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Ðåçþìå. Íàìè ïîêàçàíî, ùî Stx2, ÿêèé º îñíîâíèì ïàòîãåíåòè÷-

íèì ôàêòîðîì ïðè ãåìîë³òèêî-óðåì³÷íîìó ñèíäðîì³ (ÃÓÑ),

âèêëèêàº âèðàæåí³ öèòîòîêñè÷í³ ïîøêîäæåííÿ ïðîêñèìàëüíî

òóáóëÿðíèõ êë³òèí íèðîê ùóð³â. Öå ïðîÿâëÿºòüñÿ âèñîêèìè

ð³âíÿìè  àïîïòîçó òà íåêðîçó, çì³íàìè íàïðÿìêó æèòòºâîãî

öèêëó êë³òèí òà âèñîêèì ð³âíåì ãåíîòîêñè÷íîñò³. Òàêîæ

âñòàíîâëåíî çàõèñíèé åôåêò  åíäîãåííîãî ñòåðî¿äíîãî ãîðìîíó

îóàáà¿í ïðè ïîøêîäæåííÿõ òóáóëÿðíîãî ñåãìåíòà íåôðîíà íà

åêñïåðèìåíòàëüí³é ìîäåë³ ÃÓÑ.

Êëþ÷îâ³ ñëîâà: òîêñèí Øèãà 2,

ãåìîë³òèêî-óðåì³÷íèé ñèíäðîì,

íèðêè, åíäîãåíí³ ñòåðî¿äí³ ãîðìî-

íè, îóàáà¿í.

Âñòóï

Ãåìîë³òèêî-óðåì³÷íèé ñèíäðîì (ÃÓÑ) º ÷àñ-
òîþ ïðè÷èíîþ ãîñòðî¿ òà õðîí³÷íî¿ íèðêîâî¿ íå-
äîñòàòíîñò³ äèòÿ÷îãî â³êó. Ìíîæèíí³ñòü ïîøêîä-
æåíü ïðè ãåìîë³òèêî-óðåì³÷íîìó ñèíäðîì³ âèçíà-
÷àºòüñÿ ðîçâèòêîì ðèáîòîêñè÷íîãî ñòðåñó ó
â³äïîâ³äü íà àêòèâàö³þ ì³òîãåí-àêòèâîâàíèõ
ê³íàç (ÌÀÐ), âèä³ëåííÿì öèòîê³í³â òà êë³òèííîþ
ñìåðòþ. Ïîøêîäæåííÿ ³ çàãèáåëü êë³òèí, ó òîìó
÷èñë³ â íèðêàõ, â³äáóâàºòüñÿ çà òèïîì àïîïòîçó. Ó
á³îïòè÷íîìó ìàòåð³àë³ íèðîê ïàö³ºíò³â ³ç ÃÓÑ
âèÿâëåíî àïîïòîç ÿê ó ãëîìåðóëÿðíèõ, òàê ³ â òó-
áóëÿðíèõ êë³òèíàõ (1).

Ó ìèøåé ç åêñïåðèìåíòàëüíîþ ìîäåëëþ ÃÓÑ
ïîøêîäæåííÿ, ÿê³ ðîçâèâàþòüñÿ â íèðêàõ òà ïðè-
çâîäÿòü äî ðîçâèòêó íåäîñòàòíîñò³ íèðîê, îáóìîâ-
ëåí³ âïëèâîì òîêñèíà Øèãà 2 (Stx2) (1,2). Ïàòî-
ìîðôîëîã³÷í³ äîñë³äæåííÿ íèðîê åêñïåðèìåíòàëü-
íèõ òâàðèí, ³íô³êîâàíèõ ïåðîðàëüíî E. Coli àáî
ï³ñëÿ âíóòð³øíüîâåííîãî ââåäåííÿ Stx2, êð³ì òè-
ïîâèõ ïîøêîäæåíü åíäîòåë³àëüíèõ êë³òèí, âèÿâè-
ëè ïîøêîäæåííÿ êëóáî÷ê³â, ìåçàíã³àëüíèõ êë³òèí
òà ïðîêñèìàëüíîãî òóáóëÿðíîãî åï³òåë³ÿ (4,5).

