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ɄɅɃȿɃũɃɆ 

 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮəˊɞɜɐɗɖəŮ ůŰɞ ȺɟɔŬůŰɐɟɘɞ ɄŬɗɞɚɞɔɘəɐɠ ȷɜŬŰɞɛɘəɐɠ Űɞɡ 

ɇɛɐɛŬŰɞɠ ȽŬŰɟɘəɐɠ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ əŬɘ Űɞɡ ɄŬɜŮˊɘůŰɖɛɘŬəɞɨ ũŮɜɘəɞɨ ɁɞůɞəɞɛŮɑɞɡ ȽɤŬɜɜɑɜɤɜ. 

 ɀŮ Űɖɜ ɞɚɞəɚɐɟɤůɐ Űɖɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ, Űɖɜ ȺˊɘɓɚɏˊɞɡůŬ ȾŬɗɖɔɐŰɟɘɎ ɛɞɡ ȾŬ 

ȯɜɜŬ ɀˊŬŰɘůŰɎŰɞɡ, ɔɘŬ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ ɏŭŮɘɝŮ ůŰɞ ˊɟɧůɤˊɧ ɛɞɡ əŬɘ Űɖɜ ˊɞɚɨŰɘɛɖ 

əŬɗɞŭɐɔɖůɐ Űɖɠ əŬɗôɧɚɖ Űɖ ŭɘɎɟəŮɘŬ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ. ȷˊɏəŰɖůŬ ɜɏŮɠ ɔɜɩůŮɘɠ ŭɑˊɚŬ Űɖɠ əŬɘ ɗŬ 

ůɡɜŮɢɑɕɤ ɜŬ ŭɘŭɎůəɞɛŬɘ Ŭˊɧ ŮəŮɑɜɖ. 

  ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ȾŬɗɖɔɖŰɐ əŬɘ ȹɘŮɡɗɡɜŰɐ Űɞɡ ȹ.ȹ.Ʉ.ɀ.Ɇ., Ⱦɞɜ ȺɡůŰɎɗɘɞ ūɟɘɚɑɔɔɞ, 

ɔɘŬ ɧɚŬ ɧůŬ ŭɘŭɎɢɗɖəŬ Ŭˊɧ ŮəŮɑɜɞɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰŬˊŰɡɢɘŬəɩɜ ɛɞɡ ůˊɞɡŭɩɜ ɔɘŬ Űɘɠ 

ŮˊɞɘəɞŭɞɛɖŰɘəɏɠ ůɡɛɓɞɡɚɏɠ əŬɘ Űɖ ůŰɐɟɘɝɖ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Ůəˊɧɜɖůɖɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ. 

   ȺɡɢŬɟɘůŰɩ ɗŮɟɛɎ, Űɖɜ ȾŬɗɖɔɐŰɟɘŬ ȸɘɞɚɞɔɘəɐɠ ɉɖɛŮɑŬɠ, əŬɘ ȷɜŬˊɚɖɟɩŰɟɘŬ ȹɘŮɡɗɨɜŰɟɘŬ Űɞɡ 

ȹ.ȹ.Ʉ.ɀ.Ɇ., ȾŬ ŪɤɛŬȶŭŬ ɄŬˊŬɛŬɟəɎəɖ, ɔɘŬ ɧɚŬ ɧůŬ ŭɘŭɎɢɗɖəŬ Ŭˊɧ ŮəŮɑɜɖ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ 

ɛŮŰŬˊŰɡɢɘŬəɩɜ ɛɞɡ ůˊɞɡŭɩɜ əŬɘ ɔɘŬ Űɖɜ ŰɘɛɖŰɘəɐ ɔɘŬ ŮɛɏɜŬ ˊŬɟɞɡůɑŬ Űɖɠ ůŰɖɜ ȺɝŮŰŬůŰɘəɐ ȺˊɘŰɟɞˊɐ. 

    ŪŬ ɐɗŮɚŬ Ůˊɑůɖɠ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ ȾŬɗɖɔɐŰɟɘŬ ɄŬɗɞɚɞɔɘəɐɠ ȷɜŬŰɞɛɑŬɠ, ȾŬ ȯɜɜŬ ũɞɨůɘŬ, ɔɘŬ 

Űɖɜ ŰɘɛɖŰɘəɐ ɔɘŬ ŮɛɏɜŬ ˊŬɟɞɡůɑŬ Űɖɠ ůŰɖɜ ȺɝŮŰŬůŰɘəɐ ȺˊɘŰɟɞˊɐ əŬɘ Űɖɜ ˊɞɚɨŰɘɛɖ ůŰɐɟɘɝɐ Űɖɠ ůŮ ɧɚŬ 

ŰŬ ɏɤɠ ŰɩɟŬ ɓɐɛŬŰŬ ɛɞɡ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰŬˊŰɡɢɘŬəɩɜ ŬɚɚɎ əŬɘ ˊɟɞˊŰɡɢɘŬəɩɜ ɛɞɡ ůˊɞɡŭɩɜ. 

     ȺɡɢŬɟɘůŰɩ ɗŮɟɛɎ, Űɖɜ Ⱥˊɑəɞɡɟɖ ȾŬɗɖɔɐŰɟɘŬ ɄŬɗɞɚɞɔɘəɐɠ ȷɜŬŰɞɛɘəɐɠ, ȾŬ ȷɚŮɝɎɜŭɟŬ 

ɄŬˊɞɨŭɞɡ-ɀˊɎɖ, ɔɘŬ Űɖɜ ˊɞɚɨŰɘɛɖ ůŰɐɟɘɝɐ Űɖɠ, Űɘɠ ůɡɛɓɞɡɚɏɠ Űɖɠ əŬɘ ɔɘŬ Űɖɜ ŰɘɛɖŰɘəɐ ɔɘŬ ŮɛɏɜŬ 

ˊŬɟɞɡůɑŬ Űɖɠ ůŰɖɜ ȺɝŮŰŬůŰɘəɐ ȺˊɘŰɟɞˊɐ Ŭɝɘɞɚɧɔɖůɐɠ Űɖɠ. 

      ɃűŮɑɚɤ Ůˊɑůɖɠ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɧɚɞ Űɞ ˊɟɞůɤˊɘəɧ, ŮɟɔŬůŰɖɟɘŬəɧ əŬɘ ɛɖ, Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ 

ɄŬɗɞɚɞɔɘəɐɠ ȷɜŬŰɞɛɘəɐɠ ˊɞɡ ɛŮ ɛŮɔɎɚɖ ˊɟɞɗɡɛɑŬ ɛɞɡ ůɡɛˊŬɟŬůŰɎɗɖəŬɜ ůŮ ɧ,Űɘ ɢɟŮɘɎůŰɖəŬ əŬŰɎ 

Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ. ȽŭɘŬɑŰŮɟŬ, ɗɏɚɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖ ȸɘɞɚɧɔɞ ȾŬ ȾɤɜůŰŬɜŰɑɜŬ 

ũəɟɏˊɖ  əŬɗɩɠ əŬɘ Űɞ ɛɏɚɞɠ Ⱥ.ɇ.Ⱥ.Ʉ. ȾŬ ȷɜŰɘɔɧɜɖ ɉɟɘůŰɞŭɞɨɚɞɡ, ɔɘŬ Űɖ ůɖɛŬɜŰɘəɐ ůɡɛɓɞɚɐ Űɞɡɠ 

ůŰɖ ŭɘŮɜɏɟɔŮɘŬ Űɞɡ ˊŮɘɟŬɛŬŰɘəɞɨ ɛɏɟɞɡɠ Űɖɠ ŮɟɔŬůɑŬɠ əŬɘ ɔɘŬ Űɘɠ ˊɞɚɨŰɘɛŮɠ ůɡɛɓɞɡɚɏɠ Űɞɡɠ. 

ȺɡɢŬɟɘůŰɩ Ůˊɑůɖɠ, Űɖɜ ŰŮɢɜɞɚɧɔɞ ȾŬ ȾɞɟɞɛɖɚɘɎ ȾɤɜůŰŬɜŰɑɜŬ, ɔɘŬ Űɖɜ ˊɟɞɗɡɛɑŬ ˊɞɡ ŮˊɏŭŮɘɝŮ ɜŬ 

ŮˊŮɝŮɟɔŬůɗŮɑ ŰŮɢɜɘəɎ Űɞ ɡˊɧ ɛŮɚɏŰɖ ɡɚɘəɧ əŬɘ ɜŬ ˊŬɟŬůəŮɡɎůŮɘ Űɘɠ ɘůŰɞɚɞɔɘəɏɠ Űɞɛɏɠ. Ⱥˊɘˊɚɏɞɜ, ɗŬ 

ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖ ɔɘŬŰɟɧ ȾŬ Ȼɤɐ ȺɡŬɔɔɏɚɞɡ, ɔɘŬ Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘɎ Űɖɠ. 
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ȷűɐɜɤ ɔɘŬ Űɞ Űɏɚɞɠ, Űɞɡɠ ˊɘɞ ůɖɛŬɜŰɘəɞɨɠ Ŭɜɗɟɩˊɞɡɠ ɔɘŬ ŮɛɏɜŬ, Űɞɡɠ ɔɞɜŮɑɠ ɛɞɡ ɁɘəɧɚŬɞ əŬɘ 

ȺɡɗɡɛɑŬ, ˊɞɡ ɢɤɟɑɠ Űɖɜ ˊɞɚɨŰɘɛɖ əŬɘ ŭɘŬɟəɐ ůɡɛˊŬɟɎůŰŬůɐ Űɞɡɠ, Űɖ ůŰɐɟɘɝɖ əŬɘ ɡˊɞɛɞɜɐ Űɞɡɠ ŭŮ ɗŬ 

ˊŮŰɨɢŬɘɜŬ Űɞɡɠ ůŰɧɢɞɡɠ ɛɞɡ. 
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ɆɈɁɇɃɀɃũɅȷūȽȺɆ 

 

AJCC, (American Joint Committee on Cancer): ȷɛŮɟɘəŬɜɘəɐ ɀɘəŰɐ ȺˊɘŰɟɞˊɐ ɔɘŬ Űɞɜ ȾŬɟəɑɜɞ 

BRAF, (B-Raf proto-oncogene, serine/threonine kinase): ˊɟɤŰɞ-ɞɔəɞɔɞɜɑŭɘɞ, əɘɜɎůɖ ůŮɟɑɜɖɠ/ɗɟŮɞɜɑɜɖɠ 

CDK, (cyclin-dependent kinase): əɡəɚɘɜɞ-ŮɝŬɟŰɩɛŮɜɖ əɘɜɎůɖ 

ERK, (extracellular signal-regulated kinases): ŮɝɤəɡŰŰŬɟɘəɏɠ ůɐɛŬŰɞ-ɟɡɗɛɘɕɧɛŮɜŮɠ əɘɜɎůŮɠ  

IDH, (isocitrate dehydrogenase): ɘůɞəɘŰɟɘəɐ ŬűɡŭɟɞɔɞɜɎůɖ 

IHC, (Immunohistochemistry):  ŬɜɞůɞɥůŰɞɢɖɛŮɑŬ 

MAPK, (mitogen-activated protein kinase): əɘɜɎůɖ ŮɜŮɟɔɞˊɞɘɞɨɛŮɜɖ Ŭˊɧ ɛɘŰɞɔɧɜŬ 

MGMT, (O6-methylguanine-DNA methyltransferase): O6-ɛŮɗɡɚɞɔɞɡŬɜɑɜɞ- DNA ɛŮɗɡɚɞŰɟŬɜůűŮɟɎůɖ 

mTOR, (mammalian target of rapamycin;serine/threonine kinase): ůŰɧɢɞɠ Űɖɠ ɟŬˊŬɛɡəɑɜɖɠ 

PI3K/AKT, (phosphatidylinositol-3-kinase/protein kinase B): 3-əɘɜɎůɖ Űɖɠ űɤůűŬŰɘŭɨɚɞ-ɘɜɞůɘŰɧɚɖɠ/ 

ˊɟɤŰŮɥɜɘəɐ əɘɜɎůɖ ȸ  

PTEN, (phosphatase and tensin homolog): űɤůűŬŰɎůɖ əŬɘ ɞɛɧɚɞɔɞ ŰŮɜůɑɜɖɠ 

RB, (retinoblastoma): ɟŮŰɘɜɞɓɚɎůŰɤɛŬ 

RTK, (receptor tyrosine kinase): ɡˊɞŭɞɢɏŬɠ Űɡɟɞůɘɜɘəɐɠ əɘɜɎůɖɠ  

SLNB, (Sentinel lymph node biopsy): ɓɘɞɣɑŬ ɚŮɛűŬŭɏɜŬ-űɟɞɡɟɞɨ 

TCGA, (The Cancer Genome Atlas): ȯŰɚŬɠ ũɞɜɘŭɘɤɛŬŰɘəɐɠ Űɞɡ ȾŬɟəɑɜɞɡ 

TERT, (telomerase reverse transcriptase): ŰŮɚɞɛŮɟɎůɖ (ɛŮ ŭɟɎůɖ ŬɜŰɑůŰɟɞűɖɠ ɛŮŰŬɔɟŬűɎůɖɠ) 

WHO, (World Health Organization): ɄŬɔəɧůɛɘɞɠ ɃɟɔŬɜɘůɛɧɠ ɈɔŮɑŬɠ 
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ɄȺɅȽȿȼɊȼ 

 

ɇɞ ɛŮɚɎɜɤɛŬ ŮɑɜŬɘ ɏɜŬ əŬəɧɖɗŮɠ ɜŮɧˊɚŬůɛŬ Űɤɜ ɛŮɚŬɜɞəɡŰŰɎɟɤɜ, əŬɘ ůɡɜɘůŰɎ Űɖɜ ˊɘɞ ŮˊɘɗŮŰɘəɐ 

ɛɞɟűɐ əŬɟəɑɜɞɡ Űɞɡ ŭɏɟɛŬŰɞɠ. Ƀɘ ɓŬůɘəɞɑ ɎɝɞɜŮɠ ɗŮɟŬˊŮɡŰɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ ɔɘŬ Űɞ ɛŮŰŬůŰŬŰɘəɧ 

ɛŮɚɎɜɤɛŬ ŮɑɜŬɘ ɖ ŬɜɞůɞɗŮɟŬˊŮɑŬ əŬɘ ɖ ůŰɞɢŮɨɞɡůŬ ɗŮɟŬˊŮɑŬ. ȼ ˊɘɞ ůɖɛŬɜŰɘəɐ ɔɘŬ ɗŮɟŬˊŮɡŰɘəɞɨɠ 

ůəɞˊɞɨɠ ɛɞɟɘŬəɐ ŭɘŬŰŬɟŬɢɐ ŮɑɜŬɘ ɞɘ ɛŮŰŬɚɚɎɝŮɘɠ ůŰɞ ɔɞɜɑŭɘɞ BRAF. ȷˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ 

ŭɘŬűŬɑɜŮŰŬɘ ɧŰɘ ůŮ əɎˊɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɡˊɎɟɢŮɘ ɛɞɟɘŬəɐ ŮŰŮɟɞɔɏɜŮɘŬ, Űɧůɞ ɛŮŰŬɝɨ ŭɘŬűɞɟŮŰɘəɩɜ 

ˊŮɟɘɞɢɩɜ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ, ɧůɞ ɛŮŰŬɝɨ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ əŬɘ Űɤɜ ɛŮŰŬůŰɎůŮɤɜ ůŮ 

ɚŮɛűŬŭɏɜŮɠ ɐ/əŬɘ ůɡɛˊŬɔɐ ɧɟɔŬɜŬ, ŮɑŰŮ ŬɡŰɏɠ ŮɑɜŬɘ ůɨɔɢɟɞɜŮɠ ŮɑŰŮ ɛŮŰɎɢɟɞɜŮɠ. ũɘŬ Űɖɜ ŭɘŮɟŮɨɜɖůɖ 

ŬɡŰɐɠ Űɖɠ ŮŰŮɟɞɔɏɜŮɘŬɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 49 ɘůŰɘəɎ ɡɚɘəɎ ɛŮɚŬɜɩɛŬŰɞɠ (ˊɟɤŰɞˊŬɗŮɑɠ ɐ/əŬɘ 

ɛŮŰŬůŰŬŰɘəɏɠ ŮůŰɑŮɠ) Ŭˊɧ 22 ŬůɗŮɜŮɑɠ. ȹɘŮɜŮɟɔɐɗɖəŮ ŬɜɞůɞɥůŰɞɢɖɛɘəɧɠ ɏɚŮɔɢɞɠ ɔɘŬ Űɞɡɠ ŭŮɑəŰŮɠ 

Melan-A, HMB45 əŬɘ S100 ůŮ ɧɚɞɡɠ Űɞɡɠ ŬůɗŮɜŮɑɠ əŬɘ Ůˊɑůɖɠ Űɧůɞ ɛɞɟɘŬəɧɠ (Cobas Z 4800 Real 

Time PCR) ɧůɞ əŬɘ ŬɜɞůɞɥůŰɞɢɖɛɘəɧɠ ɏɚŮɔɢɞɠ Űɞɡ ɔɞɜɘŭɑɞɡ BRAF ůŰɞɡɠ 14 Ůə Űɤɜ 22 ŬůɗŮɜɩɜ. 

ɀŮɚŮŰɐɗɖəŮ ɘůŰɘəɧ ɡɚɘəɧ ɛɞɜɘɛɞˊɞɘɖɛɏɜɞ ůŮ űɞɟɛɧɚɖ əŬɘ ŮɔəɚŮɘůɛɏɜɞ ůŮ əɨɓɞɡɠ ˊŬɟŬűɑɜɖɠ (FFPE) 

Ŭˊɧ ŬůɗŮɜŮɑɠ ɛŮ ɛŮɚɎɜɤɛŬ ŭɏɟɛŬŰɞɠ əŬɘ ɚŮɛűŬŭŮɜɘəɏɠ ɐ ŬˊɞɛŬəɟɡůɛɏɜŮɠ ɛŮŰŬůŰɎůŮɘɠ, Ŭˊɧ Űɞ ŬɟɢŮɑɞ 

Űɞɡ ɄŬɗɞɚɞɔɞŬɜŬŰɞɛɘəɞɨ ȺɟɔŬůŰɖɟɑɞɡ Űɞɡ ɄũɁȽ. Ⱥə Űɤɜ 14 ŭɘŬűɞɟŮŰɘəɩɜ ˊŮɟɘˊŰɩůŮɤɜ 

ɛŮɚŬɜɩɛŬŰɞɠ, ůŮ ŭɨɞ ŬůɗŮɜŮɑɠ ŬɜŮɡɟɏɗɖəŮ Ŭůɨɛűɤɜɞ ŬˊɞŰɏɚŮůɛŬ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ ůɢŮŰɘəɎ 

ɛŮ Űɖɜ ˊŬɟɞɡůɑŬ ɛŮŰɎɚɚŬɝɖɠ BRAF. Ⱥˊɘˊɚɏɞɜ, ŬɜŮɡɟɏɗɖəŮ ɛɞɟɘŬəɐ ŮŰŮɟɞɔɏɜŮɘŬ ɛŮŰŬɝɨ Űɖɠ 

ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ ɐ/əŬɘ Űɤɜ ɛŮŰŬůŰɎůŮɤɜ ůŮ ŰɏůůŮɟɘɠ Ŭˊɧ Űɘɠ 14 ůɡɜɞɚɘəɎ ˊŮɟɘˊŰɩůŮɘɠ. ȹŮɜ 

ɡˊɐɟɝŮ ůɖɛŬɜŰɘəɐ ŭɘŬűɞɟɞˊɞɑɖůɖ ůŰɞɜ ŬɜɞůɞűŬɘɜɧŰɡˊɞ ɛŮŰŬɝɨ ˊɟɤŰɞˊŬɗɞɨɠ əŬɘ ŭŮɡŰŮɟɞˊŬɗɞɨɠ 

ŮůŰɑŬɠ. ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ɡˊɎɟɢŮɘ ŮŰŮɟɞɔɏɜŮɘŬ ůŰɖɜ ɛɞɟɘŬəɐ əŬŰŬŰɞɛɐ Űɤɜ 

ɛŮɚŬɜɤɛɎŰɤɜ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮˊɖɟŮɎůŮɘ Űɖ ɗŮɟŬˊŮɡŰɘəɐ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ŬůɗŮɜɩɜ ɛŮ ŭŮɟɛŬŰɘəɧ 

ɛŮɚɎɜɤɛŬ. ȼ ŬɜɞůɞɥůŰɞɢɖɛŮɑŬ ŬˊɞŰŮɚŮɑ ɛɘŬ ŮɡŬɑůɗɖŰɖ əŬɘ Ůɘŭɘəɐ ɛɏɗɞŭɞ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɖɠ 

ɛŮŰɎɚɚŬɝɖɠ BRAF V600E. 

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɀŮɚɎɜɤɛŬ, ɄɟɤŰɞˊŬɗɐɠ/ȹŮɡŰŮɟɞˊŬɗɐɠ ȺůŰɑŬ, ɀɞɟɘŬəɧ ˊɟɞűɑɚ-əŬŰŬŰɞɛɐ, ȺŰŮɟɞɔɏɜŮɘŬ, 

ȷɜɞůɞɥůŰɞɢɖɛŮɑŬ, ȷɚɡůɘŭɤŰɐ ȷɜŰɑŭɟŬůɖ ɄɞɚɡɛŮɟɎůɖɠ, ɀɞɟɘŬəɞɑ ȹŮɑəŰŮɠ, ɀŮŰɎɚɚŬɝɖ, BRAF, ŪŮɟŬˊŮɑŬ, 

Ʉɟɧɔɜɤůɖ 
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ABSTRACT 

 

Melanoma is a malignant neoplasm of melanocytes and is the most aggressive form of skin cancer. 

The mainstays of the therapeutic approach for metastatic melanoma are immunotherapy and targeted 

therapy. The most important for therapeutic purposes molecular disorder are mutations in the BRAF 

gene. The literature shows that in some cases there is molecular heterogeneity, both between different 

areas of the primary focus and between the primary focus and metastases to lymph nodes and / or solid 

organs, whether they are synchronous or metachronous. 49 tissue melanoma materials (primary and / 

or metastatic foci) from 22 patients were used to investigate this heterogeneity. Immunohistochemistry 

was performed for Melan-A, HMB45 and S100 markers in all patients. Also, both molecular (Cobas Z 

4800 Real Time PCR) and immunohistochemical testing of the BRAF gene in 14 of the 22 patients. 

Tissue material fixed in formalin and encapsulated in paraffin cubes (FFPE) was studied from patients 

with skin melanoma and lymph node or distant metastases, from the archive of the PNI Pathological 

Laboratory. Of the 14 different cases of melanoma, in two patients a discrepancy was found between 

the two methods regarding the presence of a BRAF mutation. In addition, molecular heterogeneity was 

found between the primary focus and / or metastases in four of the 14 cases. There was no significant 

differentiation in the immunophenotype between primary and secondary foci. In conclusion, it is 

possible that there is heterogeneity in the molecular profile of melanoma, which may affect the 

treatment of patients with cutaneous melanoma. Immunohistochemistry is a sensitive and specific 

method for detecting the BRAF V600E mutation. 

 

Keywords: Melanoma; Primary/Secondary; Molecular Profile, Heterogeneity, Immunohistochemistry; 

Polymerase Chain Reaction; Molecular Markers; Mutation; Gene; BRAF; Treatment; Prognosis 
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ȾȺūȷȿȷȽɃ 1: ȺȽɆȷũɋũȼ 

 

1.1    ɆŰɞɘɢŮɑŬ ȷɜŬŰɞɛɑŬɠ, ȽůŰɞɚɞɔɑŬɠ & ūɡůɘɞɚɞɔɑŬɠ  Űɞɡ ȹɏɟɛŬŰɞɠ 

 

ɇɞ ŭɏɟɛŬ ŮɑɜŬɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ŮɜɘŬɑɞ ɧɟɔŬɜɞ Űɞɡ ůɩɛŬŰɞɠ (ȺɘəɧɜŬ 1.1) - ŬˊɞŰŮɚɩɜŰŬɠ ŰɡˊɘəɎ Űɞ 15-

20% Űɞɡ ůɡɜɞɚɘəɞɨ ůɤɛŬŰɘəɞɨ ɓɎɟɞɡɠ - əŬɘ ůŰɞɡɠ ŮɜɐɚɘəŮɠ, əŬŰɏɢŮɘ ɛɘŬ ŮˊɘűɎɜŮɘŬ 1,5-2 m2 ˊɞɡ 

ɓɟɑůəŮŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɞ ŮɝɤŰŮɟɘəɧ ˊŮɟɘɓɎɚɚɞɜ. ɇɞ ŭɏɟɛŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘŭŮɟɛɑŭŬ, ɛɘŬ 

ŮˊɘɗɖɚɘŬəɐ ɛɞɑɟŬ ŮɝɤŭŮɟɛɘəɐɠ ˊɟɞɏɚŮɡůɖɠ əŬɘ Űɖ ŭŮɟɛɑŭŬ ɐ ɢɧɟɘɞ, ɛɘŬ ɛɞɑɟŬ ůɡɜŭŮŰɘəɞɨ ɘůŰɞɨ 

ɛŮůɞŭŮɟɛɘəɐɠ ˊɟɞɏɚŮɡůɖɠ. ȼ ůɡɛɓɞɚɐ ɛŮŰŬɝɨ Űɞɡ ɢɞɟɑɞɡ əŬɘ Űɖɠ ŮˊɘŭŮɟɛɑŭŬɠ ŮɑɜŬɘ ŬəŬɜɧɜɘůŰɖ, ɛŮ 

ˊɟɞůŮəɓɞɚɏɠ Űɞɡ ɢɞɟɑɞɡ ˊɞɡ ɞɜɞɛɎɕɞɜŰŬɘ ɗɖɚɏɠ, ɞɘ ɞˊɞɑŮɠ ŬɚɚɖɚɞŮɘůɏɢɞɡɜ ɛŮ əŬŰŬŭɨůŮɘɠ Űɖɠ 

ŮˊɘŭŮɟɛɑŭŬɠ, Űɘɠ ŮˊɘŭŮɟɛɘəɏɠ ŬəɟɞɚɞűɑŮɠ, ɔɘŬ ɜŬ Ůɜɘůɢɨůɞɡɜ Űɖɜ ˊɟɞůəɧɚɚɖůɖ Űɤɜ ŭɨɞ ůŰɘɓɎŭɤɜ. ɇŬ 

ŮɝŬɟŰɐɛŬŰŬ Űɞɡ ŭɏɟɛŬŰɞɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞɡɠ  ŰɟɘɢɞɗɡɚɎəɞɡɠ, Űɞɡɠ ůɛɖɔɛŬŰɞɔɧɜɞɡɠ əŬɘ Űɞɡɠ 

ɘŭɟɤŰɞˊɞɘɞɨɠ ŬŭɏɜŮɠ. ȾɎŰɤ Ŭˊɧ Űɞ ɢɧɟɘɞ ɓɟɑůəŮŰŬɘ ɞ ɡˊɞŭɧɟɘɞɠ ɘůŰɧɠ ɐ ɡˊɞŭŮɟɛɑŭŬ, ɛɘŬ ůŰɘɓɎŭŬ 

ɢŬɚŬɟɞɨ ůɡɜŭŮŰɘəɞɨ ɘůŰɞɨ ˊɞɡ ůɡɜɐɗɤɠ ˊŮɟɘɏɢŮɘ ŬɗɟɞɑůŮɘɠ ɚɘˊɞəɡŰŰɎɟɤɜ. Ƀ ɡˊɞŭɧɟɘɞɠ ɘůŰɧɠ ůɡɜŭɏŮɘ 

ɢŬɚŬɟɎ Űɞ ŭɏɟɛŬ ůŰɞɡɠ ɡˊɞəŮɑɛŮɜɞɡɠ ɘůŰɞɨɠ əŬɘ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ Ůˊɘˊɞɚɐɠ ˊŮɟɘŰɞɜɑŬ Űɖɠ 

ɛŬəɟɞůəɞˊɘəɐɠ ŬɜŬŰɞɛɑŬɠ. 

 

 

 

ȺɘəɧɜŬ 1.1. ɆɢɖɛŬŰɘəɐ ˊŬɟɎůŰŬůɖ Űɞɡ űɡůɘɞɚɞɔɘəɞɨ ŭɏɟɛŬŰɞɠ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ National Cancer Institute 

ñTerese winslowò, 2008). 
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ɇɞ ˊɎɢɞɠ Űɞɡ ŭɏɟɛŬŰɞɠ ˊɞɘəɑɚɚŮɘ Ŭˊɧ ɎŰɞɛɞ ůŮ ɎŰɞɛɞ əŬɘ ɔɘŬ Űɞ ɑŭɘɞ Űɞ ɎŰɞɛɞ ŬɜɎɚɞɔŬ ɛŮ Űɖ ɛɞɑɟŬ 

Űɞɡ ůɩɛŬŰɞɠ Űɞɡ Ŭˊɧ Űɖɜ ɞˊɞɑŬ ˊɟɞɏɟɢŮŰŬɘ. ȺɑɜŬɘ ɚŮˊŰɧ ůŰŬ ɓɚɏűŬɟŬ, ŰŬ ŬɡŰɘɎ, Űɖɜ ˊɧůɗɖ əŬɘ ˊŬɢɨ 

ůŰɞɜ ŬɡɢɏɜŬ, ůŰɘɠ ˊŬɚɎɛŮɠ, ŰŬ ˊɏɚɛŬŰŬ, Űɞɡɠ ɔɚɞɡŰɞɨɠ əŬɘ Űɞ ŮűɐɓŬɘɞ. Ⱥˊɑůɖɠ, ˊɞɘəɑɚɚŮɘ ŬɜɎɚɞɔŬ ɛŮ 

Űɞ űɨɚɞ əŬɘ Űɖɜ ɖɚɘəɑŬ. ȺɑɜŬɘ ɚŮˊŰɧŰŮɟɞ ůŰɘɠ ɔɡɜŬɑəŮɠ, ŰŬ ˊŬɘŭɘɎ əŬɘ Űɞɡɠ ɔɏɟɞɜŰŮɠ əŬɘ ˊŬɢɨŰŮɟɞ 

ůŰɞɡɠ ŮɜɐɚɘəŮɠ ɎɜŭɟŮɠ. ɇɞ ɢɟɩɛŬ Űɞɡ ŭɏɟɛŬŰɞɠ ɞűŮɑɚŮŰŬɘ ůŰɖ űɡůɘɞɚɞɔɘəɐ ɢɟɤůŰɘəɐ, Űɖ ɛŮɚŬɜɑɜɖ, 

ůŰɞ ˊɎɢɞɠ Űɖɠ əŮɟŬŰɑɜɖɠ ůŰɘɓɎŭŬɠ Űɖɠ ŮˊɘŭŮɟɛɑŭŬɠ əŬɘ ůŰɖɜ ŬɔɔŮɘɞɓɟɑɗŮɘŬ əŬɘ Űɖɜ ŬɜŬŰɞɛɘəɐ ɗɏůɖ 

Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ŬɔɔŮɑɤɜ. ɇɞ ɢɟɩɛŬ Űɞɡ ŭɏɟɛŬŰɞɠ ŭɘŬűɏɟŮɘ Ŭˊɧ űɡɚɐ ůŮ űɡɚɐ ŬɜɎɚɞɔŬ ɛŮ Űɞ űɨɚɞ, 

Űɖɜ ɖɚɘəɑŬ, Űɞ ŮˊɎɔɔŮɚɛŬ, Űɞɜ Űɟɧˊɞ ŭɘŬɓɑɤůɖɠ əŬɘ Ŭəɧɛɖ ɛˊɞɟŮɑ ɜŬ ŭɘŬűɏɟŮɘ əŬɘ ůŰɞ ɑŭɘɞ Űɞ ɎŰɞɛɞ 

ŬɜɎɚɞɔŬ ɛŮ Űɖ ɗɏůɖ ɧˊɤɠ ˊ.ɢ. ɖ ɗɖɚŬɑŬ Ɏɚɤɠ ɐ əŬɘ ŰŬ ɔŮɜɜɖŰɘəɎ ɧɟɔŬɜŬ (Mescher, 2015). 

 

 ɇɞ ŭɏɟɛŬ ŭŮɜ ŬˊɞŰŮɚŮɑ Ŭˊɚɧ ˊŮɟɑɓɚɖɛŬ Űɞɡ ůɩɛŬŰɞɠ ŬɚɚɎ ŬˊɞŰŮɚŮɑ ˊɞɚɨŰɘɛɞ ɧɟɔŬɜɞ ŮˊɘŰŮɚɩɜŰŬɠ 

ˊɞɚɚɏɠ űɡůɘɞɚɞɔɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ: 

 

V ɄɟɞůŰŬůɑŬ: ɇɞ ŭɏɟɛŬ ˊŬɟɏɢŮɘ ɛɘŬ űɡůɘəɐ ɎɛɡɜŬ Űɞɡ ɞɟɔŬɜɘůɛɞɨ ɏɜŬɜŰɘ ɗŮɟɛɘəɩɜ əŬɘ 

ɛɖɢŬɜɘəɩɜ ŭɘŬŭɘəŬůɘɩɜ (Űɟɘɓɐ), ɏɜŬɜŰɘ ˊŬɗɞɔɧɜɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ, ɢɖɛɘəɩɜ ˊɟɞůɓɞɚɩɜ əŬɘ Űɖɠ 

ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ. 

V ȷˊŮəəɟɘŰɘəɐ (ɘŭɟɩŰŬɠ əŬɘ ůɛɐɔɛŬ) əŬɘ ŬˊɞɟɟɞűɖŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ 

V ȷɑůɗɖůɖ: Ʉɞɚɚɞɑ Űɨˊɞɘ ŬɘůɗɖŰɖɟɑɤɜ ɡˊɞŭɞɢɏɤɜ ŮˊɘŰɟɏˊɞɡɜ ůŰɞ ŭɏɟɛŬ ɜŬ ŮɚɏɔɢŮɘ ůɡɜŮɢɩɠ 

Űɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ŭɘɎűɞɟɞɘ ɛɖɢŬɜɘəɞɑ ɡˊɞŭɞɢŮɑɠ Űɞɡ ŭɏɟɛŬŰɞɠ ɓɞɖɗɞɨɜ ůŰɖ ɟɨɗɛɘůɖ Űɤɜ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ Űɞɡ ůɩɛŬŰɞɠ ɛŮ ŰŬ űɡůɘəɎ ŬɜŰɘəŮɑɛŮɜŬ. 

V ȾŮɟŬŰɘɜɞˊɞɑɖůɖ: ɄɟɞůŰŬŰŮɨŮɘ Ŭˊɧ Űɞ ŮɝɤŰŮɟɘəɧ ˊŮɟɘɓɎɚɚɞɜ 

V ŪŮɟɛɞɟɟɨɗɛɘůɖ: ɀɘŬ ůŰŬɗŮɟɐ ɗŮɟɛɞəɟŬůɑŬ ůɩɛŬŰɞɠ űɡůɘɞɚɞɔɘəɎ ŭɘŬŰɖɟŮɑŰŬɘ ŮɨəɞɚŬ, 

ɚɧɔɤ Űɤɜ ɛɞɜɤŰɘəɩɜ ůɡůŰŬŰɘəɩɜ Űɞɡ ŭɏɟɛŬŰɞɠ əŬɘ Űɤɜ ɛɖɢŬɜɘůɛɩɜ Űɞɡ ɔɘŬ Űɖɜ ŮˊɘŰŬɢɡɜɧɛŮɜɖ 

ŬˊɩɚŮɘŬ ɗŮɟɛɧŰɖŰŬɠ (ɘŭɟɩŰŬɠ əŬɘ Ůˊɘˊɞɚɐɠ ɛɘəɟɞəɡəɚɞűɞɟɑŬ). 

V ɀŮŰŬɓɞɚɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ: ɇŬ əɨŰŰŬɟŬ Űɞɡ ŭɏɟɛŬŰɞɠ ůɡɜɗɏŰɞɡɜ Űɖ ɓɘŰŬɛɑɜɖ D3. ȼ 

ˊŮɟɑůůŮɘŬ Űɤɜ ɖɚŮəɟɞɚɡŰɩɜ ɛˊɞɟŮɑ ɜŬ ŬˊɞɛŬəɟɡɜɗŮɑ ɛŮ Űɞɜ ɘŭɟɩŰŬ əŬɘ ɖ ɡˊɞŭɧɟɘŬ ůŰɘɓɎŭŬ 

ŬˊɞɗɖəŮɨŮɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ˊɞůɧ ŮɜɏɟɔŮɘŬɠ ɡˊɧ ɛɞɟűɐ ɚɑˊɞɡɠ. 

V ɀŮɚŬɜɞɔɏɜŮůɖ: ɄɟɞůŰŬŰŮɨŮɘ Ŭˊɧ Űɖɜ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ 

 

 

  ȼ ŮˊɘŭŮɟɛɑŭŬ ŬˊɞŰŮɚŮɑŰŬɘ əɡɟɑɤɠ Ŭˊɧ ˊɞɚɨůŰɘɓɞ ˊɚŬəɩŭŮɠ əŮɟŬŰɘɜɞˊɞɘɞɨɛŮɜɞ Ůˊɘɗɐɚɘɞ, 

ŬˊɞŰŮɚɞɨɛŮɜɞ Ŭˊɧ əɨŰŰŬɟŬ, ŰŬ əŮɟŬŰɘɜɞəɨŰŰŬɟŬ ɐ ˊɚŬəɩŭɖ əɨŰŰŬɟŬ. ɇŬ ŰŮɚŮɡŰŬɑŬ, ɡűɑůŰŬɜŰŬɘ ɛɘŬ 

ŰŮɚɘəɐ ŭɘŬŭɘəŬůɑŬ ŭɘŬűɞɟɞˊɞɑɖůɖɠ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ əŮɟŬŰɘɜɞˊɞɑɖůɖ ɛŮ ɛɘŬ ůŮɘɟɎ ɓɖɛɎŰɤɜ ˊɞɡ 
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Ŭ́ ɞŰɡˊɩɜŮŰŬɘ ŮɡŭɘɎəɟɘŰŬ ůŰɘɠ ůŰɘɓɎŭŮɠ Űɖɠ ŮˊɘŭŮɟɛɑŭŬɠ. ȼ ŮˊɘŭŮɟɛɑŭŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɏůůŮɟɘɠ 

ůŰɘɓɎŭŮɠ əŮɟŬŰɘɜɞəɡŰŰɎɟɤɜ, ˊɞɘəɑɚɞɡ ˊɎɢɞɡɠ (ȺɘəɧɜŬ 1.2).  

 

ȼ ɓŬůɘəɐ ůŰɘɓɎŭŬ ŮɑɜŬɘ ɛɘŬ ůŮɘɟɎ Ŭˊɧ ɓŬůŮɧűɘɚŬ, ɛɘŰɤŰɘəɎ ŮɜŮɟɔɎ əɡɓɞŮɘŭɐ ɐ əɡɚɘɜŭɟɘəɎ əɨŰŰŬɟŬ 

ˊɞɡ ůŰɖɟɑɕɞɜŰŬɘ ůŰɖ ɓŬůɘəɐ ɛŮɛɓɟɎɜɖ ůŰɖɜ ɢɞɟɘɞŮˊɘŭŮɟɛɘəɐ ůɡɛɓɞɚɐ. ȼ ɓŬůɘəɐ ůŰɘɓɎŭŬ ˊŮɟɘɏɢŮɘ 

ɛŬɕɑ ɛŮ Űɞ ɓŬɗɨŰŮɟɞ ŰɛɐɛŬ Űɖɠ ŮˊɧɛŮɜɖɠ ůŰɘɓɎŭŬɠ, ˊɟɞɔɞɜɘəɎ əɨŰŰŬɟŬ ɔɘŬ ɧɚŮɠ Űɘɠ ŮˊɘŭŮɟɛɘəɏɠ 

ůŰɘɓɎŭŮɠ. ȼ ŬəŬɜɗɤŰɐ ůŰɘɓɎŭŬ, ŮɑɜŬɘ űɡůɘɞɚɞɔɘəɎ ɖ ˊŬɢɨŰŮɟɖ ůŰɘɓɎŭŬ, ŮɘŭɘəɎ ůŰɘɠ ŮˊɘŭŮɟɛɘəɏɠ 

ŬəɟɞɚɞűɑŮɠ, əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ ɔŮɜɘəɎ Ŭˊɧ ˊɞɚɡŮŭɟɘəɎ əɨŰŰŬɟŬ ɛŮ əŮɜŰɟɘəɎ ŰɞˊɞɗŮŰɖɛɏɜɞ ˊɡɟɐɜŬ, 

ŮɛűŬɜɐ ˊɡɟɖɜɑůəɞ əŬɘ əɡŰŰŬɟɧˊɚŬůɛŬ, ůŰɞ ɞˊɞɑɞ ůɡɜɗɏŰɞɡɜ ŮɜŮɟɔɎ Űɘɠ əŮɟŬŰɑɜŮɠ. ȼ əɞəəɘɩŭɖɠ 

ůŰɘɓɎŭŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 3-5 ůŮɘɟɏɠ ˊŮˊɚŬŰɡůɛɏɜɤɜ əɡŰŰɎɟɤɜ, ˊɞɡ ŰɩɟŬ ɡűɑůŰŬɜŰŬɘ Űɖɜ ŰŮɚɘəɐ 

ŭɘŬŭɘəŬůɑŬ ŭɘŬűɞɟɞˊɞɑɖůɖɠ, Űɖɜ əŮɟŬŰɘɜɞˊɞɑɖůɖ. ɇɞ əɡŰŰŬɟɧˊɚŬůɛɎ Űɞɡɠ ŮɑɜŬɘ ɔŮɛɎŰɞ Ŭˊɧ ɏɜŰɞɜŬ 

ɓŬůŮɧűɘɚŮɠ ɛɎɕŮɠ ˊɞɡ ɞɜɞɛɎɕɞɜŰŬɘ əɞəəɑŬ əŮɟŬŰɞɦŬɚɑɜɖɠ. Ⱥˊɘˊɚɏɞɜ, ɢŬɟŬəŰɖɟɘůŰɘəɧ ɔɜɩɟɘůɛŬ ůŰŬ 

əɨŰŰŬɟŬ Űɖɠ əɞəəɘɩŭɞɡɠ ůŰɘɓɎŭŬɠ ŮɑɜŬɘ ŰŬ ɛŮɛɓɟŬɜɩŭɖ ˊŮŰŬɚɘɩŭɖ əɞəəɑŬ. ȼ ŭɘŬɡɔɐɠ ůŰɘɓɎŭŬ ˊɞɡ 

ɓɟɑůəŮŰŬɘ ɛɧɜɞ ůŰɞ ˊŬɢɨ ŭɏɟɛŬ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ɚŮˊŰɧ, ŭɘŬűŬɜɏɠ ůŰɟɩɛŬ ˊŮˊɚŬŰɡůɛɏɜɤɜ 

ɖɤůɘɜɧűɘɚɤɜ əŮɟŬŰɘɜɞəɡŰŰɎɟɤɜ ˊɞɡ ŭɘŬŰɖɟɞɨɜ Űɖ ůɡɜɞɢɐ Űɞɡɠ, ɛɏůɤ ŭŮůɛɞůɤɛɎŰɤɜ. ȼ ŮˊɘűŬɜŮɘŬəɐ 

əŮɟŬŰɑɜɖ ůŰɘɓɎŭŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 15-20 ůŮɘɟɏɠ Ŭˊɧ ˊɚŬəɩŭɖ əŮɟŬŰɘɜɞˊɞɘɖɛɏɜŬ əɨŰŰŬɟŬ. ɄɟɧəŮɘŰŬɘ 

ɔɘŬ Űɖ ůŰɘɓɎŭŬ ˊɞɡ ˊɟɞůŰŬŰŮɨŮɘ Ŭˊɧ Űɖɜ ŬˊɩɚŮɘŬ ɨŭŬŰɞɠ, Űɖɜ Űɟɘɓɐ əŬɘ Űɖ ɛɘəɟɞɓɘŬəɐ Ůɘůɓɞɚɐ əŬɘ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ ŮˊɑˊŮŭŬ, ŰŮɚɘəɎ ŭɘŬűɞɟɞˊɞɘɖɛɏɜŬ əɨŰŰŬɟŬ ɐ űɞɚɑŭŮɠ (Mescher, 2015).  

 

 

ȺɘəɧɜŬ 1.2. ȽůŰɞɚɞɔɘəɐ ŮɘəɧɜŬ űɡůɘɞɚɞɔɘəɞɨ ŭɏɟɛŬŰɞɠ. ɉɟɩůɖ H/E ɀŮɔɏɗɡɜůɖ x 200. ɄŬɟɞɡůɑŬ Űɖɠ ɓŬůɘəɐɠ 

ůŰɘɓɎŭŬɠ Űɤɜ ɛŮɚŬɜɞəɡŰŰɎɟɤɜ ůŰɞ ɧɟɘɞ ŮˊɘŭŮɟɛɑŭɞɠ əŬɘ ɗɖɚɩŭɞɡɠ ɢɞɟɑɞɡ (űɤŰɞɔɟŬűɘəɧ ɡɚɘəɧ Ŭˊɧ Űɞ 

ȺɟɔŬůŰɐɟɘɞ ɄŬɗɞɚɞɔɘəɐɠ ȷɜŬŰɞɛɘəɐɠ Űɞɡ ɄũɁȽ). 
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Ⱥˊɘˊɚɏɞɜ, ɡˊɎɟɢɞɡɜ ŰɟŮɘɠ ŬəɧɛŬ Űɨˊɞɘ əɡŰŰɎɟɤɜ ůŰɖɜ ŮˊɘŭŮɟɛɑŭŬ ůŮ ɛɘəɟɧŰŮɟɖ ŬɜŬɚɞɔɑŬ: ŰŬ 

ɛŮɚŬɜɞəɨŰŰŬɟŬ ˊɞɡ ˊŬɟɎɔɞɡɜ ɛŮɚŬɜɑɜɖ, ŰŬ ŬɜŰɘɔɞɜɞˊŬɟɞɡůɘŬůŰɘəɎ əɨŰŰŬɟŬ Langerhans əŬɘ ŰŬ 

ŬɘůɗɖŰɘəɎ ŮˊɘɗɖɚɘŬəɎ əɨŰŰŬɟŬ ɐ əɨŰŰŬɟŬ Merkel. ɇŬ əɨŰŰŬɟŬ Langerhans ˊŬɟŬŰɖɟɞɨɜŰŬɘ əŬɚɨŰŮɟŬ 

ůŰɖɜ ŬəŬɜɗɤŰɐ ůŰɘɓɎŭŬ əŬɘ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɞ 2-8% Űɤɜ ŮˊɘŭŮɟɛɘəɩɜ əɡŰŰɎɟɤɜ. ɀŬɕɑ ɛŮ ŰŬ 

ˊŮɟɘůůɧŰŮɟɞ ŭɘŮůˊŬɟɛɏɜŬ ŮˊɘŭŮɟɛɘəɎ ɚŮɛűɞəɨŰŰŬɟŬ əŬɘ ɎɚɚŬ ŬɜŰɘɔɞɜɞˊŬɟɞɡůɘŬůŰɘəɎ əɨŰŰŬɟŬ ůŰɞ 

ɢɧɟɘɞ, ŬˊɞŰŮɚɞɨɜ ɏɜŬ ůɖɛŬɜŰɘəɧ ůɡůŰŬŰɘəɧ Űɖɠ ŮˊɑəŰɖŰɖɠ ŬɜɞůɑŬɠ Űɞɡ ŭɏɟɛŬŰɞɠ. ɇŬ əɨŰŰŬɟŬ Merkel 

ŮɑɜŬɘ ŮɡŬɑůɗɖŰɞɘ ɛɖɢŬɜɘəɞɑ ɡˊɞŭɞɢŮɑɠ Űɞɡ ŭɏɟɛŬŰɞɠ, ŬˊŬɟŬɑŰɖŰɞɘ ɔɘŬ Űɖɜ ŮɚŬűɟɎ Ŭɑůɗɖůɖ Űɖɠ Ŭűɐɠ. 

ȷűɗɞɜɞɨɜ ůŰŬ ɎəɟŬ Űɤɜ ŭŬəŰɨɚɤɜ əŬɘ ůŰɘɠ ɓɎůŮɘɠ ɛŮɟɘəɩɜ ŰɟɘɢɞɗɡɚŬəɑɤɜ (Mescher, 2015). 

 

 

1.1.1 ɇɞ ɛŮɚŬɜɞəɨŰŰŬɟɞ 

 

ɇɖ 13ɖ ŮɓŭɞɛɎŭŬ Űɖɠ əɨɖůɖɠ, əŬŰɎ ˊɟɞůɏɔɔɘůɖ, əɨŰŰŬɟŬ ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ Űɖ ɜŮɡɟɘəɐ ŬəɟɞɚɞűɑŬ 

ɛŮŰŬɜŬůŰŮɨɞɡɜ əŬɘ ŮɔəŬɗɑůŰŬɜŰŬɘ ůŰɖ ůɡɛɓɞɚɐ Űɖɠ ŮˊɘŭŮɟɛɑŭŬɠ ɛŮ Űɞ ɢɧɟɘɞ. ɇŬ əɨŰŰŬɟŬ ŬɡŰɎ 

ŮɝŮɚɑůůɞɜŰŬɘ ůŰŬ əŮɢɟɤůɛɏɜŬ ɛŮɚŬɜɞəɨŰŰŬɟŬ, ŰŬ ɞˊɞɑŬ ɓɟɑůəɞɜŰŬɘ ůŰɖ ɓŬůɘəɐ ůŰɘɓɎŭŬ Űɖɠ 

ŮˊɘŭŮɟɛɑŭŬɠ (stratum basale) (ȺɘəɧɜŬ 1.3) əŬɘ ůŮ ɛŮůŬɑŮɠ ůŰɘɓɎŭŮɠ ůŰɞɜ ɞűɗŬɚɛɧ. ɆˊɎɜɘŬ, ŰɏŰɞɘŬ 

əɨŰŰŬɟŬ ɏɢɞɡɜ ŬɜŮɡɟŮɗŮɑ Ůˊɑůɖɠ ůŰɞ ŮůɤŰŮɟɘəɧ Űɤɜ ŬɡŰɘɩɜ, ůŰɘɠ ɛɐɜɘɔɔŮɠ, ůŰŬ ɞůŰɎ, əŬɘ ůŰɖɜ əŬɟŭɘɎ. 

Ƀ Ŭɟɘɗɛɧɠ Űɞɡɠ ŮɑɜŬɘ ůɢŮŰɘəɎ ůŰŬɗŮɟɧɠ ůŰɞɡɠ Ŭɜɗɟɩˊɞɡɠ, ˊŮɟɑˊɞɡ 1000 ɛŮ 2000 ŬɜɎ ŰŮŰɟŬɔɤɜɘəɧ 

ɢɘɚɘɞůŰɧ ŭɏɟɛŬŰɞɠ əŬɘ ŬˊɞŰŮɚɞɨɜ ˊɞůɞůŰɧ 5-10% Űɤɜ əɡŰŰɎɟɤɜ Űɖɠ ɓŬůɘəɐɠ ůŰɘɓɎŭŬɠ Űɖɠ 

ŮˊɘŭŮɟɛɑŭŬɠ (Cramer et al., 1991).  

 

ɇŬ ɛŮɚŬɜɞəɨŰŰŬɟŬ ɏɢɞɡɜ ŬɟŬɘɞɢɟɤɛŬŰɘəɎ, ůŰɟɞɔɔɡɚɎ əɡŰŰŬɟɘəɎ ůɩɛŬŰŬ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ 

ɖɛɘŭŮůɛɞůɩɛŬŰŬ ɛŮ Űɞ ɓŬůɘəɧ ɡɛɏɜŬ, ŬɚɚɎ ůŰŮɟɞɨɜŰŬɘ ůɡɜŭɏůŮɤɜ ɛŮ ŰŬ ɔŮɘŰɞɜɘəɎ əŮɟŬŰɘɜɞəɨŰŰŬɟŬ. 

ȷɟəŮŰɏɠ ɛŬəɟɏɠ, ŬɜɩɛŬɚŮɠ əɡŰŰŬɟɞˊɚŬůɛŬŰɘəɏɠ ŬˊɞűɡɎŭŮɠ Ŭˊɧ əɎɗŮ ɛŮɚŬɜɞəɨŰŰŬɟɞ ŭɘŬəɚŬŭɑɕɞɜŰŬɘ 

ůŰɖɜ ŮˊɘŭŮɟɛɑŭŬ, ŭɘŬŰɟɏɢɞɜŰŬɠ ɛŮŰŬɝɨ Űɤɜ əɡŰŰɎɟɤɜ Űɖɠ ɓŬůɘəɐɠ əŬɘ ŬəŬɜɗɤŰɐɠ ůŰɘɓɎŭŬɠ əŬɘ 

əŬŰŬɚɐɔɞɜŰŬɠ ůŰɘɠ ŮɔəɞɚˊɩůŮɘɠ 5-10 əŮɟŬŰɘɜɞəɡŰŰɎɟɤɜ. ɀŮ Űɞ ɖɚŮəŰɟɞɜɘəɧ ɛɘəɟɞůəɧˊɘɞ, ɏɜŬ 

ɛŮɚŬɜɞəɨŰŰŬɟɞ ɏɢŮɘ ˊɞɚɡɎɟɘɗɛŬ ɛɘəɟɎ ɛɘŰɞɢɧɜŭɟɘŬ, ɛɘəɟɏɠ ŭŮɝŬɛŮɜɏɠ Ŭŭɟɞɨ ŮɜŭɞˊɚŬůɛŬŰɘəɞɨ 

ŭɘəŰɨɞɡ əŬɘ ɛɘŬ əŬɚɎ ŬɜŮˊŰɡɔɛɏɜɖ ůɡůəŮɡɐ Golgi (ȺɘəɧɜŬ 1.4). 

 

ɇŬ ɛŮɚŬɜɞəɨŰŰŬɟŬ ˊŬɟɎɔɞɡɜ ɛɘŬ ɞɡůɑŬ, Űɖ ɛŮɚŬɜɑɜɖ, ˊɞɡ ŮɑɜŬɘ ɖ ɢɟɤůŰɘəɐ ˊɞɡ ŮɡɗɨɜŮŰŬɘ ɔɘŬ Űɞ 

ɢɟɩɛŬ Űɞɡ ŭɏɟɛŬŰɞɠ, Űɤɜ ɛŬŰɘɩɜ əŬɘ Űɤɜ ɛŬɚɚɘɩɜ. ȼ ɛŮɚŬɜɑɜɖ ɛˊɞɟŮɑ ɜŬ ŰŬɝɘɜɞɛɖɗŮɑ ůŮ ŰɞɡɚɎɢɘůŰɞɜ 

ŰɟŮɘɠ ɓŬůɘəɞɨɠ Űɨˊɞɡɠ, Űɖɜ ŮɡɛŮɚŬɜɑɜɖ, Űɖ űŬɘɞɛŮɚŬɜɑɜɖ əŬɘ ɜŮɡɟɞɛŮɚŬɜɑɜɖ. ȼ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ 

ɜŮɡɟɞɛŮɚŬɜɑɜɖɠ, ɖ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ ůŰɞɜ ŮɔəɏűŬɚɞ, ˊŬɟŬɛɏɜŮɘ ɎɔɜɤůŰɖ. ȼ ŮɡɛŮɚŬɜɑɜɖ, ŮɑɜŬɘ 
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ŭɘŬŭŮŭɞɛɏɜɖ ůŮ ɎŰɞɛŬ ɛŮ ɛŬɨɟŬ əŬɘ əŬůŰŬɜɎ ɛŬɚɚɘɎ, Ůɜɩ ɖ űŬɘɞɛŮɚŬɜɑɜɖ (əɑŰɟɘɜɖ-əɞəəɘɜɤˊɐ), ůŮ 

ɎŰɞɛŬ ɛŮ ŬɜɞɘɢŰɧɢɟɤɛɞ ŭɏɟɛŬ, ɔŬɚɎɕɘŬ ɛɎŰɘŬ, əɧəəɘɜŬ ɛŬɚɚɘɎ əŬɘ ɛŮ űŬəɑŭŮɠ. ȾŬɘ ɞɘ ŭɨɞ ɛŮɚŬɜɑɜŮɠ 

ɏɢɞɡɜ ɛɘŬ əɞɘɜɐ ɞɟɔɎɜɤůɖ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɤɜ ɛɞɜɎŭɤɜ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ ŭŮůɛɞɨɠ 

ɎɜɗɟŬəŬ. ɋůŰɧůɞ, ɞɘ ɢɟɤůŰɘəɏɠ ŭɘŬűɏɟɞɡɜ ɛŮŰŬɝɨ Űɞɡɠ ɧůɞɜ ŬűɞɟɎ Űɘɠ ɢɖɛɘəɏɠ, ŭɞɛɘəɏɠ əŬɘ űɡůɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ (Nasti and Timares, 2015). ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ ůɨɜɗŮůɖ Űɖɠ ŮɡɛŮɚŬɜɑɜɖɠ ŬˊŬɘŰŮɑ 

ɡɣɖɚɧŰŮɟɖ əŬŰŬɜɎɚɤůɖ Ƀ2 Ŭˊɧ Űɖ űŬɘɞɛŮɚŬɜɑɜɖ (ȺɘəɧɜŬ 1.5).  

 

ɇɞ ɛŮɚŬɜɞəɨŰŰŬɟɞ ˊŬɟɎɔŮɘ  Űɖ  ɛŮɚŬɜɑɜɖ ɛɏůɤ  ɛɘŬɠ  ŭɘŬŭɘəŬůɑŬɠ  ˊɞɡ  ɞɜɞɛɎɕŮŰŬɘ ɛŮɚŬɜɞɔɏɜŮůɖ. ȼ 

ɛŮɚŬɜɞɔɏɜŮůɖ ůɡɛɓŬɑɜŮɘ ůɡɜŮɢɩɠ ůŮ əɎˊɞɘɞ ɓŬɗɛɧ əŬɘ ŬɡɝɎɜŮŰŬɘ ɛŮ Űɖɜ ɏəɗŮůɖ ůŮ ɡˊŮɟɘɩŭɖ 

ŬəŰɘɜɞɓɞɚɑŬ (UV). ȼ ɚŮɘŰɞɡɟɔɑŬ  Űɖɠ ɛŮɚŬɜɑɜɖɠ ŮɑɜŬɘ ɜŬ ˊɟɞůŰŬŰŮɨŮɘ ŰŬ əɨŰŰŬɟŬ Űɖɠ ŮˊɘŭŮɟɛɑŭŬɠ əŬɘ 

Űɞɡ ɢɞɟɑɞɡ Ŭˊɧ ɓɚɎɓŮɠ ůŰɞ DNA Űɞɡɠ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ Űɖɜ ɏəɗŮůɖ ůŰɖɜ ŬəŰɘɜɞɓɞɚɑŬ UV, ɛɏůɤ 

Ŭˊɞɟɟɧűɖůɐɠ Űɖɠ. ȼ ɛŮɚŬɜɞɔɏɜŮůɖ ˊŬɟɎɔŮɘ ɛɑɔɛŬŰŬ ŮɡɛŮɚŬɜɑɜɖɠ əŬɘ űŬɘɞɛŮɚŬɜɑɜɖɠ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ŬɜŬɚɞɔɑŮɠ. ȼ ŬɜŬɚɞɔɑŬ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖ ŭɟŬůŰɘəɧŰɖŰŬ Űɖɠ ŰɡɟɞůɘɜɎůɖɠ əŬɘ Űɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ 

ɡˊɞůŰɟɩɛŬŰɞɠ Űɖɠ Űɡɟɞůɑɜɖɠ əŬɘ Űɖɠ əɡůŰŮȶɜɖɠ. 

 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, Űɞ ˊɟɩŰɞ ɓɐɛŬ ůŰɖ ůɨɜɗŮůɖ ɛŮɚŬɜɑɜɖɠ əŬŰŬɚɨŮŰŬɘ Ŭˊɧ Űɖɜ ŰɡɟɞůɘɜɎůɖ, ɏɜŬ 

ŭɘŬɛŮɛɓɟŬɜɘəɧ ɏɜɕɡɛɞ ˊŬɟŬɔɧɛŮɜɞ ůŰɘɠ ůɡůəŮɡɏɠ Golgi. ȼ ŭɟŬůŰɖɟɘɧŰɖŰŬ Űɖɠ ŰɡɟɞůɘɜɎůɖɠ 

ɛŮŰŬŰɟɏˊŮɘ Űɖɜ Űɡɟɞůɑɜɖ ˊɟɩŰŬ ůŰɖɜ 3,4 ŭɘɦŭɟɞɝɡűŬɘɜɡɚŬɚŬɜɑɜɖ (DOPA), ɖ ɞˊɞɑŬ ˊŮɟŬɘŰɏɟɤ 

ɛŮŰŬůɢɖɛŬŰɑɕŮŰŬɘ əŬɘ ˊɞɚɡɛŮɟɑɕŮŰŬɘ ůŰɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ɛɞɟűɏɠ ɛŮɚŬɜɑɜɖɠ. ȼ ɢɟɤůŰɘəɐ ɞɡůɑŬ ɛŮɚŬɜɑɜɖ 

ůɡɜŭɏŮŰŬɘ ɛŮ ɛɘŬ ɞɡůɑŬ Ŭˊɧ ŭɞɛɘəɏɠ ˊɟɤŰŮȶɜŮɠ əŬɘ ůɡůůɤɟŮɨŮŰŬɘ ůŮ əɡůŰɑŭɘŬ ɏɤɠ ɧŰɞɡ ŬɡŰɎ 

ůɢɖɛŬŰɑůɞɡɜ ŰŬ ɩɟɘɛŬ ŮɚɚŮɘɣɞŮɘŭɞɨɠ ůɢɐɛŬŰɞɠ əɞəəɑŬ, ˊɞɡ ɚɏɔɞɜŰŬɘ ɛŮɚŬɜɞůɩɛŬŰŬ. ɇŬ ŰŮɚŮɡŰŬɑŬ, 

ɛŮŰŬűɏɟɞɜŰŬɘ ůŰŬ ɎəɟŬ Űɤɜ əɡŰŰŬɟɞˊɚŬůɛŬŰɘəɩɜ ŬˊɞűɡɎŭɤɜ Űɞɡ ɛŮɚŬɜɞəɡŰŰɎɟɞɡ əŬɘ Ŭˊɧ ŮəŮɑ ůŰŬ 

ɔŮɘŰɞɜɘəɎ əŮɟŬŰɘɜɞəɨŰŰŬɟŬ Űɖɠ ɓŬůɘəɐɠ əŬɘ ŬəŬɜɗɤŰɐɠ ůŰɘɓɎŭŬɠ. ɆŰŬ əŮɟŬŰɘɜɞəɨŰŰŬɟŬ, ŰŬ əɞəəɑŬ 

ɛŮɚŬɜɑɜɖɠ ɛŮŰŬűɏɟɞɜŰŬɘ ůŮ ɛɘŬ ˊŮɟɘɞɢɐ əɞɜŰɎ ůŰɞɜ ˊɡɟɐɜŬ, ɧˊɞɡ ůɡůůɤɟŮɨɞɜŰŬɘ ɤɠ ɏɜŬ 

ɡˊŮɟˊɡɟɖɜɘəɧ əɎɚɡɛɛŬ ˊɞɡ ˊɟɞůŰŬŰŮɨŮɘ Űɞ DNA Ŭˊɧ Űɘɠ ŮˊɘɓɚŬɓŮɑɠ ŮˊɘŭɟɎůŮɘɠ Űɖɠ ɡˊŮɟɘɩŭɞɡɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ (Mescher, 2015). 
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ȺɘəɧɜŬ 1.3. ȽůŰɞɚɞɔɘəɐ ŮɘəɧɜŬ ŭɏɟɛŬŰɞɠ. Ɇɢɏůɖ əŮɟŬŰɘɜɞəɡŰŰɎɟɞɡ-ɛŮɚŬɜɞəɡŰŰɎɟɞɡ ůŮ ɛŮɔɏɗɡɜůɖ, ɉɟɩůɖ 

ŬɜɞůɞɥůŰɞɢɖɛŮɑŬɠ ɔɘŬ Melan A (X 400) (űɤŰɞɔɟŬűɘəɧ ɡɚɘəɧ Ŭˊɧ Űɞ ȺɟɔŬůŰɐɟɘɞ ɄŬɗɞɚɞɔɘəɐɠ ȷɜŬŰɞɛɘəɐɠ Űɞɡ 

ɄũɁȽ).  

 

 

ɆɡɜŮˊɩɠ, ŰŬ əŮɟŬŰɘɜɞəɨŰŰŬɟŬ ŮɑɜŬɘ ɖ Ŭˊɞɗɐəɖ ɛŮɚŬɜɑɜɖɠ əŬɘ ˊŮɟɘɏɢɞɡɜ ˊŮɟɘůůɧŰŮɟɖ ɢɟɤůŰɘəɐ ɞɡůɑŬ 

Ŭˊɧ ŰŬ əɨŰŰŬɟŬ ˊɞɡ Űɖɜ ˊŬɟɎɔɞɡɜ. ȰɜŬ ɛŮɚŬɜɞəɨŰŰŬɟɞ ɛŬɕɑ ɛŮ ŰŬ əŮɟŬŰɘɜɞəɨŰŰŬɟŬ ůŰŬ ɞˊɞɑŬ 

ɛŮŰŬűɏɟŮɘ ɛŮɚŬɜɞůɩɛŬŰŬ ŬˊɞŰŮɚŮɑ ɛɘŬ ɛɞɜɎŭŬ ŮˊɘŭŮɟɛɘəɐɠ ɛŮɚŬɜɑɜɖɠ. ȼ ˊɡəɜɧŰɖŰŬ ŬɡŰɩɜ Űɤɜ 

ɛɞɜɎŭɤɜ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ ůŮ ɧɚŬ ŰŬ ɎŰɞɛŬ. ɋůŰɧůɞ, ŰŬ ɛŮɚŬɜɞəɨŰŰŬɟŬ Űɤɜ Ŭɜɗɟɩˊɤɜ əɞɜŰɎ ůŰɞɜ 

ȽůɖɛŮɟɘɜɧ ˊŬɟɎɔɞɡɜ əɞəəɑŬ ɛŮɚŬɜɑɜɖɠ ŰŬɢɨŰŮɟŬ əŬɘ ŰŬ ůɡůůɤɟŮɨɞɡɜ ůŰŬ əŮɟŬŰɘɜɞəɨŰŰŬɟŬ ůŮ 

ɛŮɔŬɚɨŰŮɟɖ ˊɞůɧŰɖŰŬ (Mescher, 2015). 

 ȼ ŬɚɚŬɔɐ Űɖɠ Ŭˊɧɢɟɤůɖɠ Űɞɡ ŭɏɟɛŬŰɞɠ ůŮ ˊɘɞ ůəɞɨɟɖ, ɐ Űɞ ɛŬɨɟɘůɛŬ, ɛŮŰɎ Ŭˊɧ ɏəɗŮůɖ ůŰɖɜ ɖɚɘŬəɐ 

ŬəŰɘɜɞɓɞɚɑŬ ɞűŮɑɚŮŰŬɘ ůŮ ɛɘŬ űɡůɘəɞɢɖɛɘəɐ ŬɜŰɑŭɟŬůɖ ˊɞɡ ůəɞɡɟŬɑɜŮɘ əŬɘ ŬɡɝɎɜŮɘ Űɖɜ 

ˊɟɞɦˊɎɟɢɞɡůŬ ɛŮɚŬɜɑɜɖ. Ɇɡɔɢɟɧɜɤɠ, ˊŬɟŬəɟɘɜŮɑɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮəəɟɑɜɞɜŰŬɘ Ŭˊɧ ŰŬ 

əŮɟŬŰɘɜɞəɨŰŰŬɟŬ, ŭɞəɘɛɎɕɞɜŰŬɠ Űɖɜ ŬɡɝŬɜɧɛŮɜɖ UV ŬəŰɘɜɞɓɞɚɑŬ ŮˊɘŰŬɢɨɜɞɡɜ Űɖ ůɨɜɗŮůɖ ɛŮɚŬɜɑɜɖɠ 

əŬɘ Űɖ ůɡůůɩɟŮɡůɐ Űɖɠ ůŰɖɜ ŮˊɘŭŮɟɛɑŭŬ (Mescher, 2015). 
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ȺɘəɧɜŬ 1.4. ȺɘəɧɜŬ ɛŮɚŬɜɞəɡŰŰɎɟɞɡ ůŮ ȼ/ɀ. ȷˊŮɘəɞɜɑɕŮŰŬɘ ɏɔɢɟɤɛɞ ɔɘŬ ɜŬ ɔɑɜɞɡɜ ŭɘŬəɟɘŰɎ ŰŬ ůɡůŰŬŰɘəɎ Űɞɡ 

(ȷɜŬŰɨˊɤůɖ Ŭˊɧ Costin & Menon, 2018). 

 

 

 

ȺɘəɧɜŬ 1.5. ȺɡɛŮɚŬɜɑɜɖ əŬɘ ūŬɘɞɛŮɚŬɜɑɜɖ - ɓɘɞůɡɜɗŮŰɘəɧ ɛɞɜɞˊɎŰɘ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Nasti & Timares, 2015). 
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1.2    ɄŬɗɐůŮɘɠ ȹɏɟɛŬŰɞɠ 

 

ɇɞ ŭɏɟɛŬ ɛˊɞɟŮɑ ɜŬ ˊŬɟɞɡůɘɎůŮɘ ˊɞɚɨ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ɜɞůɖɛɎŰɤɜ. ȷɡŰɎ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ˊɟɤŰɞˊŬɗɐ, 

ŭŮɡŰŮɟɞˊŬɗɐ (ůɡůŰɖɛŬŰɘəɎ), əɚɖɟɞɜɞɛɘəɎ ɐ ɛŮŰŬɓɞɚɘəɎ. Ⱥˊɑůɖɠ, ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ əŬɘ ŬűɗɞɜɑŬ 

ˊŬɟɞɡůɘɎɕɞɡɜ əŬɘ ŰŬ ɜŮɞˊɚɎůɛŬŰŬ Űɞɡ ŭɏɟɛŬŰɞɠ. 

 

1.2.1 ūɚŮɔɛɞɜɩŭŮɘɠ ɄŬɗɐůŮɘɠ 

 

ȷˊɧ Űɘɠ űɚŮɔɛɞɜɩŭŮɘɠ ˊŬɗɐůŮɘɠ Űɞɡ ŭɏɟɛŬŰɞɠ ŬɝɑɕŮɘ ɜŬ ŬɜŬűŮɟɗɞɨɜ ŰŬ ɘɞɔŮɜɐ ɜɞůɐɛŬŰŬ (ɛɡɟɛɖɔəɘɏɠ, 

ɏɟˊɖŰŬɠ ɕɤůŰɐɟŬɠ), ŰŬ ɚɞɘɛɩŭɖ ɓŬəŰɖɟɘŬəɎ əŬɘ ɎɚɚŬ ɜɞůɐɛŬŰŬ (ɛɞɚɡůɛŬŰɘəɧ əɖɟɑɞ, űɡɛŬŰɑɤůɖ, 

ɚɏˊɟŬ), ŰŬ ůˊŮɘɟɞɢŬɘŰɘŬəɎ ɜɞůɐɛŬŰŬ (ůɨűɘɚɖ, ɜɧůɞɠ Lyme), ɞɘ ɛɡəɖŰɘɎůŮɘɠ Űɞɡ ŭɏɟɛŬŰɞɠ (Ůˊɘˊɞɚɐɠ 

əŬɘ ɓŬɗɨŰŮɟŮɠ) əŬɘ ɎɚɚŮɠ əɞəəɘɤɛŬŰɩŭŮɘɠ ɜɧůɞɘ (ůŬɟəɞŮɑŭɤůɖ əŬɘ ŬɜŰɑŭɟŬůɖ ɝɏɜɞɡ ůɩɛŬŰɞɠ) əŬɗɩɠ 

əŬɘ űɚŮɔɛɞɜɏɠ ɎɔɜɤůŰɖɠ ŬɘŰɘɞɚɞɔɑŬɠ ɧˊɤɠ ɖ ɣɤɟɑŬůɖ əŬɘ ɞ ɞɛŬɚɧɠ ɚŮɘɢɐɜŬɠ. 

 ȹɘɎűɞɟŬ űɎɟɛŬəŬ əɘɜɖŰɞˊɞɘɞɨɜ ˊŬɗɞɚɞɔɘəɞɨɠ ŬɜɞůɞɛɖɢŬɜɘůɛɞɨɠ əŬɘ ˊɟɞəŬɚɞɨɜ ˊɞɘəɑɚŮɠ 

ŮəŭɖɚɩůŮɘɠ Ŭˊɧ ŭɘɎűɞɟɞɡɠ ɘůŰɞɨɠ ɛŮŰŬɝɨ Űɤɜ ɞˊɞɑɤɜ əŬɘ Űɞ ŭɏɟɛŬ (ˊɢ űŬɟɛŬəŮɡŰɘəɐ ŭŮɟɛŬŰɑŰɘŭŬ). 

ɇɏɚɞɠ, ɞɘ ˊɏɛűɡɔŮɠ əŬɘ ŰŬ ˊŮɛűɡɔɞŮɘŭɐ ŬˊɞŰŮɚɞɨɜ Ŭɜɞůɞɚɞɔɘəɐɠ-ŬɡŰɞɎɜɞůɖɠ Ŭɟɢɐɠ ŭŮɟɛŬŰɞˊɎɗŮɘŮɠ. 

 

1.2.2   ɁŮɞˊɚɎůɛŬŰŬ Űɞɡ ȹɏɟɛŬŰɞɠ 

 

ɆŰɞ ŭɏɟɛŬ ŬɜŬˊŰɨůůŮŰŬɘ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ ɜŮɞˊɚŬůɛɎŰɤɜ, ŰŬ ɞˊɞɑŬ ŭɡɜŬŰɧɜ ɜŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ: 1) 

ŰŬ əɨŰŰŬɟŬ Űɖɠ ŮˊɘŭŮɟɛɑŭŬɠ, 2) ŰŬ ŮˊɘɗɖɚɘŬəɎ əɨŰŰŬɟŬ Űɤɜ ŮɝŬɟŰɖɛɎŰɤɜ Űɞɡ ŭɏɟɛŬŰɞɠ, 3) ŰŬ 

ɛŮɚŬɜɞəɨŰŰŬɟŬ, 4) ŰŬ ɜŮɡɟɞŮɜŭɞəɟɘɜɘəɎ əɨŰŰŬɟŬ, 5) ŰŬ ɛŮůŮɔɢɡɛŬŰɘəɎ əɨŰŰŬɟŬ Űɞɡ ɢɞɟɑɞɡ əŬɘ Űɞɡ 

ɡˊɞŭɞɟɑɞɡ ɘůŰɞɨ. ȷˊɧ ŰŬ ɜŮɞˊɚɎůɛŬŰŬ ŬɡŰɎ, ůɡɢɜɧŰŮɟŬ ŬˊŬɜŰɩɜŰŬɘ ůŰɖɜ əɚɘɜɘəɐ ˊɟɎɝɖ ŰŬ 

əŬɟəɘɜɩɛŬŰŬ Űɖɠ ŮˊɘŭŮɟɛɑŭŬɠ əŬɘ ŰŬ ɛŮɚŬɜɩɛŬŰŬ. ȷˊɧ ŰŬ ɜŮɞˊɚɎůɛŬŰŬ Űɖɠ ŮˊɘŭŮɟɛɑŭŬɠ ŬɝɑɕŮɘ ɜŬ 

ůɖɛŮɘɤɗŮɑ ɖ ŬəŰɘɜɘəɐ əŮɟɎŰɤůɖ. ȷəɧɛɖ, ɖ ɜɧůɞɠ Bowen (ˊɚŬəɩŭŮɠ əŬɟəɑɜɤɛŬ in situ) əŬɘ Űɞ 

ˊɚŬəɩŭŮɠ (ŬəŬɜɗɞəɡŰŰŬɟɘəɧ) əŬɟəɑɜɤɛŬ (ˊŬɚŬɘɧŰŮɟŬ ɔɜɤůŰɧ əŬɘ ɤɠ ɛŬɚˊɘɔɘŬəɧ əŬɟəɑɜɤɛŬ).  

 ȼ ŬɘŰɘɞˊŬɗɞɔɏɜŮɘŬ Űɞɡ ˊɚŬəɩŭɞɡɠ əŬɟəɘɜɩɛŬŰɞɠ Űɞɡ ŭɏɟɛŬŰɞɠ ůɢŮŰɑɕŮŰŬɘ: 1) ȾŬŰɎ əɨɟɘɞ ɚɧɔɞ ɛŮ 

Űɖɜ ɖɚɘŬəɐ ɡˊŮɟɘɩŭɖ ŬəŰɘɜɞɓɞɚɑŬ, ɔɘôŬɡŰɧ əŬɘ ŮɜŰɞˊɑɕŮŰŬɘ ůɡɢɜɧŰŮɟŬ ůŰŬ ŬəɎɚɡˊŰŬ ɛɏɟɖ Űɞɡ 

ůɩɛŬŰɞɠ. ũŮɜɘəɎ, ŮɑɜŬɘ ůɡɢɜɧŰŮɟɞ ůŰɞɡɠ ɚŮɡəɞɨɠ əŬɘ ŬɔɟɞŰɘəɞɨɠ ˊɚɖɗɡůɛɞɨɠ. Ƀ ˊɘɗŬɜɧŰŮɟɞɠ 

ˊŬɗɞɔŮɜŮŰɘəɧɠ ɛɖɢŬɜɘůɛɧɠ ŮɑɜŬɘ ɖ ˊɟɧəɚɖůɖ ɛŮŰŬɚɚɎɝŮɤɜ ůŰɞ ɞɔəɞəŬŰŬůŰŬɚŰɘəɧ ɔɞɜɑŭɘɞ P53 Ŭˊɧ 

Űɖɜ ɡˊŮɟɘɩŭɖ ŬəŰɘɜɞɓɞɚɑŬ. 2) ɀŮ əɚɖɟɞɜɞɛɘəɧŰɖŰŬ. ȼ ɛŮɚŬɔɢɟɤɛŬŰɘəɐ ɝɖɟɞŭŮɟɛɑŬ ŮɑɜŬɘ ɛɘŬ 

əɚɖɟɞɜɞɛɘəɐ ŭɘŬŰŬɟŬɢɐ Ůˊɘŭɘɧɟɗɤůɖɠ Űɞɡ DNA ɛŮŰɎ Ŭˊɧ ɓɚɎɓŮɠ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ ɡˊŮɟɘɩŭɖ 
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ŬəŰɘɜɞɓɞɚɑŬ. Ƀɘ ŬůɗŮɜŮɑɠ ŬɡŰɞɑ ɛˊɞɟɞɨɜ ɜŬ ŮɛűŬɜɑůɞɡɜ, ŮəŰɧɠ Ŭˊɧ ˊɚŬəɩŭŮɠ, əŬɘ ɓŬůɘəɞəɡŰŰŬɟɘəɧ 

əŬɟəɑɜɤɛŬ əŬɘ ɛŮɚɎɜɤɛŬ. 3) ɀŮ ɘɞɔŮɜŮɑɠ űɚŮɔɛɞɜɏɠ Ŭˊɧ Űɞɡɠ ɘɞɨɠ HPV əŬɘ HIV. 4) ɀŮ ɢɟɧɜɘɞɡɠ 

ŮɟŮɗɘůɛɞɨɠ 5) ɀŮ ɢɟɧɜɘɞɡɠ ɢɖɛɘəɞɨɠ ŮɟŮɗɘůɛɞɨɠ, ɧˊɤɠ ɛŮŰɎ Ŭˊɧ ɏəɗŮůɖ ůŮ ŬɟůŮɜɘəɧ, ˊɑůůŮɠ əŬɘ 

ɞɟɡəŰɏɚŬɘŬ. Ⱥˊɘˊɚɏɞɜ, ŬɝɑɕŮɘ ɜŬ ŬɜŬűŮɟɗŮɑ Űɞ ɓŬůɘəɞəɡŰŰŬɟɘəɧ əŬɟəɑɜɤɛŬ, Űɞɡ ɞˊɞɑɞɡ ɖ 

ŬɘŰɘɞˊŬɗɞɔɏɜŮɘŬ ŮɑɜŬɘ ůɢŮŭɧɜ ɑŭɘŬ ɛŮ ŬɡŰɐɜ Űɞɡ ˊɚŬəɩŭɞɡɠ ŬɚɚɎ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɜŮɧˊɚŬůɛŬ ɛŮ ŬɟɑůŰɖ 

ˊɟɧɔɜɤůɖ, əŬɗɩɠ ůɢŮŭɧɜ ˊɞŰɏ ŭŮ ŭɑɜŮɘ ɛŮŰŬůŰɎůŮɘɠ. ɇɏɚɞɠ, Űɞ əŬɟəɑɜɤɛŬ Ŭˊɧ əɨŰŰŬɟŬ Merkel, ɏɜŬ 

ˊɞɚɨ ŮˊɘɗŮŰɘəɧ ɜŮɧˊɚŬůɛŬ, ůˊɎɜɘɞ, ˊɞɡ ˊɟɞůɓɎɚɚŮɘ ŮɜɐɚɘəŮɠ əŬɘ ɖɚɘəɘɤɛɏɜŬ ɎŰɞɛŬ ɛŮ ŮɜŰɧˊɘůɖ 

ŰɞˊɘəɎ ůŰɞ ˊɟɧůɤˊɞ əŬɘ ůŰŬ ɎəɟŬ. 

