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Äàíà ðîáîòà º ôðàãìåíòîì ÍÄÐ «Ðîëü ïîðóøåíü 
âçàºìîâ³äíîñèí ë³ìôî¿äíîãî òà åï³òåë³àëüíîãî êîì-
ïàðòìåíò³â ³ìóííî¿ ñèñòåìè ñëèçîâèõ îáîëîíîê â 
ðîçâèòêó åêñïåðèìåíòàëüíî¿ ïàòîëîã³¿», äåðæàâíèé 
ðåºñòðàö³éíèé íîìåð 0112U005642. 

Âñòóï. Îäíèì ç ìîæëèâèõ ìåõàí³çì³â ó÷àñò³ ñå-
ëåç³íêè â ïàòîãåíåç³ öóêðîâîãî ä³àáåòó 1 òèïó (ÖÄ 1) 
º ïîðóøåííÿ äèôåðåíö³þâàííÿ òàêèõ ñóáïîïóëÿö³é 
Ò-êë³òèí, ÿê Ò-ôîë³êóëÿðí³ õåëïåðè (Tfh), Ò-õåëïåðè 
17 òèïó (Th17) ³ Ò-ðåãóëÿòîðí³ êë³òèíè (Ò

reg
). ßê â³-

äîìî, ðîçâèòîê ÖÄ 1 òèïó ñóïðîâîäæóºòüñÿ ñèí-
òåçîì àóòîàíòèò³ë äî β-êë³òèííèõ àíòèãåí³â. Äëÿ 
ñòàðòó ñèíòåçó àíòèò³ë (ÀÒ) ç âèñîêèì àô³í³òåòîì 
Â-ë³ìôîöèòè ìàþòü îòðèìàòè ñòèìóëþþ÷èé ñèã-
íàë â³ä CD4+Ò-êë³òèí â õîä³ ñïåöèô³÷íèõ ðåàêö³é â 
ãåðì³íàòèâíèõ öåíòðàõ (ÃÖ). Òàêèìè êë³òèíàìè º 
Tfh, ÿê³ â³ä³ãðàþòü êëþ÷îâó ðîëü ó ôîðìóâàíí³ åôåê-
òîðíèõ Â-ë³ìôîöèò³â ³ Â-êë³òèí ïàì’ÿò³ [6]. Ñåðåä 
ñïåöèô³÷íèõ ìàðêåð³â Tfh îñîáëèâà ðîëü íàëåæèòü 
³íäóöèáåëüíîìó êîñòèìóëÿòîðó ICOS [7], ÿêèé åêñ-
ïðåñóºòüñÿ ò³ëüêè íà àêòèâîâàíèõ T-ë³ìôîöèòàõ, ïðè 
öüîìó Tfh ì³ñòÿòü íàéá³ëüø âèñîêó éîãî êîíöåíòðà-
ö³þ â ïîð³âíÿíí³ ç ³íøèìè Ò-ë³ìôîöèòàìè [9]. Çàíàä-
òî âåëèêà åêñïðåñ³ÿ ICOS ìîæå áóòè îäíèì ³ç ÷èííè-
ê³â, ÿê³ ñïðèÿþòü ðîçâèòêó àâòî³ìóííèõ çàõâîðþâàíü 
(À²Ç), òîìó ùî ð³çêî çá³ëüøóº óòâîðåííÿ Tfh, ³, â³äïî-
â³äíî, ïðîäóêö³þ âèñîêîàô³ííèõ ÀÒ äî âëàñíèõ àíòè-
ãåí³â [8]. 

