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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʕʩʩʝʥʮʠʘʣʴʥʘʷ ʪʨʦʤʙʦʮʠʪʝʤʠʷ (ʕʊ) ï ʤʠʝʣʦʧʨʦʣʠʬʝʨʘʪʠʚʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʤʝʛʘʢʘʨʠʦʮʠʪʦʚ ʚ ʢʦʩʪʥʦʤ ʤʦʟʛʝ ʠ ʪʨʦʤʙʦʮʠʪʦʟʦʤ ʚ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ. ʆʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʤʠʝʣʦʧʨʦʣʠʬʝʨʘʪʠʚʥʳʭ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ (ʄʇʅ), ʷʚʣʷʝʪʩʷ ʨʝʜʢʠʤ (ʦʨʬʘʥʥʳʤ) ʟʘʙʦʣʝʚʘʥʠʝʤ ʩ ʯʘʩʪʦʪʦʡ 

ʚʳʷʚʣʷʝʤʦʩʪʠ ʦʪ 1,5 ʜʦ 2,5 ʩʣʫʯʘʝʚ ʥʘ 100 000 ʥʘʩʝʣʝʥʠʷ ʚ ʛʦʜ [2, 10].  

ʂʣʶʯʝʚʳʤ ʟʚʝʥʦʤ ʧʘʪʦʛʝʥʝʟʘ ʕʊ ʷʚʣʷʝʪʩʷ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʘʢʪʠʚʘʮʠʷ 

ʢʣʝʪʦʯʥʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ JAK-STAT. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʦʚʝʨʥʦ 

ʫʩʪʘʥʦʚʣʝʥʘ ʮʝʥʪʨʘʣʴʥʘʷ ʨʦʣʴ ʩʦʤʘʪʠʯʝʩʢʦʡ ʪʦʯʝʯʥʦʡ ʤʫʪʘʮʠʠ ʛʝʥʘ, 

ʢʦʜʠʨʫʶʱʝʛʦ ʪʠʨʦʟʠʥʢʠʥʘʟʫ JAK2 (JAK2V617F), ʚ ʘʢʪʠʚʘʮʠʠ JAK-STAT-ʧʫʪʠ. 

ɼʝʪʝʢʮʠʷ ʤʫʪʘʮʠʠ ʚ 2005 ʛʦʜʫ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʠʟʫʯʝʥʠʝ ʝʝ ʨʦʣʠ ʚ ʧʘʪʦʛʝʥʝʟʝ ʕʊ 

ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʣʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ 

ʨʘʟʚʠʪʠʠ ʟʘʙʦʣʝʚʘʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʚʢʣʶʯʝʥʠʶ ʤʫʪʘʮʠʠ ʚ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʕʊ. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ JAK2V617F ʪʦʣʴʢʦ ʫ 50-60% 

ʧʘʮʠʝʥʪʦʚ ʚʳʷʚʠʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʜʨʫʛʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʚʠʪʠʠ ʢʣʦʥʘʣʴʥʦʛʦ ʤʠʝʣʦʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʫ 

JAK2V617F-ʥʝʛʘʪʠʚʥʳʭ ʧʘʮʠʝʥʪʦʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʠʩʢʘ ʠʥʳʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ 

ʢʣʦʥʘʣʴʥʦʩʪʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʜʚʘ ʪʠʧʘ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ, ʪʘʢʞʝ 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʘʢʪʠʚʘʮʠʠ JAK-STAT-ʧʫʪʠ. ɺ 2006 ʛʦʜʫ ʙʳʣʠ ʦʧʠʩʘʥʳ 

ʩʦʤʘʪʠʯʝʩʢʠʝ ʤʫʪʘʮʠʠ ʛʝʥʘ ʨʝʮʝʧʪʦʨʘ ʪʨʦʤʙʦʧʦʵʪʠʥʘ ï MPL, ʘ ʚ 2013 ʛʦʜʫ 

ʤʫʪʘʮʠʠ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ ʙʝʣʦʢ ʢʘʣʴʨʝʪʠʢʫʣʠʥ, ï CALR. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʤʫʪʘʮʠʡ MPL ʠ CALR ʥʘ ʧʘʪʦʛʝʥʝʟ ʕʊ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʝʪʩʷ. 

ʂʨʦʤʝ ʪʨʝʭ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ (JAK2V617F, MPL ʠ CALR), 

ʘʢʪʠʚʠʨʫʶʱʠʭ JAK-STAT-ʧʫʪʴ, ʧʨʠ ʕʊ ʚʳʷʚʣʝʥ ʩʧʝʢʪʨ ʨʘʟʣʠʯʥʳʭ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ: TET2, EZH2, ASXL1, CBL, IDH, IKZF1, LNK, 

IDH1/IDH2. ʆʪʩʫʪʩʪʚʠʝ ʫʙʝʜʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʧʦʣʴʟʫ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʪʘʢʠʭ 

ʤʫʪʘʮʠʡ ʜʣʷ ʕʊ, ʠʭ ʜʝʪʝʢʮʠʷ ʧʨʠ ʜʨʫʛʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʩʠʩʪʝʤʳ ʢʨʦʚʠ, ʦʨʛʘʥʦʚ 
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ʣʠʤʬʦʠʜʥʦʡ ʠ ʢʨʦʚʝʪʚʦʨʥʦʡ ʪʢʘʥʝʡ: ʤʠʝʣʦʜʠʩʧʣʘʩʪʠʯʝʩʢʠʡ ʩʠʥʜʨʦʤ (ʄɼʉ), 

ʦʩʪʨʳʡ ʣʝʡʢʦʟ (ʆʃ), ʣʠʤʬʦʧʨʦʣʠʬʝʨʘʪʠʚʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ (ʣʠʤʬʦʤʳ) ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʦʡ ʨʦʣʠ ʜʘʥʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʠ ʦʙ ʠʭ 

ʚʢʣʶʯʝʥʠʠ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʕʊ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʢʣʦʥʘʣʴʥʦʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʢʣʘʜ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʕʊ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʟʫʯʝʥʠʷ. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʤ ʚʣʠʷʥʠʠ 

ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʛʝʥʦʚ JAK2, MPL ʠ CALR ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʪʝʯʝʥʠʷ ʠ ʧʨʦʛʥʦʟ ʕʊ. ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʜʘʥʥʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩʦʩʪʘʚʠʪʴ ʧʦʣʥʫʶ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʨʘʟʚʠʪʠʷ, ʢʣʠʥʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʠ ʧʨʦʛʥʦʟʘ ʕʊ ʧʨʠ ʥʦʩʠʪʝʣʴʩʪʚʝ ʨʘʟʣʠʯʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʳʝ ʩʦʯʝʪʘʥʠʷ ʩʦʤʘʪʠʯʝʩʢʠʭ 

ʤʫʪʘʮʠʡ ʩ ɻʧʠʛʝʥʝʪʠʯʝʩʢʠʤʠ ʧʝʨʝʩʪʨʦʡʢʘʤʠ ʠ ʭʨʦʤʦʩʦʤʥʳʤʠ ʘʙʝʨʨʘʮʠʷʤʠ, ʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʪʝʯʝʥʠʝ, ʨʠʩʢʠ ʦʩʣʦʞʥʝʥʠʡ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʨʦʛʥʦʟʘ ʟʘʙʦʣʝʚʘʥʠʷ 

ʪʨʝʙʫʶʪ ʠʟʫʯʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʤʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ 

ʚʘʞʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʦʩʥʦʚʥʳʭ, ʦʧʠʩʘʥʥʳʭ ʥʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ, ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʢʣʦʥʘʣʴʥʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʟʫʯʝʥʠʝ ʚʦʧʨʦʩʘ ʦ ʚʣʠʷʥʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ ʥʘ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ, ʚʦʟʤʦʞʥʦʝ ʧʦʪʝʥʮʠʨʦʚʘʥʠʝ ʨʠʩʢʦʚ ʨʘʟʚʠʪʠʷ 

ʦʩʣʦʞʥʝʥʠʡ ʠ ʚ ʮʝʣʦʤ ʧʨʦʛʥʦʟ ʕʊ.  

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʪ ʫʣʫʯʰʠʪʴ ʦʮʝʥʢʫ 

ʢʣʠʥʠʢʦ-ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʥʦʩʠʪʝʣʴʩʪʚʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʧʝʨʝʩʪʨʦʝʢ ʧʨʠ ʕʊ ʠ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʥʦʚʣʝʥʠʶ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʚʦʜʠʤʦʝ ʣʝʯʝʥʠʝ ʠ 

ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʪʴ ʪʘʢʪʠʢʫ ʪʝʨʘʧʠʠ ʜʘʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ.  

ʀʪʦʛʦʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʦ ʷʚʠʪʴʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʠʩʢ-

ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʚʳʷʚʣʝʥʠʝ ʛʨʫʧʧ ʧʘʮʠʝʥʪʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʨʠʩʢʘʤʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ, ʫʯʠʪʳʚʘʶʱʝʛʦ 
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ʢʣʠʥʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʳʙʦʨ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʪʘʢʪʠʢʠ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʩʚʷʱʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʕʊ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʬʦʨʤʠʨʦʚʘʥʦ ʦʜʥʦʟʥʘʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʕʊ 

ʧʨʠ ʥʦʩʠʪʝʣʴʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʤʫʪʘʮʠʡ. ʉʦʭʨʘʥʷʶʪʩʷ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʜʘʥʥʳʝ ʦ ʢʣʠʥʠʯʝʩʢʦʤ ʪʝʯʝʥʠʠ, ʨʠʩʢʘʭ ʨʘʟʚʠʪʠʷ ʦʩʣʦʞʥʝʥʠʡ ʠ 

ʧʨʦʛʥʦʟʝ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʤʫʪʘʮʠʦʥʥʳʤ ʩʪʘʪʫʩʦʤ. ʅʝʜʦʩʪʘʪʦʯʥʘʷ 

ʠʟʫʯʝʥʥʦʩʪʴ ʚʦʟʤʦʞʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʤ 

ʬʝʥʦʪʠʧʦʤ ʠ ʢʣʠʥʠʢʦ-ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤ ʚʘʨʠʘʥʪʦʤ ʕʊ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʧʨʝʜʝʣʠʪʴ ʨʦʣʴ ʢʣʠʥʠʯʝʩʢʠʭ, ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʜʠʘʛʥʦʩʪʠʢʝ, ʪʝʯʝʥʠʠ ʠ ʧʨʦʛʥʦʟʝ ʵʩʩʝʥʮʠʘʣʴʥʦʡ 

ʪʨʦʤʙʦʮʠʪʝʤʠʠ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ʆʧʨʝʜʝʣʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʢʣʠʥʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʧʨʠ ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ. 

2. ʀʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʫʪʘʮʠʦʥʥʦʛʦ ʩʪʘʪʫʩʘ ʫ ʙʦʣʴʥʳʭ ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʝʡ. 

3. ʋʩʪʘʥʦʚʠʪʴ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʣʠʥʠʯʝʩʢʠʭ, ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʚ ʨʘʟʚʠʪʠʠ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʠ 

ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʫ ʙʦʣʴʥʳʭ ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʝʡ.  
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4. ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʠʩʢʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʪʝʯʝʥʠʷ 

ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʣʠʥʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ:  

- ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʪʨʦʤʙʦʮʠʪʦʟ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʩ ʤʫʪʘʮʠʷʤʠ ʚ 

ʛʝʥʝ CALR ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʛʨʫʧʧʘʤʠ ʙʦʣʴʥʳʭ; ʫʨʦʚʝʥʴ ʛʝʤʦʛʣʦʙʠʥʘ 

ʚʳʰʝ ʫ ʙʦʣʴʥʳʭ ʩ ʥʘʣʠʯʠʝʤ ʤʫʪʘʮʠʠ JAK2V617F ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʧʘʮʠʝʥʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʪʨʦʡʥʦʡ ʥʝʛʘʪʠʚʥʳʡ ʩʪʘʪʫʩ;  

-  ʠʥʜʦʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ CALR-ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʩʪʘʪʫʩʘ ʠ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦ ʧʨʠ ʤʫʪʘʮʠʷʭ 1 ʪʠʧʘ ʛʝʥʘ CALR; ʦʙʱʘʷ 

ʚʳʞʠʚʘʝʤʦʩʪʴ ʩʥʠʞʝʥʘ ʧʨʠ ʥʘʣʠʯʠʠ ʤʫʪʘʮʠʠ JAK2V617F ʠ ʪʨʦʡʥʦʤ 

ʥʝʛʘʪʠʚʥʦʤ ʩʪʘʪʫʩʘʭ ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ;  

- ʥʘʣʠʯʠʝ ʤʫʪʘʮʠʠ JAK2V617F ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ, ʫʚʝʣʠʯʠʚʘʶʱʠʤ ʨʠʩʢ 

ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ; ʯʘʩʪʦʪʘ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʚʳʰʝ 

ʧʨʠ ʤʫʪʘʮʠʷʭ ʚ ʛʝʥʝ CALR ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ 

ʚʘʨʠʘʥʪʘʤʠ ʧʘʪʦʣʦʛʠʠ; 

-  ʚʦʟʨʘʩʪ ʩʪʘʨʰʝ 60 ʣʝʪ, ʩʠʤʧʪʦʤʳ ʥʘʨʫʰʝʥʠʷ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ, ʫʨʦʚʝʥʴ 

ʪʨʦʤʙʦʮʠʪʦʚ ʚʳʰʝ 1000ʭ10
9
/ʣ, ʜʝʪʝʢʮʠʷ ʤʫʪʘʮʠʠ JAK2V617F, ʪʨʦʡʥʦʡ 

ʥʝʛʘʪʠʚʥʳʡ ʩʪʘʪʫʩ ʦʧʨʝʜʝʣʷʶʪ ʚʳʩʦʢʠʡ ʨʠʩʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʪʝʯʝʥʠʷ 

ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʋʩʪʘʥʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʫʪʘʮʠʦʥʥʦʛʦ ʩʪʘʪʫʩʘ ʫ ʧʘʮʠʝʥʪʦʚ 

ʩ ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʝʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ, 

ʯʘʩʪʦʪʳ ʪʨʦʤʙʦʟʦʚ ʠ ʨʠʩʢʦʚ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ. ʄʫʪʘʮʠʠ ʛʝʥʘ CALR 

ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʪʨʦʤʙʦʮʠʪʦʟ, ʥʦ ʠʥʜʦʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ 

ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ. ʆʙʱʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʧʨʠ ʵʩʩʝʥʮʠʘʣʴʥʦʡ 
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ʪʨʦʤʙʦʮʠʪʝʤʠʠ ʩʥʠʞʝʥʘ ʧʨʠ ʥʘʣʠʯʠʠ ʤʫʪʘʮʠʠ JAK2V617F ʠ ʪʨʦʡʥʦʤ ʥʝʛʘʪʠʚʥʦʤ 

ʩʪʘʪʫʩʝ. ʂʣʠʥʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʧʦʟʚʦʣʷʶʪ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʪʴ ʧʘʮʠʝʥʪʦʚ ʥʘ ʛʨʫʧʧʳ ʨʠʩʢʘ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʘʢʪʠʢʫ ʪʝʨʘʧʠʠ 

ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ. ʅʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʪʝʯʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ 

ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʩʣʝʜʫʶʱʠʭ ʧʨʠʟʥʘʢʦʚ: ʚʦʟʨʘʩʪ ʩʪʘʨʰʝ 60 ʣʝʪ, 

ʩʠʤʧʪʦʤʳ ʥʘʨʫʰʝʥʠʷ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ, ʫʨʦʚʝʥʴ ʪʨʦʤʙʦʮʠʪʦʚ ʚʳʰʝ 1000ʭ10
9
/ʣ, 

ʥʘʣʠʯʠʝ ʤʫʪʘʮʠʠ JAK2V617F, ʪʨʦʡʥʦʡ ʥʝʛʘʪʠʚʥʳʡ ʩʪʘʪʫʩ.  

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʣʠʥʠʯʝʩʢʠʝ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʝ, 

ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʝ, ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ɹʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʨʦʤʙʦʮʠʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʤʫʪʘʮʠʷʤʠ 

ʛʝʥʘ CALR ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʛʨʫʧʧʘʤʠ ʧʘʮʠʝʥʪʦʚ ʩ ʵʩʩʝʥʮʠʘʣʴʥʦʡ 

ʪʨʦʤʙʦʮʠʪʝʤʠʝʡ. ʋʨʦʚʝʥʴ ʛʝʤʦʛʣʦʙʠʥʘ ʧʨʠ ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ ʚʳʰʝ 

ʫ ʙʦʣʴʥʳʭ ʩ ʤʫʪʘʮʠʝʡ JAK2V617F ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʦʡʥʳʤ ʥʝʛʘʪʠʚʥʳʤ ʩʪʘʪʫʩʦʤ. 

2. ʀʥʜʦʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʙʦʣʴʥʳʭ ʩ ʤʫʪʘʮʠʷʤʠ ʛʝʥʘ CALR, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʤ ʤʘʨʢʝʨʦʤ ʷʚʣʷʶʪʩʷ ʤʫʪʘʮʠʠ 1 ʪʠʧʘ. ʆʙʱʘʷ 

ʚʳʞʠʚʘʝʤʦʩʪʴ ʩʥʠʞʝʥʘ ʧʨʠ ʥʘʣʠʯʠʠ ʤʫʪʘʮʠʠ JAK2V617F ʠ ʪʨʦʡʥʦʤ ʥʝʛʘʪʠʚʥʦʤ 

ʩʪʘʪʫʩʝ. 

3. ʈʠʩʢ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʫʚʝʣʠʯʝʥ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʤʫʪʘʮʠʝʡ 

JAK2V617F (ʯʘʩʪʦʪʘ ʪʨʦʤʙʦʟʦʚ ï 24,2%), ʪʦʛʜʘ ʢʘʢ ʯʘʩʪʦʪʘ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ 

ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʪʨʦʡʥʦʤ ʥʝʛʘʪʠʚʥʦʤ ʩʪʘʪʫʩʝ ʩʦʩʪʘʚʠʣʘ 15,4%, ʧʨʠ ʤʫʪʘʮʠʷʭ ʛʝʥʘ 

CALR 1 ʪʠʧʘ ï 7,7%, ʧʨʠ ʤʫʪʘʮʠʷʭ ʛʝʥʘ CALR 2 ʪʠʧʘ ʠ MPL-ʧʦʣʦʞʠʪʝʣʴʥʦʤ 

ʩʪʘʪʫʩʝ ʪʨʦʤʙʦʟʳ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ. ʅʘʣʠʯʠʝ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ CALR ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʮʠʝʥʪʘʤʠ 

ʩ ʤʫʪʘʮʠʝʡ JAK2V617F ʠ ʪʨʦʡʥʳʤ ʥʝʛʘʪʠʚʥʳʤ ʩʪʘʪʫʩʦʤ. 
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4. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʪʝʯʝʥʠʷ ʵʩʩʝʥʮʠʘʣʴʥʦʡ 

ʪʨʦʤʙʦʮʠʪʝʤʠʠ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʧʘʮʠʝʥʪʘ ʢ ʛʨʫʧʧʝ ʚʳʩʦʢʦʛʦ ʨʠʩʢʘ ʧʨʠ 

ʚʳʷʚʣʝʥʠʠ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʠʟ ʢʨʠʪʝʨʠʝʚ (ʚʦʟʨʘʩʪ ʩʪʘʨʰʝ 60 ʣʝʪ, ʥʘʣʠʯʠʝ 

ʩʠʤʧʪʦʤʦʚ ʥʘʨʫʰʝʥʠʷ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ, ʫʨʦʚʝʥʴ ʪʨʦʤʙʦʮʠʪʦʚ ʚʳʰʝ 1000ʭ10
9
/ʣ, 

ʥʘʣʠʯʠʝ ʤʫʪʘʮʠʠ JAK2V617F, ʪʨʦʡʥʦʡ ʥʝʛʘʪʠʚʥʳʡ ʩʪʘʪʫʩ) ʠ 

ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʪʴ ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ ʪʘʢʪʠʢʫ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʧʫʙʣʠʢʘʮʠʠ ʠ ʘʧʨʦʙʘʮʠʷ ʜʠʩʩʝʨʪʘʮʠʠ 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʦʚʝʜʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫ ʙʦʣʴʰʦʡ ʛʨʫʧʧʳ ʙʦʣʴʥʳʭ (240 ʧʘʮʠʝʥʪʦʚ ʩ ʕʊ), 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʩʪʦʚʝʨʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʘʯʝʩʪʚʦʤ ʚʳʧʦʣʥʝʥʥʳʭ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʘʥʘʣʠʟʦʚ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 12 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, ʠʟ ʥʠʭ ï 4 ʚ 

ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ ʜʣʷ 

ʦʧʫʙʣʠʢʦʚʘʥʠʷ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʠ ʜʦʢʪʦʨʘ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ. 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 20-ʤ ʂʦʥʛʨʝʩʩʝ ɽʚʨʦʧʝʡʩʢʦʡ 

ɻʝʤʘʪʦʣʦʛʠʯʝʩʢʦʡ ɸʩʩʦʮʠʘʮʠʠ (20th Congress of European Hematology Association, 

ɺʝʥʘ, ɸʚʩʪʨʠʷ, 2015), 21-ʤ ʂʦʥʛʨʝʩʩʝ ɽʚʨʦʧʝʡʩʢʦʡ ɻʝʤʘʪʦʣʦʛʠʯʝʩʢʦʡ 

ɸʩʩʦʮʠʘʮʠʠ (21th Congress of European Hematology Association, ʂʦʧʝʥʛʘʛʝʥ, 

ɼʘʥʠʷ, 2016), III  ʂʦʥʛʨʝʩʩʝ ʛʝʤʘʪʦʣʦʛʦʚ (ʄʦʩʢʚʘ, 2016), ʄʝʤʦʨʠʘʣʴʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʧʘʤʷʪʠ ʂ.ʄ. ɸʙʜʫʣʢʘʜʳʨʦʚʘ çʄʠʝʣʦʧʨʦʣʠʬʝʨʘʪʠʚʥʳʝ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʩʝʥʪʷʙʨʴ 2016 ʛʦʜʘ), ʖʙʠʣʝʡʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ɺʦʝʥʥʦ-ʤʝʜʠʮʠʥʩʢʦʡ ʘʢʘʜʝʤʠʠ çʂʘʬʝʜʨʘ ʬʘʢʫʣʴʪʝʪʩʢʦʡ ʪʝʨʘʧʠʠ: 

ʉʦʭʨʘʥʷʷ ʪʨʘʜʠʮʠʠ ɹʦʪʢʠʥʩʢʦʡ ʰʢʦʣʳè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʦʢʪʷʙʨʴ 2016 ʛʦʜʘ), 

XII ʄʝʞʜʫʥʘʨʦʜʥʦʡ (XXI ɺʩʝʨʦʩʩʠʡʩʢʦʡ) ʇʠʨʦʛʦʚʩʢʦʡ ʥʘʫʯʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ  ʫʯʝʥʳʭ (ʄʦʩʢʚʘ, ʤʘʨʪ 2017 ʛʦʜʘ), III  

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çɻʝʥʝʪʠʢʘ ʦʧʫʭʦʣʝʡ ʢʨʦʚʝʪʚʦʨʥʦʡ ʩʠʩʪʝʤʳè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʘʧʨʝʣʴ 2017 

ʛʦʜʘ), XX ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ 
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ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ çʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʥʘʫʢʘ ʠ ʢʣʠʥʠʯʝʩʢʘʷ ʤʝʜʠʮʠʥʘ. ʏʝʣʦʚʝʢ ʠ ʝʛʦ 

ʟʜʦʨʦʚʴʝè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʘʧʨʝʣʴ 2017 ʛʦʜʘ), 22-ʤ ʂʦʥʛʨʝʩʩʝ ɽʚʨʦʧʝʡʩʢʦʡ 

ɻʝʤʘʪʦʣʦʛʠʯʝʩʢʦʡ ɸʩʩʦʮʠʘʮʠʠ (22th Congress of European Hematology Association,  

ʄʘʜʨʠʜ, ʀʩʧʘʥʠʷ, 2017). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʚ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪʳ 

ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʚʳʧʦʣʥʷʣʠʩʴ: ʧʣʘʥʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ; ʦʙʩʣʝʜʦʚʘʥʠʝ, 

ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʧʘʮʠʝʥʪʘʤʠ, 

ʚʳʧʦʣʥʝʥʠʝ ʧʣʘʥʦʚʳʭ ʧʨʦʮʝʜʫʨ ʩʢʨʠʥʠʥʛʘ ʪʝʯʝʥʠʷ ʕʊ; ʚʝʜʝʥʠʝ ʧʝʨʚʠʯʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʡ ʠʟ ʘʤʙʫʣʘʪʦʨʥʳʭ ʢʘʨʪ ʠ ʠʩʪʦʨʠʡ ʙʦʣʝʟʥʠ; 

ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʨʠʥʠʥʛʘ ʤʫʪʘʮʠʦʥʥʦʛʦ ʩʪʘʪʫʩʘ ʛʝʥʦʚ 

JAK2V617F, MPL, CALR, EZH2, ʠ ASXL1, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ; ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʠ ʦʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʘʢʪʠʢʫ 

ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʝʪʝʢʮʠʠ ʤʫʪʘʮʠʡ ʚ ʛʝʥʘʭ JAK2V617F, 

MPL, CALR, EZH2, ʠ ASXL1 ʚʥʝʜʨʝʥʳ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʠ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʘʙʦʨʘʪʦʨʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʛʝʥʝʪʠʢʠ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ çʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʝʤʘʪʦʣʦʛʠʠ ʠ ʪʨʘʥʩʬʫʟʠʦʣʦʛʠʠ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘè. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʨʘʙʦʪʝ ʢʣʠʥʠʢʦ-ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʭʠʤʠʦʪʝʨʘʧʠʠ ʛʝʤʦʙʣʘʩʪʦʟʦʚ, ʜʝʧʨʝʩʩʠʡ ʢʨʦʚʝʪʚʦʨʝʥʠʷ ʠ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ 

ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

çʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʝʤʘʪʦʣʦʛʠʠ ʠ ʪʨʘʥʩʬʫʟʠʦʣʦʛʠʠ 

ʌʄɹɸ ʈʦʩʩʠʠè. 
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ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 121 ʩʪʨʘʥʠʮʝ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ 

ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʛʣʘʚ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʦʧʠʩʘʥʠʷ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʩʫʞʜʝʥʠʷ, ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ 

ʙʠʙʣʠʦʛʨʘʬʠʠ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 153 ʠʩʪʦʯʥʠʢʘ ʣʠʪʝʨʘʪʫʨʳ ʥʘ 

ʨʫʩʩʢʦʤ ʠ ʠʥʦʩʪʨʘʥʥʦʤ ʷʟʳʢʘʭ. ʈʘʙʦʪʘ ʩʦʜʝʨʞʠʪ 19 ʨʠʩʫʥʢʦʚ ʠ 18 ʪʘʙʣʠʮ. 
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ɻʣʘʚʘ 1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʦʣʠ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʚ ʧʘʪʦʛʝʥʝʟʝ, ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ ʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʢʣʠʥʠʢʦ-ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʯʝʥʠʷ ʵʩʩʝʥʮʠʘʣʴʥʦʡ 

ʪʨʦʤʙʦʮʠʪʝʤʠʠ  

1.1 ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʵʪʠʦʣʦʛʠʠ, ʧʘʪʦʛʝʥʝʟʝ ʠ ʢʣʠʥʠʯʝʩʢʦʡ 

ʢʘʨʪʠʥʝ ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ 

1.1.1 ʂʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʵʪʠʦʣʦʛʠʠ ʠ ʧʘʪʦʛʝʥʝʟʘ  

ʕʩʩʝʥʮʠʘʣʴʥʘʷ ʪʨʦʤʙʦʮʠʪʝʤʠʷ (ʕʊ) ï ʭʨʦʥʠʯʝʩʢʦʝ ʢʣʦʥʘʣʴʥʦʝ 

ʤʠʝʣʦʧʨʦʣʠʬʝʨʘʪʠʚʥʦʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʨʦʣʠʬʝʨʘʮʠʝʡ 

ʤʝʛʘʢʘʨʠʦʮʠʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʧʦʚʳʰʝʥʥʳʤ ʯʠʩʣʦʤ ʢʨʫʧʥʳʭ ʠ ʛʠʛʘʥʪʩʢʠʭ 

ʤʝʛʘʢʘʨʠʦʮʠʪʦʚ ʚ ʢʦʩʪʥʦʤ ʤʦʟʛʝ, ʪʨʦʤʙʦʮʠʪʦʟʦʤ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ 

(>450x10
9
/ʣ) ʠ ʢʣʠʥʠʯʝʩʢʠ ï ʵʧʠʟʦʜʘʤʠ ʪʨʦʤʙʦʟʦʚ ʠ/ʠʣʠ ʢʨʦʚʦʪʝʯʝʥʠʷʤʠ [10]. 

ʉʦʛʣʘʩʥʦ ʦʙʥʦʚʣʝʥʥʦʡ ʚʝʨʩʠʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʠʝʣʦʠʜʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ 

ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ɺʆɿ) 2016 ʛʦʜʘ ʕʊ ʚʭʦʜʠʪ ʚ ʛʨʫʧʧʫ 

ʤʠʝʣʦʧʨʦʣʠʬʝʨʘʪʠʚʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ (ʄʇʅ) [19].  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʙʱʝʧʨʠʥʷʪʳʤ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʕʊ, ʠʩʪʠʥʥʦʡ 

ʧʦʣʠʮʠʪʝʤʠʠ (ʀʇ) ʠ ʧʝʨʚʠʯʥʦʛʦ ʤʠʝʣʦʬʠʙʨʦʟʘ (ʇʄʌ) ʧʦʜ ʪʝʨʤʠʥʦʤ 

çʢʣʘʩʩʠʯʝʩʢʠʝ Phô-ʥʝʛʘʪʠʚʥʳʝ ʄʇʅè (Phô-ʥʝʛʘʪʠʚʥʳʝ ʄʇʅ) [12, 25, 77].  

ʆʪʢʨʳʪʠʝ ʚ 2005 ʛʦʜʫ ʥʝʟʘʚʠʩʠʤʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʛʨʫʧʧʘʤʠ (E. 

Baxter et al. [30], C. James et al. [71], R. Kralovics et al. [76], R. Levine et al. [82]) 

ʤʫʪʘʮʠʠ JAK2V617F ʧʨʠʚʝʣʦ ʢ ʢʦʨʝʥʥʦʤʫ ʧʝʨʝʩʤʦʪʨʫ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʘʪʦʛʝʥʝʟʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʦʟʚʦʣʠʣʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʦʚʳʡ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʕʊ ʠ ʦʪʢʨʳʣʦ ʵʨʫ ʪʘʨʛʝʪʥʦʡ ʪʝʨʘʧʠʠ Phô-ʥʝʛʘʪʠʚʥʳʭ 

ʄʇʅ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʦʣʴ ʩʦʤʘʪʠʯʝʩʢʦʡ ʪʦʯʝʯʥʦʡ ʤʫʪʘʮʠʠ ʛʝʥʘ 

ʪʠʨʦʟʠʥʢʠʥʘʟʳ JAK2 (JAK2V617F) ʚ ʘʢʪʠʚʘʮʠʠ JAK-STAT-ʧʫʪʠ ʧʨʠ Phô-

ʥʝʛʘʪʠʚʥʳʭ ʄʇʅ ʥʝʦʩʧʦʨʠʤʘ. ɼʝʪʝʢʮʠʷ ʤʫʪʘʮʠʠ ʟʘʥʠʤʘʝʪ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʕʊ [128].  
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ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʛʨʘʥʜʠʦʟʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʧʦʥʠʤʘʥʠʠ ʵʪʠʦʣʦʛʠʠ 

ʠ ʧʘʪʦʛʝʥʝʟʘ ʟʘʙʦʣʝʚʘʥʠʷ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʬʦʨʤʠʨʦʚʘʥʦ ʵʤʧʠʨʠʯʝʩʢʠ 

ʧʦʜʪʚʝʨʞʜʝʥʥʦʡ, ʝʜʠʥʦʡ ʠ ʦʙʱʝʧʨʠʥʷʪʦʡ ʢʦʥʮʝʧʮʠʠ ʧʘʪʦʛʝʥʝʟʘ ʕʊ. ɺʝʜʫʱʝʡ 

ʛʠʧʦʪʝʟʦʡ ʧʘʪʦʛʝʥʝʟʘ ʟʘʙʦʣʝʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʠʵʪʠʦʣʦʛʠʯʝʩʢʘʷ. 

ʇʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʨʘʟʚʠʪʠʶ ʕʊ, ʪʘʢʞʝ ʢʘʢ ʠ ʜʨʫʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʛʨʫʧʧʳ 

Phô-ʥʝʛʘʪʠʚʥʳʭ ʄʇʅ, ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʩʪʚʦʣʦʚʫʶ ʢʨʦʚʝʪʚʦʨʥʫʶ 

ʢʣʝʪʢʫ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʧʦʚʨʝʞʜʘʶʱʠʭ ʝʝ ʛʝʥʦʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʢʣʝʪʢʠ [2, 8]. 

ʇʦʜ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʦʩʠʪʝʣʴʩʪʚʦ ʨʘʟʣʠʯʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ʊʘʢ, ʥʦʩʠʪʝʣʴʩʪʚʦ ʛʘʧʣʦʪʠʧʘ 46/1 ʛʝʥʘ JAK2 

ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʨʠʩʢʘ ʧʦʷʚʣʝʥʠʷ ʧʝʨʝʩʪʨʦʡʢʠ 

V617F ʚ ʛʝʥʝ JAK2 [1, 2]. 

ɺʥʝʰʥʠʤʠ ʘʛʝʥʪʘʤʠ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʢʣʦʥʘʣʴʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʥʦʨʤʘʣʴʥʦʡ ʢʣʝʪʢʠ, ʷʚʣʷʶʪʩʷ ʬʘʢʪʦʨʳ ʬʠʟʠʯʝʩʢʦʡ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʨʘʟʣʠʯʥʳʝ ʚʠʨʫʩʥʳʝ ʠ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʘʛʝʥʪʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʧʦʚʨʝʞʜʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʧʨʦʚʦʮʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ 

ʭʨʦʥʠʯʝʩʢʦʛʦ ʚʦʩʧʘʣʝʥʠʷ. ɺʦʩʧʘʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʷʚʣʷʝʪʩʷ 

ʩʪʠʤʫʣʷʪʦʨʦʤ ʛʝʤʦʧʦʵʟʘ ʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʤʠʝʣʦʧʦʵʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʚʦʩʧʘʣʠʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʚʦʟʨʘʩʪʘʝʪ ʨʠʩʢ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ ʢʣʝʪʦʢ, ʯʪʦ ʤʦʞʝʪ 

ʪʘʢʞʝ ʧʦʩʣʫʞʠʪʴ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʧʦʷʚʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ 

ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʭʨʦʥʠʯʝʩʢʦʝ ʚʦʩʧʘʣʝʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ. ɼʣʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʠʪʦʢʠʥʦʚ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʨʝʞʜʝʥʠʶ ʢʣʝʪʦʯʥʦʛʦ ʛʝʥʦʤʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʨʦʥʠʯʝʩʢʠʡ ʘʫʪʦʠʤʤʫʥʥʳʡ ʠʣʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʮʠʪʦʢʠʥʦʚ ʚ ʢʨʦʚʠ, ʷʚʣʷʝʪʩʷ 

ʬʘʢʪʦʨʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʨʘʟʚʠʪʠʶ ʕʊ ʫ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʳʭ ʣʠʮ [67].  

ɺʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʘʣʠʯʠʝʤ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʥʘʨʫʰʝʥʠʷ ï 

ʤʫʪʘʮʠʠ ʥʘ ʫʨʦʚʥʝ ʧʦʣʠʧʦʪʝʥʪʥʦʡ ʩʪʚʦʣʦʚʦʡ ʢʨʦʚʝʪʚʦʨʥʦʡ ʢʣʝʪʢʠ-

ʧʨʝʜʰʝʩʪʚʝʥʥʠʮʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʝʨʝʩʪʨʦʡʢʠ, 
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ʷʚʣʷʶʱʝʡʩʷ ʪʨʠʛʛʝʨʦʤ ʤʠʝʣʦʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʢʣʦʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʬʦʨʤʠʨʫʝʪʩʷ ʢʣʦʥ ʤʠʝʣʦʠʜʥʳʭ ʢʣʝʪʦʢ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʛʝʤʦʧʦʵʟʘ.  

ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʪʦʣʴʢʦ ʦ ʚʝʨʦʷʪʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʷʭ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʨʘʟʚʠʪʠʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʦʨʤʘʣʴʥʦʡ ʩʪʚʦʣʦʚʦʡ ʢʨʦʚʝʪʚʦʨʥʦʡ ʢʣʝʪʢʠ. ʅʝ ʧʦʣʫʯʝʥʦ 

ʫʙʝʜʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʜʥʦʟʥʘʯʥʦ ʧʨʠʥʠʤʘʪʴ 

ʢʘʢʫʶ-ʣʠʙʦ ʠʟ ʠʟʚʝʩʪʥʳʭ ʤʫʪʘʮʠʡ ʛʝʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʥʠʮʠʠʨʫʶʱʝʛʦ ʢʣʦʥʘʣʴʥʳʡ 

ʧʨʦʮʝʩʩ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ [11, 78, 100].  

ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʦʮʝʩʩʫ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʝʤʦʧʦʵʪʠʯʝʩʢʦʡ 

ʢʣʝʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʥʦʤʥʘʷ, ʮʠʪʦʢʠʥ-ʥʝʟʘʚʠʩʠʤʘʷ ʘʢʪʠʚʘʮʠʷ ʢʣʝʪʦʯʥʦʛʦ 

ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ JAK-STAT ï ʮʝʥʪʨʘʣʴʥʦʛʦ ʟʚʝʥʘ ʧʘʪʦʛʝʥʝʟʘ ʕʊ. ʌʫʥʢʮʠʷ 

ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ, ʘʢʪʠʚʘʮʠʠ, 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ, ʘʜʛʝʟʠʠ ʠ ʘʧʦʧʪʦʟʘ ʢʣʝʪʦʢ. ʇʫʪʴ JAK-STAT ʧʨʝʜʩʪʘʚʣʝʥ 

ʷʥʫʩʢʠʥʘʟʦʡ (JAK), ʩʠʛʥʘʣʴʥʳʤ ʙʝʣʢʦʤ-ʪʨʘʥʩʜʫʢʪʦʨʦʤ ʠ ʘʢʪʠʚʘʪʦʨʘʤʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ (STAT-ʙʝʣʢʠ). ɺʥʝʢʣʝʪʦʯʥʳʝ ʩʠʛʥʘʣʳ ʧʝʨʝʜʘʶʪʩʷ ʯʝʨʝʟ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʝ ʨʝʮʝʧʪʦʨʳ ʢ ʧʨʦʤʦʪʦʨʘʤ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ʮʠʪʦʢʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʫʶʪʩʷ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʮʠʪʦʢʠʥʘʤʠ. 

ɿʘʪʝʤ ʘʢʪʠʚʠʨʫʶʪʩʷ ʨʝʮʝʧʪʦʨ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʷʥʫʩʢʠʥʘʟʳ ʠ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʘʢʪʠʚʠʨʫʶʪ (ʬʦʩʬʦʨʠʣʠʨʫʶʪ) STAT-ʙʝʣʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʥʝʘʢʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʚ ʮʠʪʦʧʣʘʟʤʝ. ɸʢʪʠʚʠʨʦʚʘʥʥʳʝ STAT-ʙʝʣʢʠ ʪʨʘʥʩʣʦʮʠʨʫʶʪʩʷ ʚ ʷʜʨʦ ʠ ʟʘʧʫʩʢʘʶʪ 

ʧʨʦʮʝʩʩ ʪʨʘʥʩʢʨʠʧʮʠʠ [2, 21, 30].  

ʅʦʩʠʪʝʣʴʩʪʚʦ ʧʝʨʝʩʪʨʦʡʢʠ JAK2V617F, ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʚ 14 ʵʢʟʦʥʝ ʛʝʥʘ ʠ 

ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʟʘʤʝʥʝ ʛʫʘʥʠʥʘ ʥʘ ʪʠʤʠʥ ʚ ʧʦʣʦʞʝʥʠʠ 1849 ʢʦʨʦʪʢʦʛʦ ʧʣʝʯʘ 9 

ʭʨʦʤʦʩʦʤʳ (9ʨ24), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʥʝ ʚʘʣʠʥʘ ʥʘ ʬʝʥʠʣʘʣʘʥʠʥ ʚ 617 ʢʦʜʦʥʝ 

ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ JAK2, ʚʳʟʳʚʘʝʪ ʛʠʧʝʨʘʢʪʠʚʘʮʠʶ JAK-STAT ʩʠʛʥʘʣʴʥʦʛʦ 

ʧʫʪʠ.  