 

1.3   ɁŮɞˊɚɎůɛŬŰŬ ɛŮɚŬɜɞəɡŰŰɎɟɤɜ 

 

 

1.3.1   ȾɡŰŰŬɟɘəɞɑ (ɛŮɚŬɜɞəɡŰŰŬɟɘəɞɑ) ůˊɑɚɞɘ 

 

ɀŮ Űɞɜ ɧɟɞ əɡŰŰŬɟɘəɧɠ ůˊɑɚɞɠ ɜɞŮɑŰŬɘ ɛɘŬ ɞɛɎŭŬ əŬɚɞɐɗɤɜ ɜŮɞˊɚŬůɛɎŰɤɜ Űɤɜ ɛŮɚŬɜɞəɡŰŰɎɟɤɜ. Ƀɘ 

əɞɘɜɞɑ ŮˊɑəŰɖŰɞɘ ůˊɑɚɞɘ ŮɛűŬɜɑɕɞɜŰŬɘ əɚɘɜɘəɎ ůɡɜɐɗɤɠ ɛŮŰɎ Űɖɜ ˊɟɩŰɖ ŭŮəŬŮŰɑŬ Űɖɠ ɕɤɐɠ, Ůɜɩ ůɢŮŭɧɜ 

ɧɚɞɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɏɤɠ Űɞ 20ɞ ɏŰɞɠ. ɈˊɞɚɞɔɑɕŮŰŬɘ ɧŰɘ əɎɗŮ ȾŬɡəɎůɘɞɠ ɏɢŮɘ ůŰɞ ůɩɛŬ Űɞɡ əŬŰɎ ɛɏůɞ 

ɧɟɞ 20-30 ůˊɑɚɞɡɠ ɛŮ əɡɟɑŬɟɢɖ ŮɜŰɧˊɘůɖ ůŰɞ ŭɏɟɛŬ Űɖɠ əŮűŬɚɐɠ, Űɞɡ ŰɟŬɢɐɚɞɡ əŬɘ Űɞɡ əɞɟɛɞɨ. 

Ɇˊɑɚɞɘ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŬɜŬˊŰɡɢɗɞɨɜ əŬɘ ůŮ ɓɚŮɜɜɞɔɧɜɞɡɠ ˊɞɡ ŮˊŮɜŭɨɞɜŰŬɘ Ŭˊɧ ˊɚŬəɩŭŮɠ Ůˊɘɗɐɚɘɞ. 

Ƀɘ əɞɘɜɞɑ ŮˊɑəŰɖŰɞɘ ůˊɑɚɞɘ ŮɛűŬɜɑɕɞɜŰŬɘ ůɡɜɐɗɤɠ ɤɠ əŬůŰŬɜɧűŬɘŮɠ ůŰɟɞɔɔɡɚɏɠ ɏɤɠ ɤɞŮɘŭŮɑɠ ɓɚɎɓŮɠ, 

ɛŮ ŭɘɎɛŮŰɟɞ Ŭˊɧ 2 ɏɤɠ 6 ɢɘɚɘɞůŰɎ əŬɘ űŬɑɜɞɜŰŬɘ ůɡɛɛŮŰɟɘəɞɑ, ɛŮ ɞɛŬɚɎ əŬɘ ůŬűɩɠ ˊŮɟɘɔŮɔɟŬɛɛɏɜŬ 

ɧɟɘŬ. 

 

ȾɚŬůůɘəɎ, ɞɘ əɞɘɜɞɑ ůˊɑɚɞɘ ŭɘŬəɟɑɜɞɜŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɘůŰɞɚɞɔɘəɐ ŮɜŰɧˊɘůɖ Űɤɜ ůˊɘɚɞəɡŰŰɎɟɤɜ ůŮ 

ŰɟŮɘɠ Űɨˊɞɡɠ: 

 

Á ɆɡɜŭŮůɛɘəɧɠ ůˊɑɚɞɠ. ɀŬəɟɞůəɞˊɘəɎ ŮɑɜŬɘ ŮˊɑˊŮŭɞɠ əŬɘ ɛɘəɟɞůəɞˊɘəɎ ɞɘ űɤɚŮɏɠ Űɤɜ 

ůˊɘɚɞəɡŰŰɎɟɤɜ ˊŮɟɘɞɟɑɕɞɜŰŬɘ ůŰɞ ɓŬůɘəɧ ŰɛɐɛŬ Űɖɠ ŮˊɘŭŮɟɛɑŭŬɠ, əɞɜŰɎ ůŰɖ ɢɞɟɘɞŮˊɘŭŮɟɛɘŭɘəɐ 

ůɡɛɓɞɚɐ. 

Á ɉɞɟɘŬəɧɠ (ŮɜŭɞŭŮɟɛɘəɧɠ) ůˊɑɚɞɠ. ɀŬəɟɞůəɞˊɘəɎ, ŮɑɜŬɘ ˊɞɚɡˊɞŭɞŮɘŭɐɠ ɐ ɗɖɚɤɛŬŰɩŭɖɠ ɐ 

ŮˊɑˊŮŭɞɠ, əŬɘ ůɡɢɜɎ űɏɟŮɘ ŰɟɑɢŮɠ. ɀɘəɟɞůəɞˊɘəɎ ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ űɤɚŮɏɠ ůˊɘɚɞəɡŰŰɎɟɤɜ ůŰɞ 

ɢɧɟɘɞ əŬɘ ɧɢɘ ůŰɖɜ ŮˊɘŭŮɟɛɑŭŬ. 

Á ɆɨɜɗŮŰɞɠ ůˊɑɚɞɠ. ɆɡɜŭɡɎɕŮɘ Űɘɠ ŭɨɞ ˊŬɟŬˊɎɜɤ ɘůŰɞɚɞɔɘəɏɠ ɛɞɟűɏɠ. 
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ɆˊŬɜɘɧŰŮɟŬ, ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɞ əɡŬɜɞɨɠ ůˊɑɚɞɠ, ɞ ůˊɑɚɞɠ Spitz, ɞ ůˊɑɚɞɠ Reed, ɞ ůˊɑɚɞɠ ɛŮ Ɏɚɤ, ɞ 

ůˊɑɚɞɠ ɛŮ űɡůŬɚɘŭɩŭɖ əɨŰŰŬɟŬ əŬɘ ɞɘ ŭɡůˊɚŬůŰɘəɞɑ əɡŰŰŬɟɘəɞɑ ůˊɑɚɞɘ. Ƀɘ ŭɡůˊɚŬůŰɘəɞɑ ůˊɑɚɞɘ ŮɑɜŬɘ 

ůɡɜɐɗɤɠ ůɡɜŭŮůɛɘəɞɑ ɐ ůɨɜɗŮŰɞɘ əŬɘ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟɞɡůɑŬ ɛŮɔɎɚɤɜ ŮɜŭɞŮˊɘŭŮɟɛɘŭɘəɩɜ 

űɤɚŮɩɜ ˊɞɡ ůɡɟɟɏɞɡɜ əŬɘ Ŭˊɧ əɡŰŰŬɟɘəɐ ŬŰɡˊɑŬ. ŪɤɟɞɨɜŰŬɘ ŭɡɜɖŰɘəɞɑ ˊɟɧŭɟɞɛɞɘ Űɞɡ əŬəɞɐɗɞɡɠ 

ɛŮɚŬɜɩɛŬŰɞɠ. 

 

 Ƀɘ ůɡɔɔŮɜŮɑɠ ůˊɑɚɞɘ ɡˊɎɟɢɞɡɜ əŬŰɎ Űɖ ɔɏɜɜɖůɖ. ȾɡŰŰŬɟɞɚɞɔɘəɎ, ɞɛɞɘɎɕɞɡɜ ɛŮ Űɞɡɠ əɞɘɜɞɨɠ 

ŮˊɑəŰɖŰɞɡɠ ůˊɑɚɞɡɠ, Ůɜɩ ŬɟɢɘŰŮəŰɞɜɘəɎ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ŬɜɎˊŰŰɡɝɖ ůŰɞ Ůɜ Űɤ ɓɎɗŮɘ ɢɧɟɘɞ, 

ɔɨɟɤ Ŭˊɧ ŮɝŬɟŰɐɛŬŰŬ əŬɘ ŬɔɔŮɑŬ. ɇŬɝɘɜɞɛɞɨɜŰŬɘ ůŮ ɛɘəɟɞɨɠ (<1.5 ŮəŬŰɞůŰɎ), ɛŮůŬɑɞɡɠ (1.5 ɛɏɢɟɘ 20 

ŮəŬŰɞůŰɎ) əŬɘ ɔɘɔɎɜŰɘɞɡɠ (>20 ŮəŬŰɞůŰɎ). Ƀɘ ɛɘəɟɞɨ əŬɘ ɛŮůŬɑɞɡ ɛŮɔɏɗɞɡɠ ůˊɑɚɞɘ ŮɑɜŬɘ ůɡɜɐɗɤɠ 

ŮűɘəŰɧ ɜŬ ŮɝŬɘɟŮɗɞɨɜ ɢŮɘɟɞɡɟɔɘəɎ, Ůɜɩ ɞɘ ɔɘɔɎɜŰɘɞɘ ůˊɑɚɞɘ ŬˊŬɘŰɞɨɜ ůɡɢɜɎ ŮəŰɞɛɐ ůŮ ůŰɎŭɘŬ ɐ 

ˊɞɚɨˊɚɞəŮɠ ŮˊŮɛɓɎůŮɘɠ ˊɚŬůŰɘəɐɠ ɢŮɘɟɞɡɟɔɘəɐɠ (ŭŮɟɛŬŰɘəɎ ɛɞůɢŮɨɛŬŰŬ ə.ɚˊ.). ɄŬɟɧɚɞ ˊɞɡ ɧɚɞɘ ɞɘ 

ůɡɔɔŮɜŮɑɠ ɛŮɚŬɜɞəɡŰŰŬɟɘəɞɑ ůˊɑɚɞɘ ŮɑɜŬɘ ŮˊɘɟɟŮˊŮɑɠ ůŮ əŬəɞɐɗɖ ŮɝŬɚɚŬɔɐ, ɞ ˊɘɗŬɜɧɠ əɑɜŭɡɜɞɠ 

ůɡɜŭɏŮŰŬɘ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ůˊɑɚɞɡ əŬɘ ŮɑɜŬɘ ɢŬɛɖɚɧɠ, ɛŮŰŬɝɨ 3% əŬɘ 10%. 

 

1.3.2     ȾŬəɧɖɗŮɠ ɛŮɚɎɜɤɛŬ 

 

ɇɞ  ɛŮɚɎɜɤɛŬ, ɐ Ŭɚɚɘɩɠ  əŬəɧɖɗŮɠ  ɛŮɚɎɜɤɛŬ,  ŮɑɜŬɘ  ɏɜŬ  ɜŮɧˊɚŬůɛŬ  ˊɞɡ  ˊɟɞɏɟɢŮŰŬɘ  Ŭˊɧ  ŰŬ  

ɛŮɚŬɜɞəɨŰŰŬɟŬ, ůɡɜɐɗɤɠ  Űɞɡ  ŭɏɟɛŬŰɞɠ  (ȺɘəɧɜŬ 1.6) (National Cancer Institute, 2015). ɄɟɧəŮɘŰŬɘ 

ɔɘŬ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ŭɨɞ əɨɟɘɞɡɠ Űɨˊɞɡɠ əŬɟəɑɜɞɡ Űɞɡ ŭɏɟɛŬŰɞɠ ɛŬɕɑ ɛŮ ŰŬ ɛɖ ɛŮɚŬɜɞəɡŰŰŬɟɘəɎ 

ɜŮɞˊɚɎůɛŬŰŬ. ȷɜ əŬɘ Űɞ ɛŮɚɎɜɤɛŬ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɛɘəɟɧ ˊɞůɞůŰɧ Űɤɜ ůɡɜɞɚɘəɩɜ ˊŮɟɘˊŰɩůŮɤɜ  

əŬɟəɑɜɞɡ  Űɞɡ  ŭɏɟɛŬŰɞɠ (ˊɞůɞůŰɧ ˊŮɟɑˊɞɡ 4%),  ɏɢŮɘ  ɛŮ  ŭɘŬűɞɟɎ  Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ ɗŬɜɎŰɤɜ 

(ˊŮɟɑˊɞɡ 50%) (Guy et al.,  2002-2006  &  2007-2011; Skin Cancer Foundation,  2015; The American 

Cancer Society,  2016). ɆɡɢɜɧŰŮɟŬ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɞ ŭɏɟɛŬ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɧɛɤɠ ɤɠ ˊɟɤŰɞˊŬɗɏɠ əŬɘ 

ůŮ ɓɚŮɜɜɞɔɧɜɞɡɠ ˊɞɡ ŮˊŮɜŭɨɞɜŰŬɘ Ŭˊɧ ˊɚŬəɩŭŮɠ Ůˊɘɗɐɚɘɞ əŬɘ ůŮ ɎɚɚŬ ɧɟɔŬɜŬ/ůɡůŰɐɛŬŰŬ ɧˊɤɠ ɞɘ 

ɞűɗŬɚɛɞɑ, Űɞ ŬɜŬˊɜŮɡůŰɘəɧ (ɟɘɜɘəɐ əɞɘɚɧŰɖŰŬ), Űɞ ɞɡɟɞˊɞɘɞɔŮɜɜɖŰɘəɧ əŬɘ Űɞ ɔŬůŰɟŮɜŰŮɟɘəɧ. ɇŬ 

ɛŮɚŬɜɩɛŬŰŬ Űɤɜ ɓɚŮɜɜɞɔɧɜɤɜ ŮɑɜŬɘ ˊɞɚɨ ŮˊɘɗŮŰɘəɎ ɜŮɞˊɚɎůɛŬŰŬ ɛŮ ɢŮɘɟɧŰŮɟɖ ˊɟɧɔɜɤůɖ Ŭˊɧ ŰŬ 

ŭŮɟɛŬŰɘəɎ ɛŮɚŬɜɩɛŬŰŬ, əŬɗɩɠ ŭŮɜ ŭɑɜɞɡɜ əɚɘɜɘəɎ ůɡɛˊŰɩɛŬŰŬ əŬɘ ŭɘŬɔɘɔɜɩůəɞɜŰŬɘ ˊɞɚɨ ŬɟɔɧŰŮɟŬ 

ůŮ ŭŮɡŰŮɟɞˊŬɗŮɑɠ ŮůŰɑŮɠ. 
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ȺɘəɧɜŬ 1.6. ɇɞ ŭŮɟɛŬŰɘəɧ ɛŮɚɎɜɤɛŬ (ȷɜŬŰɨˊɤůɖ Ŭ́ ɧ Mayo Foundation for Medical Education and Research 

(MFMER), 1998-2020. 

  

 

1.4      ȾŬəɧɖɗŮɠ ɛŮɚɎɜɤɛŬ ï ũŮɜɘəɎ ɉŬɟŬəŰɖɟɘůŰɘəɎ 

   1.4.1   Ƀɟɘůɛɧɠ 

 

ɇɞ ŭŮɟɛŬŰɘəɧ ɛŮɚɎɜɤɛŬ ɞɟɑɕŮŰŬɘ ɤɠ Űɞ əŬəɧɖɗŮɠ ɜŮɧˊɚŬůɛŬ ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ əŬəɞɐɗɖ ŮɝŬɚɚŬɔɐ Űɤɜ 

ɛŮɚŬɜɞəɡŰŰɎɟɤɜ Űɖɠ ŮˊɘŭŮɟɛɑŭŬɠ. 

 

1.4.2    ȺˊɑˊŰɤůɖ əŬɘ ɗɜɖůɘɛɧŰɖŰŬ 

 

ɇɞ ɛŮɚɎɜɤɛŬ ŬˊɞŰŮɚŮɑ Űɞ 4% Űɞɡ ůɡɜɧɚɞɡ Űɤɜ əŬɟəɑɜɤɜ Űɞɡ ŭɏɟɛŬŰɞɠ. ɇɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ, ɞ 

ɟɡɗɛɧɠ ŮɛűɎɜɘůɖɠ ɛŮɚŬɜɩɛŬŰɞɠ ɏɢŮɘ ŬɡɝɖɗŮɑ ɟŬɔŭŬɑŬ əŬɘ ŮɝŬəɞɚɞɡɗŮɑ ɜŬ ŬɡɝɎɜŮŰŬɘ. ɆŮ ˊɚɖɗɡůɛɞɨɠ 

ˊɞɡ ɏɢɞɡɜ ɡˊɞůŰŮɑ ůɞɓŬɟɐ ŮəŭɞɟɎ ůŮ ɞɚɧəɚɖɟɞ Űɞɜ əɧůɛɞ, ɏɢŮɘ ůɖɛŮɘɤɗŮɑ Ŭɨɝɖůɖ əŬŰɎ ŰɞɡɚɎɢɘůŰɞɜ 

4 ɏɤɠ 6% ŮŰɖůɑɤɠ ůŰŬ ˊɟɧŰɡˊŬ ɖɚɘəɘŬəɩɜ ŮˊɘˊŰɩůŮɤɜ. ȰɢŮɘ ŬɡɝɖɗŮɑ ŰŬɢɨŰŮɟŬ Ŭˊɧ ɞˊɞɘɞŭɐˊɞŰŮ Ɏɚɚɞ 

Ůɑŭɞɠ əŬɟəɑɜɞɡ əŬɘ ŮɑɜŬɘ ůɐɛŮɟŬ ɞ ɏəŰɞɠ ˊɘɞ ŭɘŬɔɜɤůɛɏɜɞɠ Űɨˊɞɠ əŬɟəɑɜɞɡ ůŰɘɠ ȼɄȷ Űɧůɞ ůŮ ɎɜŭɟŮɠ 

ɧůɞ əŬɘ ůŮ ɔɡɜŬɑəŮɠ. ɆŰɖɜ ȷɡůŰɟŬɚɑŬ, Űɞ ɛŮɚɎɜɤɛŬ ŮɑɜŬɘ ɞ ŰɟɑŰɞɠ ůɡɜɖɗɏůŰŮɟɞɠ əŬɟəɑɜɞɠ əŬɘ ɖ 

ůɡɢɜɧŰŮɟɖ ŬɘŰɑŬ ɗŬɜɎŰɞɡ ůŮ ɜŮŬɟɞɨɠ ŮɜɐɚɘəŮɠ ɖɚɘəɑŬɠ 25-29 ŮŰɩɜ. ȼ ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ ŮɑɜŬɘ 
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ɔŮɜɘəɎ ɡɣɖɚɧŰŮɟɖ ůŮ ɎŰɞɛŬ ɛŮ ɓŬɟɘɎ ŭŮɟɛŬŰɑŰɘŭŬ əŬɘ ůŮ ɧɢɘ ůəɞɡɟɧɢɟɤɛŬ ŭɏɟɛŬŰŬ. ȷɝɘɞůɖɛŮɑɤŰɞ 

ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŰŬ ůəɞɡɟɧɢɟɤɛŬ ɎŰɞɛŬ ŬɜŬˊŰɨůůɞɡɜ ɛŮɚɎɜɤɛŬ ůŰŬ ɚɘɔɧŰŮɟɞ ɢɟɤɛŬŰɘůɛɏɜŬ 

ůɖɛŮɑŬ Űɞɡ ůɩɛŬŰɧɠ Űɞɡɠ, ˊɞɡ ŮɑɜŬɘ ɞɘ ˊŬɚɎɛŮɠ əŬɘ ŰŬ ˊɏɚɛŬŰŬ (The American Cancer Society, 2016). 

ɀŮ ɓɎůɖ ŰŬ ŬɟɢŮɑŬ Űɖɠ Ⱥɚɚɖɜɘəɐɠ ȺŰŬɘɟŮɑŬɠ ɄŬɗɞɚɞɔɘəɐɠ ȷɜŬŰɞɛɘəɐɠ, Űɖɜ ˊŮɜŰŬŮŰɑŬ 2009-2013 

ŭɘŬɔɜɩůŰɖəŬɜ ůŰɖɜ ȺɚɚɎŭŬ 4068 ɛŮɚŬɜɩɛŬŰŬ (Virchows Archiv https://doi.org/10.1007/s00428-017-2287-8). 

 

1.4.3    ȼɚɘəɑŬ & űɨɚɞ 

 

ɇŬ ɎŰɞɛŬ ˊɞɡ ˊɎůɢɞɡɜ Ŭˊɧ ɛŮɚɎɜɤɛŬ ŮɑɜŬɘ əɡɟɑɤɠ ɛɏůɖɠ ɖɚɘəɑŬɠ. ȼ ɛɏůɖ ɖɚɘəɑŬ ŭɘɎɔɜɤůɖɠ ŮɑɜŬɘ ŰŬ 

52 ɏŰɖ, Ůɜɩ ŰŬ ŭɨɞ űɨɚŬ ˊɟɞůɓɎɚɚɞɜŰŬɘ Ůɝɑůɞɡ. ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Liu et al., ɡˊɎɟɢŮɘ ɛɘŬ ůɖɛŬɜŰɘəɐ 

ŭɘŬűɞɟɎ ůŰɖ ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ ɛŮɚŬɜɩɛŬŰɞɠ ɛŮŰŬɝɨ Ŭɜŭɟɩɜ əŬɘ ɔɡɜŬɘəɩɜ ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

ɖɚɘəɑŬ. ȰɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ ɛɏɢɟɘ Űɖɜ ɖɚɘəɑŬ Űɤɜ 44 ŮŰɩɜ, ɞɘ ɔɡɜŬɑəŮɠ ŮɑɜŬɘ ˊɘɞ ŮˊɘɟɟŮˊŮɑɠ ůŰɞ 

ŭŮɟɛŬŰɘəɧ ɛŮɚɎɜɤɛŬ, Ůɜɩ ůŮ ɖɚɘəɑŮɠ Ɏɜɤ Űɤɜ 44 ŮŰɩɜ, ɞɘ ɎɜŭɟŮɠ ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɞ əɑɜŭɡɜɞ 

ŬɜɎˊŰɡɝɖɠ ɛŮɚŬɜɩɛŬŰɞɠ (Liu et al., 2007). 

 

1.4.4     ȺɜŰɧˊɘůɖ 

 

ȰɜŬɠ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ɛŮɚŬɜɤɛɎŰɤɜ ŬɜŬˊŰɨůůŮŰŬɘ Ůˊɑ ŮŭɎűɞɡɠ Ŭˊɚɞɨ ɛŮɚŬɔɢɟɤɛŬŰɘəɞɨ ůˊɑɚɞɡ. 

ɀŮɚɎɜɤɛŬ ɧɛɤɠ, ɛˊɞɟŮɑ ɜŬ ˊŬɟɞɡůɘŬůŰŮɑ əŬɘ de novo, ůŮ ůɖɛŮɑɞ ɧˊɞɡ ŭŮɜ ɡˊɐɟɢŮ ˊɟɞɖɔɞɡɛɏɜɤɠ 

əŬɜɏɜŬɠ ůˊɑɚɞɠ ŬɚɚɎ űɡůɘɞɚɞɔɘəɧ ɛɏɢɟɘ ˊɟɧŰɘɜɞɠ ŭɏɟɛŬ. ɆŰɞɡɠ ɎɜŭɟŮɠ, ŮɜŰɞˊɑɕŮŰŬɘ ůɡɢɜɧŰŮɟŬ ůŰɖ 

ɟɎɢɖ,  Ůɜɩ ůŰɘɠ ɔɡɜŬɑəŮɠ ůŰŬ əɎŰɤ ɎəɟŬ.  

ɇɞ ɛŮɚɎɜɤɛŬ ŮɑɜŬɘ ɛɘŬ ˊɎɟŬ ˊɞɚɨ ůɞɓŬɟɐ ɜɧůɞɠ ɔɘŬŰɑ ŭɑɜŮɘ ŮɨəɞɚŬ ɛŮŰŬůŰɎůŮɘɠ ůŮ ɎɚɚŬ ɧɟɔŬɜŬ Űɞɡ 

ůɩɛŬŰɞɠ, ɛɏůɤ əɡɟɑɤɠ Űɞɡ ɚŮɛűɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ŬɚɚɎ əŬɘ Űɖɠ ŬɘɛŬŰɘəɐɠ əɡəɚɞűɞɟɑŬɠ. ɇŬ əŬɟəɘɜɘəɎ 

əɨŰŰŬɟŬ, ŬˊɞůˊɩɜŰŬɘ Ŭˊɧ Űɞɜ ˊɟɤŰɞˊŬɗɐ ɧɔəɞ əŬɘ ŭɘŬ ɛɏůɞɡ Űɖɠ ɚŮɛűɘəɐɠ ɞŭɞɨ, űŰɎɜɞɡɜ ůŰɞɡɠ 

ɚŮɛűŬŭɏɜŮɠ. 

 

1.4.5     ȷɘŰɘɞˊŬɗɞɔɏɜŮɘŬ 

 

ȷɘŰɘɞˊŬɗɞɔŮɜŮŰɘəɎ, ŰŬ əŬəɞɐɗɖ ɛŮɚŬɜɩɛŬŰŬ ůɢŮŰɑɕɞɜŰŬɘ əɡɟɑɤɠ ɛŮ Űɖɜ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ. ɇŬ 

ůɞɓŬɟɎ ɖɚɘŬəɎ ŮɔəŬɨɛŬŰŬ əŬŰɎ Űɖɜ ˊŬɘŭɘəɐ ɖɚɘəɑŬ əŬɘ ɖ ɢɟɧɜɘŬ ɏəɗŮůɖ ůŰɞɜ ɐɚɘɞ (ŬɔɟɞŰɘəɞɑ 

ˊɚɖɗɡůɛɞɑ) əŬɘ Űɞ ŰŮɢɜɖŰɧ ɛŬɨɟɘůɛŬ (solarium) ŬˊɞŰŮɚɞɨɜ ɏɜŬɜ Ŭəɧɛɖ ˊŬɟɎɔɞɜŰŬ əɘɜŭɨɜɞɡ. Ƀ ˊɘɞ 

ůɖɛŬɜŰɘəɧɠ ŮɜŭɞɔŮɜɐɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ˊɟɞŭɘŬɗɏŰŮɘ ůŰɖɜ ŬɜɎˊŰɡɝɖ ɛŮɚŬɜɩɛŬŰɞɠ ŮɑɜŬɘ ɞ ɛŮɔɎɚɞɠ 

Ŭɟɘɗɛɧɠ ůˊɑɚɤɜ əŬɘ əɡɟɑɤɠ ŭɡůˊɚŬůŰɘəɩɜ. Ⱥˊɑůɖɠ, ˊɟɞŭɘŬɗɏŰɞɡɜ ɖ ɚŮɡəɐ űɡɚɐ, Űɞ ŬɜɞɘɢŰɧ ɢɟɩɛŬ 
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ɛŬɚɚɘɩɜ əŬɘ ɑɟɘŭŬɠ, ɖ ŬŭɡɜŬɛɑŬ ɛŬɡɟɑůɛŬŰɞɠ ɛŮŰɎ Ŭˊɧ ɏəɗŮůɖ ůŰɞɜ ɐɚɘɞ, ɖ ɨˊŬɟɝɖ ŮűŮɚɑŭɤɜ əŬɘ Űɞ 

ɞɘəɞɔŮɜŮɘŬəɧ ɘůŰɞɟɘəɧ ɛŮɚŬɜɩɛŬŰɞɠ, ˊŬɑɕŮɘ ɟɧɚɞ ůŮ ŬɟəŮŰɏɠ ˊŮɟɘˊŰɩůŮɘɠ (Meyskens et al., 2004). ɇɞ 

əŬəɧɖɗŮɠ ɛŮɚɎɜɤɛŬ, ůɢŮŰɑɕŮŰŬɘ Ůˊɑůɖɠ ɛŮ əɚɖɟɞɜɞɛɘəɧŰɖŰŬ. ȰɢŮɘ ˊŮɟɘɔɟŬűŮɑ ůŮ ɞɘəɞɔɏɜŮɘŮɠ ɏɜŬ 

ůɨɜŭɟɞɛɞ ɧˊɞɡ ŰŬ ɛɏɚɖ Űɞɡɠ ŮɛűŬɜɑɕɞɡɜ ˊɞɚɚɞɨɠ ůˊɑɚɞɡɠ, ůɡɜɐɗɤɠ ˊɎɜɤ Ŭˊɧ 50, ɛŮŰŬɝɨ Űɤɜ ɞˊɞɑɤɜ 

əɎˊɞɘɞɘ ŮɑɜŬɘ ŭɡůˊɚŬůŰɘəɞɑ, Ůɜɩ ɡˊɎɟɢŮɘ ɞɘəɞɔŮɜŮɘŬəɧ ɘůŰɞɟɘəɧ ɛŮɚŬɜɩɛŬŰɞɠ (ůɡɔɔŮɜŮɑɠ ˊɟɩŰɞɡ əŬɘ 

ŭŮɡŰɏɟɞɡ ɓŬɗɛɞɨ). ɇɞ ůɨɜŭɟɞɛɞ ŬɡŰɧ ɞɜɞɛɎɕŮŰŬɘ ɞɘəɞɔŮɜɏɠ ůɨɜŭɟɞɛɞ ˊɞɚɚŬˊɚɩɜ ɎŰɡˊɤɜ ůˊɑɚɤɜ 

əŬɘ ɛŮɚŬɜɩɛŬŰɞɠ (familial atypical multiple mole melanoma syndrome, FAMMM) əŬɘ ůɢŮŰɑɕŮŰŬɘ 

ůŰŮɜɎ ɛŮ ɛŮŰŬɚɚɎɝŮɘɠ ůŰɞ ɔɞɜɑŭɘɞ CDKN2A. ȺɑɜŬɘ Ůˊɑůɖɠ ɔɜɤůŰɧ əŬɘ ɤɠ ůɨɜŭɟɞɛɞ ɎŰɡˊɤɜ ůˊɑɚɤɜ ɐ 

ůɨɜŭɟɞɛɞ ŭɡůˊɚŬůŰɘəɩɜ ůˊɑɚɤɜ ɐ ůɨɜŭɟɞɛɞ ȸ-Ⱦ ůˊɑɚɤɜ. ȼ ˊɘɗŬɜɧŰɖŰŬ ŬɜɎˊŰɡɝɖɠ ɛŮɚŬɜɩɛŬŰɞɠ 

ůŰŬ ɎŰɞɛŬ ˊɞɡ ˊɚɖɟɞɨɜ ŰŬ əɟɘŰɐɟɘŬ ɔɘŬ ɏɜŰŬɝɖ ůŰɞ ůɨɜŭɟɞɛɞ FAMMM ŮɑɜŬɘ ˊɎɜɤ Ŭˊɧ 50%, Ůɜɩ 

ɛŮɟɘəɞɑ Ŭˊɧ ŬɡŰɞɨɠ Űɞɡɠ ŬůɗŮɜŮɑɠ ŬɜŬˊŰɨůůɞɡɜ ˊŬɔəɟŮŬŰɘəɧ əŬɟəɑɜɞ. ɇɞ ůɨɜŭɟɞɛɞ FAMMM ŮɑɜŬɘ 

ɡˊŮɨɗɡɜɞ ɔɘŬ ɏɜŬ ɛɘəɟɧ ˊɞůɞůŰɧ Űɞɡ ůɡɜɧɚɞɡ Űɤɜ ŭŮɟɛŬŰɘəɩɜ ɛŮɚŬɜɤɛɎŰɤɜ (Eckerle et al., 2009).  

 

1.4.6     ũŮɤɔɟŬűɘəɐ ɛŮŰŬɓɞɚɐ 

 

ɆɨɛűɤɜŬ ɛŮ ɛɘŬ ɛŮɚɏŰɖ Űɞɡ Crombie, ɞ ɟɡɗɛɧɠ ŮɛűɎɜɘůɖɠ ɛŮɚŬɜɩɛŬŰɞɠ ŬɡɝɎɜŮŰŬɘ əŬɗɩɠ ɛŮɘɩɜŮŰŬɘ 

Űɞ ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ, ɔŮɔɞɜɧɠ ˊɞɡ ŮɝɖɔŮɑŰŬɘ Ŭˊɧ Űɖ ɛŮɑɤůɖ Űɖɠ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ ůŮ 

ɡɣɖɚɧŰŮɟŬ ɔŮɤɔɟŬűɘəɎ ˊɚɎŰɖ. ȼ ɡˊɧɗŮůɖ Űɞɡ ɔŮɤɔɟŬűɘəɞɨ ˊɚɎŰɞɡɠ ŬɜŰɘůŰɟɏűŮŰŬɘ ůŰɖɜ Ⱥɡɟɩˊɖ, 

ɔŮɔɞɜɧɠ ˊɞɡ ŮɝɖɔŮɑŰŬɘ Ŭˊɧ Űɞ ůəɞɡɟɧŰŮɟɞ ɢɟɩɛŬ ŭɏɟɛŬŰɞɠ ůŰɞɡɠ ˊɚɖɗɡůɛɞɨɠ ˊɞɡ ɕɞɡɜ ůŰɖ ɜɧŰɘŬ 

Ⱥɡɟɩˊɖ, əŬɗɩɠ ɖ ɘůɢɡɟɧŰŮɟɖ ɢɟɩůɖ ŭɟŬ ɤɠ ˊɟɞůŰŬŰŮɡŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ůŰɖɜ ŬɜɎˊŰɡɝɖ 

ɛŮɚŬɜɩɛŬŰɞɠ (Crombie, 1979). 

 

1.4.7   Ⱦɚɘɜɘəɐ ůɡɛˊŮɟɘűɞɟɎ ï ȹɘɎɔɜɤůɖ 

 

ȼ əɚɘɜɘəɐ Ůɝɏɚɘɝɖ Űɤɜ ˊŮɟɘůůɞŰɏɟɤɜ əŬəɞɐɗɤɜ ɛŮɚŬɜɤɛɎŰɤɜ ůŰɞɜ Ɏɜɗɟɤˊɞ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ ɛɑŬɠ 

ɛŬəɟɎɠ ŭɘŬŭɘəŬůɑŬɠ Ůɝɏɚɘɝɖɠ Űɖɠ ɜɧůɞɡ (Ward et al., 2017). ɋɠ Ůə ŰɞɨŰɞɡ, ɖ ˊɟɩɘɛɖ əɚɘɜɘəɐ 

ŬɜŬɔɜɩɟɘůɖ ɛɑŬɠ ɨˊɞˊŰɖɠ ŭŮɟɛŬŰɘəɐɠ Ŭɚɚɞɑɤůɖɠ ŮɑɜŬɘ ɗŮɛŮɚɘɩŭɞɡɠ ůɖɛŬůɑŬɠ Űɧůɞ ɔɘŬ Űɖɜ ɏɔəŬɘɟɖ 

ŭɘɎɔɜɤůɖ, ɧůɞ əŬɘ Űɖɜ ŮˊɘŰɡɢɐ ɗŮɟŬˊŮɡŰɘəɐ ŬɜŰɘɛŮŰɩˊɘůɖ. Ƀ ůɡɜŭɡŬůɛɧɠ ɘŭɘŬɘŰɏɟɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɛɑŬɠ ɛŮɚŬɜɞəɡŰŰŬɟɘəɐɠ Ŭɚɚɞɑɤůɖɠ ˊɞɡ ɗɏŰɞɡɜ Űɖɜ ɡˊɞɣɑŬ ɛŮɚŬɜɩɛŬŰɞɠ 

ůɡɛˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ůŰɞ Ŭɔɔɚɘəɧ Ŭəɟɤɜɨɛɘɞ ABCDE (ȺɘəɧɜŬ 1.7): 

× Asymmetry. ȷůɡɛɛŮŰɟɑŬ Űɖɠ ɓɚɎɓɖɠ 

× Border irregularity. ȷɜɩɛŬɚŬ ɧɟɘŬ Űɖɠ ɓɚɎɓɖɠ  

× Color variegation. ɄŬɟɞɡůɑŬ ˊɞɘəɘɚɞɢɟɤɛɑŬɠ. 
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× Diameter. ȷɡɝɖɛɏɜɖ ŭɘɎɛŮŰɟɞɠ Űɖɠ ɓɚɎɓɖɠ ( > 6 mm). 

× Evolution. ɇŬɢɏɤɠ ŮɝŮɚɘůůɧɛŮɜɖ ɓɚɎɓɖ ˊɞɡ ŬɚɚɎɕŮɘ ɢŬɟŬəŰɐɟŮɠ (E əŬɘ ɔɘŬ Elevation=ɡˊɏɔŮɟůɖ) 

ɋůŰɧůɞ, ɖ ŮűŬɟɛɞɔɐ Űɤɜ ŬɜɤŰɏɟɤ əɚɘɜɘəɩɜ əɟɘŰɖɟɑɤɜ ŭŮɜ ŮɑɜŬɘ ˊɎɜŰŬ ŬɝɘɧˊɘůŰɖ əŬɗɩɠ ŮɝŮŰɎɕɞɡɜ 

əɡɟɑɤɠ Űɖɜ ɞɟɘɕɧɜŰɘŬ űɎůɖ Ůɝɏɚɘɝɖɠ ɛɑŬɠ Ŭɚɚɞɑɤůɖɠ, Ůɜɩ ŭŮɜ ɏɢɞɡɜ ɗɏůɖ ůŰɖɜ Ŭɝɘɞɚɧɔɖůɖ 

ŬɛŮɚŬɜɤŰɘəɩɜ ɛɞɟűɩɜ Űɖɠ ɜɧůɞɡ, ɧˊɤɠ ŮɑɜŬɘ ŰŬ ŭŮůɛɞˊɚŬůŰɘəɎ ɛŮɚŬɜɩɛŬŰŬ. ȼ ɢɟɐůɖ Űɞɡɠ ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ ɎɚɚŮɠ ŰŮɢɜɘəɏɠ, ɧˊɤɠ ɖ ŭŮɟɛɞůəɧˊɖůɖ, ŮˊɘŰɟɏˊŮɘ Űɖɜ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɐ əŬɘ ɏɔəŬɘɟɖ 

ŭɘɎɔɜɤůɖ.  

ȼ ɞɟɘůŰɘəɐ ŭɘɎɔɜɤůɖ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ ŰɑɗŮŰŬɘ ɛŮ Űɖɜ ŮɝŬɑɟŮůɖ, Űɖɜ ɛŬəɟɞůəɞˊɘəɐ əŬɘ Űɖɜ 

ɛɘəɟɞůəɞˊɘəɐ ŮəŰɑɛɖůɖ Űɖɠ ŭŮɟɛŬŰɘəɐɠ ɓɚɎɓɖɠ. ȷɜ əŬɘ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ ɏɢɞɡɜ ˊɟɞŰŬɗŮɑ, ɖ ɓɘɞɣɑŬ 

ŮəŰɞɛɐɠ ɛŮ ůɡɜŬűŬɑɟŮůɖ 1-2 mm űɡůɘɞɚɞɔɘəɞɨ ŭɏɟɛŬŰɞɠ ˊɏɟɘɝ Űɖɠ ɓɚɎɓɖɠ, ŬˊɞŰŮɚŮɑ Űɖɜ Ůˊɘɚɞɔɐ 

Ůəɚɞɔɐɠ ůŰɖ ŭɘŬɔɜɤůŰɘəɐ ˊɟɞůˊɏɚŬůɖ ŭŮɟɛŬŰɘəɩɜ ŬɚɚɞɘɩůŮɤɜ ɨˊɞˊŰɤɜ ɔɘŬ ɛŮɚɎɜɤɛŬ. ȼ ɛɏɗɞŭɞɠ 

ŬɡŰɐ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɞɚɘəɐ ŬűŬɑɟŮůɖ Űɖɠ ɓɚɎɓɖɠ ˊɟɞůűɏɟɞɜŰŬɠ ůɖɛŬɜŰɘəɏɠ ˊɟɞɔɜɤůŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ 

ɔɘŬ Űɖ ůŰŬŭɘɞˊɞɑɖůɖ Űɖɠ ɜɧůɞɡ. 

 

 

 

ȺɘəɧɜŬ 1.7. ɇŬ ABCDE Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Conte, 2020). 

 

 

1.4.8 ȽůŰɞɚɞɔɘəɞɑ ɇɨˊɞɘ 

 

ɆɨɛűɤɜŬ ɛŮ Űɞɜ ɄŬɔəɧůɛɘɞ ɃɟɔŬɜɘůɛɧ ɈɔŮɑŬɠ (WHO), ŰɏůůŮɟɘɠ ŮɑɜŬɘ ɞɘ ɓŬůɘəɞɑ Űɨˊɞɘ ɛŮ Űɞɡɠ 

ɞˊɞɑɞɡɠ ŮɛűŬɜɑɕŮŰŬɘ Űɞ ŭŮɟɛŬŰɘəɧ ɛŮɚɎɜɤɛŬ: 
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ɇɞ  Ůˊɘˊɞɚɐɠ ŮˊŮəŰŮɘɜɧɛŮɜɞ  ɛŮɚɎɜɤɛŬ  (Superficial   spreading   melanoma), ŮɑɜŬɘ ɖ ůɡɢɜɧŰŮɟɖ 

ɛɞɟűɐ ɛŮɚŬɜɩɛŬŰɞɠ. ɀŬəɟɞůəɞˊɘəɎ (ȺɘəɧɜŬ 1.8), ŮɑɜŬɘ ɛɘŬ ŮɚŬűɟɎ Ůˊɖɟɛɏɜɖ ŬůɨɛɛŮŰɟɖ Ŭɚɚɞɑɤůɖ 

ɛŮ ŬɜɩɛŬɚŬ ɧɟɘŬ, ɛŮɔɏɗɞɡɠ Ɏɜɤ Űɤɜ 6 ɢɘɚɘɞůŰɩɜ ɛŮ ˊɞɘəɘɚɑŬ ůŰɖ ɢɟɞɘɎ (əŬůŰŬɜɧűŬɘɞ ɏɤɠ ɛŬɨɟɞ, 

əɡŬɜɧ ɏɤɠ ɚŮɡəɧ ɢɟɩɛŬ). ȼ ŭɘɖɗɖŰɘəɐ Űɞɡ ŬɜɎˊŰɡɝɖ ůɡɜɐɗɤɠ ŬəɞɚɞɡɗŮɑŰŬɘ Ŭˊɧ Űɖɜ ŮɛűɎɜɘůɖ Ůɜɧɠ 

ɧɕɞɡ ůŰɖɜ ŮˊɘűɎɜŮɘŬ. Ƀɘ ɚŮɡəɏɠ ˊŮɟɘɞɢɏɠ ůɡɜɐɗɤɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ɗɏůŮɘɠ ŬɡŰɧɛŬŰɖɠ ɡˊɞůŰɟɞűɐɠ. 

ɀɘəɟɞůəɞˊɘəɎ, Űɞ ɛɖ ŭɘɖɗɖŰɘəɧ ůŰɞɘɢŮɑɞ ůɡɜɑůŰŬŰŬɘ Ŭˊɧ ɎŰɡˊŬ ɛŮɚŬɜɞəɨŰŰŬɟŬ, ɛŮɛɞɜɤɛɏɜŬ ɐ ůŮ 

űɤɚŮɏɠ əŬɘ óˊŬɕŮŰɞŮɘŭɐô ŭɘŬůˊɞɟɎ ůŰɖɜ ŮˊɘŭŮɟɛɑŭŬ. 

 

 

ȺɘəɧɜŬ 1.8. ɀŬəɟɞůəɞˊɘəɐ ŮɘəɧɜŬ Űɞɡ Ůˊɘˊɞɚɐɠ ŮˊŮəŰŮɘɜɧɛŮɜɞɡ  ɛŮɚŬɜɩɛŬŰɞɠ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Oakley & 

Hamilton, 2011). 

 

 ɇɞ ɞɕɩŭŮɠ ɛŮɚɎɜɤɛŬ (Nodular melanoma), ŮɑɜŬɘ ɞ ˊɘɞ ŮˊɘɗŮŰɘəɧɠ Űɨˊɞɠ ɛŮɚŬɜɩɛŬŰɞɠ ŬˊɞŰŮɚɩɜŰŬɠ 

Űɞ 20% Űɤɜ ɛŮɚŬɜɤɛɎŰɤɜ, ůɡɜɐɗɤɠ ɐŭɖ ŭɘɖɗɖŰɘəɧ Űɖ ůŰɘɔɛɐ Űɖɠ ŭɘɎɔɜɤůɖɠ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ 

ɞɕɞŮɘŭɐ ɐ ˊɞɚɡˊɞŭɞŮɘŭɐ ˊɟɞɓɎɚɚɞɡůŬ əŬɘ ůɡɢɜɎ ŮɝŮɚəɤɛɏɜɖ Ŭɚɚɞɑɤůɖ ˊɞɘəɑɚɖɠ ɢɟɞɘɎɠ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Űɞɡ ŭɏɟɛŬŰɞɠ. ȺɛűŬɜɑɕŮŰŬɘ ůɡɜɐɗɤɠ ůŮ ɜŮŬɟɎ ɎŰɞɛŬ (ȺɘəɧɜŮɠ 1.9 əŬɘ 1.10). 

ɇɞ ŮűɖɚɘŭɞŮɘŭɏɠ əŬəɧɖɗŮɠ ɛŮɚɎɜɤɛŬ ŬɜŬˊŰɡɢɗɏɜ ůŮ ɛŮɚŬɜɤŰɘəɐ əɖɚɑŭŬ Hutchinson ɐ əŬəɞɐɗɖɠ 

əɖɚɑŭŬ, ŬɜŬˊŰɨůůŮŰŬɘ əɡɟɑɤɠ ůŰɞ ˊɟɧůɤˊɞ ɐ ůŰŬ ŬəɎɚɡˊŰŬ ɛɏɟɖ Űɞɡ ůɩɛŬŰɞɠ, ɖɚɘəɘɤɛɏɜɤɜ ɚŮɡəɩɜ 

ŬŰɧɛɤɜ Ůˊɑ ŮŭɎűɞɡɠ əɖɚɑŭŬɠ Hutchinson ɛŮ ůɡɢɜɧŰɖŰŬ ɛɧɚɘɠ 10%. ɀŬəɟɞůəɞˊɘəɎ, ɖ əɖɚɑŭŬ 

ŮɛűŬɜɑɕŮŰŬɘ ůŬɜ ŮˊɑˊŮŭɖ ɛŮ ˊɞɘəɑɚɖɠ ɏɜŰŬůɖɠ əŬůŰŬɜɧűŬɘɖ ɢɟɞɘɎ, ŮɝŬˊɚɞɨɛŮɜɖ ɓɟŬŭɏɤɠ əŬŰɎ Űɟɧˊɞ 

ŬəŬɜɧɜɘůŰŬ əɡəɚɘəɧ (ȺɘəɧɜŬ 1.11). ɀɘəɟɞůəɞˊɘəɎ, ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ˊɞɚɚŬˊɚŬůɘŬůɛɧ ɎŰɡˊɤɜ 

ɛŮɚŬɜɞəɡŰŰɎɟɤɜ ˊɞɡ ˊŮɟɘɞɟɑɕɞɜŰŬɘ űɡůɘɞɚɞɔɘəɎ ůŰɖ ɓŬůɘəɐ ůŰɘɓɎŭŬ Űɖɠ ŮˊɘŭŮɟɛɑŭŬɠ. ȳŰŬɜ Űɞ 

ɜŮɧˊɚŬůɛŬ ŭɘɖɗɐůŮɘ Űɞ ɢɧɟɘɞ əŬɘ ɓŬɗɨŰŮɟŬ ŬɡŰɞɨ ůŰɞɜ ɡˊɞŭɧɟɘɞ ɘůŰɧ ɞɜɞɛɎɕŮŰŬɘ Lentigo maligna 

melanoma. 
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ȺɘəɧɜŬ 1.9. ɀŬəɟɞůəɞˊɘəɐ ŮɘəɧɜŬ Űɞɡ ɞɕɩŭɞɡɠ ɛŮɚŬɜɩɛŬŰɞɠ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Garrick, 2020). 

 

   

ȺɘəɧɜŬ 1.10. ɀŬəɟɞůəɞˊɘəɐ ŮɘəɧɜŬ Űɞɡ ŬɛŮɚŬɜɤŰɘəɞɨ ɞɕɩŭɞɡɠ ɛŮɚŬɜɩɛŬŰɞɠ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Cunliffe, 

2015). 

 

 

 

ȺɘəɧɜŬ 1.11. ɀŬəɟɞůəɞˊɘəɐ ŮɘəɧɜŬ Űɞɡ ŮűɖɚɘŭɞŮɘŭɞɨɠ əŬəɞɐɗɞɡɠ ɛŮɚŬɜɩɛŬŰɞɠ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ National 

Health Service, UK).   
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ɇɏɚɞɠ, Űɞ Ŭəɟɘəɧ ŮűɖɚɘŭɞŮɘŭɏɠ ɛŮɚɎɜɤɛŬ ɐ ɄŬɚŬɛɞˊŮɚɛŬŰɘŬɑɞ-ɡˊɞɜɨɢɘɞ ɛŮɚɎɜɤɛŬ (Acral lentiginous 

melanoma) ŬˊŬɜŰɎŰŬɘ əɡɟɑɤɠ ůŰɘɠ ˊŬɚɎɛŮɠ əŬɘ ůŰŬ ˊɏɚɛŬŰŬ. ȺɑɜŬɘ ˊɘɞ ůɡɢɜɧ ůŰɞɡɠ 

ȷűɟɞŬɛŮɟɘəŬɜɞɨɠ əŬɘ ůŰŬ ɎŰɞɛŬ Űɖɠ ȷɜŬŰɞɚɐɠ. ɀŬəɟɞůəɞˊɘəɎ, ŭɘŬűɏɟŮɘ Ŭˊɧ Űɞɡɠ ɚɞɘˊɞɨɠ Űɨˊɞɡɠ, 

əŬɗɩɠ ŮɛűŬɜɑɕŮŰŬɘ ɤɠ ɛŮɚŬɔɢɟɤɛŬŰɘəɏɠ ůəɞɨɟŮɠ əɖɚɑŭŮɠ ůŰŬ ˊɏɚɛŬŰŬ, Űɘɠ ˊŬɚɎɛŮɠ əŬɘ ɡˊɞɜɨɢɘŬ 

(ȺɘəɧɜŬ 1.12). 

 

 

 

ȺɘəɧɜŬ 1.12. ɀŮɚɎɜɤɛŬ Ɏəɟɞɡ ˊɞŭɧɠ (ūɤŰɞɔɟŬűɘəɧ ɡɚɘəɧ Ŭˊɧ ȾɞɡɕŬɜɑŭɖɠ Ɂ.) 

 

ȯɚɚɞɘ Űɨˊɞɘ ŮɑɜŬɘ Űɞ ɓɚŮɜɜɞɔɧɜɘɞ-ŮűɖɚɘŭɞŮɘŭɏɠ, Űɞ ŭŮůɛɞˊɚŬůŰɘəɧ/ɜŮɡɟɞŰɟɧˊɞ, Űɞ ɛŮɚɎɜɤɛŬ Űɖɠ 

ˊŬɘŭɘəɐɠ ɖɚɘəɑŬɠ əŬɘ Űɞ ɛŮɚɎɜɤɛŬ Ůˊɑ ŮŭɎűɞɡɠ ɔɘɔɎɜŰɘɞɡ ůɡɔɔŮɜɞɨɠ ůˊɑɚɞɡ, ə.Ŭ. (ȺɘəɧɜŬ 1.13). 

 

 

ȺɘəɧɜŬ 1.13. ɈˊɧŰɡˊɞɘ ɛŮɚŬɜɩɛŬŰɞɠ. (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Chapter 6, Clinical Presentation and Staging of 

Melanoma Cutaneous Melanoma: Etiology and Therapy.Ward & Farma  Brisbane. Codon Publications; 2017). 

 

https://www.ncbi.nlm.nih.gov/books/NBK481857/
https://www.ncbi.nlm.nih.gov/books/NBK481857/
https://exonpublications.com/index.php/exon
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1.4.9    ɀɘəɟɞůəɞˊɘəɐ ŮɘəɧɜŬ 

 

 

ɀɘəɟɞůəɞˊɘəɎ (ȺɘəɧɜŬ 1.14), ŰŬ əŬəɞɐɗɖ ɛŮɚŬɜɩɛŬŰŬ ŮɛűŬɜɑɕɞɡɜ ŭɨɞ Űɨˊɞɡɠ əɡŰŰɎɟɤɜ, ŰŬ 

ŮˊɘɗɖɚɘɧɛɞɟűŬ əŬɘ ŰŬ ŬŰɟŬəŰɞŮɘŭɐ. ũŮɜɘəɎ, ŰŬ ɜŮɞˊɚŬůɛŬŰɘəɎ ɛŮɚŬɜɞəɨŰŰŬɟŬ ŮɛűŬɜɑɕɞɡɜ ůŬűɐ 

ŬŰɡˊɑŬ, ŮɑɜŬɘ ɛŮɔɎɚŬ ɛŮ ŮɡɛŮɔɏɗŮɘɠ ˊɡɟɐɜŮɠ əŬɘ ɏɜŰɞɜŬ, ɖɤůɘɜɧűɘɚŬ ˊɡɟɐɜɘŬ. Ƀɘ ˊɡɟɖɜɞəɘɜɖůɑŮɠ ŮɑɜŬɘ 

ɎűɗɞɜŮɠ. Ƀɘ ŮɜŬˊɞɗɏůŮɘɠ ɛŮɚŬɜɑɜɖɠ ˊɞɘəɑɚɚɞɡɜ (ɛŮɚŬɜɤŰɘəɧ əŬɘ ŬɛŮɚŬɜɤŰɘəɧ ɛŮɚɎɜɤɛŬ).  

 

 

ȺɘəɧɜŬ 1.14. ȽůŰɞɚɞɔɘəɐ Űɞɛɐ ŭɏɟɛŬŰɞɠ ůŮ ɛŮɔɏɗɡɜůɖ X 400, ɢɟɩůɖ ȼ/Ⱥ  (űɤŰɞɔɟŬűɘəɧ ɡɚɘəɧ Ŭˊɧ Űɞ 

ȺɟɔŬůŰɐɟɘɞ ɄŬɗɞɚɞɔɘəɐɠ ȷɜŬŰɞɛɘəɐɠ Űɞɡ ɄũɁȽ). 

 

1.4.10    Ⱥɝɏɚɘɝɖ, ɆŰŬŭɘɞˊɞɑɖůɖ, ɄɟɞɔɜɤůŰɘəɞɑ ɄŬɟɎɔɞɜŰŮɠ 

 

ɆŰɖɜ ŮˊɘŭŮɟɛɑŭŬ, ŰŬ əŬɚɞɐɗɖ, ŮɜŭɘɎɛŮůŬ əŬɘ ˊɚɐɟɤɠ əŬəɞɐɗɖ ůŰɎŭɘŬ Űɖɠ Ůɝɏɚɘɝɖɠ ɛɘŬɠ 

ɛŮɚŬɜɞəɡŰŰŬɟɘəɐɠ Ŭɚɚɞɑɤůɖɠ ɏɢɞɡɜ ŬɜŬɔɜɤɟɘůŰŮɑ Ŭˊɧ əŬɘɟɧ, ɑůɤɠ ŮˊŮɘŭɐ ŮɑɜŬɘ ɞɟŬŰɎ ůŰɞ ŭɏɟɛŬ əŬɘ 

ŮɑɜŬɘ Ůɨəɞɚɖ ɖ ɚɐɣɖ ɓɘɞɣɑŬɠ. ɇŬ əŬəɞɐɗɖ ɛŮɚŬɜɩɛŬŰŬ ŮˊŮəŰŮɑɜɞɜŰŬɘ ŬűŮɜɧɠ ɞɟɘɕɧɜŰɘŬ əŬɘ ŬəŰɘɜɤŰɎ, 

ŬűŮŰɏɟɞɡ ŭɘɖɗɖŰɘəɎ əŬŰɎ ɓɎɗɞɠ ˊɟɞɠ Űɞɜ ɡˊɞŭɧɟɘɞ ɘůŰɧ (ɞɟɘɕɧɜŰɘŬ əŬɘ əɎɗŮŰɖ űɎůɖ ŬɜɎˊŰɡɝɖɠ) 

(ȺɘəɧɜŬ 1.15). 

ȷˊɧ Űɞɡɠ ɘůŰɞˊŬɗɞɚɞɔɘəɞɨɠ ŭŮɑəŰŮɠ ɞɘ ˊɘɞ ɘůɢɡɟɞɑ ŬɜŮɝɎɟŰɖŰɞɘ ˊɟɞɔɜɤůŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ůŰɞ 

ŮɜŰɞˊɘůɛɏɜɞ ɛŮɚɎɜɤɛŬ ŮɑɜŬɘ Űɞ ˊɎɢɞɠ ŭɘɐɗɖůɖɠ əŬɘ ɖ Ůɝɏɚəɤůɖ (TNM ůŰŬŭɘɞˊɞɑɖůɖ) (Gershenwald  

& Scolyer, 2018).  
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ȺɘəɧɜŬ 1.15. ɆŰɎŭɘŬ Ůɝɏɚɘɝɖɠ Ůɜɧɠ əŬɚɞɐɗɞɡɠ ůˊɑɚɞɡ ůŮ ɛŮɚɎɜɤɛŬ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ N EngI J Med., 2006). 

 

ɇɞ ˊɎɢɞɠ ŭɘɐɗɖůɖɠ əŬŰɎ Breslow, ɛŮŰɟɎŰŬɘ ɛŮ ɞˊŰɘəɧ ɛɘəɟɞůəɧˊɘɞ ůŮ ŮɡɗŮɑŬ ɔɤɜɑŬ ɛŮ Űɞ 

ˊŬɟŬəŮɑɛŮɜɞ űɡůɘɞɚɞɔɘəɧ ŭɏɟɛŬ, Ŭˊɧ Űɖɜ əɞɟɡűɐ Űɖɠ əɞəəɘɩŭɞɡɠ ůŰɘɓɎŭŬɠ Űɖɠ ŮˊɘŭŮɟɛɑŭŬɠ (ɐ Űɖ 

ɓɎůɖ Űɞɡ ɏɚəɞɡɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Ůɝɏɚəɤůɖɠ) ɤɠ Űɞ ɓŬɗɨŰŮɟɞ ŭɘɖɗɖŰɘəɧ əɨŰŰŬɟɞ ɛŮɚŬɜɩɛŬŰɞɠ. ɇɞ 

ˊɎɢɞɠ ŭɘɐɗɖůɖɠ ŬˊɞŰŮɚŮɑ Űɞ ůɖɛŬɜŰɘəɧŰŮɟɞ ˊɟɞɔɜɤůŰɘəɧ ŭŮɑəŰɖ ůŰɖɜ ˊɘɞ ˊɟɧůűŬŰɖ ůŰŬŭɘɞˊɞɑɖůɖ 

əŬŰɎ AJCC (8ɖ ɏəŭɞůɖ). ɆɡɔəŮəɟɘɛɏɜŬ, ůŰŬŭɘɞˊɞɘŮɑŰŬɘ ŬɜɎ 1 mm: pT1 ɛŮɚɎɜɤɛŬ ˊɎɢɞɡɠ ɛɘəɟɧŰŮɟɞɡ 

ɐ ɑůɞɡ ɛŮ 1 mm, pT2 ɛŮɚɎɜɤɛŬ ˊɎɢɞɡɠ 1,01-2 mm, pT3 ɛŮɚɎɜɤɛŬ ˊɎɢɞɡɠ 2,01-4 mm, pT4 ɛŮɚɎɜɤɛŬ 

ˊɎɢɞɡɠ ɛŮɔŬɚɨŰŮɟɞɡ Ŭˊɧ 4 mm. 

 ɇɞ ŬɜŬŰɞɛɘəɧ ŮˊɑˊŮŭɞ ŭɘɐɗɖůɖɠ əŬŰɎ Clark ŬˊɞŰŮɚŮɑ ɡˊɞəŬŰɖɔɞɟɑŬ ůŰɖɜ pT ůŰŬŭɘɞˊɞɑɖůɖ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ɞ Clark ˊŮɟɘɏɔɟŬɣŮ ˊɏɜŰŮ ůŰɎŭɘŬ Ůɝɏɚɘɝɖɠ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɘůŰɞɚɞɔɑŬ 

Űɞɡ ŭɏɟɛŬŰɞɠ. 

ü ȺˊɑˊŮŭɞ Ƚ (in situ): ɇɞ ɛŮɚɎɜɤɛŬ ɓɟɑůəŮŰŬɘ ůŰɖ ɗɏůɖ Űɖɠ ˊɟɞɏɚŮɡůɐɠ Űɞɡ, ůŰɖ ɓŬůɘəɐ ůŰɘɓɎŭŬ 

Űɖɠ ŮˊɘŭŮɟɛɑŭŬɠ (ɞɟɘɕɧɜŰɘŬ űɎůɖ ŬɜɎˊŰɡɝɖɠ) (ȺɘəɧɜŬ 1.16). 

ü ȺˊɑˊŮŭɞ ȽȽ: ȹɘɐɗɖůɖ ůŰɞ ɗɖɚɩŭŮɠ ɢɧɟɘɞ, ɢɤɟɑɠ ůɢɖɛŬŰɘůɛɧ ɧɔəɞɡ (ůɡɜɐɗɤɠ ɞɟɘɕɧɜŰɘŬ űɎůɖ 

ŬɜɎˊŰɡɝɖɠ) (ȺɘəɧɜŬ 1.17). 

ü ȺˊɑˊŮŭɞ ȽȽȽ: ȹɘɐɗɖůɖ ůŰɞ ɗɖɚɩŭŮɠ ɢɧɟɘɞ, ɛŮ ůɢɖɛŬŰɘůɛɧ ɞɔəɘŭɑɞɡ əŬɘ ˊɑŮůɖ ůŰɞ ɡˊɞəŮɑɛŮɜɞ 

ŭɘəŰɡɤŰɧ ɢɧɟɘɞ (əɎɗŮŰɖ űɎůɖ ŬɜɎˊŰɡɝɖɠ). 

ü ȺˊɑˊŮŭɞ ȽV: ȹɘɐɗɖůɖ ůŰɞ ŭɘəŰɡɤŰɧ ɢɧɟɘɞ (əɎɗŮŰɖ űɎůɖ ŬɜɎˊŰɡɝɖɠ). 

ü ȺˊɑˊŮŭɞ V: ȹɘɐɗɖůɖ Űɞɡ ɡˊɞŭɧɟɘɞɡ ɚɘˊɩŭɞɡɠ ɘůŰɞɨ. 
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ɋůŰɧůɞ, ɛŮ ˊŮɟŬɘŰɏɟɤ ɛŮɚɏŰɖ, Űɞ ɛɞɜŰɏɚɞ Űɞɡ Clark ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ůɐɛŮɟŬ ˊŮɟɘɞɟɘůɛɏɜɖɠ 

ˊɟɞɔɜɤůŰɘəɐɠ ŬɝɑŬɠ, ɚɘɔɧŰŮɟɞ ŬɜŬˊŬɟŬɔɩɔɘɛɞ əŬɘ ˊɘɞ ɡˊɞəŮɘɛŮɜɘəɧ ůŮ ůɢɏůɖ ɛŮ Űɞ ɛɞɜŰɏɚɞ Űɞɡ 

Breslow (Balch et al., 2001). 

 

 

 

ȺɘəɧɜŬ 1.16. ȽůŰɞɚɞɔɘəɐ ŮɘəɧɜŬ ŮˊɘűŬɜŮɘŬəɞɨ əŬəɞɐɗɞɡɠ ɛŮɚŬɜɩɛŬŰɞɠ ůŮ ɛɘəɟɐ ɛŮɔɏɗɡɜůɖ (ůŰɎŭɘɞ I əŬŰɎ 

Clark, in situ MM) (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Elder, 2016). 

 

 

ȺɘəɧɜŬ 1.17. ȽůŰɞɚɞɔɘəɐ ŮɘəɧɜŬ ŭɘɖɗɖŰɘəɞɨ ŮˊɘűŬɜŮɘŬəɞɨ ɛŮɚŬɜɩɛŬŰɞɠ ůŮ ɛɘəɟɐ ɛŮɔɏɗɡɜůɖ (ůŰɎŭɘɞ ȽI əŬŰɎ 

Clark) (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Elder, 2016). 

 

ȼ Ůɝɏɚəɤůɖ (ȺɘəɧɜŬ 1.18) ŮəŰɘɛɎŰŬɘ ɛɘəɟɞůəɞˊɘəɎ ɤɠ ŬˊɞɡůɑŬ ɎɗɘəŰɖɠ ŮˊɘŭŮɟɛɑŭŬɠ ɡˊŮɟəŮɑɛŮɜɖɠ 

ɞˊɞɘɞɡŭɐˊɞŰŮ ɛɏɟɞɡɠ Űɞɡ ˊɟɤŰɞˊŬɗɞɨɠ ɛŮɚŬɜɩɛŬŰɞɠ. ȷˊɞŰŮɚŮɑ əɡɟɑŬɟɢɞ ˊɟɞɔɜɤůŰɘəɧ ˊŬɟɎɔɞɜŰŬ 

ɔɘŬ Űɞ ŭŮɟɛŬŰɘəɧ ɛŮɚɎɜɤɛŬ ɢɤɟɑɠ ɛŮŰŬůŰɎůŮɘɠ əŬɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ŰɟɞˊɞˊɞɘɖŰɘəɧ ˊŬɟɎɔɞɜŰŬ Űɞɡ 
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ůŰŬŭɑɞɡ əŬŰɎ Űɖɜ AJCC ůŰŬŭɘɞˊɞɑɖůɖ. ɈˊɎɟɢŮɘ ɗŮŰɘəɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Ůɝɏɚəɤůɖɠ əŬɘ ˊɎɢɞɡɠ. ȼ 

Ůɝɏɚəɤůɖ ŮəŰɧɠ Ŭˊɧ Űɞ ŭŮɨŰŮɟɞ əŬɗɞɟɘůŰɘəɧ ˊɟɞɔɜɤůŰɘəɧ ˊŬɟɎɔɞɜŰŬ, ŬˊɞŰŮɚŮɑ əŬɘ Űɞ ɛɧɜɞ 

ˊŬɟɎɔɞɜŰŬ Űɞɡ ˊɟɤŰɞˊŬɗɞɨɠ ɧɔəɞɡ ˊɞɡ ŰɟɞˊɞˊɞɘŮɑ Űɖɜ ˊɟɧɔɜɤůɖ ůŮ ŬůɗŮɜŮɑɠ ɛŮ ɗŮŰɘəɞɨɠ 

ɚŮɛűŬŭɏɜŮɠ (ȺɘəɧɜŬ 1.19). 

 

 

 

ȺɘəɧɜŬ 1.18. (ȷ) ȹɘɖɗɖŰɘəɧ ɏɚəɞɠ ɛŮ əɨŰŰŬɟŬ ɛŮɚŬɜɩɛŬŰɞɠ ˊɞɡ ŭɘŮɘůŭɨɞɡɜ əŬɘ ŭɘŬɓɟɩɜɞɡɜ Űɖɜ ŮˊɘŭŮɟɛɘəɐ 

ůŰɘɓɎŭŬ. (ȸ) ȺˊɘűŬɜŮɘŬəɧ ɏɚəɞɠ ɧˊɞɡ ŮəŰŮɑɜŮŰŬɘ ɖ ɞɕɩŭɖɠ ŬɜɎˊŰɡɝɖ əŬɘ ŰŮɚɘəɎ ŭɘŬŰŬɟɎůůŮɘ Űɖɜ ŮˊɘŭŮɟɛɘəɐ 

ůŰɘɓɎŭŬ, ɛŮ ŮɚɎɢɘůŰɖ ŮˊɘŭŮɟɛɘəɐ ŭɘɐɗɖůɖ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Am J Clin Pathol., 2014). 

 

Ƀ ɡɣɖɚɧɠ ɛɘŰɤŰɘəɧɠ ŭŮɑəŰɖɠ ŬˊɞŰŮɚŮɑ ŭɡůɛŮɜɐ ˊɟɞɔɜɤůŰɘəɧ ˊŬɟɎɔɞɜŰŬ. ɇŬ ɚŮɛűɞəɨŰŰŬɟŬ ˊɞɡ 

ŭɘɖɗɞɨɜ Űɞɜ ɧɔəɞ (Tumor-Infiltrating Lymphocytes, TILs) ŬˊɞŰŮɚɞɨɜ Ůɡɜɞɥəɐ ˊɟɞɔɜɤůŰɘəɐ 

ˊŬɟɎɛŮŰɟɞ, Ŭɜ ŮɑɜŬɘ ɎűɗɞɜŬ. ȼ ˊŬɟɞɡůɑŬ ɡˊɞůŰɟɞűɐɠ ˊɞɡ əŬŰŬɚŬɛɓɎɜŮɘ >75% Űɞɡ ŭɘɖɗɖŰɘəɞɨ 

ɛŮɚŬɜɩɛŬŰɞɠ ˊɟɞɚɏɔŮɘ ŭɡůɛŮɜɐ ˊɟɧɔɜɤůɖ. ȼ ˊŬɟɞɡůɑŬ ŭɘɐɗɖůɖɠ ŬɔɔŮɑɤɜ ŭŮɜ ŮˊɖɟŮɎɕŮɘ Űɖɜ ɇ 

ůŰŬŭɘɞˊɞɑɖůɖ, ŬɚɚɎ ˊɟɏˊŮɘ ɜŬ ŬɜŬűɏɟŮŰŬɘ. ȼ ˊŬɟɞɡůɑŬ ˊŮɟɘɜŮɡɟɘəɐɠ ŭɘɐɗɖůɖɠ ůɢŮŰɑɕŮŰŬɘ ɛŮ 

Ŭɡɝɖɛɏɜɖ ˊɘɗŬɜɧŰɖŰŬ Űɞˊɘəɐɠ ɡˊɞŰɟɞˊɐɠ. ɀŮ əŬəɐ ˊɟɧɔɜɤůɖ ůɢŮŰɑɕŮŰŬɘ əŬɘ ɖ ˊŬɟɞɡůɑŬ 

ŭɞɟɡűɞɟɘəɩɜ ŮůŰɘɩɜ ɛŮɚŬɜɩɛŬŰɞɠ. ɄŮɟɘɞɟɘůɛɏɜɖɠ ˊɟɞɔɜɤůŰɘəɐɠ ŬɝɑŬɠ ŮɑɜŬɘ ɞ ɘůŰɞɚɞɔɘəɧɠ ɡˊɧŰɡˊɞɠ, 

ɖ ɛɞɟűɞɚɞɔɑŬ Űɤɜ əɡŰŰɎɟɤɜ əŬɘ ɖ ˊŬɟɞɡůɑŬ ˊŬɟŬəŮɑɛŮɜɞɡ ůˊɑɚɞɡ. 

ȳůɞɜ ŬűɞɟɎ Űɞ ɛŮŰŬůŰŬŰɘəɧ ɛŮɚɎɜɤɛŬ, ɡˊɎɟɢŮɘ ɘůɢɡɟɐ ŬɟɜɖŰɘəɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ ɗŮŰɘəɞɨ 

ɚŮɛűŬŭɏɜŬ əŬɘ Ůˊɘɓɑɤůɖɠ. ȼ ɛɘəɟɞŬɜŬŰɞɛɘəɐ ŮɜŰɧˊɘůɖ Űɤɜ ɛŮŰŬůŰɎůŮɤɜ ůŰɞ ɚŮɛűŬŭɏɜŬ űɟɞɡɟɧ 
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ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ˊɟɧɓɚŮɣɖ ɨˊŬɟɝɖɠ ɛŮŰŬůŰɎůŮɤɜ ůŰɞɡɠ ɚɞɘˊɞɨɠ ɚŮɛűŬŭɏɜŮɠ. ɆŮ ŬůɗŮɜŮɑɠ ɛŮ 

ŬˊɞɛŬəɟɡůɛɏɜŮɠ ɛŮŰŬůŰɎůŮɘɠ ɖ ŮɜŰɧˊɘůɖ əŬɘ ŰŬ ŮˊɑˊŮŭŬ Űɖɠ ɔŬɚŬəŰɘəɐɠ ŭŮɦŭɟɞɔŮɜɎůɖɠ ŮɑɜŬɘ 

ˊɟɞɔɜɤůŰɘəɐɠ ůɖɛŬůɑŬɠ. 

 

 

ȺɘəɧɜŬ 1.19. ȾŬɛˊɨɚŮɠ Ůˊɘɓɑɤůɖɠ Kaplan ï Meier, ˊɞɡ ŬˊŮɘəɞɜɑɕɞɡɜ Űɞɜ ˊɟɞɔɜɤůŰɘəɧ ŬɜŰɑəŰɡˊɞ Űɖɠ ɏəŰŬůɖɠ 

Űɞɡ ɏɚəɞɡɠ əŬɘ Űɖ ůɡɛɛŮŰɞɢɐ Űɖɠ ɔɨɟɤ ŮˊɘŭŮɟɛɑŭŬɠ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Am J Clin Pathol., 2014). 

 

ȷˊɧ Űɞɡɠ əɚɘɜɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ, ɞɘ Ŭəɧɚɞɡɗɞɘ ůɡɜŭɏɞɜŰŬɘ ɛŮ ŮɡɜɞɥəɧŰŮɟɖ ˊɟɧɔɜɤůɖ: ɖɚɘəɑŬ <60 ɏŰɖ, 

ɔɡɜŬɘəŮɑɞ űɨɚɞ, ŮɜŰɧˊɘůɖ ůŰŬ ɎəɟŬ (ŮɝŬɘɟɞɨɜŰŬɘ ŰŬ ɛŮɚŬɜɩɛŬŰŬ ˊŬɚŬɛɩɜ əŬɘ ˊŮɚɛɎŰɤɜ), ŬˊɞɡůɑŬ 

ɗŮŰɘəɩɜ ɚŮɛűŬŭɏɜɤɜ, ŬˊɞɡůɑŬ ŬˊɞɛŬəɟɡůɛɏɜɤɜ ɛŮŰŬůŰɎůŮɤɜ, űɡůɘɞɚɞɔɘəɎ ŮˊɑˊŮŭŬ ɔŬɚŬəŰɘəɐɠ 

ŭŮɦŭɟɞɔŮɜɎůɖɠ ůŰɞɜ ɞɟɧ. 

 

1.4.11  ɇɞ ůɨůŰɖɛŬ ůŰŬŭɘɞˊɞɑɖůɖɠ TNM  

 

To TNM ůɨůŰɖɛŬ ůŰŬŭɘɞˊɞɑɖůɖɠ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ ŮɑɜŬɘ ɏɜŬ Ŭˊɧ ŰŬ ůɡɜɖɗɏůŰŮɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŬ 

ůɡůŰɐɛŬŰŬ. ɇɞ ůɨůŰɖɛŬ ŬɡŰɧ ŬɜŬˊŰɨɢɗɖəŮ əŬɘ ŭɘŬŰɖɟŮɑŰŬɘ Ŭˊɧ Űɖɜ American Joint Committee on 

Cancer (AJCC) əŬɘ ɡɘɞɗŮŰɐɗɖəŮ Ŭˊɧ Űɖ ȹɘŮɗɜɐ Ȱɜɤůɖ ɔɘŬ Űɞɜ ȾŬɟəɑɜɞ (Union for International 

Cancer Control, UICC). ɇɞ ůɨůŰɖɛŬ ůŰŬŭɘɞˊɞɑɖůɖɠ ɇɁɀ ŬɜŬˊŰɨɢɗɖəŮ ɤɠ ŮɟɔŬɚŮɑɞ ůŰɖ ɗŮɟŬˊŮɡŰɘəɐ 
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ˊɟɞůɏɔɔɘůɖ Űɤɜ ŬůɗŮɜɩɜ ˊɞɡ ɏɢɞɡɜ ŭɘŬɔɜɤůŰŮɑ ɛŮ ɛŮɚɎɜɤɛŬ, ɩůŰŮ ɜŬ ɡˊɎɟɢŮɘ əɞɘɜɐ ɔɚɩůůŬ ůŰɖ 

ůŰŬŭɘɞˊɞɑɖůɖ. ɇɞ əɎɗŮ ůŰɎŭɘɞ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ, Űɖɜ Űɞˊɘəɐ ŭɘɐɗɖůɖ əŬɘ Űɖ ɛŮŰŬůŰŬŰɘəɐ 

ŮˊɏəŰŬůɖ ɐ ɧɢɘ Űɞɡ əŬəɞɐɗɞɡɠ ɜŮɞˊɚɎůɛŬŰɞɠ. 

 

ɇɞ (ɇ) ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɜ ɧɔəɞ (Tumor), əŬɘ ŮɘŭɘəɧŰŮɟŬ ůŰɞ ɓɎɗɞɠ ŭɘɐɗɖůɖɠ (ˊɎɢɞɠ) Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ. 

ɈˊɎɟɢɞɡɜ 5 əɨɟɘŬ ůŰɎŭɘŬ Űɞɡ ˊɎɢɞɡɠ ɧɔəɞɡ ůŰɞ ɛŮɚɎɜɤɛŬ-Tis ůŮ T4 (ȺɘəɧɜŬ 1.20). 

 

 

 

ȺɘəɧɜŬ 1.20. ɆŰŬŭɘɞˊɞɑɖůɖ ɛŮ ɓɎůɖ Űɞ ˊɎɢɞɠ ŭɘɐɗɖůɖɠ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Cancer Research, United Kingdom). 

 

 

ȼ əŬŰɖɔɞɟɑŬ ɇ ŭɘŬɘɟŮɑŰŬɘ ůŮ 2 ɡˊɞɞɛɎŭŮɠ a əŬɘ b, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊŬɟɞɡůɑŬ ɐ Űɖɜ ŬˊɞɡůɑŬ Ůɝɏɚəɤůɖɠ 

ůŰɖɜ ˊɟɤŰɞˊŬɗɐ ŮůŰɑŬ, ŭɖɚŬŭɐ Ŭɜ ɡˊɎɟɢŮɘ ɎɗɘəŰɖ ŮˊɘŭŮɟɛɑŭŬ ˊɎɜɤ Ŭˊɧ Űɞɜ ɧɔəɞ. ɆɡɜɑůŰŬŰŬɘ ɖ 

ɛɘəɟɞůəɞˊɘəɐ Ŭɝɘɞɚɧɔɖůɖ ɏˊŮɘŰŬ Ŭˊɧ ɞɚɘəɐ ŮəŰɞɛɐ Űɞɡ ˊɟɤŰɞˊŬɗɞɨɠ ɧɔəɞɡ. 

 

ɇɞ Ɂ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖ ɛŮŰɎůŰŬůɖ Űɤɜ əŬəɞɐɗɤɜ ɛŮɚŬɜɞəɡŰŰɎɟɤɜ ůŰɞɡɠ ɚŮɛűŬŭɏɜŮɠ (Ɂ0-Ɂ3). ȼ 

əŬŰɖɔɞɟɑŬ Ɂ ɢɤɟɑɕŮŰŬɘ ˊŮɟŬɘŰɏɟɤ ůŮ ɞɛɎŭŮɠ a, b əŬɘ c. Ƀɘ ˊŮɟɘűŮɟɘəɞɑ ɚŮɛűŬŭɏɜŮɠ ŮɑɜŬɘ ɞɘ ˊɘɞ 

ůɡɜɖɗɘůɛɏɜŮɠ ɗɏůŮɘɠ ɛŮŰɎůŰŬůɖɠ. ȼ ŮɡɟŮɑŬ ɢɟɐůɖ Űɖɠ ŭŮɟɛŬŰɘəɐɠ ɚŮɛűɞůəɧˊɖůɖɠ, Űɖɠ ɚŮɛűɘəɐɠ 

ɢŬɟŰɞɔɟɎűɖůɖɠ əŬɘ Űɤɜ ɓɘɞɣɘɩɜ ɚŮɛűŬŭɏɜɤɜ űɟɞɡɟɞɨ ɏɢŮɘ ŮɜɘůɢɨůŮɘ ůɖɛŬɜŰɘəɎ Űɖɜ ɘəŬɜɧŰɖŰŬ 

ŬɜŬɔɜɩɟɘůɖɠ Űɖɠ ˊŬɟɞɡůɑŬɠ Űɖɠ ɛŮŰɎůŰŬůɖɠ ůŮ ɚŮɛűŬŭɏɜŮɠ. ȺɎɜ ˊŬɟɞɡůɘŬůŰŮɑ ˊɟɞűŬɜɐɠ 

ɚŮɛűŬŭŮɜɞˊɎɗŮɘŬ, ɖ ɛŮŰŬůŰŬŰɘəɐ ɚŮɛűŬŭŮɜɘəɐ ŭɘɐɗɖůɖ ˊɟɏˊŮɘ ɜŬ ŮˊɘɓŮɓŬɘɤɗŮɑ ɛɏůɤ ŬɜŬɟɟɧűɖůɖɠ 

ŭɘŬ ɚŮˊŰɐɠ ɓŮɚɧɜɖɠ ɛŮ əŬɗɞŭɐɔɖůɖ Ŭˊɧ ɡˊŮɟɐɢɞɡɠ. ȺɎɜ ŭŮɜ ɡˊɎɟɢŮɘ əɚɘɜɘəɐ ɏɜŭŮɘɝɖ Ůɛˊɚɞəɐɠ Űɞɡ 

ɚŮɛűŬŭɏɜŬ ˊɟɞŮɔɢŮɘɟɖŰɘəɎ, ɖ ɓɘɞɣɑŬ ɚŮɛűŬŭɏɜŬ-űɟɞɡɟɞɨ (SLNB) ɗŬ ˊɟɏˊŮɘ ɜŬ ŮəŰŮɚŮɑŰŬɘ əŬŰɎ Űɖ 

ɢŮɘɟɞɡɟɔɘəɐ ŮˊɏɛɓŬůɖ ɔɘŬ ɧɚŮɠ Űɘɠ ɓɚɎɓŮɠ ůŮ ˊɎɢɞɠ > 1 mm. Ⱥˊɘˊɚɏɞɜ, Űɞ SLɁB ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɔɘŬ ɓɚɎɓŮɠ ˊɎɢɞɡɠ 0,76 ɏɤɠ 1,0 mm ɧŰŬɜ ɡˊɎɟɢɞɡɜ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɡɣɖɚɞɨ 
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əɘɜŭɨɜɞɡ (ɚŮɛűŬɔɔŮɘŬəɐ ŭɘɐɗɖůɖ, ɡɣɖɚɧɠ ɛɘŰɤŰɘəɧɠ Ŭɟɘɗɛɧɠ, ɏɚəɞɠ). Ƀɘ ŰɟɏɢɞɡůŮɠ ɞŭɖɔɑŮɠ ŭŮɜ 

ůɡɜɘůŰɞɨɜ SLNB ɔɘŬ ɓɚɎɓŮɠ ˊɎɢɞɡɠ ɛɘəɟɧŰŮɟɞɡ Űɞɡ 0,75 mm. 

