐȀ ȉȀȈ țȖȈ ȒȓȎ ȒȜȌȎȊȎ. ǳȀ ȋȆ ȀȐȈȇȋǽȒȈȋȀ ȓȀ ȀȌȀȕǼȐȎȔȋȄ ȉȀȈ ȓȀ 

ȋȄȓȐǻȋȄ ȂȈȀȓǾ ȀȉȎȊȎȔȇǽȒȀȋȄ ȓȆ ȒȔȊȊȎȂȈȒȓȈȉǽ ȏȎȔ ȊǼȄȈ țȓȈ ȓȀ ȉȜȓȓȀȐȀ ȋȄ ȓȀ ȏǻȋȏȎȊȊȄȑ 

ȄȒȓǾȄȑ ȄǾȌȀȈ ȉȜȓȓȀȐȀ ȏȎȔ ȁȐǾȒȉȎȌȓȀȈ ȒȓȆ ȒȜȌȇȄȒȆ.  

ǧ ȔȏțȇȄȒȆ ȀȔȓǽ ȒȔȌǻȃȄȈ ȋȄ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȓȎȔ ǰǾȌȀȉȀ 5-2, țȏȎȔ ȏȀȐȀȓȆȐȎȜȋȄ țȓȈ ȓȎ 

ȏȎȒȎȒȓț ȓȘȌ çȋȆ ȀȐȈȇȋǽȒȈȋȘȌ ȉȔȓȓǻȐȘȌ ȏǼȕȓȄȈ ȋȄ ȓȎ ȖȐțȌȎ, ȄȌȝ ȀȔȍǻȌȄȓȀȈ Ȏ ȒȔȌȎȊȈȉțȑ 

ȀȐȈȇȋțȑ ȉȔȓȓǻȐȘȌ ȏȎȔ ȏȄȐȈǼȖȎȌȓȀȈ ȋǼȒȀ ȒȄ 10 ȎȏȓȈȉǻ ȏȄȃǾȀ. ǘȐȀ ȉȀȇȝȑ ȕȓǻȌȎȔȋȄ ȒȓȈȑ 

48 ȝȐȄȑ, ȓȀ ȏȊȀȉǻȉȈȀ ȂǾȌȎȌȓȀȈ çȉȎȐȄȒȋǼȌȀè Ȁȏț ȉȜȓȓȀȐȀ, ȉȀȈ ȊțȂȘ ȓȆȑ ȉȀȓǻȒȓȀȒȆȑ 

ȀȔȓǽȑ Ȏ ȐȔȇȋțȑ ȓȆȑ ȒȜȌȇȄȒȆȑ ȋȄȈȝȌȄȓȀȈ. 

ǣȈȀ ȓȎȔȑ ȖȐțȌȎȔȑ 0,5hĄ 6hĄ 48h, ȀȌȈȖȌȄȜȓȆȉȀȌ ȉȜȓȓȀȐȀ ȒȓȆ ȒȜȌȇȄȒȆ 37% Ą 40% Ą 25%. 

ǪȜȓȓȀȐȀ ȀȌǻ ȎȏȓȈȉț ȏȄȃǾȎ 42Ą59Ą49. 

5.2.1.4 ǡȏȎȓȄȊǼȒȋȀȓȀ 

ǰǾȌȀȉȀȑ 5-2 ǡȏȎȓȄȊǼȒȋȀȓȀ ȀȌǻȊȔȒȆȑ ȏȀȊȈȌȃȐțȋȆȒȆȑ ȏȎȔ ǼȂȈȌȄ ȄȏǾ ȓȘȌ ȃȈȀȂȐȀȋȋǻȓȘȌ ȒȔȖȌțȓȆȓȀȑ 
ȂȈȀ ȉǻȇȄ ȒȔȌȇǽȉȆ. ǤǾȌȄȓȀȈ Ȇ ȉȎȐȔȕǽ ȉȀȈ ȓȎ standard error (ȃȆȊȀȃǽ ȓȎ ȒȕǻȊȋȀ ȓȆȑ ȏȐȎȒǼȂȂȈȒȆȑ). 

ǥȒȓǾȄȑ / ȀȐȈȇȋǽȒȈȋȎ ȉȜȓȓȀȐȎ 

peak 0.059 0.039 0.050 peak 0.081 0.040 0.081 peak 0.181 0.085 0.11094 

sterr 0.004 0.002 0.004 sterror  0.004 0.004 0.006 sterr 0.011 0.011 0.0023 

Ctr1 0.5h 6h 48h Ctr2 0.5h 6h 48h Irr  0.5h 6h 48h 

 

ǬȄȓȀȍȜ ȓȘȌ ȒȔȌȇȆȉȝȌ ǼȂȈȌȄ Ȏ ȒȓȀȓȈȒȓȈȉțȑ ǼȊȄȂȖȎȑ T-test (ȒȓȆ ȂȄȌȈȉǽ ȏȄȐǾȏȓȘȒȆ 

two -tailed distribution, two -sample unequal variance), (ǰǾȌȀȉȀȑ 5-3). 

ǰǾȌȀȉȀȑ 5-3: ǲȓȀȓȈȒȓȈȉțȑ ǼȊȄȂȖȎȑ ȋȄȓȀȍȜ ȓȘȌ ȒȔȌȇȆȉȝȌ ȉǻȇȄ ȖȐȎȌȈȉȎȜ ȒȆȋȄǾȎȔ 

Studentõs T-test (two -tailed distribution, two -sample unequal variance)  
0,5h 6h 48h 

Ctr1-Ctr2 Ctr1-IR Ctr2-IR Ctr1-Ctr2 Ctr1-IR Ctr2-IR Ctr1-Ctr2 Ctr1-IR Ctr2-IR 
0.344916 0.037014 0.000192 0.246059 0.007896 0.163083 0.59484 0.966511 0.5461 

- * *** - ** - - - - 
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ǣȈȀ ȓȆȌ ȄȏȈȒȉțȏȆȒȆ ȓȘȌ ȀȏȎȓȄȊȄȒȋǻȓȘȌ ǼȂȈȌȄ ȓȎ ǣȐǻȕȆȋȀ 5-3 țȏȎȔ ȒȔȌȃȔǻȅȎȌȓȀȈ ȓȀ 

ȀȏȎȓȄȊǼȒȋȀȓȀ ȓȘȌ ǰȈȌǻȉȘȌ 5-2 ȉȀȈ 5-3. ǯȈ ȒȓȀȓȈȒȓȈȉȝȑ ȒȆȋȀȌȓȈȉǼȑ ȃȈȀȕȎȐǼȑ 

ȄȏȈȒȆȋȀǾȌȎȌȓȀȈ ȋȄ ȀȒȓȄȐǾȒȉȎȔȑ, ȒȜȋȕȘȌȀ ȋȄ ȓȎȌ ǰǾȌȀȉȀ 5-3. 

ǣȈȀ ȓȆȌ ȄȏȀȊǽȇȄȔȒȆ ȓȆȑ ȔȏțȇȄȒȆȑ țȓȈ ȓȀ ȉȜȓȓȀȐȀ ȏȎȔ ǼȖȎȔȌ ȏǻȐȀ ȏȎȊȊǼȑ ȄȒȓǾȄȑ, ȄǾȌȀȈ 

ȉȜȓȓȀȐȀ ȏȎȔ ȁȐǾȒȉȎȌȓȀȈ ȒȓȆ ǲȜȌȇȄȒȆ, ȀȕȎȜ ȓȀ ȉȀȓȀȋȄȓȐǽȒȀȋȄ ȀȌǻ ȎȏȓȈȉț ȏȄȃǾȎ, 

ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȓȀ ȒȔȌȎȊȈȉǻ ȀȏȎȓȄȊǼȒȋȀȓȀ ȀȌǻ ȏȄȈȐȀȋȀȓȈȉț ȒȆȋȄǾȎ ȒȓȎȌ ȀȉțȊȎȔȇȎ 

ȏǾȌȀȉȀ (ǰǾȌȀȉȀȑ 5-4). ǳȀ ǾȃȈȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȉȀȈ ȒȄ ȃȈǻȂȐȀȋȋȀ 

ȒȔȖȌȎȓǽȓȘȌ ȒȓȎ ǣȐǻȕȆȋȀ 5-4. 

ǣȐǻȕȆȋȀ 5-4 ǡȐȈȇȋțȑ ȓȘȌ ȄȒȓȈȝȌ ȓȆȑ Ȃ-ǧ2ǡǶ ȒȓȀ ȉȜȓȓȀȐȀ ȏȎȔ ȉȐǾȇȆȉȀȌ ȉȀȓǻȊȊȆȊȀ ȂȈȀ 
ȉȀȓȀȋǼȓȐȆȒȆ. ǯ ȒȓȀȓȈȒȓȈȉțȑ ǼȊȄȂȖȎȑ ǼȂȈȌȄ ȀȌǻ ȖȐȎȌȈȉț ȒȆȋȄǾȎ. ǲȓȆ ȋȈȒǽ ȝȐȀ ȄǾȌȀȈ ȀȌȈȖȌȄȜȒȈȋȄȑ ȎȈ 
ȃȈȀȕȎȐǼȑ, ȒȔȂȉȐȈȌțȋȄȌȄȑ ȉȀȈ ȋȄ ȓȀ ȃȜȎ ȏȊȀȉǾȃȈȀ ȄȊǼȂȖȎȔ, ȄȌȝ ȒȓȈȑ 6 ȝȐȄȑ ȋțȌȎ Șȑ ȏȐȎȑ ȓȎ ǼȌȀ. ǲȓȈȑ 
48h ȎȈ țȏȎȈȄȑ ȏȐțȒȇȄȓȄȑ ȁȊǻȁȄȑ ǼȖȎȔȌ ȄȏȈȃȈȎȐȇȘȇȄǾ. 

ǣȐǻȕȆȋȀ 5-3: ȉȀȓȀȋǼȓȐȆȒȆ ȓȎȔ ȏȊȆȇȔȒȋȎȜ ȓȘȌ ȉȔȓȓǻȐȘȌ ȏȎȔ ȏȀȐȎȔȒǾȀȒȀȌ ȋȄȂǻȊȎ ȀȐȈȇȋț 
ȄȒȓȈȝȌ, ȂȈȀ ȓȆȌ ȄȏȀȊǽȇȄȔȒȆ ȓȆȑ ȔȏțȇȄȒȆȑ țȓȈ ȏȐțȉȄȈȓȀȈ ȂȈȀ ȉȜȓȓȀȐȀ ȏȎȔ ȁȐǾȒȉȎȌȓȀȈ ȒȓȆ 
ȒȜȌȇȄȒȆ. ǰȐǻȂȋȀȓȈ ȓȀ ȏȎȒȎȒȓǻ ȒȔȌǻȃȎȔȌ ȋȄ ȀȔȓǽȌ ȓȆȌ ȔȏțȇȄȒȆ. ǥȏǾȒȆȑ ȓȎ ȂȄȂȎȌțȑ țȓȈ ȓȎ 
ȏȎȒȎȒȓț ȋȄȈȝȌȄȓȀȈ ȒȓȈȑ 48h ȒȔȌȆȂȎȐȄǾ ȒȓȆȌ ȔȏțȇȄȒȆ, ȉȀȇȝȑ ȏȐțȉȄȈȓȀȈ ȂȈȀ ȉȎȐȄȒȋț ȓȎȔ 
ȏȊȆȇȔȒȋȎȜ ȉȀȈ ȄȏȎȋǼȌȘȑ ȎȈ ȐȔȇȋȎǾ ȓȆȑ ȒȜȌȇȄȒȆȑ ȏǼȕȓȎȔȌ. 
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ǰǾȌȀȉȀȑ 5-4: ǡȐȈȇȋțȑ ȉȔȓȓǻȐȘȌ ȏȎȔ ȏȀȐȎȔȒȈǻȅȎȔȌ ȏǻȐȀ ȏȎȊȊǼȑ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ (ȋȆ ȋȄȓȐǽȒȈȋȀ 
ȉȜȓȓȀȐȀ) ȒȄ ȒȖǼȒȆ ȋȄ ȓȎ ȒȔȌȎȊȈȉț ȏȊȆȇȔȒȋț ȉȔȓȓǻȐȘȌ, ȂȈȀ ȓȆȌ ȉǻȇȄ ȏȄȈȐȀȋȀȓȈȉǽ ȒȔȌȇǽȉȆ. 

 Ctr1 

0.5h 

Ctr2 

0.5h 

Irr 

0.5h 

Ctr1 

6h 

Ctr2 

6h 

Irr  

6h 

Ctr1 

48h 

Ctr2 

48h 

Irr 

48h 

ȋȄȓȐǽȒȈȋȀ 235 280 290 305 272 299 392 348 345 

ȋȆ ȋȄȓȐǽȒȈȋȀ 183 135 157 164 243 174 128 145 94 

% ȏȎȒȎȒȓț ȋȆ 
ȋȄȓȐǽȒȈȋȘȌ ȄȏǾ 
ȓȎȔ ȒȔȌțȊȎȔ 

44% 33% 35% 34% 47% 37% 25% 30% 22% 

Stdev 
(ȔȏȎȊȎȂȈȒȋǼȌȎ ȀȌǻ 
ȎȏȓȈȉț ȏȄȃǾȎ) 

12% 13% 9% 11% 17% 7% 9% 8% 13% 

5.2.1.5 ǲȔȋȏȄȐǻȒȋȀȓȀ 

1) ǳȎ ȏȄǾȐȀȋȀ ȄǾȌȀȈ ȄȏȈȓȔȖȆȋǼȌȎ ȃȈțȓȈ Ȅȉ ȓȎȔ ȀȏȎȓȄȊǼȒȋȀȓȎȑ ȓȘȌ ȒȓȀȓȈȒȓȈȉȝȌ ȄȊǼȂȖȘȌ t-

test ȒȔȌǻȂȄȓȀȈ țȓȈ ȋȄȓȐǽȒȀȋȄ ȈȉȀȌț ȀȐȈȇȋț ȉȔȓȓǻȐȘȌ ȝȒȓȄ ȌȀ ȄǾȌȀȈ ȀȌȈȖȌȄȜȒȈȋȄȑ ȎȈ 

ȁȊǻȁȄȑ ȒȓȆ 0.5h. 

2) ǛȃȆ Ȁȏț ȓȈȑ 6 h ȓȀ ȉȜȓȓȀȐȀ ǼȖȎȔȌ ȄȏȈȃȈȎȐȇȘȇȄǾ, ȀȔȓț ȋȏȎȐȎȜȋȄ ȌȀ ȓȎ ȀȏȎȕȀȌȇȎȜȋȄ 

ȋȄ ȁȄȁȀȈțȓȆȓȀ, ȃȄȃȎȋǼȌȎȔ țȓȈ ȒȓȆ 0,5 h ȎȈ ȃȈȀȕȎȐǼȑ ȀȉȓȈȌȎȁȎȊȆȋǼȌȎȔ ȉȀȈ Ctr2 ǽȓȀȌ 

ȀȌȈȖȌȄȜȒȈȋȄȑ. 

3) ǧ ȔȏțȇȄȒǽ ȋȀȑ țȓȈ ȓȀ ȉȜȓȓȀȐȀ ȋȄ ȓȈȑ ȏȎȊȊǼȑ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ (çȋȆ ȀȐȈȇȋǽȒȈȋȀè) 

ȀȌȓȈȒȓȎȈȖȎȜȌ ȒȄ ȉȜȓȓȀȐȀ ȒȓȆ ȕǻȒȆ ȓȆȑ ǲȜȌȇȄȒȆȑ ȄǾȌȀȈ ȒȜȋȕȘȌȆ ȋȄ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ Șȑ 

ȏȐȎȑ ȓȆȌ ȀȌȀȊȎȂǾȀ ȏȊȆȇȔȒȋȝȌ ȉȀȇȝȑ ȄȍȄȊǾȒȒȄȓȀȈ Ȏ ȖȐțȌȎȑ.  
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5.2.2  ǥȏȀȂȘȂǽ ȉȀȈ ȄȏȈȃȈțȐȇȘȒȆ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ȒȄ ȊȄȋȕȎȉȜȓȓȀȐȀ ȔȂȈȝȌ 

ȃȎȓȝȌ 

5.2.2.1 ǰȐȎȒȃȈȎȐȈȒȋțȑ ȏȐȘȓȎȉțȊȊȎȔ: 

ǣȈȀ ȓȎȌ ȏȐȎȒȃȈȎȐȈȒȋț ȓȎȔ ȉȀȓǻȊȊȆȊȎȔ ȏȐȘȓȎȉțȊȊȎȔ ȂȈȀ ȀȌȎȒțȖȐȘȒȆ Ȃ-ǧ2ǡǶ ȒȄ 

ȊȄȋȕȎȉȜȓȓȀȐȀ ǼȂȈȌȀȌ ȃȈǻȕȎȐȀ ȏȐȎȉȀȓȀȐȉȓȈȉǻ ȏȄȈȐǻȋȀȓȀ. ǲȓȈȑ 19/12/12 ǼȂȈȌȄ 

ȀȈȋȎȊȆȗǾȀ Ȁȏț ȓȎ ǤțȓȆ ôǤõ, ȀȏȎȋțȌȘȒȆ ȊȄȋȕȎȉȔȓȓǻȐȘȌ ȋȄ ȖȐǽȒȆ ȓȎȔ Biocoll Separating 

Solution (ǵȔȉțȊȆ) ȒȄ ȀȌȀȊȎȂǾȀ ȀǾȋȀȓȎȑ : ǵȔȉțȊȆȑ, 1:1, ȕȔȂȎȉǼȌȓȐȈȒȆ ȂȈȀ 20õ ȒȓȈȑ 1800 

rpm , 35 oC, ȄȏȈȓǻȖȔȌȒȆ=ȄȏȈȁȐǻȃȔȌȒȆ=1. ǲȔȊȊȎȂǽ ȓȘȌ ȊȄȋȕȎȉȔȓȓǻȐȘȌ, ȀȐȀǾȘȒȆ ȒȄ ȃȜȎ 

ȌǼȎȔȑ ȒȘȊǽȌȄȑ, ȋȄ ȏȊǽȐȄȑ ȇȐȄȏȓȈȉț ȋǼȒȎ, ȉȀȈ ȌǼȀ ȕȔȂȎȉǼȌȓȐȈȒȆ ȝȒȓȄ ȌȀ ȍȄȏȊȔȇȎȜȌ ȓȀ 

ȉȜȓȓȀȐȀ Ȁȏț ȓȆ ȕȔȉțȊȆ (1500rpm , 15 min, ȄȏȈȓ=ȄȏȈȁȐ=1). ǡȏțȖȔȒȆ ȔȏȄȐȉȄǾȋȄȌȎȔ ȉȀȈ 

ȄȏȀȌȀȈȝȐȆȒȆ ȒȄ 4 ml ȏȊǽȐȎȔȑ ȋǼȒȎȔ ȂȈȀ ȉǻȇȄ ȒȘȊǽȌȀ. ǡȉȓȈȌȎȁțȊȆȒȆ ȋȄ 0 ȉȀȈ 1 Gy 

(ȀȉȓǾȌȄȑ ðȂ) ȉȀȈ ȄȏȝȀȒȆ ȂȈȀ 45 min  ȒȓȎȔȑ 37 oC. ǡȉȎȊȎȜȇȆȒȄ blockin g ȒȄ 1% BSA ȒȄ PBS 

ȉȀȈ ȄȏȝȀȒȆ ȋȄ ȓȀ 1ry ȀȌȓȈȒȝȋȀȓȀ (mouse, rabbit) ȀȐȀȈȘȋǼȌȀ 1:100 ȒȄ 1% BSA. ǥȏȝȀȒȆ 

ȋȄ ȓȀ ȏȐȘȓȄȜȎȌȓȀ ȀȌȓȈȒȝȋȀȓȀ ȉȀȓǻ ȓȆ ȃȈǻȐȉȄȈȀ ȓȆȑ ȌȜȖȓȀȑ ȉȀȈ ȓȆȌ ȄȏțȋȄȌȆ, ȍǼȏȊȔȋȀ 3 x 

5 min  ȋȄ PBS ȉȀȈ ȏȐȎȒȇǽȉȆ ȃȄȔȓȄȐȄȔțȌȓȘȌ ȀȌȓȈȒȘȋǻȓȘȌ ȒȄ ȀȐȀǾȘȒȆ 1:400 ȒȄ 1% BSA ȂȈȀ 

50õ. ǮǼȏȊȔȋȀ 3 x 5 min  PBS, ǼȌȀ ȂȐǽȂȎȐȎ ȍǼȏȊȔȋȀ ȋȄ ȀȈȇȀȌțȊȆ, ȒȓǼȂȌȘȋȀ ȉȀȈ ȖȐȝȒȆ ȓȘȌ 

ȏȔȐǽȌȘȌ ȋȄ Dapi . ǧ ȏȀȐȀȓǽȐȆȒȆ ȒȓȎ ȋȈȉȐȎȒȉțȏȈȎ ǼȃȄȈȍȄ ȏȎȊȜ ȋȄȂǻȊȎ ȒǽȋȀ ȔȏȎȁǻȇȐȎȔ 

ȉȀȈ ȋǻȊȈȒȓȀ ȄǾȖȄ ȁȀȕȓȄǾ ȉȀȈ ȓȎ ȉȔȓȓȀȐțȏȊȀȒȋȀ.  

ǡȏț ȓȆȌ Ȅȉ ȓȘȌ ȔȒȓǼȐȘȌ ȄȋȏȄȈȐǾȀ, ȉȐǾȌȎȌȓȀȑ ȀȔȓț ȓȎ ȏȐȝȓȎ ȏȐȘȓțȉȎȊȊȎ ȏȀȐȀȓȆȐȎȜȋȄ 

țȓȈ ȎȈ ȀȐȀȈȝȒȄȈȑ ȓȘȌ ȀȌȓȈȒȘȋǻȓȘȌ ǽȓȀȌ ȏȎȊȜ ȋȈȉȐǼȑ (1:100 ȉȀȈ 1:400), ȄȌȝ ȀȔȓǼȑ ȏȎȔ 

ȏȐȎȒȃȈȎȐǾȒȓȆȉȀȌ ȓȄȊȈȉǻ ǽȓȀȌ ȏȎȊȜ ȋȄȂȀȊȜȓȄȐȄȑ (1:1000 ȉȀȈ 1:4000). ǯ ȖȐțȌȎȑ ȄȏȝȀȒȆȑ 

ȋȄ ȓȎ ȏȐȘȓȄȜȎȌ ȀȌȓǾȒȘȋȀ ȓȄȊȈȉǻ ȋȄȈȝȇȆȉȄ ȒȓȆ ȋǾȀ ȝȐȀ, ȓȎ ȒȓǻȃȈȎ ȓȆȑ ȀȕȔȃǻȓȘȒȆȑ ȋȄ 

ȀȈȇȀȌțȊȆ ȏȀȐȀȓǻȇȆȉȄ ȒȓȀ 15 min . ǧ ȒȔȂȉǼȌȓȐȘȒȆ ȓȎȔ BSA ȒȓȎ blocking  solution  

ȃȄȉȀȏȊȀȒȈǻȒȓȆȉȄ, ȄȌȝ ȏȐȎȒȓǼȇȆȉȄ ȉȀȈ FBS ȉȀȈ ȊǾȂȎ triton -X (10%, 6% ȉȀȈ 0.02% v/ v, 

ȀȌȓǾȒȓȎȈȖȀ).  

ǲȓȈȑ 11/2/13 ȉȀȈ ȀȕȎȜ ȄǾȖȀȌ ȋȄȒȎȊȀȁǽȒȄȈ ǻȊȊȀ ȏȄȈȐǻȋȀȓȀ ȒȄ ȉȜȓȓȀȐȀ MCF7, ǼȂȈȌȄ 

ȏȄǾȐȀȋȀ ȋȄ ȊȄȋȕȎȉȜȓȓȀȐȀ ȓȎȔ ǤțȓȆ ôǦõ țȏȎȔ ȃȎȉȈȋǻȒȓȆȉȄ Ȇ ȄȏȝȀȒȆ ȓȘȌ ȊȄȋȕȎȉȔȓȓǻȐȘȌ 

ȒȄ ȔȏțȓȎȌȎ ȃȈǻȊȔȋȀ KCl  (75 mǬ) ȝȒȓȄ ȌȀ ȃȈȎȂȉȘȇȎȜȌ ȂȈȀ ȌȀ ȂǾȌȎȔȌ ȄȔȉȎȊțȓȄȐȀ 

ȋȄȓȐǽȒȈȋȄȑ ȎȈ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ, ȄȏǾȒȆȑ ȄȏȈȏȊǼȎȌ ȃȎȉȈȋǻȒȓȆȉȄ ȌȀ ȀȕȄȇȎȜȌ ȌȀ ȒȓȄȂȌȝȒȎȔȌ 

ȓȀ ȉȜȓȓȀȐȀ ȏȐȈȌ ȓȆ ȋȎȌȈȋȎȏȎǾȆȒȆ, ȉȀȈ ȃȎȉȈȋǻȒȓȆȉȄ Ȇ ȄȏȝȀȒȆ ȒȄ ȔȏțȓȎȌȎ ȏȎȔ ȏȄȐȈǼȖȄȈ 

0,1% triton -X ȉȀȈ ȌȀ ȀȕȄȇȎȜȌ ȌȀ ȒȓȄȂȌȝȒȎȔȌ. ǯȈ ȒȔȌȇǽȉȄȑ ȏȎȔ ȄǾȖȀȌ ȏȐȎȒȃȈȎȐȈȒȓȄǾ Ȁȏț 

ǻȊȊȀ ȏȄȈȐǻȋȀȓȀ ȄǾȌȀȈ ȎȈ ȀȉțȊȎȔȇȄȑ: Ȁ) Ȇ ȒȜȒȓȀȒȆ ȓȎȔ blocking solution (10% BSA, 6% 
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FBS, 0.02% Triton X), ȁ) Ȇ ȀȐȀǾȘȒȆ ȓȎȔ ȏȐȘȓȄȜȎȌȓȎȑ ȀȌȓȈȒȝȋȀȓȎȑ (1:1000), Ȃ) ǳȀ ȉȜȓȓȀȐȀ 

ȄȏȘǻȅȎȌȓȀȈ ȋȄ ȓȎ ȏȐȘȓȄȜȎȌ ȀȌȓǾȒȘȋȀ ȂȈȀ 24h,  

 

ǥȈȉțȌȀ 5-2: ǥȈȉțȌȄȑ Ȁȏț ȓȎ ȋȈȉȐȎȒȉțȏȈȎ ȂȈȀ ȓȈȑ ȒȔȌȇǽȉȄȑ ǡ) ȁȜȇȈȒȆ ȒȄ ȔȏțȓȎȌȎ ȃȈǻȊȔȋȀ (KCl 75 
mM) ȏȐȈȌ ȓȆ ȋȎȌȈȋȎȏȎǾȆȒȆ, Ǣ) ȁȜȇȈȒȆ ȒȄ ȔȏțȓȎȌȎ ȉȀȈ ȒȓǼȂȌȘȋȀ ȏȐȈȌ ȓȆ ȋȎȌȈȋȎȏȎǾȆȒȆ ȉȀȈ ǣ) 
ȁȜȇȈȒȆ ȒȄ ȔȏțȓȎȌȎ ȏȎȔ ȏȄȐȈǼȖȄȈ 1% triton-X. ǰȀȐȀȓȆȐǽȒȀȋȄ țȓȈ ȓȎ ȔȏțȓȎȌȎ ȁȄȊȓȈȝȌȄȈ ȓȆȌ ȄȈȉțȌȀ 
ȒȄ ȒȖǼȒȆ ȋȄ ȏȐȎȆȂȎȜȋȄȌȎ ȏȄǾȐȀȋȀ, țȓȈ ȓȎ ȒȓǼȂȌȘȋȀ ȏȐȈȌ ȓȆ ȋȎȌȈȋȎȏȎǾȆȒȆ ȖȀȊǻȄȈ ȓȆ ȋȎȐȕȎȊȎȂǾȀ ȉȀȈ 
ȈȃȈȀȈȓǼȐȘȑ ȓȎ ȃȈǻȊȔȋȀ ȏȎȔ ȏȄȐȈȄǾȖȄ ȉȀȈ triton-X ȏȀȐȎȔȒǾȀȒȄ ȎȊȎȉȊȆȐȘȓȈȉǽ ȉȀȓȀȒȓȐȎȕǽ ȓȆȑ 
ȋȎȐȕȎȊȎȂǾȀȑ ȉȀȈ ȀȃȔȌȀȋǾȀ ȖȐȝȒȆȑ. ǨȀ ȋȏȎȐȎȜȒȄ ȌȀ ȄȏȀȌȄȍȄȓȀȒȓȄǾ ȓȎ ȒȓǼȂȌȘȋȀ ȒȄ ȋȄȊȊȎȌȓȈȉǻ 
ȏȄȈȐǻȋȀȓȀ ȋȄ ȀȔȒȓȆȐǻ ȋȄȓȐȆȋǼȌȎ ȓȎ ȖȐțȌȎ ȏȎȔ ȀȕǽȌȎȌȓȀȈ ȌȀ ȒȓȄȂȌȝȒȎȔȌ ȓȀ ȉȜȓȓȀȐȀ. 

ȃ) Ȇ ȀȐȀǾȘȒȆ ȓȎȔ ȃȄȔȓȄȐȄȜȎȌȓȎȑ ȀȌȓȈȒȝȋȀȓȎȑ (1:4000), Ȅ) ȓȎ ȂȄȂȎȌțȑ țȓȈ ȂǾȌȄȓȀȈ blocking 

ȉȀȈ ȏȐȈȌ ȓȎ ȃȄȔȓȄȐȄȜȎȌ ȀȌȓǾȒȘȋȀ ȉȀȈ Ȓȓ) Ȇ ȀȕȔȃǻȓȘȒȆ ȂǾȌȄȓȀȈ ȋȄ ȋǾȀ ȁȜȇȈȒȆ ȂȈȀ 10 min 

ȒȄ 100% ȀȈȇȀȌțȊȆ ȒȓȎȔȑ -20 oC (ȄǾȖȀȌ ȋȄȒȎȊȀȁǽȒȄȈ ȏȄȈȐǻȋȀȓȀ țȏȎȔ ȃȎȉȈȋǻȒȓȆȉȄ Ȇ 

ȃȈȀȃȎȖȈȉǽ ȁȜȇȈȒȆ ȒȄ ȃȈȀȊȜȋȀȓȀ ȀȈȇȀȌțȊȆȑ 70%, 90% ȉȀȈ 100%, țȏȎȔ Ȇ ȃȈȀȃȎȖȈȉǽ ȁȜȇȈȒȆ 

ȃȄȌ ǼȃȄȈȍȄ ȃȈȀȕȎȐǻ Ȁȏț ȓȆȌ ȄȕǻȏȀȍ ȒȄ 100% ȀȈȇȀȌțȊȆ). ǡȏț ȀȔȓț ȓȎ ȏȄǾȐȀȋȀ 

ȒȔȋȏȄȐǻȌȀȋȄ țȓȈ ȓȎ ȒȓǼȂȌȘȋȀ ȏȐȈȌ ȓȆ ȋȎȌȈȋȎȏȎǾȆȒȆ ȄǾȖȄ ȏȎȊȜ ȀȐȌȆȓȈȉǼȑ ȄȏȈȏȓȝȒȄȈȑ ȒȓȆȌ 
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ȓȄȊȈȉǽ ȀȏȄȈȉțȌȈȒȆ (ǥȈȉțȌȀ 5-2). ǲȓȈȑ 9/9/13 ȊȄȋȕȎȉȜȓȓȀȐȀ ȓȎȔ ǤțȓȆ ôǡõ ȄȉȓǼȇȆȉȀȌ ȒȄ 0, 

1 ȉȀȈ 2 Gy ȀȉȓȈȌȎȁȎȊǾȀȑ-Ȃ. ǳȄȊȈȉȝȑ țȋȘȑ Ȇ ȋȎȌȈȋȎȏȎǾȆȒȆ ǼȂȈȌȄ ȒȓȀ 140õ ȋȄȓǻ ȓȆȌ 

ȀȉȓȈȌȎȁțȊȆȒȆ, ȄȌȝ Ȏ ȒȓțȖȎȑ ǽȓȀȌ ȓȀ 60õ. ǡȏț ȀȔȓț ȓȎ ȏȄǾȐȀȋȀ ȏȐȎǼȉȔȗȄ țȓȈ ȊțȂȘ ȓȎȔ 

ȔȗȆȊȎȜ ȔȏțȁȀȇȐȎȔ ȏȎȔ ȏȀȐȎȔȒǾȀȅȄ ȒȓȎ ȉțȉȉȈȌȎ ȖȐȝȋȀ (Ȃ-ǧ2ǡǶ) Ȇ ȄȏȝȀȒȆ ȋȄ ȓȎ 

ȏȐȘȓȄȜȎȌ ȀȌȓǾȒȘȋȀ Ȁȏț ȓȆȌ ȎȊȎȌȜȉȓȈȀ ȄȏȝȀȒȆ ǼȏȐȄȏȄ ȌȀ ȋȄȈȘȇȄǾ. 

5.2.2.2 ǰȄȈȐǻȋȀȓȀ ȒȜȋȕȘȌȀ ȋȄ ȓȎ ȓȄȊȈȉț ȏȐȘȓțȉȎȊȊȎ 

ǳȀ ȏȄȈȐǻȋȀȓȀ ȏȎȔ ȀȉȎȊȎȜȇȆȒȀȌ, ȀȕȎȐȎȜȒȀȌ ȓȐȄȈȑ ȔȂȈȄǾȑ ȃțȓȄȑ ȄȉȓȄȊǼȒȓȆȉȀȌ ȒȄ 

ȃȈȀȕȎȐȄȓȈȉǼȑ ȆȋȄȐȎȋȆȌǾȄȑ, ȉȀȈ ȒȔȌȃȔȀȅțȋȄȌȀ, ȊȀȋȁǻȌȎȌȓȀȑ ȔȏțȗȆ ȓȈȑ țȏȎȈȄȑ 

ȈȃȈȀȈȓȄȐțȓȆȓȄȑ ȓȎȔ ȉǻȇȄ ȄȌțȑ, ǼȃȘȒȀȌ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȏȎȔ ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȒȓȆ ȒȔȌǼȖȄȈȀ. 

ǲȔȂȉȄȉȐȈȋǼȌȀ, ȒȓȈȑ 18/9/13 ȊȄȋȕȎȉȜȓȓȀȐȀ ȓȎȔ ǤțȓȆ ôǩõ ȀȉȓȈȌȎȁȎȊǽȇȆȉȀȌ ȋȄ ȏȆȂǽ ðȂ ȒȓȀ 

0, 0.2, 0.5, 1 ȉȀȈ 2 Gy. ǧ ȋȎȌȈȋȎȏȎǾȆȒȆ ǼȂȈȌȄ ȒȓȀ 60õ ȋȄȓǻ ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ. ǲȓȈȑ 2/10/13 

ȊȄȋȕȎȉȜȓȓȀȐȀ ȓȎȔ ǤțȓȆ ôǩõ ȀȉȓȈȌȎȁȎȊǽȇȆȉȀȌ ȋȄ 0 ȉȀȈ 1 Gy ȀȉȓȈȌȎȁȎȊǾȀȑ-Ȃ ȉȀȈ ȀȕǼȇȆȉȀȌ 

ȌȀ ȄȏȈȃȈȎȐȇȘȇȎȜȌ ȂȈȀ 20õ, 6h, 12h, 24 h ȉȀȈ 48h. ǲȔȂȉȄȉȐȈȋǼȌȀ ȓȎ ȒȆȋȄǾȎ ȓȘȌ 20õ 

ȇȄȘȐǽȇȆȉȄ Șȑ ȓǼȓȎȈȎ, ȄȌȝ ȒȓȆȌ ȏȐȀȂȋȀȓȈȉțȓȆȓȀ Ȏ ȒȓțȖȎȑ ǽȓȀȌ ȌȀ ȄǾȌȀȈ ô0õh, ȃȆȊȀȃǽ ȌȀ 

ȋȎȌȈȋȎȏȎȈȆȇȄǾ țȒȎ ȓȎ ȃȔȌȀȓțȌ ȂȐȆȂȎȐțȓȄȐȀ ȋȄȓǻ ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ. ǯ ȖȐțȌȎȑ ȏȎȔ 

ȋȄȒȎȊǻȁȆȒȄ ȂȈȀ ȀȔȓǻ ȓȀ ȉȜȓȓȀȐȀ, ȀȕțȓȎȔ ȁȂǽȉȀȌ Ȁȏț ȓȎȌ ȏǻȂȎ ȋǼȖȐȈ ȓȆ ȋȎȌȈȋȎȏȎǾȆȒȆ, 

ǽȓȀȌ 50õ ȉȀȈ ȄȕțȒȎȌ Ȇ ȏȀȐȀȓǽȐȆȒȆ ȒȓȎ ȋȈȉȐȎȒȉțȏȈȎ ǼȃȄȈȍȄ țȓȈ ȄǾȖȀȌ ȄȏȀȖȇȄǾ ȏȎȊȊǼȑ 

ȁȊǻȁȄȑ, Ȏ ȖȐțȌȎȑ ȀȔȓțȑ ȃȄ ȋȏȎȐȎȜȒȄ ȌȀ ȇȄȘȐȆȇȄǾ ȋȆȃȄȌȈȉțȑ, ȉȀȈ ȉȀȇȝȑ ȃȄȌ ȄǾȖȀȌ ȋȏȄȈ 

ȉȀȇțȊȎȔ ȒȓȎȌ ȉȊǾȁȀȌȎ ȇȄȘȐǽȇȆȉȄ țȓȈ ȀȌȓȈȒȓȎȈȖȎȜȌ ȒȓȀ 20õ. ǲȓȈȑ 22/12/13 ȊȄȋȕȎȉȜȓȓȀȐȀ 

ȓȎȔ ǤțȓȆ ôǡõ ȄȉȓǼȇȆȉȀȌ ȒȄ ȀȉȓǾȌȄȑðȂ 0, ȉȀȈ 1 Gy, ȉȀȈ ȀȕǼȇȆȉȀȌ ȌȀ ȄȏȈȃȈȎȐȇȘȇȎȜȌ ȂȈȀ 1, 

6, 12 ȉȀȈ 24 h. ǥȏǾȒȆȑ ȀȉȓȈȌȎȁȎȊǽȇȆȉȀȌ ȋȄ 0.2 ȉȀȈ 0.5 Gy ȉȀȈ ȀȕǼȇȆȉȀȌ ȂȈȀ 1 h, ȝȒȓȄ ȌȀ 

ȔȏǻȐȖȄȈ ȀȌȀȊȎȂǾȀ ȋȄ ȓȀ ȊȄȋȕȎȉȜȓȓȀȐȀ ȓȎȔ ǤțȓȆ ôǩõ. ǤȈȄȔȉȐȈȌǾȅȄȓȀȈ țȓȈ țȓȀȌ ȊǼȋȄ țȓȈ 

ȀȕǼȇȆȉȀȌ ȂȈȀ 1 h, ȄȌȌȎȎȜȋȄ țȓȈ ȒȓȎȌ ȉȊǾȁȀȌȎ ȄȏȘǻȅȎȌȓȀȈ ȂȈȀ 20õ ȉȀȈ ȇȄȘȐȝȌȓȀȑ țȓȈ Ȇ 

ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ȉȔȓȓǻȐȘȌ ȒȔȌȄȖǾȅȄȓȀȈ ȉȀȓǻ ȓȆ ȃȈǻȐȉȄȈȀ ȓȎȔ ȖȄȈȐȈȒȋȎȜ ȓȎȔȑ ȋǼȖȐȈ ȓȆ 

ȋȎȌȈȋȎȏȎǾȆȒȆ. ǲȓȎ ȒȔȂȉȄȉȐȈȋǼȌȎ ȏȄǾȐȀȋȀ, ȓȀ ȉȜȓȓȀȐȀ Ȁȏț ȓȆ ȒȓȈȂȋǽ ȓȆȑ ȀȉȓȈȌȎȁțȊȆȒȆȑ, 

ȋȏǽȉȀȌ ȒȓȎȌ ȏǻȂȎ ȂȈȀ 15õ ȋǼȖȐȈ ȌȀ ȕȓǻȒȎȔȌ ȒȓȎȌ ȉȊǾȁȀȌȎ ȉȀȈ ȓȄȊȈȉȝȑ Ȏ ȖȐțȌȎȑ Ȁȏț ȓȆ 

ȒȓȈȂȋǽ ȓȆȑ ȀȉȓȈȌȎȁțȊȆȒȆȑ ȋǼȖȐȈ ȓȆ ȒȓȈȂȋǽ ȓȆȑ ǼȌȀȐȍȆȑ ȓȆȑ ȋȎȌȈȋȎȏȎǾȆȒȆȑ ǽȓȀȌ 75õ. ǲȓȈȑ 

9/12/13  ȊȄȋȕȎȉȜȓȓȀȐȀ ȓȎȔ ǤțȓȆ ôǦõ ȀȉȓȈȌȎȁȎȊǽȇȆȉȀȌ ȋȄ 0 ȉȀȈ 1 Gy (ȀȉȓǾȌȄȑ ðȂ) ȉȀȈ 

ȀȕǼȇȆȉȀȌ ȌȀ ȄȏȈȃȈȎȐȇȘȇȎȜȌ ȂȈȀ 1, 6, 12, 24 ȉȀȈ 48 h. ǯȋȎǾȘȑ ȉȀȈ Ȅȃȝ ȓȀ ȊȄȋȕȎȉȜȓȓȀȐȀ 

ȏȎȔ ȀȏȎȓȄȊȎȜȌ ȓȎ ȏȄȈȐȀȋȀȓȈȉț ȒȆȋȄǾȎ ȓȆȑ 1 h ȄȏȘǻȒȓȆȉȀȌ ȒȓȎȌ ȉȊǾȁȀȌȎ ȂȈȀ 20õ, ȄȌȝ Ȏ 

ȖȐțȌȎȑ ȏȎȔ ȋȄȒȎȊǻȁȆȒȄ Ȁȏț ȓȆ ȒȓȈȂȋǽ ȏȎȔ ȋȏǽȉȀȌ ȒȓȎȌ ȉȊǾȁȀȌȎ ǼȘȑ ȓȆȌ ǼȌȀȐȍȆ ȓȆȑ 

ȋȎȌȈȋȎȏȎǾȆȒȆȑ ǽȓȀȌ 80õ. ǲȓȈȑ 16/01/14, ȒȓȎ ǤțȓȆ ôǡõ ȀȕțȓȎȔ ȄǾȖȄ ȊǻȁȄȈ ȀȌȓȈȕȊȄȂȋȎȌȝȃȆ 

ȄȏǾ ȃȜȎ ȄȁȃȎȋǻȃȄȑ ǼȂȈȌȄ ȀȈȋȎȊȆȗǾȀ, ȂȈȀ ȌȀ ȄȊȄȂȖȇȄǾ ȄǻȌ Ȇ țȏȎȈȀ ȄȏǾȏȓȘȒȆ ȒȓȆȌ 
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ȄȏȈȃȈȎȐȇȘȓȈȉǽ ȈȉȀȌțȓȆȓȀ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ȄǾȌȀȈ ȀȌȈȖȌȄȜȒȈȋȆ ȋȄ ȓȆ ȒȔȂȉȄȉȐȈȋǼȌȆ 

ȋǼȇȎȃȎ, ȉȀȈ ȄȕțȒȎȌ ȇȀ ǽȓȀȌ ȀȌȈȖȌȄȜȒȈȋȆ ȇȀ ȂȈȌțȓȀȌ ȄȉȓǾȋȆȒȆ ȓȆȑ ȄȏǾȃȐȀȒȆȑ ȀȔȓǽȑ.  

5.2.2.3 ǪȀȋȏȜȊȆ ȃțȒȆȑ ðȀȏțȉȐȈȒȆȑ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ DNA  ȒȄ ȊȄȋȕȎȉȜȓȓȀȐȀ 

ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ ðȂ  

ǲȔȌȃȔȀȅțȋȄȌȀ ȓȀ ȏȄȈȐǻȋȀȓȀ ȏȎȔ ȏȀȐȎȔȒȈǻȒȓȆȉȀȌ ȒȓȆȌ ȏȐȎȆȂȎȜȋȄȌȆ ȏȀȐǻȂȐȀȕȎ 

ȃǾȌȎȔȌ ȓȆȌ ȄȍǻȐȓȆȒȆ ȓȆȑ ȄȏȀȂȘȂǽȑ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ Ȁȏț ȓȆ ȃțȒȆ ȀȉȓȈȌȎȁȎȊǾȀȑ.  

ǧ ȉȀȋȏȜȊȆ ȏȎȔ ȏȄȐȌǻ Ȁȏț ȓȀ ȒȆȋȄǾȀ ȄǾȌȀȈ ȋȄ ȉȀȊǽ ȏȐȎȒǼȂȂȈȒȆ (R2=0.9863) ȂȐȀȋȋȈȉǽ, 

ȄǻȌ ȉǻȌȎȔȋȄ ȋǼȇȎȃȎ ȄȊȀȖǾȒȓȘȌ ȓȄȓȐȀȂȝȌȘȌ ȇȄȘȐȝȌȓȀȑ țȓȈ ȓȀ ȃȄȃȎȋǼȌȀ ȂȈȀ țȊȎȔȑ ȓȎȔȑ 

ȃțȓȄȑ ȄǾȌȀȈ ȀȏȎȓȄȊǼȒȋȀȓȀ ȓȎȔ ǾȃȈȎȔ ȏȄȈȐǻȋȀȓȎȑ (y=7.5042x + 0.9535). ǧ ȉȀȋȏȜȊȆ ȏȎȔ 

ȏȀȐȎȔȒȈǻȅȄȓȀȈ Ȅȃȝ ǼȖȄȈ ȏȐȎȉȜȗȄȈ ȉȀȈ ȏǻȊȈ ȋȄ ȓȆ ȋǼȇȎȃȎ ȓȘȌ ȄȊȀȖǾȒȓȘȌ ȓȄȓȐȀȂȝȌȘȌ, ȀȊȊǻ 

ȂȈȀ ȓȎȌ ȉǻȇȄ ȃțȓȆ ȖȘȐȈȒȓǻ ȉȀȈ Șȑ ȒȔȌȓȄȊȄȒȓǼȑ ǼȖȎȔȌ ȇȄȘȐȆȇȄǾ ȎȈ ȋǼȒȎȈ țȐȎȈ ȓȘȌ 

ȀȌȓǾȒȓȎȈȖȘȌ ȒȔȌȓȄȊȄȒȓȝȌ. 

 

ǣȐǻȕȆȋȀ 5-5: ǪȀȋȏȜȊǽ ȃțȒȆȑ-ȀȏțȉȐȈȒȆȑ ȂȈȀ ȊȄȋȕȎȉȜȓȓȀȐȀ ȔȂȈȝȌ ȃȎȓȝȌ ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ 
ȀȉȓȈȌȎȁȎȊǾȀ ðȂ, ȒȓȆ 1 h ȋȄȓǻ ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ. ǯ ȀȐȈȇȋțȑ ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ ȇȄȘȐȄǾȓȀȈ ȋȄ 
ȀȐȉȄȓǽ ȁȄȁȀȈțȓȆȓȀ țȓȈ ȈȒȎȃȔȌȀȋȄǾ ȋȄ ȓȎȌ ȀȐȈȇȋț ȓȘȌ ǤǪǨ DNA. ǣȈȀ ȓȎ ȄȜȐȎȑ ȃțȒȄȘȌ ȏȎȔ ȄȍȄȓǻȒȓȆȉȄ 
Ȇ ȄȍǻȐȓȆȒȆ ȓȎȔ ȀȐȈȇȋȎȜ ȓȘȌ ȀȌȈȖȌȄȔțȋȄȌȘȌ ǤǪǨ ȄǾȌȀȈ ȋȄ ȉȀȊǽ ȏȐȎȒǼȂȂȈȒȆ ȂȐȀȋȋȈȉǽ. 

ǧ ȄȔȇȄǾȀ ȏȎȔ ȏȐȎǼȉȔȗȄ (ǣȐǻȕȆȋȀ 5-5) ȃǾȌȄȈ ȀȐȈȇȋț ȄȒȓȈȝȌ ȀȌǻ ȉȜȓȓȀȐȎ ȒȓȎ 1 Gy ǾȒȎ ȋȄ 

7,6 ȉȀȈ ȀȐȈȇȋț ȄȌȃȎȂȄȌȝȌ ȁȊȀȁȝȌ 0,9 ȀȌǻ ȉȜȓȓȀȐȎ. ǴȏȄȌȇȔȋǾȅȄȓȀȈ ȒȓȎ ȒȆȋȄǾȎ ȀȔȓț țȓȈ ȓȀ 

ȊȄȋȕȎȉȜȓȓȀȐȀ ȏȎȔ ȀȉȓȈȌȎȁȎȊǽȇȆȒȀȌ ȏȐȎǼȐȖȎȌȓȀȈ Ȁȏț ȔȂȈȄǾȑ ȃțȓȄȑ, ǻȐȀ ȃȄȌ ǼȖȎȔȌ 

ȄȏȈȏȊǼȎȌ ȀȐȈȇȋț ȖȐȘȋȎȒȘȋǻȓȘȌ, țȏȘȑ ȒȔȋȁȀǾȌȄȈ ȋȄ ȓȈȑ ȉȀȐȉȈȌȈȉǼȑ ȒȄȈȐǼȑ ȏȎȔ 

y = 7.563x + 0.9106
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ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȒȓȀ ȄȏțȋȄȌȀ. ǥȏȈȏȊǼȎȌ ȓȀ ȊȄȋȕȎȉȜȓȓȀȐȀ ȓȎȔ ȏȄȐȈȕȄȐȈȉȎȜ ȀǾȋȀȓȎȑ 

ȁȐǾȒȉȎȌȓȀȈ ȀȌǻ ȏǻȒȀ ȒȓȈȂȋǽ ȒȓȆ ȕǻȒȆ G0 ȓȎȔ ȉȔȓȓȀȐȈȉȎȜ ȉȜȉȊȎȔ, ȄȏȎȋǼȌȘȑ ȃȄȌ ȔȏǻȐȖȄȈ 

ȏȄȐǾȏȓȘȒȆ ȌȀ ȁȐǾȒȉȎȌȓȀȈ ȒȓȆ ǲȜȌȇȄȒȆ ǽ ȌȀ ǼȖȎȔȌ ȃȈȏȊȀȒȈǻȒȄȈ ȓȎ DNA  ȓȎȔȑ, țȏȘȑ 

ȒȔȋȁȀǾȌȄȈ ȋȄ ȓȀ ȉȜȓȓȀȐȀ ȏȎȔ ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȒȓȆ ȒȔȌǼȖȄȈȀ. ǯȈ ȃȜȎ ȀȔȓȎǾ ȊțȂȎȈ ȉǻȌȎȔȌ 

ȓȀ ȊȄȋȕȎȉȜȓȓȀȐȀ ȌȀ ǼȖȎȔȌ ȓȎ ȋȈȉȐțȓȄȐȎ ȀȐȈȇȋț ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ȂȈȀ ȓȎ 1 Gy 

ȀȉȓȈȌȎȁȎȊǾȀȑ ðȂ, ȒȄ ȒȜȂȉȐȈȒȆ ȋȄ ȓȀ ǻȊȊȀ ȉȜȓȓȀȐȀ ȏȎȔ ȄȍȄȓǻȅȎȌȓȀȈ ȒȓȆ ȃȈȀȓȐȈȁǽ. 

ǲȆȋȄȈȝȌȄȓȀȈ țȓȈ Ȇ ȄȍǻȐȓȆȒȆ ȓȆȑ ȃțȒȆȑ ȋȄ ȓȎȌ ȀȐȈȇȋț ȓȘȌ ȀȐȈȇȋț ȓȘȌ ǤǪǨ ȄȍȄȓǻȅȄȓȀȈ ȒȓȎ 

ȖȐȎȌȈȉț ȒȆȋȄǾȎ ȓȆȑ 1 h ȋȄȓǻ ȓȆȌ ǼȉȇȄȒȆ, ȃȈțȓȈ ȓțȓȄ ȎȈ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ ȄȋȕȀȌǾȅȎȔȌ ȓȎ 

ȋǼȂȈȒȓȎ ȀȐȈȇȋț ȓȎȔȑ.  

5.2.2.4 ǥȏȀȂȘȂǽ ȉȀȈ ȄȏȈȃȈțȐȇȘȒȆ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ DNA  ȒȄ ȊȄȋȕȎȉȜȓȓȀȐȀ 

ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ 1 Gy ȀȉȓǾȌȘȌ ðȂ (ȖȐȎȌȈȉǽ ȄȍǼȊȈȍȆ) 

ǣȈȀ ȓȆ ȋȄȊǼȓȆ ȓȆȑ ȖȐȎȌȈȉǽȑ ȄȍǼȊȈȍȆȑ ȓȘȌ ǤǪǨ DNA  ȄȏȈȊǼȂȄȓȀȈ Ȇ ȃțȒȆ ȓȎȔ 1 Gy, Ȇ ȎȏȎǾȀ 

ȂȄȌȈȉțȓȄȐȀ ȒȓȆ ȁȈȁȊȈȎȂȐȀȕǾȀ ȀȏȎȓȄȊȄǾ ȃțȒȆ ȀȌȀȕȎȐǻȑ, ȂȈȀ țȒȎȔȑ ȄȐȂǻȅȎȌȓȀȈ ȋȄ 

ȀȉȓȈȌȎȁȎȊǾȄȑ ȒȖȄȓȈȅțȋȄȌȄȑ ȋȄ ȓȆȌ ȀȉȓȈȌȎȇȄȐȀȏȄǾȀ. ǤȈȄȔȉȐȈȌǾȅȄȓȀȈ ȒȓȎ ȒȆȋȄǾȎ ȀȔȓț, țȓȈ Ȇ 

ȄȍǼȓȀȒȆ ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ ȃȄȌ ȓȀȔȓǾȅȄȓȀȈ ȀȏȀȐȀȈȓǽȓȘȑ ȖȐȎȌȈȉǻ ȋȄ ȓȈȑ ǾȃȈȄȑ ȓȈȑ 

ȁȊǻȁȄȑ, ȀȊȊǻ ȉȔȐǾȘȑ ȏȄȐȈȂȐǻȕȄȈ ȓȆ ȒȔȋȏȄȐȈȕȎȐǻ ȓȆȑ ȒȔȂȉȄȉȐȈȋǼȌȆȑ ȏȐȘȓȄǠȌȆȑ. ǧ 

ȏȐȎȒǼȂȂȈȒȆ ȓȎȔ ǼȋȋȄȒȎȔ ȀȌȎȒȎȕȇȎȐȈȒȋȎȜ ȄȋȏȄȐȈǼȖȄȈ ȀȔȓț ȓȎ ȋȄȈȎȌǼȉȓȆȋȀ, ȀȊȊǻ ȄȕțȒȎȌ 

Ȏ ȀȌȀȂȌȝȒȓȆȑ ȄǾȌȀȈ ȄȌǽȋȄȐȎȑ, ȃȄȌ ȔȏǻȐȖȄȈ ȉǾȌȃȔȌȎȑ ȒȜȂȖȔȒȆȑ. ǣȈȀ ȓȈȑ ȀȌǻȂȉȄȑ ȓȆȑ 

ȏȀȐȎȜȒȀȑ ȃȈȀȓȐȈȁǽȑ, ȇȀ ȇȄȘȐȎȜȋȄ țȓȈ ȓȀȔȓǾȅȎȌȓȀȈ ȎȈ ȖȐțȌȎȈ, ȄȈȃȈȉțȓȄȐȀ ȀȔȓǽ Ȇ ȏȀȐȀȃȎȖǽ 

ȋȏȎȐȄǾ ȌȀ ȂǾȌȄȈ ȂȈȀ ȖȐțȌȎȔȑ ȋȄȂȀȊȜȓȄȐȎȔȑ ȓȘȌ 12 h. ǡȌ ȄȍȄȓȀȒȓȄǾ ȒȔȂȉȄȉȐȈȋǼȌȀ ȓȎ 

ȖȐȎȌȈȉț ȒȆȋȄǾȎ ȓȆȑ ȋȈȀȑ ȝȐȀȑ ȏȀȐȀȓȆȐȎȜȋȄ țȓȈ ȄȉȄǾ ȄȋȕȀȌǾȅȄȓȀȈ ȓȎ ȋǼȂȈȒȓȎ, ȄȌȝ, țȏȘȑ 

ȄǾȌȀȈ ȀȌȓȈȊȆȏȓț ȎȈ ǾȃȈȄȑ ȎȈ ȁȊǻȁȄȑ ȄȏǻȂȎȌȓȀȈ ȓȆ ȒȓȈȂȋǽ ȓȆȑ ȀȉȓȈȌȎȁțȊȆȒȆȑ, țȋȘȑ ȎȈ ȄȒȓǾȄȑ 

ȕȇȎȐȈȒȋȎȜ ȖȐȄȈǻȅȎȌȓȀȈ ȖȐțȌȎ ȂȈȀ ȌȀ ȒȖȆȋȀȓȈȒȓȎȜȌ, ȀȉȐȈȁȝȑ ȄȏȄȈȃǽ ȀȌȓȈȉȀȓȎȏȓȐǾȅȎȔȌ 

ȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȏȎȔ ȄȏȈȖȄȈȐȄǾ ȓȎ ȉȜȓȓȀȐȎ Șȑ ȀȏțȉȐȈȒȆ ȒȓȆȌ ȄȏȀȖȇȄǾȒȀ ȁȊǻȁȆ. ǢȄȁȀǾȘȑ, 

țȏȘȑ ǼȖȄȈ ȀȌȀȕȄȐȇȄǾ ȉȀȈ ȒȓȎ ȇȄȘȐȆȓȈȉț ȋǼȐȎȑ ȓȆȑ ȃȈȀȓȐȈȁǽȑ, ȌǼȄȑ ȃȄȔȓȄȐȎȂȄȌȄǾȑ ȁȊǻȁȄȑ 

ȄȏǻȂȎȌȓȀȈ ȉȀȓǻ ȓȆ ȃȈǻȐȉȄȈȀ ȓȆȑ ȏȐȝȓȆȑ ȝȐȀȑ, Șȑ ȀȏȎȓǼȊȄȒȋȀ ȓȆȑ ȄȏȈȃȈțȐȇȘȒȆȑ ǻȊȊȘȌ 

ȁȊȀȁȝȌ ȏȎȔ ȄȏȈȒȔȋȁȀǾȌȎȔȌ ȒȓȆȌ ǾȃȈȀ ȂȄȈȓȎȌȈǻ ȓȎȔ DNA , țȏȘȑ ȁȊǻȁȄȑ ȁǻȒȄȘȌ ȏȎȔ 

ȄȏȈȃȈȎȐȇȝȌȎȌȓȀȈ ȋȄ ȓȎ ǬȆȖȀȌȈȒȋț ǥȉȓȎȋǽȑ ǢǻȒȆȑ ǽ ȓȎ ǬȆȖȀȌȈȒȋț ǥȉȓȎȋǽȑ 

ǭȎȔȉȊȄȎȓȈȃǾȘȌ.  

ǳȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȏȎȔ ȏȐȎǼȉȔȗȀȌ Ȁȏț ȓȀ ȏȄȈȐǻȋȀȓȀ ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȒȓȎ ǣȐǻȕȆȋȀ 5-6. 

ǧ ȋȄȊǼȓȆ ȓȆȑ ȒȔȌǻȐȓȆȒȆȑ ȀȔȓǽȑ ȄǾȌȀȈ ȀȐȉȄȓǻ ȏȄȐǾȏȊȎȉȆ ȒȓȆ ȋȀȇȆȋȀȓȈȉǽ ȏȄȐȈȂȐȀȕǽ ȓȆȑ 

ȝȒȓȄ ȌȀ ȄȉȕȐǻȅȄȈ ȐȆȓǻ ȓȀ ȄȏǾ ȋǼȐȎȔȑ ȁȈȎȊȎȂȈȉǻ ȕȀȈȌțȋȄȌȀ. ǲȖȄȓȈȉǻ ȀȏȊȎȜȒȓȄȐȆ ȄǾȌȀȈ Ȇ 

ȏȄȐȈȂȐȀȕǽ ȏȎȔ ȇȄȘȐȄǾ Șȑ ȒȓȈȂȋǽ ȋȆȃǼȌ ȓȆ ȒȓȈȂȋǽ ȏȎȔ ȎȈ ȄȒȓǾȄȑ ǼȖȎȔȌ ȕȓǻȒȄȈ ȒȓȎ ȋǼȂȈȒȓȎ. 
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ǲȓȆȌ ȏȄȐǾȏȓȘȒȆ ȀȔȓǽ, ǽȓȎȈ ȒȓȆȌ ȏȄȐǾȏȓȘȒȆ ȏȎȔ ȄȍȄȓǻȅȄȓȀȈ Ȇ ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ǤǪǨ, ȒȄ 

ȂȄȌȈȉǼȑ ȂȐȀȋȋǼȑ ȇȄȘȐȄǾȓȀȈ țȓȈ ȔȏȀȉȎȜȄȈ ȒȓȆȌ ȄȉȇȄȓȈȉǽ ȋȄǾȘȒȆ. ǝȋȘȑ Ȅȃȝ ȄȏȈȖȄȈȐȎȜȋȄ ȌȀ 

ȏȄȐȈȂȐǻȗȎȔȋȄ țȊȆ ȓȆ ȃȈȀȃȈȉȀȒǾȀ, ȍȄȉȈȌȝȌȓȀȑ Ȁȏț ȓȆ ȒȓȈȂȋǽ ȓȆȑ ȀȉȓȈȌȎȁțȊȆȒȆȑ. ǣȈȀ ȓȎ 

ȊțȂȎ ȀȔȓțȌ, ȎȌȎȋǻȅȎȔȋȄ ȓȆȌ ȉȀȋȏȜȊȆ Șȑ çȖȐȎȌȈȉǽ ȄȍǼȊȈȍȆè ȉȀȈ țȖȈ ȀȏȊȝȑ Șȑ 

çȄȏȈȃȈțȐȇȘȒȆè. ǲȓȆ ȁȈȁȊȈȎȂȐȀȕǾȀ ȒȔȌȀȌȓȝȌȓȀȈ ȎȈ ȏȄȐȈȂȐȀȕǼȑ ȓȘȌ Cucinotta et al [127] 

ȉȀȈ ȓȘȌ Taleei and Nikjoo  [128], ȎȈ ȎȏȎǾȄȑ țȋȘȑ ȊȀȋȁǻȌȎȔȌ ȔȏțȗȆ ȏȊǽȇȎȑ ȏȄȈȐȀȋǻȓȘȌ, 

ȝȒȓȄ ȌȀ ȏȐȎȒȃȈȎȐǾȒȎȔȌ ȓȈȑ ȏȎȊȊǼȑ ȏȀȐȀȋǼȓȐȎȔȑ ȏȎȔ ȖȐȆȒȈȋȎȏȎȈȎȜȌ. ǲȓȆȌ ȏȀȐȎȜȒȀ 

ȃȈȀȓȐȈȁǽ ȀȉȎȊȎȔȇȄǾȓȀȈ Ȇ ȏȄȐȈȂȐȀȕǽ ȓȘȌ Mariotti  et al [129], Ȇ ȎȏȎǾȀ ȄǾȌȀȈ ȒȖȄȓȈȉǻ 

ȀȏȊȎȜȒȓȄȐȆ, ȉȀȈ ȂȈȀ ȓȆȌ ȎȏȎǾȀ ȉȀȓȎȐȇȝȒȀȋȄ ȌȀ ȀȌȀȏȀȐǻȂȎȔȋȄ ȋȄ ȈȉȀȌȎȏȎȈȆȓȈȉǽ 

ȀȉȐǾȁȄȈȀ ȓȎ ȋȎȌȓǼȊȎ ȉȀȈ ȌȀ ȏȐȎȒȃȈȎȐǾȒȎȔȋȄ ȓȎȔȑ ȒȔȌȓȄȊȄȒȓǼȑ, ȎȈ ȎȏȎǾȎȈ ȄǾȌȀȈ ȋțȊȈȑ 5 ȓȎȌ 

ȀȐȈȇȋț. 

ǲȜȋȕȘȌȀ ȊȎȈȏțȌ ȋȄ ȓȎȔȑ Mariotti  et al, ȓȎ ȋȎȌȓǼȊȎ ȏȎȔ ȏȄȐȈȂȐǻȕȄȈ ȓȆ ȖȐȎȌȈȉǽ ȄȍǼȊȈȍȆ ȓȎȔ 

ȀȐȈȇȋȎȜ ȓȘȌ ȄȒȓȈȝȌ Ȃ-ǧ2ǡǶ ȋȄ ȓȎ ȖȐțȌȎ, ȂȈȀ ȋǾȀ, ȎȍȄǾȀ ǼȉȇȄȒȆ, ȃǾȌȄȓȀȈ Ȁȏț ȓȆȌ ȀȉțȊȎȔȇȆ 

ȒȔȌǻȐȓȆȒȆ: 

 

ὔὸ ὃρ Ὡ ὅὩ ρ ὅὩ  

 

ǝȏȎȔ Ȏ țȐȎȑ ὔὸ ὃρ Ὡ  ȄȉȕȐǻȅȄȈ ȓȆ ȃȆȋȈȎȔȐȂǾȀ ȓȘȌ ȄȒȓȈȝȌ, ȋǼȖȐȈȑ ȓȎȔ ȒȆȋȄǾȎȔ 

ȉȎȐȄȒȋȎȜ. ǰȐțȉȄȈȓȀȈ ȂȈȀ ȋǾȀ ȂȌȆȒǾȘȑ ȀȜȍȎȔȒȀ, ȀȒȔȋȏȓȘȓȈȉǽ ȒȖǼȒȆ, ȋȄ ǻȌȘ ȕȐǻȂȋȀ ȓȎ 

ǡ, țȏȎȔ ȕȔȒȈȉǻ ȇȄȘȐȎȜȋȄ Șȑ ȏȄȃǾȎ ȎȐȈȒȋȎȜ ȓȎ [0,+Ð). ǧ ȋȄȓȀȁȎȊǽ ȓȎȔ Ǣ, ǼȖȄȈ Șȑ ȄȏǾȃȐȀȒȆ 

ȓȆ ȖȐȎȌȈȉǽ ȋȄȓȀȓțȏȈȒȆ ȓȎȔ ȋȄȂǾȒȓȎȔ. ǪȀȈ ȒȔȂȉȄȉȐȈȋǼȌȀ Ȇ ȀȜȍȆȒȆ ȓȎȔ Ǣ ȋȄȓȀȉȈȌȄǾ ȓȆ ȇǼȒȆ 

ȓȎȔ ȋȄȂǾȒȓȎȔ ȌȘȐǾȓȄȐȀ ȒȓȎ ȖȐțȌȎ.  

ǯ țȐȎȑ   ὔὸ ὅὩ ρ ὅὩ    ȄȉȕȐǻȅȄȈ ȓȆȌ ȀȏȎȋȄǾȘȒȆ ȓȘȌ ȄȒȓȈȝȌ ȋȄ ȓȎ ȖȐțȌȎ. 

ǚȖȎȔȌ ȊȆȕȇȄǾ ȔȏțȗȆ ȃȜȎ ȕǻȒȄȈȑ ȓȆȑ ȃȈȀȃȈȉȀȒǾȀȑ ȀȏțȒȁȄȒȆȑ ȓȘȌ ȄȒȓȈȝȌ, ȋǾȀ ȂȐǽȂȎȐȆ ȉȀȈ 

ȋǾȀ ȀȐȂǽ. ǧ ȂȐǽȂȎȐȆ ȃȈȀȃȈȉȀȒǾȀ ȄȉȕȐǻȅȄȈ ȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ȀȏȊȝȌ ǤǪǨ ȄȌȝ Ȇ ȀȐȂǽ 

ȒȔȌȃǼȄȓȀȈ ȋȄ ȓȈȑ ȒȜȌȇȄȓȄȑ ǤǪǨ. ǧ ȏȀȐǻȋȄȓȐȎȑ ôCõ ȄǾȌȀȈ Ȏ ȒȔȌȓȄȊȄȒȓǽȑ ȁȀȐȜȓȆȓȀȑ ȓȘȌ 

ȀȏȊȝȌ ǤǪǨ, ȎȈ ȎȏȎǾȄȑ ǼȖȎȔȌ ȐȔȇȋț ȀȏțȒȁȄȒȆȑ ôDõ, ȄȌȝ Ȏ țȐȎȑ (1-C) ȄǾȌȀȈ Ȏ ȒȔȌȓȄȊȄȒȓǽȑ 

ȁȀȐȜȓȆȓȀȑ ȓȘȌ ȒȜȌȇȄȓȘȌ ǤǪǨ, ȋȄ ȀȌȓǾȒȓȎȈȖȎ ȐȔȇȋț ȀȏțȒȁȄȒȆȑ ȓȎ ôǥõ.  
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ǣȐǻȕȆȋȀ 5-6: ǰȄȐȈȂȐȀȕǽ ȓȆȑ ȖȐȎȌȈȉǽȑ ȄȍǼȊȈȍȆȑ, ȄȏȀȂȘȂǽ ȉȀȈ ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ǤǪǨ ȏȎȔ ȄȏǻȂȎȌȓȀȈ 
Ȁȏț 1 Gy ȀȉȓȈȌȎȁȎȊǾȀȑ ðȂ. ǥȍȄȓǻȅȄȓȀȈ Ȇ ȒȔȋȏȄȐȈȕȎȐǻ ȓȘȌ ȒȖȆȋȀȓȈȅțȋȄȌȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ ȂȈȀ 
ȓȆȌ ȏȐȘȓȄǠȌȆ ȄȏȈȃȈțȐȇȘȒȆȑ Ȃ-ǧ2ǡǶ. 

