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ȸɘɞɢɖɛŮɑŬɠ əŬɘ ɀɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ (ȺȺȸɀȸ), 2014-2017 

 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ ůɡɛɛŮŰŮɑɢŬ ŮɜŮɟɔɎ ůŰŬ ˊŬɟŬəɎŰɤ 

ŮɗɜɘəɎ əŬɘ ŭɘŮɗɜɐ ŮɟŮɡɜɖŰɘəɎ ˊɟɞɔɟɎɛɛŬŰŬ: 

¶ çɄɟɞɖɔɛɏɜŮɠ ȺɟŮɡɜɖŰɘəɏɠ ȹɟŬůŰɖɟɘɧŰɖŰŮɠ ůŰɖ ȸɘɞɥŬŰɟɘəɐ ɇŮɢɜɞɚɞɔɑŬ & 

ȷɔɟɞŭɘŬŰɟɞűɐè (MIS 5002469), Ɉˊɞɏɟɔɞ çɄɟɞɖɔɛɏɜŮɠ ȺɟŮɡɜɖŰɘəɏɠ 

ȹɟŬůŰɖɟɘɧŰɖŰŮɠ ůŰɖ ȸɘɞɥŬŰɟɘəɐ ɇŮɢɜɞɚɞɔɑŬ & ȷɔɟɞŭɘŬŰɟɞűɐ- ȹɡŰɘəɐ ȺɚɚɎŭŬè 

[ȸȽɇȷȹ-ȹȺ], ˊɞɡ ŮɜŰɎůůŮŰŬɘ ůŰɖ çȹɟɎůɖ ɆŰɟŬŰɖɔɘəɐɠ ȷɜɎˊŰɡɝɖɠ 

ȺɟŮɡɜɖŰɘəɩɜ əŬɘ ɇŮɢɜɞɚɞɔɘəɩɜ ūɞɟɏɤɜè əŬɘ ɢɟɖɛŬŰɞŭɞŰŮɑŰŬɘ Ŭˊɧ Űɞ 

ȺˊɘɢŮɘɟɖůɘŬəɧ ɄɟɧɔɟŬɛɛŬ çȷɜŰŬɔɤɜɘůŰɘəɧŰɖŰŬ, ȺˊɘɢŮɘɟɖɛŬŰɘəɧŰɖŰŬ əŬɘ 

ȾŬɘɜɞŰɞɛɑŬè ůŰɞ ˊɚŬɑůɘɞ Űɞɡ ȺɆɄȷ 2014-2020, ɛŮ Űɖ ůɡɔɢɟɖɛŬŰɞŭɧŰɖůɖ Űɖɠ 

ȺɚɚɎŭŬɠ əŬɘ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ (ȺɡɟɤˊŬɥəɧ ɇŬɛŮɑɞ ɄŮɟɘűŮɟŮɘŬəɐɠ 

ȷɜɎˊŰɡɝɖɠ), ȲŭɟɡɛŬ ɇŮɢɜɞɚɞɔɑŬɠ əŬɘ ȰɟŮɡɜŬɠ, ȽɜůŰɘŰɞɨŰɞ ȺˊɘůŰɖɛɩɜ ɉɖɛɘəɐɠ 

ɀɖɢŬɜɘəɐɠ (ȽɇȺ-ȽȺɉɀȼ, FORTH/ICE-HT), 2018 

¶ ɄɟɎɝɖ çɄɟɧɔɟŬɛɛŬ ɢɞɟɐɔɖůɖɠ ɡˊɞŰɟɞűɘɩɜ ɔɘŬ ɛŮŰŬˊŰɡɢɘŬəɏɠ ůˊɞɡŭɏɠ 

ŭŮɨŰŮɟɞɡ əɨəɚɞɡ ůˊɞɡŭɩɜè Űɞɡ ȺˊɘɢŮɘɟɖůɘŬəɞɨ ɄɟɞɔɟɎɛɛŬŰɞɠ çȷɜɎˊŰɡɝɖ 

ȷɜɗɟɩˊɘɜɞɡ ȹɡɜŬɛɘəɞɨ, ȺəˊŬɑŭŮɡůɖ əŬɘ ȹɘɎ ȸɑɞɡ ɀɎɗɖůɖè, Űɞɡ ȺɆɄȷ 2014-

2020 ɛŮ Űɖ ůɡɔɢɟɖɛŬŰɞŭɧŰɖůɖ Űɞɡ ȺɡɟɤˊŬɥəɞɨ Ⱦɞɘɜɤɜɘəɞɨ ɇŬɛŮɑɞɡ, 2018 

¶ Horizon 2020 Action "Marie Skğodowska-Curie Research and Innovation Staff 

Exchange (RISE)", Project acronym: GLYCANC, "Matrix glycans as 

multifunctional pathogenesis factors and therapeutic targets in cancer", 2016-

2017 

¶ Short-term research grant from the German Academic Exchange Service 

(DAAD), 2016  

¶ ȹɟɎůɖ ERASMUS+ əɘɜɖŰɘəɧŰɖŰŬ ɔɘŬ ůˊɞɡŭɏɠ Űɞɡ ŬəŬŭɖɛŬɥəɞɨ ɏŰɞɡɠ 2015-

2016 

¶ THALES project. Investing in knowledge society through the European Social 

Fund (NSRF 2007-2013), Project acronym: BioCancerTalk "Intracellular 

crosstalk between ERŬ/ɓ, EGF and IGF receptors in development and 

progression of breast cancer", 2014-2016 
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¶ Seventh Framework Program (FP7), Project acronym: NanoBarrier, "Extended 

self-life biopolymers for sustainable and multifunctional food packaging 

solutions", ȽɇȺ-ȽȺɉɀȼ, FORTH/ICE-HT, 2014-2015 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  xiv 

 

 

 

 

 

 

 

 

 

 

 

 



  xv 

 

 

 

 

 

 

 

͑ϤрϞϢϖϢϥ 

 

 

 

 
 



  xvi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  xvii 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ Ůəˊɧɜɖůɖɠ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ɛɞɡ ŭɘŬŰɟɘɓɐɠ ˊɞɚɚɏɠ űɞɟɏɠ 

ůəɏűŰɖəŬ Űɘ ɗŬ ɔɟɎɣɤ ůŮ ŬɡŰɐɜ Űɖ ůŮɚɑŭŬ. ȳɛɤɠ ɧɚɞɘ ɞɘ ˊɟɧɚɞɔɞɘ ˊɞɡ əŬŰɎ əŬɘɟɞɨɠ 

ůəŮűŰɧɛɞɡɜ əŬŰɏɚɖɔŬɜ ůŰɞ ɜŬ ɗɏɚɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɛŮɟɘəɞɨɠ Ŭɜɗɟɩˊɞɡɠ ˊɞɡ ɛŮ 

ɓɞɐɗɖůŬɜ əŬɘ ɛɞɡ ůɡɛˊŬɟŬůŰɎɗɖəŬɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɢɟɧɜɤɜ ŬɡŰɩɜ, ɔɘŬŰɑ ɖ 

Ůəˊɧɜɖůɖ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛɞɜŬɢɘəɐ, ɤůŰɧůɞ ˊɞŰɏ ŭŮɜ 

ɛˊɞɟŮɑɠ ɜŬ Űɖ ŭɘŬɜɨůŮɘɠ ɛɧɜɞɠ ůɞɡ. ɃɚɞəɚɖɟɩɜɞɜŰŬɠ, ɚɞɘˊɧɜ, Űɖ ŭɘŭŬəŰɞɟɘəɐ ɛɞɡ 

ŭɘŬŰɟɘɓɐ əŬɘ ɛŮŰɎ Ŭˊɧ ɞəŰɩ ɢɟɧɜɘŬ ůŰɞ ŮɟŮɡɜɖŰɘəɧ ŮɟɔŬůŰɐɟɘɞ ȸɘɞɢɖɛŮɑŬɠ Űɞɡ 

ɇɛɐɛŬŰɞɠ ɉɖɛŮɑŬɠ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ɄŬŰɟɩɜ, ɗŬ ɐɗŮɚŬ ɜŬ ŬűɘŮɟɩůɤ ɚɑɔŬ ɚɧɔɘŬ, 

ŮəűɟɎɕɞɜŰŬɠ ɏɜŬ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ůŰɞɡɠ Ŭɜɗɟɩˊɞɡɠ ˊɞɡ ɛŮ ɓɞɐɗɖůŬɜ ůŰɖɜ 

ˊɟɞůˊɎɗŮɘɎ ɛɞɡ ŬɡŰɐ. 

ȰɜŬ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ, Ŭɜ əŬɘ űŬɜŰɎɕŮɘ ɚɑɔɞ, ɞűŮɑɚɤ ůŰɞɜ ŮˊɘɓɚɏˊɞɜŰŬ ɛɞɡ, ȾŬɗɖɔɖŰɐ 

ə. Ɂɑəɞ ȾŬɟŬɛɎɜɞ ɔɘŬ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ ɏŭŮɘɝŮ ůŰɞ ˊɟɧůɤˊɧ ɛɞɡ ŬɜŬɗɏŰɞɜŰɎɠ ɛɞɡ 

Űɖ ŭɘŮɝŬɔɤɔɐ Űɖɠ ˊŬɟɞɨůŬɠ ɛŮɚɏŰɖɠ, Űɖɜ Ɏɣɞɔɖ ůɡɜŮɟɔŬůɑŬ əŬɘ Űɘɠ ůɡɛɓɞɡɚɏɠ Űɞɡ ůŮ 

ŮˊɘůŰɖɛɞɜɘəɧ əŬɘ ˊɟɞůɤˊɘəɧ ŮˊɑˊŮŭɞ, ɧˊɞŰŮ ŬˊŮɡɗɨɜɗɖəŬ ůŮ ŬɡŰɧɜ. ũɘŬ Űɖ ɓɞɐɗŮɘɎ 

Űɞɡ ůŰɞ ůɢŮŭɘŬůɛɧ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ əŬɘ Űɖɜ ŮɟɛɖɜŮɑŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. ũɘŬ Űɖɜ 

ɎɛŮůɖ ůɡɔəŬŰɎɗŮůɐ Űɞɡ ɔɘŬ Űɖ ůɡɛɛŮŰɞɢɐ ɛɞɡ ůŰɞ ˊɟɧɔɟŬɛɛŬ ERASMUS+ əŬɘ ɔɘŬ Űɖ 

ɛŮŰŬəɑɜɖůɐ ɛɞɡ ůŰŬ ˊɚŬɑůɘŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ GLYCANC ůŰɖ ũŮɟɛŬɜɑŬ, 

ŭɘŮɝɎɔɞɜŰŬɠ ŮəŮɑ ɛɏɟɞɠ Űɖɠ ˊŬɟɞɨůŬɠ ɛŮɚɏŰɖɠ ůŮ ɏɜŬ ɜɏɞ ŬɜŰɘəŮɑɛŮɜɞ, ɛŮ ůŰɧɢɞ Űɖɜ 

ŮˊɘɔŮɜŮŰɘəɐ ˊɟɞůɏɔɔɘůɖ Űɖɠ ɏɟŮɡɜŬɠ. ũɘŬ Űɖɜ ŮɡəŬɘɟɑŬ ɜŬ ůɡɛɛŮŰɎůɢɤ ůŮ ɛŮɔɎɚɞ 

Ŭɟɘɗɛɧ Ůɚɚɖɜɘəɩɜ əŬɘ ŭɘŮɗɜɩɜ ŮˊɘůŰɖɛɞɜɘəɩɜ ůɡɜŮŭɟɑɤɜ, ůŮ ˊɞɚɚɎ Ŭˊɧ ŰŬ ɞˊɞɑŬ 

ůɡɜɏɓŬɚŬ ůŰɖ ŭɘɞɟɔɎɜɤůɐ Űɞɡɠ ŬˊɞəŰɩɜŰŬɠ ůɖɛŬɜŰɘəɐ ŮɛˊŮɘɟɑŬ əŬɘ ůŰɞ ɗɏɛŬ ŬɡŰɧ. 

ɇŬɡŰɧɢɟɞɜŬ ŮɑɢŬ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊŬɟɞɡůɘɎůɤ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŭɘŬŰɟɘɓɐɠ ɛɞɡ ɛŮ 

ˊɟɞűɞɟɘəɏɠ əŬɘ ŬɜŬɟŰɖɛɏɜŮɠ ŬɜŬəɞɘɜɩůŮɘɠ, ŮɟɢɧɛŮɜɖ ůŮ ŮˊŬűɐ əŬɘ ŬɜŰŬɚɚɎůůɞɜŰŬɠ 

ɘŭɏŮɠ ɛŮ Ɏɚɚɞɡɠ ŮɟŮɡɜɖŰɏɠ əŬɘ ŭɘŮɗɜɩɠ əŬŰŬɝɘɤɛɏɜŬ ˊɟɧůɤˊŬ Űɞɡ ˊŮŭɑɞɡ ɛŬɠ. ũɘŬ ɧɚŮɠ 

Űɘɠ ɔɜɩůŮɘɠ ˊɞɡ ŬˊɞəɧɛɘůŬ əɞɜŰɎ Űɞɡ əŬɘ ɔɘŬ Űɖɜ əŬɗɞɟɘůŰɘəɐ ůɡɛɓɞɚɐ Űɞɡ ůŰɖ 

ŭɘŬɛɧɟűɤůɖ Űɖɠ ŮɟŮɡɜɖŰɘəɐɠ ɛɞɡ ůəɏɣɖɠ əŬɘ Űɖɠ ŮˊɘůŰɖɛɞɜɘəɐɠ ɛɞɡ əŬŰɎɟŰɘůɖɠ ˊɞɡ 

ɗŮɤɟɩ ˊɤɠ ŮɑɜŬɘ ɧ,Űɘ ˊɞɚɡŰɘɛɧŰŮɟɞ ɛɞɡ ˊɟɧůűŮɟŮ ɖ ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ. 

ȺɡɢŬɟɘůŰɩ ɘŭɘŬɑŰŮɟŬ Űɞɜ ȷɜŬˊɚɖɟɤŰɐ ȾŬɗɖɔɖŰɐ ə. ȷɢɘɚɚɏŬ ŪŮɞɢɎɟɖ ɔɘŬ Űɘɠ ɢɟɐůɘɛŮɠ 

ůɡɛɓɞɡɚɏɠ Űɞɡ əŬɘ Űɘɠ ˊɞɚɨ ŮɜŭɘŬűɏɟɞɡůŮɠ ˊɟɞŰɎůŮɘɠ Űɞɡ, ŬɚɚɎ əŬɘ ɔɘŬ Űɞ ɔŮɜɘəɧŰŮɟɞ 

ŮɜŭɘŬűɏɟɞɜ Űɞɡ ɧɚŬ ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ. ȼ ůɡɜŮɟɔŬůɑŬ ɛŬɠ ɐŰŬɜ Ɏɣɞɔɖ əŬɗô ɧɚɖ Űɖ 

ŭɘɎɟəŮɘŬ Űɖɠ ˊŬɟɞɡůɑŬɠ ɛɞɡ ůŰɞ ŮɟɔŬůŰɐɟɘɞ ȸɘɞɢɖɛŮɑŬɠ əŬɘ ɖ ɓɞɐɗŮɘɎ Űɞɡ ůŮ 

ŮˊɘůŰɖɛɞɜɘəɧ əŬɘ ůɡɛɓɞɡɚŮɡŰɘəɧ ŮˊɑˊŮŭɞ ɐŰŬɜ ˊɟŬɔɛŬŰɘəɎ ˊɞɚɨŰɘɛɖ, ůɡɛɓɎɚɚɞɜŰŬɠ 

ůŰɖ ŭɘŬɛɧɟűɤůɖ Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐɠ ɛɞɡ ůəɏɣɖɠ. 
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ȺɡɢŬɟɘůŰɩ ɗŮɟɛɎ Űɞɜ ȺɟŮɡɜɖŰɐ ȷô ə. ȹɖɛɐŰɟɖ ȾɚɏŰůŬ ɔɘŬ Űɖ ůɡɜŮɟɔŬůɑŬ ɛŬɠ ˊɞɡ 

ɝŮəɑɜɖůŮ Ŭˊɧ Űɖ ŭɘŮɝŬɔɤɔɐ Űɖɠ ɛŮŰŬˊŰɡɢɘŬəɐɠ ɛɞɡ ŮɟɔŬůɑŬɠ. Ƀɘ ˊɞɚɨŰɘɛŮɠ ůɡɛɓɞɡɚɏɠ 

Űɞɡ əŬŰɎ Űɘɠ ůɡɕɖŰɐůŮɘɠ ɛŬɠ ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ, ůŮ ɗɏɛŬŰŬ ɛɞɟɘŬəɐɠ ɓɘɞɚɞɔɑŬɠ əŬɘ 

əɡŰŰŬɟɘəɩɜ əŬɚɚɘŮɟɔŮɘɩɜ, ɏˊŬɘɝŬɜ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ Ůɝɏɚɘɝɖ əŬɘ Űɖɜ ɞɚɞəɚɐɟɤůɖ 

Űɖɠ ŭɘŬŰɟɘɓɐɠ.  

ȰɜŬ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ɞűŮɑɚɤ Ůˊɑůɖɠ ůŰɞɜ ȾŬɗɖɔɖŰɐ, Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ Űɞɡ 

M¿nster, ə. Martin Gºtte, ɞ ɞˊɞɑɞɠ ɛŮ ŭɏɢŰɖəŮ ůŰɞ ŮɟɔŬůŰɐɟɘɧ Űɞɡ əŬɘ ɐŰŬɜ ˊɎɜŰŬ 

ˊɟɧɗɡɛɞɠ ɜŬ ɓɞɖɗɐůŮɘ ɞˊɞɘŬŭɐˊɞŰŮ ůŰɘɔɛɐ əŬɘ ɔɘŬ Űɖɜ ŮɡəŬɘɟɑŬ ɜŬ ɕɐůɤ Űɖɜ ŮɛˊŮɘɟɑŬ 

Űɖɠ ŮɟɔŬůɑŬɠ ůŮ ɡɣɖɚɩɜ ˊɟɞŭɘŬɔɟŬűɩɜ ŮɟɔŬůŰɐɟɘŬ Űɞɡ ŮɝɤŰŮɟɘəɞɨ, ɔɜɤɟɑɕɞɜŰŬɠ 

ɜɏɞɡɠ ůɡɜŮɟɔɎŰŮɠ. 

Ⱥˊɘˊɚɏɞɜ, ŮɡɢŬɟɘůŰɩ Űɞɜ Ⱥˊɑəɞɡɟɞ ȾŬɗɖɔɖŰɐ ə. ɆˊɡɟɑŭɤɜŬ ɆəŬɜŭɎɚɖ, ɔɘŬ Űɖ 

ůɡɛɛŮŰɞɢɐ Űɞɡ ůŰɖɜ ŮˊŰŬɛŮɚɐ ŮˊɘŰɟɞˊɐ, ɔɘŬ Űɖɜ Ŭɟɛɞɜɘəɐ ůɡɜŮɟɔŬůɑŬ ˊɞɡ ŮɑɢŬɛŮ ɧɚɞ 

ŬɡŰɧ Űɞ ŭɘɎůŰɖɛŬ ůŰɞ ŮɟɔŬůŰɐɟɘɞ, əŬɗɩɠ əŬɘ ɔɘŬ Űɘɠ ɡˊɞŭŮɑɝŮɘɠ əŬɘ Űɘɠ ůɡɛɓɞɡɚɏɠ Űɞɡ, 

ɧˊɞŰŮ ŬˊŮɡɗɨɜɗɖəŬ ůŮ ŬɡŰɧɜ. 

ȺɡɢŬɟɘůŰɩ ɗŮɟɛɎ Űɞɜ KŬɗɖɔɖŰɐ ə. ȹɖɛɐŰɟɘɞ ȸɨɜɘɞ, ɔɘŬ Űɖ ůɡɛɛŮŰɞɢɐ Űɞɡ ůŰɖɜ 

ŮˊŰŬɛŮɚɐ ŮˊɘŰɟɞˊɐ, ɔɘŬ Űɖ ŭɘɧɟɗɤůɖ Űɞɡ əŮɘɛɏɜɞɡ, ŬɚɚɎ əɡɟɑɤɠ ɔɘŬ Űɖ ůɡɜŮɟɔŬůɑŬ ɛŬɠ 

ɧɚɞ ŬɡŰɧ Űɞ ŭɘɎůŰɖɛŬ əŬɘ ɔɘŬ Űɘɠ ŮˊɘůŰɖɛɞɜɘəɏɠ Űɞɡɠ ůɡɛɓɞɡɚɏɠ. 

Ūɏɚɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɖɜ ȾŬɗɖɔɐŰɟɘŬ Űɞɡ ɇɛɐɛŬŰɞɠ ūŬɟɛŬəŮɡŰɘəɐɠ, əŬ. 

ȺɡŬɔɔŮɚɑŬ ɄŬˊŬŭɖɛɖŰɟɑɞɡ, ɔɘŬ Űɖ ůɡɛɛŮŰɞɢɐ Űɖɠ ůŰɖɜ ŮˊŰŬɛŮɚɐ ŮˊɘŰɟɞˊɐ əŬɘ ɔɘŬ Űɖɜ 

ŭɘɧɟɗɤůɖ Űɞɡ əŮɘɛɏɜɞɡ. 

ȺɡɢŬɟɘůŰɩ Űɞɡɠ ȾŬɗɖɔɖŰɏɠ Burkhard Greve (University of M¿nster, ũŮɟɛŬɜɑŬ) əŬɘ 

Marco Franchi (University of Bologna, ȽŰŬɚɑŬ), əŬɗɩɠ əŬɘ Űɞɜ Dr. Christoph 

Riethm¿ller (Serend-ip, M¿nster, Germany)  ɔɘŬ Űɖɜ ɎɟɘůŰɖ ůɡɜŮɟɔŬůɑŬ, ůɡɛɓɎɚɚɞɜŰŬɠ 

ůŰɖ ŭɘŮəˊŮɟŬɑɤůɖ ɛɏɟɞɡɠ Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ˊɟɞůŮɔɔɑůŮɤɜ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ 

ŭɘŬŰɟɘɓɐɠ, əŬɗɩɠ əŬɘ ŰŬ ɛɏɚɖ Űɞɡ ŮɟŮɡɜɖŰɘəɞɨ ŮɟɔŬůŰɖɟɑɞɡ ũɡɜŬɘəɞɚɞɔɑŬɠ Űɖɠ 

ɄŬɜŮˊɘůŰɖɛɘŬəɐɠ Ⱦɚɘɜɘəɐɠ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ M¿nster. 

ɇɞ ȲŭɟɡɛŬ ȾɟŬŰɘəɩɜ ɈˊɞŰɟɞűɘɩɜ (ȽȾɈ) ɔɘŬ Űɖ ɢɟɖɛŬŰɞŭɧŰɖůɖ ɛɏɟɞɡɠ Űɖɠ 

ȹɘŭŬəŰɞɟɘəɐɠ ȹɘŬŰɟɘɓɐɠ. 

ɃűŮɑɚɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞ űɑɚɞ ɛɞɡ əŬɘ ůɡɜŮɟɔɎŰɖ ȹɟ. ɄŬɜŬɔɘɩŰɖ ɀˊɞɨɟɖ, ɔɘŬ Űɖɜ 

ŬɜɘŭɘɞŰŮɚɐ ɓɞɐɗŮɘŬ, Űɖɜ ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ ɏŭŮɘɝŮ ůŰɞ ˊɟɧůɤˊɧ ɛɞɡ əŬŰɎ Űɖɜ Ɏɣɞɔɖ 

ůɡɜŮɟɔŬůɑŬ ɛŬɠ əŬɘ əɡɟɑɤɠ ɔɘŬ Űɖɜ ɡˊɞɛɞɜɐ Űɞɡ. ȳɚŬ ŰŬ ůŰɞɘɢŮɑŬ ɐŰŬɜ əŬɗɞɟɘůŰɘəɎ 

əŬɘ ɛŬɕɑ ɛŮ Űɘɠ ůŰɘɔɛɏɠ ˊɞɡ ˊŮɟɎůŬɛŮ ɛŬɕɑ ŮɜŰɧɠ əŬɘ ŮəŰɧɠ ŮɟɔŬůŰɖɟɑɞɡ, ůɡɜɏɓŬɚɚŬɜ 

ůŰɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ, əɎŰɘ ˊɞɡ ɛŮ əŬɗɘůŰɎ 

ˊɟŬɔɛŬŰɘəɎ Ůɡɔɜɩɛɤɜ. 



  xix 

ŪŬ ɐɗŮɚŬ Ůˊɑůɖɠ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ ɧɚŬ ŰŬ ɛɏɚɖ Űɞɡ ŮɟŮɡɜɖŰɘəɞɨ ŮɟɔŬůŰɖɟɑɞɡ 

ȸɘɞɢɖɛŮɑŬɠ (TɛɐɛŬ ɉɖɛŮɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ɄŬŰɟɩɜ), ɔɘŬ Űɖɜ ˊɞɚɨ əŬɚɐ ůɡɜŮɟɔŬůɑŬ 

əŬɘ Űɞ ɧɛɞɟűɞ əɚɑɛŬ ˊɞɡ ŭɖɛɘɞɡɟɔɐůŬɛŮ ůŰɞ ɢɩɟɞ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ. ȹŮ ɗŬ ɛˊɞɟɞɨůŬ 

ɜŬ ɝŮɢɎůɤ Űɞɡɠ ůɡɜŮɟɔɎŰŮɠ Űɤɜ ɡˊɧɚɞɘˊɤɜ ŮɟɔŬůŰɖɟɑɤɜ Űɞɡ ɇɛɐɛŬŰɞɠ ɉɖɛŮɑŬɠ ɔɘŬ Űɖ 

ůɡɜŮɟɔŬůɑŬ əŬɘ Űɘɠ ɧɛɞɟűŮɠ ůŰɘɔɛɏɠ ˊɞɡ ˊŮɟɎůŬɛŮ.  

ȺɡɢŬɟɘůŰɩ Ŭˊɧ əŬɟŭɘɎɠ Űɞɡɠ űɑɚɞɡɠ ɛɞɡ, ūɤŰŮɘɜɐ ɀɞůɢɞɜɎ, ȯɜɜɡ ȹɟɞůɞˊɞɨɚɞɡ, 

Ⱥɚɏɜɖ ȾɧəəŬɚɖ, ūɏɜɘŬ ȻɞɨɚŬ, ɉɟɡůɞɨɚŬ ɀɞɜɐ, ɆŮɓŬůŰɐ ȾɞɡɚɞɡɟɎəɖ, Ⱥɚɏɜɖ 

ɀɘɢŬɚɘɞɨ, ɔɘŬŰɑ ɐŰŬɜ ˊɎɜŰɞŰŮ ˊŬɟɧɜŰŮɠ ɧˊɞŰŮ əɘ Ŭɜ Űɞɡɠ ɢɟŮɘɎůŰɖəŬ, ůŮ ɔɏɚɘɞ, əɚɎɛŬ, 

ŮˊɘŰɡɢɑŬ əŬɘ ŬˊɞɔɞɐŰŮɡůɖ.  

