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Ðåçþìå. Ìåòîþ äîñë³äæåííÿ áóëî âèâ÷åííÿ òîï³÷íèõ îñîáëèâîñòåé
ð³âí³â ôàêòîð³â, êîíòðîëþþ÷èõ àïîïòîç, ó òêàíèíè íèðîê ó ä³òåé ç
õðîí³÷íèìè ãëîìåðóëîïàò³ÿìè. 23 ïàö³ºíòè â³êîì 5-18 ðîê³â ç àêòèâ-
íîþ ñòàä³ºþ íåôðîòè÷íî¿ ôîðìè õðîí³÷íîãî ãëîìåðóëîíåôðèòó
(ÕÃÍ) áóëè âêëþ÷åí³ â äîñë³äæåííÿ. ²ìóíîã³ñòîõ³ì³÷íî ïðîâåäåíî
äîñë³äæåííÿ ð³âí³â ïðîàïîïòîçíîãî ôàêòîðà Bax, àíòèàïîïòîçíîãî
ôàêòîðà Bcl-õL , ð³âíÿ àïîïòîçó íà çðàçêàõ á³îïñ³¿ íèðîê. Àíàë³ç ð³âíÿ
ïðîàïîïòîçíîãî ôàêòîðà Bax ó çð³çàõ íèðîê ç ìîðôîëîã³÷íî¿ ôîðìîþ
õðîí³÷íîãî ãëîìåðóëîíåôðèòó ôîêàëüíî-ñåãìåíòàðíèé ãëîìåðóëîñêëå-
ðîç ç îçíàêàìè çàïàëåííÿ ïîêàçàâ íàÿâí³ñòü âèñîêèõ ð³âí³â Bax â
êëóáî÷êîâîìó ³ òóáóëî-³íòåðñòèö³éíîìó ñåãìåíòàõ. Îäíàê, âèùèé
ð³âåíü ³ìóíîñèãíàëó çàô³êñîâàíèé ó êëóáî÷êàõ ç ÔÑÃÑ I-II ñò. ó
ïîð³âíÿíí³ ç òóáóëî-³íòåðñòèö³ºì. Ïðè ïîâíîìó êëóáî÷êîâîìó ñêëåðîç³
ñïîñòåð³ãàºòüñÿ âèñîêèé ð³âåíü Bax â íàâêîëèøí³õ êàíàëüöÿõ ³
³íòåðñòèö³éíîìó ñåãìåíò³. Äîñë³äæåíî ð³âí³ àíòèàïîïòîçíîãî
ôàêòîðà Bcl-õL. Ó çð³çàõ íèðîê, îòðèìàíèõ ó ä³òåé ç ìîðôîëîã³÷íî¿
ôîðìîþ õðîí³÷íîãî ãëîìåðóëîíåôðèòó ôîêàëüíî-ñåãìåíòàðíèé
ãëîìåðóëîñêëåðîç ç îçíàêàìè çàïàëåííÿ, ïîêàçàíî íàÿâí³ñòü ïåâíîãî
ð³âíÿ Bcl-õL â êëóáî÷êàõ, êàíàëüöÿõ ³ ³íòåðñòèö³¿. Âèùèé ð³âåíü
³ìóíîñèãíàëó çàðåºñòðîâàíèé ó êàíàëüöÿõ, ³íòåðñòèö³éíîìó ñåãìåíò³
â ïîð³âíÿíí³ ç êëóáî÷êàìè ç ÔÑÃÑ I-II ñò. Ïðè ïîâíîìó ñêëåðîçóâàíí³
êëóáî÷ê³â â³äíîñíî âèñîêèé ð³âåíü ³ìóíîñèãíàëó Bcl-õL ëîêàë³çîâàíèé â
îòî÷óþ÷èõ êàíàëüöÿõ, ³íòåðñòèö³éíîìó ñåãìåíò³ íèðîê ïðè ìàéæå
ïîâí³é â³äñóòíîñò³ â êëóáî÷êàõ. Ê³ëüê³ñíèé àíàë³ç ð³âíÿ àïîïòîçó â
çð³çàõ íèðîê ó ïàö³ºíò³â ç íåôðîòè÷íèì ñèíäðîìîì ³ ÔÑÃÑ I-II ñò.
ïîêàçàâ ³íäåêñ àïîïòîçó (²À) ó êëóáî÷êàõ íà ð³âí³ 22,29±0,86% ó
êàíàëüöÿõ ³ ³íòåðñòèö³éíîìó ñåãìåíò³ - 9,43±0,59 % (Ð0,01). Ïðè ÔÑÃÑ
III-IV ñò. âèñîêèé ²À áóâ çàô³êñîâàíèé ó êàíàëüöÿõ, ³íòåðñòèö³éíîìó
ñåãìåíò³ - 29,27±1,18 %, ó êëóáî÷êàõ - 4,7±0,54 % (Ð0001). Òàêèì ÷èíîì,
ïðîãðåñóâàííÿ ãëîìåðóëîñêëåðîçó ïðè äîñë³äæóâàíèõ ïàòîëîã³ÿõ
ñóïðîâîäæóºòüñÿ ï³äâèùåííÿì àêòèâíîñò³ ïðîàïîïòîçíîãî ôàêòîðà
Bax ç îäíî÷àñíèì çíèæåííÿì ð³âíÿ àíòèàïîïòîçíîãî ôàêòîðà Bcl-õL .
Çàëåæí³ñòü ñï³ââ³äíîøåííÿ ð³âí³â òîï³÷íî¿ àêòèâíîñò³ Bax ³ Bcl-õL â³ä
ñòàä³¿ ÔÑÃÑ âêàçóþòü íà ñòàä³éíèé òèï ðîçâèòêó êëóáî÷êîâèõ ³
³íòåðñòèö³éíèõ óøêîäæåíü ï³ä âïëèâîì ïðîòå¿íóð³¿.