Ìàñèâí³ñòü ïîøêîäæåíü íèðîê ï³ä âïëèâîì
Stx2 îáóìîâëåí³ ïðèñóòí³ñòþ ñïåöèô³÷íèõ ðåöåï-
òîð³â, ó òîìó ÷èñë³, â òóáóëÿðíîìó ñåãìåíò³ íå-
ôðîíà (2-5). Ðåàë³çàö³ÿ ïàòîô³ç³îëîã³÷íèõ åôåêò³â
Stx2 â³äáóâàºòüñÿ çà ðàõóíîê éîãî âçàºìîä³¿ ç ñïå-
öèô³÷íèìè ãëîáîòð³àîñèëöåðàì³äíèìè   ðåöåïòî-
ðàìè íà ïîâåðõí³ ìåìáðàíè òðîïíèõ êë³òèí -
ãàëà1-4-ãàë1-4-ãëþêîçèëöåðàì³ä  (Gb3). Ïîêàçà-
íî, ùî ïðîêñèìàëüíî òóáóëÿðí³ êë³òèíè íèðîê
ëþäèíè (HRTEC) (6) òà ïðîêñèìàëüíî òóáóëÿðí³
êë³òèíè íèðîê ãðèçóí³â ìàþòü âèñîêèé ð³âåíü
åêñïðåñ³¿ Gb3 íà ïîâåðõí³ ìåìáðàí, ùî çóìîâëþº
âèñîêèé ð³âåíü öèòîòîêñè÷íîñò³ Stx2 ïðè âïëèâ³
íà ö³ êë³òèíè (7).

Åíäîãåíí³ ñòåðî¿äí³ ãîðìîíè (îóàáà¿í, äèãîê-
ñèí) íàëåæàòü äî ãðóïè á³îëîã³÷íî àêòèâíèõ ñïî-
ëóê, ÿê³ áåçïåðåðâíî ñèíòåçóþòüñÿ â îðãàí³çì³
ëþäèíè òà âèêîíóþòü ðÿä ïðîòåêòèâíèõ ôóíêö³é.
Ñòèìóëÿö³ÿ ñèíòåçó îóàáà¿íà âèÿâëåíà ï³ä âïëè-
âîì  àäðåíîêîðòèêîòðîïíîãî ãîðìîíà, àíã³îòåíçè-
íà ²², âàçîïðåñèíà (8,9,10).

Ì³øåííþ ä³¿ åíäîãåííèõ ñòåðî¿äíèõ ãîðìîí³â,
â òîìó ÷èñë³ îóàáà³íó, º Na+/K+-ÀÒÔàçà – àêòèâíà
òðàíñïîðòíà ñèñòåìà ³îí³â íàòð³þ òà êàë³þ, ùî
ïðèñóòíÿ â ìåìáðàíàõ óñ³õ åóêàð³îòè÷íèõ êë³òèí
³ íàëåæèòü äî ðîäèíè ìåìáðàíîàñîö³éîâàíèõ ÀÒ-
Ôàç Ð-òèïó (9). Êð³ì â³äîìî¿ íàñîñíî¿ ôóíêö³¿, Na+/
K+-ÀÒÔàçà êîíòðîëþº ÷èñëåíí³ êë³òèíí³ ôóíêö³¿ –
ï³äòðèìêà åëåêòðè÷íîãî ïîòåíö³àëó ìåìáðàíè, ùî
º íåîáõ³äíèì äëÿ íåðâîâî¿ òðàíñì³ñ³¿, ñêîðî÷åííÿ
ì’ÿç³â, ðåãóëÿö³¿ àïîïòîçó, ðîçìíîæåííÿ òà äèôå-
ðåíö³þâàííÿ êë³òèí (8-10,12). Çîêðåìà îñòàíí³
âïëèâè ðåàë³çóþòüñÿ çà ðàõóíîê ñèãíàëüíî¿ ôóí-
êö³¿ Na+/K+-ÀÒÔàçè òà ¿¿ àêòèâóþ÷îãî âïëèâó íà
â³äïîâ³äí³ òðàíñêðèïö³éí³ ôàêòîðè.

