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ɸʥʥʦʪʘʮʠʷ. ɿʘʞʠʚʣʝʥʠʝ ʢʦʞʥʳʭ ʨʘʥ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʷʜ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʪʢʘʥʷʭ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʢʣʶ-

ʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʢʦʞʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʙʱʝʛʦ ʟʜʦ-

ʨʦʚʴʷ ʦʨʛʘʥʠʟʤʘ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʫʩʢʦʨʝʥʠʶ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʤʝʜʠʮʠʥʩʢʠʤʠ, ʪʘʢ 

ʠ ʩʦʮʠʘʣʴʥʳʤʠ ʘʩʧʝʢʪʘʤʠ. ʂʦʞʥʳʝ ʨʘʥʳ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʚʤ, ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʚʤʝʰʘ-

ʪʝʣʴʩʪʚ, ʦʞʦʛʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʠ ʠʭ ʟʘʞʠʚʣʝʥʠʝ ʯʘʩʪʦ ʦʩʣʦʞʥʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʠʥʬʝʢʮʠʷ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʨʦʚʦʩʥʘʙʞʝʥʠʝ ʠ ʚʦʟʨʘʩʪ ʧʘʮʠʝʥʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʨʝʛʫʣʷʮʠʠ ʧʨʦʮʝʩʩʦʚ ʨʝʧʘʨʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʥʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʵʪʦʡ ʪʝʤʝ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤ 

ʧʦʥʠʤʘʥʠʠ ʤʦʨʬʦʢʣʠʥʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʢʦʞʝ ʚ ʦʪʚʝʪ ʥʘ ʪʨʘʚʤʫ. ʀʟʫʯʝʥʠʝ ʚʦʧʨʦʩʦʚ 

ʢʣʝʪʦʯʥʦʡ ʨʝʛʫʣʷʮʠʠ ʨʝʛʝʥʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʨʘʩʰʠʬʨʦʚʢʘ ʚʩʝʭ ʵʪʘʧʦʚ ʨʘʥʦʟʘʞʠʚʣʝʥʠʷ ʧʦʟʚʦʣʷʪ 

ʵʬʬʝʢʪʠʚʥʝʝ ʧʦʜʦʡʪʠ ʢ ʢʦʥʪʨʦʣʶ ʣʝʯʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʣʠʪʝʨʘ-

ʪʫʨʳ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʩʪʚʦʣʦʚʳʭ ʧʦʧʫʣʷʮʠʡ ʚʦ-

ʣʦʩʷʥʦʛʦ ʬʦʣʣʠʢʫʣʘ ʧʨʠ ʟʘʞʠʚʣʝʥʠʠ ʨʘʥ, ʪʘʢ ʢʘʢ ʧʦʥʠʤʘʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴ-

ʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʚʠʜʫ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʦʚʘʥʠʷ ʩʦʧʨʷʞʝʥʥʳʭ ʨʝʧʘʨʘʪʠʚʥʳʭ ʨʝʘʢʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʞʠʚʣʝʥʠʝ ʨʘʥ, ʨʝʧʘʨʘʮʠʷ ʢʦʞʠ, ʨʝʛʝʥʝʨʘʮʠʷ, ʬʘʢʪʦʨʳ ʨʦʩʪʘ, ʣʝʯʝʥʠʝ ʨʘʥ, ʚʦ-

ʣʦʩʷʥʦʡ ʬʦʣʣʠʢʫʣ, ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ. 
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Abstract. Wound healing is a complex and multi-stage process involving a series of morphological and 

functional changes in tissues. This process is crucial for restoring skin integrity and, consequently, for maintain-

ing overall health. In recent decades, there has been significant interest in studying various methods and agents 

that promote wound healing acceleration, driven by both medical and social aspects. Skin wounds can result 

from trauma, surgical interventions, burns, and various diseases, with healing often complicated by factors such 

as infection, insufficient blood supply, and patient age. In this regard, the study of potential regulation mecha-

nisms of repair processes becomes particularly relevant. However, despite numerous studies on this topic, a 

deeper understanding of the morphoclinical changes occurring in the skin in response to injury is still needed. 

Investigating cellular regulation of the regenerative process and deciphering all stages of wound healing will 

enable more effective control over treatment strategies. This review will analyze the existing data on the role of 

hair follicle stem cell populations in wound healing, as understanding this process appears to be both relevant 

and promising due to its potential for regulating associated reparative reactions. 

Keywords: wound healing, skin repair, regeneration, growth factors, wound treatment, hair follicle, stem 

cells. 

