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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ 

ɸɯɿ    ï ʘʫʪʦʽʤʫʥʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ 

ɼʂ    ï ʜʝʥʜʨʠʪʥʽ ʢʣʽʪʠʥʠ 

ɻʂ    - ʛʣʶʢʦʢʦʨʪʠʢʦʾʜʠ 

ɿɿʂ    ï ʟʘʧʘʣʴʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʢʠʰʝʯʥʠʢʘ 

ɿʃɺ (LFV)   ï ʟʘʧʦʚʥʝʥʽ ʣʽʤʬʦʮʠʪʘʤʠ ʚʦʨʩʠʥʢʠ (Lymphocyte - filled villi)  

ɯʃ    ï ʽʥʪʝʨʣʝʡʢʽʥ  

ɯʄʇ    ï ʽʤʫʥʦʧʨʦʪʝʘʩʦʤʘ 

ʂɸʃʊ   ï ʢʠʰʢʦʚʦ-ʘʩʦʮʽʡʦʚʘʥʘ ʣʠʤʬʦʾʜʥʘ ʪʢʘʥʠʥʘ 

ʂʘʥ    ï ʢʘʥʘʤʽʮʠʥ 

ʂʍ (ʂʭʣ)   - ʢʘʪʝʭʦʣʘʤʽʥʠ 

ʃɹ    ï ʣʘʢʪʦʙʘʢʪʝʨʠʥ 

ʃʌ (LF)   ï ʣʽʤʬʦʾʜʥʽ ʬʦʣʽʢʫʣʠ ɿʃɺ 

ʄʂɸʊ   ï ʤʦʥʦʢʣʦʥʘʣʴʥʽ ʘʥʪʠʪʽʣʘ  

ʇɸʄʇ (ʈAMP)  ï ʧʘʪʦʛʝʥ - ʘʩʦʮʽʡʦʚʘʥ ̔ʤʦʣʝʢʫʣʷʨʥʽ ʦʙʨʘʟʠ 

ʇʈʈ (PRR)   ï ʦʙʨʘʟ - ʨʦʟʧʽʟʥʘʶʯʠ ʨʝʮʝʧʪʦʨʠ  

ʉɽʈ (ER stress)  ï ʩʪʨʝʩ ʝʥʜʦʧʣʘʟʤʘʪʠʯʥʦʛʦ ʨʝʪʠʢʫʣʫʤʫ 

ʉɿ    ï ʩʫʙȭʝʧʽʪʝʣʽʘʣʴʥʘ ʟʦʥʘ ɿʃɺ 

ʍʉʉ    ï ʭʨʦʥʽʯʥʠʡ ʩʦʮʽʘʣʴʥʠʡ ʩʪʨʝʩ 

ʑʇ    ï ʱʽʣʴʥʽʩʪʴ ʧʦʧʫʣʷʮʽʾ 

Adrɓ2   - ɓ2-ʘʜʨʝʥʝʨʛʽʯʥʽ ʨʝʮʝʧʪʦʨʠ 

LMP2   ï ʽʤʫʥʥʘ ʩʫʙʦʜʠʥʠʮʷ ʧʨʦʪʝʘʩʦʤʠ 2 

NF-kB   ï ʥʫʢʣʝʘʨʥʠʡ ʬʘʢʪʦʨ əB 

Nlrp3    ï ʩʫʙʦʜʠʥʠʮʷ ʽʥʬʣʘʤʘʩʦʤʠ 

Nr3c1    - ʛʣʶʢʦʢʦʨʪʠʢʦʾʜʥʠʡ ʨʝʮʝʧʪʦʨ 

Th    ï ʊ ʭʝʣʧʝʨʠ 

TLR    ï Toll ï ʧʦʜʽʙʥʽ ʨʝʮʝʧʪʦʨʠ 

Treg    ï ʊ-ʨʝʛʫʣʷʪʦʨʥʽ ʢʣʽʪʠʥʠ 

TNFŬ    ï ʬʘʢʪʦʨ ʥʝʢʨʦʟʫ ʧʫʭʣʠʥ Ŭ 

UPR    ï ʚʽʜʧʦʚʽʜʴ ʥʘ ʥʝʟʛʦʨʥʫʪʽ ʙʽʣʢʠ (unfolded protein response) 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʍʨʦʥʽʯʥʠʡ ʩʦʮʽʘʣʴʥʠʡ ʩʪʨʝʩ (ʍʉʉ) ʻ ʥʝʚʽʜ'ʻʤʥʦʶ 

ʯʘʩʪʠʥʦʶ ʩʫʯʘʩʥʦʛʦ ʞʠʪʪʷ [185]. ʉʠʪʫʘʮʽʷ, ʱʦ ʩʢʣʘʣʘʩʷ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚ 

ʫʢʨʘʾʥʩʴʢʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʩʦʮʽʘʣʴʥʦʾ ʥʘʧʨʫʛʠ, ʧʨʠ 

ʷʢʠʭ ʩʪʨʝʩʦʚʽ ʫʤʦʚʠ ʥʘʙʫʚʘʶʪʴ ʟʘʪʷʞʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ʍʉʉ ʟʜʘʪʝʥ ʚʠʢʣʠʢʘʪʠ ʟʥʘʯʥʽ 

ʧʦʨʫʰʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʫ ʥʝʡʨʦʝʥʜʦʢʨʠʥʥʽʡ ʩʠʩʪʝʤʽ, ʩʧʨʠʯʠʥʷʶʯʠ ʨʦʟʚʠʪʦʢ ʩʪʘʥʫ 

ʜʝʧʨʝʩʽʾ ʽ ʪʨʠʚʦʛʠ [22, 269], ʘʣʝ ʽ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʤʽʥ ʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʚʨʦʜʞʝʥʦʛʦ 

ʪʘ ʘʜʘʧʪʠʚʥʦʛʦ ʽʤʫʥʽʪʝʪʫ [126, 235]. ʉʪʨʝʩ-ʽʥʜʫʢʦʚʘʥʘ ʽʤʫʥʥʘ ʜʠʟʨʝʛʫʣʷʮʽʷ ʤʦʞʝ 

ʙʫʪʠ ʪʨʠʛʝʨʦʤ ʨʦʟʚʠʪʢʫ ʙʘʛʘʪʴʦʭ ʧʘʪʦʣʦʛʽʯʥʠʭ ʩʪʘʥʽʚ, ʚʢʣʶʯʘʶʯʠ ʮʫʢʨʦʚʠʡ ʜʽʘʙʝʪ 1 

ʪʠʧʫ (ʎɼ 1 ʪʠʧʫ) [234], ʟʘʧʘʣʴʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʢʠʰʢʽʚʥʠʢʫ (ɿɿʂ) [133], ʽʥʬʝʢʮʽʾ 

[194] ʽ ʧʫʭʣʠʥʠ [230].  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟ'ʷʚʠʣʠʩ ɹ ʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʍʉʉ 

ʟʤʽʥʶʻ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ ʜʝʥʜʨʠʪʥʠʭ ʢʣʽʪʠʥ (ɼʂ), ʮʠʪʦʪʦʢʩʠʯʥʠʭ 

ʣʽʤʬʦʮʠʪʽʚ ʽ ʊ-ʣʽʤʬʦʮʠʪʽʚ ʧʘʤ'ʷʪʽ, ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʤʈʅʂ ʽʥʪʝʨʬʝʨʦʥʫ (IFN)-ɔ ʪʘ 

IFN-Ŭ [194, 195, 229], ʧʨʠʩʢʦʨʶʻ ʜʦʟʨʽʚʘʥʥʷ ɼʂ, ʱʦ ʟʙʽʣʴʰʫʻ ʝʢʩʧʨʝʩʽʶ ʥʘ ʾʭ 

ʧʦʚʝʨʭʥʽ MHC I ʽ II, ʢʦ-ʩʪʠʤʫʣʷʪʦʨʥʠʭ ʤʦʣʝʢʫʣ CD80, CD86 ʽ CD44, ʧʽʜʩʠʣʶʻ 

ʝʢʩʧʨʝʩʽʶ TLR2 ʽ TLR4 ʤʘʢʨʦʬʘʛʘʤʠ ʩʝʣʝʟʽʥʢʠ [47]. ɺʠʢʣʠʢʘʥʽ ʍʉʉ ʟʤʽʥʠ 

ʘʩʦʮʽʡʦʚʘʥʽ ʟʽ ʟʥʠʞʝʥʥʷʤ ʨʽʚʥʷ ʮʠʨʢʫʣʶʶʯʠʭ Foxp3
+
T-ʨʝʛʫʣʷʪʦʨʥʠʭ ʢʣʽʪʠʥ [103], 

ʧʦʩʠʣʝʥʥʷʤ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʘʥʢʨʝʘʪʠʯʥʽ ʘʫʪʦʘʥʪʠʛʝʥʠ ʽ ʧʨʦʜʫʢʮʽʾ ʮʽʣʦʛʦ ʨʷʜʫ 

ʧʨʦʟʘʧʘʣʴʥʠʭ ʮʠʪʦʢʽʥʽʚ (Iʃ-6, Iʃ-17, IFNɔ, TNFŬ) [68]. ʇʦʢʘʟʘʥʘ ʨʦʣʴ ʍʉʉ ʷʢ 

ʪʨʠʛʝʨʘ ʪʘʢʠʭ ʘʫʪʦʽʤʫʥʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʷʢ ʨʝʚʤʘʪʦʾʜʥʠʡ ʘʨʪʨʠʪ, ʩʠʩʪʝʤʥʠʡ 

ʯʝʨʚʦʥʠʡ ʚʦʚʯʘʢ, ʘʫʪʦʽʤʫʥʥʠʡ ʪʠʨʝʦʾʜʠʪ ʪʘ ʽʥ. [84, 260].  

ɺ ʙʽʣʴʰʦʩʪʽ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʍʉʉ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʨʽʚʥʷ 

ʛʣʶʢʦʢʦʨʪʠʢʦʾʜʥʦʾ (ɻʂ) ʩʠʛʥʘʣʽʟʘʮʽʾ [93, 236, 249], ʘʣʝ ʤʦʣʝʢʫʣʷʨʥʽ ʤʝʭʘʥʽʟʤʠ ʮʴʦʛʦ 

ʷʚʠʱʘ ʧʦʚʥʽʩʪʶ ʥʝ ʟ'ʷʩʦʚʘʥʽ. ʇʨʠʯʠʥʘʤʠ ʨʦʟʚʠʪʢʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪʽ ʜʦ ɻʂ ʚ ʫʤʦʚʘʭ 

ʍʉʉ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾ ʤʈʅʂ Nr3c1 [145], ʛʝʥʝʪʠʯʥʠʡ 

ʧʦʣʽʤʦʨʬʽʟʤ ʛʝʥʘ Nr3c1, ʝʧʽʛʝʥʝʪʠʯʥʽ ʟʤʽʥʠ ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾ ʤʈʅʂ ɼʅʂ-

ʤʝʪʽʣʪʨʘʥʩʬʝʨʘʟ 3a ʽ 3b, ʤʈʅʂ ʛʽʩʪʦʥ-ʜʝʘʮʝʪʽʣʘʟʠ HDAC, ʮʽʣʦʾ ʥʠʟʢʠ ʤʽʢʨʦ-ʈʅʂ 

[144], ʱʦ ʤʦʞʝ ʥʽʚʝʣʶʚʘʪʠ ʽʤʫʥʦʩʫʧʨʝʩʠʚʥʽ ʝʬʝʢʪʠ ɻʂ, ʧʦʩʠʣʶʚʘʪʠ ʧʨʦʟʘʧʘʣʴʥʫ 
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ʩʠʛʥʘʣʽʟʘʮʽʶ ʚ ʢʠʰʝʯʥʠʢʫ ʽ ʱʝ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ ʽʥʜʫʢʫʚʘʪʠ ʨʝʟʠʩʪʝʥʪʥʽʩʪʴ ʜʦ ɻʂ. ɭ 

ʪʘʢʦʞ ʜʘʥʽ ʱʦʜʦ ʟʜʽʙʥʦʩʪ ̔ ɻʂ ʚ ʫʤʦʚʘʭ ʩʪʨʝʩʫ ʘʢʪʠʚʫʚʘʪʠ ʫʪʚʦʨʝʥʥʷ Nlrp3-

ʽʥʬʣʘʤʘʩʦʤʠ [102], ʚʽʜʧʦʚʽʜʘʣʴʥʦʾ ʟʘ ʜʦʟʨʽʚʘʥʥʷ Iʃ-1ɓ [118] ʽ ʟʜʘʪʥʦʾ ʧʨʠ 

ʛʽʧʝʨʘʢʪʠʚʘʮʽʾ ʟʤʽʱʫʚʘʪʠ Th1/Th17 ʙʘʣʘʥʩ ʚ ʩʪʦʨʦʥʫ Th17 ʚʽʜʧʦʚʽʜʽ [201].  

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤʠ ʝʬʝʢʪʦʨʥʠʤʠ ʛʦʨʤʦʥʘʤʠ ʧʽʜ ʯʘʩ ʩʪʨʝʩïʨʝʘʢʮʽʾ ʻ 

ʢʘʪʝʭʦʣʘʤʽʥʠ (ʂʍ), ʘ ʊ- ʽ ɺ-ʣʽʤʬʦʮʠʪʠ ʘʢʪʠʚʥʦ ʝʢʩʧʨʝʩʫʶʪʴ ɓ2-ʘʜʨʝʥʝʨʛʽʯʥʽ 

ʨʝʮʝʧʪʦʨʠ (Adrb2) ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ [246]. ʉʠʛʥʘʣʽʟʘʮʽʷ ʯʝʨʝʟ 

Adrb2 ʧʦʩʠʣʶʻ ʩʫʧʨʝʩʦʨʥʫ ʘʢʪʠʚʥʽʩʪʴ Treg, ʩʧʨʠʷʻ ʢʦʥʚʝʨʩʽʾ Foxp3
-
-ʢʣʽʪʠʥ ʫ Foxp3

+ 

ʽʥʜʫʮʠʙʝʣʴʥʽ Treg ï ʢʣʽʪʠʥʠ, ʟʙʽʣʴʰʫʶʯʠ ʝʢʩʧʨʝʩʽʶ ʥʝʛʘʪʠʚʥʦʾ ʢʦ-ʩʪʠʤʫʣʷʪʦʨʥʦʾ 

ʤʦʣʝʢʫʣʠ CTLA-4 [115], ʯʝʨʝʟ ʘʢʪʠʚʘʮʽʶ ʧʘʪʝʨʥ-ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʨʝʮʝʧʪʦʨʽʚ (ʇʈʈ) 

NOD2 ʽ TLR-2 ʽʥʜʫʢʫʻ ʊ-ʢʣʽʪʠʥʥʝ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʫ ʥʘʧʨʷʤʢʫ Th17 [187], ʘ TLR-

4-ʟʘʣʝʞʥʠʤ ʣhʷʭʦʤ ʽʥʜʫʢʫ ̒Nf-kB [170]. 

ɺʽʜʦʤʦ, ʱʦ ʢʠʰʢʦʚʦ-ʘʩʦʮʽʡʦʚʘʥʘ ʣʠʤʬʦʾʜʥʘ ʪʢʘʥʠʥʘ (ʂɸʃʊ) ʻ ʥʘʡʜʨʝʚʥʽʰʠʤ 

ʚʽʜʜʽʣʦʤ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʤʽʩʪʠʪʴ ʜʦ 80% ʚʩʽʭ ʣʽʤʬʦʮʠʪʽʚ ʽ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ 

ʢʦʤʝʥʩʘʣʴʥʦʾ ʪʘ ʧʘʪʦʛʝʥʥʦʾ ʤʽʢʨʦʬʣʦʨʠ [65], ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʘʪʦʛʝʥ ï ʘʩʦʮʽʡʦʚʘʥʠʭ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʧʘʪʝʨʥʽʚ (ʇɸʄʇ) ʷʢʦʾ ʯʝʨʝʟ ʮʽʣʫ ʥʠʟʢʫ ʇʈʈ (TLRs, NLRs, RLRs) 

ʬʦʨʤʫʻ ʩʪʘʥʦʚʣʝʥʥʷ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʮʴʦʛʦ ʨʝʛʽʦʥʫ ʪʘ ʩʠʣʫ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ [91]. 

ɿʤʽʥʠ ʝʢʩʧʨʝʩʽʾ TLR ʣʽʤʬʦʮʠʪʘʤʠ ʂɸʃʊ ʚ ʫʤʦʚʘʭ ʩʪʨʝʩʫ Nf-kB-ʟʘʣʝʞʥʠʤ ʰʣʷʭʦʤ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ. ʂɸʃʊ ʻ ʦʩʥʦʚʥʠʤ ʤʽʩʮʝʤ ʛʝʥʝʨʘʮʽʾ ʟʘ ʫʯʘʩʪʶ 

ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ ʽʥʜʫʮʠʙʝʣʴʥʠʭ ʊreg-ʢʣʽʪʠʥ (ʽʊreg) [41] ʽ ʨʝʟʝʨʚʫʘʨʦʤ ʧʫʣʘ Th17-

ʣʽʤʬʦʮʠʪʽʚ [131].  

ʍʉʉ ʟʜʘʪʝʥ ʥʝ ʪʽʣʴʢʠ ʧʦʨʫʰʫʚʘʪʠ ʙʘʣʘʥʩ ʤʽʞ Th17/Treg-ʢʣʽʪʠʥʘʤʠ [127], ʘ ʡ 

ʟʤʽʥʶʚʘʪʠ ʩʢʣʘʜ ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ [46, 256], ʷʢʘ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʧʣʠʚʘʻ ʥʘ 

ʨʽʚʝʥʴ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʨʽʟʥʠʭ ʩʫʙʧʦʧʫʣʷʮʽʡ ʊ-ʭʝʣʧʝʨʽʚ [136, 243]. ʂʘʪʝʭʦʣʘʤʽʥʠ, 

ʷʢʽ ʩʠʥʪʝʟʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʍʉʉ, ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʚ ʨʦʣʽ ʣʽʛʘʥʜʽʚ ʜʣʷ ʨʝʮʝʧʪʦʨʽʚ 

ʘʜʨʝʥʘʣʽʥ / ʥʦʨʘʜʨʝʥʘʣʽʥʦʚʦʾ (ɸɯ-3) ʩʠʩʪʝʤʠ ʢʚʦʨʫʤ-ʩʝʥʩʽʥʛʫ (QS) ʙʘʢʪʝʨʽʡ [83], ʱʦ 

ʩʧʨʠʡʤʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʩʪʘʪʥʶ ʜʣʷ ʘʪʘʢʠ ʱʽʣʴʥʽʩʪʴ 

ʙʘʢʪʝʨʽʘʣʴʥʦʾ ʧʦʧʫʣʷʮʽʾ ʪʘ ʽʥʜʫʢʫʻ ʾʭ ʪʨʘʥʩʣʦʢʘʮʽʶ ʚ ʂɸʃʊ ʟ ʛʽʧʝʨʘʢʪʠʚʘʮʽʻʶ 

ʩʧʦʯʘʪʢʫ ʚʨʦʜʞʝʥʦʾ, ʘ ʧʦʪʽʤ ʘʜʘʧʪʠʚʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ [160]. 



10 

 

ʉʪʨʝʩʠ ʨʽʟʥʦʾ ʝʪʽʦʣʦʛʽʾ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʨʫʰʝʥʴ ʬʦʣʜʠʥʛʫ ʙʽʣʢʽʚ, ʱʦ 

ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʩʪʨʝʩʫ ʝʥʜʦʧʣʘʟʤʘʪʠʯʥʦʛʦ ʨʝʪʠʢʫʣʫʤʫ (ʉɽʈ) [124] ʪʘ ʘʢʪʠʚʫʻ 

ʩʠʩʪʝʤʫ ñʚʽʜʧʦʚʽʜʽ ʥʘ ʥʝʟʛʦʨʥʫʪʽ ʙʽʣʢʠò (unfolded protein response, UPR) [271], ʘ 

ʚʘʞʣʠʚʠʤ ʤʘʨʢʝʨʦʤ ʘʢʪʠʚʘʮʽʾ ʩʠʛʥʘʣʴʥʦʛʦ IRE1-ʰʣʷʭʫ ʩʠʩʪʝʤʠ UPR ʻ 

ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʡ ʬʘʢʪʦʨ XBP1 [111]. ɿʤʽʥʠ ʝʢʩʧʨʝʩʽʾ XBP1 ʻ ʪʨʽʛʛʝʨʦʤ ʨʦʟʚʠʪʢʫ 

ʟʘʧʘʣʴʥʠʭ ʽ ɸɯɿ [163], ʘ XBP1-ʜʝʬʽʮʠʪʥʽ B-ʣʽʤʬʦʮʠʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʦʨʫʰʝʥʝ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʚ ʧʣʘʟʤʦʮʠʪʠ ʽ ʟʤʽʥʠ ʧʨʦʜʫʢʮʽʾ ɸʊ [78]. ɺʘʞʣʠʚʠʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ 

ʧʨʦʮʝʩʠʥʛʫ ʚʣʘʩʥʠʭ ʽ ʤʽʢʨʦʙʥʠʭ ɸɻ ̒ ʽʤʫʥʥʽ ʧʨʦʪʝʘʩʦʤʠ (ɯʄʇ) [174], ʷʢʽ ʝʬʝʢʪʠʚʥʦ 

ʛʝʥʝʨʫʶʪʴ ʽʤʫʥʦʜʦʤʽʥʘʥʪʥʽ ʝʧʽʪʦʧʠ ʚ ʤʽʩʮʷʭ ʟʘʧʘʣʝʥʥʷ [40], ʘ ʾʭ ʽʥʛʽʙʫʚʘʥʥʷ ʘʙʦ 

ʜʝʬʽʮʠʪ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʝʢʩʧʘʥʩʽʾ Th1 ʽ Th17-ʢʣʽʪʠʥ [149], ʟʥʠʞʫʻ 

ʚʠʨʦʙʥʠʮʪʚʦ Iʃ-17, ʨʽʚʝʥʴ ʤʈʅʂ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ Rorɔt ʪʘ ʩʧʨʠʷʻ 

ʨʦʟʚʠʪʢʫ Treg [265]. ʊʠʤ ʥʝ ʤʝʥʰ, ʧʨʦ ʭʘʨʘʢʪʝʨ ʝʢʩʧʨʝʩʽʾ ɯʄʇ ʪʘ XBP1 ʢʣʽʪʠʥʘʤʠ 

ʂɸʃʊ ʚ ʫʤʦʚʘʭ ʍʉʉ ʥʽʯʦʛʦ ʥʝ ʚʽʜʦʤʦ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʜʽʾ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʂɸʃʊ ʟʘ ʫʤʦʚ ʍʉʉ ʷʚʥʦ ʩʫʧʝʨʝʯʘʪʴ 

ʢʣʘʩʠʯʥʽʡ ʧʘʨʘʜʠʛʤʽ ʩʪʨʝʩʫ, ʱʦ ʚ ʫʤʦʚʘʭ ʧʦʩʠʣʝʥʥʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʽ ʨʝʮʝʧʪʦʨʽʚ ʜʦ 

ɻʂ [236, 249], ʤʦʞʝ ʧʨʦʚʦʢʫʚʘʪʠ ʥʝ ʽʤʫʥʦʩʫʧʨʝʩʽʶ, ʘ ʚʠʨʘʞʝʥʫ ʘʢʪʠʚʘʮʽʶ ʽʤʫʥʥʦʾ 

ʩʠʩʪʝʤʠ ʽ ʟʘʧʘʣʴʥʠʡ ʧʨʦʮʝʩ. ʊʝʤ ʥʝ ʤʝʥʰ, ʭʘʨʘʢʪʝʨ ʟʤʽʥ ʚʨʦʜʞʝʥʠʭ ʽ ʘʜʘʧʪʠʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʂɸʃʊ ʧʨʠ ʍʉʉ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʦʤʠʡ, ʪʦʤʫ ʟ'ʷʩʫʚʘʥʥʷ ʮʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʻ ʛʦʣʦʚʥʠʤ ʧʨʝʜʤʝʪʦʤ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʘʞʣʠʚʦ, ʱʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʦʜʝʣʽ ʨʽʟʥʠʭ ʩʪʨʝʩʽʚ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ɻʂ 

ʩʠʛʥʘʣʽʟʘʮʽʾ, ʻ ʭʨʦʥʽʯʥʠʤʠ ʽ ʧʩʠʭʦʩʦʮʽʘʣʴʥʠʤʠ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ [236, 237], ʷʢ ʽ 

ʣʶʜʩʴʢʽ ʩʪʨʝʩʦʨʠ, ʷʢʽ ʧʨʦʚʦʢʫʶʪʴ ʨʦʟʚʠʪʦʢ ʘʫʪʦʽʤʫʥʥʠʭ ʽ ʟʘʧʘʣʴʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. 

ʊʦʤʫ, ʩʘʤʝ ʍʉʉ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ 

ʚʠʚʯʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʚʠʢʣʠʢʘʥʠʭ ʩʪʨʝʩʦʤ ʟʘʭʚʦʨʶʚʘʥʴ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ɿɿʂ. 

ɿʚ'̫ʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɼʠʩʝʨʪʘʮʽʷ 

ʚʠʢʦʥʘʥʘ ʚ ɿʘʧʦʨʽʟʴʢʦʤʫ ʜʝʨʞʘʚʥʦʤʫ ʤʝʜʠʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʚ ʨʘʤʢʘʭ ʧʣʘʥʦʚʦʾ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʢʘʬʝʜʨʠ ʤʽʢʨʦʙʽʦʣʦʛʽʾ, ʚʽʨʫʩʦʣʦʛʽʾ ʪʘ ʽʤʫʥʦʣʦʛʽʾ (2013-

2017 ʨ.ʨ.) ʥʘ ʪʝʤʫ: ñʈʦʣʴ ʧʦʨʫʰʝʥʴ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥ ʣʽʤʬʦʾʜʥʦʛʦ ʪʘ ʝʧʽʪʝʣʽʘʣʴʥʦʛʦ 

ʢʦʤʧʘʨʪʤʝʥʪʽʚ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʩʣʠʟʦʚʠʭ ʦʙʦʣʦʥʦʢ ʚ ʨʦʟʚʠʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 
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ʧʘʪʦʣʦʛʽʾò (ˉ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0108U005113). ɿʜʦʙʫʚʘʯ ʻ ʩʧʽʚʚʠʢʦʥʘʚʮʝʤ ʪʝʤʠ.  

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟôʷʩʫʚʘʪʠ ʤʝʭʘʥʽʟʤʠ 

ʟʤʽʥ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʽʤʫʥʥʠʭ ʩʪʨʫʢʪʫʨ, ʘʩʦʮʽʡʦʚʘʥʠʭ ʟʽ ʩʣʠʟʦʚʠʤʠ 

ʦʙʦʣʦʥʢʘʤʠ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ ʚ ʫʤʦʚʘʭ ʍʉʉ ʽ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʩʢʣʘʜʫ 

ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʠʭ ʽ ʽʤʫʥʦʛʽʩʪʦʭʽʤʽʯʥʠʭ 

ʤʝʪʦʜʽʚ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ɿôʷʩʫʚʘʪʠ ʢʽʣʴʢʽʩʥʠʡ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ ʤʈʅʂ Nr3c1- ʽ Adrɓ2-ʨʝʮʝʧʪʦʨʽʚ, 

ʧʨʦʟʘʧʘʣʴʥʠʭ ʮʠʪʦʢʽʥʽʚ Iʃ-1ɓ, Iʃ-17Ŭ ʪʘ Nlrp3ïʩʫʙʦʜʠʥʠʮʽ ʽʥʬʣʘʤʘʩʦʤʠ ʚ ʂɸʃʊ 

ʱʫʨʽʚ ʚ ʫʤʦʚʘʭ ʍʉʉ.  

2. ɺʠʚʯʠʪʠ ʨʦʟʧʦʜʽʣ TLR2
+
-, TLR4

+
- ʽ Nf-əB

+
-ʣʽʤʬʦʮʠʪʽʚ ʚ ʣʽʤʬʦʾʜʥʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʢʣʫʙʦʚʦʾ ʢʠʰʢʠ ʫ ʱʫʨʽʚ ʚ ʫʤʦʚʘʭ ʍʉʉ ʽ ʧʽʩʣʷ ʚʚʝʜʝʥʴ ʘʥʪʠʙʽʦʪʠʢʫ ʽ 

ʧʨʦʙʽʦʪʠʢʫ. 

3. ɺʠʟʥʘʯʠʪʠ ʜʠʥʘʤʽʢʫ ʢʣʽʪʠʥʥʦʛʦ ʩʢʣʘʜʫ T-bet
+
 (ʊh1), GATA3

+
 (ʊh2), 

Rorɔt
+
 (Th17) ʽ Foxp3

+
-ʢʣʽʪʠʥ (Treg) ʚ ʣʽʤʬʦʾʜʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʢʣʫʙʦʚʦʾ ʢʠʰʢʠ ʚ ʮʠʭ 

ʞʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʛʨʫʧʘʭ ʪʚʘʨʠʥ. 

4. ɼʦʩʣʽʜʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʝʢʩʧʨʝʩʽʾ ʽʤʫʥʥʦʾ ʩʫʙʦʜʠʥʠʮʽ ʧʨʦʪʝʘʩʦʤʠ LMP2 

ʪʘ ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʝʩʫ ʝʥʜʦʧʣʘʟʤʘʪʠʯʥʦʛʦ ʨʝʪʠʢʫʣʫʤʫ XBP1 ʚ ʣʽʤʬʦʾʜʥʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ʢʣʫʙʦʚʦʾ ʢʠʰʢʠ ʚ ʮʠʭ ʞʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʛʨʫʧʘʭ ʪʚʘʨʠʥ. 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʭʘʥʽʟʤʠ ʽʤʫʥʥʠʭ ʧʦʨʫʰʝʥʴ ʚ ʂɸʃʊ ʫ ɦʫʨʽʚ, ʷʢʽ 

ʧʽʜʜʘʚʘʣʠʩʷ ʜʽʾ ʍʉʉ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʦʣʝʢʫʣʷʨʥʦ-ʧʘʪʦʬʽʟʽʦʣʦʛʽʯʥʽ ʽ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ 

ʩʪʘʥʫ ʢʦʤʧʦʥʝʥʪʽʚ ʂɸʃʊ ʚ ʫʤʦʚʘʭ ʍʉʉ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʧʘʪʦʬʽʟʽʦʣʦʛʽʯʥʽ (ʤʦʜʝʣʶʚʘʥʥʷ ʭʨʦʥʽʯʥʦʛʦ ʩʦʮʽʘʣʴʥʦʛʦ 

ʩʪʨʝʩʫ), ʛʽʩʪʦʣʦʛʽʯʥʽ, ʤʦʨʬʦʤʝʪʨʠʯʥʽ ʽ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʽ (ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʢʣʽʪʠʥ, 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ), ʽʤʫʥʦʛʽʩʪʦʭʽʤʽʯʥʽ ʡ ʽʤʫʥʦʬʣʶʦʨʝʩʮʝʥʪʥʽ 

(ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʽʤʫʥʦʧʦʟʠʪʠʚʥʠʭ ʢʣʽʪʠʥ), ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʽ (ʚʠʜʽʣʝʥʥʷ 

ʪʦʪʘʣʴʥʦʾ ʈʅʂ, ʦʪʨʠʤʘʥʥʷ ʢɼʅʂ, ʧʦʣʽʤʝʨʘʟʥʘ ʣʘʥʮʶʛʦʚʘ ʨʝʘʢʮʽʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

(ʇʃʈ-ʈʏ), ʩʪʘʪʠʩʪʠʯʥʽ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʧʝʨʰʝ ʚʠʷʚʣʝʥʦ ʚ 

ʫʤʦʚʘʭ ʍʉʉ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾ ʚ ʂɸʃʊ ʤʈʅʂ Nr3c1- ʽ Adrɓ2- ʨʝʮʝʧʪʦʨʽʚ ʪʘ 
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ʟʙʽʣʴʰʝʥʥʷ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʛʝʥʽʚ ʧʨʦʟʘʧʘʣʴʥʠʭ ʮʠʪʦʢʽʥʽʚ Iʃ-1ɓ, Iʃ-17Ŭ ʽ 

Nlrp3ï̔ ʥʬʣʘʤʘʩʦʤʠ, ʱʦ ʻ ʡʤʦʚʽʨʥʦʶ ʧʨʠʯʠʥʦʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʽ ʣʽʤʬʦʮʠʪʽʚ ʜʦ 

ʛʣʶʢʦʢʦʨʪʠʢʦʾʜʽʚ ʽ ʢʘʪʝʭʦʣʘʤʽʥʽʚ ʪʘ ʨʦʟʚʠʪʢʫ ʟʘʧʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɺʧʝʨʰʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʫʤʦʚʘʭ ʍʉʉ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ TLR2
+
- ʽ TLR4

+
-

ʣʽʤʬʦʮʠʪʽʚ ʚ ʂɸʃʊ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʠʩʝʣʴʥʽʩʪʴ Nf-kB
+
- ʢʣʽʪʠʥ, ʟʤʽʥʶʻʪʴʩʷ ʙʘʣʘʥʩ 

TLR2
+
/TLR4

+ 
- ʢʣʽʪʠʥ ʽ ʱʽʣʴʥʽʩʪʴ TLR2 ʽ TLR4 ʥʘ ʤʝʤʙʨʘʥʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʘʢʪʠʚʘʮʽʶ ʚʨʦʜʞʝʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ. 

ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʍʉʉ ʟʙʽʣʴʰʫʻ ʢʽʣʴʢʽʩʪʴ T-bet
+
- ʽ Rorɔt

+
- ʣʽʤʬʦʮʠʪʽʚ, 

ʧʝʨʝʚʘʞʥʦ ʧʽʜʚʠʱʫʻ ʢʦʥʮʝʥʪʨʘʮʽʶ T-bet, Rorɔt ʽ GATA3 ʚ ʣʽʤʬʦʮʠʪʘʭ. ʎʽ ʟʤʽʥʠ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʪʣʽ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʊ-ʨʝʛʫʣʷʪʦʨʥʠʭ CD25
+
-, Foxp3

+
- ʽ 

CD25
+
Foxp3

+
- ʣʽʤʬʦʮʠʪʽʚ, ʟʨʦʩʪʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ T-bet

+
/GATA3

+
 ʪʘ ʟʥʠʞʝʥʥʷ 

Foxp3
+
/Rorɔt

+
- ʢʣʽʪʠʥ ʽ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʜʦʤʽʥʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʍʉʉ Th1- ʽ Th17-

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʥʘ ʬʦʥʽ ʩʫʧʨʝʩʦʨʥʦʾ ʥʝʜʦʩʪʘʪʥʦʩʪʽ. 

ɿôʷʩʦʚʘʥʦ, ʱʦ ʚ ʫʤʦʚʘʭ ʍʉʉ ʧʦʨʫʰʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ñʚʽʜʧʦʚʽʜʽ ʥʘ ʥʝʟʛʦʨʥʫʪʽ 

ʙʽʣʢʠò, ʱʦ ʥʘ ʪʣʽ ʽʤʫʥʦʧʨʦʪʝʘʩʦʤʥʦʛʦ ʜʝʬʝʢʪʫ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʛʝʥʝʨʘʮʽʶ 

ʽʤʫʥʦʜʦʤʽʥʘʥʪʥʠʭ ʝʧʽʪʦʧʽʚ ʚ ʂɸʃʊ, ʚʠʞʠʚʘʥʥʷ ʽ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʣʽʤʬʦʮʠʪʽʚ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙˇʨʫʥʪʦʚʘʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙʝʨʝʞʥʦ ʩʪʘʚʠʪʠʩʴ ʜʦ 

ʤʦʜʫʣʷʮʽʾ ʩʢʣʘʜʫ ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ ʚ ʫʤʦʚʘʭ ʍʉʉ ʯʝʨʝʟ ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʦʩʠʣʝʥʥʷ 

ʨʽʚʥʷ ʧʨʦʟʘʧʘʣʴʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʤʘʶʪʴ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʝ ʽ ʧʨʠʢʣʘʜʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʫʯʘʩʥʦʾ ʧʘʪʦʬʽʟʽʦʣʦʛʽʾ ʡ ʽʤʫʥʦʣʦʛʽʾ 

ʦʩʢʽʣʴʢʠ ʧʦʛʣʠʙʣʶʶʪʴ ʩʫʯʘʩʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʢʣʶʯʦʚʽ ʤʝʭʘʥʽʟʤʠ ʟʤʽʥ ʚʨʦʜʞʝʥʠʭ ʽ 

ʘʜʘʧʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʂɸʃʊ ʚ ʫʤʦʚʘʭ ʍʉʉ.  

ɼʠʩʝʨʪʘʥʪʢʦʶ, ʩʧʽʣʴʥʦ ʽʟ ʩʧʽʚʘʚʪʦʨʘʤʠ, ʙʫʣʠ ʦʥʦʚʣʝʥʽ ʽ ʜʦʧʦʚʥʝʥʽ ʤʝʪʦʜʠ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʨʽʟʘʭ Th17-ʢʣʽʪʠʥ ʽ CD25
+
Foxp3

+
 ʊ-ʨʝʛʫʣʷʪʦʨʥʠʭ 

ʣʽʤʬʦʮʠʪʽʚ. ʈʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʚʠʜʽʣʝʥʥʷ ʈʅʂ ʟ ʬʽʢʩʦʚʘʥʠʭ ʚ ʨʽʜʠʥʽ ɹʫʝʥʘ ʪʘ 

ʟʘʣʠʪʠʭ ʚ ʧʘʨʘʬʽʥʦʚʽ ʙʣʦʢʠ ʟʨʘʟʢʽʚ ʘʨʭʽʚʥʠʭ ʪʢʘʥʠʥ. 

ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʫ ʥʘʫʢʦʚʫ ʨʦʙʦʪʫ ʪʘ ʥʘʚʯʘʣʴʥʠʡ 

ʧʨʦʮʝʩ ʢʘʬʝʜʨ ʧʘʪʦʬʽʟʽʦʣʦʛʽʾ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ ʤʝʜʠʯʥʦʾ ʘʢʘʜʝʤʽʾ ʄʆɿ ʋʢʨʘʾʥʠ, 

ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤ. ɯ.ʗ. ɻʦʨʙʘʯʝʚʩʴʢʦʛʦ, 
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ɺɼʅɿʋ ñʋʢʨʘʾʥʩʴʢʘ ʤʝʜʠʯʥʘ ʩʪʦʤʘʪʦʣʦʛʽʯʥʘ ʘʢʘʜʝʤʽʷò, ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʤʝʜʠʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʢʘʬʝʜʨʠ ʬʽʟʽʦʣʦʛʽʾ ʽ ʧʘʪʦʬʽʟʽʦʣʦʛʽʾ ʟ ʢʫʨʩʦʤ ʤʝʜʠʯʥʦʾ 

ʙʽʦʣʦʛʽʾ ʤʝʜʠʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʉʫʤʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʧʠʩʘʥʽ ʚ ʜʠʩʝʨʪʘʮʽʾ, 

ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ ʽ ʧʦʣʷʛʘʶʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʧʘʪʝʥʪʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʧʦʰʫʢʫ, ʘʥʘʣʽʟʽ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ, ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʧʨʦʚʝʜʝʥʥʽ ʽʤʫʥʦʛʽʩʪʦʭʽʤʽʯʥʠʭ ʽ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʩʪʘʪʠʩʪʠʯʥʽʡ ʦʙʨʦʙʮʽ ʜʘʥʠʭ, ʥʘʧʠʩʘʥʥʽ ʚʩʽʭ 

ʨʦʟʜʽʣʽʚ ʜʠʩʝʨʪʘʮʽʾ, ʬʦʨʤʫʣʶʚʘʥʥʽ ʚʠʩʥʦʚʢʽʚ. ʌʦʨʤʫʣʶʚʘʥʥʷ ʥʘʫʢʦʚʦʾ ʢʦʥʮʝʧʮʽʾ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʙʽʨ ʪʝʤʠ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʪʘ ʟʘʚʜʘʥʴ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʟʜʽʡʩʥʝʥʽ ʩʧʽʣʴʥʦ ʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ. ʋ ʨʦʙʦʪʘʭ, ʚʠʢʦʥʘʥʠʭ 

ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʨʝʘʣʽʟʦʚʘʥʽ ʥʘʫʢʦʚʽ ʽʜʝʾ ʟʜʦʙʫʚʘʯʘ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʫʩʥʠʭ ʽ ʩʪʝʥʜʦʚʠʭ ʜʦʧʦʚʽʜʝʡ ʥʘ ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ñʇʨʦʛʨʘʤʦʚʘʥʘ ʟʘʛʠʙʝʣʴ ʢʣʽʪʠʥ ʚ ʙʽʦʣʦʛʽʾ ʽ ʤʝʜʠʮʠʥʽò (ʄʦʩʢʚʘ, ʈʦʩʽʷ, 2012); ʥʘ 2-ʤʫ 

ʤ̔ ʞʥʘʨʦʜʥʦʤʫ ʢʦʥʛʨʝʩʽ ʟ ʧʨʦʙʣʝʤ ʤʦʣʝʢʫʣʷʨʥʦʾ ʽʤʫʥʦʣʦʛʽʾ ʪʘ ʽʤʫʥʦʛʝʥʝʪʠʢʠ 

(ɸʥʪʘʣʴʷ, ʊʫʨʝʯʯʠʥʘ, 2014); ʥʘ 9-ʤʫ ʢʦʥʛʨʝʩʽ ʤ̔ ʞʥʘʨʦʜʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ ʟ ʧʠʪʘʥʴ 

ʥʝʡʨʦʽʤʫʥʦʤʦʜʫʣʷʮʽʾ (ʃʴʻʞ, ɹʝʣʴʛʽʷ, 2014); ʥʘ 7-ʤʫ ʤʽʞʥʘʨʦʜʥʦʤʫ ʢʦʥʛʨʝʩʽ 

ʧʘʪʦʬʽʟʽʦʣʦʛʽʚ (ʈʘʙʘʪ, ʄʘʨʦʢʢʦ, 2014); ʥʘ 26-ʤʫ ʢʦʥʛʨʝʩʽ ʧʦʣʴʩʴʢʦʛʦ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ 

ʪʦʚʘʨʠʩʪʚʘ (ʑʝʮʽʥ, ʇʦʣʴʱʘ, 2014); ʥʘ 44-ʤʫ ʦɦʨʽʯʥʦʤʫ ʟʘʩʽʜʘʥʥʽ ʥʽʤʝʮʴʢʦʛʦ 

ʪʦʚʘʨʠʩʪʚʘ ʟ ʽʤʫʥʦʣʦʛʽʾ (ɹʦʥʥ, ʅʽʤʝʯʯʠʥʘ,2014); ʥʘ ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ñʇʨʦʙʽʦʪʠʢʠ ʪʘ ʧʨʝʙʽʦʪʠʢʠò (ɹʫʜʘʧʝʰʪ, ʋʛʦʨʱʠʥʘ, 2014); ʥʘ 5-ʤʫ ʤʽʞʥʘʨʦʜʥʦʤʫ 

ʩʠʤʧʦʟʽʫʤʽ çɺʟʘʻʤʦʜʽʷ ʥʝʨʚʦʚʦʾ ʪʘ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤ ʚ ʥʦʨʤʽ ʪʘ ʧʨʠ ʧʘʪʦʣʦʛʽʾò (ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ʈʦʩʽʷ, 2015); ʥʘ 11-ʤʫ ʢʦʥʛʨʝʩʽ ñʅʦʚʽ ʢʦʥʮʝʧʮʽʾ ʚʨʦʜʞʝʥʦʛʦ ʽʤʫʥʽʪʝʪʫò 

(ʊʶʙʽʥʛʝʥ, ʅʽʤʝʯʯʠʥʘ, 2015); ʥʘ 15-ʤʫ ʥʘʫʢʦʚʦʤʫ ʬʦʨʫʤʽ ñɼʥʽ ʽʤʫʥʦʣʦʛʽʾ ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʟʽò (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʽʷ, 2015), ʥʘ ʤ̔ ʞʥʘʨʦʜʥʦʤʫ ʩʠʤʧʦʟʽʫʤʽ 

ñʊOLL2015ò (ʄʘʨʙʝʣʴʷ, ɯʩʧʘʥʽʷ, 2015), ʘ ʪʘʢʦʞ ʥʘ ʥʘʫʢʦʚʠʭ ʤʽʞʢʘʬʝʜʨʘʣʴʥʠʭ 

ʩʝʤʽʥʘʨʘʭ ɿɼʄʋ ʪʘ ɯʥʩʪʠʪʫʪʫ ʬʽʟʽʦʣʦʛʽʾ ʽʤ. ʆ.ʆ. ɹʦʛʦʤʦʣʴʮʷ ʅɸʅ ʋʢʨʘʾʥʠ. 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 27 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʟ ʥʠʭ 

12 ʩʪʘʪʝʡ (ʟ ʷʢʠʭ 12 ï ʫ ʚʠʜʘʥʥʷʭ ʽʥʦʟʝʤʥʠʭ ʜʝʨʞʘʚ ʪʘ ʫ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʷʢʽ 
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ʚʢʣʶʯʝʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ), 3 ʧʘʪʝʥʪʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ, 12 ʪʝʟ 

ʫ ʤʘʪʝʨʽʘʣʘʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʚʠʢʣʘʜʝʥʘ ʥʘ 211 ʩʪʦʨʽʥʢʘʭ 

ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ. ʉʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʦʛʣʷʜʫ ʣʽʪʝʨʘʪʫʨʠ, ʤʘʪʝʨʽʘʣʽʚ ʽ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ, 4 ʨʦʟʜʽʣʽʚ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘʥʘʣʽʟʫ ʡ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʩʥʦʚʢʽʚ ʪʘ ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʷʢʠʡ ʦʭʦʧʣʶʻ 297 

ʥʘʡʤʝʥʫʚʘʥʴ. ʈʦʙʦʪʘ ʽʣʶʩʪʨʦʚʘʥʘ 25 ʨʠʩʫʥʢʘʤʠ, 44 ʪʘʙʣʠʮʷʤʠ. 
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ʈʆɿɼɯʃ 1 

 

ʉʋʏɸʉʅɯ ʋʗɺʃɽʅʅʗ ʇʈʆ ʌʋʅʂʎɯʆʅɸʃʔʅʀʁ ʉʊɸʅ 

ɺʈʆɼɾɽʅʀʍ ɯ ɸɼɸʇʊʀɺʅʀʍ ʂʆʄʇʆʅɽʅʊɯɺ ʂɸʃʊ  

ɺ ʅʆʈʄɯ ɯ ʇʈʀ ʇɸʊʆʃʆɻɯɰ 

(ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ) 

 

 

 

1.1. ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʂɸʃʊ ʽ ʾʾ ʚʨʦʜʞʝʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ 

 

ɺʝʣʠʯʝʟʥʠʡ ʧʦʪʽʢ ʘʥʪʠʛʝʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʪʨʠʚʘʣʠʡ ʡʦʛʦ ʢʦʥʪʘʢʪ ʟ 

ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʩʣʠʟʦʚʠʭ ʦʙʦʣʦʥʦʢ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ (ʐʂʊ) 

ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʚ ʧʨʦʮʝʩʽ ʝʚʦʣʶʮʽʾ ʩʢʫʧʯʝʥʴ ʣʽʤʬʦʾʜʥʠʭ ʫʪʚʦʨʝʥʴ, ʱʦ ʤʘʶʪʴ 

ʥʘʡʙʽʣʴʰʠʡ ʦʙ'ʻʤ ʩʝʨʝʜ ʫʩʽʭ ʦʨʛʘʥʽʚ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʡ ʤʽʩʪʷʪʴ ʜʦ 80% ʚʩʽʭ 

ʣʽʤʬʦʮʠʪʽʚ, ʪʦʤʫ ʟʤʽʥʘ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʢʨʠʪʠʯʥʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʽʤʫʥʦʣʦʛʽʯʥʦʾ ʪʦʣʝʨʘʥʪʥʦʩʪʽ ʪʘ ʨʦʟʚʠʪʢʫ ʘʫʪʦʽʤʫʥʥʦʾ ʧʘʪʦʣʦʛʽʾ. ʂʨʽʤ ʪʦʛʦ, ʣʽʤʬʦʾʜʥʘ 

ʪʢʘʥʠʥʘ, ʘʩʦʮʽʡʦʚʘʥʘ ʟ ʢʠʰʢʽʚʥʠʢʦʤ (ʢʠʰʢʦʚʦ-ʘʩʦʮʽʡʦʚʘʥʘ ʣʽʤʬʦʾʜʥʘ ʪʢʘʥʠʥʘ - 

ʂɸʃʊ) ʚʠʥʠʢʣʘ ʥʘʙʘʛʘʪʦ ʨʘʥʽʰʝ ʪʠʤʫʩʘ, ʩʝʣʝʟʽʥʢʠ, ʣʽʤʬʘʪʠʯʥʠʭ ʚʫʟʣʽʚ ʪʘ ʻ 

ʥʘʡʙʽʣʴʰ ʜʨʝʚʥʽʰʠʤ ʚʽʜʜʽʣʦʤ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʩʣʠʟʦʚʠʭ ʦʙʦʣʦʥʦʢ (ɯʉʉʆ). 

ɺ̔ ʜʧʦʚʽʜʥʦ ʜʦ ʩʫʯʘʩʥʦʾ ʤʽʞʥʘʨʦʜʥʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ ɯʉʉʆ, ʧʨʠʡʥʷʪʦʾ ʫ 2007 ʨʦʮʽ ʚ 

ʊʦʢʽʦ [59] ʚ ʂɸʃʊ ʚʠʜʽʣʷʶʪʴ ʽʥʜʫʢʪʠʚʥʫ (ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʠʤʫʣʷʮʽʷ ʘʥʪʠʛʝʥʘʤʠ 

ñʥʘʾʚʥʠʭò ʣʽʤʬʦʮʠʪʽʚ) ʪʘ ʝʬʝʢʪʦʨʥʫ ʟʦʥʫ (ʽʤʫʥʥʘ ʚʽʜʧʦʚʽʜʴ, ʧʨʦʜʫʢʮʽʷ SIgA), ʷʢʽ 

ʫʪʚʦʨʝʥʽ ʜʠʬʫʟʥʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʯʠ ʦʨʛʘʥʽʟʦʚʘʥʠʤʠ ʣʽʤʬʦʾʜʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ, 

ʯʘʩʪʠʥʘ ʟ ʷʢʠʭ, ʜʦ ʪʦʛʦ ʞ, ʻ ʚʠʜʦʩʧʝʮʠʬʽʯʥʠʤʠ. ɼʦ ʧʝʨʰʠʭ ʫʪʚʦʨʝʥʴ ʚʽʜʥʦʩʷʪʴ 

ʽʥʪʨʘʝʧʽʪʝʣʽʘʣʴʥʽ ʣʽʤʬʦʮʠʪʠ (ɯɽʃ) ʪʘ ʣʽʤʬʦʮʠʪʠ ʫ ʚʣʘʩʥʽʡ ʧʣʘʩʪʠʥʮʽ ʩʣʠʟʦʚʦʾ 

ʦʙʦʣʦʥʢʠ, ʜʦ ʜʨʫʛʠʭ ï ʢʦʤʧʘʢʪʥʦ ʨʦʟʤʽʱʝʥʽ ʩʢʫʧʯʝʥʥʷ ʣʽʤʬʦʮʠʪʽʚ ʫ ʚʠʛʣʷʜʽ 

ʟʛʨʫʧʦʚʘʥʠʭ ʣʽʤʬʦʾʜʥʠʭ ʚʫʟʣʠʢʽʚ (ʇʝʡʻʨʦʚʽ ʙʣʷʰʢʠ, ʇɹ, ʘʛʨʝʛʦʚʘʥʽ ʣʽʤʬʦʾʜʥʽ 

ʬʦʣʽʢʫʣʠ), ʽʟʦʣʴʦʚʘʥʠʭ ʣʽʤʬʦʾʜʥʠʭ ʚʫʟʣʠʢʽʚ (ɯʃɺ), ʚʠʜʦʩʧʝʮʠʬʽʯʥʠʭ ʢʨʠʧʪʦ-ʙʣʷʰʦʢ 
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(crypto-patch, ʫ ʤʠʰʝʡ) ʪʘ ʟʘʧʦʚʥʝʥʠʭ ʣʽʤʬʦʮʠʪʘʤʠ ʚʦʨʩʠʥʦʢ (ɿʃɺ, lymphocyte ï 

filled villi, LFV, ï ʫ ʣʶʜʠʥʠ, ʱʫʨʽʚ) [58, 136, 192, 193, 217]. 

ʇʝʡʻʨʦʚʽ ʙʣʷʰʢʠ (ʇɹ) ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚ ʪʦʥʢʦʤʫ ʢʠʰʝʯʥʠʢʫ, ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ, ʫ ʩʪʽʥʢʘʭ ʢʣʫʙʦʚʦʾ ʢʠʰʢʠ ʫ ʚʣʘʩʥʽʡ ʧʣʘʩʪʠʥʮʽ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ ð lamina 

propria ʪʘ ʚ ʾʾ ʧʽʜʩʣʠʟʦʚʽʡ ʦʩʥʦʚʽ ð tela submucosa [4]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʫ 

ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ [4, 5], ʧʨʠʩʚʷʯʝʥʠʭ ʤʦʨʬʦʣʦʛʽʾ ʇɹ, ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʚ ʾʭ ʮʠʪʦʣʦʛʽʾ ʻ 

ʜʠʩʢʫʩʽʡʥʽ ʧʠʪʘʥʥʷ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʩʫʯʘʩʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʮʽʥʢʠ. ɺʽʜʥʦʩʥʦ 

ʚʠʜʽʣʝʥʥʷ ʦʢʨʝʤʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʦʥ ʇɹ ʚ ʣʽʪʝʨʘʪʫʨʽ ʻ ʨʦʟʙʽʞʥʦʩʪʽ. 

