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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

ɹɼ ï ʙʘʟʘ ʜʘʥʥʳʭ 

ɺʆɿ ï ɺʩʝʤʠʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 

ɻɹʅ ï ʛʦʣʦʚʥʘʷ ʙʦʣʴ ʥʘʧʨʷʞʝʥʠʷ 

ʄɸ ï ʤʠʛʨʝʥʴ ʩ ʘʫʨʦʡ 

ʄʂɹ-10 ï ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʙʦʣʝʟʥʝʡ 10-ʛʦ ʧʝʨʝʩʤʦʪʨʘ 

ʄʆ, ʄʙɸ ï ʤʠʛʨʝʥʴ ʙʝʟ ʘʫʨʳ 

ʅɸɼʌ ï ʥʠʢʦʪʠʥʘʤʠʜʘʜʝʥʠʥʜʠʥʫʢʣʝʦʪʠʜʬʦʩʬʘʪ 

ʅʄɼɸ ï N-ʤʝʪʠʣ-d-ʘʩʧʘʨʪʘʪ 

ʇɼʈʌ ï ʧʦʣʠʤʦʨʬʠʟʤ ʜʣʠʥ ʨʝʩʪʨʠʢʮʠʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʈɺ-ʇʎʈ ï ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʈʂɼ ï ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʢʦʨʢʦʚʘʷ ʜʝʧʨʝʩʩʠʷ 

ʉɻʄ (FHM) ï ʩʝʤʝʡʥʘʷ ʛʝʤʠʧʣʝʛʠʯʝʩʢʘʷ ʤʠʛʨʝʥʴ (familial hemiplegic migraine) 

ʊɻɺʉ ï ʪʨʠʛʝʤʠʥʦʚʘʩʢʫʣʷʨʥʘʷ ʩʠʩʪʝʤʘ 

ʮɸʄʌ ï ʮʠʢʣʠʯʝʩʢʠʡ ʘʜʝʥʦʟʠʥʤʦʥʦʬʦʩʬʘʪ 

ʎʅʉ ï ʮʝʥʪʨʘʣʴʥʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ 

5-ʅʊ ï 5-ʛʠʜʨʦʦʢʩʠʪʨʠʧʪʘʤʠʥ (ʩʝʨʦʪʦʥʠʥ) 

ACE - angiotensin converting enzyme (ʘʥʛʠʦʪʝʥʟʠʥʧʨʝʚʨʘʱʘʶʱʠʡ ʬʝʨʤʝʥʪ) 

BDNF ï brain derived neurotrophic factor (ʥʝʡʨʦʪʨʦʬʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ) 

BT-A ï ʙʦʪʫʣʠʥʠʯʝʩʢʠʡ ʪʦʢʩʠʥ ʪʠʧʘ ɸ 

CADASIL ï Cerebral autosomal dominant arteriopathy with subcortical infarcts and 

leukoencephalopathy (ʮʝʨʝʙʨʘʣʴʥʘʷ ʘʫʪʦʩʦʤʥʦ-ʜʦʤʠʥʘʥʪʥʘʷ ʘʨʪʝʨʠʦʧʘʪʠʷ ʩ 

ʩʫʙʢʦʨʪʠʢʘʣʴʥʳʤʠ ʠʥʬʘʨʢʪʘʤʠ ʠ ʣʝʡʢʦʵʥʮʝʬʘʣʦʧʘʪʠʝʡ) 

CALCA ï calcitonin-related polypeptide alpha (ʩʚʷʟʘʥʥʳʡ ʩ ʢʘʣʴʮʠʪʦʥʠʥʦʤ ʧʦʣʠʧʝʧʪʠʜ 

ʘʣʴʬʘ) 

CBS ï cystathionine ɓ-synthase (ʮʠʩʪʘʪʠʦʥʠʥ ɓ-ʩʠʥʪʘʟʘ) 

CCK (ʍʎʂ) ï cholecystokinin (ʭʦʣʝʮʠʩʪʦʢʠʥʠʥ) 

CCKAR ï ʨʝʮʝʧʪʦʨ ʭʦʣʝʮʠʩʪʦʢʠʥʠʥʘ 1-ʛʦ ʪʠʧʘ 

CCKBR ï ʨʝʮʝʧʪʦʨ ʭʦʣʝʮʠʩʪʦʢʠʥʠʥʘ 2-ʛʦ ʪʠʧʘ 

CGRP ï calcitonin gene-related peptide (ʢʘʣʴʮʠʪʦʥʠʥʛʝʥʩʚʷʟʘʥʥʳʡ ʧʝʧʪʠʜ) 

CHARIOT ï cerebral hereditary angiopathy with vascular retinopathy and internal organ 

dysfunction (ʮʝʨʝʙʨʘʣʴʥʘʷ ʥʘʩʣʝʜʩʪʚʝʥʥʘʷ ʘʥʛʠʦʧʘʪʠʷ ʩ ʩʦʩʫʜʠʩʪʦʡ ʨʝʪʠʥʦʧʘʪʠʝʡ ʠ 

ʚʥʫʪʨʝʥʥʝʡ ʜʠʩʬʫʥʢʮʠʝʡ ʦʨʛʘʥʦʚ) 

CI ï ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ (Confidence Interval) 
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CTH ï ʮʠʩʪʘʪʠʦʥʠʥ ɔ-ʣʠʘʟʘ  

DBH ï dopamine beta-hydroxylase (ʜʦʬʘʤʠʥ ʙʝʪʘ-ʛʠʜʨʦʢʩʠʣʘʟʘ) 

FASPS ï familial advanced sleep-phase syndrome (ʧʘʮʠʝʥʪʳ ʩ ʩʠʥʜʨʦʤʦʤ ʩʝʤʝʡʥʦʡ 

ʨʘʩʰʠʨʝʥʥʦʡ ʬʘʟʳ ʩʥʘ) 

FHM ï familial hemiplegic migraine (ʩʝʤʝʡʥʘʷ ʛʝʤʠʧʣʝʛʠʯʝʩʢʘʷ ʤʠʛʨʝʥʴ) 

GWAS ï genome-wide association study (ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʘʩʩʦʮʠʘʪʠʚʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ) 

ICHD ï international center for human development (ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʮʝʥʪʨ ʨʘʟʚʠʪʠʷ 

ʯʝʣʦʚʝʢʘ) 

IHS ï international headache society (ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʦʙʱʝʩʪʚʦ ʛʦʣʦʚʥʦʡ ʙʦʣʠ) 

MAF ï (minor allele frequency) ʯʘʩʪʦʪʘ ʤʠʥʦʨʥʦʛʦ ʘʣʣʝʣʷ 

MELAS ï Mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes 

(ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ʵʥʮʝʬʘʣʦʧʘʪʠʷ, ʣʘʢʪʘʪ-ʘʮʠʜʦʟ ʠ ʠʥʩʫʣʴʪ-ʧʦʜʦʙʥʳʝ ʵʧʠʟʦʜʳ) 

MTDH ï metadherin (ʤʝʪʘʜʭʝʨʠʥ) 

MTHFR ï methylenetetrahydrofolate reductase (ʤʝʪʠʣʝʥʪʝʪʨʘʛʠʜʨʦʬʦʣʘʪʨʝʜʫʢʪʘʟʘ)  

MTR ï methionine synthase (ʤʝʪʠʦʥʠʥ ʩʠʥʪʘʟʘ) 

NO ï ʦʢʩʠʜ ʘʟʦʪʘ 

NOS1 ï nitric oxide synthase 1 (neuronal) 

NOS2 ï nitric oxide synthase 2, inducible 

NOS3 ï nitric oxide synthase 3 (endothelial cell) 

OR ï ʦʪʥʦʰʝʥʠʝ ʰʘʥʩʦʚ (Odds Ratio) 

SAM - S-ʘʜʝʥʦʟʠʣʤʝʪʠʦʥʠʥ 

SHM ï sporadic hemiplegic migraine (ʩʧʦʨʘʜʠʯʝʩʢʘʷ ʛʝʤʠʧʣʝʛʠʯʝʩʢʘʷ ʤʠʛʨʝʥʴ) 

SNAP25 ï synaptosomal-associated protein 25 (ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ ʩʠʥʘʧʪʦʩʦʤʘʤʠ ʙʝʣʦʢ 25) 

SNV ï single nucleotide variation (ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʘ ̫ʚʘʨʠʘʮʠʷ) 

STR ï short tandem repeat (ʢʦʨʦʪʢʠʡ ʪʘʥʜʝʤʥʳʡ ʧʦʚʪʦʨ) 

TNF-Ŭ ï tumor necrosis factor-alpha (ʬʘʢʪʦʨ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʠ ï ʘʣʴʬʘ) 
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ɺɺɽɼɽʅʀɽ 

ʇʦ ʜʘʥʥʳʤ ɺʆɿ, ʤʠʛʨʝʥʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʝʜʫʱʠʭ ʧʨʠʯʠʥ ʧʦʪʝʨʠ 

ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ (9 ʤʝʩʪʦ), ʩʦʧʦʩʪʘʚʠʤʦʡ ʩ ʪʘʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʢʘʢ ʦʥʢʦʣʦʛʠʯʝʩʢʘʷ 

ʧʘʪʦʣʦʛʠʷ, ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ, ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʜʨ. ɺ ʞʝʥʩʢʦʡ 

ʧʦʧʫʣʷʮʠʠ ʧʦʢʘʟʘʪʝʣʴ ʧʦʪʝʨʠ ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ ʦʪ ʤʠʛʨʝʥʠ ʟʘʥʠʤʘʝʪ 3 ʤʝʩʪʦ. ʇʦ ʜʘʥʥʳʤ 

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʤʠʛʨʝʥʠ ʚ ʤʠʨʝ ʟʘ 1 ʛʦʜ ʩʨʝʜʠ 

ʚʟʨʦʩʣʦʛʦ ʥʘʩʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ʦʪ 10.2% (Stovner et al., 2007) ʜʦ 14.7% (Steiner 

et al., 2013). ɺ ʈʦʩʩʠʠ ʮʠʬʨʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʤʠʛʨʝʥʠ ʧʨʝʚʳʰʘʶʪ ʤʠʨʦʚʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʦʯʪʠ ʚ 1.5-2 ʨʘʟʘ ï 20.3%, ʘ ʝʞʝʛʦʜʥʳʝ ʢʦʩʚʝʥʥʳʝ ʨʘʩʭʦʜʳ (ʧʦʪʝʨʷ ʜʥʝʡ 

ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ) ʧʦ ʧʨʠʯʠʥʝ ʧʝʨʚʠʯʥʳʭ ʛʦʣʦʚʥʳʭ ʙʦʣʝʡ ʩʦʩʪʘʚʣʷʶʪ 22.8 ʤʣʨʜ 

ʜʦʣʣʘʨʦʚ ʉʐɸ (1.75% ʦʪ ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʫʢʪʘ ʈʦʩʩʠʠ) (Ayzenberg et al., 2014). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʛʨʝʥʴ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʤʝʜʠʮʠʥʩʢʦʡ, ʥʦ ʠ ʟʥʘʯʠʤʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʧʨʦʙʣʝʤʦʡ.  

ɼʦ ʩʠʭ ʧʦʨ ʜʠʘʛʥʦʟ çʤʠʛʨʝʥʴè ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʣʠʥʠʯʝʩʢʠʤ, ʠ ʣʶʙʳʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʪʝʩʪʳ ʥʘʧʨʘʚʣʝʥʳ ʣʠʰʴ ʥʘ ʠʩʢʣʶʯʝʥʠʝ ʜʨʫʛʠʭ ʧʨʠʯʠʥ ʛʦʣʦʚʥʦʡ ʙʦʣʠ 

(ɸʤʝʣʠʥ ʠ ʜʨ., 2011; ʆʩʠʧʦʚʘ ʠ ʜʨ., 2012, 2014). ʉʫʱʝʩʪʚʫʶʪ ʠ ʧʨʦʙʣʝʤʳ ʪʝʨʘʧʠʠ 

ʤʠʛʨʝʥʠ - ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʥʘ ʨʳʥʢʝ, ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʥʘʣʴʛʝʪʠʢʦʚ, ʪʘʢ ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʦʪʠʚʦʤʠʛʨʝʥʦʟʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʪʝʨʘʧʠʷ ʧʘʮʠʝʥʪʦʚ ʩ ʤʠʛʨʝʥʴʶ ʚʩʝ ʝʱʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʘ. ʊʘʢ, ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʨʦʪʠʚʦʤʠʛʨʝʥʦʟʥʳʝ ʩʨʝʜʩʪʚʘ ï ʪʨʠʧʪʘʥʳ 

ï ʢʫʧʠʨʫʶʪ ʣʠʰʴ ʜʚʘ ʧʨʠʩʪʫʧʘ ʠʟ ʪʨʝʭ, ʘ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʤʠʛʨʝʥʦʟʥʳʭ ʘʪʘʢ 

ʩʯʠʪʘʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʝʩʣʠ ʩʥʠʞʘʶʪ ʯʘʩʪʦʪʫ ʘʪʘʢ ʥʘ 50% ʠ ʙʦʣʝʝ. ɿʥʘʯʠʤʦʡ 

ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʭʨʦʥʠʬʠʢʘʮʠʷ ʧʨʠʩʪʫʧʦʚ ʤʠʛʨʝʥʠ ʠ ʨʘʟʚʠʪʠʝ 

ʭʨʦʥʠʯʝʩʢʦʡ ʝʞʝʜʥʝʚʥʦʡ ʛʦʣʦʚʥʦʡ ʙʦʣʠ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʫ 1% ʧʘʮʠʝʥʪʦʚ ʚ ʛʦʜ 

(Katzarava and Limmroth, 2006). ʇʨʠ ʵʪʦʤ ʦʢʦʣʦ 10% ʧʘʮʠʝʥʪʦʚ ʩ ʤʠʛʨʝʥʴʶ ʚ ʧʦʧʫʣʷʮʠʠ ʠ 

40-60% ʧʘʮʠʝʥʪʦʚ, ʦʙʨʘʱʘʶʱʠʭʩʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʮʝʥʪʨʳ ʛʦʣʦʚʥʦʡ ʙʦʣʠ, 

ʷʚʣʷʶʪʩʷ ʨʝʟʠʩʪʝʥʪʥʳʤʠ ʢ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʨʘʧʠʠ (Loder, 2009). ʕʪʠ ʧʘʮʠʝʥʪʳ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʪʨʫʜʥʳʤʠ ʚ ʚʝʜʝʥʠʠ, ʘ ʠʭ ʣʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʟʘʪʨʘʪʥʳʤ.  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʠʩʢ ʙʠʦʤʘʨʢʸʨʦʚ ʤʠʛʨʝʥʠ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʜʘʥʥʳʡ ʜʠʘʛʥʦʟ, ʘ 

ʥʝ ʦʧʨʦʚʝʨʛʘʶʱʠʭ ʜʨʫʛʠʝ, ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʤ ʚʝʢʪʦʨʦʤ ʚ ʜʘʥʥʦʤ ʥʘʫʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʦʣʴ ʥʘʩʣʝʜʩʪʚʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʚ ʨʘʟʚʠʪʠʠ ʤʠʛʨʝʥʠ ʥʝ ʚʳʟʳʚʘʝʪ 

ʩʦʤʥʝʥʠʷ. ʈʦʜʩʪʚʝʥʥʠʢʠ ʧʘʮʠʝʥʪʦʚ ʩ ʤʠʛʨʝʥʴʶ ʩʪʨʘʜʘʶʪ ʦʪ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʜʦʩʪʦʚʝʨʥʦ 

ʯʘʱʝ, ʯʝʤ ʚ ʦʙʱʝʡ ʧʦʧʫʣʷʮʠʠ (Russell and Olesen, 1993). ʉ ʧʦʤʦʱʴʶ ʧʦʧʫʣʷʮʠʦʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʝʤʝʡ ʩ ʤʠʛʨʝʥʴʶ ʧʦʢʘʟʘʥʦ ʧʦʚʳʰʝʥʠʝ ʚ 1.5 ʨʘʟʘ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ 

ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʙʣʠʞʘʡʰʠʭ ʨʦʜʩʪʚʝʥʥʠʢʦʚ (Russell and Olesen, 1995; Stewart et al., 1997). 
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ʀʟʫʯʝʥʠʝ ʛʝʥʝʪʠʢʠ ʤʠʛʨʝʥʠ ʥʘʯʘʣʦʩʴ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʝ ʤʦʥʦʛʝʥʥʳʭ ʬʦʨʤ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚʳʜʝʣʝʥʳ ʧʷʪʴ ʪʠʧʦʚ ʩʝʤʝʡʥʦʡ ʛʝʤʠʧʣʝʛʠʯʝʩʢʦʡ ʤʠʛʨʝʥʠ (Ophoff et al., 1996; De 

Fusco et al., 2003; Dichgans et al., 2005; Suzuki et al., 2010; Freilinger et al., 2010). 

ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʷʪʠ ʛʝʥʦʚ ʩʝʤʝʡʥʦʡ ʛʝʤʠʧʣʝʛʠʯʝʩʢʦʡ ʤʠʛʨʝʥʠ 

ʧʦʟʚʦʣʷʝʪ ʩʦ 100% ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʦʩʪʘʚʠʪʴ ʜʠʘʛʥʦʟ ʠ ʧʨʝʜʩʢʘʟʘʪʴ ʪʷʞʝʩʪʴ ʪʝʯʝʥʠʷ ʵʪʦʛʦ 

ʟʘʙʦʣʝʚʘʥʠʷ. ʆʜʥʘʢʦ ʠʟʫʯʝʥʠʝ ʵʪʠʭ ʛʝʥʦʚ ʚ ʧʦʧʫʣʷʮʠʠ ʧʘʮʠʝʥʪʦʚ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʤʠʛʨʝʥʴʶ ʩ ʘʫʨʦʡ ʠ ʤʠʛʨʝʥʴʶ ʙʝʟ ʘʫʨʳ ʥʝ ʜʘʣʦ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʠʟʫʯʝʥʠʷ 

ʤʠʛʨʝʥʠ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʥʦʚ-ʢʘʥʜʠʜʘʪʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʧʦʚʳʰʘʪʴ ʨʠʩʢ ʟʘʙʦʣʝʚʘʥʠʷ ʠʣʠ ʦʧʨʝʜʝʣʷʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʪʝʯʝʥʠʷ. ʇʦʢʘʟʘʥʘ ʨʦʣʴ 

ʤʥʦʛʠʭ ʛʝʥʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʨʝʛʫʣʠʨʫʶʱʠʭ ʘʢʪʠʚʥʦʩʪʴ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʦʡ ʠ 

ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤ, ʫʨʦʚʝʥʴ ʞʝʥʩʢʠʭ ʧʦʣʦʚʳʭ ʛʦʨʤʦʥʦʚ ʠ ʪ.ʜ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʧʦʠʩʢʫ ʛʝʥʦʚ-ʢʘʥʜʠʜʘʪʦʚ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʤʠʛʨʝʥʠ ʘʢʪʠʚʥʦ ʧʨʦʜʦʣʞʘʶʪʩʷ. ɺ 2010 ʛʦʜʫ ʥʘʯʘʣʘʩʴ ʥʦʚʘʷ ʵʨʘ 

ʠʟʫʯʝʥʠʷ ʛʝʥʝʪʠʢʠ ʤʠʛʨʝʥʠ ï ʙʳʣʦ ʟʘʢʦʥʯʝʥʦ ʧʝʨʚʦʝ ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

(GWAS), ʢʦʪʦʨʦʝ ʚʳʷʚʠʣʦ ʤʫʪʘʮʠʶ ʚ ʨʝʛʫʣʷʪʦʨʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ MTDH 

(ʨʝʛʫʣʷʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʝʥʘ ʙʝʣʢʘ-ʪʨʘʥʩʧʦʨʪʝʨʘ ʛʣʫʪʘʤʘʪʘ EAAT-2) 

(Anttila et al., 2010). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʳʡ ʛʝʥ ʥʝ ʦʢʘʟʳʚʘʣ ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʣʠʥʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ ʩʘʤʦʡ ʤʠʛʨʝʥʠ (Esserlind et al, 2011).  

ʀʟʫʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʤʘʨʢʸʨʦʚ ʤʠʛʨʝʥʠ (ʙʝʣʢʦʚ ʠ ʤʘʣʳʭ 

ʤʦʣʝʢʫʣ) ï ʪʘʢʞʝ ʥʝ ʧʦʢʘʟʘʣʦ ʦʜʥʦʟʥʘʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʪʤʝʯʝʥʦ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ 

ʥʝʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʭ ʤʝʜʠʘʪʦʨʦʚ ʧʨʠ ʤʠʛʨʝʥʠ (Loder and Rizzoli, 2006; Durham and 

Papapetropoulos, 2013). ʆʜʥʘʢʦ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʚʳʷʚʣʝʥʳ ʚ ʧʝʨʠʦʜ 

ʧʨʠʩʪʫʧʘ ʠ ʥʝ ʤʦʛʫʪ ʧʨʝʪʝʥʜʦʚʘʪʴ ʥʘ ʨʦʣʴ ʠʥʠʮʠʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩ ʤʦʣʝʢʫʣ, ʪ.ʢ. ʷʚʣʷʶʪʩʷ 

ʩʢʦʨʝʝ ʧʦʩʣʝʜʩʪʚʠʝʤ ʧʨʠʩʪʫʧʘ, ʘ ʥʝ ʝʛʦ ʧʨʠʯʠʥʦʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʧʨʠʨʦʜʳ ʤʠʛʨʝʥʠ ʥʝ ʜʘʝʪ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʝʝ ʧʘʪʦʛʝʥʝʟʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʧʘʪʦʛʝʥʝʟʫ ʤʠʛʨʝʥʠ: ʙʦʣʝʝ 30 

ʪʳʩʷʯ ʩʪʘʪʝʡ ʚ ʙʘʟʝ NCBI. ʇʦʵʪʦʤʫ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʟʫʤʥʳʤ ʚʳʚʦʜ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʝʜʠʥʩʪʚʝʥʥʳʤ ʘʜʝʢʚʘʪʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʧʘʪʦʛʝʥʝʟʘ ʤʠʛʨʝʥʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠʤʝʶʱʝʡʩʷ ʣʠʪʝʨʘʪʫʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʦʩʪʨʦʝʥʠʝ ʩʭʝʤ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʣʠʪʝʨʘʪʫʨʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʫ 

ʧʘʮʠʝʥʪʦʚ ʩ ʤʠʛʨʝʥʴʶ. 
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ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʤʘʨʢʸʨʦʚ ʧʘʪʦʛʝʥʝʟʘ ʤʠʛʨʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʭʝʤ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʨʘʟʚʠʪʠʷ 

ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʣʶʯʝʚʳʭ ʛʝʥʦʚ.  

ɺ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʆʙʨʘʙʦʪʘʪʴ ʠʤʝʶʱʠʝʩʷ ʚ ʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʠ ʦʧʨʝʜʝʣʠʪʴ ʩʧʠʩʦʢ ʛʝʥʦʚ 

ʠ ʙʝʣʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʠʛʨʝʥʴʶ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʩʪʨʦʠʪʴ ʩʭʝʤʳ 

ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʩʪʫʧʘ ʤʠʛʨʝʥʠ. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʳʙʨʘʪʴ ʛʝʥʳ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʣʠʤʦʨʬʥʳʝ ʚʘʨʠʘʥʪʳ ʚ ʥʠʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

2) ʆʧʨʝʜʝʣʠʪʴ ʯʘʩʪʦʪʳ ʛʝʥʦʪʠʧʦʚ ʠ ʘʣʣʝʣʝʡ ʧʦʣʠʤʦʨʬʥʳʭ ʩʘʡʪʦʚ ʚ ʦʪʦʙʨʘʥʥʳʭ 

ʛʝʥʘʭ ʚ ʚʳʙʦʨʢʝ ʧʘʮʠʝʥʪʦʚ ʩ ʤʠʛʨʝʥʴʶ ʠ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʚʳʙʦʨʢʝ, ʧʨʦʚʝʩʪʠ ʧʦʠʩʢ 

ʘʩʩʦʮʠʘʮʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʟʘʤʝʥ ʩ ʤʠʛʨʝʥʴʶ. 

3) ʇʨʦʚʝʩʪʠ ʧʦʠʩʢ ʘʩʩʦʮʠʘʮʠʡ ʢʦʤʧʣʝʢʩʥʳʭ ʛʝʥʦʪʠʧʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ ʩ 

ʤʠʛʨʝʥʴʶ. 

4) ʉʦʦʪʥʝʩʪʠ ʚʳʷʚʣʝʥʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʷʭ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʠʛʨʝʥʦʟʥʦʛʦ ʧʨʠʩʪʫʧʘ. 
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ʆʙʱʠʡ ʧʣʘʥ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʭʝʤʳ: 

 

 

ʉʪʝʧʝʥʴ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

¶ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ (ʚʳʜʝʣʝʥʠʝ ɼʅʂ, ʇʎʈ, ʛʝʣʴʵʣʝʢʪʨʦʬʦʨʝʟ) ʩʜʝʣʘʥʘ ʥʘ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ɻʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʎʈ-ʇɼʈʌ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ ʚ ʩʣʫʯʘʷʭ ʥʝʦʜʥʦʟʥʘʯʥʦʡ ʪʨʘʢʪʦʚʢʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɻʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʜʚʫʭ 

ʧʦʚʪʦʨʥʦʩʪʷʭ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ.  

¶ ɺʳʙʦʨ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʬʫʥʢʮʠʡ ʵʪʠʭ ʛʝʥʦʚ ʠ ʠʭ ʚʦʟʤʦʞʥʦʡ 

ʨʦʣʠ ʚ ʧʘʪʦʛʝʥʝʟʝ ʤʠʛʨʝʥʠ; ʚʳʙʦʨ ʧʦʣʠʤʦʨʬʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ ʦʩʥʦʚʘʥ 

ʥʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ. 
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¶ ʏʘʩʪʦʪʳ ʘʣʣʝʣʝʡ ʛʝʥʦʚ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ, ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʚʳʙʦʨʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʯʘʩʪʦʪʘʤ ʤʠʥʦʨʥʳʭ ʘʣʣʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ NCBI (ʜʘʥʥʳʝ ʧʨʦʝʢʪʘ 1000 ɻʝʥʦʤʦʚ), 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

¶ ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʟʥʘʥʥʳʭ ʧʨʦʛʨʘʤʤ. 

¶ ʉʭʝʤʳ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩʪʨʦʠʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʫʨʠʨʫʝʤʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ResNet11 ʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ 

PathwayStudio 9.0 (Elsevier). 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

¶ 147 ʛʝʥʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ, ʠʤʝʶʪ ʩʚʷʟʴ ʩ ʤʠʛʨʝʥʴʶ. 

¶ ʇʦʩʪʨʦʝʥʥʳʝ ʫʥʠʢʘʣʴʥʳʝ ʩʭʝʤʳ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʧʠʩʳʚʘʶʪ ʚʦʟʤʦʞʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʘʪʦʛʝʥʝʟʘ 

ʟʘʙʦʣʝʚʘʥʠʷ. 

¶ ʇʦʣʠʤʦʨʬʥʳʝ ʚʘʨʠʘʥʪʳ ʛʝʥʦʚ CCKAR (rs1800857 ʛʝʥʦʪʠʧʳ CT+CC), CCKBR 

(rs1805000 ʛʝʥʦʪʠʧʳ CT+TT), MTHFR (rs1801133 ʛʝʥʦʪʠʧʳ CT+TT), NOS3 (rs2070744 

ʛʝʥʦʪʠʧ CC) ʠ ACE (rs4646994 ʛʝʥʦʪʠʧʳ II+ID ) ʠʤʝʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʤʠʛʨʝʥʴʶ. 

¶ ɺʳʷʚʣʝʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʛʝʥʦʪʠʧʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ 

ʟʘʙʦʣʝʚʘʥʠʷ ʘʣʣʝʣ ̫C ʛʝʥʘ CCKAR (rs1800857), ʫʚʝʣʠʯʠʚʘʶʱʝʛʦ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʚ 21 

ʨʘʟ. 

¶ ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʜʦʬʘʤʠʥʦʚʦʡ ʪʝʦʨʠʠ ʧʘʪʦʛʝʥʝʟʘ ʤʠʛʨʝʥʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

1. ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠ ʤʠʛʨʝʥʠ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʠ ʧʦʢʘ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʪʘʢʦʛʦ ʨʦʜʘ ʚ ʈʦʩʩʠʠ. ɺʧʝʨʚʳʝ ʧʦʩʪʨʦʝʥʳ ʩʭʝʤʳ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʧʘʪʦʛʝʥʝʟʘ ʤʠʛʨʝʥʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʤʝʭʘʥʠʟʤʳ 

ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ. 

2. ɺʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʯʘʩʪʦʪʳ ʛʝʥʦʪʠʧʦʚ ʠ ʘʣʣʝʣʝʡ ʟʘʤʝʥ ʚ ʛʝʥʘʭ ACE, BDNF, CCK, 

CCKAR, CCKBR, CGRP, DBH, MTDH, MTHFR, MTR, NOS1, NOS2, NOS3 ʠ SNAP25 ʫ 

ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʤʠʛʨʝʥʴʶ, ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʄʦʩʢʚʝ ʠ 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ.  
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3. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʸʥ ʧʦʠʩʢ ʘʩʩʦʮʠʘʮʠʡ SNV ʚ ʛʝʥʘʭ CCK, CCKAR, CCKBR, SNAP25 ʫ 

ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʤʠʛʨʝʥʴʶ. 

4. ɺʧʝʨʚʳʝ ʥʘʡʜʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʘʩʩʦʮʠʘʮʠʠ ʩ ʤʠʛʨʝʥʴʶ ʜʣʷ ʧʦʣʠʤʦʨʬʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʚ CCKAR (rs1800857 ʘʣʣʝʣʴ C), CCKBR (rs1805000 ʘʣʣʝʣʴ T). 

ʇʦʜʪʚʝʨʞʜʝʥ r ʘʩʩʦʮʠʘʮʠʠ ʟʘʤʝʥ ʚ ʛʝʥʘʭ MTHFR (rs1801133 ʘʣʣʝʣʴ T), NOS3 

(rs2070744 ʛʝʥʦʪʠʧ CC) ʠ ACE (rs4646994 ʘʣʣʝʣʴ I) ʩ ʤʠʛʨʝʥʴʶ ʜʣʷ ʧʦʧʫʣʷʮʠʠ ʠʟ 

ʄʦʩʢʚʳ ʠ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

5. ʆʩʥʦʚʥʘʷ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʝ ʤʠʛʨʝʥʠ ʦʪʚʦʜʠʪʩʷ ʘʣʣʝʣʶ C ʛʝʥʘ CCKAR (rs1800857), ʯʪʦ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʶ ʜʦʬʘʤʠʥʦʚʦʡ ʪʝʦʨʠʠ ʧʘʪʦʛʝʥʝʟʘ ʤʠʛʨʝʥʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ɺʧʝʨʚʳʝ ʧʦʩʪʨʦʝʥʥʳʝ ʩʭʝʤʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʧʘʪʦʛʝʥʝʟʘ ʤʠʛʨʝʥʠ 

ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ʕʪʦ 

ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʠʩʢʫ ʥʦʚʳʭ ʙʠʦʤʘʨʢʸʨʦʚ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʤʠʰʝʥʝʡ ʜʣʷ 

ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʪʝʨʘʧʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʘʩʩʦʮʠʘʮʠʠ ʧʦʣʠʤʦʨʬʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʛʝʥʦʚ CCKAR (rs1800857), CCKBR (rs1805000), MTHFR (rs1801133), NOS3 (rs2070744) ʠ 

ACE (rs4646994) ʨʘʩʰʠʨʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʩʪ-ʩʠʩʪʝʤ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʠ 

ʧʦʜʙʦʨʘ ʥʦʚʳʭ ʤʠʰʝʥʝʡ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʄʘʪʝʨʠʘʣʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʝʞʝʛʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 17ʦʡ, 18ʦʡ, 19ʦʡ ʠ 

20ʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʇʫʱʠʥʩʢʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çɹʠʦʣʦʛʠʷ ï ʥʘʫʢʘ 

XXI ʚʝʢʘè ʚ 2013, 2014, 2015, 2016 ʛʛ. (ʛ. ʇʫʱʠʥʦ-ʥʘ-ʆʢʝ); VII ʄʦʩʢʦʚʩʢʦʤ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʢʦʥʛʨʝʩʩʝ çɹʠʦʪʝʭʥʦʣʦʛʠʷ: ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷè ʚ 2013 ʛ. 

(ʛ. ʄʦʩʢʚʘ); IX ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʂʦʥʛʨʝʩʩʝ çʅʝʡʨʦʥʘʫʢʘ ʜʣʷ 

ʤʝʜʠʮʠʥʳ ʠ ʧʩʠʭʦʣʦʛʠʠè ʚ 2013 ʛ. (ʋʢʨʘʠʥʘ, ʛ.ʉʫʜʘʢ); XXII ʩʲʝʟʜʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʱʝʩʪʚʘ ʠʤ. ʀ.ʇ. ʇʘʚʣʦʚʘ ʚ 2013 ʛ. (ʛ.ɺʦʣʛʦʛʨʘʜ); VI ʉʲʝʟʜʝ ɺʘʚʠʣʦʚʩʢʦʛʦ ʆʙʱʝʩʪʚʘ 

ɻʝʥʝʪʠʢʦʚ ʠ ʉʝʣʝʢʮʠʦʥʝʨʦʚ (ɺʆɻʠʉ) ʚ 2014 ʛ. (ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ); ɽʚʨʦʧʝʡʩʢʦʤ 

ʢʦʥʛʨʝʩʩʝ ç8th Congress of the European Federation of IASP Chapters (EFIC)è ʚ 2013 ʛ. 

(ʀʪʘʣʠʷ, ʛ.ʌʣʦʨʝʥʮʠʷ); ɽʚʨʦʧʝʡʩʢʦʤ ʢʦʥʛʨʝʩʩʝ «Joint Congress of European Neurologyè ʚ 

2014 ʛ. (ʊʫʨʮʠʷ, ʛ.ʉʪʘʤʙʫʣ); ɽʚʨʦʧʝʡʩʢʦʤ ʢʦʥʛʨʝʩʩʝ ç4th European Headache and Migraine 

Trust International Congress: EHMTIC 2014è ʚ 2014 ʛ. (ʛ. ʂʦʧʝʥʛʘʛʝʥ, ɼʘʥʠʷ); VII ʩʲʝʟʜʝ 

ʈʦʩʩʠʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʤʝʜʠʮʠʥʩʢʠʭ ʛʝʥʝʪʠʢʦʚ ʚ 2015 ʛ. (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ); 

ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʢʦʥʛʨʝʩʩʝ «17th Congress of the International Headache Society (IHC 2015)» 
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ʚ 2015 ʛ. (ʀʩʧʘʥʠʷ, ʛ.ɺʘʣʝʥʩʠʷ); II ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɻʝʥʝʪʠʢʘ ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʷ XXI ʚʝʢʘ: ʧʨʦʙʣʝʤʳ, ʜʦʩʪʠʞʝʥʠʷ, ʧʝʨʩʧʝʢʪʠʚʳè ʚ 2015 ʛ. (ʛ.ʄʠʥʩʢ). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ ʧʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʩʘʤʠʤ 

ʘʚʪʦʨʦʤ. ɸʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ. ʉʭʝʤʳ 

ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʧʦʩʪʨʦʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ɽ.ɸ. ʂʣʠʤʦʚʳʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʘ ʣʠʯʥʦ ʘʚʪʦʨʦʤ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ: ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʣʠʤʦʨʬʠʟʤʘ 

ʛʝʥʘ MTHFR ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʳ ʨʘʥʝʝ ʢ.ʙ.ʥ. ʂʦʨʦʙʝʡʥʠʢʦʚʦʡ ʃ.ɸ.; 2 SNV ʚ 

ʛʝʥʝ DBH ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ɸ.ɸ. ɸʥʫʯʠʥʦʡ, 3 SNV ʚ ʛʝʥʝ BDNF ï ʩʦʚʤʝʩʪʥʦ 

ʩ ʊ.ʆ. ʂʦʯʝʪʢʦʚʦʡ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʚʳʧʦʣʥʝʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ɽ.ɸ. ʂʣʠʤʦʚʳʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʩʫʞʜʘʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ɽ.ɸ. ʂʣʠʤʦʚʳʤ ʠ ʖ.ʕ. ɸʟʠʤʦʚʦʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ, ʚʚʝʜʝʥʠʝ, ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʯʘʩʪʴ (ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ), ʚʳʚʦʜʳ, 

ʩʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 173 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ 

ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 9 ʪʘʙʣʠʮ ʠ 15 ʨʠʩʫʥʢʦʚ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 370 ʠʩʪʦʯʥʠʢʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ 8 ʥʘ ʨʫʩʩʢʦʤ ʠ 362 ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʜʝʨʞʠʪ 4 ʧʨʠʣʦʞʝʥʠʷ. 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 36 ʧʫʙʣʠʢʘʮʠʡ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʠʟʜʘʥʠʷʭ, ʠʟ ʢʦʪʦʨʳʭ 7 ï ʚ ʚʝʜʫʱʠʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʠʟʜʘʥʠʷʭ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʄʆʅ ʈʌ ʜʣʷ ʟʘʱʠʪʳ ʜʠʩʩʝʨʪʘʮʠʡ, 5 ʩʪʘʪʝʡ ʚ ʜʨʫʛʠʭ ʠʟʜʘʥʠʷʭ, 24 

ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ (ʚ ʪʦʤ ʯʠʩʣʝ 11 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʚʝʜʫʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʟʜʘʥʠʷʭ). 
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1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1. ʄʠʛʨʝʥʴ 

1.1.1. ʂʨʘʪʢʘʷ ʠʩʪʦʨʠʯʝʩʢʘʷ ʩʧʨʘʚʢʘ 

ʄʠʛʨʝʥʴ ï ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʠʭ ʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʠʟʚʝʩʪʥʳʭ 

ʯʝʣʦʚʝʯʝʩʪʚʫ. ʄʠʛʨʝʥʴʶ ʩʪʨʘʜʘʣʠ ʤʥʦʛʠʝ ʚʳʜʘʶʱʠʝʩʷ ʣʶʜʠ: ʖʣʠʡ ʎʝʟʘʨʴ, ʀʩʘʘʢ 

ʅʴʶʪʦʥ, ʂʘʨʣ ʄʘʨʢʩ, ʏʘʨʣʴʟ ɼʘʨʚʠʥ, ʌʨʝʜʝʨʠʢ ʐʦʧʝʥ, ɿʠʛʤʫʥʜ ʌʨʝʡʜ, ʕʜʛʘʨ ʇʦ, ɸ.ʇ. 

