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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

CMV - ʮʠʪʦʤʝʛʘʣʦʚʠʨʫʩ 

EBV - ʚʠʨʫʩ ʕʧʰʪʝʡʥʘ-ɹʘʨʨ 

FDA - ʌʝʜʝʨʘʣʴʥʘʷ ʘʜʤʠʥʠʩʪʨʘʮʠʷ ʉʐɸ ʧʦ ʧʠʱʝʚʳʤ ʧʨʦʜʫʢʪʘʤ ʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʧʨʝʧʘʨʘʪʘʤ 

FISH - ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʛʠʙʨʠʜʠʟʘʮʠʷ in situ 

GWAS - ʛʝʥʦʤʥʦʝ ʘʩʩʦʮʠʘʪʠʚʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

HHV-6 - ʚʠʨʫʩ ʛʝʨʧʝʩʘ ʯʝʣʦʚʝʢʘ 6 ʪʠʧʘ 

HLA - ʘʥʪʠʛʝʥʳ ʪʢʘʥʝʚʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʯʝʣʦʚʝʢʘ 

HSV - ʚʠʨʫʩ ʧʨʦʩʪʦʛʦ ʛʝʨʧʝʩʘ 

LCMV - ʚʠʨʫʩ ʜʠʤʬʦʮʠʪʘʨʥʦʛʦ ʭʦʨʠʦʤʝʥʠʥʛʠʪʘ 

MCA - ʤʝʪʠʣʭʦʣʘʥʪʨʝʥ 

MHC - ʛʣʘʚʥʳʡ ʢʦʤʧʣʝʢʩ ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʦʩʪʠ 

NCBI - ʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʉʐɸ 

SNP - ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ 

TCR - ʨʝʮʝʧʪʦʨ ʊ-ʢʣʝʪʦʢ 

TTV - Transfusion Transmitted Virus ʠʣʠ Torque teno virus 

ɸʈʊ - ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʘʷ ʪʝʨʘʧʠʷ 

ɼʅʂ - ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʤʠʈʅʂ - ʤʘʣʳʝ ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʝ ʈʅʂ 

ʄʂʈɿ - ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʤʠʩʩʠʷ ʧʦ ʨʘʜʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʝ 

ʆʆʈ - ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʧʘʩʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʉʇʀɼ 

ʆʆʉ - ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʧʘʩʥʦʩʪʴ ʩʤʝʨʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʉʇʀɼ 

ʆʊ - ʦʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧʮʠʷ 

ʇʅʂ - ʧʦʣʠʥʫʢʣʝʦʪʠʜ ʢʠʥʘʟʘ 

ʇʎʈ - ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ 

ʈʅʂ - ʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʈʈ - ʢʦʵʬʬʠʮʠʝʥʪ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʉʇʀɼ 

ʈʉ - ʢʦʵʬʬʠʮʠʝʥʪ ʨʠʩʢʘ ʩʤʝʨʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʉʇʀɼ 

ʕɼʊɸ - ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʥʘ ʨʫʙʝʞʝ XX-XXI  ʚʝʢʦʚ 

ʩʪʘʣʘ ʨʘʩʰʠʬʨʦʚʢʘ ʛʝʥʦʤʘ ʯʝʣʦʚʝʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʥʦʚʦʡ ʟʘʜʘʯʠ ʥʘ ʧʫʪʠ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ ʧʦʩʪʫʣʠʨʫʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʩʥʦʚ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʧʨʝʜʝʣʝʥʠʝ ʨʦʣʠ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʥʠʢʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʦʨʛʘʥʠʟʤʘ. ʇʨʦʛʨʝʩʩ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ ʚʥʝʜʨʝʥʠʝʤ ʤʝʪʦʜʦʚ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʛʝʥʝʪʠʢʠ (Venter 2010). ʇʨʠʤʝʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʠʟʫʯʝʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʣʠʟʘʮʠʠ ʞʠʟʥʝʥʥʦ-

ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʫʞʝ ʩʝʛʦʜʥʷ ʧʨʠʚʝʣʦ ʢ ʧʨʦʨʳʚʫ ʚʦ ʤʥʦʛʠʭ 

ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʤʝʜʠʮʠʥʳ (Bell 2010, Hamburg and Collins 2010). 

ʅʘʠʙʦʣʝʝ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʧʨʦʷʚʣʝʥʠʷ ʧʦʣʠʤʦʨʬʠʟʤʘ ʛʝʥʦʚ ʷʚʣʷʝʪʩʷ 

ʠʤʤʫʥʥʘʷ ʩʠʩʪʝʤʘ ʯʝʣʦʚʝʢʘ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʛʣʘʚʥʳʡ ʢʦʤʧʣʝʢʩ 

ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʀʤʝʥʥʦ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʛʝʥʦʚ HLA (Human 

Leukocyte Antigen), ʢʦʜʠʨʫʶʱʝʛʦ ʤʦʣʝʢʫʣʳ ʛʣʘʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʙʳʣʘ ʩʚʷʟʘʥʘ ʦʜʥʘ ʠʟ ʧʝʨʚʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʛʨʘʤʤ 

ʚ ʦʙʣʘʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʛʝʥʝʪʠʢʠ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

XI ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʨʘʙʦʯʝʤ ʩʦʚʝʱʘʥʠʠ ʠ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʠʟʫʯʝʥʠʶ HLA (ʛ. 

ʁʦʢʦʛʘʤʘ, ʗʧʦʥʠʷ, 1991 ʛ.). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʪʘ ʩʠʩʪʝʤʘ ʛʝʥʦʚ 

ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ 8000 ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ (ʧʦ ʜʘʥʥʳʤ ʩʘʡʪʘ 

www.hla.alleles.org).  

ɺʘʞʥʝʡʰʠʤ ʜʦʩʪʠʞʝʥʠʝʤ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʥʘʫʢʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʩʪʘʣʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʨʦʣʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʥʘ ʫʨʦʚʥʝ 

ʦʜʠʥʦʯʥʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ (SNP ï Single Nucleotide Polymorphism). ɺ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʛʝʥʦʤʝ ʯʝʣʦʚʝʢʘ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ 50 ʤʠʣʣʠʦʥʦʚ 

ʫʥʠʢʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʚ ʯʝʣʦʚʝʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

SNP (ʧʦ ʜʘʥʥʳʤ ʩʘʡʪʘ www.ncbi.nlm.nih.gov). ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʥʝ-HLA ʛʝʥʘʭ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʠʛʨʘʶʱʠʭ ʢʣʶʯʝʚʫʶ ʨʦʣʴ 

ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʩʠʛʥʘʣʦʚ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʠ ʨʝʛʫʣʷʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 
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ʢʣʝʪʦʯʥʦʛʦ ʠ ʛʫʤʦʨʘʣʴʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚ ʟʘʱʠʪʝ ʯʝʣʦʚʝʢʘ 

ʦʪ ʦʛʨʦʤʥʦʛʦ ʯʠʩʣʘ ʚʥʝʰʥʠʭ ʠ ʠʟʤʝʥʝʥʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʘʥʪʠʛʝʥʦʚ. 

ʅʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʡ ʛʝʥʦʚ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʠ ʠʭ ʧʨʦʜʫʢʪʦʚ ʚʝʜʝʪ ʢ 

ʨʘʟʚʠʪʠʶ ʪʷʞʝʣʳʭ ʬʦʨʤ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʠ 

ʠʤʤʫʥʦʟʘʚʠʩʠʤʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʥʘʫʢʠ 

ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʤʤʫʥʦʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ ʢʘʥʮʝʨʦʛʝʥʝʟʘ ʠ ʧʨʦʪʠʚʦʠʥʬʝʢʮʠʦʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ (Hill 2001).  

ʆʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚ ʙʠʦʤʝʜʠʮʠʥʝ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ 

ɺʀʏ-ʠʥʬʝʢʮʠʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʧʠʩʘʥʦ ʣʠʰʴ ʜʚʘ ʩʣʫʯʘʷ ʠʟʣʝʯʝʥʠʷ ʦʪ 

ɺʀʏ ʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʠʥ ʠʟ ʥʠʭ ʩʚʷʟʘʥ ʩ ʠʤʤʫʥʦʛʝʥʝʪʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʥʦʩʠʪʝʣʷ ʠʥʬʝʢʮʠʠ (Allers, Hutter et al. 2011, Cohen 2013). ʊʘʢ 

ʚ 2006 ʛʦʜʫ ʫ ɺʀʏ-ʠʥʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʘʮʠʝʥʪʘ ʛʦʩʧʠʪʘʣʷ Charite ʧʨʠ 

ɹʝʨʣʠʥʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʙʳʣʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʘ ʣʝʡʢʝʤʠʷ. ɺ ʮʝʣʷʭ ʪʝʨʘʧʠʠ 

ʟʘʙʦʣʝʚʘʥʠʷ ʙʦʣʴʥʦʤʫ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʝʨʝʩʘʜʢʘ ʢʨʘʩʥʦʛʦ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ. 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʝʨʝʩʘʜʢʠ ʣʝʯʘʱʠʤ ʚʨʘʯʦʤ Gero Hutter ʙʳʣʘ ʧʦʜʦʙʨʘʥʘ ʪʢʘʥʴ, 

ʢʣʝʪʢʠ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʛʦʤʦʟʠʛʦʪʥʦʩʪʴʶ ʧʦ ʜʝʣʝʮʠʠ 

CCR5delta32. ɻʝʥ CCR5 ʢʦʜʠʨʫʝʪ ʭʝʤʦʢʠʥʦʚʳʡ ʨʝʮʝʧʪʦʨ, ʢʦʥʪʘʢʪ ʩ ʢʦʪʦʨʳʤ 

ʥʝʦʙʭʦʜʠʤ ʤʘʢʨʦʬʘʛʦʪʨʦʧʥʳʤ ʰʪʘʤʤʘʤ ʚʠʨʫʩʘ (ʬʝʥʦʪʠʧ R5) ʜʣʷ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʢʣʝʪʢʫ (Feng 1996). ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ 

ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ ʚʘʨʠʘʥʪʘ ʛʝʥʘ CCR5, ʛʝʥ, ʥʝʩʫʱʠʡ ʜʝʣʝʮʠʶ ʥʘ ʦʙʝʠʭ 

ʛʦʤʦʣʦʛʠʯʥʳʭ ʭʨʦʤʦʩʦʤʘʭ, ʥʝ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʠ ʨʝʮʝʧʪʦʨ CCR5 ʠʩʯʝʟʘʝʪ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ (Dean, Carrington et al. 1996). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʝʥʝʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʯʝʣʦʚʝʢʘ ʢ 

ʠʥʬʠʮʠʨʦʚʘʥʠʶ ɺʀʏ. ʇʦʩʣʝ ʧʝʨʝʩʘʜʢʠ ʧʦʢʘʟʘʪʝʣʴ ʚʠʨʫʩʥʦʡ ʥʘʛʨʫʟʢʠ 

ʧʘʮʠʝʥʪʘ, ʠʟʚʝʩʪʥʦʛʦ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʢʘʢ çʙʝʨʣʠʥʩʢʠʡ ʧʘʮʠʝʥʪè, ʧʦʥʠʟʠʣʩʷ ʜʦ 

ʥʝʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʧʝʨʚʳʡ ʚ ʠʩʪʦʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ɺʀʏ ʩʣʫʯʘʡ ʠʟʣʝʯʝʥʠʷ (Hutter, Nowak et al. 2009). 
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ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʤʘʨʢʝʨʘ CCR5delta32 ʠ ʜʨʫʛʠʭ ʠʤʤʫʥʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʤʘʨʢʝʨʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʚʨʦʞʜʝʥʥʦʡ (ʝʩʪʝʩʪʚʝʥʥʦʡ) ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ɺʀʏ-ʠʥʬʝʢʮʠʠ, ʩ ʜʠʥʘʤʠʢʦʡ ʝʝ ʧʨʦʛʨʝʩʩʠʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 

ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʤ ʧʨʝʧʘʨʘʪʘʤ ʤʦʞʝʪ ʩʪʘʪʴ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʧʨʝʚʝʥʮʠʠ ʠ ʪʝʨʘʧʠʠ ɺʀʏ-ʠʥʬʝʢʮʠʠ/ʉʇʀɼ ʢʘʢ ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ, ʪʘʢ ʠ ʥʘ ʧʦʧʫʣʷʮʠʦʥʥʦʤ ʫʨʦʚʥʝ (Cohen 2011). 

ʀʟʫʯʝʥʠʝ ʤʝʞ- ʠ ʚʥʫʪʨʠʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʛʝʥʦʚ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʠʤʝʝʪ ʛʣʫʙʦʢʫʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʟʥʘʯʠʤʦʩʪʴ. 

ʉʦʭʨʘʥʝʥʠʝ ʫʨʦʚʥʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʚʳʞʠʚʘʥʠʷ ʯʝʣʦʚʝʢʘ ʚ ʫʩʣʦʚʠʷʭ ʘʛʨʝʩʩʠʚʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʨʝʰʘʝʪʩʷ 

ʠʤʝʥʥʦ ʥʘ ʧʦʧʫʣʷʮʠʦʥʥʦʤ ʫʨʦʚʥʝ. ʂʦʤʙʠʥʘʮʠʠ ʘʣʣʝʣʝʡ ʩʨʝʜʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʪʝʭ ʠʣʠ ʠʥʳʭ ʵʪʥʠʯʝʩʢʠʭ ʛʨʫʧʧ ʦʪʣʠʯʘʶʪʩʷ ʢʨʘʡʥʝ 

ʚʳʨʘʞʝʥʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʘʜʘʧʪʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʯʝʣʦʚʝʢʘ ʢʘʢ ʚʠʜʘ ʠ ʚ ʮʝʣʦʤ ʦʪʨʘʞʘʝʪ ʵʚʦʣʶʮʠʦʥʥʫʶ ʨʦʣʴ ʤʫʪʘʮʠʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʯʨʝʟʚʳʯʘʡʥʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ 

ʥʘʫʢʠ ʧʨʠʦʙʨʝʪʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʤʤʫʥʦʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ. 

ɺ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʪʘʢʠʭ ʤʥʦʛʦʥʘʮʠʦʥʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚ, ʢʘʢ 

ʈʦʩʩʠʷ (ɹʦʣʜʳʨʝʚʘ 2007).  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʠ ʠʥʬʝʢʮʠʦʥʥʳʭ 

ʘʛʝʥʪʦʚ, ʚʦʧʨʦʩ ʚʣʠʷʥʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʬʘʢʪʦʨʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ 

ʠʟʫʯʝʥ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ʅʘʠʙʦʣʴʰʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʝʭʥʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ ʚʨʝʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʥʢʦ- ʠ 

ʠʤʤʫʥʦʧʘʪʦʣʦʛʠʷʤʠ. ʇʨʠ ʵʪʦʤ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ ʜʝʡʩʪʚʠʠ 

ʨʘʜʠʘʮʠʠ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʜʘʞʝ ʥʝʚʳʩʦʢʦʡ 

ʤʦʱʥʦʩʪʠ ʪʷʞʝʩʪʴ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʦʙʣʫʯʝʥʠʷ ʚʘʨʴʠʨʫʝʪ ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʫʨʦʚʥʝ (Crompton, Shi et al. 2001). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʧʘʪʦʛʝʥʝʟ, ʧʘʪʦʣʦʛʠʯʝʩʢʘʷ ʤʦʨʬʦʣʦʛʠʷ ʠ ʢʣʠʥʠʢʘ 
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ʟʘʙʦʣʝʚʘʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʘʪʦʛʝʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʦʙʣʫʯʝʥʠʷ, ʨʠʩʢʠ ʠʭ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʦʟʳ ʨʘʜʠʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ, ʥʝʨʝʰʝʥʥʳʭ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʙʣʝʤ, ʦʩʪʘʝʪʩʷ ʧʦʠʩʢ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʷʚʣʷʪʴ ʣʠʮ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ 

ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (Greve, Bolling et al. 2012). ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ 

ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʨʝʘʢʮʠʷ 

ʯʝʣʦʚʝʢʘ ʥʘ ʜʝʡʩʪʚʠʝ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʘʢ ʪʝʭʥʦʛʝʥʥʦʛʦ ʠ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʚʨʝʜʥʦʩʪʠ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʞʠʚʦʪʥʳʤʠ, ʨʘʚʥʦ ʢʘʢ ʠ ʩ 

ʢʫʣʴʪʫʨʘʤʠ ʢʣʝʪʦʢ ʥʝ ʧʦʟʚʦʣʷʶʪ ʫʯʝʩʪʴ ʧʘʨʘʤʝʪʨʳ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʟʥʘʥʠʡ ʠ 

ʩʦʟʜʘʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʳ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʘʜʘʧʪʠʨʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʢʣʠʥʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʷʟʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ ʢ ʨʘʜʠʘʮʠʦʥʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ. ʉ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʚʷʟʴ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩ ʦʥʢʦʧʘʪʦʣʦʛʠʷʤʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʦʜʝʣʴʶ ʧʨʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʢʦʥʮʝʧʮʠʡ ʢʘʥʮʝʨʦʛʝʥʝʟʘ ʠ ʧʦʠʩʢʝ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʘʨʢʝʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ (Hino, 

Klein-Szanto et al. 1993, Hahn, Wojnowski et al. 1998). 

ɻʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʥʘ ʫʨʦʚʥʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʚ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʘ ʪʘʢʞʝ ʨʷʜʘ ʜʨʫʛʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ  ʚ ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʝʡ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʤʦʞʝʪ 

ʩʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʧʘʪʦʣʦʛʠʡ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʨʘʜʠʘʮʠʦʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʦʪʜʘʣʝʥʥʳʝ 

ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ, ʩʥʠʟʠʪʴ ʩʤʝʨʪʥʦʩʪʴ ʠ ʨʘʥʥʶʶ ʠʥʚʘʣʠʜʠʟʘʮʠʶ 

ʧʝʨʩʦʥʘʣʘ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʦʠʩʢ 

ʧʫʪʝʡ ʦʮʝʥʢʠ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʦʩʣʦʞʥʝʥʠʡ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 
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ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʟʚʝʥʦʤ ʚ  ʚʳʙʦʨʝ ʠ ʥʘʟʥʘʯʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʧʨʠʝʤʣʝʤʦʡ ʜʦʟʳ ʧʨʠ ʨʘʜʠʦʪʝʨʘʧʠʠ ʙʦʣʴʥʳʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʜʠʦʜʠʘʛʥʦʩʪʠʢʝ (Barnett, West et al. 2009). 

ɻʦʚʦʨʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠʤʤʫʥʦʛʝʥʝʪʠʢʠ, ʥʝ ʩʣʝʜʫʝʪ ʟʘʙʳʚʘʪʴ ʠ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚ ʙʠʦʤʝʜʠʮʠʥʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʝʪʦʯʥʳʤʠ ʠ 

ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʚʷʟʠ ʩ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠ ʧʦʚʳʰʝʥʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʦʡ ʪʝʨʘʧʠʠ ʦʩʪʨʦ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦʙ ʦʮʝʥʢʝ 

ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʦʩʣʦʞʥʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʧʨʠʝʤʦʤ ʥʝʢʦʪʦʨʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ ʩ ʨʘʟʚʠʪʠʝʤ ʨʝʘʢʮʠʠ 

ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʫ ʣʠʮ, ʧʨʠʥʠʤʘʶʱʠʭ ɸʙʘʢʘʚʠʨ (Abacavir) ʠ 

ʅʝʚʠʨʘʧʠʥ (Nevirapine) ï ʠʥʛʠʙʠʪʦʨʳ ʧʨʦʪʝʘʟʳ ɺʀʏ. ʅʘʣʠʯʠʝ ʧʦʙʦʯʥʳʭ 

ʵʬʬʝʢʪʦʚ ʜʦʩʪʦʚʝʨʥʦ ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʩ ʥʦʩʠʪʝʣʴʩʪʚʦʤ ʘʣʣʝʣʝʡ HLA-B*5701 ʠ 

HLA-DRB*01 (Tozzi 2010). ʂʨʦʤʝ ʪʦʛʦ, ʩ ʛʝʥʝʪʠʯʝʩʢʠʤ ʧʦʣʠʤʦʨʬʠʟʤʦʤ 

ʩʚʷʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ɺʀʏ ʚ ʢʣʝʪʢʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʙʣʦʢʠʨʦʚʘʥʠʠ ʨʝʮʝʧʪʦʨʘ CCR5. ʊʘʢ, ʧʨʝʧʘʨʘʪ ʄʘʨʘʚʠʨʦʢ (Maraviroc), 

ʦʜʦʙʨʝʥʥʳʡ ʚ 2011 ʛʦʜʫ FDA (Food and Drug Administration), ʦʢʘʟʘʣʩʷ 

ʥʝʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʣʠʮ, ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʩʠʥʮʠʪʠʝʦʙʨʘʟʫʶʱʠʤʠ ʰʪʘʤʤʘʤʠ 

ɺʀʏ (ʬʝʥʦʪʠʧ X4) ʠʣʠ ʞʝ ʝʛʦ ʩʫʙʧʦʧʫʣʷʮʠʷʤʠ, ʩʦʭʨʘʥʷʶʱʠʤʠ ʩʧʦʩʦʙʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʮʝʧʪʦʨ CCR5 ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʢʣʝʪʢʫ (Hirsch, Gunthard 

et al. 2008). ʇʦʩʣʝʜʥʝʝ ʤʦʞʝʪ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ, ʢʘʢ ʤʫʪʘʮʠʷʤʠ ʚ ʛʝʥʝ 

CCR5, ʪʘʢ ʠ ʛʝʥʝʪʠʯʝʩʢʠʤ ʧʦʣʠʤʦʨʬʠʟʤʦʤ ʛʝʥʦʤʘ ʩʘʤʦʛʦ ʚʠʨʫʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʨʷʜʫ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʧʦʣʠʤʦʨʬʠʟʤʘ ʛʝʥʦʚ ʯʝʣʦʚʝʢʘ, 

ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʩʬʝʨʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ 

ʠʤʤʫʥʦʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʤʦʞʝʪ ʩʪʘʪʴ ʜʠʘʛʥʦʩʪʠʢʘ ʩʘʤʦʛʦ 

ʧʘʪʦʛʝʥʘ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʦʤʘ ʚʠʨʫʩʘ ʚ ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ.  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤ ʧʦʜʭʦʜʘʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʧʦʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ 

ʚʠʨʫʩʥʳʭ ʛʝʥʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʜʘʚʣʝʥʠʠ ʢʣʶʯʝʚʳʭ ʩʪʘʜʠʡ 

ʨʝʧʣʠʢʘʪʠʚʥʦʛʦ ʮʠʢʣʘ ʚʠʨʫʩʦʚ, ʠ ʚ ʯʘʩʪʥʦʩʪʠ, ʚʠʨʫʩʘ ʛʝʧʘʪʠʪʘ ʉ (Randall, 

Grakoui et al. 2003). ʉʨʝʜʠ ʥʠʭ ʥʘʠʙʦʣʴʰʝʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʤʝʪʦʜʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʭʘʥʠʟʤʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʈʅʂ. ʉʫʪʴ ʧʨʦʮʝʩʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʪʨʘʥʩʣʷʮʠʠ ʟʘ ʩʯʝʪ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʈʅʂ-

ʤʠʰʝʥʠ ʩ ʢʦʨʦʪʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʈʅʂ (ʤʠʈʅʂ) (Fire, Xu et al. 1998). ʆʜʥʘʢʦ 

ʜʣʷ ʦʪʙʦʨʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʪʝʨʘʧʠʠ, ʥʝʦʙʭʦʜʠʤʘ ʪʦʯʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʵʢʩʧʨʝʩʩʠʠ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʦʪʚʝʯʘʶʱʠʤ ʫʩʣʦʚʠʷʤ ʪʦʯʥʦʩʪʠ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʘʥʘʣʠʟʘ, ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ 

ʨʝʘʢʮʠʷ ʇʎʈ. 

ʇʎʈ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʛʝʥʦʜʠʘʥʦʩʪʠʢʠ ʠ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ. ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʟʘʜʘʯ ʇʎʈ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʙʦ ʢʘʢ ʦʩʥʦʚʥʦʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ, 

ʣʠʙʦ ʢʘʢ ʥʝʦʙʭʦʜʠʤʳʡ ʵʪʘʧ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʩʣʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʠʣʠ ʧʨʠʢʣʘʜʥʫʶ ʨʘʙʦʪʫ ʚ 

ʩʬʝʨʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʞʠʚʳʭ ʩʠʩʪʝʤ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʡ ʥʝ ʙʳʣʠ ʙʳ ʦʩʥʦʚʘʥʳ 

ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʇʎʈ. ʇʦʤʠʤʦ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ - ʤʝʜʠʮʠʥʳ, ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ - ʇʎʈ ʚʩʝ 

ʯʘʱʝ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʮʝʩʩʝ, ʚ ʦʙʦʨʦʥʥʦʤ ʩʝʛʤʝʥʪʝ 

ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʥʮʠʧʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʮʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʥʦʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɽʱʝ ʦʜʥʦʡ ʚʘʞʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʚʳʷʚʣʝʥʠʷ 

ʬʨʘʛʤʝʥʪʦʚ ʚʠʨʫʩʥʦʛʦ ʛʝʥʦʤʘ, ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʧʣʘʥʪʦʣʦʛʠʷ. ɺʠʨʫʩʥʳʝ 

ʠʥʬʝʢʮʠʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʢʣʠʥʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʫʩʣʦʚʥʦ 

ʧʘʪʦʛʝʥʥʳʝ ʚʠʨʫʩʳ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ, 
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ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʚʦʦʯʝʨʝʜʥʳʤ ʬʘʢʪʦʨʘʤ ʨʠʩʢʘ, ʫʛʨʦʞʘʶʱʠʤ ʟʜʦʨʦʚʴʶ 

ʨʝʮʠʧʠʝʥʪʘ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʚʠʨʫʩʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʝʤʝʡʩʪʚʫ 

Herpesviridae, ʘ ʪʘʢʞʝ ʚʠʨʫʩʳ BK ʠ JC (Nickeleit, Singh et al. 2006, 

Tanenbaum, Alla et al. 2007). ʂʨʦʤʝ ʪʦʛʦ, ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʪʩʷ ʨʦʣʴ ʚʠʨʫʩʘ TTV 

(ʨ. Anellovirus) ʚ ʨʘʟʚʠʪʠʠ ʪʷʞʝʣʳʭ ʦʩʣʦʞʥʝʥʠʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ (Burra, 

Masier et al. 2008, Piaggio, Dodi et al. 2009). ɼʠʘʛʥʦʩʪʠʢʘ ʠʥʬʝʢʮʠʡ ʠ 

ʤʦʥʠʪʦʨʠʥʛ ʚʠʨʫʩʥʦʡ ʥʘʛʨʫʟʢʠ ʫ ʧʘʮʠʝʥʪʦʚ ʚ ʧʦʩʪʪʨʘʥʩʧʣʘʥʪʘʮʠʦʥʥʳʡ 

ʧʝʨʠʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ 

ʧʘʮʠʝʥʪʦʚ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʟʠʪʴ ʯʠʩʣʦ ʦʩʣʦʞʥʝʥʠʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʣʝʪʘʣʴʥʳʭ. ʇʦʵʪʦʤʫ ʚʥʝʜʨʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʛʝʥʦʜʠʘʛʥʦʩʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʣʘʥʪʦʣʦʛʠʠ ʤʦʞʝʪ ʩʪʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʮʝʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʦʡ ʧʨʦʛʨʘʤʤʳ ʚʝʜʝʥʠʷ 

ʨʝʮʠʧʠʝʥʪʦʚ ʦʨʛʘʥʥʦʛʦ ʪʨʘʥʩʧʣʘʥʪʘʪʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʦʙʱʝʥʠʷ ʥʘʢʦʧʣʝʥʥʳʭ ʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʜʘʥʥʳʭ ʚ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʠʤʤʫʥʦʛʝʥʝʪʠʢʠ, ʘ ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʦʩʪʴʶ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʙʦʨʴʙʝ ʩ 

ʠʤʤʫʥʦʟʘʚʠʩʠʤʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ. 

 

ʎɽʃʀ ʀ ɿɸɼɸʏʀ ʈɸɹʆʊʓ 

ʎʝʣʠ ʨʘʙʦʪʳ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʣʘʩʪʝʡ 

ʧʨʠʤʝʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ 

ʧʨʠʢʣʘʜʥʦʡ ʠʤʤʫʥʦʛʝʥʝʪʠʢʝ; ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʢʪʨʘ ʦʨʠʛʠʥʘʣʴʥʳʭ ʪʝʩʪ-ʩʠʩʪʝʤ 

ʜʣʷ ʦʮʝʥʢʠ ʧʦʣʠʤʦʨʬʠʟʤʘ ʛʝʥʦʚ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʠ ʧʦʧʫʣʷʮʠʦʥʥʦʤ 

ʫʨʦʚʥʝ. 

2. ʇʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʜʘʥʥʳʭ ʚ ʦʙʣʘʩʪʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʘʢʪʦʨʦʚ 

ʥʘʩʣʝʜʫʝʤʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʩʦʮʠʘʣʴʥʦ-ʟʥʘʯʠʤʳʤ 

ʟʘʙʦʣʝʚʘʥʠʷʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ɺʀʏ-ʠʥʬʝʢʮʠʠ ʠ ʦʥʢʦʧʘʪʦʣʦʛʠʷʤ, ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʦʚ ʛʝʥʦʜʠʘʛʥʦʩʪʠʢʠ ʠ ʠʤʤʫʥʦʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ. 
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3. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʚ ʦʙʣʘʩʪʠ ʢʣʠʥʠʢʦ-ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʛʦ, 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠ ʬʘʨʤʘʢʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʜʝʪʝʢʮʠʠ 

ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʪʠʚʦʠʥʬʝʢʮʠʦʥʥʦʡ ʪʝʨʘʧʠʠ ʚ ʢʣʠʥʠʢʝ ʦʨʛʘʥʥʦʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʘʥʘʣʠʟʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʧʘʨʘʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ.  

 

ɿʘʜʘʯʠ ʨʘʙʦʪʳ:  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ 

ʛʝʥʦʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʪʦʜʦʚ SNP- ʠ HLA-

ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ, ʚ ʙʠʦʤʝʜʠʮʠʥʝ. 

2. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ɺʀʏ-ʠʥʬʝʢʮʠʠ, 

ʜʠʥʘʤʠʢʫ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ɺʀʏ-ʠʥʬʝʢʮʠʠ ʚ ʉʇʀɼ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʥʪʨʦʣʠʨʦʚʘʥʠʷ ʚʠʨʫʩʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ɺʀʏ-ʠʥʬʝʢʮʠʠ ʠ ʨʘʟʚʠʪʠʝ 

ʦʩʣʦʞʥʝʥʠʡ ʪʝʨʘʧʠʠ ɺʀʏ ʚ ʧʦʧʫʣʷʮʠʷʭ, ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚ. 

3. ʀʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʘʜʘʧʪʘʮʠʠ ʤʝʪʦʜʘ ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ 

ʨʝʘʢʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʢ ʚʳʷʚʣʝʥʠʶ ʘʣʣʝʣʷ HLA-B*57:01, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʩ ʨʘʟʚʠʪʠʝʤ ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʧʨʝʧʘʨʘʪʫ 

ɸʙʘʢʘʚʠʨ, ʚʭʦʜʷʱʝʤʫ ʚ ʩʦʩʪʘʚ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʦʡ ʪʝʨʘʧʠʠ. 

4. ɺʳʙʨʘʪʴ ʛʝʥʳ-ʢʘʥʜʠʜʘʪʳ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʧʦʠʩʢʘ ʤʘʨʢʝʨʦʚ 

ʥʘʩʣʝʜʫʝʤʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʢ ʨʘʜʠʘʮʠʦʥʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ, ʢʘʢ ʬʘʢʪʦʨʫ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ. 

5. ʈʘʟʨʘʙʦʪʘʪʴ ʪʝʩʪ-ʩʠʩʪʝʤʳ ʜʣʷ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʠʤʤʫʥʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʣʦʢʫʩʦʚ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʘʚʣʝʥʠʷ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚʠʨʫʩʘ ʛʝʧʘʪʠʪʘ ʉ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʘʨʢʝʨʦʚ 
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ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʨʝʘʢʮʠʠ ʛʠʧʝʨʯʫʚʩʪʠʪʝʣʴʥʦʩʪʠ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩ ʧʨʠʝʤʦʤ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

6. ʋʩʪʘʥʦʚʠʪʴ ʯʘʩʪʦʪʳ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ 

ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʢ ʨʘʟʚʠʪʠʶ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʛʨʫʧʧʝ ʣʠʮ ʙʝʟ ʦʥʢʦʧʘʪʦʣʦʛʠʠ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʭʨʦʥʠʯʝʩʢʦʤʫ 

ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʘ ʪʘʢʞʝ ʚ ʛʨʫʧʧʝ ʣʠʮ ʩ ʦʥʢʦʧʘʪʦʣʦʛʠʝʡ ʠ ʚ 

ʛʨʫʧʧʝ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ.  

7. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʣʝʣʝʡ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʨʘʜʠʘʮʠʦʥʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ, ʢʘʢ ʬʘʢʪʦʨʫ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʚ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʨʫʧʧʘʭ ʩʨʘʚʥʝʥʠʷ, ʜʘʪʴ ʧʦʧʫʣʷʮʠʦʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʪʣʠʯʠʡ. 

8. ʈʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʡ ʧʦʜʭʦʜ ʚ ʦʙʣʘʩʪʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʨʦʪʠʚʦʠʥʬʝʢʮʠʦʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʨʝʮʠʧʠʝʥʪʦʚ ʧʦʯʝʯʥʦʛʦ ʪʨʘʥʩʧʣʘʥʪʘʪʘ ʚ 

ʮʝʣʷʭ ʧʨʦʬʠʣʘʢʪʠʢʠ ʨʘʟʚʠʪʠʷ ʠʥʬʝʢʮʠʦʥʥʳʭ ʦʩʣʦʞʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʚʝʜʫʱʠʭ ʢ ʣʝʪʘʣʴʥʦʤʫ ʠʩʭʦʜʫ. 

 

ʅɸʋʏʅɸʗ ʅʆɺʀɿʅɸ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʣʣʝʣʴʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʚ CCR5, CCR2, SDF1, HCP5, HLA-C, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ɺʀʏ-ʠʥʬʝʢʮʠʠ, ʜʠʥʘʤʠʢʫ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ɺʀʏ-ʠʥʬʝʢʮʠʠ 

ʚ ʉʇʀɼ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʚʠʨʫʩʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ɺʀʏ-ʠʥʬʝʢʮʠʠ ʚ 

ʚʳʙʦʨʢʘʭ ʠʟ 10 ʧʦʧʫʣʷʮʠʠʡ (ʘʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʛʝʥʦʚ CCR5, CCR2, SDF1) 

ʠ 5 ʧʦʧʫʣʷʮʠʡ (ʘʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʛʝʥʦʚ HCP5, HLA-C), ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚ; ʜʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʧʫʣʷʮʠʡ. ʆʮʝʥʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʧʘʩʥʦʩʪʴ 

ʨʘʟʚʠʪʠʷ ʉʇʀɼ ʠ ʩʤʝʨʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʉʇʀɼ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʷʭ 

ʜʣʷ ʥʦʩʠʪʝʣʝʡ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʜʠʥʘʤʠʢʦʡ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʉʇʀɼ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ ʤʝʞʵʪʥʠʯʝʩʢʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 
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ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʨʢʝʨʦʚ. ʆʙʩʫʞʜʝʥʘ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʧʠʜʝʤʠʦʣʦʛʠʠ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠʤʤʫʥʦʣʦʛʠʠ 

ʠ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʛʝʥʝʪʠʢʠ. 

ɺʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʘʩʩʦʮʠʘʮʠʷ ʠʤʤʫʥʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʤʘʨʢʝʨʦʚ ʩʠʩʪʝʤʳ HLA ʢʣʘʩʩʘ II ʩ ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʢ 

ʨʘʟʚʠʪʠʶ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʥʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʯʝʣʦʚʝʢʘ ʥʘ ʨʘʜʠʘʮʠʦʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦ-ʥʦʚʦʤʫ ʦʮʝʥʠʪʴ ʨʦʣʴ 

ʛʣʘʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚ ʨʝʘʣʠʟʘʮʠʠ ʟʘʱʠʪʥʳʭ ʬʫʥʢʮʠʡ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʚ ʦʪʚʝʪ ʥʘ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʝ ʠ ʤʫʪʘʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʨʘʜʠʘʮʠʠ. 

ʇʦʢʘʟʘʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʦʪʣʠʯʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʛʝʥʦʚ ATM (rs1801516, rs664677), OGG1 (rs1052133), XRCC1 (rs1799782) ʚ 

ʛʨʫʧʧʝ ʣʠʮ ʙʝʟ ʦʥʢʦʧʘʪʦʣʦʛʠʠ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʭʨʦʥʠʯʝʩʢʦʤʫ ʨʘʜʠʘʮʠʦʥʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ, ʘ ʪʘʢʞʝ ʚ ʛʨʫʧʧʝ ʣʠʮ ʩ ʦʥʢʦʧʘʪʦʣʦʛʠʝʡ ʠ ʚ ʛʨʫʧʧʝ 

ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʣʫʞʘʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʨʘʜʠʘʮʠʦʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ. ɼʘʥʥʳʝ ʦ ʯʘʩʪʦʪʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʣʠʥʠʢʦ-

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʘʥʘʣʠʟʝ ʬʘʢʪʦʨʦʚ 

ʦʥʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʠʩʢʘ. 

ʉ ʧʦʤʦʱʴʶ ʇʎʈ-ʪʝʩʪ-ʩʠʩʪʝʤ ʜʣʷ ʵʢʩʧʨʝʩʩ-ʩʢʨʠʥʠʥʛʘ ʧʘʪʦʛʝʥʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʚʳʟʳʚʘʪʴ ʨʝʘʢʪʠʚʘʮʠʶ ʣʘʪʝʥʪʥʳʭ ʚʠʨʫʩʥʳʭ ʠʥʬʝʢʮʠʡ ʫ 

ʨʝʮʠʧʠʝʥʪʦʚ ʧʦʯʝʯʥʦʛʦ ʪʨʘʥʩʧʣʘʥʪʘʪʘ, ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʥʪʨʦʣʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ ʚʠʨʫʩʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʩʪʪʨʘʥʩʧʣʘʥʪʘʮʠʦʥʥʦʡ ʪʝʨʘʧʠʠ ʚ ʦʪʜʝʣʝʥʠʠ ʦʨʛʘʥʥʦʡ ʧʝʨʝʩʘʜʢʠ. 

ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʚʠʨʫʩʥʳʭ ʠʥʬʝʢʮʠʡ, ʷʚʣʷʶʱʠʭʩʷ 

ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʪʷʞʝʣʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʦʩʣʦʞʥʝʥʠʡ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟ ʯʠʩʣʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʫʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʳʭ ʚʠʨʫʩʦʚ 
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ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʫ ʨʝʮʠʧʠʝʥʪʦʚ ʧʦʯʝʯʥʦʛʦ ʪʨʘʥʩʧʣʘʥʪʘʪʘ 

ʷʚʣʷʝʪʩʷ ʚʠʨʫʩ TTV. ʊʘʢʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʜʝʣʘʝʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʤʘʨʢʝʨʦʤ, ʩʧʦʩʦʙʥʳʤ ʦʪʨʘʞʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʦʡ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʩʭʝʤʳ. 

ʅʘ ʦʩʥʦʚʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʧʳʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʥʪʠ-ɺʀʏ ʧʨʝʧʘʨʘʪʦʚ 

ʠ ʤʦʜʝʣʠ ʠʥʬʝʢʮʠʠ ʚʠʨʫʩʦʤ ʛʝʧʘʪʠʪʘ ʉ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʪʝʨʘʧʠʠ ʚʠʨʫʩʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʣʣʝʣʝʡ HLA-B*57:01 ʠ HLA-

DRB*01, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ ʦʩʪʨʳʭ ʦʩʣʦʞʥʝʥʠʡ ʫ ɺʀʏ-

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʣʠʮ, ʧʨʠʥʠʤʘʶʱʠʭ ʠʥʛʠʙʠʪʦʨʳ ʧʨʦʪʝʘʟʳ ɺʀʏ ɸʙʘʢʘʚʠʨ 

(Abacavir) ʠ ʅʝʚʠʨʘʧʠʥ (Nevirapine), ʚ ʨʦʩʩʠʡʩʢʦʡ ʧʦʧʫʣʷʮʠʠ (N=800) ʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ ʩ ʦʙʨʘʪʥʦʡ 

ʪʨʘʥʩʢʨʠʧʮʠʝʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʥʪʠʩʤʳʩʣʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʝʧʘʪʠʪʘ ʉ. 

 

ʅɸʋʏʅʆ-ʇʈɸʂʊʀʏɽʉʂɸʗ ɿʅɸʏʀʄʆʉʊʔ 

ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʚʥʝʜʨʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʥʫʶ ʧʨʘʢʪʠʢʫ ʪʝʩʪ-ʩʠʩʪʝʤʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʣʠʤʦʨʬʠʟʤʦʚ CCR5delta32 (rs333), CCR2-

64I (rs1799864), SDF1-3ôA (rs1801157), HCP5 (rs2395029), HLA-C (rs9264942) 

ʠ ʘʣʣʝʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ HLA-B57:01 ʤʝʪʦʜʦʤ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʊʝʩʪ-

ʩʠʩʪʝʤʳ ʧʨʦʩʪʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʵʢʦʥʦʤʠʯʥʳ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʧʦʣʥʦʩʪʴʶ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʧʨʦʠʟʚʦʜʠʤʦʤʫ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʶ. ʕʪʦ ʩʦʟʜʘʝʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʪʝʩʪ-ʩʠʩʪʝʤ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʦʮʝʥʢʠ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʢ ɺʀʏ-ʠʥʬʝʢʮʠʠ. 

ʇʦʣʠʤʦʨʬʠʟʤ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʝʥʦʚ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ɺʀʏ-ʠʥʬʝʢʮʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʚʥʝʜʨʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʛʝʥʦʪʠʧʠʨʫʶʱʠʝ ʇʎʈ-ʪʝʩʪ-ʩʠʩʪʝʤʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʣʣʝʣʝʡ ʛʝʥʦʚ ATM 

(rs1801516, rs664677), TGFB1 (rs1800469), XRCC1 (rs1799782), OGG1 
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(rs1052133), IL-7 (rs2717536), IL15-RA (rs2296135) ʠ ʨʝʛʠʦʥʘ 8q24 (rs9642880, 

rs13281615, rs1447295) ɼʘʥʥʳʝ ʤʘʨʢʝʨʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʤʝʭʘʥʠʟʤʘʭ 

ʢʘʥʮʝʨʦʛʝʥʝʟʘ, ʘ ʪʘʢʞʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʦʨʛʘʥʠʟʤʘ ʧʦʩʣʝ 

ʛʝʥʦʪʦʢʩʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʢʦʤʧʣʝʢʪʘʮʠʠ 

ʧʘʥʝʣʝʡ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʠʤʤʫʥʦʛʝʥʝʪʠʢʠ ʠ ʦʥʢʦʣʦʛʠʠ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʦʪʜʘʣʝʥʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʧʨʝʜʝʣʝʥʠʝ ʪʘʢʠʭ ʨʠʩʢʦʚ ʜʦʣʞʥʦ 

ʙʳʪʴ ʦʩʥʦʚʘʥʦ ʥʘ ʫʯʝʪʝ ʘʣʣʝʣʝʡ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʦʙʣʫʯʝʥʠʶ ʣʠʙʦ ʩ ʜʦʩʪʦʚʝʨʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʨʘʜʠʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʫ 

ʦʙʣʫʯʝʥʥʳʭ ʣʠʮ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

ʜʘʶʪ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʘʢ ʚ ʦʙʣʘʩʪʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʨʘʧʠʠ ʚ 

ʧʦʩʪʪʨʘʥʩʧʣʘʥʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, ʪʘʢ ʠ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʩʨʝʜʩʪʚ 

ʙʦʨʴʙʳ ʩ ʚʠʨʫʩʥʳʤʠ ʠʥʬʝʢʮʠʷʤʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʥʥʳʝ ʦʙ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʥʝʧʝʨʝʥʦʩʠʤʦʩʪʠ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʪʝʘʟ ɺʀʏ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʦʩʥʦʚʘʥʠʝʤ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʟʥʘʯʝʥʠʷ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʈʦʩʩʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʚ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʤʝʜʠʮʠʥʩʢʠʭ ɺʋɿʦʚ, ʘ ʪʘʢʞʝ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʧʨʦʛʨʘʤʤʳ ʫʯʨʝʞʜʝʥʠʡ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʠ ʧʦʩʣʝʜʠʧʣʦʤʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ. 

 

ʇʆʃʆɾɽʅʀʗ, ɺʓʅʆʉʀʄʓɽ ʅɸ ɿɸʑʀʊʋ 

1. ɺʧʝʨʚʳʝ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ 

ʧʦʧʫʣʷʮʠʦʥʥʦ-ʛʝʥʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʯʝʣʦʚʝʢʘ 
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ʢ ɺʀʏ-ʠʥʬʝʢʮʠʠ; ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʯʘʩʪʦʪ ʘʣʣʝʣʝʡ ʠ ʛʝʥʦʪʠʧʦʚ 

ʦʮʝʥʝʥʳ ʧʦʧʫʣʷʮʠʦʥʥʳʝ ʨʠʩʢʠ, ʦʪʨʘʞʘʶʱʠʝ ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ɺʀʏ-

ʠʥʬʝʢʮʠʠ. 

2. ʇʨʝʜʣʦʞʝʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʦʨʛʘʥʠʟʤʘ ʚ ʫʩʣʦʚʠʷʭ 

ʭʨʦʥʠʯʝʩʢʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʯʘʩʪʦʪ 

ʛʨʫʧʧʦʚʳʭ ʩʧʝʮʠʬʠʯʥʦʩʪʝʡ ʛʝʥʦʚ ʩʠʩʪʝʤʳ HLA ʢʣʘʩʩʘ II  ʫʩʪʘʥʦʚʣʝʥʘ 

ʘʩʩʦʮʠʘʮʠʷ ʛʨʫʧʧʳ ʘʣʣʝʣʝʡ HLA-DRB1*11 ʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʘʩʩʦʮʠʘʮʠʷ SNP-

ʤʘʨʢʝʨʘ rs1799782 ʛʝʥʘ XRCC1 ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʬʝʥʦʪʠʧʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʧʦʚʳʰʝʥʥʦʡ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʢ ʨʘʟʚʠʪʠʶ 

ʦʥʢʦʧʘʪʦʣʦʛʠʡ. ʋʩʪʘʥʦʚʣʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʦʪʣʠʯʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʚ ATM (rs1801516, rs664677) ʠ OGG1 (rs1052133) ʚ 

ʛʨʫʧʧʝ ʣʠʮ ʙʝʟ ʦʥʢʦʧʘʪʦʣʦʛʠʠ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʭʨʦʥʠʯʝʩʢʦʤʫ ʨʘʜʠʘʮʠʦʥʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ, ʘ ʪʘʢʞʝ ʚ ʛʨʫʧʧʝ ʣʠʮ ʩ ʦʥʢʦʧʘʪʦʣʦʛʠʝʡ ʠ ʚ ʛʨʫʧʧʝ 

ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ. 

3. ʈʘʟʨʘʙʦʪʘʥ ʛʝʥʦʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ 

ʧʨʦʪʠʚʦʠʥʬʝʢʮʠʦʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʫ ʧʘʮʠʝʥʪʦʚ ʢʣʠʥʠʢʠ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ 

ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʦʥʠʪʦʨʠʥʛʝ ʧʦʢʘʟʘʪʝʣʝʡ ʚʠʨʫʩʥʦʡ 

ʥʘʛʨʫʟʢʠ. 

4. ʋʩʪʘʥʦʚʣʝʥʳ ʯʘʩʪʦʪʳ ʘʣʣʝʣʝʡ HLA-B*57:01 ʠ HLA-DRB*01, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ ʦʩʪʨʳʭ ʦʩʣʦʞʥʝʥʠʡ ʫ ɺʀʏ-ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ 

ʣʠʮ, ʧʨʠʥʠʤʘʶʱʠʭ ʧʨʝʧʘʨʘʪʳ ɸʙʘʢʘʚʠʨ ʠ ʅʝʚʠʨʘʧʠʥ. 

5. ʄʝʪʦʜ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ ʦʪʙʦʨʝ 

ʘʥʪʠʩʤʳʩʣʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʝʧʘʪʠʪʘ ʉ. 

 

ɸʇʈʆɹɸʎʀʗ ʈɸɹʆʊʓ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʣʦʞʝʥʳ ʥʘ III ʉʲʝʟʜʝ ʆʙʱʝʩʪʚʘ ʙʠʦʪʝʭʥʦʣʦʛʦʚ 

ʈʦʩʩʠʠ ʠʤ. ʖ.ɸ. ʆʚʯʠʥʥʠʢʦʚʘ (2005, ʄʦʩʢʚʘ), XVIII ʠ XIX  ʟʠʤʥʝʡ 

ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʝ ʀɹʍ ʈɸʅ (2005, ʄʦʩʢʚʘ; 2007, ʄʦʩʢʚʘ), 
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ʢʦʥʬʝʨʝʥʮʠʠ Genomics, Proteomics, Bioinformatics and Nanotechnologies for 

Medicine (2006, ʅʦʚʦʩʠʙʠʨʩʢ), ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɻʝʥʝʪʠʢʘ ʚ 

ʈʦʩʩʠʠ ʠ ʤʠʨʝ, ʧʦʩʚʷʱʝʥʥʦʡ 40-ʣʝʪʠʶ ʀʥʩʪʠʪʫʪʘ ʦʙʱʝʡ ʛʝʥʝʪʠʢʠ ʠʤ. ʅ. ʀ. 

ɺʘʚʠʣʦʚʘ ʈɸʅè (2006, ʄʦʩʢʚʘ), ʢʦʥʬʝʨʝʥʮʠʠ Human Genome Meeting (2006, 

ʍʝʣʴʩʠʥʢʠ, ʌʠʥʣʷʥʜʠʷ), VI ʉʲʝʟʜʝ ʘʣʣʝʨʛʦʣʦʛʦʚ ʠ ʠʤʤʫʥʦʣʦʛʦʚ ʉʅɻ (2006, 

ʄʦʩʢʚʘ), ʥʘ 16 ʝʚʨʦʧʝʡʩʢʦʤ ʢʦʥʛʨʝʩʩʝ ʧʦ ʠʤʤʫʥʦʣʦʛʠʠ (2006, ʇʘʨʠʞ, 

ʌʨʘʥʮʠʷ), 21 ʠ 24 ɽʚʨʦʧʝʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʠʤʤʫʥʦʛʝʥʝʪʠʢʝ ʠ 

ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʤʦʩʪʠ (2007, ɹʘʨʩʝʣʦʥʘ, ʀʩʧʘʥʠʷ; 2010, ʌʣʦʨʝʥʮʠʷ, ʀʪʘʣʠʷ), 

I ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʦʩʪʛʝʥʦʤʥʳʝ ʤʝʪʦʜʳ 

ʘʥʘʣʠʟʘ ʚ ʙʠʦʣʦʛʠʠ, ʣʘʙʦʨʘʪʦʨʥʦʡ ʠ ʢʣʠʥʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʝ: ʛʝʥʦʤʠʢʘ, 

ʧʨʦʪʝʦʤʠʢʘ, ʙʠʦʠʥʬʦʨʤʘʪʠʢʘè (2010, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ), ʥʘ ʩʝʤʠʥʘʨʝ ʧʦ 

ʫʨʝʛʫʣʠʨʦʚʘʥʠʶ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʩʢʦʤʫ ʘʚʘʨʠʡʥʦʤʫ 

ʨʝʘʛʠʨʦʚʘʥʠʶ ʚ ʩʣʫʯʘʝ ʘʚʘʨʠʡ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ (2011, ʉʦʯʠ, ʈʦʩʩʠʷ), ʥʘ III  ɽʚʨʦʧʝʡʩʢʦʤ ʩʦʚʝʱʘʥʠʠ çSuccessful 

R&D in Europeè (2011, ɼʶʩʩʝʣʴʜʦʨʬ, ɻʝʨʤʘʥʠʷ), VII ʄʝʞʜʫʥʘʨʦʜʥʦʤ 

ʷʜʝʨʥʦʤ ʬʦʨʫʤʝ çɹʝʟʦʧʘʩʥʦʩʪʴ ʷʜʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï çɸʪʦʤʪʨʘʥʩ ï 2012è (2012, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

ʈʦʩʩʠʷ), ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʌʄɹɸ ʈʦʩʩʠʠ çʄʝʜʠʮʠʥʩʢʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʥʠʢʦʚ ʷʜʝʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚ, ʧʨʝʜʧʨʠʷʪʠʡ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘè (2012, ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ), II 

ʈʦʩʩʠʡʩʢʦʤ ʢʦʥʛʨʝʩʩʝ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʄʦʣʝʢʫʣʷʨʥʳʝ ʦʩʥʦʚʳ 

ʢʣʠʥʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳè (2012, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), 16 ʨʘʙʦʯʝʤ ʩʦʚʝʱʘʥʠʠ ʠ 

ʩʦʚʤʝʩʪʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ɽʚʨʦʧʝʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ʠʤʤʫʥʦʛʝʥʝʪʠʢʦʚ ʠ 

ʙʨʠʪʘʥʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʠʤʤʫʥʦʛʝʥʝʪʠʢʠ (2012, 

ʃʠʚʝʨʧʫʣʴ, ɹʨʠʪʘʥʠʷ), ʥʘ 19 ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ ʧʦ ʚʠʨʫʩʫ ʛʝʧʘʪʠʪʘ 

ʉ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ (2012, ɺʝʥʝʮʠʷ, ʀʪʘʣʠʷ). 

 

ʇʋɹʃʀʂɸʎʀʀ 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 46 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, ʠʟ ʥʠʭ 

14 ʩʪʘʪʝʡ ʚ 10 ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʄʠʥʦʙʨʥʘʫʢʠ ʜʣʷ 
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ʧʫʙʣʠʢʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʜʦʢʪʦʨʩʢʠʭ ʠ ʢʘʥʜʠʜʘʪʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ 

(çʀʤʤʫʥʦʣʦʛʠʷè, çʈʦʩʩʠʡʩʢʠʡ ʘʣʣʝʨʛʦʣʦʛʠʯʝʩʢʠʡ ʞʫʨʥʘʣè, çɼʦʢʣʘʜʳ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢè, çʄʦʣʝʢʫʣʷʨʥʘʷ ʙʠʦʣʦʛʠʷè, çɻʝʥʝʪʠʢʘè, çʂʘʨʜʠʦʣʦʛʠʷè, 

çʄʦʣʝʢʫʣʷʨʥʘʷ ʤʝʜʠʮʠʥʘè, çʇʨʠʢʣʘʜʥʘʷ ʙʠʦʭʠʤʠʷ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʷè, 

çʄʠʢʨʦʙʠʦʣʦʛʠʷè, çʗʜʝʨʥʘʷ ʠ ʨʘʜʠʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè), 7 ʩʪʘʪʝʡ ʚ 

ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, 1 ʤʦʥʦʛʨʘʬʠʷ, 24 ʧʫʙʣʠʢʘʮʠʠ ʚ ʤʘʪʝʨʠʘʣʘʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʠ ʢʦʥʛʨʝʩʩʦʚ. 

 

ɺʅɽɼʈɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ ʈɸɹʆʊʓ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʌɻɹʋ çɻʅʎ ʀʥʩʪʠʪʫʪ 

ʠʤʤʫʥʦʣʦʛʠʠè ʌʄɹɸ ʈʦʩʩʠʠ, ɿɸʆ çʅʇʌ ɼʅʂ-ʊʝʭʥʦʣʦʛʠʷè, ʌɻɹʋ 

çʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʭʠʨʫʨʛʠʠ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɹ.ɺ. ʇʝʪʨʦʚʩʢʦʛʦè 

ʈɸʄʅ.  

 

ʆɹʒɽʄ ʀ ʉʊʈʋʂʊʋʈɸ ɼʀʉʉɽʈʊɸʎʀʀ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 237 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, 

ʩʦʜʝʨʞʠʪ 36 ʪʘʙʣʠʮ ʠ 21 ʨʠʩʫʥʦʢ. ɼʠʩʩʝʨʪʘʮʠʷ ʚʢʣʶʯʘʝʪ ʛʣʘʚʳ: çɺʚʝʜʝʥʠʝè, 

çʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳè, çʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳè, çʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡè, 

çʆʙʩʫʞʜʝʥʠʝè, çɺʳʚʦʜʳè, çʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳè, ʘ ʪʘʢʞʝ ʜʚʘ ʧʨʠʣʦʞʝʥʠʷ. 

ɹʠʙʣʠʦʛʨʘʬʠʷ ʚʢʣʶʯʘʝʪ 435 ʠʩʪʦʯʥʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 42 ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 393 

ʟʘʨʫʙʝʞʥʳʭ. 
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1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 

1.1 ʀʉʊʆʈʀʗ ʈɸɿɺʀʊʀʗ ʇʈɽɼʉʊɸɺʃɽʅʀʁ ʆ ʈʆʃʀ ɻɽʅʆɺ ɺ 

ʌʆʈʄʀʈʆɺɸʅʀʀ ʀʄʄʋʅʆɸʉʉʆʎʀʀʈʆɺɸʅʅʓʍ ʇʈʀɿʅɸʂʆɺ 

ʀʤʤʫʥʠʪʝʪ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʩʚʦʡʩʪʚʦʤ ʤʥʦʛʦʢʣʝʪʦʯʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ, ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠ ʙʝʨʫʱʠʤ ʩʚʦʝ ʥʘʯʘʣʦ, ʢʘʢ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʥʘʷ 

ʩʠʩʪʝʤʘ (ʚʢʣʶʯʘʶʱʘʷ ʨʘʟʣʠʯʥʳʝ ʘʥʘʪʦʤʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʧʨʦʜʫʢʮʠʠ 

T- ʠ B-ʧʦʜʦʙʥʳʭ ʢʣʝʪʦʢ), ʝʱʝ ʫ ʙʝʩʯʝʣʶʩʪʥʳʭ (Bajoghli, Guo et al. 2011). 

ʕʚʦʣʶʮʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʦʜʦʣʞʘʚʰʘʷʩʷ ʚ ʨʷʜʫ ʧʦʟʚʦʥʦʯʥʳʭ ʚʧʣʦʪʴ 

ʜʦ ʯʝʣʦʚʝʢʘ, ʧʨʠʚʝʣʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʠ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʯʨʝʟʚʳʯʘʡʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʟʘʱʠʪʫ 

ʦʨʛʘʥʠʟʤʘ ʦʪ ʬʘʢʪʦʨʦʚ ʠʥʬʝʢʮʠʦʥʥʦʡ ʧʨʠʨʦʜʳ, ʘ ʪʘʢʞʝ ʦʪ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʣʠʷʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ, ʠʣʠ ʤʫʪʠʨʦʚʘʚʰʠʭ ʘʥʪʠʛʝʥʦʚ 

(ʍʘʠʪʦʚ 2005). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʘʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʛʦʤʝʦʩʪʘʟʘ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʫʩʣʦʚʠʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. 

ʀʤʝʥʥʦ ʟʥʘʯʠʤʦʩʪʴʶ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ 

ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʠ ʠ ʩʤʝʞʥʳʭ ʩ ʥʝʡ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʜʠʩʮʠʧʣʠʥ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʙʣʘʛʦʜʘʨʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ 

ʚʳʧʦʣʥʝʥʘ ʩ ʩʝʨʝʜʠʥʳ 20 ʩʪʦʣʝʪʠʷ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʠʥʬʝʢʮʠʡ, ʟʘʣʦʞʝʥʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʦʣʠ 

ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʧʨʦʮʝʩʩʘʭ ʢʘʥʮʝʨʦʛʝʥʝʟʘ ʠ ʘʫʪʦʠʤʤʫʥʥʦʡ ʧʘʪʦʣʦʛʠʠ, 

ʫʩʪʘʥʦʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʢʣʝʪʦʯʥʦʛʦ ʠ ʛʫʤʦʨʘʣʴʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, 

ʨʘʩʢʨʳʪʳ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʥʠʢʘʣʴʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʨʝʮʝʧʪʦʨʦʚ ʠ 

ʤʝʜʠʘʪʦʨʦʚ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ (ʪʘʙʣ. 1).  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʠʤʫʥʦʣʦʛʠʠ ʚ 

ʥʘʰʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʠʤʤʫʥʦʛʝʥʝʪʠʢʘ ï ʥʘʫʢʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʠʟʫʯʝʥʠʝ 

ʛʝʥʝʪʠʯʝʩʢʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʟʘʙʦʣʝʚʘʥʠʷʤ. 
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ʊʘʙʣ. 1. ʆʩʥʦʚʥʳʝ ʦʪʢʨʳʪʠʷ, ʧʦʩʣʫʞʠʚʰʠʝ ʨʘʟʚʠʪʠʶ ʠʤʤʫʥʦʣʦʛʠʠ ʠ 

ʠʤʤʫʥʦʛʝʥʝʪʠʢʠ 

ɻʦʜ ʆʪʢʨʳʪʠʝ ɸʚʪʦʨ  r

1880-1881 ʊʝʦʨʠʷ ʚʘʢʮʠʥʘʮʠʠ Louis Pasteur, Jenner 

Edward (Pasteur 

1881). 

1883-1905 ʊʝʦʨʠʷ ʬʘʛʦʮʠʪʦʟʘ (ʥʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ 

1908 ʛʦʜʘ) 

ʀʣʴʷ ʄʝʯʥʠʢʦʚ 

Paul Ehrlich* 

1890 ʊʝʦʨʠʷ ʛʫʤʦʨʘʣʴʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ Emil von Behring, 

(von Behring 1890) 

1896 ʆʪʢʨʳʪʠʝ ʢʦʤʧʣʝʤʝʥʪʘ (ʥʦʙʝʣʝʚʩʢʘʷ 

ʧʨʝʤʠʷ 1919 ʛʦʜʘ) 

Jules Bordet* 

1902 ʅʝʤʝʜʣʝʥʥʘʷ ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, 

(ʥʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ 1913 ʛʦʜʘ) 

Charles R. Richet*  

1902 ʇʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʜʘʥʥʳʝ ʦ 

ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʝ ʨʘʢʘ 

Theodor Boveri 

(Boveri 1914) 

1909 ʊʝʦʨʠʷ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʜʟʦʨʘ ʟʘ 

ʦʧʫʭʦʣʴʶ 

Paul Ehrlich (Ehrlich 

1909) 

1938 ɻʠʧʦʪʝʟʘ ʦ ʩʚʷʟʳʚʘʥʠʠ ʘʥʪʠʛʝʥʘ ʠ 

ʘʥʪʠʪʝʣʘ 

John Marrack 

(Marrack 1955) 

1946 ʆʪʢʨʳʪʠʝ MHC ʫ ʤʳʰʝʡ George Snell, Peter 

Gorer (Gorer 1948). 

1949  ʊʝʦʨʠʷ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʣʝʨʘʥʪʥʦʩʪʠ Frank Fenner, 

Macfarlane Burnet  

(Burnet 1949) 

1957 ʊʝʦʨʠʷ ʢʣʦʥʘʣʴʥʦʡ ʩʝʣʝʢʮʠʠ 

(ʥʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ 1984 ʛʦʜʘ) 

Niels K. Jerne, 

Georges J.F. Kºhler, 

C®sar Milstein* 
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ʊʘʙʣ. 1. ʇʨʦʜʦʣʞʝʥʠʝ. 

ɻʦʜ ʆʪʢʨʳʪʠʝ ɸʚʪʦʨʳ 

1958-1962 ʆʪʢʨʳʪʠʝ HLA (ʥʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ 1980 

ʛʦʜʘ) 

Baruj Benacerraf, 

Jean Dausset, George 

D. Snell* 

1961-1962 ʆʧʨʝʜʝʣʝʥʘ ʨʦʣʴ ʪʠʤʫʩʘ ʚ ʢʣʝʪʦʯʥʦʤ 

ʠʤʤʫʥʠʪʝʪʝ 

Jacques Miller 

(Miller 1959). 

1972 ʉʪʨʫʢʪʫʨʘ ʘʥʪʠʪʝʣʘ (ʥʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ 

1972 ʛʦʜʘ) 

Gerald M. Edelman, 

Rodney R. Porter*  

1973 ʆʪʢʨʳʪʠʝ ʜʝʥʜʨʠʪʥʳʭ ʢʣʝʪʦʢ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʠʭ 

ʘʥʪʠʛʝʥ ʧʨʝʟʝʥʪʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ 

(ʥʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ 2011 ʛʦʜʘ) 

Bruce A. Beutler, 

Jules A. Hoffmann, 

Ralph M. Steinman* 

1974 ʊʝʦʨʠʷ çʜʚʦʡʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷè. 

(ʥʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ 1996 ʛʦʜʘ) 

Peter C. Doherty, 

Rolf M. Zinkernagel* 

1975 ʆʪʢʨʳʪʠʝ NK-ʢʣʝʪʦʢ Rolf Kiessling, Eva 

Klein, Hans Wigzell 

(Kiessling, Klein et 

al. 1975). 

1976 ʆʪʢʨʳʪʠʝ ʩʦʤʘʪʠʯʝʩʢʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ 

ʛʝʥʘʭ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ (ʥʦʙʝʣʝʚʩʢʘʷ 

ʧʨʝʤʠʷ 1987 ʛʦʜʘ) 

Susumu Tonegawa* 

1981 ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ çʬʝʥʦʪʠʧʠʯʝʩʢʦʡ 

ʢʦʨʨʝʢʮʠʠ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘè 

ʈ. ɺ. ʇʝʪʨʦʚ, ʈ. ʄ. 

ʍʘʠʪʦʚ (ʇʝʪʨʦʚ 

ʍʘʠʪʦʚ 1981) 

 



27 

 

ʊʘʙʣ. 1. ʇʨʦʜʦʣʞʝʥʠʝ. 

ɻʦʜ ʆʪʢʨrʪʠʝ ɸʚʪʦʨʳ 

1983 ʆʪʢʨʳʪʠʝ TCR Ellis Reinherz, 

Philippa Marrack, 

John Kappler 

(Kappler, Kubo et al. 

1983, Meuer, Cooper 

et al. 1983). 

1983 ʆʪʢʨʳʪʠʝ ɺʀʏ (ʥʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ 2008 

ʛʦʜʘ) 

Harald zur Hausen, 

Fran­oise Barr®-

Sinoussi, Luc 

Montagnier* 

1986 ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ Th1 ʠ 

Th2 ʦʪʚʝʪʝ 

Timothy Mosmann 

(Mosmann and 

Coffman 1989). 

1988 ʆʪʢʨʳʪʠʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʘʢʪʠʚʘʪʦʨʦʚ ʊ-

ʢʣʝʪʦʢ: CD4- ʠ CD8- ʢʦʤʧʣʝʢʩʳ 

Christopher Rudd 

(Rudd 1988). 

1987 ʆʪʢʨʳʪʠʝ ʧʝʨʚʳʭ ʭʝʤʦʢʠʥʦʚ Edward Leonard, 

Teizo Yoshimura, 

Marco Baggiolini 

(Walz, Peveri et al. 

1987, Yoshimura, 

Robinson et al. 1989). 

1991 ʈʦʣʴ ʧʝʧʪʠʜʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ 

MHC ʢʣʘʩʩʘ II 

Scheherazade 

Sadegh-Nasseri, 

Ronald Germain 

(Sadegh-Nasseri and 

Germain 1991). 
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ʊʘʙʣ. 1. ʇʨʦʜʦʣʞʝʥʠʝ. 

ɻʦʜ ʆʪʢʨʳʪʠʝ ɸʚʪʦʨʳ 

1992 ʂʣʦʥʠʨʦʚʘʥʠʝ ʣʠʛʘʥʜʘ CD40 ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʨʦʣʠ ʚ ʊ-ʟʘʚʠʩʠʤʦʡ 

ʘʢʪʠʚʘʮʠʠ B-ʢʣʝʪʦʢ 

Richard Armitage 

(Armitage, Fanslow 

et al. 1992). 

1996-1998 ʆʪʢʨʳʪʠʝ ʪʦʣʣ-ʣʘʡʢ ʨʝʮʝʧʪʦʨʦʚ 

(ʥʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ 2011 ʛʦʜʘ) 

Bruce A. Beutler, 

Jules A. Hoffmann, 

Ralph M. Steinman* 

2001 ʆʢʦʥʯʘʥʠʝ ʧʨʦʝʢʪʘ çɻʝʥʦʤ ʯʝʣʦʚʝʢʘè Craig Venter (Venter, 

Adams et al. 2001). 

* ʇʦ ʜʘʥʥʳʤ ʩʘʡʪʘ www.nobelprize.org 

 

1.1.1 çɼʦʛʝʥʦʤʥʳʡè ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ 

ʠʤʤʫʥʦʣʦʛʠʠ 

ʆʩʥʦʚʳ çʛʝʥʝʪʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷè ʚ ʠʤʤʫʥʦʣʦʛʠʠ ʙʳʣʠ ʟʘʣʦʞʝʥʳ 

ʝʱʝ ʥʘ ʨʫʙʝʞʝ XIX -XX ʚʝʢʦʚ. ʊʘʢ ʚ 1915 ʛʦʜʫ ʧʨʦʬʝʩʩʦʨʦʤ ʊʠʟʟʝʨʦʤ (Tyzzer 

E.E.), ʧʨʦʚʦʜʠʚʰʠʤ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʥʙʨʝʜʥʳʤʠ ʣʠʥʠʷʤʠ ʷʧʦʥʩʢʠʭ 

ʪʘʥʮʫʶʱʠʭ ʤʳʰʝʡ (Mus bactrianus), ʙʳʣʘ ʚʳʩʢʘʟʘʥʘ ʤʳʩʣʴ ʦ ʨʝʰʘʶʱʝʡ 

ʨʦʣʠ ʥʘʩʣʝʜʫʝʤʳʭ ʬʘʢʪʦʨʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʘʤ ʦʧʫʭʦʣʝʡ (Little and Tyzzer 1916, ɸʚʝʨʙʘʭ, ʄʦʨʦʟ ʠ ʜʨ. 

1985). ɸʥʘʣʦʛʠʯʥʳʝ ʠʜʝʠ ʧʦʣʫʯʠʣʠ ʨʘʟʚʠʪʠʝ ʚ ʨʷʜʝ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʠʤʤʫʥʦʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ʢ 

ʠʥʬʝʢʮʠʦʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ. ʊʘʢ Heidelberger ʠ Avery ʚ 1923 ʛʦʜʫ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʩʧʝʮʠʬʠʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʠʨʫʣʝʥʪʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʥʝʚʤʦʢʦʢʢʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʫʤʷ ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ 

ʠʭ ʦʙʦʣʦʯʢʠ (Heidelberger and Avery 1923). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʨʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʧʝʨʚʳʝ ʧʦʩʪʫʣʠʨʦʚʘʣʠ ʩʚʷʟʴ ʤʝʞʜʫ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʘʥʪʠʛʝʥʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ. ʋʞʝ ʪʦʛʜʘ Heidelberger 

ʫʢʘʟʳʚʘʣ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ 
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ʦʧʨʝʜʝʣʝʥʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʨʘʟʚʠʪʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʠʧʘ ʨʝʘʢʮʠʠ 

(Irwin 1974). 

ɺʦʧʨʦʩ ʦʙ ʫʯʘʩʪʠʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʤʤʫʥʥʦʛʦ 

ʦʪʚʝʪʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ʙʳʣ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʙʩʫʞʜʝʥ ʚ ʨʘʙʦʪʝ Schott 

R.G. ɺ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʤʳʰʘʭ ʘʚʪʦʨ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʞʠʚʦʪʥʳʭ ʢ Salmonella aertrycke ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʘ ʧʫʪʝʤ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʢʨʝʱʠʚʘʥʠʷ (Schott 1932). ʂʨʦʤʝ ʪʦʛʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʠʟʥʘʢ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʳʰʝʡ ʢ ʠʥʬʝʢʮʠʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ 

çʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘʩʣʝʜʫʝʤʳʭ ʬʘʢʪʦʨʦʚè ʠ ʧʝʨʝʜʘʝʪʩʷ ʚ ʨʷʜʫ ʧʦʢʦʣʝʥʠʡ ʧʦ 

ʜʦʤʠʥʘʥʪʥʦʤʫ ʧʨʠʥʮʠʧʫ. ʇʦʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʦʧʠʩʘʥʳ ʜʣʷ ʢʨʳʩ, ʢʫʨ ʠ 

ʢʨʦʣʠʢʦʚ (Irwin 1929, Cole 1930). 

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʢʦʥʮʝʧʮʠʠ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʠʥʬʝʢʮʠʷʤ ʩʪʘʣʦ ʦʪʢʨʳʪʠʝ ʤʦʥʦʛʝʥʥʦʛʦ ʠ 

ʧʦʣʠʛʝʥʥʦʛʦ ʥʘʩʣʝʜʦʚʘʥʠʷ. ʊʘʢ Webster ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʨʠʚʝʣ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʫʯʘʩʪʠʷ ʤʥʦʛʠʭ çʛʝʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚè 

(ʛʝʥʦʚ) ʚ ʨʘʟʚʠʪʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʠʥʬʝʢʮʠʠ ʧʘʨʘʪʠʬʦʠʜʥʦʛʦ ʵʥʪʝʨʠʪʘ ʫ 

ʤʳʰʝʡ (Webster and Pritchett 1924, Webster 1925, Webster 1933). ʇʦʟʞʝ, 

ʠʩʩʣʝʜʫʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʨʦʣʠʢʦʚ ʢ ʠʥʬʝʢʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʤʫ 

ʧʨʝʨʳʚʘʥʠʶ ʙʝʨʝʤʝʥʥʦʩʪʠ, Manresa ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʯʘʩʪʠʷ ʦʜʥʦʛʦ ʛʝʥʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʧʨʠʟʥʘʢʘ (Manresa 1932). 

ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʫʢʣʘʜʳʚʘʣʠʩʴ ʚ ʪʝʦʨʠʶ ʥʘʩʣʝʜʦʚʘʥʠʷ ʧʨʠʟʥʘʢʦʚ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʫʶ ɻʨʝʛʦʨʦʤ ʄʝʥʜʝʣʝʤ ʠ ʊʝʦʜʦʨʦʤ ɹʦʚʝʨʠ ʠ ʩʣʫʞʠʣʠ 

ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʤʤʫʥʦʣʦʛʠʠ. 

ʉʣʝʜʫʶʱʠʤ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʠʤʤʫʥʦʛʝʥʝʪʠʢʠ ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʩʪʘʣʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʘʥʪʠʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʨʝʘʢʮʠʠ ʛʝʤʘʛʛʣʶʪʠʥʘʮʠʠ. ʉʦʙʩʪʚʝʥʥʦ ʪʝʨʤʠʥ çʠʤʤʫʥʦʛʝʥʝʪʠʢʘè ʙʳʣ 

ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʘʙʦʪʝ Irwin ʠ Cole, ʧʦʩʚʷʱʝʥʥʦʡ ʦʧʨʝʜʝʣʝʥʠʶ ʚʠʜʦʚ 

ʛʦʣʫʙʝʡ ʩ ʧʦʤʦʱʴʶ ʘʥʪʠʛʣʦʙʫʣʠʥʦʚʦʡ ʩʳʚʦʨʦʪʢʠ (Irwin 1936). 

ɸʥʪʠʩʳʚʦʨʦʪʢʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʢʨʦʣʠʢʘʤ ʦʯʠʱʝʥʥʳʭ 

ʵʨʠʪʨʦʮʠʪʦʚ ʛʦʣʫʙʝʡ. ɼʘʣʝʝ ʧʫʪʝʤ ʥʘʟʥʘʯʝʥʠʷ ʘʥʪʠʩʳʚʦʨʦʪʦʢ 
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ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʛʦʣʫʙʝʡ ʠ ʠʭ ʛʠʙʨʠʜʦʚ ʘʚʪʦʨʘʤʠ ʙʳʣ 

ʫʩʪʘʥʦʚʣʝʥ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʘʥʪʠʛʝʥʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʨʠʪʨʦʮʠʪʦʚ, ʘ ʪʘʢʞʝ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦʙ ʠʭ ʥʘʩʣʝʜʫʝʤʦʩʪʠ.  

ɿʘʪʝʤ ʇʠʪʝʨʦʤ ɻʦʨʝʨʦʤ (Peter A. Gorer) ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʘʙʦʪʳ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʤʳʰʘʭ (Schutze, Gorer et al. 

1936). ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʦʥ ʚʳʜʝʣʠʣ ʪʨʠ ʘʥʪʠʛʝʥʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣ 

ʩʧʝʮʠʬʠʯʝʥ ʦʧʨʝʜʝʣʝʥʥʦʡ ʣʠʥʠʠ ʤʳʰʝʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʧʝʨʝʩʘʜʢʝ 

ʦʧʫʭʦʣʝʡ ʦʥ ʚʳʷʩʥʠʣ, ʯʪʦ ʦʜʠʥ ʠʟ ʘʥʪʠʛʝʥʦʚ (ʘʥʪʠʛʝʥ II) ʜʦʩʪʦʚʝʨʥʦ 

ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʞʠʚʦʪʥʳʭ ʢ ʨʘʟʚʠʪʠʶ ʦʧʫʭʦʣʠ. ɺ ʭʦʜʝ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʥʪʠʩʳʚʦʨʦʪʢʘ ʢ ʘʥʪʠʛʝʥʫ II  ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʭ ʘʣʣʝʣʝʡ ʢʦʜʠʨʫʶʱʝʛʦ ʘʥʪʠʛʝʥʳ ʣʦʢʫʩʘ, ʥʘʟʚʘʥʥʦʛʦ 2 

ʣʦʢʫʩʦʤ ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʦʩʪʠ (H2) (Gorer 1948). 