ʊʘʢ, ʥʘ ʜʫʤʢʫ ʖ.ɯ. ɸʬʘʥʘʩʴʻʚʘ ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ, ʫ ʟʛʨʫʧʦʚʘʥʠʭ ʣʽʤʬʦʾʜʥʠʭ ʚʫʟʣʠʢʘʭ 

ʚʠʜʽʣʷʶʪʴ ʧ'ʷʪʴ ʟʦʥ:1) ʚʝʨʭʽʚʢʘ; 2) ʛʝʨʤʽʥʘʪʠʚʥʠʡ ʮʝʥʪʨ; 3) ʦʩʥʦʚʘ; 4) ʟʘʨʦʜʢʦʚʠʡ 

ʘʙʦ ʛʝʨʤʽʥʘʪʠʚʥʠʡ ʩʚʽʪʣʠʡ ʮʝʥʪʨ; 5) ʊ-ʟʦʥʘ [4]. ɿʘ ʜʘʥʠʤʠ ɺ.ɸ. ʐʘʭʣʘʤʦʚʘ ʽ ʖ.ɸ. 

ɻʘʡʜʘʨʘ, ʚ ʇɹ ʽʩʥʫʶʪʴ ʪʨʠ ʟʦʥʠ: 1) ʣʽʤʬʘʪʠʯʥʽ ʬʦʣʽʢʫʣʠ; 2) ʢʫʧʦʣ; 3) ʤʽʞ 

ʬʦʣʽʢʫʣʷʨʥʘ ʊ-ʟʦʥʘ. ɯʥʰʽ ʜʦʩʣʽʜʥʠʢʠ ʚʠʜʽʣʷʶʪʴ ʚ ʇɹ ʱʝ ʙʽʣʴʰʝ, ʜʦ ʜʝʩʷʪʠ 

ʩʪʨʫʢʪʫʨʥʠʭ ʟʦʥ: 1) ʮʝʥʪʨ ʨʦʟʤʥʦʞʝʥʥʷ; 2) ʢʫʧʦʣ; 3) ʢʦʨʦʥʘ; 4) ʤʘʥʪʽʷ; 5) ɺ-ʟʦʥʘ; 6) 

ʊ-ʟʦʥʘ; 7) ʦʩʥʦʚʘ; 8) ʧʝʨʠʚʫʟʣʠʢʦʚʽ, ʚʥʫʪʨʽʰʥʴʦ-ʚʫʟʣʠʢʦʚʽ ʣʽʤʬʘʪʠʯʥʽ ʽ ʢʨʦʚʦʥʦʩʥʽ 

ʢʘʧʽʣʷʨʠ; 9) ʢʘʧʩʫʣʘ; 10) ʤʽʞʚʫʟʣʠʢʦʚʘ ʣʽʤʬʦʾʜʥʘ ʪʢʘʥʠʥʘ [4, 5]. 

ʈʦʟʚʠʪʦʢ ʇɹ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʧʫʣʷʮʽʾ ñʚʨʦʜʞʝʥʠʭò LTi-ʢʣʽʪʠʥ (Lymphoid tissue 

inducing cells) ʽ ʧʨʦʜʫʢʫʻʤʠʭ ʥʠʤʠ ʣʽʤʬʦʪʦʢʩʠʥʫ (LTŬ1/LTɓ2) ʪʘ ʪʨʘʥʢʨʽʧʮʽʡʥʦʛʦ 

ʬʘʢʪʦʨʫ Rorɔt [264, 284]. ʊʘʢ, ʥʦʢʘʫʪʥʽ ʧʦ LTɓ ʪʘ Rorɔt-ʜʝʬʽʮʠʪʥʽ ʤʠʰʽ ʧʦʟʙʘʚʣʝʥʽ 

ʇɹ [264]. ʇɹ ʻ ʣʽʤʬʦ-ʝʧʽʪʝʣʽʘʣʴʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ ʟʘ ʫʯʘʩʪʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʬʦʣʽʢʫʣʷʨʥʦ-ʘʩʦʮʽʡʦʚʘʥʦʛʦ ʝʧʽʪʝʣʽʶ (follicle-associated epithelium, FAE) ʟ ʄ-

ʢʣʽʪʠʥʘʤʠ (mikrofold cells) [67]. ɺʘʞʣʠʚʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʟʦʥʘʤʠ ʇɹ ʻ 

ʩʫʙʝʧʽʪʝʣʽʘʣʴʥʘ ʟʦʥʘ (ʉɿ, ʢʫʧʦʣ), ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʷ ʽʥʜʫʢʮʽʷ ʽʤʫʥʥʦʾ 

ʚʽʜʧʦʚʽʜʽ, ʧʨʦʮʝʩʠʥʛ ʘʥʪʠʛʝʥʽʚ, ʧʨʘʡʤʫʚʘʥʥʷ ʘʥʪʠʛʝʥ-ʩʧʝʮʠʬʽʯʥʠʭ ʊ- ʽ ɺ-ʣʽʤʬʦʮʠʪʽʚ 

[167, 177, 217], ʪʘ ʣʽʤʬʘʪʠʯʥʽ ʬʦʣʽʢʫʣʠ (ʃʌ) ʟ ʛʝʨʤʽʥʘʪʠʚʥʠʤʠ ʮʝʥʪʨʘʤʠ (ɻʎ, 

germinal centres; GC), ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʶʪʴʩʷ ʩʦʤʘʪʠʯʥ ̔ʛʽʧʝʨʤʫʪʘʮʽ,ʾ ʨʝʢʦʤʙʽʥʘʮʽʾ. 

ɼʘʥʽ ʧʨʦʮʝʩʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʤʠʢʘʥʥʷ ʩʠʥʪʝʟʫ ʘʥʪʠʪʽʣ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʪʘ ʜʦʟʨʽʚʘʥʥʷ 

ʘʢʪʠʚʦʚʘʥʠʭ ɺ-ʣʽʤʬʦʮʠʪʽʚ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʷʚʦʶ ɺ-ʢʣʪ̔ʠʥ 

ʧʘʤ'ʷʪʽ ʽ ʧʣʘʟʤʘʪʠʯʥʠʭ ʢʣʽʪʠʥ (ʇʂ) [79, 96, 167, 198, 254]. 
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ʈʘʟʦʤ ʟ ʪʠʤ, ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʟʘʛʘʜʢʦʚʠʭ ʤʦʨʬʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʫ 

ʂɸʃʊ ʻ, ʪʘʢ ʟʚʘʥʽ, ʟʘʧʦʚʥʝʥʽ ʣʽʤʬʦʮʠʪʘʤʠ ʚʦʨʩʠʥʢʠ, ɿʃɺ (Lymphocyte-ýlled villi, 

LFV), ʷʢʽ ʻ ʦʢʨʝʤʠʤ ʢʦʤʧʘʨʪʤʝʥʪʦʤ ʩʣʠʟʦʚʦ-ʘʩʦʮʽʡʦʚʘʥʦʾ ʣʽʤʬʦʾʜʥʦʾ ʪʢʘʥʠʥʠ ʫ 

ʱʫʨʽʚ ʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʫʧʯʝʥʥʷ ʣʽʤʬʦʾʜʥʠʭ ʢʣʽʪʠʥ ʫ ʚʣʘʩʥʽʡ ʧʣʘʩʪʠʥʮʽ ʩʣʠʟʦʚʦʾ 

ʦʙʦʣʦʥʢʠ ʚʦʨʩʠʥʦʢ [192, 193]. ɿʘ ʦʙʨʘʟʥʠʤ ʚʠʩʣʦʚʣʝʥʥʷʤ Mayrhofer G. ʝtal. (1999) 

LFV ʻ ñʜʠʬʫʟʥʠʤ ʢʠʰʢʦʚʠʤ ʪʠʤʫʩʦʤò (diffuse ñgutthymusò), ʚʦʥʠ ʻ ʜʞʝʨʝʣʦʤ 

ʝʢʩʪʨʘʪʠʤʽʯʥʠʭ ʊ-ʢʣʽʪʠʥ, ʧʝʨʝʚʘʞʥʦ ñʚʨʦʜʞʝʥʠʭò ʣʽʤʬʦʮʠʪʽʚ: NKT, NK, LTi ï

ʢʣʽʪʠʥ, Rorɔt-ʝʢʩʧʨʝʩʫʶʯʠʭ ʢʣʽʪʠʥ ʪʘ ʽʥ. [193, 217]. ʄʦʞʣʠʚʦ, ɿʃɺ ï ʮʝ ʙʽʣʴʰ 

ʧʨʠʤʽʪʠʚʥʠʡ ʰʘʨ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʽ ʩʧʦʯʘʪʢʫ ʙʫʣʠ ʝʬʝʢʪʦʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʘʣʝ, 

ʟʛʦʜʦʤ, ʨʦʟʚʠʥʫʣʠʩʷ ʚ ʽʤʫʥʦʨʝʛʫʣʷʪʦʨʥʫ ʨʦʣʴ, ʘʜʞʝ ʚʽʜʦʤʦ, ʱʦ ʂɸʃʊ ï ʝʚʦʣʶʮʽʡʥʦ 

ʥʘʡʙʽʣʴʰ ʜʨʝʚʥʷ ʯʘʩʪʠʥʘ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʩʬʦʨʤʫʚʘʣʘʩʷ ʱʝ ʜʦ ʧʦʷʚʠ ʪʠʤʫʩʫ, 

ʩʝʣʝʟʽʥʢʠ, ʣʽʤʬʘʪʠʯʥʠʭ ʚʫʟʣʽʚ [207]. ʅʘ ʜʫʤʢʫ ʽʥʰʠʭ ʘʚʪʦʨʽʚ, LFV ʥʝ ʻ ʜʞʝʨʝʣʦʤ 

ʝʢʩʪʨʘʪʠʤʽʯʥʠʭ ʊ-ʣʽʤʬʦʮʠʪʽʚ, ʘ ʚʨʘʭʦʚʫʶʯʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʥʠʭ 

MHCII
+
-ʢʣʽʪʠʥ ʚʦʥʠ ʤʦʞʫʪʴ ʷʚʣʷʪʠ ʩʦʙʦʶ ʤʽʩʮʝ ʽʥʪʝʥʩʠʚʥʦʾ ʘʢʪʠʚʘʮʽʾ ʥʘʾʚʥʠʭ 

ʣʽʤʬʦʮʠʪʽʚ ʽ ʨʘʥʥʶ ʩʪʘʜʽʶ ʬʦʨʤʫʚʘʥʥʷ ʽʟʦʣʴʦʚʘʥʠʭ ʣʽʤʬʦʾʜʥʠʭ ʚʫʟʣʠʢʽʚ [125]. 

ʊʦʤʫ, ʚʠʚʯʝʥʥʷ ʮʴʦʛʦ ʢʦʤʧʘʨʪʤʝʥʪʫ ʂɸʃʊ ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʠʡ ʥʘʫʢʦʚʠʡ ʽʥʪʝʨʝʩ. 

ʊʠʧʦʚʽ LFV ʫ ʱʫʨʽʚ ʙʽʣʴʰ ʰʠʨʦʢʽ, ʥʽʞ ʩʫʤʽʞʥʽ ʚʦʨʩʠʥʢʠ ʽ ʤʽʩʪʷʪʴ ʫ ʚʣʘʩʥʽʡ 

ʧʣʘʩʪʠʥʮʽ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʣʽʤʬʦʮʠʪʽʚ [193]. ʅʘʡʙʽʣʴʰ ʨʘʥʥʽ LFV ʙʫʣʠ ʧʦʤʽʯʝʥʽ ʥʘ 

7-ʡ ʜʝʥʴ ʞʠʪʪʷ ʽ ʤʽʩʪʠʣʠ ʧʝʨʝʚʘʞʥʦ ɯʃ-2R
+
 ʢʣʽʪʠʥʠ (CD25). ʇʦʜʘʣʴʰʝ ʚʠʚʯʝʥʥʷ 

ʬʝʥʦʪʠʧʫ ʢʣʽʪʠʥ, ʷʢʠʤʠ ʫʧʘʢʦʚʘʥʽ ʪʘʢʽ ʚʦʨʩʠʥʢʠ, ʧʦʢʘʟʘʣʦ ʥʘʷʚʥʽʩʪʴ ʫ ʥʠʭ ʪʘʢʦʞ 

CD45
+
 ʽ NK-ʢʣʽʪʠʥ (ʥʘ 15-ʡ ʜʝʥʴ), ʣʽʤʬʦʮʠʪʽʚ ʟ ŬɓTCR (ʥʘ 19-ʡ ʜʝʥʴ ʞʠʪʪʷ). CD45

+
-

ʢʣʽʪʠʥʠ ʙʫʣʠ ʩʧʦʯʘʪʢʫ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʚʦʨʩʠʥʦʢ (ʜʦ 19-ʜʝʥʥʦʛʦ ʚʽʢʫ), 

ʪʦʜʽ ʷʢ ʧʽʩʣʷ ʮʴʦʛʦ ʪʝʨʤʽʥʫ ʚʦʥʠ ʨʦʟʧʦʜʽʣʷʣʠʩ ɹʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦ, ʘ ʜʦʣʷ NK-ʢʣʽʪʠʥ 

ʙʫʣʘ ʚʠʱʦʶ, ʥʽʞ ŬɓTCR
+
. ʇʽʩʣʷ 21-ʛʦ ʜʥʷ ʞʠʪʪʷ ʯʘʩʪʢʘ ʢʣʽʪʠʥ, ʱʦ ʝʢʩʧʨʝʩʫʚʘʣʘ ɯʃ-

2R
+
, CD45

+
 ʽ ŬɓTCR

+
 ʟʙʽʣʴʰʫʚʘʣʘʩ.ɹ ʂʣʽʪʠʥʠ ʟ ɔŭTCR

+
 ʚʠʟʥʘʯʘʣʠʩ ɹʚ ʤʽʥʦʨʥʠʭ 

ʢʽʣʴʢʦʩʪʷʭ ʣʠʰʝ ʥʘ 70-ʡ ʜʝʥʴ ʞʠʪʪʷ (0,1 Ñ 0,1%). ʄʘʢʨʦʬʘʛʠ ʙʫʣʠ ʧʦʤʽʯʝʥʽ ʥʘ 17-ʡ 

ʜʝʥʴ ʽ ʨʦʟʪʘʰʦʚʫʚʘʣʠʩ ɹ ʚ ʦʩʥʦʚʽ LFV, ɺ-ʣʽʤʬʦʮʠʪʠ (CD45RA) ʟ 25 ʜʥʷ ʞʠʪʪʷ. 

ʌʝʥʦʪʠʧ ʽʥʬʽʣʴʪʨʫʶʯʠʭ LFV ʢʣʽʪʠʥ ʫ 70-ʜʝʥʥʠʭ ʱʫʨʽʚ ʩʢʣʘʜʘʚʩʷ ʟ 57% CD45
+
-

ʢʣʽʪʠʥ, 29% ŬɓTCR
+
, 0,1% ɔŭTCR

+
, 37% CD4

+
, 28% CD8

+
, 36% Nʂ- ʢʣʽʪʠʥ, 1,3% 

ʤʘʢʨʦʬʘʛʽʚ ʽ 33% Iʃ-2R
+
-ʢʣʽʪʠʥ. ʇʨʠʯʦʤʫ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʣʽʪʠʥ ʚ LFV ʟ ʚʽʢʦʤ 
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ʟʙʽʣʴʰʫʚʘʣʘʩ ɹʙʽʣʴʰ ʥʽʞ ʫ 2 ʨʘʟʠ (ʚʽʜ 67Ñ8 ʥʘ 7 ʜʦʙʫ ʜʦ 139Ñ10 ʥʘ 70 ʜʦʙʫ ʞʠʪʪʷ). ɭ 

ʧʝʚʥʽ ʚʠʜʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʮʠʪʦʘʨʭʽʪʝʢʪʦʥʽʢʠ LFV. ʊʘʢ, ʫ ʱʫʨʽʚ LFV ʤʽʩʪʷʪʴ, 

ʧʝʨʝʚʘʞʥʦ, ʥʝʟʨʽʣʽ ʢʣʽʪʠʥʠ, ʷʢʽ ʥʝ ʝʢʩʧʨʝʩʫʶʪʴ CD3 ʘʙʦ TCR. ʋ ʧʨʦʪʠʣʝʞʥʽʩʪʴ 

ʮʴʦʤʫ, ʣʶʜʩʴʢʽ LFV ʤʽʩʪʷʪʴ ʟʨʽʣʽ CD3
+
CD4

+
- ʣʽʤʬʦʮʠʪʠ ʽ ʤʘʶʪʴ ʬʝʥʦʪʠʧ 

ʘʢʪʠʚʦʚʘʥʠʭ ʢʣʽʪʠʥ ʧʘʤ'ʷʪʽ (CD45R0). ʂʨʽʤ ʪʦʛʦ, ʣʽʤʬʦʮʠʪʠ LFV ʫ ʣʶʜʠʥʠ ʥʝ 

ʝʢʩʧʨʝʩʫʶʪʴ ʩ-kit ʘʙʦ CD1 ʽ ʥʝ ʬʘʨʙʫʶʪʴʩʷ ɸʊ ʜʦ ʛʝʥʽʚ ʨʝʘʨʘʥʞʫʚʘʥʥʷ RAG1. 

ʆʩʪʘʥʥʻ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʮʽ ʩʪʨʫʢʪʫʨʠ ʥʝ ʻ ʩʘʡʪʘʤʠ ʜʣʷ ʝʢʩʪʨʘʪʠʤʽʯʥʦʛʦ ʜʦʟʨʽʚʘʥʥʷ 

ʊ-ʢʣʽʪʠʥ ʫ ʣʶʜʠʥʠ, ʪʘ, ʡʤʦʚʽʨʥʽʰʝ, ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʨʘʥʥʶ ʩʪʘʜʽʶ ʨʦʟʚʠʪʢʫ 

ɯʃɺ. 

ɿʘ ʜʘʥʠʤʠ Hitotsumatsu O. (2005) LFV ʫ ʱʫʨʽʚ ʟʘʧʦʚʥʝʥʽ ʧʝʨʝʚʘʞʥʦ c-kit
+
- ʪʘ 

Iʃ-7R
+
-ʧʦʟʠʪʠʚʥʠʤʠ ʢʣʽʪʠʥʘʤʠ, ʪʦʜʽ ʷʢ ʣʽʤʬʦʮʠʪʽʚ ʟ ŬɓTCR ʤʝʥʰʝ [125]. ʅʘ 

ʢʦʨʠʩʪʴ ʪʦʛʦ, ʱʦ LFV ʻ ʽʥʜʫʮʠʙʝʣʴʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ, ʟʘʩʚʽʜʯʫ ̒ʬʘʢʪ ʾʭ ʚʽʜʩʫʪʥʦʩʪʽ 

ʫ ʧʣʦʜʽʚ ʱʫʨʽʚ ʽ ʧʦʷʚʠ ʪʽʣʴʢʠ ʥʘ 2-ʤʫ ʪʠʞʥʽ ʧʽʩʣʷ ʥʘʨʦʜʞʝʥʥʷ ʥʘ ʧʨʦʪʠʙʨʠʞʦʚʽʡ 

ʩʪʽʥʮʽ ʪʦʥʢʦʾ ʢʠʰʢʠ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʪʦʡ ʬʘʢʪ, ʷʢʱʦ ʫ ʤʦʣʦʜʠʭ ʱʫʨʽʚ ʫ LFV IgM
+
-B-

ʣʽʤʬʦʮʠʪʠ ʧʨʠʩʫʪʥʽ ʧʝʨʝʚʘʞʥʦ ʚ ʧʽʜʩʪʘʚʽ ʚʦʨʩʠʥʦʢ, ʪʦ ʫ ʜʦʨʦʩʣʠʭ ʪʚʘʨʠʥ ʧʣʦʱʘ, 

ʟʘʡʤʘʥʘ ʥʠʤʠ, ʟʥʘʯʥʦ ʙʽʣʴʰʘ, ʽ ʥʝʨʽʜʢʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʛʝʨʤʽʥʘʪʠʚʥʽ ʮʝʥʪʨʠ. ʎʽ ʜʘʥʽ 

ʱʝ ʨʘʟ ʩʚʽʜʯʘʪʴ ʥʘ ʢʦʨʠʩʪʴ ʪʦʛʦ, ʱʦ LFV ʻ ʨʘʥʥʴ  ʁʩʪʘʜʽʻ ʁʬʦʨʤʫʚʘʥʥʷ ɯʃɺ, ʽ, ʷʢ 

LFV, ʪʘʢ ʽ ɯʃɺ, ʨʦʟʚʠʚʘʶʪʴʩʷ ʥʝ ʚ ʝʤʙʨʽʦʥʘʣʴʥʦʤʫ ʧʝʨʽʦʜʽ, ʘ ʟ'ʷʚʣʷʶʪʴʩʷ ʚʠʢʣʶʯʥʦ 

ʧʽʩʣʷ ʥʘʨʦʜʞʝʥʥʷ ʪʘ ʚʧʨʦʜʦʚʞ ʫʩʴʦʛʦ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʞʠʪʪʷ. ʊʦʤʫ ʜʘʥʽ ʫʪʚʦʨʝʥʥʷ 

ʢʣʘʩʠʬʽʢʫʶʪʴ ʷʢ ñʪʨʝʪʠʥʥʽò ʣʽʤʬʦʾʜʥʽ ʦʨʛʘʥʠ, ʘʥʘʣʦʛʽʯʥʦ ʣʽʤʬʦʾʜʥʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʟʘʥʦʚʦ ʫ ʟʨʽʣʦʤʫ ʚʽʮʽ ʧʽʜ ʚʧʣʠʚʦʤ ʭʨʦʥʽʯʥʠʭ ʟʘʧʘʣʴʥʠʭ ʘʙʦ ʘʫʪʦʽʤʫʥʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ, ʪʘʢʠʭ ʷʢ ʨʝʚʤʘʪʦʾʜʥʠʡ ʘʨʪʨʠʪ, ʩʠʥʜʨʦʤ ʐʝʛʨʝʥʘ, ʤʽʘʩʪʝʥʽʷ, ʨʦʟʩʽʷʥʠʡ 

ʩʢʣʝʨʦʟ, H. ʨylori - ʽʥʜʫʢʦʚʘʥʠʡ ʛʘʩʪʨʠʪ, ʭʨʦʥʽʯʥʠʡ ʛʝʧʘʪʠʪ ʉ ʪʘ ʽʥ.. ʇʦʷʚʘ ʮʠʭ 

ʩʪʨʫʢʪʫʨ, ʧʨʦʪʝ, ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʘʪʦʣʦʛʽʯʥʠʤʠ ʩʪʘʥʘʤʠ, ʚʦʥʠ ʘʢʪʠʚʥʦ 

ʟʘʜʽʷʥʽ ʫ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʟʦʢʨʝʤʘ, ʚ ʽʤʫʥʥʠʭ ʨʝʘʢʮʽʷʭ ʚ ʂɸʃʊ [171, 207]. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʝʱʦ ʨʘʥʽʰʝ (ʫ 1996 ʨʦʮʽ), ʙʫʣʠ ʚʧʝʨʰʝ ʚʽʜʢʨʠʪʽ 

ʧʦʧʝʨʝʜʥʠʢʠ ʬʦʨʤʫʚʘʥʥʷ ɯʃɺ ʫ ʤʠʰʝʡ ï ʪʘʢ ʟʚʘʥʽ ʢʨʠʧʪʦ-ʙʣʷʰʢʠ (crypto-patches, 

CP), ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʥʝʚʝʣʠʢʽ ʢʣʘʩʪʝʨʠ ʣʽʤʬʦʮʠʪʽʚ ʙʽʣʷ ʪʦʥʢʦ-ʢʠʰʢʦʚʠʭ 

ʢʨʠʧʪ [134, 158]. ɺʠʟʥʘʯʘʻʪʴʩʷ ʙʣʠʟʴʢʦ 1000-1500 CP ʫ ʪʦʥʢʦʤʫ ʢʠʰʝʯʥʠʢʫ ʫ 

ʤʠʰʝʡ, ʘ ʽʤʫʥʦʛʽʩʪʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʟ ʮʠʭ ʣʽʤʬʦʮʠʪʽʚ ʉʈ (70-
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80%) ʻ ʥʝʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʤʠ ʪʘ ʝʢʩʧʨʝʩʫʶʪ ɹc-kit, Iʃ-7R, Thy-1 ʽ LFA-1 (leukocyte 

function-associated antigen-1), ʘʣʝ ʥʝ CD3, TCRŬɓ, TCRɔŭ, sIgM ʘʙʦ B220. ʆʢʨʽʤ 

ʣʽʤʬʦʮʠʪʽʚ, ʙʣʠʟʴʢʦ 20-30% ʢʣʽʪʠʥ ʩʢʣʘʜʘʶʪʴ CP CD11c
+
/CD18

+
 ï ʜʝʥʜʨʠʪʥʽ 

ʢʣʽʪʠʥʠ, ʷʢ̔ ʨʦʟʪʘʰʦʚʘʥʽ ʧʝʨʝʚʘʞʥʦ ʥʘʚʢʦʣʦ ʣʽʤʬʦʮʠʪʽʚ [242]. 

ʂʽʣʴʢʘ ʛʨʫʧ ʚʯʝʥʠʭ ʘʢʪʠʚʥʦ ʰʫʢʘʣʠ ʘʥʘʣʦʛʠ ʤʠʰʘʯʠʭ CP ʚ ʂɸʃʊ ʣʶʜʠʥʠ 

[217], ʽ, ʭʦʯʘ LFV ʙʫʣʠ ʟʥʘʡʜʝʥʽ [207], ʪʘʢʠʭ ʩʢʫʧʯʝʥʴ ʥʝʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ 

ʣʽʤʬʦʮʠʪʽʚ, ʷʢ ʚ CP ʫ ʤʠʰʝʡ, ʥʝ ʚʠʷʚʣʝʥʦ. ɿʘʚʜʷʢʠ ʧʦʷʚʽ ʄʂɸʊ ʜʦ ʘʥʪʠʛʝʥʽʚ 

ʢʣʽʪʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʣʽʤʬʦʮʠʪʽʚ ʱʫʨʽʚ, ʟȭʷʚʠʣʘʩʴ ʤʦʞʣʠʚʽʩʪʴ ʙʽʣʴʰ ʨʝʪʝʣʴʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ LFV ʫ ʱʫʨʽʚ [192, 193]. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʩʣʠʟʦʚʽʡ 

ʦʙʦʣʦʥʮʽ ʢʠʰʝʯʥʠʢʘ ʫ ʱʫʨʽʚ ʥʝʤʘʻ ʩʢʫʧʯʝʥʴ ʣʽʤʬʦʮʠʪʽʚ, ʷʢʽ ʙʫʣʠ ʙ ʩʪʨʫʢʪʫʨʥʦ 

ʧʦʨʽʚʥʷʥʥʽ ʟ CP ʤʠʰʝʡ, ʦʜʥʘʢ ʚʠʷʚʣʷʻʪʴʩʷ ʙʣʠʟʴʢʦ 1600 ʢʣʘʩʪʝʨʽʚ ʣʽʤʬʦʮʠʪʽʚ ʚ 

ʦʩʦʙʣʠʚʠʭ ʚʦʨʩʠʥʢʘʭ, ʷʢʽ ʽ ʙʫʣʠ ʥʘʟʚʘʥʽ LFV. ʗʢ ʽ CP ʫ ʤʠʰʝʡ, LFVs ʫ ʱʫʨʽʚ ʥʘ 

ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʨʦʟʚʠʪʢʫ ʤʽʩʪʷʪʴ CD3
-
, ŬɓTCR

-
, CD25

+
 ʽ CD44

+
-ʢʣʽʪʠʥʠ, ʧʨʦʪʝ, ʟ 

ʚʽʢʦʤ ʚ ʥʠʭ ʧʦʯʠʥʘʶʪʴ ʟ'ʷʚʣʷʪʠʩʷ ʧʦʧʫʣʷʮʽʾ CD3
+
CD4

+
ŬɓTCR

+
-ʣʽʤʬʦʮʠʪʽʚ, ʷʢʽ 

ʧʦʩʪʫʧʦʚʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʩʫʙʝʧʽʪʝʣʽʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʚʦʨʩʠʥʦʢ [192]. 

ʈʘʟʦʤ ʟ ʧʨʠʧʫʱʝʥʥʷʤ ʧʨʦ ʪʝ, ʱʦ LFV ï ʩʘʡʪ ʝʢʩʪʨʘʪʠʤʽʯʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ T-ʢʣʽʪʠʥ, ʧʦʜʽʙʥʦ CP, ʾʭ ʨʦʟʚʠʪʦʢ ʤʦʞʝ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʠʡ 

ʘʥʪʠʛʝʥʘʤʠ, ʱʦ ʥʘʜʽʡʰʣʠ ʟ ʧʨʦʩʚʽʪʫ ʢʠʰʢʽʚʥʠʢʘ ʯʝʨʝʟ M-ʢʣʽʪʠʥʠ. ʗʢ ʽ CP ʫ ʤʠʰʝʡ, 

LFV ʪʘʢʦʞ ʧʨʠʩʫʪʥʽ ʫ ʙʝʩʪʠʤʫʩʥʠʭ ñʛʦʣʠʭò (nude) ʱʫʨʽʚ [242]. ʇʨʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʪʨʘʜʠʮʽʡʥʠʭ CP-ʧʦʜʽʙʥʠʭ ʩʪʨʫʢʪʫʨ, ʧʦʚʽʜʦʤʣʷʣʦʩʷ ʚ ʟʨʘʟʢʘʭ ʢʠʰʢʽʚʥʠʢʘ ʥʝ ʪʽʣʴʢʠ ʫ 

ʱʫʨʘ, ʘ ʡ ʫ ʩʚʠʥʽ ʽ ʣʶʜʠʥʠ. ɿʘ ʜʘʥʠʤʠ Hitotsumatsu O. (2005) ʩʝʨʝʜʥʻ ʯʠʩʣʦ LFV ʚ 

ʜʚʘʥʘʜʮʷʪʠʧʘʣʽʡ ʽ ʧʦʨʦʞʥʽʡ ʢʠʰʢʠ ʫ 7-ʪʠʞʥʝʚʠʭ ʱʫʨʽʚ ʙʫʣʦ ʚʽʜʧʦʚʽʜʥʦ 1,6 Ñ 0,2 ʽ 

1,1 Ñ 0,1/100 ʚʦʨʩʠʥʦʢ ʫ ʧʦʨʽʚʥʷʥʥ ̔ʟ 0,2 Ñ 0,1/100 ʚʦʨʩʠʥʦʢ (ʈ < 0,005) ʫ ʜʠʩʪʘʣʴʥʽʡ 

ʧʦʣʦʚʠʥʽ ʢʣʫʙʦʚʦʾ ʢʠʰʢʠ [132]. 

ʅʽ CP, ʥʽ ɯʃʌ ʥʝ ʚʠʷʚʣʷʶʪʴʩʷ ʚ ʪʦʥʢʦʤʫ ʢʠʰʢʽʚʥʠʢʫ ʫ ʧʣʦʜʽʚ ʤʠʰʝʡ. ʊʘʢ, ʫ 

ʤʠʰʝʡ CP ʚʧʝʨʰʝ ʚʠʷʚʣʷʶʪʴʩʷ ʚ ʂɸʃʊ ʥʘ 14-17 ʜʝʥʴ ʧʽʩʣʷ ʥʘʨʦʜʞʝʥʥʷ, ʘ ɯʃʌ ʥʘ 7 

(BALB/ʩ ʤʠʰʽ) ʘʙʦ 25 (C57BL/6 ʤʠʰʽ) [124, 207, 242]. LFV ʪʘʢʦʞ ʥʝ ʚʠʷʚʣʷʶʪʴʩʷ ʚ 

ʝʤʙʨʽʦʥʘʣʴʥʦʤʫ ʧʝʨʽʦʜʽ ʫ ʥʦʚʦʥʘʨʦʜʞʝʥʠʭ ʱʫʨʽʚ, ʚʧʝʨʰʝ ʟ'ʷʚʣʷʶʯʠʩʴ ʥʘ 13 ʜʦʙʫ 

ʧʽʩʣʷ ʥʘʨʦʜʞʝʥʥʷ ʽ ʤʽʩʪʷʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʥʝʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ c-kit
+ 
ʽ Iʃ-7R

+
-

ʢʣʽʪʠʥ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ ʜʝʪʝʢʮʽʾ B-ʣʽʤʬʦʮʠʪʽʚ ʫ LFV ʄʂɸʊ ʜʦ IgM ʱʫʨʘ, 
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ʘʚʪʦʨʠ ʧʦʢʘʟʘʣʠ, ʱʦ LFV ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʽ, ʚ ʷʢʠʭ ʧʨʠʩʫʪʥʽ IgM
+
-ʣʽʤʬʦʮʠʪʠ ʽ 

ʪʽ, ʜʝ ʾʭ ʥʝʤʘʻ. ɹʽʣʴʰʽʩʪʴ IgM
+
LFV ʙʫʣʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʨʦʪʠʙʨʠʞʦʚʦʤʫ ʢʨʘʾ ʪʦʥʢʦʾ 

ʢʠʰʢʠ ʚ ʢʽʣʴʢʦʩʪʽ ʙʣʠʟʴʢʦ 400 ʫ 7-ʪʠʞʥʝʚʠʭ ʱʫʨʽʚ. IgM
-
LFV ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʧʦ ʚʩʽʡ 

ʩʣʠʟʦʚʽʡ ʦʙʦʣʦʥʮʽ ʪʦʥʢʦʛʦ ʢʠʰʢʽʚʥʠʢʘ, ʾʭ ʥʘʣʽʯʫʚʘʣʦʩ ɹʙʣʠʟʴʢʦ 1200 ʫ 7-ʪʠʞʥʝʚʠʭ 

ʱʫʨʽʚ, ʦʜʥʘʢ, ʚ ʜʠʩʪʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʢʣʫʙʦʚʦʾ ʢʠʰʢʠ ʾʭ ʙʫʣʦ ʤʝʥʰʝ, ʥʽʞ ʫ ʧʦʨʦʞʥʽʡ. 

ʇʨʠ ʮʴʦʤʫ IgM
+
 - ʢʣʽʪʠʥʠ ʨʦʟʪʘʰʦʚʘʥʽ ʧʝʨʝʚʘʞʥʦ ʚ ʧʽʜʩʪʘʚʽ ʙʽʣʴʰ ʪʦʚʩʪʠʭ LFV, ʚ 

ʪʦʡ ʯʘʩ ʷʢ Ŭɓ
+
ʊ- ʢʣʽʪʠʥʠ ʧʝʨʝʚʘʞʥʦ ʚ ʾʭ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ. ɺʠʚʯʝʥʥʷ ʧʨʦʣʽʬʝʨʘʪʠʚʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʢʣʽʪʠʥ LFV ʧʦʢʘʟʘʣʦ, ʱʦ ʫ 7-ʪʠʞʥʝʚʠʭ ʱʫʨʽʚ ʙʣʠʟʴʢʦ 10% ʢʣʽʪʠʥ ʻ 

BrdU
+
-ʧʦʟʠʪʠʚʥʠʤʠ. ʎʝ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʤʝʜʫʣʷʨʥʽʡ ʟʦʥʽ ʪʠʤʫʩʘ (5-10%), ʘʣʝ ʤʝʥʰʝ, 

ʥʽʞ ʫ ʡʦʛʦ ʢʦʨʽ (ʙʣʠʟʴʢʦ 30%). ʎʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʥʘ ʢʦʨʠʩʪʴ ʪʦʛʦ, ʱʦ LFV ʤʦʞʫʪʴ 

ʙʫʪʠ ʨʘʥʥʴʦʶ ʩʪʘʜʽʻʶ ʬʦʨʤʫʚʘʥʥʷ ɯʃʌ. ʆʜʥʘʢ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʤʦʤʝʥʪ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʝ ʷʩʥʠʤ ʮʽʣʠʡ ʨʷʜ ʟʘʧʠʪʘʥʴ: ʯʦʤʫ LFV ʻ ʫʥʽʢʘʣʴʥʠʤʠ ʜʣʷ ʱʫʨʽʚ ʽ 

ʣʶʜʠʥʠ? ʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʩʫʙʧʦʧʫʣʷʮʽʡʥʦʛʦ ʢʣʽʪʠʥʥʦʛʦ ʩʢʣʘʜʫ? ʯʠ ʝʢʩʧʨʝʩʫʶʪʴ 

ʢʣʽʪʠʥʠ LFV ʨʝʮʝʧʪʦʨʠ ʚʨʦʜʞʝʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ? ʥʘʩʢʽʣʴʢʠ ʰʠʨʦʢʦ ʚ ʥʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʽʟʥʽ ʩʫʙʧʦʧʫʣʷʮʽʾ ʊ-ʭʝʣʧʝʨʽʚ? ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ 

ʢʣʽʪʠʥ LFV ʧʨʠ ʨʽʟʥʠʭ ʧʘʪʦʣʦʛʽʯʥʠʭ ʩʪʘʥʘʭ? ʷʢ ʤʦʜʫʣʷʮʽʷ ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ 

ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʾʭ ʮʠʪʦʘʨʭʽʪʝʢʪʦʥʽʢʫ ʪʘ ʽʥʰʝ? 

ɿʘ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʨʽʯʯʷ ʚʽʜʙʫʚʩʷ ʩʧʨʘʚʞʥʽʡ ʥʘʫʢʦʚʠʡ ʧʝʨʝʚʦʨʦʪ ʚ ʽʤʫʥʦʣʦʛʽʾ ʽ 

ʩʪʘʣʦ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʧʝʨʰʦʶ ʽ ʦʩʥʦʚʥʦʶ ʣʘʥʢʦʶ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʟʤʫ ʻ ʩʘʤʝ ʚʨʦʜʞʝʥʘ 

ʽʤʫʥʥʘ ʩʠʩʪʝʤʘ (ɺɯʉ), ʷʢʘ ʟʜʘʪʥʘ ʚʠʟʥʘʯʘʪʠ ʧʦʭʦʜʞʝʥʥʷ ʘʥʪʠʛʝʥʫ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʦʟʚʠʪʢʫ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʥʘ ʥʴʦʛʦ. ɼʦʩʠʪʴ ʟʘʟʥʘʯʠʪʠ, ʱʦ 98% ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʥʘ 

ɿʝʤʣʽ ʟʦʚʩʽʤ ʥʝ ʤʘʶʪʴ ʘʜʘʧʪʠʚʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ, ʊ- ʽ ɺ-ʣʽʤʬʦʮʠʪʽʚ, ʘʥʪʠʪʽʣ, ʱʦ, 

ʥʝ ʟʘʚʘʞʘʻ ʾʤ ʜʦʩʠʪʴ ʫʩʧʽʰʥʦ ʟʘʭʠʱʘʪʠʩ ɹʚʽʜ ʧʘʪʦʛʝʥʽʚ. ɺʠʟʥʘʯʝʥʥʷ ʧʦʭʦʜʞʝʥʥʷ 

ʘʥʪʠʛʝʥʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʝʚʦʣʶʮʽʡʥʦ ʚʠʩʦʢʦ ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨ, 

ʪʘʢ ʟʚʘʥʠʭ ʧʘʪʦʛʝʥ - ʘʩʦʮʽʡʦʚʘʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʧʘʪʝʨʥʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ï ʇAMʇ 

(pathogen-associated molecular patterns, ʈAMP). ʈʝʮʝʧʪʦʨʠ ɺɯʉ, ʱʦ ʨʦʟʧʽʟʥʘʶʪʴ 

ʇɸʄʇ, ʤʘʶʪʴ ʥʘʟʚʫ ʧʘʪʝʨʥ-ʨʦʟʧʽʟʥʘʶʯʽ ʨʝʮʝʧʪʦʨʠ ï ʇʈʈ (pattern-recognition 

receptors, PRR), ʷʢʽ ʟʘ ʬʫʥʢʮʽʻʶ ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʛʫʤʦʨʘʣʴʥʽ, ʝʥʜʦʮʠʪʦʟʥʽ ʪʘ ʩʠʛʥʘʣʴʥʽ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚʽʜʦʤʦ ʢʽʣʴʢʘ ʩʽʤʝʡʩʪʚ ʩʠʛʥʘʣʴʥʠʭ ʇʈʈ, ʷʢʽ ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʥʘ 

ʤʝʤʙʨʘʥʘʭ ʢʣʽʪʠʥʠ ʘʙʦ ʚ ʾʾ ʮʠʪʦʟʦʣʽ: Toll-ʧʦʜʽʙʥʽ ʨʝʮʝʧʪʦʨʠ (Toll-like receptors, 
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TLRs), ʣʝʢʪʠʥʦʚʽ ʨʝʮʝʧʪʦʨʠ ʉ-ʪʠʧʫ (C-type lectin receptors, CLRs), ʨʝʮʝʧʪʦʨʠ-

ñʩʤʽʪʪʷʨʽò, ʘʙʦ ʬʘʛʦʮʠʪʘʨʥʽ ʨʝʮʝʧʪʦʨʠ (scavenger receptors, SRs), NʆD-ʧʦʜʽʙʥʽ 

ʨʝʮʝʧʪʦʨʠ (NʆD-like receptors, NLRs), RIG-ʧʦʜʽʙʥʽ ʨʝʮʝʧʪʦʨʠ (RIG-I-like receptors, 

RLRs) [70, 267]. ɺʩʽ ʢʣʘʩʠ ʇʈʈ ʰʠʨʦʢʦ ʝʢʩʧʨʝʩʫʶʪʴʩʷ ʢʣʽʪʠʥʘʤʠ ʂɸʃʊ ʪʘ 

ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ ʟʘʧʘʣʝʥʥʷ ʪʘ ʽʥʽʮʽʘʮʽʾ ʘʜʘʧʪʠʚʥʦʾ ʣʘʥʢʠ ʽʤʫʥʥʦʾ 

ʚʽʜʧʦʚʽʜʽ [248]. 

ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ 13 TLR, ʢʦʞʝʥ ʟ ʷʢʠʭ ʨʦʟʧʽʟʥʘʻ ʫʥʽʢʘʣʴʥʽ 

ʣʽʛʘʥʜʠ ʽ ʤʘʻ ʩʧʝʮʠʬʽʢʫ ʚʠʷʚʣʝʥʥʷ ʧʘʪʦʛʝʥʽʚ [105], ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʚʟʘʻʤʦʜʽʷ ʨʝʮʝʧʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ Toll-ʧʦʜʽʙʥʠʭ ʨʝʮʝʧʪʦʨʽʚ 2 ʽ 4 

ʟ ʇAMʇ [106, 292]. TLR2 ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʮʠʪʦʧʣʘʟʤʘʪʠʯʥʦʶ 

ʤʝʤʙʨʘʥʦʶ ʢʣʽʪʠʥʠ ʽ ʨʦʟʧʽʟʥʘʻ ʇɸʄʇ ʙʘʢʪʝʨʽʡ, ʛʨʠʙʽʚ, ʚʽʨʫʩʽʚ ʪʘ ʧʘʨʘʟʠʪʽʚ, ʷʢʽ 

ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʣʽʧʦʧʨʦʪʝʾʜʠ, ʣʽʧʦʪʝʡʭʦʻʚʽ ʢʠʩʣʦʪʠ, ʧʝʧʪʠʜʦʛʣʽʢʘʥ, 

ʣʽʧʦʘʨʘʙʽʥʦʤʘʥʘʥ, ʟʽʤʦʟʘʥ, ʭʽʪʠʥ, ʛʝʤʘʛʣʶʪʠʥʽʥʠ, ʧʦʨʽʥʠ, ʛʣʽʢʦʽʥʦʟʠʪʦʣ-

ʬʦʩʬʦʣʽʧʽʜʠ [47, 91, 267]. TLR4 ʻ ʧʝʨʚʠʥʥʠʤ ʢʣʽʪʠʥʥʠʤ ʩʝʥʩʦʨʦʤ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ 

ʃʇʉ ʽ ʢʣʶʯʦʚʠʤ ʤʝʜʽʘʪʦʨʦʤ ʘʜʘʧʪʠʚʥʦʾ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʥʘ ʛʨʘʤʥʝʛʘʪʠʚʥʽ ʙʘʢʪʝʨʽʾ 

[46, 150, 180]. ɿʚ'ʷʟʫʚʘʥʥʷ ʣʽʛʘʥʜʽʚ ʟ TLR2 ʽ 4 ʽʥʽʮʽʶʻ ʢʘʩʢʘʜ ʩʠʛʥʘʣʽʚ ʯʝʨʝʟ ʥʠʟʢʫ 

ʘʜʘʧʪʝʨʥʠʭ ʤʦʣʝʢʫʣ, ʥʘʩʘʤʧʝʨʝʜ, Myd88 (myeloid differentiation factor 88), ʘ ʪʘʢʦʞ 

ʘʢʪʠʚʫʻ ʪʨʘʥʩʢʨʠʧʮʽʡʥʽ ʬʘʢʪʦʨʠ Nf-kB (ʥʫʢʣʝʘʨʥʠʡ ʬʘʢʪʦʨ əB)  ̔ IRF3 (Interferon 

responsive factor 3), ʱʦ ʨʝʛʫʣʶʶʪʴ ʝʢʩʧʨʝʩʽʶ ʪʘʢʠʭ ʧʨʦ-ʟʘʧʘʣʴʥʠʭ ʮʠʪʦʢʽʥʽʚ, ʷʢ Iʃ-

1ɓ, Iʃ-6, Iʃ-18, TNFŬ ʪʘ ʽʥʪʝʨʬʝʨʦʥʽʚ [105, 150]. 

ɼʘʥʽ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʟʘʩʚʽʜʯʫʶʪʴ ʧʨʦ ʥʝʦʜʥʦʨʽʜʥʠʡ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ TLR-

2 ʽ 4 ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʢʣʽʪʠʥ ʐʂʊ, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʘʥʪʠʛʝʥ-ʧʨʝʟʝʥʪʫʶʯʠʤʠ ʢʣʽʪʠʥʘʤʠ 

(ɸʇʂ) ʽ ʢʠʰʢʦʚʠʤ ʝʧʽʪʝʣʽʻʤ [91, 150], ʦʜʥʘʢ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʪʘʣʦ ʚʽʜʦʤʦ ʧʨʦ 

ʥʘʷʚʥʽʩʪʴ ʨʝʮʝʧʪʦʨʽʚ ʚʨʦʜʞʝʥʦʛʦ ʽʤʫʥʽʪʝʪʫ ʥʘ ʊ- ʽ ɺ-ʣʽʤʬʦʮʠʪʘʭ. TLR ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʘʢʪʠʚʘʮʽʶ, ʧʨʦʣʽʬʝʨʘʮʽʶ, ʚʠʞʠʚʘʥʥʷ ʽ ʧʨʦʜʫʢʮʽʶ ʮʠʪʦʢʽʥʽʚ ʨʽʟʥʠʭ ʩʫʙʧʦʧʫʣʷʮʽʡ 

ʣʽʤʬʦʮʠʪʽʚ; ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʘʪʦʛʝʥʝʟʽ ʪʘ ʨʦʟʚʠʪʢʫ ʘʫʪʦʽʤʫʥʥʠʭ  ̔ ʟʘʧʘʣʴʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ. ʊʘʢ, ʝʢʩʧʨʝʩʽʷ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ ʚʽʜʦʤʠʭ Toll-ʧʦʜʽʙʥʠʭ ʨʝʮʝʧʪʦʨʽʚ ʥʘ 

CD4
+
 ʊ-ʢʣʽʪʠʥʘʭ ʙʫʣʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʘ ʥʘ ʨʽʚʥʽ ʤʈʅʂ [52, 142, 150, 169, 239], ʘ 

Myd88
-/-

CD4
+
 ʊ-ʢʣʽʪʠʥʠ ʧʦʢʘʟʘʣʠ ʟʥʠʞʝʥʫ ʧʨʦʣʽʬʝʨʘʮʽʶ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʘʢʪʠʚʘʮʽʶ 

TLR ʪʘ ʥʝ ʟʤʦʛʣʠ ʧʨʦʜʫʢʫʚʘʪʠ ʧʨʦʟʘʧʘʣʴʥʽ ʮʠʪʦʢʽʥʠ (Iʃ-6, Iʃ-17) ʽ ʙʫʣʠ ʥʝ ʟʜʘʪʥʽ 
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ʽʥʜʫʢʫʚʘʪʠ ʢʦʣʽʪ [239, 240]. ʋ CD4
+
 ʊ-ʢʣʽʪʠʥʘʭ ʘʢʪʠʚʘʮʽʷ TLR2 ʤʦʞʝ ʩʧʨʠʷʪʠ Th1-

ʧʦʜʽʙʥʦʤʫ ʬʝʥʦʪʠʧʫ ʘʙʦ ʷʢ ʤʽʥʽʤʫʤ ʚʠʨʦʙʣʝʥʥʶ IFN-ɔ, ʯʝʨʝʟ ʘʢʪʠʚʘʮʽʶ Nf-əɺ ʽ 

ʄɸʈʂ (mitogen-activated protein kinase). ʉʪʠʤʫʣʷʮʽʷ ʘʛʦʥʽʩʪʘʤʠ TLR2 ʩʧʨʠʷʻ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʶ Th17 in vitro ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭ ʧʨʦʣʽʬʝʨʘʮʽʾ ʪʘ ʧʨʦʜʫʢʮʽʾ Th17-

ʟʘʣʝʞʥʠʭ ʮʠʪʦʢʽʥʽʚ [132, 157, 180]. In vivo, CD4
+
 ʊ-ʢʣʽʪʠʥʠ, ʧʦʟʙʘʚʣʝʥʽ TLR2, ʙʫʣʠ 

ʥʝʟʜʘʪʥʽ ʽʥʜʫʢʫʚʘʪʠ ɽɸɽ, Th17-ʟʘʣʝʞʥʫ ʤʦʜʝʣʴ ʨʦʟʩʽʷʥʦʛʦ ʩʢʣʝʨʦʟʫ [36, 105, 169, 

239]. ʃʽʛʘʥʜʠ ʜʣʷ TLR2 ʤʦʜʫʣʶʶʪʴ ʧʨʦʣʽʬʝʨʘʮʽʶ ʽ ʩʫʧʨʝʩʦʨʥʽ ʬʫʥʢʮʽʾ Treg. TLR2
-/-

 

ʤʠʰʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ TLR4
-/-
, ʤʽʩʪʷʪʴ ʙʽʣʴʰ ʥʠʟʴʢʽ ʨʽʚʥʽ CD4

+
CD25

+
Treg ʢʣʽʪʠʥ, ʥʽʞ 

ʢʦʥʪʨʦʣʴʥʽ ʪʚʘʨʠʥʠ [41, 53, 243]. ʉʠʛʥʘʣʽʟʘʮʽʷ ʯʝʨʝʟ TLR4 ʪʘʢʦʞ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ Treg: ʚʚʝʜʝʥʥʷ LPS ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʠʣʝʥʥʷ ʾʭ 

ʧʨʦʣʽʬʝʨʘʮʽʾ  ̔ ʚʠʞʠʚʘʥʥʷ in vitro ʪʘ in vivo, ʘ ʩʫʧʨʝʩʩʦʨʥʘ ʘʢʪʠʚʥʽʩʪʴ Treg 

ʟʙʣ̔ʴʰʫʻʪʴʩʷ ʫ 10 ʨʘʟʽʚ [53, 243, 292]. ɽʢʩʧʨʝʩʽʷ ʮʽʣʦʛʦ ʨʷʜʫ TLR ʙʫʣʘ ʚʠʷʚʣʝʥʘ 

ʪʘʢʦʞ ʥʘ ʮʠʪʦʪʦʢʩʠʯʥʠʭ ʣʽʤʬʦʮʠʪʘʭ (CTL) [142], ɺ-ʣʽʤʬʦʮʠʪʘʭ [52, 130] ʽ ʥʘ, ʪʘʢ 

ʟʚʘʥʠʭ, ʚʨʦʜʞʝʥʠʭ ʣʽʤʬʦʮʠʪʘʭ (ɺʃ, Innate lymphoid cells, ILCs). ɿʦʢʨʝʤʘ, TLR2/4-

ʘʢʪʠʚʦʚʘʥʽ ɺ-ʣʽʤʬʦʮʠʪʠ ʤʦʞʫʪʴ ʩʫʧʨʝʩʫʚʘʪʠ ʊ-ʢʣʽʪʠʥʥʦ-ʦʧʦʩʝʨʝʜʢʦʚʘʥʽ ʘʫʪʦʽʤʫʥʥʽ 

ʨʝʘʢʮʽʾ, ʷʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʤʦʜʝʣʽ ɽɸɽ [52], TLR2-ʜʝʬʽʮʠʪʥʽ CD8
+
 ʊ-ʢʣʽʪʠʥʠ ʙʫʣʠ 

ʥʝ ʚ ʟʤʦʟʽ ʚʧʦʨʘʪʠʩ ɹ ʟ ʽʥʬʝʢʮʽʻʶ, ʚʠʢʣʠʢʘʥʦʶ ʣʽʩʪʝʨʽʻʶ [142], ʘ ʮʽ ʞ ʢʣʽʪʠʥʠ, 

ʧʝʨʝʤʽʱʝʥʽ ʚ ʦʨʛʘʥʽʟʤ ʟ ʣʽʤʬʦʧʝʥʽʻʶ, ʚʪʨʘʪʠʣʠ ʟʜʘʪʥʽʩʪʴ ʜʦ ʧʨʦʣʽʬʝʨʘʮʽʾ ʪʘ 

ʧʨʦʜʫʢʮʽʾ IFN-ɔ [42]. 

