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Ðåçþìå. Äîñë³äæåíî âïëèâ õðîí³÷íîãî ñîö³àëüíîãî ñòðåñó (ÕÑÑ)
³ ìîäóëÿö³¿ ñêëàäó êèøêîâî¿ ì³êðîôëîðè íà ðîçïîä³ë CD25+
Foxp3+-êë³òèí ó âëàñí³é ïëàñòèíö³ ñëèçîâî¿ îáîëîíêè âîðñèíîê
êëóáîâî¿ êèøêè ùóð³â. Âñòàíîâëåíî, ùî ðîçâèòîê ÕÑÑ ïðèçâî-
äèòü äî çíèæåííÿ ê³ëüêîñò³ CD25+Foxp3+-ë³ìôîöèò³â, çðîñ-
òàííÿ ù³ëüíîñò³ CD25-ðåöåïòîð³â íà êë³òèíí³é ìåìáðàí³ ³
çìåíøåííÿ êîíöåíòðàö³¿ Foxp3 â ³ìóíîïîçèòèâíèõ êë³òèíàõ.
Óâåäåííÿ êàíàì³öèíó íå âïëèâàº íà ê³ëüê³ñòü CD25+Foxp3+-
ë³ìôîöèò³â ³ ñòðóêòóðó ¿õ ïîïóëÿö³¿, òîä³ ÿê ëàêòîáàêòåðèí
ñïðèÿº ï³äâèùåííþ ÷èñëà T-reg êë³òèí íà 33-66 % (ð <0,05) ïðè
çá³ëüøåíí³ â íèõ êîíöåíòðàö³¿ á³ëêà Foxp3.

Êëþ÷îâ³ ñëîâà: ñòðåñ, Ò-ðåãóëÿ-
òîðí³ êë³òèíè, ïðîá³îòèêè,
àíòèá³îòèêè.

Âñòóï
×èñëåíí³ äîñë³äæåííÿ îñòàíí³õ ðîê³â ñâ³ä÷àòü, ùî

âàæëèâó ðîëü ó çàáåçïå÷åíí³ ³ìóíîëîã³÷íî¿ àâòîòîëå-
ðàíòíîñò³ é íåãàòèâíîìó êîíòðîë³ ÿê ïàòîëîã³÷íèõ,
òàê ³ ô³ç³îëîã³÷íèõ ³ìóííèõ ðåàêö³é â³ä³ãðàþòü ñóï-
ðåñîðí³ Ò-ðåãóëÿòîðí³ êë³òèíè (Òreg) [1,3]. Åë³ì³íà-
ö³ÿ àáî ³íàêòèâàö³ÿ öèõ êë³òèí âèêëèêàº ðîçâèòîê
òÿæêèõ àâòî³ìóííèõ çàõâîðþâàíü (À²Ç), à òàêîæ ïðè-
çâîäèòü äî ïîñèëåííÿ ³ìóííî¿ â³äïîâ³ä³ íà àëîàíòè-
ãåíè ³ ïóõëèíí³ êë³òèíè [1].

CD25 (α-ëàíöþã ðåöåïòîðà IË-2, IË-2Rα) òðèâà-
ëèé ÷àñ ââàæàâñÿ îäíèì ³ç õàðàêòåðíèõ ìàðêåð³â
Òreg, îäíàê â³í åêñïðåñóâàâñÿ ³ íà áóäü-ÿêèõ ³íøèõ Ò-
êë³òèíàõ ï³ñëÿ ¿õ àêòèâàö³¿. Ó 2003 ð. áóâ îïèñàíèé
ãåí, ëîêàë³çîâàíèé ó õðîìîñîì³ X, FOXP3 (fork head
box P3), ÿêèé êîíòðîëþº ðîçâèòîê ³ ôóíêö³îíóâàííÿ
Treg-êë³òèí ó ìèøåé, ïîò³ì öå áóëî ïîêàçàíî é äëÿ
Treg-êë³òèí ëþäèíè [3]. Ïðîäóêò ãåíà FOXP3, òðàíñ-
êðèïö³éíèé ôàêòîð Foxp3 (á³ëîê ñêóðô³í), ó äàíèé
÷àñ ââàæàºòüñÿ îäíèì ³ç íàéá³ëüø ñïåöèô³÷íèõ âíóò-
ð³øíüîêë³òèííèõ ìàðêåð³â äëÿ Treg-êë³òèí [3]. Åêñïå-
ðèìåíòàëüíà òðàíñäóêö³ÿ Foxp3 â íåðåãóëÿòîðí³
Foxp3-CD25-CD4 “íà¿âí³” Ò-êë³òèíè ëþäèíè àáî ìè-
øåé ïðèñâîþº îñòàíí³ì ôóíêö³îíàëüí³ âëàñòèâîñò³ òà
ôåíîòèï Òreg, à çà â³äñóòíîñò³ ôóíêö³îíàëüíîãî Foxp3
ðåãóëÿòîðí³ Ò-êë³òèíè íå ïðîäóêóþòüñÿ, ³ òàê³ ìèø³
ãèíóòü óïðîäîâæ ïåðøèõ 3 òèæí³â æèòòÿ â³ä òÿæêèõ
ë³ìôîïðîë³ôåðàòèâíèõ ïîðóøåíü [3].