Âñòóï
Çàõâîðþâàí³ñòü ä³òåé íà õðîí³÷íå çàõâîðþ-

âàííÿ íèðîê (ÕÇÍ) ñòàíîâèòü â³ä 1,5 äî 3,0 âè-
ïàäê³â íà ì³ëüéîí íàñåëåííÿ. Îñíîâíèìè ïðè÷è-
íàìè ÕÇÍ ó äèòÿ÷îìó â³ö³ º àíîìàë³¿ ðîçâèòêó
(âðîäæåí³ àíîìàë³¿ íèðîê ³ ñå÷îâèâ³äíèõ øëÿõ³â),
ôîêàëüíî-ñåãìåíòàðíèé ãëîìåðóëîñêëåðîç (ÔÑÃÑ),
ãåìîë³òèêî-óðåì³÷íèé ñèíäðîì (ÃÓÑ), ³ìóííî-
êîìïëåêñí³ çàõâîðþâàíü ³ ñïàäêîâ³ íåôðîïàò³¿,
òàê³ ÿê õâîðîáà Àëüïîðòà [1,2]. Çàãàëüíèì ïàòî-
ìîðôîëîã³÷íèì ðåçóëüòàòîì, ùî ñòîñóºòüñÿ ïî-
øêîäæåííÿ íèðîê ïðè ÕÇÍ º ãëîìåðóëîñêëåðîç,
ñêëåðîç ñóäèí, òóáóëî-³íòåðñòèö³éíèé ô³áðîç.
Àäàïòèâí³ çì³íè íåôðîí³â ï³ñëÿ ïåðâèèíî¿ òðàâ-
ìè ïåðåñòàþòü êîìïåíñóâàòèñÿ ç ÷àñîì, ùî â

Êëþ÷îâ³ ñëîâà: íåôðîòè÷íèé
ñèíäðîì, ãëîìåðóëîñêëåðîç, àïîï-
òîç, Bax, Bcl-õL, ³ìóíîã³ñòîõ³ì³ÿ .

ê³íöåâîìó ðàõóíêó, ïðèçâîäèòü äî íåçâîðîòí³õ
ïîðóøåíü, - óòâîðåííÿ ðóáö³â, ñêëåðîçóâàííÿ ³
ïîäàëüøî¿ âòðàòè íåôðîí³â, ùî º ïðè÷èíîþ ôîð-
ìóâàííÿ òåðì³íàëüíî¿ ñòàä³¿ ÕÇÍ (ÒÑÕÇÍ) [2].

Çàïàëåííÿ â³ä³ãðàº âàæëèâó ðîëü ó ðîçâèòêó òà
ïðîãðåñóâàíí³ õðîí³÷íèõ ïàòîëîã³é íèðîê òà º
ïåðâèííèì òà ïåðñèñòóþ÷èì ïîðóøåííÿì, íà
ÿêîìó áàçóþòüñÿ ³íø³ ëàíêè ïàòîãåíåçó. Ã³ñòîëî-
ã³÷íî ïðè õðîí³÷íî ïðîò³êàþ÷èõ ïàòîëîã³ÿõ íè-
ðîê, â òîìó ÷èñë³ ïðè ÕÃÍ òêàíèíè íèðîê õàðàê-
òåðèçóþòüñÿ òèïîâèìè îçíàêàìè çàïàëåííÿ -
³íô³ëüòðàö³ºþ ëåéêîöèòàìè, ã³ïåðåì³ºþ, ô³áðî-
çîì. Êð³ì òîãî, çàïàëåííÿ ïðè ÕÃÍ, ÿê ³ ô³áðîç,
ñóïðîâîäæóþòüñÿ àêòèâàö³ºþ ðåí³í-àíã³îòåíçèí-
àëüäîñòåðîíîâî¿ ñèñòåìè òà ¿¿ îñíîâíèõ åôåêòîð-
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íèõ ëàíîê, - àíã³îòåíçèíó II, îêèñíèì ñòðåñîì, åí-
äîòåë³àëüíîþ äèñôóíêö³ºþ òà ³í. [1-3]. Óñ³ âèùåâ-
êàçàí³ ïàòîô³ç³îëîã³÷í³ ïîðóøåííÿ ñóïðîâîäæóþòü-
ñÿ òà º ³íäóêòîðàìè âèñîêèõ ð³âí³â àïîïòîçó êë³òèí
íèðîê. Àïîïòîç º çàïðîãðàìîâàíîþ ñìåðòþ êë³òè-
íè, ÿêèé ìàº ì³ñöå ïðè çàõâîðþâàííÿõ íèðîê ³
â³ä³ãðàº âàæëèâó ðîëü â ¿õ ô³ç³îëîã³¿. Øê³äëèâ³
åôåêòè àïîïòîçó ïîëÿãàþòü â òîìó, ùî â ðåçóëüòàò³
éîãî àêòèâàö³¿ â³äáóâàºòüñÿ âòðàòà âåëèêî¿ ê³ëüêîñò³
êë³òèí íèðîê ï³ä ÷àñ àáî ï³ñëÿ íèðêîâîãî çàïàëåí-
íÿ, óòâîðåííÿ ðóáö³â, âòðàòà ôóíêö³¿ íèðîê. [4,5]

Ìîëåêóëÿðí³ ìåõàí³çìè, ÿê³ ëåæàòü â îñíîâ³
íåçâîðîòí³õ ïîøêîäæåíü íèðîê ïðè ÕÃÍ ó ä³òåé
òà çàëåæàòü â³ä àïîïòîçó ¿õ êîðåêö³ÿ ³ñíóþ÷èòè
ñõåìàìè òåðàï³¿ º íåäîñòàòíüî âèâ÷åíèìè, ùî º
íåîáõ³äíèì äëÿ ðîçðîáêè ïîäàëüøèõ òåðàïåâòè÷-
íèõ ï³äõîä³â.

