
3ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2026. Ò. 60. ¹ 1

    ОРИГІНАЛЬНІ РОБОТИ

УДК 616.379-008.64:616.98:577.175.1

РІВНІ ІНТЕРЛЕЙКІНУ-6, STAT3 ТА АКТИВАЦІЯ NF-kB 
У ПОСТ-КОВІДНОМУ ПЕРІОДІ
В.М. ПУШКАРЬОВ, Л.К. СОКОЛОВА, О.І. КОВЗУН, A.M. СОКОЛОВА, В.В. ПУШКАРЬОВ, М.Д. ТРОНЬКО
Державна установа «Інститут ендокринології та обміну речовин ім. В.П. Комісаренка НАМН України», 
вул. Вишгородська, 69, м. Київ 04114, Україна

E-mail: pushkarev.vm@gmail.com, liubov_sokolova@ukr.net, kovzun.oi@gmail.com, nastiya.sokolova@gmail.com, 
axolotle@gmail.com, endocrinology.kiev@gmail.com

Автор для кореспонденції – В.М. Пушкарьов, e-mail: pushkarev.vm@gmail.com

© ²ÍÑÒÈÒÓÒ ÊË²ÒÈÍÍÎ¯ Á²ÎËÎÃ²¯ ÒÀ ÃÅÍÅÒÈ×ÍÎ¯
²ÍÆÅÍÅÐ²¯ ÍÀÍ ÓÊÐÀ¯ÍÈ, 2026 

IL-6 (³íòåðëåéê³í 6), STAT3 (signal transducer and 
activator of transcription 3) òà NF-�B (ÿäåðíèé ôàêòîð-
�B) º îñíîâíèìè ÷èííèêàìè, ùî âèêëèêàþòü öèòîê³-
íîâèé øòîðì ó âàæêèõ âèïàäêàõ COVID-19. Ìåòîþ 
ðîáîòè áóëî âñòàíîâëåííÿ ð³âí³â òà àêòèâíîñò³ NF-
�B, IL-6 ³ STAT3 ó ïîñò-êîâ³äíîìó ïåð³îä³ (2024/
2025 ðð.) ó õâîðèõ ä³àáåòîì, ùî ïåðåõâîð³ëè COVID-19 
â 2020–2022 ðð. ó ïîð³âíÿíí³ ç äî-êîâ³äíèì (2018/
2019 ðð.) ïåð³îäîì. Ó äîñë³äæåííÿõ âèêîðèñòîâóâàëè
ïëàçìó òà ìîíîíóêëåàðè êðîâ³. Ê³ëüê³ñòü IL-6 òà 
STAT3 âèçíà÷àëè ìåòîäîì ³ìóíîôåðìåíòíîãî àíàë³çó,
àêòèâàö³þ NF-�B – ìåòîäîì Âåñòåðí-áëîòèíãó. Ê³ëü-
ê³ñòü IL-6 ó ïëàçì³ êðîâ³ õâîðèõ íà öóêðîâèé ä³à-
áåò, ÿê³ ïåðåõâîð³ëè COVID-19 ó 2020–2022 ðð. áóëà 
âèùå í³æ ó çäîðîâèõ îñ³á ³ õâîðèõ íà öóêðîâèé ä³àáåò, 
ÿê³ íå õâîð³ëè COVID-19. Íàéâèùèé ð³âåíü STAT3 ó 
ïëàçì³ êðîâ³ ñïîñòåð³ãàºòüñÿ ó õâîðèõ íà ä³àáåò, ÿê³ 
ãàðàíòîâàíî íå õâîð³ëè COVID-19. Ó îñ³á, ùî ïåðåõâî-
ð³ëè COVID-19 ê³ëüê³ñòü ôàêòîðà ïîì³òíî çìåíøó-
ºòüñÿ. Ó êðîâ³ õâîðèõ íà ä³àáåò ³ COVID-19, ÿê³ ïðè-
éìàëè ³íñóë³í, ê³ëüê³ñòü STAT3 çðîñòàº. Âèçíà÷åííÿ 
åêïðåñ³¿ ôîñôî-IKK òà I�B ó ìîíîíóêëåàðàõ êðîâ³ õâî-
ðèõ ïîêàçàëî ïðàêòè÷íî ïîâíó â³äñóòí³ñòü ôîñôî-IKK 
ó îñ³á, ÿê³ íå õâîð³ëè COVID-19 ³ âèñîêèé ð³âåíü åêñ-
ïðåñ³¿ ö³º¿ ê³íàçè ó õâîðèõ, ÿê³ ïåðåõâîð³ëè COVID-19. 
Çâîðîòíà êàðòèíà ñïîñòåð³ãàëàñü ùîäî ³íã³á³òîðà NF-
�B – I�B. Îòæå ó õâîðèõ, ÿê³ ïåðåõâîð³ëè COVID-19 
ñïîñòåð³ãàºòüñÿ àêòèâàö³ÿ NF-�B, ùî ìîæå áóòè 
ïîâ’ÿçàíî ³ç çàïàëüíèìè ïðîöåñàìè.

Êëþ÷îâ³ ñëîâà: ³íòåðëåéê³í 6, ÿäåðíèé ôàêòîð-�B, ïå-
ðåòâîðþâà÷ ñèãíàëó òà àêòèâàòîð òðàíñêðèïö³¿ 3.