Ìàòåð³àë ³ ìåòîäè

Êë³òèíè

Ïðîêñèìàëüíî òóáóëÿðí³ êë³òèíè áóëè âèä³-
ëåí³ ç íèðîê ùóð³â-ñàìö³â â³êîì 20 ä³á ë³í³¿
Sprague-Dawley çà ñòàíäàðòíîþ ìåòîäèêîþ (11).
Ï³ñëÿ âèäàëåííÿ íèðêè ex tempore ïîì³ùàëè â
îêñèãåíîâèé ðîç÷èí 0,9% NaCl ïðè òåìïåðàòóð³
37°Ñ. Ê³ðêîâó ðå÷îâèíó íèðîê âèä³ëÿëè ³ ïîì³ùà-
ëè â 0,9% NaCl, ùî ì³ñòèòü êîëàãåíàçó (7 ìã íà 20
ìë NaCl) ç íàñòóïíèì ³íêóáóâàííÿì ïðîòÿãîì 15
õâ ïðè òåìïåðàòóð³ 37ÚÑ. ²íêóáóâàííÿ ñóïðîâîä-
æóâàëîñÿ ðåòåëüíèì ïåðåì³øóâàííÿì ìàòåð³àëó
çà äîïîìîãîþ ï³ïåòêè Ïàñòåðà. Ðåàêö³ÿ çóïèíÿëà-
ñÿ äâîêðàòíèì ïðîìèâàííÿì ñóñïåíç³¿ êë³òèí
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Îðèã³íàëüí³ äîñë³äæåííÿ

0,9% NaCl, ùî ì³ñòèâ 1% ³íã³á³òîðà òðèïñèíó. Ï³ñëÿ
ïðîìèâàííÿ îäíàêîâèé îá’ºì â³äìèòèõ êë³òèí íà-
íîñèâñÿ íà ïîêðèâí³ ñêåëüöÿ â 60-ìì ÷àøêè Ïåòð³.
Êóëüòèâóâàííÿ êë³òèí ïðîâîäèëîñÿ â ñåðåäîâèù³
DMEM (20 ìM HEPES, 24 mM NaHCO

3
, 10 ìã/ìë

ïåí³öèë³íó, 10 ìã/ìë  ñòðåïòîì³öèíó, 10% ñèðîâàò-
êè çàðîäêà áèêà) ïðîòÿãîì 24 ãîä çà óìîâ  íàñè÷åí-
íÿ 5% CO

2
 ïðè òåìïåðàòóð³ 37°Ñ.

²íäóêö³ÿ àïîïòîçó

Ðîçâèòîê àïîïòîçó ïðîêñèìàëüíî òóáóëÿðíèõ
êë³òèí ³íäóêóâàëè øëÿõîì äîäàâàííÿ â ³íêóáàö³é-
íå ñåðåäîâèùå òîêñèíà E. coli - Shiga toxin-2  â äîç³
4 íã/ìë ³ç íàñòóïíîþ ³íêóáàö³ºþ ïðîòÿãîì 24 ãîä.

Äåòåêö³ÿ àïîïòîçíèõ êë³òèí

Äëÿ âèçíà÷åííÿ ³íäåêñó àïîïòîçó âèêîðèñòîâó-
âàâñÿ ApopTag Red In Situ Apoptosis Detection kit
(Chemicon International). Ïðîêñèìàëüíî òóáóëÿðí³
êë³òèíè êóëüòèâóâàëèñÿ íà 24-ëóíêîâ³é ïëàò³,
êîæíà ëóíêà ÿêî¿ ì³ñòèëà 12-ìì ïîêðèâíå ñêåëü-
öå. Íà 2-é äåíü êóëüòèâóâàííÿ êë³òèíè, ³íêóáî-
âàí³ ç Stx2 òà ç îóàáà³íîì, ³äåíòèô³êóâàëèñü ÿê
àïîïòîçí³ âíàñë³äîê ïîì³÷åííÿ ä³ãîêñèãåí³íîì çà
ó÷àñòþ òåðì³íàëüíî¿ äåîêñèíóêëåîòèäèë òðàíñ-
ôåðàçè. ßäðà êë³òèí â³çóàë³çóâàëèñü çà äîïîìî-
ãîþ 4,6-äèàì³íî-2-ôåí³ë³íäîëó (DAPI, 1,5 ìã/ìë),
ùî äîäàâàâñÿ ç ôîñôàòíèì áóôåðîì (PBS) ïðè
îñòàííüîìó ïðîìèâàíí³ êë³òèí. Ïåðåä ì³êðîñêî-
ï³ºþ ñêåëüöÿ ç êë³òèíàìè ïîêðèâàëèñü Immu-
Mount (Thermo Shandon, Midland, Canada).