ǣȈȀ ȓȆȌ ȀȌȀȏȀȐȀȂȘȂǽ ȓȎȔ ȋȎȌȓǼȊȎȔ ǼȂȈȌȄ ȖȐǽȒȆ ȓȎȔ ȊȎȂȈȒȋȈȉȎȜ Origin  Pro 9.0, țȏȎȔ ȂȈȀ 

ȓȎ ǣȐǻȕȆȋȀ 5-6, ǼȃȘȒȄ ȏȎȊȜ ȈȉȀȌȎȏȎȈȆȓȈȉǽ ȏȐȎȒǼȂȂȈȒȆ (R2 =0.95), ȖȘȐǾȑ ȈȃȈȀǾȓȄȐȆ 

ȎȃǽȂȆȒȆ ȒȓȈȑ ȏȀȐȀȋǼȓȐȎȔȑ. ǣȈȀ ȓȆȌ ȄȍȀȂȘȂǽ ȓȆȑ ȒȔȌǻȐȓȆȒȆȑ ǼȂȈȌȄ Ȇ ȏȐȎȒȀȐȋȎȂǽ ȓȘȌ 

ȃȄȃȎȋǼȌȘȌ ȒȓȆ ȒȔȌǻȐȓȆȒȆ, ȀȍȈȎȏȎȈȝȌȓȀȑ țȊȀ ȓȀ ȏȄȈȐȀȋȀȓȈȉǻ ȒȆȋȄǾȀ ȉȀȈ Ȁȏț ȓȎȔȑ ȓȐȄȈȑ 

ȃțȓȄȑ ȒȄ ȋǾȀ ȂȐȀȕȈȉǽ ȏȀȐǻȒȓȀȒȆ.  

 

ὔὸ ρτȢπωσψρ Ὡ Ȣ πȢψσσπυὩ Ȣ πȢρφφωυὩ Ȣ  

 

ǲȆȋȄȈȝȌȄȓȀȈ țȓȈ ȂȈȀ ȓȀ ȏȄȈȐȀȋȀȓȈȉǻ ȒȆȋȄǾȀ ȓȎȔ ǣȐȀȕǽȋȀȓȎȑ 5-6, ȒȓȎ ȖȐțȌȎ ȋȆȃǼȌ 

ȇȄȘȐǽȒȀȋȄ ȓȀ ȀȌȓǾȒȓȎȈȖȀ ȋȆ ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ ȃȄǾȂȋȀȓȀ.  

0

2

4

6

8

10

12

0 5 10 15 20 25 30 35 40 45 50

Ȅ
Ȓ
ȓ
Ǿ
Ȅ
ȑ
 
Ȃ

-ǧ
2
ǡ
Ƕ
/
ȉ
Ȝ
ȓ
ȓ
Ȁ
Ȑ
Ȏ

ȖȐțȌȎȑ (h)

ǫȄȋȕȎȉȜȓȓȀȐȀ ȔȂȈȝȌ ȃȎȓȝȌ 
ȖȐȎȌȈȉǽ ȄȍǼȊȈȍȆȂȈȀ 1 Gy ȀȉȓȈȌȎȁȎȊǾȀȑ ðȂ

ǤțȓȆȑ ǡǤțȓȆȑ ǩǤțȓȆȑ Ǧ



91 

 

5.2.2.5 ǬȄȊǼȓȆ ȓȆȑ ȄȏǾȃȐȀȒȆȑ ȀȌȓȈȕȊȄȂȋȎȌȘȃȝȌ ȒȓȆȌ ȄȏȈȃȈȎȐȇȘȓȈȉǽ ȈȉȀȌțȓȆȓȀ ȓȘȌ 

ǤǪǨ 

ǲȔȌȃȔȀȅțȋȄȌȀ ȓȀ ȏȄȈȐȀȋȀȓȈȉǻ ȀȏȎȓȄȊǼȒȋȀȓȀ ȂȈȀ ȓȎ ǤțȓȆ ôǡõ, ȃǾȌȎȔȌ ȓȆȌ ȄȏǾȃȐȀȒȆ 

ȀȌȓȈȕȊȄȂȋȎȌȘȃȝȌ ȒȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ǤǪǨ. ǰȐȎǼȉȔȗȄ ȓȎ ǣȐǻȕȆȋȀ 5-7. ǡȏț ȓȎ 

ȒȓȀȓȈȒȓȈȉț ǼȊȄȂȖȎ (studentõs t-test ȋȄ ȃȜȎ ȎȔȐǼȑ ȉȀȈ ǻȌȈȒȆ ȃȈȀȉȜȋȀȌȒȆ) ȋȄȓȀȍȜ ȓȘȌ 

ȒȔȌȇȆȉȝȌ (-/+ ȀȌȓȈȕȊȄȂȋȎȌȝȃȆ) ȂȈȀ ȓȎ ȉǻȇȄ ȖȐȎȌȈȉț ȒȆȋȄǾȎ, ȃȄȌ ȏȐȎǼȉȔȗȀȌ ȒȓȀȓȈȒȓȈȉȝȑ 

ȒȆȋȀȌȓȈȉǼȑ ȃȈȀȕȎȐǼȑ, Ȅȉȓțȑ Ȁȏț ȓȎ ȒȆȋȄǾȎ ȓȘȌ 24 h, ȀȏȎȓǼȊȄȒȋȀ ȏȎȔ ȃȄ ȇȄȘȐȄǾȓȀȈ 

ȀȍȈȎȊȎȂǽȒȈȋȎ. ǳȎ ȒȔȋȏǼȐȀȒȋȀ ȄǾȌȀȈ țȓȈ ȂȈȀ ȓȈȑ ȖȀȋȆȊǼȑ, ȇȄȐȀȏȄȔȓȈȉǼȑ ðȂȈȀ ȉȐȔȎȊțȂȆȋȀ- 

ȃțȒȄȈȑ Ȇ țȏȎȈȀ ȄȏǾȃȐȀȒȆ ȓȘȌ ȀȌȓȈȕȊȄȂȋȎȌȘȃȝȌ ȃȄȌ ȀȌȈȖȌȄȜȓȆȉȄ ȋȄ ȓȎ ȃȄȃȎȋǼȌȎ ȏȄǾȐȀȋȀ. 

 

 

ǡȌ ȉȀȌȄǾȑ ȇǼȊȄȈ ȌȀ ȄȏȀȌȀȊǻȁȄȈ ǼȌȀ ȓǼȓȎȈȎȔ ȄǾȃȎȔȑ ȏȄǾȐȀȋȀ ȇȀ ȏȐǼȏȄȈ ȌȀ ȀȔȍǽȒȄȈ ȉȀȓǻ 

ȏǼȌȓȄ ȋȄ ȃǼȉȀ ȕȎȐǼȑ ȓȘȌ ȀȐȈȇȋț ȓȘȌ ȉȔȓȓǻȐȘȌ ȏȎȔ ȇȀ ȋȄȓȐǽȒȄȈ ȂȈȀ ȓȎ ȉǻȇȄ ȏȄȈȐȀȋȀȓȈȉț 

ȒȆȋȄǾȎ, ȓțȒȎ ȂȈȀ ȓȆ ȒȔȌȇǽȉȆ ȖȘȐǾȑ ȀȌȓȈȕȊȄȂȋȎȌȝȃȄȑ, ȏȐȈȌ ȓȆȌ ǼȌȀȐȍȆ ȓȆȑ ȊǽȗȆȑ, țȒȎ ȉȀȈ 

ȂȈȀ ȓȆ ȒȔȌȇǽȉȆ ȓȆȌ ȀȋǼȒȘȑ ȋȄȓǻ ȓȆ ȊǽȗȆ. ǲȓȀ ȒȔȂȉȄȉȐȈȋǼȌȀ ȏȄȈȐǻȋȀȓȀ ȄǾȖȀȌ 

ȉȀȓȀȋȄȓȐȆȇȄǾ 200 ȉȜȓȓȀȐȀ ȂȈȀ ȉǻȇȄ ȏȄȈȐȀȋȀȓȈȉț ȒȆȋȄǾȎ.  
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ȖȐțȌȎȑ ȄȏȈȃȈțȐȇȘȒȆȑ

ǥȏǾȃȐȀȒȆ ȀȌȓȈȕȊȄȂȋȎȌȘȃȝȌ ȒȓȆȌ 
ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ǤǪǨ, ȂȈȀ 1 Gy ȀȉȓǾȌȘȌ -Ȃ 

ǤțȓȆȑ 'ǡ' -ȀȌȓȈȕȊȄȂȋȎȌȝȃȆ

ǤțȓȆȑ 'ǡ' +ȀȌȓȈȕȊȄȂȋȎȌȝȃȆ

ǣȐǻȕȆȋȀ 5-7: ǬȄȊǼȓȆ ȓȆȑ ȄȏǾȃȐȀȒȆȑ ȀȌȓȈȕȊȄȂȋȎȌȘȃȝȌ ȕȀȐȋǻȉȘȌ ȒȓȆȌ ȄȏȈȃȈȎȐȇȘȓȈȉǽ ȈȉȀȌțȓȆȓȀ 
ȓȎȔ ȉȔȓȓǻȐȎȔ Șȑ ȏȐȎȑ ȓȈȑ ǤǪǨ. ǥȍȄȓǻȒȓȆȉȀȌ ȏȄȈȐǻȋȀȓȀ ȏȎȔ ȀȕȎȐȎȜȒȀȌ ǼȌȀȌ ȃțȓȆ. ǪȀȇȝȑ Ȏ 
ȒȓȀȓȈȒȓȈȉțȑ ǼȊȄȂȖȎȑ ȃȄȌ ǼȃȘȒȄ ȒȆȋȀȌȓȈȉǼȑ ȃȈȀȕȎȐǼȑ, Ȇ țȏȎȈȀ ȄȏǾȃȐȀȒȆ ȃȄȌ ȀȌȈȖȌȄȜȓȆȉȄ. ǳȎ ȁǼȁȀȈȎȌ 
ȄǾȌȀȈ țȓȈ Ȇ ȄȏǾȃȐȀȒȆ ȄǾȌȀȈ ȏȎȊȜ ȋȈȉȐǽ ȂȈȀ ȓȈȑ ȋȈȉȐǼȑ ȃțȒȄȈȑ ȕȀȐȋǻȉȎȔ ȏȎȔ ǼȊȀȁȄ Ȏ ǤțȓȆȑ ôǡõ. 
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5.2.2.6 ǲȔȂȉȐȈȓȈȉǽ ȋȄȊǼȓȆ ȓȆȑ ȖȐȎȌȈȉǽȑ ȄȍǼȊȈȍȆȑ ȂȈȀ ȓȈȑ ȃțȒȄȈȑ 1 Gy ȉȀȈ 2 Gy ȀȉȓǾȌȘȌ 

ðȂ 

ǡȏț ȓȆȌ ȏȐȎȆȂȎȜȋȄȌȆ ȀȌǻȊȔȒȆ ȏȐȎǼȉȔȗȄ țȓȈ Ȇ țȏȎȈȀ ȄȏǾȃȐȀȒȆ ȓȘȌ ȀȌȓȈȕȊȄȂȋȎȌȘȃȝȌ 

ȃȄȌ ǼȂȈȌȄ ȀȌȈȖȌȄȜȒȈȋȆ Ȁȏț ȓȎ ȏȄǾȐȀȋȀ ȏȎȔ ȃȈȄȍǽȖȇȆ ȒȓȈȑ 16/01/14, ȄȏȎȋǼȌȘȑ ȋȏȎȐȎȜȋȄ 

ȌȀ ȇȄȘȐǽȒȎȔȋȄ ȀȋȄȊȆȓǼȀ ȓȆȌ ȄȏǾȃȐȀȒȆ ȓȘȌ ȀȌȓȈȕȊȄȂȋȎȌȘȃȝȌ ȒȓȎȌ ȀȐȈȇȋț ȓȘȌ ȄȒȓȈȝȌ 

ȕȇȎȐȈȒȋȎȜ ȏȎȔ ȄȏǻȂȎȌȓȀȈ ȉȀȈ ȌȀ ȀȍȈȎȏȎȈǽȒȎȔȋȄ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȂȈȀ ȌȀ ȃȎȉȈȋǻȒȎȔȋȄ 

ȓȎ ȋȎȌȓǼȊȎ ȓȆȑ ȖȐȎȌȈȉǽȑ ȄȍǼȊȈȍȆȑ ȏȎȔ ȏȐȎȒȃȈȎȐǾȒȀȋȄ ȒȄ ȏȐȎȆȂȎȜȋȄȌȆ ȏȀȐǻȂȐȀȕȎ.  

ǳȎ ȋȎȌȓǼȊȎ ǽȓȀȌ ȓȎ Ȅȍǽȑ:  

 

ὔὸ ὃρ Ὡ ὅὩ ρ ὅὩ  

 

ǪȀȈ ȏǻȊȈ ȋȄ ȓȆ ȁȎǽȇȄȈȀ ȓȎȔ Origin  Pro 10, ȏȐȎȒȃȈȎȐǾȒȀȋȄ ȓȎȔȑ ȒȔȌȓȄȊȄȒȓǼȑ. ǡȔȓǽ ȓȆ ȕȎȐǻ 

ȓȎ ȏȐțȁȊȆȋȀ ǽȓȀȌ ȏȈȎ ȏȄȐǾȏȊȎȉȎ ȊțȂȘ ȓȘȌ ȊǾȂȘȌ ȏȄȈȐȀȋȀȓȈȉȝȌ ȒȆȋȄǾȘȌ. ǥȏȎȋǼȌȘȑ 

ǼȏȐȄȏȄ ȓȎ ȊȎȂȈȒȋȈȉț ȌȀ ȎȃȆȂȆȇȄǾ ȋȄ ȀȐȖȈȉȎȏȎǾȆȒȆ ȓȘȌ ȏȀȐȀȋǼȓȐȘȌ. ǡȏț ȓȆ ȃȈȄȐȄȜȌȆȒȆ 

ȓȆȑ ȒȔȌǻȐȓȆȒȆȑ ȏȐȎǼȉȔȗȀȌ ȎȈ ȏȄȐȈȎȐȈȒȋȎǾ 0 < C < 1 ȉȀȈ D > E, ȒȔȌ ȓȎ țȓȈ Ȇ ȇǼȒȆ ȓȎȔ 

ȋȄȂǾȒȓȎȔ ȒȓȆ ȋǾȀ ȝȐȀ ȃǾȌȄȈ ȓȈȋǽ ȒȓȎ Ǣ = 3,9. ǬȄ ȀȔȓǻ ȔȏțȗȆ, ȉȀȇȝȑ ȉȀȈ ǻȊȊȄȑ 

ȏȀȐȀȓȆȐǽȒȄȈȑ Ȁȏț ȏȎȊȊȀȏȊǼȑ ȃȎȉȈȋǼȑ, ȏȐȎǼȉȔȗȀȌ ȎȈ ȓȈȋǼȑ ȂȈȀ ȓȆȌ ȀȐȖȈȉȎȏȎǾȆȒȆ ȓȘȌ 

ȏȀȐȀȋǼȓȐȘȌ ȒȓȎ ȊȎȂȈȒȋȈȉț, ȉȀȈ Ȁȏț ȀȔȓǼȑ ȏȐȎǼȉȔȗȀȌ ȎȈ ȉȀȋȏȜȊȄȑ: 

ǣȈȀ ȓȎ 1 Gy ȀȉȓȈȌȎȁȎȊǾȀȑ:  

 

ὔὸ ρσȟωσρρ Ὡ ȟ πȟχυψωὩ ȟ πȟςτρπωὩ ȟ  

 

ǣȈȀ ȓȀ 2 Gy ȀȉȓȈȌȎȁȎȊǾȀȑ:  

 

ὔὸ ςχȟχρρφρ Ὡ ȟ πȟψυπωωὩ ȟ πȟρτωπὩ ȟ  
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ǧ ȏȀȐȀȓǽȐȆȒȆ ȓȘȌ ȃȜȎ ȏȐȎȆȂȎȜȋȄȌȘȌ ȄȍȈȒȝȒȄȘȌ ȃǾȌȄȈ ȄȌȓȔȏȘȒȈȀȉǻ ȒȔȋȏȄȐǻȒȋȀȓȀ ȏȎȔ 

ȄȌȈȒȖȜȎȔȌ ȓȆȌ ȄȏȈȓȔȖǾȀ ȓȆȑ ȏȐȎȒǼȂȂȈȒȆȑ. ǡȐȖȈȉǻ ȒȔȂȉȐǾȌȎȌȓȀȑ ȓȎ ȒȔȌȓȄȊȄȒȓǽ ôǡõ, Ȏ 

ȎȏȎǾȎȑ ȉȀȓǻ ȉȜȐȈȎ ȊțȂȎ ȁȀȐȀǾȌȄȈ ȒȓȆȌ ȓȈȋǽ ȓȎȔ ȋȄȂǾȒȓȎȔ, ȏȀȐȀȓȆȐȎȜȋȄ țȓȈ Ȇ ȃțȒȆ ȓȘȌ 2 

Gy ǼȖȄȈ ȏȄȐǾȏȎȔ ȃȈȏȊǻȒȈȀ ȓȈȋǽ Ȁȏț țȒȎ ȂȈȀ ȓȎ 1 Gy. ǥȌȃȈȀȕǼȐȎȌ ȏȐȎȉȀȊȄǾ ȉȀȈ Ȇ ȒȔȋȕȘȌǾȀ 
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ȖȐțȌȎȑ ȋȄȓǻ ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ [h]

ȀȌȓȈȕȊȄȂȋȎȌȝȃȄȑ 1 Gy, 2 Gy ȖȐȎȌȈȉǽ ȄȍǼȊȈȍȆ

1 Gy 2 Gy

ǣȐǻȕȆȋȀ 5-8: ǲȔȂȉȐȈȓȈȉǽ ȋȄȊǼȓȆ ȓȆȑ ȖȐȎȌȈȉǽȑ ȄȍǼȊȈȍȆȑ ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ Ȃ-ǧ2ǡǶ, ȋȄȓȀȍȜ 
ȓȎȔ 1 Gy ȉȀȈ ȓȘȌ 2 Gy ȀȉȓǾȌȘȌ ðȂ. ǳȀ ȉȜȓȓȀȐȀ ȓȎȔ ȏȄȈȐǻȋȀȓȎȑ ȄǾȌȀȈ ȊȄȋȕȎȉȜȓȓȀȐȀ ȔȂȈȎȜȑ ȃțȓȆ, 
ȋȄȓǻ Ȁȏț ȊǽȗȆ ȀȌȓȈȕȊȄȂȋȎȌȘȃȝȌ. ǪȀȇȝȑ Ȇ ȄȏǾȃȐȀȒȆ ȁȐǼȇȆȉȄ ȌȀ ȄǾȌȀȈ ȀȋȄȊȆȓǼȀ, ȋȏȎȐȄǾ ȌȀ ȂǾȌȄȈ Ȇ 
ȒȜȂȉȐȈȒȆ ȋȄȓȀȍȜ ȓȘȌ ȏȀȐȎȔȒȈȀȅțȋȄȌȘȌ ȒȔȌȇȆȉȝȌ. ǧ ȏȐȎȒȀȐȋȎȂǽ ȓȘȌ ȉȀȋȏȜȊȘȌ ǼȂȈȌȄ ȒȜȋȕȘȌȀ 
ȋȄ ȓȎ ȋȎȌȓǼȊȎ ȓȘȌ Mariotti  et al.  
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ȓȘȌ ȒȔȌȓȄȊȄȒȓȝȌ ôDõ ȉȀȈ ôEõ, țȏȎȔ ȒȓȀ 2 Gy ȏȀǾȐȌȎȔȌ ȋȈȉȐțȓȄȐȄȑ ȓȈȋǼȑ ȒȄ ȒȜȂȉȐȈȒȆ ȋȄ ȓȎ 

1 Gy. ǥȕțȒȎȌ ȄȉȕȐǻȅȎȔȌ ȓȎ ȐȔȇȋț ȀȏȎȕȘȒȕȎȐȔȊǾȘȒȆȑ ȓȆȑ Ȃ-H2AX ȉȀȈ ȉȀȓõ ȄȏǼȉȓȀȒȆ ȓȎ 

ȁȀȇȋț ȄȏȈȃȈțȐȇȘȒȆȑ ȓȘȌ ǤǪǨ, ȂȈȀ ȓȀ 2 Gy ȀȉȓȈȌȎȁȎȊǾȀȑ Ȏ ȐȔȇȋțȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓțȒȎ ȂȈȀ 

ȓȈȑ ȒȜȌȇȄȓȄȑ, țȒȎ ȉȀȈ ȓȈȑ ȀȏȊǼȑ ǤǪǨ ȄǾȌȀȈ ȋȈȉȐțȓȄȐȎȑ ȒȄ ȒȜȂȉȐȈȒȆ ȋȄ ȓȎ 1 Gy. 
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5.2.3 ǪȀȋȏȜȊȄȑ ȃțȒȆȑ-ȀȏțȉȐȈȒȆȑ ȄȒȓȈȝȌ Ȃ-ǧ2ǡǶ ȒȄ ȃȈǻȕȎȐȄȑ ȉȀȐȉȈȌȈȉǼȑ ȒȄȈȐǼȑ 

ȉȔȓȓȀȐȈȉǼȑ ȒȄȈȐǼȑ ȉȀȈ ȄǾȃȆ ȀȉȓȈȌȎȁȎȊǾȀȑ 

ǰȀȐȎȔȒȈǻȅȎȌȓȀȈ Ȅȃȝ ȀȏȎȓȄȊǼȒȋȀȓȀ ȏȐȎȄȐȖțȋȄȌȀ Ȁȏț ȏȎȊȊǻ ȃȈȀȕȎȐȄȓȈȉǻ ȏȄȈȐǻȋȀȓȀ ȂȈȀ 

ȌȀ ȃȎȇȄǾ ȋȈȀ ȒȔȌȎȊȈȉǽ ȄȈȉțȌȀ ȂȈȀ ȓȆȌ ȄȍǻȐȓȆȒȆ ȓȎȔ ȀȐȈȇȋȎȜ ȓȘȌ ȄȏȀȂțȋȄȌȘȌ ȄȒȓȈȝȌ 

ȕȇȎȐȈȒȋȎȜ Ȃ-ǧ2ǡǶ Ȁȏț ȓȆ ȃțȒȆ, ȂȈȀ ȃȈȀȕȎȐȄȓȈȉǼȑ ȏȎȈțȓȆȓȄȑ ȈȎȌȓǾȅȎȔȒȀȑ ȀȉȓȈȌȎȁȎȊǾȀȑ 

ȒȄ ȃȈǻȕȎȐȄȑ ȉȀȐȉȈȌȈȉǼȑ ȒȄȈȐǼȑ. ǯ ȊțȂȎȑ ȒȜȋȏȓȔȍȆȑ ȓȘȌ ȀȏȎȓȄȊȄȒȋǻȓȘȌ ȄǾȌȀȈ ȂȈȀ ȌȀ 

ȋȏȎȐȄǾ ȌȀ ȈȃȘȇȄǾ ȋȈȀ ȒȔȌȎȊȈȉǽ ȄȈȉțȌȀ ȉȀȈ ȌȀ ȋȄȊȄȓȆȇȎȜȌ ȒȔȂȉȐȈȓȈȉǻ ȓȀ ȃȈǻȕȎȐȀ ȄǾȃȆ 

ȀȉȓȈȌȎȁȎȊǾȀȑ. ǳȎ ǣȐǻȕȆȋȀ 5-9 ȏȄȐȈȊȀȋȁǻȌȄȈ ȀȏȎȓȄȊǼȒȋȀȓȀ ȏȎȔ ȏȐȎǼȐȖȎȌȓȀȈ Ȁȏț 

ȉȜȓȓȀȐȀ MCF7 ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ ðȂ (60Co, ǥǪǥǵǥ çǤȆȋțȉȐȈȓȎȑè), FEP18-11-T1 ȒȄ 

ȀȉȓǾȌȄȑ ðȂ (137Cs, ǡȔȒȓȐȀȊǾȀ), HepG2 ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ ðǶ (ȒȘȊǽȌȀȑ Ƕ-Strahl, 

ǪȎȊȘȌǾȀ), A549, MO59K, MO59J ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ ȋȄ ðǶ (ȒȘȊǽȌȀȑ Seiref-Pantak, ǚȒȒȄȌ), 

ǡ549 ȒȄ ȒȘȋǻȓȈȀ ðȀ (241Am, ǚȒȒȄȌ), HepG2 ȋȄ ȈțȌȓȀ ǡȐȂȎȜ (ȄȏȈȓȀȖȔȌȓǽȑ GANIL , ǣȀȊȊǾȀ)  

ǯȈ ȉȀȋȏȜȊȄȑ ǼȖȎȔȌ ȏȐȎȒȀȐȋȎȒȓȄǾ ȊȀȋȁǻȌȎȌȓȀȑ ȔȏțȗȆ țȊȀ ȓȀ ȏȄȈȐȀȋȀȓȈȉǻ ȃȄȃȎȋǼȌȀ, 

Ȁȏț ȓȈȑ ȃȈȀȕȎȐȄȓȈȉǼȑ ȉȔȓȓȀȐȈȉǼȑ ȒȄȈȐǼȑ, ȂȈȀ ȉǻȇȄ ȏȎȈțȓȆȓȀ ȀȉȓȈȌȎȁȎȊǾȀȑ, ȋȀȅǾ. ǤȆȊȀȃǽ 

ȂȈȀ ȓȈȑ ȀȉȓǾȌȄȑ ðȂ ȒȔȋȏȄȐȈȄȊǽȕȇȆȒȀȌ ȓȀ ȒȆȋȄǾȀ ȂȈȀ ȓȀ ȉȜȓȓȀȐȀ MCF7 ȉȀȈ FEP18-11-T1. 

ǣȈȀ ȓȈȑ ȀȉȓǾȌȄȑ ðx ȄȊǽȕȇȆȒȀȌ ȔȏțȗȆ ȓȀ ȃȄȃȎȋǼȌȀ ȏȎȔ ȀȕȎȐȎȜȌ ȓȀ ȉȜȓȓȀȐȀ ǡ549, Ǭǯ59Ǫ 

ȉȀȈ FEP18-11-T1. ǣȈȀ ȓȀ ȒȘȋǻȓȈȀ ðȀ ȓȀ ȋțȌȀ ȃȈȀȇǼȒȈȋȀ ȉȜȓȓȀȐȀ ǽȓȀȌ ȓȀ ǡ549, ȎȋȎǾȘȑ 

ȉȀȈ ȂȈȀ ȓȀ ȈțȌȓȀ ǡȐȂȎȜ, ȓȀ ȃȄȃȎȋǼȌȀ ȏȐȎǼȐȖȎȌȓȀȈ Ȁȏț ȋǾȀ ȉȔȓȓȀȐȈȉǽ ȒȄȈȐǻ, ȓȆȌ HEPG2.  

 

ǰǾȌȀȉȀȑ 5-5 ǲȔȌȎȏȓȈȉǽ ȏȀȐȎȔȒǾȀȒȆ ȓȘȌ ȏȄȈȐȀȋǻȓȘȌ ȏȎȔ ȏȄȐȈȊȀȋȁǻȌȄȈ ȓȎ ǣȐǻȕȆȋȀ 5-9. ǳȀ 
ȏȄȈȐǻȋȀȓȀ ǼȖȎȔȌ ȉȀȓȀȓȀȖȇȄǾ ȋȄ ȀȔȍȀȌțȋȄȌȆ ȂȐȀȋȋȈȉǽ ȄȌȀȏțȇȄȒȆ ȄȌǼȐȂȄȈȀȑ (LET), ȓȆȑ 
ȏȐȎȒȏǾȏȓȎȔȒȀȑ ȀȉȓȈȌȎȁȎȊǾȀȑ. 

ǪȜȓȓȀȐȀ ȀȉȓȈȌȎȁȎȊǾȀ ȏȆȂǽ LET [keV/ ȋm] 

MCF7  ȀȉȓǾȌȄȑ ðȂ  60Co 0.3 

FEP18-11-T1 ȀȉȓǾȌȄȑ ðȂ 137Cs 0.91  

HepG2 ȀȉȓǾȌȄȑ ðX X-Strahl 0.3-3 

A549, MO59K, 

MO59J  
ȀȉȓǾȌȄȑ ðX Seiref-Pantak 2 

A549 ȒȘȋǻȓȈȀ ðȀ   241Am  116 

HepG2 ȈțȌȓȀ ǡȐȂȎȜ GANIL ( ȄȏȈȓȀȖȔȌȓǽȑ) 270 

 

ǫȀȋȁǻȌȎȌȓȀȑ ȔȏțȗȆ ȓȆȑ ȓȈȋǼȑ ȓȆȑ LET ȏȎȔ ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȒȓȎȌ ǰǾȌȀȉȀ 5-5, 

ȏȀȐȀȓȆȐȎȜȋȄ țȓȈ ȀȔȍȀȌȎȋǼȌȆȑ ȓȆȑ ȂȐȀȋȋȈȉǽȑ ȄȌȀȏțȇȄȒȆȑ ȄȌǼȐȂȄȈȀȑ (LET) ȉǻȇȄ 

ȀȉȓȈȌȎȁȎȊǾȀȑ, Ȇ ȀȌȓǾȒȓȎȈȖȆ  
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ǣȐǻȕȆȋȀ 5-9: ǥȍǻȐȓȆȒȆ ȓȎȔ ȀȐȈȇȋȎȜ ȄȏȀȂțȋȄȌȘȌ ȄȒȓȈȝȌ Ȃ-ǧ2ǡǶ Ȁȏț ȓȆ ȃțȒȆ ȀȉȓȈȌȎȁȎȊǾȀȑ, ȂȈȀ 
ȃȈǻȕȎȐȄȑ ȉȀȐȉȈȌȈȉǼȑ ȉȔȓȓȀȐȈȉǼȑ ȒȄȈȐǼȑ ȉȀȈ ȃȈȀȕȎȐȄȓȈȉǼȑ ȏȎȈțȓȆȓȄȑ ȀȉȓȈȌȎȁȎȊǾȀȑ. ǯȈ ȉȀȋȏȜȊȄȑ ǼȖȎȔȌ 
ȏȐȎȒȀȐȋȎȒȓȄǾ ȊȀȋȁǻȌȎȌȓȀȑ ȔȏțȗȆ țȊȀ ȓȀ ȏȄȈȐȀȋȀȓȈȉǻ ȃȄȃȎȋǼȌȀ, Ȁȏț ȓȈȑ ȃȈȀȕȎȐȄȓȈȉǼȑ ȉȔȓȓȀȐȈȉǼȑ 
ȒȄȈȐǼȑ, ȂȈȀ ȉǻȇȄ ȏȎȈțȓȆȓȀ ȀȉȓȈȌȎȁȎȊǾȀȑ, ȋȀȅǾ. ǤȆȊȀȃǽ ȂȈȀ ȓȈȑ ȀȉȓǾȌȄȑ ðȂ ȒȔȋȏȄȐȈȄȊǽȕȇȆȒȀȌ ȓȀ 
ȒȆȋȄǾȀ ȂȈȀ ȓȀ ȉȜȓȓȀȐȀ MCF7 ȉȀȈ FEP18-11-T1. ǣȈȀ ȓȈȑ ȀȉȓǾȌȄȑ ðx ȄȊǽȕȇȆȒȀȌ ȔȏțȗȆ ȓȀ ȃȄȃȎȋǼȌȀ 
ȏȎȔ ȀȕȎȐȎȜȌ ȓȀ ȉȜȓȓȀȐȀ ǡ549, Ǭǯ59Ǫ ȉȀȈ FEP18-11-T1. ǣȈȀ ȓȀ ȒȘȋǻȓȈȀ ðȀ ȓȀ ȋțȌȀ ȃȈȀȇǼȒȈȋȀ 
ȉȜȓȓȀȐȀ ǽȓȀȌ ȓȀ ǡ549, ȎȋȎǾȘȑ ȉȀȈ ȂȈȀ ȓȀ ȈțȌȓȀ ǡȐȂȎȜ, ȓȀ ȃȄȃȎȋǼȌȀ ȏȐȎǼȐȖȎȌȓȀȈ Ȁȏț ȋǾȀ ȉȔȓȓȀȐȈȉǽ 
ȒȄȈȐǻ, ȓȆȌ HEPG2. 

ȄȔȇȄǾȀ ȓȎȔ ǣȐȀȕǽȋȀȓȎȑ 5-9 ǼȖȄȈ țȊȎ ȉȀȈ ȋȈȉȐțȓȄȐȆ ȉȊǾȒȆ. ǤȆȊȀȃǽ, ȈȒȎȃȜȌȀȋȀ ȂȈȀ 

ȃȄȃȎȋǼȌȆ ȃțȒȆ ȀȉȓȈȌȎȁȎȊǾȀȑ Ȏ ȀȐȈȇȋțȑ ȓȘȌ ȏȀȐȀȓȆȐȎȜȋȄȌȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ Ȃ-ǧ2ǡǶ, 

ȀȔȍȀȌȎȋǼȌȆȑ ȓȆȑ LET, ȎȊȎǼȌȀ ȉȀȈ ȋȄȈȝȌȄȓȀȈ.  

y = 9,088x + 1,3182
Rİ = 0,9014

y = 4,8121x + 1,4893
Rİ = 0,9674

y = 16,424x + 8,6521
Rİ = 0,8199

y = 15,59x + 6,1352
Rİ = 0,7409
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ǥȍǻȐȓȆȒȆ ȓȎȔ ȀȐȈȇȋȎȜ ȄȏȀȂțȋȄȌȘȌ ȄȒȓȈȝȌ Ȃ-ǧ2ǡǶ Ȁȏț ȓȆ 
ȃțȒȆ ȀȉȓȈȌȎȁȎȊǾȀȑ, ȂȈȀ ȃȈǻȕȎȐȄȑ ȉȀȐȉȈȌȈȉǼȑ ȒȄȈȐǼȑ 

ȉȀȈ ȃȈȀȕȎȐȄȓȈȉǼȑ ȏȎȈțȓȆȓȄȑ ȀȉȓȈȌȎȁȎȊǾȀȑ 

MCF7 ȀȉȓǾȌȄȑ -Ȃ FEP ȀȉȓǾȌȄȑ -Ȃ
A549 ȀȉȓǾȌȄȑ -Ƕ MO59K ȀȉȓǾȌȄȑ -Ƕ
MO59J ȀȉȓǾȌȄȑ -Ƕ HepG2 ȀȉȓǾȌȄȑ -Ƕ
A549 ȒȘȋǻȓȈȀ -Ȁ HepG2 ȈțȌȓȀ ǡȐȂȎȜ
Linear (A549 ȒȘȋǻȓȈȀ -Ȁ) Linear (HepG2 ȈțȌȓȀ ǡȐȂȎȜ)
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ǳȎȜȓȎ ȒȔȋȁȀǾȌȄȈ ȃȈțȓȈ ȉȀȇȝȑ ȀȔȍǻȌȄȓȀȈ Ȇ LET ȋǾȀ ȓȐȎȖȈǻ ȃȆȋȈȎȔȐȂȄǾ ȏȄȐȈȒȒțȓȄȐȄȑ ȓȆȑ 

ȋȈȀȑ ǤǪǨ ȒȄ ȉȎȌȓȈȌǽ ȀȏțȒȓȀȒȆ, ȎȏțȓȄ ȉȀȈ ȎȈ ȏȀȐȀȓȆȐȎȜȋȄȌȄȑ ȄȒȓǾȄȑ ȄǾȌȀȈ ȋȄȂȀȊȜȓȄȐȄȑ, 

ȄȏȎȋǼȌȘȑ Ȏ ȀȐȈȇȋțȑ ȓȎȔȑ ȃȄȌ ȀȌȓȈȒȓȎȈȖȄǾ ȏȊǼȎȌ ô1-1õ ȋȄ ȓȈȑ ǤǪǨ. çǪǻȓȘè Ȁȏț ȋǾȀ ȄȒȓǾȀ 

ȒȔȌȔȏǻȐȖȎȔȌ ȏȄȐȈȒȒțȓȄȐȄȑ ǤǪǨ. 

ǲȆȋȄȈȝȌȄȓȀȈ țȓȈ Ȇ ȏȐȎȒȀȐȋȎȂǽ ȓȘȌ ȄȔȇȄȈȝȌ ȒȓȆȌ ȏȄȐǾȏȓȘȒȆ ȓȘȌ ȀȉȓǾȌȘȌ ðȂ ȉȀȈ ðǶ ȃȄȌ 

ȇȄȘȐȄǾȓȀȈ ȈȃȈȀǾȓȄȐȀ ȈȉȀȌȎȏȎȈȆȓȈȉǽ, ǼȖȎȔȌ R2 ǾȒȎ ȋȄ 0,81 ȉȀȈ 0,74 ȀȌȓǾȒȓȎȈȖȀ ȉȀȈ ȀȔȓț 

ȒȔȋȁȀǾȌȄȈ ȊțȂȘ ȓȘȌ ȏȎȊȊȝȌ ȃȈȀȕȎȐȄȓȈȉȝȌ ȏȄȈȐȀȋǻȓȘȌ ȉȀȈ ȒȔȌȇȆȉȝȌ ȏȎȔ ȒȔȌȃȔǻȒȓȆȉȀȌ 

ȝȒȓȄ ȀȔȓǼȑ ȌȀ ȏȐȎȉȜȗȎȔȌ.  

ǥȏǾȒȆȑ ȃȄ ȇȄȘȐȎȜȌȓȀȈ ȈȉȀȌȎȏȎȈȆȓȈȉǼȑ ȎȈ ȓȈȋǼȑ ȏȎȔ ȃǾȌȎȔȌ ȎȈ ȉȀȋȏȜȊȄȑ ȀȔȓǼȑ ȂȈȀ ȓȀ 

ȄȏǾȏȄȃȀ ȄȌȃȎȂȄȌȝȌ ȁȊȀȁȝȌ, ȉȀȇȝȑ ȏȀȐȎȔȒȈǻȅȎȔȌ ȋȄȂǻȊȄȑ ȋȆ ȀȌȀȋȄȌțȋȄȌȄȑ ȓȈȋǼȑ. ǡȔȓț 

ȄȐȋȆȌȄȜȄȓȀȈ ȉȀȈ Ȁȏț ȓȆȌ ȏȐȎȒȀȐȋȎȂǽ ȉȀȋȏȜȊȆȑ ȏȎȔ ȃȄȌ ȄǾȌȀȈ ȈȉȀȌȎȏȎȈȆȓȈȉǽ, ȒȔȌ ȓȎ 

ȂȄȂȎȌțȑ țȓȈ ȉǻȏȎȈȀ ȉȜȓȓȀȐȀ ȄǾȖȀȌ țȌȓȘȑ ȋȄȂǻȊȎ ȀȐȈȇȋț ȄȒȓȈȝȌ ȒȓȎ ȋȆ ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ, 

ȃȆȊȀȃǽ ȓȀ ȉȜȓȓȀȐȀ ȄǾȖȀȌ ȔȏȎȒȓȄǾ ȉǻȏȎȈȎ ǻȊȊȎȔ ȄǾȃȎȔȑ ȒȓȐȄȑ Ȅȉȓțȑ Ȁȏț ȓȆȌ ȀȉȓȈȌȎȁȎȊǾȀ.  

 

5.2.4 ǥȏȀȂȘȂǽ ǤǪǨ ȒȄ ȃȈǻȕȎȐȄȑ ȃțȒȄȈȑ ȒȄ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ ǡ549 ȂȈȀ ȒȘȋǻȓȈȀ ðȀ 

ȉȀȈ ȀȉȓǾȌȄȑ ðǶ   

ǡȉȎȊȎȔȇȄǾ Ȇ ȏȀȐȎȔȒǾȀȒȆ ȄȌțȑ ȏȄȈȐǻȋȀȓȎȑ ȏȎȔ ǼȂȈȌȄ ȒȄ ȉȜȓȓȀȐȀ ǡ549 ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ ȋȄ 

ȃȈǻȕȎȐȄȑ ȃțȒȄȈȑ ȀȉȓǾȌȘȌ ðǶ ǽ ȒȘȋȀȓǾȘȌ ðȀ. ǥȍȄȓǻȅȎȌȓȀȈ ȎȈ ȀȐȈȇȋȎǾ ȓȘȌ ȄȏȀȂțȋȄȌȘȌ 

ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ ȂȈȀ ȓȈȑ ȄȏȈȃȈȎȐȇȘȓȈȉǼȑ ȏȐȘȓȄǠȌȄȑ Ȃ-ǧ2ǡǶ ȉȀȈ 53BP1, ȒȓȆ 1 ȉȀȈ ȒȓȈȑ 2 h 

ȋȄȓǻ ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ. ǰȀȐȀȓȆȐȎȜȋȄ ȂȈȀ ȓȈȑ ȀȉȓǾȌȄȑ ðǶ (ǣȐǻȕȆȋȀ 5-10, i  & ii) țȓȈ ȉȀȈ ȎȈ 

ȃȜȎ ȏȐȘȓȄǠȌȄȑ ȄȏȈȃȈțȐȇȘȒȆȑ Ȃ-ǧ2ǡǶ ȉȀȈ 53BP1 ǼȖȎȔȌ ȋȄȈȝȒȄȈ ȓȀ ȄȏǾȏȄȃǻ ȓȎȔȑ, ȂȈȀ ȉǻȇȄ 

ȃțȒȆ ȀȉȓȈȌȎȁȎȊǾȀȑ ȒȓȈȑ ȃȜȎ ȝȐȄȑ. ǲȔȂȉȐǾȌȎȌȓȀȑ ȒȓȎ ǾȃȈȎ ȂȐǻȕȆȋȀ ȓȀ ȏȊȀǾȒȈȀ i  & ii , 

ȏȀȐȀȓȆȐȎȜȋȄ țȓȈ ȄȌȝ ȒȓȎ (i ) Ȏ ȀȐȈȇȋțȑ ȓȘȌ ȄȒȓȈȝȌ Ȃ-ǧ2ǡǶ ȀȉȎȊȎȔȇȄǾ ȋȈȀ ȂȐȀȋȋȈȉțȓȆȓȀ, 

ȒȓȎ ȏȊȀǾȒȈȎ (ii ) Ȏ ȀȐȈȇȋțȑ ȓȘȌ ȄȒȓȈȝȌ 53BP1 ȃȄȌ ȀȉȎȊȎȔȇȄǾ ȓȆ ȂȐȀȋȋȈȉțȓȆȓȀ, ȒȓȀ 4 Gy. 

ǡȔȓț ȄȐȋȆȌȄȜȄȓȀȈ Ȁȏț ȓȎ ȂȄȂȎȌțȑ țȓȈ Ȇ Ȃ-ǧ2ǡǶ ȃȄȌ ǼȖȄȈ ȄȌȃȎȂȄȌǽ ȒȔȂȉǼȌȓȐȘȒȆ ȀȊȊǻ 

ȕȘȒȕȎȐȔȊȈȝȌȄȓȀȈ ȃȆȊ. ȄȏǻȂȄȓȀȈ ȋȄȓǻ ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȓȆȑ ȃǾȉȊȘȌȆȑ ȁȊǻȁȆȑ. ǝȋȘȑ Ȇ 53BP1 

ȔȏǻȐȖȄȈ ȄȌȃȎȂȄȌȝȑ ȒȓȎ ȉȜȓȓȀȐȎ ȉȀȈ ȂȈȀ ȃțȒȄȈȑ ȋȄȂǻȊȄȑ (>2 Gy) ȕȀǾȌȄȓȀȈ țȓȈ ȓȀ ȄȏǾȏȄȃǻ 

ȓȆȑ ȃȄȌ ȄȏȀȐȉȎȜȌ ȂȈȀ ȌȀ ȒȖȆȋȀȓǾȒȎȔȌ ȄȔȋȄȂǼȇȄȈȑ ȄȒȓǾȄȑ ȂȜȐȘ Ȁȏț ȉǻȇȄ ȁȊǻȁȆ. ǯȈ 

ȄȋȕȀȌȈȅțȋȄȌȄȑ ȄȒȓǾȄȑ ȄǾȌȀȈ ȋȈȉȐțȓȄȐȄȑ, ȋȄ ȀȏȎȓǼȊȄȒȋȀ Ȏ ȀȐȈȇȋțȑ ȓȎȔȑ ȌȀ ȔȏȎȄȉȓȈȋǻȓȀȈ 

țȓȀȌ Ȇ ȀȌǻȊȔȒȆ ȂǾȌȄȓȀȈ ȋȄ ȉǻȏȎȈȎ ȊȎȂȈȒȋȈȉț. ǨȔȋǾȅȎȔȋȄ ȒȄ ȀȔȓț ȓȎ ȒȆȋȄǾȎ, țȓȈ ȂȈȀ ȓȆȌ 

țȏȎȈȀ ȀȌǻȊȔȒȆ ȋȄ ȊȎȂȈȒȋȈȉț, ǽ ȖȘȐǾȑ ȊȎȂȈȒȋȈȉț (ȋȄ ȓȎ ȋǻȓȈ), ȏȐȈȌ ȀȐȖǾȒȄȈ Ȇ ȀȌǻȊȔȒȆ 

ȏȐǼȏȄȈ ȌȀ ȏȀȐȇȄǾ Ȇ ȀȏțȕȀȒȆ ȂȈȀ ȓȎ ȓȈ ȇȀ ȎȌȎȋǻȅȎȔȋȄ ȄȒȓǾȀ ȕȇȎȐȈȒȋȎȜ ȉȀȈ ȓȈ ȇȀ ȇȄȘȐȎȜȋȄ 

Șȑ ȔȏțȁȀȇȐȎ. ǚȌȀ ȁȀȒȈȉț ȉȐȈȓǽȐȈȎ ȂȈȀ ȓȈȑ ȄȒȓǾȄȑ ȄǾȌȀȈ ȓȎ ȋǼȂȄȇțȑ ȓȎȔȑ, ǻȊȊȎ ȉȐȈȓǽȐȈȎ 
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ȄǾȌȀȈ Ȇ ǼȌȓȀȒȆ ȕȇȎȐȈȒȋȎȜ ȉȀȈ ǼȌȀ ȓȐǾȓȎ ȋȏȎȐȄǾ ȌȀ ȄǾȌȀȈ ȓȎ ȉȀȓǻ ȏțȒȎ ȃȈȀȕǼȐȎȔȌ ȒȄ 

ȕȘȓȄȈȌțȓȆȓȀ (%) Ȁȏț ȓȎ ȒǽȋȀ ȔȏȎȁǻȇȐȎȔ, ǽ Ȁȏț ȓȆ ȋǼȒȆ ǼȌȓȀȒȆ țȊȆȑ ȓȆȑ ȄȈȉțȌȀȑ. ǚȓȒȈ 

ȊȎȈȏțȌ ȏȀȐȀȓȆȐȎȜȋȄ țȓȈ ȖǻȌȄȓȀȈ Ȇ ȂȐȀȋȋȈȉțȓȆȓȀ ȂȈȀ ȓȆȌ ȏȐȘȓȄǠȌȆ 53BP1. ǲȔȂȉȐǾȌȎȌȓȀȑ 

ȓȎ ȏȊȀǾȒȈȎ (ii ) ȋȄ ȓȎ (i ) ȓȆȑ ǥȈȉțȌȀȑ 5-3, ȏȀȐȀȓȆȐȎȜȋȄ țȓȈ ȎȈ ȒȖȆȋȀȓȈȅțȋȄȌȄȑ ȄȒȓǾȄȑ ȓȆȑ 

53BP1 ȄǾȌȀȈ ȋȈȉȐțȓȄȐȄȑ ȂȈȀ ȓȀ 4 Gy Ȁȏț țȒȎ ȂȈȀ ȓȀ 0,5 Gy. ǯȈ ȀȌȓǾȒȓȎȈȖȄȑ ȄȈȉțȌȄȑ ȂȈȀ ȓȆ 

Ȃ-ǧ2ǡǶ ȃȄ ȋȄȓȀȁǻȊȎȔȌ ȓȎ ȋǼȂȄȇțȑ ȓȎȔȑ. ǳȀ ǾȃȈȀ ȒȔȋȁȀǾȌȎȔȌ ȉȀȈ ȂȈȀ ȓȀ ȒȘȋǻȓȈȀ ðȀ țȒȎȌ 

ȀȕȎȐǻ ȓȆȌ ȏȐȘȓȄǠȌȆ 53BP1. ǥȌȃȈȀȕǼȐȎȌ ȏȐȎȉȀȊȄǾ Ȇ ȄȈȉțȌȀ ȓȆȑ Ȃ-ǧ2ǡǶ ȒȓȀ 6,5 Gy 

(ȒȘȋǻȓȈȀ ðȀ) ǥȈȉțȌȀ 5-3iv  .  

 

ǯȈ ȁȊǻȁȄȑ ȄǾȌȀȈ ȏȊǼȎȌ ȓțȒȄȑ ȏȎȊȊǼȑ ȉȀȈ ȏȔȉȌǼȑ, ȏȎȔ Ȇ Ȃ-ǧ2ǡǶ ȏȀȐȎȔȒȈǻȅȄȈ ȃȈǻȖȔȒȆ, ȉȀȈ 

țȖȈ ȉȀȊȝȑ ȎȐȈȒȋǼȌȄȑ ȄȒȓǾȄȑ. ǧ 53ǢP1, ȂȈȀ ȀȔȓǽ ȓȆ ȋȄȂǻȊȆ ȃțȒȆ, ȃȄȌ ȄȏȀȐȉȄǾ ȉȀȈ ȒȖȆȋȀȓǾȅȄȈ 

ȏȎȊȊǼȑ ȉȀȈ ȋȈȉȐǼȑ ȄȒȓǾȄȑ. ǯȏțȓȄ ȋȄ ȓȎ ȏȄǾȐȀȋȀ ȀȔȓț ȏȐȎȒȃȈȎȐǾȅȎȔȋȄ ȉȀȈ ȓȀ țȐȈȀ ȓȆȑ 

ȒȔȂȉȄȉȐȈȋǼȌȆȑ ȓȄȖȌȈȉǽȑ, ȀȕȎȜ ȏȊǼȎȌ ȎȈ ȏȐȘȓȄǠȌȄȑ ȃȄȌ ȄȏȀȐȉȎȜȌ ȎȜȓȄ ȋȏȎȐȎȜȌ ȌȀ 

ȀȌȓȀȏȎȉȐȈȇȎȜȌ ȒȖȆȋȀȓǾȅȎȌȓȀȑ ȄȒȓǾȄȑ ȝȒȓȄ ȌȀ ȂȈȌțȓȀȌ Ȇ ȉȀȓȀȋǼȓȐȆȒȆ ȏȎȔ ȇȀ 

ȀȌȓȈȒȓȎȈȖȎȜȒȄ ȓȈȑ ȄȒȓǾȄȑ ȋȄ ȓȈȑ ȄȏȀȂțȋȄȌȄȑ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ DNA . 

ǣȐǻȕȆȋȀ 5-10: ǥȍǻȐȓȆȒȆ ȓȘȌ ȄȏȀȂțȋȄȌȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ Ȁȏț ȓȆ ȃțȒȆ ȀȉȓȈȌȎȁȎȊǾȀȑ, ȒȄ ȉȜȓȓȀȐȀ 
ǡ549.(i & ii) ȀȉȓǾȌȄȑ ðǶ, (iii  & iv) ȒȘȋǻȓȈȀ ðȀ, (i & iii) ȂȈȀ ȓȆȌ ȏȐȘȓȄǠȌȆ Ȃ-ǧ2ǡǶ ȉȀȈ (ii  & iv) ȂȈȀ 
ȓȆȌ ȏȐȘȓȄǠȌȆ 53BP1. 
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ǲȆȋȄȈȝȌȄȓȀȈ, ȓǼȊȎȑ, țȓȈ Ȇ ȄȌȃȎȂȄȌǽȑ ȒȔȂȉǼȌȓȐȘȒȆ ȓȆȑ 53BP1 ȄǾȌȀȈ ȎȐȀȓǽ ȒȓȎ ȏȊȀǾȒȈȎ (iii ) 

ȓȆȑ ǥȈȉțȌȀȑ VI -3, țȏȎȔ ȕȀǾȌȄȓȀȈ ȋǾȀ ȀȒȇȄȌǽȑ ȖȐȝȒȆ ȌȀ ȉȀȊȜȏȓȄȈ ȎȊțȉȊȆȐȎ ȓȎȌ ȏȔȐǽȌȀ.  

 

 

 

ǥȈȉțȌȀ 5-3: ǪȜȓȓȀȐȀ ǡ549 ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ ȋȄ ȀȉȓǾȌȄȑ ðǶ ǽ ȒȘȋǻȓȈȀ ðȀ ȒȓȆ 1 h ȋȄȓǻ ȓȆȌ ǼȉȇȄȒȆ. 
ǚȖȎȔȌ ȖȐȘȒȇȄǾ ȎȈ ȏȐȘȓȄǠȌȄȑ Ȃ-ǧ2ǡǶ ȉȀȈ 53ǢP1. ǳȋǽȋȀȓȀ ȄȈȉțȌȘȌ Ȁȏț ȒȔȌȄȒȓȈȀȉț ȋȈȉȐȎȒȉțȏȈȎ, 
țȏȎȔ ǼȖȄȈ ȂǾȌȄȈ ȏȐȎȁȎȊǽ ȋǼȂȈȒȓȆȑ ǼȌȓȀȒȆȑ Ȁȏț ȓȈȑ ȃȈǻȕȎȐȄȑ ôȓȎȋǼȑõ ȓȎȔ ǻȍȎȌȀ Z. (i & ii) ȀȉȓǾȌȄȑ ðǶ 
0,5 ȉȀȈ 4 Gy ȀȌȓǾȒȓȎȈȖȀ. (iii  & iv) ȒȘȋǻȓȈȀ ðȀ 2,5 ȉȀȈ 6,5 Gy ȀȌȓǾȒȓȎȈȖȀ.  

 

5.2.5 ǪȀȋȏȜȊȆ ȃțȒȆȑ-ȀȏțȉȐȈȒȆȑ ȂȈȀ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ MCF7 ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ 

ȀȉȓǾȌȄȑ-Ȃ 

ǰȀȐȎȔȒȈǻȅȄȓȀȈ Ȅȃȝ ǼȌȀ ȏȄǾȐȀȋȀ ȋȄ ȉȜȓȓȀȐȀ MCF7, țȏȎȔ Ȇ ȄȍǻȐȓȆȒȆ ȓȎȔ ȀȐȈȇȋȎȜ ȓȘȌ 

ȄȋȕȀȌȈȅțȋȄȌȘȌ ȄȒȓȈȝȌ Ȃ-ǧ2ǡǶ ȏȐȎȒȄȂȂǾȅȄȓȀȈ ȋȄ ȓȐȄȈȑ ȋȄȇțȃȎȔȑ. ǡȐȖȈȉǻ 

ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȓȆȑ ȉȀȓȀȋǼȓȐȆȒȆȑ Ȁȏț ȓȎ ȋȈȉȐȎȒȉțȏȈȎ, ȃȆȊȀȃǽ 

ȄȉȓǾȋȆȒȆ çȋȄ ȓȎ ȋǻȓȈè. ǲȓȆ ȒȔȌǼȖȄȈȀ ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȏȎȔ ȏȐȎǼȉȔȗȀȌ 

ȋȄ ȓȆ ȖȐǽȒȆ ȓȎȔ ȊȎȂȈȒȋȈȉȎȜ Jcount ȉȀȈ ȓǼȊȎȑ, ȏǻȊȈ Ȁȏț ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȓȎȔ ȊȎȂȈȒȋȈȉȎȜ, 

ȂǾȌȄȓȀȈ ȋǾȀ ȄȏȈȏȊǼȎȌ ȃȈțȐȇȘȒȆ, ȏȐȎȒȏȀȇȝȌȓȀȑ ȌȀ ȃȈȀȖȘȐǾȒȎȔȋȄ ȓȀ ȉȜȓȓȀȐȀ ȀȌǻȊȎȂȀ ȋȄ 

ȓȆ ȕǻȒȆ ȓȎȔ ȉȔȓȓȀȐȈȉȎȜ ȉȜȉȊȎȔ ȏȎȔ ȁȐǾȒȉȎȌȓȀȌ.  
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ǰȀȐȀȓȆȐȎȜȋȄ țȓȈ ȉȀȈ ȋȄ ȓȈȑ ȓȐȄȈȑ ȋȄȇțȃȎȔȑ ȉȀȓȀȋǼȓȐȆȒȆȑ ȖǻȌȄȓȀȈ Ȇ ȂȐȀȋȋȈȉțȓȆȓȀ ȒȓȀ 4 

Gy, ȖȘȐǾȑ ȀȔȓț ȌȀ ȉȀȓȎȖȔȐȝȌȄȈ țȓȈ ȖǻȌȄȓȀȈ ȉȀȈ ȒȓȆȌ ȏȐȀȂȋȀȓȈȉțȓȆȓȀ Ȇ ȂȐȀȋȋȈȉțȓȆȓȀ 

ȓȎȔ ȕȀȈȌȎȋǼȌȎȔ. ǲȓȆȌ ȏȀȐȀȓǽȐȆȒȆ Ȁȏț ȓȎ ȋȈȉȐȎȒȉțȏȈȎ, ȖǻȌȄȓȀȈ Ȇ ȂȐȀȋȋȈȉțȓȆȓȀ, ȉȀȇȝȑ 

Ȏ ȏȀȐȀȓȆȐȆȓǽȑ ǼȖȄȈ ȓȆȌ ȓǻȒȆ ȌȀ ȉȀȓȀȋȄȓȐǻ ȓȀ țȖȈ ȉȀȈ ȏȎȊȜ ȋȄȂǻȊȀ ȉȜȓȓȀȐȀ ȂȈȀ ȌȀ 

ȋȄȓȐǽȒȄȈ ȊȈȂțȓȄȐȄȑ ȄȒȓǾȄȑ. ǬǼȖȐȈ ȓȀ 2 Gy, țȊȄȑ ȎȈ ȋǼȇȎȃȎȈ ȉȀȓȀȕǼȐȌȎȔȌ ȓȀ ȀȏȎȃȝȒȎȔȌ ȓȆ 

ȂȐȀȋȋȈȉțȓȆȓȀ ȓȎȔ ȕȀȈȌȎȋǼȌȎȔ. ǳȎ ȏȐțȁȊȆȋȀ ȋȄ ȓȀ 4 Gy ȄȋȕȀȌǾȅȄȓȀȈ ȊțȂȘ ȓȆȑ ȕȜȒȆȑ ȓȆȑ 

ȀȏȄȈȉțȌȈȒȆȑ. ǳȎ ȋȈȉȐȎȒȉțȏȈȎ ȏȎȔ ȖȐȆȒȈȋȎȏȎȈǽȇȆȉȄ ǽȓȀȌ ȋȈȉȐȎȒȉțȏȈȎ ȄȏȈȕȇȎȐȈȒȋȎȜ, ȋȄ 

ȀȏȎȓǼȊȄȒȋȀ ȂȈȀ ȉǻȇȄ ȎȏȓȈȉț ȏȄȃǾȎ ȌȀ ȊȀȋȁǻȌȄȓȀȈ ȋǾȀ ȄȈȉțȌȀ, ȃȆȊȀȃǽ ǼȌȀ ȄȒȓȈȀȉț 

ȄȏǾȏȄȃȎ. ǡȌ ȉȀȈ Ȁȏț ȓȆȌ ȏȄȈȐȀȋȀȓȈȉǽ ȃȈȀȃȈȉȀȒǾȀ ǼȂȈȌȄ ȏȐȎȒȏǻȇȄȈȀ ȌȀ ȀȕȔȃȀȓȘȇȎȜȌ ȓȀ 

ȉȜȓȓȀȐȀ ȝȒȓȄ ȌȀ ȂǾȌȎȔȌ țȒȎ ȓȎ ȃȔȌȀȓț ȏȈȎ ȄȏǾȏȄȃȀ, ȘȒȓțȒȎ ȓȀ ȉȜȓȓȀȐȀ ȄȍȀȉȎȊȎȔȇȎȜȌ 

ȌȀ ǼȖȎȔȌ ȉǻȏȎȈȎ ȏǻȖȎȑ. ǧ ȋǾȀ ȉȀȈ ȋțȌȆ ȊǽȗȆ ȀȌǻ ȎȏȓȈȉț ȏȄȃǾȎ ǼȖȄȈ Șȑ ȀȏȎȓǼȊȄȒȋȀ ȌȀ 

ȋȆȌ ȕȘȓȎȂȐȀȕǾȅȎȌȓȀȈ țȊȄȑ ȎȈ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ, ȃȆȊȀȃǽ ȄȉȄǾȌȄȑ ȏȎȔ ȁȐǾȒȉȎȌȓȀȈ ȒȄ 

ȄȏǾȏȄȃȎ ȔȗȆȊțȓȄȐȎ ǽ ȖȀȋȆȊțȓȄȐȎ Ȁȏț ȄȉȄǾȌȎ ȂȈȀ ȓȎ ȎȏȎǾȎ ȄǾȌȀȈ ȄȒȓȈȀȒȋǼȌȆ Ȇ 

y = 15.021x + 5.7061
wч Ґ лΦфуоф

y = 13.601x + 10.734
wч Ґ лΦфмо

y = 10.496x + 8.3013
wч Ґ лΦттлп
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y = 17.548x + 3.9371
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y = 20.738x + 5.738
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y = 20.779x + 1.1036
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ǣȐǻȕȆȋȀ 5-11: ǥȍǻȐȓȆȒȆ ȓȎȔ ȀȐȈȇȋȎȜ ȓȘȌ ȄȒȓȈȝȌ Ȃ-ǧ2ǡǶ Ȁȏț ȓȆ ȃțȒȆ ȀȉȓȈȌȎȁȎȊǾȀȑ, ȒȄ ȉȜȓȓȀȐȀ 
MCF7 ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ ðȂ. ǣȈȀ ȓȎ ǾȃȈȎ ȏȄǾȐȀȋȀ ȎȈ ȄȒȓǾȄȑ ȉȀȓȀȋȄȓȐȎȜȌȓȀȈ ȋȄ ȓȐȄȈȑ ȓȐțȏȎȔȑ. 
ǡȐȖȈȉǻ ȉȀȓȀȂȐǻȕȎȌȓȀȈ ȎȈ ȋȄȓȐǽȒȄȈȑ Ȁȏț ȓȎ ȋȈȉȐȎȒȉțȏȈȎ. ǲȓȆ ȒȔȌǼȖȄȈȀ ȂǾȌȄȓȀȈ ȀȌǻȊȔȒȆ ȓȘȌ ȄȈȉțȌȘȌ 
ȋȄ ȓȎ ȊȎȂȈȒȋȈȉț Jcount. ǡȉȎȊȎȜȇȘȑ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȓȆȑ ȀȌǻȊȔȒȆȑ ȋȄ ȓȎ ȊȎȂȈȒȋȈȉț ȏȄȐȄȓȀǾȐȘ 
ȀȌȀȊȜȎȌȓȀȈ Șȑ ȏȐȎȑ ȓȆ ȕǻȒȆ ȓȎȔ ȉȔȓȓȀȐȈȉȎȜ ȉȜȉȊȎȔ. 
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ȕȘȓȎȂȐȀȕǾȀ. ǬȄ ȀȔȓțȌ ȓȎȌ ȓȐțȏȎ ȖǻȌȎȌȓȀȈ ȄȒȓǾȄȑ ȏȎȔ ȃȄȌ ȀȏȄȈȉȎȌǾȅȎȌȓȀȈ ǽ ȄǾȌȀȈ 

ȀȌȄȒȓǾȀȒȓȄȑ, ȋȄ ȀȏȎȓǼȊȄȒȋȀ ȌȀ ȋȆȌ ȋȏȎȐȄǾ ȌȀ ȓȈȑ ȋȄȓȐǽȒȄȈ ȓȎ ȊȎȂȈȒȋȈȉț. ǚȓȒȈ ȂǾȌȄȓȀȈ 

ȒȔȒȓȆȋȀȓȈȉǻ ȋȈȀ ȔȏȎȄȉȓǾȋȆȒȆ ȓȎȔ ȀȐȈȇȋȎȜ ȓȘȌ ȄȒȓȈȝȌ, ȀȊȊǻ ȓȎ ȕȀȈȌțȋȄȌȎ ȄǾȌȀȈ 

ȏȄȐȈȒȒțȓȄȐȎ ȄȋȕȀȌǼȑ ȒȓȈȑ ȋȄȂǻȊȄȑ ȃțȒȄȈȑ. ǘȊȊȎ ȏȐțȁȊȆȋȀ ȏȎȔ ȉȀȈ ȏǻȊȈ ȎȃȆȂȄǾ ȒȓȆȌ 

ȔȏȎȄȉȓǾȋȆȒȆ ȓȎȔ ȀȐȈȇȋȎȜ ȓȘȌ ȄȒȓȈȝȌ ȒȓȈȑ ȋȄȂǻȊȄȑ ȃțȒȄȈȑ, țȓȀȌ ȄȏȈȖȄȈȐȄǾȓȀȈ ȀȏȄȈȉțȌȈȒȆ 

ȋȄ ȋȈȉȐȎȒȉțȏȈȎ ȄȏȈȕȇȎȐȈȒȋȎȜ, ȄǾȌȀȈ țȓȈ ȉȀȇȝȑ ȀȔȍǻȌȄȓȀȈ Ȇ ȃțȒȆ ȀȉȓȈȌȎȁȎȊǾȀȑ, ȀȔȍǻȌȄȓȀȈ 

ȉȀȈ Ȇ ȏȔȉȌțȓȆȓȀ ȓȘȌ ȄȒȓȈȝȌ ȉȀȈ ȋȀȅǾ ȋȄ ȓȆȌ ȏȔȉȌțȓȆȓȀ ȀȔȍǻȌȄȓȀȈ ȉȀȈ Ȇ ȏȈȇȀȌțȓȆȓȀ ȃȜȎ 

ǽ ȏȄȐȈȒȒțȓȄȐȄȑ ȄȒȓǾȄȑ ȌȀ ȁȐǾȒȉȎȌȓȀȈ Ȇ ȋȈȀ ȉǻȓȘ Ȁȏț ȓȆȌ ǻȊȊȆ, Ȇ ȏȎȊȜ ȉȎȌȓǻ. ǳȎ 

ȏȐțȁȊȆȋȀ ȓȆȑ ȄȏȈȉǻȊȔȗȆȑ ȓȘȌ ȄȒȓȈȝȌ ȉȀȓǻ ȓȆȌ ȉȀȓȀȋǼȓȐȆȒȆ ȋȄ ȓȎ ȋǻȓȈ ȒȄ ȋȄȂǻȊȎ ȁȀȇȋț 

ȍȄȏȄȐȌȈǼȓȀȈ ȂȈȀ ȓȈȑ ȄȒȓǾȄȑ ȏȎȔ ȃȄȌ ȒȔȋȏǾȏȓȎȔȌ ȄȏȀȉȐȈȁȝȑ, ȉȀȇȝȑ Ȏ ȏȀȐȀȓȆȐȆȓǽȑ ǼȖȄȈ ȓȆ 

ȃȔȌȀȓțȓȆȓȀ ȌȀ ȄȒȓȈǻȒȄȈ ȒȄ ȉǻȇȄ ȄȏǾȏȄȃȎ. ǝȋȘȑ Ȇ ȉȀȓȀȋǼȓȐȆȒȆ ȄȒȓȈȝȌ ȒȄ ȓțȒȎ ȋȄȂǻȊȄȑ 

ȃțȒȄȈȑ ȄǾȌȀȈ ȄȍȀȈȐȄȓȈȉǻ ȖȐȎȌȎȁțȐȀ ȉȀȈ ȄȏǾȏȎȌȆ ȃȈȀȃȈȉȀȒǾȀ ȂȈȀ ȓȎȌ ȄȐȄȔȌȆȓǽ.  

