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Êîðîíàâ³ðóñíà õâîðîáà 2019 ðîêó (COVID-19) ÿâëÿº 
ñîáîþ âàãîìó çàãðîçó çäîðîâ’þ ëþäåé. Íà ñüîãîäí³, 
àêòóàëüíèì ïèòàííÿì º ïðîãíîçóâàííÿ ïåðåá³ãó õðî-
í³÷íèõ çàõâîðþâàíü ó ëþäåé, ÿê³ ïåðåõâîð³ëè êîðî-
íàâ³ðóñíîþ ³íôåêö³ºþ. Îñòåîàðòðèò º õðîí³÷íèì äåãå-
íåðàòèâíèì çàõâîðþâàííÿì ñóãëîá³â. Ïîêàçàíî, ùî öå 
çàõâîðþâàííÿ ìîæå áóòè âèêëèêàíî ð³çíèìè ÷èííè-
êàìè, à ñàìå: âïëèâîì îêñèäàòèâíîãî ñòðåñó; ã³ïåðõî-
ëåñòåðèíåì³ºþ, ï³äâèùåíîþ àãðåêàí-äåãðàäóþ÷îþ àê-
òèâí³ñòþ ñïåöèô³÷íèõ ïðîòå¿íàç íà ôîí³ ïîðóøåííÿ 
ïåâíîãî åíäîöèòàðíîãî øëÿõó; òîùî. Òîìó ìåòîþ 
ðîáîòè áóëî ïðîàíàë³çóâàòè åêñïðåñ³þ ãåí³â OLR1, 
ACAN òà LRP1 ó êë³òèíàõ ñèíîâ³àëüíî¿ îáîëîíêè 
õâîðèõ íà îñòåîàðòðèò ï³ñëÿ SARS-CoV2-³íôåêö³¿. Ó 
äîñë³äæåíí³ áðàëè ó÷àñòü 60 ÷îëîâ³ê³â ó â³ö³ â³ä 50 äî 
55 ðîê³â. Äîáðîâîëüö³ áóëè ïîä³ëåí³ íà íàñòóïí³ ãðóïè: 
ïåðøà ãðóïà (n = 20) – óìîâíî çäîðîâ³ ëþäè, äðóãà 
ãðóïà (n = 20) – ïàö³ºíòè ç îñòåîàðòðèòîì êîë³í-
íèõ ñóãëîá³â II–III ñòóïåíþ, òðåòþ ãðóïó – ñêëàëè 20 
ïàö³ºíò³â ç îñòåîàðòðèòîì êîë³ííèõ ñóãëîá³â II–III 
ñòóïåíþ, ÿê³ ïåðåõâîð³ëè COVID-19. Êîíöåíòðàö³þ 
õîëåñòåðîëó ó ïëàçì³ êðîâ³ ëþäåé âèçíà÷àëè ôåð-
ìåíòàòèâíèì ìåòîäîì çà äîïîìîãîþ ä³àãíîñòè÷-
íîãî íàáîðó ðåàãåíò³â. ²íòåíñèâí³ñòü ãåíåðàö³¿ ñóïåð-
îêñèäíîãî àí³îí-ðàäèêàëó â ñèíîâ³àëüí³é ð³äèí³ âèì³ðþ-
âàëè çà íàêîïè÷åííÿì ÕÒÒ-ôîðìàçàíó. Ð³âåíü åêñïðåñ³¿ 
ãåí³â OLR1, ACAN òà LRP1 ó êë³òèíàõ ñèíîâ³àëüíî¿ 
îáîëîíêè êîë³ííèõ ñóãëîá³â âñòàíîâëþâàëè çà äîïîìî-
ãîþ ê³ëüê³ñíî¿ ÇT-ÏËÐ ó ðåàëüíîìó ÷àñ³. Áóëî âèÿâëåíî 
çðîñòàííÿ ð³âíÿ åêñïðåñ³¿ ãåíà OLR1 á³ëüøîþ ì³ðîþ 
ó êë³òèíàõ ñèíîâ³àëüíî¿ îáîëîíêè õâîðèõ íà îñòåîàð-
òðèò, ÿê³ ïåðåõâîð³ëè COVID-19, ïîð³âíÿíî ç ãðóïîþ 
õâîðèõ íà îñòåîàðòðèò êîë³ííèõ ñóãëîá³â íà òë³ ³í-
òåíñèâí³øîãî çá³ëüøåííÿ ÿê êîíöåíòðàö³¿ õîëåñòåðîëó 
ó ïëàçì³ êðîâ³, òàê ³ àêòèâóâàííÿ â³ëüíîðàäèêàëüíèõ 
ïðîöåñ³â (çðîñòàííÿ âì³ñòó ñóïåðîêñèäíîãî àí³îí-ðà-
äèêàëó) ó ñèíîâ³àëüí³é ð³äèí³ ïàö³ºíò³â ç îñòåîàð-
òðèòîì ï³ñëÿ SARS-CoV2-³íôåêö³¿. Öå ìîæå áóòè 
ïîâ’ÿçàíî ç³ çá³ëüøåííÿì çàãàëüíîñèñòåìíîãî çàïà-
ëåííÿ âíàñë³äîê ðåàãóâàííÿ îðãàí³çìó íà â³ðóñ. Ó òîé 
æå ÷àñ áóëî ïîêàçàíî á³ëüø ñóòòºâå çíèæåííÿ ð³âíÿ 
åêñïðåñ³¿ ãåíà ACAN ó êë³òèíàõ ñèíîâ³àëüíî¿ îáîëîíêè 

õâîðèõ íà îñòåîàðòðèò, ÿê³ ïåðåõâîð³ëè COVID-19, ó 
ïîð³âíÿíí³ ç ãðóïîþ õâîðèõ íà îñòåîàðòðèò êîë³ííèõ 
ñóãëîá³â. Öå âêàçóº íà á³ëüø ïîòóæíó àêòèâàö³þ äå-
ñòðóêòèâíèõ ïðîöåñ³â ó êë³òèíàõ ï³ñëÿ ïåðåíåñåíî¿ 
³íôåêö³¿, ³ òàêîæ ìîæå áóòè îïîñåðåäêîâàíî çìåí-
øåííÿì ð³âíÿ åêñïðåñ³¿ ãåíà LRP1, ùî, ó ñâîþ ÷åðãó, 
çäàòíå ñïðè÷èíþâàòè ïîäàëüøå ïðîãðåñóâàííÿ çàõâî-
ðþâàííÿ. Ðîçóì³ííÿ ÷³òêèõ ìåõàí³çì³â ôîðìóâàííÿ 
á³ëüø âàæêîãî ïåðåá³ãó îñòåîàðòðèòó òà ìîæëèâîãî 
ðîçâèòêó óñêëàäíåíü ó ïàö³ºíò³â ³ç ïîñò-COVID-19 
ñèíäðîìîì íà ïðèêëàä³ ôóíêö³îíóâàííÿ ÿê ñèñòåìè 
LOX1/ox-LDL, òàê ³ LRP1-åíäîöèòàðíîãî øëÿõó ïî-
òðåáóº ïîäàëüøèõ äîñë³äæåíü.

Êëþ÷îâ³ ñëîâà: SARS-CoV-2, åêñïðåñ³ÿ ãåí³â ACAN, 
LRP1, OLR1, îñòåîàðòðèò, õîëåñòåðîë, ñóïåðîêñèä-
íèé àí³îí-ðàäèêàë. 

Âñòóï. Êîðîíàâ³ðóñíà õâîðîáà 2019 ðîêó (CO-
VID-19) ÿâëÿº ñîáîþ âàãîìó çàãðîçó çäîðîâ’þ 
ëþäåé âñ³õ êðà¿í ñâ³òó. Íà ñüîãîäí³, âàæëèâèì 
ïèòàííÿì º ïðîãíîçóâàííÿ ïåðåá³ãó õðîí³÷íèõ 
çàõâîðþâàíü ó ëþäåé, ÿê³ ïåðåõâîð³ëè êîðî-
íàâ³ðóñíîþ ³íôåêö³ºþ. Îñòåîàðòðèò (ÎÀ) º õðî-
í³÷íèì äåãåíåðàòèâíèì çàõâîðþâàííÿì ñóãëî-
á³â, ïîøèðåí³ñòü ÿêîãî ïîñò³éíî çðîñòàº ÷å-
ðåç ãëîáàëüíå ñòàð³ííÿ (Yamamoto et al, 2014; 
Baudart et al, 2017; Hashimoto et al, 2020; 
Yamamoto et al, 2021). Íàðàç³ ç’ÿñóâàííÿ ïðè-
÷èí ÎÀ òà ðîçðîáêà ôóíäàìåíòàëüíèõ ñòðà-
òåã³é ë³êóâàííÿ º êðèòè÷íî âàæëèâèìè. Â³äîìî, 
ùî äëÿ SARS-CoV2-³íôåêö³¿ õàðàêòåðíèé ðîç-
âèòîê òÿæêèõ óñêëàäíåíü: îäíèì ³ç òàêèõ íà-
ñë³äê³â ìîæå ñòàòè çàãîñòðåííÿ ñòàíó õâîðèõ 
íà ÎÀ, ùî, ó ñâîþ ÷åðãó, ìîæå ÿê ïîñèëèòè 
ïåðåá³ã öüîãî çàõâîðþâàííÿ, òàê ³ óñêëàäíè-
òè ïðîâåäåííÿ éîãî ë³êóâàííÿ (Lai et al, 2020; 
Gasmi et al, 2021; Lauwers et al, 2022).