ʆʪʢʨʳʪʠʝ ʚ 1958 ʛʦʜʫ ɾʘʥʦʤ ɼʦʩʩʝ, ʁʦʥʦʤ ʚʘʥ ʈʫʜʦʤ ʠ ʈʦʫʟ ʇʝʡʥ 

(Jean Dausset, Jon van Rood, Rose Payne) ʘʥʘʣʦʛʠʯʥʦʡ ʩʠʩʪʝʤʳ ʫ ʯʝʣʦʚʝʢʘ 

ʧʨʠʚʝʣʦ ʢ ʥʘʩʪʦʷʱʝʤʫ ʙʫʤʫ ʚ ʦʙʣʘʩʪʠ ʠʤʤʫʥʦʛʝʥʝʪʠʢʠ. ɿʘ ʧʦʩʣʝʜʫʶʱʠʝ 20 

ʣʝʪ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʧʦʣʠʤʦʨʬʠʟʤʝ 

ʩʠʩʪʝʤʳ HLA. ʀʤʝʥʥʦ ʚ çʜʦʛʝʥʦʤʥʳʡè ʧʝʨʠʦʜ ʠʟʫʯʝʥʠʷ HLA (1960-1980 ʛʛ.) 

ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʬʫʥʢʮʠʠ 

HLA-ʘʥʪʠʛʝʥʦʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʘ ʠʭ ʨʦʣʴ ʚ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʪʢʘʥʝʡ 

(Svejgaard, Hauge et al. 1975, van Rood, van Leeuwen et al. 1977). ɹʦʣʝʝ ʪʦʛʦ, 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʘʮʠʝʥʪʦʚ ʧʨʠʚʝʣʦ ʢ ʧʦʥʠʤʘʥʠʶ ʢʨʠʪʠʯʝʩʢʦʡ 

ʨʦʣʠ HLA-ʬʝʥʦʪʠʧʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʟʘʙʦʣʝʚʘʥʠʷʤ (ʪʘʙʣ. 2) (Dausset 1977). 

ɺʘʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʛʣʘʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʚʷʟʠ ʤʦʣʝʢʫʣ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʬʝʥʦʪʠʧʘ ʩ 

ʨʘʟʚʠʪʠʝʤ ʠʤʫʥʦʟʘʚʠʩʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʙʳʣʘ ʦʯʝʚʠʜʥʘ. ʆʜʥʘʢʦ ʥʠ ʦʜʥʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʤʠʨʝ ʙʳʣʦ ʥʝ ʧʦʜ ʩʠʣʫ ʫʩʪʘʥʦʚʠʪʴ ʚʩʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʩʪʦʣʴ ʧʦʣʠʤʦʨʬʥʫʶ ʩʠʩʪʝʤʫ. ʕʪʦ 

ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʦʚʤʝʩʪʥʳʭ ʤʝʞʣʘʙʦʨʘʪʦʨʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦ 

ʠʟʫʯʝʥʠʶ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. ʂʦʥʩʦʣʠʜʘʮʠʷ ʨʘʙʦʪʳ ʠ ʨʝʛʫʣʷʨʥʳʡ ʦʙʤʝʥ 
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ʦʧʳʪʦʤ ʧʨʠʚʝʣʠ ʢ ʙʳʩʪʨʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʩʚʝʜʝʥʠʡ ʦ ʰʠʨʦʯʘʡʰʝʤ 

ʧʦʣʠʤʦʨʬʠʟʤʝ ʵʪʦʡ ʩʠʩʪʝʤʳ. 

 

ʊʘʙʣ. 2. ɼʘʥʥʳʝ ʦʙ ʘʩʩʦʮʠʘʮʠʠ HLA ʩ ʨʷʜʦʤ ʟʘʙʦʣʝʚʘʥʠʡ, ʥʘʢʦʧʣʝʥʥʳʝ ʩ 1973 

ʧʦ 1985 ʛ. (Tiwari 1985) 

ɿʘʙʦʣʝʚʘʥʠʝ ɸʥʪʠʛʝʥ ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʨʠʩʢ  

ʅʘʨʢʦʣʝʧʩʠʷ DR2 130 

ɸʥʢʠʣʦʟʠʨʫʶʱʠʡ 

ʩʧʦʥʜʠʣʦʘʨʪʨʠʪ 

(ʙʦʣʝʟʥʴ ɹʝʭʪʝʨʝʚʘ) 

B27 69 

ɹʦʣʝʟʥʴ ʈʝʡʪʝʨʘ B27 37 

ɹʦʣʝʟʥʴ ɼʶʨʠʥʛʘ DR3 17 

ʇʫʟʳʨʯʘʪʢʘ DR4 15 

ɻʣʶʪʝʥʦʚʘʷ 

ʵʥʪʝʨʦʧʘʪʠʷ (ʮʝʣʠʘʢʠʷ) 

DR3 12 

ʇʩʦʨʠʘʟ Cw6 8 

ɻʝʤʦʭʨʦʤʘʪʦʟ A3 7 

ʉʠʥʜʨʦʤ ʐʝʛʨʝʥʘ DR3 6 

ʈʝʚʤʘʪʦʠʜʥʳʡ ʘʨʪʨʠʪ DR4 5 

ɹʦʣʝʟʥʴ ɹʝʭʯʝʪʘ B5 5 

ɼʠʬʬʫʟʥʳʡ 

ʪʦʢʩʠʯʝʩʢʠʡ ʟʦʙ 

(ʙʦʣʝʟʥʴ ɻʨʝʡʚʩʘ) 

DR3 4 

ʉʘʭʘʨʥʳʡ ʜʠʘʙʝʪ 1 ʪʠʧʘ DR4 4 

ʄʠʘʩʪʝʥʠʷ B8 3 

 

ɺʘʞʥʦʡ ʯʘʩʪʴʶ, ʥʝʜʦʩʪʘʶʱʝʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʱʝʡ ʢʘʨʪʠʥʳ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ HLA, ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʩʤʳʩʣʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʪʦʣʴ ʩʣʦʞʥʦʡ ʚ ʛʝʥʝʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʩʠʩʪʝʤʳ.  
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ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʜʝʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣʘ ʚʳʩʢʘʟʘʥʘ 

Lawrence H.W. ʚ 1959 ʛʦʜʫ (Lawrence 1959). ʆʥ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʤʦʣʝʢʫʣʳ 

HLA ʬʦʨʤʠʨʫʶʪ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʠʥʬʝʢʮʠʦʥʥʳʤʠ ʘʛʝʥʪʘʤʠ ʠ 

ʩʪʠʤʫʣʠʨʫʶʪ ʵʢʩʧʨʝʩʩʠʶ ʨʘʩʧʦʟʥʘʶʱʝʛʦ ʠʭ ʨʝʮʝʧʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʠʤʬʦʮʠʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʠʤʦʨʬʠʟʤ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ ʧʨʦʮʝʩʩʦʤ 

ʧʨʝʟʝʥʪʘʮʠʠ ʘʥʪʠʛʝʥʥʳʭ ʜʝʪʝʨʤʠʥʘʥʪ. ʕʪʘ ʠʜʝʷ ʥʘʰʣʘ ʨʘʟʚʠʪʠʝ ʚ ʨʘʙʦʪʘʭ 

ʰʚʝʡʮʘʨʩʢʦʛʦ ʠʤʤʫʥʦʣʦʛʘ ʈʦʣʴʬʘ ʎʠʥʢʝʨʥʘʛʝʣʷ ʠ ʝʛʦ ʘʚʩʪʨʘʣʠʡʩʢʦʛʦ 

ʢʦʣʣʝʛʠ ʇʠʪʝʨʘ ɼʦʵʨʪʠ. ɺ 1974 ʛʦʜʫ ʠʤʠ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʬʝʥʦʤʝʥ çʜʚʦʡʥʦʛʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷè ʯʫʞʝʨʦʜʥʳʭ ʠʤʤʫʥʦʛʝʥʥʳʭ ʧʝʧʪʠʜʦʚ. ɺ ʩʝʨʠʠ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ʧʦ ʦʮʝʥʢʝ ʦʪʚʝʪʘ ʥʘ ʠʥʬʠʮʠʨʦʚʘʥʠʝ ʚʠʨʫʩʦʤ LCMV 

ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʦʪ ʤʦʣʝʢʫʣ MHC ʢʣʘʩʩʘ I 

(Zinkernagel and Doherty 1974). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʮʝʧʪʦʨʳ ʊ-ʢʣʝʪʦʢ 

ʩʧʝʮʠʬʠʯʝʩʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʢʘʢ ʩ ʠʤʤʫʥʦʛʝʥʥʳʤ ʧʝʧʪʠʜʦʤ, ʪʘʢ ʠ ʩ 

ʩʘʤʦʡ ʤʦʣʝʢʫʣʦʡ MHC.  

ɺ ʪʝ ʞʝ ʛʦʜʳ, ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ ʇʘʤʝʣʳ ɹʴʝʨʢʤʘʥ. ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʪʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʝʣʢʦʚ ʢʦʤʧʣʝʢʩʘ MHC ʢʣʘʩʩʘ I (Bjorkman, Saper et al. 

1987). ʕʪʦ ʧʨʦʣʠʣʦ ʩʚʝʪ ʥʘ ʪʦʥʢʠʝ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠʤʤʫʥʦʛʝʥʥʳʭ ʧʝʧʪʠʜʦʚ ʠ ʤʦʣʝʢʫʣ ʛʣʘʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʦʩʪʠ. 

ʉʪʘʣʦ ʧʦʥʷʪʥʦ, ʯʪʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʪʦʪ ʠʣʠ ʠʥʦʡ 

ʠʤʫʥʦʜʦʤʠʥʘʥʪʥʳʡ ʧʝʧʪʠʜ ʚ ʘʥʪʠʛʝʥ-ʩʚʷʟʳʚʘʶʱʝʡ ʙʦʨʦʟʜʢʝ 

ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ ʥʠʤ ʤʦʣʝʢʫʣʳ MHC ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʫʯʘʩʪʢʠ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩ ʵʪʠʤ ʧʝʧʪʠʜʦʤ. ʀʤʝʥʥʦ ʵʪʦʪ ʬʝʥʦʤʝʥ ʦʧʨʝʜʝʣʷʝʪ 

ʫʥʠʢʘʣʴʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ ʛʝʥʦʚ HLA ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʨʦʣʠ HLA ʚ ʨʘʟʚʠʪʠʠ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʠʥʬʝʢʮʠʦʥʥʳʝ ʘʛʝʥʪʳ, ʨʘʟʚʠʚʘʣʦʩʴ ʥʘʧʨʘʚʣʝʥʠʝ, 

ʠʩʩʣʝʜʫʶʱʝʝ ʨʦʣʴ HLA ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʧʫʣʷʮʠʦʥʥʦ-ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʦʚ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʚʳʨʘʞʝʥʥʦʩʪʠ ʘʩʩʦʮʠʘʮʠʡ 

ʢʦʥʢʨʝʪʥʳʭ HLA-ʘʥʪʠʛʝʥʦʚ ʩ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʟʘʤʝʪʥʦ ʚʘʨʴʠʨʫʝʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʦʚʦʡ ʠ/ʠʣʠ ʵʪʥʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʙʩʣʝʜʫʝʤʦʡ 

ʛʨʫʧʧʳ (Thorsby 1974, Bodmer 1975). 
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ʕʪʠ ʜʘʥʥʳʝ ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʠʟʫʯʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ HLA-ʧʦʣʠʤʦʨʬʠʟʤʘ ʚ ʨʘʟʣʠʯʥʳʭ ʵʪʥʠʯʝʩʢʠʭ 

ʛʨʫʧʧʘʭ. ɺʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʙʦʙʱʝʥʳ ʥʘ 11 

ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʨʘʙʦʯʝʤ ʩʦʚʝʱʘʥʠʠ ʧʦ ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʛ. ʁʦʢʦʛʘʤʘ, 

ʗʧʦʥʠʷ). ɺ ʨʘʙʦʪʝ ʩʦʚʝʱʘʥʠʷ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 524 

ʣʘʙʦʨʘʪʦʨʠʡ ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʠʟ ʀʥʩʪʠʪʫʪʘ ʠʤʤʫʥʦʣʦʛʠʠ (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʌɻɹʋ ɻʅʎ çʀʥʩʪʠʪʫʪ ʠʤʤʫʥʦʣʦʛʠʠè ʌʄɹɸ ʈʦʩʩʠʠ). ɿʘ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ 

ʚ ʨʘʟʚʠʪʠʝ ʥʘʧʨʘʚʣʝʥʠʷ çHLA ʠ ʘʥʪʨʦʧʦʣʦʛʠʷè ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʀʥʩʪʠʪʫʪʘ 

ʙʳʣʘ ʚʨʫʯʝʥʘ ʤʝʜʘʣʴ. 

ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ 11 ʩʦʚʝʱʘʥʠʷ ʧʦ ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ʩʪʘʣʘ ʰʠʨʦʢʘʷ ʧʨʝʟʝʥʪʘʮʠʷ ʤʝʪʦʜʘ ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʢʚʝʥʩ-ʩʧʝʮʠʬʠʯʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ ʧʨʦʙ (PCR-

SSOP), ʢʘʢ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʪʠʧʠʨʦʚʘʥʠʶ HLA. ʂʨʦʤʝ ʪʦʛʦ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʜʨʫʛʠʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʦʜʭʦʜʳ ʢ ɼʅʂ-ʪʠʧʨʦʚʘʥʠʶ HLA, ʚ 

ʪʦʤ ʯʠʩʣʝ: ʦʙʨʘʪʥʳʡ ʜʦʪ-ʙʣʦʪ, ʘʥʘʣʠʟ ʧʦʣʠʤʦʨʬʠʟʤʘ ʜʣʠʥ ʨʝʩʪʨʠʢʮʠʦʥʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ (PCR-RFLP), ʬʦʨʤʠʨʦʚʘʥʠʝ ʇʎʈ-ʛʝʪʝʨʦʜʫʧʣʝʢʩʦʚ, ʘʥʘʣʠʟ 

ʢʦʤʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ 

(SSCP). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʦʚʝʱʘʥʠʷ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʨʠʥʷʪʴ ʥʦʚʫʶ 

ʥʦʤʝʥʢʣʘʪʫʨʫ HLA-ʩʧʝʮʠʬʠʯʥʦʩʪʝʡ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʠʭ ʢʦʨʨʝʣʷʮʠʠ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ (www.ihiwg.org). ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʟʚʘʥʠʝ ʘʣʣʝʣʷ HLA ʚʢʣʶʯʘʝʪ ʢʘʢ ʤʠʥʠʤʫʤ ʯʝʪʳʨʝ 

ʮʠʬʨʳ ʠ ʨʘʟʜʝʣʷʝʪʩʷ ʜʚʦʝʪʦʯʠʷʤʠ. ʎʠʬʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʜʦ ʧʝʨʚʦʛʦ 

ʜʚʦʝʪʦʯʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʦʟʥʘʯʘʶʪ ʛʨʫʧʧʫ ʘʣʣʝʣʝʡ, ʢʦʜʠʨʫʶʱʠʭ ʘʥʪʠʛʝʥ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʩʝʨʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɺʪʦʨʦʡ ʥʘʙʦʨ ʮʠʬʨ ʧʨʠʟʚʘʥ 

ʦʪʣʠʯʘʪʴ ʘʣʣʝʣʠ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʥʝʩʠʥʦʥʠʤʠʯʥʳʤʠ (ʧʨʠʚʦʜʷʱʠʤʠ ʢ ʟʘʤʝʥʝ 

ʘʤʠʥʦʢʠʩʣʦʪ) ʟʘʤʝʥʘʤʠ ʥʫʢʣʝʦʪʠʜʦʚ. ɸʣʣʝʣʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʪʦʣʴʢʦ 

ʩʠʥʦʥʠʤʠʯʥʳʤʠ (ʥʝ ʚʣʠʷʶʱʠʤʠ ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʙʝʣʢʘ) ʟʘʤʝʥʘʤʠ, ʦʧʨʝʜʝʣʝʥʳ ʪʨʝʪʴʠʤ ʥʘʙʦʨʦʤ ʮʠʬʨ. ʏʝʪʚʝʨʪʳʡ ʥʘʙʦʨ ʮʠʬʨ 

ʦʧʨʝʜʝʣʷʝʪ ʘʣʣʝʣʠ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 5ô ʠ 3ô-

ʥʝʢʦʣʠʨʫʶʱʠʭ ʦʙʣʘʩʪʝʡ, ʘ ʪʘʢʞʝ ʠʥʪʨʦʥʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʮʠʬʨʦʚʳʤ 
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ʦʙʦʟʥʘʯʝʥʠʷʤ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʙʫʢʚʝʥʥʳʝ ʩʫʬʬʠʢʩʳ, ʦʪʨʘʞʘʶʱʠʝ 

ʵʢʩʧʨʝʩʩʠʦʥʥʳʡ ʩʪʘʪʫʩ (ʥʫʣʴ-ʘʣʣʝʣʠ ï N ʠʣʠ ʘʣʣʝʣʠ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʢʣʝʪʢʠ: L ï ʚ ʧʨʝʜʝʣʘʭ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, S ï ʟʘ ʝʝ 

ʧʨʝʜʝʣʘʤʠ, ʉ ï ʚ ʮʠʪʦʧʣʘʟʤʝ). ɺ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʤʥʝʥʠʡ ʚ 

ʵʢʩʧʨʝʩʩʠʦʥʥʦʤ ʩʪʘʪʫʩʝ ʘʣʣʝʣʠ ʤʘʨʢʠʨʫʶʪ ʩʫʬʬʠʢʩʘʤʠ A (aberrant) ʠʣʠ Q 

(questionable). 

ʇʝʨʝʭʦʜ ʩ ʩʝʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʠʟʫʯʝʥʠʷ ʩʠʩʪʝʤʳ HLA ʧʨʠʚʝʣ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʨʦʛʨʝʩʩʫ ʚ 

ʠʤʤʫʥʦʛʝʥʝʪʠʢʝ. ʊʘʢ ʟʘ ʧʦʩʣʝʜʫʶʱʠʝ 30 ʣʝʪ, ʚʦ ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ 

ʚʥʝʜʨʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʪʠʧʠʨʦʚʘʥʠʷ, ʯʠʩʣʦ 

ʚʘʨʠʘʥʪʦʚ HLA ʚʦʟʨʦʩʣʦ ʩ 260 ʩʧʝʮʠʬʠʯʥʦʩʪʝʡ ʜʦ 8794 ʘʣʣʝʣʝʡ (ʧʦ ʜʘʥʥʳʤ 

ʩʘʡʪʘ www.hla.alleles.org ʥʘ ʷʥʚʘʨʴ 2013 ʛʦʜʘ). ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʠʥʘʤʠʢʘ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʳʭ ʦ ʧʦʣʠʤʦʨʬʠʟʤʝ ʩʠʩʪʝʤʳ HLA ʥʘʯʠʥʘʷ ʩ 1987 

ʛʦʜʘ. 

 

 

ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʳʭ ʦ ʧʦʣʠʤʦʨʬʠʟʤʝ ʩʠʩʪʝʤʳ HLA (ʧʦ 

ʜʘʥʥʳʤ ʩʘʡʪʘ www.hla.alleles.org (Robinson, Mistry et al. 2011) 
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ɺ ʮʝʣʦʤ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʠʤʦʨʬʠʟʤʘ ʷʚʣʷʝʪʩʷ ʥʘʛʣʷʜʥʳʤ 

ʦʪʦʙʨʘʞʝʥʠʝʤ ʵʚʦʣʶʮʠʦʥʥʦʡ ʨʦʣʠ ʤʫʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʀʤʝʥʥʦ 

ʧʦʣʠʤʦʨʬʠʟʤ ʛʝʥʦʚ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʞʠʚʘʥʠʝ ʯʝʣʦʚʝʢʘ, 

ʢʘʢ ʚʠʜʘ ʚ ʫʩʣʦʚʠʷʭ ʘʛʨʝʩʩʠʚʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʇʘʣʴʮʝʚ 2009). ʆʜʥʘʢʦ 

ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʧʦʣʠʛʝʥʥʳʡ ʠ 

ʤʫʣʴʪʠʬʘʢʪʦʨʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʥʘʩʣʝʜʦʚʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ, 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʟʠʪʠʚʥʳʡ ʵʬʬʝʢʪ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʥʦʩʠʪʝʣʴʩʪʚʦʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʛʝʥʦʪʠʧʘ, ʤʦʞʝʪ ʙʳʪʴ 

ʥʠʚʝʣʠʨʦʚʘʥ ʠʣʠ ʜʘʞʝ ʧʝʨʝʢʨʳʪ ʥʝʛʘʪʠʚʥʳʤ ʵʬʬʝʢʪʦʤ, ʩʢʘʟʳʚʘʶʱʠʤʩʷ ʥʘ 

ʠʥʦʤ ʵʪʘʧʝ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠʣʠ ʚ ʠʥʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʧʫʪʠ.  

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʛʘʧʣʦʪʠʧ HLA-A1-B8-DR3, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʨʝʜʠ ʝʚʨʦʧʝʦʠʜʦʚ, ʩʳʛʨʘʣ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚʦ ʚʨʝʤʷ 

ʩʨʝʜʥʝʚʝʢʦʚʳʭ ʧʘʥʜʝʤʠʡ. ʅʦʩʠʪʝʣʠ ʵʪʦʛʦ ʛʘʧʣʦʪʠʧʘ ʠʤʝʣʠ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ 

ʚʳʞʠʚʘʥʠʠ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʥʘʣʠʯʠʝ ʩʚʷʟʘʥʦ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʨʦʞʜʝʥʥʦʛʦ 

ʠʤʤʫʥʠʪʝʪʘ, ʠʛʨʘʶʱʠʤʠ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʟʘʱʠʪʝ ʦʪ ʠʥʬʝʢʮʠʦʥʥʳʭ ʘʛʝʥʪʦʚ. 

ʆʜʥʘʢʦ ʚ ʠʟʤʝʥʠʚʰʠʭʩʷ ʩ ʪʝʭ ʧʦʨ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʘʥʥʳʡ 

ʛʘʧʣʦʪʠʧ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʦʩʪʦʚʝʨʥʫʶ ʘʩʩʦʮʠʘʮʠʶ ʩ ʟʘʙʦʣʝʚʘʥʠʷʤʠ 

ʘʫʪʦʠʤʤʫʥʥʦʛʦ ʛʝʥʝʟʘ, ʚʢʣʶʯʘʷ ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ I ʪʠʧʘ ʠ ʨʷʜ ʜʨʫʛʠʭ 

ʵʥʜʦʢʨʠʥʥʳʭ ʧʘʪʦʣʦʛʠʡ (Price 1999). ʕʪʦʪ ʧʨʠʤʝʨ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʧʦʢʘʟʘʪʝʣʴʥʳʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʦʣʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʨʘʟʚʠʪʠʠ 

ʠʤʫʥʦʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʊʘʢ ʥʦʚʳʝ ʪʠʧʳ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, 

ʥʘʢʨʘʜʳʚʘʷʩʴ ʥʘ ʫʥʠʢʘʣʴʥʳʡ ʜʣʷ ʜʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘʙʦʨ ʛʝʥʝʪʠʯʝʩʢʠ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʛʦ ʩ 

ʵʚʦʣʶʮʠʦʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʩʨʝʜʠ ʥʦʩʠʪʝʣʝʡ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʛʝʥʦʪʠʧʘ. 

 

1.1.2 ʀʤʤʫʥʦʛʝʥʝʪʠʢʘ ʚ ʧʦʩʪʛʝʥʦʤʥʫʶ ʵʨʫ 

ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʢʦʥʮʝʧʮʠʡ 

ʠʤʤʫʥʦʣʦʛʠʠ ʪʨʝʙʦʚʘʣʦ ʧʝʨʝʭʦʜʘ ʥʘ çʛʝʥʦʤʥʳʡè ʫʨʦʚʝʥʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʘʥʥʳʭ ʦ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʭ ʨʝʛʫʣʷʮʠʠ ʠʤʤʫʥʥʳʭ ʨʝʘʢʮʠʡ, 
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ʠʟʤʝʥʯʠʚʦʩʪʠ ʛʝʥʦʚ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʠ ʩʧʦʩʦʙʝ ʥʘʩʣʝʜʦʚʘʥʠʷ 

ʠʤʤʫʥʦʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

ʅʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʦʪʢʨʳʣʠʩʴ ʩ ʟʘʚʝʨʰʝʥʠʝʤ 

ʧʨʦʝʢʪʘ çɻʝʥʦʤ ʯʝʣʦʚʝʢʘè ʚ 2001 ʛʦʜʫ (Venter, Adams et al. 2001). ɺʘʞʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ ʩʪʘʣʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʨʦʣʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʥʘ ʫʨʦʚʥʝ 

ʦʜʠʥʦʯʥʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʦʡ 

ʠ ʧʦʣʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ dbSNP ʩʝʨʚʝʨʘ NCBI (National Center for Biotechnology 

Information) ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʙʦʣʝʝ ʯʝʤ ʦ 50 ʤʠʣʣʠʦʥʘʭ 

ʧʦʣʠʤʦʨʬʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʛʝʥʦʤʝ ʯʝʣʦʚʝʢʘ ʠ ʦ 38 ʤʠʣʣʠʦʥʘʭ ʚʘʣʠʜʠʨʦʚʘʥʥʳʭ 

SNP (ʧʦ ʜʘʥʥʳʤ ʩʘʡʪʘ www.ncbi.nlm.nih.gov/snp, ʩʙʦʨʢʘ ˉ137). 

ʅʘʠʙʦʣʝʝ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʦʣʠʤʦʨʬʠʟʤʘ ʷʚʣʷʶʪʩʷ ʛʝʥʳ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʠʩʪʝʤʘ ʛʝʥʦʚ HLA, ʛʜʝ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʘʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ çʟʘʢʨʝʧʠʣʠʩʴè ʚ ʩʠʣʫ ʪʦʡ ʠʣʠ ʠʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ (Klein and Figueroa 1986). ʆʜʥʘʢʦ ʥʘʨʷʜʫ ʛʝʥʘʤʠ, 

ʢʦʜʠʨʫʶʱʠʤʠ ʤʦʣʝʢʫʣʳ ʛʣʘʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʦʩʪʠ, 

ʫʩʪʘʥʦʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʚʘʨʠʘʥʪʦʚ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʥʝ-HLA ʛʝʥʦʚ, 

ʢʦʪʦʨʳʝ ʢʦʜʠʨʫʶʪ ʦʛʨʦʤʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʩʠʛʥʘʣʴʥʳʭ, ʨʝʛʫʣʷʪʦʨʥʳʭ ʠ 

ʵʬʬʝʢʪʦʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʬʦʨʤʠʨʫʶʱʠʭ ʝʜʠʥʫʶ ʚ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʩʠʩʪʝʤʫ (Dickinson and Charron 2005, Serrano, 

Millan et al. 2006).  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʭʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʤʤʫʥʦʣʦʛʠʠ ʩ ʩʝʨʝʜʠʥʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʦʢʦʥʯʘʪʝʣʴʥʦ 

ʦʬʦʨʤʠʚʰʝʛʦʩʷ ʚ ʦʪʜʝʣʴʥʫʶ ʜʠʩʮʠʧʣʠʥʫ ʠʤʤʫʥʦʛʝʥʝʪʠʢʫ, ʠʜʝʪ ʧʘʨʘʣʣʝʣʴʥʦ 

ʩ ʧʨʦʛʨʝʩʩʦʤ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʠʤʤʫʥʦʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʠ 

ʛʝʥʦʜʠʘʛʥʦʩʪʠʢʠ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʜʘʥʥʳʭ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʦ, ʯʪʦ 

ʚʝʢʪʦʨ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʠ ʩʨʝʜʩʪʚ ʧʨʦʬʠʣʘʢʪʠʢʠ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʧʦʜʭʦʜʝ ʢ 
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ʧʘʮʠʝʥʪʫ. ʕʪʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʜʦʣʞʝʥ ʩʪʨʦʠʪʴʩʷ ʥʘ ʧʦʥʠʤʘʥʠʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʩ ʫʯʝʪʦʤ 

ʫʥʠʢʘʣʴʥʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʠʤʤʫʥʥʦʛʦ ʩʪʘʪʫʩʘ ʢʘʞʜʦʛʦ 

ʦʨʛʘʥʠʟʤʘ. ʇʦʵʪʦʤʫ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʥʘʩʣʝʜʫʝʤʦʡ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʫʛʨʦʟʘʤ, ʘ ʪʘʢʞʝ ʢ 

ʥʦʚʳʤ ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʧʨʝʧʘʨʘʪʘʤ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʙʠʦʤʝʜʠʮʠʥʳ. 

 

1.2 ʇʆʃʀʄʆʈʌʀɿʄ ɻɽʅʆɺ ʀʄʄʋʅʅʆɻʆ ʆʊɺɽʊɸ ʀ ʀʍ ʈʆʃʔ ɺ 

ʌʆʈʄʀʈʆɺɸʅʀʀ ɽʉʊɽʉʊɺɽʅʅʆʁ ʋʉʊʆʁʏʀɺʆʉʊʀ ʂ 

ʀʄʄʋʅʆɿɸɺʀʉʀʄʓʄ ɿɸɹʆʃɽɺɸʅʀʗʄ 

ɺʘʨʠʘʥʪʳ ʛʝʥʦʚ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʫʶʪ ʫʥʠʢʘʣʴʥʳʡ ʜʣʷ 

ʜʘʥʥʦʛʦ ʯʝʣʦʚʝʢʘ ʠʤʤʫʥʦʛʝʥʝʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʌʫʥʢʮʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʷʚʣʷʝʪʩʷ 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʩʷ ʚ ʪʝʯʝʥʠʝ ʚʝʢʦʚ ʧʨʦʜʫʢʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʯʝʣʦʚʝʢʘ ʩʨʝʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʠʤʦʨʬʠʟʤ ʛʝʥʦʚ, 

ʠʩʧʳʪʳʚʘʶʱʠʡ ʥʘ ʩʝʙʝ ʨʝʛʫʣʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʣʠʯʠʷ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʨʝʘʢʮʠʠ ʥʘ ʪʦ ʠʣʠ ʠʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (Hedrick 1976, Nei and Chesser 1983). 

ʅʘʨʫʰʝʥʠʝ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʟʚʝʥʴʷʤʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʚʠʪʠʶ ʘʫʪʦʠʤʤʫʥʥʳʭ ʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʪʦʣʦʛʠʡ, 

ʧʦʥʠʞʘʝʪ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʠʥʬʝʢʮʠʷʤ, ʧʦʚʳʰʘʝʪ ʨʠʩʢ 

ʦʪʪʦʨʞʝʥʠʷ ʪʨʘʥʩʧʣʘʥʪʘʪʘ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʝʪ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʢ ʨʘʟʚʠʪʠʶ ʠʤʤʫʥʦʟʘʚʠʩʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ 

(Goulmy, Schipper et al. 1996, Dunn, Old et al. 2004). 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʨʦʣʴ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʚ ʧʘʪʦʛʝʥʝʟʝ 

ʠʤʤʫʥʦʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʥʘʨʫʰʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʩʪʝʧʝʥʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʥʢʦʨʜʘʥʪʥʦʩʪʠ ʫ ʙʣʠʟʥʝʮʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 
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ʧʦʢʘʟʘʪʝʣʴ ʢʦʥʢʦʨʜʘʥʪʥʦʩʪʠ ʧʦ ʩʘʭʘʨʥʦʤʫ ʜʠʘʙʝʪʫ 1 ʪʠʧʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ 

ʫ ʤʦʥʦʟʠʛʦʪʥʳʭ ʙʣʠʟʥʝʮʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʟʠʛʦʪʥʳʤʠ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʦʣʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʨʘʟʚʠʪʠʠ 

ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ (ʪʘʙʣ. 3) 

 

ʊʘʙʣ. 3. ɻʝʥʝʪʠʯʝʩʢʘʷ ʢʦʥʢʦʨʜʘʥʪʥʦʩʪʴ ʚ ʧʨʦʷʚʣʝʥʠʠ ʠʤʤʫʥʦʟʘʚʠʩʠʤʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʤʦʥʦʟʠʛʦʪʥʳʭ (MZ) ʠ ʜʠʟʠʛʦʪʥʳʭ (DZ) ʙʣʠʟʥʝʮʦʚ 

ɿʘʙʦʣʝʚʘʥʠʝ MZ % DZ% ʉʩʳʣʢʘ 

ʉʘʭʘʨʥʳʡ ʜʠʘʙʝʪ 1 ʪʠʧʘ 35-70 10 (Redondo, Yu et al. 2001) 

ʈʝʚʤʘʪʦʠʜʥʳʡ ʘʨʪʨʠʪ (ʈɸ) 12-15 2-4 (Seldin, Amos et al. 1999) 

ʈʘʩʩʝʷʥʥʳʡ ʩʢʣʝʨʦʟ (ʈʉ) 25-30 0-5 (Mumford, Wood et al. 

1994) 

ʉʠʩʪʝʤʥʘʷ ʢʨʘʩʥʘʷ ʚʦʣʯʘʥʢʘ 

(ʉɺ) 

25-57 0-5 (Grennan, Parfitt et al. 

1997)  

ɹʦʣʝʟʥʴ ʂʨʦʥʘ (ʍɺɿʂ)  20-50 3-5 (Thompson, Driscoll et al. 

1996) 

ʇʩʦʨʠʘʟ 72 15 (Brandrup, Hauge et al. 

1978)  

ɸʩʪʤʘ 59 24 (Sarafino and Goldfedder 

1995)  

 

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʟʘʙʦʣʝʚʘʥʠʡ ʙʳʣʦ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʠʟʫʯʝʥʠʠ 

ʤʦʥʦʛʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ (ʤʝʥʜʝʣʠʨʫʶʱʠʝ ʙʦʣʝʟʥʠ), ʦʜʥʘʢʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʥʝʩʫʱʠʭ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʛʝʥʝʪʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ, ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʚʤʝʩʪʥʦʛʦ ʚʣʠʷʥʠʷ ʘʣʣʝʣʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʘʭ 

(ʤʫʣʴʪʠʬʘʢʪʦʨʠʘʣʴʥʳʝ ʟʘʙʦʣʠʚʘʥʠʷ) (Perez-Iratxeta, Bork et al. 2002, Bodmer 

2008). ʇʦʢʘʟʘʪʴ ʜʦʩʪʦʚʝʨʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʛʝʥʦʪʠʧʘ ʩ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ 
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ʢ ʪʘʢʠʤ ʟʘʙʦʣʝʚʘʥʠʷʤ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ. ɺʦ ʤʥʦʛʦʤ ʩʦʟʜʘʥʠʶ ʮʝʣʦʩʪʥʦʡ 

ʢʘʨʪʠʥʳ ʧʨʝʧʷʪʩʪʚʫʝʪ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ. ʇʨʠʯʠʥʦʡ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʪʦʯʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʟʫʯʝʥʥʦʩʪʴ 

ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʳʭ ʦʪʣʠʯʠʡ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʘʨʢʝʨʦʚ ʠ ʩʪʨʫʢʪʫʨʝ 

ʩʮʝʧʣʝʥʠʷ ʛʝʥʦʤʘ (Pfaff, Parra et al. 2001, McClellan and King 2010). ʂʨʦʤʝ 

ʪʦʛʦ, ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʜʜʘʶʱʠʤʩʷ ʦʮʝʥʢʝ, ʥʦ, ʪʝʤ ʥʝ 

ʤʝʥʝʝ, ʚʣʠʷʶʱʠʤ ʥʘ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ 

ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʢʫʨʝʥʠʝ, ʠʥʬʝʢʮʠʦʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʩʪʨʝʩʩ, 

ʥʝʧʨʘʚʠʣʴʥʦʝ ʧʠʪʘʥʠʝ ʠ ʪ.ʜ.) (Ottman 1990, Smith and Ebrahim 2003, Hunter 

2005). 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʚʘʨʠʘʮʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʧʦʩʣʫʞʠʪʴ ʥʘʜʝʞʥʳʤ ʤʘʨʢʝʨʦʤ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʨʠʟʥʘʢʘ (ʟʘʙʦʣʝʚʘʥʠʷ) 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʥʘʩʢʦʣʴʢʦ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ 

ʯʝʣʦʚʝʢʘ ʚʳʰʝ ʠʣʠ ʥʠʞʝ ʩʨʝʜʥʝʛʦ ʨʠʩʢʘ ʜʣʷ ʧʦʧʫʣʷʮʠʠ. ʆʙʣʘʩʪʴ ʧʦʠʩʢʘ 

ʪʘʢʠʭ ʤʘʨʢʝʨʦʚ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ, ʝʩʣʠ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʛʝʥʳ, 

ʣʝʞʘʱʠʝ ʚ ʩʘʤʦʡ ʦʩʥʦʚʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʝʥʦʪʠʧʘ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʢ ʟʘʙʦʣʝʚʘʥʠʶ. ɺʘʨʠʘʥʪʳ ʵʪʠʭ ʛʝʥʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ (ʪʘʙʣ. 4) (Lettre and Rioux 2008, 

Smyth, Plagnol et al. 2008). ʀʩʩʣʝʜʫʷ ʛʝʥʝʪʠʯʝʩʢʠʡ ʧʦʣʠʤʦʨʬʠʟʤ ʵʪʠʭ ʛʝʥʦʚ 

ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʤʘʨʢʝʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʠʣʠ 

ʩʚʦʡʩʪʚʘ ʝʛʦ ʧʨʦʜʫʢʪʘ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʬʝʥʦʪʠʧʘ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʢ ʨʘʟʚʠʪʠʶ ʟʘʙʦʣʝʚʘʥʠʷ. 