 
ʂʦʞʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʵʧʠʜʝʨʤʠʩʘ ʠ ʜʝʨʤʳ, ʚʢʣʶʯʘʷ ʧʦʜ-

ʢʦʞʥʦ-ʞʠʨʦʚʫʶ ʢʣʝʪʯʘʪʢʫ, ʠʣʠ ʜʝʨʤʘʣʴʥʳʡ ʩʣʦʡ ʘʜʠʧʦʮʠʪʦʚ. ʂʦʞʘ ʩʦʟʜʘʝʪ ʙʘʨʴʝʨ, ʢʦʪʦʨʳʡ ʟʘʱʠʱʘʝʪ 

ʦʪ ʚʨʝʜʦʥʦʩʥʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʨʝʜʥʳʭ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʠ ʠʩʧʘʨʝʥʠʷ ʞʠʜʢʦʩʪʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʞʘ ʪʘʢʞʝ ʟʘʱʠʱʘʝʪ ʥʠʞʝʣʝʞʘʱʠʝ ʦʨʛʘʥʳ, ʯʪʦ ʥʝʦʙʭʦʜʠ-

ʤʦ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʦʨʛʘʥʠʟʤʘ. ʗʚʣʷʷʩʴ ʟʘʱʠʪʥʳʤ ʱʠʪʦʤ ʦʨʛʘʥʠʟʤʘ ʦʪ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʢʦʞʘ ʧʦʩʪʦʷʥʥʦ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʦʚʨʝʞʜʝʥʠʷʤ, ʧʦʵʪʦʤʫ ʟʘʞʠʚʣʝʥʠʝ ʨʘʥ ʷʚʣʷʝʪʩʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʤ ʧʨʦ-
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ʮʝʩʩʦʤ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʚʩʝʭ ʚʳʩʰʠʭ ʦʨʛʘʥʠʟʤʦʚ. ʕʧʠʜʝʨʤʘʣʴʥʳʝ ʧʨʠʜʘʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʚʦʣʦʩʷʥʳʝ ʬʦʣʣʠ-

ʢʫʣʳ, ʥʦʛʪʠ ʠ ʧʦʪʦʚʳʝ ʞʝʣʝʟʳ, ʧʦʤʦʛʘʶʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʠ ʟʘʱʠʱʘʪʴ ʢʦʞʫ, ʠ ʠʭ ʚʘʞʥʘʷ ʨʦʣʴ ʚ ʟʘʞʠʚʣʝ-

ʥʠʠ ʨʘʥ ʧʨʦʜʦʣʞʘʝʪ ʚʳʷʩʥʷʪʴʩʷ. ʃʫʯʰʝʝ ʧʦʥʠʤʘʥʠʝ ʢʣʝʪʦʯʥʳʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ 

ʦʩʥʦʚʝ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʟʚʦʣʠʪ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʘʤʠ ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʫʩʢʦʨʷʪʴ ʝʛʦ. 

ɿʘʞʠʚʣʝʥʠʝ ʨʘʥ ï ʵʪʦ ʵʚʦʣʶʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʩʦʭʨʘʥʠʚʰʠʡʩʷ ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ ʠ ʦʭʚʘʪʳʚʘʶʱʠʡ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ ʠ ʚʨʝʤʝʥʥʦ ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʧʨʦʮʝʩʩʳ, ʚʢʣʶʯʘʷ ʚʦʩʧʘʣʝʥʠʝ, ʢʣʝʪʦʯʥʫʶ ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ 

ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ (ɺʂ) [2, 10, 8]. ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ ʥʘ ʢʦʞʝ 

ʨʘʟʣʠʯʘʶʪʩʷ ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ. ʅʝʢʦʪʦʨʳʝ ʥʠʟʰʠʝ ʧʦʟʚʦʥʦʯʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʳʙʳ (ʨʳʙʘ-ʟʝʙʨʘ) ʠ ʘʤʬʠʙʠʠ 

(ʘʢʩʦʣʦʪʣʴ ʠ ʰʧʦʨʮʝʚʘʷ ʣʷʛʫʰʢʘ), ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʠʜʝʘʣʴʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʢʦʞʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʧʦʩʣʝ ʨʝʛʝʥʝʨʘʮʠʠ ʧʦʣʥʦʩʣʦʡʥʳʭ ʨʘʥ ʫ ʣʷʛʫʰʝʢ ʠ ʘʢʩʦʣʦʪʣʝʡ ʨʝʛʝʥʝʨʠʨʫʝʪ ʚʩʷ ʢʦʞʘ, ʚʢʣʶʯʘʷ ʩʝʢʨʝʪʦʨ-

ʥʳʝ ʧʨʠʜʘʪʢʠ [1, 4, 6]. ɺ ʭʦʜʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʠʪʴʩʷ ʜʘʞʝ ʧʠʛʤʝʥʪʘʮʠʷ ʢʦʞʠ 