Òîìó, ìåòîþ äîñë³äæåííÿ áóëî âèâ÷èòè îñî-
áëèâîñò³ ðîçïîä³ëó ICOS+ -êë³òèí â ñåëåç³íö³ ùóð³â ç 
åêñïåðèìåíòàëüíèì ñòðåïòîçîòîöèíîâèì öóêðîâèì 
ä³àáåòîì (ÅÖÄ). 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Äîñë³äæåííÿ 
ïðîâåäåí³ íà 36 ñàìöÿõ ùóð³â ë³í³¿ Wistar, ÿê³ áóëè 
ðîçä³ëåí³ íà 3 åêñïåðèìåíòàëüí³ ãðóïè: êîíòðîëüí³ 
ùóðè, ÿêèì îäíîðàçîâî âíóòð³øíüî÷åðåâíî ââîäèëè 
0,5 ìë 0,1 Ì öèòðàòíîãî áóôåðó (ðÍ = 4,5) (ãðóïà 1); 
ùóðè ç 28- ³ 38-äåííèì åêñïåðèìåíòàëüíèì ñòðåï-
òîçîòîöèíîâèì ä³àáåòîì (ãðóïè 2 òà 3, â³äïîâ³äíî ). 
Ñòðåïòîçîòîöèí (STZ) (SIGMA Chemical, ÑØÀ) ââî-
äèëè ùóð³âì âíóòð³øíüî÷åðåâíî â äîç³ 50 ìã/êã, ðîç-
÷èíåíî¿ â 0,5 ìë 0,1 Ì öèòðàòíîìó áóôåð³ (ðÍ 4,5) 
ïåðåä ñàìèì ìîìåíòîì ââåäåííÿ. ×àñ, ùî ìèíóâ 
ç äíÿ ââåäåííÿ ïðåïàðàòó, â ïîäàëüøîìó âèêëàä³ 
ìàòåð³àëó ³íòåðïðåòóâàâñÿ ÿê òðèâàë³ñòü ïåðåá³ãó 

ä³àáåòó. Âèçíà÷åííÿ êîíöåíòðàö³¿ ãëþêîçè â êðîâ³, 
ÿêó áðàëè ç õâîñòîâî¿ âåíè, ïðîâîäèëè ãëþêîçîîêñè-
äàçíèì ìåòîäîì ³ç çàñòîñóâàííÿì ïðèëàäó «SUPER 
GLUCOCARD-II» (Arkray Factory, ßïîí³ÿ) ÷åðåç 12 
ãîäèí ³ íà 1, 2, 3, 5, 7, 10, 14, 28 ³ 38 äîáó ï³ñëÿ ³í’ºêö³¿ 
ñòðåïòîçîòîöèíó. Âèì³ðþâàííÿ ð³âíÿ ãë³êåì³¿ çä³é-
ñíþâàëè ÷åðåç 6 ãîäèí ç ìîìåíòó îñòàííüîãî ïðè-
éîìó ¿æ³. Íà 3 äîáó ï³ñëÿ ââåäåííÿ ñòðåïòîçîòîöèíó 
äëÿ ïîäàëüøèõ äîñë³äæåíü â³äáèðàëè òâàðèí ç ð³â-
íåì ãë³êåì³¿ íàòùå > 8,0 ììîëü/ë. 

Óòðèìàííÿ òâàðèí òà åêñïåðèìåíòè ïðîâîäèëè-
ñÿ â³äïîâ³äíî äî ïîëîæåíü «ªâðîïåéñüêî¿ êîíâåíö³¿ 
ïðî çàõèñò õðåáåòíèõ òâàðèí, ÿê³ âèêîðèñòîâóþòüñÿ 
äëÿ åêñïåðèìåíò³â òà ³íøèõ íàóêîâèõ ö³ëåé» (Ñòðàñ-
áóðã, 1985), «Çàãàëüíèõ åòè÷íèõ ïðèíöèï³â åêñïåðè-
ìåíò³â íà òâàðèíàõ», óõâàëåíèõ Ïåðøèì íàö³îíàëü-
íèì êîíãðåñîì ç á³îåòèêè (Êè¿â, 2001). 

Äëÿ âèÿâëåííÿ åêñïðåñ³¿ ICOS âèêîðèñòîâóâàëè 
ìåòîä íåïðÿìî¿ ³ìóíîôëþîðåñöåíö³¿ ç ïåðâèííèìè 
êðîëÿ÷èìè ÌÊÀÒ äî ICOS ùóð³â âèðîáíèöòâà Santa 
Cruz Biotechnology (ÑØÀ). Â ÿêîñò³ âòîðèííèõ àíòè-
ò³ë âèêîðèñòîâóâàëè êîçÿ÷³ àíòèò³ëà äî ïîâíî¿ ìî-
ëåêóëè IgG êðîëèêà, êîí’þãîâàí³ ç FITC (Santa Cruz 
Biotechnology, ÑØÀ). Îáðîáëåí³ ã³ñòîëîã³÷í³ çð³çè 
âèâ÷àëè íà êîìï’þòåðí³é ñèñòåì³ öèôðîâîãî àíàë³çó 
çîáðàæåííÿ VIDAS-386 (Kontron Elektronik, Í³ìå÷÷è-
íà). Ñåðåä ³äåíòèô³êîâàíèõ ICOS-³ìóíîïîçèòèâíèõ 
êë³òèí (ICOS+) äëÿ ïîäàëüøîãî àíàë³çó â³äáèðàëè 
ò³ëüêè êë³òèíè ç âèñîêîþ êîíöåíòðàö³ºþ ³íäóöèáåëü-
íîãî êîñòèìóëÿòîðà (á³ëüøå 0.3 îäèíèöü ³íòåíñèâ-
íîñò³ ôëþîðåñöåíö³¿ – Î