 

5.2.6 ǥȏȀȂȘȂǽ ȉȀȈ ȄȏȈȃȈțȐȇȘȒȆ ǤǪǨ ȂȈȀ ȃȈǻȕȎȐȄȑ ȃțȒȄȈȑ ȒȄ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ 

HepG2 ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ-Ƕ ǽ ȒȄ ȈțȌȓȀ ǡȐȂȎȜ 

ǪȜȓȓȀȐȀ HepG2 ȀȉȓȈȌȎȁȎȊǽȇȆȉȀȌ ȒȄ ȃȈȀȕȎȐȄȓȈȉǼȑ ȏȄȐȈțȃȎȔȑ ȉȀȈ ȋȀȑ ȄȒȓǻȊȆȒȀȌ 

(ȋȎȌȈȋȎȏȎȈȆȋǼȌȀ) Ȁȏț ȓȆ ȒȔȌȄȐȂǻȓȈȃǻ ȋȀȑ Christine  Hellweg , ȋȄ ȀȉȓǾȌȄȑ ðǶ ǽ ȈțȌȓȀ 

ǡȐȂȎȜ. ǯȈ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ ȄȉȓȈȋǽȇȆȉȀȌ ȋȄ ȓȎ ȊȎȂȈȒȋȈȉț Jcount. ǳȀ ȀȏȎȓȄȊǼȒȋȀȓȀ 

ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȒȓȎ ǣȐǻȕȆȋȀ 5-12. ǣȈȀ ȓȈȑ ȀȉȓǾȌȄȑ ðǶ ȏȀȐȀȓȆȐȎȜȋȄ țȓȈ ȒȓȈȑ 24 h, ȀȉțȋȀ 

ȉȀȈ ȓȀ 2 Gy, ǼȖȎȔȌ ȄȏȈȃȈȎȐȇȘȇȄǾ ȉȀȈ ǼȖȎȔȌ ȕȓǻȒȄȈ ȓȀ ȄȏǾȏȄȃȀ ȔȏȎȁǻȇȐȎȔ ȂȈȀ ȓȎ 

ȀȌȓǾȒȓȎȈȖȎ ȋȆ ȀȉȓȈȌȎȁȎȊȆȋǼȌȎ ȃȄǾȂȋȀ ȓȘȌ 24 h. ǪȀȈ țȓȈ ȒȓȈȑ 6 h Ȇ ȄȏȈȃȈțȐȇȘȒȆ ǼȖȄȈ 

ȏȐȎȖȘȐǽȒȄȈ ȒȆȋȀȌȓȈȉǻ, ȋȄ ȀȏȎȓǼȊȄȒȋȀ ȌȀ ȋȆȌ ȏȀȐȀȓȆȐȎȜȌȓȀȈ ȒȓȀȓȈȒȓȈȉȝȑ ȒȆȋȀȌȓȈȉǼȑ 

ȃȈȀȕȎȐǼȑ ȒȄ ȒȜȂȉȐȈȒȆ ȋȄ ȓȎ ȋȆ ȀȉȓȈȌȎȁȎȊȆȋǼȌȎ ȃȄǾȂȋȀ ȓȘȌ 6 h.  

ǡȌȓǾȇȄȓȀ, ȂȈȀ ȓȀ ȉȜȓȓȀȐȀ ȓȀ ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ ȋȄ ȈțȌȓȀ ǡȐȂȎȜ, Ȇ ȄȏȈȃȈțȐȇȘȒȆ ȀȉțȋȀ ȉȀȈ 

ȒȓȈȑ 6 h ȃȄȌ ǼȖȄȈ ȏȐȎȖȘȐǽȒȄȈ ȒȆȋȀȌȓȈȉǻ. ǡȔȓț ȄȍȆȂȄǾȓȀȈ Ȁȏț ȓȎ ȂȄȂȎȌțȑ țȓȈ Ȇ ȀȜȍȆȒȆ ȓȆȑ 

LET ȎȃǽȂȆȒȄ ȒȄ ȃȆȋȈȎȔȐȂǾȀ ȏȄȐȈȒȒțȓȄȐȎ ȒȜȌȇȄȓȘȌ ȁȊȀȁȝȌ, ȋȄ ȀȏȎȓǼȊȄȒȋȀ ȓȀ ȉȜȓȓȀȐȀ 

ȌȀ ȃȔȒȉȎȊȄȜȎȌȓȀȈ ȌȀ ȓȈȑ ȄȏȈȃȈȎȐȇȝȒȎȔȌ. ǥȏǾȒȆȑ Ȏ ȀȐȈȇȋțȑ ȓȘȌ ȄȒȓȈȝȌ ȄǾȌȀȈ ȋȈȉȐțȓȄȐȎȑ, 

ȀȊȊǻ ȀȔȓț ȒȔȋȁȀǾȌȄȈ, ȂȈȀȓǾ țȏȘȑ ȕȀǾȌȄȓȀȈ ȉȀȈ ȒȓȆȌ ǥȈȉțȌȀ 5-4, ȀȊȊǻ ȉȀȈ ȒȓȎ ǣȐǻȕȆȋȀ 

5-2, ȎȈ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ ȄǾȌȀȈ ȋȄȂȀȊȜȓȄȐȄȑ. ǥȏȎȋǼȌȘȑ ȉȐȜȁȎȔȌ ȏȄȐȈȒȒțȓȄȐȄȑ ȓȈȑ ȋȈȀȑ ǤǪǨ 

Ȇ ȉǻȇȄ ȋȈȀ ȓȎȔȑ.  
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ǣȐǻȕȆȋȀ 5-12: ǥȍǻȐȓȆȒȆ ȓȎȔ ȀȐȈȇȋȎȜ ȓȘȌ ȄȏȀȂțȋȄȌȘȌ ȄȒȓȈȝȌ Ȃ-ǧ2ǡǶ Ȁȏț ȓȆ ȃțȒȆ ȀȉȓȈȌȎȁȎȊǾȀȑ ȉȀȈ ȓȎ ȖȐțȌȎ ȋȄȓǻ ȓȆȌ 
ȄȏȈȃȈțȐȇȘȒȆ ȂȈȀ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ HepG2 ȄȉȓȄȇȄȈȋǼȌȀ (i) ȒȄ ȀȉȓǾȌȄȑ ðȂ ǽ (ii) ȒȄ ȈțȌȓȀ ǡȐȂȎȜ.  

 

ǲȓȎȔȑ ǰǾȌȀȉȄȑ 5-6 &5- 7 ȃǾȌȎȌȓȀȈ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȂȈȀ ȓȀ ȉȜȓȓȀȐȀ ȓȀ ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ 

ȋȄ ȈțȌȓȀ ǡȐȂȎȜ, ȇǼȓȎȌȓȀȑ ȃȈȀȕȎȐȄȓȈȉǼȑ ȏȀȐȀȋǼȓȐȎȔȑ ȒȓȎ ȊȎȂȈȒȋȈȉț. ǳȀ ȀȏȎȓȄȊǼȒȋȀȓȀ 

ȏȎȔ ǼȖȎȔȌ ȏȀȐȈȒȓȝȌȓȀȈ ȒȓȎ ǣȐǻȕȆȋȀ 5-12ii, ȏȐȎǼȐȖȎȌȓȀȈ Ȁȏț ȓȎȌ ǰǾȌȀȉȀ 5-6, țȏȎȔ Ȇ 

ȄȏȈȊȎȂǽ ȓȘȌ ȏȀȐȀȋǼȓȐȘȌ ȂȈȀ ȓȆȌ ȀȌȀȂȌȝȐȈȒȆ ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ ǽȓȀȌ ȓǼȓȎȈȀ ȝȒȓȄ 

ȌȀ ȃǾȌȄȈ ȀȔȓț ȏȎȔ ȏȐȀȂȋȀȓȈȉǻ ȁȊǼȏȀȋȄ ȒȓȆȌ ȄȈȉțȌȀ. 
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ǰǾȌȀȉȀȑ 5-6: ǡȏȎȓȄȊǼȒȋȀȓȀ ȂȈȀ ȓȀ HepG2 ȉȜȓȓȀȐȀ ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ ȋȄ ȈțȌȓȀ ǡȐȂȎȜ, ǼȖȎȌȓȀȑ ȇǼȒȄȈ ȒȓȎ ȊȎȂȈȒȋȈȉț Jcount 
ȏȀȐȀȋǼȓȐȎȔȑ ȝȒȓȄ ȌȀ ȉȀȓȀȋȄȓȐǻ ȋȈȉȐǼȑ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ. 

ȋȈȉȐǼȑ ȄȒȓǾȄȑ Ȃ-ǧ2ǡǶ 

  0  Gy  0.1 Gy 0.5 Gy 1 Gy 2 Gy 
  avg foci N  stdev avg  stdev avg  stdev avg stdev avg  stdev 
  # >95%   # >95%   # >95% stdev # >95% stdev # >95% stdev 

0 h 0.41 0.01 0.87 0.08 2.24 0.15 5.11 0.34 12.14 0.14 
1 h 0.41 0.01 0.45 0.15 2.78 0.19 4.20 0.47 11.37 1.66 
6 h 0.42 0.01 0.36 0.12 2.08 0.17 3.63 0.30 10.96 0.29 

           
  0  Gy  0.1 Gy 0.5 Gy 1 Gy 2 Gy 
  avg foci N  stdev avg  stdev avg  stdev avg  stdev avg N stdev 
  total    total    total  stdev total  stdev total  stdev 

0 h 1.19 0.34 1.21 0.01 2.45 0.52 5.88 0.36 12.21 0.14 
1 h 0.55 0.21 0.50 0.39 3.10 0.35 4.49 0.49 12.25 1.74 
6 h 0.83 0.19 0.40 0.11 2.24 0.94 4.07 0.32 10.94 0.30 

 

ǰǾȌȀȉȀȑ 5-7: ǡȏȎȓȄȊǼȒȋȀȓȀ ȂȈȀ ȓȀ HepG2 ȉȜȓȓȀȐȀ ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ ȋȄ ȈțȌȓȀ ǡȐȂȎȜ, ǼȖȎȌȓȀȑ ȇǼȒȄȈ ȒȓȎ ȊȎȂȈȒȋȈȉț Jcount 
ȏȀȐȀȋǼȓȐȎȔȑ ȝȒȓȄ ȌȀ ȉȀȓȀȋȄȓȐǻ ȋȄȂǻȊȄȑ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋțȔ, ȃȆȊȀȃǽ ȌȀ ȄȌȝȌȄȈ ȓȈȑ ȄȒȓǾȄȑ ȏȎȔ ȁȐǾȒȉȎȌȓȀȈ ȏȎȊȜ ȉȎȌȓǻ. 

ǬȄȂǻȊȄȑ ȄȒȓǾȄȑ Ȃ-ǧ2ǡǶ 

  0 Gy  0.1 Gy 0.5 Gy 1 Gy 2 Gy 

  avg foci N  stdev avg foci N  stdev avg foci N  stdev avg foci N  stdev avg foci N  stdev 
  # >95%   # >95%   # >95%   # >95%   # >95%   

0 h 0.29 0.12 0.465 0.08 1.54 0.25 2.52 0.11 3.88 0.31 
1 h 0.20 0.29 0.215 0.08 1.93 0.26 2.10 0.32 4.42 0.35 
6 h 0.32 0.34 0.265 0.18 1.64 0.70 1.01 0.01 4.03 0.42 

           

  avg foci N  stdev avg foci N  stdev avg foci N  stdev avg foci N  stdev avg foci N  stdev 
  total    total    total    total    total    

0 h 0.68 0.13 0.49 0.09 1.75 0.26 2.71 0.11 3.88 0.31 
1 h 0.41 0.31 0.27 0.08 2.14 0.27 2.23 0.33 4.42 0.35 
6 h 0.66 0.36 0.50 0.19 1.72 0.74 1.11 0.01 4.03 0.42 
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ǣȈȀ ȓȈȑ ȋȈȉȐǼȑ ȄȒȓǾȄȑ Ȃ-ǧ2ǡǶ, ȃǾȌȎȌȓȀȈ ȎȈ ȀȐȈȇȋȎǾ ȏȎȔ ȏȐȎǼȉȔȗȀȌ Ȁȏț ȓȎ ȊȎȂȈȒȋȈȉț, ȀȊȊǻ 

ȃǾȌȎȌȓȀȈ ȉȀȈ ȎȈ ȓȈȋǼȑ, țȏȎȔ ǼȖȎȔȌ ȉȐȀȓȆȇȄǾ țȒȄȑ ȓȈȋǼȑ ȄȋȏǾȏȓȎȔȌ ȒȄ ȃȈǻȒȓȆȋȀ 

ȄȋȏȈȒȓȎȒȜȌȆȑ >95% ȂȜȐȘ Ȁȏț ȓȆ ȋǼȒȆ ȓȈȋǽ, ȉȀȈ ȏȐǻȂȋȀȓȈ ȎȈ ȓȈȋǼȑ ȀȔȓǼȑ ȏȀȐȎȔȒȈǻȅȎȔȌ 

ȋȈȉȐțȓȄȐȆ ȓȔȏȈȉǽ ȀȏțȉȊȈȒȆ. 

ǣȈȀ ȓȈȑ ȀȌǻȂȉȄȑ ȓȆȑ ȄȉȓǾȋȆȒȆȑ ȓȎȔ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȋȄ ȓȆȌ ȏȐȘȓȄǠȌȆ APE1, țȏȘȑ 

ȀȌȀȕǼȐȄȓȀȈ ȒȓȀ ȄȏțȋȄȌȀ, ȖȐȄȈǻȒȓȆȉȄ ȌȀ ȎȐǾȒȎȔȋȄ ȉǻȏȘȑ ȏȈȎ ȋȄȂǻȊȄȑ ȄȒȓǾȄȑ, ǼȓȒȈ ȎȈ 

ȏȀȐǻȋȄȓȐȎȈ ȄȏȈȊǼȖȓȆȉȀȌ ȓǼȓȎȈȄȑ ȝȒȓȄ ȌȀ ȄȌȎȏȎȈȎȜȌ ȓȈȑ ȉȎȌȓȈȌǼȑ ȄȒȓǾȄȑ. ǳȀ ȀȏȎȓȄȊǼȒȋȀȓȀ 

ȀȔȓǻ, ȏȀȐțȊȎ ȏȎȔ ȄǾȌȀȈ ȃȄȔȓȄȐȄȜȎȌȓȀ ȉȀȈ ȀȌȀȕǼȐȎȌȓȀȈ ȒȄ ȏȐȎȉȀȓȀȐȉȓȈȉǼȑ ȏȐȎȒȏǻȇȄȈȄȑ, 

ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ Ȅȃȝ (ǰǾȌȀȉȀȑ 5-7), ȊțȂȘ ȓȆȑ ȒȜȋȏȓȘȒȆȑ ȏȎȔ ȏȀȐȎȔȒȈǻȅȎȔȌ ȋȄ ȓȎȌ 

ǰǾȌȀȉȀ 4-1, țȏȎȔ ǼȖȄȈ ȂǾȌȄȈ ȇȄȘȐȆȓȈȉțȑ ȔȏȎȊȎȂȈȒȋțȑ ȓȘȌ ȉȐȎȜȒȄȘȌ ȀȌǻ ȉȜȓȓȀȐȎ, ȋȄ ȓȎ 

ȖȐȎȌȈȉț ȒȆȋȄǾȎ ȓȆȑ 1 h ȓȎȔ ǰǾȌȀȉȀ 5-7. 

ǲȓȆȌ ǥȈȉțȌȀ 5-5 ȋȄȓȀȍȜ ǻȊȊȘȌ ȕȀǾȌȄȓȀȈ ȉȀȈ Ȇ ȀȌǾȖȌȄȔȒȆ ȓȘȌ çȋȈȉȐȝȌè ȉȀȈ çȋȄȂǻȊȘȌè 

ȄȒȓȈȝȌ ȓȆȑ Ȃ-ǧ2ǡǶ ȏȎȔ ȏȄȐȈȂȐǻȕȎȌȓȀȈ ȒȓȎȔȑ ǰǾȌȀȉȄȑ 5-6 & 5-7. 

 

5.2.7 ǲȜȌȎȗȆ ȀȏȎȓȄȊȄȒȋǻȓȘȌ 

5.2.1 ǪȀȓȎȐȇȝȒȀȋȄ ȌȀ ȀȌȈȖȌȄȜȒȎȔȋȄ ȓȈȑ ǤǪǨ ȒȓȈȑ ȏȎȊȜ ȖȀȋȆȊǼȑ ȃțȒȄȈȑ ȏȎȔ ȄȉȇǼȓȄȈ ȓȀ 

ȉȜȓȓȀȐȀ Ȏ ȎȃȎȌȓȈȀȓȐȈȉțȑ ȓȎȋȎȂȐǻȕȎȑ 

5.2.2 ǰȐȎȒȃȈȎȐǾȒȓȆȉȄ ȓȎ ȉȀȓǻȊȊȆȊȎ ȏȐȘȓțȉȎȊȊȎ ȂȈȀ ȀȌǾȖȌȄȔȒȆ ǤǪǨ ȒȄ ȊȄȋȕȎȉȜȓȓȀȐȀ, 

ȋȄ ȃȄǾȉȓȆ ȓȘȌ ǤǪǨ ȓȆ Ȃ-H2AX. ǯ ȀȐȈȇȋțȑ ǤǪǨ ȏȐȎȒȃȈȎȐǾȒȓȆȉȄ ȒȓȎ 7,6 Ñ 0,9 

ǤǪǨ/(ȉȜȓȓȀȐȎ*Gy). ǬǼȖȐȈ ȓȀ 2 Gy Ȇ ȀȌǾȖȌȄȔȒȆ ȄǾȌȀȈ ȄȕȈȉȓǽ ȉȀȈ Ȇ ȉȀȋȏȜȊȆ ȁȂȀǾȌȄȈ ȋȄ 

ȉȀȊǽ ȏȐȎȒǼȂȂȈȒȆ ȄȔȇȄǾȀ. ǚȂȈȌȄ ȋȄ ȄȏȈȓȔȖǾȀ Ȇ ȏȐȎȒȀȐȋȎȂǽ ȉȀȋȏȜȊȆȑ ȂȈȀ ȓȆȌ ǼȉȕȐȀȒȆ ȓȆȑ 

ȖȐȎȌȈȉǽȑ ȄȍǼȊȈȍȆȑ ȓȘȌ ǤǪǨ ȋǼȖȐȈ ȓȎ ȒȆȋȄǾȎ ȓȘȌ 48 h ȋȄȓǻ ȓȆȌ ǼȉȇȄȒȆ. ǯ ȀȐȈȇȋțȑ ȓȘȌ 

ȄȏȀȂțȋȄȌȘȌ ȄȒȓȈȝȌ ȀȏȎȉȓǻ ȋǼȂȈȒȓȎ ȒȓȆ ȋǾȀ ȝȐȀ ȋȄȓǻ ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ, ȄȌȝ ȒȓȈȑ 24 h Ȏ 

ȀȐȈȇȋțȑ ȓȎȔȑ ȄȏȀȌǼȐȖȄȓȀȈ ȒȓȈȑ ȓȈȋǼȑ ȔȏȎȁǻȇȐȎȔ (ȄȌȃȎȂȄȌȝȌ ȇȐȀȜȒȄȘȌ). 

5.2.3 ǥȍȄȓǻȅȎȌȓȀȑ ȒȔȌȎȊȈȉǻ ȃȈǻȕȎȐȄȑ ȉȀȐȉȈȌȈȉǼȑ ȉȔȓȓȀȐȈȉǼȑ ȒȄȈȐǼȑ ȉȀȈ ȄȉȇǼȒȄȈȑ ȒȄ 

ȀȉȓȈȌȎȁȎȊǾȄȑ ȃȈȀȕȎȐȄȓȈȉǽȑ LET, ȁȐǼȇȆȉȄ țȓȈ Ȇ ȀȜȍȆȒȆ ȓȆȑ LET ȎȃȆȂȄǾ ȒȓȆ ȋȄǾȘȒȆ ȓȎȔ 

ȀȐȈȇȋȎȜ ȓȘȌ ȀȌȈȖȌȄȔțȋȄȌȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ ȉȀȈ ȒȔȌȄȉȃȎȖȈȉǻ (ȄǻȌ ȊȆȕȇȄǾ ȔȏțȗȆ țȓȈ 

ȓȎ ȋǼȂȄȇȎȑ ȓȆȑ ȉǻȇȄ ȄȒȓǾȀȑ ȋȄȂȀȊȝȌȄȈ, ȀȔȍȀȌȎȋǼȌȆȑ ȓȆȑ LET) Ȇ ȏȎȊȔȏȊȎȉțȓȆȓȀ ȓȘȌ 

ȄȏȀȂțȋȄȌȘȌ ȁȊȀȁȝȌ. ǥȌȃȄȈȉȓȈȉǼȑ ȓȈȋǼȑ ȄȏȀȂțȋȄȌȘȌ ȄȒȓȈȝȌ ȏȎȔ ȀȌȓȈȏȐȎȒȘȏȄȜȎȔȌ ȓȈȑ 

ǤǪǨ ȀȌǻ Gy ȀȉȓȈȌȎȁȎȊǾȀȑ ȉȀȈ ȀȌǻ ȉȜȓȓȀȐȎ: 16,4 Ñ 8,6 ȂȈȀ ȀȉȓǾȌȄȑ ðȂ (ȖȀȋȆȊǽ LET) ȉȀȈ 

4,8 Ñ 1,4 ȂȈȀ ȈțȌȓȀ ǡȐȂȎȜ (ȔȗȆȊǽ LET). 
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5.2.4 ǥȍȄȓǻȅȎȌȓȀȑ ȓȈȑ ȃȈȀȕȎȐǼȑ ȋȄȓȀȍȜ ȓȆȑ ǼȉȇȄȒȆȑ ȉȔȓȓǻȐȘȌ ǡ549 ȒȄ ȀȉȓǾȌȄȑ ðǶ ȉȀȈ 

ȒȘȋǻȓȈȀ ðȀ ȏȐȎȉȜȏȓȄȈ ȂȈȀ ȓȆ Ȃ-ǧ2ǡǶ țȓȈ Ȏ ȀȐȈȇȋțȑ ȄȏȀȂțȋȄȌȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ (ȀȌǻ 

Gy ȉȀȈ ȀȌǻ ȉȜȓȓȀȐȎ) ȄǾȌȀȈ 30Ñ6 ȂȈȀ ȓȈȑ ȀȉȓǾȌȄȑ ðǶ ȉȀȈ 10 Ñ 2 ȂȈȀ ȓȀ ȒȘȋǻȓȈȀ ðȀ. 

5.2.5 ǣȈȀ ȉȜȓȓȀȐȀ MCF7 ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ ðȂ ȁȐǼȇȆȉȄ țȓȈ Ȏ ȀȐȈȇȋțȑ ȓȘȌ ȄȒȓȈȝȌ Ȃ-

ǧ2ǡǶ ȀȌǻ ȉȜȓȓȀȐȎ ȉȀȈ ȀȌǻ Gy ȀȉȓȈȌȎȁȎȊǾȀȑ ȄǾȌȀȈ 14,3 Ñ 8,2. 

5.2.6 ǣȈȀ ȉȜȓȓȀȐȀ HepG2 ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ ðǶ ǽ ȒȄ ȈțȌȓȀ ǡȐȂȎȜ, ȁȐǼȇȆȉȄ țȓȈ Ȏ 

ȀȐȈȇȋțȑ ȓȘȌ ȄȒȓȈȝȌ Ȃ-ǧ2ǡǶ ȀȌǻ ȉȜȓȓȀȐȎ ȉȀȈ ȀȌǻ Gy ȀȉȓȈȌȎȁȎȊǾȀȑ ȄǾȌȀȈ 13,3 Ñ 4,1 ȂȈȀ 

ȓȈȑ ȀȉȓǾȌȄȑ ðǶ ȉȀȈ 4,8 Ñ 1,4 ȂȈȀ ȓȀ ȈțȌȓȀ ǡȐȂȎȜ. 
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5.3 ǬȄȊǼȓȆ ǤǪǨ Ȕȏț ȒȔȌȇǽȉȄȑ ȀȌȄȏǻȐȉȄȈȀȑ / ȏȀȐȄȋȏțȃȈȒȆȑ 

ȄȏȈȃȈȎȐȇȘȓȈȉȝȌ ȋȆȖȀȌȈȒȋȝȌ DNA  

5.3.1 ǥȏȀȂȘȂǽ ȉȀȈ ȄȏȈȃȈțȐȇȘȒȆ ǤǪǨ ȒȄ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ ǡ549 ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ 

ȀȉȓǾȌȄȑ-Ƕ ȏȀȐȎȔȒǾȀ ȓȎȔ ȀȌȀȒȓȎȊǼȀ NU7441 

 

ǣȐǻȕȆȋȀ 5-13: ǡȐȈȇȋțȑ ȄȏȀȂțȋȄȌȘȌ ȄȒȓȈȝȌ 53BP1 (ȄȏǻȌȘ) ȉȀȈ Ȃ-ǧ2ǡǶ (ȉǻȓȘ), ȒȄ ȉȀȐȉȈȌȈȉǻ 
ȉȜȓȓȀȐȀ ǡ549 ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ ðǶ ȀȏȎȔȒǾȀ (ȀȐȈȒȓȄȐǻ) ǽ ȏȀȐȎȔȒǾȀ (ȃȄȍȈǻ) ȓȎȔ ȀȌȀȒȓȎȊǼȀ 
NU7441.  

ǥȍȄȓǻȅȄȓȀȈ Ȅȃȝ Ȇ ȒȔȋȏȄȐȈȕȎȐǻ ȓȘȌ ȏȐȘȓȄșȌȝȌ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȘȌ ǤǪǨ, Șȑ ȏȐȎȑ ȓȆȌ 

ȈȉȀȌțȓȆȓǻ ȓȎȔȑ ȌȀ ȃȆȋȈȎȔȐȂȎȜȌ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ ȉȀȈ ȉȀȓõ ȄȏǼȉȓȀȒȆ Ȇ ȄȏȀȂȘȂǽ ȉȀȈ Ȇ 

ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ǤǪǨ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ A549 ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ ðǶ, ȏȀȐȎȔȒǾȀ ǽ 

ȋȆ, ȓȎȔ ȀȌȀȒȓȎȊǼȀ ȓȆȑ DNA -PK, NU 7441. ǯȈ ȀȐȈȇȋȎǾ ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ ȂȈȀ ȓȆȌ ȉǻȇȄ 

ȏȄȐǾȏȓȘȒȆ ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȒȓȎ ǣȐǻȕȆȋȀ 5-13, ȄȌȝ ȄȏȈȏȊǼȎȌ ǼȖȄȈ ȔȏȎȊȎȂȈȒȓȄǾ ȉȀȈ Ȇ 

ȄȏȈȃȈȎȐȇȘȓȈȉǽ ȈȉȀȌțȓȆȓȀ ȓȘȌ ȉȔȓȓǻȐȘȌ ȄȉȕȐȀȒȋǼȌȆ ȒȄ ȏȎȒȎȒȓț % ȓȘȌ ȄȏȈȃȈȎȐȇȘȋǼȌȘȌ 

ȁȊȀȁȝȌ Șȑ ȏȐȎȑ ȓȀ ȀȐȖȈȉǻ ȓȎȔȑ ȄȏǾȏȄȃȀ (ǰǾȌȀȉȀȑ 5-8). ǳȎ ȏȐțȒȆȋȎ ǼȖȄȈ ȉȐȀȓȆȇȄǾ ȃȈțȓȈ 

ǼȖȄȈ ȓȆ ȒȆȋȀȒǾȀ ȓȆȑ ȀȜȍȆȒȆȑ ȓȘȌ ȁȊȀȁȝȌ ȏȎȔ ȋȄȓȐȎȜȌȓȀȈ ȒȓȎ ȓȄȊȈȉț ȖȐȎȌȈȉț ȒȆȋȄǾȎ, Șȑ 
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ȏȐȎȑ ȀȔȓǼȑ ȏȎȔ ȋȄȓȐȎȜȌȓȀȈ ȒȓȎ ȀȐȖȈȉț, ȒȓȆȌ ȏȄȐǾȏȓȘȒȆ ȏȎȔ ȄǾȌȀȈ ȀȐȌȆȓȈȉț. Ǹȑ ȀȐȖȈȉǽ 

ȓȈȋǽ ǼȖȎȔȌ ȊȆȕȇȄǾ ȎȈ ȋȄȓȐǽȒȄȈȑ ȒȓȆ 1 h ȋȄȓǻ ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ.  

 

ǰǾȌȀȉȀȑ 5-8: ǥȏȈȃȈȎȐȇȘȓȈȉǽ ȈȉȀȌțȓȆȓȀ ȓȘȌ ȉȔȓȓǻȐȘȌ ȄȉȕȐȀȒȋǼȌȆ ȒȄ ȏȎȒȎȒȓț % ȓȘȌ 
ȄȏȈȃȈȎȐȇȘȋǼȌȘȌ ȁȊȀȁȝȌ Șȑ ȏȐȎȑ ȓȀ ȀȐȖȈȉǻ ȓȎȔȑ ȄȏǾȏȄȃȀ 

 

ǡȏț ȓȎ ǣȐǻȕȆȋȀ 5-13 ȉȀȈ ȓȎȌ ǰǾȌȀȉȀ 5-8, ȄǾȌȀȈ ȕȀȌȄȐǽ Ȇ ȄȏǾȏȓȘȒȆ ȒȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ 

ȏȎȔ ȏȐȎȉǻȊȄȒȄ Ȇ ȏȀȐȎȔȒǾȀ ȓȎȔ ȀȌȀȒȓȎȊǼȀ ȓȆȑ DNA -PK, NU 7441. ǧ ȏȀȐȎȔȒǾȀ ȓȎȔ 

ȀȌȀȒȓȎȊǼȀ țȖȈ ȋțȌȎ ǼȖȄȈ Șȑ ȀȏȎȓǼȊȄȒȋȀ ȓȆ ȋȆ ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ȁȊȀȁȝȌ ȋȄ ȓȎ ȏǼȐȀȑ ȓȘȌ 

ȘȐȝȌ, ȀȊȊǻ ȉȀȈ ȓȆ ȋȄȓȀȓțȏȈȒȆ ȓȎȔ ȋȄȂǾȒȓȎȔ, ȏǼȐȀ Ȁȏț ȓȆȌ 1 h, ȏȎȔ ȄȋȕȀȌǾȅȎȔȌ ȓȀ 

ȂȐȀȕǽȋȀȓȀ ȒȓȀ ȃȄȍȈǻ. ǲȆȋȄȈȝȌȄȓȀȈ ȄȏǾȒȆȑ țȓȈ ȓȀ ȋȆ ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ ȃȄǾȂȋȀȓȀ, țȏȎȔ 

ȏȀȐȎȔȒǾȀȅȀȌ ȏȀȐțȋȎȈȀ ȄȏǾȏȄȃȀ, ȃȈȎȐȇȝȇȆȉȀȌ çȋȄ ȓȎ ȖǼȐȈè ȌȀ ȃȄǾȖȌȎȔȌ ~100, ȉȀȇȝȑ 

ȓȔȖȀǾȄȑ ȋȈȉȐǼȑ ȃȈȀȉȔȋǻȌȒȄȈȑ, ȏȀȐȎȔȒǾȀȅȀȌ ȋȄȂǻȊȆ çȄȏȈȃȈȎȐȇȘȓȈȉǽ ȈȉȀȌțȓȆȓȀè, ȊțȂȘ ȓȎȔ 

ȎȐȈȒȋȎȜ ȀȔȓǽȑ, ȖȘȐǾȑ ȌȀ ǼȖȄȈ ȈȃȈȀǾȓȄȐȆ ȁȈȎȊȎȂȈȉǽ ȒȆȋȀȒǾȀ. 

ȒȔȌȇǽȉȆ 
ǶȐțȌȎȑ 

ȄȏȈȃȈțȐȇȘȒȆȑ 
(h) 

ǤțȒȆ 
(Gy)  

% ǥȏȈȃ ǩȉȀȌțȓȆȓȀ 
 [(ȀȐȖȈȉǽ ȁȊǻȁȆ ð ȓȄȊȈȉǽ ȁȊ.) / 

ȀȐȖȈȉǽ ȁȊǻȁȆ*100%] 

 -NU 7441 # ȄȒȓȈȝȌ 53BP1 24 0 ~100 
  1 94 

 +NU 7441 # ȄȒȓȈȝȌ  53BP1  24 0 ~100 
  1 33 
  2 1 
  4 -21 

 -NU7441 # ȄȒȓȈȝȌ Ȃ-ǧ2ǡǶ 24 0 ~100 
  1 93 

 +NU7441 # ȄȒȓȈȝȌ Ȃ-ǧ2ǡǶ  24 0 ~100 
  1 25 
  2 42 
  4 -27 
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5.3.2 ǥȏȀȂȘȂǽ ȉȀȈ ȄȏȈȃȈțȐȇȘȒȆ ǤǪǨ ȒȄ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ MCF7, ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ 

ȀȉȓǾȌȄȑ-Ȃ, ȏȀȐȎȔȒǾȀ ǽ ȋȆ ȓȎȔ ȀȌȀȒȓȎȊǼȀ ȄȏȈȃȈțȐȇȘȒȆȑ NU7026 

 

ǡȐȖȈȉǻ ȏȀȐȀȓȆȐȎȜȋȄ țȓȈ Ȏ ȀȌȀȒȓȎȊǼȀȑ Ȁȏț ȋțȌȎȑ ȓȎȔ ȏȐȎȉȀȊȄǾ ȉǻȏȎȈȀ ȓȎȍȈȉțȓȆȓȀ Ȁȏț 

ȓȈȑ 48 h ȉȀȈ ȋȄȓǻ, ȎȏțȓȀȌ ȀȐȖǾȅȎȔȌ ȌȀ ȒȔȒȒȘȐȄȜȎȌȓȀȈ ȁȊǻȁȄȑ ȏȎȔ ȏȐȎȉȀȊȎȜȌȓȀȈ Ȁȏț 

ȓȔȖȀǾȀ ȂȄȂȎȌțȓȀ ȉȀȈ țȖȈ Ȁȏț ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ (ǣȐǻȕȆȋȀ 5-14). 

ǲȔȂȉȐǾȌȎȌȓȀȑ ȓȀ ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ ȃȄǾȂȋȀȓȀ ȖȘȐǾȑ/ȋȄ ȀȌȀȒȓȎȊǼȀ ȒȓȆ 1 ȉȀȈ ȒȓȈȑ 6 h, ȓȎ 

ȃȄǾȂȋȀ ȖȘȐǾȑ ȀȌȀȒȓȎȊǼȀ ȒȓȈȑ 6 h ǼȖȄȈ ȏȐȎȖȘȐǽȒȄȈ ȓȆȌ ȄȏȈȃȈțȐȇȘȒǽ ȓȎȔ, ȄȌȝ ȓȎ ȃȄǾȂȋȀ ȋȄ 

ȀȌȀȒȓȎȊǼȀ, ȀȉțȋȀ ȒȖȆȋȀȓǾȅȄȈ ȄȒȓǾȄȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȃȆȊ. ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ. ǲȓȈȑ 48 h ȓȎ 

ȀȉȓȈȌȎȁȎȊȆȋǼȌȎ, ȖȘȐǾȑ ȀȌȀȒȓȎȊǼȀ, ǼȖȄȈ ȏȊǽȐȘȑ ȄȏȈȃȈȎȐȇȝȒȄȈ ȓȈȑ ȁȊǻȁȄȑ ȓȎȔ țȏȘȑ 

ȀȌȀȋǼȌȄȓȀȈ, ȄȌȝ ȓȎ ȃȄǾȂȋȀ ȋȄ ȀȌȀȒȓȎȊǼȀ ȉȀȇȔȒȓȄȐȄǾ ȉȀȈ ȒȄ ȒȖǼȒȆ ȋȄ ȓȎ ȀȌȓǾȒȓȎȈȖȎ ȃȄǾȂȋȀ 

ȄȊǼȂȖȎȔ (ȋȆ ȀȉȓȈȌȎȁȎȊȆȋǼȌȎ, ȋȄ ȀȌȀȒȓȎȊǼȀ, 48 h). ǲȓȈȑ 72 h ȉȀȈ ȓȀ 4 ȃȄǾȂȋȀȓȀ ȄȋȕȀȌǾȅȎȔȌ 

ȀȔȍȆȋǼȌȄȑ ȄȒȓǾȄȑ ȒȄ ȒȖǼȒȆ ȋȄ ȓȀ ȀȌȓǾȒȓȎȈȖǻ ȓȎȔȑ ȓȆȑ 1 h. ǝȋȘȑ ȓȎ ȃȄǾȂȋȀ ȋȄ ȓȎȌ ȀȌȀȒȓȎȊǼȀ 

ȄȋȕȀȌǾȅȄȈ ȒȄ ȉǻȇȄ ȖȐȎȌȈȉǽ ȒȓȈȂȋǽ ȀȔȍȆȋǼȌȎ ȀȐȈȇȋț ȉȀȈ ȒȄ ȒȖǼȒȆ ȋȄ ȓȀ ȀȌȓǾȒȓȎȈȖȀ ȋȆ 

ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ ȉȀȈ ȒȄ ȒȖǼȒȆ ȕȔȒȈȉǻ ȋȄ ȓȀ ȀȌȓǾȒȓȎȈȖȀ ȋȆ ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ ȉȀȈ ȖȘȐǾȑ 

ȀȌȀȒȓȎȊǼȀ. 

 

ǣȐǻȕȆȋȀ 5-14 ǡȐȈȇȋțȑ ȄȏȀȂțȋȄȌȘȌ ȄȒȓȈȝȌ Ȃ-ǧ2ǡǶ, ȒȄ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ MCF7 ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ 
ȀȉȓǾȌȄȑðȂ ȏȀȐȎȔȒǾȀ ǽ ȋȆ ȓȎȔ ȀȌȀȒȓȎȊǼȀ NU7026. ǯ ȀȒȓȄȐǾȒȉȎȑ ô*õ ȃȆȊȝȌȄȈ ȒȓȀȓȈȒȓȈȉȝȑ ȒȆȋȀȌȓȈȉǼȑ 
ȃȈȀȕȎȐǼȑ ȒȄ ȒȜȂȉȐȈȒȆ ȋȄ ȓȎ ȀȌȓǾȒȓȎȈȖȎ ȋȆ ȀȉȓȈȌȎȁȎȊȆȋǼȌȎ ȓȎȔ ǾȃȈȎȔ ȖȐȎȌȈȉȎȜ ȒȆȋȄǾȎȔ, ȄȌȝ Ȏ ȃȈȏȊțȑ 
ȀȒȓȄȐǾȒȉȎȑ ôõ ȃȆȊȝȌȄȈ ȒȓȀȓȈȒȓȈȉȝȑ ȒȆȋȀȌȓȈȉǼȑ ȃȈȀȕȎȐǼȑ ȂȈȀ ȓȆȌ ȉǻȇȄ ȒȔȌȇǽȉȆ ȒȄ ȒȖǼȒȆ ȋȄ ȓȎ 
ȀȌȓǾȒȓȎȈȖȎ ȃȄǾȂȋȀ ȓȆȑ 1 h. 
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ǣȐǻȕȆȋȀ 5-15: ǰȐȎȒȀȐȋȎȂǽ ȉȀȋȏȜȊȆȑ ȒȓȀ ȃȄȃȎȋǼȌȀ ȂȈȀ ȓȆ ȖȐȎȌȈȉǽ ȄȍǼȊȈȍȆ ȓȘȌ ȀȉȓȈȌȎȁȎȊȆȋǼȌȘȌ 
ȃȄȈȂȋǻȓȘȌ, ȏȀȐȎȔȒǾȀ ǽ ȋȆ ȓȎȔ ȀȌȀȒȓȎȊǼȀ NU7026. ǣȈȀ ȓȆ ȖȐȎȌȈȉǽ ȒȓȈȂȋǽ ȋȆȃǼȌ ǼȖȎȔȌ ȊȆȕȇȄǾ 
ȔȏțȗȆ ȓȀ ȀȌȓǾȒȓȎȈȖȀ ȋȆ ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ ȃȄǾȂȋȀȓȀ.  

ǧ ȉȀȇȔȒȓǼȐȆȒȆ ȒȓȆȌ ȄȋȕǻȌȈȒȆ ȓȎȔ ȋȄȂǾȒȓȎȔ, ȒȓȆȌ ȏȄȐǾȏȓȘȒȆ ȓȎȔ ȀȌȀȒȓȎȊǼȀ ȕȀǾȌȄȓȀȈ 

ȉȀȈ Ȁȏț ȓȆȌ ȏȐȎȒȀȐȋȎȂǽ ȉȀȋȏȜȊȆȑ ȒȓȀ ȃȄȃȎȋǼȌȀ ȏȎȔ ȀȏȄȈȉȎȌǾȅȄȓȀȈ ȒȓȎ ǣȐǻȕȆȋȀ 5-15.  

ǲȓȎȌ ǰǾȌȀȉȀ 5-9 ȏȀȐȎȔȒȈǻȅȄȓȀȈ Ȇ ȄȏȈȃȈȎȐȇȘȓȈȉǽ ȈȉȀȌțȓȆȓȀ ȓȘȌ ȉȔȓȓǻȐȘȌ ȄȉȕȐȀȒȋǼȌȆ 

ȒȄ ȏȎȒȎȒȓț % ȓȘȌ ȄȏȈȃȈȎȐȇȘȋǼȌȘȌ ȉȔȓȓǻȐȘȌ ȒȄ ȒȖǼȒȆ ȋȄ ȓȀ ȀȐȖȈȉǻ ȄȏǾȏȄȃȀ ȓȘȌ ȁȊȀȁȝȌ. 

ǥȃȝ Șȑ ȀȐȖȈȉǻ ȄȏǾȏȄȃȀ ǼȖȎȔȌ ȊȆȕȇȄǾ ȔȏțȗȆ ȓȀ ȏȄȈȐȀȋȀȓȈȉǻ ȃȄȃȎȋǼȌȀ ȂȈȀ ȓȆ 1h ȋȄȓǻ ȓȆȌ 

ȀȉȓȈȌȎȁțȊȆȒȆ. 

ǰǾȌȀȉȀȑ 5-9 ǥȏȈȃȈȎȐȇȘȓȈȉǽ ȈȉȀȌțȓȆȓȀ ȓȘȌ ȉȔȓȓǻȐȘȌ ȄȉȕȐȀȒȋǼȌȆ ȒȄ ȏȎȒȎȒȓț % ȓȘȌ 
ȄȏȈȃȈȎȐȇȘȋǼȌȘȌ ȁȊȀȁȝȌ Șȑ ȏȐȎȑ ȓȀ ȀȐȖȈȉǻ ȓȎȔȑ ȄȏǾȏȄȃȀ. 
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-NU   1 Gy + NU  1 Gy plot -NU plot +NU

ȒȔȌȇǽȉȆ 
ǶȐțȌȎȑ 

ȄȏȈȃȈțȐȇȘȒȆȑ 
(h) 

ǤțȒȆ 
(Gy)  

% ǥȏȈȃ ǩȉȀȌțȓȆȓȀ 
 [(ȀȐȖȈȉǽ ȁȊǻȁȆ ð ȓȄȊȈȉǽ ȁȊ.) / 

ȀȐȖȈȉǽ ȁȊǻȁȆ*100%] 

 -NU7026  # ȄȒȓȈȝȌ Ȃ-H2AX  24 0 ~100 
  1 82 
 48 0 2 
  1 92 
 72 0 3 
  1 76 

 +NU7026  # ȄȒȓȈȝȌ Ȃ-H2AX  24 0 ~100 
  1 61 
 48 0 ~100 
  1 68 
 72 0 ~100 
  1 62 
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5.3.3 ǥȏȀȂȘȂǽ ȉȀȈ ȄȏȈȃȈțȐȇȘȒȆ ǤǪǨ ȒȄ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ MO 59K ȉȀȈ Ǭǯ59J 

 

ǲȓȎ ȏȄǾȐȀȋȀ ȏȎȔ ȏȀȐȎȔȒȈǻȅȄȓȀȈ ȒȄ ȀȔȓǽȌ ȓȆȌ ȏȀȐǻȂȐȀȕȎ ȄȍȄȓǻȅȄȓȀȈ Ȇ ȒȔȋȏȄȐȈȕȎȐǻ ȓȘȌ 

ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ ȏȎȔ ȃȆȋȈȎȔȐȂȎȜȌȓȀȈ Ȁȏț ȓȈȑ ȏȐȘȓȄǠȌȄȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȘȌ ǤǪǨ, 53BP1 

ȉȀȈ Ȃ-ǧ2ǡǶ ȋȄȓȀȍȜ ȓȘȌ ȉȔȓȓȀȐȈȉȝȌ ȒȄȈȐȝȌ MO59K ȉȀȈ MO59J. ǳȀ ȉȜȓȓȀȐȀ MO59J 

ȔȒȓȄȐȎȜȌ ȏȀȌȓȄȊȝȑ ȒȓȆȌ ǼȉȕȐȀȒȆ ȓȆȑ ȉȀȓȀȊȔȓȈȉǽȑ ȔȏȎȋȎȌǻȃȀȑ ȓȆȑ DNA-PK, DNA -

PKcs, ȂȈȀ ȀȔȓțȌ ȓȎ ȊțȂȎ ȄǾȌȀȈ ȉȀȓǻ ȏȎȊȜ ȊȈȂțȓȄȐȎ ȈȉȀȌǻ ȒȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȎȔ DNA ȒȄ 

ȀȌȓǾȇȄȒȆ ȋȄ ȓȀ ȈȒȎȂȎȌȈȃȈȀȉǻ ȓȎȔȑ ȓȀ MO59K, ȊțȂȘ ȋȈȀȑ ȋȄȓǻȊȊȀȍȆȑ ȋȄȓȀȓțȏȈȒȆȑ 

ȏȊȀȈȒǾȎȔ. ǲȄ ȀȔȓǽ ȓȆȌ ȏȄȐǾȏȓȘȒȆ ȏȄȐȈȋǼȌȎȔȋȄ ȓȎȌ NHEJ ȌȀ ȔȏȎȊȄȈȓȎȔȐȂȄǾ ȒȆȋȀȌȓȈȉǻ ȉȀȈ 

ǼȓȒȈ ȏȀȐȀȓȆȐȎȜȋȄ ȋǾȀ ȒȔȒȒȝȐȄȔȒȆ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ. 

ǳȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȒȓȎ ǣȐǻȕȆȋȀ 5-16 ȉȀȈ ȒȓȎȌ ǰǾȌȀȉȀ 5-10 

ȏȀȐȎȔȒȈǻȅȄȓȀȈ Ȇ ȄȏȈȃȈȎȐȇȘȓȈȉǽ ȈȉȀȌțȓȆȓȀ ȓȘȌ ȉȔȓȓǻȐȘȌ ȄȉȕȐȀȒȋǼȌȆ ȒȄ ȏȎȒȎȒȓț % ȓȘȌ 

ȄȏȈȃȈȎȐȇȘȋǼȌȘȌ ȉȔȓȓǻȐȘȌ ȒȄ ȒȖǼȒȆ ȋȄ ȓȀ ȀȐȖȈȉǻ ȄȏǾȏȄȃȀ ȓȘȌ ȁȊȀȁȝȌ. Ǹȑ ȀȐȖȈȉǻ 

ȄȏǾȏȄȃȀ ǼȖȎȔȌ ȊȆȕȇȄǾ ȔȏțȗȆ ȓȀ ȏȄȈȐȀȋȀȓȈȉǻ ȃȄȃȎȋǼȌȀ ȂȈȀ ȓȆ 1 h ȋȄȓǻ ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ. 

 

ǣȐǻȕȆȋȀ 5-16: ǡȐȈȇȋțȑ ȄȏȀȂțȋȄȌȘȌ ȄȒȓȈȝȌ 53BP1 (ȄȏǻȌȘ) ȉȀȈ Ȃ-ǧ2ǡǶ (ȉǻȓȘ), ȒȄ ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ 
ȀȉȓǾȌȄȑ ðǶ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ MO59K (ȀȐȈȒȓȄȐǻ) ǽ MO59J (ȃȄȍȈǻ). ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ MCF7 
ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑðȂ ȏȀȐȎȔȒǾȀ ǽ ȋȆ ȓȎȔ ȀȌȀȒȓȎȊǼȀ NU7026. ǯ ȀȒȓȄȐǾȒȉȎȑ ô*õ ȃȆȊȝȌȄȈ 
ȒȓȀȓȈȒȓȈȉȝȑ ȒȆȋȀȌȓȈȉǼȑ ȃȈȀȕȎȐǼȑ ȒȄ ȒȜȂȉȐȈȒȆ ȋȄ ȓȎ ȀȌȓǾȒȓȎȈȖȎ ȋȆ ȀȉȓȈȌȎȁȎȊȆȋǼȌȎ ȓȎȔ ǾȃȈȎȔ 
ȖȐȎȌȈȉȎȜ ȒȆȋȄǾȎȔ, ȄȌȝ Ȏ ȃȈȏȊțȑ ȀȒȓȄȐǾȒȉȎȑ ôõ ȃȆȊȝȌȄȈ ȒȓȀȓȈȒȓȈȉȝȑ ȒȆȋȀȌȓȈȉǼȑ ȃȈȀȕȎȐǼȑ ȂȈȀ ȓȆȌ 
ȉǻȇȄ ȒȔȌȇǽȉȆ ȒȄ ȒȖǼȒȆ ȋȄ ȓȎ ȀȌȓǾȒȓȎȈȖȎ ȃȄǾȂȋȀ ȓȘȌ 0,25 h. 
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ǰǾȌȀȉȀȑ 5-10: ǥȏȈȃȈȎȐȇȘȓȈȉǽ ȈȉȀȌțȓȆȓȀ ȓȘȌ ȉȔȓȓǻȐȘȌ ȄȉȕȐȀȒȋǼȌȆ ȒȄ ȏȎȒȎȒȓț % ȓȘȌ 
ȄȏȈȃȈȎȐȇȘȋǼȌȘȌ ȁȊȀȁȝȌ Șȑ ȏȐȎȑ ȓȀ ȀȐȖȈȉǻ ȓȎȔȑ ȄȏǾȏȄȃȀ. 

 

5.3.4 ǲȜȌȎȗȆ ȀȏȎȓȄȊȄȒȋǻȓȘȌ 

5.3.1  ǬȄȊȄȓǽȇȆȉȄ Ȇ ȄȏǾȏȓȘȒȆ ȒȓȆȌ ȄȏȈȃȈȎȐȇȘȓȈȉǽ ȈȉȀȌțȓȆȓȀ ȓȘȌ ȉȔȓȓǻȐȘȌ ǡ549, ȏȎȔ 

ȄǾȖȀȌ ȄȉȓȄȇȄǾ ȒȄ ȀȉȓǾȌȄȑ ðǶ, ȓȎȔ ȀȌȀȒȓȎȊǼȀ ȓȆȑ DNA -PK NU 7441. ǰȀȐȀȓȆȐǽȇȆȉȄ ȈȒȖȔȐǽ 

ȏȀȐȄȋȏțȃȈȒȆ ȓȆȑ ȄȏȈȃȈțȐȇȘȒȆȑ țȏȎȔ ȄǻȌ ȄȉȕȐȀȒȓȄǾ ȒȄ ȀȐȈȇȋȎȜȑ ȀȌȈȖȌȄȔțȋȄȌȘȌ ȄȒȓȈȝȌ 

ȓȘȌ ȏȐȘȓȄșȌȝȌ ȄȏȈȃȈțȐȇȘȒȆȑ ((ȀȐȖȈȉțȑ ȀȐȈȇȋțȑ ȄȒȓȈȝȌ ðȓȄȊȈȉțȑ ȀȐȈȇȋțȑ ȄȒȓȈȝȌ)/ȀȐȖȈȉț 

ȀȐȈȇȋț ȄȒȓȈȝȌ)*100 ǼȖȎȔȋȄ ȓȀ Ȅȍǽȑ ȀȏȎȓȄȊǼȒȋȀȓȀ ȂȈȀ ȓȎ 1 Gy: ǣȈȀ ȓȈȑ ȄȒȓǾȄȑ ȓȆȑ Ȃ-ǧ2ǡǶ Ȇ 

ȄȏȈȃȈȎȐȇȘȓȈȉǽ ȈȉȀȌțȓȆȓȀ Ȁȏț ȓȎ 93% (ȖȘȐǾȑ ȀȌȀȒȓȎȊǼȀ) ȏǼȕȓȄȈ ȒȓȎ 25 % (ȋȄ ȀȌȀȒȓȎȊǼȀ) 

ȉȀȈ ȂȈȀ ȓȈȑ ȄȒȓǾȄȑ ȓȆȑ 53BP1 ȎȈ ȀȌȓǾȒȓȎȈȖȄȑ ȓȈȋǼȑ ȄǾȌȀȈ 94% (ȖȘȐǾȑ ȀȌȀȒȓȎȊǼȀ) ȉȀȈ 33 % (ȋȄ 

ȀȌȀȒȓȎȊǼȀ). 

5.3.2  ǬȄȊȄȓǽȇȆȉȄ Ȇ ȄȏǾȏȓȘȒȆ ȒȓȆȌ ȄȏȈȃȈȎȐȇȘȓȈȉǽ ȈȉȀȌțȓȆȓȀ ȓȘȌ ȉȔȓȓǻȐȘȌ MCF7 , ȏȎȔ 

ȄǾȖȀȌ ȄȉȓȄȇȄǾ ȒȄ ȀȉȓǾȌȄȑ ðȂ, ȓȎȔ ȀȌȀȒȓȎȊǼȀ ȄȏȈȃȈțȐȇȘȒȆȑ NU 7024 (DNA -PK) ȂȈȀ ȓȀ 

ȖȐȎȌȈȉǻ ȒȆȋȄǾȀ ȓȘȌ 24 h, 48h ȉȀȈ 72 h ȋȄȓǻ ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ. ǣȈȀ ȀȔȓǻ ȓȀ ȖȐȎȌȈȉǻ 

ȒȆȋȄǾȀ ȓȀ ȀȌȓǾȒȓȎȈȖȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȀȏȎȔȒǾȀ ǽ ȏȀȐȎȔȒǾȀ ȓȎȔ ȀȌȀȒȓȎȊǼȀ ǽȓȀȌ: 82% Ą 

31% (24 h), 92% Ą 68% (48 h) ȉȀȈ 76% Ą 62% (72 h). ǰȀȐȀȓȆȐȎȜȋȄ țȓȈ Ȇ ȏȎȒȎȒȓȈȀǾȀ 

ȋȄǾȘȒȆ ȓȆȑ ȄȏȈȃȈȎȐȇȘȓȈȉǽȑ ȈȉȀȌțȓȆȓȀȑ ȄǾȌȀȈ ȋȈȉȐțȓȄȐȆ Ȁȏț ȀȔȓǽȌ ȏȎȔ ȄȉȃȆȊȝȌȄȓȀȈ 

ȏȀȐȎȔȒǾȀ ȓȎȔ ȀȌȀȒȓȎȊǼȀ NU 7441, ȉȀȇȝȑ ȉȀȈ țȓȈ ȉȀȈ ȖȘȐǾȑ ȓȎȌ ȀȌȀȒȓȎȊǼȀ ȏȀȐȎȔȒȈǻȅȎȔȌ 

ȋȈȉȐțȓȄȐȆ ȄȏȈȃȈȎȐȇȘȓȈȉǽ ȈȉȀȌțȓȆȓȀ Ȁȏț ȓȀ ȉȜȓȓȀȐȀ ǡ549. ǳȀ MCF7 ȕǼȐȎȔȌ ȄȌȃȎȂȄȌȝȑ 

ȋȄȈȘȋǼȌȆ ȄȏȈȃȈȎȐȇȘȓȈȉǽ ȈȉȀȌțȓȆȓȀ ȂȈȀ ȓȈȑ ǤǪǨ. ǬǻȊȈȒȓȀ Ȇ ȄȏǾȃȐȀȒȆ ȓȎȔ ȀȌȀȒȓȎȊǼȀ, 

ȉȐǾȌȎȌȓȀȑ Ȁȏț ȓȎ ȓȄȊȄȔȓȀǾȎ ȖȐȎȌȈȉț ȒȆȋȄǾȎ, ȕȀǾȌȄȓȀȈ ȏȘȑ ȄȍȀȊȄǾȕȄȓȀȈ ȋȄ ȓȆȌ ȏǻȐȎȃȎ ȓȎȔ 

ȖȐțȌȎȔ, ȃȆȊȀȃǽ ȓȄȊȈȉȝȑ ȓȀ ȉȜȓȓȀȐȀ ȒȄ ȉǻȏȎȈȎ ȁȀȇȋț ȉȀȓȀȕǼȐȌȎȔȌ ȌȀ ȄȏȈȓȜȖȎȔȌ ȉǻȏȎȈȀ 

ȄȏǾȏȄȃȀ ȄȏȈȃȈțȐȇȘȒȆȑ.  

ȒȔȌȇǽȉȆ 
ǶȐțȌȎȑ 

ȄȏȈȃȈțȐȇȘȒȆȑ 
(h) 

ǤțȒȆ 
(Gy)  

% ǥȏȈȃ ǩȉȀȌțȓȆȓȀ 
 [(ȀȐȖȈȉǽ ȁȊǻȁȆ ð ȓȄȊȈȉǽ ȁȊ.) / 

ȀȐȖȈȉǽ ȁȊǻȁȆ*100%] 

MO59K  # ȄȒȓȈȝȌ 53BP1  8 0 ~0 
  0,5 87 
  1 95 
  2 92 

MO59J  # ȄȒȓȈȝȌ 53BP1 8 0 ~0 
  0,5 39 
  1 15 

MO59K  # ȄȒȓȈȝȌ Ȃ-H2AX  24 0 ~0 
  0,5 49 
  1 93 
  2 88 

MO59J  # ȄȒȓȈȝȌ Ȃ-H2AX  24 0 ~0 
  0,5 40 
  1 30 
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5.3.3 ǲȔȂȉȐǾȇȆȉȀȌ ȃȜȎ ȉȀȐȉȈȌȈȉǼȑ ȒȄȈȐǼȑ Ȇ MO69K ȋȄ ȓȆȌ Ǭǯ59J, țȏȎȔ Ȇ ȃȄȜȓȄȐȆ 

ȔȒȓȄȐȄǾ ȒȓȆȌ ǼȉȕȐȀȒȆ ȓȆȑ ȉȀȓȀȊȔȓȈȉǽȑ ȔȏȎȋȎȌǻȃȀȑ ȓǽȑ DNA -PK (DNA -PKcs). ǣȈȀ ȓȎ 1 

Gy ȀȉȓȈȌȎȁȎȊǾȀȑ ȉȀȈ ȓȈȑ 24 h ȄȏȈȃȈțȐȇȘȒȆȑ, Ȇ ȋȄȓȀȍȜ ȓȎȔȑ ȃȈȀȕȎȐǻ ȒȓȆȌ ȄȏȈȃȈȎȐȇȘȓȈȉǽ 

ȈȉȀȌțȓȆȓȀ ǽȓȀȌ 93% ȂȈȀ ȓȀ MO59K ȉȀȈ 30 % ȂȈȀ ȓȀ MO59J. 

ǲǴǭǯǫǩǪǡ 

ǲȔȂȉȐǾȌȎȌȓȀȑ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȂȈȀ ȓȈȑ ȄȒȓǾȄȑ Ȃ-ǧ2ǡǶ ȋȄȓȀȍȜ ȓȘȌ ȓȐȈȝȌ ȏȈȌǻȉȘȌ ȀȔȓǽȑ 

ȓȆȑ ȄȌțȓȆȓȀȑ Ȁȏț ȓȎȔȑ ǰǾȌȀȉȄȑ 5-8, 5-9 &5-10, ȂȈȀ ȓȈȑ 24 h ȉȀȈ ȓȎ 1 Gy ȀȉȓȈȌȎȁȎȊǾȀȑ 

ȏȐȎǼȉȔȗȄ Ȏ ǰǾȌȀȉȀȑ 5-11. 

 

ǰǾȌȀȉȀȑ 5-11 ǲȜȂȉȐȈȒȆ ȓȆȑ ȄȏȈȃȈȎȐȇȘȓȈȉǽȑ ȈȉȀȌțȓȆȓȀȑ ȁȀȒȈȒȋǼȌȆ ȒȓȈȑ ȄȒȓǾȄȑ Ȃ-ǧ2ǡǶ ȂȈȀ ȃȈǻȕȎȐȄȑ 
ȒȔȌȇǽȉȄȑ ȏȀȐȄȋȏțȃȈȒȆȑ ȓȆȑ ȄȏȈȃȈțȐȇȘȒȆȑ 

ǰǾȌȀȉȀȑ 5-8  -NU7441     A549 93% 

 +NU7441     ǡ549 25% 

ǰǾȌȀȉȀȑ 5-9  -NU7026      MCF7 82% 

 +NU7026      MCF7 61% 

ǰǾȌȀȉȀȑ 5-10  MO59K 93% 

  MO59J 30% 

 

ǡȌ ȉȀȈ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȃȄȌ ȄǾȌȀȈ ǻȋȄȒȀ ȒȔȂȉȐǾȒȈȋȀ, ȉȀȇȝȑ ȏȐțȉȄȈȓȀȈ ȂȈȀ ȃȈȀȕȎȐȄȓȈȉǼȑ 

ȉȔȓȓȀȐȈȉǼȑ ȒȄȈȐǼȑ, ȏȐȎȉȜȏȓȄȈ țȓȈ Ȏ ȀȌȀȒȓȎȊǼȀȑ NU 7026 ȕȀǾȌȄȓȀȈ ȌȀ ȄȏȆȐȄǻȅȄȈ ȊȈȂțȓȄȐȎ 

ȓȀ ȉȜȓȓȀȐȀ Ȁȏț ȓȎȌ ȀȌȀȒȓȎȊǼȀ NU 7441. ǨȀ ȏȄȐǾȋȄȌȄ ȉȀȌȄǾȑ ȓȀ ȉȜȓȓȀȐȀ ȏȎȔ ȄȌȃȎȂȄȌȝȑ 

ȔȒȓȄȐȎȜȌ ȒȓȆȌ DNA -PK ȌȀ ǼȖȎȔȌ ȓȆ ȖȄȈȐțȓȄȐȆ ȒȔȋȏȄȐȈȕȎȐǻ, ȉȀȈ țȋȘȑ ȓȆ ȖȄȈȐțȓȄȐȆ ȓȆȌ 

ǼȖȎȔȌ ȓȀ ȉȜȓȓȀȐȀ ȋȄ ȓȎȌ ȀȌȀȒȓȎȊǼȀ NU 7441, ȉȀȇȝȑ ȄǾȌȀȈ ȊȈȂțȓȄȐȎ ȄȏȈȊȄȉȓȈȉțȑ (ȒȓȆȌ 

ȀȌȀȒȓȎȊǽ ȓȎȔ) Ȁȏț ȓȎȌ NU7026, ȏȐȎȉȀȊȄǾ ȏȄȐȈȒȒțȓȄȐȆ ȅȆȋȈǻ ȒȓȀ ȉȜȓȓȀȐȀ [130]. 
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5.4 ǬȄȊǼȓȄȑ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȉȀȈ ȒȜȌȇȄȓȄȑ ȁȊǻȁȄȑ DNA 

5.4.1 ǲȜȂȉȐȈȒȆ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȋȄȓȀȍȜ ȓȘȌ ȏȐȘȓȄșȌȝȌ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȘȌ ǤǪǨ, ȒȄ 

ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ MO 59K ȉȀȈ MO 59J, ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ-Ȃ 

 

ǣȐǻȕȆȋȀ 5-17: ǬȄȊǼȓȆ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȋȄ ȓȆȌ ȉȊȀȒȒȈȉǽ ȋǼȇȎȃȎ, ȋȄȓȐȎȜȋȄȌȆ ȒȄ ȏȎȒȎȒȓǻ % 
ȒȔȋȁǻȌȓȘȌ ȒȔȌȄȌȓȎȏȈȒȋȎȜ Șȑ ȏȐȎȑ ȓȎȌ ȀȐȖȈȉț ȀȐȈȇȋț ȄȒȓȈȝȌ. 

 

ǥȈȉțȌȀ 5-4: ǥȈȉțȌȄȑ Ȁȏț ȓȎ ȒȔȌȄȒȓȈȀȉț ȋȈȉȐȎȒȉțȏȈȎ, țȏȎȔ ǼȖȄȈ ȂǾȌȄȈ Ȇ ȏȐȎȁȎȊǽ ȋǼȂȈȒȓȆȑ ǼȌȓȀȒȆȑ ȒȓȎȌ ǻȍȎȌȀ 
z. ǬȄ 1 Gy ȀȉȓǾȌȘȌ-Ƕ ǼȖȎȔȌ ȀȉȓȈȌȎȁȎȊȆȇȄǾ ȉȜȓȓȀȐȀ MO59K (ȀȐȈȒȓȄȐǻ) ȉȀȈ MO59J (ȃȄȍȈǻ). ǡȌȈȖȌȄȜȎȌȓȀȈ 
ȎȈ ȏȐȘȓȄǾȌȄȑ ȄȏȈȃȈțȐȇȘȒȆȑ ǤǪǨ Ȃ-ǧ2ǡǶ (ȏȐǻȒȈȌȎ) ȉȀȈ 53BP1 (ȉțȉȉȈȌȎ). ǡȏț ȓȈȑ ȄȈȉțȌȄȑ ȂǾȌȄȓȀȈ ȕȀȌȄȐț 
țȓȈ Ȏ ȒȔȌȄȌȓȎȏȈȒȋțȑ ȄǾȌȀȈ ȏȎȊȜ ȋȄȂǻȊȎȑ.  
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5.4.2 ǬȄȊǼȓȆ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȋȄȓȀȍȜ ǤǪǨ ȉȀȈ ȓȆȑ APE1, ȒȄ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ 

HepG2, ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ-Ȃ ǽ ȒȄ ȈțȌȓȀ ǡȐȂȎȜ 

5.4.2.1 ǰȐȝȈȋȀ ȀȏȎȓȄȊǼȒȋȀȓȀ 

ǰȀȐȀȓǾȇȄȌȓȀȈ Ȅȃȝ ȂȈȀ ȊțȂȎȔȑ ȏȊȆȐțȓȆȓȀȑ ȉȀȈ ȉȀȓȀȂȐȀȕǽȑ ȓȆȑ ȏȐȎțȃȎȔ ȏȎȔ ȄȏȄȓȄȜȖȇȆ 

ȓȈȑ ȏȐȎȒȏǻȇȄȈȄȑ ȂȈȀ ȓȆȌ ȄȉȓǾȋȆȒȆ ȓȎȔ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȋȄȓȀȍȜ ȓȘȌ ȏȐȘȓȄșȌȝȌ APE1 ȉȀȈ Ȃ-

ǧ2ǡǶ ȂȈȀ ȓȀ ȉȜȓȓȀȐȀ HepG2 ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȈțȌȓȀ ǡȐȂȎȜ. ǯȈ ȏȐȝȓȄȑ ȏȐȎȒȏǻȇȄȈȄȑ 

ȀȕȎȐȎȜȒȀȌ ȒȄ ȀȏțȏȄȈȐȄȑ ȉȀȓȀȋǼȓȐȆȒȆȑ ȓȘȌ ȄȏȈȏǼȃȘȌ ȓȆȑ ȏȐȘȓȄǠȌȆȑ APE1 ȒȓȎ ȏȐțȓȔȏȎ 

ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ, ȋȄ ȓȎ ȊȎȂȈȒȋȈȉț Jcount. ǳȎ ȏȐțȁȊȆȋȀ ȏȎȔ ȏȐȎǼȉȔȏȓȄ ȉǻȇȄ ȕȎȐǻ 

ǽȓȀȌ Ȇ ȋȄȂǻȊȆ ȄȔȀȈȒȇȆȒǾȀ ȓȎȔ ȄȍȀȂțȋȄȌȎȔ ȀȐȈȇȋȎȜ ȄȒȓȈȝȌ APE1 ȒȓȈȑ ȋȈȉȐǼȑ ȋȄȓȀȁȎȊǼȑ 

ȓȘȌ ȏȀȐȀȋǼȓȐȘȌ ȓȎȔ ȊȎȂȈȒȋȈȉȎȜ. ǥȏȎȋǼȌȘȑ ȃȄ ȋȏȎȐȎȜȒȄ ȌȀ ȂǾȌȄȈ Ȇ ȀȏȄȔȇȄǾȀȑ ȒȜȂȉȐȈȒȆ 

ȋȄȓȀȍȜ ȓȘȌ ȒȔȌȇȆȉȝȌ (ȖȐțȌȎȑ / ȃțȒȆ), ȉȀȇȝȑ ȃȄ ȋȏȎȐȎȜȒȀȋȄ ȌȀ ȄȋȏȈȒȓȄȔȓȎȜȋȄ ȓȈȑ ȓȈȋǼȑ 

ȀȔȓǼȑ Șȑ ȀȏțȊȔȓȆ ȀȏȎȓȜȏȘȒȆ ȓȎȔ ȀȐȈȇȋȎȜ ȓȘȌ ȄȒȓȈȝȌ ȉȀȈ ȉȀȓõ ȄȏǼȉȓȀȒȆ ȓȘȌ ȄȏȈȏǼȃȘȌ 

ȓȆȑ ȏȐȘȓȄǠȌȆȑ APE1 ȉȀȈ ȓȘȌ ȄȏȈȏǼȃȘȌ ȓȘȌ ȁȊȀȁȝȌ ȁǻȒȆȑ.  