Äåòåêö³ÿ àïîïòîçíèõ êë³òèí ïðîâîäèëàñÿ ç
âèêîðèñòàííÿì Leica TCS SP ³íâåðòîâàíîãî ñêà-
íóþ÷îãî ëàçåðíîãî êîíôîêàëüíîãî ì³êðîñêîïà ç
âèêîðèñòàííÿì x40/1.4 N.A. îë³éíî-³ìåðñ³éíîãî
îá’ºêòèâà. ApopTag Red ôëþîðåñöåíö³ÿ ³íäóêóâà-
ëàñÿ ïðè 543 íì òà ðåºñòðóâàëàñÿ çà äîïîìîãîþ
ô³ëüòðà â³ä 560- äî 620 íì. Çí³ìêè áóëè îïðàöü-
îâàí³ ç âèêîðèñòàííÿì ïðîãðàìíîãî çàáåçïå÷åííÿ
Leica. DAPI-ïîçèòèâí³ êë³òèíè â³çóàë³çóâàëèñÿ â
óëüòðàô³îëåòîâîìó ñâ³òë³. Êë³òèíè ââàæàëèñü
àïîïòîçíèìè, êîëè âîíè â³çóàë³çóâàëèñü ÿê DAPI-
òàê ³ ApopTag Red ïîçèòèâí³ òà ìàëè ìîðôî-
ëîã³÷í³ îñîáëèâîñò³, õàðàêòåðí³ äëÿ àïîïòîçó
(çìîðùóâàííÿ êë³òèíè, íàÿâí³ñòü ï³êíîòè÷íèõ
ÿäåð òà àïîïòîçíèõ ò³ëåöü). ²íäåêñ àïîïòîçó (²À -
ê³ëüê³ñòü àïîïòîçíèõ êë³òèí/çàãàëüíà ê³ëüê³ñòü
êë³òèí õ 100) âèçíà÷àâñÿ ïðè ï³äðàõîâóâàííÿ
ñï³ââ³äíîøåííÿ ApopTag-ïîçèòèâíèõ êë³òèí äî
çàãàëüíî¿ ê³ëüêîñò³ DAPI-ïîçèòèâíèõ êë³òèí. Ó
êîæí³é äîñë³äæóâàí³é ãðóï³ êë³òèí ïðîâîäèâñÿ
ï³äðàõóíîê 100 DAPI-ïîçèòèâíèõ êë³òèí ó 8-10
âèïàäêîâèõ ïîëÿõ çîðó.

Ôðàãìåíòàö³ÿ ÄÍÊ

Äëÿ âèçíà÷åííÿ ð³âí³â óòâîðåííÿ íèçüêîìîëå-
êóëÿðíèõ îë³ãîìåð³â ÄÍÊ âèêîðèñòàíî Quick
Apoptotic DNA Ladder Detection Kit (Bio Vision

research Product). Ï³ñëÿ ³íêóáàö³¿ ïðîêñèìàëüíî
òóáóëÿðíèõ êë³òèí íèðîê ùóð³â ç Stx2 â äîç³ 4 íã/
ìë ïðîòÿãîì 24 ãîä ïðîâîäèëè ¿õ òðèïñèí³çàö³þ,
äâ³÷³ ïðîìèâàëè ôîñôàòíèì áóôåðîì (PBS) òà
öåíòðèôóãóâàëè ïðîòÿãîì 5 õâ ïðè 500xg. Åêñò-
ðàêö³þ ÄÍÊ ïðîâîäèëè çã³äíî ç ³íñòðóêö³ºþ.
Ï³ñëÿ åêñòðàêö³¿ îñàä ÄÍÊ áóëî ðîç÷èíåíî â 30
ìêë ñóñïåç³éíîãî áóôåðà. Åëåêòðîôîðåç çðàçê³â
ïðîâîäèëè ó 1% àãàðîçíîìó ãåë³ ç âì³ñòîì áðîìè-
äó åòèä³ÿ 0,5 ìêã/ìë. Â³çóàë³çàö³ÿ çðàçê³â ïðîâî-
äèëàñÿ â ÓÔ ñïåêòð³ ñâ³òëà.