 

ɇɞ ɀ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖ ɛŮŰɎůŰŬůɖ əŬɘ ˊŮɟɘɔɟɎűŮɘ Ŭɜ ɞ əŬɟəɑɜɞɠ ɏɢŮɘ ŮɝŬˊɚɤɗŮɑ ůŮ ŭɘŬűɞɟŮŰɘəɧ ɛɏɟɞɠ 

Űɞɡ ůɩɛŬŰɞɠ (ɀ0 əŬɘ ɀ1). ɇɞ ůŰɎŭɘɞ M ŰŬɝɘɜɞɛŮɑŰŬɘ ˊŮɟŬɘŰɏɟɤ Ŭˊɧ Űɖɜ ŮɜŰɧˊɘůɖ Űɖɠ ɛŮŰŬůŰŬŰɘəɐɠ 

ŮůŰɑŬɠ (ŭɏɟɛŬ, ɚŮɛűŬŭɏɜŮɠ, ůˊɚɎɢɜŬ, ˊɜŮɨɛɞɜŮɠ ɐ Ŭɡɝɖɛɏɜɖ ůŰɞɜ ɞɟɧ ɔŬɚŬəŰɘəɐ ŬűɡŭɟɞɔɞɜɎůɖ 

(LDH)).  

 

ȼ ˊɘɞ ˊɟɧůűŬŰɖ ŬɜŬɗŮɩɟɖůɖ Űɞɡ ŮɔɢŮɘɟɘŭɑɞɡ ůŰŬŭɘɞˊɞɑɖůɖɠ AJCC (8ɖ ɏəŭɞůɖ) əɡəɚɞűɧɟɖůŮ Űɞ 

2016 əŬɘ ŮűŬɟɛɧůŰɖəŮ Űɞ ɏŰɞɠ 2018 (ȺɘəɧɜŬ 1.21).  ɇɞ ˊɎɢɞɠ əŬɘ ɖ Ůɝɏɚəɤůɖ Űɞɡ ɧɔəɞɡ ˊŬɟŬɛɏɜɞɡɜ 

ŰŬ ɓŬůɘəɎ əɟɘŰɐɟɘŬ Űɖɠ əŬŰɖɔɞɟɑŬɠ ɇ. ɇŬ ɛŮɚŬɜɩɛŬŰŬ ɇ1b ŮˊŬɜŬˊɟɞůŭɘɞɟɑůŰɖəŬɜ ŮɑŰŮ ɤɠ 

ŮɝŮɚəɤɛɏɜŬ ɛŮɚŬɜɩɛŬŰŬ < 1,0 mm ˊɎɢɞɡɠ ŮɑŰŮ ɤɠ ɛɖ ŮɝŮɚəɤɛɏɜŬ ɛŮɚŬɜɩɛŬŰŬ ˊɎɢɞɡɠ 0,8-1,0 mm. 

Ⱥˊɑůɖɠ, ůɡůŰɐɗɖəŮ ɧŰɘ Űɞ ˊɎɢɞɠ Űɞɡ ɧɔəɞɡ ˊɟɏˊŮɘ ɜŬ əŬŰŬɔɟɎűŮŰŬɘ ɛŮ ŬəɟɑɓŮɘŬ 0,1 mm ŬɜŰɑ ɔɘŬ Űɞ 

ˊɚɖůɘɏůŰŮɟɞ 0,01 mm (Scolyer et al., 2020). 
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ȺɘəɧɜŬ 1.21. ȼ ˊɟɧůűŬŰɖ ůŰŬŭɘɞˊɞɑɖůɖ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ  Gershenwald, J.E. et al. American 

Joint Commitee on Cancer staging manual. 8th ed. Amin, M.B. editors. Chicago, 2017. p. 563). 

 

1.4.12    ȺɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ / Ƀɘ ŮɟɔŬůŰɖɟɘŬəɏɠ ˊŬɟɎɛŮŰɟɞɘ  

 

ȺɎɜ ɖ ŭɘɎɔɜɤůɖ ŭŮɟɛŬŰɘəɞɨ ɛŮɚŬɜɩɛŬŰɞɠ ŮɑɜŬɘ ŬɓɏɓŬɘɖ ɐ ɔɘŬ Ůˊɘɚɞɔɐ əŬŰɎɚɚɖɚɖɠ ɗŮɟŬˊŮɑŬɠ, Űɞ 

ɘůŰɘəɧ ɡɚɘəɧ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ ɛˊɞɟŮɑ ɜŬ ɡˊɞɓɚɖɗŮɑ ůŮ Ůˊɘˊɚɏɞɜ ŮɟɔŬůŰɖɟɘŬəɏɠ ŮɝŮŰɎůŮɘɠ ɛŮ ɓɎůɖ Űɘɠ 

əŬŰŮɡɗɡɜŰɐɟɘŮɠ ɞŭɖɔɑŮɠ. Ƀɘ ˊɘɞ ɢɟɐůɘɛɞɘ ŬɜɞůɞɥůŰɞɢɖɛɘəɞɑ ŭŮɑəŰŮɠ ɔɘŬ Űɘɠ ɛŮɚŬɜɞəɡŰŰŬɟɘəɏɠ ɓɚɎɓŮɠ 

ŮɑɜŬɘ ɖ ˊɟɤŰŮȶɜɖ S100 ɐ əŬɘ ŰŬ ŬɜŰɘɔɧɜŬ HMB45, Melan-A (MART-1) əŬɘ ɖ ŰɡɟɞůɘɜɎůɖ. ȷɡŰɞɑ ɞɘ 

ŭŮɑəŰŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖ ŭɘɎɔɜɤůɖ (ȺɘəɧɜŬ 1.22). 
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ɇɞ ɔɞɜɑŭɘɞ  S100  ŮŭɟɎɕŮŰŬɘ ůŰɞ ɢɟɤɛɧůɤɛŬ 1q21. ȼ S100 ŮɑɜŬɘ ɛɘŬ ˊɞɚɡɔɞɜɘŭɘŬəɐ ɞɘəɞɔɏɜŮɘŬ 

ˊɟɤŰŮɥɜɩɜ ɢŬɛɖɚɞɨ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ (ɀ.ȸ. ɛŮŰŬɝɨ 9000 əŬɘ 13000), ɞɘ ɞˊɞɑŮɠ ŭŮůɛŮɨɞɡɜ  Ca2+. ȼ 

ɞɘəɞɔɏɜŮɘŬ ˊŮɟɘɚŬɛɓɎɜŮɘ  19 ɛɏɚɖ, ŰŬ ɞˊɞɑŬ ŮəűɟɎɕɞɜŰŬɘ ůŮ ˊɚɐɗɞɠ əɡŰŰŬɟɘəɩɜ ůŮɘɟɩɜ. ȰŰůɘ, ɖ  

S100B  (ˊɟɩɖɜ  S100ɓ) ŮəűɟɎɕŮŰŬɘ ˊŮɟɘůůɧŰŮɟɞ ůŰŬ əɨŰŰŬɟŬ Űɖɠ ɔɚɞɑŬɠ Űɞɡ ȾŮɜŰɟɘəɞɨ əŬɘ 

ɄŮɟɘűŮɟɘəɞɨ ɁŮɡɟɘəɞɨ ɆɡůŰɐɛŬŰɞɠ, ůŰŬ ɛŮɚŬɜɞəɨŰŰŬɟŬ, ůŰŬ ɢɞɜŭɟɞəɨŰŰŬɟŬ əŬɘ ůŰŬ ɚɘˊɞəɨŰŰŬɟŬ, 

Ůɜɩ ɖ  S100A1  (ˊɟɩɖɜ  S100A/S100Ŭ) ůŰŬ əɨŰŰŬɟŬ Űɞɡ ɛɡɞəŬɟŭɑɞɡ, ůŰɘɠ ůəŮɚŮŰɘəɏɠ ɛɡɥəɏɠ ɑɜŮɠ 

ɓɟŬŭŮɑŬɠ ůɨůˊŬůɖɠ, ůŰŬ ŮˊɘɗɖɚɘŬəɎ əɨŰŰŬɟŬ Űɤɜ ůɘŮɚɞɔɧɜɤɜ Ŭŭɏɜɤɜ əŬɘ ůŰŬ ɜŮűɟɘəɎ əɨŰŰŬɟŬ. ȼ 

S100A6 ŮəűɟɎɕŮŰŬɘ Ŭˊɧ Űɞɡɠ ɘɜɞɓɚɎůŰŮɠ əŬɘ Űɘɠ ɚŮɑŮɠ əŬɘ əŬɟŭɘŬəɏɠ ɛɡɥəɏɠ ɑɜŮɠ. ɀɏɚɖ Űɖɠ 

ɞɘəɞɔɏɜŮɘŬɠ  S100 ůɡɛɛŮŰɏɢɞɡɜ ůŰɖɜ ŮɝŬɟŰɩɛŮɜɖ Ŭˊɧ Űɞ  Ca2+ ɟɨɗɛɘůɖ ŭɘŬűɧɟɤɜ ŮɜŭɞəɡŰŰŬɟɘəɩɜ 

ŭɘŮɟɔŬůɘɩɜ, ɧˊɤɠ ɖ űɤůűɞɟɡɚɑɤůɖ ˊɟɤŰŮɥɜɩɜ, ɞ ˊɞɚɚŬˊɚŬůɘŬůɛɧɠ Űɤɜ əɡŰŰɎɟɤɜ  (ˊɞɡ 

ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ Űɞ ɜŮɞˊɚŬůɛŬŰɘəɧ ɛŮŰŬůɢɖɛŬŰɘůɛɧ) əŬɘ ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ (Orchard, 2000). ȼ 

ˊɟɤŰŮȶɜɖ S100 ˊŬɟŬɛɏɜŮɘ ɞ ˊɘɞ ŮɡŬɑůɗɖŰɞɠ ŭŮɑəŰɖɠ ɛŮɚŬɜɞəɡŰŰŬɟɘəɐɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Űɧůɞ ůŮ 

əŬɚɞɐɗŮɘɠ ɧůɞ əŬɘ ůŮ əŬəɞɐɗŮɘɠ ɛŮɚŬɜɞəɡŰŰŬɟɘəɏɠ ɓɚɎɓŮɠ ŬɚɚɎ ɏɢŮɘ ɢŬɛɖɚɧŰŮɟɖ ŮɘŭɘəɧŰɖŰŬ (75-

87%) ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ ŬɜŰɘɔɧɜŬ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Melan-A əŬɘ ŰɡɟɞůɘɜɎůɖ (Blessing et al., 1998; 

Shinohara et al., 2009). 

 

ɇɞ HMB45 ɓɟɑůəŮŰŬɘ ůŰɞ ɢɟɤɛɧůɤɛŬ 12q13.2. ȼ ˊŬɟɞɡůɑŬ Űɞɡ əɡŰŰŬɟɞˊɚŬůɛŬŰɘəɞɨ ŬɜŰɘɔɧɜɞɡ 

HMB45 ɡˊɞŭɖɚɩɜŮɘ ŮɜŮɟɔɧ ůɢɖɛŬŰɘůɛɧ ɛŮɚŬɜɞůɤɛɎŰɤɜ əŬɘ Ůˊɞɛɏɜɤɠ ɏɜŭŮɘɝɖ ɧŰɘ ůɡɜŰŮɚŮɑŰŬɘ 

ɛŮɚŬɜɞəɡŰŰŬɟɘəɐ ŭɘŬűɞɟɞˊɞɑɖůɖ. ɇɞ ŬɜŰɘɔɧɜɞ ŮəűɟɎɕŮŰŬɘ Ůˊɑůɖɠ ůŮ űɡůɘɞɚɞɔɘəɎ ŮɛɓɟɡɥəɎ 

ɛŮɚŬɜɞəɨŰŰŬɟŬ, ŬɚɚɎ ɧɢɘ ɐ ŬůɗŮɜɩɠ ůŮ űɡůɘɞɚɞɔɘəɎ ɛŮɚŬɜɞəɨŰŰŬɟŬ Ůɜɖɚɑəɤɜ, ŬůɢɏŰɤɠ Űɞɡ ɓŬɗɛɞɨ 

ɛŮɚɎɔɢɟɤůɖɠ. ȰɢŮɘ ŭɘŬˊɘůŰɤɗŮɑ ɧŰɘ ɞ əɚɩɜɞɠ HMB45 ŬɜŰɘŭɟɎ ɛŮ ɏɜŬ ŰɛɐɛŬ 10 kDa Ůɜɧɠ 

ůɘŬɚɡɚɘɤɛɏɜɞɡ ɔɚɡəɞůɡɕŮɨɔɛŬŰɞɠ ŮɡŬɑůɗɖŰɞɡ ůŰɖ ɜŮɡɟŬɛɘɜɘŭɎůɖ, Űɖɠ əɡŰŰŬɟɞˊɚŬůɛŬŰɘəɐɠ 

ɔɚɡəɞˊɟɤŰŮȶɜɖɠ GP100 ˊɞɡ ŬˊŬɜŰɎ ůŰŬ ˊɟɧŭɟɞɛŬ (ɎɤɟŬ) ɛŮɚŬɜɞəɨŰŰŬɟŬ. ɄɞɘəɘɚɑŬ ŮɟŮɗɘůɛɎŰɤɜ 

ɛˊɞɟŮɑ ɜŬ ˊɡɟɞŭɞŰɐůŮɘ Űɖɜ ɏəűɟŬůɖ Ůə ɜɏɞɡ Űɞɡ ŬɜŰɘɔɧɜɞɡ HMB45 Ŭ́ ɧ ŰŬ ŮɜŮɟɔɞˊɞɘɖɛɏɜŬ ˊɚɏɞɜ 

ɛŮɚŬɜɞəɨŰŰŬɟŬ Ůɜɖɚɑəɤɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ŰŬ ɗŮŰɘəɎ ůŰɞɜ əɚɩɜɞ  HMB45 əɨŰŰŬɟŬ ɏɢɞɡɜ ŮɜŰɞˊɘůŰŮɑ 

ůŮ ɘůŰɞɨɠ ˊɞɡ ŮˊɘəŬɚɨˊŰɞɡɜ ɐ ɔŮɘŰɜɘɎɕɞɡɜ ɛŮ əɞəəɘɤɛŬŰɩŭŮɘɠ ɘůŰɞɨɠ, ůŮ ŬɘɛŬɔɔŮɘɩɛŬŰŬ, ůŮ ůŰɟɩɛŬ 

ɧɔəɤɜ ˊɚɞɨůɘɞ ůŮ ŬɔɔŮɑŬ əŬɘ ůŮ ɓŬůɘəɞəɡŰŰŬɟɘəɧ əŬɟəɑɜɤɛŬ. ɀŮ Űɞ ŬɜŰɑůɤɛŬ HMB45 ɔŮɜɘəɎ ŭŮɜ 

ŬɜŰɘŭɟɞɨɜ ɞɘ ɛɖ ɛŮɚŬɜɞəɡŰŰŬɟɘəɞɑ űɡůɘɞɚɞɔɘəɞɑ ɘůŰɞɑ (Skelton et al., 1991; Smoller et al., 1991; 

Kapur et al., 1992; Blessing et al., 1998). ȿɧɔɤ Űɖɠ ɛɘəɟɧŰŮɟɖɠ ŮɡŬɘůɗɖůɑŬɠ Űɞɡ, o ŭŮɑəŰɖɠ HMB45 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ S100 ɤɠ Űɡˊɘəɧ ˊɎɜŮɚ ɔɘŬ Űɖ ŭɘɎɔɜɤůɖ Űɞɡ əŬəɞɐɗɞɡɠ 

ɛŮɚŬɜɩɛŬŰɞɠ. 

 

ɇɞ ɔɞɜɑŭɘɞ MȺLANA (9p13-22) əɚɤɜɞˊɞɘɐɗɖəŮ Ŭˊɧ ɛɘŬ Ŭɜɗɟɩˊɘɜɖ ɛŮɚŬɜɞəɡŰŰŬɟɘəɐ ůŮɘɟɎ əŬɘ ɖ 

ɏəűɟŬůɐ Űɞɡ ůŰŬ ɛŮɚŬɜɩɛŬŰŬ ŬɜŬɔɜɤɟɑɕŮŰŬɘ Ŭˊɧ ŬɡŰɧɚɞɔŬ əɡŰŰŬɟɞŰɞɝɘəɎ ɇ ɚŮɛűɞəɨŰŰŬɟŬ. ɇɞ 
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Melan-A (Melanoma Antigen Recognized by T-cells 1, MART-1) ŮɑɜŬɘ ɏɜŬ ŬɜŰɘɔɧɜɞ ŭɘŬűɞɟɞˊɞɑɖůɖɠ 

Ůɘŭɘəɧ ɔɘŬ Űɞ ɛŮɚɎɜɤɛŬ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ ŭɘŬɛŮɛɓɟŬɜɘəɐ (əɡŰŰŬɟɞˊɚŬůɛŬŰɘəɐ) ˊɟɤŰŮȶɜɖ 

ŬˊɞŰŮɚɞɨɛŮɜɖ Ŭˊɧ 118 ŬɛɘɜɞɝɏŬ (20-22 kDa), ɖ ɞˊɞɑŬ ŮəűɟɎɕŮŰŬɘ ůŰɞ ŭɏɟɛŬ, ůŰɞɜ ŬɛűɘɓɚɖůŰɟɞŮɘŭɐ 

əŬɘ ůŰɖɜ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ əŬɚɚɘŮɟɔɖɛɏɜɤɜ ůŮɘɟɩɜ ɛŮɚŬɜɞəɡŰŰɎɟɤɜ, Ůɜɩ ˊɚɐɗɞɠ Ɏɚɚɤɜ ɘůŰɩɜ əŬɘ 

ɜŮɞˊɚŬůɛɎŰɤɜ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ ŭŮɜ Űɖɜ ŮəűɟɎɕɞɡɜ ɧˊɤɠ Űɞ ŭŮůɛɞˊɚŬůŰɘəɧ ɛŮɚɎɜɤɛŬ. ȺɜŰɞɨŰɞɘɠ, ɖ 

Melan-A ŮəűɟɎɕŮŰŬɘ əŬɘ ůŰŬ ŬɔɔŮɘɞɛɡɞɚɘˊɩɛŬŰŬ əŬɘ ůŮ ɚɑɔŬ ɎɚɚŬ ɜŮɞˊɚɎůɛŬŰŬ. ɇɞ Melan-A 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞ S100 ɤɠ Űɡˊɘəɧ ˊɎɜŮɚ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŭɘɖɗɖɛɏɜɤɜ 

ɚŮɛűŬŭɏɜɤɜ əŬɘ ŮɑɜŬɘ ŬˊɞŭŮŭŮɘɔɛɏɜŬ ˊɘɞ ŮɡŬɑůɗɖŰɞɠ ŭŮɑəŰɖɠ Ŭˊɧ Űɞ HMB45 ůŰɖ ŭɘɎɔɜɤůɖ Űɞɡ 

ɛŮŰŬůŰŬŰɘəɞɨ ɛŮɚŬɜɩɛŬŰɞɠ əŬɘ ˊɘɞ Ůɘŭɘəɧɠ Ŭˊɧ Űɖɜ ˊɟɤŰŮȶɜɖ S100 ɛŮ ŮɝŬɑɟŮůɖ Űɞ ŭŮůɛɞˊɚŬůŰɘəɧ 

ɛŮɚɎɜɤɛŬ (Coulie et al., 1994; Kawakami et al., 1994; Chen et al., 1996; Blessing et al., 1998). 

 

ȼ ŰɡɟɞůɘɜɎůɖ ŮɑɜŬɘ ɏɜŬɠ ŬɜŬŭɡɧɛŮɜɞɠ ŭŮɑəŰɖɠ ůŰɖ ŭɘɎɔɜɤůɖ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ 

əɡŰŰŬɟɞˊɚŬůɛŬŰɘəɧ ɏɜɕɡɛɞ, Űɞ ɔɞɜɑŭɘɞ Űɞɡ ɞˊɞɑɞɡ ŮŭɟɎɕŮŰŬɘ ůŰɞ ɢɟɤɛɧůɤɛŬ 11q14-21, 

ŮɜŮɟɔɞˊɞɘɖɛɏɜɞ ůŰɖɜ ŭɘŬŭɘəŬůɑŬ ɓɘɞůɨɜɗŮůɖɠ Űɖɠ ɛŮɚŬɜɑɜɖɠ (Clarkson et al., 2001). ɄŮɟɑˊɞɡ 80-90% 

Űɤɜ ɛŮɚŬɜɤɛɎŰɤɜ ŮəűɟɎɕɞɡɜ ŬɡŰɧɜ Űɞ ŭŮɑəŰɖ. ɋůŰɧůɞ, ɛɧɜɞ ɏɜŬ ɛɘəɟɧ ˊɞůɞůŰɧ (~6%) Űɤɜ 

ŭŮůɛɞˊɚŬůŰɘəɩɜ ɛŮɚŬɜɤɛɎŰɤɜ ŮɑɜŬɘ ɗŮŰɘəɧ. ȼ ŮɘŭɘəɧŰɖŰŬ Űɖɠ ŰɡɟɞůɘɜɎůɖɠ ŮɑɜŬɘ ɡɣɖɚɐ (97-100%) Ŭɜ 

əŬɘ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ůŬɟəɩɛŬŰŬ əŬɘ ɜŮɡɟɞɥɜɩɛŬŰŬ ŮəűɟɎɕɞɡɜ Ůˊɑůɖɠ ŬɡŰɧɜ Űɞɜ ŭŮɑəŰɖ (Biernacka et 

al., 2016). 

 

ȿɧɔɤ Űɞɡ ɔŮɔɞɜɧŰɞɠ ɧŰɘ ˊŮɟɑˊɞɡ Űɞ 50% ɧɚɤɜ Űɤɜ ɛŮɚŬɜɤɛɎŰɤɜ űɏɟɞɡɜ ɛŮŰɎɚɚŬɝɖ ůŰɞ ɔɞɜɑŭɘɞ 

BRAF, Ŭˊɧ ŰŬ ɞˊɞɑŬ Űɞ 70-90% ŮɑɜŬɘ ɗŮŰɘəɧ ɔɘŬ Űɖ ɛŮŰɎɚɚŬɝɖ BRAFV600E əŬɘ ɡˊɎɟɢŮɘ ůɡɔəŮəɟɘɛɏɜɖ 

ůŰɞɢŮɨɞɡůŬ ɗŮɟŬˊŮɑŬ ŭɘŬɗɏůɘɛɖ ŮɎɜ ŬˊɞŭŮɘɢɗŮɑ ɗŮŰɘəɧŰɖŰŬ, ŮəŰɞɛɏɠ ɛŮɚŬɜɩɛŬŰɞɠ ŮɝŮŰɎɕɞɜŰŬɘ 

ůɡɜɐɗɤɠ ɔɘŬ ŬɡŰɐ Űɖ ɛŮŰɎɚɚŬɝɖ (Busam et al., 2013; Saroufim et al., 2014; Orchard et al., 2019). 

ȹɘŬűɞɟŮŰɘəɏɠ ɛɏɗɞŭɞɘ ɔɘŬ Űɖ ŭɞəɘɛɐ ŬɡŰɐɠ Űɖɠ ɛŮŰɎɚɚŬɝɖɠ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŮɠ ɔɘŬ əɚɘɜɘəɐ ɗŮɟŬˊŮɡŰɘəɐ 

ɢɟɐůɖ, ɛŮŰŬɝɨ Űɤɜ ɞˊɞɑɤɜ ɛˊɞɟŮɑ ɜŬ ɓɟŮɗŮɑ ɖ əŬŰŮɡɗɡɜŰɘəɐ Ŭɚɚɖɚɞɨɢɘůɖ Űɤɜ ˊɟɞɥɧɜŰɤɜ PCR ɛŮ Űɖ 

ɛɏɗɞŭɞ Sanger, əŬɘ ɖ Ŭɚɚɖɚɞɨɢɘůɖ ŮˊɧɛŮɜɖɠ ɔŮɜŮɎɠ (Next Generation Sequencing) (Bradish & Cheng, 

2014; OôBrien et al., 2017; Cheng et al., 2018). Ⱥˊɑůɖɠ, ɖ ŬɜɞůɞɥůŰɞɢɖɛɘəɐ ŬɜɎɚɡůɖ ŬɟɢɑɕŮɘ ɜŬ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ əɚɘɜɘəɐ ˊɟɎɝɖ ůŰŬ ɄŬɗɞɚɞɔɞŬɜŬŰɞɛɘəɎ ȺɟɔŬůŰɐɟɘŬ. 
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ȺɘəɧɜŬ 1.22. Ƀɘ ˊɘɞ ɢɟɐůɘɛɞɘ ŬɜɞůɞɥůŰɞɢɖɛɘəɞɑ ŭŮɑəŰŮɠ ɔɘŬ Űɖ ŭɘɎɔɜɤůɖ Űɞɡ əŬəɞɐɗɞɡɠ ɛŮɚŬɜɩɛŬŰɞɠ 

(ȷɜŬŰɨˊɤůɖ Ŭˊɧ Biernacka et al., 2016). 

 

  

1.5    ɀɞɟɘŬəɐ ŰŬɝɘɜɧɛɖůɖ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ 

ɇɞ əŬəɧɖɗŮɠ ɛŮɚɎɜɤɛŬ ŮɑɜŬɘ ɏɜŬ Ŭˊɧ ŰŬ ˊɘɞ ŮˊɘɗŮŰɘəɎ əŬɘ ŮŰŮɟɞɔŮɜɐ ɜŮɞˊɚɎůɛŬŰŬ Űɞɡ Ŭɜɗɟɩˊɞɡ. Ƀɘ 

ˊɟɧůűŬŰŬ ŬɜŬəŬɚɡűɗŮɑůŮɠ ɛɞɟɘŬəɏɠ ɛŮŰŬɓɞɚɏɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ˊŬɗɞɔɏɜŮɘŬ Űɞɡ  ɛŮɚŬɜɩɛŬŰɞɠ  

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ  ůɐɛŮɟŬ  ɔɘŬ  Űɞɜ  əŬɗɞɟɘůɛɧ  ŭɘŬəɟɘŰɩɜ  ɞɛɎŭɤɜ (Cancer Genome Atlas, 2015; 

Hayward et al., 2017). ȼ ŮˊɘŰɡɢɑŬ ˊɟɤŰɞˊɞɟɘŬəɩɜ ɛɞɟɘŬəɩɜ ɗŮɟŬˊŮɘɩɜ ˊɞɡ ůŰɞɢŮɨɞɡɜ ůŮ ůɡɢɜɎ 

ɛŮŰŬɚɚŬɔɛɏɜŬ ɞɔəɞɔɞɜɑŭɘŬ, ɡˊɞɔɟŬɛɛɑɕŮɘ Űɖɜ əɚɘɜɘəɐ ůɖɛŬůɑŬ Űɖɠ ŮɜůɤɛɎŰɤůɖɠ ůɖɛŬɜŰɘəɩɜ 

ɛɞɟɘŬəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ůŰɖ ŭɘɎɔɜɤůɖ əŬɘ ůŰɞɜ əŬɗɞɟɘůɛɧ ˊɟɞɔɜɤůŰɘəɩɜ əŬɘ ˊɟɞɓɚŮˊŰɘəɩɜ 

ŭŮɘəŰɩɜ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ, ɩůŰŮ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ  ŮɝŬŰɞɛɘəŮɡɛɏɜɖ ɗŮɟŬˊŮɑŬ (Sosman et al.,  2012; 

Long et al., 2014).  Ⱥˊɘŭɖɛɘɞɚɞɔɘəɏɠ  ɛŮɚɏŰŮɠ ɡˊɞŭŮɘəɜɨɞɡɜ ɧŰɘ ŰŬ ŭɘŬűɞɟŮŰɘəɎ ˊɟɧŰɡˊŬ ɏəɗŮůɖɠ ůŰɞɜ 

ɐɚɘɞ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ Űɟɧˊɞɡ əŬɘ Űɖɠ ŭɘɎɟəŮɘŬɠ Űɖɠ ɏəɗŮůɖɠ, ůɡɜŭɡɎɕɞɜŰŬɘ ɛŮ 

ŭɘŬűɞɟŮŰɘəɏɠ ɛŮŰŬɚɚɎɝŮɘɠ ɔɞɜɘŭɑɤɜ-ɞŭɖɔɩɜ ůŰɞ ɛŮɚɎɜɤɛŬ əŬɘ, ŮɜŭŮɢɞɛɏɜɤɠ, ɛŮ ŭɘŬűɞɟŮŰɘəɎ ˊɞůɞůŰɎ 
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Ůˊɘɓɑɤůɖɠ (Whiteman et al., 2011; Robertson et al., 2017). ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ TCGA əŬɘ Ɏɚɚɤɜ 

(Curtin et al., 2005; Hayward et al., 2017) ůɡɜɖɔɞɟɞɨɜ ɧŰɘ Űɞ ɛŮɚɎɜɤɛŬ ɛˊɞɟŮɑ ɜŬ ŭɘŬəɟɘɗŮɑ ůŮ 

ŰɏůůŮɟɘɠ ŮɡɟŮɑɠ-ŮŰŮɟɞɔŮɜŮɑɠ ɛɞɟɘŬəɞɨɠ ɡˊɞŰɨˊɞɡɠ (BRAFmut, RASmut, NF1mut əŬɘ Űɟɘˊɚɧ wt) ˊɞɡ 

ɓŬůɑɕɞɜŰŬɘ ůŰɞ ˊɟɧŰɡˊɞ Űɤɜ ˊɚɏɞɜ ůɡɢɜɎ ɛŮŰŬɚɚŬɔɛɏɜɤɜ ɔɞɜɘŭɑɤɜ: VRAF, BRAF, NRAS & NF1 

(Hayward et al., 2017). Ƀɘ ɡˊɧŰɡ́ɞɘ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ ŭɘŬűɏɟɞɡɜ ɤɠ ˊɟɞɠ Űɖɜ ˊɟɞɏɚŮɡůɖ, Űɖ ɗɏůɖ əŬɘ 

Űɞ ˊɟɞűɑɚ ɛŮŰɎɚɚŬɝɖɠ. ȷˊɧ ŬɡŰɏɠ Űɘɠ ɡˊɞɞɛɎŭŮɠ, ɞ ˊɚɖɗɡůɛɧɠ ɛŮ ɛŮŰɎɚɚŬɝɖ ůŰɞ ɔɞɜɑŭɘɞ BRAF ŮɑɜŬɘ 

ɞ ˊɚɏɞɜ  ŭɘŬŭŮŭɞɛɏɜɞɠ, ŬəɞɚɞɡɗɞɨɛŮɜɞɠ Ŭˊɧ ŬɡŰɧɜ ɛŮ NRAS ɛŮŰŬɚɚŬɔɐ. 

 

 

1.6   ɀɞɟɘŬəɏɠ-ũŮɜŮŰɘəɏɠ ȹɘŬŰŬɟŬɢɏɠ ůŰɞ ɛŮɚɎɜɤɛŬ 

 

 ɇŬ əɨɟɘŬ ůɖɛŬŰɞŭɞŰɘəɎ ɛɞɜɞˊɎŰɘŬ ˊɞɡ ɏɢɞɡɜ ɓɟŮɗŮɑ ɜŬ ŮɑɜŬɘ ɘůɢɡɟɎ ŬˊɞŭɘɞɟɔŬɜɤɛɏɜŬ ůŰɞ 

ɛŮɚɎɜɤɛŬ ŮɑɜŬɘ: 

× ɇɞ ůɖɛŬŰɞŭɞŰɘəɧ ɛɞɜɞˊɎŰɘ Űɤɜ MAP əɘɜŬůɩɜ (mitogen-activated protein kinase-MAPK) 

(ȺɘəɧɜŬ 1.23), ɤɠ ŬˊɞŰɏɚŮůɛŬ  ɛŮŰŬɚɚɎɝŮɤɜ ůŰŬ RAS, RAF əŬɘ KIT.  

 

× ɇɞ PI3K/AKT ɛɞɜɞˊɎŰɘ, ɤɠ ŬˊɞŰɏɚŮůɛŬ ɛŮŰŬɚɚɎɝŮɤɜ ůŰɞ RAS, ɛŮŰŬɚɚɎɝŮɤɜ ɐ ˊɚɐɟɞɡɠ 

ɏɚɚŮɘɣɖɠ Űɞɡ PTEN əŬɘ Ŭˊɞɟɟɡɗɛɘůɛɏɜɖɠ ɏəűɟŬůɖɠ Űɖɠ AKT. 

 

× ɇŬ ɛɞɜɞˊɎŰɘŬ Rb əŬɘ p53 ɤɠ ŬˊɞŰɏɚŮůɛŬ ɛŮŰŬɚɚɎɝŮɤɜ ůŰɞɡɠ ɔŮɜŮŰɘəɞɨɠ Űɧˊɞɡɠ 

CDKN2A/p14ARF/p16INK4A əŬɘ p53. 

 

1.6.1  Ƀŭɧɠ RAS/RAF/MAPK  

 

ȼ ɞŭɧɠ RAS/RAF/MAPK (ȺɘəɧɜŬ 1.24) ŮˊɎɔŮŰŬɘ Ŭˊɧ Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ ɡˊɞŭɞɢɏɤɜ əɘɜɎůɖɠ 

Űɡɟɞůɑɜɖɠ, RTKs. ɇɞ MAPK, ŮɑɜŬɘ ɏɜŬ ɡɣɖɚɎ ŭɘŬŰɖɟɖɛɏɜɞ ůɖɛŬŰɞŭɞŰɘəɧ ɛɞɜɞˊɎŰɘ ˊɞɡ ŮɛˊɚɏəŮŰŬɘ 

ůŮ ˊɞɚɚɏɠ əɡŰŰŬɟɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ,  ɧˊɤɠ ŮɑɜŬɘ ɞ  ˊɞɚɚŬˊɚŬůɘŬůɛɧɠ, ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ əŬɘ ɖ 

ɛŮŰŬɜɎůŰŮɡůɖ. ɀˊɞɟŮɑ ɜŬ ŮɜŮɟɔɞˊɞɘɖɗŮɑ Ŭˊɧ ŮɟŮɗɑůɛŬŰŬ Ŭˊɧ ůɖɛŬŰɞŭɞŰɘəɎ ɛɧɟɘŬ, ɧˊɤɠ ɡˊɞŭɞɢŮɑɠ 

ŬɡɝɖŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ əŬɘ ɡˊɞŭɞɢŮɑɠ ůɡɜŭŮŭŮɛɏɜɞɡɠ ɛŮ  G ˊɟɤŰŮȶɜɖ (Wellbrock  et  al.,  2004a; 

Gray-Schopfer  et  al., 2007).  
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ȺɘəɧɜŬ 1.23. RTK ůɖɛŬŰɞŭɧŰɖůɖ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Addison Wesley Longman, Inc). 

 

ɇɞ ɛɞɜɞˊɎŰɘ Űɤɜ ɀȷɅȾ ŮɑɜŬɘ Űɞ ˊɘɞ ůɡɢɜɎ ɛŮŰŬɚɚŬɔɛɏɜɞ ɞɔəɞɔɧɜɞ ɛɞɜɞˊɎŰɘ ůŰɞ ŭŮɟɛŬŰɘəɧ 

ɛŮɚɎɜɤɛŬ. ɄɟɧůűŬŰŬ, ŬˊɞŭŮɑɢɗɖəŮ ɧŰɘ ɡˊɎɟɢŮɘ Ŭɨɝɖůɖ Űɖɠ ŮɜŮɟɔɧŰɖŰŬɠ Űɖɠ ɞŭɞɨ MAPK ůŰɞ 98% 

Űɤɜ ŭŮɘɔɛɎŰɤɜ ɛŮɚŬɜɩɛŬŰɞɠ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ (Hayward et al., 2017). ȼ Ŭˊɞɟɟɨɗɛɘůɖ Űɞɡ MAPK 

ɛɞɜɞˊŬŰɘɞɨ ŮɑɜŬɘ ůɡɢɜɎ ŬˊɞŰɏɚŮůɛŬ ŮɜŮɟɔɞˊɞɘɖŰɘəɩɜ ɛŮŰŬɚɚɎɝŮɤɜ əɡɟɑɤɠ ůŰŬ ɞɔəɞɔɞɜɑŭɘŬ RAF əŬɘ 

RAS (15ï30%) (Colombino et al., 2012). ȷɡŰɧ ɞŭɖɔŮɑ ůŮ ɡˊŮɟűɤůűɞɟɡɚɑɤůɖ Űɤɜ Ŭəɧɚɞɡɗɤɜ 

ˊɟɤŰŮɥɜɩɜ MEK əŬɘ ERK ˊɞɡ ˊɟɞəŬɚɞɨɜ əŬɘ ˊɎɚɘ Űɖɜ ŬˊŮɚŮɡɗɏɟɤůɖ ɛɘŬɠ ɛŮɔɎɚɖɠ ˊɞůɧŰɖŰŬɠ 

ˊŬɟŬɔɧɜŰɤɜ ɛŮŰŬɔɟŬűɐɠ (MITF), ɞŭɖɔɩɜŰŬɠ ůŰɞɜ ŬɜŮɝɏɚŮɔəŰɞ əɡŰŰŬɟɘəɧ ˊɞɚɚŬˊɚŬůɘŬůɛɧ əŬɘ ůŰɖɜ 

Ůˊɘɓɑɤůɖ Űɤɜ əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ. ȺɑɜŬɘ ŮɜŭɘŬűɏɟɞɜ ɜŬ ůɖɛŮɘɤɗŮɑ  ɧŰɘ ɞɘ ɛŮŰŬɚɚɎɝŮɘɠ  ůŰŬ RAS əŬɘ 

RAF ŮɑɜŬɘ ŬɛɞɘɓŬɑŬ ŬˊɞəɚŮɘɧɛŮɜŮɠ ůŰɞɡɠ əŬɟəɑɜɞɡɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ əŬɘ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ 

(Brose et al., 2002; Hodis et al., 2012).  
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ȺɘəɧɜŬ 1.24. ȼ ɞŭɧɠ RAS/RAF/MAPK (ȷɜŬŰɨˊɤůɖ Ŭˊɧ researchgate.net). 

 

Á ɇɞ ɔɞɜɑŭɘɞ RAS 

 

Ƀɘ RAS ˊɟɤŰŮȶɜŮɠ (H, K əŬɘ N-RAS) ŮɑɜŬɘ ɛɘəɟɏɠ GTPɎůŮɠ  ŮɜŰɞˊɘůɛɏɜŮɠ ůŰɖɜ ŮůɤŰŮɟɘəɐ ɛŮɟɘɎ Űɖɠ 

ˊɚŬůɛŬŰɘəɐɠ ɛŮɛɓɟɎɜɖɠ, ɧˊɞɡ ŭɟɞɡɜ ůŬɜ ůɖɛŬɜŰɘəɞɑ ɛŮůɞɚŬɓɖŰɏɠ Űɖɠ əɡŰŰŬɟɘəɐɠ ŬɜɎˊŰɡɝɖɠ, Űɞɡ 

ˊɞɚɚŬˊɚŬůɘŬůɛɞɨ əŬɘ Űɖɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ (Lowy et al., 1993). ȼ ŮɜŮɟɔɧŰɖŰŬ Űɖɠ RAS ŮɚɏɔɢŮŰŬɘ Ŭˊɧ 

Űɖɜ əɡəɚɘəɐ ŮɜŬɚɚŬɔɐ ůɨɜŭŮůɖɠ ůŮ ŬɡŰɐ GDP (ŬˊŮɜŮɟɔɞˊɞɑɖůɖ)  əŬɘ  GTP (ŮɜŮɟɔɞˊɞɑɖůɖ) 

(Scheffzek  et  al., 1997).  

 Ƀɘ ŮvŮɟɔɞˊɞɘɖŰɘəɏɠ ɛŮŰŬɚɚɎɝŮɘɠ ůŰɞ RAS ɏɢŮɘ ŭŮɘɢɗŮɑ ɧŰɘ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ɏəɗŮůɖ ůŰɖ UV 

ŬəŰɘɜɞɓɞɚɑŬ. Ƀɘ ɛŮŰŬɚɚɎɝŮɘɠ ɞŭɖɔɞɨɜ ůŮ ůɡůŰŬŰɘəɐ ŭɏůɛŮɡůɖ Űɞɡ GTP əŬɘ ůŰɖɜ ɛɧɜɘɛɖ 

ŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ ˊɟɤŰŮȶɜɖɠ RAS. ɇɞ ŰŮɚŮɡŰŬɑɞ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖ ůɡɜŮɢɐ ŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ 

ůɖɛŬŰɞŭɞŰɘəɩɜ ɛɞɜɞˊŬŰɘɩɜ ˊɞɡ ŮɚɏɔɢɞɜŰŬɘ Ŭˊɧ ŬɡŰɐ. ȷɡŰɐ ɖ ŭɡůɚŮɘŰɞɡɟɔɑŬ ˊɟɞɤɗŮɑ Űɞɜ ŬɜɩɛŬɚɞ 

əɡŰŰŬɟɘəɧ ˊɞɚɚŬˊɚŬůɘŬůɛɧ, Űɖ ɛŮŰɎůŰŬůɖ, Űɖɜ ŬɜŬůŰɞɚɐ Űɖɠ ŬˊɧˊŰɤůɖɠ əŬɘ Űɖ ɢɖɛŮɘɞŬɜŰɑůŰŬůɖ.  

ɀŮŰŬɚɚɎɝŮɘɠ RAS ŰɡˊɘəɎ ůɡɛɓŬɑɜɞɡɜ ůŰŬ əɤŭɘəɧɜɘŬ Q61, G12 ɐ G13.  ɇɞ N-RAS, ŮɑɜŬɘ ɖ ɘůɞɛɞɟűɐ 

Űɞɡ RAS ˊɞɡ ɓɟɑůəŮŰŬɘ ůɡɢɜɧŰŮɟŬ ɛŮŰŬɚɚŬɔɛɏɜɖ ůŰɞ Ŭɜɗɟɩˊɘɜɞ ɛŮɚɎɜɤɛŬ ɛŮ Űɘɠ ůɡɢɜɧŰŮɟŮɠ 

ɛŮŰŬɚɚɎɝŮɘɠ ɜŬ ůɡɛɓŬɑɜɞɡɜ ůŰɞ əɤŭɘəɧɜɘɞ Q61.  ȷɜŬɚɨůŮɘɠ  ɏŭŮɘɝŬɜ  ɧŰɘ  ɛŮŰŬɚɚɎɝŮɘɠ ůŰɞ RAS 

ŬɜŮɡɟɑůəɞɜŰŬɘ ůŮ ˊɞůɞůŰɧ ˊŮɟɑˊɞɡ 56% ůŮ ůɡɔɔŮɜŮɑɠ ůˊɑɚɞɡɠ, ůɡɔəɟɘŰɘəɎ ɛŮ ˊɞůɞůŰɧ 33% ůŰɞ 

ˊɟɤŰɞˊŬɗɏɠ əŬɘ 26% ůŰɞ ɛŮŰŬůŰŬŰɘəɧ ɛŮɚɎɜɤɛŬ (Demunter  et  al.,  2001). ɀŮŰŬɚɚɎɝŮɘɠ ůŰŬ ɎɚɚŬ 

ŭɨɞ ɛɏɚɖ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ RAS, HRAS əŬɘ KRAS, ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ ůɡɢɜɏɠ (1-2%). ɆŮ ɕɤɥəɎ ɛɞɜŰɏɚŬ, ɖ 
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ɞɔəɞɔɞɜɘəɧŰɖŰŬ Űɞɡ ɛŮŰŬɚɚŬɔɛɏɜɞɡ H-RASG12V ɏɢŮɘ ŭŮɘɢɗŮɑ ɜŬ ŮɑɜŬɘ Ŭɡɝɖɛɏɜɖ ůŮ ˊɞɜŰɑəɘŬ ɛŮ 

ɏɚɚŮɘɣɖ Űɞɡ p16Ink4a, ɛŮŰŬɚɚɎɝŮɘɠ ůŰɞ P53  (Bardeesy et al., 2001) əŬɘ ŮəŰŮɗŮɘɛɏɜŬ ůŮ UV 

ŬəŰɘɜɞɓɞɚɑŬ (Hacker et al., 2005). 

 

Á ɇɞ ɔɞɜɑŭɘɞ BRAF 

ɇɞ Ŭɜɗɟɩˊɘɜɞ ɔɞɜɑŭɘɞ BRAF, ˊɞɡ ŮŭɟɎɕŮŰŬɘ ůŰɞ 7q34 ɢɟɤɛɧůɤɛŬ, əɤŭɘəɞˊɞɘŮɑ ɛɘŬ 

əɡŰŰŬɟɞˊɚŬůɛŬŰɘəɐ əɘɜɎůɖ ůŮɟɑɜɖɠ-ɗɟŮɞɜɑɜɖɠ ˊɞɡ ŬɜɐəŮɘ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ Űɤɜ Raf əɘɜŬůɩɜ. 

ɄŬɟɧɛɞɘŬ ɛŮ ŰŬ ɔɞɜɑŭɘŬ RAS, ɖ RAF ŬɜŬɔɜɤɟɑůŰɖəŮ ŬɟɢɘəɎ ɤɠ Űɞ əɡŰŰŬɟɘəɧ ɞɛɧɚɞɔɞ Űɞɡ v-raf, Ůɜɧɠ 

ɔɞɜɘŭɑɞɡ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŮ ɏɜŬ ɛŮŰŬůɢɖɛŬŰɘůɛɏɜɞ ɟŮŰɟɞɥɧ ˊɞɜŰɘəɞɨ (Rapp et al., 1983). ȼ ˊɟɩŰɖ 

ɘůɞɛɞɟűɐ ˊɞɡ ŮɜŰɞˊɑůŰɖəŮ ɐŰŬɜ ɖ CRAF. ɇŬ ůˊɞɜŭɡɚɤŰɎ űɏɟɞɡɜ ŭɨɞ ɎɚɚŮɠ ɘůɧɛɞɟűŮɠ, ARAF əŬɘ 

BRAF (Wellbrock et al., 2004). ȼ BRAF, ůŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ ɎɚɚŮɠ ŭɨɞ ɚŮɘŰɞɡɟɔɘəɏɠ Raf əɘɜɎůŮɠ, ɏɢŮɘ 

Űɖɜ ɡɣɖɚɧŰŮɟɖ ɓŬůɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ əɘɜɎůɖɠ əŬɘ ŮɑɜŬɘ ɞ ˊɘɞ ɘůɢɡɟɧɠ ŮɜŮɟɔɞˊɞɘɖŰɐɠ Űɞɡ 

ůɖɛŬŰɞŭɞŰɘəɞɨ ɛɞɜɞˊŬŰɘɞɨ Űɤɜ ɀȷɅȾ (Johnson &  Lapadat, 2002). 

ɇŬ ŰŮɚŮɡŰŬɑŬ 20 ɢɟɧɜɘŬ, ɖ ɛŮŰɎɚɚŬɝɖ BRAF ŬˊɞŰɏɚŮůŮ ŬɜŰɘəŮɑɛŮɜɞ ˊɞɚɚɩɜ ŮɟŮɡɜɩɜ. ɀŮŰŬɚɚɎɝŮɘɠ 

ůŰɞ BRAF ŮɑɜŬɘ ˊɞɚɨ ůɡɢɜɏɠ ůŰɞɜ Ŭɜɗɟɩˊɘɜɞ əŬɟəɑɜɞ (7%) ɛŮ ˊɘɞ ůɡɢɜɐ ŮɛűɎɜɘůɖ ůŰɞ əŬəɞɐɗŮɠ 

ɛŮɚɎɜɤɛŬ (27-70%), ůŰɞɜ əŬɟəɑɜɞ Űɞɡ ɗɡɟŮɞŮɘŭɐ (36-53%), Űɞɡ ˊŬɢɏɞɠ ŮɜŰɏɟɞɡ (5-22%) əŬɘ ůŰɞɜ 

əŬɟəɑɜɞ Űɤɜ ɤɞɗɖəɩɜ (30%). ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Ɏɚɚɞɡɠ Űɨˊɞɡɠ əŬɟəɑɜɞɡ, ɏɢŮɘ ŭŮɘɢɗŮɑ ɧŰɘ ɞɘ ɛŮŰŬɚɚɎɝŮɘɠ 

BRAF ůŰɞ ɛŮɚɎɜɤɛŬ ŮɑɜŬɘ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜŮɠ ůŮ ɜŮŬɟɞɨɠ ŬůɗŮɜŮɑɠ ɛŮ ɛɏůɖ ɖɚɘəɑŬ əŬŰɎ Űɖ ŭɘɎɔɜɤůɖ ŰŬ 

33 ɏŰɖ əŬɘ əɡɟɑɤɠ ɔɡɜŬɑəŮɠ (Botton et al., 2019). Ȱɢɞɡɜ ɓɟŮɗŮɑ ˊɎɜɤ Ŭˊɧ 40 ŮɜŮɟɔɞˊɞɘɖŰɘəɏɠ 

ɛŮŰŬɚɚɎɝŮɘɠ Űɞɡ BRAF, ɛŮ Űɖɜ BRAFV600E Űɖɜ ˊɘɞ əɞɘɜɐ, ˊɞɡ ŬˊŬɜŰɎ ůŰɞ 92% Űɤɜ ŮɜŮɟɔɞˊɞɘɖŰɘəɩɜ 

ɛŮŰŬɚɚɎɝŮɤɜ Űɞɡ BRAF ůŰɞ ůˊɞɟŬŭɘəɧ ɛŮɚɎɜɤɛŬ əŬɘ ůŰɞ 82% ůŰɞɡɠ əŬɚɞɐɗŮɘɠ ůˊɑɚɞɡɠ (Davies et 

al., 2002; Kumar et al., 2003; Pollock et al., 2003a). ȼ ɛŮŰɎɚɚŬɝɖ BRAF ˊɟɞŰŮɑɜŮŰŬɘ ɤɠ ɏɜŬ ˊɟɩɥɛɞ 

ɔŮɔɞɜɧɠ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ, əŬɗɩɠ ɡˊɎɟɢŮɘ ůŮ ůɖɛŬɜŰɘəɧ Ŭɟɘɗɛɧ əŬɚɞɐɗɤɜ ůˊɑɚɤɜ.  

ȼ BRAFV600E, ɛɘŬ ɛŮŰŬɚɚŬɔɛɏɜɖ ɛɞɟűɐ, ˊɟɞəɨˊŰŮɘ ɔŮɜŮŰɘəɎ Ŭˊɧ ɛɘŬ ɛŮŰŬůŰɟɞűɐ ɇ1799ȷ Űɞɡ 

əɤŭɘəɞɜɑɞɡ 600 Űɞɡ Ůɝɤɜɑɞɡ 15 ˊɞɡ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬɜŰɘəŬŰɎůŰŬůɖ Űɞɡ Ŭɛɘɜɞɝɏɞɠ ɓŬɚɑɜɖ 

Ŭˊɧ ɔɚɞɡŰŬɛɘəɧ ɞɝɨ. ȼ ɛŮŰɎɚɚŬɝɖ ŬɡŰɐ ŬˊɞůŰŬɗŮɟɞˊɞɘŮɑ Űɖɜ ŬɜŮɜŮɟɔɐ ŭɘŬɛɧɟűɤůɖ Űɖɠ ˊɟɤŰŮȶɜɖɠ 

ˊɟɞəŬɚɩɜŰŬɠ Űɖɜ ůɡɜŮɢɐ Űɖɠ ŮɜŮɟɔɞˊɞɑɖůɖ, əŬɘ ŰŮɚɘəɎ Űɖɜ ɘŭɘɞůɡůŰŬŰɘəɐ ŮɜŮɟɔɞˊɞɑɖůɖ Űɞɡ 

ůɖɛŬŰɞŭɞŰɘəɞɨ ɛɞɜɞˊŬŰɘɞɨ MAPK (ȺɘəɧɜŬ 1.25), ɔŮɔɞɜɧɠ ˊɞɡ ɏɢŮɘ ɞɔəɞɔŮɜŮŰɘəɏɠ ůɡɜɏˊŮɘŮɠ (Davies 

et al., 2002; Wan et al, 2004). ɆɡɔəŮəɟɘɛɏɜŬ, ɖ ɛŮŰɎɚɚŬɝɖ BRAFV600E ɓɟɏɗɖəŮ ɜŬ ɛŮŰŬůɢɖɛŬŰɑɕŮɘ 

Űɞɡɠ NIH3T3 ɘɜɞɓɚɎůŰŮɠ əŬɘ ŰŬ ɛŮɚŬɜɞəɨŰŰŬɟŬ ˊɞɜŰɘəɞɨ  ɛŮ  ŬˊɞŰɏɚŮůɛŬ  Űɖɜ  Ŭɨɝɖůɖ  Űɞɡ 

ˊɞɚɚŬˊɚŬůɘŬůɛɞɨ Űɞɡɠ in vitro, ŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ ERK əŬɘ əŬɟəɘɜɞɔɏɜŮůɖ in vivo (Wan et al., 2004; 

Wellbrock et al.,  2004a). Ⱥˊɑůɖɠ, ɏɢŮɘ ɓɟŮɗŮɑ ɧŰɘ ɞɘ əŬɚɞɐɗŮɘɠ ůˊɑɚɞɘ ɛŮ ɛŮŰŬɚɚŬɔɛɏɜɞ Űɞ BRAF 
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ɛˊɞɟŮɑ ɜŬ Ŭˊɞűɨɔɞɡɜ Űɖ ɔɐɟŬɜůɖ/senescence əŬɘ ɜŬ ŮɝŮɚɘɢɗɞɨɜ ůŮ ɛŮɚɎɜɤɛŬ, ɔŮɔɞɜɧɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ŮɝɖɔŮɑ ŰŬ ŬɡɝɖɛɏɜŬ ˊɞůɞůŰɎ ɛŮŰŬɚɚɎɝŮɤɜ ůŰɞ ůˊɞɟŬŭɘəɧ ɛŮɚɎɜɤɛŬ (Wellbrock et al.,  2004b; 

Dhomen et al., 2009).  

ȼ BRAFV600E ŬɜŮɡɟɑůəŮŰŬɘ ůŮ ˊɞůɞůŰɧ 40-60% Űɤɜ ɛŮɚŬɜɤɛɎŰɤɜ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ɏɚɚɤɜ 

ɚɘɔɧŰŮɟɞ ůɡɢɜɩɜ ɛŮŰŬɚɚɎɝŮɤɜ ůŰɞ BRAF ɏɢɞɡɜ Ůˊɑůɖɠ ɛŮɚŮŰɖɗŮɑ.  ȷɜɎɛŮůŬ ůŮ ŬɡŰɏɠ ŮɑɜŬɘ ɖ 

BRAFV600K ˊɞɡ ɓɟɑůəŮŰŬɘ ůŮ ˊɞůɞůŰɧ ~12% əŬɘ ɞɘ BRAFV600R & BRAFV600D ˊɞɡ əŬɘ ɞɘ ŭɨɞ 

ɓɟɑůəɞɜŰŬɘ ůŰɞ ~5% (Lovly et al., 2012).  ȼ ˊŬɟɞɡůɑŬ BRAF ɛŮŰŬɚɚɎɝŮɤɜ ɏɢŮɘ ůɡůɢŮŰɘůŰŮɑ ůŮ 

əɎˊɞɘŮɠ ɛŮɚɏŰŮɠ ɛŮ ŭɡůɛŮɜɐ ˊɟɧɔɜɤůɖ ůŮ ŬůɗŮɜŮɑɠ ɛŮ ɛŮɚɎɜɤɛŬ (Mann et al., 2013). ɋůŰɧůɞ, ɖ 

ˊɟɞɔɜɤůŰɘəɐ ŬɝɑŬ Űɤɜ ɛŮŰŬɚɚɎɝŮɤɜ ɓɟɑůəŮŰŬɘ ŬəɧɛŬ ɡˊɧ ůɡɕɐŰɖůɖ. 

ɀɏɢɟɘ ůɐɛŮɟŬ, ɖ ɎɛŮůɖ ŬɜɎɚɡůɖ Űɖɠ ˊɟɤŰŮȶɜɖɠ BRAF ůŮ ɛŮɚŬɜɩɛŬŰŬ ɏɢŮɘ ŮˊɘŰŮɡɢɗŮɑ ɛŮ 

ŬɜɞůɞɥůŰɞɢɖɛŮɑŬ (Anwar et al., 2016). ɆɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ɔŮɜŮŰɘəɏɠ ŬɜŬɚɨůŮɘɠ, ɞɘ ŬɜɞůɞɥůŰɞɢɖɛɘəɏɠ 

ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ ɡɣɖɚɐ ŮɡŬɘůɗɖůɑŬ əŬɘ ŮɘŭɘəɧŰɖŰŬ ůŰɖɜ ŬɜɑɢɜŮɡůɖ Űɤɜ ɛŮŰŬɚɚŬɔɛɎŰɤɜ 

BRAF. ɆɐɛŮɟŬ, ɤůŰɧůɞ, ɞɘ əɨɟɘɞɘ ˊŮɟɘɞɟɘůɛɞɑ Űɖɠ ŬɜɞůɞɥůŰɞɢɖɛɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ 

ˊɘɗŬɜɧŰɖŰŬ ɣŮɡŭɩɜ ŬɟɜɖŰɘəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŮɝŬɘŰɑŬɠ Űɞɡ ɡɣɖɚɞɨ ɓŬɗɛɞɨ ŮŰŮɟɞɔɏɜŮɘŬɠ əŬɘ Űɖɠ 

ŮɛűŬɜɞɨɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɤɜ ɛŮŰŬɚɚŬɔɩɜ BRAF (Nielsen et al., 2018). 

 

 

 

ȺɘəɧɜŬ 1.25. ȹɘŬŰŬɟŬɢɐ Űɞɡ ůɖɛŬŰɞŭɞŰɘəɞɨ ɛɞɜɞˊŬŰɘɞɨ MAPK ůŰɞ ɛŮɚɎɜɤɛŬ-BRAFV600E (ȷɜŬŰɨˊɤůɖ Ŭˊɧ 

researchgate.net). 
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1.6.2 Ƀŭɧɠ PI3K/PTEN/AKT /mTOR 

 

ȼ ɞŭɧɠ PI3K/PTEN/AKT/mTOR ŮˊɎɔŮŰŬɘ Ŭˊɧ Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ ɡˊɞŭɞɢɏɤɜ əɘɜɎůɖɠ Űɡɟɞůɑɜɖɠ-

RTKs. ɇɞ ɛɞɜɞˊɎŰɘ RTK/Ras/PI3K ůɡɜɞɚɘəɎ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖ ɛŮŰŬɓɑɓŬůɖ ůɖɛɎŰɤɜ ŬɜɎˊŰɡɝɖɠ 

əŬɘ ŭɘŬɑɟŮůɖɠ Ŭˊɧ Űɞ ŮɝɤəɡŰŰɎɟɘɞ ˊŮɟɘɓɎɚɚɞɜ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ əɡŰŰɎɟɞɡ. ȼ ŭɟŬůŰɘəɧŰɖŰŬ Űɖɠ 

əɘɜɎůɖɠ ɅȽ3Ⱦ ɟɡɗɛɑɕŮŰŬɘ Ŭˊɧ Űɞ ɞɔəɞəŬŰŬůŰŬɚŰɘəɧ ɔɞɜɑŭɘɞ PTEN, Űɞ ɞˊɞɑɞ ŮŭɟɎɕŮŰŬɘ ůŰɞ 

ɢɟɤɛɞůɤɛɘəɧ ɓɟŬɢɑɞɜŬ 10q. ɆŰɞ ɛŮɚɎɜɤɛŬ, ɖ ŬˊɩɚŮɘŬ PTEN əŬɘ ɖ Ůɜɑůɢɡůɖ Űɖɠ AKT ŮɑɜŬɘ əɞɘɜɎ 

ɔŮɔɞɜɧŰŬ əŬɘ ɏɢɞɡɜ ŰŮəɛɖɟɘɤɗŮɑ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ (Ohgaki & Kleihues, 2009). 

 

Á ɇɞ ɔɞɜɑŭɘɞ PTEN  

ȰɜŬ ɔɜɤůŰɧ ɞɔəɞəŬŰŬůŰŬɚŰɘəɧ ɔɞɜɑŭɘɞ ůŰɞ ɢɟɤɛɧůɤɛŬ 10, Űɞ PTEN ŭɟŬ ɤɠ ŬɟɜɖŰɘəɧɠ ɟɡɗɛɘůŰɐɠ 

Űɖɠ ɞŭɞɨ ůɖɛŬŰɞŭɧŰɖůɖɠ Űɖɠ əɘɜɎůɖɠ PI3K əŬɘ ŮɛˊɚɏəŮŰŬɘ ůŮ ˊɚɐɗɞɠ əŬɟəɑɜɤɜ. ɇɞ PIP3 ŮɑɜŬɘ ɏɜŬ 

ɛɧɟɘɞ-əɚŮɘŭɑ ůɖɛŬŰɞŭɧŰɖůɖɠ Űɞɡ əɡŰŰɎɟɞɡ ˊɞɡ əŬŰŬɚɨŮŰŬɘ Ŭˊɧ Űɞ PIP2 ɛɏůɤ Űɖɠ PI3K (Salmena et 

al., 2008). ɇɞ PTEN ɡŭɟɞɚɨŮɘ Űɞ PIP3 ɔɘŬ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ PIP2 əŬɘ DAG (Carracedo et al., 2008).  

 ɆŰɞ ɛŮɚɎɜɤɛŬ, ɖ ŬˊɩɚŮɘŬ Űɞɡ PTEN ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŮɛűŬɜɑɕŮŰŬɘ ɜɤɟɑɠ ůŰɖɜ əŬɟəɘɜɞɔɏɜŮůɖ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɘɠ ˊɟɤŰɞɔŮɜŮɑɠ ɓɚɎɓŮɠ ˊɞɡ űɏɟɞɡɜ ŬˊɩɚŮɘŬ Ůɜɧɠ Ŭɚɚɖɚɞɛɧɟűɞɡ Űɞɡ PTEN ɐ ɞɚɧəɚɖɟɞɡ 

Űɞɡ ɢɟɤɛɞůɩɛŬŰɞɠ 10 (Wu et al., 2003). ȹɘɎűɞɟŮɠ ɛŮŰŬɓɞɚɏɠ ůŰɞ PTEN ɏɢɞɡɜ ŰŬɡŰɞˊɞɘɖɗŮɑ əŬɘ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŬˊɩɚŮɘŬ Ŭɚɚɖɚɞɛɧɟűɞɡ ůŮ ˊɞůɞůŰɧ 20%, Ŭɚɚɞɘɤɛɏɜɖ ɏəűɟŬůɖ ůŮ 40% Űɤɜ 

ɛŮɚŬɜɤɛɎŰɤɜ əŬɘ ɖɛɘɕɡɔɤŰɘəɐɠ ŭɘŬɔɟŬűɐɠ əŬɘ ŬŭɟŬɜɞˊɞɑɖůɖ ůŮ 57-60% Űɤɜ əɡŰŰŬɟɘəɩɜ ůŮɘɟɩɜ 

ɛŮɚŬɜɩɛŬŰɞɠ. Ʉɘɞ ˊɟɧůűŬŰŮɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŬɜŬűɏɟŮɘ ŬˊɩɚŮɘŮɠ ůŰɞ 63-70% Űɤɜ ɛŮɚŬɜɤɛɎŰɤɜ (Gast 

et al., 2010) əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɞ 4-25% Űɤɜ ɛŮɚŬɜɤɛɎŰɤɜ Űɤɜ ɓɚŮɜɜɞɔɧɜɤɜ (Rabbie et al., 2019). 

ȼ ŮɝɎɚŮɘɣɖ, ɖ ɛŮŰɎɚɚŬɝɖ ɐ ɖ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ Űɞɡ ɅTȺɁ ɞŭɖɔŮɑ ůŮ ˊŬɟŮəəɚɑɜɞɡůŬ ŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ 

ŰŮɚŮůŰɩɜ Űɖɠ ɞŭɞɨ PI3K (Suzuki et al., 1998). ȼ ɏɚɚŮɘɣɖ Űɞɡ ɚŮɘŰɞɡɟɔɘəɞɨ PTEN űŬɑɜŮŰŬɘ ɜŬ 

ɟɡɗɛɑɕŮɘ Űɖɜ əɡŰŰŬɟɘəɐ Ůˊɘɓɑɤůɖ ŬɡɝɎɜɞɜŰŬɠ Űɖɜ  ɏəűɟŬůɖ  Űɞɡ  BCL-2  əŬɘ  ɛŮɘɩɜɞɜŰŬɠ  Űɖɜ  

ŮɡŬɘůɗɖůɑŬ/ ŬɡɝɎɜɞɜŰŬɠ ůŰɖɜ ŬɜŰɑůŰŬůɖ  ůŮ  ɢɖɛŮɘɞɗŮɟŬˊŮɡŰɘəɞɨɠ/ɚɞɘˊɞɨɠ ɗŮɟŬˊŮɡŰɘəɞɨɠ 

ˊŬɟɎɔɞɜŰŮɠ (Stahl et al., 2004; Madhunapantula et al., 2007). ȼ ɏəŰɞˊɖ ɏəűɟŬůɖ Űɞɡ PTEN ůŮ  

əɨŰŰŬɟŬ ɛŮɚŬɜɩɛŬŰɞɠ ˊɞɡ ůŰŮɟɞɨɜŰŬɘ ɚŮɘŰɞɡɟɔɘəɏɠ ˊɟɤŰŮȶɜŮɠ ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ ŬɜŬůŰɏɚɚŮɘ Űɖ 

űɤůűɞɟɡɚɑɤůɖ Űɖɠ ȷȾɇ, ŬɡɝɎɜŮɘ Űɖɜ ŬˊɧˊŰɤůɖ əŬɘ ɛŮɘɩɜŮɘ Űɞɜ ˊɞɚɚŬˊɚŬůɘŬůɛɧ Űɤɜ əɡŰŰɎɟɤɜ. ȼ 

ɛŮɑɤůɖ Űɞɡ PTEN Ŭɔɟɑɞɡ Űɨˊɞɡ ɛŮ ɢɟɐůɖ siRNA ɏɢŮɘ ŬˊɞŭŮɑɝŮɘ ɧŰɘ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ŭɡɝɖɛɏɜɖ 

űɤůűɞɟɡɚɑɤůɖ Űɖɠ ȷȾɇ3, ˊɟɎɔɛŬ ˊɞɡ ŮɜɘůɢɨŮɘ Űɖ ůɡɛɛŮŰɞɢɐ Űɖɠ ůŰɖɜ ˊŬɗɞɔɏɜŮůɖ Űɞɡ 

ɛŮɚŬɜɩɛŬŰɞɠ (Stahl et al., 2004).  
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Ⱥˊɘˊɚɏɞɜ, ɎɚɚŮɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŮɜŰɞˊɑůŮɘ Űɞ ɚŮɘŰɞɡɟɔɘəɧ ˊɚŮɞɜŬůɛɧ ɛŮŰŬɝɨ Űɖɠ ŬˊɩɚŮɘŬɠ PTEN əŬɘ 

Űɖɠ ɛŮŰɎɚɚŬɝɖɠ RAS əŬɘ ɏɢɞɡɜ ŭŮɑɝŮɘ ɧŰɘ ŬɡŰɎ ŰŬ ŭɨɞ ɔɞɜɑŭɘŬ ŮɑɜŬɘ ŬɛɞɘɓŬɑŬ ŬˊɞəɚŮɘɧɛŮɜŬ ůŰɖɜ 

ŬɜɎˊŰɡɝɖ ɛŮɚŬɜɩɛŬŰɞɠ. De novo ɛŮŰŬɚɚɎɝŮɘɠ Űɞɡ RAS ɏɢɞɡɜ ˊŬɟŬŰɖɟɖɗŮɑ ůŮ ɏɜŬ ɛɞɜŰɏɚɞ ˊɞɜŰɘəɩɜ 

PTEN +/+ Ůɜɩ ŰŬ ɛŮɚŬɜɩɛŬŰŬ PTEN +/- ɏŭŮɘɝŬɜ ɛŮɘɤɛɏɜɖ ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ ɛŮŰŬɚɚɎɝŮɤɜ Ras, 

Ůɜɩ ɞɘ ˊɞɜŰɘəɞɑ PTEN -/- ŭŮɜ ˊŬɟɞɡůɑŬůŬɜ əŬɗɧɚɞɡ ɛŮŰŬɚɚɎɝŮɘɠ ůŰɞ RAS (Mao et al., 2004). 

ɄŮɟŬɘŰɏɟɤ, ɞɘ Tsao et al, ˊŬɟŬŰɖɟɞɨůŬɜ ˊŬɟɧɛɞɘŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ ŬɜɗɟɩˊɘɜŮɠ əɡŰŰŬɟɘəɏɠ ɔɟŬɛɛɏɠ 

ɛŮɚŬɜɩɛŬŰɞɠ ɧˊɞɡ əɨŰŰŬɟŬ ɛŮ ŬˊɩɚŮɘŬ PTEN ŭŮɜ ŮɑɢŬɜ ɛŮŰŬɚɚɎɝŮɘɠ RAS (Tsao et al., 2004). ɆŰɖ  

ɛŮɚɏŰɖ  ŬɡŰɐ,  Ůˊɑůɖɠ ŭɘŬˊɘůŰɩɗɖəŮ  ɧŰɘ  ɛɑŬ  əɡŰŰŬɟɘəɐ  ůŮɘɟɎ ŮɑɢŮ ŰŬɡŰɧɢɟɞɜɖ  ŬˊɩɚŮɘŬ  PTEN  ɛŮ  

ɛŮŰɎɚɚŬɝɖ  NRAS.  Ⱥˊɘˊɚɏɞɜ,  ɞɘ  Nogueira  et al,   ŭɘŬˊɑůŰɤůŬɜ ɧŰɘ ˊŮɟɑˊɞɡ Űɞ 14% Űɤɜ Ŭɜɗɟɩˊɘɜɤɜ 

ɛŮɚŬɜɤɛɎŰɤɜ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ ůŮ ɛɘŬ ɛŮɚɏŰɖ ŮɑɢŬɜ ɛŮŰɎɚɚŬɝɖ NRAS ŮəŰɧɠ Ŭˊɧ Űɖɜ ŬˊɩɚŮɘŬ Űɞɡ 

PTEN (Stahl et al., 2004).  

 

 

Á ũɞɜɑŭɘɞ AKT  

ȼ ůɡůůɤɟŮɡɛɏɜɖ PIP3, ůɡɜŭɏŮŰŬɘ ŬˊŮɡɗŮɑŬɠ ɛŮ Űɖɜ PDK1, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ űɤůɞűɞɟɡɚɘɩůŮɘ əŬɘ 

ɜŬ ŮɜŮɟɔɞˊɞɘɐůŮɘ Űɖɜ əɘɜɎůɖ ůŮɟɑɜɖɠ/ɗɟŮɞɜɑɜɖɠ AKT. ȼ AKT ɏɢŮɘ ŰɟŮɘɠ ɘůɞɛɞɟűɏɠ ȷȾɇ1, ȷȾɇ2, 

ȷȾɇ3. ȷɡŰɏɠ ɞɘ ˊɟɤŰŮȶɜŮɠ ŮɛˊɚɏəɞɜŰŬɘ ůŰɖ ɟɨɗɛɘůɖ Űɞɡ əɡŰŰŬɟɘəɞɨ əɨəɚɞɡ, ůŰɖɜ ˊɟɧɚɖɣɖ Űɖɠ 

ŬˊɧˊŰɤůɖɠ əŬɘ ůŰɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ əɡŰŰŬɟɘəɐɠ ŬɜɎˊŰɡɝɖɠ (Manning et al., 2007).  

 ȼ ɏəűɟŬůɖ ŬɡŰɩɜ Űɤɜ Űɟɘɩɜ ɘůɞɛɞɟűɩɜ ɏɢŮɘ ŭŮɘɢɗŮɑ ɧŰɘ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɐ ɛŮŰŬɝɨ Űɤɜ ɘůŰɩɜ. ȾŬɘ ɞɘ 

ŰɟŮɘɠ ɘůɞɛɞɟűɏɠ ɏɢɞɡɜ ůɡɜŭŮɗŮɑ ɛŮ əŬɟəɑɜɞɡɠ Űɞɡ ůŰɞɛɎɢɞɡ, Űɞɡ ɛŬůŰɞɨ, Űɞɡ ˊŬɔəɟɏŬŰɞɠ əŬɘ Űɤɜ 

ɤɞɗɖəɩɜ. Ƀɘ AKT2 əŬɘ ȷȾɇ3 ŮɛűŬɜɑůŰɖəŬɜ ɤɠ ɞɘ əɡɟɑŬɟɢŮɠ ɛɞɟűɏɠ ˊɞɡ ŬˊɞɟɟɡɗɛɑɕɞɜŰŬɘ ůŰɞ 

ɛŮɚɎɜɤɛŬ. ȼ ŮɜŮɟɔɞˊɞɘɖɛɏɜɖ ȷȾɇ3 ɏɢŮɘ ŬɜɘɢɜŮɡɗŮɑ ůŰɞ 43-60% Űɞɡ ůˊɞɟŬŭɘəɞɨ ɛŮŰŬůŰŬŰɘəɞɨ 

ɛŮɚŬɜɩɛŬŰɞɠ. Ⱥˊɘˊɚɏɞɜ, ŰŬ ŮˊɑˊŮŭŬ Űɖɠ űɤůűɞɟɡɚɘɤɛɏɜɖɠ ȷȾɇ3 ɓɟɏɗɖəŬɜ ɜŬ ůɡůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ 

Ůɝɏɚɘɝɖ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ, ɡˊɞŭɖɚɩɜɞɜŰŬɠ ɧŰɘ ɖ ȷȾɇ3 ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ əɎˊɞɘɞ ɟɧɚɞ ůŰɖɜ 

ŮˊɘɗŮŰɘəɧŰɖŰŬ Űɤɜ ɛŮɚŬɜɤɛɎŰɤɜ. ȺəŰɧɠ Ŭˊɧ Űɖɜ Ŭɨɝɖůɖ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ŬɜŰɘɔɟɎűɤɜ ˊɞɡ ɞŭɖɔŮɑ ůŮ 

ŬəŬŰɎɚɚɖɚɖ ŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ ȷȾɇ3, ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ əŬɘ ɖ ŬˊɩɚŮɘŬ Űɞɡ PTEN ůɡɛɓɎɚɚŮɘ ůŰɖɜ 

Ŭɨɝɖůɖ Űɖɠ ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɖɠ ȷȾɇ3. ȼ ɛŮɑɤůɖ Űɤɜ Ůˊɘˊɏŭɤɜ Űɖɠ AKT3 ɛŮ siRNA ɞŭɖɔŮɑ ůŰɖ 

ɛŮɑɤůɖ Űɖɠ əɡŰŰŬɟɘəɐɠ Ůˊɘɓɑɤůɖɠ əŬɘ Űɖɠ ŬɜɎˊŰɡɝɖɠ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ (Tran et al., 2008).  

ȼ AKT3 ɏɢŮɘ Ůˊɑůɖɠ ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ ůɡɛɛŮŰɏɢŮɘ ůŰɖɜ ŬɜŰɞɢɐ Űɤɜ əɡŰŰɎɟɤɜ ůŮ ŬɜŬůŰɞɚŮɑɠ BRAF əŬɘ ɖ 

əŬŰŬůŰɞɚɐ Űɖɠ AKT3 ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ŬɡɝɖɛɏɜŮɠ əɚɘɜɘəɏɠ ŬˊɞəɟɑůŮɘɠ ɛŮ ŬɜŬůŰɞɚŮɑɠ BRAF 

(Shao et al., 2010). ȼ ɡˊŮɟŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ AKT2 ɏɢŮɘ Ůˊɑůɖɠ ŮɜŰɞˊɘůŰŮɑ ůŰɞ ɛŮɚɎɜɤɛŬ, ůŰɞ 
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əŬɟəɑɜɤɛŬ Űɞɡ ɛŬůŰɞɨ əŬɘ Űɤɜ ɤɞɗɖəɩɜ. ȼ ɏəűɟŬůɖ Űɞɡ AKT2 ůŰɞ ɛŮɚɎɜɤɛŬ ɏɢŮɘ əŬɗɘŮɟɤɗŮɑ ůŮ 

ˊɞɚɚɎ ŭɘŬűɞɟŮŰɘəɎ ɛɞɜŰɏɚŬ ɛŮɚŬɜɩɛŬŰɞɠ, ɛŮ ɡˊɧɓŬɗɟɞ ɛŮŰŬɚɚŬɔɛɏɜɞɡ RAS. Ƀɘ Nogueira et al, ɏɢɞɡɜ  

Ůˊɑůɖɠ  ŭŮɑɝŮɘ  ɧŰɘ ɖ ŬˊɩɚŮɘŬ  PTEN  ůŮ  ɏɜŬ  ɡˊɧɓŬɗɟɞ ɛŮŰɎɚɚŬɝɖɠ Űɞɡ RAS ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ 

ŮˊɘɚŮəŰɘəɐ ŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ ȷȾɇ2 (Nogueira et al., 2010). ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞ 

ˊɞɘŬ ɘůɧɛɞɟűɖ Űɖɠ ȷȾT ŮɛˊɚɏəŮŰŬɘ ůŰɞ ɛŮɚɎɜɤɛŬ, ɖ ɞŭɧɠ PI3K / AKT ŮɑɜŬɘ ɏɜŬɠ ůɖɛŬɜŰɘəɧɠ 

ɗŮɟŬˊŮɡŰɘəɧɠ ůŰɧɢɞɠ ůŰɞ ɛŮɚɎɜɤɛŬ. 

 

1.6.3   Ƀŭɧɠ P53/MDM2/p14ARF 

 ɇɞ ɞɔəɞəŬŰŬůŰŬɚŰɘəɧ ɔɞɜɑŭɘɞ TP53 ŮɜŰɞˊɑɕŮŰŬɘ ůŰɞ ɓɟŬɢɨ ůəɏɚɞɠ Űɞɡ ɢɟɤɛɞůɩɛŬŰɞɠ 17 ůŰɖ ɗɏůɖ 

13 (17p13) əŬɘ əɤŭɘəɞˊɞɘŮɑ ɛɘŬ ˊɡɟɖɜɘəɐ űɤůűɞˊɟɤŰŮȶɜɖ ɛŮ ɛɞɟɘŬəɧ ɓɎɟɞɠ 53 kDa, ɖ ɞˊɞɑŬ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 393 ŬɛɘɜɞɝɏŬ. ȼ űɡůɘɞɚɞɔɘəɐ ˊɟɤŰŮȶɜɖ p53 (wild type) ˊŬɑɕŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖ 

ɟɨɗɛɘůɖ Űɞɡ əɡŰŰŬɟɘəɞɨ əɨəɚɞɡ ŬɜŬůŰɏɚɚɞɜŰŬɠ Ůˊɑ ɓɚɎɓɖɠ Űɞɡ DNA Űɖ ɛŮŰɎɓŬůɖ Űɞɡ əɡŰŰɎɟɞɡ Ŭˊɧ 

Űɖɜ G1 ůŰɖɜ S űɎůɖ, ůŰɖɜ ɏɜŬɟɝɖ Űɖɠ Ůˊɘŭɘɧɟɗɤůɖɠ əŬɘ ůŰɖɜ ŬɜŰɘɔɟŬűɐ Űɞɡ DNA, ůŰɖɜ ŮˊŬɔɤɔɐ Űɖɠ 

ŬˊɧˊŰɤůɖɠ əɎŰɤ Ŭˊɧ ɞɟɘůɛɏɜŮɠ ůɡɜɗɐəŮɠ əŬɘ Űɏɚɞɠ ůŰɖɜ ŮˊŬɔɤɔɐ Űɖɠ əɡŰŰŬɟɘəɐɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ 

(Hall & Lane, 1994).  

Ƀɘ ŭɘŬŰŬɟŬɢɏɠ Űɞɡ ɔɞɜɘŭɑɞɡ TP53 ŬˊɞŰŮɚɞɨɜ Űɘɠ ůɡɢɜɧŰŮɟŮɠ ɛɞɟɘŬəɏɠ ɛŮŰŬɓɞɚɏɠ ůŰŬ əŬəɞɐɗɖ 

ɜŮɞˊɚɎůɛŬŰŬ (Hall, 1996). ȷˊɞŰɏɚŮůɛŬ Űɤɜ ɔɞɜɘŭɘŬəɩɜ ɛŮŰŬɚɚŬɔɩɜ ŮɑɜŬɘ ɖ ˊŬɟŬɔɤɔɐ ɛɘŬɠ 

Űɟɞˊɞˊɞɘɖɛɏɜɖɠ, ɤɠ ˊɟɞɠ Űɖ ŭɞɛɐ əŬɘ ɚŮɘŰɞɡɟɔɑŬ, ˊɟɤŰŮȶɜɖɠ, ɖ ɞˊɞɑŬ ŭɟŬ ŰŮɚɘəɎ ɤɠ ɞɔəɞɔɞɜɑŭɘɞ. Ƀɘ 

ɛŮŰŬɚɚɎɝŮɘɠ Űɞɡ ɔɞɜɘŭɑɞɡ TP53 ůɡɜɐɗɤɠ ŰŬɡŰɞˊɞɘɞɨɜŰŬɘ ɛŮ Ŭɚɚɖɚɞɨɢɘůɖ Űɞɡ ɔɞɜɘŭɑɞɡ əŬɘ ɞŭɖɔɞɨɜ ůŮ 

ůɡůůɩɟŮɡůɖ Űɖɠ ɛŮŰŬɚɚŬɔɛɏɜɖɠ ˊɟɤŰŮȶɜɖɠ ůŰɞɜ ˊɡɟɐɜŬ. ȼ ɛŮŰŬɚɚŬɔɛɏɜɖ ˊɟɤŰŮȶɜɖ p53 ɏɢŮɘ 

ɛŮɔŬɚɨŰŮɟɞ ɢɟɧɜɞ ɖɛɑůŮɘŬɠ ɕɤɐɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬɜɞůɞɥůŰɞɢɖɛɘəɐ Űɖɠ ŬɜɑɢɜŮɡůɖ. ɄŬɟɧŰɘ ɖ 

ŬɜɞůɞɥůŰɞɢɖɛɘəɐ ɏəűɟŬůɖ ŭŮɜ ŰŬɡŰɑɕŮŰŬɘ ŬˊɧɚɡŰŬ ɛŮ Űɖɜ ˊŬɟɞɡůɑŬ ɛŮŰɎɚɚŬɝɖɠ, ɖ ŮɡŬɘůɗɖůɑŬ əŬɘ ɖ 

ŮɘŭɘəɧŰɖŰŬ Űɖɠ ŬɜɞůɞɥůŰɞɢɖɛŮɑŬɠ ˊɟɞůŮɔɔɑɕɞɡɜ Űɞ 90% əŬɘ 98% ŬɜŰɑůŰɞɘɢŬ. Ƀɘ ɛŮŰŬɚɚɎɝŮɘɠ Űɞɡ 

ɔɞɜɘŭɑɞɡ TP53 (missense mutations) ůŰŬ ˊŮɟɘůůɧŰŮɟŬ ɜŮɞˊɚɎůɛŬŰŬ, ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůɡɢɜɧŰŮɟŬ ůŰŬ 

ŮɝɩɜɘŬ 5-8. ȼ ŭɡůɚŮɘŰɞɡɟɔɑŬ Űɖɠ ˊɟɤŰŮȶɜɖɠ p53 ŭɘŬŰŬɟɎůůŮɘ Űɖɜ ɞŭɧ p14ARF, əŬɗɡůŰŮɟŮɑ Űɖɜ 

ŬˊɧˊŰɤůɖ əŬɘ ŮˊɎɔŮɘ ˊŮɟŬɘŰɏɟɤ Űɖɜ ŬůŰɎɗŮɘŬ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ (Krakstad & Chekenya, 2010). 