Ìàòåð³àë ³ ìåòîäè
Ïðîâåäåíî äîñë³äæåííÿ ìàòåð³àëó á³îïñ³¿ íè-

ðîê 23ïàö³ºíò³â (â³êîì â³ä 5 äî 18 ðîê³â) ç àêòèâ-
íîþ ñòàä³ºþ íåôðîòè÷íî¿ ôîðìè ÕÃÍ, ÿê³ ïåðå-
áóâàëè íà ñòàö³îíàðíîìó ë³êóâàíí³ â êë³í³ö³ äèòÿ-
÷î¿ íåôðîëîã³¿ ÄÓ «²íñòèòóò íåôðîëîã³¿ ÍÀÌÍ
Óêðà¿íè» (êë³í³÷íà áàçà – ÄÊË ¹7 ì. Êèºâà) â
2008-2012 ðîêàõ. Êîìïëåêñ îáñòåæåííÿ, îêð³ì
çàãàëüíîïðèéíÿòèõ ìåòîäèê (îãëÿä, ìîí³òîðèíã
àðòåð³àëüíîãî òèñêó, çàãàëüíèé òà á³îõ³ì³÷íèé
àíàë³çè êðîâ³, âèçíà÷åííÿ äîáîâî¿ ïðîòå¿íóð³¿,
âèâ÷åííÿ ñå÷îâîãî îñàäó òà êîíöåíòðàö³éíî¿
ñïðîìîæíîñò³ íèðîê, ÓÇÄ îðãàí³â ÷åðåâíî¿ ïî-
ðîæíèíè, òîùî), âêëþ÷àâ âèçíà÷åííÿ â êðîâ³ õâî-
ðèõ, ïîêàçíèê³â ð³âíÿ àïîïòîçó, ³ìóíîã³ñòîõ³ì³÷-
íó îö³íêó àïîïòîçî-çàëåæíèõ ãëîìåðóëÿðíèõ òà
òóáóëî-³íòåðñòèö³éíèõ ïîøêîäæåíü.

²ìóíîã³ñòîõ³ì³÷íå âèçíà÷åííÿ ð³âí³â ôàêòîð³â
ñèñòåìè êîíòðîëþ àïîïòîçó (Bax, Bcl-xL) âèçíà-
÷àëè íà á³îòè÷íîìó ìàòåð³àë³ ä³òåé ç ìîðôîëîã³-
÷íîþ ôîðìîþ õðîí³÷íîãî ãëîìåðóëîíåôðèòó
ôîêàëüíèé ñåãìåíòàðíèé ãëîìåðóëîñêëåðîç.
Çð³çè òêàíèíè íèðîê áóëè â³äìèò³ â³ä ïàðàô³íó,
äåã³äðàòîâàí³. ßê ïåðâèíí³ àíòèò³ëà âèêîðèñòîâó-
âàëè ïîë³êëîíàëüí³ àíòè-Bcl-xL (ðîçâåäåííÿ 1:
200), àíòè-Âàõ (ðîçâåäåííÿ 1:200). ßê âòîðèíí³
ôëóîðåñöå¿í-âì³ñí³ àíòèò³ëà âèêîðèñòîâóâàëè
Alexa 546 Ab òà Alexa 488 (Invitrogen, USA,
pîçâåäåííÿ 1:500). ßäðà êë³òèí â³çóàë³çóâàëè çà
äîïîìîãîþ 4,6-äèàì³íî-2-ôåí³ë³íäîëó (DAPI, 1,5
ìã/ìë), ùî äîäàâàâñÿ ç ôîñôàòíèì áóôåðîì ïðè
îñòàííüîìó â³äìèâàíí³ çð³ç³â. Ïåðåä ì³êðîñêî-
ï³ºþ ñêåëüöÿ ç êë³òèíàìè ïîêðèâàëèñü Immu-
Mount (Thermo Shandon, Midland, Canada).

TUNEL òåñò äëÿ âèçíà÷åííÿ ð³âíÿ àïîïòîçó â
á³îïòè÷íîìó ìàòåð³àë³ íèðîê ïàö³ºíò³â ïðîâîäè-
ëè íà ôîðìàë³í-ô³êñîâàíèõ ïàðàô³íîâèõ çð³çàõ

òîâùèíîþ 5 µì. Çð³çè íèðîê îáðîáëÿëè ïðîòå¿íà-
çîþ Ê (20 ìêã/ìë) ïðîòÿãîì 20 õâèëèí ïðè òåìïå-
ðàòóð³ 37°C. Åíäîãåííà àêòèâí³ñòü ïåðîêñèäàçè
çð³ç³â íèðîê áóëà çàáëîêîâàíà ³íêóáàö³ºþ â 0,3%
Í2Î2 â ôîñôîòíîìó áóôåð³ (ðÍ-7,4) ïðîòÿãîì 10
õâèëèí. Äëÿ âèçíà÷åííÿ àïîïòîçó êë³òèí âèêîðè-
ñòîâóâàëè Poroxidase in Situ Apoptsis detection Kit
(Chemicon International, Âåëèêà Áðèòàí³ÿ). Çð³çè
êîíòðàñòóâàëè ãåìàòîêñèë³íîì Õàðð³ñà (Richard
Allan Scientific, ÑØÀ).

Îòðèìàííÿ çí³ìê³â ïðîâîäèëàñÿ ç âèêîðèñòàí-
íÿì Zeiss LSM 510 ³íâåðòîâàíîãî ñêàíóþ÷îãî
ëàçåðíîãî êîíôîêàëüíîãî ì³êðîñêîïà ç âèêîðèñ-
òàííÿì x40/1.4 N.A. îë³éíî-³ìåðñ³éíîãî îá’ºêòè-
âà. Çí³ìêè áóëè îïðàöüîâàí³ ç âèêîðèñòàííÿì
ïðîãðàìíîãî çàáåçïå÷åííÿ Zeiss. Îïòè÷íà òîâùè-
íà çð³çó ñòàíîâèëà 1-2 ìêì.