ɇɏɚɞɠ, ɞűŮɑɚɤ ɏɜŬ ˊɞɚɨ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ůŰɞɡɠ ɔɞɜŮɑɠ ɛɞɡ, Ɇɘɛɧɜɖ əŬɘ ȾɩůŰŬ, ˊɞɡ 

ɛŮ ůŰɖɟɑɕɞɡɜ ůŮ ɧ,Űɘ əŬɘ Ŭɜ ŬˊɞűŬůɑůɤ, ˊɞɡ ˊɎɜŰŬ əŬŰŬɜɞɞɨɜ Űɘɠ ŬɜɎɔəŮɠ ɛɞɡ, 

ŭŮɑɢɜɞɜŰɎɠ ɛɞɡ ɧŰɘ ɛŮ ůəɚɖɟɐ ŭɞɡɚŮɘɎ əŬɘ ɡˊɞɛɞɜɐ ɧɚŬ ɛˊɞɟɞɨɜ ɜŬ ɔɑɜɞɡɜ əŬɘ ˊɞɡ ŰŬ 

ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɛŮ Űɖ ůɡɛˊŬɟɎůŰŬůɐ Űɞɡɠ əŬŰɎűŮɟŬ ˊɞɚɚɎ. ɆŰɞɜ ŬŭŮɚűɧ ɛɞɡ Ɂɑəɞ 

ɔɘŬ Űɖ ůŰɐɟɘɝɐ Űɞɡ əŬɘ ɔɘŬŰɑ ɝɏɟɤ ɧŰɘ ŮɑɜŬɘ ŭɑˊɚŬ ɛɞɡ ůŮ əɎɗŮ ůŰɘɔɛɐ. ɆŰɞɡɠ ɗŮɑɞɡɠ 

ɛɞɡ, ũŮɤɟɔɑŬ əŬɘ ɆŰŬɨɟɞ, ůŰɞɜ ɝɎŭŮɚűɧ ɛɞɡ ȷɜŰɩɜɖ əŬɘ ɧɚɖ Űɖɜ ɞɘəɞɔɏɜŮɘɎ ɛɞɡ ɔɘŬŰɑ 

ˊɎɜŰŬ ŮɑɜŬɘ ŮəŮɑ ɔɘŬ ŮɛɏɜŬ. 
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  xxi 

ɄȺɅȽȿȼɊȼ 

Ƀɘ ɞɘůŰɟɞɔɞɜɞɦˊɞŭɞɢŮɑɠ (ERs) əŬŰɏɢɞɡɜ əŮɜŰɟɘəɧ ɟɧɚɞ ůŰɖɜ ŬɜɎˊŰɡɝɖ əŬɘ Űɖɜ Ůɝɏɚɘɝɖ 

Űɞɡ əŬɟəɑɜɞɡ Űɞɡ ɛŬůŰɞɨ. ɄŬɟɧɚɞ ˊɞɡ ɖ ůɡɜŮɘůűɞɟɎ Űɞɡ ERŬ ůŰɖ ɟɨɗɛɘůɖ Űɖɠ 

ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ ɛŬůŰɞɨ ɏɢŮɘ ɛŮɚŮŰɖɗŮɑ ŮəŰŮɜɩɠ, ɞɘ ɓɘɞɚɞɔɘəɏɠ 

ŭɟɎůŮɘɠ Űɖɠ ɘůɞɛɞɟűɐɠ Űɞɡ, ERɓ, ŭŮɜ ŮɑɜŬɘ ŬˊɞɚɨŰɤɠ ŬˊɞůŬűɖɜɘůɛɏɜŮɠ. ɆŰɖɜ ˊŬɟɞɨůŬ 

ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ, ŬˊɞŭŮɑɢɗɖəŮ ɧŰɘ ɖ əŬŰŬůŰɞɚɐ Űɞɡ ERɓ ůŰŬ ŮˊɘɗŮŰɘəɎ, ERɓ-

ɗŮŰɘəɎ, MDA-MB-231 əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ ɛŬůŰɞɨ (shERɓ MDA-MB-231) ɞŭɐɔɖůŮ ůŮ 

ŬɝɘɞůɖɛŮɑɤŰŮɠ űŬɘɜɞŰɡˊɘəɏɠ ŬɚɚŬɔɏɠ, əŬŰŬůŰɞɚɐ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ 

Ŭˊɧ ŮˊɘɗɖɚɘŬəɧ ůŮ ɛŮůŮɔɢɡɛŬŰɘəɧ űŬɘɜɧŰɡˊɞ (Ⱥɀɇ), əŬɗɩɠ əŬɘ ůŮ ůɖɛŬɜŰɘəɏɠ 

ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ůŰɘɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ůŰŬ ŮˊɑˊŮŭŬ ɔɞɜɘŭɘŬəɐɠ əŬɘ ˊɟɤŰŮɥɜɘəɐɠ ɏəűɟŬůɖɠ 

ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰŬŰɘəɩɜ Űɞɡ ŮɝɤəɡŰŰɎɟɘɞɡ ɢɩɟɞɡ (ECM) Űɤɜ əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ 

ɛŬůŰɞɨ. ȳˊɤɠ ˊŬɟŬŰɖɟɐɗɖəŮ Ŭˊɧ ɖɚŮəŰɟɞɜɘəɐ ɛɘəɟɞůəɞˊɑŬ ůɎɟɤůɖɠ, ɖ əŬŰŬůŰɞɚɐ 

Űɞɡ ERɓ ŮˊɖɟŮɎɕŮɘ ůɖɛŬɜŰɘəɎ ŰŬ ɛɞɟűɞɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ shERɓ MDA-MB-

231 əɡŰŰɎɟɤɜ. Ⱥˊɘˊɚɏɞɜ, ɖ əŬŰŬůŰɞɚɐ Űɞɡ ERɓ ɛŮɘɩɜŮɘ Űɖɜ ɏəűɟŬůɖ Űɤɜ 

ɛŮůŮɔɢɡɛŬŰɘəɩɜ ŭŮɘəŰɩɜ fibronectin əŬɘ vimentin, Ůɜɩ ŬɡɝɎɜŮɘ ŰŬ ŮˊɑˊŮŭŬ ɏəűɟŬůɖɠ 

Űɞɡ ŮˊɘɗɖɚɘŬəɞɨ ŭŮɑəŰɖ Ⱥ-cadherin əŬɘ Űɘɠ əɡŰŰŬɟɘəɏɠ ŭɘŮˊŬűɏɠ. Ƀɘ ůɡɔəŮəɟɘɛɏɜŮɠ 

ŬɚɚŬɔɏɠ ŬəɞɚɞɡɗɞɨɜŰŬɘ Ŭˊɧ ɛŮɘɤɛɏɜŬ ŮˊɑˊŮŭŬ Űɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɘŭɘɞŰɐŰɤɜ ˊɞɡ 

ˊɟɞɎɔɞɡɜ Űɖɜ ŮˊɘɗŮŰɘəɧŰɖŰŬ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ, ɧˊɤɠ ɞ 

ˊɞɚɚŬˊɚŬůɘŬůɛɧɠ, ɖ ɛŮŰŬɜɎůŰŮɡůɖ, ɖ ŭɘɐɗɖůɖ əŬɘ ɖ ˊɟɞůəɧɚɚɖůɖ. ȷɝɑɕŮɘ ɜŬ 

ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ əŬŰŬůŰɞɚɐ Űɞɡ ERɓ ɛŮɘɩɜŮɘ Űɖ ɛŮŰŬɜɎůŰŮɡůɖ Űɤɜ MDA-MB-231 

əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ ɛŬůŰɞɨ ɛɏůɤ Űɤɜ ůɖɛŬŰɞŭɞŰɘəɩɜ ɛɞɜɞˊŬŰɘɩɜ EGFR/IGF-IR əŬɘ 

JAK/STAT. Ⱥˊɘˊɚɏɞɜ, ŰŬ ŭŮŭɞɛɏɜŬ ɛŬɠ ŬˊɞəɎɚɡɣŬɜ ɧŰɘ ɞ ERɓ əŬŰɏɢŮɘ əɟɑůɘɛɞ ɟɧɚɞ 

ůŰɖ ɟɨɗɛɘůɖ Űɖɠ ɛŮŰŬɔɟŬűɘəɐɠ əŬɘ ˊɟɤŰŮɥɜɘəɐɠ ɏəűɟŬůɖɠ ůɖɛŬɜŰɘəɩɜ ŰŮɚŮůŰɩɜ Űɞɡ 

ECM, ɧˊɤɠ Űɤɜ ɛŮɛɓɟŬɜɘəɩɜ ůɡɜŭŮəŬɜɩɜ əŬɘ Űɖɠ ŮɜŭɞəɡŰŰɎɟɘŬɠ ůŮɟɔɚɡəɑɜɖɠ, ˊɞɚɚɩɜ 

ɀɀɅs, ůɡůŰŬŰɘəɩɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɞɡ ˊɚŬůɛɘɜɞɔɧɜɞɡ əŬɘ ɡˊɞŭɞɢɏɤɜ 

əɘɜɎůɖɠ Űɡɟɞůɑɜɖɠ. ȷɡŰɎ ŰŬ ŭŮŭɞɛɏɜŬ ŭŮɑɢɜɞɡɜ ɝŮəɎɗŬɟŬ ɧŰɘ ɞ ERɓ ŬˊɞŰŮɚŮɑ 

ůɖɛŬɜŰɘəɧ ɟɡɗɛɘůŰɐ Űɖɠ əɡŰŰŬɟɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ əŬɘ Űɖɠ ůɨůŰŬůɖɠ Űɞɡ ECM Űɤɜ 

ɡɣɖɚɞɨ ɛŮŰŬůŰŬŰɘəɞɨ ŭɡɜŬɛɘəɞɨ, MDA-MB-231 əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ ɛŬůŰɞɨ, 

ŬɜɞɑɔɞɜŰŬɠ ɏɜŬ ɜɏɞ ˊŮŭɑɞ ɏɟŮɡɜŬɠ ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɖ Űɞɡ ɟɧɚɞɡ Űɞɡ əŬɘ Űɖ ɓŮɚŰɑɤůɖ 

Űɖɠ űŬɟɛŬəɞɚɞɔɘəɐɠ ůŰɧɢŮɡůɖɠ Űɞɡ ɛɖ-ɞɟɛɞɜɞŮɝŬɟŰɩɛŮɜɞɡ, ŮˊɘɗŮŰɘəɞɨ əŬɟəɑɜɞɡ Űɞɡ 

ɛŬůŰɞɨ.  

Oɘ ŮˊɘɔŮɜŮŰɘəɏɠ ŬɚɚŬɔɏɠ ŮɑɜŬɘ ɡˊŮɨɗɡɜŮɠ ɔɘŬ Űɖɜ ɘəŬɜɧŰɖŰŬ Űɤɜ əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ 

ɜŬ ɛŮŰŬɜŬůŰŮɨɞɡɜ. ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ, ŬˊɞŭŮɑɝŬɛŮ ɧŰɘ ɖ ɏəűɟŬůɖ 
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Űɤɜ ERs ůɡɜŭɏŮŰŬɘ ɛŮ Űɖ ŭɘŬűɞɟɘəɐ ɏəűɟŬůɖ ˊɞɚɚɩɜ miRNAs ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ 

Ůɝɏɚɘɝɖ Űɞɡ əŬɟəɑɜɞɡ Űɞɡ ɛŬůŰɞɨ, ůŰŬ MCF-7 əŬɘ MDA-MB-231 əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ 

ɛŬůŰɞɨ, Ůɜɩ əɡɟɑɤɠ ŰŬ miR-10b (ɞɔəɞɔŮɜŮŰɘəɧ miRNA) əŬɘ miR-200b (ŬɜŬůŰɞɚɏŬɠ 

Űɞɡ Ⱥɀɇ) űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ŮəŮɑɜŬ ˊɞɡ ŮɛˊɚɏəɞɜŰŬɘ ůŰɖ ɟɨɗɛɘůɖ Űɖɠ ŮˊɘɗŮŰɘəɐɠ 

ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ MDA-MB-231 əɡŰŰɎɟɤɜ. ɀɎɚɘůŰŬ ɖ ɏəűɟŬůɐ Űɞɡɠ 

ŭɘŬɛŮůɞɚŬɓŮɑŰŬɘ Ŭˊɧ Űɖ ŭɘŮˊɘəɞɘɜɤɜɑŬ Űɤɜ ůɖɛŬŰɞŭɞŰɘəɩɜ ɛɞɜɞˊŬŰɘɩɜ EGFR/IGF-IR 

ɛŮ Űɖ 17ɓ-ɞɘůŰɟŬŭɘɧɚɖ (E2). Ⱥ́ ɘˊɚɏɞɜ, ɖ əŬɚɚɘɏɟɔŮɘŬ Űɤɜ ERŬ-ɗŮŰɘəɩɜ, MCF-7, əŬɘ 

ERɓ-ɗŮŰɘəɩɜ, MDA-MB-231, əɡŰŰɎɟɤɜ ůŮ ɛɏůɞ əŬɚɚɘɏɟɔŮɘŬɠ ŬˊɞɡůɑŬ ɞɘůŰɟɞɔɧɜɤɜ, 

ɏɢŮɘ ŭɘŬűɞɟŮŰɘəɧ ŬɜŰɑəŰɡˊɞ ůŰɖɜ ɏəűɟŬůɖ Űɤɜ ˊŬɟŬˊɎɜɤ miRNAs əŬɘ ůŰɖ 

ůɡɛˊŮɟɘűɞɟɎ ŬɡŰɩɜ Űɤɜ əɡŰŰɎɟɤɜ, ɔŮɔɞɜɧɠ ˊɞɡ ŮɝɖɔŮɑ Űɖ ůŰɞɢŮɡɛɏɜɖ ŮˊɑŭɟŬůɖ Űɖɠ E2 

ůŰɖɜ ɏəűɟŬůɖ Űɤɜ miRNAs, ŬɜŬɚɧɔɤɠ Űɖɠ ɏəűɟŬůɖɠ Űɤɜ ERs ůŰŬ əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ 

ɛŬůŰɞɨ. ɄŬɟɎɚɚɖɚŬ, ɖ əŬŰŬůŰɞɚɐ Űɞɡ ERɓ ůŰŬ MDA-MB-231 əɨŰŰŬɟŬ ɞŭɐɔɖůŮ ůŮ 

ůɖɛŬɜŰɘəɏɠ ŬɚɚŬɔɏɠ ůŰŬ ˊɟɞűɑɚ ɏəűɟŬůɖɠ ůɡɔəŮəɟɘɛɏɜɤɜ miRNAs, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ miR-10b, miR-200b əŬɘ miR-145 (ɞɔəɞəŬŰŬůŰŬɚŰɘəɧ 

miRNA). ȼ ɡˊŮɟɏəűɟŬůɖ Űɞɡ miR-10b ŮɑŰŮ ɖ Ŭˊɞůɘɩˊɖůɖ Űɞɡ miR-145 ůŰŬ shERɓ 

MDA-MB-231 əɨŰŰŬɟŬ, ŬˊɞəɎɚɡɣŬɜ ɧŰɘ ŰŬ ůɡɔəŮəɟɘɛɏɜŬ miRNAs ɟɡɗɛɑɕɞɡɜ Űɘɠ 

ɚŮɘŰɞɡɟɔɘəɏɠ ɘŭɘɧŰɖŰŮɠ, Űɞ ˊɟɧɔɟŬɛɛŬ Ⱥɀɇ əŬɘ Űɖɜ ɏəűɟŬůɖ ůɖɛŬɜŰɘəɩɜ ŰŮɚŮůŰɩɜ Űɞɡ 

ECM ˊɞɡ ŮɑɜŬɘ ɔɜɤůŰɞɑ ɔɘŬ Űɖɜ Ůɛˊɚɞəɐ Űɞɡɠ ůŰɖɜ ŮˊɘɗŮŰɘəɧŰɖŰŬ Űɞɡ əŬɟəɑɜɞɡ Űɞɡ 

ɛŬůŰɞɨ. ɇŬ ŭŮŭɞɛɏɜŬ ɏŭŮɘɝŬɜ ɧŰɘ Űɞ miR-10b ůɡɛɛŮŰɏɢŮɘ ŮɜŮɟɔɎ ůŰɖ ɟɨɗɛɘůɖ Űɤɜ 

ɘŭɘɞŰɐŰɤɜ, ůŰɖɜ ɏəűɟŬůɖ ŭŮɘəŰɩɜ Űɞɡ Ⱥɀɇ əŬɘ ůŰɖ ůɖɛŬŰɞŭɧŰɖůɖ ERK1/2 ůŰŬ shERɓ 

MDA-MB-231 əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ, ŮˊɖɟŮɎɕɞɜŰŬɠ ɏŰůɘ Űɖ ůɨůŰŬůɖ Űɞɡ ECM, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ůɜɑůɢɡůɖ Űɖɠ ŮˊɘɗŮŰɘəɧŰɖŰŬɠ Űɤɜ əɡŰŰɎɟɤɜ ŬɡŰɩɜ. ɆɖɛŬɜŰɘəɧŰŮɟɖ 

ŮˊɑŭɟŬůɖ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖ ůɡɜŭŮəɎɜɖ-1 əŬɘ ůŮ ɛɧɟɘŬ Űɞɡ ˊɟɤŰŮɞɚɡŰɘəɞɨ 

əŬŰŬɟɟɎəŰɖ, əɡɟɑɤɠ ůŰɘɠ ɀɀɅ2, ɀɀɅ7, ɀɀɅ9. ȷɜŰɑůŰɞɘɢŬ, ɖ əŬŰŬůŰɞɚɐ Űɞɡ miR-

145 ŮˊɐɔŬɔŮ ůɖɛŬɜŰɘəɎ Űɖɜ ŮˊɘɗŮŰɘəɧŰɖŰŬ Űɤɜ shERɓ MDA-MB-231 əɡŰŰɎɟɤɜ əŬɗɩɠ 

əŬɘ Űɖ ŭɘŬŭɘəŬůɑŬ Ⱥɀɇ. Ⱥˊɘˊɚɏɞɜ, ɖ əŬŰŬůŰɞɚɐ Űɖɠ ɏəűɟŬůɖɠ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ 

miRNA ɞŭɐɔɖůŮ ůŮ ůɖɛŬɜŰɘəɏɠ ɛŮŰŬɔɟŬűɘəɏɠ əŬɘ ˊɟɤŰŮɥɜɘəɏɠ ŬɚɚŬɔɏɠ Űɤɜ ɟɡɗɛɘůŰɩɜ 

Űɞɡ ECM, ɧˊɤɠ Űɞɡ HER2 əŬɘ ˊɞɚɚɩɜ MMPs, Ůɜɩ ŮˊɐɔŬɔŮ ŰŬ ŮˊɑˊŮŭŬ 

űɤůűɞɟɡɚɑɤůɖɠ Űɤɜ ERK1/2 əɘɜŬůɩɜ ůŮ ŬɡŰɎ ŰŬ əɨŰŰŬɟŬ, ɡˊɞŭɖɚɩɜɞɜŰŬɠ Űɞɜ 

əɟɑůɘɛɞ ɟɧɚɞ Űɞɡ miR-145 ůŰɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ůɖɛŬŰɞŭɞŰɘəɞɨ 

ɛɞɜɞˊŬŰɘɞɨ.  

ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊŬɟɞɨůŬɠ ɛŮɚɏŰɖɠ Ŭ́ ɞŭŮɘəɜɨɞɡɜ ɧŰɘ ɞɘ ŬɚɚŬɔɏɠ 

ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɖɜ əɡŰŰŬɟɘəɐ ůɡɛˊŮɟɘűɞɟɎ əŬɘ ůŰɖ ůɨůŰŬůɖ Űɞɡ ECM Ŭˊɧ Űɖɜ 

əŬŰŬůŰɞɚɐ Űɞɡ ERɓ ůŰŬ MDA-MB-231 əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ ɛŬůŰɞɨ, ŮɑɜŬɘ ůŰŮɜɎ 
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ůɡɜŭŮŭŮɛɏɜŮɠ ɛŮ ůɡɔəŮəɟɘɛɏɜŮɠ ŮˊɘɔŮɜŮŰɘəɏɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ ůŮ ŮˊɑˊŮŭɞ miRNAs. 

ȾŬŰŬɚɐɔɞɜŰŬɠ, ɖ ůŰɧɢŮɡůɖ Űɤɜ ERŬ/ɓ-ɟɡɗɛɘɕɧɛŮɜɤɜ miR-10b, miR-200b əŬɘ miR-145 

ŬˊɞŰŮɚŮɑ ɏɜŬ ˊɞɚɚɎ ɡˊɞůɢɧɛŮɜɞ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ ɏɔəŬɘɟɖ ŭɘɎɔɜɤůɖ əŬɘ Űɖɜ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ űŬɟɛŬəɞɚɞɔɘəɐ ůŰɧɢŮɡůɖ Űɞɡ ŮˊɘɗŮŰɘəɞɨ, ɛɖ-ɞɟɛɞɜɞŮɝŬɟŰɩɛŮɜɞɡ 

əŬɟəɑɜɞɡ Űɞɡ ɛŬůŰɞɨ. 

 

ȿɏɝŮɘɠ əɚŮɘŭɘɎ: ȾŬɟəɑɜɞɠ ɛŬůŰɞɨ, ɃɘůŰɟɞɔɞɜɞɦˊɞŭɞɢŮɑɠ, ɃɘůŰɟɞɔɞɜɞɦˊɞŭɞɢɏŬɠ ɓ, 

microRNAs, MŮŰŬůɢɖɛŬŰɘůɛɧɠ Ŭˊɧ ŮˊɘɗɖɚɘŬəɧ ůŮ ɛŮůŮɔɢɡɛŬŰɘəɧ űŬɘɜɧŰɡˊɞ, 

ȺɝɤəɡŰŰɎɟɘɞɠ ɢɩɟɞɠ, ȾɡŰŰŬɟɘəɐ ůɖɛŬŰɞŭɧŰɖůɖ, ɀŮŰŬɚɚɞˊɟɤŰŮɥɜɎůŮɠ, 

ɄɟɤŰŮɞɔɚɡəɎɜŮɠ 
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ABSTRACT  

Estrogen receptors (ERs) have pivotal roles in breast cancer growth and progression. 

Even though the contribution of ERŬ in the modulation of breast cancer cells' behavior 

is thoroughly studied, the biological functions of its isoform, ERɓ, are less elucidated. 

In the present doctoral thesis, we demonstrated that ERɓ suppression in the highly 

aggressive, ERɓ-positive MDA-MB-231 breast cancer cells (shERɓ MDA-MB-231) 

resulted in profound phenotypic changes, inhibition of EMT process and major changes 

in the properties as well as in gene and protein expression levels of certain functional 

matrix components of breast cancer cells in a 17-ɓ-estradiol (E2)-independent manner. 

As observed by scanning electron microscopy, ERɓ suppression strongly affects the 

morphology of shERɓ MDA-MB-231 cells, which is followed by downregulated 

expression levels of the mesenchymal markers fibronectin and vimentin, whereas it 

increases the expression levels of epithelial marker E-cadherin and cell-cell junctions. 

These alterations are followed by reduced levels of cell functional properties that 

promote the aggressiveness of these cells, such as proliferation, migration, spreading 

capacity, invasion and adhesion. Notably, ERɓ suppression reduces the migration of 

MDA-MB-231 breast cancer cells via EGFR/IGF-IR and JAK/STAT signaling 

pathways. Moreover, our findings revealed that ERɓ has a crucial role in modulation of 

mRNA levels and protein expression of several matrix mediators, including the 

transmembrane syndecans and intracellular serglycin, several MMPs, plasminogen 

activation system components and receptor tyrosine kinases. These data clearly 

demonstrate that ERɓ plays a crucial role in mediating cell behavior and ECM 

composition of the highly aggressive MDA-MB-231 cells and it opens a new area of 

research to further understand its role and to improve pharmaceutical targeting of the 

non-hormone-dependent breast cancer.  

The epigenetic alterations are responsible for the ability of the tumor cells to 

metastasize. In the present study, we demonstrated that ER status is associated with 

distinct miRNA expression profiles in MCF-7 and MDA-MB-231 breast cancer cells, 

and that mainly miR-10b (oncogenic miRNA) and miR-200b (EMT inhibitor) are the 

key regulators of MDA-MB-231 cell behavior. Notably, the expression profiles of these 

miRNAs are mediated through EGFR/IGF-IR crosstalk with E2. Moreover, growing 

ERŬ-positive, MCF-7, and ERɓ-positive, MDA-MB-231, cells in estrogen-free medium 

resulted in a diverse impact on miRNA expression and the behavior of these cells, 
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suggesting the specific effect of E2 on the miRNAs expression profile, depending on 

the ER status of breast cancer cells. Specifically, ERɓ suppression in MDA-MB-231 

breast cancer cells results in significant changes in the expression profiles of specific 

miRNAs that regulate breast cancer progression, including miR-10b, miR-200b and 

miR-145 (tumor-suppressive miRNA). Enhanced miR-10b expression or miR-145 

silencing in shERɓ MDA-MB-231 cells revealed that these miRNAs can regulate the 

functional properties, EMT program and expression of major ECM components known 

as modulators of breast cancer aggressiveness. Our data pinpointed that miR-10b is 

strongly implicated in the regulation of functional properties, expression of EMT 

markers and ERK1/2 signaling in shERɓ MDA-MB-231 cells, thus affecting ECM 

composition and subsequently increasing the aggressiveness of these cells. Syndecan-1 

and the proteolytic milieu macromolecules, especially MMP2, MMP7 and MMP9, are 

the most affected among ECM macromolecules. Accordingly, the inhibition of miR-145 

expression significantly increased the aggressiveness of shERɓ MDA-MB-231 cells and 

induced EMT. Furthermore, miR-145 silencing resulted in striking changes in mRNA 

levels and protein expression of major ECM mediators, such as HER2 and several 

MMPs, whereas it significantly increased the phosphorylated levels of ERK1/2 kinases 

in these cells, suggesting the crucial role of miR-145 in this signaling pathway.  

In conclusion, these novel data suggest that the alterations in cell behavior and in ECM 

composition caused by ERɓ suppression in MDA-MB-231 cells are closely related to 

certain epigenetic miRNA-induced alterations. Targeting the ERŬ/ɓ-regulated miR-10b, 

miR-200b and miR-145 serves as a promising tool for early diagnosis and 

pharmaceutical targeting in aggressive, non-hormone-dependent breast cancer. 