²Ô
), ÿê³ ç âèñîêèì ñòóïåíåì 

ìîæëèâîñò³ º Ò-ôîë³êóëÿðíèìè õåëïåðàìè. Äîñë³-
äæóâàëè 3 ìîðôîëîã³÷í³ çîíè ñåëåç³íêè – ë³ìôî¿äí³ 
ôîë³êóëè, ìàðã³íàëüíó çîíó ³ ïåð³àðòåð³àëüí³ ë³ìôî-
¿äí³ ìóôòè (ÏÀËÌ). 

Âñ³ îäåðæàí³ åêñïåðèìåíòàëüí³ äàí³ îáðîáëÿëè 
íà ïåðñîíàëüíîìó êîìï’þòåð³ ïàêåòîì ïðèêëàäíèõ ³ 
ñòàòèñòè÷íèõ ïðîãðàì EXCEL ç ïàêåòó MS Office 2010 
(Microsoft Corp., ÑØÀ), STATISTICA 6.0 (Stat-Soft, 
2001). Äëÿ âñ³õ ïîêàçíèê³â ðîçðàõîâóâàëè çíà÷åííÿ 
ñåðåäíüî¿ àðèôìåòè÷íî¿ âèá³ðêè (Ì), ¿¿ äèñïåðñ³¿ ³ 
ïîìèëêè ñåðåäíüî¿ (m). Äëÿ âèÿâëåííÿ â³ðîã³äíîñò³ 
ð³çíèöü ðåçóëüòàò³â äîñë³äæåíü â äîñë³äíèõ ³ êîíòð-
îëüíèõ ãðóïàõ òâàðèí âèçíà÷àëè êîåô³ö³ºíò Ñòüþ-
äåíòà (t), ï³ñëÿ ÷îãî âèçíà÷àëè ìîæëèâ³ñòü ð³çíèö³ 
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âèá³ðîê (ð) ³ äîâ³ð÷èé ³íòåðâàë ñåðåäíüî¿. Êðèòè÷íèé 
ð³âåíü çíà÷óùîñò³ ïðè ïåðåâ³ðö³ ñòàòèñòè÷íèõ ã³ïî-
òåç ïðèéìàëè ð³âíèì 0,05. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. 
Íàìè âñòàíîâëåíî, ùî ðîçâèòîê ä³àáåòó òðèâàë³ñ-
òþ ÿê 28, òàê ³ 38 äí³â ñóïðîâîäæóâàâñÿ äîñòîâ³ðíèì 
çá³ëüøåííÿì ù³ëüíîñò³ ïîïóëÿö³¿ (ÙÏ) ICOS+-êë³òèí 
â ìàðã³íàëüí³é çîí³ (íà 36-47 %, ð < 0,05) ³ ïåð³àðòå-
ð³àëüíèõ ë³ìôî¿äíèõ ìóôòàõ (ÏÀËÌ) ñåëåç³íêè (íà 
96 % – â 2,6 ðàçè, ð < 0,05) â ïîð³âíÿíí³ ç êîíòðîëåì, 
òîä³ ÿê ó ë³ìôî¿äíèõ ôîë³êóëàõ ¿õ ê³ëüê³ñòü çðîñòàëà 
ò³ëüêè ó ùóð³â ç 38-äåííèì ÅÖÄ (â 3,7 ðàçè, ð < 0,05). 
Ïðè öüîìó ù³ëüí³ñòü ICOS-ðåöåïòîð³â íà êë³òèíí³é 
ìåìáðàí³ ó Tfh çì³íþâàëàñÿ ð³çíîñïðÿìîâàíî – äî-
ñòîâ³ðíî çíèæóâàëàñÿ ó åêñïåðèìåíòàëüíèõ òâàðèí 
ç 28-äåííèì ÅÖÄ â ë³ìôî¿äíèõ ôîë³êóëàõ ³ ÏÀËÌ 
ñåëåç³íêè ³ çðîñòàëà ïðè çá³ëüøåíí³ òåðì³íó ðîç-
âèòêó ä³àáåòó äî 38 äí³â. Âèÿâëåí³ çì³íè ñóïðîâî-
äæóâàëèñÿ òàêîæ ôîðìóâàííÿì äèñáàëàíñó ICOS+-
ë³ìôîöèò³â îêðåìèõ êëàñ³â. 