Îñíîâíèì ì³ñöåì ãåíåðàö³¿ ³íäóö³áåëüíèõ Òreg-
êë³òèí (³Òreg) º êèøêîâî-àñîö³éîâàíà ë³ìôî¿äíà òêà-
íèíà (ÊÀËÒ). Ïðè öüîìó ðîçâèòîê ³ ôóíêö³îíàëüíèé
ñòàí ÊÀËÒ çàëåæèòü â³ä ñêëàäó êèøêîâî¿ ì³êðîôëî-
ðè [11]. Òàê, ó ãíîòîá³îòè÷íèõ òâàðèí ïîðóøóºòüñÿ

ìîðôîãåíåç ³ ñïîñòåð³ãàþòüñÿ çíà÷í³ äåôåêòè ÿê âðîä-
æåíî¿, òàê é àäàïòèâíî¿ ëàíîê ³ìóííî¿ ñèñòåìè, òîáòî
êèøêîâà ì³êðîá³îòà ôîðìóº ÊÀËÒ ³ ðåãóëþº äèôåðåí-
ö³þâàííÿ îêðåìèõ ñóáïîïóëÿö³é Ò-êë³òèí, çîêðåìà,
Òreg, à çì³íè ¿¿ ñêëàäó çäàòí³ ÿê ñïðè÷èíÿòè ðîçâèòîê çà-
ïàëüíèõ òà À²Ç, òàê ³ ïîïåðåäæóâàòè ¿õ ðîçâèòîê [11].
Ö³êàâî, ùî õðîí³÷íèé ñîö³àëüíèé ñòðåñ (ÕÑÑ) çäàòåí íå
ò³ëüêè ñïðè÷èíÿòè çì³íè ó ôóíêö³îíóâàíí³ ÊÀËÒ, ÿê³
ïðîÿâëÿþòüñÿ äèñáàëàíñîì ïðîçàïàëüíèõ òà ðåãóëÿòîð-
íèõ ñóáïîïóëÿö³é Ò-õåëïåð³â, à é çì³íþþòü ñêëàä êèø-
êîâî¿ ì³êðîôëîðè [16].

Ìåòà äîñë³äæåííÿ
Âèâ÷èòè ðîçïîä³ë CD25+Foxp3+-åêñïðåñóþ÷èõ

êë³òèí ó âëàñí³é ïëàñòèíö³ ñëèçîâî¿ îáîëîíêè âîð-
ñèíîê êëóáîâî¿ êèøêè ùóð³â ë³í³¿ Wistar â óìîâàõ
ÕÑÑ ³ ïðè ìîäóëÿö³¿ ñêëàäó êèøêîâî¿ ì³êðîôëîðè
àíòèá³îòèêàìè é ïðîá³îòèêàìè.

Ìàòåð³àë ³ ìåòîäè
Äîñë³äæåííÿ ïðîâîäèëè íà 70 ñàìêàõ ùóð³â

ë³í³¿ Wistar, ÿê³ áóëè ðîçä³ëåí³ íà ñ³ì åêñïåðèìåí-
òàëüíèõ ãðóï: êîíòðîëüí³ ùóðè, ÿêèì ïåðîðàëüíî
âíóòð³øíüîøëóíêîâî (â/ø) óïðîäîâæ 3-õ òèæí³â
óâîäèëè ïî 0,5 ìë ô³ç³îëîã³÷íîãî ðîç÷èíó (ãðóïà 1);
ùóðè, ÿêèì ìîäåëþâàëè ÕÑÑ 1 øëÿõîì òðèòèæíå-
âî¿ ñîö³àëüíî¿ ³çîëÿö³¿ ³ òðèâàëîãî ïñèõîåìîö³éíî-
ãî âïëèâó (ÏÅÂ), ùî ïðèïóñêàâ ïåðìàíåíòíå ïðî-
æèâàííÿ ñàìîê â «àãðåñèâíîìó ñåðåäîâèù³», à
ñàìå - ÷åðåç ïåðôîðîâàíó ïåðåãîðîäêó â êë³òö³ ç
àãðåñèâíèì ñàìöåì, ÿêèé ùîäíÿ âñòóïàâ ó êîíô-
ðîíòàö³¿ ç ï³äñàäæåíèì äî íüîãî ³íøèì ñàìöåì
[11] (ãðóïà 2); ùóðè, ÿêèì ìîäåëþâàëè ÕÑÑ2 øëÿ-
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õîì óòðèìàííÿ òâàðèí ó ïåðåíàñåëåíèõ êë³òêàõ (20
ùóð³â íà êë³òêó) âïðîäîâæ 3 òèæí³â ³ç ùîäåííîþ
çì³íîþ óãðóïóâàííÿ, ïðè ÿêîìó ï³ääîñë³äíó ñàì-
êó êîæíèé äåíü ïîì³ùàëè äî íîâî¿ çáàëàíñîâàíî¿
òà ïåðåíàñåëåíî¿ êîëîí³¿ (ãðóïà 3); ùóðè ç ÕÑÑ1 òà
ÕÑÑ2, ÿêèì çä³éñíþâàëè ìîäóëÿö³þ ñêëàäó êèø-
êîâî¿ ì³êðîôëîðè øëÿõîì â/ø óâåäåíü àì³íîãë³êî-
çèäíîãî àíòèá³îòèêó êàíàì³öèíó (Can) âïðîäîâæ 7
ä³á ùîäåííî, ïî÷èíàþ÷è ç 3-ãî òèæíÿ ìîäåëþâàí-
íÿ ÕÑÑ ó äîç³ 15 ìã/êã (ãðóïè 4 òà 5 â³äïîâ³äíî);
ùóðè ç ÕÑÑ1 òà ÕÑÑ2, ÿêèì çä³éñíþâàëè ìîäóëÿ-
ö³þ ñêëàäó êèøêîâî¿ ì³êðîôëîðè øëÿõîì â/ø ùî-
äåííèõ óâåäåíü Ëàêòîáàêòåðèíó (Lb, ñóì³ø æè-
âèõ ë³îô³ëüíî âèñóøåíèõ ëàêòîáàêòåð³é L.planta-
rum øòàì 8Ð-À3 ³ L.fermentum øòàì 90Ò-Ñ4) âïðî-
äîâæ 3-õ òèæí³â ó äîç³ 4·108 ÊÓÎ (ãðóïè 6 òà 7,
â³äïîâ³äíî). Ð³âåíü åìîö³éíî-ïîâåä³íêîâî¿ àêòèâ-
íîñò³ âñòàíîâëþâàëè â òåñò³ «â³äêðèòå ïîëå» çã³äíî
ç âèðàæåííÿì äîñë³äíèöüêî¿ àêòèâíîñò³, ó òåñò³
Ïîðñîëòà («âèìóøåíîãî ïëàâàííÿ», ÂÏ) âèçíà÷à-
ëè ð³âåíü äåïðåñèâíîñò³ òâàðèí. Ùóð³â âèâîäèëè
ç åêñïåðèìåíòó ìåòîäîì äåêàï³òàö³¿ ï³ä íàðêîçîì.