 

Keywords: Breast cancer; Estrogen receptors; Estrogen receptor beta; microRNAs; 

Epithelial-to-mesenchymal-transition; Extracellular matrix; Cellular signaling; Matrix 

metalloproteinases; Proteoglycans  
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ɆɈɁɇɀȼɆȺȽɆ ȾȷȽ ɃɅɃȽ 

AP-1  Activator protein -1 

APS  Ammonium persulfate 

ȷgo  Argonaute  

ATCC  American type culture collection 

BSA   Bovine serum albumin 

cAMP  cyclic adenosine monophosphate 

CCL-2  C-C motif chemokine ligand 2 

CCR   CC motif chemokine receptor 

CDK   Cyclin dependent kinase 

cDNA   Complementary DNA 

cGMP  cyclic guanidine monophosphate 

CMF-HBSS  Sterile calcium- and magnesium-free Hankôs balanced salt solution 

CS   Chondroitin sulfate 

CX3CR  C3XC motif chemokine receptor 

CXCR  CXC motif chemokine receptor 

DAPI    4ô,6ô-diamidino-2-phenylindole 

DBD  DNA-Binding Domain 

DMEM   Dulbecco's Modified Eagle's Medium 

DMSO  Dimethyl sulfoxide 

DS   Dermatan sulfate 

E2  17ɓ-estradiol  

ECL    Enhanced chemiluminescence 

ECM    Extracellular matrix 

EDTA   Ethylenediaminetetraacetic acid 

EGF   Epidermal growth factor 

EGFR  Epidermal growth factor receptor 

ELISA   Enzyme-linked immunosorbent assay 

EMT   Epithelial-to-mesenchymal transition 

ER  Estrogen receptor 

ERE  Estrogen response elements 

ERK    Extracellular signal-regulated kinases 

FBS   Fetal bovine serum 
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FGF   Fibroblast growth factor 

GAG   Glycosaminoglycan 

GAPDH  Glyceraldehyde 3-phosphate dehydrogenase 

GAS6  Growth arrest-specific gene 6 

GCPR  G-coupled protein receptor 

GEF  Guanine nucleotide exchange factor 

GPI   Glycosylphosphatidylinositol 

Grb2  Growth factor receptor-bound protein 2 

GRO   Growth-regulated protein alpha (CXCL-1) 

HA   Hyaluronan 

HAS  Hyaluronan synthase 

Hep   Heparin 

Hepes   4-(2-hydroxyehtl)-1-piperazineethenesulfonic acid 

HER2   Human epidermal growth factor receptor 2 

HPSE  Heparanase 

HR  Hormone receptor 

HRP   Horseradish peroxidase 

HS  Heparan sulfate 

Hsp  Heat shock protein 

HUVEC   Human umbilical vein endothelial cells 

HYAL   Hyaluronidase 

IC50   Inhibitory concentration 50% 

Ig   Immunoglobulin 

IGF-I   Insulin-like growth factor-I 

IGF-IR  Insulin-like growth factor-I receptor 

IL   Interleukin 

JAK    Janus kinase 

kDa   Kilo Dalton 

KS   Keratan sulfate 

LBD   Ligand-binding domain 

mAb  Monoclonal antibody 

MAPK   Mitogen-activated protein kinase 

MEM   Modified Eagle's Medium 

mER  Membrane estrogen receptor 
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MET   Mesenchymal-to-epithelial transition 

MMPs  Matrix metalloproteinases 

mRNA  Messenger RNA 

miRNA           microRNA 

MT -MMPs  Membrane type MMPs 

MWCO  Molecular weight cut-off  

ncRNA Non-coding RNA 

NF-əB  Nuclear factor kappa B 

PAIs   Plasminogen activator inhibitors 

PAS  Plasminogen activation system 

PBS   Phosphate-buffered saline 

PCR   Polymerase chain reaction 

PDGF   Platelet-derived growth factor 

PFA   Paraformaldehyde 

PG   Proteoglycan  

PR   Progesterone receptor 

PH  Pleckstrin homology 

PI3K   Phosphatidylinositol-3ô-Kinase 

PKB/AKT  Protein kinase B 

PLCɔ  Phosphoinositide phospholipase Cɔ 

PTB  Phosphotyrosine-binding 

PVDF   Polyvinylidene difluoride 

RARŬ1 Retinoic acid receptor Ŭ1 

RISC  RNA-induced silencing complex 

rRNA   Ribosomal RNA 

RTK   Receptor tyrosine kinase 

Ŭ-SMA Smooth muscle actin 

SDS   Sodium dodecyl sulfate 

SH2  Src homology-2 

shRNA  Short hairpin RNA 

SLRP  Small leucine-rich proteoglycan 

Sp-1   Specificity protein-1 

TEMED   Tetramethylethylenediamine 

TGFɓ   Transforming growth factor ɓ 
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TGFɓR  Transforming growth factor ɓ receptor 

TKI   Tyrosine kinase inhibitor 

TIMPs   Tissue inhibitors of metalloproteinase 

TNF  Tumor necrosis factor 

tPA   Tissue plasminogen activator 

uPA   Urokinase plasminogen activator 

uPAR   Urokinase plasminogen activator receptor 

UTR  Untranslated region 

VEGF  Vascular endothelial growth factor 

VEGFR  Vascular endothelial growth factor receptor 

ZO-1  Zonula occludens-1 
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ȾŬɟəɑɜɞɠ: ɢŬɟŬəŰɖɟɘůŰɘəɎ ɔɜɤɟɑůɛŬŰŬ 

Ƀ əŬɟəɑɜɞɠ ŬˊɞŰŮɚŮɑ ɛɘŬ ůɖɛŬɜŰɘəɐ ŬɘŰɑŬ ɗɜɖůɘɛɧŰɖŰŬɠ ˊŬɔəɞůɛɑɤɠ, ɛŮ ˊŮɟɘůůɧŰŮɟɞɡɠ 

Ŭˊɧ 100 ɗŬɜɎŰɞɡɠ ŬɜɎ 100.000 ŬůɗŮɜŮɑɠ [1]. ȷˊɞŰŮɚŮɑ ɏɜŬ ůɨɜɞɚɞ ˊŬɗɞɚɞɔɘəɩɜ 

əŬŰŬůŰɎůŮɤɜ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ əŬɘ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖɜ 

ŬɜŮɝɏɚŮɔəŰɖ ŭɘŬɑɟŮůɖ Űɤɜ əɡŰŰɎɟɤɜ Űɞɡ ůɩɛŬŰɞɠ. ɇŬ əɨŰŰŬɟŬ ˊɞɡ ŭŮɜ ɡűɑůŰŬɜŰŬɘ 

ˊɚɏɞɜ Űɞɡɠ űɡůɘɞɚɞɔɘəɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠ ůŰɞɜ ˊɞɚɚŬˊɚŬůɘŬůɛɧ Űɞɡɠ ůɡůůɤɟŮɨɞɜŰŬɘ 

ůŰŬŭɘŬəɎ ůŰɞɜ ɘůŰɧ ˊɟɞɏɚŮɡůɖɠ əŬɘ ůɢɖɛŬŰɑɕɞɡɜ ɏɜŬ ůɡɛˊŬɔɐ ɧɔəɞ. Ƀ ɧɔəɞɠ ŬɡŰɧɠ 

ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɛŮɑɜŮɘ ůŰɞɜ ɘůŰɧ ɐ ɜŬ ŭɘɖɗɐůŮɘ ɔŮɘŰɞɜɘəɞɨɠ ɘůŰɞɨɠ, ɞˊɧŰŮ ˊɚɏɞɜ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ əŬəɞɐɗɖɠ. ɆŮ ŬɟəŮŰɏɠ ˊŮɟɘˊŰɩůŮɘɠ, ɏɜŬɠ Ŭɟɘɗɛɧɠ əŬɟəɘɜɘəɩɜ 

əɡŰŰɎɟɤɜ ŮɘůɏɟɢŮŰŬɘ ůŰɞ əɡəɚɞűɞɟɘəɧ ůɨůŰɖɛŬ əŬɘ ɛŮŰŬűɏɟŮŰŬɘ ůŮ ŬˊɞɛŬəɟɡůɛɏɜɞɡɠ 

ɘůŰɞɨɠ Űɞɡ ůɩɛŬŰɞɠ. ȾŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ, ɖ ɞˊɞɑŬ əŬɚŮɑŰŬɘ ɛŮŰɎůŰŬůɖ, ŰŬ 

əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ ŮɔəŬɗɑůŰŬɜŰŬɘ ůŰɞ ɜɏɞ ɘůŰɧ əŬɘ ŭɖɛɘɞɡɟɔɞɨɜ ŮəŮɑ ɜɏɞɡɠ ɧɔəɞɡɠ. 

ȰɢŮɘ ˊɚɏɞɜ ŬˊɞəŬɚɡűɗŮɑ ɧŰɘ ɞ əŬɟəɑɜɞɠ ŬˊɞŰŮɚŮɑ ɛɘŬ ɜɧůɞ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ ŭɡɜŬɛɘəɏɠ 

ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ůŰɞ ɔɞɜɘŭɑɤɛŬ, ɞɘ ɞˊɞɑŮɠ ŭŮɜ ŰɡɔɢɎɜɞɡɜ Ůˊɘŭɘɧɟɗɤůɖɠ. Ƀɘ ˊŬɟɎɔɞɜŰŮɠ 

ˊɞɡ ˊɟɞəŬɚɞɨɜ ŬɡŰɏɠ Űɘɠ ɔɞɜɘŭɘŬəɏɠ ŮɝŬɚɚŬɔɏɠ ŮɑɜŬɘ əɡɟɑɤɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɑ əŬɘ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɛŮŰŬɝɨ Ɏɚɚɤɜ Űɞɜ Űɟɧˊɞ ɕɤɐɠ, Űɞ əɎˊɜɘůɛŬ, Űɖ ŭɘŬŰɟɞűɐ əŬɘ Űɖɜ 

ůɡůůɤɟŮɡɛɏɜɖ ɏəɗŮůɖ ůŮ ŬəŰɘɜɞɓɞɚɑŬ. Ⱥˊɘˊɚɏɞɜ, ůŮ ɛŮɟɘəɎ Ůɑŭɖ əŬɟəɑɜɞɡ, ůɖɛŬɜŰɘəɧ 

ɟɧɚɞ ůŰɖɜ ŮɛűɎɜɘůɖ Űɖɠ ɜɧůɞɡ ŭɘŬɗɏŰŮɘ ɖ ɔŮɜŮŰɘəɐ ˊɟɞŭɘɎɗŮůɖ əŬɘ Űɞ ɞɘəɞɔŮɜŮɘŬəɧ 

ɘůŰɞɟɘəɧ. ɇŬ ɗŮɛɏɚɘŬ ŬɡŰɐɠ Űɖɠ ɔɜɩůɖɠ ŰɏɗɖəŬɜ ɛŮ Űɖɜ ŬɜŬəɎɚɡɣɖ Űɤɜ ɛŮŰŬɚɚɎɝŮɤɜ 

ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ ŰŬ ɞɔəɞɔɞɜɑŭɘŬ ɛŮ Ůɜɘůɢɡɛɏɜɖ ŭɟɎůɖ əŬɘ ŰŬ ɞɔəɞ-əŬŰŬůŰŬɚŰɘəɎ 

ɔɞɜɑŭɘŬ ɛŮ ɡˊɞɚŮɘˊɧɛŮɜɖ ɚŮɘŰɞɡɟɔɑŬ. Ƀɘ ɔŮɜŮŰɘəɏɠ ŬɚɚŬɔɏɠ ˊɟɞůŭɑŭɞɡɜ ůŰŬ əɨŰŰŬɟŬ 

ɘŭɘŬɑŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ŰŬ ɞˊɞɑŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɏɝɘ əɨɟɘŮɠ ɓɘɞɚɞɔɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ 

ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ˊɞɚɨˊɚɞəɖɠ ŭɘŬŭɘəŬůɑŬɠ Ůɝɏɚɘɝɖɠ Űɤɜ 

Ŭɜɗɟɩˊɘɜɤɜ ɧɔəɤɜ. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬɡŰɎ ŭɑɜɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ Ůɝɞɟɗɞɚɞɔɘůɛɏɜɖɠ 

ɞɟɔɎɜɤůɖɠ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ Űɤɜ ɜŮɞˊɚŬůɛŬŰɘəɩɜ ŬůɗŮɜŮɘɩɜ əŬɘ ˊŮɟɘɚŬɛɓɎɜɞɡɜ 

ŰŬ Ůɝɐɠ ůŰɞɘɢŮɑŬ: i) ůɡɜŮɢɐɠ ůɖɛŬŰɞŭɧŰɖůɖ ˊɞɡ ɞŭɖɔŮɑ ůŮ ŬɜŮɝɏɚŮɔəŰɞ 

ˊɞɚɚŬˊɚŬůɘŬůɛɧ, ii ) Ŭˊɞűɡɔɐ əŬŰŬůŰɞɚɏɤɜ ŬɜɎˊŰɡɝɖɠ, iii ) ŬɜŰɑůŰŬůɖ ůŰɞɜ əɡŰŰŬɟɘəɧ 

ɗɎɜŬŰɞ, iv) ɘəŬɜɧŰɖŰŬ ŬˊŮɟɘɧɟɘůŰɖɠ ŬɜŰɘɔɟŬűɐɠ, v) ŭɡɜŬŰɧŰɖŰŬ ŬɔɔŮɘɞɔɏɜŮůɖɠ əŬɘ vi) 

ŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ ŭɘŬŭɘəŬůɘɩɜ ŭɘɐɗɖůɖɠ əŬɘ ɛŮŰɎůŰŬůɖɠ (ȺɘəɧɜŬ 1) [2]. ɇŬ ůŰɞɘɢŮɑŬ 

ˊɞɡ ɏˊɞɜŰŬɘ Űɤɜ ˊŬɟŬˊɎɜɤ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŮɑɜŬɘ ɖ ɔɞɜɘŭɘŬəɐ ŬůŰɎɗŮɘŬ, ɖ ɞˊɞɑŬ 

ŭɖɛɘɞɡɟɔŮɑ Űɖ ɔŮɜŮŰɘəɐ ˊɞɘəɘɚɞɛɞɟűɑŬ, ŮˊɘůˊŮɨŭɞɜŰŬɠ Űɖɜ ŬˊɧəŰɖůɐ Űɞɡɠ, əŬɗɩɠ əŬɘ ɖ 

űɚŮɔɛɞɜɐ, ɖ ɞˊɞɑŬ ŮɜɘůɢɨŮɘ ˊɞɚɚɏɠ Ŭˊɧ Űɘɠ əŬɟəɘɜɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ, ɧˊɤɠ ɖ ɛŮŰɎůŰŬůɖ. 

ɀɘŬ Ůɜɜɞɘɞɚɞɔɘəɐ ˊɟɞůɏɔɔɘůɖ ˊɞɡ ɏɚŬɓŮ ɢɩɟŬ Űɖɜ ˊŮɟŬůɛɏɜɖ ŭŮəŬŮŰɑŬ ˊɟɞůɏɗŮůŮ ŭɨɞ 
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ŬɜŬŭɡɧɛŮɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůŮ ŬɡŰɐɜ Űɖ ɚɑůŰŬ: i) ŮˊŬɜŬˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ Űɖɠ 

ŮɜɏɟɔŮɘŬɠ ˊɞɡ əŬŰŬɜŬɚɩɜŮŰŬɘ ůŰɞ ɛŮŰŬɓɞɚɘůɛɧ əŬɘ ii ) ŬɜŰɑůŰŬůɖ ůŰɞ ŬɜɞůɞˊɞɘɖŰɘəɧ 

ůɨůŰɖɛŬ [3]. ȷˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ɔɑɜŮŰŬɘ ůŬűɏɠ ɧŰɘ ɞ əŬɟəɑɜɞɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ɛɘŬ 

ŮɝŬɘɟŮŰɘəɎ ŮŰŮɟɞɔŮɜɐɠ əŬɘ ˊɞɚɨˊɚɞəɖ ɜɧůɞɠ, Ůɜɩ ɛɏɢɟɘ ůɐɛŮɟŬ Ŭɟɘɗɛɞɨɜ ˊŮɟɘůůɧŰŮɟŬ 

Ŭˊɧ 100 ŭɘŬəɟɘŰɎ Ůɑŭɖ əŬɟəɑɜɞɡ əŬɘ ɡˊɧŰɡˊɞɘ ɧɔəɤɜ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɓɟŮɗɞɨɜ ůŰɞ 

ŮůɤŰŮɟɘəɧ ůɡɔəŮəɟɘɛɏɜɤɜ ɞɟɔɎɜɤɜ, Ůɜɩ ɞ əŬɟəɑɜɞɠ Űɞɡ ɛŬůŰɞɨ ŬˊɞŰŮɚŮɑ ɛɘŬ Ůə Űɤɜ 

ůɡɜɖɗɏůŰŮɟɤɜ ɛɞɟűɩɜ ˊɞɡ ŬˊŬɜŰɩɜŰŬɘ ˊŬɔəɞůɛɑɤɠ. 

 

 

ȺɘəɧɜŬ 1. ɇŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ əŬɟəɑɜɞɡ. Ƀɘ ˊŮɟɘůůɧŰŮɟɞɘ Ŭɜ ɧɢɘ ɧɚɞɘ ɞɘ Űɨˊɞɘ 

əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ ŬˊɞəŰɞɨɜ ɛɏůɤ ŭɘŬəɟɘŰɩɜ ɛɖɢŬɜɘůɛɩɜ ˊŬɟɧɛɞɘŮɠ ɚŮɘŰɞɡɟɔɘəɏɠ 

ŭɡɜŬŰɧŰɖŰŮɠ əŬŰɎ Űɖɜ ŬɜɎˊŰɡɝɐ Űɞɡɠ, ɞɘ ɞˊɞɑŮɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ: ŬɜŮɝɏɚŮɔəŰɞ ˊɞɚɚŬˊɚŬůɘŬůɛɧ, 

Ŭˊɞűɡɔɐ ŬɜŬůŰɞɚɏɤɜ ŬɜɎˊŰɡɝɖɠ, ŮɜŮɟɔɞˊɞɑɖůɖ ŭɘɐɗɖůɖɠ əŬɘ ɛŮŰɎůŰŬůɖɠ, ŬɏɜŬɖ ŬɜŰɘɔɟŬűɐ, 

ŮˊŬɔɤɔɐ ŬɔɔŮɘɞɔɏɜŮůɖɠ əŬɘ ŬɜŰɑůŰŬůɖ ůŰɞɜ əɡŰŰŬɟɘəɧ ɗɎɜŬŰɞ. ȷɜŬŰɨˊɤůɖ ɛŮ ɎŭŮɘŬ Ŭˊɧ Űɖɜ 

ŬɜŬűɞɟɎ [3] . Copyright 2011 Elsevier science & technology journals. 

 

ȾŬɟəɑɜɞɠ Űɞɡ ɛŬůŰɞɨ 

ȺɝŬɘɟɩɜŰŬɠ Űɞɡɠ əŬɟəɑɜɞɡɠ Űɞɡ ŭɏɟɛŬŰɞɠ, ɞ əŬɟəɑɜɞɠ Űɞɡ ɛŬůŰɞɨ ŬˊɞŰŮɚŮɑ Űɞɜ ˊɘɞ 

əɞɘɜɧ Űɨˊɞ əŬɟəɑɜɞɡ ˊɞɡ ŭɘŬɔɘɔɜɩůəŮŰŬɘ ůŰɘɠ ɔɡɜŬɑəŮɠ ůŰɘɠ ȼ.Ʉ.ȷ. Ⱥˊɑůɖɠ, 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ɖ ŭŮɨŰŮɟɖ ŬɘŰɑŬ ɗŬɜɎŰɞɡ Ŭˊɧ əŬɟəɑɜɞ ůŰɘɠ ɔɡɜŬɑəŮɠ, ˊŬɔəɞůɛɑɤɠ, 

ŬəɞɚɞɡɗɩɜŰŬɠ Űɞɜ əŬɟəɑɜɞ Űɞɡ ˊɜŮɨɛɞɜŬ. ȷɜŬűɞɟɘəɎ ɛŮ Űɖɜ ŮˊɘŭɖɛɘɞɚɞɔɑŬ Űɖɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ ɜŮɞˊɚŬůɑŬɠ, Ŭˊɧ ˊɟɧůűŬŰɖ ɏɟŮɡɜŬ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɑɖůŮ ɖ American 

Cancer Society, ˊɟɞɏəɡɣŮ ɧŰɘ ůɡɜɏɓɖůŬɜ ˊŮɟɑˊɞɡ 232.340 ɜɏŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŭɘɖɗɖŰɘəɞɨ 

əŬɟəɑɜɞɡ Űɞɡ ɛŬůŰɞɨ əŬɘ 39.620 ɗɎɜŬŰɞɘ ůŰɘɠ ɔɡɜŬɑəŮɠ Űɤɜ ȼ.Ʉ.ȷ. ɀɑŬ ůŰɘɠ ɞəŰɩ 

ɔɡɜŬɑəŮɠ ůŰɘɠ ȼ.Ʉ.ȷ. ɗŬ ŮɛűŬɜɑůŮɘ əŬɟəɑɜɞ Űɞɡ ɛŬůŰɞɨ ůŰɖ ŭɘɎɟəŮɘŬ Űɖɠ ɕɤɐɠ Űɖɠ. ɇŬ 
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ˊɞůɞůŰɎ ŮɛűɎɜɘůɖɠ Űɖɠ ɜɧůɞɡ ŬɡɝɎɜɞɜŰŬɘ ŮɚŬűɟɩɠ ůŰɘɠ ȷűɟɞŬɛŮɟɘəŬɜɑŭŮɠ, 

ɛŮɘɩɜɞɜŰŬɘ ůŰɘɠ ɔɡɜŬɑəŮɠ Űɖɠ ȿŬŰɘɜɘəɐɠ ȷɛŮɟɘəɐɠ, Ůɜɩ ˊŬɟŬɛɏɜɞɡɜ ůŰŬɗŮɟɎ ůŰɘɠ 

ɚŮɡəɏɠ ɔɡɜŬɑəŮɠ, Ŭˊɧ Űɞ 2006 ɛɏɢɟɘ Űɞ 2010. ȽůŰɞɟɘəɎ, ɞɘ ɚŮɡəɏɠ ɔɡɜŬɑəŮɠ 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ŰŬ ɡɣɖɚɧŰŮɟŬ ˊɞůɞůŰɎ ŮɛűɎɜɘůɖɠ Űɖɠ ɜɧůɞɡ ůŮ ɔɡɜŬɑəŮɠ ɖɚɘəɑŬɠ 

40 ŮŰɩɜ əŬɘ ɔɖɟŬɘɧŰŮɟŮɠ. ɇŬ ˊɞůɞůŰɎ ŮɛűɎɜɘůɖɠ ŬɡɝɎɜɞɜŰŬɘ ůŮ ˊŮɟɘˊŰɩůŮɘɠ əŬɟəɑɜɤɜ 

ˊɞɡ ŮɑɜŬɘ ɗŮŰɘəɞɑ ůŮ ɞɘůŰɟɞɔɞɜɞɦˊɞŭɞɢŮɑɠ (ERs), ůŮ ɜŮɧŰŮɟŮɠ ɚŮɡəɏɠ ɔɡɜŬɑəŮɠ, ůŮ 

ȿŬŰɘɜɞŬɛŮɟɘəɎɜŮɠ ɖɚɘəɑŬɠ 60-70 ŮŰɩɜ əŬɘ ůŮ ɧɚŮɠ Űɘɠ ȷűɟɞŬɛŮɟɘəŬɜɑŭŮɠ. ȷɜŰɘɗɏŰɤɠ, ɞɘ 

əŬɟəɘɜɘəɞɑ ɧɔəɞɘ ŬɟɜɖŰɘəɞɑ ůŰɞɡɠ ERs ˊŬɟŮəəɚɑɜɞɡɜ ɛŮŰŬɝɨ Űɤɜ ˊŮɟɘůůɧŰŮɟɤɜ 

ɖɚɘəɘŬəɩɜ əŬɘ űɡɚŮŰɘəɩɜ ɞɛɎŭɤɜ, ɔŮɔɞɜɧɠ ˊɞɡ ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ Űɖɜ ŮŰŮɟɞɔɏɜŮɘŬ Űɖɠ 

ɜɧůɞɡ əŬɘ Űɖ ůɡůɢɏŰɘůɖ ɛŮ ŭɘɎűɞɟɞɡɠ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ ɖ ˊŬɟɞɡůɑŬ Űɤɜ ɞɔəɞɔɞɜɘŭɑɤɜ 

BRCA1 əŬɘ BRCA2, ɖ ˊŬɢɡůŬɟəɑŬ, Űɞ əɎˊɜɘůɛŬ, ŬəɧɛŬ əŬɘ ɞ Ŭɟɘɗɛɧɠ ŰɞəŮŰɩɜ. 

Ⱥˊɘˊɚɏɞɜ, ŭŮŭɞɛɏɜŬ Űɞɡ ȹɘŮɗɜɞɨɠ ɃɟɔŬɜɘůɛɞɨ ɈɔŮɑŬɠ (World Health Organization) ɔɘŬ 

Űɞ 2012 ɏŭŮɘɝŬɜ ɧŰɘ ůŰɖɜ Ⱥɡɟɩˊɖ ɜɧůɖůŬɜ Ŭˊɧ əŬɟəɑɜɞ Űɞɡ ɛŬůŰɞɨ ůɡɜɞɚɘəɎ 458.337 

ɔɡɜŬɑəŮɠ əŬɘ ůŰɖɜ ȺɚɚɎŭŬ 4.934 [4]. ȼ ŮəŰŮŰŬɛɏɜɖ əŬɘ ɡɣɖɚɞɨ Ůˊɘˊɏŭɞɡ ɏɟŮɡɜŬ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰɞ ˊŮŭɑɞ Űɖɠ ˊŬɗɞɓɘɞɚɞɔɑŬɠ Űɞɡ əŬɟəɑɜɞɡ Űɞɡ ɛŬůŰɞɨ ɏɢŮɘ ůɡɛɓɎɚŮɘ 

ůŰɖɜ Ůɝɏɚɘɝɖ Űɤɜ ŭɘŬɔɜɤůŰɘəɩɜ əŬɘ ɗŮɟŬˊŮɡŰɘəɩɜ ˊɟɞůŮɔɔɑůŮɤɜ ˊɞɡ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ 

ɏɔəŬɘɟɖ ŭɘɎɔɜɤůɖ, Űɖɜ Ŭɡɝɖɛɏɜɖ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɤɜ ůŰɞɢŮɡɛɏɜɤɜ 

űŬɟɛŬəŮɡŰɘəɩɜ Ŭɔɤɔɩɜ, Űɖ ɛŮɑɤůɖ Űɤɜ ˊɞůɞůŰɩɜ ɗɜɖůɘɛɧŰɖŰŬɠ əŬɘ Űɖ ɓŮɚŰɑɤůɖ Űɞɡ 

ˊɟɞůŭɧəɘɛɞɡ ɕɤɐɠ [5, 6]. 