ʋʢʘʟʘʥʥʳʡ 14 ɻ ʢʟʦʥ ʛʝʥʘ JAK2 ʢʦʜʠʨʫʝʪ ʧʩʝʚʜʦʢʠʥʘʟʥʳʡ ʜʦʤʝʥ ʷʥʫʩʢʠʥʘʟʳ - 

JH2, ʠʥʛʠʙʠʨʫʶʱʠʡ ʘʢʪʠʚʥʦʩʪʴ ʢʠʥʘʟʥʦʛʦ ʜʦʤʝʥʘ JH1, ʦʙʣʘʜʘʶʱʝʛʦ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʦʧʦʩʨʝʜʫʶʱʝʛʦ ʘʢʪʠʚʘʮʠʶ ʷʥʫʩʢʠʥʘʟʳ [76]. 
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Cʪʨʫʢʪʫʨʘ ʷʥʫʩʢʠʥʘʟʳ JAK2, ʩʦʩʪʦʷʱʝʡ ʠʟ ʯʝʪʳʨʝʭ ʜʦʤʝʥʦʚ, ʠ ʣʦʢʘʣʠʟʘʮʠʷ 

ʤʫʪʘʮʠʠ JAK2V617F ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.1. 

 

  
 

ʈʠʩʫʥʦʢ 1.1 ï ʉʪʨʫʢʪʫʨʘ ʷʥʫʩʢʠʥʘʟʳ JAK2 

ʠ ʣʦʢʘʣʠʟʘʮʠʷ ʤʫʪʘʮʠʠ JAK2V617F [42, 153] 

 

ʇʨʠ ʥʘʣʠʯʠʠ ʧʝʨʝʩʪʨʦʡʢʠ V617F ʩʥʠʞʘʝʪʩʷ ʠʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ JH2-

ʜʦʤʝʥʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʛʠʧʝʨʘʢʪʠʚʥʦʩʪʠ ʢʠʥʘʟʥʦʛʦ ʜʦʤʝʥʘ JH1 ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʩʧʦʥʪʘʥʥʦʡ ʘʢʪʠʚʘʮʠʠ ʷʥʫʩʢʠʥʘʟʳ JAK2.  

ʇʦʩʣʝ ʘʢʪʠʚʘʮʠʠ JAK2 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʬʦʩʬʦʨʠʣʠʨʫʶʪʩʷ (ʘʢʪʠʚʠʨʫʶʪʩʷ) 

STAT-ʙʝʣʢʠ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʜʘʯʘ ʟʘʧʫʩʢʘʶʱʝʛʦ ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʣʝʪʦʢ 

ʮʠʪʦʢʠʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚʥʫʪʨʴ ʢʣʝʪʢʠ. ʇʦʩʨʝʜʩʪʚʦʤ ʦʧʠʩʘʥʥʳʭ ʵʪʘʧʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʢʪʠʚʘʮʠʷ JAK-STAT-ʧʫʪʠ (ʨʠʩʫʥʦʢ 1.2), ʧʦ ʢʦʪʦʨʦʤʫ ʩ 

ʧʦʤʦʱʴʶ JAK2-ʢʠʥʘʟʳ ʧʝʨʝʜʘʶʪʩʷ ʩʠʛʥʘʣʳ ʦʪ ʨʝʮʝʧʪʦʨʦʚ ʵʨʠʪʨʦʧʦʵʪʠʥʘ ʠ 

ʪʨʦʤʙʦʧʦʵʪʠʥʘ ʢʣʝʪʢʘʤ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤ ʤʠʝʣʦʧʦʵʟʘ [2, 109, 153]. 
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ʈʠʩʫʥʦʢ 1.2 ï ʉʪʨʫʢʪʫʨʘ JAK-STAT ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ [2, 153] 

 

ɼʣʷ ʘʙʩʦʣʶʪʥʦʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʧʘʮʠʝʥʪʦʚ ʭʘʨʘʢʪʝʨʥʦ ʛʝʪʝʨʦʟʠʛʦʪʥʦʝ 

ʥʦʩʠʪʝʣʴʩʪʚʦ ʤʫʪʘʥʪʥʦʛʦ ʛʝʥʘ, ʛʦʤʦʟʠʛʦʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʪʤʝʯʝʥʦ ʥʝ ʙʦʣʝʝ ʯʝʤ ʫ 

3% ʧʘʮʠʝʥʪʦʚ [18, 82]. ʇʨʠ ʇʄʌ ʠ ʀʇ ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ ʤʫʪʘʮʠʠ ʚ 12 ʵʢʟʦʥʝ ʛʝʥʘ 

JAK2, ʥʝ ʦʪʤʝʯʝʥʥʳʝ ʧʨʠ ʕʊ [8, 100].  

ʇʝʨʝʩʪʨʦʡʢʘ JAK2V617F ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ ʕʊ ʠ ʷʚʣʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʤ ʤʘʨʢʝʨʦʤ 

ʢʣʦʥʘʣʴʥʦʛʦ ʤʠʝʣʦʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʥʘʣʠʯʠʠ ʤʫʪʘʮʠʠ JAK-STAT 

ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ ʘʢʪʠʚʠʨʫʝʪʩʷ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʡʩʪʚʠʷ ʮʠʪʦʢʠʥʦʚ, ʪʦ ʝʩʪʴ 

ʧʨʦʠʩʭʦʜʠʪ ʬʘʢʪʠʯʝʩʢʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ 

ʘʢʪʠʚʘʮʠʶ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʦʥʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʦʩʨʝʜʩʪʚʦʤ ʜʘʥʥʦʛʦ ʧʫʪʠ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʦʪʢʨʳʪʠʷ ʤʫʪʘʮʠʠ ʩʪʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʜʝʪʝʢʮʠʶ JAK2V617F ʚ ʢʘʯʝʩʪʚʝ 

ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ ʕʊ. ʅʦʚʳʡ ʧʦʜʭʦʜ ʙʳʣ 

ʨʝʘʣʠʟʦʚʘʥ ʚ ʦʙʥʦʚʣʝʥʥʦʡ ʚʝʨʩʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʕʊ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʵʢʩʧʝʨʪʘʤʠ ɺʆɿ ʚ 2008 ʛʦʜʫ [117, 124]. 



 17 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʫʪʘʮʠʷ JAK2V617F ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʥʳʤ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʤ ʤʘʨʢʝʨʦʤ ʢʣʦʥʘʣʴʥʦʛʦ ʤʠʝʣʦʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʕʊ. 

ʇʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʜʨʫʛʠʤʠ 

ʢʨʠʪʝʨʠʷʤʠ, ʜʝʪʝʢʮʠʷ JAK2V617F ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʦʚʝʨʥʦ ʠ ʦʙʦʩʥʦʚʘʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʜʠʘʛʥʦʟ ʕʊ ʫ 50-60% ʧʘʮʠʝʥʪʦʚ.  

ʆʜʥʘʢʦ, ʫ ʦʩʪʘʚʰʠʭʩʷ 40-50% ʙʦʣʴʥʳʭ ʛʝʥʝʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʢʣʦʥʘʣʴʥʦʡ 

ʤʠʝʣʦʧʨʦʣʠʬʝʨʘʮʠʠ ʦʩʪʘʚʘʣʘʩʴ ʥʝʫʩʪʘʥʦʚʣʝʥʥʦʡ. ʉʦʭʨʘʥʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ JAK2-ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ, ʛʝʥʝʟ ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʢʦʪʦʨʳʭ 

ʦʩʪʘʚʘʣʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤ, ʚʳʷʚʠʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʥʦʚʳʭ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʢʣʦʥʘʣʴʥʦʩʪʠ ʫ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ. 

1.1.2 ʂʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ 

ʇʨʠ ʕʊ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʯʝʨʝʟ JAK-STAT-ʧʫʪʴ ʘʢʪʠʚʠʨʫʝʪʩʷ 

ʧʨʦʣʠʬʝʨʘʮʠʷ ʢʣʝʪʦʢ ʢʣʦʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʜʝʬʝʢʪʥʳʤʠ ʤʝʛʘʢʘʨʠʦʮʠʪʘʤʠ. ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʢʣʦʥʘʣʴʥʳʭ ʢʣʝʪʦʢ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʛʠʧʝʨʢʣʝʪʦʯʥʦʩʪʠ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʪʨʦʤʙʦʮʠʪʦʟʦʤ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʟʘ ʩʯʝʪ ʚʳʭʦʜʘ ʢʣʝʪʦʢ 

ʢʣʦʥʘ ʚ ʢʨʦʚʷʥʦʝ ʨʫʩʣʦ [2, 118].  

ʂʣʦʥʘʣʴʥʳʝ ʢʣʝʪʢʠ ʧʨʠ ʕʊ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʫʧʥʳʤʠ ʠ ʛʠʛʘʥʪʩʢʠʤʠ 

ʤʝʛʘʢʘʨʠʦʮʠʪʘʤʠ ʠ ʪʨʦʤʙʦʮʠʪʘʤʠ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʧʨʝʚʳʰʘʪʴ ʨʘʟʤʝʨʳ 

ʵʨʠʪʨʦʮʠʪʦʚ. ʍʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʢʣʝʪʦʢ ï ʘʥʠʟʦʮʠʪʦʟ. ɺ 

ʮʠʪʦʧʣʘʟʤʝ ʢʣʝʪʦʢ ʫʤʝʥʴʰʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʛʨʘʥʫʣ ʥʘʢʦʧʣʝʥʠʷ, ʩʥʠʞʝʥʘ 

ʵʢʩʧʨʝʩʩʠʷ GpIIb/IIIa ʠ GpIb ʘʜʨʝʥʝʨʛʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʣʦʥʘʣʴʥʳʭ ʪʨʦʤʙʦʮʠʪʦʚ. ɼʣʷ ʢʣʝʪʦʢ ʢʣʦʥʘ ʭʘʨʘʢʪʝʨʥʳ ʥʝ ʪʦʣʴʢʦ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʥʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʜʝʬʝʢʪʳ: ʫʜʣʠʥʝʥʠʝ ʚʨʝʤʝʥʠ ʘʛʨʝʛʘʮʠʠ 

ʩ ʢʦʣʣʘʛʝʥʦʤ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʩ ɸɼʌ ʠ ʘʜʨʝʥʘʣʠʥʦʤ, ʧʦʷʚʣʝʥʠʝ ʩʧʦʥʪʘʥʥʦʡ 

ʘʛʨʝʛʘʮʠʠ ʢʣʦʥʘʣʴʥʳʭ ʪʨʦʤʙʦʮʠʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʣʝʡʢʦʮʠʪʘʤʠ [2, 8].  

ʇʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ ʚ ʢʨʦʚʠ, 

ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʕʊ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʧʦʥʪʘʥʥʫʶ ʠ ʫʩʪʦʡʯʠʚʫʶ ʘʢʪʠʚʘʮʠʶ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʪʨʦʤʙʦʮʠʪʦʚ ʠ ʣʝʡʢʦʮʠʪʦʚ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ 
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ʧʦʷʚʣʝʥʠʷ ʢʣʝʪʦʯʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʚʠʪʠʝʤ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ 

ʦʩʣʦʞʥʝʥʠʡ. ʊʝʥʜʝʥʮʠʷ ʢ ʧʦʚʳʰʝʥʥʦʡ ʘʛʨʝʛʘʮʠʠ ʪʨʦʤʙʦʮʠʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ 

ʣʝʡʢʦʮʠʪʘʤʠ ʦʙʲʷʩʥʷʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʠʤʧʪʦʤʦʚ ʟʘʙʦʣʝʚʘʥʠʷ 

ʦʙʫʩʣʦʚʣʝʥʳ ʥʘʨʫʰʝʥʠʝʤ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ, ʘ ʦʩʥʦʚʥʳʤʠ ʞʠʟʥʝʫʛʨʦʞʘʶʱʠʤʠ 

ʦʩʣʦʞʥʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʪʨʦʤʙʦʟʳ ʨʘʟʣʠʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʢʨʦʚʦʪʝʯʝʥʠʷ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʟʘ ʩʯʝʪ ʩʠʥʜʨʦʤʘ ɺʠʣʣʝʙʨʘʥʜʘ, ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʜʝʬʝʢʪʘ ʢʣʦʥʘʣʴʥʳʭ ʢʣʝʪʦʢ [1, 2, 38, 49].  

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʣʷ ʕʊ ʭʘʨʘʢʪʝʨʥʦ ʜʣʠʪʝʣʴʥʦʝ ʙʝʩʩʠʤʧʪʦʤʥʦʝ ʪʝʯʝʥʠʝ. 

ʇʦʷʚʣʝʥʠʝ ʠ ʥʘʨʘʩʪʘʥʠʝ ʚʳʨʘʞʝʥʥʦʩʪʠ ʩʠʤʧʪʦʤʦʚ ʟʘʙʦʣʝʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ 

ʧʘʮʠʝʥʪʘ, ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʦʩʣʦʞʥʝʥʠʡ ʠ ʷʚʣʷʝʪʩʷ ʢʦʩʚʝʥʥʳʤ 

ʧʨʝʜʠʢʪʦʨʦʤ ʚʦʟʤʦʞʥʦʛʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ.  

ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʧʘʮʠʝʥʪʦʚ ʦʙʨʘʱʘʝʪʩʷ ʢ ʛʝʤʘʪʦʣʦʛʫ ʧʦʩʣʝ ʤʘʥʠʬʝʩʪʘʮʠʠ 

ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʚʠʜʝ ʘʨʪʝʨʠʘʣʴʥʳʭ ʠʣʠ ʚʝʥʦʟʥʳʭ ʪʨʦʤʙʦʟʦʚ ʨʘʟʣʠʯʥʦʡ 

ʣʦʢʘʣʠʟʘʮʠʠ, ʪʘʢʞʝ ʧʦʚʪʦʨʥʳʭ ʪʨʦʤʙʦʟʦʚ, ʪʨʦʤʙʦʟʦʚ ʥʝʪʠʧʠʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ, 

ʦʩʪʨʦʛʦ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ (ʆʀʄ), ʦʩʪʨʦʛʦ ʥʘʨʫʰʝʥʠʷ ʤʦʟʛʦʚʦʛʦ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ (ʆʅʄʂ), ʘ ʪʘʢʞʝ ʧʨʦʷʚʣʝʥʠʡ ʛʝʤʦʨʨʘʛʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦʤʘ  ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʪʨʘʚʤʘʭ ʠʣʠ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʤʘʥʠʧʫʣʷʮʠʷʭ. ʋ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ 

ʙʝʟ ʫʢʘʟʘʥʥʳʭ ʦʩʣʦʞʥʝʥʠʡ ʟʘʙʦʣʝʚʘʥʠʝ ʚʳʷʚʣʷʝʪʩʷ ʧʨʠ ʧʣʘʥʦʚʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʠ 

ʦʙʥʘʨʫʞʝʥʠʠ ʭʘʨʘʢʪʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʚʠʜʝ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʪʨʦʤʙʦʮʠʪʦʟʘ ʚ 

ʢʣʠʥʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʢʨʦʚʠ. 

ʂʣʠʥʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʕʊ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʧʨʦʷʚʣʝʥʠʡ. ɺʩʝ 

ʩʠʤʧʪʦʤʳ ʟʘʙʦʣʝʚʘʥʠʷ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ (ʪʘʙʣʠʮʘ 1.1).  

 

ʊʘʙʣʠʮʘ 1.1 ï ʉʠʤʧʪʦʤʳ ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ [1, 2] 

ʉʠʤʧʪʦʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʨʫʰʝʥʠʝʤ 

ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ 

ʉʠʤʧʪʦʤʳ ʦʧʫʭʦʣʝʚʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ 

1. ɹʦʣʠ ʠ ʯʫʚʩʪʚʦ ʞʞʝʥʠʷ ʚ ʧʘʣʴʮʘʭ 

ʢʠʩʪʝʡ ʠ ʩʪʦʧ;  

2. ɸʢʨʦʮʠʘʥʦʟ; 

1. ʇʨʦʛʨʝʩʩʠʨʫʶʱʘʷ ʩʣʘʙʦʩʪʴ; 

2. ʉʥʠʞʝʥʠʝ ʘʧʧʝʪʠʪʘ; 

3. ʇʦʪʝʨʷ ʤʘʩʩʳ ʪʝʣʘ; 



 19 

3. ʋʭʫʜʰʝʥʠʝ ʪʝʯʝʥʠʷ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ; 

4. ɺʪʦʨʠʯʥʳʡ ʩʠʥʜʨʦʤ ʈʝʡʥʦ; 

5. ʋʭʫʜʰʝʥʠʝ ʟʨʝʥʠʷ; 

6. ʕʧʠʟʦʜʳ ʛʦʣʦʚʦʢʨʫʞʝʥʠʡ, ʧʦʷʚʣʝʥʠʝ 

çʤʫʰʝʢè ʧʝʨʝʜ ʛʣʘʟʘʤʠ; 

7. ɻʦʣʦʚʥʳʝ ʙʦʣʠ ʠ ʧʦʚʳʰʝʥʠʝ 

ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ; 

8. ʈʝʮʠʜʠʚʠʨʫʶʱʠʝ ʪʨʦʤʙʦʟʳ, 

ʥʝʦʙʳʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ; 

9. ɻʝʤʦʨʨʘʛʠʯʝʩʢʠʡ ʩʠʥʜʨʦʤ 

4. ʇʦʪʣʠʚʦʩʪʴ; 

5. ɹʦʣʠ ʚ ʢʦʩʪʷʭ ʠ ʩʫʩʪʘʚʘʭ; 

6. ʂʦʞʥʳʡ ʟʫʜ; 

7. ʉʫʙʬʝʙʨʠʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

 

 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʠʤʧʪʦʤʳ ʕʊ ʥʝ ʷʚʣʷʶʪʩʷ ʧʘʪʦʛʥʦʤʦʥʠʯʥʳʤʠ. 

ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ ʨʘʟʜʝʣʝʥʠʝ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʩʠʥʜʨʦʤʳ: 

1. ʉʠʥʜʨʦʤ ʥʘʨʫʰʝʥʠʷ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ (ʯʫʚʩʪʚʦ ʞʞʝʥʠʷ, ʦʥʝʤʝʥʠʷ ʠ/ʠʣʠ 

ʧʦʢʘʣʳʚʘʥʠʷ ʚ ʩʪʦʧʘʭ ʠ ʢʠʩʪʷʭ, ʘʢʨʦʮʠʘʥʦʟ, ʚʪʦʨʠʯʥʳʡ ʩʠʥʜʨʦʤ ʈʝʡʥʦ ʠ ʜʨʫʛʠʝ); 

2. ʉʠʥʜʨʦʤ ʩʦʩʫʜʠʩʪʳʭ ʦʩʣʦʞʥʝʥʠʡ (ʪʨʦʤʙʦʟʳ ʨʘʟʣʠʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ, ʆʀʄ 

ʠ ʆʅʄʂ); 

3. ʉʠʥʜʨʦʤ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ (ʧʦʚʳʰʝʥʥʘʷ ʢʨʦʚʦʪʦʯʠʚʦʩʪʴ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʪʨʘʚʤʘʭ ʠʣʠ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʤʘʥʠʧʫʣʷʮʠʷʭ). 

ʉʣʝʜʫʶʱʠʝ ʩʠʥʜʨʦʤʳ ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʘʙʦʣʝʚʘʥʠʷ 

ʚ ʧʦʩʪʪʨʦʤʙʦʮʠʪʝʤʠʯʝʩʢʠʡ ʤʠʝʣʦʬʠʙʨʦʟ (ʄʌ) ʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʕʊ ʚ ʬʘʟʫ 

ʙʣʘʩʪʥʦʛʦ ʢʨʠʟʘ (ɹʂ): 

1. ʉʠʥʜʨʦʤ ʦʧʫʭʦʣʝʚʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ï ʩʣʘʙʦʩʪʴ, ʧʦʪʝʨʷ ʤʘʩʩʳ ʪʝʣʘ, 

ʧʦʪʣʠʚʦʩʪʴ, ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ, ʙʦʣʠ ʚ ʢʦʩʪʷʭ ʠ ʩʫʩʪʘʚʘʭ; 

2. ɸʥʝʤʠʯʝʩʢʠʡ ʩʠʥʜʨʦʤ ï ʩʣʘʙʦʩʪʴ, ʦʜʳʰʢʘ, ʙʣʝʜʥʦʩʪʴ ʢʦʞʠ ʠ ʩʣʠʟʠʩʪʳʭ, 

ʪʘʭʠʢʘʨʜʠʷ, ʛʠʧʦʪʦʥʠʷ; 

3. ʉʠʥʜʨʦʤ ʦʧʫʭʦʣʝʚʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ ï ʛʝʧʘʪʦʩʧʣʝʥʦʤʝʛʘʣʠʷ ʠ ʯʫʚʩʪʚʦ 

ʪʷʞʝʩʪʠ ʚ ʧʨʘʚʦʤ ʠ ʣʝʚʦʤ ʧʦʜʨʝʙʝʨʴʷʭ. 
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ʇʦʷʚʣʝʥʠʝ ʜʘʥʥʳʭ ʩʠʤʧʪʦʤʦʚ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʨʠʩʢʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʄʌ ʠʣʠ ʨʘʟʚʠʪʠʷ ɹʂ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʩʨʝʜʠ ʚʩʝʭ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʠʤʧʪʦʤʦʚ ʧʘʮʠʝʥʪʳ ʠʩʧʳʪʳʚʘʶʪ:  

 ʩʣʘʙʦʩʪʴ,  

 ʙʦʣʠ ʚ ʩʫʩʪʘʚʘʭ,  

 ʙʦʣʴ ʠ ʯʫʚʩʪʚʦ ʞʞʝʥʠʷ ʚ ʧʘʣʴʮʘʭ ʢʠʩʪʝʡ ʠ ʩʪʦʧ,  

 ʟʫʜ ʢʦʞʠ,  

 ʛʦʣʦʚʥʳʝ ʙʦʣʠ ʠ ʛʦʣʦʚʦʢʨʫʞʝʥʠʷ,  

 ʧʦʜʲʝʤʳ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʫʭʫʜʰʝʥʠʝ ʪʝʯʝʥʠʷ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ ʦʪʤʝʯʘʶʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʣʷ JAK2-ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʧʘʮʠʝʥʪʦʚ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʩʠʤʧʪʦʤʘʪʠʢʠ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ JAK2-ʥʝʛʘʪʠʚʥʳʤʠ ʧʘʮʠʝʥʪʘʤʠ [128, 132, 152]. ʂʨʦʤʝ ʪʦʛʦ, 

ʫʚʝʣʠʯʝʥʠʝ ʘʣʣʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ JAK2V617F ʪʘʢʞʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʥʘʨʘʩʪʘʥʠʝʤ 

ʚʳʨʘʞʝʥʥʦʩʪʠ ʢʣʠʥʠʯʝʩʢʦʡ ʩʠʤʧʪʦʤʘʪʠʢʠ ʕʊ. 

ʋʯʠʪʳʚʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʟʘʙʦʣʝʚʘʥʠʷ ʠ 

ʩʦʭʨʘʥʝʥʠʝ ʚ ʮʝʣʦʤ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʦ ʢʣʠʥʠʯʝʩʢʠʤ ʧʨʦʷʚʣʝʥʠʷʤ ʢʘʪʝʛʦʨʠʠ 

JAK2V617F-ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ, ʧʨʠʯʠʥʘ ʢʣʦʥʘʣʴʥʦʛʦ ʛʝʥʝʟʘ ʕʊ ʫ ʢʦʪʦʨʳʭ 

ʥʝ ʷʚʣʷʣʘʩʴ ʦʯʝʚʠʜʥʦʡ, ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʳʣ ʧʦʩʚʷʱʝʥ 

ʚʳʷʚʣʝʥʠʶ ʠʥʳʭ ʤʘʨʢʝʨʦʚ ʢʣʦʥʘʣʴʥʦʩʪʠ ʧʨʠ ʜʘʥʥʦʡ ʥʦʟʦʣʦʛʠʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʶ 

ʠʭ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʣʠʥʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʠ ʧʨʦʛʥʦʟ ʟʘʙʦʣʝʚʘʥʠʷ. 

 

1.2 ɺʢʣʘʜ ʤʫʪʘʮʠʡ ʛʝʥʦʚ MPL ʠ CALR, ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʠ 

ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ ʚ ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʶ ʜʠʘʛʥʦʟʘ 

1.2.1 ʉʦʤʘʪʠʯʝʩʢʠʝ ʤʫʪʘʮʠʠ ʛʝʥʘ ʨʝʮʝʧʪʦʨʘ ʪʨʦʤʙʦʧʦʵʪʠʥʘ (MPL) 

ɺ 2006 ʛʦʜʫ Pikman et al.  [105] ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʫ JAK2-ʥʝʛʘʪʠʚʥʳʭ 

ʧʘʮʠʝʥʪʦʚ ʩ ʕʊ ʠ ʇʄʌ ʦʪʤʝʯʘʣʠʩʴ ʧʨʦʷʚʣʝʥʠʷ ʢʣʦʥʘʣʴʥʦʛʦ ʛʨʘʥʫʣʦʮʠʪʦʧʦʵʟʘ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʥʘʣʠʯʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʫʪʘʮʠʡ, ʦʧʦʩʨʝʜʫʶʱʠʭ ʢʣʦʥʘʣʴʥʳʡ 
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ʤʠʝʣʦʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʧʨʦʮʝʩʩ ʫ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʧʘʮʠʝʥʪʦʚ. ɺʧʦʩʣʝʜʩʪʚʠʠ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʙʝʜʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚ ʧʦʣʴʟʫ ʘʢʪʠʚʘʮʠʠ 

JAK-STAT ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʫ JAK2-ʥʝʛʘʪʠʚʥʳʭ ʧʘʮʠʝʥʪʦʚ ʧʨʠ ʥʘʣʠʯʠʠ 

ʧʝʨʝʩʪʨʦʝʢ ʚ ʛʝʥʝ ʨʝʮʝʧʪʦʨʘ ʪʨʦʤʙʦʧʦʵʪʠʥʘ (MPL) [31, 94, 102]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 2006 ʛʦʜʫ ʫ JAK2-ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ ʩ ʇʄʌ [105], ʘ 

ʟʘʪʝʤ ʠ ʧʨʠ ʕʊ, ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʘʷ ʩʦʤʘʪʠʯʝʩʢʘʷ ʤʫʪʘʮʠʷ ʛʝʥʘ 

ʨʝʮʝʧʪʦʨʘ ʪʨʦʤʙʦʧʦʵʪʠʥʘ (MPL) ï MPLW515K. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣ ʚʳʷʚʣʝʥ ʚʘʨʠʘʥʪ ʤʫʪʘʮʠʠ MPLW515K, ʟʘʢʣʶʯʘʶʱʠʡʩʷ 

ʚ ʟʘʤʝʥʝ ʪʨʠʧʪʦʬʘʥʘ ʥʘ ʣʝʡʮʠʥ ʚ 515 ʢʦʜʦʥʝ 10 ʵʢʟʦʥʘ ʛʝʥʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ 

ʦʧʠʩʘʥʳ ʝʱʝ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʝʨʝʩʪʨʦʝʢ ʚ 515 ʢʦʜʦʥʝ ʛʝʥʘ: MPLW515L (ʟʘʤʝʥʘ 

ʪʨʠʧʪʦʬʘʥʘ ʥʘ ʣʠʟʠʥ), MPLW515S (ʟʘʤʝʥʘ ʪʨʠʧʪʦʬʘʥʘ ʥʘ ʘʩʧʘʨʘʛʠʥ) [94, 105]. ɺ 

ʮʝʣʦʤ ʧʨʠ ʕʊ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʘʨʠʘʥʪʳ W515L ʠ W515K [2, 100, 

147] ʠ ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ʜʨʫʛʠʝ ʪʠʧʳ ʤʫʪʘʮʠʡ. ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʧʝʨʝʩʪʨʦʝʢ ʚ ʛʝʥʝ MPL ʧʨʠ ʕʊ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1 ʜʦ 5-7% [2, 128].  

ʄʫʪʘʮʠʷ ʚ ʛʝʥʝ MPL ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʪʝʨʶ ʢʦʥʪʨʦʣʷ ʥʘʜ ʘʢʪʠʚʘʮʠʝʡ 

ʨʝʮʝʧʪʦʨʘ ʪʨʦʤʙʦʧʦʵʪʠʥʘ, ʟʘ ʢʦʪʦʨʫʶ ʦʪʚʝʪʩʪʚʝʥʝʥ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ 

ʶʢʩʪʘʤʝʤʙʨʘʥʥʳʡ ʫʯʘʩʪʦʢ ʨʝʮʝʧʪʦʨʘ (ʨʠʩʫʥʦʢ 1.3). ʇʝʨʝʩʪʨʦʡʢʘ ʚ ʛʝʥʝ MPL 

ʚʣʝʯʝʪ ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʮʝʧʪʦʨʘ ʪʨʦʤʙʦʧʦʵʪʠʥʘ. 

ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʘʷ ʦʪ ʜʝʡʩʪʚʠʷ ʪʨʦʤʙʦʧʦʵʪʠʥʘ ʘʢʪʠʚʘʮʠʷ JAK-STAT 

ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ, ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʛʠʧʝʨʧʣʘʟʠʠ ʤʠʝʣʦʠʜʥʦʛʦ 

ʨʦʩʪʢʘ ʢʨʦʚʝʪʚʦʨʝʥʠʷ [94, 105].  

  
 

ʈʠʩʫʥʦʢ 1.3 ï ʉʪʨʫʢʪʫʨʘ ʛʝʥʘ ʨʝʮʝʧʪʦʨʘ ʪʨʦʤʙʦʧʦʵʪʠʥʘ (MPL) ʠ ʣʦʢʘʣʠʟʘʮʠʷ 

ʩʦʤʘʪʠʯʝʩʢʠʭ ʪʦʯʝʯʥʳʭ ʤʫʪʘʮʠʡ W515K/L [1] 
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ʄʫʪʘʮʠʷ ʚ ʛʝʥʝ MPL ʚ ʘʙʩʦʣʶʪʥʦʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ 

JAK2V617F-ʥʝʛʘʪʠʚʥʦʤ ʩʪʘʪʫʩʝ, ʥʦ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʠ ʝʜʠʥʠʯʥʳʝ ʩʣʫʯʘʠ 

ʥʦʩʠʪʝʣʴʩʪʚʘ ʦʙʝʠʭ ʧʝʨʝʩʪʨʦʝʢ ʫ ʦʜʥʦʛʦ ʧʘʮʠʝʥʪʘ [15, 75, 78]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʥʘʣʠʯʠʠ ʫ ʪʘʢʠʭ ʧʘʮʠʝʥʪʦʚ ʜʚʫʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ 

ʨʘʚʥʦʮʝʥʥʳʭ ʪʠʧʘ ʢʣʦʥʘʣʴʥʳʭ ʢʣʝʪʦʢ ʠʣʠ ʦ ʥʘʣʠʯʠʠ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʢʣʦʥʘ ʠ 

ʩʫʙʢʣʦʥʘ, ʣʠʙʦ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʥʦʚʦʛʦ, ʝʱʝ ʥʝʠʟʫʯʝʥʥʦʛʦ ʢʣʦʥʘ ʢʣʝʪʦʢ. ɼʘʥʥʳʡ 

ʚʦʧʨʦʩ ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ ʠ ʝʛʦ ʨʝʰʝʥʠʝ ʚʦʟʤʦʞʥʦ ʧʦʩʨʝʜʩʪʚʦʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʣʣʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʦʙʦʠʭ ʛʝʥʦʚ [15]. ʆʜʥʘʢʦ ʦʪʩʫʪʩʪʚʠʝ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʧʘʮʠʝʥʪʦʚ (ʪʘʢʠʝ ʢʦʤʙʠʥʘʮʠʠ ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ 

ʝʜʠʥʠʯʥʳʤʠ ʥʘʭʦʜʢʘʤʠ) ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ.  

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 

ʮʝʣʴʶ ʜʝʪʝʢʮʠʠ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ MPL ʧʨʠ JAK2V617F-ʥʝʛʘʪʠʚʥʦʤ ʩʪʘʪʫʩʝ 

ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ ʕʊ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʮʝʥʪʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʜʦʣʶ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʳʭ ʩʣʫʯʘʝʚ ʕʊ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʦʢʦʣʦ 40% JAK2-ʥʝʛʘʪʠʚʥʳʭ ʠ MPL-ʥʝʛʘʪʠʚʥʳʭ ʧʘʮʠʝʥʪʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʥʦʩʠʪʝʣʝʡ ʜʨʫʛʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʧʝʨʝʩʪʨʦʝʢ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʨʘʟʚʠʪʠʝ ʢʣʦʥʘʣʴʥʦʛʦ ʤʠʝʣʦʧʦʵʟʘ. ʀʟʫʯʝʥʠʝ 

ʛʨʫʧʧ r JAK2 ʠ MPL-ʥʝʛʘʪʠʚʥʳʭ ʧʘʮʠʝʥʪʦʚ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʪʨʝʪʠʡ ʤʘʨʢʝʨ 

ʢʣʦʥʘʣʴʥʦʡ ʤʠʝʣʦʧʨʦʣʠʬʝʨʘʮʠʠ ï ʤʫʪʘʮʠʠ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ ʙʝʣʦʢ 

ʢʘʣʴʨʝʪʠʢʫʣʠʥ (CALR).  

1.2.2 ʉʦʤʘʪʠʯʝʩʢʠʝ ʤʫʪʘʮʠʠ ʛʝʥʘ ʢʘʣʴʨʝʪʠʢʫʣʠʥʘ (CALR) 

ɺ 2013 ʛʦʜʫ ʘʚʩʪʨʦ-ʠʪʘʣʴʷʥʩʢʘʷ (Klampfl et al.) [75] ʠ ʘʥʛʣʠʡʩʢʘʷ (Nangalia et 

al.) [89] ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʛʨʫʧʧʳ ʚʳʷʚʠʣʠ ʠ ʦʧʠʩʘʣʠ ʥʦʩʠʪʝʣʴʩʪʚʦ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ ʢʘʣʴʨʝʪʠʢʫʣʠʥʘ (CALR) ʫ JAK2 ʠ MPL-

ʥʝʛʘʪʠʚʥʳʭ ʧʘʮʠʝʥʪʦʚ ʩ ʕʊ (ʠ ʧʨʠ ʇʄʌ). ɺʩʝ ʦʙʥʘʨʫʞʝʥʥʳʝ ʚʘʨʠʘʥʪʳ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʘʥʩʣʦʢʘʮʠʷʤʠ ʠ ʜʝʣʝʮʠʷʤʠ ʚ 9-ʤ ʵʢʟʦʥʝ 

ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ ʙʝʣʦʢ ʢʘʣʴʨʝʪʠʢʫʣʠʥ (CALR).  
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 ʋʢʘʟʘʥʥʳʡ ʙʝʣʦʢ ʚʳʧʦʣʥʷʝʪ ʥʝ ʪʦʣʴʢʦ ʙʫʬʝʨʥʫʶ ʬʫʥʢʮʠʶ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʚʥʫʪʨʴ ʢʣʝʪʢʠ, ʧʦʜʜʝʨʞʠʚʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʛʦʤʝʦʩʪʘʟ ʢʘʣʴʮʠʷ, ʥʦ ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚ ʤʝʭʘʥʠʟʤʘʭ ʘʜʛʝʟʠʠ ʠ 

ʘʧʦʧʪʦʟʘ ʢʣʝʪʦʢ, ʚ ʧʝʨʝʜʘʯʝ ʢʣʝʪʦʯʥʦʛʦ ʩʠʛʥʘʣʘ ʯʝʨʝʟ JAK-STAT-ʧʫʪʴ. ɺʩʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʘʣʴʨʝʪʠʢʫʣʠʥʘ ʧʨʠ ʦʧʠʩʘʥʥʳʭ 

ʚʘʨʠʘʥʪʘʭ ʤʫʪʘʮʠʡ CALR ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ  ʦʜʥʦʤ ʠʟ ʪʨʝʭ ʜʦʤʝʥʦʚ ʛʝʥʘ ï ʉ-

ʜʦʤʝʥʝ. ʀʟʤʝʥʝʥʠʷ ʚ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʘʣʴʨʝʪʠʢʫʣʠʥʘ ʚʣʝʢʫʪ 

ʩʜʚʠʛ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ ʙʝʣʢʘ ʧʨʠ ʝʛʦ ʩʠʥʪʝʟʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʨʘʤʢʘ ʩʯʠʪʳʚʘʥʠʷ ʠ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʜʝʬʝʢʪʥʳʡ ʙʝʣʦʢ ʩ 

ʠʟʤʝʥʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʄʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʘ, ʥʦ ʠ ʬʫʥʢʮʠʷ ʤʫʪʘʥʪʥʦʛʦ 

ʙʝʣʢʘ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʪʨʘʪʝ ʢʦʥʪʨʦʣʷ ʟʘ ʧʨʦʣʠʬʝʨʘʮʠʝʡ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʦʡ 

ʢʣʝʪʦʢ. ʋʯʘʩʪʠʝ ʜʘʥʥʦʡ ʤʫʪʘʮʠʠ ʚ ʘʢʪʠʚʘʮʠʠ JAK-STAT-ʧʫʪʠ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʘʢʪʠʚʠʨʫʶʱʝʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʪʨʦʤʙʦʧʦʵʪʠʥʦʚʳʡ ʨʝʮʝʧʪʦʨ, ʘ ʪʘʢʞʝ ʚ 

ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʚ ʮʠʪʦʧʣʘʟʤʝ ʢʣʝʪʦʢ [52, 65, 75, 79, 

115]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʥʘ JAK-STAT ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ 

ʟʘʧʫʩʢʘʝʪʩʷ ʧʨʦʣʠʬʝʨʘʮʠʷ ʢʣʝʪʦʢ ʤʠʝʣʦʠʜʥʦʛʦ ʢʣʦʥʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʷʚʣʝʥʦ ʠ ʦʧʠʩʘʥʦ ʙʦʣʝʝ 50 ʚʘʨʠʘʥʪʦʚ ʧʝʨʝʩʪʨʦʝʢ ʚ ʛʝʥʝ 

CALR, ʜʝʪʝʢʮʠʷ ʥʦʚʳʭ ʪʠʧʦʚ ʧʨʦʜʦʣʞʘʝʪʩʷ. ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ 

ʚʘʨʠʘʥʪʦʚ (ʜʦ 85%) ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʠʧ 1 (ʜʦ 50%) (ʜʝʣʝʮʠʷ 52 bp) ʠ ʪʠʧ 2 (ʜʦ 

35%) (ʠʥʩʝʨʮʠʷ 5 bp). ʆʩʪʘʣʴʥʳʝ 15% ʩʦʩʪʘʚʣʷʶʪ ʜʨʫʛʠʝ ʪʠʧʳ ʤʫʪʘʮʠʡ. ɺʩʝ 

ʦʧʠʩʘʥʥʳʝ ʠ ʠʟʫʯʝʥʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʧʨʠʥʷʪʦ ʫʩʣʦʚʥʦ ʜʝʣʠʪʴ ʥʘ 3 ʢʘʪʝʛʦʨʠʠ:  

1. ʪʠʧ 1 ʠ ʪʠʧ-1-ʧʦʭʦʞʠʝ,  

2. ʪʠʧ 2 ʠ ʪʠʧ-2-ʧʦʭʦʞʠʝ,  

3. ʠʥʳʝ ʚʘʨʠʘʥʪʳ [65, 136].  

ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʧʦʜ ʧʦʭʦʞʝʩʪʴʶ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʠʧʘ CALR-ʤʫʪʘʮʠʠ ʥʘ 

ʪʠʧ 1 ʠʣʠ ʪʠʧ 2 ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʢʣʠʥʠʢʦ-ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ 

ʦʢʘʟʳʚʘʝʪ ʚʘʨʠʘʥʪ ʧʝʨʝʩʪʨʦʡʢʠ ʥʘ ʪʝʯʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ ʩʭʦʞʝʩʪʴ ʩ 

ʥʦʩʠʪʝʣʴʩʪʚʦʤ 1 ʠʣʠ 2 ʪʠʧʦʚ ʤʫʪʘʮʠʠ. 