Ìàòåð³àë îïðàöüîâàíî ç âèêîðèñòàííÿì ìåòîä³â
âàð³àö³éíî¿ ñòàòèñòèêè (STATISTICA 6.0) òà íåïàðà-
ìåòðè÷íèõ ñòàòèñòè÷íèõ ï³äõîä³â (Mann-Whitney
test). Ðåçóëüòàòè ïðåäñòàâëåíî ÿê Ìean±SÅÌ, ñòàòè-
ñòè÷íî äîñòîâ³ðíèì ââàæàâñÿ ð³âåíü Ð<0,05.

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåííÿ
Áóëî ïðîàíàë³çîâàíî ð³âí³ åêñïðåñ³¿ òà òîï³÷íó

ëîêàë³çàö³þ ïðîàïîòîçíîãî ôàêòîðà Bax ó ïàö³ºíò³â
ç ìîðôîëîã³÷íèì âàð³àíòîì õðîí³÷íîãî ãëîìåðóëî-
íåôðèòó ôîêàëüíèé ñåãìåíòàðíèé ãëîìåðóëîñêëå-
ðîç, àñîö³éîâàíèì ³ç çàïàëåííÿì. Ñòàä³¿ ÔÑÃÑ âèç-
íà÷àëèñÿ çà ð³âíåì ñêëåðîçîâàíî¿ ïëîù³ êëóáî÷êà.
Òàê, ð³âåíü ñêëåðîçó ïðè ² ñò. ÔÑÃÑ ñêëàäàâ ≤25%
êëóáî÷êà, ïðè ²² ñò. ÔÑÃÑ - 25-50%, ïðè ²² ñò. ÔÑÃÑ
– 50-75%, ïðè IV ñò. – 75-100%.

Ðåçóëüòàòè ïðîâåäåíîãî àíàë³çó ð³âí³â Âàõ ó
çð³çàõ á³îïñ³éíîãî ìàòåð³àëó íèðîê ä³òåé ç ìîð-
ôîëîã³÷íîþ ôîðìîþ õðîí³÷íîãî ãëîìåðóëîíåô-
ðèòó ôîêàëüíî-ñåãìåíòàðíèé ãëîìåðóëîñêëåðîç ç
îçíàêàìè çàïàëåííÿ âèÿâèâ íàÿâí³ñòü âèñîêîãî
ð³âíÿ ïîêàçíèêà ÿê â êëóáî÷êó, òàê ³ â òóáóëî-
³íòåðñòèö³éíîìó ñåãìåíò³. Ïðè öüîìó, âèùèé
ð³âåíü ³ìóíîñèãíàëó áóâ çàô³êñîâàíèé â êëóáî÷-
êàõ ïîð³âíÿíî ç òóáóëî-³íòåðñòèö³éíèì ñåãìåí-
òîì ïðè ÔÑÃÑ ²-²² ñò. (43,57±0,88 â³äí. îä. ïðîòè
24,9±0,41 â³äí. îä., ð<0,01). Ïðè ïîâíîìó ñêëåðî-
çóâàíí³ êëóáî÷êà âèñîê³ ð³âí³ ³ìóíîñèãíàëó Âàõ
ëîêàë³çóþòüñÿ â îòî÷óþ÷îìó òóáóëî-³íòåðñòèö³é-
íîìó ñåãìåíò³ (13,7±0,42 â³äí. îä. ïðîòè
22,5±0,65 â³äí. îä., ð<0,01) (ðèñ.1).

Âàæëèâó ðîëü ó ðîçâèòêó àïîïòîçó â³ä³ãðàº
ñï³ââ³äíîøåííÿ ð³âíÿ ôàêòîð³â Bcl-xL/Bax. Ðå-
çóëüòàòè ïðîâåäåíîãî àíàë³çó ð³âí³â àíòèàïîïòîç-
íîãî ôàêòîðà Âcl-xL ó çð³çàõ á³îïñ³éíîãî ìàòåð³-
àëó íèðîê ä³òåé ç ìîðôîëîã³÷íîþ ôîðìîþ õðîí-
³÷íîãî ãëîìåðóëîíåôðèòó ôîêàëüíî-ñåãìåíòàð-
íèé ãëîìåðóëîñêëåðîç ç îçíàêàìè çàïàëåííÿ âèÿ-
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âèâ íàÿâí³ñòü ïåâíîãî ð³âíÿ Âcl-xL ÿê â êëóáî÷êó,
òàê ³ â òóáóëî-³íòåðñòèö³éíîìó ñåãìåíò³. Ïðè öüî-
ìó, âèùèé ð³âåíü ³ìóíîñèãíàëó áóâ çàô³êñîâàíèé
â òóáóëî-³íòåðñòèö³éíîìó ñåãìåíò³ ïîð³âíÿíî ç
êëóáî÷êîì ç ð³âíåì ñêëåðîçó ²-²² ñò. (25,29±0,55
â³äí. îä. ïðîòè 8,71±0,8 â³äí. îä., ð<0,01). Ïðè ïî-
âíîìó ñêëåðîçóâàíí³ êëóáî÷êà â³äíîñíî âèñîê³
ð³âí³ ³ìóíîñèãíàëó Âcl-xL ëîêàë³çóþòüñÿ â îòî÷ó-
þ÷îìó òóáóëî-³íòåðñòèö³éíîìó ñåãìåíò³ ïðè ïðàê-
òè÷íî ïîâí³é â³äñóòíîñò³ â êëóáî÷êó (19,57±1,02
â³äí. îä. ïðîòè 6,81±0,31 â³äí. îä., ð<0,01) (ðèñ. 2).