FACS-àíàë³ç

Ïðîêñèìàëüíî òóáóëÿðí³ êë³òèíè íèðîê ùóð³â
êóëüòèâóâàëèñÿ íà 10 ìì ÷àøêàõ Ïåòð³ òà áóëè
³íêóáîâàí³ ç Stx2 â êîíöåíòðàö³¿ 4 íã/ìë ïðîòÿãîì
24 ãîä. Ï³ñëÿ ÷îãî êë³òèíè ³íêóáóâàëèñÿ ç 5 ìêë
ÐÅ Àííåêñèíó V òà éîäèäîì ïðîï³ä³ÿ (Ð²). Ï³ñëÿ
÷îãî êë³òèíè ðåòåëüíî ïåðåì³øóâàëèñÿ òà ³íêóáó-
âàëèñÿ ïðîòÿãîì 15 õâ ïðè òåìïåðàòóð³ 25 °Ñ â
òåìðÿâ³. Àíàë³ç ïðîâîäèâñÿ çà äîïîìîãîþ ð³äèí-
íî¿ öèòîìåòð³¿. Ðåçóëüòàòè ïðåäñòàâëåí³ ÿê
ñï³ââ³äíîøåííÿ Àííåêñèí V ïîçèòèâíèõ êë³òí äî
Àííåêñèí V òà Ð² ïîçèòèâíèõ êë³òèí.

Ñòàòèñòè÷íèé àíàë³ç

Ñòàòèñòè÷íèé àíàë³ç ïðîâîäèëè çà äîïîìîãîþ
ïðîãðàìíîãî çàáåçïå÷åííÿ STATISTICA 6.0. Äëÿ
ïîð³âíÿííÿ â³äì³ííîñòåé ãðóï âèêîðèñòîâóâàëè t-
test ó âèïàäêó ïàðàìåòðè÷íîãî ðîçïîä³ëó âàð³àíò,
äëÿ îáðàõóíêó ³íøèõ äàíèõ - one-way ANOVA
(Fisher LCD post-hoc test), íåïàðàìåòðè÷íé àíàë³ç
(Mann-Whitney test). Âåëè÷èíè ïðåäñòàâëåí³ ÿê
Ìean±SD. Ð<0,05 ââàæàëè ñòàòèñòè÷íî â³ðîã³ä-
íèì.

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåííÿ

Òîêñèí Øèãà º îñíîâíèì ïîøêîäæóþ÷èì
ôàêòîðîì íèðîê ïðè ÃÓÑ, ùî àñîö³þºòüñÿ ç
ðîçâèòêîì ãîñòðî¿ íèðêîâî¿ íåäîñòàòíîñò³, ôîð-
ìóâàííÿì íåçâîðîòí³õ ïîøêîäæåíü ñòðóêòóð íè-
ðîê ³ç ìîæëèâèì ïîäàëüøèì ðîçâèòêîì õðîí³÷íî-
ãî çàõâîðþâàííÿ íèðîê (1). Ó ÷óòëèâèõ äî éîãî
âïëèâó êë³òèíàõ Stx2 ä³º ÷åðåç ñïåöèô³÷í³ ìåìá-
ðàíí³ ðåöåïòîðè ãë³êîñô³íãîë³ï³ä ãëîáîòð³àîñèë-
öåðàì³äà (Gb

3
) òà ïîøêîäæóº ðÐÍÊ,  òèì ñàìèì

³íã³áóþ÷è ñèíòåç á³ëêà. Îñòàííº ïðèçâîäèòü äî
ðèáîòîêñè÷íîãî ñòðåñó, ÿêèé ñóïðîâîäæóºòüñÿ
àêòèâàö³ºþ â³äïîâ³äíèõ ì³òîãåí-àêòèâîâàíèõ
ïðîòå¿í ê³íàç (ÌÀÐ), âèâ³ëüíåííÿì öèòîê³í³â òà
çàãèáåëëþ êë³òèíè (13). Stx2 âèêëèêàº ðîçâèòîê
ãëîìåðóëÿðíî¿ ì³êðîàíã³îïàò³¿, àïîïòîç ãëîìåðó-
ëÿðíèõ òà òóáóëÿðíèõ êë³òèí.

Íàìè áóëî ïðîâåäåíî îö³íêó ð³âíÿ àïîïòîçó â ïåð-
âèíí³é êóëüòóð³ ïðîêñèìàëüíî òóáóëÿðíèõ êë³òèí
íèðîê ùóð³â ï³ñëÿ 24 ãîä ³íêóáóâàííÿ ç Stx2 â êîí-
öåíòðàö³¿ 4 íã/ìë òà îóàáà³íà â êîíöåíòðàö³¿ 5 íÌ.
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Stx2 â äîç³ 4 íã/ìë âèêëèêàâ âèñîêèé ð³âåíü
àïîïòîçó â ïåðâèíí³é êóëüòóð³ ïðîêñèìàëüíî òó-
áóëÿðíèõ êë³òèí íèðîê ùóð³â ïîð³âíÿíî ç ãðóïîþ
êîíòðîëþ (25±2% ïðîòè 4±0,3%, ð<0,001). Ïðè
îäíî÷àñíîìó ³íêóáóâàíí³ ïðîêñèìàëüíî òóáóëÿð-
íèõ êë³òèí ³ç Stx2 â äîç³ 4 íã/ìë òà îóàáà³íîì â
êîíöåíòðàö³¿ 5 íì âèÿâëåíî âèðàæåíå çíèæåííÿì
ð³âíÿ àïîïòîçó (ðèñ. 1).