Ñïî÷àòêó ïðèïóñêàëè, ùî ÎÀ âèêëèêàºòü-
ñÿ ìåõàí³÷íèì ñòðåñîì ÷åðåç îæèð³ííÿ. Òîìó 
ââàæàëîñÿ, ùî ïðè÷èíîþ ÎÀ, çäåá³ëüøîãî, º 
çíîøóâàííÿ õîíäðîöèò³â âíàñë³äîê ìåõàí³÷íî¿ 
íàïðóãè (Yucesoy et al, 2015; Baudart et al, 2017). 
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À.Ñ. Þåò, Ñ.Â. Áîðîä³í, Ê.Î. Äâîðùåíêî òà ³í.

Äåÿê³ äîñë³äæåííÿ òàêîæ ï³äòâåðäæóþòü ó÷àñòü 
îêñèäàòèâíîãî ñòðåñó òà ïåðåêèñíîãî îêèñëåí-
íÿ ë³ï³ä³â ó ïàòîãåíåç³ äåãåíåðàö³¿ ñóãëîáîâîãî 
õðÿùà (Nishimura et al, 2004; Dranitsina 2019 
et al, 2019; Walters et al, 2021). Ïîâ³äîìëÿëîñÿ, 
ùî ã³ïåðõîëåñòåðèíåì³ÿ, ÿêà ñïðè÷èíÿº àòåðî-
ñêëåðîç (ÀÑ), ïîâ’ÿçàíà ç ðèçèêîì ÎÀ êîë³í-
íîãî ñóãëîáà íåçàëåæíî â³ä îæèð³ííÿ (Bierma-
Zeinstra et al, 2017).

Ôàêòè÷íî ÎÀ òà ÀÑ ìàþòü ñï³ëüí³ ìîëå-
êóëÿðí³ ìåä³àòîðè, ÿê³ ³íäóêóþòüñÿ äåÿêèìè 
çàïàëüíèìè öèòîê³íàìè. Á³ëüø òîãî, áóëî âè-
ÿâëåíî êîðåëÿö³þ ì³æ âèñîêèì ð³âíåì õîëåñ-
òåðîëó â ñèðîâàòö³ êðîâ³ òà ÎÀ â ïàö³ºíò³â 
(Oliviero et al, 2012; Hashimoto et al, 2020).

Áóëî çàïðîïîíîâàíî, ùî ðåöåïòîð îêèñëå-
íèõ ë³ïîïðîòå¿í³â íèçüêî¿ ù³ëüíîñò³ (ox-LDL), 
ÿêèé íàëåæèòü äî íàäðîäèíè ëåêòèí³â Ñ-òè-
ïó – LOX1 (êîäóºòüñÿ ãåíîì OLR1) – ìîæå 
áóòè çàëó÷åíèé ó ïàòîãåíåç ÎÀ (Hashimoto et 
al, 2020). Àäæå áóëî ïîêàçàíî, ùî çâ’ÿçóâàííÿ 
ox-LDL ³ç LOX1 ïîñèëþâàëî âèðîáíèöòâî 
âíóòð³øíüîêë³òèííèõ àêòèâíèõ ôîðì êèñíþ 
(ROS), ÿê³ çóìîâëþâàëè ïîäàëüøó äåãåíåðà-
ö³þ õðÿùà (Li et al, 2018; Dranitsina 2019 et al, 
2019; Hashimoto et al, 2020; Walters et al, 2021).

Àãðåêàí (êîäóºòüñÿ ãåíîì ACAN) º îñíîâ-
íèì êîìïîíåíòîì ïîçàêë³òèííîãî ìàòðèêñó 
ñóãëîáîâîãî õðÿùà, ³ éîãî äåãðàäàö³ÿ º ðàí-
íüîþ ïîä³ºþ ó ðîçâèòêó ÎÀ (Yamamoto et al, 
2014; Yamamoto et al, 2021; Jaabar et al, 2022; 
Krawetz et al, 2022). Îñíîâíèìè ïðîòå¿íàçàìè, 
â³äïîâ³äàëüíèìè çà äåãðàäàö³þ àãðåêàíó, º ìàò-
ðèêñí³ ìåòàëîïðîòå¿íàçè (ÌÌÐ) òà àãðåêàíà-
çè (Yamamoto et al, 2014; Yamamoto et al, 
2021), ÿê³ º ÷ëåíàìè ðîäèíè äåç³íòåãðèí³â òà
ìåòàëîïðîòå¿íàç ³ç òðîìáîñïîíäèíîâèìè ìî-
òèâàìè (ADAMTS). Áóëî ïîêàçàíî, ùî àãðå-
êàí-äåãðàäóþ÷à àêòèâí³ñòü òàêèõ ïðîòå¿íàç 
ïðèãí³÷óâàëàñü çà äîïîìîãîþ á³ëêà 1, ïîä³á-
íîãî äî ðåöåïòîðà ë³ïîïðîòå¿í³â íèçüêî¿ ù³ëü-
íîñò³ (àáî ðåöåïòîð äëÿ �2-ì³êðîãëîáóë³íó, àáî 
ðåöåïòîð àïîë³ïîïðîòå¿íó E (LRP-1), êîäóºòüñÿ 
ãåíîì LRP1), ÿêèé çóìîâëþâàâ ¿õ øâèäêèé 
åíäîöèòîç òà ïîäàëüøó äåãðàäàö³þ. Îäíàê ïðè
ÎÀ ðåãóëÿö³ÿ öüîãî åíäîöèòàðíîãî øëÿõó ïî-
ðóøóâàëàñü âíàñë³äîê çíèæåííÿ ð³âíÿ LRP1, 
ùî, ó ñâîþ ÷åðãó, ïðèçâîäèëî äî ïðîãðåñóâàí-
íÿ çàõâîðþâàííÿ (Yamamoto et al, 2014; Ya-
mamoto et al, 2022).

Ç îãëÿäó íà âèùåçàçíà÷åíå ìåòîþ ðîáîòè áó-
ëî ïðîàíàë³çóâàòè åêñïðåñ³þ ãåí³â OLR1, ACAN 
òà LRP1 ó êë³òèíàõ ñèíîâ³àëüíî¿ îáîëîíêè õâîðèõ 
íà îñòåîàðòðèò ï³ñëÿ SARS-CoV2-³íôåêö³¿.