ʏʝʭʦʚ, ʇ.ʀ. ʏʘʡʢʦʚʩʢʠʡ ʠ ʜʨ. ʇʝʨʚʦʝ ʫʧʦʤʠʥʘʥʠʝ ʦʙ ʵʪʦʡ ʙʦʣʝʟʥʠ ʚʩʪʨʝʯʘʝʪʩʷ ʝʱʸ ʚ 

ʧʠʩʴʤʝʥʘʭ ʰʫʤʝʨʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ 3000 ʣʝʪ ʜʦ ʈʦʞʜʝʩʪʚʘ ʍʨʠʩʪʦʚʘ. ʉʧʦʩʦʙʳ ʣʝʯʝʥʠʷ 

ʛʦʣʦʚʥʦʡ ʙʦʣʠ, ʩʭʦʞʝʡ ʩ ʤʠʛʨʝʥʴʶ, ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʪʨʫʜʘʭ ɻʠʧʧʦʢʨʘʪʘ, ʎʝʣʴʩʘ ʠ ʜʨʫʛʠʭ 

ʜʨʝʚʥʠʭ ʚʨʘʯʝʡ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʚ ʪʦ ʚʨʝʤʷ ʦʧʠʩʘʣ ʤʠʛʨʝʥʴ ʛʨʝʯʝʩʢʠʡ ʚʨʘʯ ɸʨʝʪʝʡ 

ʂʘʧʧʘʜʦʢʠʡʩʢʠʡ (I ʚʝʢ ʥʘʰʝʡ ʵʨʳ). ɺ ʢʥʠʛʝ "ʆʙ ʦʩʪʨʳʭ ʠ ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ" ʦʥ 

ʜʘʣ ʥʘʟʚʘʥʠʝ ʙʦʣʝʟʥʠ "ʛʝʪʝʨʦʢʨʘʥʠʷ" - ʠʥʘʷ ʛʦʣʦʚʘ. ʀʟʚʝʩʪʥʳʡ ʨʠʤʩʢʠʡ ʚʨʘʯ ɻʘʣʝʥ (II ʚʝʢ 

ʥʘʰʝʡ ʵʨʳ) ʠʟʤʝʥʠʣ ʵʪʦ ʥʘʟʚʘʥʠʝ ʥʘ "ʛʝʤʠʢʨʘʥʠʶ", ʚ ʢʦʪʦʨʦʤ ʧʦʜʯʝʨʢʥʫʣ ʦʜʥʫ ʠʟ 

ʚʘʞʥʳʭ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ - ʣʦʢʘʣʠʟʘʮʠʶ ʙʦʣʝʚʳʭ 

ʦʱʫʱʝʥʠʡ ʚ ʧʦʣʦʚʠʥʝ ʛʦʣʦʚʳ. ɻʘʣʝʥ ʚʧʝʨʚʳʝ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ 

ʤʠʛʨʝʥʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ. ɺ XVIII ʚʝʢʝ ʰʚʝʡʮʘʨʩʢʠʤʠ 

ʚʨʘʯʘʤʠ ʙʳʣʠ ʦʧʠʩʘʥʳ ʢʣʠʥʠʯʝʩʢʠʝ ʬʦʨʤʳ ʤʠʛʨʝʥʠ ʠ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, 

ʧʨʦʚʦʮʠʨʫʶʱʠʭ ʤʠʛʨʝʥʴ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʚʧʝʨʚʳʝ ʙʳʣ ʥʘʟʚʘʥ ʰʦʢʦʣʘʜ. ɺ 1873 ʛʦʜʫ 

ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʢʥʠʛʘ ʕʜʚʘʨʜʘ ʃʠʚʠʥʛʘ "ʆ ʤʠʛʨʝʥʦʟʥʳʭ ʛʦʣʦʚʥʳʭ ʙʦʣʷʭ ʠ ʜʨʫʛʠʭ 

ʩʭʦʜʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ". ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʥʘ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʦʙʩʪʦʷʪʝʣʴʥʳʭ ʪʨʫʜʦʚ, ʧʦʩʚʷʱʸʥʥʳʭ ʢʣʠʥʠʯʝʩʢʠʤ ʦʪʣʠʯʠʷʤ ʤʠʛʨʝʥʠ ʦʪ ʜʨʫʛʠʭ ʛʦʣʦʚʥʳʭ 

ʙʦʣʝʡ (ʊʘʙʝʝʚʘ ʠ ʗʭʥʦ, 2010, ʮʠʪʠʨʦʚʘʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ). 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʚ ʠʟʫʯʝʥʠʠ ʤʠʛʨʝʥʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʫʯʝʥʠʝʤ ʛʝʥʝʪʠʯʝʩʢʠʭ, 

ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ, ʥʝʡʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʧʘʪʦʛʝʥʝʟʘ 

ʤʠʛʨʝʥʠ, ʧʦʠʩʢʦʤ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʢʫʧʠʨʦʚʘʥʠʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʛʦʣʦʚʥʦʡ ʙʦʣʠ.  

 

1.1.2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʠʛʨʝʥʠ 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʝʝ ʩʪʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʛʦʣʦʚʥʦʡ ʙʦʣʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʛʦʣʦʚʥʳʭ ʙʦʣʝʡ III  beta, ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʙʱʝʩʪʚʘ ʛʦʣʦʚʥʦʡ ʙʦʣʠ (IHS), ʚʩʝ ʛʦʣʦʚʥʳʝ ʙʦʣʠ ʨʘʟʜʝʣʷʶʪ ʥʘ 

ʧʝʨʚʠʯʥʳʝ ʠ ʚʪʦʨʠʯʥʳʝ. ʂ ʧʝʨʚʠʯʥʳʤ ʛʦʣʦʚʥʳʤ ʙʦʣʷʤ ʦʪʥʦʩʷʪ ʤʠʛʨʝʥʴ, ʛʦʣʦʚʥʫʶ ʙʦʣʴ 

ʥʘʧʨʷʞʝʥʠʷ, ʪʨʠʛʝʤʠʥʘʣʴʥʳʝ ʚʝʛʝʪʘʪʠʚʥʳʝ ʮʝʬʘʣʛʠʠ ʠ ʥʝʢʦʪʦʨʳʝ ʨʝʜʢʠʝ ʧʝʨʚʠʯʥʳʝ 

ʛʦʣʦʚʥʳʝ ʙʦʣʠ. 
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ʇʦ ʄʂɹ-10 ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʳ ʤʠʛʨʝʥʠ: 

G43.0 ʄʠʛʨʝʥʴ ʙʝʟ ʘʫʨʳ (ʧʨʦʩʪʘʷ ʤʠʛʨʝʥʴ) 

G43.1 ʄʠʛʨʝʥʴ ʩ ʘʫʨʦʡ (ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʠʛʨʝʥʴ) 

G43.2 ʄʠʛʨʝʥʦʟʥʳʡ ʩʪʘʪʫʩ 

G43.3 ʆʩʣʦʞʥʸʥʥʘʷ ʤʠʛʨʝʥʴ 

G43.9 ʄʠʛʨʝʥʴ ʥʝʫʪʦʯʥʸʥʥʘʷ 

G43.8 ɼʨʫʛʘʷ ʤʠʛʨʝʥʴ 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʛʦʣʦʚʥʳʭ ʙʦʣʝʡ (ICHD-III beta) ʧʨʠʟʥʘʝʪ ʜʚʝ 

ʦʩʥʦʚʥʳʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʬʦʨʤʳ ʤʠʛʨʝʥʠ: ʤʠʛʨʝʥʴ ʩ ʘʫʨʦʡ ʠ ʤʠʛʨʝʥʴ ʙʝʟ ʘʫʨʳ (The 

International Classification of Headache Disorders, 3rd edition, beta version, 2013). 

 

1.1.3. ʕʧʠʜʝʤʠʦʣʦʛʠʷ 

ʇʦ ʜʘʥʥʳʤ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴ ʤʠʛʨʝʥʠ ʚ 

ʤʠʨʝ ʩʨʝʜʠ ʚʟʨʦʩʣʦʛʦ ʥʘʩʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ʦʪ 10.2% (Stovner et al., 2007) ʜʦ 

14.7% (Steiner et al., 2013), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʈʦʩʩʠʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʨʘʚʝʥ 20.3% 

(Ayzenberg et al., 2014). 

ʈʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴ ʤʠʛʨʝʥʠ ʦʪʣʠʯʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʧʫʣʷʮʠʷʭ: ʚ ʘʬʨʠʢʘʥʩʢʦʡ ʠ 

ʘʟʠʘʪʩʢʦʡ ʧʦʧʫʣʷʮʠʷʭ ʥʠʞʝ, ʯʝʤ ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʠ ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʡ (Lee et al., 2008), ʘ 

ʞʝʥʱʠʥʳ ʝʚʨʦʧʝʡʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩʪʨʘʜʘʶʪ ʤʠʛʨʝʥʴʶ (20,4%) ʙʦʣʴʰʝ, ʯʝʤ 

ʞʝʥʱʠʥʳ ʘʬʨʦʘʤʝʨʠʢʘʥʩʢʦʛʦ (16,2%) ʠ ʘʟʠʘʪʩʢʦ-ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (9,2%). 

ʕʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʛʝʥʝʪʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʨʘʟʚʠʪʠʷ ʤʠʛʨʝʥʠ (ʊʘʙʝʝʚʘ ʠ 

ʗʭʥʦ, 2010, ʮʠʪʠʨʦʚʘʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ). 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʣʶʜʠ (75-80% ʧʦ ʜʘʥʥʳʤ ʤʠʨʦʚʦʡ ʩʪʘʪʠʩʪʠʢʠ) ʧʝʨʝʥʝʩʣʠ ʭʦʪʷ ʙʳ 

ʦʜʠʥ ʨʘʟ ʚ ʞʠʟʥʠ ʧʨʠʩʪʫʧ ʤʠʛʨʝʥʠ. ʄʠʛʨʝʥʴ - ʙʦʣʝʟʥʴ ʞʝʥʱʠʥ, ʪʘʢ ʢʘʢ ʚʩʪʨʝʯʘʝʪʩʷ ʫ ʥʠʭ 

ʚ 2-3 ʨʘʟʘ ʯʘʱʝ, ʯʝʤ ʫ ʤʫʞʯʠʥ. ʆʙʳʯʥʦ ʤʠʛʨʝʥʴ ʚʦʟʥʠʢʘʝʪ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 10 ʜʦ 20 ʣʝʪ 

(ʆʩʠʧʦʚʘ, 2011). ʅʘʠʚʳʩʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʤʠʛʨʝʥʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 

ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʝ ʛʦʜʳ ʞʠʟʥʠ (ʚ ʚʦʟʨʘʩʪʝ ʦʪ 25 ʜʦ 55 ʣʝʪ). 90% ʣʠʮ, ʩʪʨʘʜʘʶʱʠʭ 

ʤʠʛʨʝʥʴʶ, ʧʝʨʝʥʦʩʷʪ ʩʚʦʡ ʧʝʨʚʳʡ ʧʨʠʩʪʫʧ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ 40-ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ. ʄʠʛʨʝʥʴ 

ʙʝʟ ʘʫʨʳ ʚʩʪʨʝʯʘʝʪʩʷ ʧʦʯʪʠ ʚ 80% ʩʣʫʯʘʝʚ ʤʠʛʨʝʥʦʟʥʳʭ ʧʨʠʩʪʫʧʦʚ, ʤʠʛʨʝʥʴ ʩ ʘʫʨʦʡ ʚ 15-

18% ʤʠʛʨʝʥʦʟʥʳʭ ʘʪʘʢ (ʊʘʙʝʝʚʘ ʠ ʗʭʥʦ, 2010, ʮʠʪʠʨʦʚʘʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ). 
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ɺ 2007 ʛʦʜʫ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʩʦ ʚʩʝʛʦ ʤʠʨʘ, (107 

ʧʫʙʣʠʢʘʮʠʡ) ʙʳʣ ʥʘʡʜʝʥ ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʤʠʛʨʝʥʠ ʚ ʧʦʧʫʣʷʮʠʠ ï 

16%, ʜʦʩʪʠʛʘʶʱʠʡ ʤʘʢʩʠʤʫʤʘ ʚ ʚʦʟʨʘʩʪʝ 30ï40 ʣʝʪ. ʉʦʦʪʥʦʰʝʥʠʝ ʤʫʞʯʠʥ ʠ ʞʝʥʱʠʥ 

ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1:2 ʜʦ 1:4 (Stovner et al., 2007). 

 

1.1.4. ʕʧʠʜʝʤʠʦʣʦʛʠʷ ʤʠʛʨʝʥʠ ʚ ʈʦʩʩʠʠ 

ɺ 2014 ʛʦʜʫ Ayzenberg ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʠʟʫʯʘʣʦʩʴ 

ʚʣʠʷʥʠʝ ʛʦʣʦʚʥʳʭ ʙʦʣʝʡ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʠ 

(Ayzenberg et al., 2014). ɺʳʙʦʨʢʘ ʩʦʩʪʘʚʠʣʘ 2725 ʯʝʣʦʚʝʢ (ʚʦʟʨʘʩʪ 18-65 ʣʝʪ), ʜʘʥʥʳʝ 

ʩʦʙʨʘʥʳ ʠʟ 35 ʛʦʨʦʜʦʚ ʠ ʜʝʚʷʪʠ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʦʚ ʈʦʩʩʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʘʥʘʣʠʟʘ 

ʦʪʦʙʨʘʥʦ 2025 ʫʯʘʩʪʥʠʢʦʚ: 1060 ʯʝʣʦʚʝʢ (52.3%) ʩ ʛʦʣʦʚʥʦʡ ʙʦʣʴʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

<15 ʜʥʝʡ/ʤʝʩʷʮ, 411 (20.3%) ʩ ʤʠʛʨʝʥʴʶ, 626 (30.9%) ʩ ɻɹʅ; 213 (10.5%) ʩ ʛʦʣʦʚʥʦʡ 

ʙʦʣʴʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ Ó15 ʜʥʝʡ/ʤʝʩʷʮ, ʫ 752 (37.1%) ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʛʦʣʦʚʥʳʝ ʙʦʣʠ. 

ʉʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦʪʝʨʠ ʦʧʣʘʯʝʥʥʳʭ ʨʘʙʦʯʠʭ ʜʥʝʡ ʠʟ-ʟʘ ʛʦʣʦʚʥʦʡ ʙʦʣʠ ʚ 

ʪʝʯʝʥʠʝ ʧʨʝʜʳʜʫʱʠʭ 3 ʤʝʩʷʮʝʚ ʩʦʩʪʘʚʠʣ 1.9 ± 4.2 ʜʥʝʡ, ʘ ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʜʥʝʡ ʧʦʪʝʨʠ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʧʦ ʜʦʤʫ ï 3.4 ± 5.7. ʇʦ ʦʮʝʥʢʘʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʝʞʝʛʦʜʥʳʝ 

ʢʦʩʚʝʥʥʳʝ ʨʘʩʭʦʜʳ ʠʟ-ʟʘ ʧʝʨʚʠʯʥʳʭ ʛʦʣʦʚʥʳʭ ʙʦʣʝʡ ʩʦʩʪʘʚʣʷʶʪ 22.8 ʤʣʨʜ ʜʦʣʣʘʨʦʚ 

ʉʐɸ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 1.75% ʦʪ ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʫʢʪʘ ʈʦʩʩʠʠ. 

ʂʘʯʝʩʪʚʦ ʞʠʟʥʠ (quality of life, QoL) ʩʥʠʞʝʥʦ ʧʨʠ ʚʩʝʭ ʚʠʜʘʭ ʧʝʨʚʠʯʥʳʭ ʛʦʣʦʚʥʳʭ 

ʙʦʣʝʡ. ʇʦ ʦʧʨʦʩʥʠʢʫ WHOQOL-8 (World Health Organization Quality of Life Scale eight-

item version) ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʛʦʣʦʚʥʦʡ ʙʦʣʴʶ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ Ó15 ʜʥʝʡ/ʤʝʩʷʮ, ʯʝʤ ʩ ʵʧʠʟʦʜʠʯʝʩʢʠʤʠ ʛʦʣʦʚʥʳʤʠ ʙʦʣʷʤʠ (24.7 ± 

4.6 ʧʨʦʪʠʚ 28.1 ± 5.0; P <0.05) ʠ ʥʠʞʝ ʩ ʤʠʛʨʝʥʴʶ, ʯʝʤ ʩ ɻɹʅ (27.1 Ñ 4.9 ʧʨʦʪʠʚ 28.8 ± 5.0; 

P <0.05). 

ɺ 2015 ʛʦʜʫ Ayzenberg ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʦʧʫʙʣʠʢʦʚʘʣʠ ʧʝʨʚʳʡ ʚ ʈʦʩʩʠʠ ʠ ʪʨʝʪʠʡ ʧʦ 

ʚʩʝʤʫ ʤʠʨʫ (ʂʠʪʘʡ ʠ ʚʦʩʝʤʴ ʩʪʨʘʥ ɽʚʨʦʧʳ) ʘʥʘʣʠʟ HY (ñheadache yesterdayò) (Yu et al., 

2013; Andrée et al., 2014; Ayzenberg et al., 2015). ɹʝʩʝʜʘ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ 

ʧʦʩʣʝ ʛʦʣʦʚʥʦʡ ʙʦʣʠ (HY, çʛʦʣʦʚʥʘʷ ʙʦʣʴ ʚʯʝʨʘè - ɻɹɺ). ʀʟ 2725 ʫʯʘʩʪʥʠʢʦʚ ʦʧʨʦʩʘ 2025 

(74.3%) ʩʦʛʣʘʩʠʣʠʩʴ ʧʨʠʥʷʪʴ ʫʯʘʩʪʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, 14.5% 

ʫʯʘʩʪʥʠʢʦʚ ʚ ʚʦʟʨʘʩʪʝ 18-65 ʣʝʪ (ʪ.ʝ., ʚ ʪʨʫʜʦʩʧʦʩʦʙʥʦʤ ʚʦʟʨʘʩʪʝ) ʩʦʦʙʱʠʣʠ ʦ ɻɹɺ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʠ 142 ʤʠʣʣʠʦʥʘ, 14.5 ʤʣʥ ʠʟ 99.8 

ʤʠʣʣʠʦʥʦʚ ʣʶʜʝʡ (ʢʘʞʜʳʡ ʩʝʜʴʤʦʡ ʯʝʣʦʚʝʢ) ʚ ʚʦʟʨʘʩʪʝ 18-65 ʣʝʪ (Federal State Statistics 

Service of the Russian Federation, 2014) ʩʪʨʘʜʘʝʪ ʛʦʣʦʚʥʳʤʠ ʙʦʣʷʤʠ.  
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ɻɹɺ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʚʩʝʜʥʝʚʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫ 73.9% ʫʯʘʩʪʥʠʢʦʚ. 69.9% 

ʫʯʘʩʪʥʠʢʦʚ ʩ ɻɹɺ ʩʦʦʙʱʠʣʠ ʦ ʧʦʪʝʨʠ ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ ʠʟ-ʟʘ ʙʦʣʠ: 24.2% ʤʦʛʣʠ ʩʜʝʣʘʪʴ 

ʤʝʥʝʝ ʧʦʣʦʚʠʥʳ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʧʣʘʥʠʨʦʚʘʣʠ ʠ 15.6% ʥʝ ʟʘʥʠʤʘʶʪʩʷ ʧʦʚʩʝʜʥʝʚʥʳʤʠ 

ʜʝʣʘʤʠ ʚʦʚʩʝ.  

ʇʦ ʜʘʥʥʳʤ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʈʦʩʩʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ (10.5%) 

ʛʦʣʦʚʥʳʝ ʙʦʣʠ, ʚʦʟʥʠʢʘʶʱʠʝ Ó15 ʜʥʝʡ/ʤʝʩʷʮ (Ayzenberg et al., 2012), 24.9 % ʩʦʩʪʘʚʠʣʘ 

ʵʧʠʟʦʜʠʯʝʩʢʘʷ ʤʠʛʨʝʥʴ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʨʘʟʣʠʯʥʳʝ ʩʣʫʯʘʠ ʛʦʣʦʚʥʦʡ ʙʦʣʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ Ó15 ʜʥʝʡ/ʤʝʩʷʮ ʩʦʩʪʘʚʠʣʠ ʧʦʯʪʠ 50% ʩʣʫʯʘʝʚ ɻɹɺ, ʪʝʤ ʩʘʤʳʤ 

ʧʦʜʪʚʝʨʞʜʘʷ ʠʭ ʚʢʣʘʜ ʚ ʥʘʨʫʰʝʥʠʝ ʟʜʦʨʦʚʴʷ ʠ ʧʨʠʚʦʜʷʱʝʝ ʢ ʧʦʪʝʨʝ ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ʚ ʈʦʩʩʠʠ (Ayzenberg et al., 2014). ʇʦʯʪʠ 52% ʧʘʮʠʝʥʪʦʚ ʩ ɻɹɺ ʧʨʠʥʠʤʘʣʠ 

ʣʝʢʘʨʩʪʚʘ ʚʦ ʚʨʝʤʷ ʧʨʠʩʪʫʧʦʚ ʮʝʬʘʣʛʠʠ, ʯʪʦ ʩʦʩʪʘʚʠʣʦ 7.5 ʤʣʥ. ʯʝʣʦʚʝʢ, ʧʨʠʥʠʤʘʶʱʠʭ 

ʧʨʝʧʘʨʘʪʳ ʢʘʞʜʳʡ ʜʝʥʴ.  

ʉʨʝʜʥʷʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʦʣʦʚʥʦʡ ʙʦʣʠ ʩʦʩʪʘʚʣʷʝʪ 6.0 ± 4.4 ʯʘʩʘ. ɺ 88.3% ʩʣʫʯʘʷʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʦʣʦʚʥʦʡ ʙʦʣʠ ʙʳʣʘ ʫʤʝʨʝʥʥʦʡ ʠʣʠ ʪʷʞʸʣʦʡ. ʇʦʯʪʠ ʧʦʣʦʚʠʥʘ ʠʟ ʥʠʭ (48%, 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 3.6 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ), ʠʩʧʦʣʴʟʫʝʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʘʥʘʣʴʛʝʪʠʢʠ 

(Fritsche et al., 2001). ɺ ʈʦʩʩʠʠ ʜʚʝ ʪʨʝʪʠ ʫʯʘʩʪʥʠʢʦʚ ʦʧʨʦʩʘ ʩ ʛʦʣʦʚʥʦʡ ʙʦʣʴʶ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ Ó15 ʜʥʝʡ/ʤʝʩʷʮ ʩʦʦʙʱʘʣʠ ʦ ʯʨʝʟʤʝʨʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʝʢʘʨʩʪʚ 

(Ayzenberg et al., 2015). ʏʝʪʚʝʨʪʴ ʫʯʘʩʪʥʠʢʦʚ (24.8%) ʦʧʠʩʘʣʠ ʩʠʣʴʥʫʶ ʛʦʣʦʚʥʫʶ ʙʦʣʴ, ʠ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʪʦʣʴʢʦ ʞʝ ʯʝʣʦʚʝʢ (22.9%) ʩʦʦʙʱʠʣʠ, ʯʪʦ ʦʥʠ ʥʝ ʤʦʛʣʠ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʩʚʦʶ ʧʦʚʩʝʜʥʝʚʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠʟ-ʟʘ ɻɹɺ. ɺ ʈʦʩʩʠʠ ʦʢʦʣʦ 3.5 ʤʠʣʣʠʦʥʘ ʯʝʣʦʚʝʢ ʠʟ 99.8 

ʤʣʥ. ʯʝʣʦʚʝʢ ʚ ʪʨʫʜʦʩʧʦʩʦʙʥʦʤ ʚʦʟʨʘʩʪʝ (Federal State Statistics Service of the Russian 

Federation, 2014) ʣʠʰʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʚʝʩʪʠ ʩʚʦʶ ʧʦʚʩʝʜʥʝʚʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠʟ-ʟʘ ɻɹɺ. 

ʇʦʜʩʯʠʪʘʥʦ, ʯʪʦ ʧʦʪʝʨʷ ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ ʢʘʞʜʳʡ ʨʘʙʦʯʠʡ ʜʝʥʴ ʠʟ-ʟʘ ʛʦʣʦʚʥʦʡ ʙʦʣʠ 

ʩʦʩʪʘʚʣʷʝʪ 4.0%.  

 

1.1.5. ʂʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ 

ʄʠʛʨʝʥʦʟʥʳʝ ʘʪʘʢʠ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʠ ʧʫʣʴʩʠʨʫʶʱʝʡ 

ʠʥʪʝʥʩʠʚʥʦʡ ʛʦʣʦʚʥʦʡ ʙʦʣʴʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 4-72 ʯʘʩʘ, ʠ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʝʤʦʡ 

ʪʦʰʥʦʪʦʡ, ʨʚʦʪʦʡ, ʬʦʥʦ- ʠ ʬʦʪʦʬʦʙʠʝʡ. ʇʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, 20% ʧʘʮʠʝʥʪʦʚ ʧʝʨʝʜ ʘʪʘʢʘʤʠ 

ʦʱʫʱʘʶʪ ʧʨʝʭʦʜʷʱʠʝ (ʦʙʳʯʥʦ ʤʝʥʝʝ 60 ʤʠʥʫʪ) ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ ʩʠʤʧʪʦʤʳ (ʤʠʛʨʝʥʴ ʩ 

ʘʫʨʦʡ). ɸʫʨʘ ʯʘʱʝ ʚʩʝʛʦ ʙʳʚʘʝʪ ʟʨʠʪʝʣʴʥʦʡ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ, ʫʭʫʜʰʘʪʴ 

ʤʦʪʦʨʥʫʶ ʠʣʠ ʨʝʯʝʚʫʶ ʬʫʥʢʮʠʶ (Piterobon and Striessing, 2003). ɼʦ 33% ʧʘʮʠʝʥʪʦʚ, 

ʩʪʨʘʜʘʶʱʠʭ ʤʠʛʨʝʥʴʶ ʩ ʘʫʨʦʡ, ʠʩʧʳʪʳʚʘʶʪ ʪʘʢʞʝ ʧʨʠʩʪʫʧʳ ʙʝʟ ʘʫʨʳ (Vries et al., 2006). 
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ʄʠʛʨʝʥʴ ʯʘʩʪʦ ʩʚʷʟʘʥʘ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʪʨʠʛʛʝʨʘʤʠ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʫʧʦʪʨʝʙʣʝʥʠʝ ʧʠʱʠ, ʩʦʜʝʨʞʘʱʝʡ ʪʠʨʘʤʠʥ, ʧʨʠʤy ʘʣʢʦʛʦʣʷ, ʧʝʨʝʤʝʥʘ ʧʦʛʦʜʳ, ʠʟʤʝʥʝʥʠʷ 

ʩʪʝʨʝʦʪʠʧʘ ʩʥʘ ʠ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʩʪʨʝʩʩ. ʀʤʝʝʪʩʷ ʪʘʢʞʝ ʩʚʷʟʴ ʩ ʛʦʨʤʦʥʘʣʴʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ. ʄʠʛʨʝʥʴ ʯʘʱʝ ʚʩʪʨʝʯʘʝʪʩʷ ʫ ʞʝʥʱʠʥ, ʯʝʤ ʫ ʤʫʞʯʠʥ, ʦʜʥʘʢʦ ʫ ʜʝʪʝʡ ʵʪʦʡ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝ ʦʪʤʝʯʘʝʪʩʷ. 

ʍʘʨʘʢʪʝʨ ʧʨʠʩʪʫʧʘ 

ʂʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʤʠʛʨʝʥʠ ʩʦʩʪʦʷʪ ʠʟ 4 ʬʘʟ, ʢʦʪʦʨʳʝ ʧʝʨʝʭʦʜʷʪ ʦʜʥʘ ʚ 

ʜʨʫʛʫʶ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʠʩʪʫʧʘ ʠʣʠ ʘʪʘʢʠ: ʧʨʦʜʨʦʤ, ʘʫʨʘ, ʛʦʣʦʚʥʘʷ ʙʦʣʴ (ʚ ʪʝʯʝʥʠʝ 

ʢʦʪʦʨʦʡ ʧʨʦʷʚʣʷʶʪʩʷ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩʠʤʧʪʦʤʳ) ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʬʘʟʘ (ʧʦʩʪʜʨʦʤ). 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ.1.ʏʝʪʳʨʝ ʬʘʟʳ ʛʦʣʦʚʥʦʡ ʙʦʣʠ 

 

ʌʘʟʘ I: ʇʨʦʜʨʦʤ ʠʣʠ ʧʨʦʜʨʦʤʘʣʴʥʳʡ ʧʝʨʠʦʜ. ʇʨʦʜʨʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʠʤʝʨʥʦ 

ʫ ʧʦʣʦʚʠʥʳ ʙʦʣʴʥʳʭ, ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ɼʣʷ ʧʨʦʜʨʦʤʘʣʴʥʦʛʦ 

ʧʝʨʠʦʜʘ ʭʘʨʘʢʪʝʨʥʳ ʪʘʢʠʝ ʩʠʤʧʪʦʤʳ, ʢʘʢ ʦʙʦʩʪʨʸʥʥʦʝ ʠʣʠ ʩʥʠʞʝʥʥʦʝ ʚʦʩʧʨʠʷʪʠʝ, 

ʨʘʟʜʨʘʞʠʪʝʣʴʥʦʩʪʴ, ʚʦʟʙʫʞʜʝʥʠʝ, ʛʠʧʝʨʘʢʪʠʚʥʦʩʪʴ ʠʣʠ ʜʝʧʨʝʩʩʠʷ, ʪʷʛʘ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʧʠʝɦ (ʦʩʦʙʝʥʥʦ ʩʣʘʜʢʦʡ), ʯʨʝʟʤʝʨʥʘʷ ʟʝʚʦʪʘ, ʟʘʪʨʫʜʥʸʥʥʦʩʪʴ ʨʝʯʠ ʠʣʠ ʩʥʠʞʝʥʠʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʌʘʟʘ II: ɸʫʨʘ. ɸʫʨʘ ʚʩʪʨʝʯʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʫ 20 % ʙʦʣʴʥʳʭ. ɸʫʨʘ ʦʙʳʯʥʦ ʜʣʠʪʩʷ ʦʪ 

5 ʤʠʥʫʪ ʜʦ ʯʘʩʘ. ʏʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʝʪʩʷ ʟʨʠʪʝʣʴʥʘʷ ʘʫʨʘ - ʬʦʪʦʧʩʠʠ ʚ ʚʠʜʝ ʚʩʧʳʰʝʢ 

ʩʚʝʪʘ, ʪʦʯʝʢ, ʷʨʢʠʭ ʧʷʪʝʥ, ʤʝʨʮʘʶʱʠʝ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʣʠʥʠʠ ʚʦʢʨʫʛ ʦʙʣʘʩʪʠ ʫʪʨʘʯʝʥʥʦʛʦ 

ʟʨʝʥʠʷ ʚ ʦʜʥʦʡ ʠʣʠ ʜʚʫʭ ʩʪʦʨʦʥ ("ʤʝʨʮʘʶʱʘʷ ʩʢʦʪʦʤʘ"). ʄʦʛʫʪ ʪʘʢʞʝ ʚʦʟʥʠʢʘʪʴ 

ʩʝʥʩʦʨʥʳʝ ʩʠʤʧʪʦʤʳ ʚ ʚʠʜʝ ʧʦʢʘʣʳʚʘʥʠʷ ʚ ʨʫʢʘʭ, ʦʥʝʤʝʥʠʷ ʠʣʠ ʥʘʨʫʰʝʥʠʷ ʨʝʯʠ 

(ʜʠʩʬʘʟʠʠ). 
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ʌʘʟʘ III: ɻʦʣʦʚʥʘʷ ʙʦʣʴ. ɻʦʣʦʚʥʘʷ ʙʦʣʴ ʧʨʠ ʤʠʛʨʝʥʠ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ 

ʫʥʠʣʘʪʝʨʘʣʴʥʦʡ, ʪʦ ʝʩʪʴ ʙʦʣʠʪ ʪʦʣʴʢʦ ʦʜʥʘ ʧʦʣʦʚʠʥʘ ʛʦʣʦʚʳ. ɺ 50% ʩʣʫʯʘʝʚ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʨʘʚʦʩʪʦʨʦʥʥʠʝ ʙʦʣʠ, ʣʝʚʦʩʪʦʨʦʥʥʠʝ ʚ 20%, ʦʩʪʘʚʰʠʝʩʷ 30% ʧʨʠʭʦʜʷʪʩʷ ʥʘ 

ʜʚʫʩʪʦʨʦʥʥʶʶ ʙʦʣʴ. ʇʨʠ ʵʪʦʤ ʛʦʣʦʚʥʘʷ ʙʦʣʴ ʤʦʞʝʪ ʤʝʥʷʪʴ ʣʦʢʘʣʠʟʘʮʠʶ ʚ ʪʝʯʝʥʠʝ 

ʧʨʠʩʪʫʧʘ ʠʣʠ ʚ ʨʘʟʥʳʭ ʧʨʠʩʪʫʧʘʭ. 

ɹʦʣʴ ʧʨʠ ʤʠʛʨʝʥʠ ʧʫʣʴʩʠʨʫʶʱʘʷ, ʯʘʩʪʦ ʙʦʣʴʥʳʝ ʦʪʤʝʯʘʶʪ ʝʸ ʣʦʤʷʱʠʡ, ʜʘʚʷʱʠʡ, 

ʨʘʩʧʠʨʘʶʱʠʡ ʭʘʨʘʢʪʝʨ. 

ʄʠʛʨʝʥʦʟʥʘʷ ʛʦʣʦʚʥʘʷ ʙʦʣʴ ʠʤʝʝʪ ʫʤʝʨʝʥʥʫʶ ʠʣʠ ʚʳʨʘʞʝʥʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, 

ʢʦʪʦʨʘʷ ʥʘʨʘʩʪʘʝʪ ʚ ʪʝʯʝʥʠʝ 2-4 ʯʘʩʦʚ ʠ ʯʘʩʪʦ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

ɺ ʬʘʟʝ ʛʦʣʦʚʥʦʡ ʙʦʣʠ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʩʠʤʧʪʦʤʳ: ʪʦʰʥʦʪʘ ʠ/ʠʣʠ 

ʨʚʦʪʘ, ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʬʦʪʦʬʦʙʠʠ, ʬʦʥʦʬʦʙʠʠ, ʧʦʚʳʰʝʥʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʟʘʧʘʭʘʤ. ʄʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʦʨʪʦʩʪʘʪʠʯʝʩʢʘʷ ʛʠʧʦʪʝʥʟʠʷ ʠ 

ʛʦʣʦʚʦʢʨʫʞʝʥʠʝ.  

ʕʪʘ ʬʘʟʘ ʤʠʛʨʝʥʦʟʥʦʛʦ ʧʨʠʩʪʫʧʘ ʜʣʠʪʩʷ ʦʪ 4 ʜʦ 72 ʯʘʩʦʚ. 

ʌʘʟʘ IV: ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʠʣʠ ʧʦʩʪʜʨʦʤʘʣʴʥʳʡ ʧʝʨʠʦʜ. ʕʪʘ ʬʘʟʘ ʠʤʝʝʪ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʢʦʣʦ ʩʫʪʦʢ, ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʫʪʦʤʣʝʥʠʝʤ ʠ ʤʳʰʝʯʥʦʡ 

ʙʦʣʴʶ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʦʱʫʱʝʥʠʝʤ ʵʡʬʦʨʠʠ ʧʦʩʣʝ ʠʩʯʝʟʥʦʚʝʥʠʷ ʙʦʣʠ. 

ʆʜʥʘʢʦ ʫ ʤʥʦʛʠʭ ʙʦʣʴʥʳʭ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʬʘʟ. 

ʅʘʧʨʠʤʝʨ, ʫ ʧʘʮʠʝʥʪʦʚ ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʘʫʨʘ ʙʝʟ ʛʦʣʦʚʥʦʡ ʙʦʣʠ ʠʣʠ ʪʦʣʴʢʦ ʛʦʣʦʚʥʘʷ 

ʙʦʣʴ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʜʨʫʛʠʭ ʬʘʟ, ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʠʣʠ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʧʨʦʜʨʦʤʘʣʴʥʳʡ 

ʧʝʨʠʦʜ. ʂʨʦʤʝ ʪʦʛʦ, ʫ ʨʘʟʥʳʭ ʧʘʮʠʝʥʪʦʚ ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʨʘʟʥʳʝ ʩʦʯʝʪʘʥʠʷ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʩʠʤʧʪʦʤʦʚ ʚ ʙʦʣʝʚʦʡ ʬʘʟʝ (ʊʘʙʝʝʚʘ ʠ ʗʭʥʦ, 2010, ʮʠʪʠʨʦʚʘʥʦ ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ). 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʢʣʠʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʛʫʪ ʙʳʪʴ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ 

ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʘʮʠʝʥʪʦʚ. 

 

1.1.6. ʕʪʠʦʣʦʛʠʷ ʠ ʧʘʪʦʛʝʥʝʟ 

ʇʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʪʝʦʨʠʠ ʤʠʛʨʝʥʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 3 ʛʨʫʧʧʳ (ʠʟ ʊʘʙʝʝʚʘ ʠ 

ʗʭʥʦ, 2010, ʩ ʠʟʤʝʥʝʥʠʷʤʠ): 

1) ʉʦʩʫʜʠʩʪʳʝ ʪʝʦʨʠʠ: 
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¶ ʉʦʩʫʜʠʩʪʘʷ ʪʝʦʨʠʷ ɺʦʣʴʬʘ (1930). ʇʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʤʠʛʨʝʥʴ ʚʳʟʳʚʘʝʪʩʷ 

ʚʥʝʟʘʧʥʳʤ ʩʫʞʝʥʠʝʤ ʚʥʫʪʨʠʯʝʨʝʧʥʳʭ ʩʦʩʫʜʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʰʝʤʠʠ ʤʦʟʛʘ ʠ ʘʫʨʝ. 