ʇʝʨʝʩʪʨʦʡʢʠ ʛʝʥʘ CALR ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠ ʦʧʠʩʘʥʳ ʪʦʣʴʢʦ ʧʨʠ ʕʊ ʠ ʇʄʌ, 

CALR-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ ʩ ʀʇ ʥʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ [58, 79, 146]. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʦʩʠʪʝʣʴʩʪʚʦ ʤʫʪʘʮʠʠ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʘʪʝʛʦʨʠʠ JAK2-

ʥʝʛʘʪʠʚʥʳʭ ʠ MPL-ʥʝʛʘʪʠʚʥʳʭ ʧʘʮʠʝʥʪʦʚ, C. Al Assaf et al. [15] ʠ T. Klampfl et al. 

[75] ʦʪʤʝʪʠʣʠ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʝʜʠʥʠʯʥʳʝ ʩʣʫʯʘʠ ʩʦʯʝʪʘʥʥʦʛʦ ʥʦʩʠʪʝʣʴʩʪʚʘ 

ʤʫʪʘʮʠʡ CALR ʠ JAK2V617F ʠʣʠ CALR ʠ MPL. ɺʳʷʚʣʝʥʠʝ ʪʘʢʠʭ ʩʣʫʯʘʝʚ ʪʘʢʞʝ 

ʩʪʘʚʠʪ ʚʦʧʨʦʩ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʫ ʧʘʮʠʝʥʪʦʚ ʜʚʫʭ ʨʘʚʥʦʟʥʘʯʥʳʭ ʢʣʦʥʘ ʢʣʝʪʦʢ ʠʣʠ 

ʦʜʥʦʛʦ ʛʣʘʚʥʦʛʦ ʢʣʦʥʘ ʠ ʩʫʙʢʣʦʥʘ, ʣʠʙʦ ʥʦʚʦʛʦ ʥʝʦʧʠʩʘʥʥʦʛʦ ʢʣʝʪʦʯʥʦʛʦ ʢʣʦʥʘ, 

ʩʦʯʝʪʘʶʱʝʛʦ ʦʙʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ. ʕʪʦʪ ʚʦʧʨʦʩ ʪʘʢʞʝ  ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ 

ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʜʥʦʟʥʘʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʠʯʠʥʘʭ 

ʠ ʢʣʠʥʠʢʦ-ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʘʭ ʪʘʢʦʛʦ ʩʦʯʝʪʘʥʥʦʛʦ ʥʦʩʠʪʝʣʴʩʪʚʘ ʤʫʪʘʮʠʡ 

ʛʝʥʦʚ ʥʝ ʩʬʦʨʤʠʨʦʚʘʥʦ. 

ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʤʫʪʘʮʠʡ ʛʝʥʘ CALR ʧʨʠ ʕʊ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 15 ʜʦ 24-

32% [17, 41]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʛʝʥʝʪʠʯʝʩʢʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ 

ʧʦ ʯʘʩʪʦʪʝ ʚʳʷʚʣʝʥʠʷ ʤʘʨʢʝʨʦʤ ʧʦʩʣʝ JAK2V617F. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ CALR-

ʤʫʪʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʥʘ ʙʦʣʝʝ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

JAK2V617F, ʦʜʥʘʢʦ, ʜʦʩʪʦʚʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʜʘʥʥʦʡ 

ʛʠʧʦʪʝʟʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʦ [39, 75, 111].  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʞʠʚʦʪʥʳʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʦʩʠʪʝʣʴʩʪʚʝ CALR-ʤʫʪʘʮʠʡ ʫ ʤʳʰʝʡ 

ʨʘʟʚʠʚʘʣʠʩʴ ʠʟʤʝʥʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʕʊ, ʟʘ ʩʯʝʪ ʧʦʷʚʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʦʥʘ ʤʝʛʘʢʘʨʠʦʮʠʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʦʡ ʨʦʣʠ ʤʫʪʘʮʠʡ ʛʝʥʘ CALR ʧʨʠ ʕʊ, ʠ ʦʥʠ ʩʪʘʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ çʥʦʚʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘè, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ Phô-ʥʝʛʘʪʠʚʥʳʭ ʄʇʅ [146].  

ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʝʪʝʢʮʠʷ ʤʫʪʘʮʠʡ (JAK2V617F, MPL ʠʣʠ CALR) 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʜʦ 90% ʩʣʫʯʘʝʚ ʕʊ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʪʦʯʥʦʩʪʴ, 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʧʨʦʚʦʜʠʤʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʦʟʨʘʩʣʘ. ɺʳʩʦʢʘʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʤʫʪʘʮʠʡ JAK2V617F, MPL ʠ 

CALR ʧʦʟʚʦʣʠʣʘ ʵʢʩʧʝʨʪʘʤ ɺʆɿ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʧʨʠʥʷʪʴ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 2016 ʛʦʜʫ ʥʦʚʫʶ ʚʝʨʩʠʶ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʕʊ [19]: 
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ɹʦʣʴʰʠʝ ʢʨʠʪʝʨʠʠ: 

1. ʉʪʦʡʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʪʨʦʤʙʦʮʠʪʦʚ ʨʘʚʥʦʝ 450ʭ10
9
/ʣ ʠ ʙʦʣʝʝ; 

2. ɻʠʧʝʨʢʣʝʪʦʯʥʳʡ ʢʦʩʪʥʳʡ ʤʦʟʛ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʥʦʡ 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʟʨʝʣʳʭ ʠ ʢʨʫʧʥʳʭ ʤʝʛʘʢʘʨʠʦʮʠʪʦʚ, ʦʪʩʫʪʩʪʚʠʝ ʩʜʚʠʛʘ 

ʥʝʡʪʨʦʬʠʣʴʥʦʛʦ ʛʨʘʥʫʣʦʮʠʪʦʧʦʵʟʘ ʠʣʠ ʵʨʠʪʨʦʧʦʵʟʘ ʚ ʩʪʦʨʦʥʫ ʥʝʟʨʝʣʳʭ ʬʦʨʤ, 

ʨʝʪʠʢʫʣʠʥʦʚʳʡ ʬʠʙʨʦʟ (ʥʝ ʙʦʣʝʝ, ʯʝʤ 1 ʩʪʝʧʝʥʠ);  

3. ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ ʢʨʠʪʝʨʠʷʤ ɺʆɿ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ ʀʇ, ʇʄʌ, 

ʭʨʦʥʠʯʝʩʢʦʤʫ ʤʠʝʣʦʣʝʡʢʦʟʫ (ʍʄʃ), ʤʠʝʣʦʜʠʩʧʣʘʩʪʠʯʝʩʢʦʤʫ ʩʠʥʜʨʦʤʫ (ʄɼʉ) 

ʠʣʠ ʜʨʫʛʠʤ ʤʠʝʣʦʠʜʥʳʤ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤ; 

4. ʅʘʣʠʯʠʝ ʤʫʪʘʮʠʠ ʚ ʛʝʥʘʭ JAK2 ʠʣʠ MPL ʠʣʠ CALR.  

ʄʘʣʳʡ ʢʨʠʪʝʨʠʡ:  

ʅʘʣʠʯʠʝ ʠʥʳʭ ʤʘʨʢʝʨʦʚ ʢʣʦʥʘʣʴʥʦʩʪʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʟʥʘʢʦʚ ʚʪʦʨʠʯʥʦʛʦ 

(ʨʝʘʢʪʠʚʥʦʛʦ) ʪʨʦʤʙʦʮʠʪʦʟʘ. 

ɼʠʘʛʥʦʟ ʕʊ ʩʯʠʪʘʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʳʤ ʧʨʠ ʥʘʣʠʯʠʠ ʚʩʝʭ ʙʦʣʴʰʠʭ ʢʨʠʪʝʨʠʝʚ 

ʣʠʙʦ ʧʨʠ ʥʘʣʠʯʠʠ 1-3 ʙʦʣʴʰʠʭ ʠ ʤʘʣʦʛʦ ʢʨʠʪʝʨʠʷ [19]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʝʨʝʩʤʦʪʨʝʥʥʘʷ ʚʝʨʩʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʚʢʣʶʯʘʝʪ ʦʙʷʟʘʪʝʣʴʥʦʝ 

ʚʳʷʚʣʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʪʨʝʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʠʣʠ ʠʥʳʭ 

ʤʘʨʢʝʨʦʚ ʢʣʦʥʘʣʴʥʦʩʪʠ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʠ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʜʠʘʛʥʦʟʘ ʕʊ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʦʭʨʘʥʷʝʪʩʷ ʢʘʪʝʛʦʨʠʷ ʧʘʮʠʝʥʪʦʚ, ʥʝʛʘʪʠʚʥʳʭ ʧʦ ʚʩʝʤ ʪʨʝʤ 

ʤʘʨʢʝʨʘʤ: JAK2, MPL ʠ CALR. ʊʘʢʠʝ ʧʘʮʠʝʥʪʳ ʧʦʣʫʯʠʣʠ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʚʘʥʠʝ triple-negative ï ʪʨʦʡʥʳʝ ʥʝʛʘʪʠʚʥʳʝ (ʊʅ). ɼʦʣʷ ʊʅ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10% ʜʦ 15% ʩʨʝʜʠ ʚʩʝʭ ʧʘʮʠʝʥʪʦʚ ʩ ʕʊ [75, 128].  

ɼʠʘʛʥʦʩʪʠʢʘ ʕʊ ʫ ʊʅ ʧʘʮʠʝʥʪʦʚ ʩʦʧʨʷʞʝʥʘ ʩ ʥʘʠʙʦʣʴʰʠʤʠ ʩʣʦʞʥʦʩʪʷʤʠ. 

ɼʘʥʥʘʷ ʢʘʪʝʛʦʨʠʷ ʙʦʣʴʥʳʭ ʜʦʩʪʘʪʦʯʥʦ ʥʝʦʜʥʦʨʦʜʥʘ ʧʦ ʩʚʦʠʤ ʢʣʠʥʠʢʦ-

ʣʘʙʦʨʘʪʦʨʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʂʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʫ ʪʘʢʠʭ ʧʘʮʠʝʥʪʦʚ ʠʤʝʝʪ 

ʤʝʩʪʦ ʥʦʩʠʪʝʣʴʩʪʚʦ ʠʥʳʭ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʧʝʨʝʩʪʨʦʝʢ, ʦʧʦʩʨʝʜʫʶʱʠʭ ʨʘʟʚʠʪʠʝ ʢʣʦʥʘʣʴʥʦʛʦ ʤʠʝʣʦʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ɼʝʪʝʢʮʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʫʪʘʮʠʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʫ ʪʘʢʠʭ 

ʧʘʮʠʝʥʪʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʝ ʥʘʣʠʯʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʩʦʙʳʪʠʷ, ʪʘʢ ʢʘʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʦʚʝʨʥʦ ʜʦʢʘʟʘʥʦ ʫʯʘʩʪʠʝ ʚ ʧʘʪʦʛʝʥʝʟʝ ʕʊ 
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ʪʦʣʴʢʦ ʪʨʝʭ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʛʝʥʦʚ: JAK2, MPL ʠ CALR [20, 39, 128]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʠʘʛʥʦʟ ʕʊ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʦʩʥʦʚʘʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʠ ʠʩʢʣʶʯʝʥʠʠ ʜʨʫʛʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʛʨʫʧʧʳ ʄʇʅ, ʘ ʪʘʢʞʝ ʨʝʘʢʪʠʚʥʦʛʦ ʪʨʦʤʙʦʮʠʪʦʟʘ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʚʳʷʚʣʝʥʠʝʤ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ ʠ/ʠʣʠ ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ. 

1.2.3 ʕʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʤʫʪʘʮʠʠ ʠ ʭʨʦʤʦʩʦʤʥʳʝ ʘʙʝʨʨʘʮʠʠ 

ʇʦʩʣʝ ʜʝʪʝʢʮʠʠ ʚ 2005 ʛʦʜʫ ʩʦʤʘʪʠʯʝʩʢʦʡ ʪʦʯʝʯʥʦʡ ʤʫʪʘʮʠʠ ʛʝʥʘ 

ʷʥʫʩʢʠʥʘʟʳ JAK2 ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʠ ʦʧʠʩʘʥʦ ʙʦʣʝʝ 20 ʧʝʨʝʩʪʨʦʝʢ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ: 

TET2, EZH2, ASXL1, CBL, IDH, IKZF1, LNK, IDH1/IDH2. ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʤʫʪʘʮʠʠ 

ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʫ ʧʘʮʠʝʥʪʦʚ-ʥʦʩʠʪʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ (JAK2V617F ʠʣʠ MPL ʠʣʠ CALR).  

ʊʘʢ, ʤʫʪʘʮʠʷ ʊɽʊ2 (ten-eleven translocation ï 2) ʚʧʝʨʚʳʝ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʫ 

ʧʘʮʠʝʥʪʦʚ ʩ ʦʩʪʨʳʤ ʤʠʝʣʦʠʜʥʳʤ ʣʝʡʢʦʟʦʤ (ʆʄʃ) ʚ 2008 ʛʦʜʫ. ʉʦʛʣʘʩʥʦ 

ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ ʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʫ 17% JAK2V617F-

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ ʩ ʄʇʅ ʠ ʫ 7% JAK2V617F-ʥʝʛʘʪʠʚʥʳʭ [133]. ʇʨʠ ʕʊ 

ʯʘʩʪʦʪʘ ʝʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5%. ɼʘʥʥʳʡ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʡ ʤʘʨʢʝʨ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʄɼʉ, ʭʨʦʥʠʯʝʩʢʦʛʦ 

ʤʠʝʣʦʤʦʥʦʮʠʪʘʨʥʦʛʦ ʣʝʡʢʦʟʘ (ʍʄʄʃ) ʠ ʤʘʩʪʦʮʠʪʦʟʘ. ʄʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʥʦʩʠʪʝʣʴʩʪʚʦʤ ʤʫʪʘʮʠʡ ʚ ʛʝʥʘʭ KIT, FLT3, RAS, MLL, RARA, CEBPA 

NPM1, ʚʳʷʚʣʷʝʪʩʷ ʢʘʢ ʫ JAK2-ʧʦʣʦʞʠʪʝʣʴʥʳʭ, ʪʘʢ ʠ ʫ MPL-ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʧʘʮʠʝʥʪʦʚ [131].  

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦʟʥʘʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʢʣʘʜʝ 

ʤʫʪʘʮʠʠ TET2 ʚ ʧʘʪʦʛʝʥʝʟ ʕʊ, ʝʝ ʚʣʠʷʥʠʠ ʥʘ ʦʙʱʫʶ ʚʳʞʠʚʘʝʤʦʩʪʴ (ʆɺ), ʨʠʩʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʦʤʙʦʟʦʚ, ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʕʊ ʚ ʄʌ ʠʣʠ ʨʘʟʚʠʪʠʝ ɹʂ 

ʟʘʙʦʣʝʚʘʥʠʷ.  

ʄʫʪʘʮʠʷ ASXL1 (additional sex combs like 1) ʚʣʠʷʝʪ ʥʘ ʘʢʪʠʚʘʮʠʶ/ʩʫʧʨʝʩʩʠʶ 

ʪʨʘʥʩʢʨʠʧʮʠʠ, ʦʜʥʘʢʦ, ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʨʦʣʴ ʜʘʥʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʚ ʧʘʪʦʛʝʥʝʟʝ 



 27 

ʟʘʙʦʣʝʚʘʥʠʡ ʩʠʩʪʝʤʳ ʢʨʦʚʠ ʠ ʢʨʦʚʝʪʚʦʨʥʳʭ ʦʨʛʘʥʦʚ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ. 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʄʇʅ, ʄɼʉ, ʆʄʃ ʠ ʍʄʄʃ. ʏʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʤʫʪʘʮʠʠ 

ʧʨʠ ʕʊ ʠ ʀʇ ʩʦʧʦʩʪʘʚʠʤʳ (ʦʢʦʣʦ 7%) ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʧʨʠ ʇʄʌ (ʦʢʦʣʦ 19-

40%). ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫ 

ʧʘʮʠʝʥʪʦʚ-ʥʦʩʠʪʝʣʝʡ ʤʫʪʘʮʠʡ ʚ ʛʝʥʘʭ JAK2 ʠʣʠ MPL.  

ʂʘʢ ʠ ʧʨʠ ʥʦʩʠʪʝʣʴʩʪʚʝ ʊɽʊ2 ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʢʣʘʜʝ ʧʝʨʝʩʪʨʦʝʢ ʚ ʛʝʥʝ ASXL1 ʚ ʧʘʪʦʛʝʥʝʟ ʕʊ ʠ 

ʝʝ ʚʣʠʷʥʠʠ ʥʘ ʆɺ, ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʦʤʙʦʟʦʚ, ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʕʊ ʚ ʄʌ ʠ 

ʨʘʟʚʠʪʠʝ ɹʂ [131]. ʇʦʷʚʣʝʥʠʝ ʤʫʪʘʮʠʠ ʧʨʠ ʇʄʌ ʫ ʨʘʥʝʝ ASXL1-ʥʝʛʘʪʠʚʥʳʭ 

ʧʘʮʠʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʝʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʧʨʦʛʥʦʟʘ ʟʘʙʦʣʝʚʘʥʠʷ [120, 128]. 

ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ASXL1 ʥʘ ʧʨʦʛʥʦʟ ʕʊ ʥʝ ʜʦʢʘʟʘʥʦ ʠ 

ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʄʫʪʘʮʠʷ CBL (Casitas B-cell lymphoma proto-oncogene) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʕʊ 

ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ. ɼʦʩʪʦʚʝʨʥʦ ʯʘʱʝ ʚʳʷʚʣʷʝʪʩʷ ʧʨʠ ʇʄʌ ï ʜʦ 6% ʠ ʢʘʢ ʫ 

JAK2-ʦʪʨʠʮʘʪʝʣʴʥʳʭ, ʪʘʢ ʠ ʫ JAK2-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ. ɼʠʘʛʥʦʩʪʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʤʫʪʘʮʠʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ [131]. ʈʦʣʴ ʧʝʨʝʩʪʨʦʡʢʠ ʚ ʧʘʪʦʛʝʥʝʟʝ ʠ ʧʨʦʛʥʦʟʝ ʕʊ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʩʣʝʜʦʚʘʥʘ. 

ʄʫʪʘʮʠʠ IDH1 ʠ IDH2 (glioma-associated isocitrate dehydrogenase 1 ʠ 2) 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʘʢʪʠʚʘʮʠʠ ʦʥʢʦʛʝʥʝʟʘ. ʇʝʨʝʩʪʨʦʡʢʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʧʨʠ ʛʣʠʦʤʘʭ ʠ ʚʪʦʨʠʯʥʳʭ ʛʣʠʦʙʣʘʩʪʦʤʘʭ, ʘ ʟʘʪʝʤ ʠ ʧʨʠ ʆʄʃ ʩ ʯʘʩʪʦʪʦʡ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ 70% ʠ 8% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [64, 131]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʳ 

ʝʜʠʥʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʦʮʝʥʢʝ ʯʘʩʪʦʪʳ ʥʦʩʠʪʝʣʴʩʪʚʘ ʤʫʪʘʮʠʡ 

IDH1/IDH2 ʫ ʧʘʮʠʝʥʪʦʚ ʩ Phô-ʥʝʛʘʪʠʚʥʳʤʠ ʄʇʅ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʨʫʧʥʦʛʦ ʤʥʦʛʦʮʝʥʪʨʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʚʳʧʦʣʥʝʥʥʦʛʦ A. Tefferi et al. ʠ ʚʢʣʶʯʠʚʰʝʛʦ ʜʘʥʥʳʝ 1437 ʙʦʣʴʥʳʭ ʀʇ, ʕʊ ʠ 

ʇʄʌ, ʤʫʪʘʮʠʠ IDH1 ʠ IDH2 ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠ ʫ JAK2 ʠ ʫ MPL-ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʧʘʮʠʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʦʩʠʪʝʣʴʩʪʚʝ ʊɽʊ2-ʤʫʪʘʮʠʠ [64]. ʀʟ 594 ʧʘʮʠʝʥʪʦʚ ʩ ʕʊ, 

ʧʨʠʥʠʤʘʚʰʠʭ ʫʯʘʩʪʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʪʦʣʴʢʦ ʫ 5 (0,8%) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʤʫʪʘʮʠʠ IDH1R132S/C ʠ IDH2R140Q. ʅʠ ʦʜʥʦʛʦ ʩʣʫʯʘʷ ʜʝʪʝʢʮʠʠ ʤʫʪʘʮʠʠ ʧʨʠ 
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ɹʂ ʥʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ. ɺʘʨʠʘʥʪ IDH2R140Q ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʣʩʷ ʚ 

ʭʨʦʥʠʯʝʩʢʦʡ ʬʘʟʝ ʕʊ ʠ ʀʇ, ʘ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ IDH1-ʤʫʪʘʮʠʡ ʜʦʩʪʦʚʝʨʥʦ 

ʯʘʱʝ ʧʨʠ ʇʄʌ. ɺ ʮʝʣʦʤ ʧʦ ʯʘʩʪʦʪʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʨʠ ʕʊ, ʀʇ ʠ ʇʄʌ ʜʘʥʥʳʝ 

ʤʫʪʘʮʠʠ ʜʝʪʝʢʪʠʨʫʶʪʩʷ ʨʝʜʢʦ, ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ [64]. 

ɼʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʤʫʪʘʮʠʡ IDH1 ʠ 

IDH2 ʪʘʢʞʝ ʥʝ ʠʩʩʣʝʜʦʚʘʥʳ, ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʠʭ ʚʦʟʤʦʞʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʨʘʟʚʠʪʠʝ ʕʊ. ʆʪʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ ʦ ʚʳʷʚʣʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʚ 

ʬʘʟʝ ɹʂ ʧʨʠ ʕʊ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʤʫʪʘʮʠʠ ʥʝ ʦʙʣʘʜʘʶʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ.  

 ʇʨʠ ʥʘʣʠʯʠʠ ʤʫʪʘʮʠʠ IKZF1 (IKAROS family zinc finger protein 1) ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʨʫʰʝʥʠʝ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʦʧʫʭʦʣʝʚʦʡ ʩʫʧʨʝʩʩʠʠ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʘʢʪʠʚʘʮʠʝʡ JAK-STAT ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ. ʇʝʨʝʩʪʨʦʡʢʘ ʚ IKZF1 

ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʣʠʤʬʦʧʨʦʣʠʬʝʨʘʪʠʚʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. ʇʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʳʷʚʣʷʝʪʩʷ ʧʨʠ ʭʨʦʥʠʯʝʩʢʦʡ ʬʘʟʝ ʄʇʅ, ʦʜʥʘʢʦ ʧʨʠ ɹʂ ʕʊ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ 19% [131]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʥʝʛʘʪʠʚʥʦʤ ʚʣʠʷʥʠʠ ʥʦʩʠʪʝʣʴʩʪʚʘ ʤʫʪʘʮʠʠ ʥʘ ʧʨʦʛʥʦʟ ʟʘʙʦʣʝʚʘʥʠʡ ʛʨʫʧʧʳ Phô-

ʥʝʛʘʪʠʚʥʳʭ ʄʇʅ. ʆʜʥʘʢʦ ʠʤʝʶʱʠʭʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʜʘʥʥʳʭ ʪʘʢʞʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʟʥʘʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʤ 

ʧʦʪʝʥʮʠʘʣʝ ʜʘʥʥʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʘʥʦʤʘʣʠʠ. 

ʄʫʪʘʮʠʷ LNK (lymphocyte adaptor protein). ɻʝʥ LNK ʢʦʜʠʨʫʝʪ ʤʝʤʙʨʘʥʥʳʡ 

ʩʚʷʟʳʚʘʶʱʠʡ ʘʜʘʧʪʝʨʥʳʡ ʧʨʦʪʝʠʥ, ʦʢʘʟʳʚʘʶʱʠʡ ʠʥʛʠʙʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ 

JAK-STAT ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ. ʇʨʠ ʭʨʦʥʠʯʝʩʢʠʭ ʬʘʟʘʭ ʄʇʅ ʚʩʪʨʝʯʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ (ʝʜʠʥʠʯʥʳʝ ʩʣʫʯʘʠ), ʦʜʥʘʢʦ ʚ ɹʂ ʟʘʙʦʣʝʚʘʥʠʷ ʯʘʩʪʦʪʘ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʜʦʩʪʠʛʘʝʪ 10% [131]. ʇʨʦʛʥʦʩʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʤʫʪʘʮʠʠ ʥʝ 

ʠʟʫʯʝʥ. 

ʇʝʨʝʩʪʨʦʡʢʘ ʚ ʛʝʥʝ EZH2 (enhancer of zeste homolog 2) ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠ ʕʊ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʀʇ ʫ 3%, ʘ ʧʨʠ ʇʄʌ ʫ 13% ʧʘʮʠʝʥʪʦʚ. 

ɺʳʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʩʦʣʠʜʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʨʘʟʣʠʯʥʦʡ 

ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʧʨʠ ʣʠʤʬʦʧʨʦʣʠʬʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ. ɼʝʪʝʢʮʠʷ ʜʘʥʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ 
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ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ʧʨʠ ʕʊ, ʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʘʥʥʦʡ ʤʫʪʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʠʪʴ. 

ʉʫʤʤʠʨʫʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʧʨʠ ʕʊ ʥʝʚʳʩʦʢʘ, ʧʦʵʪʦʤʫ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʦ ʥʦʩʠʪʝʣʴʩʪʚʝ ʠ ʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʷʭ ʩ ʩʦʤʘʪʠʯʝʩʢʠʤʠ ʤʫʪʘʮʠʷʤʠ ʨʘʩʭʦʜʷʪʩʷ 

(ʪʘʙʣʠʮʘ 1.2). 

 

ʊʘʙʣʠʮʘ 1.2 ï ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʠ ʩʦʯʝʪʘʥʠʷ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʠ 

ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʧʨʠ ʕʊ [129, 131, 133, 144] 

ʄʫʪʘʮʠʷ TET2 ASXL1 CBL IKZF 1 LNK 
IDH 1/ 

IDH 2 
EZH2 

ʏʘʩʪʦʪʘ, % 5 7 
ʝʜʠʥʠʯʥʳʝ ʩʣʫʯʘʠ 

 
0,8 

ʝʜʠʥʠʯʥʳʝ 

ʩʣʫʯʘʠ 

ʉʦʯʝʪʘʥʠʝ ʩ 

JAK2V617F ʠ 

MPLW515K/L 

ʜʘ ʜʘ       ʜʘ ʫʙʝʜʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝʪ 

 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʚ ʮʝʣʦʤ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʠʟʫʯʝʥʥʦʩʪʴ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ  ʧʨʠ ʕʊ, ʜʝʪʝʢʮʠʷ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʝʨʝʩʪʨʦʝʢ ʧʦ ʤʥʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʘʚʪʦʨʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʛʨʝʩʩʠʚʥʦʤ 

ʨʘʟʚʠʪʠʠ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʦʚʳʰʝʥʠʠ ʨʠʩʢʦʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʠʩʭʦʜʘ, ʪʘʢ ʢʘʢ 

ʷʚʣʷʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʢʣʦʥʘʣʴʥʦʡ ʵʚʦʣʶʮʠʠ ʠ ʥʘʨʘʩʪʘʥʠʷ ʣʝʡʢʝʤʦʛʝʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ [20, 48, 73, 74]. 

 ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʤʫʪʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʚʪʦʨʠʯʥʳʭ ʩʦʙʳʪʠʡ ʚ ʧʘʪʦʛʝʥʝʟʝ ʕʊ, ʦʜʥʘʢʦ ʠʭ ʧʦʷʚʣʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʕʊ ʚ ʄʌ, ʨʘʟʚʠʪʠʷ ɹʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʤʫʪʘʮʠʠ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʣʘʜʘʶʪ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʥʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ, ʘ ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ. 

ɼʝʪʝʢʮʠʷ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ ʥʝ ʪʦʣʴʢʦ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʕʊ, ʥʦ ʠ ʧʨʠ 

ʜʨʫʛʠʭ ʦʥʢʦʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʦʣʠʜʥʳʭ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʭ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʩʧʝʮʠʬʠʯʥʳʭ 

ʤʘʨʢʝʨʦʚ ʢʣʦʥʘʣʴʥʦʩʪʠ ʧʨʠ ʕʊ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʦʚʦʨʠʪʴ ʦ ʚʳʩʦʢʦʡ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʤʫʪʘʮʠʡ ʧʨʠ ʕʊ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʧʨʠʭʦʜʠʪʩʷ, ʘ ʠʭ ʚʢʣʘʜ ʚ 
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ʧʘʪʦʛʝʥʝʟ ʟʘʙʦʣʝʚʘʥʠʷ ʩʦʤʥʠʪʝʣʝʥ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʡ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʧʨʠ ʕʊ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ ʩʦʯʝʪʘʥʥʦʤ ʥʦʩʠʪʝʣʴʩʪʚʝ ʩ ʦʜʥʦʡ ʠʟ 

ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ (JAK2V617F, MPL, CALR) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʇʨʠ ʥʘʣʠʯʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʩʢʨʠʥʠʥʛʘ ʥʘ ʥʘʣʠʯʠʝ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ, ʪʘʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʫ ʚʩʝʭ ʧʘʮʠʝʥʪʦʚ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʕʊ, ʥʘʨʘʩʪʘʥʠʠ 

ʢʣʠʥʠʯʝʩʢʦʡ ʩʠʤʧʪʦʤʘʪʠʢʠ, ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ/ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ 

ʦʩʣʦʞʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʄʌ ʠʣʠ ʧʨʠ ʨʘʟʚʠʪʠʠ ɹʂ. 

ʅʘʨ̫ʜʫ ʩ ʜʝʪʝʢʮʠʝʡ ʩʦʤʘʪʠʯʝʩʢʠʭ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʧʨʠ ʕʊ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʚʳʧʦʣʥʝʥʠʝ ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʩʧʠʨʘʪʘ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʩ ʮʝʣʴʶ ʜʝʪʝʢʮʠʠ ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ, ʢʦʪʦʨʳʝ 

ʪʘʢʞʝ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʥʦ ʯʪʦ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦ, ʤʦʛʫʪ 

ʚʣʠʷʪʴ ʥʘ ʧʨʦʛʥʦʟ ʕʊ.  

ʇʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʜʣʷ ʕʊ ʚ ʮʝʣʦʤ ʤʘʣʦʭʘʨʘʢʪʝʨʥʦ ʚʳʷʚʣʝʥʠʝ 

ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ ʚ ʜʝʙʶʪʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʯʘʩʪʦʪʘ ʜʝʪʝʢʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5% (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ) ʜʦ 15% (ʧʦ ʜʘʥʥʳʤ FISH-ʤʝʪʦʜʘ) [59, 62].  

ʋʟʢʦʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʕʊ ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ ʥʝ ʦʧʠʩʘʥʦ, ʦʜʥʘʢʦ, 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʶʪʩʷ: ʯʘʩʪʠʯʥʘʷ ʪʨʠʩʦʤʠʷ 1q, ʪʨʠʩʦʤʠʷ 8, ʪʨʠʩʦʤʠʷ 9 

[53], ʜʝʣʝʮʠʷ 13q ʠ ʜʝʣʝʮʠʷ 20q [92, 93]. ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ P.J. Campbell et al. [35] 

ʚʳʷʚʠʣʠ ʜʝʣʝʮʠʶ 20q ʠ ʪʨʠʩʦʤʠʶ 9 ʪʦʣʴʢʦ ʫ JAK2V617F-ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʧʘʮʠʝʥʪʦʚ. ɺ ʨʘʙʦʪʝ A.D. Panani et al. ʪʘʢʞʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʤʦʥʦʩʦʤʠʷ 17, 

ʤʦʥʦʩʦʤʠʷ 14, ʪʨʠʩʦʤʠʷ 13, ʠ ʜʝʣʝʮʠʷ 5 ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʕʊ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ 

ʤʫʪʘʮʠʦʥʥʦʛʦ ʩʪʘʪʫʩʘ [92]. 

 ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʭʨʦʤʦʩʦʤʥʳʝ ʘʙʝʨʨʘʮʠʠ ʜʦʩʪʦʚʝʨʥʦ ʯʘʱʝ ʚʳʷʚʣʷʶʪʩʷ ʫ 

ʧʘʮʠʝʥʪʦʚ ʩ ʥʘʣʠʯʠʝʤ ʩʧʣʝʥʦʤʝʛʘʣʠʠ, ʵʧʠʟʦʜʘʤʠ ʚʝʥʦʟʥʳʭ ʪʨʦʤʙʦʟʦʚ ʚ ʘʥʘʤʥʝʟʝ, 

ʛʠʧʝʨʪʨʦʤʙʦʮʠʪʦʟʦʤ ʙʦʣʝʝ 1500ʭ10
9
/ʣ ʠ ʘʥʝʤʠʝʡ ʤʝʥʝʝ 100 ʛ/ʣ [1, 29]. ɼʘʥʥʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʚʳʩʦʢʦʡ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ 
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ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ. ʊʘʢ, ʧʦʷʚʣʝʥʠʝ ʭʨʦʤʦʩʦʤʥʳʭ ʘʥʦʤʘʣʠʡ ʩʦʧʨʷʞʝʥʦ ʩ 

ʥʘʨʘʩʪʘʥʠʝʤ ʢʣʠʥʠʯʝʩʢʦʡ ʩʠʤʧʪʦʤʘʪʠʢʠ ʠ ʫʭʫʜʰʝʥʠʝʤ ʧʨʦʛʥʦʟʘ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʏʘʩʪʦʪʘ ʠ ʩʧʝʢʪʨ ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ ʜʦʩʪʦʚʝʨʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʨʘʩʰʠʨʷʝʪʩʷ 

ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʕʊ ʚ ʄʌ ʠʣʠ ʧʨʠ ʠʩʭʦʜʝ ʟʘʙʦʣʝʚʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʬʘʟʫ ɹʂ.  

ɺ ʨʷʜʝ ʨʘʙʦʪ ʪʘʢʞʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʧʝʨʝʩʪʨʦʡʢʠ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʳʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʣʝʡʢʦʟʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʕʊ: t(2;3), t(2;17), del 

(1;7)(q10;p10), del (17p), ʪʨʠʩʦʤʠʷ 8 ʭʨʦʤʦʩʦʤʳ, ʪʨʠʩʦʤʠʷ 9 ʭʨʦʤʦʩʦʤʳ, 

ʪʨʠʩʦʤʠʷ 21 ʭʨʦʤʦʩʦʤʳ, ʥʘʨʫʰʝʥʠʷ ʩ ʚʦʚʣʝʯʝʥʠʝʤ 7 ʠ 13 ʭʨʦʤʦʩʦʤ, 

ʢʦʤʧʣʝʢʩʥʳʡ ʢʘʨʠʦʪʠʧ [35, 53, 54, 68, 69, 80, 110, 122]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʪʝʢʮʠʷ 

ʭʨʦʤʦʩʦʤʥʳʭ ʘʥʦʤʘʣʠʡ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʝʤ 

ʢʘʢ ʧʨʦʷʚʣʝʥʠʝ ʢʣʦʥʘʣʴʥʦʡ ʵʚʦʣʶʮʠʠ ʟʘʙʦʣʝʚʘʥʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʘʪʦʛʝʥʝʟ ʕʊ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʪʘʧʦʚ (ʨʠʩʫʥʦʢ 1.4). ʆʪʩʫʪʩʪʚʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥʥʦʡ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ, ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʜʨʘʡʚʝʨʦʚ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʩʦʭʨʘʥʝʥʠʝ ʢʘʪʝʛʦʨʠʠ ʧʘʮʠʝʥʪʦʚ, ʫ 

ʢʦʪʦʨʳʭ ʪʘʢʠʝ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʥʝ ʠʟʚʝʩʪʥʳ 

ʠʣʠ ʧʦʢʘ ʥʝ ʦʧʠʩʘʥʳ, ʦʙʦʟʥʘʯʘʶʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʘʥʥʦʡ 

ʥʦʟʦʣʦʛʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

 

ʈʠʩʫʥʦʢ 1.4 ï ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʘʪʦʛʝʥʝʟʘ  

ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ 
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ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʕʊ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠ ʛʝʪʝʨʦʛʝʥʥʳʤ 

ʟʘʙʦʣʝʚʘʥʠʝʤ. ɺʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ, ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʪʝʯʝʥʠʷ ʠ ʧʨʦʛʥʦʟʘ ʟʘʙʦʣʝʚʘʥʠʷ ʧʨʠ ʥʦʩʠʪʝʣʴʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʘʥʦʤʘʣʠʡ, ʪʘʢ ʢʘʢ ʚʳʷʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʕʊ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʡʢʘʭ ʧʦʟʚʦʣʠʪ ʧʨʦʚʝʩʪʠ ʩʪʨʘʪʠʬʠʢʘʮʠʶ 

ʧʘʮʠʝʥʪʦʚ ʧʦ ʛʨʫʧʧʘʤ ʨʠʩʢʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʪʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ, ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʧʪʠʤʠʟʘʮʠʝʡ ʚʳʙʦʨʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. 

 

1.3 ɺʣʠʷʥʠʝ ʤʫʪʘʮʠʡ ʛʝʥʦʚ ʠ ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ ʥʘ ʢʣʠʥʠʢʦ-

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ 

1.3.1 ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ ʠ ʢʣʠʥʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʷ 

ɼʝʪʝʢʮʠʷ ʧʨʠ ʕʊ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʨʘʟʚʠʪʠʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʦʥʘʣʴʥʳʭ ʤʝʛʘʢʘʨʠʦʮʠʪʦʚ ʠ 

ʪʨʦʤʙʦʮʠʪʦʚ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʕʊ ʢʘʢ ʦ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʛʝʪʝʨʦʛʝʥʥʦʤ ʟʘʙʦʣʝʚʘʥʠʠ, ʯʪʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʤ 

ʚʦʚʣʝʯʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʧʫʪʝʡ. ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʦʧʨʦʩʘ ʦ ʚʦʟʤʦʞʥʦʤ ʚʣʠʷʥʠʠ ʥʦʩʠʪʝʣʴʩʪʚʘ 

ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ (ʩʦʤʘʪʠʯʝʩʢʠʭ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ,  

ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ) ʥʘ ʧʨʦʷʚʣʝʥʠʷ ʠ ʪʝʯʝʥʠʝ ʕʊ.  

ʊʘʢ, ʚ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʷʚʠʚʰʠʭʩʷ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʣʝʪ 

ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ, ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʘʮʠʝʥʪʦʚ-ʥʦʩʠʪʝʣʝʡ ʤʫʪʘʮʠʡ ʛʝʥʦʚ JAK2, MPL ʠʣʠ CALR ʠ ʊʅ 

ʧʘʮʠʝʥʪʦʚ [15, 17, 43, 77, 111, 113]. ʌʦʨʤʠʨʫʝʪʩʷ ʧʦʜʭʦʜ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ 

ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʣʠʥʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʕʊ ʫ ʧʘʮʠʝʥʪʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʬʝʥʦʪʠʧʘʤʠ: JAK2-ʧʦʣʦʞʠʪʝʣʴʥʳʤ, MPL-ʧʦʣʦʞʠʪʝʣʴʥʳʤ, CALR-

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠ ʊʅ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʠʢ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʕʊ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʷʪʫʶ-ʰʝʩʪʫʶ ʜʝʢʘʜʳ 

ʞʠʟʥʠ [2, 128]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʕʊ ʢʘʢ ʦ ʟʘʙʦʣʝʚʘʥʠʠ 
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ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʠʮ ʧʦʞʠʣʦʛʦ ʚʦʟʨʘʩʪʘ ʧʝʨʝʩʤʘʪʨʠʚʘʶʪʩʷ, ʪʘʢ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʤʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʥʦʩʠʪʝʣʴʩʪʚʦ ʤʫʪʘʮʠʡ JAK2V617F, ʛʝʥʦʚ MPL ʠ CALR, 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʮʠʝʥʪʦʚ ʙʦʣʝʝ ʤʦʣʦʜʦʛʦ ʚʦʟʨʘʩʪʘ.  

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʤʝʜʠʘʥʳ ʚʦʟʨʘʩʪʘ ʫ ʧʘʮʠʝʥʪʦʚ-ʥʦʩʠʪʝʣʝʡ ʪʨʝʭ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʠ ʊʅ ʧʘʮʠʝʥʪʦʚ, ʦʪʤʝʯʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʙʦʣʴʥʳʭ ʙʦʣʝʝ ʤʦʣʦʜʦʛʦ ʚʦʟʨʘʩʪʘ (ʪʨʝʪʴʷ ʠ ʯʝʪʚʝʨʪʘʷ ʜʝʢʘʜʳ ʞʠʟʥʠ) ʩʨʝʜʠ CALR-

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ JAK2-ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ. ɿʥʘʯʠʤʳʭ ʚʦʟʨʘʩʪʥʳʭ 

ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ JAK2-ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, MPL-ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠ ʊʅ ʧʘʮʠʝʥʪʘʤʠ 

ʥʝ ʚʳʷʚʣʝʥʦ [15, 17, 111].  

ʋʙʝʜʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʧʦʣʴʟʫ ʥʘʣʠʯʠʷ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʤʫʪʘʮʠʦʥʥʳʤ 

ʩʪʘʪʫʩʦʤ ʠ ʛʝʥʜʝʨʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ ʧʘʮʠʝʥʪʦʚ ʥʝ ʦʪʤʝʯʘʝʪʩʷ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʜʦʩʪʦʚʝʨʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʧʘʮʠʝʥʪʦʚ ʤʫʞʩʢʦʛʦ ʧʦʣʘ ʩʨʝʜʠ 

CALR-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ ʧʦ ʜʘʥʥʳʤ ʥʝʢʦʪʦʨʳʭ ʘʚʪʦʨʦʚ [17, 34]. ʉʨʝʜʠ 

MPL-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ  ʦʪʤʝʯʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʞʝʥʱʠʥ. ʄʫʪʘʮʠʷ 

JAK2V617F ʠ ʊʅ ʩʪʘʪʫʩ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʭʘʨʘʢʪʝʨʥʳ ʢʘʢ ʜʣʷ ʤʫʞʯʠʥ, ʪʘʢ ʠ ʜʣʷ 

ʞʝʥʱʠʥ [15, 17, 128].  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʕʊ ʧʝʨʚʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʢʣʠʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʨʦʚʠ. ʉʪʝʧʝʥʴ ʚʳʨʘʞʝʥʥʦʩʪʠ ʪʨʦʤʙʦʮʠʪʦʟʘ ʠ ʚʦʟʤʦʞʥʦʝ 

ʥʘʣʠʯʠʝ ʣʝʡʢʦʮʠʪʦʟʘ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʷʚʣʷʶʪʩʷ ʢʦʩʚʝʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ 

ʘʢʪʠʚʥʦʩʪʠ ʤʠʝʣʦʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʟʚʦʣʷʶʪ 

ʛʦʚʦʨʠʪʴ ʦ ʚʦʟʤʦʞʥʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʮʠʪʦʨʝʜʫʢʪʠʚʥʦʡ ʪʝʨʘʧʠʠ, ʧʨʦʬʠʣʘʢʪʠʢʝ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʠ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ 

ʦʩʣʦʞʥʝʥʠʡ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʩʨʝʜʥʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ ʚʩʝʤʠ 

ʘʚʪʦʨʘʤʠ ʝʜʠʥʦʛʣʘʩʥʦ ʠ ʙʝʩʩʧʦʨʥʦ ʧʨʠʟʥʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʪʨʦʤʙʦʮʠʪʦʚ ʫ CALR-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ JAK2-

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, MPL-ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠ ʊʅ ʧʘʮʠʝʥʪʘʤʠ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʚʥʷ ʪʨʦʤʙʦʮʠʪʦʚ ʫ ʥʦʩʠʪʝʣʝʡ CALR-ʤʫʪʘʮʠʡ ʧʨʝʚʳʰʘʶʪ 

1000ʭ10
9
/ʣ [17, 75, 89]. ʇʨʠ ʵʪʦʤ, ʥʝ ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʚ 
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ʩʨʝʜʥʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʫʨʦʚʥʷ ʪʨʦʤʙʦʮʠʪʦʚ ʧʨʠ JAK2-ʧʦʣʦʞʠʪʝʣʴʥʦʤ, MPL-

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʠ ʊʅ ʩʪʘʪʫʩʘʭ [1, 2, 15, 128]. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʠʧʝʨʪʨʦʤʙʦʮʠʪʦʟ ʫ CALR-ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʧʘʮʠʝʥʪʦʚ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʫ ʥʠʭ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ. 

ʅʘʧʨʦʪʠʚ, ʩʣʝʜʩʪʚʠʝʤ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʪʨʦʤʙʦʮʠʪʦʚ ʫ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ 

ʧʘʮʠʝʥʪʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʨʠʩʢʦʚ ʩʧʦʥʪʘʥʥʳʭ ʢʨʦʚʦʪʝʯʝʥʠʡ ʟʘ ʩʯʝʪ 

ʨʘʟʚʠʪʠʷ ʩʠʥʜʨʦʤʘ ɺʠʣʣʝʙʨʘʥʜʘ ʫ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʙʦʣʴʥʳʭ.  

ʉʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʛʝʤʦʛʣʦʙʠʥʘ ʠ ʣʝʡʢʦʮʠʪʦʚ ʧʨʠ CALR-ʧʦʣʦʞʠʪʝʣʴʥʦʤ 

ʩʪʘʪʫʩʝ ʜʦʩʪʦʚʝʨʥʦ ʥʠʞʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ JAK2V617F-ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʧʘʮʠʝʥʪʦʚ. ɿʥʘʯʠʤʳʭ ʦʪʣʠʯʠʡ ʧʦ ʫʨʦʚʥʶ ʛʝʤʦʛʣʦʙʠʥʘ ʠ ʣʝʡʢʦʮʠʪʦʚ ʤʝʞʜʫ 

ʥʦʩʠʪʝʣʷʤʠ ʤʫʪʘʮʠʡ ʚ ʛʝʥʘʭ JAK2 ʠ MPL ʠ ʊʅ ʧʘʮʠʝʥʪʘʤʠ ʥʝ ʦʪʤʝʯʘʣʠʩʴ [15, 

17]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʷʜʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʚʥʝʡ ʣʝʡʢʦʮʠʪʦʚ ʫ JAK2V617F-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ CALR-

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʊʅ ʧʘʮʠʝʥʪʘʤʠ [58, 95]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʜʥʦʟʥʘʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʚʟʘʠʤʦʩʚʷʟʷʭ ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʤ 

ʬʝʥʦʪʠʧʦʤ ʠ ʢʣʠʥʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʠ ʕʊ ʥʝ ʩʬʦʨʤʠʨʦʚʘʥʦ. 

ʇʦʢʘʟʘʪʝʣʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ ʥʘ ʵʪʘʧʝ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʚ ʜʠʥʘʤʠʢʝ 

ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʦʪʨʘʞʘʶʪ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʨʠʩʢʠ ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ, ʪʘʢ ʢʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʩʦʯʝʪʘʥʥʦʝ ʥʘʨʘʩʪʘʥʠʝ ʪʨʦʤʙʦʮʠʪʦʟʘ ʠ ʣʝʡʢʦʮʠʪʦʟʘ ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʟʦʚ ʟʘ ʩʯʝʪ ʩʧʦʥʪʘʥʥʦʡ ʘʛʨʝʛʘʮʠʠ 

ʪʨʦʤʙʦʮʠʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʣʝʡʢʦʮʠʪʘʤʠ [36, 37, 61].  

ʇʦʢʘʟʘʪʝʣʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ ʥʘ ʵʪʘʧʝ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʠʭ 

ʠʟʤʝʥʝʥʠʝ ʚ ʪʝʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʢʨʠʪʝʨʠʷʤʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʯʘʣʘ ʪʝʨʘʧʠʠ ʠ ʚ ʮʝʣʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʚ ʧʦʣʴʟʫ ʘʢʪʠʚʘʮʠʠ 

ʤʠʝʣʦʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʨʘʩʪʘʥʠʝ ʣʝʡʢʦʮʠʪʦʟʘ ʠ 

ʪʨʦʤʙʦʮʠʪʦʟʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʘʨʘʩʪʘʥʠʶ ʢʣʠʥʠʯʝʩʢʦʡ ʩʠʤʧʪʦʤʘʪʠʢʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʦʷʚʣʝʥʠʝʤ ʩʠʤʧʪʦʤʦʚ ʥʘʨʫʰʝʥʠʷ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ. 

ʂʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʕʊ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳ. ʅʦʩʠʪʝʣʴʩʪʚʦ 

ʤʫʪʘʮʠʡ ʛʝʥʘ CALR ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʩʪʦʷʥʠʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 
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ʤʠʥʠʤʘʣʴʥʦ ʚʳʨʘʞʝʥʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʢʘʨʪʠʥʦʡ ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʙʝʩʩʠʤʧʪʦʤʥʳʤ ʪʝʯʝʥʠʝʤ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ JAK2-ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʧʘʮʠʝʥʪʘʤʠ 

ʥʦʩʠʪʝʣʴʩʪʚʦ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ CALR ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ 

ʚʳʨʘʞʝʥʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʩʠʤʧʪʦʤʘʪʠʢʦʡ.  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʝ ʚʳʷʚʣʷʶʪ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʧʦ 

ʚʳʨʘʞʝʥʥʦʩʪʠ ʠ ʩʧʝʢʪʨʫ ʢʣʠʥʠʯʝʩʢʠʭ ʩʠʤʧʪʦʤʦʚ ʤʝʞʜʫ MPL-ʧʦʟʠʪʠʚʥʳʤʠ ʠ ʊʅ 

ʧʘʮʠʝʥʪʘʤʠ, ʥʝ ʦʪʤʝʯʘʶʪ ʜʦʩʪʦʚʝʨʥʦʛʦ ʚʣʠʷʥʠʷ ʦʙʦʠʭ ʩʪʘʪʫʩʦʚ ʢʘʢ ʥʘ ʥʘʣʠʯʠʝ, 

ʪʘʢ ʠ ʥʘ ʚʳʨʘʞʝʥʥʦʩʪʴ ʢʣʠʥʠʯʝʩʢʠʭ ʩʠʤʧʪʦʤʦʚ [15, 113, 147].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʟʘʙʦʣʝʚʘʥʠʷ ʫ JAK2V617F-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ CALR-

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ. ʅʦʩʠʪʝʣʴʩʪʚʦ JAK2V617F ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʩʦʙʳʪʠʝ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʛʘʪʠʚʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʜʘʥʥʦʡ 

ʧʝʨʝʩʪʨʦʡʢʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʝʯʝʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʟʘʙʦʣʝʚʘʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʥʘʣʠʯʠʝ CALR-ʤʫʪʘʮʠʡ ʚ ʮʝʣʦʤ ʥʝ ʚʣʠʷʝʪ ʥʘ ʥʘʨʘʩʪʘʥʠʝ ʚʳʨʘʞʝʥʥʦʩʪʠ 

ʩʠʤʧʪʦʤʦʚ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʡʪʨʘʣʴʥʦʝ ʠʣʠ 

ʜʘʞʝ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʩʦʙʳʪʠʝ ʧʨʠ ʕʊ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʝʜʫʱʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʕʊ 

ʢʘʢ ʫ JAK2V617F-ʧʦʣʦʞʠʪʝʣʴʥʳʭ, ʪʘʢ ʠ ʫ CALR-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ 

ʷʚʣʷʶʪʩʷ ʩʧʣʝʥʦʤʝʛʘʣʠʷ ʠ ʩʣʘʙʦʩʪʴ, ʢʦʪʦʨʳʝ ʠʩʧʳʪʳʚʘʝʪ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ 

ʧʘʮʠʝʥʪʦʚ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʫʪʘʮʠʦʥʥʦʛʦ ʩʪʘʪʫʩʘ [1, 2]. 

ɸʥʘʣʠʟ ʢʣʠʥʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ ʧʨʠ MPL-ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʠ ʊʅ ʩʪʘʪʫʩʘʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʣʦʞʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʥʝʙʦʣʴʰʦʡ ʜʦʣʝʡ ʪʘʢʠʭ 

ʧʘʮʠʝʥʪʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʭ ʤʝʥʴʰʝʡ ʠʟʫʯʝʥʥʦʩʪʴʶ. ʂʘʢʠʭ-ʣʠʙʦ ʭʘʨʘʢʪʝʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʨʘʟʚʠʪʠʠ ʕʊ ʫ ʜʘʥʥʳʭ ʛʨʫʧʧ ʧʘʮʠʝʥʪʦʚ ʥʝ ʦʧʠʩʘʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʚʳʙʦʨʢʦʡ ʜʘʥʥʳʭ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʚʦʧʨʦʩʘ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ MPL-

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ ʊʅ ʩʪʘʪʫʩʦʚ ʥʘ ʩʧʝʢʪʨ ʠ ʚʳʨʘʞʝʥʥʦʩʪʴ ʢʣʠʥʠʯʝʩʢʠʭ 

ʩʠʤʧʪʦʤʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʘʝʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʥʦʩʠʪʝʣʴʩʪʚʘ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʦʡ ʤʫʪʘʮʠʠ ʥʘ ʢʣʠʥʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʕʊ. ʅʘʨʘʩʪʘʥʠʝ 

ʢʣʠʥʠʯʝʩʢʦʡ ʩʠʤʧʪʦʤʘʪʠʢʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʤʫʪʘʮʠʦʥʥʳʤ 
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ʩʪʘʪʫʩʦʤ ʧʘʮʠʝʥʪʘ, ʥʦ ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʫʢʮʠʠ ʮʠʪʦʢʠʥʦʚ ʠ ʪʨʦʤʙʦʮʠʪʦʟʦʤ, 

ʯʪʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʝ ʦʙʲʷʩʥʷʝʪ ʤʝʥʴʰʫʶ ʚʳʨʘʞʝʥʥʦʩʪʴ ʢʣʠʥʠʯʝʩʢʦʡ 

ʩʠʤʧʪʦʤʘʪʠʢʠ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ CALR-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʕʊ ʢʘʢ ʦ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʛʝʪʝʨʦʛʝʥʥʦʤ ʟʘʙʦʣʝʚʘʥʠʠ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʢʣʠʥʠʯʝʩʢʠʭ 

ʧʨʦʷʚʣʝʥʠʡ ʟʘʙʦʣʝʚʘʥʠʷ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ, ʪʘʢ ʢʘʢ ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦʟʥʘʯʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʚʣʠʷʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ (ʤʫʪʘʮʠʡ ʛʝʥʦʚ ʠ ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ) ʥʘ ʢʣʠʥʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʕʊ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʧʦʨʥʳʤ ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʠʣʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʘ ʚʦʟʤʦʞʥʦ ʠʭ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʣʠʥʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʕʊ. 

ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʜʝʪʝʢʮʠʶ ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ (ʤʫʪʘʮʠʡ ʛʝʥʦʚ ʠ ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ) ʚ 

ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʵʪʘʧʝ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʚ ʜʝʙʶʪʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʩ ʮʝʣʴʶ ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ ʕʊ, ʥʦ ʠ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʠ ʪʝʯʝʥʠʷ ʕʊ. ʈʠʩʢʠ ʚʦʟʤʦʞʥʳʭ ʦʩʣʦʞʥʝʥʠʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʮʝʥʠʚʘʪʴ ʧʨʠ ʥʘʨʘʩʪʘʥʠʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʢʣʠʥʠʯʝʩʢʦʡ 

ʩʠʤʧʪʦʤʘʪʠʢʠ ʠ ʠʟʤʝʥʝʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ, ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʥʦʟʘ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʪʘʢʪʠʢʠ [1, 128, 132].  

1.3.2 ɺʣʠʷʥʠʝ ʤʫʪʘʮʠʡ ʛʝʥʦʚ ʥʘ ʨʘʟʚʠʪʠʝ ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʵʩʩʝʥʮʠʘʣʴʥʦʡ 

ʪʨʦʤʙʦʮʠʪʝʤʠʠ 

ʈʘʟʚʠʪʠʝ ʦʩʣʦʞʥʝʥʠʡ ʫʭʫʜʰʘʝʪ ʪʝʯʝʥʠʝ ʕʊ. ʆʩʣʦʞʥʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʜʚʫʤʷ ʢʘʪʝʛʦʨʠʷʤʠ: 

1. ʊʨʦʤʙʦʪʠʯʝʩʢʠʝ ʦʩʣʦʞʥʝʥʠʷ - ʪʨʦʤʙʦʟʳ ʨʘʟʣʠʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ;  

2. ɻʝʤʦʨʨʘʛʠʯʝʩʢʠʝ ʦʩʣʦʞʥʝʥʠʷ - ʧʦʚʳʰʝʥʥʘʷ ʢʨʦʚʦʪʦʯʠʚʦʩʪʴ ʠ ʩʧʦʥʪʘʥʥʳʝ 

ʢʨʦʚʦʪʝʯʝʥʠʷ.  
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1. ʊʨʦʤʙʦʪʠʯʝʩʢʠʝ ʦʩʣʦʞʥʝʥʠʷ  

ɼʘʥʥʘʷ ʢʘʪʝʛʦʨʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʷʚʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʨʪʝʨʠʘʣʴʥʳʤʠ ʠ 

ʚʝʥʦʟʥʳʤʠ ʪʨʦʤʙʦʟʘʤʠ, ʯʘʩʪʦ ʘʪʠʧʠʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ (ʩʠʩʪʝʤʘ ʚʝʨʭʥʝʡ ʧʦʣʦʡ ʠ 

ʧʦʨʪʘʣʴʥʦʡ ʚʝʥ, ʙʨʳʞʝʝʯʥʳʝ ʚʝʥʳ). ɼʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʦʥʠ ʨʘʟʚʠʚʘʶʪʩʷ ʚ 

ʤʦʣʦʜʦʤ ʚʦʟʨʘʩʪʝ, ʫ ʧʘʮʠʝʥʪʦʚ ʤʦʣʦʞʝ 50 ʣʝʪ. ʊʘʢʞʝ ʭʘʨʘʢʪʝʨʥʘ ʪʝʥʜʝʥʮʠʷ ʢ 

ʨʝʮʠʜʠʚʠʨʦʚʘʥʠʶ, ʢʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪ ʤʝʩʪʦ ʚʦʚʣʝʯʝʥʠʝ ʚ ʧʘʪʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʢʨʫʧʥʳʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʩʦʩʫʜʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʪʤʝʯʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʕʊ 

ʫʚʝʣʠʯʝʥʠʝ ʨʠʩʢʘ ʠ ʯʘʩʪʦʪʳ ʨʘʟʚʠʪʠʷ ʠʤʝʥʥʦ ʘʨʪʝʨʠʘʣʴʥʳʭ ʪʨʦʤʙʦʟʦʚ. 

ʊʨʦʤʙʦʪʠʯʝʩʢʠʝ ʦʩʣʦʞʥʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʤʦʞʥʦʡ ʠʥʚʘʣʠʜʠʟʘʮʠʠ ʧʘʮʠʝʥʪʘ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʶʪ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʠ ʧʨʦʛʥʦʟ ʟʘʙʦʣʝʚʘʥʠʷ, ʪʨʝʙʫʶʪ 

ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʝʝ ʘʢʪʠʚʥʦʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʪʘʢʪʠʢʠ ʠ ʜʝʪʘʣʴʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ.  

ʋ ʧʦʜʘʚʣʷʶʱʝʛʦ ʯʠʩʣʘ ʧʘʮʠʝʥʪʦʚ ʪʨʦʤʙʦʟʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʮʠʜʠʚʠʨʫʶʱʠʝ, ʘ 

ʪʘʢʞʝ ʆʀʄ ʠ ʆʅʄʂ ʥʘ ʬʦʥʝ ʧʝʨʩʠʩʪʠʨʫʶʱʝʛʦ ʪʨʦʤʙʦʮʠʪʦʟʘ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ 

ʟʘʜʦʣʛʦ ʜʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʠʘʛʥʦʟʘ ʕʊ.  

ʌʘʢʪʦʨʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʨʦʤʙʦʟʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʤʷ 

ʛʨʫʧʧʘʤʠ: 

1. ʌʘʢʪʦʨʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʘʣʠʯʠʝʤ ʟʘʙʦʣʝʚʘʥʠʷ: 

Á ʪʨʦʤʙʦʮʠʪʦʟ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ, 

Á ʣʝʡʢʦʮʠʪʦʟ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ, 

Á ʧʦʚʳʰʝʥʥʘʷ ʘʛʨʝʛʘʮʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʣʦʥʘʣʴʥʳʭ ʪʨʦʤʙʦʮʠʪʦʚ, 

ʧʨʠʚʦʜʷʱʘʷ ʢ ʘʛʨʝʛʘʮʠʠ ʪʨʦʤʙʦʮʠʪʦʚ ʢʘʢ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʪʘʢ ʠ ʩ 

ʣʝʡʢʦʮʠʪʘʤʠ, 

Á ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʛʝʤʦʩʪʘʟʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʪʨʦʤʙʦʮʠʪʘʨʥʳʤ 

ʟʚʝʥʦʤ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʧʦʚʳʰʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʵʥʜʦʪʝʣʠʷ 

ʩʦʩʫʜʦʚ, 

Á ʥʦʩʠʪʝʣʴʩʪʚʦ ʩʦʤʘʪʠʯʝʩʢʦʡ ʤʫʪʘʮʠʠ ʛʝʥʘ ʷʥʫʩʢʠʥʘʟʳ JAK2 ï 

JAK2V617F. 

2. ʌʘʢʪʦʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʘʮʠʝʥʪʘ: 

Á ʚʦʟʨʘʩʪ, 
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Á ʥʘʣʠʯʠʝ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ (ʢʫʨʝʥʠʝ, ʦʞʠʨʝʥʠʝ, 

ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ ʠ ʜʨʫʛʠʝ), 

Á ʥʘʣʠʯʠʝ ʪʨʦʤʙʦʟʦʚ ʚ ʘʥʘʤʥʝʟʝ, 

Á ʩʦʧʫʪʩʪʚʫʶʱʘʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʘʷ ʧʘʪʦʣʦʛʠʷ, 

Á ʥʦʩʠʪʝʣʴʩʪʚʦ ʠʥʳʭ ʤʫʪʘʮʠʡ ʛʝʥʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʨʠʩʢʦʤ 

ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʟʦʚ (ʛʝʥ ʬʘʢʪʦʨʘ V (Leiden), ʛʝʥ ʧʨʦʪʨʦʤʙʠʥʘ, ʛʝʥ 

ʪʢʘʥʝʚʦʛʦ ʘʢʪʠʚʘʪʦʨʘ ʧʣʘʟʤʠʥʦʛʝʥʘ-1 (PAI-1), ʛʝʥ ʬʠʙʨʠʥʦʛʝʥʘ, ʛʝʥ 

ʤʝʪʠʣʪʝʪʨʘʛʠʜʨʦʬʦʣʘʪʨʝʜʫʢʪʘʟʳ ʠ ʜʨʫʛʠʝ). 

ʉ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʫ ʧʘʮʠʝʥʪʘ ʬʘʢʪʦʨʦʚ, ʧʦʚʳʰʘʶʱʠʭ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ, ʧʨʦʚʦʜʠʪʩʷ ʠʭ ʧʨʦʬʠʣʘʢʪʠʢʘ. ʇʨʠ ʛʨʘʤʦʪʥʦʡ 

ʧʨʦʬʠʣʘʢʪʠʢʝ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ, ʩ ʫʯʝʪʦʤ ʩʫʤʤʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʨʠʩʢʦʚ ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʟʦʚ ʫ ʢʘʞʜʦʛʦ ʧʘʮʠʝʥʪʘ, ʨʠʩʢ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʦʞʝʪ 

ʙr ʪʴ ʩʚʝʜʝʥ ʢ ʤʠʥʠʤʫʤʫ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʩʧʝʢʪʠʚʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʟʘ ʧʘʮʠʝʥʪʘʤʠ ʩ ʕʊ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʥʝʟʘʚʠʩʠʤʳʝ ʬʘʢʪʦʨʳ, ʜʦʩʪʦʚʝʨʥʦ 

ʧʦʚʳʰʘʶʱʠʝ ʨʠʩʢ ʘʨʪʝʨʠʘʣʴʥʳʭ ʠ ʚʝʥʦʟʥʳʭ ʪʨʦʤʙʦʟʦʚ [44, 101, 120].  

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʘʨʪʝʨʠʘʣʴʥʳʭ 

ʪʨʦʤʙʦʟʦʚ:  

1. ɺʦʟʨʘʩʪ ʩʪʘʨʰʝ 60 ʣʝʪ,  

2. ʅʘʣʠʯʠʝ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʪʨʦʤʙʦʟʦʚ ʚ ʘʥʘʤʥʝʟʝ,  

3. ʅʘʣʠʯʠʝ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʦʩʣʦʞʥʝʥʠʡ: 

ʢʫʨʝʥʠʝ, ʘʨʪʝʨʠʘʣʴʥʘʷ ʛʠʧʝʨʪʝʥʟʠʷ ʠ ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ, 

4. ʅʘʣʠʯʠʝ ʣʝʡʢʦʮʠʪʦʟʘ ʙʦʣʝʝ 11ʭ10
9
/ʣ, 

5. ʅʦʩʠʪʝʣʴʩʪʚʦ ʤʫʪʘʮʠʠ JAK2V617F [44, 95-97, 117].  

ʇʨʠ ʵʪʦʤ, ʥʘʠʙʦʣʝʝ ʚʝʩʦʤʳʤʠ ʬʘʢʪʦʨʘʤʠ ʨʠʩʢʘ ʧʨʠʟʥʘʶʪʩʷ: ʚʦʟʨʘʩʪ ʩʪʘʨʰʝ 

60 ʣʝʪ ʠ ʥʘʣʠʯʠʝ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʪʨʦʤʙʦʟʦʚ ʚ ʘʥʘʤʥʝʟʝ [43, 49]. ɺʦʧʨʦʩ ʦ 

ʪʨʦʤʙʦʛʝʥʥʦʤ ʚʣʠʷʥʠʠ ʣʝʡʢʦʮʠʪʦʟʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ  

[24, 33, 36, 37, 44].  

ʉʨʝʜʠ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʚʝʥʦʟʥʳʭ ʪʨʦʤʙʦʟʦʚ ʪʘʢʞʝ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʥʷʪʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʤʫʞʩʢʦʤʫ ʧʦʣʫ [101]. ʊʘʢʦʡ ʛʝʥʜʝʨʥʦʡ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʥʝ ʦʪʤʝʯʘʝʪʩʷ ʜʣʷ ʘʨʪʝʨʠʘʣʴʥʳʭ ʪʨʦʤʙʦʟʦʚ. 
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ɺ 2010 ʛʦʜʫ ɹʨʠʪʘʥʩʢʠʤ ʢʦʤʠʪʝʪʦʤ ʩʪʘʥʜʘʨʪʦʚ ʚ ʛʝʤʘʪʦʣʦʛʠʠ (British 

Committee for Standards in Hematology - BCSH) ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʨʠʩʢʦʚ ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʟʦʚ, ʚʢʣʶʯʘʶʱʘʷ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ 

ʠʟ ʢʨʠʪʝʨʠʝʚ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʪʨʦʤʙʦʮʠʪʦʚ ʙʦʣʝʝ 1500ʭ10
9
/ʣ (ʪʘʙʣʠʮʘ 1.3) [44]. 

ɼʘʥʥʘʷ ʰʢʘʣʘ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʨʠʩʢʦʚ ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʙʳʣʘ 

ʩʚʷʟʘʥʘ ʩ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʢʨʠʪʝʨʠʷʤʠ ʕʊ BCSH 2010 ʛʦʜʘ. 

 

ʊʘʙʣʠʮʘ 1.3 ï ʈʠʩʢ ʪʨʦʤʙʦʟʦʚ (BCSH) [44, 57] 

ɺʳʩʦʢʠʡ ʨʠʩʢ ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʨʠʩʢ ʅʠʟʢʠʡ ʨʠʩʢ 

ɺʦʟʨʘʩʪ ʩʪʘʨʰʝ 60 ʣʝʪ ɺʦʟʨʘʩʪ 40-60 ʣʝʪ ɺʦʟʨʘʩʪ < 40 ʣʝʪ 

ʊʨʦʤʙʦʟʳ ʚ ʘʥʘʤʥʝʟʝ - - 

ʊʨʦʤʙʦʮʠʪʳ >1500x10
9
/ʣ - - 

 

ɺ 2012 ʛʦʜʫ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʥʦʛʦʮʝʥʪʨʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʨʘʙʦʯʝʡ ʛʨʫʧʧʦʡ ʵʢʩʧʝʨʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ ʠ ʪʝʨʘʧʠʠ 

ʤʠʝʣʦʬʠʙʨʦʟʘ (International Working Group of Myelofibrosis Research and Treatment 

ï IWG-MRT) ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʫʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʘʷ ʰʢʘʣʘ ʨʠʩʢʦʚ ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʟʦʚ ʧʨʠ ʕʊ ï IPSET (International 

Prognostic Score for ET) (ʪʘʙʣʠʮʘ 1.4) [44]. ɺ ʜʘʥʥʦʡ ʰʢʘʣʝ ʪʨʦʤʙʦʮʠʪʦʟ ʥʝ ʙʳʣ 

ʚʳʜʝʣʝʥ ʚ ʢʘʯʝʩʪʚʝ ʥʝʟʘʚʠʩʠʤʦʛʦ ʬʘʢʪʦʨʘ ʨʠʩʢʘ, ʚʤʝʩʪʦ ʥʝʛʦ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʪʘʢʦʡ ʢʨʠʪʝʨʠʡ ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʣʝʡʢʦʮʠʪʦʚ (ʨʘʚʥʳʡ 11ʭ10
9
/ʣ ʠ ʚʳʰʝ). 

 

ʊʘʙʣʠʮʘ 1.4 ï ʌʘʢʪʦʨʳ ʨʠʩʢʘ ʪʨʦʤʙʦʟʦʚ IPSET [44] 

ʌʘʢʪʦʨʳ ʨʠʩʢʘ 
ɹʘʣʣʳ

*  

0 1 2 

ɺʦʟʨʘʩʪ, ʣʝʪ ʄʦʣʦʞʝ 60 ʣʝʪ - ʆʪ 60 ʣʝʪ ʠ ʩʪʘʨʰʝ 

ʏʠʩʣʦ ʣʝʡʢʦʮʠʪʦʚ, 

ʭ10
9
/ʣ 

ʄʝʥʝʝ 11 11 ʠ ʙʦʣʝʝ - 

ʊʨʦʤʙʦʟʳ ʚ 

ʘʥʘʤʥʝʟʝ 
ʅʝʪ ɼʘ - 

* ʅʠʟʢʠʡ ʨʠʩʢ ï 0 ʙʘʣʣʦʚ, ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʨʠʩʢ ï 1-2 ʙʘʣʣʘ, ʚʳʩʦʢʠʡ ʨʠʩʢ ï 3-4 ʙʘʣʣʘ. 
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ɺ 2012 ʛʦʜʫ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʤʥʦʛʦʮʝʥʪʨʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʢʘʣʘ 

IPSET ʙʳʣʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʵʢʩʧʝʨʪʘʤʠ ɺʆɿ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʰʢʘʣʫ ʨʠʩʢʘ ʪʨʦʤʙʦʟʦʚ ʧʨʠ ʕʊ ï ɺʆɿ-ʕʊ (IPSET-thrombosis), 

ʢʦʪʦʨʘʷ ʙʘʟʠʨʦʚʘʣʘʩʴ ʥʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʷʭ ɺʆɿ 2008 ʛʦʜʘ ʠ ʚʧʝʨʚʳʝ 

ʚʢʣʶʯʠʣʘ ʥʦʩʠʪʝʣʴʩʪʚʦ ʤʫʪʘʮʠʠ JAK2V617F ʚ ʢʘʯʝʩʪʚʝ ʥʝʟʘʚʠʩʠʤʦʛʦ ʢʨʠʪʝʨʠʷ, 

ʧʦʚʳʰʘʶʱʝʛʦ ʨʠʩʢ ʪʨʦʤʙʦʟʦʚ [23, 44] (ʪʘʙʣʠʮʘ 1.5).  

 

ʊʘʙʣʠʮʘ 1.5 ï ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʧʨʦʛʥʦʩʪʠʯʝʩʢʘʷ ʰʢʘʣʘ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʟʦʚ 

ʧʨʠ ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ ɺʆɿ (IPSET-thrombosis) [23] 

ʂʨʠʪʝʨʠʡ ɹʘʣʣ ʧʦ ʰʢʘʣʝ 

ɺʦʟʨʘʩʪ ʩʪʘʨʰʝ 60 ʣʝʪ 1 

ʉʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ ʬʘʢʪʦʨʳ ʨʠʩʢʘ
*  

1 

ʊʨʦʤʙʦʟʳ ʚ ʘʥʘʤʥʝʟʝ 2 

JAK2V617F 2 

*
ʉʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ ʬʘʢʪʦʨʳ ʨʠʩʢʘ: ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ, ʢʫʨʝʥʠʝ, ʘʨʪʝʨʠʘʣʴʥʘʷ 

ʛʠʧʝʨʪʝʥʟʠʷ. 

 

ʉʦʛʣʘʩʥʦ ʥʘʙʨʘʥʥʦʡ ʩʫʤʤʝ ʙʘʣʣʦʚ (ɺʆɿ-ʕʊ IPSET-thrombosis) ʧʘʮʠʝʥʪʳ 

ʩʪʨʘʪʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʛʨʫʧʧʘʤ ʨʠʩʢʘ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ, ʩ ʜʦʩʪʦʚʝʨʥʳʤ 

ʧʦʚʳʰʝʥʠʝʤ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʦʤʙʦʟʦʚ, ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ 

ʢʦʪʦʨʳʭ ʚ % ʚ ʛʦʜ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʥʘ (ʪʘʙʣʠʮʘ 1.6).  

 

ʊʘʙʣʠʮʘ 1.6 ï ɻʨʫʧʧʳ ʨʠʩʢʘ ʠ ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʟʦʚ ʚ ʛʦʜ (%) [23] 

ʈʠʩʢ ʉʫʤʤʘ ʙʘʣʣʦʚ 
ʏʘʩʪʦʪʘ ʪʨʦʤʙʦʟʦʚ, 

% ʚ ʛʦʜ 

ʅʠʟʢʠʡ 0-1 1,04 

ʇʨʦʤʝʞʫʪʦʯʥʳʡ 2 2,35 

ɺʳʩʦʢʠʡ 3 ʠ ʙʦʣʝʝ 3,41 

 

ɺʣʠʷʥʠʝ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ CALR ʠ MPL ʥʘ ʧʦʪʝʥʮʠʨʦʚʘʥʠʝ ʣʠʙʦ 

ʫʤʝʥʴʰʝʥʠʝ ʨʠʩʢʦʚ ʪʨʦʤʙʦʟʦʚ ʧʨʠ ʕʊ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
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ʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ɸ. Tefferi et al., ʯʘʩʪʦʪʘ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʥʦʩʠʪʝʣʴʩʪʚʝ CALR-

ʤʫʪʘʮʠʠ ʚ ʜʚʘ ʨʘʟʘ ʥʠʞʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ JAK2-ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʩʪʘʪʫʩʦʤ [125]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʨʠʩʢ ʪʨʦʤʙʦʟʦʚ ʩ ʚʦʟʨʘʩʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʕʊ, ʯʪʦ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʠ JAK2-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ. ʆʪʩʫʪʩʪʚʠʝ ʪʘʢʦʡ ʚʦʟʨʘʩʪʥʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʣʠʰʴ ʫ CALR-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ, ʥʠʟʢʠʡ ʨʠʩʢ 

ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʟʦʚ ʫ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʧʘʮʠʝʥʪʦʚ ʥʝ ʥʘʨʘʩʪʘʝʪ ʩ ʚʦʟʨʘʩʪʦʤ [125].  

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʜʘʥʥʳʭ ʧʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʤ ʪʨʦʤʙʦʪʠʯʝʩʢʠʤ ʦʩʣʦʞʥʝʥʠʷʤ ʫ 

ʧʘʮʠʝʥʪʦʚ-ʥʦʩʠʪʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʫʪʘʮʠʡ CALR ʧʦ ʜʘʥʥʳʤ D. Pietra et al. 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʜʣʷ ʧʘʮʠʝʥʪʦʚ-ʥʦʩʠʪʝʣʝʡ 2 ʪʠʧʘ ʤʫʪʘʮʠʠ ʥʝ ʭʘʨʘʢʪʝʨʥʦ 

ʫʚʝʣʠʯʝʥʠʝ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʨʠʩʢʘ ʪʨʦʤʙʦʟʦʚ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʫʨʦʚʝʥʴ 

ʪʨʦʤʙʦʮʠʪʦʚ ʧʨʠ 2 ʪʠʧʝ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʦʩʠʪʝʣʴʩʪʚʦʤ 1 ʪʠʧʘ 

ʤʫʪʘʮʠʠ [136]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʠʝ ʢʨʠʪʝʨʠʠ, ʢʘʢ ʣʝʡʢʦʮʠʪʦʟ 

ʠ ʛʠʧʝʨʪʨʦʤʙʦʮʠʪʦʟ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʩʧʦʨʥʳʝ ʧʨʠ ʦʮʝʥʢʝ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ 

ʪʨʦʤʙʦʟʦʚ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʕʊ.  

 ʇʨʠ ʘʥʘʣʠʟʝ ʯʘʩʪʦʪ ʠ ʨʠʩʢʦʚ ʪʨʦʤʙʦʟʦʚ ʫ MPL-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʊʅ 

ʧʘʮʠʝʥʪʦʚ, ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʜʘʥʥʳʭ ʤʫʪʘʮʠʦʥʥʳʭ ʩʪʘʪʫʩʦʚ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʯʘʩʪʦʪʳ ʪʨʦʤʙʦʟʦʚ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʧʘʮʠʝʥʪʘʤʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʨʫʧʧ 

ʥʝ ʦʪʤʝʯʘʝʪʩʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʊʅ ʩʪʘʪʫʩ ʧʨʠʥʷʪʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠ ʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ JAK2, CALR ʠ MPL-

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʩʪʘʪʫʩʘʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ ʪʨʦʤʙʦʛʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ [2].  

2. ɻʝʤʦʨʨʘʛʠʯʝʩʢʠʝ ʦʩʣʦʞʥʝʥʠʷ 

ɼʘʥʥʘʷ ʢʘʪʝʛʦʨʠʷ ʦʩʣʦʞʥʝʥʠʡ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʢʣʦʥʥʦʩʪʠ ʢ ʧʦʚʳʰʝʥʥʦʡ 

ʢʨʦʚʦʪʦʯʠʚʦʩʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʤʘʣʦʠʥʚʘʟʠʚʥʳʭ ʤʘʥʠʧʫʣʷʮʠʡ, ʨʠʩʢʝ 

ʩʧʦʥʪʘʥʥʳʭ ʢʨʦʚʦʪʝʯʝʥʠʡ. ɺ ʦʩʥʦʚʝ ʨʘʟʚʠʪʠʷ ʢʨʦʚʦʪʦʯʠʚʦʩʪʠ ʣʝʞʠʪ ʩʥʠʞʝʥʠʝ 

ʧʨʦʢʦʘʛʫʣʷʥʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʠʩʪʝʤʳ ʛʝʤʦʩʪʘʟʘ, ʚʦʟʥʠʢʘʶʱʝʝ ʢʘʢ ʧʨʦʷʚʣʝʥʠʝ 

ʩʠʥʜʨʦʤʘ ɺʠʣʣʝʙʨʘʥʜʘ. ɿʘ ʩʯʝʪ ʥʘʨʘʩʪʘʥʠʷ ʫʨʦʚʥʷ ʪʨʦʤʙʦʮʠʪʦʚ ʚ 

ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʢʨʦʚʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʨʝʮʝʧʪʦʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʣʦʥʘʣʴʥʳʭ ʪʨʦʤʙʦʮʠʪʦʚ ʩʥʠʞʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʣʘʟʤʝʥʥʦʛʦ ʬʘʢʪʦʨʘ 
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ɺʠʣʣʝʙʨʘʥʜʘ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʝʛʦ ʧʦʚʳʰʝʥʥʦʡ ʩʦʨʙʮʠʠ ʜʝʬʝʢʪʥʳʤʠ ʢʣʦʥʘʣʴʥʳʤʠ 

ʪʨʦʤʙʦʮʠʪʘʤʠ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʠʧʝʨʪʨʦʤʙʦʮʠʪʦʟ ʙʦʣʝʝ 1000ʭ10
9
/ʣ ʥʝ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʘ, ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʶʱʝʛʦ ʨʠʩʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʦʤʙʦʟʦʚ [38].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ CALR-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʧʨʠʚʝʨʞʝʥʥʦʩʪʴ ʢ ʨʘʟʚʠʪʠʶ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʪʨʦʤʙʦʮʠʪʦʚ ʠ ʧʦʩʣʝʜʫʶʱʠʤ 

ʨʘʟʚʠʪʠʝʤ ʩʠʥʜʨʦʤʘ ɺʠʣʣʝʙʨʘʥʜʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʜʦʧʫʱʝʥʠʝ ʦ 

ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʩʫʪʩʪʚʠʷ ʫ ʤʫʪʘʮʠʡ ʛʝʥʘ CALR ʪʨʦʤʙʦʛʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

(ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʪʨʦʤʙʦʛʝʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ).  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʟʥʘʯʥʳʤ ʠ ʥʝʦʩʧʦʨʠʤʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ 

ʜʦʢʘʟʘʥʥʳʡ ʪʨʦʤʙʦʛʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʪʦʣʴʢʦ ʤʫʪʘʮʠʠ JAK2V617F. ʅʦʩʠʪʝʣʴʩʪʚʦ 

ʜʘʥʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʟʥʘʥʥʳʤ ʥʝʟʘʚʠʩʠʤʳʤ ʬʘʢʪʦʨʦʤ ʨʠʩʢʘ 

ʪʨʦʤʙʦʟʦʚ, ʪʦʛʜʘ ʢʘʢ ʥʦʩʠʪʝʣʴʩʪʚʦ ʤʫʪʘʮʠʠ ʛʝʥʘ CALR ʧʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ 

ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʩ ʜʦʩʪʦʚʝʨʥʳʤ ʩʥʠʞʝʥʠʝʤ ʯʘʩʪʦʪʳ ʠ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʟʦʚ ʠ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʠʩʢʦʚ ʨʘʟʚʠʪʠʷ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ. ɿʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʦʧʠʩʘʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ CALR-ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʩ 

ʥʘʨʘʩʪʘʥʠʝʤ ʯʘʩʪʦʪʳ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʵʧʠʟʦʜʦʚ ʧʨʠ ʕʊ, ʫʙʝʜʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʦ 

ʚʣʠʷʥʠʠ ʥʦʩʠʪʝʣʴʩʪʚʘ ʜʨʫʛʠʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ ʥʘ 

ʧʦʪʝʥʮʠʠʨʦʚʘʥʠʝ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʩʧʦʥʪʘʥʥʳʭ ʢʨʦʚʦʪʝʯʝʥʠʡ ʧʨʠ ʕʊ ʥʝ ʧʦʣʫʯʝʥʦ.  