ɸʢʪʠʚʘʮʽʷ ʩʠʛʥʘʣʽʟʘʮʽʾ ʯʝʨʝʟ TLR ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʢʪʠʚʘʮʽʾ ʷʜʝʨʥʦʛʦ ʬʘʢʪʦʨʫ 

NF-əB, ʷʢʠʡ ʢʦʥʪʨʦʣʶʻ ʝʢʩʧʨʝʩʽʶ ʙʽʣʴʰ ʥʽʰ 500 ʛʝʥʽʚ, ʟʦʢʨʝʤʘ ʛʝʥʽʚ ʽʤʫʥʥʦʾ 

ʚʽʜʧʦʚʽʜʽ, ʘʧʦʧʪʦʟʫ ʽ ʢʣʽʪʠʥʥʦʛʦ ʮʠʢʣʫ. ʇʦʨʫʰʝʥʥʷ ʨʝʛʫʣʷʮʽʾ Nf-əB ʩʧʨʠʷʶʪʴ 

ʨʦʟʚʠʪʢʫ ʟʘʧʘʣʝʥʥʷ, ʘʫʪʦʽʤʫʥʥʠʭ ʽ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʥʘʩʘʤʧʝʨʝʜ, ʯʝʨʝʟ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʧʨʦʟʘʧʘʣʴʥʠʭ ʮʠʪʦʢʽʥʽʚ Iʃ-1ɓ, Iʃ-6, Iʃ-18, TNFŬ [108, 120, 

283]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʘ ʝʢʩʧʨʝʩʽʷ ʷʜʝʨʥʦʛʦ ʬʘʢʪʦʨʫ kB 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʘʥʪʠʛʝʥ-ʧʨʝʟʝʥʪʫʶʯʠʭ ʢʣʽʪʠʥʘʭ (ɸʇʂ ï ʤʘʢʨʦʬʘʛʠ, ʜʝʥʜʨʠʪʥʽ 

ʢʣʽʪʠʥʠ, ɺ-ʣʽʤʬʦʮʠʪʠ) ʪʘ ʝʧʽʪʝʣʽʦʮʠʪʘʭ, ʚʽʥ ʪʘʢʦʞ ʟʘʚʞʜʠ ʘʢʪʠʚʥʦ ʚʠʨʘʞʝʥʠʡ ʽ ʚ ʊ-

ʣʽʤʬʦʮʠʪʘʭ [108], ʘ ʟʤʽʥʘ ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾ Nf-kB ʊ-ʣʽʤʬʦʮʠʪʘʤʠ ʤʘʻ ʧʨʷʤʠʡ ʚʧʣʠʚ ʥʘ 

ʧʨʦʮʝʩʠ ʾʭ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʡ ʘʢʪʠʚʘʮʽʾ, ʱʦ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʜʣʷ ʚʩʽʭ ʩʫʙʧʦʧʫʣʷʮʽʡ ʊ-

ʭeʣʧʝʨʽʚ: ʊh1, ʊh2, ʊh9, ʊh17, ʊ-ʬʦʣʽʢʫʣʷʨʥʠʭ ʭʝʣʧʝʨʽʚ (Tfh) ʪʘ ʩʫʧʨʝʩʦʨʥʠʭ ʊ-
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ʨʝʛʫʣʷʪʦʨʥʠʭ ʣʽʤʬʦʮʠʪʽʚ [240, 283]. ɿʦʢʨʝʤʘ, c-Rel-ʜʝʬʽʮʠʪʥʽ ʤʠʰʽ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʜʝʬʝʢʪʥʫ ʊh1-ʦʧʦʩʝʨʝʜʢʦʚʘʥʫ ʽʤʫʥʥʫ ʚʽʜʧʦʚʽʜʴ ʪʘ ʟʥʠʞʝʥʥʷ ʧʨʦʜʫʢʮʽ ʾʦʩʥʦʚʥʦʛʦ 

ʮʠʪʦʢʽʥʫ ʊh1-ʢʣʽʪʠʥ IFN-ɔ [161, 224, 283]. CD4
+ 
ʊ-ʢʣʽʪʠʥʠ ʨ50-ʜʝʬʽʮʠʪʥʠʭ ʤʠʰʝʡ 

ʥʝʟʜʘʪʥʽ ʝʢʩʧʨʝʩʫʚʘʪʠ ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʡ ʬʘʢʪʦʨ GATA3 ʚ ʭʦʜʽ ʾʭ ʊh2-

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ [240], ʘ ʱʝ ʜʚʘ ʧʨʦʪʝʾʥʫ ʨʦʜʠʥʠ Nf-kB: c-Rel ʪʘ ʨ65, ʷʢʽ ʟʜʘʪʥʽ 

ʫʪʚʦʨʶʚʘʪʠ ʛʝʪʝʨʦʜʠʤʝʨʠ ʟ ʨ50, ʩʪʠʤʫʣʶʶʪʴ ʨʦʟʚʠʪʦʢ Treg-ʢʣʽʪʠʥ ʯʝʨʝʟ ʬʦʨʤʫʚʘʥʥʷ 

Foxp3-ʩʧʝʮʠʬʽʯʥʦʾ ʝʥʭʘʥʩʝʦʩʦʤʠ [215, 244]. ʊʘʢʦʞ ʜʝʬʽʮʠʪ c-Rel, ʽ ʨ65 ʙʣʦʢʫʻ 

ʝʢʩʧʨʝʩʽʶ Foxp3, ʱʦ ʫ ʪʘʢʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘʨʠʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʫ 4 

ʨʘʟʠ ʢʽʣʴʢʽʩʪʴ Treg-ʢʣʽʪʠʥ [243]. C-Rel- ʽ ʨ65-ʜʝʬʽʮʠʪʥʽ ʊ-ʢʣʽʪʠʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʧʦʨʫʰʝʥʥʷʤ ʝʢʩʧʨʝʩʽ ʾ Rorɔt, ʱʦ ʥʘʧʨʘʚʣʷʻ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ Th17-ʢʣʽʪʠʥ, 

ʧʨʦʜʫʢʮʽʶ Iʃ-17 ʽ ʟʜʘʪʥʽʩʪ ɹʜʠʬʝʨʝʥʮʽʶʚʘʥʥ̫ ʫ Th17 [157, 239]. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʤʽʥʠ 

ʨʦʟʧʦʜʽʣʫ TLR2, 4 ʽ Nf-əB ʢʣʽʪʠʥʘʤʠ ʂɸʃʊ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʨʽʚʝʥʴ 

ʘʢʪʠʚʘʮʽʾ ʘʜʘʧʪʠʚʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ  ̔ʛʨʘʪʠ ʨʦʣʴ ʪʨʠʛʝʨʘ ʧʨʦʛʨʝʩʽʾ ʧʨʦʟʘʧʘʣʴʥʠʭ ʪʘ 

ʘʫʪʦʽʤʫʥʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. 

 

1.2. ɸʜʘʧʪʠʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʂɸʃʊ 

 

ʋ 1986 ʨʦʮʽ ʊ. ʄʦʩʤʘʥʦʤ ʽ ʡʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʚʧʝʨʰʝ ʙʫʣʘ ʚʠʷʚʣʝʥʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʛʝʪʝʨʦʛʝʥʥʽʩʪʴ CD4
+
T-ʢʣʽʪʠʥ, ʩʝʨʝʜ ʷʢʠʭ ʩʧʦʯʘʪʢʫ ʚʠʜʽʣʷʣʠ ʣʠʰʝ 2 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʛʨʫʧʠ: ʊ-ʭʝʣʧʝʨʠ 1-ʛʦ ʽ 2-ʛʦ ʪʠʧʫ (Th1 ʽ Th2) [34]. ʍʦʯʘ ʤʝʭʘʥʽʟʤʠ, 

ʷʢʽ ʨʝʛʫʣʶʶʪʴ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ Th1-ʽ Th2-ʢʣʽʪʠʥ, ʩʴʦʛʦʜʥʽ ʚʽʜʦʤʽ, ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ 

ʦʧʠʩʘʥʽ ʽʥʰʽ ʩʫʙʧʦʧʫʣʷʮʽʾ CD4
+
 T-ʢʣʽʪʠʥ, ʪʘʢʽ ʷʢ T-ʨʝʛʫʣʷʪʦʨʥʽ ʢʣʽʪʠʥʠ (Treg), T-

ʬʦʣʽʢʫʣʷʨʥʽ ʭʝʣʧʝʨʠ (Tfh), ʊ-ʭʝʣʧʝʨʠ 17 ʪʠʧʫ (Th17), Th22-ʢʣʽʪʠʥʠ, ʽ ʥʘʨʝʰʪʽ, Th9-

ʢʣʽʪʠʥʠ [34, 79, 129, 131]. ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʨʽʟʥʽ ʩʫʙʧʦʧʫʣʷʮʽʾ Th ʻ ʜʦʩʠʪʴ 

ʧʣʘʩʪʠʯʥʠʤʠ ʽ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʨʦʟʚʠʪʢʫ ʤʦʞʫʪʴ ʜʠʬʝʨʝʥʮʽʶʚʘʪʠʩ ɹʚ ʽʥʰʽ ʢʣʽʪʠʥʠ. 

ʂʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ ʽ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʊ-ʢʣʽʪʠʥ ʛʨʘʶʪʴ 

ʪʨʘʥʩʢʨʠʧʮʽʡʥʽ ʬʘʢʪʦʨʠ. 

ʂʣʶʯʦʚʠʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʫʪʚʦʨʝʥʥʷ Th1 ʽ Th2 ʻ ʪʨʘʥʩʢʨʠʧʮʽʡʥʽ ʬʘʢʪʦʨʠ T-bet 

ʽ GATA3, ʥʦʢʘʫʪ ʧʦ ʛʝʥʘʤ ʷʢʠʭ (ʊɺʍ21 ʪʘ GATA3) ʙʣʦʢʫʻ ʨʦʟʚʠʪʦʢ ʚʽʜʧʦʚʽʜʥʠʭ 

ʣʽʤʬʦʮʠʪʽʚ. ʈʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ T-bet ʽ GATA3 ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʦʙʫʤʦʚʣʶʻ ʚʟʘʻʤʥʫ 
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ʢʦʥʢʫʨʝʥʮʽʶ ʊh1- ʽ ʊh2 ï ʢʣʽʪʠʥ, ʘ ʪʘʢʦʞ ʟ ʽʥʰʠʤʠ ʩʫʙʧʦʧʫʣʷʮʽʷʤʠ ʊ- ʭʝʣʧʝʨʽʚ 

[129, 141]. ʊʘʢ, GATA3 ʘʢʪʠʚʥʦ ʽʥʛʽʙʫʻ ʝʢʩʧʨʝʩʽʶ ʛʝʥʘ ʊɺʍ21, ʱʦ ʚʠʟʥʘʯʘʻ ʨʦʟʚʠʪʦʢ 

Th1-ʢʣʽʪʠʥ, ʽ IFNG, ʱʦ ʢʦʜʫʻ ʡʦʛʦ ʢʣʶʯʦʚʠʡ ʧʨʦʜʫʢʪ ï IFN-ɔ. ɺʟʘʻʤʥʝ ʽʥʛʽʙʫʚʘʥʥʷ 

Th1- ʽ Th2- ʰʣʷʭʽʚ ʨʦʟʚʠʪʢʫ ʊ-ʭʝʣʧʝʨʽʚ ʦʧʦʩʝʨʝʜʢʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʧʨʷʤʦʶ 

ʤʽʞʙʽʣʢʦʚʦʶ ʚʟʘʻʤʦʜʽʻʶ T-bet ʽ GATA3 [34, 129, 175]. GATA3, ʽ ʥʘʚʽʪʴ Iʃ-4, 

ʧʨʠʛʥʽʯʫʶʪʴ ʝʢʩʧʨʝʩʽʶ ʢʣʶʯʦʚʦʛʦ ʜʠʬʝʨʝʥʮʽʶʚʘʣʴʥʦʛʦ ʬʘʢʪʦʨʫ ʨʝʛʫʣʷʪʦʨʥʠʭ ʊ-

ʢʣʽʪʠʥ ï Foxp3 ʚ ʥʘʾʚʥʠʭ ʊ-ʣʽʤʬʦʮʠʪʘʭ. ɹʽʣʴʰ ʤ'ʷʢʽ ʚʟʘʻʤʠʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʤʽʞ 

ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʤʠ ʬʘʢʪʦʨʘʤʠ Th2- ʽ Th17 - ʢʣʽʪʠʥ: GATA3 ʥʘʚʽʪʴ ʚ ʫʤʦʚʘʭ 

ʧʽʜʚʠʱʝʥʦʾ ʝʢʩʧʨʝʩʽʾ ʥʝ ʧʝʨʝʰʢʦʜʞʘʻ ʫʪʚʦʨʝʥʥʶ Th17- ʢʣʽʪʠʥ, ʭʦʯʘ ʽ ʟʘʧʦʙʽʛʘʻ 

ʧʨʦʷʚʫ ʾʭ ʧʘʪʦʛʝʥʥʦʛʦ ʝʬʝʢʪʫ, ʪʦʜʽ ʷʢ T-bet ʧʨʠʛʥʽʯʫʻ ʾʭ ʨʦʟʚʠʪʦʢ [119, 127, 285]. 

ɹʘʣʘʥʩ Th1/Th2 ʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ ʘʫʪʦʽʤʫʥʥʠʭ ʪʘ ʟʘʧʘʣʴʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ. ʊʘʢ, T-bet-ʜʝʬʽʮʠʪʥʽ ʤʠʰʽ ʨʝʟʠʩʪʝʥʪʥʽ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʦʜʝʣʝʡ 

ɸɯɿ, ʪʘʢʠʭ ʷʢ ʮʫʢʨʦʚʠʡ ʜʽʘʙʝʪ, ɿɿʂ, ʝʥʮʝʬʘʣʦʤʽʻʣʽʪ, ʩʠʩʪʝʤʥʠʡ ʯʝʨʚʦʥʠʡ ʚʦʚʯʘʢ, ʟ 

ʽʥʰʦʛʦ ʞ ʙʦʢʫ ï ʫ ʥʠʭ ʧʽʜʚʠʱʫʻʪʴʩʷ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʽʥʬʝʢʮʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ, ʜʦ ʤʽʢʦʙʘʢʪʝʨʽʦʟʽʚ, ʩʘʣʴʤʦʥʝʣʴʦʟʽʚ, ʣʝʡʰʤʘʥʽʦʟʫ, ʪʨʠʧʘʥʦʩʦʤʦʟʫ, ʚʽʨʫʩʥʠʭ 

ʽʥʬʝʢʮʽʡ [129]. ɼʠʩʙʘʣʘʥʩ ʩʝʢʨʝʮʽʾ ʮʠʪʦʢʽʥʽʚ Th1 ʪʘ Th2 ʩʧʨʠʷʻ ʛʝʥʜʝʨʥʠʤ 

ʚʽʜʤʽʥʥʦʩʪʷʤ ʚ ʨʦʟʚʠʪʢʫ ʎɼ 1 ʪʠʧʫ ʫ NOD ʤʠʰʝʡ, ʘ ʊ - ʢʣʽʪʠʥʠ ʚʽʜ ʯʫʪʣʠʚʠʭ ʜʦ 

ʟʘʭʚʦʨʶʚʘʥʥʷ ʤʠʰʝʡ ʧʨʦʜʫʢʫʶʪʴ ʙʽʣʴʰʝ IFN-ɔ (Th1-ʟʘʣʝʞʥʠʡ ʮʠʪʦʢʽʥ), ʪʦʜʽ ʷʢ ʊ - 

ʣʽʤʬʦʮʠʪʠ ʚʽʜ ʨʝʟʠʩʪʝʥʪʥʠʭ ʩʘʤʮʽʚ ʜʝʤʦʥʩʪʨʫʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʫ Iʃ-4 - ʩʝʢʨʝʮʽʶ [34, 

104]. ɼʝʬʽʮʠʪ TBX21 ʫ NOD ʤʠʰʝʡ ʧʦʚʥʽʩʪʶ ʙʣʦʢʫʻ ʽʥʩʫʣʽʪ ʪʘ ʜʽʘʙʝʪ ʯʝʨʝʟ ʜʝʬʝʢʪʠ 

ʫ ʽʥʽʮʽʶʚʘʥʥʽ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʧʨʦʪʠ ʦʩʪʨʽʚʮʽʚ  ̔ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ CD4
+
 ʝʬʝʢʪʦʨʥʠʭ 

T- ʢʣʽʪʠʥ [34, 175]. ɺʠʷʚʣʝʥʽ ʘʩʦʮʽʘʮʽʾ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʦʛʦ ʧʦʣʽʤʦʨʬʽʟʤʫ (SNP) ʚ 

ʛʝʥʽ GATA3 ʟ ʨʦʟʚʠʪʢʦʤ ʙʨʦʥʭʽʘʣʴʥʦʾ ʘʩʪʤʠ [217], ʘʣʝʨʛʽʯʥʦʾ ʝʢʟʝʤʠ [140], 

ʘʣʝʨʛʽʯʥʦʛʦ ʨʠʥʽʪʫ [141]. ʇʨʠ ʘʣʝʨʛʝʥʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʫ ʧʘʮʽʻʥʪʽʚ ʟ ʘʣʝʨʛʽʻʶ 

ʧʦʩʠʣʶʻʪʴʩʷ ʝʢʩʧʨʝʩʽʷ GATA3 (ʘ ʪʘʢʦʞ T-bet) ʫ ʢʣʽʪʠʥʘʭ ʙʨʦʥʭʽʘʣʴʥʦʛʦ ʣʘʚʘʞʫ, ʘ 

ʧʦʯʘʪʢʦʚʦ ʧʽʜʚʠʱʝʥʘ ʝʢʩʧʨʝʩʽʷ ʚ ʣʝʛʝʥʝʚʽʡ ʪʢʘʥʠʥʽ GAʊɸɿ ʟʥʠʞʫʻʪʴʩʷ [217]. ʇʨʠ 

ʘʥʘʣʦʛʽʯʥʦʤʫ ʚʧʣʠʚʽ ʥʘ ʤʠʰʝʡ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʘʩʪʤʦʶ ʝʢʩʧʨʝʩʽʷ GATA3 

ʧʦʩʠʣʶʻʪʴʩʷ ʽ ʚ ʪʢʘʥʠʥʽ ʣʝʛʝʥʴ. ʇʨʠ ʧʦʚʪʦʨʥʦʤʫ ʜʽʾ ʘʣʝʨʛʝʥʫ ʥʘ ʪʣʽ ʧʽʜʚʠʱʝʥʦʾ 

ʝʢʩʧʨʝʩʽʾ GATA3 ʫ ʤʠʰʝʡ ʧʦʩʠʣʶʻʪʴʩʷ ʧʨʦʮʝʩ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ 

ʙʨʦʥʭʽʚ [216, 218]. ɹʽʣʴʰ ʤ'ʷʢʠʡ ʧʝʨʝʙʽʛ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʘʩʪʤʠ ʫ ʩʪʘʨʠʭ ʤʠʰʝʡ 
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ʧʦʚ'ʷʟʫʶʪʴ ʟ ʦʩʣʘʙʣʝʥʥʷʤ ʝʢʩʧʨʝʩʽʾ GATA3 ʚʥʘʩʣʽʜʦʢ ʚʽʢʦʚʦʛʦ ʟʥʠʞʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ 

ʢʽʥʘʟʠ ERK-MAPK, ʷʢʘ ʻ ʚʘʞʣʠʚʦʶ ʜʣʷ ʝʢʩʧʨʝʩʽʾ ʮʴʦʛʦ ʛʝʥʘ [285]. ɯʥʛʽʙʫʚʘʥʥʷ 

GATA3 ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʦʜʠʥ ʟ ʤʝʭʘʥʽʟʤʽʚ ʣʽʢʫʚʘʣʴʥʦʾ ʜʽʾ ʛʣʶʢʦʢʦʨʪʠʢʦʾʜʽʚ ʧʨʠ 

ʘʣʝʨʛʽʾ; ʧʨʠ ʮʴʦʤʫ ʽʥʛʽʙʫʶʯʠʡ ʝʬʝʢʪ ʟʚ'ʷʟʫʚʘʥʥʷ ʛʣʶʢʦʢʦʨʪʠʢʦʾʜʽʚ ʟ ʾʭ ʷʜʝʨʥʠʤ 

ʨʝʮʝʧʪʦʨʦʤ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʧʨʦʤʦʫʪʝʨ ʛʝʥʘ GATA3 [90, 285]. ʊʨʘʥʩʬʝʢʮʽʷ ʛʝʥʫ 

GATA3 ʟʘʭʠʱʘʻ ʤʠʰʝʡ ʚʽʜ ʽʥʜʫʢʮʽʾ ʟʘʧʘʣʴʥʦʛʦ ʘʨʪʨʠʪʫ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʟʥʠʞʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʣʽʪʠʥ, ʷʢʽ ʧʨʦʜʫʢʫʶʪʴ ʦʜʥʦʯʘʩʥʦ IFN-ɔ ʽ Iʃ-17 [218]. 

ʆʩʣʘʙʣʝʥʥʷ ʝʢʩʧʨʝʩʽʾ GATA3 ʪʘ ʟʤʝʥʰʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ T-bet/GATAɿ ʽ IFN-ɔ/Iʃ-

4 ʚʠʷʚʣʝʥʽ ʫ ʭʚʦʨʠʭ ʟ ʩʠʩʪʝʤʥʠʤ ʯʝʨʚʦʥʠʤ ʚʦʚʯʘʢʦʤ (ʉʏɺ), ʧʨʠʯʦʤʫ ʩʪʫʧʽʥʴ 

ʚʠʨʘʟʥʦʩʪʽ ʮʠʭ ʟʤʽʥ ʢʦʨʝʣʶʻ ʟ ʪʷʞʢʽʩʪʶ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ [128]. ʊʨʘʥʩʬʝʢʮʽʷ 

GAʊɸɿ ʤʠʰʘʤ ʟʽ ʩʧʦʥʪʘʥʥʦ ʤʝʨʝʭʪʣʠʚʠʤ ʣʶʧʫʩ-ʧʦʜʽʙʥʠʤ ʥʝʬʨʠʪʦʤ ʥʘ ʬʦʥʽ 

ʧʽʜʚʠʱʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ Th1-ʢʣʽʪʠʥ ʽ ʟʥʠʞʝʥʥʷ ʪʘʢʦʾ Th2-ʢʣʽʪʠʥ ʧʨʠʟʚʦʜʠʣʘ ʜʦ 

ʧʦʩʣʘʙʣʝʥʥʷ ʧʘʪʦʣʦʛʽʾ ʪʘ ʽʤʫʥʦʣʦʛʽʯʥʠʭ ʟʨʫʰʝʥʴ [218, 285]. ʊʦʙʪʦ, ʟʤʝʥʰʝʥʥʷ 

ʝʢʩʧʨʝʩʽʾ ʛʝʥʫ GATA3, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʩʣʘʙʣʝʥʥʷʤ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ 

Th2-ʢʣʽʪʠʥ ʽ ʧʦʩʠʣʝʥʥʷʤ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ Th1-ʢʣʽʪʠʥ, ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ, ʧʨʠʥʘʡʤʥʽ, 

ʜʝʷʢʠʭ Th1/Th17-ʟʘʣʝʞʥʠʭ ʘʫʪʦʽʤʫʥʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʦʜʽ ʷʢ ʧʦʩʠʣʝʥʥʷ ʡʦʛʦ ʝʢʩʧʨʝʩʽʾ 

ʤʦʞʝ ʩʧʨʠʷʪʠ ʨʦʟʚʠʪʢʫ ʘʣʝʨʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ.  

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʫ T-bet
-/- 
ʤʠʰʝʡ ʨʦʟʚʠʚʘʻʪʴʩʷ ʩʠʥʜʨʦʤ, ʧʦʜʽʙʥʠʡ ʘʩʪʤʘʪʠʯʥʦʤʫ 

[141], ʘ ʜʠʩʬʫʥʢʮʽʷ T-bet ʧʦʚ'ʷʟʘʥʘ ʟ ʧʦʩʠʣʝʥʥʷʤ ʽʥʬʽʣʴʪʨʘʮʽʾ ʜʠʭʘʣʴʥʦʛʦ ʪʨʘʢʪʫ 

ʥʝʡʪʨʦʬʽʣʘʤʠ ʡ ʝʦʟʠʥʦʬʽʣʘʤʠ [175]. ʅʘʚʧʘʢʠ, ʧʦʩʠʣʝʥʥʷ ʝʢʩʧʨʝʩʽʾ T-bet ʦʙʫʤʦʚʣʶʻ 

ʧʨʠʛʥʽʯʝʥʥʷ ʘʣʝʨʛʽʯʥʦʛʦ ʟʘʧʘʣʝʥʥʷ ʨʝʩʧʽʨʘʪʦʨʥʦʛʦ ʪʨʘʢʪʫ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʧʝʨʝʚʘʞʥʦ ʟ 

ʦʩʣʘʙʣʝʥʥʷʤ ʚʠʨʦʙʣʝʥʥʷ Iʃ-4 ʽ ʧʦʩʠʣʝʥʥʷʤ ʧʨʦʜʫʢʮʽʾ IFN-ɔ [141]. ʋ ʣʶʜʠʥʠ 

ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ ʊɺʍ21 ʪʘʢʦʞ ʧʦʚ'ʷʟʘʥʝ ʟ ʛʽʧʝʨʨʝʘʢʪʠʚʥʽʩʪʶ ʙʨʦʥʭʽʚ ʽ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʦʟʚʠʪʢʦʤ ʙʨʦʥʭʽʘʣʴʥʦʾ ʘʩʪʤʠ [141, 216]. ʅʦʢʘʫʪ ʛʝʥʫ ʊɺʍ21 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʪʘʢʦʞ ʩʪʽʡʢʽʩʪʶ ʜʦ ʨʦʟʚʠʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʫʪʦʽʤʫʥʥʦʛʦ 

ʝʥʮʝʬʘʣʦʤʽʻʣʽʪʫ [34, 175] ʽ ʧʦʩʠʣʝʥʥʷʤ ʘʫʪʦʽʤʫʥʥʦʾ ʧʘʪʦʣʦʛʽʾ ʩʫʛʣʦʙʽʚ. ʇʨʠ 

ʩʠʩʪʝʤʥʦʤʫ ʯʝʨʚʦʥʦʤʫ ʚʦʚʯʘʢʫ ʮʝ ʧʽʜʚʠʱʝʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʝʢʩʧʨʝʩʽʾ T-

bet/GATA3 [129]. ɭ ʽ ʧʨʦʪʠʣʝʞʥʽ ʜʘʥʽ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ 

ʝʢʩʧʨʝʩʽʷ T-bet, ʥʘʚʧʘʢʠ, ʟʘʭʠʱʘʻ ʚʽʜ ʨʦʟʚʠʪʢʫ ʘʫʪʦʽʤʫʥʥʠʭ ʧʨʦʮʝʩʽʚ. ʊʘʢ, ʧʨʠ 

ʥʦʢʘʫʪʽ ʛʝʥʘ ʊɺʍ21 ʧʽʜʚʠʱʫʻʪʴʩʷ ʨʠʟʠʢ ʨʦʟʚʠʪʢʫ ʘʫʪʦʽʤʫʥʥʦʛʦ ʢʦʣʽʪʫ [104], 
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ʘʪʝʨʦʩʢʣʝʨʦʟʫ [141] ʽ ʪʷʞʢʦʾ ʤʽʘʩʪʝʥʽʾ [129]. ɿʘʭʠʩʥʘ ʜʽʷ T-bet ʱʦʜʦ ʘʫʪʦʽʤʫʥʥʦʛʦ 

ʢʦʣʽʪʫ ʦʧʦʩʝʨʝʜʢʦʚʘʥʘ ʡʦʛʦ ʟʜʘʪʥʽʩʪʶ ʦʙʤʝʞʫʚʘʪʠ ʨʝʘʢʮʽʶ ʦʨʛʘʥʽʟʤʫ ʭʘʟʷʾʥʘ ʥʘ 

TLR-ʨʝʮʝʧʪʦʨʠ ʢʦʤʝʥʩʘʣʽʚ ʯʝʨʝʟ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʬʘʢʪʦʨʘ ʥʝʢʨʦʟʫ ʧʫʭʣʠʥʠ Ŭ 

(TNFŬ) [292]. ʋ ʣʶʜʠʥʠ ʧʽʜʚʠʱʝʥʘ ʝʢʩʧʨʝʩʽʷ T-bet ʚ ʊ-ʢʣʽʪʠʥʘʭ ʚʠʷʚʣʝʥʘ ʧʨʠ 

ʮʝʣʽʘʢʽʾ ʪʘ ʭʚʦʨʦʙʽ ʂʨʦʥʘ [104], ʘ ʪʘʢʦʞ ʧʨʠ ʉʏɺ [141]. T-bet
+
- ʢʣʽʪʠʥʠ ʻ ʝʬʝʢʪʦʨʘʤʠ 

ʭʨʦʥʽʯʥʦʾ ʭʚʦʨʦʙʠ ñʪʨʘʥʩʧʣʘʥʪʘʪ ʧʨʦʪʠ ʭʘʟʷʾʥʘò [129]. ʆʪʨʠʤʘʥʽ ʩʚʽʜʯʝʥʥʷ ʨʦʣʽ 

ʧʦʣʽʤʦʨʬʽʟʤʫ (SNP) ʛʝʥʫ ʊɺʍ21 ʫ ʨʦʟʚʠʪʢʫ ʨʝʚʤʘʪʦʾʜʥʦʛʦ ʘʨʪʨʠʪʫ [141], ʘ ʪʘʢʦʞ ʫ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʜʦ ʽʥʬʽʢʫʚʘʥʥʷ ʚʽʨʫʩʦʤ ʛʝʧʘʪʠʪʫ ɺ [34]. 

ɺʘʞʣʠʚʠʤʠ ʝʬʝʢʪʦʨʘʤʠ ʨʦʟʚʠʪʢʫ ʟʘʧʘʣʴʥʠʭ ʽ ɸɯɿ ʻ ʧʨʝʜʩʪʘʚʥʠʢʠ ʱʝ ʦʜʥʽʻʾ 

ʩʫʙʧʦʧʫʣʷʮʽʾ ʊ-ʭʝʣʧʝʨʽʚ - ʊ-ʭʝʣʧʝʨʠ 17-ʛʦ ʪʠʧʫ, ʧʝʨʰʽ ʜʘʥʽ ʧʨʦ ʷʢʽ ʙʫʣʠ 

ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ 2005 ʨʦʮʽ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ L.E. Harrington  ̔H. Park [119, 

223]. ʎʷ ʧʦʜʽʷ ʩʣʫʞʠʪʴ ʩʚʦʻʨʽʜʥʦʶ ʚʽʜʧʨʘʚʥʦʶ ʪʦʯʢʦʶ, ʧʽʩʣʷ ʷʢʦʾ ʊ-ʭʝʣʧʝʨʠ 17-ʛʦ 

ʪʠʧʫ ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʚ ʦʢʨʝʤʫ ʧʦʧʫʣʷʮʽʶ ʣʽʤʬʦʮʠʪʽʚ [15, 56, 131]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʢʫʣ, ʷʢʽ ʝʢʩʧʨʝʩʫʶʪʴʩʷ Th17-ʢʣʽʪʠʥʘʤʠ ʽ ʧʨʝʪʝʥʜʫʶʪʴ ʥʘ ʨʦʣʴ 

ʾʭ ʤʘʨʢʝʨʽʚ, ʤʘʙʫʪʴ, ʥʘʡʙʽʣʴʰ ʥʘʜʽʡʥʠʤʠ ʟ ʥʠʭ ʻ ʪʨʘʥʩʢʨʠʧʮʽʡʥʽ ʬʘʢʪʦʨʠ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʷʜʝʨʥʠʤ orphan-ʨʝʮʝʧʪʦʨʦʤ (Retinoic acid-related orphan receptor, ROR) [14, 157, 

184]. ʆʜʥʘ ʟ ʽʟʦʬʦʨʤ Rorɔ - Rorɔt ʚʧʝʨʰʝ ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʚ ʪʠʤʫʩʽ. ʆʜʥʘʢ, ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʝʢʩʧʨʝʩʽʷ Rorɔt ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʽ ʚ ʧʝʨʠʬʝʨʠʯʥʠʭ ʦʨʛʘʥʘʭ ʽʤʫʥʥʦʾ 

ʩʠʩʪʝʤʠ - ʩʝʣʝʟʽʥʮʽ, ʣʽʤʬʘʪʠʯʥʠʭ ʚʫʟʣʘʭ, ʂɸʃʊ ʪʘ ʽʥ. ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʠʣʠ 

ʢʨʠʪʠʯʥʫ ʨʦʣʴ Rorɔt ʚ ʨʝʛʫʣʷʮʽʾ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ Th17-ʢʣʽʪʠʥ [15, 56, 89, 136]. ʊʘʢ, 

Ivanov, Littman ʪʘ ʾʭ ʢʦʣʝʛʠ (2007) ʧʦʚʽʜʦʤʠʣʠ ʧʨʦ ʪʝ, ʱʦ Rorɔt ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʜʠʬʝʨʝʥʮʽʘʮʽʾ ñʥʘʾʚʥʠʭò CD4
+
-T-ʢʣʽʪʠʥ ʚ ʢʣʽʪʠʥʠ Th17. ʎʝ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʘʥʘʣʦʛʽʯʥʠʤʠ ʚʽʜʢʨʠʪʪʷʤʠ ʫ ʜʝʢʽʣʴʢʦʭ ʽʥʰʠʭ ʣʘʙʦʨʘʪʦʨʽʷʭ [136, 179]. ɼʦʩʠʪʴ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʠʪʴ, ʱʦ ʢʣʽʪʠʥʠ Th17 ʧʨʠʯʝʪʥʽ ʜʦ ʨʦʟʚʠʪʢʫ ʨʽʟʥʠʭ ɸɯɿ 

ʣʶʜʠʥʠ, ʪʘʢʠʭ ʷʢ ʩʠʩʪʝʤʥʠʡ ʯʝʨʚʦʥʠʡ ʚʦʚʯʘʢ, ʨʝʚʤʘʪʦʾʜʥʠʡ ʘʨʪʨʠʪ, ʘʪʦʧʽʯʥʠʡ 

ʜʝʨʤʘʪʠʪ, ʨʦʟʩʽʷʥʠʡ ʩʢʣʝʨʦʟ, ʧʩʦʨʽʘʟ, ʘʩʪʤʘ, ʎɼ 1 ʪʠʧʫ [56, 89, 184, 259], ʪʦʤʫ 

ʚʠʚʯʝʥʥʷ ʾʭ ʨʦʟʧʦʜʽʣʫ ʫ ʂɸʃʊ ʚ ʫʤʦʚʘʭ ʍʉʉ ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ. ʉʘʤʝ 

Th17- ʢʣʽʪʠʥʠ ʻ ʦʜʥʠʤʠ ʟ ʦʩʥʦʚʥʠʭ ʽʥʜʫʢʪʦʨʽʚ ɿɿʂ, ʯʦʤʫ ʻ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ 

ʜʦʢʘʟʽʚ. ʇʦ-ʧʝʨʰʝ, ʢʽʣʴʢʘ ʥʝʟʘʣʝʞʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ ʟʚ'ʷʟʦʢ Th17 ʟ ʢʠʰʢʦʚʠʤ 

ʟʘʧʘʣʝʥʥʷʤ ʫ ʧʘʮʽʻʥʪʽʚ ʽʟ ɿɿʂ [34, 157, 184, 249]. ʇʦ-ʜʨʫʛʝ, ʧʦʣʽʤʦʨʬʽʟʤ ʛʝʥʫ Iʃ-23R 
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(ʦʜʠʥ ʟ ʮʠʪʦʢʽʥʽʚ Th17) ʙʫʚ ʧʦʚ'ʷʟʘʥʠʡ ʟʽ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʶ ʜʦ ɿɿʂ ʣʶʜʝʡ. ʇʦ-ʪʨʝʪʻ, 

ʤʠʰʽ ʟʽ ʟʥʠʞʝʥʦʶ ʝʢʩʧʨʝʩʽʻʶ Rorɔt ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʽʜʚʠʱʝʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʽʥʜʫʢʮʽʾ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʘʧʘʣʝʥʥʷ ʢʠʰʝʯʥʠʢʘ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʽʥʬʽʣʴʪʨʫʶʯʠʭ ʢʠʰʢʦʚʫ ʪʢʘʥʠʥʫ Th17 ʢʣʽʪʠʥ [262]. ʅʘʨʝʰʪʽ, ʘʜʦʧʪʠʚʥʝ 

ʧʝʨʝʥʝʩʝʥʥʷ in vitro ʘʙʦ in vivo ʢʣʽʪʠʥ Th17 ʣʽʤʬʦʧʝʥʽʯʥʠʤ ʤʠʰʘʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʦʟʚʠʪʢʫ ʫ ʥʠʭ ʢʦʣʽʪʫ [34]. ʈʘʟʦʤ, ʮʽ ʜʘʥʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ Th17-ʢʣʽʪʠʥʠ 

ʚʽʜʽʛʨʘʶʪʴ ʮʝʥʪʨʘʣʴʥʫ ʨʦʣʴ ʫ ʧʘʪʦʛʝʥʝʟʽ ɿɿʂ. ʋ Rorɔ
-/-

 ʤʠʰʝʡ ʣʝʜʚʝ ʚʜʘʻʪʴʩʷ 

ʽʥʜʫʢʫʚʘʪʠ ʣʠʰʝ ʩʣʘʙʦ ʚʠʨʘʞʝʥʽ ʘʫʪʦʽʤʫʥʥʽ ʟʘʧʘʣʴʥʽ ʧʨʦʮʝʩʠ [34, 240, 262]. 

ɽʢʩʧʨʝʩʽʷ Rorɔt ʚ ʧʝʨʝʥʦʩʠʤʠʭ Th17-ʢʣʽʪʠʥʘʭ ʻ ʦʙʦʚ'ʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʪʘʢʦʞ ʜʣʷ 

ʽʥʜʫʢʮʽʾ ʘʫʪʦʽʤʫʥʥʦʛʦ ʝʥʮʝʬʘʣʦʤʽʻʣʽʪʫ. Iʃ-17 ʽʥʜʫʢʫʻ ʩʝʢʨʝʮʽʶ ʮʽʣʦʛʦ ʨʷʜʫ 

ʮʠʪʦʢʽʥʽʚ, ʭʝʤʦʢʽʥʽʚ, ʤʝʪʘʣʦʧʨʦʪʝʾʥʘʟ ʪʘ ʽʥʰʠʭ ʧʨʦʟʘʧʘʣʴʥʠʭ ʤʝʜʽʘʪʦʨʽʚ ʽ ʩʧʨʠʷʻ 

ʟʘʣʫʯʝʥʥʶ ʥʝʡʪʨʦʬʽʣʽʚ ʜʦ ʦʨʛʘʥʫ-ʤʽʰʝʥʽ [15, 56, 89, 136]. ɺʪʨʘʪʘ ʬʫʥʢʮʽʾ Rorɔt 

ʟʤʝʥʰʫʻ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʜʦ ʨʦʟʚʠʪʢʫ ɸɯɿ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘʨʠʥ, ʽ ʜʦʟʚʦʣʷ ̒

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ, ʢʦʥʪʨʦʣʶʶʯʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ Th17 ʽ ʝʢʩʧʨʝʩʽʶ Iʃ-17, Rorɔt 

ʚʽʜʽʛʨʘʻ ʢʨʠʪʠʯʥʫ ʨʦʣʴ ʫ ʨʝʛʫʣʷʮʽʾ ʟʘʧʘʣʴʥʠʭ ʽ ʘʫʪʦʽʤʫʥʥʠʭ ʧʨʦʮʝʩʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʟʤʽʥʠ ʝʢʩʧʨʝʩʽʾ Rorɔt ʫ ʂɸʃʊ ʚ ʫʤʦʚʘʭ ʍʉʉ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʠʤʠ ʟ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʧʽʜʪʨʠʤʫʶʪʴ ʧʨʦʛʨʝʩʫʚʘʥʥʷ ʧʘʪʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʊʘʢ, ʨʷʜ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʠʪʴ, 

ʱʦ ʨʦʟʚʠʪʦʢ ʍʉʉ ʤʦʞʝ ʩʪʠʤʫʣʶʚʘʪʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʧʨʦʟʘʧʘʣʴʥʠʭ ʊ-ʭʝʣʧʝʨʽʚ 17 

ʪʠʧʫ [157, 249, 260]. ɺʽʜʦʤʦ, ʱʦ Rorɔ/Rorɔt ʻ ʢʨʠʪʠʯʥʠʤ ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʤ ʬʘʢʪʦʨʦʤ 

ʽ ʜʣʷ ʨʦʟʚʠʪʢʫ ʚʪʦʨʠʥʥʠʭ ʣʽʤʬʦʾʜʥʠʭ ʦʨʛʘʥʽʚ. ʋ ʱʫʨʽʚ, ʜʝʬʽʮʠʪʥʠʭ ʧʦ Rorɔt, 

ʢʽʣʴʢʽʩʪʴ Th17 ï ʢʣʽʪʠʥ ʚ ʇɹ ʢʠʰʝʯʥʠʢʘ ʙʫʣʘ ʟʥʠʞʝʥʘ ʫ 10 ʨʘʟʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʱʫʨʘʤʠ ʜʠʢʦʛʦ ʪʠʧʫ. ʌʦʨʩʦʚʘʥʘ ʝʢʩʧʨʝʩʽʷ Rorɔt ʚ ʥʘʾʚʥʠʭ ʊ ï ʢʣʽʪʠʥʘʭ ʧʨʠʟʚʦʜʠʣʘ 

ʜʦ ʧʨʦʜʫʢʮʽʾ ʥʠʤʠ Iʃ-17, Iʃ-17F ʽ Iʃ-22 [157, 262].  

ʊʨʘʥʩʢʨʠʧʮʽʡʥʽ ʬʘʢʪʦʨʠ T-bet, GATA3 ʽ Rorɔt ʤʦʞʫʪʴ ʝʢʩʧʨʝʩʫʚʘʪʠʩ ɹʥʝ ʣʠʰʝ 

ʢʣʘʩʠʯʥʠʤʠ ʊ-ʭʝʣʧʝʨʘʤʠ Th1, Th2 ʽ Th17, ʘ ʡ ʪʘʢ ʟʚʘʥʠʤʠ ʚʨʦʜʞʝʥʠʤʠ ʣʽʤʬʦʾʜʥʠʤʠ 

ʢʣʽʪʠʥʘʤʠ (ɺʃʂ, Innate lymphoid cells, ILCs) ï ʜʦʩʠʪʴ ʛʝʪʝʨʦʛʝʥʥʦʶ ʛʨʫʧʦʶ ʢʣʽʪʠʥ 

ʩʧʘʜʢʦʚʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ [81, 259, 264], ʷʢʽ ʜʠʬʝʨʝʥʮʽʶʶʪʴʩʷ ʽʟ ʟʘʛʘʣʴʥʦʛʦ 

ʣʽʤʬʦʾʜʥʦʛʦ ʧʦʧʝʨʝʜʥʠʢʘ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ɺʃʂ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʠʤ 

ʨʽʚʥʝʤ ʨʝʘʨʘʥʞʫʚʘʥʥʷ ʛʝʥʽʚ ʊ-ʢʣʽʪʠʥʥʦʛʦ ʨʝʮʝʧʪʦʨʘ, ʚʽʜʩʫʪʥʽʩʪʶ MHC-ʨʝʩʪʨʠʢʮʽʾ, 

ʽʥʪʝʥʩʠʚʥʦʶ ʝʢʩʧʨʝʩʽʻʶ ʧʘʪʪʝʨʥ-ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʨʝʮʝʧʪʦʨʽʚ ʽ ʟʜʘʪʥʽʩʪʶ 
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ʨʦʟʧʽʟʥʘʚʘʪʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʤʽʢʨʦʙʥʽ ʪʘ ʥʝʧʝʧʪʠʜʥʽ ʘʥʪʠʛʝʥʠ, ʮʽ ʢʣʽʪʠʥʠ ʚʠʨʘʞʘʶʪʴ 

ʙʽʣʴʰʽʩʪʴ ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ ʡ ʝʬʝʢʪʦʨʥʠʭ ʤʦʣʝʢʫʣ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʊ-ʭʝʣʧʝʨʽʚ, ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ ɺʃʂ ʤʦʞʫʪʴ ʙʫʪʠ ʝʚʦʣʶʮʽʡʥʠʤ 

ʧʦʧʝʨʝʜʥʠʢʦʤ ʢʣʽʪʠʥ ʘʜʘʧʪʠʚʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ [259, 284]. ɿʛʽʜʥʦ ʦʩʪʘʥʥʴʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʚ ʜʘʥʠʡ ʯʘʩ ʚʠʜʽʣʷʶʪʴ 3 ʛʨʫʧʠ ɺʃʂ: ʛʨʫʧʘ 1 ʧʦʧʫʣʷʮʽʾ ɺʃʂ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʪʫʨʘʣʴʥʠʭ ʢʽʣʝʨʽʚ (NK) ʽ, ʤʦʞʣʠʚʦ, ʽʥʰʠʭ ɺʃʂ, ʷʢʽ ʝʢʩʧʨʝʩʫʶʪʴ 

ʬʘʢʪʦʨ ʪʨʘʥʩʢʨʠʧʮʽʾ T-bet, ʩʠʥʪʝʟʫʶʪʴ IFN-ɔ ʽ ʧʦʚ'ʷʟʘʥʽ ʧʝʨʝʚʘʞʥʦ ʟ ʢʣʽʪʠʥʥʠʤ 

ʽʤʫʥʽʪʝʪʦʤ, ʯʠʤ ʩʭʦʞʽ ʥʘ ʢʣʽʪʠʥʠ Th1; ʛʨʫʧʘ 2 ɺʃʂ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ 

ʬʘʢʪʦʨʘ GATA3, ʩʠʥʪʝʟʫʻ Iʃ-5 ʡ Iʃ-13, ʩʪʠʤʫʣʶʻ ʘʥʪʠʛʝʣʴʤʽʥʪʥʽ ʡ ʘʣʝʨʛʽʯʥʽ ʽʤʫʥʥʽ 

ʨʝʘʢʮʽʾ ,̔ ʪʘʢʠʤ ʯʠʥʦʤ, ʻ ʘʥʘʣʦʛʽʯʥʦʶ Th2- ʢʣʽʪʠʥ, ʷʢʽ ʝʢʩʧʨʝʩʫʶʪʴ GATA3, ʽ, 

ʥʘʨʝʰʪʽ, ʛʨʫʧʘ 3 ɺʃʂ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ LTi-ʢʣʽʪʠʥ (lymphoid tissue inducer), ILC17, 

NCR22 ʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʰʠʭ Iʃ-17ɸ, Iʃ-17F ʡ Iʃ-22-ʩʠʥʪʝʟʫʶʯʠʭ ʢʣʽʪʠʥ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʡ ʟ ʊʂʈ ʛʘʤʤʘ-ʜʝʣʴʪʘ (ɔŭʊ - ʣʽʤʬʦʮʠʪʠ), ʛʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʷʢʠʭ ʻ 

ʝʢʩʧʨʝʩʽʷ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ ʬʘʢʪʦʨʘ Rorɔt, ʱʦ ʦʙʫʤʦʚʣʶʻ ʾʭ ʩʭʦʞʽʩʪʴ ʟ Th17 [81, 

264, 274]. 

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʙʣʦʢʘʜʘ ʨʦʟʚʠʪʢʫ ʟʘʧʘʣʴʥʠʭ ʽ ɸɯɿ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʧʫʣʷʮʽʾ 

ʩʫʧʨʝʩʦʨʥʠʭ ʊ-ʨʝʛʫʣʷʪʦʨʥʠʭ ʢʣʽʪʠʥ (ʊreg), ʷʢʽ ʧʝʨʝʚʘʞʥʦ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʥʘʪʫʨʘʣʴʥʽ 

(ʪʠʤʽʯʥʽ, nTreg) ʡ ʽʥʜʫʢʦʚʘʥʽ ʥʘ ʧʝʨʠʬʝʨʽʾ (ʽʥʜʫʮʠʙʝʣʴʥʽ, iTreg) [16, 20, 41, 188, 243]. 

CD25 (Ŭ-ʣʘʥʮʶʛ ʨʝʮʝʧʪʦʨʫ Iʃ-2, Iʃ-2RŬ) ʪʨʠʚʘʣʠʡ ʯʘʩ ʚʚʘʞʘʚʩʷ ʦʜʥʠʤ ʟ 

ʭʘʨʘʢʪʝʨʥʠʭ ʤʘʨʢʝʨʽʚ ʊreg, ʦʜʥʘʢ ʚʽʥ ʝʢʩʧʨʝʩʫʻʪʴʩʷ ʽ ʥʘ ʙʫʜʴ-ʷʢʠʭ ʽʥʰʠʭ ʊ-ʢʣʽʪʠʥʘʭ 

ʧʽʩʣʷ ʾʭ ʘʢʪʠʚʘʮʽʾ. ʋ 2003 ʨʦʮʽ ʙʫʚ ʦʧʠʩʘʥʠʡ ʛʝʥ, ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʫ ʭʨʦʤʦʩʦʤʽ X, 

Foxp3 (fork head box P3), ̫ ʢʠʡ ʢʦʥʪʨʦʣʶʚʘʚ ʨʦʟʚʠʪʦʢ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ Treg- ʢʣʽʪʠʥ ʫ 

ʤʠʰʝʡ, ʧʦʪʽʤ ʮʝ ʙʫʣʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʽ ʜʣʷ Treg- ʢʣʽʪʠʥ ʣʶʜʠʥʠ [7, 297]. ʇʨʦʜʫʢʪ 

ʛʝʥʫ Foxp3, ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʡ ʬʘʢʪʦʨ Foxp3 (ʙʽʣʦʢ ʩʢʫʨʬʽʥ) ʚ ʜʘʥʠʡ ʯʘʩ ʚʚʘʞʘʻʪʴʩʷ 

ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʩʧʝʮʠʬʽʯʥʠʭ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʠʭ ʤʘʨʢʝʨʽʚ ʜʣʷ Treg-ʢʣʽʪʠʥ [191, 

297]. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʪʨʘʥʩʜʫʢʮʽʷ Foxp3 ʚ ʥʝ ʨʝʛʫʣʷʪʦʨʥʽ Foxp3
-
CD25

-
CD4 

ñʥʘʾʚʥʽò ʊ-ʢʣʽʪʠʥʠ ʣʶʜʠʥʠ ʘʙʦ ʤʠʰʝʡ ʧʨʠʩʚʦʶʻ ʦʩʪʘʥʥʽʤ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʬʝʥʦʪʠʧ ʊreg, ʘ ʟʘ ʚʽʜʩʫʪʥʽʩʪʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ Foxp3 ʨʝʛʫʣʷʪʦʨʥʽ ʊ-

ʢʣʽʪʠʥʠ ʥʝ ʧʨʦʜʫʢʫʶʪʴʩʷ, ʽ ʪʘʢʽ ʤʠʰʽ ʛʠʥʫʪʴ ʚʧʨʦʜʦʚʞ ʧʝʨʰʠʭ 3 ʪʠʞʥʽʚ ʞʠʪʪʷ ʚʽʜ 

ʚʘʞʢʠʭ ʣʽʤʬʦʧʨʦʣʽʬʝʨʘʪʠʚʥʠʭ ʧʦʨʫʰʝʥʴ [9, 41, 211]. ɿʥʠʞʝʥʥʷ ʚʤʽʩʪʫ Fʦʭʨ3
+
ʊ-
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ʢʣʽʪʠʥ ʦʧʠʩʘʥʠʡ ʧʨʠ ʙʘʛʘʪʴʦʭ ʧʘʪʦʣʦʛʽʯʥʠʭ ʩʪʘʥʘʭ. ʊʘʢ, ʧʨʠ ʨʦʟʩʽʷʥʦʤʫ ʩʢʣʝʨʦʟʽ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʝʥʮʝʬʘʣʦʤʽʻʣʽʪʽ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʛʦʣʦʚʥʦʤʫ ʤʦʟʢʫ Fʦʭʨ3
+
-

ʣʽʤʬʦʮʠʪʽʚ ʨʝʻʩʪʨʫʻʪʴʩʷ ʧʨʠ ʨʦʟʚʠʪʢʫ ʨʝʤʽʩʽʾ, ʘʜʦʧʪʠʚʥʝ ʧʝʨʝʥʝʩʝʥʥʷ ʊreg 

ʧʝʨʝʰʢʦʜʞʘʻ ʽʥʜʫʢʮʽʾ ʜʘʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʘ ʝʣʽʤʽʥʘʮʽʷ ʮʠʭ ʢʣʽʪʠʥ ʩʧʨʠʷʻ ʡʦʛʦ 

ʨʦʟʚʠʪʢʫ [16]. ɿʥʠʞʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʝʬʝʢʪʦʨʥʠʭ ʉD4
+
ʉD25

+
-ʢʣʽʪʠʥ ʜʦ ʩʫʧʨʝʩʦʨʥʦʾ 

ʜʽʾ ʨʝʛʫʣʷʪʦʨʥʠʭ ʉD4
+
ʉD25

+
-ʢʣʽʪʠʥ ʚʠʷʚʣʝʥʝ ʽ ʫ ʤʠʰʝʡ ʣʽʥʽʾ MLR/Mp, ʫ ʷʢʠʭ 

ʩʧʦʥʪʘʥʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚʦʚʯʘʥʦʯʥʠʡ ʩʠʥʜʨʦʤ. ʄʦʞʣʠʚʦ, ʮʝʡ ʤʝʭʘʥʽʟʤ ʤʦʞʝ ʛʨʘʪʠ 

ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʘʫʪʦʽʤʫʥʥʦʾ ʧʘʪʦʣʦʛʽʾ ʧʨʠ ʉʏɺ ʫ ʣʶʜʠʥʠ [16]. ɸʢʪʠʚʥʽʩʪʴ ʊreg - 

ʢʣʽʪʠʥ ʫ ʪʠʤʫʩʽ ʧʦʥʠʞʝʥʘ ʽ ʧʨʠ ʤʽʘʩʪʝʥʽʾ [34]. ɿʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʊreg ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʚʘʞʢʦʛʦ ʟʘʧʘʣʴʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ ʢʠʰʝʯʥʠʢʘ (IBD ï inflammatory 

bowel disease) [295]. ʇʨʠ ʭʚʦʨʦʙʽ ʂʨʦʥʘ ʦʧʠʩʘʥʦ ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ ʤʫʪʘʮʽʡ, ʷʢʽ 

ʟʘʯʽʧʘʶʪʴ ʛʝʥ Fʦʭʨ3. ɺʽʜʦʤʦ, ʱʦ Treg ʟʜʘʪʥʽ ʟʤʝʥʰʫʚʘʪʠ ʧʨʦʷʚʠ ʢʦʣʽʪʫ, ʽʥʜʫʢʦʚʘʥʦʛʦ 

ʧʝʨʝʥʝʩʝʥʥʷʤ ʥʘʾʚʥʠʭ ʊ-ʢʣʽʪʠʥ ʚ ʦʨʛʘʥʽʟʤ RAG2
-/- 
ʤʠʰʝʡ-ʨʝʮʠʧʽʻʥʪʽʚ ʟʘʚʜʷʢʠ 

ʩʝʢʨʝʮʽʾ ʧʨʦʪʠʟʘʧʘʣʴʥʦʛʦ ʮʠʪʦʢʽʥʫ Iʃ-10 [280, 295]. 