ɺʩʣʝʜ ʟʘ ʵʪʠʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʰʠʨʝʥʠʝ ʚʥʝʯʝʨʝʧʥʳʭ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʯʪʦ ʠ ʚʳʟʳʚʘʝʪ 

ʛʦʣʦʚʥʫʶ ʙʦʣʴ.  

¶ ʊʝʦʨʠʷ ʰʫʥʪʘ. ɹʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ɻ. ʍʝʡʢʦʤ ʚ ɻʝʨʤʘʥʠʠ ʚ 

60ʭ ʛʦʜʘʭ 20 ʚʝʢʘ. ɻʦʣʦʚʥʘʷ ʙʦʣʴ ʦʙʲʷʩʥʷʣʘʩʴ ʪʝʤ, ʯʪʦ ʧʨʠ ʧʨʠʩʪʫʧʝ ʢʨʦʚʴ ʩʪʨʝʤʠʪʩʷ 

ʧʨʦʡʪʠ ʠʟ ʘʨʪʝʨʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʝʥʫ ʯʝʨʝʟ ʘʨʪʝʨʠʦʚʝʥʦʟʥʳʡ ʰʫʥʪ, ʥʝ ʧʨʦʭʦʜʷ ʯʝʨʝʟ 

ʚʥʫʪʨʠʯʝʨʝʧʥʳʝ ʢʘʧʠʣʣʷʨʳ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʠʰʝʤʠʶ ʤʦʟʛʘ, ʢʦʪʦʨʘʷ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʩʥʦʚʥʫʶ ʧʨʠʯʠʥʫ ʛʦʣʦʚʥʦʡ ʙʦʣʠ.  

¶ ʊʨʦʤʙʦʮʠʪʘʨʥʘʷ ʪʝʦʨʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʤʠʛʨʝʥʴ ʚʳʟʳʚʘʝʪʩʷ ʧʝʨʚʠʯʥʦʡ 

ʧʘʪʦʣʦʛʠʝʡ ʪʨʦʤʙʦʮʠʪʦʚ. ʇʨʠ ʩʢʣʝʠʚʘʥʠʠ ʪʨʦʤʙʦʮʠʪʦʚ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʘ 5-ʛʠʜʨʦʦʢʩʠʪʨʠʧʪʘʤʠʥʘ (5-ʅʊ) - ʩʝʨʦʪʦʥʠʥʘ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʪʨʦʤʙʦʮʠʪʳ ʙʦʣʴʥʳʭ ʤʠʛʨʝʥʴʶ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʢʣʝʠʚʘʥʠʶ, 

ʯʝʤ ʫ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ, ʠ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʬʘʢʪʦʨʘʤ, ʧʨʦʚʦʮʠʨʫʶʱʠʤ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝ 5-ʅʊ.  

2) ʅʝʡʨʦʛʝʥʥʳʝ ʪʝʦʨʠʠ: 

¶ ʊʝʦʨʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʢʦʨʢʦʚʦʡ ʜʝʧʨʝʩʩʠʠ (ʈʂɼ) ʃʝʦ. 

ʇʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʧʨʝʭʦʜʷʱʠʝ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ ʚʳʟʳʚʘʶʪʩʷ 

ʬʝʥʦʤʝʥʦʤ "ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʜʝʧʨʝʩʩʠʠ" - ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʜʝʧʦʣʷʨʠʟʘʮʠʠ 

ʥʝʡʨʦʥʦʚ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʘʫʨʫ - ʢʦʛʜʘ ʚʦʣʥʘ ʜʝʧʦʣʷʨʠʟʘʮʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʦʪʜʝʣʘʤ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. 

¶ ʉʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʘʷ ʪʝʦʨʠʷ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʝʨʦʪʦʥʠʥ ʤʦʞʝʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥ ʚ ʧʘʪʦʬʠʟʠʦʣʦʛʠʶ ʤʠʛʨʝʥʠ, ʠ ʤʦʞʝʪ 

ʠʛʨʘʪʴ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʤʠʛʨʝʥʦʟʥʦʡ ʛʦʣʦʚʥʦʡ ʙʦʣʠ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʡ ʪʝʦʨʠʠ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʧʨʠʩʪʫʧʘ ʤʠʛʨʝʥʠ ʠʟʤʝʥʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʦʪʦʥʠʥʘ ʚ 

ʪʨʦʤʙʦʮʠʪʘʭ, ʘ ʣʝʢʘʨʩʪʚʘ ʦʪ ʤʠʛʨʝʥʠ (ʪʨʠʧʪʘʥʳ) ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 5-ʅʊ ʨʝʮʝʧʪʦʨʘʤʠ.  

3) ʊʨʠʛʝʤʠʥʘʣʴʥʦ-ʚʘʩʢʫʣʷʨʥʘʷ ʪʝʦʨʠʷ: 

ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʪʝʦʨʠʠ, ʠʩʪʦʯʥʠʢʦʤ ʛʦʣʦʚʥʦʡ ʙʦʣʠ ʷʚʣʷʶʪʩʷ ʢʨʘʥʠʘʣʴʥʳʝ ʩʦʩʫʜʳ ʠ 

ʩʦʩʫʜʳ ʪʚʸʨʜʦʡ ʤʦʟʛʦʚʦʡ ʦʙʦʣʦʯʢʠ, ʠʤʝʶʱʠʝ ʪʨʠʛʝʤʠʥʘʣʴʥʫʶ ʠʥʥʝʨʚʘʮʠʶ ʠ 

ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʩʨʝʜʠʥʥʦ-ʩʪʚʦʣʦʚʳʭ ʩʪʨʫʢʪʫʨ ʤʦʟʛʘ. ʇʨʠ ʩʧʦʥʪʘʥʥʦʤ 

ʧʨʠʩʪʫʧʝ ʤʠʛʨʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʘʮʠʷ ʩʪʚʦʣʦʚʳʭ ʩʪʨʫʢʪʫʨ ʤʦʟʛʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʩʚʦʝʦʙʨʘʟʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʧʨʠʩʪʫʧʘ ʤʠʛʨʝʥʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʘʮʠʠ ʪʨʠʛʝʤʠʥʘʣʴʥʦ-
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ʚʘʩʢʫʣʷʨʥʦʡ ʩʠʩʪʝʤʳ ʩ ʚʳʜʝʣʝʥʠʝʤ ʚ ʩʪʝʥʢʫ ʩʦʩʫʜʦʚ ʥʝʡʨʦʧʝʧʪʠʜʦʚ (ʩʫʙʩʪʘʥʮʠʷ ʈ, 

CGRP), ʚʳʟʳʚʘʶʱʠʭ ʠʭ ʜʠʣʘʪʘʮʠʶ (ʨʘʩʰʠʨʝʥʠʝ), ʧʦʚʳʰʝʥʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʨʘʟʚʠʪʠʝ ʚ ʥʝʡ ʥʝʡʨʦʛʝʥʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ. ɸʩʝʧʪʠʯʝʩʢʦʝ ʥʝʡʨʦʛʝʥʥʦʝ 

ʚʦʩʧʘʣʝʥʠʝ ʘʢʪʠʚʠʨʫʝʪ ʥʦʮʠʮʝʧʪʠʚʥʳʝ (ʙʦʣʝʚʳʝ) ʪʝʨʤʠʥʘʣʠ ʘʬʬʝʨʝʥʪʥʳʭ ʚʦʣʦʢʦʥ 

ʪʨʦʡʥʠʯʥʦʛʦ ʥʝʨʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʩʦʩʫʜʠʩʪʦʡ ʩʪʝʥʢʝ, ʧʨʠʚʦʜʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘ 

ʫʨʦʚʥʝ ʎʅʉ ʯʫʚʩʪʚʘ ʙʦʣʠ (Lemos et al., 2010; Anttila et al., 2010). 

 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʚʘʩʢʫʣʷʨʥʦʡ (ʩʦʩʫʜʠʩʪʦʡ) ʪʝʦʨʠʠ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ Friberg et al., 

1991. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʪʨʘʥʩʢʨʘʥʠʘʣʴʥʦʡ ʜʦʧʧʣʝʨʦʛʨʘʬʠʠ (transcranial doppler 

sonography) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʦʚʦʪʦʢ ʩʦ ʩʪʦʨʦʥʳ ʛʦʣʦʚʥʦʡ ʙʦʣʠ ʟʘʤʝʜʣʷʣʩʷ, ʯʪʦ 

ʦʟʥʘʯʘʣʦ ʚʘʟʦʜʠʣʘʪʘʮʠʶ ʥʘ ʙʦʣʴʥʦʡ ʩʪʦʨʦʥʝ. 

 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠʟ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʪʝʦʨʠʡ ʚʳʛʣʷʜʷʪ ʩʦʩʫʜʠʩʪʘʷ ʪʝʦʨʠʷ 

ɺʦʣʴʬʘ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʨʠʛʝʤʠʥʘʣʴʥʦ-ʚʘʩʢʫʣʷʨʥʦʡ ʪʝʦʨʠʝʡ, ʠ ʈʂɼ, ʢʘʢ ʦʙʲʷʩʥʝʥʠʝ 

ʩʠʤʧʪʦʤʦʚ ʘʫʨʳ, ʥʘ ʯʪʦ ʤʳ ʠ ʦʧʠʨʘʣʠʩʴ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ. 

 

4) ʊʝʦʨʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʩʝʥʩʠʪʠʟʘʮʠʠ:  

ɺ ʨʘʙʦʪʝ Asghar et al., 2011 ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʡ ʤʝʪʦʜ ʚʠʟʫʘʣʠʟʘʮʠʠ - 

ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʘʥʛʠʦʛʨʘʬʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʆʙʥʘʨʫʞʝʥʘ ʜʠʣʘʪʘʮʠʷ 

ʤʦʟʛʦʚʳʭ ʘʨʪʝʨʠʡ ʚʦ ʚʨʝʤʷ ʧʨʠʩʪʫʧʘ ʛʦʣʦʚʥʦʡ ʙʦʣʠ ʤʠʛʨʝʥʦʟʥʦʛʦ ʪʠʧʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ 

ʚʥʫʪʨʠʚʝʥʥʳʤ ʚʚʝʜʝʥʠʝʤ CGRP. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʩʝʣʝʢʪʠʚʥʘʷ 

ʚʘʟʦʜʠʣʘʪʘʮʠʷ (ʨʘʩʰʠʨʝʥʠʝ ʩʦʩʫʜʦʚ): ʦʜʥʦʩʪʦʨʦʥʥʷʷ, ʚʦʚʨʝʤʷ ʫʥʠʣʘʪʝʨʘʣʴʥʦʡ ʛʦʣʦʚʥʦʡ 

ʙʦʣʠ, ʜʚʫʩʪʦʨʦʥʥʷʷ ï ʧʨʠ ʜʚʫʩʪʦʨʦʥʥʝʡ ʙʦʣʠ, ʘ ʪʘʢʞʝ ʚʘʟʦʢʦʥʩʪʨʠʢʮʠʷ (ʩʫʞʝʥʠʝ ʩʦʩʫʜʦʚ) 

ʚ ʦʪʚʝʪ ʥʘ ʩʫʤʘʪʨʠʧʪʘʥ ï ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʩʨʝʜʩʪʚʦ, ʧʨʠʤʝʥʷʝʤʦʝ ʜʣʷ ʣʝʯʝʥʠʷ ʤʠʛʨʝʥʠ 

(ʨʠʩ.2). 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʘʟʦʜʠʣʷʪʘʮʠʷ ʤʝʭʘʥʠʯʝʩʢʠ ʘʢʪʠʚʠʨʫʝʪ ʥʦʮʠʮʝʧʪʠʚʥʳʝ 

ʚʦʣʦʢʥʘ ʪʨʦʡʥʠʯʥʦʛʦ ʥʝʨʚʘ. ɸʢʪʠʚʘʮʠʷ ʦʪ ʪʘʢʦʛʦ ʥʝʙʦʣʴʰʦʛʦ ʩʪʠʤʫʣʘ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ 

ʚʳʙʨʦʩʦʤ ʚʦ ʚʨʝʤʷ ʧʨʠʩʪʫʧʘ ʩʝʥʩʠʪʠʚʠʟʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ (ʥʘʧʨʠʤʝʨ, TNF-Ŭ, ʩʝʨʦʪʦʥʠʥ) 

(Levy and Burstein, 2011), ʯʪʦ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʥʝʡʨʦʛʝʥʥʳʤ ʚʦʩʧʘʣʝʥʠʝʤ. 
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ʈʠʩʫʥʦʢ 2: A) ʊʨʝʭʤʝʨʥʳʝ ʜʘʥʥʳʝ ʩʨʝʜʥʝʡ ʘʨʪʝʨʠʠ ʤʦʟʛʦʚʦʡ ʦʙʦʣʦʯʢʠ (ʉɸʄʆ) 1 ʯʝʣʦʚʝʢʘ 

ʩ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʛʦʣʦʚʥʦʡ ʙʦʣʴʶ ʚʦ ʚʨʝʤʷ ʧʨʠʩʪʫʧʘ ʤʠʛʨʝʥʠ. ʉɸʄʆ ʚʦ ʚʨʝʤʷ ʧʨʠʩʪʫʧʘ 

ʤʠʛʨʝʥʠ ʨʘʩʰʠʨʷʝʪʩʷ ʥʘ ʩʪʦʨʦʥʝ ʩ ʛʦʣʦʚʥʳʤʠ ʙʦʣʷʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʩʰʠʨʝʥʠʷ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʩʪʦʨʦʥʝ ʙʝʟ ʛʦʣʦʚʥʳʭ ʙʦʣʝʡ. ʇʦʩʣʝ ʠʥʲʝʢʮʠʠ ʩʫʤʘʪʨʠʧʪʘʥʘ, ʩʫʞʝʥʠʝ 

ʉɸʄʆ ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ. B) ʊʨʝʭʤʝʨʥʳʝ ʜʘʥʥʳʝ ʩʨʝʜʥʝʡ ʤʦʟʛʦʚʦʡ ʘʨʪʝʨʠʠ 

(ʉʄɸ) ʯʝʣʦʚʝʢʘ. ʉʄɸ ʚʦ ʚʨʝʤʷ ʧʨʠʩʪʫʧʘ ʤʠʛʨʝʥʠ ʨʘʩʰʠʨʷʝʪʩʷ ʥʘ ʩʪʦʨʦʥʝ ʩ ʛʦʣʦʚʥʳʤʠ 

ʙʦʣʷʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʩʰʠʨʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʩʪʦʨʦʥʝ ʙʝʟ ʛʦʣʦʚʥʳʭ ʙʦʣʝʡ. ʇʦʩʣʝ 

ʚʚʝʜʝʥʠʷ ʩʫʤʘʪʨʠʧʪʘʥʘ, ʩʫʞʝʥʠʷ ʉʄɸ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ (Asghar et al., 2011). 
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ʊʝʨʤʠʥ «ʥʝʡʨʦʛʝʥʥʦʝ ʚʦʩʧʘʣʝʥʠʝ» ʦʙʦʟʥʘʯʘʝʪ ʩʝʨʠʶ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʦʪʚʝʪʦʚ, 

ʧʦʣʫʯʘʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʠʤʫʣʷʮʠʠ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʪʝʨʤʠʥʘʣʝʡ ʧʝʨʚʠʯʥʳʭ 

ʩʝʥʩʦʨʥʳʭ ʥʝʡʨʦʥʦʚ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʥʝʡʨʦʛʝʥʥʳʭ ʧʝʧʪʠʜʦʚ: CGRP ʠ 

ʪʘʭʠʢʠʥʠʥʦʚ, ʚʝʱʝʩʪʚʘ P ʠ ʥʝʡʨʦʢʠʥʠʥʘ A (NKA). ʅʝʡʨʦʥʳ, ʧʨʦʜʫʮʠʨʫʶʱʠʝ ʚʦʩʧʘʣʝʥʠʝ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʧʦʧʫʣʷʮʠʡ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ «ʧʦʣʠʤʦʜʘʣʴʥʳʝ 

ʥʦʮʠʮʝʧʪʦʨʳ», ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʨʝʘʛʠʨʫʶʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʝ, ʭʠʤʠʯʝʩʢʠʝ ʠ ʩʠʣʴʥʳʝ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʪʠʤʫʣʳ. ʕʪʠ ʥʝʡʨʦʥʳ ʠʤʝʶʪ ʥʘ ʩʚʦʝʡ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ 

ʦʛʨʦʤʥʫʶ ʧʘʥʝʣʴ ʚʦʟʙʫʞʜʘʶʱʠʭ ʠ ʪʦʨʤʦʟʷʱʠʭ ʨʝʮʝʧʪʦʨʦʚ ʠ ʢʘʥʘʣʦʚ, ʠ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʵʪʠʭ ʩʠʛʥʘʣʴʥʳʭ ʙʝʣʢʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʤʠʰʝʥʠ ʜʣʷ ʦʙʝʟʙʦʣʠʚʘʶʱʠʭ ʠʣʠ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ʅʝʡʨʦʛʝʥʥʦʝ ʚʦʩʧʘʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʥʝʢʦʪʦʨʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʯʝʣʦʚʝʢʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʤʠʛʨʝʥʠ. ʆʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʩʦʩʫʜʘʭ, ʛʜʝ ʚ ʥʝʤ ʫʯʘʩʪʚʫʶʪ CGRP ʠ 

ʪʘʭʠʢʠʥʠʥ, ʚ ʜʨʫʛʠʭ ʪʠʧʘʭ ʪʢʘʥʝʡ ʨʦʣʴ ʵʪʠʭ ʜʚʫʭ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴʩʷ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʪʢʘʥʠ ʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʠʜʘ (Geppetti et al., 2005). ʂʦʛʜʘ ʤʠʛʨʝʥʴ 

ʧʨʦʛʨʝʩʩʠʨʫʝʪ, ʮʝʥʪʨʳ ʩʪʚʦʣʘ ʤʦʟʛʘ ʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʢʦʪʦʨʳʝ ʧʝʨʚʳʤʠ ʧʦʣʫʯʘʶʪ 

ʙʦʣʝʚʳʝ ʠʤʧʫʣʴʩʳ ʦʪ ʪʨʦʡʥʠʯʥʦʛʦ ʥʝʨʚʘ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʝʥʩʠʪʠʟʠʨʫʶʪʩʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʛʦʣʦʚʥʦʡ ʙʦʣʠ ʠ ʧʦʚʳʰʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʜʨʫʛʠʤ ʥʝ 

ʙʦʣʝʚʳʤ ʩʪʠʤʫʣʘʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʊʘʙʝʝʚʘ ʠ ʗʭʥʦ, 2010, ʮʠʪʠʨʦʚʘʥʦ ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ). 

5) ɼʦʬʘʤʠʥʦʚʘʷ ʪʝʦʨʠʷ ʧʘʪʦʛʝʥʝʟʘ ʤʠʛʨʝʥʠ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʩʪʫʧ ʤʠʛʨʝʥʠ ʩʦʩʪʦʠʪ ʥʝ ʪʦʣʴʢʦ ʠʟ ʬʘʟʳ ʛʦʣʦʚʥʦʡ ʙʦʣʠ: ʫ 

ʙʦʣʴʰʠʥʩʪʚʘ ʧʘʮʠʝʥʪʦʚ ʠʤʝʶʪʩʷ ʪʘʢʠʝ ʬʘʟʳ ʧʨʠʩʪʫʧʘ, ʢʘʢ ʧʨʦʜʨʦʤʘʣʴʥʳʡ ʠ 

ʧʦʩʪʜʨʦʤʘʣʴʥʳʡ ʧʝʨʠʦʜ, ʫ ʥʝʢʦʪʦʨʳʭ ʧʘʮʠʝʥʪʦʚ ʦʪʤʝʯʘʝʪʩʷ ʤʠʛʨʝʥʦʟʥʘʷ ʘʫʨʘ. ɺ 1977 

ʛʦʜʫ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʛʦʥʠʩʪʳ ʜʦʬʘʤʠʥʘ ʚʳʟʳʚʘʶʪ ʟʝʚʦʪʫ, ʪʦʰʥʦʪʫ ʠ ʠʟʤʝʥʝʥʠʷ 

ʢʨʦʚʷʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʵʪʠ ʩʠʤʧʪʦʤʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʨʦʜʨʦʤʘʣʴʥʦʡ ʬʘʟʳ ʤʠʛʨʝʥʠ. 

ʇʦʜʦʙʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ ʧʘʮʠʝʥʪʦʚ ʩ ʤʠʛʨʝʥʴʶ ʢ ʜʦʬʘʤʠʥʫ, ʠ ʧʨʝʜʣʦʞʠʪʴ çʜʦʬʘʤʠʥʦʚʫʶ ʪʝʦʨʠʶ ʧʘʪʦʛʝʥʝʟʘ 

ʤʠʛʨʝʥʠè (Sicuteri, 1977). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʘʮʠʝʥʪʳ ʩ ʤʠʛʨʝʥʴʶ ʩʪʨʘʜʘʶʪ ʦʪ 

ʭʨʦʥʠʯʝʩʢʦʡ ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʦʡ ʛʠʧʦʬʫʥʢʮʠʠ ʠʟ-ʟʘ ʜʝʬʝʢʪʦʚ ʚ ʫʨʦʚʥʝ ʜʦʬʘʤʠʥʘ, ʠ 

ʤʫʪʘʮʠʡ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʬʝʨʤʝʥʪʳ ʠ ʜʨʫʛʠʝ ʙʝʣʢʠ ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ɼʠʩʬʫʥʢʮʠʷ ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ 

ʜʦʬʘʤʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ. ʂʦʛʜʘ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠʩʪʫʧ (ʧʨʦʜʨʦʤʘʣʴʥʘʷ ʬʘʟʘ) 

ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʜʦʬʘʤʠʥ ʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʣʘʟʤʝ, ʜʦʬʘʤʠʥ 
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ʩʪʠʤʫʣʠʨʫʝʪ ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʮʝʥʪʨʘʣʴʥʳʝ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʨʝʮʝʧʪʦʨʳ ʜʦʬʘʤʠʥʘ, 

ʚʳʟʳʚʘʶʱʠʝ ʟʝʚʦʪʫ ʠ ʩʦʥʣʠʚʦʩʪʴ. ʇʦʚʳʰʘʶʱʠʡʩʷ ʫʨʦʚʝʥʴ ʜʦʬʘʤʠʥʘ ʠ ʟʘʧʫʩʪʠʚʰʘʷʩʷ 

ʘʢʪʠʚʘʮʠʷ ʪʨʠʛʝʤʠʥʦ-ʚʘʩʢʫʣʷʨʥʦʡ ʩʠʩʪʝʤʳ, ʩʪʠʤʫʣʠʨʫʶʪ ʮʝʥʪʨʘʣʴʥʳʝ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʝ ʨʝʮʝʧʪʦʨʳ ʜʦʬʘʤʠʥʘ, ʚʳʟʳʚʘʷ ʪʦʰʥʦʪʫ, ʨʚʦʪʫ ʠ ʛʠʧʦʪʝʥʟʠʶ. ɺ 

ʧʦʩʪʜʨʦʤʘʣʴʥʫʶ ʬʘʟʫ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʦʬʘʤʠʥʘ ʤʝʜʣʝʥʥʦ ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘ ʙʘʟʦʚʳʡ 

ʫʨʦʚʝʥʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʥʣʠʚʦʩʪʠ ʠ ʫʩʪʘʣʦʩʪʠ, ʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ 

ʧʨʦʜʦʣʞʘʪʴ ʨʘʩʪʠ, ʚʳʟʳʚʘʷ ʧʦʩʪʜʨʦʤʘʣʴʥʳʝ ʩʠʤʧʪʦʤʳ, ʪʘʢʠʝ ʢʘʢ ʵʡʬʦʨʠʷ ʠ ʧʦʣʠʫʨʠʷ 

(Barbanti et al., 2013). 

ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʬʘʢʪ ʫʯʘʩʪʠʷ ʜʦʬʘʤʠʥʘ ʚ ʧʘʪʦʛʝʥʝʟʝ 

ʤʠʛʨʝʥʠ:  

1) ɼʦʬʘʤʠʥ ʩʚʷʟʘʥ ʩ ʦʙʤʝʥʦʤ ʬʦʣʘʪʦʚ ʠ ʛʦʤʦʮʠʩʪʝʠʥʘ ï ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʙʦʣʝʟʥʴʶ 

ʇʘʨʢʠʥʩʦʥʘ, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʦʣʫʯʘʶʱʠʭ L-ʜʦʬʫ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʦʤʦʮʠʩʪʝʠʥʘ 

ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣʷ; ʚ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʦʪʤʝʯʝʥ 

ʥʝʡʨʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʛʦʤʦʮʠʩʪʝʠʥʘ ʥʘ ʜʦʬʘʤʠʥ ʧʨʦʜʫʮʠʨʫʶʱʠʝ ʥʝʡʨʦʥʳ (Lee et al., 

2005; Gruber et al., 2010).  

2) ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʧʨʦʣʘʢʪʠʥʘ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʤʠʛʨʝʥʴʶ ʩʚʷʟʘʥʦ ʩ ʧʦʥʠʞʝʥʥʳʤ 

ʫʨʦʚʥʝʤ ʜʦʬʘʤʠʥʘ ʠʣʠ ʩ ʧʦʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ ʦʪʚʝʪʘ ʥʘ ʜʦʬʘʤʠʥ (Cavestro et al., 2006). 

3) ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʦʬʘʤʠʥʘ ʠ ʥʦʨʘʜʨʝʥʘʣʠʥʘ ʚ ʪʨʦʤʙʦʮʠʪʘʭ ʧʘʮʠʝʥʪʦʚ ʩ 

ʤʠʛʨʝʥʴʶ ʠ ʩ ʢʣʘʩʪʝʨʥʦʡ ʛʦʣʦʚʥʦʡ ʙʦʣʴʶ (Shukla et al., 2009; DôAndrea et al., 2006). 

4) ʕʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʣʝʧʪʠʢʦʚ ï ʘʥʪʘʛʦʥʠʩʪʦʚ D2 ʨʝʮʝʧʪʦʨʦʚ ʜʦʬʘʤʠʥʘ, 

ʚ ʢʫʧʠʨʦʚʘʥʠʠ ʩʠʤʧʪʦʤʦʚ ʧʨʠʩʪʫʧʘ ʤʠʛʨʝʥʠ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ 

ʥʝʡʨʦʣʝʧʪʠʢʦʚ ʜʣʷ ʢʫʧʠʨʦʚʘʥʠʷ ʧʨʠʩʪʫʧʘ ʤʠʛʨʝʥʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʧʨʦʭʣʦʨʧʨʦʤʘʟʠʥ, 

ʤʝʪʦʢʣʦʧʨʘʤʠʜ, ʜʨʦʧʝʨʠʜʦʣ, ʛʘʣʦʧʝʨʠʜʦʣ (Miller  et al., 2009; Friedman et al., 2008; 

Silberstein et al., 2003; Honkaniemi et al., 2006).  

5) ʌʘʟʘ ʛʦʣʦʚʥʦʡ ʙʦʣʠ ʚ ʪʝʯʝʥʠʝ ʧʨʠʩʪʫʧʘ ʤʠʛʨʝʥʠ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʘʢʪʠʚʘʮʠʠ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʪʨʦʡʥʠʯʥʦʛʦ ʥʝʨʚʘ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʮʝʩʩʠʥʛʘ ʙʦʣʝʚʦʡ 

ʘʬʬʝʨʝʥʪʘʮʠʠ ʚ ʷʜʨʝ ʪʨʦʡʥʠʯʥʦʛʦ ʥʝʨʚʘ ʠ ʚ ʪʘʣʘʤʫʩʝ. ʋʯʠʪʳʚʘʷ ʵʪʦʪ ʬʘʢʪ, ʦʩʥʦʚʥʦʡ 

ʮʝʣʴʶ ʨʷʜʘ ʨʘʙʦʪ ʙʳʣ ʧʦʠʩʢ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʜʦʬʘʤʠʥʘ ʥʘ ʪʨʠʛʝʤʠʥʦ-ʮʝʨʚʠʢʘʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩ (ʊʎʂ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʬʘʤʠʥ ʩʥʠʞʘʣ ʘʢʪʠʚʥʦʩʪʴ ʥʝʡʨʦʥʦʚ 

ʪʨʠʛʝʤʠʥʦʮʝʨʚʠʢʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʦʟʥʠʢʘʚʰʫʶ ʚ ʦʪʚʝʪ ʥʘ ʙʦʣʝʚʫʶ ʩʪʠʤʫʣʷʮʠʶ 

(Bergerot et al., 2007).  

6) ɻʠʧʦʪʘʣʘʤʠʯʝʩʢʦʝ ʷʜʨʦ ɸ11 ʚʣʠʷʝʪ ʥʘ ʥʝʡʨʦʥʳ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʩ ʧʦʤʦʱʴʶ 

ʜʦʬʘʤʠʥʘ. ʋʯʘʩʪʠʝ ʷʜʨʘ ɸ11 ʜʦʢʘʟʘʥʦ ʧʨʠ ʩʠʥʜʨʦʤʝ ʙʝʩʧʦʢʦʡʥʳʭ ʥʦʛ ï ʟʘʙʦʣʝʚʘʥʠʝ, 
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ʢʣʠʥʠʯʝʩʢʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʥʝʧʨʠʷʪʥʳʝ ʦʱʫʱʝʥʠʷ ʚ ʢʦʥʝʯʥʦʩʪʷʭ, 

ʯʘʱʝ ʚʩʝʛʦ ʚ ʥʦʛʘʭ, ʚʳʨʘʞʝʥʥʦʩʪʴ ʢʦʪʦʨʳʭ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʚʦ ʚʨʝʤʷ ʧʝʨʠʦʜʘ ʦʪʜʳʭʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʙʦʣʴʰʠʝ ʜʦʟʳ ʘʛʦʥʠʩʪʦʚ D2 ʨʝʮʝʧʪʦʨʦʚ 

ʵʬʬʝʢʪʠʚʥʳ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʵʪʠʤ ʟʘʙʦʣʝʚʘʥʠʝʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʥʪʘʛʦʥʠʩʪʳ D2 ʨʝʮʝʧʪʦʨʦʚ, 

ʢ ʧʨʠʤʝʨʫ, ʦʣʘʥʟʘʧʠʥ, ʫʭʫʜʰʘʶʪ ʩʠʤʧʪʦʤʳ ʩʠʥʜʨʦʤʘ ʙʝʩʧʦʢʦʡʥʳʭ ʥʦʛ. ɺ ʨʷʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʢʘʟʘʥʘ ʢʦʤʦʨʙʠʜʥʦʩʪʴ ʤʠʛʨʝʥʠ ʠ ʩʠʥʜʨʦʤʘ ʙʝʩʧʦʢʦʡʥʳʭ ʥʦʛ (Rhode et 

al., 2007). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʬʘʤʠʥ, ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʷʜʨʦ ɸ11, ʜʝʡʩʪʚʫʝʪ 

ʯʝʨʝʟ D2 ʨʝʮʝʧʪʦʨʳ ʥʘ ʥʝʡʨʦʥʳ ʪʨʠʛʝʤʠʥʦʮʝʨʚʠʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʙʣʦʢʠʨʫʷ ʧʝʨʝʜʘʯʫ 

ʥʦʮʠʮʝʧʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (Charbit et al., 2009). 

ʅʝʡʨʦʙʠʦʣʦʛʠʷ ʤʠʛʨʝʥʦʟʥʦʡ ʛʦʣʦʚʥʦʡ ʙʦʣʠ 

ɺ ʧʦʣʦʩʪʠ ʯʝʨʝʧʘ ʙʦʣʝʚʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʤʝʥʠʥʛʝʘʣʴʥʳʤʠ ʢʨʦʚʝʥʦʩʥʳʤʠ ʩʦʩʫʜʘʤʠ ʠ ʦʙʦʣʦʯʢʘʤʠ, ʢʦʪʦʨʳʝ ʠʥʥʝʨʚʠʨʫʶʪʩʷ 

ʥʦʮʠʮʝʧʪʠʚʥʳʤʠ ʘʬʬʝʨʝʥʪʥʳʤʠ ʚʦʣʦʢʥʘʤʠ ʛʣʘʟʥʠʯʥʦʡ ʚʝʪʚʠ ʪʨʦʡʥʠʯʥʦʛʦ ʥʝʨʚʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʤʠʛʨʝʥʦʟʥʦʡ ʛʦʣʦʚʥʦʡ ʙʦʣʠ ʟʘʚʠʩʠʪ ʦʪ ʘʢʪʠʚʘʮʠʠ ʵʪʠʭ 

ʘʬʬʝʨʝʥʪʦʚ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʘʢʪʠʚʘʮʠʠ ʊɺʉ (ʪʨʠʛʝʤʠʥʘʣʴʥʦ-ʚʘʩʢʫʣʷʨʥʦʡ ʩʠʩʪʝʤʳ) ʫ 

ʣʶʜʝʡ ʚʦ ʚʨʝʤʷ ʧʨʠʩʪʫʧʘ ʤʠʛʨʝʥʠ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ CGRP ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ, 

ʢʦʪʦʨʳʡ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʚʦʩʭʦʜʷʱʝʤ ʠ ʥʠʩʭʦʜʷʱʝʤ ʰʝʡʥʦʤ ʢʨʦʚʦʪʦʢʝ ʧʨʠ 

ʤʠʛʨʝʥʦʟʥʦʡ ʘʪʘʢʝ, ʠ ʝʛʦ ʚʦʟʚʨʘʱʝʥʠʝ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʫʨʦʚʥʶ ʧʦʩʣʝ ʣʝʯʝʥʠʷ 

ʩʫʤʘʪʨʠʧʪʘʥʘʤʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʙʘʚʣʝʥʠʷ ʦʪ ʛʦʣʦʚʥʦʡ ʙʦʣʠ (Piterobon and Striessing, 

2003). 

 

ɼʦʬʘʤʠʥʦʚʘʷ ʪʝʦʨʠʷ ʧʘʪʦʛʝʥʝʟʘ ʤʠʛʨʝʥʠ ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ, ʧʦʵʪʦʤʫ ʤʳ ʪʦʞʝ 

ʫʜʝʣʠʣʠ ʝʡ ʚʥʠʤʘʥʠʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

 

1.1.7. ɻʝʥʝʪʠʢʘ ʤʠʛʨʝʥʠ 

ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʤʠʛʨʝʥʠ ʠʛʨʘʶʪ ʥʘʩʣʝʜʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ 

(ɸʟʠʤʦʚʘ ʠ ʜʨ., 2008): ʫ ʨʦʜʩʪʚʝʥʥʠʢʦʚ ʙʦʣʴʥʳʭ ʤʠʛʨʝʥʴ ʚʩʪʨʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʯʘʱʝ, 

ʯʝʤ ʚ ʧʦʧʫʣʷʮʠʠ; ʧʨʠ ʥʘʣʠʯʠʠ ʤʠʛʨʝʥʠ ʫ ʦʙʦʠʭ ʨʦʜʠʪʝʣʝʡ ʨʠʩʢ ʟʘʙʦʣʝʚʘʥʠʷ ʧʦʪʦʤʢʦʚ 

ʜʦʩʪʠʛʘʝʪ 60-90% (ʪʦʛʜʘ ʢʘʢ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ - 11%), ʧʨʠ ʵʪʦʤ ʣʠʜʠʨʫʶʱʘʷ ʨʦʣʴ 

ʧʨʠʥʘʜʣʝʞʠʪ ʤʘʪʝʨʠ: ʨʠʩʢ ʟʘʙʦʣʝʚʘʥʠʷ ʜʝʪʝʡ - 72%. ʅ. ʌʣʘʪʘʫ (1987) ʧʦʢʘʟʘʣ, ʯʪʦ ʫ 

ʤʫʞʯʠʥ, ʩʪʨʘʜʘʶʱʠʭ ʤʠʛʨʝʥʴʶ, ʤʘʪʝʨʠ ʙʦʣʝʣʠ ʵʪʠʤ ʟʘʙʦʣʝʚʘʥʠʝʤ ʚ 4 ʨʘʟʘ ʯʘʱʝ, ʯʝʤ 

ʦʪʮʳ.  
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ʏʪʦ ʢʘʩʘʝʪʩʷ ʤʠʛʨʝʥʠ ʚ ʮʝʣʦʤ, ʪʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʣʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ ʩʝʤʝʡʥʫʶ ʘʛʨʝʛʘʮʠʶ ʩʠʤʧʪʦʤʦʚ ʤʠʛʨʝʥʠ, ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʟʠʪʠʚʥʘʷ 

ʩʝʤʝʡʥʘʷ ʠʩʪʦʨʠʷ (ʥʘʣʠʯʠʝ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʩʝʤʝʡʥʦʤ ʘʥʘʤʥʝʟʝ) ʷʚʣʷʝʪʩʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ 

ʢʨʠʪʝʨʠʝʤ ʤʠʛʨʝʥʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʥʦʟʠʛʦʪʥʳʭ ʠ ʜʠʟʠʛʦʪʥʳʭ ʙʣʠʟʥʝʮʦʚ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʚ ʨʘʟʚʠʪʠʠ ʤʠʛʨʝʥʠ. ɿʥʘʯʝʥʠʝ ʢʦʥʢʦʨʜʘʥʪʥʦʩʪʠ ʚ 

1.5-2 ʨʘʟʘ ʚʳʰʝ ʫ ʤʦʥʦʟʠʛʦʪʥʳʭ ʙʣʠʟʥʝʮʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʤʠʛʨʝʥʴʶ, ʯʝʤ ʫ ʜʠʟʠʛʦʪʥʳʭ 

ʙʣʠʟʥʝʮʦʚ ʜʣʷ ʄʆ ʠ ʄɸ (Ulrich et al. 1999; Gervil et al. 1999). 

ɹʦʣʴʰʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚʢʣʶʯʘʶʱʝʝ ʦʢʦʣʦ 30000 ʧʘʨ ʙʣʠʟʥʝʮʦʚ, ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʛʝʥʝʪʠʯʝʩʢʠʝ ʠ ʬʘʢʪʦʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʥʦʩʷʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʳʡ ʚʢʣʘʜ ʚ 

ʨʘʟʚʠʪʠʝ ʤʠʛʨʝʥʠ (Mulder et al. 2003).  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʣʠʟʥʝʮʦʚ, ʢʦʪʦʨʳʝ ʚʳʨʦʩʣʠ ʚʤʝʩʪʝ ʠʣʠ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʦʙʱʠʝ ʬʘʢʪʦʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʛʨʘʶʪ ʚʪʦʨʦʩʪʝʧʝʥʥʫʶ ʨʦʣʴ (Ziegler et al. 1998; 

Svensson et al. 2003). 

ʈʘʟʣʠʯʠʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʤʠʛʨʝʥʠ ʚ ʧʦʧʫʣʷʮʠʷʭ ʪʘʢ ʞʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʢʦʩʚʝʥʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʥʘʣʠʯʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʧʘʪʦʛʝʥʝʟʘ ʤʠʛʨʝʥʠ: ʨʘʟʣʠʯʠʷ ʚ 

ʯʘʩʪʦʪʘʭ ʘʣʣʝʣʝʡ ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ ʤʦʛʫʪ ʦʙʲʷʩʥʠʪʴ ʠ ʨʘʟʣʠʯʠʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ 

ʟʘʙʦʣʝʚʘʥʠʷ. 

ʇʦ ʜʘʥʥʳʤ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (Piterobon and Striessing, 2003; Vries et al., 

2006), ʛʝʥʝʪʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʚ ʤʠʛʨʝʥʠ ʩ ʘʫʨʦʡ ʚʳʰʝ, ʯʝʤ ʚ ʤʠʛʨʝʥʠ ʙʝʟ ʘʫʨʳ. ʇʦ 

ʤʥʝʥʠʶ ʨʷʜʘ ʘʚʪʦʨʦʚ, ʤʠʛʨʝʥʴ ï ʧʦʣʠʛʝʥʥʦʝ ʤʥʦʛʦʬʘʢʪʦʨʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ (Vries et al.; 

2006; Lee et al., 2008). ɻʝʥʝʪʠʯʝʩʢʠʡ ʛʨʫʟ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʦʧʨʝʜʝʣʸʥʥʦʝ 

ʛʝʥʝʪʠʯʝʩʢʦʝ ʥʘʯʘʣʦ, ʤʦʜʫʣʠʨʫʝʤʦʝ ʚʥʝʰʥʠʤʠ ʠ ʚʥʫʪʨʝʥʥʠʤʠ ʬʘʢʪʦʨʘʤʠ (ʪʨʠʛʛʝʨʳ 

ʤʠʛʨʝʥʠ).  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʘʩʣʝʜʫʝʪʩʷ ʥʝ ʩʘʤʦ ʟʘʙʦʣʝʚʘʥʠʝ, ʘ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʨʝʘʛʠʨʦʚʘʥʠʶ ʥʘ ʚʥʝʰʥʠʝ ʨʘʟʜʨʘʞʠʪʝʣʠ ʥʝʨʚʥʦʡ ʠ ʩʦʩʫʜʠʩʪʦʡ 

ʩʠʩʪʝʤ. 

1.1.8. ʂʦʤʦʨʙʠʜʥʳʝ ʥʘʨʫʰʝʥʠʷ ʤʠʛʨʝʥʠ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʠʛʨʝʥʴ ʩʦʯʝʪʘʝʪʩʷ ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ 

ʢʦʤʦʨʙʠʜʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʫʭʫʜʰʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʧʘʮʠʝʥʪʦʚ ʚʦ 

ʚʨʝʤʷ ʧʨʠʩʪʫʧʘ ʚʩʣʝʜʩʪʚʠʝ ʦʩʣʦʞʥʝʥʠʷ ʪʝʯʝʥʠʷ ʧʨʠʩʪʫʧʘ, ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ 

ʧʘʮʠʝʥʪʘ, ʘ ʪʘʢʞʝ ʢ ʪʨʫʜʥʦʩʪʷʤ ʧʨʠ ʧʦʜʙʦʨʝ ʧʨʝʧʘʨʘʪʦʚ. ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʤʝʭʘʥʠʟʤʳ ʵʪʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʧʦʢʘ ʥʝ ʠʟʫʯʝʥʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 
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ʠʥʬʦʨʤʘʮʠʠ, ʧʦ ʜʘʥʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʧʨʦʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʥʘʨʫʰʝʥʠʷʤ 

ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʤʠʛʨʝʥʠ. 

ʄʝʪʘ-ʘʥʘʣʠʟ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 1990 ʧʦ 2012 ʛʦʜ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʜʦʣʷ ʇʈ (ʧʘʥʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ) ʚ 3,76 ʨʘʟʘ ʚʳʰʝ ʩʨʝʜʠ ʣʠʮ, 

ʩʪʨʘʜʘʶʱʠʭ ʤʠʛʨʝʥʴʶ, ʯʝʤ ʙʝʟ ʥʝʝ. ʕʪʘ ʘʩʩʦʮʠʘʮʠʷ ʦʩʪʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʘʞʝ ʧʦʩʣʝ 

ʫʯʝʪʘ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʜʝʧʨʝʩʩʠʠ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʜʦʣʷ 

ʇʈ ʚʩʪʨʝʯʘʝʪʩʷ ʩʨʝʜʠ ʧʘʮʠʝʥʪʦʚ ʩ ʤʠʛʨʝʥʴʶ ʩ ʘʫʨʦʡ ʠ ʪʝʭ, ʢʪʦ ʦʙʨʘʱʘʝʪʩʷ ʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʣʠʥʠʢʠ. ʅʘʣʠʯʠʝ ʇʈ ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʩ ʙʦʣʝʝ ʥʝʛʘʪʠʚʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʠʛʨʝʥʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʙʦʣʝʝ ʯʘʩʪʳʤʠ ʧʨʠʩʪʫʧʘʤʠ, ʫʚʝʣʠʯʝʥʠʝʤ 

ʠʥʚʘʣʠʜʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʠʩʢʦʤ ʢ ʭʨʦʥʠʬʠʢʘʮʠʠ ʠ ʯʨʝʟʤʝʨʥʦʤʫ ʫʧʦʪʨʝʙʣʝʥʠʶ ʣʝʢʘʨʩʪʚ. 

ʄʝʭʘʥʠʟʤʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʦʙʱʝʡ ʢʦʤʦʨʙʠʜʥʦʩʪʠ, ʧʣʦʭʦ ʠʟʫʯʝʥʳ, ʥʦ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʧʦʥʷʪʥʦ, ʯʪʦ ʚʦʚʣʝʯʝʥʳ ʠ ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ (ʪʘʢʠʝ ʢʘʢ, ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʘʷ 

ʜʠʩʬʫʥʢʮʠʷ, ʚʣʠʷʥʠʝ ʛʦʨʤʦʥʦʚ, ʥʘʨʫʰʝʥʠʝ ʨʝʛʫʣʷʮʠʠ ʛʠʧʦʪʘʣʘʤʦ-ʛʠʧʦʬʠʟʘʨʥʦ-

ʥʘʜʧʦʯʝʯʥʠʢʦʚʦʡ ʦʩʠ) ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ (ʥʘʧʨʠʤʝʨ, ʩʪʨʘʭ ʙʦʣʠ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʨʝʚʦʛʠ, ʧʦʚʝʜʝʥʠʝ ʠʟʙʝʛʘʥʠʷ) (Smitherman et al., 2013). 

Grassini ʠ Nordin ʥʘ ʚʳʙʦʨʢʝ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʟʨʦʩʣʦʛʦ ʥʘʩʝʣʝʥʠʷ ʐʚʝʮʠʠ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ 151 ʯʝʣʦʚʝʢʘ ʩ ʜʠʘʛʥʦʟʦʤ ʤʠʛʨʝʥʴ ʠ 3 255 ʯʝʣʦʚʝʢ ʙʝʟ ʜʘʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, 

ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ:  

(ʘ) ʟʥʘʯʠʪʝʣʴʥʫʶ ʢʦʤʦʨʙʠʜʥʦʩʪʴ ʤʠʛʨʝʥʠ ʩʦ ʚʩʝʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʩʦʤʘʪʠʯʝʩʢʠʤʠ ʩʠʥʜʨʦʤʘʤʠ (ʬʠʙʨʦʤʠʘʣʛʠʷ, ʩʠʥʜʨʦʤ ʨʘʟʜʨʘʞʸʥʥʦʡ ʪʦʣʩʪʦʡ ʢʠʰʢʠ, 

ʩʠʥʜʨʦʤ ʭʨʦʥʠʯʝʩʢʦʡ ʫʩʪʘʣʦʩʪʠ), ʧʩʠʭʠʯʝʩʢʠʤʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ (ʜʝʧʨʝʩʩʠʷ ʠ ʧʘʥʠʯʝʩʢʠʝ 

ʨʘʩʩʪʨʦʡʩʪʚʘ) ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ (ʘʩʪʤʘ, ʘʣʣʝʨʛʠʯʝʩʢʠʡ ʨʠʥʠʪ, 

ʭʨʦʥʠʯʝʩʢʠʡ ʩʠʥʫʩʠʪ). 

(ʙ) ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʩʪʨʝʩʩ, ʫʪʦʤʣʷʝʤʦʩʪʴ, ʪʨʝʚʦʛʫ, 

ʜʝʧʨʝʩʩʠʶ ʠ ʩʦʤʘʪʠʟʘʮʠʠ (Grassini and Nordin, 2015). 

ʀʩʩʣʝʜʦʚʘʥʠʝ 2016 ʛʦʜʘ ʚʢʣʶʯʘʣʦ ʜʘʥʥʳʝ ʟʘʧʦʣʥʝʥʥʳʭ ʘʥʢʝʪ ʠʟ ʚʳʙʦʨʢʠ ʰʝʩʪʠ 

ʩʪʨʘʥ (ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ - 6624, ʠʟ ʢʦʪʦʨʳʭ ʤʫʞʯʠʥ - 44,8%, ʞʝʥʱʠʥ - 55,2%, 

ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ 42,1 Ñ 12,9 ʣʝʪ) (Lampl et al., 2016). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʟʘʙʦʣʝʚʘʥʠʷʤ 

ʩʦʩʪʘʚʠʣʦ: ʜʝʧʨʝʩʩʠʷ ï 5,6%, ʪʨʝʚʦʞʥʳʝ ʨʘʩʩʪʨʦʡʩʪʚʘ ï 14,3%, ʜʝʧʨʝʩʩʠʷ + ʪʨʝʚʦʞʥʳʝ 

ʨʘʩʩʪʨʦʡʩʪʚʘ ï 3,8%; ʤʠʛʨʝʥʴ ï 35,9%, ʛʦʣʦʚʥʘʷ ʙʦʣʴ ʥʘʧʨʷʞʝʥʠʷ (ɻɹʅ) ï 39,4%, ʛʦʣʦʚʥʘʷ 

ʙʦʣʴ, ʚʳʟʚʘʥʥʘʷ ʯʨʝʟʤʝʨʥʳʤ ʫʧʦʪʨʝʙʣʝʥʠʝʤ ʣʝʢʘʨʩʪʚʘʤʠ ï 3,0%, ʜʨʫʛʠʝ ʚʠʜʳ ʛʦʣʦʚʥʦʡ 

ʙʦʣʠ ï 2,5%. 

ɻʦʣʦʚʥʘʷ ʙʦʣʴ, ʚʳʟʚʘʥʥʘʷ ʣʝʢʘʨʩʪʚʘʤʠ, ʙʳʣʘ ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʦʙʦʠʤʠ 

ʧʩʠʭʠʯʝʩʢʠʤʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ: ʜʣʷ ʜʝʧʨʝʩʩʠʠ, OR (ʧʨʦʪʠʚ ʚʳʙʦʨʢʠ ʙʝʟ ʛʦʣʦʚʥʦʡ ʙʦʣʠ) 

ʩʦʩʪʘʚʠʣ 5.5 [2.2-13.5] (p0.0001ױ>ױ) ʫ ʤʫʞʯʠʥ, 5.5 [2.9-10.5] (p0.0001ױ>ױ) ʫ ʞʝʥʱʠʥ; ʜʣʷ 
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ʪʨʝʚʦʞʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ, OR ʩʦʩʪʘʚʠʣ 10.4 [4.9-21.8] (p0.0001ױ>ױ) ʠ 7.1 [4.5-11.2] 

(p0.0001ױ>ױ). ʄʠʛʨʝʥʴ ʪʘʢʞʝ ʙʳʣʘ ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʦʙʦʠʤʠ ʩʦʩʪʦʷʥʠʷʤʠ: ʜʣʷ ʜʝʧʨʝʩʩʠʠ OR 

ʠʤʝʣʠ ʟʥʘʯʝʥʠʷ 2.1 [1.3-3.4] (p0.002ױ=ױ) ʠ 1.8 [1.1-3.1] (p0.030ױ=ױ); ʜʣʷ ʪʨʝʚʦʞʥʳʭ 

ʨʘʩʩʪʨʦʡʩʪʚ 4.2 [2.8-6.3] (p0.0001ױ>ױ) ʠ 2.4 [1.7-3.4] (p0.0001ױ>ױ). ɻɹʅ ʧʦʢʘʟʘʣʠ ʘʩʩʦʮʠʘʮʠʶ 

ʪʦʣɹʢʦ ʩ ʪʨʝʚʦʛʦʡ: OR 2.5 [1.7-3.7] (p0.0001ױ>ױ) ʫ ʤʫʞʯʠʥ, 1.5 [1.1-2.1] (p0.021ױ=ױ) ʫ 

ʞʝʥʱʠʥ. 

ʋʯʘʩʪʥʠʢʠ ʦʧʨʦʩʘ ʩ ʤʠʛʨʝʥʴʶ ʠʤʝʣʠ ʢʦʤʦʨʙʠʜʥʦʩʪʴ ʪʨʝʚʦʛʠ ʚ 19,1% ʩʣʫʯʘʝʚ, 

ʜʝʧʨʝʩʩʠʠ - 6,9% ʠ ʪʨʝʚʦʛʘ + ʜʝʧʨʝʩʩʠʷ - 5,1%, ʯʝʡ ʧʦʢʘʟʘʪʝʣʴ ʙʳʣ ʚʳʰʝ, ʯʝʤ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʦʙʱʝʡ ʚʳʙʦʨʢʝ (14,3, 5,6 ʠ 3,8%). ɺ ʭʦʜʝ ʵʪʦʛʦ ʙʦʣʴʰʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʝʚʦʛʘ ʠ ʜʝʧʨʝʩʩʠʷ ʷʚʣʷʶʪʩʷ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʧʨʠ 

ʤʠʛʨʝʥʠ. 

ɺ 2016 ʚʳʭʦʜʠʪ ʦʙʟʦʨʥʘʷ ʩʪʘʪʴʷ ʧʦ ʛʝʥʝʪʠʯʝʩʢʦʡ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʜʝʧʨʝʩʩʠʠ ʠ 

ʤʠʛʨʝʥʠ, ʘʚʪʦʨʳ ʩʪʘʪʴʠ ʧʳʪʘʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʥʘʡʪʠ ʛʝʥʳ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʩʦʚʤʝʩʪʥʦʝ ʥʘʩʣʝʜʦʚʘʥʠʝ ʵʪʠʭ ʙʦʣʝʟʥʝʡ (Yang et al., 2016). ʉʝʤʝʡʥʳʝ ʠ 

ʙʣʠʟʥʝʮʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʵʪʠʭ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʭ 

ʦʪʥʦʰʝʥʠʡ ʯʘʩʪʠʯʥʦ ʣʝʞʘʪ ʛʝʥʝʪʠʯʝʩʢʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʙʦʣʝʟʥʠ. ɺ ʭʦʜʝ 

ʘʥʘʣʠʟʘ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʛʝʥʦʚ, ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʦʣʦʛʠʝʡ ʤʠʛʨʝʥʠ ʠ ʜʝʧʨʝʩʩʠʠ. 

ɻʝʥʳ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʦʡ, ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʦʡ ʠ ɻɸʄʂʝʨʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ 

ʧʦʣʠʤʦʨʬʥʳʝ ʚʘʨʠʘʥʪʳ ʛʝʥʦʚ MTHFR ʠ BDNF ʦʩʪʘʶʪʩʷ ʩʠʣʴʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʟʘ 

ʩʦʚʤʝʩʪʥʦʝ ʥʘʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʳʭ ʥʘʨʫʰʝʥʠʡ. 

ʇʦʠʩʢ ʘʩʩʦʮʠʘʮʠʡ ʤʠʛʨʝʥʠ ʩ ʢʦʤʦʨʙʠʜʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʟʘʧʦʣʥʝʥʥʳʭ ʦʧʨʦʩʥʠʢʦʚ, ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʥʘ ʜʘʥʥʫʶ 

ʩʚʷʟʴ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʫʞʜʘʝʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʠʟʫʯʝʥʠʠ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʧʦʜʙʦʨʘ ʣʝʯʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ.  

 

1.1.9. ʃʝʢʘʨʩʪʚʝʥʥʳʡ ʘʙʫʟʫʩ 

ʃʝʢʘʨʩʪʚʝʥʥʳʡ ʘʙʫʟʫʩ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʭʨʦʥʠʬʠʢʘʮʠʠ ʛʦʣʦʚʥʦʡ ʙʦʣʠ 

(ʧʝʨʝʭʦʜ ʦʪ ʵʧʠʟʦʜʠʯʝʩʢʦʡ ʤʠʛʨʝʥʠ ʚ ʭʨʦʥʠʯʝʩʢʫʶ). ɼʘʥʥʳʡ ʚʦʧʨʦʩ ʠʟʫʯʘʝʪʩʷ ʜʘʚʥʦ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʡʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʯʨʝʟʤʝʨʥʦʝ ʫʧʦʪʨʝʙʣʝʥʠʝ 

ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʅʠʞʝ ʧʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 

ɻʝʥ EEAT2. ɺ 2011 ʛʦʜʫ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʣʦ: 74 ʧʘʮʠʝʥʪʘ ʩ 

ʤʠʛʨʝʥʴʶ ʩ ʵʧʠʟʦʜʠʯʝʩʢʠʤʠ ʘʪʘʢʘʤʠ; 59 ʧʘʮʠʝʥʪʦʚ ʩ ʤʠʛʨʝʥʴʶ ʩ ʭʨʦʥʠʯʝʩʢʠʤʠ 

ʝʞʝʜʥʝʚʥʳʤʠ ʛʦʣʦʚʥʳʤʠ ʙʦʣʷʤʠ. ʕʪʠ ʜʚʝ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ ʩ ʤʠʛʨʝʥʴʶ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ 

ʥʘ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʘʣʣʝʣʷ A (ʛʝʥ EEAT2). ʆʪʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʩ 
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ʭʨʦʥʠʯʝʩʢʦʡ ʠ ʵʧʠʟʦʜʠʯʝʩʢʦʡ ʤʠʛʨʝʥʴʶ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʏʘʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʙʝʟʙʦʣʠʚʘʶʱʝʛʦ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʤʠʛʨʝʥʴʶ ʩ ʘʣʣʝʣʝʤ ɸ, ʯʝʤ ʙʝʟ 

ʘʣʣʝʣʷ A (ʨ = 0,019). ʇʦʣʠʤʦʨʬʠʟʤ ʛʝʥʘ EEAT2 ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʝʥʜʝʥʮʠʠ ʯʘʩʪʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʝʟʙʦʣʠʚʘʶʱʠʭ ʧʨʝʧʘʨʘʪʦʚ ʧʘʮʠʝʥʪʘʤʠ ʩ ʤʠʛʨʝʥʴʶ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʛʝʥʝʪʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ ʤʠʛʨʝʥʠ ʚ ʭʨʦʥʠʯʝʩʢʫʶ 

ʝʞʝʜʥʝʚʥʫʶ ʛʦʣʦʚʥʫʶ ʙʦʣʴ (Shin et al., 2011). 

ɻʝʥʳ ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʢʘʟʘʥʘ ʘʩʩʦʮʠʘʮʠʷ 

ʧʦʣʠʤʦʨʬʥʳʭ ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʚ DRD 4 (ʨʝʮʝʧʪʦʨ 4 ʜʦʬʘʤʠʥʘ) ʠ DAT (ʧʝʨʝʥʦʩʯʠʢ 

ʜʦʬʘʤʠʥʘ) ʩ ʟʣʦʫʧʦʪʨʝʙʣʝʥʠʝʤ ʙʦʣʝʫʪʦʣʷʶʱʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʧʨʠ ʭʨʦʥʠʯʝʩʢʦʡ 

ʝʞʝʜʥʝʚʥʦʡ ʛʦʣʦʚʥʦʡ ʙʦʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʠ ʜʘʥʥʳʝ ʩʚʷʟʳʚʘʶʪ ʛʝʥʳ 

ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʭʨʦʥʠʯʝʩʢʫʶ ʤʠʛʨʝʥʴ ʩ ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʘʙʫʟʫʩʦʤ 

(Montagna et al., 2003). 

ɻʝʥ CYP1A2 (ʮʠʪʦʭʨʦʤ P450 1A2) ʀʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʤʝʪʘʙʦʣʠʟʤʝ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ɻʝʥ CYP1A2 ʚʳʩʦʢʦ ʧʦʣʠʤʦʨʬʝʥ. ʅʦʩʠʪʝʣʠ ʘʣʣʝʣʷ -163A 

ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʡ ʩʢʦʨʦʩʪʠ 

ʜʝʛʨʘʜʘʮʠʠ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʞʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʦʨʦʛʘ, ʪʝʤ ʩʘʤʳʤ ʚʳʟʳʚʘʷ ʯʨʝʟʤʝʨʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʝʢʘʨʩʪʚʘ (Gentile et al., 2010) 

ɻʝʥ COMT (catechol-O-methyltransferase). rs4680 ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʢʣʠʥʠʯʝʩʢʠʡ 

ʦʪʚʝʪ ʥʘ ʣʝʢʘʨʩʪʚʘ. ɻʝʥʦʪʠʧ Met/Met - ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ ʩʣʘʙʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ 

ʪʨʠʧʪʘʥʳ (Cargnin et al., 2013). 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʧʫʙʣʠʢʘʮʠʡ, ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʡ ʘʙʫʟʫʩ, 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʵʪʫ ʪʝʤʫ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ ʪʨʝʙʫʝʪʩ ̫ʜʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ 

ʧʦʜʙʦʨʘ ʪʝʨʘʧʠʠ ʧʘʮʠʝʥʪʘʤ, ʩʪʨʘʜʘʶʱʠʭ ʤʠʛʨʝʥʴʶ. 
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1.2. ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʛʨʝʥʠ 

1.2.1. ʄʦʥʦʛʝʥʥʳʝ ʤʠʛʨʝʥʦʟʥʳʝ ʩʠʥʜʨʦʤʳ 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʠʩʪʫʧʳ ʤʠʛʨʝʥʠ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʠ 

ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʤʦʥʦʛʝʥʥʳʝ ʧʦʜʪʠʧʳ ʤʠʛʨʝʥʠ. ʕʪʠ ʧʦʜʪʠʧʳ ʤʦʛʫʪ ʧʦʤʦʯʴ ʚ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʧʦʥʠʤʘʥʠʠ ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʤʠʛʨʝʥʠ. 

CADASIL-ʩʠʥʜʨʦʤ (Cerebral autosomal dominant arteriopathy with subcortical infarcts 

and leukoencephalopathy) ï ʵʪʦ çʮʝʨʝʙʨʘʣʴʥʘʷ ʘʫʪʦʩʦʤʥʦ-ʜʦʤʠʥʘʥʪʥʘʷ ʘʨʪʝʨʠʦʧʘʪʠʷ ʩ 

ʩʫʙʢʦʨʪʠʢʘʣʴʥʳʤʠ ʠʥʬʘʨʢʪʘʤʠ ʠ ʣʝʡʢʦʵʥʮʝʬʘʣʦʧʘʪʠʝʡè, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ 

ʧʦʚʪʦʨʥʳʤʠ ʠʰʝʤʠʯʝʩʢʠʤʠ ʠʥʩʫʣʴʪʘʤʠ ʧʦʜʢʦʨʢʦʚʦʡ ʣʦʢʘʣʠʟʘʮʠʠ, c ʚʳʨʘʞʝʥʥʦʡ 

ʛʠʧʝʨʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʙʝʣʦʛʦ ʚʝʱʝʩʪʚʘ, ʵʧʠʣʝʧʪʠʯʝʩʢʠʤʠ ʧʨʠʧʘʜʢʘʤʠ, ʩʥʠʞʝʥʠʝʤ 

ʢʦʛʥʠʪʠʚʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʜʝʧʨʝʩʩʠʝʡ ʠ ʜʨʫʛʠʤʠ ʧʩʠʭʦʥʝʚʨʦʣʦʛʠʯʝʩʢʠʤʠ ʩʠʤʧʪʦʤʘʤʠ. 

ʄʠʛʨʝʥʴ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩ ʘʫʨʦʡ, ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʙʦʣʝʝ ʯʝʤ ʫ ʪʨʝʪʠ 

ʧʘʮʠʝʥʪʦʚ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʘ ʜʝʩʷʪʴ ʣʝʪ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʜʨʫʛʠʤ ʩʠʤʧʪʦʤʘʤ (Chabriat 

et al., 1995). CADASIL ʚʳʟʳʚʘʝʪʩʷ ʤʫʪʘʮʠʷʤʠ ʚ ʛʝʥʝ NOTCH3, ʢʦʪʦʨʳʡ ʢʦʜʠʨʫʝʪ 

ʨʝʮʝʧʪʦʨ NOTCH3 ʠ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʛʣʘʜʢʦʤʳʰʝʯʥʳʭ 

ʢʣʝʪʦʢ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʝʣʢʠʝ ʘʨʪʝʨʠʠ ʠ ʘʨʪʝʨʠʦʣʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ (Joutel et al., 1996). 

ʄʫʪʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʜʠʩʬʫʥʢʮʠʠ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ, ʢʦʪʦʨʳʡ ʨʝʛʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʩʦʩʫʜʦʚ 

ʚ ʧʨʦʮʝʩʩʝ ʵʤʙʨʠʦʛʝʥʝʟʘ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʪʨʫʢʪʫʨʥʫʶ/ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ ʫ ʚʟʨʦʩʣʳʭ (Iso et al., 2003; Alva and Iruela-Arispe, 2004). 

ʉʧʝʮʠʬʠʯʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ CADASIL ʷʚʣʷʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ NOTCH3 ʨʝʮʝʧʪʦʨʘ ʠʟ-ʟʘ ʝʛʦ 

ʤʝʜʣʝʥʥʦʛʦ ʚʳʚʝʜʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʨʘʥʫʣʷʨʥʳʭ ʦʩʤʠʦʬʠʣʴʥʳʭ 

ʜʝʧʦʟʠʪʦʚ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʝʣʢʠʝ ʩʦʩʫʜʳ ʠ ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʘʜʛʝʟʠʠ 

ʢʣʝʪʦʢ ʠ ʠʭ ʛʠʙʝʣʴ, ʧʝʨʝʨʦʞʜʝʥʠʝ ʢʣʝʪʦʢ ʛʣʘʜʢʠʭ ʤʳʰʮ ʚ ʩʨʝʜʥʝʤ ʩʣʦʝ ʠ ʬʠʙʨʦʟ (Ishiko 

et al., 2006). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, CADASIL ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥ ʩʦʩʫʜʠʩʪʦʡ ʜʠʩʬʫʥʢʮʠʝʡ, 

ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʛʠʙʝʣʴ ʛʣʘʜʢʦʤʳʰʝʯʥʳʭ ʢʣʝʪʦʢ ʩʦʩʫʜʦʚ ʠ ʜʝʛʝʥʝʨʘʮʠʷ 

ʩʘʤʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʩʫʜʘ. 

ʄʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ʵʥʮʝʬʘʣʦʧʘʪʠʷ, ʣʘʢʪʘʪ-ʘʮʠʜʦʟ ʠ ʠʥʩʫʣʴʪ-ʧʦʜʦʙʥʳʝ 

ʵʧʠʟʦʜʳ (Mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes, MELAS). 

ɿʘʙʦʣʝʚʘʥʠʝ ʚʳʟʳʚʘʝʪʩʷ ʤʫʪʘʮʠʷʤʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʛʝʥʘʭ, ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʚ ʛʝʥʝ MTTL1, ʢʦʜʠʨʫʶʱʠʤ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʫʶ ʪʈʅʂ ʜʣʷ ʣʝʡʮʠʥʘ (ʪʨʘʥʟʠʮʠʷ ɸ ʥʘ 

G ʥʫʢʣʝʦʪʠʜ ʚ ʧʦʣʦʞʝʥʠʠ 3243), ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʧʠʣʝʧʪʠʯʝʩʢʠʤʠ ʧʨʠʧʘʜʢʘʤʠ, 

ʠʥʩʫʣʴʪ-ʧʦʜʦʙʥʳʤʠ ʵʧʠʟʦʜʘʤʠ ʠ ʣʘʢʪʘʪ-ʘʮʠʜʦʟʦʤ (Kaufmann et al., 2011). ʊʠʧʠʯʥʘʷ 

ʢʘʨʪʠʥʘ MELAS ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʵʧʠʣʝʧʪʠʯʝʩʢʠʝ ʧʨʠʧʘʜʢʠ ʩ ʥʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʦʥʥʳʤʠ 
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ʧʨʦʷʚʣʝʥʠʷʤʠ ʢʦʨʢʦʚʳʭ ʠʥʬʘʨʢʪʦʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʩʦʯʝʪʘʶʪʩʷ ʩ ʤʠʛʨʝʥʴ-ʧʦʜʦʙʥʳʤʠ 

ʛʦʣʦʚʥʳʤʠ ʙʦʣʷʤʠ; ʘ ʪʘʢʞʝ ʛʝʤʠʧʘʨʝʟ, ʛʝʤʠʘʥʦʧʩʠʶ, ʢʦʨʢʦʚʫʶ ʩʣʝʧʦʪʫ, ʵʧʠʟʦʜʠʯʝʩʢʫʶ 

ʨʚʦʪʫ ʠ ʥʠʟʢʦʨʦʩʣʦʩʪʴ. ʉʠʩʪʝʤʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʝʨʜʝʯʥʳʝ, 

ʧʦʯʝʯʥʳʝ, ʵʥʜʦʢʨʠʥʥʳʝ, ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʝ ʥʘʨʫʰʝʥʠʷ (Finsterer, 2012). 

ʎʝʨʝʙʨʘʣʴʥʘʷ ʥʘʩʣʝʜʩʪʚʝʥʥʘʷ ʘʥʛʠʦʧʘʪʠʷ ʩ ʩʦʩʫʜʠʩʪʦʡ ʨʝʪʠʥʦʧʘʪʠʝʡ ʠ 

ʚʥʫʪʨʝʥʥʝʡ ʜʠʩʬʫʥʢʮʠʝʡ ʦʨʛʘʥʦʚ (CHARIOT, Cerebral hereditary angiopathy with vascular 

retinopathy and internal organ dysfunction) ï ʵʪʦ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʩʠʩʪʝʤʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ 

ʤʝʣʢʠʭ ʩʦʩʫʜʦʚ, ʚʳʟʳʚʘʝʤʦʝ ʤʫʪʘʮʠʷʤʠ ʚ ʛʝʥʝ TREX1 (Richards et al. 2007; Terwindt et al. 

1998). ɻʝʥ TREX1 ʨʘʩʧʦʣʦʞʝʥ ʥʘ 3p21 ʭʨʦʤʦʩʦʤʝ ʯʝʣʦʚʝʢʘ ʠ ʢʦʜʠʨʫʝʪ ʬʦʨʤʫ ɼʅʂʘʟʳ III 

(3' ʵʢʟʦʥʫʢʣʝʘʟʘ ʨʝʧʘʨʘʮʠʠ) ï ʘʚʪʦʥʦʤʥʫʶ, ʥʝʧʨʦʮʝʩʩʠʚʥʫʶ 3'-5' ɼʅʂ-ʩʧʝʮʠʬʠʯʥʫʶ 

ʵʢʟʦʥʫʢʣʝʘʟʫ (Ophoff et al., 2001). ʕʪʦʪ ʬʝʨʤʝʥʪ, ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʧʝʨʠʥʫʢʣʝʘʨʥʦʡ ʦʙʣʘʩʪʠ 

ʢʣʝʪʢʠ, ʠʛʨʘʶʱʝʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʨʦʣʴ ʚ ʛʨʘʥʟʠʤ A-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ, 

ʠ, ʢʦʛʜʘ ʤʫʪʠʨʫʝʪ, ʢʦʩʚʝʥʥʦ ʘʢʪʠʚʠʨʫʝʪ ʘʫʪʦʠʤʤʫʥʥʫʶ ʨʝʘʢʮʠʶ ʧʨʦʪʠʚ ʥʝʨʘʟʨʫʰʝʥʥʦʡ 

ʜʚʫʭʮʝʧʦʯʝʯʥʦʡ ɼʅʂ ʠʟ ʛʠʙʥʫʱʠʭ ʢʣʝʪʦʢ (Persico et al., 2015). ɻʣʘʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ï ʧʨʦʛʨʝʩʩʠʚʥʘʷ ʩʣʝʧʦʪʘ ʠʟ-ʟʘ ʩʦʩʫʜʠʩʪʦʡ ʨʝʪʠʥʦʧʘʪʠʠ, ʦʯʘʛʦʚʳʝ ʠ 

ʦʙʝɦʤʦʟʛʦʚʳʝ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ ʩʠʤʧʪʦʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʮʝʨʝʙʨʘʣʴʥʳʤ ʦʪʸʢʦʤ ʠ 

ʧʦʨʘʞʝʥʠʷʤʠ ʙʝʣʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʨʝʞʜʝʚʨʝʤʝʥʥʘʷ ʩʤʝʨʪʴ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʠʤʧʪʦʤʳ 

(ʤʠʛʨʝʥʴ ʠ ʩʠʥʜʨʦʤ ʈʝʡʥʦ) ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ, ʯʝʤ ʫ ʧʦʣʦʚʠʥʳ ʧʘʮʠʝʥʪʦʚ ʠ ʧʦʯʪʠ ʥʘ 

ʜʝʩʷʪʴ ʣʝʪ ʧʨʝʜʰʝʩʪʚʫʶʪ ʜʨʫʛʠʤ ʩʠʤʧʪʦʤʘʤ (Terwindt et al. 1998; Stam et al., 2009). 

ʋ ʧʘʮʠʝʥʪʦʚ ʩ ʩʠʥʜʨʦʤʦʤ ʩʝʤʝʡʥʦʡ ʨʘʩʰʠʨʝʥʥʦʡ ʬʘʟʳ ʩʥʘ (FASPS, familial 

advanced sleep-phase syndrome) ʚʳʷʚʣʝʥʳ ʩʝʨʴʝʟʥʳʝ ʥʘʨʫʰʝʥʠʷ ʚ ʮʠʢʣʝ ʩʥʘ-

ʙʦʜʨʩʪʚʦʚʘʥʠʷ ʠ ʜʨʫʛʠʭ ʮʠʨʢʘʜʥʳʭ ʨʠʪʤʘʭ. ɿʘʙʦʣʝʚʘʥʠʝ ʚʳʟʳʚʘʝʪʩʷ ʤʠʩʩʝʥʩ ʤʫʪʘʮʠʷʤʠ ʚ 

ʛʝʥʝ CSNK1D, ʢʦʜʠʨʫʶʱʝʤ ʢʘʟʝʠʥʢʠʥʘʟʫ Iŭ, ʢʦʪʦʨʘʷ ʫʯʘʩʪʚʫʝʪ ʚ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʠ 

ʙʝʣʢʘ ʮʠʨʢʘʜʥʳʭ ʨʠʪʤʦʚ Per2 (Xu et al., 2005; Brennan et al., 2013; Lillis et al., 2008). ɺ ʜʚʫʭ 

ʥʝʟʘʚʠʩʠʤʳʭ ʩʝʤʴʷʭ ʫ 9 ʠʟ 11 ʧʘʮʠʝʥʪʦʚ ʩ ʩʠʥʜʨʦʤʦʤ ʩʝʤʝʡʥʦʡ ʨʘʩʰʠʨʝʥʥʦʡ ʬʘʟʳ ʩʥʘ ʠ 

ʤʠʛʨʝʥʴʶ ʩ ʘʫʨʦʡ ʥʘʙʣʶʜʘʣʠʩʴ ʤʫʪʘʮʠʠ ʛʝʥʘ CSNK1D (Xu et al., 2005). ʇʨʠ ʩʢʨʠʥʠʥʛʝ 

ʜʚʫʭ ʩʝʤʝʡ ʩ ʤʠʛʨʝʥʴʶ ʩ ʘʫʨʦʡ ʠ FASPS ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʜʚʝ ʤʠʩʩʝʥʩ-ʤʫʪʘʮʠʠ 

(c.44T>A ʠ c.46H>R) ʚ ʛʝʥʝ CSNK1D, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ 

(Brennan et al., 2013). ʄʳʰʠ, ʥʝʩʫʱʠʝ ʤʫʪʘʮʠʶ T44A (Csnk1d) ʠʤʝʶʪ ʧʦʥʠʞʝʥʥʳʡ ʧʦʨʦʛ 

ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʢʦʨʢʦʚʦʡ ʜʝʧʨʝʩʩʠʠ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʡ ʫʚʝʣʠʯʝʥʠʝʤ ʩʧʦʥʪʘʥʥʦʡ 

ʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʘʢʪʠʚʘʮʠʝʡ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʢʘʣʴʮʠʷ ʚ ʘʩʪʨʦʮʠʪʘʭ (Xu et al., 2005). 