 

ȾŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɞɡ əŬɟəɑɜɞɡ Űɞɡ ɛŬůŰɞɨ 

Ƀ əŬɟəɑɜɞɠ Űɞɡ ɛŬůŰɞɨ ŮɑɜŬɘ ɛɘŬ ŬůɗɏɜŮɘŬ ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ůɖɛŬɜŰɘəɐ 

űŬɘɜɞŰɡˊɘəɐ əŬɘ ɔɞɜɞŰɡˊɘəɐ ŮŰŮɟɞɔɏɜŮɘŬ [7]. ȽŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ ɔɘŬ Űɞ ɢŬɟŬəŰɖɟɘůɛɧ 

Űɞɡ əŬɟəɑɜɞɡ Űɞɡ ɛŬůŰɞɨ ŮɑɜŬɘ ɖ ˊŬɟɞɡůɑŬ Űɤɜ ERs əŬɘ Űɞɡ ɡˊɞŭɞɢɏŬ Űɖɠ 

ˊɟɞɔŮůŰŮɟɧɜɖɠ (PR). ȾŬɘ ɞɘ ŭɨɞ ŬɡŰɏɠ ɞɛɎŭŮɠ ɞɟɛɞɜɩɜ, ɏɢɞɡɜ ɛŮɚŮŰɖɗŮɑ ŮəŰŮŰŬɛɏɜŬ 

ůŮ ŬůɗŮɜŮɑɠ ɛŮ əŬɟəɑɜɞ Űɞɡ ɛŬůŰɞɨ əŬɘ ɏɢɞɡɜ ɛŮɔɎɚɖ ˊɟɞɔɜɤůŰɘəɐ ŬɝɑŬ. Ȱɢɞɡɜ ɓɟŮɗŮɑ 

ŭɨɞ ɔŮɜŮŰɘəɎ ŭɘŬəɟɘŰɞɑ əŬɘ ɚŮɘŰɞɡɟɔɘəɞɑ ERs, ɞ ERŬ əŬɘ ɞ ERɓ. Ƀ ˊɘɞ əŬɚɎ 

ɛŮɚŮŰɖɛɏɜɞɠ ɡˊɞŭɞɢɏŬɠ ůŰɞɜ əŬɟəɑɜɞ Űɞɡ ɛŬůŰɞɨ ŮɑɜŬɘ ɞ ERŬ, əŬɗɩɠ Űɞ 70% ˊŮɟɑˊɞɡ 

Űɤɜ ˊŮɟɘůŰŬŰɘəɩɜ əŬɟəɑɜɞɡ Űɞɡ ɛŬůŰɞɨ ɏɢɞɡɜ ɢŬɟŬəŰɖɟɘůŰŮɑ ɤɠ ɗŮŰɘəɞɑ ůŰɞ 

ůɡɔəŮəɟɘɛɏɜɞ ɡˊɞŭɞɢɏŬ [8]. ȰŰůɘ, ɖ ˊŬɟɞɡůɑŬ Űɞɡ ŮɚɏɔɢŮŰŬɘ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ŭɘɧŰɘ 

ɏɢŮɘ ɛŮɔɎɚɖ ůɖɛŬůɑŬ ůŰɖɜ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ, Űɖɜ ˊɟɧɔɜɤůɖ əŬɘ ɗŮɟŬˊŮɑŬ ůŮ ŬɡŰɐɜ Űɖɜ 

əŬəɞɐɗŮɘŬ. ȷůɗŮɜŮɑɠ ɛŮ ɧɔəɞɡɠ ɗŮŰɘəɞɨɠ ůŰɞɜ ERŬ ŰŮɑɜɞɡɜ ɜŬ ɏɢɞɡɜ ˊɘɞ Ŭɟɔɐ Ůɝɏɚɘɝɖ 
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Űɖɠ ɜɧůɞɡ, Ůɜɩ ɞɘ ŬůɗŮɜŮɑɠ ˊɞɡ ɞɘ ɧɔəɞɘ Űɞɡɠ ŮɑɜŬɘ ŬɟɜɖŰɘəɞɑ ˊŬɟɞɡůɘɎɕɞɡɜ ŰŬɢɨŰŮɟɖ 

ɡˊɞŰɟɞˊɐ əŬɘ ɛŮŰŬůŰɎůŮɘɠ [9].  

H əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɞɡ əŬɟəɑɜɞɡ Űɞɡ ɛŬůŰɞɨ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊŬɟɞɡůɑŬ ɐ ɛɖ, ɛɞɟɑɤɜ ŰŬ 

ɞˊɞɑŬ ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ əŬɘ Űɖɜ Ůɝɏɚɘɝɖ Űɖɠ ɜɧůɞɡ. ɆŰŬ ɛɧɟɘŬ ŬɡŰɎ Ŭɜɐəɞɡɜ 

ɞɘ ERs, o PRs, əŬɗɩɠ əŬɘ ɞ ɡˊɞŭɞɢɏŬɠ Űɞɡ ŮˊɘŭŮɟɛɘəɞɨ ŬɡɝɖŰɘəɞɨ ˊŬɟɎɔɞɜŰŬ 2 (HER2). Ƀɘ 

ůɡɔəŮəɟɘɛɏɜɞɘ ɓɘɞɚɞɔɘəɞɑ ŭŮɑəŰŮɠ əŬŰŬŰɎůůɞɡɜ Űɞɡɠ əɡŰŰŬɟɘəɞɨɠ Űɨˊɞɡɠ Űɞɡ əŬɟəɑɜɞɡ Űɞɡ 

ɛŬůŰɞɨ ůŮ ŰɏůůŮɟɘɠ əɨɟɘɞɡɠ ɡˊɞŰɨˊɞɡɠ ˊɞɡ əŬɗɞɟɑɕɞɡɜ Űɞ ůɢŮŭɘŬůɛɧ Űɖɠ əŬŰɎɚɚɖɚɖɠ 

ɗŮɟŬˊŮɑŬɠ: i) luminal A (ER+/PR+/HER2-), ɛŮ ɢŬɛɖɚɧ ɐ ɛɏŰɟɘɞ ɓŬɗɛɧ ŭɘŬűɞɟɞˊɞɑɖůɖɠ, ii) 

luminal B (ER+/ɅR+/HER2+), ɛŮ ɡɣɖɚɧ ɓŬɗɛɧ ŭɘŬűɞɟɞˊɞɑɖůɖɠ, iii)  ŮˊɘɗŮŰɘəɞɑ HER2-

ɗŮŰɘəɞɑ ɧɔəɞɘ (ER-/PR-/HER2+) əŬɘ iv) ŰɟɘˊɚɎ ŬɟɜɖŰɘəɞɑ (ER-/PR-/HER2-) ɧɔəɞɘ ɛŮ 

ŮˊɘɗŮŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ əŬɘ əŬəɐ ˊɟɧɔɜɤůɖ [10, 11]. 

ȼ ˊɚŮɘɞɣɖűɑŬ Űɤɜ ERŬ-ɗŮŰɘəɩɜ əŬɟəɑɜɤɜ, Ŭəɧɛɖ əŬɘ Ŭɜ ŬɜŰŬˊɞəɟɑɜŮŰŬɘ ůŰɖɜ Ŭɟɢɘəɐ 

ɗŮɟŬˊŮɑŬ ɛŮ ŬɜŰɘ-ɞɘůŰɟɞɔɞɜɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ ɖ ŰŬɛɞɝɘűɏɜɖ, ŰŮɚɘəɎ ŬɜŬˊŰɨůůɞɡɜ 

ŬɜŰɑůŰŬůɖ ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ɗŮɟŬˊŮɑŬ, ŰŮɑɜɞɜŰŬɠ ɜŬ ŭɩůɞɡɜ ɛŮŰŬůŰɎůŮɘɠ [12]. ȼ 

ŬɜŰɑůŰŬůɖ ůŰɘɠ ŮűŬɟɛɞɕɧɛŮɜŮɠ ɞɟɛɞɜɘəɏɠ ɗŮɟŬˊŮɑŮɠ ɞűŮɑɚŮŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ůŰɖɜ 

ˊɡɟɞŭɧŰɖůɖ by-pass ɛɖɢŬɜɘůɛɩɜ, ɧˊɤɠ ɖ ŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ ɡˊɞŭɞɢɏɤɜ ŬɡɝɖŰɘəɩɜ 

ˊŬɟŬɔɧɜŰɤɜ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ ɡˊɞŭɞɢɏŬ Űɞɡ ŬɡɝɖŰɘəɞɨ ˊŬɟɎɔɞɜŰŬ ˊɞɡ 

ɞɛɞɘɎɕŮɘ Űɖɠ ɘɜůɞɡɚɑɜɖɠ (IGF-IR) əŬɘ Űɞɡ ɡˊɞŭɞɢɏŬ Űɞɡ ŮˊɘŭŮɟɛɘəɞɨ ŬɡɝɖŰɘəɞɨ 

ˊŬɟɎɔɞɜŰŬ (EGFR), ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖ ŭɘŮˊɘəɞɘɜɤɜɑŬ Űɞɡɠ ɛŮ Űɞ ůɖɛŬŰɞŭɞŰɘəɧ 

ɛɞɜɞˊɎŰɘ Űɞɡ ERŬ [13]. ɆŮ ŬɡŰɞɨɠ Űɞɡɠ Űɨˊɞɡɠ əŬɟəɑɜɞɡ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Űɤɜ əɡŰŰɎɟɤɜ Ŭˊɧ ŮˊɘɗɖɚɘŬəɧ ůŮ ɛŮůŮɔɢɡɛŬŰɘəɧ űŬɘɜɧŰɡˊɞ (EMT) 

ŬˊɞŰŮɚŮɑ ɏɜŬ ɛŮɑɕɞɜ ɓɘɞɚɞɔɘəɧ űŬɘɜɧɛŮɜɞ, ɛɏůɤ Űɞɡ ɞˊɞɑɞɡ ŰŬ əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ 

ŬˊɞəŰɞɨɜ ŬɡɝɖɛɏɜŮɠ ŮˊɘɗŮŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ [14]. 
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ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ Ŭˊɧ ŮˊɘɗɖɚɘŬəɧ ůŮ ɛŮůŮɔɢɡɛŬŰɘəɧ 

űŬɘɜɧŰɡˊɞ 

ȼ ŭɘŬŭɘəŬůɑŬ Ⱥɀɇ ˊŮɟɘɔɟɎűŮɘ Űɞ ɛɖɢŬɜɘůɛɧ əŬŰɎ Űɞɜ ɞˊɞɑɞ ŰŬ əɨŰŰŬɟŬ ɢɎɜɞɡɜ ŰŬ 

ŮˊɘɗɖɚɘŬəɎ Űɞɡɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ ŬˊɞəŰɞɨɜ ŮɜŰɞɜɧŰŮɟŮɠ ɛŮŰŬɜŬůŰŮɡŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ 

[15]. ȷɡŰɐ ɖ ˊŬɟɞŭɘəɐ əŬɘ ŬɜŰɘůŰɟŮˊŰɐ ŭɘŬŭɘəŬůɑŬ əŬŰɖɔɞɟɘɞˊɞɘŮɑŰŬɘ ůŮ ŰɟŮɘɠ 

ɡˊɞŰɨˊɞɡɠ, ŬɜŬɚɧɔɤɠ Űɞɡ ɓɘɞɚɞɔɘəɞɨ əŬɘ ɚŮɘŰɞɡɟɔɘəɞɨ ůŰŬŭɑɞɡ ůŰɞ ɞˊɞɑɞ ɚŬɛɓɎɜŮɘ 

ɢɩɟŬ. Ƀ Űɨˊɞɠ 1 Ⱥɀɇ ůɡɛɓŬɑɜŮɘ ůŮ ɧɚŬ ŰŬ ůŰɎŭɘŬ ŬɜɎˊŰɡɝɖɠ Űɤɜ ɞɟɔɎɜɤɜ, ɞ Űɨˊɞɠ 2 

ɚŬɛɓɎɜŮɘ ɢɩɟŬ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Ůˊɞɨɚɤůɖɠ ˊɚɖɔɐɠ ɛŮ Űɖɜ ˊŬɟŬɔɤɔɐ ɘɜɞɓɚŬůŰɩɜ 

ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ŰɟŬɨɛŬŰɞɠ əŬɘ Űɏɚɞɠ ɞ Űɨˊɞɠ 3 Ⱥɀɇ ŮɜŰɞˊɑɕŮŰŬɘ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ 

Űɖɠ ɛŮŰɎůŰŬůɖɠ əŬɟəɘɜɘəɩɜ ɧɔəɤɜ, ɧˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ Űɤɜ 

ŮˊɘɗɖɚɘŬəɩɜ əɡŰŰɎɟɤɜ ˊɟɞɠ ŭɘɖɗɖŰɘəɎ əŬɘ ɛŮŰŬůŰŬŰɘəɎ ɛŮůŮɔɢɡɛŬŰɘəɎ əɨŰŰŬɟŬ ˊɞɡ 

ŮɛˊɚɏəɞɜŰŬɘ ůŰɖɜ Ůɝɏɚɘɝɖ Űɞɡ əŬɟəɑɜɞɡ, ɛɏůɤ Űɖɠ ŮɜŭɞŬɔɔŮɑɤůɖɠ əŬɘ Űɖ ɛŮŰɎůŰŬůɖɠ 

ůŮ ŬˊɞɛŬəɟɡůɛɏɜɞɡɠ ɘůŰɞɨɠ. ɇɞ ˊɟɧɔɟŬɛɛŬ Ⱥɀɇ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɏɜŰɞɜɖ 

ˊŬɟŬɔɤɔɐ ůɡůŰŬŰɘəɩɜ Űɞɡ ECM əŬɘ ůɖɛŬɜŰɘəɏɠ ŬɚɚŬɔɏɠ ůŰɖ ɛŮŰŬɔɟŬűɘəɐ əŬɘ 

ˊɟɤŰŮɥɜɘəɐ ɏəűɟŬůɖ ŮɝŮɘŭɘəŮɡɛɏɜɤɜ ɛɞɟɑɤɜ-ŭŮɘəŰɩɜ, ŰŬ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ 

ɛŮŰŬɔɟŬűɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ, ɛŬəɟɞɛɧɟɘŬ Űɞɡ ECM, ɛŮɛɓɟŬɜɘəɏɠ ˊɟɤŰŮȶɜŮɠ, ɛɧɟɘŬ 

ˊɟɞůəɧɚɚɖůɖɠ əŬɘ ˊɟɤŰŮȶɜŮɠ Űɞɡ əɡŰŰŬɟɞůəŮɚŮŰɞɨ [16]. 

ȾŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Ⱥɀɇ (ȺɘəɧɜŬ 2) ŰŬ ɢŬɛɖɚɐɠ əɘɜɖŰɘəɧŰɖŰŬɠ ŮˊɘɗɖɚɘŬəɎ əɨŰŰŬɟŬ 

ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ŭɘŬŰŮŰŬɔɛɏɜŬ ůŮ ůŰɞɘɓɎŭŮɠ əŬɘ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɘůɢɡɟɏɠ 

əɡŰŰŬɟɘəɏɠ ŭɘŮˊŬűɏɠ, ɢɎɜɞɡɜ Űɘɠ ůŰŮɜɏɠ ŬɡŰɏɠ ˊɟɞůəɞɚɚɖŰɘəɏɠ ŭɘŬůɡɜŭɏůŮɘɠ əŬɘ ŰŬ 

ŭŮůɛɞůɩɛŬŰŬ ˊɞɡ ůɡɛɓɎɚɚɞɡɜ ůŰɖ ŭɘŬŰɐɟɖůɐ Űɞɡɠ. ȷɜɎɛŮůŬ ůŰŬ ɛɧɟɘŬ ˊɞɡ 

ůɡɛɓɎɚɚɞɡɜ ůŰɖ ŭɘŬŰɐɟɖůɖ Űɤɜ ŮˊɘɗɖɚɘŬəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Ŭɜɐəɞɡɜ ŰŬ ˊŬɟŬəɎŰɤ: 

ŬəŰɑɜɖ, Ŭ-ŬəŰɘɜɑɜɖ, ɓ-catenin, Ⱥ-cadherin, syndecan-1, laminins, desmogleins, 

desmocollin, ˊɟɞůəɞɚɚɖŰɘəɎ ɛɧɟɘŬ ŭɘŮˊŬűɩɜ (JAMs), occludin, plakoglobin, 

plakophilin, vinculin əŬɘ zona occludens (ZO-1) [17]. ȼ ŬˊɞůɡɜŬɟɛɞɚɧɔɖůɖ Űɤɜ 

ŮɝŮɘŭɘəŮɡɛɏɜɤɜ ŮˊŬűɩɜ əɡŰŰɎɟɞɡ-əɡŰŰɎɟɞɡ ɞŭɖɔŮɑ ůŰɖɜ ŬɜŬəŬŰŬɜɞɛɐ Űɤɜ ˊɟɤŰŮɥɜɩɜ 

Űɞɡ əɡŰŰŬɟɞůəŮɚŮŰɞɨ əŬɘ ůŰɖɜ ŬˊɞŭɘɞɟɔɎɜɤůɖ Űɖɠ əɡŰŰŬɟɘəɐɠ çˊɞɚɘəɧŰɖŰŬɠè Ŭˊɧ Űɖɜ 

əɞɟɡűɐ ˊɟɞɠ Űɖ ɓɎůɖ Űɤɜ ŮˊɘɗɖɚɘŬəɩɜ əɡŰŰɎɟɤɜ. ɆŰɞ ůŰɎŭɘɞ ŬɡŰɧ ɛŮɘɩɜŮŰŬɘ ůŰŬŭɘŬəɎ 

ɖ ɏəűɟŬůɖ Űɤɜ ŮˊɘɗɖɚɘŬəɩɜ ŭŮɘəŰɩɜ, E-cadherin əŬɘ ɓ-catenin, ŭɘɧŰɘ ɢɎɜɞɜŰŬɘ ɞɘ 

əɡŰŰŬɟɘəɏɠ ŭɘŮˊŬűɏɠ, Ůɜɩ ɝŮəɘɜɎ ɖ Ŭɨɝɖůɖ Űɖɠ ɏəűɟŬůɖɠ ɛŮůŮɔɢɡɛŬŰɘəɩɜ ŭŮɘəŰɩɜ, 

ɧˊɤɠ Űɖɠ vimentin. ɄŬɟɎɚɚɖɚŬ, ŮˊɖɟŮɎɕŮŰŬɘ ɖ ɏəűɟŬůɖ Űɤɜ əɡŰŰŬɟɞůəŮɚŮŰɘəɩɜ 

ˊɟɤŰŮɥɜɩɜ: ŬəŰɑɜɖ, cytokeratins, S100A4 əŬɘ ŬəŰɑɜɖ Űɤɜ ɚŮɑɤɜ ɛɡɘəɩɜ əɡŰŰɎɟɤɜ (Ŭ-

SMA). 
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ȺɘəɧɜŬ 2. ȾŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Ⱥɀɇ ŰŬ ŮˊɘɗɖɚɘŬəɎ əɨŰŰŬɟŬ ɢɎɜɞɡɜ ŬɟɢɘəɎ Űɘɠ ůŰŮɜɏɠ ŭɘŮˊŬűɏɠ 

(2) əŬɘ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůɖɛŬɜŰɘəɏɠ ŬɚɚŬɔɏɠ ůŰɞɜ əɡŰŰŬɟɞůəŮɚŮŰɧ (2). Ⱥɜ ůɡɜŮɢŮɑŬ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɖ 

ɛŮŰŬɔɟŬűɘəɐ ɛŮŰŬŰɧˊɘůɖ Ŭˊɧ Űɖɜ ɏəűɟŬůɖ ŮˊɘɗɖɚɘŬəɩɜ ŭŮɘəŰɩɜ (ˊ.ɢ. Ⱥ-cadherin) ˊɟɞɠ Űɖɜ 

ɏəűɟŬůɖ ɛŮůŮɔɢɡɛŬŰɘəɩɜ ˊɚɏɞɜ ŭŮɘəŰɩɜ (ˊ.ɢ. vimentin) (3). ɇŬ ɛŮůŮɔɢɡɛŬŰɘəɎ əɨŰŰŬɟŬ 

ŮɛűŬɜɑɕɞɡɜ ɏɜŰɞɜŮɠ ɛɞɟűɞɚɞɔɘəɏɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ əŬɘ ŬˊɞəŰɞɨɜ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɏɜŰɞɜɖɠ 

əɘɜɖŰɘəɧŰɖŰŬɠ əŬɘ ɛŮŰŬɜɎůŰŮɡůɖɠ (4). AɜŬŰɨˊɤůɖ Ŭˊɧ Űɖɜ ŬɜŬűɞɟɎ [18] . Copyright 2018 R&D 

Systems, Inc. All Rights Reserved. 

 

ɆŰɖ ůɡɜɏɢŮɘŬ, Ŭ́ɟŬŰɖɟŮɑŰŬɘ ɖ ɚŮɔɧɛŮɜɖ ɛŮŰŬɔɟŬűɘəɐ ɛŮŰŬŰɧˊɘůɖ, əŬŰɎ Űɖɜ ɞˊɞɑŬ 

ůɡɛɓŬɑɜŮɘ ɖ ˊɚɐɟɖɠ əŬŰŬůŰɞɚɐ Űɤɜ ŮˊɘɗɖɚɘŬəɩɜ ŭŮɘəŰɩɜ əŬɘ ɖ ŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ 

ɛŮůŮɔɢɡɛŬŰɘəɩɜ ɔɞɜɘŭɑɤɜ, ɖ ɞˊɞɑŬ ɟɡɗɛɑɕŮŰŬɘ Ŭˊɧ Űɞɡɠ ɛŮŰŬɔɟŬűɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ 

snail əŬɘ ZEB əŬɘ ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ ŮɛűŬɜŮɑɠ ˊɚɏɞɜ űŬɘɜɞŰɡˊɘəɏɠ əŬɘ 

əɡŰŰŬɟɞůəŮɚŮŰɘəɏɠ ŬɚɚŬɔɏɠ. ɇŬ ɛɞɟűɞɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ɛŮůŮɔɢɡɛŬŰɘəɩɜ 

əɡŰŰɎɟɤɜ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞ ŮˊɑɛɖəŮɠ ůɢɐɛŬ, Űɖɜ ŬˊɞɡůɑŬ ŮˊŬűɩɜ əɡŰŰɎɟɞɡ-əɡŰŰɎɟɞɡ 

əŬɘ Űɖɜ ˊŬɟɞɡůɑŬ ˊɞɚɚɩɜ əɡŰŰŬɟɞˊɚŬůɛŬŰɘəɩɜ ˊɟɞŮəɓɞɚɩɜ ˊɞɡ ɓɞɖɗɞɨɜ ůŰɖɜ 

ŮŭɟŬɑɤůɖ Ůɜɧɠ ŮˊɘɗŮŰɘəɞɨ űŬɘɜɞŰɨˊɞɡ. Ⱥˊɘˊɚɏɞɜ, ŬɡɝɎɜŮŰŬɘ ˊŮɟŬɘŰɏɟɤ ɖ ɏəűɟŬůɖ Űɖɠ 

vimentin əŬɘ ɖ ŮɝɤəɡŰŰɎɟɘŬ ŬˊɧɗŮůɖ Űɖɠ fibronectin. Ƀɘ ɛŮŰŬɔɟŬűɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ 

ŮɛˊɚɏəɞɜŰŬɘ ůŰɞ ůŰɎŭɘɞ ŬɡŰɧ ŮɑɜŬɘ: snail1, snail2/slug, ZEB1, ZEB2 əŬɘ Twist-1. ȾŬŰɎ 

Űɞ ŰŮɚŮɡŰŬɑɞ ůŰɎŭɘɞ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Ⱥɀɇ ŰŬ əɨŰŰŬɟŬ ŬˊɞəŰɞɨɜ ůɖɛŬɜŰɘəɎ Ŭɡɝɖɛɏɜɖ 

əɘɜɖŰɘəɧŰɖŰŬ, ɖ ɞˊɞɑŬ ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ ŬɡɝɖɛɏɜŬ ŮˊɑˊŮŭŬ Űɖɠ Ɂ-cadherin, Ŭɡɝɖɛɏɜɖ 

ɏəəɟɘůɖ MMPs əŬɘ ɘɜŰŮɔəɟɘɜɩɜ (Ŭ5ɓ6 əŬɘ Ŭ5ɓ1), ŮəŰɧɠ Űɤɜ ɡˊɞɚɞɑˊɤɜ 

ɛŮůŮɔɢɡɛŬŰɘəɩɜ ŭŮɘəŰɩɜ (ˊ.ɢ. vimentin, fibronectin) [17]. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ŮɑɜŬɘ 

ŭɡɜŬŰɧɜ, ɡˊɧ ůɡɔəŮəɟɘɛɏɜŮɠ ˊɟɞɦˊɞɗɏůŮɘɠ, ŰŬ ŭɘŬűɞɟɞˊɞɘɖɛɏɜŬ əɨŰŰŬɟŬ ɜŬ 
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ŮˊŬɜŬűɏɟɞɡɜ Űɘɠ ˊɟɞůəɞɚɚɖŰɘəɏɠ ŮˊŬűɏɠ əɡŰŰɎɟɞɡ-əɡŰŰɎɟɞɡ. ȷɡŰɧɠ ɞ 

ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ Ŭˊɧ ɛŮůŮɔɢɡɛŬŰɘəɧ ůŮ ŮˊɘɗɖɚɘŬəɧ űŬɘɜɧŰɡˊɞ (ɀȺɇ) ůɡɜɞŭŮɨŮŰŬɘ 

Ŭˊɧ Űɖ ɛŮɑɤůɖ Űɤɜ Ůˊɘ́ɏŭɤɜ ɛŮůŮɔɢɡɛŬŰɘəɩɜ ŭŮɘəŰɩɜ əŬɘ ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ, 

ɧˊɤɠ fibronectin, vimentin əŬɘ snail, ŬəɞɚɞɡɗɞɨɛŮɜɖ Ŭˊɧ Űɖɜ Ŭɨɝɖůɖ Űɤɜ ŮˊɘɗɖɚɘŬəɩɜ 

ŭŮɘəŰɩɜ, ɧˊɤɠ ɖ Ⱥ-cadherin [19]. 