Âñòóï. Öèòîê³íîâ³ øòîðìè ìîæóòü ñïðè-
÷èíèòè âàæêå êë³í³÷íå óñêëàäíåííÿ, â³äîìå 
ÿê ãîñòðèé ðåñï³ðàòîðíèé äèñòðåñ-ñèí-
äðîì (ÃÐÄÑ), ÿêèé âèêëèêàºòüñÿ íàäì³ðíîþ 
³ìóííîþ ðåàêö³ºþ, à íå â³ðóñíèì íàâàíòàæåí-
íÿì. Ç’ÿâëÿºòüñÿ âñå á³ëüøå äîêàç³â ùîäî ó÷àñò³ 
ïðîçàïàëüíèõ öèòîê³í³â ó ïàòîãåíåç³ COVID-19 
òà ïîâ’ÿçàíèõ ç íèì óñêëàäíåííÿõ (Fara et al., 
2020; Montazersaheb et al., 2022). Çàïðîïî-
íîâàíî ïîòåíö³éíèé ìåõàí³çì öèòîê³íîâîãî 
øòîðìó, ÷åðåç ñèãíàëüíèé øëÿõ àíã³îòåíçèíó 
2 (AngII) (Hirano, Murakami, 2020; Hu et al., 
2021). SARS-CoV-2 àêòèâóº ÿäåðíèé ôàêòîð-
�B (NF-�B) ÷åðåç ðåöåïòîðè ðîçï³çíàâàííÿ îá-
ðàç³â (PRR – pattern-recognition receptors). Â³í
çâ’ÿçóºòüñÿ ç ACE2 (angiotensin-converting en-
zyme II) íà ïîâåðõí³ êë³òèíè, ùî ïðèçâîäèòü
äî çíèæåííÿ åêñïðåñ³¿ ACE2 ³ çá³ëüøåííÿ 
ê³ëüêîñò³ AngII. Îêð³ì àêòèâàö³¿ NF-�B, â³ñü 
AngII/ATR1 (àíã³îòåíçèí-ðåöåïòîð òèïó 1) òà-
êîæ ìîæå ³íäóêóâàòè TNF-� òà ðîç÷èííó ôîð-
ìó ðåöåïòîðà ³íòåðëåéê³íó 6 (sIL-6Ra) ÷åðåç 
ADAM17 (äåç³íòåãðèí òà ìåòàëîïðîòåàçà 17) 
(Eguchi et al., 2018). IL-6 çâ’ÿçóºòüñÿ ç sIL-6R 
÷åðåç gp130, óòâîðþþ÷è êîìïëåêñ IL-6/sIL-
6R, ÿêèé àêòèâóº STAT3 (signal transducer and 
activator of transcription 3) ó íå³ìóííèõ êë³òèíàõ. 
NF-�B ³ STAT3 àêòèâóþòü àìïë³ô³êàòîð IL-6 ç 
ïîäàëüøîþ ³íäóêö³ºþ ïðîçàïàëüíèõ öèòîê³í³â 
òà õåìîê³í³â, âêëþ÷àþ÷è ôàêòîð ðîñòó ñóäèííî-
ãî åíäîòåë³þ (VEGF), õåìîàòðàêòàíòíèé á³ëîê 
ìîíîöèò³â 1 (MCP-1), IL-8 òà IL-6 (Murakami 
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Â.Ì. Ïóøêàðüîâ, Ë.Ê. Ñîêîëîâà, Î.². Êîâçóí òà ³í.

et al., 2019). IL-6 íå ò³ëüêè çâ’ÿçóºòüñÿ ç sIL-6R 
äëÿ ó÷àñò³ â öèñ-ñèãíàë³íãó, àëå òàêîæ ìîæå 
çâ’ÿçóâàòèñÿ ç ìåìáðàíîçâ’ÿçàíèì ðåöåïòîðîì 
IL-6 (mIL-6R) ÷åðåç gp130 äëÿ ó÷àñò³ â òðàíñ-
ñèãíàë³íãó. Îñòàíí³é ìîæå ïðèçâåñòè äî ïëåéî-
òðîïíèõ åôåêò³â íà êë³òèíè íàáóòîãî òà âðîä-
æåíîãî ³ìóí³òåòó, ùî ñïðè÷èíÿº öèòîê³íîâèé 
øòîðì (Moore, June, 2020; Hu et al., 2021).  

IL-6 – öå ãë³êîïðîòå¿í, ùî ìîæå ä³ÿòè ÿê 
ïðîçàïàëüíèé, òàê ³ ïðîòèçàïàëüíèé öèòîê³í, 
ÿêèé â³ä³ãðàº âèð³øàëüíó ðîëü ó äèôåðåíö³à-
ö³¿ B-êë³òèí òà âèðîáëåíí³ àíòèò³ë. ²íø³ ³ìó-
íîìîäóëþþ÷³ ä³¿ IL-6 ïîâ’ÿçàí³ ç ðîçâèòêîì 
àâòîðåàêòèâíî¿ ïðîçàïàëüíî¿ â³äïîâ³ä³ CD4+ 
T-êë³òèí, ñòèìóëÿö³ºþ àêòèâíîñò³ öèòîòîêñè÷-
íèõ T-ë³ìôîöèò³â, ðåãóëÿö³ºþ T-õåëïåð³â 17 òà 
ðåãóëÿòîðíèì áàëàíñîì T-êë³òèí (Jones et al., 
2018; Montazersaheb et al., 2022).

STAT3 àêòèâóºòüñÿ öèòîê³íàìè, òàêèìè ÿê
IL-6, ÿêèé º îñíîâíèì ôàêòîðîì, ùî âèê-
ëèêàº öèòîê³íîâèé øòîðì ó âàæêèõ âèïàä-
êàõ COVID-19. Â³í ñïðèÿº ã³ïåðçàïàëüíèì 
ðåàêö³ÿì, íåçáàëàíñîâàíèì ³ìóííèì ðåàêö³-
ÿì, ë³ìôîïåí³¿, ô³áðîçó ëåãåíü, òðîìáîçó òà 
ñóäèííèì ïîðóøåííÿ ì. Òàêîæ STAT3 ãàëü-
ìóº ïðîòèâ³ðóñí³ ³ìóíí³ ðåàêö³¿, ïðèãí³÷óþ÷è 
ñèãíàë³çàö³þ ³íòåðôåðîíó I òèïó òà ïîðóøó-
þ÷è ôóíêö³¿ Ò-êë³òèí i NK-êë³òèí, ùî ïðè-
çâîäèòü äî ïåðñèñòåíö³¿ â³ðóñó. Øëÿõ IL-6/
STAT3 ïîñèëþº çàïàëåííÿ, öèòîê³íîâ³ øòîðìè 
òà àêòèâí³ñòü êë³òèí Th17, ùî ñïðèÿº òÿæêèì 
íàñë³äêàì COVID-19 (Matsuyama et al., 2020; 
Jafarzadeh et al., 2021).