Îòðèìàí³ íàìè äàí³ çá³ãàþòüñÿ ç ðÿäîì ³íøèõ äî-
ñë³äæåíü. Òàê, â³äîìî, ùî ó ICOS-äåô³öèòíèõ ëþäåé 
òà åêñïåðèìåíòàëüíèõ òâàðèí ïîðóøóºòüñÿ âèðîá-
íèöòâî àíòèò³ë ³ ïåðåêëþ÷åííÿ ¿õ ñèíòåçó â á³ê ïðî-
äóêö³¿ àíòèò³ë ç âèñîêèì àô³í³òåòîì äî àíòèãåí³â, à 
òàêîæ ïîðóøåíî ôîðìóâàííÿ ÃÖ [5]. Äåô³öèò ICOS 
âèêëèêàº ïîðóøåííÿ ðîçâèòêó Tfh, òîìó ICOS ââà-
æàþòü îäí³ºþ ç íàéâàæëèâ³øèõ ìîëåêóë, íåîáõ³äíèõ 
äëÿ âèêîíàííÿ åôåêòîðíèõ ôóíêö³é Tfh [2]. Íàéá³ëüø 
âèñîêèé ð³âåíü åêñïðåñ³¿ ICOS ñïîñòåð³ãàºòüñÿ íà 
Tfh ÃÖ. Íàäì³ðíà åêñïðåñ³ÿ ICOS ìîæå áóòè îäíèì ç 
ôàêòîð³â, ùî ñïðèÿþòü ðîçâèòêó À²Ç, îñê³ëüêè ð³çêî 
çá³ëüøóº óòâîðåííÿ Tfh, ³, â³äïîâ³äíî, ïðîäóêö³þ âè-
ñîêîàô³ííèõ àíòèò³ë äî âëàñíèõ àíòèãåí³â [7]. 

Ïðèñóòí³ñòü ICOS íåîáõ³äíà äëÿ ðîçâèòêó ³íñóë³òà 
³ ã³ïåðãë³êåì³¿ ó ìèøåé ë³í³¿ NOD (nonobese diabetic 
mice) [1]. Òàê, äëÿ âèçíà÷åííÿ ôóíêö³¿ ICOS ó ðîç-
âèòêó ä³àáåòó Hawiger D. et al. (2008) âèâ÷èëè ïåðå-
á³ã çàõâîðþâàííÿ ó ICOS-äåô³öèòíèõ NOD ìèøåé 
[3]. Âñòàíîâëåíî, ùî ó ICOS-/- ìèøåé ³íñóë³ò íå 
ðîçâèâàâñÿ, âîíè ìàëè íèçüê³ òèòðè àóòîàíòèò³ë, à 