[15, 20]. ʂʦʞʘ ʨʳʙ ʪʘʢʞʝ ʩʧʦʩʦʙʥʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʧʦʣʦʩʘʪʫʶ ʧʠʛʤʝʥʪʘʮʠʶ ʧʦʩʣʝ ʨʘʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʝ-

ʛʝʥʝʨʠʨʦʚʘʪʴ ʧʦʜʢʦʞʥʳʝ ʘʜʠʧʦʮʠʪʳ ʠ ʯʝʰʫʡʢʠ ʚ ʧʨʦʮʝʩʩʝ ʟʘʞʠʚʣʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʫʶ 

ʢʦʞʫ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʪʣʠʯʠʤʦʡ ʦʪ ʠʩʭʦʜʥʦʡ [11, 15, 18]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʤʣʝʢʦʧʠʪʘʶʱʠʤ, ʚʢʣʶʯʘʷ 

ʯʝʣʦʚʝʢʘ, ʜʦʙʠʪʴʩʷ ʪʘʢʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ ʫ 

ʚʟʨʦʩʣʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʦʙʨʘʟʫʶʪʩʷ ʨʫʙʮʳ, ʚ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʠʜʘʪʢʠ ʢʦʞʠ. ʍʦʪʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʨʫʙʮʦʚ ʤʦʞʝʪ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʢʦʞʠ ï ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʠʥʬʝʢʮʠʠ ʠ ʦʙʝʟ-

ʚʦʞʠʚʘʥʠʝ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ. ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʰʨʘʤ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʪʨʘʚʤʳ ʠʣʠ ʦʞʦʛʘ, ʷʚʥʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʦʪ ʠʩʭʦʜʥʦʡ ʥʝʧʦʚʨʝʞʜʝʥʥʦʡ ʢʦʞʠ, ʦʥ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ, ʵʩʪʝʪʠʯʝʩʢʦʤʫ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤʫ ʜʠʩʢʦʤʬʦʨʪʫ, ʩʥʠʞʘʷ ʢʘʯʝʩʪʚʦ 

ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʜʘʪʢʠ ʢʦʞʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʝʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʦ-

ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. ʅʘʧʨʠʤʝʨ, ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʧʨʠʜʘʪʢʠ ʢʦʞʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʵʧʠʜʝʨʤʘʣʴ-

ʥʳʭ ʢʣʝʪʦʢ ʜʣʷ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʣʦʩʷʥʦʡ ʬʦʣʣʠʢʫʣ ʠ ʩʘʣʴʥʘʷ ʞʝʣʝʟʘ ʚʳʧʦʣʥʷʶʪ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʢʦʞʠ ʢʘʢ ʦʨʛʘʥʳ ʯʫʚʩʪʚ ʠ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ [1, 3, 9, 10]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʨʫʙʮʦʚ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʣʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʬʫʥʢʮʠʡ ʢʦʞʠ. ʕʧʠʜʝʨʤʠʩ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʣʦʩʢʠʡ ʦʨʦʛʦʚʝʚʘʶʱʠʡ ʵʧʠʪʝʣʠʡ, ʧʦʜʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʣʠʬʝʨʘ-

ʮʠʠ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʙʘʟʘʣʴʥʦʛʦ ʩʣʦʷ ʵʧʠʜʝʨʤʠʩʘ. ʇʦ ʤʝʨʝ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʙʘʟʘʣʴʥʳʭ ʵʧʠʜʝʨʤʘʣʴ-

ʥʳʭ ʢʣʝʪʦʢ ʠ ʠʭ ʧʨʦʜʚʠʞʝʥʠʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʦʥʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʚ ʙʝʟʲʷʜʝʨʥʳʝ 

ʢʝʨʘʪʠʥʦʮʠʪʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʨʦʛʦʚʦʡ ʩʣʦʡ. ɹʫʜʫʯʠ ʩʘʤʳʤ ʥʘʨʫʞʥʳʤ ʩʣʦʝʤ ʦʨʛʘʥʠʟʤʘ, ʵʧʠʜʝʨʤʠʩ ʧʦ-

ʩʪʦʷʥʥʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʧʦʚʨʝʞʜʘʶʱʠʤ ʬʘʢʪʦʨʘʤ. ʅʝʩʧʦʩʦʙʥʦʩʪʴ ʨʝʵʧʠʪʝʣʠʟʠʨʦʚʘʪʴ 