Ìàòåð³àëè ³ ìåòîäè. Ó äîñë³äæåíí³ áðàëè 
ó÷àñòü 60 ëþäåé (÷îëîâ³êè) ó â³ö³ â³ä 50 äî 55 
ðîê³â. Â³äá³ð äîáðîâîëüö³â òà âñòàíîâëåííÿ
ä³àãíîçó ó ïàö³ºíò³â «îñòåîàðòðèò êîë³ííèõ ñó-
ãëîá³â II–III ñòóïåíþ» ïðîâîäèâñÿ íà áàç³ ñïå-
ö³àë³çîâàíîãî ìåäè÷íîãî öåíòðó «Îðòîêë³í³êà»,
Òåðíîï³ëü, Óêðà¿íà. Íà åòàï³ â³äáîðó óñ³ì õâî-
ðèì ïðîâîäèëàñÿ ðåíòãåíîãðàô³ÿ êîë³ííèõ ñó-
ãëîá³â ó ïðÿì³é (ïåðåäíüîçàäí³é) òà áîêîâ³é
ïðîåêö³ÿõ. Îö³íêà ³íòåíñèâíîñò³ áîëþ òà ôóíê-
ö³îíàëüíîãî ñòàíó êîë³ííèõ ñóãëîá³â õâîðèõ 
ïðîâîäèëàñÿ çà äîïîìîãîþ ðîçðàõóíêó ³íäåêñó
WOMAC (Western Ontario and McMaster Uni-
versities Osteoarthritis Index). ²íäåêñ WOMAC 
ï³äðàõîâóºòüñÿ â ðåçóëüòàò³ ñàìîñò³éíîãî ïðî-
õîäæåííÿ ïàö³ºíòîì òåñòó (McConnell et al,
2001), ùî âêëþ÷àº 24 çàïèòàííÿ, ÿê³ â³äî-
áðàæàþòü âèðàæåí³ñòü áîëüîâèõ â³ä÷óòò³â (5 
ïèòàíü), ñêóòîñò³ (2 ïèòàííÿ) òà ôóíêö³îíàëü-
íî¿ àêòèâíîñò³ (17 ïèòàíü). Äîáðîâîëüö³ áóëè 
ïîä³ëåí³ íà íàñòóïí³ ãðóïè: ïåðøà ãðóïà (n = 
= 20) – óìîâíî çäîðîâ³ ëþäè; äðóãà ãðóïà (n = 
= 20) – ïàö³ºíòè ç ÎÀ êîë³ííèõ ñóãëîá³â II–III 
ñòóïåíþ; òðåòÿ ãðóïà (n = 20) – ïàö³ºíòè ç ÎÀ 
êîë³ííèõ ñóãëîá³â II–III ñòóïåíþ, ÿê³ ïåðåõâî-
ð³ëè COVID-19 ëåãêî¿ òà ñåðåäíüî¿ òÿæêîñò³ 6–
9 ì³ñ òîìó. Ä³àãíîç COVID-19 áóëî ï³äòâåðä-
æåíî ìîëåêóëÿðíèì àíàë³çîì (ÇÒ-ÏËÐ) ìàçêà
ç íîñîãëîòêè. Çàá³ð á³îëîã³÷íîãî ìàòåð³àëó (ö³ëü-
íà êðîâ, ïëàçìà êðîâ³, ñèíîâ³àëüíà ð³äèíà) ïðî-
âîäèâñÿ íà áàç³ ñïåö³àë³çîâàíîãî ìåäè÷íîãî 
öåíòðó «Îðòîêë³í³êà», Òåðíîï³ëü, Óêðà¿íà. 

Âèçíà÷åííÿ êîíöåíòðàö³¿ õîëåñòåðîëó â ïëàçì³ 
êðîâ³ äîíîð³â óñ³õ äîñë³äíèõ ãðóï. Êîíöåíòðà-
ö³þ õîëåñòåðîëó âèçíà÷àëè ôåðìåíòàòèâíèì 
ìåòîäîì. Áóëî âèêîðèñòàíî åíçèìàòè÷íèé ä³àã-
íîñòè÷íèé íàá³ð ðåàãåíò³â («Ô³ë³ñ³ò-Ä³àãíîñ-
òèêà», Äí³ïðî), ùî ì³ñòèâ åñòåðàçó òà îêñèäàçó 
õîëåñòåðîëó.

Âèçíà÷åííÿ ³íòåíñèâíîñò³ ïðîäóêóâàííÿ ñóïåð-
îêñèäíîãî àí³îí-ðàäèêàëó â ñèíîâ³àëüí³é ð³äèí³ 
äîíîð³â äîñë³äíèõ ãðóï. Ñèíîâ³àëüíó ð³äèíó çáè-
ðàëè ó ñòåðèëüí³ ïðîá³ðêè ç ãåïàðèíîì øëÿ-
õîì àðòðîöåíòåçó êîë³ííîãî ñóãëîáó â³äïîâ³ä-
íî äî ñòàíäàðòíèõ ïðîòîêîë³â îáðîáêè. Âðà-
õîâóþ÷è, ùî íàéá³ëüø³ ïîðîæíèíè êîë³ííîãî 
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òà êóëüøîâîãî ñóãëîá³â ìàþòü ìàêñèìàëüíèé 
îá’ºì ñèíîâ³àëüíî¿ ð³äèíè äî 3,5 ìë, çàá³ð 
á³îëîã³÷íîãî ìàòåð³àëó â óìîâíî çäîðîâèõ ëþ-
äåé º íåáåçïå÷íèì òà ìîæå ïðèçâåñòè äî 
ïîðóøåííÿ ñòðóêòóðíî-ôóíêö³îíàëüíîãî ñòàíó
ñóãëîáó. Ó çâ’ÿçêó ç öèì ïðè àíàë³ç³ ³íòåíñèâ-
íîñò³ ïðîäóêóâàííÿ ñóïåðîêñèäíîãî àí³îí-ðà-
äèêàëó ïåðøà ãðóïà (óìîâíî çäîðîâ³ ëþäè) 
â³äñóòíÿ.

²íòåíñèâí³ñòü ãåíåðàö³¿ ñóïåðîêñèäíîãî àí³îí-
ðàäèêàëó â ãîìîãåíàòàõ âèçíà÷àëè çà íàêîïè-
÷åííÿì ÕÒÒ-ôîðìàçàíó (Sutherland et al, 1997).
Ïðèíöèï ìåòîäó ïîëÿãàº â çäàòíîñò³ ñóïåðîê-
ñèäíèõ àí³îí³â âçàºìîä³ÿòè ç 2,3-á³ñ(2-ìåòîêñè-
4-í³òðî-5-ñóëüôîôåí³ë)-2Í-òåòðàçîë³é-5-êàð-
áîêñèàí³ë³äîì (ÕÒÒ) ç óòâîðåííÿì ðîç÷èííîãî 
çàáàðâëåíîãî êîìïëåêñó ÕÒÒ-ôîðìàçàíó, ÿêèé 
ìàº ï³ê ïîãëèíàííÿ ïðè 470 íì. Âì³ñò á³ëêà âè-
ì³ðþâàëè çà ìåòîäîì Ëîóð³ (Lowry et al, 1951).

Ê³ëüê³ñíà ÇT-ÏËÐ ó ðåàëüíîìó ÷àñ³. ÐÍÊ îò-
ðèìóâàëè ³ç ö³ëüíî¿ êðîâ³ çà ìåòîäîì Chomc-
zynski (Chomczynski et al, 1987). Ñèíòåç êÄÍÊ 
òà ê³ëüê³ñíó ïîë³ìåðàçíó ëàíöþãîâó ðåàêö³þ â 
ðåàëüíîìó ÷àñ³ (Real-time PCR, êÏËÐ) çà äîïî-
ìîãîþ êîìåðö³éíîãî íàáîðó «Thermo Scientific 
Verso SYBR Green 1-Step qRT-PCR ROX Mix» 
(«Thermo Scientific», Ëèòâà), âèêîðèñòîâóþ÷è
ïî 0,3 ìêìîëü/ë êîæíîãî ïðàéìåðà, ïðîâîäèëè
çà òàêèõ, ðåêîìåíäîâàíèõ ô³ðìîþ-âèðîáíèêîì,
òåìïåðàòóðíèõ óìîâ: ñèíòåç êÄÍÊ 50 ºÑ – 
30 õâ; ³í³ö³þþ÷à äåíàòóðàö³ÿ 95 ºÑ – 15 õâ; äàë³ 
40 öèêë³â: äåíàòóðàö³ÿ ÄÍÊ 95 ºÑ –15 ñ; ã³á-
ðèäèçàö³ÿ ïðàéìåð³â 50 ºÑ – 35 ñ; äîáóäîâà 
ëàíöþãà 72 ºÑ – 30 ñ; åëîíãàö³ÿ àìïë³ô³êàò³â 
72 ºÑ – 5 õâ. 