íîðìîãë³êåìèÿ çáåð³ãàëàñÿ ïðîòÿãîì óñüîãî æèòòÿ 
[3]. Âèäàëåííÿ ICOS â Ò-ë³ìôîöèòàõ ïðèçâåëî äî 
çìåíøåíîãî âèðîáíèöòâà öèòîê³íó Th1-êë³òèí IFN-γ, 
òîä³ ÿê ê³ëüê³ñòü ðåãóëÿòîðíèõ T-êë³òèí çàëèøàëàñÿ 
íåçì³ííîþ. Àâòîðè ðîáëÿòü âèñíîâîê, ùî ICOS êðè-
òè÷íî âàæëèâèé äëÿ ³íäóêö³¿ àóòî³ìóííîãî ïðîöåñó, 
ÿêèé ïðèçâîäèòü äî ä³àáåòó. Êð³ì òîãî, ICOS âàæëè-
âèé äëÿ ðîçâèòêó çàðîäêîâèõ öåíòð³â ó ë³ìôî¿äíèõ 
òêàíèíàõ, ïåðåìèêàííÿ ³çîòèï³â ³ìóíîãëîáóë³í³â ³ 
âèðîáíèöòâ³ íîðìàëüíèõ ð³âí³â ³ìóíîãëîáóë³í³â ñè-
ðîâàòêè, îñîáëèâî IgG1 ³ IgE [8]. Ðîëü àóòîàíòèò³ë 
ó ðîçâèòêó ä³àáåòó áàãàòî â ÷îìó çàëèøàºòüñÿ ñï³ð-
íîþ, îäíàê ïðèñóòí³ñòü àóòîÀÒ äî ³íñóë³íó ³ ãëóòàìàò-
äåêàðáîêñèëàçè GAD65 º âàæëèâèì ä³àãíîñòè÷íèì 
êðèòåð³ºì â îö³íö³ ïåðåá³ãó òà òÿæêîñò³ ä³àáåòó. Âè-
ì³ðþâàííÿ ð³âí³â àíòè-GAD65 ³ àíòè-³íñóë³íîâèõ àó-
òîÀÒ â ñèðîâàòö³ ïîêàçàëî ¿õ 3-5-êðàòíå çìåíøåííÿ 
ó ICOS-/-ìèøåé ïîð³âíÿíî ç ICOS+/+-ìèøàìè [3]. 
Òàêèì ÷èíîì, çìåíøåíå âèðîáíèöòâî àóòîàíòèò³ë 
êîðåëþº ç â³äñóòí³ñòþ ä³àáåòó ó ICOS-/-NOD ìèøåé. 
Nanji S. et al. (2006) ïîêàçàëè, ùî êîìá³íîâàíà áëî-
êàäà ICOS ³ CD40L çà äîïîìîãîþ ÌÊÀÒ çíà÷íî ïðî-
äîâæóº ïðèæèâàííÿ àëîòðàíñïëàíòàòó ïàíêðåà-
òè÷íèõ îñòð³âö³â ³ çàïîá³ãàº ðîçâèòêó àóòî³ìóííîãî 
ä³àáåòó ó NOD ìèøåé [4]. 

Âèñíîâêè. 
1. Ðîçâèòîê ä³àáåòó ñóïðîâîäæóºòüñÿ çá³ëü-

øåííÿì ê³ëüêîñò³ ICOS+-êë³òèí ó á³ë³é ïóëüï³ ñåëå-
ç³íêè, ð³çíîñïðÿìîâàíèìè çì³íàìè ù³ëüíîñò³ ICOS-
ðåöåïòîð³â íà êë³òèíí³é ìåìáðàí³ Tfh ³ ôîðìóâàííÿì 
äèñáàëàíñó ICOS+-ë³ìôîöèò³â îêðåìèõ êëàñ³â. 

2. Íàäì³ðíà åêñïðåñ³ÿ ICOS ìîæå áóòè îäíèì ç 
ôàêòîð³â, ùî ñïðèÿþòü ðîçâèòêó À²Ç, à îòðèìàí³ â 
ðîáîò³ äàí³ äîçâîëÿþòü ïðèïóñêàòè âàæëèâó ðîëü 
çá³ëüøåííÿ ÷èñëà ICOS-åêñïðåñóþ÷èõ êë³òèí â ñåëå-
ç³íö³ ÿê îäíîãî ç ìåõàí³çì³â ïðîãðåñóâàííÿ ÅÖÄ. 

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Ñïèðà-
þ÷èñü íà îòðèìàí³ äàí³ ââàæàºìî äîö³ëüíèì ³ ïåð-
ñïåêòèâíèì ïðîâåäåííÿ ìîëåêóëÿðíî-ãåíåòè÷íèõ 
äîñë³äæåíü ç ìåòîþ âèâ÷åííÿ ð³âíÿ ìÐÍÊ ICOS ïðè 
ä³àáåò³. 
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ÓÄÊ 616. 411-003. 96-008. 922. 1-018. 1
ÎÑÎÁËÈÂÎÑÒ² ÅÊÑÏÐÅÑ²¯ ²ÍÄÓÖÈÁÅËÜÍÎÃÎ ÊÎÑÒÈÌÓËßÒÎÐÓ ICOS Ë²ÌÔÎÖÈÒÀÌÈ ÑÅËÅÇ²Í-

