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Ðîáîòà º ôðàãìåíòîì íàóêîâî-äîñë³äíî¿ ðî-
áîòè «Ðîçðîáèòè ìåòîäè îïòèì³çàö³¿ ë³êóâàííÿ 
ä³àáåòè÷íî¿ íåôðîïàò³¿ íà ï³äñòàâ³ âèçíà÷åííÿ âïëè-
âó ìåä³àòîð³â çàïàëåííÿ â³ñôàòèíó òà ìîíîöèòàðíî-
ãî õåìîàòðàêòàíòíîãî ïðîòå¿íó íà ôóíêö³îíàëüíèé 
ñòàí íèðîê», ¹ äåðæ. ðåºñòðàö³¿ 0112U001096

Âñòóï. Ïàòîëîã³÷í³ ìåõàí³çìè ðîçâèòêó ä³àáåòó 
òà éîãî óñêëàäíåíü, çîêðåìà ä³àáåòè÷íî¿ íåôðîïàò³¿ 
(ÄÍ), âêëþ÷àþòü ðîçâèòîê êàñêàäó ðåàêö³é çàïà-
ëåííÿ, åíäîòåë³àëüíó äèñôóíêö³þ òà ïðîêîàãóëÿíò-
íèé äèñáàëàíñ [10, 11]. Âåäåòüñÿ àêòèâíèé ïîøóê 
á³îìàðêåð³â, ÿê³ á çàáåçïå÷èëè ðàííþ ä³àãíîñòèêó 
öèõ ïîðóøåíü òà ñïðèÿëè îïòèì³çàö³¿ ¿õ ë³êóâàííÿ. 
Ìàðêåðàìè àêòèâàö³¿ ëåéêîöèò³â òà åíäîòåë³àëüíèõ 
êë³òèí, ùî â³ä³ãðàþòü ñóòòºâó ðîëü â ïàòîãåíåç³ 
ñóäèííèõ óñêëàäíåíü ä³àáåòó ³ ïîºäíàíèõ ç íèì 
ïàòîëîã³é, ìîæóòü áóòè ìîëåêóëè êë³òèííî¿ àäãåç³¿ òà 
¿õ ðåöåïòîðè. Ïðè äîñë³äæåíí³ ðîë³ ìîëåêóë àäãåç³¿ ó 
ðîçâèòêó íåôðîïàò³é òà ³íøèõ óñêëàäíåíü öóêðîâîãî 
ä³àáåòó îñíîâíà óâàãà ïðèä³ëÿºòüñÿ ïðåäñòàâíèêàì 
ñ³ìåéñòâ ³ìóíîãëîáóë³í³â (ì³æêë³òèííèì ³ ïîâåðõíå-
âèì ìîëåêóëàì – ICAM-1,2,3 ³ VCAM-1) òà ¿õ ðåöåï-
òîðàì, çîêðåìà ³íòåãðèíàì [1,3,6,8]. 

Çì³íà àäãåçèâíèõ õàðàêòåðèñòèê º, î÷åâèäíî, 
íàéá³ëüø ÷óòëèâîþ ðåàêö³ºþ êë³òèí, ÿê íà âïëèâ 
ïàòîãåííèõ ôàêòîð³â, òàê ³ íà çàñòîñóâàííÿ ë³ê³â. 
Ï³ä âèùåííÿ ð³âí³â ðîç÷èííèõ àäãåçèâíèõ ìîëå-
êóë ICAM-1 â³äçíà÷àëîñü ïðè îáîõ òèïàõ öóêðîâîãî 
ä³àáåòó [3,8]. Á³ëüø³ñòü äîñë³äæåíü ïðîâåäåíî íà 
ìîäåëÿõ òâàðèí, ïðîòå îòðèìàí³ ðåçóëüòàòè âæå íà-
õîäÿòü ðåàë³çàö³þ â êë³í³ö³ [2]. 

