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Íà ñüîãîäí³, ëèøàºòüñÿ íåâèñâ³òëåíèì ìîæëèâèé 
âïëèâ êîðîíàâ³ðóñíî¿ ³íôåêö³¿ íà äåãåíåðàö³þ õðÿùà 
òà çàïàëåííÿ ñèíîâ³àëüíî¿ îáîëîíêè ïðè õðîí³÷íîìó 
çàõâîðþâàíí³ ñóãëîá³â – îñòåîàðòðèò³. Ìåòîþ ðîáî-
òè áóëî ïðîàíàë³çóâàòè åêñïðåñ³þ ãåí³â ÒGFB1, 
FOXO1 òà COMP òà ³íòåíñèâí³ñòü â³ëüíîðàäèêàëü-
íèõ ïðîöåñ³â ó êðîâ³ õâîðèõ íà îñòåîàðòðèò ï³ñëÿ S
ARS-CoV2-³íôåêö³¿. Ðîáîòà âèêîíóâàëàñü ³ç çàñòîñó-
âàííÿì ìåòîä³â ìîëåêóëÿðíî¿ ãåíåòèêè òà á³îõ³ì³¿. 
Áóëî ïîêàçàíî çíèæåííÿ ð³âíÿ åêñïðåñ³¿ ãåí³â ÒGFB1 
òà FOXO1 á³ëüøîþ ì³ðîþ ó õâîðèõ íà îñòåîàðòðèò, 
ÿê³ ïåðåõâîð³ëè COVID-19, ïîð³âíÿíî ç ãðóïîþ õâîðèõ 
íà îñòåîàðòðèò êîë³ííèõ ñóãëîá³â íà ôîí³ á³ëüø ñóò-
òºâîãî çìåíøåííÿ ÿê ñóïåðîêñèääèñìóòàçíî¿, òàê ³ 
êàòàëàçíî¿ àêòèâíîñò³ (ùî ñâ³ä÷èòü ïðî ïîðóøåííÿ 
ðåäîêñ-ñòàòóñó êë³òèí ³ ìîæëèâå ïðèãëóøåííÿ TGF-
β1-FoxO1 ñèãíàë³íãó) ó ïàö³ºíò³â ç îñòåîàðòðèòîì 
ï³ñëÿ SARS-CoV2-³íôåêö³¿. Ó òîé æå ÷àñ áóëî âèÿâ-
ëåíî á³ëüø ñóòòºâå çíèæåííÿ ð³âíÿ åêñïðåñ³¿ ãåíà 
COMP ó õâîðèõ íà îñòåîàðòðèò, ÿê³ ïåðåõâîð³ëè 
COVID-19, ó ïîð³âíÿíí³ ç ãðóïîþ õâîðèõ íà îñòåîàðò-
ðèò êîë³ííèõ ñóãëîá³â íà òë³ ³íòåíñèâí³øîãî çðîñòàí-
íÿ êîíöåíòðàö³¿ COMP ó ïàö³ºíò³â ç îñòåîàðòðèòîì 
ï³ñëÿ SARS-CoV2-³íôåêö³¿. Òàê³ äàí³ âêàçóþòü íà á³ëüø 
çíà÷íå àêòèâóâàííÿ äåñòðóêòèâíèõ ïðîöåñ³â ó êë³òè-
íàõ ï³ñëÿ ïåðåíåñåíî¿ ³íôåêö³¿ òà ïîäàëüøå ïðîãðåñó-
âàííÿ çàõâîðþâàííÿ. 

Êëþ÷îâ³ ñëîâà: SARS-CoV-2, åêñïðåñ³ÿ ãåí³â ÒGFB1, 
FOXO1, COMP, îñòåîàðòðèò, COMP, êàòàëàçà, ñóïåð-
îêñèääèñìóòàçà. 

Âñòóï. Êîðîíàâ³ðóñí³ ³íôåêö³¿, â îñíîâíîìó, 
õàðàêòåðèçóþòüñÿ ðåñï³ðàòîðíèìè ñèìïòîìà-
ìè, îäíàê áóëè âèÿâëåí³ óñêëàäíåííÿ, ïîâ’ÿçàí³ 
ç äèñôóíêö³ºþ îïîðíî-ðóõîâîãî àïàðàòó. Çî-
êðåìà, áóëî âñòàíîâëåíî, ùî àðòðàëã³ÿ ïðèñóò-
íÿ â 14,9 % âèïàäê³â ó õâîðèõ íà êîðîíàâ³ðóñ-
íó ³íôåêö³þ (Joob et al, 2020; Gasparotto et al, 

2021). Íà ñüîãîäí³, íåäîñòàòíüî ³íôîðìàö³¿ ïðî 
ïîòåíö³éíèé âïëèâ ö³º¿ ³íôåêö³¿ íà äåãåíåðà-
ö³þ õðÿùà òà çàïàëåííÿ ñèíîâ³àëüíî¿ îáîëîí-
êè ïðè õðîí³÷íîìó çàõâîðþâàíí³ ñóãëîá³â – 
îñòåîàðòðèò³ (ÎÀ) (Lai et al, 2020; Lauwers et 
al, 2022). Ó òîé æå ÷àñ âèâ÷åííÿ ìîëåêóëÿðíî-
ãåíåòè÷íèõ ìåõàí³çì³â âèíèêíåííÿ öüîãî çà-
õâîðþâàííÿ òà éîãî ìîæëèâîãî çàãîñòðåííÿ 
âíàñë³äîê SARS-CoV2-³íôåêö³¿ º íàäçâè÷àéíî 
âàæëèâèì (Lai et al, 2020; Gasmi et al, 2021; 
Lauwers et al, 2022).

Â³äîìî, ùî ÎÀ ïðèòàìàíí³ çì³íè ð³âíÿ 
õðÿùîâîãî îë³ãîìåðíîãî êîëàãåíó, àãðåêàíó 
òà õðÿùîâîãî îë³ãîìåðíîãî ìàòðèêñíîãî á³ë-
êà (COMP, òàêîæ â³äîìèé ÿê òðîìáîñïîí-
äèí-5; êîäóºòüñÿ ãåíîì COMP) (Huet et al, 
2019; Mishra et al, 2019; Jaabar et al, 2022). Áóëî 
ïîêàçàíî, ùî ìóòàö³¿ ãåíà COMP â ëþäèíè, 
ìîæóòü ïðèçâåñòè äî äèñïëàç³¿, ó òîé ÷àñ ÿê 
íåñòà÷à îë³ãîìåðíîãî ìàòðèêñíîãî á³ëêà ìîæå 
çóìîâèòè àðòðèòè ð³çíî¿ åò³îëîã³¿, à òàêîæ ³íø³ 
çàõâîðþâàííÿ ñóãëîá³â (Huet et al, 2019; Jaabar 
et al, 2022).