ɼʝʬʽʮʠʪ ʊreg- ʢʣʽʪʠʥ, ʧʨʠʯʠʥʦʶ ʷʢʦʛʦ ʻ ʧʦʩʠʣʝʥʠʡ ʾʭ ʘʧʦʧʪʦʟ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʨʠ ʨʝʚʤʘʪʦʾʜʥʦʤʫ ʘʨʪʨʠʪʽ, ʷʢʠʡ ʫʩʫʚʘʻʪʴʩʷ ʣʽʢʫʚʘʥʥʷʤ ʽʥʬʣʽʢʩʠʤʘʙʦʤ (ʘʥʪʠʪʽʣʘʤʠ 

ʜʦ TNFŬ). ʋ ʣʽʪʝʨʘʪʫʨʽ ʻ ʮʽʣʠʡ ʨʷʜ ʜʘʥʠʭ ʱʦʜʦ ʟʘʭʠʩʥʦ ʾʨʦʣ̔ ʊreg - ʢʣʽʪʠʥ ʧʨʠ 

ʘʫʪʦʽʤʫʥʥʠʭ ʪʠʨʝʦʾʜʠʪʽ, ʛʘʩʪʨʠʪʽ, ʦʦʬʦʨʠʪʽ, ʦʨʭʽʪʽ, ʚʠʨʘʟʢʦʚʦʤʫ ʢʦʣʽʪʽ [178, 280]. 

ʆʩʥʦʚʥʠʤ ʤʽʩʮʝʤ ʛʝʥʝʨʘʮʽʾ ʽʥʜʫʮʠʙʝʣʴʥʠʭ ʊreg- ʢʣʽʪʠʥ (ʽʊreg) ʻ ʢʠʰʢʦʚʦ-ʘʩʦʮʽʡʦʚʘʥʘ 

ʣʽʤʬʦʾʜʥʘ ʪʢʘʥʠʥʘ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʚʠʪʦʢ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʂɸʃʊ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʢʣʘʜʫ ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ [243, 256]. ʊʘʢ, ʫ ʛʥʦʪʦʙʽʦʪʠʯʥʠʭ ʪʚʘʨʠʥ ʧʦʨʫʰʫʻʪʴʩʷ 

ʤʦʨʬʦʛʝʥʝʟ ʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʥʘʯʥʽ ʜʝʬʝʢʪʠ ʷʢ ʚʨʦʜʞʝʥʦʾ, ʪʘʢ ʡ ʘʜʘʧʪʠʚʥʦʾ ʣʘʥʦʢ 

ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʢʠʰʢʦʚʘ ʤʽʢʨʦʙʽʦʪʘ ʬʦʨʤʫʻ ʂɸʃʊ ʽ ʨʝʛʫʣʶʻ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʦʢʨʝʤʠʭ ʩʫʙʧʦʧʫʣʷʮʽʡ ʊ-ʢʣʽʪʠʥ, ʟʦʢʨʝʤʘ, ʊreg, ʘ ʟʤʽʥʠ ʾʾ ʩʢʣʘʜʫ 

ʟʜʘʪʥʽ ʥʝ ʪʽʣʴʢʠ ʚʠʢʣʠʢʘʪʠ ʨʦʟʚʠʪʦʢ ʟʘʧʘʣʴʥʠʭ ʪʘ ɸɯɿ, ʘ ʡ ʧʦʧʝʨʝʜʞʫʚʘʪʠ ʾʭ 

ʨʦʟʚʠʪʦʢ [53, 168, 256, 295]. ʎʽʢʘʚʦ, ʱʦ ʍʉʉ ʟʜʘʪʝʥ ʥʝ ʪʽʣʴʢʠ ʚʠʢʣʠʢʘʪʠ ʟʤʽʥʠ ʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʂɸʃʊ, ʷʢʽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʜʠʩʙʘʣʘʥʩʦʤ ʧʨʦʟʘʧʘʣʴʥʠʭ  ̔ʨʝʛʫʣʷʪʦʨʥʠʭ 

ʩʫʙʧʦʧʫʣʷʮʽʡ ʊ-ʭʝʣʧʝʨʽʚ, ʘ ʡ ʟʤʽʥʶʶʪʴ ʩʢʣʘʜ ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ [50]. 

ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʫ ʨʦʟʚʠʪʢʫ ʟʘʧʘʣʝʥʥʷ ʚʽʜʽʛʨʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ Treg ʽ 

Th17-ʢʣʽʪʠʥʘʤʠ, ʱʦ ʨʝʛʫʣʶʻʪʴʩʷ ʟʘ ʫʯʘʩʪʶ ʢʽʣʴʢʦʭ ʧʦʟʠʪʠʚʥʠʭ ʽ ʥʝʛʘʪʠʚʥʠʭ 
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ʨʝʛʫʣʷʪʦʨʥʠʭ ʤʝʨʝʞ [179, 244], ʥʘʩʘʤʧʝʨʝʜ ʨʽʚʥʦʚʘʛʦʶ ʤʽʞ ʝʢʩʧʨʝʩʽʻʶ 

ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ Rorɔt ʽ Foxʨ3, ʘ ʪʘʢʦʞ ʧʨʦʜʫʢʮʽʻʶ Iʃ-6 ʽ TGFɓ [179]. 

ʉʫʙʧʦʧʫʣʷʮʽʾ Th ʻ ʜʦʩʠʪʴ ʧʣʘʩʪʠʯʥʠʤʠ, ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ ʯʦʤʫ ʻ ʚʠʷʚʣʝʥʥʷ 

ʧʦʜʚʽʡʥʠʭ ʧʦʟʠʪʠʚʥʠʭ Foxp3
+
Rorɔt

+
ʊ- ʣʽʤʬʦʮʠʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʥʘʜʘʣʽ 

ʜʠʬʝʨʝʥʮʽʶʚʘʪʠʩʷ ʷʢ ʚ ʨʝʛʫʣʷʪʦʨʥʽ ʢʣʽʪʠʥʠ, ʪʘʢ ʽ ʚ ʧʨʦʟʘʧʘʣʴʥʽ Th17-ʢʣʽʪʠʥʠ. 

ʊʦʙʪʦ, ʝʢʩʧʨʝʩʽʷ ʣʽʤʬʦʮʠʪʘʤʠ ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ Foxp3 ʘʙʦ Rorɔt ʱʝ ʥʝ ʻ 

ʩʚʽʜʯʝʥʥʷʤ ʾʭʥʴʦʛʦ ʪʝʨʤʽʥʘʣʴʥʦʛʦ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ [210]. ɿʦʢʨʝʤʘ, ʟʥʠʞʝʥʥʷʤ 

ʩʫʧʨʝʩʦʨʥʦʾ ʬʫʥʢʮʽʾ Foxp3 CD4
+
 ʊ-ʣʽʤʬʦʮʠʪʽʚ [280] ʫ ʧʘʮʽʻʥʪʽʚ ʟ̔ ɿɿʂ ʩʪʠʤʫʣʶʻ 

ʫʪʚʦʨʝʥʥʷ ʟ Treg/Th17 ʢʣʽʪʠʥ, ʘ ʜʝʷʢʽ Treg ʩʝʢʨʝʪʫʶʪʴ Iʃ-17 ʽ ʝʢʩʧʨʝʩʫʶʪʴ Rorɔt. 

ʆʜʥʘʢ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ Th17, ʚʦʥʠ ʥʝ ʩʝʢʨʝʪʫʶʪʴ Iʃ-22 ʽ TNFŬ. 

Rorɔt
+
Foxp3

+
 ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʫʪʥʽ ʚ lamina propria ʪʦʥʢʦʾ ʢʠʰʢʠ ʤʠʰʝʡ; ʚʦʥʠ 

ʚʠʨʦʙʣʷʶʪʴ Iʃ-17A, ʘʣʝ ʚ ʤʝʥʰʽʡ ʢʽʣʴʢʦʩʪʽ, ʥʽʞ ʟʚʠʯʘʡʥʽ Rorɔt
+
ʊ-ʢʣʽʪʠʥʠ [179]. 

ʆʩʥʦʚʥʠʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʧʨʦʮʝʩʠʥʛʫ ʟʥʘʯʥʦʾ ʯʘʩʪʠʥʠ ʘʥʪʠʛʝʥʽʚ ʚ ʽʤʫʥʥʽʡ 

ʩʠʩʪʝʤʽ ʻ ʧʨʦʪʝʘʩʦʤʠ - ʤʫʣʴʪʽʢʘʪʘʣʽʪʠʯʥʽ ʧʨʦʪʝʽʥʘʟʥʽ ʢʦʤʧʣʝʢʩʠ ʝʫʢʘʨʽʦʪʠʯʥʠʭ 

ʢʣʽʪʠʥ, ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʛʫʣʴʦʚʘʥʠʡ ʧʨʦʪʝʦʣʽʟ ʜʦ 95% ʚʩʽʭ ʢʣʽʪʠʥʥʠʭ ʙʽʣʢʽʚ 

[40, 51, 174]. ʂʦʥʩʪʠʪʫʪʠʚʥʽ 26S-ʧʨʦʪʝʘʩʦʤʠ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʨʝʛʫʣʷʮʽʾ ʪʘʢʠʭ 

ʧʨʦʮʝʩʽʚ, ʷʢ ʨʝʧʣʽʢʘʮʽʷ ʽ ʨʝʧʘʨʘʮʽʷ ɼʅʂ, ʪʨʘʥʩʢʨʠʧʮʽʷ, ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʽʚ, ʢʣʽʪʠʥʥʠʡ 

ʮʠʢʣ, ʘʧʦʧʪʦʟ. ɿʘʤʽʥʘ ʢʦʥʩʪʠʪʫʪʠʚʥʠʭ ʩʫʙʦʜʠʥʠʮʴ ʧʨʦʪʝʘʩʦʤ ʥʘ ʽʤʫʥʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ, ʥʘʧʨʠʢʣʘʜ, ʧʽʜ ʚʧʣʠʚʦʤ IFN- . ʇʨʠ ʮʴʦʤʫ ʢʦʥʩʪʠʪʫʪʠʚʥʽ ʢʘʪʘʣʽʪʠʯʥʽ 

ʩʫʙʦʜʠʥʠʮʽ X(5), Y ( 1) ʪʘ Z(2) ʟʘʤʽʱʫʶʪʴʩʷ ʥʘ ʽʤʫʥʥʽ ʩʫʙʦʜʠʥʠʮʽ LMP7 (5i), 

LMP2 ( 1i) ʽ LMP10 (2i) [51, 69]. ʇʨʠ ʛʽʜʨʦʣʽʟʽ ʙʽʣʢʽʚ ʽʤʫʥʥʠʤʠ ʧʨʦʪʝʘʩʦʤʘʤʠ ʚ 

ʢʽʣʴʢʘ ʨʘʟʽʚ ʟʨʦʩʪʘʻ ʚʠʭʽʜ ʦʣʽʛʦʧʝʧʪʠʜʽʚ ʜʦʚʞʠʥʦʶ 8-11 ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʟʘʣʠʰʢʽʚ. 

ʆʣʽʛʦʧʝʧʪʠʜʠ ʪʘʢʦʾ ʜʦʚʞʠʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʟʤʽʨʘʤ ʘʥʪʠʛʝʥʥʠʭ ʝʧʽʪʦʧʽʚ. ʋ 

ʢʦʤʧʣʝʢʩʽ ʟ ʤʦʣʝʢʫʣʘʤʠ MHCI ʢʣʘʩʫ ʚʦʥʠ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʶ ʢʣʽʪʠʥʠ ʪʘ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ ʧʨʝʟʝʥʪʫʶʪʴʩʷ ñʥʘʾʚʥʠʤò ʊ-ʣʽʤʬʦʮʠʪʘʤ [114, 174, 265, 268]. ɯʄʇ ʻ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʽʤʫʥʦʜʦʤʽʥʘʥʪʥʠʭ ʝʧʽʪʦʧʽʚ [32, 40, 51]. ɿʘʤʽʥʘ 

ʢʦʥʩʪʠʪʫʪʠʚʥʠʭ ʩʫʙʦʜʠʥʠʮʴ ʽʤʫʥʥʠʤʠ ʧʦʪʨʽʙʥʘ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʝʟʝʥʪʘʮʽʾ ʘʥʪʠʛʝʥʽʚ, ʘʣʝ ʪʘʢʦʞ ʜʣʷ ʛʝʥʝʨʘʮʽʾ LMP2/LMP7/MECL1-ʟʘʣʝʞʥʠʭ 

ʝʧʽʪʦʧʽʚ ʚ ʤʽʩʮʷʭ ʟʘʧʘʣʝʥʥʷ, ʷʢʽ ʥʝ ʚʠʨʦʙʣʷʶʪʴʩʷ ʚ ñʩʧʦʢʽʡʥʠʭò ʪʢʘʥʠʥʘʭ [51]. ʎʷ 
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ʨʽʟʥʠʮʷ ʚ ʛʝʥʝʨʘʮʽʾ ʘʥʪʠʛʝʥʥʠʭ ʜʝʪʝʨʤʽʥʘʥʪ ʤʦʞʝ ʩʣʫʞʠʪʠ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʢʨʘʱʝ 

ʩʪʠʤʫʣʶʚʘʪʠ T-ʢʣʽʪʠʥʠ ʚ ʤʽʩʮʷʭ ʪʨʠʚʘʶʯʦʾ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʽ ʫʥʠʢʥʫʪʠ 

ʘʫʪʦʽʤʫʥʥʦʩʪʽ ʚ ʥʝʡʪʨʘʣʴʥʠʭ ʪʢʘʥʠʥʘʭ [114, 123]. ʆʢʨʽʤ ʜʦʙʨʝ ʚʽʜʦʤʠʭ ʽʤʫʥʥʠʭ 

ʬʫʥʢʮʽʡ ɯʄʇ ʫ ʨʝʛʫʣʶʚʘʥʥʽ ʧʨʝʟʝʥʪʘʮʽʾ ʘʥʪʠʛʝʥʽʚ ʤʦʣʝʢʫʣʘʤʠ ʄʅʉ I ʢʣʘʩʫ, ʚʦʥʠ 

ʪʘʢʦʞ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʨʦʜʫʢʮʽʾ ʮʠʪʦʢʽʥʽʚ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʣʽʬʝʨʘʮʽʶ ʽ ʚʠʞʠʚʘʥʥʷ 

ʊ-ʢʣʽʪʠʥ, ʘ ʾʭ ʜʠʟʨʝʛʫʣʷʮʽʷ ʧʦʚ'ʷʟʘʥʘ ʟ ʨʽʟʥʠʤʠ ʢʣʽʥʽʯʥʠʤʠ ʨʦʟʣʘʜʘʤʠ, ʱʦ 

ʚʢʣʶʯʘʶʪʴ ʦʥʢʦʣʦʛʽʯʥʽ, ʘʫʪʦʽʤʫʥʥʽ, ʥʝʡʨʦʥ - ʜʝʛʝʥʝʨʘʪʠʚʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʭʚʦʨʦʙʠ 

ʩʝʨʮʷ, ʩʪʘʨʽʥʥʷ ʪʘ ʽʥʬʝʢʮʽʾ [51, 97, 98, 176, 206]. ɹʽʣʴʰ ʪʦʛʦ, ʧʨʦʪʝʘʩʦʤʠ, ʷʢ 

ʚʠʷʚʠʣʦʩ,ɹ ʧʨʦʮʝʩʫʶʪʴ ʘʥʪʠʛʝʥʠ ʚ ʘʥʪʠʛʝʥʥʽ ʦʣʽʛʦʧʝʧʪʠʜʠ ʜʣʷ ʾʭ ʧʦʜʘʥʥʷ ʫ 

ʢʦʤʧʣʝʢʩʽ ʟ ʤʦʣʝʢʫʣʘʤʠ MHC II T-ʭʝʣʧʝʨʘʤ [268]. ɺ ɸʇʂ, ʪʘʢʠʭ ʷʢ ʤʘʢʨʦʬʘʛʠ ʽ 

ʜʝʥʜʨʠʪʥʽ ʢʣʽʪʠʥʠ, ʽʤʫʥʥʽ ʧʨʦʪʝʘʩʦʤʠ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʘʢʪʠʚʘʮʽʾ ñʥʘʾʚʥʠʭò ʊ-

ʣʽʤʬʦʮʠʪʽʚ ʚ ʮʠʪʦʪʦʢʩʠʯʥʽ ʊ-ʣʽʤʬʦʮʠʪʠ [132, 214]. ʆʜʥʘʢ, ʧʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʝʢʩʧʨʝʩʽʾ 

ɯʄʇ ʚ ʩʘʤʠʭ ʣʽʤʬʦʮʠʪʘʭ ʚʽʜʦʤʦ ʚʢʨʘʡ ʤʘʣʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʤʫʥʥʽ ʧʨʦʪʝʘʩʦʤʠ ʻ 

ʦʜʥʽʻʶ ʟ ʧʝʨʚʠʥʥʠʭ ʣʘʥʦʢ ʫ ʬʦʨʤʫʚʘʥʥʽ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ, ʘ ʚʠʚʯʝʥʥʷ ʾʭ ʝʢʩʧʨʝʩʽʾ ʚ 

ʂɸʃʊ ʚ ʫʤʦʚʘʭ ʍʉʉ ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʩʪʨʝʩʠ ʨʽʟʥʦʾ ʝʪʽʦʣʦʛʽʾ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʨʫʰʝʥʴ 

ʬʦʣʜʽʥʛʫ ʙʽʣʢʽʚ. ʅʘʚʽʪʴ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʜʦ 30% ʙʽʣʢʽʚ, ʱʦ ʩʠʥʪʝʟʫʻʪʴʩʷ ʥʘ 

ʨʠʙʦʩʦʤʘʭ, ʤʘʶʪʴ ʧʦʨʫʰʝʥʫ ʪʨʝʪʠʥʥʫ ʪʘ ʯʝʪʚʝʨʪʠʥʥʫ ʩʪʨʫʢʪʫʨʫ (ʪʘʢ ʟʚʘʥʽ 

ñʜʝʬʝʢʪʥʽ ʨʠʙʦʩʦʤʘʣʴʥʽ ʧʨʦʜʫʢʪʠò) [63, 124]. ɺ ʫʤʦʚʘʭ ʢʣʽʪʠʥʥʦʛʦ ʩʪʨʝʩʫ ʢʽʣʴʢʽʩʪʴ 

ʪʘʢʠʭ ʙʽʣʢʽʚ ʟ ʧʦʨʫʰʝʥʠʤ ʬʦʣʜʽʥʛʦʤ ʟʨʦʩʪʘʻ ʱʝ ʙʽʣʴʰʝ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʚʠʪʢʫ 

ʩʪʨʝʩʫ ʝʥʜʦʧʣʘʟʤʘʪʠʯʥʦʛʦ ʨʝʪʠʢʫʣʫʤʘ (ʉɽʈ)  ̔ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

ʩʠʩʪʝʤʠ ʤʦʣʝʢʫʣʷʨʥʠʭ ʰʘʧʝʨʦʥʽʚ ʪʘ ʫʙʽʢʚʽʪʠʥ-ʧʨʦʪʝʘʩʦʤʥʦʾ ʩʠʩʪʝʤʠ [6, 10]. ʎʝ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʧʦʨʫʰʫʻ ʨʽʚʝʥʴ ʧʨʝʟʝʥʪʘʮʽʾ ʝʥʜʦʛʝʥʥʠʭ ʧʝʧʪʠʜʽʚ ɸʇʂ  ̔ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʨʦʟʚʠʪʢʫ ʘʫʪʦʬʘʛʽʾ, ʘʧʦʧʪʦʟʫ ʯʠ ʟʘʧʘʣʝʥʥʷ [162, 164]. ʗʢ ʧʨʦʪʠʜʽʷ 

ʨʦʟʚʠʪʢʫ ʉɽʈ ʚ ʢʣʽʪʠʥʘʭ ʘʢʪʠʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ñʚʽʜʧʦʚʽʜʽ ʥʘ ʥʝʟʛʦʨʥʫʪʽ ʙʽʣʢʠò 

(unfolded protein response, UPR), ʱʦ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʮʽʣʽʩʥʦʩʪʽ [6, 62, 101]. ʅʘ ʩʴʦʛʦʜʥʽ ʫ ʩʩʘʚʮʽʚ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʪʨʠ ʩʧʝʮʽʘʣʴʥʽ 

ʩʝʥʩʦʨʥʦ-ʩʠʛʥʘʣʴʥʽ ʩʠʩʪʝʤʠ UPR, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ ʪʘ ʨʦʟʧʽʟʥʘʶʪʴ ʥʝ 

ʟʛʦʨʥʫʪʽ ʘʙʦ ʥʝʧʨʘʚʠʣʴʥʦ ʟʛʦʨʥʫʪʽ ʙʽʣʢʠ, ʷʢʽ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʝʥʜʦʧʣʘʟʤʘʪʠʯʥʦʤʫ 

ʨʝʪʠʢʫʣʫʤʽ: 1) PERK (ʧʦʜʽʙʥʘ ʜʦ PRK ʢʽʥʘʟʘ ɽʈ; PRK-like ER kinase, ʽʥʰʘ ʥʘʟʚʘ 
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EIF2AK3); 2) ERN1 (Endoplasmic Reticulum ï Nuclei-1) - ʝʥʟʠʤ, ʷʢʠʡ ʱʝ ʥʘʟʠʚʘʶʪʴ 

IRE1 (ʟʘʣʝʞʥʠʡ ʚʽʜ ʽʥʦʟʠʪʦʣʫ ʝʥʟʠʤ-1; Inositol Requiring Enzyme-1); 3) ATF6 

(ʘʢʪʠʚʫʶʯʠʡ ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʡ ʬʘʢʪʦʨ 6; ʚʽʜ ʘʥʛʣ. activating transcription factor-6) [21, 

107, 111, 271]. ʎʝʡ ʧʨʦʮʝʩ ʤʘʻ ʟʘʭʠʩʥʠʡ, ʧʨʠʩʪʦʩʫʚʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ, ʜʘʶʯʠ ʟʤʦʛʫ 

ʢʣʽʪʠʥʘʤ ʥʽʚʝʣʶʚʘʪʠ ʧʦʨʫʰʝʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟʽ ʩʪʨʝʩʦʤ ɽʇʈ. ʇʨʦʪʝ, ʷʢʱʦ ʧʨʦʮʝʩʠ 

ʩʠʥʪʝʟʫ, ʬʦʣʜʽʥʛʫ, ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʜʝʛʨʘʜʘʮʽʾ ʙʽʣʢʽʚ ʥʝ ʥʦʨʤʘʣʽʟʫʻʪʴʩʷ, ʚ ʢʣʽʪʠʥʽ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʘʧʦʧʪʦʟ ʯʝʨʝʟ ʧʨʷʤʫ ʘʢʪʠʚʘʮʽʶ ʧʨʦʪʝʘʟ (ʩʧʝʮʠʬʽʯʥʦʾ ʜʣʷ ɽʇʈ ʢʘʩʧʘʟʠ 

12), ʥʠʟʢʠ ʧʨʦʪʝʾʥʢʽʥʘʟ (Ask, JNK, ʨ38 ʄɸʈʂ) ʽ ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ (ATF4, 

ATF6, XBP1) [21, 162, 164]. 

ʆʜʥʠʤ ʟ ʪʨʴʦʭ ʢʘʥʦʥʽʯʥʠʭ ʰʣʷʭʽʚ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʨʦʟʚʠʪʦʢ ʉɽʈ ʻ ʩʠʛʥʘʣʴʥʘ 

ʩʠʩʪʝʤʘ IRE1-XBP1. ʇʨʠ ʩʪʨʝʩʽ ɽʇʈ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʢʪʠʚʘʮʽʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʾ 

ʢʽʥʘʟʠ/ʝʥʜʦʨʽʙʦʥʫʢʣʝʘʟʠ IRE1, ʷʢʘ ʩʧʝʮʠʬʽʯʥʦ ʨʦʟʧʽʟʥʘʻ 5' ʽ 3' ʩʘʡʪʠ ʩʧʣʘʡʩʠʥʛʫ 

ʤʈʅʂ XBP1 ʽ ʚʠʨʽʟʘʻ 2-ʡ ʥʫʢʣʝʦʪʠʜʥʠʡ ʽʥʪʨʦʥ -ʢʦʨʦʪʢʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʦʚʞʠʥʦʶ 26 

ʧʥ [111, 163]. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʨʫʰʝʥʥʷ ʨʘʤʢʠ ʟʯʠʪʫʚʘʥʥʷ ʽ ʪʨʘʥʩʣʷʮʽʾ ʘʢʪʠʚʥʦʛʦ 

ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ ʬʘʢʪʦʨʘ XBP1, ʟʘʚʜʦʚʞʢʠ ʚ 376 ʘʤʽʥʦʢʠʩʣʦʪ. ʋʪʚʦʨʝʥʥʷ ʡ 

ʥʘʢʦʧʠʯʝʥʥʷ ʩʧʣʘʡʩʽʥʛʦʚʦʾ ʬʦʨʤʠ ʤʈʅʂ ʛʝʥʘ XBP1 ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʤʘʨʢʝʨʦʤ 

ʘʢʪʠʚʘʮʽʾ ʩʠʛʥʘʣʴʥʦʛʦ ʰʣʷʭʫ IRE1-XBP1 ʩʠʩʪʝʤʠ UPR, ʢʦʦʨʜʠʥʫʶʯʦʾ ʤʝʪʘʙʦʣʽʯʥʽ 

ʪʘ ʽʤʫʥʥʽ ʨʝʘʢʮʽʾ [189, 190, 223, 238]. ʉʘʤʝ ʮʝʡ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʩʧʣʘʡʩ-ʚʘʨʽʘʥʪ 

ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ ʬʘʢʪʦʨʘ XBP1 ʻ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʟʘ ʨʝʛʫʣʷʮʽʶ ʝʢʩʧʨʝʩʽʾ ʩʦʪʝʥʴ 

ʛʝʥʽʚ, ʧʨʠʯʝʪʥʠʭ ʜʦ ʧʨʘʚʠʣʴʥʦʛʦ ʟʛʦʨʪʘʥʥʷ ʪʘ ʜʦʟʨʽʚʘʥʥʷ ʧʨʦʪʝʾʥʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʜʦ 

ʜʝʛʨʘʜʘʮʽʾ ʥʝʧʨʘʚʠʣʴʥʦ ʟʛʦʨʥʫʪʠʭ ʧʨʦʪʝʾʥʽʚ [166]. 

ʊʨʘʥʩʢʨʠʧʮʽʡʥʠʡ ʬʘʢʪʦʨ XBP1 (X box-binding protein 1) ʙʫʚ ʩʧʦʯʘʪʢʫ 

ʚʠʷʚʣʝʥʠʡ ʷʢ ʢʨʠʪʠʯʥʠʡ ʯʠʥʥʠʢ ʫ ʨʝʛʫʣʷʮʽʾ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ ʄʅʉ II ʢʣʘʩʫ ʫ ʣʶʜʠʥʠ 

ʥʘ ʧʦʯʘʪʢʫ 1990-ʭ ʨʦʢʽʚ. ɿʛʽʜʥʦ ʙʽʣʴʰʦʩʪʽ ʥʘʷʚʥʠʭ ʜʦʢʘʟʽʚ ʟʤʽʥʠ ʝʢʩʧʨʝʩʽʾ XBP1 

ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʨʠʟʠʢ ʨʦʟʚʠʪʢʫ ʟʘʭʚʦʨʶʚʘʥʥʷ ʡ ʧʨʦʛʨʝʩʫʚʘʥʥʷ 

ʟʘʧʘʣʴʥʠʭ ʽ ʘʫʪʦʽʤʫʥʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʟʦʢʨʝʤʘ ʎɼ 1 ʪʠʧʫ, ʨʝʚʤʘʪʦʾʜʥʦʛʦ ʘʨʪʨʠʪʫ, 

ʥʝʩʧʝʮʠʬʽʯʥʦʛʦ ʚʠʨʘʟʢʦʚʦʛʦ ʢʦʣʽʪʫ, ʘ ʪʘʢʦʞ ʨʘʢʫ, ʥʝʡʨʦʥ-ʜʝʛʝʥʝʨʘʪʠʚʥʠʭ ʪʘ ʽʥʰʠʭ 

ʧʘʪʦʣʦʛʽʡ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʦʜʝʣʷʭ ʛʨʠʟʫʥʽʚ [163, 194, 236, 270-272]. ʊʘʢ, ʚ 

ʧʘʥʢʨʝʘʪʠʯʥʠʭ ʢʣʽʪʠʥʘʭ ʜʽʘʙʝʪʠʯʥʠʭ ʤʠʰʝʡ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʧʽʜʚʠʱʝʥʘ ʘʢʪʠʚʥʽʩʪʴ 

XBP1/IRE1ɓ ʰʣʷʭʫ ɽʈ-ʩʪʨʝʩʫ [159]. ʋ IRE1ɓ
-/-
ʜʝʬʽʮʠʪʥʠʭ ʤʠʰʝʡ, ʷʢʠʤ ʽʥʜʫʢʫʚʘʣʠ 
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DSS-ʢʦʣʽʪ, ʚʠʷʚʣʷʣʘʩ ɹʧʽʜʚʠʱʝʥʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʨʦʟʚʠʪʢʫ ʟʘʧʘʣʝʥʥʷ [165]. ʂʨʽʤ ʪʦʛʦ, 

ʨʷʜ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʢʣʶʯʦʚʫ ʨʦʣʴ XBP1 ʚ ʨʝʛʫʣʷʮʽʾ ʽʤʫʥʥʠʭ ʨʝʘʢʮʽʡ, 

ʟʦʢʨʝʤʘ ʧʨʦʜʫʢʮʽʾ ʧʨʦʟʘʧʘʣʴʥʠʭ ʮʠʪʦʢʽʥʽʚ ʽʤʫʥʥʠʤʠ ʢʣʽʪʠʥʘʤʠ. XBP1 ʻ ʢʨʠʪʠʯʥʠʤ 

ʜʣʷ ʨʦʟʚʠʪʢʫ ʟʘʧʘʣʴʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʢʠʰʢʽʚʥʠʢʫ ʽ ɸɯɿ, ʪʘʢ ʷʢ ʟʥʠʞʝʥʥʷ ʡʦʛʦ 

ʝʢʩʧʨʝʩʽʾ ʙʣʦʢʫʻ ʧʨʦʜʫʢʮʽʶ ʘʥʪʠʤʽʢʨʦʙʥʠʭ ʧʝʧʪʠʜʽʚ ʢʣʽʪʠʥʘʤʠ ʇʘʥʝʪʘ, ʚʠʢʣʠʢʘʻ 

ʨʦʟʚʠʪʦʢ ʉɽʈ, ʛʽʧʝʨʘʢʪʠʚʘʮʽʶ IRE1 ʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʢʪʠʚʘʮʽʾ ʛʝʥʽʚ 

ʧʨʦʟʘʧʘʣʴʥʠʭ ʮʠʪʦʢʽʥʽʚ, ʨʦʟʚʠʪʢʫ ʭʨʦʥʽʯʥʦʛʦ ʟʘʧʘʣʝʥʥʷ ʪʘ ʢʣʽʪʠʥʥʦʾ ʩʤʝʨʪʽ (ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʘʫʪʦʬʘʛʽʾ) [20, 104, 189, 190]. ʗʢʱʦ ʧʨʦ ʨʦʣʴ ʧʦʨʫʰʝʥʴ ʧʨʦʜʫʢʮʽʾ 

XBP1 ʝʧʽʪʝʣʽʘʣʴʥʠʤʠ ʢʣʽʪʠʥʘʤʠ ʢʠʰʢʽʚʥʠʢʘ ʫ ʨʦʟʚʠʪʢʫ ʟʘʧʘʣʴʥʠʭ ʽ AIɿ 

ʦʧʫʙʣʽʢʦʚʘʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ [162, 164, 189, 190, 236], ʪʦ ʱʦʜʦ ʭʘʨʘʢʪʝʨʫ 

ʝʢʩʧʨʝʩʽʾ ʮʴʦʛʦ ʙʽʣʢʘ ʣʽʤʬʦʮʠʪʘʤʠ ʂɸʃʊ ʚ ʫʤʦʚʘʭ ʍʉʉ ʥʽʯʦʛʦ ʥʝ ʚʽʜʦʤʦ. 

 

1.3. ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʂɸʃʊ ʚ ʫʤʦʚʘʭ ʭʨʦʥʽʯʥʦʛʦ ʩʦʮʽʘʣʴʥʦʛʦ ʩʪʨʝʩʫ 

 

ʉʪʨʝʩʠ ʨʽʟʥʦʾ ʝʪʽʦʣʦʛʽʾ ʤʦʞʫʪʴ ʦʙʫʤʦʚʣʶʚʘʪʠ ʽʤʫʥʦʧʨʦʪʝʢʪʠʚʥʫ (ʟʘʭʠʩʪ 

ʦʨʛʘʥʽʟʤʫ ʚʽʜ ʽʥʬʝʢʮʽʡ, ʧʫʭʣʠʥ, ʟʘʛʦʻʥʥʷ ʨʘʥ), ʽʤʫʥʦʧʘʪʦʣʦʛʽʯʥʫ (ʨʦʟʚʠʪʦʢ 

ʘʫʪʦʽʤʫʥʥʠʭ ʽ ʟʘʧʘʣʴʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ) ʪʘ ʽʤʫʥʦʨʝʛʫʣʷʪʦʨʥʫ ʜʽʶ (ʯʘʩʪʽʰʝ 

ʽʤʫʥʦʩʫʧʨʝʩʠʚʥʽ ʝʬʝʢʪʠ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʩʠʣʫ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ) [86, 87]. ʇʨʠʯʦʤʫ, 

ʦʜʥʝ ʩʪʘʥʦʚʠʱʝ ʚ ʽʥʰʝ, ñʜʦʙʨʠʡò ʩʪʨʝʩ ʚ ñʧʦʛʘʥʠʡò, ʤʦʞʝ ʧʝʨʝʭʦʜʠʪʠ ʜʫʞʝ ʰʚʠʜʢʦ. 

ʅʘʡʯʘʩʪʽʰʝ, ʩʪʨʝʩ-ʽʥʜʫʢʦʚʘʥʘ ʽʤʫʥʥʘ ʜʠʟʨʝʛʫʣʷʮʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ 

ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʟʜʦʨʦʚôʷ, ʟʙʽʣʴʰʫʶʯʠ ʨʠʟʠʢ ʨʦʟʚʠʪʢʫ ʚʽʨʫʩʥʠʭ ʽʥʬʝʢʮʽʡ, 

ʭʨʦʥʽʯʥʠʭ ʘʫʪʦʽʤʫʥʥʠʭ ʽ ʟʘʧʘʣʴʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ [229, 230]. ʉʦʮʽʘʣʴʥʠʡ ʩʪʨʝʩ ʻ 

ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʩʫʯʘʩʥʦʛʦ ʞʠʪʪʷ. ʅʘʚʽʪʴ ʚ ʫʤʦʚʘʭ ʤʠʨʥʦʛʦ ʯʘʩʫ ʙʣʠʟʴʢʦ 70% 

ʥʘʩʝʣʝʥʥʷ ʞʠʚʝ ʚ ʫʤʦʚʘʭ ʍʉʉ ʚʠʩʦʢʦʛʦ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ [230], ʘ ʚʨʘʭʦʚʫʶʯʠ 

ʧʦʜʽʾ ʦʩʪʘʥʥʽʭ ʨʦʢ̔ʚ ʚ ʋʢʨʘʾʥʽ, ʮʷ ʮʠʬʨʘ, ʥʘʧʝʚʥʦ, ʥʘʙʣʠʞʫ̒ ʪʴʩʷ ʜʦ 100%. ʋ 

ʙʘʛʘʪʴʦʭ ʢʣʽʥʽʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʫʣʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʍʉʉ 

ʤʦʞʝ ʙʫʪʠ ʪʨʠʛʝʨʦʤ ʨʦʟʚʠʪʢʫ ʙʘʛʘʪʴʦʭ ʧʘʪʦʣʦʛʽʯʥʠʭ ʩʪʘʥʽʚ, ʚʢʣʶʯʘʶʯʠ ʎɼ 1 ʪʠʧʫ 

ʪʘ ɿɿʂ.  

ʉʪʨʝʩ-ʨʝʘʢʮʽʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʽʥʘʤʠ ʬʫʥʢʮʽʡ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ, ʧʨʠʯʦʤʫ, ʚ 

ʧʨʦʮʝʩ ʚʪʷʛʫʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʷʢ ʚʨʦʜʞʝʥʦʛʦ, ʪʘʢ ʡ 
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ʘʜʘʧʪʠʚʥʦʛʦ ʽʤʫʥʽʪʝʪʫ [230]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʍʉʉ 

ʧʦʢʘʟʘʣʦ, ʱʦ ʚʽʥ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʛʝʥʝʨʘʮʽʶ ʽ ʚʠʭʽʜ ʥʝʟʨʽʣʠʭ, ʧʨʦʟʘʧʘʣʴʥʠʭ 

ʤʽʻʣʦʾʜʥʠʭ ʢʣʽʪʠʥ, ʷʢʽ ʻ ʥʝʯʫʪʣʠʚʠʤʠ ʜʦ ʝʬʝʢʪʽʚ ʛʣʶʢʦʢʦʨʪʠʢʦʾʜʽʚ (ɻʂ) [82, 92, 93]. 

ʂʨʽʤ ʪʦʛʦ, ʪʘʢʽ ʨʝʟʠʩʪʝʥʪʥʽ ʜʦ ɻʂ ʢʣʽʪʠʥʠ ʧʨʦʜʫʢʫʶʪʴ ʚʠʩʦʢʽ ʨʽʚʥʽ Iʃ-6 ʪʘ ʽʥʰʽ 

ʧʨʦʟʘʧʘʣʴʥʽ ʮʠʪʦʢʽʥʠ  ̔ʭʝʤʦʢʽʥʠ [231]. ʗʢ ʥʘʩʣʽʜʦʢ, ʮʽ ʩʪʨʝʩ-ʽʥʜʫʢʦʚʘʥʽ ʟʤʽʥʠ ʥʘ 

ʢʣʽʪʠʥʥʦʤʫ ʨʽʚʥʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʘʯʥʠʭ ʽʤʫʥʥʠʭ (ʧʨʦʟʘʧʘʣʴʥʘ ʩʠʛʥʘʣʽʟʘʮʽʷ, 

ʧʦʩʠʣʝʥʥʷ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʥʘ ʤʽʢʨʦʙʥʽ ʽ ʚʽʨʫʩʥʽ ʘʥʪʠʛʝʥʠ) ʪʘ ʧʦʚʝʜʽʥʢʦʚʠʭ 

ʧʦʨʫʰʝʥʴ (ʪʨʠʚʦʞʥʽʩʪʴ, ʜʝʧʨʝʩʽʷ) [46, 48, 49, 194, 195, 230]. ɺʠʢʣʠʢʘʥʝ ʍʉʉ 

ʟʘʥʝʧʦʢʦʻʥʥʷ ʽ ʪʨʠʚʦʞʥʽʩʪʴ ʟʙʽʛʘʻʪʴʩʷ ʟ ʘʢʪʠʚʘʮʽʻʶ ʙʽʣʢʽʚ ʨʘʥʥʴʦʾ ʚʽʜʧʦʚʽʜʽ c-Fos ʫ 

ʚʽʜʜʽʣʘʭ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʦʮʽʥʢʦʶ ʟʘʛʨʦʟʠ ʽ ʩʪʨʘʭʦʤ, ʥʘʧʨʠʢʣʘʜ, ʚ 

ʛʽʧʦʢʘʤʧʽ, ʧʘʨʘʚʝʥʪʨʠʢʫʣʷʨʥʠʭ ʷʜʨʘʭ, ʧʨʝʬʨʦʥʪʘʣʴʥʽʡ ʢʦʨʽ ʽ ʤʠʛʜʘʣʠʥʽ [286].  

ʋ ʣʶʜʝʡ ʍʉʉ ʘʩʦʮʽʡʦʚʘʥʠʡ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʝʢʩʧʨʝʩʽʾ ʙʽʦʤʘʨʢʝʨʽʚ ʟʘʧʘʣʝʥʥʷ, 

ʧʦʛʽʨʰʝʥʥʷʤ ʧʝʨʝʙʽʛʫ ʩʦʤʘʪʠʯʥʠʭ ʽ ʘʬʝʢʪʠʚʥʠʭ ʨʦʟʣʘʜʽʚ [230, 255, 262], ʟʥʠʞʝʥʥʷʤ 

ʨʽʚʥʷ ʮʠʨʢʫʣʶʶʯʠʭ CD4
+
Foxp3

+
T-ʨʝʛʫʣʷʪʦʨʥʠʭ ʢʣʽʪʠʥ [103]. ʊʘʢ, ʜʽʪʠ, ʷʢʽ 

ʧʽʜʜʘʚʘʣʠʩ ɹʜʽʾ ʍʉʉ, ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʦʩʠʣʝʥʥʷ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʘʥʢʨʝʘʪʠʯʥʽ 

ʘʫʪʦʘʥʪʠʛʝʥʠ, ʪʘʢʽ ʷʢ ʛʣʫʪʘʤʘʪʜʝʢʘʨʙʦʢʩʠʣʘʟʘ 65, ʪʠʨʦʟʠʥʬʦʩʬʘʪʘʟʘ, HSP60, ʘ 

ʪʘʢʦʞ ʧʦʩʠʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʮʽʣʦʛʦ ʨʷʜʫ ʧʨʦʟʘʧʘʣʴʥʠʭ ʮʠʪʦʢʽʥʽʚ (Iʃ-6, Iʃ-17, IFNɔ, 

TNFŬ) [68, 75, 255]. ʈʷʜ ʜʦʩʣʽʜʞʝʥʴ ʚʠʷʚʠʚ ʯʽʪʢʫ ʢʦʨʝʣʷʮʽʶ ʤʽʞ ʪʨʘʚʤʫʶʯʠʤʠ 

ʞʠʪʪʻʚʠʤʠ ʧʦʜʽʷʤʠ ʫ ʧʝʨʰʽ 2 ʨʦʢʠ ʞʠʪʪʷ ʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʠʟʠʢʫ ʨʦʟʚʠʪʢʫ ʎɼ 1 ʪʠʧʫ 

[94, 251]. ʇʦʢʘʟʘʥʘ ʨʦʣʴ ʍʉʉ ʷʢ ʪʨʠʛʝʨʘ ʪʘʢʠʭ ɸɯɿ ʷʢ ʨʝʚʤʘʪʦʾʜʥʠʡ ʘʨʪʨʠʪ, 

ʩʠʩʪʝʤʥʠʡ ʯʝʨʚʦʥʠʡ ʚʦʚʯʘʢ, ʘʫʪʦʽʤʫʥʥʠʡ ʪʠʨʝʦʾʜʠʪ ʪʘ ʽʥ. [197, 260]. ɼʽʪʠ, ʧʽʜʜʘʥʽ 

ʜʽʾ ʍʉʉ ʫ ʨʘʥʥʴʦʤʫ ʚʽʮʽ (ʬʽʟʠʯʥʝ ʥʘʩʠʣʴʩʪʚʦ, ʚʠʭʦʚʘʥʥʷ ʫ ʧʨʠʡʦʤʥʽʡ ʩʽʤ'ʾ) 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʽ ʨʽʚʥʽ ʧʨʦʜʫʢʮʽʾ Iʃ-6 [205, 255], CRP [75], TNFŬ [205]. 

ʅʠʟʴʢʠʡ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʩʪʘʪʫʩ ʫ ʜʠʪʠʥʩʪʚʽ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʙʫʚ ʧʦʚ'ʷʟʘʥʠʡ ʟ 

ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ ʨʽʚʥʷʤʠ ʮʠʨʢʫʣʶʶʯʠʭ Iʃ-6  ̔ CRP ʫ ʜʦʨʦʩʣʠʭ [205], ʘ ʪʘʢʦʞ 

ʟʙʽʣʴʰʝʥʦʶ ʝʢʩʧʨʝʩʽʻʶ ʛʝʥʽʚ, ʱʦ ʢʦʜʫʶʪʴ TLR4 ʽ ʟʤʝʥʰʝʥʦʶ ʝʢʩʧʨʝʩʽʻʶ ʛʝʥʽʚ 

ʛʣʶʢʦʢʦʨʪʠʢʦʾʜʥʠʭ ʨʝʮʝʧʪʦʨʽʚ [75, 205]. ɭ ʪʘʢʦʞ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ 

ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʧʨʠʨʦʜʥʽ ʩʦʮʽʘʣʴʥʽ ʩʪʨʝʩʦʨʠ ʚ ʶʥʦʩʪʽ ʽ ʜʦʨʦʩʣʦʤʫ ʩʪʘʥʽ 

(ʢʦʥʬʣʽʢʪ, ʟʘʛʨʦʟʘ, ʽʟʦʣʷʮʽʷ, ʚʪʨʘʪʘ ʨʦʜʠʯʽʚ) ʘʩʦʮʽʡʦʚʘʥʽ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʨʽʚʥʷʤʠ 

ʧʨʦʟʘʧʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ Iʃ-6  ̔TNFŬ [94, 204, 205]. ʊʘʢ, 



35 

 

Schultze-Florey ʽ ʢʦʣʝʛʠ (2012) ʚʠʷʚʠʣʠ, ʱʦ ʫ ʣʽʪʥʽʭ ʣʶʜʝʡ, ʷʢʽ ʟʘʟʥʘʣʠ ʥʝʱʦʜʘʚʥʶ 

ʩʤʝʨʪʴ ʙʣʠʟʴʢʦʾ ʣʶʜʠʥʠ, ʙʫʣʠ ʙʽʣʴʰ ʚʠʩʦʢʽ ʨʽʚʥʽ ʫ ʢʨʦʚʽ Iʃ-1 ʪʘ Iʃ-6, ʥʽʞ ʫ ʣʽʪʥʽʭ 

ʣʶʜʝʡ, ʱʦ ʥʝ ʟʘʟʥʘʣʠ ʚʘʞʢʫ ʚʪʨʘʪʫ [250]. ʐʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʘ ʣʘʙʦʨʘʪʦʨʥʘ 

ʤʦʜʝʣʴ ʩʦʮʽʘʣʴʥʦʛʦ ʩʪʨʝʩʫ ï TSST-ʪʝʩʪ (TrierSocialStressTest) ʪʘʢʦʞ ʜʝʤʦʥʩʪʨʫʻ ʫ 

ʧʽʜʜʦʩʣʽʜʥʠʭ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ LPS-ʩʪʠʤʫʣʴʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ TNFŬ, ʨʽʚʥʽʚ Iʃ-

1ɓ, sTNF-RII, Nf-əB ʪʘ ʧʦʩʠʣʝʥʥʷ ʛʣʶʢʦʢʦʨʪʠʢʦʾʜʥʦʾ ʨʝʟʠʩʪʝʥʪʥʦʩʪʽ [56, 86, 221, 

250]. 

ʍʉʉ, ʚʠʢʣʠʢʘʥʠʡ ʧʦʚʪʦʨʥʠʤ ʜʦʩʚʽʜʦʤ ʩʦʮʽʘʣʴʥʠʭ ʧʦʨʘʟʦʢ ʫ ʤʠʰʝʡ, ʘʢʪʠʚʫʻ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ ʜʝʥʜʨʠʪʥʠʭ ʢʣʽʪʠʥ (ɼʂ), ʮʠʪʦʪʦʢʩʠʯʥʠʭ ʣʽʤʬʦʮʠʪʽʚ ʽ ʊ-

ʣʽʤʬʦʮʠʪʽʚ ʧʘʤ'ʷʪʽ, ʩʪʠʤʫʣʶʻ ʢʣʦʥʘʣʴʥʫ ʝʢʩʧʘʥʩʽʶ CD8
+
T- ʣʽʤʬʦʮʠʪʽʚ ʧʨʦʪʠ 

ʽʥʬʝʢʮʽʾ, ʚʠʢʣʠʢʘʥʦʾ ʚʽʨʫʩʦʤ ʛʨʠʧʫ ʪʠʧʫ A, ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʤʈʅʂ IFN-ɔ ʪʘ IFN-Ŭ 

[194, 195, 228]. ʎʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʨʠʩʢʦʨʝʥʥʷʤ ʜʦʟʨʽʚʘʥʥʷ ɼʂ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷʤ ʝʢʩʧʨʝʩʽʾ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ MHC I ʽ II, ʢʦ-ʩʪʠʤʫʣʷʪʦʨʥʠʭ ʤʦʣʝʢʫʣ CD80, 

CD86, CD44, ʧʽʜʩʠʣʶʻ ʝʢʩʧʨʝʩʽʶ TLR2 ʽ TLR4 ʤʘʢʨʦʬʘʛʘʤʠ ʩʝʣʝʟʽʥʢʠ [47]. 

ɺʽʜʩʦʪʦʢ ʩʧʣʝʥʦʮʠʪʽʚ ʫ ʬʘʟʽ G0-G1 ʽ ʢʣʽʪʠʥ ʫ ʩʪʘʥʽ ʘʧʦʧʪʦʟʫ ʽʩʪʦʪʥʦ ʟʥʠʞʫʻʪʴʩʷ ʧʽʜ 

ʚʧʣʠʚʦʤ ʍʉʉ ʫ ʩʘʤʮʽʚ ʤʠʰʝʡ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʚʽʜʩʦʪʦʢ ʢʣʽʪʠʥ ʫ ʬʘʟʘʭ S ʽ G2-M, ʘ 

ʪʘʢʦʞ ʽʥʜʝʢʩ ʧʨʦʣʽʬʝʨʘʮʽʾ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚ ʪʠʤʫʩʽ ʡ ʩʝʣʝʟʽʥʮʽ [19]. ʋ 

ʜʦʩʣʽʜʞʝʥʥʽ Curry et al. (2010) ʧʦʢʘʟʘʥʦ, ʱʦ ʍʉʉ ʩʘʤʦʩʪʽʡʥʦ ʤʦʞʝ ʽʥʜʫʢʫʚʘʪʠ 

ʟʘʧʘʣʝʥʥʷ ʣʝʛʝʥʝʚʦʾ ʪʢʘʥʠʥʠ ʫ ʤʠʰʝʡ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ 

ʤʦʥʦʮʠʪʘʨʥʦ ʾʪʘ ʥʝʡʪʨʦʬʽʣʴʥʦ ʾʽʥʬʽʣʴʪʨʘʮʽʾ ʧʘʨʝʥʭʽʤʠ, ʧʨʦʜʫʢʮʽʾ Iʃ-1ɓ ʽ ʬʘʢʪʦʨʽʚ 

ʭʝʤʦʪʘʢʩʠʩʫ MCP-1 (monocyte chemotactic protein 1), MIP-2 (macrophage 

inflammatory protein 2) [82]. ʂʨʽʤ ʧʨʠʢʣʘʜʽʚ ʩʪʨʝʩ-ʽʥʜʫʢʦʚʘʥʦʛʦ ʨʝʤʦʜʝʣʶʚʘʥʥʷ 

ʪʢʘʥʠʥʠ ʥʝ ʽʤʫʥʥʠʭ ʦʨʛʘʥʽʚ, ʮʽʣʠʡ ʨʷʜ ʨʦʙʽʪ ʜʝʤʦʥʩʪʨʫʻ ʚʠʢʣʠʢʘʥʽ ʍʉʉ ʟʤʽʥʠ ʚ 

ʣʽʤʬʦʾʜʥʽʡ ʪʢʘʥʠʥʽ. ʊʘʢ, ʍʉʉ ʚʧʣʠʚʘʻ ʥʘ ʤʽʛʨʘʮʽʶ ʽ ʧʝʨʝʨʦʟʧʦʜʽʣ ʣʝʡʢʦʮʠʪʽʚ, 

ʧʦʩʠʣʶʶʯʠ ʤʽʻʣʦʧʦʝʟ ʚ ʢʽʩʪʢʦʚʦʤʫ ʤʦʟʢʫ, ʢʽʣʴʢʽʩʪʴ ʥʝʡʪʨʦʬʽʣʽʚ  ̔ʤʦʥʦʮʠʪʽʚ ʚ ʢʨʦʚʽ 

ʪʘ ʩʝʣʝʟʽʥʮʽ, ʽ ʟʤʝʥʰʫʶʯʠ ʯʠʩʝʣʴʥʽʩʪʴ ʊ-ʣʽʤʬʦʮʠʪʽʚ ʫ ʮʠʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ [92, 93]. 

ʉʪʨʝʩ-ʽʥʜʫʢʦʚʘʥʽ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʥʝʡʪʨʦʬʽʣʽʚ, ʣʽʤʬʦʮʠʪʽʚ, ʊ-ʭʝʣʧʝʨʽʚ, 

ʮʠʪʦʪʦʢʩʠʯʥʠʭ ʣʽʤʬʦʮʠʪʽʚ, B-ʢʣʽʪʠʥ ʚ ʢʨʦʚʽ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʽ ʚ ʽʥʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, 

ʦʜʥʘʢ ʘʥʘʣʦʛʽʯʥʽ ʜʘʥʽ ʟ ʂɸʃʊ ʚʽʜʩʫʪʥʽ. ɼʦʚʝʜʝʥʦ, ʱʦ ʮʽ ʟʤʽʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʨʤʦʥʽʚ: ʥʦʨʘʜʨʝʥʘʣʽʥ ʟʙʽʣʴʰʫʚʘʚ ʢʽʣʴʢʽʩʪʴ ʥʝʡʪʨʦʬʽʣʽʚ ʽ B-
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ʣʽʤʬʦʮʠʪʽʚ, ʢʦʨʪʠʢʦʩʪʝʨʦʥ ʧʝʨʝʚʘʞʥʦ ʟʥʠʞʫʚʘʚ ʯʠʩʝʣʴʥʽʩʪʴ ʤʦʥʦʮʠʪʽʚ ʽ ʣʽʤʬʦʮʠʪʽʚ 

ʨʽʟʥʠʭ ʩʫʙʧʦʧʫʣʷʮʽʡ ʫ ʢʨʦʚʽ [82]. ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʤʽʻʣʦʾʜʥʽ ʢʣʽʪʠʥʠ ʩʪʨʝʩʦʚʘʥʠʭ 

ʤʠʰʝʡ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʙʽʣʴʰʝʥʥʷ ʥʘ ʩʚʦʾʡ ʧʦʚʝʨʭʥʽ TLR ʽ ʢʦ-ʩʪʠʤʫʣʷʪʦʨʥʠʭ 

ʤʦʣʝʢʫʣ, ʘ ʪʘʢʦʞ ʻ ʨʝʟʠʩʪʝʥʪʥʠʤʠ ʜʦ ʧʨʦʘʧʦʧʪʦʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ɻʂ [36, 47, 231]. 