Ìåòîþ äàíîãî äîñë³äæåííÿ ñòàëî âèâ÷åííÿ 
åêñïðåñ³¿ íà ìîíîöèòàõ ìîëåêóë ì³æêë³òèííî¿ àäãåç³¿ 
(²ÑÀÌ-1) òà ¿õ ðåöåïòîð³â (CD11β-³íòåãðèí) ïðè ÄÍ 
íà ð³çíèõ ñòàä³ÿõ çàõâîðþâàííÿ. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Áóëî îáñòåæå-
íî 60 õâîðèõ íà öóêðîâèé ä³àáåò 2-ãî òèïó ç ÄÍ íà 
ð³çíèõ ñòàä³ÿõ çàõâîðþâàííÿ. Ñåðåäí³é â³ê ïàö³ºíò³â 
– (49,5 2,3) ðîê³â. Ãðóïó êîíòðîëþ ñêëàëè 14 çäî-
ðîâèõ äîíîð³â, â³äïîâ³äíîãî â³êó. 

Ìîíîöèòè âèä³ëÿëè ç ïåðèôåðè÷íî¿ êðîâ³ õâî-
ðèõ ³ çäîðîâèõ îñ³á ìåòîäîì ãðàä³ºíòíîãî öåíòðè-
ôóãóâàííÿ. Ê³ëüê³ñòü àíòèãåí ïîçèòèâíèõ êë³òèí 
îö³íþâàëè íåïðÿìèì ³ìóíîöèòîõ³ì³÷íèì ìåòî-
äîì ç âèêîðèñòàííÿì ìîíîêëîíàëüíèõ àíòèò³ë äî 

àíòèãåí³â ²ÑÀÌ-1 (CD54) òà β-ñóáîäèíèö³ ³íòåãðèíó 
(CD11β) (ÒÎÂ “Ñîðáåíò”, Ìîñêâà). 

Ñòàòèñòè÷íó îáðîáêó ïðîâîäèëè çà äîïîìîãîþ 
êîìï’þòåðíî¿ ïðîãðàìè “Microsoft Excel”. Ïåðåâ³ðêó 
ðîçïîä³ëó äàò íà â³äïîâ³äí³ñòü íîðìàëüíîìó çà-
êîíó ïðîâîäèëè ç âèêîðèñòàííÿì ìåòîäó Øàï³ðî-
Ó³ëêî. Ñòàòèñòè÷í³ ã³ïîòåçè ïðî ð³çíèöþ ñåðåäí³õ 
ïåðåâ³ðÿëè çà äîïîìîãîþ êðèòåð³þ Ñòüþäåíòà äëÿ 
ð³âíÿ çíà÷èìîñò³ Ð < 0,05. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåí-
íÿ. Ïðîâåäåíå íàìè äîñë³äæåííÿ åêñïðåñ³¿ ICAM-
1 (CD54) ìîíîöèòàìè ó õâîðèõ íà ÄÍ ïîêàçàëî 
ñóòòºâå çðîñòàííÿ ê³ëüêîñò³ CD54-ïîçèòèâíèõ êë³òèí 
â ïîð³âíÿíí³ ç ãðóïîþ êîíòðîëþ (ðèñ. 1). 

Ïðè âèâ÷åíí³ åêñïðåñ³¿ ICAM-1 íà ìîíîöèòàõ â 
çàëåæíîñò³ â³ä ñòàä³¿ ÄÍ íàìè áóëè îòðèìàí³ íàñòóïí³ 
ðåçóëüòàòè: ð³âåíü CD54 + êë³òèí ï³äâèùóâàâñÿ âæå 
íà ðàíí³õ ñòàä³ÿõ ÄÍ òà ïåðåâèùóâàâ êîíòðîëüí³ çíà-
÷åííÿ â 1,3 ðàçè (ðèñ. 1). Ïðè ïðîãðåñóâàíí³ çàõâî-
ðþâàííÿ ñïîñòåð³ãàëîñü á³ëüø âèðàçíå çá³ëüøåííÿ 
ïîêàçíèêà â 1,8 ðàçè. 