Ìóëüòèôóíêö³îíàëüíèé öèòîê³í – òðàíñ-
ôîðìóþ÷èé ôàêòîð ðîñòó-β1 (TGF-β1, êîäóº-
òüñÿ ãåíîì ÒGFB1), ÿêèé àêòèâóº îäíîéìåí-
íèé ñèãíàëüíèé êàñêàä, º êðèòè÷íèì ðåãóëÿ-
òîðîì çàõèñòó òêàíèíè ñóãëîáîâîãî õðÿùà òà 
ãîìåîñòàçó õîíäðîöèò³â (Mishra et al, 2019; 
Wang et al, 2020). Òèì íå ìåíø, ðåãóëÿòîðí³
ìåðåæ³ òà íèçõ³äí³ ñèãíàëüí³ øëÿõè, ÿê³ êå-
ðóþòü õîíäðîïðîòåêòîðíîþ ôóíêö³ºþ TGF-β 
â êîíòåêñò³ ÎÀ, ïîâí³ñòþ íå âèçíà÷åí³. Íå-
ùîäàâíî áóëî çàïðîïîíîâàíî, ùî ôàêòîð òðàíñ-
êðèïö³¿ FoxO1 (forkhead box protein O1 (àíãë.), 
êîäóºòüñÿ ãåíîì FOXO1) º âàæëèâèì ìåä³àòî-
ðîì TGF-β ñèãíàëüíîãî øëÿõó ³ ìîæå çàõèùàòè 
â³ä ÎÀ øëÿõîì ï³äòðèìêè ãîìåîñòàçó ñóãëîáî-
âîãî õðÿùà (Wang et al, 2020). Òàê, áóëî âèÿâ-
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ëåíî êîðåëÿö³þ ì³æ çíèæåííÿì ð³âíÿ åêñïðå-
ñ³¿ ÒGFB1 ³ FOXO1 òà ÎÀ-ïîä³áíèìè ïàòîëîã³-
ÿìè â ëþäèíè òà íà òâàðèííèõ ìîäåëÿõ (Mat-
suzaki et al, 2018; Lee et al, 2019; Wang et al, 2020). 

Â³äîìî, ùî ðîçâèòîê îñòåîàðòðèò³â òàêîæ 
ïîâ’ÿçàíèé ç îêèñíèì ñòðåñîì òà íàäëèøêî-
âèì ïðîäóêóâàííÿì àêòèâíèõ ôîðì êèñíþ 
(ROS). Çà ô³ç³îëîã³÷íèõ óìîâ ROS ðåãóëþ-
þòü âíóòð³øíüîêë³òèíí³ ñèãíàëüí³ ïðîöåñè, 
ñòàð³ííÿ é àïîïòîç õîíäðîöèò³â, ñèíòåç ³ äå-
ãðàäàö³þ ïîçàêë³òèííîãî ìàòðèêñó, à çà ïàòî-
ëîã³¿ – ñèíîâ³àëüíå çàïàëåííÿ òà äèñôóíêö³þ 
ñóáõîíäðàëüíî¿ ê³ñòêè âíàñë³äîê ïðèãí³÷åííÿ 
àêòèâíîñò³ ôåðìåíò³â àíòèîêñèäàíòíîãî çà-
õèñòó êë³òèí (Wu et al, 2016; Abusarah et al, 
2017; Lee et al, 2019). 

Ç îãëÿäó íà âèùåçàçíà÷åíå ìåòîþ ðîáîòè 
áóëî ïðîàíàë³çóâàòè åêñïðåñ³þ ãåí³â ÒGFB1, 
FOXO1 òà COMP òà ³íòåíñèâí³ñòü â³ëüíîðà-
äèêàëüíèõ ïðîöåñ³â ó êðîâ³ õâîðèõ íà îñòåî-
àðòðèò ï³ñëÿ SARS-CoV2-³íôåêö³¿.

Ìàòåð³àëè ³ ìåòîäè. Ôîðìóâàííÿ äîñë³äíèõ 
òà êîíòðîëüíî¿ ãðóïè ïàö³ºíò³â – äîáðîâîëüö³â 
äëÿ ïîäàëüøîãî äîñë³äæåííÿ. Ó äîñë³äæåíí³ áðà-
ëè ó÷àñòü 60 ëþäåé (÷îëîâ³êè) ó â³ö³ â³ä 40 
äî 45 ðîê³â. Â³äá³ð äîáðîâîëüö³â òà âñòàíîâ-
ëåííÿ ä³àãíîçó ó ïàö³ºíò³â «îñòåîàðòðèò êîë³í-
íèõ ñóãëîá³â II–III ñòóïåíþ» ïðîâîäèâñÿ íà 
áàç³ ñïåö³àë³çîâàíîãî ìåäè÷íîãî öåíòðó «Îð-
òîêë³í³êà», ì³ñòî Òåðíîï³ëü, Óêðà¿íà. Íà åòàï³ 
â³äáîðó óñ³ì õâîðèì ïðîâîäèëàñÿ ðåíòãåíîãðà-
ô³ÿ êîë³ííèõ ñóãëîá³â ó ïðÿì³é (ïåðåäíüîçàä-
í³é) òà áîêîâ³é ïðîåêö³ÿõ. Îö³íêà ³íòåíñèâ-
íîñò³ áîëþ òà ôóíêö³îíàëüíîãî ñòàíó êîë³í-
íèõ ñóãëîá³â õâîðèõ ïðîâîäèëàñÿ çà äîïîìîãîþ 
ðîçðàõóíêó ³íäåêñó WOMAC (Western Ontario 
and McMaster Universities Osteoarthritis Index). 
²íäåêñ WOMAC ï³äðàõîâóºòüñÿ â ðåçóëüòà-
ò³ ñàìîñò³éíîãî ïðîõîäæåííÿ ïàö³ºíòîì òåñòó 
(McConnell et al, 2001), ùî âêëþ÷àº 24 çàïè-
òàííÿ, ÿê³ â³äîáðàæàþòü âèðàæåí³ñòü áîëüîâèõ 
â³ä÷óòò³â (5 ïèòàíü), ñêóòîñò³ (2 ïèòàííÿ) òà 
ôóíêö³îíàëüíî¿ àêòèâíîñò³ (17 ïèòàíü). Äîáðî-
âîëüö³ áóëè ïîä³ëåí³ íà íàñòóïí³ ãðóïè: ïåðøà 
ãðóïà (n = 20) – óìîâíî çäîðîâ³ ëþäè; äðóãà 
ãðóïà (n = 20) – ïàö³ºíòè ç ÎÀ êîë³ííèõ ñóãëî-
á³â II–III ñòóïåíþ; òðåòÿ ãðóïà (n = 20) – ïà-
ö³ºíòè ç ÎÀ êîë³ííèõ ñóãëîá³â II–III ñòóïåíþ, 
ÿê³ ïåðåíåñëè ëåãêó òà ñåðåäíüî-òÿæêó ôîðìó 
COVID-19 6 ì³ñÿö³â òîìó. Ä³àãíîç COVID-19 

áóëî ï³äòâåðäæåíî ìîëåêóëÿðíèì àíàë³çîì 
(ÇÒ-ÏËÐ) ìàçêà ç íîñîãëîòêè. Çàá³ð á³îëîã³÷-
íîãî ìàòåð³àëó (ö³ëüíà êðîâ, ñèðîâàòêà êðîâ³) 
ïðîâîäèâñÿ íà áàç³ ñïåö³àë³çîâàíîãî ìåäè÷íî-
ãî öåíòðó «Îðòîêë³í³êà», Òåðíîï³ëü, Óêðà¿íà. 