Ñòðóêòóðó ïîïóëÿö³¿ CD25+Foxp3+-êë³òèí ÊÀËÒ
âèâ÷àëè íà ï³äñòàâ³ àíàë³çó ñåð³éíèõ ã³ñòîëîã³÷íèõ
çð³ç³â òà äàíèõ ¿õ ìîðôîìåòðè÷íèõ ³ äåíñèòîìåòðè÷-
íèõ õàðàêòåðèñòèê. Äëÿ ïðîâåäåííÿ äàíîãî äîñë³ä-
æåííÿ íà ðîòàö³éíîìó ì³êðîòîì³ MICROM HR-360
(Microm, Í³ìå÷÷èíà) ðîáèëè 5-ì³êðîíí³ ñåð³éí³ çð³çè
êëóáîâî¿ êèøêè, ô³êñîâàíî¿ çà Áóåíîì, ÿê³ ïîò³ì äå-
ïàðàô³íóâàëè â êñèëîë³, ïðîâîäèëè ðåã³äðàòàö³þ â
íèçõ³äíèõ êîíöåíòðàö³ÿõ åòàíîëó (100 %, 96 %, 70 %),
â³äìèâàëè â 0,1 Ì ôîñôàòíîìó áóôåð³ (pÍ =7,4) ³
ôàðáóâàëè ìîíîêëîíàëüíèìè àíòèò³ëàìè (ÌÊÀÒ)
äî CD25 òà Foxp3 ùóðà ìåòîäîì ïîäâ³éíî¿ ³ìóíîô-
ëóðåñöåíö³¿. Ïðè öüîìó ã³ñòîëîã³÷í³ çð³çè ³íêóáóâàëè
îäíî÷àñíî ç ïåðâèííèìè êðîëÿ÷èìè ÌÊÀÒ äî Foxp3
ùóð³â âèðîáíèöòâà SantaCruzBiotechnology (ÑØÀ)
òà ç ìèøà÷èìè ÌÊÀÒ äî CD25 ùóð³â âèðîáíèöòâà
Caltag Laboratories (ÑØÀ), âæå êîí’þãîâàíèìè ç
FITC óïðîäîâæ 18 ãîäèí ó âîëîã³é êàìåð³ ïðè Ò =
4îÑ. Ï³ñëÿ â³äìèâàííÿ íàäëèøêó ïåðâèííèõ àíòèò³ë
â 0,1 Ì ôîñôàòíîìó áóôåð³, çð³çè ³íêóáóâàëè 60 õâè-
ëèí (Ò = 37îÑ) ç âòîðèííèìè àíòèò³ëàìè â ðîçâåäåíí³
1:64. Â ÿêîñò³ âòîðèííèõ àíòèò³ë âèêîðèñòîâóâàëè
êîçÿ÷³ àíòèò³ëà äî ïîâíî¿ ìîëåêóëè IgG êðîëÿ, êîí’-
þãîâàíèõ ç TexasRed (SantaCruz Biotechnology,
ÑØÀ). Ï³ñëÿ ³íêóáàö³¿ çð³çè ïðîìèâàëè 0,1 Ì ôîñ-
ôàòíèì áóôåðîì òà ïîì³ùàëè â ñóì³ø ãë³öåðèíó ³
ôîñôàòíîãî áóôåðó (1:9) äëÿ ïîäàëüøî¿ ëþì³íåñöåí-
òíî¿ ì³êðîñêîï³¿. Îáðîáëåí³ ã³ñòîëîã³÷í³ çð³çè âèâ÷à-
ëè çà äîïîìîãîþ êîìï’þòåðíî¿ ïðîãðàìè ImageJ
(NIH, ÑØÀ). Çîáðàæåííÿ, ÿê³ îòðèìóâàëè íà ì³êðîñ-
êîï³ AXIOSKOP (ZEISS, Í³ìå÷÷èíà) â óëüòðàô³îëå-
òîâîìó ñïåêòð³ çáóäæåííÿ 390 íì (FITC) àáî 595 íì
(TexasRed), çà äîïîìîãîþ âèñîêî÷óòëèâî¿ êàìåðè

AxioCam 5c (ZEISS, Í³ìå÷÷èíà) ³ ïàêåòó ïðîãðàì äëÿ
îòðèìàííÿ, àðõ³âóâàííÿ òà ï³äãîòîâêè çîáðàæåíü äî
ïóáë³êàö³¿ AxioVision 4.7.2 (ZEISS, Í³ìå÷÷èíà) íåãàé-
íî ââîäèëè â êîìï’þòåð. Ïðè öüîìó â àâòîìàòè÷íî-
ìó ðåæèì³ âèçíà÷àëè ä³ëÿíêè ç³ ñòàòèñòè÷íî çíà÷ó-
ùîþ ôëþîðåñöåíö³ºþ, õàðàêòåðíîþ äëÿ ë³ìôî¿äíèõ
êë³òèí, ùî åêñïðåñóþòü CD25 àáî Foxp3. Îá÷èñëþ-
âàëè ìîðôîìåòðè÷í³ é äåíñèòîìåòðè÷í³ õàðàêòåðè-
ñòèêè ³ìóíîïîçèòèâíèõ êë³òèí. Íàêëàäàííÿ ³äåíòè÷-
íèõ çí³ìê³â ó êîìï’þòåðí³é ïðîãðàì³ äîçâîëÿëî ³äåí-
òèô³êóâàòè êë³òèíè, ÿê³ îäíî÷àñíî åêñïðåñóâàëè
CD25 òà Foxp3 (CD25+Foxp3+). Ïðè ôàðáóâàíí³
ÌÊÀÒ äîñë³äæóâàëè òàê çâàí³ çàïîâíåí³ ë³ìôîöèòà-
ìè âîðñèíêè (Lymphocyte-lled villi, LFV), ÿê³ º îêðå-
ìèì êîìïàðòìåíòîì ÊÀËÒ ùóð³â òà º ñêóï÷åííÿì
ë³ìôî¿äíèõ êë³òèí ó âëàñí³é ïëàñòèíö³ ñëèçîâî¿ îáî-
ëîíêè âîðñèíîê. LFV ìîæóòü áóòè ì³ñöåì ³íòåíñèâ-
íî¿ àêòèâàö³¿ íà¿âíèõ ë³ìôîöèò³â ³ ðàííüî¿ ñòàä³¿ ôîð-
ìóâàííÿ ³çîëüîâàíèõ ë³ìôî¿äíèõ âóçëèê³â. Óñ³ îäåð-
æàí³ åêñïåðèìåíòàëüí³ äàí³ îáðîáëÿëè íà ïåðñîíàëü-
íîìó êîìï’þòåð³ ïàêåòîì ïðèêëàäíèõ ³ ñòàòèñòè÷íèõ
ïðîãðàì EXCEL ç ïàêåòó MS Office 2010 (Microsoft
Corp., ÑØÀ), STATISTICA 6.0 (Stat-Soft, 2001).