NF-�B â³ä³ãðàº ïîäâ³éíó ðîëü ó COVID-19, 
ä³þ÷è ÿê ïîñåðåäíèê ðåïë³êàö³¿ â³ðóñó, òàê ³ 
àêòèâàòîð ³ìóí³òåòó. Â³ðóñ Sars-CoV-2 çâ’ÿçóº-
òüñÿ ç ðåöåïòîðîì ÀCE2 íà àëüâåîëÿðíèõ êë³-
òèíàõ, ³í³ö³þþ÷è àêòèâàö³þ øëÿõó NF-�B ÷åðåç 
êîìïëåêñ IKK/I�B/NF-�B. Òàêèì ÷èíîì, NF-
�B áåðå ó÷àñòü ÿê ó ïðîãðåñóâàíí³ ðåïë³êàö³¿ 
â³ðóñó, òàê ³ â çàïàëüí³é ðåàêö³¿. Àêòèâàö³ÿ NF-
�B ñïðèÿº öèòîê³íîâîìó øòîðìó, ñòèìóëþþ-
÷è ïðîäóêö³þ ïðîçàïàëüíèõ öèòîê³í³â, çîêðåìà 
IL-6 (Attiq et al., 2021; Banchini, 2020; Hariharan 
et al., 2021). 

Ìåòîþ ðîáîòè áóëî ïîð³âíÿííÿ ð³âí³â IL-
6, STAT3 òà àêòèâíîñò³ NF-�B ó äî-êîâ³äíîìó 
(á³îìàòåð³àë 2018/2019 ðð.) òà ïîñò-êîâ³äíîìó 
(2024 ð.) ïåð³îäàõ.

Ìàòåð³àëè ³ ìåòîäè. Äîñë³äæåííÿ ïðîâîäè-
ëîñü ó â³ää³ëàõ ä³àáåòîëîã³¿ òà ôóíäàìåíòàëüíèõ 
³ ïðèêëàäíèõ ïðîáëåì åíäîêðèíîëîã³¿. 

Êðîâ áðàëè çà äîïîìîãîþ ñòàíäàðòíî¿ âåíå-
ïóíêö³¿ òà çáåð³ãàëè ó âàêóóìíèõ ïðîá³ðêàõ ç 
EDTA. Ïëàçìó â³äîêðåìëþâàëè öåíòðèôóãó-
âàííÿì âïðîäîâæ 10 õâ ï³ñëÿ çàáîðó êðîâ³. 
Ìîíîíóêëåàðè ïåðèôåðè÷íî¿ êðîâ³ âèä³ëÿëè,
ÿê îïèñàíî ðàí³øå (Vatseba et al., 2019). Êîí-
öåíòðàö³þ á³ëêà â êë³òèííèõ ë³çàòàõ âèçíà÷àëè 
çà ìåòîäîì Áðåäôîðä (Bradford, 1976).

Çðàçêè çáåð³ãàëè ïðè –80 oC äî âèêîðèñòàí-
íÿ. STAT3 âèçíà÷àëè çà äîïîìîãîþ íàáîð³â äëÿ 
³ìóíîôåðìåíòíîãî àíàë³çó Elabscience (ÑØÀ), 
²L-6 – çà äîïîìîãîþ íàáîð³â Invitrogen (Àâñ-
òð³ÿ). Âèì³ðþâàííÿ ïðîâîäèëè ïðè äîâæèí³ îï-
òè÷íî¿ õâèë³ 450 íì íà ³ìóíîôåðìåíòíîìó ïëàí-
øåòíîìó àíàë³çàòîð³ Stat Fax 3200 («Awareness 
Technology», ÑØÀ).

Âåñòåðí-áëîòòèíã. Êë³òèíè ðîçìîðîæóâàëè
³ ë³çóâàëè ó áóôåð³, ùî ì³ñòèâ 25 ìÌ Tris HCl, 
pH 7,4, 1 % Triton X100, 150 ìÌ NaCl, 0,1 % 
SDS, 1 ìÌ EDTA, 1 % äåçîêñèõîëàòó íàòð³þ, 
50 ìÌ NaF, 1 ìÌ Na3VO4, 1 ìÌ PMSF òà 
êîêòåéëü ³íã³á³òîð³â ïðîòåàç Complete Mini 
(Roche). Àë³êâîòè ë³çàòó çì³øóâàëè ç áóôåðîì 
Ëåììë³ (30 % ãë³öåðèí, 3 % SDS, 125 ìÌ Tris 
HCl, pH 6,8), ðîçä³ëÿëè çà äîïîìîãîþ 12 % 
SDS-PAGE òà ïåðåíîñèëè íà í³òðîöåëþëîçíó 
ìåìáðàíó (GVS North America ¹1212602). 
Í³òðîöåëþëîçí³ ìåìáðàíè ôàðáóâàëè Ponceau 
S («Sigma», ÑØÀ), áëîêóâàëè TBST (150 ìÌ 
NaCl, 50 ìÌ Tris-Cl, Tween 20, pH 7,4), ùî 
ì³ñòèâ 5 % BSA (GoldBio A-421-50) àáî 5 % 
çíåæèðåíîãî ñóõîãî ìîëîêà òà ³íêóáóâàëè ç 
ïåðâèííèìè àíòèò³ëàìè, ðîçâåäåíèìè â TBST 
ç 5 % BSA. Ï³ñëÿ ïðîìèâàííÿ òà ³íêóáàö³¿ ç 
âòîðèííèìè àíòèò³ëàìè, ïîâ’ÿçàíèìè ç ïåð-
îêñèäàçîþ õðîíó, äåòåêö³þ ïðîâîäèëè çà äî-
ïîìîãîþ ðåàãåíòó Western Blotting Luminol 
(Santa Cruz, sc-2048). Âèêîðèñòîâóâàëè òàê³ 
ïåðâèíí³ àíòèò³ëà: êðîëÿ÷³ àíòèò³ëà ïðîòè 
IkappaB-� (SAB4501995); êðîëÿ÷³ ïîë³êëîíàëü-
í³ àíòèò³ëà ïðîòè àíòè-ôîñôî-IKK-� (pSer176) 
(Cell signaling, #2697); ìîíîêëîíàëüí³ àíòèò³-
ëà ìèø³, êîí’þãîâàí³ ç ïåðîêñèäàçîþ õðîíó 
(Abcam, ab20272). Óñ³ ïåðâèíí³ àíòèò³ëà âè-
êîðèñòîâóâàëè ó ðîçâåäåíí³ 1 : 1000. Âòîðèíí³ 
êîçÿ÷³ àíòèêðîëÿ÷³ àíòèò³ëà, êîí’þãîâàí³ ç ïå-
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Ð³âí³ ³íòåðëåéê³íó-6, STAT3 òà àêòèâàö³ÿ NF-kB ó ïîñò-êîâ³äíîìó ïåð³îä³ 