COL4A1-ʨʦʜʩʪʚʝʥʥʳʝ ʩʠʥʜʨʦʤʳ. ɻʝʥ COL4A1 ʢʦʜʠʨʫʝʪ ʘʣʴʬʘ-1 ʩʫʙʲʝʜʠʥʠʮʫ 

ʢʦʣʣʘʛʝʥʘ ʪʠʧʘ IV. ʄʫʪʘʮʠʠ ʚ ʵʪʦʤ ʛʝʥʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʷʜʫ ʘʫʪʦʩʦʤʥʦ-ʜʦʤʠʥʘʥʪʥʳʭ 

ʨʘʩʩʪʨʦʡʩʪʚ ʩ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʢʣʶʯʘʶʱʠʤʠ ʧʝʨʠʥʘʪʘʣʴʥʦʝ 
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ʢʨʦʚʦʠʟʣʠʷʥʠʝ ʩ ʧʦʨʵʥʮʝʬʘʣʠʝʡ (Gould et al., 2005; Breedved et al., 2006; Van Der Knaap et 

al., 2006; Lanfranconi and Markus, 2010) ʠ ʟʘʙʦʣʝʚʘʥʠʝ ʤʝʣʢʠʭ ʩʦʩʫʜʦʚ, ʚʝʜʫʱʠʭ ʢ 

ʢʨʦʚʦʠʟʣʠʷʥʠʶ ʠ ʛʝʤʠʧʘʨʝʟʘʤ ʚ ʜʝʪʩʢʦʤ ʠʣʠ ʚʟʨʦʩʣʦʤ ʚʦʟʨʘʩʪʝ (Vahedi et al., 2003). 

ɸʩʩʦʮʠʘʮʠʷ COLA4A1 ʤʫʪʘʮʠʡ ʩ ʤʠʛʨʝʥʴʶ ʥʝ ʩʦʚʩʝʤ ʥʘʜʝʞʥʘ ʠ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʩʣʫʯʘʡʥʫʶ ʥʘʭʦʜʢʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 10 ʠʟ 52 ʥʦʩʠʪʝʣʝʡ ʤʫʪʘʮʠʠ COLA4A1 ʠʤʝʶʪ 

ʧʦʜʪʚʝʨʞʜʝʥʥʫʶ ʤʠʛʨʝʥʴ (ʩ ʘʫʨʦʡ ʠʣʠ ʙʝʟ) (Lanfranconi and Markus, 2010). 

ʉʝʤʝʡʥʘʷ (ʉɻʄ) ʠ ʩʧʦʨʘʜʠʯʝʩʢʘʷ ʛʝʤʠʧʣʝʛʠʯʝʩʢʘʷ ʤʠʛʨʝʥʴ (Familial and sporadic 

hemiplegic migraine) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʠʩʪʫʧʘʤʠ ʤʠʛʨʝʥʠ, ʢʦʪʦʨʳʝ ʩʦʯʝʪʘʶʪʩʷ ʩ 

ʧʨʝʭʦʜʷʱʝʡ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʤʦʪʦʨʥʦʡ ʩʣʘʙʦʩʪʴʶ. ɸʫʨʘ, ʛʦʣʦʚʥʘʷ ʙʦʣʴ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ 

ʩʠʤʧʪʦʤʳ ʠʜʝʥʪʠʯʥʳ, ʘʪʘʢʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʩʭʦʞʠʤʠ ʪʨʠʛʛʝʨʥʳʤʠ ʬʘʢʪʦʨʘʤʠ; ʧʨʠ 

ʣʝʯʝʥʠʠ ʠ ʧʨʦʬʠʣʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʠ ʠ ʪʝ ʞʝ ʧʨʝʧʘʨʘʪʳ. ʋ 75 % ʧʘʮʠʝʥʪʦʚ ʩ ʉɻʄ 

ʛʝʤʠʧʣʝʛʠʯʝʩʢʠʝ ʧʨʠʩʪʫʧʳ ʤʦʛʫʪ ʯʝʨʝʜʦʚʘʪʴʩʷ ʩ ʵʧʠʟʦʜʘʤʠ ʤʠʛʨʝʥʠ ʙʝʟ ʤʦʪʦʨʥʦʡ 

ʩʣʘʙʦʩʪʠ. ʉɻʄ ʠ ʤʠʛʨʝʥʴ ʯʘʱʝ ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʞʝʥʱʠʥ, ʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʤʠʛʨʝʥʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʨʝʜʠ ʨʦʜʩʪʚʝʥʥʠʢʦʚ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ. ʇʘʮʠʝʥʪʳ ʩ ʉɻʄ ʪʘʢʞʝ ʤʦʛʫʪ ʠʤʝʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʝʭʦʜʷʱʠʝ ʠ ʧʝʨʩʠʩʪʠʨʫʶʱʠʝ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʘʪʘʢʩʠʷ, ʵʧʠʣʝʧʩʠʷ, ʢʦʛʥʠʪʠʚʥʳʝ ʨʘʩʩʪʨʦʡʩʪʚʘ, ʧʦʪʝʨʷ ʩʦʟʥʘʥʠʷ (Russell and Ducros, 

2011).  

ʉɻʄ ʛʝʥʝʪʠʯʝʩʢʠ ʥʝʦʜʥʦʨʦʜʥʳ. ɺʳʜʝʣʷʶʪ 5 ʪʠʧʦʚ ʉɻʄ: 

1)  ʉɻʄ 1 ʪʠʧʘ ï ʤʠʩʩʝʥʩ-ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ CACNA1A (50-75% ʩʝʤʝʡ) (Ophoff, et 

al., 1996; Vries et al., 2006); 

2)  ʉɻʄ 2 ʪʠʧʘ ï ʚ ʦʩʥʦʚʥʦʤ ʜʝʣʝʮʠʠ ʠ ʩʜʚʠʛ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ ʚ ʛʝʥʝ ATP1A2 

(ʦʪ 20% ʜʦ 30% ʩʣʫʯʘʝʚ) (De Fusco et al., 2003); 

3) ʉɻʄ 3 ʪʠʧʘ ï ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ SCN1A ʥʘ 2q24 (Dichgans, et al., 2005); 

4) ʉɻʄ 4 ʪʠʧʘ ï ʩʮʝʧʣʝʥʠʝ ʩ ʨʘʡʦʥʦʤ 1q31 (Lea et al., 2002), ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ CACNA1E (OMIM: %607516); 

5) ʉɻʄ, ʚʳʟʚʘʥʘʷ ʤʫʪʘʮʠʷʤʠ ʚ ʜʨʫʛʠʭ ʛʝʥʘʭ: SLC1A3 (Freilinger et al., 2010), 

SLC4A4 (Vries et al., 2009), PRR2 (Méneret et al., 2013). 

ɺʦ ʚʩʝʤ ʤʠʨʝ ʦʢʦʣʦ 200 ʩʝʤʝʡ ʩʪʨʘʜʘʶʪ ʉɻʄ, ʝʱʝ ʦʢʦʣʦ 200 ʧʘʮʠʝʥʪʦʚ ʩʦ 

ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʛʝʤʠʧʣʝʛʠʯʝʩʢʦʡ ʤʠʛʨʝʥʴʶ ʦʧʠʩʘʥʥr  ʚ ʣʠʪʝʨʘʪʫʨʝ. ɽʜʠʥʩʪʚʝʥʥʦʝ 

ʧʦʧʫʣʷʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʉɻʄ, ʧʨʦʚʝʜʝʥʥʦʝ ʚ ɼʘʥʠʠ, ʧʦʢʘʟʘʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ 

ʩʝʤʝʡʥʳʭ ʠ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʬʦʨʤ, ʩʦʩʪʘʚʣʷʶʱʫʶ 0.003% ʠ 0.002% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(Thomsen et al., 2013). 



32 

 

1.2.2. ɸʩʩʦʮʠʘʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʜʭʦʜʳ ʢ ʠʟʫʯʝʥʠʶ ʛʝʥʦʚ-ʢʘʥʜʠʜʘʪʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʛʝʥʝʪʠʢʠ ʤʠʛʨʝʥʠ. ɼʣʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʛʝʥʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʚʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʘʩʩʦʮʠʘʮʠʠ ʣʠʙʦ ʧʦʜʪʚʝʨʞʜʘʣʠʩʴ, ʣʠʙʦ ʦʧʨʦʚʝʨʛʘʣʠʩʴ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʦʚ-ʢʘʥʜʠʜʘʪʦʚ ʦʩʪʘʶʪʩʷ ʠʥʪʝʨʝʩʥʳʤʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫʪ 

ʨʘʩʢʨʳʪʴ ʚʢʣʘʜ ʦʙʱʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʚ ʢʦʤʧʣʝʢʩʥʳʡ ʬʝʥʦʪʠʧ ʢʦʥʢʨʝʪʥʳʭ 

ʵʪʥʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʦʩʦʙʝʥʥʦ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʟʦʣʷʪʦʚ. ɻʝʥʳ-ʢʘʥʜʠʜʘʪʳ ʨʘʥʝʝ ʙʳʣʠ 

ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʯʝʪʳʨʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʝʤʝʡʩʪʚʘ ʛʝʥʦʚ, ʘ ʠʤʝʥʥʦ: ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ, 

ʩʦʩʫʜʠʩʪʳʝ, ʛʦʨʤʦʥʘʣʴʥʳʝ, ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʛʝʥʳ (Maher and Griffiths, 2011). 

I. ɻʝʥʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʘʙʦʪʝ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʂ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʚ ʦʩʥʦʚʥʦʤ 

ʦʪʥʦʩʷʪʩʷ ʛʝʥʳ-ʢʘʥʜʠʜʘʪʳ, ʧʨʦʜʫʢʪʳ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ: 

1) ʠʦʥʥʳʝ ʢʘʥʘʣʳ. ʂ ʧʨʠʤʝʨʫ, ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʢʘʣʴʮʠʝʚʳʝ (CACNA1A, CACNB2, 

CACNB4) ʠʣʠ ʢʘʣʠʝʚʳʝ (KCNAB3, KCNB2, KCNG4, KCNJ10, KCNK18, KCNN3) ʢʘʥʘʣʳ. 

2) ʩʫʙʲʝʜʠʥʠʮʳ Na+/ʂ+-ɸʊʌʘʟʳ,  

3) ʤʦʣʝʢʫʣʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʩʠʥʪʝʟʝ, ʚʳʩʚʦʙʦʞʜʝʥʠʠ ʠ ʩʚʷʟʳʚʘʥʠʠ ʥʝʡʨʦʧʝʧʪʠʜʦʚ 

(ʢʘʣʴʮʠʪʦʥʠʥ ʛʝʥ-ʨʦʜʩʪʚʝʥʥʳʡ ʧʝʧʪʠʜ) ʠʣʠ ʥʝʡʪʨʦʪʨʘʥʩʤʠʪʪʝʨʦʚ (ʛʣʫʪʘʤʘʪʘ, ɻɸʄʂ, 

ʜʦʬʘʤʠʥʘ, ʩʝʨʦʪʦʥʠʥʘ) ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʥʝʡʨʦʥʘʣʴʥʦʤʫ ʚʦʟʙʫʞʜʝʥʠʶ ʠ/ʠʣʠ ʥʦʮʠʮʝʧʮʠʠ. 

ʅʝʢʦʪʦʨʳʝ ʘʩʩʦʮʠʘʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʯʘʡ-ʢʦʥʪʨʦʣʴ ʜʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʛʝʥʦʚ DBH, DDC, DRD2, DRD3, DRD4, GRIA1, GRIA3, HTR2, 5-HTTLPR, 

MAOA, SLC6A3, SLC6A4, BDNF; ʭʦʪʷ ʨʝʟʫʣʴʪʘʪʳ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʝʨʚʳʭ ʜʚʫʭ ʩʝʤʝʡʩʪʚ ʛʝʥʦʚ (Corominas et al., 2009, 2010; 

Ishii et al., 2012; Bayerer et al., 2010; Fernandez et al., 2009; Todt et al., 2009; Mochi et al., 

2003; Formicola et al., 2010, Azimova et. al, 2016). 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʱʘʪʝʣʴʥʳʡ ʩʢʨʠʥʠʥʛ 150 ʛʝʥʦʚ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭʩʷ ʚ ʤʦʟʛʝ ʠ 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʠʦʥʥʦʤ ʛʦʤʝʦʩʪʘʟʝ (ʢʘʥʘʣʳ, ʪʨʘʥʩʧʦʨʪʝʨʳ, ʘʥʪʠʧʦʨʪʝʨʳ, ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʩʫʙʲʝʜʠʥʠʮʳ), ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣ ʪʨʠ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʠʭ ʢʘʣʠʝʚʳʝ 

ʢʘʥʘʣʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʤʠʛʨʝʥʴʶ, ʘ ʠʤʝʥʥʦ KCNK18, KCNG4 ʠ KCNAB3 (Lafrenière 

and Rouleau, 2012). KCNK18 ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ ʵʢʩʧʨʝʩʩʠʠ 

ʚ ʪʨʠʛʝʤʠʥʘʣʴʥʦʤ ʠ ʜʦʨʩʘʣʴʥʦʤ ʢʦʨʝʰʢʦʚʦʤ ʛʘʥʛʣʠʷʭ, ʘ ʝʛʦ ʩʚʷʟʴ ʩ ʄɸ ʪʘʢʞʝ 

ʦʙʥʘʨʫʞʝʥʘ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʛʨʫʧʧ ʩʮʝʧʣʝʥʠʷ. 
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II. ɺʘʩʢʫʣʷʨʥʳʝ ʛʝʥʳ. ɸʩʩʦʮʠʘʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʢʨʦʚʷʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʵʥʜʦʪʝʣʠʘʣʴʥʦ-ʢʣʝʪʦʯʥʦʡ ʬʫʥʢʮʠʠ, ʚʘʟʦʢʦʥʩʪʨʠʢʮʠʠ 

(ʩʫʞʝʥʠʝ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ) ʠ ʚʘʟʦʜʠʣʘʪʘʮʠʠ (ʨʘʩʰʠʨʝʥʠʝ ʩʦʩʫʜʦʚ) ʧʨʠʚʝʣʠ ʢ ʙʦʣʝʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. ʄʥʦʛʠʝ ʚʘʩʢʫʣʷʨʥʳʝ ʛʝʥʳ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʤʠʛʨʝʥʴʶ, ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʠʥʩʫʣʴʪʘ ʠ ʩʝʨʜʝʯʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ (MacClellan et al., 2009; Pizza et al., 2010; Colson et al., 2006). ʆʙʱʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʚʘʩʢʫʣʷʨʥʳʭ ʛʝʥʘʭ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʝʜʨʘʩʧʦʣʘʛʘʪʴ ʢ ʤʠʛʨʝʥʠ ʠ ʚʣʠʷʪʴ ʥʘ ʪʠʧ ʠ ʯʘʩʪʦʪʫ ʧʨʠʩʪʫʧʦʚ (Colson et al., 2006): 

1) ɸʥʛʠʦʪʝʥʟʠʥ ʧʨʝʚʨʘʱʘʶʱʠʡ ʬʝʨʤʝʥʪ (ACE) ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʧʦʜʜʝʨʞʘʥʠʠ ʢʨʦʚʷʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʜʘʚʣʝʥʠʷ ʩʦʩʫʜʠʩʪʦʡ ʩʪʝʥʢʠ. ɻʦʤʦʟʠʛʦʪʥʘʷ ʜʝʣʝʮʠʷ 

(DD) ʚ ʛʝʥʝ ACE ʯʝʣʦʚʝʢʘ ʫʚʝʣʠʯʠʚʘʝʪ ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ACE ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʘ 

ʩ ʯʘʩʪʦʪʦʡ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʘʪʘʢ ʄɸ (Paterna et al., 1997; Kowa et al., 2005; Joshi et 

al., 2009). 

2) ɺ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʥʘʨʫʞʝʥʘ ʘʩʩʦʮʠʘʮʠʷ ʤʝʞʜʫ ʚʘʨʠʘʥʪʘʤʠ ʛʝʥʘ 5-10-

ʤʝʪʠʣʝʥʪʝʪʨʘʛʠʜʨʦʬʦʣʘʪ ʨʝʜʫʢʪʘʟʳ (MTHFR) ʠ ʤʠʛʨʝʥʴʶ. MTHFR ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʨʝʤʝʪʠʣʠʨʦʚʘʥʠʷ ʛʦʤʦʮʠʩʪʝʠʥʘ ʚ ʤʝʪʠʦʥʠʥ ʠ ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʨʝʚʨʘʱʝʥʠʝ 

5,10-ʤʝʪʠʣʝʥʪʝʪʨʘʛʠʜʨʦʬʦʣʘʪʘ ʚ 5-ʤʝʪʠʣʪʝʪʨʘʛʠʜʨʦʬʦʣʘʪ. ʄʫʪʘʮʠʠ ʚ ʛʝʥʝ MTHFR ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʛʠʧʝʨʛʦʤʦʮʠʩʪʝʠʥʝʤʠʠ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʅʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʫʯʘʩʪʠʝʤ ʨʘʟʣʠʯʥʳʭ ʵʪʥʠʯʝʩʢʠʭ ʛʨʫʧʧ (Kowa et al., 2000; 

Oterino et al., 2004; Lea et al., 2005; Samaan et al., 2011; An et al., 2013; Bahadir et al., 2013; 

Azimova et al., 2013) ʠ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʘʚʥʠʭ ʤʝʪʘ-ʘʥʘʣʠʟʦʚ (Samaan et al., 2011; Liu et al., 

2014; Rubino et al., 2009; Sch¿rks et al., 2010) ʧʦʜʪʚʝʨʜʠʣʠ ʚʢʣʘʜ ʘʣʣʝʣʷ T677 ʛʝʥʘ MTHFR 

(rs1801133) ʚ ʧʘʪʦʛʝʥʝʟ ʤʠʛʨʝʥʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʠ ʩ 

ʚʘʨʠʘʥʪʘʤʠ ʛʝʥʘ MTHFR ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʦʟʨʘʩʪʦʤ ʠ ʩʝʣʝʢʪʠʚʥʳʤ ʚʳʞʠʚʘʥʠʝʤ 

(Scher et al., 2013). 

3) NOTCH3 ʢʦʜʠʨʫʝʪ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʨʝʮʝʧʪʦʨ, ʨʝʛʫʣʠʨʫʶʱʠʡ ʨʘʟʚʠʪʠʝ ʩʦʩʫʜʦʚ 

ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʚ ʧʨʦʮʝʩʩʝ ʵʤʙʨʠʦʛʝʥʝʟʘ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʮʝʣʦʩʪʥʦʩʪʠ ʩʦʩʫʜʦʚ ʫ 

ʚʟʨʦʩʣʳʭ (Iso et al., 2003; Alva and Iruela-Arispe, 2004). ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʨʝʜʢʠʤ ʤʫʪʘʮʠʷʤ 

NOTCH3, ʧʨʠʚʦʜʷʱʠʤ ʢ ʄɸ ʚ ʢʦʥʪʝʢʩʪʝ CADASIL, ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʤʠʛʨʝʥʴʶ (Federico et al., 2005; Ungaro et al., 2009; Mosca et al., 2011; 

Schwaag et al., 2006; Menon et al., 2010). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, NOTCH3 ʤʦʞʝʪ ʠʛʨʘʪʴ ʙʦʣʝʝ 

ʘʢʪʠʚʥʫʶ ʨʦʣʴ ʠ ʚ ʧʘʪʦʛʝʥʝʟʝ ʦʙʳʯʥʦʡ ʤʠʛʨʝʥʠ ʙʝʟ ʘʫʨʳ. 

4) ɼʨʫʛʠʝ ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʛʝʥʳ, ʦʮʝʥʠʚʘʝʤʳʝ ʥʘ ʘʩʩʦʮʠʘʮʠʶ ʩ ʤʠʛʨʝʥʴʶ, 

ʢʦʜʠʨʫʶʪ ʵʥʜʦʪʝʣʠʥ-1 (EDN1), ʨʝʮʝʧʪʦʨʳ ʵʥʜʦʪʝʣʠʥʘ ʪʠʧʘ ɸ ʠ ɺ (EDNRA ʠ EDNRB), 
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ʠʥʜʫʮʠʙʝʣʴʥʫʶ (NOS2) ʠ ɻʥʜʦʪʝʣʠʘʣʴʥʫʶ NO-ʩʠʥʪʘʟʫ (NOS3), ʠ ʩʦʩʫʜʠʩʪʳʡ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ (VEGF) (Tikka-Klemola et al., 2009; Joshi et al., 2011; Lemos 

et al., 2011; Tzourio et al., 2001; Jia et al., 2011; Mansur et al., 2012; Borroni et al., 2006; 

MacClellan et al., 2009). ɺ ʥʝʩʢʦʣʴʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʙʥʘʨʫʞʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʘʣʣʝʣʷʤʠ 

ʛʝʥʘ EDNRA ʠ ʤʠʛʨʝʥʴʶ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩ ʫʯʘʩʪʠʝʤ ʬʠʥʩʢʠʭ ʠ ʥʝʤʝʮʢʠʭ ʧʘʮʠʝʥʪʦʚ ʩ 

ʤʠʛʨʝʥʴʶ ʧʦʢʘʟʘʣʦ ʘʩʩʦʮʠʘʮʠʶ ʄɸ ʩ ʟʘʤʝʥʦʡ rs2048894 (EDNRA), ʦʩʦʙʝʥʥʦ ʩ ʚʦʟʨʘʩʪʦʤ 

ʥʘʯʘʣʘ ʟʘʙʦʣʝʚʘʥʠʷ <20 ʣʝʪ (Tikka-Klemola et al., 2009). 

III . ɻʦʨʤʦʥʳ ʠ ʛʝʥʳ. ɻʝʥʳ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʤʝʪʘʙʦʣʠʟʤ ʵʩʪʨʦʛʝʥʘ ʠ 

ʧʨʦʛʝʩʪʨʝʨʦʥʘ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʛʫʪ ʙʳʪʴ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʤʠʛʨʝʥʴʶ, ʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, 

ʯʘʩʪʠʯʥʦ ʦʙʲʷʩʥʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʧʦʣʦʚʦʤʫ ʧʨʠʟʥʘʢʫ, ʘ ʪʘʢʞʝ ʤʝʥʩʪʨʫʘʣʴʥʫʶ 

ʤʠʛʨʝʥʴ (Colson et al., 2010). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʘʩʩʦʮʠʘʮʠʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ, ʭʦʪʷ ʝʩʪʴ ʠ ʥʝʩʢʦʣʴʢʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (Colson et 

al., 2004, 2005; Oterino et al., 2006, 2008; Joshi et al., 2010, 2012; Rodriguez-Acevedo et al., 

2013). ɺ ʥʝʜʘʚʥʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʨʠ ʛʘʧʣʦʪʠʧʘ ʨʝʮʝʧʪʦʨʘ ʵʩʪʨʦʛʝʥʘ 1 (ESR1, estrogen 

receptor 1) ʙʳʣʠ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʟʘʙʦʣʝʚʘʥʠʝʤ. ʇʦʤʠʤʦ ʛʝʥʘ ESR1 ʠʩʩʣʝʜʦʚʘʥʳ ʜʨʫʛʠʝ 

ʛʦʨʤʦʥʘʣʴʥʳʝ ʛʝʥʳ: ʨʝʮʝʧʪʦʨʘ ʵʩʪʨʦʛʝʥʘ 2 (ESR2), ʨʝʮʝʧʪʦʨʘ ʧʨʦʛʝʩʪʝʨʦʥʘ (PGR), 

ʨʝʮʝʧʪʦʨʘ ʘʥʜʨʦʛʝʥʘ (AR), ʨʝʮʝʧʪʦʨʘ ʬʦʣʣʠʢʫʣʦʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʛʦʨʤʦʥʘ (FSHR), 

ʷʜʝʨʥʦʛʦ ʨʝʮʝʧʪʦʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʙʝʣʢʘ 1 (NRIP1) ʠ ʮʠʪʦʭʨʦʤʘ ʈ450, ʩʝʤʝʡʩʪʚʘ 

19, ʧʦʜʩʝʤʝʡʩʪʚʘ A, ʧʦʣʠʧʝʧʪʠʜʘ 1 (cytochrome P450, family 19, subfamily A, polypeptide 1, 

CYP19A1). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʝʪʘ-ʘʥʘʣʠʟ ʵʪʠʭ ʛʝʥʦʚ ʧʦʢʘʟʘʣ ʘʩʩʦʮʠʘʮʠʶ ʪʦʣʴʢʦ ʩ 

ʧʦʣʠʤʦʨʬʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ c.594G> ɸ ʠ c.325C> G ʛʝʥʘ ESR1, ʦʪʣʠʯʠʡ ʤʝʞʜʫ ʄɸ ʠ ʄʆ 

ʥʝ ʥʘʡʜʝʥʦ (Sch¿rks et al.,2010). 

IV. ɺʦʩʧʘʣʝʥʠʝ ʠ ʛʝʥʳ. ɼʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʞʠʚʦʪʥʳʭ ʠ ʥʘ 

ʯʝʣʦʚʝʢʝ ʜʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʚʦʩʧʘʣʝʥʠʝ ʠ ʢʦʤʧʦʥʝʥʪʳ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʘʪʦʛʝʥʝʟʝ ʤʠʛʨʝʥʠ. ɺ ʩʣʫʯʘʝ ʩ ʈʂɼ 

(ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʢʦʨʢʦʚʘʷ ʜʝʧʨʝʩʩʠʷ), ʥʘʧʨʠʤʝʨ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʚʳʟʳʚʘʝʪ ʤʝʩʪʥʦʝ 

ʥʝʡʨʦʛʝʥʥʦʝ ʚʦʩʧʘʣʝʥʠʝ ʩ ʘʢʪʠʚʘʮʠʝʡ ʪʫʯʥʳʭ ʢʣʝʪʦʢ ʠ ʤʘʢʨʦʬʘʛʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʩʝʥʩʠʪʠʟʘʮʠʠ ʤʝʥʠʥʛʝʘʣʴʥʳʭ ʥʦʮʠʮʝʧʪʠʚʥʳʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ (Levy, 2012). ɼʣʷ ʛʝʥʦʚ 

COX-2, HLA-DRB1, LTA, TNFA, TNFB, TNFRSF1B ʥʘʡʜʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʩ 

ʤʠʛʨʝʥʴʶ (Rainero et al., 2004; Mazaheri et al., 2006; Trabace et al., 2002; Lee et al., 2007; 

Dong et al., 2012; Rainero et al., 2005; Dasdemir et al., 2013; Yilmaz et al., 2010). 
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1.2.3. ʇʦʣʥʦʛʝʥʦʤʥʳʝ ʘʩʩʦʮʠʘʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (genome-wide association studies, 

GWAS) 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʦ ʰʝʩʪʴ GWAS, ʧʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ, ʢʦʪʦʨʳʭ 

ʷʚʠʣʘʩʴ ʤʠʛʨʝʥʴ: 

1) ʇʝʨʚʦʝ GWAS ʙʳʣʦ ʧʦʜʛʦʪʦʚʣʝʥʦ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʢʦʥʩʦʨʮʠʫʤʦʤ ʛʝʥʝʪʠʢʠ 

ʛʦʣʦʚʥʦʡ ʙʦʣʠ (International Headache Genetics Consortium, IHGC) ʚ 2010 ʛʦʜʫ. Anttila ʠ ʝʛʦ 

ʢʦʣʣʝʛʠ ʧʨʦʚʦʜʠʣʠ ʜʚʫʭʵʪʘʧʥʦʝ ʘʩʩʦʮʠʘʪʠʚʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʰʝʩʪʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠ 

ʦʜʥʦʡ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ɽʚʨʦʧʝʡʩʢʠʭ ʚʳʙʦʨʢʘʭ (Anttila et al., 2010). ʇʨʠ ʩʨʘʚʥʝʥʠʠ 2 748 

ʧʘʮʠʝʥʪʦʚ ʩ ʤʠʛʨʝʥʴʶ ʠʟ ʪʨʸʭ ɽʚʨʦʧʝʡʩʢʠʭ ʢʣʠʥʠʢ ʛʦʣʦʚʥʦʡ ʙʦʣʠ (ʌʠʥʣʷʥʜʠʠ, ɻʝʨʤʘʥʠʠ 

ʠ ɼʘʥʠʠ) ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʚʳʙʦʨʢʠ (n=10 747), ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʤʠʥʦʨʥʳʡ ʘʣʣʝʣʴ 

rs1835740 ʥʘ ʭʨʦʤʦʩʦʤʝ 8q22.1, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ ʤʠʛʨʝʥʴʶ. ʕʪʘ ʘʩʩʦʮʠʘʮʠʷ ʙʳʣʘ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʘ ʥʘ 3 202 ʧʘʮʠʝʥʪʘʭ ʠ 40 062 ʢʦʥʪʨʦʣʝʡ, ʦʙʲʝʜʠʥʸʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ 18% ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʤʠʛʨʝʥʠ ʧʨʠ ʥʘʣʠʯʠʠ ʤʠʥʦʨʥʦʛʦ 

ʘʣʣʝʣʷ rs1835740, ʩ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʵʬʬʝʢʪʦʤ ʚ ʄɸ, ʯʝʤ ʚ ʄʆ. ʕʪʘ ʟʘʤʝʥʘ ʥʘʭʦʜʠʪʩʷ 

ʤʝʞʜʫ ʛʝʥʘʤʠ MTDH ʠ PGCP. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʵʪʠ ʛʝʥʳ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʛʦʤʝʦʩʪʘʟʝ ʛʣʫʪʘʤʘʪʘ. 

ɺ ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʭ ʘʩʪʨʦʮʠʪʘʭ, MTDH (ʤʝʪʘʜʭʝʨʠʥ) ʧʦʜʘʚʣʷʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʘ 

EAAT2, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʪʨʘʥʩʧʦʨʪʝʨʦʤ ʛʣʫʪʘʤʘʪʘ ʚ ʘʩʪʨʦʮʠʪʘʭ: ʵʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʫʪʘʤʘʪʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ ʠʟ-ʟʘ 

ʟʘʜʝʨʞʢʠ ʫʜʘʣʝʥʠʷ ʛʣʫʪʘʤʘʪʘ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʷ ʧʦʨʦʛ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ 

ʢʦʨʢʦʚʦʡ ʜʝʧʨʝʩʩʠʠ (ʈʂɼ), ʢʦʪʦʨʘʷ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʧʘʪʦʬʠʟʠʦʣʦʛʠʠ ʤʠʛʨʝʥʠ 

(Kang et al., 2005; Gasparini and Griffiths, 2013). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʧʦʩʣʝʜʫʶʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝ ʫʜʘʣʦʩʴ ʧʦʜʪʚʝʨʜʠʪʴ ʩʚʷʟʴ ʛʝʥʘ MTDH ʩ ʤʠʛʨʝʥʴʶ (Esserlind et al., 2012, 

Christensen et al., 2012, Azimova et al., 2015). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʝʛʦ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʣʠʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʛʨʝʥʠ (Christensen et al., 2012) ʠ ʫʯʘʩʪʠʝ ʚ ʧʘʪʦʛʝʥʝʟʝ 

ʜʨʫʛʠʭ ʪʠʧʦʚ ʛʦʣʦʚʥʦʡ ʙʦʣʠ (Azimova et al., 2015) ʪʘʢʞʝ ʠʤʝʝʪ ʤʝʩʪʦ. 

2) ɺʳʙʦʨʢʘ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ GWAS ʩʦʩʪʦʷʣʘ ʪʦʣʴʢʦ ʠʟ ʞʝʥʱʠʥ ʠ 

ʚʢʣʶʯʘʣʘ 5 122 ʧʘʮʠʝʥʪʦʢ ʠ 18 108 ʢʦʥʪʨʦʣʝʡ (Chasman et al., 2011).  

ɿʘʤʝʥʳ rs2651899 (ʣʦʢʫʩ 1p36.32, ʛʝʥ PRDM16), rs2078371 (ʣʦʢʫʩ 1p13.2), 

rs10166942 (ʣʦʢʫʩ 2q37.1, ʛʝʥ TRPM8), rs17172526 (ʣʦʢʫʩ 7p14.2, ʛʝʥ SEPT7), rs2203834 

(ʣʦʢʫʩ 8p22, ʛʝʥ C8orf79), rs13290757 (ʣʦʢʫʩ 9q33.3), rs11172113 (ʣʦʢʫʩ 12q13.3, ʛʝʥ LRP1) 

ʧʦʢʘʟʘʣʠ ʘʩʩʦʮʠʘʮʠʶ ʩ ʤʠʛʨʝʥʴʶ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʩʩʦʮʠʘʮʠʷ ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʣʷ ʪʨʸʭ ʠʟ ʩʝʤʠ ʟʘʤʝʥ ʚ ʧʦʚʪʦʨʥʦʤ ʘʥʘʣʠʟʝ ʪʨʸʭ ʚʳʙʦʨʦʢ ʠ ʧʨʠ 
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ʢʦʤʙʠʥʘʮʠʠ ʚʳʙʦʨʦʢ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ ʠ ʧʦʚʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ (rs2651899, rs10166942 ʠ 

rs11172113). ʅʠ ʜʣʷ ʦʜʥʦʡ ʠʟ ʪʨʸʭ ʟʘʤʝʥ ʥʝ ʧʦʢʘʟʘʥʦ ʘʩʩʦʮʠʘʮʠʡ ʩ ʪʠʧʦʤ ʤʠʛʨʝʥʠ (ʄɸ 

ʠʣʠ ʄʆ), ʠ ʩ ʢʣʠʥʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʠʛʨʝʥʠ. TRPM8 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʩʝʥʩʦʨʥʳʭ 

ʥʝʡʨʦʥʘʭ ʠ ʥʝʡʨʦʥʘʭ ʩʧʠʥʥʦʤʦʟʛʦʚʦʛʦ ʛʘʥʛʣʠʷ. ʕʪʦʪ ʛʝʥ ʢʦʜʠʨʫʝʪ ʭʦʣʦʜ- ʠ ʤʝʥʪʦʣ-

ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʠ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʦʣʠ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʭʦʣʦʜʦʤ (Proudfoot et al., 2006). ʀʟʫʯʝʥʠʝ ʨʦʣʠ TRPM8 ʥʘ ʤʦʜʝʣʷʭ 

ʞʠʚʦʪʥʳʭ ʩ ʥʝʡʨʦʧʘʪʠʯʝʩʢʦʡ ʙʦʣʴʶ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʚʷʟʴ ʩ 

ʤʠʛʨʝʥʴʶ (Biondi, 2006). LRP1 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʪʢʘʥʠ ʤʦʟʛʘ ʠ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʪʢʘʥʷʭ 

(Lillis et al., 2008), ʤʦʜʫʣʠʨʫʝʪ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʠʤʠ NMDA ʨʝʮʝʧʪʦʨʘʤʠ. PRDM16 ʷʚʣʷʝʪʩʷ ʧʣʝʡʦʪʨʦʧʥʳʤ ʛʝʥʦʤ, 

ʚʘʞʥʳʤ ʢʘʢ ʜʣʷ ʯʝʨʝʧʥʦ-ʣʠʮʝʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʞʠʨʦʚʦʡ ʜʝʪʝʨʤʠʥʘʮʠʠ, ʪʘʢ ʠ ʜʣʷ 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʘʨʜʠʦʤʠʦʮʠʪʘʨʥʳʭ, ʥʝʨʚʥʳʭ ʠ ʣʝʡʢʦʮʠʪʘʨʥʳʭ ʢʣʝʪʦʢ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

(Arndt et al., 2013). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʦʤʦʣʦʛ ʤʳʰʠ Prdm16 ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʥʝʛʘʪʠʚʥʳʡ 

ʨʝʛʫʣʷʪʦʨ TGF-ɓ (ʛʝʥ TGFBR2, ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʛʝʥʦʤ-ʢʘʥʜʠʜʘʪʦʤ ʤʠʛʨʝʥʠ) (Bjork et al., 

2010). ɸʩʩʦʮʠʘʮʠʷ ʩ PRDM16, ʥʦ ʥʝ ʩ LRP1 ʠ TRPM8, ʙʳʣʘ ʥʝʜʘʚʥʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʘ ʥʘ 

ʢʠʪʘʡʩʢʦʡ ʚʳʙʦʨʢʝ ʭʘʥʴʮʝʚ (Chinese Han) (Fan et al., 2014). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʘʩʩʦʮʠʘʮʠʷ ʩ 

LRP1 ʠ TRPM8 ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ɼʘʥʠʠ ʠ ʀʩʣʘʥʜʠʠ ʥʘ ʚʳʙʦʨʢʝ, ʚʢʣʶʯʘʶʱʝʡ 2 523 

ʧʘʮʠʝʥʪʦʚ ʠ 38 170 ʢʦʥʪʨʦʣʝʡ, ʘ ʤʝʪʘ-ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʘʩʩʦʮʠʘʮʠʶ ʜʣʷ ʚʩʝʭ ʪʨʸʭ 

ʣʦʢʫʩʦʚ (Esserlind et al., 2013). 

3) Lighthart ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʧʨʦʚʝʣʠ ʤʝʪʘ-ʘʥʘʣʠʟ GWAS ʤʠʛʨʝʥʠ, ʚ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʰʝʩʪʴ ʝʚʨʦʧʝʡʩʢʠʭ ʚʳʙʦʨʦʢ ʠʟ ɻʦʣʣʘʥʜʩʢʦ-ʀʩʣʘʥʜʩʢʦʛʦ ʢʦʥʩʦʨʮʠʫʤʘ 

ʛʝʥʝʪʠʢʠ ʤʠʛʨʝʥʠ (Dutch Icelandic migraine genetics consortium), ʚʢʣʶʯʘʶʱʠʭ 2 446 

ʧʘʮʠʝʥʪʦʚ ʠ 8 534 ʢʦʥʪʨʦʣʝʡ (Ligthart et al., 2011). 32 SNV ʧʦʢʘʟʘʣʠ ʩʣʘʙʫʶ ʘʩʩʦʮʠʘʮʠʶ ʩ 

ʤʠʛʨʝʥʴʶ. ʃʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʜʣʷ rs9908234, ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʛʝʥʝ ʨʝʮʝʧʪʦʨʘ 

ʬʘʢʪʦʨʘ ʨʦʩʪʘ ʥʝʨʚʦʚ (NGFR). ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʥʝ ʙʳʣʘ ʧʦʚʪʦʨʝʥʘ ʚ ʪʨʸʭ 

ʚʳʙʦʨʢʘʭ ʠʟ ʅʠʜʝʨʣʘʥʜʦʚ ʠ ɸʚʩʪʨʘʣʠʠ. ʇʨʠ ʧʦʚʪʦʨʥʦʤ ʘʥʘʣʠʟʝ 18 SNV ʥʘ ʜʚʫʭ ʚʳʙʦʨʢʘʭ 

ʘʩʩʦʮʠʘʮʠʷ ʥʝ ʙʳʣʘ ʚʦʩʧʨʦʠʟʚʝʜʝʥʘ. ɺ ʭʦʜʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʘʩʩʦʮʠʘʮʠʷ ʤʝʞʜʫ ʤʠʛʨʝʥʴʶ ʠ ʛʝʥʦʤ ʤʝʪʘʜʭʝʨʠʥʘ (MTDH), ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʚ 

ʧʝʨʚʦʤ GWAS.  