Âèçíà÷åííÿ ñóïåðîêñèääèñìóòàçíî¿ òà êàòà-
ëàçíî¿ àêòèâíîñò³ â ñèðîâàòö³ êðîâ³ äîíîð³â óñ³õ 
äîñë³äíèõ ãðóï. Ñóïåðîêñèääèñìóòàçíó (ÑÎÄ)
àêòèâí³ñòü îö³íþâàëè çà çäàòí³ñòþ ÑÎÄ êîí-
êóðóâàòè ³ç í³òðîñèí³ì òåòðàçîë³ºì çà ñóïåð-
îêñèäí³ ðàäèêàëè (Durak et al, 1993). Êàòà-
ëàçíó àêòèâí³ñòü âèì³ðþâàëè çà ê³ëüê³ñòþ íå-
çðóéíîâàíîãî ïåðîêñèäó âîäíþ ó ïðîá³ (Góth, 
1991). Âì³ñò á³ëêà âèì³ðþâàëè çà ìåòîäîì Ëîóð³ 
(Lowry et al, 1951).

Ê³ëüê³ñíà ÇT-ÏËÐ ó ðåàëüíîìó ÷àñ³. ÐÍÊ îò-
ðèìóâàëè çà ìåòîäîì Chomczynski (Chomczyn-
ski et al, 1987) ³ç ö³ëüíî¿ êðîâ³. Ñèíòåç êÄÍÊ 
òà ê³ëüê³ñíó ïîë³ìåðàçíó ëàíöþãîâó ðåàêö³þ 
â ðåàëüíîìó ÷àñ³ (Real-time PCR, êÏËÐ) ïðî-
âîäèëè çà äîïîìîãîþ êîìåðö³éíîãî íàáîðó 
«Thermo Scientific Verso SYBR Green 1-Step 
qRT-PCR ROX Mix» («Thermo Scientific», Ëèò-
âà), çà ðåêîìåíäîâàíèõ ô³ðìîþ-âèðîáíèêîì 
òåìïåðàòóðíèõ óìîâ.  

Ó ðåàêö³ÿõ áóëî âèêîðèñòàíî òàê³ ïîñë³-
äîâíîñò³ ïðàéìåð³â: äëÿ ÒGFB1: ïðÿìèé TTG-
AGCCGTGGAGGGGAAATT òà çâîðîòíèé –
AGGCCGGTTCATGCCATGAAT; FOXO1: ïðÿ-
ìèé – GGCGGGCTGGAAGAATTCAAT òà 
çâîðîòíèé – CTCTTGCCACCCTCTGGATT-
GA; COMP: ïðÿìèé – AAGTGGGCTACATCA-
GGGTG òà çâîðîòíèé – GTGTCATTGCAGC-
GGTAACG; äëÿ ACTB (ãåí β-àêòèíó, ùî âèêî-
ðèñòîâóºòüñÿ â ÿêîñò³ âíóòð³øíüîãî êîíòðîëþ 
ðåàêö³¿ çàâäÿêè êîíñòèòóòèâí³é åêñïðåñ³¿): ïðÿ-
ìèé – CTTCCAGCTCCTCCCTGGAG òà çâî-
ðîòíèé – CCACAGGACTCCATGCCCAG. Â³ä-
òâîðþâàí³ñòü ðåçóëüòàò³â àìïë³ô³êàö³¿ áóëî ïå-
ðåâ³ðåíî â ïàðàëåëüíèõ åêñïåðèìåíòàõ øëÿ-
õîì ïîâòîðåííÿ êÏËÐ íà çðàçêàõ ÐÍÊ óñ³õ 
äîáðîâîëüö³â, ³ç êîæíèì ïðàéìåðîì íå ìåí-
øå òðüîõ ðàç³â. Â³äíîñíó ê³ëüê³ñòü ìÐÍÊ îáðà-
õîâóâàëè çà ïîð³âíÿëüíèì CT ìåòîäîì «ΔΔCT 
Method» (Livak et al, 2001), åôåêòèâí³ñòü ÏËÐ 
ðåàêö³é áóëà îäíàêîâîþ (Ex = (10–1/slope) – 1), 
slope < 0,1. Â³äíîñíèé ð³âåíü åêñïðåñ³¿ çàçíà÷å-
íèõ ãåí³â íîðìàë³çóâàëè äî ð³âíÿ åêñïðåñ³¿ ACTB. 

²ÔÀ. Êîíöåíòðàö³þ COMP âèì³ðþâàëè â ñè-
ðîâàòö³ êðîâ³ (ó òðèïë³êàòàõ íà êîæåí çðàçîê) çà 
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äîïîìîãîþ ³ìóíîôåðìåíòíîãî íàáîðó ðåàãåí-
ò³â «Human COMP DuoSet ELISA» (Catalog #
DY3134, «Novus Biologicals», ÑØÀ) çà ðåêî-
ìåíäàö³ÿìè âèðîáíèêà (äîâæèíà õâèë³ 450 íì);
âèêîðèñòîâóþ÷è ïðèëàä «STAT FAX 2100» 
(«Awareness Technology Inc.», ÑØÀ).

Ñòàòèñòè÷íà îáðîáêà ðåçóëüòàò³â äîñë³äæåíü. 
Îòðèìàí³ äàí³ òåñòóâàëè íà íîðìàëüíå ðîçïî-
ä³ëåííÿ çà äîïîìîãîþ òåñòó Øàï³ðî-Â³ëêà ç 
âèêîðèñòàííÿì ïðîãðàìíîãî ïàêåòó «GraphPad 
Prism 8.4.3» («GraphPad Software Inc.», ÑØÀ). 
Ïîäàëüøèé îáðàõóíîê â³äáóâàâñÿ çà äîïîìî-
ãîþ îäíîñïðÿìîâàíîãî äèñïåðñ³éíîãî àíàë³çó 
(one-way ANOVA) ³ç ïîñò-òåñòîì Òóêåÿ. Îòðè-
ìàí³ ðåçóëüòàòè íàâåäåí³ ó âèãëÿä³ ñåðåäíüîãî 
àðèôìåòè÷íîãî ± ñåðåäíüîêâàäðàòè÷íå â³äõè-
ëåííÿ – SD. Ðåçóëüòàòè ââàæàëè çíà÷óùèìè, 
êîëè p  0,05.

Ðåçóëüòàòè. Ð³âåíü åêñïðåñ³¿ ãåí³â ÒGFB1 òà
FOXO1. Ó ðåçóëüòàò³ ïðîâåäåíèõ íàìè åêñïå-
ðèìåíòàëüíèõ äîñë³äæåíü áóëî ïîêàçàíî, ùî 
ð³âåíü åêñïðåñ³¿ ãåíà ÒGFB1 ó êðîâ³ ïàö³ºí-
ò³â ç ÎÀ áóâ íèæ÷èì ó 2,1 ðàçà (p  0,0001) 
ïîð³âíÿíî ç ãðóïîþ óìîâíî çäîðîâèõ ëþäåé. 
Ó ïàö³ºíò³â ç ÎÀ êîë³ííèõ ñóãëîá³â ï³ñëÿ 
COVID-19, öåé ïîêàæ÷èê çíèæóâàâñÿ ó 2,8 ðà-
çà (p  0,0001) ïîð³âíÿíî ç ãðóïîþ óìîâíî 
çäîðîâèõ ëþäåé òà â 1,3 ðàçà (p  0,01) ïîð³â-
íÿíî ç ãðóïîþ õâîðèõ íà ÎÀ (ðèñ. 1). 