ðîêñèäàçîþ õðîíó (Cell signaling, #7074S), âè-
êîðèñòîâóâàëè ó ðîçâåäåíí³ 1 : 3500.

Ñòàòèñòè÷íèé àíàë³ç òà ïðåäñòàâëåííÿ äàíèõ 
ïðîâîäèëè çà äîïîìîãîþ ïðîãðàìíîãî çàáåç-
ïå÷åííÿ Origin 2019b. Ðåçóëüòàòè äîñë³äæåííÿ 
ïðåäñòàâëåí³ ÿê M ± m. Äëÿ ïîð³âíÿííÿ ãðóï 
äàíèõ âèêîðèñòîâóâàâñÿ t-êðèòåð³é Ñòüþäåíòà. 
Çíà÷åííÿ P � 0,05 ââàæàëèñÿ çíà÷óùèìè.

Ðåçóëüòàòè ³ ¿õ îáãîâîðåííÿ. Ê³ëüê³ñòü IL-6 
ó ïëàçì³ êðîâ³ õâîðèõ íà öóêðîâèé ä³àáåò, ÿê³ 
ïåðåõâîð³ëè COVID-19 ó 2020–2022 ðð. áóëà 
âèùå í³æ ó çäîðîâèõ îñ³á ³ õâîðèõ íà öóêðîâèé 
ä³àáåò, ÿê³ íå õâîð³ëè COVID-19 (òàáë. 1, ãðó-
ïè 1, 2), õî÷à ³ çíà÷íî íèæ÷å, í³æ ó õâîðèõ ãî-
ñòðîþ COVID-19 (Furmanova et al., 2022). 

Òàêîæ ñïîñòåð³ãàëàñÿ ð³çíèöÿ ì³æ ãðóïàìè, 
ùî ïåðåõâîð³ëè ëåãêèì ³ âàæêèì COVID-19 òà 
ç âàêöèíîâàíèìè ³ íåâàêöèíîâàíèìè ïàö³ºí-
òàìè (òàáë. 1, ãð.4 ³ 5 òà 6 ³ 7).

Çðîñòàþ÷à ê³ëüê³ñòü äîñë³äæåíü ïîêàçàëà, 
ùî ï³äâèùåíèé ð³âåíü IL-6 ïîâ’ÿçàíèé ³ç ñèí-
äðîìîì âèâ³ëüíåííÿ öèòîê³í³â. Îñê³ëüêè ïàòî-
ô³ç³îëîã³÷í³ îçíàêè COVID ò³ñíî ïîâ’ÿçàí³ ç 
âàæêèìè çàïàëüíèìè ðåàêö³ÿìè – âèçíà÷åííÿ 
ð³âíÿ IL-6 ó ñèðîâàòö³ êðîâ³ ìîæå ïåðåäáà÷è-
òè ïðîãðåñóâàííÿ çàõâîðþâàííÿ íà COVID-19. 
Ð³âåíü IL-6 áóâ ïîì³òíî âèùèì ó 86,8 % ãîñ-
ï³òàë³çîâàíèõ îñ³á ç COVID-19 ç âàæêèìè óñ-
êëàäíåííÿìè, à ó 22,9 % ð³âåíü IL-6 çá³ëü-
øèâñÿ á³ëüø í³æ ó äåñÿòü ðàç³â (Rostamian et al., 
2020, Montazersaheb et al., 2022).

Â ö³ëîìó ìîæíà â³äì³òèòè ïîñëàáëåííÿ ðå-
àêö³¿ IL-6 ó ïîñò-êîâ³äíîìó ïåð³îä³ ó ïîð³âíÿí-
í³ ç ãîñòðèì çàõâîðþâàííÿì ³ ëåòàëüíèì âè-

ïàäêîì (Furmanova et al., 2022; Montazersaheb 
et al., 2022; Rostamian et al., 2020).

Çà îòðèìàíèìè äàíèìè, â³ðóñí³ êîìïîíåíòè 
³íäóêóþòü äèñôóíêö³þ STAT1 ³, ÿê íàñë³äîê, 
êîìïåíñàòîðíó ã³ïåðàêòèâàö³þ STAT3 (Attiq et 
al., 2021; Gajjela, Zhou, 2022; Jafarzadeh et al., 
2021; Matsuyama et al., 2020). STAT3 àêòèâóºòü-
ñÿ øëÿõîì ôîñôîðèëþâàííÿ çàëèøêó òèðîçè-
íó 705 ðåöåïòîð-àñîö³éîâàíèìè ßíóñ-ê³íàçàìè 
(JAK), óòâîðþº ãîìî- àáî ãåòåðîäèìåðè òà ïå-
ðåì³ùóºòüñÿ äî ÿäðà êë³òèíè, äå ä³º ÿê àêòèâà-
òîð òðàíñêðèïö³¿. 