ÊÈ ÏÐÈ ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÎÌÓ ÑÒÐÅÏÒÎÇÎÒÎÖÈÍÎÂÎÌÓ Ä²ÀÁÅÒ² 
Êàìèøíèé Î. Ì. 
Ðåçþìå. Â åêñïåðèìåíò³ äîñë³äæóâàëèñü îñîáëèâîñò³ ðîçïîä³ëó ICOS+ -êë³òèí â ñåëåç³íö³ ùóð³â ç åêñ-

ïåðèìåíòàëüíèì ñòðåïòîçîòîöèíîâèì öóêðîâèì ä³àáåòîì. Äëÿ âèçíà÷åííÿ åêñïðåñ³¿ ICOS âèêîðèñòîâóâàëè 
ìåòîä íåïðÿìî¿ ³ìóíîôëþîðåñöåíö³¿ ç âèêîðèñòàííÿì ìîíîêëîíàëüíèõ àíòèò³ë. Âñòàíîâëåíî, ùî ðîçâèòîê 
ä³àáåòó ñóïðîâîäæóºòüñÿ çá³ëüøåííÿì ê³ëüêîñò³ ICOS+-êë³òèí ó á³ë³é ïóëüï³ ñåëåç³íêè, ð³çíîñïðÿìîâàíî çì³-
íþº ù³ëüíîñò³ ICOS-ðåöåïòîð³â íà êë³òèíí³é ìåìáðàí³ Tfh ³ ôîðìóº äèñáàëàíñ ICOS+-ë³ìôîöèò³â îêðåìèõ 
êëàñ³â. Îòðèìàí³ äàí³ äîçâîëÿþòü ïðèïóñêàòè âàæëèâó ðîëü çá³ëüøåííÿ ÷èñëà ICOS-åêñïðåñóþ÷èõ êë³òèí â 
ñåëåç³íö³ ÿê îäíîãî ç ìåõàí³çì³â ïðîãðåñóâàííÿ ÅÖÄ. 

Êëþ÷îâ³ ñëîâà: ñåëåç³íêà, ä³àáåò, ICOS. 

ÓÄÊ 616. 411-003. 96-008. 922. 1-018. 1
ÎÑÎÁÅÍÍÎÑÒÈ ÝÊÑÏÐÅÑÑÈÈ ÈÍÄÓÖÈÁÅËÜÍÎÃÎ ÊÎÑÒÈÌÓËßÒÎÐÀ ICOS ËÈÌÔÎÖÈÒÎÂ ÑÅËÅ-

ÇÅÍÊÈ ÏÐÈ ÝÊÑÏÅÐÈÌÅÍÒÀËÜÍÎÌ ÑÒÐÅÏÒÎÇÎÒÎÖÈÍÎÂÎÌ ÄÈÀÁÅÒÅ
Êàìûøíûé À. Ì. 
Ðåçþìå. Â ýêñïåðèìåíòå èññëåäîâàëèñü îñîáåííîñòè ðàñïðåäåëåíèÿ ICOS + êëåòîê â ñåëåçåíêå êðûñ ñ 

ýêñïåðèìåíòàëüíûì ñòðåïòîçîòîöèíîâûì ñàõàðíûì äèàáåòîì. Äëÿ îïðåäåëåíèÿ ýêñïðåññèè ICOS èñïîëü-
çîâàëè ìåòîä íåïðÿìîé èììóíîôëþîðåñöåíöèè ñ èñïîëüçîâàíèåì ìîíîêëîíàëüíûõ àíòèòåë. Óñòàíîâëåíî, 
÷òî ðàçâèòèå äèàáåòà ñîïðîâîæäàåòñÿ óâåëè÷åíèåì êîëè÷åñòâà ICOS + êëåòîê â áåëîé ïóëüïå ñåëåçåíêè, 
ðàçíîíàïðàâëåííî èçìåíÿåò ïëîòíîñòü ICOS-ðåöåïòîðîâ íà êëåòî÷íîé ìåìáðàíå Tfh è ôîðìèðóåò äèñ-
áàëàíñ ICOS + ëèìôîöèòîâ îòäåëüíûõ êëàññîâ. Ïîëó÷åííûå äàííûå ïîçâîëÿþò ïðåäïîëàãàòü âàæíóþ ðîëü 
óâåëè÷åíèÿ ÷èñëà ICOS-ýêñïðåññèðóþùèõ êëåòîê â ñåëåçåíêå êàê îäíîãî èç ìåõàíèçìîâ ïðîãðåññèðîâàíèÿ 
ÝÖÄ. 