ɿʚ'ʷʟʦʢ ʤʽʞ ʩʪʨʝʩʦʤ ʽ ɿɿʂ ʙʫʚ ʧʦʢʘʟʘʥʠʡ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ 

ʚ ʜʦʩʣʽʜʘʭ ʥʘ ʛʨʠʟʫʥʘʭ [42, 43, 49, 50, 213, 237]. ʇʨʦʪʝ, ʨʷʜ ʮʠʭ ʦʜʝʨʞʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʚʠʥʝʥ ʙʫʪʠ ʦʮʽʥʝʥʠʡ ʟ ʦʙʝʨʝʞʥʽʩʪʶ, ʦʩʢʽʣʴʢʠ ʜʝʷʢʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʤʦʜʝʣʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʧʨʠʨʦʜʥʽ ʽ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽ ʩʪʨʝʩʦʨʠ ʪʘ 

ʜʦʩʣʽʜʞʫʶʪʴ ʩʚʦʾ ʝʬʝʢʪʠ ʥʘ ʰʪʫʯʥʦ (ʭʽʤʽʯʥʦ) ʚʠʢʣʠʢʘʥʽ ɿɿʂ. ʋ ʪʦʡ ʯʘʩ, ʷʢ ʩʪʨʝʩʦʨʠ, 

ʱʦ ʜʽʶʪʴ ʥʘ ʣʶʜʠʥʫ ʚ ʩʫʯʘʩʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ, ʻ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʭʨʦʥʽʯʥʠʤʠ ʽ 

ʧʩʠʭʦʩʦʮʽʘʣʴʥʠʤʠ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ [68, 82]. ɺ ʜʦʩʣʽʜʞʝʥʥʷʭ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʨʝʚʘʞʥʦ ʭʨʦʥʽʯʥʽ ʧʩʠʭʦʩʦʮʽʘʣʴʥʽ ʩʪʨʝʩʦʨʠ, ʷʢʽ, ʷʢ ʚʚʘʞʘʶʪʴ, 

ʙʽʣɹh  ʢʣʽʥʽʯʥʦ ʨʝʣʝʚʘʥʪʥʽ [205, 236, 237, 249, 250]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʝʨʝʚʘʞʥʦ ʘʜʘʧʪʠʚʥʠʭ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʧʦʟʠʪʠʚʥʠʭ ʝʬʝʢʪʽʚ 

ʛʦʩʪʨʦʛʦ ʩʪʨʝʩʫ, ʭʨʦʥʽʯʥʠʡ ʩʪʨʝʩ ʽ, ʦʩʦʙʣʠʚʦ, ʭʨʦʥʽʯʥʠʡ ʩʦʮʽʘʣʴʥʠʡ ʩʪʨʝʩ - ʪʷʛʘʨ 

ʩʫʯʘʩʥʠʭ ʩʫʩʧʽʣʴʩʪʚ ʽ ʚʠʟʥʘʥʠʡ ʬʘʢʪʦʨ ʨʠʟʠʢʫ ʜʣʷ ʯʠʩʣʝʥʥʠʭ ʬʽʟʠʯʥʠʭ ʪʘ 

ʘʬʝʢʪʠʚʥʠʭ ʨʦʟʣʘʜʽʚ, ʚʢʣʶʯʘʶʯʠ ʚʠʨʘʟʢʦʚʫ ʭʚʦʨʦʙʫ, ʜʽʘʨʝ,ʁ ʧʦʨʫʰʝʥʥʷ ʪʨʘʚʣʝʥʥʷ ʽ 

ʭʨʦʥʽʯʥʠʡ ʘʙʜʦʤʽʥʘʣʴʥʠʡ ʙʽʣʴ, ʽʥʬʝʢʮʽʾ, ʧʫʭʣʠʥʠ, ɿɿʂ [82, 236, 249-251]. ɼʦʢʘʟʠ 

ʨʦʣʽ ʍʉʉ ʫ ʤʦʜʫʣʷʮʽʾ ʧʦʯʘʪʢʫ ʭʚʦʨʦʙʠ ʽ ʪʷʞʢʦʩʪʽ ʧʝʨʝʙʽʛʫ ɿɿʂ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ 

ʯʠʩʝʣʥɹʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʣʶʜʠʥʠ ʽ ʧʨʠʤʘʪʽʚ. ʊʘʢ, ʱʝ ʫ 1958 ʨʦʮʽ Porter et al. (1958) 

ʧʦʚʽʜʦʤʣʷʣʠ ʧʨʦ ʨʦʟʚʠʪʦʢ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʠʭ ʝʨʦʟʽʡ ʽ ʚʠʨʘʟʦʢ ʫ 11 ʟ 19 ʤʘʢʘʢ-

ʨʝʟʫʩ, ʥʘ ʷʢʠʭ ʯʠʥʠʣʠ ʧʩʠʭʦʝʤʦʮʽʡʥʠʡ ʚʧʣʠʚ ʪʘ ʧʨʦʚʦʢʫʚʘʣʠ ʨʦʟʚʠʪʦʢ ʟʘʥʝʧʦʢʦʻʥʥʷ 

ʽ ʪʨʠʚʦʞʥʦʩʪʽ [228]. ɿʚ'ʷʟʦʢ ʤʽʞ ʍʉʉ ʪʘ ʨʦʟʚʠʪʢʦʤ ɿɿʂ ʫ ʣʶʜʠʥʠ ʚʧʝʨʰʝ ʙʫʣʘ 

ʧʦʢʘʟʘʥʘ Salem ʽ Shubair ʫ 1967 ʨʦʮʽ, ʷʢʽ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʫ ʘʨʘʙʩʴʢʠʭ ʙʝʜʫʾʥʽʚ 

ʾʭ ʽʥʜʫʢʮʽʷ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʦʥʠ ʙʫʣʠ ʟʤʫʰʝʥʽ ʟʘʣʠʰʠʪʠ ʩʚʦʻ ʟʥʘʡʦʤʝ 

ʩʝʨʝʜʦʚʠʱʝ ʚ ʧʫʩʪʝʣʽ ʽ ʞʠʪʠ ʚ ʽʥʰʽʡ ʦʙʩʪʘʥʦʚʮʽ [248]. ɼʚʘ ʨʦʢʠ ʧʦʪʦʤʫ Stout ʽ 

Snyder (1969) ʦʧʠʩʘʣʠ ʚʝʣʠʢʝ ʪʦʚʩʪʦ-ʢʠʰʢʦʚʝ ʚʠʨʘʟʢʫʚʘʥʥʷ ʫ ʛʽʙʦʥʽʚ Siamong, ʷʢʽ 

ʧʦʤʝʨʣʠ ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʪʠʞʥʽʚ ʧʽʩʣʷ ʩʤʝʨʪʽ ʾʭ ʧʘʨʠ [261]. ʈʦʟʚʠʪʦʢ ʟʘʧʘʣʝʥʥʷ ʽ 

ʢʘʨʮʠʥʦʤ ʢʠʰʝʯʥʠʢʫ ʫ ʨʽʟʥʠʭ ʚʠʜʽʚ ʤʘʚʧ - ʪʘʤʘʨʠʥʽʚ (Saguinus oedipus, Saguinus 

mystax), ʷʢʠʭ ʧʝʨʝʤʝʩʪʠʣʠ ʟ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʥʝʚʦʣʶ, ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʻ 
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ʟʚ'ʷʟʦʢ ʤʽʞ ʩʪʨʝʩʦʤ ʽ ʨʦʟʚʠʪʢʦʤ ɿɿʂ. ʋ 1991 ʨʦʮʽ Duffy ʽ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʷʩʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʫ ʚʝʣʠʢʦʤʫ ʧʨʦʩʧʝʢʪʠʚʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʚʠʢʦʥʘʥʦʤʫ ʥʘ 124 

ʧʘʮʽʻʥʪʘʭ, ʨʽʟʢʝ ʧʦʩʠʣʝʥʥʷ ʩʠʤʧʪʦʤʘʪʠʢʠ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʧʝʨʝʙʽʛʫ ɿɿʂ ʧʽʩʣʷ 

ʩʝʨʡʦʟʥʦʛʦ ʪʨʠʚʘʣʦʛʦ ʞʠʪʪʻʚʦʛʦ ʩʪʨʝʩʫ [88]. ɺ ʽʥʰʠʭ ʨʦʙʦʪʘʭ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʫ 

ʧʘʮʽʻʥʪʽʚ ʟ ɺʂ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʩʪʘʜʽʾ ʧʦʚʥʦʾ ʢʣʽʥʽʯʥʦʾ ʨʝʤʽʩʽʾ, ʧʽʜʪʚʝʨʜʞʝʥʦʾ 

ʝʥʜʦʩʢʦʧʽʯʥʦ, ʧʽʩʣʷ ʩʦʮʽʘʣʴʥʦʛʦ ʩʪʨʝʩʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʚʝʨʥʝʥʥʷ ʩʠʤʧʪʦʤʽʚ 

ʟʘʭʚʦʨʶʚʘʥʥʷ [236, 249, 251].  

ʊʘʢʝ ʧʦʩʠʣʝʥʥʷ ʧʨʦʟʘʧʘʣʴʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ ʚ ʢʠʰʢʽʚʥʠʢʫ, ʚʩʫʧʝʨʝʯ ʢʣʘʩʠʯʥʽʡ 

ʧʘʨʘʜʠʛʤʽ ʩʪʨʝʩʫ, ʤʦʞʝ ʙʫʪʠ ʯʘʩʪʢʦʚʦ ʧʦʷʩʥʝʥʦ ʟʥʠʞʝʥʥʷʤ ʯʫʪʣʠʚʦʩʪʽ 

ʛʣʶʢʦʢʦʨʪʠʢʦʾʜʥʠʭ ʨʝʮʝʧʪʦʨʽʚ. ʋ ʮʽʣʦʤʫ ʨʷʜʽ ʢʣʽʥʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʙʫʣʦ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʍʉʉ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʦʾ ʧʨʠʨʦʜʠ, ʚʢʣʶʯʘʶʯʠ ʩʦʮʽʘʣʴʥʫ ʽʟʦʣʷʮʽʶ, 

ʚʪʨʘʪʫ ʙʣʠʟʴʢʠʭ ʨʦʜʠʯʽʚ, ʥʠʟʴʢʠʡ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʩʪʘʪʫʩ, ʜʽʘʛʥʦʟ, ʱʦ 

ʟʘʛʨʦʞʫʻ ʞʠʪʪʶ, ʪʘ ʽʥʰʝ, ʟʙʽʣʴʰʫʻ ʝʢʩʧʨʝʩʽʶ ʧʨʦʟʘʧʘʣʴʥʠʭ ʛʝʥʽʚ ʚ ʽʤʫʥʥʠʭ 

ʢʣʽʪʠʥʘʭ (ʥʘʧʨʠʢʣʘʜ, Iʃ-1ɓ, Iʃ-6, Iʃ-8, TNFŬ) ʽ ʟʤʝʥʰʫʻ ʝʢʩʧʨʝʩʽʶ ʛʝʥʽʚ, ʟʘʣʫʯʝʥʠʭ 

ʫ ʚʨʦʜʞʝʥʽ ʧʨʦʪʠʚʽʨʫʩʥʽ ʚʽʜʧʦʚʽʜʽ (IFNB, IFIs, MX, OAS) [75, 76]. ʊʘʢ, Powell D. et al. 

(2013) ʚʠʚʯʘʶʯʠ ʪʨʘʥʩʢʨʠʧʪʦʤ ʣʶʜʝʡ ʚ ʫʤʦʚʘʭ ʍʉʉ ʚʠʷʚʠʚ ʨʽʟʢʝ ʧʦʩʠʣʝʥʥʷ 

ʘʢʪʠʚʥʦʩʪʽ ʛʝʥʽʚ-ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʟʘʧʘʣʝʥʥʷ ʚ ʣʝʡʢʦʮʠʪʘʭ (ʪʘʢʠʭ ʷʢ 

PU.1, NF-əB, EGR1, MZF1, NRF2) [229]. ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʥʠʟʴʢʠʡ ʩʦʮʽʘʣʴʥʠʡ ʩʪʘʪʫʩ ʽ 

ʧʨʦʞʠʚʘʥʥʷ ʚ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚʘʭ ʫ ʨʘʥʥʴʦʤʫ ʚʽʮʽ ʟʥʠʞʫʻ ʛʣʶʢʦʢʦʨʪʠʢʦʾʜʥʫ ʪʘ 

ʟʙʽʣʴʰʫʻ ʧʨʦʟʘʧʘʣʴʥʫ, ʟʦʢʨʝʤʘ Nf-əB-ʟʘʣʝʞʥʫ ʩʠʛʥʘʣʽʟʘʮʽʶ [205]. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʨʦʣʴ ʍʉʉ ʷʢ ʪʨʠʛʝʨʘ ʨʦʟʚʠʪʢʫ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ ʙʽʣʢʘ 

(ʧʨʦʟʘʧʘʣʴʥʽ ʮʠʪʦʢʽʥʠ), ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ (ʪʨʘʥʩʢʨʠʧʮʽʡʥʽ ʬʘʢʪʦʨʠ) 

ʪʘ ʝʢʩʧʨʝʩʽʾ ʛʝʥʦʤʫ (ʟʤʽʥʠ ʪʨʘʥʩʢʨʠʧʪʦʤʫ). 

ʆʜʥʘʢ, ʨʦʣʴ ʧʩʠʭʦʩʦʮʽʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ ʫ ʨʦʟʚʠʪʢʫ ʽ ʤʦʜʫʣʷʮʽʾ ʰʣʫʥʢʦʚʦ-

ʢʠʰʢʦʚʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʪʘʢʠʭ ʷʢ ɿɿʂ, ʟʘʣʠʰʘʻʪʴʩʷ ʩʫʧʝʨʝʯʣʠʚʠʤ. ʋ ʨʷʜʽ ʨʦʙʽʪ ʥʝ 

ʚʜʘʣʦʩ ɹ ʚʠʷʚʠʪʠ ʜʦʩʪʦʚʽʨʥʫ ʢʦʨʝʣʷʮʽʶ ʤʽʞ ʩʪʨʝʩʦʚʠʤʠ ʞʠʪʪʻʚʠʤʠ ʧʦʜʽʷʤʠ ʽ 

ʩʠʤʧʪʦʤʘʤʠ ʙʦʣʶ ʘʙʦ ʜʽʘʨʝʾ ʫ ʭʚʦʨʠʭ ̔ʟ ɿɿʂ [82, 172, 203, 205, 221]. ʆʜʥʘʢ, ʚ ʮʽʣʦʤʫ 

ʨʷʜʽ ʨʦʙʽʪ ʙʫʣʘ ʧʦʢʘʟʘʥʘ ʩʪʨʝʩ-ʽʥʜʫʢʦʚʘʥʘ ʨʝʘʢʪʠʚʘʮʽʷ ɿɿʂ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʪʚʘʨʠʥ, ʟʦʢʨʝʤʘ ʢʦʣʽʪʫ, ʚʠʢʣʠʢʘʥʦʛʦ ʚʚʝʜʝʥʥʷʤ TNBS ʫ ʱʫʨʽʚ ʟʽ ʩʪʨʝʩʦʤ ʯʝʨʝʟ 

ʦʙʤʝʞʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ (restraint stress, 3 ʛʦʜʠʥʠ ʚ ʜʝʥʴ ʚʧʨʦʜʦʚʞ 3 ʜʥʽʚ). ɼʘʥʘ 
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ʨʝʘʢʪʠʚʘʮʽʷ ɿɿʂ ʩʫʧʨʦʚʦʜʞʫʚʘʣʘʩ ɹ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ CD4
+
-ʣʽʤʬʦʮʠʪʽʚ ʫ 

ʩʣʠʟʦʚʽʡ ʦʙʦʣʦʥʮʽ, ʦʩʣʘʙʣʝʥʥʷʤ ʙʘʨ'ʻʨʥʠʭ ʬʫʥʢʮʽʡ ʢʠʰʢʽʚʥʠʢʘ ʪʘ ʟʤʝʥʰʝʥʥʷʤ 

ʩʝʢʨʝʮʽʾ ʩʣʠʟʫ. ʊʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʣʘʩ ɹ ʽ ʨʝʘʢʪʠʚʘʮʽʷ DSS-ʽʥʜʫʢʦʚʘʥʦʛʦ ʢʦʣʽʪʫ ʫ 

ʤʠʰʝʡ ʚ ʫʤʦʚʘʭ ʫʥʠʢʥʝʥʥʷ ʚʦʜʥʦʛʦ ʩʪʨʝʩʫ (water avoidance stress; 1 ʛʦʜʠʥʘ ʚ ʜʝʥʴ 

ʚʧʨʦʜʦʚʞ 7 ʜʥʽʚ) [172, 203]. ʂʨʽʤ ʚʠʢʣʠʢʘʥʦʾ ʩʪʨʝʩʦʤ ʨʝʘʢʪʠʚʘʮʽʾ ɿɿʂ, ʧʦʢʘʟʘʥʘ 

ʟʜʘʪʥʽʩʪʴ ʍʉʉ ʧʦʛʽʨʰʫʚʘʪʠ ʧʝʨʝʙʽʛ TNBS-ʽʥʜʫʢʦʚʘʥʦʛʦ ʢʦʣʽʪʫ. ʋ 2002 ʨʦʮʽ Milde ʽ 

Murison ʪʘʢʦʞ ʜʦʚʝʣʠ, ʱʦ ʩʪʨʝʩ, ʚʠʢʣʠʢʘʥʠʡ ʦʙʤʝʞʝʥʥʷʤ ʨʫʭʣʠʚʦʩʪʽ (2 ʛʦʜʠʥʠ ʚ 

ʜʝʥʴ ʧʨʦʪʷʛʦʤ 4 ʜʥʽʚ ʧʦʩʧʽʣʴ), ʧʦʛʽʨʰʫʻ ʧʦʜʘʣʴʰʠʡ DSS-ʽʥʜʫʢʦʚʘʥʠʡ ʢʦʣʽʪ ʫ ʱʫʨʽʚ 

[203]. ʊʘʢʦʞ, ʽ ʤʠʰʽ, ʧʽʜʜʘʥʽ ʚʧʣʠʚʫ ʍʉʉ ʧʨʦʪʷʛʦʤ 19 ʜʥʽʚ (ʩʪʨʝʩ, ʚʠʢʣʠʢʘʥʠʡ 

ʧʦʚʪʦʨʥʠʤ ʜʦʩʚʽʜʦʤ ʩʦʮʽʘʣʴʥʠʭ ʧʦʨʘʟʦʢ (social defeat, SD), ʧʝʨʝʥʘʩʝʣʝʥʥʷʤ ʟʽ 

ʟʤʽʥʦʶ ʩʢʣʘʜʫ ʢʦʣʦʥʽʡ ʯʠ ʩʫʙʦʨʜʠʥʘʮʽʡʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʚ ʢʦʣʦʥʽʷʭ (chronic 

subordinate colony housing, CSC) ʧʽʩʣʷ ʽʥʜʫʢʮʽʾ DSS-ʢʦʣʽʪʫ (1% DSS, 7 ʜʥʽʚ) 

ʧʦʢʘʟʘʣʠ ʧʦʛʽʨʰʝʥʠʡ ʧʝʨʝʙʽʛ ʧʘʪʦʣʦʛʽʾ ʧʦʨʽʚʥʷʥʦ ʟ ʤʠʰʘʤʠ ʥʝ ʧʽʜʜʘʥʠʤʠ ʩʪʨʝʩʫ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʚʘʣʦʩ ɹ ʛʽʩʪʦʣʦʛʽʯʥʦ ʽ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʶ ʚʪʨʘʪʦʶ ʤʘʩʠ, ʘ ʪʘʢʦʞ 

ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩ ɹʧʦʩʠʣʝʥʥʷʤ ʨʝʟʠʩʪʝʥʪʥʦʩʪʽ ʜʦ ɻʂ [203, 236, 237]. ɸʥʘʣʦʛʽʯʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʧʦʩʠʣʝʥʥʷ ʧʨʦʛʨʝʩʽʾ DSS-ʢʦʣʽʪʫ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʽ ʧʨʠ ʩʪʨʝʩʫʚʘʥʥʽ 

ʥʦʚʦʥʘʨʦʜʞʝʥʠʭ ʤʠʰʝʡ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʥʘʨʦʜʞʝʥʥʷ (early life stress ï ʚʽʜʦʢʨʝʤʣʝʥʥʷ 

ʚʽʜ ʤʘʪʝʨʽ ʥʘ 3 ʛʦʜʠʥʠ ʚ ʜʝʥʴ ʚʧʨʦʜʦʚʞ ʧʝʨʰʠʭ 14 ʜʥʽʚ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʞʠʪʪʷ). ʑʝ 

ʙʽʣʴʰ ʽʥʪʨʠʛʫʶʪʴ ʜʘʥʽ ʱʦʜʦ ʟʜʘʪʥʦʩʪ̔ ʍʉʉ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʽʥʜʫʢʫʚʘʪʠ ʨʦʟʚʠʪʦʢ ɿɿʂ 

[46, 49, 93, 203] ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʽʚ ʧʨʦʟʘʧʘʣʴʥʠʭ ʮʠʪʦʢʽʥʽʚ ʽ ʧʦʤʽʨʥʦʛʦ 

ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ ʢʠʢhʽʚʥʠʢʫ [255]. ʇʨʠ ʮʴʦʤʫ ʫ ʙʽʣʴʰʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʦʜʝʣʝʡ ʍʉʉ ʘʚʪʦʨʠ ʚʽʜʟʥʘʯʘʶʪʴ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ 

ʛʣʶʢʦʢʦʨʪʠʢʦʾʜʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ [93, 236, 237, 249], ʟʙʽʣʴʰʝʥʥʷ ʙʘʢʪʝʨʽʘʣʴʥʦʾ 

ʪʨʘʥʩʣʦʢʘʮʽʾ ʚ ʢʠʰʢʽʚʥʠʢ [46, 47] ʪʘ ʟʤʽʥʠ ʚ ʩʪʨʫʢʪʫʨʽ ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʙʽʦʪʠ [46].  

ɭ ʨʷʜ ʽ ʧʨʦʪʠʣʝʞʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʠʢʣʠʢʘʥʝ ʩʪʨʝʩʦʤ ʧʦʣʽʧʰʝʥʥʷ 

ʧʝʨʝʙʽʛʫ ʭʽʤʽʯʥʦ-ʽʥʜʫʢʦʚʘʥʠʭ ɿɿʂ [172, 203, 236]. ʅʘʧʨʠʢʣʘʜ, 30-ʭʚʠʣʠʥʥʠʡ ʚʦʜʥʠʡ 

ʩʪʨʝʩ ʟʘʧʦʙʽʛʘʥʥʷ, ʟʘʩʪʦʩʦʚʘʥʠʡ ʯʝʨʝʟ 6 ʛʦʜʠʥ ʧʽʩʣʷ ʽʥʜʫʢʮʽʾ ʢʦʣʽʪʫ ʦʮʪʦʚʦʶ 

ʢʠʩʣʦʪʦʶ ʟʥʠʟʠʚ ʪʷʞʢʽʩʪʴ ʧʝʨʝʙʽʛʫ ʟʘʭʚʦʨʶʚʘʥʥʷ. ɿʜʘʚʘʣʦʩ ɹ ʙ, ʢʣʘʩʠʯʥʽ 

ʽʤʫʥʦʩʫʧʨʝʩʠʚʥʽ ʝʬʝʢʪʠ ɻʂ ʧʦʚʠʥʥʽ ʟʥʠʞʫʚʘʪʠ ʪʷʞʢʽʩʪʴ ʨʦʟʚʠʪʢʫ ɿɿʂ, ʦʜʥʘʢ 

ʘʜʨʝʥʘʣʝʢʪʘʤʽʷ ʚ ʫʤʦʚʘʭ ʍʉʉ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʣʽʧʰʝʥʥʷ ʧʝʨʝʙʽʛʫ ʧʦʜʘʣʴʰʦʛʦ DSS-
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ʢʦʣʽʪʫ, ʟʘʩʚʽʜʯʫʶʯʠ ʧʨʦ ʥʝʛʘʪʠʚʥʫ ʨʦʣʴ ʘʢʪʠʚʘʮʽʾ ɻɻʅ ʩʠʩʪʝʤʠ ʚ ʮʠʭ ʫʤʦʚʘʭ [236, 

237]. ʄʦʞʣʠʚʦ, ʱʦ ʫ ʧʦʯʘʪʢʦʚʽʡ ʬʘʟʽ ʍʉʉ ʢʦʨʦʪʢʦʯʘʩʥʝ ʧʽʜʚʠʱʝʥʥʷ ʧʣʘʟʤʦʚʦʛʦ 

ʢʦʨʪʠʪʦʩʪʝʨʦʥʘ ʽ ɻʂ-ʽʥʜʫʢʫʶʯʘ ʽʤʫʥʦʩʫʧʨʝʩʽʷ ʜʽʡʩʥʦ ʧʨʠʩʫʪʥ,̔ ʦʜʥʘʢ, ʚʦʥʠ ʣʠʰʝ 

ʧʦʩʠʣʶʁʪʴ ʪʨʘʥʩʣʦʢʘʮʽʶ ʧʨʦʩʚʽʪʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚ ʪʢʘʥʠʥʫ, ʟʘʧʫʩʢʘʶʯʠ 

ʛʽʧʝʨʘʢʪʠʚʘʮʽʶ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʟʘʧʘʣʝʥʥʷ, ʱʦ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʤʦʜʝʣʽ CSC-

ʩʪʨʝʩʫ [236]. ɼʘʥʘ ʟʜʘʪʥʽʩʪʴ ʤʽʢʨʦʙʥʠʭ ɸɻ ʽʥʽʮʽʶʚʘʪʠ ɿɿʂ, ʧʦʜʽʙʥʝ ʍʂ, ʫ ʨʘʟʽ ʾʭ 

ʥʘʜʤʽʨʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʥʝʛʝʨʤʝʪʠʯʥʠʡ ʝʧʽʪʝʣʽʘʣʴʥʠʡ ʙʘʨ'ʻʨ ʢʠʰʝʯʥʠʢʫ ʙʫʣʦ 

ʧʦʢʘʟʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [203]. ʉʪʨʝʩʦʨʠ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʦʾ ʧʨʠʨʦʜʠ 

ʧʦʨʫʰʫʶʪʴ ʧʨʦʜʫʢʮʽʶ ʤʫʮʠʥʫ ʚ ʢʠʰʝʯʥʠʢʫ, ʩʝʢʨʝʮʽʶ ʽʦʥʽʚ ʽ ʚʦʜʠ, ʢʠʰʢʦʚʫ 

ʧʨʦʥʠʢʥʽʩʪʴ ʚʩʽʭ ʚʽʜʜʽʣʽʚ ʐʂʊ, ʨʝʛʝʥʝʨʘʮʽʶ ʝʧʽʪʝʣʽʶ ʪʘ ʢʠʰʢʦʚʠʡ ʢʨʦʚʦʪʽʢ [172]. 

ʂʨʽʤ ʪʦʛʦ, ʩʘʤ ʍʉʉ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸɹ ʥʘ ʬʦʥʽ ʍʉʉ, ʨʽʟʢʦ ʟʤʽʥʶʻ ʩʢʣʘʜ 

ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ ʫ ʣʶʜʝʡ ʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʚʘʨʠʥ [46, 236, 237, 241] ʪʘ ʚʧʣʠʚʘʻ 

ʥʘ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ TLR4 ʫ ʩʣʠʟʦʚʽʡ ʦʙʦʣʦʥʮʽ ʢʠʰʝʯʥʠʢʫ [180]. ɻʦʣʦʚʥʠʤʠ 

ʝʬʝʢʪʦʨʥʠʤʠ ʛʦʨʤʦʥʘʤʠ ʧʽʜ ʯʘʩ ʩʪʨʝʩïʨʝʘʢʮʽʾ ʻ ʛʣʶʢʦʢʦʨʪʠʢʦʾʜʠ ʪʘ ʢʘʪʝʭʦʣʘʤʽʥʠ, 

ʤʽʞ ʚʠʚʽʣʴʥʝʥʥʷʤ ʷʢʠʭ ʽʩʥʫʶʪʴ ʧʦʟʠʪʠʚʥʽ ʟʚʦʨʦʪʥʽ ʟʚôʷʟʢʠ [144], ʘ 

ʽʤʫʥʦʢʦʤʧʝʪʝʥʪʥʽ ʢʣʽʪʠʥʠ ʤʘʶʪʴ ʨʝʮʝʧʪʦʨʠ ʜʦ ʥʠʭ, ʟʦʢʨʝʤʘ ʛʣʶʢʦʢʦʨʪʽʢʦʾʜʥʠʡ 

ʨʝʮʝʧʪʦʨ ï nuclear receptor subfamily 3 (Nr3c1) [77, 145, 199, 219] ʽ ɓ2ïʘʜʨʝʥʝʨʛʽʯʥʽ 

ʨʝʮʝʧʪʦʨʠ. ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ ʩʪʨʝʩ-ʽʥʜʫʢʦʚʘʥʠʭ ɿɿʂ ʚʽʜʽʛʨʘʻ ʽ ʟʤʽʥʘ 

ʧʨʦʜʫʢʮʽʾ ʂʍ [187, 196, 246]. ʊʘʢ, ʨʽʚʝʥʴ ʤʈʅʂ ʪʠʨʦʟʠʥ-ʛʽʜʨʦʢʩʠʣʘʟʠ, ʱʦ ʨʝʛʫʣʶʻ 

ʧʨʦʜʫʢʮʽʶ ʂʍ, ʧʽʜʚʠʱʝʥʠʡ ʚ ʢʠʰʝʯʥʠʢʫ ʧʽʩʣʷ 19-ʜʝʥʥʦʛʦ CSC-ʩʪʨʝʩʫ, ʷʢʠʡ ʟʤʽʥʶʻ 

ʚʠʨʦʙʣʝʥʥʷ ʥʦʨʘʜʨʝʥʘʣʽʥʫ ʽ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʭʘʨʘʢʪʝʨ ʨʦʙʦʪʠ ʢʚʦʨʫʤ-ʟʘʣʝʞʥʠʭ 

ʩʠʩʪʝʤ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ [237]. 

ɺʽʜʦʤʦ, ʱʦ ʨʦʟʚʠʪʦʢ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʂɸʃʊ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʫ 

ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ. ʊʘʢ, ʫ ʛʥʦʪʦʙʽʦʪʠʯʥʠʭ ʪʚʘʨʠʥ ʧʦʨʫʰʫʻʪʴʩʷ ʤʦʨʬʦʛʝʥʝʟ ʽ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʥʘʯʥʽ ʜʝʬʝʢʪʠ ʷʢ ʚʨʦʜʞʝʥʦʾ, ʪʘʢ ʽ ʘʜʘʧʪʠʚʥʦʾ ʣʘʥʦʢ ʽʤʫʥʥʦʾ 

ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʢʠʰʢʦʚʘ ʤʽʢʨʦʙʽʦʪʘ ʬʦʨʤʫʻ ʂɸʃʊ ʽ ʨʝʛʫʣʶʻ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ 

ʦʢʨʝʤʠʭ ʩʫʙʧʦʧʫʣʷʮʽʡ ʊ-ʢʣʽʪʠʥ. ɺ ʨʦʙʦʪʘʭ Ivanovʘ I. et al. (2009) ʙʫʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʩʝʛʤʝʥʪʘʨʥʽ ʥʠʪʢʦʧʦʜʽʙʥʽ ʙʘʢʪʝʨʽʾ (segmented filamentous 

bacteria, SFB) ʽʥʜʫʢʫʶʪʴ ʚ ʂɸʃʊ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʧʨʦʟʘʧʘʣʴʥʠʭ Th17 ʽ Th1-ʢʣʽʪʠʥ, 

ʘ ʜʝʷʢʽ ʧʨʝʜʩʪʘʚʥʠʢʠ ʨʦʜʫ Clostridium (cluster IV ʽ XIVa) ʪʘ ʧʦʣʽʩʘʭʘʨʽʜ A (PSA) 
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Bacteroides fragilis ʩʪʠʤʫʣʶʶʪʴ ʫʪʚʦʨʝʥʥʷ ʊ-ʨʝʛʫʣʷʪʦʨʥʠʭ ʢʣʽʪʠʥ ʽ ʧʨʦʜʫʢʮʽʶ 

ʩʫʧʨʝʩʦʨʥʦʛʦ ʮʠʪʦʢʽʥʫ Iʃ-10 [136]. ʊʦʙʪʦ, ʟʤʽʥʠ ʩʢʣʘʜʫ ʤʽʢʨʦʬʣʦʨʠ ʟʜʘʪʥʽ ʷʢ 

ʚʠʢʣʠʢʘʪʠ ʨʦʟʚʠʪʦʢ ʟʘʧʘʣʴʥʠʭ ʽ ɸɯɿ ʟʘʭʚʦʨʶʚʘʥʴ, ʪʘʢ ʽ ʧʦʧʝʨʝʜʞʫʚʘʪʠ ʾʭ ʨʦʟʚʠʪʦʢ. 

ʂʨʽʤ ʮʴʦʛʦ, ʍʉʉ ʘʢʪʠʚʫʻ ʚʨʦʜʞʝʥʫ ʽʤʫʥʥʫ ʩʠʩʪʝʤʫ [47, 48, 231], ʩʪʠʤʫʣʶʻ 

ʧʨʦʜʫʢʮʽʶ ʧʨʦʟʘʧʘʣʴʥʠʭ ʮʠʪʦʢʽʥʽʚ Iʃ-6 ʽ TNFŬ [39, 50] ʪʘ ʽʥʜʫʢʫʻ ʙʘʢʪʝʨʽʘʣʴʥʫ 

ʪʨʘʥʩʣʦʢʘʮʽʶ ʫ ʂɸʃʊ [47, 49]. ʆʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘʢʦʛʦ ʩʪʠʤʫʣʶʶʯʦʛʦ 

ʚʧʣʠʚʫ ʍʉʉ ʤʦʞʝ ʙʫʪʠ ʘʢʪʠʚʘʮʽʷ ʘʜʨʝʥʘʣʽʥ/ʥʦʨʘʜʨʝʥʘʣʽʥʦʚʦʾ (ɸɯ-3) ʩʠʩʪʝʤʠ 

ʢʚʦʨʫʤ-ʩʝʥʩʽʥʛʫ. ʂʦʦʨʜʠʥʘʮʽʷ ʜʽʷʣʴʥʦʩʪʽ ʙʘʢʪʝʨʽʡ ʚ ʤʽʢʨʦʙʥʽʡ ʧʦʧʫʣʷʮʽʾ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤ, ʷʢʽ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ñQuorum Sensingò (QS), ʱʦ 

ʤʦʞʥʘ ʧʝʨʝʚʝʩʪʠ ʷʢ ñʚʽʜʯʫʪʪʷ ʢʚʦʨʫʤʫò [258]. ɸɯ-3 ʘʢʪʠʚʥʽʩʪʴ ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʫ 

ʙʘʛʘʪʴʦʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʽʥʪʝʩʪʽʥʘʣʴʥʦʾ ʤʽʢʨʦʬʣʦʨʠ, ʷʢ ʢʦʤʝʥʩʘʣʴʥʦʾ (Escherichia 

coli, Klebsiella pneumoniae, Enterobacter cloacae [17, 34, 258], ʪʘʢ ʽ ʧʘʪʦʛʝʥʥʦʾ (E. coli 

O26:H11, Shigella sp., Salmonella sp.), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʽʤʦʚʽʨʥʫ ʫʯʘʩʪʴ ʮʴʦʛʦ 

ʤʝʜʽʘʪʦʨʘ ʫ ʤʽʞʚʠʜʦʚʦʤʫ ñʩʧʽʣʢʫʚʘʥʥʽò. ɸʣʝ ʥʘʡʙʽʣʴʰ ʽʥʪʨʠʛʫʶʯʠʤ ʚʽʜʢʨʠʪʪʷʤ 

ʩʪʘʣʦ ʚʠʷʚʣʝʥʥʷ ʘʛʦʥʽʩʪʠʯʥʠʭ ʚʟʘʻʤʦʜʽʡ ɸɯ-3 QS-ʩʠʩʪʝʤʠ ʟ ʘʜʨʝʥʘʣʽʥʦʤ ʪʘ 

ʥʦʨʘʜʨʝʥʘʣʽʥʦʤ ʣʶʜʠʥʠ [34, 258]. ɼʘʥʠʡ ʬʘʢʪ ʜʦʟʚʦʣʷʻ ʧʨʠʧʫʩʪʠʪʠ ʥʘʷʚʥʽʩʪʴ ʫ 

ʙʘʢʪʝʨʽʡ ʜʦʩʠʪʴ ʩʧʝʮʠʬʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʝʮʝʧʮʽʾ ʩʠʛʥʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʦʨʛʘʥʽʟʤʫ 

ʭʘʟʷʾʥʘ. ʊʦʙʪʦ, ʤʦʞʣʠʚʦ, ʢʘʪʝʭʦʣʘʤʽʥʠ. ʷʢʽ ʩʠʥʪʝʟʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʍʉʉ, ʚʠʩʪʫʧʘʶʪʴ 

ʚ ʨʦʣʽ ʣʽʛʘʥʜʚ̔ ʜʣʷ ʨʝʮʝʧʪʦʨʽʚ QS-ʩʠʩʪʝʤʠ ɸɯ-3 ʙʘʢʪʝʨʽʡ, ʱʦ ʩʧʨʠʡʤʘʻʪʴʩʷ ʷʢ 

ʩʠʛʥʘʣ, ʷʢʠʡ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʩʪʘʪʥʶ ʜʣʷ ʘʪʘʢʠ ʱʽʣʴʥʽʩʪʴ ʙʘʢʪʝʨʽʘʣʴʥʦʾ ʧʦʧʫʣʷʮʽʾ ʪʘ 

ʽʥʜʫʢʫʻ ʾʭ ʪʨʘʥʩʣʦʢʘʮʽʶ ʚ ʂɸʃʊ ʟ ʛʽʧʝʨʘʢʪʠʚʘʮʽʻʶ ʩʧʦʯʘʪʢʫ ʚʨʦʜʞʝʥʦʾ, ʘ ʧʦʪʽʤ 

ʘʜʘʧʪʠʚʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ. 

ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʟʤʽʥʶʚʘʪʠ ʩʢʣʘʜ ʢʠʰʢʦʚʦʾ 

ʤʽʢʨʦʬʣʦʨʠ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʚʧʣʠʚʘʪʠ ʥʘ ʨʽʚʝʥʴ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ, ʻ ʘʥʪʠʙʽʦʪʠʢʠ (ɸɹ) 

ʽ ʧʨʦʙʽʦʪʠʢʠ (ʇɹ). ɸʤʽʥʦʛʣʽʢʦʟʠʜʠ (ɸɻ) - ʛʨʫʧʘ ʘʥʪʠʙʽʦʪʠʢʽʚ, ʟʘʛʘʣʴʥʦʶ ʚ ʭʽʤʽʯʥʽʡ 

ʙʫʜʦʚʽ ʩʪʨʫʢʪʫʨʽ ʤʦʣʝʢʫʣʠ ʷʢʠʭ ʻ ʘʤʽʥʦʮʫʢʦʨ, ʩʧʦʣʫʯʝʥʠʡ ʛʣʽʢʦʟʠʜʥʠʤ ʟʚ'ʷʟʢʦʤ ʟ 

ʘʤʽʥʦʮʠʢʣʽʯʥʠʤ ʢʽʣʴʮʝʤ. ʋʩʽ ʘʤʽʥʦʛʣʽʢʦʟʠʜʠ ʚ ʥʦʨʤʽ ʧʦʛʘʥʦ ʚʩʤʦʢʪʫʶʪʴʩʷ ʚ 

ʧʨʦʩʚʽʪʽ ʢʠʰʢʽʚʥʠʢʫ ʽ ʜʽʶʪʴ ʪʽʣʴʢʠ ʤʽʩʮʝʚʦ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʭ per os ʙʝʟ 

ʥʝʙʘʞʘʥʠʭ ʧʨʦʷʚʽʚ ʩʠʩʪʝʤʥʦʾ ʪʦʢʩʠʯʥʦʩʪʽ ʜʣʷ ʜʝʢʦʥʪʘʤʽʥʘʮʽʾ ʢʠʰʢʦʚʦ-ʰʣʫʥʢʦʚʦʛʦ 

ʪʨʘʢʪʫ ʧʝʨʝʜ ʧʣʘʥʦʚʠʤʠ ʭʽʨʫʨʛʽʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʥʘ ʦʨʛʘʥʘʭ ʯʝʨʝʚʥʦʾ ʧʦʨʦʞʥʠʥʠ, 
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ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʛʦʩʪʨʠʭ ʢʠʰʢʦʚʠʭ ʽʥʬʝʢʮʽʡ. ɺʽʜʦʤʦ, ʱʦ ʧʨʠʡʦʤ ɸɹ ʻ ʬʘʢʪʦʨʦʤ 

ʨʠʟʠʢʫ ʨʦʟʚʠʪʢʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʟʘʧʘʣʴʥʠʭ ʽ ɸɯɿ, ʟʦʢʨʝʤʘ ʎɼ 1 ʡ 2 ʪʠʧʫ, ʟʘʧʘʣʝʥʥʷ 

ʢʠʢhʽʚʥʠʢʘ ʪʘ ʽʥ. [100, 241, 287, 289]. ɽʬʝʢʪʠ, ʚʠʢʣʠʢʘʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ɸɹ, 

ʚʢʣʶʯʘʶʪʴ ʟʤʽʥʠ ʩʢʣʘʜʫ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʣʽʛʘʥʜʽʚ, ʟʤʽʥʠ ʫ ʚʠʨʦʙʣʝʥʠʭ ʤʽʢʨʦʬʣʦʨʦʶ 

ʤʝʪʘʙʦʣʽʪʘʭ ʽ ʚʪʨʘʪʦʶ ʩʧʝʮʠʬʽʯʥʠʭ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ [289]. ɸɻ ʯʝʨʝʟ ʟʤʽʥʠ 

ʤʽʢʨʦʙʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʢʠʰʢʽʚʥʠʢʘ, ʥʘʩʘʤʧʝʨʝʜ, ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʤʝʥʩʘʣʴʥʦʾ 

ʤʽʢʨʦʬʣʦʨʠ, ʟʜʘʪʥʽ ʚʧʣʠʚʘʪʠ ʥʘ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ TLR2 ʽ TLR4 ʪʠʧʫ [147, 180], 

ʤʦʣʝʢʫʣ MHCII [122, 182], ʟʤʝʥʰʫʚʘʪʠ ʧʨʦʜʫʢʮʽʶ ʘʥʪʠʤʽʢʨʦʙʥʠʭ ʧʝʧʪʠʜʽʚ [183, 

256], ʚʧʣʠʚʘʪʠ ʥʘ ʨʽʚʝʥʴ ʧʨʦʟʘʧʘʣʴʥʠʭ Th17-ʢʣʽʪʠʥ [136]. ɸʣʝ, ʥʘʰ ʚʠʙʽʨ ʙʫʚ 

ʦʙʫʤʦʚʣʝʥʠʡ ʥʝ ʪʽʣʴʢʠ ʤʦʞʣʠʚʽʩʪʶ ɸɻ ʟʤʽʥʶʚʘʪʠ ʩʢʣʘʜ ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ ʽ 

ʯʝʨʝʟ ʮʝ ʚʧʣʠʚʘʪʠ ʥʘ ʨʽʚʝʥʴ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ, ʘ ʡ ʥʝʱʦʜʘʚʥʦ ʚʠʷʚʣʝʥʦʶ ʾʭ 

ʟʜʘʪʥʽʩʪʶ ʩʪʠʤʫʣʶʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʄ-ʢʣʽʪʠʥ (microfold cells), ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ 

ʥʝ ʚ ʟʦʥʽ ʬʦʣʽʢʫʣʦ-ʘʩʦʮʽʡʦʚʘʥʦʛʦ ʝʧʽʪʝʣʽʶ, ʘ ʥʘ ʧʦʚʝʨʭʥʽ ʢʠʰʢʦʚʠʭ ʚʦʨʩʠʥʦʢ (ʪʘʢ 

ʟʚʘʥʠʭ, ʚʦʨʩʠʥʯʘʩʪʠʭ ʄ-ʢʣʽʪʠʥ, villous M-cell) [266]. ʇʦʷʚʘ ʥʦʚʠʭ ʄ-ʢʣʽʪʠʥ ʻ ʧʨʦʮʝʩ 

ʽʥʜʫʮʠʙʝʣʴʥʠʡ, ʽ ʦʜʥʠʤ ʟ ʪʘʢʠʭ ʽʥʜʫʢʪʦʨʽʚ ʾʭ ʫʪʚʦʨʝʥʥʷ ʻ ʩʘʤʝ ɸɻ. 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʦʙʽʦʪʠʢʠ, ʟʦʢʨʝʤʘ, ʣʘʢʪʦʙʘʢʪʝʨʽʾ (ʃɹ), ʟʜʘʪʥʽ ʯʠʥʠʪʠ 

ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʂɸʃʊ ʯʝʨʝʟ ʮʽʣʫ ʥʠʟʢʫ ʤʝʭʘʥʽʟʤʽʚ [106]: ʢʦʣʦʥʽʟʘʮʽʡʥʦʾ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʽ, ʧʦʩʠʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʤʫʮʠʥʘ, ɸʄʇ, ʩʫʧʨʝʩʦʨʥʠʭ ʮʠʪʦʢʽʥʽʚ, 

ʨʝʛʫʣʶʚʘʥʥʷ ʱʽʣʴʥʠʭ ʢʦʥʪʘʢʪʽʚ ʤʽʞ ʝʧʽʪʝʣʽʦʮʠʪʘʤʠ ʪʘ ʽʥ. ʊʘʢ, ʃɹ ʧʨʦʜʫʢʫʶʪʴ ʮʽʣʠʡ 

ʨʷʜ ʤʝʪʘʙʦʣʽʪʽʚ: ʪʨʠʧʪʦʬʘʥ-ʽʥʜʦʣ, ʽʥʜʦʣ-3-ʘʮʝʪʘʪ, ʪʨʠʧʪʘʤʽʥ [294], ʷʢʽ ʻ ʣʽʛʘʥʜʘʤʠ 

ʘʨʽʣ-ʛʠʜʨʦʢʘʨʙʦʥʦʚʠʭ ʨʝʮʝʧʪʦʨʽʚ (AHR), ʱʦ ʝʢʩʧʨʝʩʫʶʪʴʩʷ ʥʘ Th17-ʢʣʽʪʠʥʘʭ, 

ʚʨʦʜʞʝʥʠʭ ʣʽʤʬʦʮʠʪʘʭ ʽ ɼʂ [182]. ɿʤʽʥʠ ʚʤʽʩʪʫ ʃɹ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʢʩʧʨʝʩʽʶ 

ʢʣʽʪʠʥʘʤʠ ʂɸʃʊ ʬʝʨʤʝʥʪʫ ʽʥʜʦʣʘʤʽʥ-2,3-ʜʽʦʢʩʽʛʝʥʘʟʠ (IDO), ʷʢʠʡ ʽʥʜʫʢʫʻ 

ʢʘʪʘʙʦʣʽʟʤ ʪʨʠʧʪʦʬʘʥʫ ʚ ʧʨʦʘʧʦʧʪʦʪʠʯʥʽ ʤʝʪʘʙʦʣʽʪʠ (ʥʘʧʨʠʢʣʘʜ, ʢʽʥʫʨʝʥʠʥ), ʟʜʘʪʥʽ 

ʧʨʠʛʥʽʯʫʚʘʪʠ ʘʢʪʠʚʘʮʽʶ ʝʬʝʢʪʦʨʥʠʭ ʊ-ʢʣʽʪʠʥ. ɺʠʷʚʣʝʥʘ ʟʜʘʪʥʽʩʪʴ IDO-

ʝʢʩʧʨʝʩʫʶʯʠʭ ʢʣʽʪʠʥ ʢʝʨʫʚʘʪʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷʤ ʥʘʾʚʥʠʭ CD4
+
ʊ-ʣʽʤʬʦʮʠʪʽʚ ʚ 

Foxp3
+
iTreg, ʘ ʪʘʢʦʞ ʾʭ ʩʧʨʦʤʦʞʥʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʘʢʪʠʚʫʚʘʪʠ ʜʦʟʨʽʚʘʥʥʷ Treg ʪʘ 

ʧʦʧʝʨʝʜʞʫʚʘʪʠ ʽʥʜʫʢʦʚʘʥʫ ʟʘʧʘʣʝʥʥʷʤ ʢʦʥʚʝʨʩʽʶ Treg - ʢʣʽʪʠʥ ʚ ʧʨʦ-ʟʘʧʘʣʴʥʽ 

ʩʫʙʧʦʧʫʣʷʮʽʾ ʊ ï ʭʝʣʧʝʨʽʚ: Th17- ʪʘ Th1-ʢʣʽʪʠʥʠ [294, 295]. ʑʝ ʦʜʠʥ ʤʝʪʘʙʦʣʽʪ 

ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ - ʢʦʨʦʪʢʦʣʘʥʮʶʛʦʚʽ ʞʠʨʥʽ ʢʠʩʣʦʪʠ (ʂʃɾʂ) ʻ ʚʘʞʣʠʚʠʤʠ 
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ʩʠʛʥʘʣʴʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚ ʯʠʩʣʝʥʥʠʭ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʽ ʧʘʪʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ [106] 

ʪʘ ʻ ʣʽʛʘʥʜʘʤʠ FFAR2 ʨʝʮʝʧʪʦʨʽʚ, ʱʦ ʝʢʩʧʨʝʩʫʶʪʴʩʷ ʢʣʽʪʠʥʘʤʠ ʽʤʫʥʥʦʾ  ̔ʥʝʨʚʦʚʦʾ 

ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʫ ʐʂʊ, ʟʦʢʨʝʤʘ ʢʦʣʦʥʦʮʠʪʘʤʠ ʡ ʝʥʪʝʨʦʮʠʪʘʤʠ ʪʦʥʢʦʾ ʽ ʪʦʚʩʪʦʾ 

ʢʠʰʦʢ. ʇʽʜʪʚʝʨʜʞʝʥʥʷ ʟʘʣʫʯʝʥʥʷ FFAR2 ʫ ʟʘʧʘʣʴʥʠʡ ʧʨʦʮʝʩ ʦʜʥʦʯʘʩʥʦ 

ʧʽʜʪʚʝʨʜʠʣʦʩʴ ʜʚʦʤʘ ʛʨʫʧʘʤʠ ʚʯʝʥʠʭ, ʷʢʽ ʚʩʪʘʥʦʚʠʣʠ ʚʥʝʩʦʢ ʮʠʭ ʨʝʮʝʧʪʦʨʽʚ ʫ 

ʘʢʪʠʚʘʮʽʶ ʽʤʫʥʥʠʭ ʢʣʽʪʠʥ [146]. ɺ ʽʤʫʥʥʽʡ ʩʠʩʪʝʤʽ FFAR2 ʝʢʩʧʨʝʩʫʶʪʴʩʷ ʥʘ 

ʝʦʟʠʥʦʬʽʣʘʭ, ʙʘʟʦʬʽʣʘʭ, ʥʝʡʪʨʦʬʽʣʘʭ, ʤʦʥʦʮʠʪʘʭ, ʜʝʥʜʨʠʪʥʠʭ ʪʘ ʪʫʯʥʠʭ ʢʣʽʪʠʥʘʭ 

ʩʣʠʟʦʚʠʭ ʦʙʦʣʦʥʦʢ, ʧʝʨʝʜʙʘʯʘʶʯʠ, ʚʘʞʣʠʚʫ ʨʦʣʴ ʂʃɾʂ ʚ ʽʤʫʥʥʠʭ ʨʝʘʢʮʽʷʭ [106, 

146]. 