ßê âèäíî ç îòðèìàíèõ íàìè äàíèõ íàéâèùèé 
ð³âåíü STAT3 ó ïëàçì³ êðîâ³ ñïîñòåð³ãàºòüñÿ ó 
õâîðèõ íà ä³àáåò, ÿê³ ãàðàíòîâàíî íå ìîãëè õâî-
ð³òè COVID-19 (òàáë. 2, ãðóïà 1, 2018-2019 ðð.). 
Ó õâîðèõ ó ïîñò-êîâ³äíîìó ïåð³îä³ (2024 ð.), ÿê³ 
íå çâåðòàëèñü äî ë³êàðÿ ÷åðåç COVID-19, àëå íà-
ïåâíî ìîãëè õâîð³òè ëåãêîþ ôîðìîþ, ê³ëüê³ñòü 
STAT3 çìåíøóâàëàñü ìàéæå ó 2 ðàçè (ãðóïà 2). 
Ùå íèæ÷å ð³âåíü STAT3 ó îñ³á, ÿê³ ïåðåõâîð³ëè 
COVID-19, ùî áóëî ï³äòâåðäæåíî äàíèìè ÏËÐ 
(ãðóïà 5). Íåîáõ³äíî â³äì³òèòè, ùî ó õâîðèõ íà 
ä³àáåò, ÿê³ íå îòðèìóâàëè ³íñóë³í, ð³âåíü STAT3 
çíèæóâàâñÿ äî ì³í³ìàëüíèõ çíà÷åíü (ãðóïè 3 ³ 
6). Ó õâîðèõ íà ³íñóë³íîâ³é òåðàï³¿, ê³ëüê³ñòü 
STAT3 ñóòòºâî çðîñòàëà (ãðóïè 4 ³ 7). 

Çíèæåííÿ ð³âíÿ STAT3 ó õâîðèõ íà ä³àáåò òà 
COVID-19 ìîæíà ïîÿñíèòè òèì, ùî ó ïëàçì³ 
âèçíà÷àâñÿ ñàìå íåàêòèâíèé STAT3, à íå éîãî 
àêòèâîâàíà ôîðìà – ôîñôî-STAT3, ÿêà óòâî-
ðþºòüñÿ â êë³òèíàõ. Êð³ì òîãî, ó ïåðåâàæí³é 
á³ëüøîñò³ äîñë³äæåíü âèçíà÷àºòüñÿ íå ê³ëüê³ñòü 
STAT3, à éîãî àêòèâàö³ÿ. Òàê, íå áóëî âèÿâëå-

Ãðóïè ïã/ìë ± m % ± m

1
2
3
4
5
6
7

Êîíòðîëü
ÖÄ
ÖÄ + COVID-19
COVID-19 ëåãêèé
COVID-19 âàæêèé
Áåç âàêöèíàö³¿
Âàêöèíàö³ÿ

2,75
2,88
3,30
3,13
3,37
3,87
3,13

0,09
0,14
0,11
0,10
0,04
0,46
0,14

100,00
104,85
120,05
113,81
122,65
140,72
114,01

2,75
5,26
3,97 1,2

3,63 1,2

1,50 4

16,92
5,10 6

Òàáëèöÿ. 1. Ê³ëüê³ñòü IL-6 ó ïëàçì³ êðîâ³ õâîðèõ íà öóêðîâèé ä³àáåò, 
ÿê³ ïåðåõâîð³ëè COVID-19 ó 2020–2022 ðð.

Ïðèì³òêè: ²íäåêñàìè ïîçíà÷åí³ â³ðîã³äí³ â³äì³íè â³ä â³äïîâ³äíî¿ ãðóïè, Ð � 0,05. n = 88.
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íî êîðåëÿö³¿ ì³æ åêñïðåñ³ºþ ôîñôî-STAT3 òà 
êë³í³÷íèì ðåçóëüòàòîì. Íåìàº ð³çíèö³ â åêñ-
ïðåñ³¿ ãåí³â ÿê IL-6, òàê ³ STAT3 ó ìîíîíóêëåà-
ðàõ ïåðèôåðè÷íî¿ êðîâ³ õâîðèõ COVID-19 òà 
çäîðîâèõ äîíîð³â. Á³ëüøå òîãî, â íåêëàñè÷íèõ 
(CD14–CD16++) ìîíîöèòàõ ê³ëüê³ñòü ôîñôî-
STAT3 (çà â³äñîòêîì òà ñåðåäíüîþ ³íòåíñèâí³ñ-
òþ ôëóîðåñöåíö³¿) áóëà íàáàãàòî íèæ÷å ó õâî-
ðèõ COVID-19 í³æ ó çäîðîâèõ äîíîð³â (Mozzini 
et al., 2023). Òàêîæ ìîæëèâî, ùî STAT3 á³ëüø 
³íòåíñèâíî ðåêðóòóºòüñÿ êë³òèíàìè ó õâîðèõ 
COVID-19, ùî ñïðè÷èíÿº çíèæåííÿ éîãî ð³â-
íÿ ó ïëàçì³.

ßêùî ðîçãëÿäàòè ï³äâèùåííÿ ê³ëüêîñò³ 
STAT3 ó ïëàçì³ ÿê ïîçèòèâíå ÿâèùå äëÿ õâî-
ðèõ íà ä³àáåò ³ COVID-19, ñòàº çðîçóì³ëèì 
åôåêò ³íñóë³íó ùîäî â³äíîâëåííÿ ð³âíÿ ôàêòîðà.