ɽʱʝ ʦʜʥʦʡ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʩʩʦʮʠʘʮʠʡ ʤʘʨʢʝʨʦʚ ʩ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʪʠʧʘ ʛʝʥʝʪʠʯʝʩʢʦʡ ʚʘʨʠʘʮʠʠ. ʄʘʨʢʝʨ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ ʤʫʣʴʪʠʬʘʢʪʦʨʠʘʣʴʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʚ ʧʦʧʫʣʷʮʠʠ, ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʵʚʦʣʶʮʠʦʥʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ (ʥʝ ʠʩʧʳʪʳʚʘʪʴ ʥʘ ʩʝʙʝ ʚʣʠʷʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ) ʠ, 

ʥʘʢʦʥʝʮ, ʜʦʣʞʝʥ ʙʳʪʴ ʣʝʛʢʦ ʘʜʘʧʪʠʨʫʝʤ ʢ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʟʘʜʘʯʘʤ. 
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ʊʘʙʣ. 4. ɻʝʥʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʠʤʤʫʥʦʟʘʚʠʩʠʤʳʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ 

ɻʝʥ ʌʫʥʢʮʠʷ ɹʦʣʝʟʥʴ 

PTPN2 TCR-ʩʠʛʥʘʣʠʥʛ ɼʠʘʙʝʪ, ʍɺɿʂ, ʉɺ 

PTPN22 TCR-ʩʠʛʥʘʣʠʥʛ ɼʠʘʙʝʪ, ʍɺɿʂ, ʈɸ, ʉɺ 

IL23R ɼʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʠ ʘʢʪʠʚʘʮʠʷ Th17 ʍɺɿʂ, ʧʩʦʨʠʘʟ 

IL2-21 ʈʝʛʫʣʷʮʠʷ ʩʫʙʧʦʧʫʣʷʮʠʡ ʊ-ʢʣʝʪʦʢ ʈʉ, ʈɸ, ʜʠʘʙʝʪ 

IL2RA ʈʝʛʫʣʷʮʠʷ ʊ-ʢʣʝʪʦʢ ʈʉ, ʜʠʘʙʝʪ 

STAT4 ʈʝʛʫʣʷʮʠʷ ʊ-ʢʣʝʪʦʯʥʦʛʦ ʦʪʚʝʪʘ ʈɸ, ʉɺ 

IRF5 ʈʝʛʫʣʷʮʠʷ ʪʨʘʥʩʢʨʠʧʮʠʠ ʮʠʪʦʢʠʥʦʚ ʉɺ, ʍɺɿʂ, ʈɸ 

CTLA4 ʈʝʮʝʧʪʦʨ ʊ-ʢʣʝʪʦʢ ɼʠʘʙʝʪ, ʈɸ 

TNFSF15 ʈʝʛʫʣʷʮʠʷ ʘʢʪʠʚʘʮʠʠ ʊ-ʢʣʝʪʦʢ ʈɸ, ʉɺ 

ATG16L1 ʇʨʦʮʝʩʩʠʥʛ ʘʥʪʠʛʝʥʘ ʍɺɿʂ, ʧʩʦʨʠʘʟ 

 

ɺʩʝʤ ʵʪʠʤ ʫʩʣʦʚʠʷʤ ʦʪʚʝʯʘʶʪ SNP ï ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʪʠʧ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʮʠʡ ʚ ʛʝʥʦʤʝ ʯʝʣʦʚʝʢʘ (Marth, Korf et al. 1999, Taillon-

Miller, Piernot et al. 1999). SNP ï ʵʪʦ ʚʘʨʠʘʙʝʣʴʥʳʝ ʧʦʟʠʮʠʠ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ. ʇʦʣʠʤʦʨʬʠʟʤʦʤ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʪʦʣʴʢʦ ʪʝ 

ʫʯʘʩʪʢʠ ʚ ɼʅʂ, ʜʣʷ ʢʦʪʦʨʳʭ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʥʘʠʤʝʥʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 1%. ʂʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ 

ʧʦʣʠʤʦʨʬʠʟʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʧʦʧʫʣʷʮʠʠ ʜʚʫʤʷ ʪʨʝʤʷ ʠʣʠ 

ʯʝʪʳʨʴʤʷ ʘʣʣʝʣʴʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ (ʧʦ ʯʠʩʣʫ ʚʦʟʤʦʞʥʳʭ ʥʫʢʣʝʦʪʠʜʦʚ ʚ 

ʜʘʥʥʦʡ ʧʦʟʠʮʠʠ ɼʅʂ), ʦʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ SNP ʩʫʱʝʩʪʚʫʝʪ ʚ ʜʚʫʭ 

ʚʘʨʠʘʥʪʘʭ (ʙʠʘʣʣʝʣʴʥʳ), ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʩʪʦʪʫ ʠʭ ʜʠʘʛʥʦʩʪʠʢʠ (Brookes 

1999). ɺʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʵʚʦʣʶʮʠʦʥʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ SNP ʜʝʣʘʶʪ ʠʭ 

ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʵʪʦʛʦ ʪʠʧʘ ʚʘʨʠʘʮʠʡ. 

ʆʜʥʦʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʣʠʤʦʨʬʠʟʤʳ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ ʚ ʛʝʥʦʤʝ ʠ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʪʝʭ ʤʝʩʪʘʭ, ʛʜʝ ʧʦʜʜʝʨʞʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʷʚʣʷʝʪʩʷ ʟʘʣʦʛʦʤ ʫʩʧʝʰʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚʘʞʥʳʤ 
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ʤʝʭʘʥʠʟʤʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʦʙʨʘʟʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʢʦʜʠʨʫʶʱʠʭ 

ʤʦʣʝʢʫʣʳ HLA, ʥʘʨʷʜʫ ʩ ʧʦʣʠʛʝʥʥʦʩʪʴʶ ʠ ʢʦʜʦʤʠʥʘʥʪʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ, 

ʷʚʣʷʝʪʩʷ ʧʦʣʠʤʦʨʬʥʦʩʪʴ ï ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʫʨʦʚʥʝ ʦʜʠʥʦʯʥʳʭ ʥʫʢʣʝʦʪʠʜʦʚ 

(Parham 1988). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʝ ʛʝʥʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʢ ʠʤʤʫʥʦʟʘʚʠʩʠʤʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 

ʪʨʝʤ ʙʦʣʴʰʠʤ ʛʨʫʧʧʘʤ: ʵʪʦ ʛʝʥʳ ʨʝʛʠʦʥʘ HLA, ʛʝʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʦʡ ʠ ʘʢʪʠʚʘʮʠʝʡ ʊ-ʣʠʤʬʦʮʠʪʦʚ (ʧʨʠʦʙʨʝʪʝʥʥʳʡ ʠʤʤʫʥʠʪʝʪ) 

ʠ ʛʝʥʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʝ ʜʝʡʩʪʚʠʝ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʨʦʞʜʝʥʥʦʛʦ ʠ ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʟʚʝʥʴʝʚ ʠʤʤʫʥʠʪʝʪʘ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʩʣʝʜʥʠʝ ʜʚʝ ʛʨʫʧʧʳ ʧʨʠʥʷʪʦ ʦʙʲʝʜʠʥʷʪʴ ʚ ʦʙʱʫʶ 

ʩʠʩʪʝʤʫ ʥʝ-HLA ʛʝʥʦʚ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ (ɸʙʨʘʤʦʚ, ʂʦʬʠʘʜʠ ʠ ʜʨ. 2010). 

 

1.2.1 ʈʦʣʴ HLA -ʛʝʥʦʚ ʚ ʨʘʟʚʠʪʠʠ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ 

ʠʤʤʫʥʦʟʘʚʠʩʠʤʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ  

ʇʦʣʠʤʦʨʬʠʟʤ ʩʠʩʪʝʤʳ HLA ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʨʘʟʚʠʪʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʤʤʫʥʦʟʘʚʠʩʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (Alves, 

Davini et al. 2012, Nurzia, Narzi et al. 2012, Sun, Wei et al. 2012, Hughes, Coit et 

al. 2013, Nouri-Aria 1985). ʉʠʩʪʝʤʘ ʛʝʥʦʚ ʪʢʘʥʝʚʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʯʝʣʦʚʝʢʘ 

ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ 6 ʭʨʦʤʦʩʦʤʝ ʚ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʘ ʜʣʠʥʦʡ 4 ʤʣʥ.ʧ.ʥ. ʈʝʛʠʦʥ 

ʩʦʜʝʨʞʠʪ 224 ʛʝʥʘ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ, ʠʟ ʢʦʪʦʨʳʭ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ. ʇʦ 

ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʩʠʩʪʝʤʘ HLA ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʤʤʫʥʦʢʦʤʧʝʪʝʥʪʥʳʭ ʢʣʝʪʦʢ 

ʦʨʛʘʥʠʟʤʘ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʬʫʥʢʮʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʩʪʨʦʝʥʠʷ ʛʣʘʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʢʘʥʝʚʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʝʛʦ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʣʠʤʦʨʬʠʟʤʦʤ ʧʨʦʜʫʢʪʦʚ ï 

HLA-ʘʥʪʠʛʝʥʦʚ. ɸʣʣʝʣʠ HLA ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʯʘʩʪʢʠ ɼʅʂ, ʢʦʪʦʨʳʝ 

ʦʪʣʠʯʘʶʪʩʷ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʥʠʤ ʥʫʢʣʝʦʪʠʜʦʤ (ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʤ 

ʧʦʣʠʤʦʨʬʠʟʤʦʤ). ʏʘʩʪʴ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʤʦʜʠʬʠʢʘʮʠʠ 
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ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʘ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʝʛʦ ʬʫʥʢʮʠʠ (Hughes 1990). 

ʋʩʪʘʥʦʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʥʘʣʠʯʠʝʤ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʘʣʣʝʣʝʡ (ʠʣʠ ʛʘʧʣʦʪʠʧʦʚ) HLA ʠ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʢʦ 

ʤʥʦʛʠʤ ʘʫʪʦʠʤʤʫʥʥʳʤ, ʠʥʬʝʢʮʠʦʥʥʳʤ, ʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ, ʘ 

ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʳ 

ʘʩʩʦʮʠʘʮʠʠ ʤʝʞʜʫ ʨʠʩʢʦʤ ʠ ʪʷʞʝʩʪʴʶ ʠʤʤʫʥʦʟʘʚʠʩʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ 

ʩʪʝʧʝʥʴʶ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʜʦʥʦʨʘ ʠ ʨʝʮʠʧʠʝʥʪʘ ʧʨʠ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʩ 

ʧʦʣʠʤʦʨʬʠʟʤʦʤ ʛʝʥʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʨʝʛʠʦʥʘ HLA, ʥʦ ʥʝ 

ʚʳʧʦʣʥʷʶʱʠʭ ʘʥʪʠʛʝʥʧʨʝʟʝʥʪʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ (ʥʘʧʨʠʤʝʨ, TNF , ʙʝʣʢʠ 

ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʤʝʥʪʘ, ʙʝʣʢʠ ʪʝʧʣʦʚʦʛʦ ʰʦʢʘ ʠ ʜʨ.) (Vyse and Todd 1996, 

Simmonds and Gough 2004). ʂʨʦʤʝ ʪʦʛʦ, ʛʝʥʳ HLA ʪʝʩʥʦ ʩʮʝʧʣʝʥʳ ʩ ʜʨʫʛʠʤʠ 

ʠʤʤʫʥʦʨʝʛʫʣʷʪʦʨʥʳʤʠ ʛʝʥʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʣʦʢʫʩʦʚ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʘʫʪʦʠʤʤʫʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʧʦʣʠʤʦʨʬʠʟʤʦʤ ʛʝʥʦʚ HLA, ʷʚʣʷʝʪʩʷ ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ 1 

ʪʠʧʘ (Todd, Bell et al. 1987, Pociot and McDermott 2002). ʋʩʪʘʥʦʚʣʝʥʘ 

ʜʦʩʪʦʚʝʨʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʘʣʣʝʣʝʡ DRB1*03 ʠ DRB1*04 ʩ ʨʘʟʚʠʪʠʝʤ ʜʠʘʙʝʪʘ. 

ʇʨʦʜʫʢʪʳ ʛʝʥʦʚ HLA ʢʣʘʩʩʘ II, ʚ ʯʘʩʪʥʦʩʪʠ DRB1, DQA1 ʠ DQB1 ʚʳʩʦʢʦ 

ʧʦʣʠʤʦʨʬʥʳ ʠ ʠʛʨʘʶʪ ʨʦʣʴ, ʢʘʢ ʚ ʧʨʝʟʝʥʪʘʮʠʠ ʘʥʪʠʛʝʥʘ CD4 ʊ-ʭʝʣʧʝʨʘʤ, ʪʘʢ 

ʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʣʝʨʘʥʪʥʦʩʪʠ. ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʩʮʝʧʣʝʥʥʦʩʪʠ ʤʝʞʜʫ DRB1-DQA1-DQB1 ʩʜʝʣʘʣʦ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʪʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʨʢʝʨʘ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ. ʆʜʥʘʢʦ, ʜʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʣʣʝʣʠ DRB1*03 ʠ DRB1*04 ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ 

ʛʘʧʣʦʪʠʧʦʚ DRB1*03-DQB1*02-DQA1*05:01 (DR3) ʠ DRB1*04-DQB1*03:02-

DQA1*03:01 (DR4), ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʟʘʙʦʣʝʚʘʥʠʝʤ ʫ ʝʚʨʦʧʝʦʠʜʦʚ (ʠ ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʫ ʛʝʪʝʨʦʟʠʛʦʪ DR3/4). ʇʦʚʳʰʝʥʠʝ ʨʠʩʢʘ ʫ ʛʝʪʝʨʦʟʠʛʦʪ, 

ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʪʨʘʥʩ DQ ʜʠʤʝʨʦʚ ʤʝʞʜʫ HLA-DQA1 ʠ 

HLA-DQB1 ʘʣʣʝʣʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʛʦʤʦʣʦʛʠʯʥʳʭ ʭʨʦʤʦʩʦʤʘʭ. 

ɸʩʩʦʮʠʘʮʠʷ HLA ʩ ʜʠʘʙʝʪʦʤ 1 ʪʠʧʘ ʧʦʢʘʟʘʥʘ ʪʘʢʞʝ ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 
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ʘʟʠʘʪʩʢʦʡ ʧʦʧʫʣʷʮʠʠ. ʊʘʢ ʚ ʷʧʦʥʩʢʦʡ ʠ ʢʦʨʝʡʩʢʦʡ ʧʦʧʫʣʷʮʠʷʭ ʩʫʱʝʩʪʚʫʝʪ 

ʜʦʩʪʦʚʝʨʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʩ HLA-DR4 (DRB1*04:05-DQB1*04:01) 

ʠ HLA-DR9 (DRB1*09:01-DQB1*03:03) (Erlich, Valdes et al. 2008, Zhang, 

Wang et al. 2009)  

ʅʘ ʵʬʬʝʢʪ ʦʪʜʝʣʴʥʳʭ ʘʣʣʝʣʝʡ ʛʝʥʦʚ HLA-DR ʠ HLA-DQ ʤʦʞʝʪ ʚʣʠʷʪʴ 

ʠʭ ʦʢʨʫʞʝʥʠʝ (ʧʦʣʠʤʦʨʬʠʟʤ ʩʮʝʧʣʝʥʥʳʭ ʣʦʢʫʩʦʚ, ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ 

ʬʘʢʪʦʨʳ). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʝʜʝʣʘʭ HLA-DQB1 ʜʝʡʩʪʚʠʝ ʘʣʣʝʣʝʡ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ ʚʳʨʘʞʝʥʥʦʛʦ ʧʨʦʪʝʢʪʠʚʥʦʛʦ (HLA-DQB1*0602) ʜʦ 

ʥʝʛʘʪʠʚʥʦʛʦ (HLA-DQB1*0302) (Erlich, Valdes et al. 2008). 

ʂʨʦʤʝ ʪʦʛʦ, HLA ʨʝʛʠʦʥ ʠʛʨʘʝʪ ʦʜʥʫ ʠʟ ʦʩʥʦʚʥʳʭ ʨʦʣʝʡ ʚ ʨʘʟʚʠʪʠʠ 

ʪʘʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʘʢ ʨʘʩʩʝʷʥʥʳʡ ʩʢʣʝʨʦʟ  ʠ ʩʠʩʪʝʤʥʘʷ ʚʦʣʯʘʥʢʘ. ʆʪʢʨʳʪʠʝ 

ʘʩʩʦʮʠʘʮʠʠ HLA-DR2 (ʛʘʧʣʦʪʠʧ HLA-DRB1*15:01-HLA-DQB1*06:02) ʩ 

ʨʘʩʩʝʷʥʥʳʤ ʩʢʣʝʨʦʟʦʤ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʦʪʝʨʷʣʦ ʩʚʦʝʡ ʟʥʘʯʠʤʦʩʪʠ. ʉʫʱʝʩʪʚʫʝʪ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ HLA-DRB1*15:01 ʠ ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʤ ʘʣʣʝʣʴ HLA-

DRB1*15:03 ʜʦʩʪʦʚʝʨʥʦ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʟʘʙʦʣʝʚʘʥʠʝʤ ʫ ʘʬʨʦ-ʘʤʝʨʠʢʘʥʮʝʚ 

ʠ, ʚʝʨʦʷʪʥʦ, ʫ ʝʚʨʦʧʝʡʮʝʚ. ʂʨʦʤʝ ʪʦʛʦ ʝʩʪʴ ʦʩʥʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʪʴ ʥʘʣʠʯʠʝ 

ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ ʛʘʧʣʦʪʠʧʘ HLA-DRB1*15:01-HLA-DQB1*06:02 ʘʩʩʦʮʠʘʮʠʠ ʩ 

ʘʣʣʝʣʷʤʠ HLA ʢʣʘʩʩʘ I (HLA-A*02:01, HLA-A3 ʠ HLA-Cw05), ʘ ʪʘʢʞʝ ʩ 

ʘʣʣʝʣʝʤ HLA-C1_3_2*354 (ʤʠʢʨʦʩʘʪʝʣʣʠʪ), ʪʝʩʥʦ ʩʮʝʧʣʝʥʥʳʤ ʩ HLA-DR3 

(Fernando, Stevens et al. 2008, Hafler 2007). 

ʅʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʘʷ ʩʚʷʟʴ ʩ ʨʘʟʚʠʪʠʝʤ ʩʠʩʪʝʤʥʦʡ ʚʦʣʯʘʥʢʠ ʧʦʢʘʟʘʥʘ 

ʜʣʷ ʘʣʣʝʣʝʡ HLA ʢʣʘʩʩʘ II - DRB1*03:01, *14:01, *15:01 ʠ *05:01, ʦʜʥʘʢʦ 

ʦʮʝʥʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʢʣʘʜʘ ʵʪʠʭ ʘʣʣʝʣʝʡ ʚ ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʪʨʝʙʫʝʪ 

ʜʘʣʴʥʝʡʰʝʛʦ ʫʪʦʯʥʝʥʠʷ (Fernando, Stevens et al. 2008). ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ 

ʪʘʙʣʠʮʘ ʦʙʦʙʱʘʶʱʘʷ ʜʘʥʥʳʝ ʧʦ ʘʩʩʦʮʠʘʮʠʠ ʘʣʣʝʣʝʡ HLA ʢʣʘʩʩʘ II  ʩ 

ʨʘʟʚʠʪʠʝʤ ʦʩʥʦʚʥʳʭ ʠʤʤʫʥʦʟʘʚʠʩʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (ʪʘʙʣ. 5). 

ɺ ʧʨʝʜʝʣʘʭ ʨʝʛʠʦʥʘ HLA ʨʘʩʧʦʣʦʞʝʥʳ ʪʘʢʞʝ ʛʝʥʳ, ʥʝ ʫʯʘʩʪʚʫʶʱʠʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʝʟʝʥʪʘʮʠʠ ʘʥʪʠʛʝʥʘ, ʥʦ ʠʛʨʘʶʱʠʝ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʬʫʥʢʮʠʠ. ʕʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʛʝʥʳ TAP ʠ LMP, 

ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʧʨʦʮʝʩʩʠʥʛ ʘʥʪʠʛʝʥʦʚ. ʇʨʦʜʫʢʪʳ ʛʝʥʦʚ LMP2 ʠ LMP7 
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ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʧʨʦʪʝʘʩʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʮʝʩʩʠʥʛ  ʧʝʧʪʠʜʦʚ, 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʜʦʩʪʠʛʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʟʤʝʨʦʚ ʧʝʧʪʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ 

ʩʚʷʟʳʚʘʶʱʝʛʦ ʩʘʡʪʘ ʤʦʣʝʢʫʣʳ HLA I ʢʣʘʩʩʘ. ʌʫʥʢʮʠʷ ʧʨʦʜʫʢʪʦʚ ʛʝʥʦʚ TAP1 

ʠ TAP2 ʪʘʢʞʝ ʩʚʷʟʘʥʘ ʩ ʨʝʛʫʣʷʮʠʝʡ ʨʘʟʤʝʨʘ  ʧʝʧʪʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, 

ʧʨʝʟʝʥʪʠʨʫʝʤʳʭ ʤʦʣʝʢʫʣʘʤʠ HLA I ʢʣʘʩʩʘ. ʅʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʡ ʛʝʥʦʚ TAP1 

ʠ TAP2 ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʢ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤ ʠ 

ʘʫʪʦʠʤʫʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʩʘʭʘʨʥʦʤʫ ʜʠʘʙʝʪʫ (Deshpande, 

Wheeler et al. 2008, Brorsson, Tue Hansen et al. 2010, Deshpande, Nolan et al. 

2005). 

 

ʊʘʙʣ. 5 ɸʩʩʦʮʠʘʮʠʠ ʘʣʣʝʣʝʡ HLA ʩ ʨʘʟʚʠʪʠʝʤ ʦʩʥʦʚʥʳʭ ʠʤʤʫʥʦʟʘʚʠʩʠʤʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ (Handunnetthi, Ramagopalan et al. 2010) 

ɿʘʙʦʣʝʚʘʥʠʝ HLA -ʛʘʧʣʦʪʠʧʳ ʫ 

ʝʚʨʦʧʝʦʠʜʦʚ 

HLA -ʛʘʧʣʦʪʠʧʳ ʫ 

ʘʟʠʘʪʦʚ  

ɼʠʘʙʝʪ 1 ʪʠʧʘ DRB1*03-DQB1*02-

DQA1*05:01; DRB1*04-

DQB1*03:02-DQA1*03:01 

DRB1*04:05-

DQB1*04:01; 

DRB1*09:01-

DQB1*03:03 

ʈʘʩʩʝʷʥʥʳʡ 

ʩʢʣʝʨʦʟ 

DRB1*03:01; DRB1*15:01 DRB1*04:01 

ʉʠʩʪʝʤʥʘʷ 

ʚʦʣʯʘʥʢʘ 

DRB1*03:01; DRB1*15:01 

DRB1*14:01; DRB1*08:01 

- 

ʍɺɿʂ DRB1*01:03 - 

ʈʝʚʤʘʪʦʠʜʥʳʡ 

ʘʨʪʨʠʪ 

HLA-DRB1*04, HLA-DRB1*01, 

HLA-B27 

- 

 

ʆʪʢʨʳʪʠʝ ʤʝʭʘʥʠʟʤʘ ʠʤʤʫʥʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʊ-ʣʠʤʬʦʮʠʪʘʤʠ 

ʚʠʨʫʩʥʳʭ ʘʥʪʠʛʝʥʦʚ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʤʦʣʝʢʫʣʘʤʠ ʛʣʘʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
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ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʣʠʤʦʨʬʠʟʤ ʛʝʥʦʚ HLA 

ʤʦʞʝʪ ʠʛʨʘʪʴ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʤʤʫʥʥʦʛʦ 

ʦʪʚʝʪʘ ʥʘ ʠʥʬʝʢʮʠʶ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʪʘ ʜʦʛʘʜʢʘ ʥʘʰʣʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚʦ 

ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɺ ʪʘʙʣʠʮʝ 6 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʘʩʩʦʮʠʘʮʠʠ 

ʘʣʣʝʣʝʡ ʠ ʛʘʧʣʦʪʠʧʦʚ HLA ʩ ʛʝʥʝʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠʥʬʝʢʮʠʦʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ. 

 

ʊʘʙʣ. 6. ɸʩʩʦʮʠʘʮʠʷ ʘʣʣʝʣʝʡ ʠ ʛʘʧʣʦʪʠʧʦʚ HLA ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠʥʬʝʢʮʠʦʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ (Hill, 

Elvin et al. 1992, Almarri and Batchelor 1994, Desombere, Willems et al. 1998, 

Hirayama, Chen et al. 1998, Angyalosi, Neveu et al. 2001, Shaw, Donaldson et al. 

2001, Stephens, Klaythong et al. 2002, Shankarkumar 2004, Hananantachai, 

Patarapotikul et al. 2005, Alves, Meyer et al. 2006, Tripathy, Shankarkumar et al. 

2009, Duarte, Carvalho et al. 2011, Kuniholm, Gao et al. 2011). 

ɿʘʙʦʣʝʚʘʥʠʝ HLA -ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʕʬʬʝʢʪ 

ʃʠʭʦʨʘʜʢʘ 

ɼʝʥʛʝ 

HLA-A*02:03, -A*02:07, -

B*51, B*52  

ʇʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ 

ʛʝʤʦʨʨʘʛʠʠ 

HLA-B*44, -B*62, -B*76 -

B*77  

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʚʪʦʨʥʦʤʫ 

ʟʘʨʘʞʝʥʠʶ 

ɻʝʧʘʪʠʪ ɺ HLA-DRB1*13:02, -A*03:01 

 

ʕʣʠʤʠʥʘʮʠʷ ʠʥʬʝʢʮʠʠ 

HLA-B*08, HLA-A*01-B*08-

DRB1*03, -B*44-Cw*16:01, -

B*44-Cw*05:01 

ʇʝʨʩʠʩʪʝʥʮʠʷ ʠʥʬʝʢʮʠʠ 

ɻʝʧʘʪʠʪ ʉ HLA-A*03, -B*27, -

DRB1*01:01, -DRB1*04:01 ʠ 

-DRB1*15 

ʕʣʠʤʠʥʘʮʠʷ ʠʥʬʝʢʮʠʠ 

HLA-A*23:01 ʠ -Cw*04 ʇʝʨʩʠʩʪʝʥʮʠʷ ʠʥʬʝʢʮʠʠ 
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ʊʘʙʣ. 6. ʇʨʦʜʦʣʞʝʥʠʝ. 

ɿʘʙʦʣʝʚʘʥʠʝ HLA -ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʕʬʬʝʢʪ 

ʊʫʙʝʨʢʫʣʝʟ HLA-DRB2*15:01 ʠ -

DRB1*15:02 

ʈʘʟʚʠʪʠʝ ʦʩʪʨʳʭ 

ʤʫʣʴʪʠʙʘʮʠʣʣʷʨʥʳʭ ʬʦʨʤ 

ʟʘʙʦʣʝʚʘʥʠʷ 

HLA-DQA1*03:01 ʠ -

DQA1*05:01 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʟʘʙʦʣʝʚʘʥʠʶ 

ʃʝʧʨʘ HLA-DRB1*15:01-

DQA1*01:02-DQB1*06:02 

ʇʦʚʳʰʝʥʥʘʷ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ 

HLA-DRB1*07:01, -

DQB1*02:01 ʠ -DQA1*02:01 

ʇʦʚʳʰʝʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʄʘʣʷʨʠʷ HLA-B53, HLA-DRB1*13:02-

DQB1*05:01 

ʇʨʦʪʝʢʪʠʚʥʳʡ ʵʬʬʝʢʪ 

HLA-B46, -B56, HLA-

DRB1*10:01 

ʇʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ 

ʪʷʞʝʣʳʤ ʬʦʨʤʘʤ 

ʟʘʙʦʣʝʚʘʥʠʷ 

ʐʠʩʪʦʟʦʤʦʟ HLA-A1 (HLA-A*01) ʠ -B5 

(HLA-B*51:06) HLA-A2 

(HLA-A*02) -B12 (-B*44:09) 

ɹʦʣʝʝ ʪʷʞʝʣʦʝ ʪʝʯʝʥʠʝ 

ʟʘʙʦʣʝʚʘʥʠʷ 

 

HLA-DQA1*06:01, HLA-

DRB1*12:02 ʠ -DQA1*06:01 

ʇʨʦʪʝʢʪʠʚʥʳʡ ʵʬʬʝʢʪ 

 

1.2.2 ʥʝ-HLA  ʛʝʥʳ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʦʪʚʝʪʝ ʥʘ ʠʥʬʝʢʮʠʠ ʠ 

ʠʟʤʝʥʝʥʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʘʥʪʠʛʝʥʳ 

ʉʨʝʜʠ ʛʝʥʦʚ, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʩʠʩʪʝʤʝ HLA, ʠ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʛʨʫʧʧʝ 

ʛʝʥʦʚ ʨʝʛʫʣʷʮʠʠ ʠ ʘʢʪʠʚʘʮʠʠ ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʝ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ ʛʝʥʦʚ ʬʦʩʬʦʪʘʟ PTPN2 ʠ PTPN22, ʘ ʪʘʢʞʝ ʨʝʮʝʧʪʦʨʘ ʊ-
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ʢʣʝʪʦʢ CTLA4. ɺʘʨʠʘʥʪʳ ʵʪʠʭ ʛʝʥʦʚ ʠʛʨʘʶʪ ʨʦʣʴ ʚ ʪʘʢʠʭ ʪʷʞʝʣʳʭ 

ʧʘʪʦʣʦʛʠʷʭ, ʢʘʢ ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ 1 ʪʠʧʘ, ʨʝʚʤʘʪʦʠʜʥʳʡ ʘʨʪʨʠʪ ʠ ʭʨʦʥʠʯʝʩʢʦʝ 

ʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʢʠʰʝʯʥʠʢʘ (Cope, Schulze-Koops et al. 2007, 

Kleppe, Lahortiga et al. 2010, Lessard 2012, Chapman 2006, Ueda 2003).  

ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʦʡ ʊ-ʢʣ 

ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ ʙʦʣʴʰʠʥʩʪʚʘ ʠʤʤʫʥʦʟʘʚʠʩʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʛʝʥʳ IL18RAP, IL18, IL10, STAT3 ʠ STAT4 (ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ 

Th1). ɻʝʥʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ Th17 (ʥʘʧʨʠʤʝʨ IL23R ʠ IL21) ʪʘʢʞʝ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʠʤʤʫʥʦʟʘʚʠʩʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʩʧʘʣʝʥʠʝʤ ʪʢʘʥʝʡ (ʍɺɿʂ, ʨʝʚʤʘʪʦʠʜʥʳʡ ʘʨʪʨʠʪ, ʘʩʪʤʘ, 

ʧʩʦʨʠʘʟ). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʩʥʦʚʝ ʤʥʦʛʠʭ ʠʤʤʫʥʦʟʘʚʠʩʠʤʳʭ ʥʘʨʫʰʝʥʠʡ ʣʝʞʘʪ 

ʛʝʥʳ IL2 ʠ IL2RA, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʘʢʪʠʚʘʮʠʶ ʨʝʛʫʣʷʪʦʨʥʳʭ ʊ-ʢʣʝʪʦʢ 

(Zhernakova, van Diemen et al. 2009, Cho and Brant 2011).  

ʉ ʨʘʟʚʠʪʠʝʤ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʫʨʦʚʥʝ ʛʝʥʦʤʘ, ʚʦʟʨʦʩʣʘ 

ʠ ʨʦʣʴ ʛʝʥʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʣʶʯʝʚʳʝ ʤʝʭʘʥʠʟʤʳ ʚʨʦʞʜʝʥʥʦʛʦ 

ʠʤʤʫʥʠʪʝʪʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʠʤʤʫʥʦʟʘʚʠʩʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʛʝʥʘʤʠ ʩʠʩʪʝʤʳ TNF-

ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʩʚʷʟʴ ʤʝʞʜʫ 

ʚʨʦʞʜʝʥʥʳʤ ʠ ʧʨʠʦʙʨʝʪʝʥʥʳʤ ʟʚʝʥʴʷʤʠ ʠʤʤʫʥʠʪʝʪʘ (Chen and Goeddel 

2002). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʮʠʪʦʢʠʥ, ʢʦʜʠʨʫʝʤʳʡ ʛʝʥʦʤ TNFSF15, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ ʙʦʣʝʟʥʴʶ ʂʨʦʥʘ, ʠʛʨʘʝʪ ʨʦʣʴ, ʢʘʢ ʚ ʤʝʭʘʥʠʟʤʘʭ 

ʚʨʦʞʜʝʥʥʦʛʦ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʪʘʢ ʠ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʵʬʬʝʢʪʦʨʥʳʭ ʊ-ʢʣʝʪʦʢ 

(Takedatsu, Michelsen et al. 2008, Xavier and Rioux 2008). ʅʘʨʫʰʝʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʦʩʨʝʜʩʪʚʦʤ TNF-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ 

ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ) ʤʝʞʜʫ ʠʤʤʫʥʥʳʤʠ ʢʣʝʪʢʘʤʠ ʚʨʦʞʜʝʥʥʦʛʦ ʠ 

ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʦʧʨʝʜʝʣʷʶʪ ʧʘʪʦʛʝʥʝʟ ʪʘʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʢʘʢ 

ʨʝʚʤʘʪʦʠʜʥʳʡ ʘʨʪʨʠʪ ʠ ʩʠʩʪʝʤʥʘʷ ʚʦʣʯʘʥʢʘ (Mathew 2008, Faustman and 

Davis 2010, ɸʙʨʘʤʦʚ, ʂʦʬʠʘʜʠ ʠ ʜʨ. 2012).  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʘʫʪʦʬʘʛʦʮʠʪʦʟʘ, ʚ ʢʣʝʪʢʘʭ 

ʚʨʦʞʜʝʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ ʊ-
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ʢʣʝʪʦʢ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʘʪʦʛʝʥʝʟʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

çʙʘʨʴʝʨʥʳʭè ʟʘʙʦʣʝʚʘʥʠʡ (ʙʦʣʝʟʥʴ ʂʨʦʥʘ, ʧʩʦʨʠʘʟ), ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʥʦʡ 

ʚʦʣʯʘʥʢʠ (Parkes, Barrett et al. 2007, Barrett 2008). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʙʦʣʝʟʥʠ 

ʂʨʦʥʘ ʙʝʣʦʢ NOD2 ʧʨʠʚʦʜʠʪ ʢ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʤʠʢʨʦʬʣʦʨʳ ʢʠʰʝʯʥʠʢʘ ʠ 

ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʘʥʪʠʤʠʢʨʦʙʥʳʭ ʧʝʧʪʠʜʦʚ. ʕʪʦ ʘʢʪʠʚʠʨʫʝʪ ʜʝʥʜʨʠʪʥʳʝ 

ʢʣʝʪʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ ʥʘ ʨʝʮʝʧʪʦʨ IL-23R Th-17 ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʠʚʘʮʠʶ ʠ ʵʢʩʧʘʥʩʠʶ ʧʦʩʣʝʜʥʠʭ.  ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʝʣʢʠ ʩʠʩʪʝʤʳ 

ʘʫʪʦʬʘʛʦʮʠʪʦʟʘ (ATG5, ATG16L1),  ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʩʠʩʪʝʤʫ ʘʥʪʠʤʠʢʨʦʙʥʦʡ 

ʟʘʱʠʪʳ ʠ ʚʳʧʦʣʥʷʶʱʠʝ ʬʫʥʢʮʠʶ ʧʨʦʮʝʩʩʠʥʛʘ ʘʥʪʠʛʝʥʘ, ʫʯʘʩʪʚʫʶʪ ʚ 

ʩʪʠʤʫʣʷʮʠʠ ʤʘʢʨʦʬʘʛʘʤʠ Th1 ʠ Th2, ʚ ʧʘʪʦʣʦʛʠʠ, ʧʨʦʷʚʣʷʶʱʝʡʩʷ ʧʨʠ 

ʙʦʣʝʟʥʠ ʂʨʦʥʘ ʠ ʩʠʩʪʝʤʥʦʡ ʢʨʘʩʥʦʡ ʚʦʣʯʘʥʢʝ (Xavier and Rioux 2008, Kaser 

and Blumberg 2011, Levine, Mizushima et al. 2011).  

ɿʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʥʩʪʠʪʫʪʘ ʠʤʤʫʥʦʣʦʛʠʠ ʦʧʨʝʜʝʣʝʥʳ 

ʯʘʩʪʦʪʳ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʚ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʦʪʚʝʪʘ, ʧʨʦʜʫʢʪʳ 

ʢʦʪʦʨʳʭ ʦʪʚʝʯʘʶʪ ʟʘ ʘʧʦʧʪʦʟ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʠ ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʣʝʪʦʢ 

(ʪʘʙʣ. 7) (ʂʦʬʠʘʜʠ 2011). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʯʘʩʪʦʪʘʭ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ SNP ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʧʦʧʫʣʷʮʠʦʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ 

ʚʢʣʘʜʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʚ ʵʪʠʦʣʦʛʠʶ ʠ ʧʘʪʦʛʝʥʝʟ 

ʠʤʤʫʥʦʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʨʫʩʩʢʦʡ ʧʦʧʫʣʷʮʠʠ. ɼʣʷ ʧʦʜʦʙʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʣʠʯʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʝʥʝʪʠʯʝʩʢʦʤ ʧʨʦʬʠʣʝ ʢʦʥʪʨʦʣʴʥʦʡ 

ʛʨʫʧʧʳ (ʢʘʢ ʧʨʘʚʠʣʦ, ʟʜʦʨʦʚʳʭ ʠʥʜʠʚʠʜʦʚ) ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʲʝʤʘ, ʷʚʣʷʝʪʩʷ 

ʟʘʣʦʛʦʤ ʘʜʝʢʚʘʪʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʢʦʨʨʝʢʪʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʮʝʣʦʤ. 

ɺ ʩʦʩʪʘʚ   ʜʨʫʛʦʡ   ʩʠʩʪʝʤʳ,  ʠʛʨʘʶʱʝʡ   ʢʣʶʯʝʚʫʶ   ʨʦʣʴ  ʚ  ʧʨʦʮʝʩʩʘʭ 

ʨʝʛʫʣʷʮʠʠ  ʠ  ʘʢʪʠʚʘʮʠʠ  ʵʬʬʝʢʪʦʨʥʳʭ  ʢʣʝʪʦʢ,  ʚʦʩʧʘʣʝʥʠʷ  ʠ        

ʨʝʘʣʠʟʘʮʠʠ ʠʤʤʫʥʥʦʛʦ  ʦʪʚʝʪʘ,  ʚʭʦʜʷʪ ʮʠʪʦʢʠʥʳ, ʭʝʤʦʢʠʥʳ ʠ ʠʭ ʨʝʮʝʧʪʦʨʳ.  
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ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʙʥʘʨʫʞʝʥʦ ʙʦʣʴʰʦʝ  ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʠʤʦʨʬʠʟʤʦʚ ʚ  

ʛʝʥʘʭ  ʧʨʘʢʪʠʯʝʩʢʠ  ʚʩʝʭ  ʠʟʚʝʩʪʥʳʭ  ʮʠʪʦʢʠʥʦʚ  ʠ  ʙʦʣʴʰʠʥʩʪʚʘ   ʭʝʤʦʢʠʥʦʚ. 