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʥʝ ʩʬʦʨʤʠʨʦʚʘʥʦ ʦʜʥʦʟʥʘʯʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʚʣʠʷʥʠʷ 

ʥʦʩʠʪʝʣʴʩʪʚʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʘʥʦʤʘʣʠʠ ʥʘ ʯʘʩʪʦʪʫ ʠ ʨʠʩʢ ʨʘʟʚʠʪʠʷ 

ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ/ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʕʊ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ 

ʚʳʟʳʚʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʨʫʧʧʳ ʊʅ ʧʘʮʠʝʥʪʦʚ, ʪʘʢ ʢʘʢ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʘʟʚʠʪʠʠ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʫ 

ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʧʘʮʠʝʥʪʦʚ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʘʥʥʳʡ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʡ ʬʝʥʦʪʠʧ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʡ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʦʤʙʦʟʦʚ [2, 128], ʩ ʜʨʫʛʦʡ ï 

ʦʥ ʥʠʢʘʢ ʥʝ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʥʘʨʘʩʪʘʥʠʝʤ ʯʘʩʪʦʪʳ ʪʨʦʤʙʦʟʦʚ.  
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ 

ʢʣʦʥʘʣʴʥʦʩʪʠ ʥʘ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ/ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ 

ʕʊ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʥʝʦʙʭʦʜʠʤʳʤ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʘʪʦʛʝʥʝʟʘ ʠ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ, ʥʦ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ 

ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʪʘʢʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʷ.  

1.3.3 ʇʨʦʛʥʦʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʤʫʪʘʮʠʡ ʛʝʥʦʚ ʠ ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ 

ʧʨʠ ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ 

ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʣʷ ʕʊ ʭʘʨʘʢʪʝʨʥʦ ʜʣʠʪʝʣʴʥʦʝ ʦʪʩʫʪʩʪʚʠʝ 

ʚʳʨʘʞʝʥʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʩʠʤʧʪʦʤʘʪʠʢʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʝʥʳ ʨʠʩʢʠ ʨʘʟʚʠʪʠʷ 

ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʠ/ʠʣʠ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʧʨʦʬʠʣʘʢʪʠʢʠ ʦʩʣʦʞʥʝʥʠʡ, ʕʊ ʧʨʠʥʷʪʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʠʟ ʛʨʫʧʧʳ Phô-ʥʝʛʘʪʠʚʥʳʭ 

ʄʇʅ. 

ɼʣʷ ʧʘʮʠʝʥʪʦʚ ʩ ʕʊ ʥʝ ʭʘʨʘʢʪʝʨʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʧʫʣʷʮʠʝʡ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ. ʄʝʜʠʘʥʘ ʦʙʱʝʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʜʦʩʪʠʛʘʝʪ 

20 ʣʝʪ, ʘ ʩʨʝʜʠ ʧʘʮʠʝʥʪʦʚ ʤʦʣʦʜʦʛʦ ʚʦʟʨʘʩʪʘ (ʤʦʣʦʞʝ 60 ʣʝʪ) ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 

30 ʣʝʪ [40, 130].  

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʢʘʟʳʚʘʶʱʠʤʠ ʚʣʠʷʥʠʝ ʥʘ ʩʦʢʨʘʱʝʥʠʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʕʊ, ʷʚʣʷʶʪʩʷ:  

 ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ/ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ,  

 ʩʦʢʨʘʱʝʥʠʝ ʨʝʟʝʨʚʦʚ ʢʨʦʚʝʪʚʦʨʝʥʠʷ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʄʌ ʠʣʠ ʨʘʟʚʠʪʠʝʤ ɹʂ.  

ʋ ʙʦʣʴʰʠʥʩʪʚʘ ʧʘʮʠʝʥʪʦʚ (ʙʦʣʝʝ 50% ʩʣʫʯʘʝʚ) ʦʪʤʝʯʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ɹʂ ʧʦ 

ʤʠʝʣʦʠʜʥʦʤʫ ʪʠʧʫ, ʘ ʫ ʦʩʪʘʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ ï ʣʠʤʬʦʠʜʥʳʭ ʚʘʨʠʘʥʪʦʚ [40].  

ʂʫʤʫʣʷʪʠʚʥʳʡ ʨʠʩʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʄʌ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʧʦʩʣʝ ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ ʕʊ: ʫ 3,9% ʧʘʮʠʝʥʪʦʚ ʯʝʨʝʟ 10 ʣʝʪ, ʫ 9,3% ï ʯʝʨʝʟ 15 

ʣʝʪ ʠ ʫ 19,9% ï ʯʝʨʝʟ 20 ʣʝʪ ʧʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʠʘʛʥʦʟʘ [40]. ɺ ʩʨʝʜʥʝʤ, 
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ʚʨʝʤʝʥʥʦʡ ʧʨʦʤʝʞʫʪʦʢ ʦʪ ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ ʜʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʕʊ ʚ ʄʌ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 7 ʜʦ 16 ʣʝʪ [98, 99].  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʣʠʪʝʣʴʥʳʭ ʧʨʦʩʧʝʢʪʠʚʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʚʣʠʷʥʠʝ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʠʩʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʕʊ ʚ ʄʌ:  

1. ɸʥʝʤʠʷ [14, 27, 99],  

2. ɺʦʟʨʘʩʪ ʩʪʘʨʰʝ 60 ʣʝʪ [27],  

3. ʃʝʡʢʦʮʠʪʦʟ [14],  

4. ʅʘʯʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʨʝʪʠʢʫʣʠʥʦʚʦʛʦ ʬʠʙʨʦʟʘ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ (ʧʨʝ-ʄʌ) ʧʦ 

ʜʘʥʥʳʤ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [14, 27],  

5. JAK2V617F-ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʩʪʘʪʫʩ [27],  

6. ʅʘʣʠʯʠʝ ʤʫʪʘʮʠʠ ʛʝʥʘ MPL [130].  

ʉʨʝʜʠ ʬʘʢʪʦʨʦʚ, ʫʚʝʣʠʯʠʚʘʶʱʠʭ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ɹʂ ʟʘʙʦʣʝʚʘʥʠʷ, ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ:  

1. ɸʥʝʤʠʷ [138],  

2. ɺʦʟʨʘʩʪ ʩʪʘʨʰʝ 60 ʣʝʪ [60, 99],  

3. ʃʝʡʢʦʮʠʪʦʟ [14, 45],  

4. ʇʨʠʟʥʘʢʠ ʨʝʪʠʢʫʣʠʥʦʚʦʛʦ ʬʠʙʨʦʟʘ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ (ʧʨʝ-ʄʌ) ʧʦ ʜʘʥʥʳʤ 

ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [14, 27],  

5. ʊʨʦʤʙʦʮʠʪʦʟ ʦʪ 1000x10
9
/ʣ ʠ ʙʦʣʝʝ [27, 60].  

ʅʘʨʷʜʫ ʩ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʕʊ ʚ ʄʌ ʠʣʠ ʨʘʟʚʠʪʠʝ 

ɹʂ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʬʘʢʪʦʨʳ, ʩʥʠʞʘʶʱʠʝ ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʆɺ ʫ ʧʘʮʠʝʥʪʦʚ:  

1. ɺʦʟʨʘʩʪ ʩʪʘʨʰʝ 60 ʣʝʪ [27, 45, 60, 61, 90, 99, 130],  

2. ɸʥʝʤʠʷ [14, 27, 60, 61],  

3. ʃʝʡʢʦʮʠʪʦʟ ʙʦʣʝʝ 15ʭ10
9
/ʣ [60, 90],  

4. ʊʨʦʤʙʦʟʳ ʚ ʘʥʘʤʥʝʟʝ [27, 60, 90, 98, 99],  

5. ʇʨʠʟʥʘʢʠ ʨʝʪʠʢʫʣʠʥʦʚʦʛʦ ʬʠʙʨʦʟʘ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ (ʧʨʝ-ʄʌ) ʧʦ ʜʘʥʥʳʤ 

ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [27].  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʜʥʦʟʥʘʯʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʣʠʷʥʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʬʘʢʪʦʨʦʚ 

ʥʘ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʠʩʢʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʕʊ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʵʪʘʧʝ ʥʝ ʩʬʦʨʤʠʨʦʚʘʥʳ. ʆʜʥʘʢʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ 



 45 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʪʝʯʝʥʠʝ  ʠ ʧʨʦʛʥʦʟ ʕʊ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ: ʚʦʟʨʘʩʪ 

ʩʪʘʨʰʝ 60 ʣʝʪ, ʘʥʝʤʠʷ, ʣʝʡʢʦʮʠʪʦʟ ʠ ʧʨʦʷʚʣʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʬʠʙʨʦʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʩʪʥʦʤ ʤʦʟʛʝ (0-1 ʩʪʝʧʝʥʴ ʨʝʪʠʢʫʣʠʥʦʚʦʛʦ ʬʠʙʨʦʟʘ 

ʩʦʛʣʘʩʥʦ ʰʢʘʣʝ ɽʚʨʦʧʝʡʩʢʦʛʦ ʢʦʥʩʝʥʩʫʩʘ ʧʘʪʦʤʦʨʬʦʣʦʛʦʚ ʧʦ ʦʮʝʥʢʝ ʢʣʝʪʦʯʥʦʩʪʠ 

ʠ ʬʠʙʨʦʟʘ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ [139]). ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʷʚʣʷʶʪʩʷ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʪʝʥʮʠʨʦʚʘʥʠʷ ʨʠʩʢʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʕʊ 

ʚ ʄʌ ʠʣʠ ʨʘʟʚʠʪʠʷ ɹʂ, ʪʘʢ ʠ ʚʦʟʤʦʞʥʦʛʦ ʩʥʠʞʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʆɺ.  

ɼʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʥʦʩʠʪʝʣʴʩʪʚʘ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ ʥʘ ʧʨʦʛʥʦʟ ʕʊ 

ʨʘʩʭʦʜʷʪʩʷ. ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʪʨʝʭ ʣʝʪ ʚʦʟʨʦʩʣʦ ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʝʥʠʷ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʕʊ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʬʝʥʦʪʠʧʘʤʠ. 

ʇʦ ʜʘʥʥʳʤ P.J. Campbell et al. ʥʘʣʠʯʠʝ ʤʫʪʘʮʠʠ JAK2V617F ʥʝ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʠʢʪʦʨʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʕʊ ʚ ʄʌ ʠʣʠ ʨʘʟʚʠʪʠʝ ɹʂ [34], ʪʦʛʜʘ ʢʘʢ, T.Barbui 

et al.  ʦʪʤʝʪʠʣʠ, ʯʪʦ ʥʦʩʠʪʝʣʴʩʪʚʦ ʤʫʪʘʮʠʠ ʜʦʩʪʦʚʝʨʥʦ ʩʥʠʞʘʝʪ ʨʠʩʢ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʕʊ ʚ ʄʌ [27]. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʪʝʣʝʡ ʆɺ ʫ 

ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʤʫʪʘʮʠʦʥʥʳʤ ʩʪʘʪʫʩʦʤ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚʣʠʷʥʠʷ 

ʥʦʩʠʪʝʣʴʩʪʚʘ JAK2V617F, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʘʣʣʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʤʫʪʘʥʪʥʦʛʦ ʛʝʥʘ 

JAK2 ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʆɺ [128, 148].  

ʆʜʥʦʟʥʘʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʣʠʷʥʠʠ ʤʫʪʘʮʠʠ MPL ʥʘ ʧʦʪʝʥʮʠʨʦʚʘʥʠʝ 

ʨʠʩʢʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʕʊ ʚ ʄʌ ʠʣʠ ʨʘʟʚʠʪʠʝ ɹʂ ʟʘʙʦʣʝʚʘʥʠʷ ʥʝ ʩʬʦʨʤʠʨʦʚʘʥʦ. 

ʈʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʦʣʫʯʝʥʳ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʜʘʥʥʳʝ: H. Thoennissen 

et al. [140], P. Beer et al. [27] ʠ A.Vannucchi et al. [150] ʧʦʢʘʟʘʣʠ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ 

ʦʪʩʫʪʩʪʚʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʥʦʩʠʪʝʣʴʩʪʚʦʤ ʤʫʪʘʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʨʠʩʢʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʕʊ. ʊʦʛʜʘ ʢʘʢ A. Tefferi et al. [125] ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʣʠʪʝʣʴʥʦʛʦ 

ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʤʝʜʠʘʥʘ ʥʘʙʣʶʜʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 12,7 ʣʝʪ) 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʆɺ ʠ ʫʚʝʣʠʯʝʥʠʝ ʨʠʩʢʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʕʊ ʚ ʄʌ ʠʣʠ ʨʘʟʚʠʪʠʝ ɹʂ ʚ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʫ ʧʘʮʠʝʥʪʦʚ-ʥʦʩʠʪʝʣʝʡ ʤʫʪʘʮʠʡ JAK2V617F ʠ CALR.  
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ʇʨʦʛʥʦʟ ʠ ʧʨʠ ʥʦʩʠʪʝʣʴʩʪʚʝ ʤʫʪʘʮʠʠ ʛʝʥʘ CALR ʠ ʧʨʠ JAK2V617F-

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʩʪʘʪʫʩʝ ʧʦ ʜʘʥʥʳʤ A. Tefferi et al. [125] ʥʝ ʨʘʟʣʠʯʘʣʩ,̫ ʪʘʢʞʝ 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʨʠʩʢʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʕʊ ʚ ʄʌ ʠʣʠ 

ʨʘʟʚʠʪʠʷ ɹʂ ʧʨʠ CALR-ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʩʪʘʪʫʩʝ. ʅʘʧʨʦʪʠʚ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ E. 

Rumi et al. [113] ʠ H. Andrikovics et al. [17] ʥʦʩʠʪʝʣʴʩʪʚʦ ʤʫʪʘʮʠʠ CALR 

ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ ʨʠʩʢʘ ʠ ʯʘʩʪʦʪʳ ʨʘʟʚʠʪʠʷ ɹʂ ʟʘʙʦʣʝʚʘʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʚʪʦʨʘʤʠ ʢʘʢ ʚ ʮʝʣʦʤ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʩʦʙʳʪʠʝ. ʅʝ ʩʬʦʨʤʠʨʦʚʘʥʦ ʦʜʥʦʟʥʘʯʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʣʠʷʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʤʫʪʘʮʠʡ CALR ʥʘ ʧʨʦʛʥʦʟ ʕʊ. 

ʊʘʢ, ʚ ʮʝʣʦʤ ʥʦʩʠʪʝʣʴʩʪʚʦ 1-ʛʦ ʪʠʧʘ ʠ ʪʠʧ-1-ʧʦʭʦʞʠʭ CALR ʤʫʪʘʮʠʠ ʧʨʠʥʷʪʦ 

ʩʦʦʪʥʦʩʠʪʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʠʩʢʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʕʊ ʚ ʄʌ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ 2-ʤ ʪʠʧʝ 

ʠ ʪʠʧ-2-ʧʦʭʦʞʠʤʠ ʚʘʨʠʘʥʪʘʤʠ ʤʫʪʘʮʠʠ ʜʣʷ ʕʊ ʭʘʨʘʢʪʝʨʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʜʣʠʪʝʣʴʥʦʝ ʠʥʜʦʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ. ʈʘʟʣʠʯʠʡ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʆɺ ʫ ʥʦʩʠʪʝʣʝʡ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ CALR ʥʝ ʦʪʤʝʯʝʥʦ [125, 136].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʭʨʘʥʷʶʪʩʷ ʦʙʲʝʢʪʠʚʥʳʝ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʧʨʦʛʥʦʟʘ ʜʣʷ ʛʨʫʧʧʳ ʊʅ ʧʘʮʠʝʥʪʦʚ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʡ 

ʯʘʩʪʦʪʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʜʘʥʥʦʡ 

ʛʨʫʧʧʳ ʧʦ ʢʣʠʥʠʯʝʩʢʠʤ ʧʨʦʷʚʣʝʥʠʷʤ ʠ ʪʝʯʝʥʠʶ ʟʘʙʦʣʝʚʘʥʠʷ. ʊʘʢʠʝ ʨʘʟʣʠʯʠʷ ʚ 

ʨʘʟʚʠʪʠʠ ʕʊ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʜʘʥʥʳʤ ʬʝʥʦʪʠʧʦʤ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʦʙʦʩʥʦʚʘʥʥʳʤʠ, 

ʫʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʦʝ ʥʘʣʠʯʠʝ ʫ ʊʅ ʧʘʮʠʝʥʪʦʚ ʝʱʝ ʥʝ ʦʧʠʩʘʥʥʳʭ ʤʘʨʢʝʨʦʚ 

ʢʣʦʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ J. Asp et al. [20], ʧʦʢʘʟʘʪʝʣʠ ʆɺ ʧʨʠ ʊʅ 

ʩʪʘʪʫʩʝ ʭʫʞʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ JAK2V617F ʠ CALR-ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʩʪʘʪʫʩʘʤʠ. 

ʆʜʥʘʢʦ ʠʤʝʶʱʠʭʩʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʠʩʯʝʨʧʳʚʘʶʱʝʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʛʥʦʟʝ ʕʊ ʫ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʕʊ ʫ 

ʧʘʮʠʝʥʪʦʚ ʩ ʊʅ ʩʪʘʪʫʩʦʤ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʩ ʮʝʣʴʶ ʚʝʨʠʬʠʢʘʮʠʠ 

ʥʦʚʳʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʠ ʦʮʝʥʢʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʪʝʯʝʥʠʝ 

ʟʘʙʦʣʝʚʘʥʠʷ. 

ʇʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʕʊ ʚ ʄʌ ʠʣʠ ʧʨʠ ɹʂ ʦʪʤʝʯʝʥʦ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ 

ʤʫʪʘʮʠʡ, ʥʝ ʚʳʷʚʣʷʝʤʳʭ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʜʠʘʛʥʦʟʘ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʣʦʥʘʣʴʥʦʡ ʵʚʦʣʶʮʠʠ ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʕʊ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʫʪʘʮʠʠ: ASXL1, 
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EZH2, TET2 ʠ IDH1/IDH2 [13, 64, 108, 111]. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʝʯʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʢʘʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ. 

ʀʟ ʚʩʝʭ ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʨʠ ʕʊ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʫʩʪʘʥʦʚʣʝʥ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʡ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʤʫʪʘʮʠʠ ASXL1, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ ʥʘʨʘʩʪʘʥʠʝʤ ʨʠʩʢʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʄʌ [120]. 

ʀʟʫʯʝʥʠʝ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʜʨʫʛʠʭ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ 

ʟʘʪʨʫʜʥʝʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʦʪʦʡ ʠʭ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʨʠ ʕʊ ʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦ ʦʙʷʟʘʪʝʣʴʥʦʡ 

ʜʝʪʝʢʮʠʠ ʯʝʪʢʦ ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ, ʪʘʢ ʢʘʢ ʥʝ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʝʨʝʯʥʝ ʦʙʷʟʘʪʝʣʴʥʳʭ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ ʧʨʠ ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ ʕʊ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʫʩʪʘʥʦʚʠʪʴ, ʠʤʝʣʦ ʣʠ ʤʝʩʪʦ ʥʦʩʠʪʝʣʴʩʪʚʦ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʡ ʤʫʪʘʮʠʠ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʜʠʘʛʥʦʟʘ ʕʊ. 

ʅʘʨʷʜʫ ʩ ʩʦʤʘʪʠʯʝʩʢʠʤʠ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤʠ ʤʫʪʘʮʠʷʤʠ ʛʝʥʦʚ, ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʛʥʦʟ ʟʘʙʦʣʝʚʘʥʠʷ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʪʘʢʞʝ ʠ ʘʥʦʤʘʣʠʠ ʢʘʨʠʦʪʠʧʘ. ʇʨʠ ʕʊ 

ʭʨʦʤʦʩʦʤʥʳʝ ʘʙʝʨʨʘʮʠʠ ʚʳʷʚʣʷʶʪʩʷ ʦʪ 5 ʜʦ 15% ʩʣʫʯʘʝʚ, ʥʦ ʚ ʮʝʣʦʤ ʷʚʣʷʶʪʩʷ 

ʨʝʜʢʠʤ ʩʦʙʳʪʠʝʤ [59]. ʇʨʠ ʨʘʟʚʠʪʠʠ ʄʌ ʠʣʠ ɹʂ ʦʪʤʝʯʝʥʦ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ, 

ʥʝʚʳʷʚʣʷʝʤʳʭ ʥʘ ʵʪʘʧʝ ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟ ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʣʦʤʦʢ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʠ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʭʨʦʤʦʩʦʤʥʳʝ ʘʙʝʨʨʘʮʠʠ ʧʨʠ ʕʊ (ʪʘʙʣʠʮʘ 1.7). 

 

ʊʘʙʣʠʮʘ 1.7 ï ʇʨʦʛʥʦʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ ʧʨʠ 

ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ [1, 62] 

ʇʨʦʛʥʦʟ ɹʣʘʛʦʧʨʠʷʪʥʳʡ ʅʝʙʣʘʛʦʧʨʠʷʪʥʳʡ 

ʍʨʦʤʦʩʦʤʥʳʝ 

ʘʙʝʨʨʘʮʠʠ 

20q- 

13q- 

+9 

-Y 

ʘʙʝʨʨʘʮʠʠ 7 

ʘʙʝʨʨʘʮʠʠ 17 

+8 

ʢʦʤʧʣʝʢʩʥʳʡ ʢʘʨʠʦʪʠʧ
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 ʅʝʙʦʣʴʰʘʷ ʯʘʩʪʦʪʘ ʚʳʷʚʣʝʥʠʷ ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʧʨʠ ʕʊ ʪʘʢʞʝ 

ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʚʝʜʝʥʠʝ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʧʦ ʛʨʫʧʧʘʤ ʨʠʩʢʘ 

ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʪʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʢʦʧʣʝʥʥʳʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʘʥʥʳʭ ʕʊ 

ʧʨʝʚʨʘʪʠʣʘʩʴ ʠʟ ʜʠʘʛʥʦʟʘ ʠʩʢʣʶʯʝʥʠʷ ʚ ʥʦʟʦʣʦʛʠʯʝʩʢʫʶ ʬʦʨʤʫ ʩ ʪʦʯʥʦʡ 

ʚʝʨʠʬʠʢʘʮʠʝʡ ʜʠʘʛʥʦʟʘ, ʜʦʩʪʠʛʘʶʱʝʡ 90% ʩʣʫʯʘʝʚ. ʉʬʦʨʤʠʨʦʚʘʥʳ 4 

ʬʝʥʦʪʠʧʠʯʝʩʢʠʝ ʢʘʪʝʛʦʨʠʠ ʧʘʮʠʝʥʪʦʚ: CALR-ʧʦʣʦʞʠʪʝʣʴʥʳʝ, MPL-

ʧʦʣʦʞʠʪʝʣʴʥʳʝ, JAK2-ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʊʅ. ʀʟʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʟʚʠʪʠʷ ʕʊ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʘʞʜʦʡ ʠʟ ʫʢʘʟʘʥʥʳʭ ʛʨʫʧʧ ʧʦʟʚʦʣʠʪ ʧʝʨʝʩʤʦʪʨʝʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ, ʨʘʟʚʠʪʠʠ ʠ ʪʝʯʝʥʠʠ ʟʘʙʦʣʝʚʘʥʠʷ.  

ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʧʘʮʠʝʥʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ 

ʢʨʠʪʝʨʠʝʤ ʧʨʠ ʚʳʙʦʨʝ ʪʘʢʪʠʢʠ ʪʝʨʘʧʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʥʝ 

ʷʚʣʷʝʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʦ ʦʯʝʚʠʜʥʳʤ ʬʘʢʪ ʚʣʠʷʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʜʝʬʝʢʪʘ ʥʘ ʢʣʠʥʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ, ʧʦʷʚʣʝʥʠʝ ʦʩʣʦʞʥʝʥʠʡ ʠ ʧʨʦʛʥʦʟ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʝʙʫʶʪ ʧʝʨʝʩʤʦʪʨʘ ʠ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʧʦʜʭʦʜʳ ʢ ʚʳʙʦʨʫ ʪʘʢʪʠʢʠ ʪʝʨʘʧʠʠ ʠ ʘʥʘʣʠʟʫ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

1.4 ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʚʳʙʦʨʫ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʪʘʢʪʠʢʠ ʠ ʦʮʝʥʢʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʤʦʡ ʪʝʨʘʧʠʠ 

ʎʝʣʴʶ ʪʝʨʘʧʠʠ ʕʊ ʷʚʣʷʝʪʩʷ ʩʜʝʨʞʠʚʘʥʠʝ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʠ ʤʠʥʠʤʠʟʘʮʠʷ 

ʩʠʤʧʪʦʤʦʚ ʟʘʙʦʣʝʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ. 

ɺʦʟʤʦʞʥʦ ʚʳʜʝʣʝʥʠʝ ʪʨʝʭ ʥʘʧʨʘʚʣʝʥʠʠ ʪʝʨʘʧʠʠ ʕʊ:  

1. ʇʨʦʬʠʣʘʢʪʠʢʘ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ: ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ 

(ʘʩʧʠʨʠʥ), ʧʨʠ ʝʝ ʥʝʧʝʨʝʥʦʩʠʤʦʩʪʠ ï ʢʣʦʧʠʜʦʛʨʝʣ ʠʣʠ ʪʠʢʣʦʧʠʜʠʥ; 

2. ʈʝʜʫʢʮʠʷ ʧʦʚʳʰʝʥʥʦʡ ʢʣʝʪʦʯʥʦʡ ʤʘʩʩʳ ʚ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʢʨʦʚʠ 

(ʪʨʦʤʙʦʮʠʪʦʟ ʠ ʣʝʡʢʦʮʠʪʦʟ) ï ʛʠʜʨʦʢʩʠʢʘʨʙʘʤʠʜ, ʠʥʪʝʨʬʝʨʦʥ-ʘʣʴʬʘ, ʘʥʘʛʨʝʣʠʜ; 

3. ʇʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʪʘʨʛʝʪʥʘʷ ʪʝʨʘʧʠʷ (ʧʨʝʧʘʨʘʪʳ ʠʥʛʠʙʠʪʦʨʳ 

ʷʥʫʩʢʠʥʘʟ ʠ ʠʥʛʠʙʠʪʦʨʳ ʪʝʣʦʤʝʨʘʟ) ï ʧʨʝʧʘʨʘʪʳ, ʫʣʫʯʰʘʶʱʠʝ ʧʨʝʞʜʝ ʚʩʝʛʦ 
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ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʢʣʠʥʠʯʝʩʢʦʡ ʩʠʤʧʪʦʤʘʪʠʢʠ ʕʊ, 

ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʘʪʦʛʝʥʝʟ ʕʊ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. 

ʆʩʥʦʚʥʳʝ ʪʘʢʪʠʯʝʩʢʠʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʧʨʠ ʕʊ: 

 ʅʘʙʣʶʜʝʥʠʝ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʢʦʥʪʨʦʣʝʤ ʧʦʢʘʟʘʪʝʣʝʡ ʢʨʦʚʠ ʚ ʜʠʥʘʤʠʢʝ; 

 ʇʨʦʬʠʣʘʢʪʠʯʝʩʢʘʷ ʘʥʪʠʘʛʨʝʛʘʥʪʥʘʷ ʪʝʨʘʧʠʷ (ʧʨʦʬʠʣʘʢʪʠʢʘ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ 

ʦʩʣʦʞʥʝʥʠʡ); 

 ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʘʥʪʠʘʛʨʝʛʘʥʪʥʦʡ ʮʠʪʦʨʝʜʫʢʪʠʚʥʦʡ ʪʝʨʘʧʠʠ 

(ʛʠʜʨʦʢʩʠʢʘʨʙʘʤʠʜ, ʠʥʪʝʨʬʝʨʦʥ-ʘʣʴʬʘ, ʤʝʨʢʘʧʪʦʧʫʨʠʥ, ʮʠʪʘʨʘʙʠʥ); 

 ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʘʥʪʠʘʛʨʝʛʘʥʪʥʦʡ ʪʝʨʘʧʠʠ ʘʥʘʛʨʝʣʠʜʘ/ʪʨʦʤʙʦʨʝʜʫʢʪʠʥʘ 

(ʠʥʛʠʙʠʪʦʨ ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʳ III ); 

 ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʨʘʧʠʠ: ʠʥʛʠʙʠʪʦʨʳ ʷʥʫʩʢʠʥʘʟ (ɼʞʘʢʘʚʠ) ʠ 

ʠʥʛʠʙʠʪʦʨʳ ʪʝʣʦʤʝʨʘʟ (ʀʤʝʪʝʣʩʪʘʪ) ï ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʨʠ ʕʊ 

ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩʦʤ ʙʫʜʫʱʝʛʦ. 

ɺʳʙʦʨ ʪʘʢʪʠʢʠ ʪʝʨʘʧʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ 

ʧʘʮʠʝʥʪʘ ʠ ʦʩʥʦʚʘʥ ʥʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʘʢʪʦʨʦʚ. ʆʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʧʨʠ 

ʚʳʙʦʨʝ ʪʝʨʘʧʠʠ ʷʚʣʷʶʪʩʷ: ʛʨʫʧʧʘ ʨʠʩʢʘ ʧʦ ʰʢʘʣʝ IPSET-thrombosis, ʚʦʟʨʘʩʪ ʠ 

ʫʨʦʚʝʥʴ ʪʨʦʤʙʦʮʠʪʦʚ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ 1000ʭ10
9
/ʣ (ʈʠʩʫʥʦʢ 1.5) [2]. 

 

ʈʠʩʫʥʦʢ 1.5 ï ɸʣʛʦʨʠʪʤ ʣʝʯʝʙʥʦʡ ʪʘʢʪʠʢʠ ʧʨʠ ʵʩʩʝʥʮʠʘʣʴʥʦʡ 

ʪʨʦʤʙʦʮʠʪʝʤʠʠ 
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ʂʨʦʤʝ ʪʦʛʦ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʜʭʦʜ ʢ ʚʳʙʦʨʫ ʪʘʢʪʠʢʠ 

ʪʝʨʘʧʠʠ, ʧʨʝʜʣʦʞʝʥʥʳʡ E. Rumi et al. (ʊʘʙʣʠʮʘ 1.8) [114]. 

 

ʊʘʙʣʠʮʘ 1.8 ï ɺʳʙʦʨ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʩʦʛʣʘʩʥʦ ʛʨʫʧʧʘʤ ʨʠʩʢʘ [114] 

ʂʘʪʝʛʦʨʠʷ ʨʠʩʢʘ ʂʨʠʪʝʨʠʠ ʊʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ 

ʅʠʟʢʠʡ ʨʠʩʢ 

(ʦʪʩʫʪʩʪʚʠʝ ʚʩʝʭ ʪʨʝʭ 

ʢʨʠʪʝʨʠʝʚ) 

1. ʚʦʟʨʘʩʪ ʤʦʣʦʞʝ 60 ʣʝʪ 

ʠ 

2. ʦʪʩʫʪʩʪʚʠʝ ʪʨʦʤʙʦʟʦʚ ʠ/ʠʣʠ 

ʢʨʦʚʦʪʝʯʝʥʠʡ ʚ ʘʥʘʤʥʝʟʝ 

ʠ 

3. ʫʨʦʚʝʥʴ ʪʨʦʤʙʦʮʠʪʦʚ ʤʝʥʝʝ 

1500ʭ10
9
/ʣ 

1. JAK2V617F-ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʧʘʮʠʝʥʪʳ 

- ʘʥʪʠʘʛʨʝʛʘʥʪʳ (ʘʩʧʠʨʠʥ) 

2. MPL/CALR-

ʧʦʣʦʞʠʪʝʣʴʥʳʝ/ʊʅ ʧʘʮʠʝʥʪʳ 

- ʘʥʪʠʘʛʨʝʛʘʥʪʳ ʧʨʠ ʥʘʣʠʯʠʠ 

ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʥʦʛʦ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʛʦ ʬʘʢʪʦʨʘ ʨʠʩʢʘ 

ʠ/ʠʣʠ ʩʠʤʧʪʦʤʦʚ ʥʘʨʫʰʝʥʠʷ 

ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ 

- ʪʦʣʴʢʦ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʥʘʙʣʶʜʝʥʠʝ ʠʣʠ ʥʘʟʥʘʯʝʥʠʝ 

ʘʥʪʠʘʛʨʝʛʘʥʪʦʚ (ʘʩʧʠʨʠʥʘ) ʫ 

ʧʘʮʠʝʥʪʦʚ ʙʝʟ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʳʭ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʠ 

ʙʝʟ ʩʠʤʧʪʦʤʦʚ ʥʘʨʫʰʝʥʠʷ 

ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ 

(ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ) 

ɺʳʩʦʢʠʡ ʨʠʩʢ 

(ʥʘʣʠʯʠʝ ʭʦʪʷ ʙʳ 

ʦʜʥʦʛʦ ʠʟ ʪʨʝʭ 

ʢʨʠʪʝʨʠʝʚ) 

1. ʚʦʟʨʘʩʪ 60 ʣʝʪ ʩ ʩʪʘʨʰʝ 

ʠ/ʠʣʠ 

2. ʥʘʣʠʯʠʝ ʪʨʦʤʙʦʟʦʚ ʠ/ʠʣʠ 

ʢʨʦʚʦʪʝʯʝʥʠʡ ʚ ʘʥʘʤʥʝʟʝ 

ʠ/ʠʣʠ 

3. ʫʨʦʚʝʥʴ ʪʨʦʤʙʦʮʠʪʦʚ ʙʦʣʝʝ 

1500ʭ10
9
/ʣ 

- ʘʥʪʠʘʛʨʝʛʘʥʪʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʮʠʪʦʨʝʜʫʢʪʠʚʥʦʡ ʪʝʨʘʧʠʝʡ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʦʨʤʠʨʫʝʪʩʷ ʨʠʩʢ-ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ 

ʧʦʜʭʦʜ ʢ ʚʳʙʦʨʫ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʪʘʢʪʠʢʠ, ʩʦʯʝʪʘʶʱʠʡ ʢʘʢ ʚʝʜʫʱʠʝ ʬʘʢʪʦʨʳ 

ʨʠʩʢʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʧʨʦʛʥʦʟʘ ʟʘʙʦʣʝʚʘʥʠʷ (ʚʦʟʨʘʩʪ ʩʪʘʨʰʝ 60 ʣʝʪ, ʛʨʫʧʧʘ 
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ʨʠʩʢʘ IPSET-thrombosis ʠ ʫʨʦʚʝʥʴ ʪʨʦʤʙʦʮʠʪʦʟʘ), ʪʘʢ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʧʘʮʠʝʥʪʘ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠʟʚʘʥ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʪʴ 

ʚʳʙʦʨ ʪʘʢʪʠʢʠ ʪʝʨʘʧʠʠ.  

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʤʦʛʦ ʣʝʯʝʥʠʷ ʚʳʜʝʣʷʶʪ ʢʘʪʝʛʦʨʠʠ ʦʪʚʝʪʘ 

ʥʘ ʪʝʨʘʧʠʶ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʦʪʚʝʪʘ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʧʨʠʥʷʪʦ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʦʩʪʠʞʝʥʠʝ ʜʚʫʭ ʚʠʜʦʚ ʦʪʚʝʪʦʚ ʥʘ ʪʝʨʘʧʠʶ ʧʨʠ ʕʊ: ʢʣʠʥʠʢʦ-

ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʡ (ʪʘʙʣʠʮʘ 1.9) ʠ ʤʦʣʝʢʫʣʷʨʥʳʡ (ʪʘʙʣʠʮʘ 1.10).  

ʅʘʠʙʦʣʴʰʫʶ ʩʣʦʞʥʦʩʪʴ ʚʳʟʳʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ 

ʤʫʪʘʮʠʦʥʥʦʛʦ ʩʪʘʪʫʩʘ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʦʪʚʝʪʘ ʠ ʝʛʦ ʩʪʝʧʝʥʴ. ʋʯʠʪʳʚʘʷ ʠʟʤʝʥʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʘʪʦʛʝʥʝʟʝ ʕʊ ʧʨʠ ʥʦʩʠʪʝʣʴʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʧʝʨʝʩʪʨʦʝʢ, ʦʙ ʠʭ ʚʣʠʷʥʠʠ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʯʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ 

ʕʊ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʳʙʦʨʝ ʪʝʨʘʧʠʠ, ʦʯʝʚʠʜʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠ ʠʟʤʝʥʝʥʠʝ ʥʝ 

ʪʦʣʴʢʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʪʘʢʪʠʢʠ, ʥʦ ʠ ʢʨʠʪʝʨʠʝʚ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʤʦʡ ʪʝʨʘʧʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʫʪʘʮʠʦʥʥʦʛʦ 

ʩʪʘʪʫʩʘ ʧʘʮʠʝʥʪʦʚ ʩ ʕʊ. 