Ó ðåçóëüòàò³ ïîäàëüøèõ äîñë³äæåíü áóëî 
âèÿâëåíî, ùî ð³âåíü åêñïðåñ³¿ ãåíà FOXO1 ó 
êðîâ³ ïàö³ºíò³â ç ÎÀ áóâ íèæ÷èì ó 2,5 ðàçà
(p  0,0001) ïîð³âíÿíî ç ãðóïîþ óìîâíî çäîðî-
âèõ ëþäåé. Ó ïàö³ºíò³â ç ÎÀ êîë³ííèõ ñóãëîá³â 
ï³ñëÿ COVID-19, öåé ïîêàæ÷èê çíèæóâàâñÿ ó
3,8 ðàçà (p  0,0001) ïîð³âíÿíî ç ãðóïîþ óìîâ-
íî çäîðîâèõ ëþäåé òà â 1,5 ðàçà (p  0,001) 
ïîð³âíÿíî ç ãðóïîþ õâîðèõ íà ÎÀ (ðèñ. 2). 

Ð³âåíü åêñïðåñ³¿ ãåíà ÑOMP. Íàìè áóëî 
âñòàíîâëåíî, ùî ð³âåíü åêñïðåñ³¿ ãåíà ÑOMP 
ó êðîâ³ õâîðèõ íà ÎÀ áóâ íèæ÷èì ó 2,4 ðàçà 
(p  0,0001) ïîð³âíÿíî ç ãðóïîþ óìîâíî çäîðî-
âèõ ëþäåé. Ó ïàö³ºíò³â ç ÎÀ êîë³ííèõ ñóãëî-
á³â, ÿê³ ïåðåõâîð³ëè COVID-19, öåé ïîêàçíèê 
çíèæóâàâñÿ ó 3,3 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). 

Êîíöåíòðàö³ÿ COMP. Ó ðåçóëüòàò³ ïðîâåäå-
íèõ íàìè äîñë³äæåíü áóëî ïîêàçàíî, ùî â

ñèðîâàòö³ êðîâ³ ïàö³ºíò³â, õâîðèõ íà ÎÀ êî-
ë³ííèõ ñóãëîá³â, êîíöåíòðàö³ÿ õðÿùîâîãî îë³ãî-
ìåðíîãî ìàòðèêñíîãî á³ëêà áóëà âèùîþ ó 2,6 
ðàçà ïîð³âíÿíî ç ãðóïîþ óìîâíî çäîðîâèõ ëþ-
äåé (òàáë. 1). Ïðè àíàë³ç³ öüîãî ïîêàçíèêà ó 
ñèðîâàòö³ êðîâ³ ïàö³ºíò³â ç ÎÀ êîë³ííèõ ñóãëî-
á³â, ÿê³ ïåðåõâîð³ëè COVID-19, êîíöåíòðàö³ÿ 
COMP çá³ëüøóâàëàñü ó 3 ðàçà â³äíîñíî ãðóïè 
óìîâíî çäîðîâèõ ëþäåé òà ìàéæå â 1,2 ðàçà 
ïîð³âíÿíî ç ãðóïîþ õâîðèõ íà ÎÀ (òàáë. 1).

Ñóïåðîêñèääèñìóòàçíà òà êàòàëàçíà àêòèâ-
í³ñòü. Ó ðåçóëüòàò³ ïîäàëüøèõ åêñïåðèìåíò³â 
áóëî âèÿâëåíî, ùî â ñèðîâàòö³ êðîâ³ ïàö³ºí-

Ðèñ. 1. Ð³âåíü åêñïðåñ³¿ ãåíà ÒGFB1 ó êðîâ³ õâîðèõ 
íà îñòåîàðòðèò. 1 – óìîâíî çäîðîâ³ ëþäè; 2 – ïà-
ö³ºíòè ç îñòåîàðòðèòîì; 3 – îñòåîàðòðèò + COVID-
19; ****p  0,0001 â³äíîñíî óìîâíî çäîðîâèõ ëþ-
äåé; ## – ð  0,01 â³äíîñíî ãðóïè ëþäåé ç îñòåî-
àðòðèòîì

Ðèñ. 2. Ð³âåíü åêñïðåñ³¿ ãåíà FO XO1 ó êðîâ³ õâîðèõ 
íà îñòåîàðòðèò. 1 – óìîâíî çäîðîâ³ ëþäè; 2 – ïàö³-
ºíòè ç îñòåîàðòðèòîì; 3 – îñòåîàðòðèò + COVID-19; 
**** p  0,0001 â³äíîñíî óìîâíî çäîðîâèõ ëþäåé; 
### – ð  0,001 â³äíîñíî ãðóïè ëþäåé ç îñòåîàðòðèòîì
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ò³â, õâîðèõ íà ÎÀ êîë³ííèõ ñóãëîá³â, ñóïåðîê-
ñèääèñìóòàçíà òà êàòàëàçíà àêòèâí³ñòü áóëè 
íèæ÷èìè â 1,3 òà 1,7 ðàçà â³äïîâ³äíî ïîð³âíÿíî 

ç ãðóïîþ óìîâíî çäîðîâèõ ëþäåé (òàáë. 2). 
Ïðè äîñë³äæåíí³ öüîãî ïîêàçíèêà â ñèðîâàòö³ 
êðîâ³ ïàö³ºíò³â ç ÎÀ êîë³ííèõ ñóãëîá³â, ÿê³ 
ïåðåõâîð³ëè COVID-19, ñóïåðîêñèääèñìóòàçíà 
òà êàòàëàçíà àêòèâí³ñòü çìåíøóâàëèñü â 1,8 
òà 2,2 ðàçà â³äïîâ³äíî ó ïîð³âíÿíí³ ç ãðóïîþ 
óìîâíî çäîðîâèõ ëþäåé, òà çíèæóâàëàñü â 1,4 
òà 1,3 ðàçà â³äïîâ³äíî ïîð³âíÿíî ç ãðóïîþ 
õâîðèõ íà ÎÀ (òàáë. 2).

Îáãîâîðåííÿ. Ìîëåêóëÿðíî-ãåíåòè÷í³ äîñ-
ë³äæåííÿ òðüîõ FoxO (1, 3 òà 4) ïîêàçàëè, ùî 
TGF-β ñèãíàë³íã (çîêðåìà, TGF-β1 ñèãíàëü-
íèé øëÿõ) ðåãóëþº âèêëþ÷íî FoxO1 çà äîïî-
ìîãîþ TAK1 ê³íàçè, àêòèâîâàíî¿ TGF-β. Öÿ 
ê³íàçà (³íøà íàçâà MAP3K7, «ì³òîãåí-àêòèâî-
âàíà á³ëêîâà ê³íàçà ê³íàçè ê³íàçè 7»; mitogen-
activated protein kinase kinase kinase 7 (àíãë.)) –
öå öèòîçîëüíà ñåðèí/òðåîí³íîâà ïðîòå¿íê³íàçà 
ðîäèíè MAP3K, êîìïîíåíò äåê³ëüêîõ ñèãíàëü-
íèõ øëÿõ³â, ðåãóëþþ÷èõ çàïàëåííÿ òà ³ìóííó 
â³äïîâ³äü îðãàí³çìó. Òàê, áóëî âèÿâëåíî, ùî 
TGF-β1 ñòàá³ëüíî ³íäóêóâàâ ÿê åêñïðåñ³þ ãåíà 
FOXO1, òàê ³ éîãî ïðîäóêòó â ñóãëîáîâèõ õîíä-
ðîöèòàõ (Wang 2020 et al, 2020). 