ȺəŰɧɠ Ŭˊɧ Űɖɜ ˊŬɟɞɡůɑŬ Űɤɜ ɛŮŰŬɚɚɎɝŮɤɜ, ɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ˊɟɤŰŮȶɜɖɠ p53 ŭɘŬŰŬɟɎůůŮŰŬɘ əŬɘ Ŭˊɧ 

ɛɑŬ Ɏɚɚɖ ˊɟɤŰŮȶɜɖ, Űɖɜ MDM2. ȼ ŰŮɚŮɡŰŬɑŬ, ŬˊɞŰŮɚŮɑ ˊɟɞɥɧɜ Űɞɡ ɞɔəɞɔɞɜɘŭɑɞɡ MDM2 ˊɞɡ 

ɓɟɑůəŮŰŬɘ ůŰɞ 12q14.3-q15. ȼ ˊɟɤŰŮȶɜɖ MDM2 ŭŮůɛŮɨŮɘ Űɖ űɡůɘɞɚɞɔɘəɐ ɛɞɟűɐ Űɖɠ p53, ŬɜŬůŰɏɚɚŮɘ 

Űɖ ɟɡɗɛɘůŰɘəɐ ɛŮŰŬɔɟŬűɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰɎ Űɖɠ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ŮɡɞŭɩɜŮɘ Űɖɜ Ŭˊɞɘəɞŭɧɛɖůɐ Űɖɠ Ŭˊɧ 

Űɞ ůɨůŰɖɛŬ Űɖɠ ɞɡɓɘəɘŰɑɜɖɠ. Ⱥˊɑ ɓɚɎɓɖɠ Űɞɡ ɔŮɜŮŰɘəɞɨ ɡɚɘəɞɨ, ŮɜŮɟɔɞˊɞɘŮɑŰŬɘ ɛɘŬ Ůɘŭɘəɐ əɘɜɎůɖ, ɖ 
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ˊɟɤŰŮɥɜɘəɐ əɘɜɎůɖ ȷtm, ɖ ɞˊɞɑŬ ˊŬɟŮɛˊɞŭɑɕŮɘ Űɖ ŭɏůɛŮɡůɖ Űɖɠ MDM2 ɛŮ Űɖɜ p53, ɛɏůɤ 

űɤůűɞɟɡɚɑɤůɖɠ Űɖɠ ŰŮɚŮɡŰŬɑŬɠ ůŮ ɗɏůŮɘɠ ůŮɟɑɜɖɠ Ŭˊɧ Űɖɜ CDK2. ȼ ˊɟɤŰŮȶɜɖ p14ARF ˊɟɞůŭɏɜŮŰŬɘ 

ŬˊŮɡɗŮɑŬɠ ůŰɞ MDM2 əŬɘ ŬɜŬůŰɏɚɚŮɘ Űɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ Űɖɠ ˊɟɤŰŮȶɜɖɠ p53. 

ȼ ůɡůɢɏŰɘůɐ Űɞɡ ɔɞɜɘŭɑɞɡ TP53 ɛŮ Űɞ ɛŮɚɎɜɤɛŬ ŮɑɜŬɘ Űɧůɞ ŬɛűɘɚŮɔɧɛŮɜɖ ɧůɞ əŬɘ ůˊɎɜɘŬ. ɋůŰɧůɞ, 

ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ ɛŮŰŬɚɚɎɝŮɘɠ ɔŬɛŮŰɘəɩɜ əɡŰŰɎɟɤɜ ůŰɖɜ TP53 ůŮ ŬůɗŮɜŮɑɠ ɛŮ ˊɞɚɚŬˊɚɎ ˊɟɤŰɞˊŬɗɐ 

ɛŮɚŬɜɩɛŬŰŬ (Kollipara et al., 2014). 

 

1.6.4 Ƀŭɧɠ p16INK 4a/CDK4/RB1 

 

ȼ ɞŭɧɠ p16/CDK4/RB1 əŬɗɞɟɑɕŮɘ Űɖɜ Ŭɟɢɐ Űɞɡ əɡŰŰŬɟɘəɞɨ əɨəɚɞɡ əŬɗɩɠ ŮɛˊɚɏəŮŰŬɘ ůŰɞɜ ɏɚŮɔɢɞ 

Űɖɠ ɛŮŰɎɓŬůɖɠ Űɞɡ əɡŰŰɎɟɞɡ Ŭˊɧ Űɖ G1 ůŰɖ űɎůɖ S Űɞɡ əɡŰŰŬɟɘəɞɨ əɨəɚɞɡ. Ƀ ɛŮŰŬɔɟŬűɘəɧɠ 

ˊŬɟɎɔɞɜŰŬɠ E2F ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ ˊɟɤŰŮȶɜɖ Rb, ɖ ɞˊɞɑŬ űɡůɘɞɚɞɔɘəɎ ŭŮɜ űɤůűɞɟɡɚɘɩɜŮŰŬɘ. ɇɞ 

ůɨɛˊɚɞəɞ Rb-E2F ˊŮɟɘɞɟɑɕŮɘ Űɖɜ ˊɟɧůɓŬůɖ ůŮ ɛŮŰŬɔɟŬűɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ. ɇɞ ɔɞɜɑŭɘɞ RB ɟɡɗɛɑɕŮŰŬɘ 

ŬɟɜɖŰɘəɎ Ŭˊɧ Űɞ ůɨɛˊɚŮɔɛŬ əɡəɚɘɜɞŮɝŬɟŰɩɛŮɜɤɜ əɘɜŬůɩɜ (CDKs) əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Űɤɜ CDK4, 

CDK2 əŬɘ CDK6. ȼ űɤůűɞɟɡɚɑɤůɖ-ŬˊŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ Rb Ŭˊɧ Űɞ ůɨɛˊɚŮɔɛŬ CDK4/əɡəɚɑɜɖ D1, 

ɞŭɖɔŮɑ ůŰɖɜ ˊɟɧɞŭɞ Űɞɡ əɡŰŰŬɟɘəɞɨ əɨəɚɞɡ ůŰɖ űɎůɖ S əŬɗɩɠ ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ ɞ ˊŬɟɎɔɞɜŰŬɠ E2F, 

ɞ ɞˊɞɑɞɠ ŮˊɎɔŮɘ Űɖ ɛŮŰŬɔɟŬűɐ ɔɞɜɘŭɑɤɜ ˊɞɡ ˊɟɞɎɔɞɡɜ Űɖ ůɨɜɗŮůɖ DNA (Goldhoff et al., 2012). H 

ŬˊŮɜŮɟɔɞˊɞɑɖůɖ Űɞɡ ɞɔəɞəŬŰŬůŰŬɚŰɘəɞɨ ɔɞɜɘŭɑɞɡ RB əŬɘ ůŮ ŬɜŮɝɏɚŮɔəŰɞ əɡŰŰŬɟɘəɧ 

ˊɞɚɚŬˊɚŬůɘŬůɛɧ. ȼ ˊɟɤŰŮȶɜɖ p16 ŬɜŬůŰɏɚɚŮɘ Űɖ ŭɟɎůɖ Űɞɡ ůɡɛˊɚɧəɞɡ CDK4/əɡəɚɑɜɖ D1. 

 

Á Ƀ ɔɞɜɘŭɘŬəɧɠ Űɧˊɞɠ CDKN2A 

ɀŮŰŬɚɚɎɝŮɘɠ ůŰɞ CDKN2A, ɞŭɖɔɞɨɜ ůŰɖɜ ŬˊɩɚŮɘŬ Űɤɜ p16INK4a əŬɘ p14ARF əŬɘ ůŰɖ ŭɘŬŰŬɟŬɢɐ 

Űɤɜ ɛɞɜɞˊŬŰɘɩɜ Űɤɜ RB əŬɘ p53, ŬɜŰɑůŰɞɘɢŬ. ɄŮɟɑˊɞɡ Űɞ 30-40% Űɤɜ ůɡɔɔŮɜɩɜ ɛŮɚŬɜɤɛɎŰɤɜ  ɏɢŮɘ  

ɓɟŮɗŮɑ  ɧŰɘ  űɘɚɞɝŮɜɞɨɜ  ɛŮŰŬɚɚɎɝŮɘɠ  ůŰɞ CDKN2A,  Űɖ ůɡɜɖɗɏůŰŮɟɖ ɔɞɜɘŭɘŬəɐ  ɛŮŰɎɚɚŬɝɖ  ˊɞɡ  

ˊŬɟŬŰɖɟŮɑŰŬɘ  ůŮ  ɞɘəɞɔɏɜŮɘŮɠ ɛŮɚŬɜɩɛŬŰɞɠ  (Goldstein et al., 2007). Ƀɘ  ˊŮɟɘůůɧŰŮɟŮɠ  ɛŮŰŬɚɚɎɝŮɘɠ  

ůɡɛɓŬɑɜɞɡɜ ůŰŬ ŮɝɩɜɘŬ 1Ŭ əŬɘ 2, Ŭɜ əŬɘ ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ Ůˊɑůɖɠ ˊɞɚɚŬˊɚɏɠ ŭɘŬűɞɟŮŰɘəɏɠ 

ɛŮŰŬɚɚɎɝŮɘɠ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɛɞɜŬŭɘəɏɠ ɔɘŬ ůɡɔəŮəɟɘɛɏɜɞɡɠ ˊɚɖɗɡůɛɞɨɠ əŬɘ Űɖ ɔŮɤɔɟŬűɘəɐ Űɞɡɠ 

ˊɟɞɏɚŮɡůɖ. ɇɞ CDKN2A ŮɑɜŬɘ Ůˊɑůɖɠ Űɞ ˊɘɞ ůɡɢɜɎ ŮˊɖɟŮŬůɛɏɜɞ ɞɔəɞəŬůŰŬɚŰɘəɧ ɔɞɜɑŭɘɞ ůŰɞ 

ůˊɞɟŬŭɘəɧ ɛŮɚɎɜɤɛŬ (Curtin et al., 2005). ȷˊɩɚŮɘŮɠ Űɞɡ CDKN2A, ůɡɢɜɎ ŭɘŬɚɚɖɚɘəɏɠ, ŮɜŰɞˊɑɕɞɜŰŬɘ 

ůŰɞ 50-80% Űɤɜ ůˊɞɟŬŭɘəɩɜ ɛŮɚŬɜɤɛɎŰɤɜ (Gast et al., 2010) əŬɘ ɖ ɛŮɗɡɚɑɤůɖ Űɞɡ ɡˊɞəɘɜɖŰɐ Űɞɡ 

ɔɞɜɘŭɑɞɡ ɏɢŮɘ ˊŮɟɘɔɟŬűŮɑ ůŰɞ 9-28% Űɤɜ ɧɔəɤɜ (Bennett et al., 2008).  
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1.6.5  ȯɚɚŮɠ ɔŮɜŮŰɘəɏɠ ŭɘŬŰŬɟŬɢɏɠ 

ɄɟɞɖɔɞɨɛŮɜŮɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ ɧŰɘ Űɞ ɛŮŰŬɚɚŬɔɛɏɜɞ ɔɞɜɑŭɘɞ CDCA8 ŮɑɜŬɘ ɘəŬɜɧ ɜŬ ˊɟɞɎɔŮɘ Űɖɜ 

əŬəɞɐɗɖ Ůɝɏɚɘɝɖ Űɞɡ ŭŮɟɛŬŰɘəɞɨ ɛŮɚŬɜɩɛŬŰɞɠ əŬɘ ůɢŮŰɑɕŮŰŬɘ ɛŮ əŬəɐ ˊɟɧɔɜɤůɖ (Ci et al., 

2019). ȼ əɤŭɘəɞˊɞɘɖɛɏɜɖ Ŭˊɧ CDKN2B ˊɟɤŰŮȶɜɖ p15 ɏɢŮɘ ɛŮɚŮŰɖɗŮɑ ɚɘɔɧŰŮɟɞ əŬɚɎ ŬɚɚɎ ɏɢŮɘ 

ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ ŬɜŬůŰɏɚɚŮɘ Űɞɜ əɡŰŰŬɟɘəɧ ˊɞɚɚŬˊɚŬůɘŬůɛɧ ůŮ ɛŮɚŬɜɞəɡŰŰŬɟɘəɞɨɠ ɧɔəɞɡɠ əŬɘ ɖ 

ŬˊɩɚŮɘɎ Űɖɠ ˊɟɞɎɔŮɘ Űɖ ɛŮɚŬɜɞɔɏɜŮůɖ (Mc Neal et al., 2015). Ƀɘ ŬɚɚŬɔɏɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ ˊɞɚɚɎ 

ɎɚɚŬ ɔɞɜɑŭɘŬ ŮɑɜŬɘ Ůˊɑůɖɠ ůɡɢɜɏɠ, ɘŭɘŬɑŰŮɟŬ ůŮ ˊɟɞɢɤɟɖɛɏɜɞ ɛŮɚɎɜɤɛŬ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ 

ARID2, RAC1 əŬɘ SF3B1. ȷɜŬɚɨůŮɘɠ Ŭɜɗɟɤˊɑɜɤɜ ɛŮɚŬɜɤɛɎŰɤɜ ɏɢɞɡɜ Ůˊɑůɖɠ ŭŮɑɝŮɘ ɢŬɛɖɚɐ 

ŮˊɑˊŰɤůɖ (3-8%) ůɤɛŬŰɘəɩɜ ɛŮŰŬɚɚɎɝŮɤɜ ůŰɞ ɀȺȾ (Murugan, et al., 2009). ɇɞ KIT ŮɑɜŬɘ ɏɜŬɠ 

ŭɘŬɛŮɛɓɟŬɜɘəɧɠ ɡˊɞŭɞɢɏŬɠ Űɡɟɞůɘɜɘəɐɠ əɘɜɎůɖɠ Űɨˊɞɡ III. ȼ ůɡɢɜɧŰɖŰŬ Űɤɜ ɛŮŰŬɚɚɎɝŮɤɜ Űɞɡ KIT 

ˊɞɘəɑɚɚŮɘ (2% -21%) ŬɜɎɚɞɔŬ ɛŮ Űɞɜ ɡˊɧŰɡˊɞ ɛŮɚŬɜɩɛŬŰɞɠ. ɆɡɢɜɧŰŮɟŮɠ ɛŮŰŬɚɚɎɝŮɘɠ (ŮɜɘůɢɨůŮɘɠ) Űɞɡ 

ɔɞɜɘŭɑɞɡ ɏɢɞɡɜ əŬŰŬɔɟŬűŮɑ ůŰo 7-25% Űɤɜ  ɛŮɚŬɜɤɛɎŰɤɜ Űɤɜ ɓɚŮɜɜɞɔɧɜɤɜ (Rabbie et al., 2019) əŬɘ 

ůɡɔəŮəɟɘɛɏɜŬ ůŰŬ ŮɝɩɜɘŬ 9 əŬɘ 11. ɀŮɚɏŰŮɠ ůŮ ŬůɗŮɜŮɑɠ ɛŮ ɐŭɖ ŬɜɘɢɜŮɡɛɏɜŮɠ ŬɚɚɞɘɩůŮɘɠ ůŰɞ KIT 

ɏŭŮɘɝŬɜ ŬˊɞəɟɑůŮɘɠ ůŰɖ ɗŮɟŬˊŮɑŬ, əɡɟɑɤɠ ůŮ ŮəŮɑɜŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɛŮ ɛŮŰŬɚɚɎɝŮɘɠ ůŰɞ Ůɝɩɜɘɞ 11 

(L576P) əŬɘ Űɞ Ůɝɩɜɘɞ 13 (K642E)  (Hodi et al., 2013).  

 

Á ũɞɜɑŭɘɞ NF1 

Tɞ NF1 ŮɑɜŬɘ ɏɜŬ ɞɔəɞəŬŰŬůŰŬɚŰɘəɧ ɔɞɜɑŭɘɞ, Űɞ ɞˊɞɑɞ ŬˊŮɜŮɟɔɞˊɞɘŮɑŰŬɘ ɛŮ ɔŬɛŮŰɘəɏɠ ɛŮŰŬɚɚɎɝŮɘɠ ůŮ 

ŬůɗŮɜŮɑɠ ɛŮ ɜŮɡɟɞɥɜɤɛɎŰɤůɖ Űɨˊɞɡ 1 (Cawthon, et al.,  1990).  ȷŭɟŬɜɞˊɞɘŮɑŰŬɘ  ůŮ  ɏɜŬɜ  Ŭɟɘɗɛɧ 

əŬəɞɖɗŮɘɩɜ,  ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ  Űɤɜ  ŬŭŮɜɞəŬɟəɘɜɤɛɎŰɤɜ  Űɞɡ  ˊɜŮɨɛɞɜŬ,  Űɤɜ 

ɜŮɡɟɞɓɚŬůŰɤɛɎŰɤɜ əŬɘ Űɤɜ ɔɚɞɘɞɓɚŬůŰɤɛɎŰɤɜ (Cancer  Genome  Atlas  Research  Network, 2008). 

ɇɞ NF1 əɤŭɘəɞˊɞɘŮɑ ɛɘŬ ˊɟɤŰŮȶɜɖ, Űɖ ɜŮɡɟɞűɘɛˊɟɞɛɑɜɖ 1, ɖ ɞˊɞɑŬ ŬɚɚɖɚɞŮ́ɘŭɟɎ ɛŮ Űɖ RAS əŬɘ 

ɟɡɗɛɑɕŮɘ ŬɟɜɖŰɘəɎ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ˊɟɞɎɔɞɜŰŬɠ Űɖɜ ɡŭɟɧɚɡůɖ Űɞɡ ůɡɜŭŮŭŮɛɏɜɞɡ ɛŮ RAS GTP ůŮ 

GDP. ȼ ɚŮɘŰɞɡɟɔɘəɐ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ Űɞɡ NF1 ɞŭɖɔŮɑ ɏŰůɘ ůŰɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ  Űɞɡ  RAS  əŬɘ  Űɤɜ  

əŬɗɞŭɘəɩɜ ɞŭɩɜ ůɖɛŬŰɞŭɧŰɖůɖɠ. ȹɨɞ ˊɟɧůűŬŰŮɠ ɛŮɚɏŰŮɠ ɏŭŮɘɝŬɜ ɧŰɘ Űɞ NF1 ɛˊɞɟŮɑ ɜŬ 

ŭɘŬŭɟŬɛŬŰɑůŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ ˊŬɗɞɔɏɜŮůɖ Űɤɜ ɛŮɚŬɜɤɛɎŰɤɜ ɛŮ ɛŮŰɎɚɚŬɝɖ ůŰɞ BRAF, əŬɗɩɠ 

əŬɘ ůŮ ɧɔəɞɡɠ ŬɜɗŮəŰɘəɞɨɠ ůŮ ŬɜŬůŰɞɚŮɑɠ BRAF (Maertens, et al., 2013). ȷɜ əŬɘ ɖ ŬˊɩɚŮɘŬ NF1 ůŮ 

BRAF ɛŮŰŬɚɚŬɔɛɏɜɞɡɠ ɧɔəɞɡɠ ɞŭɐɔɖůŮ ůŮ ŬɜŰɑůŰŬůɖ ůŮ ɞɟɘůɛɏɜɞɡɠ ŬɜŬůŰɞɚŮɑɠ BRAF (PLX4720) 

əŬɘ ŬɜŬůŰɞɚŮɑɠ ɀȺȾ, ɞɘ ɧɔəɞɘ ŮɝŬəɞɚɞɡɗɞɨůŬɜ ɜŬ ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ůŰɖ ɗŮɟŬˊŮɑŬ ŮɑŰŮ ɛŮ ůɡɜŭɡŬůɛɧ 

ŬɜŬůŰɞɚɏŬ ɀȺȾ əŬɘ mTOR,  ɛɖ  ŬɜŬůŰɟɏɣɘɛɞɡ ŬɜŬůŰɞɚɏŬ RAF  (AZ628),  əŬɘ ɏɜŬɜ  ŬɜŬůŰɞɚɏŬ  

ERK.  Ⱥˊɞɛɏɜɤɠ,  ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ əŬŰɎůŰŬůɖɠ Űɞɡ NF1 ůŰŬ ɛŮɚŬɜɩɛŬŰŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ 

ůɖɛŬɜŰɘəɧɠ ɔɘŬ Űɖ ɚɐɣɖ ŬˊɞűɎůŮɤɜ ɔɘŬ Űɖ ɗŮɟŬˊŮɑŬ. 
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Á ũɞɜɑŭɘɞ TERT  

ɇɞ ɔɞɜɑŭɘɞ Űɖɠ ŰŮɚɞɛŮɟɎůɖɠ TERT ŮɜŰɞˊɑɕŮŰŬɘ ůŰɖ ɗɏůɖ 5p15.33 əŬɘ əɤŭɘəɞˊɞɘŮɑ Űɞɜ Ůɜɕɡɛɘəɧ 

ˊɡɟɐɜŬ Űɖɠ ŰŮɚɞɛŮɟɎůɖɠ. ɇŬ ŰŮɚɞɛŮɟɐ, ŮɑɜŬɘ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŮɠ ŬɚɚɖɚɞɡɢɑŮɠ DNA ůŰŬ ɎəɟŬ Űɤɜ 

ɢɟɤɛɞůɤɛɎŰɤɜ. Ɉˊɧ űɡůɘɞɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ, əŬɗɩɠ Űɞ əɨŰŰŬɟɞ ŭɘŬɘɟŮɑŰŬɘ, ŰŬ ŰŮɚɞɛŮɟɐ ɔɑɜɞɜŰŬɘ 

ˊɟɞɞŭŮɡŰɘəɎ ɛɘəɟɧŰŮɟŬ. ȼ ŰŮɚɞɛŮɟɎůɖ ŮɝɞɡŭŮŰŮɟɩɜŮɘ Űɖ ɛŮɑɤůɖ Űɤɜ ŰŮɚɞɛŮɟɩɜ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ 

ɛɘəɟɩɜ ŰɛɖɛɎŰɤɜ DNA ůŰɞ Űɏɚɞɠ Űɞɡ ɢɟɤɛɞůɩɛŬŰɞɠ ɛŮŰɎ Ŭˊɧ əɎɗŮ əɡŰŰŬɟɘəɐ ŭɘŬɑɟŮůɖ. ȼ 

Ůɜɘůɢɡɛɏɜɖ ŭɟŬůŰɘəɧŰɖŰŬ Űɖɠ ŰŮɚɞɛŮɟɎůɖɠ ŭɘŮɡəɞɚɨɜŮɘ Űɖɜ əɡŰŰŬɟɘəɐ ŬɗŬɜŬůɑŬ əŬɘ ŮɎ́ɔŮɘ Űɖɜ 

ɞɔəɞɔɏɜŮůɖ. Ƀɘ ɛŮŰŬɚɚɎɝŮɘɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ɡˊɞəɘɜɖŰɐ Űɞɡ ɔɞɜɘŭɑɞɡ TERT ŬˊɞəŬɚɨˊŰɞɡɜ ɗɏůŮɘɠ 

ˊɟɧůŭŮůɖɠ ɔɘŬ Űɞɡɠ ɛŮŰŬɔɟŬűɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ, ɟɡɗɛɑɕɞɡɜ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ Űɖɜ ɏəűɟŬůɖ Űɞɡ 

ɔɞɜɘŭɑɞɡ TERT əŬɘ Űɖɜ ŭɟŬůŰɖɟɘɧŰɖŰŬ Űɖɠ əɡŰŰŬɟɘəɐɠ ŰŮɚɞɛŮɟɎůɖɠ (Huang et al., 2013).  

Ƀɘ ɛŮŰŬɚɚɎɝŮɘɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ  ɡˊɞəɘɜɖŰɐ  Űɞɡ  TERT  ɏɢɞɡɜ  ŰŬɡŰɞˊɞɘɖɗŮɑ  ůŮ  ɏɜŬɜ  Ŭɟɘɗɛɧ 

ˊɟɤŰɞˊŬɗɩɜ  əŬɟəɑɜɤɜ (Tapper et al,  2015). Ƀɘ ɛŮŰŬɚɚɎɝŮɘɠ Űɞɡ ɡˊɞəɘɜɖŰɐ Űɞɡ TERT ůŰɞ 

ɞɘəɞɔŮɜŮɘŬəɧ ɛŮɚɎɜɤɛŬ ɏɢɞɡɜ ŮɜŰɞˊɘůŰŮɑ, ŬɚɚɎ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ůˊɎɜɘŮɠ. ɆŮ ɛɘŬ ɛŮɔɎɚɖ ɞɛɎŭŬ 

ŬůɗŮɜɩɜ Űɞɡ ȼɜɤɛɏɜɞɡ ȸŬůɘɚŮɑɞɡ, ɞɘ ɛŮŰŬɚɚɎɝŮɘɠ  ůŰɞ ɔɞɜɑŭɘɞ  TERT  ŬɜŰɘˊɟɞůɩˊŮɡŬɜ  ɚɘɔɧŰŮɟɞ  

Ŭˊɧ 1%  Űɤɜ  ˊŮɟɘˊŰɩůŮɤɜ ɞɘəɞɔŮɜŮɘŬəɞɨ ɛŮɚŬɜɩɛŬŰɞɠ. Ƀɘ ɛŮŰŬɚɚɎɝŮɘɠ Űɞɡ ɡˊɞəɘɜɖŰɐ 

TERT ŬɜɘɢɜŮɨɞɜŰŬɘ ůŮ ˊɞůɞůŰɧ ɏɤɠ əŬɘ 80% Űɤɜ ůˊɞɟŬŭɘəɩɜ ŭŮɟɛŬŰɘəɩɜ ɛŮɚŬɜɤɛɎŰɤɜ (Jacket & 

Scolyer, 2019).  

 

Á ũɞɜɑŭɘɞ MYC 

ȰɜŬ Ŭəɧɛɖ əŬɚɎ ɛŮɚŮŰɖɛɏɜɞ ɔɞɜɑŭɘɞ ůŰɞ ɛŮɚɎɜɤɛŬ ŮɑɜŬɘ Űɞ c-MYC, Űɞ ɞˊɞɑɞ ŮɛˊɚɏəŮŰŬɘ ůŮ ˊɘɞ 

ŮˊɘɗŮŰɘəɎ ɛŮɚŬɜɩɛŬŰŬ əɎɗŮŰɖɠ űɎůɖɠ ŬɜɎˊŰɡɝɖɠ əŬɘ ɞŭɖɔŮɑ ůŰɖɜ Ůɝɏɚɘɝɖ Űɞɡɠ ůŮ ɛŮŰŬůŰŬŰɘəɧ 

ɛŮɚɎɜɤɛŬ. ɇɞ c-Myc ŮɑɜŬɘ ɏɜŬ ˊɟɤŰɞ-ɞɔəɞɔɞɜɑŭɘɞ ˊɞɡ ŮˊɎɔŮɘ Űɞɜ əɡŰŰŬɟɘəɧ ɛŮŰŬůɢɖɛŬŰɘůɛɧ əŬɘ 

ɟɡɗɛɑɕŮɘ Űɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜɞ əɡŰŰŬɟɘəɧ ɗɎɜŬŰɞ. ɄɟɧůűŬŰŬ, Űɞ ɔɞɜɑŭɘɞ c-Myc ŬɜŬűɏɟɗɖəŮ ɧŰɘ 

ˊɟɞɎɔŮɘ Űɖɜ ɞɔəɞɔɏɜŮůɖ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ ɛŮ Űɖɜ ˊɟɞŬɔɤɔɐ Űɖɠ ŬɔɔŮɘɞɔŮɜŮŰɘəɐɠ ɛɑɛɖůɖɠ ɛɏůɤ Űɖɠ 

ɞŭɞɨ ůɖɛŬŰɞŭɧŰɖůɖɠ BAX. YˊɎɟɢɞɡɜ ɚɑɔŮɠ ŬɜŬűɞɟɏɠ ˊɞɡ ŭŮɑɢɜɞɡɜ ɧŰɘ ɖ ŬɡɝɖŰɘəɐ ɟɨɗɛɘůɖ Űɖɠ 

ɞɘəɞɔɏɜŮɘŬɠ ɔɞɜɘŭɑɤɜ CALM (CALM1, CALM2 əŬɘ CALM3) ůŰɞ ɛŮɚɎɜɤɛŬ ůɡůɢŮŰɑůŰɖəŮ ɛŮ əŬəɐ 

ˊɟɧɔɜɤůɖ. ȼ ɏəűɟŬůɖ Űɞɡ ɔɞɜɘŭɑɞɡ BAX ůɡɜŭɏŮŰŬɘ ɛŮ Űɖ ɓɟŬɢɨŰŮɟɖ Ůˊɘɓɑɤůɖ Űɞɡ ŬůɗŮɜɞɨɠ, Űɖ 

ɢɖɛŮɘɞŬɜŰɞɢɐ əŬɘ Űɖɜ ŮˊŬɜŮɛűɎɜɘůɖ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ. ȼ ɏəűɟŬůɖ Űɞɡ MYC ɛˊɞɟŮɑ ɜŬ əŬŰŬůŰŬɚŮɑ ɛŮ 

ɗŮɟŬˊŮɑŬ ɛŮ ŬɜŬůŰɞɚŮɑɠ BRAF/ɀȺȾ. Ⱥˊɘˊɚɏɞɜ, ɏɢŮɘ ŭŮɘɢɗŮɑ ɧŰɘ ɖ ŬɜɎəŰɖůɖ Űɖɠ ɡˊŮɟɏəűɟŬůɖɠ 

Űɞɡ MYC ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ ɞŭɖɔŮɑ ůŰɖɜ ŬɜŰɑůŰŬůɖ ůŮ ŬɡŰɏɠ Űɘɠ ɗŮɟŬˊŮɑŮɠ. ȼ əŬŰŬɜɧɖůɖ Űɤɜ 

əɚɘɜɘəɩɜ əŬɘ ɓɘɞɚɞɔɘəɩɜ ŮˊɘˊŰɩůŮɤɜ Űɖɠ ɡˊŮɟɏəűɟŬůɖɠ Űɞɡ c-Myc ůŰɞ ɛŮɚɎɜɤɛŬ ɡˊɞɔɟŬɛɛɑɕŮɘ Űɞ c-

Myc ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɏɜŬɠ ˊɘɗŬɜɧɠ ɗŮɟŬˊŮɡŰɘəɧɠ ůŰɧɢɞɠ ůŰɞ ɛŮɚɎɜɤɛŬ (Lin et al., 2017). 
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Á ũɞɜɑŭɘɞ BRCA2 

ɇɞ ɔɞɜɑŭɘɞ Űɞɡ əŬɟəɑɜɞɡ Űɞɡ ɛŬůŰɞɨ 2 (BRCA2) ŮɑɜŬɘ ɏɜŬ ɞɔəɞəŬůŰŬɚŰɘəɧ ɔɞɜɑŭɘɞ ˊɞɡ  ɓɟɑůəŮŰŬɘ  

ůŰɞ  ɢɟɤɛɧůɤɛŬ  13  əŬɘ  ŮɑɜŬɘ  ůɖɛŬɜŰɘəɧ  ůŰɖɜ  Ůˊɘŭɘɧɟɗɤůɖ  Űɞɡ  DNA ɟɡɗɛɑɕɞɜŰŬɠ Űɖ 

ɢɟɤɛɞůɤɛɘəɐ ůŰŬɗŮɟɧŰɖŰŬ ɛɏůɤ Űɖɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ Űɞɡ ɛŮ Űɞ RAD51 (Davies et al., 2002). Ƀɘ 

ɛŮŰŬɚɚɎɝŮɘɠ ůŰɞ BRCA2 ůɡɜŭɏɞɜŰŬɘ ůŬűɩɠ ɛŮ Ŭɡɝɖɛɏɜɞ əɑɜŭɡɜɞ ŮɛűɎɜɘůɖɠ ˊɞɚɚɩɜ Űɨˊɤɜ əŬɟəɑɜɞɡ. 

ȷɡŰɏɠ ɞɘ ɛŮŰŬɚɚɎɝŮɘɠ ɛˊɞɟŮɑ Ůˊɑůɖɠ  ɜŬ  ŮˊɖɟŮɎůɞɡɜ  Űɖɜ  ŮɡŬɘůɗɖůɑŬ ůŰɖɜ ŬɜɎˊŰɡɝɖ əŬɘ Űɞɡ  

ɛŮɚŬɜɩɛŬŰɞɠ. ɇɞ Breast Cancer Linkage Consortium (BCLC) ŮɝɏŰŬůŮ 3278 ɎŰɞɛŬ ɛŮ ŮˊɘɓŮɓŬɘɤɛɏɜŮɠ 

ɐ ɡˊɞɣɘŬɕɧɛŮɜŮɠ ɛŮŰŬɚɚɎɝŮɘɠ ůŰɞ BRCA2 əŬɘ ŭɘŬˊɑůŰɤůŮ ɧŰɘ ɞɘ űɞɟŮɑɠ ŮɑɢŬɜ Ŭɡɝɖɛɏɜɞ əɑɜŭɡɜɞ 

ŬɜɎˊŰɡɝɖɠ ɛŮɚŬɜɩɛŬŰɞɠ (Journal of the National Cancer Institute, 1999). Ƀɘ ɛŮŰɏˊŮɘŰŬ ɛŮɚɏŰŮɠ 

ŮˊɘɓŮɓŬɑɤůŬɜ, ŬɚɚɎ ɞɨŰŮ əŬŰɎűŮɟŬɜ ɜŬ əŬŰŬɟɟɑɣɞɡɜ ŬɡŰɐɜ Űɖɜ ˊɚɖɟɞűɞɟɑŬ. Ⱥˊɘˊɚɏɞɜ, ŭŮɜ ɏɢɞɡɜ 

ŬɜŬűŮɟɗŮɑ ɛŮɚɏŰŮɠ ɔɘŬ Ŭɡɝɖɛɏɜɞ əɑɜŭɡɜɞ ɔɘŬ ɛŮɚɎɜɤɛŬ ˊɞɡ ɜŬ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ BRCA1. 

 

Á ũɞɜɑŭɘɞ MGMT 

ȼ ɛŮɗɡɚŰɟŬɜůűŮɟɎůɖ Ƀ-6-ɛŮɗɡɚɔɞɡŬɜɑɜɖɠ-DɁȷ (MGMT) ŮɑɜŬɘ ɏɜŬ ɏɜɕɡɛɞ ˊɞɡ ˊŬɑɕŮɘ 

ˊɟɞůŰŬŰŮɡŰɘəɧ ɟɧɚɞ ůŰɖɜ Ůˊɘŭɘɧɟɗɤůɖ DɁȷ ɛŮ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ ŬɚəɡɚɞɛɎŭɤɜ. ɇɞ ɔɞɜɑŭɘɞ MGMT 

ɓɟɑůəŮŰŬɘ ůŰɞ ɢɟɤɛɧůɤɛŬ 10 əŬɘ ɞɘ ɛŮŰŬɚɚɎɝŮɘɠ ůŮ ŬɡŰɧ Űɞ ɔɞɜɑŭɘɞ ŮɑɜŬɘ ůˊɎɜɘŮɠ. 

 ɀɘŬ ˊɟɧůűŬŰɖ ɛŮɚɏŰɖ ŬɜɏŭŮɘɝŮ ɛɧɜɞ ɛɑŬ ɞɘəɞɔɏɜŮɘŬ ɛŮ ɛŮŰŬɚɚŬɔɛɏɜɖ MGMT Ŭˊɧ 64 ɞɘəɞɔɏɜŮɘŮɠ ɛŮ 

Ŭɡɝɖɛɏɜɖ ˊɟɞŭɘɎɗŮůɖ ɔɘŬ ɛŮɚɎɜɤɛŬ (Appelqvis et al., 2014). ɇɞ ŮˊɑˊŮŭɞ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ ŬɡŰɞɨ Űɞɡ 

ɔɞɜɘŭɑɞɡ ɏɢŮɘ Ůˊɑůɖɠ ɛŮɚŮŰɖɗŮɑ ɤɠ ŭŮɑəŰɖɠ ŮɡŬɘůɗɖůɑŬɠ ůŰŬ ŬɚəɡɚɘɤŰɘəɎ ɢɖɛŮɘɞɗŮɟŬˊŮɡŰɘəɎ űɎɟɛŬəŬ, 

ɛŮ ɡɣɖɚɞŰɏɟŬ ŮˊɑˊŮŭŬ ˊɞɡ ůɡůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŬɜŰɞɢɐ ůŰŬ űɎɟɛŬəŬ (Erice et al., 2015).  Ⱥˊɞɛɏɜɤɠ, 

ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ Ůˊɘˊɏŭɞɡ ŬɡŰɞɨ Űɞɡ ɔɞɜɘŭɑɞɡ ůŮ ŬůɗŮɜŮɑɠ ɛŮ ɛŮɚɎɜɤɛŬ ˊɞɡ ɡˊɞɓɎɚɚɞɜŰŬɘ ůŮ 

ɢɖɛŮɘɞɗŮɟŬˊŮɑŬ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ əɎˊɞɘŬ ˊɟɞɔɜɤůŰɘəɐ ŬɝɑŬ. 

 

Á ũɞɜɑŭɘɞ BAP1 

H BAP1 (ˊɟɤŰŮȶɜɖ ůɢŮŰɘɕɧɛŮɜɖ ɛŮ BRCA1) ŮɑɜŬɘ ɛɘŬ ɞɔəɞəŬŰŬůŰŬɚŰɘəɐ ˊɟɤŰŮȶɜɖ, Űɖɠ ɞˊɞɑŬɠ Űɞ 

ɔɞɜɑŭɘɞ ɓɟɑůəŮŰŬɘ ůŰɞ ɢɟɤɛɧůɤɛŬ 3. Ƀɘ ɛŮŰŬɚɚɎɝŮɘɠ Űɤɜ ɔŬɛŮŰɘəɩɜ əɡŰŰɎɟɤɜ ůŰɖɜ ˊɟɤŰŮȶɜɖ 

ˊɟɞŭɘŬɗɏŰɞɡɜ Űɖɜ  ŬɜɎˊŰɡɝɖ ŭɘŬűɧɟɤɜ əŬɟəɑɜɤɜ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ (Wiesner 

et al., 2012). 
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Á ũɞɜɑŭɘŬ CDK4/6 

Ƀɘ ɛŮŰŬɚɚɎɝŮɘɠ ɓɚŬůŰɘəɐɠ ůŮɘɟɎɠ ůŰŬ CDK4 əŬɘ CDK6 ŮˊɘŰɟɏˊɞɡɜ ůŰŬ əɨŰŰŬɟŬ ɜŬ ˊɟɞɢɤɟɐůɞɡɜ  

ɛɏůɤ  Űɞɡ  əɡŰŰŬɟɘəɞɨ  əɨəɚɞɡ  ˊɘɞ  ɔɟɐɔɞɟŬ  ˊŬɟɧɛɞɘŬ  ɛŮ  ŮəŮɑɜɖ  ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮ ɛŮŰŬɚɚɎɝŮɘɠ 

ůŰɞ CDKN2A. Ƀɘ ɛŮŰŬɚɚɎɝŮɘɠ ůŰɞ CDK4 ŮɑɜŬɘ ˊɞɚɨ ůˊɎɜɘŮɠ, ŬɜɘɢɜŮɨɞɜŰŬɘ əɡɟɑɤɠ ůŰŬ ɛŮɚŬɜɩɛŬŰŬ 

Űɤɜ ɓɚŮɜɜɞɔɧɜɤɜ, ŬɚɚɎ ɏɢɞɡɜ ˊŮɟɘɔɟŬűŮɑ ůŮ ɛɘəɟɧ Ŭɟɘɗɛɧ ɞɘəɞɔŮɜŮɘɩɜ ɛŮ ɛŮɚɎɜɤɛŬ ŬɟɜɖŰɘəɧ əŬŰɎ 

CDKN2A (Puntervoll et al., 2013).  

 

Á ũɞɜɑŭɘɞ MC1R 

ɇɞˊɞɗŮŰɖɛɏɜɞ ůŰɞ ɢɟɤɛɧůɤɛŬ 16, Űɞ ɔɞɜɑŭɘɞ Űɞɡ ɡˊɞŭɞɢɏŬ ɛŮɚŬɜɞəɞɟŰɑɜɖɠ 1 (MC1R) ŮɑɜŬɘ ɏɜŬɠ 

ŭɘŬɛŮɛɓɟŬɜɘəɧɠ ɡˊɞŭɞɢɏŬɠ ůɡɕŮɡɔɛɏɜɞɠ ɛŮ G ˊɟɤŰŮȶɜŮɠ ˊɞɡ ŭŮůɛŮɨŮɘ Űɖɜ ɞɟɛɧɜɖ ŭɘɏɔŮɟůɖɠ 

ɛŮɚŬɜɞəɡŰŰɎɟɤɜ ɎɚűŬ (Ŭ-MSH) əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ˊŬɟɎɔŮɘ cAMP ɛɏůɤ Űɖɠ ŬŭŮɜɡɚɘəɐɠ əɡəɚɎůɖɠ. 

ȷɡŰɐ ɖ Ŭɨɝɖůɖ Űɞɡ cAMP ˊɟɞɎɔŮɘ Űɖɜ  ˊŬɟŬɔɤɔɐ Űɖɠ əŬűɏ/ɛŬɨɟɖɠ  ŮɡɛŮɚŬɜɑɜɖɠ ɏɜŬɜŰɘ Űɖɠ əɧəəɘɜɖɠ 

/ əɑŰɟɘɜɖɠ  ɢɟɤůŰɘəɐɠ  űŬɘɞɛŮɚŬɜɑɜɖɠ.  Ƀɘ ɚŮɘŰɞɡɟɔɘəɞɑ ˊɞɚɡɛɞɟűɘůɛɞɑ Űɞɡ ɔɞɜɘŭɑɞɡ MC1R ŮɑɜŬɘ 

ůɡɜɐɗŮɘɠ ůŰɞ ɔŮɜɘəɧ ˊɚɖɗɡůɛɧ. Ⱥɘŭɘəɏɠ ˊŬɟŬɚɚŬɔɏɠ Űɞɡ MC1R ŭɘŬŰŬɟɎůůɞɡɜ Űɖ ůɖɛŬŰɞŭɧŰɖůɖ əŬɘ 

Űɖɜ ɏəűɟŬůɖ Űɞɡ ɡˊɞŭɞɢɏŬ Űɞɡ Ŭ-MSH ůŰɖɜ əɡŰŰŬɟɘəɐ ŮˊɘűɎɜŮɘŬ, ˊɞɡ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ 

ɛŮɔŬɚɨŰŮɟɖ ŬɜŬɚɞɔɑŬ ˊŬɟŬɔɤɔɐɠ űŬɘɞɛŮɚŬɜɑɜɖɠ. Ƀɘ ˊŬɟŬɚɚŬɔɏɠ Űɞɡ ɔɞɜɘŭɑɞɡ MC1R ŮɑɜŬɘ ˊŬɟɞɨůŮɠ 

ůŮ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ 80% Űɤɜ ŬŰɧɛɤɜ ɛŮ ŬɜɞɘɢŰɧ ɢɟɩɛŬ ŭɏɟɛŬŰɞɠ ɐ/əŬɘ ɛŮ Űɞɜ űŬɘɜɧŰɡˊɞ Űɞɡ 

əɧəəɘɜɞɡ ɢɟɩɛŬŰɞɠ Űɤɜ ɛŬɚɚɘɩɜ (Valverde et al., 1995).  

 Ƀɘ Valverde et al., ɐŰŬɜ ɞɘ ˊɟɩŰɞɘ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ ɛɖ-ůɡɜɩɜɡɛɤɜ ɐ 

ˊŬɟŬɜɞɖɛŬŰɘəɩɜ ɛŮŰŬɚɚɎɝŮɤɜ Űɞɡ MC1R  əŬɘ Űɞɡ Ŭɡɝɖɛɏɜɞɡ əɘɜŭɨɜɞɡ  ɔɘŬ Űɞ ɛŮɚɎɜɤɛŬ. ȼ 

Ŭɡɝɖɛɏɜɖ ŮˊɘəɟɎŰɖůɖ Űɤɜ ˊŬɟŬɚɚŬɔɩɜ Űɞɡ MC1R ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɛŮɚŬɜɩɛŬŰɞɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ 

ɞɛɎŭŮɠ Ůɚɏɔɢɞɡ ɏɢŮɘ ŮˊɘɓŮɓŬɘɤɗŮɑ ůŮ ˊɞɚɡɎɟɘɗɛŮɠ ɛŮŰɏˊŮɘŰŬ ɛŮɚɏŰŮɠ (Pasquali et al., 2015). Ƀɘ 

ˊŬɟŬɚɚŬɔɏɠ Űɞɡ MC1R ŮɛűŬɜɑɕɞɡɜ ˊŮɟɑˊɞɡ ŭɘˊɚɎůɘŬ ɏɤɠ ŰŮŰɟŬˊɚɎůɘŬ Ŭɨɝɖůɖ Űɞɡ əɘɜŭɨɜɞɡ 

ɛŮɚŬɜɩɛŬŰɞɠ əŬɘ ŬɡŰɧɠ ɞ əɑɜŭɡɜɞɠ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ˊɟɧůɗŮŰɞɠ ůŮ ɎŰɞɛŬ ˊɞɡ ɛŮŰŬűɏɟɞɡɜ 

ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ɛɑŬ. ȺɑɜŬɘ ŮɜŭɘŬűɏɟɞɜ ɧŰɘ ɖ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ˊŬɟŬɚɚŬɔɩɜ Űɞɡ MC1R əŬɘ Űɖɠ 

ŮɡŬɘůɗɖůɑŬɠ ůŰɞ ɛŮɚɎɜɤɛŬ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ɘůɢɡɟɧŰŮɟɖ ůŮ ɎŰɞɛŬ ɛŮ ůəɞɨɟɞ  ɢɟɩɛŬ ŭɏɟɛŬŰɞɠ, 

ɡˊɞŭɖɚɩɜɞɜŰŬɠ  ɧŰɘ  ɞɘ  ˊŬɟŬɚɚŬɔɏɠ  Űɞɡ  MC1R  ɛˊɞɟŮɑ ɜŬ ˊɟɞɎɔɞɡɜ Űɖɜ ŬɜɎˊŰɡɝɖ ɛŮɚŬɜɩɛŬŰɞɠ 

ɛɏůɤ Ůɜɧɠ ɛɖɢŬɜɘůɛɞɨ ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ŰɞɡɚɎɢɘůŰɞɜ Ůɜ ɛɏɟŮɘ ŬɜŮɝɎɟŰɖŰɞɠ Ŭˊɧ Űɖ ŭŮɟɛŬŰɘəɐ ɢɟɩůɖ. 

  Ƀɘ ˊŬɟŬɚɚŬɔɏɠ Űɞɡ MC1R ŬɚɚɖɚŮˊɘŭɟɞɨɜ Ůˊɑůɖɠ ɛŮ Űɞɜ əɑɜŭɡɜɞ Ɏɚɚɤɜ ɔɞɜɘŭɑɤɜ, ɧˊɤɠ Űɞɡ 

CDKN2A, ɔɘŬ ɜŬ Ŭɡɝɐůɞɡɜ Űɞɜ əɑɜŭɡɜɞ ɛŮɚŬɜɩɛŬŰɞɠ. ɀɘŬ ɛŮɚɏŰɖ ŮɝɏŰŬůŮ 815 ɛŮŰŬɚɚɎɝŮɘɠ Űɞɡ 

CDKN2A Ŭˊɧ 186 ɞɘəɞɔɏɜŮɘŮɠ əŬɘ ŭɘŬˊɑůŰɤůŮ ɧŰɘ ɖ ˊŬɟɞɡůɑŬ ɛɘŬɠ Ŭˊɧ Űɘɠ ŰɏůůŮɟɘɠ ˊɘɞ ůɡɜɐɗŮɘɠ 
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ˊŬɟŬɚɚŬɔɏɠ Űɞɡ MC1R (V60L, V92M, R151C əŬɘ R160W) ŭɘˊɚŬůɑŬůŮ Űɞɜ əɑɜŭɡɜɞ  ɛŮɚŬɜɩɛŬŰɞɠ  

Ůɜɧɠ  ŬŰɧɛɞɡ əŬɘ  ɖ  ˊŬɟɞɡůɑŬ  ŭɨɞ  ɐ ˊŮɟɘůůɞŰɏɟɤɜ ˊŬɟŬɚɚŬɔɩɜ ŬɨɝɖůŮ Űɞɜ əɑɜŭɡɜɞ ɛŮɚŬɜɩɛŬŰɞɠ 

ůɢŮŭɧɜ ɏɝɘ űɞɟɏɠ (Demenais, et al., 2012).  

 

Á ũɞɜɑŭɘɞ MITF  

Ƀ  ɛŮŰŬɔɟŬűɘəɧɠ  ˊŬɟɎɔɞɜŰŬɠ  ˊɞɡ  ůɢŮŰɑɕŮŰŬɘ  ɛŮ  Űɖ  ɛɘəɟɞűɗŬɚɛɑŬ  (MITF)  ɏɢŮɘ ůɖɛŬɜŰɘəɏɠ  

ɚŮɘŰɞɡɟɔɑŮɠ  ůŰɖ  ɟɨɗɛɘůɖ  Űɖɠ  ŬɜɎˊŰɡɝɖɠ  əŬɘ  Űɖɠ  ŭɘŬűɞɟɞˊɞɑɖůɖɠ  Űɤɜ ɛŮɚŬɜɞəɡŰŰɎɟɤɜ. 

ȺɜŮɟɔɞˊɞɘŮɑŰŬɘ Ůˊɑůɖɠ əŬɗɞŭɘəɎ Űɖɠ ɞŭɞɨ ůɖɛŬŰɞŭɧŰɖůɖɠ MC1R/ cAMP ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ 

ŮɡɛŮɚŬɜɑɜɖɠ. ȼ ŰŬɡŰɞˊɞɑɖůɖ Űɖɠ ˊŬɟŬɚɚŬɔɐɠ Űɞɡ MITF E318K ɓɟɏɗɖəŮ Űɧůɞ ůŮ ɞɘəɞɔŮɜŮɘŬəɎ ɧůɞ 

əŬɘ ůŮ ůˊɞɟŬŭɘəɎ ɛŮɚŬɜɩɛŬŰŬ.  ȼ ˊŬɟŬɚɚŬɔɐ E318K ˊɟɞůŭɑŭŮɘ ɛɘŬ əŬŰɎ ˊɟɞůɏɔɔɘůɖ ŭɘˊɚɎůɘŬ 

Ŭɨɝɖůɖ Űɞɡ əɘɜŭɨɜɞɡ ɛŮɚŬɜɩɛŬŰɞɠ əŬɘ ůɢŮŰɑɕŮŰŬɘ ɛŮ ůɡɔəŮəɟɘɛɏɜɞɡɠ űŬɘɜɞŰɨˊɞɡɠ, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ ɛɖ-ɛˊɚŮ ɢɟɩɛŬŰɞɠ Űɤɜ ɛŬŰɘɩɜ, Űɞɡ Ŭɡɝɖɛɏɜɞɡ Ŭɟɘɗɛɞɨ ůˊɑɚɤɜ əŬɘ Űɤɜ 

ɞ́ɚɚŬˊɚɩɜ ˊɟɤŰɞɔŮɜɩɜ ɛŮɚŬɜɤɛɎŰɤɜ (Berwick et al.,  2014). 

 

Á ũɞɜɑŭɘɞ POT1 

ɇɞ ɔɞɜɑŭɘɞ ˊɟɞůŰŬůɑŬɠ Űɤɜ ŰŮɚɞɛŮɟɩɜ 1 (POT1) ŮɑɜŬɘ ɏɜŬ ŮɝŬɘɟŮŰɘəɎ ŭɘŮɘůŭɡŰɘəɧ ɔɞɜɑŭɘɞ ŮɡŬɘůɗɖůɑŬɠ 

ůŰɞ ɛŮɚɎɜɤɛŬ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɞ ɢɟɤɛɧůɤɛŬ 7. ȹɨɞ ˊɟɧůűŬŰŮɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŮɜŰɞˊɑůŮɘ ŮɜɜɏŬ 

ɔŬɛŮŰɘəɏɠ ˊŬɟŬɚɚŬɔɏɠ ŬɡŰɧ Űɞ ɔɞɜɑŭɘɞ ůŮ 13 ɞɘəɞɔɏɜŮɘŮɠ ŮˊɘɟɟŮˊŮɑɠ ůŮ ɛŮɚɎɜɤɛŬ, ˊŬɟɧɚɞ ˊɞɡ ɞɘ 

ɛŮŰŬɚɚɎɝŮɘɠ POT1 ˊŬɟŬŰɖɟɐɗɖəŬɜ ůɡɢɜɧŰŮɟŬ ůŮ ůˊɞɟŬŭɘəɎ ɛŮɚɎɜɤɛŬ (Shi et al., 2014).  

 

Á ũɞɜɑŭɘɞ IDH 1 

ȼ ɘůɞəɘŰɟɘəɐ ŬűɡŭɟɞɔɞɜɎůɖ IDH ŮɑɜŬɘ ɏɜŬ ɏɜɕɡɛɞ ˊɞɡ ůɡɜŬɜŰɎŰŬɘ ůŮ ŰɟŮɑɠ ɘůɞɛɞɟűɏɠ: IDH1, IDH2 

əŬɘ  IDH3, ɞɘ ɞˊɞɑŮɠ əɤŭɘəɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ ˊɏɜŰŮ ɔɞɜɑŭɘŬ (Nßrßxe et al., 2016). ȼ ˊɟɤŰŮȶɜɖ IDH1 ŮɑɜŬɘ 

əɡɟɑŬɟɢŬ əɡŰŰŬɟɞˊɚŬůɛŬŰɘəɐ Ůɜɩ ɞɘ IDH2 əŬɘ IDH3 ɓɟɑůəɞɜŰŬɘ əɡɟɑɤɠ ůŰɖ ɛɘŰɞɢɞɜŭɟɘŬəɐ ɛɐŰɟŬ. ȼ 

ˊɟɤŰŮȶɜɖ IDH3 əŬŰŬɚɨŮɘ Űɖɜ ɞɝŮɘŭɤŰɘəɐ ŬˊɞəŬɟɓɞɝɡɚɑɤůɖ Űɞɡ ɘůɞəɘŰɟɘəɞɨ ɞɝɏɞɠ ůŮ ɎɚűŬ-

əŮŰɞɔɚɞɡŰŬɟɘəɧ ɎɚŬɠ (a-ȾG), ɛɘŬ ŭɘŮɟɔŬůɑŬ əŬŰɎ Űɖɜ ɞˊɞɑŬ ˊŬɟɎɔŮŰŬɘ NADH ůŰɞɜ əɨəɚɞ Űɞɡ 

əɘŰɟɘəɞɨ ɞɝɏɞɠ (Krebôs cycle). Ƀɘ ɎɚɚŮɠ ŭɨɞ ɘůɞɛɞɟűɏɠ, IDH1 əŬɘ IDH2, əŬŰŬɚɨɞɡɜ ɛŮɜ Űɖɜ ɑŭɘŬ 

ŬɜŰɑŭɟŬůɖ, ŬɚɚɎ ŮəŰɧɠ Űɞɡ əɨəɚɞɡ əɘŰɟɘəɞɨ ɞɝɏɞɠ, əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜ NADP+ ɤɠ ůɡɛˊŬɟɎɔɞɜŰŬ 

(Miller  et al., 2017). ɇŬ ˊŬɟɎɔɤɔŬ NADPH əŬɘ a-KG ůɡɛɛŮŰɏɢɞɡɜ ůŰɘɠ ŭɘŬŭɘəŬůɑŮɠ əɡŰŰŬɟɘəɐɠ 

ŬˊɞŰɞɝɑɜɤůɖɠ ůŮ Ŭˊɧəɟɘůɖ ůŰɞ ɞɝŮɘŭɤŰɘəɧ ůŰɟŮɠ. Ⱥˊɘˊɚɏɞɜ, Űɞ a-KG ɏɢŮɘ ŭŮɘɢɗŮɑ ɧŰɘ ɢɟɖůɘɛŮɨŮɘ ɤɠ 

https://translate.googleusercontent.com/translate_c?depth=1&hl=el&prev=search&rurl=translate.google.gr&sl=en&sp=nmt4&u=https://en.wikipedia.org/wiki/Isocitric_acid&usg=ALkJrhgK6UiQjbtLzhiVMwldTuttTRdQKA
https://translate.googleusercontent.com/translate_c?depth=1&hl=el&prev=search&rurl=translate.google.gr&sl=en&sp=nmt4&u=https://en.wikipedia.org/wiki/Oxidative_stress&usg=ALkJrhjHH-kPsRlIZ3hkUHgZ84NQrP2alw
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ůɡɛˊŬɟɎɔɞɜŰŬɠ ɔɘŬ ŬɟəŮŰɏɠ ůɖɛŬɜŰɘəɏɠ əɡŰŰŬɟɘəɏɠ ŭɘŮɟɔŬůɑŮɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ 

ŰɟɞˊɞˊɞɘɐůŮɤɜ Űɖɠ ɘůŰɧɜɖɠ, Űɖɠ ŬɜɑɢɜŮɡůɖɠ ɡˊɞɝɑŬɠ əŬɘ Űɞɡ ɛŮŰŬɓɞɚɘůɛɞɨ Űɤɜ ɚɘˊŬɟɩɜ ɞɝɏɤɜ. 

ɇɞ ɔɞɜɑŭɘɞ IDH1 əɤŭɘəɞˊɞɘŮɑ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ˊɟɤŰŮȶɜɖ, Űɖɜ IDH1, ɖ ɞˊɞɑŬ ůŰɞɜ Ɏɜɗɟɤˊɞ ŮɜŰɞˊɑɕŮŰŬɘ 

ůŰɞ ɢɟɤɛɧůɤɛŬ 2 (2q33.3) (Montgomery et al., 2015). ȼ ˊɟɤŰŮȶɜɖ IDH1 ůɡɛɛŮŰɏɢŮɘ ůŰɖ ɟɨɗɛɘůɖ Űɖɠ 

ɏəəɟɘůɖɠ Űɖɠ ɘɜůɞɡɚɑɜɖɠ (Dimitrov et al., 2015) əŬɘ ŬˊɞŰŮɚŮɑ Űɖɜ ˊɟɤŰŬɟɢɘəɐ ˊɖɔɐ Űɞɡ NADPH ůŰɞɡɠ 

ˊŮɟɘůůɧŰŮɟɞɡɠ ɘůŰɞɨɠ əŬɘ ɘŭɘŬɑŰŮɟŬ ůŰɞɜ ŮɔəɏűŬɚɞ. ȷ́ ɞŰŮɚŮɑ Ůˊɑůɖɠ, Űɞ ñəɚŮɘŭɑò ɔɘŬ Űɖɜ ɓ-ɞɝŮɑŭɤůɖ 

Űɤɜ ŬəɧɟŮůŰɤɜ ɚɘˊŬɟɩɜ ɞɝɏɤɜ ůŰŬ ɖˊŬŰɘəɎ əɨŰŰŬɟŬ (Xu et al., 2004). ɆɢŮŰɘəɎ ůɡɢɜɏɠ  (ˊɞůɞůŰɧ 

4,9%) ɛŮŰŬɚɚɎɝŮɤɜ IDH1 ŬɜɘɢɜŮɨɗɖəŬɜ Ůˊɑůɖɠ ůŰɞ ɛŮŰŬůŰŬŰɘəɧ ɛŮɚɎɜɤɛŬ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ 

ɛŮ ɛŮŰɎɚɚŬɝɖ NRAS (Ticha et al., 2019). 

 

Á ũɞɜɑŭɘŬ XP 

ȼ ɛŮɚŬɔɢɟɤɛŬŰɘəɐ ɝɖɟɞŭŮɟɛɑŬ (XP) ŮɑɜŬɘ ɛɘŬ ůˊɎɜɘŬ ŬůɗɏɜŮɘŬ ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ ɛŮŰŬɚɚɎɝŮɘɠ  

ɔɞɜɘŭɑɤɜ  Ůˊɘŭɘɧɟɗɤůɖɠ DNA,  XPA, XPB, XPD, XPE, XPF, XPG ɐ XP-V .  ȷɜ əŬɘ ɞɘ ɛŮŰŬɚɚɎɝŮɘɠ ůŮ 

ɞˊɞɘŬŭɐˊɞŰŮ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɞəŰɩ ɜɞɡəɚŮɎůŮɠ əŬŰŬɚɐɔɞɡɜ ůŮ XP, XPA əŬɘ XPC ŮɑɜŬɘ ɞɘ ůɡɢɜɧŰŮɟŬ 

ɛŮŰŬɚɚŬɔɛɏɜŮɠ əŬɘ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɘɠ ɛɘůɏɠ ˊŮɟɘˊŰɩůŮɘɠ Űɞɡ XP.  ɇŬ  ɎŰɞɛŬ  ɛŮ XP ŭŮɜ  ŮɑɜŬɘ  ůŮ ɗɏůɖ 

ɜŬ Ůˊɘŭɘɞɟɗɩůɞɡɜ  ŬˊɞŰŮɚŮůɛŬŰɘəɎ  Űɘɠ  ɓɚɎɓŮɠ  ˊɞɡ  ˊɟɞəŬɚɞɨɜŰŬɘ  Ŭˊɧ  Űɖɜ  ɡˊŮɟɘɩŭɖ ŬəŰɘɜɞɓɞɚɑŬ 

əŬɘ ůɡɜŮˊɩɠ ɏɢɞɡɜ ŮɝŬɘɟŮŰɘəɎ Ŭɡɝɖɛɏɜɞ əɑɜŭɡɜɞ ŮɛűɎɜɘůɖɠ əŬɟəɑɜɤɜ Űɞɡ ŭɏɟɛŬŰɞɠ. Ƀ əɑɜŭɡɜɞɠ 

ɛŮɚŬɜɩɛŬŰɞɠ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ ŬɡŰɞɨɠ Űɞɡɠ ŬůɗŮɜŮɑɠ ŮəŰɘɛɎŰŬɘ ɧŰɘ ŮɑɜŬɘ ůɢŮŭɧɜ 1.000 űɞɟɏɠ 

ɛŮɔŬɚɨŰŮɟɞɠ Ŭˊɧ Űɞɜ ɔŮɜɘəɧ ˊɚɖɗɡůɛɧ (Kraemer et al., 1994). ɈˊɎɟɢɞɡɜ Ůˊɑůɖɠ, ůŰɞɘɢŮɑŬ ˊɞɡ 

ɡˊɞŭɖɚɩɜɞɡɜ ɧŰɘ ůɡɔəŮəɟɘɛɏɜŮɠ ˊŬɟŬɚɚŬɔɏɠ Űɖɠ ɜɧůɞɡ XP ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůŭɩůɞɡɜ ɡɣɖɚɧŰŮɟɞ 

əɑɜŭɡɜɞ ɛŮɚŬɜɩɛŬŰɞɠ Ŭˊɧ ɎɚɚŮɠ ɚɘɔɧŰŮɟɞ ůɡɜɐɗŮɘɠ ˊŬɟŬɚɚŬɔɏɠ (Paszkowska-Szczur et al., 2013). 

ȷɡŰɐ ɖ ůɡɔəŮəɟɘɛɏɜɖ ɔŮɜŮŰɘəɐ ŬůɗɏɜŮɘŬ ɡˊɞɔɟŬɛɛɑɕŮɘ  Ůˊɑůɖɠ  Űɖ  ůɖɛŬůɑŬ  Űɖɠ  ɏəɗŮůɖɠ ůŮ UV 

ŬəŰɘɜɞɓɞɚɑŬ ɔɘŬ  Űɖɜ  ŬɜɎˊŰɡɝɖ əŬɟəɑɜɞɡ Űɞɡ ŭɏɟɛŬŰɞɠ əŬɘ ɛŮɚŬɜɩɛŬŰɞɠ. 

 

https://translate.googleusercontent.com/translate_c?depth=1&hl=el&prev=search&rurl=translate.google.gr&sl=en&sp=nmt4&u=https://en.wikipedia.org/wiki/Chromosome_2&usg=ALkJrhhvmPTQB-v0n-8bqIjN17fkHscllg
https://translate.googleusercontent.com/translate_c?depth=1&hl=el&prev=search&rurl=translate.google.gr&sl=en&sp=nmt4&u=https://en.wikipedia.org/wiki/%25CE%2592-oxidation&usg=ALkJrhhnQ-aFrj6aainYhbUpbxiLjELvNg
https://translate.googleusercontent.com/translate_c?depth=1&hl=el&prev=search&rurl=translate.google.gr&sl=en&sp=nmt4&u=https://en.wikipedia.org/wiki/Unsaturated_fat&usg=ALkJrhgATQC9OxooRubT7WGzgqvMNEM0rQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=el&prev=search&rurl=translate.google.gr&sl=en&sp=nmt4&u=https://en.wikipedia.org/wiki/Fatty_acid&usg=ALkJrhi9_sZVaFHduhmmLiV8AhMLM80_EA
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ȺɘəɧɜŬ 1.26. Ƀɘ ɔŮɜŮŰɘəɏɠ ŭɘŬŰŬɟŬɢɏɠ ůŰɞ ɛŮɚɎɜɤɛŬ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Davis et al., 2019). 

 

1.6.6  ɉɟɤɛɞůɤɛɘəɏɠ ɛŮŰŬɓɞɚɏɠ 

Ƀɘ ɢɟɤɛɞůɤɛɘəɏɠ ŬɚɚɞɘɩůŮɘɠ ɞɡůɘŬůŰɘəɎ ŬˊɞɡůɘɎɕɞɡɜ Ŭˊɧ Űɞɡɠ ůˊɑɚɞɡɠ, ŬɚɚɎ ŮɑɜŬɘ ůɡɢɜɏɠ ůŰɞ 

ɛŮɚɎɜɤɛŬ. ɄŮɟɘɚŬɛɓɎɜɞɡɜ ŬˊɩɚŮɘŮɠ Űɤɜ ɢɟɤɛɞůɤɛɎŰɤɜ 9p (81%) əŬɘ 10q (63%), ůɖɛŮɘŬəɏɠ 

ŬˊɩɚŮɘŮɠ ůŮ ɢɟɤɛɞůɩɛŬŰŬ 6q əŬɘ 8ɟ əŬɘ ŮɜɘůɢɨůŮɘɠ ůŰŬ ɢɟɤɛɞůɩɛŬŰŬ 1q, 2, 4q,6p, 7, 8, 11q,  17 əŬɘ 

20 (Bastian, et al., 1998). ɇŬ ˊɟɧŰɡˊŬ Űɤɜ ɢɟɤɛɞůɤɛɘəɩɜ ŮɜɘůɢɨůŮɤɜ ɐ/əŬɘ ŬˊɩɚŮɘŮɠ ŭɘŬűɏɟɞɡɜ 

ɛŮŰŬɝɨ Űɤɜ əɚɘɜɘəɞˊŬɗɞɚɞɔɘəɩɜ ɡˊɞŰɨˊɤɜ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ (Curtin, et al., 2005).  

 

1.7    ŪŮɟŬˊŮɑŬ-Ʉɟɧɔɜɤůɖ 

ɇɞ ɛŮŰŬůŰŬŰɘəɧ ɛŮɚɎɜɤɛŬ ŮɝŬəɞɚɞɡɗŮɑ ɜŬ ŬˊɞŰŮɚŮɑ ɛɘŬ ŭɨůəɞɚŬ ŬɜŰɘɛŮŰɤˊɑůɘɛɖ ɜɧůɞ ɛŮ ɢŬɛɖɚɧ 

ˊɟɞůŭɧəɘɛɞ Ůˊɘɓɑɤůɖɠ. ɉŬɟŬəŰɖɟɘůŰɘəɎ, ɞɘ ŬůɗŮɜŮɑɠ ɛŮ ɧɔəɞ ůŰŬŭɑɞɡ 1a (ůɨɛűɤɜŬ ɛŮ Űɞ ůɨůŰɖɛŬ 

ɇɁɀ) ɏɢɞɡɜ 5ŮŰɐ Ůˊɘɓɑɤůɖ 97%, Ůɜɩ ɞɘ ŬůɗŮɜŮɑɠ ɛŮ ɧɔəɞ ůŰŬŭɑɞɡ 4 ɏɢɞɡɜ 5ŮŰɐ Ůˊɘɓɑɤůɖ ɛɧɚɘɠ 15-

20%.  
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V ɉŮɘɟɞɡɟɔɘəɐ ŮˊɏɛɓŬůɖ 

ȼ Ŭɟɢɘəɐ ɗŮɟŬˊŮɑŬ Űɞɡ ŭŮɟɛŬŰɘəɞɨ ɛŮɚŬɜɩɛŬŰɞɠ ŮɑɜŬɘ ɖ ɢŮɘɟɞɡɟɔɘəɐ ŮɝŬɑɟŮůɖ Űɞɡ ɧɔəɞɡ əŬɘ ɖ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰɎ Űɖɠ ŮɝŬɟŰɎŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ Űɖ ŭɘɎɔɜɤůɖ Űɞɡ ɧɔəɞɡ ůŮ ˊɟɩɥɛɞ ůŰɎŭɘɞ. 

ȷɜɎɚɞɔŬ ɛŮ Űɞ ˊɎɢɞɠ Űɞɡ ɧɔəɞɡ, ŮűŬɟɛɧɕɞɜŰŬɘ ŭɘŬűɞɟŮŰɘəɎ ˊŮɟɘɗɩɟɘŬ ŮəŰɞɛɐɠ. Ƀɘ ɓɘɞɣɑŮɠ ŮəŰɞɛɐɠ 

ɛˊɞɟŮɑ ɜŬ ŬˊɞɛŬəɟɨɜɞɡɜ Űɞɜ ɧɔəɞ, ŬɚɚɎ ůɡɢɜɎ ŬˊŬɘŰŮɑŰŬɘ ŮɡɟɨŰŮɟɖ ŮəŰɞɛɐ ɔɘŬ Űɖ ɛŮɑɤůɖ Űɞɡ 

əɘɜŭɨɜɞɡ ŮˊŬɜŮɛűɎɜɘůɖɠ əŬɘ ŮəŰɑɛɖůɖ Űɖɠ ˊŬɟɞɡůɑŬɠ ŬɜɘɢɜŮɨůɘɛɖɠ ɛŮŰŬůŰŬŰɘəɐɠ ɜɧůɞɡ  ɛŬɕɑ  ɛŮ  

ɓɟŬɢɡˊɟɧɗŮůɛɖ ɐ/əŬɘ ɛŬəɟɞˊɟɧɗŮůɛɖ ˊŬɟŬəɞɚɞɨɗɖůɖ. ɆɡɢɜɎ, ŬɡŰɧ ɔɑɜŮŰŬɘ ɛŮ ŮɡɟŮɑŬ Űɞˊɘəɐ ŮəŰɞɛɐ 

(WLE) ɛŮ ˊŮɟɘɗɩɟɘŬ 1 ɏɤɠ 2 cm. ɇŬ in situ əŬɘ ŮűɖɚɘŭɞŮɘŭɐ ɛŮɚŬɜɩɛŬŰŬ ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ ɛŮ 

ůŰŮɜɧŰŮɟŬ ɢŮɘɟɞɡɟɔɘəɎ ˊŮɟɘɗɩɟɘŬ, ůɡɜɐɗɤɠ 0,2 ɏɤɠ 0,5 cm (Clark et al., 2008). ȼ ŮɡɟŮɑŬ ŮəŰɞɛɐ 

ůŰɞɢŮɨŮɘ ůŰɖ ɛŮɑɤůɖ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ Űɞˊɘəɐɠ ɡˊɞŰɟɞˊɐɠ Űɞɡ ɧɔəɞɡ ůŰɖ ɗɏůɖ Űɖɠ Ŭɟɢɘəɐɠ Ŭɚɚɞɑɤůɖɠ.  

 ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɛŮŰŬůŰŬŰɘəɞɨ ɛŮɚŬɜɩɛŬŰɞɠ, ɞɘ ˊɟɞůˊɎɗŮɘŮɠ ɓŮɚŰɑɤůɖɠ Űɖɠ Ůˊɘɓɑɤůɖɠ ɛŮ Űɖɜ 

ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ɚŮɛűŬŭɏɜɤɜ ɢŮɘɟɞɡɟɔɘəɎ (ɚŮɛűŬŭŮɜŮəŰɞɛɐ) ůɡůɢŮŰɑůŰɖəŬɜ ɛŮ ˊɞɚɚɏɠ Ůˊɘˊɚɞəɏɠ, 

əŬɘ ůɡɢɜɎ ɢɤɟɑɠ ɞűɏɚɖ ɔŮɜɘəɐɠ Ůˊɘɓɑɤůɖɠ. ɄɟɧůűŬŰŬ, ŬɜŬˊŰɨɢɗɖəŮ ɖ ŰŮɢɜɘəɐ Űɖɠ  ɓɘɞɣɑŬɠ 

çɚŮɛűŬŭɏɜŬ-űɟɞɡɟɞɨè ɔɘŬ Űɖ ɛŮɑɤůɖ Űɤɜ Ůˊɘˊɚɞəɩɜ Űɖɠ  ɢŮɘɟɞɡɟɔɘəɐɠ ŮˊɏɛɓŬůɖɠ Űɤɜ ɚŮɛűŬŭɏɜɤɜ, 

ŮˊɘŰɟɏˊɞɜŰŬɠ ˊŬɟɎɚɚɖɚŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ˊɟɞůɓɞɚɐɠ ɚŮɛűŬŭɏɜɤɜ (The  Screening  and  

Surveillance  of  Ultrasound  in  Melanoma  trial, 2009). ȼ ɓɘɞɣɑŬ Űɞɡ çɚŮɛűŬŭɏɜŬ-űɟɞɡɟɞɨè ŮɑɜŬɘ 

ɛɘŬ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖ ŭɘŬŭɘəŬůɑŬ əŬŰɎ Űɖ ɗŮɟŬˊŮɑŬ Űɞɡ ŭŮɟɛŬŰɘəɞɨ ɛŮɚŬɜɩɛŬŰɞɠ > 8 mm 

(Ross et al., 2013). ȺɎɜ ɏɜŬɠ ɚŮɛűŬŭɏɜŬɠ ŮɑɜŬɘ ɗŮŰɘəɧɠ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɏəŰŬůɖ Űɖɠ ɜŮɞˊɚŬůɛŬŰɘəɐɠ 

ŭɘɐɗɖůɖɠ ɛˊɞɟŮɑ ɜŬ ŬəɞɚɞɡɗɐůŮɘ ɟɘɕɘəɐ ŬűŬɑɟŮůɖ Űɤɜ ɚŮɛűŬŭɏɜɤɜ əŬɘ ɞ ŬůɗŮɜɐɠ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ 

ŬəɞɚɞɡɗɐůŮɘ Ůˊɘəɞɡɟɘəɐ ɗŮɟŬˊŮɑŬ. 

 

V Ⱥˊɘəɞɡɟɘəɐ ɗŮɟŬˊŮɑŬ 

ɇŬ  ɡɣɖɚɞɨ  əɘɜŭɨɜɞɡ  ɛŮɚŬɜɩɛŬŰŬ  ɛˊɞɟŮɑ  ɜŬ  ŬˊŬɘŰɞɨɜ  Ůˊɘəɞɡɟɘəɐ  ɗŮɟŬˊŮɑŬ, ɛŮ Űɘɠ ŬˊɧɣŮɘɠ ɜŬ 

ŭɘɑůŰŬɜŰŬɘ.. ɆŰɘɠ ȼɜɤɛɏɜŮɠ ɄɞɚɘŰŮɑŮɠ,  ɞɘ  ˊŮɟɘůůɧŰŮɟɞɘ  ŬůɗŮɜŮɑɠ ɗŬ Ŭɟɢɑůɞɡɜ ɏɤɠ əŬɘ ɏɜŬ ɢɟɧɜɞ 

ɗŮɟŬˊŮɑŬɠ ɛŮ  ɘɜŰŮɟűŮɟɧɜɖ  ɡɣɖɚɐɠ  ŭɧůɖɠ,  ɖ  ɞˊɞɑŬ  ɓɏɓŬɘŬ ɏɢŮɘ  ůɞɓŬɟɏɠ  ˊŬɟŮɜɏɟɔŮɘŮɠ,  ŬɚɚɎ 

ɛˊɞɟŮɑ  ɜŬ ɓŮɚŰɘɩůŮɘ  ŮɚŬűɟɩɠ Űɖɜ  ˊɟɧɔɜɤůɖ Űɞɡ  ŬůɗŮɜɞɨɠ.  ɋůŰɧůɞ, ɞɘ ɞŭɖɔɑŮɠ  Űɞɡ ȸɟŮŰŬɜɘəɞɨ  

Ɇɡɜŭɏůɛɞɡ  ȹŮɟɛŬŰɞɚɧɔɤɜ  ŬɜŬűɏɟɞɡɜ  ɧŰɘ  ɖ ɘɜŰŮɟűŮɟɧɜɖ ŭŮɜ ůɡɜɘůŰɎŰŬɘ ɤɠ Űɡˊɘəɐ 

ŬɜɞůɞŮɜɘůɢɡŰɘəɐ ɗŮɟŬˊŮɑŬ ɔɘŬ Űɞ ɛŮɚɎɜɤɛŬ. ɀŮŰŬɜɎɚɡůɖ Űɞ ɏŰɞɠ 2011 ɏŭŮɘɝŮ ɧŰɘ, ɖ ɘɜŰŮɟűŮɟɧɜɖ ɗŬ 

ɛˊɞɟɞɨůŮ ɜŬ ŮˊɘɛɖəɨɜŮɘ Űɞ ɢɟɧɜɞ ˊɟɘɜ ŮˊŬɜŮɛűŬɜɘůŰŮɑ ɏɜŬ ɛŮɚɎɜɤɛŬ, ŬɚɚɎ ŬɨɝɖůŮ Űɖɜ Ůˊɘɓɑɤůɖ 

ɛɧɜɞ əŬŰɎ 3% ůŮ ŭɘɎůŰɖɛŬ 5 ŮŰɩɜ. Ⱥˊɘˊɚɏɞɜ, ɞɘ ŭɡůɎɟŮůŰŮɠ ˊŬɟŮɜɏɟɔŮɘŮɠ ɛŮɘɩɜɞɡɜ ůɖɛŬɜŰɘəɎ  Űɖɜ 

ˊɞɘɧŰɖŰŬ ɕɤɐɠ Űɞɡ ŬůɗŮɜɞɨɠ (Wheatley et al., 2007). 
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ȺɘəɧɜŬ 1.27. ȾŬŰŮɡɗɡɜŰɐɟɘŮɠ ɞŭɖɔɑŮɠ ɔɘŬ Űɖ ɓɘɞɣɑŬ ɚŮɛűŬŭɏɜŬ-űɟɞɡɟɞɨ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Gershenwald, J.E. 

et al. American Joint Commitee on Cancer staging manual. 8th ed. Joyce, K.M. editors. Chicago, 2017. p. 94). 

 

V ȷəŰɘɜɞɗŮɟŬˊŮɑŬ 

ȼ ŮɝɤŰŮɟɘəɐ ŬəŰɘɜɞɗŮɟŬˊŮɑŬ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ ɜŬ ŬɜŬəɞɡűɑůŮɘ Ŭˊɧ ŰŬ ůɡɛˊŰɩɛŬŰŬ əŬɘ 

Űɞɜ ˊɧɜɞ ˊɞɡ ˊɟɞəŬɚɞɨɜ ɞɘ ŮɔəŮűŬɚɘəɏɠ əŬɘ ɞůŰɘəɏɠ ɛŮŰŬůŰɎůŮɘɠ. ȼ ˊɟɧůűŬŰŬ ŮɘůŬɔɧɛŮɜɖ 

ŰŮɢɜɞɚɞɔɑŬ ɣɖűɘŬəɞɨ ŬɜɘɢɜŮɡŰɐ PET ůŮ PET/CT əŬɘ PET/MRI ŬˊɞŭɑŭŮɘ ɡɣɖɚɧŰŮɟɖ ŮɔɔŮɜɐ 

ŮɡŬɘůɗɖůɑŬ ŬɜɑɢɜŮɡůɖɠ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ ŬɜŬɚɞɔɘəɐ ŰŮɢɜɞɚɞɔɑŬ ŰŮɚŮɡŰŬɑŬɠ ɔŮɜɘɎɠ, ŮˊɘŰɟɏˊɞɜŰŬɠ 

Űɖɜ ŬɜɑɢɜŮɡůɖ ˊɞɚɨ ɛɘəɟɩɜ ɓɚŬɓɩɜ ɛŮ ˊɘɗŬɜɐ ŮˊɑˊŰɤůɖ ůŰɖɜ ɏəɓŬůɖ Űɖɠ ɜɧůɞɡ (Laudicella et al., 

2019). 