Îòðèìàí³ ðåçóëüòàòè ïåâíîþ ì³ðîþ óçãîäæó-
þòüñÿ ç äàíèìè ùîäî ï³äâèùåííÿ ð³âí³â ðîç÷èííèõ 
àäãåçèâíèõ ìîëåêóë ICAM-1, VICAM-1 òà cåëåêòèí³â 
ïðè öóêðîâîìó ä³àáåò³ 2 òèïó [3, 5]. 
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Ðèñ. 1. Ð³âåíü åêñïðåñ³¿ ICAM-1 (CD 54) 
íà ìîíîöèòàõ ïåðèôåðè÷íî¿ êðîâ³ õâîðèõ 

íà ÄÍ òà çäîðîâèõ äîíîð³â. 
Ïðèì³òêà: * – ð³çíèöÿ ì³æ ïîêàçíèêàìè ó õâîðèõ òà çäîðîâèõ 

ñòàòèñòè÷íî äîñòîâ³ðíà (ð < 0,05). 
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Íàéâàæëèâ³øèìè ðåöåïòîðàìè äëÿ ICAM-1 º 
³íòåãðèíè (CD11\CD18-àíòèãåíè), ÿê³ àñîö³þþòüñÿ 
ç ôóíêö³ºþ ëåéêîöèò³â, åêñïðåñóþòüñÿ íà âñ³õ 
òèïàõ öèõ êë³òèí, çàáåçïå÷óþ÷è ¿õ ôóíêö³îíàëüíó 
àêòèâí³ñòü. ²íòåãðèíè ï³ñëÿ òðàíñëîêàö³¿ íà ìåì-
áðàíó ëåéêîöèò³â çâ’ÿçóþòüñÿ ç ICAM-1, iÑ3b òà 
³íøèìè ë³ãàíäàìè, ùî º ñòèìóëîì äëÿ ðóõó êë³òèí 
â åêñòðàâàçàëüíèé ïðîñò³ð, ðåñï³ðàòîðíîãî âèáó-
õó ôàãîöèò³â ³ ïðîäóêö³¿ öèòîê³í³â [4]. Òàêèì ÷èíîì 
³íòåãðèíè áåðóòü ó÷àñòü ó õåìîòàêñèñ³ é ôàãîöèòîç³, 
³íäóêö³¿ ðåñï³ðàòîðíîãî âèáóõó, àäãåç³¿ ãðàíóëîöèò³â 
³ ìàêðîôàã³â äî ñóäèííî¿ ñò³íêè. Åêñïðåñ³ÿ ÑD11/
CD18 âàð³þº çàëåæíî â³ä òèïó êë³òèí, ñòóïåíÿ ¿õ 
àêòèâàö³¿ ³ äèôåðåíö³þâàííÿ. 

Ïðîâåäåíå íàìè äîñë³äæåííÿ àäãåçèâíèõ õàðàê-
òåðèñòèê ìîíîöèò³â âèÿâèëî çðîñòàííÿ åêñïðåñ³¿ 
CD11β-³íòåãðèíó íà öèõ êë³òèíàõ â óñ³õ ãðóïàõ 
ïàö³ºíò³â â ïîð³âíÿíí³ ç êîíòðîëåì (ðèñ. 2). 

Äîñë³äæåííÿ åêñïðåñ³¿ àäãåçèâíèõ ìîëåêóë 
CD11β òà L-ñåëåêòèíó íà íåéòðîô³ëàõ ïåðèôåðè÷-
íî¿ êðîâ³, à òàêîæ ð³âí³â ðîç÷èííèõ ôîðì àäãåçèâíèõ 