Ó òîé æå ÷àñ, íà òâàðèííèõ ìîäåëÿõ áóëî 
âèÿâëåíî, ùî ïîñòíàòàëüíà âòðàòà FoxO1 ó 
õðÿù³ ïðèçâîäèëà äî OA-ïîä³áíèõ ïàòîëîã³é: 
ïî÷àòêîâå ïîòîâùåííÿ õðÿùà ïðîãðåñóâàëî äî 
éîãî äåãåíåðàö³¿ (Matsuzaki et al, 2018; Lee et 
al, 2019; Wang et al, 2020). Ïîä³áí³ ðåçóëüòàòè 
áóëî îòðèìàíî ó ïàö³ºíò³â ç ÎÀ òà ïðè ñòàð³íí³ 
õðÿùà (Verdonk et al, 2016). Íàâïàêè, ó ìèøåé 
ã³ïåðåêñïðåñ³ÿ FOXO1 çàïîá³ãàëà ðîçâèòêó ÎÀ. 
Òàêèì ÷èíîì, áóëî çàïðîïîíîâàíî, ùî FoxO1 
º âàæëèâèì íèçõ³äíèì åôåêòîðîì ïåðåäà÷³ 
ñèãíàë³â TGF-β â ðåãóëÿö³¿ ïîñòíàòàëüíîãî 

Ðèñ. 3. Ð³âåíü åêñïðåñ³¿ ãåíà ÑOMP ó êðîâ³ õâîðèõ 
íà îñòåîàðòðèò. 1 – óìîâíî çäîðîâ³ ëþäè; 2 – ïàö³-
ºíòè ç îñòåîàðòðèòîì; 3 – îñòåîàðòðèò + COVID-19; 
****p  0,0001 â³äíîñíî óìîâíî çäîðîâèõ ëþäåé; 
# – ð  0,05 â³äíîñíî ãðóïè ëþäåé ç îñòåîàðòðèòîì

Òàáëèöÿ 1. Êîíöåíòðàö³ÿ COMP ó ñèðîâàòö³ êðîâ³ 
äîñë³äíèõ ãðóï (M ± SD, n = 60)

Ãðóïè ëþäåé (÷îëîâ³êè) íã/ìë

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

54,1 ± 3,8

142,1 ± 13,2****

164,4 ± 15,6****/#

Ïðèì³òêà. **** – p  0,0001 â³äíîñíî óìîâíî çäî-
ðîâèõ ëþäåé; # – ð  0,05 â³äíîñíî ãðóïè ëþäåé ç 
îñòåîàðòðèòîì.

Òàáëèöÿ 2. Ñóïåðîêñèääèñìóòàçíà òà êàòàëàçíà àêòèâí³ñòü ó ñèðîâàòö³ êðîâ³ äîñë³äíèõ ãðóï (M ± SD, n = 60)

Ïîêàçíèê 

Ãðóïè ëþäåé (÷îëîâ³êè)

Ñóïåðîêñèääèñìóòàçà, 
óì. îä. × õâ–1 × ìã á³ëêà–1

Êàòàëàçà, 
ìêìîëü × õâ–1 × ìã á³ëêà–1

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

3,23 ± 0,29

 2,50 ± 0,23*

       1,80 ± 0,15***/#

12,21 ± 1,43

     7,28 ± 0,69***

        5,65 ± 0,48***/#

Ïðèì³òêà. *** – p  0,001, * – p  0,05 â³äíîñíî óìîâíî çäîðîâèõ ëþäåé; # – ð  0,05 â³äíîñíî ãðóïè ëþäåé 
ç îñòåîàðòðèòîì.
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ãîìåîñòàçó õðÿùà (Cheng et al, 2017; Wang et 
al, 2020).

Íàìè áóëî âñòàíîâëåíî çíèæåííÿ ð³âíÿ 
åêñïðåñ³¿ ãåí³â ÒGFB1 òà FOXO1 (ùî ñâ³ä÷èòü 
ïðî ìîæëèâå ïðèãëóøåííÿ TGF-β1-FoxO1 ñèã-
íàë³íãó) á³ëüøîþ ì³ðîþ ó õâîðèõ íà îñòåîàð-
òðèò, ÿê³ ïåðåõâîð³ëè COVID-19, ïîð³âíÿíî ç 
ãðóïîþ õâîðèõ íà îñòåîàðòðèò êîë³ííèõ ñóã-
ëîá³â. Öå ìîæå áóòè ïîâ’ÿçàíî ç ïîñèëåííÿì 
çàãàëüíîñèñòåìíîãî çàïàëåííÿ ÷åðåç ðåàãóâàí-
íÿ îðãàí³çìó íà â³ðóñíó ³íâàç³þ. 

Áóëî ïîêàçàíî, ùî âòðàòà FoxO1 ïðèçâî-
äèëà äî ï³äâèùåííÿ ROS, ÿê³ áóëè åôåêòèâíî 
ë³êâ³äîâàí³ àêòèâàö³ºþ àóòîôàã³¿. ² íàâïàêè, in 
vitro ââåäåííÿ â êë³òèíè âåêòîðó ç FoxO1 ³íã³-
áóâàëî H2O2-³íäóêîâàíèé àïîïòîç êë³òèí, àêòè-
âóþ÷è ä³þ ôåðìåíò³â àíòèîêñèäàíòíîãî çàõèñ-
òó. Ïîä³áí³ ðåçóëüòàòè áóëî îòðèìàíî in vivo, 
íà ìèøàõ ç ³íäóêîâàíèì ÎÀ (Peng et al, 2017; 
Wang et al, 2020). Â³äîìî, ùî çà óìîâ îêñèäà-
òèâíîãî ñòðåñó â³äáóâàºòüñÿ òðàíñëîêàö³þ FoxOs
³ç öèòîïëàçìè â ÿäðî çà äîïîìîãîþ SIRT1 äå-
àöåòèëàçè, ùî ïðèçâîäèòü äî àêòèâàö³¿ FoxOs 
(Klotz et al, 2015; Wang et al, 2020). Îòæå, áóëî 
çàïðîïîíîâàíî, ùî FoxO1 ï³äòðèìóº ãîìåîñ-
òàç ñóãëîáîâèõ õîíäðîöèò³â øëÿõîì ìîäóëÿö³¿ 
àóòîôàã³¿, à ã³ïåðåêñïðåñ³ÿ FOXO1 ó õîíäðîöè-
òàõ çàïîá³ãàº ðîçâèòêó ÎÀ, ñïðè÷èíåíîãî âòðà-
òîþ TGF-β1 ñèãíàëüíîãî êàñêàäó. Îäíàê ìå-
õàí³çì, çà äîïîìîãîþ ÿêîãî TGF-β1/FoxO1 ðå-
ãóëþº ïðîë³ôåðàö³þ òà ãîìåîñòàç ñóãëîáîâèõ 
õîíäðîöèò³â, ïîòðåáóº äîäàòêîâèõ äîñë³äæåíü 
(Wang et al, 2020).