 

V ɉɖɛŮɘɞɗŮɟŬˊŮɑŬ əŬɘ ŬɜɞůɞɗŮɟŬˊŮɑŬ 

ɆŰɖ ŭŮəŬŮŰɑŬ Űɞɡ 1990 ɞɘ ŮɟŮɡɜɖŰɏɠ ɝŮəɑɜɖůŬɜ Ůˊɑůɖɠ Űɖɜ ŬɜɎˊŰɡɝɖ Ůɛɓɞɚɑɤɜ əŬŰɎ Űɞɡ əŬɟəɑɜɞɡ. ɇŬ 

ŮɛɓɧɚɘŬ Űɞɡ əŬɟəɑɜɞɡ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ ŰŬ ˊɟɞűɡɚŬəŰɘəɎ ŮɛɓɧɚɘŬ ˊɞɡ ɢɞɟɖɔɞɨɜŰŬɘ ůŮ ɡɔɘŮɑɠ 

Ŭɜɗɟɩˊɞɡɠ ɔɘŬ Űɖɜ ˊɟɧɚɖɣɖ ŬůɗɏɜŮɘŬɠ, ŮɑɜŬɘ ɗŮɟŬˊŮɡŰɘəɎ ŮɛɓɧɚɘŬ ˊɞɡ ɢɞɟɖɔɞɨɜŰŬɘ ůŮ ŬůɗŮɜŮɑɠ ůŰŬ 

ŰŮɚŮɡŰŬɑŬ ůŰɎŭɘŬ Űɞɡ əŬɟəɑɜɞɡ ɔɘŬ ɜŬ ˊɟɞůˊŬɗɐůɞɡɜ ɜŬ ŮɡŬɘůɗɖŰɞˊɞɘɐůɞɡɜ Űɞ ŬɜɞůɞˊɞɘɖŰɘəɧ 

ůɨůŰɖɛŬ ůŮ ŬɜŰɘɔɧɜŬ Űɞɡ əŬɟəɑɜɞɡ. ɋůŰɧůɞ, ɖ ŭɖɛɘɞɡɟɔɑŬ ŬˊɞŰŮɚŮůɛŬŰɘəɩɜ ɗŮɟŬˊŮɡŰɘəɩɜ Ůɛɓɞɚɑɤɜ 

əŬŰɎ Űɞɡ əŬɟəɑɜɞɡ ůɡɜŬɜŰɎ ˊɟɞəɚɐůŮɘɠ ɚɧɔɤ Űɤɜ ˊɟɞůŬɟɛɞɔɩɜ ˊɞɡ ŮˊɘŰɟɏˊɞɡɜ ůŰŬ əŬɟəɘɜɘəɎ 
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əɨŰŰŬɟŬ ɜŬ əɟɨɓɞɜŰŬɘ Ŭˊɧ Űɞ ŬɜɞůɞˊɞɘɖŰɘəɧ ůɨůŰɖɛŬ. ɄɞɚɚɎ ŮɛɓɧɚɘŬ ɛŮɚŬɜɩɛŬŰɞɠ ŬɜŬˊŰɨɢɗɖəŬɜ 

əŬɘ ŭɞəɘɛɎůŰɖəŬɜ ůŰɖ ŭŮəŬŮŰɑŬ Űɞɡ 1990 əŬɘ ůŰɘɠ Ŭɟɢɏɠ Űɞɡ 2000, ɤůŰɧůɞ, əŬɜɏɜŬ Ŭˊɧ ŰŬ ˊɟɩɘɛŬ 

ŮɛɓɧɚɘŬ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŬɜ ŭŮɜ ɐŰŬɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧ əŬɘ əŬɜɏɜŬ Ůɛɓɧɚɘɞ ɛŮɚŬɜɩɛŬŰɞɠ ŭŮɜ ɏɢŮɘ 

ŮɔəɟɘɗŮɑ ɔɘŬ əɚɘɜɘəɐ ɢɟɐůɖ (Berd et al., 1990). 

 ȹɘɎűɞɟŮɠ  ɢɖɛŮɘɞɗŮɟŬˊŮɡŰɘəɏɠ ɞɡůɑŮɠ,  ɧˊɤɠ  ɖ  ŰŮɛɞɕɞɚŬɛɑŭɖ əŬɘ ɖ  ɜŰŬəŬɟɓŬɕɑɜɖ (Ůˊɑůɖɠ 

ɞɜɞɛŬɕɧɛŮɜɖ DTIC), əŬɘ ɖ ŬɜɞůɞɗŮɟŬˊŮɑŬ ɛŮ ɘɜŰŮɟɚŮɡəɑɜɖ-2 (IL-2) ɐ ɘɜŰŮɟűŮɟɧɜɖ (IFN), 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ. ȼ ŬɜɞůɞɗŮɟŬˊŮɑŬ ŮɑɜŬɘ ɛɘŬ ŮɜŬɚɚŬəŰɘəɐ ɛɏɗɞŭɞɠ ɗŮɟŬˊŮɑŬɠ ˊɞɡ ŮəɛŮŰŬɚɚŮɨŮŰŬɘ Űɖ 

ŭɨɜŬɛɖ Űɞɡ ˊɟɞůŬɟɛɞůŰɘəɞɨ ŬɜɞůɞˊɞɘɖŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ Űɞɡ ɝŮɜɘůŰɐ ŮɜɘůɢɨɞɜŰŬɠ Űɘɠ ŭɘəɏɠ Űɞɡ 

ŭɡɜŬŰɧŰɖŰŮɠ Ŭɜɞůɞɚɞɔɘəɐɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ. ȼ ɢɟɧɜɘŬ ɏəɗŮůɖ ůŰɖɜ ɡˊŮɟɘɩŭɖ ŬəŰɘɜɞɓɞɚɑŬ  

ůɡůɢŮŰɑɕŮŰŬɘ  ůŮ  ɛŮɔɎɚɞ  ɓŬɗɛɧ  ɛŮ  Űɞ  ˊɞůɧ Űɤɜ ɛŮŰŬɚɚɎɝŮɤɜ  ˊɞɡ ůɡůůɤɟŮɨɞɜŰŬɘ ůŰŬ əɨŰŰŬɟŬ Űɖɠ 

ŮˊɘŭŮɟɛɑŭŬɠ. ɄɟɧůűŬŰŬ ůŰɞɘɢŮɑŬ ɡˊɞŭɖɚɩɜɞɡɜ ɧŰɘ ɞɘ ŬůɗŮɜŮɑɠ ɛŮ ɛŮɚŬɜɩɛŬŰŬ ˊɞɡ ɏɢɞɡɜ ˊɞɚɚɏɠ 

ɛŮŰŬɚɚɎɝŮɘɠ ŮɑɜŬɘ ˊɘɞ ˊɘɗŬɜɧ ɜŬ ŬɜŰŬˊɞəɟɘɗɞɨɜ ůŮ ɜɏŮɠ ŬɜɞůɞɗŮɟŬˊŮɑŮɠ (Snyder et al., 2014; Riaz et 

al., 2017). ȷɡŰɐ ɖ Ŭɡɝɖɛɏɜɖ ɗŮɟŬˊŮɡŰɘəɐ Ŭˊɧəɟɘůɖ ůŰɞ ŭŮɟɛŬŰɘəɧ ɛŮɚɎɜɤɛŬ ɛŮ ɡɣɖɚɧ űɞɟŰɑɞ 

ɛŮŰŬɚɚɎɝŮɤɜ ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ UV ŬəŰɘɜɞɓɞɚɑŬ ůɢŮŰɑɕŮŰŬɘ ˊɘɗŬɜɩɠ ɛŮ Űɖ ɛŮɔŬɚɨŰŮɟɖ ˊɘɗŬɜɧŰɖŰŬ 

ˊɞɡ ɏɢɞɡɜ ŬɡŰɏɠ ɞɘ ɜɏŮɠ ɛŮŰŬɚɚɎɝŮɘɠ ɜŬ əɤŭɘəɞˊɞɘɞɨɜ ɘůɢɡɟɞɨɠ ŬɜŰɘɔɞɜɘəɞɨɠ ŮˊɘŰɧˊɞɡɠ.  

ȼ IL-2  (Proleukin) ɐŰŬɜ ɖ ˊɟɩŰɖ ŮɔəɟɘɗŮɑůŬ ɗŮɟŬˊŮɑŬ  (1990  Ⱥɡɟɩˊɖ,  1992  ȼɄȷ)  ɔɘŬ  Űɖ  

ɗŮɟŬˊŮɑŬ  Űɞɡ  ɛŮŰŬůŰŬŰɘəɞɨ ɛŮɚŬɜɩɛŬŰɞɠ ŬɚɚɎ ɖ ŮɡɟŮɑŬ ɢɟɐůɖ Űɖɠ ˊŮɟɘɞɟɑůŰɖəŮ Ŭˊɧ ůɖɛŬɜŰɘəɐ 

ŰɞɝɘəɧŰɖŰŬ (Marabondo & Kaufman, 2017). ɄɟɧůűŬŰŬ,  ɏɢŮɘ  ŮɘůŬɢɗŮɑ  ɏɜŬɠ  Ŭɟɘɗɛɧɠ  ˊŬɟŬɔɧɜŰɤɜ  

ˊɞɡ  ɟɡɗɛɑɕɞɡɜ  Űɞ ŬɜɞůɞˊɞɘɖŰɘəɧ ůɨůŰɖɛŬ əŬɘ ŬɡɝɎɜɞɡɜ Űɘɠ ŬɜŰɑ-ɜŮɞˊɚŬůɛŬŰɘəɏɠ Ŭɜɞůɞɚɞɔɘəɏɠ 

ŬˊɞəɟɑůŮɘɠ. ȼ Ŭɟɢɘəɐ ŮˊɘŰɡɢɑŬ ɐŰŬɜ ɛŮ Űɞ ŬɜŰɑůɤɛŬ  CTLȷ-4  Ƚpilimumab,  Űɞ  ɞˊɞɑɞ  ɞŭɐɔɖůŮ  ůŮ 

ɛŬəɟɞɢɟɧɜɘŮɠ ŬˊɞəɟɑůŮɘɠ ůŮ ɏɜŬ ɛɘəɟɧ ˊɞůɞůŰɧ (ˊŮɟɑˊɞɡ 20%) ŬůɗŮɜɩɜ ɛŮ ɛŮɚɎɜɤɛŬ (Griewank et 

al.,  2013). ȼ ɘˊɘɚɘɛɞɡɛɎɛˊɖ ŮɑɜŬɘ ɏɜŬ ŬɜŰɑůɤɛŬ Űɞ ɞˊɞɑɞ ɧŰŬɜ ɢɞɟɖɔɖɗŮɑ ůŰɞɜ ɞɟɔŬɜɘůɛɧ ɓɞɖɗɎ ŰŬ 

ɚŮɡəɎ ŬɘɛɞůűŬɑɟɘŬ ɜŬ ŬɜŬɔɜɤɟɑůɞɡɜ əŬɘ ɜŬ ŮˊɘŰŮɗɞɨɜ ůŰŬ əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ. ɆŰɖɜ Ⱥɡɟɩˊɖ ɛˊɞɟŮɑ 

ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ŬůɗŮɜŮɑɠ ɛŮ ɛɖ ɢŮɘɟɞɡɟɔɐůɘɛɞ, ˊɟɞɢɤɟɖɛɏɜɞɡ ůŰŬŭɑɞɡ ɛŮɚɎɜɤɛŬ, Ůűɧůɞɜ ɏɢŮɘ 

ŬˊɞŰɨɢŮɘ ɖ ˊɟɩŰɖɠ ɔɟŬɛɛɐɠ ɢɖɛŮɘɞɗŮɟŬˊŮɑŬ ɐ ŬɜɞůɞɗŮɟŬˊŮɑŬ.  

ɇŬ ŬɜŰɘůɩɛŬŰŬ PD-1 əŬɘ PDL-1 (́ .ɢ. ŰŬ BMS-936558 əŬɘ BMS-936559, ŬɜŰɑůŰɞɘɢŬ) ɏɢɞɡɜ Ůˊɑůɖɠ 

ɓɟŮɗŮɑ ɧŰɘ ŮɑɜŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ůŰɞ ɛŮɚɎɜɤɛŬ əŬɘ Ɏɚɚɞɡɠ əŬɟəɑɜɞɡɠ (Topalian et al., 2012). ȷɡŰɐ ɖ 

ɗŮɟŬˊŮɑŬ ɏɢŮɘ ɛŮŰŬűɟŬůŰŮɑ ůŮ ůɖɛŬɜŰɘəɎ əɚɘɜɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮ ɡˊɞɢɩɟɖůɖ Űɞɡ ɜŮɞˊɚɎůɛŬŰɞɠ əŬɘ 

ɓŮɚŰɘɤɛɏɜɖ Ůˊɘɓɑɤůɖ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ůŰɞ 30-40% Űɤɜ ŬůɗŮɜɩɜ ɛŮ ˊɟɞɢɤɟɖɛɏɜɞ ɛŮɚɎɜɤɛŬ 

(Wolchok et al., 2017; Amaria et al., 2018). ɇŬ ˊɟɩŰŬ ŭɖɛɞůɘŮɡɛɏɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ MK-3475  

(PD-1, Ůˊɑůɖɠ ˊŬɚŬɘɧŰŮɟŬ ɔɜɤůŰɧ ɤɠ lambrolizumab) ŬɜɏűŮɟŬɜ ŬɜŰɘəŮɘɛŮɜɘəɏɠ ŬˊɞəɟɑůŮɘɠ ůŰɞ 38,5% 

Űɤɜ ŬůɗŮɜɩɜ ˊɞɡ ɏɚŬɓŬɜ ɗŮɟŬˊŮɑŬ ɔɘŬ Űɞ ɛŮɚɎɜɤɛŬ (Topalian, et al, 2012). ȰɜŬɠ ůɡɜŭɡŬůɛɧɠ 
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Nivolumab (anti-PD-1, ˊɟɩɖɜ BMS-936558) əŬɘ Ipilimumab (anti-CTLA-4) ˊɟɞəɎɚŮůŮ 

ŬɜŰɘəŮɘɛŮɜɘəɏɠ ŬɜŰŬˊɞəɟɑůŮɘɠ ůŰɞ 53% Űɤɜ ŬůɗŮɜɩɜ (Gomes et al., 2018) (ȺɘəɧɜŬ 1.28).  

ɋůŰɧůɞ, ˊŬɟɎ Űɘɠ ˊɞɚɚɎ ɡˊɞůɢɧɛŮɜŮɠ Ŭɟɢɘəɏɠ ŬˊŬɜŰɐůŮɘɠ, ŬɜŬˊŰɨůůŮŰŬɘ ŬɜŬˊɧűŮɡəŰŬ ŬɜŰɑůŰŬůɖ 

ůŰɘɠ ŬɜɞůɞɗŮɟŬˊŮɑŮɠ.  Ƀ ůɡɜŭɡŬůɛɧɠ Űɖɠ ŬɜɞůɞɗŮɟŬˊŮɑŬɠ ɛŮ Űɖ ůŰɞɢŮɨɞɡůŬ ɗŮɟŬˊŮɑŬ ɛˊɞɟŮɑ ɜŬ 

ɓŮɚŰɘɩůŮɘ Űɘɠ ŬˊɞəɟɑůŮɘɠ ŬɚɚɎ ɛˊɞɟŮɑ ɜŬ ůɢŮŰɑɕŮŰŬɘ ɛŮ ɛɖ ŬˊɞŭŮəŰɐ ŰɞɝɘəɧŰɖŰŬ (Yu et al., 2019). 

 

 

ȺɘəɧɜŬ 1.28. Ʌɨɗɛɘůɖ Ŭˊɧəɟɘůɖɠ ɇ-əɡŰŰɎɟɤɜ Ŭˊɧ CTLA4 əŬɘ PD1 ůŰɞ ɛŮɚɎɜɤɛŬ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Yu et al., 

2019). 

 

Ƀɘ ŬɜŮˊɘɗɨɛɖŰŮɠ ŮɜɏɟɔŮɘŮɠ ɧɚɤɜ ŬɡŰɩɜ Űɤɜ ŬɜɞůɞɟɟɡɗɛɘůŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ŮɑɜŬɘ ˊɟɤŰɑůŰɤɠ 

űɚŮɔɛɞɜɩŭŮɘɠ ɜɧůɞɘ (ˊ.ɢ. əɞɚɑŰɘŭŬ, ɗɡɟŮɞŮɘŭɑŰɘŭŬ, ˊɜŮɡɛɞɜɑŰɘŭŬ). ɇŬ ŬɟɢɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ 

ɡˊɞŭɖɚɩɜɞɡɜ ɧŰɘ ɖ ɏəŰŬůɖ ŬɡŰɩɜ Űɤɜ ŬɜŮˊɘɗɨɛɖŰɤɜ ŮɜŮɟɔŮɘɩɜ ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ ůɞɓŬɟɐ ɔɘŬ Űɖ 

ɛɞɜɞɗŮɟŬˊŮɑŬ PD-1 (Wolchok et al., 2017). ɆɐɛŮɟŬ ŮűŬɟɛɧɕɞɜŰŬɘ ŬɜɞůɞɗŮɟŬˊŮɑŮɠ ɢɤɟɑɠ əŬɛɑŬ 

ŭɘŬůŰɟɤɛɎŰɤůɖ. Ⱥˊɑůɖɠ, ŬɜŬˊŰɨɢɗɖəŬɜ ŮˊɘˊɟɧůɗŮŰɞɘ ɡˊɞŭɞɢŮɑɠ-ůŰɧɢɞɘ ˊɞɡ ɟɡɗɛɑɕɞɡɜ Űɖ 

ŭɟŬůŰɘəɧŰɖŰŬ Űɤɜ əɡŰŰɎɟɤɜ ɇ əŬɘ ɛɞɜɞəɚɤɜɘəɎ ŬɜŰɘůɩɛŬŰŬ ɏɜŬɜŰɘ ˊɘɗŬɜɩɜ ůŰɧɢɤɜ ɧˊɤɠ ŰŬ TIGIT, 

TIM-3 əŬɘ LAG-3 (Bhandaru & Rotte, 2019). 

 Ⱥˊɘˊɚɏɞɜ, ŮɑɜŬɘ ůŮ Ůɝɏɚɘɝɖ ɛŮɚɏŰŮɠ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ ɛŮɗɧŭɤɜ ˊɞɡ ɗŬ ŮˊɘŰɟɏɣɞɡɜ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ 

Űɤɜ ŬůɗŮɜɩɜ ˊɞɡ ŮɑɜŬɘ ˊɘɗŬɜɧŰŮɟɞ ɜŬ ŬɜŰŬˊɞəɟɘɗɞɨɜ əŬɚɎ ůŮ ŬɡŰɏɠ Űɘɠ ɗŮɟŬˊŮɑŮɠ ɛŮ Űɖ ɢɟɐůɖ  

ɔɞɜɘŭɘŬəɩɜ  ɡˊɞɔɟŬűɩɜ  ˊɞɡ  ˊɟɞɓɚɏˊɞɡɜ  Űɖɜ  ŬɜŰŬˊɧəɟɘůɖ  Űɤɜ  ŬůɗŮɜɩɜ ůŰɖɜ ŬɜɞůɞɗŮɟŬˊŮɑŬ.  

ɀɘŬ  ŰɏŰɞɘŬ  ɡˊɞɔɟŬűɐ  ˊŬɟɞɡůɘɎůŰɖəŮ  ˊɟɧůűŬŰŬ  ɔɘŬ  ŬůɗŮɜŮɑɠ  ˊɞɡ ɏɚŬɓŬɜ MAGE-A3 

ŬɜɞůɞɗŮɟŬˊŮɑŬ (Ulloa-Montoya et al., 2013). Ƀɘ ɞɔəɞɔɞɜɘŭɘŬəɏɠ (BRAF, NRAS) ɡˊɞŭŮɘəɜɡɧɛŮɜŮɠ 
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ɡˊɞɔɟŬűɏɠ ɗŬ ɛˊɞɟɞɨůŬɜ Ůˊɑůɖɠ ɜŬ ůɡůɢŮŰɘůŰɞɨɜ ɛŮ ŬˊɞəɟɑůŮɘɠ ůŮ ŬɜɞůɞɗŮɟŬˊŮɑŮɠ. ȷɡŰɧ ɗŬ 

ɛˊɞɟɞɨůŮ ɜŬ ŬˊɞŭŮɘɢŰŮɑ ůɖɛŬɜŰɘəɧ, ɡˊɧ Űɞ űɤɠ ˊɟɧůűŬŰɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŭŮɑɢɜɞɡɜ ɧŰɘ ɞɘ 

ɛŮŰŬɚɚŬɔɛɏɜɞɘ ɧɔəɞɘ NRAS ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ əŬɚɎ  ůŰɖ  ɗŮɟŬˊŮɑŬ  ɛŮ  ɘɜŰŮɟɚŮɡəɑɜɖ (Joseph et al.,  

2012).  ȷɜ  əŬɘ  ŰŬ  ŭŮŭɞɛɏɜŬ ŮɝŬəɞɚɞɡɗɞɨɜ ɜŬ ŮɑɜŬɘ ˊɞɚɨ ˊŮɟɘɞɟɘůɛɏɜŬ, ŭŮɜ ɡˊɎɟɢŮɘ ŬɛűɘɓɞɚɑŬ ɧŰɘ ɖ 

ŬɜŬɔɜɩɟɘůɖ Űɤɜ ɡˊɞɔɟŬűɩɜ  ɔɞɜɘŭɑɤɜ ɐ Ɏɚɚɤɜ  ɓɘɞɚɞɔɘəɩɜ  ŭŮɘəŰɩɜ  ˊɞɡ  ˊɟɞɓɚɏˊɞɡɜ  ŬˊɞəɟɑůŮɘɠ 

ůŮ ŬɜɞůɞɗŮɟŬˊŮɑŮɠ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɏɢŮɘ ŰŮɟɎůŰɘŬ ŬɝɑŬ ůŰɖɜ əɚɘɜɘəɐ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ŬůɗŮɜɩɜ ɛŮ 

ɛŮɚɎɜɤɛŬ. ɇŬ ɛŬəɟɞˊɟɧɗŮůɛŬ ŬˊɞŰŮɚɏůɛŬŰŬ, Űɧůɞ ɧůɞɜ ŬűɞɟɎ ůŰŬ ˊɞůɞůŰɎ ŬɜŰŬˊɧəɟɘůɖɠ ɧůɞ  əŬɘ 

ůŰɘɠ  ŬɜŮˊɘɗɨɛɖŰŮɠ  ŮɜɎɟɔŮɘŮɠ,  ŭŮɜ  ɏɢɞɡɜ  Ŭəɧɛɖ  ˊɟɞůŭɘɞɟɘůŰŮɑ ɔɘŬ  ˊɞɚɚɏɠ ŬɜɞůɞɗŮɟŬˊŮɑŮɠ. ɆŰɖ 

ɗŮɟŬˊŮɑŬ ŬɜŰɘůɤɛɎŰɤɜ CTLA-4 (ipilimumab), ɞɘ ŬˊŬɜŰɐůŮɘɠ ɛŬəɟɎɠ ŭɘɎɟəŮɘŬɠ (ɔɘŬ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ 

2 ɢɟɧɜɘŬ) ɛˊɞɟɞɨɜ ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ ůŮ ɛɘəɟɧ ˊɞůɞůŰɧ (10-20%) Űɤɜ ŬůɗŮɜɩɜ (Gao et al., 2016).  

 

V ɆŰɞɢŮɨɞɡůŮɠ ɗŮɟŬˊŮɑŮɠ - ȺɝŬŰɞɛɘəŮɡɛɏɜɖ ȽŬŰɟɘəɐ  

 

ȼ ŮɝŬŰɞɛɘəŮɡɛɏɜɖ ɔŮɜŮŰɘəɐ ŬɜɎɚɡůɖ Űɤɜ ɧɔəɤɜ əŬɘ ɖ ŮɝŬŰɞɛɘəŮɡɛɏɜɖ Ůˊɘɚɞɔɐ ɗŮɟŬˊŮɡŰɘəɩɜ ɛɞɟűɩɜ 

ŮɑɜŬɘ ɐŭɖ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ. ȼ ůŰɞɢŮɨɞɡůŬ ɗŮɟŬˊŮɑŬ əŬŰɎ Űɖɠ ˊŬɟŮəəɚɑɜɞɡůŬɠ ůɖɛŬŰɞŭɧŰɖůɖɠ Űɞɡ 

ɛɞɜɞˊŬŰɘɞɨ ɀȷɅȾ ˊɟɞŬɜɐɔɔŮɘɚŮ ɛɘŬ ŮˊŬɜŬůŰŬŰɘəɐ Ůˊɞɢɐ ůŰɞ ɛŮɚɎɜɤɛŬ ˊɞɡ ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ 

ůɖɛŬɜŰɘəɎ əŬɚɨŰŮɟɖ ŬɜŰɘɜŮɞˊɚŬůɛŬŰɘəɐ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ əŬɘ Ůˊɘɓɑɤůɖ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ 

ˊŬɟŬŭɞůɘŬəɐ ɢɖɛŮɘɞɗŮɟŬˊŮɑŬ. ȼ ɛŮŰɎɚɚŬɝɖ BRAF-V600 ŮɑɜŬɘ ɏɜŬɠ ɘůɢɡɟɧɠ ˊɟɞɔɜɤůŰɘəɧɠ ɓɘɞŭŮɑəŰɖɠ 

ɔɘŬ Űɖɜ ŬɜŰŬˊɧəɟɘůɖ ůŮ ŮəɚŮəŰɘəɞɨɠ ŬɜŬůŰɞɚŮɑɠ əɘɜɎůɖɠ, ɞɘ ɞˊɞɑɞɘ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬůŰŮɑɚɞɡɜ Űɞɜ 

əɡŰŰŬɟɘəɧ əɨəɚɞ əŬɘ ɜŬ ɞŭɖɔɐůɞɡɜ ůŮ ɛŮɘɤɛɏɜɖ ŬɜɎˊŰɡɝɖ Űɞɡ ɧɔəɞɡ. Ƀɘ ɜɏŮɠ ɗŮɟŬˊŮɑŮɠ ɔɘŬ Űɞ 

ɛŮŰŬůŰŬŰɘəɧ ɛŮɚɎɜɤɛŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞɡɠ ɓɘɞɚɞɔɘəɞɨɠ ŬɜɞůɞɗŮɟŬˊŮɡŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ 

ipilimumab, pembrolizumab əŬɘ nivolumab (Syn, et al.,  2017, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ŬɜɤŰɏɟɤ), 

BRAF ŬɜŬůŰɞɚŮɑɠ, ɧˊɤɠ vemurafenib əŬɘ dabrafenib əŬɘ ŬɜŬůŰɞɚŮɑɠ ɀȺȾ, ɧˊɤɠ Űɞ trametinib 

(Maverakis et al., 2015).  

 

 

Á ȷɜŬůŰɞɚŮɑɠ BRAF 

ɀŮŰŬɝɨ Ɏɚɚɤɜ ɜɏɤɜ ɗŮɟŬˊŮɘɩɜ, ɖ ůŰɞɢŮɨɞɡůŬ ɗŮɟŬˊŮɑŬ ɛŮ ŬɜŬůŰɞɚŮɑɠ BRAF ɏɢŮɘ ɓŮɚŰɘɩůŮɘ Űɘɠ 

Ůˊɘɚɞɔɏɠ ɗŮɟŬˊŮɑŬɠ ɔɘŬ ŬůɗŮɜŮɑɠ ɛŮ ɛŮŰŬůŰŬŰɘəɧ ɛŮɚɎɜɤɛŬ, ɚɧɔɤ Űɞɡ ɡɣɖɚɞɨ ˊɞůɞůŰɞɨ 

ŬɜŰŬˊɧəɟɘůɖɠ əŬɘ Űɞɡ ɔɟɐɔɞɟɞɡ Űɟɧˊɞɡ ŭɟɎůɖɠ. Ƀɘ ŬɜŬůŰɞɚŮɑɠ BRAF ɏɢɞɡɜ ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ ˊŬɟɏɢɞɡɜ 

ɏɜŬ ɡɣɖɚɧ əŬɘ ɔɟɐɔɞɟɞ ˊɞůɞůŰɧ ŬɜŰŬˊɧəɟɘůɖɠ ɧɔəɞɡ ůŮ ŬůɗŮɜŮɑɠ ˊɞɡ űɏɟɞɡɜ Űɖ ɛŮŰɎɚɚŬɝɖ V600E 

əŬɘ ɔɘŬ ɜŬ ˊŬɟŬŰŮɑɜɞɡɜ ɞɡůɘŬůŰɘəɎ Űɖɜ ŮɚŮɨɗŮɟɖ ɜɧůɞɡ əŬɘ Űɖ ůɡɜɞɚɘəɐ Ůˊɘɓɑɤůɖ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖ 
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ŭŬəŬɟɓŬɕɑɜɖ. ȷɜ əŬɘ ɖ əɚɘɜɘəɐ ŬɜŰŬˊɧəɟɘůɖ ůŰɞɡɠ ŬɜŬůŰɞɚŮɑɠ BRAF ŮɑɜŬɘ ŬɟɢɘəɎ Ůɡɜɞɥəɐ, ɖ ɛŮɔɎɚɖ 

ˊɚŮɘɞɣɖűɑŬ Űɤɜ ŬůɗŮɜɩɜ ŬɜŬˊŰɨůůŮɘ ŬɜŰɞɢɐ ůŰŬ űɎɟɛŬəŬ əŬɘ ɡˊɞŰɟɞˊɐ ůŮ ɚɘɔɧŰŮɟɞ Ŭˊɧ ɏɜŬ ɏŰɞɠ. 

ɆɨɛűɤɜŬ ɛŮ ˊɟɧůűŬŰɖ ɛŮɚɏŰɖ, ɞɘ ŬůɗŮɜŮɑɠ ŮɛűɎɜɘůŬɜ ůɢŮŭɧɜ əŬɗɞɚɘəɎ ŬɜŰɞɢɐ 

ůŰɖ ɗŮɟŬˊŮɑŬ ɛŮ BRAF, ůɡɜɐɗɤɠ əŬŰɎ Űɞɡɠ ˊɟɩŰɞɡɠ 12 ɛɐɜŮɠ ɗŮɟŬˊŮɑŬɠ (Lim et al., 2017).  

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, Űɞ Vemurafenib ŮɑɜŬɘ ɛɘŬ ůŰɞɢŮɨɞɡůŬ ɗŮɟŬˊŮɑŬ, ɖ ɞˊɞɑŬ ŮˊɘɚŮəŰɘəɎ ŬɜŬůŰɏɚɚŮɘ Űɖ 

BRAF. ȼ  əɚɘɜɘəɐ  ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ  Űɖɠ  ɏɜɤůɖɠ  ŬɜŬűɏɟɗɖəŮ Űɞ 2010 (Bollag, et al, 2010), ɛɧɚɘɠ 

8 ɢɟɧɜɘŬ ɛŮŰɎ Űɖɜ ŬɜŬɔɜɩɟɘůɖ Űɤɜ BRAF ɛŮŰŬɚɚɎɝŮɤɜ ůŰɞ ɛŮɚɎɜɤɛŬ. ȷɡŰɧ Űɞ ɛɧɟɘɞ ˊɟɞəɎɚŮůŮ 

ŮˊɘŰɡɢɐ Ŭˊɧəɟɘůɖ ůŮ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ Űɞ 50% Űɤɜ ŬůɗŮɜɩɜ ɛŮ ɛŮŰŬůŰŬŰɘəɧ ɛŮɚɎɜɤɛŬ ɛŮ BRAF 

V600E əŬɘ ɧűŮɚɞɠ Ŭˊɧ Űɖɜ Ɏˊɞɣɖ Űɖɠ Ŭɨɝɖůɖɠ Űɖɠ ůɡɜɞɚɘəɐɠ Ůˊɘɓɑɤůɖɠ (Sosman et al., 2012; 

McArthur et al., 2014). Ƀ ŬɜŬůŰɞɚɏŬɠ Vemurafenib ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɞ ůŰɧɛŬ, əŬɘ ˊɟɧůűŬŰŬ ɏɚŬɓŮ 

ɏɔəɟɘůɖ Ŭˊɧ Űɞɜ ȷɛŮɟɘəŬɜɘəɧ ɃɟɔŬɜɘůɛɧ ɇɟɞűɑɛɤɜ əŬɘ ūŬɟɛɎəɤɜ (FDA) Űɞ ɏŰɞɠ 2011.  

  ɇɞ  Dabrafenib  ŮɑɜŬɘ  ɏɜŬɠ  Ɏɚɚɞɠ ŮəɚŮəŰɘəɧɠ ŬɜŬůŰɞɚɏŬɠ Űɖɠ  ɛŮŰɎɚɚŬɝɖɠ BRAF V600, ˊɞɡ ɏɢŮɘ 

Ůˊɑůɖɠ ŮɔəɟɘɗŮɑ Ŭˊɧ Űɞ FDA ɔɘŬ Űɖ ɗŮɟŬˊŮɑŬ Űɞɡ BRAF V600 ɛŮŰŬɚɚŬɔɛɏɜɞɡ ɛŮɚŬɜɩɛŬŰɞɠ 

(Falchook et al, 2012). ɀɘŬ ŭɞəɘɛɐ  űɎůɖɠ  ȽȽȽ  Űɞɡ  dabrafenib  ůŰɞ ɛŮɚɎɜɤɛŬ  ŬɜɏűŮɟŮ  ɗŮɟŬˊŮɡŰɘəɏɠ  

ŬˊɞəɟɑůŮɘɠ ˊŬɟɧɛɞɘŮɠ ɛŮ Űɖ ŭɞəɘɛɐ Űɞɡ vemurafenib, ɛŮ ŭɘɎɛŮůɖ PFS 5,1 ɛɖɜɩɜ ůŰɖɜ ɞɛɎŭŬ ˊɞɡ 

ɏɚŬɓŮ dabrafenib əŬɘ 2,7 ɛɐɜŮɠ ůŰɖɜ ɞɛɎŭŬ ˊɞɡ ɏɚŬɓŮ dacarbazinet (Hauschild et al., 2012).  

   Ƀɘ ˊŬɟŮɜɏɟɔŮɘŮɠ əŬɘ Űɤɜ ŭɨɞ ŬɡŰɩɜ ŬɜŬůŰɞɚɏɤɜ BRAF ŮɑɜŬɘ ˊŬɟɧɛɞɘŮɠ, Ŭɜ əŬɘ ɖ űɤŰɞŮɡŬɘůɗɖůɑŬ 

űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ˊɘɞ ůɞɓŬɟɐ ɛŮ Űɞ vermurafenib. ȰɜŬ ůɡɢɜɧ ɔŮɔɞɜɧɠ ŮɑɜŬɘ ɖ ŬɜɎˊŰɡɝɖ əŬɚɧɖɗɤɜ 

ɡˊŮɟəŮɟŬŰɩůŮɤɜ (ɛɏɢɟɘ 49%) əŬɘ ɜŮɞˊɚŬůɛɎŰɤɜ Ŭˊɧ ŮˊɘɗɖɚɘŬəɎ əɨŰŰŬɟŬ, ɘŭɘŬɑŰŮɟŬ Űɞɡ Űɨˊɞɡ Űɞɡ 

əŮɟŬŰɞŬəŬɜɗɩɛŬŰɞɠ ~25%  (Chapman et al., 2011). ɄŮɟɑˊɞɡ ůŰɞ 50% Űɤɜ ŬůɗŮɜɩɜ ˊɞɡ ɏɚŬɓŬɜ 

dabrafenib ɐ vemurafenib Űɞ ɛŮɚɎɜɤɛŬ ŮɝŮɚɑɢɗɖəŮ ůŮ 6-7 ɛɐɜŮɠ ɛŮŰɎ Űɖɜ ɏɜŬɟɝɖ Űɖɠ ɗŮɟŬˊŮɑŬɠ 

(Hauschild et al., 2013). ȺˊɘˊɟɧůɗŮŰŬ, ɛˊɞɟŮɑ ɜŬ ŮɛűŬɜɘůŰŮɑ əɜɖůɛɧɠ, ŮɝŬɜɗɐɛŬŰŬ Ŭəɛɐɠ əŬɘ 

ɡˊŮɟəŮɟɎŰɤůɖ ůŰŬ ɎəɟŬ (ůɡɜɞɚɘəɎ ˊŮɟɑˊɞɡ 31%). Ƀɘ ɛɖ ŭŮɟɛŬŰɘəɏɠ ŬɜŮˊɘɗɨɛɖŰŮɠ ˊŬɟŮɜɏɟɔŮɘŮɠ ˊɞɡ 

ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ ŮɑɜŬɘ ɖ ŬɟɗɟŬɚɔɑŬ (ˊŮɟɑˊɞɡ 21%), ɖ Ŭɨɝɖůɖ Űɤɜ ɖˊŬŰɘəɩɜ Ůɜɕɨɛɤɜ (ˊŮɟɑˊɞɡ 6%) 

əŬɘ ɖ ɜŬɡŰɑŬ (ˊŮɟɑˊɞɡ 8%) (Chapman et al., 2011; Sosman et al., 2012). 

 

Á ȷɜŬůŰɞɚŮɑɠ ɀȺȾ 

ȼ ɀȺȾ ɓɟɑůəŮŰŬɘ əŬɗɞŭɘəɎ Űɞɡ BRAF əŬɘ Űɞɡ RAS əŬɘ ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ ɏɜŬɠ Ŭɟɘɗɛɧɠ ŬɜŬůŰɞɚɏɤɜ 

ˊɞɡ Ůɛˊɞŭɑɕɞɡɜ Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ ɀȺȾ. ȰɜŬ ˊɞɚɚɎ ɡˊɞůɢɧɛŮɜɞ űɎɟɛŬəɞ ŮɑɜŬɘ Űɞ trametinib 

(Falchook et al, 2012; Kim et al., 2013). ɀɘŬ ŭɞəɘɛɐ űɎůɖɠ ȽȽȽ ůŮ ŬůɗŮɜŮɑɠ ɛŮŰŬůŰŬŰɘəɞɨ 

ɛŮɚŬɜɩɛŬŰɞɠ ɛŮ ɛŮŰɎɚɚŬɝɖ BRAF ŮɛűɎɜɘůŮ ŭɘɎɛŮůɞ PFS 4,8 ɛɖɜɩɜ ůŰɖɜ ɞɛɎŭŬ Űɞɡ trametinib ůŮ 
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ůɨɔəɟɘůɖ ɛŮ 1,5 ɛɐɜŮɠ ɔɘŬ ɢɖɛŮɘɞɗŮɟŬˊŮɑŬ  (paclitaxel/dacarbazine)  (Si et al.,  2012). ȰɢŮɘ ŬɜŬűŮɟɗŮɑ 

ˊɚɐɗɞɠ ˊŬɟŮɜŮɟɔŮɘɩɜ ɛŮŰŬɝɨ ŬɡŰɩɜ: ŭɘɎɟɟɞɘŬ, ŭŮɟɛŬŰɘəɎ ŮɝŬɜɗɐɛŬŰŬ əŬɘ ɞűɗŬɚɛɘəɐ ŰɞɝɘəɧŰɖŰŬ, 

ɘŭɘŬɑŰŮɟŬ ɞɟɩŭɖɠ ŬɛűɘɓɚɖůŰɟɞŮɘŭɞˊɎɗŮɘŬ (Falchook et al., 2012). ɀŮ ɓɎůɖ ŬɡŰɎ ŰŬ ŮɡɟɐɛŬŰŬ, ɞ 

ȷɛŮɟɘəŬɜɘəɧɠ ɃɟɔŬɜɘůɛɧɠ ūŬɟɛɎəɤɜ (FDA) ŮɜɏəɟɘɜŮ Űɞ trametinib ɔɘŬ ɛŮŰŬůŰŬŰɘəɧ ɛŮɚɎɜɤɛŬ ˊɞɡ 

ŭŮɜ ɏɢŮɘ ˊɟɞɖɔɞɡɛɏɜɤɠ ɚɎɓŮɘ  ɗŮɟŬˊŮɑŬ  ɛŮ  ŬɜŬůŰɞɚɏŬ  BRAF (Flaherty et al., 2012).   

 ȼ ůɡɜŭɡŬůɛɏɜɖ ɗŮɟŬˊŮɑŬ,  ˊɞɡ  ůɡɜŭɡɎɕŮɘ  Űɞ trametinib ɛŮ Űɞɜ ŬɜŬůŰɞɚɏŬ BRAF dabrafenib, ɏɢŮɘ 

ŬˊɞŭŮɘɢɗŮɑ Ŭəɧɛɖ ˊɘɞ ŮɚˊɘŭɞűɧɟŬ ɛŮ ɓɎůɖ Űɖ ɓŮɚŰɘɤɛɏɜɖ  ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ  əŬɗɩɠ əŬɘ  Űɖɜ  

əŬŰŬůŰɞɚɐ  ɞɟɘůɛɏɜɤɜ űŬɘɜɞɛɏɜɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŬɜŬůŰɞɚɏŬ BRAF. ɇɞ ŭɘɎɛŮůɞ PFS ɔɘŬ 

ŬůɗŮɜŮɑɠ ˊɞɡ ɚɎɛɓŬɜŬɜ əŬɘ dabrafenib əŬɘ trametinib ɐŰŬɜ 9,4 ɛɐɜŮɠ ůŮ ůɨɔəɟɘůɖ ɛŮ 5,8 ɛɐɜŮɠ ɔɘŬ Űɞ 

dabrafenib ɛɧɜɞ. ɀɘŬ ˊɚɐɟɖɠ ɐ ɛŮɟɘəɐ Ŭˊɧəɟɘůɖ ˊŬɟŬŰɖɟɐɗɖəŮ ůŰɞ 76% Űɤɜ ŬůɗŮɜɩɜ ˊɞɡ ɚɎɛɓŬɜŬɜ 

ŬɛűɧŰŮɟɞɡɠ Űɞɡɠ ˊŬɟɎɔɞɜŰŮɠ, ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞ 54% ɔɘŬ ŮəŮɑɜɞɡɠ ˊɞɡ ɚɎɛɓŬɜŬɜ ɛɧɜɞ dabrafenib. 

ȷɡŰɧ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ əŬɚɨŰŮɟɞ ŬˊɞŰɏɚŮůɛŬ ɔɘŬ ůŰɞɢŮɨɞɡůŮɠ ɗŮɟŬˊŮɑŮɠ ůŰɞ ɛŮɚɎɜɤɛŬ ɛɏɢɟɘ 

ůɐɛŮɟŬ. ȼ ɞɛɎŭŬ ɗŮɟŬˊŮɑŬɠ ůɡɜŭɡŬůɛɞɨ ŮɛűɎɜɘůŮ ůɡɢɜɧŰŮɟŮɠ ůɡůŰɖɛŬŰɘəɏɠ ŬɜŮˊɘɗɨɛɖŰŮɠ ŮɜɏɟɔŮɘŮɠ, 

ɧˊɤɠ ɞ ˊɡɟŮŰɧɠ (71%), ɟɑɔɖ (58%),  əɧˊɤůɖ  (53%)  əŬɘ  ɏɛŮŰɞ (40%) (26%,  17%  əŬɘ  15%, 

ŬɜŰɑůŰɞɘɢŬ), ŬɚɚɎ ɞɘ ŭŮɟɛŬŰɘəɏɠ ˊŬɟŮɜɏɟɔŮɘŮɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɖɠ Űɖɠ ɡˊŮɟəŮɟɎŰɤůɖɠ, Űɖɠ 

ŬɚɤˊŮəɑŬɠ əŬɘ Űɞɡ əŬɟəɑɜɞɡ Űɞɡ ŭɏɟɛŬŰɞɠ Ŭˊɧ ˊɚŬəɩŭɖ əɨŰŰŬɟŬ, ɐŰŬɜ ɚɘɔɧŰŮɟɞ ůɡɢɜɏɠ (9% ɏɜŬɜŰɘ 

30%, 5% ɏɜŬɜŰɘ 34% əŬɘ 7% ɏɜŬɜŰɘ 19% ŬɜŰɑůŰɞɘɢŬ). ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛɘŬɠ ŭɞəɘɛɐɠ űɎůɖɠ ȽȽ Ůɜɧɠ 

Ɏɚɚɞɡ ɀȺȾ ŬɜŬůŰɞɚɏŬ, Űɞɡ MEK162 ŭɖɛɞůɘŮɨɗɖəŬɜ ˊɟɧůűŬŰŬ. ȼ ŭɘɎɛŮůɖ Űɘɛɐ PFS ɐŰŬɜ 3,7 ɛɐɜŮɠ 

ɔɘŬ Űɖɜ ɞɛɎŭŬ ɛŮŰŬɚɚɎɝŮɤɜ NRAS əŬɘ 3,6 ɛɐɜŮɠ ɔɘŬ Űɖɜ ɞɛɎŭŬ ɛŮŰɎɚɚŬɝɖɠ BRAF, ŬɚɚɎ əŬɘ ůŰɘɠ ŭɨɞ 

ɞɛɎŭŮɠ ŮˊɘŰŮɨɢɗɖəŮ ɛŮɟɘəɐ Ŭˊɧəɟɘůɖ (PR) ůŰɞ 20% Űɤɜ ŬůɗŮɜɩɜ. ɆŰɞ ɛŮɚɎɜɤɛŬ ɛŮ ɛŮŰɎɚɚŬɝɖ ůŰɞ 

BRAF, ɞɘ ŬɜŬůŰɞɚŮɑɠ ɀȺȾ ŮɛűŬɜɑɕɞɡɜ əɎˊɤɠ ɛɘəɟɧŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ ůɢɏůɖ ɛŮ  ŮəŮɑɜŬ  ɔɘŬ  

Űɞɡɠ  ŬɜŬůŰɞɚŮɑɠ  BRAF.  ɋůŰɧůɞ,  ɖ  ɛŮɚɏŰɖ  ɀȺȾ162  ɏŭŮɘɝŮ  Ůˊɑůɖɠ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Ůɜɧɠ 

ŬɜŬůŰɞɚɏŬ ɀȺȾ ůŮ ɧɔəɞɡɠ ɛŮ ɛŮŰŬɚɚɎɝŮɘɠ ůŰɞ NRAS (Ascierto et al., 2013).  

  ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɖ ŬɜɎˊŰɡɝɖ Űɤɜ ŬɜŬůŰɞɚɏɤɜ BRAF əŬɘ ɀȺȾ (BRAFi / MEKi) ɞŭɐɔɖůŮ ůŮ 

ůɖɛŬɜŰɘəɏɠ ˊɟɞɧŭɞɡɠ ůŰɖ ɗŮɟŬˊŮɑŬ ɛŮɚŬɜɩɛŬŰɞɠ. ɋůŰɧůɞ, ɖ ŮɛűɎɜɘůɖ ɛɖɢŬɜɘůɛɩɜ ŬɜŰɑůŰŬůɖɠ 

ˊŮɟɘɞɟɑɕŮɘ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɤűɏɚŮɘŬɠ əŬɘ ŮɛűŬɜɑɕŮŰŬɘ ˊɚɐɟɖɠ ŬɜŰŬˊɧəɟɘůɖ ůŮ ɚɘɔɧŰŮɟɞ Ŭˊɧ Űɞ 20% 

Űɤɜ ŬůɗŮɜɩɜ ˊɞɡ ɚŬɛɓɎɜɞɡɜ BRAFi Ñ MEKi.  ɋůŰɧůɞ, ɞɘ ŬɜŬůŰɞɚŮɑɠ ɀȺȾ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Ůˊɑ 

Űɞɡ ˊŬɟɧɜŰɞɠ Űɞɡɠ ˊɟɩŰɞɡɠ ůŰɞɢŮɨɞɜŰŮɠ ɗŮɟŬˊŮɡŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŭŮɑɢɜɞɡɜ ɧűŮɚɞɠ ůŮ ɧɔəɞɡɠ 

ɛŮ ɛŮŰŬɚɚɎɝŮɘɠ NRAS (Dummer et al., 2017).  
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ȺɘəɧɜŬ 1.29. Ɇɡɜɞɚɘəɐ ɛŮŰŬ-ŬɜɎɚɡůɖ Ůˊɘɓɑɤůɖɠ. HR: ɚɧɔɞɠ əɘɜŭɨɜɞɡ, CrI: ŬɝɘɧˊɘůŰɞ ŭɘɎůŰɖɛŬ,  PrI: 

ˊɟɞɔɜɤůŰɘəɧ ŭɘɎůŰɖɛŬ, BRAF  +   patients: ɛŮŰŬɚɚŬɔɛɏɜɞɘ ŬůɗŮɜŮɑɠ BRAF -: ȷůɗŮɜŮɑɠ BRAF Ɏɔɟɘɞɡ Űɨˊɞɡ 

(ȷɜŬŰɨˊɤůɖ Ŭˊɧ da Silveira Nogueira Lima et al., 2017). 

 

 

 

ȺɘəɧɜŬ 1.30. ɀŮŰŬ-ŬɜɎɚɡůɖ Ůˊɘɓɑɤůɖɠ. HR: ɚɧɔɞɠ əɘɜŭɨɜɤɜ, CrI: ŬɝɘɧˊɘůŰɞ ŭɘɎůŰɖɛŬ, PrI: ˊɟɞɔɜɤůŰɘəɧ 

ŭɘɎůŰɖɛŬ, BRAF +  patients: ɛŮŰŬɚɚŬɔɛɏɜɞɘ ŬůɗŮɜŮɑɠ BRAF - patients: ŬůɗŮɜŮɑɠ BRAF Ɏɔɟɘɞɡ Űɨˊɞɡ 

(ȷɜŬŰɨˊɤůɖ Ŭˊɧ da Silveira Nogueira Lima et al., 2017). 
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ȺɘəɧɜŬ 1.31. ɀŮŰŬ-ŬɜɎɚɡůɖ ɟɡɗɛɞɨ Ŭˊɧəɟɘůɖɠ. HR , ɚɧɔɞɠ əɘɜŭɨɜɞɡ; CrI, ŬɝɘɧˊɘůŰɞ ŭɘɎůŰɖɛŬ. PrI, 

ˊɟɞɔɜɤůŰɘəɧ ŭɘɎůŰɖɛŬ; BRAF +  patients: ɛŮŰŬɚɚŬɔɛɏɜɞɘ ŬůɗŮɜŮɑɠ BRAF - patients: ȷůɗŮɜŮɑɠ Ɏɔɟɘɞɡ 

Űɨˊɞɡ BRAF (ȷɜŬŰɨˊɤůɖ Ŭˊɧ da Silveira Nogueira Lima et al., 2017).  

 

Á ȷɜŬůŰɞɚŮɑɠ ȾȽɇ 

Ƀɘ Ŭɟɢɘəɏɠ ŭɞəɘɛɏɠ ɛŮ ŬɜŬůŰɞɚŮɑɠ KIT ůŮ ŮˊɘɚŮɔɛɏɜɞɡɠ ˊɚɖɗɡůɛɞɨɠ ŬůɗŮɜɩɜ, ɏŭŮɘɝŬɜ ŬɟɜɖŰɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ (Ugurel et al.,  2005; Kluger et al., 2011). ɋůŰɧůɞ, ɛŮɚɏŰŮɠ ˊɞɡ ůŰɧɢŮɡŬɜ ŮˊɘɚŮəŰɘəɎ ůŮ 

ŬůɗŮɜŮɑɠ ɛŮ ɛŮɚɎɜɤɛŬ ɓɚŮɜɜɞɔɧɜɤɜ əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɐ ɛŮŰŬɚɚŬɔɐ ůŰɞ ɔɞɜɑŭɘɞ c-KIT, űɎɜɖəŬɜ 

ˊŮɟɘůůɧŰŮɟɞ ɡˊɞůɢɧɛŮɜŮɠ. Ƀ ůɡɢɜɧŰŮɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɠ ˊŬɟɎɔɞɜŰŬɠ ɔɘŬ Űɖ ɗŮɟŬˊŮɑŬ  

ɛŮɚŬɜɩɛŬŰɞɠ  ɛŮ  ŬɚɚɞɘɩůŮɘɠ  Űɞɡ  KIT  ɐŰŬɜ  Űɞ imatinib.  ȷɜ  əŬɘ  ɞɘ  Ŭɟɢɘəɏɠ ɛŮɚɏŰŮɠ ŬɜɏűŮɟŬɜ 

ŭɟŬɛŬŰɘəɏɠ ŬˊŬɜŰɐůŮɘɠ ůŰɞ imatinib (Lutzky et al., 2008), ɞɘ ɛŮɔŬɚɨŰŮɟŮɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ 

ɚɘɔɧŰŮɟɞ ŮɚˊɘŭɞűɧɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ. ɇɟŮɘɠ ŭɞəɘɛɏɠ űɎůɖɠ ȽȽ ɏŭŮɘɝŬɜ ŭɘɎɛŮůɖ PFS ˊŮɟɑˊɞɡ 3 ɛɖɜɩɜ 

(Guo et al., 2011), 3,7 ɛɖɜɩɜ (Hodi et al.,  2013) əŬɘ 12 ŮɓŭɞɛɎŭɤɜ (Carvajal et al.,  2011). ɆŮ ɧɚŮɠ Űɘɠ 

ɛŮɚɏŰŮɠ, ɖ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ŬůɗŮɜɩɜ ˊɞɡ  ŬɜŰŬˊɞəɟɑɗɖəŬɜ  ůŰɖ  ɗŮɟŬˊŮɑŬ  ŮɑɢŬɜ  ɧɔəɞɡɠ  ˊɞɡ  

ɢŬɟŬəŰɖɟɑůŰɖəŬɜ  Ŭˊɧ ɛŮŰŬɚɚɎɝŮɘɠ Ůɝɤɜɑɤɜ 11 əŬɘ 13 (ŭɖɚŬŭɐ L576P əŬɘ K642E). ȯɚɚɞɘ ŬɜŬůŰɞɚŮɑɠ 

ˊɞɡ ůŰɞɢŮɨɞɡɜ Űɞ ȾȽɇ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŮɑɜŬɘ Űɞ sorafenib, Űɞ sunitinib  (Minor et al., 2012), Űɞ 

dasatinib (Woodman et al., 2009; Kalinsky et al., 2017) əŬɘ Űɞ nilotinib (Guo et al., 2017). ȳɚŮɠ ɞɘ 

ɛŮɚɏŰŮɠ ɛɏɢɟɘ ůɐɛŮɟŬ ɏɢɞɡɜ ˊŬɟɞɡůɘɎůŮɘ ˊŮɟɘɞɟɘůɛɏɜɖ ŮˊɘŰɡɢɑŬ, ɛŮ ɗŮɟŬˊŮɡŰɘəɎ ɞűɏɚɖ ɛɧɜɞ ůŮ 

ɞɟɘůɛɏɜŮɠ  ˊŮɟɘˊŰɩůŮɘɠ. ɋůŰɧůɞ, ɓɎůŮɘ əŬɘ Űɖɠ ŬɜŬůəɧˊɖůɖɠ Űɤɜ Goldemberg et al., ɖ ůŰɞɢŮɨɞɡůŬ 

ɗŮɟŬˊŮɑŬ ɏɜŬɜŰɘ cKIT ˊŬɟŬɛɏɜŮɘ ɤɠ ɏɜŬɠ ˊɞɚɚɎ ɡˊɞůɢɧɛŮɜɞɠ əɚɎŭɞɠ ůŰɖ ɗŮɟŬˊŮɑŬ Űɤɜ Űɧůɞ 

ŮˊɘɗŮŰɘəɩɜ ɛŮɚŬɜɤɛɎŰɤɜ Űɤɜ ɓɚŮɜɜɞɔɧɜɤɜ (Goldemberg et al., 2019). 
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V ɀŮɚɚɞɜŰɘəɏɠ ˊɟɞɞˊŰɘəɏɠ 

ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɡˊɎɟɢɞɡɜ ˊɞɚɚɎ ŭɘŬűɞɟŮŰɘəɎ űɎɟɛŬəŬ ˊɞɡ ůŰɞɢŮɨɞɡɜ Űɞ ɛɞɜɞˊɎŰɘ ɀȷɅȾ, ŬɚɚɎ 

ɚɧɔɤ ŬɜŰɑůŰŬůɖɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ ɞɘ Arkenau et al. ɡˊɞŭɖɚɩɜɞɡɜ ɧŰɘ ɏɜŬɠ ůɡɜŭɡŬůɛɧɠ ɗŮɟŬˊŮɘɩɜ ˊɞɡ 

ůŰɞɢŮɨɞɡɜ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ɞŭɞɨɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɧɠ ůŰɞ ɛɏɚɚɞɜ ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ 

ɛɞɜɞɗŮɟŬˊŮɑŮɠ (Arkenau et al., 2011). ȼ  əŬŰŬɜɧɖůɖ Űɞɡ  ɟɧɚɞɡ  Űɤɜ ˊɟɧůűŬŰŬ ŬɜŬɔɜɤɟɘůɛɏɜɤɜ 

ɔŮɜŮŰɘəɩɜ ɔŮɔɞɜɧŰɤɜ ůŰɖ ɛŮɚŬɜɞəɡŰŰŬɟɘəɐ ɜŮɞˊɚŬůɑŬ ɗŬ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ 

ɘəŬɜɞˊɞɘɖŰɘəɩɜ ɗŮɟŬˊŮɡŰɘəɩɜ ˊɟɞůŮɔɔɑůŮɤɜ. ɋɠ ůɡɜɏˊŮɘŬ Űɤɜ ˊɟɞŬɜŬűŮɟɗɏɜŰɤɜ ŮɝŮɚɑɝŮɤɜ, ɡˊɎɟɢŮɘ 

ɛŮɔɎɚɖ ŬɘůɘɞŭɞɝɑŬ ɔɘŬ Űɘɠ ɛŮɚɚɞɜŰɘəɏɠ  ˊɟɞɞˊŰɘəɏɠ  Űɤɜ  ŬůɗŮɜɩɜ  ɛŮ  ɛŮɚɎɜɤɛŬ. Ƀɘ ɜɏɞɘ ŭɡɜɖŰɘəɞɑ 

ůŰɧɢɞɘ ɗŮɟŬˊŮɑŬɠ, ɧˊɤɠ ɞɘ ŬɜŬůŰɞɚŮɑɠ Űɤɜ CDK4/6, MDM2/p53, c-KIT, PI3K/Akt/mTOR, ERK ɐ 

IDH1, ɏɢɞɡɜ Ůˊɑůɖɠ ɚɖűɗŮɑ ɡˊɧɣɖ ɔɘŬ Űɖ ɗŮɟŬˊŮɑŬ ɛŮɚŬɜɩɛŬŰɞɠ (Karachaliou et al., 2015; Wu et al., 

2018) . Ƀɘ ɛŮɚɚɞɜŰɘəɏɠ əŬŰŮɡɗɨɜůŮɘɠ Ůˊɘˊɚɏɞɜ, ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖɜ ŬɜɎˊŰɡɝɖ ɏɝɡˊɜɤɜ ůɡůŰɖɛɎŰɤɜ 

ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ɔɘŬ ˊɟɞůŮɔɔɑůŮɘɠ ŮˊɘɚŮəŰɘəɐɠ ɔɞɜɘŭɘŬəɐɠ ɗŮɟŬˊŮɑŬɠ ɤɠ əŬɘɜɞŰɧɛɞɡɠ Űɟɧˊɞɡɠ 

ɗŮɟŬˊŮɑŬɠ (Mannavola et al., 2019). ȼ ɜŬɜɞůɤɛŬŰɘŭɘŬəɐ ˊŬəɚɘŰŬɝɏɚɖ ŭŮůɛŮɡɛɏɜɖ ɛŮ Ŭɚɓɞɡɛɑɜɖ, ŮɑɜŬɘ 

ɏɜŬɠ ɢɖɛŮɘɞɗŮɟŬˊŮɡŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ɏɢŮɘ ŭŮɑɝŮɘ ɡˊɞůɢɧɛŮɜɖ ŭɟɎůɖ ůŮ ŬůɗŮɜŮɑɠ ɛŮ ˊɟɞɢɤɟɖɛɏɜɞ 

ɛŮɚɎɜɤɛŬ. Ʉɟɧəɚɖůɖ Ůˊɑůɖɠ ˊŬɟŬɛɏɜŮɘ ɖ ůŰɧɢŮɡůɖ-ŬɜŬůŰɞɚɐ ɛŮ miRNAs Űɖɠ ˊɟɤŰŮȶɜɖɠ RAS ɛŮ 

ůəɞˊɧ Űɞɜ əŬɗɞɚɘəɧ ɏɚŮɔɢɞ Űɖɠ Űɧůɞ ůɖɛŬɜŰɘəɐɠ ɔɘŬ Űɖɜ ˊŬɗɞɔɏɜŮɘŬ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ MAPK 

ůɖɛŬŰɞŭɧŰɖůɖɠ. 

 

1.8    ȺŰŮɟɞɔɏɜŮɘŬ ůŰɖ ɛɞɟɘŬəɐ əŬŰŬŰɞɛɐ (ˊɟɞűɑɚ) Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ  

 

ɇɞ ɛŮɚɎɜɤɛŬ ŮɑɜŬɘ ɏɜŬ ŮŰŮɟɞɔŮɜɏɠ ɜŮɧˊɚŬůɛŬ ůŮ ɘůŰɞɛɞɟűɞɚɞɔɘəɧ, ŬɜɞůɞűŬɘɜɞŰɡˊɘəɧ əŬɘ ɛɞɟɘŬəɧ 

ŮˊɑˊŮŭɞ. ɇɞ ɛŮɚɎɜɤɛŬ ɛˊɞɟŮɑ ɜŬ ŮɛűŬɜɑůŮɘ ŰɏŰɞɘŬ ˊɞɘəɘɚɑŬ ůŰɖɜ ɛɞɟűɞɚɞɔɘəɐ ɘůŰɞɚɞɔɘəɐ ŮɘəɧɜŬ, ˊɞɡ  

ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚɏůŮɘ ɛɘŬ ŭɘŬɔɜɤůŰɘəɐ ˊɟɧəɚɖůɖ, əŬɘ ŰɧŰŮ ɖ ŭɘɎɔɜɤůɖ ɛˊɞɟŮɑ ɜŬ ɓŬůɑɕŮŰŬɘ əŬŰɎ 

əɨɟɘɞ ɚɧɔɞ ůŰɞ ŬɜɞůɞűŬɘɜɞŰɡˊɘəɧ Űɖɠ ˊɟɞűɑɚ (Mejbel et al., 2019). ɋůŰɧůɞ, ɖ Ůˊɘɓɑɤůɖ Űɞɡ 

ŬůɗŮɜɞɨɠ əŬɘ ɖ ŬɜŰŬˊɧəɟɘůɖ ůŰɖ ɗŮɟŬˊŮɑŬ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɖ ɔŮɜŮŰɘəɐ ŮŰŮɟɞɔɏɜŮɘŬ Űɞɡ ɧɔəɞɡ əŬɘ ɧɢɘ 

ɛŮ Űɖ ɛɞɟűɞɚɞɔɑŬ. Ⱥˊɞɛɏɜɤɠ, ɖ ŬɜɑɢɜŮɡůɖ Űɤɜ ɛɞɟɘŬəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŰɏŰɞɘɤɜ ɛŮɚŬɜɤɛɎŰɤɜ 

əŬɗɑůŰŬŰŬɘ ŬˊŬɟŬɑŰɖŰɖ (ȺɘəɧɜŬ 1.32). 
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ȺɘəɧɜŬ 1.32. ȺŰŮɟɞɔɏɜŮɘŬ ůŰɞɜ ˊɚɖɗɡůɛɧ Űɤɜ ɛŮɚŬɜɞəɡŰŰɎɟɤɜ ůŰɞ ɛŮɚɎɜɤɛŬ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Hendrix et al., 

2017). 

 

ɆŰɞ ɛŮɚɎɜɤɛŬ, ɖ ɔŮɜŮŰɘəɐ ŮŰŮɟɞɔɏɜŮɘŬ Űɤɜ ɡˊɞŰɨˊɤɜ ˊŬɟŬɛɏɜŮɘ ɏɜŬɠ Ŭˊɧ Űɞɡɠ ůɡɜɖɗɏůŰŮɟɞɡɠ 

ɚɧɔɞɡɠ ŬɜɗŮəŰɘəɧŰɖŰŬɠ ůŰɖ ɗŮɟŬˊŮɑŬ (Reuben et al., 2017), əŬɗɩɠ ɞɟɘůɛɏɜŮɠ ɛŮŰŬɚɚɎɝŮɘɠ ɛˊɞɟŮɑ ɜŬ 

ɞŭɖɔɐůɞɡɜ ůŮ ŬɜŰɑůŰŬůɖ ůŰɖ ůŰɞɢŮɨɞɡůŬ ɗŮɟŬˊŮɑŬ (ȺɘəɧɜŬ 1.33). ȺˊɘˊɟɞůɗɏŰɤɠ, ɖ ɡɣɖɚɐ 

ŮŰŮɟɞɔɏɜŮɘŬ ɧɔəɞɡ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ˊɞɚɚŬˊɚɞɨɠ ɡˊɞˊɚɖɗɡůɛɞɨɠ ɜŮɞˊɚŬůɛŬŰɘəɩɜ əɡŰŰɎɟɤɜ, 

ˊɞɡ űɏɟɞɡɜ ŮŰŮɟɞɔŮɜŮɑɠ ɛŮŰŬɚɚɎɝŮɘɠ, ˊɟɞɎɔɞɜŰŬɠ Űɖɜ Ůˊɘɓɑɤůɖ Űɞɡ ɧɔəɞɡ əŬɘ Űɖ ŭɡůɛŮɜɐ ˊɟɧɞŭɞ 

ŰŮɚɘəɎ Űɖɠ ɜɧůɞɡ (Anaka et al., 2013). 
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ȺɘəɧɜŬ 1.33. ɇɞ ɔŮɜŮŰɘəɧ ˊɟɞűɑɚ Űɤɜ ɡˊɞŰɨˊɤɜ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ - CM: Ůˊɘˊɞɚɐɠ ŮˊŮəŰŮɘɜɧɛŮɜɞ ɛŮɚɎɜɤɛŬ 

ŮɝŬɟŰɩɛŮɜɞ Ŭˊɧ Űɖɜ ɡˊŮɟɘɩŭɖ ŬəŰɘɜɞɓɞɚɑŬ DM: ŭŮůɛɞˊɚŬůŰɘəɧ ɛŮɚɎɜɤɛŬ AM: Ŭəɟɘəɧ ɛŮɚɎɜɤɛŬ UM: 

ɛŮɚɎɜɤɛŬ Űɤɜ ɞűɗŬɚɛɩɜ MM: ɛŮɚɎɜɤɛŬ Űɤɜ ɓɚŮɜɜɞɔɧɜɤɜ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Rabbie et al., 2019). 

 

ũɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɖɠ ŮŰŮɟɞɔɏɜŮɘŬɠ Űɞɡ ɧɔəɞɡ, Ŭɜ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ŭɘɎűɞɟŮɠ 

ɛɏɗɞŭɞɘ, ɖ ŬɜɎɚɡůɖ ɛŮ ɓɎůɖ Űɞ NGS ɗŮɤɟŮɑŰŬɘ ɏɜŬ Ŭˊɧ ŰŬ ˊɘɞ ɢɟɐůɘɛŬ ŮɟɔŬɚŮɑŬ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ 

ɛŮŰŬɚɚɎɝŮɤɜ ˊɞɡ Ůɝɖɔɞɨɜ Űɖɜ ŮŰŮɟɞɔɏɜŮɘŬ Űɞɡ ɧɔəɞɡ, ɚɧɔɤ Űɖɠ ɡɣɖɚɐɠ ŮɡŬɘůɗɖůɑŬɠ Űɖɠ ˊɞɡ ɛˊɞɟŮɑ 

ɜŬ ŬɜɘɢɜŮɨůŮɘ ɛŮŰŬɚɚɎɝŮɘɠ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ ɏɜŬ ɛɘəɟɧ ˊɞůɞůŰɧ əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ. ȺəŰɧɠ Ŭˊɧ 

Űɖɜ ŬəɟɑɓŮɘŬ ɞɘ ɛɏɗɞŭɞɘ NGS ŮɑɜŬɘ ůɢŮŰɘəɎ ɞɘəɞɜɞɛɘəɎ ŬˊɞŭɞŰɘəɏɠ ůŮ ůɨɔəɟɘůɖ ɛŮ ɎɚɚŮɠ ɛŮɗɧŭɞɡɠ, 

ɧˊɤɠ ɖ PCR ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ əŬɘ ɖ Ŭɚɚɖɚɞɨɢɘůɖ Sanger (de Unamuno et al., 2017).  
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ȺɘəɧɜŬ 1.34. ȺŰŮɟɞɔɏɜŮɘŬ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ ůŮ ɛɞɟɘŬəɧ ŮˊɑˊŮŭɞ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Rabbie et al., 2019). 

 

1.9     ȺˊɘɔŮɜŮŰɘəɏɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ əŬɘ Ůɝɏɚɘɝɖ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ 

 

ȼ ŬɜɎˊŰɡɝɖ əŬɘ ɖ Ůɝɏɚɘɝɖ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ ɏɢɞɡɜ ŬˊɞŭɞɗŮɑ ůŮ ŬɜŮɝɎɟŰɖŰŬ ɐ ůɡɜŭɡŬůɛɏɜŬ ɔŮɜŮŰɘəɎ 

ŬɚɚɎ əŬɘ ŮˊɘɔŮɜŮŰɘəɎ ɔŮɔɞɜɧŰŬ. ȼ ŮˊɘɔŮɜŮŰɘəɐ - ˊɞɡ ɞɟɑɕŮŰŬɘ ɤɠ ɞɘ ɛɞɟɘŬəɞɑ ɛɖɢŬɜɘůɛɞɑ ˊɞɡ 

ɟɡɗɛɑɕɞɡɜ Űɘɠ əɚɖɟɞɜɞɛɘəɏɠ ŬɚɚŬɔɏɠ ůŰɖ ɔɞɜɘŭɘŬəɐ ɏəűɟŬůɖ ɢɤɟɑɠ ɜŬ ˊɟɞəŬɚɞɨɜ ŬɚɚŬɔɏɠ ůŰɖɜ 

ŬəɞɚɞɡɗɑŬ DNA- ˊŬɟɏɢŮɘ ůɖɛŬɜŰɘəɐ ˊɚɖɟɞűɞɟɑŬ ɔɘŬ Űɖ ŭɘŮɚŮɨəŬɜůɖ Űɤɜ űŬɘɜɞŰɡˊɘəɩɜ, 

ɛɞɟűɞɚɞɔɘəɩɜ əŬɘ ˊŬɗɞɓɘɞɚɞɔɘəɩɜ ŭɘŬűɞɟɩɜ. ɀŮŰŬɓɎɚɚɞɜŰŬɠ Űɖ ŭɞɛɐ Űɖɠ ɢɟɤɛŬŰɑɜɖɠ ɛɏůɤ 

ɞɛɞɘɞˊɞɚɘəɐɠ Űɟɞˊɞˊɞɑɖůɖɠ ɓɎůŮɤɜ DNA ɐ ˊɟɤŰŮɥɜɩɜ Űɤɜ ɘůŰɞɜɩɜ ɐ ɟɡɗɛɑɕɞɜŰŬɠ Űɖ ɛŮŰɎűɟŬůɖ 

Űɞɡ mRNA ɛɏůɤ əɤŭɘəɞˊɞɘɖŰɘəɩɜ RNAs, ɖ ŮˊɘɔŮɜŮŰɘəɐ ɟɡɗɛɑɕŮɘ ůŮ ŰŮɚŮɡŰŬɑɞ ůŰɎŭɘɞ ˊɞɘŬ ɔɞɜɑŭɘŬ ɗŬ 

ŮəűɟŬůŰɞɨɜ. 

 ɀɘŬ ɓŬůɘəɐ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ ɔɞɜɘŭɘɩɛŬŰɞɠ əŬɘ ŮˊɘɔɞɜɘŭɘɩɛŬŰɞɠ ŮɑɜŬɘ ɧŰɘ Űɞ ŰŮɚŮɡŰŬɑɞ ɛˊɞɟŮɑ 

ŭɡɜɖŰɘəɎ ɜŬ ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ ɗŮɟŬˊŮɡŰɘəɎ ŬɜŬůŰɟɏɣɘɛɞ Ŭˊɧ Űɘɠ ɛŮŰŬɚɚɎɝŮɘɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɞ 

ɔŮɜŮŰɘəɧ əɩŭɘəŬ. ȰɢŮɘ ůɖɛŮɘɤɗŮɑ ŬɝɘɞůɖɛŮɑɤŰɖ ˊɟɧɞŭɞɠ ůŰɖɜ əŬŰŬɜɧɖůɖ Űɖɠ ˊŬɗɞɔɏɜŮɘŬɠ Űɞɡ 

ɛŮɚŬɜɩɛŬŰɞɠ ɧůɞɜ ŬűɞɟɎ Űɘɠ ɔŮɜŮŰɘəɏɠ ŬɚɚɞɘɩůŮɘɠ. ɋůŰɧůɞ, ˊɟɧůűŬŰŮɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŬˊɞəŬɚɨɣŮɘ 

ɛɘŬ ˊɞɚɨˊɚɞəɖ ůɡɛɛŮŰɞɢɐ ŮˊɘɔŮɜŮŰɘəɩɜ ɛɖɢŬɜɘůɛɩɜ ůŰɖ ɟɨɗɛɘůɖ Űɖɠ ɔɞɜɘŭɘŬəɐɠ ɏəűɟŬůɖɠ, 
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ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɖɠ Űɖɠ ɛŮɗɡɚɑɤůɖɠ, Űɖɠ Űɟɞˊɞˊɞɑɖůɖɠ ɐ/əŬɘ ŬɜŬŭɘŬɛɧɟűɤůɖɠ Űɖɠ ɢɟɤɛŬŰɑɜɖɠ, 

əŬɘ Űɤɜ ˊɞɘəɑɚɤɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ Űɤɜ ɛɖ-əɤŭɘəɞˊɞɘɞɨɛŮɜɤɜ RNAs. Ƀ ɟɧɚɞɠ Űɤɜ ŮˊɘɔŮɜŮŰɘəɩɜ 

ˊŬɟŬɔɧɜŰɤɜ ůŰɖɜ ˊŬɗɞɔɏɜŮůɖ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ ŭŮɜ ɏɢŮɘ Ŭəɧɛɖ  ŬˊɞůŬűɖɜɘůŰŮɑ  ˊɚɐɟɤɠ.   

  Ƀɘ ɛŮŰŬɓɞɚɏɠ ůŰɖ ɛŮɗɡɚɑɤůɖ Űɞɡ DNA ɏɢɞɡɜ ˊŮɟɘɔɟŬűŮɑ əŬɘ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖɜ ɡˊɞɛŮɗɡɚɑɤůɖ, 

ɞŭɖɔɩɜŰŬɠ ůŮ ŬˊɞəɚɑɜɞɡůŬ ɔɞɜɘŭɘŬəɐ  ɏəűɟŬůɖ  əŬɘ  Űɖɜ  ŮůŰɘŬəɐ  ɡˊŮɟɛŮɗɡɚɑɤůɖ  Űɤɜ ɜɖůɘŭɑɤɜ 

CpG (Rubinstein et al.,  2010). ɇŬ ɛɖ əɤŭɘəɞˊɞɘɞɨɛŮɜŬ RNAs (ˊ.ɢ., microRNAs), ŮɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ 

ŭŮɜ ŮəűɟɎɕɞɜŰŬɘ ůɤůŰɎ ůŰɞ ɛŮɚɎɜɤɛŬ əŬɘ ˊŬɑɕɞɡɜ əŬɗɞɟɘůɛɏɜɞɡɠ ɟɧɚɞɡɠ ůŰɖɜ ˊŬɗɞɔɏɜŮůɖ. ȼ 

ɡˊŮɟɛŮɗɡɚɑɤůɖ ůɡɔəŮəɟɘɛɏɜɤɜ ɞɔəɞəŬŰŬůŰŬɚŰɘəɩɜ ɔɞɜɘŭɑɤɜ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ ŮəŮɑɜɤɜ ˊɞɡ 

ŮɛˊɚɏəɞɜŰŬɘ ůŰɖ ɟɨɗɛɘůɖ Űɞɡ əɡŰŰŬɟɘəɞɨ əɨəɚɞɡ, Űɖɜ əɡŰŰŬɟɘəɐ ůɖɛŬŰɞŭɧŰɖůɖ əŬɘ Űɖɜ ŬˊɧˊŰɤůɖ, 

ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ əŬɘ ɔɘŬ Űɞ ɛŮɚɎɜɤɛŬ  (ȺɘəɧɜŬ 1.35) (Guo et al., 2019).  

   ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ, ŮˊɖɟŮɎɕŮŰŬɘ ůɡɜɞɚɘəɎ ɖ ɚŮɘŰɞɡɟɔɑŬ ůɖɛŬŰɞŭɞŰɘəɩɜ ɛɞɜɞˊŬŰɘɩɜ ˊɞɡ 

ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮŰŬɝɨ Űɞɡɠ, ŭɘŬůŰŬɡɟɩɜɞɜŰŬɘ əŬɘ ůɢɖɛŬŰɑɕɞɡɜ ŭɑəŰɡŬ ůŰŬ ɞˊɞɑŬ ɞɘ Űɞˊɘəɏɠ 

ŭɘŬŰŬɟŬɢɏɠ ŭɘŬŰŬɟɎůůɞɡɜ Űɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ ɞɚɧəɚɖɟɞɡ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȰɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ, ɞɘ 

ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ŮˊɘɔŮɜŮŰɘəɏɠ ŬɚɚŬɔɏɠ ˊɞɡ ɝŮəɘɜɞɨɜ/ˊɟɞɎɔɞɡɜ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ 

ɛŮɚŬɜɩɛŬŰɞɠ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɤɠ ɓɘɞŭŮɑəŰŮɠ ɔɘŬ Űɖɜ ˊɟɧɚɖɣɖ, Űɖɜ ɏɔəŬɘɟɖ ŬɜɑɢɜŮɡůɖ, 

Űɖ ɗŮɟŬˊŮɑŬ əŬɘ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ Ůɝɏɚɘɝɖɠ Űɞɡ ɜŮɞˊɚɎůɛŬŰɞɠ (Lin et al., 2019). 

    Ɇɡɛ́ŮɟŬůɛŬŰɘəɎ, ɞɘ ŮˊɘɔŮɜŮŰɘəɏɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ ůɡɛɓŬɑɜɞɡɜ ůŰɞ ɛŮɚɎɜɤɛŬ əŬɘ ŮˊɎɔɞɡɜ Űɞ 

ɛŮŰŬůŰŬŰɘəɧ ŭɡɜŬɛɘəɧ ˊɞɡ ŭɘŮɔŮɑɟŮɘ ɏɜŬɜ əɟɑůɘɛɞ ɛɖɢŬɜɘůɛɧ, ɞ ɞˊɞɑɞɠ ɛŮ Űɖ ůŮɘɟɎ Űɞɡ ɟɡɗɛɑɕŮɘ Űɖɜ 

ŮɝɎˊɚɤůɖ Űɤɜ əɡŰŰɎɟɤɜ ɛŮɚŬɜɩɛŬŰɞɠ Ŭˊɧ Űɖɜ ˊɟɤŰɞˊŬɗɐ ůŰɖ ŭŮɡŰŮɟɞˊŬɗɐ ŮůŰɑŬ. ŪŮɟŬˊŮɡŰɘəɏɠ 

ůŰɟŬŰɖɔɘəɏɠ ˊɞɡ Ŭˊɞůəɞˊɞɨɜ ůŰɖ ůɡɔəɟɎŰɖůɖ Űɞɡ ŮˊɘɔŮɜŮŰɘəɞɨ ŮɚŬŰŰɩɛŬŰɞɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ 

ůŰɞɢŮɡɧɛŮɜɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ɐ/əŬɘ ŬɜɞůɞɗŮɟŬˊŮɑŬ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ůɢŮŭɘŬůŰɞɨɜ ůŮ ɛŮɚɚɞɜŰɘəɏɠ 

əɚɘɜɘəɏɠ ŭɞəɘɛɏɠ ŭɘŮɟŮɨɜɖůɖɠ. ɆŮ ŬɡŰɧ Űɞ ˊɚŬɑůɘɞ, ŮˊɘɔɞɜɘŭɘŬəɎ űɎɟɛŬəŬ ˊɞɡ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɡɜ 

DHAs ɏɢɞɡɜ ŭɘŮɟŮɡɜɖɗŮɑ ůŮ ˊɟɞəɚɘɜɘəɎ ɛɞɜŰɏɚŬ ˊɞɡ ŬˊɞŭŮɘəɜɨɞɡɜ Űɖɜ ɘəŬɜɧŰɖŰɎ Űɞɡɠ ɜŬ Ůɜɘůɢɨɞɡɜ 

Űɖɜ Ŭɜɞůɞɚɞɔɘəɐ ŬɜŬɔɜɩɟɘůɖ ɛɏůɤ Űɖɠ Ŭɜɞŭɘəɐɠ ɟɨɗɛɘůɖɠ Űɖɠ ŰɎɝɖɠ Ƚ Ŭɜɗɟɩˊɘɜɞɡ ŬɜŰɘɔɧɜɞɡ 

ɘůŰɞůɡɛɓŬŰɧŰɖŰŬɠ (HLA) əŬɘ ɓɞɖɗɖŰɘəɩɜ/ůɡɜŭɘŮɔŮɟŰɘəɩɜ ɛɞɟɑɤɜ, Űɖ ɟɨɗɛɘůɖ Űɞɡ Th1, Űɖɜ ˊɧɚɤůɖ 

əŬɘ Űɖɜ ˊɟɞɩɗɖůɖ Űɖɠ ŮɜŮɟɔɞˊɞɑɖůɖɠ əŬɘ ˊɞɚɚŬˊɚŬůɘŬůɛɞɨ Űɤɜ CD8 + ɇ əɡŰŰɎɟɤɜ.  ɇŬ DHAs 

ŮˊɧɛŮɜɖɠ ɔŮɜŮɎɠ ŬˊɏŭŮɘɝŬɜ ˊɞɚɚɎ ɡˊɞůɢɧɛŮɜɖ ŬɜɞůɞɟɡɗɛɘůŰɘəɐ əŬɘ ŬɜŰɘəŬɟəɘɜɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ůŮ 

əɚɘɜɘəɏɠ ŭɞəɘɛɏɠ ɆŮ ŬɡŰɧ Űɞ ůɡɜŮɢɩɠ ŮɝŮɚɘůůɧɛŮɜɞ ůŮɜɎɟɘɞ, ɖ ɛŮɚɏŰɖ NIBIT-M4 Űɖɠ űɎůɖɠ 1b 

ŮˊɘɓŮɓŬɑɤůŮ ˊɟɧůűŬŰŬ Űɖɜ Ŭɜɞɢɐ əŬɘ Űɖɜ ŬůűɎɚŮɘŬ Űɖɠ ɔɞɡŬŭŮəɘŰŬɛˊɑɜɖɠ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ 

ipilimumab ůŮ ɛɖ ŬɜŬůŰɟɏɣɘɛɞ ɛŮɚɎɜɤɛŬ ůŰŬŭɑɞɡ III/IV ɛŮ ɏɜŬ ɛɞɜŬŭɘəɧ ˊɞůɞůŰɧ ŬɜŰɘəŮɘɛŮɜɘəɐɠ 

ŬɜŰŬˊɧəɟɘůɖɠ 26% (Di Giacomo et al., 2019). 
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ȺɘəɧɜŬ 1.35. ɇŬ ůɡɢɜɧŰŮɟŬ ɡˊŮɟɛŮɗɡɚɘɤɛɏɜŬ ɔɞɜɑŭɘŬ ůŰɞ ɛŮɚɎɜɤɛŬ (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Sarkar et al., 2015). 