 

ǰǾȌȀȉȀȑ 5-12: ǰȐȝȓȄȑ ȏȐȎȒȏǻȇȄȈȄȑ ȀȌǾȖȌȄȔȒȆȑ ȒȔȌȄȌȓȎȏȈȒȋȎȜ. ǡȐȈȇȋțȑ ȄȒȓȈȝȌ APE1 ȀȌǻ ȉȜȓȓȀȐȎ 
ȉȀȈ ȀȌǻ ȄȏȈȕǻȌȄȈȀ ȉȔȓȓǻȐȎȔ. 

APE1 per cell 

    0 Gy 0.1 Gy 0.5 Gy 1 Gy 2 Gy 

  avg foci 
N 

stdev avg foci N stdev avg 
foci N  

stdev avg foci N stdev avg 
foci N  

stdev 

  total    total    total    total     total    

0 h 175.8 0.1 187 9 164 34 242 12 194 26 

1 h 180 17 191 26 203 40 279 3 147 9 

6 h 197 14 192 3 191 53 196 9 165 1 

                      

APE1 foci number per cell area  

0 h 0.021 0.001 0.022 0.001 0.021 0.003 0.022 0.004 0.0214 0.0009 

1 h 0.021 0.000 0.024 0.002 0.023 0.000 0.031 0.0026 0.0200 0.0001 

6 h 0.021 0.001 0.023 0.001 0.021 0.004 0.021 0.001 0.0194 0.0002 

 parameters th6 20,8 2.20.5 80   

 

ǣȈȀ ǼȌȀȌ ȄȏȈȏȊǼȎȌ ǼȊȄȂȖȎ, ȏȐȎȒȏȀȇǽȒȀȋȄ ȌȀ ȀȌȈȖȌȄȜȒȎȔȋȄ ȀȌ ȔȏǽȐȖȄ ȉǻȏȎȈȀ ȃȈȀȕȎȐǻ 

ȒȓȆȌ ȏȔȉȌțȓȆȓȀ ȓȘȌ ȄȒȓȈȝȌ Șȑ ȏȐȎȑ ȓȆȌ ȄȏȈȕǻȌȄȈȀ ȓȎȔ ȉȔȓȓǻȐȎȔ (ȋȄȓȀȍȜ ȓȘȌ ȒȔȌȇȆȉȝȌ 

ȃțȒȆȑ ǽ ȖȐțȌȎȔ). ǡȔȓțȑ Ȏ ȊțȂȎȑ (ȀȐȈȇȋțȑ ȀȌǻ ȄȏȈȕǻȌȄȈȀ) ȇȀ ȋȀȑ ȄȍȀȒȕǻȊȈȅȄ ȓȆȌ ȄȍǻȊȄȈȗȆ 

ȓȆȑ țȏȎȈȀȑ ȄȒȕȀȊȋǼȌȆȑ ȄȏǾȃȐȀȒȆȑ ȇȀ ȋȏȎȐȎȜȒȄ ȌȀ ȒȔȌȄȈȒȕǼȐȄȈ Ȇ ȃȈȀȕȎȐǻ ȒȓȎ ȋǼȂȄȇȎȑ 

ȓȘȌ ȉȔȓȓǻȐȘȌ. ǯ ȀȐȈȇȋțȑ ȀȔȓțȑ ȏȐȎǼȉȔȏȓȄ ȉǻȇȄ ȕȎȐǻ ȂȈȀ ȉǻȇȄ ȉȜȓȓȀȐȎ. 
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ǰȄȐȀȈȓǼȐȘ ǼȂȈȌȄ ȏȐȎȒȏǻȇȄȈȀ ȉȀȈ ȏǻȊȈ ȒȓȀ ȏȊȀǾȒȈȀ ȓȆȑ ȇȄȝȐȆȒȆȑ țȓȈ Ȇ ȏȐȘȓȄǠȌȆ APE1 

ȒȖȆȋȀȓǾȅȄȈ țȌȓȘȑ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ, ȌȀ ȉȀȓȀȋȄȓȐȆȇȎȜȌ ȀȔȓǼȑ ȎȈ ȄȒȓǾȄȑ ȄȏǻȌȘ ȒȓȈȑ ȄȒȓǾȄȑ 

ȓȆȑ ȃǾȉȊȘȌȆȑ ȇȐȀȜȒȆȑ, ȉȀȈ ȌȀ ȂǾȌȄȈ ǼȓȒȈ Ȇ ȒȜȂȉȐȈȒȆ.  

ǣȈȀ ȓȎ ȒȉȎȏț ȀȔȓț, ȋȄȓȐǽȒȀȋȄ ȓȈȑ ȄȒȓǾȄȑ ȓȘȌ ǤǪǨ, ȃȆȊȀȃǽ ȓȈȑ ȄȒȓǾȄȑ ȓȆȑ Ȃ-ǧ2ǡǶ, ȋȄ ȃȜȎ 

ȃȈȀȕȎȐȄȓȈȉǻ ȒȄȓ ȏȀȐȀȋǼȓȐȘȌ. ǳȎ ȏȐȝȓȎ ȒȄȓ, ȋȀȑ ǼȃȈȌȄ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȄȏȈȊȎȂǽȑ ȓȘȌ 

ȄȒȓȈȝȌ Ȃ-ǧ2ǡǶ, ȒȔȌȄȏǽ ȋȄ ȓȆ ȕȘȓȎȂȐȀȕǾȀ (ǰǾȌȀȉȀȑ 5-6). ǡȔȓǼȑ ȓȈȑ ȄȒȓǾȄȑ ȓȈȑ 

ȀȏȎȉȀȊǼȒȀȋȄ çȋȈȉȐǼȑ ȄȒȓǾȄȑ Ȃ-ǧ2ǡǶè ȂȈȀ ȌȀ ȓȈȑ ȃȈȀȖȘȐǾȒȎȔȋȄ Ȁȏț ȓȈȑ ǻȊȊȄȑ ȄȒȓǾȄȑ, ȏȎȔ 

ȓȈȑ ȎȌȎȋǻȒȀȋȄ çȋȄȂǻȊȄȑ ȄȒȓǾȄȑ Ȃ-ǧ2ǡǶè. ǰǻȌȘ ȒȓȈȑ ȋȄȂǻȊȄȑ ȄȒȓǾȄȑ ȇȄȊǽȒȀȋȄ ȌȀ 

ȋȄȓȐǽȒȎȔȋȄ ȓȈȑ ȉȀȓǻ ȏȎȊȜ ȋȈȉȐțȓȄȐȄȑ ȄȒȓǾȄȑ ȓǽȑ APE1. ǡȔȓț ȏȐȎǼȉȔȗȄ ȏǻȊȈ Ȁȏț ȓȆȌ 

ȀȌǻȂȉȆ ȌȀ ȁȂǻȊȎȔȋȄ ȒȔȌȄȏǽ ȀȏȎȓȄȊǼȒȋȀȓȀ, ȉȀȇȝȑ ȓȎ ȋȈȉȐț ȄȋȁȀȃț ȓȘȌ ȉȀȌȎȌȈȉȝȌ-

ȋȈȉȐȝȌ ȄȒȓȈȝȌ Ȃ-ǧ2ǡǶ, ȃȄȌ ȄȏȀȐȉȎȜȒȄ ȝȒȓȄ ȓȎ ȊȎȂȈȒȋȈȉț ȌȀ ȉǻȌȄȈ çȀȋȄȐțȊȆȏȓȎè 

ȉȀȓȀȉȄȐȋȀȓȈȒȋț (fragmentatio n) ȉȀȈ ȌȀ ȃȈȀȖȘȐǾȒȄȈ ȋȈȉȐțȓȄȐȄȑ ȄȒȓǾȄȑ ȓȆȑ APE1. 

 

ǥȈȉțȌȀ 5-5 ǡȌǾȖȌȄȔȒȆ ȀȌȓȈȉȄȈȋǼȌȘȌ ȒȓȎ ȊȎȂȈȒȋȈȉț Jcount, ȀȌǻȊȎȂȀ ȋȄ ȓȈȑ ȏȀȐȀȋǼȓȐȎȔȑ ȏȎȔ ȇǼȓȄȈ Ȏ 
ȖȐǽȒȓȆȑ. (i) ȄȏȈȊȎȂǽ ȄȒȓȈȝȌ Ȃ-ǧ2ǡǶ, ȒȓȎ ȉȀȌȎȌȈȉț ȓȎȔȑ ȋǼȂȄȇȎȑ, ȂȈȀ ȉȀȓȀȋǼȓȐȆȒȆ ȓȎȔ ȀȐȈȇȋȎȜ 
ȓȎȔȑ, ȀȌǻ ȉȜȓȓȀȐȎ. (ii) ǥȏȈȊȎȂǽ ȄȒȓȈȝȌ Ȃ-ǧ2ǡǶ, ȋȄȂȀȊȜȓȄȐȎȔ ȋȄȂǼȇȎȔȑ, ȎȈ ȎȏȎǾȄȑ ȇȀ ȀȏȎȓȄȊǼȒȎȔȌ 
ȓȀ ȀȌȓȈȉȄǾȋȄȌȀ ȂȈȀ ȌȀ ȂǾȌȄȈ Ȇ ȀȌǾȖȌȄȔȒȆ ȓȘȌ ȄȒȓȈȝȌ APE1 ȒȓȎ ôivõ. (iii) ǥȏȈȊȎȂǽ ȄȒȓȈȝȌ APE1 ȉȀȈ 
ȉȀȓȀȋǼȓȐȆȒǽ ȓȎȔȑ ȀȌǻ ȉȜȓȓȀȐȎ. (iv) ȄȏȈȊȎȂǽ ȄȒȓȈȝȌ APE1 ȉȀȈ ȉȀȓȀȋǼȓȐȆȒǽ ȓȎȔȑ ȀȌǻ ȋȄȂǻȊȆ ȄȒȓǾȀ 
Ȃ-ǧ2ǡǶ. 

ǲȓȆȌ ǥȈȉțȌȀ 5-5 ȀȏȎȓȔȏȝȌȎȌȓȀȈ ȎȈ ȃȈǻȕȎȐȄȑ ȇȄȘȐǽȒȄȈȑ ȓȘȌ ȀȌȓȈȉȄȈȋǼȌȘȌ ȏȎȔ 

ȖȐȆȒȈȋȎȏȎȈǽȇȆȉȀȌ ȒȓȆȌ ȄȌ ȊțȂȘ ȀȌǻȊȔȒȆ.  

ǳȄȊȈȉȝȑ Ȇ ȀȌǾȖȌȄȔȒȆ ȓȎȔ ȕȀȈȌȎȋǼȌȎȔ ȂȈȌțȓȀȌ ȒȔȂȉȐǾȌȎȌȓȀȑ ȓȎȌ ȀȐȈȇȋț ȓȘȌ ȋȈȉȐȝȌ 

ȄȒȓȈȝȌ APE1 ȀȌǻ ȄȏȈȕǻȌȄȈȀ ȋȄȂǻȊȆȑ ȄȒȓǾȀȑ Ȃ-ǧ2ǡǶ (ǰǾȌȀȉȀȑ 5-13), ȋȄ ȓȎȌ ȀȐȈȇȋț ȓȘȌ 

ȄȒȓȈȝȌ APE1 ȀȌǻ ȄȏȈȕǻȌȄȈȀ ȉȔȓȓǻȐȎȔ, ǰǾȌȀȉȄȑ 5-12. ǧ ȇȄȝȐȆȒȆ ȀȔȓǽ ǽȓȀȌ ȀȏȀȐȀǾȓȆȓȆ 

ȂȈȀ ȌȀ ȂǾȌȄȈ ȃȈǻȉȐȈȒȆ ȋȄȓȀȍȜ ȓȎȔ ȓȔȖȀǾȎȔ ȉȀȈ ȓȎȔ ȀȊȆȇȈȌȎȜ ȒȔȌȄȌȓȎȏȈȒȋȎȜ. 
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ǰǾȌȀȉȀȑ 5-13: ǰȐȝȓȄȑ ȏȐȎȒȏǻȇȄȈȄȑ ȀȌǾȖȌȄȔȒȆȑ ȒȔȌȄȌȓȎȏȈȒȋȎȜ. ǯ ȀȐȈȇȋțȑ ȄȒȓȈȝȌ APE1 ȀȌǻ ȋȄȂǻȊȆ 
ȄȒȓǾȀ Ȃ-ǧ2ǡǶ ȉȀȈ ȀȌǻ ȄȏȈȕǻȌȄȈȀ ȋȄȂǻȊȆȑ ȄȒȓǾȀȑ Ȃ-ǧ2ǡǶ. 

  
APE1 per large Ȃǧ2ǡǶ focus 

  

  0 Gy 0.1 Gy 0.5 Gy 1 Gy 2 Gy 

  avg foci 
N 

stdev avg foci 
N 

stdev avg foci 
N 

stdev avg foci 
N 

stdev avg foci 
N 

stdev 

  total    total    total  stdev total  stdev total  stdev 

0 h 1.41 0.21 2.65 0.10 3.32 0.45 3.47 0.17 2.67 0.08 

1 h 1.31 0.16 3.42 0.85 3.57 0.01 3.73 0.02 2.56 0.25 

6 h 1.51 0.31 2.53 1.00 3.09 0.13 2.96 0.06 2.98 0.11 

APE1 foci number per large Ȃǧ2ǡǶ focus area 

0 h 0.019 0.001 0.021 0.001 0.026 0.002 0.027 0.002 0.0231 0.000 

1 h 0.025 0.001 0.024 0.004 0.027 0.000 0.029 0.000 0.0228 0.005 

6 h 0.021 0.001 0.020 0.006 0.025 0.001 0.024 0.001 0.0230 0.001 

 

ǡȏț ȋțȌȆ ȓȆȑ Ȇ ȉȀȓȀȋǼȓȐȆȒȆ ȓȘȌ ȄȒȓȈȝȌ APE1 ȏǻȌȘ ȒȓȈȑ ȄȒȓǾȄȑ ȓȆȑ Ȃ-ǧ2ǡǶ ȃȄ ȋȏȎȐȄǾ ȌȀ 

ȃȝȒȄȈ ȀȍȈțȏȈȒȓȎ ȀȏȎȓǼȊȄȒȋȀ, țȓȀȌ Ȇ ȖȐȝȒȆ ȏȎȔ ȏȀȐȎȔȒȈǻȅȄȈ Ȇ APE1 ȄǾȌȀȈ ȃȈǻȒȏȀȐȓȆ ȒȄ 

țȊȎȌ ȓȎȌ ȏȔȐǽȌȀ (ǥȈȉțȌȀ 5-6). ǚȓȒȈ Ȇ ȒȜȂȉȐȈȒȆ ȓȘȌ ȊțȂȘȌ ȓȆȑ ȄȏȈȕȀȌȄȈȀȉǽȑ ȏȔȉȌțȓȆȓȀȑ 

ȉȐǾȇȆȉȄ Șȑ ȏȄȐȈȒȒțȓȄȐȎ ȀȍȈțȏȈȒȓȎ ȋǼȓȐȎ ȂȈȀ ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȉȀȈ ȓȆ ȃȈȄȐȄȜȌȆȒȆ ȓȎȔ 

ȕȀȈȌȎȋǼȌȎȔ. 

ǲȓȎ ǣȐǻȕȆȋȀ 5-18 ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȎȈ ȊțȂȎȈ ȓȘȌ ȏȎȒȎȓǽȓȘȌ ȏȎȔ ȀȌȀȕǼȐȎȌȓȀȈ ȒȓȎȔȑ 

ǰǾȌȀȉȄȑ 5-12 & 5-13. ǳȀ ȒȕǻȊȋȀȓȀ ȔȏȎȊȎȂǾȒȓȆȉȀȌ Ȁȏț ȓȆ ȒȖǼȒȆ ȂȈȀ ȓȆ ȃȈǻȃȎȒȆ 

ȒȕǻȊȋȀȓȎȑ [131]. 

Ὢ‏   ȟ     ʝ“‛‡ Ὢ     

ǧ ȏȐȎȒǼȂȂȈȒȆ ȉȀȈ ȓȀ ȒȖȄȓȈȉǻ ȀȏȎȓȄȊǼȒȋȀȓȀ ǼȖȎȔȌ ȃȆȋȎȒȈȄȔȓȄǾ [4] ȉȀȈ ȃȈȀȕǼȐȎȔȌ ȒȖȄȓȈȉǻ 

Ȁȏț ȓȈȑ ȄȏțȋȄȌȄȑ ȃȜȎ ȈȃǼȄȑ ȏȎȔ ȃȈȀȓȔȏȝȒȀȋȄ ȒȓȎ țȓȈ ȒȓȎȌ ȏȀȐȎȌȎȋȀȒȓǽ ȓȎȔ ȉȊǻȒȋȀȓȎȑ 

ȊȀȋȁǻȌȄȈ țȊȆ ȓȆȌ ȄȏȈȕǻȌȄȈȀ ȓȎȔ ȏȔȐǽȌȀ. ǲȓȈȑ ȄȏțȋȄȌȄȑ ȃȜȎ ȏȀȐȀȋǼȓȐȎȔȑ ȏȎȔ ȎȐǾȒȀȋȄ, 

ȒȓȎ Flike  ȉȀȈ Pclc ȒȓȎȌ ȏȀȐȎȌȎȋȀȒȓǽ ȓȎȔ ȉȊǻȒȋȀȓȎȑ, ȓȀ ȋȄȂǼȇȆ ȇȄȘȐȎȜȌȓȀȈ țȖȈ ȏȊǼȎȌ ȒȄ 

ȒȖǼȒȆ ȋȄ ȎȊțȉȊȆȐȎ ȓȎȌ ȏȔȐǽȌȀ, ȀȊȊǻ ȒȄ ȒȖǼȒȆ ȋȄ ȓȎ ȔȏțȊȎȈȏȎ ȓȎȔ ȏȔȐǽȌȀ, ȄǻȌ 

ȀȕȀȈȐȄȇȎȜȌ ȎȈ ȋȄȂǻȊȄȑ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ ǲȖǽȋȀ 4-6ǣ. 
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5.4.2.2 ǳȄȊȈȉǽ ȏȐȎȒǼȂȂȈȒȆ ȂȈȀ ȓȆȌ ȄȉȓǾȋȆȒȆ ȓȎȔ ȒȔȌȄȌȓȎȏȈȒȋȎȜ 

ǨǼȊȎȌȓȀȑ ȌȀ ȈȒȖȔȐȎȏȎȈǽȒȎȔȋȄ ȓȎ ȉȐȈȓǽȐȈȎ ȜȏȀȐȍȆȑ ǽ ȋȆ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȋȄȓȀȍȜ ȃȜȎ 

ȏȐȘȓȄșȌȝȌ ȏȎȔ ȏȀȐȎȔȒȈǻȅȎȔȌ ȃȈȀȕȎȐȄȓȈȉț ȋǼȂȄȇȎȑ ȎȈ ȄȒȓǾȄȑ ȓȎȔȑ, ȉȀȈ ȄȈȃȈȉǻ ȒȄ 

ȏȄȐȈȏȓȝȒȄȈȑ țȏȘȑ ȀȔȓǽ ȒȓȎ ȏȀȐțȌ ȏȄǾȐȀȋȀ, țȏȎȔ Ȇ ȏȐȘȓȄǠȌȆ APE1, ȉȀȇȝȑ ǼȖȄȈ ȄȌȃȎȂȄȌǽ 

ȒȔȂȉǼȌȓȐȘȒȆ ȏȀȐȎȔȒȈǻȅȄȈ ȄȉȓȄȓȀȋǼȌȆ ȖȐȝȒȆ, ȎȐǾȒȀȋȄ ȓȆȌ ȏȀȐǻȋȄȓȐȎ Pclc. ǧ ȏȀȐǻȋȄȓȐȎȑ 

ȀȔȓǽ ȒȔȂȉȐǾȌȄȈ ȓȆ ȋǼȒȆ ǼȌȓȀȒȆ ȓȎȔ ȏȐǻȒȈȌȎȔ ȖȐȝȋȀȓȎȑ, ȏǻȌȘ ȒȓȈȑ ȉțȉȉȈȌȄȑ ȄȒȓǾȄȑ, ȋȄ ȓȆ 

ȋǼȒȆ ǼȌȓȀȒȆ ȓȎȔ ȏȐǻȒȈȌȎȔ ȖȐȝȋȀȓȎȑ ȏǻȌȘ ȒȓȎȌ ȔȏțȊȎȈȏȎ ȏȔȐǽȌȀ, ȃȆȊȀȃǽ ȒȓȎȌ țȂȉȎ 

ȏȎȔ ȎȐǾȅȄȈ Ȏ ȏȔȐǽȌȀȑ ȓȎȔ ȉȔȓȓǻȐȎȔ ȄǻȌ ȀȕȀȈȐȄȇȎȜȌ ȎȈ ȉțȉȉȈȌȄȑ ȋȄȂǻȊȄȑ ȄȒȓǾȄȑ. ǣȈȀ ȓȆȌ 

ȀȉȐǾȁȄȈȀ, ȂȈȀ ȉǻȇȄ ȉȜȓȓȀȐȎ, ȒȓȎȌ ȀȐȈȇȋȆȓǽ ȌȎȄǾȓȀȈ Ȏ ȋǼȒȎȑ țȐȎȑ (ȋȄȓȀȍȜ ȓȘȌ ȉțȉȉȈȌȘȌ 

ȄȒȓȈȝȌ ȏȎȔ ǼȖȄȈ ȓȎ ȉȜȓȓȀȐȎ) ȓȘȌ ȋǼȒȘȌ ȄȌȓǻȒȄȘȌ ȒȓȎ ȏȐǻȒȈȌȎ ȖȐȝȋȀ. ǳȀ ȖȐȝȋȀȓȀ 

ȕȔȒȈȉǻ, Ȅȃȝ ȃǾȌȎȌȓȀȈ ȂȈȀ ȌȀ ȄǾȌȀȈ ȏȀȐȀȒȓȀȓȈȉǽ Ȇ ȏȄȐȈȂȐȀȕǽ. ǪțȉȉȈȌȎ ǼȖȎȔȋȄ ȎȌȎȋǻȒȄȈ 

ȓȈȑ ȋȄȂǻȊȄȑ ȄȒȓǾȄȑ ȏȎȔ ȒȖȆȋȀȓǾȅȎȔȌ ȎȈ ȃȄǾȉȓȄȑ ȏȎȔ ȀȌȈȖȌȄȜȎȔȌ ȓȈȑ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ, ȉȀȈ 

ȏȐǻȒȈȌȎ ȓȎ ȃȄǾȉȓȆ ȂȈȀ ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȁȊȀȁȝȌ ȁǻȒȆȑ. ǲȆȋȄȈȝȌȄȓȀȈ Ȅȃȝ țȓȈ ȀȔȓǽ Ȇ ȇȄȝȐȆȒȆ 

ȍȄȏȄȐȌǻȄȈ ȓȆȌ țȏȎȈȀ ȀȁȄȁȀȈțȓȆȓȀ ȒȓȆȌ ȄȏȈȊȎȂǽ ȓȘȌ ȄȒȓȈȝȌ APE1, Ȁȏț ȓȎ ȊȎȂȈȒȋȈȉț. 

ǥȏǾȒȆȑ ȓȎ țȓȈ ȄȉȕȐǻȅȄȓȀȈ Ȇ ȏȀȐǻȋȄȓȐȎȑ Pclc, Șȑ ȉȊǻȒȋȀ ȋȄ ȀȐȈȇȋȆȓǽ ȉȀȈ ȏȀȐȎȌȎȋȀȒȓǽ ȉȀȈ 

0,00

0,20

0,40

0,60

0,80

1,00

1,20

1,40

1,60

0 h 1 h 6 h

ǰȐȝȓȆ ȏȐȎȒǼȂȂȈȒȆ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȋȄȓȀȍȜ ȓȘȌ 
ȏȐȘȓȄȈȌȝȌ APE1 ȉȀȈ Ȃ-ǧ2ǡǶ, ȒȄ ȉȜȓȓȀȐȀ HepG2

ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȈțȌȓȀ ǡȐȂȎȜ 

0 Gy 0.1 Gy 0.5 Gy 1 Gy 2 Gy

ǣȐǻȕȆȋȀ 5-18: ǪȜȓȓȀȐȀ HepG2 ȀȉȓȈȌȎȁȎȊȆȋǼȌȀ ȋȄ ȈțȌȓȀ ǡȐȂȎȜ. ǰȀȐȎȔȒȈǻȅȄȓȀȈ ȂȈȀ ȉǻȇȄ 
ȏȄȈȐȀȋȀȓȈȉț ȒȆȋȄǾȎ ȓȎ ȉȊǻȒȋȀ ȓȘȌ ȊțȂȘȌ (ȀȐȈȇȋțȑ ȄȒȓȈȝȌ ǡPE1 ȀȌǻ ȄȏȈȕǻȌȄȈȀ ȋȄȂǻȊȆȑ ȄȒȓǾȀȑ Ȃ-
ǧ2ǡǶ ȃȈǻ ȓȎȌ ȀȐȈȇȋț ȄȒȓȈȝȌ APE1 ȀȌǻ ȄȏȈȕǻȌȄȈȀ ȏȔȐǽȌȀ ȓȎȔ ȉȔȓȓǻȐȎȔ). ǡȏț ȀȔȓǽȌ ȓȆȌ 
ȏȐȎȒǼȂȂȈȒȆ ȀȌȀȋǼȌȄȓȀȈ Ȇ țȏȎȈȀ ȀȌǾȖȌȄȔȒȆ ȀȊȆȇȈȌȎȜ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȓȘȌ ȃȜȎ ȏȐȘȓȄșȌȝȌ ȌȀ 
ȄȋȕȀȌǾȅȄȈ ȉȊǻȒȋȀ ȋȄȂȀȊȜȓȄȐȎ ȓȆȑ ȋȎȌǻȃȀȑ.  
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ȊȀȋȁǻȌȄȓȀȈ ȀȌǻ ȉȜȓȓȀȐȎ ȉȀȈ țȖȈ ȀȌǻ ȄȈȉțȌȀ, ȍȄȏȄȐȌȈțȌȓȀȈ ǼȓȒȈ ȓȀ ȓȔȖȀǾȀ ȒȕǻȊȋȀȓȀ ȏȎȔ 

ȇȀ ȔȏȄȈȒǼȐȖȎȌȓȀȌ ȒȓȆȌ ȀȌǻȊȔȒȆ Ȁȏț ȓȔȖȀǾȄȑ ȃȈȀȉȔȋǻȌȒȄȈȑ ȓȆȑ ȕȘȓȄȈȌțȓȆȓȀȑ, ǽ ȓȘȌ 

ȒȔȌȇȆȉȝȌ ȀȏȄȈȉțȌȈȒȆȑ.  

 

ǲȓȎ ǣȐǻȕȆȋȀ 5-19 ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȏȎȔ ȄȍǽȖȇȆȒȀȌ ȂȈȀ ȀȔȓǻ ȓȀ 

ȏȄȈȐǻȋȀȓȀ ȒȜȋȕȘȌȀ ȋȄ ȓȆȌ ȏȀȐǻȋȄȓȐȎ Pclc, ȏȎȔ ȎȐǾȒȓȆȉȄ Ȁȏț Ȅȋǻȑ.  

ǥȈȉțȌȀ 5-6: ǥȈȉțȌȄȑ Ȁȏț ȓȎ ȋȈȉȐȎȒȉțȏȈȎ ȄȏȈȕȇȎȐȈȒȋȎȜ ȂȈȀ ȓȀ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ HepG2  ȄȉȓȄȇȄȈȋǼȌȀ 
ȒȄ ȀȉȓǾȌȄȑðǶ (ȀȐȈȒȓȄȐǻ) ǽ ȒȄ ȈțȌȓȀ ǡȐȂȎȜ (ȃȄȍȈǻ), ȒȓȆ 1 h ȋȄȓǻ ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ. ǤȈȀȉȐǾȌȎȌȓȀȈ ȒȓȆ 
ȃȄȜȓȄȐȆ ȂȐȀȋȋǽ ȎȈ ȄȒȓǾȄȑ ȕȇȎȐȈȒȋȎȜ ȏȎȔ ȒȖȆȋȀȓǾȅȄȈ Ȇ Ȃ-ǧ2ǡǶ ȌȀ ȄǾȌȀȈ ȋȄȂȀȊȜȓȄȐȄȑ ȉȀȈ ȊȈȂțȓȄȐȄȑ 
ȒȓȆȌ ȏȄȐǾȏȓȘȒȆ ȓȆȑ ǼȉȇȄȒȆȑ ȒȄ ȈțȌȓȀ ǡȐȂȎȜ. ǧ ȄȋȕȀȌȈȅțȋȄȌȆ ȖȐȝȒȆ ȒȓȎ APE1 ȄǾȌȀȈ ȃȈǻȖȔȓȆ, 
ȉȀȇȝȑ ȀȕȄȌțȑ ȓȎ ǼȌȅȔȋȎ ȀȔȓț ȄȋȕȀȌǾȅȄȈ ȄȌȃȎȂȄȌǽ ȒȔȂȉǼȌȓȐȘȒȆ ȒȓȀ ȉȜȓȓȀȐȀ ȉȀȈ ȀȕȄȓǼȐȎȔ ȃȈțȓȈ ȓȎ 
ȏȐȘȓțȉȎȊȊȎ ȖȐȝȒȆȑ ȏȎȔ ȀȉȎȊȎȔȇǽȇȆȉȄ ȒȄ ȀȔȓǻ ȓȀ ȏȄȈȐǻȋȀȓȀ ȃȄȌ ǽȓȀȌ ȓȎ ȁǼȊȓȈȒȓȎ ȃȔȌȀȓț.  
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ǣȐǻȕȆȋȀ 5-19: ǬȄȊǼȓȆ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȋȄȓȀȍȜ ȓȘȌ ȏȐȘȓȄșȌȝȌ APE1 ȉȀȈ Ȃ-ǧ2ǡǶ, ȒȜȋȕȘȌȀ ȋȄ ȓȆȌ 
ȏȀȐǻȋȄȓȐȎ Pclc, ȂȈȀ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ HepG2 ȄȉȓȄȇȄȈȋǼȌȀ (i) ȒȄ ȀȉȓǾȌȄȑ ðX ǽ (ii) ȒȄ ȈțȌȓȀ ǡȐȂȎȜ. 
ǯ ȀȒȓȄȐǾȒȉȎȑ õ*õ ȉȀȓȀȃȄȈȉȌȜȄȈ ȒȓȀȓȈȒȓȈȉȝȑ ȒȆȋȀȌȓȈȉǼȑ ȃȈȀȕȎȐǼȑ Șȑ ȏȐȎȑ ȓȀ 0 Gy, ȓȎȔ ȀȌȓǾȒȓȎȈȖȎȔ 
ȖȐȎȌȈȉȎȜ ȒȆȋȄǾȎȔ, ȄȌȝ ȓȀ ȃȜȎ ȀȒȓǼȐȈȀ ôõ ȒȆȋȄȈȝȌȎȔȌ ȒȓȀȓȈȒȓȈȉȝȑ ȒȆȋȀȌȓȈȉǼȑ ȃȈȀȕȎȐǼȑ ȂȈȀ ȓȆȌ 
ȉǻȇȄ ȃțȒȆ, ȋȄȓȀȍȜ ȓȎȔ ȖȐȎȌȈȉȎȜ ȒȆȋȄǾȎȔ ȏȎȔ ȄȍȄȓǻȅȄȓȀȈ ȒȄ ȒȖǼȒȆ ȋȄ ȓȈȑ 0 h. ǴȏȄȌȇȔȋǾȅȄȓȀȈ țȓȈ ȂȈȀ 
ȓȆȌ ȏȀȐǻȋȄȓȐȎ Pclc, țȏȘȑ ȎȐǾȅȄȓȀȈ, ȓȈȋǼȑ ȋȈȉȐțȓȄȐȄȑ ȓȆȑ ȋȎȌǻȃȀȑ ȃȄǾȖȌȎȔȌ çȀȐȌȆȓȈȉțè ȒȔȌȄȌȓȎȏȈȒȋț, 
ȓȈȋǼȑ ȂȜȐȘ ȒȓȆ ȋȎȌǻȃȀ ȃȄǾȖȌȎȔȌ ȓȔȖȀǾȎ, ȖȘȐǾȑ ȁȈȎȊȎȂȈȉǽ ȒȆȋȀȒǾȀ ȒȔȌȄȌȓȎȏȈȒȋț, ȄȌȝ ȓȈȋǼȑ 
ȋȄȂȀȊȜȓȄȐȄȑ ȓȆȑ ȋȎȌǻȃȀȑ ȃǾȌȎȔȌ ȓȎȌ çȀȊȆȇȈȌțè ȒȔȌȄȌȓȎȏȈȒȋț.  

 

ǡȔȒȓȆȐǻ ȉȐǾȌȎȌȓȀȑ ȓȀ ȂȐȀȕǽȋȀȓȀ, ȄȈȃȈȉǻ ȓȎ (i), ȇȀ ȊǼȂȀȋȄ țȓȈ ȉȔȋȀǾȌȄȓȀȈ ȒȓȀ țȐȈȀ ȓȎȔ 

ȓȔȖȀǾȎȔ ȒȔȌȄȌȓȎȏȈȒȋȎȜ. ǝȋȘȑ ȓȎ ȂȐǻȕȆȋȀ (ii ) ȄǾȌȀȈ ȏȄȐȈȒȒțȓȄȐȎ ȏȄȈȒȓȈȉț. ǰȀȐȀȓȆȐȄǾȓȀȈ 

ȒȓȎ ȏȐȝȓȎ ȖȐȎȌȈȉț ȒȆȋȄǾȎ ȂȈȀ ȓȎ 1 ȉȀȈ ȓȀ 2 Gy ȒȆȋȀȌȓȈȉǽ ȃȈȀȕȎȐǻ, ȒȄ ȒȖǼȒȆ ȋȄ ȓȎ ȋȆ 

ȀȉȓȈȌȎȁȎȊȆȋǼȌȎ. ǡȉțȋȀ ȏȄȐȈȒȒțȓȄȐȎ ȀȔȓǽ Ȇ ȃȈȀȕȎȐǻ ȒȓȀ ȄȏțȋȄȌȀ ȖȐȎȌȈȉǻ ȒȆȋȄǾȀ, 

ȄȊȀȓȓȝȌȄȓȀȈ, ȀȏȎȉȀȊȜȏȓȎȌȓȀȑ ǾȒȘȑ ǼȓȒȈ ȓȆ ȃȆȋȈȎȔȐȂǾȀ ȒȜȌȇȄȓȆȑ ȁȊǻȁȆȑ Ȇ ȎȏȎǾȀ 

ȄȏȈȃȈȎȐȇȝȇȆȉȄ ȋȄ ȓȆȌ ȏǻȐȎȃȎ ȓȎȔ ȖȐțȌȎȔ. ǲȄ ȉǻȇȄ ȏȄȐǾȏȓȘȒȆ ȏȐǼȏȄȈ ȌȀ ȓȎȌȈȒȓȄǾ țȓȈ ȓȎ 

ȕȀȈȌțȋȄȌȎ ȏȎȔ ȏȐȎȒȏȀȇȎȜȋȄ ȌȀ ȀȌȈȖȌȄȜȒȎȔȋȄ, ȄǾȌȀȈ ȏȎȊȜ ȊȄȏȓț, ȉȀȈ ȃȜȒȉȎȊȀ 

ȀȌȈȖȌȄȜȒȈȋȎ. ǧ ȀȌǻȊȔȒȆ ȓǼȓȎȈȘȌ ȄȈȉțȌȘȌ ȋȄ ȓțȒȎ ȃȈǻȖȔȓȆ ȉȀȈ ȏȊȄȎȌǻȅȎȔȒȀ ȖȐȝȒȆ, ȄǾȌȀȈ 
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ȄȍȀȈȐȄȓȈȉǻ ȃȜȒȉȎȊȆ, ȀȊȊǻ ȂȈȀ ȀȔȓțȌ ȀȉȐȈȁȝȑ ȓȎ ȊțȂȎ ȎȐǾȒȀȋȄ ȀȔȓț ȓȎ ȉȐȈȓǽȐȈȎ, ȓȆȌ 

ȏȀȐǻȋȄȓȐȎ Pclc, Ȇ ȎȏȎǾȀ ȉȀȊȄǾȓȀȈ ȌȀ ȀȏȎȉȀȊȜȗȄȈ ȓȈȑ țȏȎȈȄȑ ȃȈȀȕȎȐǼȑ ȋȄȓȀȍȜ ȓȘȌ 

ȒȔȌȇȆȉȝȌ. 

ǲȓȈȑ ȄȏțȋȄȌȄȑ ȏȀȐȀȂȐǻȕȎȔȑ ȂǾȌȄȓȀȈ ȒȔȅǽȓȆȒȆ ȂȈȀ ȓȎ ȏȝȑ ȇȀ ȋȏȎȐȎȜȒȀȋȄ ȂȈȀ ȓȆ ȃȄȃȎȋǼȌȆ 

ȕȜȒȆ ȓȆȑ ȏȐȘȓȄǠȌȆȑ, ȏȎȔ ȏȀȐȎȔȒȈǻȅȄȈ ȄȌȃȎȂȄȌǽ ȒȔȂȉǼȌȓȐȘȒȆ ȒȓȀ ȉȜȓȓȀȐȀ, ȌȀ ȂǾȌȄȈ 

ȉȀȊȜȓȄȐȆ ȎȏȓȈȉȎȏȎǾȆȒȆ.  

 

 

 

5.4.3 ǬȄȊǼȓȆ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȋȄȓȀȍȜ ǤǪǨ ȉȀȈ ȓȆȑ OGG1 ȒȄ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ 

FEP18-11-T1, ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ-Ȃ  

 

 

 

ǲȓȎ ȏȄǾȐȀȋȀ ȀȔȓț, țȏȎȔ ȉȄȐȀȓȈȌȎȉȜȓȓȀȐȀ ǼȖȎȔȌ ȀȉȓȈȌȎȁȎȊȆȇȄǾ ȋȄ ȀȉȓǾȌȄȑ ðȂ, ȎȐȈȀȉǻ 

ȀȌȈȖȌȄȜȓȆȉȄ Ȏ ȒȔȌȄȌȓȎȏȈȒȋțȑ ȂȈȀ ȓȆ ȃțȒȆ ȓȘȌ 2 Gy, ȒȓȎ ȖȐȎȌȈȉț ȒȆȋȄǾȎ ȓȆȑ 1 h. ǧ ȖȐȝȒȆ 

ȒȓȎ ȉȀȌǻȊȈ ȀȏȄȈȉțȌȈȒȆȑ ȓȆȑ OGG1 (ȏȐǻȒȈȌȎ) ǽȓȀȌ ȃȈǻȖȔȓȆ, ȒȖȆȋȀȓǾȅȎȌȓȀȑ ȉǻȏȎȈȄȑ 

0,5

0,7

0,9

1,1

1,3

1,5

1h 6h 24 h

FEP ȀȉȓǾȌȄȑ -Ȃ  Pclc OGG1/Ȃ-H2AX 

0 Gy 0.1 Gy 1 Gy 2 Gy

*
*

*

ǣȐǻȕȆȋȀ 5-20: ǬȄȊǼȓȆ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȋȄȓȀȍȜ ȓȘȌ ȏȐȘȓȄșȌȝȌ OGG1 ȉȀȈ Ȃ-ǧ2ǡǶ, ȒȜȋȕȘȌȀ ȋȄ 
ȓȆȌ ȏȀȐǻȋȄȓȐȎ Pclc, ȂȈȀ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ FEP18-11-T1 ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ ðȂ. ǯ ȀȒȓȄȐǾȒȉȎȑ 
õ*õ ȉȀȓȀȃȄȈȉȌȜȄȈ ȒȓȀȓȈȒȓȈȉȝȑ ȒȆȋȀȌȓȈȉǼȑ ȃȈȀȕȎȐǼȑ Șȑ ȏȐȎȑ ȓȀ 0 Gy, ȓȎȔ ȀȌȓǾȒȓȎȈȖȎȔ ȖȐȎȌȈȉȎȜ 
ȒȆȋȄǾȎȔ. ǴȏȄȌȇȔȋǾȅȄȓȀȈ țȓȈ ȂȈȀ ȓȆȌ ȏȀȐǻȋȄȓȐȎ Pclc, țȏȘȑ ȎȐǾȅȄȓȀȈ, ȓȈȋǼȑ ȋȈȉȐțȓȄȐȄȑ ȓȆȑ ȋȎȌǻȃȀȑ 
ȃȄǾȖȌȎȔȌ çȀȐȌȆȓȈȉțè ȒȔȌȄȌȓȎȏȈȒȋț, ȓȈȋǼȑ ȂȜȐȘ ȒȓȆ ȋȎȌǻȃȀ ȃȄǾȖȌȎȔȌ ȓȔȖȀǾȎ, ȖȘȐǾȑ ȁȈȎȊȎȂȈȉǽ 
ȒȆȋȀȒǾȀ ȒȔȌȄȌȓȎȏȈȒȋț, ȄȌȝ ȓȈȋǼȑ ȋȄȂȀȊȜȓȄȐȄȑ ȓȆȑ ȋȎȌǻȃȀȑ ȃǾȌȎȔȌ ȓȎȌ çȀȊȆȇȈȌțè ȒȔȌȄȌȓȎȏȈȒȋț.  
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ȋȎȐȕǼȑ ȏȎȔ ȎȋȎȈǻȅȎȔȌ ȋȄ ȄȒȓǾȄȑ. ǪȀȇȝȑ țȋȘȑ Ȏ ȒȓȀȓȈȒȓȈȉțȑ ǼȊȄȂȖȎȑ ǼȁȂȀȊȄ ȏȎȊȜ ȋȈȉȐț p 

( 1.21 x10-13) țȓȀȌ ǼȂȈȌȄ Ȇ ȒȜȂȉȐȈȒȆ ȋȄ ȓȀ 0 Gy ȓȎȔ ǾȃȈȎȔ ȖȐțȌȎȔ, ȋȏȎȐȎȜȋȄ ȌȀ 

ȈȒȖȔȐȈȒȓȎȜȋȄ țȓȈ țȌȓȘȑ ȀȌȈȖȌȄȜȒȀȋȄ ȀȊȆȇȈȌț ȒȔȌȄȌȓȎȏȈȒȋț. ǲȆȋȄȈȝȌȄȓȀȈ ȄȏǾȒȆȑ țȓȈ ȂȈȀ 

ȉǻȇȄ ȏȄȈȐȀȋȀȓȈȉț ȒȆȋȄǾȎ, ȂȈȌțȓȀȌ ȒȓȀȓȈȒȓȈȉțȑ ǼȊȄȂȖȎȑ ȋȄȓȀȍȜ ȀȐȈȇȋȆȓǽ ȉȀȈ 

ȏȀȐȎȌȎȋȀȒȓǽ, (ȓȎ ȒȔȂȉȄȉȐȈȋǼȌȎ ȄǾȖȄ p=1.2 x 10-5) ȓȎȔ ȉȊǻȒȋȀȓȎȑ ȏȎȔ ȀȏȎȓȄȊȄǾ ȓȆȌ 

ȏȀȐǻȋȄȓȐȎ Pclc. ǯ ȃȄȜȓȄȐȎȑ ȀȔȓțȑ ȒȓȀȓȈȒȓȈȉțȑ ǼȊȄȂȖȎȑ ȓȎȔ ȎȏȎǾȎȔ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȃȄ 

ȃǾȌȎȌȓȀȈ ȀȌȀȊȔȓȈȉǻ ȂȈȀ ȎȈȉȎȌȎȋǾȀ ȊțȂȎȔ, ǼȖȄȈ ȓȎ ȌțȆȋȀ ȓȎȔ ȌȀ ȉȀȓȀȃȄǾȍȄȈ ȓȎ ȉȀȓǻ ȏțȒȎȌ 

Ȏ ȀȐȈȇȋȆȓǽȑ ȄǾȌȀȈ țȌȓȘȑ ȋȄȂȀȊȜȓȄȐȎȑ Ȁȏț ȓȎȌ ȏȀȐȎȌȎȋȀȒȓǽ. ǯ ǼȊȄȂȖȎȑ ȀȔȓțȑ ǼȂȈȌȄ ȀȌǻ 

ȅȄȜȂȆ ȋǼȒȀ ȒȓȎ ǾȃȈȎ ȕȔȒȈȉǻ ȃȄǾȂȋȀ. 

ǲȔȋȏȄȐȀȒȋȀȓȈȉǻ, ȏȀȐȀȓȆȐǽȒȀȋȄ ȂȈȀ ȓȆȌ ȏȄȐǾȏȓȘȒȆ ȀȉȓȈȌȎȁțȊȆȒȆȑ ȕȔȒȈȎȊȎȂȈȉȝȌ 

ȉȄȐȀȉȈȌȎȉȔȓȓǻȐȘȌ ȋȄ ȀȉȓǾȌȄȑ ðȂ țȓȈ ȎȈ ȒȜȌȇȄȓȄȑ ȁȊǻȁȄȑ ȄȌȓȎȏǾȅȎȌȓȀȈ ȋǼȖȐȈ ȉȀȈ ȓȎ ȖȐȎȌȈȉț 

ȒȆȋȄǾȎ ȓȆȑ 1 h, ȄȌȝ ȒȓȆ ȒȔȌǼȖȄȈȀ ȕȀǾȌȄȓȀȈ ȏȘȑ ȒȓȈȑ 6 h ȉȀȈ Ȅȍǽȑ ȎȈ ȁȊǻȁȄȑ ȁǻȒȄȘȌ ǼȖȎȔȌ 

ȄȏȈȃȈȎȐȇȘȇȄǾ. ǲȓȈȑ 24 h ȉȀȈ ȎȈ ǤǾȉȊȘȌȄȑ ǨȐȀȜȒȄȈȑ ǼȖȎȔȌ ȄȏȈȃȈȎȐȇȘȇȄǾ. ǳȎ ȂȐǻȕȆȋȀ ȓȆȑ 

ȖȐȎȌȈȉǽȑ ȄȍǼȊȈȍȆȑ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ȏȀȐȀȓǾȇȄȓȀȈ ȒȓȎ ǰȀȐǻȐȓȆȋȀ. 

 

 

 

5.4.4 ǬȄȊǼȓȆ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȋȄȓȀȍȜ ǤǪǨ ȉȀȈ ȁȊȀȁȝȌ ȁǻȒȄȘȌ ȒȄ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ 

ǡ549, ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ-Ƕ ǽ ȒȄ ȒȘȋǻȓȈȀ-Ȁ 

 

ǣȈȀ ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȓȎȔ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȋȄȓȀȍȜ ȏȐȘȓȄșȌȝȌ ȏȎȔ ȄȏȈȃȈȎȐȇȝȌȎȔȌ ȓȈȑ ǤǪǨ (Ȃ-

ǧ2ǡǶ ǽ 53BP1) ȉȀȈ ȏȐȘȓȄșȌȝȌ ȏȎȔ ȄȏȈȃȈȎȐȇȝȌȎȔȌ ȁȊǻȁȄȑ ȁǻȒȄȘȌ (APE1 ǽ ǯGG1), ȉȀȓǻ 

ȓȆȌ ȄȏǾȒȉȄȗȆ ȓȆȑ ȂȐǻȕȎȔȒȀȑ ȒȓȎ ȄȐȂȀȒȓǽȐȈȎ ȓȎȔ ȉȀȇȆȂȆȓǽ ǧȊȈǻȉȆ, ȒȓȎ Essen, 

ȄȉȓȄȊǼȒȓȆȉȀȌ ȒȄ ȒȔȌȄȐȂȀȒǾȀ ȋȄ ȓȎȌ ȄȐȄȔȌȆȓǽ Emil  Mladenov  ȒȄȈȐǻ Ȁȏț ȏȄȈȐǻȋȀȓȀ.  

ǤȎȉȈȋǻȒȀȋȄ ȒȓȎ ȏȐȘȓțȉȎȊȊȎ ȓȎȔ ȄȐȂȀȒȓȆȐǾȎȔ (ȃǾȃȄȓȀȈ ȒȓȎ ȏȀȐǻȐȓȆȋȀ Șȑ òEmilõs 

protocoló) ȒȄ ȒȔȌȃȔȀȒȋț ȋȄ ȓȈȑ ȀȐȀȈȝȒȄȈȑ ȉȀȈ ȓȎȔȑ ȖȐțȌȎȔȑ ȄȏȝȀȒȆȑ ȏȎȔ ȏȐȎȓȄǾȌȄȈ Ȏ 

ȄȐȄȔȌȆȓǽȑ Asaithamby  ȒȓȆ ȃȆȋȎȒǾȄȔȒǽ ȓȎȔ [132] ȒȓȎ ȏȄȐȈȎȃȈȉț PNAS. ǳȎ ȒȔȂȉȄȉȐȈȋǼȌȎ 

ȏȄǾȐȀȋȀ ǼȃȘȒȄ ȋȄȂǻȊȎ ȒǽȋȀ ȔȏȎȁǻȇȐȎȔ. 

ǲȓȆ ȒȔȌǼȖȄȈȀ, ȃȎȉȈȋǻȒȀȋȄ ȄȏȀȉȐȈȁȝȑ ȓȎ ȏȐȘȓțȉȎȊȊȎ ȓȎȔ ȄȐȄȔȌȆȓǽ Asaithamby  [132], 

ȀȕȎȜ ȒȄ ȏȐȎȂȄȌǼȒȓȄȐȎ ȖȐțȌȎ ȄǾȖȀȋȄ ǼȐȇȄȈ ȒȄ ȄȏȀȕǽ ȋȀȅǾ ȓȎȔ ȉȀȈ ȋȀȑ ȓȎ ȄǾȖȄ ȏȀȐȀȖȘȐǽȒȄȈ. 

ǡȔȓǽ ȓȆ ȕȎȐǻ ȃȎȉȈȋǻȒȀȋȄ ȌȀ ȀȉȓȈȌȎȁȎȊǽȒȎȔȋȄ Ȅȉȓțȑ ȋȄ ȀȉȓǾȌȄȑ ðǶ ȉȀȈ ȋȄ ȒȘȋǻȓȈȀ ðȀ. 

ǯ ȊțȂȎȑ ȏȎȔ ȀȉȓȈȌȎȁȎȊǽȒȀȋȄ ȋȄ ȒȘȋǻȓȈȀ ðȀ ǽȓȀȌ ȂȈȀȓǾ ȓȀ ȒȘȋǻȓȈȀ ðȀ ǼȖȎȔȌ ȋȄȂȀȊȜȓȄȐȆ 

LET Ȁȏț ȓȈȑ ȀȉȓǾȌȄȑ ðǶ. ǥȏȎȋǼȌȘȑ ȏȄȐȈȋǼȌȎȔȋȄ ȌȀ ȄȋȕȀȌǾȒȎȔȌ ȎȋȀȃȎȏȎȈȆȋǼȌȄȑ ȁȊǻȁȄȑ 
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ȒȄ ȋȄȂȀȊȜȓȄȐȎ ȁȀȇȋț. ǪȀȈ ȏǻȊȈ ȓȎ ȏȄǾȐȀȋȀ ȀȔȓț ȄǾȖȄ ȒȖȄȓȈȉț ȔȗȆȊț ȒǽȋȀ ȔȏȎȁǻȇȐȎȔ, ȓȎ 

ȀȌȀȊȜȒȀȋȄ ȃȈȄȍȎȃȈȉǻ ȉȀȈ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȂȈȀ ȓȀ ȒȘȋǻȓȈȀ ðȀ ǽȓȀȌ ȈȉȀȌȎȏȎȈȆȓȈȉǻ 

ȒȖȄȓȈȉǻ ȋȄ ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȒȔȌȄȌȓȎȏȈȒȋȎȜ, Ȕȏț ȓȆ ȋȎȐȕǽ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ ȉȀȈ ȒȓȀ ȃȜȎ 

ȀȌȓȈȒȝȋȀȓȀ (OGG1 ȂȈȀ ȓȈȑ ȎȍȄȈȃȘȋǼȌȄȑ ȂȎȔȀȌǾȌȄȑ ȉȀȈ Ȃ-ǧ2ǡǶ ȂȈȀ ȓȈȑ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ), 

ȂȈȀ ȓȎ ȖȐȎȌȈȉț ȒȆȋȄǾȎ ȓȘȌ 25 min  (ǥȈȉțȌȀ VI -6 ȃȄȍȈǻ ȒȓǽȊȆ). ǝȏȘȑ ȕȀǾȌȄȓȀȈ ȉȀȈ ȒȓȎ 

ǣȐǻȕȆȋȀ VI -21, Ȇ ȏȀȐǻȋȄȓȐȎȑ Pclc ȏȀȐȎȔȒȈǻȅȄȈ ȀȍȈȎȒȆȋȄǾȘȓȆ ȀȜȍȆȒȆ ȂȈȀ ȀȔȓț ȓȎ 

ȏȄȈȐȀȋȀȓȈȉț ȒȆȋȄǾȎ.  

 

ǪȀȓțȏȈȌ ȄȉȓȄȊǼȒȀȋȄ ǼȌȀ ȋȄȂǻȊȎ ȏȄǾȐȀȋȀ ȒȄ ȒȔȌȎȊȈȉǻ 20 ȉȀȊȔȏȓȐǾȃȄȑ, ȃȎȉȈȋǻȅȎȌȓȀȑ 5 

ȃȈȀȕȎȐȄȓȈȉǻ ȏȐȘȓțȉȎȊȊȀ ȂȈȀ ȋǾȀ ȃțȒȆ ȀȉȓȈȌȎȁȎȊǾȀȑ (2 Gy) ȉȀȈ ȓȐǾȀ ȖȐȎȌȈȉǻ ȒȆȋȄǾȀ (10, 

20 ȉȀȈ 60 min). ǤȎȉȈȋǻȒȀȋȄ ȓȎȔȑ ȒȔȌȃȔȀȒȋȎȜȑ ȀȌȓȈȒȘȋǻȓȘȌ (Ȃ-ǧ2ǡǶ & ǯGG1: ǤǪǨ ȉȀȈ 

ȎȍȄȈȃȘȋǼȌȄȑ ȂȎȔȀȌǾȌȄȑ) ȉȀȈ (53BP1 & ǡPE1: ǤǪǨ ȉȀȈ ȀȁȀȒȈȉǻ ȒȆȋȄǾȀ). ǳȎ ȒȆȋȀȌȓȈȉț ȏȎȔ 

ȄȈȒǽȖȇȆ ȒȄ ȀȔȓț ȓȎ ȏȄǾȐȀȋȀ ǽȓȀȌ ȓȎ ȒȓǻȃȈȎ ȒȓȆȑ ȏȐȎ-ȄȍȀȂȘȂǽȑ (pre-extraction). ǤȆȊȀȃǽ 

ȓȆȑ ȃȈȀȏȄȐȀȓȎȏȎǾȆȒȆȑ ȓȆȑ ȏȔȐȆȌȈȉǽȑ ȋȄȋȁȐǻȌȆȑ ȉȀȈ ȓȆȌ ǼȉȏȊȔȒȆ ȓȘȌ ȏȔȐǽȌȘȌ  ȏ Ȑ Ȉ Ȍ  

ȓȆ ȋȎȌȈȋȎȏȎǾȆȒȆ. ǧ ȓȄȖȌȈȉǽ ȀȔȓǽ ȄǾȌȀȈ ȏȎȊȜ ȄȔȀǾȒȇȆȓȆ ȉȀȈ ȀȏȀȈȓȄǾ ȏȎȊȜ ȊȄȏȓȎȜȑ 

ȖȄȈȐȈȒȋȎȜȑ, țȏȘȑ ȓȎ ȌȀ ȂǾȌȄȓȀȈ ȏǻȌȘ ȒȄ ȏǻȂȎ, ȎȈ ȖȐțȌȎȈ 

ȌȀ ȄǾȌȀȈ ȀȔȒȓȆȐǻ ȉȀȇȎȐȈȒȋǼȌȎȈ ȉȀȈ ȌȀ ȄǾȌȀȈ ȎȈ țȏȎȈȄȑ 

ȋȄȓȀȉȈȌǽȒȄȈȑ ȓȘȌ ȓȐȔȁȊǾȘȌ ȎȈ ȄȊǻȖȈȒȓȄȑ ȃȔȌȀȓǼȑ. ǳȎȜȓȀ 

ȀȏȀȈȓȎȜȌȓȀȈ ȃȈțȓȈ ȓȀ ȉȜȓȓȀȐȀ ȏȎȔ ȃȄȌ ǼȖȎȔȌ ȀȉțȋȀ 

ȋȎȌȈȋȎȏȎȈȆȇȄǾ ȄǾȌȀȈ ȄȍȀȈȐȄȓȈȉǻ ȄȔǻȊȘȓȀ ȒȄ 

ȋȈȉȐȎȀȊȊȀȂǼȑ ȏȐȘȓȎȉțȊȊȎȔ. ǧ ȏȐȎȄȍȀȂȘȂǽ ȕȈȊȎȃȎȍȄǾ 

ȌȀ ȀȏȎȋȀȉȐȜȌȄȈ ȓȈȑ ȏȐȘȓȄǠȌȄȑ ȄȉȄǾȌȄȑ ȏȎȔ ȃȄȌ ȄǾȌȀȈ 
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ǣȐǻȕȆȋȀ 5-21: ǬȄȊǼȓȆ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȓȘȌ ȏȐȘȓȄșȌȝȌ ȄȏȈȃȈțȐȇȘȒȆȑ OGG1 ȉȀȈ Ȃ-ǧ2ǡǶ, ȂȈȀ ȓȆȌ 
ȀȌǾȖȌȄȔȒȆ ȒȜȌȇȄȓȘȌ ȁȊȀȁȝȌ DNA  ȒȄ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ ǡ549, ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ ðǶ ǽ ȒȄ 
ȒȘȋǻȓȈȀ ðȀ. ǯ ȒȔȌȄȌȓȎȏȈȒȋțȑ ȄȍȄȓǻȅȄȓȀȈ ȒȜȋȕȘȌȀ ȋȄ ȓȆȌ ȏȀȐǻȋȄȓȐȎ Pclc. 

ǣȐǻȕȆȋȀ 5-22 
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ȏȐȎȒȃȄȃȄȋǼȌȄȑ ȒȄ ǻȊȊȄȑ, ȃȆȊȀȃǽ ȏȎȔ ȃȄ ȒȔȋȋȄȓǼȖȎȔȌ ȒȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ. ǤȆȊȀȃǽ 

ȄȌȃȈȀȕȄȐțȋȀȒȓȄ ȌȀ ȀȏȎȋȀȉȐȜȌȎȔȋȄ ȓȀ ȋțȐȈǻ ȓȆȑ ȋȈȀȑ ȒȔȂȉȄȉȐȈȋǼȌȆȑ ȏȐȘȓȄǠȌȆȑ ȏȎȔ 

ȄǾȌȀȈ ȄȊȄȜȇȄȐȀ ȒȓȎȌ ȏȔȐǽȌȀ ȉȀȈ ȒȓȀ ȎȏȎǾȀ ȃȄȌ ȀȒȉȎȜȌȓȀȈ ȆȊȄȉȓȐȈȉǼȑ ȃȔȌǻȋȄȈȑ ȏȎȔ ȓȀ 

ȒȔȂȉȐȀȓȎȜȌ ȒȓȆ ȂȄȈȓȎȌȈǻ ȓȆȑ ȁȊǻȁȆȑ. ǧ ȃȈȀȃȈȉȀȒǾȀ ȀȔȓǽ ǽȓȀȌ ȈȃǼȀ ȓȎȔ ǼȋȏȄȈȐȎȔ 

ȄȐȄȔȌȆȓǽ Emil  Mladenov  ȉȀȈ Ȁȏț ȀȔȓț ȓȎ ȒȆȋȄǾȎ ȉȀȈ Ȅȍǽȑ ǼȂȈȌȄ ȋǾȀ ȒȓȐȎȕǽ ȒȓȆȌ 

ȀȌȓǾȊȆȗȆ ȓȎȔ ȄȐȂȀȒȓȆȐǾȎȔ ȋȀȑ, ȖȐȆȒȈȋȎȏȎȈǽȇȆȉȄ ȉȀȈ ȒȓȎ ȄȐȂȀȒȓǽȐȈț ȋȀȑ ȂȈȀ ȓȎ ȏȝȑ ȌȀ 

ȎȏȓȈȉȎȏȎȈȆȇȎȜȌ ȀȔȓǻ ȓȀ ȃȜȒȉȎȊȀ ȕȀȈȌțȋȄȌȀ. ǳȎ ȃȈǻȊȔȋȀ ȏȐȎȄȍȀȂȘȂǽȑ ȏȎȔ 

ȖȐȆȒȈȋȎȏȎȈǽȇȆȉȄ ǽȓȀȌ 0.2% triton -X ȒȄ PBS ȂȈȀ 5 min, ȒȄ ȏǻȂȎ. ǪȀȈ ȀȔȓț ȓȎ ȏȄǾȐȀȋȀ 

ȀȌȀȊȜȇȆȉȄ ȃȈȄȍȎȃȈȉǻ, ȀȊȊǻ ȃȄȌ ȏȀȐȎȔȒȈǻȅȄȓȀȈ ȉȀȇȝȑ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓǻ ȓȎȔ ȃȄ 

ȒȔȌȄȈȒȕǼȐȎȔȌ ȉǻȓȈ ȎȔȒȈȀȒȓȈȉț ȒȓȆ ȒȔȅǽȓȆȒȆ. ǰȀȐǻ ȓȀ ȋȄȂǻȊȀ ȒȕǻȊȋȀȓȀ ȉȀȈ ȏǻȊȈ 

ȏȀȐȀȓȆȐȎȜȋȄ ȎȐȈȀȉǻ ȌȀ ȒȔȋȁȀǾȌȄȈ ȉǻȓȈ ȒȓȀ 25 min  ȋȄȓǻ ȓȆȌ ȀȉȓȈȌȎȁțȊȆȒȆ (ǣȐǻȕȆȋȀ 5-

22).  

5.4.5 ǬȄȊǼȓȆ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȋȄȓȀȍȜ ǤǪǨ ȉȀȈ ȁȊȀȁȝȌ ȁǻȒȄȘȌ ȒȄ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ 

ǡ549, ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ-Ƕ ȋȄ ǽ ȖȘȐǾȑ ȉȀȓȄȔȇȔȌȓǽȐȀ ȇǼȒȋȆȑ 

 

ǲȓȆ ȒȔȌǼȖȄȈȀ, ȇǼȊȎȌȓȀȑ ȉȀȈ ȏǻȊȈ ȌȀ ȄȌȓȎȏǾȒȎȔȋȄ ȓȈȑ ȁȊǻȁȄȑ ȒȄ ȉǻȏȎȈȀ ȂȄȈȓȎȌȈǻ ȓȎȔ 

ȉȔȓȓǻȐȎȔ, ȄȏȈȖȄȈȐǽȒȀȋȄ ȋǾȀ ȀȉȓȈȌȎȁțȊȆȒȆ ȋȄ ȀȉȓǾȌȄȑ ðǶ, țȏȎȔ ȋȄȓȀȍȜ ȓȆȑ ȃǼȒȋȆȑ ȉȀȈ ȓȘȌ 

ȉȔȓȓǻȐȘȌ ȏȀȐȄȋȁȀȊȊțȓȀȌ ȋǾȀ ȋȄȓȀȊȊȈȉǽ ȋǻȒȉȀ ȋȄ ȏȀȐǻȊȊȆȊȄȑ ȖȀȐȀȂǼȑ, ȓȆȑ ȓǻȍȆȑ ȓȘȌ 2 

ȋm ȏȊǻȓȎȔȑ. ǧ ȈȃǼȀ ȂȈȀ ȀȔȓț ȓȎ ȏȄǾȐȀȋȀ ǽȓȀȌ Ȇ ȋȄȐȈȉǽ ǼȉȇȄȒȆ ȓȎȔ ȉǻȇȄ ȉȔȓȓǻȐȎȔ ȒȓȆȌ 

ȀȉȓȈȌȎȁȎȊǾȀ, ȝȒȓȄ ȀȕȎȜ ȋǼȖȐȈ ȒȓȈȂȋǽȑ ȄǾȖȄ ȀȏȎȃȄȈȖȇȄǾ ȓțȒȎ ȃȜȒȉȎȊȆ Ȇ ȎȏȓȈȉȎȏȎǾȆȒȆ ȓȎȔ 

ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȒȓȎ ȏȐțȓȔȏȎ ȓȘȌ ȄȒȓȈȝȌ ȕȇȎȐȈȒȋȎȜ, ȓȎȔȊǻȖȈȒȓȎȌ ȌȀ ȁȊǼȏȀȋȄ ȀȔȓǽ ȓȆ 

ȃȈǻȖȔȓȆ ȖȐȝȒȆ, ǼȒȓȘ ȌȀ ȒȖȆȋȀȓǾȅȄȈ ȊȘȐǾȃȄȑ. ǤȆȊȀȃǽ ȓȆȌ ȄȏȀȂȘȂǽ ȋȈȀȑ ȀȌȎȋȎȈȎȂǼȌȄȈȀȑ 

ȒȓȆ ȖȐȝȒȆ ȓȎȔ ȉǻȇȄ ȉȔȓȓǻȐȎȔ. ǪȀȓȀȕǼȐȀȋȄ ȌȀ ȎȏȓȈȉȎȏȎȈǽȒȎȔȋȄ ȋȄ ȒȀȕǽȌȄȈȀ, ȂȈȀ ǼȌȀ 

ȏȄȈȐȀȋȀȓȈȉț ȒȆȋȄǾȎ, ȓȎ ȕȀȈȌțȋȄȌȎ. ǪȀȈ ȀȔȓț ȒȔȌǼȁȆ ȂȈȀ ȓȎ ȖȐȎȌȈȉț ȒȆȋȄǾȎ ȓȘȌ 10 min  

ȋȄȓǻ ȓȆȌ ǼȉȇȄȒȆ. ǤȔȒȓȔȖȝȑ Ȇ ȉȀȊȔȏȓȐǾȃȀ ȏȎȔ ȀȏȎȓȄȊȎȜȒȄ ȓȎ ȄȏțȋȄȌȎ ȏȄȈȐȀȋȀȓȈȉț 

ȒȆȋȄǾȎ, ȓȘȌ 25 min, ȉȀȓǻ ȓȆ ȃȈȀȃȈȉȀȒǾȀ ȓȆȑ ȖȐȝȒȆȑ ǼȒȏȀȒȄ, ȉȈ ǼȓȒȈ ȖǻȇȆȉȄ ȓȎ ȒȆȋȄǾȎ ȏȎȔ 

ȇȀ ȏȄȐȈȋǼȌȀȋȄ ȓȎ ȕȀȈȌțȋȄȌȎ ȌȀ ȏȀȐȎȔȒȈǻȅȄȈ ȋǼȂȈȒȓȎ.  
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ǲȓȎ ǾȃȈȎ ȏȄǾȐȀȋȀ ȏȐȀȂȋȀȓȎȏȎȈǽȇȆȉȀȌ ȉȀȈ ȃȎȉȈȋǼȑ ȂȈȀ ȏȐȎȄȍȀȂȘȂǽ ȋȄ ȓȎ ǾȃȈȎ ȃȈǻȊȔȋȀ, 

ȀȊȊǻ ȂȈȀ ȃȈǻȐȉȄȈȀ 10 min. ǝȏȘȑ ȄȏǾȒȆȑ ȉȀȈ ȏȐȎȄȍȀȂȘȂǽ ȋȄ ȓȎ ȃȈǻȊȔȋȀ csk (10 mM  Hepes-

KOH  pH  6.8, 100 mM  NaCl , 300 mM  Sucrose, 1 mM  EGTA pH  8.0, 3 Mm  MgCl 2, 0.5 % 

triton -X). ǪȀȈ ȎȈ ȃȜȎ ȀȔȓǼȑ ȄȏȈȏȊǼȎȌ ȒȔȌȇǽȉȄȑ ȀȏȎȃȄǾȖȓȆȉȀȌ ȏȎȊȜ ȈȒȖȔȐǼȑ, ȉȀȈ ȒȖȄȃțȌ 

ȉȀȓȀȒȓȐȎȕȈȉǼȑ ȂȈȀ ȓȆȌ ȄȈȉțȌȀ, ȋȄ ȈȒȖȔȐțȓȄȐȆ ȓȆ ȃȈȀȃȈȉȀȒǾȀ ȋȄ ȓȎ ȃȈǻȊȔȋȀ csk.  
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Pclc APE1/53ǢP1 ȀȉȓǾȌȄȑ-Ƕ 
ȋȄ ǽ ȖȘȐǾȑ ȉȀȓȄȔȇȔȌȓǽȐȀ ȃǼȒȋȆȑ

ȋǻȒȉȀ Leman 5' ȀȉȓȈȌȎȁțȊȆȒȆȖȘȐǾȑ ȋǻȒȉȀ 1 Gy

*

ǣȐǻȕȆȋȀ 5-23ǬȄȊǼȓȆ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȓȘȌ ȏȐȘȓȄșȌȝȌ ȄȏȈȃȈțȐȇȘȒȆȑ APE1 ȉȀȈ 53BP1, ȂȈȀ ȓȆȌ 
ȀȌǾȖȌȄȔȒȆ ȒȜȌȇȄȓȘȌ ȁȊȀȁȝȌ DNA  ȒȄ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ ǡ549, ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ ðǶ ȋȄ ǽ 
ȖȘȐǾȑ ȓȎȌ ȉȀȓȄȔȇȔȌȓǽȐȀ ȃǼȒȋȆȑ Micro-Leman. ǯ ȒȔȌȄȌȓȎȏȈȒȋțȑ ȄȍȄȓǻȅȄȓȀȈ ȒȜȋȕȘȌȀ ȋȄ ȓȆȌ 
ȏȀȐǻȋȄȓȐȎ Pclc. 
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ǡȏț ȓȀ ȏȀȐȀȏǻȌȘ ȀȏȎȓȄȊǼȒȋȀȓȀ , ȒȔȋȏȄȐȀǾȌȎȔȋȄ țȓȈ ȀȌȈȖȌȄȜȇȆȉȄ ȒȔȌȄȌȓȎȏȈȒȋțȑ ȂȈȀ 

ȒȜȌȇȄȓȄȑ ȁȊǻȁȄȑ DNA  ȜȒȓȄȐȀ Ȁȏț ǼȉȇȄȒȆ ȒȄ ȊȘȐǾȃȄȑ ȀȉȓǾȌȘȌ Ƕ ȏȎȔ ȋȏȎȐȄǾ ȌȀ ȏȄȈ ȉȀȌȄǾȑ 

țȓȈ ȏȐȎȒȎȋȎȈǻȅȎȔȌ ȒȄ ǼȌȀ ȁȀȇȋț ȓȆȌ ȏȎȐȄǾȀ ȄȌțȑ ȒȘȋȀȓǾȎȔ.  