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåííÿ
Àíàë³ç ñåð³éíèõ çð³ç³â êëóáîâî¿ êèøêè êîíò-

ðîëüíèõ ùóð³â ë³í³¿ Wistar ïîêàçàâ, ùî ñóìàðíà
ù³ëüí³ñòü CD25+Foxp3+ë³ìôîöèò³â ó âëàñí³é ïëàñ-
òèíö³ ñëèçîâî¿ îáîëîíêè LFV ñêëàäàëà 115±8 íà 1 ìì2

(òàáë.). Ðîçâèòîê ñòðåñó ñóïðîâîäæóâàâñÿ çíèæåí-
íÿì ñóìàðíî¿ ù³ëüíîñò³ CD25+Foxp3+-ë³ìôîöèò³â,
á³ëüø âèðàæåíèì ó âèïàäêó ÕÑÑ2 (íà 51,3%, ð
<0,05). Ïðè öüîìó âèâ÷åííÿ ðîçïîä³ëó îêðåìèõ
êëàñ³â êë³òèí, êî-åêñïðåñóþ÷èõ CD25 ³ Foxp3 , ïîêà-
çàëî çíèæåííÿ ù³ëüíîñò³ ïîïóëÿö³¿ (ÙÏ) CD25+
Foxp3+-ñåðåäí³õ ë³ìôîöèò³â íà 45-53 % (ð <0,05) ³
CD25+Foxp3+-ìàëèõ ë³ìôîöèò³â íà 37-60 % (ð <0,05)
ïîð³âíÿíî ç êîíòðîëåì ïðè â³äíîñí³é ñòàá³ëüíîñò³ ¿õ
â³äñîòêîâî¿ ÷àñòêè â ñòðóêòóð³ ïîïóëÿö³¿ (òàáë.). Õàðàêòåð-
íî, ùî ðîçâèòîê ñòðåñó ñóïðîâîäæóâàâñÿ äîñòîâ³ðíèì
çá³ëüøåííÿì ù³ëüíîñò³ CD25-ðåöåïòîð³â íà êë³òèíí³é
ìåìáðàí³ ó CD25+-ë³ìôîáëàñò³â ³CD25+-ìàëèõ ë³ìôî-
öèò³â, òîä³ ÿê êîíöåíòðàö³ÿ òðàíñêðèïö³éíîãî ôàêòîðà
Foxp3 çíèæóâàëàñü (íàéá³ëüø ³íòåíñèâíî – ó Foxp3+ ñå-
ðåäí³õ ë³ìôîöèò³â –  íà 26-30 %, ð <0,05).

Óâåäåííÿ Can ñòðåñîâàíèì ùóðàì íå âïëèâàëî
íà çàãàëüíó ê³ëüê³ñòü CD25+Foxp3+-ë³ìôîöèò³â ³
ñòðóêòóðó ¿õ ïîïóëÿö³¿ â LFV (äèâ. òàáë.1), àëå
ïðèçâîäèëî äî äîñòîâ³ðíîãî çá³ëüøåííÿ êîíöåíò-
ðàö³¿ á³ëêà Foxp3 ³ ð³çíîñïðÿìîâàíèõ çì³í ù³ëü-
íîñò³ CD25-ðåöåïòîð³â ³ìóíîïîçèòèâíèõ êë³òèí.
Ç ³íøîãî áîêó, ïðè ââåäåíí³ Lb â óìîâàõ ÕÑÑ
â³äçíà÷àëîñÿ ï³äâèùåííÿ ñóìàðíî¿ ù³ëüíîñò³
CD25+Foxp3+-ë³ìôîöèò³â íà 33-66% (ð <0,05) çà
ðàõóíîê çá³ëüøåííÿ, ãîëîâíèì ÷èíîì, ÙÏ CD25+
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Foxp3+- ìàëèõ ë³ìôîöèò³â (íà 30-83 %, ð <0,05)
(òàáë.). Êð³ì òîãî, ââåäåííÿ Lb ùóðàì, ï³ääàíèõ ä³¿
ñòðåñó, ñóïðîâîäæóâàëîñÿ ïåðåâàæíèì çíèæåííÿì
ù³ëüíîñò³ CD25-ðåöåïòîð³â é îäíîñïðÿìîâàíèì
çá³ëüøåííÿì êîíöåíòðàö³¿ á³ëêà Foxp3, íàéá³ëüø
âèðàæåíîãî ó Foxp3+ë³ìôîáëàñò³â (íà 19-30%,
ð<0,05) ³ Foxp3+- ñåðåäí³õ ë³ìôîöèò³â(íà 37 -46%,
ð<0,05) ïîð³âíÿíî ç ñåð³ÿìè ÕÑÑ1 ³ ÕÑÑ2.