 

 

1.10     ȷɜɎɔəɖ ˊɟɞůŭɘɞɟɘůɛɞɨ ɓɘɞŭŮɘəŰɩɜ 

 

ɇŬ ŰŮɚŮɡŰŬɑŬ 20 ɢɟɧɜɘŬ, ŬɡɝɐɗɖəŮ ɖ ɢɟɐůɖ Űɖɠ ŬɜɞůɞɥůŰɞɢɖɛŮɑŬɠ (IHC) ɤɠ Ůˊɘəɞɡɟɘəɐɠ ɛŮɗɧŭɞɡ ůŰɖ 

ŭɘɎɔɜɤůɖ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ. ȼ ŬɜɎˊŰɡɝɖ ɘůɢɡɟɩɜ ŮɡŬɑůɗɖŰɤɜ əŬɘ Ůɘŭɘəɩɜ ɓɘɞɚɞɔɘəɩɜ ŭŮɘəŰɩɜ 

əŬɟəɑɜɞɡ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ŬɜɞůɞɥůŰɞɢɖɛŮɑŬɠ Űɤɜ ɘůŰɩɜ ˊŬɟŬɛɏɜŮɘ Űɞ ŮˊɑəŮɜŰɟɞ Űɖɠ ɏɟŮɡɜŬɠ. ȼ ɔɜɩůɖ 

Űɖɠ ɛɞɟɘŬəɐɠ ˊŬɗɞɔɏɜŮɘŬɠ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ ŭɖɛɘɞɡɟɔŮɑ Űɖɜ ŰɎůɖ ŮɨɟŮůɖɠ ɓɘɞŭŮɘəŰɩɜ ɛŮ ůəɞˊɧ Űɖɜ 

Ŭəɟɘɓɐ ŭɘɎɔɜɤůɖ əŬɘ Űɖɜ ɏɔəŬɘɟɖ ŬɜɑɢɜŮɡůɖ ˊɘɗŬɜɐɠ ɡˊɞŰɟɞˊɘɎɕɞɡůŬɠ ɐ ɛŮŰŬůŰŬŰɘəɐɠ ɜɧůɞɡ. 

Ⱥˊɘˊɚɏɞɜ, ůɖɛŬɜŰɘəɐ ŮɑɜŬɘ ɖ ůɖɛŬůɑŬ ŬɜŬɔɜɩɟɘůɖɠ ˊɟɞɔɜɤůŰɘəɩɜ əŬɘ ˊɟɞɓɚŮˊŰɘəɩɜ ŭŮɘəŰɩɜ, ˊɞɡ 

ˊŬɟɏɢɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ ˊɟɧɔɜɤůɖ əŬɘ Űɖɜ ˊɟɧɓɚŮɣɖ Űɖɠ ŬˊɎɜŰɖůɖɠ ůŮ ůɡɔəŮəɟɘɛɏɜɖ 

ɗŮɟŬˊŮɑŬ, ŬɜŰɑůŰɞɘɢŬ. 
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 Ƀɘ ɛŮŰŬɚɚɎɝŮɘɠ Űɞɡ ɡˊɞəɘɜɖŰɐ TERT ůɢŮŰɑɕɞɜŰŬɘ ɛŮ űŰɤɢɧŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ ɡˊɞůɨɜɞɚŬ 

ŬůɗŮɜɩɜ ɛŮ ɛŮɚɎɜɤɛŬ ɛŮ ɛŮŰŬɚɚɎɝŮɘɠ BRAF / NRAS əŬɘ ŬɡŰɧ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛŮɨůŮɘ ɤɠ ˊɘɗŬɜɧɠ 

ɛŮɚɚɞɜŰɘəɧɠ ɓɘɞŭŮɑəŰɖɠ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ŮɑɜŬɘ Ůˊɑůɖɠ ɏɜŬ ˊɟɩɘɛɞ ɔŮɔɞɜɧɠ ůŰɖɜ ŮɝŬɚɚŬɔɐ ůŮ ɛŮɚɎɜɤɛŬ, 

ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ŬˊɞŰŮɚɏůɞɡɜ ˊɞɚɨŰɘɛɞ ŭɘŬɔɜɤůŰɘəɧ ɓɘɞɚɞɔɘəɧ ŭŮɑəŰɖ ɔɘŬ Űɞ ɛŮɚɎɜɤɛŬ (Nagore et 

al., 2019).  

ȼ ɡɔɟɐ ɓɘɞɣɑŬ ŬɜŬŭɨŮŰŬɘ ɤɠ ɢɟɐůɘɛɖ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ ůŰɖ ůɡɛɓŬŰɘəɐ ɓɘɞɣɑŬ ɘůŰɞɨ, ɖ ɞˊɞɑŬ ˊŬɟɏɢŮɘ 

ɛɘŬ ɛɖ ŮˊŮɛɓŬŰɘəɐ ˊɟɞůɏɔɔɘůɖ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ əŬɘ Űɖ ɛɏŰɟɖůɖ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ Űɤɜ 

ɓɘɞɚɞɔɘəɩɜ ŭŮɘəŰɩɜ Űɞɡ əŬɟəɑɜɞɡ ɛŮ Ŭˊɚɐ ɚɐɣɖ ŬɑɛŬŰɞɠ əŬɗɩɠ əŬɘ Ɏɚɚɤɜ ɓɘɞɚɞɔɘəɩɜ ɡɔɟɩɜ, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ɞɨɟɤɜ əŬɘ Űɞɡ ůɎɚɘɞɡ. ȺɑɜŬɘ ɢɟɐůɘɛɖ, ɛŮŰɎ Űɖɜ Ŭɟɢɘəɐ ŭɘɎɔɜɤůɖ ůŮ 

ɘůŰɘəɧ ɡɚɘəɧ, ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ŬˊɎɜŰɖůɖɠ ůŰɖ ɗŮɟŬˊŮɑŬ, Űɖɜ ˊɟɩɘɛɖ ŬɜŬɔɜɩɟɘůɖ 

ɡˊɞŰɟɞˊɐɠ Űɖɠ ɜɧůɞɡ əŬɘ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɛŮŰŬůŰŬŰɘəɐɠ ɜɧůɞɡ ůŮ ɗɏůŮɘɠ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ɚɐɣɖ 

ɓɘɞɣɑŬɠ. ɆŮ ŬɡŰɧ Űɞ ˊɚŬɑůɘɞ, ɛŮŰɟɐɗɖəŬɜ ŬɡɝɖɛɏɜŬ ŮˊɑˊŮŭŬ ŮɝɤůɤɛŬŰɘəɩɜ miR-17, miR-19a, miR-

21, miR-126 əŬɘ miR-149 ůŰɞ ˊɚɎůɛŬ ŬůɗŮɜɩɜ ɛŮ ůˊɞɟŬŭɘəɧ ɛŮŰŬůŰŬŰɘəɧ ɛŮɚɎɜɤɛŬ əŬɘ 

ˊɟɞŰɎɗɖəŬɜ ɤɠ ˊɘɗŬɜɞɑ ɓɘɞŭŮɑəŰŮɠ ůŰɖɜ əɚɘɜɘəɐ ŭɘɎɔɜɤůɖ. 

ȼ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŬɜŬɚɨůŮɤɜ DNA/RNA Űɞɡ əɡəɚɞűɞɟɞɨɜŰɞɠ ɧɔəɞɡ (ctDNA/RNA) ŮɑɜŬɘ ɏɜŬ 

ˊɞɚɨŰɘɛɞ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ŬɜŰŬˊɧəɟɘůɖɠ ůŰɖɜ ŬɜɞůɞɗŮɟŬˊŮɑŬ əŬɘ űŬɑɜŮŰŬɘ ɜŬ 

ŭɑɜŮɘ ˊŮɟɘůůɧŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ Ŭˊɧ Űɖɜ ŬəŰɘɜɞɚɞɔɘəɐ ˊŬɟŬəɞɚɞɨɗɖůɖ ůŮ ŬůɗŮɜŮɑɠ ɛŮ ŮɝɤəɟŬɜɘŬəɐ 

ɜɧůɞ ůŰŬŭɑɞɡ IV (Lee et al., 2017; Lee et al., 2019). Ƀɘ ˊɟɞəɚɐůŮɘɠ ůŮ ŬɡŰɧɜ Űɞɜ ŰɞɛɏŬ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖ ůɖɛŬɜŰɘəɐ ŮŰŮɟɞɔɏɜŮɘŬ ɛŮŰŬɝɨ Űɤɜ ɡˊɞŰɨˊɤɜ ɛŮɚŬɜɩɛŬŰɞɠ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɘɠ 

ɛɞɟɘŬəɏɠ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ ůɡɜŭŮɧɛŮɜɤɜ ɛŮ ɡˊŮɟɘɩŭɖ ŬəŰɘɜɞɓɞɚɑŬ ŭŮɟɛŬŰɘəɩɜ ɛŮɚŬɜɤɛɎŰɤɜ, 

Űɤɜ BRAF ɛɖ ɛŮŰŬɚɚŬɔɛɏɜɤɜ ɛŮɚŬɜɤɛɎŰɤɜ ə.Ŭ. ȷɡŰɧ ɡˊɞɜɞŮɑ ɧŰɘ ɞɘ ŭɞəɘɛŬůɑŮɠ ctDNA ɛˊɞɟŮɑ ɜŬ 

ɢɟŮɘŬůŰŮɑ ɜŬ ŮɑɜŬɘ ŮɝŬŰɞɛɘəŮɡɛɏɜŮɠ əŬɘ ɜŬ ůŰɞɢŮɨɞɡɜ ůŰɞ ˊɟɞűɑɚ ɛŮŰɎɚɚŬɝɖɠ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ Ůɜɧɠ 

ŬŰɧɛɞɡ. ɇɞ əɡəɚɞűɞɟɞɨɜ DNA Űɞɡ ɧɔəɞɡ ŭŮɜ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ Űɧůɞ ɢɟɐůɘɛɞ ůŰɖɜ ˊɟɞɔɜɤůŰɘəɐ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ ůŮ ŬůɗɏɜŮɘŬ ˊɟɩɘɛɖɠ űɎůɖɠ ɛŮ Űɘɠ ŰɟɏɢɞɡůŮɠ ŮɡŬɘůɗɖůɑŮɠ ˊɟɞůŭɘɞɟɘůɛɞɨ, ŬɚɚɎ 

ɛˊɞɟŮɑ ɜŬ ŬˊɞŭŮɘɢɗŮɑ ɢɟɐůɘɛɞ ɧŰŬɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɘɞ ŮɡŬɑůɗɖŰŮɠ ŰŮɢɜɘəɏɠ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɐ Űɞɡ. 

ɀŮ ɓɎůɖ Űɘɠ ˊɟɧůűŬŰŮɠ ɃŭɖɔɑŮɠ Ⱦɚɘɜɘəɐɠ ɄɟŬəŰɘəɐɠ ESMO,  ɞ ɏɚŮɔɢɞɠ BRAF ɛŮŰɎɚɚŬɝɖɠ ŮɑɜŬɘ 

ɡˊɞɢɟŮɤŰɘəɧɠ ůŮ ŬůɗŮɜŮɑɠ ɛŮ ɛŮɚɎɜɤɛŬ ůŰŬŭɑɞɡ ȽȽȽ ɐ ůŰŬŭɑɞɡ IV ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰŮɑ ɐ ŭŮɜ 

ɛˊɞɟŮɑ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰŮɑ əŬɘ ůɡɜɘůŰɎŰŬɘ ɘŭɘŬɑŰŮɟŬ ůŮ ŬůɗŮɜŮɑɠ ůŰŬŭɑɞɡ IIC (Michielin et al., 

2019). ɆŰɖ ɛŮŰŬůŰŬŰɘəɐ ɜɧůɞ, ůɡɜɘůŰɎŰŬɘ ɖ ŭɘŮɜɏɟɔŮɘŬ ɛɞɟɘŬəɩɜ ŬɜŬɚɨůŮɤɜ ůŮ ɛŮŰŬůŰŬŰɘəɧ ŭŮɑɔɛŬ, 

ŮɎɜ ɡˊɎɟɢŮɘ, ŮˊŮɘŭɐ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ ˊɘɞ ˊɟɧůűŬŰɖ ɓɚɎɓɖ. ȳŰŬɜ ŭŮɑɔɛŬ ɛŮŰŬůŰŬŰɘəɞɨ ɘůŰɞɨ ŭŮɜ 

ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞ, ɞɘ ŬɜŬɚɨůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ůŮ ŭŮɑɔɛŬŰŬ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ 

ɛŮŰŬůŰɎůŮɘɠ ɚŮɛűŬŭɏɜɤɜ ɐ ˊɟɤŰɞɔŮɜɐ ɧɔəɞ, əŬɗɩɠ ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ůɢŮŰɘəɎ ɡɣɖɚɐ ůɡɛűɤɜɑŬ 
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Űɖɠ əŬŰɎůŰŬůɖɠ BRAF ɛŮŰŬɝɨ ˊɟɤŰɞˊŬɗɩɜ ɛŮɚŬɜɤɛɎŰɤɜ əŬɘ Űɤɜ ɛŮŰŬůŰŬŰɘəɩɜ ŮůŰɘɩɜ Űɞɡɠ, Ŭɜ əŬɘ 

ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭŮɜ ŮɑɜŬɘ ˊɎɜŰŬ ɑŭɘŬ (Colombino et al., 2012; Valachis and Ullenhag, 

2017; Cormican et al., 2019; Pellegrini et al., 2020). Ⱥˊɘˊɚɏɞɜ, ɞɘ ɞŭɖɔɑŮɠ əɚɘɜɘəɐɠ ˊɟŬəŰɘəɐɠ NCCN 

ůɡɜɘůŰɞɨɜ ɏɚŮɔɢɞ ɔɘŬ BRAF ɛŮŰŬɚɚɎɝŮɘɠ ůŮ ŬůɗŮɜŮɑɠ ɛŮ ɢŮɘɟɞɡɟɔɘəɐ ŬűŬɑɟŮůɖ ŬɚɚɎ ɧɢɘ ɑŬůɖ əŬɘ ůŮ 

ɛŮŰŬůŰŬŰɘəɧ ɛŮɚɎɜɤɛŬ ɔɘŬ ɜŬ əŬɗɞŭɖɔɐůɞɡɜ Űɘɠ ŬˊɞűɎůŮɘɠ ɗŮɟŬˊŮɑŬɠ (NCCN Clinical Practice 

Guidelines in Oncology). 

ȼ Ůˊɘɚɞɔɐ Űɤɜ ɛŮɗɧŭɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞ ɄŬɗɞɚɞɔɞŬɜŬŰɞɛɘəɧ ȺɟɔŬůŰɐɟɘɞ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖɜ Ůɘŭɘəɐ ŮɡŬɘůɗɖůɑŬ, Űɖɜ ŬɜŬˊŬɟŬɔɤɔɘɛɧŰɖŰŬ, Űɖɜ ŬəɟɑɓŮɘŬ, Űɞɜ ŬˊŬɟŬɑŰɖŰɞ ɢɟɧɜɞ 

əŬɘ Űɞ əɧůŰɞɠ Űɖɠ ŮɝɏŰŬůɖɠ. Ⱥˊɘˊɚɏɞɜ, ɖ Ůˊɘɚɞɔɐ əŬɘ ɖ ɢɟɐůɖ ŰŮɢɜɘəɩɜ ɘəŬɜɩɜ ɜŬ ˊɞůɞŰɘəɞˊɞɘɐůɞɡɜ 

Űɖ ůɡɢɜɧŰɖŰŬ ɛŮŰŬɚɚŬɔɛɏɜɤɜ Ŭɚɚɖɚɞɛɧɟűɤɜ Űɞɡ ɔɞɜɘŭɑɞɡ BRAF ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ Ŭűɞɨ ŬɜŬűɏɟŮŰŬɘ 

ɧŰɘ ŮˊɖɟŮɎɕŮɘ Űɖɜ əɚɘɜɘəɐ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɤɜ ɗŮɟŬˊŮɘɩɜ ŬɜŬůŰɞɚɏɤɜ BRAF/ɀȺȾ. ȰŰůɘ, ɖ 

ˊɞůɞŰɘəɐ ŬɜɎɚɡůɖ Űɞɡ ɔɞɜɘŭɑɞɡ BRAF ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮɑɜŬɘ ɢɟɐůɘɛɖ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ ŬůɗŮɜɩɜ ɛŮ 

ɛŮɚɎɜɤɛŬ ˊɞɡ ŮɑɜŬɘ ˊɘɞ ˊɘɗŬɜɧ ɜŬ ŮˊɤűŮɚɖɗɞɨɜ Ŭˊɧ Űɖɜ ůŰɞɢŮɨɞɡůŬ ɗŮɟŬˊŮɑŬ ( Stagni et al., 

2018). Ⱥˊɘˊɚɏɞɜ, ɖ Ůɜŭɞɞɔəɘəɐ ŮŰŮɟɞɔɏɜŮɘŬ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ˊŬɟŮɟɛɖɜŮɑŬ Űɖɠ əŬŰŬŰɞɛɐɠ 

Űɤɜ ɛŮŰŬɚɚɎɝŮɤɜ Űɞɡ BRAF. ȷɡŰɧ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɧ ŮɎɜ ɖ ŭɞəɘɛɐ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰŬ 

ˊɟɤŰɞɔŮɜɐ ŭŮɑɔɛŬŰŬ ɐ ůŮ ɛŮŰŬůŰɎůŮɘɠ, ɧŰŬɜ ŭŮɜ ɡˊɎɟɢɞɡɜ ŭɘŬɗɏůɘɛŮɠ ɎűɗɞɜŮɠ ɛŮŰŬůŰŬŰɘəɏɠ 

ɓɚɎɓŮɠ. ɆŮ ŬɡŰɧ Űɞ ˊɚŬɑůɘɞ, ɞ ɢŬɟŬəŰɖɟɘůɛɧɠ Űɖɠ ɛɞɟɘŬəɐɠ ŮŰŮɟɞɔɏɜŮɘŬɠ ůŮ ˊɟɞɢɤɟɖɛɏɜɞɡɠ ŬůɗŮɜŮɑɠ 

ɛŮ ɛŮɚɎɜɤɛŬ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɝŮˊŮɟŬůŰŮɑ ɛŮ Űɖɜ ŬɜɎɚɡůɖ Űɖɠ ɡɔɟɐɠ ɓɘɞɣɑŬɠ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɏɜŬ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧ ɛɖ ŮˊŮɛɓŬŰɘəɧ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ (əŬɘ ɧɢɘ Űɖɜ Ŭɟɢɘəɐ ŭɘɎɔɜɤůɖ) Űɞɡ 

ŬůɗŮɜɞɨɠ (Vanni et al., 2020). 
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1.11 ɆȾɃɄɃɆ ɇȼɆ ȺɅũȷɆȽȷɆ-ȺɄȽɆɇȼɀɃɁȽȾȼ ɆȼɀȷɆȽȷ 
 

ɇɞ ˊɟɤŰɞˊŬɗɏɠ ɛŮɚɎɜɤɛŬ ŭɏɟɛŬŰɞɠ ŭɑɜŮɘ ɚŮɛűɞɔŮɜŮɑɠ əŬɘ ŬɘɛŬŰɞɔŮɜŮɑɠ ɛŮŰŬůŰɎůŮɘɠ. ɀŮ ɓɎůɖ Űɘɠ 

ŭɘŮɗɜŮɑɠ əŬŰŮɡɗɡɜŰɐɟɘŮɠ ɞŭɖɔɑŮɠ, ɛŮŰɎ Űɖɜ Ŭɟɢɘəɐ ŮɝŬɑɟŮůɖ əŬɘ ˊŬɗɞɚɞɔɞŬɜŬŰɞɛɘəɐ ŭɘɎɔɜɤůɖ Űɞɡ 

ɛŮɚŬɜɩɛŬŰɞɠ, ůŮ ɧůŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɜŭŮɑəɜɡŰŬɘ, ŬəɞɚɞɡɗŮɑ ŮɝŬɑɟŮůɖ əŬɘ ɛɘəɟɞůəɞˊɘəɐ ŮɝɏŰŬůɖ Űɞɡ 

çɚŮɛűŬŭɏɜŬ-űɟɞɡɟɞɨè. ɆŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ŬɜŬəŬɚɨˊŰŮŰŬɘ ůŮ ŬɡŰɧɜ ɛŮŰŬůŰŬŰɘəɐ ŮůŰɑŬ, ŬəɞɚɞɡɗŮɑ 

ɚŮɛűŬŭŮɜɘəɧɠ əŬɗŬɟɘůɛɧɠ. Ⱥˊɘˊɚɏɞɜ, ɔɘŬ Űɖ ŭɘɎɔɜɤůɖ, ɘŭɑɤɠ ɧŰŬɜ ɖ ŬɜŬəɎɚɡɣɖ Űɖɠ ɛŮŰŬůŰŬŰɘəɐɠ 

ŮůŰɑŬɠ ˊɟɞɖɔŮɑŰŬɘ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛŮɚŬɜɞəɡŰŰŬɟɘəɞɑ əŬɘ ɚɞɘˊɞɑ ɛɞɟɘŬəɞɑ ŭŮɑəŰŮɠ. 

ɇŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɖɜ ɡˊɎɟɢɞɡůŬ ɓɘɓɚɘɞɔɟŬűɑŬ ŮɑɜŬɘ ɏɤɠ ŰɩɟŬ ˊŮɟɘɞɟɘůɛɏɜŬ, əŬɘ ŭɘŬűŬɑɜŮŰŬɘ ɧŰɘ ůŮ 

əɎˊɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɡˊɎɟɢŮɘ ůɖɛŬɜŰɘəɐ ŮŰŮɟɞɔɏɜŮɘŬ ɤɠ ˊɟɞɠ Űɞ ˊɟɞűɑɚ ɏəűɟŬůɖɠ ɞɟɘůɛɏɜɤɜ 

ɔɞɜɘŭɑɤɜ ɧˊɤɠ Űɞ ɔɞɜɑŭɘɞ BRAF, əŬɗɩɠ əŬɘ ɤɠ ˊɟɞɠ Űɞɜ ŬɜɞůɞűŬɘɜɧŰɡˊɞ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ŭŮɑəŰŮɠ 

ŭɘŬűɞɟɞˊɞɑɖůɖɠ Melan-A, S100, HMB45. ȺŰŮɟɞɔɏɜŮɘŬ Űɧůɞ ɛŮŰŬɝɨ ŭɘŬűɞɟŮŰɘəɩɜ ˊŮɟɘɞɢɩɜ Űɖɠ ɑŭɘŬɠ 

ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ ɛŮɚŬɜɩɛŬŰɞɠ, ɧůɞ əŬɘ ɛŮŰŬɝɨ ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ əŬɘ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ 

ɛŮŰŬůŰɎůŮɤɜ ůŮ ɚŮɛűŬŭɏɜŮɠ ɐ ůɡɛˊŬɔɐ ɧɟɔŬɜŬ, ŮɑŰŮ ŬɡŰɏɠ ŮɑɜŬɘ ůɨɔɢɟɞɜŮɠ ŮɑŰŮ ɛŮŰɎɢɟɞɜŮɠ. ȼ 

ŮŰŮɟɞɔɏɜŮɘŬ ŬɡŰɐ ɏɢŮɘ ŮˊɘˊŰɩůŮɘɠ Űɧůɞ ůŰɖ ŭɘɎɔɜɤůɖ ɧůɞ əŬɘ ůŰɖ ɗŮɟŬˊŮɡŰɘəɐ ŬɜŰɘɛŮŰɩˊɘůɖ Űɞɡ 

ɛŮɚŬɜɩɛŬŰɞɠ. 

 

  ɆŰɧɢɞɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ɐŰŬɜ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ ɖ ŮŰŮɟɞɔɏɜŮɘŬ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ Űɧůɞ ɛŮŰŬɝɨ 

ŭɘŬűɞɟŮŰɘəɩɜ ɗɏůŮɤɜ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ ɧůɞ əŬɘ ɛŮŰŬɝɨ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ əŬɘ Űɤɜ 

ŬɜŰɑůŰɞɘɢɤɜ ɛŮŰŬůŰɎůŮɤɜ, əŬɗɩɠ əŬɘ ɛŮŰŬɝɨ Űɤɜ ɛŮŰŬůŰɎůŮɤɜ. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ ɛŮɚŮŰɐɗɖəŮ 

ɘůŰɘəɧ ɡɚɘəɧ ɛɞɜɘɛɞˊɞɘɖɛɏɜɞ ůŮ űɞɟɛɧɚɖ əŬɘ ŮɔəɚŮɘůɛɏɜɞ ůŮ əɨɓɞɡɠ ˊŬɟŬűɑɜɖɠ (FFPE) Ŭˊɧ ŬůɗŮɜŮɑɠ 

ɛŮ ɛŮɚɎɜɤɛŬ ŭɏɟɛŬŰɞɠ əŬɘ ɚŮɛűŬŭŮɜɘəɏɠ ɐ ŬˊɞɛŬəɟɡůɛɏɜŮɠ ɛŮŰŬůŰɎůŮɘɠ. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ŬɜɞůɞɥůŰɞɢɖɛɘəɐ ŬɜɎɚɡůɖ ɔɘŬ Űɞɡɠ ŭŮɑəŰŮɠ S100, Melan-A, HMB45 əŬɘ BRAF, əŬɗɩɠ əŬɘ ɛɞɟɘŬəɐ 

ŬɜɎɚɡůɖ Űɖɠ ɛŮŰɎɚɚŬɝɖɠ BRAF V600Ⱥ ɛŮ Űɖ ɛɏɗɞŭɞ ŬɚɡůɘŭɤŰɐɠ ˊɞɚɡɛŮɟɎůɖɠ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ 

(real-time PCR).  
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ȾȺūȷȿȷȽɃ 2: ɈȿȽȾȷ ȾȷȽ ɀȺŪɃȹɃȽ 

2. 1   Ɇɡɚɚɞɔɐ ɘůŰɘəɩɜ ŭŮɘɔɛɎŰɤɜ 

ɇɞ ɡɚɘəɧ ŬˊɞŰɏɚŮůŬɜ 22 ˊŮɟɘˊŰɩůŮɘɠ ŭɘŬɔɜɤůɛɏɜɞɡ ŭŮɟɛŬŰɘəɞɨ ɛŮɚŬɜɩɛŬŰɞɠ, ɛŮ ŭɘŬɗɏůɘɛɖ Űɧůɞ Űɖɜ 

ˊɟɤŰɞˊŬɗɐ ŮůŰɑŬ ɧůɞ əŬɘ Űɘɠ ɛŮŰŬůŰɎůŮɘɠ (14), ɐ ɛŮ ŭɘŬɗɏůɘɛŮɠ ˊɎɜɤ Ŭˊɧ ɛɘŬ ŭɘŬűɞɟŮŰɘəɏɠ 

ɛŮŰŬůŰŬŰɘəɏɠ ŮůŰɑŮɠ (3), ɐ ɛŮ ŭɘŬɗɏůɘɛɖ ɛɧɜɞ Űɖɜ ˊɟɤŰɞˊŬɗɐ ŮůŰɑŬ (5) ɞɘ ɞˊɞɑŮɠ ůɡɔəŮɜŰɟɩɗɖəŬɜ Ŭˊɧ 

ŰŬ ŬɟɢŮɑŬ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ ɄŬɗɞɚɞɔɘəɐɠ ȷɜŬŰɞɛɑŬɠ Űɞɡ ɄŬɜŮˊɘůŰɖɛɘŬəɞɨ ũŮɜɘəɞɨ ɁɞůɞəɞɛŮɑɞɡ 

ȽɤŬɜɜɑɜɤɜ (ɄũɁȽ) əŬɘ ŭɘŬɔɜɩůŰɖəŬɜ Űɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ 2012-2020. ɇŬ ɘůŰɘəɎ ŭŮɑɔɛŬŰŬ 

ˊɟɞɏɟɢɞɜŰŬɜ Ŭˊɧ ɢŮɘɟɞɡɟɔɘəɧ ɡɚɘəɧ ŮəŰɞɛɐɠ ɐ Ŭˊɧ ŮɡɟŮɑŬ ŮəŰɞɛɐ ŭɏɟɛŬŰɞɠ əŬɗɩɠ əŬɘ Ŭˊɧ 

ůɡɜŬəɧɚɞɡɗɞ ůɡɜɞŭɧ ɚŮɛűŬŭŮɜɘəɧ əŬɗŬɟɘůɛɧ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɛŮŰŬůŰŬŰɘəɞɨ ɚŮɛűŬŭɏɜŬ-űɟɞɡɟɞɨ, ɐ 

ɛŮŰŬůŰŬŰɘəɩɜ ɚŮɛűŬŭɏɜɤɜ, ɐ Ŭˊɧ ŬˊɞɛŬəɟɡůɛɏɜŮɠ ɛŮŰŬůŰɎůŮɘɠ.  

ȳɚɞɘ ɞɘ ɘůŰɞɑ ŮɑɢŬɜ ɛɞɜɘɛɞˊɞɘɖɗŮɑ ůŮ ɞɡŭɏŰŮɟɞ ŭɘɎɚɡɛŬ űɞɟɛŬɚŭŮɒŭɖɠ 10% əŬɘ ŮɑɢŬɜ ŮɔəɚŮɘůɗŮɑ ůŮ 

əɨɓɞɡɠ ˊŬɟŬűɑɜɖɠ. ȷəɞɚɞɨɗɤɠ, ˊŬɟŬůəŮɡɎůɗɖəŬɜ ɘůŰɞɚɞɔɘəɏɠ Űɞɛɏɠ, ɞɘ ɞˊɞɑŮɠ ˊɟɞɤɗɐɗɖəŬɜ ˊɟɞɠ 

ŬɜɞůɞɥůŰɞɢɖɛɘəɐ əŬɘ ɛɞɟɘŬəɐ ŬɜɎɚɡůɖ, ɛŮ ŬˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ Űɖɜ ˊŬɟɞɡůɑŬ ŮˊŬɟəɞɨɠ ɡɚɘəɞɨ. 

 

2.2   ȾɚɘɜɘəɎ ɉŬɟŬəŰɖɟɘůŰɘəɎ ȷůɗŮɜɩɜ 

ȼ ɖɚɘəɑŬ Űɤɜ ŬůɗŮɜɩɜ əɡɛŬɘɜɧŰŬɜ Ŭˊɧ 25 ɏɤɠ 82 ŮŰɩɜ (ɛɏůɖ ɖɚɘəɑŬ ŭɘɎɔɜɤůɖɠ 59 ŮŰɩɜ) əŬɘ ɖ 

ŬɜŬɚɞɔɑŬ Ŭɜŭɟɩɜ/ɔɡɜŬɘəɩɜ ɐŰŬɜ 1:1. 
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ɄɑɜŬəŬɠ 2.1. Ƀ ɛŮɚŮŰɩɛŮɜɞɠ ˊɚɖɗɡůɛɧɠ. 

 

# 

ȷůɗŮɜŮɑɠ 

ūɨɚɞ ȼɚɘəɑŬ     ȰŰɞɠ 

  ɄɟɤŰɞˊŬɗɐɠ 

         ŮůŰɑŬ 

    ɄɟɤŰɞˊŬɗɐɠ  

           ŮůŰɑŬ  

           ɀŮŰɎůŰŬůɖ/ 

           ɀŮŰŬůŰɎůŮɘɠ 

        ȽůŰɞɚɞɔɘəɧɠ  

        Űɨˊɞɠ 

ɛ.ŭ. 

(Ůə) 

ȿ
Ů
ɛ
ű
Ŭ
ŭ
ɏ
ɜ
Ŭ
ɠ

 

Ɇ
ɡ
ɛ
ˊ
Ŭ
ɔ
ɐ
 
ɧ
ɟ
ɔ
Ŭ
ɜ
Ŭ

 

1 ǀ   27 

  2012/ 

  2017 

ɀŮɚɎɜɤɛŬ  

ŰɟŬɢɐɚɞɡ 

   ́ ɟɞɓɎɚɚɞɜ- 

      ɞɕɩŭŮɠ 

 

1,4 V  

 

2 ǁ    69   2018 

ɀŮɚɎɜɤɛŬ  

ŰɟɘɢɤŰɞɨ əŮűŬɚɐɠ 

ȺɡɟɨŰŮɟɖ 

ŮəŰɞɛɐ 

- V  

 

3 ǀ    39 

  2015/ 

  2019 

Ɉˊɞɜɨɢɘɞ  

ɛŮɚɎɜɤɛŬ 

ȺɡɟɨŰŮɟɖ 

ŮəŰɞɛɐ 

-  ȹɏɟɛŬ 

ɄɜŮɨɛɞɜŬɠ 

4 ǀ    58   2019 

ɀŮɚɎɜɤɛŬ  

ŰɟɘɢɤŰɞɨ əŮűŬɚɐɠ  

ȺɡɟɨŰŮɟɖ 

ŮəŰɞɛɐ 

- 

V  

 

5 ǁ    75   2019 

ɀŮɚɎɜɤɛŬ 

ŭŮɝɘɎɠ ˊŰɏɟɜŬɠ 

      Ŭəɟɘəɧ 5 V  

 

6 ǀ    25 

  2016/ 

  2019 

ɀŮɚɎɜɤɛŬ ɟɎɢɖɠ ȺɡɟɨŰŮɟɖ 

ŮəŰɞɛɐ 

- 

V  ɀŬůŰɧɠ 
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7 ǁ    38 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 

  
  
  
  
  
  
  
  
  
  
  
    
  
  
  2

0
1

4-
2

0
1

9 ɀŮɚɎɜɤɛŬ 

ɗɩɟŬəŬ 

ȺɡɟɨŰŮɟɖ  

ŮəŰɞɛɐ 

- 

 ɀŮɚɎɜɤɛŬ 

ŭŮɝɘɞɨ  

ɛŬůŰɞɨ 

 

ɆɡɛˊɚɖɟɤɛŬŰɘəɐ  

ŮəŰɞɛɐ 

 

ɀŮɚɎɜɤɛŬ 

Ůˊɘ ɞɡɚɐɠ 

 

 Ʉɟɧůɗɘɞ  

ŰɞɑɢɤɛŬ 

 

ɅɎɢɖ 

 

ɋɛɞˊɚɎŰɖ 

8 ǁ    82    2016 

ɀŮɚɎɜɤɛŬ 

ŰɟɘɢɤŰɞɨ əŮűŬɚɐɠ 

ȺɡɟɨŰŮɟɖ ŮəŰɞɛɐ 

       ɞɕɩŭŮɠ 0,5 

  

9 ǁ    63   2017 

ɀŮɚɎɜɤɛŬ 

ŰɟɘɢɤŰɞɨ əŮűŬɚɐɠ 

       ɞɕɩŭŮɠ 3 
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10 ǁ    37   2017 

ɀŮɚɎɜɤɛŬ 

ŭŮɝɘɞɨ ɛɖɟɞɨ 

  
  
  Ⱥ
ˊ
ɘ
ű
Ŭ
ɜ
Ů
ɘ
Ŭ
ə
Ɏ

 

  
  
 Ů
ˊ
Ů
ə
Ű
Ů
ɘ
ɜ
ɧ
ɛ
Ů
ɜ
ɞ

 

1,7 

  

11 ǁ    64   2019 

ɀŮɚɎɜɤɛŬ 

ŰɟɘɢɤŰɞɨ əŮűŬɚɐɠ 

     ɞɕɩŭŮɠ 1,7 

  

12 ǁ    65   2018 

ɀŮɚɎɜɤɛŬ 

ŭŮɝɘɎɠ ˊŰɏɟɜŬɠ 

      ɞɕɩŭŮɠ 7 

  

13 ǁ   78   2018 

ɀŮɚɎɜɤɛŬ 

ŬɟɘůŰŮɟɐɠ əɜɐɛɖɠ 

(ŬɚɚŬɢɞɨ) 

ȺɡɟɨŰŮɟɖ 

ŮəŰɞɛɐ 

- V  

 

14 ǀ   50 

  2017/ 

  2018 

ɀŮɚɎɜɤɛŬ 

əɎŰɤ Ɏəɟɤɜ 

(ŬɚɚŬɢɞɨ) 

ȺɡɟɨŰŮɟɖ 

ŮəŰɞɛɐ 

- V  

 

       ɇɞˊɘəɐ 

      ɡˊɞŰɟɞˊɐ 

 

 

15 ǁ 58 2019 

ɀŮɚɎɜɤɛŬ  

ɛŮŰɩˊɞɡ 

ȺˊɘűŬɜŮɘŬəɎ  

ŮˊŮəŰŮɘɜɧɛŮɜɞ 
1,3 V   

16 ǀ 79 2019 

ɀŮɚɎɜɤɛŬ  

ɎəɟŬɠ ɢŮɘɟɧɠ 

ȺˊɘűŬɜŮɘŬəɎ  

ŮˊŮəŰŮɘɜɧɛŮɜɞ 
1,2 V   
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17 ǀ 70 2015 

ɀŮɚɎɜɤɛŬ 

ŰɟɘɢɤŰɞɨ əŮűŬɚɐɠ 

ɞɕɩŭŮɠ 

0,8 V   

18 ǀ 68 2015 

ɃˊɘůɗɞɤŰɘŬɑɞ  

ɀŮɚɎɜɤɛŬ 

ȺɡɟɨŰŮɟɖ ŮəŰɞɛɐ 

ɞɕɩŭŮɠ 

1,6 V  

ɇɟɎɢɖɚɞɠ 

ɄŬɟŮɘɎ 

19 ǀ 78 2016 

ɀŮɚɎɜɤɛŬ  

ɔɧɜŬŰɞɠ  

 

 

3  

ɇɞˊɘəɐ  

ɡˊɞŰɟɞˊɐ 

əɜɐɛɖ əŬɘ  

ɘɔɜɡŬəɐ  

ˊŮɟɘɞɢɐ 

 

20 ǀ 49 2017 

ɀŮɚɎɜɤɛŬ  

ˊŰɏɟɜŬɠ 

ˊɟɞɓɎɚɚɞɜ 

Ůɜ ɛɏɟŮɘ  

ˊɞɚɡˊɞŮɘŭɏɠ 

ɛŮ Ůɡɟɨ ɛɑůɢɞ 

3,4 V   

21 ǀ 69 2018 ɀŮɚɎɜɤɛŬ  Ŭəɟɘəɧ 1,3 V   

22 ǁ 52 2015 

ɀŮɚɎɜɤɛŬ  

ˊŬɟŮɘɎɠ 

(ŬɚɚŬɢɞɨ) 

ȺɡɟɨŰŮɟɖ 

ŮəŰɞɛɐ 

- V   
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2.3   ȺɟɔŬůŰɖɟɘŬəɧɠ Ⱥɝɞˊɚɘůɛɧɠ 

 

¶ ɆɡůəŮɡɏɠ əŬɘ ɧɟɔŬɜŬ  

 

ũɘŬ Űɖɜ ŬɜɞůɞɥůŰɞɢɖɛɘəɐ ɛŮɚɏŰɖ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ Űɞ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɞ 

ɛɖɢɎɜɖɛŬ Ventana BenchMark XT (Ventana Medical Systems, Tuscon, AZ, USA), ɖɚŮəŰɟɞɜɘəɧɠ 

ɡˊɞɚɞɔɘůŰɐɠ, ŬɜŰɘəŮɘɛŮɜɞűɧɟŮɠ ˊɚɎəŮɠ, əŬɚɡˊŰɟɑŭŮɠ, ŬɡŰɧɛŬŰŮɠ ˊɘˊɏŰŮɠ Űɤɜ 20-1000 ɛl, ɟɨɔɢɖ 

ˊɘˊŮŰɩɜ (tips), ˊɘˊɏŰŮɠ Pasteur 1ml, ŭɞəɘɛŬůŰɘəɞɑ ůɤɚɐɜŮɠ, ůɤɚɖɜɎəɘŬ eppendorf, ɡŭɟɞɓɞɚɏŬɠ 500 

ml, əɤɜɘəɏɠ űɘɎɚŮɠ 100, 250 ml, ɞɔəɞɛŮŰɟɘəɞɑ əɨɚɘɜŭɟɞɘ 50, 500 əŬɘ 1000 ml, ɞɔəɞɛŮŰɟɘəɏɠ űɘɎɚŮɠ 

Űɤɜ 500 ml, ůɘűɩɜɘ ɛɏŰɟɖůɖɠ, ɔɡɎɚɘɜŮɠ űɘɎɚŮɠ ŬɜŰɘŭɟŬůŰɖɟɑɤɜ 1L, əɚɑɓŬɜɞɠ ɔɘŬ Űɖɜ ŮˊɩŬůɖ Űɤɜ 

ŭŮɘɔɛɎŰɤɜ, ŬˊŬɔɤɔɧɠ ŬŮɟɑɤɜ, ŬɜŬŭŮɡŰɐɟŬɠ Vortex, űɞɨɟɜɞɠ ɛɘəɟɞəɡɛɎŰɤɜ ɘůɢɨɞɠ 1500 Watt əŬɘ 

ŭɘɞűɗɎɚɛɘɞ ɞˊŰɘəɧ ɛɘəɟɞůəɧˊɘɞ ŭɘˊɚɐɠ ůɡɛˊŬɟŬŰɐɟɖůɖɠ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ ŬɜɞůɞɢɟɩůŮɤɜ. 

 

¶ ȷɜŰɘŭɟŬůŰɐɟɘŬ  

ɆŰɖ ŭɘɎɟəŮɘŬ ŭɘŮɜɏɟɔŮɘŬɠ Űɖɠ ŬɜɞůɞɥůŰɞɢɖɛŮɑŬɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ Ůɝɐɠ ŭɘŬɚɨɛŬŰŬ əŬɘ kits:  

ü ŬɜɘɧɜŰŬ ɞɘɜɞˊɜŮɨɛŬŰŬ (96% əŬɘ 100%) 

ü ŭɘɎɚɡɛŬ ɝɡɚɧɚɖɠ 

ü ŭɘɎɚɡɛŬ Antibody Diluent (Dako) 

ü ŭɘɎɚɡɛŬ ŬˊɞəɚŮɘůɛɞɨ ɡˊŮɟɞɝŮɘŭůɖɠ H2O2 

ü Wash Buffer 

ü Kit EnVisionTM FLEX, High pH (Dako) 

ü Kit I VIEW DAB DETECTION (Ventana) 

ü Űɞ ɢɟɤɛɞɔɧɜɞ ŭɘɎɚɡɛŬ EnVisionTM FLEX HRP MAGENTA CHROMOGEN (Dako) 

ȼ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ŬɜŰɘůɩɛŬŰɞɠ, ɞ ɢɟɧɜɞɠ ŮˊɩŬůɖɠ əŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ ŮɑɜŬɘ ˊŬɟɎɛŮŰɟɞɘ ůŮ ůŰŮɜɐ 

ůɢɏůɖ ɛŮŰŬɝɨ Űɞɡɠ. ɇŬ ˊɟɤŰɞɔŮɜɐ ɛɞɜɞəɚɤɜɘəɎ ŬɜŰɘůɩɛŬŰŬ (mouse monoclonal) əŬɘ Űɞ 

ˊɞɚɡəɚɤɜɘəɧ ŬɜŰɑůɤɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖ ɛŮɚɏŰɖ, ɖ ˊɟɞɏɚŮɡůɖ, ɞ əɚɩɜɞɠ, ɞ ɢɟɧɜɞɠ 

ŮˊɩŬůɖɠ əŬɘ ɖ ŬɟŬɑɤůɐ Űɞɡɠ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 2.2. ɇɞ ŭŮɡŰŮɟɞɔŮɜɏɠ ŬɜŰɑůɤɛŬ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ, ˊŬɟɏɢŮŰŬɘ Ŭˊɧ Űɞ əɘŰ əŬɘ ŮɑɜŬɘ ɏŰɞɘɛɞ ˊɟɞɠ ɢɟɐůɖ (Biotinylated Goat Anti-

Polyvalent, Envision Kit, ready to use). 
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ɄɑɜŬəŬɠ 2.2. ɄɟɤŰɞɔŮɜɐ ŬɜŰɘůɩɛŬŰŬ Űɖɠ ɛŮɚɏŰɖɠ. 

ȷɜŰɑůɤɛŬ ɄɟɞɏɚŮɡůɖ Ⱦɚɩɜɞɠ ɉɟɧɜɞɠ ŮˊɩŬůɖɠ ȷɟŬɑɤůɖ 

BRAF V600E Ventana VE1 32 min Ready to use 

B-Raf V600E Novus Biologicals K21-F 32 min 1:100 

HMB45 Dako HMB45 30 min 1:50 

S100 Dako Polyclonal 30 min Ready to use 

Melan-A Dako A103 30 min 1:50 

 

ɄɟɧŰɡˊɞ ɢɟɩůɖɠ: ɇŬ əɨŰŰŬɟŬ ˊɞɡ ůɖɛŬɑɜɞɜŰŬɘ Ŭˊɧ Űɞ ŬɜŰɑůɤɛŬ Anti-S100 ŮɛűŬɜɑɕɞɡɜ Ůɟɡɗɟɐ 

ˊɡɟɖɜɘəɐ əŬɘ əɡŰŰŬɟɞˊɚŬůɛŬŰɘəɐ ɢɟɩůɖ. ɇŬ əɨŰŰŬɟŬ ˊɞɡ ŮˊɘůɖɛŬɑɜɞɜŰŬɘ Ŭˊɧ ŰŬ ŬɜŰɘůɩɛŬŰŬ Anti-

HMB45, Anti-Melan-A (ɛŮ ɢɟɤɛɞɔɧɜɞ Űɖɜ ŬɚəŬɚɘəɐ űɤůűŬŰɎůɖ) ŮɛűŬɜɑɕɞɡɜ Ůɟɡɗɟɐ 

əɡŰŰŬɟɞˊɚŬůɛŬŰɘəɐ ɢɟɩůɖ, Ůɜɩ Ŭˊɧ Anti-BRAF ŮəűɟɎɕɞɡɜ əŬűɏ əɡŰŰŬɟɞˊɚŬůɛŬŰɘəɐ ɢɟɩůɖ (ɛŮ 

ɢɟɤɛɞɔɧɜɞ Űɞ DAB (3,3-ŭɘŬɛɘɜɞɓŮɜɕɘŭɑɜɖ)). 

ũɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɖɠ ɛŮŰɎɚɚŬɝɖɠ BRAF, ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŮɑɢŬɜ ˊɟɞɖɔɖɗŮɑ ˊɞɚɚŬˊɚɏɠ ŭɞəɘɛɏɠ 

ɛŮ Űɞ ŭɘŬɗɏůɘɛɞ ɛɞɜɞəɚɤɜɘəɧ ŬɜŰɑůɤɛŬ Űɖɠ ŮŰŬɘɟŮɑŬɠ Novus Biologicals B-Raf V600E (əɚɩɜɞɠ K21-

F). ȸɎůŮɘ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ, ˊɟɞŰŮɑɜŮŰŬɘ ɖ ɢɟɐůɖ Űɞɡ əŬɘ ůŰɞ ɛŮɚɎɜɤɛŬ ŬɚɚɎ ŬˊɞəɚŮɘůŰɘəɎ ɔɘŬ 

ŮɟŮɡɜɖŰɘəɞɨɠ ůəɞˊɞɨɠ. ɇɞ ŬɜŰɑůɤɛŬ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɞ ɄŬɗɞɚɞɔɞŬɜŬŰɞɛɘəɧ ȺɟɔŬůŰɐɟɘɞ 

ůŰɖɜ ɟɞɡŰɑɜŬ əɚɘɜɘəɐɠ ŭɘɎɔɜɤůɖɠ ɚŮɛűɤɛɎŰɤɜ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ŮˊɘɚɏɢɗɖəŬɜ ɤɠ ɛɎɟŰɡɟŮɠ ŰɟɑŬ 

ŭɘŬűɞɟŮŰɘəɎ ɘůŰɘəɎ ɡɚɘəɎ ɚŮɛűŬŭŮɜɘəɩɜ ɛŮŰŬůŰɎůŮɤɜ ɛŮɚŬɜɩɛŬŰɞɠ. ɋůŰɧůɞ, ɖ ŮɡŬɘůɗɖůɑŬ əŬɘ ɖ 

ŮɘŭɘəɧŰɖŰŬ ŭŮɜ ɐŰŬɜ ŬɜɎɚɞɔɖ Űɤɜ ˊɟɞůŭɞəɘɩɜ əŬɘ ŬəɞɚɞɨɗɖůŮ ɖ ŬɜŬɕɐŰɖůɖ Ůɜɧɠ ɜɏɞɡ əŬɘ 

əŬŰŬɚɚɖɚɧŰŮɟɞɡ ɔɘŬ Űɖɜ ɛŮɚɏŰɖ ŬɜŰɑůɤɛŬ. ũɘŬ Űɖɜ ŰŮɚɘəɐ Ůˊɘɚɞɔɐ, ɓɎůŮɘ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ, Űɞ ˊɚɏɞɜ 

ůɡɢɜɎ ˊɟɞŰŮɘɜɧɛŮɜɞ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ ŬɜŰɑůɤɛŬ ŮɑɜŬɘ Űɞ ɛɞɜɞəɚɤɜɘəɧ ŬɜŰɑůɤɛŬ BRAF V600E 

(əɚɩɜɞɠ VE1) Űɖɠ ŮŰŬɘɟŮɑŬɠ Ventana, Űɞ ɞˊɞɑɞ ɏɢŮɘ ŬˊɞŭŮŭŮɘɔɛɏɜŬ ɛŮɔŬɚɨŰŮɟɖ ŮɡŬɘůɗɖůɑŬ əŬɘ 

ŮɘŭɘəɧŰɖŰŬ ůŰɞ ɛŮɚɎɜɤɛŬ (Anwar et al., 2016; Cheng et al., 2017; Cornican et al., 2018; Orchard et al., 
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2019; Vanni et al., 2020). ȷɟɢɘəɎ, ɤɠ ɛɎɟŰɡɟŬɠ Űɞɡ ŬɜŰɘůɩɛŬŰɞɠ ŬɜŬűɏɟŮŰŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ɜŬ 

ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ FFPE Ŭˊɧ ɞɟɗɞəɞɚɘəɧ əŬɟəɑɜɞ. ɀŮŰɏˊŮɘŰŬ, ŮɑɢŮ ŭɘŮɡɟɡɜɗŮɑ ɖ ɢɟɐůɖ Űɞɡ ɔɘŬ 

ŬɜɑɢɜŮɡůɖ Űɖɠ ɛŮŰɎɚɚŬɝɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɛŮɚŬɜɩɛŬŰɞɠ əŬɘ əŬɟəɘɜɩɛŬŰɞɠ ɗɡɟŮɞŮɘŭɞɨɠ. 

Ʉɟɞɠ Űɞ ˊŬɟɧɜ, Űɞ ŬɜŰɑůɤɛŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɟŮɡɜɖŰɘəɎ, ŬɚɚɎ ˊɟɞɓɚɏˊŮŰŬɘ ɜŬ ŮɔəɟɘɗŮɑ ɛŮɚɚɞɜŰɘəɎ 

ɔɘŬ əɚɘɜɘəɐ ɢɟɐůɖ ůŰŬ ɄŬɗɞɚɞɔɞŬɜŬŰɞɛɘəɎ ȺɟɔŬůŰɐɟɘŬ, əŬɘ ŮɑɜŬɘ Űɞ ɛɧɜɞ ŭɘŬɗɏůɘɛɞ ůŰɖɜ ŬɔɞɟɎ ɛŮ 

ŬɡŰɐɜ Űɖɜ ˊɟɞɞˊŰɘəɐ.  

ũɘŬ Űɖ ɛɞɟɘŬəɐ ŬɜɎɚɡůɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ əɚŮɘůŰɧ ůɨůŰɖɛŬ Cobas Z4800 Real Time PCR (CE-

IVD). Ⱥˊɘˊɚɏɞɜ: Űɞ cobas DNA Sample Preparation Kit , 180 ɛL DNA TLB (DNA Tissue Lysis 

Buffer), Űɞ ȾɘŰ ŬˊɞŭɘɎŰŬɝɖɠ [ 70 ɛL PK (Proteinase K ɚɡɞűɘɚɞˊɞɘɖɛɏɜɖ), 500 ɛL WBI (DNA Wash 

Buffer I), 500 ɛL WBII  ], 200 ɛL DNA PBB (DNA Paraffin Binding Buffer), 100 ɛL DNA EB (DNA 

Elution Buffer), 25 ůɤɚɖɜɎəɘŬ FT əŬɘ CT 550 ɛL, RXNMIX  (Reaction Mix), MGAC (Magnesium 

acetate 3x0.15 mL) BRAF OM (Oligo Mix  3x 0.13mL), ɞɘ ɛɎɟŰɡɟŮɠ BRAF MUT əŬɘ BRAF WT, 

DNA SD (Specimen Diluent) 2x 0.13 mL. 

 

¶ ɆɨůŰŬůɖ ŭɘŬɚɡɛɎŰɤɜ (ˊŬɟɏɢɞɜŰŬɘ ůŰɞ əɚŮɘůŰɧ ůɨůŰɖɛŬ ŬɜɎɚɡůɖɠ) 

DNA Tissue Lysis Buffer: Tris-HCl buffer, Potassium Chloride, 0.04% EDTA, 0.1% Triton X-100, 

0.09% Sodium azide 

DNA Paraffin Binding Buffer: Tris-HCl buffer, 49.6% w/w Guanidine hydrochloride, 0.05% Urea, 

17.3% Triton X-100) 

DNA Wash Buffer I: Tris-HCl buffer, 64% w/w Guanidine hydrochloride 

DNA Wash Buffer II: Tris-HCl buffer, Sodium chloride 

DNA Elution Buffer: Tris-HCl buffer, 0.09% Sodium azide 

Magnesium acetate: Magnesium acetate, 0.09% Sodium azide 

DNA SD (Specimen Diluent): Tris-HCl buffer, 0.09% Sodium azide 

BRAF Mutant Control: Tris-HCl buffer, EDTA, 0.09% Sodium azide, < 0.001% plasmid DNA 

(microbial) containing mutant sequence, < 0.001% plasmid DNA (microbial) containing wild type 

sequence 
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BRAF Wild Type Control: Tris-HCl buffer, EDTA, 0.09% Sodium azide, < 0.001% plasmid DNA 

(microbial) containing wild type sequence 

BRAF Oligo Mix: Tris-HCl buffer, EDTA, 0.09% Sodium azide, Poly rA RNA, < 0.01% Upstream 

and downstream BRAF primers, < 0.01% Fluorescent-labeled BRAF probes 

RXNMIX: Tricine buffer, Potassium acetate, Potassium hydroxide, Glycerol, Tween 20, EDTA, 5% 

Dimethyl sulfoxide, <0.09% dNTPs, <0.10% Z05 DNA polymerase (microbial), <0.10% AmpErase 

enzyme, <0.003% Oligonucleotide aptamer, 0.08% Sodium azide 

 

ɆŰŬ ɡɚɘəɎ-ŬɜŰɘŭɟŬůŰɐɟɘŬ ˊɞɡ ŭŮɜ ˊŬɟɏɢɞɜŰŬɘ Ŭˊɧ Űɞ əɚŮɘůŰɧ ůɨůŰɖɛŬ Cobas: 

¶ ȹɘɎɚɡɛŬ ɝɡɚɧɚɖɠ (> 98.5%) 

¶ ȹɘɎɚɡɛŬ ŬɘɗŬɜɧɚɖɠ əŬɘ ɘůɞˊɟɞˊŬɜɧɚɖɠ 

¶ ŬɡŰɧɛŬŰŮɠ ˊɘˊɏŰŮɠ Űɤɜ 20-1000 ɛL 

¶ Cobas 4800 System Microwell Plate (AD Plate) 

¶ Sealing Film 

¶ ȹɞəɘɛŬůŰɘəɞɑ ůɤɚɐɜŮɠ 1.5 mL 

¶ NanoDrop UV-Vis ūŬůɛŬŰɞűɤŰɧɛŮŰɟɞ 

¶ ɟɨɔɢɖ ˊɘˊŮŰɩɜ (tips) 

¶ ůɤɚɖɜɎəɘŬ eppendorf 

¶ ŬɜŬŭŮɡŰɐɟŬɠ Vortex 

 

 

2.4   ȷɜɞůɞɥůŰɞɢɖɛŮɑŬ (IHC)  

 

2.4.1   ɀɏɗɞŭɞɠ 

 

ȼ ŬɜɞůɞɥůŰɞɢɖɛŮɑŬ (IHC) ŮɑɜŬɘ ɛɘŬ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖ ŰŮɢɜɘəɐ ɛŮɚɏŰɖɠ Űɤɜ ɘůŰɩɜ ɔɘŬ 

ŭɘŬɔɜɤůŰɘəɞɨɠ əŬɘ ŮɟŮɡɜɖŰɘəɞɨɠ ůəɞˊɞɨɠ (Jaiswal, 2016), ɖ ɞˊɞɑŬ Ůɘůɐɢɗɖ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Űɞ 1941 

(Coons et al., 1941). ɆŰɖɜ IHC, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŬɜŰɘůɩɛŬŰŬ ɏɜŬɜŰɘ ŬɜŰɘɔɧɜɤɜ, ˊɞɡ ŮəűɟɎɕɞɜŰŬɘ 
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ůŰɞɜ ɘůŰɧ ŮɜŭɘŬűɏɟɞɜŰɞɠ. ɇŬ ŬɜŰɘɔɧɜŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŭɘɎűɞɟɞɡɠ ŮˊɑŰɞˊɞɡɠ. ȰɜŬɠ ŮˊɑŰɞˊɞɠ ŮɑɜŬɘ 

ɛɘŬ ŬɚɚɖɚɞɡɢɑŬ Ŭɛɘɜɞɝɏɤɜ ˊɞɡ ŬˊɞŰŮɚŮɑ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ŰɟɘůŭɘɎůŰŬŰɖ ŭɞɛɐ ɔɘŬ ɜŬ ˊɟɞůŬɟɛɞůŰŮɑ 

ɏɜŬ ŬɜŰɑůɤɛŬ. ȷɡŰɞɑ ɞɘ ŮˊɑŰɞˊɞɘ ɛˊɞɟɞɨɜ ɜŬ ɓɟŮɗɞɨɜ ůŰɖɜ əɡŰŰŬɟɘəɐ ŮˊɘűɎɜŮɘŬ, ůŰɞɜ ˊɡɟɐɜŬ ɐ ůŰɞ 

əɡŰŰŬɟɧˊɚŬůɛŬ. ȼ əɨɟɘŬ ɞɡůɑŬ Űɖɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ ɖ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮŰŬɝɨ Ůɜɧɠ ŬɜŰɘɔɧɜɞɡ əŬɘ Ůɜɧɠ 

ŬɜŰɘůɩɛŬŰɞɠ ůɨɛűɤɜŬ ɛŮ Űɞ ɛɞɜŰɏɚɞ çəɚŮɘŭɘɞɨ-əɚŮɘŭŬɟɘɎɠè. ɆŰɖɜ ɘŭŬɜɘəɐ ˊŮɟɑˊŰɤůɖ ɚŬɛɓɎɜŮɘ ɢɩɟŬ 

ɛɑŬ Ůɘŭɘəɐ əŬɘ ɘůɢɡɟɐ ůɨɜŭŮůɖ ɛŮŰŬɝɨ Űɞɡ ŬɜŰɘůɩɛŬŰɞɠ əŬɘ Űɞɡ ŮˊɘŰɧˊɞɡ. ɇɞ ůɨɛˊɚŮɔɛŬ ŬɜŰɘɔɧɜɞɡ-

ŬɜŰɘůɩɛŬŰɞɠ ɔɑɜŮŰŬɘ ɞɟŬŰɧ ɛŮ ɎɛŮůŮɠ əŬɘ ɏɛɛŮůŮɠ ɛŮɗɧŭɞɡɠ ŬɜɑɢɜŮɡůɖɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ɏɜŬ ůɨůŰɖɛŬ 

ŬɜɑɢɜŮɡůɖɠ ůɡɜŭɏŮŰŬɘ ɛŮ Űɞ ŬɜŰɑůɤɛŬ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ Űɞ əŬŰŬůŰɐůŮɘ ɞɟŬŰɧ.  

ɆŰɘɠ ɎɛŮůŮɠ ɛŮɗɧŭɞɡɠ ŬɜɑɢɜŮɡůɖɠ, Űɞ ˊɟɤŰɞɔŮɜɏɠ ŬɜŰɑůɤɛŬ ůɖɛŬɑɜŮŰŬɘ ɛŮ ɏɜŬɜ əŬŰɎɚɚɖɚɞ ŭŮɑəŰɖ, 

ɧˊɤɠ űɗɞɟɑɕɞɡůŬ ɢɟɤůŰɘəɐ, ɏɜɕɡɛɞ, ɟŬŭɘŮɜŮɟɔɧ ůŰɞɘɢŮɑɞ ɐ ůɤɛŬŰɑŭɘŬ əɞɚɚɞŮɘŭɞɨɠ ɢɟɡůɞɨ. Ɇɡɜɐɗɤɠ, 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ŬɜɞůɞŮɜɕɡɛɘəɐ ŰŮɢɜɘəɐ ɛŮ ŭŮɑəŰɖ-ɏɜɕɡɛɞ Űɖɜ ɡˊŮɟɞɝŮɘŭɎůɖ (HRP), əŬɘ ɓŬůɑɕŮŰŬɘ 

ůŰɖ ŭɘɎůˊŬůɖ Űɞɡ ɡˊŮɟɞɝŮɘŭɑɞɡ Űɞɡ ɡŭɟɞɔɧɜɞɡ (H2O2) ůŮ ɜŮɟɧ əŬɘ ɞɝɡɔɧɜɞ. ɆŮ ŬɡŰɐ Űɖɜ ŬɜŰɑŭɟŬůɖ, 

ɞɝŮɘŭɩɜɞɜŰŬɘ ɞɡůɑŮɠ ˊɞɡ ˊŬɟɎɔɞɡɜ ɢɟɩɛŬ əŬɘ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɞɜɞɛɎɕɞɜŰŬɘ ɢɟɤɛɞɔɧɜŬ. ɇɞ Ůɡɟɏɤɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ ɢɟɤɛɞɔɧɜɞ ŮɑɜŬɘ ɖ 3,3  ŭɘŬɛɘɜɞɓŮɜɕɘŭɑɜɖ (DAB).  

ɆŰɘɠ ɏɛɛŮůŮɠ ɛŮɗɧŭɞɡɠ ŬɜɑɢɜŮɡůɖɠ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ŭŮɨŰŮɟɞ ŬɜŰɑůɤɛŬ, Űɞ ɞˊɞɑɞ ŭɘŬɗɏŰŮɘ Űɞ ɛɧɟɘɞ 

ůɐɛŬɜůɖɠ. ɇɞ ŭŮɡŰŮɟɞɔŮɜɏɠ ŬɜŰɑůɤɛŬ ˊɟɞəɨˊŰŮɘ ɛŮ Ŭɜɞůɞˊɞɑɖůɖ Ůɜɧɠ ɞɟɔŬɜɘůɛɞɨ ŭɘŬűɞɟŮŰɘəɞɨ Ŭˊɧ 

ŬɡŰɧɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡ ˊɟɤŰɞɔŮɜɞɨɠ. ȼ ɏɛɛŮůɖ ɛɏɗɞŭɞɠ ˊɞɡ ɓŬůɑɕŮŰŬɘ 

ůŰɞ ůɨɛˊɚŮɔɛŬ ůŰɟŮˊŰŬɓɘŭɑɜɖɠ-Ŭɓɘŭɑɜɖɠ-ɓɘɞŰɑɜɖɠ ɤɠ ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ, ɏɢŮɘ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ 

ˊŬɟŬɚɚŬɔɏɠ, Űɖ ɛɏɗɞŭɞ LSAB əŬɘ Űɖ ɛɏɗɞŭɞ ABC.  

ȼ ɓɘɞŰɑɜɖ ŮɑɜŬɘ ɓɘŰŬɛɑɜɖ ɢŬɛɖɚɞɨ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ůɡɜŭŮɗŮɑ ɛŮ ŬɜŰɘůɩɛŬŰŬ (Chen et 

al., 2010). ȼ Ŭɓɘŭɑɜɖ ŮɑɜŬɘ ɔɚɡəɞˊɟɤŰŮȶɜɖ, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ůɖɛŬɜɗŮɑ ɛŮ ɡˊŮɟɞɝŮɘŭɎůɖ əŬɘ ɏɢŮɘ, 

ɧˊɤɠ əŬɘ ɖ ůŰɟŮˊŰŬɓɘŭɑɜɖ, ɛŮɔɎɚɖ ůɡɔɔɏɜŮɘŬ ɔɘŬ Űɖ ɓɘɞŰɑɜɖ. ȼ ɛɏɗɞŭɞɠ Űɖɠ ůŰɟŮˊŰŬɓɘŭɑɜɖɠ-ɓɘɞŰɑɜɖɠ 

(LSAB, Labeled StreptAvidin Biotin) ŮɑɜŬɘ ɖ ˊɚɏɞɜ Ůɡɟɏɤɠ ŮűŬɟɛɞɕɧɛŮɜɖ ŰŮɢɜɘəɐ əŬɘ ŮɑɜŬɘ ůɢŮŰɘəɎ 

ˊŬɟɧɛɞɘŬ ɛŮ Űɖɜ ABC, Ŭˊɧ Űɖɜ ɞˊɞɑŬ ŭɘŬűɏɟŮɘ ůŰɞ ɧŰɘ ŬɜŰɑ Űɖɠ Ŭɓɘŭɑɜɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ 

ůŰɟŮˊŰŬɓɘŭɑɜɖ. ɆɡɔəŮəɟɘɛɏɜŬ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɏɜŬ ůɡɜŭŮŭŮɛɏɜɞ ɛŮ ɓɘɞŰɑɜɖ ŭŮɡŰŮɟɞɔŮɜɏɠ ŬɜŰɑůɤɛŬ 

ˊɞɡ ůɡɜŭɏŮɘ ˊɟɤŰɞɔŮɜɐ ŬɜŰɘůɩɛŬŰŬ ɛŮ ůɨɕŮɡɔɛŬ ůŰɟŮˊŰŬɓɘŭɑɜɖɠ-ɡˊŮɟɞɝŮɘŭɎůɖɠ (ȺɘəɧɜŬ 2.1). 
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ȺɘəɧɜŬ 2.1. ɀɏɗɞŭɞɠ LSAB (ȷɜŬŰɨˊɤůɖ Ŭˊɧ Key, 2001). 

 

¶ ɀɏɗɞŭɞɠ ɈˊŮɟɞɝŮɘŭɎůɖɠ ȷɜŰɘ YˊŮɟɞɝŮɘŭɎůɖɠ (PAP method) 

ȼ  ɛɏɗɞŭɞɠ  ɢɟɖůɘɛɞˊɞɘŮɑ  ɏɜŬ  ŭŮɨŰŮɟɞ ŬɜŰ ůɤɛŬ ɔ űɡɟŬ, ɔɘŬ Űɖɜ ɏɜɤůɖ Űɞɡ ˊɟɤŰɞŰŬɔɞ ɠ  

ŬɜŰɘů ɛŬŰɞɠ  ɛŮ  Űɞ  ŬɜŰɘŭɟŬůŰɐɟɘɞ PAP. To  ŬɜŰɘŭɟŬůŰ ɟɘɞ PAP, ɏɢŮɘ Űɖ ɛɞɟűɐ Ůɜɧɠ ůŰŬɗŮɟɞɨ 

Ŭɜɞůɞůɡɛˊɚ ɔɛŬŰɞɠ, ŬˊɞŰŮɚɞɨɛŮɜɞɡ Ŭˊɧ Űɞ ŬɜŰɘɔɧɜɞ ɡˊŮɟɞɝŮɘŭ ůɖ Űɞɡ űɡŰɞɨ Armoracia rusticana 

(horseradish, ɔɜɤůŰɧ ɤɠ ȷɟɛɞɟɎəɘŬ ɐ ɉɟɏɜɞ) əŬɘ Ŭˊɧ Űɞ ŬɜŰɑůɤɛŬ ɏɜŬɜŰɘ Űɞɡ ŬɜŰɘɔɧɜɞɡ ŬɡŰɞɨ. ɇɞ 

ŬɜŰɘŭɟŬůŰ ɟɘɞ PAP əŬɘ Űɞ ˊɟɤŰɞŰŬɔɏɠ ŬɜŰɑůɤɛŬ ŮɑɜŬɘ ŬɜŬɔəŬɑɞ ɜŬ ɏɢɞɡɜ ˊŬɟŬɢɗŮɑ ůŰɞ ɑŭɘɞ Ůɑŭɞɠ 

ɕɩɞɡ, Ůɜɩ Űɞ ŬɜŰ ůɤɛŬ ɔ űɡɟŬ ˊŬɟɎɔŮŰŬɘ ůŮ ŭɘŬűɞɟŮŰɘəɧ Ůɑŭɞɠ ɕɩɞɡ. ɇɞ ŰŮɚŮɡŰŬɑɞ ɏɢŮɘ ŮɘŭɘəɧŰɖŰŬ 

ɏɜŬɜŰɘ Űɞɡ ˊɟɤŰɞŰŬɔɞ ɠ ŬɜŰɘů ɛŬŰɞɠ əŬɘ ɏɜŬɜŰɘ Űɖɠ ŬɜɞůɞůűŬɘɟ ɜɖɠ Űɞɡ PAP Ŭɜɞůɞůɡɛˊɚ ɔɛŬŰɞɠ,  

ɛŮ  ŬˊɞŰɏɚŮůɛŬ Űɖ ůŰŬɗŮɟɐ ŭɘŬůɨɜŭŮůɐ Űɞɡɠ. H ŰŮɢɜɘəɐ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ůŮ Űɞɛɏɠ ˊŬɟŬűɑɜɖɠ 

ɛŮ ˊɞɚɨ əŬɚɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɚɧɔɤ Űɖɠ ɡɣɖɚɐɠ ŮɡŬɘůɗɖůɑŬɠ, ŮɘŭɘəɧŰɖŰŬɠ əŬɘ ůŰŬɗŮɟɧŰɖŰŬɠ Űɤɜ 

ŬɜŰɘŭɟŬůŰɖɟɑɤɜ.  ɄŮɟɘɞɟɘůɛɧ  Űɖɠ  ɛŮɗɧŭɞɡ ŬˊɞŰŮɚŮɑ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ŬɜŰɑůɤɛŬ Űɞɡ ŬɜŰɘŭɟŬůŰɖɟɑɞɡ 

PAP əŬɘ Űɞ ˊɟɤŰɞŰŬɔɏɠ ŬɜŰɑůɤɛŬ ˊɟɏˊŮɘ ɜŬ ˊŬɟɎɔɞɜŰŬɘ ůŰɞ ɑŭɘɞ Ůɑŭɞɠ ɕɩɞɡ. ɆɐɛŮɟŬ ɡˊɎɟɢɞɡɜ 

ŭɘŬɗɏůɘɛŬ ŬɜŰɘŭɟŬůŰɐɟɘŬ PAP ˊɞɡ ɏɢɞɡɜ ˊŬɟŬɢɗŮɑ ůŮ ɧɚŬ ŰŬ Ůɑŭɖ ɕɩɤɜ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ əŬɘ ŰŬ 

ˊɟɤŰɞɔŮɜɐ ŬɜŰɘůɩɛŬŰŬ. ȷɜɎɚɞɔŮɠ ɛŮ Űɘɠ ˊŬɟŬˊɎɜɤ ŮɑɜŬɘ əŬɘ ɞɘ Ŭɟɢɏɠ  Űɖɠ  ŰŮɢɜɘəɐɠ  ŬɚəŬɚɘəɐɠ  

űɤůűŬŰ ůɖɠ ŬɜŰɘ ŬɚəŬɚɘə ɠ  űɤůűŬŰ ůɖɠ (ŰŮɢɜɘəɐ APAAP) ůŰɖɜ ɞˊɞɑŬ, ůŰɖ ɗɏůɖ Űɞɡ ůɡɛˊɚɧəɞɡ 

ɅȷɅ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ů ɛˊɚɞəɞ ȷɅȷȷɅ. ȼ ŰŮɢɜɘəɐ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ  ɧŰŬɜ  ůŰɞɡɠ  ɡˊɧ  

ŮɝɏŰŬůɖ  ɘůŰɞɨɠ ɡˊɎɟɢɞɡɜ ɡɣɖɚɎ ŮˊɑˊŮŭŬ ŮɜŭɞɔŮɜɞɨɠ  ɡˊŮɟɞɝŮɘŭ ůɖɠ,  ɧŰŬɜ  ɢɟŮɘɎɕŮŰŬɘ ɜŬ 

ŬɜɘɢɜŮɡɗɞɨɜ ŮɘŭɘəɎ əɨŰŰŬɟŬ ˊɞɡ ŮɡɜɞɞɨɜŰŬɘ Ŭˊɧ Űɞ ɏɜŰɞɜɞ əɧəəɘɜɞ ɢɟɩɛŬ Űɤɜ ɡˊɞůŰɟɤɛɎŰɤɜ Űɖɠ 
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ŬɚəŬɚɘəɐɠ űɤůűŬŰ ůɖɠ əŬɘ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ŭɘˊɚɐɠ Ŭɜɞůɞɢɟ ůɖɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ɛɏɗɞŭɞ 

ɡˊŮɟɞɝŮɘŭ ůɖɠ. 

 

ȷɡŰɞɛŬŰɞˊɞɘɖɛɏɜɖ ŬɜɞůɞɥůŰɞɢɖɛŮɑŬ (ȷɡŰɞɛŬŰɞˊɞɘɖɛɏɜo MɖɢɎɜɖɛŬ Ventana BenchMark XT)  

To ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɞ ɛɖɢɎɜɖɛŬ Ventana BenchMark XT ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ŮɟɔŬɚŮɑɞ 

ɜɏŬɠ ɔŮɜɘɎɠ ɔɘŬ Űɖɜ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɖ ˊɟɞŮŰɞɘɛŬůɑŬ Űɤɜ ɘůŰɩɜ ˊɞɡ ˊɟɞɞɟɑɕɞɜŰŬɘ ɔɘŬ 

ŬɜɞůɞɥůŰɞɢɖɛɘəɐ ɢɟɩůɖ. ȼ ɢɟɐůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ Ventana ŬɡɝɎɜŮɘ Űɖɜ ŮɡŮɚɘɝɑŬ ɛŮ Űɖ ŭɡɜŬŰɧŰɖŰŬ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɤɜ ˊɟɤŰɞəɧɚɚɤɜ ɔɘŬ Űɘɠ ŰŮɢɜɘəɏɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŮ ŬɡŰɧ (IHC, ISH, 

FISH, SISH əŬɘ FITC), Űɖɜ ˊɞɘɧŰɖŰŬ ɤɠ ˊɟɞɠ Űɖɜ ŬɜŰɑŭɟŬůɖ ɢɟɩůɖɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ əŬɘ Űɖɜ 

ˊŬɟŬɔɤɔɘəɧŰɖŰŬ əŬɗɩɠ ɖ ŬɡŰɞɛŬŰɞˊɞɑɖůɖ Űɖɠ ůɡɜɞɚɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ ŭɑɜŮɘ ɏɤɠ əŬɘ 25% Ŭɨɝɖůɖ ůŰɖɜ 

ŰŬɢɨŰɖŰŬ Űɖɠ ˊɟɞŮŰɞɘɛŬůɑŬɠ Űɖɠ ŭɞəɘɛɐɠ.  

ɇɞ ɛɖɢɎɜɖɛŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɘŬ ɛɞɜɎŭŬ ɢɟɩůɖɠ, ɛɘŬ ɛɞɜɎŭŬ ɟŮɡůŰɩɜ əŬɘ Űɏɚɞɠ ɛɘŬ ɛɞɜɎŭŬ 

ŬˊɞɓɚɐŰɤɜ. ȼ ɛɞɜɎŭŬ ɢɟɤɛŬŰɘůɛɞɨ ŭɘŬɗɏŰŮɘ 35 ɗɏůŮɘɠ ɔɘŬ ŰŬ ŬɜŰɘŭɟŬůŰɐɟɘŬ əŬɘ 30 ˊɚɐɟɤɠ 

ŬɜŮɝɎɟŰɖŰŮɠ ɗɏůŮɘɠ ɔɘŬ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ŬɜŰɘəŮɘɛŮɜɞűɧɟɤɜ ˊɚŬəɩɜ (slides). ȼ ɛɞɜɎŭŬ ɟŮɡůŰɩɜ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ŬɜŰɘŭɟŬůŰɖɟɑɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ (ɏɚŮɔɢɞɠ ɛɏůɤ 

ŬɘůɗɖŰɐɟɤɜ) əŬɘ Űɖ ŭɘŬɜɞɛɐ Űɞɡɠ ŬɡŰɧɛŬŰŬ ůŰɖ ɛɞɜɎŭŬ ɢɟɩůɖɠ. ȼ ɛɞɜɎŭŬ ŬˊɞɓɚɐŰɤɜ ŬˊɞŰŮɚŮɑŰŬɘ 

Ŭˊɧ ŭɨɞ ŭŮɝŬɛŮɜɏɠ ůŰɘɠ ɞˊɞɑŮɠ ɡˊɎɟɢɞɡɜ ŬɘůɗɖŰɐɟŮɠ ˊɞɡ ŬˊɞŰɟɏˊɞɡɜ Űɖɜ ŮɜŭŮɢɧɛŮɜɖ ɡˊŮɟɢŮɑɚɘůɖ 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬˊɞɡůɑŬɠ Űɞɡ ŮɟɔŬůŰɖɟɘŬəɞɨ ˊɟɞůɤˊɘəɞɨ. ɀɏɟɞɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬˊɞŰŮɚŮɑ Ůˊɑůɖɠ 

ɏɜŬ əɎɚɡɛɛŬ ɛŮ Ůɘŭɘəɧ ɚɎŭɘ ˊɞɡ ˊɟɞůŰŬŰŮɨŮɘ Űɞ ɘůŰɘəɧ ŭŮɑɔɛŬ Ŭˊɧ Űɖɜ ɝɐɟŬɜůɖ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖ 

ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ əŬɗɩɠ əŬɘ ɏɜŬ ɛɑɝŮɟ ŬɏɟŬ-Vortex (Vortex Mixer) ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɘůɧŰɘɛɖ 

əŬŰŬɜɞɛɐ Űɞɡ ŬɜŰɘŭɟŬůŰɖɟɑɞɡ əŬɘ Űɖɜ ˊɚɐɟɖ əɎɚɡɣɖ Űɞɡ ˊɚŬəɘŭɑɞɡ ˊɞɡ ˊɟɞɞɟɑɕŮŰŬɘ ɔɘŬ ɢɟɩůɖ. Ƀɘ 

ŬɜŰɘəŮɘɛŮɜɞűɧɟŮɠ ˊɚɎəŮɠ əŬɘ ŰŬ ŬɜŰɘŭɟŬůŰɐɟɘŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ űɏɟɞɡɜ ɏɜŬɜ ɔɟŬɛɛɞəɩŭɘəŬ 

(barcode) ɛŮ Űɖ ɛɞɟűɐ ŬɡŰɞəɧɚɚɖŰɖɠ ŰŬɘɜɑŬɠ, ˊɟɞəŮɘɛɏɜɞɡ ŬɡŰɎ ɜŬ ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ŬəɞɚɞɡɗɐůŮɘ. ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ, ɛˊɞɟŮɑ ɜŬ ŮɚɏɔɢŮŰŬɘ ɖ ˊɞɟŮɑŬ 

Űɖɠ ŭɘŬŭɘəŬůɑŬɠ əɎɗŮ ɢɟɞɜɘəɐ ůŰɘɔɛɐ. 