ʧʦʚʨʝʞʜʝʥʥʫʶ ʢʦʞʫ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʙʘʨʴʝʨʥʦʡ ʬʫʥʢʮʠʠ ʦʨʛʘʥʘ, ʦʙʝʟʚʦʞʠʚʘʥʠʶ, ʠʥʬʠʮʠʨʦʚʘʥʠʶ ʠ 

ʩʤʝʨʪʝʣʴʥʦʤʫ ʠʩʭʦʜʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʩʪʨʦʝ ʟʘʢʨʳʪʠʝ ʨʘʥʳ ʧʫʪʝʤ ʤʠʛʨʘʮʠʠ ʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʵʧʠʪʝʣʠ-

ʘʣʴʥʳʭ ʢʣʝʪʦʢ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʘʨʴʝʨʥʦʡ ʬʫʥʢʮʠʠ, ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦ-

ʜʠʤʦʡ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʦʨʛʘʥʠʟʤʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʦ ʤʥʦʞʝʩʪʚʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʪʦʛʦ, ʯʪʦ ʥʘ-

ʣʠʯʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʨʝʟʠʜʝʥʪʥʳʭ ʵʧʠʪʝʣʠʘʣʥɹʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʚ ʢʦʞʝ ʚʟʨʦʩʣʦʛʦ ʯʝʣʦʚʝʢʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʮʝʩʩʫ ʨʝʵʧʠʪʝʣʠʟʘʮʠʠ. MascreË ʩ ʩʦʘʚʪʦʨʘʤʠ (2012) ʦʧʠʩʘʣʠ ʜʚʘ ʨʘʟʥʳʭ ʧʨʦʤʦʪʦʨʘ: ʂʝ-

ʨʘʪʠʥ 14, ʢʦʪʦʨʳʡ ʥʘʮʝʣʝʥ ʥʘ ʙʘʟʘʣʴʥʳʝ ʢʣʝʪʢʠ ʵʧʠʜʝʨʤʠʩʘ, ʚʢʣʶʯʘʷ ʧʨʦʛʝʥʠʪʦʨʥʫʶ ʧʦʧʫʣʷʮʠʶ, ʢʦʪʦ-

ʨʘʷ ʧʨʦʣʠʬʝʨʠʨʫʝʪ ʠ ʜʠʬʬʝʨʝʥʮʠʨʫʝʪʩʷ, ʠ ʙʝʣʦʢ ʀʥʚʦʥʢʫʣʠʥ, ʢʦʪʦʨʳʡ ʥʘʮʝʣʝʥ ʥʘ ʩʪʠʤʫʣʷʮʠʶ ʠʩʢʣʶ-

ʯʠʪʝʣʴʥʦ ʥʘ ʧʦʧʫʣʷʮʠʶ ʧʨʦʛʝʥʠʪʦʨʥʳʭ ʢʣʝʪʦʢ. ʇʦʩʣʝ ʨʘʥʝʥʠʷ ʦʙʝ ʧʦʧʫʣʮ̫ʠʠ ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʦʙʣʘʩʪʴ 

ʨʘʥʳ, ʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʣʝʪʢʠ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʂʝʨʘʪʠʥ 14. ʂʣʝʪʢʠ, ʵʢʩʧʨʝʩ-

ʩʠʨʫʶʱʠʝ ʀʥʚʦʣʴʢʫʣʠʥ, ʜʝʘʢʪʠʚʠʨʫʶʪʩʷ ʨʘʥʴʰʝ. ʀʟʫʯʝʥʠʝ ʥʘ ʤʦʜʝʣʠ ʤʳʰʝʡ ʢʣʝʪʦʯʥʳʭ ʧʦʧʫʣʷʮʠʡ ʩ 

ʤʘʨʢʠʨʦʚʢʦʡ ʚʩʝʭ ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʬʦʣʣʠʢʫʣʷʨʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (Shh-Cre; R26R-lacZ), ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʬʦʣʣʠʢʫʣʷʨʥʳʝ ʢʣʝʪʢʠ ʤʦʛʫʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʵʧʠʜʝʨʤʘʣʴʥʳʝ [1, 16]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʥʝ-

ʩʢʦʣʴʢʦ ʦʪʜʝʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ ʧʨʦʛʝʥʠʪʦʨʥʳʭ ʢʣʝʪʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʚʦʣʦʩʷʥʦʤ ʬʦʣʣʠʢʫʣʝ, ʚʢʣʶʯʘʷ 

ʣʫʢʦʚʠʮʫ, ʟʦʥʫ ʩʦʝʜʠʥʝʥʠʷ ʚʦʣʦʩʥ̫ʳʭ ʬʦʣʣʠʢʫʣʦʚ ʩ ʩʘʣʴʥʦʡ ʞʝʣʝʟʦʡ ʠ ʢʦʞʥʦʝ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʚʳʭʦʜʘ 

ʚʦʣʦʩʘ (ʚʦʨʦʥʢʘ), ʚʥʦʩʷʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʨʝʛʝʥʝʨʘʮʠʶ ʢʦʞʠ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʩʦʭʨʘʥʝʥʠʷ ʤʝʪʦʢ ʜʣʷ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʚ ʢʦʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ʚʦʣʦʩʷ-

ʥʦʛʦ ʬʦʣʣʠʢʫʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʦʙʣʘʩʪʠ ʣʫʢʦʚʠʮʳ ʚʦʣʦʩʷʥʦʛʦ ʬʦʣʣʠʢʫʣʘ, ʤʦʙʠʣʠʟʫʶʪʩʷ ʚ ʵʧʠʜʝʨʤʠʩ 

ʢʦʞʠ ʧʦʩʣʝ ʨʘʥʝʥʠʷ [7, 12, 13]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʜʘʥʥʳʤʠ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʚʦʣʦ-

ʩʷʥʳʭ ʬʦʣʣʠʢʫʣʦʚ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʥʥʘʷ ʦʙʣʘʩʪʴ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʷʚʣʝʥʠʶ ʢʣʝʪʦʯʥʦʛʦ 

ʩʦʩʪʘʚʘ ʜʣʷ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʣʦʩʷʥʦʛʦ ʬʦʣʣʠʢʫʣʘ, ʩʘʣʴʥʦʡ ʞʝʣʝʟʳ, ʘ ʪʘʢʞʝ ʵʧʠʜʝʨʤʠʩʘ [2, 7, 14]. ɺʧʦ-

ʩʣʝʜʩʪʚʠʠ ʛʝʥʝʪʠʯʝʩʢʦʝ ʘʥʘʣʠʟʘ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʂʝʨʘʪʠʥ 15, ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʭ ʚ ʦʙʣʘʩʪʠ ʣʫʢʦʚʠʮʳ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʪʠ ʢʣʝʪʢʠ ʤʠʛʨʠʨʫʶʪ ʚ ʵʧʠʜʝʨʤʠʩ ʢ ʮʝʥʪʨʫ ʨʘʥʳ ʧʦʩʣʝ 

ʧʦʣʥʦʩʣʦʡʥʳʭ ʨʘʥ [5]. ɻʝʥʝʪʠʯʝʩʢʘʷ ʘʙʣʷʮʠʷ ʢʣʝʪʦʢ K15Ī ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʜʝʬʝʢʪʘʤ ʥʦʨʤʘʣʴʥʦʛʦ ʵʧʠʜʝʨ-

ʤʘʣʴʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʵʧʠʜʝʨʤʘʣʴʥʳʝ ʢʣʝʪʢʠ 

ʪʦʣʴʢʦ ʚ ʦʪʚʝʪ ʥʘ ʨʘʥʝʥʠʝ. ʕʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪ, ʯʪʦ ʨʘʥʝʥʠʝ ʥʘʨʫʰʘʝʪ ʵʧʠʜʝʨʤʘʣʴʥʳʡ ʛʦʤʝʦʩʪʘʟ ʧʫʪʝʤ 

ʠʩʪʦʱʝʥʠʷ ʚʟʨʦʩʣʦʛʦ ʧʫʣʘ ʢʣʝʪʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʠʚʣʝʯʝʥʠʶ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʚ ʚʦʣʦʩʷʥʦʡ ʬʦʣ-

ʣʠʢʫʣ, ʢʦʪʦʨʳʝ ʜʘʁ ʪ ʥʘʯʘʣʦ ʵʧʠʜʝʨʤʘʣʴʥʳʤ ʢʣʝʪʢʘʤ ʜʣʷ ʩʦʜʝʡʩʪʚʠʷ ʨʝʵʧʠʪʝʣʠʟʘʮʠʠ. ʇʦʩʣʝ ʤʠʛʨʘʮʠʠ ʚ 

ʵʧʠʜʝʨʤʠʩ ʧʦʪʦʤʩʪʚʦ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ K15Ī ʧʨʠʦʙʨʝʪʘʝʪ ʵʧʠʜʝʨʤʘʣʴʥʳʡ ʬʝʥʦʪʠʧ, ʩʫʜʷ 