ɆŰɞɜ əŬɟəɑɜɞ Űɞɡ ɛŬůŰɞɨ ɏɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ ɧŰɘ ERŬ-ɗŮŰɘəɞɑ ɧɔəɞɘ ˊɞɡ ŬɟɢɘəɎ 

ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ůŮ ŮɜŭɞəɟɘɜŮɑɠ ɗŮɟŬˊŮɑŮɠ, ŮɛűŬɜɑɕɞɡɜ ůŰŬŭɘŬəɎ ŮˊɘɗŮŰɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ əŬɘ ɛɞɟűɞɚɞɔɘəɏɠ ŬɚɚŬɔɏɠ. ȷɜɎɛŮůŬ Űɞɡɠ ŭɨɞ ERs, ɖ ůɡɜŮɘůűɞɟɎ Űɞɡ 

ERŬ ůŰɞɜ ŮˊŬɜŬˊɟɞɔɟŬɛɛŬŰɘůɛɧ Űɞɡ Ⱥɀɇ ɏɢŮɘ ɛŮɚŮŰɖɗŮɑ ŮəŰŮɜɏůŰŮɟŬ əŬɗɧŰɘ ɖ 

ˊɚŮɘɞɣɖűɑŬ (70%) Űɤɜ əŬɟəɘɜɘəɩɜ ɧɔəɤɜ ɛŬůŰɞɨ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ERŬ-ɗŮŰɘəɞɑ. ȼ 

ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɞɡ ERŬ, ˊɞɡ ŭɘŬŰɖɟŮɑ Űɖɜ ŮˊɘɗɖɚɘŬəɐ ɛɞɟűɞɚɞɔɑŬ Űɤɜ əŬɟəɘɜɘəɩɜ 

əɡŰŰɎɟɤɜ ɛŬůŰɞɨ, ɛŮ ŭɘɎűɞɟŬ ůɖɛŬŰɞŭɞŰɘəɎ ɛɧɟɘŬ ˊɞɡ ŮˊɎɔɞɡɜ Űɖ ŭɘŬŭɘəŬůɑŬ Ⱥɀɇ 

ɞŭɖɔŮɑ ůŰɖɜ ŬˊɧəŰɖůɖ ŮˊɘɗŮŰɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Ŭˊɧ ŰŬ əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ. ɇŬ 

ůɖɛŬŰɞŭɞŰɘəɎ ɛɞɜɞˊɎŰɘŬ Űɤɜ TGF-ɓ (ŬɡɝɖŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ), Wnt, 

Notch əŬɘ Hedgehog ŮɑɜŬɘ ŮəŮɑɜŬ ˊɞɡ ŮɛˊɚɏəɞɜŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŰɖ ŭɘŬŭɘəŬůɑŬ 

EMT. ɉŬɟŬəŰɖɟɘůŰɘəɎ, ɖ ˊŬɟɞɡůɑŬ ERŬ əŬŰŬůŰɏɚɚŮɘ Űɖɜ əɡŰŰŬɟɘəɐ ůɖɛŬŰɞŭɧŰɖůɖ 

əɡɟɑɤɠ ɛɏůɤ Űɞɡ ůɖɛŬŰɞŭɞŰɘəɞɨ ɛɞɜɞˊŬŰɘɞɨ ˊɞɡ ˊɡɟɞŭɞŰŮɑ ɞ TGF-ɓ əŬɘ ůɡɛɛŮŰɏɢɞɡɜ 

ɞɘ ɛŮŰŬɔɟŬűɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ NF-əȸ əŬɘ snail [20]. Ⱥˊɘˊɚɏɞɜ, ɖ əŬŰŬůŰɞɚɐ Űɞɡ ERŬ ůŰŬ 

ŮˊɘɗɖɚɘŬəɎ əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ ɛŬůŰɞɨ, MCF-7, ŮˊɎɔŮɘ Űɖ ŭɘŬŭɘəŬůɑŬ Ⱥɀɇ 

ˊɟɞůŭɑŭɞɜŰŬɠ ůŰŬ əɨŰŰŬɟŬ ɛŮůŮɔɢɡɛŬŰɘəɐ ɛɞɟűɞɚɞɔɑŬ əŬɘ ŮˊɘɗŮŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, 

ɟɡɗɛɑɕɞɜŰŬɠ Űɖɜ ɏəűɟŬůɖ əɞɛɓɘəɩɜ ŭŮɘəŰɩɜ Ⱥɀɇ, ɧˊɤɠ E-cadherin, vimentin, 

fibronectin əŬɘ snail [21]. ȷˊɧ Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ, ɞ ɟɧɚɞɠ Űɞɡ ERɓ ůŰɖ ɟɨɗɛɘůɖ Űɞɡ Ⱥɀɇ 

ŭŮɜ ɏɢŮɘ ŬəɧɛŬ ˊɚɐɟɤɠ ŮɝŬəɟɘɓɤɗŮɑ əŬɘ ŬɡŰɧ ɔɘŬŰɑ ɖ ˊŬɟɞɡůɑŬ ˊɞɚɚɩɜ ɘůɞɛɞɟűɩɜ Űɞɡ 

űŬɑɜŮŰŬɘ ɜŬ ŮˊɖɟŮɎɕŮɘ Űɖ ŭɟɎůɖ Űɤɜ ɡˊɞɚɞɑˊɤɜ, ɞŭɖɔɩɜŰŬɠ ůŮ ŬɛűɘɚŮɔɧɛŮɜŬ 

ůɡɛˊŮɟɎůɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ ɟɨɗɛɘůɖɠ Űɞɡ Ⱥɀɇ.  
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ɃɘůŰɟɞɔɧɜŬ əŬɘ ɞɘůŰɟɞɔɞɜɞɦˊɞŭɞɢŮɑɠ 

ɇŬ ɞɘůŰɟɞɔɧɜŬ, ŰŬ əɨɟɘŬ ůŰŮɟɞŮɘŭɐ Űɞɡ ɔɡɜŬɘəŮɑɞɡ űɨɚɞɡ, ŬˊɞŰŮɚɞɨɜ ŰɎɝɖ Űɤɜ 

ůŰŮɟɞŮɘŭɩɜ ɞɟɛɞɜɩɜ, ɖ ɞˊɞɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ɞɘůŰɟɧɜɖ (E1), Űɖɜ ɞɘůŰɟŬŭɘɧɚɖ (Ⱥ2) 

əŬɘ Űɖɜ ɞɘůŰɟɧɚɖ (E3). ȷˊɞɡůɑŬ Ůɔəɡɛɞůɨɜɖɠ, ɞɘ ŮˊɘəɟŬŰɏůŰŮɟŮɠ ɛɞɟűɏɠ ɞɘůŰɟɞɔɧɜɤɜ 

ŮɑɜŬɘ ɖ ɞɘůŰɟɧɜɖ əŬɘ ɖ Ⱥ2, Ůɜɩ ɖ ɞɘůŰɟɧɚɖ ŮˊɘəɟŬŰŮɑ əŬŰɎ Űɖɜ Ůɔəɡɛɞůɨɜɖ [22]. ɇŬ 

ɞɘůŰɟɞɔɧɜŬ Ůɚɏɔɢɞɡɜ ˊɞɚɚɏɠ əɡŰŰŬɟɘəɏɠ ŭɘŮɟɔŬůɑŮɠ, ɛŮŰŬɝɨ ŬɡŰɩɜ Űɖɜ ŬɜɎˊŰɡɝɖ, Űɖ 

ŭɘŬűɞɟɞˊɞɑɖůɖ əŬɘ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ŬɜŬˊŬɟŬɔɤɔɘəɩɜ ɞɟɔɎɜɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ɖ 

17ɓ-ɞɘůŰɟŬŭɘɧɚɖ ŮɑɜŬɘ ɖ ˊɘɞ ɘůɢɡɟɐ ɛɞɟűɐ ůŰŮɟɞŮɘŭɩɜ ɞɟɛɞɜɩɜ ˊɞɡ ůɡɜŬɜŰɎŰŬɘ ůŰɖɜ 

əɡəɚɞűɞɟɑŬ əŬɘ ŮɛˊɚɏəŮŰŬɘ ůŮ ɛŮɔɎɚɞ ɛɏɟɞɠ űɡůɘɞɚɞɔɘəɩɜ ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɡ ˊɞɘəɑɚɞɡɜ, 

ŬɜŬɚɧɔɤɠ Űɞɡ ůŰŬŭɑɞɡ ŬɜɎˊŰɡɝɖɠ Űɤɜ ŬɜŬˊŬɟŬɔɤɔɘəɩɜ ɞɟɔɎɜɤɜ əŬɘ ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰɖ 

ɟɨɗɛɘůɖ Űɖɠ ɞɛɞɘɧůŰŬůɖɠ Űɞɡ əŬɟŭɘŬɔɔŮɘŬəɞɨ, ɛɡɞůəŮɚŮŰɘəɞɨ, ŬɜɞůɞˊɞɘɖŰɘəɞɨ əŬɘ 

əŮɜŰɟɘəɞɨ ɜŮɡɟɘəɞɨ ůɡůŰɐɛŬŰɞɠ. ȼ Ⱥ2 ůɡɜŮɘůűɏɟŮɘ Ůˊɑůɖɠ ůŰɖɜ ŮŭɟŬɑɤůɖ əŬɘ Űɖɜ 

Ůɝɏɚɘɝɖ ˊɞɚɚɩɜ ɜŮɞˊɚŬůɘɩɜ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ əŬɟəɑɜɞɡ Űɞɡ ɛŬůŰɞɨ, Űɞɡ 

ŮɜŭɞɛɐŰɟɘɞɡ, Űɤɜ ɤɞɗɖəɩɜ əŬɘ Űɖɠ ɛɐŰɟŬɠ [23]. 

Ƀɘ ˊɡɟɖɜɘəɞɑ ɡˊɞŭɞɢŮɑɠ ɞɟɛɞɜɩɜ (NHRs) ŮɑɜŬɘ ɛɏɚɖ Űɖɠ ɛŮɔɎɚɖɠ ɞɘəɞɔɏɜŮɘŬɠ Űɤɜ 

ˊɡɟɖɜɘəɩɜ ɡˊɞŭɞɢɏɤɜ ˊɞɡ ŭɟɞɡɜ ɤɠ ɛŮŰŬɔɟŬűɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ. ɆŰɞɡɠ NHRs 

ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɞɘ ɡˊɞŭɞɢŮɑɠ Ŭɜŭɟɞɔɧɜɤɜ, ɞ ɡˊɞŭɞɢɏŬɠ ɔɚɡəɞəɞɟŰɘəɞŮɘŭɩɜ, ɞ PR, 

ɞ ɡˊɞŭɞɢɏŬɠ ɛŮŰŬɚɚɞəɞɟŰɘəɞŮɘŭɩɜ əŬɘ ɞɘ ERs. ȼ ŭɟɎůɖ Űɤɜ NHRs ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ 

ůŰŮɟɞŮɘŭŮɑɠ ɞɟɛɧɜŮɠ, ɞɘ ɞˊɞɑŮɠ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖ ɢɞɚɖůŰŮɟɧɚɖ. ȺɝŬɘŰɑŬɠ Űɖɠ 

ɡŭɟɧűɞɓɖɠ űɨůɖɠ Űɞɡɠ, ɞɘ ůŰŮɟɞŮɘŭŮɑɠ ɞɟɛɧɜŮɠ ŭɘŬɢɏɞɜŰŬɘ ŭɘŬɛɏůɞɡ Űɖɠ ˊɚŬůɛŬŰɘəɐɠ 

ɛŮɛɓɟɎɜɖɠ, ŮˊɘŰɟɏˊɞɜŰŬɠ ůŰŬ ŮɝɤəɡŰŰɎɟɘŬ ůɐɛŬŰŬ ɜŬ ɟɡɗɛɑɕɞɡɜ ŮɜŭɞəɡŰŰŬɟɘəɏɠ 

ŭɘŬŭɘəŬůɑŮɠ, ŬɜŬɚɧɔɤɠ Űɞɜ ɘůŰɧ [24, 25]. 

Ƀɘ ɓɘɞɚɞɔɘəɏɠ ŭɟɎůŮɘɠ Űɤɜ ɞɘůŰɟɞɔɧɜɤɜ ŮɚɏɔɢɞɜŰŬɘ ůŰŮɜɎ Ŭˊɧ Űɞɡɠ ERs, ɞɘ ɞˊɞɑɞɘ 

ŬˊŬɜŰɩɜŰŬɘ ůŮ ŭɡɞ ɘůɞɛɞɟűɏɠ, Űɞɜ ERŬ əŬɘ Űɞɜ ERɓ, əŬɘ ŮɜŮɟɔɞˊɞɘɞɨɜŰŬɘ əŬŰɎ əɨɟɘɞ 

ɚɧɔɞ Ŭˊɧ Űɖɜ Ⱥ2, ɖ ɞˊɞɑŬ ˊɟɞůŭɏɜŮŰŬɘ ɛŮ ˊŬɟɧɛɞɘŬ ůɡɔɔɏɜŮɘŬ əŬɘ ůŰɞɡɠ ŭɨɞ ERs (Ⱦd= 

0.2 nM vs 0.6 nM, ŬɜŰɑůŰɞɘɢŬ) [26]. ȺɝŬɘŰɑŬɠ Űɖɠ ŭɡůəɞɚɑŬɠ Űɞɡɠ ɜŬ ŰŬɡŰɞˊɞɘɖɗɞɨɜ, 

ŬɟɢɘəɎ ŮˊɘəɟŬŰɞɨůŮ ɖ Ɏˊɞɣɖ ɧŰɘ ɞɘ ůŰŮɟɞŮɘŭŮɑɠ ɡˊɞŭɞɢŮɑɠ ŭŮɜ ŮɑɢŬɜ ɡˊɞŰɨˊɞɡɠ, ɔɘô 

ŬɡŰɧ əŬɘ ɐŰŬɜ ɔɜɤůŰɐ ɖ ˊŬɟɞɡůɑŬ Ůɜɧɠ ɛɧɜɞ ER. ɇɞ 1996, ɞ Ⱦuiper əŬɘ ůɡɜŮɟɔɎŰŮɠ 

ŬɜŬəɎɚɡɣŬɜ ůŮ ɛɑŬ ɓɘɓɚɘɞɗɐəɖ cDNA ɛŮ ˊɟɞɏɚŮɡůɖ Űɞɜ ˊɟɞůŰɎŰɖ ŬɟɞɡɟŬɑɞɡ, ɏɜŬɜ 

ɜɏɞ Űɨˊɞ ER, ɞ ɞˊɞɑɞɠ ɞɜɞɛɎůŰɖəŮ ERɓ, Ůɜɩ ɞ əɚŬůůɘəɧɠ ɏɤɠ ŰɧŰŮ ER, ɞɜɞɛɎůŰɖəŮ 

ERŬ [27]. ɇɞ ˊɟɩŰɞ ˊɚɐɟɞɡɠ-ɛŮɔɏɗɞɡɠ Ŭɜɗɟɩˊɘɜɞ cDNA Űɞɡ ERɓ (ɞɜɞɛɎɕŮŰŬɘ əŬɘ 

ERɓ1) əɚɤɜɞˊɞɘɐɗɖəŮ Ŭˊɧ Űɞɜ Ogawa Űo 1998 əŬɘ ɓɟɏɗɖəŮ ɜŬ ˊŮɟɘɏɢŮɘ 530 əŬŰɎɚɞɘˊŬ 

Ŭɛɘɜɞɝɏɤɜ əŬɘ ɀr=59.2 kDa [28]. ȾŬɘ ɞɘ ŭɨɞ ERs əɤŭɘəɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ ŭɨɞ ŭɘŬəɟɘŰɎ 
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ɔɞɜɑŭɘŬ ˊɞɡ ŮəűɟɎɕɞɜŰŬɘ, ŬɜŬɚɧɔɤɠ Űɞɡ ɘůŰɞɨ, ůŮ ŭɘŬűɞɟŮŰɘəɎ ŮˊɑˊŮŭŬ. ɇɞ Ŭɜɗɟɩˊɘɜɞ 

ɔɞɜɑŭɘɞ Űɞɡ ERŬ (ESR1) ŮɜŰɞˊɑɕŮŰŬɘ ůŰɞ ɢɟɤɛɧůɤɛŬ 6 əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ ɞəŰɩ ŮɝɧɜɘŬ 

ˊɞɡ əɤŭɘəɞˊɞɘɞɨɜ Űɖɜ ˊɟɤŰŮȶɜɖ ɛŮɔɏɗɞɡɠ 66 kDa əŬɘ 595 Ŭɛɘɜɞɝɏɤɜ [29]. Ƀɛɞɑɤɠ, Űɞ 

ɔɞɜɑŭɘɞ Űɞɡ ERɓ (ESR2) ŮɜŰɞˊɑɕŮŰŬɘ ůŰɞ ɢɟɤɛɧůɤɛŬ 14, ɛŮ ɞəŰɩ ŮɝɧɜɘŬ ˊɞɡ 

əɤŭɘəɞˊɞɘɞɨɜ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ˊɟɤŰŮȶɜɖ ɛŮɔɏɗɞɡɠ 58.2 kDa əŬɘ 530 Ŭɛɘɜɞɝɏɤɜ, ɧˊɤɠ 

ŬɜŬűɏɟɗɖəŮ ˊŬɟŬˊɎɜɤ [30].  

ȼ ůŰɞɘɢŮɘɩŭɖɠ ŭɞɛɐ Űɤɜ ŭɨɞ ERs ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ, Ůɜɩ ˊŬɟɞɡůɘɎɕɞɡɜ ůɢŮŰɘəɎ ɢŬɛɖɚɎ 

ŮˊɑˊŮŭŬ ɞɛɞɚɞɔɑŬɠ Űɖɠ ůɡɜɞɚɘəɐɠ Űɞɡɠ ŬɚɚɖɚɞɡɢɑŬɠ (47%). H ȺɘəɧɜŬ 3 ˊŮɟɘɔɟɎűŮɘ Űɖ 

ŭɞɛɘəɐ ůɡůɢɏŰɘůɖ ŬɜɎɛŮůŬ ůŰɞɡɠ ERŬ əŬɘ ERɓ. ȼ ŭɞɛɘəɐ ɞɟɔɎɜɤůɖ Űɤɜ ɡˊɞŭɞɢɏɤɜ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ɏɝɘ ɚŮɘŰɞɡɟɔɘəɏɠ ˊŮɟɘɞɢɏɠ (ȷ-F) ɛŮ ŭɘŬűɞɟŮŰɘəɞɨɠ ɓŬɗɛɞɨɠ 

ůɡɜŰɖɟɖɛɏɜɤɜ Ŭɚɡůɑŭɤɜ. ȼ Ŭɛɘɜɞ-ŰŮɚɘəɐ ȷ/ȸ ˊŮɟɘɞɢɐ (ɁɇD) ˊɞɡ ŭŮɜ ŮɑɜŬɘ əŬɚɎ 

ůɡɜŰɖɟɖɛɏɜɖ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɘůɞɛɞɟűɩɜ, ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ 

ŬɡŰɧɜɞɛɖɠ ŭɘŮɜŮɟɔɞˊɞɑɖůɖɠ, AF-1 əŬɘ AF-2, ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ Űɖ ɓŬůɘəɐ ŭɘŬűɞɟɎ 

ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɡˊɞŰɨˊɤɜ ERs. ɇɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ ůɡɔəŮəɟɘɛɏɜŮɠ ˊŮɟɘɞɢɏɠ 

ˊŬɟɞɡůɘɎɕɞɡɜ ɛɧɜɞ 30% ɞɛɞɚɞɔɑŬ, ɛˊɞɟŮɑ ɜŬ ŮɝɖɔŮɑ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ ˊɟɤŰŮȶɜŮɠ ˊɞɡ 

ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮ Űɞɜ ERɓ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɏɠ Ŭˊɧ ŮəŮɑɜŮɠ ˊɞɡ ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮ Űɞɜ 

ERŬ [31]. ȹŮɜ ɏɢŮɘ ŰŬɡŰɞˊɞɘɖɗŮɑ ɝŮəɎɗŬɟɖ ŭŮɡŰŮɟɞŰŬɔɐɠ ŭɞɛɐ ɔɘŬ Űɖ ůɡɔəŮəɟɘɛɏɜɖ 

ˊŮɟɘɞɢɐ, Ůɜɩ ŭŮɜ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ɞɨŰŮ ŭɞɛɘəɎ ŭŮŭɞɛɏɜŬ. ȾŬɚɨŰŮɟŬ ɢŬɟŬəŰɖɟɘůɛɏɜŬ 

ɛɏɟɖ ŬˊɞŰŮɚɞɨɜ ɖ ɡɣɖɚɎ ůɡɜŰɖɟɖɛɏɜɖ (96%) C ˊŮɟɘɞɢɐ ˊɞɡ űɘɚɞɝŮɜŮɑ Űɖɜ əŮɜŰɟɘəɐ 

ˊŮɟɘɞɢɐ ˊɟɧůŭŮůɖɠ DNA (DBD) əŬɘ ɖ ŭɘŬŰɖɟɖɛɏɜɖ Ⱥ ˊŮɟɘɞɢɐ ˊɞɡ ŭɘŬɗɏŰŮɘ Űɖɜ 

ˊŮɟɘɞɢɐ ŭɏůɛŮɡůɖɠ Űɞɡ ˊɟɞůŭɏŰɖ (LBD), ɔɘŬ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ŬɟəŮŰɎ ŭɞɛɘəɎ 

əŬɘ ɚŮɘŰɞɡɟɔɘəɎ ŭŮŭɞɛɏɜŬ. Ƀɘ ŭɨɞ ŮɜŬˊɞɛŮɑɜŬůŮɠ ˊŮɟɘɞɢɏɠ, D əŬɘ F (ɞɛɞɚɞɔɑŬ 30% əŬɘ 

18%, ŬɜŰɑůŰɞɘɢŬ), ˊɞɘəɑɚɞɡɜ ůŮ ɛɏɔŮɗɞɠ əŬɘ ɞɛɞɚɞɔɑŬ: ɖ D ˊŮɟɘɞɢɐ ɗŮɤɟŮɑŰŬɘ ˊŮˊŰɑŭɘɞ 

ůɨɜŭŮůɖɠ ɛŮŰŬɝɨ Űɤɜ DBD əŬɘ LBD, Ůɜɩ ɖ F ŬˊɞŰŮɚŮɑ Űɖɜ əŬɟɓɞɝɡ-ŰŮɚɘəɐ ˊɟɞɏəŰŬůɖ 

Űɖɠ LBD əŬɘ űŬɑɜŮŰŬɘ ɜŬ ɟɡɗɛɑɕŮɘ Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ ɔɞɜɘŭɘŬəɐɠ ɛŮŰŬɔɟŬűɐɠ. 

ɇɏɚɞɠ, ɖ ˊɞɚɡɚŮɘŰɞɡɟɔɘəɐ əŬɟɓɞɝɡ-ŰŮɚɘəɐ ˊŮɟɘɞɢɐ (Ⱥ), ůŰɖɜ ɞˊɞɑŬ ŭŮůɛŮɨŮŰŬɘ ɖ Ⱥ2, 

ˊŬɟɞɡůɘɎɕŮɘ 56% ɞɛɞɚɞɔɑŬ ŬɜɎɛŮůŬ ůŰɞɡɠ ŭɨɞ ERs [24, 32].  
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ȺɘəɧɜŬ 3. ȹɞɛɘəɐ ůɡůɢɏŰɘůɖ Űɤɜ Ŭɜɗɟɩˊɘɜɤɜ ERŬ əŬɘ ERɓ. Ƀɘ ˊŮɟɘɞɢɏɠ ȷ-F ŬˊɞŰŮɚɞɨɜ Űɖɜ 

əɚŬůɘəɐ ɞɜɞɛŬŰɞɚɞɔɑŬ Űɤɜ ŭɞɛɘəɎ ɧɛɞɘɤɜ Ŭɚɚɖɚɞɡɢɘɩɜ Ŭɛɘɜɞɝɏɤɜ. ȼ ɞɛɞɚɞɔɑŬ Űɤɜ Ŭɛɘɜɞɝɏɤɜ 

Űɤɜ Ŭɚɡůɑŭɤɜ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ERs ŮəűɟɎɕŮŰŬɘ ůŮ ˊɞůɞůŰɧ. ȷɜŬŰɨˊɤůɖ ɛŮ ɎŭŮɘŬ Ŭˊɧ Űɖɜ 

ŬɜŬűɞɟɎ [31] . Copyright 2000 Elsevier science & technology journals. 

 

ER-ŭɘŬɛŮůɞɚŬɓɞɨɛŮɜɖ əɡŰŰŬɟɘəɐ ůɖɛŬŰɞŭɧŰɖůɖ 

To 1997 ŭɘŬˊɘůŰɩɗɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ɖ ŰŬɢɨŰŬŰɖ ˊŬɟŬɔɤɔɐ cAMP ůŮ Ŭˊɧəɟɘůɖ ůŰɖɜ 

Ⱥ2, ɖ ɞˊɞɑŬ ˊɟɞɐɚɗŮ Ŭˊɧ Űɖɜ ˊɟɧůŭŮůɖ Űɖɠ Ⱥ2 ůŮ ɛɑŬ ˊɟɤŰŮȶɜɖ-ɡˊɞŭɞɢɏŬ ůŰɖɜ 

əɡŰŰŬɟɘəɐ ɛŮɛɓɟɎɜɖ. ȾŬŰɎ Űɘɠ ŭŮəŬŮŰɑŮɠ 1980 əŬɘ 1990, ŬɡɝɎɜɞɜŰŬɘ ɞɘ ŬɜŬűɞɟɏɠ ɧŰɘ ɖ 

Ⱥ2 ŮɜŮɟɔɞˊɞɘŮɑ ŰŬɢɨŰŬŰŬ ˊɞɚɚɏɠ ŭɘŮɟɔŬůɑŮɠ, ɧˊɤɠ Űɖ ɟɞɐ ɘɧɜŰɤɜ ŬůɓŮůŰɑɞɡ, Űɖɜ 

ˊŬɟŬɔɤɔɐ cAMP, Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ űɤůűɞɚɘˊɎůɖɠ C əŬɘ Űɤɜ əɘɜŬůɩɜ PKC əŬɘ 

PKA. ȼ ˊɟɧůŭŮůɖ Űɖɠ Ⱥ2 ůŮ əɎˊɞɘɞɜ ER ɐŰŬɜ ŬˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ ůŰɖɜ 

ˊɚŮɘɞɣɖűɑŬ Űɤɜ ɛŮɚŮŰɩɜ. ȷɡŰɎ ŰŬ ůɖɛŬŰɞŭɞŰɘəɎ ɔŮɔɞɜɧŰŬ ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ˊɟɞəɨˊŰɞɡɜ 

Ŭˊɧ Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ G ˊɟɤŰŮɥɜɩɜ Ŭˊɧ Űɖɜ Ⱥ2, əŬŰŬŰɎůůɞɜŰŬɠ Űɞɡɠ ERs ůŰŬ ɛɏɚɖ 

Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ Űɤɜ GPCR ɡˊɞŭɞɢɏɤɜ əŬɘ ŮɝɖɔɩɜŰŬɠ ɧŰɘ ɞɘ ERs ŮɜŰɞˊɑɕɞɜŰŬɘ əŬɘ ůŰɖɜ 

əɡŰŰŬɟɘəɐ ɛŮɛɓɟɎɜɖ. ɄŬɟɧɚŬ ŬɡŰɎ ŭŮɜ ŮɑɜŬɘ ŬəɧɛŬ ůŬűɏɠ ŮɎɜ ɞɘ ERs əŬɚɨˊŰɞɡɜ Űɖɜ 

əɡŰŰŬɟɘəɐ ɛŮɛɓɟɎɜɖ, ɧˊɤɠ ůɡɛɓŬɑɜŮɘ ɛŮ Űɞɡɠ əɚŬůɘəɞɨɠ 7ɇɀ ɡˊɞŭɞɢŮɑɠ ɐ ŮɎɜ ɞɘ ERs 

ŮɜŮɟɔɞˊɞɘɞɨɜ Ɏɚɚɞɡɠ GPCR ɡˊɞŭɞɢŮɑɠ ůŰɖɜ əɡŰŰŬɟɘəɐ ɛŮɛɓɟɎɜɖ, ɞŭɖɔɩɜŰŬɠ ɏɛɛŮůŬ 

ůŰɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ G ˊɟɤŰŮɥɜɩɜ. ɀɏůɤ ŮɜŮɟɔɞˊɞɑɖůɖɠ G ˊɟɤŰŮɥɜɩɜ ɐ ɛɏůɤ Ɏɚɚɤɜ 

ɛɖɢŬɜɘůɛɩɜ, Űɞ ůɨɛˊɚɞəɞ Ⱥ2/ȺR ˊɡɟɞŭɞŰŮɑ ůɖɛŬŰɞŭɞŰɘəɞɨɠ əŬŰŬɟɟɎəŰŮɠ ˊɞɡ 

ŮˊɖɟŮɎɕɞɡɜ ˊɚɖɗɩɟŬ əɡŰŰŬɟɘəɩɜ ɚŮɘŰɞɡɟɔɘɩɜ [33]. 