4) Freilinger ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʧʦʧʳʪʘʣʠʩʴ ʥʘʡʪʠ SNV, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʄʆ, ʠ 

ʧʨʦʚʝʣʠ GWAS, ʚʢʣʶʯʘʶʱʝʝ 2 326 ʧʘʮʠʝʥʪʦʚ ʩ ʄʆ ʠ 4 580 ʢʦʥʪʨʦʣʝʡ ʠʟ ʧʦʧʫʣʷʮʠʠ 

ɻʝʨʤʘʥʠʠ ʠ ʅʠʜʝʨʣʘʥʜʦʚ (Freilinger et al., 2012). ʇʨʦʚʝʨʢʫ ʘʩʩʦʮʠʘʮʠʠ ʧʨʦʚʦʜʠʣʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘ ʯʝʪʳʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ɽʚʨʦʧʝʡʩʢʠʭ ʧʦʚʪʦʨʥʳʭ ʚʳʙʦʨʢʘʭ, ʚʢʣʶʯʘʶʱʠʭ 

2 508 ʧʘʮʠʝʥʪʦʚ ʩ ʄʆ ʠ 2 652 ʢʦʥʪʨʦʣʝʡ. ʃʦʢʫʩ 1q22 ʩʦʜʝʨʞʘʣ 6 SNV, ʟʥʘʯʠʪʝʣʴʥʘʷ 
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ʧʦʣʥʦʛʝʥʦʤʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɸʩʩʦʮʠʘʮʠʷ ʜʣʷ rs1050316 ʠ rs3790455 ʙʳʣʘ ʚʦʩʧʨʦʠʟʚʝʜʝʥʘ ʥʘ ʧʦʚʪʦʨʥʳʭ ʚʳʙʦʨʢʘʭ. ɺʩʝ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ SNV ʣʦʢʘʣʠʟʦʚʘʥʳ ʚʥʫʪʨʠ ʛʝʥʘ ʬʘʢʪʦʨʘ ʫʩʠʣʠʪʝʣʷ ʤʠʦʮʠʪʦʚ 2D 

(MEF2D). ɹʝʣʦʢ MEF2D ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʥʘ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ, ʛʜʝ ʨʝʛʫʣʠʨʫʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʥʝʡʨʦʥʦʚ ʠ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʙʫʞʜʝʥʠʝ ʩʠʥʘʧʩʦʚ (Shalizi et al., 2006; Flavell et al., 2006). ʇʨʠʥʠʤʘʷ ʚʦ 

ʚʥʠʤʘʥʠʝ ʧʨʠʯʘʩʪʥʦʩʪʴ ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʦʡ ʥʝʡʨʦʪʨʘʥʩʤʠʩʩʠʠ ʚ ʈʂɼ ʠ ʧʘʪʦʛʝʥʝʟʝ 

ʤʠʛʨʝʥʠ (Gasparini and Griffiths, 2013), ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʛʣʫʪʘʤʘʪʘ ʚ ʧʣʘʟʤʝ ʫ 

ʧʘʮʠʝʥʪʦʚ ʩ ʤʠʛʨʝʥʴʶ (Ferrari et al., 1990), MEF2D ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʛʝʥʘ-ʢʘʥʜʠʜʘʪʘ ʤʠʛʨʝʥʠ. ʃʦʢʫʩ 3p24 ʩʦʜʝʨʞʠʪ rs7640543, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ ʘʩʩʦʮʠʘʮʠʶ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ, ʚ ʧʦʚʪʦʨʥʳʭ ʚʳʙʦʨʢʘʭ ʠ ʧʦʣʥʦʛʝʥʦʤʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʚ ʤʝʪʘ-ʘʥʘʣʠʟʝ 

ʦʙʲʝʜʠʥʸʥʥʳʭ ʚʳʙʦʨʦʢ. ɼʘʥʥʳʡ ʧʦʣʠʤʦʨʬʥʳʡ ʚʘʨʠʘʥʪ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʛʝʥʝ 

ʢʦʜʠʨʫʶʱʠʤ ʨʝʮʝʧʪʦʨ ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʝʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ-ɓ (TGFBR2). ʈʝʮʝʧʪʦʨ 

TGFBR2 ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʠ ʧʨʦʜʫʢʮʠʠ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ (Lin et al., 1992). ʄʠʩʩʝʥʩ ʤʫʪʘʮʠʷ p.Arg460His ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ 

ʤʠʛʨʝʥʦʟʥʳʤʠ ʛʦʣʦʚʥʳʤʠ ʙʦʣʷʤʠ ʫ 11 ʠʟ 14 ʥʦʩʠʪʝʣʝʡ ʤʫʪʘʮʠʠ ʚ ʙʦʣʴʰʦʡ ʨʦʜʦʩʣʦʚʥʦʡ 

(Law et al., 2006). ʃʦʢʫʩ 6p24, rs9349379 ʜʦʩʪʠʛ ʧʦʣʥʦʛʝʥʦʤʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʚ ʤʝʪʘ-ʘʥʘʣʠʟʝ 

ʦʙʲʝʜʠʥʸʥʥʳʭ ʚʳʙʦʨʦʢ. ɼʘʥʥʳʡ SNV ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʛʝʥʝ, ʢʦʜʠʨʫʶʱʝʤ ʬʦʩʬʘʪʘʟʫ ʠ 

ʨʝʛʫʣʷʪʦʨ ʘʢʪʠʥʘ 1 (PHACTR1). ʇʨʦʜʫʢʪ ʛʝʥʘ ʢʦʥʪʨʦʣʠʨʫʝʪ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʤʦʨʬʦʣʦʛʠʶ ʩʠʥʘʧʩʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʛʫʣʷʮʠʠ ʩʚʷʟʳʚʘʥʠʷ ʙʝʣʢʦʚ ʬʦʩʬʘʪʘʟʳ 1 ʠ ʘʢʪʠʥʘ ʠ 

ʚʦʚʣʝʯʸʥ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ (Allen et al., 2004; Greengard et al., 

1999; Jarray et al., 2011). ʃʦʢʫʩ 9p33, rs6478241 ʪʘʢʞʝ ʜʦʩʪʠʛ ʧʦʣʥʦʛʝʥʦʤʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʚ 

ʤʝʪʘ-ʘʥʘʣʠʟʝ ʦʙʲʝʜʠʥʸʥʥʳʭ ʚʳʙʦʨʦʢ. ɿʘʤʝʥʘ rs6478241 ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʛʝʥʝ ASTN2, 

ʷʚʣʷʶʱʝʤʩʷ ʯʣʝʥʦʤ ʩʝʤʝʡʩʪʚʘ ʛʝʥʘ ʘʩʪʨʦʘʢʪʠʥʘ. ɼʘʥʥʳʡ ʛʝʥ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʛʣʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʡ ʤʠʛʨʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʣʘʤʠʥʘʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʢʦʨʢʦʚʳʭ ʦʙʣʘʩʪʝʡ ʤʦʟʛʘ (Wilson et al., 2010). ɼʣʷ ʜʚʫʭ SNV ʚ ʣʦʢʫʩʝ 2q37 ʧʦʢʘʟʘʥʘ 

ʧʦʣʥʦʛʝʥʦʤʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʚ ʤʝʪʘ-ʘʥʘʣʠʟʝ, ʦʙʲʝʜʠʥʷʶʱʝʤ ʚʩʝ ʚʳʙʦʨʢʠ (rs10166942 ʠ 

rs17862920). ɿʘʤʝʥʳ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʛʝʥʝ TRPM8. ɺ ʣʦʢʫʩʝ 12q13 ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

rs11172113, ʧʦʣʥʦʛʝʥʦʤʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚ ʤʝʪʘ-ʘʥʘʣʠʟʝ. 

5) Cox ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʧʨʦʚʝʣʠ GWAS ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʦʜʦʩʣʦʚʥʳʭ ʠʟʦʣʠʨʦʚʘʥʥʦʡ 

ʧʦʧʫʣʷʮʠʠ ʦʩʪʨʦʚʘ ʅʦʨʬʦʣʢ ʩ ʚʳʩʦʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴʶ ʤʠʛʨʝʥʠ (25.5%) (Cox et al., 

2012). ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʘʩʩʦʮʠʘʮʠʷ ʩ ʟʘʤʝʥʦʡ rs4807347 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʚ ʛʝʥʝ ZNF555, ʢʦʜʠʨʫʶʱʝʤ ʙʝʣʦʢ çʮʠʥʢʦʚʳʡ ʧʘʣʝʮ 555è, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʥʘ ʥʝʟʘʚʠʩʠʤʦʡ ʚʳʙʦʨʢʝ (Womenôs Genome Health Study, WGHS). ʕʪʦ 



38 

 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʞʝ ʧʦʢʘʟʘʣʦ ʘʩʩʦʮʠʘʮʠʶ ʛʝʥʦʚ ADARB2 (rs883248, rs2271275, rs1046914, 

rs10903399), GRM7 (rs1391950 ʠ rs11713183) ʠ HTR7 (rs2800143) ʩ ʬʝʥʦʪʠʧʦʤ ʤʠʛʨʝʥʠ ʚ 

ʨʦʜʦʩʣʦʚʥʳʝ ʆʩʪʨʦʚʘ ʅʦʨʬʦʣʢ. ɻʝʥʳ HTR7 ʠ GRM7 ʦʪʥʦʩʷʪʩʷ ʢ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ. ʕʪʠ ʛʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʚ ʤʦʟʛʝ, ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʨʠ 

ʥʘʣʠʯʠʠ ʚ ʢʣʝʪʢʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʘʜʝʥʠʣʘʪʮʠʢʣʘʟʳ ʠ ʤʦʛʫʪ ʠʛʨʘʪʴ ʨʦʣʴ ʚ 

ʨʝʛʫʣʷʮʠʠ ʮʠʨʢʘʜʥʳʭ ʨʠʪʤʦʚ, ʥʝʡʨʦʵʥʜʦʢʨʠʥʥʦʡ ʬʫʥʢʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʬʬʝʢʪʠʚʥʳʭ 

ʨʘʩʩʪʨʦʡʩʪʚ ʧʦʚʝʜʝʥʠʷ (Bard et al., 1993; Vanhoenacker et al., 2000). 

6) ɺʳʙʦʨʢʘ ʙʦʣʴʰʦʛʦ ʤʝʪʘ-ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʠʣʘ 23 285 ʧʘʮʠʝʥʪʦʚ ʩ ʤʠʛʨʝʥʴʶ ʠ 95425 

ʢʦʥʪʨʦʣʝʡ (Anttila et al., 2013). ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 12 ʣʦʢʫʩʦʚ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʢ ʤʠʛʨʝʥʠ. ʇʷʪʴ ʣʦʢʫʩʦʚ ʥʝ ʙʳʣʠ ʨʘʥʝʝ 

ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʤʠʛʨʝʥʴʶ (ʨʷʜʦʤ ʩ AJAP1 - 1p36, ʨʷʜʦʤ ʩ TSPAN2 - 1p13, ʚʥʫʪʨʠ FHL5 - 

6q16, ʚʥʫʪʨʠ C7orf10 - 7p14 ʠ ʨʷʜʦʤ ʩ MMP16 - 8q21). ʆʩʪʘʣʴʥʳʝ ʣʦʢʫʩʳ ʧʦʜʪʚʝʨʜʠʣʠ 

ʧʨʝʜʳʜʫʱʠʝ ʘʩʩʦʮʠʘʮʠʠ ʩ ʤʠʛʨʝʥʴʶ (PRDM16, MED2D, TRPM8, TGFBR2, PHATCTR1, 

ASTN2 ʠ LRP1). ɻʝʥ FHL5 ʢʦʜʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʨʝʛʫʣʠʨʫʝʪ 

ʮɸʄʌ ʟʘʚʠʩʠʤʳʝ ʵʣʝʤʝʥʪʳ CREM ʠ CREB6, ʠʛʨʘʶʱʠʝ ʨʦʣʴ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʘʤʷʪʠ (Dash et al., 1990; Lee and Silva, 2009). ɻʝʥ c7orf10 

(ʠʣʠ SUGCT), ʢʦʜʠʨʫʝʪ ʩʫʢʮʠʥʠʣ-ʂʦɸ-ʛʣʫʪʘʨʘʪ-ʂʦɸ ʪʨʘʥʩʬʝʨʘʟʫ. ʄʫʪʘʮʠʠ ʚ ʵʪʦʤ ʛʝʥʝ 

ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʬʝʥʦʪʠʧʠʯʝʩʢʠ ʣʸʛʢʦʡ ʠʣʠ ʜʘʞʝ ʢʣʠʥʠʯʝʩʢʠ ʙʝʩʩʠʤʧʪʦʤʥʦʡ ʬʦʨʤʦʡ 

ʛʣʫʪʘʨʘʮʠʜʫʨʠʠ ʪʠʧʘ III ï ʨʝʜʢʘʷ ʘʥʦʤʘʣʠʷ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ, ʚʝʜʫʱʘʷ ʢ ʧʦʩʪʦʷʥʥʦʡ 

ʵʢʩʢʨʝʮʠʠ (ʚʳʚʝʜʝʥʠʶ) ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʳ (Sherman et al., 2008). AJAP1 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ 

ʚ ʤʦʟʛʝ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʦʧʫʭʦʣʝʚʦʡ ʠʥʚʘʟʠʝʡ ʠ ʨʝʛʫʣʷʮʠʝʡ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ (Schreiner et al., 2007). TSPAN2, ʯʣʝʥ ʩʝʤʝʡʩʪʚʘ ʪʝʪʨʘʩʧʘʥʠʥʦʚ, ʢʦʜʠʨʫʝʪ ʙʝʣʦʢ 

ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʦʧʦʩʨʝʜʫʝʪ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʘ ʧʨʠ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ 

ʨʘʟʚʠʪʠʷ, ʘʢʪʠʚʘʮʠʠ, ʨʦʩʪʝ ʠ ʧʦʜʚʠʞʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ TSPAN2 ʜʝʡʩʪʚʫʝʪ ʢʘʢ 

ʨʝʛʫʣʷʪʦʨ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (Lafleur et al., 2009). ɹʝʣʦʢ, ʢʦʜʠʨʫʝʤʳʡ 

ʛʝʥʦʤ MMP16, ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ, ʯʣʝʥʳ ʢʦʪʦʨʦʛʦ ʰʠʨʦʢʦ 

ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʚ ʪʢʘʥʷʭ ʯʝʣʦʚʝʢʘ ʠ ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʟʨʫʰʝʥʠʠ ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʚ 

ʥʦʨʤʘʣʴʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ɼʘʥʥʳʡ ʙʝʣʦʢ ʨʘʩʱʝʧʣʷʝʪ ʙʝʣʦʢ LRP1, 

ʢʦʜʠʨʫʝʤʳʡ ʜʨʫʛʠʤ ʛʝʥʦʤ-ʢʘʥʜʠʜʘʪʦʤ ʤʠʛʨʝʥʠ (Chasman et al., 2011). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʧʨʦʚʝʜʸʥʥʳʭ GWAS ʩ ʤʠʛʨʝʥʴʶ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʤʝʪʘ-

ʘʥʘʣʠʟʦʚ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʧʦʣʠʤʦʨʬʥʳʝ ʚʘʨʠʘʥʪʳ ʛʝʥʦʚ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʧʷʪʴ ʧʫʪʝʡ: 

¶ ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʘʷ ʥʝʡʨʦʪʨʘʥʩʤʠʩʩʠʷ (rs1835740 - MTDH, rs11172113 - LRP1, 

rs3790455 - MEF2D); 
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¶ ʨʘʟʚʠʪʠʝ ʩʠʥʘʧʩʦʚ ʠ ʥʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʴ (rs6478241 - ASTN2, rs13208321 - FHL5); 

¶ ʙʦʣʝʚʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ (rs10166942 - TRPM8); 

¶ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ (rs10504861 ï ʨʷʜʦʤ ʩ MMP16, rs10915437 - ʨʷʜʦʤ ʩ AJAP1, 

rs12134493 - ʨʷʜʦʤ ʩ TSPAN2); 

¶ ʩʦʩʫʜʠʩʪʘʷ ʩʠʩʪʝʤʘ ʠ ʤʝʪʘʙʦʣʠʟʤ (rs4379368 - C7orf10, rs2651899 - PRDM16, 

rs9349379 - PHACTR1, rs7640543 - ʨʷʜʦʤ ʩ TGFBR2). 

ʆʙʱʠʝ ʚʘʨʠʘʥʪʳ, ʧʦʢʘʟʘʥʥʳʝ ʚ ʥʝʩʢʦʣʴʢʠʭ GWAS, ʦʢʘʟʘʣʠʩʴ ʦʯʝʥʴ ʮʝʥʥʳʤʠ ʠ 

ʧʦʜʯʝʨʢʥʫʣʠ ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʫʶ ʨʦʣʴ ʚ ʧʘʪʦʛʝʥʝʟʝ ʤʠʛʨʝʥʠ, ʚʝʨʦʷʪʥʦ, ʣʝʞʘʱʫʶ ʚ 

ʦʩʥʦʚʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʢʦʨʢʦʚʦʡ ʜʝʧʨʝʩʩʠʠ ʠ ʩʝʥʩʠʪʠʟʘʮʠʠ ʥʦʮʠʮʝʧʪʠʚʥʳʭ ʥʝʨʚʥʳʭ 

ʦʢʦʥʯʘʥʠʡ (Persico et al., 2015).  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ GWAS ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʥʦʚʳʝ ʛʝʥʳ-ʢʘʥʜʠʜʘʪʳ ʧʘʪʦʛʝʥʝʟʘ 

ʤʠʛʨʝʥʠ, ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʧʨʠʙʣʠʟʠʣʠ ʥʘʩ ʢ ʧʦʥʠʤʘʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʘʪʦʛʝʥʝʟʘ ʤʠʛʨʝʥʠ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʦʣʠʤʦʨʬʥʳʝ ʚʘʨʠʘʥʪʳ ʛʝʥʦʚ, ʚʠʜʠʤʦ, ʥʝ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʤʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʧʘʪʦʛʝʥʝʟ ʤʠʛʨʝʥʠ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʘ ʩʢʦʨʝʝ ʚʩʝʛʦ, ʠʤʝʝʪ ʤʝʩʪʦ ʚʣʠʷʥʠʝ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʝʥʦʪʠʧʘ ʥʘ ʧʘʪʦʛʝʥʝʟ, ʪʨʫʜʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚʢʣʘʜ ʧʦʣʠʤʦʨʬʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʦʪʜʝʣʴʥʳʭ ʛʝʥʦʚ. ʅʘʧʨʠʤʝʨ, ʙʝʣʦʢ, ʢʦʜʠʨʫʝʤʳʡ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʩ ʤʠʛʨʝʥʴʶ ʛʝʥʦʤ 

LRP1, ʨʘʩʱʝʧʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ, ʢʦʪʦʨʘʷ ʢʦʜʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʜʨʫʛʦʛʦ ʛʝʥʘ-ʢʘʥʜʠʜʘʪʘ, MMP16 (Ferrari et al., 2015). ʊʘʢʞʝ, ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʛʝʥʦʚ 

ʦʩʪʘʸʪʩʷ ʥʝʷʩʥʦʩʪʴ ʚ ʧʣʘʥʝ ʠʭ ʫʯʘʩʪʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ, ʪ.ʢ. ʢʣʝʪʦʯʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʫʯʘʩʪʚʫʶʪ, ʥʝ ʩʚʷʟʘʥʳ ʩ ʠʤʝʶʱʠʤʠʩʷ ʥʘ ʩʝʛʦʜʥʷ ʜʘʥʥʳʤʠ ʦ 

ʧʘʪʦʛʝʥʝʟʝ ʤʠʛʨʝʥʠ: TGFBR2, PHACTR1, ʉ7orf10, ADARB2, ZNF555 ʠ ʜʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʤʠʛʨʝʥʠ ʥʝ ʜʘʸʪ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʝʸ ʧʘʪʦʛʝʥʝʟʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʤʠʛʨʝʥʠ: ʙʦʣʝʝ 30 ʪʳʩʷʯ ʩʪʘʪʝʡ ʪʦʣʴʢʦ ʚ ʙʘʟʝ PubMed NCBI. 

ʇʦʵʪʦʤʫ, ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʘʪʦʛʝʥʝʟʘ ʤʠʛʨʝʥʠ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʛʣʫʙʦʢʠʡ 

ʘʥʘʣʠʟ ʠʤʝʶʱʝʡʩʷ ʣʠʪʝʨʘʪʫʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ 

ʠ ʧʦʩʪʨʦʝʥʠʝ ʩʭʝʤ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʤʠʛʨʝʥʴʶ. 
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2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

2.1. ʇʘʮʠʝʥʪʳ 

ɺʩʝ ʧʘʮʠʝʥʪʳ ʧʨʦʭʦʜʠʣʠ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʥʝʚʨʦʣʦʛʠʠ ʠ 

ʢʣʠʥʠʯʝʩʢʦʡ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ ʅʀʎ ʇʝʨʚʦʛʦ ʄɻʄʋ ʠʤ. ʀ.ʄ. ʉʝʯʝʥʦʚʘ ʠ ʚ 

ʋʥʠʚʝʨʩʠʪʝʪʩʢʦʡ ʢʣʠʥʠʢʝ ʛʦʣʦʚʥʦʡ ʙʦʣʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʚʢʣʶʯʝʥʦ 146 

ʥʝʨʦʜʩʪʚʝʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʩ ʜʠʘʛʥʦʟʦʤ ʤʠʛʨʝʥʴ ʩ ʘʫʨʦʡ ʠʣʠ ʤʠʛʨʝʥʴ ʙʝʟ ʘʫʨʳ, ʯʪʦ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʷʤʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʦʣʦʚʥʦʡ ʙʦʣʠ 

II I (ICHD III,  2013ʛ).  

ʂʨʠʪʝʨʠʠ ʚʢʣʶʯʝʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ: 

¶ ʜʠʘʛʥʦʟ ʤʠʛʨʝʥʴ ʩ ʘʫʨʦʡ ʠʣʠ ʤʠʛʨʝʥʴ ʙʝʟ ʘʫʨʳ ʩʦʛʣʘʩʥʦ ICHD III; 

¶ ʚʩʝ ʧʘʮʠʝʥʪʳ ʧʨʦʞʠʚʘʶʪ ʚ ʄʦʩʢʚʝ ʠ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ; 

¶ ʚʦʟʨʘʩʪ ʧʘʮʠʝʥʪʦʚ 18-69 ʣʝʪ (ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ 41.6 Ñ 12.5 ʣʝʪ). 

ʂʨʠʪʝʨʠʷʤʠ ʠʩʢʣʶʯʝʥʠʷ ʷʚʣʷʣʠʩʴ: 

¶ ʚʝʨʦʷʪʥʘ ̫ʤʠʛʨʝʥʠ, ʩʦʛʣʘʩʥʦ ICHD III ; 

¶ ʩʝʤʝʡʥʘʷ ʠʣʠ ʩʧʦʨʘʜʠʯʝʩʢʘʷ ʛʝʤʠʧʣʝʛʠʯʝʩʢʘʷ ʤʠʛʨʝʥʴ, ʩʦʛʣʘʩʥʦ ICHD III ; 

¶ ʦʪʩʫʪʩʪʚʠʝ ʜʨʫʛʠʭ ʪʷʞʝʣʳʭ ʩʦʤʘʪʠʯʝʩʢʠʭ ʠʣʠ ʧʩʠʭʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ; 

¶ ʣʶʙʦʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʣʝʯʝʥʠʝ ʤʠʛʨʝʥʠ ʚ ʪʝʯʝʥʠʝ ʤʠʥʠʤʫʤ 3 ʤʝʩʷʮʝʚ ʜʦ ʥʘʯʘʣʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ; 

¶ ʥʘʣʠʯʠʝ ʜʨʫʛʠʭ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʬʦʨʤ ʛʦʣʦʚʥʦʡ ʙʦʣʠ. 

ɼʣʷ ʫʯʝʪʘ ʢʣʠʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʮʠʝʥʪʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

çʀʥʜʠʚʠʜʫʘʣʴʥʘʷ ʢʘʨʪʘ ʧʘʮʠʝʥʪʘ ʩ ʛʦʣʦʚʥʦʡ ʙʦʣʴʶè, ʢʦʪʦʨʫʶ ʟʘʧʦʣʥʷʣ ʣʝʯʘʱʠʡ ʚʨʘʯ, 

ʩʪʘʚʠʚʰʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʠʘʛʥʦʟ. ʂʘʨʪʘ ʙʦʣʴʥʦʛʦ ʩʦʜʝʨʞʠʪ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʚʨʝʤʝʥʠ ʜʝʙʶʪʘ ʟʘʙʦʣʝʚʘʥʠʷ, ʦʩʦʙʝʥʥʦʩʪʷʭ ʥʦʟʦʣʦʛʠʠ ʠ ʥʘʣʠʯʠʠ ʨʦʜʩʪʚʝʥʥʠʢʦʚ, 

ʩʪʨʘʜʘʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʘʙʦʣʝʚʘʥʠʝʤ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʣʠʥʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʠʤʝʶʱʝʤʩʷ ʦʙʲʸʤʝ, ʪ.ʢ. ʵʪʦ ʥʝ ʚʭʦʜʠʣʦ ʚ ʟʘʜʘʯʠ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ, ʥʦ ʙʫʜʝʪ ʝʝ ʜʘʣʴʥʝʡʰʠʤ ʧʨʦʜʦʣʞʝʥʠʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʝ ʧʘʮʠʝʥʪʳ, ʧʨʠʥʠʤʘʶʱʠʝ 

ʫʯʘʩʪʠʝ ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʙʳʣʠ ʦʟʥʘʢʦʤʣʝʥʳ ʩ ʮʝʣʷʤʠ ʨʘʙʦʪʳ ʠ ʧʦʜʧʠʩʘʣʠ 

çʀʥʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʛʣʘʩʠʝè. ʌʦʨʤʳ ʫʢʘʟʘʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʧʨʠʣʦʞʝʥʠʷʭ 1, 2. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʨʘʟʮʳ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʮʝʣʴʥʦʡ 

ʢʨʦʚʠ ʥʝʦʙʩʣʝʜʦʚʘʥʥʳʭ ʞʠʪʝʣʝʡ ʄʦʩʢʚ r(ʧʦʧʫʣʷʮʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ). ʆʙʲʝʤ ʢʦʥʪʨʦʣʴʥʦʡ 

ʚʳʙʦʨʢʠ 363 ʯʝʣʦʚʝʢʘ. ɿʘʙʦʨ ʢʨʦʚʠ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʥʘ ʄʦʩʢʦʚʩʢʦʡ ʩʪʘʥʮʠʠ ʧʝʨʝʣʠʚʘʥʠʷ 

ʢʨʦʚʠ. 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʩʪʚʠʠ ʩ ʧʦʣʦʞʝʥʠʷʤʠ ʍʝʣʴʩʠʥʩʢʦʡ ʜʝʢʣʘʨʘʮʠʠ ʠ 

ʦʜʦʙʨʝʥʘ ʃʦʢʘʣʴʥʳʤ ʵʪʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ ʀʆɻʝʥ ʈɸʅ. 

 

2.2. ɺʳʜʝʣʝʥʠʝ ɼʅʂ 

ɺ ʢʘʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʮʝʣʴʥʘʷ ʚʝʥʦʟʥʘʷ ʢʨʦʚʴ (2-4 

ʤʣ) ʧʘʮʠʝʥʪʦʚ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʛʝʥʦʤʥʦʡ ɼʅʂ ʠʟ ʮʝʣʴʥʦʡ ʢʨʦʚʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʢʦʤʤʝʨʯʝʩʢʠʡ ʥʘʙʦʨ ɼʅʂ MagnaTM DNA Prep 200 (ʆʆʆ çʃʘʙʦʨʘʪʦʨʠʷ ʀʟʦɻʝʥè, ʄʦʩʢʚʘ). 

ɺʩʝ ʧʨʦʮʝʜʫʨʳ ʧʨʦʚʦʜʠʣʠʩ ɹʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʰʪʘʪʠʚʦʚ (Promega, ʉʐɸ). ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʣʠʟʠʨʫʶʱʝʛʦ ʨʝʘʛʝʥʪʘ ʛʫʘʥʠʜʠʥʪʠʦʮʠʘʥʘʪ, ʢʦʪʦʨʳʡ ʵʬʬʝʢʪʠʚʝʥ ʪʘʢʞʝ ʜʣʷ ʩʦʣʶʙʠʣʠʟʘʮʠʠ 

ʢʣʝʪʦʯʥʦʛʦ ʜʝʙʨʠʩʘ ʠ ʜʝʥʘʪʫʨʘʮʠʠ ʢʣʝʪʦʯʥʳʭ ʥʫʢʣʝʘʟ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʙʳʣʦ ʚʟʷʪʦ 200 

ʤʢʣ ʮʝʣʴʥʦʡ ʢʨʦʚʠ. 

 

2.3. ʇʨʦʚʝʜʝʥʠʝ ʇʎʈ 

ʈʝʘʢʮʠʶ ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʥʘʙʦʨʘ ʨʝʘʛʝʥʪʦʚ 

GenePakTM PCR Core (ʆʆʆ çʃʘʙʦʨʘʪʦʨʠʷ ʀʟʦɻʝʥè, ʄʦʩʢʚʘ) ʠʣʠ HS Taq ɼʅʂ ʧʦʣʠʤʝʨʘʟʘ 

(ɿɸʆ çɽʚʨʦʛʝʥè, ʄʦʩʢʚʘ) ʚ ʩʣʫʯʘʝ ʇʎʈ-ʇɼʈʌ ʠ ʥʘʙʦʨ ʨʝʘʛʝʥʪʦʚ qPCRmix-HS (ɿɸʆ 

çɽʚʨʦʛʝʥè, ʄʦʩʢʚʘ) ʚ ʩʣʫʯʘʝ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (ʇʎʈ-ʈɺ). ʇʨʘʡʤʝʨʳ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʆʆʆ çɼʅʂ-ʉʠʥʪʝʟè (ʄʦʩʢʚʘ) ʠʣʠ BioCon, LLC (New York) (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʘʨ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʚ ʨʘʙʦʪʝ ʟʘʤʝʥ, ʧʘʨʘʤʝʪʨʳ ʇʎʈ. 

ɻʝʥ ɿʘʤʝʥʘ ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʘʡʤʝʨʦʚ 
ʊʦʪʞ, 

°C 

ʈʘʟʤʝʨ 

ʧʨʦʜʫʢ-

ʪʘ (ʧ.ʥ.) 

ʄʝʪʦʜ 

ʜʝʪʝʢ-

ʮʠʠ 

ACE rs4646994 
F: 5ô-CTCCCATTTCTCTAGACCTG-3ô 

R: 5ô-GCTCACCTCTGCTTGTAAG-3ô 
55 112/381 ʇʎʈ 

BDNF rs2049046 
F: 5ô-CAGGTGGGGCTTTGTCTTTCAAG-3ô 

R: 5ô- GCATGTTCTCCCTTTAGGGACAT-3ô 
56 249 

ʇʎʈ-

ʇɼʈʌ 

BDNF rs6265 
F: 5ô- GAGGACAAGGTGGCTTGGCCTA-3ô 

R: 5ô- GGCCGAACTTTCTGGTCCTC-3ô 
61 157 

ʇʎʈ-

ʇɼʈʌ 

BDNF rs11030107 
F: 5ô- CAGGTGGGGCTTTGTCTTTCAAG-3ô 

R: 5ô- GCATGTTCTCCCTTTAGGGACAT-3ô 
60 118 

ʇʎʈ-

ʇɼʈʌ 

CCK rs11571842 
F: 5ô-CCAACGCTGACGCAGACTG-3ô 

R: 5ô-GAAGCTTCTCGGATCCAGA-3ô 
64 168 

ʇʎʈ-

ʇɼʈʌ 

CCKAR rs1799723 
F: 5ô- GCATATGTACACATGTGTGTAAA 

AAGCAGCCAGAC-3ô 

R: 5ô-GCCCTTTCCTGGGCCAGACT-3ô 
64 103 

ʇʎʈ-

ʇɼʈʌ 
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ʇʎʈ ï ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ 

ʇʎʈ-ʇɼʈʌ ï ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʦʡ ʧʦʣʠʤʦʨʬʠʟʤʘ ʜʣʠʥ 

ʨʝʩʪʨʠʢʮʠʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʨʦʜʫʢʪʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ 

ʇʎʈ-ʈɺ ï ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ɸʉ-ʇʎʈ ï ʘʣʣʝʣʴ ʩʧʝʮʠʬʠʯʥʘʷ ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ 

 

ʀʥʢʫʙʘʮʠʦʥʥʫʶ ʩʤʝʩʴ ʩʦʩʪʘʚʣʷʣʠ ʚ ʩʪʝʨʠʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʜ ʣʘʤʠʥʘʨʦʤ. ʈʝʘʢʮʠʶ 

ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʧʨʦʧʠʩʷʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʬʠʨʤʘʤʠ-ʠʟʛʦʪʦʚʠʪʝʣʷʤʠ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʥʘʙʦʨʦʚ ʨʝʘʛʝʥʪʦʚ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠ ʪʝʧʣʦʚʦʡ 

ʜʝʥʘʪʫʨʘʮʠʠ ʧʨʠ 94ÁC ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ. ɿʘʪʝʤ ʩʣʝʜʦʚʘʣʠ 35-40 ʮʠʢʣʦʚ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

CCKAR rs1800908 
F: 5ô- GCATATGTACACATGTGTGTAAA 

AAGCAGCCAGAC-3ô 

R: 5ô- GCCCTTTCCTGGGCCAGACT-3ô 
64 103 

ʇʎʈ-

ʇɼʈʌ 

CCKAR rs1800857 
F: 5ô-ATCGTGGGTCCAGTGATGT-3ô 

R: 5ô GGCTCCTTTGCTGTGATTGT-3ô 
63 472 

ʇʎʈ-

ʇɼʈʌ 

CCKBR rs1805000 
F: 5ô- CATGGAGCTGCTAAAGCTGAAC-3ô 

R: 5ô-CTGGGGTACAGTGAGAAATAGC-3ô 
60 203 

ʇʎʈ-

ʇɼʈʌ 

CCKBR rs1805002 
F: 5ô-CTGGCAGTCAGCGACCTCCT-3ô 

R: 5ô-CACAAGCATCAGTGGGACTTC-3ô 
62 237 

ʇʎʈ-

ʇɼʈʌ 

CGRP rs1553005 
F: 5ô-TGGGAAACAAGAGACGGAGCTG-3ô 

R: 5ô-CCTGTGCGGACCAGGAAACTCT-3ô 
61 231 

ʇʎʈ-

ʇɼʈʌ 

DBH 
rs14111600

7 
F: 5ô-GGCTTGGTGTGGTTAGGATGA-3ô 

R: 5ô-CCAGGGTCTTGTGCCTCACA-3ô 
59 120/101 ʇʎʈ 

DBH rs2097629 
F: 5ô-GGCTTGGTGTGGTTAGGATGA-3ô 

F: 5ô-CCAGGGTCTTGTGCCTCACA-3ô 
61 229 

ʇʎʈ-

ʇɼʈʌ 

DBH rs1611115 
F: 5ô-CTAGTCCAGCTGGAGAGATCT-3ô 

R: 5ô-TTTGCCATCATCCACCCGTG-3ô 
61 166 

ʇʎʈ-

ʇɼʈʌ 

DBH rs6271 
CF: 5ô-CTGGAACTCCTTCAACCG-3ô 

TF: 5ô-CTGGAACTCCTTCAACTG-3ô 

R:5ô-TGAGGACTTGTTGCAGTG-3ô 
59 79 

ɸʉ-

ʇʎʈ 

NOS3 rs2070744 

F: 5ô-ACCAGGGCATCAAGCTCTTC-3ô 

R: 5ô-GCAGGTCAGCAGAGAGACTAG-3ô 

G: 5ô-VIC-AGGGTCAGCCGGCCAG-BHQ1-3ô 

A: 5ô-FAM-AGGGTCAGCCAGCCAG-BHQ1-3ô 

55 67 ʇʎʈ-ʈɺ 

NOS2 rs2779249 

F: 5ô-GCCTCTCAAAGTGCTAGGATTACAA-3ô 

R: 5ô-GGGAATACTGTATTTCAGGCATTATA 

AGGA-3ô 

A: 5ô- VIC-TAGCCACAATGCCCG-BHQ1-3ô 

C: 5ô- FAM-TAGCCACCATGCCCG-BHQ1-3ô 

56 88 ʇʎʈ-ʈɺ 

MTDH rs1835740 

F: 5ô-CTGACGAATATACTTATATTCCTTTT 

ACAT-3ô 

R: 5ô-CTTGCATATTTGAGCAGACTTTG-3ô 

C: 5ô-FAM-CCAATCTGCGTATGTAGA-BHQ2-3ô 

T: 5ô-VIC-CAATCTGTGTATGTAG-BHQ2-3ô 

57 132 ʇʎʈ-ʈɺ 

MTHFR rs1801133 
F: 5ô-TTTGAGGCTGACCTGAAGCACTTGA-3ô 

R: 5ô-CCTGGATGGGAAAGATCCCG-3ô 
61 163 

ʇʎʈ-

ʇɼʈʌ 

MTR rs1805087 
F: 5ô-TGTTCCCAGCTGTTAGATGAAAATC-3ô 

R: 5ô-GATCCAAAGCCTTTTACACTCCTC-3ô 
61 211 

ʇʎʈ-

ʇɼʈʌ 

NOS1 rs41279104 

F: 5ô-AGGCCGAGCGACTGG-3ô 

R: 5ô-CCCCTGCCCAAGGCTT-3ô 

G: 5ô-VIC-CAGAGCCGCCTCCCA-BHQ1-3ô 

A: 5ô-FAM-CAGAGCCACCTCCCA-BHQ1-3 

50 101 ʇʎʈ-ʈɺ 

SNAP25 rs11547859 

F: 5ô-GGCATGAACCATATCAACCA-3ô 

R: 5ô-CCCAGTACCTACTTGTTACAAGGA-3ô 

G: 5ô-FAM-GGCTGAGAGAAATTTA-BHQ1-3ô 

A: 5ô-VIC-GGCTGAGAAAAATTTA-BHQ1-3ô 

55 107 ʇʎʈ-ʈɺ 
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ʩʪʘʜʠʠ ʜʝʥʘʪʫʨʘʮʠʠ (94ÁC, 20 ʩʝʢ), ʦʪʞʠʛʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʘʙʣ. 1, 10-15 ʩʝʢ) ʠ ʩʠʥʪʝʟʘ 

(72°C, 15-30 ʩʝʢ). ʈʝʘʢʮʠʶ ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʚ ʘʤʧʣʠʬʠʢʘʪʦʨʝ ABI 9700 (Life Science, USA) 

ʠʣʠ T100 (Bio-Rad, USA). 