ʃɹ ʯʠʥʷʪʴ ʘʥʪʠʜʽʘʙʝʪʦʛʝʥʥʫ ʜʽʶ ʚ ʫʤʦʚʘʭ ʩʪʨʝʧʪʦʟʦʪʦʮʠʥ-ʽʥʜʫʢʦʚʘʥʦʛʦ 

ʜʽʘʙʝʪʫ [106] ʪʘ ʫ BB-DP (BioBreeding diabetes prone) ʱʫʨʽʚ [44] ʰʣʷʭʦʤ ʽʥʜʫʢʮʽʾ 

CD4
+
CD25

+
Foxp3

+
-ʢʣʽʪʠʥ [243, 252], ʟʤʝʥʰʫʶʪʴ ʨʠʟʠʢ ʨʦʟʚʠʪʢʫ ʭʚʦʨʦʙʠ ʂʨʦʥʘ  ̔

ʚʠʨʘʟʢʦʚʦʛʦ ʢʦʣʽʪʫ [45, 181, 295]. ʆʜʥʘʢ, ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ ʦɦʜʦ ʚʧʣʠʚʫ ʃɹ ʥʘ 

ʽʤʫʥʥʫ ʩʠʩʪʝʤʫ ʣʦʙʽʶʻʪʴʩʷ ʬʽʨʤʘʤʠ-ʚʠʨʦʙʥʠʢʘʤʠ ʇɹ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʽ 

ʜʝʷʢʠʤʠ ʜʘʥʠʤʠ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʃɹ ʧʽʜʚʠʱʫʚʘʪʠ ʨʠʟʠʢ ʨʦʟʚʠʪʢʫ ɸɯɿ, 

ʟʦʢʨʝʤʘ ʨʝʚʤʘʪʦʾʜʥʦʛʦ ʘʨʪʨʠʪʫ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʚʪʦʽʤʫʥʥʦʛʦ ʝʥʮʝʬʘʣʽʪʫ ʪʘ 

ʽʥʰʝ [44, 45, 60]. ɿʦʢʨʝʤʘ, ʦʨʘʣʴʥʠʡ ʧʨʠʡʦʤ ʃɹ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʪʚʘʨʠʥʘʤʠ 

ʤʦʞʝ ʘʢʪʠʚʫʚʘʪʠ ʝʢʩʧʨʝʩʽʶ TLR2 ʽ TLR4 ʪʠʧʫ, ʟʤʝʥʰʫʚʘʪʠ ʨʽʚʝʥʴ ʊreg-ʢʣʽʪʠʥ, 

ʧʽʜʚʠʱʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʧʨʦʟʘʧʘʣʴʥʠʭ Th17- ʽ Th1-ʢʣʽʪʠʥ, ʘ ʪʘʢʦʞ Iʃ-12 [36, 71, 181, 

253]. ʊʦʙʪʦ, ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʧʨʠʡʦʤ ʃɹ ʟʜʘʪʝʥ ʯʠʥʠʪʠ ʽʤʫʥʦʩʪʠʤʫʣʶʶʯʫ ʜʽʶ ʪʘ 

ʙʫʪʠ ʦʜʥʠʤ ʟ ʪʨʠʛʝʨʽʚ ʨʦʟʚʠʪʢʫ ɸɯɿ. ʂʨʽʤ ʪʦʛʦ, ʃɹ ʟʜʘʪʥʽ ʚʧʣʠʚʘʪʠ ʥʘ ʢʽʣʴʢʽʩʪʴ 

ʦʩʥʦʚʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʥʘʾʚʥʠʭ ʊ-ʢʣʽʪʠʥ ʫ ʧʨʦʟʘʧʘʣʴʥʽ Th17-

ʢʣʽʪʠʥʠ ï ʩʝʛʤʝʥʪʘʨʥ ̔ʥʠʪʢʦʧʦʜʽʙʥ̔  ʙʘʢʪʝʨʽʾ (segmented filamentous bacteria, SFB) 

[136] ʪʘ Bacteroides fragilis, ̫ ʢʽ ʩʪʠʤʫʣʶʶʪʴ ʫʪʚʦʨʝʥʥʷ ʊ-ʨʝʛʫʣʷʪʦʨʥʠʭ ʢʣʽʪʠʥ ʽ 

ʧʨʦʜʫʢʮʽʶ ʩʫʧʨʝʩʦʨʥʦʛʦ ʮʠʪʦʢʽʥʫ Iʃ-10 [293], ʪʦʙʪʦ ʻ ʦʜʥʠʤʠ ʟ ʚʘʞʣʠʚʠʭ 

ʨʝʛʫʣʷʪʦʨʽʚ ʙʘʣʘʥʩʫ Th17/ʊreg ʫ ʂɸʃʊ. 
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1.4. ɺʠʩʥʦʚʦʢ ʧʦ ʦʛʣʷʜʫ ʣʽʪʝʨʘʪʫʨʠ 

 

ɺ ʦʛʣʷʜʽ ʣʽʪʝʨʘʪʫʨʠ ʧʦʢʘʟʘʥʽ ʩʫʯʘʩʥʽ ʫʷʚʣʝʥʥ ̫ʱʦʜʦ ʤʦʨʬʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʩʪʘʥʫ ʚʨʦʜʞʝʥʠʭ ʽ ʘʜʘʧʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʂɸʃʊ, ʫʯʘʩʪʴ ʾʾ ʢʣʽʪʠʥʥʠʭ ʩʫʙʧʦʧʫʣʷʮʽʡ 

ʫ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʪʘ ʧʘʪʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ. ʇʦʜʽʾ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʂɸʃʊ ʚ ʫʤʦʚʘʭ 

ʍʉʉ ̫ʚʥʦ ʩʫʧʝʨʝʯʘʪʴ ʢʣʘʩʠʯʥʽʡ ʧʘʨʘʜʠʛʤʽ ʩʪʨʝʩʫ, ʟʛʽʜʥʦ ʷʢʦʾ ʚ ʫʤʦʚʘʭ ʧʦʩʠʣʝʥʥʷ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʽ ʨʝʮʝʧʪʦʨʽʚ ʜʦ ɻʂ, ʧʨʦʚʦʢʫʻʪʴʩʷ ʨʦʟʚʠʪʦʢ ʥʝ ʽʤʫʥʦʩʫʧʨʝʩʽ,ʾ ʘ 

ʚʠʨʘʞʝʥʦ ʾʘʢʪʠʚʘʮʽ ʾʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʽ ʟʘʧʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ʆʜʥʘʢ, ʭʘʨʘʢʪʝʨ ʟʤʽʥ 

ʚʨʦʜʞʝʥʠʭ ʽ ʘʜʘʧʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʂɸʃʊ ʧʨʠ ʍʉʉ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʦʤʠʡ, ʪʦʤʫ 

ʟ'ʷʩʫʚʘʥʥʷ ʮʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ï ʛʦʣʦʚʥʠʡ ʧʨʝʜʤʝʪ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʘʞʣʠʚʦ, ʱʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʦʜʝʣʽ ʨʽʟʥʠʭ ʩʪʨʝʩʽʚ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ɻʂ 

ʩʠʛʥʘʣʽʟʘʮʽʾ, ʻ ʭʨʦʥʽʯʥʠʤʠ ʡ ʧʩʠʭʦʩʦʮʽʘʣʴʥʠʤʠ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ, ʷʢ ʽ ʣʶʜʩʴʢʽ 

ʩʪʨʝʩʦʨʠ, ʧʨʦʚʦʢʫʶʯʠ ʨʦʟʚʠʪʦʢ ʘʫʪʦʽʤʫʥʥʠʭ ʽ ʟʘʧʘʣʴʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. ʊʦʤʫ, ʩʘʤʝ 

ʍʉʉ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʚʠʢʣʠʢʘʥʠʭ ʩʪʨʝʩʦʤ ʟʘʭʚʦʨʶʚʘʥʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ ɿɿʂ. 
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ʈʆɿɼɯʃ 2. ʄɸʊɽʈɯɸʃʀ ʊɸ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʅʗ 

 

 

 

2.1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʚʘʨʠʥʠ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ 140 ʩʘʤʢʘʭ ʱʫʨʽʚ ʣʽʥʽʾ ɺʽʩʪʘʨ ʤʘʩʦʶ 170-220 ʛ 

ʚʽʢʦʤ 4-5 ʤʽʩʷʮʽʚ. ʊʚʘʨʠʥʠ, ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʜʦʩʣʽʜʞʝʥʥʽ, ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟ ʨʦʟʧʣʽʜʥʠʢʘ 

ʆʙ'ʻʜʥʘʥʥʷ ʚʝʪʝʨʠʥʘʨʥʦʾ ʤʝʜʠʮʠʥʠ ʇʇ ñɹʽʦʤʦʜʝʣʴʩʝʨʚʽʩò (ʤ. ʂʠʾʚ). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʯʘʩʪʠʥʫ ʨʦʙʦʪʠ ʚʠʢʦʥʫʚʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʮʽʦʥʘʣʴʥʠʭ 

ñɿʘʛʘʣʴʥʠʭ ʝʪʠʯʥʠʭ ʧʨʠʥʮʠʧʽʚ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʪʚʘʨʠʥʘʭò (ʋʢʨʘʾʥʘ, 2001), ʧʦʣʦʞʝʥʴ 

ñɭʚʨʦʧʝʡʩʴʢʦʾ ʢʦʥʚʝʥʮʽʾ ʧʨʦ ʟʘʭʠʩʪ ʭʨʝʙʝʪʥʠʭ ʪʚʘʨʠʥ, ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʮʽʣʝʡò (ʉʪʨʘʩʙʫʨʛ, 1986) ʽ ʟʛʽʜʥʦ ñʇʦʣʦʞʝʥʴ 

ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʚʘʨʠʥ ʚ ʙʽʦʤʝʜʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭò. ʑʫʨʽʚ ʫʪʨʠʤʫʚʘʣʠ ʫ 

ʧʨʠʤʽʱʝʥʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʽʪʨʷ 22-25
0
ʉ ʪʘ ʧʨʠʨʦʜʥʦʤʫ ʦʩʚʽʪʣʝʥʥʽ. ɺ ʦʩʪʘʥʥʽʡ 

ʜʝʥʴ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʚʘʨʠʥ ʟ 18.00 ʧʦʟʙʘʚʣʷʣʠ ʾʞʽ ʽ ʥʘʩʪʫʧʥʦʛʦ ʜʥʷ ʟ 10.00 ʚʠʚʦʜʠʣʠ 

ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʝʪʦʜʦʤ ʜʝʢʘʧʽʪʘʮʽʾ ʧʽʜ ʥʘʨʢʦʟʦʤ (ʝʪʘʤʽʥʘʣ ʥʘʪʨʽʶ 40 ʤʛ/ʢʛ 

ʚʥʫʪʨʽʰʥʴʦʯʝʨʝʚʥʦ). ɺ ʜʦʩʣʽʜʞʝʥʥ ̔ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘʨʠʥ ʙʫʣʠ ʚʠʚʯʝʥʽ 

ʣʽʤʬʦʾʜʥʽ ʩʪʨʫʢʪʫʨʠ (ʟʛʨʫʧʦʚʘʥʽ ʣʽʤʬʦʾʜʥʽ ʚʫʟʣʠʢʠ ʪʘ ʟʘʧʦʚʥʝʥʽ ʣʽʤʬʦʮʠʪʘʤʠ 

ʚʦʨʩʠʥʢʠ) ʢʣʫʙʦʚʦʾ ʢʠʰʢʠ, ʷʢʫ ʚʽʜʙʠʨʘʣʠ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

2.2. ʉʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ɼʦʩʣʽʜʞʫʚʘʥʽ ʪʚʘʨʠʥʠ ʙʫʣʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʩʽʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʛʨʫʧ: 

ʢʦʥʪʨʦʣʴʥʽ ʱʫʨʠ, ʷʢʠʤ ʧʝʨʦʨʘʣʴʥʦ ʚʥʫʪʨʽʰʥʴʦ-ʰʣʫʥʢʦʚʦ (ʚ/ʰ) ʚʧʨʦʜʦʚʞ 3-ʭ 

ʪʠʞʥʽʚ ʚʚʦʜʠʣʠ ʧʦ 0,5 ʤʣ 0,9%-ʛʦ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʯʠʥʫ NaCl (ʛʨʫʧʘ 1); ʱʫʨʠ, 

ʷʢʠʤ ʤʦʜʝʣʶʚʘʣʠ ʍʉʉ 1 ʰʣʷʭʦʤ ʪʨʴʦʭʪʠʞʥʝʚʦʾ ʩʦʮʽʘʣʴʥʦʾ ʽʟʦʣʷʮʽʾ ʽ ʪʨʠʚʘʣʦʛʦ 

ʧʩʠʭʦʝʤʦʮʽʡʥʦʛʦ ʚʧʣʠʚʫ (ʇɽɺ), ʱʦ ʚʠʤʘʛʘʚ ʧʝʨʤʘʥʝʥʪʥʝ ʧʨʦʞʠʚʘʥʥʷ ʩʘʤʦʢ ʚ 

ñʘʛʨʝʩʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽò, ʘ ʩʘʤʝ, ʯʝʨʝʟ ʧʝʨʬʦʨʦʚʘʥʫ ʧʝʨʝʛʦʨʦʜʢʫ ʚ ʢʣʽʪʮʽ ʟ 

ʘʛʨʝʩʠʚʥʠʤ ʩʘʤʮʝʤ, ʷʢʠʡ ʱʦʜʥʷ ʚʩʪʫʧʘʚ ʚ ʢʦʥʬʨʦʥʪʘʮʽʾ ʟ ʧʽʜʩʘʜʞʝʥʠʤ ʜʦ ʥʴʦʛʦ 
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ʽʥʰʠʤ ʩʘʤʮʝʤ (ʛʨʫʧʘ 2); ʱʫʨʠ, ʷʢʠʤ ʤʦʜʝʣʶʚʘʣʠ ʍʉʉ2 ʰʣʷʭʦʤ ʫʪʨʠʤʘʥʥʷ ʪʚʘʨʠʥ ʫ 

ʧʝʨʝʥʘʩʝʣʝʥʠʭ ʢʣʽʪʢʘʭ (20 ʱʫʨʽʚ ʥʘ ʢʣʽʪʢʫ) ʚʧʨʦʜʦʚʞ 3 ʪʠʞʥʽʚ ʽʟ ʱʦʜʝʥʥʦʶ ʟʤʽʥʦʶ 

ʫʛʨʫʧʫʚʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʧʽʜʜʦʩʣʽʜʥʫ ʩʘʤʢʫ ʢʦʞʥʠʡ ʜʝʥʴ ʧʦʤʽʱʘʣʠ ʜʦ ʥʦʚʦʾ 

ʟʙʘʣʘʥʩʦʚʘʥʦʾ ʪʘ ʧʝʨʝʥʘʩʝʣʝʥʦʾ ʢʦʣʦʥʽʾ (ʛʨʫʧʘ 3); ʱʫʨʠ ʟ ʍʉʉ1 ʪʘ ʍʉʉ2, ʷʢʠʤ 

ʟʜʽʡʩʥʶʚʘʣʠ ʤʦʜʫʣʷʮʽʶ ʩʢʣʘʜʫ ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ ʰʣʷʭʦʤ ʚ/ʰ ʚʚʝʜʝʥʴ 

ʘʤʽʥʦʛʣʽʢʦʟʠʜʥʦʛʦ ʘʥʪʠʙʽʦʪʠʢʫ ʢʘʥʘʤʽʮʠʥʫ (ʂʘʥ, Sigma-Aldrich, USA) ʚʧʨʦʜʦʚʞ 7 

ʜʽʙ ʱʦʜʝʥʥʦ, ʧʦʯʠʥʘʶʯʠ ʽʟ 3-ʛʦ ʪʠʞʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʍʉʉ ʫ ʜʦʟʽ 15 ʤʛ/ʢʛ (ʛʨʫʧʠ 4 ʪʘ 

5, ʚʽʜʧʦʚʽʜʥʦ); ʱʫʨʠ ʟ ʍʉʉ1 ʪʘ ʍʉʉ2, ʷʢʠʤ ʟʜʽʡʩʥʶʚʘʣʠ ʤʦʜʫʣʷʮʽʶ ʩʢʣʘʜʫ 

ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ ʰʣʷʭʦʤ ʚ/ʰ ʱʦʜʝʥʥʠʭ ʚʚʝʜʝʥʴ ʃʘʢʪʦʙʘʢʪʝʨʽʥʫ (Lb, ʃʙ, 

ʩʫʤʽʰ ʞʠʚʠʭ ʣʽʦʬʽʣʴʥʦ ʚʠʩʫʰʝʥʠʭ ʣʘʢʪʦʙʘʢʪʝʨʽʡ L.plantarum ʰʪʘʤ 8ʈ-ɸ3 ʽ 

L.fermentum ʰʪʘʤ 90ʊ-ʉ4; ʚʠʨʦʙʥʠʢ ɺɸʊ çɹʽʦʬʘʨʤʘè, ʤ. ʂʠʾʚ) ʚʧʨʦʜʦʚʞ 3-ʭ ʪʠʞʥʽʚ 

ʫ ʜʦʟʽ 4Ā10
8
 ʂʋʆ (ʛʨʫʧʠ 6 ʪʘ 7, ʚʽʜʧʦʚʽʜʥʦ). 

ʊʘʙʣʠʮʷ 2.1. 

ʈʦʟʧʦʜʽʣ ʪʚʘʨʠʥ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʝʨʽʷʭ 

ˉ 

ʩʝʨʽʾ 
ʉʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʂʽʣʴʢʽʩʪʴ 

ʪʚʘʨʠʥ 

1 ʢʦʥʪʨʦʣʴʥʽ ʱʫʨʠ ʣʽʥʽʾ ɺʽʩʪʘʨ 20 

2 ʱʫʨʠ ʣʽʥʽʾ ɺʽʩʪʘʨ+ʍʉʉ1 20 

3 ʱʫʨʠ ʣʽʥʽʾ ɺʽʩʪʘʨ+ʍʉʉ2 20 

4 ʱʫʨʠ ʣʽʥʽʾ ɺʽʩʪʘʨ+ʍʉʉ1+ʂʘʥʘʤʽʮʠʥ ʫ ʜʦʟʽ 15 ʤʛ/ʢʛ 20 

5 ʱʫʨʠ ʣʽʥʽʾ ɺʽʩʪʘʨ+ʍʉʉ2 +ʂʘʥʘʤʽʮʠʥ ʫ ʜʦʟʽ 15 ʤʛ/ʢʛ 20 

6 
ʱʫʨʠ ʣʽʥʽʾ ɺʽʩʪʘʨ+ʍʉʉ1+ ʃʘʢʪʦʙʘʢʪʝʨʽʥ ʫ ʜʦʟʽ 4Ā10

8
 

ʂʋʆ 
20 

7 
ʱʫʨʠ ʣʽʥʽʾ ɺʽʩʪʘʨ+ʍʉʉ2+ ʃʘʢʪʦʙʘʢʪʝʨʽʥ ʫ ʜʦʟʽ 4Ā10

8
 

ʂʋʆ 
20 

 ɺʩʴʦʛʦ ʪʚʘʨʠʥ 140 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦ ʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʞʥʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ 

ʛʨʫʧʫ ʬʦʨʤʫʚʘʣʠ ʟ 20 ʪʚʘʨʠʥ (ʪʘʙʣ. 2.1). ʑʫʨʽʚ ʚʠʚʦʜʠʣʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʝʪʦʜʦʤ 
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ʜʝʢʘʧʽʪʘʮʽʾ ʧʽʜ ʥʘʨʢʦʟʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʜʽʶʯʠʭ ʙʽʦʪʠʯʥʠʭ ʥʦʨʤ ʧʨʠ ʨʦʙʦʪʽ ʟ 

ʧʽʜʜʦʩʣʽʜʥʠʤʠ ʪʚʘʨʠʥʘʤʠ. 

 

2.3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʦʜʝʣʽ 

 

2.3.1. ʄʦʜʝʣʶʚʘʥʥʷ ʭʨʦʥʽʯʥʦʛʦ ʩʦʮʽʘʣʴʥʦʛʦ ʩʪʨʝʩʫ 1 ʪʠʧʫ (ʍʉʉ1) 

 

ɼʣʷ ʽʥʽʮʽʶʚʘʥʥʷ ʍʉʉ1 ʱʫʨʘʤ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʪʨʴʦʭʪʠʞʥʝʚʫ ʩʦʮʽʘʣʴʥʫ ʽʟʦʣʷʮʽʶ 

ʽ ʪʨʠʚʘʣʠʡ ʧʩʠʭʦʝʤʦʮʽʡʥʠʡ ʚʧʣʠʚ (ʇɽɺ), ʱʦ ʚʠʤʘʛʘʚ ʧʝʨʤʘʥʝʥʪʥʝ ʧʨʦʞʠʚʘʥʥʷ 

ʩʘʤʦʢ ʚ ñʘʛʨʝʩʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽò, ʘ ʩʘʤʝ ʯʝʨʝʟ ʧʝʨʬʦʨʦʚʘʥʫ ʧʝʨʝʛʦʨʦʜʢʫ ʚ ʢʣʽʪʮʽ, 

ʨʦʟʤʽʨʦʤ 28ʭ14ʭ10ʩʤ, ʟ ʘʛʨʝʩʠʚʥʠʤ ʩʘʤʮʝʤ, ʷʢʠʡ ʱʦʜʥʷ ʚʩʪʫʧʘʚ ʚ ʢʦʥʬʨʦʥʪʘʮʽʾ ʟ 

ʧʽʜʩʘʜʞʝʥʠʤ ʜʦ ʥʴʦʛʦ ʥʘ 10 ʭʚʠʣʠʥ ʽʥʰʠʤ ʩʘʤʮʝʤ. ʇʽʩʣʷ ʚʟʘʻʤʦʜʽʾ ʩʘʤʮʽʚ, ʘʛʨʝʩʦʨʘ 

ʧʝʨʝʩʘʜʞʫʚʘʣʠ ʜʦ ʥʘʩʪʫʧʥʦʾ ʩʘʤʢʠ (ʚ ʽʥʰʽʡ ʢʣʽʪʮʽ), ʚʽʜʦʢʨʝʤʣʝʥʦʶ ʧʝʨʝʛʦʨʦʜʢʦʶ. 

ʉʘʤʢʠ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘʣʠʰʘʣʠʩ ɹ ʥʘ ʩʚʦʾʡ ʪʝʨʠʪʦʨʽʾ. ʇʦʜʽʙʥʘ 

ʪʨʠʚʘʣʽʩʪʴ ʜʦʩʣʽʜʫ ʙʫʣʘ ʦʙʨʘʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ 

ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ [1, 2, 42, 74, 112, 213].  

 

2.3.2. ʄʦʜʝʣʶʚʘʥʥʷ ʭʨʦʥʽʯʥʦʛʦ ʩʦʮʽʘʣʴʥʦʛʦ ʩʪʨʝʩʫ 2 ʪʠʧʫ (ʍʉʉ2) 

 

ɯʥʽʮʽʶʚʘʥʥʷ ʍʉʉ2 ʫ ʱʫʨʽʚ ʧʨʦʚʦʜʠʣʠ ʰʣʷʭʦʤ ʫʪʨʠʤʘʥʥʷ ʪʚʘʨʠʥ ʫ 

ʧʝʨʝʥʘʩʝʣʝʥʠʭ ʢʣʽʪʢʘʭ (20 ʱʫʨʽʚ ʥʘ ʢʣʽʪʢʫ) ʚʧʨʦʜʦʚʞ 3 ʪʠʞʥʽʚ ʽʟ ʱʦʜʝʥʥʦʶ ʟʤʽʥʦʶ 

ʫʛʨʫʧʫʚʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʧʽʜʜʦʩʣʽʜʥʫ ʩʘʤʢʫ ʢʦʞʥʠʡ ʜʝʥʴ ʧʦʤʽʱʘʣʠ ʜʦ ʥʦʚʦʾ 

ʟʙʘʣʘʥʩʦʚʘʥʦʾ ʪʘ ʧʝʨʝʥʘʩʝʣʝʥʦʾ ʢʦʣʦʥʽʾ. ɺʠʢʦʨʠʩʪʘʥʘ ʤʦʜʝʣʴ ʧʨʘʢʪʠʯʥʦ ʚʠʢʣʶʯʘʻ 

ʜʦʜʘʪʢʦʚʠʡ ʚʧʣʠʚ ʥʘ ʧʽʜʜʦʩʣʽʜʥʫ ʪʚʘʨʠʥʫ ʟ ʙʦʢʫ ʜʦʩʣʽʜʥʠʢʘ, ʱʦ ʦʙʫʤʦʚʣʶʻ 

ʜʦʮʽʣʴʥʽʩʪʴ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʪʚʘʨʠʥ.  

ɿ ʯʠʩʣʝʥʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʚʽʜʦʤʦ, ʱʦ ʫ ʪʚʘʨʠʥ ʚ ʫʤʦʚʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʥʘʤʠ ʤʦʜʝʣʝʡ ʍʉʉ ʬʦʨʤʫʚʘʚʩʷ ʧʘʪʦʣʦʛʽʯʥʠʡ ʩʪʘʥ, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʚʠʨʘʞʝʥʦʶ ʪʨʠʚʦʞʥʽʩʪʶ, ʟʥʠʞʝʥʥʷʤ ʜʦʩʣʽʜʥʦʾ ʪʘ ʨʫʭʦʚʦʾ 

ʘʢʪʠʚʥʦʩʪʽ, ʢʦʤʫʥʽʢʘʪʠʚʥʦʩʪʽ  ̔ ʙʦʣʴʦʚʦʾ ʯʫʪʣʠʚʦʩʪʽ, ʧʦʨʫʰʝʥʥʷʤʠ ʘʩʪʨʘʣʴʥʦʛʦ 

ʮʠʢʣʫ, ʩʪʘʪʝʚʦʛʦ/ʩʦʮʽʘʣʴʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʨʦʟʚʠʪʢʦʤ ʜʝʧʨʝʩʠʚʥʦʩʪʽ [1, 2, 42, 286]. 
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ʂʨʽʤ ʪʦʛʦ, ʫ ʪʘʢʠʭ ʪʚʘʨʠʥ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʚʝʩʴ ʩʧʝʢʪʨ ʚʣʘʩʪʠʚʠʭ ʩʪʨʝʩ-ʨʝʘʢʮʽʡʥʠʭ 

ʟʤʽʥ, ʘ ʩʘʤʝ, ʧʽʜʚʠʱʝʥʥʷ ʤʘʩʠ ʥʘʜʥʠʨʢʦʚʠʭ ʟʘʣʦʟ, ʨʽʚʥʷ ʘʜʨʝʥʘʣʽʥʫ, ʥʦʨʘʜʨʝʥʘʣʽʥʫ, 

ʤʦʥʦʘʤʽʥʦʢʩʠʜʘʟʠ, ʪʠʨʦʟʠʥʛʽʜʨʦʢʩʠʣʘʟʠ, ʚʠʚʽʣʴʥʝʥʥʷ ʢʦʨʪʠʢʦʩʪʝʨʦʥʫ, 

ʛʽʧʝʨʪʝʥʟʠʚʥʽ ʨʝʘʢʮʽʾ ʪʘ ʽʥ. [143]. ɺʠʢʦʨʠʩʪʘʥʽ ʤʦʜʝʣʽ ʍʉʉ ʪʘʢʦʞ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʧʦʩʠʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʧʨʦʟʘʧʘʣʴʥʠʭ ʮʠʪʦʢʽʥʽʚ TNFŬ, Iʃ-6 [116, 173, 213] ʪʘ ʨʦʟʚʠʪʢʫ 

ʪʨʠʚʦʛʠ ʽ ʜʝʧʨʝʩʽʾ, ʷʢʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʱʝ ʟʙʽʣʴʰʫʶʪʴ ʧʨʦʟʘʧʘʣʴʥʫ ʩʠʛʥʘʣʽʟʘʮʽʶ [3, 

95]. 

 

2.3.3. ɺʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʝʤʦʮʽʡʥʦ-ʧʦʚʝʜʽʥʢʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ 

ʜʝʧʨʝʩʠʚʥʦʩʪʽ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘʨʠʥ 

 

ɼʠʟʘʡʥ ʧʦʚʝʜʽʥʢʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʢʣʶʯʘʚ ʚ ʩʝʙʝ 3 ʪʝʩʪʠ: ʧʦʚʝʜʽʥʢʦʚʠʡ ʪʝʩʪ 

ñɺʽʜʢʨʠʪʝ ʧʦʣʝò, ʪʝʩʪ ʇʦʨʩʦʣʪʘ ʽ ʪʝʩʪ ñʇʝʨʝʛʦʨʦʜʢʘò. 

ʇʦʚʝʜʽʥʢʦʚʠʡ ʪʝʩʪ ñɺʽʜʢʨʠʪʝ ʧʦʣʝò. ʈʽʚʝʥʴ ʝʤʦʮʽʡʥʦ-ʧʦʚʝʜʽʥʢʦʚʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʫ ʪʝʩʪʽ ñʚʽʜʢʨʠʪʝ ʧʦʣʝò (ʧʦʣʝ ʨʦʟʤʽʨʦʤ 80ʭ80 ʩʤ, 

ʨʦʟʢʨʝʩʣʝʥʝ ʥʘ ʢʚʘʜʨʘʪʠ 10ʭ10 ʩʤ ʽ ʦʩʚʽʪʣʝʥʝ ʷʩʢʨʘʚʠʤ ʩʚʽʪʣʦʤ (100 ɺʪ) ʥʘ ʚʽʜʩʪʘʥʽ 

1 ʤ ʚʽʜ ʧʦʚʝʨʭʥʽ ʧʦʣʷ). ʋ ʧʽʜʜʦʩʣʽʜʥʠʭ ʱʫʨʽʚ ʬʽʢʩʫʚʘʣʠ ʯʠʩʣʦ ʧʝʨʝʩʽʯʝʥʠʭ 

ʢʚʘʜʨʘʪʽʚ, ʨʝʻʩʪʨʫʚʘʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʫ (ʧʨʦʙʽʞʢʠ ʧʦ ʨʽʟʥʠʭ ʪʨʘʻʢʪʦʨʽʷʭ, ʘʞ ʜʦ 

ʢʨʫʞʣʷʥʥʷ ʥʘʚʢʦʣʦ ʦʜʥʦʛʦ ʤʽʩʮʷ, ʜʝ ʦʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʘʥʦʾ 

ʬʦʨʤʠ ʧʦʚʝʜʽʥʢʠ ʻ ʫʯʘʩʪʴ ʫ ʧʝʨʝʤʽʱʝʥʥʽ ʪʚʘʨʠʥʘʤʠ ʚʩʽʭ ʯʦʪʠʨʴʦʭ ʣʘʧ) ʽ 

ʚʝʨʪʠʢʘʣʴʥʫ (ʜʚʦʤʘ ʚʠʜʘʤʠ ʩʪʽʡʦʢ: ʟʘʜʥʽ ʣʘʧʠ ʪʚʘʨʠʥʠ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘ ʧʽʜʣʦʟʽ 

ʘʨʝʥʠ, ʘ ʧʝʨʝʜʥʽ ʚʧʠʨʘʶʪʴʩʷ ʚ ʩʪʽʥʢʫ ʧʦʣʷ ï Climbing, ʘʙʦ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘ ʚʘʟʽ ï 

Rearing) ʨʫʭʦʚʫ ʘʢʪʠʚʥʽʩʪʴ, ʯʘʩ ʽ ʯʠʩʣʦ ʛʨʫʤʽʥʛʽʚ, ʦʙʥʶʭʫʚʘʥʥʷ ʦʪʚʦʨʽʚ, ʘʢʪʠ 

ʜʝʬʝʢʘʮʽʾ ʟʘ 5 ʭʚʠʣʠʥ ʪʝʩʪʫ. 

ʈʝʻʩʪʨʦʚʘʥʘ ʚ ʪʝʩʪʽ ʚʽʜʢʨʠʪʦʛʦ ʧʦʣʷ ʨʫʭʦʚʘ ʘʢʪʠʚʥʽʩʪʴ ʪʚʘʨʠʥʠ - 

ʛʦʨʠʟʦʥʪʘʣʴʥʘ (ʘʤʙʫʣʘʮʽʷ) ʪʘ ʚʝʨʪʠʢʘʣʴʥʘ (ʚʩʪʘʚʘʥʥʷ ʥʘ ʟʘʜʥʽ ʣʘʧʠ) ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʧʝʚʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʤʦʮʽʡʥʦʩʪʽ ʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʪʘʢʦʞ ʦʨʽʻʥʪʦʚʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʫ 

ʘʢʪʠʚʥʽʩʪʴ [85, 233]. ʊʘʢ, ʟʛʽʜʥʦ ʟ ʫʷʚʣʝʥʥʷʤʠ ʨʷʜʫ ʘʚʪʦʨʽʚ, ʬʘʢʪʦʨ ʝʤʦʮʽʡʥʦʩʪʽ ʫ 

ʚʽʜʢʨʠʪʦʤʫ ʧʦʣʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʯʝʨʝʟ ʣʦʢʦʤʦʪʦʨʥʫ ʘʢʪʠʚʥʽʩʪʴ ʱʫʨʽʚ, ʘ ʚʝʨʪʠʢʘʣʴʥʽ 

ʩʪʽʡʢʠ ʽ ʛʨʫʤʽʥʛ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩ ɹ ʷʢ ʥʝʩʧʝʮʠʬʽʯʥʠʡ ʧʨʦʷʚ ʦʨʽʻʥʪʦʚʥʦ-
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ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʘʢʪʠʚʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʧʽʜʚʠʱʝʥʫ ʝʤʦʮʽʡʥʫ ʨʝʘʢʪʠʚʥʽʩʪʴ ʧʦʚ'ʷʟʫʶʪʴ ʽʟ 

ʥʠʟʴʢʦʶ ʨʫʭʦʚʦʶ ʘʢʪʠʚʥʽʩʪʶ ʪʘ ʧʽʜʚʠʱʝʥʦʶ ʜʝʬʝʢʘʮʽʻʶ ʽ ʨʷʜ ʽʥʰʠʭ ʜʦʩʣʽʜʥʠʢʽʚ 

[85]. ʑʫʨʽʚ, ʷʢʽ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʨʫʭʦʚʦ ʾ ʘʢʪʠʚʥʦʩʪʽ (30% 

ʧʝʨʰʠʭ) ʚʠʢʣʶʯʘʣʠ ʟ ʧʦʜʘʣʴʰʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʷʢ ʥʘʡʙʽʣʴʰ ʨʝʟʠʩʪʝʥʪʥʠʭ ʜʦ 

ʩʪʨʝʩʫ.  

ʇʦʚʝʜʽʥʢʦʚʠʡ ʪʝʩʪ ñɺʠʤʫʰʝʥʝ ʧʣʘʚʘʥʥʷò ʘʙʦ ʪʝʩʪ ʇʦʨʩʦʣʪʘ. ʆʮʽʥʢʫ 

ʧʦʚʝʜʽʥʢʠ, ʘ ʩʘʤʝ, ʨʽʚʝʥʴ ʜʝʧʨʝʩʠʚʥʦʩʪʽ ʪʚʘʨʠʥ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʯʥʦʛʦ 

ʤʝʪʦʜʫ Porsolt R. D. (1977) (ñʚʠʤʫʰʝʥʦʛʦ ʧʣʘʚʘʥʥʷò) ʜʣʷ ʤʠʰʝʡ (ʟ ʥʝʟʥʘʯʥʠʤʠ 

ʤʦʜʠʬʽʢʘʮʽʷʤʠ, ʷʢʽ ʚʨʘʭʦʚʫʚʘʣʠ ʚʝʣʠʢʽ ʨʦʟʤʽʨʠ ʪʚʘʨʠʥ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʚ ʮʴʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ) [227]. ʇʨʠ ʪʝʩʪʫʚʘʥʥʽ ʢʦʞʥʦʛʦ ʱʫʨʘ ʧʦʤʽʱʘʣʠ ʚ ʩʢʣʷʥʫ ʻʤʥ̔ ʩʪʴ, 

ʥʘʧʦʚʥʝʥʫ ʚʦʜʦʶ (t =25 1 ʉ) ʚʠʩʦʪʦʶ 50 ʩʤ ʽ ʜʽʘʤʝʪʨʦʤ 40 ʩʤ, ʧʨʠ ʮʴʦʤʫ ʪʚʘʨʠʥʘ 

ʥʝ ʤʘʣʘ ʤʦʞʣʠʚʦʩʪʽ ʦʧʠʨʘʪʠʩ ɹʟʘʜʥʽʤʠ ʢʽʥʮʽʚʢʘʤʠ ʘʙʦ ʭʚʦʩʪʦʤ ʦʙ ʜʥʦ ʮʠʣʽʥʜʨʘ. ɿʘ 5 

ʭʚʠʣʠʥ ʪʝʩʪʫ ʦʮʽʥʶʚʘʣʠ ʯʘʩ ʘʢʪʠʚʥʦʛʦ ʧʣʘʚʘʥʥʷ, ʧʘʩʠʚʥʦʛʦ ʧʣʘʚʘʥʥʷ (ʜʨʝʡʬ +ʧʦʚʥʘ 

ʥʝʨʫʭʦʤʽʩʪʴ) ʫ ʚʦʜʽ, ʘ ʪʘʢʦʞ ʣʘʪʝʥʪʥʠʡ ʯʘʩ ʜʦ ʧʨʦʷʚʫ ʧʝʨʰʦʾ ʽʤʤʦʙʽʣʴʥʦʩʪʽ (ʨʠʩ. 

2.1). 

 

 

ʈʠʩ. 2.1. ʇʦʚʝʜʽʥʢʦʚʠʡ ʪʝʩʪ ʇʦʨʩʦʣʪʘ. 
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ʇʦʚʝʜʽʥʢʦʚʠʡ ʪʝʩʪ ñʇʝʨʝʛʦʨʦʜʢʘò. ʊʝʩʪ ñʇʝʨʝʛʦʨʦʜʢʘò [18, 33] ʢʽʣʴʢʽʩʥʦ 

ʦʮʽʥʶʻ ʨʽʚʝʥʴ ʢʦʤʫʥʽʢʘʪʠʚʥʦʾ ʧʦʚʝʜʽʥʢʠ ʪʘ ʩʧʽʣʢʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʨʦʟʚʠʪʦʢ 

ʪʨʠʚʦʞʥʦʩʪʽ ʱʫʨʽʚ ʟ ʧʦʚʝʜʽʥʢʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʙʽʣʷ ʧʨʦʟʦʨʦʾ ʧʝʨʬʦʨʦʚʘʥʦʾ 

ʧʝʨʝʛʦʨʦʜʢʠ, ʱʦ ʨʦʟʜʽʣʷʻ ʥʘ ʜʚʽ ʧʦʣʦʚʠʥʠ ʟʘʛʘʣʴʥʫ ʢʣʽʪʢʫ ʚ ʨʝʘʢʮʽʾ ʥʘ ʧʘʨʪʥʝʨʘ ʚ 

ʩʫʩʽʜʥʴʦʤʫ ʚʽʜʩʽʢʫ. ɺ ʜʘʥʦʤʫ ʪʝʩʪʽ (ʪʨʠʚʘʣʽʩʪʴ ï 5 ʭʚ.) ʦʮʽʥʶʚʘʣʠ ʥʘʩʪʫʧʥʽ 

ʧʦʚʝʜʽʥʢʦʚʽ ʧʘʨʘʤʝʪʨʠ: ʯʠʩʣʦ ʧʽʜʭʦʜʽʚ ʜʦ ʧʝʨʝʛʦʨʦʜʢʠ, ʟʘ ʷʢʦʶ ʟʥʘʭʦʜʠʚʩʷ 

ʘʛʨʝʩʠʚʥʠʡ ʩʘʤʝʮʴ; ʟʘʛʘʣʴʥʠʡ ʯʘʩ, ʧʨʦʚʝʜʝʥʠʡ ʙʽʣʷ ʧʝʨʝʛʦʨʦʜʢʠ, ʢʦʣʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʪʚʘʨʠʥʘ ʪʦʨʢʘʻʪʴʩʷ ʾʾ ʣʘʧʢʘʤʠ ʘʙʦ ʥʦʩʦʤ, ʨʝʘʛʫʶʯʠ ʥʘ ʧʘʨʪʥʝʨʘ ʚ 

ʩʫʩʽʜʥʴʦʤʫ ʚʽʜʩʽʢʫ. ʊʘʢʦʞ ʚʨʘʭʦʚʫʚʘʣʠ ʚʠʨʘʞʝʥʽʩʪʴ ʦʨʽʻʥʪʦʚʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʪʘ 

ʨʫʭʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʚʘʨʠʥ: ʚʝʨʪʠʢʘʣʴʥʽ ʩʪʽʡʢʠ, ʛʨʫʤʽʥʛ ʪʘ ʬʨʽʟʽʥʛ (ʟʘʤʠʨʘʥʥʷ). 

 

2.3.4. ʄʦʜʫʣʷʮʽʷ ʩʢʣʘʜʫ ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ 

 

ʄʽʢʨʦʬʣʦʨʘ ʢʠʰʢʽʚʥʠʢʫ ʚʽʜʽʛʨʘʻ ʮʝʥʪʨʘʣʴʥʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʂɸʃʊ, ʘ 

ʟʤʽʥʠ ʾʾ ʩʢʣʘʜʫ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʣʽʛʘʥʜʽʚ ʜʣʷ ʇʈʈ ʽ ʥʘʩʪʫʧʥʫ 

ʘʢʪʠʚʘʮʽʶ ʘʜʘʧʪʠʚʥʦʾ ʣʘʥʢʠ ʽʤʫʥʽʪʝʪʫ. ɼʣʷ ʤʦʜʫʣʷʮʽʾ ʩʢʣʘʜʫ ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ ʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘʨʠʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʤʽʥʦʛʣʽʢʦʟʠʜʥʠʡ (ɸɻ) ʘʥʪʠʙʽʦʪʠʢ 

ʂʘʥʘʤʽʮʠʥʘ ʤʦʥʦʩʫʣʴʬʘʪ (ʂʘʥ) ʪʘ ʧʨʦʙʽʦʪʠʢ ʃʘʢʪʦʙʘʢʪʝʨʽʥ (ʃʙ). 

ʂʘʥ ʧʨʦʜʫʢʫʻʪʴʩʷ Streptomyces kanamyceticus, ʘʙʩʦʨʙʮʽʷ ʘʥʪʠʙʽʦʪʠʢʫ ʧʨʠ 

ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʨʠʡʦʤʽ ʥʝʟʥʘʯʥʘ, ʚʽʥ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʩʤʦʢʪʫʻʪʴʩʷ ʚ ʰʣʫʥʢʦʚʦ-

ʢʠʰʢʦʚʦʤʫ ʪʨʘʢʪʽ ʽ ʤʘʻ ʤʽʩʮʝʚʫ ʜʽʶ, ʘ ʪʘʢʦʞ ʥʝ ʤʘʻ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʝʬʝʢʪʫ.  

 

 

ɺʚʝʜʝʥʥʷ ʂʘʥ (C18H36N4O11) (Sigma-Aldrich, USA) ʟʜʽʡʩʥʶʚʘʣʠ 

ʚʥʫʪʨʽʰʣʫʥʢʦʚʦ (ʚ/ʰ) ʚʧʨʦʜʦʚʞ 7 ʜʽʙ ʱʦʜʝʥʥʦ, ʧʦʯʠʥʘʶʯʠ ʟ 3-ʛʦ ʪʠʞʥʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʍʉʉ ʚ ʜʦʟʽ ï 15ʤʛ/ʢʛ. ɺʠʙʽʨ ʜʦʟ ʜʣʷ ʚʚʝʜʝʥʥʷ ʚʠʟʥʘʯʘʚʩʷ ʥʘ ʧʽʜʩʪʘʚʽ 

ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʚʚʝʜʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʨʝʯʦʚʠʥ ʪʚʘʨʠʥʘʤ 



50 

 

[212, 247]. ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʜʦʟʠ ʧʨʝʧʘʨʘʪʽʚ ʚʽʜʧʦʚʽʜʘʣʠ ʨʝʢʦʤʝʥʜʦʚʘʥʠʤ 

ʪʝʨʘʧʝʚʪʠʯʥʠʤ ʜʦʟʘʤ, ʧʝʨʝʣʽʯʝʥʠʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʚʝʨʭʥʽ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʙ'ʻʢʪʘ ʽ ʡʦʛʦ ʤʘʩʠ ʟʘ ʟʘʛʘʣʴʥʦ ʧʨʠʡʥʷʪʦʶ ʬʦʨʤʫʣʦʶ ʤʽʞʚʠʜʦʚʦʛʦ 

ʧʝʨʝʥʦʩʫ ʜʦʟ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʧʝʨʝʨʘʭʫʥʢʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʩʠ ʪʽʣʘ. 

ʆʩʢʽʣʴʢʠ ʜʽʷ ʧʨʝʧʘʨʘʪʽʚ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʨʷʜʫ ʬʽʟʽʦʣʦʛʽʯʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʚʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʯʘʩ ʜʦʙʠ. ʅʘʰ ʚʠʙʽʨ ʙʫʚ 

ʦʙʫʤʦʚʣʝʥʠʡ ʤʦʞʣʠʚʽʩʪʶ ɸɻ ʷʢ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ, ʯʝʨʝʟ ʟʤʽʥʠ ʩʢʣʘʜʫ ʢʠʰʢʦʚʦʾ 

ʤʽʢʨʦʬʣʦʨʠ [266], ʪʘʢ ʽ ʥʘʧʨʷʤʫ, ʷʢ ʧʦʣʽʢʘʪʽʦʥʽʚ, ʩʪʠʤʫʣʶʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʄ-

ʢʣʽʪʠʥ (microfold cells), ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʝ ʚ ʟʦʥʽ ʬʦʣʽʢʫʣʦ-ʘʩʦʮʽʡʦʚʘʥʦʛʦ ʝʧʽʪʝʣʽʶ, ʘ 

ʥʘ ʧʦʚʝʨʭʥʽ ʢʠʰʢʦʚʠʭ ʚʦʨʩʠʥʦʢ (ʪʘʢ ʟʚʘʥʠʭ ʚʦʨʩʠʥʯʘʩʪʠʭ ʄ-ʢʣʽʪʠʥ, villous M cell) 

[266] ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʪʠ ʥʘ ʨʽʚʝʥʴ ʽʥʚʘʟʽʾ ʘʥʪʠʛʝʥʽʚ. ʄʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʧʦʷʚʘ 

ʥʦʚʠʭ ʄ-ʢʣʽʪʠʥ ʻ ʧʨʦʮʝʩʦʤ ʽʥʜʫʮʠʙʝʣʴʥʠʤ, ʽ ʦʜʥʠʤ ʟ ʪʘʢʠʭ ʽʥʜʫʢʪʦʨʽʚ ʾʭ ʫʪʚʦʨʝʥʥʷ 

ʻ ʩʘʤʝ ɸɻ.  

ʄʦʜʫʣʷʮʽʶ ʩʢʣʘʜʫ ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ ʟʜʽʡʩʥʶʚʘʣʠ ʪʘʢʦʞ ʰʣʷʭʦʤ 

ʚʥʫʪʨʽʰʣʫʥʢʦʚʦʛʦ (ʚ/ʰ) ʚʚʝʜʝʥʥʷ ʧʨʦʙʽʦʪʠʢʫ ʃʘʢʪʦʙʘʢʪʝʨʽʥʫ (Lb, ʃʙ, ʩʫʤʽʰ ʞʠʚʠʭ 

ʣʽʦʬʽʣʴʥʦ ʚʠʩʫʰʝʥʠʭ ʣʘʢʪʦʙʘʢʪʝʨʽʡ L. plantarum h ʪʘʤ 8ʈ-ɸ3 ʽ L. fermentum ʰʪʘʤ 

90ʊ-ʉ4, ʚʠʨʦʙʥʠʢ ɺɸʊ ñɹʽʦʬʘʨʤʘò, ʋʢʨʘʾʥʘ) ʚʧʨʦʜʦʚʞ 3-ʭ ʪʠʞʥʽʚ ʫ ʜʦʟʽ 4Ț10
8
 ʂʋʆ. 

ɺʠʙʽʨ ʧʨʦʙʽʦʪʠʢʘ ʙʫʚ ʦʙʫʤʦʚʣʝʥʠʡ ʥʝ ʣʠʰʝ ñʢʣʘʩʠʯʥʠʤʠò ʝʬʝʢʪʘʤʠ ʣʘʢʪʦʙʘʢʪʝʨʽʡ, 

ʘ, ʥʘʩʘʤʧʝʨʝʜ, ʾʭ ʟʜʘʪʥʽʩʪʶ ʚʧʣʠʚʘʪʠ ʥʘ ʢʽʣʴʢʽʩʪʴ ʦʩʥʦʚʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʥʘʾʚʥʠʭ ʊ-ʢʣʽʪʠʥ ʫ ʧʨʦʟʘʧʘʣʴʥʽ Th17-ʢʣʽʪʠʥʠ - ʩʝʛʤʝʥʪʘʨʥ ̔

ʥʠʪʢʦʧʦʜʽʙʥ ̔ʙʘʢʪʝʨʽ ʾ(segmented filamentous bacteria, SFB) ʪʘ Bacteroides fragilis, ̫ ʢʽ 

ʩʪʠʤʫʣʶʶʪʴ ʫʪʚʦʨʝʥʥʷ ʊ-ʨʝʛʫʣʷʪʦʨʥʠʭ ʢʣʽʪʠʥ ʽ ʧʨʦʜʫʢʮʽʶ ʩʫʧʨʝʩʦʨʥʦʛʦ ʮʠʪʦʢʽʥʫ 

Iʃ-10 [136], ʪʦʙʪʦ ʻ ʦʜʥʠʤʠ ʟ ʚʘʞʣʠʚʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʙʘʣʘʥʩʫ Th17/ʊreg ʚ ʂɸʃʊ. 
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2.4. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʽʪʠʥʥʠʭ ʩʫʙʧʦʧʫʣʷʮʽʡ ʂɸʃʊ 

 

2.4.1. ɺʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ɿʃɺ 

 

ʉʪʨʫʢʪʫʨʫ ʧʦʧʫʣʷʮʽʾ ʣʽʤʬʦʮʠʪʽʚ ʫ ʪʘʢ ʟʚʘʥʠʭ ʟʘʧʦʚʥʝʥʠʭ ʣʽʤʬʦʮʠʪʘʤʠ 

ʚʦʨʩʠʥʢʘʭ (Lymphocyte-ýlled villi, LFV, ɿʃɺ), ʷʢʽ ʻ ʦʢʨʝʤʠʤ ʢʦʤʧʘʨʪʤʝʥʪʦʤ ʂɸʃʊ 

ʱʫʨʽʚ ʪʘ ʫʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʫʧʯʝʥʥʷ ʣʽʤʬʦʾʜʥʠʭ ʢʣʽʪʠʥ ʫ ʚʣʘʩʥʽʡ ʧʣʘʩʪʠʥʮʽ ʩʣʠʟʦʚʦʾ 

ʦʙʦʣʦʥʢʠ ʚʦʨʩʠʥʦʢ, ʚʠʚʯʘʣʠ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʩʝʨʽʡʥʠʭ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʨʽʟʽʚ ʽ ʜʘʥʠʭ 

ʾʭ ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ ʽ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʘʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʨʦʪʘʮʽʡʥʦʤʫ ʤʽʢʨʦʪʦʤʽ MICROM HR-360 (Microm, ʅʽʤʝʯʯʠʥʘ) 

ʨʦʙʠʣʠ ʩʝʨʽʡʥʽ ʟʨʽʟʠ ʢʣʫʙʦʚʦʾ ʢʠʰʢʠ ʪʦʚʱʠʥʦʶ 5Ñ1 ʤʢʤ, ʷʢʽ ʧʦʪʽʤ ʜʝʧʘʨʘʬʽʥʫʚʘʣʠ ʚ 

ʢʩʠʣʦʣʽ, ʧʨʦʚʦʜʠʣʠ ʨʝʛʽʜʨʘʪʘʮʽʶ ʚ ʥʠʟʭʽʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʝʪʘʥʦʣʫ (100%, 96%, 

70%), ʚʽʜʤʠʚʘʣʠ ʫ 0,1 ʄ ʬʦʩʬʘʪʥʦʤʫ ʙʫʬʝʨʽ (pʅ = 7,4) ʽ ʬʘʨʙʫʚʘʣʠ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ-

ʝʦʟʽʥʦʤ. ɿʦʙʨʘʞʝʥʥʷ, ʱʦ ʦʪʨʠʤʫʚʘʣʦʩʴ ʥʘ ʤʽʢʨʦʩʢʦʧʽ PrimoStar (ZEISS, ʅʽʤʝʯʯʠʥʘ) 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʯʫʪʣʠʚʦʾ ʢʘʤʝʨʠ AxioCam 5c (ZEISS, ʅʽʤʝʯʯʠʥʘ) ʽ ʧʘʢʝʪʘ 

ʧʨʦʛʨʘʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ, ʘʨʭʽʚʫʚʘʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʟʦʙʨʘʞʝʥʴ ʜʦ ʧʫʙʣʽʢʘʮʽʾ 

AxioVision 4.7.2 (ZEISS, ʅʽʤʝʯʯʠʥʘ) ʚʚʦʜʠʣʦʩ ɹ ʫ ʢʦʤʧ'ʶʪʝʨ. ɯʜʝʥʪʠʬʽʢʘʮʽʷ 

ʣʽʤʬʦʮʠʪʽʚ ʚ ʦʪʨʠʤʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ ImageJ (NIH, ʉʐɸ). ʆʩʥʦʚʥʠʤʠ ʤʦʨʬʦʤʝʪʨʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʣʽʪʠʥ ʙʫʣʠ ʾʭ ʧʣʦʱʘ (AREA), ʧʝʨʠʤʝʪʨ (PERIM), ʤʘʢʩʠʤʘʣʴʥʠʡ 

(Major) ʽ ʤʽʥʽʤʘʣʴʥʠʡ (Minor) ʝʣʽʧʪʠʯʥʽ ʜʽʘʤʝʪʨʠ. ɼʦʜʘʪʢʦʚʠʤʠ ʤʦʨʬʦʤʝʪʨʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʣʽʪʠʥ ʙʫʣʠ ʮʠʨʢʫʣʷʨʥʽʩʪʴ (Circularity) ʪʘ ʦʢʨʫʛʣʽʩʪʴ (Roundness). 

ʎʠʨʢʫʣʷʨʥʽʩʪʴ ʦʙʯʠʩʣʶʚʘʣʘʩʴ ʟʘ ʬʦʨʤʫʣʦʶ Circularity=4ˊ*AREA/PERIM
2
. ɰʾ 

ʟʥʘʯʝʥʥʷ ʙʫʣʦ ʨʽʚʥʝ 1 ʜʣʷ ʽʜʝʘʣʴʥʦ ʢʨʫʛʣʠʭ ʦʙ'ʻʢʪʽʚ ʽ ʥʘʙʣʠʞʘʣʦʩʷ ʜʦ 0 ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʪʷʛʥʫʪʠʭ. ʆʢʨʫʛʣʽʩʪʴ ʦʙʯʠʩʣʶʚʘʣʘʩʴ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʽʘʤʝʪʨʘ: Roundness = 4*Area/ˊ*(Major axis)
2
. ɼʝʥʩʠʪʦʤʝʪʨʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʣʽʪʠʥ ʙʫʣʘ ʾʭ ʽʥʪʝʛʨʦʚʘʥʘ ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ (Integrated density) = 

lg(Di/D0) (ʫʤʦʚʥʠʭ ʦʜʠʥʠʮʴ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʋʆʆ )ɦ, ʜʝ D1 ʽ D0 - ʧʦʢʘʟʥʠʢʠ 

ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʢʣʽʪʠʥʠ ʽ ʤʽʞʢʣʽʪʠʥʥʦʾ ʨʝʯʦʚʠʥʠ (ñʬʦʥʫò ʧʨʝʧʘʨʘʪʫ), 

ʚʽʜʧʦʚʽʜʥʦ. 
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ɺʨʘʭʦʚʫʶʯʠ ʽʥʪʝʥʩʠʚʥʫ ʝʢʩʧʨʝʩʽʶ ʣʽʤʬʦʮʠʪʘʤʠ ɿʃɺ ʨʝʮʝʧʪʦʨʽʚ ʜʦ ɯʃ-2 

(CD25) ʜʦʜʘʪʢʦʚʦ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ɿʃɺ ʩʪʘʚʠʣʠ ʽʤʫʥʦʛʽʩʪʦʭʽʤʽʯʥʫ ʨʝʘʢʮʽʶ ʟ 

ʧʝʨʚʠʥʥʠʤʠ ʄʂɸʊ ʜʦ CD25 ʱʫʨʘ ʽ ʚʪʦʨʠʥʥʠʤʠ ʘʥʪʠʪʽʣʘʤʠ mouse ImmunoCruzTM 

Staining system (Santa Cruz Biotechnology, ʉʐɸ), ʢʦʥ'ʶʛʦʚʘʥʠʤʠ ʟ ʧʝʨʦʢʩʠʜʘʟʦʶ 

ʭʨʦʥʫ. 