Â³äîìî, ùî çìåíøåííÿ âì³ñòó Òreg ïðèçâîäèòü
äî âèíèêíåííÿ òÿæêîãî çàïàëüíîãî çàõâîðþâàííÿ
êèøå÷íèêó (IBD – inflammatory bowel disease), âèê-
ëèêàíîãî óìîâíî-ïàòîãåííîþ ì³êðîôëîðîþ, à ïðè
õâîðîá³ Êðîíà îïèñàíî äåê³ëüêà òèï³â ìóòàö³é, ÿê³
çà÷³ïàþòü ãåí Fîõð3 [14]. Ó ë³òåðàòóð³ º ö³ëèé ðÿä
äàíèõ ïðî çàõèñíó ðîëü Òreg-êë³òèí ïðè àâòî³ìóí-
íèõ òèðåî¿äèò³, ãàñòðèò³, îîôîðèò³, îðõ³ò³, âèðàçêî-
âîìó êîë³ò³ [1,3,14]. Ðåçóëüòàòè ðîá³ò ³íøèõ äîñë-
³äíèê³â òàêîæ ñâ³ä÷àòü, ùî ðîçâèòîê ñîö³àëüíîãî
ñòðåñó ìîæå çíèæóâàòè ê³ëüê³ñòü Òreg-êë³òèí ³
ïîñèëþâàòè ïðîçàïàëüíó ñèãíàë³çàö³þ [12]. Êð³ì
òîãî, âèìêíåííÿ Òreg øëÿõîì çàñòîñóâàííÿanti-
CD25 ÌÊÀÒ ïîñèëþº ðîçâèòîê ñòðåñó ³ ìîäóëþº
òðèâîæí³ñòü ³ äåïðåñèâíîïîä³áíèé ñòàí ó ìèøåé,
à òàêîæ çá³ëüøóº â ¿õ ïëàçì³ êðîâ³ êîíöåíòðàö³þ
ïðîçàïàëüíèõ öèòîê³í³â IË-6, TNFα, IFNγ, IË-17A
[9]. Li Y. et al. (2010) ïîêàçàëè, ùî â ïàö³ºíò³â ³ç
äåïðåñ³ºþ ê³ëüê³ñòü CD4+CD25+-Treg-êë³òèí ó
êðîâ³ çíèæåíà [10]. Òàêèì ÷èíîì, çìåíøåííÿ
ê³ëüêîñò³ ðåãóëÿòîðíèõ ë³ìôîöèò³â ïðè ñòðåñ³, ó
ñâîþ ÷åðãó, ìîæå ùå á³ëüøå ïîñèëþâàòè éîãî ïðî-
ÿâè (ñòðåñ-äåô³öèò Òreg - ïîñèëåííÿ ñòðåñó). Äàí³
åôåêòè ÕÑÑ íà ïîïóëÿö³þ Treg ðåàë³çóþòüñÿ, íà