Êëþ÷åâûå ñëîâà: ñåëåçåíêà, äèàáåò, ICOS. 

UDC 616. 411-003. 96-008. 922. 1-018. 1
The Expression of the Inducible Costimulant of ICOS by Splenic Lymphocytes in Streptozotocin-

Induced Experimental Diabetes
Kamyshnyi A. M. 
Abstract. It has been known for a while that T-helper cells are involved in the regulation of B-cell responses. 

The characterization of a precise subset of these specialized cells, called follicular T-helper cells (Tfh). The T-cell 
costimulatory receptors, CD28 and the inducible costimulator (ICOS), are required for the generation of follicular 
B helper T cells (Tfh) and germinal center (GC) reaction. Beside canonical Th markers, the minimal Tfh signature 
requires expression of CXCR5, BCL6, and ICOS. Increased ICOS expression has been associated with disease in 
several animal and human studies. The ICOS is found on Ag-experienced T cells where it acts as a potent regulator 
of T cell responses. To determine the function of ICOS in diabetes, we followed the course of autoimmune disease 
and examined T cells in Wistar rats. 

The aim of research. The aim of this study was to investigate features of the distribution of ICOS + cells in the 
spleen of rats with streptozotocin-induced experimental diabetes. 

Materials and methods. Male Wistar rats were housed in standard wire-mesh bottom cages at constant temper-
ature of 25°C. The rats were given water and standard laboratory diet ad libitum with no restriction. Streptozotocin 
was administered by intraperitoneally injection in doses of 50 mg/kg body weight. The immunopositive cells were 
determined using an indirect immunofluorescence technique with using a monoclonal antibody. Images were taken 
by using a fluorescence microscope PrimoStar (ZEISS, Germany) with a computer-assisted system VIDAS-386 
(Kontron Elektronik, Germany). The processed histological sections were studied with the help of computer pro-
gram ImageJ (NIH, USA). Images obtained on the microscope PrimoStar (ZEISS, Germany) in ultraviolet spectrum 
of stimulation 390 nm (FITC) with the help of highly sensitive chamber AxioCam 5c (ZEISS, Germany) and program 
package for obtaining, archiving and preparation of the images for publication AxioVision 4.7.2 (ZEISS, Germany) 
were immediately introduced into computer. All statistical analyses were performed using EXCEL MS Office 2010 
(Microsoft Corp., USA), STATISTICA 6.0 (Stat-Soft, 2001) software. Results are expressed as mean values ± SEM. 
Differences were considered statistically significant if the p value was < 0.05. 

Results. It has been established that streptozotocin-induced experimental diabetes development was 
accompanied with the increase in quantity of ICOS+-cells in spleen. Development of experimental diabetes mel-
litus duration as 28 and 38 days was accompanied by significant increase in population density ICOS+ -cells in the 
marginal zone (at 36-47 %, p < 0.05) and periarterial lymphoid sheaths (PALS) spleen (96 % – 2.6-fold, p < 0.05) 
compared with controls, whereas lymphoid follicles, their number increased only in rats with 38-day experimental 
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diabetes mellitus (3.7-fold, p < 0.05). The density of ICOS-receptors on the cell membrane in Tfh varied in dif-
ferent directions – significantly decreased in experimental animals with 28-day experimental diabetes mellitus in 
lymphoid follicles and PALS spleen and increased with increasing duration of diabetes up to 38 days. Identified as 
changes were accompanied by the formation of an imbalance ICOS + -lymphocytes individual classes. At the same 
time experimental diabetes development resulted in multidirection action on the expression of receptors with Tfh-
lymphocytes in spleen. 

Conclusions. Overexpression of ICOS secondary to unknown triggers, such as inflammatory cytokines or dis-
tinct antigens, along with genetic susceptibility, leads to hyperactivation of autoreactive or pathogenic B cells and 
subsequent autoimmunity. We conclude that ICOS is critically important for the induction of the autoimmune pro-
cess that leads to diabetes. Our results suggest a potential therapeutic benefit of blocking ICOS in autoimmune 
diabetes. 

Keywords: spleen, diabetes mellitus, ICOS. 
Ðåöåíçåíò – ïðîô. Êîñòåíêî Â. Î. 
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