Ó ðåàêö³ÿõ áóëî âèêîðèñòàíî òàê³ ïîñë³äîâ-
íîñò³ ïðàéìåð³â: äëÿ ACAN: ïðÿìèé CCTTCT-
GCTTCCGAGGCATT òà çâîðîòíèé – GCCA-
CACCAGGAACCACTT, íóêëåîòèäí³ ïîñë³äîâ-
íîñò³ öèõ ïðàéìåð³â â³äïîâ³äàþòü ïîñë³äîâíîñ-
òÿì 2393 – 2412 òà 2510 – 2492 êÄÍÊ ACAN 
ëþäèíè (GenBank íîìåð NM_001135.4); LRP1: 
ïðÿìèé – TGGCACAGACCGGAAGATTG òà 
çâîðîòíèé – CGTTCCAAGCGGTAGACACT, 
íóêëåîòèäí³ ïîñë³äîâíîñò³ öèõ ïðàéìåð³â â³ä-
ïîâ³äàþòü ïîñë³äîâíîñòÿì 2669 – 2688 òà 
2791 – 2772 êÄÍÊ LRP1 ëþäèíè (GenBank 
íîìåð NM_002332.3); OLR1: ïðÿìèé – GTGA-
CTGCTTCACTCTCTCATT òà çâîðîòíèé – GG-
CACCACCATGGAGAGTAA, íóêëåîòèäí³ ïîñë³-

äîâíîñò³ öèõ ïðàéìåð³â â³äïîâ³äàþòü ïîñë³-
äîâíîñòÿì 16–37 òà 164–145 êÄÍÊ OLR1 ëþ-
äèíè (GenBank íîìåð NM_001172632.2); äëÿ
ACTB (ãåí �-àêòèíó, ùî âèêîðèñòîâóºòüñÿ â
ÿêîñò³ åíäîãåííîãî êîíòðîëþ ðåàêö³¿ çàâäÿêè
êîíñòèòóòèâí³é åêñïðåñ³¿): ïðÿìèé – CTTCCA-
GCTCCTCCCTGGAG òà çâîðîòíèé – CCA-
CAGGACTCCATGCCCAG, íóêëåîòèäí³ ïîñë³-
äîâíîñò³ öèõ ïðàéìåð³â â³äïîâ³äàþòü ïîñë³-
äîâíîñòÿì 776–795 òà 902–883 êÄÍÊ ACTB 
ëþäèíè (GenBank íîìåð NM_001101.5). 
Â³äòâîðþâàí³ñòü ðåçóëüòàò³â àìïë³ô³êàö³¿ áóëî 
ïåðåâ³ðåíî â ïàðàëåëüíèõ åêñïåðèìåíòàõ øëÿ-
õîì ïîâòîðåííÿ êÏËÐ íà çðàçêàõ ÐÍÊ óñ³õ 
ïàö³ºíò³â, ³ç êîæíèì ïðàéìåðîì íå ìåíøå 
òðüîõ ðàç³â. Ï³ñëÿ êîæíîãî öèêëó àìïë³ô³êà-
ö³¿ ç÷èòóâàëàñü ôëóîðåñöåíö³ÿ áàðâíèêà SYBR 
Green I, à ïî çàê³í÷åíí³ ðåàêö³¿ áóäóâàëàñü 
êðèâà ïëàâëåííÿ äëÿ êîíòðîëþ óòâîðåííÿ äè-
ìåð³â ïðàéìåð³â òà ñïåöèô³÷íîñò³ ðåàêö³¿. Â³ä-
íîñíó ê³ëüê³ñòü ìÐÍÊ îáðàõîâóâàëè çà ïîð³â-
íÿëüíèì CT ìåòîäîì «��CT Method» (Livak et 
al, 2001), àäæå åôåêòèâí³ñòü ÏËÐ ðåàêö³é áóëà 
îäíàêîâîþ (Ex = (10–1/slope) – 1), slope < 0,1. 
Â³äíîñíèé ð³âåíü åêñïðåñ³¿ çàçíà÷åíèõ ãåí³â 
íîðìàë³çóâàëè äî ð³âíÿ åêñïðåñ³¿ ACTB. 

Ñòàòèñòè÷íà îáðîáêà ðåçóëüòàò³â äîñë³ä-
æåíü. Îòðèìàí³ äàí³ òåñòóâàëè íà íîðìàëüíå 
ðîçïîä³ëåííÿ çà äîïîìîãîþ òåñòó Øàï³ðî-Â³ëêà 
ç âèêîðèñòàííÿì ïðîãðàìíîãî ïàêåòó «Graph
Pad Prism 8.4.3» («GraphPad Software Inc.», 
ÑØÀ). Ïîäàëüøèé îáðàõóíîê â³äáóâàâñÿ çà äî-
ïîìîãîþ îäíîñïðÿìîâàíîãî äèñïåðñ³éíîãî àíà-
ë³çó (one-way ANOVA) ³ç ïîñò-òåñòîì Òóêåÿ.
Îòðèìàí³ ðåçóëüòàòè íàâåäåí³ ó âèãëÿä³ ñå-
ðåäíüîãî àðèôìåòè÷íîãî ± ñåðåäíüîêâàäðà-
òè÷íå â³äõèëåííÿ – SD. Êîðåëÿö³éíèé àíàë³ç 
ïðîâîäèëè çà äîïîìîãîþ êîåô³ö³ºíòó ë³í³éíî¿ 
êîðåëÿö³¿ Ï³ðñîíà (r.) Ðåçóëüòàòè ââàæàëè 
çíà÷óùèìè, êîëè p � 0,05.

Ðåçóëüòàòè. Êîíöåíòðàö³ÿ õîëåñòåðîëó. Ó ðå-
çóëüòàò³ ïðîâåäåíèõ íàìè åêñïåðèìåíòàëüíèõ 
äîñë³äæåíü áóëî ïîêàçàíî, ùî â ïëàçì³ êðîâ³ 
ïàö³ºíò³â, õâîðèõ íà ÎÀ êîë³ííèõ ñóãëîá³â, 
êîíöåíòðàö³ÿ õîëåñòåðîëó áóëà âèùîþ â 1,3 
ðàçà ïîð³âíÿíî ç ãðóïîþ óìîâíî çäîðîâèõ ëþ-
äåé (òàáë. 1). Ïðè äîñë³äæåíí³ öüîãî ïîêàçíè-
êà ó ïëàçì³ êðîâ³ ïàö³ºíò³â ç ÎÀ êîë³ííèõ 
ñóãëîá³â, ÿê³ ïåðåõâîð³ëè COVID-19, êîíöåíò-
ðàö³ÿ õîëåñòåðîëó çá³ëüøóâàëàñü ó 1,7 ðàçà â³ä-
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íîñíî ãðóïè óìîâíî çäîðîâèõ ëþäåé òà â 
1,3 ðàçà ïîð³âíÿíî ç ãðóïîþ õâîðèõ íà 
ÎÀ (òàáë. 1).

Ð³âåíü åêñïðåñ³¿ ãåíà OLR1. Ó ðåçóëüòàò³ ïî-
äàëüøèõ åêñïåðèìåíò³â áóëî âèÿâëåíî, ùî ð³-
âåíü åêñïðåñ³¿ ãåíà OLR1 ó êë³òèíàõ ñèíîâ³-
àëüíî¿ îáîëîíêè õâîðèõ íà ÎÀ áóâ âèùèì ó
2,5 ðàçà (p � 0,0001) ïîð³âíÿíî ç ãðóïîþ 
óìîâíî çäîðîâèõ ëþäåé (ðèñ. 1). Ó òîé æå 
÷àñ, ó ïàö³ºíò³â ç ÎÀ êîë³ííèõ ñóãëîá³â, ÿê³ 
ïåðåõâîð³ëè COVID-19, öåé ïîêàçíèê çðîñ-
òàâ ó 3,3 ðàçà (p � 0,0001) ïîð³âíÿíî ç ãðóïîþ 
óìîâíî çäîðîâèõ ëþäåé òà â 1,3 ðàçà (p � 0,001) 
ïîð³âíÿíî ç ãðóïîþ õâîðèõ íà ÎÀ (ðèñ. 1). 

²íòåíñèâí³ñòü íàêîïè÷åííÿ ñóïåðîêñèäíîãî 
àí³îí-ðàäèêàëó. Íàìè áóëî ïîêàçàíî, ùî ó ñè-
íîâ³àëüí³é ð³äèí³ ïàö³ºíò³â ç ÎÀ êîë³ííèõ 
ñóãëîá³â, ÿê³ ïåðåõâîð³ëè COVID-19, âì³ñò 
ñóïåðîêñèäíîãî àí³îíó çá³ëüøóâàâñÿ â 1,6 ðà-
çà â³äíîñíî ãðóïè ïàö³ºíò³â, õâîðèõ íà ÎÀ 
êîë³ííèõ ñóãëîá³â (òàáë. 2).

Íàìè áóëî âñòàíîâëåíî íàÿâí³ñòü ñèëüíî¿ 
ïîçèòèâíî¿ êîðåëÿö³¿ ì³æ êîíöåíòðàö³ºþ õî-
ëåñòåðîëó òà âì³ñòîì ñóïåðîêñèäíîãî àí³îíó 
ÿê â ãðóï³ ïàö³ºíò³â, õâîðèõ íà ÎÀ êîë³ííèõ 
ñóãëîá³â (r = 0,68, p � 0,05), òàê ³ â ïàö³ºíò³â 
ç ÎÀ êîë³ííèõ ñóãëîá³â ï³ñëÿ COVID-19 (r =
= 0,78, p � 0,05). 