NF-�B – öå ñ³ìåéñòâî ³íäóêîâàíèõ òðàíñ-
êðèïö³éíèõ ôàêòîð³â ³ öåíòðàëüíèé ìåä³àòîð 
³íäóêö³¿ ïðîçàïàëüíèõ ãåí³â (Pushkarev et al., 
2015; Peddapalli et al., 2021). Ó ñòàí³ ñïîêîþ 
³íã³á³òîðí³ á³ëêè I�B çâ’ÿçóþòüñÿ ç äèìåðàìè 
NF-�B ³ çàòðèìóþòü êîìïëåêñè NF-�B â öèòî-
ïëàçì³. Ñòèìóë-çàëåæíà äåãðàäàö³ÿ ³íã³á³òîð³â 
â³äáóâàºòüñÿ øëÿõîì ôîñôîðèëþâàííÿ á³ëê³â 
I�B êîìïëåêñîì I�B ê³íàçè (IKK), ÿêèé ñêëà-
äàºòüñÿ ç äâîõ êàòàë³òè÷íî àêòèâíèõ ê³íàç, IKK� 
òà IKK�, òà ðåãóëÿòîðíî¿ ñóáîäèíèö³ IKK�. Ï³ñ-
ëÿ ôîñôîðèëþâàííÿ á³ëêè I�B çàçíàþòü çíà÷-
íî¿ óá³êâ³òèíàö³¿ òà ïðîòåàñîìíî¿ äåãðàäàö³¿, ùî 

çâ³ëüíÿº çâ’ÿçàí³ äèìåðè NF-�B äëÿ ÿäåðíî¿ 
òðàíñëîêàö³¿ ³ òðàíñàêòèâàö³¿ ãåí³â, ïîâ’ÿçàíèõ 
ç çàïàëåííÿì (Attiq et al., 2021). 

Ïîñèëåííÿ àêòèâàö³¿ NF-�B ââàæàºòüñÿ îñ-
íîâíèì ìåõàí³çìîì çàïàëüíî¿ ïàòîëîã³¿ ëåãåíü, 
ñïðè÷èíåíî¿ ðåñï³ðàòîðíèìè â³ðóñàìè, âêëþ-
÷àþ÷è SARS-CoV. Êð³ì òîãî, äîêóìåíòàëüíî 
ï³äòâåðäæåíî, ùî øèïîïîä³áíèé á³ëîê SARS-
CoV ïîâ’ÿçàíèé ç ïîñèëåííÿì äåãðàäàö³¿ I�B, 
ùî ïðèçâîäèòü äî àêòèâàö³¿ øëÿõó NF-�B (An 
et al., 2020; Peddapalli et al., 2021; Shrihari, 2021).

Âèçíà÷åííÿ åêïðåñ³¿ ôîñôî-IKK� òà I�B� ó 
ìîíîíóêëåàðàõ êðîâ³ õâîðèõ, ÿê³ õâîð³ëè, àáî 
íå õâîð³ëè COVID-19 ïîêàçàëî ïðàêòè÷íî ïîâ-
íó â³äñóòí³ñòü ôîñôî-IKK� ó îñ³á, ÿê³ íå õâî-
ð³ëè COVID-19 ³ âèñîêèé ð³âåíü åêñïðåñ³¿ ö³º¿ 
ê³íàçè ó õâîðèõ, ÿê³ ïåðåõâîð³ëè COVID-19 
(ðèñóíîê à òà á, äîð³æêè 1–4 ³ 5–9, â³äïîâ³äíî). 
Çâîðîòíà êàðòèíà ñïîñòåð³ãàëàñü ùîäî ³íã³á³-
òîðà NF-�B – I�B. Äîñèòü âèñîêèé ð³âåíü I�B 
ó õâîðèõ, ÿê³ íå õâîð³ëè COVID-19 (äîð³æêè 
1–5) ³ çíà÷íî (á³ëüø í³æ ó 2 ðàçè) íèæ÷èé ð³-
âåíü ê³ëüêîñò³ ³íã³á³òîðà ó õâîðèõ, ÿê³ ïåðåõâî-
ð³ëè COVID-19 (äîð. 6–10).

Òàêèì ÷èíîì, ó õâîðèõ íà ä³àáåò, ÿê³ ãàðàí-
òîâàíî íå õâîð³ëè COVID-19, íå ñïîñòåð³ãàºòü-
ñÿ àêòèâàö³¿ IKK, à îòæå NF-�B ³ ïîâ’ÿçàíèõ ç 
ôàêòîðîì çàïàëüíèõ ïðîöåñ³â. Ó õâîðèõ íà ä³à-
áåò, ÿê³ ïåðåõâîð³ëè COVID-19 ó 2020–2024 ðð.
âèñîêèé ð³âåíü àêòèâàö³¿ IKK òà äåãðàäàö³¿ I�B, 

Òàáëèöÿ. 2. Ê³ëüê³ñòü STAT3 ó ïëàçì³ êðîâ³ õâîðèõ íà öóêðîâèé ä³àáåò, 
ÿê³ íå õâîð³ëè COVID-19 òà ïåðåõâîð³ëè COVID-19 ó 2020–2022 ðð.

Ãðóïè íã/ìë ± m % ± m n

1
2
3
4
5
6
7

Êîíòðîëü
COVID-19 –
COVID-19 – Iíñóë³í –
COVID-19 – Iíñóë³í +
COVID-19 +
COVID + Iíñóë³í -
COVID + Iíñóë³í +