Ó íàø³é ðîáîò³ âèùåçàçíà÷åíå çíèæåííÿ 
ð³âíÿ åêñïðåñ³¿ ãåí³â ÒGFB1 òà FOXO1 ó äðóã³é 
òà òðåò³é ãðóï³ õâîðèõ áóëî ïîêàçàíî íà ôîí³ 
çìåíøåííÿ ÿê ñóïåðîêñèääèñìóòàçíî¿, òàê ³ 
êàòàëàçíî¿ àêòèâíîñò³, ùî ñâ³ä÷èòü ïðî ïîðó-
øåííÿ ðåäîêñ-ñòàòóñó êë³òèí. ßê ³ ïðè àíàë³ç³ 
ð³âíÿ åêñïðåñ³¿ ãåí³â, ïðèãí³÷åííÿ àêòèâíîñò³ 
ôåðìåíò³â àíòèîêñèäàíòíîãî çàõèñòó êë³òèí 
áóëî á³ëüø ñóòòºâèì ó õâîðèõ íà îñòåîàðòðèò, 
ÿê³ ïåðåõâîð³ëè COVID-19, ïîð³âíÿíî ç ãðó-
ïîþ õâîðèõ íà îñòåîàðòðèò êîë³ííèõ ñóãëîá³â. 
Ïîðóøåííÿ îêèñíî-àíòèîêñèäàíòíî¿ ð³âíîâà-
ãè ó á³ê ³íòåíñèô³êàö³¿ â³ëüíîðàäèêàëüíèõ ïðî-
öåñ³â â³ä³ãðàº âàæëèâå çíà÷åííÿ ó ïàòîãåíåç³ 
ð³çíèõ ïàòîëîã³÷íèõ ñòàí³â. Çîêðåìà, ó ñèíîâ³-
àëüíîìó ñåðåäîâèù³ ñóãëîáà â³ëüíîðàäèêàëüí³ 
ïðîöåñè âèêîíóþòü çíà÷íó ðîëü ó ðîçâèòêó çà-

ïàëüíî¿ â³äïîâ³ä³, ë³ïîïåðîêñèäàö³¿ òà ñòàð³íí³ 
êë³òèí ñóãëîáîâîãî õðÿùà (Wu et al, 2016; Abu-
sarah et al, 2017; Lee et al, 2019). 

² íà äîäàíîê, íà òâàðèííèõ ìîäåëÿõ ÎÀ, çà 
ã³ïåðåêñïåðñ³¿ FOXO, ó õîíäðîöèòàõ áóëî ïî-
êàçàíî ÿê çðîñòàííÿ ð³âíÿ åêñïðåñ³¿ ãåí³â, ÿê³ 
êîäóþòü êîìïîíåíòè ïîçàêë³òèííîãî ìàòðèêñó, 
Comp, Col1a1 (ãåí, ùî êîäóº α1-ëàíöþã êîëàãå-
íó I òèïó) òîùî; òàê ³ ãåí³â àíòèîêñèäàíòíîãî 
çàõèñòó îðãàí³çìó (Lee et al, 2019). 

Òàê, íàìè áóëî âèÿâëåíî çíèæåííÿ ð³âíÿ 
åêñïðåñ³¿ ãåíà COMP ó äðóã³é òà òðåò³é ãðóï³ 
õâîðèõ íà òë³ çðîñòàííÿ êîíöåíòðàö³¿ COMP. 
Öå óçãîäæóºòüñÿ ç íàøèìè äàíèìè ñòîñîâíî 
ïîðóøåííÿ ðåäîêñ-ñòàòóñó êë³òèí òà çìåíøåí-
íÿ ð³âíÿ åêñïðåñ³¿ ãåí³â ÒGFB1 òà FOXO1.

Àäæå çðîñòàííÿ ð³âíÿ ROS (íà ôîí³ çìåí-
øåííÿ ð³âíÿ åêñïðåñ³¿ FOXO) ìîæå ³íäóêóâàòè 
êàòàáîë³÷íó ñèãíàë³çàö³þ, âèêëèêàòè îêèñíèé 
ñòðåñ, çá³ëüøèòè åêñïðåñ³þ ÿê ãåí³â, çàëó÷åíèõ 
ó ðîçâèòîê çàïàëåííÿ, òàê ³ òàêèõ, ùî êîäó-
þòü ìàòðè÷í³ ìåòàëîïðîòå¿íàçè (ÌÌÐ), ÿê³, ó 
ñâîþ ÷åðãó, âïëèâàþòü íà ìàòðè÷í³ êîìïîíåí-
òè, âêëþ÷àþ÷è êîëàãåí, àãðåêàí, COMP (Huet 
et al, 2019; Mishra et al, 2019; Yamamoto et al, 
2021). Ó òàêîìó âèïàäêó, ôðàãìåíòè COMP 
âèâ³ëüíÿþòüñÿ â ñóãëîáîâó ð³äèíó íàâ³òü íà 
ðàíí³õ ñòàä³ÿõ ÎÀ, ³ òîìó COMP ââàæàºòüñÿ 
ìàðêåðîì äåãðàäàö³¿ õðÿùà (Huet et al, 2019; 
Mishra et al, 2019; Jaabar et al, 2022).