Ð³âåíü åêñïðåñ³¿ ãåí³â ACAN òà LRP1. Ó 
ðåçóëüòàò³ ïðîâåäåíèõ íàìè åêñïåðèìåíòàëü-
íèõ äîñë³äæåíü áóëî âñòàíîâëåíî, ùî ð³âåíü 
åêñïðåñ³¿ ãåíà ACAN ó êë³òèíàõ ñèíîâ³àëüíî¿ 
îáîëîíêè õâîðèõ íà ÎÀ áóâ íèæ÷èì ìàéæå â 
2,5 ðàçà (p � 0,0001) ïîð³âíÿíî ç ãðóïîþ óìîâ-
íî çäîðîâèõ ëþäåé. Ó ïàö³ºíò³â ç ÎÀ êîë³ííèõ 
ñóãëîá³â, ÿê³ ïåðåõâîð³ëè COVID-19, öåé ïî-
êàçíèê çíèæóâàâñÿ ó 3,3 ðàçà (p � 0,0001) 
ïîð³âíÿíî ç ãðóïîþ óìîâíî çäîðîâèõ ëþäåé òà 
â 1,3 ðàçà (p � 0,05) ïîð³âíÿíî ç ãðóïîþ õâîðèõ 
íà ÎÀ (ðèñ. 2). 

Ó ðåçóëüòàò³ ïîäàëüøèõ äîñë³äæåíü áóëî 
âèÿâëåíî, ùî ð³âåíü åêñïðåñ³¿ ãåíà LRP1 ó 
êë³òèíàõ ñèíîâ³àëüíî¿ îáîëîíêè ïàö³ºíò³â ç ÎÀ 
áóâ íèæ÷èì ó 2,4 ðàçà (p � 0,0001) ïîð³âíÿíî 
ç ãðóïîþ óìîâíî çäîðîâèõ ëþäåé. Ó ïàö³ºíò³â 
ç ÎÀ êîë³ííèõ ñóãëîá³â ï³ñëÿ COVID-19, öåé 
ïîêàæ÷èê çíèæóâàâñÿ ó 3,4 ðàçà (p � 0,0001) 
ïîð³âíÿíî ç ãðóïîþ óìîâíî çäîðîâèõ ëþäåé òà 
â 1,4 ðàçà (p � 0,05) ïîð³âíÿíî ç ãðóïîþ õâîðèõ 
íà ÎÀ (ðèñ. 3). 

Îáãîâîðåííÿ. Åï³äåì³îëîã³÷í³ äîñë³äæåííÿ 
ïîêàçàëè, ùî ã³ïåðõîëåñòåðèíåì³ÿ, ÿêà º ðå-

Òàáëèöÿ 1. Êîíöåíòðàö³ÿ õîëåñòåðîëó â ïëàçì³ êðîâ³ 
äîñë³äíèõ ãðóï (M ± SD, n = 60)

Ãðóïè ëþäåé (÷îëîâ³êè) ììîëü/ë

Óìîâíî çäîðîâ³
(n = 20)
Îñòåîàðòðèò 
(n = 20)
Îñòåîàðòðèò + COVID-19
(n = 20)

4,7 ± 0,45

6,2 ± 0,56 ****

8,1 ± 0,88 ****/####

Ïðèì³òêè. **** – p � 0,0001 â³äíîñíî óìîâíî çäîðî-
âèõ ëþäåé;  #### – ð � 0,0001 â³äíîñíî ãðóïè ëþäåé 
ç îñòåîàðòðèòîì.

Ðèñ. 1. Ð³âåíü åêñïðåñ³¿ ãåíà OLR1 ó êë³òèíàõ ñè-
íîâ³àëüíî¿ îáîëîíêè õâîðèõ íà îñòåîàðòðèò. 1 – 
óìîâíî çäîðîâ³ ëþäè; 2 – ïàö³ºíòè ç îñòåîàðòðè-
òîì; 3 – îñòåîàðòðèò + COVID-19; *** *p � 0,0001 
â³äíîñíî óìîâíî çäîðîâèõ ëþäåé; ### – ð � 0,001 
â³äíîñíî ãðóïè ëþäåé ç îñòåîàðòðèòîì

Òàáëèöÿ 2. Íàêîïè÷åííÿ ñóïåðîêñèäíîãî ðàäèêàëó â 
ñèíîâ³àëüí³é ð³äèí³ äîñë³äíèõ ãðóï (M ± SD, n = 40)

Ãðóïè ëþäåé (÷îëîâ³êè)
ìêìîëü ÕÒÒ-

ôîðìàçàíó × ìã á³ëêà–1

Îñòåîàðòðèò 
(n = 20)
Îñòåîàðòðèò + COVID-19
(n = 20)

0,37 ± 0,04

0,59 ± 0,05###

Ïðèì³òêè. ### – ð � 0,001 â³äíîñíî ãðóïè ëþäåé ç 
îñòåîàðòðèòîì.
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ïðåçåíòàòèâíèì çàõâîðþâàííÿì äèñë³ï³äåì³¿, 
º ôàêòîðîì ðèçèêó ÎÀ ñóãëîá³â êîë³í ³ ðóê 
(Baudart et al, 2017; Afifi et al, 2018; Hashimoto 
et al, 2020). Çîêðåìà áóëî ï³äòâåðäæåíî, ùî 
ð³âåíü õîëåñòåðîëó â ïëàçì³ êðîâ³ º íåçàëåæ-
íèì ñèñòåìíèì ôàêòîðîì ðèçèêó ÎÀ. Êð³ì 
òîãî, áóëî ïðîäåìîíñòðîâàíî, ùî ïàö³ºíòè ç 
ÎÀ ìàëè âèñîê³ êîíöåíòðàö³¿ ÿê àïîë³ïîïðî-
òå¿íó (APO) A-I, òàê ³ çàãàëüíîãî õîëåñòåðîëó 
ïîð³âíÿíî ç êîíòðîëüíîþ ãðóïîþ (Oliviero et 
al, 2012; Hashimoto et al, 2020). 

Ïîäàëüø³ äîñë³äæåííÿ íà ìèøàõ ³ç íîêàó-
òîì ApoE (ë³ãàíä äëÿ ðåöåïòîðà ë³ïîïðîòå¿í³â 
íèçüêî¿ ù³ëüíîñò³ – LDL) ïîêàçàëè âïëèâ ã³-
ïåðõîëåñòåðèíåì³¿ íà ïðîãðåñóâàííÿ ÎÀ (Far-
naghi et al, 2017). Ó òîé æå ÷àñ, áóëî âèÿâëåíî 
çðîñòàííÿ ñèíîâ³àëüíî¿ ïðîäóêö³¿ ïðîçàïàëü-
íèõ öèòîê³í³â ó ìèøåé ³ç âèñîêèì ð³âíåì LDL 
(De Munter et al, 2016). Ðàí³øå ïîâ³äîìëÿëî-
ñÿ ïðî çâ’ÿçîê ì³æ ïðîãðåñóâàííÿì ÎÀ òà ÀÑ. 
Òàê, õðîí³÷íå çàïàëåííÿ òà ñòàð³ííÿ º îäíèìè 
³ç çàãàëüíèõ êëþ÷îâèõ ôàêòîð³â ì³æ ÀÑ òà ÎÀ 
(Rezu� et al, 2019). 

Íà äîäàíîê, ó ðîáîòàõ áóëî ïðîàíàë³çîâàíî 
âïëèâ ñòàòèí³â íà ïðîãðåñóâàííÿ ÎÀ êîë³ííîãî 
àáî êóëüøîâîãî ñóãëîáà, ïðîòå ðåçóëüòàòè âè-
ÿâèëèñÿ ñóïåðå÷ëèâèìè (Veronese et al, 2019; 
Cook et al, 2020). Òàêèì ÷èíîì, íåçâàæàþ÷è 
íà íàÿâí³ñòü çâ’ÿçêó ì³æ õîëåñòåðîëîì òà ÎÀ, 
åôåêòèâí³ñòü ë³êóâàííÿ ñòàòèíàìè ïðè ÎÀ ïî-
òðåáóº ïîäàëüøèõ äîñë³äæåíü. 