5.4.6 ǲȜȌȎȗȆ ȀȏȎȓȄȊȄȒȋǻȓȘȌ 

5.4.2 ǡȌȈȖȌȄȜȓȆȉȀȌ ȓȈȋǼȑ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȂȈȀ ȓȀ ȈțȌȓȀ ǡȐȂȎȜ, ȎȈ ȎȏȎǾȄȑ ȊțȂȘ ȓȎȔ țȓȈ 

ȏȀȐȎȔȒȈǻȅȎȔȌ ȒȓȀȓȈȒȓȈȉȝȑ ȒȆȋȀȌȓȈȉǽ ȃȈȀȕȎȐǻ, ȉȀȓȀȃȄȈȉȌȜȎȔȌ ȓȆȌ ȜȏȀȐȍȆ 

ȒȔȌȄȌȓȎȏȈȒȋȎȜ. ǧ ȓȈȋǽ ȎȐȈȀȉǻ ȁȐǼȇȆȉȄ ȏǻȌȘ Ȁȏț ȓȎ 1, țȋȘȑ ȃȄ ȋȏȎȐȄǾ ȌȀ ȀȍȈȎȊȎȂȆȇȄǾ 

ȓȀȔȓțȖȐȎȌȀ ȋȄ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȏȎȔ ȀȉȎȊȎȜȇȆȒȀȌ, ȉȀȇȝȑ ȒȓȀ ȄȏțȋȄȌȀ ȔȏǽȐȍȄ 

ȒȆȋȀȌȓȈȉǽ ȁȄȊȓǾȘȒȆ ȓȆȑ ȏȄȈȐȀȋȀȓȈȉǽȑ ȃȈȀȃȈȉȀȒǾȀȑ. ǥȏȀȌǻȊȆȗȆ ȓȎȔ ȏȄȈȐǻȋȀȓȎȑ 

ȒȜȋȕȘȌȀ ȋȄ ȓȀ ȌȄțȓȄȐȀ ȄȔȐǽȋȀȓȀ ȇȀ ȃȝȒȄȈ ȀȌȓȈȏȐȎȒȘȏȄȔȓȈȉǽ ȓȈȋǽ ȒȓȆȌ ȏȀȐǻȋȄȓȐȎ Pclc, 

ȂȈȀ ȓȆȌ ǼȉȇȄȒȆ ȒȄ ȀȉȓȈȌȎȁȎȊǾȄȑ ȔȗȆȊǽȑ LET. 

ǥȈȉțȌȀ 5-7: ǥȈȉțȌȄȑ ȒȔȌȄȌȓȎȏȈȒȋȎȜ ȋȄȓȀȍȜ ȏȐȘȓȄșȌȝȌ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ ǬȆȖȀȌȈȒȋȎȜ ǥȉȓȎȋǽȑ 
ǢǻȒȆȑ ȉȀȈ ȓȘȌ ȏȐȘȓȄșȌȝȌ ȓȘȌ ǤǪǨ. ǡȐȈȒȓȄȐǻ) ȉȜȓȓȀȐȀ ǡ549 ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ ðǶ ȏȀȐȎȔȒǾȀ 
ȓȎȔ ȉȀȓȄȔȇȔȌȓǽȐȀ ȃǼȒȋȆȑ Micro-Leman ȒȔȌȄȌȓȎȏȈȒȋțȑ ȋȄȓȀȍȜ ȓȆȑ APE1 ȉȀȈ ȓȆȑ 53BP1. ǤȄȍȈǻ) 
ǡ549 ȉȜȓȓȀȐȀ ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȒȘȋǻȓȈȀ ðȀ, ȒȔȌȄȌȓȎȏȈȒȋțȑ ȋȄȓȀȍȜ ȓȆȑ OGG1 ȉȀȈ ȓȆȑ Ȃ-ǧ2ǡǶ. 
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5.4.3 ǲȄ ȕȔȒȈȎȊȎȂȈȉǻ ȉȄȐȀȓȈȌȎȉȜȓȓȀȐȀ, ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ ðȂ, ȀȌȈȖȌȄȜȓȆȉȄ 

ȒȔȌȄȌȓȎȏȈȒȋțȑ ȋȄȓȀȍȜ ȓȆȑ ȏȐȘȓȄǠȌȆȑ OGG1 ȓȎȔ ǬȆȖȀȌȈȒȋȎȜ ǥȉȓȎȋǽȑ ǢǻȒȆȑ 

(ȎȍȄȈȃȘȋǼȌȄȑ ȂȎȔȀȌǾȌȄȑ) ȉȀȈ ȓȆȑ Ȃ-ǧ2ǡǶ ȏȎȔ ȀȌȈȖȌȄȜȄȈ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ , ȋȄȓȐȎȜȋȄȌȎȑ 

ȋȄ ȓȆȌ ȏȀȐǻȋȄȓȐȎ Pclc. ǲȔȂȉȄȉȐȈȋǼȌȀ ȂȈȀ ȓȎ ȖȐȎȌȈȉț ȒȆȋȄǾȎ ȓȆȑ ȋȈȀȑ ȝȐȀȑ ȉȀȈ ȂȈȀ ȓȀ 2 

Gy ȁȐǼȇȆȉȄ Pclc=1.17 Ñ 0.12 (ȄȌȝ ȂȈȀ ȓȀ 0 Gy Ȇ ȀȌȓǾȒȓȎȈȖȆ ȓȈȋǽ ǽȓȀȌ 0,91 Ñ 0,23).  

5.4.4 ǬȄȊȄȓǽȇȆȉȄ Ȏ ȒȔȌȄȌȓȎȏȈȒȋțȑ ȋȄȓȀȍȜ ȓȘȌ ȏȐȘȓȄșȌȝȌ OGG1 ȉȀȈ Ȃ-ǧ2ǡǶ ȒȄ 

ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ ǡ549 ȄȉȓȄȇȄȈȋǼȌȀ ȒȄ ȀȉȓǾȌȄȑ ðǶ ǽ ȒȄ ȒȘȋǻȓȈȀ ðȀ. ǡȍȈȎȒȆȋȄǾȘȓȆ 

ȀȜȍȆȒȆ ȏȀȐȎȔȒǾȀȒȄ Ȇ ȏȄȐǾȏȓȘȒȆ ȓȘȌ ȒȘȋȀȓǾȘȌ ðȀ țȏȎȔ ȒȓȀ 25 min  ȋȄȓǻ ȓȆȌ 

ȀȉȓȈȌȎȁțȊȆȒȆ ȁȐǼȇȆȉȄ Pclc=18Ñ4 ȄȌȝ Ȇ ȀȌȓǾȒȓȎȈȖȆ ȓȈȋǽ ȂȈȀ ȓȈȑ ȀȉȓǾȌȄȑ ðǶ ȁȐǼȇȆȉȄ 5 Ñ 1. 

ǧ ȒȓȀȃȈȀȉǽ ȁȄȊȓǾȘȒȆ ȓȎȔ ȏȐȘȓȎȉțȊȊȎȔ ȕǼȐȌȄȈ ȉȀȊȜȓȄȐȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȒȓȈȑ ȋȄȓȐȎȜȋȄȌȄȑ 

ȓȈȋǼȑ 

5.4.5 ǧ ȏȐȎȒȇǽȉȆ ȓȎȔ ȉȀȓȄȔȇȔȌȓǽȐȀ ȃǼȒȋȆȑ ȒȄ ȒȔȌȃȔȀȒȋț ȋȄ ȓȆ ȁȄȊȓȈȒȓȎȏȎǾȆȒȆ ȓȎȔ 

ȏȐȘȓȎȉțȊȊȎȔ ȀȌȎȒȎȕȇȎȐȈȒȋȎȜ ȀȌǼȃȄȈȍȄ ȓȎ ȒȔȌȄȌȓȎȏȈȒȋț ȋȄȓȀȍȜ 53BP1 (ȂȈȀ ȓȈȑ ǤǪǨ) ȉȀȈ 

ȓȆȑ APE1 (ȂȈȀ ȓȀ ȀȁȀȒȈȉǻ ȒȆȋȄǾȀ) ȋǼȒȘ ȓȆȑ ȏȀȐȀȋǼȓȐȎȔ Pclc Ȇ ȎȏȎǾȀ ȁȐǼȇȆȉȄ  8 Ñ 2 ȂȈȀ 

ȓȎ ȀȉȓȈȌȎȁȎȊȆȋǼȌȎ ȃȄǾȂȋȀ ȂȈȀ ȓȎ ȖȐȎȌȈȉț ȒȆȋȄǾȎ ȓȘȌ 10 min  ȄȌȝ Ȇ ȀȌȓǾȒȓȎȈȖȆ ȓȈȋǽ ȂȈȀ 

ȓȎ ȋȆ ȀȉȓȈȌȎȁȎȊȆȋǼȌȎ ǽȓȀȌ 4 Ñ 1. 
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ǬǥǱǯǲ ǣõð ǢǩǯǰǫǧǱǯǵǯǱǩǪǧ 

ǡǭǡǫǴǲǧ 

6 ǯǩ ǡǭǡǲǳǯǫǥǩǲ ǥǰǩǤǩǯǱǨǸǲǧǲ ǳǯǴ DNA  ǲǳǧ 

ǨǥǱǡǰǥǩǡ ǳǯǴ ǪǡǱǪǩǭǯǴ 

ǯȈ ȀȌȀȒȓȎȊȄǾȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȄǾȌȀȈ ȋȈȉȐǻ ȋțȐȈȀ ȓȀ ȎȏȎǾȀ ȄȏȈȃȐȎȜȌ ȒȓȈȑ ȏȐȘȓȄǠȌȄȑ 

ȄȏȈȃȈțȐȇȘȒȆȑ ȋȄ ȒȓțȖȎ ȌȀ ȀȌȀȉțȗȎȔȌ ȓȆ ȊȄȈȓȎȔȐȂǾȀ ȓȎȔȑ, ȏȀȐȀȉȘȊȜȎȌȓȀȑ ȓȆ ȃȈȀȃȈȉȀȒǾȀ 

ȓȆȑ ȄȏȈȃȈțȐȇȘȒȆȑ. ǰȎȊȊǼȑ ȇȄȐȀȏȄǾȄȑ ȓȎȔ ȉȀȐȉǾȌȎȔ ȒȓȎȖȄȜȎȔȌ ȒȓȎ DNA ȓȘȌ ȉȀȐȉȈȌȈȉȝȌ 

ȉȔȓȓǻȐȘȌ, ȀȌȀȂȉǻȅȎȌȓǻȑ ȓȀ ȌȀ ȏȄȐǻȒȎȔȌ ȒȄ ȀȏțȏȓȘȒȆ. ǳȀ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ țȋȘȑ, 

ȄȏȈȒȓȐȀȓȄȜȎȌȓȀȑ ȓȎȔȑ ȋȆȖȀȌȈȒȋȎȜȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA, ȓȄǾȌȎȔȌ ȌȀ ȄȏȈȃȈȎȐȇȝȌȎȌȓȀȈ, 

ȋȄȈȝȌȎȌȓȀȑ ȓȆȌ ȀȏȎȓȄȊȄȒȋȀȓȈȉțȓȆȓȀ ȓȆȑ ȇȄȐȀȏȄǾȀȑ. ǧ ǼȐȄȔȌȀ ȂȈȀ ȓȎȌ ȄȌȓȎȏȈȒȋț ȌǼȘȌ ȉȀȈ 

ȀȏȎȓȄȊȄȒȋȀȓȈȉȝȌ ȀȌȀȒȓȎȊǼȘȌ ȒȓȎȖȄȜȄȈ ȒȓȆ ȒȔȌȃȔȀȒȓȈȉǽ ȖȐǽȒȆ ȓȎȔȑ ȋȄ ǡȉȓȈȌȎȇȄȐȀȏȄǾȀ 

ǽ ȋȄ ǶȆȋȄȈȎȇȄȐȀȏȄǾȀ. ǲȓȎ ȋǼȐȎȑ ȀȔȓț ȏȀȐȎȔȒȈǻȅȄȓȀȈ ȋȈȀ ȁȈȁȊȈȎȂȐȀȕȈȉǽ ȄȏȈȒȉțȏȆȒȆ ȓȘȌ 

ȀȌȀȒȓȎȊǼȘȌ ȏȎȔ ǽȃȆ ȖȐȆȒȈȋȎȏȎȈȎȜȌȓȀȈ ȉȊȈȌȈȉǻ ǽ ȁȐǾȒȉȎȌȓȀȈ ȒȓȆ ȒȓǻȃȈȎ ȓȘȌ ȉȊȈȌȈȉȝȌ 

ȃȎȉȈȋȝȌ. ǬȄ ȓȆ ȖȐǽȒȆ ȄȐȂȀȊȄǾȘȌ ȁȈȎȏȊȆȐȎȕȎȐȈȉǽȑ ȏȐȎȒȃȈȎȐǾȅȎȌȓȀȈ ȎȈ ȏȐȘȓȄǠȌȄȑ 

ȄȏȈȃȈțȐȇȘȒȆȑ ȏȎȔ ȄȌǼȖȎȌȓȀȈ ȒȄ ȃȜȎ ǽ ȏȄȐȈȒȒțȓȄȐȎȔȑ ȋȆȖȀȌȈȒȋȎȜȑ ȝȒȓȄ ȌȀ ȏȐȎȓȀȇȎȜȌ Șȑ 

ȒȓțȖȎȈ ȌǼȘȌ ȀȌȀȒȓȎȊǼȘȌ ȋȄ ȒȉȎȏț ȓȆ çȒȜȌȇȄȓȆ ȇȌȆȓțȓȆȓȀè (synthetic lethality). ǝȒȀ 

ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȒȓȆȌ ȏȀȐǻȂȐȀȕȎ ȀȔȓǽ ǼȖȎȔȌ ȃȆȋȎȒȈȄȔȓȄǾ ȒȄ ȋȎȐȕǽ [7].  

ǯȈ ȏȐȎȒȏǻȇȄȈȄȑ ȓȆȑ ȄȏȈȒȓȆȋȎȌȈȉǽȑ ȉȎȈȌțȓȆȓȀȑ ȏȎȔ ȀȒȖȎȊȄǾȓȀȈ ȒȓȆ ȋǻȖȆ ȄȌǻȌȓȈȀ ȒȓȎȌ 

ȉȀȐȉǾȌȎ ȎȊȎǼȌȀ ȏȐȎȒȀȌȀȓȎȊǾȅȄȓȀȈ ȒȄ ȏȈȎ ȄȍȄȈȃȈȉȄȔȋǼȌȄȑ ȓȄȖȌȈȉǼȑ. ǳȎ ȉȊȄȈȃǾ ȉȀȈ 

ȓȀȔȓțȖȐȎȌȀ Ȇ ȋȄȂǻȊȆ ȏȐțȉȊȆȒȆ ȂȈȀ ȓȆ ȇȄȐȀȏȄǾȀ ȓȎȔ ȉȀȐȉǾȌȎȔ ȄǾȌȀȈ Ȇ ȄȏǾȓȄȔȍȆ ȓȆȑ 

ȋǼȂȈȒȓȆȑ ȃȔȌȀȓǽȑ ȄȏȈȊȄȉȓȈȉțȓȆȓȀȑ ȒȓȆ ȇȀȌǻȓȘȒȆ ȓȘȌ ȉȀȐȉȈȌȈȉȝȌ ȉȔȓȓǻȐȘȌ ǼȌȀȌȓȈ ȓȘȌ 

ȔȂȈȝȌ. ǥȌȃȄȈȉȓȈȉǻ, ȎȈ ȈȃȈțȓȆȓȄȑ ȓȘȌ ȉȀȐȉȈȌȈȉȝȌ ȉȔȓȓǻȐȘȌ, ȓȈȑ ȎȏȎǾȄȑ ȀȍȈȎȏȎȈȎȜȌ ȎȈ 

ȇȄȐȀȏȄǾȄȑ ȂȈȀ ȓȎȌ ȉȀȐȉǾȌȎ, ȄǾȌȀȈ: ȀȃȔȌȀȋǾȄȑ ȒȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȎȔ DNA țȏȘȑ 

ȋȄȓȀȊȊǻȍȄȈȑ ȓȘȌ ȂȎȌȈȃǾȘȌ BRCA1/BRCA2 ȒȓȎȌ ȉȀȐȉǾȌȎ ȓȎȔ ȋȀȒȓȎȜ ǽ/ȉȀȈ ȓȘȌ ȘȎȇȆȉȝȌ, 

Ȇ ȀȏȝȊȄȈȀ ȄȊǼȂȖȎȔ ȉȔȓȓȀȐȈȉȎȜ ȉȜȉȊȎȔ ȉȀȈ Ȏ ȔȗȆȊțȑ ȀȌȀȃȈȏȊȀȒȈȀȒȋțȑ, ȔȗȆȊǻ ȄȏǾȏȄȃȀ 

ȎȍȄȈȃȘȓȈȉȎȜ ȒȓȐȄȑ ȉȀȈ ȁȊȀȁȝȌ ȒȓȎ DNA ȉȀȇȝȑ ȉȀȈ ȖȐȘȋȎȒȘȋȀȓȈȉǽ ȀȒȓǻȇȄȈȀ. 

6.1 ǡȌȀȒȓȎȊȄǾȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȀȌǻ ȋȆȖȀȌȈȒȋț 

ǡȉȎȊȎȔȇȄǾ Ȇ ȄȏȈȒȉțȏȆȒȆ ȓȘȌ ȀȌȀȒȓȎȊǼȘȌ ȄȏȈȃȈțȐȇȘȒȆȑ ȏȎȔ ȁȐǾȒȉȎȌȓȀȈ ȀȔȓǽ ȓȆ ȒȓȈȂȋǽ 

ȒȓȎ ȒȓǻȃȈȎ ȓȆȑ ȉȊȈȌȈȉǽȑ ȃȎȉȈȋǽȑ. ǳȀȍȈȌȎȋȎȜȌȓȀȈ ȒȓȎ ȏȀȐțȌ ȉȄǾȋȄȌȎ ȒȜȋȕȘȌȀ ȋȄ ȓȎȌ 
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ȄȏȈȃȈȎȐȇȘȓȈȉț ȋȆȖȀȌȈȒȋȎȜ ȓȎȔ DNA ȒȓȎȌ ȎȏȎǾȎ ȀȌǽȉȄȈ Ȇ ȏȐȘȓȄǠȌȆ ȒȓȆȌ ȎȏȎǾȀ ǼȉȀȒȓȎȑ 

ȒȓȎȖȄȜȄȈ. 

6.1.1 ǡȌȀȒȓȎȊȄǾȑ ȓȎȔ ǬȆȖȀȌȈȒȋȎȜ ǥȉȓȎȋǽȑ ǢǻȒȆȑ 

ǧ ȏȐȘȓȄǠȌȆ Ȁȏț ȓȎ ǬȆȖȀȌȈȒȋț ǥȉȓȎȋǽȑ ǢǻȒȆȑ ȏȎȔ ǼȖȄȈ ȋȄȊȄȓȆȇȄǾ ȏȄȐȈȒȒțȓȄȐȎ ȂȈȀ ȓȎȌ 

ȄȌȓȎȏȈȒȋț ȀȌȀȒȓȎȊǼȘȌ ȄǾȌȀȈ Ȇ PARP. ǰȎȊȊǼȑ ȄǾȌȀȈ ȎȈ ȉȊȈȌȈȉǼȑ ȃȎȉȈȋǼȑ ȏȎȔ ȀȕȎȐȎȜȌ 

ȀȔȓǽȌ ȓȆȌ ȏȐȘȓȄǠȌȆ ȉȀȈ ȏȊǽȇȎȑ ȕȀȐȋȀȉȄȔȓȈȉȝȌ ȀȌȀȒȓȎȊǼȘȌ ǼȖȎȔȌ ȀȌȀȏȓȔȖȇȄǾ. ǸȒȓțȒȎ 

ǼȖȎȔȌ ȂǾȌȄȈ ȉȀȈ ȉǻȏȎȈȄȑ ȏȐȎȒȏǻȇȄȈȄȑ ȂȈȀ ȓȆȌ ȀȌǻȏȓȔȍȆ ȀȌȀȒȓȎȊǼȘȌ ǼȌȀȌȓȈ ȓȆȑ APE1. 

ǜȒȘȑ Ȏ ȀȌȀȒȓȎȊǼȀȑ Ȏ ȏȄȐȈȒȒțȓȄȐȎ ȋȄȊȄȓȆȋǼȌȎȑ Ȁȏț ȓȎȔȑ ȀȌȀȒȓȎȊȄǾȑ ȓȆȑ PARP22 ȄǾȌȀȈ Ȏ 

ǡǢǳ-888, ȂȌȘȒȓțȑ ȉȀȈ Șȑ Veliparib. ǯ ǡǢǳ-888 ȂȀȌȓȅȝȌȄȓȀȈ ȒȓȎ ȇȜȊȀȉȀ ȌȈȉȎȓȈȌȀȋǾȃȆȑ 

ȓȆȑ ȏȐȘȓȄǠȌȆȑ PARP. ǶȎȐȆȂȄǾȓȀȈ ȒȄ ȒȔȌȃȔȀȒȋț ȋȄ ȓȎ temozolomide (ǰǾȌȀȉȀȑ 6-1, # 1 &  

2) ǽ ȓȎ cyclophosphamide (ǰǾȌȀȉȀȑ 6-1, # 3 &  4). ǳȀ temozolomide ȉȀȈ 

cyclophosphamide ȄǾȌȀȈ ȕǻȐȋȀȉȀ ȖȆȋȄȈȎȇȄȐȀȏȄǾȀȑ, ȀȊȉȔȊȈȘȓȈȉȎǾ ȏȀȐǻȂȎȌȓȄȑ ȏȎȔ 

ȄȏȆȐȄǻȅȎȔȌ ȓȈȑ ȁǻȒȄȈȑ ǣȎȔȀȌǾȌȆȑ [133, 134]. ǯ ABT-888 ȋȏȎȐȄǾ ȄȏǾȒȆȑ ȌȀ ȒȔȌȃȔȀȒȓȄǾ ȋȄ 

ȓȎ topotecan ǽ ȓȎ gemcitabine (ǰǾȌȀȉȀȑ 6-1, # 5 & 6). ǳȎ gemcitabine ȏȐȎȉȀȊȄǾ ȀȏțȏȓȘȒȆ, 

ȄȌȝ ȓȎ topotecan ȄǾȌȀȈ ȄȏǾȒȆȑ ȀȌȀȒȓȎȊǼȀȑ, ǼȌȀȑ ȀȌȀȒȓȎȊǼȀȑ ȓȎȏȎșȒȎȋȄȐǻȒȆȑ. ǲȓȆ 

ǶȆȋȄȈȎȇȄȐȀȏȄǾȀ, ȒȔȖȌǻ ȖȐȆȒȈȋȎȏȎȈȎȜȌȓȀȈ ȎȔȒǾȄȑ, ȓȀ ȊȄȂțȋȄȌȀ ȏȐȎȕǻȐȋȀȉȀ, ȎȈ ȎȏȎǾȄȑ 

ȋȄȓȀȓȐǼȏȎȌȓȀȈ ȒȄ ȄȌȄȐȂǻ ȕǻȐȋȀȉȀ, ȋȄȓǻ ȓȆȌ ȄǾȒȎȃț ȓȎȔȑ ȒȓȎȌ ȎȐȂȀȌȈȒȋț. ǳȀ 

ȏȐȎȕǻȐȋȀȉȀ ȄȉȃȆȊȝȌȎȔȌ ȓȆȌ ȄȏȈȇȔȋȆȓǽ ȃȐǻȒȆ ȓȎȔȑ ȋȄȓǻ Ȁȏț ȄȌȅȔȋȀȓȈȉț ǽ/ȉȀȈ ȖȆȋȈȉț 

ȋȄȓȀȒȖȆȋȀȓȈȒȋț.  

ǚȌȀȑ ȓǼȓȎȈȎȑ ȀȌȀȒȓȎȊǼȀȑ ȄǾȌȀȈ Ȇ ȉȀȏȄȒȈȓȀȁǾȌȆ (capecitabine), ȋȈȀ ȋȆ-ȉȔȓȓȀȐȎȓȎȍȈȉǽ 

ȉȀȐȁȀȋȈȃȈȉǽ ȕȇȎȐȈȎȏȔȐȈȋȈȃǾȌȆ, Ȇ ȎȏȎǾȀ ȊȄȈȓȎȔȐȂȄǾ ȒȀȌ ǼȌȀȑ Ȁȏț ȒȓțȋȀȓȎȑ 

ȖȎȐȆȂȎȜȋȄȌȎȑ ȏȐțȃȐȎȋȎȑ ȓȆȑ ȉȔȓȓȀȐȎȓȎȍȈȉǽȑ 5-ȕȇȎȐȈȎȎȔȐȀȉǾȊȆȑ (5-FU). ǯ ȋȄȓȀȁȎȊǾȓȆȑ 

ȓȆȑ ȉȀȏȄȒȈȓȀȁǾȌȆȑ ȎȔȒȈȀȒȓȈȉǻ ȏȀȐȄȋȏȎȃǾȅȄȈ ȓȆȌ ȀȌȓǾȃȐȀȒȆ ȋȄȇȔȊǾȘȒȆȑ ȓȎȔ 

ȃȄȎȍȔȎȔȐȈȃȈȊȈȉȎȜ ȎȍǼȎȑ ȒȄ ȇȔȋȈȃȔȊȈȉț ȎȍȜ, ȄȏȆȐȄǻȅȎȌȓȀȑ ǼȓȒȈ ȏȄȐȀȈȓǼȐȘ ȓȆ ȒȜȌȇȄȒȆ ȓȎȔ 

DNA, ȄȌȝ ȎȃȆȂȄǾ ȄȏǾȒȆȑ ȒȄ ȀȌȀȒȓȎȊǽ ȒȜȌȇȄȒȆȑ ȓȎȔ RNA ȉȀȈ ȉȀȓǻ ȒȔȌǼȏȄȈȀ ȓȆȑ 

ȏȐȘȓȄșȌȎȒȜȌȇȄȒȆȑ. 

ǧ ȖȐǽȒȆ ȓǼȓȎȈȎȔ ȄǾȃȎȔȑ ȏȐțȃȐȎȋȘȌ ȕȀȐȋǻȉȘȌ ȋȎȈǻȅȄȈ ȏȎȊȊǻ ȔȏȎȒȖțȋȄȌȆ. ǲȄ ȋȈȀ 

ȓȐǼȖȎȔȒȀ ȉȊȈȌȈȉǽ ȃȎȉȈȋǽ ǵǻȒȆȑ ǩ ȄȊǼȂȖȎȌȓȀȈ ȀȔȍȀȌțȋȄȌȄȑ ȃțȒȄȈȑ ȓȎȔ veliparib, ȄȌțȑ 

ȀȌȀȒȓȎȊǼȀ ȓȆȑ PARP, ȒȄ ȒȔȌȃȔȀȒȋț ȋȄ ȓȆȌ ȉȀȏȄȒȈȓȀȁǾȌȆ ȉȀȈ ȀȉȓȈȌȎȁȎȊǾȄȑ, ȒȄ ȀȒȇȄȌȄǾȑ 

ȋȄ ȓȎȏȈȉǻ ȏȐȎȖȘȐȆȋǼȌȎ ȉȀȐȉǾȌȎ ȓȎȔ ȎȐȇȎȜ (ǰǾȌȀȉȀȑ 6-1, # 7). 

                                                      

22 PARP: Poly (ADP-ribose) polymerase: ȀȌȇȐȝȏȈȌȆ ȏȎȊȔȋȄȐǻȒȆ ȓȆȑ ȏȎȊȔ-ǻȃȄȌȎ ȃȈȕȘȒȕȎȐȈȉǽȑ 
ȐȈȁțȅȆȑ: ȎȈȉȎȂǼȌȄȈȀ ȏȐȘȓȄșȌȝȌ ȏȎȔ ȒȔȋȋȄȓǼȖȎȔȌ ȒȄ ȏȎȊȊǼȑ ȉȔȓȓȀȐȈȉǼȑ ȃȈȄȐȂȀȒǾȄȑ, ȋȄȓȀȍȜ ȓȘȌ 
ȎȏȎǾȘȌ Ȇ ȄȏȈȃȈțȐȇȘȒȆ ȓȎȔ DNA ȉȀȈ Ȏ ȏȐȎȂȐȀȋȋȀȓȈȒȋǼȌȎȑ ȉȔȓȓȀȐȈȉțȑ ȇǻȌȀȓȎȑ 



129 

 

ǚȌȀȑ ǻȊȊȎȑ ȏȎȊȜ ȒȔȖȌǻ ȖȐȆȒȈȋȎȏȎȈȎȜȋȄȌȎȑ ȀȌȀȒȓȎȊǼȀȑ ȓȆȑ PARP ȄǾȌȀȈ Ȇ ȎȊȀȏȀȐǾȋȏȆ 

(olaparib / AZD2281/  KU005868) [135]. ǧ ȎȊȀȏȀȐǾȋȏȆ ȀȌȀȒȓǼȊȊȄȈ ȓȆ ȃȐǻȒȆ ȓȆȑ 

ȀȌȇȐȝȏȈȌȆȑ ȏȎȊȔȋȄȐǻȒȆȑ ȓȆȑ ȏȎȊȔ-ǻȃȄȌȎ ȃȈȕȘȒȕȎȐȈȉǽȑ ȐȈȁțȅȆȑ (PARP), Ȇ ȎȏȎǾȀ 

ȒȔȋȁǻȊȊȄȈ ȒȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȎȔ DNA ȓȘȌ ȉȔȓȓǻȐȘȌ ȏȎȔ ǼȖȄȈ ȔȏȎȒȓȄǾ ȁȊǻȁȆ (ȓțȒȎ ȒȓȀ 

ȕȔȒȈȎȊȎȂȈȉǻ țȒȎ ȉȀȈ ȒȓȀ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ) ȉȀȓǻ ȓȆ ȃȈǻȐȉȄȈȀ ȓȆȑ ȉȔȓȓȀȐȈȉǽȑ ȃȈȀǾȐȄȒȆȑ. 

ǲȓȀ ȕȔȒȈȎȊȎȂȈȉǻ ȉȜȓȓȀȐȀ ȔȏǻȐȖȄȈ ȄȌȀȊȊȀȉȓȈȉțȑ ȋȆȖȀȌȈȒȋțȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA, Ȏ 

ȎȏȎǾȎȑ ȀȏȀȈȓȄǾ ȓȆȌ ȜȏȀȐȍȆ ȓȘȌ ȏȐȘȓȄșȌȝȌ BRCA1 ȉȀȈ BRCA2. ǯ ȄȌ ȊțȂȘ ȄȌȀȊȊȀȉȓȈȉțȑ 

ȋȆȖȀȌȈȒȋțȑ ȃȄȌ ȊȄȈȓȎȔȐȂȄǾ ȎȐȇǻ ȒȓȀ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ ȋȄ ȋȄȓȀȊȊǻȍȄȈȑ ȒȓȀ ȂȎȌǾȃȈȀ 

BRCA1 ǽ BRCA2. Ǹȑ Ȅȉ ȓȎȜȓȎȔ, țȓȀȌ ȀȌȀȒȓǼȊȊȄȓȀȈ Ȇ ȃȐǻȒȆ ȓȎȔ ȄȌȅȜȋȎȔ PARP, ȓȎ DNA 

ȏȎȔ ǼȖȄȈ ȔȏȎȒȓȄǾ ȁȊǻȁȆ ȒȓȀ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ ȃȄȌ ȋȏȎȐȄǾ ȌȀ ȄȏȈȃȈȎȐȇȘȇȄǾ ȉȀȈ ȒȔȌȄȏȝȑ, 

ȓȀ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ ȌȄȉȐȝȌȎȌȓȀȈ. ǧ ȎȊȀȏȀȐǾȋȏȆ ȀȌȓȈȃȐǻ ȋȄ ȓȎ ȃȈȌȎȔȉȊȄȎȓǾȃȈȎ 

ȌȈȉȎȓȈȌȀȋǾȃȆȑ-ȀȃȄȌǾȌȆȑ ȒȓȆȌ ȎȍȄȈȃȘȋǼȌȆ ȓȎȔ ȋȎȐȕǽ (NAD+) ȓȆȑ ȉȀȓȀȊȔȓȈȉǽȑ 

ȔȏȎȋȎȌǻȃȀȑ ȓȆȑ PARP. ǧ ȎȊȀȏȀȐǾȋȏȆ ȋȎȈǻȅȄȈ ȌȀ ǼȖȄȈ ȉȀȊȜȓȄȐȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȒȄ 

ȀȒȇȄȌȄǾȑ ȋȄ ȄȊȀȓȓȘȋȀȓȈȉǻ ȓȀ ȂȎȌǾȃȈȀ BRCA. ǚȓȒȈ, Ȇ ȄȓȀȈȐǾȀ AstraZeneca ȍȄȉǾȌȆȒȄ ȋȈȀ 

ȉȊȈȌȈȉǽ ȃȎȉȈȋǽ, ǵǻȒȆȑ ǩǩǩ, ȒȄ ȀȒȇȄȌȄǾȑ ȋȄ ȉȀȐȉǾȌȎ ȓȘȌ ȘȎȇȆȉȝȌ (ǰǾȌȀȉȀȑ 6-1, # 4). To 

Iniparib (BSI-201) ȄǾȌȀȈ ǼȌȀ ȏȐȎȕǻȐȋȀȉȎ ȓȎȔ 4-iodo-3-nitrosobenzamide, ȓȈȑ ȏȀȐǻȂȎȌȓȀ, 

Ȏ ȎȏȎǾȎȑ ȄȇȄȘȐȄǾȓȎ țȓȈ ȀȌȀȒȓǼȊȊȄȈ ȋȄ ȎȋȎȈȎȏȎȊȈȉǽ ȓȐȎȏȎȏȎǾȆȒȆ ȓȆȌ PARP1, 

ȏȐȎȒȃȄȌțȋȄȌȎȑ ȒȓȎȌ ȏȐȝȓȎ ȃȀȉȓȜȊȈȎ ȗȄȔȃȀȐȂȜȐȎȔ ȓȈȑ ȏȐȘȓȄǠȌȆȑ. ǰȐȎȉȊȈȌȈȉǼȑ ȃȎȉȈȋǼȑ 

ȓȈȑ [136] ȉȀȇȝȑ ȉȀȈ ȀȏȎȓȔȖȆȋǼȌȄȑ ȉȊȈȌȈȉǼȑ ȃȎȉȈȋǼȑ (ǰǾȌȀȉȀȑ 6-1, # 14-18) ǼȃȄȈȍȀȌ ȀȕȄȌțȑ 

țȓȈ ȃȄȌ ȄǾȌȀȈ ȀȌȀȒȓȎȊǼȀȑ ȓȈȑ PARP ȉȀȈ ȀȕȄȓǼȐȎȔ țȓȈ ȃȄȌ ȒȔȌȄȈȒȕǼȐȄȈ ȄȏȀȐȉȝȑ ȒȓȆ 

ȇȄȐȀȏȄǾȀ.  

ǳȎ Rucaparib (AG-014699, PF-01367338) ȄǾȌȀȈ Ȏ ȏȐȝȓȎȑ ȀȌȀȒȓȎȊǼȀȑ ȓȈȑ PARP ȏȎȔ 

ȒȔȌȃȔǻȒȓȆȉȄ ȒȄ ȉȊȈȌȈȉǼȑ ȃȎȉȈȋǼȑ ȋȄ ȓȎ temozolomide 23. ǧ ȀȉȓȈȌȎ-ȄȔȀȈȒȇȆȓȎȏȎǾȆȒȆ ȏȎȔ 

ȏȐȎȉȀȊȄǾ ȓȎ rucaparib  ȎȕȄǾȊȄȓȀȈ ȒȓȆȌ ȄȏȈȉȄǾȋȄȌȆ ȀȌȀȒȓȎȊǽ ȓȈȑ ȄȌȄȐȂȎȏȎǾȆȒȆȑ ȓȈȑ NF-ȉB, 

ȉȀȈ ȄǾȌȀȈ ȀȌȄȍǻȐȓȆȓȆ ȓȈȑ ȀȌȀȒȓȎȊǽȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȘȌ ǬǪǨ. ǳȎ Rucaparib ȏȐȎȒȃǼȌȄȓȀȈ 

ȒȓȆȌ ȔȏȎȋȎȌǻȃȀ NAD + ȓȈȑ PARP ȋȄ ȓȐȄȈȑ ȃȄȒȋȎȜȑ ȔȃȐȎȂțȌȎȔ (ǰǾȌȀȉȀȑ 6-1, # 19-20). 

ǳȈȑ ȒȖȄȓȈȉǻ ȓȈȑ ȀȌȀȒȓȎȊǼȀȑ ȓȘȌ PARP Ĳ ȄǾȌȀȈ ȓȎ BMN  673, ȏȎȔ ǼȖȄȈ ȏȐȎȓȀȇȄǾ Șȑ 

ȏȄȐȈȒȒțȓȄȐȎ ȃȐȀȒȓȈȉț Ȁȏț ȓȈȑ ȏȀȊȀȈțȓȄȐȎȔȑ ȀȌȀȒȓȎȊȄǾȑ ȓȈȑ PARP ȉȀȈ Șȑ ȏȈȎ ȄȏȈȊȄȉȓȈȉț 

                                                      

23 ǧ ȓȄȋȎȅȎȊȎȋǾȃȆ (temozolomide ) ȄǾȌȀȈ ȋǾȀ ȓȐȈȀȅǼȌȆ, ȏȎȔ ȒȄ ȕȔȒȈȎȊȎȂȈȉț pH ȔȏțȉȄȈȓȀȈ ȒȄ ȓȀȖȄǾȀ 
ȖȆȋȈȉǽ ȋȄȓȀȓȐȎȏǽ ȏȐȎȑ ȓȎ ȃȐȀȒȓȈȉț ȋȎȌȎȋȄȇȔȊ ȓȐȈȀȅȄȌȎșȋȈȃȀȅȎȊȎ ȉȀȐȁȎȍȀȋǾȃȈȎ (MTIC). 
ǰȈȒȓȄȜȄȓȀȈ țȓȈ Ȇ ȉȔȓȓȀȐȎȓȎȍȈȉțȓȆȓȀ ȓȆȑ MTIC ȎȕȄǾȊȄȓȀȈ ȉȔȐǾȘȑ ȒȓȆȌ ȀȊȉȔȊǾȘȒȆ ȒȓȆ ȇǼȒȆ ǯ6 ȓȆȑ 
ȂȎȔȀȌǾȌȆȑ ȋȄ ȄȏȈȏȊǼȎȌ ȀȊȉȔȊǾȘȒȆ ȒȓȆ ȇǼȒȆ ǭ7. ǯȈ ȉȔȓȓȀȐȎȓȎȍȈȉǼȑ ȁȊǻȁȄȑ ȏȎȔ ȀȉȎȊȎȔȇȎȜȌ, 
ȏȈȒȓȄȜȄȓȀȈ țȓȈ ȏȄȐȈȊȀȋȁǻȌȎȔȌ ȋȆ ȕȔȒȈȎȊȎȂȈȉǽ ȃȈțȐȇȘȒȆ ȓȆȑ ȋȄȇȜȊȘȒȆȑ. 
ǰȆȂǽ: www.galinos.gr 
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ȒȓȆ ȇȀȌǻȓȘȒȆ ȉȀȐȉȈȌȈȉȝȌ ȉȔȓȓǻȐȘȌ ȏȎȔ ȕǼȐȎȔȌ ȋȄȓȀȊȊǻȍȄȈȑ ȒȓȀ ȂȎȌǾȃȈȀ BRCA1/ 

BRCA2 ǽ PTEN. ǧ ȃȐȀȒȓȈȉțȓȆȓȀ ȓȎȔ BMN  673 ȇȄȘȐȄǾȓȀȈ Ȁȏț 20 ǼȘȑ ȉȀȈ 200 ȕȎȐǼȑ 

ȈȒȖȔȐțȓȄȐȆ Ȁȏț ȄȉȄǾȌȆ ȓȘȌ ȒȜȂȖȐȎȌȘȌ ȕȀȐȋǻȉȘȌ ȉȀȈ ȓȈȑ ǼȖȄȈ ȏȐȎȓȀȇȄǾ Ȁȏț ȏȐțȒȕȀȓȄȑ 

ȀȊȊǻ ȉȀȈ ȓȐǼȖȎȔȒȄȑ ȉȊȈȌȈȉǼȑ ȃȎȉȈȋǼȑ, ȓȈȑ ȂȈȀ ȏȀȐǻȃȄȈȂȋȀ Ȇ ȃȎȉȈȋǽ ǵǻȒȆȑ ǩǩǩ (ǰǾȌȀȉȀȑ 6-

1, # 24) ȄȉȃȆȊȝȌȄȈ ȋȈȉȐǽ ȓȎȍȈȉțȓȆȓȀ. 

ǤȄȌ ȄǾȌȀȈ ȋțȌȎ Ȇ PARP Ȇ ȏȐȘȓȄǠȌȆ ȒȓțȖȎȑ ȂȈȀ ȓȈȑ ȀȌȀȒȓȎȊȄǾȑ, Ȁȏț ȓȈȑ ȏȐȘȓȄǠȌȄȑ ȓȎȔ BER 

ȀȊȊǻ ȉȀȈ Ȇ APE1. ǡȌȀȒȓȎȊȄǾȑ ȏȎȔ ȒȓȎȖȄȜȎȔȌ ȒȓȆȌ APE1 ȄǾȌȀȈ ȎȈ Lucanthone, NSC13755, 

E3330, TRC102 [137]. ǳȀ Lucanthone ȉȀȈ TRC102 ȁȐǾȒȉȎȌȓȀȈ ȒȄ ȉȊȈȌȈȉǼȑ ȃȎȉȈȋǼȑ ǵǻȒȆȑ 

ǩǩ. 

ǬǾȀ ǻȊȊȆ ȏȈȇȀȌǽ ȏȐȘȓȄǠȌȆ ȒȓțȖȎȑ ȓȘȌ ȀȌȀȒȓȎȊǼȘȌ Ȁȏț ȓȎ ȋȆȖȀȌȈȒȋț BER ȄǾȌȀȈ Ȇ 

ȏȎȊȔȋȄȐǻȒȆ Polȁ. ǡȌȀȒȓȎȊȄǾȑ ȂȈȀ ȀȔȓǽȌ ȄǾȌȀȈ ȓȀ KA -A, stigmasterol, edgeworin , ȉȀȈ ȓȎ 

ȁȄȓȎȔȊȈȌȈȉț ȎȍȜ [137]. ǡȔȓȎǾ ȎȈ ȀȌȀȒȓȎȊȄǾȑ ȃȄȌ ǼȖȎȔȌ ȏȄȐǻȒȄȈ ȀȉțȋȀ ȒȓȎ ȒȓǻȃȈȎ ȓȈȑ 

ȉȊȈȌȈȉǽȑ ȃȎȉȈȋǽȑ. ǳȈȑ ȓȎ cytarabine, ǼȌȀ ȄȔȐǼȘȑ ȂȌȘȒȓț ȕǻȐȋȀȉȎ ȓȈȑ ȖȆȋȄȈȎȇȄȐȀȏȄǾȀȑ, 

ȃȐȀ ȉȀȈ Șȑ ȀȌȀȒȓȎȊǼȀȑ ȓȈȑ Polȁ. 

 

6.1.2 ǡȌȀȒȓȎȊȄǾȑ ȓȎȔ ǬȆȖȀȌȈȒȋȎȜ ǥȉȓȎȋǽȑ ǭȎȔȉȊȄȎȓȈȃǾȎȔ 

ǯȈ ȏȐȝȓȎȈ ȀȌȀȒȓȎȊȄǾȑ ȓȎȔ ǬȆȖȀȌȈȒȋȎȜ ǥȉȓȎȋǽȑ ǭȎȔȉȊȄȎȓȈȃǾȎȔ ȃȄȌ ȒȓțȖȄȔȀȌ ȓȎ 

ȋȆȖȀȌȈȒȋț ȉȀȇȄȀȔȓțȌ ȀȊȊǻ ȏȐȎǼȉȔȗȀȌ ȓȔȖȀǾȀ. ǳȈȑ ȏȐȝȓȎȔȑ ȀȌȀȒȓȎȊȄǾȑ 

ȒȔȂȉȀȓȀȊǼȂȎȌȓȀȈ ȓȀ F11782 [138], UCN-01 [139] ȉȀȈ ȓȎ Et743 [140], ȏȎȔ ȓȈȑ ǼȖȎȔȌ 

ȖȀȐȀȉȓȆȐȈȒȓȄǾ Șȑ ȀȃȜȌȀȋȎȈ ȀȌȀȒȓȎȊȄǾȑ. ǰȊǼȎȌ Ȇ ǼȐȄȔȌȀ ȂȈȀ ȀȌȀȒȓȎȊȄǾȑ ȓȎȔ Ǭǥǭ 

ȒȓȐǼȕȄȓȀȈ ȒȓȆȌ ȀȌȀȒȓȎȊǽ ȓȈȑ ȃȐǻȒȆȑ ȓȈȑ ERCC1 ȓȘȌ ȏȐȘȓȄșȌȝȌ ȋȄ ȓȈȑ ȎȏȎǾȄȑ 

ȀȊȊȆȊȄȏȈȃȐǻ. ǯ ȊțȂȎȑ ȄǾȌȀȈ ȏȐțȓȄȐȄȑ ȄȌȃȄǾȍȄȈȑ ȏȎȔ ȒȔȒȖȄȓǾȅȎȔȌ ȓȆȌ ȀȌȇȄȉȓȈȉțȓȆȓȀ ȓȘȌ 

țȂȉȘȌ ȒȓȆ ȖȆȋȄȈȎȇȄȐȀȏȄǾȀ ȋȄ ȁǻȒȆ ȓȆȌ ȏȊȀȓǾȌȀ ȋȄ ȓȀ ȔȗȆȊǻ ȄȏǾȏȄȃȀ ǼȉȕȐȀȒȆȑ ȓȆȑ 

ERCC1. ǯȈ ȀȌȀȒȓȎȊȄǾȑ ȓȎȔ Ǭǥǭ ȋȏȎȐȎȜȌ ȌȀ ȖȘȐȈȒȇȎȜȌ ȒȄ ȃȜȎ ȎȋǻȃȄȑ. ǲȓȆȌ ȏȐȝȓȆ 

ȀȌǽȉȎȔȌ ȎȈ ȀȌȀȒȓȎȊȄǾȑ ȏȎȔ ȒȓȎȖȄȜȎȔȌ ȓȆȌ ȀȊȊȆȊȄȏǾȃȐȀȒȆ ȓȘȌ ERCC1-XPA, ȋȄ ȏȈȎ 

ȀȌȓȈȏȐȎȒȘȏȄȔȓȈȉț ȀȌȀȒȓȎȊǼȀ ȓȆȑ ȎȋǻȃȀȑ ȀȔȓǽȑ ȓȎȌ NER101. ǲȓȆ ȃȄȜȓȄȐȆ ȎȋǻȃȀ 

ȓȀȍȈȌȎȋȎȜȌȓȀȈ ȎȈ ȀȌȀȒȓȎȊȄǾȑ ȏȎȔ ȒȓȎȖȄȜȎȔȌ ȓȆȌ ȀȊȊȆȊȄȏǾȃȐȀȒȆ ȓȘȌ ERCC1-XPF ȉȀȈ Ȏ 

ȏȈȎ ȉȎȈȌțȑ ȀȌȀȒȓȎȊǼȀȑ ȄǾȌȀȈ Ȏ NER102. ǨȔȋǾȅȎȔȋȄ ȒȓȎ ȒȆȋȄǾȎ ȀȔȓț țȓȈ ȎȈ ȏȐȘȓȄǠȌȄȑ XPA 

ȉȀȈ XPF ȀȌǽȉȎȔȌ ȒȓȆȌ ȎȋǻȃȀ XP (xeroderma pigmentosum ), Ȇ ȎȏȎǾȀ ȄȉȓȄǾȌȄȓȀȈ Ȁȏț ȓȆȌ 

XP-A ǼȘȑ ȓȆȌ XP-F ȉȀȈ ȊȀȋȁǻȌȎȔȌ ȋǼȐȎȑ ȒȓȎ Ǭǥǭ [62]. ǯȈ ȀȌȀȒȓȎȊȄǾȑ NER101 ȉȀȈ 

NER102 ȃȄȌ ǼȖȎȔȌ ȏȄȐǻȒȄȈ ȀȉțȋȀ ȒȄ ȉȊȈȌȈȉǽ ȃȎȉȈȋǽ. 
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6.1.3 ǡȌȀȒȓȎȊȄǾȑ ȓȎȔ ǯȋțȊȎȂȎȔ ǡȌȀȒȔȌȃȔȀȒȋȎȜ  

ǲȜȋȕȘȌȀ ȋȄ ȓȎȌ Helleday , ȏȄȐȈȒȒțȓȄȐȄȑ Ȁȏț 200 ȏȐȘȓȄǠȌȄȑ ȒȔȋȋȄȓǼȖȎȔȌ ȒȓȎȌ ǯȋțȊȎȂȎ 

ǡȌȀȒȔȌȃȔȀȒȋț [141] ȀȊȊǻ ȋțȌȎ ȂȈȀ ȋǾȀ Ȁȏț ȀȔȓǼȑ ǼȖȄȈ ȁȐȄȇȄǾ Ȏ ȄȈȃȈȉțȑ ȓȆȑ ȀȌȀȒȓȎȊǼȀȑ 

[142]. ǰȐțȉȄȈȓȀȈ ȂȈȀ ȓȆȌ RAD54, ȓȆȑ ȎȏȎǾȀȑ ȓȎ streptonigrin , ȏȎȔ ȄǾȌȀȈ ǼȌȀ ȀȌȓȈȉȀȐȉȈȌȈȉț 

ȀȌȓȈȁȈȎȓȈȉț ȀȌȀȒȓǼȊȊȄȈ ȓȆȌ branch migration  activity  [142]. ǸȒȓțȒȎ, ȉǻȏȎȈȄȑ ȉȀȓȆȂȎȐǾȄȑ 

ȀȌȓȈȉȀȐȉȈȌȈȉȝȌ ȕȀȐȋǻȉȘȌ, ȓȀ ȎȏȎǾȀ ȁȐǾȒȉȎȌȓȀȈ ȒȓȎ ȒȓǻȃȈȎ ȓȆȑ ȉȊȈȌȈȉǽȑ ȃȎȉȈȋǽȑ ȕǻȌȆȉȄ 

țȓȈ ȒȓȎȖȄȜȎȔȌ ȉȀȈ ȒȓȎȌ ǯȋțȊȎȂȎ ǡȌȀȒȔȌȃȔȀȒȋț, ȋȎȊȎȌțȓȈ ȃȄȌ ȒȖȄȃȈǻȒȓȆȉȀȌ ȄȍȀȐȖǽȑ 

ȂȈȀ ȀȔȓțȌ ȓȎ ȒȉȎȏț. ǬȏȎȐȄǾ ȌȀ ȀȌȀȓȐǼȍȄȈ Ȏ ȀȌȀȂȌȝȒȓȆȑ ȒȓȈȑ ȄȏȈȒȉȎȏǽȒȄȈȑ ȓȘȌ Aziz  et al 

[143], Chernikova  et al [144].  

ǡȌȀȕǼȐȎȌȓȀȈ ȒȓȎ ȒȆȋȄǾȎ ȀȔȓț ȓȀ erlotinib , gefitinib , ȏȎȔ ȄǾȌȀȈ ȀȌȀȒȓȎȊȄǾȑ ȓȆȑ ȓȔȐȎȒȈȌȈȉǽȑ 

ȉȈȌǻȒȆȑ ȉȀȈ ȄȏȆȐȄǻȅȎȔȌ ȓȎȌ ȏȔȐȆȌȈȉț ȄȌȓȎȏȈȒȋț ȓȆȑ RAD51 ȀȊȊǻ ȉȀȈ ȓȆȑ BRCA1. ǥȏǾȒȆȑ 

ȎȈ ȀȌȀȒȓȎȊȄǾȑ ȁȀȊȏȐȎșȉț ȎȍȜ, PCI-24781 ȉȀȈ 17-AAG  ȄȏȆȐȄǻȅȎȔȌ ȓȆȌ ǼȉȕȐȀȒȆ ȉȀȈ ȓȆȌ 

ȘȐǾȋȀȌȒȆ ȓȘȌ RAD51 ȉȀȈ BRCA1. 

ǡȏț ȓȎȔȑ ȀȌȀȒȓȎȊȄǾȑ ȓȎȔ ǯȋțȊȎȂȎȔ ǡȌȀȒȔȌȃȔȀȒȋȎȜ, ȋțȌȎ ȎȈ erlotinib , gefitinib , 

ȁȀȊȏȐȎșȉț ȎȍȜ ȉȀȈ 17-AAG  ǼȖȎȔȌ ȏȄȐǻȒȄȈ ȒȓȎ ȒȓǻȃȈȎ ȓȘȌ ȉȊȈȌȈȉȝȌ ȃȎȉȈȋȝȌ. ǬǻȊȈȒȓȀ, 

ȓȀ erlotinib  ȉȀȈ gefitinib  ǼȖȎȔȌ ȏȄȐǻȒȄȈ ȒȄ ȃȎȉȈȋǼȑ ǵǻȒȆȑ IV ǰǾȌȀȉȀ 6-1. 

ǳǼȊȎȑ ȀȌȀȕǼȐȎȌȓȀȈ ȎȈ ȀȌȀȒȓȎȊȄǾȑ NU 6027 ȉȀȈ NU 7026. ǯ ȏȐȝȓȎȑ ȀȌȀȒȓǼȊȊȄȈ ȓȆȌ ATR, 

ȏȀȐțȊȎ ȏȎȔ ȀȐȖȈȉǻ ȄǾȖȄ ȒȖȄȃȈȀȒȓȄǾ ȂȈȀ ȌȀ ȀȌȀȒȓȄǾȊȄȈ ȓȆȌ CDK2. ǯ ȃȄȜȓȄȐȎȑ, ȏȎȔ ȓȎȌ ǼȖȄȈ 

ȖȐȆȒȈȋȎȏȎȈǽȒȄȈ ȉȀȈ Ȇ ȎȋǻȃȀ ȋȀȑ ȒȓȎ ǥ.Ǭ.ǰ. [145] ȄǾȌȀȈ ǼȌȀȑ ȀȌȀȒȓȎȊǼȀȑ ȓȆȑ DNA -PK 

(PRKDC), ȏȎȔ ȎȃȆȂȄǾ ȒȓȆ ȒȔȒȒȝȐȄȔȒȆ ȋȆ ȄȏȈȃȈȎȐȇȘȋǼȌȘȌ ȎȍȄȈȃȘȓȈȉȝȌ ȁȊȀȁȝȌ DNA  

ȂȜȐȘ Ȁȏț ȓȈȑ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ. ǝȏȘȑ ǼȖȄȈ ȏȐȎȓȀȇȄǾ Ȁȏț ȓȎȔȑ Peddi et al. ȄǻȌ ȉȀȓȀȒȓȀȇȄǾ 

Ȇ DNA -PK ȉȀȓȀȊȔȓȈȉȝȑ ȀȌȄȌȄȐȂǽ, ȓțȓȄ ȓȎ ȀȏȎȓǼȊȄȒȋȀ ȄǾȌȀȈ Ȇ ȏȀȐȄȋȏțȃȈȒȆ ȓȆȑ 

ȄȏȄȍȄȐȂȀȒǾȀȑ ȓȘȌ ȁȊȀȁȝȌ ȉȀȇȝȑ Ȇ DNA -PK ȀȏȎȓȔȂȖǻȌȄȈ ȒȓȎ ȌȀ ȀȏȎȒȔȌȃȄȇȄǾ Ȁȏț ȓȀ 

ǻȉȐȀ ȓȎȔ DNA  [145].  

6.1.4 ǡȌȀȒȓȎȊȄǾȑ ȓȆȑ ǬȆ ǯȋțȊȎȂȆȑ ǚȌȘȒȆȑ ǘȉȐȘȌ 

ǳȎ SCR7, ǼȌȀȑ ȌǼȎȑ ȉȀȈ ȄȊȏȈȃȎȕțȐȎȑ ȀȌȀȒȓȎȊǼȀȑ, ȏȎȔ ȃȄȌ ǼȖȄȈ ȏȄȐǻȒȄȈ ȀȉțȋȀ ȒȄ ȉȊȈȌȈȉǼȑ 

ȃȎȉȈȋǼȑ, ȏȐȎȉȀȊȄǾ ȀȏțȏȓȘȒȆ ȋǼȒȘ ȓȆȑ ȒȔȒȒȝȐȄȔȒȆȑ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ. ǳȎ SCR7 

ȏȐȎȒȉȎȊȊǻȓȀȈ ȒȓȆȌ ȏȄȐȈȎȖǽ ȏȐțȒȃȄȒȆȑ ȒȓȎ DNA  ȓȆȑ Lig  IV ȉȀȈ ȏȀȐȄȋȁǻȊȊȄȓȀȈ ȒȓȆȌ 

ȏȐțȒȃȄȒǽ ȓȆȑ ȋȄ ȓȈȑ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ. ǯȈ Srivastrava ȉȀȈ ȒȔȌ. ȀȌȀȕǼȐȎȔȌ ȀȍȈȎȒȆȋȄǾȘȓȀ 

ȀȏȎȓȄȊǼȒȋȀȓȀ ȒȓȆ ȇȄȐȀȏȄǾȀ ȋȆȐȎȜ, ȜȏȀȓȎȑ ȉȀȈ ȒȏȊǽȌȀȑ ȏȎȌȓȈȉȝȌ ȋȄ ȓȎ SCR7. 

ǰȀȐȀȓǽȐȆȒȀȌ ȔȏȎȖȝȐȆȒȆ ȓȘȌ țȂȉȘȌ ȖȘȐǾȑ ȓȆȌ ȏȀȐȎȔȒǾȀ ȄȋȕȀȌȝȌ ȏȀȐȄȌȄȐȂȄȈȝȌ ȉȀȈ 

ȀȜȍȆȒȆ ȓȆȑ ȃȈǻȐȉȄȈȀȑ ȅȘǽȑ ȓȘȌ ȏȎȌȓȈȉȝȌ ȉȀȓǻ ȓǼȒȒȄȐȈȑ ȕȎȐǼȑ [146]. 
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ǳȎ ScFv 18ð2 (single-chain variable fragment 18ð2), ǼȌȀȑ ǻȊȊȎȑ ȄȊȏȈȃȎȕțȐȎȑ ȀȌȀȒȓȎȊǼȀȑ, 

ǼȖȄȈ ȓȆ ȋȎȐȕǽ ȀȌȓȈȒȝȋȀȓȎȑ ȉȀȈ ȓȆȌ ȈȃȈțȓȆȓȀ ȌȀ ȏȐȎȒȃǼȌȄȓȀȈ ȄȏȈȊȄȉȓȈȉǻ ȒȓȆȌ ȏȄȐȈȎȖǽ 

ȐȜȇȋȈȒȆȑ ȓȆȑ DNA -PK, ȏȄȐȃȈȉȊȝȌȎȌȓȀȑ ȓȎ ȋȆȖȀȌȈȒȋț ǬȆ ǯȋțȊȎȂȆ ǚȌȘȒȆ ǘȉȐȘȌ.  

 

6.1.5 ǡȌȀȒȓȎȊȄǾȑ ȓȆȑ ǥȏȈȃȈțȐȇȘȒȆȑ ǡȌȀȌȓȈȒȓȎȈȖǾȀȑ 

ǵȀǾȌȄȓȀȈ ȌȀ ȋȆȌ ǼȖȎȔȌ ȂǾȌȄȈ ȂȌȘȒȓȎǾ ȋǼȖȐȈ ȒȓȈȂȋǽȑ ȀȌȀȒȓȎȊǽȑ ȓȎȔ ȋȆȖȀȌȈȒȋȎȜ ȓȆȑ 

ǥȏȈȃȈțȐȇȘȒȆȑ ǡȌȀȌȓȈȒȓȎȈȖǾȀȑ, ȉȀȓǻȊȊȆȊȎȈ ȂȈȀ ȓȆ ȇȄȐȀȏȄǾȀ ȓȎȔ ȉȀȐȉǾȌȎȔ. ǪǻȏȎȈȎȈ 

ȀȌȀȒȓȎȊȄǾȑ ȏȎȔ ǼȖȎȔȌ ȄȐȄȔȌȆȇȄǾ ǼȃȄȈȍȀȌ ȋȄȓȀȊȊȀȍȎȂțȌȎ ȉȀȈ țȖȈ ȇȄȐȀȏȄȔȓȈȉǽ ȃȐǻȒȆ. 

ǴȏǻȐȖȎȔȌ țȋȘȑ ȉǻȏȎȈȄȑ ȄȌȃȄǾȍȄȈȑ ȂȈȀ ȇȄȐȀȏȄȔȓȈȉǽ ȀȌȀȒȓȎȊǽ ȓȎȔ ȋȆȖȀȌȈȒȋȎȜ ȀȔȓȎȜ, ȒȓȀ 

ȏȊȀǾȒȈȀ ȓȆȑ ȒȔȌȃȔȀȒȓȈȉǽȑ ȕȎȌȈȉțȓȆȓȀȑ (synthetic lethality ).  