 

ʊʘʙʣʠʮʘ 1.9 ï ʂʨʠʪʝʨʠʠ ʢʣʠʥʠʢʦ-ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʦʪʚʝʪʘ ʥʘ ʪʝʨʘʧʠʶ ʧʨʠ  

ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ [2] 

ʊʠʧ ʦʪʚʝʪʘ ʂʨʠʪʝʨʠʠ 

ʇʦʣʥʳʡ 

1.ʊʨʦʤʙʦʮʠʪʳ<400x10
9
/ʣ 

2. ʅʝʪ ʩʠʤʧʪʦʤʦʚ ʟʘʙʦʣʝʚʘʥʠʷ
*
 

3. ʅʦʨʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʩʝʣʝʟʝʥʢʠ 

4. ʃʝʡʢʦʮʠʪʳ<10x10
9
/ʣ 

ʏʘʩʪʠʯʥʳʡ 

1. ʅʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʪʝʨʠʷʤ ʧʦʣʥʦʛʦ ʦʪʚʝʪʘ 

2. ʊʨʦʤʙʦʮʠʪʳ<600x10
9
/ʣ ʠʣʠ ʩʥʠʞʝʥʠʝ ʥʠʞʝ 

50% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

ʆʪʩʫʪʩʪʚʠʝ ʦʪʚʝʪʘ 
ʃʶʙʦʡ ʦʪʚʝʪ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʯʘʩʪʠʯʥʦʤʫ 

ʦʪʚʝʪʫ 

*ʥʘʨʫʰʝʥʠʷ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ, ʛʦʣʦʚʥʘʷ ʙʦʣʴ, ʢʦʞʥʳʡ ʟʫʜ 
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ʊʘʙʣʠʮʘ 1.10 ï ʂʨʠʪʝʨʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʪʝʨʘʧʠʶ ʧʨʠ ʵʩʩʝʥʮʠʘʣʴʥʦʡ 

ʪʨʦʤʙʦʮʠʪʝʤʠʠ [2] 

ʊʠʧ ʦʪʚʝʪʘ ʆʧʨʝʜʝʣʝʥʠʝ 

ʇʦʣʥʳʡ 
ʉʥʠʞʝʥʠʝ ʘʣʣʝʣʴʥʦ ʥʘʛʨʫʟʢʠ JAK2V617F ʜʦ 

ʫʨʦʚʥʷ, ʥʝ ʧʦʜʜʘʶʱʝʛʦʩʷ ʦʧʨʝʜʝʣʝʥʠʶ 

ʏʘʩʪʠʯʥʳʡ
*  

 ʉʥʠʞʝʥʠʝ ʘʣʣʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʙʦʣʝʝ ʯʝʤ 

ʥʘ 50% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʫ ʧʘʮʠʝʥʪʦʚ 

ʩ ʫʨʦʚʥʝʤ ʘʣʣʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʤʝʥʝʝ 50% ʧʨʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʠʣʠ 

 ʉʥʠʞʝʥʠʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 25% ʦʪ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʫ ʙʦʣʴʥʳʭ ʩ ʫʨʦʚʥʝʤ 

ʘʣʣʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʙʦʣʝʝ 50% ʧʨʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʆʪʩʫʪʩʪʚʠʝ ʦʪʚʝʪʘ 
ʃʶʙʦʡ ʦʪʚʝʪ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʣʥʦʤʫ ʠʣʠ 

ʯʘʩʪʠʯʥʦʤʫ ʦʪʚʝʪʫ 

*ʄʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʪʦʣʴʢʦ ʜʣʷ ʙʦʣʴʥʳʭ ʩ ʫʨʦʚʥʝʤ ʘʣʣʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʙʦʣʝʝ 10% ʧʨʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʝʥʥʳʤʠ ʚʦʧʨʦʩʳ ʦ ʚʦʟʤʦʞʥʦʤ ʚʣʠʷʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʨʢʝʨʘ ʥʘ ʪʝʯʝʥʠʝ ʠ ʧʨʦʛʥʦʟ ʕʊ. 

ʇʨʝʜʩʪʦʠʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʣʞʝʥ ʧʨʦʚʦʜʠʪʴʩʷ ʚʳʙʦʨ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʛʦ ʧʦʜʭʦʜʘ ʩ ʫʯʝʪʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʬʝʥʦʪʠʧʘ, ʘ ʪʘʢʞʝ 

ʪʦ, ʢʘʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʠ ʩ ʢʘʢʦʡ ʜʦʣʝʡ ʨʠʩʢʘ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʫ ʧʘʮʠʝʥʪʦʚ-

ʥʦʩʠʪʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʤʫʪʘʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʜʝʪʝʢʮʠʷ ʥʦʚʳʭ ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʭ 

ʜʣʷ ʕʊ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʢʣʦʥʘʣʴʥʦʩʪʠ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ 

ʦʙʣʘʩʪʴʶ ʧʦʚʳʰʝʥʥʦʛʦ ʠʥʪʝʨʝʩʘ.  

ʉʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠ 

ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʘʥʝʣʠ ʦʙʷʟʘʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ 

ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ ʕʊ, ʥʘʨʷʜʫ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ, ʜʘʥʥʳʤʠ 

ʦʙʝɦʩʦʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʧʘʮʠʝʥʪʘ ʧʦʟʚʦʣʠʪ ʚʨʘʯʫ-ʢʣʠʥʠʮʠʩʪʫ ʦʩʫʱʝʩʪʚʠʪʴ 
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ʚʩʝʩʪʦʨʦʥʥʶʶ ʜʠʘʛʥʦʩʪʠʢʫ, ʩʦʩʪʘʚʠʪʴ ʥʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ ʚʘʨʠʘʥʪʘ 

ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʙʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʢʦʤʧʣʝʢʩʥʦʤʫ ʧʦʜʭʦʜʫ ʨʘʟʨʘʙʦʪʘʪʴ ʛʨʘʤʦʪʥʫʶ 

ʪʘʢʪʠʢʫ ʪʝʨʘʧʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʮʠʝʥʪʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʛʦʚʦʨʠʪʴ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʢʣʠʥʠʢʦ-ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʬʝʥʦʪʠʧʘ ʧʘʮʠʝʥʪʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʨʘʪʠʬʠʢʘʮʠʝʡ ʨʠʩʢʦʚ ʦʩʣʦʞʥʝʥʠʡ ʠ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʠʩʭʦʜʦʚ ʕʊ.  
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ɻʣʘʚʘ 2. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʘʮʠʝʥʪʦʚ  

2.1 ɼʠʟʘʡʥ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʭʦʜʥʦ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚʳʙʦʨʢʘ ʧʘʮʠʝʥʪʦʚ ʩ ʜʠʘʛʥʦʟʦʤ ʕʊ (240 

ʧʘʮʠʝʥʪʦʚ). ɺʝʨʠʬʠʢʘʮʠʷ ʜʠʘʛʥʦʟʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʷʤ ɺʆɿ 2008 

ʛʦʜʘ [124, 134]: 

1. ʉʪʦʡʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʪʨʦʤʙʦʮʠʪʦʚ ʨʘʚʥʦʝ 450ʭ109
/ʣ ʠ ʙʦʣʝʝ; 

2. ɻʠʧʝʨʢʣʝʪʦʯʥʳʡ ʢʦʩʪʥʳʡ ʤʦʟʛ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʥʦʡ 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʟʨʝʣʳʭ, ʢʨʫʧʥʳʭ ʤʝʛʘʢʘʨʠʦʮʠʪʦʚ, ʦʪʩʫʪʩʪʚʠʝ ʩʜʚʠʛʘ 

ʥʝʡʪʨʦʬʠʣʴʥʦʛʦ ʛʨʘʥʫʣʦʧʦʵʟʘ ʠʣʠ ʵʨʠʪʨʦʧʦʵʟʘ ʚ ʩʪʦʨʦʥʫ ʥʝʟʨʝʣʳʭ 

ʬʦʨʤ;  

3. ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ ʢʨʠʪʝʨʠʷʤ ɺʆɿ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ ʀʇ, ʇʄʌ, ʍʄʃ, 

ʄɼʉ ʠʣʠ ʜʨʫʛʠʤ ʤʠʝʣʦʠʜʥʳʤ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤ; 

4. ʅʘʣʠʯʠʝ ʤʫʪʘʮʠʠ JAK2V617F ʠʣʠ ʜʨʫʛʠʭ ʤʘʨʢʝʨʦʚ ʢʣʦʥʘʣʴʥʦʩʪʠ, ʘ ʧʨʠ 

ʠʭ ʦʪʩʫʪʩʪʚʠʠ ï ʠʩʢʣʶʯʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʚʪʦʨʠʯʥʦʛʦ (ʨʝʘʢʪʠʚʥʦʛʦ) 

ʪʨʦʤʙʦʮʠʪʦʟʘ. 

ɼʠʘʛʥʦʟ ʕʊ ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʷʤ ɺʆɿ 2008 ʛʦʜʘ ʜʦʩʪʦʚʝʨʝʥ ʧʨʠ ʥʘʣʠʯʠʠ ʚʩʝʭ 

ʯʝʪʳʨʝʭ ʢʨʠʪʝʨʠʝʚ, ʦʪʩʫʪʩʪʚʠʝ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʢʨʠʪʝʨʠʷ ʜʝʣʘʝʪ ʜʠʘʛʥʦʟ ʕʊ 

ʩʦʤʥʠʪʝʣʴʥʳʤ [124]. 

ʈʝʪʨʦʩʧʝʢʪʠʚʥʦ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ 145 ʧʘʮʠʝʥʪʦʚ, ʜʠʘʛʥʦʟ 

ʢʦʪʦʨʳʤ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʜʦ ʥʘʯʘʣʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʦʩʧʝʢʪʠʚʥʦ 

ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʜʘʥʥʳʝ 95 ʧʘʮʠʝʥʪʦʚ, ʜʠʘʛʥʦʩʪʠʢʘ ʕʊ ʫ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʚʳʧʦʣʥʝʥʠʝ ʯʝʪʳʨʝʭ 

ʵʪʘʧʦʚ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚ ʛʨʫʧʧʘʭ ʧʘʮʠʝʥʪʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʤʫ ʧʨʦʬʠʣʶ, ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʢʨʦʚʠ (ʫʨʦʚʥʠ ʛʝʤʦʛʣʦʙʠʥʘ, ʣʝʡʢʦʮʠʪʦʚ ʠ ʪʨʦʤʙʦʮʠʪʦʚ), ʥʘʣʠʯʠʷ ʢʣʠʥʠʯʝʩʢʦʡ 
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ʩʠʤʧʪʦʤʘʪʠʢʠ (ʩʧʣʝʥʦʤʝʛʘʣʠʷ, ʛʦʣʦʚʥʳʝ ʙʦʣʠ ʠ ʛʦʣʦʚʦʢʨʫʞʝʥʠʷ, ʢʦʞʥʳʡ ʟʫʜ, 

ʩʣʘʙʦʩʪʴ, ʵʨʠʪʨʦʤʝʣʘʣʛʠʠ ʠ ʙʦʣʠ ʚ ʩʫʩʪʘʚʘʭ). 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʪʝʯʝʥʠʷ ʕʊ: ʯʘʩʪʦʪʘ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʠ/ʠʣʠ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ, 

ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʱʝʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʠ ʯʘʩʪʦʪʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʠʩʭʦʜʦʚ 

(ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ʄʌ, ʨʘʟʚʠʪʠʝ ɹʂ, ʣʝʪʘʣʴʥʳʡ ʠʩʭʦʜ) ʚ ʛʨʫʧʧʘʭ ʧʘʮʠʝʥʪʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʤ ʧʨʦʬʠʣʝʤ. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʫʝʤʘʷ ʛʨʫʧʧʘ ʧʘʮʠʝʥʪʦʚ ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ 

ʧʦʜʛʨʫʧʧʳ ʧʦ ʥʘʣʠʯʠʶ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʠʣʠ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʚʳʜʝʣʝʥʘ ʧʦʜʛʨʫʧʧʘ ʙʝʟ ʦʩʣʦʞʥʝʥʠʡ. ɺ ʧʦʣʫʯʝʥʥʳʭ ʧʦʜʛʨʫʧʧʘʭ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʢʣʠʥʠʯʝʩʢʠʝ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, 

ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʥʘʣʠʯʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʠʩʢ ʨʘʟʚʠʪʠʷ 

ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʠʣʠ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʕʊ. 

ʅʘ ʯʝʪʚʝʨʪʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʝʥʦ ʦʙʦʙʱʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɹʳʣʠ 

ʚʳʜʝʣʝʥʳ ʢʣʠʥʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʪʝʯʝʥʠʝ ʠ ʨʠʩʢ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ 

ʕʊ. ʀʩʩʣʝʜʦʚʘʥʳ ʧʦʨʦʛʦʚʳʝ ʫʨʦʚʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʨʠʩʢʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ 

ʠ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʕʊ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʣʠʥʠʯʝʩʢʠʭ, 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʟʘʙʦʣʝʚʘʥʠʷ.  

2.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʩʣʝʜʫʝʤʦʡ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʚʢʣʶʯʝʥʦ 240 ʧʘʮʠʝʥʪʦʚ ʩ ʜʠʘʛʥʦʟʦʤ ʕʊ. ʄʫʞʯʠʥ 62 

(25,8%) ʠ ʞʝʥʱʠʥ 178 (74,2%). ʄʝʜʠʘʥʘ ʚʦʟʨʘʩʪʘ ʧʘʮʠʝʥʪʦʚ 58,7 ʣʝʪ (ʤʠʥ ï ʤʘʢʩ, 

20 ʣʝʪ ï 91 ʛʦʜ). ʄʝʜʠʘʥʘ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 37 ʤʝʩʷʮʝʚ (ʤʠʥ ï ʤʘʢʩ, 

6 ï 270 ʤʝʩʷʮʝʚ). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʮʠʝʥʪʦʚ ʧʦ ʧʦʣʫ ʠ ʚʦʟʨʘʩʪʥʳʤ ʛʨʫʧʧʘʤ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.1. 
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ʈʠʩʫʥʦʢ 2.1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʮʠʝʥʪʦʚ ʧʦ ʚʦʟʨʘʩʪʫ (n=240) 

ɺ ʜʝʙʶʪʝ ʟʘʙʦʣʝʚʘʥʠʷ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʢʣʠʥʠʯʝʩʢʠʝ 

ʩʠʤʧʪʦʤʳ:  

1. ʉʣʘʙʦʩʪʴ ï 57 (23,7%) 

2. ʉʧʣʝʥʦʤʝʛʘʣʠʷ ï 35 (14,6%) 

3. ʕʧʠʟʦʜʳ ʛʦʣʦʚʥʳʭ ʙʦʣʝʡ ʠ ʛʦʣʦʚʦʢʨʫʞʝʥʠʡ ï 29 (12,1%) 

4. ʅʘʣʠʯʠʝ ʙʦʣʝʡ ʚ ʩʫʩʪʘʚʘʭ ï 23 (9,6%) 

5. ʇʨʦʷʚʣʝʥʠʷ ʵʨʠʪʨʦʤʝʣʘʣʛʠʡ ï 15 (6,3%) 

6. ʇʦʷʚʣʝʥʠʝ ʢʦʞʥʦʛʦ ʟʫʜʘ ï 8 (3,8%) 

ʋ 114 (47,5%) ʧʘʮʠʝʥʪʦʚ ʚ ʜʝʙʶʪʝ ʟʘʙʦʣʝʚʘʥʠʷ ʥʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ 

ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ.  

ʇʦʢʘʟʘʪʝʣʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ (ʫʨʦʚʥʠ ʛʝʤʦʛʣʦʙʠʥʘ, ʣʝʡʢʦʮʠʪʦʚ ʠ 

ʪʨʦʤʙʦʮʠʪʦʚ) ʥʘ ʵʪʘʧʝ ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.1. 
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ʊʘʙʣʠʮʘ 2.1 ï ʇʦʢʘʟʘʪʝʣʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ ʥʘ ʵʪʘʧʝ ʜʠʘʛʥʦʩʪʠʢʠ 

ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ 

ʇʦʢʘʟʘʪʝʣʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ (95% ʜ.ʠ.) 

ɻʝʤʦʛʣʦʙʠʥ, ʛ/ʣ 

140 (138-142) 

ʤʫʞʯʠʥʳ: 149 (143-151) 

ʞʝʥʱʠʥʳ: 137 (132-142) 

ʃʝʡʢʦʮʠʪʳ, ʭ10
9
/ʣ 9,8 (9,4-10,3) 

ʊʨʦʤʙʦʮʠʪʳ, ʭ10
9
/ʣ 879 (836-921) 

 

ʉʨʝʜʠ 240 ʧʘʮʠʝʥʪʦʚ ʫ 183 (76,3%) ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʠ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʥʠ 

ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ, ʫ 57 ʧʘʮʠʝʥʪʦʚ (23,7%) ʪʘʢʠʝ ʦʩʣʦʞʥʝʥʠʷ 

(ʘʨʪʝʨʠʘʣʴʥʳʝ ʠ ʚʝʥʦʟʥʳʝ ʪʨʦʤʙʦʟʳ, ʆʀʄ, ʆʅʄʂ ʠ ʵʧʠʟʦʜʳ ʢʨʦʚʦʪʝʯʝʥʠʡ 

ʨʘʟʣʠʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ) ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ.  

ʇʨʠ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʥʘ ʵʪʘʧʝ ʧʨʦʚʝʜʝʥʠʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʫ ʚʩʝʭ ʧʘʮʠʝʥʪʦʚ ʙʳʣʘ ʦʪʤʝʯʝʥʦ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʕʊ ʥʘʣʠʯʠʝ ʚ 

ʢʦʩʪʥʦʤ ʤʦʟʛʝ ʘʪʠʧʠʯʥʳʭ ʛʠʧʝʨʣʦʙʫʣʷʨʥʳʭ ʤʝʛʘʢʘʨʠʦʮʠʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʫ 11,8% 

ʧʘʮʠʝʥʪʦʚ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʧʨʠʟʥʘʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʬʠʙʨʦʟʘ 

ʧʦ ʰʢʘʣʝ ɽʚʨʦʧʝʡʩʢʦʛʦ ʢʦʥʩʝʥʩʫʩʘ ʧʘʪʦʤʦʨʬʦʣʦʛʦʚ [139]. 

ɸʩʧʠʨʘʪ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʙʳʣ ʧʦʣʫʯʝʥ ʫ 47 (19,6%) ʧʘʮʠʝʥʪʦʚ. ʇʨʠ 

ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ ʚʩʝʤ ʧʘʮʠʝʥʪʘʤ ʚʳʧʦʣʥʷʣʦʩʴ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʧʨʝʜʤʝʪ ʚʳʷʚʣʝʥʠʷ ʤʫʪʘʮʠʠ JAK2V617F, ʘ ʧʨʠ JAK2V617F-

ʥʝʛʘʪʠʚʥʦʤ ʩʪʘʪʫʩʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʜʝʪʝʢʮʠʷ ʤʫʪʘʮʠʡ ʛʝʥʦʚ CALR ʠ MPL. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʣʝʜʫʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʮʠʝʥʪʦʚ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʤʫ ʬʝʥʦʪʠʧʫ:  

1. JAK2V617F (JAK2+) ï 182/240 (75,9%);  

2. CALR-ʤʫʪʘʮʠʠ (CALR+) ï 30/240 (12,5%):  

- ʪʠʧ 1 (CALR1+) ï 13/30 (43,3%) 
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- ʪʠʧ 2 (CALR2+) ï 17/30 (56,7%);  

3. MPL-ʤʫʪʘʮʠʠ (MPL+) ï 2/240 (0,8%);  

4. ʊʨʦʡʥʳʝ ʥʝʛʘʪʠʚʥʳʝ (Tʅ) ï 26/240 (10,8%).  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʮʠʝʥʪʦʚ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʤʫ ʬʝʥʦʪʠʧʫ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʛʨʫʧʧʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.2. 

 

ʈʠʩʫʥʦʢ 2.2 ï ʏʘʩʪʦʪʘ ʚʳʷʚʣʝʥʠʷ ʤʘʨʢʝʨʦʚ ʢʣʦʥʘʣʴʥʦʩʪʠ ʫ ʙʦʣʴʥʳʭ ʕʊ (n=240) 

 

ʕʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʤʫʪʘʮʠʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ: 

1. ASXL1-ʤʫʪʘʮʠʠ ï 10 ʧʘʮʠʝʥʪʦʚ: ʫ ʦʜʥʦʛʦ CALR1+, ʜʚʫʭ CALR2+, ʪʨʝʭ ʊʅ 

ʠ ʯʝʪʳʨʝʭ JAK2+ ʧʘʮʠʝʥʪʦʚ; 

2. EZH2-ʤʫʪʘʮʠʠ ï ʫ 6 ʧʘʮʠʝʥʪʦʚ: ʫ ʦʜʥʦʛʦ CALR1+, ʦʜʥʦʛʦ CALR2+, ʪʨʝʭ 

ʊʅ ʠ ʦʜʥʦʛʦ JAK2+ ʧʘʮʠʝʥʪʦʚ; 

3. ʉʦʯʝʪʘʥʠʝ ASXL1 ʠ EZH2 ï ʫ ʜʚʫʭ JAK2+ ʧʘʮʠʝʥʪʦʚ. 

ʋ ʚʩʝʭ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʥʦʨʤʘʣʴʥʳʡ ʢʘʨʠʦʪʠʧ ʥʘ 

ʵʪʘʧʝ ʧʝʨʚʠʯʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʠ ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʪʦʣʴʢʦ ʫ 

ʦʜʥʦʡ JAK2+ ʧʘʮʠʝʥʪʢʠ (2,3%) ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʢʘʨʠʦʪʠʧʘ (45ʍʍdel(5)(q13;q33),del(7)(q11;q22),-17[20]) ʧʨʠ ʧʦʚʪʦʨʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʠ ʟʘʙʦʣʝʚʘʥʠʷ. ʋ ʜʘʥʥʦʡ ʧʘʮʠʝʥʪʢʠ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʷʣʩʷ ʥʦʨʤʘʣʴʥʳʡ ʢʘʨʠʦʪʠʧ ʥʘ ʵʪʘʧʝ ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ ʕʊ, ʘ 
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ʢʣʦʥʘʣʴʥʘʷ ʭʨʦʤʦʩʦʤʥʘʷ ʵʚʦʣʶʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʪʦʣʴʢʦ ʧʨʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʠ 

ʟʘʙʦʣʝʚʘʥʠʷ. 

2.3 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

2.3.1 ʂʣʠʥʠʯʝʩʢʠʝ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ  

ʆʙʷʟʘʪʝʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʨʠ ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ ʕʊ ʙʳʣʠ 

ʩʣʝʜʫʶʱʠʝ: 

1. ʉʙʦʨ ʞʘʣʦʙ ʠ ʘʥʘʤʥʝʟʘ, ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ 

ʠ ʧʨʦʚʦʜʠʤʦʡ ʪʝʨʘʧʠʠ; 

2. 

 ʜʫʛʠ); 

3. ʂʣʠʥʠʯʝʩʢ  ʬʦʨʤʫʣʳ 

ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʫʨʦʚʥʷ ʪʨʦʤʙʦʮʠʪʦʚ ʧʦ ʤʝʪʦʜʫ ʌʦʥʠʦ (ʤʠʢʨʦʩʢʦʧʠʷ); 

4. ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʩʧʠʨʘʪʘ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ 

(ʤʠʝʣʦʛʨʘʤʤʘ); 

5. ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʝʧʘʥʦʙʠʦʧʪʘʪʘ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʣʝʪʦʯʥʦʩʪʠ ʠ ʠʤʧʨʝʛʥʘʮʠʝʡ ʩʝʨʝʙʨʦʤ ʧʦ ʇʝʨʣʩʫ ʩ ʦʮʝʥʢʦʡ 

ʥʘʣʠʯʠʷ ʠ ʩʪʝʧʝʥʠ ʬʠʙʨʦʟʘ ʧʦ ɽʚʨʦʧʝʡʩʢʦʡ ʰʢʘʣʝ ʧʘʪʦʤʦʨʬʦʣʦʛʦʚ [139]; 

6. ʉʪʘʥʜʘʨʪʥʦʝ ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ: ʘʥʘʣʠʟ 

ʥʝ ʤʝʥʝʝ 20 ʤʝʪʘʬʘʟ; 

7. ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ 

ʢʨʦʚʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʤʫʪʘʮʠʡ ʛʝʥʦʚ JAK2V617F, MPL, CALR, ASXL1 ʠ EZH2. 

2.3.2 ʄʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʨʦʤʦʩʦʤ (ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ) 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʧʨʝʧʘʨʘʪʦʚ ʠʟ ʩʫʩʧʝʥʟʠʠ ʢʣʝʪʦʢ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʚʢʣʶʯʘʣʦ 

ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ʂʦʩʪʥʳʡ ʤʦʟʛ ʚ ʦʙʲʝʤʝ 2-3 ʤʣ ʟʘʙʠʨʘʣʠ ʚ ʩʪʘʥʜʘʨʪʥʫʶ ʧʨʦʙʠʨʢʫ, 

ʩʦʜʝʨʞʘʱʫʶ 100-500 ʝʜ. ʛʝʧʘʨʠʥʘ, ʧʝʨʝʤʝʰʠʚʘʣʠ. 
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2. ɺ ʧʨʦʙʠʨʢʝ (15 ʤʣ) ʩʤʝʰʠʚʘʣʠ: 4,0 ʤʣ ʩʨʝʜʳ RPMI (ʩ ʘʥʪʠʙʠʦʪʠʢʦʤ ʠ 

ʛʣʫʪʘʤʠʥʦʤ), 1 ʤʣ ʩʳʚʦʨʦʪʢʠ, ʢʦʩʪʥʳʡ ʤʦʟʛ (ʚʳʜʝʨʞʠʚʘʷ ʦʧʪʠʤʘʣʴʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ 2Ĭ10
9
 ʢʣʝʪʦʢ ʥʘ 1 ʤʣ ʩʨʝʜʳ RPMI), ʢʦʣʮʝʤʠʜ (ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ). ʂʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ +37Üʉ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. 

3. ʆʩʘʞʜʘʣʠ ʢʣʝʪʢʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 1500 ʦʙʦʨʦʪʦʚ ʚ ʤʠʥ. 

ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ, ʩʫʧʝʨʥʘʪʘʥʪ ʫʜʘʣʷʣʠ ʧʠʧʝʪʢʦʡ, ʦʩʪʘʚʣʷʷ 0,3-0,5 ʤʣ ʞʠʜʢʦʩʪʠ 

ʥʘʜ ʦʩʘʜʢʦʤ. ʆʩʘʜʦʢ ʨʘʟʙʠʚʘʣʠ ʵʥʝʨʛʠʯʥʳʤ ʚʩʪʨʷʭʠʚʘʥʠʝʤ ʠ ʜʦʙʘʚʣʷʣʠ 8-10 ʤʣ 

ʛʠʧʦʪʦʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ (0,55% ʨʘʩʪʚʦʨ KCl), ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʠʧʝʪʠʨʦʚʘʥʠʝʤ ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +37Üʉ. 

4. ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʬʠʢʩʘʮʠʠ ʢʣʝʪʢʠ ʦʩʘʞʜʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (10 ʤʠʥ, 1000 ʦʙʦʨʦʪʦʚ ʚ ʤʠʥ.). ʆʩʘʜʦʢ ʪʱʘʪʝʣʴʥʦ ʨʘʟʙʠʚʘʣʠ 

ʚʩʪʨʷʭʠʚʘʥʠʝʤ ʚ 0,5 ʤʣ ʥʘʜʦʩʘʜʦʯʥʦʡ ʞʠʜʢʦʩʪʠ. ʂ ʦʩʘʜʢʫ ʜʦʙʘʚʣʷʣʠ 5 ʢʘʧʝʣʴ 5% 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʧʝʨʝʤʝʰʠʚʘʣʠ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. ʂ 

ʦʩʘʜʢʫ ʩʪʨʫʡʥʦ ʧʨʠʣʠʚʘʣʠ 8-10 ʤʣ ʭʦʣʦʜʥʦʛʦ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʬʠʢʩʘʪʦʨʘ 

(ʤʝʪʘʥʦʣ + ʣʝʜʷʥʘʷ ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 3:1) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ 

ʧʠʧʝʪʠʨʦʚʘʥʠʝʤ. ɿʘʪʝʤ ʬʠʢʩʘʪʦʨ ʤʝʥʷʣʠ 2-3 ʨʘʟʘ, ʜʦʙʘʚʣʷʷ ʧʦʨʮʠʠ ʧʦ 5-7 ʤʣ. 

5. ʈʘʩʢʘʧʳʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʩʫʩʧʝʥʟʠʠ ʢʣʝʪʦʢ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʙʝʟʞʠʨʝʥʥʳʝ ʧʨʝʜʤʝʪʥʳʝ ʩʪʝʢʣʘ, ʦʭʣʘʞʜʝʥʥʳʝ ʚ ʤʦʨʦʟʠʣʴʥʦʡ 

ʢʘʤʝʨʝ ʠʣʠ ʚ ʭʦʣʦʜʥʦʡ ʚʦʜʝ, ʥʘʥʦʩʷ ʥʘ ʧʨʝʧʘʨʘʪ ʩ ʚʳʩʦʪʳ 30-50 ʩʤ ʧʦ 30-50 ʤʢʣ 

ʩʫʩʧʝʥʟʠʠ. ʉʪʝʢʣʘ ʦʙʞʠʛʘʣʠ ʥʘʜ ʧʣʘʤʝʥʝʤ ʩʧʠʨʪʦʚʢʠ ʠ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

6. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠ ʦʢʨʘʩʢʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʠʧʩʠʥʘ (GTG-ʪʝʭʥʠʢʘ). 

ʆʙʨʘʙʘʪʳʚʘʣʠ ʩʪʝʢʣʦ ʚ 0,25% ʨʘʩʪʚʦʨʝ ʪʨʠʧʩʠʥʘ (ʚʨʝʤʷ ʧʦʜʙʠʨʘʣʦʩʴ 

ʵʤʧʠʨʠʯʝʩʢʠ ʚ ʠʥʪʝʨʚʘʣʝ 10-60 ʩʝʢ.). ʆʢʨʘʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ ʚ ʨʘʩʪʚʦʨʝ 

ʢʨʘʩʠʪʝʣʷ ɻʠʤʟʘ, ʨʘʟʚʝʜʝʥʥʦʤ ʥʘ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ (pH = 6,8), ʢʨʘʩʠʪʝʣʴ 

ʩʤʳʚʘʣʠ ʧʨʦʪʦʯʥʦʡ ʚʦʜʦʡ ʠ ʚʳʩʫʰʠʚʘʣʠ. 

ɺ ʢʘʞʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʥʝ ʤʝʥʝʝ 20 ʤʝʪʘʬʘʟʥʳʭ 

ʧʣʘʩʪʠʥ. ʀʥʪʝʨʧʨʝʪʘʮʠʶ ʧʘʪʦʣʦʛʠʠ ʢʘʨʠʦʪʠʧʘ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
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ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʭʨʦʤʦʩʦʤ 

(ISCN, 2013). ɼʣʷ ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʘʨʭʠʚʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʧʴʶʪʝʨʥʫʶ ʩʠʩʪʝʤʫ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ çɺʠʜʝʦʊʝʩʊè.  

2.3.3 ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʤʫʪʘʮʠʦʥʥʦʛʦ ʩʪʘʪʫʩʘ ʛʝʥʦʚ  

ʉ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʥʘʣʠʯʠʝ ʩʦʤʘʪʠʯʝʩʢʠʭ 

ʤʫʪʘʮʠʡ ʚ ʛʝʥʘʭ JAK2, MPL ʠ CALR ʚʳʧʦʣʥʷʣʦʩʴ ʚʳʜʝʣʝʥʠʝ ʛʝʥʦʤʥʦʡ ɼʅʂ ʠʟ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʠʣʠ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʭʣʦʨʦʬʦʨʤʥʦʡ 

ʵʢʩʪʨʘʢʮʠʠ. ɼʣʷ ʛʝʤʦʣʠʟʘ ʵʨʠʪʨʦʮʠʪʦʚ ʢ 3 ʤʣ ʢʨʦʚʠ (1 ʤʣ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ) 

ʜʦʙʘʚʣʷʣʠ 12 ʤʣ NH4Cl (pH 6.97, 0,83%) ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ +4Üʉ. ɺ ʜʘʣʴʥʝʡʰʝʤ ï ʦʩʘʞʜʘʣʠ ʣʝʡʢʦʮʠʪʳ, ʦʪʙʠʨʘʣʠ 10-20 ʤʢʣ ʠ 

ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 400 ʤʢʣ ʣʠʟʠʨʫʶʱʝʛʦ ʙʫʬʝʨʘ, ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 10 

ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +65Üʉ. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʜʦʙʘʚʣʷʣʠ 600 ʤʢʣ 

ʭʣʦʨʦʬʦʨʤʘ, ʧʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʧʝʨʝʥʦʩʠʣʠ ʧʦʣʫʯʝʥʥʫʶ ʬʘʟʫ, 

ʩʦʜʝʨʞʘʱʫʶ ɼʅʂ ʚ ʧʨʝʮʠʧʠʪʠʨʫʶʱʠʡ ʙʫʬʝʨ, ʟʘʪʝʤ ʦʩʘʞʜʘʣʠ ʠ ʨʘʩʪʚʦʨʷʣʠ ʚ 1,2 

ʄ NaCl. ʅʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʦʩʘʞʜʘʣʠ ɼʅʂ ʚ 96% C2H5OH ʧʨʠ -20Üʉ ʠ 

ʦʪʤʳʚʘʣʠ ʚ 70% C2H5OH, ʚʳʩʫʰʠʚʘʣʠ ʠ ʨʘʩʪʚʦʨʷʣʠ ʚ 100 ʤʢʣ H2O. 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʤʫʪʘʮʠʠ ʛʝʥʘ JAK2 (JAK2V617F) 

ɼʝʪʝʢʮʠʶ ʤʫʪʘʮʠʠ V617F ʚ ʛʝʥʝ JAK2 ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʧʦʣʠʤʦʨʬʠʟʤʘ ʜʣʠʥ ʨʝʩʪʨʠʢʮʠʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʇɼʈʌ). ʇʨʦʜʫʢʪ ʜʣʷ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʧʦʣʫʯʘʣʠ  ʧʫʪʝʤ ʘʤʧʣʠʬʠʢʘʮʠʠ ʫʯʘʩʪʢʘ ʛʝʥʘ JAK2, 

ʬʣʘʥʢʠʨʦʚʘʥʥʦʛʦ ʧʨʘʡʤʝʨʘʤʠ F 5ô-TGGTTTTAAATTATGGACTA-3ô ʠ R 5ô-

TCACAAGATATAACTGAATAG -3ô. ʇʦʣʠʤʝʨʘʟʥʫʶ ʮʝʧʥʫʶ ʨʝʘʢʮʠʶ (ʇʎʈ) 

ʧʨʦʚʦʜʠʣʠ ʚ ʩʤʝʩʠ ʩʦʩʪʘʚʘ: 6,0 ʤʢʣ 2,5-ʢʨʘʪʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (çʉʠʥʪʦʣè, 

ʈʦʩʩʠʷ), 0,6 ʤʢʣ 25 mM MgCl2, ʧʦ 10 ʧʤʦʣʴ ʢʘʞʜʦʛʦ ʧʨʘʡʤʝʨʘ, 20-100 ʥʛ 

ʛʝʥʦʤʥʦʡ ɼʅʂ (3 ʤʢʣ), ʘʤʧʫʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʜʦ ʦʙʲʝʤʘ 15 ʤʢʣ ʧʦ ʩʭʝʤʝ 95Á ï 5 

ʤʠʥ., (95Á ï 30 ʩʝʢ, 41Á ï 30 ʩʝʢ, 72Á ï 30 ʩʝʢ)Ĭ35 ʮʠʢʣʦʚ, 72Á ï 5 ʤʠʥ. 2 ʤʢʣ 

ʧʦʣʫʯʝʥʥʦʛʦ ʘʤʧʣʠʬʠʢʘʪʘ ʦʙʨʘʙʘʪʳʚʘʣʠ ʨʝʩʪʨʠʢʪʘʟʦʡ Eam1105I (Fermentas, 

ʉʐɸ) ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʦʙʲʝʤʝ 15 ʤʢʣ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷ 
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ʬʝʨʤʝʥʪʘ. ʇʨʦʜʫʢʪʳ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʨʘʟʜʝʣʷʣʠ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ 

ʛʝʣʝ (ʇɸɸɻ). ɺʠʟʫʘʣʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʦʩʣʝ ʦʢʨʘʩʢʠ ʚ ʙʨʦʤʠʩʪʦʤ ʵʪʠʜʠʠ ʚ ʋʌ-

ʩʧʝʢʪʨʝ. ʇʨʠ ʥʘʣʠʯʠʠ ʤʫʪʘʮʠʠ ʯʘʩʪʴ ʧʨʦʜʫʢʪʘ ʘʤʧʣʠʬʠʢʘʮʠʠ ʦʩʪʘʚʘʣʘʩʴ ʥʝ 

ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʡ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʩʘʡʪʘ ʨʝʩʪʨʠʢʮʠʠ (ʈʠʩʫʥʦʢ 2.3).  

 

ʈʠʩʫʥʦʢ 2.3 ï 1 ʜʦʨʦʞʢʘ-ʘʤʧʣʠʬʠʢʘʪ, 2 ï ʜʠʢʠʡ ʪʠʧ,  

3,4 ï ʤʫʪʘʮʠʷ ʦʙʥʘʨʫʞʝʥʘ 

 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʤʫʪʘʮʠʠ ʛʝʥʘ MPL  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʤʫʪʘʮʠʡ ʚ 515 ʢʦʜʦʥʝ ʛʝʥʘ MPL ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ 

ʇɼʈʌ. ʇʨʦʜʫʢʪ ʜʣʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʘʤʧʣʠʬʠʢʘʮʠʠ 

ʫʯʘʩʪʢʘ ʛʝʥʘ MPL, ʬʣʘʥʢʠʨʦʚʘʥʥʦʛʦ ʧʨʘʡʤʝʨʘʤʠ F 5ô-

GGGCCTGCTGCʉACTGAG-3ô (ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʘʡʪʘ 

ʨʝʩʪʨʠʢʮʠʠ) ʠ R 5ô-AGGAAGTGGCGAAGCCGTAG-3ô. ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʚ ʩʤʝʩʠ 

ʩʦʩʪʘʚʘ: 6,0 ʤʢʣ 2,5-ʢʨʘʪʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (çʉʠʥʪʦʣè, ʈʦʩʩʠʷ), 0,6 ʤʢʣ 

25mM MgCl2, ʧʦ 10 ʧʤʦʣʴ ʢʘʞʜʦʛʦ ʧʨʘʡʤʝʨʘ, 20-100 ʥʛ ʛʝʥʦʤʥʦʡ ɼʅʂ (3 ʤʢʣ), 

ʘʤʧʫʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʜʦ ʦʙʲʝʤʘ 15 ʤʢʣ ʧʦ ʩʭʝʤʝ 95Á ï 10 ʤʠʥ., (95Á ï 50 ʩʝʢ, 66Á ï 

50 ʩʝʢ)Ĭ40 ʮʠʢʣʦʚ. 4 ʤʢʣ ʧʦʣʫʯʝʥʥʦʛʦ ʘʤʧʣʠʬʠʢʘʪʘ ʦʙʨʘʙʘʪʳʚʘʣʠ ʨʝʩʪʨʠʢʪʘʟʦʡ 

BstXI (Fermentas, ʉʐɸ) ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʦʙʲʝʤʝ 15 ʤʢʣ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʬʝʨʤʝʥʪʘ. ʇʨʦʜʫʢʪʳ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʨʘʟʜʝʣʷʣʠ ʚ 

ʇɸɸɻ. ɺʠʟʫʘʣʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʦʩʣʝ ʦʢʨʘʩʢʠ ʚ ʙʨʦʤʠʩʪʦʤ ʵʪʠʜʠʠ ʚ ʋʌ 

ʩʧʝʢʪʨʝ. ʇʨʠ ʥʘʣʠʯʠʠ ʤʫʪʘʮʠʠ ʯʘʩʪʴ ʧʨʦʜʫʢʪʘ ʘʤʧʣʠʬʠʢʘʮʠʠ ʦʩʪʘʚʘʣʘʩʴ ʥʝ 

ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʡ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʩʘʡʪʘ ʨʝʩʪʨʠʢʮʠʠ (ʈʠʩʫʥʦʢ 2.4). ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʜʭʦʜʠʪ ʣʠʰʴ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʘʢʪʘ ʥʘʣʠʯʠʷ 
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ʤʫʪʘʮʠʠ (ʟʘʤʝʥʘ ʪʨʠʧʪʦʬʘʥʘ ʚ ʢʦʜʦʥʝ 515), ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʝʝ ʪʠʧʘ ʥʝʦʙʭʦʜʠʤʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʬʨʘʛʤʝʥʪʘ. 