ʧʦ ʘʥʘʣʠʟʫ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ. ʆʜʥʘʢʦ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʢʣʝʪʦʢ ʠʩʯʝʟʘʝʪ 
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ʚ ʨʘʥʝʚʦʤ ʵʧʠʜʝʨʤʠʩʝ, ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ʣʫʢʦʚʠʮʳ ʚʦʣʦʩʷʥʦʛʦ ʬʦʣʣʠʢʫʣʘ 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʫʯʘʩʪʚʫʶʪ ʚ ʦʩʪʨʦʡ ʬʘʟʝ ʢʣʝʪʦʯʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʧʨʠ ʨʝʧʘʨʘʮʠʠ ʨʘʥʳ. Lrig1 ʙʳʣ ʧʝʨ-

ʚʳʤ ʤʘʨʢʝʨʦʤ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤ ʚ ʟʦʥʝ ʩʦʝʜʠʥʝʥʠʷ (ʧʝʨʝʰʝʡʢʘ) ʤʝʞʜʫ ʣʫʢʦʚʠʮʝʡ ʚʦʣʦʩʷʥʦʛʦ ʬʦʣ-

ʣʠʢʫʣʘ, ʩʘʣʴʥʦʡ ʞʝʣʝʟʦʡ ʠ ʚʦʨʦʥʢʦʡ [5, 17, 19]. ʂʣʝʪʢʠ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ Lrig1, ʤʦʛʫʪ ʜʘʚʘʪʴ ʥʘʯʘʣʦ 

ʚʩʝʤ ʚʟʨʦʩʣʳʤ ʵʧʠʜʝʨʤʘʣʴʥʳʤ ʣʠʥʠʷʤ ʚ ʘʥʘʣʠʟʘʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʞʠ [3, 8]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʙʦʣʝʝ 

ʧʦʟʜʥʠʡ ʘʥʘʣʠʟ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʨʢʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʣʝʪʢʠ Lrig1Ī ʚ ʚʦʣʦʩʷʥʦʡ ʯʘʩʪʠ ʚʦʣʦʩʷʥʦʛʦ 

ʧʦʢʨʦʚʘ ʥʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʝʬʦʨʤʠʨʦʚʘʥʠʶ ʚʦʣʦʩʷʥʦʤʫ ʬʦʣʣʠʢʫʣʫ, ʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʪʦʣʴʢʦ ʩʘʣʴʥʫʶ 

ʞʝʣʝʟʫ ʠʣʠ ʚʦʨʦʥʢʫ ʚ ʧʝʨʠʦʜ ʧʨʦʣʠʬʝʨʘʮʠʠ [13, 17]. ʇʦʩʣʝ ʨʘʥʝʥʠʷ ʢʣʝʪʢʠ Lrig1, ʧʨʦʠʩʭʦʜʷʱʠʝ ʠʟ ʚʦ-

ʣʦʩʠʩʪʦʡ ʯʘʩʪʠ ʛʦʣʦʚʳ, ʤʠʛʨʠʨʫʶʪ ʚ ʦʙʣʘʩʪʴ ʨʘʥʳ ʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʦʤ ʂʄ ʜʦ 1 ʛʦʜʘ, ʘ 

ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʝʥʝʨʘʮʠʠ ʪʢʘʥʝʡ ʧʦʩʣʝ ʨʘʥʝʥʠʷ [7,10]. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʦ ʧʦ-

ʢʘʟʘʥʦ, ʯʪʦ Lgr6-ʧʦʟʠʪʠʚʥʳʝ ʢʣʝʪʢʠ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʝʵʧʠʪʝʣʠʟʘʮʠʠ [15]. ʀʟʦʣʠʨʦʚʘʥʥʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 

Lgr6-ʧʦʟʠʪʠʚʥʳʭ ʢʣʝʪʦʢ ʧʦʟʚʦʣʷʝʪ ʠʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʚʩʝ ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʦʯʥʳʝ ʩʣʦʠ ʢʦʞʠ ʠ ʬʦʨ-

ʤʠʨʦʚʘʪʴ ʚʦʣʦʩʷʥʳʝ ʬʦʣʣʠʢʫʣʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʥʜʫʢʪʠʚʥʳʤʠ ʜʝʨʤʘʣʴʥʤrʠ ʢʣʝʪʢʘʤʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʧʦ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ. ɻʝʥʝʪʠʯʝʩʢʦʝ ʤʘʨʢʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʣʝʪʢʠ Lgr6Ī ʜʘʶʪ ʥʘʯʘʣʦ ʵʧʠʜʝʨʤʠʩʫ ʠ 

ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʦʣʦʩʷʥʳʭ ʬʦʣʣʠʢʫʣʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʮʝʥʪʨʝ ʨʘʥʳ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʢʣʝʪ-

ʢʠ Lgr6Ī ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʦʭʨʘʥʷʣʠʩʴ ʚ ʦʙʣʘʩʪʠ ʨʘʥʳ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʧʦʩʦʙʥʦʩʪʠ ʵʪʠʭ ʢʣʝʪʦʢ ʧʦʜʜʝʨ-