 

6.2 ǲȔȌȃȔȀȒȓȈȉǽ ǵȎȌȈȉțȓȆȓȀ  

ǬǼȖȐȈ ȒȓȈȂȋǽȑ ǼȖȄȈ ȏȀȐȎȔȒȈȀȒȓȄǾ Ȇ ǼȌȌȎȈȀ ȓȆȑ ȖȆȋȈȉǽȑ ȀȌȀȒȓȎȊǽȑ ȓȘȌ ȄȏȈȃȈȎȐȇȘȓȈȉȝȌ 

ȋȆȖȀȌȈȒȋȝȌ ȓȎȔ DNA . ǳȈ ȇȀ ȒȔȋȁȄǾ țȋȘȑ ȄǻȌ ȀȌȀȒȓȀȊȄǾ ȉǻȏȎȈȎȑ ȋȆȖȀȌȈȒȋțȑ 

ȄȏȈȃȈțȐȇȘȒȆȑ ȒȄ ȉȜȓȓȀȐȀ ȏȎȔ ǼȖȎȔȌ ǽȃȆ ȀȌȄȌȄȐȂț ǽ ȄȊȊȈȏǽ ȉǻȏȎȈȎȌ ǻȊȊȎȌ ȋȆȖȀȌȈȒȋț; 

ǡȔȓǽ Ȇ ȈȃǼȀ ȉȀȓȎȏȓȐǾȅȄȈ ȓȎ ȕȀȈȌțȋȄȌȎ ȓȆȑ ǲȔȌȃȔȀȒȓȈȉǽȑ ǵȎȌȈȉțȓȆȓȀȑ (Syntetic 

Lethality ), Ȇ ȎȏȎǾȀ ȏȄȐȈȂȐǻȕȄȓȀȈ Șȑ ȓȆ ȒȔȌȄȐȂȆȒȓȈȉǽ ȏȐțȉȊȆȒȆ (ȉȔȓȓȀȐȈȉȎȜ) ȇȀȌǻȓȎȔ 

Ȁȏț ȃȜȎ ȀȈȓǾȄȑ ȏȎȔ Ȁȏț ȋțȌȄȑ ȓȎȔȑ ȃȄȌ ȄǾȌȀȈ ȇȀȌȀȓȆȕțȐȄȑ. ǯȈ ȏȐȘȓȄǠȌȄȑ, ȏȀȐǻȂȘȂȀ 

ȂȎȌȈȃǾȘȌ ȏȎȔ ȏȀȐȎȔȒȈǻȅȎȔȌ ǲȔȌȃȔȀȒȓȈȉǽ ǵȎȌȈȉțȓȆȓȀ ȋȄ ȂȌȘȒȓǼȑ ȋȄȓȀȊȊǻȍȄȈȑ, ȏȎȔ ȃȄ 

ȋȏȎȐȎȜȌ ȌȀ ȏȐȎȉȊȆȇȎȜȌ Ȁȏț ȕǻȐȋȀȉȀ, ȀȊȊǻ ȏȐȎǻȂȎȔȌ ȓȎȌ ȉȀȐȉǾȌȎ, ȇȀ ȏȐǼȏȄȈ ȌȀ 

ȀȏȎȓȄȊȎȜȌ ȓȎȌ ȈȃȀȌȈȉț ȒȓțȖȎ ȀȌȓȈȉȀȐȉȈȌȈȉȝȌ ȕȀȐȋǻȉȘȌ ȂȈȀ ȃȜȎ ȊțȂȎȔȑ. ǰȐȝȓȎȌ, ȋȈȀ 

ȇȄȐȀȏȄȔȓȈȉǽ ȀȂȘȂǽ ȁȀȒȈȒȋǼȌȆ ȒȓȆ ǲȔȌȃȔȀȒȓȈȉǽ ǵȎȌȈȉțȓȆȓȀ ȄǾȌȀȈ ǼȌȀȑ ȄȉȊȄȏȓȔȒȋǼȌȎȑ 

ȓȐțȏȎȑ ȂȈȀ ǼȋȋȄȒȆ ȒȓțȖȄȔȒȆ ȉȀȐȉȈȌȈȉȝȌ ȉȔȓȓǻȐȘȌ ȏȎȔ ȃȄȌ ȄǾȌȀȈ ȀȌȓȈȋȄȓȘȏǾȒȈȋȀ 

ȕȀȐȋȀȉȄȔȓȈȉǻ, ȀȍȈȎȏȎȈȝȌȓȀȑ ȓȆ ȖȆȋȈȉǽ ȀȌȀȒȓȎȊǽ ȏȀȐȀȂțȌȓȘȌ ȂȈȀ ȓȎȔȑ ȎȏȎǾȎȔȑ ȄǾȌȀȈ 

ȄȕȈȉȓǽ Ȇ ȕȀȐȋȀȉȎȊȎȂȈȉǽ ȏȐțȉȊȆȒȆ ǲȔȌȃȔȀȒȓȈȉǽȑ ǵȎȌȈȉțȓȆȓȀȑ. ǳȎ ȃȄȜȓȄȐȎ ȏȊȄȎȌǼȉȓȆȋȀ 

ǼȂȉȄȈȓȀȈ ȒȓȆȌ ȄȉȏȊȆȉȓȈȉǽ ȄȏȈȊȄȉȓȈȉțȓȆȓȀ ȏȎȔ ȔȏțȒȖȄȓȀȈ Ȇ ȀȍȈȎȏȎǾȆȒȆ ȀȊȊȆȊȄȏȈȃȐǻȒȄȘȌ 

ȏȎȔ țȌȓȘȑ ȄȉȃȆȊȝȌȎȔȌ ǲȔȌȃȔȀȒȓȈȉǽ ǵȎȌȈȉțȓȆȓȀ, ȂȈȀ ȀȌȓȈȉȀȐȉȈȌȈȉǽ ȇȄȐȀȏȄǾȀ. ǥȍ 

ȎȐȈȒȋȎȜ, Ȇ ȄȍǻȊȄȈȗȆ ȋȈȀȑ ȏȐȘȓȄǠȌȆȑ, ȏȎȔ ȄǾȌȀȈ ȏȐȎșțȌ ȉǻȏȎȈȎȔ ȂȎȌȈȃǾȎȔ ȏȎȔ ȄȉȃȆȊȝȌȄȈ 

ǲȔȌȃȔȀȒȓȈȉǽ ǵȎȌȈȉțȓȆȓȀ ȋȄ ǼȌȀ ȏȐȎȚȏǻȐȖȎȌ (ȃȄȃȎȋǼȌȎ) ȋȄȓȀȊȊȀȂȋǼȌȎ ȉȀȐȉȈȌȈȉț 

ȂȎȌǾȃȈȎ ȇȀ ȏȐȎȉȀȊǼȒȄȈ ȓȆȌ ȄȏȈȊȄȉȓȈȉǽ ȇȀȌǻȓȘȒȆ ȓȘȌ ȉȀȐȉȈȌȈȉȝȌ ȉȔȓȓǻȐȘȌ, ȀȊȊǻ ȇȀ 

ȄǾȌȀȈ ȀȌȄȉȓǽ ȀȔȓǽ Ȇ ȄȍǻȊȄȈȗȆ ȏȐȘȓȄǠȌȆȑ Ȁȏț ȓȀ ȔȂȈǽ ȉȜȓȓȀȐȀ ȓȀ ȎȏȎǾȀ ȃȄȌ ȕǼȐȎȔȌ ȀȔȓǽȌ 

ȋȄȓǻȊȊȀȍȆ, Ȇ ȎȏȎǾȀ ȖȀȐȀȉȓȆȐǾȅȄȈ ȋțȌȎ ȓȀ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ. [144, 147] 
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6.2.1 ǲȔȌȃȔȀȒȓȈȉǽ ǵȎȌȈȉțȓȆȓȀ ȋȄȓȀȍȜ ȓȎȔ ǬȆȖȀȌȈȒȋȎȜ ǥȉȓȎȋǽȑ ǢǻȒȆȑ ȉȀȈ ȓȎȔ 

ǯȋțȊȎȂȎȔ ǡȌȀȒȔȌȃȔȀȒȋȎȜ 

ǧ ǲȔȌȃȔȀȒȓȈȉǽ ǵȎȌȈȉțȓȆȓȀ ȋȄȓȀȍȜ ȓȘȌ ǯǡ ȉȀȈ ǬǥǢ ȋȏȎȐȄǾ ȌȀ ȄȏȈȓȄȔȖȇȄǾ ȋȄ ȃȜȎ 

ȓȐțȏȎȔȑ, ȄǾȓȄ ȋȄ ȖȐǽȒȆ ȀȌȀȒȓȎȊǼȘȌ ȓȎȔ ǬǥǢ ȒȄ ȉȜȓȓȀȐȀ ȋȄ ȀȌȄȏǻȐȉȄȈȀ ȒȓȎȌ ǯǡ ȄǾȓȄ 

ȀȌȓȈȒȓȐțȕȘȑ. ǧ ȏȐȝȓȆ ȏȄȐǾȏȓȘȒȆ ȄǾȌȀȈ ȉȀȈ Ȇ ȄȏȈȉȐȀȓȎȜȒȀ ȋȄ ȓȆȌ ȀȌȀȒȓȎȊǽ ȓȆȑ PARP ȒȄ 

ȉȜȓȓȀȐȀ ȄȊȀȓȓȘȋȀȓȈȉǻ ȒȓȎ BRCA1 (ǰǾȌȀȉȀȑ 6-1: # 1ð3, 8ð12, 22ð24). ǲȜȋȕȘȌȀ ȋȄ ȓȆ 

ȊȎȂȈȉǽ ȓȆȑ ǲǵ, Ȇ ȀȌȀȒȓȎȊǽ ȓȆȑ PARP ȏȐȎȉȀȊȄǾ ȓȆ ȒȔȒȒȝȐȄȔȒȆ ǬǪǨ ȉȀȈ ȄȏȀȉȎȊȎȜȇȘȑ 

ǤǪǨ ȎȈ ȎȏȎǾȄȑ ȂǾȌȎȌȓȀȈ ȄȏȈȁȊȀȁȄǾȑ ȉȀȇȝȑ ȏȐȎȚȏǻȐȖȄȈ Ȇ ȀȌȄȏǻȐȉȄȈȀ ȒȓȀ BRCA1/2, 

ȂȎȌǾȃȈȀ ȓȎȔ ǯȋțȊȎȂȎȔ ǡȌȀȒȔȌȃȔȀȒȋȎȜ, ȏȎȔ ȄȏȈȃȈȎȐȇȝȌȄȈ ȓȈȑ ǤǪǨ. ǴȏǻȐȖȎȔȌ ȄȏǾȒȆȑ ȉȀȈ 

ǻȊȊȀ ȄȌȀȊȊȀȉȓȈȉǻ ȒȄȌǻȐȈȀ ȂȈȀ ȓȆȌ ȀȍȈȎȏȎǾȆȒȆ ȓȆȑ ǲǵ. ǲȜȋȕȘȌȀ ȋȄ ȌǼȀ ȒȓȎȈȖȄǾȀ, Ȇ 

ȀȌȀȒȓȎȊǽ ȓȆȑ PARP ȋȏȎȐȄǾ ȌȀ ȏȐȎȉȀȊǼȒȄȈ ȏȀȂǾȃȄȔȒȆ ȓȘȌ ȋȎȐǾȘȌ ȓȆȑ PARP1 ȏǻȌȘ ȒȄ 

ǻȊȊȄȑ ȏȐȘȓȄǠȌȄȑ ȄȏȈȃȈțȐȇȘȒȆȑ DNA , ȄȈȃȈȉǻ ȉȀȓǻ ȓȆ ȃȈǻȐȉȄȈȀ ȓȎȔ ǬȆȖȀȌȈȒȋȎȜ ǥȉȓȎȋǽȑ 

ǢǻȒȆȑ. ǧ ȏȀȂǾȃȄȔȒȆ ȀȔȓǽ ȋȄ ȓȆ ȒȄȈȐǻ ȓȆȑ ȋȏȎȐȄǾ ȌȀ ȏȐȎȉȀȊǼȒȄȈ ȉȀȓǻȐȐȄȔȒȆ ȓȆȑ ȃȈȖǻȊȀȑ 

ȀȌȓȈȂȐȀȕǽȑ, ȀȕȎȜ ȀȔȓȎȜ ȓȎȔ ȄǾȃȎȔȑ ȓȎ ȒȓȐȄȑ ȀȌȓȈȂȐȀȕǽȑ ȂȈȀ ȌȀ ȄȏȈȊȔȇȄǾ ȖȐȄȈǻȅȄȓȀȈ 

ȏȐȘȓǾȒȓȘȑ ȌȀ ȃȐǻȒȆ Ȏ ǯȋțȊȎȂȎȑ ǡȌȀȒȔȌȃȔȀȒȋțȑ, Ȏ ȎȏȎǾȎȑ ȄǾȌȀȈ ȄȍȀȐȓȝȋȄȌȎȑ Ȁȏț ȓȆȌ 

BRCA [148].  

ǲȓȎȌ ǰǾȌȀȉȀ 6-1 ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȉȊȈȌȈȉǼȑ ȃȎȉȈȋǼȑ ȏȎȔ ȀȍȈȎȏȎȈȎȜȌ ȓȎ ȕȀȈȌțȋȄȌȎ ȓȆȑ ǲǵ. 

ǡȏț ȓȆȌ ȏȐȎȆȂȎȜȋȄȌȆ ȀȌǻȊȔȒȆ ȏȐȎȉȜȏȓȄȈ țȓȈ ȒȓȎ ȋǼȊȊȎȌ ȉȀȊț ȄǾȌȀȈ ȒȓȆ ǶȆȋȄȈȎȇȄȐȀȏȄǾȀ 

ȀȊȊǻ ȉȀȈ ȓȆȌ ǡȉȓȈȌȎȇȄȐȀȏȄǾȀ ȌȀ ȀȏȎȓȄȊȄǾ ȒȓțȖȎ Ȇ ȀȍȈȎȏȎǾȆȒȆ ȓȆȑ ǲǵ, ȋȄ ȖȐǽȒȆ ȉǻȏȎȈȎȔ 

ȀȌȀȒȓȎȊǼȀ ȄȏȈȃȈțȐȇȘȒȆȑ. ǥȏȎȋǼȌȘȑ, ȕȀȌȓǻȅȄȈ ȈȃȄȀȓțȑ Ȏ ȒȔȌȃȔȀȒȋțȑ ȓȘȌ ȀȌȀȒȓȎȊǼȘȌ 

ȄȏȈȃȈțȐȇȘȒȆȑ DNA  ȋȄ ȀȌȓȈȋȄȓȀȁȎȊǾȓȄȑ ȌȎȔȉȊȄȎȒȈȃǾȘȌ, ȝȐȈȋȎȔȑ ȂȈȀ ȉȊȈȌȈȉǽ ȄȕȀȐȋȎȂǽ. 

ǯȈ ȀȌȓȈȋȄȓȀȁȎȊǾȓȄȑ ǼȖȎȔȌ ȃȎȋǽ ȏȎȔ ȎȋȎȈǻȅȄȈ ȋȄ ȓȎȔȑ ȕȔȒȈȎȊȎȂȈȉȎȜȑ ȋȄȓȀȁȎȊǾȓȄȑ ȏȎȔ 

ȄǾȌȀȈ ȀȏȀȐȀǾȓȆȓȎȈ ȂȈȀ ȓȆ ȃȎȋǽ ȉȀȈ ȓȆ ȊȄȈȓȎȔȐȂǾȀ ȓȎȔ ȉȔȓȓǻȐȎȔ. ǥȌȒȘȋȀȓȝȌȎȌȓȀȈ ȒȄ 

ȌȄȎȒȖȆȋȀȓȈȅțȋȄȌȎ ȔȊȈȉț ȓȎȔ ȏȔȐǽȌȀ ǽ ȀȌȓȀȂȘȌǾȅȎȌȓȀȈ ȎȔȒȈȝȃȆ ǼȌȅȔȋȀ ȉȀȈ 

ȏȀȐȀȁȊǻȏȓȎȔȌ ǼȓȒȈ ȓȆȌ ȉȔȓȓȀȐȈȉǽ ȊȄȈȓȎȔȐȂǾȀ ȉȀȈ ȃȈȀǾȐȄȒȆ [149]. ǰȐȎȓȄȈȌțȋȄȌȎȈ 

ȀȌȓȈȋȄȓȀȁȎȊǾȓȄȑ ȌȎȔȉȊȄȎȒȈȃǾȘȌ ȄǾȌȀȈ ȎȈ Ȅȍǽȑ: gemcitabine, fludarabine , fluorouracil , 

cytarabine, capecitabine, azacitidine, decitabine, clofarabine, pentostatin, nelarabine ȉȀȈ 

fludarabine  phosphate. 

¶ ǧ ȂȄȋȒȈȓȀȁǾȌȆ (gemcitabine) ȄǾȌȀȈ ȀȌȓȈȋȄȓȀȁȎȊǾȓȆȑ ȓȆȑ ȏȔȐȈȋȈȃǾȌȆȑ ȉȀȈ 

ȋȄȓȀȁȎȊǾȅȄȓȀȈ ȄȌȃȎȉȔȓȓȀȐȈȉǻ Ȁȏț ȌȎȔȉȊȄȎȓȈȃȈȉǼȑ ȉȈȌǻȒȄȑ ȒȄ ȄȌȄȐȂǻ ȃȈȕȘȒȕȎȐȈȉǻ 

(dFdCDP) ȉȀȈ ȓȐȈȕȘȒȕȎȐȈȉǻ (dFdCTP) ȌȎȔȉȊȄȎȓǾȃȈȀ. ǧ ȉȔȓȓȀȐȎȓȎȍȈȉǽ ȃȐǻȒȆ ȓȆȑ 

ȂȄȋȒȈȓȀȁǾȌȆȑ ȎȕȄǾȊȄȓȀȈ ȒȓȆȌ ȀȌȀȒȓȎȊǽ ȓȆȑ ȒȜȌȇȄȒȆȑ ȓȎȔ DNA ȋǼȒȘ ȃȜȎ 

ȋȆȖȀȌȈȒȋȝȌ ȃȐǻȒȆȑ ȓȘȌ dFdCDP ȉȀȈ dFdCTP [150]. 
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¶ ǧ ȕȊȎȔȌȓȀȐȀȋȏǾȌȆ (fludarabine) ȄǾȌȀȈ ǼȌȀ ȔȃȀȓȎȃȈȀȊȔȓț ȕȇȎȐȈȎȜȖȎ ȀȌǻȊȎȂȎ 

ȌȎȔȉȊȄȎȓȈȃǾȎȔ ȓȎȔ ȀȌȓȈȈȈȉȎȜ ȏȀȐǻȂȎȌȓȀ ȁȈȌȓȀȐȀȋȏǾȌȆ, 9-ȁ-D-

ȀȐȀȁȈȌȎȕȎȔȐȀȌȎȒȔȊȀȃȄȌǾȌȆ (ara-A), ȏȎȔ ȄǾȌȀȈ ȒȖȄȓȈȉǻ ȀȌȇȄȉȓȈȉǽ ȒȓȆȌ 

ȀȏȀȋǾȌȘȒȆ Ȁȏț ȀȏȀȋȈȌǻȒȆ ȀȃȄȌȎȒǾȌȆȑ. ǧ ȕȘȒȕȎȐȈȉǽ ȕȊȎȔȌȓȀȐȀȋȏǾȌȆ 

ȀȏȎȕȘȒȕȎȐȔȊȈȝȌȄȓȀȈ ȓȀȖǼȘȑ ȒȄ 2F-ara-A, Ȇ ȎȏȎǾȀ ȏȐȎȒȊȀȋȁǻȌȄȓȀȈ Ȁȏț ȓȀ 

ȉȜȓȓȀȐȀ ȉȀȈ ȒȓȆ ȒȔȌǼȖȄȈȀ ȕȘȒȕȎȐȔȊȈȝȌȄȓȀȈ ȄȌȃȎȉȔȓȓȀȐȈȉǻ Ȁȏț ȓȆ 

ȃȄȒȎȍȔȉȔȓȈȃȈȌȎȉȈȌǻȒȆ ȏȐȎȑ ȓȎ ȄȌȄȐȂț ȓȐȈȕȘȒȕȎȐȈȉț ǻȊȀȑ, ȓȎ 2F-ara-ATP. ǯ 

ȋȄȓȀȁȎȊǾȓȆȑ ȀȔȓțȑ ȃȄǾȖȇȆȉȄ țȓȈ ȀȌȀȒȓǼȊȊȄȈ ȓȆ ȐȄȃȎȔȉȓǻȒȆ ȓȘȌ 

ȐȈȁȎȌȎȔȉȊȄȎȓȈȃǾȘȌ, ȓȆȌ DNA ȏȎȊȔȋȄȐǻȒȆ Ȁ/ȃ ȉȀȈ Ȅ, ȓȆȌ DNA ȏȐȈȋǻȒȆ ȉȀȈ ȓȆȌ 

DNA ȊȈȂǻȒȆ, ȀȌȀȒȓǼȊȊȎȌȓȀȑ ǼȓȒȈ ȓȆ ȒȜȌȇȄȒȆ ȓȎȔ DNA [151]. 

¶ ǧ ȕȇȎȐȈȎȎȔȐȀȉǾȊȆ (fluorouracil) ȄǾȌȀȈ ȀȌǻȊȎȂȎ ȓȆȑ ȏȔȐȈȋȈȃȈȌȈȉǽȑ ȎȔȐȀȉǾȊȆȑ ȉȀȈ 

ȃȐȀ ȄȏȎȋǼȌȘȑ ȒȀȌ ȀȌȓȀȂȘȌȈȒȓǽȑ ȓȆȑ ȏȔȐȈȋȈȃǾȌȆȑ, ȋȄ ȀȏȎȓǼȊȄȒȋȀ ȋȄǾȘȒȆ ȓȆȑ 

ȒȜȌȇȄȒȆȑ ȉȀȈ ȓȆȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA ȉȀȈ ȓȄȊȈȉț ȀȏȎȓǼȊȄȒȋȀ ȋȄǾȘȒȆ ȓȎȔ 

ȉȔȓȓȀȐȈȉȎȜ ȏȎȊȊȀȏȊȀȒȈȀȒȋȎȜ [152]. 

¶ ǧ ȉȔȓȀȐȀȁǾȌȆ (cytarabine) ȄǾȌȀȈ ȌȎȔȉȊȄȎȓǾȃȈȎ ȓȆȑ ȀȐȀȁȈȌȎȒǾȃȆȑ ȉȀȈ ȀȌǽȉȄȈ ȒȓȆȌ 

ȉȀȓȆȂȎȐǾȀ ȓȘȌ ȀȌȀȊțȂȘȌ ȓȆȑ ȏȔȐȈȋȈȃǾȌȆȑ ȉȔȓȓȀȐȎȒȓȀȓȈȉȝȌ. ǲȓȎȌ ȎȐȂȀȌȈȒȋț 

ȋȄȓȀȁȎȊǾȅȄȓȀȈ ȒȄ ȓȐȈȕȘȒȕȎȐȈȉǽ ȌȎȔȉȊȄȎȓǾȃȆ, Ȇ ȎȏȎǾȀ ȀȌȀȒȓǼȊȊȄȈ ȓȆȌ DNA 

ȏȎȊȔȋȄȐǻȒȆ ȉȀȈ ȄȋȏȎȃǾȅȄȈ ǼȓȒȈ ȓȆ ȒȜȌȇȄȒȆ ȓȎȔ DNA [153]. 

¶ ǧ ȉȀȏȄȒȈȓȀȁǾȌȆ (capecitabine) ȄǾȌȀȈ ȋȈȀ ȋȆ-ȉȔȓȓȀȐȎȓȎȍȈȉǽ ȉȀȐȁȀȋȈȃȈȉǽ 

ȕȇȎȐȈȎȏȔȐȈȋȈȃǾȌȆ, Ȇ ȎȏȎǾȀ ȊȄȈȓȎȔȐȂȄǾ ȒȀȌ ǼȌȀȑ Ȁȏț ȓȎȔ ȒȓțȋȀȓȎȑ ȖȎȐȆȂȎȜȋȄȌȎȑ 

ȏȐțȃȐȎȋȎȑ ȓȆȑ ȉȔȓȓȀȐȎȓȎȍȈȉǽȑ 5-ȕȇȎȐȈȎȎȔȐȀȉǾȊȆȑ (5-FU). ǯ ȋȄȓȀȁȎȊǾȓȆȑ ȓȆȑ 

ȉȀȏȄȒȈȓȀȁǾȌȆȑ ȎȔȒȈȀȒȓȈȉǻ ȏȀȐȄȋȏȎȃǾȅȄȈ ȓȆȌ ȀȌȓǾȃȐȀȒȆ ȋȄȇȔȊǾȘȒȆȑ ȓȎȔ 

ȃȄȎȍȔȎȔȐȈȃȈȊȈȉȎȜ ȎȍǼȎȑ ȒȄ ȇȔȋȈȃȔȊȈȉț ȎȍȜ, ȄȏȆȐȄǻȅȎȌȓȀȑ ǼȓȒȈ ȏȄȐȀȈȓǼȐȘ ȓȆ 

ȒȜȌȇȄȒȆ ȓȎȔ ȃȄȎȍȔȐȈȁȎȌȎȔȉȊȄșȉȎȜ ȎȍǼȎȑ (DNA) ȄȌȝ ȎȃȆȂȄǾ ȄȏǾȒȆȑ ȒȄ ȀȌȀȒȓȎȊǽ 

ȒȜȌȇȄȒȆȑ RNA ȉȀȈ ȉȀȓǻ ȒȔȌǼȏȄȈȀ ȏȐȘȓȄșȌȎȒȜȌȇȄȒȆȑ [154]. 

¶ ǧ ȀȅȀȉȈȓȈȃǾȌȆ (azacitidine) ȏȈȒȓȄȜȄȓȀȈ țȓȈ ȀȒȉȄǾ ȓȈȑ ȀȌȓȈȌȄȎȏȊȀȒȋȀȓȈȉǼȑ ȃȐǻȒȄȈȑ 

ȓȆȑ ȋǼȒȘ ȏȎȊȊȀȏȊȝȌ ȋȆȖȀȌȈȒȋȝȌ ȒȔȋȏȄȐȈȊȀȋȁȀȌȎȋǼȌȆȑ ȓȆȑ ȀȌȀȒȓȎȊǽȑ ȓȎȔ 

DNA, RNA ȉȀȈ ȓȆȑ ȒȜȌȇȄȒȆȑ ȏȐȘȓȄșȌȝȌ, ȓȆȑ ȄȌȒȘȋǻȓȘȒȆȑ ȒȓȎ RNA ȉȀȈ DNA ȉȀȈ 

ȓȆȑ ȄȌȄȐȂȎȏȎǾȆȒȆȑ ȓȘȌ ȎȃȝȌ ȉȀȓȀȒȓȐȎȕǽȑ ȓȎȔ DNA [155]. 

¶ ǧ ǤȄȒȈȓȀȁǾȌȆ ȄǾȌȀȈ ǼȌȀȑ ȔȏȎȋȄȇȔȊȈȘȓȈȉțȑ ȏȀȐǻȂȎȌȓȀȑ [156, 157]. ǴȏȎȋȄȇȔȊȈȝȌȄȈ 

ȓȎ DNA  ȋǼȒȘ ȀȌȀȒȓȎȊǽȑ ȓȆȑ DNA  ȋȄȇȔȊ-ȓȐȀȌȒȕȄȐǻȒȆȑ. ǫȄȈȓȎȔȐȂȄǾ ȋȄ ȀȌǻȊȎȂȎ 

ȓȐțȏȎ ȋȄ ȓȆȌ ǡȅȀȉȈȓȈȃǾȌȆ, țȋȘȑ Ȇ ǤȄȒȈȓȀȁǾȌȆ ȋȏȎȐȄǾ ȌȀ ȄȌȒȘȋȀȓȘȇȄǾ ȋțȌȎ ȒȓȎȔȑ 

https://en.wikipedia.org/wiki/DNA_methyltransferase
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ȉȊȝȌȎȔȑ ȓȎȔ DNA , ȄȌȝ Ȇ ȀȅȀȉȈȓȈȃǾȌȆ ȋȏȎȐȄǾ ȌȀ ȄȌȒȘȋȀȓȘȇȄǾ ȉȀȈ ȒȓȈȑ ȀȊȔȒǾȃȄȑ 

ȓȎȔ DNA  ȉȀȈ ȓȎȔ RNA . 

¶ ǧ ȉȊȎȕȀȐȀȁǾȌȆ (clofarabine) ȄǾȌȀȈ ȏȎȔȐȈȌȈȉțȑ ȌȎȔȉȊȄȎȒȈȃȈȉțȑ ȀȌȓȈ-ȋȄȓȀȁȎȊǾȓȆȑ. 

ǧ ȉȊȎȕȀȐȀȁǾȌȆ ȏȐȎȉȀȊȄǾ ȀȌȀȒȓȎȊǽ ȓȆȑ DNA  ȏȎȊȔȋȄȐǻȒȆȑ Ȁ ȏȎȔ ȉȀȓȀȊǽȂȄȈ ȒȄ 

ȃȈȀȉȎȏǽ ȓȆȑ ȄȏȈȋǽȉȔȌȒȆȑ ȓȆȑ ȀȊȔȒǾȃȀȑ ȓȎȔ DNA  ǽ/ȉȀȈ ȓȆȑ 

ȒȜȌȇȄȒȆȑ/ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA , ȀȌȀȒȓȎȊǽ ȓȆȑ ȀȌȀȂȘȂǻȒȆȑ ȐȈȁȎȌȎȔȉȊȄȎȓȈȃǾȎȔ 

ȋȄ ȋȄǾȘȒȆ ȉȔȓȓȀȐȈȉȝȌ ȒȔȂȉȄȌȓȐȝȒȄȘȌ ȓȐȈȕȘȒȕȎȐȈȉȎȜ ȃȄȎȍȔȌȎȔȉȊȄȎȓȈȃǾȎȔ 

(ȀǭǳǱ) ȉȀȈ ȓǼȊȎȑ ȃȈǻȐȐȆȍȆ ȓȆȑ ȀȉȄȐȀȈțȓȆȓȀȑ ȓȆȑ ȋȈȓȎȖȎȌȃȐȈȀȉǽȑ ȋȄȋȁȐǻȌȆȑ ȋȄ 

ȀȏȄȊȄȔȇǼȐȘȒȆ ȓȎȔ ȉȔȓȎȖȐȝȋȀȓȎȑ C ȉȀȈ ǻȊȊȘȌ ȏȐȎ-ȀȏȎȏȓȘȓȈȉȝȌ ȏȀȐȀȂțȌȓȘȌ 

ȏȎȔ ȎȃȆȂȄǾ ȒȄ ȏȐȎȂȐȀȋȋȀȓȈȒȋǼȌȎ ȉȔȓȓȀȐȈȉț ȇǻȌȀȓȎ ȀȉțȋȀ ȉȀȈ ȒȄ ȋȆ ȃȈȀȈȐȎȜȋȄȌȀ 

ȊȄȋȕȎȉȜȓȓȀȐȀ [158]. 

¶ ǧ ȏȄȌȓȎȒȓȀȓǾȌȆ (pentostatin) ȄǾȌȀȈ ǼȌȀȑ ȈȒȖȔȐțȑ ȀȌȀȒȓȎȊǼȀȑ ȓȆȑ ȀȃȄȌȎȒȈȌȎ-

ȃȄȀȋȈȌǻȒȆȑ (ADA). ǧ ADA ȄȋȕȀȌǾȅȄȈ ȋȄȂǻȊȆ ȃȐȀȒȓȆȐȈțȓȆȓȀ ȒȓȀ ǳ-ȉȜȓȓȀȐȀ ȓȎȔ 

ȊȄȋȕȈȉȎȜ ȒȔȒȓǽȋȀȓȎȑ ȉȈ ȀȉțȋȆ ȋȄȂȀȊȜȓȄȐȆ ȒȓȈȑ ȉȀȉȎǽȇȄȈȄȑ ȓȘȌ ǳ-ȉȔȓȓǻȐȘȌ. ǧ 

ȏȄȌȓȎȒȓȀȓǾȌȆ ȎȔȒȈȀȒȓȈȉǻ ȋȄȈȝȌȄȈ ȓȎȌ ȉȀȓȀȁȎȊȈȒȋț ȓȆȑ ȀȃȄȌȎȒǾȌȆȑ ȉȀȈ ȓȆȑ 

ȃȄȎȍȔȀȃȄȌȎȒǾȌȆȑ, ȋȄ ȀȏȎȓǼȊȄȒȋȀ ȓȆȌ ȀȜȍȆȒȆ ȓȘȌ ȄȏȈȏǼȃȘȌ ȓȎȔ dATP 

ȄȌȃȎȉȔȓȓȀȐǾȘȑ, ȓȎ ȎȏȎǾȎ ȋȄ ȓȆ ȒȄȈȐǻ ȓȎȔ ȄȋȏȎȃǾȅȄȈ ȓȆ ȒȜȌȇȄȒȆ ȓȎȔ DNA [159]. 

¶ ǧ ȌȄȊȀȐȀȁǾȌȆ (nelarabine) ȄǾȌȀȈ ǼȌȀ ȏȐȎȕǻȐȋȀȉȎ ȓȎȔ ȀȌȀȊțȂȎȔ 

ȃȄȎȍȔȂȎȔȀȌȎȒǾȌȆȑ ara-G. ǧ ȌȄȊȀȐȀȁǾȌȆ ȀȏȎȋȄȇȔȊȈȝȌȄȓȀȈ ȂȐǽȂȎȐȀ Ȁȏț ȓȆȌ 

ȀȏȀȋȈȌǻȒȆ ȓȆȑ ȀȃȄȌȎȒǾȌȆȑ (ADA) ȏȐȎȑ ȒȖȆȋȀȓȈȒȋț ȓȎȔ ara-G ȉȀȈ ȒȓȆ ȒȔȌǼȖȄȈȀ 

ȕȘȒȕȎȐȔȊȈȝȌȄȓȀȈ ȄȌȃȎȉȔȓȓȀȐȈȉǻ Ȁȏț ȓȆȌ ȉȈȌǻȒȆ ȓȆȑ ȃȄȎȍȔȂȎȔȀȌȎȒǾȌȆȑ ȉȀȈ ȓȆȌ 

ȉȈȌǻȒȆ ȓȆȑ ȃȄȎȍȔȉȔȓȈȃǾȌȆȑ ȏȐȎȑ ȒȖȆȋȀȓȈȒȋț ȓȎȔ 5õ-ȋȎȌȎȕȘȒȕȎȐȈȉȎȜ ȋȄȓȀȁȎȊǾȓȆ 

ȓȎȔ. ǲȓȆ ȒȔȌǼȖȄȈȀ, Ȏ ȋȎȌȎȕȘȒȕȎȐȈȉțȑ ȋȄȓȀȁȎȊǾȓȆȑ ȋȄȓȀȓȐǼȏȄȓȀȈ ȒȓȆȌ ȄȌȄȐȂț 5õ-

ȓȐȈȕȘȒȕȎȐȈȉǽ ȋȎȐȕǽ, ȓȎ ara-GTP. ǧ ȒȔȒȒȝȐȄȔȒȆ ȓȎȔ ara-GTP ȒȓȎȔȑ 

ȊȄȔȖȀȈȋȈȉȎȜȑ ȁȊǻȒȓȄȑ ȄȏȈȓȐǼȏȄȈ ȓȆȌ ȄȉȊȄȉȓȈȉǽ ȄȌȒȘȋǻȓȘȒȆ ȓȎȔ ara-GTP ȒȓȎ 

ȃȄȎȍȔȐȈȁȎȌȎȔȉȊȄșȉț ȎȍȜ (DNA), ȎȃȆȂȝȌȓȀȑ ȒȄ ȀȌȀȒȓȎȊǽ ȓȆȑ ȒȜȌȇȄȒȆȑ ȓȎȔ DNA. 

ǡȔȓț ȎȃȆȂȄǾ ȒȄ ȉȔȓȓȀȐȈȉț ȇǻȌȀȓȎ [160]. 

¶ ǧ ȕȊȎȔȌȓȀȐȀȋȏǾȌȆ (fludarabine) ȄǾȌȀȈ ǼȌȀ ȔȃȀȓȎȃȈȀȊȔȓț ȕȇȎȐȈȎȜȖȎ ȀȌǻȊȎȂȎ 

ȌȎȔȉȊȄȎȓȈȃǾȎȔ ȓȎȔ ȀȌȓȈȈȈȉȎȜ ȏȀȐǻȂȎȌȓȀ ȁȈȌȓȀȐȀȋȏǾȌȆ, 9-ȁ-D-

ȀȐȀȁȈȌȎȕȎȔȐȀȌȎȒȔȊȀȃȄȌǾȌȆ (ara-A), ȏȎȔ ȄǾȌȀȈ ȒȖȄȓȈȉǻ ȀȌȇȄȉȓȈȉǽ ȒȓȆȌ 

ȀȏȀȋǾȌȘȒȆ Ȁȏț ȀȏȀȋȈȌǻȒȆ ȀȃȄȌȎȒǾȌȆȑ. ǧ ȕȘȒȕȎȐȈȉǽ ȕȊȎȔȌȓȀȐȀȋȏǾȌȆ 

ȀȏȎȕȘȒȕȎȐȔȊȈȝȌȄȓȀȈ ȓȀȖǼȘȑ ȒȄ 2F-ara-A, Ȇ ȎȏȎǾȀ ȏȐȎȒȊȀȋȁǻȌȄȓȀȈ Ȁȏț ȓȀ 

ȉȜȓȓȀȐȀ ȉȀȈ ȒȓȆ ȒȔȌǼȖȄȈȀ ȕȘȒȕȎȐȔȊȈȝȌȄȓȀȈ ȄȌȃȎȉȔȓȓȀȐȈȉǻ Ȁȏț ȓȆ 

ȃȄȒȎȍȔȉȔȓȈȃȈȌȎȉȈȌǻȒȆ ȏȐȎȑ ȓȎ ȄȌȄȐȂț ȓȐȈȕȘȒȕȎȐȈȉț ǻȊȀȑ, ȓȎ 2F-ara-ATP. ǯ 
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ȋȄȓȀȁȎȊǾȓȆȑ ȀȔȓțȑ ȃȄǾȖȇȆȉȄ țȓȈ ȀȌȀȒȓǼȊȊȄȈ ȓȆ ȐȄȃȎȔȉȓǻȒȆ ȓȘȌ 

ȐȈȁȎȌȎȔȉȊȄȎȓȈȃǾȘȌ, ȓȆȌ DNA ȏȎȊȔȋȄȐǻȒȆ Ȁ/ȃ ȉȀȈ Ȅ, ȓȆȌ DNA ȏȐȈȋǻȒȆ ȉȀȈ ȓȆȌ 

DNA ȊȈȂǻȒȆ, ȀȌȀȒȓǼȊȊȎȌȓȀȑ ǼȓȒȈ ȓȆ ȒȜȌȇȄȒȆ ȓȎȔ DNA [151]. 

ǲȓȎȌ ǰǾȌȀȉȀ 6-1 ȏȀȐȀȓǾȇȄȌȓȀȈ ȏȐțȒȕȀȓȄȑ ȉȊȈȌȈȉǼȑ ȋȄȊǼȓȄȑ țȏȎȔ ȃȎȉȈȋǻȅȎȌȓȀȈ 

ȀȌȀȒȓȎȊȄǾȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA . ǣȈȀ ȉǻȇȄ ȀȌȀȒȓȎȊǼȀ ȏȀȐȎȔȒȈǻȅȄȓȀȈ Ȇ ȏȐȘȓȄǠȌȆ 

ǼȌȀȌȓȈ ȒȓȆȌ ȎȏȎǾȀ ȃȐȀ, Ȏ ȋȆȖȀȌȈȒȋțȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȏȎȔ ȀȌȀȒȓǼȊȊȄȓȀȈ ȉȀȇȝȑ ȉȀȈ ȓȎ ȄǾȃȎȑ 

ȓȎȔ ȉȀȐȉǾȌȎȔ. ǡȌȀȕǼȐȄȓȀȈ ȄȏǾȒȆȑ ȓȎ ȒȓǻȃȈȎ ȓȆȑ ȉȊȈȌȈȉǽȑ ȃȎȉȈȋǽȑ ȉȀȈ ȄȍȄȓǻȅȄȓȀȈ ȄǻȌ 

ȀȍȈȎȏȎȈȄǾȓȀȈ Ȇ ȈȃǼȀ ȓȆȑ ǲǵ.  

ǡȌ ȉȀȈ Ȇ ǲǵ ȋȏȎȐȄǾ ȌȀ ȄȉȕȐȀȒȓȄǾ ȋȄ ȃȈǻȕȎȐȎȔȑ ȓȐțȏȎȔȑ, Ȏ ǰǾȌȀȉȀȑ 6-1 ȀȌȀȕǼȐȄȓȀȈ ȒȄ 

ǲǵ ȋȄȓȀȍȜ ȓȘȌ ȋȆȖȀȌȈȒȋȝȌ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA . ǲȔȌȄȐȂȆȒȓȈȉǽ ȃȐǻȒȆ, țȋȘȑ, 

ȄȉȃȆȊȝȌȄȓȀȈ ȒȄ ȉǻȇȄ ȃȎȉȈȋǽ, ȄǾȓȄ Șȑ ȒȔȌȃȔȀȒȋǼȌȆ ȇȄȐȀȏȄǾȀ (ȀȌȀȒȓȎȊǼȀȑ ȉȀȈ 

ȖȆȋȄȈȎȇȄȐȀȏȄǾȀ/ȀȉȓȈȌȎȇȄȐȀȏȄǾȀ) ȄǾȓȄ Șȑ ǲǵ (ȀȌȀȒȓȎȊǼȀȑ ȉȀȈ ȀȌȄȏǻȐȉȄȈȀ ȄȏȈȃȈțȐȇȘȒȆȑ 

ȓȎȔ DNA ) ȄǾȓȄ ȉȀȈ ȓȀ ȓȐǾȀ. ǣȈȀ ȏȀȐǻȃȄȈȂȋȀ, ȒȓȎȌ ǰǾȌȀȉȀ 6-1 Ȇ ȏȐȝȓȆ ȉȀȓȀȖȝȐȆȒȆ 

ȀȌȀȕǼȐȄȓȀȈ ȒȓȆ ȃȎȉȈȋǽ ȓȆȑ ǢȄȊȈȏȀȐǾȋȏȆȑ (ABT-888), ȄȌțȑ ȉȎȈȌȎȜ ȀȌȀȒȓȎȊǼȀ ȓȆȑ PARP 

inhibitor , ȒȄ ȎȋǻȃȄȑ ȀȒȇȄȌȝȌ ȋȄ ȉȀȐȉǾȌȎ ȓȎȔ ȋȀȒȓȎȜ, ȕǼȐȎȌȓȄȑ ȓȆ ȋȄȓǻȊȊȀȍȆ BRCA1/2. 

ǡȔȍȆȋǼȌȎ ȄȌȃȈȀȕǼȐȎȌ ȏȀȐȀȓȆȐȄǾȓȀȈ ȒȓȆȌ ǼȐȄȔȌȀ ȂȈȀ ȓȆȌ ȀȌȀȒȓȎȊǽ ȓȆȑ PARP 

(ǬȆȖȀȌȈȒȋțȑ ǥǢ) ȒȄ ȔȏțȁȀȇȐȎ ȀȌȄȏǻȐȉȄȈȀȑ ȒȓȎȌ ǯȋțȊȎȂȎ ǡȌȀȒȔȌȃȔȀȒȋț. ǯ 

ȒȔȌȃȔȀȒȋțȑ ȀȔȓțȑ ȕȀǾȌȄȓȀȈ ȏȘȑ ȄǾȌȀȈ ȄȊȏȈȃȎȕțȐȎȑ ȂȈȀ ȉȀȐȉǾȌȎ ȓȎȔ ȋȀȒȓȎȜ, ȓȘȌ 

ȘȎȇȆȉȝȌ ȉȀȈ ȓȘȌ ȒȀȊȏǾȂȂȘȌ. ǳȎ ȉȎȈȌț ȖȀȐȀȉȓȆȐȈȒȓȈȉț ȀȔȓȝȌ ȓȘȌ ȏȀȇǽȒȄȘȌ ȄǾȌȀȈ țȓȈ 

ȏȐȎǼȐȖȎȌȓȀȈ ȒȔȌǽȇȘȑ Ȁȏț ȋȄȓȀȊȊǻȍȄȈȑ ȓȘȌ ȂȎȌȈȃǾȘȌ BRCA1/2, ȓȀ ȎȏȎǾȀ ȉȘȃȈȉȎȏȎȈȎȜȌ 

ȉȀȈ ȓȈȑ ȎȋȝȌȔȋȄȑ ȏȐȘȓȄǠȌȄȑ. ǯȈ ȏȐȘȓȄǠȌȄȑ BRCA1/2 ȀȌǽȉȎȔȌ ȒȓȎȌ ǯȋțȊȎȂȎ 

ǡȌȀȒȔȌȃȔȀȒȋț ȏȎȔ ȄǾȌȀȈ ȋȆȖȀȌȈȒȋțȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ȓȎȔ DNA . 
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ǰǾȌȀȉȀȑ 6-1: ǳȐǼȖȎȔȒȄȑ ȉȀȈ ȏȐțȒȕȀȓȄȑ ȉȊȈȌȈȉǼȑ ȃȎȉȈȋǼȑ ȒȄ ȀȌȀȒȓȎȊȄǾȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA  Șȑ ȋȎȌȎȇȄȐȀȏȄǾȀ ǽ ȒȄ ȒȔȌȃȔȀȒȋǼȌȆ ȇȄȐȀȏȄǾȀ ȋȄ ȖȆȋȄȈȎȇȄȐȀȏȄǾȀ 
ǽ ȀȉȓȈȌȎȇȄȐȀȏȄǾȀ. ǩȃȈȀǾȓȄȐȆ ǼȋȕȀȒȆ ȃǾȌȄȓȀȈ ȒȓȈȑ ȃȎȉȈȋǼȑ ȏȎȔ ȏȐȎȒȃȎȉȎȜȌ ȒȓȆȌ ȈȃǼȀ ȓȆȑ ǲȔȌȃȔȀȒȓȈȉǽȑ ǵȎȌȈȉțȓȆȓȀȑ.  

# 

ǰȀȐǻȂȎȌȓȀȑ 
(ȄȓȀȈȐǾȀ) 

ǬțȐȈȎ ǽ 
ȋȆȖȀȌȈȒȋțȑ 
ȏȎȔ 

ȒȓȎȖȄȜȄȓȀȈ 

ǰȀȐǻȂȎȌȓȀȑ (Ȅȑ) 
ǬȎȌȎȇȄȐȀȏȄǾȀȑ ǽ 
ȒȔȌȃȔȀȒȋǼȌȆȑ 
ȇȄȐȀȏȄǾȀȑ ǥǾȃȎȑ ȉȀȐȉǾȌȎȔ 

 ǲ. ǵȎȌȈȉțȓȆȓȀ ǵǻȒȆ ȓȆȑ ȉȊ. 
ȃȎȉȈȋǽȑ, 
ȓȐǼȖȎȔȒȀ ǽ 
ȄȒȖǻȓȘȑ 
ȎȊȎȉȊ/ȇȄǾȒȀ 

ǳȀȔȓțȓȆȓȀ 
ȃȎȉȈȋǽȑ 

ǡȌȀȒȓȄȊȊțȋȄȌȎȑ 
ǬȆȖȀȌȈȒȋțȑ                  

ǡȌȄȏȀȐȉǽȑ 
ǬȆȖȀȌȈȒȋțȑ 

1 
Veliparib  
(ABT -888 ) 

BER/ PARP Temozolomide (ǬȄȓȀȒȓȀȓȈȉțȑ) ȉȀȐȉǾȌȎȑ ȓȎȔ ȋȀȒȓȎȜ 
BER          ǵǻȒȆ II  

(ȓȐǼȖȎȔȒȀ) 
[161] 

NCT01009788 HR (BRCA) 

2 
ABTΆ888 (Abbott  

Laboratories)  
PARP Temozolomide 

ǬȄȊǻȌȘȋȀ, ȉ. ȋȀȒȓȎȜ, ȘȎȇȆȉȝȌ, 
ȏȐȘȓȎȏȀȇǽȑ ȉ. ȓȎȔ ȏȄȐȈȓțȌȀȈȎȔ, ȉ. ȒȓȈȑ 
ȒǻȊȏȈȂȂȄȑ, ȆȏȀȓȎȉȔȓȓȀȐȈȉț ȉȀȐȉǾȌȘȋȀ  

BER          ǵǻȒȆ I 
(2012) 

[162] 
NCT00526617 

HR (BRCA) 

3 ABT -888 PARP Cyclophosphamide  

Ǫ. ȘȎȇȆȉȝȌ, ȏȐȘȓȎȏȀȇǼȑ ȎȐȝȃȄȑ 
ȉȀȐȉǾȌȘȋȀ ȓȎȔ ȏȄȐȈȓțȌȀȈȎȔ, ȓȐȈȏȊǻ 
ȀȐȌȆȓȈȉțȑ ȉ. ȓȎȔ ȋȀȒȓȎȜ, ȉ. ȒȓȈȑ 
ȒǻȊȏȈȂȂȄȑ 

BER 
ǵǻȒȆ II  
(2016) 

[163] 
NCT01306032 

HR (BRCA) 

4 ABT -888 PARP Cyclophosphamide  ǭȄȎȏȊǻȒȋȀȓȀ, ȊǼȋȕȘȋȀ no 
ǵǻȒȆ I 

(2011-2014) 
[164] 

NCT01445522 

5 ABT -888 PARP 
Topotecan 

hydrochloride  
ǡȌȇȄȉȓȈȉȎǾ ȒȔȋȏȀȂȄǾȑ țȂȉȎȈ ȉȀȈ 
ȊȄȋȕȝȋȀȓȀ 

no 
ǵǻȒȆ I 

(2007-2011) 
[165] 

NCT00553189 

6 
Veliparib  
(ABT -888) 

PARP 
Gemcitabine ȉȀȈ 
ȀȉȓȈȌȎȇȄȐȀȏȄǾȀ 

Ǫ. ȓȎȔ ȏȀȂȉȐǼȀȓȎȑ no 
ǵǻȒȆ I 

 (ȓȐǼȖȎȔȒȀ) 
[166] 

NCT01908478 

7 
Veliparib  
(ABT -888) 

PARP 
Capecitabine ȉȀȈ 
ȀȉȓȈȌȎȇȄȐȀȏȄǾȀ 

ǳȎȏȈȉǻ ȏȐȎȖȘȐȆȋǼȌȎȑ ȉ. ȓȎȔ ȎȐȇȎȜ No 
ǵǻȒȆ I 
(2015) 

[167] 
NCT01589419 

8 
Veliparib  
(ABT -888) 

PARP 

Carboplatin  
Paclitaxel 

Doxorubicin  
Cyclophosphamide  

ǳȐȈȏȊǻ ȀȐȌȆȓȈȉțȑ ȉ. ȓȎȔ ȋȀȒȓȎȜ 

BER 
ǵǻȒȆ III  

 (ȓȐǼȖȎȔȒȀ) 
[168] 

NCT02032277 HR (BRCA) 

9 

AZD2281 
(Olaparib)  FA/ BRCA 

ȋȎȌȎȏǻȓȈ 
ȄȏȈȃȈțȐȇȘȒȆ
ȑ DNA  

ǰȀȐǻȂȎȌȓȄȑ ȁȊǻȁȆȑ 
ȓȎȔ DNA: 

ir inotecan, cisplatin, 
mitomycin C (ICM)  

ǰȐȎȖȘȐȆȋǼȌȎȑ ȉ. ȓȎȔ ȏȀȂȉȐǼȀȓȎȑ 

BER 

ǵǻȒȆ I 
 (2016) 

[169] 
NCT01296763 ȖȘȐǾȑ Olaparib  HR & Fanconi 

http://clinicaltrials.gov/ct2/show/NCT01009788?term=NCT01009788&rank=1
http://clinicaltrials.gov/ct2/show/NCT00526617?term=NCT00526617&rank=1
http://clinicaltrials.gov/ct2/show/NCT01306032?term=NCT01306032&rank=1
http://clinicaltrials.gov/ct2/show/NCT01445522?term=NCT01445522&rank=1
http://clinicaltrials.gov/ct2/show/NCT00553189?term=NCT00553189&rank=1
http://clinicaltrials.gov/ct2/show/NCT01908478?term=NCT01908478&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT01589419?term=NCT01589419&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT02032277?term=NCT02032277&rank=1
http://clinicaltrials.gov/ct2/show/NCT01296763?term=NCT01296763&rank=1


 

 

 

138 

10 Olapar ib/ Placebo PARP ǬȎȌȎȇȄȐȀȏȄǾȀ 

ǴȏȎȓȐȎȏȈǻȅȘȌ, ȄȔȀǾȒȇȆȓȎȑ ȒȓȆȌ 
ȏȊȀȓǾȌȀ ȉȀȐȉǾȌȎȑ ȓȘȌ ȘȎȇȆȉȝȌ ǰȊǽȐȆȑ 
ǽ ȋȄȐȈȉǽ ȀȌȓȀȏțȉȐȈȒȆ ȒȓȆ 
ȖȆȋȄȈȎȇȄȐȀȏȄǾȀ ȋȄ ȏȊȀȓǾȌȀ 

BER 
 ǵǻȒȆ III  

(ȓȐǼȖȎȔȒȀ) 
[170] 

NCT01874353 
HR (BRCA) 

11 
Olaparib  

(AstraZeneca) 
PARP ǬȎȌȎȇȄȐȀȏȄǾȀ 

ǬȆ ȋȈȉȐȎȉȔȓȓȀȐȈȉțȑ ȉ. ȓȎȔ ȏȌȄȜȋȎȌȀ 
(ǬǬǪǪǰ) 

BER ǵǻȒȆ II 
( ȋȆ ȄȌȆȋȄȐ/ȌȆ ȁ. 
ȃȄȃ/ ȌȘȌ) 

[171] 
NCT01788332 

 
ǬǬǪǪǰ 

12 
Olaparib  

(AstraZeneca) 
PARP ǬȎȌȎȇȄȐȀȏȄǾȀ ǪȀȐȉǾȌȎȑ ȓȎȔ ȋȀȒȓȎȜ 

BER ǵǻȒȆ III  
(ȃǼȖȄȓȀȈ 
ȒȔȋȋ/ȌȓȄȑ) 

[172] 
NCT02032823 HR (BRCA) 

13 
Olaparib  

(AZD2281) 
PARP Temozolomide ǝȂȉȎȈ ȒȓȎȌ ȄȂȉǼȕȀȊȎ ȉȀȈ ȓȎ Ǫǭǲ țȖȈ 

ǵǻȒȆ I 
(ȃǼȖȄȓȀȈ 
ȒȔȋȋ/ȌȓȄȑ) 

[173] 
NCT01390571 

 

14 
BSIΆ201 (Iniparib)  
(Bipar Sciences) 

PARP 
Gemcitabineð 
Carboplatin  

Ǫ. ȓȎȔ ȋȀȒȓȎȜ țȖȈ 
ǵǻȒȆ II  

(2007-2012) 
[174] 

NCT00540358 

15 
BSI-201 (Iniparib)  

Bipar sciences 
BER/PARP1 Temozolomide ǪȀȉțȆȇȄȑ ȂȊȎǾȘȋȀ țȖȈ 

ǵǻȒȆ I/ II  
(2015) 

[175] 
NCT00687765 

16 
SAR240550 (BSI-

201-Iniparib ) 
PARP1 

Gemcitabine/  
Cisplatin  

ǬȆ ȋȈȉȐȎȉȔȓȓȀȐȈȉțȑ ȉ. ȓȎȔ ȏȌȄȜȋȎȌȀ, 
ȒȓȎ 4Ȏ ȒȓǻȃȈȎ 

țȖȈ 
ǵǻȒȆ II 

(2010-2013) 
[176] 

NCT01086254 

17 Iniparib  PARP 
Gemcitabine/ 
Carboplatin  

ǳȐȈȏȊǻ ȀȐȌȆȓȈȉțȑ ȉ. ȓȎȔ ȋȀȒȓȎȜ țȖȈ 
ǵǻȒȆ III  

(2009-2013) 
[177] 

NCT00938652 

18 Iniparib  PARP 
Gemcitabine/ 
Carboplatin  

ȉȀȐȉǾȌȘȋȀ ȓȘȌ ȏȊȀȉȘȃȝȌ ȉȔȓȓǻȐȘȌ 
ȓȎȔ ȏȌȄȜȋȎȌȀ 

țȖȈ 
ǵǻȒȆ III  

(2010-2013) 
[178] 

NCT01082549 

19 
AG014699 

(Rucaparib -Pfizer)  
PARP Temozolomide ǲȔȋȏȀȂȄǾȑ țȂȉȎȈ/ȋȄȊǻȌȘȋȀ țȖȈ 

ǵǻȒȆ I 
(2003-2005) 

[179] 
CRUKD/03/0

2 

20 Rucaparib  PARP ǬȎȌȎȇȄȐȀȏȄǾȀ 
Ǫ. ȓȘȌ ȘȎȇȆȉȝȌ, ȓȘȌ ȒȀȊȏǾȂȂȘȌ ȉȀȈ 
ȓȎȔ ȏȄȐȈȓțȌȀȈȎȔ  

BER ǵǻȒȆ III  
(ȓȐǼȖȎȔȒȀ) 

[180] 
NCT01968213 HR(BRCA) 

21 INOΆ1001 (Inotek) PARP Temozolomide 
ǡȌȄȂȖȄǾȐȆȓȎ ȋȄȊǻȌȘȋȀ ȒȓȎ 3Ȏ ǽ ȓȎ 4Ȏ 
ȒȓǻȃȈȎ 

BER ǵǻȒȆ IB 
(2009) 

[181] 
- NER(XP) 

22 BMN 673 PARP ǬȎȌȎȇȄȐȀȏȄǾȀ 
ǰȐȎȖȘȐȆȋǼȌȎȈ ǽ ȔȏȎȓȐ/ȅȎȌȓȄȑ 
ȒȔȋȏȀȂȄǾȑ țȂȉȎȈ 

BER ǵǻȒȆ I 
(ȓȐǼȖȎȔȒȀ) 

[182] 
NCT01286987 HR(BRCA) 

23 BMN 673 PARP ǬȎȌȎȇȄȐȀȏȄǾȀ BER 

http://www.clinicaltrials.gov/ct2/show/study/NCT01874353?term=olaparib+and+BRCA&cond=%22Ovarian+Cancer%22&rank=1
http://clinicaltrials.gov/ct2/show/NCT01788332?term=NCT01788332&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT02032823?term=NCT02032823&rank=1
http://clinicaltrials.gov/ct2/show/NCT01390571?term=NCT01390571&rank=1
http://clinicaltrials.gov/ct2/show/NCT00540358?term=NCT00540358&rank=1
http://clinicaltrials.gov/ct2/show/NCT00687765?term=BSI-201++Bipar+sciences&rank=8
http://clinicaltrials.gov/ct2/show/NCT01086254?term=NCT01086254&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00938652?term=NCT00938652&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT01082549?term=NCT01082549&rank=1
http://www.cancerresearchuk.org/cancer-help/trials/A-trial-of-a-PARP-inhibitor-called-AG014699-and-temozolomide-for-advanced-cancer
http://www.cancerresearchuk.org/cancer-help/trials/A-trial-of-a-PARP-inhibitor-called-AG014699-and-temozolomide-for-advanced-cancer
http://www.clinicaltrials.gov/ct2/show/NCT01968213?term=Rucaparib&phase=23&rank=1
http://clinicaltrials.gov/ct2/show/NCT01286987?term=NCT01286987&rank=1
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ǰȐȎȖȘȐȆȋǼȌȎȑ ȉ. ȘȎȇȆȉȝȌ/ȋȀȒȓȎȜ 
ǰȐȘȓȎȏȀȇǽȑ ȉ. ȓȎȔ ȏȄȐȈȓțȌȀȈȎȔ 
ǰȐȎȖȘȐȆȋǼȌȎȈ ȒȔȋȏȀȂȄǾȑ țȂȉȎȈ 

HR(BRCA) 
ǵǻȒȆ I 
ǵǻȒȆ II 
(ȓȐǼȖȎȔȒȀ) 

[183] 
NCT01989546 

24 
BMN 673 

 
PARP 

 

Capecitabine/ 
Eribulin/ 

Gemcitabine/ 
Vinorelbine  

ǭȄȎȏȊȀȒǾȄȑ ȓȎȔ ȋȀȒȓȎȜ 
ǣȎȌȈȃȈȀȉǽ ȋȄȓǻȊȊȀȍȆ ȒȓȎ BRCA1     
ǣȎȌȈȃȈȀȉǽ ȋȄȓǻȊȊȀȍȆ ȒȓȎ BRCA2 

BER 
ǵǻȒȆ III  
(ȃǼȖȄȓȀȈ 
ȒȔȋȋ/ȌȓȄȑ) 

[184] 
NCT01945775 HR(BRCA) 

25 
Lucanthone  

BER/APE1 ǡȉȓȈȌȎȇȄȐȀȏȄǾȀ 
ǬȄȓȀȒȓǻȒȄȈȑ ȓȎȔ ȄȂȉȄȕǻȊȎȔ 
ǬȆ ȋȈȉȐȎȉȔȓȓȀȐȈȉțȑ ȉ. ȓȎȔ ȏȌȄȜȋȎȌȀ 

țȖȈ 
ǵǻȒȆ II 

(ǼȖȄȈ ȀȌȀȒȓȄǾȊȄȈ  

ȒȔȋȋ/ȌȓȘȌ) 

[185] 
NCT02014545 

26 
TRCΆ102 

(Tracon Pharma) 
 

BER/APE1 

Temozolomide 
 

ǲȔȋȏȀȂȄǾȑ țȂȉȎȈ țȖȈ 
ǵǻȒȆ I 

(ȓȐǼȖȎȔȒȀ) 
[186] 

NCT00892385 

Pemetrexed 
 

ǭȄțȏȊȀȒȋȀ țȖȈ 
ǵǻȒȆ I 

(2008-2010) 
[187] 

NCT00692159 

27 
TRCΆ102 

(Tracon Pharma) 
BER/APE1 Temozolomide 

ǫȄȋȕȝȋȀȓȀ 
ǴȏȎȓȐȎȏȈǻȅȎȌȓȄȑ ȒȔȋȏȀȂȄǾȑ țȂȉȎȈ 

țȖȈ 
ǵǻȒȆ I 
(ȃǼȖȄȓȀȈ 
ȒȔȋȋ/ȌȓȄȑ) 

[188] 
NCT01851369 

28 Et743 (Trabectedin ) NER 
DOXIL  

Dexamethasone 
Ǫ. ȓȘȌ ȘȎȇȆȉȝȌ țȖȈ 

ǵǻȒȆ III  
(2005-2013) 

[189] 
NCT00113607 

29 Et743 (Trabectedin ) NER 
DOXIL  

Dexamethasone 

ǭȄȎȏȊǻȒȋȀȓȀ ȓȘȌ ȘȎȇȆȉȝȌ 
ǰȄȐȈȓȎȌȀșȉǻ ȌȄȎȏȊǻȒȋȀȓȀ  
ǭȄȎȏȊǻȒȋȀȓȀ ȒȓȈȑ ȒǻȊȏȈȂȂȄȑ 

țȖȈ 
ǵǻȒȆ III  
(ȃǼȖȄȓȀȈ 
ȒȔȋȋ/ȌȓȄȑ) 

[190] 
NCT01846611 

30 Et743 (Trabectedin ) NER 
Dacarbazine 

ǰȐȎȖȘȐȆȋǼȌȎ ǽ ȋȄȓȀȒȓȀȓȈȉț 
ȊȈȏȎȒǻȐȉȘȋȀ ǽ ȊȄȈȎȋȔȎȒǻȐȉȘȋȀ țȖȈ 

ǵǻȒȆ III  
(ȓȐǼȖȎȔȒȀ) 

[191] 
NCT01692678 

31 Dbait  
HR NBS1, 

P53 
ǡȉȓȈȌȎȇȄȐȀȏȄǾȀ ǬȄȊǻȌȘȋȀ țȖȈ ǵǻȒȆ I 

[192] 
Curie.fr  

32 Erlo tinib  HR 
Gemcitabine/  

Cisplatin  
ǬȆ ȋȈȉȐȎȉȔȓȓȀȐȈȉțȑ ȉ. ȓȎȔ ȏȌȄȜȋȎȌȀ țȖȈ 

ǵǻȒȆ IV 
(2015) 

[193] 
NCT02000531 

33 Gefitinib  HR 
Cisplatin ǽ 
Carboplatin  

ǬȆ ȋȈȉȐȎȉȔȓȓȀȐȈȉțȑ ȉ. ȓȎȔ ȏȌȄȜȋȎȌȀ țȖȈ 
ǵǻȒȆ IV 

(2008-2012) 
[194] 

NCT00770588 

34 SC-58635 Chk1   Cytarabin e 
ǴȏȎȓȐȎȏȈǻȅȎȔȒȀ ȎȍȄǾȀ ȋȔȄȊȝȃȆȑ 
ȊȄȔȖȀȈȋǾȀ 

ȒȆȋȄǾȎ ȄȊ. ȉȔȓȓ, 
ȉȜȉȊȎȔ S ȉȀȈ 
G2/ M 

ǵǻȒȆ II 
(2016) 

[195] 
NCT01870596 

ǰȎȊȊȀȏȊǼȑ DDR 
ȀȌȄȏǻȐȉȄȈȄȑ  

http://clinicaltrials.gov/ct2/show/NCT01989546?term=NCT01989546&rank=1
http://clinicaltrials.gov/show/NCT01945775
http://www.clinicaltrials.gov/ct2/show/NCT02014545?term=Lucanthone&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00892385?term=ntc00892385&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00692159?term=ntc00692159&rank=1
http://www.clinicaltrials.gov/ct2/show/record/NCT01851369?term=trc-102&rank=2
http://www.clinicaltrials.gov/ct2/show/NCT00113607?term=NCT00113607&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT01846611?term=NCT01846611&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT01692678?term=NCT01692678&rank=1
http://umr3347.curie.fr/en/les-mol-cules-dbaitequipe-marie-dutreix-00801
http://curie.fr/sites/default/files/pr-dbait-clinical-research-radiotherapy.pdf
http://www.clinicaltrials.gov/ct2/show/NCT02000531?term=NCT02000531&rank=1
http://clinicaltrials.gov/ct2/show/NCT01870596?term=NCT01870596&rank=1
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ǝȏȘȑ ǼȖȄȈ ȏȐȎȓȀȇȄǾ ȉȀȈ Ȁȏț ȓȎȔȑ OõSullivan  et al. ȎȈ ȀȌȀȒȓȎȊȄǾȑ ȓȆȑ PARP ȁȐǾȒȉȎȔȌ 

ȉȊȈȌȈȉǽ ȄȕȀȐȋȎȂǽ ȉȀȈ Șȑ ȋȎȌȎȇȄȐȀȏȄǾȀ ǽ Șȑ ȒȔȌȃȔȀȒȋǼȌȆ ȇȄȐȀȏȄǾȀ țȖȈ ȋțȌȎ ȒȄ ȀȒȇȄȌȄǾȑ 

ȋȄ ȓȆȌ ȏȐȎȀȌȀȕȄȐȇȄǾȒȀ ȋȄȓǻȊȊȀȍȆ ȒȓȀ BRCA1/2 ȀȊȊǻ ȉȀȈ ȒȄ ȀȒȇȄȌȄǾȑ ȋȄ ȒȔȋȏȀȂȄǾȑ 

țȂȉȎȔȑ ȏȎȔ ȒȖȄȓǾȅȎȌȓȀȈ ȋȄ ȂȄȌȈȉțȓȄȐȆ ȀȌȄȏǻȐȉȄȈȀ ȒȄ ȄȏȈȃȈȎȐȇȘȓȈȉȎȜȑ ȋȆȖȀȌȈȒȋȎȜȑ ȓȎȔ 

DNA . ǳǼȓȎȈȎȈ ȒȔȋȏȀȂȄǾȑ țȂȉȎȈ ȄǾȌȀȈ ȄȉȄǾȌȎȈ ȏȎȔ ȀȌȀȏȓȜȒȒȎȌȓȀȈ ȒȄ țȐȂȀȌȀ țȏȘȑ  Ȏ 

ȏȐȎȒȓǻȓȆȑ, ȎȈ ȏȌȄȜȋȎȌȄȑ, ȓȎ ȄȌȃȎȋǽȓȐȈȎ ȉȀȈ ȓȎ ȏǻȂȉȐȄȀȑ [196].   

ǰȀȐȀȓǾȇȄȌȓȀȈ ȒȓȎ ȒȆȋȄǾȎ ȀȔȓț ȉǻȏȎȈȎȈ ȖȀȐȀȉȓȆȐȈȒȓȈȉȎǾ ȀȌȀȒȓȎȊȄǾȑ ȓȘȌ ȄȏȈȃȈȎȐȇȘȓȈȉȝȌ 

ȋȆȖȀȌȈȒȋȝȌ ȓȎȔ DNA . 

ǧ ȁȄȊȈȏȀȐǾȋȏȆ (veliparib ), ȏȎȔ ȄǾȌȀȈ ȀȌȀȒȓȎȊǼȀȑ ȓȆȑ PARP, ȏȐȘȓȄǠȌȆȑ ȓȎȔ ǬȆȖȀȌȈȒȋȎȜ 

ǥȉȓȎȋǽȑ ǢǻȒȆȑ (BER), ȒȓȎȌ ǰǾȌȀȉȀ 6-1, # 1-4 & 8  ȒȔȌȃȔǻȅȄȓȀȈ ȋȄ ȓȎȔȑ ȀȊȉȔȊȈȘȓȈȉȎȜȑ 

ȏȀȐǻȂȎȌȓȄȑ temozolomide  ȉȀȈ cyclophosphamide ǽ ȓȎ carboplatin. ǲȔȌȄȏȝȑ Ȇ 

ȒȔȌȄȐȂȆȒȓȈȉǽ ȃȐǻȒȆ ȄȉȃȆȊȝȌȄȓȀȈ ȋȄȓȀȍȜ ȓȆȑ ȈȃȈțȓȆȓȀȑ ȓȘȌ ȀȊȉȔȊȈȘȓȈȉȝȌ ȏȀȐȀȂțȌȓȘȌ 

ȌȀ ȀȊȊȎȈȝȌȎȔȌ ȓȈȑ ȁǻȒȄȈȑ ȂȎȔȀȌǾȌȆȑ ȉȀȈ ȓȎȔ ȀȌȀȒȓȎȊǼȀ ȏȎȔ ȄȌȀȌȓȈȝȌȄȓȀȈ ȒȓȎ ȋȆȖȀȌȈȒȋț 

ȏȎȔ ȄǾȌȀȈ ȔȏȄȜȇȔȌȎȑ ȂȈȀ ȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ȁǻȒȄȘȌ, ȃȆȊȀȃǽ ȓȎ ȋȆȖȀȌȈȒȋț BER. ǧ 

ȀȌȓȈȉȀȐȉȈȌȈȉǽ ȃȐȀȒȓȈȉțȓȆȓȀ ȄȌȈȒȖȜȄȓȀȈ Ȁȏț ȓȆȌ ȏȐȎȚȏǻȐȖȎȔȒȀ ȀȌȄȏǻȐȉȄȈȀ ȒȓȆȌ 

ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ȋǼȒȘ ȓȎȔ ǯȋțȊȎȂȎȔ ǡȌȀȒȔȌȃȔȀȒȋȎȜ ȊțȂȘ ȓȆȑ 

ȋȄȓǻȊȊȀȍȆȑ ȓȘȌ ȂȎȌȈȃǾȘȌ BRCA1/2. 

ǧ ȁȄȊȈȏȀȐǾȋȏȆ (ǰǾȌȀȉȀȑ 6-1, # 6-7) ȃȎȉȈȋǻȅȄȓȀȈ ȉȀȈ ȋȄ ȓȎ gemcitabine ǽ ȓȎ capecitabine, 

ȓȀ ȎȏȎǾȀ ȄǾȌȀȈ ȀȌȓȈȋȄȓȀȁȎȊǾȓȄȑ ȌȎȔȉȊȄȎȒȈȃǾȘȌ24 ȋȀȅǾ ȋȄ ȀȉȓȈȌȎȇȄȐȀȏȄǾȀ. ǲȄ ȀȔȓǼȑ ȓȈȑ 

ȏȄȐȈȏȓȝȒȄȈȑ Ȇ ȒȔȌǼȐȂȄȈȀ ȏȐȎȉȜȏȓȄȈ Ȁȏț ȓȆȌ ȏȀȐȄȋȏțȃȈȒȆ ȓȆȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA  

ȉȀȇȝȑ ȉȀȈ ȓȆȌ ȏȀȐȀȉȝȊȔȒȆ ȓȆȑ ȃȆȋȈȎȔȐȂǾȀȑ ȌǼȘȌ ȌȎȔȉȊȄȎȒȈȃǾȘȌ, ȒȓȎ ǽȃȆ 

ȀȉȓȈȌȎȁȎȊȆȋǼȌȎ DNA .  