ìîëåêóë òà ìàðêåð³â çàïàëåííÿ ó õâîðèõ íà öóêðî-
âèé ä³àáåò â çàëåæíîñò³ â³ä íàÿâíîñò³ ì³êðîàíã³î-
ïàò³é âèÿâèëî ó õâîðèõ ç ì³êðîàíã³îïàò³ÿìè ñóòòºâå 
çðîñòàííÿ ÿê åêñïðåñ³¿ CD11β íà íåéòðîô³ëàõ, òàê 
³ ð³âí³â ðîç÷èííèõ ìîëåêóë àäãåç³¿ â ïåðèôåðè÷í³é 
êðîâ³ [7,8,9]. Íà äóìêó àâòîð³â, ðîçâèòîê ä³àáåòè÷íèõ 
ì³êðîàíã³îïàò³é áåçóìîâíî ïîâ’ÿçàíèé ç àêòèâàö³ºþ 
íåéòðîô³ë³â òà ³íòåíñèô³êàö³ºþ ¿õ àäãåç³¿ ³ ñóïðîâî-
äæóºòüñÿ çðîñòàííÿì ð³âí³â â êðîâ³ ðîç÷èííèõ àäãå-
çèâíèõ ìîëåêóë òà ìàðêåð³â çàïàëåííÿ. Ðàçîì ç òèì 
ïîêàçàíî, ùî çäàòí³ñòü ìîíîöèò³â òà ãðàíóëîöèò³â 
ìîäóëþâàòè åêñïðåñ³þ àäãåçèâíèõ ìîëåêóë ó â³äïî-
â³äü íà çàïàëåííÿ çíà÷íî ïîã³ðøóºòüñÿ ïðè äåÿêèõ 
çàõâîðþâàííÿõ, çîêðåìà ó ïàö³ºíò³â íà ïåðèòîíå-
àëüíîìó ä³àë³ç³, á³ëüø òîãî åêñïðåñ³ÿ ðåöåïòîð³â äî 
ICAM-1 íà ëåéêîöèòàõ ìîæå íå çàëåæàòè â³ä êîí-
öåíòðàö³¿ IL-8 òà ìîíîöèòàðíîãî õåìîàòðàêòàíòíîãî 
ïðîòå¿íó-1 [2]. 

Â ö³ëîìó, àíàë³ç îòðèìàíèõ íàìè ðåçóëüòàò³â òà 
ë³òåðàòóðíèõ äàíèõ ïîêàçóº, ùî àêòèâàö³ÿ é àäãå-
ç³ÿ ìîíîöèò³â ñïðèÿº âèíèêíåííþ óñêëàäíåíü ïðè 
öóêðîâîìó ä³àáåò³, êë³í³êî-ëàáîðàòîðíîþ îçíàêîþ 
ÿêèõ ìîæå ñëóæèòè ï³äâèùåííÿ åêñïðåñ³¿ ìîëåêóë 
àäãåç³¿ òà ¿õ ðåöåïòîð³â íà êë³òèíàõ. 

Âèñíîâêè. Ó õâîðèõ íà ä³àáåòè÷íó íåôðîïàò³þ 
âæå íà ïî÷àòêîâèõ ñòàä³ÿõ õâîðîáè ìàº ì³ñöå ñóòòºâå 
ï³äâèùåííÿ ð³âíÿ åêñïðåñ³¿ ìîëåêóë ì³æêë³òèííî¿ 
àäãåç³¿ (ICAM-1) òà ¿õ ðåöåïòîð³â (CD11β) íà ìîíîöè-
òàõ ïåðèôåðè÷íî¿ êðîâ³. 

Ïðîãðåñóâàííÿ çàõâîðþâàííÿ ñóïðîâîäæóºòüñÿ 
ïîäàëüøèì çðîñòàííÿì ê³ëüêîñò³ êë³òèí, ùî åêñïðå-
ñóþòü ICAM-1 òà CD11β-³íòåãðèí. 

Ïîðóøåííÿ åêñïðåñ³¿ ìîëåêóë àäãåç³¿ òà ¿õ 
ðåöåïòîð³â ìîæå â³ä³ãðàâàòè âèçíà÷àëüíó ðîëü â 
ïàòîãåíåç³ íåôðîïàò³¿ ïðè öóêðîâîìó ä³àáåò³. 