Àííåêñèí-V º ñïåöèô³÷íèì ôîñôàòèäèëñå-
ðèí-çâ’ÿçóþ÷èì á³ëêîì, ÿêèé âèêîðèñòîâóºòüñÿ
äëÿ äåòåêö³¿ àïîïòîçíèõ êë³òèí. Äëÿ âåðèô³êàö³¿
ñòàä³é àïîïòîçó òà îö³íêè âèæèâàíîñò³ êë³òèí ï³ä
âïëèâîì Stx2 òà âèâ÷åííÿ çàõèñíîãî âïëèâó îóà-
áà³íó íàìè çàñòîñîâàíî FACS-àíàë³ç. Áóëà ïîêà-
çàíà íàÿâí³ñòü  âèñîêèõ ð³âí³â ðàííüîãî àïîïòî-
çó, ï³çíüîãî àïîïòîçó/íåêðîçó ï³ñëÿ ³íêóáóâàííÿ
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ïðîêñèìàëüíî-òóáóëÿðíèõ êë³òèí íèðîê ùóð³â ç
Stx2 ïðîòÿãîì 24 ãîä (ðèñ. 2).

Îòðèìàí³ íàìè ðåçóëüòàòè ñâ³ä÷àòü ïðî íà-
ÿâí³ñòü áåçïîñåðåäíüîãî âïëèâó Stx2 íà æèòòºâèé
öèêë ïðîêñèìàëüíî òóáóëÿðíèõ êë³òèí. Ð³âí³ ðàí-

íüîãî àïîïòîçó, ï³çíüîãî àïîïòîçó/íåêðîçó â êóëü-
òóð³ êë³òèí, ³íêóáîâàíèõ ³ç Stx2 º çíà÷íî âèùèìè,
ïîð³âíÿíî ç ãðóïîþ êîíòðîëþ. Îóàáà³í ìàº âè-
ðàæåíèé  ïðîòåêòèâíèé åôåêò, ïðî ùî ñâ³ä÷àòü
íèæ÷³ ð³âí³ ðàííüîãî àïîïòîçó, ï³çíüîãî àïîïòîçó/



20

Êë³í³÷íà òà åêñïåðèìåíòàëüíà ïàòîëîã³ÿ Òîì X,  ¹1 (35), 2011

íåêðîçó ïðè ñóì³÷íîìó ³íêóáóâàííÿ ïðîêñèìàëüíî
òóáóëÿðíèõ êë³òèí íèðîê ùóð³â ç Stx2 òà îóàáà³íîì.

Ðîçâèòîê àïîïòîçó ñóïðîâîäæóºòüñÿ â³äïîâ³äíè-
ìè ìîðôîëîã³÷íèìè çì³íàìè (çìîðùåííÿ êë³òèí,
çìåíøåííÿ ðîçì³ðó êë³òèíè, ï³äâèùåííÿ ù³ëü-
íîñò³ öèòîïëàçìè, óù³ëüíåííÿ îðãàíåë). Êð³ì öèõ
ìîðôîëîã³÷íèõ çì³í, àïîïòîç ñóïðîâîäæóºòüñÿ
ïîøêîäæåííÿì ÄÍÊ (14).

Äëÿ îö³íêè ãåíîòîêñè÷íîãî âïëèâó Stx2 íà
ÄÍÊ ïðîêñèìàëüíî òóáóëÿðíèõ êë³òèí íèðîê
ùóð³â òà åôåêò îóàáà³íà áóëî ïðîâåäåíî âèçíà÷åí-
íÿ ð³âíÿ ôðàãìåíòàö³¿ ãåíîìíî¿ ÄÍÊ ï³ñëÿ ³íêó-
áàö³¿ êë³òèí ç Stx2 òà ïðè îäíî÷àñí³é ³íêóáàö³¿
Stx2 ç îóàáà³íîì ïðîòÿãîì 24 ãîä. Çàðåºñòðîâàíî
âèñîêèé ð³âåíü  ôðàãìåíòàö³¿ ãåíîìíî¿ ÄÍÊ ó
ïåðâèíí³é êóëüòóð³ ïðîêñèìàëüíî òóáóëÿðíèõ
êë³òèí íèðîê ùóð³â ï³ñëÿ 24-ãîäèííî¿ ³íêóáàö³¿ ç
Stx2 â äîç³ 4 íã/ìë. Ïîøêîäæóþ÷³ åôåêòè Øèãà
òîêñèíà áóëî í³âåëüîâàíî ï³ä âïëèâîì îóàáà³íó
(ðèñ. 3).