Ðåçóëüòàòè ïðîâåäåíîãî àíàë³çó ð³âíÿ àïîïòîçó
â çð³çàõ á³îïñ³éíîãî ìàòåð³àëó íèðîê ä³òåé ç ìîð-
ôîëîã³÷íîþ ôîðìîþ õðîí³÷íîãî ãëîìåðóëîíåô-
ðèòó ôîêàëüíî-ñåãìåíòàðíèé ãëîìåðóëîñêëåðîç
âèÿâèâ íàÿâí³ñòü âèñîêîãî ð³âíÿ àïîïòîçíèõ
êë³òèí. Á³ëüø òîãî, ïîêàçàíî, ùî â ñêëåðîçîâàíèõ
êëóáî÷êàõ ç ð³âíåì ãëîìåðóëîñêëåðîçó ²²-²²² ñò.
ïåðåâàæíà á³ëüø³ñòü àïîïòîçíèõ êë³òèí ëîêàë³-
çóºòüñÿ â êëóáî÷êàõ (ðèñ. 3, À). Ïðè ïîâíîìó
ñêëåðîçóâàíí³ êëóáî÷êà âèñîêèé ð³âåíü àïîïòîçó
âèÿâëåíî â îòî÷óþ÷îìó òóáóëî-³íòåðñòèö³éíîìó
ñåãìåíò³ (ðèñ. 3, Á). Ê³ëüê³ñíèé àíàë³ç ïîêàçàâ,
ùî â ïðè ÔÑÃÑ ²-²² ñò. ³íäåêñ àïîïòîçó â êëóáî÷-

êàõ ñòàíîâèâ 22,29±0,86%, â òóáóëî-³íòåðñòèö³é-
íîìó êîìïîíåíò³ – 9,43±0,59% (ð0,01). Ïðè âèñî-
êèõ ð³âíÿõ ñêëåðîçóâàííÿ ðîçïîä³ë àïîïòîçíèõ
êë³òèí áóâ ³íøèì. Âèñîêèé ³íäåêñ àïîïòîçó (²À)
âèÿâëåíî â òóáóëî-³íòåðñòèö³éíîìó êîìïîíåíò³ –
29,27±1,18%, â êëóáî÷êàõ ²À ñòàíîâèâ 4,7±0,54%
(ð0,001) (ðèñ. 3, Â).

Êîíòðîëü ³ ðåãóëþâàííÿ ñèãíàëüíîãî øëÿõó
àïîïòîçó â³äáóâàºòüñÿ çà ó÷àñòþ á³ëê³â ðîäèíè
Bcl-2. Bcl-2 áåðå ó÷àñòü â ðåãóëÿö³¿ ïðîíèêíîñò³
ìåìáðàí ì³òîõîíäðé òà ïðåäñòàâëåíèé, ÿê ïðî-
àïîïòîçíèìè, òàê ³ àíòèàïîïòîçíèìè á³ëêàìè. Äî
àíòèàïîïòîçíèõ íàëåæàòü Bcl-2, Bcl-õ, Bcl-XL,
Bcl-XS, Bcl-W, BAG, äî ïðîàïîïòîçíèõ - Bcl-10,
Bax, Bak, Bid, Bad, B³ê, Blk. Çðóøåííÿ áàëàíñó
àêòèâíîñò³ ôàêòîð³â äàíî¿ ðîäèíè â òèé ÷è ³íøèé
á³ê ïðèçâîäèòü äî çíèæåííÿ ÷è çðîñòàííÿ ð³âí³â
àïîïòîçó, ùî º ïàòîëîã³ºþ [6,7].

Äèñáàëàíñ ì³æ ïðîöåñîì çàãèáåë³ òà ïðîë³ôå-
ðàö³¿ êë³òèí ïðèçâîäèòü äî ïîðóøåíü òîãî ÷è
³íøîãî õàðàêòåðó â ñòðóêòóð³ òà ôóíêö³îíóâàíí³
íèðîê. Íàïðèêëàä, ïåðåâàæàííÿ ïðîöåñ³â ïðî-
ë³ôåðàö³¿ êë³òèí ïðèçâîäèòü äî íàäì³ðíîãî ¿õ
íàêîïè÷åííÿ, - íåîïëàç³¿, ùî º õàðàêòåðíèì äëÿ
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ïðîë³ôåðàòèâíèõ ôîðì ãëîìåðóëîíåôðèòó. Çðîñ-
òàííÿ ð³âí³â çàãèáåë³ êë³òèí, çîêðåìà çà ðàõóíîê
àïîïòîçó, º ïðè÷èíîþ íåçâîðîòíîñò³ âòðàòè òèõ ÷è
³íøèõ ôóíêö³é çà ðàõóíîê íåçäàòíîñò³ äî â³äíîâ-
ëåííÿ êë³òèí. Àïîïòîç ðåãóëþºòüñÿ ïîçàêë³òèííè-
ìè ³ âíóòð³øíüîêë³òèííèìè ìîëåêóëàìè-ðåãóëÿòî-
ðàìè, ÿê³ º ó÷àñíèêàìè â³äïîâ³äíèõ ñèãíàëüíèõ
øëÿõ³â. Çàãèáåëü êë³òèí, ÿê ïðàâèëî, â³äáóâàºòüñÿ ó
â³äïîâ³äü íà çì³íè â îñåðåäêó (ì³êðîñåðåäîâèù³), â
ÿêîìó âèíèêàº â³äñóòí³ñòü ïåâíèõ ôàêòîð³â (÷èííè-
êè âèæèâàííÿ) àáî íàÿâí³ñòü ïðîàïîïòîçíèõ ôàê-
òîð³â. ²í³ö³àëüíèìè ôàêòîðàìè ïðè öüîìó ìîæóòü
áóòè íàâêîëèøí³ êë³òèíè, ìåä³àòîðè ³ êîìïîíåíòè
ïîçàêë³òèííîãî ìàòðèêñó [7,8]. Ïðîöåñ çàãèáåë³
êë³òèí ïî÷èíàºòüñÿ ç àêòèâàö³¿ âíóòð³øíüîêë³òèí-
íèõ ôàêòîð³â ó â³äïîâ³äü íà ïðîàïîïòîçí³ ñòèìóëè
ì³êðîîòî÷åííÿ êë³òèíè. Íàÿâí³ñòü Fas íà êë³òèíí³é
ïîâåðõí³ º îäí³ºþ ç äåòåðì³íàíò ÷óòëèâîñò³ êë³òè-
íè äî Fas-³íäóêîâàíîãî àïîïòîçó. Ìåçàíã³àëüí³
êë³òèíè, ïðîêñèìàëüíî òóáóëÿðí³ êë³òèíè íèðîê,
ô³áðîáëàñòè åêñïðåñóþòü êë³òèíí³ ðåöåïòîðè Fas.
Íàïðèêëàä, íàäì³ðíà åêñïðåñ³ÿ ïðîàïîïòîçíîãî
ôàêòîðà Bax ³íäóêóº êàñïàçà-íåçàëåæíèé ìåõàí³çì
çàãèáåë³ êë³òèí.