Çàãàëîì, îòðèìàí³ íàìè ðåçóëüòàòè çá³ãà-
þòüñÿ ç âèùåçàçíà÷åíèìè äàíèìè ë³òåðàòóðè, 
äå ïðîäåìîíñòðîâàíî çâ’ÿçîê ñèñòåìè TGF-
β1-FoxO1 ÿê ç àêòèâí³ñòþ ôåðìåíò³â àíòè-
îêñèäàíòíî¿ ëàíêè îðãàí³çìó, òàê ³ ç³ ñòàíîì 
ïîçàêë³òèííîãî ìàòðèêñó õîíäðîöèò³â ó ïàòî-
ãåíåç³ ÎÀ (Matsuzaki et al, 2018; Lee et al, 2019; 
Wang 2020 et al, 2020). Á³ëüø ñóòòºâå çíèæåííÿ 
ð³âíÿ åêñïðåñ³¿ ãåíà COMP ó õâîðèõ íà îñòåî-
àðòðèò, ÿê³ ïåðåõâîð³ëè COVID-19, ó ïîð³â-
íÿíí³ ç ãðóïîþ õâîðèõ íà îñòåîàðòðèò êîë³í-
íèõ ñóãëîá³â íà òë³ ³íòåíñèâí³øîãî çðîñòàííÿ 
êîíöåíòðàö³¿ COMP âêàçóº íà á³ëüø çíà÷íå 
àêòèâóâàííÿ äåñòðóêòèâíèõ ïðîöåñ³â ó êë³òèíàõ 
ï³ñëÿ ïåðåíåñåíî¿ ³íôåêö³¿ òà ïîäàëüøå ïðîãðå-
ñóâàííÿ çàõâîðþâàííÿ, ùî óçãîäæóºòüñÿ ç äà-
íèìè ë³òåðàòóðè ñòîñîâíî ïîòåíö³éíîãî âïëèâó 
COVID-19 íà ñòàð³ííÿ ñóãëîá³â òà ÎÀ âíàñë³äîê 
çàïàëüíîãî ïðîöåñó (Joob et al, 2020; Lai et al, 
2020; Gasparotto et al, 2021; Lauwers et al, 2022). 
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Âèñíîâêè. Çà äîïîìîãîþ ìîëåêóëÿðíî-á³î-
ëîã³÷íèõ ï³äõîä³â áóëî ïîêàçàíî çíèæåííÿ ð³â-
íÿ åêñïðåñ³¿ ãåí³â ÒGFB1 òà FOXO1 á³ëüøîþ 
ì³ðîþ ó õâîðèõ íà îñòåîàðòðèò, ÿê³ ïåðåõâîð³ëè 
COVID-19, ïîð³âíÿíî ç ãðóïîþ õâîðèõ íà îñòå-
îàðòðèò êîë³ííèõ ñóãëîá³â íà ôîí³ á³ëüø ñóòòº-
âîãî çìåíøåííÿ ÿê ñóïåðîêñèääèñìóòàçíî¿, òàê 
³ êàòàëàçíî¿ àêòèâíîñò³ (ùî ñâ³ä÷èòü ïðî ïîðó-
øåííÿ ðåäîêñ-ñòàòóñó êë³òèí ³ ìîæëèâå ïðèãëó-
øåííÿ TGF-β1-FoxO1 ñèãíàë³íãó) ó ïàö³ºíò³â 
ç îñòåîàðòðèòîì ï³ñëÿ SARS-CoV2-³íôåêö³¿. Öå 
ìîæå áóòè ïîâ’ÿçàíî ç ïîñèëåííÿì çàãàëüíî-
ñèñòåìíîãî çàïàëåííÿ ÷åðåç ðåàãóâàííÿ îðãà-
í³çìó íà â³ðóñíó ³íâàç³þ. Ó òîé æå ÷àñ áóëî 
âèÿâëåíî á³ëüø ñóòòºâå çíèæåííÿ ð³âíÿ åêñ-
ïðåñ³¿ ãåíà COMP ó õâîðèõ íà îñòåîàðòðèò, ÿê³ 
ïåðåõâîð³ëè COVID-19, ó ïîð³âíÿíí³ ç ãðóïîþ 
õâîðèõ íà îñòåîàðòðèò êîë³ííèõ ñóãëîá³â íà òë³ 
³íòåíñèâí³øîãî çðîñòàííÿ êîíöåíòðàö³¿ COMP 
ó ïàö³ºíò³â ç îñòåîàðòðèòîì ï³ñëÿ SARS-CoV2-
³íôåêö³¿. Òàê³ äàí³ âêàçóþòü íà á³ëüø çíà÷íå 
àêòèâóâàííÿ äåñòðóêòèâíèõ ïðîöåñ³â ó êë³òèíàõ 
ï³ñëÿ ïåðåíåñåíî¿ ³íôåêö³¿ òà ïîäàëüøå ïðîãðå-
ñóâàííÿ çàõâîðþâàííÿ. Ðîçóì³ííÿ ÷³òêèõ ìå-
õàí³çì³â ôîðìóâàííÿ á³ëüø âàæêîãî ïåðåá³ãó 
îñòåîàðòðèòó òà ðîçâèòêó óñêëàäíåíü ó ïàö³ºí-
ò³â ³ç ïîñò-COVID-19 ñèíäðîìîì íà ïðèêëàä³ 
ôóíêö³îíóâàííÿ TGF-β1-FoxO1 ñèãíàëüíîãî 
êàñêàäó ïîòðåáóº ïðîâåäåííÿ ïîäàëüøèõ äî-
ñë³äæåíü.

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Óñ³ ó÷àñíè-
êè, ùî äîáðîâ³ëüíî òà íà áåçîïëàòí³é îñíîâ³ 
ïîãîäèëèñÿ âçÿòè ó÷àñòü ó öüîìó äîñë³äæåíí³, 
îçíàéîìèëèñÿ òà ï³äïèñàëè â³äïîâ³äíó ôîðìó 
³íôîðìîâàíî¿ çãîäè. Äîñë³äæåííÿ âèêîíàí³ ç äî-
òðèìàííÿì îñíîâíèõ ïîëîæåíü «Ïðàâèë åòè÷-
íèõ ïðèíöèï³â ïðîâåäåííÿ íàóêîâèõ ìåäè÷íèõ 
äîñë³äæåíü çà ó÷àñòþ ëþäèíè», çàòâåðäæåíèõ 
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 êîì³ñ³ÿìè ç á³îåòè-
êè «Ìåäè÷íîãî öåíòðó Îðòîêë³í³êà» (ïðîòîêîë 
¹ 1 â³ä 17 ñ³÷íÿ 2022; ì. Òåðíîï³ëü, Óêðà¿íà) 
òà Íàâ÷àëüíî-íàóêîâîãî öåíòðó «²íñòèòóò á³î-
ëîã³¿ òà ìåäèöèíè» Êè¿âñüêîãî íàö³îíàëüíîãî 
óí³âåðñèòåòó ³ìåí³ Òàðàñà Øåâ÷åíêà (ïðîòîêîë 
¹ 3 â³ä 3 æîâòíÿ 2022; ì. Êè¿â, Óêðà¿íà). Áóëî 

âæèòî âñ³õ íåîáõ³äíèõ çàõîä³â äëÿ çàáåçïå÷åííÿ 
àíîí³ìíîñò³ ïàö³ºíò³â.
Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî 
â³äñóòí³ñòü êîíôë³êòó ³íòåðåñ³â.
Ô³íàíñóâàííÿ. Öå äîñë³äæåííÿ íå îòðèìóâàëî 
áóäü-ÿêîãî êîíêðåòíîãî ãðàíòó â³ä ô³íàíñóþ÷èõ 
óñòàíîâ ó äåðæàâíîìó, êîìåðö³éíîìó àáî 
íåêîìåðö³éíîìó ñåêòîðàõ.

TGFB1, FOXO1 AND COMP GENES 
EXPRESSION IN BLOOD OF PATIENTS 
WITH OSTEOARTHRITIS AFTER SARS-COV2 
INFECTION

À. Huet, Yu. Tugarov, Ê. Dvorshchenko, D. Grebinyk, 
Î. Savchuk, O. Korotkyi, L. Ostapchenko

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

Nowadays the possible influence of the coronavirus in-
fection onto cartilage degeneration and synovial mem-
brane inflammation during joint chronic pathology –
osteoarthritis – remains largely unelucidated. The aim of
the presented work is to analyze the ÒGFB1, FOXO1 
and COMP gene expression and free radical generation 
intensity in blood of patients suffering from osteoarthri-
tis after beating the SARS-CoV2 infection. The work
was carried out using molecular genetics and bio-
chemistry methods. The decrease of the ÒGFB1 and 
FOXO1 expression level was shown to be more evident 
in the osteoarthritis patients having beaten COVID-19 
if compared to the group with knee joint osteoarthritis, 
during simultaneous and more prominent diminishing 
of both superoxide dismutase and catalase activity (pos-
sibly indicating cell redox state disruption and TGF-
β1-FoxO1 signaling attenuation) in patients with osteo-
arthritis having beaten SARS-CoV2 disease. At the sa-
me time the more prominent decrease of COMP gene 
expression level was demonstrated in patients with 
osteoarthritis having beaten COVID-19 comparing to the 
patient group with knee joint osteoarthritis in the event 
of more intense increase of the COMP concentration 
in patients with osteoarthritis after the SARS-CoV2 in-
fection. This data indicates more significant activation 
of cell destructive processes after beating the infection as 
well as further pathology progression.      