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü ïîëÿ-
ãàþòü ó âèâ÷åíí³ âçàºìîçâ’ÿçêó åêñïðåñ³¿ àäãåçèâ-
íèõ ìîëåêóë òà ïðîäóêö³¿ ìåä³àòîð³â çàïàëåííÿ íà 
ð³çíèõ ñòàä³ÿõ ä³àáåòè÷íî¿ íåôðîïàò³¿ òà â äèíàì³ö³ 
ë³êóâàííÿ. 
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(CD11β-³íòåãðèíó) ó õâîðèõ íà ä³àáåòè÷íó íåôðîïàò³þ (ÄÍ) íà ð³çíèõ ñòàä³ÿõ çàõâîðþâàííÿ. Äîñë³äæåííÿ âè-
êîíóâàëè íà ³çîëüîâàíèõ ìîíîöèòàõ âèä³ëåíèõ ç ïåðèôåðè÷íî¿ êðîâ³ ïàö³ºíò³â òà çäîðîâèõ äîíîð³â. Ó õâîðèõ 
íà ÄÍ âæå íà ïî÷àòêîâèõ ñòàä³ÿõ õâîðîáè ìàº ì³ñöå ñóòòºâå ï³äâèùåííÿ ð³âíÿ åêñïðåñ³¿ ìîëåêóë ì³æêë³òèííî¿ 
àäãåç³¿ (ICAM-1) òà ¿õ ðåöåïòîð³â (CD11β) íà ìîíîöèòàõ ïåðèôåðè÷íî¿ êðîâ³. Ïðîãðåñóâàííÿ çàõâîðþâàííÿ 
ñóïðîâîäæóºòüñÿ ïîäàëüøèì çðîñòàííÿì ê³ëüêîñò³ àíòèãåí-ïîçèòèâíèõ êë³òèí. Ïîðóøåííÿ åêñïðåñ³¿ àäãå-
çèâíèõ ìîëåêóë òà ¿õ ðåöåïòîð³â ìîæå ñïðèÿòè âèíèêíåííþ òà ïðîãðåñóâàííþ óñêëàäíåíü öóêðîâîãî ä³àáåòó, 
çîêðåìà ÄÍ. 

Êëþ÷îâ³ ñëîâà: ä³àáåòè÷íà íåôðîïàò³ÿ, ìîëåêóëè ì³æêë³òèííî¿ àäãåç³¿, ICAM-1, CD11β-³íòåãðèí. 
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ÝÊÑÏÐÅÑÑÈß ÌÎËÅÊÓË ÌÅÆÊËÅÒÎ×ÍÎÉ ÀÄÃÅÇÈÈ (²ÑÀÌ-1) È ÈÕ ÐÅÖÅÏÒÎÐÎÂ (CD11β-

ÈÍÒÅÃÐÈÍ) ÏÐÈ ÄÈÀÁÅÒÈ×ÅÑÊÎÉ ÍÅÔÐÎÏÀÒÈÈ
Ãàëü÷èíñêàÿ Â. Þ., Òîï÷èé È. È., Ñåìåíîâûõ Ï. Ñ., Åôèìîâà Í. Â., Ùåðáàíü Ò. Ä. 
Ðåçþìå. Öåëü ðàáîòû – èçó÷åíèå ýêñïðåññèè ìîëåêóë ìåæêëåòî÷íîé àäãåçèè (²ÑÀÌ-1) è èõ ðåöåïòîðîâ 

(CD11β-èíòåãðèí) ó áîëüíûõ äèàáåòè÷åñêîé íåôðîïàòèåé (ÄÍ) íà ðàçíûõ ñòàäèÿõ çàáîëåâàíèÿ. Èññëåäî-
âàíèå âûïîëíÿëè íà èçîëèðîâàííûõ ìîíîöèòàõ ïåðèôåðè÷åñêîé êðîâè ïàöèåíòîâ è çäîðîâûõ äîíîðîâ. Ó 
áîëüíûõ ÄÍ óæå íà íà÷àëüíûõ ñòàäèÿõ áîëåçíè èìååò ìåñòî ñóùåñòâåííîå ïîâûøåíèå óðîâíÿ ýêñïðåññèè 
ìîëåêóë ìåæêëåòî÷íîé àäãåçèè (ICAM-1) è èõ ðåöåïòîðîâ (CD11β) íà ìîíîöèòàõ ïåðèôåðè÷åñêîé êðîâè. 
Ïðîãðåññèðîâàíèå çàáîëåâàíèÿ ñîïðîâîæäàåòñÿ äàëüíåéøèì ðîñòîì êîëè÷åñòâà àíòèãåí-ïîëîæèòåëüíûõ 
êëåòîê. Íàðóøåíèå ýêñïðåññèè àäãåçèâíûõ ìîëåêóë è èõ ðåöåïòîðîâ ìîæåò ñïîñîáñòâîâàòü âîçíèêíîâåíèþ 
è ïðîãðåññèðîâàíèþ îñëîæíåíèé ñàõàðíîãî äèàáåòà, â ÷àñòíîñòè ÄÍ. 