Ì³òîõîíäð³¿ º êëþ÷îâèìè ó÷àñíèêàìè àïîïòîçó,
ùî íå ìàþòü çâ’ÿçêó ç ðåöåïòîðàìè ñìåðò³, à ì³òîõîí-
äð³àëüíî-çàëåæí³ ïîðóøåííÿ ìîæóòü ñïðèÿòè çàãèáåë³
êë³òèí íåçàëåæíî â³ä àêòèâàö³¿ ðåöåïòîð³â çàãèáåë³.
Ì³òîõîíäð³àëüí³ çì³íè ïðè àïîïòîç³ âêëþ÷àþòü:

1) çíèêíåííÿ ì³òîõîíäð³àëüíîãî òðàíñìåìáðàí-
íîãî ãðàä³ºíòà ïîòåíö³àëó (∆Ψm) ó çâ’ÿçêó ç
â³äêðèòòÿì òðàíçèòîðíèõ ïîð;

2) çâ³ëüíåííÿ á³ëê³â, òàêèõ ÿê öèòîõðîì Ñ, AIF òà
SMAC/Diablo, ç ì³òîõîíäð³àëüíîãî ì³æìåìáðàííãî
ïðîñòîðó â öèòîçîëü, äå âîíè áåðóòü ó÷àñòü â åôåê-
òîðí³é ôàç³ àïîïòîçó, - áåçïîñåðåäí³é àêòèâàö³¿ êàñ-
ïàç [9].

Îñíîâíèìè ìåõàí³çìàìè ä³¿ àíòèàïîïòîçíèõ
ôàêòîð³â ðîäèíè Bcl-2 º íàñòóïí³. Ïåðøèé ç íèõ
ðåàë³çóºòüñÿ çà ðàõóíîê ³íã³áóâàííÿ ïðîêàñïàç â
àïîïòîñîì³. Ïðè öüîìó Bcl-õL ³íã³áóº êîìïëåêñ,
óòâîðåíèé êàñïàçîþ-9, Apaf-1 ³ öèòîõðîìîì Ñ, ùî
â ê³íöåâîìó ðåçóëüòàò³ çàïîá³ãàº àêòèâàö³¿ êàñïàçè-
3. Äðóãèé ñöåíàð³é ïîëÿãàº â çàêðèòò³ VDAC ³ çàïî-
á³ãàííÿ âèõîäó ì³òîõîíäð³àëüíèõ àïîïòîãåííèõ
ôàêòîð³â, òàêèõ ÿê öèòîõðîìó Ñ ³ AIF â öèòîïëàçìó
[9-11].

Òàêèì ÷èíîì, ïîêàçàíî, ùî ïðîãðåñóâàííÿ ãëî-
ìåðóëîñêëåðîçó ïðè äîñë³äæåíèõ ïàòîëîã³ÿõ ñóïðî-
âîäæóºòüñÿ çðîñòàííÿì àêòèâíîñò³ ïðî-àïîïòîçíîãî
ôàêòîðà Âàõ òà îäíî÷àñíèì çíèæåííÿì ð³âíÿ àíòè-
àïîïòîçíîãî ôàêòîðà Bcl-cxL. Âèÿâëåíî, çàëåæí³ñòü
òîï³÷íîñò³ ð³âí³â Âcl-xL â³ä ñòóïåíÿ ÔÑÃÑ, ùî
ñâ³ä÷èòü ïðî åòàïí³ñòü ðîçâèòêó ãëîìåðóëÿðíèõ òà
òóáóëî-³íòåðñòèö³éíèõ ïîøêîäæåíü ï³ä âïëèâîì
ïðîòå¿íóð³¿. Âèÿâëåí³ â³äì³ííîñò³ â ð³âíÿõ òà ¿õ
ñï³ââ³äíîøåííÿ ïðè ÔÑÃÑ, ùî º ðåçóëüòàòîì íå-
ôðîòè÷íîãî ñèíäðîìó òà IgA íåôðîïàò³¿, ñâ³ä÷èòü
ïðî áåçïîñåðåäíþ çàëåæí³ñòü ð³âíÿ ãëîìåðóëÿðíèõ
òà òóáóëÿðíèõ ïîøêîäæåíü â³ä ð³âíÿ ïðîòå¿íóð³¿.