 

2.4. ʈʘʩʱʝʧʣʝʥʠʝ ɼʅʂ ʵʥʜʦʥʫʢʣʝʘʟʘʤʠ ʨʝʩʪʨʠʢʮʠʠ 

ʅʘʣʠʯʠʝ ʩʘʡʪʦʚ ʨʝʩʪʨʠʢʮʠʠ, ʠʟʤʝʥʷʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʝʥʳ, ʦʧʨʝʜʝʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ Restriction Mapper v.3 (www. restrictionmapper.org) ʠ/ʠʣʠ Vector NTI 

v.9. 

ʈʘʩʱʝʧʣʝʥʠʝ ɼʅʂ ʵʥʜʦʥʫʢʣʝʘʟʘʤʠ ʨʝʩʪʨʠʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʧʨʦʧʠʩʷʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʜʥʦʡ ʨʝʘʢʮʠʠ ʚ ʢʘʞʜʫʶ ʧʨʦʙʠʨʢʫ 

ʜʦʙʘʚʣʷʣʠ ʇʎʈ ʧʨʦʜʫʢʪ, dH2O, ʵʥʜʦʥʫʢʣʝʘʟʫ ʨʝʩʪʨʠʢʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʫʬʝʨ. 

ʆʙʱʠʡ ʦʙʲʝʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩʦʩʪʘʚʣʷʣ 25 ʤʢʣ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ɼʅʂ ʬʘʛʘ ɚ. ʇʨʦʙʠʨʢʠ ʩ ʛʦʪʦʚʳʤʠ ʩʤʝʩʷʤʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 

ʪʚʝʨʜʦʪʝʣʴʥʦʤ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʯʘʩʦʚ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʥʜʦʥʫʢʣʝʘʟ ʨʝʩʪʨʠʢʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ, ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʵʥʜʦʥʫʢʣʝʘʟ ʨʝʩʪʨʠʢʮʠʠ ʠ ʫʩʣʦʚʠʷ 

ʨʝʩʪʨʠʢʮʠʠ. 

ɻʝʥ ɿʘʤʝʥʘ ʌʝʨʤʝʥʪ ʉʘʡʪ ʫʟʥʘʚʘʥʠʷ 

ʊ 

ʠʥʢʫʙʘʮʠʠ 

°C 

ɼʣʠʥʳ ʬʨʘʛʤʝʥʪʦʚ 

BDNF rs6265 PspC I 
CACŷGTG 

GTGŹCAC 
37 

GA=157 

AG=157+116+41 

GG=116+41 

BDNF rs2049046 Hinf I 
GŹANTC 

CTNAŷG 
37 

AA=166+35 

AT=249+166+35 

TT=249 

BDNF rs11030107 TaqI 
TŷCGA 

AGCŹT 
65 

AA=118 

AG=118+93+25 

GG=93+25 

CCK rs11571842 Bsc4I 

CCNNNNNŹNNGG 

GGNNŷNNNNNCC 55 

CC=127+41 

CT=168+127+41 

TT=168 

CCKAR 
rs1799723 

rs1800908 
HinfI  

GŹANTC 

CTNAŷG 
37 

ʅʘʡʜʝʥʦ 4 ʛʝʥʦʪʠʧʘ: I 

- AA, GG (103); II - 

AG, GG (103, 83, 20); 

III - AG, GT (103, 50, 

33, 20); VI - AA,GT 

(103, 70, 33) 

CCKAR rs1800857 PstI 
C T G C AŹG 

GŷA C G T C 
37 

CC=472; 

CT=472+350+122; 

TT=350+122 
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CCKBR rs1805000 BstDEI 
CŷTNAG 

GANTŹC 
60 

CC=110+55+38; 

CT=165+110+55+38; 

TT=165+38. 

CCKBR rs1805002 Bst4CI 
ACNŷGT 

TGŹNCA 
65 

AA=237; 

AG=237+150+87; 

GG=150+87 

CGRP rs1553005 Mnl I 
CCTC(N)7ŷ 

GGAG(N)6Ź 
37 

CC=118+79+34 

CG=118+99+98+79+34 

GG=99+98+34 

DBH rs1611115 FauI 
CCCGC(N)4ŷ 

GGGCG(N)6Ź 
55 

CC=89+77 

CT=166+89+77 

TT=166 

DBH rs2097629 BstMA I 
GTCTCNŷ 

CAGAG(N)5Ź 
55 

GG=179+50 

GA=179+132+50+47 

AA=132+50+47 

MTHFR rs1801133 HinfI  
GŹANTC 

CTNAŷG 
37 

CC=163 

CT=163+119+44 

TT=119+44 

MTR rs1805087 Hae III 
GGŷCC 

CCŹGG 
37 

AA=211 

AG=211+131+80 

GG=131+80 

 

2.5. ɼʝʪʝʢʮʠʷ ʧʨʦʜʫʢʪʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ ʚ 2%-ʥʦʤ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ 

ɼʣʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʣʠ ʨʘʚʥʳʡ ʦʙʲʝʤ (20 ʤʢʣ) 

ʠʥʢʫʙʘʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠʟ ʢʘʞʜʦʡ ʧʨʦʙʳ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʩʪʨʠʢʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʣʠ 

ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ ʄ50 (50-500 ʧ.ʥ., ʯʝʨʝʟ 50 ʧ.ʥ.) ʆʆʆ "ʃʘʙʦʨʘʪʦʨʠʷ ʀʟʦʛʝʥ", 

ʄʦʩʢʚʘ. ʕʣʝʢʪʨʦʬʦʨʝʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 10-12 ɺ/ʩʤ ʚ ʪʝʯʝʥʠʝ 45-90 ʤʠʥʫʪ. ʇʦʩʣʝ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʛʝʣʴ ʬʦʪʦʛʨʘʬʠʨʦʚʘʣʠ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʋʌ-ʩʚʝʪʝ ʩ ʚʳʚʦʜʦʤ ʜʘʥʥʳʭ ʥʘ 

ʵʢʨʘʥ ʤʦʥʠʪʦʨʘ ʢʦʤʧʴʶʪʝʨʘ (ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʛʝʣʴʜʦʢʫʤʝʥʪʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ iuVCR). 

 

2.6. ʇʨʦʚʝʜʝʥʠʝ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʉʦʩʪʘʚʣʝʥʠʝ ʠʥʢʫʙʘʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʝʨʠʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʜ 

ʣʘʤʠʥʘʨʦʤ. ʈʝʘʢʮʠʶ ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʧʨʦʧʠʩʷʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʬʠʨʤʦʡ-

ʠʟʛʦʪʦʚʠʪʝʣʝʤ ʟʦʥʜʦʚ ʠ ʧʨʘʡʤʝʨʦʚ (ʆʆʆ "ɼʅʂ-ʉʠʥʪʝʟ", ʈʦʩʩʠʷ) ʠʣʠ BioCon, LLC (New 

York). 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʤʝʨʯʝʩʢʠʡ ʥʘʙʦʨ qPCR 

mix (ɿɸʆ çɽʚʨʦʛʝʥè, ʄʦʩʢʚʘ), ʚ 1ʭ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʧʦ 0,2 ʤʄ ʢʘʞʜʦʛʦ 

ʜʝʟʦʢʩʠʥʫʢʣʝʦʟʠʜʪʨʠʬʦʩʬʘʪʘ (dNTPs), Taq-ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ (TagPol), ʙʫʬʝʨ ʜʣʷ TagPol 

(ʢʦʥʮʝʥʪʨʘʮʠʷ MgCl2 ï 3 ʤʄ). ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʦʥʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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2.7. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʝʥʦʪʠʧʦʚ ʨʘʚʥʦʚʝʩʠʶ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛʘ ʦʮʝʥʠʚʘʣʠ 

ʤʝʪʦʜʦʤ ɢ2 (ʨ>0.05). ɼʣʷ ʦʮʝʥʢʠ ʘʩʩʦʮʠʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʟʘʤʝʥ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʯʥʳʡ 

ʜʚʫʩʪʦʨʦʥʠʡ ʢʨʠʪʝʨʠʡ ʌʠʰʝʨʘ ʠ ʢʨʠʪʝʨʠʡ ʇʠʨʩʦʥʘ (ʪʝʩʪ ɢ2), ʨʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʧʘʢʝʪʝ 

ʧʨʦʛʨʘʤʤ WinPepi (http://www.brixtonhealth.com/pepi4windows.html) (Abramson J.H., 2011), 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʤʠ ʩʯʠʪʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʨ<0.05. 

ɺr ʙʦʨ ʤʦʜʝʣʝʡ ʥʘʩʣʝʜʦʚʘʥʠʷ (ʜʦʤʠʥʘʥʪʥʘʷ ʠʣʠ ʨʝʮʝʩʩʠʚʥʘʷ) ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʝʤ ɸʢʘʠʢʝ (AIC). ʈʘʩʯʝʪ ʦʪʥʦʩʪʠʪʝʣʴʥʦʛʦ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ 

ʟʘʙʦʣʝʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʝ RR=p1/p0. 

ɺr ʷʚʣʝʥʠʝ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʤʠʛʨʝʥʴʶ ʢʦʤʧʣʝʢʩʥʳʭ ʛʝʥʦʪʠʧʦʚ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ʘʥʘʣʠʟʘ ʧʦʣʠʛʝʥʥʳʭ ʜʘʥʥʳʭ APSampler v3.6 (Favorov et al., 

2005), ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩ ̫ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʪʝʩʪʦʚ: 

- ʪʦʯʥʳʡ ʪʝʩʪ ʌʠʰʝʨʘ (ʦʜʥʦʩʪʦʨʦʥʥʠʡ) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʥʘʯʠʤʦʩʪʠ ʚʟʘʠʤʦʩʚʷʟʠ 

ʤʝʞʜʫ ʜʚʫʤʷ ʧʝʨʝʤʝʥʥʳʤʠ. ʆʮʝʥʢʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʩʩʦʮʠʘʮʠʠ ʚʳʷʚʣʝʥʥʳʭ ʛʝʥʦʪʠʧʦʚ ʩ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ. 

- OR (ODDS RATIO) - ʦʪʥʦʰʝʥʠʝ ʰʘʥʩʦʚ ï ʵʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ ʰʘʥʩ ʥʘʣʠʯʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʝ, ʜʝʣʝʥʥʳʡ ʥʘ ʰʘʥʩ 

ʥʘʣʠʯʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʛʨʫʧʧʝ ʢʦʥʪʨʦʣʷ (ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩ ʜʦʚʝʨʠʪʝʣʴʥʳʤ ʠʥʪʝʨʚʘʣʦʤ CI 

(95%)). ʆʪʥʦʰʝʥʠʝ ʰʘʥʩʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʨʘʚʥʦʟʥʘʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʨʠʩʢʫ ʨʘʟʚʠʪʠʷ 

ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʙʦʣʴʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ. 

- ʧʦʣʫʯʝʥʠʝ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ p-value ʩ ʧʦʤʦʱʴʶ ʧʦʧʨʘʚʢʠ ɹʦʥʬʝʨʨʦʥʠ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʠ ʧʨʦʩʪʳʭ ʩʧʦʩʦʙʦʚ ʢʦʥʪʨʦʣʷ ʥʘʜ 

ʛʨʫʧʧʦʚʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʰʠʙʢʠ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʜʝʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʥʘ 

ʯʠʩʣʦ ʩʨʘʚʥʝʥʠʡ, ʘ ʟʘʪʝʤ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʩ p-value. 

- ʧʨʦʚʝʨʢʘ ʩʦʩʪʘʚʥʳʭ ʤʘʨʢʝʨʦʚ ʤʝʪʦʜʦʤ ɺʝʩʪʬʦʣʣʘ-ʗʥʛʘ (Westfall and Young), ʢʦʪʦʨʳʡ 

ʩʨʘʚʥʠʚʘʝʪ ʣʫʯʰʝʝ ʠʟ ʥʘʙʣʶʜʝʥʠʡ ʩ ʣʫʯʰʠʤʠ ʞʝ ʥʘʙʣʶʜʝʥʠʷʤʠ ʚ ʧʝʨʝʤʝʰʘʥʥʳʭ 

ʚʳʙʦʨʢʘʭ. 

- FDR ï ʚʝʣʠʯʠʥʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʡʪʠ ʣʦʞʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʨʝʜʠ 

ʦʪʦʙʨʘʥʥʳʭ. 
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2.8. ʇʦʩʪʨʦʝʥʠʝ ʩʭʝʤ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ 

ɺ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ Pathway Studio 

10 È ʠ ʨʝʬʝʨʘʪʠʚʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ResNet 11 È ʢʦʤʧʘʥʠʠ Elsivier (ʉʐɸ). ʆʙʲʝʢʪʘʤʠ ʙʘʟʳ 

ʜʘʥʥʳʭ ʷʚʣʷʶʪʩʷ ʘʥʥʦʪʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, ʙʝʣʢʦʚ, ʢʣʝʪʦʯʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʙʦʣʝʟʥʝʡ), ʘ ʪʘʢʞʝ ʘʥʥʦʪʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʧʦʣʥʦʪʝʢʩʪʦʚʳʭ ʩʪʘʪʝʡ ʠ 

ʘʙʩʪʨʘʢʪʦʚ, ʠʥʜʝʢʩʠʨʦʚʘʥʥʳʭ ʚ ʠʥʪʝʨʥʝʪʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʘʷ ʩʚʷʟʴ ʩʦʜʝʨʞʠʪ ʥʝ 

ʤʝʥʝʝ ʦʜʥʦʡ ʩʩʳʣʢʠ ʥʘ ʣʠʪʝʨʘʪʫʨʥʳʡ ʠʩʪʦʯʥʠʢ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʧʘʪʦʛʝʥʝʟʘ ʤʠʛʨʝʥʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʙʦʣʝʟʥʝʡ ʚ PathwayStudio. 

ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʙʦʣʝʟʥʠ 

1) ʅʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦʜʨʦʙʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʙʦʣʝʟʥʴʶ, ʧʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʩʦʩʪʘʚʠʪʴ ʩʭʝʤʫ ʧʘʪʦʛʝʥʝʟʘ ʠ ʩʦʩʪʘʚʠʪʴ ʩʧʠʩʦʢ ʛʝʥʦʚ / ʙʝʣʢʦʚ, 

ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʠʝ ʚ ʧʘʪʦʛʝʥʝʟʝ. ɺʩʝ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʨʘʥʝʝ, ʧʦʵʪʦʤʫ ʤʳ ʩʨʘʟʫ 

ʧʨʠʩʪʫʧʠʣʠ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʭʝʤ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ. 

2) ʇʦʩʪʨʦʝʥʠʝ ʩʭʝʤ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʚ PathwayStudio. ʀʩʢʘʣʠ ʛʦʪʦʚʳʝ ʩʠʛʥʘʣʴʥʳʝ 

ʧʫʪʠ (ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ResNet) ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʣʶʯʝʚʳʝ ʫʯʘʩʪʥʠʢʠ 

(properties=>found in pathways). ɻʦʪʦʚʳʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ ʙʨʘʣʠ ʟʘ ʦʩʥʦʚʫ (ʢʘʢ ʙʣʦʢʠ) ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʟʘʙʦʣʝʚʘʥʠʷ. ɽʩʣʠ ʧʨʦʮʝʩʩʳ ʠʜʝʥʪʠʯʥʳ ʜʣʷ ʢʣʶʯʝʚʳʭ 

ʫʯʘʩʪʥʠʢʦʚ, ʪʦ ʠʭ ʧʦʤʝʱʘʣʠ ʥʘ ʦʜʠʥ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ. ʆʪʤʝʯʘʣʠ ʠʭ ʩʦʩʪʦʷʥʠʝ ʧʨʠ 

ʤʠʛʨʝʥʠ (ʤʫʪʘʮʠʷ, ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ) ʩʦʛʣʘʩʥʦ ʥʘʡʜʝʥʥʳʤ ʥʘʤʠ ʨʘʥʝʝ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʜʘʥʥʳʤ. 

ɽʩʣʠ ʧʦʟʚʦʣʷʣʠ ʚʦʟʤʦʞʥʦʩʪʠ PathwayStudio, ʩʪʨʦʠʣʩʷ ʦʙʦʙʱʸʥʥʳʡ ʩʠʛʥʘʣʴʥʳʡ 

ʧʫʪʴ (overview pathway). ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʦʜʠʥʘʢʦʚʳʭ ʧʫʪʝʡ ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ 

ʢʣʝʪʦʢ ʩʪʨʦʠʣʠʩʴ ʩʭʝʤʳ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʢʣʝʪʦʢ, ʪʘʢ ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʢʣʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʩʚʷʟʝʡ. ʉʪʨʦʠʣʠʩʴ ʦʪʜʝʣʴʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʝʩʣʠ 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʘʟʜʝʣʠʪʴ ʧʨʦʮʝʩʩʳ ʧʦ ʪʠʧʘʤ ʢʣʝʪʦʢ (ʥʘʧʨʠʤʝʨ, ʚ ʢʣʝʪʢʝ A 

ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʣʠʛʘʥʜ, ʘ ʚ ʢʣʝʪʢʝ B ʵʪʦʪ ʣʠʛʘʥʜ ʘʢʪʠʚʠʨʫʝʪ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ, ʚʝʜʫʱʠʡ ʢ 

ʙʦʣʝʟʥʠ). 

ɽʩʣʠ ʚ ResNet ʥʝ ʙʳʣʦ ʩʚʷʟʝʡ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ, ʘ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʦʥʠ 

ʜʦʣʞʥʳ ʙʳʪʴ, ʪʦ ʜʦʙʘʚʣʷʣʘʩʴ ʥʦʚʘʷ ʩʚʷʟʴ, ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʝʸ ʩʩʳʣʢʠ ʥʘ 

ʣʠʪʝʨʘʪʫʨʥʳʡ ʠʩʪʦʯʥʠʢ. ʇʨʦʙʣʝʤʳ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʚʷʟʝʡ, ʦʧʠʩʘʥʥʳʭ ʚ 
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ʣʠʪʝʨʘʪʫʨʝ ʜʦ 80-ʭ ʛʦʜʦʚ. ʏʘʩʪʦ ʪʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʫʞʝ çʵʥʮʠʢʣʦʧʝʜʠʯʝʩʢʠʤ 

ʟʥʘʥʠʷʤè. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʘʚʘʣʘʩʴ ʩʩʳʣʢʘ ʥʘ ʦʙʟʦʨ, ʛʜʝ ʝʩʪʴ ʦʧʠʩʘʥʠʝ ʜʘʥʥʦʡ ʩʚʷʟʠ. 

 

ʅʘ ʩʣʝʜʫʶʱʠʭ ʨʠʩʫʥʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʚʩʝʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʦʙʲʝʢʪʦʚ ʠ ʩʚʷʟʝʡ (ʨʠʩ. 3, 4).  

ʆʙʲʝʢʪʳ 

ʅʠʞʝ ʧʦʢʘʟʘʥʳ ʦʙʦʟʥʘʯʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʛʥʘʣʴʥʳʭ 

ʧʫʪʝʡ ʚ ʧʨʦʛʨʘʤʤʝ PathwayStudio (ʨʠʩ. 3). 

 

 
ɹʝʣʦʢ 

 

ʈʝʮʝʧʪʦʨ 

 
ʃʠʛʘʥʜ 

 
ʂʠʥʘʟʘ 

 

ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ 

 
ʄʠʢʨʦʈʅʂ 

 

ʌʘʢʪʦʨ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

 
ɿʘʙʦʣʝʚʘʥʠʝ 

 
ʂʣʝʪʦʯʥʳʡ ʧʨʦʮʝʩʩ 

 
ʄʘʣʘʷ ʤʦʣʝʢʫʣʘ 

 
ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʛʨʫʧʧʘ (ʛʨʫʧʧʘ ʙʝʣʢʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʦʜʥʫ ʬʫʥʢʮʠʶ). 

ʈʠʩʫʥʦʢ 3. ʆʙʦʟʥʘʯʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʚ 

ʧʨʦʛʨʘʤʤʝ PathwayStudio. 
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ʉʚʷʟʠ  

ʅʠʞʝ ʧʦʢʘʟʘʥʳ ʦʙʦʟʥʘʯʝʥʠʷ ʩʚʷʟʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʛʥʘʣʴʥʳʭ 

ʧʫʪʝʡ ʚ ʧʨʦʛʨʘʤʤʝ PathwayStudio (ʨʠʩ. 4). 

ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʘ 

 

Expression ï ʨʝʛʫʣʷʪʦʨ ʠʟʤʝʥʷʝʪ ʫʨʦʚʝʥʴ ʙʝʣʢʘ-ʤʠʰʝʥʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʠʣʠ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʙʝʣʢʘ. 

 

PromoterBinding ï ʨʝʛʫʣʷʪʦʨ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʨʦʤʦʪʦʨʦʤ 

ʤʠʰʝʥʠ. 

miRNAEffect ï ʨʝʛʫʣʷʪʦʨ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʤʈʅʂ ʤʠʰʝʥʠ ʠ 

ʠʥʛʠʙʠʨʫʝʪ ʝʸ ʵʢʩʧʨʝʩʩʠʶ. 

 

ʄʝʪʘʙʦʣʦʤʠʢʘ / ʄʦʣʝʢʫʣʷʨʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠ ʤʦʜʠʬʠʢʘʮʠʷ 

 

MolSynthesis ï ʨʝʛʫʣʷʪʦʨ ʠʟʤʝʥʷʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʤʠʰʝʥʠ (ʤʘʣʦʡ ʤʦʣʝʢʫʣʳ). 

MolTransport ï ʨʝʛʫʣʷʪʦʨ ʚʳʧʦʣʥʷʝʪ ʠʣʠ ʨʝʛʫʣʠʨʫʝʪ 

ʵʢʩʧʦʨʪ, ʠʤʧʦʨʪ ʠʣʠ ʩʝʢʨʝʮʠʶ ʤʠʰʝʥʠ. 

 

ChemicalReaction ï ʙʝʣʦʢ (ʬʝʨʤʝʥʪ) ʢʘʪʘʣʠʟʠʨʫʝʪ 

ʭʠʤʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʤʠʰʝʥʠ (ʤʘʣʦʡ ʤʦʣʝʢʫʣʳ). 

ʇʨʦʪʝʦʤʠʢʘ/ʌʠʟʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (ʠʩʢʣʶʯʘʷ ʩʚʷʟʳʚʘʥʠʝ ʩ ʧʨʦʤʦʪʦʨʦʤ ʠ 

ʨʝʛʫʣʷʮʠʶ ʯʝʨʝʟ ʤʠʈʅʂ) 

 

 

DirectRegulation ï ʨʝʛʫʣʷʪʦʨ ʫʯʘʩʪʚʫʝʪ ʚ ʘʢʪʠʚʥʦʩʪʠ 

ʤʠʰʝʥʠ ʧʦʩʨʝʜʩʪʚʦʤ ʬʠʟʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

 

ProtModification ï ʨʝʛʫʣʷʪʦʨ ʬʦʩʬʦʨʠʣʠʨʫʝʪ ʠʣʠ ʢʘʢ-ʪʦ 

ʠʥʘʯʝ ʬʠʟʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʫʝʪ ʤʠʰʝʥʴ 

(ʜʝʬʦʩʬʦʨʠʣʠʨʫʝʪ, ʘʮʝʪʠʣʠʨʫʝʪ, ʨʘʩʱʝʧʣʷʝʪ ʠ ʧʨ.). 

Binding ï ʬʠʟʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

(ʥʝ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ). 

 

ʈʝʛʫʣʷʮʠʷ (ʤʝʥʝʝ ʩʧʝʮʠʬʠʯʥʘʷ, ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʠʭ ʧʫʥʢʪʘʭ) 
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Regulation ï ʧʨʠʨʦʜʘ ʠʣʠ ʤʝʭʘʥʠʟʤ ʩʚʷʟʠ ʤʝʞʜʫ 

ʨʝʛʫʣʷʪʦʨʦʤ ʠ ʤʠʰʝʥʴʶ ʥʝʠʟʚʝʩʪʥʳ ʠʣʠ ʥʝ ʫʢʘʟʘʥʳ ʚ 

ʣʠʪʝʨʘʪʫʨʝ, ʦʧʠʩʳʚʘʶʱʝʡ ʩʚʷʟʴ. 

 

ʈʠʩʫʥʦʢ 4. ʆʙʦʟʥʘʯʝʥʠʷ ʩʚʷʟʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʚ 

ʧʨʦʛʨʘʤʤʝ PathwayStudio. 
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3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

3.1. ʇʦʠʩʢ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʛʝʥʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʤʠʛʨʝʥʴʶ 

ɼʦʩʪʦʚʝʨʥʳʝ ʙʠʦʤʘʨʢʝʨʳ ʤʠʛʨʝʥʠ, ʦʩʦʙʝʥʥʦ ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ, ʤʦʛʫʪ 

ʧʦʟʚʦʣʠʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʙʦʣʝʟʥʠ ʠ ʪʷʞʝʩʪʴ ʝʝ ʪʝʯʝʥʠʷ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʸʨʘʭ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ 

ʤʠʛʨʝʥʴʶ. 

ʀʩʭʦʜʥʳʡ ʩʧʠʩʦʢ ʛʝʥʦʚ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

PathwayStudio10 È ʠ ʨʝʬʝʨʘʪʠʚʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ResNet11 È ʢʦʤʧʘʥʠʠ Elsivier (ʉʐɸ). 

ɹʘʟʘ ʜʘʥʥʳʭ ResNet11 ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʠʥʪʝʨʥʝʪ ʜʦʩʪʫʧʝ 

ʠʩʪʦʯʥʠʢʘʭ ʥʘ 14 ʜʝʢʘʙʨʷ 2014 ʛʦʜʘ (ʜʘʥʥʳʝ ʵʢʩʪʨʘʛʠʨʦʚʘʥʳ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ 23 

ʤʠʣʣʠʦʥʦʚ ʩʪʘʪʝʡ). ɹʳʣʠ ʦʪʦʙʨʘʥʳ ʚʩʝ ʛʝʥʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʛʨʘʤʤʘ ʥʘʰʣʘ ʩʚʷʟʴ 

GeneticChange ʩ ʤʠʛʨʝʥʴʶ.  

ɼʘʣʝʝ ʜʝʪʘʣʴʥʦ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩʪʘʪʴʠ ʠʟ ʩʧʠʩʢʘ. ʋʯʠʪʳʚʘʣʠ ʦʨʠʛʠʥʘʣʴʥʳʝ ʩʪʘʪʴʠ, 

ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ (ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʘʩʩʦʮʠʘʮʠʷ ʦʧʨʝʜʝʣʸʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʛʝʥʘ, ʢʘʢʦʛʦ-ʣʠʙʦ ʠʟ ʝʛʦ ʚʘʨʠʘʥʪʦʚ ʩ 

ʟʘʙʦʣʝʚʘʥʠʝʤ, ʩʠʤʧʪʦʤʦʤ ʠʣʠ ʛʨʫʧʧʦʡ ʩʠʤʧʪʦʤʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʠʤ ʛʝʥʦʤ, 

ʘʩʩʦʮʠʘʮʠʷ ʛʝʥʦʪʠʧʦʚ ʠʣʠ ʘʣʣʝʣʝʡ ʨʘʟʥʳʭ ʛʝʥʦʚ, ʥʘʣʠʯʠʝ ʤʫʪʘʮʠʠ ʚ ʩʝʤʴʷʭ ʩ ʚʳʩʦʢʦʡ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴʶ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʢʦʩʝʛʨʝʛʘʮʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʥʘʨʫʰʝʥʠʷ ʩ ʧʨʦʷʚʣʝʥʠʝʤ 

ʟʘʙʦʣʝʚʘʥʠʷ), ʘ ʪʘʢʞʝ ʦʙʟʦʨʳ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʘ ʟʥʘʯʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ (ʫʢʘʟʘʥʠʝ, ʢʘʢʠʤ 

ʦʙʨʘʟʦʤ ʛʝʥ ʩʚʷʟʘʥ ʩ ʤʠʛʨʝʥʴʶ, ʥʘʣʠʯʠʝ ʩʩʳʣʢʠ ʥʘ ʩʪʘʪʴʶ ʩ ʦʨʠʛʠʥʘʣʴʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ). ɺʩʝ ʩʩʳʣʢʠ ʥʘ ʦʨʠʛʠʥʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʝʩʣʠ ʪʘʢʦʚʳʝ ʙʳʣʠ ʚ ʦʙʟʦʨʝ, 

ʪʘʢʞʝ ʜʦʙʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʫ. ʇʨʠ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʢʦʤ-ʣʠʙʦ ʛʝʥʝ (ʪʨʠ ʠ 

ʤʝʥʝʝ ʩʪʘʪʴʠ) ʤʦʛʣʠ ʙʳʪʴ ʫʯʪʝʥʳ ʤʝʥʝʝ ʜʦʩʪʦʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʫʢʘʟʘʥʠʝʤ ʥʘ ʵʪʦ 

(ʥʘʧʨʠʤʝʨ, ʚʝʨʦʷʪʥʘʷ ʘʩʩʦʮʠʘʮʠʷ).  

ʊʘʙʣʠʮʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʝ, 

ʧʨʠʚʝʜʝʥʘ ʚ ʧʨʠʣʦʞʝʥʠʠ 3. 

ʊʘʙʣʠʮʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫ: 

ɻʝʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʠʛʨʝʥʴʶ 

ʅʘʟʚʘʥʠʝ 

ʛʝʥʘ 

ɺʦʟʤʦʞʥʳʝ 

ʧʨʠʯʠʥʳ ʩʚʷʟʠ 

ʩ ʤʠʛʨʝʥʴʶ 

ʄʘʨʢʸʨʳ ʄʝʪʦʜ 

ʜʝʪʝʢʮʠʠ 

ʇʘʨʘʤʝʪʨʳ 

ʚʳʙʦʨʢʠ 

ʂʦʤʤʝʥʪʘʨʠʠ MedLine 

Reference 
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ʉʪʦʣʙʮʳ ʪʘʙʣʠʮʳ:  

1) ʅʘʟʚʘʥʠʝ ʛʝʥʘ ï ʦʙʦʟʥʘʯʝʥʠʝ ʛʝʥʘ, ʢʦʪʦʨʦʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʯʠʪʘʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, ʫʢʘʟʘʥʥʦʡ ʚ ɹɼ NCBI. 

2) ɺʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʩʚʷʟʠ ʩ ʤʠʛʨʝʥʴʶ. 

3) ʄʘʨʢʸʨʳ ï ʤʦʞʝʪ ʙʳʪʴ ʦʜʠʥ ʠʣʠ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ: 1) ʥʘʡʜʝʥʘ ʘʩʩʦʮʠʘʮʠʷ ʩ 

ʤʫʪʘʮʠʝʡ (ʫʢʘʟʘʥ ʪʠʧ: SNV, ʜʝʣʝʮʠʷ, STR, VNTR), 2) ʩʚʷʟʴ ʩ ʜʨʫʛʠʤ ʛʝʥʦʤ, ʫʞʝ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʩ ʤʠʛʨʝʥʴʶ, 3) ʨʝʟʫʣʴʪʘʪ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

4) ʄʝʪʦʜ ʜʝʪʝʢʮʠʠ. 

5) ʇʘʨʘʤʝʪʨʳ ʚʳʙʦʨʢʠ - ʯʠʩʣʦ ʧʘʮʠʝʥʪʦʚ, ʯʠʩʣʦ ʢʦʥʪʨʦʣʝʡ, ʵʪʥʠʯʝʩʢʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 

ʚʳʙʦʨʢʠ, ʝʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ï ʩʪʨʘʥʘ, ʛʜʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ (nP ï ʯʠʩʣʦ ʧʘʮʠʝʥʪʦʚ, ʘ nC ï 

ʯʠʩʣʦ ʢʦʥʪʨʦʣʝʡ). 

6) ʂʦʤʤʝʥʪʘʨʠʠ - ʨʘʟʚʝʨʥʫʪʦʝ ʦʧʠʩʘʥʠʝ, ʢʘʢʦʝ ʛʝʥʝʪʠʯʝʩʢʦʝ ʠʣʠ ʙʠʦʭʠʤʠʯʝʩʢʦʝ 

ʠʟʤʝʥʝʥʠʝ ʩ ʢʘʢʠʤ ʧʨʦʷʚʣʝʥʠʝʤ ʩʚʷʟʘʥʦ (ʪʠʧ ʤʠʛʨʝʥʠ, ʚʦʟʨʘʩʪ, ʧʦʣ ʧʘʮʠʝʥʪʦʚ, 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʤʧʪʦʤʘʪʠʢʠ). 

7) ʉʩʳʣʢʘ ʥʘ ʠʩʪʦʯʥʠʢ - PMID ʩʪʘʪʴʠ ʠ ʝʝ ʪʠʧ: R ï ʦʙʟʦʨ (review), OA ï ʩʪʘʪʴʷ, 

ʦʧʠʩʳʚʘʶʱʘʷ ʦʨʠʛʠʥʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ (original article). 

 

ɼʣʷ ʢʘʞʜʦʡ ʩʪʘʪʴʠ ʪʠʧ ʩʚʷʟʠ ʩ ʤʠʛʨʝʥʴʶ, ʨʘʟʤʝʨ ʚʳʙʦʨʢʠ ʠ ʩʩʳʣʢʘ ʨʘʩʧʦʣʦʞʝʥʳ 

ʥʘ ʦʜʥʦʡ ʩʪʨʦʢʝ, ʜʣʷ ʙʦʣʝʝ ʫʜʦʙʥʦʛʦ ʧʦʠʩʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʡʜʝʥʦ 147 ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʤʠʛʨʝʥʴʶ. ɼʘʣʝʝ ʵʪʠ ʛʝʥʳ, ʜʣʷ ʫʜʦʙʩʪʚʘ, ʙʳʣʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʬʫʥʢʮʠʷʤ, ʯʪʦ ʥʘʛʣʷʜʥʦ 

ʦʪʨʘʞʝʥʦ ʚ ʪʘʙʣʠʮʝ 3. 
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ʊʘʙʣʠʮʘ 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʙʝʣʢʦʚ ʠ ʛʝʥʦʚ, ʥʘʡʜʝʥʥʳʭ ʧʨʠ ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʳ ʠ ʚʳʙʨʘʥʥʳʭ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʠʩʢʘ, ʧʦ ʫʯʘʩʪʠʶ ʠʭ ʚ 

ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʨʘʟʥʳʭ ʩʠʩʪʝʤ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʧʘʪʦʛʝʥʝʟʝ ʤʠʛʨʝʥʠ. 