Çà á³ëüø í³æ 10 ðîê³â äîñë³äæåíü in vitro òà 
in vivo áóëî ïðîäåìîíñòðîâàíî ìîæëèâó ó÷àñòü 
LOX-1/ox-LDL ó ïàòîãåíåç³ äåãåíåðàö³¿ õðÿ-
ùà òâàðèí òà ëþäèíè (Hashimoto et al, 2020). 
Ïåðø çà âñå, áóëî âñòàíîâëåíî ï³äâèùåííÿ 
ð³âíÿ åêñïðåñ³¿ ãåíà OLR1 ïðè âïëèâ³ ïðîçà-
ïàëüíèõ öèòîê³í³â òà ox-LDL, ÿêèé äîçîçà-
ëåæíî çíèæóâàâ æèòòºçäàòí³ñòü õîíäðîöèò³â, 
³íäóêóþ÷è íåàïîïòîçíó çàãèáåëü êë³òèí. Ïî-
ä³áí³ ðåçóëüòàòè áóëî îòðèìàíî ³ â êë³òèíàõ 
ñèíîâ³þ ïàö³ºíò³â, õâîðèõ íà ÎÀ (Hashimoto 
et al, 2020).

Îêð³ì öüîãî, áóëî ïîêàçàíî, ùî çâ’ÿçóâàí-
íÿ ox-LDL ³ç LOX-1 çá³ëüøóâàëî âèðîáíèöòâî 
ROS, ïðèçâîäÿ÷è äî ðîçâèòêó îêèñíîãî ñòðå-
ñó, äåãðàäàö³¿ õðÿùà, çàïàëåííÿ ñèíîâ³àëüíî¿ 
îáîëîíêè òà çàãèáåë³ êë³òèí (Li et al, 2018; 
Dranitsina et al, 2019; Hashimoto et al, 2020; 
Walters et al, 2021). 

Êð³ì òîãî, áóëî çàïðîïîíîâàíî, ùî çâ’ÿçó-
âàííÿ ox-LDL ç LOX-1 ìîæå ïîñèëþâàòè åêñ-
ïðåñ³þ ÿê ôàêòîðó ðîñòó ñóäèííîãî åíäîòå-
ë³þ (VEGF) ÷åðåç ³íäóêö³þ ãàììà-ðåöåïòîðà, 
ùî àêòèâóºòüñÿ ïðîë³ôåðàòîðîì ïåðîêñèñîì, 
PPAR-� (Kanata et al, 2006); òàê ³ ìîíîöèòàð-
íîãî õåìîòàêñè÷íîãî ïðîòå¿íó 1 (MCP-1), çó-
ìîâëþþ÷è ïðîãðåñóâàííÿ äåãåíåðàö³¿ ñóãëî-
áîâîãî õðÿùà (Hashimoto et al, 2020). Òàêîæ 
áóëî âèñëîâëåíî ïðèïóùåííÿ, ùî ñèñòåìà 
LOX-1/ox-LDL áåðå ó÷àñòü ó ïåðåä÷àñíîìó 

Ðèñ. 2. Ð³âåíü åêñïðåñ³¿ ãåíà ACAN ó êë³òèíàõ ñè-
íîâ³àëüíî¿ îáîëîíêè õâîðèõ íà îñòåîàðòðèò. 1  – 
óìîâíî çäîðîâ³ ëþäè; 2 – ïàö³ºíòè ç îñòåîàðòðèòîì; 
3 –îñòåîàðòðèò + COVID-19; ****p � 0,0001 â³äíîñíî 
óìîâíî çäîðîâèõ ëþäåé; # – ð � 0,05 â³äíîñíî ãðóïè 
ëþäåé ç îñòåîàðòðèòîì

Ðèñ. 3. Ð³âåíü åêñïðåñ³¿ ãåíà LR P1 ó êë³òèíàõ ñè-
íîâ³àëüíî¿ îáîëîíêè õâîðèõ íà îñòåîàðòðèò. 1 – 
óìîâíî çäîðîâ³ ëþäè; 2 – ïàö³ºíòè ç îñòåîàðòðè-
òîì; 3 – îñòåîàðòðèò + COVID-19; ****p � 0,0001 
â³äíîñíî óìîâíî çäîðîâèõ ëþäåé; # – ð � 0,05 â³ä-
íîñíî ãðóïè ëþäåé ç îñòåîàðòðèòîì
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ñòàð³íí³ õîíäðîöèò³â øëÿõîì ïðèãí³÷åííÿ àê-
òèâíîñò³ òåëîìåðàçè (Zushi et al, 2009). 

Íà ñüîãîäí³, ðîçãëÿäàºòüñÿ ìîæëèâ³ñòü âè-
êîðèñòàííÿ LOX-1 â ÿêîñò³ ³íôîðìàòèâíîãî 
ìàðêåðà ÎÀ òà éîãî ïîòåíö³éíî¿ òåðàïåâòè÷íî¿ 
ì³øåí³ (Farnaghi et al, 2017; Afifi et al, 2018; 
Hashimoto et al, 2020). Îäíàê çâ’ÿçîê ì³æ ïðî-
ãíîçîì ÎÀ òà ³íäåêñîì LOX-1 ïîòðåáóº äîäàò-
êîâèõ äîñë³äæåíü ó ìàéáóòíüîìó, àäæå ïðÿì³ 
ìåõàí³çìè, ùî çâ’ÿçóþòü ìåõàí³÷íèé ñòðåñ òà 
åêñïðåñ³þ ñèñòåìè LOX-1/ox-LDL, ùå äîñòå-
ìåííî íå âèçíà÷åí³ (Hashimoto et al, 2020).

Íàìè áóëî âñòàíîâëåíî çá³ëüøåííÿ ð³âíÿ 
åêñïðåñ³¿ ãåíà OLR1 á³ëüøîþ ì³ðîþ ó êë³òè-
íàõ ñèíîâ³àëüíî¿ îáîëîíêè õâîðèõ íà ÎÀ, ÿê³ 
ïåðåõâîð³ëè COVID-19, ó ïîð³âíÿíí³ ç ãðóïîþ 
õâîðèõ íà ÎÀ êîë³ííèõ ñóãëîá³â íà ôîí³ ïî-
òóæí³øîãî çðîñòàííÿ ÿê êîíöåíòðàö³¿ õîëåñ-
òåðîëó â ïëàçì³ êðîâ³, òàê ³ ïðîäóêóâàííÿ ñó-
ïåðîêñèäíîãî àí³îí-ðàäèêàëó â ñèíîâ³àëüí³é 
ð³äèí³ ó ïàö³ºíò³â ç ÎÀ ï³ñëÿ SARS-CoV2-
³íôåêö³¿. Öå ìîæå áóòè ïîâ’ÿçàíî ç³ çá³ëüøåí-
íÿì çàãàëüíîñèñòåìíîãî çàïàëåííÿ âíàñë³äîê 
ðåàãóâàííÿ îðãàí³çìó íà â³ðóñ (Lauwers et al, 
2022). Çàãàëîì, îòðèìàí³ íàìè äàí³ çá³ãàþòüñÿ
ç âèùåçàçíà÷åíèìè ÷èñëåííèìè äàíèìè ë³òå-
ðàòóðè, äå ïðîäåìîíñòðîâàíî çàëó÷åííÿ ñèñòå-
ìè LOX-1/ox-LDL ó ïàòîãåíåç ÎÀ (Farnaghi et 
al, 2017; Afifi et al, 2018; Hashimoto et al, 2020). 

Íà íàñòóïíîìó åòàï³ äîñë³äæåííÿ íàìè áó-
ëî ïîêàçàíî, á³ëüø ñóòòºâå çíèæåííÿ ð³âíÿ 
åêñïðåñ³¿ ãåíà ACAN ó êë³òèíàõ ñèíîâ³àëüíî¿
îáîëîíêè õâîðèõ íà ÎÀ, ÿê³ ïåðåõâîð³ëè 
COVID-19, ó ïîð³âíÿíí³ ç ãðóïîþ õâîðèõ íà 
ÎÀ êîë³ííèõ ñóãëîá³â. Öå âêàçóº íà á³ëüø 
ïîòóæíó àêòèâàö³þ äåñòðóêòèâíèõ ïðîöåñ³â 
ó êë³òèíàõ ñèíîâ³þ, íåçâàæàþ÷è íà çäàòí³ñòü 
ïîïóëÿö³é ìåçåíõ³ìàëüíèõ êë³òèí-ïîïåðåäíè-
ê³â (MPC) ñèíîâ³àëüíî¿ îáîëîíêè çäîðîâèõ 
ñóãëîá³â ñåêðåòóâàòè àãðåêàí òà íàêîïè÷óâà-
òè éîãî â ñèíîâ³àëüíèõ MPC ñóãëîá³â ç ÎÀ 
(Krawetz et al, 2022).