Ʉɚɏɞɜ ŮɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ ɞ ŮɜŰɞˊɘůɛɧɠ Űɤɜ ERs ˊŬɟŬŰɖɟŮɑŰŬɘ əɡɟɑɤɠ ůŰɞɜ ˊɡɟɐɜŬ, Ůɜɩ 

ŮɜŰɞˊɑɕɞɜŰŬɘ Ůˊɑůɖɠ ůŮ ɛɘəɟɧŰŮɟŬ ˊɞůɞůŰɎ ůŰɞ ŮɜŭɞˊɚŬůɛŬŰɘəɧ ŭɑəŰɡɞ, ůŰŬ 
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ɛɘŰɞɢɧɜŭɟɘŬ əŬɘ ůŰɖɜ əɡŰŰŬɟɘəɐ ɛŮɛɓɟɎɜɖ [34]. ȼ ŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ ERs 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ i) ɛɏůɤ Űɖɠ ŮɝŮɘŭɘəŮɡɛɏɜɖɠ ŭɏůɛŮɡůɖɠ Ůɜɧɠ ˊɟɞůŭɏŰɖ, ɧˊɤɠ ɖ Ⱥ2, ii ) 

ɛɏůɤ Űɖɠ űɤůűɞɟɡɚɑɤůɐɠ Űɞɡɠ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ˊŮɟɘɞɢɏɠ, iii ) ŬəɧɛŬ əŬɘ ɛŮ 

ůɡɜŭɡŬůɛɧ Űɤɜ ˊŬɟŬˊɎɜɤ (ȺɘəɧɜŬ 4). ȼ ɛŮŰŬɔɟŬűɘəɐ ɟɨɗɛɘůɖ Ŭˊɧ Űɖ ůɖɛŬŰɞŭɧŰɖůɖ 

Űɤɜ ERs ŬˊɞŰŮɚŮɑ ɛɑŬ ɘŭɘŬɑŰŮɟŬ ˊɞɚɨˊɚɞəɖ ŭɘŬŭɘəŬůɑŬ ůŰɖɜ ɞˊɞɑŬ ůɡɛɛŮŰɏɢŮɘ ɛŮɔɎɚɞɠ 

Ŭɟɘɗɛɧɠ ɟɡɗɛɘůŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ, Ůɜɩ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ˊŬɑɕŮɘ ɖ ŭɘŮˊɘəɞɘɜɤɜɑŬ ɛŮ ɎɚɚŬ 

ůɖɛŬŰɞŭɞŰɘəɎ ɛɞɜɞˊɎŰɘŬ [13, 35]. Ƀɘ ERs Ůəŭɖɚɩɜɞɡɜ Űɘɠ ŭɟɎůŮɘɠ Űɞɡɠ ɛŮ ˊŬɟɧɛɞɘɞ 

Űɟɧˊɞ, ɛɏůɤ ŭɨɞ ŭɘŬəɟɘŰɩɜ ůɖɛŬŰɞŭɞŰɘəɩɜ ɛɞɜɞˊŬŰɘɩɜ, Űɞ ɔŮɜɞɛɘəɧ əŬɘ Űɞ ɛɖ-

ɔŮɜɞɛɘəɧ ɛɞɜɞˊɎŰɘ.  

 

ũŮɜɞɛɘəɧ ůɖɛŬŰɞŭɞŰɘəɧ ɛɞɜɞˊɎŰɘ  

ɇɞ əɚŬůɘəɧ, ERE-ŮɝŬɟŰɩɛŮɜɞ, ůɖɛŬŰɞŭɞŰɘəɧ ɛɞɜɞˊɎŰɘ Űɤɜ ERs ŬˊɞŰŮɚŮɑ Űɞɜ 

əɡɟɘɧŰŮɟɞ ɛɖɢŬɜɘůɛɧ ɟɨɗɛɘůɖɠ Űɤɜ ɔɞɜɑŭɘɤɜ-ůŰɧɢɤɜ Űɤɜ ERs. ɆŮ ŬɡŰɧ Űɞɜ Űɨˊɞ 

ůɖɛŬŰɞŭɧŰɖůɖɠ ɖ Ⱥ2 ŭŮůɛŮɨŮŰŬɘ ŬɟɢɘəɎ ůŰɞɡɠ ERs, ɞɘ ɞˊɞɑɞɘ ɓɟɑůəɞɜŰŬɘ ɤɠ Ůˊɑ Űɞ 

ˊɚŮɑůŰɞɜ ůŰɞɜ ˊɡɟɐɜŬ. ɀŮŰɎ Űɖɜ ˊɟɧůŭŮůɖ, ɞɘ ERs ɡűɑůŰŬɜŰŬɘ ůɖɛŬɜŰɘəɏɠ 

ŭɘŬɛɞɟűɤŰɘəɏɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ əŬɘ ůɢɖɛŬŰɑɕɞɡɜ ŮɑŰŮ ɞɛɞŭɘɛŮɟɐ (ERŬ-ERŬ, ERɓ-ERɓ) 

ŮɑŰŮ ŮŰŮɟɞŭɘɛŮɟɐ (ERŬ-ERɓ), ŬɚɚɖɚŮˊɘŭɟɩɜŰŬɠ ɛŮ ɎɚɚŬ ɟɡɗɛɘůŰɘəɎ ɛɧɟɘŬ əŬɘ Űɘɠ heat 

shock ˊɟɤŰŮȶɜŮɠ (Hsp). ɆŰɖ ůɡɜɏɢŮɘŬ ŰŬ ŮɜŮɟɔɞˊɞɘɖɛɏɜŬ ŭɘɛŮɟɐ ŮɘůɏɟɢɞɜŰŬɘ ůŰɞɜ 

ˊɡɟɐɜŬ əŬɘ ŭŮůɛŮɨɞɜŰŬɘ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ŬɚɚɖɚɞɡɢɑŮɠ Űɞɡ DNA ˊɞɡ ŮɑɜŬɘ ɔɜɤůŰɏɠ ɤɠ 

ERE, ŮˊɎɔɞɜŰŬɠ Űɖ ɛŮŰŬɔɟŬűɐ ůɡɔəŮəɟɘɛɏɜɤɜ ɔɞɜɘŭɑɤɜ-ůŰɧɢɤɜ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

Ŭɡɝɐůɞɡɜ ɐ ɜŬ əŬŰŬůŰŮɑɚɞɡɜ Űɖ ɔɞɜɘŭɘŬəɐ ɏəűɟŬůɖ. ȼ ůɨɜŭŮůɖ ɛŮ Űɞ DNA ɔɑɜŮŰŬɘ 

ɛɏůɤ Űɖɠ DBD ˊŮɟɘɞɢɐɠ, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊŬɟŬˊɎɜɤ, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ 

ůŰɟŬŰɞɚɞɔɞɨɜŰŬɘ əŬɘ ɎɚɚŮɠ ˊɟɤŰŮȶɜŮɠ ůɡɜ-ŮɜŮɟɔɞˊɞɘɖŰɏɠ ɔɘŬ ɜŬ ůɢɖɛŬŰɘůŰɞɨɜ 

ɚŮɘŰɞɡɟɔɘəɎ ER ůɨɛˊɚɞəŬ, ůɡɛɛŮŰɏɢɞɜŰŬɠ ůŰɖɜ ŬɜŬŭɘŬɛɧɟűɤůɖ Űɖɠ ɢɟɤɛŬŰɑɜɖɠ 

(ȺɘəɧɜŬ 4) [36]. 

ȰɜŬɠ ɘəŬɜɧɠ Ŭɟɘɗɛɧɠ ůŰɞɘɢŮɑɤɜ ɡˊɞůŰɖɟɑɕŮɘ Űɖɜ ɨˊŬɟɝɖ Ůɜɧɠ ŬəɧɛŬ ůɖɛŬŰɞŭɞŰɘəɞɨ 

ɛɞɜɞˊŬŰɘɞɨ ůŰɞ ɞˊɞɑɞ ɞɘ ERs ɟɡɗɛɑɕɞɡɜ Űɖ ɛŮŰŬɔɟŬűɐ ɔɞɜɘŭɑɤɜ-ůŰɧɢɤɜ ˊɞɡ 

ůŰŮɟɞɨɜŰŬɘ Űɤɜ ůŰɞɘɢŮɑɤɜ ERE. Ƀ ɛɖɢŬɜɘůɛɧɠ ŬɡŰɧɠ ŬűɞɟɎ ůŰɖ ŭɘŮˊɘəɞɘɜɤɜɑŬ ɛŮ 

Ɏɚɚɞɡɠ ɛŮŰŬɔɟŬűɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ c-Fos/c-Jun, AP-1, Sp-1 əŬɘ NF-əB, ɞɘ ɞˊɞɑɞɘ 

ˊɟɞůŭɏɜɞɜŰŬɘ ůŰɞɜ ɡˊɞəɘɜɖŰɐ ɔɞɜɘŭɑɤɜ-ůŰɧɢɤɜ (ȺɘəɧɜŬ 4) [37]. 

ȺˊɘˊɟɧůɗŮŰŬ, ɞɘ ERs ɏɢɞɡɜ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ŭɟɞɡɜ əŬɘ ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖɜ ˊɟɧůŭŮůɖ 

ɡˊɞůŰɟɩɛŬŰɞɠ, ɛɏůɤ Űɖɠ ŮɜŮɟɔɞˊɞɑɖůɐɠ Űɞɡɠ ɛŮ űɤůűɞɟɡɚɑɤůɖ Ŭˊɧ ŬɡɝɖŰɘəɞɨɠ 

ˊŬɟɎɔɞɜŰŮɠ ɐ əɡŰŰŬɟɞəɑɜŮɠ ˊɞɡ ŮɜŮɟɔɞˊɞɘɞɨɜ ɎɚɚŬ ůɖɛŬŰɞŭɞŰɘəɎ ɛɞɜɞˊɎŰɘŬ, 
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ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ əŬɘ ŬɡŰɩɜ Űɤɜ ɡˊɞŭɞɢɏɤɜ Űɤɜ ŬɡɝɖŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ɧˊɤɠ o 

EGF, o IGF əŬɘ o TGF-ɓ, əŬɗɩɠ əŬɘ ˊŬɟɎɔɞɜŰŮɠ ɞɘ ɞˊɞɑɞɘ ɟɡɗɛɑɕɞɡɜ ŰŬ ŮˊɑˊŮŭŬ 

əɡŰŰŬɟɘəɐɠ űɤůűɞɟɡɚɑɤůɖɠ ɧˊɤɠ ɖ PKA əŬɘ ɖ PKC [38]. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɞ ERŬ 

ŭɘŬɗɏŰŮɘ ˊɞɚɚɏɠ ɗɏůŮɘɠ űɤůűɞɟɡɚɑɤůɖɠ əŬɘ ŬˊɞŰŮɚŮɑ ɛɧɟɘɞ-ůŰɧɢɞ Ŭˊɧ ˊɞɚɚɏɠ əɘɜɎůŮɠ 

ɧˊɤɠ ɞɘ MAPK, PKA əŬɘ PKC. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɞɘ Ser 104/106,118 əŬɘ 167 

ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ȷ/ȸ ˊŮɟɘɞɢɐ Űɞɡ ERŬ ˊɞɡ əɤŭɘəɞˊɞɘŮɑ Űɖ ɛɖ-ɞɟɛɞɜɞŮɝŬɟŰɩɛŮɜɖ 

ɚŮɘŰɞɡɟɔɑŬ ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɖɠ ɛŮŰŬɔɟŬűɐɠ AF-1. ȳˊɤɠ ŮɑɜŬɘ űɡůɘəɧ ɖ űɤůűɞɟɡɚɑɤůɖ 

ŬɡŰɐɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɛˊɞɟŮɑ ɜŬ ŭɘŬŭɟŬɛŬŰɑůŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ ɛŮŰŬɔɟŬűɘəɐ 

ŭɟŬůŰɘəɧŰɖŰŬ Űɞɡ ERŬ, əŬɗɩɠ ŮˊɖɟŮɎɕŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ŭɘɛŮɟɘůɛɞɨ Űɞɡ ɡˊɞŭɞɢɏŬ əŬɘ 

Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɐ Űɞɡ ɛŮ ɛɧɟɘŬ ůɡɜ-ŮɜŮɟɔɞˊɞɘɖŰɏɠ ůɖɛŬŰɞŭɞŰɘəɩɜ ɛɞɜɞˊŬŰɘɩɜ. 

Ⱥˊɘˊɚɏɞɜ ˊŬɟɎŭŮɘɔɛŬ ŬˊɞŰŮɚŮɑ ɖ ŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ əŬɗɞŭɘəɩɜ Űɞɡ HER2 

ůɖɛŬŰɞŭɞŰɘəɩɜ ɛɞɟɑɤɜ, ERK1 əŬɘ ERK2, ŰŬ ɞˊɞɑŬ űɤůűɞɟɡɚɘɩɜɞɡɜ Űɞɡɠ ERs, 

ɞŭɖɔɩɜŰŬɠ ůŰɖɜ ŮɜŮɟɔɞˊɞɑɖůɐ Űɞɡɠ ŬɜŮɝŬɟŰɐŰɤɠ ˊɟɞůŭɏŰɖ [39]. ȼ ŭɘŮˊɘəɞɘɜɤɜɑŬ Űɤɜ 

ůɖɛŬŰɞŭɞŰɘəɩɜ ɛɞɜɞˊŬŰɘɩɜ Űɤɜ ERs ɛŮ ŬɡŰɎ Űɤɜ ɡˊɞŭɞɢɏɤɜ əɘɜŬůɩɜ Űɡɟɞůɑɜɖɠ 

(RTKs), ɧˊɤɠ Űɞɡ EGFR əŬɘ Űɞɡ IGF-IR, ŮɑɜŬɘ ɏɜŬ ŬɟəŮŰɎ ůɡɢɜɧ űŬɘɜɧɛŮɜɞ Űɞ ɞˊɞɑɞ 

ɚŮɘŰɞɡɟɔŮɑ ɤɠ ɛɖɢŬɜɘůɛɧɠ ŬɜŰɑůŰŬůɖɠ ůŰɘɠ ŮɜŭɞəɟɘɜŮɑɠ ɗŮɟŬˊŮɑŮɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ 

əŬɟəɑɜɞɡ Űɞɡ ɛŬůŰɞɨ (ȺɘəɧɜŬ 4) [13, 40]. 

 

ɀɖ-ɔŮɜɞɛɘəɧ ůɖɛŬŰɞŭɞŰɘəɧ ɛɞɜɞˊɎŰɘ 

ɄŬɟɧɚɞ ˊɞɡ ɖ Ⱥ2 ŭɟŬ əɡɟɑɤɠ ɛɏůɤ Űɞɡ ɔŮɜɞɛɘəɞɨ, ERE-ŮɝŬɟŰɩɛŮɜɞɡ ůɖɛŬŰɞŭɞŰɘəɞɨ 

ɛɞɜɞˊŬŰɘɞɨ, ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ əŬɘ ŮɜŬɚɚŬəŰɘəɞɑ ɛɖɢŬɜɘůɛɞɑ ŭɟɎůɖɠ Űɖɠ Ⱥ2, ɧˊɤɠ Űɞ 

ŰŬɢɨŰŬŰɞ (ŭɘɎɟəŮɘŬɠ Ŭˊɧ ŭŮɡŰŮɟɧɚŮˊŰŬ ɏɤɠ ɛŮɟɘəɎ ɚŮˊŰɎ), ɛɖ-ɔŮɜɞɛɘəɧ ɛɞɜɞˊɎŰɘ ɛɏůɤ 

Űɤɜ ERs ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ əɡŰŰŬɟɘəɐ ɛŮɛɓɟɎɜɖ (mERs) (ȺɘəɧɜŬ 4). H ɛŮŰŬəɑɜɖůɖ 

Űɤɜ ERs ůŰɖɜ əɡŰŰŬɟɘəɐ ɛŮɛɓɟɎɜɖ ŮɑɜŬɘ ůɡɜɐɗɤɠ ŬˊɞŰɏɚŮůɛŬ ɛŮŰŬ-ɛŮŰŬűɟŬůŰɘəɩɜ 

ŰɟɞˊɞˊɞɘɐůŮɤɜ, Ůɜɩ ůɡɜɐɗɤɠ ɞűŮɑɚŮŰŬɘ əŬɘ ůŰɖ ŭɟɎůɖ ˊɟɤŰŮɥɜɩɜ-ˊɟɞůŬɟɛɞɔɏɤɜ (ˊ.ɢ. 

Shc) [41]. Ƀ ůɡɔəŮəɟɘɛɏɜɞɠ Űɟɧˊɞɠ ŭɟɎůɖɠ ůɡɢɜɎ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ ɟɨɗɛɘůɖɠ ɟɞɩɜ 

ɘɧɜŰɤɜ əŬɗɩɠ əŬɘ ŬˊŮɚŮɡɗɏɟɤůɖɠ ŬɔɔŮɘɞŭɟŬůŰɘəɩɜ ɛɞɟɑɤɜ. ȼ ɛɖ-ɔŮɜɞɛɘəɐ 

ůɖɛŬŰɞŭɧŰɖůɖ ůɡɢɜɎ ˊŮɟɘɚŬɛɓɎɜŮɘ ŭɘŬɛŮůɞɚɎɓɖůɖ ŭɘŬűɧɟɤɜ ůɖɛŬŰɞŭɞŰɘəɩɜ ɛɞɟɑɤɜ, 

ɧˊɤɠ Ca2+, cAMP, űɤůűŬŰɘŭɡɚɞ-ɘɜɞůɘŰɧɚɖɠ, ɛɞɜɞɝŮɘŭɑɞɡ Űɞɡ ŬɕɩŰɞɡ (NO), ŬɚɚɎ əŬɘ 

Űɤɜ ŮɜŭɞəɡŰŰɎɟɘɤɜ əɘɜŬůɩɜ Raf-1/MEK 1-2/ERK-1/2 ɀȷɅ əɘɜŬůɩɜ əŬɘ ɅȽ3/ȷkt [42]. 

ɄɟɧůűŬŰŬ ɓɟɏɗɖəŮ ɧŰɘ ɏɜŬɠ GPCR ɡˊɞŭɞɢɏŬɠ (GPR30) ůŰɖɜ əɡŰŰŬɟɘəɐ ɛŮɛɓɟɎɜɖ 

ŮɛˊɚɏəŮŰŬɘ ůŰɖ ɛɖ-ɔŮɜɞɛɘəɐ ůɖɛŬŰɞŭɧŰɖůɖ ɞɘůŰɟɞɔɧɜɤɜ, ŮˊɎɔɞɜŰŬɠ Űɖɜ ˊŬɟŬɔɤɔɐ 

cAMP əŬɘ cGMP əŬɘ ŮɜŮɟɔɞˊɞɘɩɜŰŬɠ ŰŬ ɀȷɅȾ əŬɘ ɅȽ3/ȷkt ůɖɛŬŰɞŭɞŰɘəɎ ɛɞɜɞˊɎŰɘŬ 
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ˊɞɡ ˊɟɞůŭɑŭɞɡɜ ůŰŬ ɞɘůŰɟɞɔɧɜŬ Űɖɜ ɘŭɘɧŰɖŰŬ Űɖɠ ŬɜŰɘ-ŬˊɧˊŰɤůɖɠ [43, 44]. ɀŮŰɎ Űɖɜ 

ˊɟɧůŭŮůɖ Űɞɡ ɡˊɞůŰɟɩɛŬŰɞɠ, ɞɘ ERs ŮˊɎɔɞɡɜ Űɖɜ ɔɟɐɔɞɟɖ űɤůűɞɟɡɚɑɤůɖ Űɤɜ 

ˊɟɤŰŮɥɜɩɜ Src əŬɘ SHC, ɏɢɞɜŰŬɠ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɞ ůɢɖɛŬŰɘůɛɧ Űɞɡ ůɡɛˊɚɏɔɛŬŰɞɠ 

SHC-GRB2-SOS. Ƀ ůɢɖɛŬŰɘůɛɧɠ ŬɡŰɧɠ ɞŭɖɔŮɑ ůŰɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ Ras, Raf əŬɘ 

MAPKs, əŬɗɩɠ əŬɘ Űɤɜ ERK-1/2, JNK əŬɘ p38. ɇŬ ɛɧɟɘŬ ŬɡŰɎ ůŰɖ ůɡɜɏɢŮɘŬ 

ɛŮŰŬűɏɟɞɜŰŬɘ ůŰɞɜ ˊɡɟɐɜŬ əŬɘ ůɡɛɛŮŰɏɢɞɡɜ ůŰɖɜ ɛŮŰŬɔɟŬűɐ Űɤɜ ɔɞɜɘŭɑɤɜ-ůŰɧɢɤɜ. Ƀ 

ŬɜŰɘŬˊɞˊŰɤŰɘəɧɠ ɟɧɚɞɠ Űɤɜ ɞɘůŰɟɞɔɧɜɤɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ Űɖɠ ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɤɜ 

GPCRs əŬɘ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ Űɖɠ Akt əɘɜɎůɖɠ [45]. 
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ȺɘəɧɜŬ 4. ɆɖɛŬŰɞŭɞŰɘəɎ ɛɞɜɞˊɎŰɘŬ Űɖɠ ŭɟɎůɖɠ Űɤɜ ERs. ɀɏůɤ Űɞɡ əɚŬůɘəɞɨ, ɔŮɜɞɛɘəɞɨ 

ɛɞɜɞˊŬŰɘɞɨ, ɞɘ ERs ɟɡɗɛɑɕɞɡɜ Űɖɜ ɏəűɟŬůɖ ɔɞɜɘŭɑɤɜ-ůŰɧɢɤɜ ɛŮŰɎ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɐ Űɞɡɠ, ɛɏůɤ 

Űɤɜ ȺRE ˊŮɟɘɞɢɩɜ ůŰɞ DNA, ɛŮ ˊɚɖɗɩɟŬ ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ (ˊ.ɢ. c-Fos, c-Jun, AP-1, 

Sp1). Ƀɘ ERs ŮɜŮɟɔɞˊɞɘɞɨɜŰŬɘ Ůˊɑůɖɠ ŬɜŮɝŬɟŰɐŰɞɡ ˊɟɧůŭŮůɖɠ ůŰɖɜ ERE ˊŮɟɘɞɢɐ Űɞɡ ɔɞɜɘŭɑɞɡ, 

ɐ/əŬɘ ŬɜŮɝŬɟŰɐŰɤɠ ɡˊɞůŰɟɩɛŬŰɞɠ, ɛɏůɤ űɤůűɞɟɡɚɑɤůɖɠ Ŭˊɧ ɎɚɚŬ ůɖɛŬŰɞŭɞŰɘəɎ ɛɞɜɞˊɎŰɘŬ. 

ɆŰɞ ɛɖ-ɔŮɜɞɛɘəɧ ůɖɛŬŰɞŭɞŰɘəɧ ɛɞɜɞˊɎŰɘ, ůŰɟŬŰɞɚɞɔɞɨɜŰŬɘ ˊɞɚɚɎ ɟɡɗɛɘůŰɘəɎ ɛɧɟɘŬ, ɧˊɤɠ: Ca2+, 

ɁɃ, RTKs, GPCRs əŬɘ ŮɜŭɞəɡŰŰɎɟɘŮɠ ˊɟɤŰŮɥɜɘəɏɠ əɘɜɎůŮɠ (ˊ.ɢ. ɅȽ3Ⱦ/Akt, ɀȷɅȾ, PKA, ɅȾC) 

əŬɘ ůɖɛŬŰɞŭɞŰɘəɎ ɛɧɟɘŬ (ˊ.ɢ. cAMP). This image is a modification of QIAGENôs original, 

copyrighted image by Zoi Piperigkou. The original image may be found at 

www.QIAGEN.com/ch/shop/genes-and-pathways/pathway-details/?pwid=166, Ʉɖɔɐ:[46] . 