Òàêèì ÷èíîì, îòðèìàí³ íàìè ðåçóëüòàòè ñâ³ä-
÷àòü ïðî òå, ùî Stx2, ÿêèé º îñíîâíèì ïàòîãåíå-
òè÷íèì ôàêòîðîì ïðè ÃÓÑ, ïðîÿâëÿº âèñîê³ ð³âí³
ïîøêîäæóþ÷èõ âëàñòèâîñòåé ïðè âïëèâ³ íà ïðî-
êñèìàëüíèé ñåãìåíò íåôðîíó.  çàõèñíèé âïëèâ
åíäîãåííîãî ñòåðî¿äíîãî ãîðìîíà îóàáà³í çä³é-
ñíþºòüñÿ çà ðàõóíîê éîãî àíòèàïîïòîçíîãî åôåê-
òó, çäàòíîñò³ âïëèâàòè íà íàïðÿìîê æèòòºâîãî öèê-
ëó êë³òèíè, çàáåçïå÷åííÿ çàõèñòó ãåíîìíî¿ ÄÍÊ.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü

Áóäå ïðîäîâæåíå âèâ÷åííÿ åôåêò³â Stx2 ïðè
ãåìîë³òèêî-óðåì³÷íîìó ñèíäðîì³.
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äëÿ ãåìîë³òèêî-óðåì³÷íîìó ñèíäðîìó (ÃÓÑ).
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âèíèêíåííÿì ãåíîòîêñè÷íîãî åôåêòó, çì³íàìè
æèòòºâîãî öèêëó êë³òèí òà ¿õ çàãèáåëëþ.

3. Çàñòîñóâàííÿ îóàáà³íó çàáåçïå÷óº çíèæåííÿ
ð³âíÿ öèòîòîêñè÷íèõ ïîøêîäæåíü ïðîêñèìàëüíî
òóáóëÿðíèõ êë³òèí íèðîê, ùî âèíèêàþòü â ïðîêñè-
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Ë³òåðàòóðà. 1.Noris M.  Hemolytic uremic syndrome / M.
Noris M, G. Remuzzi // Journal of the Americam Society of
Nephrology. – 2005. – V. 16. – P. 1035–1050. 2.Siegler R.
Hemolytic uremic syndrome: pathogenesis, treatment, and
outcome / R. Siegler, R. Oakes R  // Current Opinion in
Pediatrics. – 2005. – V. 17. – P. 200–204. 3.Tarr P.I.  Shiga-
toxin-producing Escherichia coli and haemolytic uraemic
syndrome / P.S., Tarr, C.A. Gordon, W.L. Chandler // Lancet.
– 2005. – V. 365. – P. 1073-1086. 4.Sugatani J. Urinary
concentration defect in rats given Shiga toxin: elevation in
urinary AQP2 level associated with polyuria / J. Sugatani, N.
Komiyama, T. Mochizuki [et al.]   // Life Sciences. – 2002. –
V. 71. – P. 171-189. 5.Karpman D. Apoptosis of renal cortical
cells in the hemolytic uremic syndrome: in vivo and in vitro
studies / D. Karpman, A. Hakansson, M.T. Perez [et al.] //
Infection and Immunity. – 1998. – V. 66. – P. 636-644. 6.V.P.
Creydt. Cytotoxic effect of Shiga toxin-2 holotoxin and its B
subunit on human renal tubular epithelial cells / V.P. Creydt,
C. Silberstein, E. Zotta [et al.]  // Microbes and Infection. –
2006. – V. 8. – P. 410-419. 7.Psotka  M.A. Shiga Toxin 2
Targets the Murine Renal Collecting Duct Epithelium / M.A.
Psotka, F. Obata, G.L. Kolling [et al.]  // Infection and
Immunity. – 2009. – V. 77. – P. 959–969. 8.Bagrov A.Y.
Endogenous cardiotonic steroids: physiology, pharmacology,
and novel therapeutic targets / A.Y. Bagrov, J.I. Shapiro, O.V.
Fedorova // Pharmacological  Reviews. – 2009. – V. 61, No.1.
– P. 9-38.  9.Schoner W.  Endogenous cardiac glycosides:
hormones using the sodium pump as signal transducer / W.
Schoner, G. Scheiner-Bobis // Seminars in Nephrology. – 2005.
– V. 25. – P. 343–351.  10.Liang M. Identification of a pool of
non-pumping Na/K-ATPase / M. Liang, J. Tian, L. Liu [et al.]
// The Journal  Biological Chemistry. - 2007. – V. 282. – P.
10585-10593.  11.Larsson S.H. Short-term primary cultures in
studies of growth regulation in rat proximal tubule cells / S.H.
Larsson  // American Journal of  Kidney Diseases. – 1991. –
V. 17. – P. 631–633.  12.Liu X.L.  Na,K-ATPase generates
calcium oscillations in hippocampal astrocytes / X.L. Liu, A.
Miyakawa, A. Aperia [et al.]  // NeuroReport. – 2007. – V. 18.
– P. 597-600.  13.Tarr P.I. Shiga-toxin-producing Escherichia
coli and haemolytic uraemic syndrome / P.I. Tarr, C.A. Gordon,
W.L. Chandler // Lancet. – 2005. – V. 365. – P. 1073–1086.
14.Fujii J. Shiga Toxin 2 Causes Apoptosis in Human Brain
Microvascular Endothelial Cells via C/EBP Homologous
Protein / J. Fujii, K. Wood, F. Matsuda  [et al.] // Infection and
Immunity. – 2008. – V.76. – P. 3679-3689.