ßê óæå áóëî çàçíà÷åíî, çðîñòàííÿ ð³âíÿ 
ROS ìîæå ³íäóêóâàòè êàòàáîë³÷íó ñèãíàë³çà-
ö³þ, âèêëèêàòè îêèñíèé ñòðåñ, çá³ëüøèòè åêñ-
ïðåñ³þ ãåí³â, çàëó÷åíèõ ó ðîçâèòîê çàïàëåííÿ, 
òà òàêèõ, ùî êîäóþòü ÌÌÐ, ÿê³, ó ñâîþ ÷åðãó, 
âïëèâàþòü íà ìàòðè÷í³ êîìïîíåíòè, âêëþ÷àþ-
÷è àãðåêàí (Yamamoto et al, 2014; Dranitsina et 
al, 2019; Yamamoto et al, 2022). 

Ñåðåä ADAMTS, ÿê³ ìàþòü àãðåêàíîë³-
òè÷íó àêòèâí³ñòü, ADAMTS-4 ³ ADAMTS-5 ââà-
æàþòüñÿ îñíîâíèìè àãðåêàíàçàìè, ùî áå-
ðóòü ó÷àñòü â îáì³í³ õðÿùîâîãî ìàòðèêñó. 
ADAMTS-5 ïðèáëèçíî â 30 ðàç³â àêòèâí³-
øèé, í³æ ADAMTS-4 ùîäî àãðåêàíó, àëå 
áóëî ïîêàçàíî, ùî â³í øâèäêî åíäîöèòóºòüñÿ 
õîíäðîöèòàìè çà äîïîìîãîþ á³ëêà 1, ïîä³á-
íîãî äî ðåöåïòîðà ë³ïîïðîòå¿í³â íèçüêî¿ ù³ëü-
íîñò³ (LRP-1). Öå ñâ³ä÷èòü ïðî òå, ùî ïîñò-
òðàíñëÿö³éíà ðåãóëÿö³ÿ º îñíîâíèì ìåõàí³çìîì 
ðåãóëþâàííÿ ïîçàêë³òèííèõ ð³âí³â ADAMTS-5 
(Yamamoto et al, 2014; Yamamoto et al, 2021). 

Àëå ïðè ÎÀ ðåãóëÿö³ÿ òàêîãî åíäîöèòàð-
íîãî øëÿõó ïîðóøóºòüñÿ ÷åðåç çíèæåííÿ ð³â-
íÿ LRP1, â îñíîâíîìó, ñïðè÷èíåíîãî ïðîòåî-
ë³òè÷íèì øåä³íãîì éîãî åêòîäîìåíó â³ä êë³-
òèííî¿ ìåìáðàíè çà ðàõóíîê ä³¿ äâîõ ìåìáðà-
íîçâ’ÿçàíèõ ìåòàëîïðîòå¿íàç (øåäàç): MMP-14 
³ ADAM17 (Yamamoto et al, 2017; Yamamoto et 
al, 2021). 

Íåùîäàâíî áóëî ïîêàçàíî, ùî ðóéíóâàííÿ 
âíóòð³øíüîäæãóòèêîâîãî òðàíñïîðòíîãî á³ë-
êó 88, îäíîãî ç ãîëîâíèõ á³ëê³â â³é÷àñòîãî 
òðàíñïîðòó, çá³ëüøóº ³íòåíñèâí³ñòü øåä³íãó 
LPR1 òà çìåíøóº àêòèâí³ñòü ïîçáàâëåííÿ â³ä 
ADAMTS-5 òà MMP-13 øëÿõîì åíäîöèòîçó. 
Îñê³ëüêè ðîçùåïëåííÿ ìåìáðàííîãî á³ëêó â 
ðàéîí³ åêòîäîìåíó â³äáóâàºòüñÿ, ãîëîâíèì ÷è-
íîì, íà ïîâåðõí³ êë³òèíè, â³é÷àñòà ìàøèíåð³ÿ 
ìîæå áóòè çàëó÷åíîþ äî ðåãóëÿö³¿ ëîêàë³çàö³¿ 
LRP1 òà ôåðìåíò³â øåäàç íà êë³òèíí³é ïîâåðõ-
í³ (Coveney et al, 2018; Yamamoto et al, 2021).

Íàìè áóëî âèÿâëåíî á³ëüø çíà÷íå çìåí-
øåííÿ ð³âíÿ åêñïðåñ³¿ ãåíà LRP1 ó êë³òèíàõ 
ñèíîâ³àëüíî¿ îáîëîíêè õâîðèõ íà ÎÀ, ÿê³ ïå-
ðåõâîð³ëè COVID-19. Öå óçãîäæóºòüñÿ ç äàíè-
ìè ë³òåðàòóðè ñòîñîâíî ïîòåíö³éíîãî âïëèâó 
COVID-19 íà ñòàð³ííÿ ñóãëîá³â òà ÎÀ (Lauwers 
et al, 2022) ³ ñâ³ä÷èòü ïðî ïîäàëüøó äåãðàäà-
ö³þ àãðåêàíó àãðåêàíàçàìè, ùî ïðèçâîäèòü äî 
ïîâ³ëüíî ïðîãðåñóþ÷îãî ÎÀ (Yamamoto et al, 
2014; Yamamoto et al, 2022). 

Áóëî çàïðîïîíîâàíî, ùî çâ’ÿçóâàííÿ â³ëü-
íîãî ðîç÷èííîãî LRP1 (sLRP1) ³ç ìåòàëî-
ïðîòå¿íàçàìè ìîæå çì³íèòè ¿õ àêòèâí³ñòü ùî-
äî ñóáñòðàò³â ïîçàêë³òèííîãî ìàòðèêñó, òàê 
ñàìî ÿê ³ âïëèíóòè íà òêàíèíí³ ³íã³á³òîðè ìå-
òàëîïðîòå¿íàç (TIMPs) (Yamamoto et al, 2014; 
Yamamoto et al, 2021; Yamamoto et al, 2022). 



25ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2023. Ò. 57. ¹ 3

Åêñïðåñ³ÿ ãåí³â OLR1, ACAN òà LRP1 ó êë³òèíàõ ñèíîâ³àëüíî¿ îáîëîíêè õâîðèõ  

Çîêðåìà, áóëî âèÿâëåíî, ùî â³ëüíèé LRP1 
êîíêóðóâàâ ³ç LRP1 êë³òèííî¿ ïîâåðõí³ çà 
çâ’ÿçóâàííÿ ç TIMP-3 (Scilabra et al, 2016). Òàê³ 
çì³íè ìîæóòü çì³ñòèòè ãîìåîñòàòè÷íèé áàëàíñ 
îáì³íó ìàòðèêñó â á³ê êàòàáîë³çìó (Yamamoto 
et al, 2014; Yamamoto et al, 2021; Yamamoto et 
al, 2022). Îòæå, íàâ³òü íåâåëèêèé çñóâ ïðîòå-
îë³òè÷íî¿ ð³âíîâàãè ìîæå áóòè äîñòàòí³ì äëÿ 
ïî÷àòêó ïîâ³ëüíîãî ïðîãðåñóâàííÿ ö³º¿ õðîí³÷-
íî¿ õâîðîáè.

Òàêèì ÷èíîì, ³íã³áóâàííÿ îïîñåðåäêîâàíî-
ãî LRP1 åíäîöèòîçó ïðèçâîäèòü äî çàãèáåë³ 
êë³òèí, çì³íè âñüîãî ñåêðåòîìó òà òðàíñêðèï-
ö³éíèõ ìîäóëÿö³é ó õîíäðîöèòàõ ëþäèíè ïðè 
ÎÀ. Íà ñüîãîäí³, âèâ÷àþòüñÿ ð³çíîìàí³òí³ ë³-
ãàíäè öüîãî åíäîöèòàðíîãî øëÿõó çàäëÿ âèÿâ-
ëåííÿ ïîòåíö³éíèõ íîâèõ òåðàïåâòè÷íèõ ì³øå-
íåé äëÿ ÎÀ (Yamamoto et al, 2022).