Êëþ÷åâûå ñëîâà: äèàáåòè÷åñêàÿ íåôðîïàòèÿ, ìîëåêóëû ìåæêëåòî÷íîé àäãåçèè, ICAM-1, 
CD11β-èíòåãðèí. 
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Expression of Intercellular Adhesion Molecules (ICAM-1) and their Receptors (CD11β-Integrin) in Dia-

betic Nephropathy
Galchinskaya V. Yu., Topchii I. I., Semenovykh P. S., Efimova N. V., 
Scherban T. D. 
Abstract. Many lines of evidence, ranging from in vitro experiments and pathological examinations to epide-

miological studies, show that inflammation is a cardinal pathogenetic mechanism in diabetic nephropathy. Thus, 
modulation of inflammatory processes in the setting of diabetes mellitus is a matter of great interest for research-
ers today. The relationships between inflammation and the development and progression of diabetic nephropathy 
involve complex molecular processes. 

Cell adhesion molecules and their receptors play an important role in the pathogenesis of vascular complica-
tions of diabetes, including diabetic nephropathy and are markers of leukocytes and endothelial cells activation. 

Intercellular adhesion molecule-1 (ICAM-1) is one with major molecules promoters of leukocyte attachment to 
the vascular endothelium and their transmigration by its binding to β

2
-integrins on leukocyte cell surfaces. ICAM-1 

upregulates and mediates macrophage infiltration in diabetic kidney tissues. 
Violation of adhesion molecules expression on peripheral blood cells plays a significant role in the pathogenesis 

of many diseases such as septic shock, allergic diseases, endometriosis, hemolytic syndrome, rheumatoid arthri-
tis, pathology of cardiovascular system. Increased levels of soluble ICAM molecules were noted in both types of 
diabetes. 

The aim of this study was to investigate ICAM-1 (CD54) and the β-integrin subunit (CD11b) expression on mono-
cytes from patients with diabetic nephropathy (DN). 
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We studied 60 patients with diabetic nephropathy at early and advanced stages of a disease. Diabetic groups 
were age- and sex-matched, had the same length of diabetes duration, and degree of glycemic control. Healthy 
nondiabetic volunteers of comparable age and sex (n = 14) formed the control group. 

Monocytes were isolated from peripheral blood of patients and healthy subjects by gradient centrifugation. The 
number of antigen-positive cells was assessed by indirect immunoperoxidase method using monoclonal antibodies 
to antigens ICAM-1 (CD54) and β-integrin subunit (CD11β) (“Sorbent”, Moscow). 

A study of the ICAM-1 (CD54) expression by monocytes in patients with DN showed a significant increase in 
CD54-positive cells compared to the control group. The expression of ICAM- 1 on monocytes depended from the 
stage of DN. The level of CD54 + -cells increased in the early stages of DN and exceeded control values by 1.3. The 
progression of disease has a distinct increase in 1.8 times. 

We estimated an essential increase of CD11β expression on peripheral blood monocytes was found already 
at initial stages of DN. Progression of the disease was accompanied by further growth of antigen-positive cells 
quantity. 

Overall, the analysis of our results and the literature shows that the activation and adhesion of monocytes con-
tributes to complications of diabetes, particularly DN. Prospects for future research is to explore the relationship 
of the expression of adhesion molecules and production of inflammatory mediators at different stages of diabetic 
nephropathy and the dynamics of treatment. 

Keywords: diabetic nephropathy, intercellular adhesion molecules, ICAM-1, CD11β-integrin. 
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