Ïðîòå¿íóð³ÿ º ìàðêåðîì ïîøêîäæåííÿ íèðîê,
ùî â³äîáðàæàº âòðàòó ñåëåêòèâíîñò³ ô³ëüòðàö³éíî-
ãî áàð’ºðà. Êð³ì òîãî, ïðîòå¿íóð³ÿ º âèçíà÷àëüíèì
÷èííèêîì ïðè ðîçâèòêó ³ ïðîãðåñóâàííÿ ïîøêîä-
æåííÿ íèðîê çà ðàõóíîê àêòèâàö³¿ àïîïòîçó, çàïà-
ëåííÿ, ô³áðîçó [12]. Âèñîê³ êîíöåíòðàö³¿ á³ëêà â
óëüòðàô³ëüòðàò³ âèêëèêàþòü àïîïòîç ïðîêñèìàëüíî
òóáóëÿðíèõ êë³òèí. Àïîïòîç ïðè öüîìó º ðåçóëüòà-
òîì çàïàëüíî-àñîö³éîâàíèõ ïðîöåñ³â òà áåçïîñåðåä-
íüîãî âïëèâó á³ëêà. Àêòèâîâàíèé â ïðîêñèìàëüíî
òóáóëÿðíèõ êë³òèíàõ àïîïòîç ïðèçâîäèòü äî òóáó-
ëÿðíî¿ àòðîô³¿, âèíèêíåííÿ àòóáóëÿðíèõ êëóáî÷ê³â
[12,13]. Íàÿâí³ñòü àòóáóëÿðíèõ êëóáî÷ê³â âèçíà÷àº
ñòàí çì³íè ôóíêö³¿ íèðîê ç îäí³º¿ ñòîðîíè, òà ïðî-
ãðåñóâàííÿ òóáóëî³íòåðñòèö³éíèõ ïîøêîäæåíü, ç
³íøî¿ [13]. ²í³ö³àòîðàìè àïîïòîçó ìîæóòü áóòè ðÿä
ôàêòîð³â, - ñóïåðîêñèäí³ ðàäèêàëè òà ¿õ ìåòàáîë³òè
(ðàäèêàëüí³ ôîðìè êèñíþ, ÐÔÊ), ã³ïîêñ³ÿ, ôàêòîð
ðîñòó ô³áðîáëàñò³â, àíã³îòåíçèí II [4,5].

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü
Ïîäàëüøå äîñë³äæåííÿ ìîëåêóëÿðíèõ ìå-

õàí³çì³â âèíèêíåííÿ àïîïòîçó ïðè ïðîòå¿íóðè÷-
íèõ çàõâîðþâàííÿõ íèðîê ó ä³òåé òà ñòâîðåííÿ
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ï³äõîä³â äî ¿õ êîðåêö³¿ º ïåðñïåêòèâíèì íàïðÿì-
êîì ç òî÷êè çîðó ïîïåðåäæåííÿ òà óïîâ³ëüíåííÿ
ïîøêîäæåííÿ íèðîê.
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ÏÐÈ ÕÐÎÍÈ×ÅÑÊÎÌ ÃËÎÌÅÐÓËÎÍÅÔÐÈÒÅ Ó
ÄÅÒÅÉ

Å.À.Áóðëàêà
Ðåçþìå. Öåëüþ èññëåäîâàíèÿ áûëî èçó÷åíèå òîïè÷åñêèõ

îñîáåííîñòåé óðîâíåé ôàêòîðîâ, êîíòðîëèðóþùèõ àïîïòîç,
â òêàíè ïî÷åê ó äåòåé ñ õðîíè÷åñêèìè ãëîìåðóëîïàòèÿìè. 23
ïàöèåíòà â âîçðàñòå 5 - 18 ëåò ñ àêòèâíîé ñòàäèåé íåôðîòè-
÷åñêîé ôîðìû õðîíè÷åñêîãî áûëè âêëþ÷åíû â èññëåäîâàíèå.
Èììóíîãèñòîõèìè÷åñêè ïðîâåäåíî èññëåäîâàíèå óðîâíåé
ïðîàïîïòîçíîãî ôàêòîðà Bax, àíòèàïîïòîçíîãî ôàêòîðà Bcl-
XL, óðîâíÿ àïîïòîçà íà îáðàçöàõ áèîïñèè ïî÷åê. Àíàëèç óðîâ-
íÿ ïðîàïîïòîçíîãî ôàêòîðà Bax â ñðåçàõ ïî÷åê ñ ìîðôîëîãè-
÷åñêîé ôîðìîé õðîíè÷åñêîãî ãëîìåðóëîíåôðèòà î÷àãîâûé ñåã-
ìåíòàðíûé ãëîìåðóëîñêëåðîç ñ ïðèçíàêàìè âîñïàëåíèÿ ïîêà-
çàë íàëè÷èå âûñîêèõ óðîâíåé Bax â êëóáî÷êîâîì è òóáóëî-èí-
òåðñòèöèàëüíîì ñåãìåíòàõ. Îäíàêî âûñøèé óðîâåíü èììóíî-
ñèãíàëà çàôèêñèðîâàí â êëóáî÷êàõ ñ ÔÑÃÑ I-II ñò. â ñðàâíåíèè
ñ òóáóëî-èíòåðñòèöèåì. Ïðè ïîëíîì êëóáî÷êîâîì ñêëåðîçå
íàáëþäàåòñÿ âûñîêèé óðîâåíü Bax â îêðóæàþùèõ êàíàëüöàõ è
èíòåðñòèöèàëüíîì ñåãìåíòå. Èññëåäîâàíû óðîâíè àíòèàïîï-
òîçíîãî ôàêòîðà Bcl-õL. Â ñðåçàõ ïî÷åê ïîëó÷åííûõ ó äåòåé
ñ ìîðôîëîãè÷åñêîé ôîðìîé õðîíè÷åñêîãî ãëîìåðóëîíåôðèòà
î÷àãîâûé ñåãìåíòàðíûé ãëîìåðóëîñêëåðîç ñ ïðèçíàêàìè âîñ-
ïàëåíèÿ ïîêàçàíî íàëè÷èå îïðåäåëåííîãî óðîâíÿ Bcl-õL è â
êëóáî÷êàõ, êàíàëüöàõ è èíòåðñòèöèè. Âûñøèé óðîâåíü èììó-
íîñèãíàëà çàðåãèñòðèðîâàí â êàíàëüöàõ, èíòåðñòèöèàëüíîì
ñåãìåíòå â ñðàâíåíèè ñ êëóáî÷êàìè ñ ÔÑÃÑ I-II ñò. Ïðè ïîë-
íîì ñêëåðîçèðîâàíèè êëóáî÷êîâ îòíîñèòåëüíî âûñîêèé óðî-
âåíü èììóíîñèãíàëà Bcl-õL ëîêàëèçîâàí â îêðóæàþùèõ êà-
íàëüöàõ, èíòåðñòèöèàëüíîì ñåãìåíòå ïî÷åê ïðè ïî÷òè ïîëíîì