Âèñíîâêè. Çà äîïîìîãîþ ìîëåêóëÿðíî-ãåíå-
òè÷íîãî àíàë³çó áóëî âèÿâëåíî çðîñòàííÿ ð³âíÿ 
åêñïðåñ³¿ ãåíà OLR1 á³ëüøîþ ì³ðîþ ó êë³òèíàõ 
ñèíîâ³àëüíî¿ îáîëîíêè õâîðèõ íà îñòåîàðòðèò, 
ÿê³ ïåðåõâîð³ëè COVID-19, ïîð³âíÿíî ç ãðóïîþ 
õâîðèõ íà îñòåîàðòðèò êîë³ííèõ ñóãëîá³â íà òë³ 
³íòåíñèâí³øîãî çá³ëüøåííÿ ÿê êîíöåíòðàö³¿ õî-
ëåñòåðîëó ó ïëàçì³ êðîâ³, òàê ³ àêòèâóâàííÿ 
â³ëüíîðàäèêàëüíèõ ïðîöåñ³â (çðîñòàííÿ âì³ñ-
òó ñóïåðîêñèäíîãî àí³îí-ðàäèêàëó) ó ñèíîâ³-
àëüí³é ð³äèí³ ïàö³ºíò³â ç îñòåîàðòðèòîì ï³ñëÿ 
SARS-CoV2-³íôåêö³¿. Öå ìîæå áóòè ïîâ’ÿçàíî 
ç³ çá³ëüøåííÿì çàãàëüíîñèñòåìíîãî çàïàëåííÿ 
âíàñë³äîê ðåàãóâàííÿ îðãàí³çìó íà â³ðóñ. Ó òîé 
æå ÷àñ áóëî ïîêàçàíî á³ëüø ñóòòºâå çíèæåííÿ 
ð³âíÿ åêñïðåñ³¿ ãåíà ACAN ó êë³òèíàõ ñèíîâ³àëü-
íî¿ îáîëîíêè õâîðèõ íà îñòåîàðòðèò, ÿê³ ïåðå-
õâîð³ëè COVID-19, ó ïîð³âíÿíí³ ç ãðóïîþ õâî-
ðèõ íà îñòåîàðòðèò êîë³ííèõ ñóãëîá³â. Öå âêàçóº 
íà á³ëüø ïîòóæíó àêòèâàö³þ äåñòðóêòèâíèõ 
ïðîöåñ³â ó êë³òèíàõ ï³ñëÿ ïåðåíåñåíî¿ ³íôåê-
ö³¿, ³ òàêîæ ìîæå áóòè îïîñåðåäêîâàíî çìåí-
øåííÿì ð³âíÿ åêñïðåñ³¿ ãåíà LRP1, ùî, ó ñâîþ 
÷åðãó, çäàòíå ñïðè÷èíþâàòè ïîäàëüøå ïðîãðå-
ñóâàííÿ çàõâîðþâàííÿ. Ðîçóì³ííÿ ÷³òêèõ ìå-
õàí³çì³â ôîðìóâàííÿ á³ëüø âàæêîãî ïåðåá³ãó 
îñòåîàðòðèòó òà ìîæëèâîãî ðîçâèòêó óñêëàä-
íåíü ó ïàö³ºíò³â ³ç ïîñò-COVID-19 ñèíäðî-
ìîì íà ïðèêëàä³ ôóíêö³îíóâàííÿ ÿê ñèñòåìè 
LOX1/ox-LDL, òàê ³ LRP1-åíäîöèòàðíîãî øëÿ-
õó ïîòðåáóº ïîäàëüøèõ äîñë³äæåíü.

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Óñ³ ó÷àñ-
íèêè, ÿê³ äîáðîâ³ëüíî òà íà áåçîïëàòí³é îñíîâ³ 
ïîãîäèëèñÿ âçÿòè ó÷àñòü ó öüîìó äîñë³äæåíí³, 
îçíàéîìèëèñÿ òà ï³äïèñàëè â³äïîâ³äíó ôîðìó 
³íôîðìîâàíî¿ çãîäè. Äîñë³äæåííÿ âèêîíàí³ ç
äîòðèìàííÿì îñíîâíèõ ïîëîæåíü «Ïðàâèë åòè÷-
íèõ ïðèíöèï³â ïðîâåäåííÿ íàóêîâèõ ìåäè÷-
íèõ äîñë³äæåíü çà ó÷àñòþ ëþäèíè», çàòâåðäæå-
íèõ Ãåëüñ³íñüêîþ äåêëàðàö³ºþ (1964–2013 ðð.), 
ICH GCP (1996 ð.), Äèðåêòèâè ªÅÑ ¹ 609 
(â³ä 24.11.1986 ð.), íàêàç³â ÌÎÇ Óêðà¿íè ¹ 
690 â³ä 23.09.2009 ð., ¹ 944 â³ä 14.12.2009 ð., 
¹ 616 â³ä 03.08.2012 ð.; ³ áóëè ñõâàëåí³ êîì³ñ³-
ÿìè ç á³îåòèêè «Ìåäè÷íîãî öåíòðó Îðòîêë³-
í³êà» (ïðîòîêîë ¹ 1 â³ä 17 ñ³÷íÿ 2022; 
Òåðíîï³ëü, Óêðà¿íà) òà Íàâ÷àëüíî-íàóêîâîãî
öåíòðó «²íñòèòóò á³îëîã³¿ òà ìåäèöèíè» Êè¿â-
ñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ìåí³ Òàðà-
ñà Øåâ÷åíêà (ïðîòîêîë ¹ 3 â³ä 3 æîâòíÿ 2022; 
Êè¿â, Óêðà¿íà). Áóëî âæèòî âñ³õ íåîáõ³äíèõ çà-
õîä³â äëÿ çàáåçïå÷åííÿ àíîí³ìíîñò³ ïàö³ºíò³â.
Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî â³ä-
ñóòí³ñòü êîíôë³êòó ³íòåðåñ³â.
Ô³íàíñóâàííÿ. Öå äîñë³äæåííÿ íå îòðèìóâàëî 
áóäü-ÿêîãî êîíêðåòíîãî ãðàíòó â³ä ô³íàíñóþ-
÷èõ óñòàíîâ ó äåðæàâíîìó, êîìåðö³éíîìó àáî 
íåêîìåðö³éíîìó ñåêòîðàõ.

OLR1, ACAN AND LRP1 GENES 
EXPRESSION IN SYNOVIUM OF PATIENTS 
WITH OSTEOARTHRITIS AFTER
SARS-COV2 INFECTION

À. Huet, S. Borodin, Ê. Dvorshchenko,
D. Grebinyk, Î. Savchuk, L. Ostapchenko

Educational and Scientific Center 
«Institute of Biology and Medicine», 
Taras Shevchenko National University of Kyiv
st. Vladimirskaya 64/13, 01601, Kyiv, Ukraine

The coronavirus disease of the year 2019 (COVID-19) 
poses a serious threat to human health. Nowadays the 
relevant topic appears to be the prognosis of human 
chronic illnesses progress and development after the 
coronavirus infection beating. Osteoarthritis is a chronic 
degenerative joint disease. It was shown that this malady 
may be induced by various factors, such as oxidative 
stress impact, hypercholesterolemia, increased aggrecan-
degradative activity of specific proteases during certain 
endocytosis pathway disruption, and so on. Hence the 
aim of this work was to analyze the expression of OLR1, 
ACAN and LRP1 genes in synovial membrane cells 
of osteoarthritis patients having beaten SARS-CoV-2 
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infection. The research included 60 humans (males) aged 
50–55 years. The volunteers were separated into following 
groups: the first group (n = 20) – conditionally healthy 
individuals, the second group (n = 20) – patients with 
II–III degree knee joint osteoarthritis, the third group 
consisted of 20 patients with II–III degree knee joint 
osteoarthritis having successfully beaten COVID-19. 
The human blood plasma cholesterol concentration was 
measured by the enzymatic method using a diagnostic 
set of reagents. The intensity of superoxide anion ra-
dical generation in synovial liquid was estimated by 
the HTT-formazan accumulation. The level of OLR1, 
ACAN and LRP1 gene expression in knee joint synovial 
membrane cells was assessed by RT-qPCR. The OLR1 
gene expression increase was demonstrated mostly in 
osteoarthritis patient synovial membrane cells having 
beaten COVID-19, if compared to the group with knee 
joint osteoarthritis, against the background of more 
intensive increase of both blood plasma cholesterol 
concentration and free radical process activation (the 
superoxide anion radical amount increase) in synovial 
liquid of osteoarthritis patients after SARS-CoV2-
infection. This may be due to the increase in system-wide 
inflammation while à body responds to the virus. At the 
same time the more prominent decrease of the ACAN 
gene expression was shown in synovial membrane cells 
of patients with osteoarthritis having beaten COVID-19, 
in comparison with the group of patients with knee joint 
osteoarthritis. Such findings indicate more pronounced 
activation of destructive processes within cells after 
carried out infection, and can be mediated by the decrease 
of the LRP1 gene expression, which, in its own turn, is 
capable of propagating the illness further progress. The 
understanding of a more severe osteoarthritis progress 
and possible complication development in patients with 
the post-COVID-19 syndrome, taking both LOX1/ox-
LDL and LRP1-endocytosis pathway into consideration 
requires additional research attempts.
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