ʞʠʚʘʪʴ ʠʣʠ ʚʥʦʚʴ ʧʨʠʦʙʨʝʪʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʦʙʥʦʚʣʝʥʠʶ ʧʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʩʚʦʝʛʦ ʤʝʩʪʘ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ, ʦʙʠʪʘʶʱʠʝ ʚ ʜʨʫʛʠʭ ʦʪʜʝʣʘʭ, ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ 

ʩʘʤʦʧʦʜʜʝʨʞʠʚʘʶʱʠʝʩʷ ʵʧʠʜʝʨʤʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ʚ ʦʪʚʝʪ ʥʘ ʪʨʘʚʤʫ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦ-

ʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʥʝʰʥʠʝ ʩʠʛʥʘʣʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʠʟ ʧʦʚʨʝʞʜʝʥʥʦʡ ʟʦʥʳ, ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʬʦʣʣʠʢʫʣʷʨʥʳʭ ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʩʪʘʥʦʚʠʪʴʩʷ ʜʦʣʛʦʩʨʦʯʥʳʤʠ ʵʧʠʜʝʨʤʘʣʴʥʳʤʠ ʨʝʟʠʜʝʥʪʘʤʠ ʧʦ-

ʩʣʝ ʤʠʛʨʘʮʠʠ ʠʭ ʠʟ ʚʦʣʦʩʷʥʦʛʦ ʬʦʣʣʠʢʫʣʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʠʟʚʝʩʪʥʦ, ʢʘʢʫʶ ʯʘʩʪʴ ʨʝʵʧʠʪʝʣʠʟʠʨʦ-

ʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʟʘʥʠʤʘʶʪ ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ʠ ʢʘʢ ʦʥʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʨʝʵʧʠʪʝʣʠʟʠʨʦ-

ʚʘʥʥʦʤ ʩʣʦʝ. 

ʇʦʥʠʤʘʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʪʦʛʦ, ʢʘʢ 

ʢʣʝʪʢʠ ʨʘʟʥʳʭ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʣʠʥʠʡ ʧʨʦʷʚʣʷʶʪ ʨʘʟʣʠʯʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚ ʥʦʚʦʤ ʵʧʠʜʝʨʤʠʩʝ. ɹʦʣʝʝ 

ʪʦʛʦ, ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʵʧʠʜʝʨʤʠʩ ʢʦʞʠ ʚʟʨʦʩʣʦʛʦ ʯʝʣʦʚʝʢʘ ʩʧʦʩʦʙʝʥ ʢ ʨʝʛʝʥʝʨʘʮʠʠ ʩʪʚʦʣʦʚʳʭ 

ʢʣʝʪʦʢ, ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ ʨʝʵʧʠʪʝʣʠʟʘʮʠʷ ʫ ʨʘʥʝʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠʩʪʠʥʥʳʤ ʧʨʦʮʝʩ-

ʩʦʤ ʨʝʛʝʥʝʨʘʮʠʠ. ʍʦʪʷ ʚ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ 

ʚʦʣʦʩʷʥʦʛʦ ʬʦʣʣʠʢʫʣʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʝʵʧʠʪʝʣʠʟʘʮʠʠ, ʧʦʩʪʦʷʥʥʦ ʚʦʟʥʠʢʘʣ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʥʝʦʙʭʦʜʠʤ ʣʠ 

ʚʦʣʦʩʷʥʦʡ ʬʦʣʣʠʢʫʣ ʜʣʷ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ ʥʘ ʢʦʞʝ, ʥʝʩʫʱʝʡ ʚʦʣʦʩʳ. ɺ ʦʜʥʦʤ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʳʰʘʤ, 

ʣʠʰʝʥʥʳʭ ʚʦʣʦʩʷʥʳʭ ʬʦʣʣʠʢʫʣʦʚ ʚ ʢʦʞʝ ʭʚʦʩʪʘ, ʥʘʥʦʩʠʣʠ ʧʦʩʣʥʦʩʣʦʡʥʳʝ ʢʦʞʥʳʝ ʨʘʥʝʥʠʷ [10, 15]. ʀʩ-

ʩʣʝʜʦʚʘʪʝʣʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʞʘ ʭʚʦʩʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʨʝʛʝʥʝʨʠʨʦʚʘʣʘ ʥʝ ʪʘʢ ʵʬʬʝʢʪʠʚ-

ʥʦ, ʢʘʢ ʢʦʞʘ ʭʚʦʩʪʘ ʢʦʥʪʨʦʣʴʥʳʭ ʤʳʰʝʡ, ʩʦʜʝʨʞʘʱʘʷ ʚʦʣʦʩʷʥʳʝ ʬʦʣʣʠʢʫʣʳ. ʆʜʥʘʢʦ ʧʦʩʣʝ ʧʝʨʚʦʥʘ-

ʯʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʟʘʜʝʨʞʢʠ ʨʘʥʘ ʨʝʵʧʠʪʝʣʠʟʠʨʫʝʪʩʷ ʩ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʢʣʝʪʢʠ ʚʦʣʦʩʷʥʳʭ ʬʦʣʣʠʢʫʣʦʚ ʫʩʢʦʨʷʶʪ ʥʘʯʘʣʦ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ, ʥʦ ʥʝ ʷʚʣʷʶʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʠʭ ʟʘʞʠʚʣʝʥʠʷ. ɿʥʘʯʝʥʠʝ ʚʦʣʦʩʷʥʳʭ ʬʦʣʣʠʢʫʣʦʚ ʜʣʷ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ ʙʳʣʦ ʪʘʢʞʝ 

ʧʦʢʘʟʘʥʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʚ ʢʦʪʦʨʦʤ ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʩʪʘʜʠʡ ʚʦʣʦʩʷʥʦʛʦ ʮʠʢʣʘ ʥʘ ʩʢʦʨʦʩʪʴ ʟʘʞʠʚʣʝʥʠʷ 

ʨʘʥ. Ansell et al. (2011) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ ʟʘʚʠʩʠʪ ʦʪ ʩʪʘʜʠʠ ʚʦʣʦʩʷʥʦʛʦ ʮʠʢʣʘ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʟʘʞʠʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ ʚʦ ʚʨʝʤʷ ʬʘʟʳ ʘʥʦʛʝʥʘ in vivo. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠ-

ʯʠʝʤ ʦʙʰʠʨʥʦʡ ʩʝʪʠ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʝʡ, ʩʥʠʞʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʛʝʥʦʚ ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʛʝʥʦʚ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʚ ʬʦʣʣʠʢʫʣʷʨʥʳʭ ʵʧʠʪʝʣʠʘʣʴ-

ʥʳʭ ʢʣʝʪʢʘʭ ʥʘ ʩʪʘʜʠʠ ʘʥʘʛʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʜʠʝʡ ʪʝʣʦʛʝʥʘ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʦ-

ʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʢʘʟʘʚʰʝʛʦ, ʯʪʦ ʚʦʣʦʩʷʥʳʝ ʬʦʣʣʠʢʫʣʳ ʚ ʩʪʘʜʠʠ ʘʥʘʛʝʥʘ ʚʳʨʘʙʘʪʳʚʘʶʪ ʘʥʛʠʦʛʝʥʥʳʝ 

ʬʘʢʪʦʨʳ [19]. ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʤʳʰʝʡ, ʜʝʬʠʮʠʪʥʳʭ ʧʦ ʧʨʦʘʧʦʧʪʦʪʠʯʝʩʢʦʤʫ ʛʝʥʫ 

Sept4/ARTS, ʢʦʣʠʯʝʩʪʚʦ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʚʦʣʦʩʷʥʳʭ ʬʦʣʣʠʢʫʣʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʝʥʠʷ 

ʘʧʦʧʪʦʟʘ [5, 17], ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʬʘʟʝ ʢʘʪʘʛʝʥʘ [3]. ʋ ʤʳʰʝʡ ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʣʫʯʰʝʥʠʝ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ. ɹʦʣʝʝ ʪʦʛʦ, ʵʪʦʪ ʬʝʥʦʪʠʧ ʟʘʚʠʩʝʣ ʦʪ K15-ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝ-

ʪʦʢ ʚʦʣʦʩʷʥʦʛʦ ʬʦʣʣʠʢʫʣʘ, ʢʘʢ ʧʦʢʘʟʘʣʦ ʤʘʨʢʠʨʦʚʘʥʠʝ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʠʣʣʶʩʪʨʠʨʫʶʪ ʞʠʟʥʝʥʥʦ ʚʘʞʥʫʶ ʬʫʥʢʮʠʶ ʚʦʣʦʩʷʥʳʭ ʬʦʣʣʠʢʫʣʦʚ ʢʘʢ ʢʣʝʪʦʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ 

ʟʘʞʠʚʣʝʥʠʷ ʢʦʞʠ ʠ ʢʘʢ ʩʠʛʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ, ʚʣʠʷʶʱʝʛʦ ʥʘ ʧʦʚʝʜʝʥʠʝ ʢʣʝʪʦʢ, ʥʝ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʚʦʣʦʩʷ-

ʥʳʤ ʬʦʣʣʠʢʫʣʘʤ.  
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