íàø ïîãëÿä, ÷åðåç çì³íè ñêëàäó êèøêîâî¿ ì³êðîô-
ëîðè. Â³äîìî, ùî ÕÑÑ çì³íþº ñêëàä ì³êðîôëîðè
êèøå÷íèêó. Òàê, Bailey M. åt al. (2011) ïðîäåìîí-
ñòðóâàëè íàéá³ëüø ñó÷àñíèì ìåòîäîì ï³ðîñåêâå-
íóâàííÿ, ùî â åêñïåðèìåíòàëüíèõ òâàðèí, ÿê³
ï³ääàâàëèñÿ ä³¿ ñîö³àëüíîãî ñòðåñó, ñïîñòåð³ãàëîñÿ
çíà÷íå çíèæåííÿ áàêòåð³é ïðåäñòàâíèê³â ðîäó
Bacteroides ³ çá³ëüøåííÿ ïðåäñòàâíèê³â ðîäó
Clostridium [16]. Êð³ì öüîãî, ÕÑÑ àêòèâóº âðîäæå-
íó ³ìóííó ñèñòåìó, ñòèìóëþº ïðîäóêö³þ ïðîçà-
ïàëüíèõ öèòîê³í³â IË-6 ³ TNFα òà ³íäóêóº áàêòåð-
³àëüíó òðàíñëîêàö³þ â ÊÀËÒ ëþäèíè òà åêñïåðè-
ìåíòàëüíèõ òâàðèí [15]. Ó ñâîþ ÷åðãó, çì³íè ñêëà-
äó ì³êðîôëîðè âïëèâàþòü íà ð³âåíü äèôåðåíö³þ-
âàííÿ ð³çíèõ ñóáïîïóëÿö³é Ò-õåëïåð³â. Ó ðîáîòàõ
Ivanov I. åt al. (2009) áóëî ïðîäåìîíñòðîâàíî, ùî
ñåãìåíòàðí³ íèòêîïîä³áí³ áàêòåð³¿ (segmented
filamentous bacteria, SFB) ³íäóêóþòü â ÊÀËÒ äèôå-
ðåíö³þâàííÿ ïðîçàïàëüíèõ Th17 ³ Th1-êë³òèí [6],
à äåÿê³ ïðåäñòàâíèêè ðîäó Clostridium (cluster IV ³
XIVa) òà ïîë³ñàõàðèä A (PSA) Bacteroides fragilis
ñòèìóëþþòü óòâîðåííÿ Ò-ðåãóëÿòîðíèõ êë³òèí ³
ïðîäóêö³þ ñóïðåñîðíîãî öèòîê³íó IË-10 [11]. Îä-
íèì ³ç ìîæëèâèõ ìåõàí³çì³â òàêîãî ñòèìóëþþ÷î-
ãî âïëèâó ÕÑÑ ìîæå áóòè àêòèâàö³ÿ àäðåíàë³í/ íî-
ðàäðåíàë³íîâî¿ (À²-3) ñèñòåìè êâîðóì-ñåíñ³íãó
(QS), àêòèâí³ñòü ÿêî¿ áóëà âèÿâëåíà â áàãàòüîõ ïðåä-
ñòàâíèê³â ³íòåñòèíàëüíî¿ ì³êðîôëîðè, ÿê êîìåíñàëü-
íî¿ (Escherichia coli, Klebsiella pneumoniae, Entero-
bacter cloacae), òàê ³ ïàòîãåííî¿ (E. ñoli O26:H11, Shigella
sp., Salmonella sp.). Öå ñâ³ä÷èòü ïðî éìîâ³ðíó ó÷àñòü
öüîãî ìåä³àòîðà ó ì³æâèäîâîìó «ñï³ëêóâàíí³» [8]. Àëå
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íàéá³ëüø ³íòðèãóþ÷èì ôàêòîì ñòàëî âèÿâëåííÿ àãîí-
³ñòè÷íèõ âçàºìîä³é À²-3 QS-ñèñòåìè ç àäðåíàë³íîì òà
íîðàäðåíàë³íîì, ùî äîçâîëÿº ïðèïóñòèòè íàÿâí³ñòü ó
áàêòåð³é äîñèòü ñïåöèô³÷íèõ ìåõàí³çì³â ðåöåïö³¿
ñèãíàëüíî¿ ³íôîðìàö³¿ îðãàí³çìó ãîñïîäàðÿ [17]. Òîá-
òî, ìîæëèâî, ùî â óìîâàõ ÕÑÑ êàòåõîëàì³íè, ùî
ñèíòåçóþòüñÿ, âèñòóïàþòü ó ðîë³ ë³ãàíä³â äëÿ ðåöåï-
òîð³â QS- ñèñòåìè À²-3 áàêòåð³é, ùî ñïðèéìàºòüñÿ ÿê
ñèãíàë, ÿêèé ñâ³ä÷èòü ïðî äîñòàòíþ äëÿ àòàêè
ù³ëüí³ñòü áàêòåð³àëüíî¿ ïîïóëÿö³¿ òà ³íäóêóº ¿õ òðàíñ-
ëîêàö³þ â ÊÀËÒ ³ç ã³ïåðàêòèâàö³ºþ ñïî÷àòêó âðîäæå-
íî¿, à ïîò³ì àäàïòèâíî¿ ³ìóííî¿ ñèñòåìè [8]. Êð³ì òîãî,
çì³íè ñêëàäó ì³êðîôëîðè âïëèâàþòü íà åêñïðåñ³þ
êë³òèíàìè ÊÀËÒ ôåðìåíòó ³íäîëàì³í-2,3-ä³îêñèãåíà-
çè (IDO), ÿêèé ³íäóêóº êàòàáîë³çì òðèïòîôàíó â ïðî-
àïîïòîòè÷í³ ìåòàáîë³òè (íàïðèêëàä, ê³íóðåí³í), çäàòí³
ïðèãí³÷óâàòè àêòèâàö³þ åôåêòîðíèõ Ò-êë³òèí. Âèÿâ-
ëåíà çäàòí³ñòü IDO-åêñïðåñóþ÷èõ êë³òèí êåðóâàòè äè-
ôåðåíö³þâàííÿì íà¿âíèõ CD4+Ò-ë³ìôîöèò³ââ
Foxp3+iTreg, à òàêîæ ¿õ ñïðîìîæí³ñòü áåçïîñåðåäíüî
àêòèâóâàòè äîçð³âàííÿ Treg òà ïîïåðåäæóâàòè ³íäóêî-
âàíó çàïàëåííÿì êîíâåðñ³þ Treg-êë³òèí ó ïðîçàïàëüí³
ñóáïîïóëÿö³¿ Ò–õåëïåð³â: Th17- òà Th1-êë³òèíè [13].

Ó ñâîþ ÷åðãó, ñåðåä íàéá³ëüø âæèâàíèõ çà-
ñîá³â, ÿê³ çäàòí³ çì³íþâàòè ñêëàä êèøêîâî¿ ì³êðîô-
ëîðè ³, òàêèì ÷èíîì, âïëèâàòè íà ð³âåíü ³ìóííî¿
â³äïîâ³ä³, º ïðîá³îòèêè (ÏÁ), çîêðåìà ëàêòîáàêòåð³¿
(ËÁ), ùî çä³éñíþþòü âïëèâ íà ÊÀËÒ ÷åðåç ö³ëó
íèçêó ìåõàí³çì³â [3]. Áàãàòî äîñë³äæåíü ïðîäåìîí-
ñòðóâàëî çäàòí³ñòü ËÁ çá³ëüøóâàòè ê³ëüê³ñòü Ò-
ðåãóëÿòîðíèõ êë³òèí ³, òàêèì ÷èíîì, ïîïåðåäæàòè
ðîçâèòîê çàïàëüíèõ òà À²Ç, à òàêîæ çìåíøóâàòè
ñòàí äåïðåñ³¿ ³ òðèâîãè â óìîâàõ ñòðåñó [5]. Ï³äâè-
ùóþ÷è ð³âåíü Treg, ËÁ îêàçóþòü àíòèä³àáåòîãåííó
ä³þ â óìîâàõ ñòðåïòîçîòîöèí-³íäóêîâàíîãî ä³àáå-
òó òà ó BB-DP ùóð³â øëÿõîì ³íäóêö³¿ CD4+ CD25+
Foxp3+-êë³òèí, çìåíøóþòü ðèçèê ðîçâèòêó õâîðî-
áè Êðîíà òà âèðàçêîâîãî êîë³òó [20]. Îäíàê, ç
³íøîãî áîêó, òàêèé ¿õ ³ìóíîñóïðåñèâíèé åôåêò
ìîæå ñïðèÿòè ðîçâèòêó ³íôåêö³éíèõ òà îíêîëîã³÷-
íèõ çàõâîðþâàíü, à áàãàòî äîñë³äæåíü âïëèâó ËÁ
íà ³ìóííó ñèñòåìó ëîá³þºòüñÿ ô³ðìàìè-âèðîáíè-
êàìè ÏÁ. Öå ï³äòâåðäæóºòüñÿ ³ äåÿêèìè äàíèìè,
ùî ñâ³ä÷àòü ïðî ìîæëèâ³ñòü ËÁ ï³äâèùóâàòè ðè-
çèê ðîçâèòêó À²Ç, çîêðåìà ðåâìàòî¿äíîãî àðòðèòó,
åêñïåðèìåíòàëüíîãî àâòî³ìóííîãî åíöåôàë³òó òà
³í. Çîêðåìà, îðàëüíèé ïðèéîì ËÁ åêñïåðèìåíòàëü-
íèìè òâàðèíàìè ìîæå àêòèâóâàòè åêñïðåñ³þ TLR2
³ TLR4 òèï³â, çìåíøóâàòè ð³âåíü Òreg-êë³òèí òà
ï³äâèùóâàòè ê³ëüê³ñòü ïðîçàïàëüíèõ Th17- ³ Th1-
êë³òèí, à òàêîæ IË-12 [18]. Chiba Y.et al. (2010) ïðî-
äåìîíñòðóâàëè, ùî Lactobacillus casei çá³ëüøóþòü
ïðîäóêö³þ IË-12 êë³òèíàìè ñåëåç³íêè òà ÏÁ ìè-
øåé íàâ³òü ñèëüí³øå, í³æ äåÿê³ ïàòîãåíí³ áàêòåð³¿,