0,405
0,216
0,062
0,183
0,120
0,042
0,132

0,041
0,030 1

0,013 2

0,046 3

0,022 2

0,012 5

0,031 6

100,00
53,25
15,38
45,27
29,64
10,33
32,54

10,13
7,34
3,26

11,39
5,47
2,85
7,56

10
9
6
6

11
6
6

Ïðèì³òêè: 1 ãðóïà – õâîð³ íà ä³àáåò, ÿê³ ãàðàíòîâàíî íå õâîð³ëè COVID-19 (á³îìàòåð³àë ç 2018–2019 ðð.); 2 
ãðóïà – õâîð³ íà ä³àáåò, ÿê³ çà äîêóìåíòàìè íå õâîð³ëè COVID-19 (á³îìàòåð³àë ç 2020–2022 ðð.), àëå ìîãëè 
ïåðåíåñòè õâîðîáó ó ëåãê³é ôîðì³; 3 – õâîð³ íà ä³àáåò, ÿê³ çà äîêóìåíòàìè íå õâîð³ëè COVID-19 (2020–2022 
ðð.) ³ íå ïðèéìàëè ³íñóë³í; 4 ãðóïà – õâîð³ íà ä³àáåò, ÿê³ íå õâîð³ëè COVID-19, íà ³íñóë³íîâ³é òåðàï³¿; 5 
ãðóïà – õâîð³ íà ä³àáåò, ó ÿêèõ áóâ ï³äòâåðäæåíèé COVID-19; 6 ãðóïà – õâîð³ íà ä³àáåò ç ï³äòâåðäæåíèì 
COVID-19, ÿê³ íå ïðèéìàëè ³íñóë³í; 7 ãðóïà – õâîð³ íà ä³àáåò ç ï³äòâåðäæåíèì COVID-1919, íà ³íñóë³íîâ³é 
òåðàï³¿. ²íäåêñàìè ïîçíà÷åí³ â³ðîã³äí³ â³äì³íè â³ä â³äïîâ³äíî¿ ãðóïè, Ð � 0,05.
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Ð³âí³ ³íòåðëåéê³íó-6, STAT3 òà àêòèâàö³ÿ NF-kB ó ïîñò-êîâ³äíîìó ïåð³îä³ 

ùî ìîæå ïðèçâîäèòè äî àêòèâàö³¿ NF-�B ³ çà-
ïàëüíèõ ïðîöåñ³â.

Ñë³ä â³äì³òèòè, ùî öèòîê³íè áåðóòü ó÷àñòü â 
³ìóííèõ ðåàêö³ÿõ ÷åðåç àêòèâàö³þ áàãàòüîõ ñèã-
íàëüíèõ øëÿõ³â, òàêèõ ÿê JAK/STAT3; ôàêòîð, 
ïîâ’ÿçàíèé ç ðåöåïòîðîì TNF (TRAF)-NF-�B; 
á³ëîê-àêòèâàòîð 1 (AP-1) òà ê³íàçà, ïîâ’ÿçàíà 
ç ðåöåïòîðîì ³íòåðëåéê³íó-1 (IRAK)-NF-�B 
(Catanzaro et al., 2020). Íàäëèøîê çàïàëüíèõ 
öèòîê³í³â âèâ³ëüíÿºòüñÿ ÷åðåç çíèæåííÿ ðå-
ãóëÿö³¿ ÀÑÅ2 âíàñë³äîê ïîðóøåííÿ ðåãóëÿö³¿ 
ðåí³í-àíã³îòåíçèí-àëüäîñòåðîíîâî¿ ñèñòåìè (â³ñü 
ÀÑÅ/AngII/ATR1), ùî ïðèçâîäèòü äî íàäì³ð-
íîãî âèðîáëåííÿ AngII, òèì ñàìèì ïîñèëþ-
þ÷è ïðîäóêö³þ IL-6 ÷åðåç øëÿõ JAK/STAT, 
³ çðåøòîþ ïðèçâîäèòü äî çàãîñòðåííÿ ñóäèí-
íèõ òà ëåãåíåâèõ óðàæåíü (An et al., 2020). Çíè-
æåííÿ ðåãóëÿö³¿ ÀÑÅ2 ïðèçâîäèòü äî ã³ïåðàê-
òèâàö³¿ NF-�B â³ññþ STAT/IL-6 (Peddapalli et 
al., 2021).

ª äàí³, ùî àíîìàëüíà àêòèâàö³ÿ NF-�B, ÿêà 
âèíèêàº âíàñë³äîê ³íôåêö³¿ SARS-CoV-2, ìî-
æå áóòè ïîâ’ÿçàíà ç ïàòîãåííèì ïðîô³ëåì ³ìóí-
íèõ êë³òèí, öèòîê³íîâèì øòîðìîì òà ïîë³îð-
ãàííèìè äåôåêòàìè. Òàêèì ÷èíîì, ôàðìàêî-
ëîã³÷íà ³íàêòèâàö³ÿ ñèãíàëüíîãî øëÿõó NF-
�B ìîæå ïðåäñòàâëÿòè ñîáîþ ïîòåíö³éíó òå-
ðàïåâòè÷íó ì³øåíü äëÿ ë³êóâàííÿ ñèìïòîì³â 
COVID-19 (Thabet et al., 2023). Òàêèìè ï³ä-
õîäàìè ìîæóòü áóòè ôàðìàêîëîã³÷íà áëîêàäà 
ôîñôîðèëþâàííÿ IKK, êëþ÷îâîãî åôåêòîðà 
ñèãíàë³íãó NF-�B (Kandasamy, 2021), áëîêàäà 
ðåöåïòîð³â IL-6 ìîíîêëîíàëüíèìè àíòèò³ëà-
ìè òà ïðèãí³÷åííÿ JAK ñïåöèô³÷íèìè ³íã³-
á³òîðàìè (Cron et al., 2023) äëÿ ïîñëàáëåííÿ 
COVID-19.