 

 

ʈʠʩ. 2 ɻʝʥʳ ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ (ɸ), ʚʨʦʞʜʝʥʥʦʛʦ (ɹ) ʟʚʝʥʴʝʚ ʠʤʤʫʥʠʪʝʪʘ, ʘ 

ʪʘʢʞʝ ʛʝʥʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ (ɺ), ʠʛʨʘʶʱʠʝ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʢ ʠʤʫʥʦʟʘʚʠʩʠʤʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ 

(ʧʦʷʩʥʝʥʠʷ ʚ ʪʝʢʩʪʝ). 
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ʊʘʙʣ. 7. ʏʘʩʪʦʪʳ SNP ʛʝʥʦʚ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʦʪʚʝʪʘ (ʂʦʬʠʘʜʠ, 

ʂʘʜʦʯʥʠʢʦʚʘ ʠ ʜʨ. 2011). ʋʯʘʩʪʠʝ ʚ ʚʦʩʧʘʣʠʪʝʣʴʥʦʤ ʧʫʪʠ ʦʧʨʝʜʝʣʷʣʠ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʙʘʟ ʜʘʥʥʳʭ KEGG (www.genome.jp/kegg) ʠ BioCarta 

(www.biocarta.com). 

ɻʝʥ rs# ɺʘʨʠʘʮʠʷ ʄʠʥʦʨʥʳʡ 

ʘʣʣʝʣʴ 

ʏʘʩʪʦʪʘ 

ʤʠʥʦʨʥʦʛʦ 

ʘʣʣʝʣʷ 

ʏʘʩʪʦʪʘ 

ʛʝʪʝʨʦʟʠʛʦʪ(%) 

ADRB2 rs1042714 C/G G 0,4 45,7 

AGT1 rs4762 C/T T 0,16 25 

 rs699 C/T T 0,49 50,3 

AGTR1 rs5186 A/C C 0,28 39 

PPARG rs1801282 C/G G 0,14 24,3 

IL1A rs1800587 ʉ/T T 0,3 39,7 

IL1B rs16944 A/G A 0,34 44 

 rs1143634 C/T T 0,25 35,7 

 rs1143627 C/T C 0,34 44,3 

IL2 rs2069762 G/T G 0,37 53,3 

 rs2069763 G/T T 0,37 48,3 

IL6 rs1800795 C/G C 0,45 53,7 

IL10 rs1800872 A/C A 0,23 36,3 

 rs1800871 C/T T 0,23 36,7 

 rs1800896 A/G G 0,44 51 

TNF rs361525 A/G A 0,03 6,7 

 rs1800629 A/G A 0,14 26 
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ʊʘʙʣ. 7. ʇʨʦʜʦʣʞʝʥʠʝ. 

ɻʝʥ rs# ɺʘʨʠʘʮʠʷ ʄʠʥʦʨʥʳʡ 

ʘʣʣʝʣʴ 

ʏʘʩʪʦʪʘ 

ʤʠʥʦʨʥʦʛʦ 

ʘʣʣʝʣʷ 

ʏʘʩʪʦʪʘ 

ʛʝʪʝʨʦʟʠʛʦʪ(%) 

INFG rs2430561 A/T A 0,43 48,7 

TGFB1 rs1800469 C/T T 0,34 47,3 

JAK2 rs10974944 C/G G 0,31 40,3 

 

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʧʦʢʘʟʘʥʘ ʘʩʩʦʮʠʘʮʠʷ ʩ ʭʘʨʘʢʪʝʨʦʤ ʪʝʯʝʥʠʷ ʠ 

ʠʩʭʦʜʦʤ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʩ ʨʘʟʚʠʪʠʝʤ ʠʤʤʫʥʦʧʘʪʦʣʦʛʠʡ.  

ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʳʤ ʧʨʠʤʝʨʦʤ ʩʚʷʟʠ ʧʦʣʠʤʦʨʬʠʟʤʘ ʛʝʥʦʚ ʩ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʢ ʠʥʬʝʢʮʠʦʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʘʩʩʦʮʠʘʮʠʠ ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʚ ʭʝʤʦʢʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ ʠ 

ʭʝʤʦʢʠʥʦʚ ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ɺʀʏ-ʠʥʬʝʢʮʠʠ (Locati 

and Murphy 1999). ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʵʪʦʪ ʚʦʧʨʦʩ ʨʘʩʩʤʦʪʨʝʥ ʚ ʩʣʝʜʫʶʱʝʡ 

ʛʣʘʚʝ.  

ʇʨʦʙʣʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʦʯʪʠ ʚʩʝʛʜʘ ʦʙʫʩʣʦʚʣʝʥʘ ʦʜʥʠʤʠ ʠ ʪʝʤʠ ʞʝ 

ʬʘʢʪʦʨʘʤʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʪʨʫʜʥʦʩʪʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʛʨʫʧʧ 

ʧʦʚʳhʝʥʥʦʛʦ ʨʠʩʢʘ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʘʪʦʛʝʥʦʚ, ʧʦʤʦʛʘʶʱʘʷ ʚʠʨʫʩʘʤ ʠ 

ʙʘʢʪʝʨʠʷʤ ʠʟʙʝʛʘʪʴ ʜʝʡʩʪʚʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

ʠ ʚʘʢʮʠʥ. ʂ ʛʨʫʧʧʘʤ ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ ʦʪʥʦʩʷʪʩʷ ʣʶʜʠ, ʢʦʪʦʨʳʝ ʧʦ ʪʝʤ 

ʠʣʠ ʠʥʳʤ ʧʨʠʯʠʥʘʤ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʳ ʢ ʟʘʙʦʣʝʚʘʥʠʶ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, 

ʯʝʤ ʦʩʪʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʧʦʧʫʣʷʮʠʠ. ʕʪʠ ʧʨʠʯʠʥʳ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʳ, ʢʘʢ ʧʦʚʝʜʝʥʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʪʘʢ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʟʘʱʠʪʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ. ʅʘʧʨʠʤʝʨ, ʘʩʦʮʠʘʣʴʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ ʤʥʦʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʧʝʨʝʜʘʶʱʠʭʩʷ ʧʦʣʦʚʳʤ ʧʫʪʝʤ, ʪʘʢʠʭ ʢʘʢ ʛʝʧʘʪʠʪ ʉ, ʩʠʬʠʣʠʩ, ɺʀʏ (Ma, 

Zhang et al. 2007, Todd, Abed et al. 2007, Coleman and Curtis 1989). ɺ ʩʚʦʶ 
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ʦʯʝʨʝʜʴ, ʦʪʣʠʯʠʷ ʚ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘ ʠʥʬʝʢʮʠʶ ʩʚʷʟʘʥʳ ʩ ʬʘʢʪʦʨʦʤ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʟʘʙʦʣʝʚʘʥʠʶ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʧʘʨʘʟʠʪʘʨʥʳʤ, ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʠ ʚʠʨʫʩʥʳʤ 

ʟʘʙʦʣʝʚʘʥʠʷʤ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʥʝ-HLA ʛʝʥʘʤʠ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ (ʪʘʙʣ. 8) 

(Simoes, Goncalves et al. 2005, Burgner, Jamieson et al. 2006, Lykouras, 

Sampsonas et al. 2008). 

 

ʊʘʙʣ. 8 ʈʦʣʴ ʥʝ-HLA ʛʝʥʦʚ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʠ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʠʥʬʝʢʮʠʦʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ 

ʇʘʪʦʛʝʥ ɸʩʩʦʮʠʘʮʠʷ ʩ 

ʟʘʙʦʣʝʚʘʥʠʝʤ 

ʄʘʨʢʝʨ 

N. meningitidis ʇʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ C5-C9, CFP, CFD 

S. pneumonia ʇʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ IRAK4, MYD88 

ʊʫʙʝʨʢʫʣʝʟ ʇʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ SLC11A1 

HSV-1 ʇʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ TLR3, TRAF3, 

UNC93B1 

HPV ʇʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ EVER1, TMC6, 

TMC8 

HIV-1 ʇʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ HCP5, CCR2 

HIV-1 ʋʩʪʦʡʯʠʚʦʩʪʴ CCR5 

HCV ʉʧʦʥʪʘʥʥʳʡ ʢʣʠʨʝʥʩ IL28B 

ʃʝʧʨʘ ʇʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ LACC1 
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ʇʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʦ ʵʬʬʝʢʪʫ ʢʦʤʧʣʝʢʩ ʥʘʩʣʝʜʫʝʤʳʭ ʧʨʠʟʥʘʢʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ ʢ ʧʘʪʦʛʝʥʫ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʦʮʝʥʢʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʠ ʧʦʧʫʣʷʮʠʦʥʥʦʡ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʠʥʬʝʢʮʠʦʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ. 

ɻʝʥʝʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʩʚʷʟʘʥʳ ʥʝ ʪʦʣʴʢʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʫʥʠʢʘʣʴʥʳʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʦʨʛʘʥʠʟʤʘ ʠ ʧʘʪʦʛʝʥʘ, ʥʦ ʠ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʨʝʘʢʮʠʝʡ ʥʘ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʠ ʚʘʢʮʠʥʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʪʝʨʘʧʠʠ 

ʟʘʙʦʣʝʚʘʥʠʡ (Roses 2000). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠʝʤ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʨʝʧʘʨʘʪʘ 

ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʦʩʪʨʫʶ ʨʝʘʢʮʠʶ ʫ ʦʜʥʠʭ ʣʶʜʝʡ ʠ ʙʳʪʴ ʩʦʚʝʨʰʝʥʥʦ 

ʙʝʟʚʨʝʜʥʳʤ ʜʣʷ ʜʨʫʛʠʭ (Phillips 2002). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʢʦʣʦ 10% 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʦʜʦʙʨʝʥʥʳʭ FDA ʩʦʜʝʨʞʘʪ 

ʬʘʨʤʘʢʦʛʝʥʝʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʧʨʦʪʠʚʦʧʦʢʘʟʘʥʳ ʛʝʥʝʪʠʯʝʩʢʠ 

ʚʦʩʧʨʠʠʤʯʠʚʳʤ ʠʥʜʠʚʠʜʫʫʤʘʤ (www.fda.gov). ɺ ʈʦʩʩʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʚʝʜʫʪʩʷ, ʦʜʥʘʢʦ ʨʝʘʣʠʟʘʮʠʷ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤ 

ʧʦʟʚʦʣʠʣʘ ʙʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʩʬʝʨʝ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. 

 

1.3 ʀʄʄʋʅʆɻɽʅɽʊʀʏɽʉʂʀɽ ʄɽʍɸʅʀɿʄʓ ʌʆʈʄʀʈʆɺɸʅʀʗ 

ɽʉʊɽʉʊɺɽʅʅʆʁ ʋʉʊʆʁʏʀɺʆʉʊʀ ʂ ɺʀʏ-ʀʅʌɽʂʎʀʀ/ʉʇʀɼ 

ɺʀʏ ʚʩʝʛʜʘ ʙʳʣ ʠ ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʟʘʛʘʜʦʯʥʳʭ ʠʥʬʝʢʮʠʡ. 

ʇʦ ʧʦʚʦʜʫ ʩʘʤʦʛʦ ʝʛʦ ʧʦʷʚʣʝʥʠʷ ʚ ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʫʛʘʩʣʠ ʩʧʦʨʳ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʝʨʩʠʷ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ɺʀʏ ʚ ʧʨʝʜʝʣʘʭ ʘʬʨʠʢʘʥʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ. ʇʨʠʯʝʤ 

ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʦʥ ʩʦʭʨʘʥʷʣ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʘʬʨʠʢʘʥʩʢʠʭ ʦʙʝʟʴʷʥ (Gao, Yue et al. 1992, Gao, Bailes et al. 

1999). ɺ ʧʦʜʜʝʨʞʢʫ ʵʪʦʡ ʪʝʦʨʠʠ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʥʘʣʠʯʠʝ ʪʝʩʥʦʡ ʩʚʷʟʠ 

ʤʝʞʜʫ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʨʝʛʠʦʥʘʤʠ ʩ ʥʘʠʙʦʣʴʰʠʤ ʧʦʣʠʤʦʨʬʠʟʤʦʤ ʰʪʘʤʤʦʚ 

ɺʀʏ ʠ ʘʨʝʘʣʦʤ ʦʙʠʪʘʥʠʷ ʧʦʧʫʣʷʮʠʡ ʧʨʠʤʘʪʦʚ, ʘ ʪʘʢʞʝ ʨʷʜ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʚʦʣʶʮʠʠ ɺʀʏ. 
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ʊʘʢ ʝʩʪʝʩʪʚʝʥʥʳʡ ʨʝʟʝʨʚʫʘʨ ɺʀʏ-2 ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʚ ʧʨʝʜʝʣʘʭ 

ʧʦʧʫʣʷʮʠʠ ʜʳʤʯʘʪʦʛʦ ʤʘʥʛʦʙʝʷ (Cercocebus atys) (Lemey, Pybus et al. 2003). 

ʉ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ ʨʦʜʩʪʚʦ ʵʪʠʭ ʚʠʨʫʩʦʚ ʫʢʘʟʳʚʘʝʪ 

ʢʨʘʡʥʷʷ ʩʭʦʞʝʩʪʴ ʛʝʥʦʤʦʚ ɺʀʏ-2 ʠ ɺʀʆ (ʚʠʨʫʩʘ ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ 

ʘʬʨʠʢʘʥʩʢʠʭ ʦʙʝʟʴʷʥ) (Wertheim and Worobey 2009). ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ɺʀʏ-1 ʪʘʢʞʝ ʠʤʝʝʪ ʟʦʦʥʦʟʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ɺ ʨʘʙʦʪʝ, ʧʨʦʚʝʜʝʥʥʦʡ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ɹʝʘʪʨʠʩ ʍʘʥ (Beatrice Hahn), ʧʨʠʚʝʜʝʥʳ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʦʙʱʠʭ ʠʩʪʦʢʦʚ ʵʚʦʣʶʮʠʠ ɺʀʏ-1 ʠ ɺʀʆ, ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ 

ʧʦʧʫʣʷʮʠʷʭ ʰʠʤʧʘʥʟʝ (Pan troglodites troglodytes) (Gao, Bailes et al. 1999). 

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʚʨʝʤʝʥʠ ʧʦʷʚʣʝʥʠʷ ɺʀʏ, ʪʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʜʘʪʦʡ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʰʪʘʤʤʦʚ ʚʠʨʫʩʘ, ʩʪʘʚʰʠʭ ʧʨʠʯʠʥʦʡ ʧʘʥʜʝʤʠʠ, 

ʷʚʣʷʶʪʩʷ 30 ʛʦʜʳ ʜʚʘʜʮʘʪʦʛʦ ʩʪʦʣʝʪʠʷ. ʕʪʦʤʫ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʘʥʘʣʠʟ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʰʪʘʤʤʦʚ ɺʀʏ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʨʝʪʨʦʩʧʝʢʪʠʚʥʦ ʧʨʦʩʣʝʜʠʪʴ ʵʚʦʣʶʮʠʶ ʚʠʨʫʩʘ ʚʧʣʦʪʴ ʜʦ ʦʙʱʝʛʦ ʧʨʝʜʢʘ 

(Korber, Muldoon et al. 2000). ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʯʝʣʦʚʝʯʝʩʪʚʦ ʫʞʝ 

ʚʩʪʨʝʯʘʣʦʩʴ ʩ ɺʀʏ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʦʜʪʠʧʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʚ 

ʤʠʨʝ ʛʨʫʧʧʳ ʄ, ʷʚʣʷʶʪʩʷ ʧʦʪʦʤʢʘʤʠ ʦʪʜʝʣʴʥʳʭ ʰʪʘʤʦʚ, ʫʞʝ 

ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʨʘʥʝʝ ʚ ʣʦʢʘʣʴʥʳʭ ʘʬʨʠʢʘʥʩʢʠʭ ʧʦʧʫʣʷʮʠʷʭ (Zhu, Korber 

et al. 1998, McCutchan, Carr et al. 1999). 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʥʦʛʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʙʦʣʝʝ 

ʨʘʥʥʝʝ ʧʦʷʚʣʝʥʠʝ ɺʀʏ ʫ ʣʶʜʝʡ, ʧʝʨʚʳʡ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʩʣʫʯʘʡ ʛʠʙʝʣʠ 

ʯʝʣʦʚʝʢʘ ʦʪ ɺʀʏ ʜʘʪʠʨʦʚʘʥ ʠʶʥʝʤ 1981 ʛʦʜʘ. ʄʘʡʢʣ ɻʦʪʣʠʙ (Michael 

Gottlieb) ʦʧʫʙʣʠʢʦʚʘʣ ʩʪʘʪʴʶ, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʘʣ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʫʶ ante-

mortem ʧʥʝʚʤʦʮʠʩʪʥʫʶ ʧʥʝʚʤʦʥʠʶ (Pneumocystis carinii), ʦʩʣʦʞʥʝʥʥʫʶ 

ʠʥʬʝʢʮʠʝʡ CMV ʠ ʢʘʥʜʠʜʦʟʦʤ ʫ 5 ʧʘʮʠʝʥʪʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʣʝʯʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʛʦʩʧʠʪʘʣʷʭ ʃʦʩ-ɸʥʜʞʝʣʝʩʘ (Gottlieb, Schroff et al. 1981). ɼʣʷ 

ʪʨʦʠʭ ʠʟ ʥʠʭ (ʜʚʘ ʜʨʫʛʠʭ ʧʦʛʠʙʣʠ ʠ ʥʝ ʙʳʣʠ ʦʙʩʣʝʜʦʚʘʥʳ) ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʦ 

ʥʝʦʙʳʯʥʦʝ ʠʤʤʫʜʝʬʠʮʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʣʠʤʬʦʧʝʥʠʝʡ, ʘ 

ʪʘʢʞʝ ʩʣʘʙʳʤ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʤ ʦʪʚʝʪʦʤ ʣʠʤʬʦʮʠʪʦʚ ʥʘ ʤʠʪʦʛʝʥʳ ʠ 

ʘʥʪʠʛʝʥʳ. ʏʝʨʝʟ ʜʚʘ ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʠʟ ʠʥʩʪʠʪʫʪʘ ʇʘʩʪʝʨʘ (ʌʨʘʥʮʠʷ) 
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ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʚʠʨʫʩ, ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʩʝʤʝʡʩʪʚʫ Retroviridae, ʢʦʪʦʨʳʡ, ʧʦ 

ʠʭ ʤʥʝʥʠʶ, ʙʳʣ ʩʚʷʟʘʥ ʩ ʨʘʟʚʠʪʠʝʤ ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ ʜʘʥʥʦʛʦ ʪʠʧʘ (Barre-

Sinoussi, Chermann et al. 1983, Francki 1991). ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ, ʢʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʥʦʚʳʭ ʚʠʨʫʩʥʳʭ ʠʥʬʝʢʮʠʡ, ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʨʦʩʪ 

ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʠ ʩʤʝʨʪʥʦʩʪʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩ ʥʦʩʠʪʝʣʴʩʪʚʦʤ 

ɺʀʏ (ʍʘʠʪʦʚ ʠ ʀʛʥʘʪʴʝʚʘ 1992). 

ʋʞʝ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʠʟʫʯʝʥʠʷ ɺʀʏ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʨʫʩʘ ʩ ʢʣʝʪʢʘʤʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʨʘʩʰʠʬʨʦʚʘʥ ʚʠʨʫʩʥʳʡ ʛʝʥʦʤ (Chatterjee, Basak et al. 1992, Chazal and Gerlier 

2003, Chehimi, Starr et al. 1992, Chirmule, Kalayanaraman et al. 1990, Clerici and 

Shearer 1993, Clerici, Stocks at al. 1989, Clouse, Cosentino et al. 1991, Coffin, 

Haase et al. 1996, Coffin 1979, Cullen 1992). ʆʜʥʘʢʦ, ʤʥʦʛʠʝ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ, ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʝ ʩʝʙʷ ʚ ʙʦʨʴʙʝ ʩ ʜʨʫʛʠʤʠ ʚʠʨʫʩʥʳʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʦʢʘʟʘʣʠʩʴ ʥʝʵʬʬʝʢʪʠʚʥʳ ʚ ʦʪʥʦʰʝʥʠʠ ɺʀʏ-ʠʥʬʝʢʮʠʠ. 

ɺʠʨʫʩ ʚʦ ʤʥʦʛʦʤ ʫʥʠʢʘʣʝʥ: ʝʛʦ ʩʫʙʪʠʧʳ ʧʦ-ʨʘʟʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ 

ʨʘʟʣʠʯʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ, ʦʙʱʘʷ ʜʠʥʘʤʠʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʠʥʬʝʢʮʠʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ çʚʠʨʫʩʥʦʛʦè ʪʠʧʘ, ʤʥʦʛʦʦʙʨʘʟʠʝ 

ʬʦʨʤ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʙʳʩʪʨʦʡ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʝ ʚʘʢʮʠʥʳ (Morgado, Guimaraes et al. 2002). 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʭ ʙʘʨʴʝʨʦʚ ʥʘ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʠʥʬʝʢʮʠʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʪ. ɺʩʝ ʵʪʦ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʙʣʝʤʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ɺʀʏ-

ʠʥʬʝʢʮʠʠ. ʊʨʠ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʵʪʦ ʤʦʥʠʪʦʨʠʥʛ ʛʨʫʧʧ ʧʦʚʳʰʝʥʥʦʛʦ 

ʨʠʩʢʘ, ʨʘʟʨʘʙʦʪʢʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʣʝʯʝʥʠʷ ɺʀʏ-ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ 

ʠ ʧʦʠʩʢ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʠʰʝʥʝʡ, ʢʘʢ ʚ ʛʝʥʦʤʝ ʚʠʨʫʩʘ, ʪʘʢ ʠ ʚ 

ʛʝʥʦʤʝ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ 

ʣʝʯʝʥʠʷ (De Clercq 2002, Marks, Crepaz et al. 2005, Cooper, Imrie et al 1987, 

ɻʫʜʠʤʘ, ɹʦʛʦʚʘ ʠ ʜʨ. 2004, ʉʠʜʦʨʦʚʠʯ, ʅʠʢʦʣʘʝʚʘ ʠ ʜʨ. 2004). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʫʨʦʚʥʝ ʩʫʱʝʩʪʚʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʣʠʯʠʷ ʚ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ɺʀʏ-ʠʥʬʝʢʮʠʠ. ʉʢʦʨʦʩʪʴ 
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ʨʘʟʚʠʪʠʷ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʨʘʟʥʳʭ ʣʶʜʝʡ ʚʘʨʴʠʨʫʝʪ ʦʪ 

2-3 ʜʦ 10-15 ʣʝʪ, ʘ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢ ʠʥʬʝʢʮʠʠ ʦʭʚʘʪʳʚʘʝʪ ʚʝʩʴ ʩʧʝʢʪʨ 

ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʥʘ ʧʘʪʦʛʝʥ - ʦʪ ʚʳʩʦʢʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ɺʀʏ (Kaslow, Dorak et al. 2005, Lama and Planelles 

2007). ɺ ʦʩʥʦʚʝ ʵʪʠʭ ʦʪʣʠʯʠʡ ʣʝʞʠʪ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʯʝʣʦʚʝʢʘ, ʘ ʪʦʯʥʝʝ 

ʤʝʞʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʦʪʣʠʯʠʷ, ʬʦʨʤʠʨʫʶʱʠʝ ʫʥʠʢʘʣʴʥʳʡ 

ʥʘʙʦʨ ʧʨʠʟʥʘʢʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ɺʀʏ (Ioannidis, Rosenberg et al. 2001). 

 

1.3.1 ʈʦʣʴ HLA  ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʝʥʝʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ɺʀʏ-ʠʥʬʝʢʮʠʠ 

ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʫʶʱʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʠ ɺʀʏ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ HLA. ɺ ʢʦʥʮʝ 2010 ʛʦʜʘ 

ʛʨʫʧʧʦʡ ʘʤʝʨʠʢʘʥʩʢʠʭ ʫʯʝʥʳʭ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʫʣʴʪʠʵʪʥʠʯʝʩʢʠʭ ʢʦʛʦʨʪ, ʚʢʣʶʯʘʶʱʠʭ, ʢʘʢ ʣʶʜʝʡ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 

ʟʘʤʝʜʣʝʥʥʦʡ ʧʨʦʛʨʝʩʩʠʝʡ ʠʥʬʝʢʮʠʠ, ʪʘʢ ʠ ʫʩʢʦʨʝʥʥʳʤ ʪʝʯʝʥʠʝʤ ɺʀʏ 

(Pereyra 2010). ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʭʥʦʣʦʛʠʶ 

ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʢʨʠʥʠʥʛʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠʣʠ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ ʢ ɺʀʏ, ʦʢʘʟʘʣʦʩʴ ʣʦʢʘʣʠʟʦʚʘʥʦ ʥʘ 6 ʭʨʦʤʦʩʦʤʝ ʚ ʨʝʛʠʦʥʝ 

ʢʦʤʧʣʝʢʩʘ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʩʠʩʪʝʤʫ HLA.  

ʉʨʝʜʠ ʠʥʜʠʚʠʜʫʫʤʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʝʚʨʦʧʝʡʩʢʦʡ ʨʘʩʝ, ʥʘʠʙʦʣʝʝ 

ʜʦʩʪʦʚʝʨʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʩ ʧʨʠʟʥʘʢʦʤ ʧʦʢʘʟʘʥʘ ʜʣʷ ʤʘʨʢʝʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʚ ʨʝʛʠʦʥʝ HLA I ʢʣʘʩʩʘ. ʀʟ ʥʠʭ ʥʘʠʙʦʣʴʰʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ (ʟʘʱʠʪʥʳʡ) 

ʵʬʬʝʢʪ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʜʜʝʨʞʘʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʫʨʦʚʥʷ ʚʠʨʫʩʥʦʡ ʥʘʛʨʫʟʢʠ ʠ 

ʧʦʥʠʞʝʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ɺʀʏ ʜʨʫʛʠʤ ʣʶʜʷʤ, ʧʦʢʘʟʘʥ ʜʣʷ 

ʤʘʨʢʝʨʦʚ HLA-B*57:01 B*27:05, B*14/Cw*08:02, B*52 ʠ A*25, ʘ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʩ ʤʘʨʢʝʨʘʤʠ B*35 ʠ Cw*07 (ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʘʩʩʦʮʠʘʮʠʠ 

ʜʨʫʛʠʭ ʘʣʣʝʣʝʡ HLA ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʚ ɺʀʏ-

ʠʥʬʝʢʮʠʠ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʘʭ 9 ʠ 10.)
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ʊʘʙʣ. 9. ɸʩʩʦʮʠʘʮʠʠ HLA ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ɺʀʏ-ʠʥʬʝʢʮʠʠ (Trachtenberg 

2001) 

ɸʣʣʝʣʴ ʠʣʠ 

ʛʘʧʣʦʪʠʧ HLA  

ɻʨʫʧʧʘ ʨʠʩʢʘ ʇʦʧʫʣʷʮʠʷ 

HLA ʢʣʘʩʩʘ I 

A2 ʧʝʨʠʥʘʪʘʣʴʥʦʝ 

ʠʥʬʠʮʠʨʦʚʘʥʠʝ 

ɸʬʨʠʢʘʥʮʳ 

A2-A*68:02 

 

ʧʨʦʩʪʠʪʫʪʢʠ ɸʬʨʠʢʘʥʮʳ 

A11 ʧʨʦʩʪʠʪʫʪʢʠ 

 

ʉʝʚʝʨʥʳʡ ʊʘʡʣʘʥʜ 

B18 ʧʨʦʩʪʠʪʫʪʢʠ 

 

ʉʝʚʝʨʥʳʡ ʊʘʡʣʘʥʜ 

B*44, B*55 ʩʤʝʰʘʥʥʘʷ ʛʨʫʧʧʘ ɸʤʝʨʠʢʘʥʩʢʠʝ 

ʠʥʜʝʡʮʳ ʠ ʠʩʧʘʥʮʳ 

B8 ʠʥʬʠʮʠʨʦʚʘʥʠʝ 

ʧʨʠ ʪʨʘʥʩʬʫʟʠʠ 

ɽʚʨʦʧʝʦʠʜʳ 

B*58:01+ɺʀʏ2 ʩʤʝʰʘʥʥʘʷ ʛʨʫʧʧʘ 

 

ɸʬʨʠʢʘʥʮʳ 

HLA ʢʣʘʩʩʘ II  

DRB1*01:02 ʧʨʦʩʪʠʪʫʪʢʠ 

 

ɸʬʨʠʢʘʥʮʳ 

DRB1*13(*130

1-3), *15:01 

ʧʝʨʠʥʘʪʘʣʴʥʦʝ 

ʠʥʬʠʮʠʨʦʚʘʥʠʝ 

ʉʤʝʰʘʥʥʳʝ 

DQB1*03:03 ʩʤʝʰʘʥʥʘʷ ʛʨʫʧʧʘ ɽʚʨʦʧʝʦʠʜʳ ʠ 

ʘʬʨʦʘʤʝʨʠʢʘʥʮ r

DQB1*06:03 ʩʤʝʰʘʥʥʘʷ ʛʨʫʧʧʘ ɽʚʨʦʧʝʦʠʜʳ ʠ 

ʘʬʨʦʘʤʝʨʠʢʘʥʮʳ 
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ʊʘʙʣ. 10. ɸʩʩʦʮʠʘʮʠʠ HLA ʩ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʢ ɺʀʏ-ʠʥʬʝʢʮʠʠ 

(Trachtenberg 2001). 

ɸʣʣʝʣʴ ʠʣʠ 

ʛʘʧʣʦʪʠʧ HLA  

ɻʨʫʧʧʘ ʨʠʩʢʘ ʇʦʧʫʣʷʮʠʷ 

HLA ʢʣʘʩʩʘ I 

ʂʦʥʢʦʨʜʧʥʪʥʦʩʪʴ 

ʤʘʪʝʨʠ ʠ ʨʝʙʝʥʢʘ 

ʧʦ HLA ʢʣʘʩʩʘ 1 

ʧʝʨʠʥʘʪʘʣʴʥʦʝ 

ʠʥʬʠʮʠʨʦʚʘʥʠʝ 

ɸʬʨʠʢʘʥʮʳ 

A*23:01 ʧʨʦʩʪʠʪʫʪʢʠ 

 

ɸʬʨʠʢʘʥʮʳ 

A32 ʠʥʬʠʮʠʨʦʚʘʥʠʝ 

ʧʨʠ ʪʨʘʥʩʬʫʟʠʠ 

ɽʚʨʦʧʝʦʠʜʳ 

A*24, B39, B18 ʩʤʝʰʘʥʥʘʷ 

ʛʨʫʧʧʘ 

ɸʤʝʨʠʢʘʥʩʢʠʝ 

ʠʥʜʝʡʮʳ ʠ 

ʠʩʧʘʥʮʳ 

HLA ʢʣʘʩʩʘ II  

DRB1*03:01 ʧʝʨʠʥʘʪʘʣʴʥʦʝ 

ʠʥʬʠʮʠʨʦʚʘʥʠʝ 

ʉʤʝʰʘʥʥʳʝ  

DQB1*06:03 

DQB1*06:02 

ʩʤʝʰʘʥʥʘʷ 

ʛʨʫʧʧʘ 

ɽʚʨʦʧʝʦʠʜʳ ʠ 

ʘʬʨʦʘʤʝʨʠʢʘʥʮʳ 

DQB1*06:04 ʧʝʨʠʥʘʪʘʣʴʥʦʝ 

ʠʥʬʠʮʠʨʦʚʘʥʠʝ 

ɸʬʨʦʘʤʝʨʠʢʘʥʮʳ 

DQB1*06:05 

DQB1*06:02 

ʩʤʝʰʘʥʥʘʷ 

ʛʨʫʧʧʘ 

ɽʚʨʦʧʝʦʠʜʳ ʠ 

ʘʬʨʦʘʤʝʨʠʢʘʥʮʳ 
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1.3.2 ʥʝ-HLA  ʛʝʥʳ ʚ ʦʪʚʝʪʝ ʥʘ ɺʀʏ 

ɺʩʧʣʝʩʢ ʠʥʪʝʨʝʩʘ ʢ ʧʨʦʙʣʝʤʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ (ʠ ʧʦʧʫʣʷʮʠʦʥʥʦʡ) 

ʛʝʥʝʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ɺʀʏ/ʉʇʀɼ, ʧʨʠʚʝʣ ʢ 

ʧʦʷʚʣʝʥʠʶ ʜʘʥʥʳʭ ʦʙ ʦʪʜʝʣʴʥʳʭ ʚʘʨʠʘʥʪʘʭ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ, ʥʝ-HLA ʛʝʥʦʚ, 

ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʥʘʜʝʞʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʤʘʨʢʝʨʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʟʘʙʦʣʝʚʘʥʠʶ (An and Winkler 2010).  

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʤʠʤʦ ʨʝʮʝʧʪʦʨʘ CD4, ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ɺʀʏ ʚ ʢʣʝʪʢʫ, ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ 

ʚʠʨʫʩʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʬʫʟʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʢʦʨʝʮʝʧʪʦʨʦʚ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʝʤʝʡʩʪʚʫ 7TM ʨʝʮʝʧʪʦʨʦʚ ʭʝʤʦʢʠʥʦʚ (G-ʙʝʣʦʢ-ʩʚʷʟʳʚʘʶʱʠʝ 

ʨʝʮʝʧʪʦʨʳ) (Moore, Trkola et al. 1997, Bushman, Fujiwara et al 1990, Capon, 

Ward et al. 1991, Fauci 1988). ʉʫʧʝʨʩʝʤʝʡʩʪʚʦ ʭʝʤʦʢʠʥʦʚ ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ 

ʙʝʣʢʦʚ (ʦʢʦʣʦ 50), ʨʘʟʜʝʣʷʝʤʳʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʥʘ ʪʨʠ ʢʣʘʩʩʘ: ʉ, ʉʉ ʠ CXC, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʣʠʯʠʷʤʠ ʚ ʦʙʱʝʤ ʮʠʩʪʝʠʥʦʚʦʤ ʤʦʪʠʚʝ. ʍʝʤʦʢʠʥʳ 

ʷʚʣʷʶʪʩʷ ʤʝʜʠʘʪʦʨʘʤʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʤʠ ʭʝʤʦʪʘʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʢʣʝʪʦʢ (Zlotnik and Yoshie 2000). ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʣʝʢʫʣ 

ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʦʪʣʠʯʠʷʤʠ ʚ ʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʊʘʢ CXC ʭʝʤʦʢʠʥʳ ʷʚʣʷʶʪʩʷ ʭʝʤʦʘʪʪʨʘʢʪʘʥʪʘʤʠ 

ʜʣʷ ʥʝʡʪʨʦʬʠʣʦʚ, ʢʣʘʩʩ ʉʉ ʭʝʤʦʢʠʥʦʚ ʜʣʷ ʤʦʥʦʮʠʪʦʚ, ʣʠʤʬʦʮʠʪʦʚ, 

ʙʘʟʦʬʠʣʦʚ ʠ ʵʦʟʠʥʦʬʠʣʦʚ, ʘ C ʜʣʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʊ-ʢʣʝʪʦʢ. ʋʢʘʟʘʥʥʳʤ 

ʢʣʘʩʩʘʤ ʭʝʤʦʢʠʥʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʫʧʧʳ ʨʝʮʝʧʪʦʨʦʚ. ʅʘ ʦʩʥʦʚʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʷʟʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʭʝʤʦʢʠʥʳ, ʭʝʤʦʢʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ 

ʜʝʣʷʪʩʷ ʥʘ ʩʚʷʟʳʚʘʶʱʠʝ ʉ, ʉʉ, ʉʍʉ ʠʣʠ ʩʚʷʟʳʚʘʶʱʠʝ ʨʘʟʥʳʝ ʢʣʘʩʩʳ 

ʭʝʤʦʢʠʥʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ (Moser and Loetscher 2001). ʂʣʶʯʝʚʘʷ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ɺʀʏ-ʠʥʬʝʢʮʠʠ/ʉʇʀɼ 

ʧʨʠʥʘʜʣʝʞʠʪ ʨʝʮʝʧʪʦʨʘʤ CCR5 ʠ CXCR4, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʦʤʠʤʦ ʧʨʦʯʝʛʦ 

ʪʨʦʧʠʟʤ ʠʟʦʣʷʪʦʚ ɺʀʏ-1 (ʨʠʩ. 3). (Bleul, Wu et al. 1997).  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ɺʀʏ ʷʚʣʷʝʪʩʷ ʛʝʥʝʪʠʯʝʩʢʠʡ ʤʘʨʢʝʨ CCR5delta32. ʆʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʛʝʥʝ 

CCR5 ʠ ʧʨʠʚʦʜʠʪ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʨʝʮʝʧʪʦʨʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ, ʯʪʦ 
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ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʠʨʫʩʘ ʚ ʢʣʝʪʢʫ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪ ʨʠʩʢ ʟʘʨʘʞʝʥʠʷ ɺʀʏ (Smith, Dean et al. 1997, Mitchell, Walley et al. 

2000, ɸʧʨʷʪʠʥ, ʅʠʢʦʣʘʝʚʘ ʠ ʜʨ. 2001, ɻʘʣʣʝʝʚʘ, ʍʫʩʥʫʪʜʠʥʦʚʘ ʠ ʜʨ. 1998). 

ʆʜʥʦʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʣʠʤʦʨʬʠʟʤʳ ʚ ʛʝʥʘʭ ʜʨʫʛʠʭ ʭʝʤʦʢʠʥʦʚʳʭ 

ʨʝʮʝʧʪʦʨʦʚ ʪʘʢ ʞʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʟʘʙʦʣʝʚʘʥʠʶ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʤʝʥʘ ʚʘʣʠʥʘ ʥʘ ʠʟʦʣʝʡʮʠʥ ʚ ʧʝʨʚʦʤ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʤ 

ʜʦʤʝʥʝ ʨʝʮʝʧʪʦʨʘ - CCR2 (ʧʦʣʠʤʦʨʬʠʟʤ CCR2-64I) ʧʨʦʜʣʝʚʘʝʪ ʧʝʨʠʦʜ 

ʤʝʞʜʫ ʠʥʬʠʮʠʨʦʚʘʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʩʠʤʧʪʦʤʦʚ ʉʇʀɼ (Smith, Dean et al. 

1997).  

ɽʱʝ ʦʜʥʠʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ɺʀʏ, ʩʣʫʞʠʪ 

ʤʘʨʢʝʨ ʚ ʛʝʥʝ, ʢʦʜʠʨʫʶʱʝʤ ʭʝʤʦʢʠʥ SDF1 (ʣʠʛʘʥʜ ʜʣʷ ʨʝʮʝʧʪʦʨʘ CXCR4). ʋ 

ɺʀʏ-ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ, ʥʝʩʫʱʠʭ ʵʪʦʪ ʤʘʨʢʝʨ, ʧʦʟʞʝ ʧʨʦʷʚʣʷʶʪʩʷ ʩʠʤʧʪʦʤʳ 

ʉʇʀɼ (Winkler, Modi et al. 1998). 