ùî, ó ñâîþ ÷åðãó, ñòèìóëþº óòâîðåííÿ Th1-êë³òèí
òà ïðîäóêö³þ ïðîçàïàëüíîãî IFNγ [4]. Òîáòî, íå-
êîíòðîëüîâàíèé ïðèéîì ËÁ çäàòåí çä³éñíþâàòè é
³ìóíîñòèìóëþþ÷ó ä³þ òà áóòè îäíèì ³ç òðèãåð³â
ðîçâèòêó À²Ç. Êð³ì òîãî, ËÁ çäàòí³ âïëèâàòè íà
ê³ëüê³ñòü îñíîâíèõ ðåãóëÿòîð³â äèôåðåíö³þâàííÿ
íà¿âíèõ Ò-êë³òèí ó ïðîçàïàëüí³ Th17-êë³òèíè - ñåãìåí-
òàðíèõ íèòêîïîä³áíèõ áàêòåð³é (SFB) òà Bacteroides
fragilis, ÿê³ ñòèìóëþþòü óòâîðåííÿ Ò-reg êë³òèí ³ ïðî-
äóêö³þ ñóïðåñîðíîãî öèòîê³íó IË-10, òîáòî º îäíèìè
ç âàæëèâèõ ðåãóëÿòîð³â áàëàíñó Th17/Ò-reg ó ÊÀËÒ
[2]. Îòðèìàí³ íàìè äàí³ ñâ³ä÷àòü ïðî ìîæëèâ³ñòü ËÁ
çá³ëüøóâàòè ê³ëüê³ñòü CD25+Foxp3+-ë³ìôîöèò³â â
óìîâàõ ÕÑÑ ³, òàêèì ÷èíîì, ïîïåðåäæàòè ðîçâèòîê
àâòî³ìóííèõ ³ çàïàëüíèõ çàõâîðþâàíü. Ó ñâîþ ÷åðãó,
ïðèéîì ÀÁ º îäíèì ³ç ôàêòîð³â ðèçèêó ðîçâèòêó â
ïîäàëüøîìó çàïàëüíèõ ³ À²Ç, çîêðåìà ÖÄ 1 òà 2
òèïó, õâîðîáè Êðîíà òà ³í. [19]. Àì³íîãë³êîçèäè
(ÀÃ) ÷åðåç çì³íè ì³êðîáíî¿ êîìïîçèö³¿ êèøå÷íèêó,
íàñàìïåðåä çìåíøåííÿ ê³ëüêîñò³ êîìåíñàëüíî¿
ì³êðîôëîðè, çäàòí³ âïëèâàòè íà ð³âåíü åêñïðåñ³¿
TLR2 ³ TLR4 òèï³â [19], ìîëåêóë MHC-II, çìåíøó-
âàòè ïðîäóêö³þ àíòèì³êðîáíèõ ïåïòèä³â, âïëèâàòè
íà ð³âåíü ïðîçàïàëüíèõ Th17-êë³òèí, ñòèìóëþâàòè
óòâîðåííÿ íîâèõ Ì-êë³òèí (microfold cells), ÿê³ ðîç-
òàøîâàí³ íå â çîí³ ôîë³êóëî-àñîö³éîâàíîãî åï³òåë³þ,
à íà ïîâåðõí³ êèøêîâèõ âîðñèíîê (òàê çâàíèõ âîð-
ñèí÷àñòèõ Ì-êë³òèí, villous M-cell). Îðàëüíèé
ïðèéîì ÀÃ âèêîðèñòîâóºòüñÿ ÿê åêñïåðèìåíòàëüíà
ìîäåëü êèøêîâîãî äèñá³îçó òà éîãî çàïàëüíèõ çàõ-
âîðþâàíü [7]. Òåì íå ìåíøå, ââåäåííÿ Can â óìîâàõ
ÕÑÑ íå âïëèâàëè íà ê³ëüê³ñòü CD25+Foxp3+-
ë³ìôîöèò³â ³ áóäîâó ¿õ ïîïóëÿö³¿ â LFV, õî÷à é ïðè-
çâîäèëè äî çðîñòàííÿ êîíöåíòðàö³¿ á³ëêà Foxp3.

Âèñíîâêè
1. Ðîçâèòîê ñòðåñó ñóïðîâîäæóºòüñÿ çíèæåííÿì

ê³ëüêîñò³ CD25+Foxp3+-ë³ìôîöèò³â ó LFV, ïðè-
çâîäèòü äî çá³ëüøåííÿ ù³ëüíîñò³ CD25-ðåöåïòîð³â
íà êë³òèíí³é ìåìáðàí³ òà çìåíøåííÿ êîíöåíòðàö³¿
òðàíñêðèïö³éíîãî ôàêòîðà Foxp3 â ³ìóíîïîçèòèâ-
íèõ êë³òèíàõ.