 ʋʯʘʩʪʠʝ ʚ 

ʧʨʦʮʝʩʩʘʭ 

ʉʠʩʪʝʤʘ  
 

ʊʦʥʫʩ ʩʦʩʫʜʦʚ ʄʝʪʘʙʦʣʠʟʤ 

ʥʝʡʨʦʪʨʘʥʩʤʠʪ-

ʪʝʨʦʚ 

ʊʨʘʥʩʧʦʨʪ ʠ 

ʨʝʮʝʧʮʠʷ 

ʥʝʡʨʦʪʨʘʥʩʤʠʪ-

ʪʝʨʦʚ 

ʄʝʤʙʨʘʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ 

ʅʝʡʨʦʛʝʥʝʟ ɺʦʩʧʘʣʝʥʠʝ ɼʨʫʛʦʝ 

ɻʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʘʷ  GPT MTDH, STX1A, 

SLC1A2, 

GRIN2B, GRM5 

GRIA3, GRIA1    

ʉʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʘʷ HTR1B, HTR1A, 

HTR2A, HTR7, 

HTR1D, HTR1F, 

HTR2B, HTR3A, 

PENK 

TDO2, TPH1 SLC6A4, VDR 

 

    

ɼʦʬʘʤʠʥʝʨʛʠʯʝʩʢʘʷ  ADH1B, DBH, 

MAOA, COMT 

SLC6A3, VDR, 

CCKAR, DRD2 

DRD2, DRD3, 

DRD4 

   

ʎʠʢʣ ʬʦʣʘʪʦʚ    MTHFR, 

MTHFD1, TYMS 

   

ʇʦʣʦʚʳʝ ʛʦʨʤʦʥʳ  CYP19A1 

 

    ESR1, ESR2, FSHR, PGR, 

OXT, PRL 

ʉʦʩʫʜʳ CALCA, 

RAMP1, EDN1, 

EDNRA, 

EDNRB, ACE, 

NOS1, NOS2, 

NOS3, VIP, 

TAC1, 

ADCYAP1, 

ADCYAP1R1, 

KNG, PTEN 

 HRH3   ICAM1 VEGFA, NOTCH3, 

NOTCH4, LPR1, F2, F5, 

VWF, FGA, lipoprotein a, 

THBD 

ʀʦʥʥʳʝ ʢʘʥʘʣʳ   ADRB2 TRPM8, 

KCNAB3, 

KCNB2, KCNG4, 

KCNJ10, 

  APEX1 
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KCNK18, 

KCNN3, RHAG, 

CACNB2, 

CACNB4, 

TRPV1, 

KCNMA1, 

TRPA1 

ʀʤʤʫʥʥʘʷ ʩʠʩʪʝʤʘ      TNFRSF1B, 

TNFRSF1A, 

TNF, TLR4, 

PTGS2, 

PLAUR, 

IL1B, IL1A, 

IL4, IL6, 

IL10, IL13, 

CRP, HLA-

DRB1, IgE, 

IFNA2, 

S100B, 

TGFB1 

 

ɺʥʝʢʣʝʪʦʯʥʳʡ ʤʘʪʨʠʢʩ       TGFBR2, MMP2, MMP3, 

MMP9, TIMP-1, TIMP-2 

ɹʦʣʝʚʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 
  ADORA1 AQP4 NGF GDNF, 

ADM 

ACHE, ORM1, MEP1A, 

LTA 

ɼʨʫʛʠʝ PNOC CYPA2, 

SULT1A1 

PRRT2, SPTAN1 CSNK1D, 

ANKK1, FOS, 

NPY 

ASTN2, 

PHACTR1, 

BDNF, 

MEF2D 

 

 

 APOE, CNR1, POLG, 

GABRA3, GABRQ, 

GABBR2, GABRB3, HFE, 

SLC20A2, PRDM16, INSR, 

PON1, HCRTR1, ADIPOQ, 

CAT, ENO2, INSR, INS, 

POMC 
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3.2. ɻʠʧʦʪʝʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʤʠʛʨʝʥʠ 

ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʚ ʠʟʫʯʝʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʧʘʪʦʛʝʥʝʟʘ ʤʠʛʨʝʥʠ ï 

ʦʪʩʫʪʩʪʚʠʝ ʤʦʜʝʣʝʡ ʜʘʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʞʠʚʦʪʥʳʭ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʉɻʄ). ʕʪʦ ʩʚʷʟʘʥʦ 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠ ʘʥʘʣʠʟʦʤ ʛʦʣʦʚʥʦʡ ʙʦʣʠ ʫ 

ʞʠʚʦʪʥʳʭ. ʀ ʭʦʪʷ ʠʤʝʝʪʩʷ ʧʫʙʣʠʢʘʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʤʝʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʦʣʝʚʦʛʦ ʦʱʫʱʝʥʠʷ ʫ ʤʳʰʝʡ, ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʪʘʶʪʩʷ 

ʥʝʜʦʩʪʫʧʥʳʤʠ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʚʢʣʘʜʘ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ ʚ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ 

ʞʠʚʦʪʥʳʭ. ɼʨʫʛʘʷ, ʥʝ ʤʝʥʝʝ ʟʥʘʯʠʤʘʷ ʧʨʦʙʣʝʤʘ, ï ʩʣʦʞʥʦʩʪʴ ʚ ʧʝʨʝʥʦʩʝ ʜʘʥʥʳʭ ʦ 

ʤʝʭʘʥʠʟʤʘʭ ʨʘʟʚʠʪʠʷ ʨʝʜʢʠʭ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʬʦʨʤ ʤʠʛʨʝʥʠ (ʩʝʤʝʡʥʘʷ ʛʝʤʠʧʣʝʛʠʯʝʩʢʘʷ 

ʤʠʛʨʝʥʴ) ʥʘ ʢʣʘʩʩʠʯʝʩʢʫʶ ʤʠʛʨʝʥʴ (ʢʘʢ ʩ ʘʫʨʦʡ, ʪʘʢ ʠ ʙʝʟ). ʉɻʄ ʟʥʘʯʠʤʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʠʛʨʝʥʠ ʧʦ ʢʣʠʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʟʘʙʦʣʝʚʘʥʠʷʤ, 

ʘ ʪʘʢʞʝ ʧʦ ʪʠʧʫ ʥʘʩʣʝʜʦʚʘʥʠʷ. ʉʭʦʜʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʩʠʤʧʪʦʤʦʚ, ʠʟ 

ʢʦʪʦʨʳʭ ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʘʫʨʫ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʫʶʩʷ 

ʢʦʨʢʦʚʫʶ ʜʝʧʨʝʩʩʠʶ (ʈʂɼ), ʚʘʟʦʜʠʣʘʪʘʮʠ ʁ ʠ ʙʦʣʴ. ʄʝʞʜʫ ʪʝʤ, ʥʘʣʠʯʠʝ ʭʦʨʦʰʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʤʦʥʦʛʝʥʥʳʭ ʬʦʨʤ ʤʠʛʨʝʥʠ ʯʝʣʦʚʝʢʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʛʝʥʳ ʢʘʢ ʦʪʧʨʘʚʥʳʝ ʪʦʯʢʠ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ 

ʨʘʟʚʠʪʠʠ ʤʠʛʨʝʥʦʟʥʦʡ ʘʪʘʢʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʩʪʛʝʥʦʤʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʧʦʷʚʣʷʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʠ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʳʩʪʨʘʠʚʘʪʴ ʛʠʧʦʪʝʟʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʥʥʳʭ ʩʝʪʝʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ 

Pathway StudioÈ (Elsevier), ʢʦʪʦʨʫʶ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ. 

 

3.2.1. ɻʠʧʦʪʝʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʧʘʪʦʛʝʥʝʟʘ ʩʝʤʝʡʥʦʡ 

ʛʝʤʠʧʣʝʛʠʯʝʩʢʦʡ ʤʠʛʨʝʥʠ 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʤʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʤʝʞʢʣʝʪʦʯʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʧʘʪʦʛʝʥʝʟʝ 3-ʭ ʬʦʨʤ ʩʝʤʝʡʥʦʡ ʛʝʤʠʧʣʝʛʠʯʝʩʢʦʡ ʤʠʛʨʝʥʠ. ʆʩʦʙʝʥʥʦʩʪʷʤʠ 

ʉɻʄ ʷʚʣʷʶʪʩʷ ʯʘʩʪʘʷ ʘʫʨʘ, ʥʝʡʨʦʥʘʣʴʥʘʷ ʛʠʧʝʨʚʦʟʙʫʜʠʤʦʩʪʴ ʠ ʈʂɼ. 

ɻʝʥ CACNA1A ʢʦʜʠʨʫʝʪ ʦʩʥʦʚʥʫʶ ʩʫʙʲʝʜʠʥʠʮʫ ʚʦʣʴʪʘʞ-ʟʘʚʠʩʠʤʳʭ ʥʝʡʨʦʥʘʣʴʥʳʭ 

ʢʘʣʴʮʠʝʚʳʭ ʢʘʥʘʣʦʚ (Cav2.1), ʠ ʝʛʦ ʤʫʪʘʮʠʠ ʚʳʟʳʚʘʶʪ ʨʘʟʚʠʪʠʝ ʉɻʄ I ʪʠʧʘ (ʉɻʄ1). 

ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʥʝʡʨʦʥʘʣʴʥʳʭ ʚʦʣʴʪʘʞ-ʟʘʚʠʩʠʤʳʭ ʢʘʣʴʮʠʝʚʳʭ ʢʘʥʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʤʦʜʫʣʷʮʠʷ ʚʳʭʦʜʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦʟʙʫʞʜʘʶʱʠʭ ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʦʚ, ʢʘʢ ʚ ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ, ʪʘʢ ʠ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʩʠʥʘʧʩʘʭ, ʚ ʦʩʥʦʚʥʦʤ ʚ ʤʦʟʞʝʯʢʝ, ʩʪʚʦʣʝ ʠ ʢʦʨʝ 
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ʤʦʟʛʘ (Catterall, 1998). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʢʨʳʪʳ ʙʦʣʝʝ 30 ʤʫʪʘʮʠʡ ʵʪʦʛʦ ʛʝʥʘ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʬʝʥʦʪʠʧʠʯʝʩʢʠʤʠ ʚʘʨʠʘʥʪʘʤʠ ï ʯʠʩʪʳʤʠ ʬʦʨʤʘʤʠ ʉɻʄ, 

ʩʦʯʝʪʘʥʠʝʤ ʉɻʄ ʩ ʤʦʟʞʝʯʢʦʚʦʡ ʘʪʘʢʩʠʝʡ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʠʣʠ 

ʬʘʪʘʣʴʥʦʡ ʢʦʤʦʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʪʷʞʝʣʳʤ ʦʪʝʢʦʤ ʤʦʟʛʘ (de Vries et al., 2007). ʅʘ ʢʣʝʪʦʯʥʳʭ 

ʤʦʜʝʣʷʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ CACNA1A ʧʨʠ ʉɻʄ I ʪʠʧʘ 

ʚʳʟʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʢʘʥʘʣʦʧʘʪʠʠ: ʥʘʨʫʰʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʦʥʥʦʛʦ ʢʘʥʘʣʘ, 

ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʢʠʥʝʪʠʢʠ ʠʣʠ ʩʪʨʫʢʪʫʨʳ (Cao et al., 2004; Hans et al., 1999; Kraus et al., 2000; 

Tottene et al., 2002), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʪʦʢʘ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʯʝʨʝʟ ʚʦʣʴʪʘʞ-

ʟʘʚʠʩʠʤʳʝ ʢʘʥʘʣʳ. ʀʟʤʝʥʝʥʥʳʝ ʢʘʣʴʮʠʝʚʳʝ ʢʘʥʘʣʳ ʦʪʢʨʳʚʘʶʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʤʝʥʴʰʝʛʦ ʫʨʦʚʥʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʢʠʤ ʪʠʧʦʤ, ʠ ʪʦʢ ʠʦʥʦʚ 

ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʜʝʧʦʣʷʨʠʟʘʮʠʠ (Pietrobon et al., 2010). 

ɹʦʣʝʝ ʪʦʛʦ, ʠʟʤʝʥʝʥʥʳʝ ʢʘʥʘʣʳ ʜʦʣʴʰʝ ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʢʠʤ 

ʪʠʧʦʤ. 

ɻʝʥ ATP1A2 ʢʦʜʠʨʫʝʪ Ŭ2 ʩʫʙʲʝʜʠʥʠʮʫ ʛʣʠʘʣʴʥʦʡ ʠ ʥʝʡʨʦʥʘʣʴʥʦʡ K+/Na+-ɸʊʌʘʟʳ, 

ʠ ʤʫʪʘʮʠʠ ʚ ʵʪʦʤ ʛʝʥʝ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʚʠʪʠʶ ʉɻʄ II ʪʠʧʘ (ʉɻʄ2). ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 

ʙʦʣʝʝ 50 ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ ATP1A2 (Maagdenberg et al., 2010). ʉʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ K+/Na+-

ɸʊʌʘʟʳ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʦʙʨʘʪʥʦʛʦ ʟʘʭʚʘʪʘ ʢʣʝʪʢʘʤʠ ʛʣʠʠ ʠʦʥʦʚ ʢʘʣʠʷ ʠ 

ʛʣʫʪʘʤʘʪʘ ʠʟ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ. 

ɻʝʥ SCN1ɸ, ʤʫʪʘʮʠʠ ʚ ʢʦʪʦʨʦʤ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʚʠʪʠʶ ʉɻʄ III ʪʠʧʘ (ʉɻʄ3), 

ʢʦʜʠʨʫʝʪ ʩʪʨʫʢʪʫʨʫ ʬʦʨʤʠʨʫʶʱʝʡ ʧʦʨʫ Ŭ1-ʩʫʙʲʝʜʠʥʠʮʳ ʚʦʣʴʪʘʞ-ʟʘʚʠʩʠʤʳʭ ʥʘʪʨʠʝʚʳʭ 

ʢʘʥʘʣʦʚ (Nav1.1). ʕʪʦʪ ʪʠʧ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʪʝʣʝ ʠ 

ʧʨʦʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʠ ʜʝʥʜʨʠʪʦʚ ʠʥʛʠʙʠʨʫʶʱʠʭ ʚʩʪʘʚʦʯʥʳʭ ʥʝʡʨʦʥʦʚ (Yu et al., 2006). 

ʇʦʜʦʙʥʦʝ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ Nav1.1-ʢʘʥʘʣʦʚ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ 

ʛʠʧʝʨʚʦʟʙʫʜʠʤʦʩʪʠ ʜʝʥʜʨʠʪʦʚ, ʚʘʞʥʝʡʰʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʙʥʘʨʫʞʝʥʦ 8 ʤʫʪʘʮʠʡ ʵʪʦʛʦ ʛʝʥʘ. ʄʫʪʘʮʠʷ Gln1489Lys ʧʨʠʚʦʜʠʪ ʢ 

ʫʩʢʦʨʝʥʠʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʙʳʩʪʨʦʡ ʙʣʦʢʘʜʳ Nav1.1-ʢʘʥʘʣʦʚ, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʧʦʚʳʰʝʥʠʝ ʥʝʡʨʦʥʘʣʴʥʦʡ ʚʦʟʙʫʜʠʤʦʩʪʠ (Dichgans et al., 2005). 

ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ, ʥʘʤʠ ʧʦʩʪʨʦʝʥʳ ʩʭʝʤʳ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʠʯʠʥʳ ʠ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʘʫʨʳ ʠ 

ʈʂɼ, ʚ ʩʣʫʯʘʝ ʩʝʤʝʡʥʦʡ ʛʝʤʠʧʣʝʛʠʯʝʩʢʦʡ ʤʠʛʨʝʥʠ. ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 5, ʛʜʝ ʙʝʣʳʤ ʮʚʝʪʦʤ ʦʪʤʝʯʝʥʳ ʙʝʣʢʠ CACNA1A, ATP1A2 ʠ SCN1A. 
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ʈʠʩʫʥʦʢ 5. ʉʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʚʝʜʫʱʠʝ ʢ ʨʘʟʚʠʪʠʶ ʢʦʨʢʦʚʦʡ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ 

ʜʝʧʨʝʩʩʠʠ => ʘʫʨʝ ʠ ʚʘʟʦʜʠʣʘʪʘʮʠʠ = ʙʦʣʠ. ɺʳʙʝʣʝʥʳ ï ʙʝʣʢʠ ʩ ʧʦʪʝʨʝʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ʇʦʜʩʚʝʯʝʥʳ ʢʨʘʩʥʳʤ ï ʤʦʣʝʢʫʣʳ ʠ ʧʨʦʮʝʩʩʳ ʩ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

 

ɺ ʩʣʫʯʘʝ ʉɻʄ1 ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʣʠʷʥʠʶ ʚʝʟʠʢʫʣ ʩ ʤʝʤʙʨʘʥʦʡ ʠ ʚʳʙʨʦʩʫ ʛʣʫʪʘʤʘʪʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʱʝʣʴ. ʇʨʠ ʉɻʄ2 
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ʩʥʠʞʝʥʠʝ ʠʣʠ ʧʦʪʝʨʷ ʘʢʪʠʚʥʦʩʪʠ ʘʢʪʠʚʘʮʠʠ K+/Na+-ɸʊʌʘʟʳ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ 

ʢʘʣʠʷ ʚ ʤʝʞʢʣʝʪʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʥʘʪʨʠʷ ʚʥʫʪʨʠ ʢʣʝʪʢʠ. ʕʪʦ ʥʘʨʫʰʘʝʪ ʨʘʙʦʪʫ 

ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʛʣʫʪʘʤʘʪʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʣʫʪʘʤʘʪʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ. 

ʄʫʪʘʮʠʷ ʚ ʛʝʥʝ ʉɻʄ3 ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʪʨʘʥʩʧʦʪʘ ʥʘʪʨʠʷ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ, ʯʪʦ ʚʝʜʝʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ ʠ ʚʳʙʨʦʩʫ ʛʣʫʪʘʤʘʪʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʱʝʣʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʚ ʥʘʰʝʡ ʩʭʝʤʝ ʷʚʣʷʝʪʩʷ ʧʘʪʘʣʦʛʠʯʝʩʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʠ ʚʩʝʭ ʪʠʧʭ ʉɻʄ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʫʪʘʤʘʪʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ. ɼʘʣʴʰʝ ʧʨʠ ʚʩʝʭ 

ʪʠʧʘʭ ʉɻʄ ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʨʦʮʝʩʩʳ ʠʜʫʪ ʦʜʠʥʘʢʦʚʦ. 

ɻʣʫʪʘʤʘʪ ʘʢʪʠʚʠʨʫʝʪ NMDA ʨʝʮʝʧʪʦʨʳ ʥʘ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʥʝʡʨʦʥʘʭ. 

ɸʢʪʠʚʘʮʠʷ NMDA ʨʝʮʝʧʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʤʝʤʙʨʘʥʳ, ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʳʙʨʦʩʘ ʢʘʣʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʣʝʪʢʠ ʠʟ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɻʠʧʝʨ 

ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʈʂɼ ï ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʢʣʝʪʦʢ ʤʦʟʛʘ. ɸʫʨʘ, ʧʨʝʜʰʝʩʪʚʫʶʱʘʷ ʤʠʛʨʝʥʦʟʥʦʤʫ ʧʨʠʩʪʫʧʫ, ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʢʦʨʢʦʚʦʡ ʜʝʧʨʝʩʩʠʠ. ʊʘʢʞʝ ʚʳʙʨʦʩ ʢʘʣʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʚʘʟʦʢʦʥʩʪʠʨʠʢʮʠʠ ʙʣʠʞʘʡʰʠʭ ʩʦʩʫʜʦʚ. ʇʦ ʜʘʥʥʳʤ ʥʝʢʦʪʦʨʳʭ ʘʚʪʦʨʦʚ, ʚʘʟʦʢʦʥʩʪʨʠʢʮʠʷ 

ʧʨʝʜʰʝʩʪʚʫʝʪ ʙʦʣʠ ʠ ʚʘʟʦʜʠʣʘʪʘʮʠʠ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ 

ʢʦʨʢʦʚʦʡ ʜʝʧʨʝʩʩʠʝʡ (Gunner et al., 2008; Viola et al., 2012). ɼʘʣʝʝ ʯʝʨʝʟ NMDA ʨʝʮʝʧʪʦʨʳ 

ʧʨʦʠʩʭʦʜʠʪ ʠʥʜʫʢʮʠʷ ʩʠʥʪʝʟʘ ʦʢʩʠʜʘ ʘʟʦʪʘ (NO), ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ 

ʚʳʙʨʦʩʫ CGRP (CALCA) ʠ, ʚʤʝʩʪʝ, ʦʥʠ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʚʠʪʠʶ ʚʘʟʦʜʠʣʘʪʘʮʠʠ ʠ ʙʦʣʠ. 

ʉʣʝʚʘ ʠʟʦʙʨʘʞʝʥ ʮʠʢʣ ʛʣʫʪʘʤʘʪ-ʛʣʫʪʘʤʠʥ-ʛʣʫʪʘʤʘʪ. ʉʠʥʪʝʟ ʛʣʫʪʘʤʘʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʥʝʡʨʦʥʘʭ (ʬʝʨʤʝʥʪ GLS ï ʛʣʫʪʘʤʠʥʘʟʘ). ʋʜʘʣʝʥʠʝ ʠʟ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʱʝʣʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʘʩʪʨʦʮʠʪʳ. ɺ ʘʩʪʨʦʮʠʪʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʚʦʜ ʛʣʫʪʘʤʘʪʘ ʚ ʛʣʫʪʘʤʠʥ ʩ 

ʫʯʘʩʪʠʝʤ ɸʊʌ, NH3 ʠ ʬʝʨʤʝʥʪʘ GLUL (ʛʣʫʪʘʤʘʪ-ʘʤʤʦʥʠʡ ʣʠʛʘʟʘ). ɼʘʣʴʰʝ ʛʣʫʪʘʤʠʥ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʘ ʟʘʪʝʤ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʥʝʡʨʦʥʘʤʠ, ʛʜʝ 

ʩʥʦʚʘ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʛʣʫʪʘʤʘʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʚʩʝʭ ʬʦʨʤ 

ʩʝʤʝʡʥʦʡ ʛʝʤʠʧʣʝʛʠʯʝʩʢʦʡ ʤʠʛʨʝʥʠ. ʅʦʚʠʟʥʘ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʷʚʣʝʥʠʠ 

ʦʙʱʝʡ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ï ʠʟʙʳʪʢʘ ʛʣʫʪʘʤʘʪʘ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ, ʜʘʣʝʝ ʨʝʘʣʠʟʫʶʱʝʛʦ ʧʨʦʮʝʩʩʳ, ʚʝʜʫʱʠʝ ʢ ʦʩʥʦʚʥʳʤ ʩʠʤʧʪʦʤʘʤ 

ʤʠʛʨʝʥʠ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʦʪʧʨʘʚʥʘʷ ʪʦʯʢʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʭʝʤ 

ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʦʙʳʯʥʦʡ ʤʠʛʨʝʥʠ. 
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3.2.2. ɻʠʧʦʪʝʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʠʛʨʝʥʠ 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʭʝʤ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʠʛʨʝʥʠ, ʤ  rʦʧʠʨʘʣʠʩʴ ʥʘ 

ʠʤʝʶʱʠʝʩʷ ʫ ʥʘʩ ʩʭʝʤʳ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʉɻʄ. ʆʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ: 

ʩʦʩʫʜʠʩʪʘ ̫ʪʝʦʨʠʷ ʤʠʛʨʝʥʠ, ʨʦʣʴ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʢʦʨʢʦʚʦʡ ʜʝʧʨʝʩʩʠʠ ʥʘ ʥʘʯʘʣʴʥʳʭ 

ʵʪʘʧʘʭ ʧʨʠʩʪʫʧʘ, ʫʯʘʩʪʠʝ ʚ ʧʘʪʦʛʝʥʝʟʝ ʤʠʛʨʝʥʠ ʛʣʫʪʘʤʘʪʘ ʠ ʜʦʬʘʤʠʥʘ. ɼʨʫʛʦʡ ʢʨʠʪʝʨʠʡ, 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʚʰʠʡ ʩʪʨʘʪʝʛʠʶ ʨʘʙʦʪʳ, - ʧʦʤʝʩʪʠʪʴ ʥʘ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ ʢʘʢ ʤʦʞʥʦ 

ʙʦʣʴʰʝ ʤʦʣʝʢʫʣ ʠʟ ʩʦʟʜʘʥʥʦʛʦ ʥʘʤʠ ʩʧʠʩʢʘ. ʅʠʞʝ (ʨʠʩ. 6, 7, 8, 9, 10, 11, 12, 13) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ. ʅʘ ʚʩʝʭ ʨʠʩʫʥʢʘʭ ʙʝʣʳʤ ʚʳʜʝʣʝʥʳ ʙʝʣʢʠ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥ ʧʦʣʠʤʦʨʬʠʟʤ ʢʦʜʠʨʫʶʱʠʭ ʛʝʥʦʚ (ʠʟ ʩʦʩʪʘʚʣʝʥʥʦʛʦ ʥʘʤʠ ʩʧʠʩʢʘ), ʘ 

ʢʨʘʩʥʳʤ ʧʦʜʩʚʝʯʝʥʳ ʤʦʣʝʢʫʣʳ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʦʨʤʝ ʢʦʣʠʯʝʩʪʚʦʤ, 

ʩʠʥʠʤ ï ʩ ʫʤʝʥʴʰʝʥʥʳʤ. 

ʌʦʣʘʪʥʳʡ ʮʠʢʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʢʘʩʢʘʜʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ 

ʬʝʨʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʠʟʚʦʜʥʳʝ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ. 

ʂʣʠʥʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʛʦʤʦʮʠʩʪʝʠʥʘ ʚ ʧʣʘʟʤʝ ʚʢʣʶʯʘʶʪ 

ʧʦʚʨʝʞʜʝʥʠʷ ʵʥʜʦʪʝʣʠʷ ʢʣʝʪʦʢ, ʩʧʦʥʪʘʥʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʢʣʝʪʦʢ ʪʨʦʡʥʠʯʥʦʛʦ ʥʝʨʚʘ ʠ 

ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʘʛʫʣʷʮʠʦʥʳʭ ʩʚʦʡʩʪʚʘʭ ʢʨʦʚʠ (Hering-Hanit, 2001). ʉʧʦʥʪʘʥʥʦʝ 

ʚʦʟʙʫʞʜʝʥʠʝ ʪʨʦʡʥʠʯʥʳʭ ʢʣʝʪʦʢ ʧʨʠʚʦʜʠʪ ʢ ʚʦʩʧʘʣʝʥʠʶ ʚ ʤʦʟʛʦʚʳʭ ʦʙʦʣʦʯʢʘʭ ʠ 

ʨʘʩʰʠʨʝʥʠʶ ʩʦʩʫʜʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʠ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʘʩʪʠʯʥʦ ʚʳʟʳʚʘʶʪ ʙʦʣʴ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʤʠʛʨʝʥʴʶ (Parsons, 2003). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʠ ʛʦʤʦʮʠʩʪʝʠʥʘ 

ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʩʢʣʦʥʥʦʩʪʴ ʧʘʮʠʝʥʪʘ ʢ ʨʘʟʚʠʪʠʶ ʤʠʛʨʝʥʠ. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ 

ʵʥʜʦʪʝʣʠʷ ʩʦʩʫʜʦʚ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʧʝʨʦʢʩʠʜʥʳʭ ʘʥʠʦʥʦʚ (ʘʚʪʦʦʢʠʩʣʝʥʠʝ 

ʛʦʤʦʮʠʩʪʝʠʥʘ) ʪʘʢʞʝ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʤʠʛʨʝʥʠ ʠ ʜʨʫʛʠʭ ʩʦʩʫʜʠʩʪʳʭ 

ʥʘʨʫʰʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʠʥʩʫʣʴʪ (Das, 2003). 
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ʈʠʩʫʥʦʢ 6. ʎʠʢʣ ʬʦʣʘʪʦʚ. ʆʧʠʩʘʥʠʝ ʚ ʪʝʢʩʪʝ. ɻʦʤʦʮʠʩʪʝʠʥ ʧʦʜʩʚʝʯʝʥ ʢʨʘʥʳʤ ï 

ʥʘʙʣʶʜʘʝʪʩʷ ʝʛʦ ʠʟʙʳʪʦʢ. 

 

ɺ ʮʠʢʣ ʬʦʣʘʪʦʚ ʚʭʦʜʠʪ 4 ʬʝʨʤʝʥʪʘ, ʚ ʛʝʥʘʭ, ʢʦʪʦʨʳʭ ʦʙʥʘʨʫʞʝʥʳ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʤʠʛʨʝʥʴʶ ʤʫʪʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʛʝʥ MTHFR, 

ʢʦʜʠʨʫʶʱʠʡ ʬʝʨʤʝʥʪ 5,10-ʤʝʪʠʣʝʥʪʝʪʨʘʛʠʜʨʦʬʦʣʘʪ ʨʝʜʫʢʪʘʟʫ. ʄʫʪʘʮʠʠ ʚ ʥʝʤ ʧʨʠʚʦʜʷʪ ʢ 

ʛʠʧʝʨʛʦʤʦʮʠʩʪʝʠʥʝʤʠʠ ʠ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩʦ ʤʥʦʛʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. 

ɻʠʧʝʨʛʦʤʦʮʠʩʪʝʠʥʝʤʠʷ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʘʢʦʧʣʝʥʠʷ ʛʦʤʦʮʠʩʪʝʠʥʘ, ʢʦʪʦʨʦʝ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʝʘʢʮʠʠ ï 5-ʤʝʪʠʣʪʝʪʨʘʛʠʜʨʦʬʦʣʘʪʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʟʘʤʝʥʳ ʉ677ʊ ʚ ʚʳʙʦʨʢʝ ʧʘʮʠʝʥʪʦʚ ʩ ʤʠʛʨʝʥʴʶ 

ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ ʯʘʩʪʦʪʳ ʟʘʤʝʥʳ ʚ ʚʳʙʦʨʢʝ ʟʜʦʨʦʚʳʭ ʣʠʮ (Kara et al., 2003; Lea et al., 
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2004; de Tommaso et al., 2007; Azimova et al., 2010). ʄʝʞʜʫ ʪʝʤ, ʛʦʤʦʮʠʩʪʝʠʥ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʩʦʩʫʜʦʚ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʥʘ ʠʭ ʩʦʢʨʘʱʝʥʠʝ, ʯʪʦ ʥʝ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʩʦʩʫʜʠʩʪʦʡ ʪʝʦʨʠʝʡ ʧʘʪʦʛʝʥʝʟʘ ʤʠʛʨʝʥʠ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʰʠʤ ʢʦʣʣʝʢʪʠʚʦʤ 

(Sergeev et al., 2011) ʠ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʥʘʣʠʯʠʝ ʟʘʤʝʥʳ ʚ 

ʛʝʥʝ MTHFR ʢʦʨʨʝʣʠʨʫʝʪ ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʚʳʰʝʥʥʳʤ ʨʠʩʢʦʤ ʨʘʟʚʠʪʠʷ ʤʠʛʨʝʥʠ ʩ ʘʫʨʦʡ, ʥʦ 

ʠ ʮʝʣʳʤ ʨʷʜʦʤ ʩʠʤʧʪʦʤʦʚ, ʦʪʷʛʯʘʶʱʠʭ ʪʝʯʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ (ʪʦʰʥʦʪʘ, ʬʦʪʦ- ʠ 

ʬʦʥʦʬʦʥʦʬʦʙʠʷ), ʘ ʪʘʢʞʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫ ʙʦʣʴʥʳʭ. 

ʄʫʪʘʮʠʠ ʚ ʛʝʥʘʭ TYMS ʠ MTHFD1, ʢʦʜʠʨʫʶʱʠʭ ʪʠʤʠʜʠʣʘʪ ʩʠʥʪʘʟʫ ʠ 

ʤʝʪʠʣʝʥʪʝʪʨʘʛʠʜʨʦʬʦʣʘʪ ʜʝʛʠʜʨʦʛʝʥʘʟʫ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʪʘʢ ʞʝ 

ʦʪʚʝʯʘʶʪ ʟʘ ʧʘʪʦʛʝʥʝʟ ʤʠʛʨʝʥʠ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʤʫʪʘʮʠʝʡ ʚ ʛʝʥʝ MTHFR (Oterino et al., 

2005). ʀʟʤʝʥʝʥʠʷ ʚ ʛʝʥʘʭ TYMS ʠ MTHFD1 ʪʘʢʞʝ ʧʨʠʚʦʜʷʪ ʢ ʥʘʨʫʰʝʥʠʶ ʬʦʣʘʪʥʦʛʦ ʮʠʢʣʘ 

ʠ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ 5-ʤʝʪʠʣʪʝʪʨʘʛʠʜʨʦʬʦʣʘʪʘ, ʫʯʘʩʪʥʠʢʘ ʨʝʘʢʮʠʠ ʩ ʛʦʤʦʮʠʩʪʝʠʥʦʤ. 

ʌʝʨʤʝʥʪ MTR ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʝʤʝʪʠʣʠʨʦʚʘʥʠʝ ʛʦʤʦʮʠʩʪʝʠʥʘ ʚ ʤʝʪʠʦʥʠʥ ʧʫʪʝʤ 

ʧʝʨʝʜʘʯʠ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʦʪ 5-MTHF ʛʦʤʦʮʠʩʪʝʠʥʫ (Fowler, 2001). ʈʝʘʢʮʠʷ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʤʝʪʠʦʥʠʥʦʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ S-ʘʜʝʥʦʟʠʣʤʝʪʠʦʥʠʥ (SAM), ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʜʦʥʦʨʘ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ (Sharp and Little, 2004). ʂʦʙʘʣʘʤʠʥ (cobalamin) ʜʝʡʩʪʚʫʝʪ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʬʘʢʪʦʨʘ ʜʣʷ ʵʪʦʡ ʨʝʘʢʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩ, cobalamin-MTR, ʩʚʷʟʳʚʘʝʪ 

ʤʝʪʠʣʴʥʫʶ ʛʨʫʧʧʫ ʠʟ 5-methyl-THF ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ methylcobalamin-MTR, ʢʦʪʦʨʳʡ 

ʧʝʨʝʜʘʝʪ ʤʝʪʠʣʴʥʫʶ ʛʨʫʧʧʫ ʛʦʤʦʮʠʩʪʝʠʥʫ, ʦʩʪʘʚʣʷʷ cobalamin-MTR. ʄʝʪʠʦʥʠʥ ʩʠʥʪʘʟʘ 

ʨʝʜʫʢʪʘʟʘ (MTRR) ʘʢʪʠʚʠʨʫʝʪ ʢʦʤʧʣʝʢʩ methylcobalamin-MTR ʧʫʪʝʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʷ AdoMet ʢʘʢ ʤʝʪʠʣʴʥʳʡ ʜʦʥʦʨ (Leclerc et al., 1998).  

ɺʠʪʘʤʠʥ D ʠ ʝʛʦ ʨʝʮʝʧʪʦʨ ʚʣʠʷʶʪ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʬʦʣʘʪʘ ʢʣʝʪʢʘʤʠ. ʄʫʪʘʮʠʠ ʚ 

ʨʝʮʝʧʪʦʨʝ ʚʠʪʘʤʠʥʘ D (VDR), ʪʘʢʞʝ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʤʠʛʨʝʥʴʶ, ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʤʫʪʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʧʦʚʳʰʝʥʠʶ ʛʦʤʦʮʠʩʪʝʠʥʘ ʚ 

ʢʨʦʚʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʝʜʝʪ ʢ ʩʚʷʟʘʥʥʳʤ ʩ ʨʘʟʚʠʪʠʝʤ ʤʠʛʨʝʥʠ ʧʨʦʮʝʩʩʘʤ: ʠʟʤʝʥʝʥʠʷ 

ʪʦʥʫʩʘ ʩʦʩʫʜʦʚ, ʫʩʠʣʝʥʠʝ ʥʝʡʨʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʝʨʝʜʘʯʠ ʠʤʧʫʣʴʩʘ ʥʝʡʨʦʥʘʤʠ, ʘ 

ʪʘʢʞʝ ʬʦʨʤʠʨʫʶʱʝʡ ʘʫʨʫ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʤʝʤʙʨʘʥ. 
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ʈʠʩʫʥʦʢ 7. ʉʠʥʪʝʟ ʠ ʮʠʨʢʫʣʷʮʠʷ ʜʦʬʘʤʠʥʘ. ʆʧʠʩʘʥʠʝ ʚ ʪʝʢʩʪʝ. ɼʦʬʘʤʠʥ ʧʦʜʩʚʝʯʝʥ 

ʞʸʣʪʳʤ ʮʚʝʪʦʤ ʜʣʷ ʣʫʯʰʝʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. 

 

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʫʪʠ ʙʠʦʩʠʥʪʝʟʘ ʠ ʚʳʙʨʦʩʘ ʜʦʬʘʤʠʥʘ. ʇʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʩʚʷʟʴ ʩ ʤʠʛʨʝʥʴʶ ʧʦʢʘʟʘʥʘ ʜʣʷ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʬʝʨʤʝʥʪʳ 

ʩʠʥʪʝʟʘ ʜʦʬʘʤʠʥʘ: ʜʦʬʘʤʠʥ-ʙʝʪʘ ʛʠʜʨʦʢʩʠʣʘʟʘ (DBH), ʪʠʨʦʟʠʥ ʛʠʜʨʦʢʩʠʣʘʟʘ (TH), 

ʤʦʥʦʘʤʠʥʦʢʩʠʜʘʟʘ ɸ (MAOA) ʠ ʢʘʪʝʭʦʣ-ʆ-ʤʝʪʠʣʪʨʘʥʩʬʝʨʘʟʘ (COMT). ʄʫʪʘʮʠʠ ʚ ʛʝʥʘʭ 

DBH, COMT ʠ MAOA ʧʨʠʚʦʜʷʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʜʦʬʘʤʠʥʘ, ʪʦʛʜʘ ʢʘʢ 

ʤʫʪʘʮʠʷ ʚ ʛʝʥʝ TH, ʥʘʦʙʦʨʦʪ, ʩʥʠʞʘʝʪ ʝʛʦ ʩʠʥʪʝʟ. ʄʫʪʘʮʠʷ ʚ ʛʝʥʝ, ʢʦʜʠʨʫʶʱʝʤ 

ʧʝʨʝʥʦʩʯʠʢ ʜʦʬʘʤʠʥʘ (SLC6A3), ʩʥʠʞʘʝʪ ʦʙʨʘʪʥʳʡ ʟʘʭʚʘʪ ʜʦʬʘʤʠʥʘ, ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʤʫʪʘʮʠʷ ʚ ʛʝʥʝ DRD2, ʢʦʜʠʨʫʶʱʝʤ D2 ʨʝʮʝʧʪʦʨ ʜʦʬʘʤʠʥʘ. ʂʦʨʦʪʢʘʷ ʠʟʦʬʦʨʤʘ ʵʪʦʛʦ 

ʨʝʮʝʧʪʦʨʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʠ ʨʝʛʫʣʠʨʫʝʪ ʦʙʨʘʪʥʳʡ ʟʘʭʚʘʪ ʠ 

ʚʳʙʨʦʩ ʜʦʬʘʤʠʥʘ ʧʦ ʧʨʠʥʮʠʧʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʆʩʥʦʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʚʳʙʨʦʩʘ ʠ 

ʦʙʨʘʪʥʦʛʦ ʟʘʭʚʘʪʘ ʜʦʬʘʤʠʥʘ ʷʚʣʷʝʪʩʷ ʭʦʣʠʮʠʩʪʦʢʠʥʠʥʝʨʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʧʨʦʜʫʢʪʦʚ ʛʝʥʘ ʧʨʝʧʨʦʭʦʣʠʮʠʩʪʦʢʠʥʠʥʘ (CCK) ʠ ʜʚʫʭ ʨʝʮʝʧʪʦʨʦʚ CCK. ʉʣʝʜʫʝʪ 