 

2.4.2 ɄŮɘɟŬɛŬŰɘəɧ ɛɏɟɞɠ 

ɇŬ ˊŮɘɟɎɛŬŰŬ ŭɘŮɜŮɟɔɐɗɖəŬɜ ůŰɞ ȺɟɔŬůŰɐɟɘɞ ɄŬɗɞɚɞɔɘəɐɠ ȷɜŬŰɞɛɑŬɠ Űɞɡ ɇɛɐɛŬŰɞɠ ȽŬŰɟɘəɐɠ, Űɞɡ 

ɄŬɜŮˊɘůŰɖɛɑɞɡ ȽɤŬɜɜɑɜɤɜ. ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŬɜɞůɞɥůŰɞɢɖɛɘəɐ ŬɜɎɚɡůɖ Űɖɠ 
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ɏəűɟŬůɖɠ Űɖɠ ɛŮŰŬɚɚŬɔɛɏɜɖɠ ˊɟɤŰŮȶɜɖɠ BRAF əŬɘ Űɤɜ ˊɟɤŰŮɥɜɩɜ Melan-A, S100 əŬɘ HMB45. ɇŬ 

ŬɜŰɘůɩɛŬŰŬ ɔɘŬ Űɖɜ ˊɟɤŰŮȶɜɖ BRAF ŮűŬɟɛɧůŰɖəŬɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɞ 

ɛɖɢɎɜɖɛŬ ŬɜɞůɞɢɟɩůŮɤɜ Űɖɠ Ventana, ůɨɛűɤɜŬ ɛŮ ŰŬ ˊɟɤŰɧəɞɚɚŬ əŬɘ  Űɘɠ ɞŭɖɔɑŮɠ ˊɞɡ Űɞ 

ůɡɜɞŭŮɨɞɡɜ. ũɘŬ Űɘɠ Melan-A, S100 əŬɘ HMB45 ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ŭɘˊɚɐ Ŭɜɞůɞɢɟ ůɖ ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ ɛɏɗɞŭɞ ɡˊŮɟɞɝŮɘŭ ůɖɠ (ŰŮɢɜɘəɐ APAAP). 

ȼ Ůˊɘɚɞɔɐ  Űɤɜ ɘůŰɘəɩɜ ŭŮɘɔɛɎŰɤɜ ɏɔɘɜŮ ɛŮ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɧŰɘ ɡˊɐɟɢŮ ŮˊŬɟəɏɠ ɡɚɘəɧ, ɩůŰŮ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ˊɞɚɡˊŬɟŬɛŮŰɟɘəɐ ŬɜɞůɞɥůŰɞɢɖɛɘəɐ ŬɜɎɚɡůɖ.  ȳɚɞɘ ɞɘ ɘůŰɞɑ ŮɑɢŬɜ ɛɞɜɘɛɞˊɞɘɖɗŮɑ ůŮ 

ŭɘɎɚɡɛŬ űɞɟɛŬɚŭŮɒŭɖɠ 10% əŬɘ ŮɑɢŬɜ ŮɔəɚŮɘůɗŮɑ ůŮ əɨɓɞɡɠ ˊŬɟŬűɑɜɖɠ. ȷəɞɚɞɨɗɤɠ, 

ˊŬɟŬůəŮɡɎůɗɖəŬɜ ɘůŰɞɚɞɔɘəɏɠ Űɞɛɏɠ ˊɎɢɞɡɠ 3 ɢɘɚɘɞůŰɩɜ, ɞɘ ɞˊɞɑŮɠ ˊɟɞɤɗɐɗɖəŬɜ ˊɟɞɠ 

ŬɜɞůɞɥůŰɞɢɖɛɘəɐ ɛŮɚɏŰɖ. 

 

¶ ɀɏɗɞŭɞɠ APAAP 

ũɘŬ Űɘɠ ŬɜɞůɞɢɟɩůŮɘɠ Űɤɜ Melan-A, S100, HMB45 ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ Űɖɜ ɛɏɗɞŭɞ 

ɡˊŮɟɞɝŮɘŭɎůɖɠ, ŬəɞɚɞɡɗɐɗɖəŮ ɖ əɎŰɤɗɘ ŭɘŬŭɘəŬůɑŬ:  

1. ȷˊɞˊŬɟŬűɑɜɤůɖ Űɤɜ ɘůŰɘəɩɜ Űɞɛɩɜ ůŮ əɚɑɓŬɜɞ ůŰɞɡɠ 60ɞC ɔɘŬ 18 h  

3. ȺɛɓɎˊŰɘůɖ Űɤɜ Űɞɛɩɜ ůŮ ŭɘɎɚɡɛŬ ɝɡɚɧɚɖɠ əŬɘ ŰɞˊɞɗɏŰɖůɖ ůŮ əɚɑɓŬɜɞ ůŮ ɗŮɟɛɞəɟŬůɑŬ 60 ɞ C ɔɘŬ 

30 min  

4. ɀŮŰŬűɞɟɎ Űɤɜ ˊɚŬəɘŭɑɤɜ ůŮ ŭɘɎɚɡɛŬ ɝɡɚɧɚɖɠ ɔɘŬ ɢɟɧɜɞ 10 min ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ (RT)  

5. ȺɜɡŭɎŰɤůɖ Űɤɜ ɘůŰɞɚɞɔɘəɩɜ Űɞɛɩɜ ɛŮ ŮɛɓɎˊŰɘůɐ Űɞɡɠ ůŮ ůŮɘɟɎ ŭɘŬɚɡɛɎŰɤɜ ŬɘɗŬɜɧɚɖɠ 

ŮɚŬŰŰɞɨɛŮɜɖɠ ůɡɔəɏɜŰɟɤůɖɠ  (2x100%, 2x96%) ɔɘŬ 30 sec ůŮ əɎɗŮ ŭɘɎɚɡɛŬ 

6. Ȱəˊɚɡůɖ Űɤɜ ˊɚŬəɘŭɑɤɜ ɛŮ ŬˊŮůŰŬɔɛɏɜɞ ɜŮɟɧ 

 

7. ɇɞˊɞɗɏŰɖůɖ Űɤɜ Űɞɛɩɜ ůŮ buffer  ɔɘŬ ŰɞɡɚɎɢɘůŰɞɜ 5 min 

 

8. ɄɟɞɗɏɟɛŬɜůɖ ŭɘŬɚɨɛŬŰɞɠ əɘŰɟɘəɞɨ ɞɝɏɞɠ 10% ůŮ űɞɨɟɜɞ ɛɘəɟɞəɡɛɎŰɤɜ ɔɘŬ 3 min 
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9. ȷɜɎəŰɖůɖ ŬɜŰɘɔɞɜɘəɩɜ ŮˊɘŰɧˊɤɜ ɛŮ ŮűŬɟɛɞɔɐ 2 əɨəɚɤɜ ɗɏɟɛŬɜůɖɠ ŮɜŰɧɠ Űɞɡ űɞɨɟɜɞɡ 

ɛɘəɟɞəɡɛɎŰɤɜ ůŮ ɘůɢɨ 1500 Watt Ůˊɑ 6 min ɔɘŬ əɎɗŮ əɨəɚɞ  

 

10. ȺˊɩŬůɖ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ ɔɘŬ ɢɟɧɜɞ 10 min  

12. Ȱəˊɚɡůɖ ɔɘŬ 3 űɞɟɏɠ ůŮ ŬˊŮůŰŬɔɛɏɜɞ ɜŮɟɧ əŬɘ Wash Buffer 

13. ȷˊɞəɚŮɘůɛɧɠ ŮɜŭɞɔŮɜɩɜ ɡˊŮɟɞɝŮɘŭŬůɩɜ ɛŮ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ŬɜŰɘəŮɘɛŮɜɞűɧɟɤɜ ˊɚŬəɩɜ ůŮ 

ŭɘɎɚɡɛŬ 10% ŬˊɞəɚŮɘůɛɞɨ ɡˊŮɟɞɝŮɘŭɎůɖɠ (ȼ2Ƀ2) ɔɘŬ 15 min (ŬɜɎɛɘɝɖ 500ɛl H2O2 ɛŮ 50ml 

ŬɘɗŬɜɧɚɖ)  

14. ɇɞˊɞɗɏŰɖůɖ Űɤɜ ˊɚŬəɘŭɑɤɜ ůŮ ŬɜŬŭŮɡŰɐɟŬ  

15.  Ȱəˊɚɡůɖ 2 űɞɟɏɠ ɔɘŬ 5 min ůŮ ŭɘɎɚɡɛŬ Wash Buffer  

16.  Blocking (ŭɏůɛŮɡůɖ) Űɤɜ ɛɖ Ůɘŭɘəɩɜ ŬɜŰɘɔɞɜɘəɩɜ ŮˊɘŰɧˊɤɜ. ȺɜůŰɎɚɚŬɝɖ 2-3 ůŰŬɔɧɜɤɜ Power 

Block Ŭˊɧ Űɞ Kit əŬɘ Ŭəɞɚɞɨɗɤɠ ŮˊɩŬůɖ ɔɘŬ 10 min ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ 

17.  Ȱəˊɚɡůɖ ɔɘŬ 5 min ůŮ ŭɘɎɚɡɛŬ Wash Buffer 

18. ɇɞˊɞɗɏŰɖůɖ Űɞɡ ˊɟɤŰɞɔŮɜɞɨɠ ŬɜŰɘůɩɛŬŰɞɠ (100 ɛl əŬŰɎɚɚɖɚŬ ŬɟŬɘɤɛɏɜɞɡ ˊɟɤŰɞɔŮɜɞɨɠ 

ŬɜŰɘůɩɛŬŰɞɠ ůŰŬ ˊɚŬəɑŭɘŬ)  

19.  EˊɩŬůɖ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ ɔɘŬ 30 min 

20.  Ȱəˊɚɡůɖ Űɤɜ ˊɚŬəɘŭɑɤɜ ɛŮ  Wash Buffer ɔɘŬ 5 min 

21.  ȺˊɩŬůɖ ɛŮ Űɞ ŭŮɡŰŮɟoɔŮɜɏɠ ŬɜŰɑůɤɛŬ ɔɘŬ 30 sec  

22.  ɂɏˊɚɡɛŬ ɛŮ 3 ŬɚɚŬɔɏɠ Wash Buffer, 3 min ŮˊɩŬůɖɠ ŬɜɎ ůŰɎŭɘɞ 

23. ɇɞˊɞɗɏŰɖůɖ ɢɟɤɛɞɔɧɜɞɡ ŭɘŬɚɨɛŬŰɞɠ Űɖɠ ŬɚəŬɚɘəɐɠ űɤůűŬŰɎůɖɠ, EnVision FLEX MAGENTA 

ˊɟɧůűŬŰŬ ˊŬɟŬůəŮɡŬůɛɏɜɞ 1700 ɛl ɚɑɔɞ ˊɟɘɜ Űɖ ɢɟɐůɖ ůŮ 300ɛl Buffer 

 

24. ȺˊɩŬůɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ ˊŮɟɑˊɞɡ ɔɘŬ 7-10 min ɛɏɢɟɘ ɜŬ ŬɜŬˊŰɡɢɗŮɑ ɖ ŮˊɘɗɡɛɖŰɐ ɢɟɤůŰɘəɐ 

ŬɜŰɑŭɟŬůɖ  
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25. Ȱəˊɚɡůɖ ɛŮ  Wash Buffer 

 

26. ɉɟɩůɖ ɛŮ ŬɘɛŬŰɞɝɡɚɑɜɖ 10% (ˊɟɞůɗɐəɖ 10ml ŬɘɛŬŰɞɝɡɚɑɜɖɠ 100% ůŮ 90ml ŬˊŮůŰŬɔɛɏɜɞɡ 

ɜŮɟɞɨ) ɔɘŬ 2 min 

 

27. Ȱəˊɚɡůɖ ɛŮ  Wash Buffer 

 

28. ȷűɡŭɎŰɤůɖ Űɤɜ ɘůŰɩɜ ɛŮ ŮɛɓɎˊŰɘůɖ ůŮ ŬɜɘɞɨůŬ ůŮɘɟɎ ɞɘɜɞˊɜŮɡɛɎŰɤɜ (96%, 96%, 100%, 100%) 

əŬɘ ɝɡɚɧɚɖ 

 

29. ȾɎɚɡɣɖ Űɤɜ ŬɜŰɘəŮɘɛŮɜɞűɧɟɤɜ ˊɚŬəɩɜ ɛŮ əŬɚɡˊŰɟɑŭŮɠ (Immunoselect, dianova) 

 

30. ɀɘəɟɞůəɧˊɖůɖ əŬɘ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŬɜɞůɞɥůŰɞɢɖɛɘəɐɠ ɢɟɩůɖɠ ůŰɞ ɞˊŰɘəɧ ɛɘəɟɞůəɧˊɘɞ 

 

¶ ȷɡŰɞɛŬŰɞˊɞɘɖɛɏɜɖ ŬɜɞůɞɥůŰɞɢɖɛŮɑŬ  

ũɘŬ Űɖɜ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɖ ŬɜɞůɞɥůŰɞɢɖɛŮɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɛɖɢɎɜɖɛŬ Ventana BenchmarkÈXT 

əŬɘ ŬəɞɚɞɡɗɐɗɖəŮ ɖ əɎŰɤɗɘ ŭɘŬŭɘəŬůɑŬ:  

1. ŪŮɟɛɘəɐ ˊɟɞŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŬɜŰɘəŮɘɛŮɜɞűɧɟɤɜ ˊɚŬəɘŭɑɤɜ ůŮ əɚɑɓŬɜɞ (ɝɐɟŬɜůɖ ůŰɞɡɠ 80oC ɔɘŬ 

15 min)  

2. ɉɞɟɐɔɖůɖ əŬɘ ŰɞˊɞɗɏŰɖůɖ, ɛŮ Űɖ ɛɞɟűɐ ŬɡŰɞəɧɚɚɖŰɖɠ ŰŬɘɜɑŬɠ, Ůɜɧɠ ɔɟŬɛɛɞəɩŭɘəŬ (barcode), 

ˊɎɜɤ ůŰɘɠ ŬɜŰɘəŮɘɛŮɜɞűɧɟŮɠ ˊɚɎəŮɠ  

3. ȷɟŬɑɤůɖ Űɤɜ ˊɟɤŰɞɔŮɜɩɜ ŬɜŰɘůɤɛɎŰɤɜ   

4. óȾɚŮɘůŰɐô ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɛɖɢŬɜɐɛŬŰɞɠ  

× ŪɏɟɛŬɜůɖ əŬɘ ŬˊɞˊŬɟŬűɑɜɤůɖ Űɞɡ ɘůŰɞɨ (ŭɘŬŭɘəŬůɑŬ ŭɘɎɟəŮɘŬɠ 60 min) 

×  ȷˊɞəɎɚɡɣɖ Űɞɡ ŬɜŰɘɔɞɜɘəɞɨ ŮˊɘŰɧˊɞɡ ɛŮ Űɖ ɢɟɐůɖ əŬŰɎɚɚɖɚɞɡ əɡŰŰŬɟɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ (CC2)  

ɔɘŬ 60 min 

× ȺˊɩŬůɖ Űɤɜ ˊɟɤŰɞɔŮɜɩɜ ŬɜŰɘůɤɛɎŰɤɜ (ɗ 370C) 

× ȺɝɤɔŮɜɐɠ ˊɟɞůɗɐəɖ 100 ɛl Űɞɡ ˊɟɤŰɞɔŮɜɞɨɠ ŬɜŰɘůɩɛŬŰɞɠ [PREP KIT 101] 

×  ȺˊɩŬůɖ ɔɘŬ 32 min 
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× ɄɟɧŰɡˊɖ Ůɜɑůɢɡůɖ Ventana 

× Ʉɚɨůɖ 

× Eˊɑɢɟɤůɖ Űɤɜ Űɞɛɩɜ ɛŮ ɛɑŬ ůŰŬɔɧɜŬ ŬɘɛŬŰɞɝɡɚɑɜɖɠ [HEMATOXYLIN] 

×  ȺˊɩŬůɖ ɔɘŬ 4 min 

× ȺűŬɟɛɞɔɐ ɛɑŬɠ ůŰŬɔɧɜŬɠ ŬɜŰɘŭɟŬůŰɖɟɑɞɡ ɛˊɚŮ LCS 

× ȺˊɩŬůɖ ɔɘŬ 4 min 

× ɉɟɐůɖ Űɞɡ UltraView Universal DAB Detection Kit (Ventana) ɔɘŬ ɢɟɤɛɞɔɧɜɞ ŬɜɑɢɜŮɡůɖ  

5. ȷűŬɑɟŮůɖ Űɤɜ ŬɜŰɘəŮɘɛŮɜɞűɧɟɤɜ ˊɚŬəɩɜ Ŭˊɧ Űɞ ɛɖɢɎɜɖɛŬ 

 6. Ȱəˊɚɡůɖ ůŮ ŰɟŮɢɞɨɛŮɜɞ ɜŮɟɧ ɓɟɨůɖɠ ɔɘŬ 10 min ɛŮ ɛɘŬ ůŰŬɔɧɜŬ ŬˊɞɟɟɡˊŬɜŰɘəɞɨ ˊɘɎŰɤɜ  

7. ȺˊŬɜŬɚŬɛɓŬɜɧɛŮɜŮɠ ˊɚɨůŮɘɠ ůŮ ŬˊŮůŰŬɔɛɏɜɞ ɜŮɟɧ  

8. ȾɎɚɡɣɖ Űɤɜ ˊɚŬəɘŭɑɤɜ ɛŮ əŬɚɡˊŰɟɑŭŮɠ   

9. ɆŰɏɔɜɤɛŬ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ ɔɘŬ 3h 

10. ɀɘəɟɞůəɧˊɖůɖ əŬɘ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŬɜɞůɞɥůŰɞɢɖɛɘəɐɠ ɢɟɩůɖɠ ůŰɞ ɞˊŰɘəɧ ɛɘəɟɞůəɧˊɘɞ  

 

¶ ɀɎɟŰɡɟŮɠ (Controls)  

ɆŮ ɧɚŮɠ Űɘɠ ŬɜɞůɞɥůŰɞɢɖɛɘəɏɠ ɢɟɩůŮɘɠ əŬɘ ůŮ əɎɗŮ running, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɗŮŰɘəɞɑ əŬɘ ŬɟɜɖŰɘəɞɑ 

ɛɎɟŰɡɟŮɠ. ɋɠ ɗŮŰɘəɞɑ ɛɎɟŰɡɟŮɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɘůŰɞɑ, ɔɘŬ Űɞɡɠ ɞˊɞɑɞɡɠ ɐŰŬɜ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ 

ɔɜɤůŰɧ ɧŰɘ ŮɝɏűɟŬɕŬɜ Űɘɠ ɡˊɧ ɛŮɚɏŰɖ ˊɟɤŰŮȶɜŮɠ. ɋɠ ŬɟɜɖŰɘəɞɑ ɛɎɟŰɡɟŮɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

ɘůŰɞɚɞɔɘəɏɠ Űɞɛɏɠ ɛŮ ˊŬɟɎɚŮɘɣɖ Űɖɠ ˊɟɞůɗɐəɖɠ Űɞɡ ˊɟɤŰɞɔŮɜɞɨɠ ŬɜŰɘůɩɛŬŰɞɠ.  

 

¶ ȷɝɘɞɚɧɔɖůɖ Űɤɜ ŬɜɞůɞɥůŰɞɢɖɛɘəɩɜ ɢɟɩůŮɤɜ  

ȼ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŬɜɞůɞɥůŰɞɢɖɛɘəɩɜ ɢɟɩůŮɤɜ ɏɔɘɜŮ ůŮ ŭɘɞűɗɎɚɛɘɞ ɞˊŰɘəɧ ɛɘəɟɞůəɧˊɘɞ, ŭɘˊɚɐɠ 

ůɡɛˊŬɟŬŰɐɟɖůɖɠ. ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ɖ ŮəŰɑɛɖůɖ Űɤɜ ŬɜɞůɞɥůŰɞɢɖɛɘəɩɜ ɢɟɩůŮɤɜ ɏɔɘɜŮ ůŮ ɓɘɩůɘɛɞ, 

əŬɚɎ ŭɘŬŰɖɟɖɛɏɜɞ ɜŮɞˊɚŬůɛŬŰɘəɧ ɘůŰɧ, ɢɤɟɑɠ ɜɏəɟɤůɖ əŬɘ ŰŮɢɜɖŰɎ ůűɎɚɛŬŰŬ (artifacts). 
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2.5.   ȷɚɡůɘŭɤŰɐ ŬɜŰɑŭɟŬůɖ ˊɞɚɡɛŮɟɎůɖɠ ˊɟŬɔɛŬŰɘəɞɨ ɢɟɧɜɞɡ (Real time PCR)                                                                                                                                                                                                                                                            

 

2.5.1   ɀɏɗɞŭɞɠ 

ȼ ɏɜɜɞɘŬ Űɖɠ PCR ɓŬůɑɕŮŰŬɘ ůŮ ɛɘŬ ůŮɘɟɎ ŭɘŬŭɞɢɘəɩɜ ɛŮŰŬɓɞɚɩɜ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ. ɆɡɔəŮəɟɘɛɏɜŬ, 

Ŭɟɢɘəɐ ɗɏɟɛŬɜůɖ 94ɞC, ɏˊŮɘŰŬ 45-60 ɞC ɗŮɟɛɞəɟŬůɑŬ ŭɟɎůɖɠ ŮəəɘɜɖŰɩɜ, Ŭəɧɚɞɡɗɖ Ɏɜɞŭɞɠ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ ůŰɞɡɠ 72 ɞC - ɓɏɚŰɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ ŭɟɎůɖɠ Űɖɠ ˊɞɚɡɛŮɟɎůɖɠ Taq. ȷɟɢɘəɎ, Űɞ ŭŮɑɔɛŬ 

DɁȷ ŬɜŬɛɘɔɜɨŮŰŬɘ ɛŮ ɟɡɗɛɘůŰɘəɧ ŭɘɎɚɡɛŬ, ŮəəɘɜɖŰɏɠ, Taq-ˊɞɚɡɛŮɟɎůɖ, ŭŮɞɝɡɟɘɓɞɜɞɡəɚŮɞŰɑŭɘŬ 

(dNTPs), ɓŮŰŬɥɜɖ (ŭɘɎɚɡɛŬ ŮɜɘůɢɡŰɐ) əŬɘ ɜŮɟɧ.  

ȼ ŭɞəɘɛɐ Cobas 4800 BRAF V600E mutation test ŮɑɜŬɘ ɛɘŬ ŬɜɎɚɡůɖ ɓŬůɘůɛɏɜɖ ůŮ ŬɚɡůɘŭɤŰɐ 

ŬɜŰɑŭɟŬůɖ ˊɞɚɡɛŮɟɎůɖɠ (PCR) ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ ŮɔəŮəɟɘɛɏɜɖ Ŭˊɧ Űɞ FDA 

ŭɘŬɔɜɤůŰɘəɐ ɛɏɗɞŭɞ ˊɞɡ ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ Űɖɠ in vitro ˊɞɘɞŰɘəɐɠ ŬɜɑɢɜŮɡůɖɠ Űɖɠ ɛŮŰɎɚɚŬɝɖɠ Űɞɡ 

ˊɟɤŰɞɞɔəɞɔɞɜɘŭɑɞɡ BRAF V600E ůŮ Ŭˊɞɛɞɜɤɛɏɜɞ DNA (1799 T>A) Ŭˊɧ ɛɞɜɘɛɞˊɞɘɖɛɏɜɞ ůŮ 

űɞɟɛɧɚɖ əŬɘ ůŰŬɗŮɟɞˊɞɘɖɛɏɜɞ ůŮ əɨɓɞɡɠ ˊŬɟŬűɑɜɖɠ (FPPE) ɡɚɘəɧ. ȼ ŭɞəɘɛɐ ŮˊɘəɡɟɩɗɖəŮ ůŰɞ 

HistoGeneX ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɤɜ ɛŮŰŬɚɚɎɝŮɤɜ BRAF V600 ůŰɞ ɛŮɚɎɜɤɛŬ, ůŰɞ ɞɟɗɞəɞɚɘəɧ 

əŬɟəɑɜɤɛŬ əŬɘ ůŰɞ əŬɟəɑɜɤɛŬ Űɞɡ ˊɜŮɨɛɞɜŬ (NSCLC).  

ȼ ɛɏɗɞŭɞɠ real-time PCR ɢɟɖůɘɛɞˊɞɘŮɑ ɏɜŬ űɗɞɟɑɕɞɜ-ůɖɛŬůɛɏɜɞ ŬɜɘɢɜŮɡŰɐ-ůŰɧɢɞ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ 

Ůɜɑůɢɡůɖ Űɖɠ ŬɚɚɖɚɞɡɢɑŬɠ-ůŰɧɢɞɡ əŬɘ Űɞɜ ˊɞůɞŰɘəɧ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ˊɟɞɥɧɜŰɤɜ PCR ůŮ 

ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ. ȼ ɛɏɗɞŭɞɠ ŮɛűŬɜɑɕŮɘ ŮɡŬɘůɗɖůɑŬ 95% ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɖɠ ɛŮŰɎɚɚŬɝɖɠ BRAF 

V600E əŬɘ 70% Űɖɠ ɛŮŰɎɚɚŬɝɖɠ BRAF V600K (Anderson et al., 2012). 

  

ɇɞ ˊɟɤŰɧəɞɚɚɞ ˊŮɟɘɏɢŮɘ ůɡɜɞɚɘəɎ ŰŬ ɔɜɤůŰɎ ˊɏɜŰŮ ɓɐɛŬŰŬ: 

1. ȷˊɞŭɘɎŰŬɝɖ (Denaturation): ŬˊɞŭɘɎŰŬɝɖ ŭŮɑɔɛŬŰɞɠ əŬɘ ŮɜŮɟɔɞˊɞɑɖůɖ Ůɜɕɨɛɤɜ  

2. ɄɞɚɚŬˊɚŬůɘŬůɛɧɠ (Amplification): PCR-ˊɞɚɚŬˊɚŬůɘŬůɛɧɠ Űɞɡ DNA-ůŰɧɢɞɡ  

3. Ⱦɡəɚɞˊɞɑɖůɖ (Cycling): Ůɘŭɘəɧɠ ˊɞɚɚŬˊɚŬůɘŬůɛɧɠ Űɞɡ ɛŮŰŬɚɚŬɔɛɏɜɞɡ DNA 

4. ɇɐɝɖ (Melting): ŬɜɎɚɡůɖ əŬɛˊɨɚɖɠ Űɐɝɖɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ˊɟɞɥɧɜŰɞɠ Űɖɠ PCR ˊɞɡ 

ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ DNA-ůŰɧɢɞ  

5. Ɋɨɝɖ (Cooling): ɣɨɝɖ Űɞɡ ɗŮɟɛɞəɡəɚɞˊɞɘɖŰɐ 

https://www.frontiersin.org/articles/10.3389/fmolb.2020.00113/full#B3
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ɇɞ Cobas test 4800E ɓŬůɑɕŮŰŬɘ ůŮ: 

× ũɞɜɘŭɘɤɛŬŰɘəɧ DNA Ŭˊɧ Űɞɛɏɠ Űɞɡ ɧɔəɞɡ ɛɞɜɘɛɞˊɞɘɖɛɏɜɞɡ ůŮ FPPE ɛŮ ůɡɔəɏɜŰɟɤůɖ DNA 

stock ŰŬ 5-35 ng/ml (ŬˊɞŭŮəŰɧ ɧɟɘɞ > 2 ng/ml). ɆɡɜɘůŰɩɛŮɜɖ Ůɑůɞŭɞɠ ˊɞůɧŰɖŰŬɠ DNA ůɡɜɞɚɘəɎ 

ŰŬ 125 ng (25ɛL of a 5ng/ɛL dilution of DNA stock). ɄɟɧəŮɘŰŬɘ ɔɘŬ ɢŮɘɟɞəɑɜɖŰɖ Ůəɢɨɚɘůɖ ɔɘŬ Űɖ 

ɚɐɣɖ ɔɞɜɘŭɘɤɛŬŰɘəɞɨ DNA, ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ ɛɑŬ ɐ ŭɨɞ Űɞɛɏɠ ˊɎɢɞɡɠ 5 ɛm ɘůŰɞɨ FFPE ˊɞɡ 

ˊŮɟɘɏɢɞɡɜ ŰɞɡɚɎɢɘůŰɞɜ 50% əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ ɛŮ ˊɞůɞůŰɘŬɑŬ ɛŮŰɎɚɚŬɝɖ > 5%.  

× PCR Ůɜɑůɢɡůɖ əŬɘ ŬɜɑɢɜŮɡůɖ DNA ůŰɧɢɞɡ ɛŮ ɢɟɐůɖ ůɡɛˊɚɖɟɤɛŬŰɘəɩɜ ɕŮɡɔɩɜ-ŮəəɘɜɖŰɩɜ 

(primers) əŬɘ ŭɨɞ ɞɚɘɔɞɜɞɡəɚŮɞŰɘŭɘəɞɨɠ ůɖɛŬůɛɏɜɞɡɠ ŬɜɘɢɜŮɡŰɏɠ (probes) ɛŮ ŭɘŬűɞɟŮŰəɏɠ 

űɗɞɟɑɕɞɡůŮɠ ɢɟɤůŰɘəɏɠ. ɇɞ ɏɜŬ probe ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɖɠ wt BRAF V600 

ŬɚɚɖɚɞɡɢɑŬɠ (sequence), Ůɜɩ Űɞ ŭŮɨŰŮɟɞ ɔɘŬ Űɖ ɛŮŰŬɚɚŬɔɛɏɜɖ V600E ɔɞɜɘŭɘɤɛŬŰɘəɐɠ ˊŮɟɘɞɢɐɠ. 

Ⱥˊɘˊɚɏɞɜ, ɔɘŬ Űɖ ŭɘŮɜɏɟɔŮɘŬ Űɞɡ ŰŮůŰ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɨɞ ŮɝɤŰŮɟɘəɎ run controls əŬɘ ɏɜŬ 

űɡůɘɞɚɞɔɘəɧ Ŭɚɚɐɚɘɞ ŮůɤŰŮɟɘəɎ. 

 

ȾŬɗɩɠ Űɞ DNA ůɡɜŰɑɗŮŰŬɘ ɛŮ əɎɗŮ əɨəɚɞ, ɖ ˊɞůɧŰɖŰŬ Űɞɡ űɤŰɧɠ ŬɡɝɎɜŮŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ŬűɗɞɜɑŬ 

Űɞɡ ˊɟɞɥɧɜŰɞɠ DNA, Űɞ ɞˊɞɑɞ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ əɨəɚɤɜ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ 

ɏɜŰŬůɖ Űɞɡ ŮəˊŮɛˊɧɛŮɜɞɡ űɤŰɧɠ ɜŬ ɡˊŮɟɓŮɑ ɏɜŬ ŬɡɗŬɑɟŮŰɞ ɧɟɘɞ. ȼ ůɢŮŰɘəɐ ŬűɗɞɜɑŬ BRAF V600E 

ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ůɡɔəɟɑɜɞɜŰŬɠ ŬɡŰɧ Űɞ əŬŰɩűɚɘ ɛŮ Űɞɜ Ŭɟɘɗɛɧ əɨəɚɤɜ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ 

ŬɜɑɢɜŮɡůɖ Űɞɡ ñwild typeò BRAF.  

 

2.5.2   ɄŮɘɟŬɛŬŰɘəɧ ɛɏɟɞɠ 

ȷɟɢɘəɎ, ůŰɞ ůŮŰ ŭŮɘɔɛɎŰɤɜ ŮˊɘɚɏɢɗɖəŬɜ ɘůŰɞɚɞɔɘəɏɠ Űɞɛɏɠ ɛŮ ŮˊŬɟəɏɠ ɜŮɞˊɚŬůɛŬŰɘəɧ ɡɚɘəɧ 

(ŰɞɡɚɎɢɘůŰɞɜ 50% əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ) ůŰɖ ɢɟɩůɖ ŬɘɛŬŰɞɝɡɚɑɜɖ/ɖɤůɑɜɖ (ȼ/Ⱥ) ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɖ Ŭˊɞɛɧɜɤůɖ Űɞɡ DNA.  

 

× ȷˊɞɛɧɜɤůɖ- Ⱥəɢɨɚɘůɖ DNA Ŭˊɧ ŭŮɑɔɛŬŰŬ ɘůŰɞɨ FFPE  

Ƀ ɘůŰɧɠ ˊɞɡ ˊŮɟɘŮɑɢŮ əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ ŬˊɞˊŬɟŬűɘɜɩɗɖəŮ (ɛŮ ɚŮˊɑŭŬ ɝɨɜɞɜŰŬɘ ɛɑŬ ɐ ŭɨɞ Űɞɛɏɠ 

ɛɏɔɘůŰɞɡ ˊɎɢɞɡɠ 5 ɛm ɘůŰɞɨ FFPE) əŬɘ ůɡɚɚɏɢɗɖəŮ ůŮ ɏɜŬɜ ŭɞəɘɛŬůŰɘəɧ ůɤɚɐɜŬ 1,5 mL. ɆŰɖ 

ůɡɜɏɢŮɘŬ Űɞ ˊɟɤŰɧəɞɚɚɞ ŮəŰŮɚɏůŰɖəŮ ůɨɛűɤɜŬ ɛŮ Űɞ əɘŰ Macherey-Nagel. 
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ü Ʉɟɞůɗɐəɖ 500 ɛL ɝɡɚɧɚɖɠ 

ü ȷɜɎŭŮɡůɖ ůŰɞ Vortex 10 sec 

ü ȺˊɩŬůɖ ɔɘŬ ɢɟɧɜɞ 5 min ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ (ŭɘɎɚɡůɖ ˊŬɟŬűɑɜɖɠ) 

ü Ʉɟɞůɗɐəɖ 500 ɛL ŬˊɧɚɡŰɖɠ ŬɘɗŬɜɧɚɖɠ əŬɘ ŬɜɎŭŮɡůɖ ůŰɞ Vortex 10 sec 

ü ȺˊɩŬůɖ ɔɘŬ ɢɟɧɜɞ 5 min ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ 

ü ūɡɔɞəɏɜŰɟɖůɖ ɔɘŬ 2 min ůŰɖ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ (16000 x g) əŬɘ ŬˊɞɟɟɑˊŰŮŰŬɘ Űɞ ɡˊŮɟəŮɑɛŮɜɞ. 

Ʉɟɞůɞɢɐ ɜŬ ɛɖɜ ŬˊɞůˊŬůŰŮɑ Űɞ ůűŬɘɟɑŭɘɞ 

ü Ʉɟɞůɗɐəɖ1 ml ŬˊɧɚɡŰɖɠ ŬɘɗŬɜɧɚɖɠ əŬɘ ŬɜɎŭŮɡůɖ ůŰɞ Vortex 10 sec 

ü ūɡɔɞəɏɜŰɟɖůɖ ɔɘŬ 2 min ůŰɖ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ (16000 x g) əŬɘ ŬˊɞɟɟɑˊŰŮŰŬɘ Űɞ ɡˊŮɟəŮɑɛŮɜɞ. 

Ʉɟɞůɞɢɐ ɜŬ ɛɖɜ ŬˊɞůˊŬůŰŮɑ Űɞ ůűŬɘɟɑŭɘɞ 

ü ɆəɞɨˊɘůɛŬ ŮɚŬűɟɩɠ Űɞɡ ůɤɚɖɜŬɟɑɞɡ ɛŮ ŭɘɖɗɖŰɘəɧ ɢŬɟŰɑ ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ ɡˊɞɚŮɘɛɛɎŰɤɜ 

ŬɘɗŬɜɧɚɖɠ. ɂɐɟŬɜůɖ Űɞɡ ůűŬɘɟɘŭɑɞɡ Űɞɡ ɘůŰɞɨ ɔɘŬ 10 min ůŰɞɡɠ +56 o C. ȷɜ ɢɟŮɘŬůŰŮɑ, ɝɐɟŬɜůɖ 

ɛɏɢɟɘ Űɞ ɛɏɔɘůŰɞ Űɤɜ 20 min.  

ü ȷɜɎŭŮɡůɖ 

 

ɆŰɖ ůɡɜɏɢŮɘŬ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Űɞ ˊɟɩŰɞ ɓɐɛŬ Űɞɡ ˊɟɤŰɞəɧɚɚɞɡ Űɖɠ Ŭˊɞɛɧɜɤůɖɠ Űɞɡ DNA. 

ü ɆŮ ůűŬɘɟɑŭɘɞ ɘůŰɞɨ (ŬˊɞˊŬɟŬűɘɜɤɛɏɜɞ ɧˊɤɠ  ɏɢŮɘ  ˊŮɟɘɔɟŬűŮɑ),  ˊɟɞůŰɑɗŮŰŬɘ 180 ɛL ŭɘŬɚɨɛŬŰɞɠ 

ñTissue Lysis Bufferò (ˊɟɞəŬɚŮɑ  ɚɨůɖ  Űɞɡ ɘůŰɞɨ) əŬɘ 70 ɛL ŭɘŬɚɨɛŬŰɞɠ ñProteinase Kò (ˊɏˊŰŮɘ 

Űɘɠ ɘůŰɧɜŮɠ ůŰɘɠ ɞˊɞɑŮɠ ŮɑɜŬɘ Űɡɚɘɔɛɏɜɞ Űɞ DNA), Ŭűɞɨ Űɞ ɝŮˊŬɔɩůŮɘ  ɞɛŬɚɎ.  

ü ȷɜɎŭŮɡůɖ ůŰɞ Vortex ɔɘŬ 30 sec.  

ü Ⱥɩ́Ŭůɖ ɔɘŬ 60 min ůŰɞɡɠ 56 o C, ŬɜŬŭŮɨɞɜŰŬɠ ůŰŬ 600 rpm.  

ü ɇɞ  ɚɨɛŬ  ɗŬ  ˊɟɏˊŮɘ  ɜŬ  ŮɑɜŬɘ  əŬɗŬɟɧ.  ȷɜ  ɛɧɟɘŬ  ŮɑɜŬɘ  ŬəɧɛŬ  ɞɟŬŰɎ, ˊŬɟŬŰŮɑɜŮŰŬɘ ɞ ɢɟɧɜɞɠ 

ŮˊɩŬůɖɠ ɔɘŬ ɛɑŬ Ůˊɘˊɚɏɞɜ ɩɟŬ 

ü ȺˊɩŬůɖ ɔɘŬ  60  min  ůŰɞɡɠ  90 o C, ŬɜɎŭŮɡůɖ ůŰŬ  600  rpm.   

ü ȷűɐɜŮŰŬɘ ɜŬ əɟɡɩůŮɘ ůŰɞɡɠ +15 ɛŮ +30 o C. 

ü Ʉɟɞůɗɐəɖ ůŰɞ ɚɡɛɏɜɞ ɘůŰɧ 200 ɛL ŭɘŬɚɨɛŬŰɞɠ ñDNA Binding Bufferò(Űɞ DNA ŮɑɜŬɘ ŬɟɜɖŰɘəɎ 

űɞɟŰɘůɛɏɜɞ əŬɘ ɗŬ ˊɟɞůŭɏůŮɘ ůŰɞ ɗŮŰɘəɧ űɞɟŰɑɞ Űɤɜ ɟɖŰɑɜɤɜ Űɞɡ  ůɤɚɖɜŬɟɑɞɡ) 

ü ȷɜɎɛɘɝɖ ˊɘˊŮŰɎɟɞɜŰŬɠ  ˊɎɜɤ-əɎŰɤ  3  űɞɟɏɠ  ɔɘŬ  ɜŬ ɞɛɞɔŮɜɞˊɞɘɖɗŮɑ Űɞ ŭɘɎɚɡɛŬ 

ü  Ⱥɩ́Ŭůɖ ɔɘŬ 10 min ůŰɞɡɠ 15 ɛŮ 30 o C 

ü Ʉɟɞůɗɐəɖ 100  ɛL  ɘůɞˊɟɞˊŬɜɧɚɖɠ  (ɤɠ  Ŭɚəɞɧɚɖ  ˊɟɞəŬɚŮɑ  ɛŮɑɤůɖ  Űɖɠ ɡŭŬŰɞŭɘŬɚɡŰɧŰɖŰŬɠ) 

ü  ȷɜɎɛɘɝɖ ˊɘˊŮŰɎɟɞɜŰŬɠ 3 űɞɟɏɠ 
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ü ɇɞˊɞɗɏŰɖůɖ Űɞɡ High Pure filter Tube ˊɎɜɤ ůŰɞ High Pure Collection ɇube, ˊɞɡ  ɏɢŮɘ  ɧɔəɞ  

ůɢŮŭɧɜ  550 ɛL 

ü   ūɡɔɞəɏɜŰɟɖůɖ ɔɘŬ 1 min ůŰŬ 8000 x g 

ü ɇɞˊɞɗɏŰɖůɖ  Űɞɡ High Pure filter Tube ˊɎɜɤ ůŮ ɏɜŬ ɜɏɞ High Pure Collection ɇube 

ü ȷˊɧɟɟɘɣɖ Űɞɡ ˊɟɞɖɔɞɨɛŮɜɞɡ High Pure Collection ɇube ɛŮ ɧ,Űɘ ŬɡŰɧ ŮɛˊŮɟɘɏɢŮɘ 

ü Ʉɟɞůɗɐəɖ 500 ɛL ɟɡɗɛɘůŰɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ ñWash Buffer Iò 

ü ūɡɔɞəɏɜŰɟɖůɖ ɔɘŬ 1 min ůŰŬ 8000 x g 

ü Ʉɟɞůɗɐəɖ 500 ɛL ɟɡɗɛɘůŰɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ ñWash Buffer IIò 

ü ūɡɔɞəɏɜŰɟɖůɖ ɔɘŬ 1 min ůŰŬ  8000  x g 

ü ūɡɔɞəɏɜŰɟɖůɖ ɔɘŬ  1  min  ůŰŬ  16000  x g  ɔɘŬ  ɜŬ ůŰŮɔɜɩůŮɘ ŮɜŰŮɚɩɠ 

ü  ɇɞˊɞɗɏŰɖůɖ Űɞɡ High Pure Filter ɇube ɛɏůŬ ůŮ ůɤɚɖɜɎəɘ ŬɜŰɑŭɟŬůɖɠ 1,5 ml 

ü Ʉɟɞůɗɐəɖ 100 ɛL ñElution Bufferò (ɟɡɗɛɘůŰɘəɧ ŭɘɎɚɡɛŬ ɏəɚɞɡůɖɠ Űɞɡ DNA) ůŰɞ əɏɜŰɟɞ Űɞɡ 

űɑɚŰɟɞɡ, ɢɤɟɑɠ ɜŬ ŬəɞɡɛˊɎŮɘ Űɞ űɑɚŰɟɞ 

ü ȺˊɩŬůɖ ɔɘŬ 5 min ůŰɞɡɠ 15 ɛŮ 30 o C 

ü ūɡɔɞəɏɜŰɟɖůɖ ɔɘŬ 1 min ůŰŬ 8000 x g 

 

Ƀ ɆɤɚɐɜŬɠ ɛɘəɟɞűɡɔɞəɏɜŰɟɖůɖɠ ŰɩɟŬ ˊŮɟɘɏɢŮɘ Űɞ Ůəɚɞɡůɛɏɜɞ DNA.  

 

ɇɞ Ůəɚɞɡůɛɏɜɞ DNA  ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŬˊŮɡɗŮɑŬɠ  ɐ  ɜŬ ŬˊɞɗɖəŮɡɗŮɑ ůŰɞɡɠ  +2  ɛŮ  +8 o C  

ɔɘŬ ɓɟŬɢɡˊɟɧɗŮůɛɖ ɢɟɐůɖ ɐ ůŰɞɡɠ -115 ɛŮ -25 o C ɔɘŬ ɛŬəɟɧɢɟɞɜɖ ɢɟɐůɖ. ȺɑɜŬɘ əŬɚɧ ɜŬ 

űɡɔɞəŮɜŰɟɖɗŮɑ ɔɘŬ ŰŮɚŮɡŰŬɑŬ űɞɟɎ Űɞ ɏəɚɞɡůɛŬ ɔɘŬ 2 min ůŰɖ ɛɏɔɘůŰɖ  ŰŬɢɨŰɖŰŬ. 

 

ü ɀŮŰŬűɞɟɎ Űɞɡ ɡˊŮɟəŮɑɛŮɜɞɡ ůŮ  əŬɗŬɟɧ  ůɤɚɐɜŬ ŬɜŰɑŭɟŬůɖɠ 1,5 mL  

 

ɇɞ Ŭˊɞɛɞɜɤɛɏɜɞ DNA ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ ŮɡŬɑůɗɖŰɞ ůŮ ůɢɏůɖ ɛŮ Űɞ RNA, Űɞ ɞˊɞɑɞ ˊɟɏˊŮɘ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ 

ůŮ ˊɎɔɞ ɛɏɢɟɘ Űɞ ŮˊɧɛŮɜɞ ɓɐɛŬ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ, ŭɘɧŰɘ ɛˊɞɟŮɑ ɜŬ ŬˊɞɘəɞŭɞɛɖɗŮɑ Ŭˊɧ Űɘɠ ɜɞɡəɚŮɎůŮɠ 

(RNAɎůŮɠ). 
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× ɄɟɞŮŰɞɘɛŬůɑŬ Űɞɡ Working  Master Mix  (MMX ) 

 

ȼ ŬɜŬɚɞɔɑŬ Űɤɜ ɧɔəɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŮɑɜŬɘ: 50 ɛL RXN MIX, 40 ɛL BRAF OM, 35 ɛL 

MGAC  

Ɇɨɜɞɚɞ: 125 ɛL 

 

ɆɖɛŮɑɤůɖ: ūɡɔɞəɏɜŰɟɖůɖ ɔɘŬ 5 sec ˊɟɘɜ Ŭˊɧ əɎɗŮ ɢɟɐůɖ. 

 

× ɄɞůɞŰɘəɞˊɞɑɖůɖ Űɞɡ DNA 

ɆɖɛŮɑɤůɖ: ūɡɔɞəɏɜŰɟɖůɖ əɎɗŮ ŭŮɑɔɛŬŰɞɠ DɁȷ ɔɘŬ 5 ŭŮɡŰŮɟɧɚŮˊŰŬ ˊɟɘɜ Ŭˊɧ Űɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ. 

 

ɆŰɞ ůɨůŰɖɛŬ ɗŬ ŮɛűŬɜɘůŰŮɑ ɏɜŬ Ŭˊɧ ŰŬ ŰɏůůŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ: 

 

ȷɜɑɢɜŮɡůɖ ɛŮŰɎɚɚŬɝɖɠ ɆŰɞ əɤŭɘəɧɜɘɞ 600 Ůɝɩɜɘɞ 15 

ɀɖ ŬɜɑɢɜŮɡůɖ ɛŮŰɎɚɚŬɝɖɠ ɆŰɞ əɤŭɘəɧɜɘɞ 600 Ůɝɩɜɘɞ 15 

ɀɖ ŬɝɘɧˊɘůŰɞ ŬˊɞŰɏɚŮůɛŬ ȷˊŬɘŰŮɑŰŬɘ ŮˊŬɜɎɚɖɣɖ 

ȷˊɏŰɡɢŮ ȷˊɞŰɡɢɖɛɏɜɞ run 

 

 

× ɀɎɟŰɡɟŮɠ 

ɆŮ əɎɗŮ əɨəɚɞ (run) ŬˊŬɘŰŮɑŰŬɘ ɖ ˊŬɟɞɡůɑŬ Űɤɜ ɛŬɟŰɨɟɤɜ (controls) BRAF MUT ůŰɖ ɗɏůɖ ȷ01 əŬɘ 

BRAF WT ůŰɖ ɗɏůɖ ȸ01 ůŮ ˊɞůɧŰɖŰŬ 25 ɛL ɛŮ ŬˊŬɟŬɑŰɖŰɖ Űɖɜ ɏɜŭŮɘɝɖ ñValidò əŬɘ ůŰɞɡɠ ŭɨɞ 

ɛɎɟŰɡɟŮɠ. 

 

ȼ ˊɟɞɠ ŬɜɎɚɡůɖ ˊɚŬəɏŰŬ 24 ɗɏůŮɤɜ ɏɢŮɘ Űɖɜ Ŭəɧɚɞɡɗɖ ɛɞɟűɐ (ȺɘůɎɔɞɜŰŬɘ Ŭˊɧ Űɞ ŮɚɎɢɘůŰɞ 3 ɏɤɠ Űɞ 

ɛɏɔɘůŰɞ 24 ŭŮɑɔɛŬŰŬ ˊɟɞɠ ŮɝɏŰŬůɖ): 
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 1 2 3 4 5 6 7 8 9 10 11 12 

A BRAF  

MUT 

Sample 7 Sample 15 Sample 23         

B BRAF WT Sample 8 Sample 16 Sample 24         

C Sample 1 Sample 9 Sample 17          

D Sample 2 Sample 10 Sample 18          

E Sample 3 Sample 11 Sample 19          

F Sample 4 Sample 12 Sample 20          

G Sample 5 Sample 13 Sample 21          

H Sample 6 Sample 14 Sample 22          
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ȾȺūȷȿȷȽɃ 3: ȷɄɃɇȺȿȺɆɀȷɇȷ 

 

3.1   ȾɚɘɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŬůɗŮɜɩɜ 

ɇŬ ɔŮɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ɞɛɎŭŬ Űɤɜ ŬůɗŮɜɩɜ ˊɞɡ ůɡɛˊŮɟɘɚɐűɗɖəŬɜ ůŰɖ ɛŮɚɏŰɖ 

ůɡɜɞɣɑɕɞɜŰŬɘ ůŰɞ ũɟɎűɖɛŬ 3.1 əŬɘ ůŰɞɜ ɄɑɜŬəŬ 3.1. ȼ ŬɜŬɚɞɔɑŬ Ŭɜŭɟɩɜ/ɔɡɜŬɘəɩɜ ɐŰŬɜ 1:1. Ƀ 

ɛɏůɞɠ ɧɟɞɠ ɖɚɘəɑŬɠ ŭɘɎɔɜɤůɖɠ ɐŰŬɜ 59 ŮŰɩɜ. 

 

 

 

ũɟɎűɖɛŬ 3.1. ȾŬŰŬɜɞɛɐ Űɞɡ űɨɚɞɡ ůŰɞ ɛŮɚŮŰɩɛŮɜɞ ˊɚɖɗɡůɛɧ. ȺˊɟɧəŮɘŰɞ ɔɘŬ 11 ɎɜŭɟŮɠ əŬɘ 11 

ɔɡɜŬɑəŮɠ. 

 

 

 

 

 

 

ʊˏ˂ˇ

ɯˊˊʶ˄ ɸʺ˂ˎ
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ɄɑɜŬəŬɠ 3.1. ȾŬŰŬɜɞɛɐ Űɖɠ ɖɚɘəɑŬɠ ůŰɞ ɛŮɚŮŰɩɛŮɜɞ ˊɚɖɗɡůɛɧ. 

І ɮˋʻʶ˄ʺˌ ʊˏ˂ˇ ɶ˂ʽˁʾʰ 

1 ǀ 27 

2 ǁ 69 

3 ǀ 39 

4 ǀ 58 

5 ǁ 75 

6 ǀ 25 

7 ǁ 38 

8 ǁ 82 

9 ǁ 63 

10 ǁ 37 

11 ǁ 64 

12 ǁ 65 

13 ǁ 78 

14 ǀ 50 

15 ǁ 58 

16 ǀ 79 

17 ǀ 70 

18 ǀ 68 

19 ǀ 78 

20 ǀ 49 

21 ǀ 69 

22 ǁ 52 
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3.2   Ʉɟɞűɑɚ ɏəűɟŬůɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ- ˊɟɞɓɚŮˊŰɘəɞɨ ŭŮɑəŰɖ BRAF ɛŮŰŬɝɨ ˊɟɤŰɞˊŬɗɞɨɠ 

əŬɘ ŭŮɡŰŮɟɞˊŬɗɞɨɠ ŮůŰɑŬɠ əŬɗɩɠ əŬɘ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘɞɢɏɠ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ɐ 

ŬˊɞəɚŮɘůŰɘəɎ ůŰɞ ɡɚɘəɧ Űɖɠ ɛŮŰɎůŰŬůɖɠ 

 

ɄɑɜŬəŬɠ 3.2. ɆɡɔəɟɘŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ  29 ŬɜŬɚɡɗɏɜŰɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɘůŰɘəɩɜ ŭŮɘɔɛɎŰɤɜ Űɤɜ 

14 ůɡɜɞɚɘəɎ ŬůɗŮɜɩɜ ůŮ ˊɟɤŰɞˊŬɗɐ ɐ/əŬɘ ɛŮŰŬůŰŬŰɘəɐ ŮůŰɑŬ ɔɘŬ ˊŬɟɞɡůɑŬ/ŬˊɞɡůɑŬ ɛŮŰɎɚɚŬɝɖɠ 

BRAF ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ ŬɜɞůɞɥůŰɞɢɖɛŮɑŬɠ əŬɘ Űɖɠ ŬɚɡůɘŭɤŰɐɠ ŬɜŰɑŭɟŬůɖɠ ˊɞɚɡɛŮɟɎůɖɠ ůŮ 

ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ. 

ȷ
ů
ɗ
Ů
ɜ
ɐ
ɠ

 

ȰŰɞɠ ūɨɚɞ ȼɚɘəɑŬ 

ɄɟɤŰɞˊŬɗɐɠ ŮůŰɑŬ 

ɀŮŰɎůŰŬůɖ/ 

ȹɘɖɗɖɛɏɜɞɠ 

ɚŮɛűŬŭɏɜŬɠ-

űɟɞɡɟɧɠ 

ɀŮŰŬůŰŬŰɘəɐ ŮůŰɑŬ/ 

ȹɘɖɗɖɛɏɜɞɠ 

ɚŮɛűŬŭɏɜŬɠ 

    Cobas test IHC   Cobas test  IHC  

1 
2012/

2017 
ǀ 27 - - ȿŮɛűŬŭɏɜŬɠ 

ŬɜŮˊŬɟəɏɠ 

ɡɚɘəɧ 
- 

2 2018 ǁ 69 - - ȿŮɛűŬŭɏɜŬɠ + + 

3 
2015/

2019 
ǀ 39 

ŬɜŮˊŬɟəɏɠ 

ɡɚɘəɧ 
- 

ȹɏɟɛŬ 

 

ɄɜŮɨɛɞɜŬɠ 

- 

 

- 

 

- 

 

- 

 

4 2019 ǀ 58 
ŬɜŮˊŬɟəɏɠ 

ɡɚɘəɧ 
- ȿŮɛűŬŭɏɜŬɠ - - 

5 2019 ǁ 75 - - ȿŮɛűŬŭɏɜŬɠ - - 

6 
2016/

2019 
ǀ 25 

ŬɜŮˊŬɟəɏɠ 

ɡɚɘəɧ 
ŬɜŮˊŬɟəɏɠ ɡɚɘəɧ 

ȿŮɛűŬŭɏɜŬɠ 

 

ɀŬůŰɧɠ 

- 

 

- 

+ 

 

+ 
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7 

2
0

1
4

 -2
0

1
9 

ǁ 38  

 

 

 

 

ȹŮɝɘɧɠ ɛŬůŰɧɠ   

 

ɆɡɛˊɚɖɟɤɛŬŰɘ

əɐ ŮəŰɞɛɐ   

 

ɀŮɚɎɜɤɛŬ Ůˊɑ 

ɞɡɚɐɠ  

 

ȹɘɐɗɖůɖ ůŰɞ 

ˊɟɧůɗɘɞ 

ŰɞɑɢɤɛŬ 

 

 

ɀŮŰŬůŰŬŰɘəɧ 

ɛŮɚɎɜɤɛŬ 

ɟɎɢɖɠ 

 

 

ɀŮŰŬůŰŬŰɘəɧ 

ɛŮɚɎɜɤɛŬ 

ŬɟɘůŰŮɟɐɠ 

ɤɛɞˊɚɎŰɖɠ 

 

 

 

 

 

 

 

 

 

- 

 

 

 

 

 

 

 

 

+ 

 

- 

 

- 

 

- 

 

 

+ 

 

 

 

- 

 

 

 

 

+ 

8 2016 ǁ 82 

ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ: + 

 

ȺɡɟɨŰŮɟɖ 

ŮəŰɞɛɐ:   - 

+ 

 

- 

   

9 2017 ǁ 63 - 

 

- 
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ɆɖɛŮɑɤůɖ: ɇŬ ɡɚɘəɎ Űɤɜ ŬůɗŮɜɩɜ # 15-22 Űɞɡ ɄɑɜŬəŬ 2.1 ŭŮɜ ŬɝɘɞɚɞɔɐɗɖəŬɜ ɔɘŬ Űɞ ˊɟɞűɑɚ 

ɏəűɟŬůɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ BRAF. 

 

ȷˊɧ Űɞ ůɨɜɞɚɞ Űɤɜ 14 ŬůɗŮɜɩɜ, Űɤɜ ɞˊɞɑɤɜ ŰŬ ɡɚɘəɎ Űɞɡɠ ŮɝŮŰɎůŰɖəŬɜ Űɧůɞ ɛɞɟɘŬəɎ ɧůɞ əŬɘ 

ŬɜɞůɞɥůŰɞɢɖɛɘəɎ ɔɘŬ Űɞ ˊɟɞűɑɚ ɏəűɟŬůɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ BRAF, ůɖɛŮɘɩɗɖəŮ: 

× ɆŮ ɏɜŬ ˊŮɟɘůŰŬŰɘəɧ ŮŰŮɟɞɔɏɜŮɘŬ ɤɠ ˊɟɞɠ Űɞ ˊɟɞűɑɚ ɏəűɟŬůɖɠ BRAF ɛŮŰŬɝɨ ˊɟɤŰɞˊŬɗɞɨɠ əŬɘ 

ɛŮŰŬůŰŬŰɘəɐɠ ŮůŰɑŬɠ (ȷůɗŮɜɐɠ # 2),  

 

× Ůɜɩ ůŮ ɏɜŬɜ ŬůɗŮɜɐ ŮɜŰɞˊɑůŰɖəŮ ŮŰŮɟɞɔɏɜŮɘŬ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘɞɢɏɠ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ 

(ȷůɗŮɜɐɠ # 8) 

 

 

×  əŬɘ ůŮ ŭɨɞ ŬəɧɛŬ ŬůɗŮɜŮɑɠ ŮŰŮɟɞɔɏɜŮɘŬ ɛŮŰŬɝɨ Űɤɜ ɛŮŰŬůŰɎůŮɤɜ (ȷůɗŮɜŮɑɠ # 7 əŬɘ 14) 

 

 

10 2017 ǁ 37 + + 
 

 

 

11 2019 ǁ 64 - - 

 

 

 

12 2018 ǁ 65 - - 

 

 

 

13 2018 ǁ 78   ȿŮɛűŬŭɏɜŬɠ - - 

14 
2017/

2018 
ǀ 50   

ɇɞˊɘəɐ 

ɡˊɞŰɟɞˊɐ 

ȿŮɛűŬŭɏɜŬɠ 

+ 

- 

+ 

- 
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3.3   ɄŬɟɞɡůɑŬůɖ ɞɟɘůɛɏɜɤɜ ŬɝɘɞůɖɛŮɑɤŰɤɜ ˊŮɟɘůŰŬŰɘəɩɜ ɛŮ ŮŰŮɟɞɔɏɜŮɘŬ ɛŮŰŬɝɨ Űɖɠ 

ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ əŬɘ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ɛŮŰŬůŰɎůŮɤɜ ůŮ ɚŮɛűŬŭɏɜŮɠ ɐ/əŬɘ ůɡɛˊŬɔɐ 

ɧɟɔŬɜŬ, ɛŮŰŬɝɨ ŭɘŬűɞɟŮŰɘəɩɜ ˊŮɟɘɞɢɩɜ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ əŬɘ ɛŮŰŬɝɨ Űɤɜ ɡɚɘəɩɜ 

ɛŮŰɎůŰŬůɖɠ 

 

Ƀ ɏɚŮɔɢɞɠ ŭɘŮɜŮɟɔɐɗɖəŮ Űɧůɞ ůŰɖ ŭŮɟɛŬŰɘəɐ ŮůŰɑŬ ɧůɞ əŬɘ ůŰɞ ɚŮɛűŬŭɏɜŬ-űɟɞɡɟɧ, Ůɜɩ ůŮ ɏɜŬɜ Ŭˊɧ 

Űɞɡɠ ŬůɗŮɜŮɑɠ ŮɚɏɔɢɗɖəŮ Űɞ ɡɚɘəɧ Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ ɓɘɞɣɑŬ əŬɘ Ŭˊɧ Űɖɜ ˊɚɐɟɖ ŮɝŬɑɟŮůɖ ˊɞɡ 

ŬəɞɚɞɨɗɖůŮ. 

 

Á    ȷůɗŮɜɐɠ # 2 (ɄɑɜŬəŬɠ 3.2) 

ȯɜŭɟŬɠ ɖɚɘəɑŬɠ 69 ŮŰɩɜ, ɛŮ ŭɘŬɔɜɤůɗɏɜ ɛŮɚɎɜɤɛŬ ŰɟɘɢɤŰɞɨ əŮűŬɚɐɠ (BRAF-) əŬɘ ɗŮŰɘəɧ ɚŮɛűŬŭɏɜŬ-

űɟɞɡɟɧ ŭŮɝɘɎ ɞˊɘůɗɞɤŰɘŬɑŬ (BRAF +). 

 

ȺɘəɧɜŬ 3.1. ȺɡɟɨŰŮɟɖ ŮəŰɞɛɐ. ɉɟɩůɖ ȼ/Ⱥ. ɀŮɔɏɗɡɜůɖ x 100 (ŬɟɘůŰŮɟɎ). ȷɜɞůɞɥůŰɞɢɖɛɘəɐ ɢɟɩůɖ 

ɔɘŬ Űɞɜ ɛŮɚŬɜɞəɡŰŰŬɟɘəɧ ŭŮɑəŰɖ Melan-A ɛŮ ŬɚəŬɚɘəɐ űɤůűŬŰɎůɖ (əɧəəɘɜɞ ɢɟɩɛŬ). ɀŮɔɏɗɡɜůɖ x 

200 (ŭŮɝɘɎ). 

 

ɶ/ɳ 100 x Melan-A (+) 200 x 
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ȺɘəɧɜŬ 3.2. ȿŮɛűŬŭɏɜŬɠ-űɟɞɡɟɧɠ. ɉɟɩůɖ ȼ/Ⱥ əŬɘ ŬɜɞůɞɥůŰɞɢɖɛɘəɧ ˊɟɞűɑɚ ɔɘŬ Űɞɡɠ ŭŮɑəŰŮɠ 

ŭɘŬűɞɟɞˊɞɑɖůɖɠ Melan-A, S100, HMB45. 

 

 

ȺɘəɧɜŬ 3.3. Ʉɟɞűɑɚ BRAF ɛŮŰŬɝɨ ˊɟɤŰɞˊŬɗɞɨɠ (ŬɟɘůŰŮɟɎ) əŬɘ ŭŮɡŰŮɟɞˊŬɗɞɨɠ ŮůŰɑŬɠ (ŭŮɝɘɎ). 

 

Melan-A (+) 200 x 

S100 (+) 200 x HMB45 (+) 200 x 

ɶ/ɳ 200 x 

BRAF (-) 200 x BRAF (+) 200 x 
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Á     ȷůɗŮɜɐɠ # 7 (ɄɑɜŬəŬɠ 3.2) 

ȷůɗŮɜɐɠ ɛŮ ˊɞɚɚŬˊɚɏɠ ɛŮŰŬůŰŬŰɘəɏɠ ŮůŰɑŮɠ ůŰɞɜ ɞˊɞɑɞ ˊɟɞɖɔɐɗɖəŮ ɖ ŬɜɞůɞɥůŰɞɢɖɛɘəɐ ŬɜɎɚɡůɖ ɏɝɘ 

ŭɘŬűɞɟŮŰɘəɩɜ ŭŮɘɔɛɎŰɤɜ əŬɘ ůŮ ɧůŬ ŬɜŮɡɟɏɗɖəŮ ɗŮŰɘəɧŰɖŰŬ ŬəɞɚɞɨɗɖůŮ ɖ ɛɞɟɘŬəɐ ŬɜɎɚɡůɖ ɛŮ 

ůəɞˊɧ ɜŬ ůɡɔəɟɘɗŮɑ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ (ɄɑɜŬəŬɠ 3.3). 

 

 

 

ȺɘəɧɜŬ 3.4. ȹɘɐɗɖůɖ ůŰɞ ˊɟɧůɗɘɞ ɗɤɟŬəɘəɧ ŰɞɑɢɤɛŬ. 

 BRAF (+) 100 x 

H/E 100 x 
H/E 200 x 

Melan-A (+) 200 x 
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ȺɘəɧɜŬ 3.5. ȾŬəɧɖɗŮɠ ɛŮɚɎɜɤɛŬ- ɛŮŰɎůŰŬůɖ ɟɎɢɖ. 

 

  

ȺɘəɧɜŬ 3.6. Ʉɟɞűɑɚ BRAF. ɀŮɚŬɔɢɟɤɛŬŰɘəɐ ɓɚɎɓɖ ŬɟɘůŰŮɟɐɠ ɤɛɞˊɚɎŰɖɠ-ɛŮɚɎɜɤɛŬ. 

 

 

 

BRAF (+) 100 x 
BRAF (+) 200 x 

H/E 100 x H/E 200 x 

Melan-A (+) 100 x HMB45 (+) 200 x 
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ɄɑɜŬəŬɠ 3.3. ɆɡɔəɟɘŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ŭɘŬŭɞɢɘəɩɜ ɓɘɞɣɘɩɜ ŬɜɎ ɏŰɞɠ ɔɘŬ ɛŮŰɎɚɚŬɝɖ Űɞɡ ɔɞɜɘŭɑɞɡ 

BRAF ůŰɞɜ ɑŭɘɞ ŬůɗŮɜɐ ɛŮ ŭŮɟɛŬŰɘəɧ ɛŮɚɎɜɤɛŬ ɛŮ ˊɞɚɚŬˊɚɏɠ ɛŮŰŬůŰŬŰɘəɏɠ ŮůŰɑŮɠ. 

 

 2014 2015 2016 2017 2018 2019 

Cobas test    -  + 

IHC  - - - + - + 

 

*  Ƀ ŬůɗŮɜɐɠ ŮɑɢŮ ˊɞɚɚɏɠ ɛŮŰŬůŰŬŰɘəɏɠ ŮůŰɑŮɠ ůŮ ɏŭŬűɞɠ ɢŮɘɟɞɡɟɔɖɗɏɜŰɞɠ ɛŮɚŬɜɩɛŬŰɞɠ: 

     2014: ȹŮɟɛŬŰɘəɧ ɛŮɚɎɜɤɛŬ ŭŮɝɘɞɨ ɛŬůŰɞɨ  

     2015: ɆɡɛˊɚɖɟɤɛŬŰɘəɐ ŮəŰɞɛɐ ůŮ ɛŮɚɎɜɤɛŬ 

     2016: ɀŮɚɎɜɤɛŬ Ůˊɑ ɞɡɚɐɠ 

     2017: ȹɘɐɗɖůɖ ůŰɞ ˊɟɧůɗɘɞ ɗɤɟŬəɘəɧ ŰɞɑɢɤɛŬ 

     2018: Ɇˊɑɚɞɠ ɟɎɢɖɠ- əŬəɧɖɗŮɠ ɛŮɚɎɜɤɛŬ 

     2019: ɀŮɚŬɔɢɟɤɛŬŰɘəɐ ɓɚɎɓɖ ŬɟɘůŰŮɟɐɠ ɤɛɞˊɚɎŰɖɠ- ɛŮɚɎɜɤɛŬ 

 

ȷˊɞŰɏɚŮůɛŬ: ȷůɡɛűɤɜɑŬ ůŰɞ ŬˊɞŰɏɚŮůɛŬ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ ůŮ ɏɜŬ Ůə Űɤɜ ŭɨɞ ɡɚɘəɩɜ Űɞɡ ɑŭɘɞɡ 

ŬůɗŮɜɐ (Cobas - , IHC  +).  

 

ɆɡɛˊɏɟŬůɛŬ: ȺˊɘůɖɛŬɑɜŮŰŬɘ ɖ ˊŬɟɞɡůɑŬ ŮŰŮɟɞɔɏɜŮɘŬɠ ɛŮŰŬɝɨ Űɤɜ ɛŮŰŬůŰɎůŮɤɜ ůŰɞɜ ůɡɔəŮəɟɘɛɏɜɞ 

ŬůɗŮɜɐ. 

 

Á      ȷůɗŮɜɐɠ # 8 (ɄɑɜŬəŬɠ 3.2) 

ȯɜŭɟŬɠ ɖɚɘəɑŬɠ 82 ŮŰɩɜ, ɔɘŬ Űɞɜ ɞˊɞɑɞ ɡˊɐɟɢŮ ŭɘŬɗɏůɘɛɞ Űɞ ɡɚɘəɧ Űɖɠ Ŭɟɢɘəɐɠ ɓɘɞɣɑŬɠ ɔɘŬ ŭŮɟɛŬŰɘəɐ 

Ŭɚɚɞɑɤůɖ ˊɞɡ ŬˊɞŭŮɑɢɗɖəŮ əŬəɧɖɗŮɠ ɛŮɚɎɜɤɛŬ əŬɘ ŬəɞɚɞɨɗɖůŮ ɖ ˊɚɐɟɖɠ ŮɝŬɑɟŮůɖ Űɖɠ Ŭɚɚɞɑɤůɖɠ. 

ȷˊɞŰɏɚŮůɛŬ: 

V ŬɜɑɢɜŮɡůɖ ɛŮŰɎɚɚŬɝɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ BRAF ɛɧɜɞ ůŰɞ ɡɚɘəɧ Űɖɠ Ŭɟɢɘəɐɠ ɓɘɞɣɑŬɠ əŬɘ ɧɢɘ ůŰɞ ɡɚɘəɧ 

Űɖɠ ˊɚɐɟɞɡɠ ŮɝŬɑɟŮůɖɠ 

U ŬɟɜɖŰɘəɧɠ ɞ ɚŮɛűŬŭɏɜŬɠ-űɟɞɡɟɧɠ 
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ȺɘəɧɜŬ 3.7. Ɉɚɘəɧ Űɖɠ Ŭɟɢɘəɐɠ ɓɘɞɣɑŬɠ. ɉɟɩůɖ ȼ/Ⱥ X 100 (ŬɟɘůŰŮɟɎ). Ʉɟɞűɑɚ BRAF (ŭŮɝɘɎ). 

 

ȺɘəɧɜŬ 3.8. ɉɟɩůɖ ȼ/Ⱥ ůŰɞ ɡɚɘəɧ Űɖɠ ˊɚɐɟɞɡɠ ŮɝŬɑɟŮůɖɠ. 

   

ȺɘəɧɜŬ 3.9. Ʉɟɞűɑɚ BRAF ůŰɞ ɡɚɘəɧ Űɖɠ ˊɚɐɟɞɡɠ ŮɝŬɑɟŮůɖɠ. 

 

BRAF (+) 100 x 

BRAF (-) 200 x BRAF (-) 400 x 

ɶ/ɳ 100 x 

ɶ/ɳ 100 x 
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Á ȷůɗŮɜɐɠ # 14 (ɄɑɜŬəŬɠ 3.2) 

ȯɜŭɟŬɠ ŬůɗŮɜɐɠ, ɖɚɘəɑŬɠ 50 ŮŰɩɜ ɛŮ ŭɘŬɔɜɤůɗɏɜ ɛŮɚɎɜɤɛŬ əɎŰɤ Ɏəɟɞɡ əŬɘ ɛŮŰŬůŰŬŰɘəɐ ŭɘɐɗɖůɖ ůŰɞ 

ɚŮɛűŬŭɏɜŬ-űɟɞɡɟɧ əŬɘ Ŭəɞɚɞɨɗɤɠ ɡˊɞŰɟɞˊɐ ůŰɞ ŭɏɟɛŬ Űɖɠ ɘɔɜɡŬəɐɠ ˊŮɟɘɞɢɐɠ. Ƀ ɚŮɛűŬŭŮɜɘəɧɠ 

əŬɗŬɟɘůɛɧɠ ˊɞɡ ŬəɞɚɞɨɗɖůŮ ɐŰŬɜ ŬɟɜɖŰɘəɧɠ. ȷəɞɚɞɡɗɞɨɜ ŬɜŰɑůŰɞɘɢŮɠ ŮɘəɧɜŮɠ (ȺɘəɧɜŮɠ 3.10 - 3.14). 

V ȷɜɑɢɜŮɡůɖ ɛŮŰɎɚɚŬɝɖɠ Űɞɡ BRAF ůŰɞ ɡɚɘəɧ Ŭˊɧ Űɖɜ ɡˊɞŰɟɞˊɐ Űɞɡ ŭɏɟɛŬŰɞɠ 

U      ȷɜɑɢɜŮɡůɖ ɛŮŰɎɚɚŬɝɖɠ Űɞɡ BRAF ůŰɞ ɚŮɛűŬŭɏɜŬ-űɟɞɡɟɧ 

 

ȺɘəɧɜŬ 3.10. ɉɟɩůɖ ȼ/Ⱥ. ɀŮɚɎɜɤɛŬ ŭɏɟɛŬŰɞɠ Ŭˊɧ Űɖɜ ɡˊɞŰɟɞˊɐ ůŰɖɜ ɘɔɜɡŬəɐ ˊŮɟɘɞɢɐ.  

ɀŮɔɏɗɡɜůɖ X 200 (ŬɟɘůŰŮɟɎ) X 400 (ŭŮɝɘɎ). 

 

ȺɘəɧɜŬ 3.11. ɉɟɩůɖ H/E. ɀŮŰŬůŰŬŰɘəɐ ŭɘɐɗɖůɖ ůŰɞ ɚŮɛűŬŭɏɜŬ-űɟɞɡɟɧ. 

 

H/E 200 x H/E 400 x 

H/E 100 x 
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ȺɘəɧɜŬ 3.12. ȷɜɞůɞɥůŰɞɢɖɛɘəɐ ɢɟɩůɖ ůŰɞɜ ɚŮɛűŬŭɏɜŬ-űɟɞɡɟɧ. ȹŮɝɘɎ ɔɘŬ Űɞ ŭŮɑəŰɖ əŬəɞɐɗɤɜ 

ɛŮɚŬɜɞəɡŰŰɎɟɤɜ HMB45 ɛŮ ŬɚəŬɚɘəɐ űɤůűŬŰɎůɖ (əɧəəɘɜɞ ɢɟɩɛŬ) əŬɘ ŬɟɘůŰŮɟɎ ɖ ŭɘˊɚɐ ɢɟɩůɖ ɔɘŬ 

Űɞɜ ˊɡɟɖɜɘəɧ ŭŮɑəŰɖ əɡŰŰŬɟɘəɞɨ ˊɞɚɚŬˊɚŬůɘŬůɛɞɨ MIB-1 ɛŮ ɢɟɤɛɞɔɧɜɞ DAB (əŬűɏ ɢɟɩɛŬ) əŬɘ ɔɘŬ 

Űɞɜ ɛŮɚŬɜɞəɡŰŰŬɟɘəɧ ŭŮɑəŰɖ Melan-A ɛŮ ŬɚəŬɚɘəɐ űɤůűŬŰɎůɖ (əɧəəɘɜɞ ɢɟɩɛŬ). 

 

   

ȺɘəɧɜŬ 3.13. ȷɜɑɢɜŮɡůɖ ɛŮŰɎɚɚŬɝɖɠ Űɞɡ BRAF ůŰɞ ɡɚɘəɧ Ŭˊɧ Űɖɜ ɡˊɞŰɟɞˊɐ Űɞɡ ŭɏɟɛŬŰɞɠ. 

 

ȺɘəɧɜŬ 3.14. ɀɖ ŬɜɑɢɜŮɡůɖ ɛŮŰɎɚɚŬɝɖɠ Űɞɡ BRAF ůŰɞ ɚŮɛűŬŭɏɜŬ-űɟɞɡɟɧ. 

BRAF (+) 100 x 

BRAF (+) 200 x 

BRAF (-) 200 x 

Melan-A/MIB-1(+) 100 x 
HMB45 (+) 100 x 
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3.4   Ʉɟɞűɑɚ Űɞɡ ɛɞɟɘŬəɞɨ ŭŮɑəŰɖ BRAF ůŮ ŬůɗŮɜŮɑɠ ɛŮ ŭɘŬɗɏůɘɛɖ ɛɧɜɞ Űɖɜ ˊɟɤŰɞˊŬɗɐ 

ŮůŰɑŬ 

   

ȺɘəɧɜŬ 3.15. ȷůɗŮɜɐɠ # 9. 

   

ȺɘəɧɜŬ 3.16. ȷůɗŮɜɐɠ # 10. 

 

ȺɘəɧɜŬ 3.17. ȷůɗŮɜɐɠ # 12. 

BRAF (-) 100 x BRAF (-) 200 x 

BRAF (+) 100 x BRAF (+) 200 x 

BRAF (-) 100 x 
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3.5   Ʉɟɞűɑɚ Űɞɡ ɛɞɟɘŬəɞɨ ŭŮɑəŰɖ BRAF ůŮ ŬůɗŮɜŮɑɠ ɛŮ ŭɘŬɗɏůɘɛɖ ɛɧɜɞ Űɖ ɛŮŰɎůŰŬůɖ 

  

ȺɘəɧɜŬ 3.18. ȷůɗŮɜɐɠ # 13. Ʉɟɞűɑɚ BRAF ɛŮ ŭɘŬɗɏůɘɛɖ ɛɧɜɞ Űɖ ɛŮŰɎůŰŬůɖ, Űɞɜ ɚŮɛűŬŭɏɜŬ-űɟɞɡɟɧ. 

 

3.6   Ɇɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ ŭɘŮɜŮɟɔɞɨɛŮɜɤɜ ŰŮɢɜɘəɩɜ, Űɖɠ ɛɞɟɘŬəɐɠ ɛŮɗɧŭɞɡ 

əŬɘ Űɖɠ ŬɜɞůɞɥůŰɞɢɖɛŮɑŬɠ  

 

ȷ́ ɧ Űɞ ůɨɜɞɚɞ Űɤɜ 21 ŭɘŬűɞɟŮŰɘəɩɜ ɡɚɘəɩɜ Űɤɜ 14 ŬůɗŮɜɩɜ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ ŮˊɘŰɡɢɩɠ əŬɘ ɛŮ Űɘɠ 

ŭɨɞ ɛŮɗɧŭɞɡɠ ɔɘŬ ɛŮŰɎɚɚŬɝɖ BRAF ůŮ ŰɟɑŬ ɡɚɘəɎ ŮɜŰɞˊɑůŰɖəŮ ŭɘŬűɞɟɎ ɤɠ ˊɟɞɠ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɤɜ 

ŭɡɞ ŰŮɢɜɘəɩɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ŭŮɜ ŬɜŮɡɟɏɗɖəŮ ɛɞɟɘŬəɎ ɛŮŰɎɚɚŬɝɖ ůŰɞ ɔɞɜɑŭɘɞ BRAF, ŬɜŰɑɗŮŰŬ 

ŬɜŮɡɟɏɗɖəŮ ŬɜɞůɞɥůŰɞɢɖɛɘəɎ (Cobas - , IHC  +). ɇŬ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ɡɚɘəɎ (ŭɘɖɗɖɛɏɜɞɠ ɚŮɛűŬŭɏɜŬɠ-

űɟɞɡɟɧɠ əŬɘ ɛŮŰɎůŰŬůɖ ɛŮɚŬɜɩɛŬŰɞɠ ůŰɞ ɛŬůŰɧ) ŬɜŰɘůŰɞɘɢɞɨůŬɜ ůŰɖɜ ɑŭɘŬ ŬůɗŮɜɐ # 6 (ɄɑɜŬəŬɠ 

3.2). ɇɞ ɏɜŬ Ůə Űɤɜ Űɟɘɩɜ ɡɚɘəɩɜ ŬűɞɟɞɨůŮ Űɞɜ ȷůɗŮɜɐ # 7 (ɄɑɜŬəŬɠ 3.2 əŬɘ 3.3). 

 

3.7 ȹɘŬɔɜɤůŰɘəɐ ůɡɛűɤɜɑŬ ɤɠ ˊɟɞɠ Űɞ ŬɜɞůɞɥůŰɞɢɖɛɘəɧ ˊɟɞűɑɚ Űɤɜ ŭŮɘəŰɩɜ 

ŭɘŬűɞɟɞˊɞɑɖůɖɠ Melan-A, S100 əŬɘ HMB45 Űɧůɞ ɛŮŰŬɝɨ ˊɟɤŰɞˊŬɗɞɨɠ əŬɘ 

ŭŮɡŰŮɟɞˊŬɗɞɨɠ ŮůŰɑŬɠ ɧůɞ əŬɘ ɛŮŰŬɝɨ ŭɘŬűɞɟŮŰɘəɩɜ ˊŮɟɘɞɢɩɜ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ ɐ 

ŬˊɞəɚŮɘůŰɘəɎ ůŰɞ ɡɚɘəɧ Űɖɠ ɛŮŰɎůŰŬůɖɠ 

 

 

BRAF (-) 200 x 
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ɄɑɜŬəŬɠ 3.4. ȷɜɞůɞɥůŰɞɢɖɛɘəɧ ˊɟɞűɑɚ ɔɘŬ Űɞɡɠ ŭŮɑəŰŮɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Melan-A, S100 əŬɘ HMB45 

Űɤɜ 14 ŬůɗŮɜɩɜ Űɞɡ ɄɑɜŬəŬ 2.1 ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ əŬɘ ɔɘŬ ˊŬɟɞɡůɑŬ ɛŮŰɎɚɚŬɝɖɠ BRAF. 