2. Óâåäåííÿ êàíàì³öèíó ñòðåñîâàíèì ùóðàì íå
âïëèâàº íà çàãàëüíó ê³ëüê³ñòü CD25+Foxp3+-ë³ì-
ôîöèò³â ³ ñòðóêòóðó ¿õ ïîïóëÿö³¿ â LFV, òîä³ ÿê
ìîäóëÿö³ÿ êèøêîâî¿ ì³êðîôëîðè çà äîïîìîãîþ
ëàêòîáàêòåðèíó ïðèçâîäèòü äî ï³äâèùåííÿ ê³ëü-
êîñò³ Treg êë³òèí íà 33-66 % (ð <0,05) ïðè çá³ëü-
øåíí³ â íèõ êîíöåíòðàö³¿ á³ëêà Foxp3.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü
Ïðåäñòàâëÿº çíà÷íèé ³íòåðåñ ïîäàëüøå âèâ÷åí-
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ÈÇÓ×ÅÍÈÅ ÝÊÑÏÐÅÑÑÈÈ ÌÎËÅÊÓËßÐÍÛÕ
ÌÀÐÊÅÐÎÂ Ò-ÐÅÃÓËßÒÎÐÍÛÕ ÊËÅÒÎÊ
Â ÓÑËÎÂÈßÕ ÑÎÖÈÀËÜÍÎÃÎ ÑÒÐÅÑÑÀ
È ÌÎÄÓËßÖÈÈ ÑÎÑÒÀÂÀ ÊÈØÅ×ÍÎÉ

ÌÈÊÐÎÔËÎÐÛ
È. À. Òîïîë, À. Ì. Êàìûøíûé

Ðåçþìå. Èññëåäîâàíî âëèÿíèå õðîíè÷åñêîãî ñîöèàëüíî-
ãî ñòðåññà (ÕÑÑ) è ìîäóëÿöèè ñîñòàâà êèøå÷íîé ìèêðîôëî-
ðû íà ðàñïðåäåëåíèå CD25+Foxp3+-êëåòîê â ñîáñòâåííîé
ïëàñòèíêå ñëèçèñòîé îáîëî÷êè âîðñèíîê ïîäâçäîøíîé êèø-
êè êðûñ. Óñòàíîâëåíî, ÷òî ðàçâèòèå ÕÑÑ ïðèâîäèò ê ñíèæå-
íèþ êîëè÷åñòâà CD25 +Foxp3+-ëèìôîöèòîâ, ðîñòó ïëîòíîñ-
òè CD25-ðåöåïòîðîâ íà êëåòî÷íîé ìåìáðàíå è óìåíüøåíèþ
êîíöåíòðàöèè Foxp3 â èììóíîïîçèòèâíûõ êëåòêàõ. Ââåäåíèå
êàíàìèöèíà íå âëèÿåò íà êîëè÷åñòâî CD25+Foxp3+-ëèìôî-
öèòîâ è ñòðóêòóðó èõ ïîïóëÿöèè, òîãäà êàê ëàêòîáàêòåðèí
ñïîñîáñòâóåò ïîâûøåíèþ ÷èñëà T-reg êëåòîê íà 33-66%
(ð<0,05) ïðè âîçðàñòàíèè â íèõ êîíöåíòðàöèè áåëêà Foxp3.

Êëþ÷åâûå ñëîâà: ñòðåññ, Ò-ðåãóëÿòîðíûå êëåòêè, ïðîáè-
îòèêè, àíòèáèîòèêè

STUDY OF THE EXPRESSION OF MOLECULAR
MARKER OF T-REGULATED CELLS UNDER

CONDITIONS OF SOCIAL STRESS AND
MODULATION OF THE COMPOSITION OF

INTESTINAL MICROFLORA

². A. Topol, A. M. Kamyshny

The aim of research. The influence of chronic social stress and
modulation of the composition of intestinal microflora on the distri-
bution of CD25+Foxp3+-cells in the own lamina of mucous mem-
brane of the fibres of ileum of the rats has been investigated.

Methods. Researches have been conducted on 70 rats (fe-
male) of Wistar line, which were divided on 7 experimental
groups: control rats (group 1); rats, which were modeled CHSS1
by means of three weeks social isolation and prolong psycho-
emotional influence (group2); rats, having CHSS 2 modeling by
means of keeping animals in over populated cages with every day
change of grouping (group 3); rats with CHSS1 and CHSS2 which
were made the modeling of intestinal microflora by means of
introduction of aminoglycosed antibiotic kanamycin (Can) (group
4 and 5, accordingly); rats with rats with CHSS1 and CHSS2
which were made the modeling of intestinal microflora by means
of everyday introduction of lactobacterine (groups 6 and 7, accord-
ingly). Researched lymphoid cells were identified by immunof-
luorescence method.

Results. It is established that the development of CHSS re-
sults to the reducing of quantityof CD25+Foxp3+-lymphocytes,
increasing of CD25-receptors density on the cellular membrane
and reducing of Foxp3 concentration in immunopositive cells.
Introduction of kanamycin to the stressed rats doesn’t influence
on the general quantity of CD25+Foxp3+-lymphocytes and the
structure of its population, but lactobacterine results to the in-
creasing of T-regulated cells quantity on 33-66% (ð<0,05) in the
enlargement of Foxp3 protein concentration there.

Conclusions. Results have got by us mark about the oppor-
tunity of LB increase the number of CD25+Foxp3+-lymphocytes
in CHSS conditions, in such way they prevent the development
of autoimmune and inflammatory diseases. AB intake is one of
the risk factors of À²D development further.

Keywords: stress, Ò-regulatory cells, probiotics, àntibiotics
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