ʇʽʜʨʘʭʦʚʫʚʘʣʠ ʧʠʪʦʤʫ ʢʽʣʴʢʽʩʪʴ ɿʃɺ (ʥʘ 100 ʚʦʨʩʠʥʦʢ) ʪʘ ʢʽʣʴʢʽʩʪʴ 

ʣʽʤʬʦʮʠʪʽʚ ʫ ʚʣʘʩʥʽʡ ʧʣʘʩʪʠʥʮʽ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ ɿʃɺ. 

 

2.4.2. ɼʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ TLR2-, TLR4-ʨʝʮʝʧʪʦʨʽʚ ʪʘ 

ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ Nf-kB 

 

ʉʪʨʫʢʪʫʨʫ ʧʦʧʫʣʷʮʽʾ TLR2
+
-, TLR4

+
- ʪʘ Nf-kB

+ 
- ʢʣʽʪʠʥ ʂɸʃʊ ʚʠʚʯʘʣʠ ʥʘ 

ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʩʝʨʽʡʥʠʭ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʨʽʟʽʚ ʢʣʫʙʦʚʦʾ ʢʠʰʢʠ ʽ ʜʘʥʠʭ ʾʭ 

ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ ʽ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʣʷ ʮʴʦʛʦ ʧʽʩʣʷ ʜʝʢʘʧʽʪʘʮʽʾ ʧʽʜ 

ʥʘʨʢʦʟʦʤ ʚʠʣʫʯʘʣʠ ʢʣʫʙʦʚʫ ʢʠʰʢʫ ʽ ʧʦʤʽʱʘʣʠ ʚ ʬʽʢʩʘʪʦʨ ɹʫʝʥʘ ʥʘ 20 ʛʦʜʠʥ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʇʽʩʣʷ 2ʭ-ʛʦʜʠʥʥʦʛʦ ʚʽʜʤʠʚʘʥʥʷ ʧʽʢʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʚ 

ʧʨʦʪʦʯʥʽʡ ʭʦʣʦʜʥʽʡ ʚʦʜʽ ʛʽʩʪʦʣʦʛʽʯʥʠʡ ʤʘʪʝʨʽʘʣ ʧʨʦʚʦʜʠʣʠ ʚ ʚʠʩʭʽʜʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʝʪʘʥʦʣʫ 50 %, 60 %, 70 %, 80 %, 90 %, 96 %, 100 % - 1, 100 % - 2, 

ʨʦʟʯʠʥʘʭ ʝʪʘʥʦʣ 100 % + ʭʣʦʨʦʬʦʨʤ 2:1, ʝʪʘʥʦʣ 100 % + ʭʣʦʨʦʬʦʨʤ 1:1, ʝʪʘʥʦʣ 100 

% + ʭʣʦʨʦʬʦʨʤ 1:2, ʭʣʦʨʦʬʦʨʤ, ʭʣʦʨʦʬʦʨʤ + ʧʘʨʘʧʣʘʩʪ (MkCormick, ʉʐɸ) 1:3 ʧʨʠ 

37Áʉ, ʥʘ 1 ʛʦʜʠʥʫ ʚʤʽʫɦʚʘʣʠ ʚ ʨʽʜʢʠʡ ʧʘʨʘʧʣʘʩʪ (MkCormick, ʉʐɸ) ʧʨʠ 56
ʦ
ʉ ʽ 

ʧʦʪʽʤ ʫʢʣʘʜʘʣʠ ʚ ʧʘʨʘʧʣʘʩʪʦʚʽ ʙʣʦʢʠ. ʅʘ ʨʦʪʘʮʽʡʥʦʤʫ ʤʽʢʨʦʪʦʤʽ MICROM HR-360 

(Microm, ʅʽʤʝʯʯʠʥʘ) ʨʦʙʠʣʠ ʩʝʨʽʡʥʽ ʟʨʽʟʠ ʢʣʫʙʦʚʦʾ ʢʠʰʢʠ ʪʦʚʱʠʥʦʶ 5Ñ1 ʤʢʤ, ʷʢʽ 

ʧʦʪʽʤ ʜʝʧʘʨʘʬʽʥʫʚʘʣʠ ʚ ʢʩʠʣʦʣʽ, ʧʨʦʚʦʜʠʣʠ ʨʝʛʽʜʨʘʪʘʮʽʶ ʚ ʥʠʟʭʽʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 

ʝʪʘʥʦʣʫ (100 %, 96 %, 70 %), ʚʽʜʤʠʚʘʣʠ ʫ 0,1 ʄ ʬʦʩʬʘʪʥʦʤʫ ʙʫʬʝʨʽ (pʅ =7,4).  

TLR2
+
 ʽ TLR4

+
- ʣʽʤʬʦʮʠʪʠ ʚʠʷʚʣʷʣʠ ʧʨʷʤʠʤ ʽʤʫʥʦʬʣʶʦʨʝʩʮʝʥʪʥʠʤ ʤʝʪʦʜʦʤ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʠʰʠʥʠʭ ʘʥʪʠʪʽʣ ʜʦ ʤʝʤʙʨʘʥʥʠʭ ʧʘʪʪʝʨʥ-ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʨʝʮʝʧʪʦʨʽʚ 

TLR2 ʽ TLR4 ʱʫʨʘ (HycultBiotech, ʅʽʜʝʨʣʘʥʜʠ), ʢʦʥôʶʛʦʚʘʥʠʭ ʟ ʬʣʶʦʨʝʩʮʝʾʥ 

ʽʟʦʪʽʦʮʠʦʥʘʪʦʤ (FITC). ɼʣʷ ʮʴʦʛʦ ʛʽʩʪʦʣʦʛʽʯʥʽ ʟʨʽʟʠ ʽʥʢʫʙʫʚʘʣʠ ʟ ʘʥʪʠʪʽʣʘʤʠ 

ʚʧʨʦʜʦʚʞ 18 ʛʦʜʠʥ ʫ ʚʦʣʦʛʽʡ ʢʘʤʝʨʽ ʧʨʠ 4
ʦ
ʉ. ʇʽʩʣʷ ʽʥʢʫʙʘʮʽʾ ʧʨʝʧʘʨʘʪʠ ʪʨʠʯʽ ʧʦ 10 
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ʭʚʠʣʠʥ ʚʽʜʤʠʚʘʣʠ ʚ 0,1 ʄ ʬʦʩʬʘʪʥʦʤʫ ʙʫʬʝʨʽ (pH=7,4) ʽ ʧʦʤʽʱʘʣʠ ʚ ʩʫʤʽʰ 

ʛʣʽʮʝʨʠʥ/ʬʦʩʬʘʪʥʠʡ ʙʫʬʝʨ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:9. ɼʣʷ ʜʦʜʘʪʢʦʚʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʽʤʫʥʦʧʦʟʠʪʠʚʥʠʭ ʢʣʽʪʠʥ ʟʨʽʟʠ ʜʦʬʘʨʙʦʚʫʚʘʣʠ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ʄʘʡʻʨʘ. 

ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ Nf-kB
+
-ʢʣʽʪʠʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ ʥʝʧʨʷʤʦʾ 

ʽʤʫʥʦʬʣʶʦʨʝʩʮʝʥʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʟʨʽʟʠ ʬʘʨʙʫʚʘʣʠ ʩʧʦʯʘʪʢʫ ʟ ʧʝʨʚʠʥʥʠʤʠ ʢʨʦʣʷʯʠʤʠ 

ʘʥʪʠ-Nf-kB ʘʥʪʠʪʽʣʘʤʠ (SantaCruzBiotechnology, ʉʐɸ) ʚʧʨʦʜʦʚʞ 18 ʛʦʜʠʥ ʫ ʚʦʣʦʛʽʡ 

ʢʘʤʝʨʽ ʧʨʠ 4
0
C. ʇʽʩʣʷ ʚʽʜʤʠʚʘʥʥʷ ʥʘʜʣʠʰʢʫ ʧʝʨʚʠʥʥʠʭ ʘʥʪʠʪʽʣ ʚ 0,1 ʄ ʬʦʩʬʘʪʥʦʤʫ 

ʙʫʬʝʨʽ, ʟʨʽʟʠ ʽʥʢʫʙʫʚʘʣʠ 60 ʭʚʠʣʠʥ (37
ʦ
ʉ) ʟ ʚʪʦʨʠʥʥʠʤʠ ʘʥʪʠʪʽʣʘʤʠ ʚ ʨʦʟʚʝʜʝʥʥʽ 

1:64. ɺ ʷʢʦʩʪʽ ʚʪʦʨʠʥʥʠʭ ʘʥʪʠʪʽʣ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʦʟʷʯʽ ʘʥʪʠʪʽʣʘ ʜʦ ʧʦʚʥʦʾ 

ʤʦʣʝʢʫʣʠ IgG ʢʨʦʣʠʢʘ, ʢʦʥ'ʶʛʦʚʘʥʠʭ ʟ FITC (Santa Cruz Biotechnology, ʉʐɸ). 

ʆʙʨʦʙʣʝʥʽ ʛʽʩʪʦʣʦʛʽʯʥʽ ʟʨʽʟʠ ʚʠʚʯʘʣʠ ʟ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ 

ImageJ (NIH, ʉʐɸ). ɿʦʙʨʘʞʝʥʥʷ, ʱʦ ʦʪʨʠʤʫʚʘʣʠʩʴ ʥʘ ʤʽʢʨʦʩʢʦʧʽ PrimoStar (ZEISS, 

ʅʽʤʝʯʯʠʥʘ) ʪʘ AXIOSKOP (ZEISS, ʅʽʤʝʯʯʠʥʘ) ʚ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʤʫ ʩʧʝʢʪʨʽ 

ʟʙʫʜʞʝʥʥʷ 390 ʥʤ (FITC) ʘʙʦ 595 ʥʤ (Texas Red) ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʯʫʪʣʠʚʦʾ 

ʢʘʤʝʨʠ AxioCam 5c (ZEISS, ʅʽʤʝʯʯʠʥʘ) ʽ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ, 

ʘʨʭʽʚʫʚʘʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʟʦʙʨʘʞʝʥʴ ʜʦ ʧʫʙʣʽʢʘʮʽʾ AxioVision 4.7.2 (ZEISS, 

ʅʽʤʝʯʯʠʥʘ) ʥʝʛʘʡʥʦ ʚʚʦʜʠʣʠʩ ɹʫ ʢʦʤʧ'ʶʪʝʨ. ɺ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʚʠʟʥʘʯʘʣʠʩ ɹ

ʦʙʣʘʩʪʽ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʦʶ ʬʣʶʦʨʝʩʮʝʥʮʽʻʶ, ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʢʣʽʪʠʥ, ʷʢʽ 

ʝʢʩʧʨʝʩʫʚʘʣʠ TLR2, TLR4 ʪʘ Nf-kB.  

ɼʦʩʣʽʜʞʫʚʘʥʽ ʤʦʨʬʦʤʝʪʨʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʽʤʫʥʦʧʦʟʠʪʠʚʥʠʭ ʢʣʽʪʠʥ ʥʘʚʝʜʝʥʽ ʫ 

ʨʦʟʜʽʣʽ 2.4.1. ʑʽʣʴʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʊʦʣʣ-ʧʦʜʽʙʥʠʭ ʨʝʮʝʧʪʦʨʽʚ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ Nf-kB ʚʠʟʥʘʯʘʣʠ ʚʨʘʭʦʚʫʶʯʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʬʣʶʦʨʝʩʮʝʥʮʽʾ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʽʤʫʥʦʧʦʟʠʪʠʚʥʠʭ ʢʣʽʪʠʥ ʽ ʥʝʩʧʝʮʠʬʽʯʥʫ 

ʬʣʶʦʨʝʩʮʝʥʮʽʶ ʧʨʝʧʘʨʘʪʫ (ʪʘʢ ʟʚʘʥʠʡ ñʬʦʥò). ʅʘ ʧʽʜʩʪʘʚʽ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʦʙʯʠʩʣʶʚʘʣʘʩ ɹ ʢʦʨʝʢʪʦʚʘʥʘ ʢʣʽʪʠʥʥʘ ʬʣʶʦʨʝʩʮʝʥʮʽʷ (ʚ ʫʤʦʚʥʠʭ ʦʜʠʥʠʮʷʭ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʣʶʦʨʝʩʮʝʥʮʽʾ ʋʆɯʌ): Integrated Density (ʽʥʪʝʛʨʦʚʘʥʘ ʱʽʣʴʥʽʩʪʴ) ï 

(ʧʣʦʱʘ ʚʠʜʽʣʝʥʠʭ ʢʣʽʪʠʥ * ʩʝʨʝʜʥʶ ʬʣʶʦʨʝʩʮʝʥʮʽʶ ʬʦʥʘ). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ TLR2
+
- ʽ TLR4

+
- 

ʽʤʫʥʦʧʦʟʠʪʠʚʥʽ ʣʽʤʬʦʙʣʘʩʪʠ; ʩʝʨʝʜʥʽ ʽ ʤʘʣʽ ʣʽʤʬʦʮʠʪʠ, ʘ ʪʘʢʦʞ Nf-kB
+
-ʣʽʤʬʦʮʠʪʠ, -

ʤʘʢʨʦʬʘʛʠ ʽ ʜʝʥʜʨʠʪʥʽ ʢʣʽʪʠʥʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʣʠʩʴ ʩʚʦʾʤʠ ʤʦʨʬʦʤʝʪʨʠʯʥʠʤʠ (ʧʣʦʱʘ, 



54 

 

ʧʝʨʠʤʝʪʨ ʪʘ ʮʠʨʢʫʣʷʨʥʽʩʪʴ) ʽ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ʎʝ ʜʦʟʚʦʣʠʣʦ 

ʚʠʨʘʭʫʚʘʪʠ ʘʙʩʦʣʶʪʥʫ (ʢʽʣʴʢʽʩʪʴ ʢʣʽʪʠʥ ʥʘ 1 ʤʤ
2 
ʧʣʦʱʽ ʟʨʽʟʫ) ʽ ʚʽʜʥʦʩʥʫ (%) 

ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʽʤʫʥʦʧʦʟʠʪʠʚʥʠʭ ʢʣʽʪʠʥ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʟʦʥʘʭ 

ʂɸʃʊ. 

ʇʨʠ ʬʘʨʙʫʚʘʥʥʽ ʄʂɸʊ ʜʦʩʣʽʜʞʫʚʘʣʠ TLR2
+
-, TLR4

+
- ʪʘ Nf-kB

+ 
- ʢʣʽʪʠʥʠ, 

ʨʦʟʪʘʰʦʚʘʥʽ ʫ ɿʃɺ, ʩʫʙʝʧʽʪʝʣʽʘʣʴʥʽʡ ʟʦʥʽ (ʉɿ) ʟʛʨʫʧʦʚʘʥʠʭ ʣʽʤʬʦʾʜʥʠʭ ʚʫʟʣʠʢʽʚ ʪʘ 

ʣʽʤʬʦʾʜʥʠʭ ʬʦʣʽʢʫʣʘʭ (ʃʌ) ʟʛʨʫʧʦʚʘʥʠʭ ʣʽʤʬʦʾʜʥʠʭ ʚʫʟʣʠʢʽʚ. 

 

2.4.3. ɼʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ T-bet, GATA3, 

Rorɔt ʪʘ Foxp3 

 

ʉʪʨʫʢʪʫʨʫ ʧʦʧʫʣʷʮʽʾ T-bet
+ 

-, GATA3
+
-, Rorɔt

+
- ʪʘ Foxp3

+
-ʣʽʤʬʦʮʠʪʽʚ ʚʠʚʯʘʣʠ 

ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʩʝʨʽʡʥʠʭ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʨʽʟʽʚ ʽ ʜʘʥʠʭ ʾʭ ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ ʽ 

ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʤʝʪʦʜʠʮʽ, ʥʘʚʝʜʝʥʽʡ ʫ ʨʦʟʜʽʣʽ 2.4.2. ɼʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ ʥʝʧʨʷʤʦʾ ʽʤʫʥʦʬʣʶʦʨʝʩʮʝʥʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʟʨʽʟʠ 

ʬʘʨʙʫʚʘʣʠ ʩʧʦʯʘʪʢʫ ʟ ʧʝʨʚʠʥʥʠʤʠ ʢʨʦʣʷʯʠʤʠ ʤʦʥʦʢʣʦʥʘʣʴʥʠʤʠ ʘʥʪʠʪʽʣʘʤʠ 

(ʄʂɸʊ) ʜʦ ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ T-bet, GATA3, Rorɔt ʪʘ Foxp3 ʱʫʨʘ 

(SantaCruzBiotechnology, ʉʐɸ) ʧʨʦʪʷʛʦʤ 18 ʛʦʜʠʥ ʫ ʚʦʣʦʛʽʡ ʢʘʤʝʨʽ ʧʨʠ 4
ʦ
ʉ. ʇʽʩʣʷ 

ʚʽʜʤʠʚʘʥʥʷ ʥʘʜʣʠʰʢʫ ʧʝʨʚʠʥʥʠʭ ʘʥʪʠʪʽʣ ʚ 0,1 ʄ ʬʦʩʬʘʪʥʦʤʫ ʙʫʬʝʨʽ, ʟʨʽʟʠ 

ʽʥʢʫʙʫʚʘʣʠ 60 ʭʚʠʣʠʥ ʧʨʠ 37
ʦ
ʉ ʟ ʚʪʦʨʠʥʥʠʤʠ ʘʥʪʠʪʽʣʘʤʠ ʜʦ ʧʦʚʥʦʾ ʤʦʣʝʢʫʣʠ IgG 

ʢʨʦʣʠʢʘ (SantaCruzBiotechnology, ʉʐɸ), ʢʦʥ'ʶʛʦʚʘʥʠʤʠ ʟ FITC.  

ɺʨʘʭʦʚʫʶʯʠ ʽʥʪʝʥʩʠʚʥʫ ʝʢʩʧʨʝʩʽʶ ʊ-ʨʝʛʫʣʷʪʦʨʥʠʤʠ ʢʣʽʪʠʥʘʤʠ ʥʝ ʣʠʰʝ 

ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ ʬʘʢʪʦʨʘ Foxp3, ʘ ʡ ʨʝʮʝʧʪʦʨʘ ʜʦ Iʃ-2 ï ʤʦʣʝʢʫʣʠ CD25, ʘ ʪʘʢʦʞ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʦʚʘʥʠʭ ʣʽʤʬʦʮʠʪʽʚ ʫ ɿʃɺ, ʤʠ ʚ ʮʽʡ ʟʦʥʽ ʜʦʜʘʪʢʦʚʦ ʚʠʚʯʠʣʠ 

ʨʦʟʧʦʜʽʣ CD25
+
Foxp3

+
-ʣʽʤʬʦʮʠʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʧʦʜʚʽʡʥʦʾ 

ʽʤʫʥʦʬʣʶʦʨʝʩʮʝʥʮʽʾ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚ ʷʢʦʩʪʽ ʚʪʦʨʠʥʥʠʭ ʘʥʪʠʪʽʣ ʜʣʷ Foxp3 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ɸʊ, ʢʦʥ'ʶʛʦʚʘʥʽ ʟ Texas Red (Santa Cruz Biotechnology, ʉʐɸ), ʘ ʜʣʷ 

ʚʽʟʫʘʣʽʟʘʮʽʾ CD25
+ 

- ʣʽʤʬʦʮʠʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʠʰʠʥʽ ʄʂɸʊ ʜʦ ʤʦʣʝʢʫʣʠ CD25 

ʱʫʨʘ, ʢʦʥôʶʛʦʚʘʥ ̔ʟ FITC (CaltagLaboratories, ʉʐɸ). 
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ɺʽʜʦʤʦ, ʱʦ ʬʫʥʢʮʽʾ Rorɔt ʨʝʘʣʽʟʫʶʪʴʩʷ ʪʘʢʦʞ ʟʘ ʤʝʞʘʤʠ ʩʫʙʧʦʧʫʣʷʮʽʾ Th17-

ʢʣʽʪʠʥ. ʊʘʢ, ʡʦʛʦ ʘʢʪʠʚʥʘ ʝʢʩʧʨʝʩʽʷ, ʦʩʦʙʣʠʚʦ ʫ ʂɸʃʊ, ʤʦʞʣʠʚʘ ʪʘʢʦʞ ʽ 

ʚʨʦʜʞʝʥʠʤʠ ʣʽʤʬʦʾʜʥʠʤʠ ʢʣʽʪʠʥʘʤʠ, ʟʦʢʨʝʤʘ LTi-ʢʣʽʪʠʥʘʤʠ, ILC17, NCR22 ʽ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʽʩʪʶ ʽʥʰʠʭ Iʃ-17ɸ, Iʃ-17F, Iʃ-22-ʩʠʥʪʝʟʫʶʯʠʭ ʢʣʽʪʠʥ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʟ 

ʊʂʈ ʛʘʤʤʘ-ʜʝʣʴʪʘ (ɔŭʊ-ʣʽʤʬʦʮʠʪʠ), ʛʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʷʢʠʭ ʻ ʝʢʩʧʨʝʩʽʷ 

ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ ʬʘʢʪʦʨʘ Rorɔt, ʱʦ ʦʙʫʤʦʚʣʶʻ ʾʭ ʩʭʦʞʽʩʪʴ ʟ Th17. ɸʣʝ, ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ Th17-ʢʣʽʪʠʥ, ʚʨʦʜʞʝʥʽ Rorɔt-ʢʣʽʪʠʥʠ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʝʢʩʧʨʝʩʫʶʪʴ ʤʘʨʢʝʨ ʊ-

ʭʝʣʧʝʨʽʚ CD4. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʩʘʤʝ ʪʘʢʠʭ ʢʣʽʪʠʥ ʤʠ ʟʘʩʪʦʩʫʚʘʣʠ ʤʝʪʦʜ ʧʦʜʚʽʡʥʦʾ 

ʽʤʫʥʦʬʣʶʦʨʝʩʮʝʥʮʽʾ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʢʣʽʪʠʥʠ, ʢʦ-ʝʢʩʧʨʝʩʫʶʯʽ Rorɔt ʽ 

CD8-ʘʥʪʠʛʝʥʠ. ɺʨʘʭʦʚʫʶʯʠ ʢʦ-ʝʢʩʧʨʝʩʽʶ Rorɔt ʽ CD8, ʽʟ ʚʝʣʠʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ 

ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʯʘʩʪʠʥʘ ʟ ʥʠʭ ʮʝ ɔŭʊ-ʣʽʤʬʦʮʠʪʠ. ʑʝ ʦʜʥʽʻʶ 

ʩʫʙʧʦʧʫʣʷʮʽʻʶ Rorɔt-ʝʢʩʧʨʝʩʫʶʯʠʭ ʣʽʤʬʦʮʠʪʽʚ ʟ ʬʝʥʦʪʠʧʦʤ Rorɔt
+
CD8

+ 
ʤʦʞʫʪʴ 

ʙʫʪʠ ʪʘʢ ʟʚʘʥʽ ʮʠʪʦʪʦʢʩʠʯʥʽ Iʃ-17-ʩʝʢʨʝʪʫʶʯʽ ʣʽʤʬʦʮʠʪʠ (Tc17cell), ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʽʥʪʝʥʩʠʚʥʦʶ ʧʨʦʜʫʢʮʽʻʶ IFN-ɔ, ʙʽʣʴʰ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʩʠʥʪʝʟʫ 

ʛʨʘʥʟʠʤʽʚ ʽ ʧʝʨʬʦʨʠʥʫ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ñʢʣʘʩʠʯʥʠʭò ʊ-ʢʽʣʣʝʨʽʚ (ʊʩ1 ʽʊʩ2), ʽ ʟʜʘʪʥʠʤʠ, 

ʷʢʽ Th17-ʢʣʽʪʠʥʠ, ʚʠʩʪʫʧʘʪʠ ʚ ʨʦʣʽ ʪʨʠʛʝʨʽʚ ʟʘʧʘʣʴʥʠʭ ʪʘ ɸɯɿ. ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

Rorɔt
+
CD8

+
- ʣʽʤʬʦʮʠʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ ʧʦʜʚʽʡʥʦʾ ʽʤʫʥʦʬʣʶʦʨʝʩʮʝʥʮʽʾ. ɺ 

ʷʢʦʩʪʽ ʚʪʦʨʠʥʥʠʭ ʘʥʪʠʪʽʣ ʜʣʷ Rorɔt ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ɸʊ, ʢʦʥ'ʶʛʦʚʘʥʽ ʟ Texas Red 

(Santa Cruz Biotechnology, ʉʐɸ), ʘ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ CD8
+
- ʣʽʤʬʦʮʠʪʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠ 

ʤʠʰʠʥʽ ʄʂɸʊ ʜʦ ʤʦʣʝʢʫʣʠ CD8 ʱʫʨʘ, ʢʦʥôʶʛʦʚʘʥ ̔ ʟ FITC (Beckman Coulter, 

ʉʐɸ). 

ʇʨʠ ʬʘʨʙʫʚʘʥʥʽ ʄʂɸʊ ʜʦʩʣʽʜʞʫʚʘʣʠ T-bet
+ 

-, GATA3
+
-, Rorɔt

+
- ʪʘ Foxp3

+
-

ʣʽʤʬʦʮʠʪʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʫ ɿʃɺ ʪʘ ʫ ʉɿ ʟʛʨʫʧʦʚʘʥʠʭ ʣʽʤʬʦʾʜʥʠʭ ʚʫʟʣʠʢʽʚ. ɺʠʟʥʘʯʘʣʠ 

ʘʙʩʦʣʶʪʥʫ (ʢʽʣʴʢʽʩʪʴ ʢʣʽʪʠʥ ʥʘ 1 ʤʤ
2 
ʧʣʦʱʽ ʟʨʽʟʫ) ʽ ʚʽʜʥʦʩʥʫ (%) ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ 

ʽʤʫʥʦʧʦʟʠʪʠʚʥʠʭ ʢʣʽʪʠʥ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʟʦʥʘʭ ʂɸʃʊ, ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʚʽʜʧʦʚʽʜʥʠʭ ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ ʚ ʣʽʤʬʦʮʠʪʘʭ. 
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2.4.4. ɼʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ LMP2-ʩʫʙʦʜʠʥʠʮʽ ʽʤʫʥʦʧʨʦʪʝʘʩʦʤʠ ʪʘ 

ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ XBP1 

 

ʉʪʨʫʢʪʫʨʫ ʧʦʧʫʣʷʮʽʾ LMP2
+ 
- ʪʘ XBP1

+ 
- ʣʽʤʬʦʮʠʪʽʚ ʂɸʃʊ ʚʠʚʯʘʣʠ ʥʘ ʧʽʜʩʪʘʚʽ 

ʘʥʘʣʽʟʫ ʩʝʨʽʡʥʠʭ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʨʽʟʽʚ ʽ ʜʘʥʠʭ ʾʭ ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ ʽ 

ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʤʝʪʦʜʠʮʽ, ʥʘʚʝʜʝʥʽʡ ʫ ʨʦʟʜʽʣʽ 2.4.2.  

ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ ʥʝʧʨʷʤʦʾ ʽʤʫʥʦʬʣʶʦʨʝʩʮʝʥʮʽʾ. ɼʣʷ 

ʮʴʦʛʦ ʟʨʽʟʠ ʬʘʨʙʫʚʘʣʠ ʩʧʦʯʘʪʢʫ ʟ ʧʝʨʚʠʥʥʠʤʠ ʢʨʦʣʷʯʠʤʠ ʘʥʪʠʪʽʣʘʤʠ ʜʦ LMP2 

(SantaCruzBiotechnology, ʉʐɸ) ʯʠ XBP1 (BioLegend, ʉʐɸ) ʱʫʨʘ ʧʨʦʪʷʛʦʤ 18 

ʛʦʜʠʥ ʫ ʚʦʣʦʛʽʡ ʢʘʤʝʨʽ ʧʨʠ 4
ʦ
ʉ. ʇʽʩʣʷ ʚʽʜʤʠʚʘʥʥʷ ʥʘʜʣʠʰʢʫ ʧʝʨʚʠʥʥʠʭ ʘʥʪʠʪʽʣ ʚ 0,1 

ʄ ʬʦʩʬʘʪʥʦʤʫ ʙʫʬʝʨʽ, ʟʨʽʟʠ ʽʥʢʫʙʫʚʘʣʠ 60 ʭʚʠʣʠʥ ʧʨʠ 37
ʦ
ʉ ʟ ʚʪʦʨʠʥʥʠʤʠ 

ʘʥʪʠʪʽʣʘʤʠ ʜʦ ʧʦʚʥʦʾ ʤʦʣʝʢʫʣʠ IgG ʢʨʦʣʠʢʘ (SantaCruzBiotechnology, ʉʐɸ), 

ʢʦʥ'ʶʛʦʚʘʥʠʤʠ ʟ FITC.  

ʇʨʠ ʬʘʨʙʫʚʘʥʥʽ ʄʂɸʊ ʜʦʩʣʽʜʞʫʚʘʣʠ LMP2
+
- ʪʘ XBP1

+ 
- ʣʽʤʬʦʮʠʪʠ, 

ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʟʘʧʦʚʥʝʥʠʭ ʣʽʤʬʦʮʠʪʘʤʠ ʚʦʨʩʠʥʢʘʭ, ʩʫʙʝʧʽʪʝʣʽʘʣʴʥʽʡ ʟʦʥʽ ʪʘ 

ʟʛʨʫʧʦʚʘʥʠʭ ʣʽʤʬʦʾʜʥʠʭ ʚʫʟʣʠʢʽʚ. 

 

2.5. ʄʝʪʦʜʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ʆʙ'ʻʢʪʦʤ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʝʪʦʜʦʤ ʧʦʣʽʤʝʨʘʟʥʦʾ 

ʣʘʥʮʶʛʦʚʦʾ ʨʝʘʢʮʽʾ ʟʽ ʟʚʦʨʦʪʥʦʶ ʪʨʘʥʩʢʨʠʧʮʽʻʶ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ (ɿʊ-ʇʃʈ) ʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘʨʠʥ ʙʫʣʠ ʟʛʨʫʧʦʚʘʥʽ ʣʽʤʬʦʾʜʥʽ ʚʫʟʣʠʢʠ ʢʣʫʙʦʚʦʾ ʢʠʰʢʠ, ʷʢʽ 

ʧʦʤʽʱʘʣʠ ʫ ʬʽʢʩʘʪʦʨ ɹʫʝʥʘ, ʧʨʦʚʦʜʠʣʠ ʜʝʛʽʜʨʘʪʘʮʽʶ ʫ ʚʠʩʭʽʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 

ʝʪʘʥʦʣʫ ʽ ʫʢʣʘʜʘʣʠ ʚ ʧʘʨʘʬʽʥʦʚʽ ʙʣʦʢʠ. ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʝʜʝʥʽ ʥʘ ʘʨʭʽʚʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʚʽʢʦʤ 3 ʨʦʢʠ. ʊʦʪʘʣʴʥʫ ʈʅʂ ʦʪʨʠʤʫʚʘʣʠ ʟ 

ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʨʽʟʽʚ ʟʘʚʪʦʚʰʢʠ 15 ʤʢʤ, ʜʣʷ ʮʴʦʛʦ ʧʨʦʚʦʜʠʣʠ ʾʭ ʧʦʧʝʨʝʜʥʶ 

ʜʝʧʘʨʘʬʽʥʽʟʘʮʽʶ ʚ ʢʩʠʣʦʣʽ ʪʘ ʨʝʛʽʜʨʘʪʘʮʽʶ ʚ ʥʠʟʭʽʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʝʪʘʥʦʣʫ 

(100%, 96%, 70%). ʇ̔ ʜʛʦʪʦʚʣʝʥʽ ʟʨʘʟʢʠ ʛʦʤʦʛʝʥʽʟʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʫʧʢʠ ʽ 

ʪʦʚʢʘʯʠʢʘ, ʧʦʤʽʱʘʣʠ ʚ ʧʨʦʙʽʨʢʠ ñAxygenò (ʉʐɸ) ʽ ʧʨʦʚʦʜʠʣʠ ʜʦʜʘʪʢʦʚʫ 
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ʜʝʧʘʨʘʬʽʥʽʟʘʮʽʶ ʽ ʧʦʚʪʦʨʥʫ ʨʝʛʽʜʨʘʪʘʮʽʶ ʣʽʤʬʦʾʜʥʠʭ ʪʢʘʥʠʥ, ʟʛʽʜʥʦ ʧʨʦʪʦʢʦʣʫ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʠʡ ʚʢʣʶʯʘʚ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ. 

 

2.5.1. ɼʝʧʘʨʘʬʽʥʽʟʘʮʽʷ ʣʽʤʬʦʾʜʥʠʭ ʪʢʘʥʠʥ, ʧʦʧʝʨʝʜʥʴʦ ʬʽʢʩʦʚʘʥʠʭ ʚ 

ʨʦʟʯʠʥʽ ɹʫʝʥʘ ʽ ʟʘʣʠʪʠʭ ʚ ʧʘʨʘʬʽʥ 

 

1. ʋ ʧʨʦʙʽʨʢʫ ʜʦ ʛʦʤʦʛʝʥʽʟʦʚʘʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʫʧʢʠ ʽ ʪʦʚʢʘʯʠʢʘ ʟʨʘʟʢʘ 

ʜʦʜʘʚʘʣʠ 1 ʤʣ 100 % ʢʩʠʣʦʣʫ ʪʘ ʽʥʢʫʙʫʚʘʣʠ ʚʧʨʦʜʦʚʞ 5-ʪʠ ʭʚ. ɺʤʽʩʪ ʧʝʨʝʤʽʰʫʚʘʣʠ 

ʥʘ ʚʦʨʪʝʢʩʽ ʽ ʢʦʨʦʪʢʦʯʘʩʥʦ (0,5-1 ʭʚ.) ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 

ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʪʢʘʥʠʥʠ. ʉʫʧʝʨʥʘʪʘʥʪ ʟʣʠʚʘʣʠ ʰʣʷʭʦʤ ʧʝʨʝʚʝʨʪʘʥʥʷ ʧʨʦʙʽʨʢʠ. 

2.  ɼʦ ʟʨʘʟʢʫ ʜʦʜʘʚʘʣʠ 1 ʤʣ 100 % ʢʩʠʣʦʣʫ ʽ ʥʘʛʨʽʚʘʣʠ ʚʧʨʦʜʦʚʞ 3 ʭʚ. ʧʨʠ 

50Áʉ, ʱʦʙ ʨʦʟʧʣʘʚʠʪʠ ʧʘʨʘʬʽʥ. ʎʝʥʪʨʠʬʫʛʫʚʘʣʠ ʟʨʘʟʦʢ 2 ʭʚ. ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ  ̔ʤʘʢʩʠʤʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ (14000-16000 ʦʙ/ʭʚ.) ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʪʢʘʥʠʥʠ. 

ɺʠʜʘʣʷʣʠ ʢʩʠʣʦʣ, ʥʝ ʧʦʨʫʰʫʶʯʠ ʦʩʘʜʫ.  

3. ɼʦʜʘʚʘʣʠ 1 ʤʣ 100 % ʝʪʘʥʦʣʫ ʜʦ ʟʨʘʟʢʫ, ʽʥʢʫʙʫʚʘʣʠ 5 ʭʚ., ʧʝʨʝʤʽʰʫʚʘʣʠ ʥʘ 

ʚʦʨʪʝʢʩʽ. ʎʝʥʪʨʠʬʫʛʫʚʘʣʠ ʟʨʘʟʦʢ (14000-16000 ʦʙ/ʭʚ.) 2 ʭʚ. ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʜʣʷ 

ʦʩʘʜʞʝʥʥʷ ʪʢʘʥʠʥʠ. ɽʪʘʥʦʣ, ʱʦ ʤʽʩʪʠʚ ʩʣʽʜʦʚʽ ʢʽʣʴʢʦʩʪʽ ʢʩʠʣʦʣʫ, ʘʢʫʨʘʪʥʦ 

ʚʠʜʘʣʷʣʠ, ʥʝ ʧʦʨʫʰʫʶʯʠ ʦʩʘʜʫ. 

4.  ʋ ʧʨʦʙʽʨʢʫ ʟʽ ʟʨʘʟʢʦʤ ʜʦʜʘʚʘʣʠ 1 ʤʣ 96 % ʝʪʘʥʦʣʫ, ʽʥʢʫʙʫʚʘʣʠ 5 ʭʚ., 

ʧʝʨʝʤʽʰʫʚʘʣʠ ʥʘ ʚʦʨʪʝʢʩʽ. ʎʝʥʪʨʠʬʫʛʫʚʘʣʠ ʟʨʘʟʦʢ ʚʧʨʦʜʦʚʞ 2 ʭʚ. ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ 

ʰʚʠʜʢʦʩʪʽ (14000-16000 ʦʙ/ʭʚ.) ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʪʢʘʥʠʥʠ. ɸʢʫʨʘʪʥʦ ʚʠʜʘʣʷʣʠ 

ʩʫʧʝʨʥʘʪʘʥʪ, ʥʝ ʧʦʨʫʰʫʶʯʠ ʦʩʘʜʫ. 

5.  ɼʦʜʘʚʘʣʠ 1 ʤʣ 70 % ʝʪʘʥʦʣʫ ʜʦ ʟʨʘʟʢʫ, ʽʥʢʫʙʫʚʘʣʠ 5 ʭʚ., ʧʝʨʝʤʽʰʫʚʘʣʠ ʥʘ 

ʚʦʨʪʝʢʩʽ. ʎʝʥʪʨʠʬʫʛʫʚʘʣʠ ʟʨʘʟʦʢ (14000-16000 ʦʙ/ʭʚ.) 1-2 ʭʚ. ʜʣʷ ʦʩʘʜʞʝʥʥʷ 

ʪʢʘʥʠʥʠ. ʆʙʝʨʝʞʥʦ ʚʠʜʘʣʷʣʠ ʩʫʧʝʨʥʘʪʘʥʪ, ʥʝ ʧʦʨʫʰʫʶʯʠ, ʦʩʘʜʫ. ɺʠʩʫʰʫʚʘʣʠ ʥʘ 

ʧʦʚʽʪʨʽ ʦʩʘʜ ʚʧʨʦʜʦʚʞ 15-30 ʭʚ. ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟʘʣʠʰʢʫ ʝʪʘʥʦʣʫ. 
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2.5.2. ɺʠʜʽʣʝʥʥʷ ʪʦʪʘʣʴʥʦʾ ʈʅʂ  

 

ɺʠʜʽʣʝʥʥʷ ʪʦʪʘʣʴʥʦʾ ʈʅʂ ʟ ʪʢʘʥʠʥʠ ʱʫʨʽʚ ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʙʦʨʫ 

ñTrizol RNA Prep 100ò (ɯʟʦʛʝʥ Lab., LTD, ʈʦʩʽʷ). ʅʘʙʦʨ ʤʽʩʪʠʪʴ Trizol reagent 

(ʣʽʟʫʶʯʠʡ ʨʝʘʛʝʥʪ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʠʪʴ ʜʝʥʘʪʫʨʫʶʯʠʡ ʘʛʝʥʪ ʛʫʘʥʽʜʠʥʪʽʦʮʠʦʥʘʪ  ̔

ʬʝʥʦʣ ʟ ʨʅ = 4.0) ʪʘ ExtraGeneɽ (ʩʫʩʧʝʥʟʽʷ ʩʫʤʽʰʽ ʽʦʥʦʦʙʤʽʥʥʠʢʽʚ).  

ʈʅʂ ʚʠʜʽʣʷʣʠ ʚʽʜʧʦʚʽʜʥʦ ʧʨʦʪʦʢʦʣʫ ʜʦ ʥʘʙʦʨʫ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʟ ʚʠʢʦʥʘʥʥʷʤ 

ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ:  

1. ɺʥʦʩʠʣʠ ʫ ʧʨʦʙʽʨʢʠ ñAxygenò (ʉʐɸ) ʟʘʛʘʣʴʥʠʤ ʦʙôʻʤʦʤ 1,5 ʤʣ ʧʦ 100 

ʤʢʣ (ʤʢʛ) ʧʦʜʨʽʙʥʝʥʦʾ ʪʢʘʥʠʥʠ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ, ʜʦʙʘʚʣʷʣʠ 1 ʤʣ Trizol reagent ʪʘ 

ʽʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʽʰʫʚʘʣʠ ʚʤʽʩʪ ʜʦ ʫʪʚʦʨʝʥʥʷ ʛʦʤʦʛʝʥʥʦʾ ʝʤʫʣʴʩʽʾ. ɯʥʢʫʙʫʚʘʣʠ 

ʧʨʦʙʽʨʢʠ ʧʨʠ 4
ʦ
ʉ ʧʨʦʪʷʛʦʤ 5 ʭʚ.  

2. ɼʦʜʘʚʘʣʠ ʫ ʧʨʦʙʽʨʢʠ 200 ʤʢʣ ʭʣʦʨʦʬʦʨʤʫ ʪʘ ʽʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʽʰʫʚʘʣʠ 

ʚʤʽʩʪ ʧʨʦʙʽʨʦʢ. ʇʨʦʙʽʨʢʠ ʽʥʢʫʙʫʚʘʣʠ ʧʨʠ 4
ʦ
ʉ 5 ʭʚ. 

3. ʎʝʥʪʨʠʬʫʛʫʚʘʣʠ (ʮʝʥʪʨʠʬʫʛʘ ñʉʄ-50ò, ʃʘʪʚʽʷ) ʧʨʦʙʽʨʢʠ ʟ ʩʫʤʽʰʰʶ 5 ʭʚ. 

ʧʨʠ 14000 ʦʙ/ʭʚ. ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʬʘʟ. ʇʨʦʟʦʨʫ ʚʝʨʭʥʶ ʬʘʟʫ ʟ ʈʅʂ ʦʙʝʨʝʞʥʦ 

ʧʝʨʝʥʦʩʠʣʠ ʚ ʩʪʝʨʠʣʴʥʫ ʧʨʦʙʽʨʢʫ ʟʘʛʘʣʴʥʠʤ ʦʙôʻʤʦʤ 1,5 ʤʣ, ʥʘʤʘʛʘʶʯʠʩʴ ʥʝ 

ʟʘʯʝʧʠʪʠ ʧʦʛʨʘʥʠʯʥʫ ʤʽʞ ʬʘʟʘʤʠ ʙʽʣʫ ʧʣʽʚʢʫ ʟ ɼʅʂ ʪʘ ʙʽʣʢʘʤʠ.  

4. ɼʦʜʘʚʘʣʠ ʫ ʧʨʦʙʽʨʢʠ 300 ʤʢʣ ʽʟʦʧʨʦʧʘʥʦʣʫ, ʧʽʩʣʷ ʯʦʛʦ ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʫ 

ʧʨʦʙʽʨʮʽ ʜʦʨʽʚʥʶʚʘʚ 600 ʤʢʣ. 

5. ɯʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʽʰʫʚʘʣʠ ʚʤʽʩʪ ʧʨʦʙʽʨʦʢ ʪʘ ʧʝʨʝʥʦʩʠʣʠ ʧʨʦʙʽʨʢʠ ʫ 

ʤʦʨʦʟʠʣʴʥʫ ʢʘʤʝʨʫ (ñLGò, ʂʦʨʝʷ) ʧʨʠ ʤʽʥʫʩ 20
ʦ
ʉ ʥʘ 30 ʭʚ. 

6. ʎʝʥʪʨʠʬʫʛʫʚʘʣʠ ʧʨʦʙʽʨʢʠ ʟ ʩʫʤʽʰʰʶ 15 ʭʚʠʣʠʥ ʧʨʠ 14000 ʦʙ/ʭʚ. ʇʦʚʥʽʩʪʶ 

ʚʠʜʘʣʷʣʠ ʩʫʧʝʨʥʘʪʘʥʪ.  

7. ɼʦʜʘʚʘʣʠ ʫ ʧʨʦʙʽʨʢʫ 1 ʤʣ ʭʦʣʦʜʥʦʛʦ 75% ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ, ʧʝʨʝʤʽʰʫʚʘʣʠ 

ʚʤʽʩʪ ʧʨʦʙʽʨʢʠ ʧʝʨʝʚʝʨʪʘʥʥʷʤ 4-5 ʨʘʟʽʚ, ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ ʧʨʦʙʽʨʢʠ ʟ ʩʫʤʽʰʰʶ 5 ʭʚ. 

ʧʨʠ 14000 ʦʙ/ʭʚ. ʪʘ ʦʙʝʨʝʞʥʦ ʚʠʜʘʣʷʣʠ ʩʫʧʝʨʥʘʪʘʥʪ. 

8. ʇʨʦʩʫʰʫʚʘʣʠ ʦʩʘʜ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 65
ʦ
ʉ 3 ʭʚ. 

9. ɼʦʜʘʚʘʣʠ ʫ ʧʨʦʙʽʨʢʠ 50-100 ʤʢʣ ʨʝʘʛʝʥʪʫ ExtraGeneɽ (ɽʢʩʪʨʘɻʝʥɽ ʩʣʽʜ 

ʚʽʜʙʠʨʘʪʠ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙ'ʻʤʫ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ). 
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10. ʉʫʩʧʝʥʜʫʚʘʣʠ ʚʤʽʩʪ ʥʘ ʚʦʨʪʝʢʩʽ 15-20 ʩ ʪʘ ʟʘʣʠʰʘʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ 15-20 ʭʚ. ʇʦʪʽʤ ʱʝ ʨʘʟ ʩʫʩʧʝʥʜʫʚʘʣʠ ʚʤʽʩʪ ʧʨʦʙʽʨʦʢ ʥʘ ʚʦʨʪʝʢʩʽ.  

ɺʠʜʽʣʝʥʫ ʈʅʂ ʟʙʝʨʽʛʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʤʽʥʫʩ 70
ʦ
ʉ ʘʙʦ ʥʝʛʘʡʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʨʦʙʦʪʠ. ʆʜʥʘʢ, ʧʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʣʽʜ ʮʝʥʪʨʠʬʫʛʫʚʘʪʠ 

ʚʤʽʩʪ ʧʨʦʙʽʨʦʢ ʚʧʨʦʜʦʚʞ 1 ʭʚ. ʧʨʠ 14000 ʦʙ/ʭʚ. 

ʂʦʥʮʝʥʪʨʘʮʽʶ ʪʘ ʷʢʽʩʪʴ ʚʠʜʽʣʝʥʦʾ ʪʦʪʘʣʴʥʦʾ ʈʅʂ ʚʠʟʥʘʯʘʣʠ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ LibraS32PC (Biochrom ltd., ɸʥʛʣʽʷ). ɼʣʷ ʧʦʜʘʣʴʰʦʾ ʧʨʦʮʝʜʫʨʠ 

ʟʚʦʨʦʪʥʦʾ ʪʨʘʥʩʢʨʠʧʮʽʾ ʚʽʜʙʠʨʘʣʠ ʟʨʘʟʢʠ ʈʅʂ ʟ ʥʘʩʪʫʧʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ (ʟʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ɸ260/ɸ280): 260 ʥʤ/280 ʥʤ=1,8-2,2.  

 

2.5.3. ɿʚʦʨʦʪʥʘ ʪʨʘʥʩʢʨʠʧʮʽʷ (ʚʠʜʽʣʝʥʥʷ ʢɼʅʂ) 

 

ɼʣʷ ʟʚʦʨʦʪʥʦʾ ʪʨʘʥʩʢʨʠʧʮʽʾ (ʩʠʥʪʝʟ ʢɼʅʂ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʙʽʨ ʆʊ-1 ʬʽʨʤʠ 

ñʉʠʥʪʦʣò (ʈʦʩʽʷ). ʊʨʘʥʩʢʨʠʧʮʽʡʥʫ ʩʫʤʽʰ ʛʦʪʫʚʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʩʪʫʧʥʦʛʦ 

ʧʨʦʪʦʢʦʣʫ: 

1. ʇʨʦʙʽʨʢʠ ʟ ʨʝʘʢʮʽʡʥʦ ʁʩʫʤʽʰʰʶ, ʧʨʘʡʤʝʨʘʤʠ ʽ ʚʦʜʦʶ ʨʦʟʤʦʨʦʞʫʚʘʣʠ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʇʨʦʙʽʨʢʫ ʟ MMLV-RT ʚʤʽʱʫʚʘʣʠ ʫ ʣʽʜ. 

2. ʅʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʙʽʨʦʢ ʙʨʘʣʠ ʟ ʨʦʟʨʘʭʫʥʢʫ N + 1, ʜʝ N - ʢʽʣʴʢʽʩʪʴ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ. ʄʘʨʢʫʚʘʣʠ ʧʨʦʙʽʨʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʪʦʢʦʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. 

3. ɻʦʪʦʚʠʣʠ ʥʘʩʪʫʧʥʫ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʫ ʧʨʦʙʽʨʮʽ: 1 ʤʢʣ Random-6 ʧʨʘʡʤʝʨʘ ʽ 

2 ʤʢʣ ʪʦʪʘʣʴʥʦʾ ʈʅʂ. ɼʦʜʘʚʘʣʠ ʜʝʽʦʥʽʟʦʚʘʥʫ ʅ2ʆ, ʦʯʠʱʝʥʫ ʚʽʜ ʥʫʢʣʝʘʟ, ʦʙ'ʻʤʦʤ 8,5 

ʤʢʣ. ɿʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʩʪʘʥʦʚʠʚ 11,5 ʤʢʣ.  

4. ɼʦʜʘʚʘʣʠ ʽʥʰʽ ʢʦʤʧʦʥʝʥʪʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʾ ʟʚʦʨʦʪʥʦʾ 

ʪʨʘʥʩʢʨʠʧʮʽʾ ʟ ʨʦʟʨʘʭʫʥʢʫ ʚ ʟʘʟʥʘʯʝʥʦʤʫ ʧʦʨʷʜʢʫ: 2,5-ʭ ʨʝʘʢʮʽʡʥʘ ʩʫʤʽʰ ï 12,5 ʤʢʣ, 

MMLV -RT ï 1 ʤʢʣ. ɿʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʫ ʧʨʦʙʽʨʮʽ ʩʪʘʥʦʚʠʚ 25 ʤʢʣ. ʉʫʤʽʰ ʦʙʝʨʝʞʥʦ 

ʧʝʨʝʤʽʰʫʚʘʣʠ ʽ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʤ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʜʣʷ 

ʦʩʘʜʞʝʥʥʷ ʨʽʜʠʥʠ ʟ ʢʨʠʰʦʢ ʽ ʩʪʽʥʦʢ ʧʨʦʙʽʨʦʢ. 

5. ɯʥʢʫʙʫʚʘʣʠ ʩʫʤʽʰ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 45
ʦ
ʉ ʚʧʨʦʜʦʚʞ 45 ʭʚʠʣʠʥ. 

6. ɿʫʧʠʥʷʣʠ ʨʝʘʢʮʽʶ (ʽʥʘʢʪʠʚʘʮʽʷ MMLV -RT) ʧʨʦʛʨʽʚʘʥʥʷʤ ʚʧʨʦʜʦʚʞ 5 ʭʚ. 

ʧʨʠ 92
ʦ
ʉ. 
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7. ʇʝʨʝʥʦʩʠʣʠ ʧʨʦʙʽʨʢʠ ʥʘ ʣʽʜ. 

ʆʪʨʠʤʘʥʫ ʢɼʅʂ ʟʙʝʨʽʛʘʣʠ ʧʨʠ ʤʽʥʫʩ 20Áʉ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʧʨʦʜʦʚʞ ʪʠʞʥʷ. 

 

2.5.4. ʇʦʣʽʤʝʨʘʟʥʦ-ʣʘʥʮʶʛʦʚʘ ʨʝʘʢʮʽʷ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʝʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʘʤʧʣʽʬʽʢʘʪʦʨ CFX96ÊReal-Time PCR Detection Systems (ñBio-Rad Laboratories, Inc.ò, 

ʉʐɸ) ̔ ʥʘʙʽʨ ʨʝʘʢʪʠʚʽʚ Maxima SYBR Green/ROX qPCR MasterMix (2X) 

(ThermoScientific, ʉʐɸ). ʌʽʥʘʣʴʥʘ ʨʝʘʢʮʽʡʥʘ ʩʫʤʽʰ ʜʣʷ ʘʤʧʣʽʬʽʢʘʮʽʾ ʚʢʣʶʯʘʣʘ 

ʙʘʨʚʥʠʢ SYBR Green, ɼʅʂ ï ʧʦʣʽʤʝʨʘʟʫ Maxima HotStartTaq DNA Polymerase, ʧʦ 

0,2 ʤʢʣ ʧʨʷʤʦʛʦ ʽ ʟʚʦʨʦʪʥʦʛʦ ʩʧʝʮʠʬʽʯʥʠʭ ʧʨʘʡʤʝʨʽʚ, 1 ʤʢʣ ʤʘʪʨʠʮʽ (ʢɼʅʂ). 

ʈʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʜʦʚʦʜʠʣʠ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ 25 ʤʢʣ ʜʦʜʘʚʘʥʥʷʤ ʜʝʽʦʥʽʟʦʚʘʥʦʾ 

ʅ2ʆ. ʉʧʝʮʠʬʽʯʥʽ ʧʘʨʠ ʧʨʘʡʤʝʨʽʚ (5'-3') ʜʣʷ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʽ ʨʝʬʝʨʝʥʩʥʦʛʦ 

ʛʝʥʽʚ ʙʫʣʠ ʧʽʜʽʙʨʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ PrimerBlast 

(www.ncbi.nlm.nih.gov/tools/primer-blast) ʪʘ ʚʠʛʦʪʦʚʣʝʥʽ ʬʽʨʤʦʶ Metabion 

(ʅʽʤʝʯʯʠʥʘ) (ʪʘʙʣ. 2.2). 