 

   

ʈʠʩ. 3. ɺ ʧʨʦʮʝʩʩ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ɺʀʏ ʚ ʢʣʝʪʢʫ ʚʦʚʣʝʯʝʥʳ ʨʝʮʝʧʪʦʨʳ CD4 ʠ 

ʢʦʨʝʮʝʧʪʦʨʳ CCR5 (ʤʘʢʨʦʬʘʛʦʪʨʦʧʥʳʝ ʰʪʘʤʤʳ) ʠ CXCR4 (T-

ʣʠʤʬʦʮʠʪʦʪʨʦʧʥʳʝ ʰʪʘʤʤʳ. ʇʦʚʳʰʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʭʝʤʦʢʠʥʘ SDF1 

(ʣʠʛʘʥʜʘ ʨʝʮʝʧʪʦʨʘ CXCR4) ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʯʠʩʣʘ çʩʚʦʙʦʜʥʳʭè 

ʨʝʮʝʧʪʦʨʦʚ ʠ ʜʝʣʘʝʪ ʠʭ ʥʝʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʚʠʨʫʩʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʝʣʝʮʠʷ ʚ 

ʨʝʮʝʧʪʦʨʝ CCR5 ʙʣʦʢʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʠʥʬʠʮʠʨʦʚʘʥʠʝ ʢʣʝʪʢʠ (Farnet and Haseltine 1990, Fauci 1996). 
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ʅʘʢʦʥʝʮ ʚ Fellay ʩ ʩʦʘʚʪʦʨʘʤʠ ʩ ʧʦʤʦʱʴʶ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʜʭʦʜʦʚ 

(GWAS ï Genome-Wide Association Study) ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʨʦʣʴ 

ʧʦʣʠʤʦʨʬʠʟʤʦʚ rs9264942 (ʣʦʢʫʩ HLA-C) ʠ rs2395029 (ʛʝʥ HCP5), ʩ 

ʜʠʥʘʤʠʢʦʡ ʨʘʟʚʠʪʠʷ ɺʀʏ-ʠʥʬʝʢʮʠʠ. ʇʦ ʜʘʥʥʳʤ ʘʚʪʦʨʦʚ ʦʙʘ ʚʘʨʠʘʥʪʘ 

ʜʦʩʪʦʚʝʨʥʦ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʧʦʥʠʞʝʥʥʦʡ ʚʠʨʫʩʥʦʡ ʥʘʛʨʫʟʢʦʡ ʫ ɺʀʏ-

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʣʠʮ. ʂʨʦʤʝ ʪʦʛʦ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʘʩʩʦʮʠʘʮʠʷ ʩʝʤʠ SNP 

(rs9261174, rs3869068, rs2074480, rs7758512, rs9261129, rs2301753, 

rs2074479), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʙʣʘʩʪʠ ʛʝʥʦʚ RNF39 ʠ ZNRD1 ʩ ʧʨʦʛʨʝʩʩʠʝʡ 

ʟʘʙʦʣʝʚʘʥʠʷ (Fellay, Shianna et al. 2007). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʦʣʠʤʦʨʬʠʟʤ 

rs2395029 ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʨʘʚʥʦʚʝʩʠʠ ʧʦ ʩʮʝʧʣʝʥʠʶ ʩ ʚʳʰʝʫʢʘʟʘʥʥʳʤ 

ʘʣʣʝʣʝʤ HLA*B57:01, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʩ ʨʘʟʚʠʪʠʝʤ ʨʝʘʢʮʠʠ 

ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʘ ʧʨʝʧʘʨʘʪ ɸʙʘʢʘʚʠʨ ï ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ 

ʧʨʝʧʘʨʘʪ, ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʦʡ ʪʝʨʘʧʠʠ. ʇʦʣʠʤʦʨʬʠʟʤ ʙʳʣ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʫ ʚʩʝʭ ʥʦʩʠʪʝʣʝʡ ʘʣʣʝʣʷ HLA*B57:01 (N=98) ʠ ʫ 999 ʠʟ 

1005 HLA*B57:01-ʥʝʛʘʪʠʚʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʝʚʨʦʧʝʦʠʜʥʦʡ ʧʦʧʫʣʷʮʠʠ 

(Colombo, Rauch et al. 2008).  

 

1.3.3 ʇʦʧʫʣʷʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ɺʀʏ-ʠʥʬʝʢʮʠʠ/ʉʇʀɼ 

ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʘʩʩʦʮʠʘʪʠʚʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʛʝʥʝʪʠʯʝʩʢʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ (ʩʣʘʙʘʷ ʧʨʠʚʷʟʘʥʥʦʩʪʴ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʤʘʨʢʝʨʦʚ ʢ ʟʘʙʦʣʝʚʘʥʠʶ) ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʜʢʠʭ ʚʘʨʠʘʥʪʦʚ, 

ʷʚʣʷʶʱʠʭʩʷ ʠʩʪʠʥʥʦʡ ʧʨʠʯʠʥʦʡ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʤʫʪʘʮʠʠ), ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ GWAS (Ardlie, Kruglyak et al. 2002). 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʫʪʘʮʠʷ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʘ ʥʝʟʘʚʠʩʠʤʦʤ ʛʝʥʝʪʠʯʝʩʢʦʤ 

ʬʦʥʝ ʚ ʦʪʨʳʚʝ ʦʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʘʨʢʝʨʦʚ ʠʣʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ 

ʥʠʤʠ ʧʦ-ʨʘʟʥʦʤʫ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʧʫʣʷʮʠʷʭ. ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʩʣʫʞʠʪ 

ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʛʝʥʦʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʠʩʪʦʨʠʝʡ ʨʘʟʚʠʪʠʷ ʧʦʧʫʣʷʮʠʠ, ʜʨʝʡʬʦʤ ʛʝʥʦʚ ʠ ʯʘʩʪʦʪʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ 
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(Campbell and Tishkoff 2008, Hamblin, Buckler et al. 2011, Novembre and 

Ramachandran 2011). ʇʦʧʫʣʷʮʠʦʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ 

ʬʝʥʦʪʠʧʦʚ ʠ ʛʝʥʦʪʠʧʦʚ (ʵʪʥʠʯʝʩʢʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ) ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʥʝʢʦʨʨʝʢʪʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ (McClellan and King 2010). ɺʤʝʩʪʝ ʵʪʠ ʬʘʢʪʦʨʳ 

ʬʦʨʤʠʨʫʶʪ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʜʣʷ ʜʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚʦʧʨʦʩʦʚ, ʪʨʝʙʫʶʱʠʭ ʧʨʦʷʩʥʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʠʤʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʢʘʨʪ ʢ ʰʠʨʦʢʦʤʫ 

ʩʧʝʢʪʨʫ ʧʦʧʫʣʷʮʠʡ (Sim, Rebecca et al. 2011, Prasad, Kumar et al. 2012). 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʠʥʬʝʢʮʠʠ ʧʦʟʚʦʣʠʪ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʩʘʤʳʭ ʙʘʟʦʚʳʭ 

ʤʝʭʘʥʠʟʤʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʪʦʛʝʥʘ ʠ ʢʣʝʪʢʠ, ʘ ʪʘʢʞʝ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʦʚʳʝ 

ʧʦʜʭʦʜʳ ʢ ʣʝʯʝʥʠʶ, ʢʘʢ ʚ ʧʣʘʥʝ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʪʘʢ ʠ ʚ ʧʣʘʥʝ 

ʩʦʟʜʘʥʠʷ ʛʝʥʦʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʘʪʦʛʝʥʘ ʠ ʟʘʱʠʪʥʦʡ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʛʝʥʝʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʥʬʝʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʫʥʠʢʘʣʴʥʳʤ 

ʵʚʦʣʶʮʠʦʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʧʨʠʟʚʘʥʥʳʤ ʦʛʨʘʥʠʯʠʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʧʫʣʷʮʠʠ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʦʯʢʦʡ 

ʟʨʝʥʠʷ, ʤʘʩʩʦʚʳʝ ʵʧʠʜʝʤʠʠ ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʦʪʙʦʨʘ, ʧʦʟʚʦʣʷʶʱʠʤ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʧʦʚʳʩʠʪʴ ʯʘʩʪʦʪʫ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʨʠʟʥʘʢʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʵʧʠʜʝʤʠʷ ʙʫʙʦʥʥʦʡ ʯʫʤʳ (Yersinia pestis), ʢʦʪʦʨʘʷ 

ʧʨʠʚʝʣʘ ʢ ʢʦʣʦʩʩʘʣʴʥʳʤ ʯʝʣʦʚʝʯʝʩʢʠʤ ʧʦʪʝʨʷʤ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ 

ʪʳʩʷʯʝʣʝʪʠʷ, ʤʦʛʣʘ ʩʪʘʪʴ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʦʧʳ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʨʢʝʨʘ CCR5delta32, ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ɺʀʏ-ʠʥʬʝʢʮʠʠ (Dean, Carrington et al. 1996, Samson, Libert 

et al. 1996, Blanpain, Libert et al. 2002). ʆʜʥʘʢʦ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʡ 

ʛʠʧʦʪʝʟʳ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ (Elvin, Williamson et al. 2004, 

Hummel, Schmidt et al. 2005).  

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʰʪʘʤʤʦʚ ɺʀʏ, ʠʭ ʥʝʩʣʫʯʘʡʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʣʠʯʥʳʭ ʵʪʥʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʘ ʪʘʢʞʝ ʥʝʦʙʳʯʥʘʷ 
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çʥʝ ʢʣʘʩʩʠʯʝʩʢʘʷè ʜʠʥʘʤʠʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʝʢʮʠʠ ʜʘʚʥʦ ʩʪʘʚʠʪ ʚ 

ʪʫʧʠʢ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ɸ ʤʝʞʜʫ ʪʝʤ, ʢʘʢ ʥʘʙʣʶʜʘʝʤʳʡ ʩʧʘʜ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʚ ʥʝʢʦʪʦʨʳʭ ʧʦʧʫʣʷʮʠʷʭ, ʪʘʢ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʰʪʘʤʤʦʚ ɺʀʏ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʪʯʘʩʪʠ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʳ ʬʘʢʪʦʨʦʤ ʝʩʪʝʩʪʚʝʥʥʦʡ ʛʝʥʝʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ɺʀʏ-ʠʥʬʝʢʮʠʠ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʜʨʫʛʠʤʠ ʚʠʨʫʩʥʳʤʠ 

ʠʥʬʝʢʮʠʷʤʠ (Bieniasz 2004, Rumyantsev 2006). 

 

1.3.4 ʌʘʨʤʘʢʦʛʝʥʝʪʠʢʘ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʩʨʝʜʩʪʚ 

ʅʘʢʦʥʝʮ ʝʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʧʨʦʙʣʝʤʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ɺʀʏ-ʠʥʬʝʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʤʘʨʢʝʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʨʝʘʢʮʠʝʡ ʥʘ 

ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʪʝʨʘʧʠʠ ɺʀʏ/ʉʇʀɼ. ʅʘʠʙʦʣʝʝ 

ʠʟʚʝʩʪʥʳʡ ʧʨʠʤʝʨ ʪʘʢʦʡ ʩʚʷʟʠ ï ʵʪʦ ʫʞʝ ʫʧʦʤʠʥʘʚʰʘʷʩʷ ʚʳʰʝ 

ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ɺʀʏ-ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʥʘ ɸʙʘʢʘʚʠʨ 

(Mallal, Nolan et al. 2002). ɺ 1998 ʛʦʜʫ ʧʨʝʧʘʨʘʪ ʙʳʣ ʦʜʦʙʨʝʥ FDA. ʆʜʥʘʢʦ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɸʙʘʢʘʚʠʨʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʙʦʯʥʳʝ 

ʵʬʬʝʢʪʳ. ʅʘʠʙʦʣʝʝ ʪʷʞʝʣʳʤ ʠʟ ʥʠʭ ʩʪʘʣʘ ʨʝʘʢʮʠʷ ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, 

ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʫ 5-10% 

ʧʘʮʠʝʥʪʦʚ. ʅʘ ʬʦʥʝ ʧʦʚʪʦʨʥʦʛʦ ʧʨʠʝʤʘ ʫ ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝ 

ʧʝʨʚʦʛʦ ʧʨʠʝʤʘ ʣʶʜʝʡ ʨʘʟʚʠʚʘʣʘʩʴ ʢʣʘʩʩʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ 

ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠʚʝʜʰʘʷ ʢ ʣʝʪʘʣʴʥʦʤʫ ʠʩʭʦʜʫ 

(Escaut, Liotier et al. 1999).  

ɿʥʘʯʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʦʪʨʘʯʝʥʥʳʝ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ 

ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʧʨʝʧʘʨʘʪʘ, ʘ ʪʘʢʞʝ ʩʫʜʝʙʥʳʝ ʠʩʢʠ ʚʳʥʫʜʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʧʦʠʩʢʫ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ 

ʧʨʝʧʘʨʘʪʫ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʤʠ ʛʨʫʧʧʘʤʠ ʥʝʟʘʚʠʩʠʤʦ ʙʳʣ 

ʫʩʪʘʥʦʚʣʝʥ ʤʘʨʢʝʨ HLA B*57:01 ʩʚʷʟʘʥʥʳʡ ʩ ʦʩʪʨʦʡ ʨʝʘʢʮʠʝʡ ʥʘ ɸʙʘʢʘʚʠʨ 

(Martin, Nolan et al. 2004, Mallal, Phillips et al. 2008). ɺ 2008 ʛʦʜʫ FDA 

ʚʳʧʫʩʪʠʣʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʥʘʣʠʯʠʝ 
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ʘʣʣʝʣʷ HLA B*57:01 ʧʝʨʝʜ ʥʘʟʥʘʯʝʥʠʝʤ ʧʨʝʧʘʨʘʪʘ (www.fda.gov). ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʛʝʥʝʪʠʯʝʩʢʠʡ ʪʝʩʪ ʜʦʩʪʫʧʝʥ ʚʦ ʚʩʝʭ ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʠʭ 

ʩʪʨʘʥʘʭ ʠ ʚ ʉʐɸ. 

ʀʟʫʯʝʥʠʝ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘ ʧʨʝʧʘʨʘʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ 

ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʦʡ ʪʝʨʘʧʠʠ, ʘ ʪʘʢʞʝ ʚʳʷʩʥʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʵʪʦʡ 

ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʘʟʚʠʪʠʝ ʥʝʞʝʣʘʪʝʣʴʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ, ʚʳʟʚʘʥʥʳʭ ʧʨʠʝʤʦʤ ʧʨʝʧʘʨʘʪʦʚ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝʯʝʥʠʷ ɺʀʏ-ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ.  

ʆʜʠʥ ʠʥʪʝʨʝʩʥʳʡ ʩʣʫʯʘʡ, ʩʚʷʟʘʥʥʳʡ ʩ ʫʩʧʝʰʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʨʝʧʘʨʘʪʦʚ ɸʈʊ ʜʣʷ ʣʝʯʝʥʠʷ ɺʀʏ-ʠʥʬʝʢʮʠʠ ʜʘʪʠʨʦʚʘʥ ʤʘʨʪʦʤ 2013 ʛʦʜʘ. ʋ 

ʜʚʫʭʣʝʪʥʝʛʦ ʨʝʙʝʥʢʘ, ʠʥʬʠʮʠʨʦʚʘʥʥʦʛʦ ɺʀʏ ʧʝʨʠʥʘʪʘʣʴʥʦ, ʠ ʩ ʨʦʞʜʝʥʠʷ 

ʧʨʦʭʦʜʷʱʝʛʦ ʢʫʨʩ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʦʡ ʪʝʨʘʧʠʠ (ʟʠʜʦʚʫʜʠʥ, ʣʘʤʠʚʫʜʠʥ, 

ʥʝʚʠʨʘʧʠʥ), ʧʦʩʣʝ 18 ʤʝʩʷʮʝʚ ʣʝʯʝʥʠʷ ʙʳʣʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʦ ʧʦʥʠʞʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ ʚʠʨʫʩʥʦʡ ʥʘʛʨʫʟʢʠ ʜʦ ʥʝʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʫʨʦʚʥʷ (ʠʟʣʝʯʝʥʠʝ) 

(Persaud 2013). ʇʦ ʤʥʝʥʠʶ ʨʫʢʦʚʦʜʠʪʝʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʪʦʨʘ ʈʦʚʝʥʳ 

ɼʞʦʥʩʪʦʥ (Rowena Johnston) ʩʝʢʨʝʪ ʫʩʧʝʭʘ ʪʝʨʘʧʠʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʨʦʝʪʩʷ 

ʚ ʥʝʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠʤʤʫʥʠʪʝʪʘ 

ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʜʝʪʝʡ. ʕʪʦʪ ʩʣʫʯʘʡ ʩ ʜʝʚʦʯʢʦʡ ʠʟ ʰʪʘʪʘ ʄʠʩʩʠʩʠʧʠ, ʘ ʪʘʢʞʝ 

ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ ʩʣʫʯʘʡ ʠʟʣʝʯʝʥʠʷ çʙʝʨʣʠʥʩʢʦʛʦ ʧʘʮʠʝʥʪʘè ʧʦʜʯʝʨʢʠʚʘʶʪ 

ʚʘʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʠ ʦʩʥʦʚ ʠʭ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʢ ɺʀʏ-ʠʥʬʝʢʮʠʠ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʠ 

ʧʦʧʫʣʷʮʠʦʥʥʦʤ ʫʨʦʚʥʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ 

ʛʝʥʝʪʠʢʠ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʪ ʦʪʦʡʪʠ ʦʪ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʧʦ ʙʦʨʴʙʝ ʩ ʠʥʬʝʢʮʠʝʡ ʠ 

ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʦʛʦ ʚʟʛʣʷʜʘ ʥʘ ʧʨʦʙʣʝʤʫ ɺʀʏ/ʉʇʀɼ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ɺʀʏ/ʉʇʀɼ ʧʦʤʦʛʫʪ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʩʘʤʳʭ ʙʘʟʦʚʳʭ 

ʤʝʭʘʥʠʟʤʘʭ ʧʘʪʦʛʝʥʝʟʘ ɺʀʏ ʠ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘ ʠʥʬʝʢʮʠʶ, ʦʙʲʷʩʥʷʪ 
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ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ ʠ ʚʝʨʦʷʪʥʦ ʦʪʢʨʦʶʪ ʥʦʚʳʝ ʧʫʪʠ ʢ ʩʦʟʜʘʥʠʶ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ɺʀʏ-ʠʥʬʝʢʮʠʠ. 

 

1.4 ɻɽʅʓ ʀʄʄʋʅʅʆʁ ʉʀʉʊɽʄʓ ɺ ʂʆʅʊʈʆʃɽ ʂɸʅʎɽʈʆɻɽʅɽɿɸ 

ʉ ʨʘʩʰʠʨʝʥʠʝʤ ʟʥʘʥʠʡ ʦ ʥʘʩʣʝʜʫʝʤʦʩʪʠ ʟʘʙʦʣʝʚʘʥʠʡ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʧʨʦʛʨʝʩʩ ʜʦʩʪʠʛʥʫʪ ʠ ʚ ʦʙʣʘʩʪʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ 

ʢʘʥʮʝʨʦʛʝʥʝʟʘ. ʈʘʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʨʘʢʘ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʠʟʫʯʝʥʠʠ ʩʝʤʝʡʥʦʛʦ ʘʥʘʤʥʝʟʘ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ 

ʚʳʩʦʢʦʧʝʥʝʪʨʘʥʪʥʳʭ ʤʫʪʘʮʠʡ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʪʦʧʨʦʮʝʥʪʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʠʭ ʥʦʩʠʪʝʣʝʡ. ʕʪʠ 

ʤʫʪʘʮʠʠ ʠʩʧʳʪʳʚʘʶʪ ʥʘ ʩʝʙʝ ʜʝʡʩʪʚʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ ʠ, ʚ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʝʩʴʤʘ ʥʠʟʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ ʚ ʧʦʧʫʣʷʮʠʠ.  

ʆʜʥʘʢʦ ʧʦʤʠʤʦ ʪʷʞʝʣʳʭ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʬʦʨʤ ʨʘʢʘ ʩʫʱʝʩʪʚʫʝʪ ʜʦʣʷ 

ʧʘʪʦʣʦʛʠʡ, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʯʝʪʘʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʛʝʥʦʚ ʠ 

ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʠʟʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ. ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʪʘʢʠʝ ʬʦʨʤʳ ʨʘʢʘ ʯʘʩʪʦ ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʧʦʟʜʥʠʭ 

ʩʪʘʜʠʷʭ ʦʥʪʦʛʝʥʝʟʘ, ʛʝʥʝʪʠʯʝʩʢʘʷ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʥʠʤ ʬʦʨʤʠʨʫʝʪʩʷ 

ʥʘ ʬʦʥʝ ʩʣʘʙʦʛʦ ʚʣʠʷʥʠʷ ʦʪʙʦʨʘ ʠ ʥʘʩʣʝʜʫʝʪʩʷ ʥʘʙʦʨʦʤ ʚʝʩʴʤʘ ʯʘʩʪʦʪʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʢʘʢ 

ʚʳʩʦʢʦʧʝʥʝʪʨʘʥʪʥʳʤʠ ʤʫʪʘʮʠʷʤʠ, ʪʘʢ ʠ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʧʦʣʠʤʦʨʬʠʟʤʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʥʘ ʨʠʩʢ ʨʘʟʚʠʪʠʷ 

ʟʘʙʦʣʝʚʘʥʠʷ (Pharoah, Dunning et al. 2004, Di Bernardo, Broderick et al. 2013).  

ʋʯʠʪʳʚʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʨʦʣʴ ʤʝʭʘʥʠʟʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʥʢʦʧʝʨʝʨʦʞʜʝʥʥʳʭ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ, ʢʘʢ ʪʨʠʛʛʝʨʦʚ 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʛʝʥʳ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ 

ʤʝʭʘʥʠʟʤʝ ʢʘʥʮʝʨʦʛʝʥʝʟʘ (Karin and Greten 2005, Garrido, Cabrera et al. 2010, 

ɹʝʨʝʞʥʘʷ 2009). 
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1.4.1 ʀʤʤʫʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʦʧʫʭʦʣʝʦʙʨʘʟʦʚʘʥʠʷ 

ʊʝʦʨʠʷ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʦʧʫʭʦʣʝʦʙʨʘʟʦʚʘʥʠʷ ʦʧʠʩʳʚʘʝʪ 

ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʠ ʩʫʧʨʝʩʩʦʨʥʳʭ ʧʫʪʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʨʘʟʚʠʪʠʶ ʦʧʫʭʦʣʠ 

ʠʣʠ ʧʦʟʚʦʣʷʶʱʠʭ ʢʦʤʧʝʪʝʥʪʥʳʤ ʢʣʝʪʢʘʤ ʩʚʦʝʚʨʝʤʝʥʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʥʢʦʧʝʨʝʨʦʞʜʝʥʥʳʭ ʢʣʝʪʦʢ. ʇʝʨʚʳʡ ʦʙʫʩʣʦʚʣʝʥ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʢʣʝʪʦʢ ʦʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʦʜʘʚʣʷʪʴ 

ʟʘʧʫʩʢ ʧʨʦʛʨʘʤʤʳ ʛʠʙʝʣʠ ʢʣʝʪʢʠ (ʪʘʢ ʥʘʧʨʠʤʝʨ ʩʪʘʙʠʣʠʟʘʮʠʷ ʚʥʝʢʣʝʪʦʯʥʦʛʦ 

ʤʘʪʨʠʢʩʘ ʧʨʝʧʷʪʩʪʚʫʝʪ ʝʛʦ ʨʘʟʨʫʰʝʥʠʶ, ʚʳʟʳʚʘʶʱʝʤʫ ʛʠʙʝʣʴ ʢʣʝʪʢʠ) 

(Lowe, Cepero et al. 2004).  

ɺʪʦʨʦʡ ʧʫʪʴ ʦʩʥʦʚʘʥ ʥʘ ʤʝʭʘʥʠʟʤʘʭ ʨʝʛʫʣʷʮʠʠ ʧʦʣʷʨʥʦʩʪʠ ʜʝʣʷʱʠʭʩʷ 

ʢʣʝʪʦʢ ʠ ʢʦʥʪʨʦʣʝ ʧʨʦʮʝʩʩʦʚ ʢʣʝʪʦʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʨʦʣʠʬʝʨʘʮʠʠ. 

ɿʘʧʫʩʢ ʜʘʥʥʦʛʦ ʟʘʱʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʨʠʚʦʜʠʪ ʢ ʦʩʪʘʥʦʚʢʝ ʢʣʝʪʦʯʥʦʛʦ 

ʮʠʢʣʘ ʚ ʩʣʫʯʘʝ ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʢʣʝʪʢʠ (Lee, 

Cekanova et al. 2008). 

ʊʨʝʪʠʡ ʧʫʪʴ ʦʩʥʦʚʘʥ ʥʘ ʤʝʭʘʥʠʟʤʘʭ ʦʛʨʘʥʠʯʝʥʠʷ ʨʦʩʪʘ ʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʥʢʦʧʝʨʝʨʦʞʜʝʥʥʳʭ ʢʣʝʪʦʢ ʧʦʩʨʝʜʩʪʚʦʤ ʢʣʝʪʦʢ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʳ (Dunn, Bruce et al. 2002). 

ʀʤʤʫʥʥʘʷ ʩʠʩʪʝʤʘ ʟʘʱʠʱʘʝʪ ʦʨʛʘʥʠʟʤ ʦʪ ʦʧʫʭʦʣʝʡ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ 

ʩ ʚʠʨʫʩʥʳʤʠ ʠʥʬʝʢʮʠʷʤʠ, ʵʣʠʤʠʥʠʨʫʝʪ ʘʥʪʠʛʝʥʳ, ʚʳʟʳʚʘʶʱʠʝ ʚʦʩʧʘʣʝʥʠʝ 

ʠ ʩʧʦʩʦʙʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠ ʨʘʩʧʦʟʥʘʚʘʪʴ ʠ ʵʣʠʤʠʥʠʨʦʚʘʪʴ ʢʣʝʪʢʠ 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʦʧʫʭʦʣʝʚʳʝ ʘʥʪʠʛʝʥʳ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʧʨʠʥʷʪʦ 

ʛʦʚʦʨʠʪʴ ʦʙ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʜʟʦʨʘ ʟʘ ʦʧʫʭʦʣʝʚʳʤʠ 

ʢʣʝʪʢʘʤʠ, ʠʟʙʝʞʘʚʰʠʤʠ ʜʝʡʩʪʚʠʷ ʜʨʫʛʠʭ ʩʫʧʨʝʩʩʦʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ʀʥʩʪʨʫʤʝʥʪʘʨʠʡ ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʡ 

ʥʘʜʟʦʨ ʟʘ ʦʧʫʭʦʣʷʤʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ. ʆʥʠ ʩʧʦʩʦʙʥʳ ʢ ʤʥʦʛʦʦʙʨʘʟʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʫʪʠ, 

ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʟʘʧʫʩʢ ʘʧʦʧʪʦʟʘ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʣʘʜʘʶʪ ʢ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʢ ʚʳʙʦʨʦʯʥʦʤʫ ʫʥʠʯʪʦʞʝʥʠʶ ʦʥʢʦʧʝʨʝʨʦʞʜʝʥʥʳʭ ʢʣʝʪʦʢ 

(Smith, Berrieman et al. 2006). 
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1.4.2 ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʦʨʠʷ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʜʟʦʨʘ ʟʘ ʦʧʫʭʦʣʷʤʠ 

ɿʘ ʧʦʩʣʝʜʥʝʝ ʩʪʦʣʝʪʠʝ ʢʦʥʮʝʧʮʠʷ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʜʟʦʨʘ ʟʘ 

ʦʧʫʭʦʣʷʤʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʪʝʨʧʝʚʘʣʘ ʩʝʨʴʝʟʥʳʝ ʠʟʤʝʥʝʥʠʷ. ɺ ʢʦʥʮʝ 90-ʭ 

ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʠʥʪʝʨʝʩ ʢ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ ʧʨʘʢʪʠʯʝʩʢʠ ʫʛʘʩ. 

ʆʜʥʘʢʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʜʘʥʥʳʭ ʦ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤ ʨʦʩʪʝ ʦʧʫʭʦʣʝʡ, 

ʧʝʨʝʩʘʞʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʞʠʚʦʪʥʳʤ, ʦʙʨʘʙʦʪʘʥʥʳʤ ʘʥʪʠʪʝʣʘʤʠ ʢ 

ʠʥʪʝʨʬʝʨʦʥʫ ʛʘʤʤʘ (IFNG),  ʘ ʪʘʢʞʝ ʦ ʙʦʣʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʳʰʝʡ ʩ 

ʧʦʜʘʚʣʝʥʥʦʡ ʬʫʥʢʮʠʝʡ IFNG ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʝʪʠʣʭʦʣʘʥʪʨʝʥ (MCA)-

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩʘʨʢʦʤ, ʠʥʪʝʨʝʩ ʢ ʧʨʦʙʣʝʤʝ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʜʟʦʨʘ ʟʘ 

ʦʧʫʭʦʣʷʤʠ ʚʥʦʚʴ ʚʦʟʨʦʩ. ʉ ʪʝʭ ʧʦʨ ʨʝʛʫʣʠʨʫʶʱʘʷ ʨʦʣʴ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʚ 

ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʙʦʣʴʰʠʥʩʪʚʘ ʪʠʧʦʚ ʧʝʨʚʠʯʥʳʭ ʠ ʪʨʘʥʩʧʣʘʥʪʠʨʦʚʘʥʥʳʭ 

ʦʧʫʭʦʣʝʡ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜʪʚʝʨʞʜʘʣʘʩʴ (Nishikawa, Jager et al. 2005, Bui, 

Uppaluri et al. 2006, Wakita, Chamoto et al. 2009). ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʨʘʟʚʠʪʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʨʦʣʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʟʘʱʠʪʝ ʦʨʛʘʥʠʟʤʘ ʦʪ ʦʧʫʭʦʣʝʡ 

ʩʪʘʣʦ ʦʪʢʨʳʪʠʝ ʚʣʠʷʥʠʷ ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ ʥʝ ʪʦʣʴʢʦ ʥʘ ʨʘʟʤʝʨ ʦʧʫʭʦʣʠ, ʥʦ ʠ 

ʥʘ ʝʝ ʪʠʧ. ʊʘʢ ʦʧʫʭʦʣʠ ʦʪ ʠʤʤʫʥʦʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ ʩ ʧʦʜʘʚʣʝʥʥʦʡ 

ʬʫʥʢʮʠʝʡ IFNG ʠʣʠ ʛʝʥʘ RAG2, ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʧʨʦʮʝʩʩ ʨʝʢʦʤʙʠʥʘʮʠʠ, 

ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʫ ʥʘʠʚʥʳʭ ʤʳʰʝʡ ʜʠʢʦʛʦ ʪʠʧʘ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ MCA-ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʦʧʫʭʦʣʠ ʠʤʤʫʥʦʢʦʤʧʝʪʝʥʪʥʳʭ ʤʳʰʝʡ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʪʘʙʠʣʴʥʳʡ ʨʦʩʪ (Dunn, Bruce et al. 2005). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʧʫʭʦʣʠ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʚ ʫʩʣʦʚʠʷʭ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ, ʙʦʣʝʝ ʠʤʤʫʥʦʛʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʧʫʭʦʣʷʤʠ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʩʷ ʫ ʞʠʚʦʪʥʳʭ ʩ ʠʥʪʘʢʪʥʦʡ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʦʡ. ʕʪʠ 

ʜʘʥʥʳʝ ʥʝʩʢʦʣʴʢʦ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʪʝʦʨʠʶ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʜʟʦʨʘ ʠ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʥʘ ʧʦʩʪʨʦʝʥʘ ʢʘʢ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʦ 

ʧʨʦʪʝʢʪʠʚʥʦʤ ʜʝʡʩʪʚʠʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʡ, ʪʘʢ ʠ ʥʘ 

ʨʝʛʫʣʠʨʫʶʱʝʡ ʨʦʣʠ ʠʤʤʫʥʠʪʝʪʘ ʚ ʠʟʤʝʥʝʥʠʠ ʠʭ ʩʚʦʡʩʪʚ.  

ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʦʨʠʷ ʠʟʫʯʘʝʪ ʪʨʠ ʵʪʘʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʳ ʩ ʦʧʫʭʦʣʴʶ: ʬʘʟʫ ʵʣʠʤʠʥʘʮʠʠ, ʬʘʟʫ ʨʘʚʥʦʚʝʩʠʷ ʠ ʬʘʟʫ ʧʦʪʝʨʠ 
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ʠʤʤʫʥʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ ʦʧʫʭʦʣʝʦʙʨʘʟʦʚʘʥʠʝʤ (Dunn, Old et al. 2004, 

Swann and Smyth 2007, Grivennikov, Greten et al. 2010). 

ɺ ʬʘʟʝ ʵʣʠʤʠʥʘʮʠʠ ʤʦʣʝʢʫʣʳ ʠ ʢʣʝʪʢʠ ʚʨʦʞʜʝʥʥʦʛʦ ʠ ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ 

ʠʤʤʫʥʠʪʝʪʘ ʨʘʙʦʪʘʶʪ ʚ ʪʝʩʥʦʡ ʩʚʷʟʢʝ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠ ʫʥʠʯʪʦʞʝʥʠʷ 

ʦʧʫʭʦʣʠ ʝʱʝ ʜʦ ʧʨʦʷʚʣʝʥʠʷ ʢʣʠʥʠʯʝʩʢʠʭ ʩʠʤʧʪʦʤʦʚ. ʆʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ 

ʪʠʧʳ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʩʧʦʩʦʙʥʳ ʫʭʦʜʠʪʴ ʦʪ ʜʝʡʩʪʚʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʕʪʠ ʢʣʝʪʢʠ ʧʨʝʭʦʜʷʪ ʚ ʩʣʝʜʫʶʱʫʶ ʬʘʟʫ, ʥʘ ʢʦʪʦʨʦʡ ʠʤʤʫʥʥʘʷ ʩʠʩʪʝʤʘ 

ʩʧʦʩʦʙʥʘ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ ʨʦʩʪ ï ʬʘʟʫ ʨʘʚʥʦʚʝʩʠʷ. ʉʯʠʪʘʝʪʩʷ ʯʪʦ 

ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ, ʧʝʨʝʰʝʜʰʠʝ ʚ ʬʘʟʫ ʨʘʚʥʦʚʝʩʠʷ, ʥʝ ʩʧʦʩʦʙʥʳ ʧʨʦʷʚʣʷʪʴ 

ʧʘʪʦʛʝʥʥʳʭ ʩʚʦʡʩʪʚ ʠ ʦʩʪʘʶʪʩʷ ʙʝʟʦʧʘʩʥʳʤʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʞʠʟʥʠ 

ʦʨʛʘʥʠʟʤʘ. ʈʝʘʣʠʟʘʮʠʷ ʪʨʝʪʝʡ ʬʘʟʳ ʚʦʟʤʦʞʥʘ ʚ ʩʣʫʯʘʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ) ʠʣʠ ʚ 

ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʚʳʟʚʘʥʥʦʛʦ 

ʩʪʘʨʝʥʠʝʤ ʠʣʠ ʥʘʨʫʰʝʥʠʝʤ ʙʘʣʘʥʩʘ ʟʘʱʠʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʀʤʝʥʥʦ ʵʪʘ ʬʘʟʘ 

ʧʨʦʷʚʣʷʝʪʩʷ ʢʣʠʥʠʯʝʩʢʠ, ʧʦʵʪʦʤʫ ʧʦʠʩʢ ʧʨʠʯʠʥ, ʣʝʞʘʱʠʭ ʚ ʝʝ ʦʩʥʦʚʝ, 

ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʝʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʠ ʤʝʜʠʮʠʥʳ.  

 

1.5 ʈʆʃʔ ɻɽʅɽʊʀʏɽʉʂʆɻʆ ɸʇʇɸʈɸʊɸ ɺ ʆʊɺɽʊɽ ʅɸ 

ʈɸɼʀɸʎʀʆʅʅʆɽ ɺʆɿɼɽʁʉʊɺʀɽ 

ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʢʘʥʮʝʨʦʛʝʥʝʟʘ ʪʨʝʙʫʶʪ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. ʏʨʝʟʚʳʯʘʡʥʦ ʠʥʪʝʨʝʩʥʳʤ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ 

ʚʘʞʥʳʤ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʧʫʪʝʡ ʨʘʟʚʠʪʠʷ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʨʘʜʠʘʮʠʦʥʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ. ʆʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʳʛʣʷʜʠʪ ʚ 

ʩʚʝʪʝ ʫʙʝʜʠʪʝʣʴʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʨʘʟʣʠʯʠʷ ʨʝʘʢʮʠʠ ʪʢʘʥʝʡ ʠ ʢʣʝʪʦʢ ʨʘʟʥʦʛʦ 

ʛʝʥʦʪʠʧʘ ʥʘ ʨʘʜʠʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʠʣʳ (Bentzen and 

Overgaard 1994, Zimmermann, Kumpf et al. 1998, Andreassen, Alsner et al. 

2002). ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʧʝʮʠʬʠʢʘ ʟʘʙʦʣʝʚʘʥʠʷ - ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʪʩʨʦʯʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʥʝʩʧʝʮʠʬʠʯʥʦʩʪʴ 
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ʢʣʠʥʠʯʝʩʢʠʭ ʩʠʤʧʪʦʤʦʚ, ʥʘʢʣʘʜʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʧʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɼʦ 1945 ʛʦʜʘ, ʢʦʛʜʘ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʠ ʧʨʠʤʝʥʝʥʦ ʘʪʦʤʥʦʝ ʦʨʫʞʠʝ, 

ʩʣʫʯʘʠ ʥʘʙʣʶʜʝʥʠʷ ʵʬʬʝʢʪʦʚ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʦʩʠʣʠ 

ʵʧʠʟʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʇʝʨʚʳʤʠ ʧʦʚʨʝʞʜʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʨʘʜʠʘʮʠʠ 

ʠʩʧʳʪʘʣʠ ʥʘ ʩʝʙʝ ʤʝʜʠʢʠ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʨʘʜʠʦʙʠʦʣʦʛʠ (ɺʠʣʴʛʝʣʴʤ 

ʂʦʥʨʘʜ ʈʝʥʪʛʝʥ, ʦʪʢʨʳʚʰʠʡ ʍ-ʣʫʯʠ, ɸʥʨʠ ɹʝʢʢʝʨʝʣʴ ï ʧʝʨʚʦʦʪʢʨʳʚʘʪʝʣʴ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʫʨʘʥʘ, ʩʝʤʴʷ ʉʢʣʘʜʦʚʩʢʠʭ-ʂʶʨʠ, ʦʪʢʨʳʚʰʠʭ 

ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʦʥʠʷ ʠ ʨʘʜʠʷ) (Lederman 1981, Reed 2011). 

ʇʨʝʜʧʦʣʦʞʝʥʠʷ ʦʙ ʦʙʱʝʤ ʥʝʛʘʪʠʚʥʦʤ ʚʣʠʷʥʠʠ ʨʘʜʠʘʮʠʠ ʧʦʜʪʚʝʨʞʜʘʣʠʩʴ ʚ 

ʨʷʜʝ ʨʘʙʦʪ, ʦʧʠʩʳʚʘʶʱʠʭ ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʫ ʧʘʮʠʝʥʪʦʚ 

ʧʨʠʥʠʤʘʚʰʠʭ ʚʝʩʴʤʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 30 ʛʦʜʳ ʧʨʝʧʘʨʘʪʳ ʨʘʜʠʷ ʜʣʷ 

ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʢʦʞʠ, ʛʫʙ, ʨʦʪʦʚʦʡ ʧʦʣʦʩʪʠ ʠ ʜʨʫʛʠʭ 

ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʨʘʜʠʷ ʤʝʩʪ, ʘ ʪʘʢʞʝ ʨʷʜʘ ʜʨʫʛʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʠ ʜʘʞʝ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ (Mould 1993). 