 

http://www.qiagen.com/ch/shop/genes-and-pathways/pathway-details/?pwid=166
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Ƀ ɟɧɚɞɠ Űɤɜ ERs ůŰɞɜ əŬɟəɑɜɞ Űɞɡ ɛŬůŰɞɨ 

Ƀ əŬɟəɑɜɞɠ Űɞɡ ɛŬůŰɞɨ ŬˊɞŰŮɚŮɑ ɏɜŬɜ Űɨˊɞ ɜŮɞˊɚŬůɑŬɠ ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ 

ŮɝŬɘɟŮŰɘəɎ ˊɞɚɨˊɚɞəɖ ɛŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ŮŰŮɟɞɔɏɜŮɘŬɠ, ɖ ɞˊɞɑŬ ɞűŮɑɚŮŰŬɘ əŬŰɎ əɨɟɘɞ 

ɚɧɔɞ ůŰɘɠ ŭɟɎůŮɘɠ ˊɚɖɗɩɟŬɠ ɓɘɞɛɞɟɑɤɜ. ȼ ɏəűɟŬůɖ əŬɘ əŬŰŬɜɞɛɐ Űɤɜ ERŬ əŬɘ ERɓ 

ůŰɞɜ ɘůŰɧ ɛŬůŰɞɨ ˊŬɟɞɡůɘɎɕŮɘ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ. ɆɡɔəŮəɟɘɛɏɜŬ, Ŭˊɧ 

ŬɜɞůɞɥůŰɞɚɞɔɘəɏɠ ɛŮɚɏŰŮɠ ŬˊɞəŬɚɨˊŰŮŰŬɘ ɧŰɘ ɞ ERŬ ŮɜŰɞˊɑɕŮŰŬɘ əɡɟɑɤɠ ůŰɞɜ ˊɡɟɐɜŬ 

Űɤɜ ŮˊɘɗɖɚɘŬəɩɜ (luminal) əɡŰŰɎɟɤɜ ɛŬůŰɞɨ. ȷɜŰɑɗŮŰŬ, ɖ əŬŰŬɜɞɛɐ Űɞɡ ERɓ ŮɑɜŬɘ 

ŮɡɟɨŰŮɟɖ əŬɘ ŮɜŰɞˊɑɕŮŰŬɘ ůŰɞɜ ˊɡɟɐɜŬ Űɧůɞ Űɤɜ ŮˊɘɗɖɚɘŬəɩɜ əɡŰŰɎɟɤɜ ŬɚɚɎ əŬɘ Űɤɜ 

ɛɡɞŮˊɘɗɖɚɘŬəɩɜ. ȷůɗŮɜɐɠ ɢɟɩůɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ER ˊŬɟŬŰɖɟŮɑŰŬɘ Ůˊɑůɖɠ ůŰŬ 

ŮɜŭɞɗɖɚɘŬəɎ əŬɘ ůŰŬ ɚɘˊɩŭɖ əɨŰŰŬɟŬ, ůŰŬ ɚŮɛűɞəɨŰŰŬɟŬ əŬɘ ůŰŬ əɨŰŰŬɟŬ Űɞɡ 

ůŰɟɩɛŬŰɞɠ [47]. ɇɞ ɘůɞɕɨɔɘɞ ɛŮŰŬɝɨ Űɤɜ ERŬ əŬɘ ERɓ ŬˊɞŰŮɚŮɑ ůŰɞɘɢŮɑɞ əɟɑůɘɛɖɠ 

ůɖɛŬůɑŬɠ Űɧůɞ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ ɧůɞ əŬɘ ɔɘŬ Űɞ ůɢŮŭɘŬůɛɧ Űɖɠ əŬŰɎɚɚɖɚɖɠ ɗŮɟŬˊŮɑŬɠ 

Űɞɡ əŬɟəɑɜɞɡ Űɞɡ ɛŬůŰɞɨ, ŭɘɧŰɘ ɖ ɏəűɟŬůɐ Űɞɡɠ əŬŰŬŰɎůůŮɘ ŰŬ əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ 

ɛŬůŰɞɨ ůŮ əŬŰɖɔɞɟɑŮɠ əŬɘ ɡˊɧŰɡˊɞɡɠ ɛŮ ŭɘŬəɟɘŰɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ  

ɇɞ ůɖɛŬŰɞŭɞŰɘəɧ ɛɞɜɞˊɎŰɘ Ⱥ2/ERŬ ŮɑɜŬɘ ɏɜŬ Ŭˊɧ ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ɛɞɜɞˊɎŰɘŬ ůŰɞɜ 

əŬɟəɑɜɞ Űɞɡ ɛŬůŰɞɨ, ŭɘɧŰɘ Űɞ 70% Űɤɜ ɧɔəɤɜ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ERŬ-ɗŮŰɘəɞɑ. Ƀ ERŬ 

ŮɑɜŬɘ ɞ əɨɟɘɞɠ ɡˊɧŰɡˊɞɠ Űɤɜ ERs ůŰɞ Ůˊɘɗɐɚɘɞ Űɞɡ ɛŬůŰɞɨ əŬɘ ŭɘŬŭɟŬɛŬŰɑɕŮɘ 

ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖ űɡůɘɞɚɞɔɑŬ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŬŭɏɜŬ, əŬɗɩɠ əŬɘ ůŰɖɜ 

ŮɔəŬɗɑŭɟɡůɖ, Űɖɜ ŬɜɎˊŰɡɝɖ, Űɖɜ Ůɝɏɚɘɝɖ əŬɘ Űɖ ɗŮɟŬˊŮɑŬ Űɞɡ əŬɟəɑɜɞɡ Űɞɡ ɛŬůŰɞɨ, ɔɘô 

ŬɡŰɧ əŬɘ ŬˊɞŰŮɚŮɑ əɞɛɓɘəɧ ɛɧɟɘɞ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ űŬɟɛŬəŮɡŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ɔɘŬ 

Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɜŮɞˊɚŬůɑŬɠ [9, 48]. ɄŬɟɧɚɞ ˊɞɡ ɖ ˊɚŮɘɞɣɖűɑŬ 

Űɤɜ ERŬ-ɗŮŰɘəɩɜ ɧɔəɤɜ ŬɟɢɘəɎ ŬˊɞəɟɑɜŮŰŬɘ ůŰɖɜ ŬɜŰɘ-ɞɘůŰɟɞɔɞɜɘəɐ ɗŮɟŬˊŮɑŬ (ˊ.ɢ. 

ŰŬɛɞɝɘűŬɑɜɖ), ŰŮɚɘəɎ ŬɜŬˊŰɨůůɞɡɜ ŬɜŰɞɢɐ ůŮ ŬɡŰɐɜ Űɖ ɗŮɟŬˊŮɑŬ, ɢɤɟɑɠ ɜŬ 

ˊŬɟɞɡůɘɎůɞɡɜ ŬɚɚŬɔɐ ůŰɞ ˊɟɞűɑɚ ɏəűɟŬůɖɠ Űɞɡ ER əŬɘ ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ŮɛűŬɜɘůŰŮɑ 

əŬɟəɑɜɞɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ŮɜŭɞɛɖŰɟɑɞɡ [49]. 

ũɜɤɟɑɕɞɜŰŬɠ ɧŰɘ ŰŬ ɞɘůŰɟɞɔɧɜŬ əŬɘ ɞɘ ERs ɟɡɗɛɑɕɞɡɜ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɖɜ ŬɜɎˊŰɡɝɖ 

Űɤɜ əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ ɛŬůŰɞɨ, ůŰɞɜ ˊɟɤŰŬɟɢɘəɧ ɧɔəɞ, ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ ɛŮɔɎɚɞɠ 

Ŭɟɘɗɛɧɠ Ůɜŭɞəɟɘɜɩɜ ɗŮɟŬˊŮɘɩɜ ˊɞɡ ɓŬůɑɕŮŰŬɘ i) ůŰɖɜ ŬɜŬůŰɞɚɐ Űɖɠ ůɨɜɗŮůɖɠ 

ɞɘůŰɟɞɔɧɜɤɜ əŬɘ ii ) ůŰɖɜ ˊŬɟŮɛˊɧŭɘůɖ Űɖɠ ŭɟɎůɖɠ Űɞɡɠ ɛɏůɤ Űɤɜ ɡˊɞŭɞɢɏɤɜ Űɞɡɠ. 

ȺɝŮɘŭɘəŮɡɛɏɜɞɘ ɟɡɗɛɘůŰɏɠ Űɤɜ ERs, ɧˊɤɠ ɖ ŰŬɛɞɝɘűŬɑɜɖ ˊɞɡ ŮɛˊɞŭɑɕŮɘ Űɖɜ ˊɟɧůŭŮůɖ 

Űɤɜ ɞɘůŰɟɞɔɧɜɤɜ ůŰɞɜ ERŬ, ŮűŬɟɛɧɕɞɜŰŬɘ ŰŬ ŰŮɚŮɡŰŬɑŬ 30 ɢɟɧɜɘŬ ůŰɘɠ ɔɡɜŬɑəŮɠ ɛŮ 

ERŬ-ɗŮŰɘəɞɨɠ ɧɔəɞɡɠ [50]. ȼ ŬɜŬůŰɞɚɐ Űɞɡ Ůɜɕɨɛɞɡ ŬɟɤɛŬŰɎůɖ ŬˊɞŰŮɚŮɑ Űɞ çgold 

standardè ɔɘŬ Űɖɜ Ůˊɘəɞɡɟɘəɐ Ůɜŭɞəɟɘɜɐ ɗŮɟŬˊŮɑŬ Űɞɡ ˊɟɩɘɛɞɡ əŬɘ Űɞɡ ˊɟɞɢɤɟɖɛɏɜɞɡ 
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ůŰŬŭɑɞɡ əŬɟəɑɜɞɡ Űɞɡ ɛŬůŰɞɨ ůŮ ɛŮŰŮɛɛɖɜɞˊŬɡůɘŬəɏɠ ɔɡɜŬɑəŮɠ, ɞɘ ɞˊɞɑŮɠ ŮɛűŬɜɑɕɞɡɜ 

ER-ɗŮŰɘəɞɨɠ ɧɔəɞɡɠ. Ƀɘ ŬɜŬůŰɞɚŮɑɠ (ȷȽs) ˊɞɡ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ůŰɖɜ əɚɘɜɘəɐ ˊɟŬəŰɘəɐ, Ŭűɞɟɞɨɜ ůŰɖɜ ŬɜŰɘůŰɟŮˊŰɐ [anastrozole/Arimidex 

(AstraZeneca) əŬɘ letrozole/Femara (Novartis)] əŬɘ ůŰɖ ɛɖ-ŬɜŰɘůŰɟŮˊŰɐ ŬɜŬůŰɞɚɐ Űɞɡ 

Ůɜɕɨɛɞɡ [exemestane/Aromasin (Pfizer)], ɞˊɧŰŮ ůŰŬɛŬŰɎ ɖ ůɨɜɗŮůɖ ɞɘůŰɟɞɔɧɜɤɜ Ŭˊɧ 

ŰŬ ˊɟɧŭɟɞɛŬ ɛɧɟɘɎ Űɖɠ (ŰŮůŰɞůŰŮɟɧɜɖ) [51]. Ƀɘ ůɡɔəŮəɟɘɛɏɜɞɘ ŬɜŬůŰɞɚŮɑɠ ŰɟɑŰɖɠ 

ɔŮɜɘɎɠ ŮˊɘŭŮɘəɜɨɞɡɜ Ŭɡɝɖɛɏɜɖ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ əŬɘ ɛŮɔŬɚɨŰŮɟɞ ŭɘɎůŰɖɛŬ 

Ůˊɘɓɑɤůɖɠ ɢɤɟɑɠ Űɖ ɜɧůɞ (disease-free survival), ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ ŰŬɛɞɝɘűŬɑɜɖ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ Ŭɟɢɘəɐ ɗŮɟŬˊŮɑŬ Űɞɡ ˊɟɩɘɛɞɡ əŬɟəɑɜɞɡ Űɞɡ ɛŬůŰɞɨ. ɇɞ fulvestrant 

(Faslodex, AstraZeneca) ŬˊɞŰŮɚŮɑ ɏɜŬ ŬəɧɛŬ űɎɟɛŬəɞ ŬɜŰɘ-ɞɘůŰɟɞɔɞɜɘəɐɠ Ůɜŭɞəɟɘɜɞɨɠ 

ɗŮɟŬˊŮɑŬɠ ɛŮŰŬůŰŬŰɘəɞɨ əŬɟəɑɜɞɡ Űɞɡ ɛŬůŰɞɨ, Űɞ ɞˊɞɑɞ ɞŭɖɔŮɑ ůŰɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ 

Űɞɡ ERŬ əŬɘ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ Ŭˊɧ Űɞɜ ˊɡɟɐɜŬ əŬɘ ŮűŬɟɛɧɕŮŰŬɘ ɛŮŰɎ Űɖ ɗŮɟŬˊŮɑŬ 

ɛŮ ŰŬɛɞɝɘűŬɑɜɖ əŬɘ ȷȽs [52, 53]. 

ɇŬ əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ ɛŬůŰɞɨ ůŰŬ ɞˊɞɑŬ ŬˊɞɡůɘɎɕŮɘ ɞ ERŬ ůɡɢɜɎ ŮɛűŬɜɑɕɞɡɜ 

ˊŮɟɘůůɧŰŮɟɞ ŮˊɘɗŮŰɘəɧ űŬɘɜɧŰɡˊɞ əŬɘ ɡɣɖɚɐ ɛŮŰŬůŰŬŰɘəɧŰɖŰŬ, Ůɜɩ ɖ ůɖɛŬŰɞŭɧŰɖůɐ 

Űɞɡ ɟɡɗɛɑɕŮɘ Űɖ ŭɘŬŭɘəŬůɑŬ Ⱥɀɇ ɛɏůɤ Űɤɜ Ⱥɀɇ-ůɢŮŰɘɕɧɛŮɜɤɜ ɛŮŰŬɔɟŬűɘəɩɜ 

ˊŬɟŬɔɧɜŰɤɜ [54, 55]. ɆŮ ŬɡŰɧ Űɞ ˊɚŬɑůɘɞ, ˊɟɧůűŬŰŬ ŬˊɞŭŮɑɝŬɛŮ ɧŰɘ ɖ əŬŰŬůŰɞɚɐ Űɞɡ 

ERŬ ůŰŬ ɢŬɛɖɚɐɠ ɛŮŰŬůŰŬŰɘəɧŰɖŰŬɠ əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ ɛŬůŰɞɨ, MCF-7, ɞŭɖɔŮɑ ůŮ 

ůɖɛŬɜŰɘəɏɠ űŬɘɜɞŰɡˊɘəɏɠ ŬɚɚŬɔɏɠ ˊɞɡ ůɡɜɞŭŮɨɞɜŰŬɘ Ŭˊɧ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ůŰɖ 

ɛŮŰŬɔɟŬűɘəɐ əŬɘ ˊɟɤŰŮɥɜɘəɐ ɏəűɟŬůɖ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŭŮɘəŰɩɜ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

Ⱥɀɇ. ɆɡɜɏˊŮɘŬ Űɖɠ əŬŰŬůŰɞɚɐɠ Űɞɡ ERŬ ŮɑɜŬɘ ŰŬ əɨŰŰŬɟŬ ŬɡŰɎ ɜŬ ˊŬɟɞɡůɘɎɕɞɡɜ 

ɡɣɖɚɎ ŮˊɑˊŮŭŬ ˊɞɚɚŬˊɚŬůɘŬůɛɞɨ, ɛŮŰŬɜɎůŰŮɡůɖɠ əŬɘ ŭɘɐɗɖůɖɠ, ŰŬ ɞˊɞɑŬ ŮˊɖɟŮɎɕɞɡɜ 

ŰŬ ŮˊɑˊŮŭŬ ɏəűɟŬůɖɠ Űɤɜ ɡˊɞŭɞɢɏɤɜ EGFR əŬɘ HER2, ŬɚɚɎ əŬɘ ˊɞɚɚɩɜ ŰŮɚŮůŰɩɜ Űɞɡ 

ECM, ɧˊɤɠ ɀɀɅs/TIMPs əŬɘ ŰŬ ůɡůŰŬŰɘəɎ ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɞɡ ˊɚŬůɛɘɜɞɔɧɜɞɡ (uPA, 

tPA, PAI-1), ɛɏůɤ Űɞɡ ůɖɛŬŰɞŭɞŰɘəɞɨ ɛɞɜɞˊŬŰɘɞɨ EGFR-ERK. ɆɡɜɞɣɑɕɞɜŰŬɠ, ɖ 

əŬŰŬůŰɞɚɐ Űɞɡ ERŬ ůŰŬ əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ ɛŬůŰɞɨ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɏɜŬɜ ˊɘɗŬɜɧ 

Ⱥɀɇ ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ əɞɛɓɘəɏɠ ŬɚɚŬɔɏɠ ůŰŬ ˊɟɞűɑɚ ɏəűɟŬůɖɠ ůɡɔəŮəɟɘɛɏɜɤɜ 

ɛŬəɟɞɛɞɟɑɤɜ Űɞɡ ECM, ɡˊɞɔɟŬɛɛɑɕɞɜŰŬɠ Űɞ ɟɡɗɛɘůŰɘəɧ Űɞɡɠ ɟɧɚɞ ůŰɖɜ Ůɜŭɞəɟɘɜɐ 

ŬɜŰɑůŰŬůɖ [21]. 

ȷɜ əŬɘ ɖ ůɡɜŮɘůűɞɟɎ Űɞɡ ERŬ ůŰɖɜ ŬɜɎˊŰɡɝɖ əŬɘ Űɖɜ Ůɝɏɚɘɝɖ Űɞɡ əŬɟəɑɜɞɡ Űɞɡ 

ɛŬůŰɞɨ ɏɢŮɘ ɛŮɚŮŰɖɗŮɑ ŮəŰŮɜɩɠ, ɞ ɟɧɚɞɠ Űɖɠ ɘůɞɛɞɟűɐɠ Űɞɡ, ERɓ, ˊŬɟŬɛɏɜŮɘ 

ŬɛűɘɚŮɔɧɛŮɜɞɠ. Ƀɘ ERŬ əŬɘ ERɓ ˊŬɟɞɡůɘɎɕɞɡɜ ɡɣɖɚɐ ɞɛɞɚɞɔɑŬ ůŰɖɜ ŬɚɚɖɚɞɡɢɑŬ 

Űɞɡɠ, əɡɟɑɤɠ ůŰɘɠ ˊŮɟɘɞɢɏɠ ŭɏůɛŮɡůɖɠ DNA əŬɘ ˊɟɧůŭŮůɖɠ Űɖɠ Ⱥ2. ɋůŰɧůɞ, ɞɘ ɛɘəɟɏɠ 

ŭɞɛɘəɏɠ ŭɘŬűɞɟɏɠ ŬɜɎɛŮůŬ ůŰɘɠ ŭɨɞ ɘůɞɛɞɟűɏɠ Űɤɜ ERs (ˊ.ɢ. AF-1) Ůɝɖɔɞɨɜ Űɘɠ 



55 

 

ŭɘŬűɞɟŮŰɘəɏɠ əŬɘ ŬɜŰŬɔɤɜɘůŰɘəɏɠ ɓɘɞɚɞɔɘəɏɠ Űɞɡɠ ŭɟɎůŮɘɠ, ɟɡɗɛɑɕɞɜŰŬɠ Űɖɜ əɡŰŰŬɟɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ əŬŰɎ Űɖ ŭɘŬűɞɟɞˊɞɑɖůɖ əŬɘ Űɖɜ Ůɝɏɚɘɝɖ Űɞɡ əŬɟəɑɜɞɡ Űɞɡ ɛŬůŰɞɨ. 

ȸɘɓɚɘɞɔɟŬűɘəɏɠ ŬɜŬűɞɟɏɠ ɡˊɞŭɖɚɩɜɞɡɜ ɧŰɘ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ŮəűɟɎɕɞɜŰŬɘ əŬɘ ɞɘ ŭɨɞ 

ERs, ɞ ERɓ ɛŮɘɩɜŮɘ ŰŬ ŮˊɑˊŮŭŬ ˊɞɚɚŬˊɚŬůɘŬůɛɞɨ əŬɗɩɠ əŬɘ Űɞ ůɢɖɛŬŰɘůɛɧ ɧɔəɞɡ ˊɞɡ 

ˊɟɞəŬɚŮɑ ɞ ERŬ, Ůɜɩ ŭɨɜŬŰŬɘ ɜŬ ɟɡɗɛɑɕŮɘ Űɖɜ ŮɜŭɞɔŮɜɐ ɔɞɜɘŭɘŬəɐ ɏəűɟŬůɖ [56, 57]. 

Ⱥˊɘˊɚɏɞɜ, ERɓ-knockout ˊɞɜŰɑəɘŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɘɤɛɏɜɖ ɗɜɖůɘɛɧŰɖŰŬ, ɗɡɚɎəɤůɖ 

ɤɞɗɖəɩɜ əŬɘ ŬɜɩɛŬɚɖ əɨɖůɖ, ŰɞɜɑɕɞɜŰŬɠ Űɞ ɟɧɚɞ Űɞɡ ůŰɞɜ ɞɛŬɚɧ ŬɜŬˊŬɟŬɔɤɔɘəɧ 

űŬɘɜɧŰɡˊɞ [58]. ɆŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɞɘ əŬɟəɘɜɘəɞɑ ɧɔəɞɘ ɛŬůŰɞɨ 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ŬɜɗŮəŰɘəɧŰɖŰŬ ůŮ ŬɜŰɘ-ɞɘůŰɟɞɔɧɜŬ, ŰŬ ŮˊɑˊŮŭŬ ɏəűɟŬůɖɠ Űɞɡ 

ERɓ ŮɜɘůɢɨɞɜŰŬɘ [59]. 

 

 

ȺɘůŬɔɤɔɐ ůŰɞ ŭɑəŰɡɞ Űɞɡ ŮɝɤəɡŰŰɎɟɘɞɡ ɢɩɟɞɡ  

ɇɞ ůɨɜɞɚɞ Űɤɜ əɡŰŰɎɟɤɜ Űɤɜ ɘůŰɩɜ əŬɘ Űɤɜ ɞɟɔɎɜɤɜ Ůɜɧɠ ɞɟɔŬɜɘůɛɞɨ ŮɑɜŬɘ 

ŮɜůɤɛŬŰɤɛɏɜŬ ɐ ŬɔəɡɟɞɓɞɚɖɛɏɜŬ ůŮ ŮɝŮɘŭɘəŮɡɛɏɜŬ ɘəɟɘɩɛŬŰŬ Űɟɘɩɜ ŭɘŬůŰɎůŮɤɜ (3D) 

ŰŬ ɞˊɞɑŬ əŬɚɞɨɜŰŬɘ ŮɝɤəɡŰŰɎɟɘɞɘ ɢɩɟɞɘ (ECMs). Ƀɘ ECMs ŬˊɞŰŮɚɞɨɜ ˊɞɚɨˊɚɞəŬ 

ŭɑəŰɡŬ ŬˊɞŰŮɚɞɨɛŮɜŬ Ŭˊɧ ŭɘŬůɡɜŭŮŭŮɛɏɜŬ ɛŬəɟɞɛɧɟɘŬ. ɄŬɟɏɢɞɡɜ Űɞ ɢɩɟɞ ůŰɞɜ ɞˊɞɑɞ 

ŮŭɟŮɨɞɡɜ ŰŬ əɨŰŰŬɟŬ, ŮˊɖɟŮɎɕɞɜŰŬɠ Űɞɜ əɡŰŰŬɟɘəɧ űŬɘɜɧŰɡˊɞ əŬɘ Űɘɠ ɘŭɘɧŰɖŰŮɠ, ɧˊɤɠ 

Űɞɜ ˊɞɚɚŬˊɚŬůɘŬůɛɧ, Űɖ ɛŮŰŬɜɎůŰŮɡůɖ əŬɘ Űɖɜ Ůˊɘɓɑɤůɖ. 

Ƀɘ ɛɞɟɘŬəɏɠ ŬɚɚŬɔɏɠ ůŰɞ ŮůɤŰŮɟɘəɧ Űɤɜ əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ əŬɗɩɠ əŬɘ ɖ ŭɡɜŬɛɘəɐ 

ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɤɜ əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ ɛŮ Űɞ ˊŮɟɘɓɎɚɚɞɜ ůŰɟɩɛŬ, Űɞ ɞˊɞɑɞ 

əŬɚɨˊŰŮŰŬɘ Ŭˊɧ Űɞ ɛɘəɟɞˊŮɟɘɓɎɚɚɞɜ Űɞɡ ɧɔəɞɡ, ŬˊɞŰŮɚɞɨɜ Űɘɠ əɘɜɖŰɐɟɘŮɠ ŭɡɜɎɛŮɘɠ ɔɘŬ 

Űɖɜ Ůɝɏɚɘɝɖ Űɞɡ əŬɟəɑɜɞɡ ŬɚɚɎ əŬɘ ůɖɛŬɜŰɘəɎ ůŰɞɘɢŮɑŬ ɔɘŬ ɗŮɟŬˊŮɡŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ. 

ɇɞ ɛɘəɟɞˊŮɟɘɓɎɚɚɞɜ Űɞɡ ɧɔəɞɡ ŮɑɜŬɘ ɏɜŬɠ əŬɗɞɟɘůŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ 

Űɞɡ əŬɟəɑɜɞɡ. ȹɘŬŭɟŬɛŬŰɑɕŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŮ ˊɞɚɚɎ ůŰɎŭɘŬ Űɖɠ ŬɜɎˊŰɡɝɖɠ Űɞɡ 

əŬɟəɑɜɞɡ ɛɏůɤ Űɖɠ ˊɞɚɨˊɚɞəɖɠ ŭɘŮˊɘəɞɘɜɤɜɑŬɠ ŬɜɎɛŮůŬ ůŰŬ əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ əŬɘ ŰŬ 

ůɡůŰŬŰɘəɎ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ůŰɟɩɛŬŰɞɠ, əŬŰŮɡɗɨɜɞɜŰŬɠ Űɖɜ ˊɟɧɞŭɞ Űɖɠ ɜɧůɞɡ [60]. 