 

# ȷůɗŮɜɐɠ ȰŰɞɠ Ɉɚɘəɧ ūɨɚɞ ȼɚɘəɑŬ 
Melan-A 

(MART -1)  
S100 HMB45 

1 
2012 

/2017 

ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ 

 

ȹɘɖɗɖɛɏɜɞɠ 

ȿŮɛűŬŭɏɜŬɠ 

ǀ 27 

+ 

 

+ 

+ 

 

+ 

+ 

 

+ 

2 2018 

ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ 

 

ȹɘɖɗɖɛɏɜɞɠ  

ȿŮɛűŬŭɏɜŬɠ 

ǁ 69 

+ 

 

+ 

+ 

 

+ 

+ 

 

+ 

3 
2015 

/2019 

ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ 

ɀŮŰɎůŰŬůɖ- 

ȹɏɟɛŬ 

ɀŮŰɎůŰŬůɖ-  

ɄɜŮɨɛɞɜŬɠ 

ǀ 39 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4 2019 

ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ 

 

ȿŮɛűŬŭɏɜŬɠ 

ǀ 58 

+ 

 

+ 

+ 

 

+ 

+ 

 

+ 

5 2019 

ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ 

 

ȿŮɛűŬŭɏɜŬɠ 

ǁ 75 

- 

 

- 

- 

 

- 

- 

 

- 

6 
2016/ 

2019 

ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ 

 

ǀ 25 
+ 

 

+ 

 

+ 
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ȿŮɛűŬŭɏɜŬɠ 

 

ɀŮŰɎůŰŬůɖ-

ɛŬůŰɧɠ 

+ 

 

+ 

+ 

 

+ 

 

+ 

 

+ 

 

7 

2
0

1
4

 -2
0

1
9 

Ʉ
ɞ
ɚ
ɚ
Ŭ
ˊ
ɚ
ɏ
ɠ
 
ɛ
Ů
Ű
Ŭ
ů
Ű
Ŭ
Ű
ɘ
ə
ɏ
ɠ
 
Ů
ů
Ű
ɑ
Ů
ɠ

 

ǁ 38 

2014: + 

 

2015: + 

 

2016: + 

 

2017: + 
 

2018: + 

 

2019: + 

+ 

 

+ 

 

+ 

 

 

+ 

 

+ 

 

+ 

+ 

 

+ 

 

 

+ 

 

- 

 

+ 

 

+ 

8 2016 

ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ 

 

ȺɡɟɨŰŮɟɖ  

ŮəŰɞɛɐ 

ǁ 82 

 

+ 

 

+ 

 

 

+ 

 

+ 

 

 

+ 

 

+ 

 

9 2017 
ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ 
ǁ 63 + + + 

10 2017 

ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ 

 

ǁ 37 + + + 

11 2019 
ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ 
ǁ 64 - + - 

12 2018 
ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ 
ǁ 65 + + + 
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13 2018 
ȹɘɖɗɖɛɏɜɞɠ 

ȿŮɛűŬŭɏɜŬɠ 
ǁ 78 + + - 

14 
2017/ 

2018 

ɇɞˊɘəɐ  

ɡˊɞŰɟɞˊɐ 

 

ȿŮɛűŬŭɏɜŬɠ 

ǀ 50 

+ 

 

+ 

+ 

 

+ 

+ 

 

+ 

 

ɆŮ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘɞɢɏɠ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ ˊɞɡ ŮɚɏɔɢɗɖəŬɜ ŬɜɞůɞɥůŰɞɢɖɛɘəɎ, ŭŮɜ ɡˊɐɟɝŮ 

ŭɘŬűɞɟɞˊɞɑɖůɖ ůŰɞ ŬˊɞŰɏɚŮůɛŬ əŬɘ ɔɘŬ Űɞɡɠ ŰɟŮɑɠ ŭŮɑəŰŮɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Melan-A, S100 əŬɘ 

HMB45 ůŰɞɡɠ ŬůɗŮɜŮɑɠ # 1, 2, 3, 4, 5, 6, 8, 9, 10, 12. 

ɆɡɔəɟɑɜɞɜŰŬɠ Űɞ ŬˊɞŰɏɚŮůɛŬ ɛŮŰŬɝɨ ˊɟɤŰɞˊŬɗɞɨɠ əŬɘ ŭŮɡŰŮɟɞˊŬɗɞɨɠ ŮůŰɑŬɠ, ŭŮɜ ŮɜŰɞˊɑůŰɖəŮ 

ŮŰŮɟɞɔɏɜŮɘŬ ɤɠ ˊɟɞɠ Űɞ ŬɜɞůɞɥůŰɞɢɖɛɘəɧ ˊɟɞűɑɚ Űɤɜ ŭŮɘəŰɩɜ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Melan-A, S100 əŬɘ 

HMB45 ůŰɖɜ ˊɚŮɘɞɣɖűɑŬ Űɤɜ ŬůɗŮɜɩɜ. 

ɆŰɞɜ ŬůɗŮɜɐ # 5 ŬˊɩɚŮɘŬ ɏəűɟŬůɖɠ ŮɜŰɞˊɑůŰɖəŮ əŬɘ ůŰɞɡɠ ŰɟŮɑɠ ŭŮɑəŰŮɠ Melan-A, S100 əŬɘ HMB45 

Űɧůɞ ůŰɞ ɡɚɘəɧ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ɧůɞ əŬɘ ůŰɞ ɡɚɘəɧ Űɖɠ ɛŮŰɎůŰŬůɖɠ. 

ɆŰɞɜ ŬůɗŮɜɐ # 7 ŮɜŰɞˊɑůŰɖəŮ ŮŰŮɟɞɔɏɜŮɘŬ ůŰɞ ɡɚɘəɧ Űɖɠ Űɞˊɘəɐɠ ɡˊɞŰɟɞˊɐɠ ŬˊɞəɚŮɘůŰɘəɎ ɤɠ ˊɟɞɠ Űɖɜ 

ɏəűɟŬůɖ Űɞɡ ŭŮɑəŰɖ HMB45.  

ɆŰɞɜ ŬůɗŮɜɐ # 8 ŭŮɜ ɡˊɐɟɝŮ ˊɞɘəɘɚɑŬ ɤɠ ˊɟɞɠ Űɖɜ ɏəűɟŬůɖ Űɤɜ ŭŮɘəŰɩɜ Melan-A, S100 əŬɘ HMB45 

ɛŮŰŬɝɨ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ əŬɘ Űɖɠ ŮɡɟɨŰŮɟɖɠ ŮəŰɞɛɐɠ. 

ɆŰɞɜ ŬůɗŮɜɐ # 11 ůŰɞ ɡɚɘəɧ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ ŭɘŬűɞɟɞˊɞɘɐɗɖəŮ Űɞ ŬˊɞŰɏɚŮůɛŬ ɛŮŰŬɝɨ Űɤɜ 

ŭŮɘəŰɩɜ: Melan-A - , S100 + , HMB 45 -. 
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ȺɘəɧɜŬ 3.19. ȷůɗŮɜɐɠ # 3. ɀɞɟɘŬəɧ əŬɘ ŬɜɞůɞɥůŰɞɢɖɛɘəɧ ˊɟɞűɑɚ ɛŮɚŬɜɩɛŬŰɞɠ-ɛŮŰɎůŰŬůɖ ůŰɞɜ 

ˊɜŮɨɛɞɜŬ. 

ɶ/ɳ 400 x 
S100 (+) 400 x 

Melan-A (+) 400 x HMB45 (+) 400 x 

BRAF (-) 200 x 
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ȺɘəɧɜŬ 3.20. ȷůɗŮɜɐɠ # 3. ɀɞɟɘŬəɧ ˊɟɞűɑɚ BRAF. 

 

      

  

ȺɘəɧɜŬ 3.21. ȷůɗŮɜɐɠ # 4. ȷɜɞůɞɥůŰɞɢɖɛɘəɧ əŬɘ ɛɞɟɘŬəɧ ˊɟɞűɑɚ ůŰɖɜ ˊɟɤŰɞˊŬɗɐ ŮůŰɑŬ. 

 

BRAF (-) 200 x 

ɾʶˍʱˋˍʰˋʹ ̀  ʁɻ ʷˊ˃ʰ 

BRAF (-) 100 x 

ʃˊ˖ˍˇˉʰʻʺˌ ʁ ˋˍʾʰ 

H/E 200 x Melan-A (+) 200 x 

S100 (+) 400 x BRAF (-) 200 x 
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ȺɘəɧɜŬ 3.22. ȷůɗŮɜɐɠ # 4. ȷɜɞůɞɥůŰɞɢɖɛɘəɧ əŬɘ ɛɞɟɘŬəɧ ˊɟɞűɑɚ ůŰɞɜ ɚŮɛűŬŭɏɜŬ-űɟɞɡɟɧ. 

 

  

H/E 200 x Melan-A (-) 200 x 

ɶ/ɳ 200 x Melan-A (+) 200 x 

HMB45 (+) 400 x BRAF (-) 200 x 
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ȺɘəɧɜŬ 3.23. ȷůɗŮɜɐɠ # 11. ɀɞɟɘŬəɧ əŬɘ ŬɜɞůɞɥůŰɞɢɖɛɘəɧ ˊɟɞűɑɚ. 

 

ɆŰɞɜ ŬůɗŮɜɐ # 13 ůŰɞ ɚŮɛűŬŭŮɜɘəɧ ɡɚɘəɧ ŭŮɜ ŮəűɟɎůŰɖəŮ ɞ ŭŮɑəŰɖɠ HMB45. 

ɆŰɞɜ ŬůɗŮɜɐ # 14 ŭŮɜ ɡˊɐɟɝŮ ˊɞɘəɘɚɑŬ ɤɠ ˊɟɞɠ Űɖɜ ɏəűɟŬůɖ Űɤɜ ŭŮɘəŰɩɜ Melan-A, S100 əŬɘ HMB45 

ɛŮŰŬɝɨ Űɤɜ ɛŮŰŬůŰɎůŮɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ŮəűɟɎůŰɖəŬɜ əŬɘ ɞɘ ŰɟŮɑɠ ŭŮɑəŰŮɠ Űɧůɞ ůŰɞ ɡɚɘəɧ Űɖɠ 

Űɞˊɘəɐɠ ɡˊɞŰɟɞˊɐɠ ɧůɞ əŬɘ ůŰɞ ɚŮɛűŬŭɏɜŬ-űɟɞɡɟɧ. 

 

HMB45 (-) 200 x BRAF (-) 200 x 

S100 (+) 100 x S100 (+) 200 x 
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ȺɘəɧɜŬ 3.24.  Ʉɟɞűɑɚ BRAF ůŰɖɜ ŬůɗŮɜɐ # 6, ůŰɖɜ ˊɟɤŰɞˊŬɗɐ ŮůŰɑŬ (ŮˊɎɜɤ ŬɟɘůŰŮɟɎ), ůŰɞ 

ŭɘɖɗɖɛɏɜɞ ɚŮɛűŬŭɏɜŬ-űɟɞɡɟɧ (əɎŰɤ) əŬɘ ůŰɖ ɛŮŰɎůŰŬůɖ ůŮ ůɡɛˊŬɔɏɠ ɧɟɔŬɜɞ-ɛŬůŰɧɠ (ŮˊɎɜɤ 

ŭŮɝɘɎ). 

 

ɄɑɜŬəŬɠ 3.5. ȷɜɞůɞɥůŰɞɢɖɛɘəɧ ˊɟɞűɑɚ ɔɘŬ Űɞɡɠ ŭŮɑəŰŮɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Melan-A, S100 əŬɘ HMB45 

Űɤɜ 8 Ůə Űɤɜ 22 ŬůɗŮɜɩɜ Űɞɡ ɄɑɜŬəŬ 2.1 ˊɞɡ ŭŮɜ ɛŮɚŮŰɐɗɖəŬɜ ɔɘŬ ˊŬɟɞɡůɑŬ ɛŮŰɎɚɚŬɝɖɠ BRAF. 

 

# 

ȷůɗŮɜɐɠ 
ȰŰɞɠ Ɉɚɘəɧ ūɨɚɞ ȼɚɘəɑŬ 

Melan-A 

(MART-1) 
S100 HMB45 

15 2019 

ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ 

ȿŮɛűŬŭɏɜŬɠ 

ǁ 58 

+ 

 

+ 

+ 

 

+ 

+ 

 

+ 

16 2019 

ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ 

ȿŮɛűŬŭɏɜŬɠ 

ǀ 79 

+ 

 

+ 

+ 

 

+ 

+ 

 

+ 

BRAF (+) 100 x 

BRAF (+) 200 x 

BRAF (+) 200 x 
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17 2015 

ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ 

ȿŮɛűŬŭɏɜŬɠ 

ǀ 70 

+ 

 

+ 

+ 

 

+ 

+ 

 

+ 

18 2015 

ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ 

ȺɡɟɨŰŮɟɖ ŮəŰɞɛɐ 

ȿŮɛűŬŭɏɜŬɠ 

ɇɟɎɢɖɚɞɠ 

ɄŬɟŮɘɎ 

ǀ 68 

+ 

 

+ 

+ 

+ 

+ 

+ 

 

+ 

+ 

+ 

+ 

+ 

 

+ 

+ 

+ 

+ 

19 2016 

ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ 

 

ɇɞˊɘəɐ 

ɈˊɞŰɟɞˊɐ 1 

 

ɇɞˊɘəɐ 

Ɉ́ ɞŰɟɞˊɐ 2 

ǀ 78 

+ 

 

 

+ 

 

 

 

+ 

+ 

 

 

+ 

 

 

 

+ 

- 

 

- 

 

 

 

- 

20 2017 

ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ 

ȿŮɛűŬŭɏɜŬɠ 

ǀ 49 

+ 

 

+ 

+ 

 

+ 

+ 

 

+ 

21 2018 

ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ 

ȿŮɛűŬŭɏɜŬɠ 

ǀ 69 

+ 

 

+ 

+ 

 

+ 

+ 

 

+ 

22 2015 

ɄɟɤŰɞˊŬɗɐɠ 

ŮůŰɑŬ 

ȿŮɛűŬŭɏɜŬɠ 

ǁ 52 

+ 

 

+ 

+ 

 

+ 

+ 

 

- 

 

ɆŮ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘɞɢɏɠ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ ˊɞɡ ŮɚɏɔɢɗɖəŬɜ ŬɜɞůɞɥůŰɞɢɖɛɘəɎ, ŭŮɜ ɡˊɐɟɝŮ 

ŭɘŬűɞɟɞˊɞɑɖůɖ ůŰɞ ŬˊɞŰɏɚŮůɛŬ əŬɘ ɔɘŬ Űɞɡɠ ŰɟŮɑɠ ŭŮɑəŰŮɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Melan-A, S100 əŬɘ 

HMB45 ůŰɞɡɠ ŬůɗŮɜŮɑɠ # 15, 16, 17, 18, 19, 20 21, 22. 
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ɆɡɔəɟɑɜɞɜŰŬɠ Űɞ ŬˊɞŰɏɚŮůɛŬ ɛŮŰŬɝɨ ˊɟɤŰɞˊŬɗɞɨɠ əŬɘ ŭŮɡŰŮɟɞˊŬɗɞɨɠ ŮůŰɑŬɠ, ŭŮɜ ŮɜŰɞˊɑůŰɖəŮ 

ŮŰŮɟɞɔɏɜŮɘŬ ɤɠ ˊɟɞɠ Űɞ ŬɜɞůɞɥůŰɞɢɖɛɘəɧ ˊɟɞűɑɚ Űɤɜ ŭŮɘəŰɩɜ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Melan-A, S100 əŬɘ 

HMB45 ůŰɖɜ ˊɚŮɘɞɣɖűɑŬ Űɤɜ ŭŮɘɔɛɎŰɤɜ. 

ɆŰɞɜ ŬůɗŮɜɐ # 19 ˊŬɟŬŰɖɟɐɗɖəŮ ŬˊɩɚŮɘŬ ɏəűɟŬůɖɠ ůŰɞ ŭŮɑəŰɖ HMB45 Űɧůɞ ůŰɞ ɡɚɘəɧ Űɖɠ 

ˊɟɤŰɞˊŬɗɞɨɠ ɧůɞ əŬɘ ůŰɞ ɡɚɘəɧ Űɖɠ Űɞˊɘəɐɠ ɡˊɞŰɟɞˊɐɠ. ȹɘŬűɞɟɞˊɞɑɖůɖ ɛŮŰŬɝɨ ˊɟɤŰɞˊŬɗɞɨɠ əŬɘ 

ɛŮŰŬůŰŬŰɘəɐɠ ŮůŰɑŬɠ ˊŬɟŬŰɖɟɐɗɖəŮ Ůˊɑůɖɠ ůŰɞɜ ŬůɗŮɜɐ # 22, Űɞɡ ɞˊɞɑɞɡ ůŰɞ ɚŮɛűŬŭŮɜɘəɧ ɡɚɘəɧ ŭŮɜ 

ŮəűɟɎůŰɖəŮ ɞ ŭŮɑəŰɖɠ HMB45. 
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ȾȺūȷȿȷȽɃ 4: ɆɈȻȼɇȼɆȼ 

 

ɇɞ ɛɞɟɘŬəɧ ˊɟɞűɑɚ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ ɏɢŮɘ ŭŮɑɝŮɘ ɧŰɘ Űɞ űɞɟŰɑɞ ɛŮŰɎɚɚŬɝɖɠ ŬɡɝɎɜŮŰŬɘ ɛŮ Űɖɜ Ůɝɏɚɘɝɖ 

Űɞɡ ɧɔəɞɡ əŬɘ ɧŰɘ ɛˊɞɟɞɨɜ ɜŬ ŮɛűŬɜɘůŰɞɨɜ ɛɞɜŬŭɘəɎ ˊɟɧŰɡˊŬ (ɛɞŰɑɓŬ) ɔŮɜŮŰɘəɩɜ ŬɚɚŬɔɩɜ ɔɘŬ Űɞɡɠ 

ŭɘŬűɧɟɞɡɠ ɡˊɞŰɨˊɞɡɠ. ɇɞ ɛŮɚɎɜɤɛŬ ɛŮ ɛŮŰɎɚɚŬɝɖ BRAF ŰŮɑɜŮɘ ɜŬ ŮɛűŬɜɑɕŮɘ ŭɘŬəɟɘŰɎ əɚɘɜɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɛɘŬ ˊɘɞ ŮˊɘɗŮŰɘəɐ ɓɘɞɚɞɔɘəɐ ůɡɛˊŮɟɘűɞɟɎ Ŭˊɧ Űɞ ɛŮɚɎɜɤɛŬ 

ñŬɔɟɑɞɡ Űɨˊɞɡò (wild type (wt)) BRAF. ɀŮɚɏŰŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ ɧŰɘ ŬůɗŮɜŮɑɠ ɛŮ ɛŮŰɎɚɚŬɝɖ ůŰɞ 

BRAF ŮɑɜŬɘ ůɡɢɜɎ ɜŮɧŰŮɟɞɘ ůŮ ɖɚɘəɑŬ, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ əŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ (ɛɏůɖ 

ɖɚɘəɑŬ ŭɘɎɔɜɤůɖɠ 59 ŮŰɩɜ) (Cheng et al., 2018). Ⱥˊɘˊɚɏɞɜ, Űɞ ɛŮɚɎɜɤɛŬ ɛŮ Űɖ ɛŮŰɎɚɚŬɝɖ BRAF ɏɢŮɘ 

ůɡɜŭŮɗŮɑ ɛŮ əŬəɐ ˊɟɧɔɜɤůɖ əŬɘ ɓɟŬɢɨŰŮɟɖ ůɡɜɞɚɘəɐ Ůˊɘɓɑɤůɖ.  

ȹŮŭɞɛɏɜɤɜ ŬɡŰɩɜ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əŬɘ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ŬˊɞŰŮɚŮůɛŬŰɘəɩɜ ɗŮɟŬˊŮɘɩɜ 

(ŬɜŬůŰɞɚŮɑɠ BRAF), ŮɑɜŬɘ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ŮɎɜ ɞɘ ŬůɗŮɜŮɑɠ ɛŮ ɛŮɚɎɜɤɛŬ ɏɢɞɡɜ 

ɧɔəɞɡɠ ˊɞɡ űɏɟɞɡɜ ůɢŮŰɘəɐ ɛŮŰɎɚɚŬɝɖ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘɚŮɔŮɑ ɖ ɓɏɚŰɘůŰɖ ɗŮɟŬˊŮɑŬ. ȼ ˊŬɟɞɡůɑŬ 

ŮŰŮɟɞɔɏɜŮɘŬɠ ŮɑɜŬɘ ɏɜŬ ɗɏɛŬ ɛŮɔɎɚɖɠ ůɡɕɐŰɖůɖɠ ŰŬ ŰŮɚŮɡŰŬɑŬ ɏŰɖ. ȷůɡɛűɤɜɑŬ ůŰɞ ˊɟɞűɑɚ BRAF ŮɑɜŬɘ 

ɔɜɤůŰɧ ɧŰɘ ɡˊɎɟɢŮɘ, Űɧůɞ ɛŮŰŬɝɨ ˊɟɤŰɞˊŬɗɩɜ əŬɘ ɛŮŰŬůŰŬŰɘəɩɜ ŮůŰɘɩɜ ɧůɞ əŬɘ Ůɜŭɞɞɔəɘəɐ 

ŮŰŮɟɞɔɏɜŮɘŬ (Long et al., 2013; Uguen et al., 2015). ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɞ ŭɘŬɗɏůɘɛɞɠ ɛŮŰŬůŰŬŰɘəɧɠ ɘůŰɧɠ 

ŮɑɜŬɘ ůɡɢɜɎ ˊŮɟɘɞɟɘůɛɏɜɞɠ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ ŮɎɜ ɖ ɛŮŰɎɚɚŬɝɖ ůŰɖɜ ɞɔəɞˊɟɤŰŮȶɜɖ 

BRAF ́ ɞɘəɑɚɚŮɘ ůŮ ŭɘɎűɞɟŮɠ ɗɏůŮɘɠ Űɞɡ ˊɟɤŰɞɔŮɜɞɨɠ ɧɔəɞɡ. Ƀɘ ŮˊɘůŰɐɛɞɜŮɠ ůɖɛŮɘɩɜɞɡɜ ɧŰɘ ɖ ɢɟɐůɖ 

ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ ɛŮɚŬɜɩɛŬŰɞɠ ŮɑɜŬɘ Ůɝɑůɞɡ ŬůűŬɚɐɠ ɛŮ Űɖ ɢɟɐůɖ ɛŮŰŬůŰŬŰɘəɞɨ ɘůŰɞɨ ɔɘŬ 

ŬɜɑɢɜŮɡůɖ Űɖɠ ɛŮŰɎɚɚŬɝɖɠ BRAF V600E, əŬɗɩɠ ɖ ŮɜŭɞɔŮɜɐɠ ŮŰŮɟɞɔɏɜŮɘŬ ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɖ. 

Ⱥˊɘˊɚɏɞɜ, Űɞɜɑɕɞɡɜ ɧŰɘ ɞ ɢɟɧɜɞɠ ɛŮŰŬɝɨ Űɖɠ ŭɘɎɔɜɤůɖɠ Űɞɡ ˊɟɤŰɞˊŬɗɞɨɠ ɧɔəɞɡ əŬɘ Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ 

ɛŮŰɎůŰŬůɖɠ ŭŮɜ űŬɑɜŮŰŬɘ ɜŬ ŮˊɖɟŮɎɕŮɘ Űɞɜ əɑɜŭɡɜɞ ŮɜŭɞɔŮɜɞɨɠ ŮŰŮɟɞɔɏɜŮɘŬɠ. 

ɆŰɖɜ ˊŬɟɞɨůŬ ŬɜŬŭɟɞɛɘəɐ ɛŮɚɏŰɖ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŬɜɎɚɡůɖ Űɖɠ ŮŰŮɟɞɔɏɜŮɘŬɠ ůŰɞ ˊɟɞűɑɚ 

ɏəűɟŬůɖɠ BRAF ůŮ 14 ŬůɗŮɜŮɑɠ ɛŮ ɛŮɚɎɜɤɛŬ. ȹɘŬˊɘůŰɩɗɖəŮ ɧŰɘ ɖ ŬɜɞůɞɥůŰɞɢɖɛɘəɐ ɢɟɩůɖ ŮɑɜŬɘ ɛɘŬ 

ŬɝɘɧˊɘůŰɖ ɛɏɗɞŭɞɠ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɖɠ ɛŮŰɎɚɚŬɝɖɠ BRAF V600E əŬɘ ɧŰɘ BRAF ɛŮŰŬɚɚɎɝŮɘɠ 

ɡˊɎɟɢɞɡɜ Ůɝɑůɞɡ ůŰɞɡɠ ˊɟɤŰɞˊŬɗŮɑɠ ɧɔəɞɡɠ əŬɘ ůŰɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɛŮŰŬůŰɎůŮɘɠ Űɞɡɠ, ŮəŰɧɠ Ŭˊɧ ˊɞɚɨ 

ů́ ɎɜɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ŮɜŰɞˊɑůŰɖəŮ ɛɑŬ Ŭˊɧ Űɘɠ 14 ˊŮɟɘˊŰɩůŮɘɠ (ˊɞůɞůŰɧ ~7 %) ɛŮ 

ŬůɡɛűɤɜɑŬ ůŰɞ ˊɟɞűɑɚ Űɞɡ ɧɔəɞɡ ůŰɖɜ ˊɟɤŰɞˊŬɗɐ əŬɘ ŭŮɡŰŮɟɞˊŬɗɐ ŮůŰɑŬ. ȼ ˊɟɤŰɞˊŬɗɐɠ ŮůŰɑŬ ɐŰŬɜ 

ŮɚŮɨɗŮɟɖ ɛŮŰɎɚɚŬɝɖɠ ɛŮ ŬɜɑɢɜŮɡůɖ Űɖɠ ɛŮŰɎɚɚŬɝɖɠ BRAF V600E ůŰɞ ɚŮɛűŬŭɏɜŬ-űɟɞɡɟɧ. Ⱥˊɘˊɚɏɞɜ, 

ŮɜŰɞˊɑůŰɖəŮ ɏɜŬɠ ŬůɗŮɜɐɠ ɛŮ ŮŰŮɟɞɔɏɜŮɘŬ ɛŮŰŬɝɨ ŭɘŬűɞɟŮŰɘəɩɜ ˊŮɟɘɞɢɩɜ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ŬɜɘɢɜŮɨŰɖəŮ ɛŮŰɎɚɚŬɝɖ Űɞɡ ɔɞɜɘŭɑɞɡ BRAF ɛɧɜɞ ůŰɞ ɡɚɘəɧ Űɖɠ Ŭɟɢɘəɐɠ ɓɘɞɣɑŬɠ əŬɘ 

ɧɢɘ ůŰɞ ɡɚɘəɧ Űɖɠ ˊɚɐɟɞɡɠ ŮɝŬɑɟŮůɖɠ. ɇɏɚɞɠ, ůŮ ŭɨɞ ŬəɧɛŬ ŬůɗŮɜŮɑɠ ůɖɛŮɘɩɗɖəŮ ɛɞɟɘŬəɐ ŮŰŮɟɞɔɏɜŮɘŬ 



116 
 

ɛŮŰŬɝɨ Űɤɜ ɛŮŰŬůŰɎůŮɤɜ, ɛŮ ŬɜɑɢɜŮɡůɖ BRAF ɛŮŰɎɚɚŬɝɖɠ ɛɧɜɞ ůŰɞ ɡɚɘəɧ Űɖɠ Űɞˊɘəɐɠ ɡˊɞŰɟɞˊɐɠ əŬɘ 

ɧɢɘ ůŰɞɜ ɚŮɛűŬŭɏɜŬ-űɟɞɡɟɧ ůŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ əŬɘ ŬɜɑɢɜŮɡůɖ ɛŮŰɎɚɚŬɝɖɠ BRAF ůŮ ŭɨɞ Ůə Űɤɜ 

ɏɝɘ ɡɚɘəɩɜ Űɞɡ ŭŮɨŰŮɟɞɡ ŬůɗŮɜɞɨɠ ɛŮ ˊɞɚɚŬˊɚɏɠ ɛŮŰŬůŰŬŰɘəɏɠ ŮůŰɑŮɠ. 

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Heinzerling et al., ŭɏəŬ Ŭˊɧ Űɞɡɠ 53 ŬůɗŮɜŮɑɠ (ˊɞůɞůŰɧ 19%) ɏűŮɟŬɜ wt BRAF ůŰɖɜ 

ˊɟɤŰɞˊŬɗɐ ŮůŰɑŬ, Ůɜɩ ɛŮŰɎɚɚŬɝɖ ůŰɞ ɔɞɜɑŭɘɞ BRAF ůŰɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɛŮŰŬůŰɎůŮɘɠ. Ƀɘ Shain et 

al.,  ɏŭŮɘɝŬɜ Ůɜŭɞɞɔəɘəɐ ŮŰŮɟɞɔɏɜŮɘŬ ɡˊɞŭɖɚɩɜɞɜŰŬɠ Űɖɜ ŮɛűɎɜɘůɖ de novo BRAF ɛŮŰŬɚɚɎɝŮɤɜ ůŰɘɠ 

ɛŮŰŬůŰɎůŮɘɠ ɞɟɘůɛɏɜɤɜ ŬůɗŮɜɩɜ (Shain et al., 2015). ɆŰɖ ɛŮɚɏŰɖ Űɤɜ Nielsen et al., ůŮ ɛɑŬ ɛɧɜɞ Ŭˊɧ 

Űɘɠ 305 ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ 81 ŬůɗŮɜɩɜ, ɞ ˊɟɤŰɞɔŮɜɐɠ ɧɔəɞɠ ɐŰŬɜ ɗŮŰɘəɧɠ ůŰɖ BRAF V600E 

əŬɘ ɖ ɛŮŰɎůŰŬůɖ ɐŰŬɜ ŬɟɜɖŰɘəɐ ɔɘŬ Űɖ ɛŮŰɎɚɚŬɝɖ ŬɚɚɎ ɗŮŰɘəɐ ɔɘŬ Űɖ ɛŮŰɎɚɚŬɝɖ BRAF V600K. ɇɏɚɞɠ, 

ůŮ ŮɚɎɢɘůŰɞɡɠ ŬůɗŮɜŮɑɠ ɞɘ ŮˊɘůŰɐɛɞɜŮɠ ŬɜɏűŮɟŬɜ Ůɜŭɞɞɔəɘəɐ ŮŰŮɟɞɔɏɜŮɘŬ (Heinzerling et al., 2013; 

Nielsen et al., 2018). Ⱥˊɘˊɚɏɞɜ, ůɖɛŮɑɤůŬɜ ɧŰɘ Űɞ ˊɟɞűɑɚ ɏəűɟŬůɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ ɛˊɞɟŮɑ ɜŬ 

ɛŮŰŬɓɚɖɗŮɑ ůŰɖɜ ˊɞɟŮɑŬ Űɞɡ ɢɟɧɜɞɡ ɛŮ ɛŮŰɎɚɚŬɝɖ ůŮ ŭɘŬűɞɟŮŰɘəɧ əɤŭɘəɧɜɘɞ Ŭˊɧ ŬɡŰɧ Űɖɠ 

ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ. Ⱥˊɑůɖɠ, ɞɘ ŮɟŮɡɜɖŰɏɠ ŮɘůɐɔŬɔŬɜ ůŰɖ ůɡɕɐŰɖůɐ Űɞɡɠ əŬɘ Űɞ ŰŮɢɜɘəɧ ɕɐŰɖɛŬ, 

ŭɖɚŬŭɐ Űɞ ɔŮɔɞɜɧɠ ɜŬ ˊɟɞəŬɚŮɑ ɖ ŮűŬɟɛɞɕɧɛŮɜɖ ɛɞɟɘŬəɐ ɛɏɗɞŭɞɠ ɛɘŬ ɣŮɡŭɩɠ ɗŮŰɘəɐ ŮŰŮɟɞɔɏɜŮɘŬ 

ŭŮŭɞɛɏɜɞɡ Űɞɡ ɛŮɘɞɜŮəŰɐɛŬŰɞɠ Űɖɠ ɜŬ ɛɖɜ ŬɜɘɢɜŮɨŮɘ Űɖ ɛŮŰɎɚɚŬɝɖ ůŮ ŭŮɑɔɛŬ ɛŮ ɚɑɔŬ ɐ ɛɖ əŬɟəɘɜɘəɎ 

ɛŮɚŬɜɞəɨŰŰŬɟŬ (ˊ.ɢ. ŭŮɑɔɛŬ ŭɘɖɗɖɛɏɜɞɡ ɚŮɛűŬŭɏɜŬ ɐ ŭŮɑɔɛŬ ɛŮ ɏɜŰɞɜɖ ˊŬɟɞɡůɑŬ əŮɟŬŰɘɜɞəɡŰŰɎɟɤɜ).  

ȼ ɛŮŰɎůŰŬůɖ ŮɑɜŬɘ ɖ əɨɟɘŬ ŬɘŰɑŬ ɗɜɖůɘɛɧŰɖŰŬɠ ůŰɞ ɛŮɚɎɜɤɛŬ əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ɞ ˊɟŬɔɛŬŰɘəɧɠ 

ɗŮɟŬˊŮɡŰɘəɧɠ ůŰɧɢɞɠ, ůɨɛűɤɜŬ ɛŮ ŰŬ ˊɟɤŰɧəɞɚɚŬ. ɆŰɖ ɛŮɚɏŰɖ Űɤɜ Colombino et al., Űɞ ˊɞůɞůŰɧ 

BRAF ɛŮŰŬɚɚɎɝŮɤɜ ůŰɘɠ ɛŮŰŬůŰɎůŮɘɠ ɐŰŬɜ 5% ɛŮɔŬɚɨŰŮɟɞ, ůɨɛűɤɜŬ ɛŮ Űɖ ɗŮɤɟɑŬ 

ůɡůůɩɟŮɡůɖɠ ɔŮɜŮŰɘəɩɜ ŬɜɤɛŬɚɘɩɜ de novo əŬɗɩɠ ŬɜŬˊŰɨůůŮŰŬɘ Űɞ ɛŮɚɎɜɤɛŬ (Colombino et al., 

2012). Ƀɘ Bradish  et Ŭl., ůɖɛŮɑɤůŬɜ Ůˊɑůɖɠ ŬůɡɛűɤɜɑŬ ůŰɞɡɠ ɧɔəɞɡɠ ŰŮůůɎɟɤɜ Ŭˊɧ 25 ůɡɜɞɚɘəɎ 

ŬůɗŮɜɩɜ ɛŮ ɛŮŰŬůŰŬŰɘəɧ ɛŮɚɎɜɤɛŬ (ˊɞůɞůŰɧ 16%). ɆɡɔəŮəɟɘɛɏɜŬ, ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ˊɟɞɏəɡɣŮ Űɞ 

ˊɟɧŰɡˊɞ: wt BRAF ˊɟɤŰɞˊŬɗŮɑɠ ɓɚɎɓŮɠ ɛŮ BRAF V600 ɛŮŰŬůŰŬŰɘəɏɠ ŬɚɚɞɘɩůŮɘɠ Ůɜɩ ůŰɘɠ ɎɚɚŮɠ 

ŭɨɞ: BRAF ɛŮŰɎɚɚŬɝɖ ŬˊɞəɚŮɘůŰɘəɎ ůŰɖɜ ˊɟɤŰɞˊŬɗɐ ŮůŰɑŬ. Ⱥˊɘˊɚɏɞɜ, ůɖɛŮɘɩɗɖəŮ ɧŰɘ Űɞ ˊɞůɞůŰɧ 

ŬůɡɛűɤɜɑŬɠ ɐŰŬɜ ůɖɛŬɜŰɘəɎ ɡɣɖɚɧŰŮɟɞ ůŮ ŬůɗŮɜŮɑɠ ɛŮ ˊɞɚɚŬˊɚɏɠ ŭŮɟɛŬŰɘəɏɠ ɛŮŰŬůŰɎůŮɘɠ (ŭɨɞ Ŭˊɧ 

Űɘɠ ɏɝɘ ˊŮɟɘˊŰɩůŮɘɠ (ˊɞůɞůŰɧ Ůˊɑ Űɞɡ ůɡɜɧɚɞɡ 33%)) ůɡɔəɟɘŰɘəɎ ɛŮ ŬůɗŮɜŮɑɠ ɛŮ ɛɑŬ ɛɧɜɞ ɛŮŰɎůŰŬůɖ 

[ŭɨɞ Ŭˊɧ Űɘɠ 19 ˊŮɟɘˊŰɩůŮɘɠ (ˊɞůɞůŰɧ 11%)]. ɆɡɜŮˊɩɠ, ɖ ŬɜɑɢɜŮɡůɖ ɛɘŬɠ ŬɟɜɖŰɘəɐɠ ɛŮŰɎɚɚŬɝɖɠ 

BRAF ůŰɞɜ ˊɟɤŰɞɔŮɜɐ ɧɔəɞ ɛˊɞɟŮɑ ɜŬ ɛɖɜ ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ ŬˊŬɟŬɑŰɖŰŬ Űɞ ˊɟɞűɑɚ Űɞɡ ɧɔəɞɡ ůŰɖ 

ɛŮŰŬůŰŬŰɘəɐ ŮůŰɑŬ. 

ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ, ŬɝɘɞɚɞɔɐɗɖəŬɜ Ůˊɑůɖɠ ŬɜɞůɞɥůŰɞɢɖɛɘəɎ ŰŬ ɘůŰɘəɎ ŭŮɑɔɛŬŰŬ ɛŮɚŬɜɩɛŬŰɞɠ əŬɘ 

ɤɠ ˊɟɞɠ Űɞɡɠ ůɖɛŬɜŰɘəɞɨɠ ŭɘŬɔɜɤůŰɘəɞɨɠ ŭŮɑəŰŮɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Melan-A, S100 əŬɘ HMB45 ɔɘŬ ɜŬ 

ŬɜŬŭŮɘɢɗŮɑ ɖ ˊŬɟɞɡůɑŬ ɐ ŬˊɞɡůɑŬ ŮŰŮɟɞɔɏɜŮɘŬɠ ůŰɞɜ ŬɜɞůɞűŬɘɜɧŰɡˊɞ. ȼ ŬɜɞůɞɥůŰɞɢɖɛɘəɐ 
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ŮˊɘɓŮɓŬɑɤůɖ ŮɑɜŬɘ ůɡɢɜɎ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖ ŭɘɎɔɜɤůɖ Űɧůɞ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ ɧůɞ əŬɘ 

Űɞɡ ɛŮŰŬůŰŬŰɘəɞɨ ɛŮɚŬɜɩɛŬŰɞɠ ɚɧɔɤ Űɖɠ ɘůŰɞɚɞɔɘəɐɠ ŮŰŮɟɞɔɏɜŮɘŬɠ ˊɞɡ ŮɛűŬɜɑɕŮɘ ŬɡŰɧɠ ɞ ɧɔəɞɠ. Ƀɘ 

ŮˊɘůŰɐɛɞɜŮɠ ŮɟŮɡɜɞɨɜ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ɡˊɞəɟɨˊŰŮŰŬɘ əɎˊɞɘŬ ˊɟɞɔɜɤůŰɘəɐ ŬɝɑŬ ůŰɞɜ Űɡɢɧɜ 

ŭɘŬűɞɟɞˊɞɘɖɛɏɜɞ ŬɜɞůɞűŬɘɜɧŰɡˊɞ Űɞɡ ɧɔəɞɡ.  

ɆɨɛűɤɜŬ ɛŮ Űɖ ɓɘɓɚɘɞɔɟŬűɑŬ, ŬˊɩɚŮɘŬ ɏəűɟŬůɖɠ Űɞɡ ŭŮɑəŰɖ HMB45 ɛˊɞɟŮɑ ɜŬ ˊŬɟŬŰɖɟɖɗŮɑ 

ɘŭɘŬɑŰŮɟŬ ůŰɞ ɛŮŰŬůŰŬŰɘəɧ ɛŮɚɎɜɤɛŬ. ȱŭɖ Ŭˊɧ Űɖ ɛŮɚɏŰɖ Űɤɜ Blessing et al., ůɖɛŮɘɩɗɖəŮ 

ɛŮŰŬɓɚɖŰɧŰɖŰŬ ůŰɞ ˊɟɧŰɡˊɞ ɢɟɩůɖɠ Űɞɡ ŭŮɑəŰɖ HMB45 ůŰɖ ŭŮɡŰŮɟɞˊŬɗɐ ŮůŰɑŬ (Blessing et al., 

1998). ȷˊɩɚŮɘŬ ɏəűɟŬůɖɠ Űɞɡ HMB45 ŭɘŬˊɘůŰɩɗɖəŮ əŬɘ ůŰɖ ɛŮɚɏŰɖ Űɤɜ Rocha-Rodriguez et al. 

(Rocha-Rodriguez et al., 2019). ȼ ˊɟɤŰŮȶɜɖ S100 ŮɛűŬɜɑɕŮɘ ɏɜŬ ɘůɢɡɟɧ əŬɘ ɘŭɘŬɑŰŮɟŬ ŭɘɎɢɡŰɞ ˊɟɧŰɡˊɞ 

ɢɟɩůɖɠ ɛŮ  ˊɡɟɖɜɘəɐ əŬɘ ůɡɢɜɎ Ůɜ ɛɏɟŮɘ əɡŰŰŬɟɞˊɚŬůɛŬŰɘəɐ ŮɜŰɧˊɘůɖ. Ƀ ŭŮɑəŰɖɠ S100 ŮˊɘůɖɛŬɑɜŮɘ 

əɨŰŰŬɟŬ əŬɘ ɎɚɚŬ ŮəŰɧɠ Űɤɜ ɛŮɚŬɜɞəɡŰŰɎɟɤɜ ɘůŰɘəɎ ůŰɞɘɢŮɑŬ ɧˊɤɠ ŰŬ əɨŰŰŬɟŬ Langerhans, 

ɚɘˊɞəɨŰŰŬɟŬ əŬɘ ɢɞɜŭɟɞəɨŰŰŬɟŬ. ȼ ŬˊɩɚŮɘŬ Űɖɠ ɏəűɟŬůɖɠ Űɖɠ ˊɟɤŰŮȶɜɖɠ S100 ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ ůɡɢɜɐ 

ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ ˊɘɞ ŮɘŭɘəɎ ŬɜŰɘɔɧɜŬ (Melan-A, HMB45). ɆŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ŬɜŬűɏɟŮŰŬɘ 

ŬˊɩɚŮɘŬ ɏəűɟŬůɖɠ Űɖɠ ˊɟɤŰŮȶɜɖɠ ůŮ ˊɞůɞůŰɧ ˊɞɡ ŬɜɏɟɢŮŰŬɘ ɏɤɠ əŬɘ 4% ɛŮŰŬɝɨ Űɤɜ ɛŮŰŬůŰŬŰɘəɩɜ 

ɛŮɚŬɜɤɛɎŰɤɜ ɛŮ ɗŮŰɘəɐ Űɖɜ ˊɟɤŰɞˊŬɗɐ ŮůŰɑŬ (Aisner et al., 2005; Shinohara et al., 2009; Biernacka 

et al., 2016). ɀɘŬ ˊɘɗŬɜɐ Ůɝɐɔɖůɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ ŬɡŰɞɨ ŮɑɜŬɘ ɧŰɘ əŬɗɩɠ ŮɝŮɚɑůůŮŰŬɘ ɞ ɧɔəɞɠ ɏɜŬɠ 

ɎɔɜɤůŰɞɠ ɏɤɠ ŰɩɟŬ ɛɖɢŬɜɘůɛɧɠ ɛŮŰŬɓɎɚɚŮɘ Űɞɜ ŬɜɞůɞűŬɘɜɧŰɡˊɞ ˊɡɟɞŭɞŰɩɜŰŬɠ Űɖɜ ŬˊɞɡůɑŬ 

ŬɜɞůɞŬɜŰɘŭɟŬůŰɘəɧŰɖŰŬɠ ɔɘŬ Űɞɜ ŭŮɑəŰɖ S100.  

ȷˊɩɚŮɘŬ ɏəűɟŬůɖɠ Űɖɠ S100 ɏɢŮɘ ŬɜŬűŮɟɗŮɑ əŬɘ ůŮ ŮɝŬɘɟŮŰɘəɎ ůˊɎɜɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ 

ŮůŰɑŬɠ Űɞɡ ɛŮɚŬɜɩɛŬŰɞɠ ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ůŮ ˊŮɟɘɞɢɏɠ ŮəŰŮŰŬɛɏɜɖɠ ɜɏəɟɤůɖɠ. ɆŰɖ ɛŮɚɏŰɖ Űɤɜ Viray et 

al., ɏɝɘ Ůə Űɤɜ 27 ůɡɜɞɚɘəɎ S100 ŬɟɜɖŰɘəɩɜ ɛŮɚŬɜɤɛɎŰɤɜ ůɖɛŮɘɩɗɖəŬɜ ůŰɖɜ ˊɟɤŰɞˊŬɗɐ ŮůŰɑŬ ɛŮ ŰŬ 

ɡˊɧɚɞɘˊŬ 21 ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɘɠ ɛŮŰŬůŰɎůŮɘɠ. ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Sheth et al., ŰŮɢɜɘəɎ ˊɟɞɓɚɐɛŬŰŬ 

ɧˊɤɠ ɖ ɛɖ ɓɏɚŰɘůŰɖ ůŰŮɟɏɤůɖ Űɞɡ ɘůŰɞɨ, ɖ əŬəɐ ůɡɜŰɐɟɖůɖ Űɞɡ ɘůŰɘəɞɨ ɡɚɘəɞɨ, ɞɘ ŬɜŮˊŬɟəŮɑɠ ɢɟɧɜɞɘ 

ŮˊɩŬůɖɠ Űɤɜ ŬɜŰɘůɤɛɎŰɤɜ əŬɘ ɞɘ ŮűŬɟɛɞɕɧɛŮɜŮɠ ŬɟŬɘɩůŮɘɠ ŮɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůɞɡɜ 

ɣŮɡŭɩɠ ŬɟɜɖŰɘəɐ ŬɜŰɑŭɟŬůɖ ɔɘŬ Űɞ S100.  Ⱥˊɘˊɚɏɞɜ, ůɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɖ ůɡɜɞɚɘəɐ ŬɜŬɚɞɔɑŬ ŬɟɜɖŰɘəɩɜ 

S100 ɛŮɚŬɜɤɛɎŰɤɜ ŮɑɜŬɘ ŭɡůŬɜɎɚɞɔŬ ɡɣɖɚɐ ůŰɞ ɞűɗŬɚɛɘəɧ əŬɘ ůŰɞ Ŭəɟɘəɧ ɛŮɚɎɜɤɛŬ (Sheth et al., 

2011).  

ɆŰɖ ɛŮɚɏŰɖ Űɤɜ Viray et al. ɛŮɚŮŰɐɗɖəŮ ɞ ŬɜɞůɞűŬɘɜɧŰɡˊɞɠ ůŮ 322 ůɡɜɞɚɘəɎ ɛŮɚŬɜɩɛŬŰŬ ɔɘŬ Űɞɡɠ 

ŭŮɑəŰŮɠ S100, HMB45 əŬɘ Melan-A. Ⱥə Űɤɜ 322 ŰŬ 295 (ˊɞůɞůŰɧ 91,6%) ɐŰŬɜ S100 ɗŮŰɘəɎ, ŰŬ 203 

(ˊɞůɞůŰɧ 63,0%) HMB45 ɗŮŰɘəɎ əŬɘ ŰŬ 236 (ˊɞůɞůŰɧ 73,3%) Melan-A / MART-1 ɗŮŰɘəɎ. ȼ 

ůɡɜɏəűɟŬůɖ əŬɘ Űɤɜ Űɟɘɩɜ ŬɜŰɘůɤɛɎŰɤɜ ˊŬɟŬŰɖɟɐɗɖəŮ ůŰŬ 160 ˊŮɟɘůŰŬŰɘəɎ (ˊɞůɞůŰɧ 49,7%). Ƀɘ 

ŮˊɘůŰɐɛɞɜŮɠ ŬˊɏŭɤůŬɜ ŬɡŰɐ Űɖ ɛŮŰŬɓɞɚɐ ůŰɞɜ ŬɜɞůɞűŬɘɜɧŰɡˊɞ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɛˊɞɟŮɑ ɜŬ 
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ɡˊɞəɟɨˊŰɞɜŰŬɘ ɔŮɜŮŰɘəɞɑ ɐ ŮˊɘɔŮɜŮŰɘəɞɑ ɛɖɢŬɜɘůɛɞɑ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ɏəűɟŬůɖ Űɤɜ ŭŮɘəŰɩɜ 

ŭɘŬűɞɟɞˊɞɑɖůɖɠ. Ⱥˊɘˊɚɏɞɜ, ɞɘ ŮɟŮɡɜɖŰɏɠ Ŭˊɞŭɑŭɞɡɜ ŬɡŰɐ Űɖɜ ŮŰŮɟɞɔɏɜŮɘŬ Űɞɡ ŬɜɞůɞűŬɘɜɞŰɨˊɞɡ ůŰɞ 

ɔŮɔɞɜɧɠ ɧŰɘ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɚɏɔɢɗɖəŮ ŬɜɞůɞɥůŰɞɢɖɛɘəɎ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɘɞɢɐ Űɞɡ ɧɔəɞɡ 

əŬɘ ɧɢɘ ɧɚɖ ɖ Ŭɚɚɞɑɤůɖ ɚɧɔɤ Űɞɡ ɛŮɔɎɚɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ ɧɔəɞɡ (Viray et al., 2013). 

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Shinohara et al., ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ˊŬɟŮəəɚɑɜŮɘ ɞ ŬɜɞůɞűŬɘɜɧŰɡˊɞɠ əŬɘ ɜŬ ŮɜŰɞˊɘůŰŮɑ 

ŬˊɩɚŮɘŬ ɏəűɟŬůɖɠ əŬɘ Űɤɜ Űɟɘɩɜ ŭŮɘəŰɩɜ ŭɘŬűɞɟɞˊɞɑɖůɖɠ S100, HMB-45 əŬɘ Melan-A ɛŮ 

ŬˊɞəɚŮɘůŰɘəɐ ɗŮŰɘəɧŰɖŰŬ ůŰɖɜ ŰɡɟɞůɘɜɎůɖ ɘŭɘŬɑŰŮɟŬ ůŰɞ ɛŮŰŬůŰŬŰɘəɧ ɛŮɚɎɜɤɛŬ (Shinohara et al., 

2009). Ƀɘ Zhenqiang et al., ŬɜɏűŮɟŬɜ ˊŮɟɘůŰŬŰɘəɧ ɛŮŰŬůŰŬŰɘəɞɨ ɛŮɚŬɜɩɛŬŰɞɠ ɛŮ ŰŬɡŰɧɢɟɞɜɖ ŬˊɩɚŮɘŬ 

Űɤɜ ŭŮɘəŰɩɜ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Melan-A, S100, HMB-45 əŬɘ Űɖɠ ŰɡɟɞůɘɜɎůɖɠ (CD56 +), ɛŮ ɗŮŰɘəɐ əŬɘ 

ůŰɞɡɠ ŰɏůůŮɟɘɠ ŬɡŰɞɨɠ ŭŮɑəŰŮɠ Űɖɜ ˊɟɤŰɞˊŬɗɐ ŮůŰɑŬ (Zhenqiang et al., 2007). Ƀɘ ŮˊɘůŰɐɛɞɜŮɠ 

ůɖɛŮɘɩɜɞɡɜ ɧŰɘ ɖ ŬˊɩɚŮɘŬ ůŰɞ Melan-A ɛˊɞɟŮɑ ɜŬ ůɢŮŰɑɕŮŰŬɘ ɎɛŮůŬ ɛŮ Űɖ ŭɘŬɔɟŬűɐ Űɞɡ ɔɞɜɘŭɑɞɡ ˊɞɡ 

Űɖɜ əɤŭɘəɞˊɞɘŮɑ, ŬɚɚɎ ɖ ŬˊɩɚŮɘŬ Űɖɠ ɏəűɟŬůɖɠ Űɤɜ Ɏɚɚɤɜ Űɟɘɩɜ ŭŮɘəŰɩɜ ŮɑɜŬɘ ˊɘɗŬɜɧŰŬŰŬ ůɡɜɏˊŮɘŬ 

ɎɔɜɤůŰɤɜ ɟɡɗɛɘůŰɘəɩɜ ɛɖɢŬɜɘůɛɩɜ, ɞɘ ɞˊɞɑɞɘ űŬɑɜŮŰŬɘ ˊɞɚɨ ůɡůɢŮŰɘůɛɏɜɞɘ ɛŮ Űɖɜ ŬˊɩɚŮɘŬ 9p24.3-

q13 əŬɘ Űɞɡ ɢɟɤɛɞůɩɛŬŰɞɠ 4, ɧˊɤɠ ŬɜɘɢɜŮɨŮŰŬɘ ůŰɞ ɛŮŰŬůŰŬŰɘəɧ ɛŮɚɎɜɤɛŬ (Guo et al., 2014). 

Ⱥˊɘˊɚɏɞɜ, ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ŭɘŬűɞɟɞˊɞɑɖůɖ ůŰɞɜ ŬɜɞůɞűŬɘɜɧŰɡˊɞ ɛŮ Űɞ ˊɟɧŰɡˊɞ: 

ŬˊɩɚŮɘŬ ɏəűɟŬůɖɠ ůŰɖɜ ˊɟɤŰɞˊŬɗɐ ŮůŰɑŬ əŬɘ ŬɜŬŭɡɧɛŮɜɖ ɗŮŰɘəɧŰɖŰŬ ůŰɖɜ ɏəűɟŬůɖ ůŰɞ ɚŮɛűŬŭɏɜŬ-

űɟɞɡɟɧ ɐ ůŰɞ ůɡɛˊŬɔɏɠ ɧɟɔŬɜɞ. 

ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ, ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘɞɢɏɠ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ ˊɞɡ ŮɚɏɔɢɗɖəŬɜ 

ŬɜɞůɞɥůŰɞɢɖɛɘəɎ, ŭŮɜ ɡˊɐɟɝŮ ŭɘŬűɞɟɞˊɞɑɖůɖ ůŰɞ ŬˊɞŰɏɚŮůɛŬ əŬɘ ɔɘŬ Űɞɡɠ ŰɟŮɑɠ ŭŮɑəŰŮɠ 

ŭɘŬűɞɟɞˊɞɑɖůɖɠ Melan-A, S100 əŬɘ HMB45 ůŰɖɜ ˊɚŮɘɞɣɖűɑŬ Űɤɜ ŬůɗŮɜɩɜ, ɧˊɤɠ ŬɜŬɛŮɜɧŰŬɜ. 

ȺɝŬɑɟŮůɖ ŬˊɞŰɏɚŮůŮ ɛɑŬ ŮɜŭɘŬűɏɟɞɡůŬ ˊŮɟɑˊŰɤůɖ ŬůɗŮɜɞɨɠ, Űɞɡ ɞˊɞɑɞɡ ŭɘŬűɞɟɞˊɞɘɐɗɖəŮ Űɞ 

ŬˊɞŰɏɚŮůɛŬ ɛŮŰŬɝɨ Űɤɜ ŭŮɘəŰɩɜ ůŰɞ ɡɚɘəɧ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ: Melan-A +, S100 + , HMB45 -. 

Ⱥˊɑůɖɠ, ŭŮɜ əŬŰŬɔɟɎűɖəŮ ŭɘŬűɞɟɞˊɞɑɖůɖ ɤɠ ˊɟɞɠ Űɖɜ ɏəűɟŬůɖ Űɤɜ ŭŮɘəŰɩɜ Melan-A, S100 əŬɘ 

HMB45 ɛŮŰŬɝɨ Űɤɜ ɛŮŰŬůŰɎůŮɤɜ ůŰɖɜ ˊɚŮɘɞɣɖűɑŬ Űɤɜ ŬůɗŮɜɩɜ. 

ɆɡɔəɟɑɜɞɜŰŬɠ Űɞ ŬˊɞŰɏɚŮůɛŬ ɛŮŰŬɝɨ ˊɟɤŰɞˊŬɗɞɨɠ əŬɘ ŭŮɡŰŮɟɞˊŬɗɞɨɠ ŮůŰɑŬɠ, ŭŮɜ ŮɜŰɞˊɑůŰɖəŮ Ůˊɑůɖɠ 

ŮŰŮɟɞɔɏɜŮɘŬ ɤɠ ˊɟɞɠ Űɞ ŬɜɞůɞɥůŰɞɢɖɛɘəɧ ˊɟɞűɑɚ Űɤɜ ŭŮɘəŰɩɜ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Melan-A, S100 əŬɘ 

HMB45 ůŰɖɜ ˊɚŮɘɞɣɖűɑŬ Űɤɜ ɛŮɚŮŰɞɨɛŮɜɤɜ ŭŮɘɔɛɎŰɤɜ. ɆŮ ɛɑŬ ɛɧɜɞ ˊŮɟɑˊŰɤůɖ ŮɜŰɞˊɑůŰɖəŮ ŬˊɩɚŮɘŬ 

ɏəűɟŬůɖɠ əŬɘ ůŰɞɡɠ ŰɟŮɑɠ ŭŮɑəŰŮɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Melan-A, S100 əŬɘ HMB45 Űɧůɞ ůŰɞ ɡɚɘəɧ Űɖɠ 

ˊɟɤŰɞˊŬɗɞɨɠ ɧůɞ əŬɘ ůŰɞ ɡɚɘəɧ Űɖɠ ɛŮŰɎůŰŬůɖɠ, ɔŮɔɞɜɧɠ Űɞ ɞˊɞɑɞ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ Ŭˊɧ Űɖ 

ɓɘɓɚɘɞɔɟŬűɑŬ. Ⱥˊɑůɖɠ, ůŮ ɏɜŬɜ ŬůɗŮɜɐ ŭɘŬűɞɟɞˊɞɘɐɗɖəŮ Űɞ ŬˊɞŰɏɚŮůɛŬ ɤɠ ˊɟɞɠ Űɞɜ ŬɜɞůɞűŬɘɜɧŰɡˊɞ 

ŬˊɞəɚŮɘůŰɘəɎ ɤɠ ˊɟɞɠ Űɞɜ ŭŮɑəŰɖ HMB45. ɆɡɔəŮəɟɘɛɏɜŬ, ˊŬɟŬŰɖɟɐɗɖəŮ ŬˊɩɚŮɘŬ ɏəűɟŬůɖɠ Űɧůɞ ůŰɞ 

ɡɚɘəɧ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ɧůɞ əŬɘ ůŰɞ ɡɚɘəɧ Űɖɠ Űɞˊɘəɐɠ ɡˊɞŰɟɞˊɐɠ. ɆɡɔəɟɑɜɞɜŰŬɠ Űɞ ŬˊɞŰɏɚŮůɛŬ 
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ɛŮŰŬɝɨ ˊɟɤŰɞˊŬɗɞɨɠ əŬɘ ŭŮɡŰŮɟɞˊŬɗɞɨɠ ŮůŰɑŬɠ, ůŮ ɏɜŬɜ ŬəɧɛŬ ŬůɗŮɜɐ ŮɜŰɞˊɑůŰɖəŮ ŮŰŮɟɞɔɏɜŮɘŬ ůŰɞ 

ɡɚɘəɧ Űɖɠ Űɞˊɘəɐɠ ɡˊɞŰɟɞˊɐɠ ŬˊɞəɚŮɘůŰɘəɎ ɤɠ ˊɟɞɠ Űɖɜ ɏəűɟŬůɖ Űɞɡ ŭŮɑəŰɖ HMB45. ɋůŰɧůɞ, 

ɛŮŰŬɝɨ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ əŬɘ Űɖɠ ůɡɛˊɚɖɟɤɛŬŰɘəɐɠ ŮəŰɞɛɐɠ ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ŭŮɜ 

ŭɘŬűɞɟɞˊɞɘɐɗɖəŮ Űɞ ŬˊɞŰɏɚŮůɛŬ ůŰɞɜ ŬɜɞůɞűŬɘɜɧŰɡˊɞ. ȹɘŬűɞɟɞˊɞɑɖůɖ ɛŮŰŬɝɨ ˊɟɤŰɞˊŬɗɞɨɠ əŬɘ 

ɛŮŰŬůŰŬŰɘəɐɠ ŮůŰɑŬɠ ˊŬɟŬŰɖɟɐɗɖəŮ ůŮ ŭɨɞ ŬəɧɛŬ ŬůɗŮɜŮɑɠ ůŰɞɡɠ ɞˊɞɑɞɡɠ ɞ ŭŮɑəŰɖɠ HMB45 ŭŮɜ 

ŮəűɟɎůŰɖəŮ ůŰɞɜ ŭɘɖɗɖɛɏɜɞ ɚŮɛűŬŭɏɜŬ-űɟɞɡɟɧ, ɔŮɔɞɜɧɠ ŬɜŬɛŮɜɧɛŮɜɞ ɓɎůŮɘ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ.  

ȷˊɧɟɟɞɘŬ ŬɡŰɐɠ ɛŮɚɏŰɖɠ ɐŰŬɜ ɖ ůɨɔəɟɘůɖ ɤɠ ˊɟɞɠ Űɞ ŬˊɞŰɏɚŮůɛŬ əŬɘ Űɖɜ ŬɝɘɞˊɘůŰɑŬ Űɞɡɠ Űɤɜ ŭɨɞ 

ˊɘɞ ůɡɢɜɎ ŮűŬɟɛɞɕɧɛŮɜɤɜ ŰŮɢɜɘəɩɜ: Űɖɠ ŬɜɞůɞɥůŰɞɢɖɛŮɑŬɠ IHC əŬɘ Űɖɠ ɛɞɟɘŬəɐɠ ɛŮɗɧŭɞɡ Real-time 

PCR (Cobas mutation test). ȼ ɛɞɟɘŬəɐ ŮɝɏŰŬůɖ ɐŰŬɜ ˊɟɞɖɔɞɡɛɏɜɤɠ əŬɘ ˊŬɟŬɛɏɜŮɘ Űɞ òɢɟɡůɧò 

ˊɟɧŰɡˊɞ (gold standard) ɘŭɘŬɑŰŮɟŬ ůŰɞ ɛŮŰŬůŰŬŰɘəɧ ɛŮɚɎɜɤɛŬ. ȼ ŬɚɡůɘŭɤŰɐ ŬɜŰɑŭɟŬůɖ ˊɞɚɡɛŮɟɎůɖɠ 

(PCR) ŬˊɞŰŮɚŮɑ Űɖɜ əɨɟɘŬ ɛɏɗɞŭɞ ŬɜɑɢɜŮɡůɖɠ əŬɘ ˊŬɟŬəɞɚɞɨɗɖůɖɠ ŭŮɟɛŬŰɘəɩɜ ɛŮɚŬɜɤɛɎŰɤɜ 

ɛŮ ɛŮŰɎɚɚŬɝɖ BRAF V600E. ȺɛűŬɜɑɕŮɘ Űɖɜ ɡɣɖɚɧŰŮɟɖ ŮɡŬɘůɗɖůɑŬ (93-99,5%) əŬɘ ɢŬɛɖɚɧŰŮɟɖ 

ŮɘŭɘəɧŰɖŰŬ (~98 %). ȼ ŮɘŭɘəɧŰɖŰŬ Űɖɠ ɛŮɗɧŭɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɢŬɛɖɚɐ ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɛˊɞɟŮɑ ɜŬ 

ŬɜɘɢɜŮɨŮɘ əŬɘ Űɘɠ BRAF V600K, BRAF V600D, BRAF V600E2 (ŮɡŬɘůɗɖůɑŬ 66-78%). ȼ ɡɣɖɚɐ 

ŮɡŬɘůɗɖůɑŬ ŮˊɘŰɟɏˊŮɘ Űɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ŮŰŮɟɞɔɏɜŮɘŬɠ Űɖɠ ɛŮŰɎɚɚŬɝɖɠ Űɤɜ əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ əŬɘ 

Űɤɜ ŬɚɚŬɔɩɜ ŬɡŰɐɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ Ůɝɏɚɘɝɖɠ Űɞɡ ɧɔəɞɡ ɛŮ ɏɜŬɜ ˊɘɞ ɚŮˊŰɞɛŮɟɐ Űɟɧˊɞ Ŭˊɧ Űɘɠ 

ɎɚɚŮɠ ɛŮɗɧŭɞɡɠ (IHC). ɋůŰɧůɞ, ɖ ŬɜɎɚɡůɖ IHC ŮɑɜŬɘ ɛɘŬ Ŭˊɚɐ in situ ɛɏɗɞŭɞɠ. ȺɑɜŬɘ ŬɝɘɞůɖɛŮɑɤŰɞ 

Űɞ ɔŮɔɞɜɧɠ ɧŰɘ  ɖ IHC ŬˊŬɘŰŮɑ ŮɚɎɢɘůŰɖ ˊɞůɧŰɖŰŬ ɘůŰɞɨ əŬɘ ɛŮ ɘəŬɜɧŰɖŰŬ ɜŬ ŬɜɘɢɜŮɨŮɘ Űɖɜ ŮŰŮɟɞɔɏɜŮɘŬ 

Űɤɜ ɛŮŰŬɚɚɎɝŮɤɜ ůŮ ŭɘɎűɞɟŬ ůɖɛŮɑŬ Űɖɠ ɑŭɘŬɠ ŭɘŬŰɞɛɐɠ Űɞɡ ɧɔəɞɡ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ɛɞɟɘŬəɏɠ 

ŮɝŮŰɎůŮɘɠ (O'Brien et al., 2017). ɄɚŮɞɜŮəŰŮɑ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ŭɑɜŮɘ ɎɛŮůŬ, ɏɔəɡɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮ 

ůŬűɩɠ ɢŬɛɖɚɧŰŮɟɞ əɧůŰɞɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖ ɛɞɟɘŬəɐ ŮɝɏŰŬůɖ. ȼ ŬɜɞůɞɥůŰɞɢɖɛɘəɐ ŬɜɎɚɡůɖ ŮˊɘŰɟɏˊŮɘ 

Űɖɜ ŬˊŮɘəɧɜɘůɖ ɛŮɛɞɜɤɛɏɜɤɜ əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ ˊɞɡ űɏɟɞɡɜ Űɞ ŬɜŰɘɔɧɜɞ ŮɜŭɘŬűɏɟɞɜŰɞɠ ŭɖɚŬŭɐ 

Űɖɜ ˊɟɤŰŮȶɜɖ BRAF ůŰɞ ɘůŰɘəɧ ŭŮɑɔɛŬ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖ PCR ˊɞɡ ɛŮɚŮŰɎ Űɞ Ůəɢɡɚɘůɛɏɜɞ DNA 

ˊɞɚɚɩɜ əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ.  ȰɜŬɠ ˊŮɟɘɞɟɘůɛɧɠ Űɖɠ ɛŮɗɧŭɞɡ ŬˊɞŰŮɚŮɑ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŭŮɜ ŬɜɘɢɜŮɨŮɘ 

Űɞ ŬɜŰɘɔɧɜɞ ůŮ ˊŮɟɘɞɢɏɠ ɜɏəɟɤůɖɠ Űɞɡ ɧɔəɞɡ. Ⱥˊɘˊɚɏɞɜ, ɏɜŬ Ŭˊɧ ŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ IHC ŮɑɜŬɘ ɖ 

ŮɘŭɘəɧŰɖŰŬ Űɖɠ ɛŮɗɧŭɞɡ ɜŬ ŬɜɘɢɜŮɨŮɘ Űɖ BRAF V600E əŬɘ ɖ ŬŭɡɜŬɛɑŬ ŬɜɑɢɜŮɡůɖɠ BRAF V600K, 

əŬɗɩɠ ɞɘ ŬůɗŮɜŮɑɠ ɛŮ ŬɡŰɐ Űɖ ɛŮŰɎɚɚŬɝɖ ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ŮˊɤűŮɚɖɗɞɨɜ Ŭˊɧ Űɖ ɗŮɟŬˊŮɑŬ ɛŮ 

ŬɜŬůŰɞɚɏŬ BRAF. Ⱥˊɞɛɏɜɤɠ, ůŮ ŬɟɜɖŰɘəɧ ɔɘŬ Űɖ ɛŮŰɎɚɚŬɝɖ BRAF ŬˊɞŰɏɚŮůɛŬ, ɛɘŬ ɛɞɟɘŬəɐ ŭɞəɘɛɐ 

(PCR, Ŭɚɚɖɚɞɨɢɘůɖ Sanger) ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Ɏɚɚɤɜ ɛŮŰŬɚɚɎɝŮɤɜ BRAF ɛŮ ůəɞˊɧ 

ɜŬ ŬˊɞəɚŮɘůŰɞɨɜ ɣŮɡŭɩɠ ɗŮŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɐ ɜŬ ŬɜŬəŬɚɡűɗŮɑ Ɏɚɚɞɠ Űɨˊɞɠ ɛŮŰɎɚɚŬɝɖɠ (Bisschop 

et al., 2018; Nielsen et al., 2018; Vanni et al., 2020). 

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Nielsen et al, ɖ ŬɜɞůɞɥůŰɞɢɖɛɘəɐ ŬɜɎɚɡůɖ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ ɛɏɗɞŭɞɠ 

Ůəɚɞɔɐɠ ůŰŬ ˊɚŬɑůɘŬ ɟɞɡŰɑɜŬɠ, ɘŭɘŬɑŰŮɟŬ ůŮ ˊɟɞ-ɗŮɟŬˊŮɑŬɠ ŬůɗŮɜŮɑɠ ɛŮ ɛŮŰŬɚɚŬɔɛɏɜɞ BRAF, ɢɤɟɑɠ ɜŬ 
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ŬˊŬɘŰŮɑŰŬɘ ˊɟɧůɗŮŰɖ ŭɞəɘɛɐ ɧŰŬɜ ɖ ɢɟɩůɖ ŮɑɜŬɘ ɗŮŰɘəɐ. ȺɑɜŬɘ ɗɏɛŬ ɢɟɧɜɞɡ ɜŬ əŬɗɘŮɟɤɗŮɑ ɖ ɢɟɐůɖ Űɞɡ 

ɛɞɜɞəɚɤɜɘəɞɨ ŬɜŰɘůɩɛŬŰɞɠ BRAF VE1 ůŰŬ ŭɘŬɔɜɤůŰɘəɎ ˊɟɤŰɧəɞɚɚŬ. ȺɑɜŬɘ ŮɝɏɢɞɡůŬ ɖ ɛŮɚɏŰɖ Űɤɜ 

Rapisuwon et al., ˊɞɡ ŮˊɘɓŮɓŬɘɩɜɞɡɜ Űɖɜ ŬɜŬɔəŬɘɧŰɖŰŬ Űɖɠ ɢɟɐůɖɠ Űɞɡ ŬɜŰɘůɩɛŬŰɞɠ BRAF VE1 

ůŰɖɜ əɚɘɜɘəɐ ˊɟŬəŰɘəɐ. ɆɡɔəŮəɟɘɛɏɜŬ, ɞɘ ŮˊɘůŰɐɛɞɜŮɠ ŬɜɏŭŮɘɝŬɜ ɏɜŬ ˊŮɟɘůŰŬŰɘəɧ ɔɡɜŬɑəŬɠ ŬůɗŮɜɞɨɠ 

ɛŮ ɛŮŰŬůŰŬŰɘəɧ ɛŮɚɎɜɤɛŬ ůŰɞ ɛɡŮɚɧ Űɤɜ ɞůŰɩɜ. ɇɞ ŭŮɑɔɛŬ Űɖɠ ŭŮɡŰŮɟɞˊŬɗɞɨɠ ŮůŰɑŬɠ ŮɑɢŮ ŮɚŮɔɢɗŮɑ 

ˊɟɞɖɔɞɡɛɏɜɤɠ ɛɞɟɘŬəɎ əŬɘ ŮɑɢŮ ɓɟŮɗŮɑ ŬɟɜɖŰɘəɧ ɤɠ ˊɟɞɠ Űɖ ɛŮŰɎɚɚŬɝɖ BRAF V600E. ɋůŰɧůɞ, 

ŮűŬɟɛɧůŰɖəŮ ɖ ɘŭɏŬ ɜŬ ŮɚŮɔɢɗŮɑ Űɞ ɑŭɘɞ ŭŮɑɔɛŬ əŬɘ ŬɜɞůɞɥůŰɞɢɖɛɘəɎ. Ƀɘ ŮɟŮɡɜɖŰɏɠ ůɖɛŮɑɤůŬɜ Űɖ 

ɗŮŰɘəɧŰɖŰŬ Űɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ Űɖɠ IHC əŬɘ ɖ ŬůɗŮɜɐɠ ɏɚŬɓŮ ɗŮɟŬˊŮɑŬ ɛŮ ŬɜŬůŰɞɚɏŬ BRAF, ɛŮ 

ůɖɛŬɜŰɘəɐ ŬɜɎəŬɛɣɖ ůŰɞ ɢɟɧɜɞ Űɖɠ ůɡɜɞɚɘəɐɠ Ůˊɘɓɑɤůɖɠ (Rapisuwon et al., 2016).  

ȼ ůɡɛűɤɜɑŬ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ ɐŰŬɜ ɘŭɘŬɑŰŮɟŬ ɡɣɖɚɐ ůŰɖɜ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ (18/21 ï ˊɞůɞůŰɧ 

ůɡɛűɤɜɑŬɠ 85,7%). ɋůŰɧůɞ, ŭɘŬˊɘůŰɩɗɖəŮ ŭɘŬűɤɜɑŬ ůŮ ŰɟɑŬ Ŭˊɧ ŰŬ 21 ɡɚɘəɎ, ůŰɘɠ ɞˊɞɑŮɠ ɖ ɢɟɩůɖ 

IHC ɐŰŬɜ ɗŮŰɘəɐ əŬɘ Űɞ ŰŮůŰ Cobas ɐŰŬɜ ŬɟɜɖŰɘəɧ. ɆŰɖɜ ɡˊɞɗŮŰɘəɐ ˊŮɟɑˊŰɤůɖ ˊɞɡ ˊɟɞɏəɡˊŰŮ ɗŮŰɘəɧ 

Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ PCR əŬɘ ŬɟɜɖŰɘəɐ ɖ IHC, ɖ ŭɘŬűɞɟɎ ɗŬ ŬˊɞŭɘŭɧŰŬɜ ůŰɖ ŭɘŬůŰŬɡɟɞɨɛŮɜɖ 

ŬɜŰɑŭɟŬůɖ Űɖɠ ɛɞɟɘŬəɐɠ ɛŮɗɧŭɞɡ ɜŬ ŬɜɘɢɜŮɨŮɘ Ůˊɘˊɚɏɞɜ ɛŮŰŬɚɚɎɝŮɘɠ BRAF V600K, BRAF V600D, 

BRAF V600E2 . ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, Űɞ ŭɘŬűɞɟŮŰɘəɧ ŬˊɞŰɏɚŮůɛŬ ŬˊɞŭɑŭŮŰŬɘ ůŰɞ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ 

ɛŮɗɧŭɞɡ Űɖɠ ŬɜɞůɞɥůŰɞɢɖɛŮɑŬɠ (IHC) ɜŬ ŬɜɘɢɜŮɨŮɘ ŮɘŭɘəɧŰŮɟŬ Űɖɜ ɞɔəɞˊɟɤŰŮȶɜɖ BRAF V600Ec. ɇɞ 

ŬˊɞŰɏɚŮůɛŬ ŬɡŰɧ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ əŬɘ Ŭˊɧ Űɖ ɓɘɓɚɘɞɔɟŬűɑŬ (Schirosi et al., 2016; Nielsen et al., 2018). 

ɆɡɔəŮəɟɘɛɏɜŬ, ɞɘ Nielsen et al., ůŰɖ ɛŮɚɏŰɖ Űɞɡɠ Ůˊɑůɖɠ ŭɘŬˊɑůŰɤůŬɜ ŰɏůůŮɟɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɛŮ Űɞ 

ůɡɔəŮəɟɘɛɏɜɞ ˊɟɧŰɡˊɞ (ɗŮŰɘəɧ ɔɘŬ ɛŮŰɎɚɚŬɝɖ ůŰɖɜ IHC, ŬɟɜɖŰɘəɧ ŬˊɞŰɏɚŮůɛŬ ůŰɖ ŭɞəɘɛɐ Cobas). 

Ⱥˊɘˊɚɏɞɜ, ɞɘ Schirosi et al., ůɖɛŮɑɤůŬɜ ůɡɛűɤɜɑŬ ůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŭɨɞ ŰŮɢɜɘəɩɜ ůŮ 58/63 

(ˊɞůɞůŰɧ ůɡɛűɤɜɑŬɠ 92,1%) ŮɝŮŰŬɕɧɛŮɜŬ ŭŮɑɔɛŬŰŬ Ůə Űɤɜ ɞˊɞɑɤɜ 3/5 ŮɛűɎɜɘůŬɜ ɗŮŰɘəɧŰɖŰŬ ůŰɞ 

ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŬɜɞůɞɥůŰɞɢɖɛŮɑŬɠ əŬɘ ŬɟɜɖŰɘəɧ ɛɞɟɘŬəɧ ŬˊɞŰɏɚŮůɛŬ. ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ, 

ŮəˊɚɐůůŮɘ ɘŭɘŬɑŰŮɟŬ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ ŭɨɞ ŬůɨɛűɤɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ Ŭɜɐəɞɡɜ ůŰɖɜ ɑŭɘŬ ŬůɗŮɜɐ, ůɖɛŮɑɞ 

ˊɞɡ ŬɝɑɕŮɘ ůɢɞɚɘŬůɛɧ. ɀŮ ɎɚɚŬ ɚɧɔɘŬ, ɏɟɢŮŰŬɘ Űɞ ŮɟɩŰɖɛŬ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɛɐˊɤɠ ɖ ůɡɔəŮəɟɘɛɏɜɖ 

ŬůɗŮɜɐɠ ŮəűɟɎɕŮɘ ɏɜŬ ɛɞɜŬŭɘəɧ ɡˊɧŰɡˊɞ Űɞɡ ɔɞɜɘŭɑɞɡ, ɔŮɔɞɜɧɠ ˊɞɡ ɝŮˊŮɟɜɎ Űɞɡɠ ůŰɧɢɞɡɠ ŬɡŰɐɠ Űɖɠ 

ŮɟɔŬůɑŬɠ əŬɘ ŭŮɜ ɛŮɚŮŰɐɗɖəŮ ˊŮɟŬɘŰɏɟɤ. ȼ ŮɡŬɘůɗɖůɑŬ əŬɘ ŮɘŭɘəɧŰɖŰŬ Űɖɠ IHC ůŮ ŬɡŰɐ Űɖ ɛŮɚɏŰɖ 

ɐŰŬɜ 97% əŬɘ 98% ŬɜŰɑůŰɞɘɢŬ ŮˊɘɓŮɓŬɘɩɜɞɜŰŬɠ Űɖ ɓɘɓɚɘɞɔɟŬűɑŬ (85ï100% əŬɘ 93ï100%, ŬɜŰɑůŰɞɘɢŬ) 

(Long et al., 2014; Schirosi et el., 2016; Nielsen et al., 2018). 

ȷɝɘɞůɖɛŮɑɤŰɖ ɐŰŬɜ Ůˊɑůɖɠ ɖ ˊŮɟɑˊŰɤůɖ ŬůɗŮɜɞɨɠ ɛŮ ˊɞɚɚŬˊɚɏɠ ɛŮŰŬůŰŬŰɘəɏɠ ŮůŰɑŮɠ ůŰɞɜ ɞˊɞɑɞ 

ˊɟɞɖɔɐɗɖəŮ ɖ ŬɜɞůɞɥůŰɞɢɖɛɘəɐ ŬɜɎɚɡůɖ Űɤɜ ɏɝɘ ŭɘŬűɞɟŮŰɘəɩɜ ŭŮɘɔɛɎŰɤɜ (ɛŮŰŬůŰɎůŮɘɠ, ɛɖ 

ŭɘŬɗɏůɘɛɖ ˊɟɤŰɞˊŬɗɐ ŮůŰɑŬ) ɤɠ ˊɟɞɠ Űɞ ɛɞɟɘŬəɧ ŭŮɑəŰɖ BRAF əŬɘ ůŮ ɧůŬ ŬɜŮɡɟɏɗɖəŮ ɗŮŰɘəɧŰɖŰŬ 

ŬəɞɚɞɨɗɖůŮ ɖ ɛɞɟɘŬəɐ ŬɜɎɚɡůɖ ɛŮ ůəɞˊɧ ɜŬ ůɡɔəɟɘɗŮɑ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɤɜ ŭɨɞ ŮűŬɟɛɞɕɧɛŮɜɤɜ ůŰɖɜ 

ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɛŮɗɧŭɤɜ. ȷůɡɛűɤɜɑŬ ůŰɞ ŬˊɞŰɏɚŮůɛŬ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ ŬɜŮɡɟɏɗɖəŮ ůŮ ɏɜŬ Ůə Űɤɜ 
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ŭɨɞ ŭɘŬűɞɟŮŰɘəɩɜ ɡɚɘəɩɜ Űɞɡ ɑŭɘɞɡ ŬůɗŮɜɐ  ɛŮ Űɞ Ŭəɧɚɞɡɗɞ ˊɟɧŰɡˊɞ: Cobas ŬɟɜɖŰɘəɧ ɔɘŬ ɛŮŰɎɚɚŬɝɖ, 

IHC ɗŮŰɘəɧ ɔɘŬ ɛŮŰɎɚɚŬɝɖ. ȺˊɘůɖɛŬɑɜŮŰŬɘ ɖ ˊŬɟɞɡůɑŬ ɛɞɟɘŬəɐɠ ŮŰŮɟɞɔɏɜŮɘŬɠ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ 

ŬůɗŮɜɐ. ɋůŰɧůɞ, ůŬűɏůŰŮɟŬ ůɡɛˊŮɟɎůɛŬŰŬ ɗŬ ˊɟɞɏəɡˊŰŬɜ Ŭɜ ɡˊɐɟɢŮ ɛŮɔŬɚɨŰŮɟɞɠ ŭɘŬɗɏůɘɛɞɠ 

Ŭɟɘɗɛɧɠ ŭŮɘɔɛɎŰɤɜ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɖɠ əŬɘ Űɖɠ ˊɟɤŰɞˊŬɗɞɨɠ ŮůŰɑŬɠ, ˊɟɞɠ ŬɜɎɚɡůɖ əŬɘ ůɨɔəɟɘůɖ. 

 

ɇɏɚɞɠ, ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɛŮɚŮŰɐɗɖəŬɜ ˊŮɟɘˊŰɩůŮɘɠ ŬˊɞəɚŮɘůŰɘəɎ ŭŮɟɛŬŰɘəɞɨ ɛŮɚŬɜɩɛŬŰɞɠ. 

ɀŮɚɚɞɜŰɘəɧɠ ůŰɧɢɞɠ Űɖɠ ɏɟŮɡɜŬɠ ŮɑɜŬɘ ɜŬ ɛŮɚŮŰɖɗŮɑ ɛŮɔŬɚɨŰŮɟɞɠ Ŭɟɘɗɛɧɠ ŭŮɟɛŬŰɘəɩɜ ɛŮɚŬɜɤɛɎŰɤɜ, 

əŬɗɩɠ əŬɘ Űɞ ɛɞɟɘŬəɧ ˊɟɞűɑɚ ɛŮɚŬɜɤɛɎŰɤɜ Űɤɜ ɓɚŮɜɜɞɔɧɜɤɜ ɤɠ ˊɟɞɠ Űɖ ɛŮŰɎɚɚŬɝɖ BRAF.  
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