Âèñíîâêè. Ð³âåíü IL-6 ó ïëàçì³ êðîâ³ õâîðèõ 
íà öóêðîâèé ä³àáåò, ó ïîñò-êîâ³äíîìó ïåð³î-
ä³ (2024 ð.) çàëèøàºòüñÿ ï³äâèùåíèì, õî÷à é 
çíà÷íî íèæ÷å í³æ ïðè ãîñòðîìó çàõâîðþâàí-

Ê³ëüê³ñòü ôîñôî-IKK òà I�B ó ìîíîíóêëåàðàõ êðîâ³ õâîðèõ íà ä³àáåò, ÿê³ ãàðàíòîâàíî íå õâîð³ëè COVID-19 
(á³îìàòåð³àë â³ä 2018–2019 ðð.) ³ ó êë³òèíàõ õâîðèõ, ÿê³ ïåðåõâîð³ëè COVID-19. à – ðåçóëüòàò Âåñòåðí-
áëîòèíãó; á – ê³ëüê³ñíà îö³íêà á³ëêîâèõ ñìóã. IOD – ³íòåãðîâàíà îïòè÷íà ãóñòèíà á³ëêîâî¿ ñìóãè
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í³ COVID-19. Ê³ëüê³ñòü STAT3 ó ïëàçì³ êðî-
â³ õâîðèõ íà öóêðîâèé ä³àáåò, ùî ïåðåõâîð³ëè 
COVID-19 ó 2020-2022 ðîêàõ ñóòòºâî íèæ÷å í³æ 
ó îñ³á, ÿê³ íå õâîð³ëè COVID-19. ²íñóë³íîâà òå-
ðàï³ÿ ï³äâèùóº ð³âåíü ôàêòîðà ó ïåðø³é ãðóï³. 
Ó ìîíîíóêëåàðàõ êðîâ³ õâîðèõ íà ä³àáåò, ÿê³ íå 
õâîð³ëè COVID-19, àêòèâíà I�B ê³íàçà (²ÊÊ) 
ïðàêòè÷íî â³äñóòíÿ, à ð³âåíü ³íã³á³òîðà NF-
�B – I�B âèñîêèé. Ó êë³òèíàõ êðîâ³ õâîðèõ, ÿê³ 
ïåðåõâîð³ëè COVID-19 ñïîñòåð³ãàºòüñÿ ³íòåí-
ñèâíà àêòèâàö³ÿ IKK ³ ñóòòºâå çíèæåííÿ ð³âíÿ 
I�B, ùî ìîæå ñâ³ä÷èòè ïðî àêòèâàö³þ NF-�B 
òà çàïàëüíèõ ïðîöåñ³â.

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Ïðîòîêîë 
äîñë³äæåííÿ ¹ 26-ÊÅ â³ä 10.04.2019 ð. áóâ çà-
òâåðäæåíèé Êîì³òåòîì ç åòèêè ÄÓ «²íñòèòóò
åíäîêðèíîëîã³¿ ³ ìåòàáîë³çìó ³ì. Â.Ï. Êîì³-
ñàðåíêà ÍÀÌÍ Óêðà¿íè». Óñ³ õâîð³ ï³äïèñàëè
³íôîðìîâàíó çãîäó íà âèêîðèñòàííÿ á³îìàòå-
ð³àë³â äëÿ ïðîâåäåííÿ ïîäàëüøèõ ä³àãíîñòè÷-
íèõ ³ íàóêîâèõ äîñë³äæåíü. Â ïðîöåñ³ âèêî-
íàííÿ äîñë³äæåííÿ äîòðèìóâàëèñü ïðèíöèï³â 
á³îåòèêè: îñíîâíèõ ïîëîæåíü Êîíâåíö³¿ Ðàäè 
ªâðîïè ïðî ïðàâà ëþäèíè òà á³îìåäèöèíó 
â³ä 04.04.1997 ð., íàëåæíî¿ êë³í³÷íî¿ ïðàêòè-
êè (Good Clinical Practice, GCP) â³ä 1996 ð., 
Ãåëüñ³íñüêî¿ äåêëàðàö³¿ Âñåñâ³òíüî¿ ìåäè÷íî¿ 
àñîö³àö³¿ ïðî åòè÷í³ ïðèíöèïè ïðîâåäåííÿ 
íàóêîâèõ ìåäè÷íèõ äîñë³äæåíü çà ó÷àñòþ ëþ-
äèíè (1964–2000 ðð.) ³ íàêàçó Ì³í³ñòåðñòâà 
îõîðîíè çäîðîâ’ÿ Óêðà¿íè ¹281 â³ä 01.11.2000 ð.
Êîíôë³êò ³íòåðåñ³â. Àâòîðè äåêëàðóþòü â³äñóò-
í³ñòü êîíôë³êòó ³íòåðåñ³â.
Ô³íàíñóâàííÿ. Ðîáîòà âèêîíàíà çà ï³äòðèìêè Íà-
ö³îíàëüíîãî ôîíäó äîñë³äæåíü Óêðà¿íè, ãðàíò 
2021.01_0213.
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IL-6 (interleukin 6), STAT3 (signal transducer and ac-
tivator of transcription 3) and NF-�B (nuclear factor-�B) 

are the main factors causing cytokine storm in severe cases 
of COVID-19. The aim of the work was to establish the 
levels and activity of NF-�B, IL-6 and STAT3 in the post-
COVID period (2024/2025) in diabetic patients who had 
COVID-19 in 2020–2022 compared to the pre-COVID 
(2018/2019) period. Plasma and blood mononuclear cells 
were used in the studies. The amount of IL-6 and STAT3 
was determined by enzyme-linked immunosorbent as-
say, NF-�B activation by Western blotting. The amount 
of IL-6 in the blood plasma of diabetic patients who 
recovered from COVID-19 in 2020–2022 was higher 
than in healthy individuals and diabetic patients which 
did not have COVID-19. The highest level of STAT3 in 
the blood plasma is observed in diabetic patients who 
are guaranteed not to have COVID-19. In patients who 
have recovered from COVID-19, the amount of the 
factor is noticeably reduced. In the blood of diabetic 
and COVID-19 patients who took insulin, the amount 
of STAT3 increases. Determination of the expression 
of phospho-IKK and I�B in the blood mononuclear 
cells of patients showed an almost complete absence of 
phospho-IKK in patients who did not have COVID-19 
and a high level of expression of this kinase in patients 
who recovered from COVID-19. The opposite pattern 
was observed for the NF-�B inhibitor – I�B. Thus, in 
patients who have recovered from COVID-19, activation 
of NF-�B is observed, which may be associated with 
inflammatory processes.
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