ʈʘʜʦʥ ï ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʛʘʟ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ 

ʨʘʩʧʘʜʘ ʨʘʜʠʷ, ʜʘʞʝ ʧʦ ʩʘʤʳʤ ʩʢʨʦʤʥʳʤ ʦʮʝʥʢʘʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʟʥʘʯʠʤʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʤʝʨʪʥʦʩʪʴ. ʉʯʠʪʘʝʪʩʷ, 

ʯʪʦ ʢʘʢ ʵʣʝʤʝʥʪ, ʚʥʦʩʷʱʠʡ ʩʚʦʡ ʚʢʣʘʜ ʚ ʝʩʪʝʩʪʚʝʥʥʳʡ ʨʘʜʠʘʮʠʦʥʥʳʡ ʬʦʥ, 

ʨʘʜʦʥ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʦʪ 1000 ʜʦ 20000 ʩʣʫʯʘʝʚ ʟʘʙʦʣʝʚʘʥʠʷ ʨʘʢʦʤ 

ʣʝʛʢʠʭ ʚ ʉʐɸ ʝʞʝʛʦʜʥʦ (Mazur 1987).  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʷʚʠʣʠʩʴ ʜʘʥʥʳʝ ʧʦ ʥʝʢʦʪʦʨʳʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ 

ʛʨʫʧʧʘʤ ʜʣʠʪʝʣʴʥʦ ʨʘʙʦʪʘʚʰʠʤ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ (ʨʝʥʪʛʝʥʦ-

ʨʘʜʠʦʣʦʛʠ, ʣʠʮʘ ʠʟʛʦʪʦʚʣʷʚʰʠʝ ʠ ʥʘʥʦʩʠʚʰʠʝ ʥʘ ʧʨʠʙʦʨʳ ʩʚʝʪʦʩʦʩʪʘʚʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʪʨʠʪʠʡ, ʨʘʜʠʡ, ʜʨʫʛʠʝ ʧʨʠʙʦʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ). ʇʦʟʜʥʝʝ ʨʘʩʰʠʨʠʣʠʩʴ ʛʨʫʧʧʳ ʣʠʮ ʜʦʙʳʚʘʚʰʠʭ 

ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʨʫʜʳ, ʠ, ʥʘʢʦʥʝʮ, ʥʘ ʩʤʝʥʫ ʧʝʨʚʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʧʨʠʰʝʣ 

ʧʝʨʩʦʥʘʣ, ʩʦʟʜʘʚʰʠʡ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʷʜʝʨʥʦʛʦ ʛʦʨʶʯʝʛʦ 

ʜʣʷ ʚʦʝʥʥʳʭ ʠ ʤʠʨʥʳʭ ʮʝʣʝʡ. (Cardis, Gilbert et al. 1995, Omar, Barber et al. 

1999, Wang, Zhang et al. 2002). 
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ʆʜʥʘʢʦ ʧʝʨʚʳʝ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʠʚʰʠʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʬʘʢʪʳ ʦ ʜʝʡʩʪʚʠʠ ʨʘʜʠʘʮʠʠ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʧʦʷʚʠʣʠʩʴ ʣʠʰʴ ʚʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ ʍʍ ʚʝʢʘ, ʢʦʛʜʘ ʯʝʣʦʚʝʯʝʩʪʚʦ ʚʦʰʣʦ ʚ ʘʢʪʠʚʥʫʶ ʬʘʟʫ ʦʩʚʦʝʥʠʷ 

ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʪʠʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʘʥʘʣʠʟʝ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʚ ʠʩʪʦʨʠʠ ʩʣʫʯʘʷ ʘʪʦʤʥʦʡ ʙʦʤʙʘʨʜʠʨʦʚʢʠ (Thompson, 

Mabuchi et al. 1994, Preston, Ron et al. 2007, ʀʣʴʠʥ 2004, ʆʢʣʘʜʥʠʢʦʚʘ, 

ʇʘʩʪʝʨʥʠʢʦʚʘ ʠ ʜʨ. 1993).  

ʂʨʦʤʝ ʪʦʛʦ, ʦʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ: ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʮʝʣʷʭ 

ʧʨʠ ʨʝʥʪʛʝʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʬʣʶʦʨʦʩʢʦʧʠʠ, ʘʥʛʠʦʛʨʘʬʠʠ, ʚ 

ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʢʩʠʘʣʴʥʦʡ ʪʦʤʦʛʨʘʬʠʠ; ʚ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʮʝʣʷʭ ʧʨʠ ʣʝʯʝʥʠʠ ʦʧʫʭʦʣʝʡ (Creutzberg, van Putten et al. 

2000, Kleinerman, Tucker et al. 2005, Einstein, Henzlova et al. 2007). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʦʙʦ ʟʥʘʯʠʤʳʤ ʧʦʙʦʯʥʳʤ ʵʬʬʝʢʪʦʤ ʪʝʨʘʧʠʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʥʜʫʢʮʠʷ ʛʝʥʝʟʘ ʚʪʦʨʠʯʥʳʭ ʦʧʫʭʦʣʝʡ. 

ɺ ʨʷʜʝ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚʦʟʨʘʩʪʘʥʠʝ 

ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʣʝʡʢʦʟʦʚ ʠ ʩʦʣʠʜʥʳʭ ʦʧʫʭʦʣʝʡ ʫ ʙʦʣʴʥʳʭ ʧʨʦʰʝʜʰʠʭ ʢʫʨʩ 

ʨʘʜʠʦʪʝʨʘʧʠʠ (Gardais 1976, Roychoudhuri, Evans et al. 2004, Travis, Fossa et 

al. 2005). ɺ ʜʦʢʣʘʜʘʭ BEIR ʦʪʤʝʯʝʥʦ, ʯʪʦ ʠʦʥʠʟʠʨʫʶʱʘʷ ʨʘʜʠʘʮʠʷ ʩʧʦʩʦʙʥʘ 

ʧʦʨʦʞʜʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʠʜʳ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. ʆʜʥʘʢʦ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʨʛʘʥʳ, ʥʘʧʨʠʤʝʨ ʱʠʪʦʚʠʜʥʘʷ ʠ ʤʦʣʦʯʥʳʝ ʞʝʣʝʟʳ ʧʦ-

ʚʠʜʠʤʦʤʫ ʙʦʣʝʝ ʨʘʜʠʦʯʫʚʩʪʚʠʪʝʣʴʥʳ, ʯʝʤ ʜʨʫʛʠʝ (ʕʣʣʝʥʭʦʨʥ 2003). 

 

1.5.1 ʕʬʬʝʢʪʳ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʫʩʪʘʥʦʚʣʝʥʦ ʜʚʘ ʪʠʧʘ ʵʬʬʝʢʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʜʠʘʮʠʠ ʥʘ ʯʝʣʦʚʝʢʘ. ʕʬʬʝʢʪʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʪʝʨʝʡ ʬʫʥʢʮʠʠ ʦʨʛʘʥʘ ʥʦʩʷʪ ʥʘʟʚʘʥʠʝ ʩʦʤʘʪʠʯʝʩʢʠʭ. ɺ 

ʧʫʙʣʠʢʘʮʠʠ 60 ʄʂʈɿ ʚʤʝʩʪʦ ʵʪʦʛʦ ʪʝʨʤʠʥʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʝʨʤʠʥ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʵʬʬʝʢʪʳ (1990 Recommendations of the ICRP). ʊʷʞʝʩʪʴ 
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ʧʦʨʘʞʝʥʠʷ ʦʨʛʘʥʠʟʤʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʰʝ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ 

ʜʦʟʳ, ʟʘ ʢʦʪʦʨʳʤ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʫʱʝʨʙʘ ʦʨʛʘʥʠʟʤʫ ʨʝʟʢʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʉʠʣʘ ʪʘʢʦʛʦ ʵʬʬʝʢʪʘ ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ ʜʦʟʳ ʠ ʨʘʩʪʝʪ ʩ ʝʝ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʦ ʥʝʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ (ʗʨʤʦʥʝʥʢʦ 1998, ɹʘʨʩʫʢʦʚ ʠ ɹʘʨʩʫʢʦʚ 

2003). 

ɺʪʦʨʦʡ ʪʠʧ ʵʬʬʝʢʪʦʚ ʥʦʩʠʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʥ ʦʙʫʩʣʦʚʣʝʥ 

ʠʟʤʝʥʝʥʠʝʤ ʤʦʣʝʢʫʣ ʠ ʢʣʝʪʦʢ, ʢʦʪʦʨʳʝ ʧʦ ʧʨʦʰʝʩʪʚʠʠ ʚʨʝʤʝʥʠ (ʦʪʜʘʣʝʥʥʳʡ 

ʵʬʬʝʢʪ) ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʚʠʪʠʶ ʟʘʙʦʣʝʚʘʥʠʷ. ʊʘʢʠʝ ʵʬʬʝʢʪʳ ʥʘʟʳʚʘʶʪʩʷ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʨʦʛʘ ʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴʶ ʨʠʩʢʘ ʜʦʟʝ. 

ʈʘʟʣʠʯʥʳʤʠ ʘʚʪʦʨʘʤʠ ʦʧʠʩʘʥʦ, ʢʘʢ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʠʟʢʦʜʦʟʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʚ ʮʝʣʦʤ ʠ ʝʛʦ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚ 

ʯʘʩʪʥʦʩʪʠ, ʪʘʢ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʠ ʧʦʚʳʰʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʤʤʫʥʥʳʭ ʨʝʘʢʮʠʡ 

(Luckey 1982). ʆʜʥʘʢʦ ʤʥʦʛʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʚ ʩʚʷʟʠ ʩ 

ʜʣʠʪʝʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʘʞʝ ʩʘʤʳʝ ʤʘʣʳʝ ʜʦʟʳ, ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʚ 

ʢʣʝʪʢʘʭ ʦʨʛʘʥʠʟʤʘ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʦʜʷʱʠʝ ʢ ʛʝʥʝʪʠʯʝʩʢʠʤ ʥʘʨʫʰʝʥʠʷʤ, 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤ, ʨʘʩʩʪʨʦʡʩʪʚʘʤ ʦʙʤʝʥʥʳʭ ʠ 

ʢʨʦʚʝʪʚʦʨʥʳʭ ʬʫʥʢʮʠʡ (ʪʘʙʣ. 11) (Feinendegen, Muhlensiepen et al. 1984, 

Plappert, Stocker et al. 1997, Weinberg, Korol et al. 2001, Mullenders, Atkinson et 

al. 2009, ʐʘʨʝʮʢʠʡ, ʉʫʨʠʥʦʚ 1998, ʗʨʠʣʠʥ 1999). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʪʣʠʯʠʡ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʦʣʴ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʦʪʚʝʪ ʥʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʪʠʧ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʨʠʛʫʶʱʠʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ 

ʠʤʤʫʥʦʣʦʛʠʠ. ʆʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʦʡ ʠ ʚʘʞʥʦʡ ʵʪʘ ʟʘʜʘʯʘ ʚʳʛʣʷʜʠʪ ʥʘ ʬʦʥʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʮʝʧʮʠʡ ʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʨʦʣʠ ʠʤʤʫʥʠʪʝʪʘ ʚ ʟʘʱʠʪʝ 

ʦʨʛʘʥʠʟʤʘ ʦʪ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ɺʩʝ ʠʤʝʶʱʠʝʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʘʥʥʳʝ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʜʠʘʮʠʠ 

ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʧʦ ʨʠʩʢʘʤ ʨʘʟʚʠʪʠʷ ʦʪʜʘʣʝʥʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʠʤʝʥʝʥʠʷ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʝʨʝʥʦʩʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʞʠʚʦʪʥʳʭ 

ʠʣʠ ʩ ʢʫʣʴʪʫʨ ʢʣʝʪʦʢ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʘʥʘʣʠʟʘ ʧʦʩʣʝʜʩʪʚʠʡ ʘʪʦʤʥʦʡ 

ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʍʠʨʦʩʠʤʳ ʠ ʅʘʛʘʩʘʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʠʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʚ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʠʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʨʘʜʠʦʪʝʨʘʧʠʠ ʠ ʨʘʜʠʦʜʠʘʛʥʦʩʪʠʢʠ.  

 

ʊʘʙʣ. 11. ʇʨʠʤʝʨʳ ʚʣʠʷʥʠʷ ʤʘʣʳʭ ʜʦʟ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʥʘ ʦʨʛʘʥʠʟʤ 

ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ (ʧʦ ɼʦʚʛʫʰʘ ɺɺ.ʩ ʩʦʘʚʪ. 2007). 

ʇʦʛʣʦʱʝʥʥʘʷ 

ʜʦʟʘ ʩɻʨ 

ʇʦʩʣʝʜʩʪʚʠʷ ʦʙʣʫʯʝʥʠʷ 

25 ɻʠʙʝʣʴ ʦʪ ʨʘʢʘ 1 ʯʝʣʦʚʝʢʘ ʠʟ 100 ʧʨʠ ʩʫʤʤʘʨʥʦʤ ʦʙʣʫʯʝʥʠʠ 

ʟʘ 70 ʣʝʪ 

15 ʇʦʜʘʚʣʝʥʠʝ ʢʨʦʚʝʪʚʦʨʝʥʠʷ ʚ ʢʨʘʩʥʦʤ ʢʦʩʪʥʦʤ ʤʦʟʛʝ 

10 ʋʚʝʣʠʯʝʥʠʝ ʨʠʩʢʘ ʩʤʝʨʪʠ ʦʪ ʣʝʡʢʝʤʠʠ ʥʘ 22% ʧʨʠ 

ʩʫʤʤʘʨʥʦʤ ʦʙʣʫʯʝʥʠʠ ʟʘ 70 ʣʝʪ. 

5,7-21,3 ʋʜʚʦʝʥʠʝ ʯʠʩʣʘ ʭʨʦʤʦʩʦʤʥʳʭ ʥʘʨʫʰʝʥʠʡ ʫ ʨʳʞʝʡ ʧʦʣʝʚʢʠ 

3-10 ʋʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʘʙʝʨʨʘʮʠʡ ʭʨʦʤʦʩʦʤ ʚ ʣʠʤʬʦʮʠʪʘʭ 

9 ʋʯʘʱʝʥʠʝ ʩʣʫʯʘʝʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʢʘ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ 

5 ʇʦʚʳʰʝʥʥʘʷ ʩʤʝʨʪʥʦʩʪʴ ʦʪ ʩʦʣʠʜʥʳʭ ʨʘʢʦʚ 

ʇʦʷʚʣʝʥʠʝ ʚʨʦʞʜʝʥʥʳʭ ʧʦʨʦʢʦʚ ʨʘʟʚʠʪʠʷ 

4 ʇʦʚʳʰʝʥʠʝ ʩʤʝʨʪʥʦʩʪʠ ʦʪ ʨʘʢʘ ʧʨʠ ʩʫʤʤʘʨʥʦʤ ʚʥʝʰʥʝʤ 

ʦʙʣʫʯʝʥʠʠ ʟʘ 30 ʣʝʪ 

1,6 ï 3,5 ʇʦʚʳʰʝʥʠʝ ʯʠʩʣʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʠʩʭʦʜʦʚ ʙʝʨʝʤʝʥʥʦʩʪʠ 

1 ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʤʝʨʪʚʦʨʦʞʜʝʥʠʡ 

ʇʦʚʳʰʝʥʠʝ ʯʘʩʪʦʪʳ ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ ʚ ʣʠʤʬʦʮʠʪʘʭ 

ʋʚʝʣʠʯʝʥʠʝ ʩʤʝʨʪʥʦʩʪʠ ʦʪ ʚʩʝʭ ʨʘʢʦʚ ʥʘ ʢʘʞʜʳʝ 10 ʤɿʚ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ 45 ʣʝʪ 
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ʉ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʠ ʭʨʦʥʠʯʝʩʢʦʛʦ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʜʦʟ ʩ ʨʘʟʚʠʪʠʝʤ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʨʫʜʥʦʡ ʟʘʜʘʯʝʡ. ʂʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ 

ʚʦʟʜʝʡʩʪʚʠʠ ʩʣʘʙʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘʢʪʫʘʣʴʥʘʷ ʧʘʪʦʣʦʛʠʷ ʨʝʜʢʘ, ʠ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ 

ʨʘʢʦʤ, ʥʘʯʘʣʦ ʙʦʣʝʟʥʠ ʦʪʜʘʣʝʥʦ ʧʦ ʚʨʝʤʝʥʠ ʙʦʣʝʝ ʯʝʤ ʥʘ ʪʨʠʜʮʘʪʠʣʝʪʥʠʡ 

ʧʝʨʠʦʜ, ʚʳʷʚʣʝʥʠʝ ʚʩʝʭ ʟʥʘʯʠʤʳʭ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʩʠʣʴʥʦ 

ʟʘʪʨʫʜʥʝʥʦ. ʉ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʥʘʣʠʯʠʝ ʵʪʦʡ ʩʚʷʟʠ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʣʠʰʴ ʥʘ ʙʦʣʴʰʦʡ ʛʨʫʧʧʝ ʣʶʜʝʡ (ɼʘʚʳʜʦʚ 2005). 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʢʘʟʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʨʠʩʢʘ 

ʫ ʨʘʙʦʪʥʠʢʦʚ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʠ ʣʠʮ, ʧʨʦʞʠʚʘʶʱʠʭ 

ʚʙʣʠʟʠ ʧʨʝʜʧʨʠʷʪʠʡ  ʘʪʦʤʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʩʦʙʝʥʥʦ ʚ 

ʧʝʨʠʦʜʳ ʘʚʘʨʠʡ, ʢʦʪʦʨʳʝ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʤʦʜʝʣʴʶ 

ʠʟʫʯʝʥʠʷ ʦʪʜʘʣʝʥʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ 1951 ʛʦʜʫ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʡ ʧʦ ʤʘʩʰʪʘʙʘʤ 

ʥʝʨʝʛʣʘʤʝʥʪʥʳʡ ʩʙʨʦʩ ʦʪʭʦʜʦʚ ʚ ʨʝʢʫ ʊʝʯʘ ʩ ʩʫʤʤʘʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʦʢʦʣʦ 

1,23ʭ10
6
 ʤʣʥ. ʂʠ, ʢʦʪʦʨʳʡ ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʩʣʫʯʘʷʤʠ ʩʙʨʦʩʘ ʦʪʭʦʜʦʚ 

ʦʙʫʩʣʦʚʠʣ ʜʣʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʥʘʩʝʣʝʥʠʝ 

ʧʨʦʞʠʚʘʚʰʝʝ ʚ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʘʭ (ɸʢʣʝʝʚ ʠ ʂʠʩʝʣʝʚ 2001). ʄʝʜʠʮʠʥʩʢʠʝ 

ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʦʙʣʫʯʝʥʥʳʤʠ ʣʶʜʴʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫ ʥʠʭ ʨʘʟʚʠʚʘʝʪʩʷ ʨʷʜ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʩʪʝʧʝʥʥʦ ʬʦʨʤʠʨʫʶʪ 

ʭʨʦʥʠʯʝʩʢʠʡ ʣʫʯʝʚʦʡ ʩʠʥʜʨʦʤ (ɸʢʣʝʝʚ 2012, ɹʘʡʩʦʛʦʣʦʚ 1960). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʮʠʝʥʪʦʚ ʩ ʭʨʦʥʠʯʝʩʢʠʤ ʣʫʯʝʚʳʤ ʩʠʥʜʨʦʤʦʤ ʧʦ 

ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʝ ʥʘ ʢʦʩʪʥʳʡ ʤʦʟʛ ʚ ʢʦʛʦʨʪʝ ʨ. ʊʝʯʘ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 12. 

 

ʊʘʙʣ. 12 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʮʠʝʥʪʦʚ ʩ ʍʃʉ (ʧʦ ɸʢʣʝʝʚʫ ɸ.ɺ. 2012) 

ɹʦʣʝʝ 0,4 ɻʨ 676 ʧʘʮʠʝʥʪʦʚ (71,9%) 

ɹʦʣʝʝ 1,0 ɻʨ 276 ʧʘʮʠʝʥʪʦʚ (29,4%) 

ɹʦʣʝʝ 2,0 ɻʨ 55 ʧʘʮʠʝʥʪʦʚ (5,9%) 
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ʀʟ ʦʪʜʘʣʝʥʥʳʭ ʵʬʬʝʢʪʦʚ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʠʙʦʣʴʰʠʡ 

ʠʥʪʝʨʝʩ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ 

ʩʝʛʦʜʥʷ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʙʘ ʵʪʠʭ ʷʚʣʝʥʠʷ ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʳ. ʄʥʦʛʠʝ 

ʩʧʝʮʠʘʣʠʩʪʳ ʥʘʩʪʘʠʚʘʶʪ ʥʘ ʪʦʤ ʯʪʦ ʭʨʦʥʠʯʝʩʢʦʝ  ʥʠʟʢʦ- ʠ ʩʨʝʜʥʝʜʦʟʥʦʝ 

ʦʙʣʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦ ʩʪʘʚʰʝʝ ʨʝʟʫʣʴʪʘʪʦʤ ʠʥʢʦʨʧʦʨʘʮʠʠ ʨʘʜʠʦʥʫʢʣʝʠʜʦʚ 

ʦʧʘʩʥʦ ʜʣʷ ʟʜʦʨʦʚʴʷ. ʇʦ  ʤʥʝʥʠʶ ʵʪʠʭ ʘʚʪʦʨʦʚ ʩ ʭʨʦʥʠʯʝʩʢʠʤ ʦʙʣʫʯʝʥʠʝʤ 

ʤʦʛʫʪ ʙʳʪʴ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ (Little, Wakeford et al. 2009). ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʵʪʦʪ ʚʦʧʨʦʩ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʘʢʪʠʚʥʦʡ ʜʠʩʢʫʩʩʠʠ ʩʨʝʜʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʨʘʜʠʦʙʠʦʣʦʛʦʚ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʚʦʟʥʠʢʘʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʙʳʪʠʡ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ, ʢʣʝʪʦʯʥʦʤ, ʪʢʘʥʝʚʦʤ ʫʨʦʚʥʝ. 

ʏʘʩʪʴ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʥʦʩʠʪ ʥʝʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʜʨʫʛʘʷ ʯʘʩʪʴ ʤʦʞʝʪ 

ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʧʦʤʦʱʴʶ ʨʝʛʝʥʝʨʘʪʠʚʥʳʭ ʠ 

ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ɺʦʟʙʫʞʜʝʥʠʝ ʠʦʥʠʟʘʮʠʷ ʠ ʜʠʩʩʦʮʠʘʮʠʷ 

ʤʦʣʝʢʫʣ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʦʨʛʘʥʠʟʤʘ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʚʩʝʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʚʪʦʨʠʯʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʩʧʦʩʦʙʥʳʭ ʩʳʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʘʪʦʛʝʥʝʟʝ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚ ʨʘʟʚʠʪʠʠ ʦʥʢʦʧʘʪʦʣʦʛʠʡ 

(Rosen, Fan et al. 1999, Pajonk and McBride 2001, Bauer 2007). 

ʉʪʨʫʢʪʫʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʦʨʛʘʥʠʟʤʘ, ʷʚʣʷʶʪʩʷ ʣʠʧʠʜʳ ʠ ʫʛʣʝʚʦʜʳ, ʙʝʣʢʠ ɼʅʂ ʠ ʈʅʂ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʥʘʨʫʰʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʫʨʦʚʥʷ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ 

ʧʨʦʮʝʩʩʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʧʦʩʪʨʦʝʥʠʷ 

ʦʨʛʘʥʠʟʤʘ. ʀʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʨʫʰʝʥʠʝ 

ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʥʘ ʦʨʛʘʥʠʟʤʝʥʥʦʤ ʫʨʦʚʥʝ ʚ ʷʚʣʝʥʠʷ ʢʣʠʥʠʯʝʩʢʦʡ ʧʘʪʦʣʦʛʠʠ. 

ʈʘʟʣʠʯʘʶʪ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ ʜʚʫʭ ʪʠʧʦʚ ï ʭʨʦʤʦʩʦʤʥʳʝ ʘʙʝʨʨʘʮʠʠ ʠ 

ʛʝʥʥʳʝ ʤʫʪʘʮʠʠ. ʍʨʦʤʦʩʦʤʥʳʝ ʘʙʝʨʨʘʮʠʠ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʘʙʝʨʨʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ 
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ʠʟʤʝʥʝʥʠʠ ʯʠʩʣʘ ʭʨʦʤʦʩʦʤ, ʘ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʪʨʦʝʥʠʷ ʩʘʤʦʡ 

ʭʨʦʤʦʩʦʤʳ. ʇʦʚʳʰʝʥʥʦʝ ʯʠʩʣʦ ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 

-ʧʨʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʦʙʣʫʯʝʥʠʠ 

-ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʬʦʥʘ 

-ʧʨʠ ʧʨʦʞʠʚʘʥʠʠ ʣʶʜʝʡ ʚ ʟʦʥʘʭ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʦʙʩʪʘʥʦʚʢʦʡ. 

ʎʠʪʦʛʝʥʝʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ ʚ ʣʠʤʬʦʮʠʪʘʭ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ 

ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʦʙʣʫʯʝʥʠʷ (Hlatky, Sachs et al. 2002). ʈʘʟʚʠʪʠʝ 

ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʠʟʫʯʝʥʠʷ ʦʧʫʭʦʣʝʡ ʧʦʟʚʦʣʠʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʦʣʠ ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ ʚ 

ʧʨʦʮʝʩʩʝ ʢʘʥʮʝʨʦʛʝʥʝʟʘ. ʀʤʧʫʣʴʩʦʤ ʢ ʨʘʟʚʠʪʠʶ ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ 

ʧʦʩʣʫʞʠʣ ʧʨʦʛʨʝʩʩ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʭʨʦʤʦʩʦʤʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʢʨʘʩʢʠ ʭʨʦʤʦʩʦʤ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʘʥʘʣʠʟʫ ʧʦʟʚʦʣʠʣʠ 

ʫʩʪʘʥʦʚʠʪʴ ʦʛʨʦʤʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʦʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʣʝʪʢʘʭ 

ʙʦʣʴʰʠʥʩʪʚʘ ʦʧʫʭʦʣʝʡ ʯʝʣʦʚʝʢʘ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʫʞʝ ʚ 60 ʛʦʜʳ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʢʘʥʮʝʨʦʛʝʥʝʟʘ ʩʣʫʞʠʣʠ 

ʣʠʤʬʦʮʠʪʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʤʬʦʮʠʪʘʨʥʦʛʦ ʤʠʪʦʛʝʥʘ ʬʠʪʦʛʝʤʘʛʛʣʶʪʠʥʠʥʘ 

ʟʘʣʦʞʠʣʦ ʦʩʥʦʚʳ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʦʥʢʦʣʦʛʠʠ 

(Nowell 1960, Kouri, McKinney et al. 1982, Mazumder, Grimm et al. 1983).  

ɺr ʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʣʠʤʬʦʮʠʪʦʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ, ʘ ʪʘʢʞʝ 

ʥʘʣʠʯʠʝ ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʨʘʜʠʘʮʠʠ ʭʨʦʤʦʩʦʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ, ʭʦʨʦʰʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ, 

ʦʧʨʝʜʝʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʚ 

ʜʦʟʠʤʝʪʨʠʠ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʜʠʘʮʠʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʜʚʘ ʪʠʧʘ 

ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ: ʥʝʩʪʘʙʠʣʴʥʳʝ (ʜʠʮʝʥʪʨʠʢʠ, ʮʝʥʪʨʠʯʝʩʢʠʝ ʢʦʣʴʮʘ, 

ʘʮʝʥʪʨʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ) ʠ ʩʪʘʙʠʣʴʥʳʝ (ʨʝʮʠʧʨʦʢʥʳʝ ʠ ʜʨʫʛʠʝ ʪʠʧʳ 

ʪʨʘʥʩʣʦʢʘʮʠʡ) (Salomaa, Sevan'kaev et al. 1997).  
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ʏʘʱʝ ʚʩʝʛʦ ʜʣʷ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʧʦʛʣʦʱʝʥʥʦʡ ʦʨʛʘʥʠʟʤʦʤ ʜʦʟʳ 

ʠʩʧʦʣʴʟʫʶʪ ʯʘʩʪʦʪʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʠʮʝʥʪʨʠʯʝʩʢʠʭ ʭʨʦʤʦʩʦʤ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʠʮʝʥʪʨʠʢʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʘʙʝʨʨʘʮʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʬʠʯʥʳʤʠ ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ, ʠʭ 

ʣʝʛʢʦ ʦʙʥʘʨʫʞʠʪʴ ʚ ʩʚʝʪʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʣʦʞʥʳʭ ʤʝʪʦʜʦʚ 

ʦʙʨʘʙʦʪʢʠ ʠ ʦʢʨʘʰʠʚʘʥʠʷ ʭʨʦʤʦʩʦʤʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (ʉʥʝʛʠʨʝʚʘ 2007). 

ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ ʢʣʝʪʢʠ, ʥʝʩʫʱʠʝ ʪʘʢʠʝ ʘʙʝʨʨʘʮʠʠ, ʦʙʨʘʟʫʶʪ 

ʧʨʠ ʜʝʣʝʥʠʠ ʛʝʥʝʪʠʯʝʩʢʠ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʵʣʠʤʠʥʘʮʠʠ. ʇʦʵʪʦʤʫ ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝʩʪʘʙʠʣʴʥʳʭ 

ʘʙʝʨʨʘʮʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʚʦʟʤʦʞʥʦ ʚ ʨʘʥʥʠʝ 

(ʜʦ 3-4 ʤʝʩʷʮʝʚ) ʩʨʦʢʠ ʧʦʩʣʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦʛʦ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʩʣʫʯʘʝ ʭʨʦʥʠʯʝʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʠ ʧʨʠ 

ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʡ ʦʮʝʥʢʝ ʜʦʟʳ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʣʠʙʦ 

ʧʨʦʮʝʩʩ ʵʣʠʤʠʥʘʮʠʠ ʧʦʜʦʙʥʳʭ ʢʣʝʪʦʢ ʠʟ ʢʨʦʚʦʪʦʢʘ, ʣʠʙʦ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʙʝʨʨʘʮʠʡ ʧʦ ʢʣʝʪʢʘʤ (Edwards, Lindholm et al. 2005). 

ʆʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʨʘʞʝʥʠʷ ʦʨʛʘʥʠʟʤʘ, ʘ ʪʘʢʞʝ 

ʦʮʝʥʠʪʴ ʜʦʟʫ ʦʙʣʫʯʝʥʠʷ ʩʧʫʩʪʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʦʩʣʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠʣʠ ʚ ʩʣʫʯʘʝ ʭʨʦʥʠʯʝʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ 

ʩʪʘʙʠʣʴʥʳʭ ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ (ʪʨʘʥʩʣʦʢʘʮʠʡ) ʚ ʣʠʤʬʦʮʠʪʘʭ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʪʘʢʠʝ 

ʧʦʚʨʝʞʜʝʥʠʷ ʭʨʦʤʦʩʦʤ ʥʝ ʥʘʨʫʰʘʶʪ ʪʝʯʝʥʠʷ ʤʠʪʦʟʘ ʠ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʚ 

ʨʷʜʫ ʢʣʝʪʦʯʥʳʭ ʧʦʢʦʣʝʥʠʡ, ʪʦ ʝʩʪʴ ʯʘʩʪʦʪʘ ʪʨʘʥʩʣʦʢʘʮʠʡ ʥʝ ʜʦʣʞʥʘ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʩʦ ʚʨʝʤʝʥʝʤ (Leonard, Rueff et al. 

2005). 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʳ ʩʪʘʙʠʣʴʥʳʭ ʭʨʦʤʦʩʦʤʥʳʭ 

ʘʙʝʨʨʘʮʠʡ (ʪʨʘʥʩʣʦʢʘʮʠʡ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ 

ʛʠʙʨʠʜʠʟʘʮʠʠ in situ (FISH) ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ 

ʭʨʦʤʦʩʦʤʳ ʠʣʠ ʫʯʘʩʪʢʠ ʭʨʦʤʦʩʦʤ (Van Limbergen, Poppe et al. 2002, Ventura, 

Martin-Subero et al. 2006). 
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ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʥʘʨʷʜʫ ʩ ʭʨʦʤʦʩʦʤʥʳʤʠ ʘʙʝʨʨʘʮʠʷʤʠ 

ʠʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʛʝʥʥʳʭ ʤʫʪʘʮʠʡ. ʆʮʝʥʢʘ 

ʥʘʩʣʝʜʫʝʤʳʭ ʠ ʧʨʠʦʙʨʝʪʘʝʤʳʭ de novo ʩʚʦʡʩʪʚ ʤʦʣʝʢʫʣ ɼʅʂ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ɼʦʩʪʫʧʥʦʩʪʴ ʵʪʠʭ ʤʝʪʦʜʦʚ 

ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʛʝʥʝʪʠʢʠ ʠ ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʭ ʚʢʣʶʯʝʥʠʷ ʚ ʢʦʤʧʣʝʢʩ ʤʝʨ ʧʦ 

ʧʦʚʳʰʝʥʠʶ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʮʝʥʢʝ ʨʠʩʢʦʚ 

ʨʘʟʚʠʪʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʜʠʘʮʠʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʨʘʟʚʠʪʠʷ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (UNSCEAR 2012). 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ ʢʫʣʴʪʫʨʘʭ 

ʢʣʝʪʦʢ, ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʢʣʶʯʝʚʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʘʢʮʠʠ ʥʘ 

ʨʘʜʠʘʮʠʶ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ (ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ, 

ʜʝʣʝʥʠʝ, ʛʠʙʝʣʴ ʢʣʝʪʢʠ), ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ 

ʛʝʥʦʤʘ (ʨʝʧʘʨʘʮʠʷ ɼʅʂ) ʠ ʩʠʩʪʝʤʘ ʠʤʤʫʥʠʪʝʪʘ (ʧʨʝʟʝʥʪʘʮʠʷ ʘʥʪʠʛʝʥʦʚ, 

ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʦʧʫʭʦʣʝʦʙʨʘʟʦʚʘʥʠʷ, ʨʝʧʦʧʫʣʷʮʠʷ ʠʤʤʫʥʥʳʭ 

ʢʣʝʪʦʢ) (McBride, Chiang et al. 2004). ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ʩʠʩʪʝʤ ʠ ʜʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʭ ʢʣʶʯʝʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. 

 

1.5.2 ʂʦʥʪʨʦʣʴ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ 

ʂʦʥʪʨʦʣʴ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʛʥʘʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ, 

ʩʧʦʩʦʙʥʳʤʠ ʟʘʜʝʨʞʠʚʘʪʴ ʥʘʯʘʣʦ ʜʝʣʝʥʠʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʫʩʪʘʥʦʚʷʪʩʷ 

ʫʩʣʦʚʠʷ, ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʠʝ ʫʩʧʝʰʥʦʤʫ ʧʨʦʪʝʢʘʥʠʶ ʠ ʟʘʚʝʨʰʝʥʠʶ ʚʩʝʭ 

ʵʪʘʧʦʚ ʮʠʢʣʘ. ʅʘʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ɼʅʂ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʘʣʦʞʝʥʠʶ 

ʘʨʝʩʪʘ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʜʝʣʝʥʠʝ ʢʣʝʪʢʠ ʥʘ ʨʘʥʥʠʭ ʬʘʟʘʭ ʮʠʢʣʘ (ʚʧʣʦʪʴ ʜʦ 

ʤʝʪʘʬʘʟʳ) ʠʣʠ ʥʘ ʵʪʘʧʝ ʧʨʝʜʰʝʩʪʚʫʶʱʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʝʣʝʥʠʶ (ʨʠʩ. 4). 
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ʈʠʩ. 4. ʂʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʧʦʟʚʦʣʷʶʪ ʧʨʠʦʩʪʘʥʦʚʠʪʴ 

ʮʠʢʣ ʥʘ ʩʪʘʜʠʠ ʨʝʧʣʠʢʘʮʠʠ ʠʣʠ ʤʠʪʦʟʘ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʧʫʩʢʘ ʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ. ʊʦʯʢʘ G1/S (ʢʦʥʪʨʦʣʴʥʘʷ ʪʦʯʢʘ 

1) ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʫʜʚʦʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʦʡ ɼʅʂ, ʪʦʯʢʘ G2 (ʢʦʥʪʨʦʣʴʥʘʷ 

ʪʦʯʢʘ 2) ʥʝ ʜʘʝʪ ʚʩʪʫʧʠʪʴ ʧʦʚʨʝʞʜʝʥʥʦʡ ʢʣʝʪʢʝ ʚ ʤʠʪʦʟ. 

 

ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʦʚʨʝʤʷ ʚʢʣʶʯʠʚʰʠʝʩʷ 

ʨʝʧʘʨʘʮʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʨʝʜʦʪʚʨʘʪʠʣʠ ʨʝʧʣʠʢʘʮʠʶ ɼʅʂ ʩ ʥʘʨʫʰʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠʣʠ ʝʝ ʧʝʨʝʜʘʯʫ ʜʦʯʝʨʥʝʡ ʢʣʝʪʢʝ. ʊʘʢ ʘʥʘʣʠʟ ʫʨʦʚʥʷ ʣʠʤʬʦʮʠʪʦʚ 

ʩ ʦʩʪʘʥʦʚʢʦʡ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʧʦʢʘʟʘʣ ʧʦʚʳʰʝʥʠʝ ʧʨʦʮʝʥʪʘ ʢʣʝʪʦʢ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʘʜʝʨʞʢʝ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʫ ʦʙʣʫʯʝʥʥʳʭ ʣʶʜʝʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʙʣʫʯʝʥʥʳʤʠ (ʄʘʨʢʠʥʘ 2010). ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʦʪʨʘʞʘʝʪ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʜʠʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ ʠ ʧʦʟʚʦʣʷʝʪ 

ʛʦʚʦʨʠʪʴ ʦ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʝʧʘʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʭʘʥʠʟʤʦʚ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ɼʅʂ, ʢʣʝʪʢʘ 

ʤʦʞʝʪ ʧʨʦʜʦʣʞʠʪʴ ʜʝʣʝʥʠʝ ʠʣʠ ʧʦʛʠʙʥʫʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʘʧʦʧʪʦʟʘ. 

ʂʣʶʯʝʚʳʤʠ ʙʝʣʢʘʤʠ, ʨʝʛʫʣʠʨʫʶʱʠʤʠ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʷʚʣʷʶʪʩʷ ATM, CHK1/2 

ʠ TP53 (Branzei and Foiani 2008). ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʨʫʰʝʥʠʷ 

ʵʪʠʭ ʤʦʣʝʢʫʣ ʠʣʠ ʜʨʫʛʠʭ ʤʦʣʝʢʫʣ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʫʩʧʝʰʥʦʝ ʧʨʦʪʝʢʘʥʠʝ 
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ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʤʦʛʫʪ ʟʘʧʫʩʢʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ ʚ ʢʦʥʝʯʥʦʤ 

ʩʯʝʪʝ ʧʨʠʚʦʜʷʱʠʭ ʢ ʨʘʟʚʠʪʠʶ ʦʥʢʦʧʘʪʦʣʦʛʠʡ (Khanna and Jackson 2001). 

 

1.5.3 ʈʝʧʘʨʘʮʠʷ ɼʅʂ 

ʉʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʜʠʘʮʠʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʛʠʙʝʣʠ ʢʣʝʪʢʠ, ʤʫʪʘʛʝʥʝʟʫ ʠʣʠ ʢʘʥʮʝʨʦʛʝʥʝʟʫ ʨʘʩʧʦʣʦʞʝʥʳ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʚ ʢʣʝʪʦʯʥʦʤ ʷʜʨʝ. ʉʨʝʜʠ ʥʠʭ ʦʩʥʦʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʦʣʝʢʫʣʳ ɼʅʂ, 

ʢʦʜʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʠ ʧʨʠʟʥʘʢʠ ʜʘʥʥʦʛʦ ʦʨʛʘʥʠʟʤʘ ʠ ʦʢʘʟʳʚʘʶʱʠʝ 

ʨʝʛʫʣʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʩʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʝʛʦ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴʶ. ʇʦʚʨʝʞʜʝʥʠʷ ɼʅʂ, ʚʳʟʳʚʘʝʤʳʝ ʠʦʥʠʟʠʨʫʶʱʠʤ 

ʠʟʣʫʯʝʥʠʝʤ, ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʤʫʪʘʮʠʷʤ ï ʩʣʫʯʘʡʥʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʩʪʨʫʢʪʫʨʳ ɼʅʂ (Abrahamson, Bender et al. 1973). ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʥʦʨʤʝ 

ʠʩʧʳʪʳʚʘʶʪ ʥʘ ʩʝʙʝ ʢʦʨʨʝʢʪʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʷʜʘ ʨʝʧʘʨʘʮʠʦʥʥʳʭ 

ʙʝʣʢʦʚ. ɽʩʣʠ ʨʝʧʘʨʘʮʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʵʬʬʝʢʪʠʚʥʳ, ʥʘʨʫʰʝʥʠʷ ʙʦʣʴʰʝʡ 

ʯʘʩʪʴʶ ʠʩʧʨʘʚʣʷʶʪʩʷ, ʝʩʣʠ ʞʝ ʪʦ ʠʣʠ ʠʥʦʝ ʟʚʝʥʦ ʩʠʩʪʝʤʳ ʨʝʧʘʨʘʮʠʠ ʥʝ 

ʜʦʩʪʘʪʦʯʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦ, ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʛʝʥʦʤʥʳʭ 

ʥʘʨʫʰʝʥʠʡ ʩʣʝʜʫʶʱʠʤ ʧʦʢʦʣʝʥʠʷʤ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʵʪʠ ʥʘʨʫʰʝʥʠʷ ʩʚʷʟʘʥʳ ʩ 

ʧʦʪʝʨʝʡ ʚʘʞʥʦʡ ʬʫʥʢʮʠʠ, ʝʝ ʥʝʛʘʪʠʚʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʠʣʠ ʠʟʤʝʥʝʥʠʝʤ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʨʛʘʥʠʟʤʘ, ʜʘʥʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ 

ʦʢʘʟʳʚʘʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ ʠ ʩʦ ʚʨʝʤʝʥʝʤ 

ʵʣʠʤʠʥʠʨʫʶʪʩʷ ʠʟ ʧʦʧʫʣʷʮʠʠ. ʆʪʩʫʪʩʪʚʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ (ʠʣʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ) ʤʫʪʘʮʠʠ ʥʘ ʦʨʛʘʥʠʟʤ ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʟʘʢʨʝʧʣʝʥʠʶ ʚ 

ʧʦʧʫʣʷʮʠʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ ʵʚʦʣʶʮʠʠ. 

ɺ ʦʩʥʦʚʝ ʨʘʜʠʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ɼʅʂ 

ʣʝʞʘʪ ʥʘʨʫʰʝʥʠʷ ʥʫʢʣʝʦʪʠʜʦʚ (ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʳ ʠʣʠ ʩʘʭʘʨʦʬʦʩʬʘʪʥʦʛʦ 

ʦʩʪʦʚʘ). ʕʪʠ ʥʘʨʫʰʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʦʜʥʦʮʝʧʦʯʝʯʥʳʤ ʠʣʠ ʜʚʫʮʝʧʦʯʝʯʥʳʤ 

ʨʘʟʨʳʚʘʤ ʤʦʣʝʢʫʣʳ ɼʅʂ, ʘ ʪʘʢʞʝ ʧʝʨʝʢʨʝʩʪʥʳʤ ʩʚʷʟʷʤ ʪʠʧʘ ɼʅʂ-ɼʅʂ ʠʣʠ 

ɼʅʂ-ʙʝʣʦʢ (ʨʠʩ. 5) (ʆʩʠʧʦʚ 1999). ʈʝʧʘʨʘʮʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʨʘʚʣʷʶʪ ʥʫʢʣʝʦʪʠʜʥʳʝ ʥʘʨʫʰʝʥʠʷ ʠ ʦʜʥʦʮʝʧʦʯʝʯʥʳʝ 
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ʨʘʟʨʳʚʳ, ʦʜʥʘʢʦ ʧʨʠ ʚʳʩʦʢʠʭ ʜʦʟʘʭ ʦʙʣʫʯʝʥʠʷ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʝ 

ʙʝʣʢʦʚ ʩʠʩʪʝʤʳ ʨʝʧʘʨʘʮʠʠ ʚ ʤʦʣʝʢʫʣʝ ɼʅʂ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʜʚʫʮʝʧʦʯʝʯʥʳʝ ʨʘʟʨʳʚʳ. ɼʘʥʥʳʡ ʪʠʧ ʥʘʨʫʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʛʫʙʠʪʝʣʴʥʳʤ ʜʣʷ 

ʢʣʝʪʢʠ ʠ ʩʣʫʞʠʪ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʛʠʙʝʣʠ ʦʙʣʫʯʝʥʥʳʭ ʢʣʝʪʦʢ (ʀʚʘʥʦʚ 

1999). 

ʘ ʙ 

ʈʠʩ. 5. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʨʦʮʝʩʩʦʚ ʨʝʧʘʨʘʮʠʠ ʥʘʨʫʰʝʥʠʡ ʩʪʨʫʢʪʫʨʳ 

ʥʫʢʣʝʦʪʠʜʦʚ (ʘ) ʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ, ʘ ʪʘʢʞʝ ʛʝʥʳ, ʧʨʦʜʫʢʪʳ 

ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʜʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

 

ʅʝʧʨʘʚʠʣʴʥʘʷ ʩʰʠʚʢʘ ʤʦʣʝʢʫʣʳ ʠʣʠ ʥʘʨʫʰʝʥʠʷ ʨʝʧʘʨʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʝʩʪʘʙʠʣʴʥʳʭ ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ 
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ʦʯʝʨʝʜʴ ʟʘʧʫʩʢʘʶʪ ʧʨʦʮʝʩʩ ʛʠʙʝʣʠ ʢʣʝʪʢʠ, ʤʫʪʘʛʝʥʝʟʘ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ. ɺʤʝʩʪʝ ʩ ʘʧʦʧʪʦʟʦʤ (ʤʝʭʘʥʠʟʤ ʛʠʙʝʣʠ ʢʣʝʪʢʠ ʚʩʣʝʜʩʪʚʠʝ 

ʧʦʚʨʝʞʜʝʥʠʷ ʤʝʤʙʨʘʥʳ) ʠ ʥʝʢʨʦʟʦʤ (ʧʘʩʩʠʚʥʘʷ ʬʦʨʤʘ ʛʠʙʝʣʠ ʢʣʝʪʦʢ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʚʦʡʩʪʚʘ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʤʙʨʘʥʳ) ʵʪʠ ʧʨʦʮʝʩʩʳ 

ʬʦʨʤʠʨʫʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʘʪʦʣʦʛʠʠ. 

 

1.5.4 ɻʝʥʳ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʚ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘ ʦʙʣʫʯʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʜʠʘʮʠʠ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʠ ʚ 

ʯʘʩʪʥʦʩʪʠ ʥʘ ʠʤʤʫʥʥʫʶ ʩʠʩʪʝʤʫ ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʦʛʦʨʪ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʧʦ ʦʩʥʦʚʥʳʤ ʨʘʜʠʦʙʠʦʣʦʛʠʯʝʩʢʠʤ, ʢʣʠʥʠʯʝʩʢʠʤ, 

ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʦʜʠʪʩʷ ʥʘ 

ʤʳʰʘʭ ʠʣʠ ʥʘ ʢʫʣʴʪʫʨʘʭ ʢʣʝʪʦʢ. ʊʘʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʤʳʰʘʭ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʦʪʜʘʣʝʥʥʦʤ ʧʝʨʠʦʜʝ ʧʦʩʣʝ ʩʫʙʣʝʪʘʣʴʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʯʠʩʣʘ CD8+ ʣʠʤʬʦʮʠʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʪʘʢʪʥʳʤʠ 

ʞʠʚʦʪʥʳʤʠ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʩʣʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʦʙʱʝʝ 

ʯʠʩʣʦ ʣʠʤʬʦʮʠʪʦʚ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩ ʥʘʠʙʦʣʴʰʠʤ ʧʦʚʳʰʝʥʠʝʤ ʯʠʩʣʘ CD4+ 

ʢʣʝʪʦʢ ʠ ʩʥʠʞʝʥʠʝʤ CD8+. ɺ ʦʪʜʘʣʝʥʥʦʤ ʧʝʨʠʦʜʝ ʧʨʠ ʜʝʡʩʪʚʠʠ ʤʘʣʳʭ ʜʦʟ 

ʥʘ ʬʦʥʝ ʣʠʤʬʦʮʠʪʦʟʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʫʤʝʥʴʰʝʥʠʝ ʩʫʙʧʦʧʫʣʷʮʠʠ ʊ-

ʭʝʣʧʝʨʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʊ-ʣʠʤʬʦʮʠʪʦʚ ʩ ʩʫʧʨʝʩʩʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʂʨʦʤʝ 

ʪʦʛʦ ʦʪʤʝʯʝʥʦ ʥʘʨʘʩʪʘʥʠʝ ʬʘʛʦʮʠʪʦʟʘ ʠ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʟʚʝʥʘ ʠʤʤʫʥʠʪʝʪʘ (ʄʘʜʠʝʚʘ 2010). 

ʆʜʥʘʢʦ ʨʘʟʣʠʯʠʷ ʚ ʩʪʨʦʝʥʠʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʣʶʜʝʡ ʠ ʤʳʰʝʡ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʪʠʧʦʚ ʢʣʝʪʦʢ, ʩʦʟʨʝʚʘʥʠʠ ʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʢʣʝʪʦʢ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʵʢʩʧʨʝʩʩʠʠ ʥʝʢʦʪʦʨʳʭ 

ʨʝʮʝʧʪʦʨʦʚ, ʵʬʬʝʢʪʝ ʥʝʢʦʪʦʨʳʭ ʤʝʜʠʘʪʦʨʦʚ ʠ ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ), ʘ ʪʘʢʞʝ 

ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʣʝʪʦʯʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ 

ʯʘʩʪʦ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʢʘʢ ʠʤʤʫʥʠʪʝʪ. ʇʦʵʪʦʤʫ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʟʥʘʪʴ, 

ʯʪʦ ʜʘʥʥʳʝ ʤʦʜʝʣʠ ʜʘʣʝʢʠ ʦʪ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʠʭ 



82 

 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʯʘʩʪʦ ʜʘʶʪ ʣʠʰʴ ʦʪʜʘʣʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʠʥʮʠʧʘʭ 

ʨʘʟʚʠʪʠʷ ʠʤʤʫʥʥʳʭ ʨʝʘʢʮʠʡ ʚ ʦʪʚʝʪ ʥʘ ʨʘʜʠʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ.  

ɼʣʠʪʝʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʣʶʜʴʤʠ, ʧʦʜʚʝʨʛʰʠʤʠʩʷ ʦʙʣʫʯʝʥʠʶ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʠʤʤʫʥʥʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʫʷʟʚʠʤʳʭ ʢ ʜʝʡʩʪʚʠʶ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʀʤʤʫʥʦʩʫʧʨʝʩʩʠʷ ʣʝʞʠʪ ʚ 

ʦʩʥʦʚʝ ʢʣʠʥʠʯʝʩʢʠʭ ʩʠʤʧʪʦʤʦʚ, ʚʳʟʳʚʘʝʤʳʭ ʩʨʝʜʥʝ- ʠ ʚʳʩʦʢʦʜʦʟʥʳʤ 

ʦʙʣʫʯʝʥʠʝʤ.  

ɺ ʮʝʣʦʤ, ʧʨʠ ʨʘʜʠʦʘʢʪʠʚʥʦʤ ʦʙʣʫʯʝʥʠʠ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ ʙʘʣʘʥʩʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʊ-

ʢʣʝʪʦʢ ʥʘ ʬʦʥʝ ʦʙʱʝʡ ʣʠʤʬʦʧʝʥʠʠ (ʕʣʣʝʥʭʦʨʥ 2003). ɺ ʪʘʙʣʠʮʝ 13 ʧʦʢʘʟʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʘʙʩʦʣʶʪʥʦʛʦ ʯʠʩʣʘ ʣʠʤʬʦʮʠʪʦʚ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. 

 

ʊʘʙʣ. 13. ɸʙʩʦʣʶʪʥʦʝ ʯʠʩʣʦ ʣʠʤʬʦʮʠʪʦʚ ʯʝʨʝʟ 48 ʯʘʩʦʚ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ 

(ʕʣʣʝʥʭʦʨʥ 2003) 

ʂʦʣʠʯʝʩʪʚʦ ʣʠʤʬʦʮʠʪʦʚ ɿʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʘ 

ɹʦʣʝʝ 2.0*10
9
/ʣ ɼʦʟʘ ʨʘʜʠʘʮʠʠ ʥʝ ʫʛʨʦʞʘʶʱʘʷ ʞʠʟʥʠ 

ʧʦʩʪʨʘʜʘʚʰʝʛʦ 

1.2-2.0 *10
9
/ʣ ɿʥʘʯʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʙʣʫʯʝʥʠʷ, ʥʦ 

ʚʝʨʦʷʪʥʦ ʥʝ ʩʤʝʨʪʝʣʴʥʳʡ 

ʄʝʥʝʝ 1.2*10
9
/ʣ ʊʷʞʝʣʦʝ ʧʦʨʘʞʝʥʠʝ 

ʄʝʥʝʝ 0.5*10
9
/ʣ ʉʢʦʨʝʝ ʚʩʝʛʦ, ʧʦʣʫʯʝʥʘ ʣʝʪʘʣʴʥʘʷ 

ʜʦʟʘ 

ʄʝʥʝʝ 0.1*10
9
/ʣ ʃʝʪʘʣʴʥʘʷ ʜʦʟʘ 

 

ʅʘʨʷʜʫ ʩ ʣʠʤʬʦʧʝʥʠʝʡ ʦʪʤʝʯʝʥʦ ʧʦʚʳʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʬʘʛʦʮʠʪʦʚ. ʅʘ 

ʩʘʤʦʤ ʜʝʣʝ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʚʟʘʠʤʦʩʚʷʟʘʥʳ. ʇʨʷʤʦʝ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʘʧʧʦʧʪʦʟʫ ʣʠʤʬʦʮʠʪʦʚ ï 

ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʭ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʜʠʘʮʠʠ ʢʣʝʪʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʟʨʫʰʝʥʠʷ ʣʠʤʬʦʮʠʪʦʚ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ (ʈʅʂ, ɼʅʂ, ʧʝʧʪʠʜʦʚ) ʟʘ ʫʪʠʣʠʟʘʮʠʶ ʢʦʪʦʨʳʭ 
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ʦʪʚʝʯʘʶʪ ʬʘʛʦʮʠʪʳ (Hanayama, Tanaka et al. 2002, Odaka and Mizuochi 2002, 

ʇʝʣʝʚʠʥʘ 1994). ɺʨʦʞʜʝʥʥʳʝ ʥʘʨʫʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʬʝʨʤʝʥʪʦʚ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʧʦʜʜʝʨʞʘʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʛʝʥʦʤʘ ʥʘ ʬʦʥʝ ʨʘʟʨʫʰʠʪʝʣʴʥʦʡ 

ʜʣʷ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠʦʥʠʟʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʷʤ ʧʨʦʮʝʩʩʦʚ 

ʪʨʘʥʩʣʷʮʠʠ ʠ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʠʥʛʘ ʙʝʣʢʦʚ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ çʥʦʚʳʭè ʜʣʷ ʨʘʩʧʦʟʥʘʶʱʠʭ 

ʤʦʣʝʢʫʣ ʘʥʪʠʛʝʥʦʚ.  

ɼʘʣɹʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʦʙʳʪʠʡ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʮʠʬʠʯʥʦʩʪʠ 

ʩʫʙʧʦʧʫʣʷʮʠʡ ʣʠʤʬʦʮʠʪʦʚ ʠ ʘʬʠʥʥʦʩʪʠ ʩʚʷʟʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ 

HLA/ʧʝʧʪʠʜ/TCR (Anderton, Radu et al. 2001, Dorfman, Stefanova et al. 2003). 

ʊʘʢ ʧʨʦʩʧʝʢʪʠʚʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʠʮ ʚʳʞʠʚʰʠʭ ʧʦʩʣʝ ʘʪʦʤʥʦʡ 

ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʛʦʨʦʜʦʚ ʍʠʨʦʩʠʤʘ ʠ ʅʘʛʘʩʘʢʠ (ʗʧʦʥʠʷ) ʧʦʢʘʟʘʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ NK ʢʣʝʪʦʢ ʩ ʚʦʟʨʘʩʪʦʤ, ʧʨʠʯʝʤ 

ʘʙʩʦʣʶʪʥʦʝ ʯʠʩʣʦ CD16+ ʢʣʝʪʦʢ ʫ ʤʫʞʯʠʥ ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ 

ʞʝʥʱʠʥ (Ichimaru and Ishimaru 1975). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʯʠʩʣʦ ʊ-ʢʣʝʪʦʢ, ʚ ʪʦʤ 

ʯʠʩʣʝ CD4 + CD45RA + ʥʘʠʚʥʳʭ ʢʣʝʪʦʢ ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ 

ʠʥʜʠʚʠʜʫʫʤʦʚ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʦʙʣʫʯʝʥʠʶ. ɺ ʛʨʫʧʧʝ ʦʙʣʫʯʝʥʥʳʭ ʣʶʜʝʡ 

ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʪʘʢʞʝ ʯʘʩʪʦʪʘ ʩʧʦʥʪʘʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ ʚ ʛʝʥʘʭ, 

ʢʦʜʠʨʫʶʱʠʭ ʊ-ʢʣʝʪʦʯʥʳʝ ʨʝʮʝʧʪʦʨʳ (TCR) ʠ ʤʦʣʝʢʫʣʳ HLA ʢʣʘʩʩʘ I 

(Sankaranarayanan 1991, Kyoizumi, Umeki et al. 1992). ʏʘʩʪʦʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʩʧʦʥʪʘʥʥʳʭ ʤʫʪʘʮʠʡ ʚ ʵʪʠʭ ʛʝʥʘʭ ʜʦʩʪʦʚʝʨʥʦ ʧʨʝʚʳʰʘʣʘ ʩʨʝʜʥʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʦʜʥʘʢʦ ʫʩʪʘʥʦʚʠʪʴ ʯʝʪʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʥʝ 

ʫʜʘʣʦʩʴ. 

ʅʘʢʦʧʣʝʥʠʝ ʤʫʪʘʮʠʡ ʚ ʛʝʥʘʭ, ʧʨʦʜʫʢʪʳ ʢʦʪʦʨʳʭ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ 

ʧʨʝʟʝʥʪʘʮʠʶ ʘʥʪʠʛʝʥʦʚ ʠ ʨʝʛʫʣʷʮʠʶ ʨʘʟʚʠʪʠʷ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʤʦʞʝʪ 

ʩʳʛʨʘʪʴ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠʭ ʩʚʷʟʳʚʘʥʠʷ ʩ ʘʥʪʠʛʝʥʦʤ. ɺ 

ʥʝʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʚʨʦʞʜʝʥʥʳʤ (ʥʘʩʣʝʜʫʝʤʳʤ) 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʚ ʠʭ ʢʦʜʠʨʫʶʱʠʭ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʣʦʢʫʩʘʭ. ɿʘʤʝʥʘ ʚʩʝʛʦ ʦʜʥʦʡ 

ʘʤʠʥʦʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʥʬʦʨʤʘʮʠʠ ʧʝʧʪʠʜʘ, ʠʟʤʝʥʝʥʠʶ 
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ʩʪʝʨʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʘʬʠʥʥʦʩʪʠ ʩʚʷʟʠ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʤʦʞʝʪ ʟʘʧʫʩʢʘʪʴ ʢʘʩʢʘʜ ʜʘʣʴʥʝʡʰʠʭ ʨʝʘʢʮʠʡ, ʩʪʠʤʫʣʠʨʫʶʱʠʭ 

ʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʠ ʚʦʚʣʝʢʘʶʱʠʭ ʚ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʥʦʚʳʝ ʢʣʝʪʢʠ 

(Hulsmeyer, Hillig et al. 2002, Stewart-Jones, Simpson et al. 2012). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʥʝʢʦʪʦʨʳʭ HLA-ʘʥʪʠʛʝʥʦʚ ʤʦʞʝʪ ʠʤʝʪʴ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚ ʦʮʝʥʢʝ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʦʩʣʦʞʥʝʥʠʡ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʘʥʪʠʛʝʥʦʚ HLA ʢʣʘʩʩʘ I, ʚ ʪʦʤ 

ʯʠʩʣʝ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʦʥʢʦʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʩʨʝʜʠ ʣʠʮ ʠʟ ʢʦʛʦʨʪʳ ʨ ʊʝʯʘ, 

ʧʝʨʝʥʝʩʰʠʭ ʭʨʦʥʠʯʝʩʢʠʡ ʣʫʯʝʚʦʡ ʩʠʥʜʨʦʤ ʠ ʣʠʮ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ 

ʦʙʣʫʯʝʥʠʶ, ʜʦʩʪʦʚʝʨʥʳʭ ʦʪʣʠʯʠʡ ʚ ʯʘʩʪʦʪʝ ʠʭ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʥʝ ʦʙʥʘʨʫʞʠʣ 

(ʪʘʙʣ. 14). ʕʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʠʤʤʫʥʦʧʘʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʦʙʣʫʯʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʘʥʪʠʛʝʥʘ ʠʣʠ ʥʘ ʫʨʦʚʥʝ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʚ. 

ʊʘʙʣ. 14. ʏʘʩʪʦʪʘ ʥʝʢʦʪʦʨʳʭ HLA-ʘʥʪʠʛʝʥʦʚ ʫ ʣʠʮ, ʧʝʨʝʥʝʩʰʠʭ ʭʨʦʥʠʯʝʩʢʠʡ 

ʣʫʯʝʚʦʡ ʩʠʥʜʨʦʤ (ʍʃʉ) (ʧʦ ɸʢʣʝʝʚʫ 2012). 

HLA-ʘʥʪʠʛʝʥ ʃʠʮʘ ʩ ʍʃʉ ʃʠʮʘ ʙʝʟ ʍʃʉ 

ʯʝʣ. % ʯʝʣ. % 

ɸ2 40 57.1 206 59.5 

A3* 11 15.7 71 20.5 

ɸ9 18 25.7 80 23.1 

A10* 10 14.3 38 11.0 

A26 2 2.9 16 4.6 

A28 1 1.4 5 1.4 

W6 23 32.9 99 28.6 

B12* 6 8.6 51 14.7 

B35* 13 18.6 47 13.6 

B27 17 24.3 36 10.4 

B51 1 1.4 10 2.9 

*ɸʥʪʠʛʝʥʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʦʥʢʦʟʘʙʦʣʝʚʘʥʠʷʤʠ 
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ʇʦ-ʚʠʜʠʤʦʤʫ, ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʬʫʥʢʮʠʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʚʷʟʘʥʳ ʪʘʢʞʝ 

ʥʝʢʦʪʦʨʳʝ ʬʦʨʤʳ ʠʤʤʫʥʦʜʝʬʠʮʠʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʯʝʣʦʚʝʢʘ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʣʝʞʠʪ  ʧʦʪʝʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʵʢʩʧʨʝʩʩʠʠ HLA ʥʘ ʠʤʤʫʥʦʢʦʤʧʝʪʝʥʪʥʳʭ 

ʢʣʝʪʢʘʭ (Reith, Satola et al. 1988, Griscelli, Lisowska-Grospierre et al. 1989). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʪʝʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʵʢʩʧʨʝʩʩʠʠ ʤʦʣʝʢʫʣ HLA ʥʘ 

ʤʝʤʙʨʘʥʘʭ ʢʣʝʪʦʢ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʟʚʝʥʴʝʚ ʨʘʟʚʠʪʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ  ʟʘʙʦʣʝʚʘʥʠʡ (Bodmer, Browning et al. 1993, 

Maeurer, Gollin et al. 1996, Paul, Rouas-Freiss et al. 1998).  

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ 

ʯʝʣʦʚʝʢʘ ʥʘ ʨʘʜʠʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʦʩʦʙʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʤʳ ʫʜʝʣʷʝʤ 

ʠʤʝʥʥʦ ʨʝʛʫʣʠʨʫʶʱʝʡ ʨʦʣʠ ʧʝʧʪʠʜʦʚ ʩʠʩʪʝʤʳ HLA ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʨʝʘʣʠʟʘʮʠʠ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʫʧʨʘʚʣʷʝʤʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʦʤʧʣʝʢʩʘ 

ʧʝʧʪʠʜ/HLA ʠ ʘʥʪʠʛʝʥ ʨʘʩʧʦʟʥʘʶʱʝʛʦ ʨʝʮʝʧʪʦʨʘ.  

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʙʘʟʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʫʥʳʭ 

ʨʝʘʢʮʠʡ ʚ ʦʪʚʝʪ ʥʘ ʨʘʜʠʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ 

ʟʘʩʣʫʞʠʚʘʝʪ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʫʣʘ ʣʠʤʬʦʮʠʪʦʚ, ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. ɺ 

ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʚʟʨʦʩʣʳʭ ʣʶʜʝʡ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʪʠʤʫʩʘ ʧʨʦʮʝʩʩ ʨʝʧʦʧʫʣʷʮʠʠ ʣʠʤʬʦʮʠʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʦʨʛʘʥʦʚ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ (ʛʦʤʝʦʩʪʘʪʠʯʝʩʢʘʷ 

ʧʨʦʣʠʬʝʨʘʮʠʷ). ʋʚʝʣʠʯʝʥʠʝ ʧʫʣʘ ʦʣʠʛʦʢʣʦʥʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʘʤʷʪʠ, 

ʥʘʩʝʣʷʶʱʠʭ ʣʠʤʬʦʫʣʳ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʨʝʧʝʨʪʫʘʨʘ ʊ-ʢʣʝʪʦʯʥʳʭ 

ʨʝʮʝʧʪʦʨʦʚ (TCR). ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʊ-ʢʣʝʪʦʢ ʩ ʦʧʫʭʦʣʝʚʳʤʠ ʘʥʪʠʛʝʥʘʤʠ ʠ ʧʦʚʳʰʘʪʴ ʨʠʩʢ 

ʨʘʟʚʠʪʠʷ ʦʥʢʦʧʘʪʦʣʦʛʠʡ. ʂʣʶʯʝʚʳʤʠ ʮʠʪʦʢʠʥʘʤʠ, ʨʝʛʫʣʠʨʫʶʱʠʤʠ ʧʨʦʮʝʩʩ 

ʨʝʧʦʧʫʣʷʮʠʠ ʮʠʪʦʢʠʥʦʚ ʷʚʣʷʶʪʩʷ IL-15 ʠ IL-7 (Lodolce, Boone et al. 1998, 

Tan, Ernst et al. 2002). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʫʤʦʨʘʣʴʥʦʛʦ ʟʚʝʥʘ ʠʤʤʫʥʠʪʝʪʘ ʫ ʣʶʜʝʡ, ʧʦʜʚʝʨʛʰʠʭʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʜʠʘʮʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʱʝʝ ʯʠʩʣʦ B-ʢʣʝʪʦʢ ʦʙʥʘʨʫʞʠʚʘʝʪ 

ʪʝʥʜʝʥʮʠʶ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩ ʚʦʟʨʘʩʪʦʤ, ʦʜʥʘʢʦ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ 

ʢʣʝʪʦʢ ʦʪ ʜʦʟʳ ʨʘʜʠʘʮʠʠ ʦʪʩʫʪʩʪʚʫʝʪ. ɼʦʩʪʦʚʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʘ ʚ ʩʳʚʦʨʦʪʢʝ ʦʙʣʫʯʝʥʥʳʭ ʠʥʜʠʚʠʜʫʫʤʦʚ 

ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ IgA 

ʠ IgM (Fujiwara, Carter et al. 1994). 

ʆʜʥʘʢʦ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʫʧʦʤʷʥʫʪʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ 

ʚʘʞʥʳʝ ʘʩʧʝʢʪʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʜʦʟʦʚʘʷ ʥʘʛʨʫʟʢʘ 

ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʩʨʝʜʥʠʭ ʜʦ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʯʝʪʢʦʝ 

ʧʦʥʠʤʘʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʥʠʟʢʠʭ ʜʦʟ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʩʫʪʩʪʚʫʝʪ. 

 

1.6 ɺʆɿʄʆɾʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʄʆʃɽʂʋʃʗʈʅʆ-ɻɽʅɽʊʀʏɽʉʂʀʍ 

ʄɽʊʆɼʆɺ ɺ ʀʄʄʋʅʆʃʆɻʀʀ 

ʆʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʠʤʤʫʥʦʣʦʛʠʠ ʯʨʝʟʚʳʯʘʡʥʦ 

ʰʠʨʦʢʘ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʥʘ ʟʘʪʨʘʛʠʚʘʝʪ ʪʘʢʠʝ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ, ʢʘʢ 

ʪʨʘʥʩʧʣʘʥʪʘʮʠʷ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ, ʦʥʢʦʣʦʛʠʷ, ʧʝʨʚʠʯʥʘʷ ʠ ʚʪʦʨʠʯʥʘʷ 

ʠʤʤʫʥʥʘʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ, ʧʨʦʬʠʣʘʢʪʠʢʘ ʠ ʣʝʯʝʥʠʝ 

ʠʤʤʫʥʦʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʉʝʛʦʜʥʷ ʧʨʦʮʝʩʩ ʠʟʫʯʝʥʠʷ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʩ ʪʨʫʜʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ. 

ʆʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʦʥʠ ʧʨʠʦʙʨʝʪʘʶʪ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʪʢʘʥʝʚʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʦʮʝʥʢʝ ʧʦʣʠʤʦʨʬʠʟʤʘ ʛʝʥʦʚ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʤʦʥʠʪʦʨʠʥʛʘ 

ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʝʥʦʚ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʠʤʤʫʥʦʧʘʪʦʛʝʥʝʟ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʛʝʥʦʜʠʘʛʥʦʩʪʠʢʝ ʠʥʬʝʢʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ (Cooper, Tindall et al. 1988, Daar, Moudgil et al. 1991, 

Dalton, Pearson et al 2003). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʤʤʫʥʦʧʘʪʦʛʝʥʝʟ ʤʥʦʛʠʭ ʚʠʨʫʩʥʳʭ 

ʠʥʬʝʢʮʠʡ, ʚʢʣʶʯʘʷ ɺʀʏ ʠ ʛʝʧʘʪʠʪ ʉ ʟʘʚʠʩʠʪ ʦʪ ʧʦʢʘʟʘʪʝʣʷ ʚʠʨʫʩʥʦʡ 

ʥʘʛʨʫʟʢʠ, ʦʪʨʘʞʘʶʱʝʛʦ ʜʠʥʘʤʠʢʫ ʪʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʪʝʨʘʧʠʠ.  

ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʜʘʚʣʝʥʥʦʡ ʬʫʥʢʮʠʠ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʳ. ʊʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʦʡ ʪʝʨʘʧʠʠ ʚ ʢʣʠʥʠʢʝ 
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ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʠʥʬʝʢʮʠʡ, 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʨʘʧʠʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʩʣʦʞʥʝʥʠʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩ ʨʘʟʚʠʪʠʝʤ ʘʥʪʠʩʤʳʩʣʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʦʟʜʘʥʠʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚʦʩʪʨʝʙʦʚʘʥʳ ʧʨʦʩʪʳʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʫʨʦʚʥʷ 

ʵʢʩʧʨʝʩʩʠ ʛʝʥʦʚ ʚʠʨʫʩʘ, ʧʨʦʪʠʚ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥ ʧʨʝʧʘʨʘʪ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʙʳʩʪʨʦʡ ʠ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʘʚʣʝʥʠʷ ʨʝʧʣʠʢʘʪʠʚʥʦʛʦ ʮʠʢʣʘ 

ʚʠʨʫʩʘ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʩʦʟʜʘʥʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʦʪʠʚʦʠʥʬʝʢʮʠʦʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʠʭ ʢʦʤʧʦʟʠʮʠʡ 

(Doench, Petersen et al. 2003, Elbashir 2001, Meister and Tuschl 2004, Welbourn 

2006). 

ɺʝʩʴ ʢʦʤʧʣʝʢʩ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʜʣʷ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʛʝʥʦʜʠʘʛʥʦʩʪʠʢʠ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʚ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʦʩʥʦʚʘʥ ʩʝʛʦʜʥʷ 

ʥʘ ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ. ɺʦʟʤʦʞʥʦʩʪʠ, ʟʘʣʦʞʝʥʥʳʝ ʚ ʤʝʪʦʜʝ ʇʎʈ, 

ʧʦʟʚʦʣʷʶʪ, ʜʦʩʪʠʛʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʘʥʘʣʠʟʘ, ʪ.ʝ. 

ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʷʚʣʷʪʴ ʛʝʥʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʢʦʥʢʨʝʪʥʦʛʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʜʨʫʛʠʭ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʳʙʦʨ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʧʝʮʠʬʠʯʥʦʩʪʴ 

ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʛʝʥʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ 

ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ.  

ɼʣʷ ʇʎʈ-ʘʥʘʣʠʟʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʷ ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ, ʟʘʥʠʤʘʶʱʠʭ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ. 

ʄʝʪʦʜ ʇʎʈ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʪʨʫʜʥʦʢʫʣʴʪʠʚʠʨʫʝʤʳʭ, 

ʥʝʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʠ ʧʝʨʩʠʩʪʠʨʫʶʱʠʭ ʬʦʨʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʩʣʦʞʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʨʘʱʠʚʘʥʠʝʤ ʪʘʢʠʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ.  

ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʠʰʝʥʝʡ. ʆʥ ʤʦʞʝʪ ʙʳʪʴ 

ʘʜʘʧʪʠʨʦʚʘʥ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʶ ʣʦʢʫʩʦʚ, ʧʨʝʪʝʨʧʝʚʘʶʱʠʭ 
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ʩʦʤʘʪʠʯʝʩʢʫʶ ʨʝʢʦʤʙʠʥʘʮʠʶ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʨʝʧʝʨʪʫʘʨʘ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʤʤʫʥʥʦʛʦ 

ʦʪʚʝʪʘ ʠ ʠʟʫʯʝʥʠʠ ʦʩʥʦʚ ʧʘʪʦʛʝʥʝʟʘ ʤʥʦʛʠʭ ʩʦʮʠʘʣʴʥʦ-ʟʥʘʯʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

 

ʈʝʟʶʤʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʥʝʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʢʘʢ 

ʬʫʥʢʮʠʷ, ʩʬʦʨʤʠʨʦʚʘʚʰʘʷʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ. ʋʥʠʢʘʣʴʥʳʡ 

ʧʦʣʠʤʦʨʬʠʟʤ ʵʪʦʡ ʩʠʩʪʝʤʳ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʭʘʥʠʟʤʦʚ ʟʘʱʠʪʳ, ʘ ʩ ʜʨʫʛʦʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʟʘʙʦʣʝʚʘʥʠʷʤ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ. 

ʊʘʢ ʙʣʘʛʦʜʘʨʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʨʦʚʦʜʠʤʳʤ ʩ ʩʝʨʝʜʠʥʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ 

ʚ ʦʙʣʘʩʪʠ ʠʤʤʫʥʦʛʝʥʝʪʠʢʠ, ʫʩʪʘʥʦʚʣʝʥʳ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʧʨʠ ʙʦʣʴʰʠʥʩʪʚʝ ʠʥʬʝʢʮʠʡ, ʠʟʫʯʝʥʘ ʨʦʣʴ 

ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʘʪʦʛʝʥʝʟʘ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʢʣʝʪʦʯʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʘʥʪʠʪʝʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʪʦʣʝʨʘʥʪʥʦʩʪʠ, ʬʘʛʦʮʠʪʦʟʘ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʤʝʭʘʥʠʟʤʳ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʨʝʛʫʣʷʮʠʠ ʩ ʫʯʝʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠʤʤʫʥʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʫʯʝʥʳ ʥʝ ʪʘʢ ʰʠʨʦʢʦ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʩ 

ʨʘʟʚʠʪʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʦ, ʯʪʦ 

ʠʤʝʥʥʦ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʦʪʢʨʳʚʘʶʱʠʭ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʝ ʠ ʤʝʜʠʮʠʥʝ. 

ʄʦʣʝʢʫʣʷʨʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʚʩʝ ʯʘʱʝ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʥʘʫʢʠ. ʕʪʦ, ʙʝʟʫʩʣʦʚʥʦ, 

ʧʦʟʠʪʠʚʥʘʷ ʪʝʥʜʝʥʮʠʷ, ʧʦʩʢʦʣʴʢʫ ʩʦʚʨʝʤʝʥʥʘʷ ʙʠʦʤʝʜʠʮʠʥʘ ʦʙʣʘʜʘʝʪ ʚʝʩʴʤʘ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʩʧʝʢʪʨʦʤ ʧʦʨʦʡ ʜʦʚʦʣʴʥʦ ʛʨʫʙʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʠ 

ʣʝʯʝʥʠʷ. ʉʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʤʥʦʛʠʭ ʦʙʱʠʭ ʢʣʠʥʠʯʝʩʢʠʭ 

ʧʨʦʷʚʣʝʥʠʡ, ʥʘ ʣʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʠ ʥʘʧʨʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʫʩʠʣʠʷ, ʣʝʞʘʪ 