ǧ ȎȊȀȏȀȐǾȋȏȆ (olaparib ), ȄȏǾȒȆȑ ȀȌȀȒȓȎȊǼȀȑ ȓǽȑ PARP Ȁȏț ȓȎ ȋȆȖȀȌȈȒȋț BER, 

ȏȀȐȎȔȒȈǻȅȄȓȀȈ ȒȓȎȌ ǰǾȌȀȉȀ 6-1, # 9 ȖȎȐȆȂȎȜȋȄȌȆ ȋȀȅǾ ȋȄ ȓȀ irinotecan, cisplatin , 

mitomycin  C, ȏȎȔ Ȁȏț ȉȎȈȌȎȜ ȀȏȎȉȀȊȎȜȌȓȀȈ ICM . ǳȎ irinotecan ȄȋȏȎȃǾȅȄȈ ȓȎȌ 

ȏȎȊȊȀȏȊȀȒȈȀȒȋț ȓȘȌ ȉȔȓȓǻȐȘȌ ȋǼȒȘ ȓȆȑ ȏȀȐȀȉȝȊȔȒȆȑ ȓȆȑ TOP125. To cisplatin  ȄǾȌȀȈ 

ǼȌȀȑ ȀȊȉȔȊȈȘȓȈȉțȑ ȏȀȐǻȂȎȌȓȀȑ ȉȀȈ Ȇ ȋȈȓȎȋȔȉǾȌȆ C (mitomycin C) ȒȔȌȃǼȄȓȀȈ ȋȄ ȓȎ DNA 

ȓȘȌ ȉȀȐȉȈȌȎȂțȌȘȌ ȉȔȓȓǻȐȘȌ ȉȀȈ ȀȌȀȒȓǼȊȊȄȈ ȓȆ ȃȈȀǾȐȄȒȆ ȓȎȔ DNA ȋȄ ȓȎ ȒȖȆȋȀȓȈȒȋț 

ȒȔȋȏȊțȉȎȔ ȋȄ ȀȔȓț [198]. 

                                                      

24 ǡȌȓȈȋȄȓȀȁȎȊǾȓȆȑ ȌȎȔȉȊȄȎȒȈȃǾȘȌ: ȋȄȓȀȁȎȊȈȉțȑ ȀȌȀȒȓȎȊǼȀȑ ȏȎȔ ȄȋȏȎȃǾȅȄȈ ȓȆ ȃȆȋȈȎȔȐȂǾȀ ǽ ȓȆ 
ȊȄȈȓȎȔȐȂǾȀ ȌȎȔȉȊȄȎȒȈȃǾȘȌ (ȌȎȔȉȊȄȎȒǾȃȈȎ: ǼȌȀ ȌȎȔȉȊȄȎȓǾȃȈȎ ȖȘȐǾȑ ȓȆ ȕȘȒȕȎȐȈȉǽ ȓȎȔ ȎȋǻȃȀ) 
25 TOP1: DNA Topoisomerase 1: ǼȌȅȔȋȎ ȏȎȔ ȄȊǼȂȖȄȈ ȉȀȈ ȋȄȓȀȁǻȊȊȄȈ ȓȆȌ ȓȎȏȎȊȎȂȈȉǽ ȃȈȄȔȇǼȓȆȒȆ 
ȓȎȔ DNA  ȉȀȓǻ ȓȆ ȋȄȓȀȂȐȀȕǽ. ǳȎ ǼȌȅȔȋȎ ȀȔȓț ȉȀȓȀȊȜȄȈ ȓȎ ȏȀȐȎȃȈȉț ȒȏǻȒȈȋȎ ȉȀȈ ȄȏȀȌȀȉțȊȊȆȒȆ 
ȓȎȔ ȋȎȌțȉȊȘȌȎȔ DNA , ȄȏȈȓȐǼȏȎȌȓȀȑ ȒȓȎȔȑ ȉȊȝȌȎȔȑ ȌȀ ȏȄȐȌȎȜȌ Ȏ ǼȌȀȑ ȋǼȒȀ Ȁȏț ȓȎȌ ǻȊȊȎȌ, 
ȋȄȓȀȁǻȊȊȎȌȓȀȑ ǼȓȒȈ ȓȆȌ ȓȎȏȎȊȎȂǾȀ ȓȎȔ DNA  [197].  
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ǡȍȈȎȒȆȋȄǾȘȓȎ ȄǾȌȀȈ ȓȎ țȓȈ Ȇ ȎȊȀȏȀȐǾȋȏȆ ǼȖȄȈ ȉȀȓȎȐȇȝȒȄȈ ȌȀ ȏȄȐǻȒȄȈ ȒȄ ȉȊȈȌȈȉǼȑ ȃȎȉȈȋǼȑ 

ǵǻȒȆȑ ǩǩǩ (ǰǾȌȀȉȀȑ 6-1, # 10&12).  

ǧ ȎȊȀȏȀȐǾȋȏȆ ȋȏȎȐȄǾ ȄȏǾȒȆȑ ȌȀ ȃȎȇȄǾ Șȑ ȋȎȌȎȇȄȐȀȏȄǾȀ ȋȄȓǻ Ȁȏț ȖȆȋȄȈȎȇȄȐȀȏȄǾȀ ǽ 

ȀȉȓȈȌȎȇȄȐȀȏȄǾȀ ȂȈȀ ȌȀ ȀȏȎȓȐǼȗȄȈ ȓȆȌ ȄȏȀȌȄȋȕǻȌȈȒȆ ȓȎȔ ȉȀȐȉǾȌȎȔ ǽ ȓȆ ȋȄȓǻȒȓȀȒȆ.  

ǸȐȀǾȎ ȏȀȐǻȃȄȈȂȋȀ ȒȔȌȄȐȂȆȒȓȈȉǽȑ ȃȐǻȒȆȑ ȀȏȎȓȄȊȄǾ Ȇ ȉȊȈȌȈȉǽ ȃȎȉȈȋǽ ȏȎȔ ȏȀȐȎȔȒȈǻȅȄȓȀȈ 

ȒȓȆ ȇǼȒȆ 21 ȓȎȔ ǰǾȌȀȉȀ 6-1. ǚȌȀȑ ȀȌȀȒȓȎȊǼȀȑ ȓȎȔ ǬȆȖȀȌȈȒȋȎȜ ǥȉȓȎȋǽȑ ǢǻȒȆȑ, Ȏ ǩǭǯ-

1001, ȖȎȐȆȂȄǾȓȀȈ ȋȀȅǾ ȋȄ ȓȎȌ ȀȊȉȔȊȈȘȓȈȉț ȏȀȐǻȂȎȌȓȀ ȓȄȋȎȅȎȊȎȋǾȃȆ, ȒȄ ȔȏțȁȀȇȐȎ 

ȀȌȄȏǻȐȉȄȈȀȑ ȓȎȔ ǬȆȖȀȌȈȒȋȎȜ ǥȉȓȎȋǽȑ ǭȎȔȉȊȄȎȓȈȃǾȘȌ. ǲȄ ȀȔȓǽ ȓȆȌ ȏȄȐǾȏȓȘȒȆ ȓȎ 

ȏȐȘȓȄȜȎȌ ȕǻȐȋȀȉȎ ȏȐȎȉȀȊȄǾ ȁȊǻȁȄȑ ȁǻȒȄȘȌ ȀȊȊǻ ȉȀȈ ȎȈ ȃȜȎ ȄȌȀȊȊȀȉȓȈȉȎǾ ȋȆȖȀȌȈȒȋȎǾ 

ȏȎȔ ȄȏȈȃȈȎȐȇȝȌȎȔȌ ȁȊǻȁȄȑ ȁǻȒȄȘȌ (ǬǥǢ ȉȀȈ Ǭǥǭ) ȄǾȌȀȈ ȀȏȄȌȄȐȂȎȏȎȈȆȋǼȌȎȈ. 

ǳȎ ǢǬǭ 673, ǼȌȀȑ ǻȊȊȎȑ ȀȌȀȒȓȎȊǼȀȑ ȓȆȑ PARP ȄǾȌȀȈ ȒǽȋȄȐȀ ȒȄ ȋǾȀ ȉȊȈȌȈȉǽ ȃȎȉȈȋǽ ǵǻȒȆȑ 

ǩ (ǰǾȌȀȉȀȑ 6-1, # 22) Șȑ ȋȎȌȎȇȄȐȀȏȄǾȀ, ȋȄ ȒȉȎȏț ȌȀ ȏȐȎȒȃȈȎȐȈȒȓȄǾ Ȇ ȀȒȕǻȊȄȈǻ ȓȎȔ, Ȇ 

ȕȀȐȋȀȉȎȉȈȌȆȓȈȉǽ, Ȇ ȕȀȐȋȀȉȎȃȔȌȀȋȈȉǽ ȉȀȈ Ȇ ȀȐȖȈȉǽ ȀȏȎȓȄȊȄȒȋȀȓȈȉțȓȆȓǻ ȓȎȔ. ǯ 

ȀȌȀȒȓȎȊǼȀȑ ȀȔȓțȑ ȖȐȆȒȈȋȎȏȎȈȎȜȋȄȌȎȑ Șȑ ȋȎȌȎȇȄȐȀȏȄǾȀ ȏȐȎȉȀȊȄǾ ȒȜȌȇȄȓȆ ȇȌȆȓțȓȆȓȀ ȒȄ 

ȉȜȓȓȀȐȀ ȓȀ ȎȏȎǾȀ ȄǾȌȀȈ ȀȌȄȏȀȐȉǽ ȒȓȀ BRCA1/2 ȉȀȈ PTEN  [199].  

ǲȄ ȋȈȀ ȉȊȈȌȈȉǽ ȃȎȉȈȋǽ ǵǻȒȆȑ ǩǩǩ (ǰǾȌȀȉȀȑ 6-1, # 24) ȄȊǼȂȖȄȓȀȈ Ȇ ȀȒȕǻȊȄȈȀ ȉȀȈ Ȇ 

ȀȏȎȓȄȊȄȒȋȀȓȈȉțȓȆȓȀ ȓȎȔ BMN  673 ȒȄ ȀȒȇȄȌȄǾȑ ȋȄ ȓȎȏȈȉǻ ȏȐȎȖȘȐȆȋǼȌȎ ȉȀȈ/ǽ ȋȄ 

ȋȄȓȀȒȓȀȓȈȉț ȉȀȐȉǾȌȎ ȓȎȔ ȋȀȒȓȎȜ, ȕǼȐȎȌȓȄȑ ȋȄȓȀȊȊǻȍȄȈȑ ȁȊȀȒȓȈȉǽȑ ȒȄȈȐǻȑ26 ȒȓȎ BRCA. ǳȎ 

ȕǻȐȋȀȉȎ ȓȆȑ ȖȆȋȄȈȎȇȄȐȀȏȄǾȀȑ ȒȄ ȀȔȓǽ ȓȆ ȋȄȊǼȓȆ ȋȏȎȐȄǾ ȌȀ ȄǾȌȀȈ ǼȌȀ Ȁȏț ȓȀ ȀȉțȊȎȔȇȀ 

capecitabine, eribulin , gemcitabine ǽ vinorelbine . 

ǳȎ Dbait  ȄǾȌȀȈ ǼȌȀȑ ȀȌȀȒȓȎȊǼȀȑ ȓȎȔ ǯȋțȊȎȂȎȔ ǡȌȀȒȔȌȃȔȀȒȋȎȜ ǻȍȈȎȑ ȏȐȎȒȎȖǽȑ  

(ǰǾȌȀȉȀȑ 6-1, # 31). ǰȀȐțȊȎ ȏȎȔ Ȇ ȃȐǻȒȆ ȓȎȔ ȃȄȌ ȄǾȌȀȈ Ȇ ȉȊȀȒȈȉǽ ȃȐǻȒȆ ȀȌȀȒȓȎȊǼȀ, 

ȃȆȊȀȃǽ Ȇ ȒȓțȖȄȔȒȆ ȋȈȀȑ ȒȔȂȉȄȉȐȈȋǼȌȆȑ ȏȐȘȓȄǠȌȆȑ  ȓȎȔ ǯȋțȊȎȂȎȔ ǡȌȀȒȔȌȃȔȀȒȋȎȜ ǽ ȓȆȑ 

ǬȆ ǯȋțȊȎȂȆȑ ǚȌȘȒȆȑ ǘȉȐȘȌ ȉȀȓȎȐȇȝȌȄȈ ȌȀ ȀȌȀȒȓȄǾȊȄȈ ȓȆ ȃȐȀȒȓȈȉțȓȆȓȀ ȉȀȈ ȓȘȌ ȃȜȎ 

ȋȆȖȀȌȈȒȋȝȌ ȏȎȔ ȄȏȈȃȈȎȐȇȝȌȄȈ ȓȈȑ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ. ǲȓȆȌ ȎȔȒǾȀ ȄǾȌȀȈ ǼȌȀ ȐȀȃȈȎȋȈȋȆȓȈȉț  

ȕǻȐȋȀȉȎ, ȃȆȊȀȃǽ ȋȈȋȄǾȓȀȈ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȏȎȔ ȕǼȐȌȄȈ Ȇ ȈȎȌȓǾȅȎȔȒȀ ȀȉȓȈȌȎȁȎȊǾȀ ȒȓȎ 

DNA , ȃȆȊȀȃǽ ȓȈȑ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ. ǡȏȎȓȄȊȄǾȓȀȈ Ȁȏț ȋȈȉȐǻ ȄȊȄȂȖțȋȄȌȎȔ ȋȄȂǼȇȎȔȑ 

ȓȋǽȋȀȓȀ DNA  ȓȀ ȎȏȎǾȀ ȓȎ ȉȜȓȓȀȐȎ ȀȌȀȂȌȘȐǾȅȄȈ Șȑ ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ. ǧ ȖȎȐǽȂȆȒȆ ȓȎȔ 

ȕȀȐȋǻȉȎȔ țȓȀȌ ȒȔȌȃȔǻȅȄȓȀȈ ȋȄ ȀȉȓȈȌȎȇȄȐȀȏȄǾȀ ȀȔȍǻȌȄȈ ȉȀȓǻ ȏȎȊȜ ȓȎȌ ȀȐȈȇȋț ȓȘȌ 

ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ȏȎȔ ȀȌȓȈȊȀȋȁǻȌȄȓȀȈ ȓȎ ȉȜȓȓȀȐȎ Ȁȏț ȀȔȓǼȑ ȏȎȔ ȒȓȆȌ 

                                                      

26 ǬȄȓǻȊȊȀȍȆ ȁȊȀȒȓȈȉǽȑ ȒȄȈȐǻȑ (germli ne mutation ): ȋȄȓǻȊȊȀȍȆ ȏȎȔ ȒȔȋȁȀǾȌȄȈ ȒȄ ȂȀȋȄȓȈȉț 
ȉȜȓȓȀȐȎ, ȓȎ ȎȏȎǾȎ ȄǻȌ ȒȔȋȋȄȓǻȒȖȄȈ ȒȄ ȂȎȌȈȋȎȏȎǾȆȒȆ, Ȏ ȀȏțȂȎȌȎȑ ȇȀ ȕǼȐȄȈ ȓȆ ȒȔȂȉȄȉȐȈȋǼȌȆ 
ȋȄȓǻȊȊȀȍȆ ȒȄ ȉǻȇȄ ȓȎȔ ȉȜȓȓȀȐȎ [200].  
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ȏȐȀȂȋȀȓȈȉțȓȆȓȀ ǼȖȄȈ ȏȐȎȍȄȌǽȒȄȈ Ȇ ȀȉȓȈȌȎȇȄȐȀȏȄǾȀ. ǳȎ ȀȏȎȓǼȊȄȒȋȀ ȄǾȌȀȈ ȓȎ ȉȜȓȓȀȐȎ ȌȀ 

ȎȃȆȂȄǾȓȀȈ ȒȄ ȀȏțȏȓȘȒȆ. ǳȎ Dbait  ȏȀȐȎȔȒȈǻȅȄȈ ȄȍȀȈȐȄȓȈȉǽ ȄȏȈȊȄȉȓȈȉțȓȆȓȀ ȒȓȆ ȇȀȌǻȓȘȒȆ 

ȓȘȌ ȉȀȐȉȈȌȈȉȝȌ ȉȔȓȓǻȐȘȌ [192]. 

ǳȎ SCH 900776 ȄǾȌȀȈ ǼȌȀȑ ȄȏȈȊȄȉȓȈȉțȑ ȀȌȀȒȓȎȊǼȀȑ ȓȆȑ Chk127  Ȏ ȎȏȎǾȎȑ ȄȌȈȒȖȜȄȈ ȓȆ 

ȀȌȓȈȏȎȊȊȀȏȊȀȒȈȀȒȓȈȉǽ ȃȐǻȒȆ ȓǽȑ ȉȔȓȀȐȀȁǾȌȆȑ ȒȄ ȉȜȓȓȀȐȀ AML 28. ǧ ȃȐǻȒȆ ȓȆȑ 

ȉȔȓȀȐȀȁǾȌȆȑ ȄǾȌȀȈ ȌȀ ȀȌȀȒȓǼȊȊȄȈ ȓȆ ȒȜȌȇȄȒȆ ȓȎȔ DNA . ǧ ȒȔȌǼȐȂȄȈȀ ȄȉȃȆȊȝȌȄȓȀȈ 

ȒȔȌȃȔȀȒȋț ȋȄ ȓȈȑ ȏȎȊȊȀȏȊǼȑ ȀȌȄȏǻȐȉȄȈȄȑ ȒȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȎȔ DNA  ȏȎȔ ȄȉȃȆȊȝȌȎȔȌ 

ȎȈ ȀȒȇȄȌȄǾȑ ȋȄ ȎȍȄǾȀ ȋȔȄȊȎȂȄȌǽ ȊȄȔȖȀȈȋǾȀ (ǰǾȌȀȉȀȑ 6-1, # 34).  

ǡȌ ȀȌȀȊȎȂȈȒȓȄǾ ȉȀȌȄǾȑ ȓȎ ȋȄȂǻȊȎ ȏȊǽȇȎȑ ȓȘȌ ȄȌȅȜȋȘȌ ȏȎȔ ȏȄȐȈǼȖȄȈ Ȇ ȎȈȉȎȂǼȌȄȈȀ 

ȏȐȘȓȄșȌȝȌ PARP ȒȔȌ ȓȎ ȂȄȂȎȌțȑ țȓȈ ȎȈ ȀȌȀȂȌȘȐȈȒȋǼȌȎȈ ȀȌȀȒȓȎȊȄǾȑ ǼȌȀȌȓȈ ȓȘȌ PARP 

ȄǾȌȀȈ ȏǻȌȘ Ȁȏț 185 ȏȐȎȉȜȏȓȄȈ ȓȎ ȄȐȝȓȆȋȀ ȂȈȀ ȓȆȌ ȄȏȈȊȄȉȓȈȉțȓȆȓȀ ȉǻȇȄ ȄȌțȑ Ȁȏț ȀȔȓǻ 

ȕǻȐȋȀȉȀ [202]. ǧ ȁȄȊȈȏȀȐǾȋȏȆ (veliparib / ABT-888) ȇȄȘȐȄǾȓȀȈ ȋȀȉȐǻȌ Ȏ ȏȈȎ ȄȏȈȊȄȉȓȈȉțȑ 

ȀȌȀȒȓȎȊǼȀȑ ȓȘȌ PARP1/2.  

ǥǾȌȀȈ ȃȜȒȉȎȊȎ ȌȀ ȏȐȎȁȊȄȕȇȄǾ ȓȎ ȏȊǽȐȄȑ ȕǻȒȋȀ ȓȘȌ ȁȈȎȊȎȂȈȉȝȌ ȕȀȈȌȎȋǼȌȘȌ ȉȀȈ ȓȘȌ 

ȏȀȐȄȌȄȐȂȄȈȝȌ ȏȎȔ ȏȐȎȉȀȊȎȜȌ ȎȈ ȀȌȀȒȓȎȊȄǾȑ ȒȓȎȔȑ ȀȒȇȄȌȄǾȑ. ǯȈ ȏȄȐȈȒȒțȓȄȐȎȈ ȀȌȀȒȓȎȊȄǾȑ 

ȂǾȌȎȌȓȀȈ ȄȜȉȎȊȀ ȀȌȄȉȓȎǾ Ȁȏț ȓȎȌ ȎȐȂȀȌȈȒȋț ȉȀȈ ȏȀȐȎȔȒȈǻȅȎȔȌ ȄȊǻȖȈȒȓȆ ȓȎȍȈȉțȓȆȓȀ. ǣȈȀ 

ȏȀȐǻȃȄȈȂȋȀ ȒȓȈȑ ȏȀȐȄȌǼȐȂȄȈȄȑ ȓȆȑ ȎȊȀȏȀȐǾȋȏȆȑ ȏȄȐȈȊȀȋȁǻȌȎȌȓȀȈ Ȇ ȌȀȔȓǾȀ, Ȏ ȄȋȄȓțȑ, Ȇ 

ȉțȏȘȒȆ ȉȀȈ Ȇ ȀȌȀȈȋǾȀ (ȖȀȋȆȊțȑ ȀȐȈȇȋțȑ ȄȐȔȇȐȝȌ ȀȈȋȎȒȕȀȈȐǾȘȌ) ȓȀ ȎȏȎǾȀ ȒȔȌǽȇȘȑ ȄǾȌȀȈ 

ȃȈȀȖȄȈȐǾȒȈȋȀ [203].  

ǣȈȀ ȓȎ iniparib  ǼȖȎȔȌ ȀȌȀȕȄȐȇȄǾ ȏȎȊȊǼȑ ȀȌȄȏȈȇȜȋȆȓȄȑ ȄȌǼȐȂȄȈȄȑ țȏȘȑ Ȇ ȎȔȃȄȓȄȐȎȏȄȌǾȀ, Ȇ 

ȇȐȎȋȁȎȉȔȓȓȀȐȎȏȄȌǾȀ, Ȇ ȀȌȀȈȋǾȀ, Ȇ ȉțȏȘȒȆ, Ȇ ȊȄȔȉȎȏȄȌǾȀ ȉȀȈ ǻȊȊȀ. ǲȜȋȕȘȌȀ ȋȄ ȋȈȀ 

ȏȐțȒȕȀȓȆ ȄȏȈȒȉțȏȆȒȆ [196] ȎȈ ȏȈȎ ȒȔȖȌǼȑ ȏȀȐȄȌǼȐȂȄȈȄȑ ȓȘȌ ȀȌȀȒȓȎȊǼȘȌ ȓȆȑ PARP ȄǾȌȀȈ 

Ȇ ȃȈǻȐȐȎȈȀ, Ȇ ȀȌȀȕȔȊȀȍǾȀ ȉȀȈ Ȇ Ȁȉȋǽ.  

                                                      

27 Chk 1 (Checkpoint Kinase 1 ): ǰȐȘȓȄǠȌȆ ȀȏȀȐȀǾȓȆȓȆ ȂȈȀ ȓȆ ȊȄȈȓȎȔȐȂǾȀ ȓȎȔ ȒȆȋȄǾȎȔ ȄȊǼȂȖȎȔ ȓȎȔ 
ȉȔȓȓȀȐȈȉȎȜ ȉȜȉȊȎȔ ȋȄȓȀȍȜ ȓȘȌ ȕǻȒȄȘȌ G1 ȉȀȈ S [201]. 
28 AML  (acute myeloid  leukemia ): ȎȍȄǾȀ ȋȔȄȊȎȂȄȌǽȑ ȊȄȔȖȀȈȋǾȀ 
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6.3 ǬȄȊȊȎȌȓȈȉǼȑ ȉȀȓȄȔȇȜȌȒȄȈȑ ȂȈȀ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȓȆȑ 

ȁȈȎȏȊȆȐȎȕȎȐȈȉǽȑ ȀȌǻȊȔȒȆȑ 

ǯ ȏȐȎȒȃȈȎȐȈȒȋțȑ ȌǼȘȌ ȏȐȘȓȄșȌȝȌ ȂȈȀ ȌȀ ȀȏȎȓȄȊǼȒȎȔȌ ǻȋȄȒȎȔȑ ǽ ǼȋȋȄȒȎȔȑ ȒȓțȖȎȔȑ 

ȀȌȀȒȓȎȊǼȘȌ ȇȀ ȀȌȎǾȍȄȈ ȌǼȎȔȑ ȎȐǾȅȎȌȓȄȑ ȒȓȆ ȇȄȘȐǾȀ ȓȎȔ ȉȀȐȉǾȌȎȔ. ǬȄ ȓȎȌ țȐȎ ǻȋȄȒȆ 

ȀȌȀȒȓȎȊǽ ȄȌȌȎȎȜȋȄ ȓȆȌ ȀȌȀȒȓȎȊǽ țȏȘȑ ȏȄȐȈȂȐǻȕȄȓȀȈ ȒȓȈȑ ȉȊȈȌȈȉǼȑ ȃȎȉȈȋǼȑ ȏȎȔ 

ȀȌȀȕǼȐȇȆȉȀȌ ȒȓȀ ȏȐȎȆȂȎȜȋȄȌȀ, ȃȆȊȀȃǽ ȓȆȌ ȀȌȀȒȓȎȊǽ ȓȆȌ ȄȍȄȈȃȈȉȄȔȋǼȌȆ ȒȄ ȉǻȏȎȈȀ 

ȏȐȘȓȄșȌȈȉǽ ȊȄȈȓȎȔȐȂǾȀ. ǬȄ ȓȎȌ țȐȎ ǼȋȋȄȒȆ ȀȌȀȒȓȎȊǽ ȄȌțȑ ȋȆȖȀȌȈȒȋȎȜ ȇǼȊȎȔȋȄ ȌȀ 

ȄȈȒǻȂȎȔȋȄ ȓȆȌ ǼȌȌȎȈȀ ȓȆȑ ǰȎȊȊȀȏȊǽȑ ǵȎȌȈȉțȓȆȓȀȑ, țȓȀȌ Ȇ ȀȌȀȒȓȎȊǽ ȄȌțȑ ȋȆȖȀȌȈȒȋȎȜ, 

ȕǼȐõ ȄȈȏȄǾȌ ȓȎȔ ǡǯ ȇȀ ȄȏȆȐȄǻȅȄȈ ȉȀȈ ȉǻȏȎȈȎȌ ȃȄȜȓȄȐȎ ȋȆȖȀȌȈȒȋț, țȏȘȑ ȓȎ ǬǥǢ ǽ ȓȎ Ǭǥǭ. 

ǲȜȋȕȘȌȀ ȋȄ ȓȎȔȑ Peddi et al. [145] Ȇ ȒȓȎȖȄȔȋǼȌȆ ȀȌȀȒȓȎȊǽ ǼȌȀȌȓȈ ȓȆȑ DNA -PKcs ȓȎȔ 

ȋȆȖȀȌȈȒȋȎȜ Ǭǯǥǡ ȒȄ ȀȌȇȐȝȏȈȌȀ ȉȀȐȉȈȌȈȉǻ ȉȜȓȓȀȐȀ ǼȃȄȈȍȄ ȏȀȐǻȊȊȆȊȆ ȃȈȀȓǻȐȀȍȆ ȓȎȔ 

ǬǥǢ ȉȀȈ ȓȆȑ ȄȏȄȍȄȐȂȀȒǾȀȑ ȓȘȌ ȎȋȀȃȎȏȎȈȆȋǼȌȘȌ ȎȍȄȈȃȘȓȈȉȝȌ ȁȊȀȁȝȌ. ǰȀȐțȋȎȈȀ 

ȀȏȎȓȄȊǼȒȋȀȓȀ ǼȃȄȈȍȄ ȉȀȈ Ȇ ȄȐȂȀȒǾȀ ȏȎȔ ȃȆȋȎȒǾȄȔȒȀȌ ȎȈ Albaracati  et al. [204], țȏȎȔ 

ȁȐǽȉȀȌ ȄȌȃȄǾȍȄȈȑ țȓȈ Ȇ ȏȐȘȓȄǠȌȆ BRCA1 ȓȎȔ ǯȋțȊȎȂȎȔ ǡȌȀȒȔȌȃȔȀȒȋȎȜ ȐȔȇȋǾȅȄȈ ȄȏǾȒȆȑ 

ȉȀȈ ȓȎ ǬȆȖȀȌȈȒȋț ǥȉȓȎȋǽȑ ǢǻȒȆȑ.    

ǲȄ ȏȎȊȊǼȑ ȏȄȐȈȏȓȝȒȄȈȑ ȏȐȘȓȄǠȌȄȑ ȏȎȔ ȄǾȌȀȈ ȂȌȘȒȓǼȑ ȌȀ ȒȔȋȋȄȓǼȖȎȔȌ ȒȓȎȌ ǯǡ ǽ ȒȓȆ 

Ǭǯǥǲ, ȃȆȊȀȃǽ ȏȐȘȓȄǠȌȄȑ ȂȈȀ ȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ ȕǻȌȆȉȄ țȓȈ 

ȀȊȊȆȊȄȏȈȃȐȎȜȌ ȋȄ ȏȐȘȓȄǠȌȄȑ ȓȎȔ ǬǥǢ, țȏȘȑ ȎȈ  XRCC1, polȁ, APE1 ȉȀȈ ǻȊȊȄȑ [204]. ǧ 

ȏȀȐȀȓǽȐȆȒȆ ȀȔȓǽ ȀȌȎǾȂȄȈ ȌǼȎȔȑ ȃȐțȋȎȔȑ ȒȓȆ ȇȄȐȀȏȄǾȀ. ǣȈȀ ȏȀȐǻȃȄȈȂȋȀ, ȒȓȆȌ ȏȄȐǾȏȓȘȒȆ 

țȂȉȎȔ ȋȄ ȀȌȄȏǻȐȉȄȈȀ ȒȓȎ ȂȎȌǾȃȈȎ BRCA1 Ȇ ȀȌȀȒȓȎȊǽ ȓȆȑ DNA -PKcs ȋȏȎȐȄǾ ȌȀ ȄȏȈȃȐǻȒȄȈ 

ȒȆȋȀȌȓȈȉǻ ȉȀȈ ȒȄ ǻȊȊȀ ȋȎȌȎȏǻȓȈȀ ȄȏȈȃȈțȐȇȘȒȆȑ țȏȘȑ ȒȓȎ ǬǥǢ ǽ/ȉȀȈ ȒȓȎ Ǭǥǭ, 

ȋȄȈȝȌȎȌȓȀȑ ȓȆȌ ȈȉȀȌțȓȆȓȀ ȓȘȌ ȉȀȐȉȈȌȈȉȝȌ ȉȔȓȓǻȐȘȌ ȌȀ ȄȏȈȃȈȎȐȇȝȒȎȔȌ țȖȈ ȋțȌȎ ȓȈȑ 

ǥȈȉțȌȀ 6-1: ǧ ȈȃǼȀ ȒȓȆȑ ȒȔȌȃȔȀȒȓȈȉǽȑ ǵȎȌȈȉțȓȆȓȀȑ, ȏȀȐǻȃȄȈȂȋȀ ȋȄ ȃȜȎ ȏȐȘȓȄǾȌȄȑ ȄȏȈȃȈțȐȇȘȒȆȑ 
PARP1 Ȁȏț ȓȎ ǬȆȖȀȌȈȒȋț ǥȉȓȎȋǽȑ ǢǻȒȆȑ ȉȀȈ BRCA Ȁȏț ȓȎȌ ǯȋțȊȎȂȎ ǡȌȀȒȔȌȃȔȀȒȋț. 
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ȃǾȉȊȘȌȄȑ ȇȐȀȜȒȄȈȑ ȀȊȊǻ ȉȀȈ ȓȈȑ ǻȊȊȄȑ ȁȊǻȁȄȑ țȏȘȑ ȓȈȑ ȎȋȀȃȎȏȎȈȆȋǼȌȄȑ ȎȍȄȈȃȘȓȈȉǼȑ 

ȁȊǻȁȄȑ, ȋȄȂȈȒȓȎȏȎȈȝȌȓȀȑ ȓȆȌ ȀȏȎȓȄȊȄȒȋȀȓȈȉțȓȆȓȀ ȒȓȆ ȇȀȌǻȓȘȒȆ ȓȘȌ ȉȔȓȓǻȐȘȌ. 

6.3.1 ǢȈȎȏȊȆȐȎȕȎȐȈȉǽ ȀȌǻȊȔȒȆ ȂȈȀ ȓȆȌ ǰȎȊȊȀȏȊǽ ǵȎȌȈȉțȓȆȓȀ 

ǰȐȎȑ ȀȔȓǽȌ ȓȆȌ ȉȀȓȄȜȇȔȌȒȆ ȂȈȀ ȃȈȀȓȔȏȝȒȎȔȋȄ ȓȆȌ ǰȎȊȊȀȏȊǽ ǵȎȌȈȉțȓȆȓȀ, ȉǻȌȀȋȄ 

ȁȈȎȏȊȆȐȎȕȎȐȈȉǽ ȀȌǻȊȔȒȆ ȂȈȀ ȌȀ ȁȐȎȜȋȄ ȂȎȌǾȃȈȀ ȉȎȈȌǻ ȋȄȓȀȍȜ ȓȘȌ ȋȆȖȀȌȈȒȋȝȌ 

ȄȏȈȃȈțȐȇȘȒȆȑ.  

ǣȈȀ ȓȎȌ ȏȐȎȒȃȈȎȐȈȒȋț ȓȘȌ ȉȎȈȌȝȌ ȂȎȌȈȃǾȘȌ, ȀȐȖȈȉǻ ȁȐǽȉȀȋȄ ȓȀ ȂȎȌǾȃȈȀ ȓȎȔ ȉǻȇȄ 

ȋȆȖȀȌȈȒȋȎȜ. ǣȈȀ ȓȎ ȒȉȎȏț ȀȔȓț ȀȐȖȈȉǻ ȏȐȎȒȃȈȎȐǾȒȀȋȄ ȓȎȔȑ ȏȈȇȀȌȎȜȑ (gene ontology  

terms)  

1. ǡȏț ȓȆ ȁǻȒȆ ȃȄȃȎȋǼȌȘȌ ȎȌȓȎȊȎȂǾȀȑ AMIGO 2 [205] ȏȐȎȒȃȈȎȐǾȒȀȋȄ ȓȎȔȑ gene 

ontology  terms ȏȎȔ ȄȌȃȄȖȎȋǼȌȘȑ ȌȀ ȋȀȑ ȄȌȃȈȀȕǼȐȎȔȌ. ǯȈ țȐȎȈ ȏȎȔ ȄȏȄȊǼȂȆȒȀȌ 

ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȒȓȎȌ ȀȉțȊȎȔȇȎ ȏǾȌȀȉȀ 

ǰǾȌȀȉȀȑ 6-2: ǡȐȖȈȉǽ ȄȏȈȊȎȂǽ țȐȘȌ ȂȎȌȈȃȈȀȉǽȑ ȎȌȓȎȊȎȂǾȀȑ (Gene Ontology terms) Ȁȏț ȓȆ ȁǻȒȆ  
AMIGO 2 [205]. ǯȈ țȐȎȈ ȀȔȓȎǾ ȀȕȎȐȎȜȌ ȓȎȔȑ MȆȖȀȌȈȒȋȎȜȑ EȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA .  

ǫǽȋȋȀ GO Annotation  

GO:0006284 base-excision repair 

GO:0006285 base-excision repair, AP site formation  

GO:0006287 base-excision repair, gap-filling  

GO:0006289 nucleotide-excision repair 

GO:0006283  transcription -coupled nucleotide -excision repair 

GO:0000109  nucleotide-excision repair complex 

GO:2000819 regulation of nucleotide -excision repair 

GO:0033683  nucleotide-excision repair, DNA incision  

GO:0000724  double-strand break repair via homologous recombination  

GO:0010569 regulation of double -strand break repair via homologous recombination  

GO:0006303  double-strand break repair via nonhomologous end joining  

GO:0097681 double-strand break repair via alternative nonhomologous end joining  

GO:0097680  double-strand break repair via classical nonhomologous end joining 

GO:2001032 regulation of double -strand break repair via nonhomologous end joining  

GO:2001034  positive regulation of double -strand break repair via nonhomologous end 

joining  

GO:2001033  negative regulation of dou ble-strand break repair via nonhomologous end 

joining  

GO:0006298 mismatch repair  

GO:0032300 mismatch repair complex  

GO:0032424  negative regulation of mismatch repair  

GO:0032423 regulation of mismatch repair  
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2. ǲȓȆ ȒȔȌǼȖȄȈȀ Ȁȏț ȓȎ EMBL-EBI, QuickGO [206] ȀȕțȓȎȔ ȄȈȒȀȂǻȂȀȋȄ ȓȎȔȑ țȐȎȔȑ 

ȓȎȔ ȏȐȎȆȂȎȜȋȄȌȎȔ ȏǾȌȀȉȀ, ȃȆȋȈȎȔȐȂǽȒȀȋȄ ǼȌȀ çȃǼȌȓȐȎ ȏȐȎȂțȌȘȌè (ancestor tree 

of GO terms) ȏȎȔ ȁȐǾȒȉȄȈ ȓȎȔȑ țȐȎȔȑ ȂȄȌȌǽȓȎȐȄȑ ȂȈȀ ȓȎȌ ȉǻȇȄ ǼȌȀȌ (ǲȖǽȋȀ 6-1).  

3. ǡȏț ȓȎ ȃǼȌȓȐȎ ȓȘȌ ȏȐȎȂțȌȘȌ ȄȊȀȓȓȝȒȀȋȄ ȓȎȔȑ țȐȎȔȑ ȏȎȔ ȋȀȑ ȄȌȃȈȀȕǼȐȎȔȌ, ȀȕȎȜ 

ȉǻȏȎȈȎȈ Ȁȏț ȀȔȓȎȜȑ ȏȄȐȈǼȖȎȌȓȀȈ ȒȄ ǻȊȊȎȔȑ. ǚȓȒȈ ȎȈ țȐȎȈ ȏȎȔ ǼȋȄȈȌȀȌ ȄǾȌȀȈ ȎȈ 

ȀȉțȊȎȔȇȎȈ (ǰǾȌȀȉȀȑ 6-3): 

ǰǾȌȀȉȀȑ 6-3: ǳȄȊȈȉǽ ȄȏȈȊȎȂǽ țȐȘȌ ȂȎȌȈȃȈȀȉǽȑ ȎȌȓȎȊȎȂǾȀȑ ȂȈȀ ȓȎȔȑ ǬȆȖȀȌȈȒȋȎȜȑ ǥȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ 
DNA  

ǫǽȋȋȀ GO Annotation  ǰȄȐȈȂȐȀȕǽ 

GO:0006284 base-excision repair ǬȆȖȀȌȈȒȋțȑ ǥȉȓȎȋǽȑ ǢǻȒȆȑ 

GO:0006289 nucleotide-excision repair ǬȆȖȀȌȈȒȋțȑ ǥȉȓȎȋǽȑ ǭȎȔȉȊȄȎȓȈȃǾȎȔ 

GO:0006298 mismatch repair  ǥȏȈȃȈțȐȇȘȒȆ ǡȌȀȌȓȈȒȓȎȈȖǾȀȑ 

GO:0000724  double-strand break repair via 

homologous recombination  

ǥȏȈȃȈțȐȇȘȒȆ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ 

ȋǼȒȘ ȓȎȔ ǯȋțȊȎȂȎȔ ǡȌȀȒȔȌȃȔȀȒȋȎȜ 

GO:0006303  double-strand break repair via 

nonhomologous end joining  

ǥȏȈȃȈțȐȇȘȒȆ ȓȘȌ ȃǾȉȊȘȌȘȌ ȇȐȀȜȒȄȘȌ 

ȋǼȒȘ ȓȆȑ ǬȆ ǯȋțȊȎȂȆȑ ǚȌȘȒȆȑ 

ǘȉȐȘȌ 

 

4. e!Ensembl> Biomart> Dataset: Human genes (GRCh38.p7)> Filter : GOterm> 

Attributes: HGNC symbol  

ǣȈȀ ȉǻȇȄ ǼȌȀȌ țȐȎ ȂȎȌȈȃȈȀȉǽȑ ȎȌȓȎȊȎȂǾȀȑ ȁȐǽȉȀȋȄ ȓȀ ȂȎȌǾȃȈȀ ȏȎȔ ȏȄȐȈǼȖȄȈ. 

ǡȌȀȊȔȓȈȉǻ ȓȀ ȂȎȌǾȃȈȀ ȀȔȓǻ ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȒȓȎ ǰȀȐǻȐȓȆȋȀ. 

5. ǤȆȋȈȎȔȐȂǽȒȀȋȄ ȓȎ ȃȈǻȂȐȀȋȋȀ Venn ȂȈȀ ȓȀ ȂȎȌǾȃȈȀ ȓȎȔ ȉǻȇȄ ȋȆȖȀȌȈȒȋȎȜ, ȋȄ ȓȎ 

òDrawVenn  applicati onó  [207] (ǲȖǽȋȀ 6-2). 
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ǲȖǽȋȀ 6-1: ǤǼȌȓȐȎ ȓȘȌ ȏȐȎȂțȌȘȌ ȂȈȀ ȓȎȔȑ țȐȎȔȑ ȂȎȌȈȃȈȀȉǽȑ ȎȌȓȎȊȎȂǾȀȑ ȏȎȔ ȀȌȀȕǼȐȎȌȓȀȈ ȒȓȎȌ ǰǾȌȀȉȀ ǩǩǩ-5. ǧ ȃȆȋȈȎȔȐȂǾȀ ȓȎȔ ȃǼȌȓȐȎȔ ȀȏȎȒȉȎȏȄǾ ȒȓȎ 
ȌȀ ȄȍȀȈȐȄȇȎȜȌ Ȁȏț ȓȆ ȒȔȌǼȖȄȈȀ ȎȈ țȐȎȈ ȄȉȄǾȌȎȈ ȂȈȀ ȓȎȔȑ ȎȏȎǾȎȔȑ ǼȖȄȈ ȄȏǾȒȆȑ ȄȏȈȊȄȂȄǾ ȉǻȏȎȈȎȑ ȏȐțȂȎȌțȑ ȓȎȔȑ, ȉȀȇȝȑ țȊȀ ȓȀ ȂȎȌǾȃȈȀ ȏȎȔ ȏȄȐȈǼȖȄȈ ǼȌȀȑ țȐȎȑ, 
ȏȄȐȈǼȖȎȌȓȀȈ ȄȏǾȒȆȑ (ȋȄȓȀȍȜ ǻȊȊȘȌ) ȒȄ ȉǻȇȄ ȓȎȔ ȏȐțȂȎȌȎ. 
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ǲȖǽȋȀ 6-2: ǤȈǻȂȐȀȋȋȀ Venn ȓȘȌ ȂȎȌȈȃǾȘȌ ȏȎȔ ȏȄȐȈǼȖȄȈ ȉǻȇȄ țȐȎȑ ȂȎȌȈȃȈȀȉǽȑ ȎȌȓȎȊȎȂǾȀȑ ȏȎȔ 
ȀȌȀȕǼȐȄȓȀȈ ȒȓȎȌ ǰǾȌȀȉȀ ǩǩǩ-6. 

 

 

 

 

ǰǾȌȀȉȀȑ 6-4: ǪȎȈȌǻ ȂȎȌǾȃȈȀ ȋȄȓȀȍȜ ȓȘȌ ȋȆȖȀȌȈȒȋȝȌ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA . (ǰȄȐȈǼȖȎȌȓȀȈ ȎȈ 
ȒȔȌȃȔȀȒȋȎǾ ȏȎȔ ȏȄȐȈȊȀȋȁǻȌȎȔȌ ȃȜȎ ȋȆȖȀȌȈȒȋȎȜȑ). ǚȖȎȔȌ ȔȏȎȂȐȀȋȋȈȒȓȄǾ ȓȀ ȂȎȌǾȃȈȀ ȏȎȔ ȒȖȄȓǾȅȎȌȓȀȈ 
ȋȄ ȓȎȌ ȉȀȐȉǾȌȎ ȒȜȋȕȘȌȀ ȋȄ ȓȆ ȁǻȒȆ ȃȄȃȎȋǼȌȘȌ COSMIC [208].  

MEB 

MEN  

MEB 

EA 

MEB 

OA  

MEB 

MOEA  

MEN  

EA 

MEN  

OA  

MEN  

MOEA  

EA 

MOEA  

OA  

MOEA  

TP53  TDG  SIRT6  HMGA2 POLD2  HUS1  SUMO1  MLH1  NBN  

NEIL2  MUTYH  FEN1  ERCC1  FAN1  POLL   SMC5  

NEIL1     PCNA  RAD51D  LIG4   KDM 4D  

NTHL1     POLD3  BRCA2  PRPF19   NSMCE2  

NEIL3     XPC  ERCC4  UBE2V2  BRCA1  

XPA     POLD4 RAD52    ATM  

POLB      SLX4    MRE11  

OGG1      HUS1B    H2AFX  

ERCC6      RBBP8    RAD50  

POLE     PARP1   PSMD14 
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ǰǾȌȀȉȀȑ 6-5: ǪȎȈȌǻ ȂȎȌǾȃȈȀ ȋȄȓȀȍȜ ȓȘȌ ȋȆȖȀȌȈȒȋȝȌ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA. (ǰȄȐȈǼȖȎȌȓȀȈ ȎȈ 
ȒȔȌȃȔȀȒȋȎǾ ȏȎȔ ȏȄȐȈȊȀȋȁǻȌȎȔȌ ȏǻȌȘ Ȁȏț ȃȜȎ ȋȆȖȀȌȈȒȋȎȜȑ). ǚȖȎȔȌ ȔȏȎȂȐȀȋȋȈȒȓȄǾ ȓȀ ȂȎȌǾȃȈȀ ȏȎȔ 
ȒȖȄȓǾȅȎȌȓȀȈ ȋȄ ȓȎȌ ȉȀȐȉǾȌȎ ȒȜȋȕȘȌȀ ȋȄ ȓȆ ȁǻȒȆ ȃȄȃȎȋǼȌȘȌ COSMIC [208].  

MEB 

MEN  

EA 

OA  

MEB 

MEN  

EA 

MEB 

MEN  

OA  

MEB 

OA  

MOEA  

MEN  

OA  

MOEA  

RPA2  POLD1  XRCC1  POLQ UBE2N 

RPA1  LIG1  LIG3   

RPA3 HMGB1    
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7 ǢǩǯǫǯǣǩǪǯǩ ǤǥǩǪǳǥǲ 

7.1 ǢȈȎȃȄǾȉȓȄȑ ȂȈȀ ȓȆȌ ȀȌǻȃȄȈȍȆ ȓȆȑ ȏȐȎǼȊȄȔȒȆȑ ȁȊȀȁȝȌ DNA   

7.1.1 ǶȐǽȒȆ ȄȐȂȀȊȄǾȘȌ ȋȄȓȀ-ȀȌǻȊȔȒȆȑ ȂȈȀ ȓȆȌ ȄȜȐȄȒȆ ȔȏȀȐȉȓȝȌ ȉȀȈ ȌǼȘȌ 

ȁȈȎȃȄȈȉȓȝȌ ȁȊǻȁȆȑ DNA 

ǰȐȀȂȋȀȓȎȏȎȈǽȇȆȉȄ ȋǾȀ ȋȄȓȀ-ȀȌǻȊȔȒȆ, ȋȄ ȖȐǽȒȆ ȄȐȂȀȊȄǾȘȌ ȁȈȎȏȊȆȐȎȕȎȐȈȉǽȑ ȝȒȓȄ ȌȀ 

ȀȊȈȄȔȓȎȜȌ Ȁȏț ȓȆ ȁȈȁȊȈȎȂȐȀȕǾȀ ȓȀ ȂȎȌǾȃȈȀ ȄȉȄǾȌȀ ȓȘȌ ȎȏȎǾȘȌ ȎȈ ȉȘȃȈȉȎȏȎȈȎȜȋȄȌȄȑ 

ȏȐȘȓȄǠȌȄȑ ȋȏȎȐȎȜȌ ȌȀ ȕǼȐȎȔȌ ȏȊȆȐȎȕȎȐǾȀ ȂȈȀ ȓȆȌ ȏȐȎǼȊȄȔȒȆ ȓȘȌ ȁȊȀȁȝȌ DNA. 

ǨȄȘȐǽȒȀȋȄ ȓȐȄȈȑ ȉȀȓȆȂȎȐǾȄȑ ȂȈȀ ȓȈȑ ȎȏȎǾȄȑ ȗǻȍȀȋȄ: Ȁ) ȓȀ ȏȈȎ ȒȔȖȌǻ ȀȌȀȕȄȐȇǼȌȓȀ ȂȎȌǾȃȈȀ 

ȂȈȀ ȀȔȓǼȑ ȓȈȑ ȉȀȓȆȂȎȐǾȄȑ ȉȀȈ ȁ) ȓȀ ȂȎȌǾȃȈȀ ȂȈȀ ȓȆȌ ȀȏȎȉȊȄȈȒȓȈȉǽ ȀȌǾȖȌȄȔȒȆ ȓȆȑ 

ȏȐȎǼȊȄȔȒȆȑ ȏȎȔ ȀȏȎȓȄȊȎȜȌ ȉȀȈ ȓȆȌ ȏȐțȓȀȒǽ ȋȀȑ ȂȈȀ ȋȄȊȊȎȌȓȈȉǽ ȀȌǻȏȓȔȍȆ ȓǼȓȎȈȘȌ 

ȁȈȎȃȄȈȉȓȝȌ. 

ǢȀȒȈȅțȋȄȌȎȈ ȀȏȎȉȊȄȈȒȓȈȉǻ ȒȄ ǽȃȆ ȃȆȋȎȒȈȄȔȋǼȌȀ ȃȄȃȎȋǼȌȀ, ȏȀȐȎȔȒȈǻȅȎȔȋȄ ȏȐȎȓǻȒȄȈȑ ȂȈȀ 

ȏȈȇȀȌȎȜȑ ȁȈȎȃȄǾȉȓȄȑ ȏȐȎǼȊȄȔȒȆȑ ȁȊȀȁȝȌ DNA. ǳȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȒȄ ȃȜȎ 

ȏǾȌȀȉȄȑ. ǨȄȘȐǽȒȀȋȄ ȓȈȑ ȀȉțȊȎȔȇȄȑ ȓȐȄȈȑ ȉȜȐȈȄȑ ȉȀȓȆȂȎȐǾȄȑ ȒȀȌ ȀǾȓȈȀ ȓȆȑ ȁȊǻȁȆȑ ȓȎȔ 

DNA: Ȁ) ǼȉȇȄȒȆ ȒȄ ȈȎȌȓǾȅȎȔȒȄȑ ȀȉȓȈȌȎȁȎȊǾȄȑ, ȁ) ȜȏȀȐȍȆ ȎȍȄȈȃȘȓȈȉȎȜ ȒȓȐȄȑ ȉȀȈ Ȃ) ȒȓȐȄȑ 

ȀȌȓȈȂȐȀȕǽȑ (replication stress). ǲȓȎȌ ǰǾȌȀȉȀ 7-1  ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȄȉȄǾȌȀ ȓȀ ȂȎȌǾȃȈȀ ȓȀ 

ȎȏȎǾȀ ȒȓȆ ȁȈȁȊȈȎȂȐȀȕǾȀ ȄȋȕȀȌǾȅȎȌȓȀȈ ȒȔȖȌțȓȄȐȀ ȌȀ ȒȔȒȖȄȓǾȅȎȌȓȀȈ ȋȄ ȉǻȇȄ ȋǾȀ Ȁȏț ȓȈȑ 

ȓȐȄȈȑ ȏȐȎȀȌȀȕȄȐȇȄǾȒȄȑ ȉȀȓȆȂȎȐǾȄȑ. ǲȓȎȌ ǰǾȌȀȉȀ 7-2 ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȓȀ ȂȎȌǾȃȈȀ ȓȎȔ 

DDR (DNA d amage response) ȋȀȅǾ ȋȄ ȂȎȌǾȃȈȀ ȄȏȈȃȈțȐȇȘȒȆȑ (DNA repair) ȓȘȌ ȎȏȎǾȘȌ ȓȀ 

ȏȐȎșțȌȓȀ ȏȐȎȓȄǾȌȎȌȓȀȈ Șȑ ȃȔȌȆȓȈȉȎǾ çȀȏȎȉȊȄȈȒȓȈȉȎǾè ȁȈȎȃȄǾȉȓȄȑ ȂȈȀ ȓȆȌ ȀȌǾȖȌȄȔȒȆ 

ȉȀȇȄȌțȑ Ȁȏț ȓȀ ȓȐǾȀ ȄǾȃȆ ȒȓȐȄȑ. ǧ ȖȐǽȒȆ, ȊȎȈȏțȌ, ȓȘȌ ȂȎȌȈȃǾȘȌ ȏȎȔ ȀȌȀȕǼȐȎȌȓȀȈ ȒȓȎȌ 

ǰǾȌȀȉȀ 7-2 ȒȓȎȖȄȜȄȈ ȒȓȆȌ ȀȌȀȂȌȝȐȈȒȆ ȓȆȑ ȀȈȓǾȀȑ ȓȘȌ ȁȊȀȁȝȌ DNA ȋǼȒȘ ȓȆȑ ȀȏțȉȐȈȒȆȑ 

ȒȓȆ ȁȊǻȁȆ ȏȎȔ ȄȉȉȈȌǽȇȆȉȄ.  

ǥȏȎȋǼȌȘȑ, ȓȀ ȂȎȌǾȃȈȀ ȏȎȔ ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȒȓȎȌ ǰǾȌȀȉȀ 7-1 ȄȌȃǼȖȄȓȀȈ ȌȀ ȒȔȋȋȄȓǼȖȎȔȌ 

ȒȄ ȏȄȐȈȒȒțȓȄȐȀ ȓȎȔ ȄȌțȑ DDR ȋȎȌȎȏǻȓȈȀ ǽ ȒȄ ȏȄȐȈȒȒțȓȄȐȄȑ ȓȆȑ ȋȈȀȑ ȀȈȓǾȄȑ ȏȎȔ 

ȏȐȎȍǼȌȆȒȀȌ ȓȆ ȁȊǻȁȆ ȒȓȎ DNA, ȒȄ ȀȌȓǾȇȄȒȆ ȋȄ ȓȀ ȂȎȌǾȃȈȀ ȓȎȔ ǰǾȌȀȉȀ 7-2  țȏȎȔ ȉǻȇȄ 

ȂȎȌǾȃȈȎ ǼȖȄȈ ȉȀȓȀȖȘȐȈȒȇȄǾ ȒȓȆȌ ȉǻȇȄ ȉȀȓȆȂȎȐǾȀ ȋȄ ȒȖȄȓȈȉǽ ȁȄȁȀȈțȓȆȓȀ. ǧ ȖȐǽȒȆ ȓȘȌ 

ȂȎȌȈȃǾȘȌ ȓȎȔ ǰǾȌȀȉȀ 7-1 ȀȏȎȓȄȊȄǾ ȋȈȀ ȂȄȌȈȉǽ ȏȐțȓȀȒȆ ȂȎȌȈȃǾȘȌ ȂȈȀ ȓȆȌ ȄȏȈȁȄȁȀǾȘȒȆ 

ȀȊȊǻ ȉȀȈ ȂȈȀ ȓȆȌ ȏȎȒȎȓȈȉȎȏȎǾȆȒȆ ȓȆȑ ǼȉȇȄȒȆȑ, țȓȀȌ ȓȎ ȄǾȃȎȑ ȓȆȑ ǼȉȇȄȒȆȑ ȄǾȌȀȈ ȂȌȘȒȓț, 

ȄȌȝ Ȏ ǰǾȌȀȉȀȑ 7-2 ȕȈȊȎȃȎȍȄǾ ȌȀ ȀȌȈȖȌȄȜȄȈ ȓȎ ȄǾȃȎȑ ȓȆȑ ǼȉȇȄȒȆȑ. ǣȈȀ ȌȀ ȏȐȎȒȃȈȎȐȈȒȓȎȜȌ 

ȓȀ ȂȎȌǾȃȈȀ ȏȎȔ ȀȏȎȓȄȊȎȜȌ ȓȎȔȑ ȃȜȎ ȏǾȌȀȉȄȑ ȄȉȓȄȊǼȒȓȆȉȀȌ ȃȜȎ ȀȌȄȍǻȐȓȆȓȄȑ ȋȄȇȎȃȎȊȎȂǾȄȑ 

ȀȊǾȄȔȒȆȑ.  
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ǡȐȖȈȉǻ, ȖȐȆȒȈȋȎȏȎȈǽȇȆȉȄ Ȇ ȏȊȀȓȕțȐȋȀ GLAD4U (Gene List Automatically Derived For 

You) [209], Ȇ ȎȏȎǾȀ ȄǾȌȀȈ ǼȌȀ ȄȐȂȀȊȄǾȎ ȏȎȔ çȀȊȈȄȜȄȈè ȂȎȌǾȃȈȀ Ȁȏț ȓȀ ȃȆȋȎȒȈȄȔȋǼȌȀ ǻȐȇȐȀ 

ȒȓȎ PubMed29, ȓȎȔ NCBI30. ǧ GLAD4U ȀȕȎȜ ȒȔȊȊǼȍȄȈ ȓȎ ȒȖȄȓȈȉǻ ȋȄ ȓȎ ȊǽȋȋȀ ǻȐȇȐȀ, 

ȋǼȒȘ ȄȌțȑ ȀȊȂȎȐǾȇȋȎȔ, ȀȊȈȄȜȄȈ ȓȀ ȏȈȎ ȒȖȄȓȈȉǻ ȂȎȌǾȃȈȀ ȏȎȔ ȀȕȎȐȎȜȌ ȒȓȎ ȊǽȋȋȀ ȏȎȔ 

ȅȆȓǽȇȆȉȄ Ȁȏț ȓȎȌ ȖȐǽȒȓȆ, ȉȀȈ ȂȈȀ ȉǻȇȄ ȂȎȌǾȃȈȎ ȏȀȐǼȖȄȈ ȉȀȈ ȉǻȏȎȈȎ ȒȉȎȐ, ȓȎ ȎȏȎǾȎ 

ȄȉȕȐǻȅȄȈ ȓȎ ȁȀȇȋț ȒȔȒȖǼȓȈȒȆȑ ȓȎȔ ȉǻȇȄ ȂȎȌȈȃǾȎȔ ȋȄ ȓȎ ȊǽȋȋȀ ȏȎȔ ȅȆȓǽȇȆȉȄ.  

 

ǰǾȌȀȉȀȑ 7-1: ǣȎȌǾȃȈȀ ȏȎȔ ȀȏȀȌȓȝȌȓȀȈ ȒȔȖȌțȓȄȐȀ ȒȓȆ ȁȈȁȊȈȎȂȐȀȕǾȀ ȂȈȀ ȓȎȌ ȏȐȎȒȃȈȎȐȈȒȋț ȓȆȑ ǼȉȇȄȒȆȑ 
ȒȄ ȈȎȌȓǾȅȎȔȒȀ ȀȉȓȈȌȎȁȎȊǾȀ, ȓȎ ȕȀȈȌțȋȄȌȎ ȓȎȔ ȎȍȄȈȃȘȓȈȉȎȜ ȒȓȐȄȑ ȉȀȈ ȓȆȑ ȜȏȀȐȍȆȑ ȒȓȐȄȑ ȀȌȓȈȂȐȀȕǽȑ. 

ǩȎȌȓǾȅȎȔȒȀ ȀȉȓȈȌȎȁȎȊǾȀ 
 ǯȍȄȈȃȘȓȈȉț 

ȒȓȐȄȑ 

 ǲȓȐȄȑ  

ȀȌȓȈȂȐȀȕǽȑ 

ǲȉȎȐ ȂȎȌǾȃȈȎ ȒȉȎȐ ȂȎȌǾȃȈȎ ȒȉȎȐ ȂȎȌǾȃȈȎ  ȒȉȎȐ ȂȎȌǾȃȈȎ  ȒȉȎȐ ȂȎȌǾȃȈȎ 

194.8 ATM  31.8 ERCC5 15.5 RAD9A  127.8 OGG1  113.6 ATR 

87.5 DDB2 29.9 XRCC6 14.5 FANCD2  43.7 APEX1  48.3 CHEK1 

79.3 TP53 29.9 TP53BP1 14.4 RNF8  29.2 SOD2  42.5 ATM  

73.5 H2AFX 29.4 ERCC2 14.2 RAD51B  28.1 PARP1  32.4 CLSPN 

71.7 NBN 29.0 XRCC3 14.2 CDKN1A  27.3 ATM   29.0 ATRIP 

71.2 PRKDC 29.0 XRCC5 13.8 BARD1  23.7 GSTM1  23.8 RPA1 

56.5 ATR 27.3 XRCC4 13.6 NTHL1  23.3 XRCC1  20.8 RPA2 

55.2 CHEK2 23.5 APEX1 13.6 CDC25C  18.7 CAT  17.0 H2AFX 

54.6 MRE11A 22.8 DCLRE1C 13.4 XRCC2  18.5 GSTT1  15.6 SMARCAL1 

53.8 BRCA1 22.1 RAD18 13.3 NHEJ1  17.9 GPX1  14.3 BLM 

52.8 XRCC1 21.1 OGG1 13.3 BRCA2  17.0 ERCC6  14.0 RAD17 

52.7 CHEK1 19.5 CDC25A 13.0 ATRIP 
  

16.8 NFE2L2  13.7 WRN 

52.3 RAD51 19.5 RAD52 12.8 ERCC1 
  

15.7 ERCC2  11.4 CDC25A 

51.1 XPA 19.1 ERCC8 12.5 LIG4 
  

13.9 NUDT1  10.5 RAD9A 

50.3 DDB1 18.4 ERCC4 12.0 POLD1 
  

12.5 NEIL1  10.3 FANCM 

47.1 PCNA 18.2 CUL4A 11.8 PNKP 
  

11.4 WRN  10.3 NBN 

44.9 XPC 17.9 ERCC3 11.5 KAT5 
  

11.0 MUTYH     

39.8 ERCC6 16.7 UIMC1 11.4 MDM2  
  

10.8 TP53    

39.6 RAD50 16.5 RPA1 10.4 PPM1D 
  

      

37.6 MDC1 16.4 PARP1 10.2 ABL1 
  

      

32.2 POLH 16.0 RPA2   
  

     

 

ǲȔȂȉȄȉȐȈȋǼȌȀ ȂȈȀ ȓȎȌ ȏȐȎȒȃȈȎȐȈȒȋț ȓȘȌ ȂȎȌȈȃǾȘȌ ȓȎȔ DDR ȏȎȔ ȒȖȄȓǾȅȎȌȓȀȈ ȋȄ ȓȎ 

ȎȍȄȈȃȘȓȈȉț ȒȓȐȄȑ ȄȈȒǽȖȇȆȒȀȌ ȓȀ ȊǽȋȋȀȓȀ òoxidative stress and DNA repair", òDNA repair 

                                                      

29  PubMed : ȋȆȖȀȌǽ ȀȌȀȅǽȓȆȒȆȑ ȏȎȔ ȀȌȀȓȐǼȖȄȈ ȉȔȐǾȘȑ ȓȆ ȁǻȒȆ ȃȄȃȎȋǼȌȘȌ MEDLINE ȂȈȀ 
ȀȌȀȕȎȐǼȑ ȉȀȈ ȏȄȐȈȊǽȗȄȈȑ ǻȐȇȐȘȌ.  
30  NCBI: Natio nal Center of Biotechnology Information, ȋǾȀ (ȔȏȄȐ-) ȁǻȒȆ ȃȄȃȎȋǼȌȘȌ ȏȎȔ 
ȄȌȓǻȒȒȄȓȀȈ ȒȓȎ National Institutes of Health ȓȘȌ ǧǰǡ.  
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and oxidative stressó ȉȀȈ òoxidative stress and DDRó. ǪȐȀȓǽȒȀȋȄ ȋțȌȎ ȓȀ ȂȎȌǾȃȈȀ ȄȉȄǾȌȀ 

ȏȎȔ ȄǾȖȀȌ ȒȉȎȐ ȋȄȂȀȊȜȓȄȐȎ Ȁȏț 10, țȏȘȑ ȏȐȎǼȉȔȏȓȄ Ȁȏț ȓȆȌ GLAD4U. ǳȎ ȒȉȎȐ ȎȐǾȅȄȓȀȈ 

Șȑ ȓȎȌ ȀȐȌȆȓȈȉț ȃȄȉȀȃȈȉț ȊȎȂǻȐȈȇȋȎ ȓȆȑ ȓȈȋǽȑ òpó ȓȆȑ ȔȏȄȐȂȄȘȋȄȓȐȈȉǽȑ ȉȀȓȀȌȎȋǽȑ. 

ǡȌȓǾȒȓȎȈȖȀ ȂȈȀ ȓȀ ǻȊȊȀ ȃȜȎ ȄǾȖȀȋȄ ȓȀ ȀȉțȊȎȔȇȀ ȊǽȋȋȀȓȀ: òionizing radiation and DNA 

repairó, òDNA repair and ionizing radiationó ȉȀȈ òionizing radiation and DDRó, 

òreplication stress and DNA repairó, òDNA repair and replication stressó ȉȀȈ òreplication 

stress and DDRó. ǥȈȃȈȉțȓȄȐȀ ȂȈȀ ȓȎ ȒȓȐȄȑ ȀȌȓȈȂȐȀȕǽȑ ȖȐȆȒȈȋȎȏȎȈǽȇȆȉȄ ȉȀȈ Ȇ ȁȈȁȊȈȎȇǽȉȆ 

PANTHER [210]. ǰȀȐȀȓǾȇȄȌȓȀȈ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȒȓȎȌ ǰǾȌȀȉȀ 7-1. 

 

ǰǾȌȀȉȀȑ 7-2: ǣȎȌǾȃȈȀ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȎȔ DNA ȏȎȔ ȋȏȎȐȎȜȌ ȌȀ ȀȍȈȎȏȎȈȆȇȎȜȌ ȂȈȀ ȓȎȌ ȄȌȓȎȏȈȒȋț ȓȆȑ 
ǼȉȇȄȒȆȑ ȒȄ ȈȎȌȓǾȅȎȔȒȀ ȀȉȓȈȌȎȁȎȊǾȀ, ȜȏȀȐȍȆ ȎȍȄȈȃȘȓȈȉȎȜ ȒȓȐȄȑ ǽ ȓȆȑ ȓȎȔ ȒȓȐȄȑ ȏȎȔ ȏȐȎȉȀȊȄǾȓȀȈ ȉȀȓǻ 
ȓȆȌ ȀȌȓȈȂȐȀȕǽ ȓȎȔ DNA. 

Response to  
ionizing radiation  

Response to  
oxidative stress  

DNA  
replication stress  

FAM175A PSEN1 POLE3 

BRE  RECQL5 

BABAM1  IGHMBP2 

UIMC1  POLG2 

NABP2  RFC2 

NABP1  RFC4 

EYA3  RFC3 

EYA1  RFC5 

BRCC3  RFA1 

INIP  RFA3 

INTS3  RFA2 

RNF8  INO80E 

RNF168  RNASEH2A 

C10orf90  ATR 

RFWD3  RBM14 

AEN  CDK2 

USP28   

BRSK1   

PAXIP1   

 

ǲȓȎ ǰȀȐǻȐȓȆȋȀ ǣ1 ȓȆȑ ȃȈȀȓȐȈȁǽȑ ȔȏǻȐȖȎȔȌ ȏȄȐȈȒȒțȓȄȐȄȑ ȊȄȏȓȎȋǼȐȄȈȄȑ ȂȈȀ ȓȆȌ ȏȀȐȎȜȒȀ 

ȀȌǻȊȔȒȆ. 