ÇÀÙÈÒÍÀß ÐÎËÜ ÎÓÀÁÀÈÍÀ ÍÀ
ÝÊÑÏÅÐÈÌÅÍÒÀËÜÍÎÉ ÌÎÄÅËÈ

ÃÅÌÎËÈÒÈÊÎ-ÓÐÅÌÈ×ÅÑÊÎÃÎ ÑÈÍÄÐÎÌÀ

Å. À. Áóðëàêà

Påçþìå. Íàìè ïîêàçàíî, ÷òî Stx2, êîòîðûé ÿâëÿåòñÿ
ïàòîãåíåòè÷åñêèì ôàêòîðîì ïðè ãåìîëèòèêî-óðåìè÷åñêèì
ñèíäðîìå (ÃÓÑ), âûçûâàåò âûðàæåííûå öèòîòîêñè÷åñêå
ïîâðåæäåíèÿ ïðîêñèìàëüíî òóáóëÿðíûõ êëåòîê ïî÷åê êðûñ.
Ýòî ïðîÿâëÿåòñÿ âûñîêèìè óðîâíÿìè àïîïòîçà è íåêðîçà,
èçìåíåíèÿìè íàïðàâëåíèÿ æèçíåííîãî öèêëà êëåòîê è âû-
ñîêèì óðîâíåì öèòîòîêñè÷íîñòè. Êðîìå òîãî, ïîêàçàí çà-
ùèòíûé ýôôåêò ýíäîãåííîãî ñòåðîèäíîãî ãîðìîíà îóàáàè-
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íà ïðè ïîâðåæäåíèÿõ òóáóëÿðíîãî ñåãìåíòà íåôðîíà íà ýê-
ñïåðèìåíòàëüíîé ìîäåëè ÃÓÑ.

Êëþ÷åâûå ñëîâà: òîêñèí Øèãà 2, ãåìîëèòèêî-óðåìè-
÷åñêèé ñèíäðîì, ïî÷êè, ýíäîãåííûå ñòåðîèäíûå ãîðìîíû,
îóàáàèí.

PROTECTIVE ROLE OF OUABAIN ON
EXPERIMENTAL MODEL OF HEMOLYTICO-

UREMIC SYNDROME

E. A. Burlaka

Abstract. It has been shown by us that Stx 2, which is a
principal pathogenic agent in Hemolytic-uremic syndrome

(HUS), causes prominent cytotoxic damages of the proximal
tubular cells of the rat kidney. It is realized with high levels of
apoptosis and necrosis, changes of cell life-cycles direction and
high genotoxicity level. Protective effect of endogenous steroid
hormone ouabain in case of the damages of nephrone tubular
segments on experimental modes has been determined too.

Key words: Shiga toxin 2, hemolytic uremic syndrome,
kidneys, endogenous steroid hormones, ouabain
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