ʊʘʙʣʠʮʷ 2.2. 

ɻʝʥ ʇʨʘʡʤʝʨ Tm,
0
C 

Product 

length (bp) 

Exon 

junction 

Nr3c1 
F = CACAGCTCACCCCTACCTTG 

R = GGGTTCAATCACCTCCAGCA 

60 

60 
47  

Adrb2 
F = ACAGACTACACAGGGGAGCA 

R = CTCCTGCCCCAGCTGATATG 

60 

60 
45  

Il17a 
F = CTGGACTCTGAGCCGCAATG 

R = TGCCTCCCAGATCACAGAAG 

61 

59 
58 

297/ 

298 

Il1b 
F = TCTTTGAAGAAGAGCCCGTCC 

R = GGTCGTCATCATCCCACGAG 

60 

60 
48 

354/ 

355 

Nlrp3 
F = AGCTAAGAAGGACCAGCCAG 

R = CGTGCATGCATCATTCCACTC 

59 

60 
40 

713/ 

714 

GAPDH 
F = GCCTGGAGAAACCTGCCAAG 

R =GCCTGCTTCACCACCTTCT 

61 

60 
52 

825/ 

826 
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ʇʽʩʣʷ ʧʦʯʘʪʢʦʚʦʾ ʜʝʥʘʪʫʨʘʮʽʾ (10 ʭʚ., 95ÁC) ʘʤʧʣʽʬʽʢʘʮʽʷ ʩʢʣʘʜʘʣʘʩ ɹʟ 45-50 

ʮʠʢʣʽʚ ʪʘ ʧʨʦʚʦʜʠʣʘʩ ɹʟʘ ʪʘʢʠʭ ʫʤʦʚ: ʜʝʥʘʪʫʨʘʮʽʷ ï 95Áʉ, 15 ʩ., ʦʪʞʠʛ ï 59-61Áʉ, 30-

60 ʩ., ʝʣʦʥʛʘʮʽʷ ï 72Áʉ, 30 ʩ. ɺ ʷʢʦʩʪʽ ʨʝʬʝʨʝʥʩ-ʛʝʥʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʝʥʽʚ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʛʝʥ 

ʛʣʠʮʝʨʘʣʴʜʝʛʠʜ-3-ʬʦʩʬʘʪ ʜʝʛʽʜʨʦʛʝʥʘʟʠ (GAPDH). ɺʽʜʥʦʩʥʫ ʥʦʨʤʘʣʽʟʦʚʘʥʫ 

ʢʽʣʴʢʽʩʪʴ ʢɼʅʂ ʪʘʨʛʝʪʥʠʭ ʛʝʥʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ȹȹCt. ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ 

ʜʘʥʠʭ ʇʃʈ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ CFX ManagerÊ 

(Bio-Rad, ʉʐɸ). ɺ ʝʢʩʧʝʨʠʤʝʥʪ ʙʫʣʠ ʚʢʣʶʯʝʥʽ ʥʝʛʘʪʠʚʥʽ ʢʦʥʪʨʦʣʽ: ʙʝʟ ʜʦʜʘʚʘʥʥʷ 

ʢɼʅʂ ʤʘʪʨʠʮʽ ʚ ʨʝʘʢʮʽʶ ʇʃʈ, ʙʝʟ ʜʦʜʘʚʘʥʥʷ ʤʈʅʂ ʤʘʪʨʠʮʽ ʚ ʩʠʥʪʝʟʽ ʢɼʅʂ, ʙʝʟ 

ʜʦʜʘʚʘʥʥʷ ʬʝʨʤʝʥʪʫ ʚ ʩʠʥʪʝʟʽ ʢɼʅʂ. ʋʩʽ ʨʝʘʢʮʽʾ ʘʤʧʣʽʬʽʢʘʮʽʾ ʚʠʢʦʥʫʚʘʣʠ ʥʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʟʨʘʟʢʘʭ ʫ ʪʨʴʦʭ ʧʦʚʪʦʨʘʭ. 

 

2.6. ʄʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

 

ɺʩʽ ʦʜʝʨʞʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʽʤʫʥʦʛʽʩʪʦʭʽʤʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʙʨʦʙʣʷʣʠ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧôʶʪʝʨʽ ʧʘʢʝʪʦʤ ʧʨʠʢʣʘʜʥʠʭ ʽ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʧʨʦʛʨʘʤ EXCEL ʟ ʧʘʢʝʪʫ MSOffice 2010 (Microsoft Corp., ʉʐɸ), STATISTICA 6.0 

(Stat-Soft, 2001). ɼʣʷ ʚʩʽʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ 

ʘʨʠʬʤʝʪʠʯʥʦʾ ʚʠʙʽʨʢʠ (ʄ), ʾʾ ʜʠʩʧʝʨʩʽʾ ʡ ʧʦʤʠʣʢʠ ʩʝʨʝʜʥʴʦʾ (m). ɼʣʷ ʚʠʷʚʣʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʽʟʥʠʮʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʢʦʥʪʨʦʣʴʥʠʭ 

ʛʨʫʧʘʭ ʪʚʘʨʠʥ ʚʠʟʥʘʯʘʣʠ ʢʦʝʬʽʮʽʻʥʪ ʉʪʴʶʜʝʥʪʘ (t), ʧʽʩʣʷ ʯʦʛʦ ʚʠʟʥʘʯʘʣʠ ʤʦʞʣʠʚʽʩʪʴ 

ʨʽʟʥʠʮʽ ʚʠʙʽʨʦʢ (ʨ) ʽ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʩʝʨʝʜʥʴʦʾ. ʂʨʠʪʠʯʥʠʡ ʨʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ ʧʨʠ 

ʧʝʨʝʚʽʨʮʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʛʽʧʦʪʝʟ ʧʨʠʡʤʘʣʠ ʨʽʚʥʠʤ 0,05. ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ 

ʇʃʈ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ CFX Manager Ê(Bio-Rad, 

ʉʐɸ). 
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ʈʆɿɼɯʃ 3 

ʄʆʃɽʂʋʃʗʈʅʆ-ɻɽʅɽʊʀʏʅʀʁ ɸʅɸʃɯɿ ɺʇʃʀɺʋ ʍʉʉ ʅɸ ɽʂʉʇʈɽʉɯʖ 

ɻɽʅɯɺ NR3C1- ɯ ADRȸ2-ʈɽʎɽʇʊʆʈɯɺ, ʇʈʆɿɸʇɸʃʔʅʀʍ ʎʀʊʆʂɯʅɯɺ Iʃ-1ɓ, 

Iʃ-17Ŭ ʊɸ NLRP3ïɯʅʌʃɸʄɸʉʆʄʀ ʋ ʂɸʃʊ ʑʋʈɯɺ 

 

 

 

ʋ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʛʣʘʚʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʧʣʠʚʫ 

ʭʨʦʥʽʯʥʦʛʦ ʩʦʮʽʘʣʴʥʦʛʦ ʩʪʨʝʩʫ ʥʘ ʨʫʭʦʚʦ-ʜʦʩʣʽʜʥʫ ʪʘ ʝʤʦʮʽʡʥʫ ʘʢʪʠʚʥʽʩʪʴ ʱʫʨʽʚ 

ʣʽʥʽʾ ɺʽʩʪʘʨ, ʘ ʪʘʢʦʞ ʥʘ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ ʤʈʅʂ Nr3c1- ʽ Adrɓ2-ʨʝʮʝʧʪʦʨʽʚ, 

ʧʨʦʟʘʧʘʣʴʥʠʭ ʮʠʪʦʢʽʥʽʚ Iʃ-1ɓ, Iʃ-17Ŭ ʪʘ Nlrp3 ï ʽʥʬʣʘʤʘʩʦʤʠ ʽʤʫʥʥʠʤʠ ʢʣʽʪʠʥʘʤʠ 

ʂɸʃʊ ʫ ʱʫʨʽʚ. ɺʠʜʽʣʝʥʥʷ ʪʦʪʘʣʴʥʦʾ ʈʅʂ ʧʨʦʚʦʜʠʣʠ ʟ ʜʦʧʦʤʦʛʦʶ ñTrizol RNA 

Prep100ò (ɯʟʦʛʝʥ Lab., LTD, ʈʦʩʽʷ); ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʟʚʦʨʦʪʥʦʾ ʪʨʘʥʩʢʨʠʧʮʽʾ ʽ 

ʦʪʨʠʤʘʥʥʷ ʢɼʅʂ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʙʽʨ ʆʊ-1 ñʉʠʥʪʦʣò (ʈʦʩʽʷ). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾ ʤʈʅʂ ʛʝʥʽʚ Nr3c1, Adrɓ2, Iʃ-1ɓ, Iʃ-17Ŭ ʪʘ Nlrp3 ʧʨʦʚʦʜʠʣʠ ɿʊ-ʇʃʈ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʥʘ ʘʤʧʣʽʬʽʢʘʪʦʨʽ CFX96 Ê Real-Time PCR Detection Systems (ñBio-

Rad Laboratories, Inc.ò, ʉʐɸ). ɺʽʜʥʦʩʥʠʡ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ ʚʠʱʝʚʢʘʟʘʥʠʭ ʛʝʥʽʚ 

ʦʮʽʥʶʚʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ȹȹCt, ʥʦʨʤʘʣʽʟʫʶʯʠ ʟʘ ʨʝʬʝʨʝʥʩ-ʛʝʥʦʤ GAPDH. 

 

3.1. ɼʦʩʣʽʜʞʝʥʥʷ ʩʦʮʽʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘʨʠʥ 

 

ɺʽʜʦʤʦ, ʱʦ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʚʠʥʠʢʥʝʥʥʷ ʪʨʠʚʦʞʥʦ-ʜʝʧʨʝʩʠʚʥʠʭ ʩʪʘʥʽʚ ʻ 

ʟʦʚʥʽʰʥʽ ʚʧʣʠʚʠ, ʟʦʢʨʝʤʘ, ʝʤʦʮʽʡʥʽ ʯʠʥʥʠʢʠ [43, 66, 94], ʩʝʨʝʜ ʷʢʠʭ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ 

ʥʘ ʣʶʜʠʥʫ ʽ ʪʚʘʨʠʥ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʨʠʚʘʣʽ ʩʦʮʽʘʣʴʥʽ ʩʪʨʝʩʠ [1, 2, 42, 43, 50, 74, 116]. 

ʈʘʥʽʰʝ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʫ ʪʚʘʨʠʥ ʚ ʫʤʦʚʘʭ ʪʨʠʚʘʣʦʛʦ ʇɽɺ ʘʙʦ ʩʦʮʽʘʣʴʥʦʾ ʽʟʦʣʷʮʽʾ 

ʬʦʨʤʫʻʪʴʩʷ ʧʘʪʦʣʦʛʽʯʥʠʡ ʩʪʘʥ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʨʘʞʝʥʦʶ ʪʨʠʚʦʞʥʽʩʪʶ, 

ʟʥʠʞʝʥʥʷʤ ʜʦʩʣʽʜʥʦʾ ʪʘ ʨʫʭʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʢʦʤʫʥʽʢʘʪʠʚʥʦʩʪʽ ʽ ʙʦʣʴʦʚʦʾ ʯʫʪʣʠʚʦʩʪʽ, 

ʧʦʨʫʰʝʥʥʷʤʠ ʝʩʪʨʘʣʴʥʦʛʦ ʮʠʢʣʫ, ʩʪʘʪʝʚʦʛʦ/ʩʦʮʽʘʣʴʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʨʦʟʚʠʪʢʦʤ 

ʜʝʧʨʝʩʠʚʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʫ ʪʘʢʠʭ ʪʚʘʨʠʥ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʝʩʴ ʩʧʝʢʪʨ ʚʣʘʩʪʠʚʠʭ 
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ʩʪʨʝʩʫ ʨʝʘʢʪʠʚʥʠʭ ʟʤʽʥ, ʘ ʩʘʤʝ, ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʥʘʜʥʠʨʥʠʢʽʚ, ʨʽʚʥʷ ʘʜʨʝʥʘʣʽʥʫ ʽ 

ʥʦʨʘʜʨʝʥʘʣʽʥʫ, ʚʠʚʽʣʴʥʝʥʥʷ ʢʦʨʪʠʢʦʩʪʝʨʦʥʫ ʪʘ ʽʥ. [1, 2]. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʥʘʤʠ ʪʝʩʪʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘʨʠʥ ʫ ʪʝʩʪʽ 

ñɺʽʜʢʨʠʪʝ ʧʦʣʝò ʧʦʢʘʟʘʣʠ, ʱʦ ʨʦʟʚʠʪʦʢ ʍʉʉ ʧʨʠʟʚʦʜʠʚ ʜʦ ʜʦʩʪʦʚʽʨʥʦʛʦ ʟʥʠʞʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʫʭʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʪʘ ʝʤʦʮʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ: ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʨʫʭʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ (ʥʘ 25%, ʨ <0,05 (ʍʉʉ1) ʽ 29%, ʨ <0,05 (ʍʉʉ2)), ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʨʫʭʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ (ʥʘ 38%, ʨ <0,05 (ʍʉʉ1) ʽ 47%, ʨ <0,05 (ʍʉʉ2)) ʽ ʜʦʩʣʽʜʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ (ʥʘ 41%, ʨ <0, 05 (ʍʉʉ1) ʽ ʥʘ 54%, ʨ <0,05 (ʍʉʉ2)). ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʩʚʽʜʯʠʣʠ ʧʨʦ ʧʨʦʷʚ ʚʠʨʘʞʝʥʦʾ ʪʨʠʚʦʞʥʦʩʪʽ ʫ ʱʫʨʽʚ ʚ ʫʤʦʚʘʭ ʭʨʦʥʽʯʥʦʛʦ ʩʦʮʽʘʣʴʥʦʛʦ 

ʩʪʨʝʩʫ. ʂʨʽʤ ʪʦʛʦ, ʍʉʉ ʧʨʠʚʦʜʠʚ ʜʦ ʧʦʩʠʣʝʥʥʷ ʛʨʫʤʠʥʛʫ (ʥʘ 75%, ʨ <0,05 (ʍʉʉ1) ʽ 

ʥʘ 92%, ʨ <0,05 (ʍʉʉ2)) ʪʘ ʘʢʪʽʚ ʜʝʬʝʢʘʮʽʾ (ʙʦʣʶʩʠ) (ʫ 3,6 ʨʘʟʽʚ, ʨ <0,05 (ʍʉʉ1) ʽ ʫ 

2,8 ʨʘʟʽʚ, ʨ <0,05 (ʍʉʉ2)) ʫ ʧʦʨʽʚʥʷʥʥ ̔ʟ ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ ʱʫʨʽʚ (ʪʘʙʣ. 3.1). ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʥʠʞʝʥʥʷ ʨʫʭʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʱʫʨʽʚ ʥʘ ʬʦʥʽ ʧʦʤʽʪʥʦ ʚʠʨʦʩʣʦʛʦ 

ʛʨʫʤʠʥʛʫ, ʥʘ ʜʫʤʢʫ ʨʷʜʫ ʜʦʩʣʽʜʥʠʢʽʚ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʦʟʚʠʪʦʢ ʩʪʨʝʩʫ ʽ ʪʨʠʚʦʞʥʦ-

ʜʝʧʨʝʩʠʚʥʠʭ ʟʤʽʥ ʧʦʚʝʜʽʥʢʠ. 

ʍʨʦʥʽʯʥʠʡ ʩʦʮʽʘʣʴʥʠʡ ʩʪʨʝʩ ʚʠʢʣʠʢʘʚ ʟʤʽʥʫ ʧʦʚʝʜʽʥʢʠ ʱʫʨʽʚ ʽ ʚ ʪʝʩʪʽ 

ʇʦʨʩʦʣʪʘ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʚʦʞʥʦʩʪʽ. ʊʘʢ, ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘʨʠʥ ʟʘ ʪʝʩʪʦʤ ʇʇ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʦʟʚʠʪʦʢ ʍʉʉ ʧʨʠʟʚʦʜʠʚ ʜʦ 

ʜʦʩʪʦʚʽʨʥʦʛʦ ʟʥʠʞʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʘʢʪʠʚʥʦʛʦ ʧʣʘʚʘʥʥʷ (ʥʘ 39%, ʨ <0,05 (ʍʉʉ1) ʽ ʥʘ 

42%, ʨ<0,05 (ʍʉʉ2)) ʪʘ ʟʙʽʣʴʰʝʥʥʶ ʩʪʘʜʽʾ ʽʤʤʦʙʽʣʽʟʘʮʽʾ (ʥʘ 25%, ʨ <0,05 (ʍʉʉ1) ʽ ʥʘ 

32%, ʨ<0,05 (ʍʉʉ2)) ʫ ʧʦʨʽʚʥʷʥʥ ̔ʟ ʢʦʥʪʨʦʣʝʤ (ʜʠʚ. ʪʘʙʣ. 3.1). ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʩʚʽʜʯʠʣʠ ʧʨʦ ʬʦʨʤʫʚʘʥʥʷ ʜʝʧʨʝʩʠʚʥʦʛʦ ʩʪʘʥʫ ʫ ʪʚʘʨʠʥ. 

ɿʛʽʜʥʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʩʪʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘʨʠʥ ʚ ʪʝʩʪʽ 

ñʇʝʨʝʛʦʨʦʜʢʘò ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʚʠʪʦʢ ʍʉʉ ʧʨʠʟʚʦʜʠʚ ʜʦ ʨʦʟʚʠʪʢʫ ʧʽʜʚʠʱʝʥʦʾ 

ʪʨʠʚʦʞʥʦʩʪʽ ʫ ʩʘʤʦʢ ʱʫʨʽʚ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʣʦ ʜʦʩʪʦʚʽʨʥʝ ʟʥʠʞʝʥʥʷ ʯʠʩʣʘ ʧʽʜʭʦʜʽʚ ʜʦ 

ʧʝʨʝʛʦʨʦʜʢʠ (ʥʘ 61% ʨ <0,05 (ʍʉʉ1) ʽ ʥʘ 52%, ʨ <0,05 (ʍʉʉ2)), ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ 

ʧʝʨʝʙʫʚʘʥʥʷ ʙʽʣʷ ʧʝʨʝʛʦʨʦʜʢʠ (ʥʘ 37%, ʨ <0,05 (ʍʉʉ1) ʽ ʥʘ 31%, ʨ <0,05 (ʍʉʉ2)) ʫ 

ʧʦʨʽʚʥʷʥʥ ̔ʟ ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ (ʜʠʚ. ʪʘʙʣ. 3.1). ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ 

ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ ʟʙʽʣʴʰʝʥʥʷ ʬʨʽʟʽʥʛʫ ʧʨʠ ʍʉʉ2 (ʫ 5 ʨʘʟʽʚ, ʨ <0,05). ʉʣʽʜ 



64 

 

ʟʘʟʥʘʯʠʪʠ, ʟʘ ʜʘʥʠʤʠ ʣʽʪʝʨʘʪʫʨʠ, ʬʨʽʟʽʥʛ - ʮʝ ʨʝʘʢʮʽʷ ʧʨʦʷʚʫ ʥʘʡʙʽʣʴʰ ʩʠʣʴʥʦʛʦ 

ʩʪʨʝʩʫ [85, 233].  

ʊʘʙʣʠʮʷ 3.1. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʚʝʜʽʥʢʦʚʠʭ ʪʝʩʪʽʚ ʱʫʨʽʚ, ʧʽʜʜʘʥʠʭ ʜʽʾ ʍʉʉ 

ʉʝʨʽʾ ʢʦʥʪʨʦʣʴ ʍʉʉ 1 ʍʉʉ 2 

ʊʝʩʪ ñɺʽʜʢʨʠʪʝ ʧʦʣʝò 

ɻʈɸ 62,9Ñ3,6
 
47,0Ñ5,2

1
 44,5Ñ3,6

1
 

ɺʈɸ: climbing 

rearing 

12,5Ñ0,8
 

4,8Ñ0,7
 

7,8Ñ1,1
1
 

2,4Ñ0,3 

6,6Ñ0,8
1
 

4,5Ñ0,7 

ɻʨʫʤʠʥʛ: ʢʦʨʦʪʢʠʡ 

ʪʨʠʚʘʣʠʡ 

1,2Ñ0,2
 

1,0Ñ0,2 

2,1Ñ0,3
1 

0,9Ñ0,1 

2,3Ñ0,3
1 

0,8Ñ0,1 

ʆʙʩʪʝʞʝʥʥʷ ʦʪʚʦʨʽʚ 6,8Ñ0,4 4,0Ñ0,3
1
 3,1Ñ0,3

1 

ʈʽʚʝʥʴ ʜʝʬʝʢʘʮʽʾ 0,5Ñ0,3 1,8Ñ0,4
1 

1,4Ñ0,2
1
 

ʊʝʩʪ ñɺʠʤʫʰʝʥʝ ʧʣʘʚʘʥʥʷò 

ɸʢʪʠʚʥʝ ʧʣʘʚʘʥʥʷ, ʩʝʢ. 121,6Ñ9,3
 
73,5Ñ11,2

1
 70,2Ñ8,5

1
 

ʇʘʩʠʚʥʝ ʧʣʘʚʘʥʥʷ, ʩʝʢ. 42Ñ16,3
 

56Ñ16,1 48,3Ñ8,6 

ɯʤʤʦʙʽʣʽʟʘʮʽʷ, ʩʝʢ. 136,4Ñ10,2
 
170,5Ñ8,5

1 
179,5Ñ8,7

1 

ʊʝʩʪ ñʇʝʨʝʛʦʨʦʜʢʘò 

ʏʠʩʣʦ ʧʽʜʭʦʜʽʚ ʜʦ ʧʝʨʝʛʦʨʦʜʢʠ, ʢ-ʪ ɹ 5,4Ñ0,8
 

2,1Ñ0,2
1
 2,6Ñ0,3

1
 

ʊʨʠʚʘʣʽʩʪʴ ʧʝʨʝʙʫʚʘʥʥʷ, ʩʝʢ 53,9Ñ6,4
 
33,9Ñ3,7

1
 37,3Ñ5,2

1
 

ʆʙʥʶʭʫʚʘʥʥʷ, ʢ-ʪ ɹ 5,7Ñ0,7
 

5,3Ñ1,1
 

4,3Ñ0,8
 

ɺʩʪʘʚʘʥʥʷ ʥʘ ʟʘʜʥʽ ʣʘʧʢʠ, ʢ-ʪ ɹ 3,8Ñ0,5 4,2Ñ1,0
 

4,7Ñ0,8 

ɻʨʫʤʠʥʛ 3,1Ñ0,4 2,6Ñ0,3 2Ñ0,4 

ʌʨʽʟʽʥʛ (ʟʘʚʤʠʨʘʥʥʷ) 0,1Ñ0,1 0,1Ñ0,1 0,5Ñ0,1
1
 

 

ʇʨʠʤʽʪʢʘ: ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʽʜʤʽʥʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʽʚ ʨ <0,05 ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʢʦʥʪʨʦʣʶ (
1
). 
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3.2. ɼʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʤʈʅʂ Nr3c1 ɯ Adrɓ2-ʨʝʮʝʧʪʦʨʽʚ ʫ ʂɸʃʊ ʱʫʨʽʚ 

 

ɻʦʣʦʚʥʠʤʠ ʝʬʝʢʪʦʨʥʠʤʠ ʛʦʨʤʦʥʘʤʠ ʧʽʜ ʯʘʩ ʩʪʨʝʩïʨʝʘʢʮʽʾ ʻ ʛʣʶʢʦʢʦʨʪʠʢʦʾʜʠ 

(ɻʂ) ʪʘ ʢʘʪʝʭʦʣʘʤʽʥʠ (ʂʍ), ʘ ʟʤʽʥʠ ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾ ʾʭ ʨʝʮʝʧʪʦʨʽʚ Nr3c1 ʽ Adrɓ2 

ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʨʝʟʠʩʪʝʥʪʥʦʩʪʽ ʢ ɻʂ ʪʘ ʂʍ ʽ ʧʦʷʩʥʶʚʘʪʠ ʧʨʝʚʘʣʶʚʘʥʥʷ 

ʧʨʦʟʘʧʘʣʴʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ ʚ ʫʤʦʚʘʭ ʍʉʉ ʚʩʫʧʝʨʝʯ ʢʣʘʩʠʯʥʽʡ ʧʘʨʘʜʠʛʤʽ ʩʪʨʝʩʫ. 

ɺʽʜʦʤʦ, ʱʦ ʽʤʫʥʦʢʦʤʧʝʪʝʥʪʥʽ ʢʣʽʪʠʥʠ ʤʘʶʪʴ ʨʝʮʝʧʪʦʨʠ ʜʦ ɻʂ ʽ ʂʍ, ʽ ʟʘʚʜʷʢʠ ʮʽʡ 

ʦʙʩʪʘʚʠʥʽ ʤʦʞʣʠʚʠʡ ʧʨʷʤʠʡ ʚʧʣʠʚ ʮʠʭ ʛʦʨʤʦʥʽʚ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʷʢ 

ʚʨʦʜʞʝʥʦʛʦ, ʪʘʢ ʽ ʘʜʘʧʪʠʚʥʦʛʦ ʽʤʫʥʽʪʝʪʫ ʪʘ ʾʭ ʫʯʘʩʪʴ ʫ ʨʝʛʫʣʷʮʽʾ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʚ 

ʫʤʦʚʘʭ ʍʉʉ [82, 90, 92, 93]. ʂʨʽʤ ʪʦʛʦ, Nr3c1 ʤʦʞʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʷʢ 

ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʡ ʬʘʢʪʦʨ ʪʘ ʟʚ'ʷʟʫʚʘʪʠʩʷ ʟʽ ʩʧʝʮʠʬʽʯʥʠʤʠ, ʯʫʪʣʠʚʠʤʠ ʜʦ ɻʂ 

ʜʽʣʷʥʢʘʤʠ ɼʅʂ (glucocorticoid-responsible elements, GRE), ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʚ 

ʧʨʦʤʦʪʦʨʥʠʭ ʦʙʣʘʩʪʷʭ ʛʝʥʽʚ ʽ ʘʢʪʠʚʫʚʘʪʠ ʾʭ ʪʨʘʥʩʢʨʠʧʮʽʶ, ʪʘʢ ʤʦʞʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠ 

ʽ ʚ ʷʢʦʩʪʽ ʨʝʛʫʣʷʪʦʨʘ ʘʢʪʠʚʥʦʩʪʽ ʽʥʰʠʭ ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ [145, 199]. 

ʄʦʞʣʠʚʠʤʠ ʧʨʠʯʠʥʘʤʠ ʨʦʟʚʠʪʢʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪʽ ʜʦ ɻʂ ʟʘ ʫʤʦʚ ʍʉʉ ʻ: 1) 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾ ʤʈʅʂ Nr3c1; 2) ʛʝʥʝʪʠʯʥʠʡ ʧʦʣʽʤʦʨʬʽʟʤ ʛʝʥʫ Nr3c1, ʷʢʠʡ 

ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʫʧʦʚʽʣʴʥʝʥʥʷ ʪʨʘʥʩʣʦʢʘʮʽʾ ʨʝʮʝʧʪʦʨʘ ʚ ʷʜʨʦ, ʟʥʠʞʝʥʥʷ ʡʦʛʦ 

ʘʬʽʥʥʦʩʪʽ ʜʦ ʛʦʨʤʦʥʫ ʯʠ ʢʦ-ʘʢʪʠʚʘʪʦʨʘʤ, ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʛʣʶʢʦʢʦʨʪʠʢʦʾʜʥʦʛʦ 

ʨʝʮʝʧʪʦʨʘ (ɻʈ), ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʪʨʘʥʩʘʢʪʠʚʘʮʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʽʥ.; 3) ʧʦʨʫʰʝʥʥʷ 

ʬʦʨʤʫʚʘʥʥʷ ʛʝʪʝʨʦʢʦʤʧʣʝʢʩʫ ɻʈ ʯʝʨʝʟ ʟʤʽʥʠ ʝʢʩʧʨʝʩʽʾ ʰʘʧʝʨʦʥʽʚ ʪʘ ʢʦ-ʰʘʧʝʨʦʥʽʚ, 

ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʡʦʛʦ ʩʢʣʘʜʫ, ʪʘʢʠʭ ʷʢ Hsp90, Hsp70, Hsp56, ʽʤʫʥʦʤʦʜʫʣʽʥ, ʽʤʧʦʨʪʽʥ 

IPO13, ʟʚôʷʟʫʶʯʠʭ ʧʨʦʪʝʾʥʽʚ ʽʤʫʥʦʬʽʣʽʥʽʚ FKBP51 ʽ FKBP52, ʘ ʪʘʢʦʞ ʧʦʣʽʤʦʨʬʽʟʤ ʾʭ 

ʛʝʥʽʚ; 4) ʝʧʽʛʝʥʝʪʠʯʥʽ ʟʤʽʥʠ ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾ ʤʈʅʂ ɼʅʂ-ʤʝʪʽʣʪʨʘʥʩʬʝʨʘʟ 3a ʽ 3b, 

ʤʈʅʂ ʛʽʩʪʦʥ-ʜʝʘʮʝʪʽʣʘʟʠ HDAC, ʮʽʣʦʾ ʥʠʟʢʠ ʤʽʢʨʦ-ʈʅʂ, ʟʦʢʨʝʤʘ ʤʽʢʨʦʈʅʂ-29b ʪʘ 

ʤʽʢʨʦʈʅʂ-340 [144, 145, 199, 219]. ʎʽ ʧʨʠʯʠʥʠ ʤʦʞʫʪʴ ʥʽʚʝʣʶʚʘʪʠ ʽʤʫʥʦʩʫʧʨʝʩʠʚʥʽ 

ʝʬʝʢʪʠ ɻʂ, ʧʦʩʠʣʶʚʘʪʠ ʧʨʦʟʘʧʘʣʴʥʫ ʩʠʛʥʘʣʽʟʘʮʽʶ ʚ ʢʠʰʢʽʚʥʠʢʫ ʽ ʱʝ ʫ ʙʽʣʴʰʽʡ ʤʽʨʽ 

ʽʥʜʫʢʫʚʘʪʠ ʨʝʟʠʩʪʝʥʪʥʽʩʪʴ ʜʦ ɻʂ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʫ Nr3c1 ʚ ʂɸʃʊ ʢʣʫʙʦʚʦʾ ʢʠʰʢʠ ʧʦʢʘʟʘʣʦ, ʱʦ 

ʨʦʟʚʠʪʦʢ ʍʉʉ ʧʨʠʟʚʦʜʠʚ ʜʦ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʡʦʛʦ ʤʈʅʂ (Nr3c1 - ʫ 3,1 
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ʨʘʟʠ (p <0,05) ʧʨʠ ʍʉʉ1 ʪʘ ʫ 10 ʨʘʟʽʚ (p <0,01) ʥʘ ʬʦʥʽ ʍʉʉ2 ʫ ʧʦʨʽʚʥʷʥʥ ̔ʟ 

ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ ʱʫʨʽʚ (ʈʠʩ. 3.1).  

 

 

ʈʠʩ. 3.1. ɺʽʜʥʦʩʥʘ ʥʦʨʤʘʣʽʟʦʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ʢɼʅʂ ʛʝʥʘ ʛʣʶʢʦʢʦʨʪʠʢʦʾʜʥʠʭ 

Nr3c1-ʨʝʮʝʧʪʦʨʽʚ (ɸ) ʟ ʛʨʘʬʽʢʘʤʠ ʾʭ ʘʤʧʣʽʬʽʢʘʮʽʾ (B). ʅʦʨʤʘʣʽʟʘʮʽʷ ʟʘ ʤʝʪʦʜʦʤ ȹȹCt ʟ 

ʨʝʬʝʨʝʥʩ-ʛʝʥʦʤ GAPDH.  

ʇʨʠʤʽʪʢʘ: c ï ʢʦʥʪʨʦʣʴ; s1 ï ʍʉʉ1; s2 ï ʍʉʉ2. 

 

*  

*  

GAPDH 

Nr3c1 

ɸ 

B 
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ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤʠ ʝʬʝʢʪʦʨʥʠʤʠ ʛʦʨʤʦʥʘʤʠ ʧʽʜ ʯʘʩ ʩʪʨʝʩïʨʝʘʢʮʽʾ ʻ ʂʍ, ʘ ʊ- 

ʽ ɺ-ʣʽʤʬʦʮʠʪʠ ʘʢʪʠʚʥʦ ʝʢʩʧʨʝʩʫʶʪʴ ɓ2-ʘʜʨʝʥʝʨʛʽʯʥʽ ʨʝʮʝʧʪʦʨʠ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ Adrɓ2 ʫ ʂɸʃʊ ʢʣʫʙʦʚʦʾ ʢʠʰʢʠ ʧʦʢʘʟʘʣʦ, 

ʱʦ ʨʦʟʚʠʪʦʢ ʍʉʉ ʧʨʠʟʚʦʜʠʚ ʜʦ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʤʈʅʂ ʛʝʥʫ Adrɓ2 ï ʫ 12,5 ʨʘʟʽʚ (p 

<0,02) ʧʨʠ ʍʉʉ1 ʪʘ ʫ 10,1 ʨʘʟʽʚ (p <0,01) ʫ ʚʠʧʘʜʢʫ ʍʉʉ2 ʫ ʧʦʨʽʚʥʷʥʥ ̔ ʟ 

ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ ʱʫʨʽʚ (ʈʠʩ. 3.2.).  

 

 

ʈʠʩ. 3.2. ɺʽʜʥʦʩʥʘ ʥʦʨʤʘʣʽʟʦʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ʢɼʅʂ ʛʝʥʫ ɓ2-ʘʜʨʝʥʝʨʛʽʯʥʠʭ 

ʨʝʮʝʧʪʦʨʽʚ Adrb2 ʚ ʢʣʽʪʠʥʘʭ ʂɸʃʊ. ʅʦʨʤʘʣʽʟʘʮʽʷ ʟʘ ʤʝʪʦʜʦʤ ȹȹCt ʟ ʨʝʬʝʨʝʥʩ-ʛʝʥʦʤ 

GAPDH.  

ʇʨʠʤʽʪʢʘ: c ï ʢʦʥʪʨʦʣʴ; s1 ï ʍʉʉ1; s2 ï ʍʉʉ2. 

 

3.3. ɼʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʤʈʅʂ ʧʨʦʟʘʧʘʣʴʥʠʭ ʮʠʪʦʢʽʥʽʚ Iʃ-1ɓ, Iʃ-17Ŭ ʪʘ 

NLRP3ï̔ ʥʬʣʘʤʘʩʦʤʠ ʫ ʂɸʃʊ ʱʫʨʽʚ 

 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʠ ʟôʷʩʫʚʘʣʠ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ ʚ ʂɸʃʊ 

ʥʘʡʙʽʣʴʰ ñʘʛʨʝʩʠʚʥʠʭò ʮʠʪʦʢʽʥʽʚ Iʃ-1ɓ ʽ Iʃ-17Ŭ, ʘ ʪʘʢʦʞ Nlrp3- ʽʥʬʣʘʤʘʩʦʤʠ. Nlrp3 

ʚʽʜʧʦʚʽʜʘʣʴʥʘ ʟʘ ʘʢʪʠʚʘʮʽʶ ʢʘʩʧʘʟʠ-1 ʪʘ ʩʧʨʠʷʻ ʜʦʟʨʽʚʘʥʥʶ ʥʘʡʙʽʣʴʰ ʘʢʪʠʚʥʦʛʦ 

*  *  
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ʧʨʦʟʘʧʘʣʴʥʦʛʦ ʮʠʪʦʢʽʥʫ Iʃ-1ɓ, ʘ ʾʾ ʧʽʜʚʠʱʝʥʘ ʝʢʩʧʨʝʩʽʷ ʧʦʚ'ʷʟʘʥʘ ʟ ʨʦʟʚʠʪʢʦʤ 

ʙʘʛʘʪʴʦʭ ʘʫʪʦʽʤʫʥʥʠʭ ʽ ʟʘʧʘʣʴʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ [64, 200, 202, 220]. Nlrp3-

ʽʥʬʣʘʤʘʩʦʤʘ ʯʝʨʝʟ ʧʨʦʜʫʢʮʽʶ Iʃ-1ɓ ̔ Iʃ-18 ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʥʝ ʣʠʰʝ ʫ 

ʨʦʟʚʠʪʢʫ ʟʘʧʘʣʴʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʘ ʡ ʚʧʣʠʚʘ ̒ ʥʘ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʪʘʢʠʭ 

ʩʫʙʧʦʧʫʣʷʮʽʡ CD4
+
T-ʢʣʽʪʠʥ ʷʢ Th1, Th2, Th17 ʽ Treg ʪʘ ʚ ʽʥʜʫʢʮʽʾ ʘʜʘʧʪʠʚʥʦʛʦ 

ʽʤʫʥʽʪʝʪʫ [102, 113, 200, 202]. 

ʋ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʍʉʉ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ 

ʨʽʚʥʷ ʤʈʅʂ Nlrp3ï̔ ʥʬʣʘʤʘʩʦʤʠ (ʫ 17 ʨʘʟʽʚ (p<0,05) ʧʨʠ ʍʉʉ1 ʽ ʫ 2,2 ʨʘʟʠ (p<0,05) 

ʧʨʠ ʍʉʉ2) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ ʪʚʘʨʠʥ (ʈʠʩ. 3.3). 

 

ʈʠʩ. 3.3. ɺʽʜʥʦʩʥʘ ʥʦʨʤʘʣʽʟʦʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ʢɼʅʂ ʛʝʥʫ Nlrp3ïʩʫʙʦʜʠʥʠʮʽ 

ʽʥʬʣʘʤʘʩʦʤʠ ʚ ʢʣʽʪʠʥʘʭ ʂɸʃʊ. ʅʦʨʤʘʣʽʟʘʮʽʷ ʟʘ ʤʝʪʦʜʦʤ ȹȹCt ʟ ʨʝʬʝʨʝʥʩ-ʛʝʥʦʤ 

GAPDH.  

ʇʨʠʤʽʪʢʘ: c ï ʢʦʥʪʨʦʣʴ; s1 ï ʍʉʉ1; s2 ï ʍʉʉ2. 

 

ʈʦʟʚʠʪʦʢ ʍʉʉ ʪʘʢʦʞ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʶ ʽʥʜʫʢʮʽʻʶ ʛʝʥʽʚ 

ʧʨʦʟʘʧʘʣʴʥʠʭ ʮʠʪʦʢʽʥʽʚ Iʃ-1ɓ ʽ Iʃ-17Ŭ ʚ ʂɸʃʊ ʱʫʨʽʚ, ʙʽʣʴʰ ʚʠʨʘʟʥʦʶ ʫ ʚʠʧʘʜʢʫ 

ʍʉʉ1. ɿʦʢʨʝʤʘ, ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʠʣʦ ʦʜʥʦʩʧʨʷʤʦʚʘʥʫ ʜʠʥʘʤʽʢʫ 

ʟʨʦʩʪʘʥʥʷ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʛʝʥʽʚ Iʃ-1ɓ (ʫ 6 ʨʘʟʽʚ (p<0,05) ʧʨʠ ʍʉʉ1 ʽ ʫ 

*  

*  



69 

 

2,8 ʨʘʟʽʚ (p<0,05) ʧʨʠ ʍʉʉ2); Iʃ-17ʘ (ʫ 2,3 ʨʘʟʠ (p<0,05) ʧʨʠ ʍʉʉ1 ʽ ʥʘ 50% (p<0,05) 

ʧʨʠ ʍʉʉ2) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ ʪʚʘʨʠʥ (ʈʠʩ. 3.4-3.5). 

 

ʈʠʩ. 3.4. ɺʽʜʥʦʩʥʘ ʥʦʨʤʘʣʽʟʦʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ʢɼʅʂ ʛʝʥʫ Iʃ-1ɓ ʚ ʢʣʽʪʠʥʘʭ ʂɸʃʊ. 

ʅʦʨʤʘʣʽʟʘʮʽʷ ʟʘ ʤʝʪʦʜʦʤ ȹȹCt ʟ ʨʝʬʝʨʝʥʩ-ʛʝʥʦʤ GAPDH.  

ʇʨʠʤʽʪʢʘ: c ï ʢʦʥʪʨʦʣʴ; s1 ï ʍʉʉ1; s2 ï ʍʉʉ2. 

 

 

ʈʠʩ. 3.5. ɺʽʜʥʦʩʥʘ ʥʦʨʤʘʣʽʟʦʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ʢɼʅʂ ʛʝʥʘ Iʃ-17Ŭ ʚ ʢʣʽʪʠʥʘʭ 

ʂɸʃʊ. ʅʦʨʤʘʣʽʟʘʮʽʷ ʟʘ ʤʝʪʦʜʦʤ ȹȹCt ʟ ʨʝʬʝʨʝʥʩ-ʛʝʥʦʤ GAPDH.  

ʇʨʠʤʽʪʢʘ: c ï ʢʦʥʪʨʦʣʴ; s1 ï ʍʉʉ1; s2 ï ʍʉʉ2. 

 

*  

*  

*  

*  
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3.4. ɺʠʩʥʦʚʢʠ ʜʦ ʈʦʟʜʽʣʫ 3. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ ʨʦʟʚʠʪʦʢ ʍʉʉ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʜʦʩʣʽʜʥʦʾ ʪʘ ʨʫʭʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʱʫʨʽʚ, ʨʦʟʚʠʪʢʫ 

ʪʨʠʚʦʞʥʦʩʪʽ  ̔ ʜʝʧʨʝʩʠʚʥʦʩʪʽ. ʍʉʉ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾ 

ʤʈʅʂ Nr3c1- ʽ Adrɓ2-ʨʝʮʝʧʪʦʨʽʚ ʚ ʽʤʫʥʥʠʭ ʢʣʽʪʠʥʘʭ, ʱʦ, ʚʽʜʧʦʚʽʜʥʦ, ʥʽʚʝʣʶʻ 

ʽʤʫʥʦʩʫʧʨʝʩʠʚʥʽ ʝʬʝʢʪʠ ɻʂ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʦʜʥʦʩʧʨʷʤʦʚʘʥʦʶ ʜʠʥʘʤʽʢʦʶ 

ʟʨʦʩʪʘʥʥʷ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʛʝʥʽʚ ʧʨʦʟʘʧʘʣʴʥʠʭ ʮʠʪʦʢʽʥʽʚ Iʃ-1ɓ, Iʃ-17Ŭ ʪʘ 

Nlrp3ï̔ ʥʬʣʘʤʘʩʦʤʠ ʫ ʂɸʃʊ ʱʫʨʽʚ, ʙʽʣʴʰ ʚʠʨʘʟʥʦʶ ʫ ʚʠʧʘʜʢʫ ʍʉʉ1. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʽ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʥʘʩʪʫʧʥʠʭ 

ʨʦʙʦʪʘʭ [23, 24, 30, 275]. 
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ʈʆɿɼɯʃ 4 

ɺʇʃʀɺ ʍʈʆʅɯʏʅʆɻʆ ʉʆʎɯɸʃʔʅʆɻʆ ʉʊʈɽʉʋ ʊɸ ʄʆɼʋʃʗʎɯɰ ʉʂʃɸɼʋ 

ʂʀʐʂʆɺʆɰ ʄɯʂʈʆʌʃʆʈʀ ʅɸ ɽʂʉʇʈɽʉɯʖ ɺʈʆɼɾɽʅʀʍ 

ʂʆʄʇʆʅɽʅʊɯɺ ɯʄʋʅʅʆɰ ʉʀʉʊɽʄʀ ʂɸʃʊ ʑʋʈɯɺ ʃɯʅɯɰ ɺɯʉʊɸʈ 

 

 

 

ʋ ʛʣʘʚʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʧʣʠʚʫ ʭʨʦʥʽʯʥʦʛʦ 

ʩʦʮʽʘʣʴʥʦʛʦ ʩʪʨʝʩʫ ʪʘ ʤʦʜʫʣʷʮʽʾ ʩʢʣʘʜʫ ʢʠʰʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ LFV ʪʘ ʝʢʩʧʨʝʩʽʶ TLR2/4 ʪʠʧʫ ʽ 

ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ Nf-kB ʫ ʂɸʃʊ, ʜʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩ ɹ

ʽʤʫʥʦʛʽʩʪʦʭʽʤʽʯʥʽ ʪʘ ʽʤʫʥʦʬʣʶʦʨʝʩʮʝʥʪʥʽ ʤʝʪʦʜʠ. ɺʠʚʯʝʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʨʦʟʧʦʜʽʣʫ 

TLR2
+
-, TLR4

+
- ʽ Nf-kB

+
 - ʢʣʽʪʠʥ ʚ ʨʽʟʥʠʭ ʤʦʨʬʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʦʥʘʭ ʂɸʃʊ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤ AxioVision 4.7.2 (ZEISS, ʅʽʤʝʯʯʠʥʘ) ʪʘ ImageJ (NIH, ʉʐɸ) 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ ʽ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʽʤʫʥʦʧʦʟʠʪʠʚʥʠʭ ʢʣʽʪʠʥ, ʧʨʠ ʮʴʦʤʫ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʫʣʠ: ʱʽʣʴʥʽʩʪʴ 

ʚʽʜʧʦʚʽʜʥʠʭ ʣʽʤʬʦʮʠʪʽʚ ʥʘ 1 ʤʤ
2
 ʪʢʘʥʠʥʠ ʪʘ ʾʭ ʯʘʩʪʢʘ ʚ ʩʪʨʫʢʪʫʨʽ ʣʽʤʬʦʾʜʥʦʾ 

ʧʦʧʫʣʷʮʽʾ, ʱʽʣʴʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʠʭ TLR ʥʘ ʢʣʽʪʠʥʥʽʡ ʤʝʤʙʨʘʥʽ ʣʽʤʬʦʮʠʪʽʚ, 

ʢʦʥʮʝʥʪʨʘʮʽʷ Nf-kB ʚ ʮʠʪʦʧʣʘʟʤʽ ʽ ʷʜʨʽ.  

 

4.1. ʆʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʧʦʚʥʝʥʠʭ 

ʣʽʤʬʦʮʠʪʘʤʠ ʚʦʨʩʠʥʦʢ ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʧʣʠʚʘʭ 

 

ɺʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʧʦʚʥʝʥʠʭ ʣʽʤʬʦʮʠʪʘʤʠ 

ʚʦʨʩʠʥʦʢ ʧʦʢʘʟʘʣʦ, ʱʦ ɿʃɺ ʫ ʱʫʨʽʚ ʙʽʣʴʰ ʰʠʨʦʢʽ, ʥʽʞ ʩʫʩʽʜʥʽ ʚʦʨʩʠʥʢʠ ʽ ʤʽʩʪʷʪʴ ʫ 

ʚʣʘʩʥʽʡ ʧʣʘʩʪʠʥʮʽ ʚʝʣʠʢʝ ʯʠʩʣʦ ʣʽʤʬʦʮʠʪʽʚ (ʨʠʩ. 4.1). ʂʽʣʴʢʽʩʪʴ ɿʃɺ ʫ ʢʦʥʪʨʦʣʴʥʠʭ 

ʪʚʘʨʠʥ (ʥʘ 100 ʚʦʨʩʠʥʦʢ) ʩʪʘʥʦʚʠʣʘ 1,2 Ñ 0,1. ʈʦʟʚʠʪʦʢ ʍʉʉ ʩʫʧʨʦʚʦʜʞʫʚʘʚʩʷ 

ʜʦʩʪʦʚʽʨʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʫ 2,2 ʨʘʟʠ (ʨ <0,05) ʧʨʠ ʍʉʉ1 ʽ ʫ 2 ʨʘʟʠ 

(ʨ <0,05) ʟʘ ʫʤʦʚ ʍʉʉ2 ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ ʱʫʨʽʚ. ɺʚʝʜʝʥʥʷ ʂʘʥ ʽ 
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ʃʙ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʪʚʘʨʠʥʘʤ ʥʝ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʦʾ ʟʤʽʥʠ 

ʢʽʣʴʢʦʩʪʽ ɿʃɺ (ʥʘ 100 ʚʦʨʩʠʥʦʢ) (ʪʘʙʣ. 4.1). 

ɺʨʘʭʦʚʫʶʯʠ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ ʧʨʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ɯʃ-2R
+
 ʢʣʽʪʠʥ (CD25) ʫ 

LFV, ʤʠ, ʢʨʽʤ ʢʣʘʩʠʯʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ʜʣʷ ʜʦʜʘʪʢʦʚʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʮʠʭ ʩʪʨʫʢʪʫʨ, ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʽʤʫʥʦʛʽʩʪʦʭʽʤʽʯʥʫ ʨʝʘʢʮʽʶ ʟ ʧʝʨʚʠʥʥʠʤʠ ʄʂɸʊ ʜʦ 

CD25 ʱʫʨʘ ʽ ʚʪʦʨʠʥʥʠʤʠ ʘʥʪʠʪʽʣʘʤʠ rabbit ImmunoCruzTM. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʣʽʤʬʦʮʠʪʽʚ ʚ LFV ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʛʨʫʧʽ ʱʫʨʽʚ ʩʢʣʘʜʘʣʘ 72 Ñ 6. ʈʦʟʚʠʪʦʢ ʍʉʉ 

ʧʨʠʟʚʦʜʠʚ ʜʦ ʜʦʩʪʦʚʽʨʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʣʽʤʬʦʮʠʪʽʚ ʫ ʚʣʘʩʥʽʡ ʧʣʘʩʪʠʥʮʽ 

ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ LFV (ʥʘ 51,4% (ʨ <0,05) ʧʨʠ ʍʉʉ1 ʽ ʥʘ 58,3% (ʨ <0,05) ʟʘ ʫʤʦʚ 

ʍʉʉ2) ʫ ʧʦʨʽʚʥʷʥʥ ̔ ʟ ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ ʪʚʘʨʠʥ. ɺʚʝʜʝʥʥʷ ʂʘʥ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʱʫʨʘʤ ʥʝ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʜʦʩʪʦʚʽʨʥʦʾ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʣʽʤʬʦʮʠʪʽʚ 

ʫ ɿʃɺ, ʪʦʜʽ ʷʢ ʚʚʝʜʝʥʥʷ ʃʙ ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩʷ ʟʨʦʩʪʘʥʥʷʤ ʾʭ ʯʠʩʣʘ (ʥʘ 27,5% (ʨ 

<0,05) ʧʨʠ ʍʉʉ1 ʽ ʥʘ 25,4% (ʨ <0,05) ʫ ʚʠʧʘʜʢʫ ʍʉʉ2) ʫ ʧʦʨʽʚʥʷʥʥ ̔ʽʟ ʩʪʨʝʩʦʚʘʥʠʤʠ 

ʪʚʘʨʠʥʘʤʠ, ʷʢʠʤ ʚʚʦʜʠʣʠ ʬʽʟʽʦʣʦʛʽʯʥʠʡ ʨʦʟʯʠʥ (ʜʠʚ. ʪʘʙʣ. 4.1). 

ʊʘʙʣʠʮʷ 4.1. 

ʂʽʣʴʢʽʩʪʴ LFV (ʥʘ 100 ʚʦʨʩʠʥʦʢ) ʪʘ ʢʽʣʴʢʽʩʪʴ ʣʽʤʬʦʮʠʪʽʚ ʫ ʚʣʘʩʥʽʡ ʧʣʘʩʪʠʥʮʽ 

ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ LFV (ʄÑ m) 

ʉʝʨʽʾ 
ʂʽʣʴʢʽʩʪʴ LFV/ 100 

ʚʦʨʩʠʥʦʢ 

ʂʽʣʴʢʽʩʪʴ ʣʽʤʬʦʮʠʪʽʚ 

ʚ LFV 

ʢʦʥʪʨʦʣʴ 1,2Ñ0,1 72Ñ6 

ʩʪʨʝʩ 1 2,6Ñ0,2
1
 109Ñ9

1 

ʩʪʨʝʩ 2 2,4Ñ0,2
1 

114Ñ9
1
 

ʩʪʨʝʩ 1 + ʢʘʥʘʤʽʮʠʥ 2,5Ñ0,3
1 

111Ñ13
1 

ʩʪʨʝʩ 2 + ʢʘʥʘʤʽʮʠʥ 2,4Ñ0,3
1 

124Ñ12
1 

ʩʪʨʝʩ 1 + ʣʘʢʪʦʙʘʢʪʝʨʠʥ 2,3Ñ0,2
1 

139Ñ10
1,2 

ʩʪʨʝʩ 2 + ʣʘʢʪʦʙʘʢʪʝʨʠʥ 2,1Ñ0,3
 

143Ñ11
1,3 

 

ʇʨʠʤʽʪʢʘ: ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʽʜʤʽʥʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʽʚ ʨ <0,05 ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʢʦʥʪʨʦʣʶ (
1
), ʜʦ ʩʪʨʝʩʫ 1(

2
), ʜʦ ʩʪʨʝʩʫ 2(

3
). 
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ʈʠʩ. 4.1. ɿʘʧʦʚʥʝʥʽ ʣʽʤʬʦʮʠʪʘʤʠ ʚʦʨʩʠʥʢʠ (ɿʃɺ, LFV). CD25
+
 - ʢʣʽʪʠʥʠ ʫ 

ʚʣʘʩʥʽʡ ʧʣʘʩʪʠʥʮʽ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ LFV ʫ ʱʫʨʽʚ ʣʽʥʽʾ ɺʽʩʪʘʨ. ɯʤʫʥʦʛʽʩʪʦʭʽʤʽʯʥʘ 

ʨʝʘʢʮʽʷ ʟ ʧʝʨʚʠʥʥʠʤʠ ʄʂɸʊ ʜʦ CD25 ʱʫʨʘ ʽ ʚʪʦʨʠʥʥʠʤʠ ʘʥʪʠʪʽʣʘʤʠ rabbit 

ImmunoCruzTM Staining system ʟ ʥʘʩʪʫʧʥʦʶ ʜʦʢʨʘʩʢʦʶ ʛʝʤʘʪʦʢʩʽʣʽʥʦʤ: A-ʉ - 

ʢʦʥʪʨʦʣʴ; D-E - ʍʉʉ1; F - ʍʉʉ2. 

 

A 

F

A 

E

A 

D

A 
C 

B

A 

100�%�!�% 50 �%�!�% 

50 �%�!�% 10 �%�!�% 

10 �%�!�% 10 �%�!�% 