ǣȈȀ ȓȎȌ ȏȐȎȒȃȈȎȐȈȒȋț ȓȘȌ ȂȎȌȈȃǾȘȌ ȏȎȔ ȀȏȎȓȄȊȎȜȌ ȓȆȌ ȏȐțȓȀȒǽ ȋȀȑ Șȑ ȁȈȎȃȄǾȉȓȄȑ ȂȈȀ 

ȓȆȌ ȀȏȎȉȊȄȈȒȓȈȉǽ ȀȌǾȖȌȄȔȒȆ ȓȆȑ ȀȈȓǾȀȑ ȓȎȔ ȒȓȐȄȑ ȓȎȔ DNA, Ȅȉȓțȑ Ȁȏț ȓȆȌ ȏȐȎȆȂȎȜȋȄȌȆ 

ȀȌǻȊȔȒȆ, ȏȐȀȂȋȀȓȎȏȎȈǽȇȆȉȄ ȉȀȈ Ȇ ȀȉțȊȎȔȇȆ.  
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ǶȐȆȒȈȋȎȏȎȈȝȌȓȀȑ ȓȎ ȄȐȂȀȊȄǾȎ AmiGO2 ȓȆȑ ȋȆȖȀȌǽȑ ȀȌȀȅǽȓȆȒȆȑ Gene Ontology 

Consortium [205] ȇǼȓȎȌȓȀȑ ȓȀ ȉȀȓǻȊȊȆȊȀ ȕǾȊȓȐȀ ȏȐȎȒȃȈȎȐǾȒȀȋȄ ȄȏȈȏȊǼȎȌ ȂȎȌǾȃȈȀ ȒȖȄȓȈȉǻ 

ȋȄ ȓȎ ȄȐȝȓȆȋȀ. ǳȀ ȂȎȌǾȃȈȀ ȏȎȔ ȏȐȎǼȉȔȗȀȌ ȄȊǼȂȖȇȆȉȀȌ ȋȄ ȓȎ ȄȐȂȀȊȄǾȎ BioVenn [211] ȒȄ 

țȊȎȔȑ ȓȎȔȑ ȒȔȌȃȔȀȒȋȎȜȑ ȋȄ ȓȈȑ ǻȊȊȄȑ ȃȔȎ ȉȀȓȆȂȎȐǾȄȑ ȉȀȈ ȄȏǾȒȆȑ ȋȄ ȓȀ ȀȌȓǾȒȓȎȈȖȀ ȂȎȌǾȃȈȀ 

ȏȎȔ ȏȐȎǼȉȔȗȀȌ Ȁȏț ȓȆȌ ȏȐȎȆȂȎȜȋȄȌȆ ȀȌǻȊȔȒȆ ȋȄ ȓȎ GLAD4U ȉȀȈ ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȒȓȎȌ 

ǰǾȌȀȉȀ 7-1. ǣȈȀ ȓȆ ȃȆȋȈȎȔȐȂǾȀ ȓȎȔ ǰǾȌȀȉȀ 7-2 ȉȐȀȓǽȒȀȋȄ ȋțȌȎ ȓȀ ȋȎȌȀȃȈȉǻ ȂȎȌǾȃȈȀ ȂȈȀ 

ȓȆȌ ȉǻȇȄ ȉȀȓȆȂȎȐǾȀ.  

 

7.1.2 ǥȏȀȊǽȇȄȔȒȆ ȓȘȌ ȀȏȎȓȄȊȄȒȋǻȓȘȌ ȓȆȑ ȋȄȓȀ-ȀȌǻȊȔȒȆȑ ȋȄ ȍȄȖȘȐȈȒȓǽ, ȋȆ 

ȓȔȏȎȏȎȈȆȋǼȌȆ ȀȌȀȅǽȓȆȒȆ (manual searching)  

ǣȈȀ ȌȀ ȄȌȈȒȖȔȇȄǾ Ȇ ȒȆȋȀȌȓȈȉțȓȆȓȀ ȓȘȌ ȀȏȎȓȄȊȄȒȋǻȓȘȌ ȏȎȔ ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȒȓȎȌ ǰǾȌȀȉȀ 

7-2, ǼȂȈȌȀȌ ȄȏȈȏȊǼȎȌ ǼȊȄȂȖȎȈ ȖȐȆȒȈȋȎȏȎȈȝȌȓȀȑ ȉȀȈ ǻȊȊȄȑ ȋȆȖȀȌǼȑ ȀȌȀȅǽȓȆȒȆȑ ȒȄ ȁǻȒȄȈȑ 

ȃȄȃȎȋǼȌȘȌ țȏȘȑ ȓȎ Quertle [212], ȓȎ GeneCards [213], ȓȎ Uniprot [214], ȓȎ EntrezGene  [215] 

ȉȀȈ ȓȎ PANTHER [216, 217]. ǥȊǼȂȖȇȆȉȀȌ ȒȓȎ Quertle ǼȌȀ ȏȐȎȑ ǼȌȀ ȓȀ ȂȎȌǾȃȈȀ ȓȆȑ ȉǻȇȄ 

ȒȓǽȊȆȑ ȓȎȔ ǰǾȌȀȉȀ 7-2, ȂȈȀ ȏȈȇȀȌȎȜȑ ȒȔȒȖȄȓȈȒȋȎȜȑ ȋȄ ȓȈȑ ǻȊȊȄȑ ȃȜȎ ȉȀȓȆȂȎȐǾȄȑ, ȂȈȀ 

ȏȀȐǻȃȄȈȂȋȀ, ȓȀ ȂȎȌǾȃȈȀ ȓȆȑ ȏȐȝȓȆȑ ȒȓǽȊȆȑ ȄȊǼȂȖȇȆȉȀȌ ȒȄ ȒȔȌȃȔȀȒȋț ȋȄ ȓȎȔȑ țȐȎȔȑ 

çoxidative stressè ȉȀȈ ȉȀȓțȏȈȌ çreplication stressè. ǡȌȓǾȒȓȎȈȖȎȈ ǼȊȄȂȖȎȈ ǼȂȈȌȀȌ ȉȀȈ ȂȈȀ ȓȀ 

ȔȏțȊȎȈȏȀ ȂȎȌǾȃȈȀ. ǯ ǼȊȄȂȖȎȑ ȀȔȓțȑ ȃȄȌ ǼȃȄȈȍȄ ȉȀȋǾȀ ȀȊȊȆȊȎȉǻȊȔȗȆ ȋȄȓȀȍȜ ȓȘȌ ȂȎȌȈȃǾȘȌ 

ȓȆȑ ȉǻȇȄ ȉȀȓȆȂȎȐǾȀȑ. ǥȏȎȋǼȌȘȑ Ȏ ǼȊȄȂȖȎȑ ȀȔȓțȑ ȈȒȖȔȐȎȏȎǾȆȒȄ ȓȆȌ ǼȌȌȎȈȀ ȓȆȑ 

çȋȎȌȀȃȈȉțȓȆȓȀȑè ȓȘȌ ȁȈȎȃȄȈȉȓȝȌ ȀȔȓȝȌ. ǷǻȖȌȎȌȓȀȑ ȒȓȈȑ ȁǻȒȄȈȑ ȃȄȃȎȋǼȌȘȌ ȏȎȔ ȋțȊȈȑ 

ȀȌȀȕǼȐȇȆȉȀȌ ȒȔȂȉȄȌȓȐȝȒȀȋȄ ȏȊȆȐȎȕȎȐǾȄȑ ȂȈȀ ȓȀ ȂȎȌǾȃȈȀ ȏȎȔ ȀȊȈȄȜȒȀȋȄ ȋȄ ȓȆȌ 

ȏȐȎȆȂȆȇȄǾȒȀ ȀȌǻȊȔȒȆ.  
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7.1.3 ǢȈȎȃȄǾȉȓȄȑ ȓȆȑ ǼȉȇȄȒȆȑ ȒȄ ȈȎȌȓǾȅȎȔȒȀ ȀȉȓȈȌȎȁȎȊǾȀ 

FAM175A31, BRE32, BRCC333, BABAM1 34 ȉȀȈ UIMC1 35: ǢȐǾȒȉȎȌȓȀȈ țȊȀ ȒȄ ȃȈȀȕȎȐȄȓȈȉǻ 

ȖȐȘȋȎȒȝȋȀȓȀ, ȓȀ ȏȐȎșțȌȓȀ ȓȎȔȑ țȋȘȑ, ȃȆȊȀȃǽ ȎȈ ȏȐȘȓȄǠȌȄȑ ȏȎȔ ȉȘȃȈȉȎȏȎȈȎȜȌ ȀȌǽȉȎȔȌ 

ȒȓȎ ȒȜȋȏȊȎȉȎ BRCA1A ȏȎȔ ȋȄȓǼȖȄȈ ȒȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ǤǪǨ. ǳȎ ȒȜȋȏȊȎȉȎ ȀȔȓț 

ȀȌȀȂȌȘȐǾȅȄȈ ȄȈȃȈȉǻ ȓȈȑ ȈȒȓțȌȄȑ H2A ȉȀȈ ǧ2ǡǶ ȏȎȔ ǼȖȎȔȌ ȔȏȎȒȓȄǾ ȎȔȁȈȉȈȓǾȌȘȒȆ, ȋȄ ȓȆȌ 

ȎȔȁȈȉȈȓǾȌȆ ȌȀ ȄǾȌȀȈ ȒȔȌȃȄȃȄȋǼȌȆ ȋȄ ȓȈȑ ȈȒȓțȌȄȑ ȋǼȒȘ ȓȆȑ Lys-63. ǯȈ ȎȔȁȈȉȈȓȈȌȈȘȋǼȌȄȑ ȀȔȓǼȑ 

ȈȒȓțȌȄȑ ȁȐǾȒȉȎȌȓȀȈ ȒȓȆȌ ȏȄȐȈȎȖǽ ȓȆȑ ȁȊǻȁȆȑ DNA, ȉȀȈ Ȇ ȀȌȀȂȌȝȐȈȒǽ ȓȎȔȑ Ȁȏț ȓȎ 

ȒȜȋȏȊȎȉȎ BRCA1A ȎȃȆȂȄǾ ȒȓȆ ȒȓțȖȄȔȒȆ ȓȎȜ ȄȓȄȐȎȃȈȋȄȐȎȜȑ BRCA136-BARD1 37 ȒȓȆȌ 

ȏȄȐȈȎȖǽ ȓȆȑ ǤǪǨ. ǳȎ ȄȓȄȐȎȃȈȋȄȐǼȑ ȀȔȓț ȋȄ ȓȆ ȒȄȈȐǻ ȓȎȔ ȒȔȌȓȎȌǾȅȄȈ ǼȌȀ ȄȔȐȜ ȕǻȒȋȀ 

ȉȔȓȓȀȐȈȉȝȌ ȎȃȝȌ, ȋȄȓȀȍȜ ȓȘȌ ȎȏȎǾȘȌ ȉȀȈ Ȇ ȄȏȈȒȉȄȔǽ ȓȘȌ ǤǪǨ. ǳȎ ȒȜȋȏȊȎȉȎ BRCA1A 

ȒȔȋȋȄȓǼȖȄȈ ȉȀȈ ȒȓȎ ȒȆȋȄǾȎ ȄȊǼȂȖȎȔ G2 ȓȎȔ DNA, ȉȀȈ ȄȈȃȈȉȝȑ ǼȖȄȈ ȁȐȄȇȄǾ ȒȓȆȌ ȀȏțȉȐȈȒȆ 

ȒȓȈȑ ȀȉȓǾȌȄȑ-Ƕ. 

 

 

NABP138 ȉȀȈ NABP239: ǥǾȌȀȈ ȒȔȒȓȀȓȈȉǻ ȓȎȔ ȒȔȋȏȊțȉȎȔ SOSS40, ȄȌțȑ ȏȎȊȔ-ȏȐȘȓȄșȌȈȉȎȜ 

ȒȔȋȏȊțȉȎȔ ȓȎ ȎȏȎǾȎ ȃȐȀ ȋȄȓǻ Ȁȏț ȓȎ ȒȜȋȏȊȎȉȎ MRN41, ȏȐȎǻȂȎȌȓȀȑ ȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ 

DNA ȉȀȈ ȓȎ ȒȆȋȄǾȎ ȄȊǼȂȖȎȔ G2/M. ǯ ȐțȊȎȑ ȓȘȌ ȏȐȘȓȄșȌȝȌ ȀȔȓȝȌ ȄȌȓțȑ ȓȎȔ ȒȔȋȏȊțȉȎȔ 

                                                      

31  FAM175A: Family With Sequence Similarity 175 Member A [218]  
32  BRE: Brain And Reproductive Organ -Expressed [219] 
33  BRCC3: BRCA1/BRCA2 -Containing Complex Subunit 3  [220] 
34  BABAM1 : BRISC And BRCA1 A Complex Member 1 [221]  
35  UIMC1 : Ubiquitin Interaction Motif Containing 1  [222] 
36  BRCA1: Breast Cancer 1 [223]   
37  BARD1: BRCA1 Associated RING Domain 1 [224] 
38  NABP1: Nucleic Acid Binding Protein 1 [225] 
39  NABP2: Nucleic Acid Binding Protein 2 [226]  
40  ȒȜȋȏȊȎȉȎ SOSS: sensor of ssDNA, ȀȏȎȓȄȊȄǾȓȀȈ Ȁȏț ȓȈȑ ȏȐȘȓȄǠȌȄȑ SNU13, NBN, PPP2CA, 
IGBP1, INTS3, NABP1, NABP2, INIP. 
41ȒȜȋȏȊȎȉȎ MRN : ȀȏȎȓȄȊȄǾȓȀȈ Ȁȏț ȓȈȑ ȏȐȘȓȄǠȌȄȑ MRE11-RAD50-NBN . ǲȔȋȋȄȓǼȖȄȈ ȒȓȆȌ 
ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ǤǪǨ, ȒȓȎȌ ȀȌȀȒȔȌȃȔȀȒȋț ȓȎȔ DNA, ȒȓȆ ȃȈȀȓǽȐȆȒȆ ȓȆȑ ȀȉȄȐȀȈțȓȆȓȀȑ ȓȘȌ 
ȓȄȊȎȋȄȐȝȌ, ȒȓȀ ȒȆȋȄǾȀ ȄȊǼȂȖȎȔ ȓȎȔ ȉȔȓȓȀȐȈȉȎȜ ȉȜȉȊȎȔ ȉȀȈ ȒȓȆ ȋȄǾȘȒȆ [227]. 
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SOSS ȄǾȌȀȈ ȌȀ ȃȐȎȔȌ Șȑ ȀȈȒȇȆȓǽȐȄȑ ȓȘȌ ȋȎȌțȉȊȘȌȘȌ ǻȉȐȘȌ ȓȎȔ DNA ȉȀȈ ȌȀ 

ȏȐȎȒȃǼȌȎȌȓȀȈ ȒȄ ȀȔȓǻ ȉȀȈ ȈȃȈȀȈȓǼȐȘȑ ȒȓȈȑ ȏȎȊȔȏȔȐȈȋȈȃǾȌȄȑ. ǳȎ ȒȜȋȏȊȎȉȎ SOSS ȒȔȌȃǼȄȓȀȈ 

ȋȄ ȓȈȑ ȁȊǻȁȄȑ ȓȎȔ DNA ȉȀȈ ȄȏȆȐȄǻȅȄȈ ȏȎȈȉǾȊȄȑ ȀȏȎȉȐǾȒȄȈȑ ȒȓȈȑ ȁȊǻȁȄȑ, țȏȘȑ Ȇ 

ȄȌȄȐȂȎȏȎǾȆȒȆ ȓȎȔ ȒȆȋȄǾȎȔ ȄȊǼȂȖȎȔ ȓȎȔ ȉȔȓȓȀȐȈȉȎȜ ȉȜȉȊȎȔ, ȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȋȄ ȖȐǽȒȆ 

ȀȌȀȒȔȌȃȔȀȒȋȎȜ (recombinational repair) ȉȀȈ ȓȆ ȃȈȀȓǽȐȆȒȆ ȓȆȑ ȂȎȌȈȃȈȘȋȀȓȈȉǽȑ 

ȒȓȀȇȄȐțȓȆȓȀȑ. ǡȏȀȈȓȄǾȓȀȈ ȂȈȀ ȓȆ ȊȄȈȓȎȔȐȂǾȀ ȓȎȔ ǯȋțȊȎȂȎȔ ǡȌȀȒȔȌȃȔȀȒȋȎȜ ȉȀȈ ȂȈȀ ȓȀ 

ȒȆȋȀȓȎȃȎȓȈȉǻ ȋȎȌȎȏǻȓȈȀ, ȓȀ ȄȍȀȐȓȝȋȄȌȀ Ȁȏț ȓȆȌ ȏȐȘȓȄǠȌȆ ǡǳǬ42 [213].  

7.1.4 ǢȈȎȃȄǾȉȓȆȑ ȓȆȑ ǼȉȇȄȒȆȑ ȒȄ ȎȍȄȈȃȘȓȈȉț ȒȓȐȄȑ 

PSEN1: ǚȉȏȊȆȍȆ ȏȐȎȉȀȊȄǾ Ȇ ȏȀȐȎȔȒǾȀ ȄȌțȑ ȋțȌȎ ȂȎȌȈȃǾȎȔ ȂȈȀ ȓȆȌ ȀȌǾȖȌȄȔȒȆ 

ȎȍȄȈȃȘȓȈȉȎȜ ȒȓȐȄȑ. ǡȏț ȓȀ ȃȈȀȃȎȖȈȉǻ ȕȈȊȓȐȀȐǾȒȋȀȓȀ ȏȀȐǼȋȄȈȌȄ ȋțȌȎ ȓȎ PSEN1 Șȑ 

ȏȐȎȓȄȈȌțȋȄȌȎȑ ȀȏȎȉȊȄȈȒȓȈȉțȑ ȁȈȎȃȄǾȉȓȆȑ ȂȈȀ ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȓȎȔ ȎȍȄȈȃȘȓȈȉȎȜ ȒȓȐȄȑ. ǡȔȓț 

ȄȐȋȆȌȄȜȄȓȀȈ Ȁȏț ȓȎȌ ȉȔȐǾȀȐȖȎ ȐțȊȎ ȏȎȔ ǼȖȄȈ ȓȎ ȎȍȄȈȃȘȓȈȉț ȒȓȐȄȑ ȒȓȈȑ ȄȏȈȏȓȝȒȄȈȑ ȓȆȑ 

ȄȉȇǼȒȄȘȑ ȒȄ ȈȎȌȓǾȅȎȔȒȄȑ ȀȉȓȈȌȎȁȎȊǾȄȑ. ǳȎ ȂȎȌǾȃȈȎ PSEN143 ȀȌǽȉȄȈ ȒȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȎȔ 

DNA  ȉȀȈ ȄȈȃȈȉǻ ȒȓȆ ȁȊǻȁȆ ȏȎȔ ȏȐȎȉȀȊȄǾȓȀȈ Ȁȏț ȄȏȀȂȘȂȄǾȑ ȓȎȔ ȎȍȄȈȃȘȓȈȉȎȜ ȒȓȐȄȑ, țȏȘȑ 

ȓȆȌ ȔȏȎȍȄǾȀ [228]. ǧ ȉȘȃȈȉȎȏȎȈȎȜȋȄȌȆ Ȁȏț ȓȎ ȂȎȌǾȃȈȎ ȀȔȓț ȏȐȘȓȄǠȌȆ ȀȌǽȉȄȈ ȒȓȎ 

ȒȜȋȏȊȎȉȎ ȓȆȑ ȄȉȉȐȈȓǻȒȆȑ ðȂ (gamma secretase complex), ȓȎ ȎȏȎǾȎ ȄǾȌȀȈ ǼȌȀ ȒȔȒȓȀȓȈȉț 

ȓȎȔ ȉȔȓȓǻȐȎȔ. ǧ ȄȉȉȐȈȓǻȒȆ ðȂ ȄǾȌȀȈ ȄȉȉȀȇȀȐȈȒȓǽȑ ȃȈǻȕȎȐȘȌ ȃȈȀȋȄȋȁȐȀȌȈȉȝȌ ȏȐȘȓȄșȌȝȌ, 

ȒȔȋȏȄȐȈȊȀȋȁȀȌȎȋǼȌȘȌ ȉȀȈ ȓȎȔ ȔȏȎȃȎȖǼȀ Notch  ȉȀȈ ȓȆȑ ȏȐțȃȐȎȋȆȑ ȏȐȘȓȄǠȌȆȑ ȓȎȔ ȁ-

ȀȋȔȊȎȄȈȃȎȜȑ (beta-amyloid  precursor protein ). H Presenilin ȒȔȋȋȄȓǼȖȄȈ ȉȀȈ ȒȓȈȑ 

ȋȄȓȀȁȎȊȈȉǼȑ ȃȈȄȐȂȀȒǾȄȑ, ǼȖȎȌȓȀȑ ȎȍȄȈȃȎȀȌȀȂȘȂȈȉǽ ȃȐǻȒȆ. ǧ PSEN1 ȀȊȊȆȊȄȏȈȃȐǻ 

ȄȏȈȊȄȉȓȈȉǻ ȉȀȈ ȋȆ-ȎȋȎȈȎȏȎȊȈȉǻ ȋȄ ȓȎ ǯȍȔȂțȌȎ. ǧ ȃȈȄȐȄȜȌȆȒȆ ȋǼȒȘ ȓȎȔ Quertle [212], ȓȎ 

ȎȏȎǾȎ ȏȀȐǼȖȄȈ ȒȔȒȖȄȓȈȒȋǼȌȀ ȀȏȎȓȄȊǼȒȋȀȓȀ (text mining ) ȃȄȌ ǼȕȄȐȄ ȉǻȏȎȈȎ ȀȏȎȓǼȊȄȒȋȀ 

ȏȎȔ ȌȀ ȒȔȒȖȄȓǾȅȄȈ ȓȆ ȃȐǻȒȆ ȀȔȓǽȑ ȓȆȑ ȏȐȘȓȄǠȌȆȑ ȋȄ ȓȆȌ ȈȎȌȓǾȅȎȔȒȀ ȀȉȓȈȌȎȁȎȊǾȀ ǽ ȓȎ ȒȓȐȄȑ 

ȏȎȔ ȏȐȎȉȀȊȄǾȓȀȈ ȉȀȓǻ ȓȆȌ ȀȌȓȈȂȐȀȕǽ ȓȎȔ DNA . ǲȔȌȎȗǾȅȎȌȓȀȑ, Ȇ ȏȐȘȓȄǠȌȆ ȏȎȔ 

ȉȘȃȈȉȎȏȎȈȄǾ ȓȎ ȂȎȌǾȃȈȎ PSEN1 ȒȖȄȓǾȅȄȓȀȈ ȋȄ ȓȆ ȋȄȓȀȂȘȂǽ ȒǽȋȀȓȎȑ, ȒȄ ȀȏțȉȐȈȒȆ ȒȓȈȑ 

ȁȊǻȁȄȑ DNA  ȉȀȈ ȋȄ ȓȆȌ ȄȌȄȐȂȎȏȎǾȆȒȆ ȓȆȑ MAPKK 44. 

                                                      

42 ATM : Ataxia Telangiectasia Mutated. ǧ ȏȐȘȓȄǠȌȆ ȏȎȔ ȉȘȃȈȉȎȏȎȈȄǾȓȀȈ Ȁȏț ȓȎ ȂȎȌǾȃȈȎ ȀȔȓț ȄǾȌȀȈ 
ȏȎȊȜ ȒȆȋȀȌȓȈȉǽ ȂȈȀ ȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȘȌ ȁȊȀȁȝȌ DNA, ȒȔȋȋȄȓǼȖȄȈ ȒȓȎȔȑ ȋȆȖȀȌȈȒȋȎȜȑ HR ȉȀȈ 
NHEJ ȓȘȌ ǤǪǨ.  
43 PSEN1: Presenilin 1: ȋȄȓȀȊȊǻȍȄȈȑ ȀȔȓȎȜ ȓȎȔ ȂȎȌȈȃǾȎȔ ȒȖȄȓǾȅȎȌȓȀȈ ȋȄ ȓȆ ȌțȒȎ ȓȎȔ Alzheimer. [216] 
44 MAPKK: mitogen-activated protein kinase kinase 
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7.1.5 ǢȈȎȃȄǾȉȓȄȑ ȓȎȔ ȒȓȐȄȑ Ȁȏț ȓȆȌ ȀȌȓȈȂȐȀȕǽ ȓȎȔ DNA  

H POLE3 ȄǾȌȀȈ ȋǾȀ ȈȒȓțȌȆ ȏȀȉȄȓȀȐȈȒȋǼȌȆ ȒȄ ȌȎȔȉȊȄȎȒȝȋȀȓȀ (a histone-fold  protein) ȏȎȔ 

ȀȊȊȆȊȄȏȈȃȐǻ ȋȄ ǻȊȊȄȑ ȈȒȓțȌȄȑ ȏȀȉȄȓȀȐȈȒȋǼȌȄȑ ȒȄ ȌȎȔȉȊȄȎȒȝȋȀȓȀ ȝȒȓȄ ȌȀ ȏȐȎȒȃǼȌȄȈ ȓȎ 

DNA  ȋȄ ȓȐțȏȎ ȋȆ ȄȍȀȐȓȝȋȄȌȎ Ȁȏț ȓȆȌ ȀȊȊȆȊȎȔȖǾȀ ȓȎȔ (a sequence-independent  

manner). ǡȔȓǻ ȓȀ ȃȈȋȄȐǽ Ȁȏț ȏȀȉȄȓȀȐȈȒȋǼȌȄȑ ȈȒȓțȌȄȑ ȒȔȌȃȔǻȅȎȌȓȀȈ ȒȄ ȋȄȂȀȊȜȓȄȐȀ 

ȄȌȅȔȋȀȓȈȉǻ ȒȜȋȏȊȎȉȀ  ȝȒȓȄ ȌȀ ȄȏȈȓȄȔȖȇȎȜȌ Ȇ ȋȄȓȀȂȐȀȕǽ, Ȇ ȀȌȓȈȂȐȀȕǽ ȉȀȈ ȓȎ 

ȏȀȉȄȓǻȐȈȒȋȀ ȓȎȔ DNA  [215]. 

To RECQL5 ȄǾȌȀȈ ǼȌȀ ȂȎȌǾȃȈȎ ȏȎȔ ȒȔȋȋȄȓǼȖȄȈ ȒȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȓȎȔ DNA , ȉȀȈ ȎȈ 

ȏȐȘȓȄǠȌȄȑ ȏȎȔ ȉȘȃȈȉȎȏȎȈȄǾ ȒȔȌȄȈȒȕǼȐȎȔȌ ȒȓȆȌ ȀȌȓȈȂȐȀȕǽ ȓȎȔ DNA  ȍȄȓȔȊǾȂȎȌȓȀȑ ȓȆ 

ȃȈȏȊǽ ǼȊȈȉȀ. ǯȈ ȏȐȘȓȄǠȌȄȑ ȏȎȔ ȉȘȃȈȉȎȏȎȈȄǾ ȄǾȌȀȈ ȀȏȀȐȀǾȓȆȓȄȑ ȂȈȀ ȓȎ ȃȈȀȖȘȐȈȒȋț ȓȘȌ 

ȖȐȘȋȎȒȘȋǻȓȘȌ ȉȀȓǻ ȓȆ ǬǾȓȘȒȆ, țȏȎȔ ȒȔȋȁȀǾȌȎȔȌ ȒȓǻȃȈȀ ȏȎȔ ȃȈȀȒȓȀȔȐȝȌȎȌȓȀȈ ȎȈ 

ȀȊȔȒǾȃȄȑ. ǥǾȌȀȈ ȄȏǾȒȆȑ ȀȏȀȐȀǾȓȆȓȄȑ ȂȈȀ ȓȆȌ ȀȏȎȓȄȊȄȒȋȀȓȈȉǽ ȄȏȈȃȈțȐȇȘȒȆ ȓȎȔ DNA , 

ȒȔȋȏȄȐȈȊȀȋȁȀȌȎȋǼȌȆȑ ȉȀȈ ȓȆȑ ȄȏȈȃȈțȐȇȘȒȆȑ ȓȘȌ ȃȈȀȒȓȀȔȐȝȒȄȘȌ ȏȎȔ ȒȔȋȁȀǾȌȎȔȌ ȋǼȒȀ 

ȒȓȆȌ ǾȃȈȀ ȃȈȏȊǽ ǼȊȈȉȀ. ǰȐȎȊȀȋȁǻȌȎȔȌ ȓȈȑ ȀȌȓȀȊȊȀȂǼȑ ȋȄȓȀȍȜ ȓȘȌ ȀȃȄȊȕȝȌ ȖȐȘȋȀȓǾȃȘȌ 

[214]. 

 

ǳȎ ȂȎȌǾȃȈȎ IGHMBP 2 ȉȘȃȈȉȎȏȎȈȄǾ ȋǾȀ ȄȊȈȉǻȒȆ Ȇ ȎȏȎǾȀ ȏȐȎȒȃǼȌȄȓȀȈ ȄȏȈȊȄȉȓȈȉǻ ȒȓȆȌ 

ȀȊȊȆȊȎȔȖǾȀ DNA   ȒȓȆȌ ȏȄȐȈȎȖǽ ȓȆȑ ȀȈȋȎȒȕȀȈȐǾȌȆȑ mu chain switch  [215]. ǧ 

ȉȘȃȈȉȎȏȎȈȎȜȋȄȌȆ ȏȐȘȓȄǠȌȆ ȄǾȌȀȈ ȋǾȀ ȄȊȈȉǻȒȆ 5õ-3õ Ȇ ȎȏȎǾȀ ȍȄȓȔȊǾȂȄȈ ȓȎ ȃǾȉȊȘȌȎ RNA  ȉȀȈ 

ȓȎ ȃǾȉȊȘȌȎ DNA , ȒȄ ȋǾȀ ȀȌȓǾȃȐȀȒȆ ȏȎȔ ȄȍȀȐȓǻȓȀȈ Ȁȏț ȓȆȌ ATP [214]. 

To ȂȎȌǾȃȈȎ POLG2 ȉȘȃȈȉȎȏȎȈȄǾ ȋȈȀ ȏȐȘȓȄǠȌȆ ȏȎȔ ȒȔȋȋȄȓǼȖȄȈ ȉȀȈ ȒȓȆȌ ȄȏȈȃȈțȐȇȘȒȆ ȀȊȊǻ 

ȉȀȈ ȒȓȆȌ ȀȌȓȈȂȐȀȕǽ ȓȎȔ DNA  [214]. ǡȔȓǽ Ȇ ȏȐȘȓȄǠȌȆ ȄȌȈȒȖȜȄȈ ȓȆȌ ȏȐțȒȃȄȒȆ ȒȓȎ DNA  

ȉȀȈ ȏȐȎǻȂȄȈ ȓȆ ȒȜȌȇȄȒȆ [215]. 

ǳȀ ȂȎȌǾȃȈȀ RFC2, RFC3, RFC4 ȉȀȈ RFC5 țȊȀ ȋȀȅǾ ȉȘȃȈȉȎȏȎȈȎȜȌ ǼȌȀ ȏȐȘȓȄșȌȈȉț 

ȒȜȋȏȊȎȉȎ (ȀȏȎȓȄȊȎȜȋȄȌȎ Ȁȏț 5 ȏȐȘȓȄǠȌȄȑ) ȏȎȔ ǼȖȄȈ ȓȎ țȌȎȋȀ RFC (replication  factor C). 

ǳȎ ȒȜȋȏȊȎȉȎ ȀȔȓț ǼȖȄȈ ȓȎ ȐțȊȎ ȒȕȈȂȉȓǽȐȀ ȕțȐȓȘȒȆȑ, ȉȀȓȀȊȜȎȌȓȀȑ ȓȆ ȕțȐȓȘȒȆ ȓȆȑ  

PCNA  ȒȓȎ DNA . ǰȐȎȒȃǼȌȄȓȀȈ ȒȓȎ ǻȉȐȎ-3õ ȓȎȔ DNA  ȉȀȈ ȖȐȆȒȈȋȎȏȎȈȄǾ ȓȆȌ ATP ȝȒȓȄ ȌȀ 

ȋȏȎȐȄǾ ȌȀ ȀȌȎǾȍȄȈ ȓȎ ȃȀȉȓȜȊȈȎ ȓȆȑ PCNA  ȉȀȈ ȄȉȄǾȌȆ ȋȄ ȓȆ ȒȄȈȐǻ ȓȆȑ ȌȀ ȉȔȉȊȝȒȄȈ ȓȎ DNA  

[215]. 
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ǳȀ ȂȎȌǾȃȈȀ RFA1, RFA2 ȉȀȈ RFA3 ǼȖȎȔȌ ȎȔȒȈȀȒȓȈȉț ȐțȊȎ ȒȄ ȃȈǻȕȎȐȄȑ ȉȔȓȓȀȐȈȉǼȑ 

ȃȈȄȐȂȀȒǾȄȑ ȒȓȎ ȋȄȓȀȁȎȊȈȒȋț ȓȎȔ DNA  ȒȔȋȏȄȐȈȊȀȋȁȀȌȎȋǼȌȘȌ ȓȘȌ ȀȌȓȈȂȐȀȕǽ, 

ȀȌȀȒȔȌȃȔȀȒȋțȑ ȉȀȈ ȄȏȈȃȈțȐȇȘȒȆ ȓȎȔ DNA . ǰȐȎȒȃǼȌȎȌȓȀȈ ȒȓȀ ȋȎȌțȉȊȘȌȀ ȓȋǽȋȀȓȀ 

DNA  ȒȓȀȇȄȐȎȏȎȈȝȌȓȀȑ ȓȀ ȉȀȇȝȑ ȄȋȏȎȃǾȅȎȔȌ ȓȆȌ ȄȏȀȌȀȒȜȌȃȄȒȆ ȋǼȒȘ ȓȆȑ 

ȒȔȋȏȊȆȐȘȋȀȓȈȉțȓȆȓȀȑ [214]. 
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7.2 ǣȎȌǾȃȈȀ ȕȔȓȝȌ Șȑ ȁȈȎȃȄǾȉȓȄȑ ȂȈȀ ȓȆȌ ȀȌǾȖȌȄȔȒȆ ǼȉȇȄȒȆȑ ȒȄ 

ȆȊȄȉȓȐȎȋȀȂȌȆȓȈȉǽ ȀȉȓȈȌȎȁȎȊǾȀ 

ǲȓȆȌ ȄȌțȓȆȓȀ ȀȔȓǽ ȀȌȀȅȆȓǽȒȀȋȄ ȏȈȇȀȌǻ ȂȎȌǾȃȈȀ ȕȔȓȝȌ ȏȎȔ ȋȏȎȐȎȜȌ ȌȀ 

ȖȐȆȒȈȋȎȏȎȈȆȇȎȜȌ Șȑ ȁȈȎȃȄǾȉȓȄȑ, ȁǻȒȄȈ ȓȆȑ ȃȈȀȕȎȐȈȉǽȑ ȓȎȔȑ ǼȉȕȐȀȒȆȑ, ȓȆȑ ǼȉȇȄȒȆȑ ȒȄ 

ȀȉȓȈȌȎȁȎȊǾȀ. ǧ ȖȐȆȒȈȋțȓȆȓȀ ȋȈȀȑ ȓǼȓȎȈȀȑ ȋȄȊǼȓȆȑ ǼȂȉȄȈȓȀȈ ȒȓȆȌ ȀȕȇȎȌǾȀ ȓȘȌ ȕȔȓȝȌ ȒȓȆ 

ȕȜȒȆ ȉȀȈ ȄȏȎȋǼȌȘȑ ȉǻȏȎȈȎȔ ȀȉȐȀǾȎȔ ȕȀȈȌȎȋǼȌȎȔ ȎȈ ȄȏȈȏȓȝȒȄȈȑ, țȏȘȑ ȂȈȀ ȏȀȐǻȃȄȈȂȋȀ Ȇ 

ȀȒȓȎȖǾȀ ȉǻȏȎȈȎȔ ȏȔȐȆȌȈȉȎȜ ȒȓȀȇȋȎȜ, ȇȀ ȋȏȎȐȎȜȒȄ ȌȀ ȋȄȓȐȆȇȄǾ ȋǼȒȘ ȓȘȌ ȀȊȊȀȂȝȌ ȏȎȔ 

ȇȀ ȒȔȋȁȎȜȌ ȒȓȀ ȕȔȓǻ ȏȎȔ ȁȐǾȒȉȎȌȓȀȈ ȄȉȄǾ ȉȎȌȓǻ. ǥȏȎȋǼȌȘȑ ȒȓȆȌ ȏȀȐǻȂȐȀȕȎ 

ȀȍȈȎȏȎȈȝȌȓȀȑ ȄȐȂȀȊȄǾȀ ǢȈȎȏȊȆȐȎȕȎȐȈȉǽȑ ȏȐȎȓȄǾȌȎȌȓȀȈ ȂȎȌǾȃȈȀ ȕȔȓȝȌ ȏȎȔ ȇȀ 

ȋȏȎȐȎȜȒȀȌ ȌȀ ȀȍȈȎȏȎȈȆȇȎȜȌ Șȑ ȀȏȎȉȊȄȈȒȓȈȉȎǾ ȁȈȎȃȄǾȉȓȄȑ ȂȈȀ ȓȆȌ ǼȉȇȄȒȆ ȒȄ 

ȆȊȄȉȓȐȎȋȀȂȌȆȓȈȉǽ ȀȉȓȈȌȎȁȎȊǾȀ, ȈȎȌȓǾȅȎȔȒȀ ǽ ȋȆ. ǧ ȋȄȊǼȓȆ ȀȔȓǽ ȄǾȌȀȈ ȁȄȁȀǾȘȑ 

ȏȐȎȉȀȓȀȐȉȓȈȉǽ, ȂȈȀ ȌȀ ȀȍȈȎȏȎȈȆȇȄǾ ȏȄȐȀȈȓǼȐȘ, ȇȀ ȏȐǼȏȄȈ ȄȏǾȒȆȑ ȌȀ ȄȊȄȂȖȇȎȜȌ ȓȀ 

ȀȏȎȓȄȊǼȒȋȀȓǻ ȋȀȑ ȋȄ ȋȄȓȀ-ȀȌǻȊȔȒȆ ȋȈȉȐȎȒȔȒȓȎȈȖȈȝȌ ȉȀȈ ȒȓȆ ȒȔȌǼȖȄȈȀ ȌȀ ȀȉȎȊȎȔȇǽȒȄȈ 

ȓȎ ȏȄǾȐȀȋȀ ȏȎȔ ȇȀ ȓȀ ȁȄȁȀȈȝȒȄȈ. ǥȏȎȋǼȌȘȑ Ȇ ȀȍǾȀ ȓȆȑ ȏȀȐȎȜȒȀȑ ȀȌǻȊȔȒȆȑ ȄǾȌȀȈ ȌȀ ȃȝȒȄȈ 

ȉȀȓȄȔȇȜȌȒȄȈȑ ȂȈȀ ȓȆȌ ȏȄȐȀȈȓǼȐȘ ȋȄȊǼȓȆ, ȋǼȖȐȈ ȓȆȌ ȓȄȊȈȉǽ ȔȊȎȏȎǾȆȒȆ ȓȎȔ ȁȈȎȊȎȂȈȉȎȜ 

ȃȎȒǾȋȄȓȐȎȔ.  

ǡȉȎȊȎȔȇȄǾ, ȊȎȈȏțȌ, Ȇ ȏȄȐȈȂȐȀȕǽ ȓȘȌ ȒȓȀȃǾȘȌ ȏȎȔ ȄȉȓȄȊǼȒȓȆȉȀȌ ȒȓȆȌ ȏȀȐȎȜȒȀ ȋȄȊǼȓȆ.  

1. ǡȐȖȈȉǻ ȏȐȎȒȃȈȎȐǾȒȓȆȉȀȌ ȎȈ țȐȎȈ ȂȎȌȈȃȈȀȉǽȑ ȎȌȓȎȊȎȂǾȀȑ ȂȈȀ ȓȎ ȉǻȇȄ ȄǾȃȎȑ ǼȉȇȄȒȆȑ 

(ȈȎȌȓǾȅȎȔȒȀ ȀȉȓȈȌȎȁȎȊǾȀ, ȀȉȓǾȌȄȑ ðȂ, ðǶ, UV, UV-A, UV-B, UV-C). 

2. ǲȓȆ ȒȔȌǼȖȄȈȀ ȂȈȀ ȓȎȌ ȉǻȇȄ țȐȎ ȂȎȌȈȃȈȀȉǽȑ ȎȌȓȎȊȎȂǾȀȑ ȁȐǼȇȆȉȀȌ ȂȈȀ ȓȀ 39 ȃȈȀȇǼȒȈȋȀ 

(Ȁȏț ȓȆ ȁǻȒȆ Ensembl Plants) ȕȔȓǻ ȓȀ ȂȎȌǾȃȈȀ ȏȎȔ ȖȀȐȀȉȓȆȐǾȅȎȌȓȀȈ ȉǻȓȘ Ȁȏț ȓȎȌ ȉǻȇȄ 

țȐȎ. (7 ǯǣǯ x 39 ȕȔȓǻ = 273 ȊǾȒȓȄȑ ȋȄ ȂȎȌǾȃȈȀ). ǣȈȀ ȓȆȌ ȀȉȐǾȁȄȈȀ ȂȈȀ ȓȀ 38 ȕȔȓǻ ȁȐǼȇȆȉȀȌ 

ȓȀ ȂȎȌǾȃȈȀ ȏȎȔ ȄǾȌȀȈ ȎȐȇțȊȎȂȀ ȋȄ ȓȀ ȂȎȌǾȃȈȀ ȓȎȔ ȕȔȓȎȜ Arabidopsis thaliana, ȓȎ ȎȏȎǾȎ 

ȇȄȘȐȄǾȓȀȈ ȕȔȓț-ȏȐțȓȔȏȎ). 

3. ǣȈȀ ȉǻȇȄ ǼȌȀȌ Ȁȏț ȓȎȔȑ 7 țȐȎȔȑ ȂȎȌȈȃȈȀȉǽȑ ȎȌȓȎȊȎȂǾȀȑ ȄȌȎȏȎȈǽȇȆȉȀȌ ȎȈ 39 ȊǾȒȓȄȑ ȓȎȔ 

ȉǻȇȄ ȄȌțȑ ȕȔȓȎȜ, ȋȄ ȀȏȎȓǼȊȄȒȋȀ ȌȀ ȉȀȓȀȊǽȍȎȔȋȄ ȒȄ 7 ȊǾȒȓȄȑ ȂȎȌȈȃǾȘȌ. 

4. ǡȔȓǼȑ ȎȈ ȌǼȄȑ 7 ȊǾȒȓȄȑ ȂȎȌȈȃǾȘȌ ȄȈȒǽȊȇȀȌ ȒȄ ȃȈǻȂȐȀȋȋȀ Venn, ȝȒȓȄ ȌȀ ȃȈȀȂȐȀȕȎȜȌ ȓȀ 

ȉȎȈȌǻ ȂȎȌǾȃȈȀ. ǡȏț ȓȈȑ ȏȈȇȀȌǼȑ ȓȎȋǼȑ ȓȘȌ ȒȔȌțȊȘȌ ȉȐȀȓǽȒȀȋȄ ȀȔȓǼȑ ȏȎȔ ȏȄȐȈȄǾȖȀȌ 

ȀȏȎȉȊȄȈȒȓȈȉǻ ȋȆ ȉȎȈȌǻ ȂȎȌǾȃȈȀ.  

5. ǥȏȄȈȃǽ ȉȀȈ ȒȄ ȀȔȓț ȓȎ ȒȆȋȄǾȎ ȓȀ ȂȎȌǾȃȈȀ ǽȓȀȌ ȏȎȊȊǻ, ǼȂȈȌȄ ȃȈȀȊȎȂǽ ȋǼȒȘ ȓȆȑ ȄȈȒȀȂȘȂǽȑ 

ȓȘȌ ȂȎȌȈȃǾȘȌ ȒȄ ȋǾȀ ȁǻȒȆ ȃȄȃȎȋǼȌȘȌ ȏȎȔ ȉȀȓȀȒȉȄȔǻȅȄȈ PPI-networks 45. ǪȐȀȓǽȒȀȋȄ ȓȀ 

                                                      

45 PPI networks : Protein-Protein Interaction  networks : ȃǾȉȓȔȀ ȀȊȊȆȊȄȏǾȃȐȀȒȆȑ ȋȄȓȀȍȜ ȏȐȘȓȄșȌȝȌ.  
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ȂȎȌǾȃȈȀ ȄȉȄǾȌȀ ȓȀ ȎȏȎǾȀ ǽȓȀȌ ȉțȋȁȎȈ ȏȔȉȌǽȑ ȃȈȀȒȜȌȃȄȒȆȑ, Șȑ ȏȄȐȈȒȒțȓȄȐȎ ȒȆȋȀȌȓȈȉǻ, 

ȃȈțȓȈ ȕǻȌȆȉȀȌ țȓȈ ȀȊȊȆȊȄȏȈȃȐȎȜȌ ȋȄ ȏȎȊȊǻ Ȁȏț ȓȀ ȂȎȌǾȃȈȀ ȓȆȑ ȎȋǻȃȀȑ ȓȎȔȑ.  

6. ǧ ȓȄȊȈȉǽ ȀȍȈȎȊțȂȆȒȆ ǼȂȈȌȄ ȉȀȓȀȓǻȒȒȎȌȓȀȑ ȓȀ ȂȎȌǾȃȈȀ ȓȆȑ ȉǻȇȄ ȉȀȓȆȂȎȐǾȀȑ, Șȑ ȏȐȎȑ ȓȎ 

ȏȊǽȇȎȑ ȓȘȌ ȕȔȓȝȌ ȏȎȔ ȄȋȕǻȌȈȒȀȌ (Șȑ ȎȐȇțȊȎȂȎ ȒȓȎ A. thaliana) ȓȎ ǾȃȈȎ ȂȎȌǾȃȈȎ.   

7.2.1  ǰȐȎȒȃȈȎȐȈȒȋțȑ ȓȘȌ țȐȘȌ ȂȎȌȈȃȈȀȉǽȑ ȎȌȓȎȊȎȂǾȀȑ  

ǳȎ ȄȐȝȓȆȋȀ ȒȓȆ ȒȔȂȉȄȉȐȈȋǼȌȆ ȄȌțȓȆȓȀ ȄǾȌȀȈ Ȇ ȄȜȐȄȒȆ ȂȎȌȈȃǾȘȌ ȓȀ ȏȐȎșțȌȓȀ ȓȘȌ ȎȏȎǾȘȌ 

ȋȏȎȐȎȜȌ ȌȀ ȖȐȆȒȈȋȎȏȎȈȆȇȎȜȌ Șȑ ȀȏȎȉȊȄȈȒȓȈȉȎǾ ȁȈȎȃȄǾȉȓȄȑ ȂȈȀ ȓȆȌ ȀȌǾȖȌȄȔȒȆ ȓȆȑ ǼȉȇȄȒȆȑ 

ȓȘȌ ȕȔȓȝȌ ȒȓȀ ȃȈǻȕȎȐȀ ȄǾȃȆ ȆȊȄȉȓȐȎȋȀȂȌȆȓȈȉǽȑ ȀȉȓȈȌȎȁȎȊǾȀȑ. Ǹȑ Ȅȉ ȓȎȜȓȎȔ, Ȏ 

ȏȐȎȒȃȈȎȐȈȒȋțȑ ȓȘȌ țȐȘȌ ȂȎȌȈȃȈȀȉǽȑ ȎȌȓȎȊȎȂǾȀȑ ǼȂȈȌȄ Ȁȏț ȓȆ ȁǻȒȆ ȃȄȃȎȋǼȌȘȌ QuickGO, 

Ȁȏț țȏȎȔ ȍȄȉȈȌȝȌȓȀȑ ȋȄ ȓȎ ȂȄȌȈȉț țȐȎ òresponse to radiationó ȄȌȓȎȏǾȒȓȆȉȀȌ  țȊȎȈ ȎȈ țȐȎȈ 

ȏȎȔ ȀȏȎȓȄȊȎȜȌ (ȎȌȓȎȊȎȂȈȉǻ) ȓǼȉȌȀ ȀȔȓȎȜ ȓȎȔ ȂȄȌȈȉȎȜ țȐȎȔ ȉȀȈ ȒȓȆ ȒȔȌǼȖȄȈȀ ȄȏȄȊǼȂȆȒȀȌ 

ȎȈ țȐȎȈ ȄȉȄǾȌȎȈ ȏȎȔ ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȒȓȎȌ  ǰǾȌȀȉȀ 7-3 Șȑ ȎȈ ȄȊǻȖȈȒȓȎȈ ȀȊȊǻ ȄȏȀȐȉȄǾȑ. ǯȈ 

ȄȏȈȊȄȂȋǼȌȎȈ ȀȔȓȎǾ țȐȎȈ ȒȓȎ ǲȖǽȋȀ 7-1 ǼȖȎȔȌ ȉȀȓȀȓȀȖȇȄǾ ȒȄ çȃǼȌȓȐȎ ȓȘȌ ȏȐȎȂțȌȘȌè, ȋȄ ȓȆ 

ȁȎǽȇȄȈȀ ȓȆȑ ȁǻȒȆȑ QuickGO, ȝȒȓȄ ȌȀ ȂǾȌȄȈ ȄȋȕȀȌǽȑ Ȇ ȈȄȐȀȐȖǾȀ ȓȎȔȑ. 

 

 ǰǾȌȀȉȀȑ 7-3: ǳȄȊȈȉǽ ȄȏȈȊȎȂǽ țȐȘȌ ȂȎȌȈȃȈȀȉǽȑ ȎȌȓȎȊȎȂǾȀȑ 

ǥǾȃȎȑ Ȁȉȓ/ȊǾȀȑ Annotation  GO term  

ǩȎȌȓ. ȀȉȓȈȌȎȁȎȊǾȀ response to ionizing radiation  GO:0010212 

ǡȉȓǾȌȄȑ ðǶ  response to X-ray GO:0010165 

ǡȉȓǾȌȄȑ ðȂ  response to gamma radiation GO:0010332 

UV response to UV GO:0009411 

UV-A response to UV-A GO:0070141 

UV-B response to UV-B GO:0010224 

UV-C response to UV-C GO:0010225 

 

 

7.2.2  ǰȐȎȒȃȈȎȐȈȒȋțȑ ȎȐȇțȊȎȂȘȌ ȂȎȌȈȃǾȘȌ 

ǣȈȀ ȌȀ ȂǾȌȄȈ Ȇ ȏȀȐȎȜȒȀ ȋȄȊǼȓȆ țȒȎ ȓȎ ȃȔȌȀȓț ȏȈȎ ȏȄȐȈȄȉȓȈȉǽ, ȖȐȆȒȈȋȎȏȎȈǽȇȆȉȀȌ țȊȀ ȓȀ 

ȃȈȀȇǼȒȈȋȀ ȕȔȓǻ ȏȎȔ ȄǾȖȄ Ȇ ȁǻȒȆ ȃȄȃȎȋǼȌȘȌ Ensembl Plants. ǧ ȁǻȒȆ ȀȔȓǽ ȏȄȐȈǼȖȄȈ 

ȏȊȆȐȎȕȎȐǾȄȑ ȂȈȀ 39 ȒȔȌȎȊȈȉǻ ȕȔȓǻ, ȋȄȓȀȍȜ ȀȔȓȝȌ ȉȀȈ ȓȎȔ Arabidopsis thaliana ȉȀȈ ȓȎ ȎȏȎǾȎ 

ȀȏȎȓȄȊȄǾ ȉȀȈ ȓȎȌ ǻȍȎȌȀ ȓȆȑ ȏȀȐȎȜȒȀȑ ȀȌǻȊȔȒȆȑ, ȉȀȇȝȑ ȂȈȀ ȓȀ 38 ǻȊȊȀ ȕȔȓǻ, ȀȌȓǾ ȌȀ 

ȏȐȎȒȃȈȎȐǾȒȎȔȋȄ ȓȀ ǾȃȈȀ ȓȎȔȑ ȓȀ ȂȎȌǾȃȈȀ, ȂȈȀ ȉǻȇȄ ǼȌȀ Ȁȏț ȀȔȓǻ ȏȎȔ ȏȐȎǼȉȔȏȓȄ ȂȈȀ ȓȎȌ 

ȀȌȓǾȒȓȎȈȖȎ țȐȎ ȂȎȌȈȃȈȀȉǽȑ ȎȌȓȎȊȎȂǾȀȑ ȏȎȔ ȖȐȆȒȈȋȎȏȎȈǽȇȆȉȄ Șȑ ȕǾȊȓȐȎ ȂȈȀ ȓȆȌ ȄȏȈȊȎȂǽ, 

ȄȏȈȊǼȍȀȋȄ ȌȀ ȏǻȐȎȔȋȄ Șȑ ȀȏȎȓǼȊȄȒȋȀ ȓȀ ȎȐȇțȊȎȂȀ ȂȎȌǾȃȈȀ ȓȎȔ ȉǻȇȄ ȕȔȓȎȜ ȒȓȎ 
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Arabidopsis thaliana. ǲȓȎ ȒȓǻȃȈȎ ȀȔȓț ȏȐȎǼȉȔȗȀȌ 273 ȊǾȒȓȄȑ ȂȎȌȈȃǾȘȌ ( 7 țȐȎȈ ȂȎȌȈȃȈȀȉǽȑ 

ȎȌȓȎȊȎȂǾȀȑ x 39 ȃȈȀȇǼȒȈȋȀ ȕȔȓǻ). 

 

 

 

7.2.3  ǥȌȎȏȎǾȆȒȆ ȊȈȒȓȝȌ 

ǲȓȆ ȒȔȌǼȖȄȈȀ ȎȈ 39 ȊǾȒȓȄȑ ȏȎȔ ȀȌȓȈȒȓȎȈȖȎȜȒȀȌ ȒȓȎȌ ȉǻȇȄ țȐȎ ȂȎȌȈȃȈȀȉǽȑ ȎȌȓȎȊȎȂǾȀȑ 

ȄȌȎȏȎȈǽȇȆȉȀȌ, ȀȏȀȊȄǾȕȎȌȓȀȑ ȕȔȒȈȉǻ ȓȀ ȂȎȌǾȃȈȀ ȏȎȔ ȄȋȕȀȌǾȅȎȌȓȀȌ ȏȎȊȊǼȑ ȕȎȐǼȑ, ȋȄ 

ȀȏȎȓǼȊȄȒȋȀ ȌȀ ȋȄǾȌȎȔȌ 7 ȊǾȒȓȄȑ, ȋǾȀ ȂȈȀ ȉǻȇȄ țȐȎ, ȎȈ ȎȏȎǾȄȑ ȒȔȌȎȊȈȉǻ ȏȄȐȈǼȖȎȔȌ 410 

ȃȈȀȕȎȐȄȓȈȉǻ ȂȎȌǾȃȈȀ.   

7.2.4  ǡȏȎȉȊȄȈȒȋțȑ ȉȎȈȌȝȌ ȂȎȌȈȃǾȘȌ 

ǯȈ 7 ȊǾȒȓȄȑ, ȋǾȀ ȂȈȀ ȓȎȌ ȉǻȇȄ țȐȎ ȂȎȌȈȃȈȀȉǽȑ ȎȌȓȎȊȎȂǾȀȑ ȓȎȔ ǰǾȌȀȉȀ 7-3 ȄȈȒǽȊȇȀȌ ȒȄ 

ȃȈǻȂȐȀȋȋȀ Venn, ȖȐȆȒȈȋȎȏȎȈȝȌȓȀȑ ȓȆȌ ȄȕȀȐȋȎȂǽ DrawVenn  [207]. ǯȈ ȓȎȋǼȑ ȓȘȌ 

ȒȔȌțȊȘȌ ȏȐȎǼȉȔȗȀȌ Ȁȏț ȓȎ ȄȌ ȊțȂȘ ȏȐțȂȐȀȋȋȀ, ȀȊȊǻ ȓȎ ǾȃȈȎ ȓȎ ȃȈǻȂȐȀȋȋȀ ǲȖǽȋȀ 7-2 

ȒȖȄȃȈǻȒȓȆȉȄ Ȅȍ ȀȐȖǽȑ, ȉȀȇȝȑ ȓȎ ȊȎȂȈȒȋȈȉț ȃǾȌȄȈ ȓȆ ȃȔȌȀȓțȓȆȓȀ ȒȖȄȃȈȀȒȓȈȉǽȑ 

ȀȌȀȏȀȐǻȒȓȀȒȆȑ ȂȈȀ ȃȈȀȂȐǻȋȋȀȓȀ ȏȎȔ ȏȄȐȈȊȀȋȁǻȌȎȔȌ ǼȘȑ 5 ȒȜȌȎȊȀ.   

 

ǲȖǽȋȀ 7-1: ǤǼȌȓȐȎ ȓȘȌ ȏȐȎȂțȌȘȌ ȂȈȀ ȓȎȔȑ ȄȏȈȊȄȂȋǼȌȎȔȑ țȐȎȔȑ ȂȎȌȈȃȈȀȉǽȑ ȎȌȓȎȊȎȂǾȀȑ ȓȎȔ ǰǾȌȀȉȀ 
7-3, țȏȘȑ ȃȆȋȈȎȔȐȂǽȇȆȉȄ Ȁȏț ȓȎ QuickGO.  
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7.2.5 ǥȏȈȊȎȂǽ ȓȘȌ ȏȈȎ ȊȄȈȓȎȔȐȂȈȉȝȌ ȂȎȌȈȃǾȘȌ 

ǝȏȘȑ ȕȀǾȌȄȓȀȈ ȒȓȎ ǲȖǽȋȀ 7-2 ȓȀ ȂȎȌǾȃȈȀ ȏȎȔ ȕȀǾȌȄȓȀȈ ȏȘȑ ȄǾȌȀȈ ȈȉȀȌǻ ȌȀ 

ȖȐȆȒȈȋȎȏȎȈȆȇȎȜȌ Șȑ ȀȏȎȉȊȄȈȒȓȈȉȎǾ ȁȈȎȃȄǾȉȓȄȑ ȂȈȀ ȓȆȌ ǼȉȇȄȒȆ ȒȓȀ ȃȈǻȕȎȐȀ ȕǻȒȋȀȓȀ ȓȆȑ 

ȆȊȄȉȓȐȎȋȀȂȌȆȓȈȉǽȑ ȀȉȓȈȌȎȁȎȊǾȀȑ, ȂȈȀ ȉǻȏȎȈȄȑ ȉȀȓȆȂȎȐǾȄȑ, țȏȘȑ ȂȈȀ ȓȎ UV-B ȄǾȌȀȈ ȏǻȐȀ 

ȏȎȊȊǻ. ǥȏȎȋǼȌȘȑ ȂȈȀ ȌȀ ȏȄȐȈȎȐȈȒȓȄǾ ȓȎ ȏȊǽȇȎȑ ȓȎȔȑ ȉȀȈ ȌȀ ȏȀȐȀȖȇȄǾ ȏȈȎ ȖȐǽȒȈȋȎ 

ȀȏȎȓǼȊȄȒȋȀ, ǼȂȈȌȄ ȄȏȈȏȊǼȎȌ ȃȈȀȊȎȂǽ, ȋǼȒȘ ȓȆȑ ȀȌȄȜȐȄȒȆȑ ȓȘȌ ȏȈȎ ȊȄȈȓȎȔȐȂȈȉȝȌ ȂȎȌȈȃǾȘȌ, 

ȃȆȊȀȃǽ ȄȉȄǾȌȘȌ ȓȘȌ ȎȏȎǾȘȌ ȓȀ ȏȐȎșțȌȓȀ, ȎȈ ȏȐȘȓȄǠȌȄȑ ȏȎȔ ȉȘȃȈȉȎȏȎȈȎȜȌ ȀȊȊȆȊȄȏȈȃȐȎȜȌ 

ȋȄ ȓȈȑ ȏȄȐȈȒȒțȓȄȐȄȑ Ȁȏț ȓȈȑ ǻȊȊȄȑ ȄȏȈȊȄȂȋǼȌȄȑ ȏȐȘȓȄǠȌȄȑ.  

 

 

ǲȖǽȋȀ 7-2: ǰȐȝȓȆ ȃȈȀȊȎȂǽ ȂȎȌȈȃǾȘȌ, ȀȏȎȉȊȄǾȎȌȓȀȑ ȓȀ ȉȎȈȌǻ ȂȎȌǾȃȈȀ ȋȄȓȀȍȜ ȓȘȌ ȃȈȀȕȎȐȄȓȈȉȝȌ 
ȏȄȐȈȎȖȝȌ ȓȎȔ ȆȊȄȉȓȐȎȋȀȂȌȆȓȈȉȎȜ ȕǻȒȋȀȓȎȑ. ǳȀ ȄȏȈȊȄȂȋǼȌȀ ȒȜȌȎȊȀ ȄǾȌȀȈ ȄȉȄǾȌȀ ȏȎȔ ȄȋȕȀȌǾȅȎȌȓȀȈ 
ȒȓȎ ȒȖǽȋȀ ȋȄ ȒȉȈȀȂȐǻȕȆȒȆ.  

ǣȈȀ ȓȎ ȒȉȎȏț ȀȔȓțȌ, ȃȆȋȈȎȔȐȂǽȇȆȉȄ ǼȌȀ ȃǾȉȓȔȎ ȏȎȔ ȄȋȕȀȌǾȅȄȈ ȓȈȑ ȀȊȊȆȊȄȏȈȃȐǻȒȄȈȑ ȋȄȓȀȍȜ 

ȓȘȌ ȏȐȘȓȄșȌȝȌ ȂȈȀ ǼȌȀ ȒȜȌȎȊȎ ȄȏȈȊȄȂȋǼȌȘȌ ȂȎȌȈȃǾȘȌ. ǳȎ ȃǾȉȓȔȎ ȀȔȓț ȃȆȋȈȎȔȐȂǽȇȆȉȄ 

ȋǼȒȘ ȓȎȔ STRING V.10.0, ȄȌțȑ ȄȐȂȀȊȄǾȎȔ ȏȎȔ ȎȏȓȈȉȎȏȎȈȄǾ ȓȈȑ ȀȊȊȆȊȄȏȓȈȃȐǻȒȄȈȑ, ȒȜȋȕȘȌȀ 

ȋȄ ȓȎ ȄǾȃȎȑ ȉȀȈ ȓȆ ȁȄȁȀȈțȓȆȓȀ ȓȆȑ ȀȊȊȆȊȄȏǾȃȐȀȒȆȑ [229]. ǳȀ ȂȎȌǾȃȈȀ ȏȎȔ ȄȏȈȊǼȖȇȆȒȀȌ ȂȈȀ 

ȓȎ ȄȏțȋȄȌȎ ȒȓǻȃȈȀ ȄǾȌȀȈ ȄȉȄǾȌȀ ȏȎȔ ȀȏȎȓȄȊȎȜȌ ȉțȋȁȎȔȑ ȏȔȉȌǽȑ ȒȜȌȃȄȒȆȑ. ǲȓȎ ǲȖǽȋȀ 7-3 
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ȏȀȐȎȔȒȈǻȅȄȓȀȈ ȋǾȀ ȊȄȏȓȎȋǼȐȄȈȀ ȓȎȔ ȒȔȌȎȊȈȉȎȜ ȃȈȉȓȜȎȔ ȀȊȊȆȊȄȏȈȃȐǻȒȄȘȌ. ǳȎ ȃǾȉȓȔȎ ǼȖȄȈ 

ȀȌȀȃȈȀȓȀȖȇȄǾ ȝȒȓȄ ȒȓȆȌ ǻȉȐȆ ȓȎȔ ȌȀ ȍȄȖȘȐǾȅȎȔȌ ȎȈ ȏȐȘȓȄǠȌȄȑ ȏȎȔ ȄȏȄȊǼȂȆȒȀȌ ȒȓȎ 

ȄȏțȋȄȌȎ ȒȓǻȃȈȎ ȉȀȈ ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȒȓȎȌ ǰǾȌȀȉȀ 7-4. ǣȈȀ ȓȆȌ ȄȋȕǻȌȈȒȆ ȓȎȔ ȃȈȉȓȜȎȔ 

ȄȏȄȊǼȂȆ Șȑ ȉȐȈȓǽȐȈȎ ȀȊȊȆȊȄȏǾȃȐȀȒȆȑ Ȇ ȏȐȎǼȊȄȔȒȆ ȓȘȌ ȃȄȃȎȋǼȌȘȌ ȌȀ ȄǾȌȀȈ ȋțȌȎ Ȁȏț 

ȏȄȈȐȀȋȀȓȈȉǻ ȀȏȎȓȄȊǼȒȋȀȓȀ. ǲȀȌ ȉȐȈȓǽȐȈȎ ȁȄȁȀȈțȓȆȓȀȑ ȎȐǾȒȓȆȉȄ Ȏ ȁȀȇȋțȑ 0,4 ȃȆȊȀȃǽ ȋȈȀ 

ȋǼȒȆ ȄȋȏȈȒȓȎȒȜȌȆ. ǧ ȃȈȀȁǻȇȋȈȒȆ ȓȎȔ ȖȐȝȋȀȓȎȑ ȋȄȓȀȍȜ ȓȘȌ ȂȐȀȋȋȝȌ ȓȎȔ ȃȈȉȓȜȎȔ 

ȔȏȎȃȄȈȉȌȜȄȈ ȓȆ ȈȒȖȔȐțȓȆȓȀ ȓȆȑ ȒȖǼȒȆȑ, ȃȆȊȀȃǽ ȓȎ ȒȉȎȔȐțȓȄȐȎ ȖȐȝȋȀ ȃȄǾȖȌȄȈ ȀȔȍȆȋǼȌȆ 

ȁȄȁȀȈțȓȆȓȀ ȂȈȀ ȓȆȌ ȀȊȊȆȊȄȏǾȃȐȀȒȆ. 

ǲȖǽȋȀ 7-3: ǫȄȏȓȎȋǼȐȄȈȀ Ȁȏț ȓȎ ȃǾȉȓȔȎ ȀȊȊȆȊȄȏȈȃȐǻȒȄȘȌ ȋȄȓȀȍȜ ȓȘȌ ȄȏȈȊȄȂȋǼȌȘȌ ȏȐȘȓȄșȌȝȌ. ǳȎ 
ȉȐȈȓǽȐȈȎ ȂȈȀ ȓȆȌ ȏȄȐȀȈȓǼȐȘ ȄȏȈȊȎȂǽ ȓȘȌ ȂȎȌȈȃǾȘȌ ȄǾȌȀȈ ȎȈ ȏȐȘȓȄǠȌȄȑ ȏȎȔ ȉȘȃȈȉȎȏȎȈȎȜȌ ȌȀ 
ȄȋȕȀȌǾȅȎȌȓȀȈ Șȑ ȉțȋȁȎȈ ȏȔȉȌǽȑ ȃȈȀȒȜȌȃȄȒȆȑ ȒȓȎ ȒȔȂȉȄȉȐȈȋǼȌȎ ȃǾȉȓȔȎ. ǳȎ ȃǾȉȓȔȎ ȀȔȓț 
ȃȆȋȈȎȔȐȂǽȇȆȉȄ ȋǼȒȘ ȓȆȑ ȏȊȀȓȕțȐȋȀȑ STRING V.10.0 [229].  

7.2.6 ǳȄȊȈȉǽ ȀȍȈȎȊțȂȆȒȆ ȂȎȌȈȃǾȘȌ ȒȜȋȕȘȌȀ ȋȄ ȓȆȌ ȏȎȊȊȀȏȊțȓȆȓȀ ȓȘȌ ȎȐȇȎȊțȂȘȌ 

Ǹȑ ȓȄȊȈȉț ȉȐȈȓǽȐȈȎ ȂȈȀ ȌȀ ȏȐȎȓȀȇȎȜȌ ȂȎȌǾȃȈȀ ȔȏȎȗǽȕȈȀ ȌȀ ȀȏȎȓȄȊǼȒȎȔȌ ȀȏȎȉȊȄȈȒȓȈȉȎȜȑ 

ȁȈȎȃȄǾȉȓȄȑ ȂȈȀ ȓȆȌ ǼȉȇȄȒȆ ȒȄ ȆȊȄȉȓȐȎȋȀȂȌȆȓȈȉǽ ȀȉȓȈȌȎȁȎȊǾȀ ȓǼȇȆȉȄ Ȇ ȏȎȊȊȀȏȊțȓȆȓȀ ȓȆȑ 

ȄȋȕǻȌȈȒȆȑ ȓȘȌ ȎȐȇȎȊțȂȘȌ ȒȓȎ Arabidopsis thaliana. ǤȆȊȀȃǽ ȂȈȀ ȉǻȇȄ ǼȌȀ Ȁȏț ȓȀ ȂȎȌǾȃȈȀ 

ȓȎȔ ȏȐȎȆȂȎȜȋȄȌȎȔ ȒȓȀȃǾȎȔ ȀȍȈȎȊțȂȆȒȆȑ, ȏȎȔ ȀȌǽȉȄȈ ȒȄ ȉǻȏȎȈȀ Ȁȏț ȓȈȑ 5 ȉȀȓȆȂȎȐǾȄȑ ȉȀȈ 

ȀȌǽȉȄȈ ȒȓȎ A. thaliana, ȋȄȓȐǽȇȆȉȄ ȓȎ ȏȊǽȇȎȑ ȓȘȌ ȕȔȓȝȌ ȓȀ ȎȏȎǾȀ ȄȋȕȀȌǾȅȎȌȓȀȈ ȌȀ ǼȖȎȔȌ 

ȎȐȇțȊȎȂȎ ȂȎȌǾȃȈȎ ȏȎȔ ȌȀ ǼȖȄȈ ȏȐȎȉȜȗȄȈ ȋǼȒȘ ȓȆȑ ȃȈȀȊȎȂǽȑ, ȉǻȓȘ Ȁȏț ȓȎ ȒȔȂȉȄȉȐȈȋǼȌȎ 


























































































