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

Abusarah J, Bentz M, Benabdoune H et al (2017) An 
overview of the role of lipid peroxidation-derived 
4-hydroxynonenal in osteoarthritis. Inflamm Res 
66(8):637–651. https://doi.org/10.1007/s00011-017-
1044-4.



21

Åêñïðåñ³ÿ ãåí³â ÒGFB1, FOXO1 òà COMP ó êðîâ³ õâîðèõ íà îñòåîàðòðèò 

ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2023. Ò. 57. ¹ 2

Cheng NT, Meng H, Ma LF, et al (2017) Role of au-
tophagy in the progression of osteoarthritis: The au-
tophagy inhibitor, 3-methyladenine, aggravates the
severity of experimental osteoarthritis. Int J Mol Med 
39:1224–1232. https://doi.org/0.3892/ijmm.2017.2934.

Chomczynski P, Sacchi N (1987) Single-step method 
of RNA isolation by acid guanidiniumthiocyanate-
phenol-chloroform extraction. Anal. Biochem. 162(1):
156–159. https://doi.org/10.1006/abio.1987.9999.

Durak I, Yurtarslanl Z, Canbolat O et al (1993) A meth-
odological approach to superoxide dismutase (SOD) 
activity assay based on inhibition of nitroblue tetrazo-
lium (NBT) reduction. Clin Chim Acta 214(1):103–
104. https://doi.org/10.1016/0009-8981(93)90307-p.

Gasmi A, Tippairote T, Mujawdiya PK et al (2021) 
Neurological Involvements of SARS-CoV2. Infec-tion 
Mol Neurobiol 58(3):944–949. https://doi.org/10.
1007/s12035-020-02070-6.

Gasparotto M, Framba V, Piovella C, Doria A, Iaccarino 
L (2021) Post-COVID-19 arthritis: a case report and 
literature review. Clin Rheumatol 40(8):3357–3362. 
https://doi.org/10.1007/s10067-020-05550-1.

Góth L (1991) A simple method for determination of 
serum catalase activity and revision of reference 
range. Clin Chim Acta 196(2–3):143–151. https://
doi.org/10.1016/0009-8981(91)90067-m.

Huet A, Dvorshchenko K, Korotkyi, O et al (2019) 
Expression of Nos2 and Acan Genes in Rat Knee
Articular Cartilage in Osteoarthritis. Cytol Genet
53(6):481–488. https://doi.org/10.3103/S009545271
9060021.

Jaabar IL, Cornette P, Miche A et al (2022) Decipher-
ing pathological remodelling of the human cartilage 
extracellular matrix in osteoarthritis at the supramo-
lecular level. Nanoscale 24. https://doi.org/10.1039/
D2NR00474G.

Joob B, Wiwanitkit V (2020) Arthralgia as an initial pre-
sentation of COVID-19: observation. Rheumatol Int 
40:823. https://doi.org/10.1007/s00296-020-04561-0.

Klotz LO, Sánchez-Ramos C, Prieto-Arroyo I et al 
(2015) Redox regulation of FoxO transcription fac-
tors. Redox Biol 6:51–72. https://doi.org/10.1016/j.
redox.2015.06.019.

Lai Q, Spoletini G, Bianco G et al (2020) SARS-
CoV2 and immunosuppression: A double-edged 
sword. Transpl Infect Dis 22(6):e13404. https://doi.
org/10.1111/tid.13404.

Lauwers M, Au M, Yuan S et al (2022) COVID-19 in 
Joint Ageing and Osteoarthritis: Current Status and 
Perspectives. Int J Mol Sci 23(3):720. https://doi.
org/10.3390/ijms23020720.

Lee KI, Choi S, Matsuzaki T et al (2020) FOXO1 and 
FOXO3 transcription factors have unique functions 
in meniscus development and homeostasis dur-
ing aging and osteoarthritis. Proc Natl Acad Sci

USA 117(6):3135–3143. https://doi.org/10.1073/pnas.
1918673117.

Livak K, Schmittgen T (2001) Analysis of relative gene 
expression data using real-time quantitative PCR and 
the 2(-Delta Delta C(T)). Methods 25(4):402–408. 
https://doi.org/10.1006/meth.2001.1262.

Lowry OH, Rosebrough NJ, Farr AL et al (1951) Pro-
tein measurement with the Folin phenol reagent. J 
Biol Chem 193(1):265–275. https://doi.org/10.1016/
S0021-9258(19)52451-6.

Matsuzaki Ò, Alvarez-Garcia O, Mokuda S et al (2018) 
FoxO transcription factors modulate autophagy and 
proteoglycan 4 in cartilage homeostasis and osteo-
arthritis. Sci. Transl Med 10, eaan0746. https://doi.
org/10.1126/scitranslmed.aan0746.

McConnell S, Kolopack P, Davis AM (2001) The 
Western Ontario and McMaster universities osteo-
arthritis index (WOMAC): a review of its utility and 
measurement properties. Arthritis Care Res 45(5):
453–461. https://doi.org/10.1002/1529-0131(200110)
45:5<453::aid-art365>3.0.co;2-w.

Mishra A, Awasthi S, Raj S et al (2019) Identifying the 
role of ASPN and COMP genes in knee osteoarthritis 
development. J Orthop Surg Res 14(1):337. https://
doi.org/10.1186/s13018-019-1391-7.

Peng Q, Qin J, Zhang Y et al (2017) Autophagy 
maintains the stemness of ovarian cancer stem cells 
by FOXA2. J Exp Clin Cancer Res 36, 171. https://
doi.org/10.1186/s13046-017-0644-8.

Verdonk R, Madry H, Shabshin N et al (2016) The role of 
meniscal tissue in joint protection in early osteoarthritis. 
Knee Surg. Sports Traumatol Arthrosc 24:1763–1774. 
https://doi.org/10.1007/s00167-016-4069-2.

Wang C, Shen J, Ying J et al (2020) FoxO1 is a cru-
cial mediator of TGF-β/TAK1 signaling and pro-
tects against osteoarthritis by maintaining articular 
cartilage homeostasis. PNAS 117(48):30488–30497. 
https://doi.org/10.1073/pnas.2017056117.

Wu Q, Zhong ZM, Zhu SY et al (2016) Advanced oxi-
dation protein products induce chondrocyte apop-
tosis via receptor for advanced glycation end prod-
ucts-mediated, redox-dependent intrinsic apoptosis
pathway. Apoptosis 21(1):36–50. https://doi.org/10.
1007/s10495-015-1191-4.

Yamamoto K, Wilkinson D, Bou-Gharios G (2021) 
Targeting Dysregulation of Metalloproteinase Activ-
ity in Osteoarthritis. Calcif Tissue Int 109(3):277–
290. https://doi.org/10.1007/s00223-020-00739-7. 

Íàä³éøëà â ðåäàêö³þ 30.08.22 
Ï³ñëÿ äîîïðàöþâàííÿ 20.10.22 

Ïðèéíÿòà äî äðóêó 18.03.23



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