 

 

ʈʠʩʫʥʦʢ 2.4 ï 1 ï ʘʤʧʣʠʬʠʢʘʪ, 2,4 ï ʜʠʢʠʡ ʪʠʧ, 3 ï ʤʫʪʘʮʠʷ ʦʙʥʘʨʫʞʝʥʘ 

 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʤʫʪʘʮʠʠ ʛʝʥʘ CALR 

ʄʝʪʦʜ ʇɼʈʌ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʘʢʞʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ 

ʠʥʩʝʨʮʠʡ/ʜʝʣʝʮʠʡ 9 ʵʢʟʦʥʘ ʛʝʥʘ CALR, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʪʦʯʥʝʥʠʝʤ ʪʠʧʘ ʤʫʪʘʮʠʠ 

ʤʝʪʦʜʦʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʘʡʤʝʨʳ: F  5ô-

TGCAGGCAGCAGAGAAACAA-3ô, R  5ô-CTCTACAGCTCGTCCTTGGC-3ô. ʇʎʈ 

ʧʨʦʚʦʜʠʣʠ ʚ ʩʤʝʩʠ ʩʦʩʪʘʚʘ: 12,0 ʤʢʣ 2,5-ʢʨʘʪʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (çʉʠʥʪʦʣè, 

ʈʦʩʩʠʷ), 1,2 ʤʢʣ 25 mM MgCl2, ʧʦ 10 ʧʤʦʣʴ ʢʘʞʜʦʛʦ ʧʨʘʡʤʝʨʘ, 20-100 ʥʛ 

ʛʝʥʦʤʥʦʡ ɼʅʂ (3 ʤʢʣ), ʘʤʧʫʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʜʦ ʦʙʲʝʤʘ 30 ʤʢʣ ʧʦ ʩʭʝʤʝ 95Á ï 10 

ʤʠʥ., (95Á ï 30 ʩʝʢ, 63Á ï 30 ʩʝʢ, 72Á ï 30 ʩʝʢ)Ĭ35 ʮʠʢʣʦʚ, 72Á ï 5 ʤʠʥ., 2 ʤʢʣ 

ʧʦʣʫʯʝʥʥʦʛʦ ʘʤʧʣʠʬʠʢʘʪʘ ʩʤʝʰʠʚʘʣʠ ʩ 3 ʤʢʣ ddH2O ʠ 1 ʤʢʣ ʜʚʦʡʥʦʡ ʢʨʘʩʢʠ 

(ʢʩʠʣʝʥʮʠʘʥʦʣ, ʙʨʦʤʬʝʥʦʣʦʚʳʡ ʩʠʥʠʡ, ʬʠʢʦʣ) ʠ ʚʥʦʩʠʣʠ ʚ 6% ʇɸɸɻ. 

ɺʠʟʫʘʣʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʦʩʣʝ ʦʢʨʘʩʢʠ ʚ ʙʨʦʤʠʩʪʦʤ ʵʪʠʜʠʠ ʚ ʋʌ ʩʧʝʢʪʨʝ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʣʠʯʠʝ ʤʫʪʘʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʙʵʥʜʘʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʫʪʘʥʪʥʳʤ ʘʣʣʝʣʷʤ ʛʝʥʘ ʠ/ʠʣʠ ʠʭ ʛʝʪʝʨʦʜʫʧʣʝʢʩʘʤ ʩ 

ʬʨʘʛʤʝʥʪʘʤʠ ʜʠʢʦʛʦ ʪʠʧʘ (ʈʠʩʫʥʦʢ 2.5). ɺʝʨʠʬʠʢʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠ 

ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʦ ʉʝʥʛʝʨʫ. 
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ʈʠʩʫʥʦʢ 2.5 ï ɼʦʨʦʞʢʠ 1,2,4,5 ï çʜʠʢʠʡ ʪʠʧè, 3 ï ʜʝʣʝʮʠʷ, 6 ï ʠʥʩʝʨʮʠʷ 

 

ʇʦʩʣʝʜʫʶʱʝʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʢʘʧʠʣʣʷʨʥʦʡ ʩʠʩʪʝʤʝ MegaBACE 1000 DNA Analysis System (Amersham 

Biosciences, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ ʨʝʘʛʝʥʪʦʚ DYEnamic ET 

dye terminator cycle sequencing kit. ʇʨʦʜʫʢʪʳ ʇʎʈ ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʝʥʳ 

ʦʪ ʥʝʩʚʷʟʘʚʰʠʭʩʷ dNTP ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʘʤ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʤ ʬʠʨʤʦʡ-

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʧʨʠ ʧʦʤʦʱʠ  ʙʫʬʝʨʘ (0,15M  NH4COOH, 95%  C2H5OH). ɼʘʣʝʝ ʢ 

20 ʥʛ ʦʯʠʱʝʥʥʦʛʦ ʇʎʈ-ʧʨʦʜʫʢʪʘ ʜʦʙʘʚʣʷʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ (8 ʤʢʣ Terminator 

Mix  (1000 ʤM dNTP ʠ 5 ʤM ddNTP), 10 ʧʢʤʦʣʴ ʧʨʷʤʦʛʦ ʠʣʠ ʦʙʨʘʪʥʦʛʦ ʧʨʘʡʤʝʨʘ, 

ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ï ʜʦ ʦʙʲʝʤʘ 20 ʤʢʣ). ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ 

ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: ʥʘʯʘʣʴʥʘʷ ʜʝʥʘʪʫʨʘʮʠʷ 96Áʉ ï 1 ʤʠʥ; 27 ʮʠʢʣʦʚ ʚ ʨʝʞʠʤʝ 

96Áʉ ï 10 ʩʝʢ, 60Áʉ ï 5 ʩʝʢ, 65Áʉ ï 4 ʤʠʥ. ɿʘʪʝʤ ʧʨʦʜʫʢʪʳ ʇʎʈ ʙʳʣʠ ʩʥʦʚʘ 

ʦʯʠʱʝʥʳ, ʨʘʩʪʚʦʨʝʥʳ ʚ 12 ʤʢʣ ʬʦʨʤʘʤʠʜʘ ʠ ʧʦʤʝʱʝʥʳ ʚ ʘʥʘʣʠʟʘʪʦʨ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ VECTOR NTI 

ʠ Sequence Scanner 2.0. (ʈʠʩʫʥʦʢ 2.6). 
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ʈʠʩʫʥʦʢ 2.6 ï ʅʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʨʘʛʤʝʥʪʘ ʛʝʥʘ CALR ʩ 

ʜʝʣʝʮʠʝʡ 52, L367fsX47 

 

4. ɸʥʘʣʠʟ ʤʫʪʘʮʠʦʥʥʦʛʦ ʩʪʘʪʫʩʘ ʛʝʥʦʚ ASXL1 ʠ EZH2 

1). ɼʝʪʝʢʮʠʶ ʤʫʪʘʮʠʡ ʛʝʥʘ ASXL1 ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʦ ʉʝʥʛʝʨʫ. ɸʤʧʣʠʬʠʢʘʮʠʶ ʮʝʣʝʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠ ʚ 

ʩʤʝʩʠ ʩʦʩʪʘʚʘ 12,0 ʤʢʣ 2,5-ʢʨʘʪʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (çʉʠʥʪʦʣè, ʈʦʩʩʠʷ), 1,2 

ʤʢʣ 25mM MgCl2, ʧʦ 10 ʧʤʦʣʴ ʢʘʞʜʦʛʦ ʧʨʘʡʤʝʨʘ, 20-100 ʥʛ ʛʝʥʦʤʥʦʡ ɼʅʂ (3 

ʤʢʣ), ʘʤʧʫʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʜʦ ʦʙʲʝʤʘ 30 ʤʢʣ. ʇʎʈ ʚʳʧʦʣʥʷʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʩʭʝʤʝ, ʚʘʨʴʠʨʫʷ ʪʝʤʧʝʨʘʪʫʨʫ ʦʪʞʠʛʘ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʧʨʘʡʤʝʨʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 63 ʜʦ 68Áʉ. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ 

ʧʨʘʡʤʝʨʦʚ (ʊʘʙʣʠʮʘ 2.1). ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤ VECTOR NTI ʠ Sequence Scanner 2.0. 
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ʊʘʙʣʠʮʘ 2.1 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʬʨʘʛʤʝʥʪʦʚ 

ʛʝʥʦʚ ASXL1, EZH2 

ɻʝʥ  ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʨʘʡʤʝʨʘ ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 5ô-3ô 

ASXL1 ASXL_F1 CTGTATGCCATGACCCTTAAGCTAC 

 ASXL_R1 GCTGTAGATCTGACGTACACTTTCC 

 ASXL_F2 CAGCAGCAGTGGTGATGGTG 

 ASXL_R2 GACGGAATGGGACCATTGTCTG 

 ASXL_F3  GAATGTGAGTCTGGCACCACTTC 

 ASXL_R3 TCAAATCCCCAGGCAATGCAGG 

 ASXL_F4 CCAGAGAACACATACCATCTGTTG 

 ASXL_R4 TGGCCAGCAGTAGGGAATCTG 

 8ex F  CATCAAAAGTAACACATGGAAACC  

 8ex R TTGTAATAAATGATAGCACTCTCCAAG 

 10ex F TTCTCTTCCATCAAAATGAGTTTTAG 

 10ex R TCCTCACAACACGAACTTTCAC 

 15ex F  GAGAGTCAGTGAGATGCCCAG 

 15ex R TTTGCCCCAGCTAAATCATC 

 17ex F TTCTGTCAGGCTTGATCACC 

 17ex R CTCGTTTCTGAACACTCGGC 

 18ex F AGGCAAACCCTGAAGAACTG 

 18ex R TTCCAATTCTCACGTCAAAGGTA 

 19ex F CCGTCTTCATGCTCACTGAC 

 19ex R AAAAACCCTCCTTTGTCCAGA 

 5ex F AAATCTGGAGAACTGGGTAAAGAC 

 5ex R TCATGCCCTATATGCTTCATAAAC 
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2). ʇʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʤʫʪʘʮʠʦʥʥʦʛʦ ʩʪʘʪʫʩʘ ʛʝʥʘ EZH2 ʧʨʦʚʦʜʠʣʠ 

ʤʝʪʦʜʦʤ ʧʣʘʚʣʝʥʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʧʨʠʙʦʨʝ CFX96 (BioRad, ʉʐɸ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Bio-Rad Precision Melt Analysis. ɺ 

ʢʘʯʝʩʪʚʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʢʨʘʩʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 20-ʢʨʘʪʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ 

EvaGreen (Biotium, ʉʐɸ). ʉʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʘʥʘʣʦʛʠʯʝʥ ʦʧʠʩʘʥʥʦʤʫ 

ʨʘʥʝʝ. ɸʤʧʣʠʬʠʢʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʭʝʤʝ: 95Á ï 10 ʤʠʥ., (95Á ï 30 ʩʝʢ, 62Á ï 15 

ʩʝʢ, 72Á ï 30 ʩʝʢ)Ĭ40 ʮʠʢʣʦʚ, ʜʘʣʝʝ ʠʟʙʘʚʣʷʣʠʩʴ ʦʪ ʥʝʩʦʚʝʨʰʝʥʥʳʭ ʜʫʧʣʝʢʩʦʚ 

ʥʘʛʨʝʚʦʤ ʘʤʧʣʠʬʠʢʘʪʘ ʜʦ 95Á (1 ʤʠʥ.) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ 40Ü (1 

ʤʠʥ.). ʕʪʘʧ ʧʣʘʚʣʝʥʠʷ ʚʢʣʶʯʘʣ ʥʘʛʨʝʚ ʦʪ 72Á ʜʦ 93Á ʩ ʰʘʛʦʤ 0,2Á ʩ ʵʢʩʧʦʟʠʮʠʝʡ 

ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʰʘʛʘ. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʦʣʫʯʝʥʥrʝ ʢʨʠʚʳʝ 

ʧʣʘʚʣʝʥʠʷ (ʈʠʩʫʥʦʢ 2.7). ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʢʣʦʥʘ ʢʨʠʚʦʡ ʧʣʘʚʣʝʥʠʷ ʦʪ ʪʘʢʦʚʦʡ 

ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʦʪʙʠʨʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʙʨʘʟʝʮ ʜʣʷ ʧʨʷʤʦʛʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʦ ʉʝʥʛʝʨʫ ʩ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʧʨʘʡʤʝʨʦʚ, ʢʘʢ ʦʧʠʩʘʥʦ ʨʘʥʝʝ. 

 

 

 

ʈʠʩʫʥʦʢ 2.7 ï ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʢʨʠʚʳʝ ʧʣʘʚʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ 15 ʵʢʟʦʥʘ 

ʛʝʥʘ EZH2 (ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥ ʦʙʨʘʟʝʮ ʩ ʤʫʪʘʮʠʝʡ, ʨʦʟʦʚʳʤ ï ʦʙʨʘʟʮʳ 

ʜʠʢʦʛʦ ʪʠʧʘ) 
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2.4 ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʜʘʥʥʳʭ 

ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ STATISTICA (StatSoft) ʚʝʨʩʠʷ 10.0 ʜʣʷ  

Windows, Microsoft Exel 2016 ʜʣʷ MacOS ʠ XLSTAT 2017 (Addinsoft).  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʧʦʣ, ʩʠʤʧʪʦʤʳ ʟʘʙʦʣʝʚʘʥʠʷ, 

ʥʘʣʠʯʠʝ/ʦʪʩʫʪʩʪʚʠʝ ʪʨʦʤʙʦʟʦʚ ʠʣʠ ʛʝʤʦʨʨʘʛʠʡ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʚ 

ʄʌ, ʨʘʟʚʠʪʠʝ ɹʂ, ʣʝʪʘʣʴʥʳʝ ʠʩʭʦʜʳ) ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ɢ
2
, ɢ

2 
ʩ ʧʦʧʨʘʚʢʦʡ ʁʝʪʩʘ (ʜʣʷ 

ʤʘʣʳʭ ʛʨʫʧʧ), ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ. 

ʉ ʮʝʣʴʶ ʩʨʘʚʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʚʦʟʨʘʩʪ, ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʝʥʠʷ, ʧʦʢʘʟʘʪʝʣʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ, ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʦʪ 

ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ ʜʦ ʨʘʟʚʠʪʠʷ ɹʂ, ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʄʌ ʠʣʠ ʣʝʪʘʣʴʥʦʛʦ 

ʠʩʭʦʜʘ) ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʨʫʧʧʘʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʨʠʪʝʨʠʡ ʄʘʥʥ-ʋʠʪʥʠ, 

ʪʝʩʪ ʭʠ-ʢʚʘʜʨʘʪ ʠ ʤʦʜʫʣʴ ANOVA.  

ɼʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʛʣʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʠʰʝʨʘ. ʇʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ROC-ʘʥʘʣʠʟʘ [6, 7].  

ɸʥʘʣʠʟ ʆɺ ʧʘʮʠʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʂʘʧʣʘʥ-ʄʝʡʝʨ. ɺ ʢʘʯʝʩʪʚʝ ʪʦʯʢʠ ʦʪʩʯʝʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʆɺ ʚʳʙʨʘʣʠ ʜʘʪʫ 

ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ ʕʊ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʠʤʝʥʷʣʩʷ Log-rank ʘʥʘʣʠʟ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ 

ʥʘʣʠʯʠʠ/ʦʪʩʫʪʩʪʚʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʘʥʘʣʠʟʠʨʫʝʤʳʤʠ 

ʛʨʫʧʧʘʤʠ [6, 9]. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʭ 

ʘʥʘʣʠʟʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʩʪʝʤʳ 

Statistica ʜʣʷ Windows ʠ Exel 2016 ʜʣʷ MacOS [9]. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʤʠ ʩʯʠʪʘʣʠ ʨʘʟʣʠʯʠʷ ʧʨʠ ʦʙʱʝʧʨʠʥʷʪʦʤ ʫʨʦʚʥʝ 

ʟʥʘʯʠʤʦʩʪʠ ʨ<0,05.  
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ɻʣʘʚʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

3.1 ʂʣʠʥʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʤ ʬʝʥʦʪʠʧʦʤ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʧʦʣʥʝʥ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʧʦʣ ʠ ʚʦʟʨʘʩʪ), ʧʦʢʘʟʘʪʝʣʝʡ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʢʨʦʚʠ (ʫʨʦʚʥʠ ʛʝʤʦʛʣʦʙʠʥʘ, ʣʝʡʢʦʮʠʪʦʚ ʠ ʪʨʦʤʙʦʮʠʪʦʚ) ʠ ʥʘʣʠʯʠʷ 

ʩʠʤʧʪʦʤʦʚ ʟʘʙʦʣʝʚʘʥʠʷ (ʩʧʣʝʥʦʤʝʛʘʣʠʷ, ʩʣʘʙʦʩʪʴ, ʵʧʠʟʦʜʳ ʛʦʣʦʚʥʳʭ ʙʦʣʝʡ ʠ 

ʛʦʣʦʚʦʢʨʫʞʝʥʠʡ, ʧʨʦʷʚʣʝʥʠʷ ʵʨʠʪʨʦʤʝʣʘʣʛʠʡ, ʥʘʣʠʯʠʝ ʙʦʣʝʡ ʚ ʩʫʩʪʘʚʘʭ, 

ʧʨʦʷʚʣʝʥʠʝ ʢʦʞʥʦʛʦ ʟʫʜʘ) ʥʘ ʵʪʘʧʝ ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ ʫ ʧʘʮʠʝʥʪʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʤ ʬʝʥʦʪʠʧʦʤ ʚ ʛʨʫʧʧʘʭ: JAK2-

ʧʦʣʦʞʠʪʝʣʴʥʦʡ (JAK2+), ʫ ʧʘʮʠʝʥʪʦʚ-ʥʦʩʠʪʝʣʝʡ 1 ʪʠʧʘ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ CALR 

(CALR1+), 2 ʪʠʧʘ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ CALR (CALR2+), MPL-ʧʦʣʦʞʠʪʝʣʴʥʦʡ (MPL+) ʠ 

ʫ ʪʨʦʡʥʳʭ ʥʝʛʘʪʠʚʥʳʭ (Tʅ) ʧʘʮʠʝʥʪʦʚ.  

ɼʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʘʮʠʝʥʪʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʊʘʙʣʠʮʝ 3.1.  

 

ʊʘʙʣʠʮʘ 3.1 ï ɼʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʤ ʬʝʥʦʪʠʧʦʤ  

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʦʪʩʫʪʩʪʚʠʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʧʦ ʧʦʣʫ ʚ ʛʨʫʧʧʘʭ (p=0,23), ʥʦ ʚʳʷʚʣʝʥʳ 

ʀʩʩʣʝʜʫʝʤʳʡ 

ʧʦʢʘʟʘʪʝʣʴ 

JAK2+ 

(n=182) 

CALR1+ 

(n=13) 

CALR2+ 

(n=17) 

MPL+ 

(n=2) 

Tʅ 

(n=26) 

ɺʦʟʨʘʩʪ, ʣʝʪ  

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

(95% ʜ.ʠ.) 

59 

(56-61) 

51 

(42-60) 

49 

(40-58) 

69 

(79-59) 

52 

(46-59) 

ʄʫʞʯʠʥʳ/ 

ʞʝʥʱʠʥ,r 

ʢʦʣʠʯʝʩʪʚʦ 

ʧʘʮʠʝʥʪʦʚ (%) 

51/131 

(28/72) 

3/10 

(23/77) 

6/11 

(35/65) 

0/2 

(0/100) 

2/24 

(8/92) 
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ʜʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ ʧʦ ʚʦʟʨʘʩʪʫ (p=0,03). ʇʨʠ CALR1+ ʠ CALR2+ ʩʪʘʪʫʩʘʭ 

ʧʨʝʦʙʣʘʜʘʣʠ ʧʘʮʠʝʥʪʳ ʙʦʣʝʝ ʤʦʣʦʜʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʨʫʧʧʦʡ JAK2+ 

(ʨ=0,04 ʠ ʨ=0,05 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʟʨʘʩʪʘ ʚ ʜʝʙʶʪʝ 

ʟʘʙʦʣʝʚʘʥʠʷ ʩʦʩʪʘʚʠʣʠ 51 (CALR1+), 49 (CALR2+) ʠ 59 (JAK2+) ʣʝʪ. 

ʇʝʨʚʳʤ ʣʘʙʦʨʘʪʦʨʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ, ʧʨʦʚʦʜʠʤʳʤ ʚʩʝʤ ʧʘʮʠʝʥʪʘʤ ʧʨʠ 

ʜʠʘʛʥʦʩʪʠʢʝ ʕʊ ʙʳʣ ʢʣʠʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʨʦʚʠ ʩ ʧʦʜʩʯʝʪʦʤ ʫʨʦʚʥʷ ʪʨʦʤʙʦʮʠʪʦʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʢʦʧʠʠ (ʤʝʪʦʜ ʌʦʥʠʦ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʣʝʜʫʶʱʝʤ 

ʵʪʘʧʝ ʥʘʤʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʢʨʦʚʠ ʫ ʧʘʮʠʝʥʪʦʚ ʚ ʜʝʙʶʪʝ ʟʘʙʦʣʝʚʘʥʠʷ (ʊʘʙʣʠʮʘ 3.2). 

 

ʊʘʙʣʠʮʘ 3.2 ï ʇʦʢʘʟʘʪʝʣʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʤ ʬʝʥʦʪʠʧʦʤ (JAK2+, CALR1+, CALR2+, MPL+ ʠ Tʅ) 

*
 ʋʢʘʟʘʥ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ (n=2) 

 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ ʙʳʣʦ ʦʪʤʝʯʝʥʦ 

ʥʘʣʠʯʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʧʦ ʫʨʦʚʥʶ 

ʛʝʤʦʛʣʦʙʠʥʘ (p=0,006). ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠ ʧʦʧʘʨʥʦʤ ʩʨʘʚʥʝʥʠʠ ʩʨʝʜʥʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʫʨʦʚʥʷ ʛʝʤʦʛʣʦʙʠʥʘ ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʥʘʣʠʯʠʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʪʦʣʴʢʦ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ JAK2+ ʠ ʊʅ. ʉʨʝʜʥʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʚʥʷ ʛʝʤʦʛʣʦʙʠʥʘ ʩʦʩʪʘʚʠʣʠ: 145 ʛ/ʣ ʫ ʤʫʞʯʠʥ ʠ 140 ʛ/ʣ ʫ ʞʝʥʱʠʥ ʚ 

ʀʩʩʣʝʜʫʝʤʳʡ 

ʧʦʢʘʟʘʪʝʣʴ, 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

(95% ʜ.ʠ.) 

JAK2+ 

(n=182) 

CALR1+ 

(n=13) 

CALR2+ 

(n=17) 

MPL+ 

(n=2) 

Tʅ 

(n=26) 

ɻʝʤʦʛʣʦʙʠʥ, ʛ/ʣ 

ʤʫʞʯʠʥʳ/ʞʝʥʱʠʥʳ  

 

145/140 

(142-148/ 

139-145) 

 

149/128 

(145-154/ 

124-141) 

 

148/134 

(144-151/ 

127-145) 

 

-/114 

(-/105-123
*
) 

 

135/133 

(129-140/ 

127-139) 

ʃʝʡʢʦʮʠʪʳ, ʭ10
9
/ʣ 9,8 

(9,3-10,4) 

9,5 

(6,9-12,1) 

8,9 

(7,1-10,8) 

10,1 

(7,1-13,1
*
) 

10,8 

(9,1-12,6) 

ʊʨʦʤʙʦʮʠʪʳ, ʭ10
9
/ʣ 841 

(798-884) 

1063 

(809-1318) 

1251 

(1044-1458) 

1314 

(550-2079
*
) 

774 

(679-869) 
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JAK2+ ʠ 135 ʛ/ʣ ʫ ʤʫʞʯʠʥ ʠ 133 ʛ/ʣ ʫ ʞʝʥʱʠʥ ʚ ʛʨʫʧʧʝ ʊʅ (p=0,005). ʈʘʟʣʠʯʠʡ ʧʦ 

ʫʨʦʚʥʶ ʣʝʡʢʦʮʠʪʦʚ ʤʝʞʜʫ ʠʩʩʣʝʜʫʝʤʳʤʠ ʛʨʫʧʧʘʤʠ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ (p=0,43).  

ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʫʨʦʚʥʷ ʪʨʦʤʙʦʮʠʪʦʚ (p=0,0001) ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʧʦʜʛʨʫʧʧʘʭ. ʊʘʢ, ʫ ʧʘʮʠʝʥʪʦʚ ʩ CALR+  ʩʪʘʪʫʩʦʤ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʤʫʪʘʮʠʠ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʚʥʷ ʪʨʦʤʙʦʮʠʪʦʚ 

ʥʘ ʵʪʘʧʝ ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʘʮʠʝʥʪʘʤʠ JAK2+ ʠ Tʅ ʛʨʫʧʧ, ʯʪʦ 

ʪʘʢʞʝ ʷʚʠʣʦʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ (p<0,001). ɼʣʷ ʥʦʩʠʪʝʣʝʡ 2 ʪʠʧʘ CALR-

ʤʫʪʘʮʠʡ ʭʘʨʘʢʪʝʨʝʥ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʨʦʤʙʦʮʠʪʦʚ (1251ʭ10
9
/ʣ), ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʤʫʪʘʮʠʷʤʠ 1 ʪʠʧʘ (1063ʭ10
9
/ʣ). ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ 

ʧʦʢʘʟʘʪʝʣʴ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʪʨʦʤʙʦʮʠʪʦʚ ʚ CALR2+ ʛʨʫʧʧʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

CALR1+, ʜʘʥʥʦʝ ʨʘʟʣʠʯʠʝ ʥʝ ʙʳʣʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ (p=0,30). ʉʨʝʜʠ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʨʫʧʧ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʪʨʦʤʙʦʮʠʪʦʚ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʊʅ 

ʧʘʮʠʝʥʪʦʚ (774ʭ10
9
/ʣ).  

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʧʨʦʚʝʜʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ ʫ ʧʘʮʠʝʥʪʦʚ ʩ MPL+  ʩʪʘʪʫʩʦʤ ʚʚʠʜʫ 

ʤʘʣʦʯʠʩʣʝʥʥʦʩʪʠ ʜʘʥʥʦʡ ʛʨʫʧʧʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ CALR+ ʧʘʮʠʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʢʘʪʝʛʦʨʠʶ ʙʦʣʝʝ ʤʦʣʦʜʳʭ ʧʘʮʠʝʥʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʝʥ ʙʦʣʝʝ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʪʨʦʤʙʦʮʠʪʦʚ (ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ ʙʦʣʝʝ 1000ʭ10
9
/ʣ).  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʥʘʣʠʯʠʷ ʢʣʠʥʠʯʝʩʢʦʡ ʩʠʤʧʪʦʤʘʪʠʢʠ 

ʕʊ ʚ ʜʝʙʶʪʝ ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʤʫʪʘʮʠʦʥʥʳʤ ʩʪʘʪʫʩʦʤ. 

ʉʠʤʧʪʦʤʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʕʊ ʠ ʯʘʩʪʦʪʘ ʠʭ ʚʳʷʚʣʝʥʠʷ ʫ ʧʘʮʠʝʥʪʦʚ-ʥʦʩʠʪʝʣʝʡ 

ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.3. 
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ʊʘʙʣʠʮʘ 3.3 ï ʂʣʠʥʠʯʝʩʢʠʝ ʩʠʤʧʪʦʤʳ ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʤʘʨʢʝʨʘʤʠ (JAK2+, CALR1+, CALR2+, MPL+ ʠ Tʅ) 

 

ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʧʦ ʯʘʩʪʦʪʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʩʠʤʧʪʦʤʦʚ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʤ ʩʪʘʪʫʩʦʤ ʢʘʢ ʧʨʠ 

ʧʦʧʘʨʥʦʤ ʩʨʘʚʥʝʥʠʠ ʯʘʩʪʦʪ ʩʠʤʧʪʦʤʦʚ ʚ ʛʨʫʧʧʘʭ, ʪʘʢ ʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʜʘʥʥʳʭ 

ʤʝʞʜʫ ʚʩʝʤʠ ʛʨʫʧʧʘʤʠ ʥʝ ʚʳʷʚʣʝʥʦ (ʨ>0,05).  

ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʫ ʧʘʮʠʝʥʪʦʚ ʚʩʝʭ ʛʨʫʧʧ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ 

ʩʣʘʙʦʩʪʴ ʠ ʩʧʣʝʥʦʤʝʛʘʣʠʷ:  

 ʩʣʘʙʦʩʪʴ: CALR2+ ï 29,4%, JAK2+ ï 25,3%, CALR1+ ï 15,4%, ʠ Tʅ ï 11,5% 

ʧʘʮʠʝʥʪʦʚ (ʨ=0,81); 

ʉʠʤʧʪʦʤ ʟʘʙʦʣʝʚʘʥʠʷ, 

ʧʘʮʠʝʥʪʳ (%) 

JAK2+ 

(n=182) 

CALR1+ 

(n=13) 

CALR2+ 

(n=17) 

MPL+ 

(n=2) 

Tʅ 

(n=26) 

ʉʧʣʝʥʦʤʝʛʘʣʠʷ 27 

(14,8) 

3 

(23,1) 

2 

(11,7) 

1 

(50,0) 

2 

(7,7) 

ɻʦʣʦʚʥʳʝ ʙʦʣʠ/ 

ʛʦʣʦʚʦʢʨʫʞʝʥʠʷ 

24 

(13,2) 

0 

(0) 

0 

(0) 

2 

(100) 
3 

(11,5) 

ʕʨʠʪʨʦʤʝʣʘʣʛʠʠ 10 

(5,5) 

0 

(0) 

2 

(11,7) 

0 

(0) 

3 

(11,5) 

ʉʣʘʙʦʩʪʴ 46 

(25,3) 

2 

(15,4) 

5 

(29,4) 

1 

(50,0) 

3 

(11,5) 

ɹʦʣʠ ʚ ʩʫʩʪʘʚʘʭ 20 

(10,9) 

2 

(15,4) 

0 

(0) 

0 

(0) 

1 

(3,8) 

ʂʦʞʥʡr ʟʫʜ 6 

(3,3) 

0 

(0) 

0 

(0) 

0 

(0) 

2 

(7,7) 
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 ʩʧʣʝʥʦʤʝʛʘʣʠʷ: CALR1+ ï 23,1%, JAK2+ ï 14,8%, CALR2+ ï 11,7%, ʠ Tʅ ï 

7,7% ʧʘʮʠʝʥʪʦʚ (ʨ=0,34). 

ʈʝʞʝ ʚʩʝʛʦ ʧʘʮʠʝʥʪʳ ʠʩʧʳʪʳʚʘʣʠ ʧʨʦʷʚʣʝʥʠʷ ʢʦʞʥʦʛʦ ʟʫʜʘ. ɼʘʥʥʳʡ 

ʩʠʤʧʪʦʤ ʙʳʣ ʦʪʤʝʯʝʥ ʪʦʣʴʢʦ ʚ ʛʨʫʧʧʘʭ JAK2+ ʠ Tʅ, ʫ 3,3% ʠ 7,7% ʧʘʮʠʝʥʪʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨ=0,63).  

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʙʦʣʴʥʳʭ ʥʝ ʦʪʤʝʯʘʣʘ ʥʠʢʘʢʠʭ ʩʠʤʧʪʦʤʦʚ 

ʟʘʙʦʣʝʚʘʥʠʷ ʧʨʠ ʧʝʨʚʠʯʥʦʤ ʦʙʨʘʱʝʥʠʠ ʢ ʚʨʘʯʫ: ʚ ʛʨʫʧʧʝ ʊʅ 13 ʠʟ 26 (50,0%), ʚ 

ʛʨʫʧʧʝ CALR1+ 6 ʠʟ 13 (46,2%), ʚ ʛʨʫʧʧʝ JAK2+ 88 ʠʟ 182 (48,4%) ʠ 7 ʠʟ 17 

ʧʘʮʠʝʥʪʦʚ (41,2%) CALR2+ ʛʨʫʧʧʳ. 

ʊʦʣʴʢʦ ʚ ʛʨʫʧʧʘʭ JAK2+ ʠ Tʅ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʦʡ ʦʪʤʝʯʝʥʳ 

ʚʩʝ ʠʟ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʠʤʧʪʦʤʦʚ. ʇʘʮʠʝʥʪʳ-ʥʦʩʠʪʝʣʠ ʤʫʪʘʮʠʡ ʛʝʥʘ CALR, ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʤʫʪʘʮʠʠ, ʠʩʧʳʪʳʚʘʣʠ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʤʧʪʦʤʦʚ. 

ʊʘʢ, CALR1+ ʧʘʮʠʝʥʪʳ ʥʝ ʧʨʝʜʲʷʚʣʷʣʠ ʞʘʣʦʙ ʥʘ ʛʦʣʦʚʥʳʝ ʙʦʣʠ/ʛʦʣʦʚʦʢʨʫʞʝʥʠʷ, 

ʧʨʦʷʚʣʝʥʠʷ ʵʨʠʪʨʦʤʝʣʘʣʛʠʡ ʠ ʢʦʞʥʳʡ ʟʫʜ, CALR2+ ʧʘʮʠʝʥʪʳ ʥʝ ʦʪʤʝʯʘʣʠ 

ʛʦʣʦʚʥʳʭ ʙʦʣʝʡ/ʛʦʣʦʚʦʢʨʫʞʝʥʠʡ, ʙʦʣʝʡ ʚ ʩʫʩʪʘʚʘʭ ʠ ʧʨʦʷʚʣʝʥʠʡ ʢʦʞʥʦʛʦ ʟʫʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʴʰʘʷ ʚʳʨʘʞʝʥʥʦʩʪʴ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʕʊ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ JAK2+ ʠ Tʅ ʩʪʘʪʫʩʦʚ, ʘ ʥʘʠʤʝʥʴʰʘʷ ï ʜʣʷ CALR1+ ʠ CALR2+ 

ʧʘʮʠʝʥʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʫ ʧʘʮʠʝʥʪʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ 

ʧʦʣʴʟʫ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʕʊ ʢʘʢ ʥʦʟʦʣʦʛʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʫʞʝ ʧʨʠ 

ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ, ʚ ʜʝʙʶʪʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʧʦʣʴʟʫ ʚʳʩʦʢʦʡ ʢʣʠʥʠʢʦ-

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʮʠʝʥʪʳ ʩ ʥʘʣʠʯʠʝʤ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ CALR ʙʦʣʝʝ ʤʦʣʦʜʦʛʦ 

ʚʦʟʨʘʩʪʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʝʥ ʚʳʨʘʞʝʥʥʳʡ ʪʨʦʤʙʦʮʠʪʦʟ ʠ ʤʠʥʠʤʘʣʴʥʳʝ 

ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʕʊ. ʋʨʦʚʝʥʴ ʛʝʤʦʛʣʦʙʠʥʘ ʫ JAK2+ ʧʘʮʠʝʥʪʦʚ 

ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʊʅ ʧʘʮʠʝʥʪʘʤʠ, ʨʘʟʣʠʯʠʡ ʧʦ ʫʨʦʚʥʶ ʛʝʤʦʛʣʦʙʠʥʘ 

ʤʝʞʜʫ ʘʥʘʣʠʟʠʨʫʝʤʳʤʠ ʛʨʫʧʧʘʤʠ ʥʝ ʚʳʷʚʣʝʥʦ. 
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3.2 ʆʩʦʙʝʥʥʦʩʪʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʫʪʘʮʠʦʥʥʦʛʦ 

ʩʪʘʪʫʩʘ ʫ ʙʦʣʴʥʳʭ ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʝʡ 

ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʤʫʪʘʮʠʦʥʥʦʛʦ ʩʪʘʪʫʩʘ ʕʊ ʥʘ ʢʣʠʥʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ 

ʟʘʙʦʣʝʚʘʥʠʷ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʯʘʩʪʦʪʘ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ (ʚʝʥʦʟʥʳʝ ʠ 

ʘʨʪʝʨʠʘʣʴʥʳʝ ʪʨʦʤʙʦʟʳ, ʆʅʄʂ ʠ ʆʀʄ) ʠ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ (ʢʨʦʚʦʪʝʯʝʥʠʷ 

ʨʘʟʣʠʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ) ʦʩʣʦʞʥʝʥʠʡ ʫ ʧʘʮʠʝʥʪʦʚ-ʥʦʩʠʪʝʣʝʡ ʠʩʩʣʝʜʫʝʤʳʭ 

ʤʫʪʘʮʠʡ (ʛʨʫʧʧʳ JAK2+, CALR1+, CALR2+, MPL+) ʠ Tʅ ʛʨʫʧʧʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʪʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʥʘʣʠʯʠʝ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʠʣʠ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʫ 

ʧʘʮʠʝʥʪʦʚ.  

ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʢʘʟʘʪʝʣʠ ʆɺ ʠ ʯʘʩʪʦʪʳ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʠʩʭʦʜʦʚ 

ʟʘʙʦʣʝʚʘʥʠʷ (ʨʘʟʚʠʪʠʝ ɹʂ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ʄʌ, ʣʝʪʘʣʴʥʳʡ ʠʩʭʦʜ). 

ʊʨʦʤʙʦʪʠʯʝʩʢʠʝ ʦʩʣʦʞʥʝʥʠʷ ʚʳʷʚʣʷʣʠʩʴ ʜʦʩʪʦʚʝʨʥʦ ʯʘʱʝ ʚ ʛʨʫʧʧʝ JAK2+ ï 

ʫ 44 ʠʟ 182 (24,2%), ʚ ʊʅ ï ʫ 4 ʠʟ 26 (15,4%), ʚ CALR1+ ï ʫ 1 ʠʟ 13 (7,7%) 

ʧʘʮʠʝʥʪʦʚ ʠ ʥʠ ʦʜʥʦʛʦ ʩʣʫʯʘʷ ʥʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʛʨʫʧʧʘʭ CALR2+  ʠ MPL+ 

(ʨ=0,01).  

ɺʩʝ ʩʣʫʯʘʠ ʪʨʦʤʙʦʟʦʚ, ʆʀʄ, ʆʅʄʂ ʠ ʢʨʦʚʦʪʝʯʝʥʠʡ ʫ ʧʘʮʠʝʥʪʦʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʜʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʠʘʛʥʦʟʘ ʕʊ. ʊʦʣʴʢʦ ʫ ʜʚʫʭ 

JAK2+ʧʘʮʠʝʥʪʦʚ (1,1%) ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ï ʧʦʚʪʦʨʥʳʡ ʆʀʄ ʧʦʩʣʝ 

ʚʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ ʕʊ, ʚʦ ʚʪʦʨʦʤ ï ʆʅʄʂ (ʚ ʘʥʘʤʥʝʟʝ ʠʤʝʣ ʤʝʩʪʦ ʚʝʥʦʟʥʳʡ 

ʪʨʦʤʙʦʟ).  

ɻʝʤʦʨʨʘʛʠʯʝʩʢʠʝ ʦʩʣʦʞʥʝʥʠʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʦʪʤʝʯʘʣʠʩʴ ʫ ʥʦʩʠʪʝʣʝʡ 

ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ CALR: ʧʨʠ 1 ʪʠʧʝ ʤʫʪʘʮʠʡ ï 15,4%, ʧʨʠ 2 ʪʠʧʝ ʤʫʪʘʮʠʡ ï 5,9% 

ʩʣʫʯʘʚ, ʪʦʛʜʘ ʢʘʢ ʚ ʛʨʫʧʧʘʭ JAK2+ ʠ ʊʅ ʠʭ ʯʘʩʪʦʪʘ ʙʳʣʘ ʨʘʚʥʦʡ ʠ ʩʦʩʪʘʚʠʣʘ 

3,8%. ɺ ʛʨʫʧʧʝ MPL+ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʝ ʦʩʣʦʞʥʝʥʠʷ ʥʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ (ʨ=0,01).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, JAK2+ ʩʪʘʪʫʩ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʜʦʩʪʦʚʝʨʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʠʩʢʘ ʠ ʯʘʩʪʦʪʳ ʪʨʦʤʙʦʟʦʚ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ CALR+ (ʪʠʧ 1 ʠ ʪʠʧ 2 ʤʫʪʘʮʠʡ) 

ʧʘʮʠʝʥʪʦʚ ʙʳʣʘ ʭʘʨʘʢʪʝʨʥʘ ʥʘʢʣʦʥʥʦʩʪʴ ʢ ʧʦʚʳʰʝʥʥʦʡ ʢʨʦʚʦʪʦʯʠʚʦʩʪʠ. 
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ʉʨʝʜʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʟʚʠʪʠʷ ʕʊ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ: ʨʘʟʚʠʪʠʝ 

ɹʂ ʟʘʙʦʣʝʚʘʥʠʷ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ʄʌ ʠ ʣʝʪʘʣʴʥʳʡ ʠʩʭʦʜ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʠʣʠ ʦʩʣʦʞʥʝʥʠʡ ʟʘʙʦʣʝʚʘʥʠʷ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʦʟʤʦʞʥʳʭ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʠʩʭʦʜʦʚ ʕʊ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʤʫʪʘʮʠʦʥʥʳʤ ʩʪʘʪʫʩʦʤ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ (ʪʘʙʣʠʮʘ 3.4). 