ɇɞ əŬɟəɘɜɘəɧ ůŰɟɩɛŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ůɡůŰŬŰɘəɎ Űɞɡ ECM, ɛŮŰŬɝɨ ŬɡŰɩɜ 

ˊɟɤŰŮɞɔɚɡəɎɜŮɠ (PGs), ŭɘɎűɞɟɞɘ Űɨˊɞɘ əɞɚɚŬɔɧɜɞɡ, ɘɜɞůɡɜŭŮŰɑɜɖ, ɚŬɛɘɜɑɜŮɠ, 

ɡŬɚɞɡɟɞɜɘəɧ (ȼȷ), ɔɚɡəɞˊɟɤŰŮȶɜŮɠ, əŬɗɩɠ əŬɘ ŬɡɝɖŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ (GFs), 

ɢɖɛŮɘɞəɑɜŮɠ əŬɘ əɡŰŰŬɟɞəɑɜŮɠ ˊɞɡ ŬˊɞɗɖəŮɨɞɜŰŬɘ ůŰɞɜ ECɀ. ȰɜŬɠ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ 

əɡŰŰŬɟɘəɩɜ ˊɚɖɗɡůɛɩɜ ŮɜŰɞˊɑɕŮŰŬɘ ůŰɞɜ ȺCɀ Űɞɡ əŬɟəɘɜɘəɞɨ ůŰɟɩɛŬŰɞɠ, ɧˊɤɠ 

ɘɜɞɓɚɎůŰŮɠ, əɨŰŰŬɟŬ Űɞɡ ŬɜɞůɞˊɞɘɖŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ əŬɘ ŮɜŭɞɗɖɚɘŬəɎ əɨŰŰŬɟŬ, ŰŬ 
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ɞˊɞɑŬ ɛŬɕɑ ɛŮ ŰŬ əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ ŮɑɜŬɘ ɡˊŮɨɗɡɜŬ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɤɜ ůɡůŰŬŰɘəɩɜ 

Űɞɡ ECM [61]. ɇɞ əŬɟəɘɜɘəɧ ůŰɟɩɛŬ ŭɘŬűɏɟŮɘ əŬŰɎ ˊɞɚɨ Ŭˊɧ ɏɜŬɜ űɡůɘɞɚɞɔɘəɧ ɘůŰɧ 

ŬɜŬűɞɟɘəɎ ɛŮ Űɖ ůɨɜɗŮůɖ Űɞɡ ECM əŬɘ Űɞɡɠ əɡŰŰŬɟɘəɞɨɠ ˊɚɖɗɡůɛɞɨɠ ˊɞɡ ɡˊɎɟɢɞɡɜ 

ůŮ ŬɡŰɧ. ȾŬɗɩɠ ɞɘ ɧɔəɞɘ ŬɜŬˊŰɨůůɞɜŰŬɘ, Űɞ əŬɟəɘɜɘəɧ ůŰɟɩɛŬ ŮɝŮɚɑůůŮŰŬɘ ɛɏůɤ Űɖɠ 

ŭɘŮˊɘəɞɘɜɤɜɑŬɠ ɛŮŰŬɝɨ Űɤɜ əŬɟəɘɜɘəɩɜ əŬɘ Űɤɜ ůŰɟɤɛŬŰɘəɩɜ əɡŰŰɎɟɤɜ, ɖ ɞˊɞɑŬ 

əŬɗɞŭɖɔŮɑ Űɖ ɔŮɜɘəɧŰŮɟɖ ŬɜŬŭɘŬɛɧɟűɤůɖ Űɞɡ ɘůŰɞɨ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɟɡɗɛɘůŰŮɑ ɖ 

Ůɝɏɚɘɝɖ Űɞɡ ɧɔəɞɡ [61, 62]. ȼ ŬɜŬŭɘŬɛɧɟűɤůɖ Űɞɡ ɘůŰɞɨ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŬɚɚŬɔɏɠ 

ůŰɞɜ Ŭɟɘɗɛɧ əŬɘ Űɞɡɠ Űɨˊɞɡɠ Űɤɜ əɡŰŰŬɟɘəɩɜ ˊɚɖɗɡůɛɩɜ ˊɞɡ ŭɘŬɗɏŰɞɡɜ, ɞɘ ɞˊɞɑŮɠ ɛŮ 

Űɖ ůŮɘɟɎ Űɞɡɠ ŮˊɖɟŮɎɕɞɡɜ Űɖ ŭɞɛɐ əŬɘ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ECM. ɄŬɟŬŭŮɑɔɛŬŰɞɠ ɢɎɟɘɜ, 

ɞɘ GFs ˊɞɡ Ůəəɟɑɜɞɡɜ ŰŬ əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ ůŰɟŬŰɞɚɞɔɞɨɜ əŬɘ ŮɜŮɟɔɞˊɞɘɞɨɜ əɨŰŰŬɟŬ 

Űɞɡ ůŰɟɩɛŬŰɞɠ, ɧˊɤɠ ɘɜɞɓɚɎůŰŮɠ, űɚŮɔɛɞɜɩŭɖ əŬɘ ŮɜŭɞɗɖɚɘŬəɎ əɨŰŰŬɟŬ ˊɟɞəŮɘɛɏɜɞɡ 

ɜŬ ůɡɜɗɏůɞɡɜ ůɡůŰŬŰɘəɎ Űɞɡ ECM, ɟɡɗɛɘůŰɏɠ Űɖɠ űɚŮɔɛɞɜɐɠ əŬɘ ɜŬ ŭɖɛɘɞɡɟɔɐůɞɡɜ 

ɜɏŬ ŬɘɛɞűɧɟŬ ŬɔɔŮɑŬ. Ⱥˊɑůɖɠ, ŰŬ ŮɜŮɟɔɞˊɞɘɖɛɏɜŬ əɨŰŰŬɟŬ Űɞɡ ůŰɟɩɛŬŰɞɠ Ůəəɟɑɜɞɡɜ 

ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ɟɡɗɛɑɕɞɡɜ Űɖɜ ŬɜɎˊŰɡɝɖ əŬɘ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ əŬɟəɘɜɘəɩɜ 

əɡŰŰɎɟɤɜ, ˊɟɞɤɗɩɜŰŬɠ Űɖɜ ŮɝɎˊɚɤůɖ Űɞɡ ɧɔəɞɡ. ɆŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ, o 

ŬɜŬŭɘɞɟɔŬɜɤɛɏɜɞɠ, ˊɟɞůɤɟɘɜɧɠ ECM ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ŭɘŬɗɏŰŮɘ Űɧůɞ 

ˊɟɞůəɞɚɚɖŰɘəɏɠ ɧůɞ əŬɘ ŬɜŰɘ-ˊɟɞůəɞɚɚɖŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ɞɛɞɘɎɕŮɘ ůŰɞɜ ECM ˊɞɡ 

ˊŬɟɎɔŮŰŬɘ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Ůˊɞɨɚɤůɖɠ ˊɚɖɔɐɠ əŬɘ ŮɑɜŬɘ ŮɛˊɚɞɡŰɘůɛɏɜɞɠ ůŮ 

ɔɚɡəɞˊɟɤŰŮȶɜŮɠ, əɞɚɚŬɔɧɜŬ, ȼȷ, ɏɜɕɡɛŬ Ŭˊɞɘəɞŭɧɛɖůɖɠ Űɞɡ ECM, ŬɡɝɖŰɘəɞɨɠ 

ˊŬɟɎɔɞɜŰŮɠ (GFs), əɡŰŰŬɟɞəɑɜŮɠ əŬɘ ɢɖɛŮɘɞəɑɜŮɠ əŬɘ ˊɟɞɎɔŮɘ Űɞɜ əɡŰŰŬɟɘəɧ 

ˊɞɚɚŬˊɚŬůɘŬůɛɧ əŬɘ Űɖɜ əɘɜɖŰɘəɧŰɖŰŬ [63, 64]. ɄŬɟɧɚɞ ˊɞɡ ɖ ůɨůŰŬůɖ əŬɘ ɖ 

ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡ űɡůɘɞɚɞɔɘəɞɨ ɘůŰɞɨ ŮɝɞɡŭŮŰŮɟɩɜɞɡɜ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ əŬɟəɘɜɘəɩɜ 

əɡŰŰɎɟɤɜ, ɞ ŬɜŬŭɘɞɟɔŬɜɤɛɏɜɞɠ ECM ůŰɞ əŬɟəɘɜɘəɧ ůŰɟɩɛŬ ŮɜŮɟɔɞˊɞɘŮɑ Űɞɜ əŬɟəɘɜɘəɧ 

əɡŰŰŬɟɘəɧ űŬɘɜɧŰɡˊɞ əŬɘ Űɖɜ ŮˊɘɗŮŰɘəɧŰɖŰŬ [62]. Ƀ ȺCM ˊŬɟɏɢŮɘ ŮɝŮɘŭɘəŮɡɛɏɜŬ 

ůɐɛŬŰŬ ůŰŬ əɨŰŰŬɟŬ, ɟɡɗɛɑɕɞɜŰŬɠ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡɠ əŬɘ ŮɜŮɟɔɞˊɞɘɩɜŰŬɠ 

ɓɘɞɚɞɔɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ ˊɞɡ ŮɑɜŬɘ ůɖɛŬɜŰɘəɏɠ ɔɘŬ Űɖɜ ɞɛŬɚɐ ŬɜɎˊŰɡɝɖ Űɤɜ ɞɟɔɎɜɤɜ əŬɘ 

Űɖɜ ɞɛɞɘɧůŰŬůɖ Űɤɜ ɘůŰɩɜ (ȺɘəɧɜŬ 5). Ƀɘ ɚŮɘŰɞɡɟɔɘəɏɠ ɛŮŰŬɚɚɎɝŮɘɠ əŬɘ ŰɟɞˊɞˊɞɘɐůŮɘɠ 

Űɤɜ ůɡůŰŬŰɘəɩɜ Űɞɡ ECM ɏɢɞɡɜ ůɡůɢŮŰɘůŰŮɑ ɛŮ ˊɞɚɚɏɠ ˊŬɗɞɚɞɔɘəɏɠ əŬŰŬůŰɎůŮɘɠ, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ əŬɟəɑɜɞɡ. Ƀɘ ɛɞɟɘŬəɞɑ ɛɖɢŬɜɘůɛɞɑ ˊɞɡ ŭɘɏˊɞɡɜ Űɖɜ 

ˊɞɚɨˊɚɞəɖ ŭɘŮˊɘəɞɘɜɤɜɑŬ ŬɜɎɛŮůŬ ůŰŬ əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ əŬɘ Űɞ ɛɘəɟɞˊŮɟɘɓɎɚɚɞɜ Űɞɡ 

ɧɔəɞɡ ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ əŮɜŰɟɘəɧ ɟɧɚɞ ůŰɖɜ ŮŭɟŬɑɤůɖ Űɖɠ ɛŮŰɎůŰŬůɖɠ [65].  
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ȺɘəɧɜŬ 5. ɆɢɖɛŬŰɘəɐ Ůˊɘůəɧˊɖůɖ Űɤɜ ȺCMs, Űɤɜ ůɡůŰŬŰɘəɩɜ Űɞɡɠ əŬɘ Űɤɜ ɡˊɞŭɞɢɏɤɜ 

əɡŰŰŬɟɘəɐɠ ŮˊɘűɎɜŮɘŬɠ. Ƀɘ ȺCMs əŬŰŬŰɎůůɞɜŰŬɘ ůŮ ŭɨɞ Űɨˊɞɡɠ, Űɞɡɠ ŮɜŭɘɎɛŮůɞɡɠ (interstitial) 

əŬɘ Űɞɡɠ ˊŮɟɘəɡŰŰŬɟɘəɞɨɠ (pericellular). ȼ ɓŬůɘəɐ ɛŮɛɓɟɎɜɖ, ɏɜŬɠ Űɨˊɞɠ ˊŮɟɘəɡŰŰŬɟɘəɞɨ ȺCM, 

ŮɜŰɞˊɑɕŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ ŮˊɘɗɖɚɘŬəɩɜ əɡŰŰɎɟɤɜ əŬɘ Űɞɡ ůɡɜŭŮŰɘəɞɨ ɘůŰɞɨ. ȷɡŰɐ ɖ ůŰɞɘɓɎŭŬ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ŭɑəŰɡɞ əɞɚɚŬɔɧɜɞɡ Űɨˊɞɡ IV əŬɘ ůɡůŰŬŰɘəɎ Űɞɡ ȺCM, ɧˊɤɠ ɚŬɛɘɜɑɜɖ, 

ɘɜŰŮɔəɟɑɜŮɠ əŬɘ ˊŮɟɚŮəɎɜɖ. ɇŬ ŮˊɘɗɖɚɘŬəɎ əɨŰŰŬɟŬ ŮɑɜŬɘ ŬɔəɡɟɞɓɞɚɖɛɏɜŬ ůŰɘɠ ɓŬůɘəɏɠ ɛŮɛɓɟɎɜŮɠ 

ɛɏůɤ Űɤɜ ɖɛɘŭŮůɛɞůɤɛɎŰɤɜ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ɘɜŰŮɔəɟɘɜɩɜ 

ɛŮ Űɘɠ ɚŬɛɘɜɑɜŮɠ. ȼ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮŰŬɝɨ Űɤɜ ɛŬəɟɞɛɞɟɑɤɜ ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ŭɡɜŬɛɘəɧ əŬɘ 

ˊɞɚɨˊɚɞəɞ 3D ŭɑəŰɡɞ. ɇŬ əɨŰŰŬɟŬ ˊɟɞůŭɏɜɞɜŰŬɘ ůŰŬ ůɡůŰŬŰɘəɎ Űɞɡ ȺCM ɛɏůɤ ŮɝŮɘŭɘəŮɡɛɏɜɤɜ 

əɡŰŰŬɟɘəɩɜ ɡˊɞŭɞɢɏɤɜ əŬɘ ůɡɜ-ɡˊɞŭɞɢɏɤɜ (ɘɜŰŮɔəɟɑɜŮɠ, PGs əɡŰŰŬɟɘəɐɠ ŮˊɘűɎɜŮɘŬɠ əŬɘ CD44) 

ˊɞɡ ɛŮŰŬűɏɟɞɡɜ Űɞ ůɐɛŬ ůŰŬ əɨŰŰŬɟŬ ɟɡɗɛɑɕɞɜŰŬɠ ɏŰůɘ ˊɞɚɚɏɠ əɡŰŰŬɟɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ. 

ȷɜŬŰɨˊɤůɖ ɛŮ ɎŭŮɘŬ Ŭˊɧ Űɖɜ ŬɜŬűɞɟɎ [61] . Copyright 2016 Elsevier science & technology 

journals. 
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ɆɡůŰŬŰɘəɎ Űɞɡ ŮɝɤəɡŰŰɎɟɘɞɡ ɢɩɟɞɡ: ŭɞɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, 

ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ əŬɘ ɚŮɘŰɞɡɟɔɑŮɠ 

ɄɟɤŰŮɞɔɚɡəɎɜŮɠ əŬɘ ũɚɡəɞɕŬɛɘɜɞɔɚɡəɎɜŮɠ  ╖ ˊɞɚɡɚŮɘŰɞɡɟɔɘəɞɑ ɟɡɗɛɘůŰɏɠ 

Űɖɠ Ůɝɏɚɘɝɖɠ Űɞɡ əŬɟəɑɜɞɡ 

Ƀɘ PGs ŬˊɞŰŮɚɞɨɜ ŰŬ ˊɘɞ ůɖɛŬɜŰɘəɎ ŭɞɛɘəɎ əŬɘ ɚŮɘŰɞɡɟɔɘəɎ ɓɘɞɛŬəɟɞɛɧɟɘŬ Űɤɜ ɘůŰɩɜ. 

ȷˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬɜ ˊɟɤŰŮɥɜɘəɧ əɞɟɛɧ ˊɎɜɤ ůŰɞɜ ɞˊɞɑɞ ɓɟɑůəɞɜŰŬɘ ɞɛɞɘɞˊɞɚɘəɎ 

ůɡɜŭŮŭŮɛɏɜŮɠ ɛɑŬ ɐ ˊŮɟɘůůɧŰŮɟŮɠ ŬɚɡůɑŭŮɠ GAGs, Űɞɡ ɑŭɘɞɡ ɐ ŭɘŬűɞɟŮŰɘəɞɨ Űɨˊɞɡ, ůŮ 

əŬŰɎɚɞɘˊŬ ůŮɟɑɜɖɠ Űɞɡ ˊɟɤŰŮɞɔɚɡəŬɜɘəɞɨ ˊɟɤŰŮɥɜɘəɞɨ əɞɟɛɞɨ, ɛɏůɤ 

ŰŮŰɟŬůŬəɢŬɟɘŰɘəɐɠ ůɨɜŭŮůɖɠ, ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɝɡɚɧɕɖ (Xyl ), ŭɨɞ əŬŰɎɚɞɘˊŬ 

ɔŬɚŬəŰɧɕɖɠ (Gal) əŬɘ ɔɚɡəɞɡɟɞɜɘəɧ ɞɝɨ (GlcA). Ƀɘ GAGs ŮɑɜŬɘ ɛŮɔɎɚɞɡ ɛɐəɞɡɠ, 

ŬɟɜɖŰɘəɎ űɞɟŰɘůɛɏɜɞɘ ŮŰŮɟɞˊɞɚɡůŬəɢŬɟɑŰŮɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɞɡɠ 

ŭɘůŬəɢŬɟɘŰɘəɏɠ ɛɞɜɎŭŮɠ ŬˊɞŰŮɚɞɨɛŮɜŮɠ əɡɟɑɤɠ Ŭˊɧ Ɂ-ŬəŮŰɡɚɘɤɛɏɜŮɠ ŮɝɞɕŬɛɑɜŮɠ [Ɂ-

ŬəŮŰɡɚɞ-D-ɔŬɚŬəŰɞɕŬɛɑɜɖ (GalNAc) ɐ N-ŬəŮŰɡɚɞ-D-ɔɚɡəɞɕŬɛɑɜɖ (GlcNAc)] əŬɘ ɏɜŬ 

D-/L-Ůɝɞɡɟɞɜɘəɧ ɞɝɨ [D-GlcA ɐ L-ɘŭɞɡɟɞɜɘəɧ (IdoA)]. ȹɘŬűɞɟɏɠ ůŰɞɜ Űɨˊɞ Űɞɡ 

ɛɞɜɞůŬəɢŬɟɑŰɖ ůŰɖɜ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɖ ɛɞɜɎŭŬ əŬɗɩɠ əŬɘ Űɞ ˊɞůɞůŰɧ ɗŮɑɤůɐɠ Űɞɡɠ, 

əŬŰŬŰɎůůɞɡɜ Űɘɠ GAGs ůŰɘɠ Ůɝɐɠ əŬŰɖɔɞɟɑŮɠ: ɡŬɚɞɡɟɞɜɘəɧ ɞɝɨ (ȼȷ), ɗŮɘɘəɐ 

ɢɞɜŭɟɞɥŰɑɜɖ (CS), ɗŮɘɘəɐ ŭŮɟɛŬŰɎɜɖ  (DS), ɖˊŬɟɑɜɖ (Hep), ɗŮɘɘəɐ ɖˊŬɟɎɜɖ (HS) əŬɘ 

ɗŮɘɘəɐ əŮɟŬŰɎɜɖ (KS). ɇɞ ȼȷ ŮɑɜŬɘ ɖ ɛɧɜɖ GAG ˊɞɡ ɓɘɞůɡɜŰɑɗŮŰŬɘ ůŰɖɜ əɡŰŰŬɟɘəɐ 

ɛŮɛɓɟɎɜɖ əŬɘ ɧɢɘ ůŰɞ ůɨɛˊɚŮɔɛŬ Golgi əŬɘ ŭŮɜ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜɖ ůŮ ˊɟɤŰŮɥɜɘəɧ 

əɞɟɛɧ. ȼ KS ůŰŮɟŮɑŰŬɘ ɞɡɟɞɜɘəɞɨ ɞɝɏɞɠ əŬɘ ˊŮɟɘɏɢŮɘ ɔŬɚŬəŰɧɕɖ ůŰɖ ŭɘůŬəɢŬɟɘŰɘəɐ 

ŭɞɛɘəɐ ɛɞɜɎŭŬ Űɖɠ. Ⱥˊɘˊɚɏɞɜ, ɞɘ GAGs ŮɑɜŬɘ ɛŮɔɎɚɞɡ ɛɐəɞɡɠ ˊɞɚɡɛŮɟɐ ɛŮ ˊɞɘəɑɚŬ 

ɛɞɟɘŬəɎ ɛŮɔɏɗɖ ŬɜŬɚɧɔɤɠ Űɞɡ Űɨˊɞɡ Űɞɡɠ əŬɘ Űɞɡ ɘůŰɞɨ ˊɟɞɏɚŮɡůɖɠ əŬɘ ŮɑɜŬɘ 

ɡˊɞəŬŰŮůŰɖɛɏɜŮɠ ɛŮ ɗŮɘɘəɏɠ ɞɛɎŭŮɠ ůŮ ˊɞɚɚɏɠ ɗɏůŮɘɠ, ŮɑŰŮ ůŰɘɠ ɡŭɟɞɝɡɚɞɛɎŭŮɠ Űɤɜ 

ŮɝɞɕŬɛɘɜɩɜ, Űɖɠ D-Gal əŬɘ Űɞɡ Ůɝɞɡɟɞɜɘəɞɨ ɞɝɏɞɠ, ŮɑŰŮ ůŰɖɜ ŬɛɘɜɞɛɎŭŬ Űɖɠ D-

ɔɚɡəɞɕŬɛɑɜɖɠ (əɡɟɑɤɠ ůŰɖ ȼep, ɏɜŬ ɡɣɖɚɎ ɗŮɘɤɛɏɜɞ ŬɜɎɚɞɔɞ Űɖɠ HS əŬɘ ůŮ ɛɘəɟɧŰŮɟɞ 

ɓŬɗɛɧ ůŰɖ HS). ɇɞ ȼȷ ŮɑɜŬɘ ɖ ɛɧɜɖ GAG ˊɞɡ ŭŮɜ ŮɑɜŬɘ ɡˊɞəŬŰŮůŰɖɛɏɜɖ ɛŮ ɗŮɘɘəɏɠ 

ɞɛɎŭŮɠ (ȺɘəɧɜŬ 6) [66]. ɆɡɜɞɚɘəɎ, əɎɗŮ ŬɚɡůɑŭŬ GAG ŮɑɜŬɘ ɏɜŬ ɛɤůŬɥəɧ 

ŭɘůŬəɢŬɟɘŰɩɜ ɛŮ ɛɏɔŮɗɞɠ əŬɘ ŭɞɛɐ ˊɞɡ ˊɞɘəɑɚŮɘ, ɞ ůɡɜŭɡŬůɛɧɠ Űɤɜ ɞˊɞɑɤɜ ŭɖɛɘɞɡɟɔŮɑ 

ɏɜŬ ŮɝŬɘɟŮŰɘəɎ ˊɞɚɨˊɚɞəɞ ɛɞŰɑɓɞ ˊɞɡ ŮɑɜŬɘ ŭɘŬəɟɘŰɧ ɔɘŬ əɎɗŮ ɝŮɢɤɟɘůŰɐ ŬɚɡůɑŭŬ [67, 

68].  

Ƀɘ PGs ŮɜŰɞˊɑɕɞɜŰŬɘ ŮɜŭɞəɡŰŰŬɟɘəɎ əŬɘ ůŰɖɜ əɡŰŰŬɟɘəɐ ŮˊɘűɎɜŮɘŬ, ɤůŰɧůɞ ŮɑɜŬɘ 

ɎűɗɞɜŮɠ əŬɘ ůŰɞɡɠ ECMs. ȷɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ GFs, əɡŰŰŬɟɞəɘɜɩɜ əŬɘ 



59 

 

ɢɖɛŮɘɞəɘɜɩɜ, ɡˊɞŭɞɢŮɑɠ əɡŰŰŬɟɘəɐɠ ŮˊɘűɎɜŮɘŬɠ əŬɘ ɛɧɟɘŬ Űɞɡ ECM, ŮɑŰŮ ɛɏůɤ Űɞɡ 

ˊɟɤŰŮɥɜɘəɞɨ Űɞɡɠ əɞɟɛɞɨ, ŮɑŰŮ, əɡɟɑɤɠ, ɛɏůɤ Űɤɜ ˊɚŮɡɟɘəɩɜ Ŭɚɡůɑŭɤɜ GAGs, 

ůɡɛɛŮŰɏɢɞɜŰŬɠ ůŮ ˊɚɖɗɩɟŬ əɡŰŰŬɟɘəɩɜ ɘŭɘɞŰɐŰɤɜ ɧˊɤɠ ɖ əɡŰŰŬɟɘəɐ ůɖɛŬŰɞŭɧŰɖůɖ, ɞ 

ˊɞɚɚŬˊɚŬůɘŬůɛɧɠ, ɖ ɛŮŰŬɜɎůŰŮɡůɖ, ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ, ɖ ŬˊɧˊŰɤůɖ əŬɘ ɖ 

ˊɟɞůəɧɚɚɖůɖ [69]. ȼ ŭɞɛɘəɐ ˊɞɘəɘɚɞɛɞɟűɑŬ Űɤɜ Ŭɚɡůɑŭɤɜ GAG ůŰɞɜ ˊɟɤŰŮɥɜɘəɧ 

əɞɟɛɧ Űɤɜ PG ˊɞɡ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Ůˊɘˊɚɏɞɜ ɗŮɑɤůɖɠ Űɤɜ ɡŭɟɞɝɡɚɞɛɎŭɤɜ, ɞ ɛŮɔɎɚɞɠ 

Ŭɟɘɗɛɧɠ GAGs ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ůŰɘɠ PGs əŬɘ ɖ əŬŰŬɜɞɛɐ Űɤɜ PGs, ŮɑɜŬɘ ůŰɞɘɢŮɑŬ ˊɞɡ 

Ůɝɖɔɞɨɜ Űɘɠ ůˊɞɡŭŬɑŮɠ PG-ŭɘŬɛŮůɞɚŬɓɞɨɛŮɜŮɠ ɓɘɞɚɞɔɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ. Ƀɘ PGs əŬɘ ɞɘ 

GAGs ŬˊɞŰŮɚɞɨɜ ˊɞɚɡɚŮɘŰɞɡɟɔɘəɎ ɛɧɟɘŬ ůɡɛɛŮŰɏɢɞɜŰŬɠ ůŰɖɜ ɞɟɔɎɜɤůɖ Űɤɜ ɘůŰɩɜ ůŮ 

űɡůɘɞɚɞɔɘəɏɠ əŬŰŬůŰɎůŮɘɠ, ŬɚɚɎ əŬɘ ůŰɖɜ Ůɝɏɚɘɝɖ ˊɞɚɚɩɜ ŬůɗŮɜŮɘɩɜ, əŬɗɩɠ ɖ 

ɏəűɟŬůɖ əŬɘ ɖ ŭɞɛɐ Űɞɡɠ ŰɟɞˊɞˊɞɘŮɑŰŬɘ əŬŰɎ Űɖɜ ŬɜŬŭɘŬɛɧɟűɤůɖ Űɞɡ ECM ůŮ ɧɚŮɠ Űɘɠ 

ˊŬɗɞɚɞɔɑŮɠ [70-72]. Ⱥˊɑůɖɠ, ˊɟɧůűŬŰŮɠ ɛŮɚɏŰŮɠ ˊŮɟɘɔɟɎűɞɡɜ ɧŰɘ ɞɘ ŮˊɘɔŮɜŮŰɘəɏɠ 

ŰɟɞˊɞˊɞɘɐůŮɘɠ ˊŬɑɕɞɡɜ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖ ɓɘɞůɨɜɗŮůɖ əŬɘ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ 

GAGs/PGs [73, 74]. ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɘɜ ŰŬ ˊŬɟŬˊɎɜɤ, əŬŰŬɜɞɞɨɛŮ ɔɘŬŰɑ ɞɘ PGs 

ŬˊɞŰŮɚɞɨɜ əŬɘɜɞŰɧɛɞɡɠ ɓɘɞŭŮɑəŰŮɠ ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ ɜŮɞˊɚŬůɘɩɜ əŬɘ 

ŮűŬɟɛɧɕɞɜŰŬɘ Űɧůɞ ůŰɖ ŭɘŬɔɜɤůŰɘəɐ ɧůɞ əŬɘ ůŮ ɗŮɟŬˊŮɡŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ [75]. 
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ȺɘəɧɜŬ 6. (ȼ ɚŮɕɎɜŰŬ Űɖɠ ŮɘəɧɜŬɠ ˊŬɟŬŰɑɗŮŰŬɘ ůŰɖɜ ŮˊɧɛŮɜɖ ůŮɚɑŭŬ). 




























































































































































































































































































































































































