îòñóòñòâèè â êëóáî÷êàõ. Êîëè÷åñòâåííûé àíàëèç óðîâíÿ àïîï-
òîçà â ñðåçàõ ïî÷åê ó ïàöèåíòîâ ñ íåôðîòè÷åñêèì ñèíäðîìîì
è ÔÑÃÑ I-II ñò. ïîêàçàë èíäåêñ àïîïòîçà (ÈÀ) â êëóáî÷êàõ íà
óðîâíå 22,29 ± 0,86%, â êàíàëüöàõ è èíòåðñòèöèàëüíîì ñåã-
ìåíòå - 9,43 ± 0,59% (Ð0,01). Ïðè ÔÑÃÑ III-IV ñò. âûñîêèé ÈÀ
áûë çàôèêñèðîâàí â êàíàëüöàõ, èíòåðñòèöèàëüíîì ñåãìåíòå
- 29,27 ± 1,18%, â êëóáî÷êàõ - 4,7 ± 0,54% (Ð0001). Òàèêì
îáðàçîì, ïðîãðåññèðîâàíèå ãëîìåðóëîñêëåðîçà ïðè èññëåäó-
åìûõ ïàòîëîãèÿõ ñîïðîâîæäàåòñÿ ïîâûøåíèåì àêòèâíîñòè
ïðîàïîïòîçíîãî ôàêòîðà Bax ñ îäíîâðåìåííûì ñíèæåíèåì
àíòèàïîïòîçíîãî ôàêòîðà Bcl-õL. Çàâèñèìîñòü îòíîøåíèÿ
óðîâíåé òîïè÷åñêîé àêòèâíîñòè Bax è Bcl-õL îò ñòàäèè ÔÑÃÑ
óêàçûâàþò íà ñòàäèéíûé òèï ðàçâèòèÿ êëóáî÷êîâûõ è èíòåð-
ñòèöèàëüíûõ ïîâðåæäåíèé ïîä âîçäåéñòâèåì ïðîòåèíóðèè.

Êëþ÷åâûå ñëîâà: íåôðîòè÷åñêèé ñèíäðîì, ãëîìåðóëîñ-
êëåðîç, àïîïòîç, Bax, Bcl-õL, èììóíîãèñòîõèìèÿ.
VIOLATIONS IN APOPTOSIS CONTROL SYSTEM IN

CHILDREN WITH CHRONIC
GLOMERULONEPHRITIS

E.A.Burlaka
Abstract. The objective of this paper was to study the topical

features of factors controlling apoptosis activity levels in kidney tis-
sue in children with chronic glomerular diseases. 23 patients aged
5-18 years with active stage of nephrotic type of chronic glomeru-
lonephritis were included to the study. Immunohistochemical exami-
nation of proapoptotic factor Bax, antiapoptotic factor Bcl-xL lev-
els, apoptosis evaluation on kidney biopsy specimens were done.
Analysis of proapoptotic factor Bax levels in kidney slices obtained
from children with morphological forms of chronic glomerulone-
phritis, focal segmental glomerulosclerosis with signs of inflamma-
tion, showed the presence of high levels of Bax in both glomerular
and tubular-interstitial segments. Hovewer, higher imunosignal was
recorded in glomeruli with FSGS I-II st. compared to tubular seg-
ment. When complete glomerular sclerosis observed high levels of
Bax are localized in the surrounding tubuli and interstitial segment.
Levels of anti-apoptotic factor Bcl-xL levels were studied. The pres-
ence of a certain level Bcl-xL in both glomeruli, tubuli and intersti-
tium was found in kidney sections obtained from children with
morphological forms of chronic glomerulonephritis, focal segmental
glomerulosclerosis with signs of inflammation. Higher
immunosignal was recorded in tubuli, interstitial segment compared
to glomeruli with FSGS I-II st. In cases of a complete glomerular
sclerosis relatively high imunosignal of Bcl-xL is localized in the sur-
rounding tubuli, interstitial segment with almost complete absence
of glomeruli. Quantitative analysis of apoptosis levels in kidney
sections of patients with neptrotic syndrome and FSGS I-II st. re-
vealed apoptotic index (AI) in glomeruli at level 22,29 ± 0,86%, in
the tubuli and interstitial component - 9,43 ± 0,59% (p0,01). With
FSGS III-IV st. high AI was found in tubuli, interstitial component
- 29,27 ± 1,18%, in the glomeruli - 4,7 ± 0,54% (p0,001). Thus, the
progression of glomerulosclerosis in the studied pathologies is ac-
companied by increased activity of proapoptotic factor Bax and si-
multaneous reduction of anti-apoptotic factor Bcl-cxL. The depen-
dence of levels of topical Bax and Bcl-xL expression on stages of
FSGS indicate the step-dependent manner of glomerular and inter-
stitial injuries development under the influence of proteinuria.

Keywords: nephrotic syndrome, glomerulosclerosis, apoptosis,
Bax, Bcl-xL, immunostaining.

A.A. Bohomolets National Medical University, Kyiv,
Ukraine; Karolinska Institutet, Stockholm, Sweden
Clin. and experim. pathol.- 2013.- Vol.12, ¹4 (46).-P.44-48.

Íàä³éøëà äî ðåäàêö³¿ 01.12.2013
Ðåöåíçåíò – ïðîô. Þ. ª. Ðîãîâèé

 ª. À. Áóðëàêà, 2013