 

ʊʘʙʣʠʮʘ 3.4 ï ʅʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʠʩʭʦʜʳ ʕʊ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤ 

ʤʫʪʘʮʠʦʥʥʳʤ ʩʪʘʪʫʩʦʤ 

ʀʩʩʣʝʜʫʝʤʳʡ 

ʧʦʢʘʟʘʪʝʣʴ n (%) 

JAK2+ 

(n=182) 

CALR1+ 

(n=13) 

CALR2+ 

(n=17) 

MPL+ 

(n=2) 

TH 

(n=26) 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ  

ʚ ʄʌ 

7/182 

(3,8) 

0/13 

(0) 

0/17 

(0) 

1/2 

(50,0) 

0/26 

(0) 

ʈʘʟʚʠʪʠʝ ɹʂ 
1/182 

(0,5) 

0/13 

(0) 

1/17 

(5,9) 

0/2 

(0) 

0/26 

(0) 

ʃʝʪʘʣʴʥʳʡ ʠʩʭʦʜ 
4/182 

(2,2) 

0/13 

(0) 

0/17 

(0) 

0/2 

(0) 

4/26 

(15,4) 

 

ʇʨʠ CALR1+ ʩʪʘʪʫʩʝ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʠʩʭʦʜʳ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʇʨʠ ʥʦʩʠʪʝʣʴʩʪʚʝ 2 ʪʠʧʘ CALR ʤʫʪʘʮʠʡ ʙʳʣ ʚʳʷʚʣʝʥ ʦʜʠʥ ʩʣʫʯʘʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʕʊ ʚ ʄʌ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ JAK2+ ʩʪʘʪʫʩʝ ʩ ʨʘʟʥʦʡ ʯʘʩʪʦʪʦʡ ʚʳʷʚʣʷʣʠʩʴ ʚʩʝ 

ʚʘʨʠʘʥʪʳ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʠʩʭʦʜʦʚ (ʨ=0,004). ɹʂ ʦʪʤʝʯʘʣʩʷ ʪʦʣʴʢʦ ʫ ʧʘʮʠʝʥʪʦʚ 

ʛʨʫʧʧ CALR2+ ʠ JAK2 +, ʣʝʪʘʣʴʥʳʝ ʠʩʭʦʜʳ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʛʨʫʧʧʘʭ 

JAK2+ ʠ ʊʅ (p=0,22).  

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʤʫʪʘʮʠʦʥʥʦʛʦ ʩʪʘʪʫʩʘ 

ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʆɺ ʫ ʧʘʮʠʝʥʪʦʚ-ʥʦʩʠʪʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ, 

ʪʦʯʢʦʡ ʦʪʩʯʝʪʘ ʷʚʣʷʣʘʩʴ ʜʘʪʘ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ ʕʊ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʂʘʧʣʘʥ-ʄʝʡʝʨʘ (Kaplan-Meier) ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʢʨʠʚʳʭ ʆɺ (ʨʠʩʫʥʦʢ 3.1).  
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ʈʠʩʫʥʦʢ 3.1 ï ʆʙʱʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤ  

ʤʫʪʘʮʠʦʥʥʳʤ ʩʪʘʪʫʩʦʤ 

 

ʄʝʜʠʘʥʘ ʆɺ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʪʦʣʴʢʦ ʧʨʠ Tʅ ʩʪʘʪʫʩʝ ʠ ʩʦʩʪʘʚʠʣʘ 8 ʣʝʪ, ʚ 

ʜʨʫʛʠʭ ʛʨʫʧʧʘʭ ʤʝʜʠʘʥʘ ʥʝ ʜʦʩʪʠʛʥʫʪʘ. ʇʦʢʘʟʘʪʝʣʠ 5-ʪʠ ʣʝʪʥʝʡ ʆɺ ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧʘʭ ʩʦʩʪʘʚʠʣʠ: 

Å ʧʨʠ CALR1+ ï 100%, 

Å ʧʨʠ JAK2+ ï 98%,  

Å ʧʨʠ CALR2+ ï 93%, 

Å ʧʨʠ Tʅ ï 85%.  

ʇʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʜʣʷ MPL+  ʛʨʫʧʧʳ ʚʳʟʳʚʘʝʪ ʩʣʦʞʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʝʝ 

ʤʘʣʦʯʠʩʣʝʥʥʦʩʪʴʶ.  

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʊʅ ʩʪʘʪʫʩ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠ ʥʘʠʤʝʥʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʡ. ʅʝ ʚʣʠʷʝʪ ʥʘ ʆɺ ʥʦʩʠʪʝʣʴʩʪʚʦ 1 ʪʠʧʘ 

ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ CALR (CALR1+). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʠʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʤʠ, ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʣʦʛ-ʨʘʥʛʦʚʳʤ ʢʨʠʪʝʨʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʚʳʷʚʣʷʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʧʦ ʆɺ ʤʝʞʜʫ ʘʥʘʣʠʟʠʨʫʝʤʳʤʠ 

ʛʨʫʧʧʘʤʠ (ʨ=0,015). 

ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ CALR1+ ʩʪʘʪʫʩ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʛʥʦʟ ʟʘʙʦʣʝʚʘʥʠʷ, ʪʦʛʜʘ ʢʘʢ JAK2+ ʠ ʊʅ 
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ʩʪʘʪʫʩʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʕʊ ʠ 

ʩʦʢʨʘʱʝʥʠʝʤ ʆɺ. 

3.3 ʇʨʦʛʥʦʩʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʣʠʥʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʚ ʨʘʟʚʠʪʠʠ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʠ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ 

ʦʩʣʦʞʥʝʥʠʡ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʢʣʠʥʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʬʝʥʦʪʠʧʘ ʥʘ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʠ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ 

ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʕʊ ʠʩʩʣʝʜʫʝʤʘʷ ʛʨʫʧʧʘ ʧʘʮʠʝʥʪʦʚ ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʛʨʫʧʧʳ: ʧʘʮʠʝʥʪʳ ʩ ʪʨʦʤʙʦʟʘʤʠ (ʪʨʦʤʙʦʟʳ+), ʧʘʮʠʝʥʪʳ ʩ ʛʝʤʦʨʨʘʛʠʷʤʠ 

(ʛʝʤʦʨʨʘʛʠʠ+) ʠ ʧʘʮʠʝʥʪʳ ʙʝʟ ʦʩʣʦʞʥʝʥʠʡ (ʙʝʟ ʦʩʣʦʞʥʝʥʠʡ).  

ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʢʘʟʘʪʝʣʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ (ʫʨʦʚʥʠ 

ʛʝʤʦʛʣʦʙʠʥʘ, ʣʝʡʢʦʮʠʪʦʚ ʠ ʪʨʦʤʙʦʮʠʪʦʚ) ʚ ʜʝʙʶʪʝ ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʧʘʮʠʝʥʪʦʚ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʛʨʫʧʧ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʠʩʢ ʨʘʟʚʠʪʠʷ 

ʪʨʦʤʙʦʟʦʚ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʨʠʪʝʨʠʝʚ: ʚʦʟʨʘʩʪ ʩʪʘʨʰʝ 60 ʣʝʪ, ʥʘʣʠʯʠʝ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʚ ʘʥʘʤʥʝʟʝ, ʫʨʦʚʝʥʴ ʣʝʡʢʦʮʠʪʦʚ 10ʭ10
9
/ʣ ʠ 

ʚʳʰʝ ʠ ʪʨʦʤʙʦʮʠʪʦʚ 1000ʭ10
9
/ʣ ʠ ʚʳʰʝ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʆɺ ʫ ʧʘʮʠʝʥʪʦʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ.  

ʊʘʢʞʝ ʧʘʮʠʝʥʪʳ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʛʨʫʧʧʳ ʨʠʩʢʘ ʪʨʦʤʙʦʟʦʚ ʩʦʛʣʘʩʥʦ 

ʢʨʠʪʝʨʠʷʤ ʰʢʘʣʳ IPSET-thrombosis (ʥʠʟʢʦʛʦ, ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʠ ʚʳʩʦʢʦʛʦ 

ʨʠʩʢʦʚ), ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʛʨʫʧʧʘʤ ʨʠʩʢʘ IPSET-

thrombosis ʥʘ ʆɺ ʧʘʮʠʝʥʪʦʚ. 

ʉʨʝʜʠ 240 ʧʘʮʠʝʥʪʦʚ ʫ 183 (76,3%) ʥʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʥʠ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ, ʥʠ 

ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ (ʙʝʟ ʦʩʣʦʞʥʝʥʠʡ). ʋ 57 ʧʘʮʠʝʥʪʦʚ (23,7%) ʪʘʢʠʝ 

ʦʩʣʦʞʥʝʥʠʷ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ, ʫ 49 ʠʟ 57 (85,9%) ʧʘʮʠʝʥʪʦʚ ʚʳʷʚʣʝʥʳ 

ʵʧʠʟʦʜʳ ʘʨʪʝʨʠʘʣʴʥʳʭ ʠ/ʠʣʠ ʚʝʥʦʟʥʳʭ ʪʨʦʤʙʦʟʦʚ, ʆʅʄʂ ʠ/ʠʣʠ ʆʀʄ 

(ʪʨʦʤʙʦʟʳ+). ɻʝʤʦʨʨʘʛʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ (ʛʝʤʦʨʨʘʛʠʠ+) ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʫ 11 ʠʟ 

57 ʧʘʮʠʝʥʪʦʚ (19,3%).  

ɺ ʧʦʜʛʨʫʧʧʝ ʪʨʦʤʙʦʟʳ+ ʫ 21 ʠʟ 49 (42,9%) ʧʘʮʠʝʥʪʦʚ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʘʨʪʝʨʠʘʣʴʥʳʝ ʪʨʦʤʙʦʟʳ, ʧʨʠ ʵʪʦʤ ʫ ʢʘʞʜʦʛʦ ʧʘʮʠʝʥʪʘ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʠʤʝʣʦ 
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ʤʝʩʪʦ ʩʦʯʝʪʘʥʠʝ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʪʨʦʤʙʦʟʘ ʩ ʠʥʳʤ ʚʠʜʦʤ ʦʩʣʦʞʥʝʥʠʷ (ʚʝʥʦʟʥʳʡ 

ʪʨʦʤʙʦʟ, ʆʀʄ ʠʣʠ ʆʅʄʂ). ʋ 12 ʠʟ 49 (24,5%) ʧʘʮʠʝʥʪʦʚ ʦʪʤʝʯʘʣʠʩʴ ʪʦʣʴʢʦ 

ʚʝʥʦʟʥʳʝ ʪʨʦʤʙʦʟʳ ʠ ʫ 27 ʠʟ 49 (55,1%) ï ʆʀʄ ʠ/ʠʣʠ ʆʅʄʂ (ʧʨʠ ʵʪʦʤ, ʫ 16 ʠʟ 27 

ʧʘʮʠʝʥʪʦʚ (59,3%) ʦʪʤʝʯʝʥʦ ʩʦʯʝʪʘʥʠʝ ʆʀʄ ʠʣʠ ʆʅʄʂ ʩ ʪʨʦʤʙʦʟʦʤ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʦʩʫʜʦʚ).  

ʋ ʘʙʩʦʣʶʪʥʦʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʧʘʮʠʝʥʪʦʚ ʫʢʘʟʘʥʥʳʝ ʦʩʣʦʞʥʝʥʠʷ ʙʳʣʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʜʦ ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ ʕʊ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʚʫʭ JAK2+ 

ʧʘʮʠʝʥʪʦʚ: ʫ ʦʜʥʦʛʦ ʦʪʤʝʯʘʣʩʷ ʧʦʚʪʦʨʥʳʡ ʆʀʄ ʫʞʝ ʧʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʜʠʘʛʥʦʟʘ, ʫ ʚʪʦʨʦʛʦ ʧʘʮʠʝʥʪʘ ï ʆʅʄʂ (ʚ ʘʥʘʤʥʝʟʝ ʫ ʧʘʮʠʝʥʪʘ ʨʘʥʝʝ ʙʳʣ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚʝʥʦʟʥʳʡ ʪʨʦʤʙʦʟ). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʮʠʝʥʪʦʚ ʩ ʪʨʦʤʙʦʟʘʤʠ ʠ 

ʛʝʤʦʨʨʘʛʠʷʤʠ ʧʦ ʤʫʪʘʮʠʦʥʥʦʤʫ ʩʪʘʪʫʩʫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3.2 ʠ 3.3 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

2,0	 8,2	

89,8	

CALR1+	

T 	̊

JAK2+	

 

ʈʠʩʫʥʦʢ 3.2 ï ʄʫʪʘʮʠʦʥʥʳʡ ʩʪʘʪʫʩ ʧʘʮʠʝʥʪʦʚ ʩ ʪʨʦʤʙʦʟʘʤʠ, % (n=49) 

18,2	

9,1	

9,1	

63,6	

CALR1+	

CALR2+	

TH	

JAK2+	

 

ʈʠʩʫʥʦʢ 3.3 ï ʄʫʪʘʮʠʦʥʥʳʡ ʩʪʘʪʫʩ ʧʘʮʠʝʥʪʦʚ ʩ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʤʠ 

ʦʩʣʦʞʥʝʥʠʷʤʠ, % (n=11) 
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ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʘʙʩʦʣʶʪʥʦʝ ʙʦʣʴʰʠʥʩʪʚʦ ʧʘʮʠʝʥʪʦʚ ʩ 

ʪʨʦʤʙʦʟʘʤʠ ʷʚʣʷʣʠʩʴ JAK2-ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ (89,8%), ʪʦʛʜʘ ʢʘʢ ʜʦʣʷ CALR-

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʦʩʪʘʚʠʣʘ ʪʦʣʴʢʦ 2%. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʙʦʣʝʝ ʯʝʪʚʝʨʪʠ ʧʘʮʠʝʥʪʦʚ ʩ 

ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʤʠ ʦʩʣʦʞʥʝʥʠʷʤʠ ʚ ʘʥʘʤʥʝʟʝ (27,3%) ʙʳʣʠ CALR-

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, ʘ JAK2-ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʙʳʣʠ 63,6% ʧʘʮʠʝʥʪʦʚ. ɼʦʣʷ ʊʅ 

ʧʘʮʠʝʥʪʦʚ ʚ ʛʨʫʧʧʘʭ ʧʘʮʠʝʥʪʦʚ ʩ ʪʨʦʤʙʦʟʘʤʠ ʠ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ 

ʙʳʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʡ ʠ ʩʦʩʪʘʚʠʣʘ 8,4% ʠ 9,1% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣ ʚʧrʦʣʥʝʥ ʘʥʘʣʠʟ ʢʣʠʥʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʘʮʠʝʥʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧʘʭ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʮʠʝʥʪʦʚ ʧʦ ʧʦʣʫ, ʚʦʟʨʘʩʪʫ ʠ 

ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ).  

ɼʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ ʧʨʠ ʚʝʨʠʬʠʢʘʮʠʠ ʜʠʘʛʥʦʟʘ ʫ ʧʘʮʠʝʥʪʦʚ 

ʚ ʛʨʫʧʧʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʩʣʦʞʥʝʥʠʷʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.5. 

 

ʊʘʙʣʠʮʘ 3.5 ï ʂʣʠʥʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʘʮʠʝʥʪʦʚ ʩ ʥʘʣʠʯʠʝʤ ʠ ʙʝʟ 

ʦʩʣʦʞʥʝʥʠʡ  

 

ʀʩʩʣʝʜʫʝʤʳʡ ʧʦʢʘʟʘʪʝʣʴ, 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

(95% ʜ.ʠ.) 

ɹʝʟ ʦʩʣʦʞʥʝʥʠʡ 

(n=193) 

ʊʨʦʤʙʦʟʳ+ 

(n=49) 

ɻʝʤʦʨʨʘʛʠʠ+ 

(n=11) 

ɺʦʟʨʘʩʪ, ʣʝʪ 
56 

(54-59) 

61 

(58-65) 

54 

(44-64) 

ʄʫʞʯʠʥʳ/ʞʝʥʱʠʥ,r ʯʠʩʣʦ 

ʧʘʮʠʝʥʪʦʚ (%) 

44/149 

(23/77) 

14/35 

(29/71) 

5/6 

(46/54) 

ɻʝʤʦʛʣʦʙʠʥ, ʛ/ʣ 

ʤʫʞʯʠʥʳ/ʞʝʥʱʠʥʳ 

149/136 

(144-153/ 

144-153) 

145/140 

(132-158/ 

1134-145) 

146/139 

(129-162/ 

1131-148) 

ʃʝʡʢʦʮʠʪʳ, ʭ10
9
/ʣ 9,9 

(9,4-10,6) 

9,3 

(8,5-10,2) 

8,6 

(7,0-10,1) 

ʊʨʦʤʙʦʮʠʪʳ, ʭ10
9
/ʣ 893 

(846-940) 

741 

(671-812) 

936 

(557-1316) 
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ʈʘʟʣʠʯʠʷ ʧʦ ʧʦʣʫ ʠ ʚʦʟʨʘʩʪʫ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧʘʭ ʦʪʩʫʪʩʪʚʦʚʘʣʠ (ʨ=0,22 ʠ 

ʨ=0,12 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʠ ʘʥʘʣʠʟʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ ʚ 

ʜʝʙʶʪʝ ʟʘʙʦʣʝʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʧʦ 

ʫʨʦʚʥʶ ʪʨʦʤʙʦʮʠʪʦʚ ʤʝʞʜʫ ʧʘʮʠʝʥʪʘʤʠ ʛʨʫʧʧ ʪʨʦʤʙʦʟʳ+ ʠ ʛʝʤʦʨʨʘʛʠʠ+: 

741ʭ10
9
/ʣ ʠ 936ʭ10

9
/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨ=0,01). ʈʘʟʣʠʯʠʡ ʧʦ ʫʨʦʚʥʶ ʛʝʤʦʛʣʦʙʠʥʘ 

ʠ ʣʝʡʢʦʮʠʪʦʚ ʥʝ ʦʪʤʝʯʝʥʦ (ʨ=0,75 ʠ ʨ=0,47).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʤʠ ʦʩʣʦʞʥʝʥʠʷʤʠ ʚ ʘʥʘʤʥʝʟʝ 

ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʫʨʦʚʥʷ ʪʨʦʤʙʦʮʠʪʦʚ ʙʳʣ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʧʘʮʠʝʥʪʘʤʠ, ʠʤʝʚʰʠʤʠ ʚ ʘʥʘʤʥʝʟʝ ʪʨʦʤʙʦʪʠʯʝʩʢʠʝ ʦʩʣʦʞʥʝʥʠʷ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘʤʠ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʥʘʣʠʯʠʝ ʢʘʢ ʦʩʥʦʚʥʳʭ (ʚʦʟʨʘʩʪ 

ʩʪʘʨʰʝ 60 ʣʝʪ, ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ ʬʘʢʪʦʨʳ ʨʠʩʢʘ ʚ ʘʥʘʤʥʝʟʝ), ʪʘʢ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ (ʪʨʦʤʙʦʮʠʪʦʟ ʙʦʣʝʝ 1000ʭ10
9
/ʣ ʠ ʣʝʡʢʦʮʠʪʦʟ ʙʦʣʝʝ 11ʭ10

9
/ʣ) 

ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ (ʪʘʙʣʠʮʘ 3.6). 

 

ʊʘʙʣʠʮʘ 3.6 ï ʌʘʢʪʦʨʳ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʟʦʚ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʥʘʣʠʯʠʝʤ ʠ ʙʝʟ 

ʦʩʣʦʞʥʝʥʠʡ  

ʀʩʩʣʝʜʫʝʤʳʡ 

ʧʦʢʘʟʘʪʝʣʴ, n (%) 

ɹʝʟ ʦʩʣʦʞʥʝʥʠʡ 

(n=193) 

ʊʨʦʤʙʦʟʳ+ 

(n=49) 

ɻʝʤʦʨʨʘʛʠʠ+ 

(n=11) 

ɺʦʟʨʘʩʪ ʩʪʘʨʰʝ 

60 ʣʝʪ 

93 

(51) 

29 

(59) 

4 

(36) 

ʅʘʣʠʯʠʝ ʢʘʢ ʤʠʥʠʤʫʤ 

ʦʜʥʦʛʦ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʛʦ ʬʘʢʪʦʨʘ 

ʨʠʩʢʘ 

47 

(24) 

34 

(69) 

14 

(36) 

ʃʝʡʢʦʮʠʪʳ 

>11x10
9
/ʣ 

51 

(28) 

13 

(27) 

3 

(27) 

ʊʨʦʤʙʦʮʠʪʳ 

>1000ʭ10
9
/ʣ 

47 

(26) 

7 

(14) 

2 

(18) 

  

ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʘʮʠʝʥʪʳ ʚ ʚʦʟʨʘʩʪʝ ʩʪʘʨʰʝ 60 ʣʝʪ ʩʦʩʪʘʚʠʣʠ ʙʦʣʝʝ 

ʧʦʣʦʚʠʥʳ (51% ʠ 59% ʚ ʛʨʫʧʧʘʭ ʙʝʟ ʦʩʣʦʞʥʝʥʠʡ ʠ ʪʨʦʤʙʦʟʳ+ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), 

ʪʦʛʜʘ ʢʘʢ ʚ ʛʨʫʧʧʝ ʛʝʤʦʨʨʘʛʠʠ+ ï ʣʠʰʴ 36% (ʨ<0,001). ʇʦ ʥʘʣʠʯʠʶ ʩʝʨʜʝʯʥʦ-
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ʩʦʩʫʜʠʩʪʳʭ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʚ ʘʥʘʤʥʝʟʝ: ʚ ʛʨʫʧʧʘʭ ʙʝʟ ʦʩʣʦʞʥʝʥʠʡ ï 24%, 

ʪʨʦʤʙʦʟʳ+ ï 69% ʠ ʛʝʤʦʨʨʘʛʠʠ+ ï 36% (ʨ<0,001). ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʨʘʟʣʠʯʠʡ ʧʦ ʥʘʣʠʯʠʶ ʪʨʦʤʙʦʮʠʪʦʟʘ 1000ʭ10
9
/ʣ ʠ ʚʳʰʝ ʠ ʣʝʡʢʦʮʠʪʦʟʫ 10ʭ10

9
/ʣ ʠ 

ʚʳʰʝ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʨʫʧʧʘʭ ʥʝ ʧʦʣʫʯʝʥʦ (ʨ=0,85 ʠ ʨ=0,72 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʮʠʝʥʪʳ ʩ ʪʨʦʤʙʦʪʠʯʝʩʢʠʤʠ ʦʩʣʦʞʥʝʥʠʷʤʠ ʚ ʘʥʘʤʥʝʟʝ, 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʙʦʣʝʝ ʩʪʘʨʰʫʶ ʚʦʟʨʘʩʪʥʫʶ ʛʨʫʧʧʫ ʩ ʠʤʝʚʰʠʤʠʩʷ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʳʤʠ ʬʘʢʪʦʨʘʤʠ ʨʠʩʢʘ ʚ ʘʥʘʤʥʝʟʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʘʮʠʝʥʪʘʤʠ ʙʝʟ 

ʪʨʦʤʙʦʟʦʚ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʥʘʣʠʯʠʷ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʠ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ 

ʦʩʣʦʞʥʝʥʠʡ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʆɺ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧʘʭ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʆɺ, 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʪʦʨʦʛʦ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ 

ʤʝʞʜʫ ʠʩʩʣʝʜʫʝʤʳʤʠ ʛʨʫʧʧʘʤʠ (ʨ=0,21) (ʨʠʩʫʥʦʢ 3.4). 

 

 

ʈʠʩʫʥʦʢ 3.4 ï ʆʙʱʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʧʘʮʠʝʥʪʦʚ ʙʝʟ ʠ ʩ 

ʪʨʦʤʙʦʪʠʯʝʩʢʠʤʠ/ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʤʠ ʦʩʣʦʞʥʝʥʠʷʤʠ 
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ɺ ʛʨʫʧʧʝ ʛʝʤʦʨʨʘʛʠʠ+ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʫʨʦʚʥʠ ʧʷʪʠʣʝʪʥʝʡ ʠ ʜʝʩʷʪʠʣʝʪʥʝʡ 

ʆɺ ʙʳʣʠ ʨʘʚʥʳʤʠ ʠ ʩʦʩʪʘʚʠʣʠ 90%, ʪʦʛʜʘ ʢʘʢ ʚ ʛʨʫʧʧʝ ʪʨʦʤʙʦʟʳ ʦʥʠ ʨʘʚʥʷʣʠʩʴ 

97% ʠ 88% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʄʝʜʠʘʥʘ ʆɺ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʪʦʣʴʢʦ ʚ ʛʨʫʧʧʝ ʪʨʦʤʙʦʟʳ+ ʠ ʩʦʩʪʘʚʠʣʘ 12 ʣʝʪ. 

ʇʦ ʚʳʷʚʣʝʥʥʳʤ ʬʘʢʪʦʨʘʤ ʨʠʩʢʘ ʪʨʦʤʙʦʟʦʚ, ʚʢʣʶʯʝʥʥʳʤ ʚ ʰʢʘʣʫ ɺʆɿ 

IPSET-thrombosis ʚʩʝ ʧʘʮʠʝʥʪʳ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʛʨʫʧʧʘʤ 

(ʪʘʙʣʠʮʘ 3.7). 

 

ʊʘʙʣʠʮʘ 3.7 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʮʠʝʥʪʦʚ ʩ ʥʘʣʠʯʠʝʤ ʠ ʙʝʟ ʦʩʣʦʞʥʝʥʠʡ ʩʦʛʣʘʩʥʦ 

ʛʨʫʧʧʘʤ ʰʢʘʣʳ IPSET-thrombosis 

ɻʨʫʧʧʘ ʨʠʩʢʘ IPSET-

thrombosis 

ɹʝʟ ʦʩʣʦʞʥʝʥʠʡ 

(n=193) 

ʊʨʦʤʙʦʟʳ+ 

(n=49) 

ɻʝʤʦʨʨʘʛʠʠ+ 

(n=11) 

ʅʠʟʢʠʡ, n (%) 44/193 (22,8) 0/49 (0) 1/11 (9,1) 

ʇʨʦʤʝʞʫʪʦʯʥʳʡ, n (%) 66/193 (34,2) 3/49 (6,1) 4/11 (36,4) 

ɺʳʩʦʢʠʡ, n (%) 83/193 (43,0) 46/49 (93,9) 6/11 (54,5) 

 

ɹʳʣʠ ʦʪʤʝʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʟʣʠʯʠʷ: ʚ ʛʨʫʧʧʝ ʙʝʟ ʦʩʣʦʞʥʝʥʠʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʮʠʝʥʪʦʚ ʧʦ ʛʨʫʧʧʘʤ ʨʠʩʢʘ ʚ ʮʝʣʦʤ ʨʘʚʥʦʤʝʨʥʦʝ, ʪʦʛʜʘ ʢʘʢ ʚ 

ʪʨʦʤʙʦʟʳ+ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʧʘʮʠʝʥʪʦʚ ʚʳʩʦʢʦʛʦ ʨʠʩʢʘ ï 93,9%, ʘ ʚ 

ʛʝʤʦʨʨʘʛʠʠ+ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʧʘʮʠʝʥʪʦʚ (54,5%) ʚʳʩʦʢʦʛʦ ʠ 36,4% ï 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʠʩʢʦʚ (ʨ<0,001).  

ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʘʥʘʣʠʟʝ ʆɺ ʫ ʧʘʮʠʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʨʠʩʢʘ 

ʪʨʦʤʙʦʟʦʚ ʧʦ IPSET-thrombosis (ʨʠʩʫʥʦʢ 3.5) ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʠ ʦʜʥʦʡ ʠʟ 

ʛʨʫʧʧ ʥʝ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʤʝʜʠʘʥʳ ʆɺ. ɼʣʷ ʛʨʫʧʧʳ ʥʠʟʢʦʛʦ ʨʠʩʢʘ ʧʨʦʛʥʦʟ ʤʦʞʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʡ, ʫʨʦʚʥʠ ʧʷʪʠʣʝʪʥʝʡ ʠ 

ʜʝʩʷʪʠʣʝʪʥʝʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʙʳʣʠ ʨʘʚʥʳʤʠ ʠ ʩʦʩʪʘʚʠʣʠ 98%, ʛʨʫʧʧʫ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʠʩʢʘ ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚ ʮʝʣʦʤ ʙʣʘʛʦʧʨʠʷʪʥʫʶ, 

ʧʷʪʠʣʝʪʥʷʷ ʆɺ ʩʦʩʪʘʚʠʣʘ 97%, ʘ ʜʝʩʷʪʠʣʝʪʥʷʷ ï 91%. ɻʨʫʧʧʘ ʚʳʩʦʢʦʛʦ ʨʠʩʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʤʝʥʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʨʦʛʥʦʟʦʤ, ʧʷʪʠʣʝʪʥʷʷ ʆɺ ï 90%, ʘ 
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ʜʝʩʷʪʠʣʝʪʥʷʷ ï ʪʦʣʴʢʦ 61%. ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʥʝ ̫ʚʣʷʣʠʩʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ (ʨ=0,068).  

 

 

ʈʠʩʫʥʦʢ 3.5 ï ʆʙʱʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʧʘʮʠʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʨʠʩʢʘ 

 (IPSET-thrombosis) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʮʠʝʥʪʳ ʩ ʪʨʦʤʙʦʟʘʤʠ ʙʳʣʠ ʜʦʩʪʦʚʝʨʥʦ ʩʪʘʨʰʝ ʧʘʮʠʝʥʪʦʚ ʩ 

ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʤʠ ʦʩʣʦʞʥʝʥʠʷʤʠ, ʫ ʥʠʭ ʯʘʱʝ ʚʳʷʚʣʷʣʠʩʴ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ 

ʬʘʢʪʦʨʳ ʨʠʩʢʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʘʣʠʯʠʝ ʪʨʦʤʙʦʟʦʚ ʫʭʫʜʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʆɺ, ʪʦʛʜʘ 

ʢʘʢ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʝ ʦʩʣʦʞʥʝʥʠʷ ʚ ʘʥʘʤʥʝʟʝ ʥʝ ʚʣʠʷʶʪ ʥʘ ʆɺ ʧʨʠ ʕʊ. 

ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʛʨʫʧʧʘʤ ʨʠʩʢʘ ʧʦ ʰʢʘʣʝ IPSET-thrombosis ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʛʥʦʟʘ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʚʳʙʦʨʝ ʪʘʢʪʠʢʠ 

ʪʝʨʘʧʠʠ. 

3.4 ʆʧʨʝʜʝʣʝʥʠʝ ʨʠʩʢʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʠ 

ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʕʊ ʧʨʠ ʥʘʣʠʯʠʠ ʨʘʟʣʠʯʥʳʭ 
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ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ. ɹʳʣʠ ʚʳʷʚʣʝʥʳ ʢʣʠʥʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʷ.  

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʢʨʦʚʠ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʤʫʪʘʮʠʦʥʥʳʤ ʩʪʘʪʫʩʦʤ ʙʳʣʦ ʦʪʤʝʯʝʥʦ 

ʥʘʣʠʯʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʧʦ ʫʨʦʚʥʶ ʪʨʦʤʙʦʮʠʪʦʚ (ʨ=0,0001) ʠ 

ʛʝʤʦʛʣʦʙʠʥʘ (ʨ=0,006) ʤʝʞʜʫ ʚʩʝʤʠ ʛʨʫʧʧʘʤʠ. ɼʣʷ CALR1+  ʠ CALR2+ ʩʪʘʪʫʩʦʚ 

ʭʘʨʘʢʪʝʨʝʥ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʨʦʤʙʦʮʠʪʦʚ, ʪʘʢʞʝ ʧʘʮʠʝʥʪʳ ʜʘʥʥʦʡ ʛʨʫʧʧʳ 

ʙʳʣʠ ʤʦʣʦʞʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ JAK2+ (ʨ=0,04). ɺ JAK2+ ʛʨʫʧʧʝ ʯʘʱʝ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩʠʤʧʪʦʤʳ ʥʘʨʫʰʝʥʠʷ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ: ʛʦʣʦʚʥʳʝ ʙʦʣʠ ʠ 

ʛʦʣʦʚʦʢʨʫʞʝʥʠʷ (ʨ=0,0015), ʩʣʘʙʦʩʪʴ (ʨ=0,002).  

ʏʘʩʪʦʪʘ ʪʨʦʤʙʦʟʦʚ ʫ JAK2+ ʧʘʮʠʝʥʪʦʚ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

CALR1+  ʠ CALR2+ ʧʘʮʠʝʥʪʘʤʠ (ʨ=0,01), ʪʦʛʜʘ ʢʘʢ ʚ ʛʨʫʧʧʝ CALR+, ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʤʫʪʘʮʠʠ, ʯʘʱʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʝ 

ʦʩʣʦʞʥʝʥʠʷ (ʨ=0,01). ʏʘʩʪʦʪʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʠʩʭʦʜʦʚ ʟʘʙʦʣʝʚʘʥʠʷ 

(ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ʄʌ, ʨʘʟʚʠʪʠʝ ɹʂ ʠ ʣʝʪʘʣʴʥʳʡ ʠʩʭʦʜ) ʫ JAK2+ ʚʳʰʝ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʧʘʮʠʝʥʪʘʤʠ ʜʨʫʛʠʭ ʛʨʫʧʧ (ʨ=0,004). 

ʉʨʝʜʠ ʧʘʮʠʝʥʪʦʚ ʩ ʪʨʦʤʙʦʟʘʤʠ ʚ ʘʥʘʤʥʝʟʝ ʜʦʣʷ ʙʦʣʴʥʳʭ ʩʪʘʨʰʝ 60 ʣʝʪ 

ʜʦʩʪʦʚʝʨʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʩʨʝʜʠ ʧʘʮʠʝʥʪʦʚ ʩ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʤʠ ʦʩʣʦʞʥʝʥʠʷʤʠ 

(ʨ<0,001), ʢʘʢ ʠ ʯʠʩʣʦ ʧʘʮʠʝʥʪʦʚ ʩ ʥʘʣʠʯʠʝʤ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʬʘʢʪʦʨʦʚ 

ʨʠʩʢʘ ʚ ʘʥʘʤʥʝʟʝ (ʨ<0,001).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʦʩʠʪʝʣʴʩʪʚʦ ʤʫʪʘʮʠʠ JAK2V617F 

ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ, ʫʚʝʣʠʯʠʚʘʶʱʠʤ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʟʦʚ ʧʨʠ ʕʊ. ʅʘʣʠʯʠʝ 

ʩʠʤʧʪʦʤʦʚ ʥʘʨʫʰʝʥʠʷ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ ʚ ʘʥʘʤʥʝʟʝ ʠ ʚʦʟʨʘʩʪ ʩʪʘʨʰʝ 60 ʣʝʪ 

ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʶʪ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ. ʉʦʛʣʘʩʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ROC-ʘʥʘʣʠʟʘ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʪʨʦʤʙʦʮʠʪʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʛʦʚʦʨʠʪʴ ʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ ʨʘʟʚʠʪʠʠ ʟʘʙʦʣʝʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʫʨʦʚʝʥʴ ʙʦʣʝʝ 1000ʭ10
9
/ʣ (ʨ=0,002).  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʬʘʢʪʦʨʳ, ʥʘʣʠʯʠʝ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʧʘʮʠʝʥʪʘ ʢ 
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ʛʨʫʧʧʝ ʚʳʩʦʢʦʛʦ ʨʠʩʢʘ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ. ʊʅ ʩʪʘʪʫʩ ʪʘʢʞʝ 

ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʥʘʨʘʩʪʘʥʠʝʤ ʨʠʩʢʘ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʠ ʩʥʠʞʝʥʠʝʤ 

ʧʦʢʘʟʘʪʝʣʝʡ ʆɺ (ʨ=0,015) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʫʪʘʮʠʦʥʥʳʤʠ ʩʪʘʪʫʩʘʤʠ ʧʨʠ 

ʕʊ.  

CALR1+  ʠ CALR2+ ʩʪʘʪʫʩʳ ï ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʩ ʧʦʟʠʮʠʠ ʨʠʩʢʦʚ 

ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ. ʋ ʙʦʣʴʥʳʭ ʩ ʜʘʥʥʳʤʠ ʤʫʪʘʮʠʦʥʥʳʤʠ 

ʩʪʘʪʫʩʘʤʠ ʯʘʩʪʦʪʘ ʪʨʦʤʙʦʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʙʳʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ 

ʥʠʞʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʘʮʠʝʥʪʘʤʠ ʜʨʫʛʠʭ ʛʨʫʧʧ (ʨ=0,01). ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠ 

ʥʦʩʠʪʝʣʴʩʪʚʝ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ CALR, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʤʫʪʘʮʠʠ, ʯʘʩʪʦʪʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ (ʨ=0,01) ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʥʦʩʠʪʝʣʴʩʪʚʦʤ ʠʥʳʭ ʤʫʪʘʮʠʡ.  

ʇʨʦʛʥʦʩʪʠʯʝʩʢʠ CALR1+ ʩʪʘʪʫʩ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʠ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʆɺ ʧʘʮʠʝʥʪʦʚ, ʪʦʛʜʘ ʢʘʢ CALR2+ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʳʡ 

ʚ ʢʦʥʪʝʢʩʪʝ ʫʚʝʣʠʯʝʥʠʷ ʨʠʩʢʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʕʊ (ʩʥʠʞʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʦʞʠʜʘʝʤʦʡ ʆɺ, ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʄʌ ʠʣʠ ɹʂ) (ʨ=0,004).  

ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʛʨʫʧʧʝ ʚʳʩʦʢʦʛʦ ʨʠʩʢʘ ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʷʤ ʰʢʘʣʳ IPSET-

thrombosis ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʠʩʢ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʧʨʦʛʥʦʟʘ ʧʨʠ ʕʊ (ʨ=0,068).  

ʅʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʩʦʙʳʪʠʷʤʠ ʧʨʠ ʕʊ, ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥ ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʪʘʢʪʠʢʠ, 

ʷʚʣʷʶʪʩʷ ʪʨʦʤʙʦʪʠʯʝʩʢʠʝ ʦʩʣʦʞʥʝʥʠʷ. 

ʉʫʤʤʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʳ ʥʘʤʠ 

ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʪʝʯʝʥʠʷ ʵʩʩʝʥʮʠʘʣʴʥʦʡ 

ʪʨʦʤʙʦʮʠʪʝʤʠʠ, ʚʢʣʶʯʘʶʱʠʡ ʢʘʢ ʢʣʠʥʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʜʣʷ ʩʪʨʘʪʠʬʠʢʘʮʠʠ (ʨʠʩʫʥʦʢ 3.6). 
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ʈʠʩʫʥʦʢ 3.6 ï ɸʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʪʝʯʝʥʠʷ  

ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʝʤʠʠ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʚʢʣʶʯʘʝʪ ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ, 

ʧʦʢʘʟʘʪʝʣʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ ʠ ʜʘʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʘʣʠʟʫʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʜʠʘʛʥʦʩʪʠʢʝ, ʩʪʨʘʪʠʬʠʢʘʮʠʠ 

ʧʘʮʠʝʥʪʦʚ ʧʦ ʛʨʫʧʧʘʤ ʨʠʩʢʘ, ʠ ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʚʳʙʦʨ ʪʝʨʘʧʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʘʮʠʝʥʪʘ. 

ʊʝʨʘʧʝʚʪʠʯʝʩʢʘʷ ʪʘʢʪʠʢʘ ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʛʨʫʧʧʳ ʥʠʟʢʦʛʦ ʨʠʩʢʘ: 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʠ ʜʦʩʪʘʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʙʣʶʜʝʥʠʝ ʠ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʥʘʟʥʘʯʝʥʠʝ ʘʥʪʠʘʛʨʝʛʘʥʪʦʚ (ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ ʚ 

ʩʪʘʥʜʘʨʪʥʦʡ ʜʦʟʠʨʦʚʢʝ 100 ʤʛ ʚ ʩʫʪʢʠ, ʘ ʧʨʠ ʝʝ ʥʝʧʝʨʝʥʦʩʠʤʦʩʪʴ ʢʣʦʧʠʜʦʛʨʝʣʴ 

ʠʣʠ ʪʠʢʣʦʧʠʜʠʥ) ʧʨʠ ʥʘʣʠʯʠʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʚ ʘʥʘʤʥʝʟʝ ʠ 

ʚʦʟʨʘʩʪʘ ʩʪʘʨʰʝ 60 ʣʝʪ.  

ɼʣʷ ʧʘʮʠʝʥʪʦʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʛʨʫʧʧʳ ʨʠʩʢʘ ï ʘʥʪʠʘʛʨʝʛʘʥʪʳ ʠ ʧʨʠ 

ʥʘʨʘʩʪʘʥʠʠ ʫʨʦʚʥʷ ʪʨʦʤʙʦʮʠʪʦʚ ʚʳhʝʝ 1000ʭ10
9
/ʣ ʠ/ʠʣʠ ʧʦʷʚʣʝʥʠʠ ʩʠʤʧʪʦʤʦʚ 


